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BBeneHue

HacTtoawmnn nHpopMaLnMOHHO-TEXHUYECKUIA CMPABOYHUK MO HaWUMyylWUM OOCTYMHbIM
TexHosornam (ganee — cnpasyoHuk HAT) saBnseTcs AOKYMEHTOM MO CTaHAapTusauuu, pas-
paboTaHHbIM B pe3yrnbTaTe aHanmsa TeXHONOrMYecknx, TEXHUYECKNX N ynpaBreHYecknx pe-
LLUEHWIN, MPUMEHSIEMbIX B MPOMBbILLIIEHHOCTU OCHOBHOIO OpPraHMYeckoro cMHTe3a npu npous-
BOACTBE KPYNHOTOHHAXHbIX OpPraHN4yeCcKuX BeLLeCTB.

PaspaboTtka cnpaBoyHuka HOT ocywecTteneHa B cooTBeTCcTBUM C [loaTanHbimM rpadum-
KoM cosgaHus B 2015-2017 rogax CnNpaBOYHMKOB HaWUIyuYWMX OOCTYMNHbIX TEXHOSOMNn,
yTBEPXAEHHBIM pacnopsbkeHnem [NpaButensctBa Poccuiickon ®epepaumm ot 31 okTsbps
2014 r. Ne 2178-p (peq. ot 7 nonsa 2016 r.).

Ctpyktypa Hactosiwero cnpaBodHuka HOT cootBetctByer [MHCT 21—2014
«Havny4ywune goctynHble TexHonornn. CTpykTypa MHAPOPMaLMOHHO-TEXHUYECKOTO CnpaBoYy-
Hukay, gopmaTt onucanHms texHonormm — MHCT 23—2014 «Haunyywmne OoCTynHble TEXHO-
norun. dopmat onmcaHms TEXHONOMMN», TEPMUHbI NpuBeaeHsbl B cooTBeTcTBUM € [MTHCT 22—
2014 «Hanny4wme OoCTynHble TEXHONOrMU. TepMUHBbI U onpeaeneHns».

OnpepneneHve TEXHONOMMA B Ka4eCTBE Haumyywnx OOCTYMHbIX BbINOMIHEHO C NpuMe-
HeHnewm [MpaBun onpegeneHns TEXHONOMMN B Ka4YeCTBE Haunyylwen AOCTYNHON TEXHOMOru,
a Takke paspaboTku, akTyanusaumm n onybriMkoBaHMs UHAOPMALNOHHO-TEXHUYECKUX crpa-
BOYHMKOB MO HaUSy4wMM LOCTYMHbIM TEXHOMOMMAM, YTBEPXKAEHHbBIX NOcTaHoBNeHueMm [pa-
ButTenoctea Poccuickon degepaumm ot 23 aekadbps 2014 r. Ne 1458.

KpaTtkoe cogepxaHue crnpasovHuka HAOT:

BBepeHue. NpeacrtaBneHo kpaTkoe coaepxaHme cnpasodHuka HAT.

Mpeancnosue. YkasaHa uenb paspaboTkmn cnpasovHuka HOT, ero cratyc, 3akoHoaa-
TenbHbIA KOHTEKCT, KpaTkoe onucaHue npoueaypbl CO34aHus B COOTBETCTBMM C YCTAHOBIEH-
HbIM MOPSAKOM, a TaKKe B3aMMOCBSA3b C aHaNOMMYHbIMU MeXayHapoaHbIMU JOKYMEHTaMu.

O6nactb npuMeHeHus. OnncaHbl OCHOBHbIE BUAbI OEATENBHOCTU, HA KOTOpbIe pac-
npocTpaHsieTca gencraune crnpasoyvHuka HOT.

B pa3spene 1 npeacraeneHa MHopMaunsa 0 COCTOAHUN U YPOBHE pasBUTULA OTpachnu.

B paspgenax 2—6 npegcraBneHa nHgopmauus no rnpovsBOACTBY HU3LLMX OrleUHOB
N OUEHOB, apOMaTUYECKUX COEeOUHEHNI, KNCITIOPOACOAEPKALLMX OPraHNYECKUX COeANHEHNN,
ANXnopaTaHa u BUHUIXNopuaa, asoTcoaepKaLmx opraHNYeCckux BeLLEeCTB.

B paspgene 7-10 npegctaBneHsl HAT, TexHonornyeckMe nokasartenu, 3KOHOMU4Yeckune

acnekTtbl BHeapeHna HOT n nHpopmaumna o nepcrnekTUBHbIX TEXHONOIMSX.

Vi
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3aknunTenbHble NONOXeHUA U pekomeHpaumun. [MpueeaeHbl cBegeHus o6 wmc-
Nonb30BaHHbLIX MaTepuanax npu NoAroToske cnpaBoyHuka HOT.

Bubnuorpaduma. NMpuBeaeH nepevyeHb UCTOYHWKOB WHGOPMAaLUUK, UCMOMb30BaHHbIX

npu paspaboTtke cnpaBoyvHmka HAT.

VI
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Mpepuncnosue

Llenn, ocHOBHble NpUHUMNbI N NOPSAOK pa3paboTkn cnpaBoyHuka HOT ycTaHOBREHDI
noctaHoBneHnem lNpaButensctBa Poccumnckon depepaumm ot 23 gekabpsa 2014 r. Ne 1458
«O nopsgke onpefeneHns TEXHOSMOMMU B KayecTBe Haunydlen AOCTYNHOW TEXHOMNornu, a
TaKke paspaboTku, akTyanusauun u onybrmkoBaHus MHMOOPMALMOHHO-TEXHUYECKUX Ccrpa-

BOYHMKOB MO Hauny4vwmnm OOCTYMNHbIM TEXHOJTOTUAM» .

1 CtaTyc AOKYMeHTa

HacTtoawwmn cnpasoyHuk HOT aBnseTcsa JOKYMEHTOM Mo CTaHgapTusaumun.

2 NHdopmauma o paspaboTumkax

CnpaBoyHnk HOT paspaboTtaH TexHuveckon paboden rpynnon «lMpon3Boactso oc-
HOBHBbIX OpraHMyeckux xmmmndeckux sewectB» (TPl 18), coctaB koTopon yTBepXaeH npuka-
30M PocctaHgapTta oT 4 mapTa 2016 r. Ne 233 «O co3gaHum TexHudeckon paboyen rpynmnbl
«MpoM3BOACTBO OCHOBHbIX OPraHNYeCKMX XMMUYECKUX BellecTB» (B pedakumm npukasa Poc-
ctaHgapta ot 18 nona 2016 r. Ne 1048).

CnpaBoyHnk HOT npeacrtasneH Ha yTBepxaeHve Blopo Haunyywmx OOCTYMHbIX TeX-

Honorun (ganee — bropo HAOT) (www.burondt.ru).

3 KpaTkaa xapakrtepucTuka

CnpaBoyHnk HOT cogepxuT onucaHve npUMEHSAEMbIX MPWU MPOM3BOACTBE HM3LUMX
oneUHOB M OMEHOB, apOMaTUYECKUX COEAMHEHUN, KUCMOPOACOAEPXKaLUMX OpraHU4eCcKmx
COEOVHEHUI, ONXNOopaTaHa U BUHUIXNoOpUAA TEXHOMOMN, UCNONb3YIOLWMXCS B NPOM3BOACTBE
N peanu3oBaHHbIX Ha Tepputopun Poccunckon dPepepauymm TEXHONOMMYECKUX NPOLECCOB,
obopyaoBaHus, TeXHMYECKUX cnocoboB, METOOO0B, B TOM YMCIe NO3BOMSAIOLLMX CHU3UTb Hera-
TMBHOE BO3AEWCTBME Ha OKpYXawLly cpeay, BogonotpebneHne, NoBbICUTL 3HEProaddek-
TMBHOCTb, pecypcocbepexeHne. M3 onucaHHbIX TEXHOMOrMYeckMx npoleccos, obopynosa-
HUS, TEXHUYECKNX CMOCODOB, METOLOB OnNpeaesneHbl peLlleHusl, ABSILWMEeCc HanyvLwmmm
AocTynHbiMn TexHonormamu (HAT). Ana HAOT B cnpaBoyHnke HOT ycTtaHOBNEHbl COOTBET-

CTBYHOLLME TeXHOoMornyeckne nokasarenu HOT.

4 BzanmocBsi3b C MeXayHapoAHbIMU, perMoHanbHbIMU aHanoramm

Mpn paspaboTtke cnpaBovHvka HAT 6bin ucnonb3oBaH cnpaBoYHWK EBponenckoro
cotoza no HOT «KpynHOTOHHa)XHOe MNPOU3BOACTBO OCHOBHbLIX OpPraHUYecKnX XUMWUKaTOB»
(Best Available Techniques (BAT) Reference Document in the Large Volume Organic

Chemical Industry).

Vil
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5 C60p AaHHbIX
MHdopmaumna o0 TeXHONOMMYeCcKNX npoLeccax, HU3LWux oneuHoB N AneHoB, apoma-
TUYECKUX COEeAMHEHUIN, KNCITOPOACOoAEepKaLUMX OPraHNYeCKUX COeANHEHU, ANXIopaTaHa U
BUHUIXNOpUMAA TexHonorum 6eina cobpana B npouecce pa3paboTku cnpaBovHmka HOT B co-
oTBeTCcTBMM C Mopagkom cbopa AaHHbIX, HeobXxoaMMbIX Anst pa3paboTkM MHPOPMaLNOHHO-
TEXHUYECKOro CrpaBoYHMKa MO HauIyylWMM AOCTYMNHbIM TEXHONOrMAM W aHanusa npuopu-
TETHbIX Npobnem oTpacnu, YTBEpPXAEHHbIM npukasom PocctaHpgapTta ot 23.07.2015r.
Ne 863.

6 Bzaumocsasb ¢ gpyrumu cnpasoyHukamu HOT
BsaumocBasb HacToswero cnpasovHnka HOT ¢ gpyrmmu cnpasodHukamu HOT, pas-
pabaTtbiBaeMbiMK B COOTBETCTBUMN C pacnopsikeHmnem lNpasutensctea Poccuiickon depepa-

umm ot 31 okTs6pa 2014 r. Ne 2178-p, npuBeneHa B pasgene «O6nactb NPUMEHEHMUSI».

7 UHdbopmaumsa o6 yTBepxxaeHUU, onybrmkosaHum u BBeAeHUU B AeUCTBUE
HacTtoawwmn CNpPaBOYHUK HOT yTBEpXaeH NnpUKasom PocctanpapTa

oT r. Ne

Hactoawwmn cnpasoyHuk HOT BBegeH B gencrtene ¢ 1 nwonga 2017 r., ouumansHo
onybnukoBaH B MHOPMALMOHHON CUCTEME OOLLEro NoMb3oBaHUA — Ha odumumnanbHOM cam-
Te PepeparnbHOro areHTCTBa Mo TEXHUYECKOMY pPerynvpoBaHuio U MeTposiorum B cetu UH-

TepHeT (Www.gost.ru).
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AOKYMEHT NO CTAHOAPTU3ALUUN
POCCUNCKOWU ®EAEPALUUTEXHONOINAM

nPON3BOACTBO OCHOBHbIX OPTAHUYECKUX XUMWYECKUX BELLECTB

Production of basic organic chemicals

Oata BBegeHuna — 2017-07-01
OGnactb NnpuMeHeHUA

Hactoawwmn cnpasoyHuk HOT pacnpocTpaHsieTcs Ha cnegyrolme OCHOBHblE BUAbl
AeATerbHOCTU:

- NPON3BOACTBO HU3LWINX ONEUHOBLIX WU AWEHOBbLIX YrNEeBOAOPOOOB, B 4aCTHOCTWU,
NPOW3BOACTBO 3TUMEHA, NponurieHa, n3obytuneHa, bytaguneHa n U3onpeHa;

- MPOM3BOACTBO apoOMaTUYECKNX COeAMHEHUN, B YacTHOCTW, BeH3ona, aTunbeHsona,
nsonponunbeHsona, cTupona, a-MeTUICTUpPona;

- NPON3BOACTBO KMcropoacoaepxalimx coeamHeHnn, B YaCTHOCTN, NPOM3BOACTBO Me-
TaHona, aTtaHona, 6yTuUnoBbIX CANPTOB, 2-3TUNrekcaHona, peHona n aueToHa, OKCMAOB 3TH-
nieHa n nponunexHa, aTuUneHrnukonen, dopmMmansgernga, MeTun-TpeToyTuioBoro n MeTun-
TpeT-aMnnoBoro acomnpos, TepedTaneBon U akpUIoBOMN KUCIOT U X 3PUPOB;

- MPON3BOACTBO XJIOPCOAEPXALLUNX OpraHMYecKUx BeLLEeCTB, B 4aCTHOCTU, NMPOU3BOL-
CTBO AUXIOpaTaHa 1 BUHUNXNopuaa.

CnpaBoyHuk HOT Takke pacnpocTpaHAeTCcs Ha crnefylowme npouecchl, CBA3aHHbIE C
OCHOBHbIMW BUAaMU AEeATENbHOCTU, KOTOPble MOryT OKa3aTb BNMAHME Ha 00beMbl SMUCCUI
nnu macwtabbl 3arpA3HEHNs OKpyXatoLlen cpeabl:

- XpaHeHue 1 NoAroToBKa ChIpbs;

- MeToAbl NpefoTBpaLleHMsT U COKpaLleHUs AMUCCUA, 0Bpa3oBaHUs U pasMeLLeHns
OTXO0B;

CnpaBo4yHuk HOT He pacnpocTpaHaeTca Ha:

- - NPOM3BOACTBA OpraHNYeCcKMX BeELLECTB, OCHOBY KOTOPbIX COCTaBMSOT MPOLEeCcChl
nepepaboTkm HedPTAHbIX dopakumin (NOAroToBKa M NeperoHka HedTu, KaTanuTUYecKun pu-
POPMUHT, KaTanMUTUYECKUIA KPEKMHT, TMOPO0OYMCTKA U Apyrue), Bowwealwme B cnpaBoyHuk HOT
«lMepepaboTka HEPTUY;

- npouecchl (BOMPOChI), KacalLmnecs UCKIIoYUTENbHO obecnevyeHnss NpoMbILLNEHHOM
BGe3onacHOCTU UM oxpaxbl Tpyaa.

Cdepa pacnpocTtpaHeHust HacToswero cnpasovHmka HOT npuBeaeHa Ha pucyHke 1.1.
1
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CepblM NpsIMOYronbHUKOM BblAeneHa cdpepa pacrnpoCTpaHeHUsi HACTOsILWEero crpa-

BoYHMka HAOT.
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PucyHok 1.1 — Cdpbepa pacnpocTpaHeHnsa HacTosLwero cnpasoyHuka HOT
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Pazpgen 1. O6wasa nHdopmaums o6 oTpacnm OCHOBHOIO

OopraHnN4YeckKoro CuHTe3a

OCHOBHOWN OpraHMYecKkUn CUHTE3 (TSXKENbIN OPraHUYEeCKUN CUHTE3) — NMPOMbILLSIEHHOE
MHOIFOTOHHaXXHOE MPOM3BOACTBO OpraHMYeckuX BELLECTB Ha OCHOBe YyrrepoacoaepiKallero
CbIpbS U3 NPUPOLHbLIX MCKONAeMbIX U U3 BO30OHOBNSIEMbIX MICTOYHMKOB.

K nckonaeMbiM UCTOYHMKAM OTHOCATCA HedTb, Yrofib, CraHubl, NPUPOAHbIE BUTYMbI,
NPUPOAHbIVA ra3 1 nonyTHble rasbl HedpTeaobbIuM, K BO30OHOBNSEMbIM — YrneBoabl pacTu-
TEeNbHOro NPOUCXOXAeHUS (Lenninosa, Kpaxmar, caxapa v ap.) U macna pacTtuTenbHOro u
XMBOTHOIO NPOUCXOXAEHWS.

OCHOBHOW OpraHMYeckun N HePTEXMMUYECKUI CUHTE3 OTNMYaloT Maclitabbl otaenb-
HbIX MPOU3BOACTB (OT OECATKOB ThICAY 4O MWUMSIMOHOB TOHH B rof), @ MMPOBOW CyMMapHbIN
06BbEM BbINycKkaemMon NpoayKUUn UCYNUCASETCHA HECKONbKMMUN COTHAMU MUSISIMOHOB TOHH.

Mo cBoen xmmmyeckon nNpupoae NpoayKTbl OCHOBHOIO OpraHMYecKoro cuHTtesa — 3To
yrnesogopoabl, 6eH30n 1 ero roMmonoru, Ux raroreHnpPon3BoAHbIe, CNNPTbI U PEHONbI, OKCK-
Abl oneduHoB, anbgernabl N KeTOHbl, KapOOHOBLIE KUCNOTbl M UX NPOU3BOAHbLIE, HATPOCO-
eOVHEHNS, aMUHbI, HUTPWAbI U Ap.

Mo cBOEMY Ha3HAYEeHUIO ATO NPOMEXYTOYHbIE BELECTBa ANs CMHTe3a ApYrux ToBap-
HbIX NPOAYKTOB, MOHOMEPOB A1 MPOM3BOACTBA NOSIMMEPOB, SKCTPAreHToB, nractugukaTo-
pOB, MOBEPXHOCTHO-AKTUBHbLIX BELLECTB, pacTBOpUTENEN, NeCTMUMO0B, CUHTETUYECKOTO TOM-
nvBa, NpucagokK u ap.

OCHOBHOWN OpraHMYeckui CUHTE3 3apoaurncsa B koHue 19 Beka Ha 6Gase xmMmumyeckomn
nepepaboTkM MPOAYKTOB KOKCOBAHWUS KaMEHHOro yrnsi. M3 XXMakMx nNpoayKTOB KOKCOBaHMS
BblAeNsanu Ansi Nocnegyowmx CUHTE30B apoMaTmnyeckne coeanHeHns (6eHson, Tonyon, Kcu-
nonbl, HaPTanNuH, aHTpaleH n ap.), U3 rasoobpasHbIX — ATUNEH 1 Bogopon. Kokc ncnonb3so-
Banu ONs NOfyvYeHus aueTuneHa vepes3 kapbua kanbuus. [asudukaumen yrna nonydanu
OKUCb yrnepoga nnum cuHtes-ras (cmecu CO un Ho).

C Hayana 20 Beka Havancs 6ypHbI pocT HedTeaobblun U HepTenepepadboTkm ons
NPOM3BOACTBA MOTOPHbIX TOMAMB M J0ObLIYM NPUPOAHOro rasa Ansa pactywmx notpebHocTen
9HepreTukn. ATO NPUBENO K NOSIBIIEHNIO HOBOro 6oree gelweBoro n pasHoobpasHOro Chbipbs
AN NPpOM3BOACTBA NPOAYKTOB OPraHNM4eckoro cuHTesa. VI3 npupoaHoro rasa, ra3oBoro KoH-
AeHcaTa 1 NonyTHbIX ra3oB HedTea00bIYM BbIAENSAIOT M UCNONb3YIOT B KAYECTBE Cbipbsi Na-
paduHoBble yrnesogopoabl Ci-Cs. [pyruM UCTOYHMKOM YrneBOAOPOLAHOrO Chipbsa SABMAAOTCA
noboyHble NpoaykTbl NepepaboTkm HeOTU B MOTOPHbLIE TONNMBa U Macrna. Bo Bcex Tepmuye-

CKMX M KaTannTU4eckux npoueccax nepepaboTkn HedpTn N HedpTsHbIX dpakumin obpasyroTca
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napadvHoBble yrneesogopoabl 1 oneduHbl HopMansHOro n nsoctpoeHus Cz-Cs (MeTaH, 3TaH,
nponaH, 6ytaH, n3obyTaH, aTUNeH, nponuneH, 6yTeHbl, NeHTeHbl, 6yTagmeH). N3 HedpTn BbI-
AensoT Takke napaduHoBble yrnesogopoabl ¢ npsmMon uensto M3 15-40 yrnepogHbiX aTo-
MOB.

BbicTpbI poCT NoTpebneHnss HOBOroO ChipbsA AS1 CMHTE3a OpraHU4ecKknx nNpoaykToB
NPUBEN K CO34aHMNI0 HE CBA3aHHbIX C nepepaboTkon HedTM B TONNMBA crelmanbHbIX Npous-
BOACTB 3TUNeHa 1 nponuneHa 60nbwon eUHUYHOW MOLLHOCTY (40 2 MIH.T. B rog) nyTém
nuponusa yrneBogopoAHbIX ra3oB U HePTAHbIX dpakumn. [NpoayKTbl NUponusa ABUIUCH
TaKke JONOSTHUTESTbHBIM UCTOYHUKOM ANEHOB U apoMaTUYeCKNX YrneBo4opoaoB.

Kpome nepeuuvcneHHbix Bbiwe yrnesogopodoB, CO u cuHTes-rasa, ApyrMMun Cbipbe-
BbIMW COCTaBIIAOLLMMUN B MPOLIeCCax OCHOBHOIO OPraHN4YeCcKoro cMHTe3a ABNATCA BOAOPO,
Kncnopopn, MMHepanbHble KUCMOThl (CepHasi, a3oTHas, pocdopHas), WENoYM, aMMmak, OKCu-
Abl cepbl 1 ap.

HomeHknaTtypa nonyyaemblx B HacTosiLee BpeMS XIOpOpraHNYeckmx BeLecTB BKITHO-
YaeT CBbllle COTHU HaMMeHoBaHUW. Hanbonee KPYNMHOTOHHAXHLIN U3 HUX — XIOPUCTbIA BU-
HUN. Ero nony4aroT n3 atuneHa n xrnopa M UCnosb3ylT B Ka4ecTBe MOHOMepa Mpu npous-
BOACTBE NonuBMHUNIxnopuaa (MMpoBoe NpoM3BOACTBO CBbIlwe 40 MIH.T. B rog).

LLinpokoe pacnpocTpaHeHue B MPOMBbILLIIEHHOCTM OCHOBHOIO OpraHM4yecKoro cMHTesa
NOSTYYMIN KPYMHOTOHHAXHbIE KaTanuTUyeckme npouecChbl OKUCIEHUS — 3TUMEHa 40 okcmaa
3TUNEeHa, UUKNorekcaHa oo UMKIorekcaHoHa, n-kcunona Ao repedraneBon KUCNOTbI, 3TUM- U
nsonponunbeHsona 40 UXrmaponepoKcuaos, NponuieHa Ao akposienHa U akpunoBomn KUCIO-
Tbl, METaHosa go dopmManbaervaa.

3HauMTenbHOE KONMMYECTBO NPOAYKTOB MOMy4alT MO peakuusiMm rMapupoBaHusl, ae-
rMOpPUPOBaHNS U OKUCIIMTENbHOTO AernapupoBaHus. [ernapnpoBaHuemM atunbeHsona nony-
YalT CTMpon (MOHOMEpP AN NPOu3BOACTBA NONMCTMpona), AernapmposaHmem GytaHa — 6y-
TagneH (MOHOMep ANnsa NPOU3BOLCTBA CMHTETMYECKOro Kaydyka). OKMcnuTenbHbIM gernapu-
poBaHMEM rnonyyatoT dopmanbierng u3 metadona. M'mgpuposaHMeM MacrsHOro ansgernga
N 2-aTunrekceHans nonyyatT GyTaHoON U 2-3TUNrekcaHosn, rmgpupoBaHnem 6eHsona — umk-
norekcaH, rmapupoBaHneM BbICLLMX KUCAOT UNKN UX 3MPOB — BbICLLUNE CNUPTbI.

K opyrum npoueccam, LWMPOKO UCMOMb3yeMbIM B OCHOBHOM OPraHM4eCKOM CUHTe3e
OTHOCATCS MPOLECChI ankunmpoBaHua (MonyvyeHne aTun- 1 nsonponundeHsona anknnuposa-
Hnem BGeH3ona 3aTUNEHOM 1 NPONUIIEHOM, METUN-TPET-OYTUNOBOrO U METUN-TPET-aMUITOBOIO
achmpoB), rmgpataumm onedunHOB, Nexalwmx B OCHOBE npouecca BblaeneHus nsobytuneHa
13 yrneBoAopoaHbIX (Ppakumi, a Takke Npu nonyyeHUn ataHona, arepudukaumm npu nony-

YyeHNn 3NPOB aKPUNOBOW KUCNOTbI, AMOKTUNMTanarta v ap.
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CuHTes-ras, nosy4aemblin cemyac NpenMyLLECTBEHHO NMapoOBOK KOHBEPCUEW MeTaHa,
NCNonb3ylT Ans NPOM3BOACTBA MeTaHOMa M B MpoLeccax OKCO-CMHTe3a anbAerngoB w3
onedguHOB.

M3-3a konebaHusa LeH Ha HedpTb BO3POAMUIICA UHTEPEC K CUHTE3Y YrneBoLopOaAoB ANs
MOTOPHOrO Tonnuea no peakumm duepa-Tpornwa u3 cMHTes-rasa, nofny4aemoro Kak us rnpu-
POOHOrO rasa, Tak U NyTém rasndukaumm KameHHoro yrns. Mo 3Ton e npuyMHe NpPOMbILL-
NEHHOCTb HaYMHaeT NPOSIBNATb MHTEPEC K CMHTE3aM Ha OCHOBE MeTaHa U MeTaHona (nosny-
YeHue 3TUMNeHa U3 MeTaHa; aTurneHa, NponuneHa n apoMaTnyeckux CoeanHeHUn n3 MeTaHo-
na).

OTpacnb OCHOBHOIO OpPraHNM4ecKoro CUHTE3a SBNSIeTCA BeAyLen u onpegenseT npo-
rpecc BCen XMMNYECKOM MPOMbILLIIEHHOCTM — BaXXHOrO 3B€HA 3KOHOMMWKW CTPaHbI.

OCHOBHbIMM MPOM3BOAUTENSAMM OpPraHNYECKNX XMMUYECKUX BeLlecTB B Poccumn sBns-
totcs: MAO «CUBYP Xonauur», TMAO «HwkHekamckHedTexum», MAO  «JTYKOWN»,
OAO «HK «PocHedTb», OAO «lasnpom HedpTexum Canasaty», NAO «KasaHboprcuHTE3» n
Ap.

OCHOBHbIMK NpoueccaMmn A NPOU3BOACTBA OPraHUYeCKUX XUMUYECKUX BELLECTB B
Poccuu aenatotca:

1. Tuponuns HePTAHbIX Ppakuni UNn yrneBoAOPOAHbIX ra3oB

Muponns yrneBOAOPOAHOrO CbipbA — OCHOBHOW MPOLIECC MOSTyYEHUA HU3KOMOMEKY-
NSAPHbIX HEHACILEHHbIX YrNeBogopoaoB — ONeUHOB (3TUMEeHa 1 NponuneHa).

B 3aBuMcnMOCTM OT MCXoaHOro ceipbs (HadpTa, LAY, CYT, MM d, ataH), TemnepaTypbl
N BPEMEHW KOHTaKTa, B MpoLEecce NMponiM3a MOXHO NoflyyaTb LUMPOKYK ramMmmy NpodyKTOB.
Tak npu nuponuse HapTbl Npn 750-850°C Bbixog oneduHoB C2—Ca moxeT gocturatb 50%.

B kavecTBe conyTCTBYHOLWNX NPOAYKTOB B NpoLecce NMponu3a Moryt obpasoBbiBaTbCH
razoobpasHble HenpeaenbHble coeanHeHus: byTeHbl, n3o6yTeH n 6ytagneHsl. OQHOBpPEMEH-
HO Npwu nNuponude obpasylTCa XUAKMEe NMPOAYKTbl, KOTOPbIE COAepXaT TakMe LiEHHble yrne-
BOAOPOAbI KaK M30MNpeH, LMKroneHTagmeH, 6eH3on, Tonyon, KCUNon n ap, a Takke Tsxenble
cMmonbl nuponusa. B HacTtoswee Bpems 6onee 70 % mwupoBoro npoussoacTea bytagneHa
(BnBMHMNA) nonyyalroT nyTem ero BbiaeneHns nd Cs-ppakumm nuponmsa. AHanorM4yHo, NoYTH
40% npounssoacTsa 6GeH30Ma BbIAENSAT U3 XUOKUX NPOAYKTOB NMponm3a.

B HacTosee Bpemsi B Poccun aencteyroT 15 yCTaHOBOK NMPONU3a, PacrnonoXXeHHbIX
Ha 10 npeanpnaTnaXx.

2. Katanutunyeckuin pudpOpMmUHI NPSIMOrOHHbIX BEH3NMHOBBIX hpaKLumi
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He cmoTpsa Ha TO, 4YTO AaHHbIN npouecc BbiHeceH B cnpaBoyvHuk HOT «lMNepepaboTka
HepTM» cnegyeT OTMETUTb, YTO 3TO OCHOBHOM NPOLECC AN Nony4YeHusi apoMaTUYeCcKmnx yr-
neBoJopoOaos.

B kayecTBe MCXO4HOrO Chbipbs UCNOMb3YIOT y3kne dpakumm 6eHsunHa: (62-105°C) — gnsa
ueneBoro nony4vyeHus 6exHsona un tonyona; u (105-140°C) — ansa uenesoro nosly4eHUsITonyo-
na v kecunona.

3. Tpouecchbl ankunMpoBaHns

Mpouecchbl anknnupoBaHus — BBEAEHWE ankumbHbIX rPYNn B MOMEKYy OpraHnyecknx
COeANHEHUI UCMOMb3YKTCHA B MPOMbILLIEHHOCTU OPraHMYeckoro CUHTE3a ANd NoslyvyeHus
LUMPOKOW ramMmMbl NPOAYKTOB.

Tak, ankunupoBaHune no atomy yrnepoga (C-ankunmpoBaHne) UCnonb3yrT Ans nony-
YEeHUs ankunapoMaTu4eckux coeamHeHun (aTundeHsona, msonponunbeHsona), npoueccol
ankunupoBaHua 6eH3ona 3TUIIEHOM UMW MPOMNUIIEHOM OCYLLECTBNAIOT B MPUCYTCTBUWN anpo-
TOHHbIX KaTanu3aTtopoB (Komnriekc 'yctaBcoHa) B XUOKOW pase 1 reTeporeHHbIX (LeonuThbl)
KaTanuMsaTopoB B XWOKOW UIv ra3oBou hasax.

AnkunupoBaHue no atomy kmcnopoga (O-ankunupoBaHue) npeacrasnseT cobon pe-
akuuio, B pesynbTaTte KOTOPOW arnkuiibHas rpynna CBA3blIBaeTCs C aTOMOM Kucropoaa, a
npoLecc Ucnonb3yeTcst Ana NofyvYeHUsi HECCUMETPUYHBLIX MPOCTbIX 3PMPOB — METUN-TpeT-
OyTUNOBOro U METUN-TPET-aMUNOBOro 3UPOB. ANKMNMpoBaHWe MeTaHona n3obyTuneHom
NN N30aMUNIEHOM OCYLLECTBIISIOT B XMAOKOW (hase B NPUCYTCTBUM reTEPOreHHbIX KUCNOTHBIX
KaTanns3aTtopoB — CyNb(OKaTUOHUTOB.

Mpouecchbl B-OKMCanKMNMpoBaHUA (BBOA 3aMeELLEHHbIX anKuUMbHbIX FPYMNMn) MCNOMb3y-
I0TCA AN NONyYeHUsi 3TaHONaMUHOB, Lenfo30/bBOB, KapObUTonoB 1 HenmoHoreHHbIx NAB un
OCYLLIECTBMAT B XUOKOW (hasze B OTCYTCTBUM KaTannm3aTopoB UM B MPUCYTCTBMU TOMOreH-
HbIX KaTann3aTopoB (ankoronsito.).

Mpouecc N-anknnupoBaHue (3amMelleHns atoMOB BOAOPOAA Ha ankuibHyl rpynny B
MOMeKyrie aMMuaka unm amuHa) UCnonb3yeTcs ANs NonyvyeHns ankunamuHoB. B yacTHocTw,
ankunMpoBaHMEM aMMuaka MeTaHOsSIOM B ra3oBon gpa3e B MPUCYTCTBUMN reTePOreHHbIX KaTa-
NM3aTOPOB — OKCMAA aNtOMUHUA UMW antoMOCUMKATOB, NOSy4anT MeTUNAMUHBI.

4. Tlpouecchl rMApMpPOBaHNA N AernapupoBaHus

Mo mervapvpoBaHMeM NMOHUMAKT XMMUYECKME NPOLECCHI, CBA3AHHbIE C OTLLENNEHN-
eM aTOMOB BOAOpOAa OT OpraHNM4eckoro coeguHenuns. M'mapuposaHme (Mnu rmaporeHnsauns)
3aKkrnoyaeTcsa B NpeBpaLleHUsiX OpraHMyYecknx coeanHeHun nog AevcTBUEM MONEKYNAPHOro

BOAOpOAA.
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Mpouecchl germapupoBanna Cs-Cs ppakumi yrnesogopoaos, atundeHsona, MeTaHo-
na n uMKnorekcaHomna ncnonb3yT Ans nonydeHns nsobytuneHa, 1,3-6ytagneHa, nsonpeta,
cTMpona, oopmanbgernaa, uuknorekcaHoHa. M'mgpuposaHmem bytaHansa un 2-atunrekceHans
nony4arT B6yTunoBbIE CNMPTLI U 2-3TUNrekcaHon. Bece aTu npouecchl NpoTekalT B NPUCYT-
CTBUWN reTeporeHHbIX KaTtanM3aTopoB, HO rMApUpoOBaHME OCYLLECTBIISIOT B XUAKOW hase noa
AaBrneHneMm BoOopona, a NpoLuecchl AerMapupoBaHnsa — ra3oBon ¢ase, kak npasuno, ¢ uUc-
Nnonb30BaHNEM MHEPTHbIX pa3baBuTenen.

5. lpoueccobl okucneHmna

K npoueccam OKUCIEHUS B NPOMBbILLIIEHHOW OpraHMYeCcKon XMMUN OTHOCAT MpoLecchl
npeBpaLleHnsa NCXOAHbIX BELWECTB, NpoTeKatoLwme nog AeNcTBUEM okucnmTenen. B kavectse
OKUCNMTENen B NPOMbILNEHHOCTN, rMaBHbIM 0O6pa3oM, MCMONb3YIT BO34YX, TEXHUYECKUN
Kucropog, nepokcu Bo4opoAda M opraHuyeckue rmgponepokcuabl (3TunbeHsona v nsonpo-
nunbeH3ona), KoTopble NOMAy4alT NPAMbIM HEKaTanNUTUYECKUM OKUCIEHNeM aTunbeHsona u
nsonponunbeHsona.

OkucneHnem n-kcmunona, NPoONuUeHa N LMKIorekcaHa BO34yxOM rnony4yarT TepedTa-
NEBYI KUCMOTY, akpOneuH, akpurioByK KUCIOTY, LMKIOreKkcaHon U LUMKorekcaHoH. Mytem
OKUCIEHNS 3TUMEHA BO3AYXOM UMM KUCMOPOAOM MOSy4aroT OKCUMA 3TUreHa, anokcuauposa-
HMeM nNponuneHa rmaponepokcMaom aTunbeH3ona — okeua NponueHa.

6. lNpouecchbl rmgpaTaumm n gernapataumm

Mo npoueccamn rmgpaTtauuun unu gerngpatauun NOHUMAKOT BBOA UMK OTLLENnneHne
OT MOEKYIbl OPraHNYEeCKOro COeaUHEHNA MOSEKY bl BOABbI.

Mmapataumen aTuneHa n okcuaa dTUNEeHa NosyyvarT ITaHOM M STUNEHrnukonb. [e-
rmgpaTtauuen gumetunkapbuHona nonyyawT o-mMeTunctupon. Hderngpataunen TpumeTtun-
kapbuHona — n3obytuneH (Ha ctaguu BblgeneHna nsobytuneHa un Ca-copakumin). Peakumm
rmgpaTauumn 1 gerngpataumm nexart B OCHOBE MOCNeaHUX CTagun nosnyvyeHus n3onpeHa us
dopmanbgernga n n3obytuneHa (no peakumm MNpuHca).

7. Tlpouecchbl XNOpMPOBaHUA/OKCUXITOPUPOBAHNA, XNOPrMapUPoOBaHns U Oerngpoxso-

pupoBaHus

XnopunpoBaHMEM B OPraHN4eCKOM CHMHTE3E B LUMPOKOM CMbICIe CNoBa Ha3bIBaKOT Mpo-
Leccbl, NPy KOTOPbIX B MOJSIEKYITY OPraHNYeCcKoro CoOeanHEHNss BBOAAT aTOMbI xnopa. B 3aBu-
CMMOCTU OT TUNa XNOPUPYIOLLErO areHTa (Xnop, XNopucTbIn BO4OPOL) U YCNOBUIA OCYLLIECTB-
NeHnst npoLecca, pasnuyaroT NPOLECCHl XIIOPUPOBAHUS, MMOPOXIIOPUPOBAHUS, OKCUXITOPU-

POBaHUSA U XINOPruapupoBaHus.
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XnopupoBaHMeM/OKCUXNIOPUPOBAHNEM 3TUIEHA XMOPOM/XMOPUCTLIM BOAOPOAOM MO-
nyyalT OUXNopaTaH, XNopruapupoBaHMEM NPOMUIieHa B BOAHOW cpefde — MpOnuieHXIop-
TMOPVIH.

Moa oernapoxriopupoBaHNEM MOHMMAKOT MPOLECChl OTLLENNEHNS XOPUCTOro BOAO-
poda OT MONEKymbl XNOPOPraHNYeckUX COeAMHEHU, KOTOpble MOryT NpoTekaTb Kak TepMU-
YyecKku, Tak 1 Nofd AeUCTBUEM LuenoYen. Tak, TEpMUYECKUM OErnapoXrnopupoBaHNeEM ONXIop-
3TaHa B rasoBoy ase nosnyyatT BUHUNXNopua. LlenoyHbiM aermapoxnopupoBaHuemM npo-

NUNeHXNorMapuHa B XXmakon dase nosnyyaroT okcua nponunexa.

1.1 NepcneKTBbI pa3BUTUSA NPOMbILLUIIEHHOCTU OCHOBHOIO

OpraHN4YecKkoro cCuHTe3a

MaBHbIMWU MPEANOChLINKaMn Pas3BUTUS MPOMbILLIEHHOCTU OCHOBHOIO OpraHM4Yeckoro
CMHTE3a ABNATCS:

- HeobxoaMMOCTb ObecrneyvyeHust OCHOBHbIM CbIpbeM MpPaKTUYECKN BCEX OTpacremn
XMMUYECKOW MPOMbILLITEHHOCTW, BbIMYCKaOLIMX CUHTETUYECKME MaTepuarsl;

- BO3MOXHOCTb WCMOMb30BaHUSA MHOFOYUCIEHHbBIX UCTOYHUKOB Cbipbs (HedTH, rasa,
yrnsi, APEBECUHbI, OTXOA0B MHOMMX HEXMMMUYECKUX MPOU3BOACTB U T.A4.), B TOM YNCIE U TaKuXx,
Kak BO34yX 1 BoAa;

- BO3MOXHOCTb MONYyYEHUSI OAHMX M TEX K€ KOHEYHbIX MPOAYKTOB U3 pasnUYHbIX
NUCXOOHbIX COeAMHEeHWW, 4To obycnoBnvMBaeT TrMOKOCTL BCe oTpacnn Uu  ee
npucnocobnsaemMocTb K MEHSIOLLIMMCS UCTOYHMKAM CbIpbS;

- OblcTpoe pasBuUTME cUCTeM HedpTe- U rasonpoBOAOB, a TakkKe TNUHUNA
anekTponepenad, obecrneynmBalOLNX CbIPpbEM U 3SHEpPruen KakoencTBywwme, Tak U

CTposiLmecs npeanpusaTis oTpachnw.

1.2 NepeyeHb NpeanpuUATUNA, OTHOCALLMXCA K cepe

pacnpocTpaHeHus crnpaBoOYHMKa

B Ttabnuue 1.1 npvBeneH nepedeHb NpeanpusSTUn, OoTHocsAWMXCS K cdepe pacnpo-

CTpaHeHna HacToswero crnpasodHuka HAT, n nx reorpacunyeckoe pacnosioxeHue.
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Tabnuua 1.1 — MNMepeyeHb NpeanpuaATUA, OTHOCALLMXCA K cdhepe pacnpoCTPaHEHNS HACTOSLLLEro

cnpaBoyHuka HOT

HanmeHoBaHue
Ne Pervon Poccum- opog (Hacenex-
HanmeHoBaHmne opraHnsauunn rpynnbl, accoumna-
n/n ckon degepauuu HbIA MYHKT)
U, xongumHra
MAO «CUBYP
1 | AO «Cunbyp-Xrimnpom» [Mepmckui kpan r.NMepmb
XonauHry»
NMAO «CUBYP Hwxeropopckas
2 | OO0 «Cunbyp-KctoBo» r.KcroBo
XonauHr» obn.
NMAO «CUBYP Hwxeropoackas
3 | AO "Cubyp-HedTtexum" r.[03epXnHck
XonauHM» obn.
NMAO «CUBYP Pecn. bawkocTo-
4 | AO «[MOJNIN3D» r.bnarosellieHck
XonauHr» CTaH
MAO «CNBYP
5 | AO «YpanoprcmHTes» MepMckui kKpan r.YarkoBckum
XonaunHry»
MAO «CUBYP
6 | OO0 «TonbAaTTUKay4yK» Camapckag obrn. r.TonbatTn
XonguHr»
MAO «CNBYP
7 | OO0 «CUBYP Tobonbck» TromeHckasn obn. r.Tobonbck
XonauHr»
OO0 «Tobonbck- MAO «CUBYP
8 TromeHckas obn. r.To6onbck
Monnmep» XonguHry
MAO «CNBYP
9 | OO0 «TomMmckHedTEXMMY Tomckasa obn. r.Tomck
XonauHr»
NMAO «CUBYP Hwxeropoackas
10 | OO0 «PycBunun» r.KctoBso
XOnNAWHM obn.
MAO «HwmxHekamckHed-
11 — Pecn. TatapctaH | r.HuwkHekamck
TEXUMY»
12 | OAO «KasaHbOprcuHTe3» — Pecn. TatapctaH r.KasaHb
OAO «l"asnpom HepTEXMM Pecn. bawwkopTo-
13 MAO «l"asnpom» r.Canasat
Canasat» cTaH
000 «Ynpasns-
3A0 «Crtepnutamakckmi Pecn. bawkopTo-
14 toaa Komnanua r.Ctepnuramak
HX3» CTaH
«TAY HedpteXumy
15 | OAO «CuHTes-Kay4dyk» OO0 «Ynpasna- | Pecn. bawkopTo- | r.Ctepnuramak

9
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toaa Komnanuma CTaH
«TAY HedpteXum»
pynna komnaHun
16 | 3A0 «3koonn» Omckaga obn. r. Omck
«TutaH»
["pynna KkoMnaHun
17 | OAO «OmcKumn Kayqyk» Omckas obn. r. Omck
«TutaH»
MAO AHK «baw- | Pecn. bawwkopTo-
18 | MAO «YdaoprcmHTes» r.Yda
HeTb» CTaH
NMAO AHK «baw- | Pecn. bawkopTo-
19 | NAO «bawHedpTb-YHIM3» r.Yda
HedPTb» CTaH
MNMAO «bawwHedTb- MAO AHK «baw- | Pecn. bawwkopTo-
20 r.Yoa
YdaHedTexum» HedTb» cTaH
21 | OAO «AHrapckas HXK» HK «PocHedTb» MpkyTckasn obn. r.AHrapck
3A0 «HoBokybbileBckas r.HoBokynbbILwe
22 HK «PocHedpTb» Camapckag obrn.
HXK» BCK
. CTaBponosnibCKU
23 | OO0 «CrtaBponeH» MAO «JTYKOWIT» 3 r.CtaBponosnb
Kpau
000 «JTIYKOWI- .
24 MAO «JTYKOWIT» [Mepmckui kpan r.NMepmb
MepMHedTEOPrCMHTESY
00O «CnaBHedTb- OAOQO "HIK "Cnas- Apocnasckas
25 r.Apocnasenb
ApocnaBHeTEOPrCUHTESN HedTb" obn.
26 | OAO «CagHckxumnnacT» — WMpkyTckas obrn. r. CasHck
AO «ASMNPOMHE®Tb- MAO «lasnpom
27 Omckaga obn. r.Omck
OHM3» HedTb»
KemepoBckas
28 | OO0 «IMO «Xnmnpom» — r.KemepoBo
obn.
000 «JTIYKOWN-
. Hwxeropoackas
29 | HmwxkeropogHedTEOPrcmH- MAO «JTYKOWIT» 6 r.Kctoso
obn.
TEe3x»
AO «lMasnpomHedTb- HK «lMasnpom
30 Mocksa r.Mocksa
MHM3» HedTb»
000 «CapaToBoprcus- . CapartoBckasi
31 MAO «JTYKOWJT» . CapaTtoB
Te3» obn.

10
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1.3 MowHocTu nponsBoacTBa OCHOBHOW HEPTEXMMUYECKOMN

npoaAykKuunm otTpacnun

MoLLHOCTM NPON3BOACTB OCHOBHOW HEPTEXMMUYECKOW NPOAYKLMN OTpacnn npueese-

Hbl B Tabnuuyax 1.2-1.25.

Tabnuua 1.2 —[1pon3BogcTBo aTUNEHA

Ne Mpeanpuatne O6bem nponsBoacTBa TbIC. TOHH B o
1 | AO «Cunbyp-Xnimnpom» 60
2 | OO0 «Cunbyp-KctoBo» 360
3 | OO0 «TomckHedTEXUM» 300
4 | NMAO «HmxHekaMCKHETEXNM» 600
5 | OAO «KasaHboprcumHTe3» 410
6 | OAO «lasnpom HedTexnm CanaBat» 340
7 | NMAO «YdaoprcmHTes» 100
8 | OAO «AHrapckui 3aBog NosiMMepoB» 200
9 | AO «HoBokymnbbiwesckas HXK» 180
10 | OO0 «CtaBponeH» 350
12 | OAO «AHrapckas HXK» 300

Tabnuua 1.3 — NMpon3BoacTBO NponuneHa

Ne Mpeonpusatne O6bem nponsBoacTBa ThiC. TOHH B rog
1 | AO «Cubyp-Xvmnpom» 96,5
2 | OO0 «Cunbyp-KctoBo» 180
3 | OO0 «Tobonbck-MNonvep» 510
4 | OO0 «ToMcKHeEdTEXMM 139
5 | MAO «HwxHekaMmcKkHeDTEXUM» 300
6 | OAO «KasaHboprcmHTE3» 35
7 | OAO «lasnpom HedpTexum CanasaT» 100
8 | OAO «OMCKuI KayuyK» 52
9 | MAO «YdaoprcuHtes» 150
10 | OAO «AHrapckui 3aBog NonMmMepoB» 100
11 | OAO «AHrapckas HXK» 140
12 | OO0 «CrtaBponeH» 150
13 | OO0 «JTYKOW- 330

11
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HwxeropoaHedTeoprcuHTes»

14

AO «["asnpomHedTb-MHI13»

120

Tabnuua 1.4 — MNMponsBoacTBO M300yTUNEHA

O6bem nponssoacTea TbiC.

Ne Mpepnpuatune
TOHH B rog
1 | OO0 «TonbAaTTMKay4yK» 40
2 | OO0 «CUBYP Tobonbck» 83
3 | MAO «HwmxHekaMmcKHEDTEXNUMY 360
4 | 3AO «Ctepnutamakckmin HX3» —
5 | AO «HoBokynbbiwesckas HXK» 30

Tabnuua 1.5 — MNMpomnssoacTeo 1,3-6ytagneHa

O6bem nponssoacTea ThiC.

Ne Mpeonpuatune
TOHH B rof,
1 | OO0 «TonbAaTTMKay4yKk» 80
2 | OO0 «CUNBYP Tobonbck» 207
3 | MAO «HwmxHekamckHEDTEXNMY 180
4 | 3AO «Ctepnutamakckmi HX3» 30
5 | OAO «OMcCKui KayuyK» 40

Tabnuua 1.6 — [Mpom3BoaCcTBO M30MNpeHa

O6bem NponsBoacTBa ThiC.

Ne MNpeanpuatue
TOHH B rof
1 | OO0 «TonbAaTTMKay4vyk» 90
MAO «HwxHekamckHedTEXUM» 200
3 | OAO «Kayuyk» 100

Tabnwvua 1.7 — MNMpomnseoacTeo 6eH3ona

O6bem nponsBoacTBa ThiC.

Ne Mpeanpuatne
TOHH B rog
1 | OO0 «Cubyp-KctoBo» 96
2 | AO «YpanoprcuHTtes» 80
3 | MAO «HwmxHekamckHeTEXUM» 200
4 | OAO «l"asnpom HedpTexum Canasat» —
5 | OAO «OmcKkun kayuyk» —

12
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MAO «bawHedTb-YdaHedTEXMY

6

7 | OAO «AHrapckui 3aBof NonMMepoB» 56
8 | OAO «PsasaHckuin HMN3» —
9 | OO0 «CTtaBponeH» 95
10 | OO0 «JTYKOWN-MNepMHedTeoprcuHTes» 52
11 | OO0 «CnaBHe(dTb-ApocnaBHEPTEOPICUHTESN 60
12 | AO "lMasnpomHedTb-OMckun HIM3" 111

13 | OO0 MO «KupunwmHedTEOPrCUHTESY

Tabnuua 1.8 — NMponsBoacTBO 3TUNOEH30MNA

O6bem nponssoacTea ThiC.

Ne Mpepnpuatune
TOHH B rof,
1 | AO «Cubyp-Xmmnpomy r.lNMepmb 220
2 | NMAO «HwxHekaMckHedTEXUM» 348
3 | OAO «lMasnpom HedbTexum Canasat» 175
4 | OAO «AHrapckuin 3aBog NosIMMepPOB» 33

Tabnuua 1.9 — NMponsBoacTBO cTUpOna

O6bem Nnpon3BoACTBaA ThiC.
Ne Mpegnpuarne
TOHH B rog

1 | NAO «HwxkHekaMcKkHedpTEXUMY 300
2 | OAO «lasnpom HedpTexum CanaBat» 160
3 | AO «Cubyp-Xumnpom» r.Nlepmb 135
4 | OAO «[lnactuk» r.ysnosas 60
5 | OAO «AHrapckuin 3aBog NOSIMMEPOB» —

Tabnvua 1.10 — NMpon3BoacTBO a-MeTUNCTMpona

Ne Mpeanpuatne

O6bem npounsBoacTBa ThbiC.

TOHH B rof

1 | OAO «KasaHbOprcuHTes»

MAO «YdaoprcnHtes»

3 | BAO «HoBokymnbbiwesckas HXK»

13
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Tabnuua 1.11 — MpomnsBoacTBO OYTMNOBLIX CNNPTOB

O6bem npounssodcTBa ThbiC.
Ne Mpeanpuatne
TOHH B rog
1 | AO «Cunbyp-Xrimnpom» 81
2 | OAO «AHrapckast HXK» 115
3 | OAO «lMasnpom HedbTexnum CanasaT» 50

Tabnuua 1.12 — Npon3BoaCcTBO 2-3TUIrekcaHona

Ne Mpegnpuarne

O6bem NponsBoaCTBa ThiC.

TOHH B roa

1 | AO «Cubyp-Xvmnpom»

83

2 | OAO «lasnpom HedpTexnm CanaBat»

Tabnuua 1.13 — lNpomnssoacTBo dheHorna

O6bem NponsBoaCTBa ThiC.

Ne Mpegnpuarne
TOHH B ro
1 | OAO «KasaHboprcuHTes» 55
2 | OAO « OMCKMI KayuyK» 36
70

3 | MAO «YdaoprcnHtes»

Tabnuua 1.14 — Mpon3BoaCcTBO aleToHa

O6bemM NponsBoacTBaTLIC. TOHH

Ne Mpegnpuarne
B rof

1 | OAO «KasaHbOprcuHTes» 35
2 | OAO « OmcKuiA Kaydyk» 24
40

3 | MAO «YdaoprcnHtes»

Tabnwuua 1.15 — NMpon3BoaCcTBO OKCMAa 3TUEHa

O6bem npounsBoacTBa ThbiC.

Ne Mpeanpuatue
TOHH B rof
1 | AO "Cnbyp-Hedptexum" 300
2 | OAO «KasaHboprcmHTEe3» 45
250

3 | MAO «HwxHekaMmckHeDTEXUM»

14
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O6bem Npon3BoACTBa ThbIC. TOHH
Ne Mpegnpuarne
B rof
1 | AO "Cnbyp-Hedptexum"r.[l3epXmMHCK 267
2 | OAO «KasaHboprcuHTe3» 45
3 | MAO «HwmxHekaMmckHeTEXUM» 90

Tabnuua 1.17 — NMpon3eoacTBo MeTUN-TpeT-0yTnnoBoro acdupa

No Mpeanpusitue O6bem nponssoacTBa ThiC.
TOHH B rog
1 | AO «Cubyp-Xnmnpomy» 35
2 | AO «YpanoprcuHres» 220
3 | OO0 «TonbaTtTukay4yk» 100
4 | OO0 «CUBYP Tobonbcky» 150
5 | MAO «HmxHekamcKHEDTEXNUMY 25
6 | 3AO «Crepnutamakckmnin HX3» 36
7 | OAO «OMCKUIn Kayuyk» 200
8 | NAO ««bawHedpTb-YHIM3» —
9 | OAO «AHrapckasa HXK» —
10 | OO0 «CnaBHe(Tb-ApocnaBHEPTEOPICUHTESN —
11 | AO "lasnpomHedTb-Omckun HIM3" —

Tabnuua 1.18 — Npon3BoaCcTBO METUN-TPET-aMUIIOBOIo adhupa

Ne Mpeonpuatune

O61bem Npon3BoACTBa ThIC. TOHH B rof

1 | 3AO «HoBokynbbiwesckas HXK»

160

Tabnvua 1.19 — lNMpounseoacTeo TepedTaneBomn KUCNoThl

Ne Mpeanpuatue

O6bem Npon3BoACTBa ThIC. TOHH B oA

1 | AO «MNOJNMN3D», r. BnaroseLlleHck

230

Tabnuua 1.20 — MNMpon3BOACTBO aKpUNoBOKW KNCNOThI

Ne Mpeanpuatne

O6bem Npons3BoACTBa ThIC. TOHH B 04

1 | AO "Cunbyp-Hedtexmm"r.[3epXnHck

30

15



UTC 18—2016

Tabnuua 1.21 — MNMpon3BOACTBO ankunoBbiX 3¢oMPOB aKpUITOBOW KUCNOTbI

Ne Mpeonpuatne O6bem Npon3BoACTBa TbIC. TOHH B o

1 | AO "Cnbyp-Hedptexmum"r.[l3epXmMHCK 53

Tabnuua 1.22 — Mpon3BOACTBO AMXNOpaTaHa

Ne Mpeanpuatue O6bem Npon3BoACTBa ThIC. TOHH B rof

00O «PycBunun» r.Kctoso 327

OAQO «CagHckxumnnacTt» —

1
2
3 | OAO «Kayctuk» r.Ctepnutamak —
4 | OAO «IMnactkapg» r.Bonrorpag, —

Tabnuua 1.23 — Mpon3BoacTBO BUHUIIXNOpUAA

Ne Mpeonpusatne O6bem npomnssBoacTBa ThiC. TOHH B rog,

1 | OO0 «PycBuHun» r.KctoBo 333

OAO «CagHckxumnnacT» —

4 | OAO «IMnactkapg» r.Bonrorpag, —

Tabnuua 1.24 — Npon3BoaCTBO BMHMALETaATa

Ne Mpeonpuatune O6bem Npon3BoACTBa ThbIC. TOHH B rOA

1 | OO0 «CrtaBponeH» 50

Tabnwvua 1.25 — NMpon3BoACTBO akpuUoHUTpuna

Ne Mpeonpusatne O6bem nponssBoacTBa ThiC. TOHH B rog

1 | OO0 «CapatoBOprcuHTE3» 150

1.4 AHanu3 NpMopuUTeTHbLIX NpobriemM oTpacnu

PasBuTue oTpacnu nponcxoauT B HamnpaBrieHMM MOBbLILLEHUS 3KOHOMUYECKON 3addek-
TMBHOCTU N obecnevyeHnsa 3Konorndeckonm n obien npomM3BoACTBEHHON Ge3onacHOCTU Npo-

N3BOACTB.
1.4.1 OxpaHa oKkpyxatoLwien cpeabl

OxpaHa okpyxatoLen cpebl 1 akonorndyeckaa 6esonacHocTb obecneymBaeTca BbI6O-
POM CbIpbSi N XUMUYECKMX CTaguMn ero nepepaboTky, peanmsaumns KOTOPbIX CONPOBOXAAEeTCs
16
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MUHUMYMOM 06pa3OBava NoBOYHbIX NnpoAayKTOB U UX HM3KOW TOKCMYHOCTbLIO, @ TakKe Hamnu-

ymeM crneumanbHbIX TEXHONMOMMYECKUX CTaann No AeTOKCUKaLMU OTXOO0B.
1.4.2 AcTOYHMKM OOLLEen onacHOCTU

McToyHnkamm obLuen npomM3BOACTBEHHOM OMACHOCTU SABMSIKOTCA NPOLIECCHhl, NpoTeka-
oLmne npu BbICOKMX TemnepaTypax M AaBneHUsX U UCNOMb3YoLWne TOKCUYHbIE, roploymne m
B3pblBOONacHble BellecTBa. Oblasa nponsBoacTBeHHas 6Ge3onacHoCTb obecnevmBaeTcsa co-
onogeHnem enepanbHbIX NPaBun U HOpM B 0611acTn NpomblLNeHHon 6e3onacHocTn. Kap-
AWNHaNbHbLIM NYTEM NOBbILLEHNSA NPOU3BOLACTBEHHON BE30MacHOCTU ABNAETCS NEPEXOA K ApY-
MM XUMWYECKMM MpoueccaM WM KaTanu3atopam, He TPebyloLMMm MCNofib30BaHUSA OMacCHbIX

BELLLECTB U XXECTKUX YCOBUA NPOBEOEHUS NPOLECCOB.
1.4.3 QkoHOMUMYecKas 3chPeKTUBHOCTb

OKOHOMMYeckast ahEKTUBHOCTb onpeaensaeTcs:

— onTuMMarbHbIM BblibopamMm NnpuemMnemMoro no CTOMMOCTU, OCTYNHOCTU U Ka4yeCTBY Cbl-
pbA;

— onTUMarnbHbIM BbIOOPOM XMMWUYECKUX CTagun nepepaboTkm cbipbsi, obecnevnBato-
LLINX BbICOKYKO CENEKTMBHOCTb M MUHMUMarnbHOe obpa3oBaHMe NOBOYHbLIX NPoaYyKTOB, Tpeby-
IOLWKMX OOMNOSNHUTENbHBIX 3aTpaTt Ansa ux nepepaboTkn nnu 6esonacHoro cbpoca B OKpyxato-
Lyto cpeay;,

— MUHUMM3aLMEN SHepreTudecknx 3aTpar, MnyTéM npaBWUiIbHOrO Bbibopa XuMuye-
CKMX CTaaun, onTuMmn3auum napameTpoB paboThl peakUMOHHbIX Y3r10B 1 CTaanin pasgenequs,
BblOENEHNSI N OYUCTKN NPOAYKTOB peaKkumu;

— ucnonb3oBaHnem bonee ahPEKTMBHLIX CTaaui pasaeneHns, BblAeNeHnst U O4UCTKN
NpOoAYKTOB peakuun, BKNovasi NpoLeccbl MeMOpaHHOro pasgeneHnsi, NPOMbILLSIEHHONW Xpo-
mMarorpadcum n gp.

— CO34aHMEM HOBbLIX KaTanusaTopoB, o6nagaroLwmx BbICOKON akTUBHOCTLIO U obecne-
YMBaOLMX BbICOKYHO CENEKTMBHOCTb 00pa3oBaHus LIeNeBoro Nnpoaykra B TedeHne anutenb-

HOro nepuoaa paboThbl (40 HECKOMNbKMX NET).
Pazpgen 2. Npon3BoAcTBO HM3LIUX OnePUHOB U ANEHOB
B naHHOM pasgene ByayT pacCcMOTpPEHbl TEXHONOMMU NPOU3BOACTBA CreayrLmnx op-

raHMYEeCKUX COeaNHEHUIN: STUNEH, NponuneH, n3obyTuneH, oytaameH-1,3 u N3onpeH.
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2.1 NponsBoAacTBO 3TUNEHA

OTUnNeH 4BnNAeTCs CbipbeM AN HedpTEXMMUYECKON NpOoMbIneHHOCTU. OcCHOBHOE
HanpaBneHWe WCNONMb30BaHMA 3TUNeHa — B KayecTBe MOHOMepa Anda NosyyYyeHus
nonuatuneHa (Hambonee KpPyNHOTOHHAXHbLIM MNONMMEP B MUPOBOM MNpom3BoacTBe). B
3aBMCUMOCTU OT YCMOBUA MOAMMEPU3ALUN NOMNYyYarT MNOMMITUNEHbI HU3KOMO OaBIiEHUS U
NONIM3TUNEHBI BbICOKOTO AaBneHus. MNMpaktnyeckn ans nonyvyeHns nNonnatuneHa npumMeHsoT
3TUNEH C YncToTom He MeHee 99,9%. Takke 3TUNEeH NPUMEHSAT ANs NPOM3BOACTBa psda
COMonMMepoB, B TOM 4ucCfne C MpPOMUAEHOM, CTMPOSIOM, BMHMNAULETaTOM W APYrMMW.
Onuromepbl 3TUNEHa ABMAAOTCA OCHOBOW psiga CUHTETUYECKMX CMasouvHbIX Macesn. Tak
cononuMepusaumen aTurneHa ¢ nponureHoMm Ha katanmsaTtopax Lurnepa-HatTta nonyyatot
3TUNEH-NPONUIIEHOBBIE Kay4ykun, obnagatoLime NoBbILLEHHOW YCTOMYNBOCTBIO K OKUCIIEHWNIO U
NCTUPAHNIO.

B Poccuiickon ®depepauumn npomssoantca 6onee 2500 Thic. T 3TUNeHa B rog, 13
kotoporo okono 30 % npou3BogAaT Ha npeanpuaTuax «Cubypa», 25 % nonydyatot Ha [MAO
"HumxHekamckHepTexum" n 21 % Ha OAO "KasaHnboprcuHTes". B Poccum nogasnstowiee
OONbLWMHCTBO 3TUNEHa NpPOM3BOAUTCS MyTEM MNUPONM3a YrneBoAOPOAHOrO Chipbsa. B
Ka4yeCTBe WCXOOHOro Chlpbs B OCHOBHOM ucnonb3yetca HadpTa, WY, CYI, MMNe, CHI

(CKMXKEHHBIN HEPTAHON ras), aTaH 1 pasnmyHble 6EH3MHOBLIE OPaKLMMN.

2.1.1 OnncaHMe TeXHONOrMYeCKUX NPoLIeccoB, UCNONb3yeMbIX B HacTosiLiee

Bpems

ATuneH nony4aeTcs BO MHOMMX NpoLieccax Kak COnyTCTBYHOLUMIA UM NOBOYHbIA Npo-
AYKT. 3HAYNTENbHOEErO KONMYECTBO Kak COMYyTCTBYHOLLEro NPOAYKTa 3TUNeHa nony4yaeTcs Ha
yCTaHOBKax KaTanuMTUYeCcKOro KpekuMHra B BUAY KPYMHbIX MOLLHOCTEN nocneaHux. B gaHHon
rmaBe AeTanbHO PacCMOTPEHbl MPOLECChl HEemnocpeACcTBEHHOrO MONyYeHust dTUneHa, ae-
TanbHO TEXHONMOrMsl KaTanMTUYEeCKOro KpekMHra npeactaBrieHa B COOTBETCTBYHOLLEM pasae-

ne cnpaBoyHuka HOT «lMepepaboTtka HepTm».
2.1.1.1 NMuponus

Muponusom (napoBbIM KPEKMHIOM) yrnesogopoaos nony4datT 6onee 90% Bcero npo-
N3BOAMMOrO B MMpPE 3TUIEHA.

B pesynbTaTte nuponusa nonyyatot: atuneH 99,9 %macc., nponunen 99,9 %macc., 6y-
TaH-byTagneHoBylo hpakumio, cogepxawyto 30-40 Y%macc. BytagneHa, 25-30 %macc. uso-

OyTuneHa, TsHKENyr CMOMy NMPOnM3a U NEerkyr cMony nuponuaa (hpakumio Xnakux npoaykK-
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TOB NMMpPONun3a), U3 KOTOPOW BbIAENAT apoMaTtuyeckue yrnesogopoabl — 6eHson, Tonyorn,
KCUnonbl.

Cblpbem Onst yCTAHOBOK NMUponu3a aBndawTcs: HadpTa, aTaH, rasonns, CHIT, nponan,
OyTtanbl, BI'C, MK, LLUDJTY.

B Poccuun npoussoactsa nuponn3a yCNoBHO MOXHO pasfgenuTb Mo BMAAM Cbipbsa Ha
cnegyoLiune rpynnbi:

1. lNuponuns aTaHOBOM bpaKkUmN.

Muponua CYI n ataHoBOW hpakuuu.
Mnponua yrneBogopoaHoro cbipbsl (6eH3nHoBble pakuuu, LUDJTY n CYT).

Mnponus yrnesogopoaHoro cbipbs (6eH3nHoBble pakuunu, LLDJTY)

a k~ 0N

Mnponuns 6eH3nHOBbLIX pakunn.

Oco0bIX TEXHOMOMMYECKMX pasnMyuninm B Npouecce NMponim3a He cyulectsyeT. PasHuuy
Mexay Oo4HMM BapuaHTOM TEXHOMOrMM NMponusa u ApyrmmMm MOryT COCTaBNATb HE3HAYUTEb-
Hble KOHCTPYKTOPCKME peLleHust Mo neyam. B 3aBMCMMOCTM OT CbipbS U TEXHOMOMMM Cxema
nepepaboTkM NPOAYKTOB NMPONM3a MOXET HECKONbKO oTnuyartca. B uenom Hanbonee uene-
coobpasHo onucaTb TEXHOSIOrMYECKNE PEXMMbI N NapaMeTpbl, B 00LLEM, HE NPMBA3bIBAA UX K
onpeaeneHHbIM TEXHOMOMMSM.

Ha pucyHke 2.1.1 npuBegeHa npuHUMnuanbHasa TEXHOMOrM4Yeckass cxema YyCTaHOBKM
nuponusa.

Coippe CYI' co cknaga nocTynaeT B MNoAorpeBaTenb, r4e €ero HarpeBawT A0
60—-80 °C. Cbipbe 6eH3nHOBas hpakumsa co cknaga NocTynaeT B nogorpeBaTtesib, rge ero
HarpeBatT go 100-110 °C. lNocne nogorpesatens coipbe (CYI nnn 6eH3nHoBas dpakums)
HaNpPaBnslOT B KOHBEKUMOHHYIO YacCTb NeYn NMponunaa, rae 3a cyeT Tenna oOTXOAsWwmMX Tonoy-
HbIX ra3oB OHO HarpeBaeTcsa go 180-200 °C, nocne 4Yero B cMecuTene cMelmnBaeTcs ¢ Boas-
HbIM nNapom — pasbasutenem. MNony4yeHHy0 CMeCb BOAAHOrO napa u UCXOOHbIX YrneBogopo-
A0B NoJatoT B 30HY BbICOKOTEMMNEPATYPHOWN KOHBEKUUM, rae CMecb HarpesaeTcsa o 600-630
°C un 3aTem HanpaBnsieTcsi B 30Hy pagnaHTHoOro oborpesa.

Ha Bbixoge u3 3meeBuka neuv nuponmsa cmecb umeet Temnepatypy 800-870 °C-(B
3aBMCUMOCTU OT BMAA CbIPbsl Y KOHCTPYKLMN NMPO3MeEEBMKA). [1Ns pe3koro CHMXeHUs Temne-
paTypbl NapocbipbeBasi CMeCb MNoAaeTCs B 3akanO4yHO-UCNapuTENbHbLIN annapaT, rae oHa
oxnaxpaetca go 330—450 °C 3a cyeT xnagoHocuTens — KOTSIOBOM nuTaTtenbHOW BOAbI, NO-
AaBaeMon B MeXTpybHOe MpOoCTPaHCTBO 3akanoyYHo—McnaputenbHoro annapara. Npu atom
N3 KOTNOBOW NUTATENbHOW BOAbI MOMyYaloT HACbILWEHHbIN BOASAHOW Nap BbICOKOro AaBreHus
12—-14 MIla, KOTOpbI HaNpaeBnsaT B NApOCOOPHUK M3 KOTOPOro ero OTBOAAT B KOJMSIEKTOP

HacbILLEeHHOro napa BbICOKOIro gaBleHunda Aansa AanbHenwero neperpesa B BbIHOCHOM Napo-
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neperpesaTesnie UM xe LONOSTHUTENbHO NOOOIPEBAETCHA B HWXKHEN 4acTu KOHBEKLMOHHOM
CeKLMM neyun, Nocne Yero NOCTynaeT B KONNEKTOp neperpetoro napa. MNuporas, nonyyYeHHbIN
npv NNPonNn3e HaTbl, CXUKEHHbIX YrNeBOAOPOAHbIX ra3oB M PELMKIOBOro NoToka, Noctyna-
eT B KOJSIOHHY MEePBUYHOro pasfeneHnsa nuporasa, rae NpoucXoauT BblAeneHne U3 Hero Ts-
XenbIX NpoAyKTOB NUporm3a (B HWXKHEN YacTu KOMOHHbI). NMrporas ¢ BepxHen 4acTu KOSOH-
Hbl, OXNaXXAEeHHbIN O0 TemnepaTypbl He 6onee 110 °C, HanpaBNAT B KOSIOHHY BOOHOW 3a-
Kanku, rae NpoucxoguT ero oxnaxaeHuwe n eolgenexHne ns Hero gpakummn Cs-Co. MNuporas c
Bepxa KOMOHHbI ¢ Temnepatypon He 6onee 40 °C HanpaBnsieTcs Ha Bcac KoMmnpeccopa nu-
porasa, a Boga 3 KyboBOW 4acTu KOMOHHbI HanpasnseTcs Ha JanbHeree pasgeneHve B
€MKOCTb-OTCTONHMUK.

B emkocTn npoucxoguT paccnamBaHve yrineBO4OPOAOB W BOAbl. YrneBogopoabl no-
AaloT B KONTOHHY MEepBUYHOro pasfeneHust nuporasa B Buae drierMbl, a U3bbITOK yrneBoao-
ponos (¢pp. Cs-Co) oTKaumMBaeTCca ANs AanbHenwen nepepaboTkm nnu Ha cknagbl. BogHbin
CrNoOW C NPUMECHID PacTBOPEHHbIX YrNeBOAOPOAOB HanpaBnAlT B OTNAPHYK KOMOHHY AN
OTNapKM OT PaCTBOPEHHbIX YrNeBogOpPOAOB, NOCNE KOTOPOW BoAa MOCTynaeT Ha y3esn nosny-
YyeHuss napa pasbasneHus, roe npespallaeTca B nap pasbaBneHuns, KOTOPbIN CHOBa MOCTY-
naet Ha neyun nuponusa. Hebonbluoe KONMYECTBO N3BLITOYHOW BOAbI CIIMBAETCA B KaHanu-
3auMo B BUAE NMPOAYBKU OT COMEN XECTKOCTU, NpeaBapuTENbHO MPOMAS UMK OXNaXKAeHWs

060opoTHOM BO4OW B XONOAUITbHUKAX.
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Oxna)xgeHHbIM Nnporas ¢ Bepxa KOMOHHbI BOAHOW 3akalikM HanpasniseTca Ha MHOro-
CTyneH4aTbln KOMNpeccop nuporasa. llocne kaxgon CTyrneHn Komnpeccopa nuporas oxra-
XnaeTca obOpPOTHOW BOAOW WM pasdensieTcs Ha rasoByl M XuAKyt dasbl B cenapartopax.
Mexay CTyneHsiMn CxXaTusi NMpora3 HanpaBnslT B aOCOPOLMOHHYHO KOSTOHHY, OpOLLaeMyto
BOLHbIM pacTBOPOM LLENOYN ONA OYUCTKM YrneBogopoaoB OT KUCIbIX npumecen. Lnpkynu-
PYHOLUUIA BOAHBLIN pacTBOpP LUENoYN HenpepbiBHO OBHOBRsieTCs nyTemM OOGaBNEeHUsA CBEXeWn
wenoyn. OtpaboTaHHbIN pacTBOP LWENOYN HEMPEPBLIBHO BbIBOAUTCHA C YCTAHOBKU U cobupa-
€TCA B eMKOCTU, OTKyZda HanpasnseTca Ha ytunusauuto. Nnporas, OYnLEeHHbIN OT KUCHbIX
npumMmecen, goxumaeTtcsa 4O Tpebyemoro gasneHud, nocrnegoBaTesibHO oxnaxgaeTcs B Ten-
noobmeHHunkax go 15-18 °C, n nogaetcsa Ha ocyLumMTenu.

OcyweHHble yrnesogopoabl NogakwTcs B psan MOcrefoBaTesibHO  PacnofioXeHHbIX
nnacTMHYaTbiX TENTO0OMEHHMKOB, rAe CTYNEHYaTo OXNaxaakTcsa BNMNOTb 4O TEMNepaTypbl —
160 °C 3a cyeT xonoga McnapsoLerocsi NponureHa n 3TuneHa, NoAarLWnNXCca ¢ Xonoaunb-
HbIX LMKIIOB, a Takke xonoga obpaTHbIX NMOTOKOB MeTaHa M Boaopoda.Takoe oxnaxaeHue
NPOUCXo4MUT B HECKOMbKO cTaaun. ocne kaxgon ctagumn TenfIo0bMeHHNKOB YCTaHOBIEH ce-
napartop, yrneBo4OPOAHbIN KOHAEHCAT M3 KOTOPOro HanpasndeTcs B PEeKTUPUKALMOHHYIO
KOJTOHHY — JieMeTaHn3aTop, rae npoMcxoguT BblAeNeHne MeTaHo-BO4OPOLAHON (hpaKLumn, KO-
TOpasa HanpaBnsieTcsl B TOMMIMBHYKO cuctemy npeanpusatms. KyboBbii NpoaykT geMeTaHusa-
TOpa HanpaBnaeTCcs B PEKTUMPUKALNOHHYIO KOMOHHY (4eaTaHn3aTop), rae NnpoucxoguT oTae-
NeHne 9TaH—3TUNEeHOBOM opakUmMK OT OCTanbHbIX yrinesogopoaos. [ns co3gaHus donermMol B
AeaTaHM3aTope UCMONb3yeTCs X004 CKMXKEHHOro nponuneHa, nosy4aeMoro ¢ XonoansibHom
ycTaHoBKWU. Kyb KonoHHbI 06orpeBaeTcs BoAsiHbIM NapoM CpefHero AaBneHus.

[MonyyeHHyo aTaH—3TUNEHOBYHO (PpakUUIO HAaNPaBNAT B Nogorpesaternb, Nocne 4yero
€€ CMeluMBaloT C BOLOPOLAOM M HanpaBnsalT B peakTop Ha rmapupoBaHue aueTUNeHOBbIX
npumMmecen (XBOCTOBOE rmapupoBaHue). B 3aBUCMMOCTM OT TEXHOMOMMN MOXET NPUMEHATCS
dpOHTanbHOE rMapupoBaHMe NErkoro nuporasa 40 BblAENEeHUs 3TaH-3TUNEHOBOW dopakuunn.
B peaktope Ha cTauMOHapHOM Croe reTeporeHHoro Kkaranuaartopa (nannagvmcoaepkalnm
KaTtanusaTtop) NpoMCXoOuT CEenekTUBHOE rmapupoBaHMe aueTuneHoBbiX npumecen. locne
peakTtopa 3TaH—3TUINeHoBas (hpakumsa ocyLlaeTcs U NogaeTca B PeKTUPUKALMOHHYO KONMOH-
Hy. B KOMOHHe BbIOensT ToOBapHLIN 3TuUNeH. [na co3gaHna dnerMbl UCNOMb3YyeTCA X0soq
CKWXKEHHOro MnponusieHa, nosy4yaemMoro ¢ XoroAuSibHON YCTaHOBKU. AUCTUNNAT, TOBapPHbLIN
3TUNEH, HanpasnaeTcsa ONA XPaHEHUS N ganbHENLLEro NUCMONb30BaHUs B APYrMx npoLeccax.
Ky6 konoHH oborpeBaeTcsi ra3oobpasHbiM NponuieHoM. JTaH, nonyyvyaembln B Kybe KOmnoH-
Hbl, HANPaBIAT B NeYb HA NUPOSIU3 C LIENbIO NONYyYeHNA OOMNOSTHUTENBHOMO 3TUEHa.

Ky6oBbI ocTaTok AeaTaHusaTopa, cogepxawmn yrnesogopoabl Cs-Cs, HanpaensoT B
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KOJTOHHY-AenponaHn3aTop BMecTe C yrneBogopodamu, NoflyYeHHbIMU Ha cTagum KOMApUMu-
poBaHMs OT cenapaTopoB MEXCTyneH4YaToro obopyaoBaHusl, rae NpoOUCXOAWT BblaeneHune
nponaH—nponuneHoBon dpakumn. Kyb KonoHHbl oborpeBatoT BoAAHbIM napom. azoobpas-
Has nponaH—nponuneHoBasi opakumMst KOHAEHCUPYETCA B KOHOEHcaTope, rae B KavecTBe
XnagareHta WUcnonb3yeTca NponurieH yana NponuIIEHOBOro XOnoaunbHOro uukna. Yactb
KOHOEeHcaTa nogaeTtcs obpaTHO B KOMOHHY B BuAe ¢hrnermbl C NOMOLLbIO Hacoca, a ocTaB-
LUMACA ONCTUNNAT B ra3oo0pa3HOM BUAE HanpaBnsieTcsl Ha rmapvpoBaHMe, B Npouecce Ko-
TOPOro NPoOMCXoauT yaaneHne meTunaueTuneHa u nponagueHa. lNocne rugpuposaHus raso-
obpasHyto NponaH-NponuUNeHOBYD pakuuo NoLBepraT OCYyLIKe, KOHAEHCALMM U Hanpas-
NAT CHavyana B OTnapHyr KoNoHHy C2, rae n3 Hee ygansioT MeTaH-3TaHOBYH dpakumio, a
3aTeM — B KOJIOHHY MOny4YeHus nponuneHa. ToBapHbIA NPOMUMEH C Bepxa KOMOHHbI
HanpaBnseTca Ha cknag, nponaHoBas dpakums ¢ Kyba KONOHHbI HanpaBnseTcsl B Ka4ecTBe
PeLMKIoBOro NOTOKa Ha neyun nuponmnsa.

Ky6oBbIin OCTaTOK KONIOHHbI—AEeNponaHmM3aTopa, COCTOALNN NPENMYLLLECTBEHHO U3 Y-
nesogopogoB Cs-Co, NogalT B PEKTUPUKALMOHHYKO KOMOHHY AebytaHusaTop. [daHHasa Ko-
NoHHa pabotaeTt npu gasneHun 0,35-0,45 Mla. CBepxy KONMOHHbI-gebyTaHn3aTopa oToum-
patoT dpakuuto Ca yrneBogoponoB, KOTOPYH KOHAEHCUPYHOT B KOHAEHcaTope, paboTatowem
Ha oxna)kagaroLlen Boge.

Ky6oBbIin NpoayKT KONMOHHbI—AebyTaHn3aTopa HanpaBnsoT B KOJIOHHY AeneHTaHu3a-
TOp, NPeaABapuUTENbHO CMeLlaB C YrneBogopoaamMm, NofyvYeHHbIMU Ha CTagum 3akrnakm nmpo-
rasa. CBepxy KONOHHbI BblAENSETCS NEHTaH-aMUNeHoBas ppakums, KoTopasi KOHOeHCUpyeT-
ca B KOoHAeHcaTtope, paboTatowem Ha obopoTHoM Boge. YacTb neHTaH-ammneHoBon hpak-
LUK HanpaenseTcs B Ka4yecTBe OpoLLeHns obpaTHO B KONOHHY, 6anaHCoOBOE KONMYECTBO OT-
npaenseTcsa notpedutento NMbo B peumkn Ha neyn nuponusa. KyboBbin NpoayKT KOMOHHbI
(MMpokoHAEeHcAT) MCNONb3yeTCs Kak Cbipbe ANs NOSyvYeHUss apoMaTUYEeCKNX YrneBogopOaoB.

Hopmbl pacxofa cbipbsi 1 3HEPropecypcoB NpuBeaeHbl B Tabnvue 2.1.1.
2.1.2 TeKyLwine YypOBHU 3MUCCUUN B OKPYXKaKOLLYIO cpeay

B Tabnuue 2.1.2 npegcraesneHa vHdgopmMaums no Bblbpocam m cbpocam npeanpus-
TUA — nNpou3BoanUTENEN 3TUNeHa. B nponsBoacTee aTuneHa NMponu3omMm 6eH3nHOBbLIX dopak-

umn n CYT obpasyroTca Takme 0TX0o4bl Kak KOKC M XenToe macro.

23



144

Tabnuvua 2.1.1— [ocTurHyTble nokasaTenu notpebrieHns Chipbsi U SHEPropecypcoB™

TexHonormna MNuponwns yrneso- | luponus yrneeo-
Muponus Muponua yrnesogo-
Muponua AO0POOHOro Chipbs AOPOOHOrO Cbl-
CYl nata- | pogHoro cbipbsi (6eH- Mnponn3 6eH3NHOBbLIX
3TaHoBOW (6eH3nHoBbIE pba****
lNokazaTenn HOBOW (ppak- | 3MHOBbIE dopaKuuu, dpakumnn
dpakuuun dpakumm,
Lmn LWDITY n CYIN)
LWony)*=*
Colpbe, Kr/T HeT AaH-
1950-2150 1950-2150 2260 27255 HeT AaHHbIX
HbIX '
OnEeKTpPoaHeprms, HeT gaH-
1280-1400 70-77
KBT*y/T HbIX 40*** 43,6-51,2 HET OaHHbIX
(1,1-1,2) (0,06-0,07)
(Mkan/T)
TennoaHeprus, HeT gaH-
— 3,8-4,2 0,616*** — HeT AaHHbIX
lkan/t HbIX
HeT faH-
Map, Nkan/T 1,8-2,0 — - — HeT AaHHbIX
HbIX
TonnuBHbIN ras, HeT gaH-
1100-1200 680-750 22%%* 54.6-65.5 HeT JaHHbIX
Kr.y.T./T HbIX ' '

* YpenbHble AaHHble npmeegeHbl Ha COBMeCTHOE NMpon3BOACTBO 3TUNIEHa 1 nMponunneHa

** YaenbHble AaHHble NoKa3aHbl HA COBMECTHOe npon3BoACTBO 3TUJ1IEHA U nponuneHa n nNnpu COOTHOLWEHUN CTPYKTYpPbI CbipbdA M-

ponuaa raszosoe/xungkoe 20/80.
*** YaenbHble AaHHble N0 NOTPeBNeHno 3HePropecypcoB MOKa3aHbl TOMBLKO MO 3Hepropecypcam, NOCTaBnAsieMbiM CO CTOPOHbI,
COBCTBEHHLIE SHEPrOpeCypChbl B pacyETax yaeribHbIX MOKa3aTenen He yYTEeHbI.
**** YpnenbHble AaHHble NokasaHbl Ha COBMECTHOE MPOM3BOACTBO 3TUMEHA W NPONUIeHa U NPU COOTHOLLEHUN CTPYKTYPbl Cbipbs

nuponusa raszosoe/xkugkoe 40/60. Mpn M3MEHEHMN COOTHOLLEHNS CbipbS AAHHbIE MOTYT U3MEHATHCS.
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Tabnuua 2.1.2 — TekyLime YPOBHN 3MUCCUN B OKPYKaIOLLYKO Cpeay Npy Npou3BOACTBE 3TUNEHA

lMNnponns ataHoBon

Muponua CYT n aTa-

Muponuns yrnesono-

POAHOrO Chbipbs

Muponuns yrnesogo-

POAHOrO Cbipbs

lMNuponwns yrneso-

[I0POAHOrO Chl-

Muponuns 6ehr-

3MHOBbIX dpak-

Texwonorus dpakumm HOBOW (ppakumm (6eH3mHOBbIE hpaK- (6eH3MHOBBIE pba uun
umm, LWWOJTY n CYIN) | dpakumn, LLOJTY)*
3arpsasHsaoLme BellecTsa B Bbibpocax, Kr/T *

NOx HeT AaHHbIX He bonee 1,6 He bonee 4,0 He bonee 4,1 He bonee 0,38 HeT AaHHbIX
CO HeT JaHHbIX He 6bonee 0,5 He bonee 5,3 He bonee 5,0 He 6onee 0,27 HET OaHHbIX
Cymma yrneBo-

Aopoaos HeT AaHHbIX He Oonee 1,7 He Oonee 8 He Gonee 11 — HeT AaHHbIX
(6e3 meTaHa)

3arpssHsoLwme BelecTBa B copocax, Kr/T

Hedtenpoaykthl HeT AaHHbIX He bonee 8,0 He bOonee 0,4 He bonee 0,5 — HeT AaHHbIX
XIMK HeT AaHHbIX He bonee 15 He b6onee 10 He 6onee 10 He bonee 28 HeT AaHHbIX
pH HeT OaHHbIX 8,4-11,7 eq. pH 9-11 en. pH 6,5-10,5 ea. pH — HeT JaHHbIX

* [laHHble Nony4YeHbl HA OCHOBE pacyYeTHOM MoAeNn

** YpenbHble AaHHble NOKa3aHbl HA COBMECTHOE NPOU3BOACTBO 3TUMNEHA M NponuneHa
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2.2 NMponsBoacTBO NponureHa

OpaHvM 13 Hanbonee WMPOKO NPUMEHSAEMbIX NOSIMMEPOB ABSETCA NoNunponuneH. 3
Hero msrotaBnueatoT TPybbl, PUTUHIN, KOBPbI, YNAKOBKY, NNEHKy n T. A. Ha cerogHaWwHWA
AeHb NPOW3BOACTBO MOMUMPONUIIEHa COCTaBnseT NPUBNM3MTENbHO 65 MITH. TOHH B rop.
MoHOoMepoM Ons  NPOM3BOACTBA  NonunponuneHa saenseTca  nponuneH. [lomumo
nonunponureHa NPonumneH sIBNSeTCa CbipbeM ANA NPOM3BOACTBA APYrnMX KPYNHOTOHHAXKHbIX
NpOAYKTOB.

B Poccuinckon depepaumm npomsBoguTCs OKONO 3 MIH. TOHH MNponuieHa B rog,
MakCUMarbHbl€ MOLLHOCTM MO Npou3BoACTBY nponuneHa npuHagnexart OO0 "Tobonbck-
Monnmep" (oo 18,7%) wn NNAO "HwxHekamckHedTexum" (okono 14,1 %). OctanbHble
npeanpusaTus NPpousBoasaT oT obuwen cymmbl oT 1 % o 9 %.

B PoccunM OCHOBHOE KONMMYeCcTBO MponureHa npousBOAUTCA nyTeM nuponusa
YrneBOAOPOAHOrO Cbipbsl, a Takke AernapupoBaHMEM MpornaHan nytem KaTanuTU4eckoro
KpekuHra. Mpyn nuponmse n kaTanuTUYEeCKOM KpPEKMHre NPOonuieH He SIBMSeTCA KNHYeBbIM
NpoayKTOM, a nosflydaeTca Kak ConyTCTBYHOLWMA nNpoaykT. Cbipbe AN npousBoAacTBa

nponuneHa npuBeaeHo B Tabnuue 2.2.1.

Tabnuua 2.2.1— Chblipbe 4ns8 Npon3BoacTBa NponunexHa

Mpouecc Cblpbe
Muponua CYr, Wony, Hadra, Mo
KaT. KpekunHr Ma3syT, BaKyyMHbIN ra3onsib
HerngpupoBaHue MponaH

2.2.1 OnucaHue TeXHOSTOrM4eCcKmnx NpoLeccoB, UCMOSIb3yeMbIX B HacTosiLee

Bpems

TexHonornsa nony4yeHus NponureHa nyTeM NUPonu3a yrrneBogoPOAHOrO Chipbs Obina
AeTanbHO paccMoTpeHa B rnase 2.1 «lpou3BOACTBO 3TUMNEHA»; TEXHOMOrUs Mony4YeHus]
nponuneHa nyTeM KaTtanmuTUYecKoro KpekuHra getanbHO paccmoTpeHa B cnpaBovHuke HOT
«HedTenepepaboTkay; No3TOMy B AIaHHOW rnMaBe OyaeT paccMOTpeHa TEXHOMOorms nonyde-

HUSA NponureHa gernapvpoBaHNeM nponaxa.
2.2.1.1 flernapupoBaHue nponaHa

Ewe B Havane 90-x rogoB MpoLUoro Beka YCTaHOBKM AernapupoBaHna paccMmaTpu-
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BanvcCb, B OCHOBHOM, Kak cnocob nonydeHus n3obyTuneHa, 0OQHAKO YXe K KOHUy Aecatune-
TS HaMeTunacb TEHAEHUMA Ha NPOMUIIEH OPUEHTUPOBAHHOE NPOEKTMPOBAHME TaKMX ycTa-
HOBOK.

CyuiecTByeT ABE€ KOMMEPYECKN peann3oBaHHbIX TEXHOMOMMM MOMy4YeHUsA NponuneHa
n3 nponaHa: «Oleflex» komnaHun UOP, n OAO HUWU «ApcuHTes».

OCHOBHbIM NPOAYKTOM MPOLIECCOB AErMapupoBaHns SBNAETCA NPOMnueH.

Cblpbem aAns onucbiBaeMbIX NPOLECCOB ABMSAETCA NPOMaH.
2.2.1.1.1 TexHonorus "Oleflex" komnanuu UOP

[na nposeaeHnsa gernapupoBanus B npouecce Oleflex ncnonb3yloT nnaTnMHOBbLIE Ka-
TanuM3aTtopbl Ha MOANOXKE M3 OKUCK aNtOMWUHUS C LLENOYHbIM NPOMOTOPOM. TexHonornye-
ckasa cxema npeacrtaeneHa Ha puc. 2.2.1.

HernapupoBaHue nponaHa NPOBOAUTCA Ha KaTanusaTtope C ABWXYLLMMCS Croem Ans
ero HenpepbIBHOW pereHepauum.

Mpon3BOACTBO COCTOUT U3 TPEX OCHOBHbIX CEKLIMNA:

*CEKLNSA OYNCTKUN CbIpbS;

*pPEeaKTOPHOWN CeKLumu;

*CeKUMs BblaeneHns npoaykra.
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PucyHok 2.2.1 — NMpuHuMnuanbHasa TexHonornyeckas cxema npouecca "Oleflex"
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Kaxxgas 13 gaHHbIX CeKUuMi B CBOKO ovepenb BKYaeT B cebs y3nbl nepepaboTkum no-
TOKa CbIpbS.

CeKumsi OYMCTKM Cbipbsi NpeAHasHadeHa AN yaaneHus MeTaHona W M3BreYeHus
Aa30THbIX KOMMOHEHTOB, METasnoB, BOAbl U TSXeENbIX YrNeBoAOPOAOB U3 CBEXEero nponaHo-
BOrO Cblpbsl. YaaneHue metaHona Heobxoanmo, 4Tobbl n3bexartb o6pas3oBaHMst OKUCK yrine-
poa B peakTopax AerMapupoBaHns, KOTopas MOXET Bbi3BaTb Ae3aKTMBaLMIO KaTanusaTtopa.
Mprmecu Takke MOryT Bbi3BaTb A€3aKTUBALMIO KaTanm3aTopa.

Ceexee cblpbe — npornaHoBasa pakumsa nocTynaeT B MPOMbIBOYHYIO KOMOHHY, rae
BCTPEYHbIM MOTOKOM LUMPKYNALUNOHHOW BOAbI U3 HEro BbiMbiBaeTcs MeTaHor. OboraweHHas
METaHONIOM BOAa BbIBOAUTCSA U3 NPOMbIBOYHOW KOMOHHbBI M MOCNe HarpeBa nonagaeT B Me-
T@HOMbHYIO KOSIOHHY, F4e MpPOMCXOAUT NPOLECC OYMCTKM BOAbl OT MeTaHona. banaHcoBoe
KONMYeCTBO MeTaHosa BbIBOAUTCA 3a rpaHuly npoussoactea notpebutensm. OtnapeHHad
BOJa Nocre oxnaxaeHnsa Bo3BpallaeTca Ha NPOMbIBKY NponaHa.

OuunwieHHass OT MeTaHomna nponaHoBasi opakumMsa HanpaBnseTca ganblwie ansa ygane-
HUA CoeQMHEeHUN a3oTa M CredoB MeTansnoB, NocnegoBaTefnibHO NPOXOAUT CBEPXY BHU3 Ye-
pes 3awmTHble agcopbepsbl. [Ns yaaneHusa BoAbl, CoaepKallencs B Cblpbe Nocre npoMbIBKH,
NOTOK HanpasnseTcsa B Koarynatop (rae otaensercs OCHOBHaA Macca NpUHECeHHOW BOAbl) U
OCyLLUMTENMn (3anosfiHeHHble agcopbeHToMm, rae oTaenseTcs OCTaTto4HOEe KONMYeCTBO BOAbl OT
nponaHoBoro notoka). OunLEeHHbIN NponaH HanpasnseTcs B AenponaHu3aTtop Aansa yaane-
HUA TSHXKENbIX YyrNeBogopoaoB.

Mepen nogaven B AenponaHn3aTop CbIpbeBOM MOTOK 06e3MeTaHONEHHOro nponaHa
CMELLMBAETCs C PELMKIOBbLIM NPONaHOM 13 y3na pasgeneHns nponaH-nponuieHoBon dpak-
UMM 1N HanpaensieTcs B TeNIO0OMeEHHUK, rae HarpeBaetcs go 106 °C. lNMponaH 13 Tennoob-
MEHHUWKa NnocTynaeT B AenponaHn3aTop B BUAe NapOXnOKOCTHOW cMmecu. Mapbl 0O4ULLIEHHOMO
OT TSAXKENbIX YrneBogOPOAOB MponaHa MOCTynakT Ha KOHAEHCauMI B BO3AYLUIHbLIA XOMo-
AVNbHYK 1 HanpaensalTCs B CUCTEMY cenapauun. B cucteme cenapauum OYULLEHHbIN NPO-
naH cMeLInMBaeTCsa C NOTOKOM BOL4OPOAA, NOCIE Yero HanpaBnsieTCs B PEaKTOPHY CEKLUMIO.

Ky6oBbIn NpoayKkT n3 genponaHMsatopa HanpaBnsieTCs B KOMOHHY OTNapku, rae npo-
NUCXOANT OTAeneHne nerkux yrneBogopOAOB, KOTOPble HAMpPaBfslTCS B TOMMAMBHYKO CETb,
TSOKENbIE YrNeBo4OPOAbl BbIBOASATCS Ha rpaHuLy Npon3BoacTea notpedbutensm.

Mepen nogayen B peakTOPHYH CEKLMIO B CbIpb€BOWN MOTOK BMNPbLICKMBAETCA AUMETU-
ancynedug (AMOC). AMOC npeaynpexgaeT obyrnepoxmBaHue ctanu 3a cH4eT o6pa3oBaHng
cnos cynburaa xpoma Ha NOBEPXHOCTM TPyD peakTopoB U MeYen, a TaKkkKe CHMKaEeT npoTe-
KaHve peakuum TepMuMyecKoro pactuenneHuns nponaHa. CbipbeBOM MOTOK NocreaoBaTenbHO

NnpoxoauT Yyepes 4 peakTopa, nepea kaxabiM BXOAOM B peakTop NPoAyKTOBbIA NMOTOK Harpe-
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BaeTcsa B neyn. [lernapvpoBaHme nponaHa npoTekaeT nog HebonbWmnm U30bITOYHBIM JaBre-
HueMm, Temnepatype 635-650 °C B npucyTCTBMM BOAOPOAA.

OcHoBHas peakuuna gaernapunpoBaHnUA OCyLLECTBIIAETCA MO CXeMe:

Ho WO
1 |
H-C—C—C-H =™ H-Cc—C=C-H + H2
| | | _ |
H H H H
[Iponan [Iponunen

I'Iapanneano C OCHOBHOM peaKLl,I/IeIZ npoTeKarT no6o4YHbIEe peakunn, OCHOBHbIE U3
HUX:

1. O6pa3oBaHMe ANEHOBbLIX YINEBOOOPOAOB N KPEKUHT:

l|[ H H H H H
o L .,_', W Ty e e
]1(951[ HC=C=CH Il({tlll
HH H H

[Tponamen MeTnaneTnien
H HH H H H
. [ I
H-C-C —IC H == c=C + H-C-H
| 1 | |
H H H H H H
ITuieH Metan

2. O6pasoBaHue TsHKENbIX PaKLMN:

HHH .

A
i A
[ i I . '
7 H=C=C=C-H - C'\ .ij}
H
Tpommen Benzon

Y3en HenpepbIBHOW pereHepaumn katanusaTtopa (HPK) obecneunBaeT HenpepbIBHYHO
TPaHCMOPTUPOBKY KaTanuMsaTopa No peaktopam U ero pereHepauuio (yaaneHue kKokca ¢ no-
BepxHOCTH). MOTOK KaTanmnsaTopa M3 HMXHEN YacTu KaKOoro U3 peakTtopoB nog AENCTBUMEM
cobCTBEHHOrO Beca noctynaeT B NPUEMHUKU KaTanuaaTtopa, rge ocyLlecTBRAsieTCca ero oxna-
XOEHWE M O4YUCTKa OT YrneBogopOAoB NyTeM NPOAYBKM OTXOAAWMM BOLOPOAHbLIM ra3oM Cu-
cTteMbl cenapaumn. OxnaxaeHve katanusatopa HeobxoaMmo Ans npeaoTBpalleHns nospe-
XOeHun B cucteme TpybonpoBoLOB NepemeLleHns kaTanmsaTtopa. B nocnegHem HakonuTene
KaTanusaTtop npoayBaeTcs a30oTOM OT OCTAaTOYHOrO KofimyecTBa BOAOPOAa U yrneBo4opoaoB
OS5 UCKINIOYEHNSA X NonagaHus B KUCIopoaocoaepkallyto cpey KOMOHHbI pereHepaumu.

B KONoHHe pereHepauun katanusaTop BbbKUraeTcs OT KOKCa C MOMOLLBI NOTOKa CMe-
CW asoTa C KucrnopogoM. Takxke, ONg NpefoTBpalleHus arnoMepaunn nratuHbl Ha NoBepXx-

HOCTW KaTanua3aTtopa, B CUCTEMY [03MPYEeTCA He3HauuTenbHOoe KONMM4ecTBO ra3oobpasHoro
xropa.
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Ha Bbixoge 13 peakTopoB Cbipbe OXMaXaaeTcsa M nonagaet B KOMMNPECCOp NPOAYKTO-
BOro notoka. B komnpeccope nponuneHcoaepXallmi noTok CXUMaeTcs U fgarnee npoxoaut
OYMCTKY OT COeAMHEeHWU xropa B agcopbepe C NOMOLLBIO HepereHepMpyeMoro okcmaa anio-
MUHKS. [MprMBOAOM KOMMNpeccopa CnyXut naposas TypbuHa. NonyvyeHne napa nponcxoauT B
3-x napoBbIx kKoTnax (bonnepax) BbLICOKOro AaBMneHUs 3a cHET YTUNM3aLun BblAenNeHHbIX ner-
KX yrreBogopoaoB 1 Bogopoaa.

B y3en ocylwku npoayKTOBbLIN MOTOK HanpaenaeTca AN yaaneHusa oAbl U CEpOBOAO-
pofa, KOTOpbl MOXET Bbi3BaTb OTPABMEHWE KaTanu3atopa CenekTMBHOro rmapupoBaHus, a
TaKkKe yxXyawnTb Ka4ecTBO MPOMUIeHOBOro NpoaykTa U TonnueHoro rasa. ocne atoro npo-
AYKTOBbIN NOTOK HanpaeBnseTcs B CUCTEMY cenapaunm.

PereHepauuns ocywmTernen obecnevnBaeTcs nogadvyen CHU3Yy BBepx vyepes agcopbepobl
pereHepypyoLLIero rasa - CMecu OTXOASLLEro rasa pekTngukaLmMoHHON CekuMn nedTaHu3a-
TOpa, BOOOPOOHOrO rasa U3 CUCTeMbl cenapauum U OTXOASALEro ra3a CUCTEMbl OYUCTKN BO-
popogaa. lNoTok rasa pereHepaumm n3 agcopbepoB HanpaenseTcs B cCkpybbep ra3oB pereHe-
pauuun, rge cogepalmmnca B rasoBorM CMecu CepoBOAOPO MOTMoLWaeTcs LUpKynuMpyowmm
BOAHbIM pacTBOpPOM Lenoyn. O4uLeHHbIN YrneBOAOPOAHbIM ra3 C Bepxa KOMOHHbI Hanpas-
nseTcsa B TOMMMBHYIO CeTb, 0TpaboTaHHbIN pacTBOP M3 Kyba KOMOHHbI C MakCUMarbHbIM KO-
HeYHbIM cofepxaHueM cynbduaos HaTpusa go 60 r/n HanpaBnseTcs B €éMKOCTb Aerasaumu
wenoym 1 garnee B BrNOK OYMCTKU. TEXHONMOMMA OYUCTKU CynbMUOHbLIX CTOKOB, pa3paboTaH-
Has cpupmon Shell-Paques (lonnaHgus), SsBNSETCA SKOMOMMYECKM YNCTbIM BUONOrMyecknv
npoueccom o6e3BpexmnBaHns CyrbMUaHbLIX CTOKOB C MPUMEHEHNEM XUBOrO BUOXMMMNYECKOrO
Katanusatopa — cepobakTepuin, KOTopble NpeobpasyloT cepocojepaline coeguHeHus ao
KOHEYHbIX NPOAYKTOB OKUCIEHUS — CynbdaToB, NpY 3TOM OTXOASLLMIA OYULLEHHbIA MOTOK MOo-
cne GuopeakTopa coaepXuT meHee 1 mr/n cynbnaos.

Cuctema cenapauumun npegHasHadeHa Ans BbliAeneHns U3 nNpoayKkToBOro notoka BoAo-
pofa, HanpasrseMoro B CUCTEMY OYUCTKM BOAOPOAA, a Takke AN Nnosly4eHns CMeLaHHOro
NoTOKa CbipbEBOro NponaHa ¢ BOAOPOOOM.

Ha HavanbHOM 3Tane B cuctemMe cenapauumn npoayKToBbIA NMOTOK MNOCNEe OXNaXXaeHus,
nonagas B cenapartop BbICOKOro AaBrieHUs, pasgenseTcs Ha 2 notoka: ra3oBblvi (BOOOPOAO-
cofepXallmi noToK), XXUAKUA (NponaH-NponuneHoBbLIN NOTOK). [danee rasoBbl NOTOK nona-
AaeT B cenapaTop CpefHero AaBneHus, rae Kak n B cenapaTope BbICOKOro AaBrneHus pasae-
nseTcsa Ha 2 noToka (ra3oBbln W XUAKUA). Ha cnegyiowem atane oCTaBLUMINCS ra3oBbI MOTOK
HanpaenseTca Yepe3 TypbodeTaHaepbl B cenapatop HU3KOro AaBfeHus, rae OTAenstTcH
ocTtaswumecsa yrrnesogopoabl Cs. XXuakuin nponaH-nponuneHoBbIM MOTOK HanpasnseTcs U3

BCEX cenapaTtopoB B NUCMapUTEesibHyt0 €éMKOCTb, rae oTaendTCcd nerkMe yrneesoaopoabl, Ko-
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TOpble BO3BpALLAOTCHA B CUCTEMY, NPOMaH-NPONUIEHOBbLIA NMOTOK HanpasriseTcsa B peakTtop
CENEeKTUBHOIo rmapvpoBaHus.

M36bITOYHBIM NOTOK BOAOPOACOAEPKALLErO ra3a u3 ysna cenapauum noctynaeTt B Cu-
CTEMY OYUCTKM BOLOPOAA, rAe MeToOOM KOPOTKOUMKIIOBOW agcopbumn pasgenserca Ha BO-
aopoa (99,99%) n notok yrnesogopoaHoro rasa. OcCHoBHas YacTb BOAOpOAA BO3BpalLlaeTcs
B peaKkTOPHYK CeKUUIo ANns BOCCTAHOBMNEHUS M Harpesa KaTanmsatopa, YacTb NoToka BOOO-
poda KOMNpUMUPYETCA U HanpasnsieTcs Ha NPOU3BOACTBO MOMUMNPONUIIEHA U B peakTop ce-
NEKTUBHOro rmapupoBaHns. YrneBodopOaHbIA ra3 U3 CUCTEMbl OMUCTKM BOAOPOAA Hanpas-
NseTCcs B TONSIMBHYIO CETb.

JInueHanoHHbIM Npouecc cenektusHoro ruapupoBanna Huels (CLUA) npeacrtasnser
coBON BbICOKOCENEKTMBHYO TEXHOSMOMIO C HEMOABWXHBLIM CoeM KatanuaaTtopa, npegHasHa-
YeHHYI0 ONS TMAPUPOBaHUSA aLeTUNeHOBbIX YrneBOAOPOAOB U ANONedUHOB BOAOPOAOM B
MOHOOMNEeUHbI.

Peakunu rmapupoBaHuna oCyLLECTBITAKOTCA MO CXeMe:

CH=C-CH3+H2 CH2=CH-CH3

Y

METUNALIETUNEH MPOMKNEH
H /H H\ H H
Lo
c=cC=cC + M2 E— c=Cc-C-H
AN v !
H H H H
MPOMAOWEH MPOMNWNEH

Bcnencrteme cBoOen BbICOKOW CENEKTUBHOCTU rnybuHa npeBpalleHns aueTuneHoB u
aneHoB paktudeckn coctaensgeTt Ao 100%, notepu nponureHa npu HacbIWeHUN SABMSITCS
MWHUManbHbIMN.

[anee nponaH-NnponuneHoBbIM MOTOK HanpasnseTca B AesTaHn3aTop.

Ha Bxoge geataHusatopa nponaH-nponnieHoBbIN NOTOK CMELUNBAETCS C PELUKITOBLIM
NOTOKOM npoussoacTsa nonunponuneHa. KyboBbli NpoaykT C HM3a OTMAPHOW KOMOHHBLI
HanpaBnseTca Ha pasgeneHne B NponaH-NponUEHOBY KOSTOHHY, Napbl C BepXa KOMOHHbI
HaNpaBnsOTCH B PEKTUMPUKALMOHHYIO Cekumo aeataHmdaTopa. KyboBbin npoaykT pektudu-
KauWOHHOM CeKuun geaTaHu3aTopa BO3BpaLaeTCHd B KayeCTBE OPOLUEHUS B OTMAPHYH KO-
NOHHY AeaTaHu3aTopa, Napbl C BepXa PEKTUPUKALMOHHON CEKLMM HanpaBnsTCA Ha pere-
Hepauuio ocyLumTenemn NpogyKkToBOro noToka.

[Mponan-nponuneHoBasa KonoHHa cocTonT U3 180 pekTUdUKauMoHHbIX Tapenok, Takoe
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KONM4YecTBO 0OYCroBreHo Brm3kumm TemnepaTypaMm KUneHus nponaHa v nponuneHa. C ky-
6a KONOHHbI, Henpeobpa3oBaHHbIA NponaH Bo3BpallaeTcs B AenponaHusaTtop. C Tapenok
oTbMpatoTcs HenpopearnpoBaBLLME aLETUNEHOBbIE YINEBOAOPOAbI U ANONedUHbI, NOTOK KO-
TOpPbIX BO3BpalLLlaeTCsi B peakTop CEeNeKTMBHOro rmapupoBaHusi. lMapbl ¢ Bepxa nponaH-
MPOMUIIEHOBOWN KOMOHHbI HaNpPaBnsOTCS Ha Bcac KoMmrpeccopa TennoBoro Hacoca. locne
nepBOM CTyNeHU KOMMpeccopa TEMfoBOro Hacoca napbl MponureHa HanpaensTcs B pe-
Gowirnepbl NponaH-NPONUNEHOBOI KOMOHHLI. B peboiinepax yTunuanpyeTtcs Tenno nponune-
HOBOrO ra3oBOro MoToka, obpa3oBaHHOE B MPOLECCE CXaTusi Ha NepBOW CTYNeHU KoMmnpec-
copa, napbl KOHAEHCUPYIOTCA U HAaNPaBnATCA HA OpPOLLEHUE MPOonaH-NPONUIIEHOBOMN KOMOH-
Hbl. CXXaTblli NPONUINEHOBBLIN ra3 co BTOPOW CTYMNEHM KOMMpeccopa KOHAEHCUPYeTCs U Tak Xe
BO3BpalllaeTcs Ha OpoLleHMe MponaH-NpPonMUIeHOBOM KONOHHbLI, 6anaHcoBOe KONMYEeCTBO
HanpaBnsieTcs B OydepHble eMKOCTU MPOMEXYTOYHOrO XpaHEeHUsl MponurieHa U ganee Ha
Npomn3BOACTBO MNONUMNPONUIEHa.

OCHOBHbIM MPOAYKTOM MPOU3BOACTBA SIBMSIETCA MPOMNWUIEH C KOHUEHTpaUUen He me-

Hee 99,5% macc.
2.2.1.1.2 TexHonorua OAO HUU «ApcuHTe3»

[Ansa npon3BoAcTBa NponuiieHa 13 nponaHa NPUMEHAITCA peakTopbl C KUNALWMM Cho-
eM MUKpOCHEePMYECKOro astoMoOXpOMOBOro kaTanmsatopa. [MockonbKy npouecc germapupo-
BaHWA MOeT C NornoweHnem Tenna, To KatanuaaTtop, NpMMeHsieMbl B npoLlecce, ogHoBpe-
MEHHO Mcnonb3yeTcs M kak TennoHocutenb. TexHonorna OAO HUWN ApcuHtes no3sonder
CTPOUTb YCTAHOBKN C NMPOmn3BoANTENBHOCTLIO Mo nponunery o 400 TeiC. TOHH B rog. NpuH-
umnuanbHas TeXHonorndeckas cxema npouecca npegcraBneHa Ha pucyHke 2.2.2. Temnepa-
Typa B peaktope —550-600 °C, gaBneHne —1,1-1,5 6ap. Obwasa cenekTMBHOCTb npoLecca
no nponuneHy coctaensieT 89% MonH. KoHBepcusa nponaHa 3a oguH Npoxon HaxoamuTcs Ha

ypoBHe 40%. PereHepaumns katanusaTtopa OCyLIECTBMASETCA HENPEPLIBHO.
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PucyHok 2.2.2 — NMpuHuunanbHaa TexXHonornyeckasi cxema npouecca fipcuHres

Hopmbl pacxoga chipbs 1 SHEPropeCcypcoB npueeneHbl B Tabnuue 2.2.2.
2.2.2 TeKywme ypoBHU 3MUCCUMN B OKPYXKaKoLLyHO cpeay

B Ttabnuue 2.2.3 npencraeneHa vHgopmaums no Belbpocam u cbpocam npeanpus-

TN — NPOU3BOLUTESNEN NPOMNUIEHa.
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Tabnuua 2.2.2— [ocTurHyTele nokasatenu notpebreHms cbipba 1 3HEPropecypcoB No NPON3BOACTBE NponureHa

[lernapupoBaHune nponaHa: TEXHONOorns

HerngpuposaHne nponaHa: TexXHoNorna ApcuH-

TexHonorus
«Onecpnekc» Tes
[NponaHoBas akyma (96%
P ppakims ( 1210-1330 HEeT OaHHbIX
nponaw), Kr/T
AneKkTpoaHeprus, KBT*u/T 135-150 HeT JaHHbIX
MpupogHbin ras, Kr/uac 10900-12000 HeT OaHHbIX

Tabnuua. 2.2.3— TekyLume YPOBHN 3MUCCUM B OKPYXKatoLLIYy0 cpeay Npv Npon3BoACTBE NponuneHa

[lernapupoBaHune nponaHa: TeXHONorns

JerngpupoBaHne nponaHa: TeXHONOrMsa ApcuH-

TexHonorns
«Onednekcy Tes
3arpsasHsoLme BellecTsa B Bblibpocax, Kr/T*
NOx He bonee 8,5 HET NaHHbIX
CO He Oonee 1,5 HeT AaHHbIX
Cymma yrnesogopoos (6e3 metaHa) — HeT JaHHbIX
3arpsasHaoLlme BellecTa B cbpocax, Kr/T
Hedtenpoaykroi He 6onee 0,03 HET OaHHbIX
XK He 6onee 0,7 HeT AaHHbIX
pH — HET OaHHbIX

* [laHHbIEe Nony4yeHbl HAa OCHOBE pacyeTHOM Mogenu

9T0Z—S8T 31U
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2.3 NMpousBoacTBO N3006yTUNEHa

N3006yTnneH MoHOMeEp SABNAETCA MHOFOTOHHaXXHbIM MOHOMEPOM anudaTn4eckoro
psga. M3obyTtuneH cyllecTByeT B ABYX TOBapPHbIX hopmax: kak KOMMOHEHT C4 dopakumm 1 Kak
YUCTbIN NPOAYKT. KOHUEHTpMpPOBaHHbIM U306yTuneH (Yncrota >99%macc.) npuMeHsaT And
NonyyYeHnss pasfiMyHOro poAda CUHTETMYECKUX KaydykoB. [Mony4aloT Takom NpOAYKT nyTem
BblaeneHns u3 msobyTuneHcopepxawien dpakuun pasnuyHbiMM MEeTOAaMW: IKCTpaKuuen
CEepHOM KUCMOTOMW, 4Yepe3 MpPOMeXyTovyHoe obpasoBaHWe TpeT-OyTMnoBOro cnupTta wunu
MeTUN-TpeT-6yTnnoBoro acpmpa Ha reTeporeHHbiX kKatanusatopax. Camy xe Ca dpakuuio
nonyyawT nyteMm e€ BblAeneHus U3 rasoB NMPONn3a, KaTanuMTUYECKOro KpekuHra unm
aernapupoBaHMeM n3o0yTaHOBOM pakumm Mnm nsomepmusaumen HopmarnbHbIX OyTUNEHOB.
Mpn aTOM copepxaHue ueneBoro npogykra (M3obytuneHa) Bo cdpakumm coctasnset oT 20
ao 60%macc. B 3aBUCMMOCTM OT  WCXOAHOrO  Cbipbs. [ONa  KOHUEHTPMpPOBaHMUSA
n3obyTuneHcogepxawmx pakuun NpUMEHSIETCA  IKCTPaAKTMBHAs  peKkTudukauma C
aLeTOHUTPUIIOM C nosnyveHnem a-6yTruneH-n3obyTuneHoBon pakuuu.

OcHoBHas Macca KOHUEHTpUMpOBaHHOro unsobytuneHa (72 %) vgeT Ha nonyyeHue
oytunkayyyka. Kpome OyTunkaydyka Ha OCHOBE WM300yTMNEeHa Takke nony4varT
CYHTETUYECKNE KaYy4yKU: MW3OMNPEHOBLIN, NONUN306yTUNEHOBbLIW, MnacTtMacchl, TOMMMBO,
CMas3sKu, Npucagkn K Macnam, noBepxHOCTHO-aKTUBHbIE BELLECTBa, pa3HoobpasHblie AobaBku
U gpyrme NpoAayKTbl, KOTOPblIE WMCNOMNb3YHTCA MPaKkTUYECKM BO BCEX OTPaCNsAX HapOAHOro
X03aM1CcTBa.

N306yTnneH n3 dppakumm Ca nuponunsa BbIAENAT nNyTem ero npespaweHus 8 MTED.
Cxema 3TOro Nnpom3BoAcTBa NpeacTaBneHa B pasgene 4 Hactoswero cnpasoyHmka HOT.

TexHonorns katanuTU4eckoro AernapupoBaHus u3obytaHa, paspaboTtaHHas OAO

"ApcuHTes", peannsoBaHa Ha NPOMBbILLIIEHHbIX Miowaakax Poccun.

2.3.1 OnucaHmne TeXHONOrMYeCKNX NPOLLECCOB, UCNOSIb3YeMbIX B HacTosillee

Bpems

B npeabigywem pasgene 2.1 [lpousgodcmeo amusieHa 6Gbin pacCMOTpPEH npouecc
nuponusa, B pesynbTaTe KoToporo nonyyaetca Ca ppakums nuponuaa.

Mpouecc kaTanMTMYEecKoro KpekuHra onucaH B cnpaBovHuke HAT «[epepaboTka
HedTU.

B naHHOM pa3gene onucaHo TOMbKO KaTanuTuyeckoe aerngpuposaHve n3obyraHa.

ByTtaHbl (HOpmManbHOro W WM30CTPOEHWSI) B OCHOBHOM coAepXaTcsi B MOMYTHbIX
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HedTSHbIX rasax. HacTb 9TUX ra3oB OTAEeNAeTCH B cenapaTtopax, a gpyras octaetcs B HepTu
n otaendetca npu ee crtabuvnmsaumm, T.e. NpPUM OTFTOHKE NETydYnx KOMMOHEHTOB (rasbl
ctabununsaumm). OCHOBHbIM CNOCOBOM BblAeNeHnsa n3obyTaHa ABNSETCA PEKTUPUKALMOHHBIN
meToq. [NockonbKy pasHuua B TemnepaTtype KMneHnsa H-6yTaHa u n3obytaHa CyLLEeCTBEHHA,
TO 3TO MO3BONSAET MNonyyaTb 3TU paKkuMM OTAENbHO C BbICOKOM YUCTOTOM (CoaepkaHue

uenesoro npogykra —98%macc.).
2.3.1.1 Katanutnyeckoe gerngpupoBaHue nsobyrtaHa

Ha cerogHsAWwHWA OeHb €OUMHCTBEHHBbIM BHEAPEHHbIM Ha Tepputopun PO aBnsaeTcs
npouecc, paspaboTtaHHbin OAO "ApcuHTtes".

MpuHuMnNUanbHaa TexHonornyeckaa cxema npouecca "ApcumHTes" npeacrtaBneHa Ha
pucyHke 2.3.1. derngpvpoBaHne napacuMHOB NPOUCXOOUT B KUNSLEM Cnoe Menko3epHUCTOo-
ro artoMOXPOMOBOro KaTanu3atopa, HEMPEPLIBHO LIMPKYNMPYIOLLEro MeXay peakTopoMm 3 U
pereHepatopoM 4. Npun atom 0o 40% Tenna BHOCUTCS B 30HY peakuuu C KaTanus3aTopom,
neperpeTbiM Ha CTaguu pereHepauuun, octasnibHoOe Tenso MNocTynaeT C CbiPbeM, HarpeTbiM
B TennoodbmeHHuke 1 1 neun 2 nepeq peaktopoM. KOHTAKTHbIN ra3 U3 peakrtopa 3 NnpoxoauT
KoTen-ytunmnsaTtop 5 1 noctynaeT B ckpybbep 6, rae AONONHUTENBHO OXNaxaaeTca U OTMbl-
BaeTCs OT KaTanuM3aTopHOW Nbiiv BOAON. O4MLLIEHHBIN ra3 KOMNpUMMpyeTcst B cucteme 8 u
HanpaBnseTca B CUCTeMy KoHAeHcauumn 9. HeckoHgeHcupoBaHHble yrnesogopoabl Ca—
Cs nornowatotca  cmecbto  yrnesogopogoB  Ce—Ci2 B abcopbepe 10, oOTroHsoTCA
B gecopbepe 11 u BMecTe C XUOKMM MPOOAYKTOM M3 KOHAEeHcatopa 9 noctynatT
B PeKTU(PUKALMOHHbIE KOSTOHHbI 12, 13 Ana oTAeneHnsa HU3KO- 1 BbICOKOKUMALLNX NPUMECEN.
[biMoBLIEe rasbl U3 pereHepaTopa 4 NpoxXoasT KoTen-ytunmsaTtop 5, ocBoboxaatTcs oT Oc-
HOBHOW O0NM KaTann3aToOpHOM MblN B 3NEKTPOUAbTPE 7 UMK Ha LMKIOHaX N Yyepes CKpyo-

6ep 6 cbpacbiBatoTcs B aTmocdepy.
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PucyHok 2.3.1 — MNpuHuMnuanbHas TexHonorm4yeckas cxema npouecca "fpcuHres”

B npouecce germapupoBaHua Ha Katanusatope OTKNaAblBaeTCsl KOKC, B pesynbTaTe
aKTUBHOCTb KaTanusaTtopa nagaet. [1ns BOCCTaHOBNEHUS aKTUBHOCTU OTpaboTaHHbLIN KaTa-
nmnsaTop U3 peaktopa HenpepbIBHO NofdaeTcsa B pereHepaTop 4. PereHepauus katanusatopa
nposoguTtca Bo3gyxom npu 650°C n gasnenumn 0,117 Mla. TemnepaTypa B 30HE rOpeHus
perynupyeTtcsa nogaden TONSIMBHOMO rasa. B HWKHen 4Yactn pereHepaTopa uMeeTca BocCTa-
HOBUTESbHbLIN CTakaH, Kyaa nogaeTcs NpUpoaHbIv ra3 Ans BOCCTAHOBIIEHUA B KaTanuaaTtope
N30bITOYHOrO LUECTUBANEHTHOrO XpoMa A0 TpexsasneHTHoro. [na gecopbumm npoaykToB
BOCCTAHOBMEHUSA B HWKHIOI YacTb CTakaHa BBOAUTCA a3oT. [a3bl gecopbumm nocTtynawT B
30HY ropeHus.

Ha npoussoacteax NNAO CUBYP npoBegeHa pekoHCTpyKUUS CUCTEM MblfeynasnmBa-
HUS. HoBble BbICOKO3(P(PEKTMBHBLIE LIMKMNOHbLI NOBbLIWAKT CTEMEHb YNaBnvMBaHWUA KaTanuaa-
TOPHOWN MbInK B TbicA4YM pas: ¢ 98% [o 99,993%. Takke NpUMEHEH HOBbIN BblCOKOI(DGEK-
TUBHbIW TBEpAbI kKaTanusaTop, Tuna KOM, 4To no3BonMno CHM3UTbL pacxof Kkatanuaartopa Ha

TOHHY NPOAYKUNN B HECKOSBbKO pas.
2.3.1.2 U3omepu3aumsa HopmMarnbHbIX OyTUNEHOB B U300yTuneH

McxogHoe coipbe - ByTuneHoBasa opakumsa npeaBapuTenbHO OTAENAETCS OT TshKerblX
yrneBogopoaoB U nepencnapsieTcs B rasoByto dasy. [NogorpeTtas GytuneHoBas pakumsi B

napoBoW cpase c y3na ucnapeHusi Cbipbs 1 BOASIHOW Nap NOCTynatoT ANs HarpeBa B TEXHOJO-
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MMYECKyto Nnedb U 3aTeM B peakTop CO CTauMOHapHbLIM CrOEM antoMOOKCUAHOro KatanuvsaTo-
pa.

[Mocne peakTtopa KOHTaKTHbIM ra3 npeaBapuTENbHO OXNaXgaeTca B KOTNax-
yTunmn3aTtopax C BblpabOTKOW BTOPUYHOrO MNapa, a 3aTeM OXSaXOdaeTCcd M OTMbIBaeTCs B
ckpybbepax n noctynaeTr Ha komnpummpoaHue. Obpasyrowminca npu oxnaxgeHum N KOH-
AEeHcauun — KOHOeHcaT KOHTaKTHOro ra3a OTcTamMBaeTCsl OT YreBOAOPOAO0B Ha y3ne OTCTOA.
Mocne y3na KOMNPUMMPOBAHUA B XMAOKOW (hase n3obyTuneHoBas gpakumsa nogaeTca Ha
y3en BblAeneHnsa Ons OTFOHKU OT Nerkux 1 TsKenbiX YrneBogopoaoB U KOHLEHTPUPOBaHMUS
MeTOLOM peKTUduKaLnu.

Bnok-cxema npouecca npyBegeHa Ha pucyHke 2.3.2.
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2.3.1.3 KoHueHTpupoBaHue nsobytuneHa ns MU® dppakuunn

Yrnesogopoabl pakumm Cs MMeT o4YeHb 6rimM3kne Temnepatypbl KMNEHUs, YTO UC-
KntovaeT BO3MOXHOCTb UX pasfgeneHus nyTeM UCMonb30BaHUS KacCUYecKon pekTuduka-
uun. Moatomy Ana BblaeNeHnsa n3obyTuneHa B NPOMbILLNEHHOCTU UCMONb3YIOT criegyoLine
MeToAbl:

1. MonyyeHne TpeT-6yTMNOBOrO cnupTa M3 un300yTaH-n3obyTuneHosom un OGyTaH-
n300yTaHOBOW hpakumm C NOCAEOYOLLMM Pa3foXeHNEM;

2 [Mony4yeHune TpeT-6yTUNOBOro cnupTa n3 6yTuneH-n3obyTnneHoBon pakumm, ¢
nocneayoLmMM pasroxXeHnemM;

3 TMonyyeHue ankun-TpeT-6yTnnoBoro acmpa, ¢ NOCNeayLWMM PasfoXeHNeM.

}J,anee npmBeaeHbl ornnMcaHna 3Tnx NpoLeccos.

1. [lony4yeHue mpem-bymuriogo2o criupma uzobymaH-u3obymurneHosol cpakuyuu ¢

nocrnedyrwum pasrioxeHuem

B ocHoBe aToro cnocoba BblaeneHus n3obyTuneHa nexuT npouecc, B KOTOPOM CHa-
Yyana n3obyTuneH rmapaTMpyloT 1 nony4varT TpUMeTunKapomHon

MpuHUUNUanebHas TeXHOorMyeckasl cxema npouecca npmMeefeHa Ha pucyHke 2.3.3.

Kngkyro ppakumto Ca, cogepkallyto n3odbyTuneH, cMewmnBarT B cMecutene 2 ¢ BO-
Aon B 06bEMHOM COOTHOLWEHUN 1:1, NOCTynawLwWmMmM N3 eMKoCTn 1, nogorpesaloT U nogarT
Ha rmgpaTaumio B annapart 3, 3anofiIHEHHbIN KaTanu3aTtopoM. [1poayKTel peakuun n3 annapa-
Ta 3 nocne cHuxeHuna gasneHus ¢ 2Mla go 0,5MlMa noctynatT B Bydep-ucnaputens 4.
McnapuBlimnecs HenpopearmpoBasLlUMe YrneBogopOabl BbIBOAAT ANS COOTBETCTBYHOLLEN ne-
pepaboTkn. PactBop TpumeTunkapbuHona B BoAE U pacTBOPUTENb U3 ncnaputens 4 nocry-
natT B PEKTUGUKALMOHHYIO KONIOHHY 5, N3 KOTOpOW CBEpXy OTOMpaloT a3eoTpon, coaepka-
wnn 88% cnmnpta n 12% Boabl. I3 Kyba KONMOHHLI 5 cMecb BOAbl U pacTBopuTEnd, NPonas
WOHUTHYIO OYUCTKY 12, BO3BpaLLaeTca B eMKOCTb 1 Afs NOBTOPHOro ucnonb3oBaHu4. NMony-
YEeHHbIN B KOMOHHEe 5 a3eoTpon MoCTyrnaeT B PEeKTU(PUKALMOHHYIO KOMOHHY 6 ANnA OTrOHKU
octaTtkoB (ppakumm Cs, a 3aTem B gerngpatatop 7. [ermgpatatop npencrasnseT cobown Bep-
TUKanbHYI KOSTOHHY, BEPXHSAS YacTb KOTOPOW 3amnosfiHEHA KaTanmM3aTopomM.

M3 BepxHen 4acTtu germgparartopa Bblaensetcs u3obyTuneH, KOTOpbIN Nocne pekTu-
dukaumm B KONOHHE 8 N OCYLLUKM SIBNAETCHA TOBapHbIM npoayktoM. Boay u3 kyba gervgpara-

TOpPAa 7 nogatoT nocne MOHNTHOM OYUCTKM B EMKOCTb 1 Ha NOBTOPHOE NCMOJIb30OBAHUE.
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PucyHok 2.3.3 — NpuHuMnuanbHas TeXHONOrn4yeckas cxema BblaenieHnsA n3oobyTuneHa vyepes

NpoMeXyTouHoe 06pa3oBaHMNA TPeT-0yTUIIOBOro cnupTa

2. [NonyyeHue mpem-6ymursiogoeo criupma u3 bymuneH-uzobymuneHogou hpakuyuu c

nocnedyrwuM pasrioxeHUem;

Otnnumnem oT nepBoro cnocoba sBMsSETCA MNpPUMEHsieMoe cCblpbe — OyTunex-
n3obyTuneHoBas pakums.

MpuHUMNUanbHaa TeXHoNorM4eckasa cxema npotecca npmeegeHa Ha pucyHke 2.3.4.

Kngkaa dpakumsa a-BAD, cogepxawaa m3obyTuneH, noctynaeTt Ha XuakodasHyto
rmgpartauunio, KOTOpyro NPOBOAAT B MnaparnmnenbHo paboTarowmx cuctemax, COCTOSALMX U3
TPEX nocrnenoBaTernibHO BKAKOYEHHbIX PEaKTOPOB — rmapartaTtopoB 1, B NPUCYTCTBMM KaTanu-
3atopa KY-2®Tl1I1. MNpouecc ruapatauyum NnpoBoANTCH B IKCTPAKLMOHHO-PEAKLMOHHOM MPOTH-
BOTOYHOM pexume, rge aKCTpareHTOM SABMSEeTCS NapoBOM KOHOEHcaT, KOTOPbIN U3 yrineBoao-
pogos Ca akcTparmpyeT TpumeTunkapbuHon (TMK), obpasoBasBlunincsa B pesynbTaTe peakumm
npucoeguHeHnsa Boabl K M300yTuneHy Ha katanusatope KY-20r1l1, npu gsvxeHun Boabl Npo-
TMB MNOTOKa YrrneBoAOpOoaOB Yepes rpynny peaktopos. [1pouecc npoBoauTCS nNpu tTemnepary-
pe 72—90 °C, nop gasnexHvem 17,5—20,0 krc/cM?, 06 bEMHOM COOTHOLLEHUM BOAbl U N300Y-
TuneHcogepxawien dpakumm He meHee 7:1. OtpaboTtaHHaa dpakums Cs (BBP) nogaetca B
KOMNOHHY pekTudukaunm ByTUNEeHOB OT TSKENbIX COeaAnHEHW (aumepbl n3obyTtuneHa, cnup-
Thl), C BEpXa KOTOPOM BbIBOAATCS HA CKnaa Ansa ganbHenwen nsoMmepmsaumn.

BoaHbin 5% pacteop TMK 13 rugpatatopoB nogaetcsa Ha ABe napannenbHo paboTta-
oLmne KOMNOHHbI KoHueHTpupoBaHna TMK, ¢ kyba KoTopbix Boga BO3BpaLlaeTcs Ha CTaguio
rmapaTtaummn, nponast aHMOHUTHbIE UNbTPA, a CKOHUEHTpUpoBaHHbIN aseotpon TMK go 80%
Macc, C Bepxa KOJSIOHH MOCTynaeT B KOMOHHY Aera3auuu aseoTtpona TMK oT pacTBOpeHHbIX
yrnesogopoaos Ca.
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Bo BTOpOoM crniyyae >xuakodasHyo rugpatauunio n3obyturneHa npoBOAAT B NPUCYT-
CTBMM MaKpOMOPUCTOro CUITbHOKUCNOTHOIO KaTanusaTtopa — lNeoponant CT-275 B MHOro no-
noYyHom peaktope 2 cuHteda TMK. [ns romoreHmsauumn peakumoHHon cmecun a-bUNP npepn-
BapUTENbHO CMELUMBAETCH C PELMPKYNUPYOLWLMM pacTBopoM TpumeTunkapbuHona (TMK) c
BOOOM B MaccoBOM cooTHoweHun a-bNP:TMK — 1:0,7+0,9. lNMocne peaktopa peakunmoHHas
CMecCb nogaeTtcs Ha nuTaHue B KONOHHY 3 pekTudukaumm TMK ot C4. C Bepxa KOSTOHHbI yr-
nesopopoabl Ca, cogepxaliue He npopearmpoBaBLUnin N300yTUNeH, HanpaBnsaTCa Ha BOA-
Hylo cuctemy rugpataumm, a pacteop TMK 90% nogaeTcs B KONMOHHY 4 onsi gerasauum ero
OT pacTBOPEHHbIX yrnesogopoaos. [locne atoro gerasupoBaHHbIn aseoTpon TMK nogaetcs
Ha gerngpartaumio, COCTOSILLY M3 YeTbIpex napannenbHo paboTatowmx peakrtopos. derna-
paTaTop 5 npeacrasnsieT cobon BEPTUKANbHYIO KOSTOHHY, BEPXHSAS YacTb KOTOPOW 3anofiHe-

Ha kaTtanusatopom KY-20[1r1.

2

C4

Cd p-p TMK

KoHpeHncar

%& %&

" pacteop TMK 1306y TUNEH

PucyHok 2.3.4 — NpuHuMnuanbHas TeXHONOrn4yeckas cxema BblaeneHns n3ooytTuneHa vyepes

nPpoMeXyTo4yHoe ob6pasoBaHue TpeT-6YTMHOBOFO cnupTa

M3 BepxHen 4actun gervgparatopa Bblaensetca n3obyTuneH, KOTopbIi NOCNe OTMbIB-
KN B KONOHHE 6 U peKkTUrKaunm B KONOHHE 7 NPOXOAUT OCYLLKY B KOFIOHHE 8 1 OTKaunBaeT-
Csl Ha cKnaj B BMAe TOBAPHOro Npoaykra.

3. [onyyeHue ankun-mpem-bymusio8o20 3¢bupa, ¢ nNocriedyrouum pasioxXeHUem

CuHTe3 1 pasnoxeHne mMeTun-TpeT-0yTnnoBoro acgmpa pekoMmeHayeTcsa NpoBoAuTb B
NPAMOTOYHbIX peakTopax C HENOABWXHbBIM CITOEM KaTMOHHOroO KatanusaTtopa rno ogHoOMy U3
ABYX BapuaHToB. B kayectBe kaTanmsatopoB mcnosnbaytoT Al2Os, SiO2, MgO Ha HocuTene
NN KATUOHUTBI.

M3 peakunmoHHOW cCMecu Mocrne nepBoro peakTopa pekTudukaunen OoTAeNnsrTcH

HenpopearvpoBaBLUMe YrneBoAopoadbl, U KybGoBbIi NpoayKT NMbO HanpaBnsieTcsi Henocpesa-
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CTBEHHO B peakTop pasnoxeHus (1-n BapuaHT), Nnbo nogaeTcsa BO BTOPYI PeKTUdMUKALMOH-
HYIO KOMOHHY Ansi oTAeneHus n3bbiTka meTaHona. CHU3Y KOMOHHbI BbIBOAUTCA CMMPT, BO3-
BpalLlaeMbli B peakTop CMHTEe3a acmpa, a CBepxy - OTOMpaeTcst a3eoTpon MeTaHona ¢ agu-
pPOM, KOTOPbIN HanpaBnsieTCA B peakTop pasnoxeHus adupa (2-1n BapmanT). Obpasytowmics
n306yTUneH nogsepraeTca O4YMCTKE NYyTEM OTMbIBKN N PEKTUdUKaLNN.

CuHTEe3 MeTun-TpeT-6yTMnoBoro agmpa Ha cynbgokaTMOHUTaxX MoXeT OblTb 0hopm-
NeH B BUAe peakuMoHHO—PEKTUPUKALMOHHOIO npoLecca.

MpennoxeH OABYXCTyneH4yaTbll CUHTE3 METUN-TPEeT-O6yTunoBoro agumpa ¢ NpoBeaeHu-
eM peakuumn cHadana npu m3bbiTKe OAHOro U3 pearnpyroLmnx KOMMNOHEHTOB - MeTaHona, 4YTo
obecne4vnBaet 6oree nonHoe npespalleHne TpeT-oneduHa, n npu n3dbiTke M300yTUNeHa - B
ApYyrom peakTtope Ha BTOpon cTyneHn. C Bepxa peKkTU(UKaunoHHON KOSTOHHbI B NepBbIA pe-
akTop BO3BpallaeTca yrrnesogopoaHas pakuus C MOHMXKEHHbIM CcoAepXaHueMm TpeT-
oneduHa. o ogHOMYy 13 BapMaHTOB UCXOAHbIE MOTOKN MeTaHoma 1 yrnesoaopoaHon dopak-
UMM nepeq nogaden B peaktop CuHTe3a admpa obbeanHsaoTcs. bonee MArkun pexmm CuH-
Te3a Ha nepson ctyneHun (50-90 °C, 1—3MIlla) no cpaBHEHMIO CO BTOPOW CTyneHbio (60—
100°C, 1,47—3,52MTl1a) no3BoNsieT CHU3UTb CKOPOCTM MOOOYHLIX peakuuni, YTO NO3BONSET
COKpaTUTb NoTepu n3obyTuneHa.

lMockonbKy peakumMm CuHTE3a admpa M ero pasnoXeHus SABMSTCS PaBHOBECHbLIMMU,
HenpepbIBHbIV BbIBOA NPOAYKTOB peakumMm MMEET BaXXHOe 3HayeHne. B cBA3n ¢ aTum nyywmn
BapuaHT BblaeNneHnsa n3obytuneHa ns yrneBogopoaHbIX CMecen AocTuraeTcs npy nposege-
HUW NPOLIECCOB B3aUMOAENCTBUS CO CIMPTOM U pasnoXeHus acmpa B NpUCyTCTBUN reTepo-
reHHOro Katanusatopa B annapaTtax peakuMoHHO-peKkTudmKaumoHHoro Tuna. Cmech yrneBo-
A0pOAoB, coaepXalnx n3obyTuneH, cMeluMBaeTcsa C METaHONMOM M NOLaeTCsl B CPenHHo
YacTb KOMOHHbI-peakTopa. C Bepxa 3TOro peakropa oTbupaetcs ppakumsi Henpopearmpo-
BaBLUMX YrNeBOAOPOAOB, CHU3Y - NMPOAYKT peakuumn - ahup, KOTOPbIA HanpaBnseTcs B cne-
AOYIOLLYHO KONOHHY-peakTop Ans pasnoxeHus. C BepxHen YacTu peaktopa BbIBOAMTCS N300y-
TUNEH, CHU3Y NN GOKOBbLIM NMOFOHOM - METaHOS, KOTOPbIN BHOBb NOAAETCH B NEPBLIN peak-

TOP.

2.3.1.4 MNMpouecc 3KCTPAaKTUBHOMN peKTUUKaLMm n3obyTuneH cogepxawumx
cpakumm c aueTOHUTPUIIOM C NOJTlyYeHueM a-6yTuneH-u3oobytTuneHoBoun cpak-

umumn

N30byTnneHcogepxawume dpakumm Nnpoxoaar npeasaputenbHy0 pekTugukaumo ons
BblaeneHns 6ytaH-b6ytuneHoBon cpakuumn. C Bepxa KOMOHHbI NpeaBapuUTeNbHOW pekTudun-

Kauuun B rasoBon gase byTuneH-n3obytuneHoBas pakumsi NogaeTca Ha y3en aKCTPaKTuB-
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HOM peKkTudUuKaumMm C aueTOHUTPUNIOM ANnd pasgeneHus Ha OyTaH-u3obytaHoBy M Q-
OyTnneH-n3obytTmneHoByto dpakuun. bytaH-usobytaHoBas u a-6yTuneH-n3obyTuneHoBas
dpakumMsa OTMbIBAKOTCS OT aUEeTOHUTPUNA B KOSTOHHAX OTMbIBKW.

TexHONOrn4Yecknin pexxmm yana SKCTPakTUBHOW peKkTudukaumn:

- laBneHue Bepxa — He Gonee 4,5 krc/cm?;

- COOTHOLLEHME aueToOHUTpUn: coipbe — 6+10:1;

- bnermoBoe uncno — He 6onee 4,5.

Lipkynupyowmin aLeToHUTpU B ONpeaerieHHOM KONMYecTBe, a Takke MpOMbIBHas
BOAa C y310B OTMbIBKM NOAAIOTCA Ha y3en pekynepauum, pereHepauum n KOHLEHTPUPOBaHWS
aueToHuTpuna gns BbiBoga conen. KOHUEHTPUPOBaHHbIN aueTOHUTPUI BO3BpaLlaeTcs Ha
y3en aKCTpakuun, a dysenbHaa Boga B onpeaernieHHOM KOnn4ecTBe BbIBOOMTCS B KayecTBe
CTOYHbIX BOA.

Brok-cxema npouecca npuseaeHa Ha pucyHke 2.3.5.

Y3en oTMbIBKN
GyTaH-
1306yTaHoBO
hpakumum
r' 3
ByTaH-1306yTaHoBas

pakums

®ysenbHas Boga ByTaH-1306yTaHoBas

paKLVs Ha CKrag

dysenbHas BOAa
——

A 4

Bytunen- Vaen Y3en oTMbiBKM )
1306y TUNEHOBas! . a-ByTuneH- a-6yTuneH- a-0yTvnet-u3obyTunexosas N
306 cHosa OKCTpaKTUBHOU L : Y 1
A

Bytunen-
1306y TNEHOoBbIE
hpakLum co

cknaga

Y3en
npenBapuTensHoi
pekTUcrKaLmm

hpakuusi B 1300yTUNeHoBas 11306y TUrEHOBO (bpakuus! Ha BblferneHue
7 pekTUIKaLIM 1306yTUneHa
ra3oBoil pase Y tpakuns thpaKLum Y

MpombiBHas AueToHUTpUn MpombliBHas
Bytan-6yTuneHosas BOga v BOga

«—

hpakLys Ha cknap,

en )
<
peKynepaLm 1
pereHepauym | CTouHble BOAbI
aleToHMTpUNa

PucyHok 2.3.5 — Bnok-cxema npouecca 3KCTpakTUBHOW peKkTudukaumm n3odbytTuneH cogepxa-

Wwux cppakumm ¢ aueTOHUTPUIIOM C NoslyYeHUeM a-oyTuneH-n3odbyTuneHoBon cpakumm

Hopmbl pacxofa cbipbsi U 3HEpPropecypcoB NpuBeaeHsl B Tabnvue 2.3.1, 2.3.3.

2.3.2 TeKywme ypoBHU 3MUCCUM B OKPYXKaHoLLYH cpeay

B tabnuuax 2.3.2, 2.3.4 npegcrtasneHa nHdopmauna no soibpocam n cbpocam npea-

NpUATUN — npoussoanTenen n3obyTuneHa.
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Tabnuua 2.3.1—[ocTurHyTble nokasaTenu NoTpebreHns Cblipbs U 3HEPrOPECYPCOB NPY MNony4YeHnn N3obyTuneHa

TexHonorus

«ApcuHTesy, [lernapnpoBaHme n3oby-

TaHa (B pac4yete Ha 100% WB)

N3omepusauma HopmarnbHbIX

OyTuneHoB B n300yTuneH (B pacyete Ha n3obyTunex-

codeprkailyto dopakuuio)

N3obyTaHoBas dpakums, Kr/T 1220-1310 He npumeHnmo
ByTuneHoBasa pakuus, Kr/t He npumeHnmo 1070
OnekTpoaHeprus, KBT*u/T 135-530 205
TennoaHeprus, kan/t 0,04-1,3 1,3

Tabnuua 2.3.2— Tekywime ypoBHU AMUCCUUN B OKPYKaIOLLYIO cpeay nNpy NonyvyeHnr n3obytuneHa

TexHonorusa

«ApcuHTes», ermapnpoBaHue nso-

OytaHa

M3omepusaumns HopMarnbHbIX OyTUNEHOB B N300yTH-

NeH

3arpssHstoLLmMe BelllecTBa B Bblibpocax,

*

r/'T

NOx

He bonee 650

He bonee 300

CcO

He bonee 925

He bonee 250

Cymma yrnesogopofos (6e3 meTaHa)

He bonee 1504

He bonee 500

3arpasHsoLme BellecTsa B cbpocax, Kr/T

Hedrenpoaykrbi He 6onee 0,12 He G6onee 0,1
XIMK He bonee 7 He Oonee 2,5
pH 6,8-9,0en.pH 6,5-9,0 eq.pH

* [laHHblEe NoNyYeHbl HA OCHOBE pacyeTHOM Moaenun
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Tabnuua 2.3.3 —[ocTurHyThle nokasatenu noTpebneHuns Chlipbsi 1 3HEPropeCypPCoB KOHLEHTPUPOBAHUS M300yTUIeHa

I'Ionyqume KOHUEHTPUPO-

nOﬂy‘-IeHI/Ie KOHUEHTPUPO-

BaHHOIo |/|306yT|/|neHa ye-

MonyyeHne KOHLEHTPUPO-

MonyyeHwe a-6yTunen-

n3o06yTnneHoBon pak-

TexHonorus BaHHOro n3obytuneHa vye- pe3 TMK n3 a-bU® (B pac- | BaHHOro n3obyTtuneHa ye- | LUM METOOOM SKCTPaK-
pe3 TMK ns Mo yete Ha 100 % wn30byTn- pe3s MTB3 TUBHOW pekTuukaumnm c
neH) aLETOHUTPUIOM
NN (B nepecyeTe Ha 100 % He npumeHnmo He npumeHnmo
1100-1170 HeT paHHbIX
n300yTuneH), Kr/t
o-BUND, kr/T He npumeHunmo 1022 HeT aaHHbIX He npumeHunmo
Ca cppakumm (6P, BUOD, He npumeHnmo 1018
He npumeHnmo HeT paHHbIX
NND)
OneKTpoaHeprms,kBT*u/T 150-205 93,0 HeT gaHHbIX 36
TennoaHeprus, kan/t 1,9-3,1 2,77 HeT paHHbIX 1,01
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Tabnuua 2.3.4 — TekyLme YpOBHU 3MUCCUM B OKPYXKaIOLLYHO cpeay Npy KOHLEHTPUPOBaHUUN M306yTuneHa

Mony4yeHne KOHUEHTPUPO-

Mony4yeHne KOHUEHTPUPO-

lNony4eHne KOHUEHTPUPO-

MonyyeHnsa a-bytunen-

n3o06yTmneHoBon dpak-

TexHonorus BaHHOro n3obytuneHa vye- BaHHOro n3obytuneHa 4Ye- | BaHHOro M300yTUNeHa Ye- | Uun MEeTOOOM IKCTpaK-
pe3 TMK ns Mo pe3 TMK n3 a-6N® pe3s MTB3 TUBHOW pekTudmnkauum c
aAUuEeTOHUTPUIIOM
3arpsisHsoLmne BellecTsa B Bblbpocax, r/T*

NOx — He 6onee 0,197 HeT paHHbIX —

CcoO — He bonee 0,169 HeT paaHHbIX —

Cymma yrnesogopopos (6e3 He 6onee 1260 HeT gaaHHbIX He 6onee 1250

vieTana) He 6onee 2600

3arpsasHsaoLwme BelecTsa B cobpocax, r/T

Hedtenpoaykthl He Bonee 130 He 6onee 3,0 HeT gaHHbIX He 6onee 10

XMK He 6onee 14000 He Oonee 314 HeT paHHbIX He bonee 150

pH 7,3-9,3 eq.pH 6,5-9,0 eq. pH HeT paHHbIX 6,5-9,0 eq. pH

* [laHHbIe Nosly4YeHbl HA OCHOBE pacyeTHOM MoLenu
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2.4 NMpousBoacTBo 1,3-6yTaameHa

ByTagmeH sBnseTca 0gHUM M3 OCHOBHbIX MOHOMEPOB ANSA MOMyYeHUs CUHTETUYECKUX
Kay4yKkoB. ACCOPTUMEHT BbiMyCKaeMbIX B HACTOSLLEE BPEMSA PE3NHOBbLIX U3L4ENNA NpeBbILLA-
eT 100 TbiC. HAUMEHOBAHUN.

BytagueH nmeet Takke 60nbLIOEe 3HAaYEHNE HE TOMLKO Kak MOHOMEP ANs NONyyYeHns
CUHTETUYECKUX KaydyKOB, HO W KakK MONynpoaykT B NPOU3BOACTBE CUHTETUYECKUX BOJTOKOH.
Kpome Toro, OytagmeH sABNsieTCS CblpbeM AN NPOU3BOACTBA TaKMX BaXKHbIX NPOAYKTOB
HedpTEXMMNYECKOTO CUHTE3a, KakK CyrbdyonaH, xsioponpeH n 1,4-rekcagmeHa.

B Poccuun npounssogutcs okono 410 Teic. T OyTagueHa B roa, U3 KoToporo okono 45%
nonyyatot Ha npeanpuatnax NMAO "CUBYP-XonguHr", a umeHHo Ha OO0 "TonbatTukayyk” un
OO0 "Tobonbeckumm HXK".

McxogHbiM  cbipbem  anst npomsBoactBa  1,3-6ytagneHa sensetca Ca bpakumsa
nuponusa unu 6ytaH. Ha cerogHsILLHUIN A€Hb NPEaIOXKEHO U N3BECTHO MHOXECTBO cnocobos
npoussogctea 1,3-6ytagmMeHa, ogHako B NpoMbIWfeHHOM MacwTtabe B Poccun
3KCNyaTUpYyTCsa cnegyouwmne TEXHOSOMMK:

1. Boigenenne 1,3-6ytagmeHa m3 Ca-cbpakumm nvponu3a MeTOAOM 3KCTPAKTUBHOM
pekTudunKauum ¢ aueTOHUTPUIIOM.

2. Boigenenue 1,3-6ytagneHa mn3 Ca-(ppakuumn nmposimaa MeToaoM 3SKCTPaKTUBHOW
pektndpukaumm ¢ AMOA.

3. [IsyxcTagumnHoe gerngpvpoBaHme 6ytaHa nog BakyymMoMm.

4. OpgHocTagurHoe gerngpupoBaHme bytaHa nog BayymoMm.

5. CoBMecTHOe AermapupoBaHue HopmarbHoro 6ytaHa n nsobyraHa.

2.4.1 OnucaHue TeXHONOrMYECKUX MNpPOLECCOB, UCMONb3yeMbiX B HacTosiee

Bpemsi
2.4.1.1 OKkcTpaKTMBHaA pekTtudukaums

PasgeneHune komnoHeHToB Ca-gopakumi pekTudukaumen 3aTpygHeHo BCneacTeme He-
OOonbLUMX pasfiMynm B OTHOCUTESTbHOM NETy4eCcTM KOMMOHEHTOB. Mo3ToOMy pasgeneHue npo-
BOLSIT 3KCTPAKTUBHOW OUCTUNNISLNEN.

B kauecTBe 3KCTpareHToB MOIyT MCMNOMb30BaTbCS MOMSAPHbIE BELLLECTBA, TaKNe Kak Oy-
TUPONAKTOH, HUTPUNbl  (AUETOHUTPUA, NPOMUOHUTPUA,  MeTokcunponuoHuTpun), N-
ankMnsamelleHHble aMmnabl anudatmyecknx kapboHoBbIX KMCAOT (gumeTundopmamung, ou-

aTundgopmamuna, aumeTunavetamug, aumatunauetamug, N-metundopmunmopdonuH, N-
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ankuns3amelleHHble amMmuabl  UMKINYECKUX KapOOHOBLIX KUCMNOT, B  4acTHoctTu  N-
MeTUNNUPPONMAOH. CNoNb3yrTCca Takke CMecu 3TUX pacTBopuTesien UM nx CMecu ¢ co-
pacTBOpUTENAMU, HANPUMepP, BOAOW Uinn TPeT-0yTmunoBbiMu achmpamu.

B Poccumn B KavecTBe pasgensrowero areHTa UCnosib3yeTcs aueToOHUTpuUn, a Ha ofa-
HOM npowusBoacTee-gumeTundopmamng (OQMPA, npon3BoLCTBO BblaeneHuss bytagmeHa ua

Ca ppakuyum nuponusa Ha NMAO «HKHX»)
2.4.1.1.1 AkcTpaKkTUBHas peKkTudmrKauma ¢ UCnonb3oBaHMEM aLeTOHUTpUNa

Cxema aToro npounsBoAcTBa NpMBeaeHa Ha pUcyHke 2.4.1.

Bytunen-6ytagneHoBas dpakuna (Bb®P) co cknaga npoxoauT npeaBapUTENbHYH
pekTuduKaumo oT TsKenblX yrneBogopodoB B koroHHe Ne37/1,2 npu Temnepatype Kyba
40—80°C vn gaBneHun Bepxa 2,5—5,0 krc/cm?,

PasneneHne BE® Ha OytagueH n 6ytuneH-nsobytuneHosyo dpakunn (BUP) npons-
BOOUTCA METOLOM SKCTPAKTUBHOW pekTudmkaumm B KosnoHHax Ne211, Ne218 (pesepBHbii
©nok), koTopble paboTatloT B Nape, Kak ogHa KosloHHa nnu Ha 6noke Ne2, KOTopbI COCTOUT U3
ABYX PEKTUUKALNOHHBIX KOSTOHHN AeCOpOLMOHHON KOMNOHHBLI. B kKayecTBe akcTpareHTa npu-
MEHSeTCA TEXHUYECKUA aLleTOHUTPUI.

AueTtoHuTpun ¢ Temnepartypon 50—80°C nogaetcs B KonoHHy Ne211 B maccoBom co-
oTHoweHuun (11,5+15):1 k cogepxaHuto bytagneHa B bb®. [laBneHne Bepxa KOnoHHbl Ne211
BblaepxmBaeTca 3,1—5,2 krc/cm?, TeMnepaTtypa Ha KOHTPOSIbHOW Taperike KONMOHHbI Ne218
— He 6onee 145°C. MNocne pasgeneHus 6ytagueHoBas pakumsa HanpaBnsieTCa Ha OYUCTKY
OT aueTUNEHOBbIX YrNeBoaopoaoB, OTMbIBKY OT KAPOOHUIbHbBIX COEAMHEHUI, OYMUCTKY OT Me-

TUnaueTurneHa n TaxernbixX yrneesoaopoaos.
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Ouunctka BbyTagneHoBOM (hpakumm OT aueTUNEeHOBbIX YrNeBogopoaoB NPON3BOAUTCS B
konoHHax Ne11/1, Ne18/3 6noka Ne3 MeToaom 3KCTPAKTUBHOM PEKTUMUKALUKN C aLueTOHUTPU-
nom. AuetoHutpun ¢ Temnepatypon 40—65°C nogaetcsa B KosioHHY Ne11/1 B maccoBom co-
oTHoweHun (2,0+4,0):1 k B6yTagneHy. Temnepatypa Ha KOHTPONbHOW Tapenke B KOSIOHHE
Ne18/3 BbigepxuBaetca 80—125°C. AueTuneHoBble yriesogopoabl M3 cenapatopa Nel7
(NnpegHasHadeH ansa otaeneHus aueToHUTpuna OT aueTUNEHOBLIX YrieBO4OPOAOB) HanpaBs-
NAOTCA Ha NeYn CKUraHus.

OTmbIBKa ByTagmMeHoBOW hpakumMm OT KapOOHWUIIbHBIX COEAMHEHU U aueToHUTpuna
npou3BOaMUTCS B KOITOHHEe Ne32 doysernbHoM BOOOM c TemnepaTypou
30—50°C, cooTHoweHe dy3enbHas Boga/byTagveH BblOepXMBaeTcs B npegenax
(1,0+3,0):1. OTpaboTaHHasa dysenbHas Boga cbpacbkiBaeTca Yepe3 cbopHuk Ne60 (npegHa-
3HauyeH ona cbopa dysensHom Boabl) B X3K.

Ouunctka GyTagneHoBon pakuun oT MeTunaueTuneHa Npon3BOANUTCHA pekTudukaum-
en ee B KoroHHax Ne78, Ne107, paboTatowmx Kak ogHa KOMMOHHA Npwu TemnepaType Bepxa
konoHHbl Ne78 30—50°C n gasnenun 2,0—4,4 krc/cm?.

Ounctka byTagmeHa oT TsSHXKenbIX YrneBogopoaoB NPOU3BOAUTCHA B PeKTUdMKALNOH-
HbIX KorioHHax Ne90, Ne102 npu TemnepaTtype kyba— He 6onee 75°C n paBneHun Bepxa—
2,0—4,4 xrc/cm?.

MonyyeHHbIN ByTagmMeH oTnpaBnsaeTcs notTpedbutento.

2.4.1.1.2 BbigeneHuve n o4McTKa QUBMHUIIA METOAOM 3KCTPAKTUBHOMN peKTudu-

KaLuu ¢ aLueTOHUTPUIIOM

Bytunen-6ytagmeHoBasa ppakumsa noctynaet co cknaga Ha y3en npeaBapuTenbHOn
pekTudukauum gnsa otaeneHus 6ytaH-OyTuneHoBoW dpakuuu, KoTopasi OTBOAUTCS Kybom
KONOHHbI.

TexHonorn4eckum pexmm KornoHHbI NpeaBapuTesibHON pekTuduKaLmm:

- NaBreHne Bepxa — He Gonee 5,5 krc/cm?;

- TemnepaTypa kyba — He 6onee 80 °C.

C Bepxa KOMoHHbI B ra3oBou hbase bytuneH-bytagueHoBas cdpakuusa nogaeTcsa Ha 1-n
ONOK SKCTPaKTUMBHOM peKkTUdMKauuUn C aueTOHUTPUIIOM ANa pasgeneHns Ha OyTtunel-
n306yTUNEeHoBYyO hpakumio n auBnHUN-cobipel. byTnneH-n3obytmneHoBas pakuma nogaet-
Cs1 Ha y3en OTMbIBKM A1151 OTMbIBKM OT aLeTOHUTpuna n oTBOAUTCA Ha cknag,.

TexHonornyecknin pexxmm 1-ro 61oka aKCTPaKTUBHOWN peKTUdMKaLNN:

- laBneHue Bepxa — He 6onee 5,5 krc/cm?;

- TemnepaTtypa kyba — He Gonee 130 °C.
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[vBMHUN-CbIpeL, Nocne OTMbIBKM nogaeTca Ha 2-h B6foK SKCTPaKTUBHOW pekTuduka-
UMM C aueTOHUTPUIIOM NS OTAeNeHUs OT BUHUIALEeTUEHOBLIX yrineBogopoaos. BuHunaue-
TMNEHOBbIE YrNEBOAOPOAbl BbIBOAATCA M3 KyOOBOW 4aCTWU KOMOHHbI M nocne pasbaBneHus
a30ToOM OTAyBalOTCA Ha hakern.

TexHonornyecknm pexmm 2-ro 6yoka aKCTpakTUBHOM peKTUMKaLni:

- laBneHue Bepxa — He 6onee 4,5 krc/cm?;

- COOTHOLLEHME aueToOHUTpUnN:Colpbe — 2+4:1;

- hnermoBoe uncno — He 6onee 2,5.

Linpkynupyrowmnin no KOHTypaMm 3KCTpakuun aueToOHUTPUN B onpenerieHHOM Komnuye-
CTBe, a Takke NpoMbIBHAasi BoAa C y3r0B OTMbIBKM NOOAETCA Ha OTAerbHble yarbl pekynepa-
UMK, pereHepauumn n KOHUEHTPUpPOBaHUS aueToHUTpuna Ans BbiBoga conen, gumepos. KoH-
LEeHTPUPOBaHHbIN aLEeTOHUTPUI BO3BpaLLaeTCca Ha Broku aKcTpakumu, a gysenbHas Boga B
onpenerieHHoOM KOnMyeCcTBe BbIBOOUTLCHA B KAYECTBE CTOYHbIX BOA,.

[OnBUHUN Nnocne BTOPUYHOW IKCTPaKLUMM NOAAETCs Ha y3en OYMCTKW, ANS BbiBOA4A Me-
TMNaueTUNeHoBbIX YrNeBogopOaoB, oTAyBaeMbIX Ha haken nocne pasbasneHns asotom. U
OTFOHKM TSHKEMbIX YrNeBoAOPOAOB HanpaBsieMbIX Ha CKIag.

Mocne y3ana o4ncTKM ToBapHbI 6yTaanen-1,3 (anBnHUI) OTKa4YMBaETCA Ha cknag.

MpuHUUNUanbHas cxema BblOEMNEHUA U OYUCTKU OMBUMHUMA METOAOM SKCTPaKTUBHOW

pekTudukaumm ¢ aueToHUTPUIIOM NpuBedeHa Ha pUCyHKe 2.4.2.
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2.4.1.1.3 AKcTpaKTUBHasA peKTUdMKaLma yCcTaHOBKU BbiaeneHus bytagueHa c
OMODA

B ocHoBy TexHomornyeckonm cxembl BblaeneHus 6ytagmeHa-1,3 n3 cbipbeBon dpak-
LUK 3aroXeH NpoLecc 3KCTPaKTUBHOW OUCTUNNAUUN C MPUMEHEHNEM 3KCTpareHta — gume-
Tunpopmamuaa (AMPA). MpumeHenne MDA HeobxoomMmo B CBA3M C TEM, YTO pasgense-
Mbl€ KOMMOHEHTbI CbipbeBOM (Ppakuun UMET OYeHb Bnnskme TemnepaTypbl KuneHus. Tem-
nepaTtypa KAMNEHWA JKCTpareHTa HaMHOro Bbille TemnepaTypbl KUMEHUS 3TUX YrieBOdopoO-
[0B.

OanH n3 ueneBbiX KOMMOHEHTOB Chipba — 0OyTagueH-1,3 n conytcrBylowme 1,2-
OyTagueH, aTun- 1 BUHMUNaUEeTUNEHNCTbIE — XOPOLLIO pacTBOpUMBbI B akcTpareHTe (M®A).

BTopon ueneson KOMMOHEHT cCbipbA — ByTUNEeH-u3obytuneHosasa gpakums (BUD) —
TpygHopacTBopuma B akcTtpareHTe (OM®A). OkctpareHT (ammetundopmamng) obnagaet
n3bumpartenbHbiM ENCTBMEM, MO3TOMY Xopowo pacteopumas B JMDA 6ytagmeHoBas dpak-
LUMS yBrieKaeTCs 3KCTpareHTOM U BbIBOOUTCHA KYyOOM M3 KOSTOHHbI NEPBUYHOW SKCTPaKTUBHOW
anctunnsaumm nos. G-DA-101AB. [lanee ata cmechb pasgensdeTcsa B KONOHHE gecopbumm akc-
TpareHTa no3. G-DA-102. TpyaHopacTteopumas B AMPA dpakumna BND BeiBOOUTCS BEPXOM
KOMNOHHbI NEPBUYHON IKCTPAKTUBHOWM AUCTUNNALMKN ANS NOCNeayowen 04nUCTKH.

Ha Ttakom npuHuune paboTtaeTt y3en NepBUYHOW IKCTPAKTUBHOW AUCTUANALMU U OT-
FOHKW NierkoneTyunx coeguHeHnin.

Ha y3ne BTOPUYHOW SKCTPaAKTUBHOW ONCTUNNALMN B KONOHHe G-DA-103 Takne Kommno-
HEHTbl, KaK 3TUI-BUHMNALETUIEHOBbIE YrNeBoaopPOoabl XopoLwwo pacTBopumMbl B AM®A, no-
3TOMY YBIEKalTCa pacTBOPUTESNIEM U BbIBOOATCS KYOOM 3TOM KOMOHbI B KONOHHbI N03. G-DA-
104 n G-DA-105. [lanee kyboBasi cmecb AM®A n atun-snHunauetTuneHa c npumecobto 1,3-
OyTagueHa pasgensaTcsa B pereHepaumoHHon KonoHHe no3. G-DA-104: Bepxom OTroHsieTcs
1,3-6ytagneHn, kyoom — [JMODA c aueTuneHoBLIMA YrieBoaopoaaMu.

HanbHenwee pasgeneHne kyboson cmecu G-DA-104 Ha MDA (kyD) n aueTtuneHo-
Bble (hpakuum (Bepx) Npon3BoauTcAa B oTnapHom konoHHe G-DA-105.

BepxHUMN NOroH KONMOHHbI NEPBUYHOW IKCTPAKTUBHOW AncTunnauum — 1,3-6ytagmeH c
npumMecaMn meTunaueTuneHa TpyaHopacTBopuM B akcTpareHte — AMOA.

OMO®A, obnapgas mnsbupaTenbHbiM AEUCTBMEM, MOBbILWAET AaBfieHME HacCbIWEHHbIX
napos aton OyTagMeHoOBOM dpakumm — BepXHEro noroHa KonoHHbl G-DA-103 B 6ornbLuen
CTENeHn, YeM 3TUN-BUHUNALETUNEHOBbBIX YrNeBoaopoaoB, BbiBoaAMMbIX ¢ AM®A kybom aTon

KOJ1OHHBbI.
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HanbHenwasn ounctka bytagmeHoBon dpakumm, BolaeneHHon BepXoM KonoHHbl G-DA-
103 OT NpyMmecen OCyLLECTBIISETCA:

- OT MeTunaueTuneHa B kofioHHe no3. G-DA-106, roe OH OTroHAETCsl BEPXOM,;

- OKOH4YaTesnbHasa ouncTka bytagneHa oo TpeboBaHnin TOBapHOro NPoayKTa B KOSTOHHE
nos. G-DA-107, rae kybom BbIBOAATCA UMc-2-0yTunetsl, 1,2-6ytagmeH n Taxenbld OCTaTok, a
ueneson npoaykT 1,3-6yTagneH OTroHSeTCsl BEPXOM.

TexHonornyeckas cxema yCTaHOBKW BblaeneHus bytaaneHa pasgeneHa Ha Hukecne-
ayoLwme yanbi:

1) Y3en nepBMYHON SKCTPAKTUBHOW OUCTUNNSALUMN N OTTOHKN NErKOKMNALWMX coeanHe-

2) Y3en BTOPUYHOW 3KCTPaAKTUBHOW AUCTUNNALMU, Oecopbumm u pereHepauum pac-
TBOPUTENS.

3) Y3en pektudukaumm bytagmeHa, npuroToBneHns 1 4o3npoBkn pacteopa ThbK.

MpuHUUNUaneHas TexHomornyeckas cxema YCTaHOBKW BblgeneHus 1,3-6ytagmeHa

npusegeHa Ha pucyHke 2.4.3.
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2.4.1.2 TexHonorum nony4vyeHus 6yragueHa gernapupoBaHmem yrneBoaopoaoB
2.4.1.2.1 IByxctagunHoe aernapupoBaHue

HaHHbin cnocob nony4veHus 1,3-6ytagmeHa BkntovaeT B cebsa cnegyrowmne cTaguu:

- pgernapupoBaHue byTaHa B ByTEHbI;

- BblgeneHne 6yTaH-OyTEHOBOW pakuMM M3 KOHTAKTHOrO rasa nepBoOu cTaguu
AernapupoBaHms;

- pasgeneHune ByTtaH-OyTeHoBOM bpakumMm C BO3BpaTOM ByTaHa Ha MepByl0 CTaguio
AernapupoBaHus;

- pgernapupoBaHue byTeHoB B ByTaaue;

- BblgeneHue n ouncTtka bytagueHa.

McxogHbiM cbipbeM CNyXUT ByTaHoBas ppakumsi, Bblaensemas nu3 nonyTHbIX rasosB u
rasoB HedpTenepepaboTkn U NpeaBapuTenbHO oYnLLIEeHHas OT n3obyTaHa 1 NEHTEHOB.

[HeaudpuposaHue bymaHa 8 bymeH»bi

[na nposegeHus 1-om ctaguu - gernapupoBaHne 6ytaHa B ByTeHbl - UCNOMb3YT pe-
aKTop C KMNAWWM crnoemM katanuaatopa. [JerapupoBaHue U pereHepaumto katanmsatopa
NPOBOASAT B OTAESNbHbIX annapartax, KoTopble pacnofoXeHbl NapanfenbHO U COOCHO OAMH
Hag apyrum. Takve annapaTbl OTAMYATCH UenbiM psaaoM NpevMyLLecTs B CPaBHEHUM C an-
napatamu, B KOTOpPbIX KaTanm3aTop HEMOABMXHO pacnosiaraeTCca Ha HECKOSbKUX Taperikax:
1) N30TEPMUYHOCTbL CrOs, KOTopasa gocturaetca bnarogapsi akTMBHOMY nepemMeLlnBaHuio; 2)
TEeKy4YeCTb CNos, B pe3ynbTaTe KOTOPOW MNOSIBMSETCA BO3MOXHOCTb TPAHCMOPTUPOBKU 3aKOK-
COBaHHOroO KaTanusaTopa M3 peaktopa B pereHepatop u obpaTHo; 3) BbICOKas MOBEPXHOCTb
MexdasHoro obmeHa, obycnoBneHHas ManbiM pasMepoM YacTul, KaTanusaTtopa, B pe3syrib-
TaTe — BbICOKME CKOPOCTb TEMNoobMeHa 1 macconepenayu; 4) HU3Koe rmgpasnmyeckoe co-
npoTmeneHne cnos, obecneuyvBalollee yMeHbLUEHVWE 3Hepro3aTpaT M MOoBblaowee CKo-
poCTb npouecca. TexHonormyeckas cxema npouecca gerngpuposaHust 6ytaHa B OyTeHbl
npegcraeneHa Ha puc.2.4.4.

Ceexas 1 peuuknoBas bytaHoBasa dpakums ncnapsitotes n neperpesatotca o 550°C.
3 neun neperpeTble napbl GyTaHa NOCTynatoT Yyepes pacnpeaenuTenbHyo peLleTky nog Ku-
nAWmWM cnon B peaktop. Katanmsatop — antomoxpomoBbii UM-2201. OnameTp peaktopa—
5900/6400mm, obwas BbicoTa —33,4M. [Ina nogaBneHus NOGOYHbIX peakuuin U CHUXKEHUs
TemnepaTypbl KOHTAKTHOIO rasa B peakTope Haf KUMsLWMM CroeM YCTaHOBMEH 3aKano4Hbli
3MeeBMK, CryXallnmin neperpesaTenemM napos 6ytagmeHoBon pakumm. Tennota nogBoaMTCS

C pereHepMpoBaHHbIM KaTanvM3aTopoM, KOTOPbIA BBOAUTCS B PeakTop Hag BEpXHEW CeKumo-
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HUPYIOLLIEN pELLETKON, a 0TpaboTaHHbIN KaTannsaTop BbIBOAUTCA CHM3Y peakTopa. KoHTakT-
HbIW ra3 nocre 3akano4yHOro 3MeeBMKa MPOXOAUT LIMKMNOHbI, PACMOSIOXXEHHbIE B BEPXHEWN Ya-
CTU peakTopa, B KOTOPbIX OTAENSETCA OCHOBHOE KOSMIMYECTBO KaTanm3aTOpPHOW Mbinu, W
HanpaBseTCA Ha OXNaXxaeHue B KOTen-yTunuaartop, rge oxnaxgaetca o 300—400°C. A3
KoTna-yTunmsaTtopa KOHTaKTHbIW ra3 noctynaeT B TapenbvaTtbii ckpybbep, B KOTOPOM Oxna-
xpaetca go 50°C. lMNMocne ckpybbepa KOHTAKTHLIN ra3 NOCTynaeT B cenapaTtop Ans otaene-

HUA yHeCGHHOVI BOAbl, a 3aTEM HalnpasndeTCcqa Ha BblAelleHne 6yTaH-6yTeHOBOI7I CbpaKLl,I/II/I.
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PucyHok 2.4.4 — TexHonorMyeckasa cxema germgpmpoBaHus 6ytaHa B OyTeHbl

OTpaboTaHHbIN KaTanu3aTtop MOCTyrnaeT B OTNAapHY CEeKUMIO, PacrofioXeHHY B
HWXHEN YacTu peakTopa, rae ocsBoboxagaeTcs OT yrneBoLopoaoB NPOAYBKOM a3oToM, a 3a-
TeM NporpeTbiM BO3AYXOM TpaHCNOpTUpPYyeTCcHa B pereHepaTtop. Mo KOHCTPyKLUMK pereHepaTop
CXO[€EH C peakTopomM.

PereHepaTtop cekumMoHupoBaH 6 peweTkamu. B pereHepatope pasnuyaloT gBe 30Hbl:
30HY OKUCNEHNS (HWKHUE peLleTKn) N 30Hy pereHepauun (BepxHue peLueTkun), Kyga nogaetca
TONNMBHbIV ra3. KatanusaTtop pereHepupyetcs npu temnepatype 600—650°C n gaBneHumn
0,118 Mlla. PereHepupoBaHHbIN KaTanusaTop NOCTynaeT Ha BOCCTAHOBMNEHME B CTakaH pe-
reHepaTopa, Kyga ans aTux uenen nogatT abrasbl. BocCcTaHOBMEHHbINM KaTanm3aTop TpaHc-
NnopTUPYeTCS a30TOM B peakTop. YCNoBUS NpOBEeAEHUS npoLecca U OCHOBHbIE MokasaTenu
npvBeaeHbl B Tabnvue 2.4.1, a B Tabnuue 2.4.2 npvBegeH OPUEHTUPOBOYHbIN COCTaB KOH-

TaKTHOro rasa.

Tabnuua 2.4.1 — Ycnosusa u nokasatenu npouecca gernapmposaHuns 6ytaHa B GyTeHbl

NokasaTenb/napameTp npolecca 3HauveHne

TemnepaTtypa cblpbsi Ha Bxoae B peakTop, °C 540-550
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TemnepaTtypa noctynatowiero katanusartopa,°C 640-650
TemnepaTtypa oTpaboTaHHOro katanuaatopa, °C 560-656
TemnepaTtypa KOHTaKTHOro rasa, °C 580-585
TemnepaTtypa B Kunsiem crnoe katanmsatopa,°C He 6onee 595
[aeneHune, MlNa 0,118
O6bemMHasi CKOpOCTb Nogaun cbipbs, Y-1 160-180
Bbixog HenpepenbHbix yrnesogoponos Ca B pacyeTe Ha nporny- 40
LLIeHHbIN ByTaH, Y%Mmacc.
CenekTnBHOCTb, %Macc. 81
KoHnBepcus, %macc. 49
Tabnuua 2.4.2 — CocTaB KOHTaKTHOroO rasa germgpupoBaHusa 6ytaHa

BewecTso CogaepxaHune, Bewecrso CopaepxaHne,

Y%macc. Y%macc.

Bogopoa 1,6 ByTeHbI 25,4
MeTaH 2,5 byTtaH 57,0
OT1aH 2,7 Cs n Bbilwe 0,2
MponaH 4,3 Okenpg yrnepoga 0,9
bytagueH 1,0 [vokena yrnepoaa 0,3
N306yTaH 1,6 AsoTt 2,5

BbideneHue bymaH-6ymeHogou ¢bpakuyuu

BbigeneHne GytaH-6yTeHOBOM bpakuMm U3 KOHTAKTHOrO rasa gerMapupoBaHusi OCy-
LLeCTBSeTCA nyTeM nocnefoBaTerbHbIX 3TanoB KOHAEHcauMn U pektudukaumni. 3aecb
npuBeAeM TOSMbKO TEXHOMOMMYECKYOCXEMYATOro npouecca (pucyHok 2.4.5) n ycnosust pabo-

Tbl OCHOBHbIX annapaTos, Tabnuua 2.4.3.
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PucyHok 2.4.5 — Cxema pasaeneHus n BbiaeneHus 6ytaH-6yTeHOBOM (hpaKLMn U3 KOHTaKTHOro

rasa

Tabnuua 2.4.3 —Pexumbl paboTbl KOMNOHH pasfeneHnst KOHTaKTHOro rasa AervapupoBaHns byTaHa

MokasaTenb KononHa 7 | Kononna 13 | KononHa 22 KononHa 30 | KonoHHa 35
Temnepatypa Bepxa, °C 13 40 55 50 50
Temnepatypa Hu3a, °C 35 180 90 60 110
Hasnenne, MlMa 1,18 0,41 1,18 0,45 0,35
Yucno Tapenok 47 45 34 27 30
dnermosoe 4ncno - 4 35 1,5 4

Pa3sdeneHue 6ymaH-6ymeHosoU chpakyuu

[Ansa pasgeneHns 6ytaH-0yTeHOBOW bpakumm NPUMEHAETCS MEeTOA 9KCTPAKTUBHOM -
ctunnsaumn. B kadecTBe 9KCTpareHTOB WCMOMb3YT aueToH M aueToHuTpun. Ha pucyHke
2.4.4 npuBegeHa TexHonormyeckas cxema npouecca pasgeneHunsa 6ytaH-6yTteHoBow dopak-
UMM METOLOM SKCTPAKTUBHOW PEKTUMPUKALUN C aLleTOHUTPUIIOM.

Tak kak cnocob aKCTPaKTMBHOW ONCTUNAALNN JOCTAaTOYHO NOAPOBHO Bbin paccMOTpeH
B pasgene 2.4.1.1, 3gecb NpuBESEM NULLL TEXHONOIMYECKYHO cXeMy (pUCyHKe 2.4.4) n cocTas

NpOAYKTOB 3KCTPAKTUBHOWN pekTudmkauum (Tabnuua 2.4.4).
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PucyHok 2.4.6 — Cxema pasgeneHusa 6ytaH-6yTeHoBoM hpakumm pekTucpmkaumen

Tabnuua 2.4.4 —CocTaB NpoAyKTOB 3KCTPaKTUBHOW pekTudmnkaumnm

ByTtaH-6yTeHoBas

BytaHoBas dpak-

byTeHoBas cpak-

KOMMOHEHTHI

dpakums L ums
MponaH 0,1 0,2 -
BytagueH 1,2 - 3,4
N306yTMneH 1.4 - 4,3
N306yTaH 2,4 3,3 -
ByTeHbl 35,2 4,5 87,6
ByTaH 59,6 92,0 4,5
Cs 1 BbllWe 0,1 - 0,2

HeaudpuposaHue bymeHos 8 bymadueH

B npencraBneHHom cnocobe aerngpupoBaHMe OyTeHOB MpoBOAAT B agnabaTuyeckmx
peakTopax Ha CTauuoHapHOM Croe XpoM-KanbLUun-HUKeNb-pocaTHOro katanmsaTopa map-
kn MM-2204. YcTtaHoBKa COCTOUT M3 OBYX OOMHAKOBLIX PeakTopoB: OAMH paboTaeT Ha KOH-
TaKTUPOBaHUN, OPYron - Ha pereHepauunn. [JuameTp peaktopa —A0 S5 M, BHYTPU peakTopa
pacnonaraeTcs pelleTka, Ha KOTOpY nomewiaeTcs katanmnsaTtop cnoem 1,8—2 M. TexHorno-
rmyeckas cxema npouecca germapmposaHus 6yTeHoB npeacTaBneHa Ha puUcyHke 2.4.7.

B cBsa3n ¢ 6bICprIM 3aKOKCOBbIBaAHMEM KaTalim3aTtopa gerngpupoBaHmne BegetTcd Ko-

pOTKMMU Lmknamm rno 30 MuH.
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PucyHok 2.4.7 — Cxema gerngpmpoBaHusa 6yTeHOB

McxogHas GyTeHoBasa ppakums cHavana nogaeTcs B KOMOHHY ANst OTFOHKM TSXKerbiX
npuMecen, a 3aTeM HanpaBnseTCcAa B neperpesartens, rae neperpesaetca Ha 10—15°C.

[na npegoTBpalleHns Kokcoobpa3oBaHUSA B peakTope B JIMHUIO Cbipbs A0 neperpesa-
Tenda nogaetca atunmepkanTaH u3 pacdeta 0,0005—0,0012%macc.oT cyMmMapHOro Konudye-
cTBa napa n bytaHoBon dpakumn. N3 neperpesatens OyTeHbl NOCTynakT B Naponeperpesa-
TENbHYI0 NeYb, B HEW npoucxoauT Harpes go 450—500°C. BoasHowm nap B neyun neperpesa-
etca no 700—750°C. Npu BBOAE B peakTop NpoUCXoauT cMmelleHne ByTeHOB C BOASAHbIM na-
pom. BoasiHon nap noHwkaeT napumanbHoe gasneHue YB, aBnseTcs TenIOHOCUTENEM U MO-
AaBnsieT OTMOXEHME KOKCa Ha KaTanusaTope.

[Ana npegoTBpalleHss BTOPUYHBIX peakumin TepMuUyeckoro pasnoxeHus YB nposo-
ANTCS 3aKarnka rasa — MNOHWXKeHne TeMnepaTypbl KOHTaKkTHoro rasa o 530°C BnpbICKMBaHK-
€M NapoBOro KoHAeHcara.

[Mocne peakTopa KOHTaKTHbIA ra3 nocTynaeTt B KOTefN-yTunmsatop, rae oxraxgaercd
Ao 250°C, n HanpaBnsieTca Ha fanbHenwee oxnaxaeHue B ckpybbep, pasgeneHHbin Ha 2
cekumn. B HXKHen cekummn ckpybbepa NponcxoauT O4YMCTKa rasa OT KaTanm3aTOpPHOW Mbinu,
yaaneHune TSHXKeNoKUNALWMX NPOLYKTOB, a Takke oXnaXaeHne KoHTakTHoro rasa go 130°C. B
BEPXHEN YacTu ckpybbepa npoucxoauT panbHenwee oxnaxgeHwe go 115—125°C un va-
CTUYHas KoHAeHcauus BogsHOro napa. danbHewnwee oxnaxgeHue npovcxoanT B KOHAEHca-
TOpax, MOCrie HUX KOHTAaKTHbIA ra3 ¢ TemnepaTtypon 65—75°C noctynaet B HWXKHIOK 4YacTb

ckpybbepa, raoe npoucxoauT OKOH4YaTenbHasi KOHAEeHcauMsi BOASIHOTO napa M oxnaxaeHue
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KOHTaKTHOro rasa o 50°C umpkynupytowmum abcopbeHToM. [lanee KOHTaKTHbIM ra3 Hanpas-
nsieTcs Ha pasgeneHve rasoB germapuposaHust OyTeHOB. YCnoBus 1 nokasatenu npouecca
aernagpupoBaHns OyTeHOB npuBedeHbl B Tabnuue 2.4.5, a cocTaB KOHTAKTHOroO rasa geruma-

pupoBaHus — B Tabnuue 2.4.6.

Tabnuua 2.4.5 — Ycnosusa u nokasatenu npouecca agernapmposaHms 6yTeHoB

MapameTp 3HauyeHne
Temnepatypa B peakrtope, °C 600-650
TemnepaTtypa naporasoBor CMecu Ha Bxoae B peaktop,°C 630
TemnepaTtypa KOHTaKTHoOro rasa, °C 580-590
O6bemMHas CKoOpoCTb Noaaym cbipbs, 4 130-180
MornbHOe COOTHOLIEHNE BYTEHbI:BOASHOW Nap 1:20
Bbixog 6yTagneHa B pacyeTe Ha nponyLeHHble ByTeHbl, Y%oMacc. 33
CenekTuBHOCTb, %Macc. 85
KoHnBepcus, %macc. 40

Tabnuua 2.4.6 — CocTaB KOHTaKTHOrO rasa AermapupoBaHus.

BellecTtBo CopepxaHue, BellecTtBo CopepxaHue,

%macc. %macc.
Bogopoa 1,4 ByTaH 7,1
MeTtaH 1,3 ByTeHsbl 59,0
OTaH 0,7 YB C5 u Bbllwle 0,9
MponaH 3,1 Okecunp v gukocua yrrnepoaa 1,4
BytagueH 24,7 AsoTt 0,3
N306yTaH 0,1

BbioeneHue 6ymeH-bymadueHosol chpakyuu

Cxema BblgeneHuns 6yTeH-6yTaameHoBON bpakumm M3 KOHTAKTHOrO rasa Aernapupo-
BaHWsi ByTEHOB NPOM3BOAMTCS MO CXEME, aHaNoOrM4YHOM BblgeneHuto bytaH-6yTeHoBoW dpak-

UMM Ha pucyHke 2.4.5.
2.4.1.2.2 OgHocTagunHoe gernapupoBaHue

OpHocTagunHbIM npouecc aernapupoBaHuss GytaHa MMeeT npeumyliecTBa nepep
ABYXCTaAuHbIM MPOLIECCOM BBMAY OTCYTCTBUA HEOHXOOMMOCTU pa3feneHusi ra3oBbiX CMe-
ceu nocne Kaxaowm ctagumn n 6onee HU3KNX SHEPro- N KanuTanbHbIX 3aTpar.

Bbino ycraHoBneHo, 4TO MNpu AermapupoBaHun OGyTaH-OyTMNEHOBBIX CMecen Hap
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antoMo-XpoMOBbIM KaTanM3aTtopoM B BaKyyme CKOpPOCTb peakuun C.H,, < C,H, + 2H, npu-
6nusnTensHo B 25 pa3 MeHbLue CKOpOCTU peakuunc,H, < C,H, + H,. Tem cambim akcrepu-

MeHTarbHO NOATBEPXAEHO, YTO AMBUHUN obpa3yeTcsl B OCHOBHOM B pe3ynbTaTe Mocreao-
BaTeNbHONM peakumn OernapupoBaHus:

C.,H;;, = C,Hy — C,H,

CnepoBaTtenbHO, Npy OAHOCTAAUMHOM AErmapvpoBaHUN MPOTEKAKT TE Xe peakumu,
4YTO U NPV ABYXCTaANUNHOM.

[Ans ogHocTaguMHOro npouecca NPUMEHSOT antoMOXpPOMOBBIE KaTanunsaTtopbl. Boas-
HOW Map ANs CHWXEHUs napumanbHOro AaBfieHMst He MCMONb3yeTcs, NpoLecc NpoBOAUTCA
noA BakyymMoM.

[aHHbIn  npouecc npeacrtaBnsieT cobonM  ogHoCTagunMHOE  AermapupoBaHue
H-6yTaHa nog BakyyMOM Ha HEMOABWMXHOM KaTanudaTtope ¢ agnabaTuyeckum pereHepaTtuB-
HbIM LIMKINOM.

Mpn gaHHOM cnocobe nonyyeHnsa GyTagmMeHa UCNONb3YT antoMOXPOMOBbLIE KaTanu-
3aTopbl B opme Tabnetok paamepom 3x3 nnm 4x4 MM, CMELLAHHbIE C MHEPTHLIM MaTepua-
FNIOM-TENSIOHOCUTENEM, B KayecTBE KOTOPOro MCMOSb3ylT OBOXKEHHbIE TpaHynbl Okcuaa
anoMnHnsa (anyHga) umnuegpudeckon opmbel pasamepom 5x7 mm. COOTHOLLUEHUE TEnnoHOo-
cuTens u katanumsatopa coctasnseT: 3:1 no macce, 2:1 no o6bemy.

PeakuMoHHbIN y3en gernapupoBaHus COCTOUT u3 5—8 agmabaTmyeckmx peakTopos,
3anosiHEHHbIX CTaLUMOHapHbIM CrlI0eM Katanusatopa BbicoTon 0,9—1,2m.

lMoTok cBexero ByTaHa 1 peunknoBon ByTaH-OyTuneHoBon pakumMm OTNpaBnaeTcs B
neyb, rge NPoMcxXoamT ncnapeHne cmecu n eé neperpes oo 600°C. MNony4eHHyO cmecb no-
nepemMeHHo nofatoT B OAMH M3 peakTopoB GaTapew. [lermapvpoBaHue NpoBoauTCs Npy gas-
neHnn 10—25 «klMa, HavanbHoM TemnepaType okono 600°C n koHe4yHon TemnepaType (Ha
BbIxoAe rasa) 585°C (npouecc ocyLecTBAST B TedeHun 5 MuHyT). Nocne aernapmpoBaHms
KOHTaKTHYK0 Maccy OTNpaBfslT Ha oxnaxaeHne B ckpybbep, opolliaeMbii XONO4HbIM Mac-
nowm. Mocne ckpybbepa peakuMoHHbIE rasbl CKMMaKT B Typbokomnpeccope Ao AaBnenus 1,2
MlMa n otnpaBnaT Ha abcopbunto Cs—Ca-cbpakuumn yrnesogopogamm Cs u Bbllwe, ABMSHO-
lwmmMmca noboyHbIMM NpoaykTamu npoussoacTea. AbcopbeHT noctynaeT B aecopbep, raoe
ocywectBngetcs otroHka Cs—Ca-dopakumm 3a cyeT HarpeBa abcopbeHTa B KUNATUITbHUKE.
Mocne pecopbepa dpakumio C3—Csa HanpaBnawT B AenponadHusartop. lNMonydeHHyto Ca-
dpakumto, cogepxawyto 11-13% byTagueHa, oTnpaBnsieT Ha CTaauio BblaeneHus bytaane-
Ha, NP1 3TOM peuunknoByto ByTaH-OyTUNEHOBYIO hpakLMio BO3BpaLLAlOT Ha CTaauo gernapu-

pOBaHuS.
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MpuHUMNManbHas cxema npolecca oAHOCTaAUNHOIO AerMapupoBaHus nNpmueeaeHa Ha

pucyHke 2.4.8.
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PucyHok 2.4.8 — lNpuHuMnunanbHas cxema npouecca ogHOCTaguMHOro AernapupoBaHns

B cBA3M CO 3HAYUTENbHBbIMM OTNOXEHUSIMW KOKCa, KaTanusaTop AervMapuvpoBaHus
Hy)xgaeTcsa B pereHepauuu. Kaxabli peaktop nocne ctagum AervMapypoBaHUIo nNpoaysBatoT
BOASAHBIM NapoM npuv aTMOCHEPHOM AaBreHUU OIS BbITECHEHUS YrNeBO4OPOLOB B JIMHUIO
KOHTaKTHOro rasa. [locne npoayBku B peakTop NogarT pereHepaumoHHbIN BO34yX C Temne-
paTyponn 600—620°C. PereHepauuio nNpoBOAAT B TedeHun 5 MuH npu gasneHuun go 0,15
MIa n Temnepatype 620—630°C. 3a pereHepaunen cnegyeT ctagnsa nepexona, Ha KOTopown
N3 pekTopa OTKauMBaloT BO3A4yX, CO34Al0T BaKyyM M NoJal0T B peakTop HarpeTbii MarnoLeH-
HbI/ YrreBogopoaHbIN ra3 (abras) 4ns BOCCTAHOBIIEHMS aKTUBHOCTW KaTanuaartopa v gonorsi-
HUTENbHOM NPOAdYBKM peakTopa OT Kucrnopoga Bo3gyxa. baTtapess peaktopoB pabotaet
HenpepbIBHO: YaCcTb PeakTOpPOB HaxXoaUTCA B CTaauv OernapupoBaHusi, YacTb — Ha pereHe-
pauun, YacTb — Ha NpoayBKe MapoM, YacTb — Ha NepexoaHon cTtagun. TexHorormdeckue

YyCrnoBu1s 1 NapamMeTpbl OAHOCTAAUNHOIO AerMapupoBaHnsa npueeneHsl B Tabnvue 2.4.7.
2.4.2 TeKywme ypoBHU 3MNCCUM B OKpPYXKatoLLyHo cpeny

B Tabnuue 2.4.8 npencraesneHa vHdgopmMaums no Bblbpocam m cbpocam npeanpus-

TUN — NPOUN3BOAUTESEN.
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Tabnuua 2.4.7—[oCcTUrHyThie nokasaTenu NnoTpedneHns Cbipbsi U SHEPrOpPECYPCOB

OkcTpakTnBHast | OkcTpaktmBHast | [lpousBog- | MNpoussoacTteo | [Npouecc coe- | lNpouecc Bolgene-
pekTuduKaumus | pektudgpukaumsa | cTBo byTa- byTagveHa MECTHOTO ie- | HUS U OYUCTKU Au-
OyTagneHa 3 | ByTagveHa u3 | OuWeHa ABYyX- | OAQHOCTafuii- | rMAPUPOBAHUSI | BUHMINA METOAOM
TexHonorus dpakuumn Ca dpakuyumn Ca CTaAWMHBIM | HbIM geruapu- OyTaH- 3KCTPaKTUBHOM
nuponusa ¢ nuponusa ¢ Aervapupo- | poBaHWEeM H- nsobyTtaHa B peKkTuduKaLum c
aueToOHUTPYK- OMOA BaHWEM H- GyTaHa noa GyTagmeH un aueTOHNTPUINOM
nom OyTaHa BaKyyMOM n3o00yTunneH
HopMmbl pacxoa cbipbsi Matepuanos, Kr/T
®pakuna Ca — 2,22 -2,60 HeT AaHHbIX — — —
®p. H-OyTaHa — — HeT JaHHbIX 1600-1750 1800 —
ALeTOHUTPUN — — HeT AaHHbIX 1,3-1,5 — 3,8
Bytunen-bytagneHosas dpakuus — — HeT JaHHbIX — — 3200
[AveuHuUn-celpel, 1070-1150 — HeT AaHHbIX — — —
Hopmbl pacxofa aHepreTu4ecknx pecypcos
ONEeKTPO3Heprus KBT*u/T 20-21 82,5 HeT OaHHbIX 150-165 440 99
TennoaHeprus kan/T 1,3-1,45 1,43 HeT JaHHbIX 45-5 2,6
Map lkan/T HeT OaHHbIX 19 —
Xonop Mkan/T HeT AaHHbIX 0,017 —
Tonnueo Kr.y.T./T 42-45 HeT JaHHbIX 1,6-1,75 1,0 —
'opsiyasa Boga Mkan/T HET AaHHbIX —
Bona obopoTHas Thic.M3/T 0,183 HeT JaHHbIX 0,924 0,165
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Tabnuua 2.4.8— TekyLime YpOBHN 3MUCCUN B OKPY>KaLOLLYO cpeay npy npousBoacTee 1,3-0yTagmeHa

OKcTpakTnBHas
pekTudmkaums
OytagueHa us
dpakuyun C, nn-
ponusa c aueto-

HUTPUIOM

OKCTpaKTuBHas
pekTudmkaLms
OyTtagueHa wus
dpakuumn Cs nn-
ponunsa c AM®A

lNpounssoacTeo
OyTtagmeHa
ABYXCTaAUNHbIM
AernapupoBaHu-

eM H-byTaHa

MponssoacTteo Gy-
TagueHa ogHoCTa-

AVAHBIM Aernapu-

pOBaHMeMI+6yTaHa

noz BakyymMoMm

Mpouecc coBmecT-
HOro aernapuvpo-
BaHuA GyTaH-
n3obyTtaHa B GyTa-
OWEH N n3obyTtun-

JleH

lNpouecc Bblge-
NEHNs N OYNCTKN
OUBUHUNA METO-
OOM 3KCTpak-
TUBHOWN peKkTH-
domkaumm c aue-

TOHUTPUIIOM

3arpsasHsaoLme BellecTBa B Bbibpocax, r/T

*

NOx He npyumeHumo | He npumeHumo HEeT AaHHbIX He 6onee 1900 He 6onee 1233 | He npumeHMmo
CO He npumeHnmo | He npumeHnmo HeT JaHHbIX He Bonee 6850 He Bonee 2456 | He npumeHuMmo
Cymma yrnesogopoos HeT JaHHbIX

He bonee 2400

He bonee 2000

He bonee 4100

He bonee 5605

He 6onee 3500

(6e3 meTaHa)
3arpsisHsoLlme Bellectsa B cbpocax, r/T
XIMK He bonee He bonee HeT AaHHbIX He bonee
He 6onee 3500 He Bbonee 250
13850 4500 500
Hedtenpoaykthl He 6onee 120 — HeT JaHHbIX He Gonee 120 — —
pH 6,5-9,0 eq.pH 6,5-9,0 eq.pH HeT AaHHbIX 6,5-9,0 eq. pH 6,5-9,0 eq.pH 6,5-9,0 eqa.pH

*[laHHble NONy4YeHbl HAa OCHOBE pacyeTHOW Moaenu

9T0C—S8T 31U
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2.5 NponsBoacTBO U3onpeHa

M3onpeH gaBnsieTcs OQHMM M3 OCHOBHbIX MPOAYKTOB HEeMTEXMMWYECKOro CuHTEe3a.
MupoBble MOLLHOCTU MO MPOM3BOACTBY CUHTETUYECKOro WM30MPEHOBOrO Kaydyka CerofHsi
npesbiwatoT 1,3 mnH. 1/rog. B Poccuiickon degepaumm npounssogutca okornio 430 Tbic. T
nsonpeHa B rof, n3 kotoporo 50% nony4yatoT Ha [NMAO "HwkHekamckHepTEXUM".

OcCHOBHbIM NOTpebuTENeM n3onpeHa ABnseTca NPON3BOACTBO N30MNPEHOBbLIX KayyyKoB
(o 95% Bcero nonyyaemoro u3onpeHa), Havbornee W3BECTHblE MapKM MNPOU3BOLAMMbBIX
kaydyykoB CKW-3 n CKW-3C. [daHHble Mapku KayyykoB WCMONb3yHTCA ANs NPOM3BOACTBA
aBTOMOOUNbHLIX WKH 1 PTU pasnuyHoro HasHayeHus. Takke M30MpPeH UCMONb3yeTcHa Kak
COMOHOMEpP NMpu NPOU3BOACTBE BYTUMKAYYYKOB N M30ONPEH-CTUPOSIbHLIX TEPMO31AaCTOMEPOB.
McxogHbiM cbipbeM ONns NpOM3BOACTBA M30MpeHa SBNSETCA YrneBogopoaHas dpakums
Cs(YB), wusoneHTaH, u306yTuneH c dopmanbaerngom W aueTtoH C  aueTuneHoMm, B
3aBNCUMOCTU OT MPUMEHSEMON TEXHOMOTUN.

M3BeCTHO HECKONbKO [OEeCATKOB CnocoboB NOfyvYeHust W30MpeHa, OfHako B
NPOMbILLIEHHOM MacwTabe Ha cerogHAWHMM AeHb B Poccum akcnnyaTupytoTes cnegyowme:

1. [eyxctagunmHoe perngpupoBaHne unsoneHtaHa (OAO "CuHTeskayuyk" T.
Crepnutamak, HKHX).

2. W3BneyeHune nsonpeHa m3 Csdpakumm Nnponmnsa aKCTPaAKTUBHOM pekTudukaumen
(HKHX).

3. [ByxcTaguHbli  CUHTE3 ©3  Ku3obytuneHa wn  dopmanbgernga, 4vepes
anmeTunguokcaH (TonbaTTukayyyk).

4. «OpHoCTaguHbIMY CMHTE3 n3  u3obytuneHa w  dopmanbagervga, 4depes

anmeTtunamokcaH (HKHX).

2.5.1 OnucaHue TexXHONOrM4YeCKuUX NpoLeccoB, UCNONb3yeMbIX B HacTosiLee

Bpems
2.5.1.1 U3BneyeHune n3s Cschppakumm nuponusa

®pakumsa Cs nuponmsa 6GeH3nHa NoCTynaeT B peakTopa, rae NpoucxXxoamnT peakuuns au-
mMepusaumm umknoneHtagmeHa (UIMAQ) B gauumknonentagmen (QUMNO). OJanee npoaykTbl au-
mMepusauuun UMNO nogatotca Ha pekTudurkaumio, rae NponucxoauT oTaeneHne nsonpeHcogep-
Xawen dpakumn ot AUMA. OumweHHas ot ocHoBHoro konwudectsa LOUIML nuponusHas
dppakums Cs, NpoXoauT eLle ABe CTYNEHU OYMUCTKN pekTUduKaumen Ot «TKenbixX» npumecen

n «nerknx» (ByTuH-2) ¢ nony4yeHnem nsonpeHcogepxailemn dpakuumn.
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M3onpeHcoaepkawas pakuma nonagaet Ha OYMCTKY OT H-MEHTaHa MeToaoM 3KC-
TpakTMBHOM pekTudukaumm 6e3sogHbiM OM®PA, nocne yero, COBMECTHO C NMOTOKOM M3omnpe-

Ha-cblpLa C NPON3BOACTBA N30MPEHaA U3 N30NeHTaHa, OTNPaBnaeTCcs Ha JOOYUCTKY.
2.5.1.2 [1IByxctagunHoe aernapvpoBaHue n3oneHTaHa

M3oneHTaHoBas (ppakums nocTtynaet Ha gernapupoBaHve B NCEBLOOOXMKEHHOM (Ku-
nsawem) cnoe katanusartopos MIM-2201 (MM-2201M, NUM-2201C) n katannsartopa KOAW (KO-
M) c pacnonoxeHuem peaktopa u pereHepaTtopa Ha O4HOM YPOBHE U TPAHCMOPTOM KaTanu-
3aTopa B NOTOKE BbICOKOW KOHUEHTpaumu npu temnepatype He 6onee 575°C n naBneHuun He
6onee 0,6 krc/cm?. Mony4YeHHbIN KOHTAKTHbIN ra3 npeaBapuUTenbHO KOHOEHCUMPYETCH, KOM-
NPUMUPYETCHA U NoAaeTcs Ha y3en pekTudukaumm n3oneHTaH-n3oaMmneHoBon pakumm ma
KOHTaKTHOro rasa gerMapupoBaHus M30MeHTaHa, rae BblOensieTca OYULLEHHAs W30MneHTaH-
nsoamuneHoas dppakuusa (MAD).

MND® panee Ha yane 3KCTpaKTUBHOW pekTudukaumm ¢ 6e3BogHbIM anmeTtundopma-
MUAOM pa3fensieTcs Ha W30MNEeHTaHOBYK (Ppakuuio U MU30aMUNEH-U30NPEHOBYID ddpaKkumio
(KAT-1).

M3oamuneHoBas cpakunsa noctynaeT Ha AerMapvpoBaHue M30aMUIIeHOB B NPUCYT-
CTBUW NeperpeToro BOASHOIO napa B aanabatuyeckux peaktopax ¢ HenoaBMXHbIM (CTaumo-
HapHbIM) crnoemM kaTanusatopa. [MoflyYeHHbIN KOHTaKTHbIN ra3 npegsapuTenibHO KOHOAEHCU-
pyeTcs, KOMNpPUMUPYeTCHa U NogaeTcs Ha y3en pekTudukaumm n3oneHTaH-um3oaMmuneHoBoN
dpakumm (KAT-2), koTopas nocne BblaeNeHNs N 04NCTKN, coBmecTHO ¢ KAT-1 oTnpaBnsatoTcs
Ha y3ern 3KCTPaKTMBHOW pekTudurkaummn ang BolaeneHms nsonpeHa. 3gecb U3 AByx Katanuaa-
TOB BblAENATCA N30MPEH-ChIpew, U ppakums nsoammneHoBas.

M3onpeH-cbipel ¢ y3ana BTOPUYHOW SKCTPaKuuM NofaeTcs Ha y3en pektudukauumn ot
nunepuneHa n uuknoneHTagueHa. OuunLeHHbIM OT NUNEepUsieHa U OCHOBHOMO KONnMyecTBa
LIMA wsonpeH-cbipey nogaeTca Ha XMMUYeckyro ouucTky ot LIMNO B npucyTtcTBum Lenoyu
(KOH) 1 umknorekcaHoHa.

M3onpeH oumnweHHbin ot LIMNA, nogaetca Ha O4MCTKY OT KapOOHUMBHBLIX U aMUHOCO-
eVHEHUN, KOTopas NMPOUCXOAUT NYTEM OTMbIBKM MapOBbIM KOHOEHCATOM Mpu Temneparype
He 6onee 25°C B cooTHOWEHUN BoAa:n3onpeH He meHee 1:1. OTMbITbIA M30NPEH NogaeTcd
Ha y3ern ruapvpoBaHus, Ans OYUCTKN OT aueTUNeHoBbIX coeauHeHnn. B pesynbTaTte peakumm
rmapupoBaHns, aueTUrneHoBble coefMHeHUs (nponunaueTurneH, nonponunaueTuneH) npe-
BpaLlaloTcs B u3oamurieHsbl. [pornapupoBaHHbIN n3onpeH oTnpasnseTca Ha cknag J1IBXK.

MpuHUUNUaneHas TexHomnornyeckas cxema ABYXCTagUMHOrO OernapupoBaHus U30-

neHTaHa npueegeHa Ha pUcyHke 2.5.1.
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2.5.1.3 Nony4yeHue nsoneHtaHa usomepusaLlmen HOpmMasibHOro nNeHTaHa

M3oneHTaH, ABMASOWUA CbipbeM A5 OBYXCTAQMMHOIMO AernapupoBaHust, NosyyaroT
BblAENEHNEM N3 LUMPOKOW dhpaKLmn Nerkmx yrneBo4OpPOAOB Ha LieHTparbHbIX ra3odpakuymo-
HUPYIOLLMX YCTAHOBKaX U1 n3oMepusaumen HopmarnbHOro neHTaHa.

Mpouecc nsomepusarmm HopmManbHOro nNeHTaHa B U30MEHTaH:

®pakums HopManbHOro NeHTaHa npeaBapuUTeNibHO B KOSIOHHE a3eO0TPOMHOW OCYLUKU
ocywaeTcs 1 otaenserca ot yrnesogoponoB Ce U Bblwe. 3aTeM OCylleHHasi NeHTaHoBas
dpakumsi CMELLUMBAETCS C OCYLLUEHHBIM LUPKYNUPYOLWLMM BOAOPOACOAEPKALLMM ra3oM M Mo-
AaeTcs Ha y3en nsomepusauumn. Cuctema LUMpKynmMpyoLwero BOAOPoACcoAEPKALLEro rasa no-
CTOSIHHO NOAMNUTBLIBAETCHA M3 CETU CBEXWUM BOAOPOAOM. Harpetas B TEXHOMOrMYECKOM neuyn
rasocblpbeBasi CMeCb MOCTynaeT B peakTop CO CTauMOHapHbIM CroemM antoMonaaTMHOBOMO
KaTtanuaartopa. TEXHOMOrMYeckn pexmm paboTbl peakTopa M3oMepu3aumnm:

- njasrneHne — He 6onee 36,0 krc/cm?;

- TeMnepaTypa B croe kaTanusatopa — He 6onee 430 °C;

- 06bemMHas ckopocTb nogayn celpbst — 0,4+3,2 vyac-1;

- MOJfIbHOE COOTHOLLIEHMEe Bogopoa.Cbipbe — 2 @ 1.

lMocne peakTopa KOHTAKTHbIA ra3 npoxoguT CTyneH4yaToe OXNakAeHwe M KOHAEHCa-
umnto. CKoHOEeHCMpoBaBLUMECH YIrieBOAOPOAbl — U30Mepu3aT nogaeTcsl B KONIOHHY cTabunu-
3auum onga oTroHkM nerkon dopakuun. Bogopoacogepkawmi ra3 otgenseTca oT KanefbHom
XNOKOCTU M NOCTyNaeT Ha Bcac LMPKYNSLMOHHONO KOMNpeccopa, a 3aTeM OCyLLUaeTcs B OCy-
LUMTENAX Ha LeonuTax OT BnaruM U NogaeTcs Ha CMeLleHne ¢ hpakumen HopManbHOro neH-
TaHa.

Ha ctagun ctabvnusaunmn B pekTudmKauMoHHON KONOHHE N3 n3omMepusaTa BblaensaeT-
CA NeHTaH-u3oneHTaHoBasa pakuus, a nerkne yrneBoaopoAdbl OTAYBaKTCA B TOMSMBHYHO
ceTb.

3aTteM neHTaH-u3oneHTaHoBas (ppakuus nogaeTcs Ha y3en pekTuukauun onsa Bbl-
AeneHnst N3oneHTaHoBoM dpakumm, U NeHTaHa-peLnkna Bo3BpaLlaemMoro Ha y3en nogrotos-
KW CbIpbSi.

Bnok-cxema npouecca npvBegeHa Ha puUcyHke 2.5.2.
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2.5.1.4 [1ByxcTagunNHbIN CUHTE3 U3 U300yTUneHa n coopmanbaervaa.

[aHHbI npouecc BkMYaeT B cebda cnegyowme ctaguu:

- CUHTe3 (popmanbaernaa;

- KOHOeHcauuio  un3obytuneHa ¢ dopmanbaerMaom c obpasoBaHueM
anmeTtunguokcana (OAMA);

- Katanutuyeckoe pasnoxenue QM.

MponsBoacTeo popmanbaernga OCyLecTBNAeTCs MeTOAOM OKUCIEHUs MeTaHorna
Kncrnopogom Bosgyxa Ha kaTanusatope «Cepebpo Ha nemse» npu temnepartype B 30HE KOH-
TaktupoBaHus 600+700 °C. Obe3ameTaHOMNEHHbIN hopManuH HanpaesnsaeTcs Ha cuHTed AM[.
BTopuyHbIM Nap nonyyaembln Npyu cuHTe3e cbpackiBaeTcda B ceTb npeanpuatnd. Copoc Bbl-
XIOMHbIX ra3oB OCYLLEeCTBNAETCS Ha (baken-ceeyy.

Cuntes ML ocyuwecTBnaeTcs METOAOM KOHAeHcauuum nu3obyTtuneHa n dopmanbae-
rmga B NPUCYTCTBUM KUCIIOTHbIX KaTanuMsaTopoB B Xugkon ase npun temnepatype 90—100
°C nog pasnenuem 17,0—22,0 krc/cm?. MaccoBoe COOTHOLWEHMe n30byTuneHa kK popmans-
aerngy npu cuHtese OMI BbigepxmBaetca B npegenax 1,0—1,2:1. OTMbIBKa MacnsiHOro
CNnos peakunoHHOW Macchbl CUHTE3a AUMeTUNamMokcaHa oT popmanbaeryga u KUCrnoT npouns-
BOOWTCA NApOBbIM KOHAEHCATOM Npu TemnepaTtype B Kybe oTMbIBHOM KONOHHbI 103—110 °C.
dyszenbHasa Boga 13 kyba konoHHbl Ne 210 oTBOgMTCA B LieX BOAOOYUCTKN U BOOOOTBEOEHMS.

MacngaHbI cnon HanpaBnsaeTcss B PEKTUPUKALNOHHbIE KOMOHHbLI AS1s1 OTFOHKM M300Y-
TaHa, n3obyTuneHa n apyrmx nNérkmx yrneBogopoaoB, OTAYBKM B NIMHUIO KOHTAKTHOMO ra3a Ha
KoMmnpemunpoBaHue. BblgeneHue dpakunn OM[-pektudukata ocywecTBnseTca MeToLoM
pekTudukauum B KOIOHHE Noa BakyyMOM npu octaTtodHoMm gasneHun 70—30 mm pT. cT. Ou-
CTUNNAT KONOHHbI (M) HanpasnsieTcs Ha ycTaHOBKY pasnoxeHus AM[, kyboBbIn NpoaykT,
BblCOKOKUNAwWmMe noboyvHble npoayktel (BIMM), HanpaBnsetca Ha pasroHKy Ha dpakumm —
oKcanb M OKCcaHon unu B peakTtopbl pasnoxeHus BII. MNobGoyHble NpoAyKTbl OKcanb, OKca-
HOJT HanNpaBngeTCcsa Ha cknag ang oTrpy3ku notpebutento.

Ha yctaHoBke pasnoxeHuna OAM[ nogorpesaeTtca B TENNOOOMEHHUKaX U ucnapurene
no temnepatypbl 180—250 °C, neperpeBaetca B nevn go temnepatypbl 300—400 °C u no-
AaeTcs B peakTopbl pasnoxeHus. PasnoxeHne M/ ocyliecTBnseTcs B TOKe napa B peak-
TOpax pasfnoOXeHUa CEKUMOHHOro Tuna Ha kKatanusatope npu Temnepartype 270—390 °C u
faBneHun B peaktope He bonee 3,0 krc/cM?. KonnyecTso napa HeobGxoaMMoe Ans pasnoxe-
HUA OMMeTUnanoKcaHa, BbldepXusaeTcs B COOTHoweHun 1,8—2,2:1 (no macce).

®pakuua BII, nogorpeTtasa B TennoobmeHHuke ao temnepatypbl 100—250°C, noga-

eTcsa B peakTtop pasnoxeHus BIl, roe Ha kaTanusaTtope B NpUCYTCTBUW NeperpeToro napa
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npomucxoauT TepMokaTanutTuieckoe pasnoxenue BII1.

[bimoBble ra3bl n3 peaktopoB pasnoxenuna M v Bl yepes peaktop goxura copa-
CbiBaeTCHa B aTMocepy.

KoHTakTHbIW ras pasnoxenna OM[I v Bl noctynaeT Ha yctaHoBky U-9 Ha koHOeHca-
LMo, BblOENEHNE M OYUCTKY OT MUKponpumecen mnsonpeHa. MonyyYeHHbIn M3onpeH Hanpas-
nsietcs Ha npomseoacTBo CKM 1 Ha npoMeXyTOuHbIN cknag aAns oTrpy3kn notpebutento. Py-
3enbHasa BoAa nocne OTroHKU opraHukn u3 Kyba konoHHel Ne 140 cbpacbiBaetcsa B xvMm. 3a-
rPA3HEHHY KaHanuaauumo. Mobo4vHble NpoAyKTbl NPOU3BOLCTBA WM30MNPeHa OTBOAATCHA Ha
cknapg anga ganbHenwen nepepaboTku.

TexHonorn4yeckas cxema Npou3BoACTBa U3oNpeHa MeTOAOM ABYXCTaAUMHOIO CUHTEe3a

nx n3obyTtuneHa n popmansgernga npegcrasneHa Ha pucyHke 2.5.3.
2.5.1.5 «OpgHOCTaguUNHbLINY CUHTE3 U3 N300yTUneHa n cpopmanbagernaa

B paHHOM npouecce n3obyTtuneH pearvpyet ¢ cdopmanbaerngom ¢ obpasoBaHueM
dpakumm  guokcaHoB-1,3, KoTopble 3aTeM B XuakoM ase B3aMMOLENCTBYHOT C
TpumeTunkapbuHoriom ¢ obpasoBaHMeM u3onpeHa. [1OCKONbKYy TEeXHOMNOrmsa He BKIoYaeT
BTOPYO CTaguto - pasnoxenue [IM[, oHa ycrnoBHO HasbiBaeTca "ogHOCTagUNHBIM CUHTE30M"
n3onpeHa.

WTak, npuHuMnuanbHbiM pasnuymnemM "Knaccudeckoro" meTtoda U HOBOroO MoslyvyeHust
n3onpeHa 3aknyaeTcs B cnegywowem. VI B AnMOKCaHOBOM MeTode, M B XKuAakodasHoM
MeToAe Ha NepBOK CTaaMM Kak MPOMEXYTOUHbIN NpoaykT obpasyetca M. [anee B nepsom
cnyyae [IM/[] pasnaraeTtcsi ¢ o6pa3oBaHMEM OOHON MOSEKYIbl M30MPEHa N OAHON MONEKYIbI
dopmanbgernga. Bo BTopom cnydae pasnoxeHne [OMI npoucxogut B NPUCYTCTBUMK
n3obytuneHa wnu TpeTOYTUNOBOro cnuvpTa, U B pesynbTaTte peakuun obpasylTcs aABe
MOneKkynbl u3onpeHa. To ecTb B XuakocasHom crnocobe nNpomM3BOACTBA M30MNpPeHa
NosBNAETCS BO3MOXHOCTb YBENUYEHUA Npon3BoaMTENBHOCTU NO U30NpPeHyY B ABa pasa.

M3onpeH, nonyvyaembin XngkodasHbiIM CcnocobomM, MO 9KOHOMUYECKMM MoKasaTesnisam
caMbli Jy4LNKW, NOCKOSbKY MPOLECC NpOTeKaeT npu OTHOCUTENbHO HWU3KOW TemnepaTtype
(160°C) c ob6pasoBaHMEM HE3HAYMTENbHOrO KonmMyecTBa Mukponpumecen. [lpu 3aTtom
yOernbHbIW pacxof TENNOBOW SHEPTUN CHKEH NoYTn HanonoBuHy ¢ 18 MNkann go 10 MNkann Ha
nNpon3BoACTBO 1 TOHHbI WM30MNPEeHa, CHU3WICA W pacxod ApYrnx TEnnoHOCUTENEn, 4To,
€CTECTBEHHO, NOBJIEKNO 3a cOboM yMeHbLleHne cebectonmocTn kaydyka CKN-3.

TexHonorn4yeckas cxema Npon3BoACTBa U3ornpeHa MeToaoM OAHOCTaAUNHOIO CUHTE3a
13 n3obyTtuneHa n opmanbaernga npuBeaeHa Ha pucyHke 2.5.4.

TexHonormyeckme ycrnoBusi U napaMeTpbl 0QHOCTAAUMHOIO AErMapupoBaHus MpuBe-
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JeHbl B Tabnuue 2.5.1.
2.5.2 TeKywme ypoBHU 3MUCCUM B OKPYXKaKoLLyO cpeay

B Tabnuue 2.5.2 npepcraBneHa vHdgopmMaums no Bblbpocam n cbpocam npegnpus-

TN — NPON3BOLUTESIEN.
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Tabnuua 2.5.1— JocTurHyTble nokasaTenu NoTpebrieHns Cbipbsi M 9HEPropecypcoB NMpu NPOU3BOACTBE U30MpPeHa.

[lByxcTagumnHoe gerngpupo-

BaHWe nsoneHTaHa (BKo4as

[ByxXCTagunHbIN CUHTE3

«OpgHoCcTaaUNHbINY

CUHTE3 13 n300yTuneHa

MN3omepusaumsa Hop-

MaribHOro neHTtaHa B

TexHonorus 13 n3obyTtuneHa n gop-
nepepaboTky dppakumm Cs n chopmanbaernaa yepes | M3oneHTaH (B pacuyeTe
Manbgernga yepes M/
nuponuaa) aMna Ha U3oneHTaH)
Coblpbe, Kr/T 1840
(100% wn3oneHTaH)
dopmanbaerng — 1100-1200 840-850 —
N300yTnneH — 1000-1050 1170 —
lMeHTaH — — — 1072
OnekTpoaHeprus, KBT*u/T 410-450
1165 140-150 98,2
(Mkan/T) (0,353-0,387)
TennoaHeprus, kan/t 18,95 18-20 7,6-8,0 1,86
TonnuBHbIN ras, Kr.y.T./T 990 240-260 37-50 46
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Tabnuvua 2.5.2— TekyLume YpOBHU 3MUCCUUN B OKPY>KatOLL YO cpeay npv Npon3BoACTBE M30MNpeHa

TexHonorusa

[lByxcTagunHoe gerngpupo-
BaHMe nsoneHTaHa (BKo4as

nepepaboTky dpakumm Cs nu-

[ByxXCTagunHbIN CUHTES3 N3

n3obyTuneHa n popmanbae-

«OpgHoCcTaaUNHBbINY
CUHTE3 13 n30byTuneHa

n chopmanbgernaa yepes

N3omepusaumsi Hop-

MaJibHOro neHTaHa B

(6e3 meTaHa)

ponmza) rmga vyepes oM oo M30MeHTaH
3arpsasHsaoLlmne BellecTsa B Bbibpocax, r/t*
NOx He Bonee 6857 860 He bonee 95 He 6onee 85
CcO He bornee 4304 7800 He Bbonee 114 He 6onee 80
Cymma yrneesogopoos
He Bbonee 2182 3100 He 6onee 2184 He Bbonee 2870

3arpsasHsaoLme BellecTsa B cbpocax, Kr/T
XIMK He bonee 10 650 He 6onee 140 He 6onee 0,01
pH 6,5-9,0 eq. pH 2,9-4,0 eq. pH 2,5-9,0 eq. pH 6,5-9,0 eq. pH

* [1aHHble, NONyYEeHHbIE HAa OCHOBE PacYeTHOM MOAENU
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Pazpgen 3 lNpon3BoacTBoO apoMaTU4eCKMX COeAUHEHUN

3.1 NpoussoacTBo GeH30Na

BeH3on — apomatmyeckun yrneBogopon — Cbipb€ MPOMBILLNIEHHOIO OpPraHN4yecKoro
cvHTe3a. Ha ero ocHoBe nony4atoT 6onee 30 KpYMHOTOHHAXHbIX NPOAYKTOB OpraHM4Yeckoro
CuHTe3a.

MupoBoe npounssoacTeo 6eHsona B 2015 rogy coctaBuno 6onee 60 MSH. TOHH.

MaBHble UCTOYHUKM GeH30Ma — NPOAYKTbl KaTanuTUYeCcKoro pucopmMUHra, KOTOPbIN
onucaH B COOTBETCTBYOLWEM pasgene cnpaBoyvHuka HOT «[epepaboTtka HedTu», (pndop-
MaT), NMPOKOHAEHCAT N KAMEHHOYroSbHbIN Cbipon 6eH301. B cBA3W C 3TUM, OCHOBHbLIMM MPO-
ueccamn nonyyeHus 6eHsona B Poccumn n 3a pybexom ABnAOTCA Npouecchbl nepepaboTku

pudopmaTa, NMMPOKOHAEHcaTa 1 cbiporo GeHsona.

3.1.1 OnucaHmne TeXHONOrM4YecKnx npoueccoB, ucnoJsib3yemMbixX B HacTtosiLyee

BpeMA

3.1.1.1 N'mppopeankunupoBaHue anknnbeH30noB U BbigeneHne 6eHsona us3

nMUPOKOHAeHCcaTa

McxogHoe coipbe (geneHTaHn3npoBaHHbIA NMUPOKOHAEHCAT) opaKkLMOHUpyeTCs B 2-X
BaKyyMHbIX KonoHHax K-301, K-313.

B konoHHe K-301 ¢ Bepxa Bbigensaetca dpakums yrnesogoponoB Ce + Cg (6eH30n-
Tonyon-kcunosnbHasa pakuns), B konoHHe K-313 ¢ Bepxa BblgensietTca pakumsi yrieso-
nopogaoBs Co (dbp. 105+215°C), koTopas HanpaBnAeTca Ha cKraj Kak TOBapHbIN NPOAYKT.

BbigeneHHasa ¢ Bepxa K-301 BTK-dpakuua HanpasnseTca Ha y3en rugporeHusaum-
OHHOW nepepaboTku, BKIovatowen Tpu ctyneHn. Ha nepson ctynenm BTK-dpakuna noa-
BepraeTcsl rmapvpoBaHMI0 Ha NannagueBOM KaTanu3aTope C npeBpalleHneM OUEHOBbIX
yrneBo4opodoB B MOHOONEeMUHOBbIE, CTMporia B aTunbéeHson, npn 3Tom okoro 50% MoHo-
oneuHOB HacbILWAaTCA OO COOTBETCTBYIOLWMX NapaduHOBLIX, HAPTEHOBbLIX Yrnesogopo-
AoB B peaktope P-301.

B peaktope P-302 Ha antomokobanbTmMonuMbaeHoOBOM KaTanu3atope npoucxogut
rMOpOreHoNn3 cepoopraHNYeckUX CoeaMHEHNN U NOSTHOE HacbllWeHne HenpeaenbHbIX yr-
neBOAOPOAOB rmaporeHn3aTa 1 cTyneHu.

Ha TpeTben CTyneHn npomcxoauT npouecc rmapoKpekMHra napaduHOBbLIX U LUKITO-

I'Iapa(bVIHOBbIX yrnesogoponos A0 MeTaHa M 3TaHa, U rngpoaeankiniinpoBaHuna Tonyona,
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aTunbeHsona, kcunonos ¢ obpasoBaHmem BeH30na, YTO NO3BONAET BblAeNUTb 6eH3on u3
rmgpogeankunarta pekTupukaumMoHHbIM MeToaoM, T.e. 6e3 NpMMEHEHUs 3KCTPaKUMM Unn
a3e0TPOrNHOM peKkTUmKaLmn.

'mopogeankunaT HanpaBnaeTca Ha pPekTUdUKaLMoHHOe pasaerneHne B KofmoHHax K-
305, K-306, K-307. ®pakums nerkon apomMaTtuku rmgpogeankunara nocne konoHHbl K-306
ouvnLLaeTCsa B peaktope MeToaom agcopbuumn Ha agcopbeHTe ouncTkM 6eH30MbHON dhpak-
LUuKn oT cneaoB onedrHOB, NMPUCYTCTBUE KOTOPBLIX HEAOMYCTUMO B TOBapHOM GeH3one.

ToBapHbIn 6eH30N C rnyxon Tapenkn konoHHbl K-307 Hacocom 4yepes3 BOASHOM XO-
NOANNBHUK OTKa4yMBaeTCs Ha cKnag.

MpuHUUNUaneHas cxema rmgpoaeankuMpoBaHns anknnbeH3onoB ¢ nocrnenyoLwmnm

n3sreyeHnem 6eHsona npmeegeHa Ha pucyHke 3.1.1.
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3.1.1.2 NepepaboTKa cbiporo 6eH3os1a KOKCOXMMUYECKNX 3aBOAOB C

rmagpupoBaHuem

TunnyHas cxema nonydeHuss 6eH3ona M Opyrmx apoMaTuyeckux yrneBoaopodoB U3
Cbiporo 6eH3ona KOKCOXMMNYECKNX 3aBOAOB Ha pUcyHke 3.1.2.

Ha nepBoun CTyneHn Cbipbe C BbICOKMM coepXaHuem npumecen, oneduHoOB U ANO-
neguHOB rMapupYyoT B Kackage, COCTOSLLEM U3 BYX PeaKkTOpOB.

MmapuvpoBaHHbIN cbipon 6eH30M 3aTeM HanpaBnAwT B cTabunusaTtop, B KOTOPOM OT-
AensaTca oTxogsawme rasbl, cogepxalime, B ToM yucne un HeS.

CtabunmnanpoBaHHbIN Cbipor BeH30n 3aTeM MOCTynaeT B AerentaHu3atop. BepxHui
noroH, ppakumnsa C7- HanpaBnNAeTCs Ha SKCTPAKTUBHYIO OUCTUNNSAUMIO, rae 6eH30on 1 Tonyon
B OAHOW CTYMNEeHW OTAEenNsTCA OT OTHOCUTESNbHO Masioro KonuyectBa HeapoMaTUYeCcKUX

KOMIMOHEHTOB Nnepea ux pasgerneHnem Ha BbICOKOYMCTbIN 6EH30M U TOInyoI.

EeH3on

Heapcmamqecme
yrnesogopogbl

?

'_
[Ta]
OTxoasawmi Cr. 2 SKCTpaKTUBHaA %
ras AVCTURNALNS 5
Coipoii H2 £
BeHson * ¥
o a
= o Keunonel
5 &
r 2 £ Tonyon
—— TugpoouncTka T
Ap S B PacTBOpMTEND
(o] (=
m© o
=
£
HeroTe z
3
=

KonoHHa
pacTBopUTENA

PucyHok 3.1.2 — MpuHuuMnuanbHas (o6was) TexHonornyeckasa cxema nepepaboTKucbIporo

OeH30Mna KOKCOXMMUYECKNX 3aBOOOB

O6blyHO, dpakumo Cs+, OTBOAMMYIO U3 KyDa AerentaHusaTopa, NogatoT B APYryto Cu-
cteMy opakuMOHNMPOBAHMSA AN OTFOHKM KCUITONOB M BbICLLUMX apOMaTUYECKUX YrieBO4OpO-

[10B.

TunnyHasa cxema rmapupoBaHus cbliporo 6eH3ona npueegeHa Ha pucyHke 3.1.3.
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OeH3on

PucyHok 3.1.3 — lMpuHuMnuanbHaa TexHonorm4yeckas cxema ruapmpoBaHus

Cbipor 6eH30mn nepemelumBaeTcs ¢ NOTOKaMu NOAMUTOYHOrO U PELUMKIIOBOro BOAOPO-
Aa 1 NpoxoauT Yyepes cuctemy TennoobMeHHNKOB, COBMELLEHHbIX C MHOTOCTyneH4yaTbIM uc-
naputenem (no3. 1), rae ucnapsalT BCE ChIpbe 3a UCKIKOYEHUEM TSXKenbIX YrneBogopoaos,
KOoTopble ¢ HEDOMbLUOW YacTbio YrNeBoLOPOAOB OTBOAAT U3 Kyba MHOrocTyneH4yaToro ucna-
puTens, oTAENsAT B KONIOHHE AMCTUNNAUUK (No3. 2) 1 BbIBOAAT U3 Kyba B BUuae aerTs.

[MOTOK MCNapeHHOro Cbipbs W3 MHOrOCTYNEHYaToro ucnaputens AOMOMHUTENbHO
HarpeBalT U HanNpaBnAKT B NpeaBapuUTenbHbIN peakTop rmapupoBaHns (nos. 3), B KOTOPOM
KOHBEPTUPYIOT OCHOBHYIO Y4acCTb HenpeeribHbiX YrnesogoponoB (B OCHOBHOM, AWEHOB).
'MaporeHnsat, BbIXOAALWMWA U3 NpeaBapuUTEnbHOrO peakTopa, NneperpesatoT U HanpasnsoT B
OCHOBHOW (rnaBHbIN) peakTop (No3. 4), B KOTOPOM NPOUCXOAUT rmapupoBaHue oneduHoB U
oCTasnbHbIX COeauHEHUI (Cepbl, a3oTa 1 kucnopoda). locne oxnaxaeHus NpoayKTbl rmapu-
pOBaHWs IMaBHOIO peakTopa HanpaensT B cenapatop BbICOKOro AaBreHus (no3 .5) ana ns-
BNneYeHns Bogopoaa u3 xxuakom gassbl.

OTaeneHHbI BOOOPOA 3aTeM NepeMeLlunBaloT ¢ NognUTOYHbIM BOLOPOAOM, KOMMPU-
MUPYIOT 1 BO3BpaLLaloT B npoLiecc.

MpoayKTbl rMAPMPOBaHUA U3 cenapaTtopa BbICOKOro aasneHuns (BM) HanpasnswoT B Cu-
ctemy ctabunmsatopoB. OTxoaswmi ras, cogepxawmi H2S n NHs, otaensatot oT npoaykToB
rMOpuMpoBaHns, KOTOpble B CBOK O4Yepedb HanpasfsT Ha cTagnio opakuMOHMPOBAHUA U
N3BIieYeHUs1 apoMaTUYECKUX YrreBo4OpPOSOB.

CyulecTtByeT, Takke, TEXHOMNOMMS BblAeNeHUs CbIporo 6eH3ona KOKCOXMMUYECKMX 3a-
BoaoB 6e3 ctagum rugpupoBaHus. B aTom cnydae npouecc BblaeneHnsa n odncTkm 6eHsona
BKMNIOYaeT cneyowne ctaguu:

85



UTC 18—2016

- OYUCTKY OT NErKOKUMALMNX N TSHKENOKUMALLMX NpUMecen MeTogoM pekTudurkaumm (B
Tpex peKTUPUKALMOHHBIX KOSTOHHaX) ¢ nonyvyeHmemM 6eH3ona-pektndukaTa;

- oumcTtky BeHsona-pekTucmkata oT TMOEeHa METOOOM IKCTPAKTMBHOW peKTUdmKa-
UUKU B OBYX KOSMMOHHAaxX B MPUCYTCTBUMN LIMPKYNUPYIOLLEro 3KCTpareHTa — agumeTtundopMmamua
(AMO®A).

MepBas pekTUdUKaUMOHHAA KOMOHHA npegHasHavyeHa ana otaeneHns 6eHsona ot
TSHKEnNbIX npumecen (rmaBHbIM 06pa3om, Tonyorna, N30MepoB KCunona, cTupona, AMUMKIO-
neHtagneHa). Bo BTopon KOMoHHe oT 6eH3ona OTroHAT NEerkokMnsawme npuMecu (rnaBHbIM
obpasom, umknoneHTagueH n cepoyrnepon). KyboBbii NpoaykT BTOPOKW KOSMOHHbI Hanpaens-
0T B TPETbI PEKTUGUKALMOHHYIO KOFTOHHY, BEPXOM KOTOPOW OTBOAAT OYULLEHHbIN 6eH30N C
NpUMechbio TMOheHa, KOTOPbIM HanNpPaBNAT Ha CTAQUI0 SKCTPAKTUBHOW pekTUdmnKaummn.

Y3en SKCTPaKTUBHOW pekTudukauum BkroyaeT B cebs ABe peKkTUUKALMOHHbIE KO-
NOHHbI, paboTaLlme Npy aTMOCHEPHOM AaBIEHUN NO TUMY «Pa3pPe3HON KOMOHHbI» U OOHY
BaKyyMHYIO KONMOHHY Aecopbumm TnodeHa.

OTa TexHONornsa Takke MoXxeT OblTb JONONHEHA CTaanen CEPHOKUCNOTHOM OYMUCTKM OT
mMukponpumecen (TnodeHa go 0,012 % u HenpegenbHbiX coegmHeHun Ao 0,5 %). daHHyto
CTaauio OCYLLECTBNAIOT B peakTopax C BbICOKOCKOPOCTHbIMM MeLlankamu, rae npouncxoaut
KOHTaKTUPOBaAHWE C KOHLEHTPUPOBAHHOW cepHou kucnoton (92-95 %) npu Temnepartype He
bonee 26 °C n gasneHun go 0,5 Mla, ¢ nocnegytowen Hentpanmsaumen 6eH3ona BOAHbLIM
pPacTBOPOM LLENOYMN.

HenpegernbHble cOegMHEHUS MONTHOCTLIO CBA3bLIBAOTCS CEPHOW KUCMOTOM YXe Ha nep-
BOW CTYMNEeHN OYMUCTKM (OBa peakTopa), a B Ka4yecTBe MPOMOTOpa peakumu CBA3biBaHWUS TUO-
deHa C KUCNOTOW Ha BTOPOW CTYMNMEHW OYMCTKU (ABa peakTopa) MCNonb3yT ypoTponuH. Ero
cogepxaHue B peakuMoHHOM cmecun nogaepxuatoT Ha ypoBHe 0,03-0,05 %. OuumwieHHbIN
GeH30n HanNpaBnsT Ha HEWTPanM3aumio BOOHOW LLEMNOYbi0 B KONOHHY AN OTMbIBKN 6eH30-
na oT BOAOPACTBOPMMbIX MPUMECEN, a 3aTeM B ABE PEKTUGUKALMOHHbBIE KONOHHbI NS Bbl-

aeneHna ToBapHoro OeH3ona.

3.1.1.3 U3Bne4yeHune 6eH30Ma METOAOM IKCTPAKTUBHOWN peKkTudmkauumm beHsona

KaMeHHOYrofibHOro n NMpoKkoHa4eHcaTa 6e3 rmapupoBaHua

Cxema un3BneveHnsa 6eH3ona ns AByX BUOOB CbipbsA: CbIpOro 6eH3051ia KOKCoXxmmmnye-
cknx 3aBogoB (BC) v xumakmx npoaykToB nuponmsa — nupokoHgeHcata (IMK) Bo3amoxHa 6e3

npenBapuTenbHOro rMapupoBaHns U npeacrasneHa Ha puc. 3.1.4.
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BbliaeneHne 6eH3ona n o4ncTka ero ot NpUMecen Npom3BoanTcs B 3 CTaguu:

- peKTUdUKaLNS OT TSXKENOKUNALLMX N NETKOKUNALLMX KOMMOHEHTOB;

- 3KCTPaKTMBHas pekTuduKaunsa ot «6nm3koKUNALLMX» KOMMNOHEHTOB;

- KUCNOTHAs! OMUCTKa OT HenpeaenbHbIX YrneBo4opOaAOB U TMOdEHa.

PekTndumkauna npoBoguTcs nocrneaoBaTenbHO OT TSHXKEMOKUMMALWMX U NErKOKUNALLMX
no OoTHoweHuo K 6eHsony komnoHeHToB (K-1, K-2), a 3aTem oTroHsieTcst OT AMUMKNONEHTa-
aneHa (K-3), obpasytoLierocsa npm KOHUEHTPUPOBaHMM LMKIoneHTagneHa B auctunnsate K-2.

BeH3on pekTudukat HanpaBnseTCa Ha IKCTPaAKTUBHYKO PEKTUUKALMIO ONA OYUCTKM
OT «BNU3KOKMNALWMX» K BEH30My KOMMOHEHTOB B MPUCYTCTBUM 3kcTareHTa. beHson na bC
oyunwaeTcs ot TmogeHa, a 6eHson na MNK — ot HenpeaenbHbIX (Ceé AMEHOBLIX) YrneBogopo-
00B (Ha KONoHHbIX Ka-4/1, Ka-4/2, paboTaowmx B pexmme «paspesHon» KosoHHbI). [decopb-
LM 9KCTpareHTa NpomM3BoanTCsa B BakyyMHOM gecopbepe ([-5).

CeeTnble AUCTUNNATBHI CO CTaauu BblerneHus 6eH3ona Ucnonb3yrTcs B NPOU3BOA-
cTBe hpakuun apoMaTMYECKNX YINEBOAOPOAOB, a «TSKENAa» YacTb HanpaBnseTcs B TONMN-
BO neyHoe. TuodeHoBas pakumna ¢ cogepxaHnem 6eHsona 0o 85% mncnonb3yeTcs B kKadve-
CTBE pacTBopuTens B HedTeaobbiBatoLLeNn oTpacnu.

O6beanHEHHBLIN NoTok GeH3ona M3 BC u MK nocne akCTpakTMBHOW pekTudmKaumm
HanpaBnsieTcsl Ha a3eoTponHyto ocywky (K-6) n ganee Ha KUCMOTHYK OYMCTKY KOHLEHTPUPO-
BaHHOW CEPHOWN KUCITOTOWN.

[na ounctkm 6eH3ona ot npumecen (TnodeHa, HenpeaenbHbIX COeANHEHNN NpeaHa-
3Ha4eH y3en ABYXCTYNEeHYaTOW KUCNOTHOW OYUCTKU. BEeH30Mn KOHTaKTUpyeT B peaktopax, C
BbICOKOCKOPOCTHbIMUK MeLlankamMmu, ¢ KOHLUEHTPUPOBAHHOW CEPHON KMCNOTOW C nocnenyoLlen
HenTpanuMsaumen NoToka pacTBOPOM LLENOYM B BOAE.

B kayecTBe npomoTopa peakumm UCNonb3yeTca YPOTPOMUH.

BeH3on nocnegoBaTenbHO NPOXOAUT peakTopbl NepBOW CTyneHu oumnctkm CB-1, raoe
KOHTaKTUPYeT C KMCMOTOM OT BTOPOM CTyneHn (kucnoTa ll), 3aTemM B peakTtopbl BTOPOW CTyne-
HN ounctkn CB-2, roe KOHTakTupyeT co ceexen kucrioton. OTpaboTaHHas KucrnoTta nocre
nepBOn CTYNEeHN OYUCTKN BbIBOAUTCHA Ha y3en HeuTpanuaauuu, nnbo oTrpyxaetca CTOPOH-
Hen opraHusdaumm ansa ytunusaumn. «Kucnoiny 6eH30n HeMTpanmuayeTcss pacTBOPOM HaTpue-
Bon wénoun (CB-3) n HanpaBnseTca B CPeAHIO YacTb OTMbIBHOW KOMOHHLI (KO-7), HUXHASA
YacTb KOTOPOMW BbINOMHAET (PYHKUMIO OTCTOMHMKA. OTMbIBKA MNPOM3BOOUTCS TEXHUYECKON
(peyHon) Bogon. OTCTOSBLUASACA B HMXKHEW YaCcTu KONMOHHbI Boga BbiBoanTCA B X3K.

OTMbITbIN BEH3051 CO CMONamu, HEPacTBOPUMbIMU B BOAE, BbIBOAUTCA U3 BEPXHEN Ya-
CTM KOJIOHHbI U HanpaenseTcs caMoTékoM Ha nepencnaperue (K-8) n BelBoauTCca Ha cknag.

Ky6oBbIi NpoayKT npeactaBnsieT cobom CMOSbl KNCAOTHON OYUCTKU M BbIBOAUTCSA B NEYHOE
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TOMNMBO.

3.1.1.4 3KkcTparmpoBaHue apomMmaTUYECKUX COeaNHEHUN ANnA Npou3BoacTBa GeH-

3ona

B 2017 rogy B NAO «HwmxHekamckHedTEXM» NNaHMPYeTCsa Nyck B paboTy yCTaHOBKU
3KCTPaKLMM apoMaTU4ECKNX COeAMHEHNA C HapaweHneMm obLLien cyMMapHOM MOLLHOCTWU Mo
6eH3ony ao 365 Tbic. T/roa.

MokazaTenn noTpebneHnsa cblpbs U SHEPropecypcoB, a TakKe YPOBHU 3IMUCCUUN B
OKpyXatoLyo cpefy npv npomssBoacTBe 6eH3ona MeTo4OoM JKCTparMpoBaHWA apomaTtude-
CKMUX COEQUHEHWNI HE MOTYT BbITb PACCMOTPEHbI Ha CEMOOHALLHUN OEHb.

[ocTurHyTble nokasaTtenu NoTpebrneHns Chlipba U 3HEPropecypcoB Npu NPOM3BOACTBE

OeH3ona npueeaeHbl B Tabnvue 3.1.1.
3.1.2 TeKyLwine ypOBHU 3MUCCUUN B OKpYXKaloLLyto cpeay

B tabnuue 3.1.2 npeacraBneHa nHgpopmaums no Beibpocam n cobpocam npeanpusaTum

— npowusBoauTenen 6eHsona.
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Tabnuua 3.1.1 — [ocTurHyTble nokasatenun notpebrieHms Cbipbsa N 3HEPropecypcoB Npu NpounssoacTee 6eH3ona

MmopogeankunuposaHne

MN3Bne4dyeHne beH3ona me-

M3Bne4dyeHne beH3ona mMeTo-

YcrtaHoBka "[upo-

TOZOM 3KCTPaKTUBHOW [IOM 3KCTPaKTUBHOWN pekTUcu- TON
ankunbeH30mnoB U1 Bbl-
TexHonorus pekTucukauum 6eHsona Kaumm 6eH3ona kKameHHO-
JerneHne 6eHsona u3
KaMEHHOYrONbHOrO C rMa- | YroNbHOro U NMPOKOHAEHCaTa
nMpoKoHAeHcaTa
pUpoBaHMEM 6e3 ruapvpoBaHusi
Hopmbl pacxoaa cbipbs 1 BCOMOraTernbHbIX MaTepunarnos, Kr/T
MupokoHaeHcat 1800-2000 - -
BeH3on KaMeHHOYronbHbIN - 2975 -
®pakuna Ce—Cs - - - 1450
BeH3on kaMeHHoyronbHbIN + - -
- 1350-3100
NUPOKOHOEeHcaT
HopMbl pacxofa aHepreTu4eckmux pecypcon
OnekTpoaHeprus | kBT u/T 275-315 52,5 50-82 9,3-10,6
TennoaHeprus Mkan/T 1,9-2,2 2.85 2,7-3.2 -
Map lkan/t - - - -
Tonnueo Kr.y.T./T 370-410 - - 10,6-12,7
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Tabnuvua 3.1.2 — TeKkylme YPOBHN 3MUCCUN B OKPYXKaKOLLYKO cpeay Npy Npou3BoacTBe beH3ona

M'mopogeanknnmupoBaHmne

MN3Bne4yeHne 6eH3ona MeToaom

N3BneyeHmne 6eH3ona MeToaoM aKc-

YcTaHoska "upo-

pofos (6e3 meTaHa)

He bonee 737

He bonee 325

anknnbeH3onos u Bblae- SKCTpaKTMBHOVI peKTI/I(bI/IKaLl,I/IVI TpaKTVIBHOVI peKTI/l(bI/IKaU,I/II/I 6eH3ona TON
Texxonorus neHwe 6eHsona u3 nmpo- OeH3ona KaMeHHOYIroJ1IbHOro c KaMeHHOYroJibHOro 1 NNPOKOHAEeH-
KOHOeHCaTa rmapunposaHneEM caTta 6e3 rmapunpoBaHnA
3arpsasHsaoLlmne BellecTsa B Bbibpocax, r/t*
NOXx He 6onee 1160 HeT AaHHbIX — He bonee 560
CoO He Bbonee 420 HET OaHHbIX — He 6onee 4000
Cymma yrneBopgo- HEeT AaHHbIX —

3arpsasHsaoLwme Bellectsa B cbpocax, Kr/T

HedTenpoaykrhbl He bonee 2,1 HeT AaHHbIX He bonee 18 —
XK — HeT AaHHbIX He bonee 27,5 He bonee 65
pH — HeT AaHHbIX 6—8,5 eq.pH —

*[laHHbIEe NOslyYeHbl HA OCHOBE pacyeTHOM MoLenu
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3.2 NpoussoacTBo 3TUNGEH30MA

O1nnbenHson (OB) — opraHnyeckoe BeLLECTBO Krnacca apoMaTU4eckux yrineBogopoaoB
— OCHOBHOE MCXOAHOE Cbipb€ Ans nony4vyeHusi ctupona. B meHbLuen ctenenn Ob ncnonbaytoTt
ANa nonyvyeHusa rmgponepokcnaa atunbeHsona n auetoeHoHa, a Takke B KavyecTBe pac-
TBOpUTENSA. MUnpoBoe npomnssoacteo Ib B 2013 r. coctaBuno 6onee 35 MNH. TOHH, a obbe-
Mbl ero npoussogcTea B P® B 2014 r npesbicnn 6onee 900 TbIC. TOHH.

B Poccun B npombiwneHHOCTM Becb Db nonydatoT nytem ankumnupoBaHus GeHsona
atuneHom (no Ppugento-Kpadtcy), KOTOpOEe OCYLIECTBASAT NO TEXHOMOMMU B NPUCYTCTBUM
kncrnot Jlbtonca (AICIz) nnn reTeporeHHbIX Katanms3aTtopoB - LeONIUTOB B ra30BON, KUOKOW
UM NapoOXWAKOCTHOW (hasax.

Xnmumyeckme npouecchl ankuimpoBaHus:

B peaktope ankunvpoBaHWSA 3TUMEH NPaKTUYECKN MOSIHOCTBLIO BCTYNaeT B peakuumio C

6eH3onom, obpasys aTundeHs3on.

CH, CHs

OTa peakumsi HOCUT 93K30TEPMMYECKMA XapakTep, TennoBon 3addekT paBeH
27,6 kkan/monb (115,556 k[x/monb).
Hebonblloe konuvyecTBO Mony4vyeHHoro 3TunbeHsona nogBepraeTca AanbHenwemy

ankMnNMpoBaHUio ¢ 0bpa3oBaHMEM COBMECTHO MMEHYEMbIX NonnaTunbensonos (M3b6):

H,C

+ CH
3 HZC/ 2 K@;\

OTn NoboYHbIE Npouecchl AyT Takke C BblAeneHneM Ternna, TennoBon apekT Kax-
Aon n3 peakummn coctasnset 27,8 kkan/monb (116,393kx/monb).
BHyTpn pekTopa ankunmpoBaHus obpasyloTcsa Takke HeKkoTopble Apyrve noboyHble
NPOAYKTbI:
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CHs;
HsC/\/

CH, >
H,C

/\/CH3
HZC/

ByTeH moxeT pearnpoBatb ¢ 6eH30510M, 06pa3ys npu aTom OyTundeHson:

/\/CHS
HsC

/\/CH3
el

Onuromepbl MOryT Takke 00pa3oBbiBaTb HeapoMaTU4eckme YrneBoAopoaHble coeam-
HEeHWs (B OCHOBHOM, LuKnonapaduHbl), KOTOpble KANAT B AvMana3oHe pabounx temneparyp
OeH3ona.

Kpome Toro, B peaktope ankunvpoBaHusa opmupyeTcsi Hebonblloe KONMYEeCTBO TS-
XenbIX COeaANHEHWI, KOTOpble NPeacTaBNeHbl B OCHOBHOM AuapunankaHaMmu tuna audeHnn-
3TaHa, a Takke 6onee rnyboko ankMnMpoBaHHbIMU COEANHEHUSMM.

On-, Tpnatunbensonel n gpyrne MN3b BblgenswT v npespawatoT B Ob 3a cyet
CHs
—> 2
CHj
2 —> 3

TpaHCcanknnMpoBaHusi ¢ 6EH30510M:

CHj
+
CH3
CHs3
+
CH3 CH3
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3.2.1 OnucaHue TexXHONOrM4YecKknx NpoLeccoB, UCNONb3yeMbIX B HacTosiLiee

Bpems

3.2.1.1 AnkunupoBaHue 6eH3ona 3TUIEHOM B NPUCYTCTBUMN antoMOXJIOpUAHOro

KaTanusartopa

Ha pucyHke 3.2.1 npeactaBneHa npuHUUNuanbHas TexHoMormyeckas cxema npous-

BOoACTBa 3TuUnbeH3ona arikmnmpoBsaHmnem GeH3ona B NPUCYTCTBUN XITOPUCTOIo arfmitoMUHUA

(AICI3).
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|__> 1 H,0 2

) - — e
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13\X 14
L. N
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5] ;0 > =
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8 12 154
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<§ OﬂE@UH e Y o Y
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\ f
3t — _E.l -E>
bex30n | Bosbpamwsid dex3on
1 — Hacocbl; 2 — TennooOMeHHMK; 3 — KONMOHHa ocywkn 6eH3ona; 4, 10 — KoHAeHcaTopbl;
5 — cenapatop; 6 — anmapat noOfydYeHUs KaTanuTUYecKoro Komnnekca, 7 —  KUNATUSbHUK;
8 — cbopHuk; 9 — ankunatop; 11 — rasootgenutenb; 12, 16 — cenapatopbl; 13 — abcopbep;

14 — BoasiHOW ckpy66ep; 15 — xonoannbHuk; 17, 18 — MPOMBIBHbBIE KONOHHbI

PucyHok 3.2.1 — NMpuHuMnuManbHasa TexHonornyeckas cxema npousBoacTea 3TundeHsona B

npucytcteumu AICI3

Ceexun 6eH3on Bmecte ¢ 6eH30510M, BO3BpaLlaeMbiM CO CTaguun pasgeneHnsd, nocTty-
naeT B KOMOHHY 3, NpefHa3Ha4YeHHy ONa ocywkn 6eH3ona a3eoTponHon pekTudunkaumen.
Huskoknnswasn azeoTponHas cMecb 6eH30na ¢ BOAOW KOHOEHCMpPYeTCH B KoHAeHcaTope 4 n
pasgenseTcsa B cenapatope 5 Ha aa crnos. Bogy ¢ pactBopeHHbIM B He 6eH30510M OTBOAAT
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(ee MOXHO ncnonb3oBaTh AN NPOMbIBKM PEaKLMOHHOW MacChl), a 6eH305bHbINA CNON cTeka-
€T Ha BEPXHIOK TapernKy KONMoHHbI 3, co3aaBas opolweHne. OcyleHHbIn 6eH3on n3 kyba Ko-
NOHHbI 3 B TennoobmeHHunke 2 nogorpeBaeT 6eH30n, Maywum Ha OCyWKy, U nonagaeT B
cbopHUK 8, OTKy4a HAaCOCOM HenpepbIBHO 3akadnBaeTcs B ankunartop 9.

KaTtanutnyeckuin komnnekc rotoBAT B annapaTte 6 ¢ mewarnkon u pybawikon gns obo-
rpesa napoM. B Hero 3arpyxatoT nonvankuntensonsl (MAB) nnu cmecs 6eHsona u MNMAB (1:1)
n xnopua anomuHms (1 monb Ha 2,5-3,0 Monb apoMaTn4ecknin yrneBogopoaoB), nocre yero
npu HarpeBaHUM N NepemeLLBaHUn NoLatoT XNopnponssoaHoe. [puUroToBNEeHHbIV KOMMNNEKC
nepuoanvecky BBOOAT B ankunarop.

AnKnnupoBaHMe apoMaTU4ecKuX YrrneBogopoaoB razoobpasHbiMu oneduHaMm NpoBo-
Aat B bapboTaxHoM peaktope 9, BHYTPEHHSS NOBEPXHOCTb KOTOPOro 3aluuiieHa OT KOppo-
31N KUCNOTOCTOMKMMU NnuTkamn. XKugkaa peakumoHHas macca, 3anornHsawowas peaktop 4o
BokoBoro nepenuea, cocTouT n3 KaTanuTuyeckoro KOMnIiekca AICl3
(20-40 % 06.) 1 He pacTBOPMMOWN B HEM CMECU apoMaTUYEeCKUX YrneBogopoaoB. B HMXHIOK
YacTb peakTopa noAarT XUOKUM OCYyLIeHHbIn BeH30n 13 eMkoctn 8 n oneduHoByo (hpak-
Um0, KoTopyto 6apboTUPYIOT Yepes XKUOKOCTb, UHTEHCUBHO NepemelunBas ee. XKuakas peak-
LMOHHasi Macca ctekaeT Yyepe3 6GOKoBOW nepenve B ropsyvmin cenapartop 12, rae otctanBaeT-
cs1 bonee TspKenbl KaTanu3aTopHbIA KOMMMEKC, BO3BpaLLaeMbl BHU3 ankunaTtopa, a anku-
naTt nocTynaeT Ha farnbHenLwyo nepepaboTky.

N3BbITOYHOE KONMYECTBO Tenna peakumym OTBOAAT 3a CYET HarpeBa LUUPKYNMpPYOLLEro
KaTtanns3aTtopHOro KOMMeKca n 3a c4eT ncnapeHust 6eHsona, napbl KOTOPOro BMECTe C OTXO-
AAWMMN razaMn, coaepXKallumMm XnopucTbIn BOAOPOA, HanpaBnsaT B 06paTHbIA Xonoaunb-
HUK 10, rae 6GeH30Mn KOHOEHCUPYEeTCH 1 CaMOTEKOM BO3BpalLaeTcs B ankvnartop, a oTxoas-
LmMe rasbl NOCTyNatT Ha AanbHenwyo nepepaboTtky. CnegoBaTtensHO, B peakTope ycTaHaB-
NMBaEeTCs aBTOTEPMUYECKUI PEXUM, U TeMNepaTypa B HEM 3aBUCUT OT NPUMEHSEMOro AaB-
NEHNsT N KONMMYECTBa OTXOAALWMX rasoB (MM OT KOHLUEHTpauunm MCXOL4HOM OneduHOBOMN
dpakumm).

[a3bl nocne koHaeHcatopa 10 cogepXaT 3HaYUTENbHOE KONMYECTBO MapoB ferkose-
Tyyero 6eH3ona (0cobeHHO npu ucnonb3oBaHMK pasbaBneHHbIX pakum oneduHos). Ons
ynasnuBaHus 6eH30na 3Tu rasbl HanpasnsT B abcopbep 13, koTopbin opowaetcsa MNAB,
BblAENEeHHbIMMN N3 peaKkLMOHHON Maccbl Ha cTaguun pasgeneHusi. Cobuparrwmincs B HUXKHEN
yacTtn abcopbepa pactsop 6eH3ona B [NAB nocTtynaeTt B peakuMOHHbIN annapat 9 ans nepe-
ankunupoBaHu4. Masbl nocne abcopbepa 13 npombiBaloT BOAoW B ckpybbepe 14 ons yoane-
H1a HCI 1 BbIBOAAT B aTMOCepy Mnmn MCnosnb3yloT B KaYeCTBE TOMOYHOrO rasa.

YrneBogopoaHbin crion, otbupaembin nocne cenapatopa 12, cogepxut 6eHson, mo-
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HO- N nonuankunoeHsonbl. B HEM NpUCYTCTBYIOT Takke HebOonbLIOe KONMYECTBO APYrMx ro-
MonoroB 6eH3ona, nonyyaBLUMECs 3a cYET nNpuMmecen oneduUHOB B MCXOOHOW hpakumm mnm
nyTeMm 4YacTUYHOW AEeCTPYKUMW ankunbHOW rpynnbl nog so3gencteuem AlCls. [pu cuHTese
aTunbeHs3ona peakumoHHasa macca cogepxut 45-55% 6ensona, 35-40 % MAB, 8-12 % OAB
n no 3 % 6onee BbICOKOANKUIIMPOBAHHbLIX COEAUHEHMI, NOBOYHBIX NPOAYKTOB U cMon. Bcs
3Ta CMeCb MPOXOAUT Yepes3 BOASHOW XOnoaunbHUK 15 M OOMNONHUTENLHO OTCTamMBaeTcs B
cenapatope 16, OTKyga KaTanuMTUYeCKU KOMMMEeKC nepuoamnyeckn BO3BpaLlaloT B ankuna-
Top. MNocne aToro ankunat HanpPaBnAT Ha OYUCTKY OT PAaCTBOPEHHOrO Xnopuaa Bogopoaa u
xnopuvga antoMmuHus. C 3Ton Lenblo CMeCcb MPOMbIBAOT B CUCTEME MPOTUBOTOUHBLIX KOSTOHH
17 n 18 BHayane BOOOW, a 3aTeM BOAHOW LEeNoYbio. HenTpanusoBaHHaa cMech YrneBono-
poaoB MocTynaeT Ha pekTudukaumio. Ha pucyHke 3.2.2 nszobpaxkeHa npuvHumMnuanbHasa Tex-
HOSOrMyeckas Cxema OYUCTKM NPOAYKTOB ankuUMpoBaHUA.

¥

AT

=

PucyHok 3.2.2 — MNpuHuMnuanbHas TeXHONMOrmM4yeckas cxemMa OYMCTKU NPOAYKTOB ankunmpoBa-

HUA

PeakunoHHas macca, nonyd4eHHasa npu ankunupoBaHum 6eH3ona aTnneHom, nogorpe-
BaeTcs B TensioobMeHHuKe 1 3a cyeT TennoTbl NonuankunbeH3onos, B TennoobmMeHHuke 2
3a cYeT TennoTbl NApoBOro KoHAeHcaTa, B TennooOMeHHuKe 3 3a cyeT TennoobmeHa C
3TUNGEH30N0M-peEKTUPMKATOM U B TENIOOOMEHHNKE 4 3a CYET TENnOTbl NApPOBOr0 KOHAEH-
cata u nogaeTcsa B KOMOHHY 5 Ons BblaeneHusa HenpopearnpoBaswero 6eHsona. Kybosas
XWOKOCTb KOMOHHbI 5 Hacocom 12 nogaetca B KOMOHHY 13 onsa nonyyeHus atunbeHsona-
pektndpmkaTta. OborpeB KONOHHbI OCYLLECTBIIAETCS NapoM Yepe3 BbIHOCHOW KUNSATUNbHUK 14.
Mapbl aTMnbeH3ona-pekTndurkata n3 BeEpxXHen 4acTu KOMOoHHbI 13 MOCTynalT B KOHOEHCa-
Top-ucnaputernb 15, roe KOHOEHCUPYKOTCA 3a CYeT McnapeHus NapoBoro KoHgeHcata. He
CKOHAEHCMpoOBaBLIME Napbl aTUNGeH3ona nogarTca B KoHAaeHcaTop 16. [Nony4eHHble KOH-
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AeHcaTtbl cobupatoTcs B emKocTb 17, oTKyga HacocoM 18 YacTb MX BO3BpaALLAETCA B KOSIOHHY
B Buae dnermbl, a octanbHoOe 4Yepes3 TENNO0OMEHHUK 3 HanpaBnsieTCcsa Ha cknag,.

Ky6oBas »unakocTb KONOHHbI 13, cogepxaluast nonvankmnbeH3onbl U CMOSIbl, HACOCOM
19 nopaetca B KonoHHy 20 gnda oTaeneHus nonuvankmnbeHsonoB M cmonbl. [Mapbl no-
nmnaknun6eH3ooB 13 Bepxa KonoHHbl 20 NoCTynatT Ha KoHAeHcaumto. KoHaeHcaT cTekaeT B
€MKOCTb 24, OTKyAa 4acTb ero NnogaéTtca B KOMIOHHY B BUAE dorierMbl, OCTanbHOE KOMYeCTBO
yepe3 TennoodbMeHHMK 1 oTkaumBaeTca Ha cknag. MNMonunankunbeHsonbHasi cmona u3 Kyba

KOIOHHbI 20 HacocoMm 25 nogaeTcs Ha cKnag Unn yCTaHOBKY NOMyYeHUsa COMnosiMMepoB.
3.2.1.2 AnkunmnpoBaHue 6eH3ona 3TUNeHOM B NPUCYTCTBUN LIEOSNTUTOB

Ha pucyHke 3.2.3 npeacTtaBneHa npuHUMNuanbHasi TEXHOMOrMYyeckaa cxema npous-
BOACTBa 3TUN6eH30s1a No TEXHOOrMM KOMNaHun Bajers npucyTcTeum LeonuTa.

MMepBbIK crion kaTtanusaTopa ankunmpoBaHUA pacnorioxeH B peaktope P-3, B peakTto-
pe P-1 HaxoauTca ewé wecTtb crnoes katanusatopa. Katanusatop B peaktope P-3 3awmwa-
eT CIov KaTanuasaTtopa, pa3MeLLeHHOro B peaktope P-10T oTpaBneHna octatovyHbIMW a30Tu-

CTbiIMMN COeNHEHUAMMU, NPUCYTCTBYHOLLMMUN B Cblpbe.
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CblpbeBor aTuneH npoxoaut B agcopbepe K-1 yepes agcopbeHT ansa yaaneHus cep-
HUCTbIX M a30TUCTbIX coeanHeHun. O4ULLEHHbIM 3TUNEH nogaetTca B oba peakTopa
(P-1 n P-3) nepen Bxogom Ha kaxabl cnon. beH3on nocne ocywku B KoNoHHe K-2 nogaet-
csa B agcopbepbl K-3/1,2, roe npoucxoauTt yaaneHue asoTcoAepKallumxX OopraHuyYeckmnx co-
eanHeHnn (3arpyxeHbl MonekynspHole cuta 13X n 4A). I3 konoHHbl K-3 6eH30n nogatot B
BEPXHIOK 4YacTb PEKTUPUKALMOHHOW KOMOHHbI K-4, OTKyAa ero HanpasrsoT Ha ankuimpo-
BaHME WU nepeankunupoBaHue, a Takke nogarT B HU3 KOMOHHbI K-2. KonoHHa K-2 npeaHa-
3Ha4yeHa Ans OCyLLKK cBexero 6eH3ona un oTaeneHnst n3 Hero HeGOMbLIOro KonMyecTBa ner-
KMX yrnesogopoaos.

M3BneyeHHble nerkne dpakumm HanpaenaloT Ha CKUraHWe, a ankunaT nocne peakro-
pa P-1 HanpaensoT B KONOHHY K-4, rae oT Hero oTaensatT HenpopearposasLwni 6eH3o”.

Mpouecc ankunupoBaHUs OcywecTBnAlT B peaktopax P-3 wn P-1 npu
255-277 °C n 3,5 MIlla. lNpouecc nepeankunupoBaHus OB — B peaktope P-2 npwu
3,5 Mla, T=220-250 °C. lNony4eHHbI B peakTope P-2 aTnnbeH3on nogarT Ha nuTaHue Ko-
NoHHbI K-4. 9TunbeHson ¢ kyba konoHHbl K-4, copgepxawmn 036, TOb n gpyrne tsxenoie
coeaiHeHus1, noctynaeTt B KoNoHHy K-5. KonoHHa K-5 npegHasHadeHa ans BblgeneHust To-
BapHOro aTunbeH3ona, KOTopbI OTBOAAT BEPXOM KOJTOHHLI. KyOOBbIM NPOAYKT KONMOHHbI K-5,
cogepxaLumin NonMaTUNOEH30MbI N TSXKemNble COeANHEHUS, NOCTyNaeT B NUTaHUE KONMOHHbI K-
6. KonoHHa K-6 npegHa3HadeHa Ons BblAeNEHUs1 NONMATUNOEH3010B OT NPOYMX MNOSIULNK-
NINYECKNX COEOMHEHUN, KOTOpble HEe MOryT ObiTb MpeBpalleHbl B 3TUNOEH30 B peakTope
nepeankunuposaHuna P-2.

Mapbl nonmaTtunéersonos (36, TOB) ¢ Bepxa KOMOHHLI NOCTynakT B peaktop P-2, a
KyOOBbIN MPOOYKT KOMOHHbI, coAaepXalun MNONUUMKINYEeCcKNne CoeauHEHUs, BbIBOAUTCS U3
CUCTEMBI.

[ocTurHyTble nokasaTenu noTpebneHns Cbipbs U 3HEPrOpeCcypCcoB Npu NPon3BOACTBE

aTMn6eH3ona npueeaeHsl B Tabnuue 3.2.1.
3.2.2 TeKywine ypoBHU 3IMUCCUM B OKPYXKaKoLLyHO cpeny

B Tabnuue 3.2.2 npepcraesneHa vHdgopmMaums no Bblbpocam n cbpocam npeanpus-

TU — NpounsBoauTEnen aTunbeHsona.
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Tabnuua 3.2.1 — [locTurHyTble nokasaTenu NoTpebneHns Cbipbsi U 3HEPropecypcoB Npu Npou3BoACcTBe ITUNOEH30Ma

TexHONOMS AJ'IKVIJ'II/IpOBaHI/Ie OeH3ona 3TUNEeHOM Ha antoMOXIo- AJ'IKI/IJ'II/IpOBaHI/Ie OeH3ona aTUNeHoM Ha LeonnT-
pnaHOM KaTanmsartope HOM KaTanunsartope
Hopmbl pacxofa cbipbsi U BCOMOraTesnbHbIX MaTtepmuasnos

BeHson Kr/T 753 740-815

OTuneH Kr/T 272 270-300

Karanusatop HeT paHHbIX HeT paHHbIX

Hopmbl pacxofa aHepreTuyeckux pecypco

SneKTPOSHEpIHS KBT*u/T 27,8 52-57
(MTkan/T) (0,024) (0,045-0,049)

TennoaHeprus lkan/t 0,8-0,85 0,9-1,0

Xornop kan/T 0,008-0,01 —

Map kan/T — —

MpupoaHbIn ras M3/T — 70-80

9T0C—S8T 31U
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Tabnuua 3.2.2 — TekyLime ypOBHU 3MUCCUN B OKPY>KatoLLyt0 cpeay Npu Npon3BOACTBe aTunbeH3ona

AnkunupoBaHue 6eH30na 3TUNIEHOM Ha

KaTtanutunyeckoe ankmnmposaHume ©eH3ona atune-

TexHonorus

arntoMoxXJI0pMCTOM KaTanusaTope HOM Ha LLeOnUTHOM KaTanusaTtope
3arpsasHsaoLlmne BellecTsa B Bbibpocax, r/t*

NOx — He 6onee 230

CO — He 6onee 105

(C;};“:’MMZ;::OAOF)OAOB He 6onee 302 He 6onee 47

3arpsasHsoLme BellecTsa B cbpocax, /T

HedTenpoaykrhbl — 15

XIK 40 HET OaHHbIX

pH 6,5-11,0 ea. pH 7-8 eq. pH

* [laHHbIe Nosly4yeHbl HAa OCHOBE pacyeTHOM Mogenu

9T0Z—S8T 31U
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3.3 lNpounsBoacTBO cTUpONa

Mwupoeoe npounssoacTteo ctupona Ha 2015 roa coctaBuno 6onee 33 MIH. TOHH.

OcHoBHas 4yaCcTb CTUpOSia pacxogyeTcsl Ha noryvYeHue NonucTupona, NeHomnosmcTu-
pona, ABC-nnactMkoB, 3MYNbCUOHHbLIX W PaCTBOPHbIX OyTagneH-CTUPOSbHbBIX KayyykoB
(BCK) n Ha HeHacblLeHHbIe NONUaUPHbIE CMOSbl. Takke CTUPOIST HAXo4UT NPUMEHEHNE Npu
NPOV3BOACTBE CTMPOS-6yTaAMeHOBbIX NAaTEKCOB, CTUPOS-aKPUNOHUTPUIBbHBIX Kay4yKoB, ana-
CTMYHbBIX TEPMONSIACTOB N NMPOYMX BELLECTB.

B HacTosiLee BpeMs BbIAENAT ABAa OCHOBHbIX NPUHLMMIMANbHO pasHbix cnocoba no-
nyyYeHuns ctmpona:

- aerngpvpoBaHune aTnnbeHsona;

- cnocob cOBMEeCTHOro NpoM3BOACTBa CTUPOSIa U OKCuaa nponureHa.

DerngpupoBaHue 3aTunbeHsona

B kadecTBe kaTanuM3aTtopoB AErmapuvpoBaHUs MPUMEHSIIOT CIOXHbIE KOMMO3NLMK Ha
OCHOBE OKCMAOB Xefesa W UWHKa. Hanpumep, TUMWYHbIA KaTanuv3aTop MMEEeT COCTaB,
%macc.: Fe203 — 75+80; K2CO3 — 15+20; Cr203 — 2+3; SiO2 — 0,1+0,5. 3HaumTenbHoe co-
aepxanne K2CO3 obycnoBneHoO TeM, YTO B €ro NpUCYTCTBMM MPOMCXOOQUT pereHepauus Ka-
TanusaTopa.

Peakums gerngpupoBaHua — aHOoTepMudeckasn (TennoBon 3ddekT peakuuu gerng-
pupoBaHusa — 30 kkan/mornb) n obpaTnumMasi, N03TOMY BbICOKasi TeMnepaTypa CnocobCTByeT ee
npoTekaHuto. Peakumio npoeoasaTt npu Temnepartypax ot 550 °C go 650°C v gasneHun ot
0,35 0o 2 krc/cm? abce. MoBbIWEHUI0 KOHBEPCUMU CMOCOGCTBYET CHIDKEHNE UCXOOHOro napLu-
anbHOro AaBneHusi, NO3ToMy 3TUNGeH30n pa3baBnAlT MHEPTHLIM BELLECTBOM, Hanpumep,
BOASAHBIM Napom (0ObIMHO MaccoBOEe COOTHOLLEHWE napa U 3TUNGEH30MNbHONM LWMXTbl COCTaB-
nset ot 2:100 3,5:1).

Mpwn Takux ycnosmnsax NpoTekatoT cnegyowme peakumm:

OcHoBHas peakuus:
HsC H,C

X
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MoboyHbIe peakumu:
H,C

+ H —> + CH,

HsC
CH,

c + HO —»=  co + H
CO + HZO — C02 + H2

200 —» €O, + C

Kpome GeH3ona, Toniyona, MeTaHa, Bogopoda obpasyeTcsi psii BbICOKOKUMSALWMX NPO-
AYKTOB 3a CYET KOHAEHCAaL MM apoOMaTUYECKNX COEQUHEHW.

Cnoco6 coBMeCcTHOro npoM3BoACTBa CTMpONa M oKkcmuaa nponuneHa

Cnocob coBMECTHOro Npou3BOACTBA CTMPOSa M OKCuaa nponuneHa peann3oBaH Ha
MAO «HwxHekamcHedTEXUMY . HUXKHEKAMCK U BKINKOYaEeT TpM OCHOBHbIE cTaauun. lNepBas 3
HUX COCTOUT B CUHTE3e rmgpornepokcnaa atunbeHsona okMcneHmem atunbeH3ona BoO3gyxom
(npn gasnexHnn ~ 0,4 MIMNa n Temnepatype ~ 150°C) B kKackage peakTopoB KOFIOHHOMO Tuna ¢
nocrneayoLwmm KoHueHTpuposaHuem ¢ 10% o 25%:

H,C HaC o
SoH

+ 02 —_—

B kayecTBe NOOOYHLIX MPOAYKTOB Ha 3TOM CTagum obpasytoTcsl aueToO(EHOH U Me-
TungenunkapdbuHon. OkncneHne BeayT A0 HAKOMMEHNA B peakumoHHon cmecn ~10% rmgpo-
nepokcuaa.
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BTopas ctagus — xuakogasHoe 3nokcuaMpoBaHUe MponureHa B NpuUcyTCTBUM FOMO-
FeHHOro WIM reTeporeHHOro KatanusaTopa (Yalle BCcero Ha ocHoBe monu6aeHa) ¢ o6paso-

BaHNEM MeTI/IJ'Id)eHVIJ'IKap6I/IHOJ'IaZ

H;C O\ H;C OH
OH
O
+ ch/\cH2 —> + )>
HaC

KnakodasHbein npouecc nposoasat npu 80-130°C n gasneHun 1,6-6,5 MlMa, a B kave-
CTBE KaTanusatopa Mcnonb3yT HadpTeHaT monubaeHa. CteneHb npeBpalleHus rugpone-
pokcmaa atunbensona gocturaet 90%. CenekTMBHOCTL obpas3oBaHUsA MponuieHokcuaa ~
92%.

Ha TpeTbeVl ctagunun ocyecTBndAOT Aerngpartauunio MeTmn(bevaKap6|/|Hona B CTUPOIJT.

H,C OH H,C
X
—> + H,0

Katanusatopom npouecca gervapataumm MetundeHnnkapbrHona cnyxuT akTUBHbIN

OKCua antoMUHUA.

CteneHb koHBepcun MOK coctasnsieT 90%. CenektuBHOCTb No cTupony — 96+97%.

3.3.1 OnucaHue TEXHONMOrMYeCKMX MNpPOLLECCOB, MUCNONb3yeMbiX B HacTosiee

BpemMsA
3.3.1.1 [lernapupoBaHue 3TunbeH3ona B CTUMpon

MpuHUUNUaneHas TeXHOorMyeckasl cxema nNnpon3BoaCcTBa CTUpona AernapvposaHnemM
aTunbeHs3ona npeacrtasneHa Ha pucyHke 3.3.1.

OTnnbeH3onbHas WnxTa U BOAAHOW nap nocrne neperpesatens T-1 noctynaioT B pe-
aktop P-2/1, roe ocylwiecTBNseTCsa peakuus gerngpuposaHnst ¢ obpasoBaHMEM KOHTaAKTHOrO
raza. [lepeq nogaye Ha  BTOPYW  CTyneHb  OervapupoBaHuMsi B peakTop
P-2/2 koHTaKTHbIN ra3 nogorpeBaeTcsa B MeXCTyneH4yaTomMm nogorpesartene T-2. [1ns Harpesa
LLUMXTbl M KOHTAKTHOrO rasa Ucronb3yeTcsl BOASHOW Nap, KOTOpbIn HarpeBaeTcs B neun -1,

roe B KayecTBe TOMNMBA MPUMEHSIIOTCS MPUPOLHbIN ra3 n coGCTBEHHbIV abra3. KOHTakTHbIN
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ras u3 peakrtopa P-2/2 noctynaet B koTen-ytunuaatop Ky-1, rae oxnaxgaetcs 3a CHET obpa-
30BaHus BTOpPUYHOro napa. OxnaxaéHHbel o temnepatypbl 250 °C KOHTaKTHbIN ra3 u3 KoT-
na ytunusatopa Ky-1 HanpasnsieTca B NeHHbIW annapaT A-1 ons oxnaxgeHus oo Temnepa-
Typbl 100—150 °C 1 OYMCTKM OT KaTtanm3aToOpHOM MNblIM BOOHLIM XMM. 3arpA3HEHHbIM KOH-
AeHcaToMm, nogasaeMbliM M3 emkocTu E-1. B neHHOM annapaTe Hapsgy C oxnaxgeHuem wu
OYUCTKOM KOHTAKTHOrO rasa npoucxoauT OTnapka yrrieBo4oponoB U3 XUM. 3arpsi3HEHHOro
KOHOeHcaTa, noctynatulero n3 emkoctn E-1. BogHbin koHaeHcaT M3 neHHoro annapata A-1
oxnaxpgaeTcs obopoTHOM Bogomn oo temnepatypbl He 6onee 40°C, a 3aTtem cbpacbiBaeTcd B
XUM. 3arps3HEHHYIO KaHanm3aumio.

KOoHTaKkTHbIN ra3 nocre MeHHOro annapaTta KOHAEHcUMpyeTcs B KoHAeHcatope T-3 un
cnuBaeTcs B emkocTb E-1. B emkoctn E-1 npoucxogut paccnamBaHve KOHAEHcaTa Ha yrre-
BOLOPOAHbIN 1N BOLHbBIA CroWU. YrneBogopOoLHbIN Crion n3 eMkoctn E-1 noctynaeT Ha pekTu-
domkauuio, a BogHbIN KOHO4EeHcaT n3 eMkocTn E-1 nogaeTtcsa B neHHbIM annapar.

[Ana npepoTBpalleHns nonvMmepusaumm cTupona Ha CTagumsax ero  BblaeneHus
npegycMOTPEHO MHIMOGUpOBaHME KOHTAKTHOrO rasa U YrreBOAOPOLHOro KoHAeHcaTta
WHIIMOMTOPOM, KOTOPLIN NogatT B KOHAEHcaTop T-3 1 KOMMEKTOp Nocrne NeHHOoro annapara
A-1.

KonoHHa K-1, paboTatowasn nog Bakyymom, npegHasHavyeHa ans otaeneHnsa 6eHson-
TONYOnbHOM (ppakuumn OT yrneBoAoOpPOAHOro KoHaeHcaTa. KyOoBbIM MPOAYKT KOMOHHbI K-1
npegcrasnseT cobon pacTBop CTUpoNa B yrneBogopoaHOM KoHAeHcaTe. PasgeneHue 6eH-
30M-TONYONbHOM pakumMm Ha 6EeH305 U TONyosT OCYLECTBNAT B PEKTUHOMKALMOHHON KO-
noHHe K-3. KyboBbIn NpoayKT KOMOHHbI K-1 — pacTBop cTMpona B yrieBo4opoaHOM KOHAEH-
caTe — noABepratT BakyyMHOW pekTumnkaumm Ha KonoHHe K-2, Bepxom KoTopoun oTbupatoT
ANCTUNNAT, cogepXawnn aTuNbeH3on, KOTopbi HanpasnsioT Ha CMeLleHWe C TOBapHbIM
3TUNBGEH30M10M N fanee B peakTopbl germapupoBanunsa P-2/1,2. [Ina npegoTBpalleHns Tep-
MOMoNuMepusauumn CTMposia B OTAENEeHUN pekTudmKkaumm B NMTaHNE U JIMHUIO (prermMbl Ko-
NoHHbl K-2 nogatot nHrnbuntop. KyboBbi npoayKT KonoHHbI K-2 — cTupon-celipey, Hanpasns-
0T Ha BaKyyMHYI0 pekTudmkaumo B KONoHHy K-4. Bepxom OTBOAAT TOBapHbIN CTUPON (CTU-
posn-pekTudukaT), a Kybom — TspKenbld OCTaToK, KOTOPbIN NoABepratoT nepepaboTke Ha po-
TOPHO-MMAEHOYHOM ucnaputene A-2 Onsi U3BMEeYEeHUs OCTAaTOYHOro Konmu4yecTBa CTuporna
(cTupon-peuunkn), KOTOpLIX, B CBOK OoYepeb, HanpaBnsaoT B eMKocTb E-1 yana aerngpupo-
BaHus. Taxkenble NpoayKTbl POTOPHO-NSIEHOYHOro ucnaputens A-2 — KyboBbI OCTaTOK pek-
Tndukauumn ctupona (KOPC) — BbiBoaaT ¢ yctaHoBku. [1na npegorepalieHnsa nonvmvepunsa-
uuMn  ctupona-pektudukata npegycMmMoTpeHa nogaya  ctabunmsatopa  napa-Tper-

oyTunnupokaTexmHa.
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3.3.1.2 Cnocob coBMeCTHOro nosiy4eHus1 Ctupona n okcmaa nponuneHa

MprHUMNManbHasa TEXHONOrMYyeckasi cxema NpouM3BOACTBa NpeacTaBrieHa Ha PUCYHKE
3.3.2.

Mpouecc okucneHus 3TunbeHsona KUCropoaoM BO3dyxa [0 ruaponepokecuaa
aTUNBeH301a OCYLECTBAAIOT B Kackage peaktopoB GapboTaXHOro Tuna, Kaxabl U3 KOTO-
pbIX NpeacTaBnseTr cobon nonbii annapaT C BHYTPEHHUM 3MEEBUKOM. JTUNOEH30MbHYIO
LUMXTY NOAAl0T B BEPXHIOK YacTb peakTopa, BO34yX — B HWXKHIOW YacTb peakTtopa (CM. pas-
nen4.4.1.1).

PacTtBop rugponepokcuga CMeLMBaloT CO CBEXMM MONMOOEHOBbLIM KaTanma3aTtopom,
PELMPKYIIMPYIOLLMMN TSHKENbIMU NPOAYKTaMu CO CTagun pasgeneHusl, cogepXawmmm kata-
nmM3artop, u ¢ n3bbiTkKomM nponuneHa. MNMonyyeHHyo cCMeCb HaNpPaBnsOT B PeaKLNOHHbIV y3en
1. 3nokecngupoBaHue nposoaat npyu 100+110 °C n gasneHun 2,5+3 MIlla, Heobxoanmom
ANs nogaepkaHusi CMeCcu B XXUOKOM COCTOsIHUKU. YTOObI AoCcTnYb Bonee nonHou KoHBepcum
rmgponepokcnaa npy BbICOKOW yAEeNbHOW NPOU3BOAUTENBHOCTU M ©e30nacHbIX YCNoBUAX
paboTbl, BbIMOMHAKT PeakuMOHHbIA y3en B BMAE Kackaga M3 HECKOSbKUX PeakTopoB C Me-

Luankamu, oxnaxgaemMblx BOgoW (Ha cxemMe nokasaHbl ABa).
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MpoayKTbl peakumMm HanpasnsAlT B KOMOHHY 2, rae OTroHseTcs Hanbonee netyyumn
nponurneH, Bo3BpallaeMblili Ha 3NoKCcMaMpoBaHue. 3aTeM B KOMOHHe 3 B BUAe AucCTunnata
nony4yarT OKCUA NponuneHa, a KyboBbI OCTATOK NEPErOHSOT B BaKyyMHOW KOMOHHe 4, OT-
[endasa TsSKenbIu OCTaToK, coaepXalium katanmsaTtop. YacTb TsSenoro octatka Bo3BpaLlaroT
Ha 3NoKCMAMPOBaHWE, a OCTalrlbHOE CXUralT Unv NOAAKT Ha pereHepauuio katanuvsaTtopa.
ONCTUNNAT KONOHHBI 4 COCTOUT rnaBHbIM 06pa3oM M3 aTunbeHsona, metTungeHunKkapobuHo-
na v auetodeHoHa.

M3 aTom cmecu nocne HenTpanuaawumm LWeno4bto (Ha cxeme He nsobpaxeHa) BHavane
OTFOHAT B KONOHHE 5 Hanbonee neTyunin aTUN6eH30M, KOTOPbIN PEeLMpKYNMPYIOT HA CUHTE3
rmgponepokcuga. KyboBbii OCTaTOK KOMOHHBI 5 nocTynaeT B ucnaputens 6, rae metunde-
HUNKapObnHON N aueToeHOH B TOKe neperpeToro BOASIHOrO napa McnapawTcs U OTAeNsT-
cs ot cmon. Cmech napos, nogorpetasa B TennoobmeHHnke 7 ao 300°C, nocnegoBaTenbHO
npoxoauT ABa aguabatnyecknx peaktopa 8, 3anoSIHEHHbIX reTepPOreHHbIM KaTtanm3aTopoMm
KMCNOTHOrO TuNa (aKTUBHbLIA OKCWUA, antoMUHUS), rae mMeTundeHunkapbunHon nogsepraetcs
aerngpartauun. NMockonbky peakumsa gervapaTtaumm aHOOTEPMUYHA, CMECh, OXITaaMBLLYIOCS
nocrie NepBoro peaktopa 8, nogorpesaloT napom B TennoobmeHHnke 9. CymmapHas cre-
neHb KOHBepcun MeTundeHunkapbuHona npu gerngpartauyum coctaenset 90%.

MMony4yeHHble Mapbl OXNaXpalT U KOHAEHCUPYIOT B xonogunbHuke 10, nocne 4ero
BOLHbIN CrOW OTAENSAT OT OpraHM4yeckoro B cenapatope 11. Boga BHOBb naet Ha nonyye-
Hue napa-pasbaBuTensi, YeM co3gaeTcs cMcTemMa 3aMkKHyToro BogoobopoTta. OpraHuyeckui
CNON CoaepXnT CTUPON, aueToEHOH U He NpeBpaLleHHbIN MeTundeHnnkapouHon. 13 aton
CMeCUK B KOJTIOHHE 12 OTrOHSIOT CTUPOS, KOTOPbIN AOMOSHUTENBbHO OYMLLAOT C NOMNy4YeHUeM
npoaykTa MOHOMEPHON YNCTOThbI (HA CXxeme He nokasaHo). B kybe konoHHbl 12 ocTtaroTtcs
aueToeHOH U ocTaTkn MeTundeHnnkapbrHona, KOTopble HaNpPaBnslT Ha YCTAHOBKY MMAa-
pupoBaHus, rae aueToeHoH npespawaeTca B MeTundeHunkapbunon. lNpouecc rmgpupo-
BaHMA aueTtodeHoHa B MeTundeHunkapbuHon ocyuwectenawT npu 153+183 °C n
2,45+4,805 MMa (25+49 «krc/cM?) B MPUCYTCTBMU MeOHO-XpombapueBoro katanusaTopa.
'mppupoBaHue aueTodeHoHa BOAOPOAOM NPOUCXOAUT B CYCNEH3nM KaTanuaaTopa.

B npouecce coBmecTHOro npou3BoAcTBa CTUpONna M okcuaa nponuneHa obpasyeTtcs
XNUM3arpsi3HEHHbIE CTOKU M XuAkuMe oTxodbl. HacTb XMm3arpsi3HEHHbIX CTOKOB (BbICOKOTOK-
CUYHbIE) N XUAKME OTXOAbl HanpaBnsTCA Ha ycTaHOBKY « OrHeBoro o6es3BpexnBaHus xXua-
KMX OTXOLOB W 3arpsA3HEHHbIX YrneBogopodamMu CTOYHbIX BoA». Ob6esBpexumBaHue ocCy-
LLLIeCTBNSAETCA B LMKIMOHHbIX peakTopax [1-2. YcTaHoBKa COCTOUT U3 Tpex cuctem. [1Be cucre-
Mbl - paboTaloLwue, ogHa HaxoauTca B pesepse unu B pemoHTe. KyboBble 0Txodbl C Npous-

BOACTBa NOCTynakT B EMKOCTU OTCTOA, rae npouncxoaunTt OTCTOWN U pasaerneHne CToYHbIX BOA
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Ha yrnesogopoabl 1 Bogy. CToyHasa Boga nogaetcs yepes POPCYHKM B CPELHIOK YacTb LMK-
NOHHOro peaktopa [1-2, B KOTOPOM MPOUCXOAUT pasrioXXeHUe OpraHMYecKOM YacTUu XUOKUX
OTXOAOB Ha 3NIEMEHTbI X OKUCNEHNS KMCIOPOAOM Bo3ayxa. [pouecc orHeBoro o6e3Bpexu-
BaHWS 3akaH4YMBaEeTCs B Kamepe goxura npu temnepatype 800-1050°C.

YacTb XuM3arpsi3HEeHHbIX CTOKOB HanpaBfseTCsd Ha YCTaHOBKY «buoxnmunyeckon
OYUCTKN CTOYHBIX BOA Ha aganTMpPOBaHHOM MMMOOMNN30BaHHOM MMKPOMope» Ha OYUCTKY
OT OpraHN4Yeckux coeamHeHnn. bnoxmmmdeckass ouncTka CTOYHbIX BOA NpeacTaBnset cobon
NPOLLECC OKUCNEHNSA CTOYHbIX BOA creLmanbHO CenekuMoHMPOBaHHBIM MUKPOOHBLIM KOMMMEK-
comMm B BrmopeakTope ¢ Bo3BpaToM Bruomacchl oriotaumnen.

[ocTurHyTble nokasaTenu noTpebneHnsa cbipbs U 3HEPropecypcoB Npu Npon3BoaCTBE

npueegeHsl B Tabnvue 3.3.1.
3.3.2 TeKywime ypoBHM 3MUCCUUN B OKpPYXKaloLLyto cpeay

B tabnuue 3.3.2 npencraeneHa mHdopmaums no Boelibpocam u cbpocam npeanpus-

TU — NponsBoaUTENEN.
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Tabnuua. 3.3.1 — [JocTUrHyTble nokasaTenu NoTpebneHunst Cbipbs 1 3HEPropecypcoB Npu NPOM3BOACTBE CTMpora

TexHomnornss CoBMeCTHOro Nosy4eHnst NponuneHokcmaa
TexHonorus NervapvipoBaHue aTunbeHsona .
cTupona
HopMbl pacxoga cblpbs 1 BCoMoraTesibHbIX MaTepmarnos
B T.4.: Kr/T
ATmnbeHs3on 1100-1210 1173
Katanusatop — —
HopmMbl pacxofa aHepreTu4yecKknx pecypcos
KBT*u/T 105-140 287,8
ONEKTPO3Heprus
(Mkan/T) (0,09-0,120) (0,238)
TennoaHeprus lkan/t 4.4 4,95
Xonop kan/T 0,06 0,52
Map kan/T 4.0-4,4 —
TonnueHbIN ras T.y.T 0,31-0,35 0,08
* YpaenbHble faHHbIE NOoKa3aHbl HA COBMECTHOE NPOM3BOACTBO MPOMNUieHa okcmaa u ctmpona
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Tabnuua 3.3.2 Tekywme ypoBHM SMUCCUM B OKPYXKaIOLLYHO cpedy Npu Npov3BOACTBE CTUpOna

TexHonornsa CoBMeCTHOro nony4vyeHuna nponune-

TexHonorusa HernopupoBaHue atunbeHsona
Hokcuga u ctupona*™
3arpsasHsaoLme BellecTsa B Bblibpocax, r/T*
NOXx He 6onee 880 He 6onee 450
CO He 6onee 400 He 6onee 1750
Cymma yrnesogopofos (bes meTaHa) He 6onee 220 He 6onee 800
3arpsasHsaoLwme Bellectsa B copocax, r/T

Hedtenpoaykrhl He 6onee 41 —

XMK He 6onee 2800 He 6onee 12000
pH 6,5—11,0 eq.pH 6,5—10,0 eq.pH

* [laHHblEe NONy4YeHbl Ha OCHOBE pPacYeTHOM MoLENN

** YnenbHble AaHHble NoKasaHbl Ha COBMECTHOE MPOU3BOACTBO NPOoNMMeHa okeuaa u ctupona
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3.4 NponsBoacTBO Kymona

Kymon (n3onponmn6eH3on) — opraHMyeckoe BeLLECTBO Knacca apoMaTU4ecKux yrne-
BOLOpOAOB. Mcnonb3yoT B OCHOBHOM B NMPOM3BOACTBE (peHona n aueToHa. B oTHocuTensHoO
HeBONbLUMX KONMYECTBaX KyMOST pacxodyeTcsi Ha NPOM3BOACTBO o-METUCTMPONia — COMO-
HOMepa Npw NONy4YeHUU HEKOTOPbIX CUHTETUYECKMX Kay4yKOB.

Mony4yaroT ankunupoBaHuemM 6eH3omna NPonuUIEHOM:

CeHs + CH3CH=CH2— CeHs—CH(CH3)2

B kayecTBe anknnupylowmx areHToB MOryT ObiTb UCMOMb30BaHbl: ONeduHbI, CUPTHI,
ankunranoreHngbl. OQHaKko npakTUyeckoe MNpUMEHEHNE B MNPOMbILWSIEHHOCTN MONYyYnUNo
TONbKO anknnuposaHue oneguHamu.

KaTanunsaTtopamu npouecca ankuimpoBaHUa MOTrYT CIYXUTb MNPOTOHHbIE N anpOTOH-
Hble KACNOTbl: cepHasa 1 pocdopHast KUCNOTbI; pocdopHas KMcnoTa, HaHeCeHHas Ha HOCU-
Tenb; Xnopua antomMuHusa n ptopua 6opa; pTopoBogopoaHAsA KMCIOTA; LEeonnThbl.

Mcnonb3oBaHne TBepablX KaTtanms3aTtopoB 3HAYUTENBHO ynpoLllaeT TEXHOMOrM noa-
rOTOBKW CbIpbsi U NepepaboTKy peakuMOHHOW Macchl: oTnagaeT HeobXoANMOCTb OCYLUKW Cbl-
pba M cTaguu yganeHus katanusatopa. OgHako BCe Xe NpUMeEHeHWe xnopuaa antoMUHUA
XOTS N CBA3AHO C pAAOM TEXHOMOMMYECKUX TPyaHOCTEN (CyliKka cbipbsi, obpasoBaHne HCI un
XnopuaoB Npu NpOMbIBKE U HEWTpanusaumm ankunaTta), Ho Npu 3ToM No3BonseT obecneynTb
Donee BbICOKYK CENIEKTUBHOCTb ankUMpOBaHUS 3a cHeT obpaTMMOKN peakumn nepeankunm-

poBaHUA nonmankunbeH3oos B NPUCyTCTBNN OeH3ona:

2

= R = R
% |+ L%J = 2 Lj

Bcnencreme aToro Npy MCNonb3oBaHUKU xriopmaa antoMUHUSA HE TOSbKO YMEHbLUaeTCA
BbIXOA MONManKMnNnpomn3BOAHbIX, HO U OKa3bIBAaE€TCs BO3MOXHbIM NepeBo BMOHoanKunbeH-
305bl 06pasyroLnXca an- 1 NonMankmnbeH3onos.

B nocnegHee Bpems B Poccum BHeOpSAKOTCS NPOLECCHI B peakTope C HENOABWKHbLIM
cnoemM kaTanusatopoB- ueonuTtoB (B-ueonut, H-Z-Y, MCM-22, Englehard F-24), koTopble
ocywecTtBnaoT npu Temnepartype ot 130 go 180°C n ganenum ot 15 go 30 aTm.

Kak n AICl3, LeonuTbl ABASIOTCSA OCTAaTOYHO aKTUBHbBIMK, YTODObI KaTanuanpoBaTtb pe-
akuuio nepeankunMpoBaHns NONUankunbeH3onoB B KymMosl. JTO MO3BOMSET B OTAESNbHOM
peakTope KOHBEepTUpOBaTb MOnuankunbeHsonbl B AOMOMHUTENbHOE KONMMYecTBO Kymona. B
LenoM CenekTUBHOCTb NpeBpalleHns 6eH3ona B KyMoOn AOCTaTOMHO BbICOKa U kornebnetca
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oT 99,7% [0 NOYTU CTEXMOMETPMYECKOrO, B 3aBUCMMOCTM OT Xapaktepa ueonurta. YucroTta
npoaykta gocturaet 99,97%.

HemanoBaXHbIM NpenMyLLECTBOM MUCMONb30BaHNA LIEONTUTHLIX KaTanu3aTopoB ABMS-
€TCA TO, YTO OHM NErKo NoaBeprarTca pereHepaumm n MoryT ObiTb MCNOSb30BaHbI B TeYEHUE
HECKOSbKMX LMKNOB. Takmm obpa3om, Nnpobrnembl yaaneHme oTXxonoB, CBSA3aHHbIE C UCMNOSb-

30BaHMeM dpochopHom kKncnotbl Ha Hocutene n AlCls B 9ToM crnyyae oTnagator.

3.4.1 OnnucaHMe TeXHONOrMYeCKUX NPoLLeccoB, UCNONb3yeMbIX B HacTosiLiee

Bpems
3.4.1.1 AnkunnpoBaHue 6eH3ona nponuneHom B npucyrtcteun AlCls

TexHonornyeckas cxema paccmMaTpuBaeMowm TEXHOMNOrMM npeacTtaBrieHa Ha PUCYHKe
3.4.1. B OBYXKONMOHHOM arperaTte retepoaseoTpOrnHON pPeKTUUKaLNN, COCTOSILLEM U3 pPek-
TUPUKALMOHHOM KOSTOHHbI 1, OTFOHHOM KOJSTOHHbI 3 1 PrIOPEHTUNCKOro cocyaa 2, U3 NCXOL4HO-
ro 6eH3ona ygansoTt Boay. M3 kyba KonoHHbl 1 BbIBOAAT 06€3BOXEHHbIN 6EeH30M, YacTb KO-
TOpOro nocTynaeT B annapaT 4 Ans NpUroToBNEHNS KaTanvM3aToOpHOro pacTeBopa, a ocTalb-
Has YacTb — B peakTop 5. B KONOHHY 1 NOCTynaeT Kak CBeXWW, Tak U BO3BpaTHbIN BeH30:.
BepxHne napoBble NOTOKN KONMOHH 1 1 3 NpeacTaBnsAlT reTrepoas3eoTponHble cmecu 6eH3ona
n Boabl. [Nocne KoHOeHcauun B KOHAEHcATope U paccriamBaHus Bo oriIOPEHTUNCKOM cocyae
2 BepxHUN cron (06BoaHEHHbIN 6eH3011), MOCTYNaeT B KOSIOHHY 1, a HWXHWIA cnon (Boga, co-
aepxawasi 6eH30s1) — B KONOHHY 3.

KaTtanutnyeckui KOMMIEKC roToBAT B annapaTte ¢ Melwlankon 4, B KOTOpbIM nogatoT
©eH30n, XNopua antoMUHKS, 3TUMEHXNOPUA 1 NonManknnoeH3onsl. MakcMmanbHOW akTUBHO-
CTbio 06nagalT KOMMMEKCbl, MOMYYEHHblE Ha LUIMXTE, B KOTOPOW MOJSIbHOE COOTHOLUEHUE
OeH3on: ankunbeHsonbl coctaBnsaeT (3-5):1, a monbHoe cooTHoweHne A1C13: apomaTude-
ckue yrnesogopoabl — 1:(2,5-3,0). PeakTop 3anonHA0T Katanu3aTopHbiM pacTBOpOM, a 3a-
TEM B XO4€e npouecca And nognuTK1 NogaroT Katanu3aTopHbIA pacTBop.

PeaktopoMm ankmnupoBaHusi CRyXUT KOMOHHBLIM annapaTt 5, oTBoAg Tenna peakuuu B
KOTOPOM OCYLLECTBIISOT 3a CYET Nodadn OXNaKAeHHOro cblpbsl U ncnapexHus 6eHsona. Ka-
Tann3aToOpPHbIN PacTBOP, OCYLUEHHbLI BEH30M U NponaH-NPonNUIeHoOBYD pakumMio NogakT B
HWKHIOI YacTb peaktopa 5. MNocne 6apboTaxa 13 KONOHHbI (peakTopa) BbIBOAAT Henpopea-
rMMpoBaBLLYIO Maporas3oByld CMECb W HanpaBnsalT ee B KoHOeHcaTop 6, rae, npexae BCero,
KOoHOeHcupyeTca 6eH30n, ncnapuslinncs B peaktope. KoHgeHcaT BO3BpaLLaloT B peakTop, a
HECKOHOEHCMPOBaHHbIE ra3bl, COAepXalime 3HadYnTenbHoe KonmyectBo GeH3ona (0cobeHHo

npy Ncnonb3oBaHUN pasbaBneHHoOro oneduHa B kayecte peareHta), u HCl HanpaBnstoT B
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HWXHIOK YacTb ckpybbepa 8, opowwaemoro nonunankunbeHsonamu ana ynasnueaHusa 6eH3o-
na.

PacTtBop 6eH3ona B nonuankunbeHsonax HanpasnsaoT B peakTop, a HECKOHAEHCUPO-
BaHHble rasbl — B ckpyb66ep 9, opowaembii Bogon ansa ynasnusanus HCIl. BogHbin pacteop
HCI (pasbaBneHHas congHasa KMcrnoTta) HanpaBnsaoT Ha HEMTpanusauuio, a rasbl — Ha yTUNK-
3auuto Tenna.

KaTanusaTopHbli pacTBOp BMECTe C MPOAYKTaMu ankunmpoBaHWsl MocTynaeT B OT-
CTOMHUK 7, HWXKHUA CrOW (KaTanm3aTOpPHbIN pacTBOpP) BO3BpaLLalOT B pPeakTop, a BEPXHWUN
cnon (NpoAayKTbl anknnmpoBaHusl) HacocoM 10 HanpaBnseT B HWXKHIOK YacTb ckpybbepa 11.
Ckpy66epbl 11 n 13 npegHasHayeHbl AnNg OTMbIBKM XOPOBOAOPOAA U Xropuaa antoMUHUS,
pacTtBopeHHbIX B ankunate. Ckpybbep 11 opowakwT pacTBOpoM LUenoyvn, nogaBaemMbiM
Hacocom 12.

Ana nognuTknM B peuupKynsauMOHHbIA NOTOK LLENoYM nogatoT CBEXYHO Lerodb B KOMu-
yecTBe, Heobxogumom ana HemTpanu3aumm HCI. [anee ankunaT NoCTynaeT B HWKHIOW
YacTb ckpybbepa 13, opowiaeMoro Bogoun, KoTopasa BbiMbIBaeT Lienovb U3 ankvnata. Boa-
HbIA PacTBOP LLENOYM HanpaBnAlT Ha HenTpanusauuilo, a ankunat yepes nogorpesaTenb
14— Ha pekTudumkaumo B KOSIOHHY 15. B pekTudmkaumoHHON KONOHHe 15 guctunnart Bblge-
nsieTcs retepoaseoTpon 6eH3ona ¢ Bogon. beHson HanpaBnaeTca B KONOHHY 1 ans o6e3so-
XnBaHus, a KyboBbI NPOAYKT — Ha AanbHenwee pasgeneHve. Ecnv nponssoacTeo npegHa-
3Ha4yeHO Ana nonyyeHus 3TunbeHsona, To Ky6OBbIM NPOAYKT KOMOHHbI 15 HanpaBnswoT B
PEKTUMKALNOHHYIO KOMNMOHHY 16 AN BblAeneHWss B KayecTBe OUCTURNSATa NpoLyKTOBOro
aTunbeHsona. Kybosbln NpOayKT KOSMOHHbI 16 HanpaBnsloT B PEKTUMPUKALMOHHYKO KOFOHHY
17 ons pasgenenuns nonuvankunbeH3onoB Ha ABe dpakuun. 3Ta KornoHHa paboTaeTt nog Ba-
Kyymom (5,3 klMa). BepxHuin NpoaykT HanpaensaoT B annapat 4 U peaktop 5, a HWKHUK Npo-

AYKT (NPOAYKTbI OCMOJEHMS1) BEIBOAAT U3 CUCTEMbI.
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1,3,15,16, 17 — peKTuUnKaLmMoHHbIE KOMOHHbI; 2 — ONOPEHTUNCKUIA COCYA, 4 — peaKkTop MPUroTOBIIEHUS KaTanuaaTopa; 5 — peakTtop ankunu-

poBaHud; 6 — KOHAEHcaTop; 7 — cenapaTtop XWOKOCTb-XnakocTb; 8,9,11.13— ckpybbepnl; 10,12 — Hacocbkl; 14 — nogorpeBaTenb; 18 — BakyyMm-

npuemMHuk; 19 — xonogunbHWK nonuankundeHsonos; | — nponuneH; ll— 6eH3on; Il — guatun6eHsonsl; IV — pactBop wenoyn; V— naonponnnbeHsort;

VI- nonunanknn6ensonsl; VIl- k BakyymHon nuHum; VIII — Boga; IX — rasel Ha daken; X — nsonponunxnopug n xnopug antoMmHms; Xl — CTouHble BO-

Obl.

PucyHok 3.4.1 — MpuHuMnNuManbHasa TexHonorn4yeckaa cxema nNpPou3BoACTBa nsonponunbeH3ona npm ncnonb3oBaHuu katanusartopa AlCI3
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3.4.1.2 AnkunnpoBaHue 6eH3ona nponuNeHom B NPUCYTCTBUU LIEOSIUTOB

Ha pucyHke 3.4.2 npuBedeHa npuHUMNManbHaa TexXHONormyeckasi cxema [OaHHOro
npouecca. B aTtom BapuaHTe oanH peaktop 1 BbIMNOMHAET pofb ankunartopa, a B pyrom pe-
aKTope 2 OCyLecTBAT Npouecc nepeankunupoBaHUs U pereHepupauumn katanusaTopa.
ANKUNMpoBaHue NpPoBOAAT MPU BbICOKUX CKOPOCTSAX MOAaun Xuakoro cbipbs (15—-25 vac™),
MOMbHOM COOTHOLWEHUN 6eH3ona u nponuneHa (7-8):1, TemnepaTypax: Ha BXo4e B peakTop
210-215°C n 250-255 °C - Ha BbIxO4e 13 peakTopa.

lVI

7 8 /,3 ] v
J > >

4 4 5/

T

A 3
\_6 v
Y 3
/
1 — peakTop ankunupoBaHus; 2 — peakTop nepeankunmpoBaHus; 3 — genponaHusartop; 4,5 — pekTndrkaumnoH-
Hble KOMOHHbI; 6 — nogorpesaTtenb; 7 — XxonoauneHWK; 8 — TennoobmeHHuk; | — nponaH-nponuneHosas dpak-
uus; Il — 6enson; Il — gumsonponunéensonsl; IV — kymon; V — nonuusonponuntensons; VI — nponaH.

PucyHok 3.4.2 — NpuHuMnuanbHas TeXHONOrM4Yeckasa cxema NpouM3BoACTBa U30NPONUII6GEH30-

a Ha 4eosIMTHOM KaTanusaTtope

MpoayKkTbl ankunupoBaHusa nepen nogadyen ux B peakTop nepeankunmpoBaHUsa U30-
TEPMUYECKOro TUNa oxnaxagarTcs B xonogunbHuke 7 go 220°C. Katanusatop npu 3TOM He
AEe3aKTUBUPYETCS, TaK Kak He KOHTaKTUpyeT C NponureHoM. 3atem Mx HanpaensoT B Aenpo-
naHusatop 3 Ana oTAeneHus npexae BCero npornaHa, coepxallerocd B MpornaH-
nponureHoBon pakunn. KyboBbin NpoaykT annapata 3 HanpaenskoT B KONMOHHY 4 And oT-
aenennsa HenpopearnpoBaslwero 6eHsona. MNocnegHun BosspalatoT B peaktop 1. KybGoBbiv
NPOAYKT KOMOHHbI 4 HanpaBndalT B KOMOHHY 5, rae U3 Hero BblAendAT uerneBon NpoaykT —
Kymon (u3onponuneHsosn). B kayecTBe NpoMeXyTOYHOro NpoAayKTa B KOMIOHHE 5 BblAeNnsoT
AannsonponunbeH3ornbl, KOTOpble HaNpaBnAlT B peakTop 1. B kavyecTBe KyboBOro npoaykra B
KOMNOHHe 5 BbIBOAAT nonuankunbeHsonsl. CMecb MCXOOHbIX peareHTOB BHavarne HarpeBaeT-
Cs1 3@ CYeT Tenna NpoAyKTOB nepeankunmpoBaHna B TennoobmeHHnke 8, oxnaxagasa ux, a 3a-
TeM neperpeBaeTcs 40 TeMnepaTypbl ankunmpoBaHusa B nogorpesaTterne 6.
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3.4.1.3 AnkunnpoBaHue 6eH3ona nponuneHom B npucyTcTBun cpocchopHom

KUCNOTbl HA HOCHUTEeIe

TexHonornyeckas cxema TEXHOMOrMM ankunMpoBaHua GeH3ona NponuieHoMm B npu-
CyTCTBUM POCEOPHON KMUCIOThI NpeacTaBneHa Ha puc. 3.4.3.

Cblpbe — 6eH30Mn 1 nNponaH-NpPoNuIeHOBYD (PpakLmio — CMeLlLMBaloT B eMKocTM 1 B
MOMbHOM COOTHOLWEeHuK 6eHson/nponunneH =10:1 n nocne nogorpeea B pekynepaTtope u Ao-
NONHUTENBHOM MeperpesaTene NOAalT Ha BEPX MOSIOMHOro agmabaTtnyeckoro peakropa —
ankunatopa 2. Npouecc ankmnupoBaHus npoTekaeT npu Temnepartype okono 200°C u gas-
nenumn 2,8—4,2 Mlla. [ina perynupoBaHna TemnepaTtypbl B HECKOSTbKO TOYEK MO BbICOTE peak-

TOpa BBOOAT peLl,VIpKyJ'II/IpyI-OLLI,I/II7I nponaH.

)\
'Y it v

1 — cmecuTens; 2 — ankunatop; 3 — AenponaHunsaTop; 4 — pekTudUKaunmoHHas KonoHHa Ans BblaeneHus
BeH3ona; 5 — pekTudukaunmoHHasa KOnMoHHa Ang BbligenexHus usonponunbensona; |- soaa; |- nponas; Il — cee-

xun 6eHson; IV — cmecb nonmankmndeH3onos; V — n3onponunbeH3on BbICOKON YNCTOThI.

PucyHok 3.4.3 — MNpuHUuMnunanbHas TeXHONOrM4yeckas cxema nNnpoM3BoACTBa U30NPONUIIGEH30-

na npu ncnonb3oBaHUM KaTanusaTopa octhopHON KUCNOTbI

[ns nogaepxaHnsa ctabunbHOW akTUBHOCTM KaTanuaatopa B MCXOOHYIO LUUXTY U B NO-
TOKM MponaHa nogaeTcs BoAa. Beixogdwmm ns HXHeN Yyactn peaktopa 2 ankunart oTaaeT B
pekynepaTope Tensno Cbipblo U nocTynaeT B genponaHunsatop 3. OTbupaembin ¢ Bepxa ge-
nponaHusaTopa npornaH BoO3BpallaeTcs B UMKN. YacTb nponaHa, SKBMBaneHTHas Korude-
CTBY, BHOCMMOMY CO CBEXWM CbIPbEM, BbIBOAUTCA M3 cucTeMbl. KyboBbI NpoaykT aenpona-
HM3aTopa HanpaBnseTcsl B KONOHHY BblaeneHns 6eH3ona 4. OUCTUNNAT 3TON KOMOHHbI CMe-
LUMBAKOT CO CBEXMM GEH30M0M M NofaloT Ha cTaguio ankunuposaHus. OcTtaTtok m3 Kyba Ko-
NOHHLI 4 NOCTynaeT B KOJOHHY BbigereHus TosapHoro UMb 5, roe nponssBogAaT otaeneHue

nocneagHero ot aun- mn I'IOJ'IVIVI3OI'IpOI'IVIJ'I6€H3OJ'IOB, KOTOpble nnéo cxuratoT, nMbo HanpaenarwT
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Ha cneuunanbHYO YCTAHOBKY TpaHCalrikKuiinpoBaHUA.
B tabnuue 3.4.1 npmBeaeHbl TEXHUYECKUE TMOKa3aTesin npouecca ankumiimpoBaHUA

beH3ona nponuJieHoOM Ha pa3Jyin4HbIX KaTalindatopax.
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Ta6nmua 3.4.1- TexHnyeckne nokasaTtenmu npouecca arnkminposaHunA OeH3ona nponunieHoM Ha pa3JinvHbIX KaTann3atopax

KoHueHTpaums YpaenebHas npovssoau- CocrtaB ankunara, %macc.
MonbHoe oTHOLLEeHne KoHBepcus
KaTanusatop P, MMNa t,°C nponusieHa B UCX. TENbHOCTb
6eH30n/NponuneH nponwunexa, % benson | WIb MAB
cbipbe, %00. kr MNB/(m3*yac)
XnopucTblin
. 2,5:1,0 0,1:.0,5 70-90 35-80 98-99 150-250 60-70 | 26-31 3-6
arnroMnHNN
docdopHas
Kucrora Ha 10,0:1,0 2,8-4,2 | 195-205 35-80 70-90 150-300 74-78 | 20-22 2-3
Knsenbrype
LleonuTbl (7-8):1,0 1,0-3,0 | 210-250 35-80 50-70 - 70-74 | 22-26 2-3
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YcpeaHeHHble HOPMbI pacxoja MWCMoNb3yeMoro Cbipbsi, OCHOBHbIX MaTepuaroB W
39HepropecypcoB Ha 1 T Kymorna npusefeHbl B Tabnuvue 3.4.2.
Tabnuua 3.4.2 — HopMmbl pacxofa Mcnosnb3yemoro Cbipbs, OCHOBHbIX MaTepuaros 1 3HEPropecypcoB

npu NpoM3BoACTBE Kymora

AnknnuposaHue 6eH3ona NPonuIeHoM Ha
TexHonorusa
antoMOXnopuaHOM Katanmsatope

HOprI pacxoda CblpbA U BCMoOMoOraTesibHbIX MaTepuasoB

BeHaon Kr/T 700
nponuneH 100% Kr/T 380
Katanusatop Kr/T 6,0

Hopmbl pacxofa aHepreTM4ecknx pecypcos

OnekTposHeprus KBTTIT 17,235
Xonop, kan/T 0,067
Map 13 lkan/t 0,1-0,18
nap 21 1,55-2,25
Boaa m3/T 120-232

3.4.2 Tekywme ypOBHM 3IMUCCUM B OKpYXaloLyl cpeay MNpu npousBOACTBeE

Kymona

TekyLwmi ypoBeHb amnccnin npusegeH B Tabnuue 3.4.3.

Tabnuua 3.4.3 — TekyLuin ypoBeHb 3MUCCUM MPU NPOM3BOACTBE KyMona

AnknnupoBaHue 6eH3ona 3TUNEeHOM Ha antoMOXITOpu-
TexHonorus
CTOM KaTanuaaTope

3arpssHsiolme BelecTBa B Bbibpocax, mr/m®

HCI 530

CO —

Cymma yrnesoaopoaos

(6e3 meTaHa)

3arpsisHsoLlmne Bellectsa B cbpocax, r/t

OpraHuka, mex. npumecwu OTCyTCTBME
XK 1300
pH 6-9 en. pH
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3.5 NponsBoacTBO a-MeTUNICTUPONa

a-Metunctmnpon (AMC) — opraHMyeckoe coeguHeHue Krnacca apoMaTUdeckux yrneso-
A0poaoB — TFOMOJSIOr CTUpona, y KOTOpPOro oAuMH aTtoM BoAopoda 3aMelleH MeTUIbHOM
rpynnown.

[MpenmyLLecTBeHHO AMC NCNOSb3YT ans noslydeHus
ABC-nnactMkoB (CONONMMEPOB akpuioHuTpuna ¢ OGyTagMeHOM W CTUPOSIOM), Ha [OOso
KOTOPbIX NPUXOOAUTCS OKOMO TpeTu crnpoca Ha o-metunctupon. Takwke AMC HaxoauT
npUMeHeHne B NPOU3BOACTBE OTAYLUEK, aHTMOKCMAAHTOB, CMa30ouyHbIX Macen. Hebonbloe
konndyectBo AMC wuvageT Ha npou3BOACTBO HU3KOMOSMEKYNSAPHBIX MNOSIMMEPOB, KOTOpPble
npeacTaBnAlT cobon BA3KME XKMAOKOCTU, MpPUMEHSieMble B MPOU3BOACTBE are3vBoB,
NOKPbITUIA, BOCKa N nnactuukatopoB. Kpome TOro a-meTuncTupon HaxoguT npMMeHeHue B
npoussoacTee aumepos AMC, KoTopble B CBOKW oO4epedb MCMOMb3ylT B KayecTse
areHTOBKOHTPOSIA MOJSIEKYNSIPHON MaccChbl B npoueccax Npov3BOACTBa COMOSIMMEPOB, TaKMUX
kak ABC-nnacTtukm n ctnpon-bytagueHoBble KaydyKu.

OcHoBHon meToa nonyveHna AMC 3aknodaeTcsa B KataniMTUY4eCcKoM AerngpupoBaHum
Kymona (usonponunbeHsona). [JaHHbIn NpoLlecc BO MHOTOM aHasiorMdeH onmcaHHoOMYy Bbille
npoueccy AernapupoBaHmsa aTunbeH3ona, U NOCKOSbKY YCroBUS TEPMOOMHAMUYECKOrO paB-
HOBECMUS peakuuun germgpupoBaHna ang nsonponunbeHsona 6onee GnaronpuaTHbl, Yem ans
aTunbeHs3ona, npouecc ocywecTBnAT npu Temnepatypax Ha 80-100°C Hwuxe, Yyem npu ae-
rmgpupoBaHum atunbeHsona B ctupon. Npu cteneHn npespaweHusa kymona 60-70% cenek-
TMBHOCTb MO LieneBoMy nNpoaykTy MoxeT npesbiwatb 90%.

AMC mMoOXeT ObITb NOSly4eH Takke M3 Kymora vyepes3 CTaaumio ero OKUCIIEHUs, B KOTO-

POM Ha HepBOIZ cTtagnn — nponcxoanT OKUCIieHne KymMmosa B rmgponepokcuna.

CsHsCH(CH;), + O, — 2 C¢Hs—C(CHs),
OOH
OTa cTagus aHamnorMyHa ctaguu MoslyYeHUsl TMOponepoKcUaa U3onponunbeHsona B
npoLecce CHTe3a heHoNa 1 aLeToHa.
Ha BTOpOW CTaauu rMaponepokcuz, KyMosa rnog, BIWSIHUEM LLeNoYel NpeBpaLlaeTcs B

anmeTtundeHunkapburon (AMOK):

NaOH

CeHs —(F(C H;)» 1o > 5H\—QQC H;}am CﬁH_(l:{C H;), +0.50;

OOH _ OON

Ha tpetben cragum OMOK nogBepraetcsa katanutuyeckon gervgpartauumnpu 300-

320°C Ha okcuae antoMUHUS:
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6H —ﬁ: (CH}}*: - H,0 CﬁHj—q:CHQ
CH;

B Poccun AMC nonyyatoT B kayecTBe No60YHOro NpoaykTa B npoLecce Nnpon3soacTea

deHona n aueToHa Npu gernapataumm noboyHoro npoaykra —AMOK:

OH
H_q,C CH2

_;C_C_CH:.]

L5 A

B HacTosiwee Bpemsa Ha Tepputopumn Poccunckon depepaummn AMC npousBogdaTt Ha

YyeTblpex NpeanpuaTMsax B kayecTBe NoOOYHOro NpoaykTa npu nonyyYyeHun deHona u aueTo-

Ha.
3.5.1 OnucaHue TeXHONOrMYeCKMX MNpPOLIECCOB, UCMNOMb3yeMbIX B HacToslee
BpemsA
TexHonorn4eckmin NpoLlecc U3nNoXeH B pasgene 3.6 — Npon3BoACTBO (peHona 1 aue-
TOHa.

pre,El,HeHHble HOPMbI pacxoda WCnosibayemMoro Cbipbd, OCHOBHbIX MaTepuanoB U

3Hepropecypcos npmeeaeHbl B pasgene 3.6 — npon3sBoacTBO (PeHosa 1 aleToHa.

3.5.2 Tekywime ypoBHM 3IMUCCUUN B OKpYyXalowyr cpeny npu npousBoacTBe a-

MeTuncTupona

Tekywme ypoBHM aMuUCCUMMA NpuBedeHbl B pasgene 3.6 — Npom3BoACTBO dheHona u

aueToHa.
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3.6 NMpousBoacTBo (peHoONa u aueToHa

®eHon (rmapokcmnbeHson, kapbonoBas Kucnota) — MPOCTENLMI NpeacTaBUTENb
knacca ¢peHonoB. Mnposoe npounssoacTtso eHona Ha 2006 rog coctaBngaet 8,3 MiH. T/roa.
Mo 06bEMY NponsBoacTBa heHorn 3aHMMaeT 33-e MecTo cpean BCEX BbiNMyCKAEMbIX XMMUYe-
CKOWM MPOMBILLUNIEHHOCTbLIO BeLecTB 1 17-e MecTo cpean opraHMYeckux BELLECTB.

B HacTosiLee BpeMsi OCHOBHbIM CbIpbeM 45151 NPOM3BOACTBA CUHTETMYECKOro doeHona
aBnsetca 6eH30s, a B nocrnegHue rogbl Ana cuHTesa heHona cranu Mcnonb3oBaTb 3HaAYU-
TenbHO Bornee gelleBbl NPOAYKT — TONYO-.

B npombiwnieHHOCTN beHOon MOXeT ObiTb NOSTyYeH HECKOMbKMMK crnocobamun, o4HakKo,
OCHOBHOWM Ccnocob nosiydyeHust peHona aTo KyMOMbHbIM MeTo, (pasnoXeHue nepokcuaa Ky-
MUa Ha aueToH 1 doeHon).

HaHHbIM MeToZoM nosnyyatoT 6onee 95% Bcero npoussognmoro geHona. OcTtanbHble
5% npoun3BoaAT nyTeM OKUCAEHUS Toryona ¢ nocnenywmmMm pasnoxeHmem obpasyroLencs
OEH30MHOW KNCOTHI.

B HacTosiwee Bpema Ha Tepputopun Poccuinckon depepaumm goeHon npomsBoasaT Ha
yeTblpex npeanpuatusx. 'eorpacumyeckoe pacnonoXeHne OCHOBHbIX NPeanPUATUA — NPOU3-
BoauTenen peHona, CpoOKM BBEAEHUSI YCTAHOBOK B JKCMnyaTaumtio, UX NpomM3BoaUTENbHOCTb
N ucnonb3yemMble TEXHONOMMN, NpuseaeHsbl B Tabnuue 3.6.1.

HecMOTpsa Ha OTNaXEeHHY TEeXHOSMOrMK, KyMOJSIbHbIA MeTO[ MMEET psf Cepbes3HbiX
HepocTaTKoB. [pexae Bcero, 370 HannymMe B3pbIBOONACHOMO NPOMEXYTOYHOIO COeANHEHNS —
rmgponepokcnaa Kymuna, a Takke MHOroCcTagunHOCTb npouecca. Tak, Npy BbIXOAe LieneBoro
npoaykta 95% Ha Kaxgoun U3 Tpex cTagun UTOroBbIN BbIXOA cocTaBnsaeT nvwb 86%.

OaHako OCHOBHbBIM M MPUHUMNWANBHO HEYCTPaHUMbIM HEAOCTaTKOM KyMOSIbHOIO Me-
ToAa siBndeTca obpasoBaHMe B Ka4yecTBe CONYTCTBYHOLLEro NpoaykTa auetoHa. 9T1o obcros-
TEeNbCTBO CTAHOBUTCS BCe Bonee cepbe3Hon NpobaemMon, NOCKONbKY aueToOH He HaxoauT akK-
BMBANEHTHOro pbiHka cbbita. B 1990-x rogax aTo ctano oCobeHHO owyTUMbIM Nocre co3na-
HUS HOBbIX CNOCOBOB CMHTE3a MeTUNMeTakpunaTta nytTemMm okucreHus yrnesogoponos Ca, 4To

PEe3KO COKpaTUio NoTpeBGHOCTL B aLeToHE.

3.6.1 OnucaHue TeXHONOrM4YeCKNX NPOLECCOB, UCMNOJIb3yeMbIX B HacTosiLLee

Bpems

anIHLI,VII'IVIaJ'IbHaﬂ TEeXHOJI1I0rmn4eckada npom3BoacTBa C*)eHOJ'Ia M aueTtoHa KymMOJibHbIM

MeTO40M npuBeeHa Ha pucyHke 3.6.1.
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Ceexunin n3onponmnbeH30s1 CMeLnBatoT C BO3BPaATHbIM M30NponnnbdeH3onom n rmgpo-
nepokcngom nsonponunéeHsona (6 % ot macchl WuxTbl) B cmecutene 7. LWnxTty Hacocom 6
NpoKaynBaroT Yepes TeNI00OMEHHUK 3 1 NOAAKT B BEPXHIOK YaCTb KONOHHbI OKUCneHus 2. B
TennoobMeHHMKe WnXTa NOAOrpeBaAETCs 3a CHET Tensna okengaTta go Temnepatypbl 110°C. B
HWKHIOIO YacTb KOSOHHbI MOoAalT BO3AyX, NpeaBapuTeribHO NoJorpeTbid BOASHbIM MapoM
Takke oo Temnepatypbl 110°C B nogorpesatene 1. Ha cxeme nokasaHa nonasi OKUCNnTenb-
Has KOJSIOHHa CO BCTPOEHHbIMM 3MeeBMKaMu AONs OTBoAa Tenna. Takke MOXeT UCMNOoSib30o-
BaTbCcA b6onee adpdeKkTUBHaAA TapernbyaTas KONOHHA, B KOTOPOW OCYLLECTBISIETCS NPSIMOTOK
MeXay LWMXTON N BO34yxoM. B aToM criyyae okcumaaT BbIBOAUTCSA U3 BEPXHEW YacTU KOJIOH-
Hbl. OTpaboTaHHbIN BO34YyX BMeCTe C napamu usonponunbeHsona, KACMOT U Apyrux npume-
cel npoxoauT BHavarne TennooOMeHHUK 3 U KoHgeHcaTopbl 4, a 3aTeM OTCTOWMHUK-
HenTpanusaTop 5, B KOTOPOM COZAOW UNK LLENOYbl0 HENTPAnu3yTcs KkucnoTbl. OTpaboTaH-
HbIA BO34YX BbIBOAUTCS U3 CUCTEMbI ,@ OYULLEHHbIN OT KACMOT u3onponunbeHson ¢ npume-
csMK BO3BpaLLalT B cMecutenb 7. Conn u3 HenTpanmsatopa 5 Takke BbIBOAAT U3 CUCTEMDI
ANA yTUnm3aummu.

OkcnpaT M3 HWKHEN YacTU OKUCINTENBHOW KOJOHHbI 2 Yyepes3 TENNooOMeHHUK 3, rae
OH oxnaxpgaeTca WnxTon go temnepatypbl 60 °C, HanpaBnaT B KONMOHHY 8 AN KOHUEHTPU-
poBaHUs rmgponepokcuga nsonponundeHsona.

B cBA3n ¢ TeM 4TO rMApPONEepoOKCUA Npu BbICOKMX TemnepaTypax b6bICTpo pasnaraeTtca
(co B3pbIBOM), KOHLEHTPUPOBaHME NPOBOAAT npu rnybokomM Bakyyme (OCTaTOYHOE AaBneHue
B Ky6e konoHHbl 0,79 kla). NoaTomy TemnepaTypa B kybe He gormkHa npesbiwaTb 100°C.

AnctmnnaTt KonoHHbl 8 (M3onponunbeH3on ¢ NpUMecsMn KUCAOT U YyrineBogopoaoB)
HanpasnaT B HeUTpanuaaTop 5, a Kyb6oBbIN NPOAYKT (KOHUEHTPUPOBAHHbLIA rMApONepoKcng
nsonponunbeHsona) — B peaktop pasnoxeHus 10. Tyga e nogatoT KatanusaTop — pacTBop
CEepHOM KMCNOThbl B aueToHe. HecMoTpa Ha Bornblume 3HepreTmyeckme U KanutarnbHble 3aTpa-
Tbl YACTO 4151 KOHLEHTPMPOBAHNA UCMONb3YHT «OBOVMHYIO» PeKTUMKaumio, T.e. pekTudmka-
LMo B ABYX KOMOHHaX. B aToM cny4ae npouecc KOHUEHTpMpoBaHMS npoTekaeT B bonee 6es-
OnacHbIX YCroBUAX U He TpebyeTcs oveHb rnybokuin BakyyM. PasnoxeHue rmgponepokcus
nsonponunbeHsona npoBoaat npu temnepatype 60°C. B ka4yecTBe cpefbl pasnoxeHnsa rma-
ponepokcuaa nsonponunbdeHsona Ha eHOoN N aueToH UCMOoNb3yeTCs peakuMoHHasa macca
pasnoxeHus. Tenno peakumm OTBOAUTCS 3a CHET LMPKYNALMM peakLMOHHOM MacChl ankumnu-
pOBaHUSA 4epe3 peakTopbl pasnoxeHus. Kaxabih peaktop npencraBnseT cobon KoXKyxo-
TPyOHbIN TENNOOOMEHHUK, B TPyOHOE NpOCTPaHCTBO KOTOPOro nogaetcs obopoTHas Boaa, a
Nno MeXTPYOHOMY LIMPKYNUPYeT peakLMoHHaa Macca pasnoxeHus. [apbl aueToHa KOHOEHCU-

pYylOT B KOHOeHcaTope 11, M aueToH BO3BpallalT B peakTop. B npoaykrtax pasnoxeHus
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OCTaeTCs cepHas KUcnoTa, NodToMy nepea ux pasgeneHmem nx nyckaroTt yepes ckpybbep 12,
3anosIHEHHbIN aHNMOHUTOM AH-1.

PaspgeneHne npoaykToB pasnoXXeHns MOXeT OblTb OCYLLEeCTBEHO HECKOMbKMMM CMOo-
cobamun. Ha pucyHke 3.6.1 npuBegeHa cxema, B KOTOPOW Ha NEPBOM KOSIOHHE MpW OcTaTou-
HOM aasfieHun okosno 5,3 kla nNpoayKTbl pasfoXeHUa pasgensalT Ha aueToHOBYH U de-
HOSMbHYO bpakumn. B pekTudukaumoHHOM KOMNOHHe 13 B BuAe OUCTUNNSATa OTAENsTCA
aueToH, a-MeTUNCTUPON W Apyrue nerkonetyyne npumecun. QUCtuUnnaTt KonoHHbl 13 nocTy-
naeT B PeKTUUKALMOHHYIO KOSTIOHHY 14, B KOTOpOW nNpu aTMOCHEepHOM AaBfeHUU BEPXOM
OTBOAAT MNpPOAYKTOBbLIN aueToH. KyboBbi MPOAYKT 3TOM KOMOHHbI —o-METUACTUPOSIbHAs
dpakumst — HanpaBnAeTcs Ha AanbHenwee pasgeneHne ¢ Lenbio BblaeneHns npoaykToBoro
o-MeTuUncTupora n Apyrux NpoaykToB (Ha cxeme He ykasaHo). KyboBbI MPOAYKT KOMOHHLI 13
HaNpaBnslOT B PEKTUMPUKALMOHHYIO KOMNOHHY 15 Ang oTaeneHus Bcex netyvmx BeLwlecTs OT
cmonbl. OTa 1 nocnefyoLwmne KonoHHblI paboTalT npu octatoyHoM aasneHmn 9,5-13,3 klla.
OncTnnnaT KoNoHHbI 15 nocTynaeT B peKTUPMKALMOHHYIO KONOHHY 16, B KOTOPOW OTAENA0T-
cs yrnesogopoabl oT ¢eHona. B konoHHe 11 oTAensT NpoaykToBbIM heHon B Buae Ou-
cTMnNAaTa OT CMOorT.

Takum o6pa3oM, COBMECTHOE MPOM3BOACTBO (PeHoNa 1 aueToHa u3 nsonponunbeHso-
na npeactaBngeT CrOXHYH CUCTEMY C NPSMbIMU U 0BpaTHbIMK CBA3SIMU. OCHOBHbIE peLnkK-
nbl B 3TOM CXeMe opraHM3oBaHbl No n3onponunbeHsony. 3To obycnoBneHo, ¢ 04HOM CTOPO-
Hbl, TEM, YTO B KOJSIOHHE OKWUCIIEHUSI KOHLUEHTpauus rugponepokcuaa msonponunbeHsona
BCIeACTBME ero B3pbIBOONACHOCTM He AormkHa npesbiwaTb 30%.

Moatomy noytn 70% wnsonponunbeHsona HaxoguTca B peunkne, obpasoBaHHOM ABY-
Msl YacTsIMKU: ofHa YacTb uaonponunbeHsona, yHocumas oTpaboTaHHbIM BO34yXOM, Mocre
KOHOEHCauun BO3BpaLLaeTCs B peakTop, a BTopas YacTb BO3BpaLLaeTca Tyaa Xe nocre KOH-
LEeHTpUpoBaHMA rmgponepokcunaa nsonponmnbéeHsona.

[pyron peuukn, cogepxalimn auetoH, obycnoeneH OTBOAOM TeNna B peakTope pas-

JIOXKeHuA. MCﬂapﬂeMblﬂ aueToH KOHAEHCUPYETCA N BO3BpallaeTCA B peaKTop.

pre,EI,HeHHble HOPMbI pacxoda WCnosibayemMoro Cblpbd, OCHOBHbIX MaTepuanoB U

3HEepropecypcoB NpmBedeHbl B Tabnumue 3.6.1.
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noHHsl; | - Bo3ayx; Il — oTpaboTaHHble rasbl; Il — pactBop coapl (cnabon wenoun); IV — pacteop conen; V — ceexuin nsonponuntdensorn; VI — 6%-ubiii pacteop rma-

ponepokcuaa; VIl — cepHasa kucnota; VIl — aueToh; IX — a-metunctuponbHas dpakums; X, Xl — cmonsl; XI — yrnesogopoasl; Xl — dpeHon.

PucyHok 3.6.1 — TexHonorn4yeckasa cxema npousBogctsa peHona 1 aueToHa KyMOJSibHbIM MeTOAOM
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Tabnuua 3.6.1 — [locTMrHyTble nokasaTenu NoTpebneHns Cbipbs N 3HEPropecypcoB Npwm

npon3BoaCTBE 3TaHOJ1a

MpounssoacTeo oeHona, aueToHa 1 anbhame-
TexHonorns
TUNCTMPOna KyMOSbHbIM METOAOM

HOprI pacxoda CblpbA U BCMoOMoOraTesibHbIX MaTepuasioB

BeHaon HedTsaHON, Kr/T 1100

[MponaH-nponuneHoBasa pakuns, Kr/t 651

Hopmbl pacxofa aHepreTM4ecknx pecypcos

OneKkTpoaHeprus, KBT*u/T 165
Cxartblii BO3ayx, M3/T 2350
Bona o6opoTHas, m3/T 1455
Map, MNkan/T 12

3.6.2 TeKyLine ypOBHU 3MUCCUN B OKpYXKaloLyro cpeay

TekyLine ypoBHM aMUCCUN NPU NMPON3BOACTBE (peHona, aueToHa 1 anbgameTusncTu-

pona KymMorsbHbIM METOAOM npueeaeHbl B Tabnuue 3.6.2 B pacyeTe Ha T oeHona.

Tabnuua 3.6.2 —Tekywine ypoBHM IMUCCUMN B OKpPYXXatoLLyt0 cpeay npu Npov3BoACcTBE peHona, aue-

TOHa " aanaamemncmpona KYMOJ1bHbIM ME€TOO4OM

MpownsBoacTBo heHona, aueToHa 1 anbamMeTuncTupona Ky-

TexHonorus
MOJ1IbHbIM METOOOM
3arpsasHsaoLme BellecTsa B Bblbpocax, r/T*
NOx 0,8
CO 0,95

CymMmma yrneeogopoos
4585
(6e3 meTaHa)

3arpsisHsoLwmne BelecTBa B cbpocax, Kr/T

XK —

pH —

* [laHHbIE NOSly4yeHbl HA OCHOBE pacYeTHOM MoLenn
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Pazpgen 4 lNponsBoacTBO KUCNopoAacoAepX allmMxX opraHnyeckux

coeanHeHun

B naHHoM cnpaBoyHuke HOT 6yayT pacCcMOTpeHbl TEXHOMOMMN NPON3BOACTBA Crneay-
IOLLMX KUCNOPOACOAEPXKALLUMX OpraHMYecknx coeduMHeHUn: MeTaHona, popmansgernga, ok-
cnpoB atuneHa (O3) u nponunena (Orl1), metun-Tpet-6yTnnosoro (MTEJ) n TpeT-ammnnosoro
acmpo (MTAD), ataHona, OyTUNOBbLIX CMMPTOB M 2-3TUNreKCaHona, akpuioBOW KUCMOThI

(AK) n eé cnoxHbix agupos, TepedTaneson kncrnotbl (TOK).
4.1 NMponsBoacTBO MeTaHona

MeTaHon — 9TO NepBbI NpeacTaBUTENb FOMOSIOMMYECKOro psida OgHOATOMHbLIX Cinp-
TOB — OAVH U3 BaXXHEWULIMX NO 3HA4YeHUo U mMacwtabam nNponsBoacTBa NPOAYKT OCHOBHOMO
OpPraHN4YecKkoro U HeTEXMMMYECKOTO CUHTE3a. MUpoBoe NpoM3BOACTBO MeTaHomna npeBbl-
waet 50 MIH. TOHH B rof.

Mo cocTosiHuio Ha Hadvano 2014 r. B P® ¢yHkunoHumposano 6onee 10 npoussoaunTte-
nen MmetaHona ¢ CyMMapHOW MOLLLHOCTbIO YCTaHOBOK OKOSO 4 MIIH. T/rof.

Hanbonblwee konuyectBo MetaHona (760 TbiC. TOHH) pacxoayeTcsl Ha NPOU3BOACTBO
dhopmanbaernga, KoTopbin UCNOMNb3yeTCa NS NPOoM3BOACTBa kapbamuaodopmansaernaHblx
n dpeHondopmanbaerngHbIX CMon. 3HauuTenbHble ero KonuyecTsa UCMOonb3yT B Jlakokpa-
COYHOW MPOMBILLUNIEHHOCTN A51 U3FOTOBMNEHUS pacTBOpUTENEN Npu NPOM3BOACTBE NakoB, ANns
nonyyexus buogmsenda, MTB3, gumeTunosoro acupa u ap.

M3BeCTHO HecKkonbko cnocob nonydYeHmss mMeTaHona, HO OCHOBHOMW MPOMbILLNEHHbIN
cnocob ero npom3BoAcTBa — CMHTE3 U3 OKCUAa yrrnepoaa v Bo4opoaa.

[na cMHTe3a MeTaHosia MOXXHO MPUMEHATL NpakTUYeckn nboe Chipbe, cogepxallee

okcuabl yrnepoaa v BoAOPOA.

4.1.1 OnucaHne TeXHONIOrM4YeCKUX NpoLeccoB, UCMOSIb3yeMbIX B HacTosLee

Bpems

4.1.1.1 CuHTe3 MeTaHoNna B KONOHHaX ¢ COBMeLleHHOW Unu HecoBMeLleHHOMN

HacagkamMum Ha UMHK-XPOMOBOM KaTanusatope

CvHTE3 meTaHona Ha UWHK-XPOMOBOM KaTanusatope noA AasreHvem oT 25 go
40 Mlla ocywecTBnsAT B KOJIOHHax C COBMELLEHHOW U HECOBMELLEHHOW Hacagkamu u C
OTBOAOM Tenna u3 Katanus3aTopHou 30Hbl. Cxema CuHTe3a MeTaHofna C HeCOBMELLEHHOW
HacagKow KONMOHHbI (PUCYHOK 4.4.1) NnpyMeHsieTcs B arperatax Manown u cpegHen MOLHOCTU.
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7 — anekTponogorpeBaTenb; 8 — XonoAunbHNK-KoHAeHcaTop; 11 — COOPHUK.

PucyHok 4.1.1 — Cxema cuHTe3a MeTaHoNa B KOJIOHHE C HECOBMELLEeHHOMN HacafKon U BbIHOC-

HbIM TenfI000MeHHNKOM

McxoaHbin ras, ocBOOOXAEHHbIN OT Bnaru B cenapartope 1, ounwaroT oT kKapboHMnos
Xernesa B yrofisHoM unbTpe 2 n 06beanHAIOT C LMPKYNALUMOHHBIM ra3om. B domnbTtpe 3 ra-
30Basi CMeCb o4umLLaeTCcs OT Macna u pasgensieTcs Ha gsa notoka. epsbinn (80—85 %) no-
AatoT BHM3 KOJTOHHbI CMHTE3a 5 AN oxnaxaeHus kopnyca n NnpeaoTBpaLleHns BOAOPOAHOM U
KapboHMMNbHOW Koppo3un. B TennoobmeHHMKke 6 ykasaHHbIA NOTOK HarpeBalT A0 Temnepa-
Typbl Hadana peakumn (300-330 °C) oTxogawmm npopearMpoBaBLLMM ra3oM U 4Yepes anek-
TponogorpesaTtenb 7 HANPaBNAT B KOSIOHHY CUHTE3a.

BTopon notok ¢ Temnepatypon 30—35 °C BBOAAT B 00LLMI NOTOK raza Mexagy crnosimu
KaTanuaaTtopa (XonoaHbi Bannac) onga nogaep)kaHus noctosiHHon (360-370 °C) temnepa-
Typbl B Cnosx katanuaatopa. lNpopearvpoBaBLune rasbl 0T4AKOT TENO B TeN00OMeHHMKe 6,
oxnaxgascb npu atom OT Temnepatypbl 120-140 °C pgo 3040 °C B xonogurbHUKe-
KoHaeHcaTope 8 u noctynatT B cenapaTtop 10. OTaenuBLUMICS MeTaHOM-CbIpeL, cobMpatoT B
cbopHuke 11 1 HanpaBnsAT ero Ha pekTudmrkauuio. LIMpKynaumMoHHbIN ra3 NnpoxoauT cena-
paTtop 9, rae OT HEro OTAENAT Kanim MeTaHona-cbipua, LMPKYnsauMOHHbIM KOMMpeccopom 4
AOXUMALOT 0 AaBfeHUs CUHTE3a U NoA4AlT Ha CMELLEeHne C MCXOAHbIM ra3oM. [1na noaaep-
XXaHWS NOCTOSAHHOW KOHLIEHTPaUMn MHEPTHBLIX KOMMNOHEHTOB B LIMKITE YacTb LUPKYALNOHHOMO
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rasa BbIBOOUTCH B BUAE MNOCTOAHHOW NPOAYBKMN.

Hanuune B onucaHHOW cxeme BbIHOCHbIX TeNNoOBMeHHMKa 1 anekTponogorpesaTens
nNpvBOANT K BONbLUOW MPOTSAXKEHHOCTU KOMMYHUKALMA, BLICOKOMY rMapaBriMyeckoMy COnpo-
TUBMNEHUIO CUCTEMBI U MOTEPSAM Ternna B oKpyxatoLlyto cpeay. [Nepena AaBneHus B 3Tux ar-
peratax gocturaet 2,0-2,5 Mla.

B npombIlwneHHON nNpakTuKke OCBOEHbLI arperaTtbl CUHTE3a MeTaHoria C COBMELLEHHON
HacaZKon KOMNMOHHbI (pUCyHOK 4.1.2). B oTnvymne oT onncaHHOW CXeMbl KatanusaTtop, Tenno-
oBMeHHVK 1 anekTponogorpesarternb pacnonaralTca B OOHOW MoKoBKe. LIMpKYNsLMOHHBLIN
ras obayBaeT KOpryc KOSOHHbI U MOCTynaeT B TenNoo0bMeHHUK, KOTOPbIA PacroNOXeH B HUX-
HeWn YacTu annaparta. dnekTponogorpesaTenb BMOHTUPOBAaH B LEeHTpanbHy TpyOy Hacaaku
KOMOHHbI CUHTe3a. Linpkynsaums rasa ocyLecTBrnseTcs ¢ NoMoLLbio TypbounpKynauMoHHOro

KomMmnpeccopa 6.
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1, 2 — UnbTPBI; 3 — KONOHHA; 4 — XONoAUNbHUK-KOHAEHcaTop; 5 — cenapaTop; 6 — komnpeccop; 7 — COOPHUK.

PucyHok 4.1.2 — Cxema cMHTE3a MeTaHoJ1a B KOJIOHHE C COBMELLEHHON HacaaKomn

3agaHHbIN TemMnepaTypHbIA PEXUM NOAOEPKUBAETCH B TaKMX CXeMax BBEOEHUEM XO-
nogHoro rasa (xonogHoiMn Gannacamu). OgHaKO OTBOA PEaKUMOHHOrO Tenna MoXeT ObiTb
OCyLlecTBNeH W MOCTOPOHHUM TEenfioHOCUTEeNneM C MnoflydeHMeM napa B KOTMax-

yTunmsaTtopax.

4.1.1.2 CuHTe3 MeTaHoJIa C OTBOAOM TenJsia peakuum U3 Katanm3aTopHOMW 30HbI

Ha LUMHK-XPOMOBOM KaTarim3aTtope

KonoHHa cuHTe3a meTtaHona (anametp — 1000 mm, BbicoTa — 18 M) B nepBoOM chny-
Yae paccumTaHa Ha npoussBoamTenbHOCTb 160 T MeTaHona-pektudukata B CyTkU. CuHTEe3

MeTaHona ocyulecTtsnseT nog aasneHvem 40 MlMNa Ha LUMHK-XPOMOBOM KaTanusaTtope (pucy-
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HOK 4.1.3).
McxoaHbin ra3 cxumaeTtcsa noplHesbiM koMmnpeccopom 1 ot 1,6 go 40 Mla, ovnwa-

eTcda OoT Maclia B cbvmpre 2n HanpaselideTCA B KOJTOHHY CUHTE3a 3.
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1 — komnpeccop; 2 — MacnsaHbIN UNLTP; 3 — KONOHHA; 4 — KoTen-yTunusaTtop; 5 — cenapartopsbl; 6 — xonoaunb-

HWK; 7 — cOopHKK; 8 — Typbokomnpeccop.

PucyHok 4.1.3 — Cxema CMHTe3a MeTaHona ¢ OTBOAOM Tensa peakuum U3 KatannsaTtopHom 30-

Hbl

B HWXHEN 4yacTn KONMOHHbI PacnosioXXeH TeNNOOOMEHHUK, NPOX0AA KOTOPbLIN CMeLlaH-
Hbl ra3 HarpeBaeTCcs 4O TeMnepaTtypbl Hayana peakuuu 3a CcYeT Tensa rasa, BbIXo4sLero
N3 KaTtanus3aTtopHOM 30Hbl. B BepXxHen 4YacTu KOMOHHbI YCTAaHOBIIEH 3MeKTponoaorpeBaTens,
paboTaloLnin TONbKO B MEPMOA MycKa KOMOHHbI.

B kaTanusaTtopHOi KOpobKe pacnosioXeHbl NOMIKN C KaTannm3aTopoM M Mocne Kaxaown
NMONKN — 3MEEBUKM, B KOTOPbIX MPU AABMEHUN CUHTE3a UUPKYNMpyeT AUCTUNNMPOBaHHAA
BoAa. OTM 3MEEBMKN B CBOO oYepenb CoOeMHEHbl CO 3MeeBUKaMun KoTna-ytunmnsartopa 4.

Takum obpasom, yTunmsaumst Tenna peakumm NpoBoAUTCSA NO OBYXKOHTYPHOW CXeme:
N3 30Hbl CMHTE3a MPU BbICOKOM AaBNEHUN TENNO OTBOAUTCA BOLAOW, LIMPKYNUPYOLLEN Bcnea-
CTBME PAa3HOCTM MMOTHOCTEMW; B KOTMEe-yTUNM3aTope 3a CYeT OXMaXOeHus BOoAbl BbICOKOMO
AasneHus nony4varoT nap. lNpopearnpoBaBwnin ra3 U3 KOSIOHHbLI C TemnepaTypon okono 130
°C BbIBOANTCA B BOASHbIE XONoaAunbHUKM 6. MeTaHon-cbipey, oTAensieTcs B cenapaTtope 5 n
cobupaetca BcObopHuke 7. LIMpKYNsSIUMOHHBLIN ra3 goxummaeTca oo Tpebyemoro gaBrneHus

TypGokoMnpeccopom 8.
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B cxeme dompmbl Krupp B HWKHEN YacTu KOMOHHbI CUHTE3a, Kak B KOFTOHHaxX C COBMe-
LLIEeHHOM HacaaKou, MMeeTcsa TeNNOOOMEHHUK A4S NogorpeBa CMELLaHHOro rasa Ao Temnepa-
TYpbl Ha4Yana peakummu.

B BepxHen YacTu pacrnosioxeHa katanuaaTtopHasa Kopobka nosioYHOro Tuna, B LiEHTpe
KOTOPOW YCTAHOBIEH NYyCKOBOWN anekTponogorpesatenb. OTnnyme oT ONMCaHHbIX BbILE CXEM
COCTOUT B TOM, YTO MpW BbIXOA4E M3 30Hbl KaTanu3a KOHBEPTMPOBAHHLIN ra3 NpOXoauT He
BeCb TennoobmeHHuK. YacTb ero (okono 20—25%) ¢ Temnepatypon 370—380 °C BbiBOAUT-
CS U3 KOJOHHbI U UCNONb3yeTca ANa NofyvyeHus napa B Kotnax-ytunmsatopax. Oba notoka
COeOVHATCSA nepen BOAAHBIM XONOAMIBbHUKOM-KOHAEHCATOPOM. [naMeTp KONOHHbl —

1100 MM 1 BbicoTa — 18 M, CMHTE3 NpoBoaaT npu gasneHnn 39—40 Mla.

4.1.1.3 CuHTe3 MeTaHoJs1a C NapoOBbIM KOTNIOM-YyTUIIN3aTOPOM Ha

KOHBEPTUPOBAHHOM ra3e Ha LIUHK-XPOMOBOM KaTanusatope

HyXHO OTMeTUTb, YTO B KPYMHbIX arperatax CMHTe3a MeTaHosia TemnepaTypy B croe
KaTanusatopa OObl4HO He perynumpyloT NOCTOPOHHUM TensioHocuTenem, nsberasi, BUAMMO,
YCIOXHEHUS KOHCTPYKUMn annapaTta. MoxHo ncnonb3oBaTtb 60MbLIOE KONIMYECTBO HU3KOMO-
TEeHUManbLHOro Tenna, ycTaHoBUB TENNO0OOMEHHMKM (KOTIbl) MeXAy ra3oBbiM TEMNO00OMEHHN-
KOM KOJNOHHbI U KOHAeHcaTopoM. [MpMMepoM Takoro pelleHus sBRsieTcs TexHorormdeckas
cxema, KoTopas npuBedeHa Ha pucyHok 4.1.4.

CwuHTes npoBogat npu 25-31 Mlla n 360-380 °C. Cxema nmeeT oguH arperaT CUHTe-
3a meTaHona mouwHocTtbto 700 T B cyTkM (240 ThIC. T B rog). B kayecTBe Cbipbsi UCNOMb3yeTcs

nerknn 6eH3nH KaTanuTUYECKOro KpeKnHra Hedptu.
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1 — komnpeccop; 2 — KOMOHHA; 3,5 — pekynepaumoHHble TENNOOOMEHHNKN; 4 — KOTEN-yTUnNu3aTop; 6 — BO3ayLu-

HbI XONoAUNbHUK; 7 — cenapaTtop; 8 — COOPHUK.

PucyHok 4.1.4 — Cxema CMHTe3a MeTaHomna ¢ NapoBbIM KOTMIOM-YyTUITN3aTOPOM Ha KOHBEPTU-

poBaHHOM rase

McxoagHbin ras oxumaroT TypbokomnpeccopoM 1, yeTBepTasa CTyneHb KOTOPOro CrYXUT
U Ona OOMOMHUTESTbHOMO KOMMAPUMUPOBAHUS LIMPKYNSUMOHHOMO ra3a. CMellaHHbI ra3 no-
cTynaeT B TenfI00OMeEHHUK 5, rae nogorpeBaeTcsl TENMOM ra3oB, OTXOASLMX U3 KOSTOHHbI.
OcHoBHOWM NMOTOK rasa u3 TennoobMeHHNKa 5 HanpaBnsT B KOMOHHY 2 Yepe3 BCTPOEHHbIN
TEnnoobMEHHMK 3, 1 OH NMOCTynaeT Ha NEepBY MOJSIKY KOMOHHbI. MeHbllasa YacTb rasa BBO-
auTcsa B Hee B BMae H6annacos, B AaHHOW CXxeMe B No4OorpeToM CocTosiHun. BeBeaeHmne B cxe-
My TennoobMeHHMKa 5 No3BOMSIET YCTAHOBUTL KOTEN-yTUNu3aTop 4 Ans nonyyvyeHust napa 3a
CYEeT Tenna rasos, BbIXOAALWMX U3 KOMOHHbI 2 nocne TtennoodbmeHHuka 3. Takum obpasom,
ras, BbIXOOASALWNN U3 KaTann3aTOPHOW 30HbI, NPOXOANT, NMocregoBaTenbHO TPU CTyneHn Ten-
noobmeHa 1 3aTeM noctynaeT B BO34YLUHbIE XONOAUMbHUKU-KOHOAEHCATOPbl 6. CKOHOEHCK-

POBaHHbLIN METAHOS M BOAY OTAENST B cenapartope 7 n cobmnpatoT B COOPHUK 8.

4.1.1.4 CuHTe3 MeTaHONa Ha HU3KOTeMnepaTypHbIX KaTanusartopax npu

NMOHMXXeHHOM AaBlieHuun

Mpouecc npoBoasaT B ocHoBHOM npu 5—-10 Mla Ha TPEXKOMMNOHEHTHbIX Meabcoaep-

Xalmx kaTanusatopax (pasmepom 5x5 MM) ¢ umpkynsuven rasa TypobouMpKynsaUNOHHLIMU
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MawunHamu. [ns npuBoda komnpeccopa OT MapoBoW TypOWHbI MCNONL3YT nap, nornyyae-
MbIi HENOCPEACTBEHHO Ha ycTaHoBKe. [Mpouecc npon3BoacTBa MeTaHosMa Npu HU3KOM LaB-
NEeHWN BKMOYaET NpakTUYEeCKn Te e CTaamu, YTO U NPoM3BOACTBO €ro Npy BbICOKOM AaBrie-
HuUK. OgHaKo MMEKTCS U HEKOTOPbIE OCOBEHHOCTH.

McxogHbin ra3 ons CMHTE3a MeTaHofla Ha HU3KoTeMnepaTypHbIX MeadbCoAepXalumx
KaTanusatopax AOSKeH ObiTb TWATeNbHO OYULLIEH OT KaTanuMTMYecknx saoB (cepa, xnop). B
npupoaHoM rase cogepxutca 10—-300 mr/mM3 cepHUCTbIX COEAMHEHUIA, @ coAepXKaHne ux B ra-
3e Ans cuHTe3a He AoMmkHO npesbiwaTtb 0,5 mr/m3. CoaepkaHue cepbl NMPU 3TOM B CBEXEM
rase (MCXOOHbIN + LMPKYNSALUMOHHBIN) OOMKHO ObITb He 6onee 0,15 mr/m3. Cxema npousBoa-
cTBa MeTaHona (puc. 4.1.5) n3 cuMHTes-raza KoMnakTHa U BbICOKOIdeKTnBHA. MoLHOCTb
NPOU3BOACTBA onpeaensieTca pecypcom rasa n obolyHo coctasnset 100-110 Tbic. T Broa.

CwuHTes-ras cxkumaetca TypbokomnpeccopoM 1, NPOXOAUT TOHKYHD OYUCTKY OT MapoB
pacTBoOpuUTENS aueTurieHa B YrorbHOM (bunbTpe 2 1 CMeLIMBaEeTCa C LUUPKYNALUNOHHBIM ra-
30M.

[nsa perynmpoBaHNsa COOTHOLLEHMS pearnpyroLnx KOMMOHEHTOB B CMHTEe3-ra3 gobas-
NsieTcs ras ¢ BbICOKMM cofepxaHnem sogopoaa (12-16%), Hanpumep, NpoayBOYHbIV ra3 n3
Npoun3BOACTBa MeTaHoMa MNoA BbICOKUM AaBfEHNEM.

Linpkynsuma rasa obecneumBaeTcs LeHTPOOeXHbIMKOMIPEeCccopom 5.

l
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1, 5 — komnpeccopsl; 2 — unbTp; 3 — cenapaTop; 4 — cOOpHKK; 6 — TennoOBbMEHHUK; 7 — BO3AYLUHbIA XOMO-

OUnbHUK; 8 — anekTponogorpesaTtenb; 9 — peakTop.
PucyHok 4.1.5 —Cxema cuHTe3a MeTaHona nop aasneHvem 5 MlMa

LInpKynsiuMoHHbIN ra3 Yyepes TennoobmMeHHWK 6 1 anekTponogorpeBaTens 8 noctynaet

B LUAXTHbIN peakTop cuHTesa 9.
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OTBOA Tenna peakunn NPoM3BOANTCA NOAaven B CrOM KaTanmsatopa XOornogHoro rasa,
KOTOpbIN pacrnpenensieTca ¢ NOMOLLbIO cneLmanbHO CKOHCTPYUPOBAHHBIX KaMep CMeLLEHUS.

Temnepatypa rasa Ha Bxoge B peaktop 205-225 °C, makcumarnbHasa Temnepartypa B
cnoe katanuaatopa 290°C. Bbixogdawmn n3 peakropa LMPKYNSUMOHHbBIA ra3 oTtaaeT Tensno
rasy, NOCTynarLemMy B peakTop B peKkynepaumoHHbIX TENSTI00OMEHHMKaxX 6 U HanpaBnsieTcq B
BO3YyLUHblE XOSNOAUITbHUKN-KOHAEeHcaTopbl 7. CKOHOEHCUPOBaBLUMNCA MeTaHos, BoAa U apy-
rme noboyHble MPOAYKTbI oTAensawTca B cenapatope 3. MetaHon-cbipey n3 cbopHuka 4
HanpaBsnseTca Ha pekTudukaumo. LMpKynaunoHHbIN ra3 n3 cenapaTtopa Bo3BpallaeTcs Ha
BCACbIBAOLLYIO JIMHMIO LIMPKYNSLUMOHHOIO Komnpeccopa 5. [JaHHY0 CXeMY MOXHO MCMNOSb30-
BaTb ANA MOfydYeHns meTaHona U M3 NPUPOAHOro rasa, NnpeaBapuUTernbHO TLATENbHO OYu-
CTMB ra3 OT cepbl U NOABEPrHyB €ro KOHBepcuuM meTaHa. HegocTtaTkom cxembl siBRsieTcA
npuMeHeHne TypOOKOMMNPECCOPOB C 3NEKTPONPMBOAAMM, YTO MPUBOOUT K pPacxXxogoBaHMIO
anekTpoaHepriun go 800-900 kBT*u/T.

Ha pucyHok 4.1.6 npuBegeHa cxemMa CUHTe3a MeTaHofla C arperatomMm MOLLHOCTbHO
300400 TbIC. T B roa nog, gasneHnem 5—-9 Mla 3 rasa, nony4eHHOro KOHBepcHen meTaHa B

Tpyb4yaTbIX nevax.
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1, 4 —komnpeccopsbl; 2, 10 —xonogunbHukK; 3,11 — cenapatopsbl; 5 — nogorpesatenb; 6 — TeNNOOOMEHHUKN; 7 —
peakTop; 8 — nogorpeBaTtenb KoHAeHcaTa; 9 — BO3QYLUHBLIN XONOAMIbHUK; 12 — cOOpHKMK; 13 — XpaHunuvLe me-

TaHoJ1a — Cbipua.

PucyHok 4.1.6 — Cxema cMHTe3a MeTaHona noa aasneHuem 9 Mla

ans npmeoga, goxnmakwuwiero n UMpKynadumoHHOro KoMnpeccopoB MCMNOJib3yeTcA ne-

perpeTbin Nnap, Nofy4YeHHbI HENOCPEACTBEHHO B arperare.
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McxooHbin ra3 gasnenuem 1,2—2,2 Mla komnpeccopom 1 cxXumaeTca A0 OaBneHusi
5,0-9,0 MlNa. daBneHne oo 1 nocne komnpeccopa obycroBfieHo CXeMOon NoAroToBKKU rasa u
AaBfeHneM BLMKNe CMHTe3a MeTaHosa. Pasnuyme cxem cuHTe3a mMeTaHona rnoj gasreHnem
51 9 Mla cocTonT B MCNONb30BaHUKN KaTanmsatopa: npu 6onee BbICOKOM AaBfieHUM npume-
HAETCS HECKONbKO MEHEee akTUBHbIN, HO Bonee TePMOCTOMKUI KaTanm3aTop.

Cmecb NCXOOHOro U LIMPKYISALMOHHOIO ra3oB nogorpeBaeTcs A0 TeMrnepaTtypbl Hava-
na peakuuu B pekynepauyMoHHOM TensioobMeHHMKe 6 1 NocTynaeT B nNapoBOW nogorpesa-
Tenb 5. lNocnegHun ncnonb3yeTca Npu pasorpese peakrtopa 1 Npu HapyweHUsIX TEXHOSOorn-
yeckoro pexuma. Harpetbin go 205-225 °C uMpKynsauMOHHbIN ra3 HanpaBnsieTCHa B LUAXTHbIN
peakTop CUMHTe3a 7, B KOTOPOM Ha MeabcoepXalleM KaTtanuaaTope npoTekaeT npouecc ob-
pasoBaHus MeTaHona. logaepxaHve TemnepaTypbl MO CNOSIM KaTtanu3atopa B peaktope
OCYLLIeCTBNSAETCHA BBOAOM XOSIOLHOrO rasa.

Cxema npon3BoacTBa MeTaHoMa C arperatom MOLHOCTLIO 750 ThIC. T B rog npaktuye-
CKM He OTNu4aeTcst OT ONMMCaHHOWN.

KoHBepTMpOBaHHbIN ra3, Nnosly4eHHbI NapoBOn KOHBEPCUMEN MeTaHa B Tpyb4yaTbIX ne-
Yyax, ABYXCTYneH4aTblM KoMnpeccopom 2, 4 cxnmaeTtcd ot 1,5 go 7,7 MlNa n cmelwumBaeTcs ¢
UMPKYNALUNOHHBIM ra3om (pucyHok 4.1.7). Tlocne kaxagow CTyneHu KoMmnpeccopa ra3 oxna-
XpaeTtca B xonogunbHukax 3, 5, CKOHOEHCUPOBABLLASICA Bnara oTAensieTcsl B cenapaTtopax
7, 6. lNMpuBoa cTyneHen KoMnpeccopa OCYLLECTBASETCA NapoBbiMU TypOUHaMK, UCNONb3YHO-
wnmm nap gasnexvem 10,4 MlNa n temnepatypon 490 °C.

Katanusatop (o6bemom 143 M3) B peakTope YCrOBHO pa3ferneH Ha 4 crnos, Mexay Ko-
TOpbIMU ANdA nogaepXaHus HeobxogMMon TemnepaTypbl BBOAMUTCA XONOAHbIM ra3. Makcu-
MarnbHoe KonuyecTBo nocnegHero — Ao 60% OT UMPKyNsUMOHHOrO rasa, nogasaemMoro B pe-
akTop.

Tenno npopearMpoBaBLUErO ra3a, BbIXOOSALWENO M3 KOMOHHbI CUMHTE3a, MCMOMb3yeTcs
Ana nogorpesa nUTaTenbHOW BOAbl KOTMOB-YTUIM3ATOPOB B nogorpesatendx 7 n 17 n nogo-
rpesa rasa, NOCTynawLLero B KOSIOHHY, B TennoodmeHHukax 10 n 14.

Mpu kOHOEHCaUMM B MeTaHOorme-Cbipue pacTBOpSETCs 3Ha4YNTESTIbHOE KOSNMMYECTBO KOM-

NMOHEHTOB UMPKYNMALMOHHOIO rasa.
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1, 6, 20 — cenapaTtopbl; 2, 4, 12 — komnpeccopsbl; 3, 5 — xonoguneHUKK; 7, 17 — nogorpeBaTenn KoH-

peHcata; 8, 16 — peakTopsl; 9, 13 — napoBon nogorpesartens; 10, 11, 14, 15 — pekynepaunOHHble
TennoobmeHHukn; 18, 19 — xonogunbHUKN-KOHAEHcaTopbl; 21 — cbopHUK; 22 — gerasaTop; 23 — xpa-

HUMMLLE MeTaHona-cbipua.

PucyHok 4.1.7 — Cxema cuHTe3a MeTaHona Ha arperate 750 Tbic. T/roq

CocTtaB 1 KONMMYECTBO PaACTBOPEHHbLIX ra3oB OnNpenendaAlTcsa napameTpammn npolecca
CUHTE3a MeTaHona.

Mpu cnHTe3e meTaHona nog AasneHnem 10 MlMa 13 meTaHona-cblpua npu gpoccenu-
poBaHuu BbiaensaeTcs 25-27 mM3/T pacTBOPEHHbIX ra3oB, a Npu CHWKEHUW OABMEeHNs B LMKNe
cuHTe3a 0o 5 MlMa ux konn4yecTBo cHuxaetca go 15-17 m3/T. CoctaB BblAENUBLLUNXCH TaH-
KOBbIX ra30B MOXHO paccuymTaTb MO Ko3ahpmumeHTaMm pacTBOPUMOCTM C y4eTOM napumanb-
HOro OaBNEHUs KOMMOHEHTOB B LMPKYNAUMOHHOM rase. ocKonbKy CUMHTE3 MeTaHona npwm
HU3KOM AaBfEeHMM Ha HU3KOTEMMEPATYPHbIX KaTanu3aTopax MpoOBOAUTCS MPU NOBbILUIEHHOM
KOHUEHTpaumn anokcuga yrnepoga, to cogepxaHme CO2 B TaHKOBbIX ra3ax noBblaeTcs Ao
40-60% (06.). Obbl4HO nocne BblAeneHuss MeTaHona 3TW rasbl BMECTe C MpOAYyBOYHbIMU
HaNpaBnsIOTCSHA CXKUraHWe B KOTENbHbIE YCTAaHOBKW.

TexHonornyeckne napameTpbl 3KCMnnyaTauMm pacCMOTPEHHBLIX BbIe CXEM CUHTE3a
MeTaHona npveefeHbl B Tabn. 4.1.1. MOWHOCTb OAHON TEXHONOMMYECKOW SIMHUU B MPOMbILL-
NIEHHbIX NPOM3BOACTBAX M3MEHSIETCH B LUMPOKMX Npenenax. YaenbHbln pacxod NpupogHoro
rasa npu 3ToM OTNMYaeTca He3Ha4YUTENbHO U onpeaenseTcs B OCHOBHOM criocobom noaro-

TOBKM MCXOOHOrIOo rasa.
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Tabnuua 4.1.1 — OCHOBHbIe 3KCNIyaTauNOHHbIE NOKa3aTeny NPOMbILLIEHHbIX NPON3BOACTB CUHTE3a

UTC 18—2016

MeTaHona
TexHonorus
MokasaTenb puc. pvc. pvc. pvc. pvc. puc.
41.1 41.2 41.3 41.5 4.1.6 4.1.7
MoLHOCTb OHOro arpera-
40 40 55 110 400 750
Ta, TbiC. T B rof,
Pacxon npupoaHoro rasa,
1184 1300 1152 3542* 1131 1165
M3/T
[aBneHune cnHtesa, Mla 30 30 40 50 9,0 9,0
TemnepaTtypa cuHTesa, °C 320- 210- 220- 220-
320-380 | 320-380
380 280 290 290
O6bemMHasi CKOpOCTb rasa,
30 33 23 10 9 7
103 y1
nameTp peakTopa CUHTe-
n pp P 1,0 1,0 1,0 3,6 4,4 4,45
3a, M
OGbem kaTanusaTtopa, m3 4.1 3,9 5,25 60 140 286**
Mpon3BoanTENLHOCTL Ka-
30,0 30,8 31,4 55 8,6 7,9
Tanusartopa, T/(M3-cyT)
KaTanunsatop Zn—Cr | Zn—Cr | Zn—Cr | CHM-1 | CHM-3 | CHM-3
®yHKUMOHanN
B UCXOQHOM rase 2,5 2,15 2,3 2,02 2,5 3,0
B LMKNe 8,5 6,2 8,0 2,6 11,2 21,2
Copepxanne CO:2 B ncxoa-
1,5 4,5 1,5 3,7 10,5 7,9
Howm rase, % 00.
CoaepxaHne NHepPTHbIX
KOMMOHEHTOB B UMKIe, % 18,0 25,0 22,0 30.0 16,9 13,8
006.

* — CUHTe3-ras 13 NpoM3BoACTBaA aueTuneHa

** — IBa peakTopa

preﬂ,HeHHble HOPMbl pacxoga WCnosib3yemMoro CbipbdA, OCHOBHbIX MaTepuarnioB u

3HepropecypcoB Ha 1 T MeTaHomna no pasnnyHbIM TEXHOMOMMSIM OTCYTCTBYHOT.
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4.1.2 TeKkywme ypoBHU 3MUCCUM B OKPYXKaroLLyO cpeay nNpu npousBoacTBe

MeTaHosna

[laHHBIX NO 3MUCCUSM B OKPY>KatoLLYIO cpefy HeT.
4.2 NMpounssoacTBo hopmanbaernaa

dopmanbgern nepBbi YrieH roMosiorMyeckoro psga anvdartnyecknx anbgernaos.
ABnseTca BaXXHbIM KPYNHOTOHHAXXHbBIM MPOAYKTOM OCHOBHOIO OpPraHNU4eckoro n HeTexmmu-
4YeCcKoro CUMHTesa.

OcHoBHas yacTb BCero nponssoanmoro copmMmansaernga ucnonb3yeTca AN U3rotos-
neHunsa deHonodopmanbaerngHbix, kapbammaogpopmanbaernaHbix, MenammHogopmansae-
rMaHblX, amugodopMansierngHblX CMos, NPUMEHSIEMbIX B MPOU3BOACTBE OPEeBECHOCTPY-
XeYHbIX U OpPEeBEeCHOBOMOKHUCTLIX NAUT, (peHOoNacToB N aMUHONMAacToB (HanpumMep, CTekno-
NNacTUKOB) U APYrMX KOMMO3ULMOHHBLIX MaTepuanos, KNees, Nakos, LWMdoBanbHbIX MaTe-
punanos n 1.0. Popmanbagerya NpUMEHAETCA Npu MOMyYeHUU U30MpeHa, NeHTaspuTpuTa,
TpyMmeTunonponaHa, ypoTponuHa, atpuona, audpeHnnmetannsoumaHata (MAW) n HekoTopbIx
APYrMx XMMUKaToB.

BoaHbii pactBop dhopmanbaernga (C HEKOTOPbIM COAEPXXaHMEM MeTaHona) — dop-
ManvH — NpuMeHseTca ang aybneHmsa n KoHcepaaLumm BMONOrMyecknx maTepuarnos, B Kaye-
CTBE Ae3nHduumpyoero cpeacrea (aHTucenTuka) B bmonornm, MeauumHe U CefibCKkoOM XO-
391CTBE, a Takke Kak Npu N3rotoBrieHUn aHTnbakTepuarbHbIX BaKLMH.

O6pasoBaHune hopmanbaernga ocyLlecTBRsSeTCs B pe3dynbTaTe NpoTekaHusa naparn-

JenbHbIX peaKLlMVI NPOCTOro N OKUCITUTESIbHOIO gernapmnpoBaHna MetaHona:

CHyOH —-— CH,O -+ H, — 93,4 &/Li/moab (1)

CH,OH + /,0, —— CH,0 + H,0 - 1474 g/Tx/vom.  (2)

Hapsagy ¢ aTummn peakumsiMm B cuCTeMe npoTeKkaeT Lerbli KOMNeKe noboyvHbIX npe-
BpawieHun. MNpu aTom HanbonbLliMi BKNag B NOOGOYHbIE NpeBpaLleHns BHOCAT peakuun (3),
(4), 5), (7).

Peakummn (1) n (2) aBnsatoTcst paBHOBECHLIMU B TEPMOAUHAMUYECKOM CMbICIE, NpUYemM
paBHoBecre 060Mx NpeBpaLLeHMn CyLLECTBEHHO CABUHYTO B CTOPOHY 06pa3oBaHNsA Npoayk-

TOB peakuuu.
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CHyOH + 3,0, — CO, + 2H,0 + 575,1 x[lxMoas i3)
CHyO 4 1,04 — HCOOH + 270,4 xLa/mons i4)
HCOOH + 14,0, — CO, 4 Hy0 + 14,5 x[lx/Moas (2)
HCOOH — CO+ H,0— 53,7 x/Lx/uons ]

CHy0 — CO+H,+ 1.9 x[IxMons (f)

2CH,0 + H,0 — CH,0H 4 HCOOH + 122,0 x[lx/mom (8]
Hy+ I.I'I'Iﬂl — HaO 4 2418 K[1x/MONb {9]
2CH,OH 4 CH,0 —— CHy(OCH,), + Hy0 + 131,0 kMw/mon (10)

MO THAAE

CO +4 1,0, — CO; 4 283,0 k[l mons (11)

200 — COy-}- C+ 172,5 x]ls/mons (12)

2CH,0 —— HCOOCH, 4 132,6 x[Ix/ons (13)

HCOOH + (m — 1) CHO — HCOO(CH,0),CH,OH (14}

M3 conoctaBneHns Bcex ypaBHEHUI NOBOYHBIX U OCHOBHbIX peakuui MOXHO caenaTtb
3aKkrn4veHne o TennoBoM adekTe BpyTTO-NpeBpaLLieHns MeTaHona. Tak, NoNOXUTENbHbIN
TennoBon apeKT peakunn oOKUCNEeHNS MeTaHoa B NONTopa pasa npesbllaeT no abcontoT-
HOW BeSNMYMHE OTpuLaTeSbHbIM TEeNoBON 3hdeKT ANa peakunn ero germapuposanus. llo-
Aasnsowee 60MbLWMHCTBO MNOBOYHBIX peakumii 3K30TEPMUYHbI. [103TOMY CyMMapHbIn Ten-
noson adpeKT nonoxuTeneH. B ycnoBusix TEXHMYECKOro npouecca 3HadeHne AQ cocTas-
naet 90-110 k[x. Ha npakTuke, ¢ y4eTOM TOro, 4TO UCXO4HAA CMecCb, Nonagasa B peakTtop,
HarpeBaeTcs 6onee, yem Ha 500 °C, npouecc ocyuwecTtBnsaeTcsa 6e3 oTBoga Tenna, T.€. B
ycnoBusix agmabaTnyeckoro pexmma.

PaccmoTpeHne cTexmoMeTpuu peakuuin nokasbiBaeT, YTO KM4eBble npeBpalleHus
NpoTeKalT C yBennyeHnem obbema, a NoboYHble — Kak C yBENIMYEHNEM, TaK N C YMEHbLLUE-
HMem obbema peakumoHHon cmecu. C yyeTom Gonblioro pasdaBrneHns a3oTom, cMctema B
Lenom mMarno 4YyBCTBUTENbHA K M3MEHEHMIO AaBneHnsa (obbema). TepmoanHammyeckme pac-
YeTbl NOKa3sbIiBaKT, YTO M3MeHeHune obuwero gasneHna ot 0,01 go 1 Mlla npakTnyeckn He
BNUSAET Ha COCTaB NPOAYKTOB.

B HacTosiwee BpeMsi B MPOMBILLNIEHHOCTM NPOLIECC OCYLLECTBASIT B agnabaTnyeckmnx
YCIoBUAX:

1) B napoBown gase npu 680-720 °C Ha cepebpsHOM KaTanusaTope, KOHBEPCUST MeTa-
Hona coctaBnsaeT 97-98 %. Npu Bo3BpaLLEHUN HEMPOPEearMpoBaBLUEro MeTaHOMNa B PELMKIT
B NpucyTCcTBMM cepebpsaHoro katanmsatopa npu 600-650 °C, koHBepcust MeTaHona gocrtura-
et 77-87 % B ogHoM uukne. Beixoa popmanbaernga coctaBnget ~ 90%.

2) B n3bbITKE BO3yxa Ha KaTanusaTope U3 OKCUMAOB Xenesa-monubaeHa-sonbgpama

npu 250-400 °C. KoHBepcuss metaHona — 98-99 %. Bbixog dhopmanbaernga cocraBnsieT
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~95 %.

4.2.1 OnucaHue TeXHONOrMYeCKUX NPoLeccoB, UCNONb3yeMbIX B HacTosiLiee

Bpems

4.2.1.1 TexHonorma nony4yeHnsa cpopmanbaernaa Ha cepedpsiHbIX

KaTanusartopax

MpuHUMNManbHasa TexHornormyeckas cxema nonydeHus opmanbaernaa Ha cepebpsi-

HOM KaTanusaTope npeacTtaBneHa Ha puc. 4.2.1.

111

A%

1 - ucnaputene; 2 - TenNoobMeEHHUK; 3 - peakTop; 4 - KaTanuaaTop; 5 - NOAKOHTAKTHBIA XONOAUNbHKK; 6 - ab-

copbep; 7 - TennoobmeHHukn. MNoToku: | - Bo3ayx; Il - metaHom; lll - Boga; IV - MeTaHONbHLIN hopmanuH

PucyHok 4.2.1 — MNpuHuMnuanbHas TeXHONorn4yeckas cxema nonydyeHua dopmanbgernga Ha

cepebpsiHOM KaTanusarope

MeTtaHon, cogepxawmn 20-25 % Boabl, NnogatoT B ucnaputenb 1, B KOTOPOM €ro uc-
napsitoT B TOKe Bo3ayxa. [NapoBoaayliHasa cmecb Harpeaetcsa go 110 °C B TennioobmeHHuke
2 N nogaeTcHa B BEPXHIOK YacTb peakTopa 3. [1pn nycke CMCTEMbICIION KaTanusatopa B peak-
Tope pasorpeatoT go 250-300 °C ¢ nomMOLLbK CrheunanbHbIX 3NEKTponogorpesarenen, a
nocne "3axuraHma" crnos Temnepartypa katanmsatopa (600—700 °C) nogaepxmBaeTca Ha 3a-
AAHHOM YpPOBHE 3a cyeT Tenna peakumn. Bbixogsiiyto u3 peaktopa CMeCb, CoAep’Kallyto
dopmanbaerng, Boay, asoT, BOAOPOA M YIIeKUCnbIv ras, a Takke HenpopearnposasLLMi Me-
TaHon, oxnaxaatT Ao 150 °C B NOAKOHTAKTHOM XOnoAunbHUKE 5, BbIMOMIHEHHOM Kak OOHO
Lenoe C peakTopoM M HanpaensT B abcopbep 6, rae n3 HMX nsBnekarT dopmansaerna u
HenpopearMpoBaBLWwnin meTaHon. Abcopbep, npeacraBnAwWNN cobor TapenbyaTyro KONMOH-

Hy, pa3geneH Ha TpU Unu YeTbipe cekumn. HKHAS cekums opoluaeTtcsi dhopManuHoMm, cpe-
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HASA - pacTBopoM, cogepxawmm 15-20 % dopmanbaernga, a BepxHss — YNcTon Bogon. M3
Hn3a abcopbepa BbIXOAMT TOBapHbIN bopmanuH. B cnyvyae npoussoactBa KOK (kapbamu-
AodopmManbaerMaHoro KoHUeHTpaTa) — O4gHa M3 CeKkLuMi opollaeTcsl BOAHbIM pacTBOPOM MO-
4yeBWHbI. V13 HM3a abcopbepa BbIXOANT TOBAPHbIN hopManuH (nnu KOK).

CTteneHb KOHBEPCUM METaHosa B 3aBUCMMOCTW OT TUMNa UCMNonb3yemMoro cepebpsaHoro
KaTanusatopa MoXeT cocTaBnsTb oT 77 A0 97 %.

Hopmbl pacxoga cbipbsi, 3HEPrMM 1M BCOMOraTesibHbIX MaTtepuasioB Ha Npon3BoACTBO

1 T pacTBopa popmansaernaa (37 Y%macc.):

MeTtaHon, Kr 445
Bopa, kr 390
OneKTpoaHeprus, KBy 38
Bopaa, oxnaxpatowas, m3 40

4.2.1.2 TexHonorusa nony4yeHusa cpopmanbagernaa Ha OKCUAHbIX

KaTanusatopax

MprHUMNManbHasa TexHonormyeckas cxema nonyveHust popmanbaernga Ha OKCUOHbIX
KaTanusaTtopax npencraBsneHa Ha pucyHke 4.2.2.

Ha npakTuke B KayecTBe Katanusatopa Haubornbluee pacnpocTpaHeHue nony4vuna
cmecbk okenaos xenesa (Ill) u monubaena (VI) ¢ aToMHbIM COOTHOLIEHMEM MOnMbBaeHa K xe-
nesy ot 1,7 po 2,5.

OkucHble kaTanua3aTopbl 3HAYUTENbHO MEHee YyBCTBUTESbHbI K MPUMECSAM, YeM ce-
pebpsiHbIN 1 ero aHanoru.

[Ana nogaepxaHua akTMBHOCTW KaTanusatopa peakumio HeobxoamMmo nNpoBOAUTL B U3-
ObITKE KMCnopoaa, NOCKOSMbKY B MPOTUBHOM Clyyae nof AeNcTBMeM MeTaHona u opmanb-
aernga katanusatop 6bICTPO BOCCTaHOBUTCA. Micxoas n3 atoro, ¢ y4eTom npeaenos B3pbi-
BAaeMOCTN PEeaKkUNOHHbIX CMECEeWN, peakumo NPOBOAAT NPWU KOHLEHTpauum meTaHona B WUC-
XOOHOW cMecu He npeBbliwatowen 7—8 % o0.

OkucneHne meTaHona NPoOBOAST B KOXYXOTPYOHbIX peakTtopax ¢ Tpybkamun HebonbLLO-

ro gnametpa npu 350-390 °C n cteneHn koHBepCcUn metaHona 98—99 %.

143



UTC 18—2016

I piI

* Boda

@1 | Boda Iap Z

V—_v
e ||
1 - komnpeccop; 2,4 - TennoobmeHHukK; 3 - peakTop; 5 - ckpybbep. MoToku: | - Bo3gyx; Il - meTaHon; Il — oTpa-

6oTaHHbIV Bo3ayx; IV - hopmanuH.

PucyHok 4.2.2 — NMpuHuMnuanbHaa TexHonorm4yeckas cxema nosny4dyeHmsa coopmanbaernaa Ha

OKCUAOHOM KaTanu3atope

OunLLEHHBIM BO34YyX C NOMOLLbIO BO3OYXOOYBKU MOAAKT B TENNOOOMEHHWK 2, rae ero
HarpeBalT 3a CYEeT Tenna KOHTaKTHbIX rasoB. B TpybonpoBog nocne TennoobmMeHHuka
BrNpbIiCknBatoT MeTaHon. Harpetaa go 180°C cnupTtoBo3gyliHasi CMecb, cogepxaiiasa 6—7
%Mmacc. MeTaHona, NOCTynaeT B BEPXHIO YacTb peakTopa 3.

Temnepatypy BHYyTpU TpybOK C KaTanusaTtopom nogaepxueatot B nHtepsane 360—-380
°C 3a cyeT nogayn B MexXTpybHOe NpoCTpaHCTBO TensioHocuTensa ¢ temnepatypon 250-290
°C. Cpok cnyxbbl OKCMAHOro Katanusatopa CocTaBnsdeT OKono nonytopa net. M3bbitouHoe
TEnso peakuumn UCNonb3yeTca B TENNOOOMEHHNKE 4 Ons NONyYeHUs BTOPUYHOMO napa.

KoHTakTHbIN ra3, oxnaxaeHHoln ao 140 °C, M3 peaktopa HanpaBnsalT B HUKHIOK
YyacTb ckpybbepa 5. NpumepHO ogHa TpeTb ra3oB nocne abcopbepa noctynaeT Ha daken, a
OCTaBLLEECH KONNMYECTBO — B peuunkn. V13 HukHen yactn abcopbepa BbIBOAAT hopManmH.

B tabnuue 4.2.1 npuBefeHbl OCHOBHbIE MoKa3aTenu paboTbl NPOMBbILIIEHHbIX arpera-

TOB MO NoNy4YeHnto hopMarnmHa Ha OKCMOHOM KaTanu3aTope.
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Tabnuua 4.2.1 — OcHOBHble NokasaTtenu padoTbl NPOMbILLIIEHHbIX arperaTtoB MO MNOMAYy4YEHUIO

chopmanuHa Ha oKCMOHOM KaTanusaTope

MNapameTp 3Ha4veHne

FopgoBas NPoON3BOAUTENBHOCTb, ThIC. TOHH 10-25

Honsa B oopmanuHe, % macc., He bornee

mMeTaHona 0,6

MypPaBbWUHOW KUCNOTbI 0,02
[ona meTaHona B NnapoBO34yLLHOW CMECU Ha BXOAe B peakTop, 6-7
%macc.

Pacxop (Ha 37% copmanuH)

3ANEKTPO3HEprumn, KBT*y/T 160
oxnaxaaroLlen sogbl, M3/T 25-28
YpaensHasa npon3sBoguTenbHOCTb, Kr/(4*T-hopmannHa) 1300-1600
'mopaBnuyeckoe conpoTtmeneHne peakropa, Mlla 0,05-0,06

Kak cnegyeT n3 conoctaBneHust NpMBeAeHHbIX AaHHbIX, NPUMEHEHNE OKCUAHOro Ka-
TanusaTopa no3BonsieT nonyyaTb PopManuH ¢ cogepXxaHmem metaHona He Bbiwe 0,6 %
Macc. C KpalHe HU3KUM coaep>kaHnemM MypaBbUHON KNCIOTbl (MeHee 0,02 % macc.).

B Tabnuue 4.2.2 npuBeneHbl ycpeaHEeHHbIE HOPMbI pacxoda UCNoNb3yEMOro Cbhipbs,

OCHOBHbIX MaTepurarnoB 1 aHepropecypcoB Ha 1 T popmanbaernaa.

Tabnuua 4.2.2 — YcpeagHeHHble HOPpMbI pacxoda UCMoSib3yEMOro Cbipbsi, OCHOBHLIX MaTepuarnoB u

3HepropecypcoB Ha 1 T opmanbaernga

TexHonorus nonyvyeHusa cbopmanb,qerwp,a Ha

Textonors cepebpsaHbIX KaTannsaTopax
Hopmbl pacxoga cblpbst

MeTaHon Kr/T 1210 - 1250

HopMmbl pacxoga aHepreTu4ecknx pecypcos:
OneKTpo3aHeprus KBT*u/T 112 -170
TennoaHeprus kan/T 18-2,1
Xonog aMMuaYHbIn lkan/T 0,08
Bona obopoTHas ThIC.M3/T -
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4.2.2 TeKywue ypoBHM 3IMUCCUUN B OKpPYXaloLyLo cpeay npu npousBoAcTBe

¢dopmanbgernaa

TeKyu.u/le YPOBHU SMUCCUN B OKPYXakoLyo cpeay rnpu npon3soncrtee q)opmanbp,ermp,a

npuseneHsl B Tabnuue 4.2.3

Tabnuua 4.2.3 Tekywme ypoBHM 3MUCCUM B OKPYXKaLOLLYHO cpefy Npu npov3soacTee popmManbaernia

TexHonorusa nony4veHus popmanbaervga Ha
TexHonorusa
cepebpsiHbIX KaTanmMsaTopax

3arpsasHsoLme BellecTBa B Bblibpocax, r/T dpopmanbaernga*

dopmanbaernaa He 6onee 370

3arpsasHsaoLme Bellectsa B cbpocax, Kr/ T popmansgermga

XK He bornee 1,3

pH 2,5-9,0 eq pH

* — faHHble nosjtyvyeHbl Ha OCHOBE pacquHon mMoaesun

4.3 NMpon3BoacTBO OKCMAAa 3TUNEHA U 3TUNEHITIMKONen

B HacTosiwee Bpema okcng atuneHa (OJ) aBnseTcs ogHUM n3 Hanbonee KpynHOTOH-
HaXHbIX MPOMEXYTOUYHbIX MPOAYKTOB OPraHM4eckoro m HedTeXMMMYECKoro cuHtesa. Mac-
lWwTabbl NPOM3BOACTBA OKCUAA STUIEHA U €ro NPOM3BOAHbLIX 3a NOCneaHne AecAaTuneTnsa ao-
CTUINKN BbICOKOIO YPOBHS. OTO 06bACHAETCSA NOTPEOHOCTLIO B OKCUAE 3TUMEHA Kak B UCXOA-
HOM CbIpbe ANSA Mony4YeHns NpoAyKTOB, MCMONb3yeMbIX B aBTO- M aBMATPaHCMNOPTE, B XUMU-
4YeCKOW, FOPHOMN, HEPTAHOW, TEKCTUIBHON U BO MHOTUX APYIMX OTPACSX NPOMbILLNIEHHOCTH.

OcHoBHbIM HanpaeneHnem nepepabotkm O3 B HacTosLLEE BpeEMS ABMAAETCA NPOWU3-
BOACTBO aTuneHrnukonen. CTpykTtypa notpebneHuns okcmaa 3TUneHa Ha MUPOBOM PbIHKE B
2010 rogy 6bina cneaytowas (Ha NPon3BOACTBa): MOHOITUNEHINMKONSA 69,4%, aTOKCMNaToB
9,7%, BbICLUMX rnMKonen 6,9%, aTaHonamMuHoB 4,6%, 3PUPOB MMUKONA U OCTasbHbIX NPOAYK-
T0B 9,4%.

B HacTosilwee Bpems npaktuyeckn Becb O3 npousBoaUTCA OAHMM cnocobom: raso-
a3HbIM OKMUCINEHNEM ITUMEHA KUCOPOAOM UM BO3OYXOM Ha TperepHom cepebpocoaep-
XawieMm HenoaBwKHOM crioe Katanuaatopa npu Temnepatypax 220-300 °C wn pgasneHuu
0,8-3,0 Mlla. B kayecTBe kaTanmsatopa peakuun obpasoBaHuss O MCNOMb3YOT AfEMEH-
TapHoe cepebpo, NPOMOTMPOBAHHOE LLENOYHO3EMESIbHBIMU W/UMK LWENOYHbIMM MeTannamu,
HaHEeCEeHHOEe Ha rpaHynNMpPOBaHHbIN OKCUA, antOMUHNS.

Ha cepebpsaHom kaTanu3atope NPOUCXOAAT ABEe peakuuy — oGpasoBaHue ITUMEHOK-
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cnga 1 NoJiIHoe OKNCINeHne aTureHa.:

CH, \ /
HZC/ + 0.502 — >
o

H,c7 + 30, —» 2C02 + 2H,0

Peakumus atunena c kucnopogom go O3 ak3otepmuydHa (AH = -117,3 k[x/mMornb) u co-
npoBoOXaaeTca elle 6onee 3K30TEPMUYHON NOBOYHOM peakumen NonHoro okmcnennsa (AH = -
1412 k[x/Monb), NO3TOMY ANSA ee OCyLeCTBeHns B TpebyeMoMm TemnepaTypHOM guana-
30He HeobxoanmMo obecrneymBaTb BbICOKOI(EEKTMBHLIN TENNOOTBOA. B CBA3M C 3TUM CUHTE3
O3 ocyLlecTBRAT B KOXYXOTpPYOUYaTbIX peakTtopax, B MeXTpybHOoe MpOCTPaHCTBO KOTOPbIX
nogaeTca xnagareHT.

O6pasyrowmincsa aTuneHokena Takke okncngaetca 4o CO2, YTO CBA3AHO CO CHMKEHMEM

CEeNneKTnBHOCTU KaTaJin3aTopa rnpu noBblLUEHNN CTENEHN KOHBEPCUN STUJIEHA!:

;O; + 250 —>» 2C02 + 2H,0

K aTuneHy npeobsiBNAOTCA BeCbMa BbICOKME TpeOOBaHWSA MO COAEPXKaHWUKD B HEM
CEPHUCTbIX COeANHEHWI, aLeTUNEeHOBbIX U HenpeaenbHbIX yrnesogoponos, sogopona. Co-
AepXxaHne MeTaHa M 3TaHa He OOMMKHO npeBbiwaTtb 6onee 0,1 % 06. B cymme. OTUNeEH oT

CEPHUCTLIX COEANHEHNN N aLeTUNeHa AOMKEH ObiTb OYULLEH NOSTHOCTbLIO.
4.3.1 Nony4yeHue okcmnaa aTUreHa OKUCIIEHNEM 3TUNeHa YUCTbIM KNCITOPOAOM

B npoussoactee O3 N0 «KMCNOPOOHON» TEXHOMOMMU UCNOSb3yeTCA KOHLEHTPUPOBaH-
HbI aTuneH 99,0-99,9 % n KoHUeHTpupoBaHHbIN kncnopod 99,5-99,8 %. Ha ctagun cuHTe-
3a OO npumeHseTca ogHOCTaaUMHbLINM PEaKTOPHbIN BIIOK, KOTOpbIN paboTaeT B pexume «3a-
KpbITOM» LMpKynauun (6e3 «npogyekmy). B unpkynsumoHHom rase (LiIN), noctynatowiem B pe-
akTop cuHTesa OJ, KOHUEHTpauusa aTuneHa n Kicnopoga LOMmkHa nogaepXkmBaTtbCcs B 3a-
AAHHOM MHTepBane 3a CYeT perynvpoBaHnsa Nogayn B CUCTEMY MHEPTHOrO rasa (asorta unu
MeTaHa). 3a cyeT Oonblien TENOEMKOCTU MeTaH, MO CPaBHEHWIO C a30TOM, MO3BONSET
obecneunBatb Ny4yWMN TEMSIOCBEM PEaKUMOHHOrO Tensia W, crnefoBaTernibHO, YBENUYUTb
HarpysKy Ha peakTop.

B cBA3M C OTCYTCTBMEM «MPOAYBOYHOIO» rasa B AaHHOW TEXHOSOrMM npenycMoTpeHa
ctagus Bblgenenna n3 LI guokcmaa yrnepoaa, obpasytowerocs npu OKUCNEHUN 3TUNEHa.
BoigeneHne CO2 ocyllecTBnseTcs nyteM HanpaeneHus 6anaHcoBoro konuyectsa L™ Ha xe-
Mocopbunio aKkTMBMPOBAHHbIM pacTBOpoM kapboHaTta kanuda. PereHepauusa atoro abcopbeH-
Ta (BblgeneHmne CO2 co cayBkowm B aTmocdepy) npoBoantcsa B aecopbepe 3a cyeT HarpeBa-
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HUS N CHWXeHus aasneHnd. OunweHHbin oT CO2 ras, cogepXawmm 3TUNEH N MHEPTHbLIN ras,
HanpaBnseTCs B UMPKYIALUMOHHbBIA KOHTYP peakTopa cuHTesa OJ.

M3 peakumoHHOro rasa cuHTesumpoBaHHas OO nornowaetcs abcopbumern BOAHLIM
pacTBOPOM ITUIEHITIMKONS, 3aTEM OHa AecopbupyeTcs U BHOBb abcopbupyetca geMnHepa-
N30BaHHOW BoAoOW. [N OYUCTKM OT anbAerMgoB U Apyrnx noBOYHbIX NpMMecen BOLHbIN
pactBop O3 nocTtynaeT Ha cTagumto pekTudunkaumm. PeakunoHHbI ra3 nocne BblgeneHus uns
Hero O3, coaepXxallnin HenpopearMpoBasBLUMI ITUMEH, BO3BPALLAETCA B peakTop CuMHTE3a
03. C uenblo nogaepkaHusi coneBoro 6anaHca n BbIBOga M3 CUCTEMbI NOBOYHLIX NPOOYK-
TOB, obpasytowmxcs npyu cmHTede O3 (KapbBOHOBLIX KUCIOT, anbAerMaoB U UX agnykToB),
YacTb BOLHOrO pacTBopa 3TurneHrnukons wu3 kyba gecopbepa otnpaBnaeTcs Ha MOHOOO-
MEHHYIO OYMUCTKY, NMOCre NPOXOXAEHUST KOTOPOM OHa MCNOMb3yeTcsa ANsl CMHTe3a MuKonemn
(pucyHok 4.3.1).

CenekTMBHOCTb NpeBpalleHnsa atuneHa B OO B 3aBMCUMOCTU OT NapamMeTpoB KaTanu-
3atopa gocturaet ~90%. Mo Mepe akcnnyaTaumm 3Ta CENEKTUMBHOCTb CHMXaeTcs O 76

~80%.

Y
-
Canianne

yINoOpoOas

Onoxcunn

Oxmnch
ATMNe

(W)
L

-
|
|

PacTnop oxucw
JTHAOHA

1 — peaktop; 2 — abcopbep OI; 3 — agcopbep CO2; 4 — necopbepCOz2; 5 — necopbep OI; 6 — peabcopbep O3;
7 — pekTndUKaLMOHHAs KONTOHHA BbIAENEeHNs NTErkUX NpUMecen B; 8 — pekTUdUKaLMoHHas KONIOHHA BblgeNeHuns
ToBapHon O3J; 9 — apgcopbep cepHUCTbIX Npumecen meTaHa; 10 — UMPKYNAUUOHHBIA koMnpeccop; 11 — Kowm-

npeccop; 12 — koMmnpeccop MeTaHa; 13 — cMecutene rasos; 14 — koTen-yTunusaTop

PucyHok 4.3.1 — NpuHuMnuanbHaa cxema nponsBoacTBa O3 No «kKUCNOPOAHON» TEXHONOIMU
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4.3.2 NMpon3BoacTBO ITUNEHININKONA

ATUNEeHrNunKonb (MoHoaTUneHrnukornb, M3IT, 3I') — KPYMHOTOHHAXHbLIN MPOAYKT Npo-
MbILLUNIEHHOCTN OPraHN4YecKoro N HePTEXMMUYECKOro CUHTE3a U LUMPOKO UCMONb3yeTCs B XU-
Muyeckon, HedTenepepabaTtbiBatoLlen, HEPTAHON, aBTOMOBUNBHON, MALLMHOCTPOUTENBHON,
TEKCTUIbHON MeBEeNbHON, CTPOUTESNBHON, NULLEBON NPOMBbILLIIEHHOCTM.

MponssoacTBo 3T TEXHOMOIMYECKM HEOTAENUMO OT NPOU3BOACTBA OKMCK 3TUIEHA,
No3TOMY €ro onvcaHve NpoBOAUTCA HENOCPEACTBEHHO MNocrie NPOn3BOACTBA OKMUCH

B HacTosiwee BpemMsi eAMHCTBEHHbIM MPOMBbILNEHHbIM CNOCOBOM MNOSyYeHUs 3Tu-

JIEHITIMKONA ABNAETCA npouecc HeKkaTanmTU4eCKON rmapartaumm okcnga aTurneHa:

O OH

B3aumopenicTene a-okcMaoB C NPOTOHOAOHOPHBLIMM BELLECTBaMU, B YACTHOCTW, Ma-
paTaumsi okcuaa 3TurneHa, npeacTaBnseT coboi cuctemy nocrnenoBaTeribHO-NapannenbHbIX
peakumii (nocrnepoBaTernbHbIX MO BOAE W MapannesnbHbIX MO OKcuay 3TUIEHa) U No3ToMmy
Hapsigy C MOHOIMUKONAMM HabnogarTcs NoboYHble NPoayKTbl — AWU-, TPU- U NOMUITIUKONN

(obpasyrowminca 3l apnaeTcs 6onee peakUMOHHOCNOCOOHbLIM COeaMHEHMEM, YeM BOAA):

v o
HO\/\OH + G - HO/\/ \/\OH

o

HO/\/ \/\OH + v _:O/\/O\/\O/\/OH

CwuHTE3 ocyLLecTBNAeTCA HenpepbiBHbIM METOAOM B agmMabaTnyecknx unn n3otepmu-
YEeCKMX peakTopax uaeanbHOro BbiTECHEHUS1 6e3 MCNOoNb30BaHUSA KaTanu3aTopoB Npu TeM-
nepatype 120-200 °C u pasnexHun 1,0-2,0 MlNa. Cogepxanne OO B MCXOOHOM pacTBOpe
nogaepxusaetcs B uHTepBane 8—-13 % ans nogaepXxaHusi ApUeMnieMon cenekTMBHoCTn 82—
86 % no M3r.

Tennoson addekt npouecca okono 90 k[k Ha 1 MONb NPUCOeaNHAEMOro okcuaa

OTUINEHAa.

4.3.2.1 NMony4yeHue 3TUNEHITINKONSA HeKaTanMTU4YeCcKon ruapartaumen okcmaa

TUNeHa

Hencteytowme npomssoactea A B PO ogHOTUMNHBLI, TEXHOMNOIMMYECKNE CXEMbI pasnu-
yalTcs B HEOONbLUMX AeTansaX, OTAENbHbIX KOHCTPYKTUBHbIX y3nax.
Mpounssoacteo A" rmgpaTtaumen O BKNYaeT crneaylowme craguun: NpUrotToBrneHne

ncxogHoro pactesopa O3 B Boae, cuHtes 3T, ynapmBaHue BogHoro pactesopa 3T, ocylwka u
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pekTudukauma cmecn 3l ¢ BblaeneHnem LeneBbix NpoaykToB. Ha pucyHke 4.3.2 npeacrtas-
rfieHa NpuHUMnuManbHas TEXHONOrMYyeckasa cxema.

MpapaTtaumio okcnaa aTUNEeHanpoBOAAT B TpeX nocnenoBaTeribHO paboTarLlwmx peak-
Topax 6,7,8. lNepBbI N0 Xo4y peakTop 6 npeacTaBnseT cobon 0AHOXOLOBOM KOXYXOTpyb4a-
Thii FOPU3OHTAsbHbIA TEMNOOOMEHHNMK, B KOTOPbIN MCXOOHAs LWMXTa NOCTynaeT U3 cMecuTe-
na nos. 5 ¢ temnepatypon 90 °C.

3poecb eé HarpeBatoT go 150 °C ropsdert BOAOMW, LMPKYNUPYIOLWLENA B MEXTPYOHOM
NPOCTPaHCTBE peakTopa v danee HanpaensioT BO BTOPOW peakTop 7, rae npoTekaeT OCHOB-
Has YacTb peakuuu rugpaTaumm okenga atuneHa (~ 91%).

Bbigenstolleecs B 3TOM peakTope Tensno peakumm oTBOAAT ropsidien Bogon. B TpeTb-
eM no Xxody peaktope 8 peakuuMss rmgpatauMm  NOSMIHOCTbKO  3aBepluaeTcs
(~ 9 %).

YnapusaHue peakUuUoHHOU Macchkl 2udpamauyuu

PeakumoHHast macca n3 Tpetbero peakropa 8 nogaeTtcsa B TPEXKOPMYCHYI BbiMapHYH
yCTaHOBKY npotmsoTtodHoro tuna 9,10,11. B pesynbtaTte ynapkv KOHUEHTpauusi BOAbl B pe-
aKkumMoHHOM macce cHmkaeTtcsa ¢ 80 % o 10 % macc. PeakumoHHasi macca nocTynaeT B Bbl-
napHomn annapart 9 ycTaHOBKM, KOTOpPbIN paboTaeT nog Bakyymom He 6onee 140 mm pT. CT. C
TemnepaTypown B kybe 65 °C.

Bakyym B BbinapHOM annapate 9 co3gaeTcsl NapoaKeKUMOHHbIM HaCOCOM, COeANHEH-
HbIM Yepe3 koHgeHcatop 19. [na cTpaBnuBaHus Bakyyma B BbiNapHOM annaparte npeay-

CMOTpeH noasoz asoTa gasneHnem 0,15 Mla k BepxHen YyacTu annapara.
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UTC 18—2016

O6orpeB ucnaputens OCYLIECTBMASETCA COKOBbIM Mapom BbinapHoro annaparta 10.
KoHaeHcaT rpetowiero napa BbinapHoro annaparta 4Yepes npmemMHuk 20 Hacocom 14 4yaCcTUYHO
nogaeTcsa B COOpPHUK 3, Apyras 4acTb — Ha OPOLLEHME B KOSIOHHYHO YacTb BbiNapHOro annapa-
Ta 10.

YnapeHHasa peakuMoHHas macca ¢ cogepxaHvem rnukonen 30 % Hacocom 15 nepe-
Aaetca B BbinapHou annapat 10, B KOTOpOM npu AasBneHun 6nmn3kom K atMocdepHOMY U
Temnepatype B Kybe He Bbiwe 95 °C ynapmBaeTcs 40 KOHUEeHTpaumn rnukonen 45 % macc.
O6orpeB annaparta 10 ocywecTBNAeTCAa COKOBbIM Napom BbinapHoro annapata 11. KoHgeH-
caT un3 BbinapHoro annaparta 10 yepes npMeMHUK KoHAeHcaTa 21 Hacocom 16 nepepaetcs
4YacTMYHO B COOpPHMK 3, a Apyrasi YacTb NoJaeTCa HaopoOLIeHEe B BEPXHIOK YacTb annapaTta
11.

PacTtBop rnukonen ua sBoinapHoro annaparta 10 ¢ cogepXxaHnem rnukonen okono 45 %
Macc. HacocoMm 17 nepepaetcsa B BbinapHou annapat 11, B KOTOPOM peakuuMoHHas macca
ynapuaetca oo 90 £ 5 % macc. Temnepatypa B Kybe nogaepkumaetca He Bbiwe 155 °C
oborpesom BbIMapHOro annaparta 11 BOASHbIM napom C AaBneHnem
0,9 Mla, nogaBaembIM B MCMapUTenbHYIO YacTb annaparta. YnapeHHas peakunoHHaa macca
n3 annapata 11 Hacocom 18 nepenaetcsa B COOPHUK 12.

C uenbto npegoTBpaLLEHNsa NOTEPb ITUIMEHITIMKONS B BEPXHEW YacTu BbiMapHbIX arn-
napaToB YCTaAHOBMEHbI PEKTU(UKALMOHHBIE KOFIOHKM C 6 Tapernkamu.

[TpedsapumenbHas obpabomka noboYHbIX ariukoneu

[na npeasaputenbHon 06paboTkM NOBOYHLIX FMNKONEN OTKUCNbIX MPUMECEN B MOTOK
No6oYHbIX rrMkonen nogaetca 5 %-bi BOAHbLIM pacTBOp efkoro HaTtpa. MNoboyHble rimkonm
13 emkoctTn 21 HacocoM 37 NOJAKTCA B KOMOHHY 22, NnpeHasHa4YeHHY Af1s1 OTFTOHKN CMecHu
rMUKonen oT Taxenbix npumecen. KonoHHa paboTaeT nog ocTaTouHbIM AaBneHuem He 60-
nee 55 mm pT.CT. n Temnepartype B kKybe He Bbiwe 140°C. Kyb konoHHblI o6orpeBaeTcs napom
c pasneHnem 0,9 Mla, nogaBaemMbiM B KUNATUITbHUK 27. [1apbl rMukonen oTBOAATCA CBEPXY
KOJTOHHbI B KOHAeHcaTop 26, koHAeHcaT Hacocom 39 nepekaymBaeTcsl B COOPHMK yNapeHHOro
pacTtsopa rnvkonen 12. KyboBbin 0CTaToOK HAacocoM 38 No Mepe HaKOMMEeHUa B KOFNIOHHE OT-
KaumBaeTcs B COOPHUK.

Pekmudbukauus ynapeHHoOU peakKUUOHHOU Macchl

Pektudukaumsa ynapeHHON peakunoHHOW MaccChl OCYLLECTBNAETCA Ha ceMn pekTudu-
KaUWOHHbIX KONoHHax. Cmecbk rnunkonen n3 cbopHuka 12 Hacocom 40 nogaeTcs B KadecTBe
NUTaHUSA B KONOHHY 23, NpeHa3HayYeHHy Ans OTFOHKWU BOAbl U JFIerkoneTydnx npumecemn n3
cmecn rnukonen. OctatovyHOe AaBrieHWe B BEpPXY KOJMOHHbI nogaepxuBaeTcs He 6onee 75

MM pT.CT., Temnepatypa B Kybe — He Bbiwe 158 °C. KonoHHa oborpeBaeTcsi napom C gasrne-
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Huem 0,9 Mla, nogaBaeMbiM B KUNATUNBHUK 29. [1apbl BOAbI U NErKUX NpUMecen Hanpasns-
IOTCS1 CBEPXY KOSMOHHbI B KOHAEHcaTop 28. YacTb guctunndara ¢ cogepXaHuem rrvkonen He
6onee 0,3 % Hacocom 42 nogaeTcd B BUae cnermol, gpyras 4yactb copacbiBaetcs B X3K yve-
pes ruaposaTtBop. KyboBas nakocTb KOMOHHbI 23 nogaeTcss HacocoM 41 Ha NUTaHWE KOSTOH-
Hbl 24.

KonoHHa 24 npegHasHaveHa Onsi BblAeneHnss TOBApHOro 3TUMEHINMKONS U CHabxeHa
23 knanaHHbIMK Tapernkamun. OcTaTtoyHoe JaBrieHMe BBEPXY KOSIOHHbI NogaepXuBaeTcsl He
bonee 23 mm pT. CT., TemnepaTypa B kybe — 158 °C. Kyb6 konoHHbl oborpeBaeTcs napom c
nasnenuem 0,9 Mla, nogaBsaemMbiM B KUNATUNBHUK 31. [1apbl 9TUNEHINIMKONSA CBEPXY KOMOH-
Hbl nocTynatT B kKoHAeHcatop 30, YyacTb AUCTUNNIATaA HacocoMm 44 nofaeTcs Ha OpolleHue
KOJTIOHHbI (doriermMoBoe 4Yucrno paBHO 1), Apyrasi YacTb HanpasnsieTca B COOPHMK TOBApPHOro
npoaykrta 32.

KyboBas »XWOKOCTb KOMOHHbI 24, cogepxawasn 37,5 % STUNEeHrnuMkonss B CMecu c
BbICLLMMMU FNIMKONSMK, HanpaensieTcss Hacocom 43 B cOopHUK 33, 1 ganee Hacocom 45 noga-
€eTCA Ha NuUTaHue CTPUNMUHI-KONOHHBLI 25, NnpegHa3HayYeHHoW ANA OTFOHKM OCTaTOYHOro aTu-
neHrnukons n3 kybosowm xumakoctn go 0,05 % macc.

CTpunnuHr-konoHHa 25 npencraBnsdeT cobon pekTudurkaumoHHbIi annapar ¢ 15 kon-
navykoBbIMW Tapenkamu, ¢ onerMoBbIM YUCOM, paBHbIM 1,5; paboTaeT nog ocTaToYHbIM
AaBfieHMeM BBepXy KOMOHHbI He Bonee 7 MM pT.CT. Npu TemnepaType B Kybe He Bbiwe 160
°C. KonoHHa oborpeBaeTcs napom ¢ gasnennem 0,9 Mla, nogaBaemMbiM B KUNATUINBHUK 35.
Mapbl atunenrnukonsa (85 % macc.) n guatunedrnukons (15 % macc.), oTxogsawime cBepxy
KOSTOHHbI 25, nocTynatT B KoHAeHcaTop 34, YyacTb ANCTUNANATA U3 KOHOeHcaTopa nogaetcs
HacocoM 48 Ha opoLlleHue KOMOHHbI, Apyrasdactb Hanpaengetcs B cOopHuk 12. Kybosas
XNOKOCTb KONMOHHbI 25, cogepxaiasa octatkn A (~0,12 % macc.), A3 (~89 % macc.), TAl
(~10 % macc.) n TetpastuneHrnukonsa (~1 % macc.) HanpaBngeTca B COOpHUK 36, oTkyaa
HacocoM 49 nogaetcs B KonoHHy 50. KyboBas XUOKOCTb KOMOHHbLI 25 MOXeT nogaBaTbCs B
KonoHHy 50 HenocpeacTBEHHO Hacocom 47 NOMMMO MPOMEXYTOYHOro cbopHuka 36. Beugy
NOBbILLEHHOW BA3KOCTN KyOOBOW XUOKOCTM B KOSIOHHE 25 npegycMoTpeHa npuHyauTenbHas
UMPKYNaunsa ee Yyepes KUNATUITbHUK 35 Hacocom 46.

KonoHHa 50 npeacrasnsgeT cobon umMnuHApPUYeCcKnin annapart, 3anofiHEHHbIA ceT4aTon
Hacagkown, U npegHasHaveHa anst oTroHkn cmecun A3 n T3l oT TsHkenoKunawmx npumecen —
nonurnukonen. OcTatoyHOoe [AaBrneHve BBEpPXy KOJIOHHbI nogaepxuBaetcaHe 6Gonee
23 MM pT.CT., TemnepaTypa B kybe — He Gonee 160 °C. KonoHHa oborpeBaeTcsi napom C
aasnenvem 2,4 Mlla, nogaBaemMbiM B KUNATUNBHUK 54, B KyGe KONMOHHbI Yepes KNNATUITbHUK

OCYLLECTBMAAETCSA LMPKYNaums KyboBom XXMAKOCTU C MOMOLLbIO Hacoca 67.
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KyboBas xungkoctb konoHHbl 50 oTkaunBaeTcst B cOopHUK 61 Hacocom 67. Nocne ne-
pepaboTku = 500 M3 (550 4 paboThbl) Cbipbs NPOM3BOAUTCA Nponapka 1 NPOMbIBKa KOMOHHbI 1
KMNATUNBbHUKA OT OTIIOXKEHUIM NOSTUIMINKONEN U TSXKENbIX NpUMecen B TedeHune 1-2 vac.

[Mapbl 4M3TUNEHINNKONS CBEPXY KOSTOHHbI HaNpaBnsaTCHa B KOHAeHcaTop $5. OucTtun-
NAT M3 KoHOeHcaTopa HacocoMm 68 HanpasBndetTcs B cOOpHUK 56, M3 KOTOporo Hacocom 69
nogaeTcsa B Ka4yecTBe NuTaHus B KONOHHY 51. B konoHHy 51 nogaeTca obecconeHHasa Boaa B
konuyectee 10% OT pacxoda NUTaHUA.

KonoHHa 51 npegHasHayeHa ons yganeHus nerknx npumecen ns cmecn A3 n Tl n
cHabxeHa 20 konnaykoBbiMK Tapenkamu. OcTaTouHOE AaBreHne B KOFIOHHE noaaepXxmBaeT-
cs He Bbornee 55 MM pT. CcT., TeMnepaTtypa B Kybe — He Bbiwe 185 °C. KonoHHaoborpesaeTcs
napom c gasneHvem 2,4 Mla, nogaBaembiM B KUNATUNBHUK 57. B KyGe KONMOHHbI Yepes Ku-
NATUINBHUK OCYLLIECTBIISAETCA NPUHYANTENBHAA LMPKYNALNA XKMAKOCTU Hacocom 70.

[Mapbl cBepXy KOMOHHbI MOCTYNAalOT B KOHAEHcCATOp 58, oTKyAa OUCTUNNAT C coaepxa-
Huem rnunkonen 0o 3,5% Hacocom 71 YyacTUYHO NOLAETCA Ha OpPOLLEHME KOMOHHbI (driermo-
BOe 4ncro paBHO 1), ocTanbHasa YacTb nogaetca B cbopHuk 21 nnmn X3K.

KyboBas »xunagkocTb, npeacraenstowas cobo CMecb rMUKONen, N3 KONOHHbI 51 Haco-
com 70 nogaeTca Ha NUTaHUE B KOJIOHHY 52.

KonoHHa 52 npegHasHayeHa Ond BblOeNeHUsi TOBAPHOro ANSTUNEHTNIMKONSA U CHab-
XeHa 20 konnaykoBbiMK Tapenkamu. OcTaTtoyHoe AaBneHne BBepXy KOSTOHHbI COCTaBNSAET He
bonee18 mm pT.CcT., TemnepaTtypa B Kybe — He Bbiwe 195 °C. KonoHHa oborpeBaeTcs napom
c paasnenuem 2,4 Mla, nogaBaeMbiM B KUNATUBHUK 59. B Kybe KONMOHHbI OCYLLECTBSETCA
LUMPKYNALUS XKUAKOCTU HACOCOoM 72.

Mapbl O3, BbIXOAdAWME CBEpXy KOMOHHbLI, NOCTynawT B KoHAeHcaTop 60, oTkyga
YacTb AUCTUNNATA HAacocoM 73 NOOAETCHA Ha OPOLLUEHME KOMOHHbI, OCTarnbHas YacTb Hanpas-
nsaetcsa B c6opHuk ToBapHoro [9I0 62.

KyboBas ngkocTb KOMOHHbI 52, cogepxaiaa A3, TAlT u BbICcWIME MUKONK, OTKaYK-
BaeTcs HacocoM 72 B cOOpHUK 61, OTKyda Hacocom 74 nogaeTcsl Ha NUTAHWE KOSTIOHHbI ne-
puoanyeckoro aencrems 53.

KonoHHa no3.53 npegHasHayeHa ons BolgenexHus ToeapHoro TAlN, cHabxeHa 18 kon-
navkoBbIMU Tapesnikamn. OcTaTouHOE JaBreHne BBEPXY KOMOHHbI Noaaepxmnsaetcsa He 6onee
7 MM pT.CT., OCTaTO4HOE faBrieHne B Kybe — He bonee 45 mm pT.CT., TemnepaTtypa Bkybe —
He Bblwe 205°C. KonoHHa oborpeBaetcs napom 2,4 Mlla, nogaBaeMbiM B KUNSATUIbHUK
no3.63. B kyb6e KONOHHbI OCYLLECTBASETCA LMPKYNALUS XUAKOCTU Yepe3 KUNATUNbHUK No3.63
Hacocomnos.76.

B pekTndrkauMoHHON KONTOHHE OTFOHAITCA TP dopakumu: nepsad, cogepxawas 75%
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macc. [13I, HanpaBnseTca B cOOpHUKNO3.56; BTOpas dpakuus, cogepxawaa meHee 90%
T3l, HanpaenseTcs B COOPHUK N03.61 Ons NOBTOPHOW nogadn B KOMOHHY Mo03.53;TpeTbs
dpakumsa — ToBapHbin TOI HanpaBnaeTca B COOpPHUK N03.65.4acTb KyGOBOM XUOKOCTM KO-
NOHHbI N03.53 HacocoMm no3.76 noaBepraeTcs LMPKYNALMN Yepes KUNATUMNbHUK No3.63, YyacTb
HanpasnseTcs B cOopHUK no3.66. CoagepxaHne T3l B Ky6oBOW XuakocTn coctasnsaet 45%,
BbICLUMX rnvkonen 55% macc.

[ocTurHyTble nokasatenu NnoTpebneHns Cbipbs 1 SHEPropecypcoB Npu NPoOn3BOACTBE

oKcuaa aTuneHa u rnmkonen npueegeHsl B Tabnunuax 4.3.1 n 4.3.2 COOTBETCTBEHHO.

Tabnuua 4.3.1 — [locTUrHyTble nokasaTenu NnoTpebneHns Cblpbs 1 3HEPropecypcoB npwm

npon3BOoACTBE OKCKMAA 3TUNEHa

TexHonorus MonyyeHne O3 OKUCNEHNEM STUIMEHA YUCTBIM KUCITOPOLAOM
Cblpbe (aTuneH), kr/t 808 —859
Tennoaneprus, kan/t 1,55 -2,09
OnekTpoaHeprus. KBT*u/T 238 -265

Tabnuua 4.3.2 — [JocTurHyTble nokasaTenu noTpebreHnst Cbipbs U SHEPropecypcoB Npu

NPOM3BOACTBE MUKONen

HekaTanutuyeckas rmapartauua HekaTanutuyeckas rmapartauua
TexHonorus
03 03
Cblpbe, OKuUcb aTUnNeHa,
Kr/T 680--885 680-750
TennoaHeprus, kan/t 1,15-3,98 1,15-1,25
OnekTpoaHeprus, KBT*u/T 30--70,8 30-33

4.3.3 TeKywme ypoBHU 3MUCCUM B OKPYXKaloLLYO cpeay

Tekyline ypoBHW 3IMUCCUIA B OKpyXKalollylo cpedy npuefeHbl B Tabnuuax 4.3.3—
4.3.5.

Tabnuua 4.3.3 — TekyLume ypoBHN 3IMUCCUN B OKPY>KaIOLLLYHO cpefly Npyu COBMECTHOM NPOU3BOACTBE

OKMCW 3TUINEHA U MUKOMEN.

TexHonorns CosmecTHOe nponssoactso O3uml™

3arpsisHstowme BelwlecTsa B Bblbpocax, r/Trnvkonen®

NOx He bonee 206

CO He bonee 877
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Cymma yrnesogoponos (6e3 metaHa)

He 6onee 906

3arpsasHstoLme BelwecTBa B cOpocax, Kr/Trnmkonen

HedTenpoaykTbl He 6onee 1,0
XMK He bornee 298
pH He Bonee 6-9 en.pH

* [laHHble nonyyeHbl HA OCHOBE pacyeTHOM Moae

Jn

Tabnuua 4.3.4 — TekyLwmne ypoBHM SMUCCUN B OKPYXKaIOLLYYHO Cpeay Npy Npou3BoACTBE OKCcMaa 3Tu-

nexHa
MonyyeHne OB OKMCNEHMEM STUMEHA YK-
TexHonoruda
CTbIM KUCIOPOAOM
3arpsasHsoLwme BellecTsa B Bblbpocax, /T okcuga atuneHa*
NOx He bonee 887
CO He 6onee 200

Cymma yrnesogoponos (6e3 metaHa)

He 6onee 610

3arpsasHsaoLwme BellecTsa B cbpocax, Kr/ T okcuaa aTuneHa

XMK

He bonee 230

* [laHHbIE NOSlyYeHbl HA OCHOBE pacyeTHOM Mofe

JN

Tabnvua 4.3.5 — TekyLme ypoBHM SMUCCUN B OKPYXKaIOLLYO cpeay Npy NpoM3BOACTBE MMUKONewn

TexHonorus

Hekatanuntnyeckas rugpatauma O3

3arpsasHsoLlme BellecTBa B Bblibpocax, r/T rnmkonen *

NOx

CO

Cymma yrnesogoponos (6e3 metaHa)

685

33Fp$|3HFII'OLLl,Me BelwectBa B C

Opocax, Kr/ T rmukonen

XMK

He bonee 820

* [laHHbIE NOSlyYeHbl HA OCHOBE pacyeTHOM Moae

117

4.4 NMponsBoacTBO OKCMAaa nponurieHa

Okcua nponuneHa (OlM) oauH 13 KPYNHOTOHHAXHbBIX MPOAYKTOB OCHOBHOMO OpraHuye-
CKOro N HedPTEXMMNYECKOro CuMHTe3a. [MNaBHbIM HanpaBrieHMEM €ro MPOMbILSIEHHOrO WUC-
NOMb30BaHUA ABMSAETCH CUHTE3 MPOCTbIX NONNIUPOB, U3 KOTOPLIX NOMYyYaloT NONMypeTaHsbl.

B aton obnactu ncnonobsyetca 65-70 % npoussogumoro Or1, okono 20 % BbipabaTtbiBaemo-
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ro Ol npeBpaLiaT B MOHO- 1 gunponuneHrnukonun. Kpome toro, n3 Ol B NpOMBbILLNEHHbIX
MaclwiTabax nony4arT HenoHoreHHble MNMAB (NpokcaHoMbl U NPOKCaMWHbI), NPONUIEHOKCUA-
Hbl€ Kay4yKW, annumoBbIN CnvMpT, NnponuneHkapboHaT, M3onponaHoNaMmnHbI.

B Poccun B HacTtoswee Bpemsi Ol npon3BoasT Ha ABYX Npeanpuatusax, cymmapHas
MOLLIHOCTb KOTOpbIX He npeBblwaeT 125 ToIC. T/roa.

M3BecTHbI cnegyowme metoabl nonyyveHus Of1:

- XJTOPrMOPUHHBIN;

- ANEKTPOXUMUNYECKNIA;

- 3ANOKCHANpoOBaHMeE NponuieHa HagKMcrnoTamu;

- OKMUCIeHne nNponusieHa MosiekynapHbIM KUCNOPOLOM (B ra3oBou U Xugkon dasax;
COMpsKeHHOEe OKUCNEHUE; B NPUCYTCTBUM YKCYCHOW KUCNOTbI);

- OKMCIEHMe NponureHa nepokcngamu yrinesoaopoaos.

MpombiwneHHbIMKN npoueccamn nonyyveHnst Ol B Poccumn siBRsitoTca XnoprngpuHHbINA
MeTO W OKUCIEeHUe NnponuneHa nepokcuaamu yrneBogopoaos.

Mpouecc obpasoBaHWs LeNeBoro NPoaykra no TeXHONOMU XNopruapuHHONo npouec-
ca npoTekaeT 4epe3 NPOMEXyToyHoe obpasoBaHWe NpPONUMEHXNOPrMapuHa, KOTOPbLIN B
AanbHerweM nogsepraeTcs OMbINIEHNIO U3BECTKOBLIM MOSIOKOM:
_,Her‘—'::H—cHa

Cl/H,0 Cl OH Ca(OH),
H,C=CH—CHy——

HyC—CH—CHy + CaCl, (1)
¢!

—»H,C—CH—CH;,3
(lJH Cl
B kayectBe NoBGOYHLIX NPOAYKTOB 0BpasyoTCcsa: ANXNOpNponaH, U3oOMepHbIe ANXop-
AnnponunoBble 3chupbl, XnopaueToH 1 ap. Beixoa nponvneHxnoprugpvHoOB cocTaBnsieT 87—
90%, a Bbixog Ol — 95% oT1 obpasytoLLeroca nponuneHxnoprugpuHa.
AnbTepHaTuBHbIM cnocob npounssoactea Ol ocHoBaH Ha B3aMMOAEWCTBUM Mponune-
Ha C OpraHNU4YecKMMu rmaponepokcMaamum.
OH peanusoBaH B NPOMbILLIIEHHOM MacLuTabe Kak B CTUPOSIbHOM, KYMOJSIbHOM, TaK U B

n306yTUNEHOBOM BapuaHTax.
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0o, HoC=CHCH;
H5CG—CH2—CH3—PH506—('3H—CH3 — H5CG—C|:H—CH3 + H2C\—/CH—CH3 (2)
OOH HO
CH
T 0, s H,C=CHCHj [
HsCs—CH —CH3—-H506—(|3 —CHy —————— H5CG—C|)—CH3 +H2C\—;CH—CH3 (3)
OOH HO
CH
e 0 T H,C=CHCHj [

HsC —cle —CH;—> H3C—C|) —CH; ———> HiC —cI:—CH3 +H,C—CH—CH;  (4)
OOH HO
Ctaguu 3anokcMampoBaHWA MpPoOBOAAT B MPUCYTCTBUM PacTBOPMMBIX KaTanms3aTopos
(conen monunbaeHa, BonbMpama, BaHagus, TutaHa u ap.) npyu Temnepatype 100-150 °C n

AasneHumn 2-5 Mra. Beixog Ol no rugponepokcuay gocturaet 80—90%,

4.4.1 OnucaHme TeXHONOrM4eCcKnx nNpoLeccoB, UCMOJIb3yeMbIX B HacTosiLee

BpemA
4.4.1.1 TexHONOrMA COBMECTHOIroO NOJSTy4YE€HUA OKCMAa nponuneHa u ctupona

O6Laa TexHonormyeckas cxema COBMECTHOrO MoslydeHnsa NponuneHokeMaa n cTupo-
na npeacrtasfieHa Ha puc. 4.4.1..

B gaHHOM TexHonormuM okucrieHve aTunbeHsona KUMCNopooM Bo3gyxa Ao rmapone-
pokcuaa aTunbeH3ona OCyLLEeCTBAIOT B Kackaje peakTtopoB 6apboTaKHOro Tmna, Kaxabin n3
KOTOpbIX NpeacTtasnseT cobon nonbin annapaT ¢ BHYTPEHHUM 3MEeEeBUKOM Npu TemnepaType
130+158 °C n pasneHue 0,35+0,5 MlMa.

OTUNBEH30MbHYO LMXTY (CMECb CBEXero M BO3BpaTHOro atunbeHsona) nogawT B
BEPXHIOK YaCTb peakTopa, BO34yX — B HWXKHIOK YacTb peakTopa. Npn 3TOM NpoayKTbl OKUC-
NeHnsa NPoxXoaaT nocnegoBaTtenbHO Yepes peakTopbl 1-5, B KaXablM U3 KOTOPbIX Napannenb-
HO nogaeTcs BO34yX.

M3 nocnegHero peaktopa 5 Bbixoant 10 % pacTBop rugponepokcuaa, KoTopbli nocne
OXNaXkAeHns, NocTynaeT Ha OTMbIBKY OT MOHOB HaTpusi. OTmbiBka 10 % pacTtBopa ruagpone-
poKcuga NpoM3BOaUTCA B ABE CTYNEHW KOHOAEHCATOM B dfeKTpopasgenurensax (Ha cxeme He
npeacTaBneHbl).

OtmbiTein 10 % pacTBOp rmaponepokcuaa NoCTyrnaeT B KOMOHHY 6 AN KOHUEHTPUpPO-
BaHusA. KyboM KOMNOHHbI BblgendeTcsa rmgponupokeng 22+27 % Bepxom KONMoHHbLI 6 Bo3BpaT-
HbI 3TUNGEH30M, KOTOpbIN BO3BpALLAETCA Ha OKucneHue. KOHUEeHTpMpOBaHHLIA pacTBOp

rmgponepokcunaa atundeHsona 22+27 % nogaeTca Ha 3noKCuanpoBaHMeE MPONUITEHOM.
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OTpaboTaHHbIN, XMM3arpsi3HEHHbIN BO34yX, U3 PeaKkTOPOB OKUCIEHUS NOCTyMNaeT Ha y3en
KOHOEeHcauun (Ha cxeMe He npeacTaBreH). Yrnesoaopoabl U3 oTpaboTaHHOro Bo3ayxa, CKOH-
[AEeHCUPOBaHHbIE Ha y3re KoHAeHcaumm (coctosiwen n3 3-x nocnegoBaTtenbHbIX TENNoobMeH-
HUKOB, OXNa)xaaeMblX: BO3QyXOM, BOAOW M1 aMMMAKoOM) CaMOTEKOM MOCTynalT B cenapaTopbl,
Kyda noaaeTtcsi BOOHO-LUENOYHOW pacTBOp Afs HeWTpanuaauuu KUCHOT U pasnoXeHust nepe-
KMCHbIX COeAMHEHUN, CoAepKaLLMXCS B CKOHAEHCUPOBAHHbIX YrieBoaopoaax.

[anee oTpaboTaHHbIN BO3AYX NOCTYMNaeT Ha y3en KaTanuTUYeckon OYMCTKM ra3os, Ha

KaTanuTuyeckun “goxur’, nocne yero cbpacbiBaetcsa B atmocepy.
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1-5 — peakTopa OKUCINEHUS; 2 — KONTOHHa KOHLEHTPMPOBaHMS

PucyHok 4.4.1 — NpuHuMnuanbHas cxemMa OKUCINEHUA 3TUNGEeH30a KUCNOpOoAOM BOo3ayxa

PacTtBop rugponepokcuaga 22+27 % cMelmnBatoT CO CBEXUM MONNMOAEHOBLIM KaTanu-
3aTOPOM, PELMPKYNUPYIOWNMIN TSXKENbIMU NPOAYKTaMM CO CTaaun pasfeneHus, cogepxa-
LWMMKM KaTanmsaTop, 1 ¢ n3bbITkoM nponuneHa. MNony4yeHHyt0 CMeCcb HaNpaBnsAT B peakuu-
OHHbIN y3en 1. AnokenguposaHme nposoadat npu 100+110 °C n gaBneHumn 2,5+3 Mla, He-
obxogMmMoM NS nogaep’kaHust CMECU B XXMOKOM COCTOAHUKN. YTOBbI 4OCTMYb Bonee nomnHom

KOHBEpCUM rmaponepokcuaa npu BbICOKOW yAENbHOM MPOM3BOAUTENBHOCTM U Ge3onacHbIX
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YyCInoBUAX pa6OTbI, BbIMOJTHAOT peaKLlMOHHbIVI y3€J1 B BUAe Kackaga U3 HECKOJIbKMX peaKkTo-

POB C MelWarnkamMmu, oxrnaxgaemblX BOOOM (Ha CXeMe MNnokKa3aHbl ,El,Ba).
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1 — peakTopbl 3MNOKCMANPOBaHUS; 2-5, 12 — peKkTUdPUKaLMOHHbIE KOMNOHHLI; 6 — ucnaputens; 7,9 —
TennoobmeHHuKN; 8 — peaktopbl germagpataumm; 10 — xonoannbHuk; 11 — cenapartop; 13 — Hacoc; 14

— gednermatopsl; 15 — KUNATUNBHUKK; 16 — ApOCCenbHbIE BEHTUSN

PucyHok 4.4.2 — TexHonormyeckasi cxema COBMeCTHOro nony4yeHusi NnponureHokcuaa nu ctmpo-

na

MpoayKkTbl peakuun HanpaBnAT B KOMOHHY 2, rae OTroHseTcs Havbornee netyyvun
nponuneH, Bo3BpallaemMbli Ha aNoKcuaMpoBaHue. 3aTeM B KOMOHHE 3 B BMAE AUCTUNNNATA
Nnony4yaroT OKCua nponuneHa, a KyboBbI OCTATOK MEPErOHSAOT B BAKyYMHOW KONMOHHE 4, OT-
Aensas TSHKENbIN OCTaToK, coaepXalumi Katanmsatop. YacTb TSXKenoro octatka Bo3spalLaroT
Ha 3MOKCUMAMPOBaHME, a OCTarbHOE CXUraloT UMM No4altT Ha pereHepauuio Katanusartopa.
ONcTnNnaT KONOHHbBI 4 COCTOUT rnaBHbIM 06pa3om u3 aTunbeHsona, metundeHnnkapbrHona
M aueTodeHoHa.

M3 aTon cmecu nocne HenTpanuaaumm LWeno4bto (Ha cxeme He nsobpaxkeHa) BHavane
OTrOHSAOT B KONMOHHE 5 Hanbonee neTy4ynin aTunbeH3on, KOTOpbIN PELMPKYNMPYIOT Ha CUHTE3
rmgponepokcnga. KyboBbii OCTaTOK KOMOHHBI 5 nocTynaeT B ucnaputens 6, rae metunde-

HUNKapObuHoN 1 aueTodeHOH B TOKE NeperpeToro BOASHOrO napa UcnapsoTcs U oTAeNnsT-
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cqa oT cmon. Cmecb napos, nogorpetas B TennoodbmeHHnke 7 oo 300°C, nocnegoBaTenbHO
npoxoauT ABa agmabatuyeckmx peaktopa 8, 3anofiHEeHHbIX reTeporeHHbIM KaTanu3aTopom
KMCIMOTHOrO Tuna (akTUBHbIM OKCUA, antoMuHKA), roe MetTundeHmnkapbuHon noasepraeTtcs
aerngpatauun. NockonbKy peakumsa germapartaumm 3HOOTEPMUYHA, CMEChb, OXNaaMBLLYHOCH
rnocrne nepBoro peakrtopa 8, nogorpesaroT napomMm B TennoobmeHHuke 9. CymmapHasa cre-
neHb KOHBEpCcUn meTundeHnnkapbuHona npu aerngpataumm coctasnset 90%.

[Mony4eHHble Mapbl OXNaXpalwT U KOHOAEHCUMPYIT B xonogunbHuke 10, nocne 4vero
BOOHbIN CrOW OTAENSAT OT OpraHMyeckoro B cenapatope 11. Boga BHOBb MaeT Ha nonyye-
HWe napa-pasbaBuTens, YeM co3faeTcs cMcTeMa 3aMmkHyToro BogoobopoTa. OpraHndeckui
CINOWN coaepXXnT CTUPOS, aueToEHOH U He npeBpaLleHHbI MeTundeHnnkapbuHon. 13 aton
CMeCU B KOJTIOHHE 12 OTrOHSIOT CTUPOS, KOTOPbIN AOMOSTHUTENBbHO OYMLLAIOT C NOMNyYeHUeM
npoaykTa MOHOMEPHOW 4YUCTOThl (HA cxemMe He MnokasaHo). B kybe konoHHbl 12 ocTtaroTtca
aueTodeHOH U ocTaTkn MeTundeHnnkapbrHona, KOTopble HaNPaBnslT Ha YCTAHOBKY rMa-
pupoBaHus, rae aueToeHoH npespawaeTca B MeTundeHunkapbunon. lNpouecc rmgpupo-
BaHWA aueTtodeHoHa B MeTundeHunkapbuHon ocywectsnawT npu 153+183 °C n
2,45+4,805 MIMa (25+49 krc/cM?) B MPUCYTCTBMU MeOHO-XpoMOapueBoro kaTtanusaTopa.

'MapupoBaHue aLeTodeHoHa BOAOPOAOM NPOUCXOANT B CYCNEH3UN KaTanusaTtopa.
4.4.1.2 TexHOnoOrMsa XNOpruapmuHHOro Mmetoaa nosly4eHus okcuaa nponusieHa

|_|pI/IHLl,I/II'II/IaJ'IbHa$I TEXHONOrm4eckad cxema nosrfiydeHmnda okcumaa nponurneHa MetToaom

XSIoprugpupoBaHna npuesegeHa Ha pucyHke 4.4.3.
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1 — peakTtop; 2 — OMbINUTENb; 3 — PEKTUPMKALMOHHAS KONIOHHa OTAENEHUS TSHKENbIX npumecen; 4 —
peKkTUdMKaLMOHHasA KONMoHHa oTaeneHust TosapHoro Ol; 5 — BoaHbIV ckpy66ep; 6- LenoYHon ckpyo-

6ep; 7 — chasopasgenutens; 8 — LMPKYNSLMOHHbBIA KOMNPECCOoP.

PucyHok 4.4.3 — NpuHuMnuanbHas TexHonorn4yeckas cxema nosiy4eH1MA okcuaa nponuneHa

XnoprmapyHHbim meToaoMmM

TexHonorus BkNYaeT B cebs crieayrolme OCHOBHbIE CTaAuN: CUHTE3 NPOMNUIEHXI0pP-
rmgpuHa (MXI), ero ombineHue, BoigeneHne n oymctka Ofl, ouncTka MaToOYHMKA OT OpraHu-
4YeCcKnx NpuMecen, yTunmsaumo noboYHbIX XSTIOPOPraHNYEeCKUX NPOAYyKTOB N OYUCTKY ra3oBbiX
BbIGPOCOB.

CunTtes MNXI ocylecTBnsSeTca B HENPEPbLIBHOM PeXMME XIOpUpOBaHMEM NponuneHa
(nponaH-nponuneHoBon pakumn) B BOAHOM pactBope npu Temnepatypax 30—40°C npu at-
MOoCcePHOM UMK HEDOONBLLOM MOBbLILLEHHOM AaBreHuMn. B HWXKHIO YacTb peaktopa 1 oosu-
PYHOT razoobpasHblii XNop, NPONUIEH, CMELUaHHbIN C LMPKYNALMOHHBIM ra3oM 1 BOAY.

Copgepxanune TXI B nony4aemMom BOLHOM pacTBOpEe He [AOSMKHO MpeBbiaTb

~ 10 %macc. CenektuBHOCTb peakuun obpasoBaHusa MNXI ~ 90%. B kayectBe NOOOYHbIX
NpoAyKTOB Npu XnopupoBaHun obpasyeTca B OCHOBHOM 1,2-guxnopnponaH (OXIM) n gu-
xnopauunsonponunosbin acoup (OXANDI).

OTxogsawume Bepxom peaktopa 1 HenpopearmpoBasLine NPONUIIeH U NpornaH BMecTec
XNOPUCTBIM BOAOPOAOM, CMELUaHHbIM C OMXSIOPNPOnaHoM, HanpasnstoT B NPOMbIBHbIE KO-
NOHHbI 5 1 6 1 BO3BpaLLaoT B npouecc. [na npefoTBpaLleHnUss HakoMfeHUs MHEPTHbIX ra3oB
OCYLLIECTBNSATNOCTOSIHHbIN COPOC rasa nepes BO3BPAaTOM ra3oBoOM CMECU Ha peakumIo.

lMony4eHHbIM Ha cTagnmn cuHTe3a BoAHLIW pacTBop X[ cmelwmBaloT ¢ gerngpoxnopu-
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PYIOLLMM peareHTOM 1 HanpasBnsT B OMbINUTENb 2, B KOTOpOM npu Temnepatype ~100°C un
aTMocepHOM AaBneHun npoTtekaeT peakunsa obpasosaHusa Ol1, KOTOpbIN NpU Takon Temne-
paType ucnapsieTca u BMecte C napamu BoAbl U AUxXriopnponaHa nocTynaeTt B CUCTEMY XO-
NoaunbHUKOB-KOHAEHCATOPOB, rAe 4acTb BOASAHOrO napa KOHOEHCUPYHOT M BO3BpaLLaloTB
umkr, a Ol cobupatoT B NPOMEXYTOYHYH EMKOCTb (Ha CXeMe He yKadaHa) U HanpasnsoT Ha
PEeKTUUKALNOHHYKO OYUCTKY B KOSTOHHBbI 3 1 4.

B kauyecTBe OerMapoxnopupylowero peareHta NpMMEHSAEeTCA «M3BECTKOBOE MOJSIOKO»
UM BOAHbBIA pacTBOp rMapokcuaa HaTpus. MaToyHuk, npeacTaBnalowmm cobon cMecb «n3-
BECTKOBOIro Mosnokay mxnopuaa kanbuus (~ 43 m3/1 O, B Tom uncne CaClz ~2,10 1/t ONN),
HaNpaBnsT B LWIAaMOHAKONUTENb UMM HA CUHTE3 XMOPUCTOro Kanbuud. B cnyyae ecnn ang
nonyyeHmss Ol mncnonb3yeTca rMApoKCUa HaTpus, TO MaTOYHWUK, nNpeacTaBnsawowmm cobomn
cmecb NaOH n NaCl, HanpaBnsieTcss Ha HEUTpanNU3aumo CONSIHON KUCIOTOM Unu razoobpas-
HbIM XJTOPUCTbLIM BOOOPOAOM, @ 3aTEM MNOCIE OYUCTKM OT OPraHNYeckux NpUMecen N KOHUEH-
TPMPOBaHNS BO3BpaLLAETCA Ha CTaauto NOArOTOBKM paccofia B 3NEKTPOXMMUYECKOE MPOn3-
BOACTBO XJI0pa 1 KaycTuKa (Mpu ero Hanu4mm).

Mo6o4Hble npoayktel — OXIT n OAXOAWNMS (~ 0,11 /1 Ol) - yHNU4TOXAKTCA METOOOM
BblcokoTemMnepatypHoro (6onee 1200 °C) cxuranus. MazoBble BbIOpOCHI, 06pasyrowmecs Ha
CTaaun CMHTE3a, OMbINIEHUST N CXXUraHUs OpraHMYEecKUX OTXOO0B, AEXNOPUPYIOTCS, HEUTpa-
NN3YITCA «M3BECTKOBBIM MOMOKOM» nnn pactsopoM NaOH Ha ctagmm caHUTapHON OYMCTKM
n cbpackiBatoTca B atmocdepy.

YcpeoHeHHbIE HOPMbl pacxoda MCMNoSib3yEMOro Cbipbsi, OCHOBHbIX MaTepuarioB U
3HepropecypcoB Ha 1 T NO COBMECTHOMY MPOM3BOACTBY NPONUIIEHa okcuaa n ctupona npu-

BedeHbl B pasgene 3 Tabnuubl 3.3.1.
4.4.2 TeKywme ypoBHU 3IMMUCCUM B OKPYXKaHLLYyH cpeay

MHopmMauma no TekyLwmnmM ypoBHAM SMUCCUN B OKPYXatoLLYO cpedy N0 COBMECTHOMY

NPOW3BOACTBY NPONUIIEHa OKCuAa 1 CTUpona npuBedeHsbl B pasgene 3 tabnvubl 3.3.2.
4.5 NMponssoacTBo MeTUN-TpeT-06yTNOBOro acpupa

MeTtun-tpeT-6yTunoseii acmp (MTBI) npeactaBnsaeT cobor BbICOKOOKTAHOBbLIN KUC-
nopojaocofepXalimm KOMMNOHEHT, KOTOPbIN MUCnonb3yeTcsa Kak fobaBka B OeH3WHbl Ans
ynydlleHnsa psga ux aKkcnnyaTauMoOHHbIX CBOMCTB, B TOM YMCIE 3KOSTOMMYECKNX (3HaUYNTENb-
HOe CHWXEeHWe oKcuaa yrnepoaa, yrneBo4OpPOAOB U apoMaTUYECKMX COeANHEHWIA B BbIXJ10M-

HbIX raszax asTomobunewn). bnarogapa go6aBneHWI0 3TOr0 KOMMOHEHTA, NMPOUCXOOUT KOM-
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nayHaupoBaHne 6a30Bbix 6eH3NHOB 1 obecrnednBaeTcs 3Ha4YUTeNbHOe NOBbILWEHWE AeTOHa-
LNOHHbBIX CBOWNCTB MOTOPHbIX TOMSMB.

Cbipbem anga npoussoactsa MTBED saBnsetca metaHon n n3obyTuneH copepxalias
dpakums (MNP — mnsobyTtaH-usobytuneHosas dpakumd, bUP — 6GyTaH-m3obyTuneHosas
dpakums n npoyme).

CuHTes MTBEOD npoTekaeT B XUAKOW dha3e B MArkUX YCroBUSIX B MPUCYTCTBUN TBEPOO-
ro KMCroTHOro kaTtanuaaTtopa. Katanusatopom ob6bl4HO BbICTynaeT CynbgprpoBaHHas MOHO-
obmMeHHas cMmona. B kayecTBe Katanns3aTtopoB UCMOSb3YIOT BbiNyCKaeMble B NPOMbILLSIEHHO-
CTU MOHOOBMEHHbIE cMonbl TuNa «lbtoponanTy, «AmMoepnuct», «Jlesatut», KY-20I n gp.
TemnepaTtypa peakunm NOLAEPKMBAETCA HAa HU3KOM YPOBHE U perynvpyeTcs B OOBOJSIbHO
LUMPOKUX Npeaenax.

OcHoBHas peakuus npowecca:

CH3;
CH; CHj

OH o
+ ch/ —
H,C CH, H,C CH,
Peakuus ak3oTepMmunyeckasa n obpatumad. Tennoson adpdekT peakumm — Q peakuum =
11,73 kkan/monb (B xuakon gase, npu 70 °C). Hapsaay ¢ ocHoBHOW peakuvei HabnogaeTtcs
psg NOBOYHbIX:

a) rmgparauunsa n3obytuneHa ¢ obpasosaHmem TpumeTunkapbuHona (TMK):

CHs CH,
OH

H3C CH, H3C CHj;

6) obpasoBaHue gumeTmnosoro acpupa (OM3I):

CHs
OH |
2 H3C/ —> o + H,O

H3C/

B) anMepmnsauuna m3o6yT|/|neHa C 06pasoBaH|/|eM M30MepPOB D,I/II/I306yTMJ'IeHa Cc

BblaeneHmem 60nbLOoro KonuyecTea Tenna:
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CH;

HsC CH, 90\«
‘o

4]

Bce nobGouHble peakuun noaaepXuBalTCAa Ha MUHMMAanbHO [OMYCTUMOM YPOBHE.
KoHnBepcua nsobytunena moxet gocturatb 95-99 %, koHBepcusa meTtaHona 6onee 90 %, u
npu aTom BbiIxod MTBED Ha npeBpalleHHbIn n3obytuneH coctasnset ot 98 0o 99,5 % mon., a

Ha npeBpaLweHHbIn MeTaHon — 6onee 99 % mon.

4.5.1 OnucaHme TeXHONOrM4eCcKnx nNpoLeccoB, UCMOJIb3yeMbIX B HacTosiLee

BpeMsA

Hencteyowme nponssoactesa MTBD B PO ogHOTUMNHBLI, TEXHONOMMYEeCcKne cxemMbl pas-
nnyarTca B HebonbWNX geTansax, oTAenbHbIX KOHCTPYKTUBHBIX y3nax. OgHako, MOXHO Bbl-
AEnUTb TexHonormm 6e3 ncnonb3oBaHNSA peakuMOHHO-PEKTUPUKALNOHHBIX KOoNoHH (PPK) ona
cuHTtesa MTBEOS n TexHonormm, B KOTOPbIX NPUCYTCTBYET AaHHbIA y3en. Micnonb3oBaHme PPK
nossosnsieT obecneynBaTb BbICOKYK CTeNeHb KOHBEpPCUM U300yTuUneHa, u ero Konmyectsa B

BO3BpaTHOM M306yTaHe gocturaet nokasatensa meHee 0,3-0,5 % macc.

4.5.1.1 OnucaHne TexHonorn4yeckoro npouecca cuHresa MTB3 Ge3

ncnonb3oBaHuda PPK

Ha pucyHke 4.5.1 npeacrtaBneHa npuHUMNuanbHasi TEXHOMOrMYeckas cxema npous-
Boactea MTEO no knaccuyeckon cxeme 6e3 ncnonb3osaHus PPK.

TexHonornyeckasa cxema npoussoactesa MTBES cocTonT 13 cnegyowmx ctagun:

1. MogroToBka cbipbs;

2. Cnutes MTBEQ;

3. Boigenenne MTE3-pektudumkarta (aebyraHmnsaums);

4. OTMbIBKa BO3BpaTHOW M300yTaHOBOW dopakumm OT MeTaHona;

5. BbigeneHne metaHona n3 MeTaHObHOW BOAbI.
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[Tod2omoeka cbipbs

NN, c copgepxaHnem nsobytuneHa go 40 %, noctynaet B uex no Tpybonposoay u3
ToBapHO-cbipbeBoro npoussogctea (TCI1) n cmewmnBaeTcs ¢ MeTaHOSIOM, NOCHe Yero nogo-
rpeBaeTcs B TennoobmeHHuke — pekynepatope T-11 3a CYET Tenna OTXo4sLWEro noTtoka
MTBEQ. [Janee cmech (LumxTa) nogorpeBaeTcs A0 peakunoHHon Temnepatypbl 57 °C B nogo-
rpesaTernie T-3a TennoMm KOHAEHcaTa M3 CUCTEMbI OXITaXOeHUs peakTopoB U NoJaéTcda Ha
CUHTE3 NapasnnenbHbiMK noTokamu B 6 peaktopos (P-607/1-6).

Ceexun metaHon nogaétcsa n3 TCI no TpybonpoBoay 1 HanpaenseTca B OPKOHTaK-
Top P-600, roe ouvnwaeTca OT MOHOB Xefie3a, a3oTUCTbIX COeAUHEHUN N OpYruxX Katanusa-
TOPHbIX 940B. COBMECTHO C NMOTOKOM cBexero metaHosna B P-600 nogaétcsa Bo3BpaTHbLIN Me-
TaHOMN C y3na BblAeneHnst ero n3 MeTaHosnbHOW BoAbl. POPKOHTAKTOP NpeacTaBnseT cobon
BepTUKAnbHbIA annapar, 3anofiIHEHHbIN OTpaboTaHHbIM KaTanusaTopoM KY-20MI (vnn oT-
paboTaHHbIM KaTanusaTopoM u3 peaktopoB P-607). MetaHon nocne ouuctkm m3 P-600
HanpasnseTca B émkocTb E-601, oTkyaa Hacocom H-602 nogaétcs Ha cmewweHne ¢ MNO.

MoaBoa Tenna B KyGOBblE YACTU PEKTUIUKALMOHHBIX KOJTOHH OCYLLECTBIseTCa Yyepes
napoBble KUNATUSbHUKKN, KOHOEHCaUMs NapoB, BbIXOAALMX C BepXa KOMOHH, NPOU3BOAUTCA
obopoTHOM BoaOW B kOHAEHcaTopax (aednermatopax). MNpoayktel NnepepaboTkn nepekaymn-
BaOTCHA LLEHTPOOEXHBIMUN repMETUYHBIMU HAacoCamu.

CuHme3 MTE3

CuHTes  meTun-tpeT-6yTMnoBOro  acmMpa  OCyWEeCcTBNSeTCa B peakTopax
P-607/1-6. PacnpeageneHme peakumoHHOW CMEeCcK Mo peakTopam Npon3BOAUTCH B 3aBUCUMO-
CTW OT aKTMBHOCTW KaTanusaTtopa B peaktope. TpybHOoe NpOCTPpaHCTBO peakTopoB 3anofiHe-
HO KaTanu3aTopom. HanpaBneHue CbipbeBOro NOToKa — CBepXy BHM3. [Mpy NpoxoxaeHun pe-
aKUMOHHOW MaccChbl Yepes Cron katanusatopa NpOUCXOAUT 3K30TepMUYecKasa peakums B3au-
MOAENCTBMS MeTaHona 1 usobytuneHa c obpasosaHmem MTBD, npouecc npoBoanTcs noa
pasnexHnem 1,1 MlMa.

[Nsa CHATUS peakuMOHHOro Tensna no MeXTpyoHOMY NMPOCTPaHCTBY pPeakTOpOB LMPKY-
nmpyeT oxnaxAEHHbI NapoBOW KOHAeHcaT. HarpeTbln B peakTtopax KOHAeHcaT nepenaéer
Tenno wuxre B pekynepaTtope T-3a, nocne 4yero oxnaxgaetcsa oo temnepatypbl 54 °C B BO-
AsHbIX xonogunbHukax T-128a, T-1280, pabotatowmnx napannenbHo. OXNaXaE€HHbIN KOH-
AeHcat cobupaeTtcsa B EMKocTM E-140 1 nogaétca Ha oxnaXaeHne peaktopoB Hacocamun H-
126/1,2,3.

MpoayKTbl peakumn (KatanmsaT) Nocne peakTopoB 06BbEONHAOTCA U HAaNpPaBnsTCA B
peaktop P-603, npeaBaputenbHo oxnaxagascb B xonoaunbHuke T-128 go 48°C. Katanusat

n3 P-603 HanpasnseTcs B KonoHHy KT-100, npefBapuTenbHO HarpeBasicb nocrnegoBaTenbHO
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B TennoobMeHHuKax — pekynepatopax T-36 u T 37a, Tennom, OoTXoOsWero u3 KOMOHHbI
MTB3.

BbideneHue MTES — pekmugukama

Boigenenne MTBSO u3 peakuMOHHOW CMecu Mpou3BOAUTCS METOAOM peKTUduMKaumm
nog aasnexvem go 0,8 Mla. Kybosasa 4acTtb konoHHbl KT-100 oborpeBaeTcst Yepes napoBom
KnnatunbHuUk T-101. MNapbl n306yTaHOBOW hpakLmm ¢ OCTAaTOYHbIM METAHOSIOM B BUAE a3eo-
TPOMHOM CMeCU C Bepxa KOMOHHbI BbIBOASATCA Ha KOHAEHCaUMo B BOAAHbIe AedriermaTopsl
T-418/1,2,3. CkOHOEHCMPOBaHHbBIN ANCTUNNAT cobupaeTtcsa B émkocTtn E-419. Yactb auctun-
nata B kKayecTtBe doriermbl Bo3BpallaetTcsa Hacocom H-420 HaBepx KOMOHHbLI, a 6anaHcoBbIn
n30bITOK n306yTaHOBOW (ppakuumn HanpaeBndeTcs B KONOHHY KT-20a Ans oTMbIBKM OT MeTa-
Hona. KyboBbIn NpoayKT KOMOHHBI, NpeacTasnsaowmi cobon ToBapHein MTED, 3a cyéT gaB-
NeHus1 B KOSTIOHHE BbIBOANTCS Yepes pekynepatopbl T-37a, T-36, T-11 1 BoasHon xonogusib-
HuK T-16/1 8 TCIT.

Omwmbieka 8o3gpamHol uzobymaHosol chpakuuli om MmemaHosia

OTMbIBKa n306yTaHOBOM hpakumm OT MeTaHomna ocyulecTBnsaeTcs y3esibHON BOAOWM
B konoHHe Kt-20a, nog pasneHnem go 1,3 Mla, meTogomMm nNpoOTUBOTOKA 3a CYHET Pa3HOCTU
NIIOTHOCTEN YrneBOoLOPOAOB M BOAbl. YPOBEHb pasgesia dpas noanepKXMBaeTcsl B BEPXHEN,
OTCTOWMHOWN 30HE KOMOHHbI. OTMbITad n3obyTaHoBasa (ppakumns BbIBOAUTCS C BepXa KOMOHHbI
yepes otcTonHuK O-21a B TCI1 3a c4é€T gaBneHnsa B KofoHHe. MeTaHoNbHas Boga BbIBOAUT-
cs ¢ Kyba konoHHbl B cbopHuK E-73a, oTkyaa Hacocom H-221 HanpaBnseTcsa B KOMOHHY KT-
290 onsa nasnedvyeHna metaHona. lNepen nogayen B KONOHHY MeTaHOSbHAs Bo4a nogorpesa-
eTca B TennoobMeHHuke — pekynepartope T-296 3a cyeT Tenna kyboson Boabl n3 K1-290.

BbiOeneHue memaHoia U3 MemaHosibHoU 800kl

B konoHHe KT-290 BblgenseTca MeTaHON U3 BCeX NPOMbIBHbIX BOZ, Liexa, coepKaLlmx
mMeTaHon. BblgeneHne meTaHona OCYLECTBSETCA B pPekTUUKaALMOHHOM KOSTOHHe KT-290
npu atmoccepHoMm aasneHun. Kybosasi yacTb KONoHHbI KT-290 oborpesaeTtca 4Yepes napo-
BOW KMNATUNbHUK T-291. MNapbl meTaHona ¢ Bepxa konoHHbl KT-290 BbIBOAATCA HA KOHOEH-
caumio B BoadaHble gednermatopbl T-292. CKOHOEHCMPOBAHHbIN ANCTUNNAT cobupaeTcs B
émkoctn E-298. Yactb guctunndara B kadectBe pnermbl Bo3BpaljaeTcs Hacocom H-294 B
KOJTIOHHY, a 6anaHCcoBbIN N3BbLITOK MeTaHOMa HanNpPaBfiETCA Ha CMELLEHNE CO CBEXMM MeTa-
Horom neped dopkoHTakTtopom P-600. dysenbHaa Boga ¢ KyboBon 4actu KomnoHHbl KT-290
BbIBOANTCS 4epe3 TennoobMeHHuK — pekynepatop T-296 M oTKkauMBaeTcss HaCoOCOM
H-295 B cbopHuk E-117 ana ucnonb3oBaHWA Anst OTMbIBKM KOJTOHHAX, MM 4YacTUYHO cbpa-

cbiBaeTcda no cucreme X3K Ha o4YMCTHbIE COOpyXeHnAa anAa BO3MOXXHOCTU obHoBneHna Uunp-
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Kynvpylowen dysensHon Boabl. [loanntka n oGHOBRNEHNE KOHTYpa (py3enbHOM BoAbl NPOM3-

BOANUTCA NapoBbiM KOHOAEHCATOM.
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45.1.2 OnucaHue TexHomorn4yeckoro npouecca cuHTesa MTBIY ¢

ncnonb3oBaHunem PPK

Ha pucyHke 4.5.2 npeacrtaBneHa npuHUMNuanbHas TexHorornyeckas cxema npows-
BogctBa MTB3 ¢ ucnonb3osannem PPK.

MeTtaHon no TpybonpoBoay nocTynaeT B eMKoCcTb E-1, oTkyaa ¢ wu3obyTtaH-
n3obytuneHoson dpakumen (UNP) nopaetca B npeaBapuTenbHble peakTtopbl P-9/1,
P-9/2 n B peaktop P-30.

MpuroToBneHHas LWKXTa MNOCTynaeT B HWKHIOK YacTb peaktopa P-9/1,2,
npegcrasnswowero cobon agnabatndeckum peakTop C Hacagkon wu3 katanmsatopa. C
BepxHen 4vactn peaktopa P-9/1,2 peakumoHHasi cMecb 4epe3 XONogurbHUK NOCTynaeT B
BEPXHIOK YacTb TPYOHOro NpocTpaHcTBa n3otepmudeckoro peaktopa P-10/1,2. MNMpoxogs no
Tpybkam, 3anosIHEHHbIM KaTann3aTtopoM, KOMMOHEHTbI CMECUK BCTYNalT B peakumio CUHTe3a.
Tenno 9K30TEPMUYECKOM peakunnm CHUMAETCS  LMPKYNMPYOLWUM N0 MEeXTpybBHOoMy
NPOCTPaHCTBY peakTopa koHaeHcaToM ¢ Temnepatypon 40-90 °C. C BepxHen 4actu
peakTopa P-10/1,2 peakunmoHHasa cMecb HanpasnsieTcs B KOMOHHY KT-20.

PektndukaumoHHaa konoHHa K1-20 aBnsetcsa oTAenbHO CTOSLEN HUMXKHEW 4acTbio
peakuMoHHO-pekTudukaumoHHoro arperata Kt-20/P-30/KT-40 n npegHasHayeHa gnst OTrOHKM
yrnesogoponos C4 n MeTaHosna ot MeTunTpeToyTunosoro adupa. na cHmkeHns o6bemMHoN
40N MeTaHona B KyboBOM NpoaykTe KosfmoHHbl KT-20 npounssoguTtca 6G0KOBOW BbIBOA YacTu
NPOAYyKTa, KOTOPbIN MOCMe OXMaXO4eHUs nodaeTCAd Ha HWKHUW unn  CpegHun  Criou
katanuaatopa P-30 unu Ha Bxog B peakTtop P-9/2 unn B peaktop P-10/2.

KyboBasa >XuMAOKOCTb KOSMOHHbI KT-20 - TOBapHbIM MeTURTpeTbyTunoBbii acup C
TemnepaTtypon 0o 140 °C yepes TennoobmeHHnkn T-11, T-16, oxnaxgascb 4o TemnepaTypbl
40 °C, otBOANTCA Ha cKNag.

C Bepxa konoHHbl K1-20 raszoobpasHas dpakuma yrnesogoponos Ca, cogepxallas
METaHOJS1, HamnpaBfsgeTCsa B HWXHIOK 4YacTb annapata P-30 nog cnom katanusaTopa.
PeakumoHHO-pekTudukaumoHHbln annapat P-30 sBnsetca cpegHen 4yactbio arperata Kr-
20/P-30/KT-40 wn npeacTtaBnseT cobon OTAenbHO CTOSWMWA  annapaT KOMOHHOro Tuna,
COCTOSALLUMN U3 HXKHEN peaKkLMOHHOM N BEPXHEN PEKTU(UKALMOHHON YacTeun.

BepxHsas, pektngukaunoHHas yacte annapata P-30 cnyxut gna oTroHKu aseoTtpona
"yrnesogopoabl C4 - MeTaHoM" OT METUNTPETOYTUOBOrO adhupa 1 MeTaHona.

Ha 2 Ttapenky pektudukaumoHHon 4vactu annapata P-30 nogaetcs metaHon B
MOMbHOM COOTHOLLUEHUM MeTaHon:M3006yTuneH 1,4:1. N36bITOK MeTaHona Heobxooum Ans

CHWXKEHWNSI peakumm gumepusaumm n3obyTuneHa.
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Ky6oBbin npoaykT peaktopa P-30 nogaeTtcsa Ha BEPXHIOK Tapenky KornoHHbl KT-20. C
BepxHen 4Yactu annapata P-30 napbl HanpaenswTCA  NO4  NEpBY  Tapernky
pekTudmKkaunoHHon KonoHHbl KT-40. KyboBast )nakocTb komnoHHbl KT-40 oTkauMBaeTcs Ha
BepxHtoo Tapenky annapata P-30. C BepxHen 4yacTn KonoHHbl KT-40 napbl O4MLLEHHOW OT
MTBE3 un3obytaHoBOW dopakuMm NogalTCAa YacTUYHO B KayecTBe doniermbl, a 6anaHcoBbin
N36bITOK XXMAKOCTM NOCTynaeT B KONOHHY KT-50 Ans oTMbIBKM OT MeTaHona.

C BepxHen YacTu kornoHHbl KT-50 oTMbITas n3obytaHoBasa pakumst HanpaenseTcs Ha
ckrnag. OKCTpakT KOMnoHHbl KT-50 — MeTaHonbHas BoA4a C HWKHEW YacTW KOMOHHbI
HanpaBnseTcs B KayecTBe NUTaHWs B KOMOHHy KT-60 ana pereHepaumn meTaHona wus
MeTaHONbHOW BOAbI, NOSTly4aeMon Npu npomblBke U306yTaHOBOW dopaKkLmn.

Mapbl MeTaHona ¢ Bepxa KomnoHHbl KT-60 nocrne koHAeHcauun nogarTcs B JIMHUIO

CBeXero metaHorsa.

173



MTE3-moeapHsId
Ha cknad Cy8038pam wa cinad

Memanon Hye —r— A
s r. |
2
ad

Kr-40
b

Hr-50

-

>
Kr-20

T-51

k.

Mprmissan

172"

L

- o] | [ [

Bus
AT R

PucyHok 4.5.2 — NMpuHuMnuanbHasa TexHonornyeckasa cxema npoumssoacrtesa MTBJ ¢ nucnonbsosannem PPK

8T 01U




UTC 18—2016

4.5.1.3 OnucaHune TexHonorn4yeckoro npouecca cuHresa MTb3 B usbbiTke

n3obyTuneHa

Ha pucyHke 4.5.3 npeacTtaBneHa npuvHUMNManbHas TEXHOMOrMYeckasi cxema npomus-
Boactea MTEQO B 13bbiTke n306yTUNEHa.

MeTaHon Ha ycTaHOBKy noctynaeT B éMKOCTb Nno3. E-40/1. N306yTaH-n306yTmuneHoBas
dpakums (MNP) noctynaeT Ha ycTaHOBKY B EMKOCTb no3. E-55. B émkocTtun nos. E-55 npovc-
X0OUT OTCTOW WM oTaeneHuve ot Bnaru. lNocne TennoobmeHHuKa-pekynepatopa nos. T-54
NN noctynaet B TennoobmMeHHnkn nos. T-103/1,2.

B tpybonposoa nepea tennoobmeHHmMkamm nos. T-103/1,2 Hacocom no3a. H-102 noga-
€Tca MeTaHosn. Pacxog meTtaHona perynupyeTtcs B MacCOBOM COOTHOLLEHUWN "U300yTuneH /
meTaHon" pasHbim 1/ 0,5+0,7.

Cwmecb meTaHona ¢ MO HarpesaeTca B TennoobmeHHukax nos. T-103/1,2 napom wm
nocTynaeT B peakTtopbl no3. P-104/1,2.

Mpouecc cuHTesa MTBO npoTekaeT B peakTopax aguabatmyeckoro Tuna nos. P-
104/1,2 n peakTopax TpybyaTtoro Tuna nos. P-100/4,5 B xxuakon pase Ha kaTanmsaTtopax
"NesaTtut", KY2-0Or11, Metoponant nnn Amdepnuct. lMNpouecc cnHTesa ak3oTepmuyeckmi. B
peakTopax no3. P-104/1,2 umeeTtcsa Tpu sipyca KaTanuaartopa.

PeakunoHHas cMecb nocre nepBoro U BTOPOro Cros katanuvsaTtopa NocTynaeTt B Ten-
noodbmeHHnkn noa. T-105/1,2,3,4, roe Tenno 3K30TEPMUYECKON peakLmm CHUMaeTcs 0bopoT-
Hon Bogown. [locne TpeTbero Crosi kKatanuaaTopa peakuMoHHas CMecb OxnaxpaeTcs B Ter-
noobmeHHunkax nos. T-106/1,2 obopoTHOM BOAOW M NOCTynaeT B Tpyb4yaTble peakTopbl Noa.
P-100/4,5.

B Tpybkax peaktopoB no3s. P-100/4,5, 3anonHeHHbIX Katanu3aTtopoMm, UOAET peakums
cnHTe3a MTBED 13 He BCTynMBLLErO B peakuumio n3obyTurneHa n MmetaHona B peaktopax nos.
P-104/1,2. lns cb€ma Tenna peakuun UCNONb3yeTcs KOHAeHCAT BOASAHOrO napa, KOTOpbIN
LUUPKYNMPYET Yyepes MexTpybHOe NpoCcTpaHCTBO peakTopos nos. P-100/4,5.

PeakunoHHas cmecb 13 peaktopoB no3. P-100/4,5 HanpaBnaeTca B KONMOHHY no3. KT-
30/1 gna pasgenenunst peakuMoHHON CMecCH.

KonoHHa no3s. Kt-30/1 npegHasHavyeHa ans OTroHKM n3obytaHoBOW dhpakumm U3 peak-
umoHHon cmecun. Oborpes Kyba konoHHbl No3. KT-30/1 npom3BoanTCS B BbIHOCHBIX KAMSATUIb-
HWKax napom.

M3o06yTaHoBas pakuusa nocne gednermatopos no3. T-32/1,2, cogepxawias B CBOEM
cocTaBe MeTaHor, NocTynaeT B CMecuTenb, NpeaHa3HadYeHHbIN AN UHTEHCUMBHOIO nepemMe-

wnBaHMA M romoreHnsauum nocrtynarLlmx noTokoB BOAbl U yrnesoaoponoB. B cmecutennb
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nogaétca KoHaeHcaT BOAsHOro napa. M3 cmecutens roMoreHM3npoBaHHbIN MOTOK BOAbI U
yrneBo4oOpoOdOB MOCTynaeT Ha oTCTamMBaHWe N paccrnoeHve B émkocTu nos. E-48/1,2,3. Me-
TaHONbHaA BoAa N3 OTCTOMHOW KaMmepbl EMKOCTU No3. E-48/3 BbIBOANTCA COBMECTHO C MeTa-
HONbHOWM BoZoM éMKOCTM No3. E-49 B Luex Tepmuyeckoro o6e3spexmnBaHms.

YacTtb n3obytaHoBOM dpakumm n3 EMKoctn nos. E-48/3 nogaétcsa B KOMOHHY noa. KT-
30/1 B BMAe cdnermol, M30bITOK N306yTaHOBOM (hpakLmm OTKAaYMBaAETCS Ha CKNaga.

KyboBasi XMOKOCTb KOMOHHbI (TOBapHbin MTB3) nogaétcs B TennoOOMEHHUK-
pekynepatop no3. T-54, roe oxnaxagaetca notokom NANO.

Mpn nonyyeHun MTBS B konoHHe no3. KT-30/1 no KkayecTBy HE COOTBETCTBYHOLLEINO
ToBapHOMY, NoTok MTB3 HanpaBnseTca Ha NnTaHne B KONMOHHY no3. KT-43.

KonoHHa nos. K1-43 npegHasHadyeHa ans sbigeneHna MTES — pektudumkara.

Mapbl MTB3 ¢ Bepxa konoHHbl No3. KT-43 nocTtynatoT B MeXTpybHOe MpOCTPaHCTBO
KoHOeHcaTopoB no3. T-45/1,2, rae koHAeHcMpytoTcst 060pOTHOM BOAOW, NogaBaeMon B Tpyo-
HO€ NPOCTPaHCTBO U crnmnBalrTCca B EMKOCTb no3. E-33/1. Yactb MTBO 13 émkoctn nos. E-
33/1 nogaétca B konoHHy no3. K1-43 B Buae dnermol, 6anaHcoBbii N36bITOK — TOBapPHbIN
MTB3 nopaétca Ha cknag.,.

Ky6oBbIi NpoayKT KONOHHbI No3. KT-43 (MTB3 TexHudeckun), yepes TennoobMeHHUK
no3. T-53, oxnaxgaembin 0OOPOTHOW, NOCTynaeT B €éMKOCTb No3. E-150, oTkyga no mepe
HaKonfeHnsi OTKaYnMBaeTCs Ha cknag.

[ocTurHyTble nokasaTenu noTpebneHns Cbipba U AHEPropecypcoB Mpu NPoM3BOACTBE

MTBEQD npuBeaeHbl B Tabnuue 4.5.1.
4.5.2 TeKkywme ypoBHU 3MUCCUM B OKpPYXKatoLLyLO cpeay

B tabnuue 4.5.2 npegcraeneHa nHgopmMaumsa no Belbpocam n copocam npeanpustum

— npousBoauTenen.
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Tabnuua 4.5.1 — [JocTurHyTble nokasaTenu noTpebneHns cbipbs U aHEpropecypcos npu npoundsoactee MTES

Nokasatent CwuHte3 MTB3 ¢ ucnons3oBaHnem CuHTe3 MTB3 6e3 ncnonb3oBaHus CuHTe3 MTB3 B n3bbiTke n306yTn-
PPK PPK nexa
Hopmbl pacxofa cbipbsi U BCOMOraTesnbHbIX MaTtepmuasnos
MeTtaHon, Kr/T 370-400 370-400 380
N306ytnneH (100%), kr/T 650-700 650-700 690
Hopmbl pacxofa aHepreTu4ecknx pecypcos

OnekTpoaHeprus, KBT*u/T 10-55 10- 55 19
TennoaHeprus, Nkan/t 0,2-0,8 0,2-0,8 0,894

Tabnuua 4.5.2 — Tekywime ypoBHM 3MUCCUM B OKpYKatoLLyo cpeny npu npomseoncree MTBD

Cunte3s MTEQS ¢ ncnonb3oBaHMem CuHte3s MTEQ 6e3 ncnonb3oBaHus CuHTe3s MTEQD B n3bbiTke N300yTU-

Texvonorus PPK PPK neHa

8.1

3arpsasHsaoLwme BelecTsa B Bblibpocax, r/T*

Cymma yrneBogopoos

He bonee 410 He 6onee 410 He Oonee 1228
(6e3 meTaHa)

MTB3 He bonee 90 He 6onee 90 —

3arpsasHsowme Belwlectsa B cbpocax, r/t

HedTenpoaykrsi He 6onee 300 He 6onee 300 0**
XMNK He 6onee 1500 He 6onee 1500 0**
pH 6,0-8,7 en. pH 6-8,5 eq. pH O**

* [laHHble Nosfly4yeHbl HA OCHOBE pacyeTHOM MoLenu
**[1ns1 6eCCTOYHOM TEXHONOrMM (CTOKM NOCHE OYMCTKM BO3BPALLAOTCA Ha NPOM3BOACTBO)

9T0C—S8T 31U
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4.6 [lpom3BoacTBO METUI-TPET-aMUNOBONO U MeTUN-BTOP-

aMmuneHoBoro acpupos

MeTun-tpet-amunosbin acpup (MTAD) n meTun-sTop- amuneHosbin acdup (MBADJ)
NCNonb3yeTCcs B Ka4eCTBE BbICOKOOKTAHOBOIO KOMMOHEHTA aBTOMOOUIbHBIX 6EH3MHOB, aHa-
nornyHo MTBE3. OgHako B oTnnyme ot MTB3, MTAS n MBAJS umeeT 6onee HM3koe oaBne-
HWEe HaCbIWEHHbIX NapoB 1 BONbLUY TEMNMOTY CropaHns, YTO BECbMa BaXXHO C TOYKU 3pEHUS
3KCnryaTauMoHHbIX CBOMCTB TOMNMBA.

Colpbem ans npoussoactBa MTAD saBnsieTcss MeTaHON M M30aMuieH coaepXawiasi
dpakums, Hanpumep, n3oneHTaH-n3oamuneHosas gpakums (MNDP).

CuHTes MTAD npoTekaeT B XUAKOW dase B MArkMX YCroBUSIX B NPUCYTCTBUN TBEPAO-
ro KACMOTHOro (bOpMOBAHHOrO KaTanusatopa. TemnepaTypa peakuuum nognepXxmBaeTcs Ha
HU3KOM YPOBHE U perynupyeTcsa B JOBOSIbHO LUMPOKUX Npeaeriax.

MonyyeHne MTADS ocHOBaHO Ha peakumMn CenekTUBHOIo B3auMOOEeNCTBUSA TPETUYHbIX
n3oamunneHoB (2-metun-oyteH-1 n 2-metun-6yteH-2) n metaHona. lNoatomy nog TepMUHOM
n3oamMuneHsl cnegyeTt NoHMMaTb CyMMy 2-MeTun-oyteHa-1 n 2-metun-6yteHa-2.

OcHoBHas peakuusa rnpouecca.:

CH,
H3C CH
3
CHs
OH
+ .y C/ > CHs
CH3 3 H3C

HC” X

CHj;

CHj;

Mo6ou4Hble peakumu npouecca:

a) MmapaTtaumsa n3oammneHoB ¢ 06pa3oBaHMEM METU-TPET-aMUIIOBOroO CnmpTa:

CH,
H3;C
OH

CHs CHs
+ H,0 —> HsC

CHj,
Hsc/\( CH,4

CHjz
6) MemmonekynﬂpHaﬂ gerngpatauna MetTaHolna C O6pa3OBaHMeM ONMEeTUNoBOro

admpa:
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CHj;

OH |
2 ne” - o 1+ Ho

e

H3C
B) AnmepunsaumnansoaMmmneHos:

2 CsHy g —=  CyoHyg

4.6.1 OnucaHMe TeXHONOrM4YeCcKUx MpoLeccoB, UCMNOJSIb3yeMbiX B HacTosliee

BpeMA

4.6.1.1 OnucaHue TexHornornyeckoro npouecca cuHtesa acgpupoB Cs (MTAD m

MBAD 6e3 ucnonn3soBaHusi PPK)

MpuHUuunNuanbHas TexHonorndeckas cxema npoudsogactea MTA3D u MBAD 6e3 wuc-
nonb3oBaHua PPK npuseneHa Ha pucyHke 4.6.1.

Mpouecc cuHTe3a admpoB Cs OCHOBAH Ha MPOBEOAEHUM CENEKTMBHOIO B3anMMoOOewn-
CTBMSI METaHOMa C CoAepXaluMNcs B NUNepuneH-m3oamMmmneHoBon pakumm nsoamureHa-
MU, UMEILLNMUN ABONHYIO CBA3b Y TPETUYHOIO aToMa yrinepoa u umMc-TpaHc-nunepuneHamu-
1,3 B NPUCYTCTBMM MaKPOMOPUCTOro cynbgokaTtnoHnTa B H-popme, Kak kaTtanusatopa, npu
NOBbILLEHHOW TemnepaTtype U faBreHun, OOCTaTOMHOM Afsi MepeBoJa BCEX KOMMOHEHTOB
peakLMOHHOM CMECU B XXUAKOE COCTOSAHME.

MunepuneH-nsoammneHoBada opakumnsa NocTtynaeT B nogorpesartesib T-3, rge Harpesa-
eTca no temnepatypbl 40—-75 °C ropsyeii Boaoi, nogaBaemol B MEXTPYOHOe NpOCTPaHCTBO
nogorpesatenen. MeTtaHon noctynaeT B eMKocTb E-1, oTkyaa Hacocom H-2 nogaetca B nu-
Huto peuukna ot H-10 n ganee cCoOBMECTHO C peuukrioMm nogaéTtca B nogorpesatens T-3, roe
HarpeBaeTcs 0o Temnepatypbl 40—75 °C ropsdeit Bogon, nogaBaemoii B MeXTpybGHoe npo-
CTPaHCTBO nogorpeBaTtenen.

HarpeTtas nunepuneH-n3oammneHoBas gpakums un wuxra (peumkn ot H-10 n metaHon
OT Hacoca H-2) nocne nopgorpesaTtens T-3 noctynaet B peaktopa P-4/1,2, nogkntoyeHHble
napannesnibHo, N0 cxeme CBepxXy BHMU3. B TpyOHYI0 YacTb peakTopoB 3arpyxatT 4—6 TOHH Ka-
TanusaTopa. [lpoxoasa 4epes crnown katanusaTtopa, M3oamuneHbl U NUNepurieH BCTynawT B
peakumto ¢ metaHonom ¢ obpasoaHnem acpumpos Ces. PeakynmoHHasa wmnxrta ns peaktopos P-
4/1,2, copgepxawas B CBOEM cocTaBe 3acupbl Ce, HENpOpearnpoBaBLLUMA METaHOS, Henpope-
arMpoBaBLUMIN NUNEPUNEH N N30aMUSeHbl, NOCTYNaeT Ha ofHy M3 Tapenok (22, 27, 36) pek-
TUPUKALMOHHON KONOHHbI KT-6.

Ky6 konoHHbl KT-6 o6orpeBaeTcsl BbIHOCHbIM KUNATUABHUKOM T-5, B MeXTpybHOE npo-

CTpaHCTBO KoToporo noaaetca nap. C Bepxa KoOnoHHbl KT-6 OTroHAeTca HenpopearnpoBas-
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Wwasa nunepuneH-m3oamuneHoBsas pakums u HenpopearmpoBaBlUMA MeTaHOM, napbl KOTO-
pbIX KOHOEHCUpYTCA B AgedriermaTtope T-7, oxnaxgaemMom MpOMbILLFIEHHON BOOOW, M NO-
cTynatT B eMKocTb E-8. Yactb anctunnarta us emkoctn E-8 Hacocom H-10 nogaetca B KO-
noHHy K-6 B BMAe dnermMel, a YacTb B BUAE peLuvkna Yepes nogorpesatens T-3 nogaetcs B
peakTopa P-4/1,2. MNepunogmyeckn, Nno Mepe HakonmneHnsa MHEPTHbIX (He BCTYNMBLUMX B peak-
LMI0) YyrneBogopoOAOB B CUCTEME, YacTb YrNeBO4OPOAOB U3 eMKoCTn E-8 oTkaumBaeTcs B ab-
copbeHT. C 9, 14 Tapenok konoHHbl KT-6 npoussogutca otbop acdmpa Ce, Napbl KOTOPOro
KOHOEHCUpYOTCA B annaparte Bo3gylHoro oxnaxaeHus (ABO) T-11. CkoHaeHcMpoBaHHbIE
acpmpel Cs 13 ABO T-11, noctynatT B emKocTb E-13, oTKyaa oTkaunarTca Hacocom H-14.
Mo mepe HakonneHus "TsxenbiX" yrneBogopoaoB KyboBas XMOKOCTb KOMOHHbBI KT-6 Hacocom

H-9 nepuogunyeckn otkaunsaeTcs B abCopbeHT.
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4.6.1.2 OnucaHue TexHomnorn4yeckoro npouecca cuHTesa MTAD ¢

uncnonb3oBaHuem PPK

MpuHuMnNuanbHaa TexHonormyeckas cxema npomssoactea MTAS ¢ ncnonb3oBaHneM
PPK npuBeneHa Ha pucyHke 4.6.2.

Y3en cunmesza MTAS

M3oneHTaH-n3oamnneHosas dpakums (ganee no tekcty MNA®) ¢ pasnennem 12,0
krc/cm? (0,12 MMa) n TemnepaTtypoii 20 °C nogaeTcst B cMecutenb. OQHOBPEMEHHO M3 eMKO-
ctn E-3 Hacocom nogaetca meTtaHon. B cmecutene obecneunBaeTca adheKTMBHOE nepe-
MeLUnBaHMe NOTOKOB.

Cwmecb MN® n metaHona nocrne cmecutensa C-5 noctynaeT B MeXTpPyOHOe npocTpaH-
CTBO pekynepartopa, rae Harpesaetca go temnepatypbl 20+40°C, KyboBbIM NPOLAYKTOM KO-
noHHbl K-20, nogaBaemMbiM B TpyOHOE NMPOCTPAHCTBO TennoobMeHHMKa-pekynepaTopa. [lo-
cne nogorpeBa cMecb nocTynaeT B peaktop P-10/1+4.

B noctynatowen MAD morytT HaxoauTbCsa MUKPONpUMeCKH, CnocobHble OTpaBnATb Ka-
TanusaTop (4TO oTpuUaTenbHO CKa3blBaeTCsl Ha Cpoke ero cnyxbbl). K oTpaBnsaowmmM Muk-
pornpuMecsM OTHOCATCS BCE OCHOBaHMWs, B TOM YUCIe U a30TocoAepXallme, CEpHUCTbIE CO-
eMHeHus (cepoBogopon, MepKanTaHbl, AMMETUNCYNbdUA), B TOM YUCHE UOHbI MEeTansoB (B
OCHOBHOM Xefesa) Bcreactame Kopposnn obopyaoBaHusa un Tpybonposoaos. NoaTtomy nep-
BbIM MO X044y BKMOYAKT PeakTop BbINOSTHAIOLWENO POflb OPKOHTAKTHOrO.

PeakTtopHbin y3en BknoyaeT B cebs ABe rpynnbl nocregoBaTernibHO paboTalowwmx
NPAMOTOYHbIX peakTopoB P-10/1-2 n P-10/3-4, 3anonHeHHbIX kaTannzatopom KUO-T.

PeakTtopbl P-10/1-2 n P-10/3-4 o6Bsi3aHbl C BO3MOXHOCTbIO UX paboThbl B nodon no-
cnefosaTenbHOCTU. Takum obpa3oM, peakTop, B KOTOPOM KaTanu3aTop NoTepss CBOK ak-
TMBHOCTb, 6€3 neperpyskun nepeknioyaeTca nepebiM No Xo4y 1 paboTaeT B pexnme OOPKOH-
TaKTHOW OYMUCTKM Cblipbsl, @ 3aMeHa Katanusatopa npoBOAMTCS TOMbKO B O4HOM, CTOSIBLUEM
paHee nepBbIM peakTope.

Ha cnoe kaTtanusatopa n3 nsoammusieHoB 1 MeTaHomna npoucxogumT CUHTE3 OCHOBHOIO
konnyectea MTAD. Peakuusa uget C BblAENEHWEM Tenna u ABMASeTCs paBHOBECHOW. [Ons
nogaepxaHus Temnepatypbl (He 6onee 80 °C) peakuMOHHas CMeCh, BbIXoAsLLasi U3 NepBoro
no xogy peaktopa P-10/1+2, oxnaxgaeTcss B NepBOM TEMNIOOOMEHHUKE, a B peakTopax P-
10/3,4 oxnaxgaeTcs BO BTOPOM TennoobMeHHnke 0o Temnepatypbl 45+49°C (oxnaxneHue
npouncxoamt obopoTHoM Bogon). [lanee peakuMoHHas Macca nocTynaeT BO BTOPOW MO XO4y
peaktop P-10/1+4.

PeakumoHHass macca BbIBOOUTCSA C Bepxa BTOPOro no xoay peaktopa P-10/1+4 n
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HanpaenseTca B KONMoHHY K-20 ¢ gaBneHnem 5+7 krc/cm?. PeakuMOHHO-PEeKTUUKALIMOHHbI
annapar BKfo4aeT B cebs:

- KONoHHy K-20, aBnsatoWwencs HWKHeN pekTUduKaLMOHHOW 30HOW, NpeaHasHa4YeHHoN
ansa otaeneHnsa MTAD oT meTaHona u yrnesogoponos Cs;

- peaktopbl P-30/1,2,3, saBnsawowmeca peakunoHHO-PEKTUUKALMOHHBIMA 30HaMW,
npegHasHavyeHHbIMK Ans cuHTe3a MTAQS v BbiBOgA NPOAYKTOB U3 30HbI CUHTE33;

- KosnoHHy K-40, asnswowenca BepxHen pekTumKaumMoHHON 30HOW, npeaHasHavYeHHoM
ansa otaeneHus yrnesogoponos Cs 0T MeTaHoNa 1 NpoayKToB CUHTE3a.

PeakumoHHO-pekTudmkaumoHHbii annapat K-20-P-30/1,2,3-K-40 paboTtaeT kak eau-
Has pekTuukaunmoHHaa cuctema. O6orpeB peakUMOHHO-PEKTUPUKALMOHHOIO annapaTta
OCYLLEeCTBMAETCS 3a CYeT:

- Tenna peakuMoHHON Macchl, nocTynatoLwien n3 peakropoB P-10/1+4;

- Tenna peakumn cuHTesa MTAD, Bbigensatowlerocs B peaktopax P-30/1,2,3;

- nogorpesa B BbIHOCHOM KUMSATUIbHUKE NMapoM.

ToBapHbIn MTAD 13 kyba konoHHbl K-20 HacocoM nogaeTtcs Ansi OxXnaxaeHus B Ten-
NOOBMEHHWKM 1 OTKa4MBaeTCs Ha cKnaj uexa.

Mapbl ¢ Bepxa konoHHbl K-20, HanpaBnatoTca B peaktopbl P-30/1,2,3 nog cnon kaTa-
nnsatopa. Cxemon nNpegyCMOTPEHO HamnpasBneHne NapoBOro NoToka ¢ Bepxa KosnoHHbl K-20,
nomumo peaktopos P-30/1,2,3 BHM3 konoHHbI K-40 nog nepByto Tapesky.

PeakTopHbIn y3en BkntovaeT B cebsa Tpyu napannensHo paboTarowmx NPOTUBOTOYHbIX
peaktopa P-30/1,2,3. Katanuszatop KY-2®l1l B peaktopax P-30/1,2,3 pacnonaraetcs Ha
Tpex cnosix. B peakropax P-30/1,2,3 nponcxoaut cuHtes MTAD npu TemnepaType He 6onee
80 °C un pasneHue 1,5 + 2,8 krc/cm?2.

PeakumoHHast macca 13 ky6osown yactu peaktopoB P-30/1,2,3 cobupaetcs B EMKOCTb -
cbopHMKe, OTKyaa HAaCOCOM Yepes TennoOOMEHHNK HanNpPaBnNAeTCA Ha BEPXHIO TaperkKy Ko-
noHHbl K-20 B B1ae gnermeol.

MapoBbie NoTokn, oTOnpaemble ¢ Bepxa peaktopoB P-30/1,2,3, HanpaBnsaTCA B HUX-
HIOI0 YacTb KoNoHHbl K-40. Temnepatypa kyb6a konoHHbl K-40 He Gonee 80 °C .B kyboByto
YyacTb konoHHbl K-40 nogaeTca [OnNoOnHUTENbHOE KONn4ecTBo MeTaHona. KybGoBbii NpoayKT
KonoHHbl K-40 Hacocom 4yepes3 TennoOObMeHHUK NoAaeTcsi B BEPXHIOK PeakuMOHHYI 30HY
peaktopos P-30/1,2,3.

Mapbl oTpabotaHHon MAD, copgepkallen metaHon, ¢ Bepxa konoHHbl K-40 nocTtynatoT
B MeXTpybHOe npocTpaHCTBO AedhrnermaTopoB, rae KOHOEHCUMPYIOTCS 3a CYEeT oXnaxaeHud
npomblwieHHon Bogon. KoHaeHcaT cobupaeTcsl B EMKOCTb.

M3 emkocTn oTpaboTaHHasa pakumsi HACOCOM HanpaBnsieTcs B Buae dnermbl B KO-
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noHHy K-40, a 6anaHcoBbIM N36bLITOK HanpaBnseTcs Ha y3en pekynepauun meTaHona B Ko-
noHHy K-50.

Y3en pekynepauuu memaHosna

OTpaboTaHHas NP ¢ meTaHONOM M3 EMKOCTM HAacoCOM C AaBreHnem 6 krc/cm? no-
[AeTCsa B HWXKHIOK YacTb KOMOHHbLI K-50 B BOAHLINM CroW, Nog nepsyto Taperky, npeasapu-
TeNnbHO oxnaxaasicb B TennoobmeHHuke o temnepatypbl 40 °C, o6opoTHon Bogon. [laBne-
Hue kyGa konoHHbl K-50 He Gonee 4,0 krc/cm?. B konoHHe K-50 npoucxoaut BoaHasi OTMbIBKa
oTpabotaHHon MNP oT meTaHona. B BepxHiolo 4acTb konoHHbl K-50 nogaeTcs dysenbHas
BoAa C Kyba konoHHbl K-60 Hacocom.

PaccnoeHne yrneBoaopoaoB M BoAbl NPOUCXOAUT Npu AaBneHun kyb6a komnoHHbl K-50
He Gonee 4,0 krc/cm? 1 Bepxa He Gonee 2,5 krc/cm?, npu Temnepatype He Gonee 40 °C. C
Bepxa KONOHHbI, oTMbITas MNP, nocTynaeT B EMKOCTb, A€ NPOUCXOANT OTAENIEHNE MEXAHU-
Yeckn yHeceHHon Boabl. OTCTOSABLUAsACHA BoAa NO YPOBHIKO pasgena ¢as, B 30He OTCToS,
HanpaBnsieTCsl B HWXHIOK YacTb kKonoHHbl K-60 3a cyeT nepenaga gasnenunsa. C Bepxa eMKo-
CTM M30MNEeHTaH-M30aMuneHoBas pakumsi oTKauyMBaeTCsa Ha cknag uexa.

Boaa ¢ metaHonom u3 ky6a konoHHbl K-50, camoTekoM, 3a c4eT nepenaga gaBreHus,
HanpasnseTca B KoNoHHy K-60 npeaBapuTenbHO HarpeBasicb B TEMI00OMEHHNKE A0 Temne-
paTypbl 50 °C, 3a cyeT Tenna KyboBoOW XnOKoCcTn KONOHHbI K-60, 3atemM B TensioobMeHHuKe,
rae HarpeBaeTcsl NapoBbiM KOHAeHcaTom Ao TemnepaTypbl 90 °C.

B konoHHe K-60 nponcxoanT oTaeneHne meTtaHona oT BoAbl, Npu gasneHnn He 6onee
0,6 krc/cm?, TemnepaType kyba He 6onee 120 °C. C Bepxa konoHHbl K-60 oTbupatoTca napbl
MeTaHona. lNapbl KOHOeHcupylTCca B aednermartopax, oxnaxgaembix 060pOTHOM BOLOW.
MeTaHon cobupaeTca B €MKOCTb, OTKyAa HAaCOCOM YacTb HanpaBfsieTCsl BBEPX KOMOHHbI K-
60 B BMae cnermbl, a 6anaHcoBbI N3OLITOK HAaNPaBnSAETCA Ha y3en CMHTEe3a B EMKOCTb E-
3.dy3enbHasn Boga 3 Kyba konoHHbl K-60 Hacocom nogaeTcs Ha oxnaxaeHwe B psag Tenno-
o6MeHHMKoB. NS HOpManbHOro (PyHKUMOHMPOBAHUA y3na pekynepauMm MeTaHona npouc-
XOOWUT NOCTOSIHHAsA NOANNTKa CBEXen BOLOMN.

[ocTurHyTble nokasaTtenu noTpebneHns Cbipbsa U AHEPropecypcoB Npu NPoOn3BOACTBE

npueeneHsl B Tabnuue 4.6.1.
4.6.2 TeKywme ypoBHU 3MUCCUM B OKPYXKaKoLLyHO cpeny

B tabnuue 4.6.2 npeacraBneHa nHgopmMaumsa no Belbpocam n copocam npeanpustum

— npousBoauTenen.
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Tabnuua 4.6.1 — [JocTurHyTble nokasaTenu noTpebrieHns cbipbs 1 3HepropecypcoB npu npounssogctee MTAS 1 MBAS

CuHtes MTAD ¢ ucnonbso-

CuHTe3s MTAD 6e3 nucnonb3oBaHus

CuHTes MBAQD 6es3 ncnonb3o-

Texwonorus BaHveMm PPK PPK BaHua PPK
Hopmbl pacxofa cbipbs
®p-a nponuneH nsoammneHosas, T/T _ — 0,9
dpakums nponuneHosas, T/T _ 0,91 —
dpakunsa nsoneHTaHoBas, T/T 0,96 — —
MetaHon, T/t 0,34 0,31 0,31
Hopmbl pacxoga aHepreTuyecknx pecypcos

OnekTpoaHeprus, KBT*u/T 83,56 51,2 67,97
TennoaHeprus, Nkan/T 2,3 1,95 2,543

Tabnuua 4.6.2 — Tekywne ypoBHM 3MUCCUM B OKPY>KaoLLYtO cpeny npu npoussoactee MTAS n MBAD

CuHte3s MTAD c uc-

CuHte3s MTAD 6e3 ncnonb3o-

CuHtes MBAO 6e3 ncnonb3o-

TexHonorus
nonb3oBaHnem PPK BaHusa PPK BaHus PPK
3arpsasHsaoLlme BellecTsa B Bblibpocax, r/t*
Cymma yrnesogopoos (6e3 meTaHa) 2489 He 6onee 3600

3arpsasHsaoLwwme Bellectsa B cobpocax, r/T

XK

25

He bonee 157

pH

6,5-11,0 eq pH

* — [laHHbIE Nony4YeHbl HA OCHOBE pac4YeTHOW MoaeNu

9T0Z—S8T 31U
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4.7 NMponsBoacTBO 3TaHONa

OCHOBHOM NPOMBILNEHHBIA CNOCO6 NONyyYeHNsa — nNpsmas rmapartaums aTuneHa B ra-
30BOW hase npu BbICOKMX TemMnepaTypax u AasrneHunax. Katanusatopom npouecca rmgparta-
umm asnseTcs opTodoccopHasa KUCNoTa, HaHECeHHas Ha cunukareneBbld HocuTenb. Oc-
HOBHas peakunsa BbIrMaguT cnegyrowmm obpasom:

C2Ha + H20 <> C2HsOH + 11020 kan/monb

Kpome OCHOBHOM peaKkuuu rnpouecca rmgpatauum aturieHa, MMerT MeCcTo crneagyuime

NOBGOYHbIE XMMUYECKNE PeAKLNN:
1. O6pasoBaHuMe 3TUNOBOro acgupa:
2C2HsOH «»(C2Hs)20 + H20
2C2H4 + H204> (C2H5)20
2. O6pasoBaHMe M30MNpPONUNOBOro cnmpTa
CsHe + H20+> C3H7OH
3. ObpasoBaHue aueTanbaernga
C2H2 + H20 «+CH3CHO
C2Hs0H «>CH3CHO + H2
2C2H4 + H204> CH3CHO + Cz2Hs
4. O6pasoBaHMe KPOTOHOBOrO anbaernaa
2CH3CHO «»CH3CH(OH)CH2CHO«>CHsCH = CHCHO + H20
5. O6pasoBaHMe YKCYCHON KUCMNOTbI
2CH3sCHO + 02¢>2CHsCOOH
6. ObpasoBaHue aTunauertarta
CH3COOH + C2HsOH «>CH3COOC2Hs + H20
7. ObpasoBaHNe METUNATUNKETOHA
C4Hs + H204>CH3CH2CH(OH)CH3<>CH3CH2COCHS3 + Hz
8. ObpasoBaHuMe NoNMMepPOB ATUEHa
NC2 Ha<>(C2Ha4)n

4.7.1 OnucaHne TeXHONOrM4YeCKUX MpoLeccoB, UCMOSIb3yeMbIX B HacTosliee

Bpems

MpuHUMNManbHaa TexHorormyeckas cxema nNnpPon3BOACTBa dTaHora npueBegeHa Ha pu-
CyHke 4.7 1.
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1,2 — komnpeccopsbl, 3 — TpybyaTtas neyb, 4 — TennOOOMEHHUK, 5 — peakTop, 6 — coneoTaenuTenb, 7 — XOIo-

annbHuK, 8,10 — cenapartopsbl, 9 — abcopbep, 11 — KOMOHHA OTFOHKM NEerkon dpakuumn, 12 — KONoHHa OTrOHKM
aTaHona, 13 — yctaHoBKa MOHOOBMEHHOW 0UYNCTKM 060pOoTHOM BoAbl, 14 — Hacoc, 15 — OpoCCenbHbIN BEHTUIb,

16 — KoHOeHcaTopbl.

PucyHok 4.7.1 — MpuHUMNManbHON TeXHONOrM4YeCcKon cxemMbl MPOU3BOACTBA

3TaHona

CBexun n peunpKynmpyowmnn atuned cxkumarot go 8 Mlla B komnpeccope 1 1 umMpky-
NSAUMOHHOM KOMMpeccope 2, CMELUMBAOT C PeuupKynMpYyoWMM BOOHBIM KOHOEHCATOM U
HarpeBaloT B TENSIO0OOMEHHMKE 4 ropsavYMMn peakuMoHHbIMK razaMmu. 3aTeM CMecb OOMNOSHK-
TenbHO HarpesatoT o 280-330 °C B Tpyb4aTton neyun 3 u nogatoT B peaktop 5 (KOHCTPyK-
TMBHO OH NpeacTaBnsieT cobor nycToTenbld BepTUKanbHbIM annapat). PeakumoHHble rasbl
cogepxat napbl POCHOPHON KUCIOTbI, U UX Npexae BCEero HeMTpanusnpyroT, BNpbICKMBas
BoaHbIM pactBop NaOH. O6pasyowmecs docdatel oTaensaoT B coneotaenutene 6. Tenno
rasoB yTUNU3MPYIOT B TENNOOOMEHHUKE 4 N nocne AOMNOMHUTENBHOrO OXNaXaeHust B BOAs-
HOM XONOAUNbHUKE 7 pas3fenstoT XKUAKY U ra3oBylo ¢asbl B cenapatope 8 BbICOKOro gaB-
neHus.

a3bl ewe cogepxaT napbl cnupTa, KOTOpble yrnaBnvMBalT Bogow B abcopbepe 9.
OcBOBOXOEHHbIN OT cnMpTa ras peuupkynmpyroT ¢ NOMOLLBbK KOMMApeccopa 2, HO YacTb ero
cbpacbiBaloT B SIMHUIO TOMNMIMBHOIO ra3a, Ytobbl n3bexartb Ype3amMepHOro HaKonIEHUss UHEPT-
HbIX Npumecen. BogHbin kKOHAEHCAT Nocne cenaparopa 8 u xmakocTb M3 abcopbepa 9 gpoc-

CeENMpyKT 1N B cenapartope 10 HM3KOro gaBneHust oTAensT OT pacTBOpPEHHbIX ra3oB, KOTO-
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pble UCNONb3yHT Kak Tonnueo. N3 cenapatopa 10 BbiTekaeT 15% BoAHbIV pacTBOp dTaHoMa,
cogepXalimn OuaTunoBbIN adup, auetanbgerng U HU3KOMONEKYNsipHble NONMMeEpbl aTune-
Ha. OTOT pacTBop noaBeprawT pekTudukaumm B KosioHHax 11 n 12. B nepBon OTroHsOT
Hanbonee neTyyne AUITUNOBLIN 3UP WM aueTanbaerna, a BO BTOpPOM — 3aTaHon (B Buae
a3eoTponHom cMmecu, cogepxawen 95% cnvpta n 5% Boapl), Npnyem oborpes ocyLLEeCTBS-
eTcs OCTpbiM NapoMm. B kybGe konoHHbI 12 ocTaeTcst BoAa, KOTOPYH OYMLLal0T HA MOHOOBMEH-
HOW ycTaHoBke 13 OT conen 1 BO3BpaLLaloT Ha CMELLEHNE C 3TUMEHOM U rmapaTaumio, opra-
HU3YS 3aMKHYTbI BO4OOBOPOT TEXHONOrMYeckon Boabl.

[Ana nonyyYyeHns CUHTETUYECKOro TEXHUYECKOro 3TUIOBOMO CNMpTa C KOHLEHTpaunen
He meHee 99%, Kak nNpaBwso, NPUMEHSIOT YCTaHOBKY «[enbTa-T», npegHasHavyeHHas ans
NonyyYeHnss OCYLLEHHOro CnMpTa METOAOM AUCTUNNALMM U 06E3BOXMBAHUA HA MONEKynsip-
HbIX cutax (CUNMUMOPWUT). MNony4eHHbIN CMPT CUHTETUYECKUA TEXHUYECKUA C KOHLEHTpa-
unen He meHee 99% OTKauMBaeTCs B TOBAPHO—CbIPLEBOM Mapk.

[ocTurHyTble nokasatenu NoTpebneHns Cbipbs N SHEPropecypcoB Npu NPON3BOACTBE

aTaHona npmeeaeHol B Tabnuue 4.7.1

Tabnuua 4.7.1 — [JoCcTUrHyTble nokasaTenu noTpebneHns Ccbipbs U SHEPropecypcoB npu

npon3BoaCTBE 3TaHOJ1a

TexHonorus I'Ipﬂmaﬂ rmgpataumna 3TuneHa

HOprI pacxoda CbipbA U BCNoOMoOraTeslibHbIX MaTepuanoB

dpakuma ataHoBas, Kr/T 1545,8
dpakuna ataH-nponaHoBas, Kr/T 1761,9
®pakuuns nponaHosas, Kr/T 2577,3
®pakuusa nerkast yrneBogopoaHas, Kr/T 2684,1
BeH3nH rasoBbin cTabunbHbIA, KI/T 2892,7
®pakumsa nponaH-NnponuneHoBas, Kr/T 473

HopMbl pacxofa aHepreTU4eckmx pecypcoB

OnekTpoaHeprus, KBT*u/T 1100,4
(Tkan/T) (0,95)
Map, MNkan/T 2,81
Boaa o6opoTHas, M3/t 930
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4.7.2 TeKkywme ypoBHU IMUCCUM B OKpPYXKaloLLylo cpeay

B tabnuue 4.7.2 npencrasneHa nHgpopmaums no seibpocam n cbpocam npegnpuaTni

— I'IpOl/I3BOLI,I/ITeJ'Iel7].

Tabnuua 4.7.2 —TekyLme ypoBHM SMUCCUM B OKPY>KAOLLYYHO cpey Npu NpovM3BOACTBE dTaHoNa

TexHonorusa Mpamas rmgpatauna aTuneHa

3arpsasHsaoLme BellecTsa B Bblibpocax, r/t*

NOx 930

CO 1841

CymMmma yrnesoaopoaoB
y y P 6600
(6e3 meTaHa)

3arpssHsoLwue BelecTBa B copocax, Kr/T

XMK —

pH —

* [laHHbIe Nosly4eHbl HA OCHOBE pacyeTHOM MoLenu

4.8 NMpounssoacTBO 6YTUNOBLIX CMIUPTOB U 2-3TUSIFEKCaHona

4.8.1 NMpoussoacTBO OYTUNOBLIX CIUPTOB

ByTunoBble CNUPTbI LUMPOKO MPUMEHSKOTCA Kak pacTBOpUTENW, B NPOU3BOACTBE Mna-
ctudumkatopos, byTmnaueTaTos, OyTunakpunaTtoB, CTabmnnsaTopos u np.

Mpouecc oKcocMHTE3a — OCHOBHOM cnocob nony4veHnsa GyTunoBbix cnupToB. NMpouns-
BOACTBO CNUPTOB BKtOYalOT B cebs Tpy OCHOBHbLIX 3Tana:

- noslydyeHue CUHTe3-rasa u Bo4opoaa;

- nosiyvyeHve anbaervaos;

- nosly4yeHue CnupTos.

[MonyyeHue cuHmMe3s-2a3a U mexHu4yecko2o eo0opoda

lNepBas ctragmsa Bcen TEXHOMOMMYECKON LIeNOYKMU — NPON3BOLCTBO OKCKAa yrnepoaa u
TEXHUYeCKoro Bogopoaa.

OCHOBHbIM MPOLIECCOM MOSTyYEHUS OKCMAa Yyrnepoga WM TeXHUYECKoro Bogopona
ABISETCA KaTanuTU4eCcKnin nNMponu3 MeTtaHa B NPUCYTCTBMM BOLSIHOrO napa W yrrekucrnoro
rasa, nportekarowmm B Tpyb4aTon neum B NpUCyTCTBUN HUKENEBOrO KaTanusaTopa.

Ha ctagumn nuponusa cbipbst NPOTEKAT CrieaytoLLne OCHOBHbIE NPeBpPaLLEHUS:
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CH4 —|_ Hzo — > CO + 3H2
CH, + €O, —» 2C0 + 2H,

CO + HO0 —> COo, + H,

Hanee npoAyKTbl MNPOJin3a (I'IVIpOFGS) oynwalT OT OAMOKCUAa yrriepona noTaLLHoOm

OYUNCTKOWN:

K2C03 + COZ + H20 — > 2 KHCO3

[Ana pasgeneHna nuporasa, npowlewero O4MCTKY OT AMOoKcuAaa yrrepoaa, Ha Bogo-
poAd 1 cMecb oKcuaa yrnepoga u Bogopoga (CMHTes-ras) npMMeHsoT npouecc MeMbpaHHoro
pasgeneHuns rasos.

[MonyyeHue anbdeaudos

Anbgernabl nNosyyarT B OoTAENeHUn rmapoopMuUnmpoBaHnsa nytemM cuHTesa ux u3
nponurieHa N cuHTes-rasa B NPUCYTCTBUM KaTanusatopa. B npomMbilneHHOCTU B KavecTBe
KaTtanusatopa MCMOofb3yT FOMOreHHbIE CUCTEMbI, CoAep’Kallme KOMMIEKCbl MNepexoaHbiX
MeTansnoB Tpex BUOOB:

- KracCU4ecKnin KOMNekc — rmapokapboHmn kobanbTa;

- rmgpokapboHun kobanbTta, MOANMPULNPOBAHHBLIN TPETUYHBIMU (POoChUHaAMK;

- MapoKapbOHWIbHbIE KOMMMEKCbl poaus C KOOPOWHUPOBAHHLIM TPETUYHbBIM
dochurHOM.

Peakuuio rugpocopmMunmpoBaHmst NpoBOAAT NpU yMepPeHHbIX Temnepartypax (ao 150
°C) u BblcokoM gasneHun — go 320 atMm. Peakuusa naet ¢ BblgeneHMem Tenna, pasHbiM 30
Kkan/monb nponunexa.

B xone cuHTe3a o6pasyoTcsl H-MacrsiHbIA U M30MaCHsHbIN anbaervabl:
(o]

e N + -
co H, o)
o ~

MoMnUMO OCHOBHOM peakumu rmapoopMnnnMpoBaHns B npolecce nportekatT nobou-
Hble peakuuu:
rmapupoBaHMe MacrisiHbIX anbaernaos B OyTaHomMbl;

obpasoBaHue aueTanen;
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KOHAEeHCauusa MacrnsHblxX anbgerngoB ¢ obpa3oBaHMEM HEHAaCbILWEHHbIX U HaCbIWeH-
HbIX anbaerngos Cs, KOTOpbIE B CBOKO o4epeab rmapupyotcsa B cnnpTbl Cs;

obpasoBaHune acumpos: byTundopmmaTtos, ByTUNGYTMPATOB M OPYrMX CIOXHbBIX 3u-
pOB;

obpa3oBaHne BbICOKOMOMEKYNSAPHbLIX OpraHNYeCcKUX COeANHEHWUI;

rmgpupoBaHue nponuneHa B Nponas;

obpasoBaHne HopManbHOM N N30MACHSIHOM KUCIIOT.

lNony4yeHue criupmos

ByTaHonbl nonyyalT ruapvpoBaHMEM COOTBETCTBYIOLLMX anbAerMaoB B OTAENEeHUn
rmopvpoBaHna. Peakumsa rmapupoBaHusa npotekaeT npu Huskom aasneHuun (0,2-0,4atm) m

TemnepaTtype o 140°C Ha MegHOLMHKXPOMOBOM KaTanusaTtope:

OH
H

OH

Mpwn 3TOM NpoTeKkatoT cnegyrowme NoboYHbIE peakLui:

obpasoBaHne npocTbix acpmnpos (audyTunosoro, AunsobyTunosoro, 6yTMnNn3odyTUNo-
BOro0);

obpasoBaHne n3obytnnuaobytunpaTa (peakums TULLEHKO);

06paaoBaH|/|e BbICOKOMOIEKYINAPHbIX MPOAYKTOB.

4.8.1.1 OnucaHme TeXHONMOrM4YeCKUX NpoLeccoB, UCNOSb3yeMbIX B HacTosLee

Bpems

I'Ionyquue CUHMe3-easa u mexHu4ecKoeco BOOOPOOQ
rlpl/IHLl,I/II'II/IaJ'IbHaSI TEXHONOorn4eckad cxema nonyyvyeHmnAa CUHTe3-rasa m TexHU4eckoro

BOOOpPOAA NpeacTaBneHa Ha pucyHke 4.8.1.
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M-1 — neyb nmponuaa; K-1, K-2 — KonoHHbl o4ncTkM nuponusa; B-1, B-2 — komnpeccopsl; E-1, E-2, E-3, E-4 —
cenapaTtopbl MeMGpaHHble
PucyHok 4.8.1 — lNpuHuMnuanbHasa TexHonorm4yeckasi cxema nosiy4eHMs CUHTe3-rasa u

TeXHUn4ecKoro sogopoga

Cbipbe — NpUPOAHbIN ra3 — Nocne NoAorpeBa OYULLAETCA OT CEPHUCTbLIX COeAMHEHWNN
N CMeluMBaeTCs C YrNeKkUucnbiM rasoMm, BOASAHbIM MNapoOM B 3aJaHHOM O0beMHOM
COOTHOLWEHNN. [laporazoBasi CMecCb MOCTynaeT B peakuuMoHHble Tpyobl neun [1-1,
3anonHeHHble katanusatopoMm. B Tpybax neun [1-1 npoucxoguT npouecc nmponuaa
yrneBOAOpPOAOB 3a CHET Tenna cropaHus TONSIMBHOIO rasa.

Mocne neun ras noctynaet B pebownep T-1 pereHepatopa K-1, nocne 4ero
HanpasnseTca B kKonoHHy K-2 (abcopbep) ana Oo4MCTKM NPOAYKTOB NMMPOnM3a OT Auokcuaa
yrnepoga pactBOpOM ropsidero notaiua.

HacblILWeHHbIn pacTBOp NoTalla U3 HUXHEN YacTu KONMOHHbI K-2 nocTynaeT B BEPXHIOK
yacTb pereHepaTtopa K-1. U3 cpegHen yactu K-1 rpybo pereHepupoBaHHbI pacTBOp noTalla
nogaeTcad Ha OpoOLIeHWe B CpefHI 4YacTb KOSMOHHbl K-2. TOHKO pereHepupoBaHHbIN
pactBop noTtawa ¢ Hu3a K-1 nogaetca Ha Bepx KosnoHHbl K-2. llocne aTtoro guokenpg
yrnepoga HanpaBnseTca Ha Bcac komnpeccopa B-1. C HarHeTaHus komnpeccopa OUMOKCUA
yrnepoga nocTynaeT Ha CMelleHWe C BOASAHbIM NMapoM WM NPUPOAHbIM ras3oMm, a 3aTem B
peakuMoHHble Tpybbl neun M-1.

OunLeHHbIM OT AnoKcuaa yrnepoga nuporas oxnaxgaeTcs U OTAenseTca oT Braru,
nocrnie 4Yero nuporas rnocTynaeT Ha Bcac NepBON Cekumm komnpeccopa B-2, 3atem Ha 6ok
MembpaH. Ha Gnoke membpaH npoucxoguT pasgeneHune rasa Ha sogopod (98 un 99%) wm
CMecCb okcupa yrnepoga u sogopoaa (cuHTtes-ras). lNuporas ¢ HarHeTaHUS NEpPBON CTyMNeHu
komnpeccopa B-2 noctynaet Ha nepsyw a3y cenapatopoB E-1, coctodwyio uns 28

BepTUKalibHbIX annapaTtoB C YCTAHOBJIEHHbIMM B HUX MeM6paHaMVI, rge npoucxoguTt
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pasgeneHne rasa Ha CMecb OKCuAa yrnepoga u BOAOpoLa M Ha BOL4OpOAcCOAepKallmi ras.
Mocne nepson hasbl ra3 nocrtynaeTr Ha Bcac BTOPOW CTyneHW komnpeccopa B-2, rge
KOMMpUMUPYETCA U NodaeTcs B KOMMEKTOp CUHTe3-rasa. BogopoacogepXawmn ras nocne
nepson grasbl cenapaTopoB MOCTynaeT Ha BTOpyK a3y cenapatoposB E-2, cocTosiuyo ns
YyeTblpex annapaToB. Ha BTopon dase NpoMcxoamT pasgeneHne Bogopoacoaepxallero rasa
Ha QfgBa noTtoka. [lpowegwunn ras3 Cc HWKHeEW YacTu cenapatopa E-2 noctynaet Ha
cenapartopbl 4YeTBepTon pasbl E-4, roe npoucxoout ganbHenwee pasgeneHve rasa. He
npoLeawnn ras ¢ BepxHen 4actm BTOporn asbl NOCTynaeT Ha cenapaTopbl TpeTben asbl.
He npoweawwmn ras ¢ sBepxHen vyactn E-3 HanpaBnsieTcss Ha komnpeccop B-2 (peuukn 1).
Mpoweawwnin ras (Bogopon 98 %) ¢ HwxHen yactn E-3 HanpasnseTca notpebutento. a3 ¢
BepxHen 4vactu E-4 noctynaet Ha Bcac B-2 (peuvkn 2). Bogopoa, npowewuvm 4vepes
MembpaHbl cenapaTopoB 4eTBepTon ¢basbl, NOCTynaeT Ha Bcac TpeTben ctyneHn B-2. Ha
TpeTbewn cTynenn B-2 sogopoa 99% komnpumupyeTcs 1 ganee nogaeTcs notpedbuTtensm.

lMonyyeHue anbdeaudos

MprHUMNManbHasa TEXHOMOrMYeckas cxema nonyvYeHus MacnsiHbIX anbaervaoB npea-

cTaBrieHa Ha pUcyHke 4.8.2.
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P-1 — peakTtop kapboHunoobpasoanus; P-2, P-3 — peaktopbl rugpocdopmunuposanus; E-1, E-2, E-3, E-4 — ce-
napatopsbl; P-4 — peaktop okucnutenbHon aekobanbTusauum; K-3, K-4, K-5 — pekTndunkaumoHHble KOMOHHbI; T-1

— pekyneparop.

PucyHok 4.8.2 — MNpuHuMnuanbHas TexHonormyeckas cxemMa nosiy4eHMs MacnsiHbIX anbaeru-

0OB

Mpouecc  rMgpocdopMUNMpPOBaHUS  MNPONWIeHa  OcCyllecTBnsieTcs B AOBYX
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nocnegoBaTenbHO CcoeAuHEHHbIX annapatax P-2 n P-3. O6pasoBaHue kapboHMNoB
kKobanbTa OCyLlecTBMAsSieTCA B OTAENbHOM annapate KOMoHHoro Tuna P-1. lMony4veHHbIn
pacTBop kapboHuoB kobanbTa noctynaeTt B peaktop P-2. Tyaa e noctynatoT NponuneH u
cuHTe3-ras. B xoge cuHTe3a 06pasyoTcs H-MacsHbIN U M30MacnSaHbIA anbaernabi.

MpoaykTbl rmgpocopMunMpoBaHus, BbIxoaswme u3 peaktopa P-3, oTgatoT csBoe
Tenno B T-1 cbipbto, NnogaBaeMoMy Ha kapboHunoobpasoBaHue B P-1, 3atem oxnaxgatoTcs
N noctynawT B cenapatop E-1. Belgensawowumeca ns xugkoctm B cenapatope E-1 rasbl (B
ocHoBHOM cMecb CO n Hz) gpoccenunpytoTcs 1 copacbiBaloTca B TONMMBHYIO ceTb. COpocom
rasa uns E-1 perynupyeTtca gasneHue B cucteme ruapocopmMmunimpoBanuns. Kngkue npoayKrbl
n3 E-1 gpoccenupyrotca B cenapatope HU3KOro gasneHuna E-2. M3 cenapaTtopa HWU3KOro
AaBfeHus Takke OTBOAUTCS OCTaBLUEECS KONMYECTBO rasa, BblAENMBLUETOCS U3 XUOKOCTU.
[anee npoaykTbl rmapodopMmUnMpoBaHnsa NogarTCa Ha OKUCINTENBbHYI0 AekobanbTusaumio.

Cragms  okucnuTenbHoOW gekobanbTM3aumm npegHasHadyeHa Ana  nepesoa
kapboHunoB KobanbTa, coAepxawuxca B Npoayktax rmMapodopMuniMpoBaHusi, B
TepmoycTonumByto ¢OpmMy conum kobanbTa OpraHM4Yeckux KUcrnoT — nytem obpaboTku
NPOAYKTOB rnapoOpMUINPOBAHNSA KUCIIOPOAOM BO34yxa MNpu M30bITKE OpraHNYeckux
KMcnor.

Ob6paasyolmecs TepMUYeckM YCTOMYMBBLIE MacropacTBopuMble conu  kobarnbTa
OpraHMYecknx KUCIOT Npu nocrnenylowen pekTuukaumm npoaykToB AekobanbTusauuu
ocTalTcsl B KyOOBOM OCTaTke M BO3BpaLLAlTCs Ha cTaguio kapboHunoobpasoBaHus, roe
BHOBb NepeBoadATcs B KapboHunbl kobanbTa.

MpooykTbl rMapogopmMunupoBaHus u3 cenapaTtopa E-2 nocTtynailoT B peaktop
aekobanbTnsaumm P-4. B peaktop Takke nogaeTcs BO3AyX U 2-3TUMreKcaHoBasi KMcroTa.
Peaktop npeacrtaeBnser cobov  nonbi annapart, BO34Qyx nogaeTcsa  4epes
pacnpegenuTenbHble ycTponucTtea. [locne peaktopa P-4 npoaykt rmgpodopMunmpoBaHus
coaepxut kobanbT B BUOE Conen n NpoxoamT nocrnegoBaTenbHO ABa cenapartopa E-3 n E-4.
[Mocne cenapaTopoB MNpOAYKTbl  rMAPOMOPMUNNPOBAHUA  MOJAKTCA Ha  CTaguio
pekTudunkayunu.

B cmecn c guctunnatom KonoHHbl K-5 kaTtanusat nocTtynaet B KOMOHHy K-3.
Ouctnnnatom konoHHbl K-3 oTbupatoTca cymmapHble anbgernbl, KoTopble nogatTcs B
nuTaHne KonoHHbl K-4. BokoBbIM MNOrOHOM KOMOHHbI K-3 oTbupaetca 6yTaHOMbHO-
oyTundopmmnatHag dpakuusa. Kybosbin npoaykt K-3 nogaetca B nuTaHue konoHHbl K-5, Tyaa
e BbIBOOUTCS KyOOBbIN NpoayKT KOMoHHbI K-8 y3na pektudukaumm 6yTnnoBbiX CNMPTOB.
Ouctnnnatom konoHHbl K-4 BbIBOAUTCS M3OMacnsHbI anbaerng, n3 kyba KonoHHbl K-4

BbIBOAUTCSA H-MacrnaHbIN anbaerns,.
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C Bepxa kOnoHHbI K-5 BbIBOOATCS cnnpTbl, OyTundgopmmnaTsl U NogarTcs B NUTaHMe
KonoHHbl K-3 B kayecTBe peuukna. [JumepHasa dpakums BbIBOAMTCA B Buae 60KOBOro noroHa
KonoHHbl K-5. Cogepxawumecsa B Hen anbgermabl Cs — 2-aTunrekcaHanb U 2-aTUnrekceHarb
— NUCNOonb3yTCa AN Nofy4YeHnst 2-3TUIN-reKCaHoBOW KUCIOThI.

KyboBbin KobanbTCcogepXalmn ocTtaTok konoHHbl K-5 noctynaet B oTtaeneHue
rmgpoopmunmpoBannda, 6GanaHcoBoe KONMMYecTBO KyOOBOro oOCTaTka BbIBOAUTCA Ha
pereHepaumio M BOCMNOSIHEHNE MoTepb koGanbTa. W3 KybGoBoro ocrtatka KOMOHHbl K-5
naprnekaetca kobanbT nytem oO6paboTKM YKCYCHOM KUCMOTOW (Ha CXemMe He MoKasaHo).
lMonyyeHHbIN aueTaT kobanbTa UCNONb3yeTcs NSl NPUrOTOBNEHUS CBEXEro KaTtanuaaTtopa —
conen kobanbTa BbICLLIKX OPraHNYECKUX KACTIOT.

lMonyyeHue criupmoes

MpuHUUNUanbHass TeXHOMNormdeckass cxema nosiyyeHust OyTUnoBbIX CAMPTOB npea-

cTaBrieHa Ha pucyHke 4.8.3.
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P-8/1-4 — peaktopbl napoda3Horo rugpupoBanus; P-5 — peaktop rugpuposanus; E-5, E-8, E-9, E-7 —
emkoctu; E-6/1-4, E-10 — cenapatopsbl; K-6, K-7, K-8, K-9 — pektudunkaumoHHble KONOHHbI; [1-2 — neyb;

0-8/1-4 — rasopgyska; T-2 — TeNIOOOMEHHMK
PucyHok 4.8.3 — NMpuHuunuanbHasa TeXHONOrM4Yeckasa cxema nony4yeHusa 6yTMnoBbIX CNUPTOB

M'mppuposaHne wusomacnsaHoro (MMA) wu H-macnaHoro (HMA) anbgermgoB f[o
COOTBETCTBYHOLUNX ByTUNOBLIX CMMPTOB OCYLLECTBNAETCA B NapoBoun hase B peaktopax P-
8/1-4 (TpybuaToro Tuna). Kak npaBuno, n3 nmerLmnxcs napannensHo paboTtatowmx YeTbipex
cuctem Tpu paboTatoT no cxeme nepepadotkn MMA, a ogHa — no cxeme nepepabotkn HMA.
M3omacnsaHbin anbgerng ¢ Bepxa KornoHHbl K-4 (pekTudmkaumsa macnsHbiX anbgernaos)

nogaetca B eMkocTb E-5, ganee nopgaetca B nogorpesartens T-2, Tyga Xe noctynaer
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ceBexun Bopopon. [lpouecc rmopupoBaHUs MNPOUCXOOUT B peakTtopax B MNPUCYTCTBUM
MeabcodepXalwunx KaTanusaTtopoB. [uaporeHusaT BbIBOAUTCH 4Yepe3d cenapatop E-6 B
eMkocTb E-7 1 panee nopaetca Ha ysen pekTudukaumm B nNUTaHME KOMOHHbI K-6.
Linpkynupytowmini BOAOPOA C Bepxa cenapatopa E-2 nogaetcs Ha Bcacrasonysku [[1-8/1-4 n
BO3BpaLlLlaeTcs B peakTop.

H-macnsaHein anbgerna (Ky6oBbi NpoaykT KonoHHbl K-4) nogaetcs B emkocTb E-8,
Aarnee aHanornyHo cxeme rugpuposaHus VIMA coBMecTHO C BOAOPOAOM HanpasrisieTcs B
OanH n3 peaktopoB P-8. 'mgporeHusart BbiBOOUTCA B eMKoCcTb E-9 n ganee nopaetcsa Ha
y3en pekTudukauum B nuTaHne KonoHHbl K-8.

[ononHuTenbHbIM ~ UCTOYHMKOM  OYTUIOBBLIX CNUPTOB  sABNsSieTca  ByTaHOMbHO-
oyTundgopmmnaTtHaa dppakunsa (BbPd), koTopas BbIBOAUTCS BOKOBBLIM MOrOHOM KOSTOHHbI K-3
n npegcraenseT cobon CroxHy cmecb, cogepxalyro Ao 60% macc. ytundgopmmuaToB m
0o 40% macc. 6yTnnoBbIX CINPTOB.

BEB®® nogaetcsa B neyb 1-2. Tyga xe nogaetca Bogopod ¢ KoHueHTpaunen 99%.
[anee raso-cblpbeBasi CMeCb MOCTyNaeT B BEPXHIOK YacTb peaktopa P-5, rae B npucyTcTBumn
LUMHKCoOepXallero katanmsatopa npoMcxoguT npouecc paciienneHnsa bytundopmumaTtos 4o
OGyTaHONOB 1 OKUCK yrnepoaa.

Kpome TOro, moryt npoucxoauTb MNOBOYHbIE peakuuun, Hanpumep, obpasoBaHue
MacrnisHblIX anbgerMaoB 3a CYyeT npouecca  gerMapupoBaHus  OyTUNOBLIX  CNUPTOB,
obpasoBaHne BKI1. lMonyyeHHble OyTunoBble CNMPTbl NOAAKTCA Ha pPekTUdUukauuio B
KOnoHHy K-6, Tyga »>e BbiBOAUTCA NOTOK nocne rugpuposaHna WMIMA. TexHuyeckun
n300yTaHoN BbIBOAUTCA C Bepxa KOMOHHbI K-6 1 nogaetca B KONOHHy K-7. B konoHHe K-7
NPOUCXOOUT OYMCTKa M300YTUNOBOro cnupTa OoT npumecen. BepxHuin NnpogyKT KONOHHbI K-7
npegcraBnser cobon CrOXHYH CMeCb a3eoTponoB BOAbl C MacnAHbIMW anbaervgamu,
acmpamn, n300yTUNOBLIM CNMPTOM. LAUCTMANAT KONMOHHbI K-7 nocTtynaeT COBMECTHO C
Apyrummn nobo4vHbIMKU NpoaykTaMmmn Ha nepepaboTky B kKONOHHY K-10 (Ha cxeme He nokasaHa)
ana  nonydeHna COKa. BokoOBbIM MOroHOM  KOMOHHbI  K-7  BbIBOOUTCA TOBapHbIV
n306yTUNOBbLIN CNNPT.

KyboBbin npoaykT komnoHHbl K-7 nopgaetca B nutaHue KomnoHHbl K-8. Tyga xe
nocTtynaeT TEeXHUYEecKun H-b6yTunoBbIi cnnpT mM3 emkoctn E-8 (y3en rmgpupoBaHus).
Ouctunnat konoHHbl K-8 nogaetca B nutaHue KonoHHbl K-9. KonoHHa K-9 npegHasHadeHa
ANSA NonyyYeHnst TOBapHOro H-6yTUNOBOro CnMpTa, KOTOPbI BbIBOAUTCA GOKOBbLIM NOFOHOM.

OncTnnnat konoHHbl K-9 — «adpmpHaa ronoska» — Bo3BpallaeTcs B MMTAHNE KOMOHHbI
K-6. KyboBbin npogykT konoHHbl K-9 BbiBOANTCA B nuTaHmne KornoHHbl K-8. Ky6oBbi npoaykT

KonoHHbl K-8 npepgcraBnser cobon cmecb H-b6ytaHona ¢ BKI, BbiBOOUTCS Ha y3en
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pekTudmrKkauumn MacnsHbiX anbaerMaoB B NMUTaHMe KONMOHHbI K-5.
[locTUrHyTble nokasaTenu NoTpebneHns Cbipbsi U SHEPrOpPECYPCOB MPW NPOU3BOACTBE

OGyTMNOBbLIX CNMPTOB NpuBeaeHbl B Tabnuue 4.8.1.
4.8.1.2 Tekywme ypoBHU 3IMUCCUM B OKPYXKaKLLYH cpeay

TekyliMe YpOBHM 3MMCCUM B OKpYXKaloLlyl cpedy Mpu npou3BoacTBe OyTMIOBbIX

CNMpPTOB NpuBeAeHbI B Tabnvue 4.8.2.

Tabnwuua 4.8.2 — [lJocTurHyTble nokasaTenu noTpebneHns Cbipbs U SHEPropecypcoB npu

npounsBoAcTBe OYTUNOBbLIX CNNPTOB

TexHonorus nOHy‘-leHVIe 6yTI/IJ'IOBbIX CnmpToB Nno KobanbLTOBOW TEXHOMNOMK

HOprI pacxoda CbipbA U BCNoOMOraTeslibHbIX MaTepuasoB

MponwuneH, Kkr/T 710-780
Hopwmbl pacxoaa aHepreTu4ecknx pecypcos
OneKTpoaHeprmsa, KBT*u/T 280-310
(Tkan/T) (0,241-0,267)
Map, MNkan/T 1,51-1,67
Tonnueo, M3/T 60-66

Tabnuua 4.8.3 —TekyLime ypoBHM 3IMUCCUMN B OKPY>KaKOLLYO cpeay nNpy Npon3BoacTee OyTnnosbIxX

CnupTOB.
TexHonorunsa Mony4yeHne 6YTMNOBLIX CINPTOB MO KOGANLTOBOW TEXHONOIMM
3arpsisHsioLmne BellecTsa B Bblbpocax, r/T*
NOx He 6onee 1890
CcO He 6onee 1346

Cymma yrnesogoponoB
Y Y P He bonee 765
(6e3 meTaHa)

3arpsasHsoLme BellecTsa B cbpocax, Kr/T

HedTenpoaykThl He 6onee 0,25
XK He 6onee 50
pH 7,1-10,5ea. pH

* [laHHblEe NOyYeHbl HA OCHOBE pacyYeTHOM Moaenu

4.8.2 NMpounsBoacTBO 2-3TUNreKcaHona

MNpon3BoACTBO 2-3TMNrekcaHona TEeXHOMOrMYeckn HepasgennMo CBA3aHO C Npous-
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BOACTBOM OYTUNOBbLIX CMUPTOB, NO3TOMY €ro onnucaHue npuBeaeHo HenocpencTBEeHHO nocne
nponsBoacTBa OyTnNoBbIX CINPTOB.

2-aTunrekcaHon (2-3N) — BaXHbIN NPOAYKT OCHOBHOIO OPraHNU4eckoro U HeTexnmu-
yeckoro cuHTe3a. bonee 65% npoussognmoro B mupe 2-3IC naeT Ha NpomM3BOACTBO NSiacTu-
domKaTOpOB, CaMblM PACNPOCTPAHEHHBIM M3 HUX NOKa aBngaeTcsa auoktundTanat (JOP).

2-3TUNrekcaHos NCnonb3yeTcsa Takke AN NMPUroTOBNEHNSA CNOXHOIMUPHBIX CMAa30K U
3aMynbraTopos, NPUCaAoK K TONIMBaAM U Macnam 1 Kak pactBOpuTeSlb MHOMMX OfIMrOMEpPOB U
nonnMmMepos.

B kadecTBe nucxogHoOro BellecTsa Ansa cuHTe3a 2-OI BbICTynaeT H-MacnsaHbli anbge-
rma, NO3TOMY YCTAHOBKM NOSMyYeHNsa 2-3TusirekcaHosia odbl4HO BXOOAT B €OUHbIN NPOU3BOA-
CTBEHHbI KOMMIEKC C yCTaHOBKaMWn OKcocuHTe3a (cM. n. 4.8).

CuHTe3 2-aTunrekcaHona U3 MacrsHoro ansaernga coctouT U3 AByX CTagun:

e anbAonbHas KoOHOEeHcauus MacrnsHoro ansbgerMga c  obpasoBaHuem  2-
aTUNrekceHans;

e rMapvpoBaHue 2-aTUnrekceHans B 2-aTUNrekcaHos.

MonyyeHue 2-aTunrekceHans

KoHgeHcaums H-MacnsaHoro anbaernga B 2-3° ocyLwecTBnseTcs Npu yMepeHHbIX TeM-

nepatypax (go 150 °C) n HebonbLwoM gaBneHun (oo 7 atm) No CreayrLwmm peakumsm:

Anbaonusauyus:
H OH H
NaOH
2 —
HaC o) HyC o
HsC
KpoToHusauus:
OH H

H
—_—
HaC o HSC/\/j/KO + HO
Hs;C HsC

Tennoson adpdpekT peakummnAH = —436,0 K[k Ha 1 Kr 2-aTunrekceHans.

Mpwn npoBegeHMM aaHHOro npouecca Habngaetcsa psag No60oYHbIX peakuni:

- Peakuusa KanHunuuapo-TuweHko ¢ obpaszoBaHnem OytaHona n 6ytupaTa HaTpus;

- OOpasoBaHMe TpPUMEpPHbIX MPOAYKTOB CIOXHbIX 3dupoB (MOHOGYyTMpaT-2-
aTunrekcaHguon-1,3);

- Hewntpanusauma macnsHon KMcnotbl ¢ o6pasoBaHnem ByTuparta HaTpus;
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- KoHgeHcauma macnsHoro v uM3omacrsHoro anbaerngos C obpasoBaHuem 4-
MEeTUM-2-3TUrNnNeHTeHarnsb.
lMony4eHue 2-aTunrekcaHona

vaopupoBaHue 2-3TUnrekceHans NPOUCXOANT MO peakuuu:
H

HaC N 0 + 2H, — uge oH

HsC HsC

Tennosoun adppekT peakunnAH = —1046,7 k[x Ha 1 kr 2-aTunrekceHans.

Mpw npoBegeHnM aaHHOro npoLlecca HabnagaeTca psag No6oYHbIX peakuuni:

- rmapupoBaHMe MacrnsHoro anbgernga ¢ obpasoBaHnem 6ytaHona;

- rmgpupoBaHve  4-mMeTun-2-aTunneHTeHansa ¢ obpasoBaHuem  4-meTun-2-
3TUNNeHTaHona;

- rMgpuvpoBaHue OyTtundopmuaTtoB, OyTUNOyTUpaToB, aueTanenm u MacnsHbIX
KMCnoT 4o OyTMNOBbIX CNNPTOB;

- KOHOeHcauus MacrnsiHoOro n n3omMacnsHoro anbgerngos ¢ obpasosaHmeM 4-meTun-

2-9TUNNeHTeHans.

4.8.2.1 OnucaHue TEXHONIOrMYECKUX MPOLECCOB, UCMOSIb3yeMbIX B HacTosiLiee

BpemsA

4.8.2.1.1 NMpousBoacTBO 2-3TUNreKcaHosa U3 H-MmacnsiHoro anbgernaa
Ha pucyHke 4.8.4 npeacrtaBneHa npuHUMNuanbHasi TEXHOMOrM4yeckas cxema npous-

BOACTBA 2-3TUrekcaHona n3 H-MacnsaHoro anbaernaa.
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MacnsaHbin anbgerng u pacTeop rMapokcuaa HaTpus nNofarT Ha BXO4 LMPKYNSALUNOH-
HOro Hacoca 1, rae oHM CMeLLMBAaOTCS C LMPKYNUPYIOLWNM pacTBOPOM, a 3aTeM HanpasnsaoT
B peakTop koHAaeHcaumn 2 TpybyaTtoro Tmuna. Peakuusa anbgonbHOW KOHOAEHCALMM MacnsiHOro
anbgernga ocyuwectsnsetcda npu 120-140 °C n gasnenumn 0,4-0,6 MlMa. KouBepcuna macns-
Horo anbgernaa gocturaet 99 %, a cenekTMBHOCTbL MO 2-aTunrekceHanto 97,5 %. B pacwu-
pUTENbHOM YacTu peakTopa MPOUCXOAUT OTAeneHue LWEeNoYHOro pacTeBopa, KOTOpbIA BO3-
BpaLlalT B Uuks. [poayKTbl KOHAEHCaUMN nocne oxrnaxgeHus B XonogunbHuke 3 nocryna-
IOT B OTCTOMHUK 4 AN oTCnamBaHWA OT BOAHOrO Crosi, NoAafiexallero TepMmmyeckomy obes-
BpexumBaHuto. OTMbITbIN OT LLENoYvn 2-aTunrekceHarnb B y3ne 5 ncnapsgercs B Toke Bogopoaa
B caTypauMOHHOW KONOHHe 6. [Nofgaya ceexero u LMpKynauMoHHOro Bogopoda OCyLLecTBris-
eTca rasogyskomn 7. C Bepxa KONOHHbI OTBOAAT B TOKe BOAOPOAA Napbl 2-aTunrekceHans, Ko-
Topble Yepe3 TennnoobMeHHMK 8 NnocTynatT B peakTtop rugpupoBaHunsa 9. Cbem TennoThl pe-
aKLMM OCYLLECTBISIETCA 3a CYET UCMApPEHUA NapOBOro KOHAEHCATa B MEXTPYOHOM npo-
cTpaHcTBe. [MpoayKTbl rMAPUPOBAHNA NOCNe oxNaxaeHus pasgenstotca B cenapatope 10 Ha
UMPKYNALUNOHHBIM BOAOPOA, YacTb KOTOPOro cayBalT Ha TepMmuyeckoe obesBpexusaHue, u
XUOKUA NPOAYKT, codepXawmn 2-atunrekcaHon. Bo mnsbexaHne HaKonneHusi BbICOKOKMUMS-
LLUMX NPOAYKTOB M3 KyBGa KOMOHHbI 6 BbIBOAAT YaCTb LMPKYNMPYIOLWEro 2-3TUNrekceHansa m
HanpaBnAT B OTNAPHYK KOMOHHY 12 ANns OoTAEeNeHUs BbICOKOKUMNALWMX npoaykToB. OpraHu-
YeCKUM CNon OUCTUNNSATA OTKaYMBaKT Ha rmapvpoBaHMe, a BOAHbLIA CIIOM — Ha O4YUCTKY. Ky-
OOBbLIN NPOAYKT HANPaBNSAKT Ha TepMUYeckoe 06e3BpexnBaHmne.

Kngkun npoaykt ns cenapatopa 10 noctynaeTt B BaKyyMHYK PeKTUGMKALNOHHYHO KO-
NOHHY 11 Ansa otaeneHus nerkux NpPoaykToB — B OCHOBHOM 6yTunosbiX cnupToB. Kyb6oBbii
NPOAYKT — 2-3TUNreKcaHoM-Cbipel, — U3 KOSTIOHHbI 11 nocTynaeT B BaKyyMHYIO pekTudukaum-
OHHYI KOMOHHY 13 Ons OTroHKM anbAernaoB (2-aTunrekceHansa u 2-aTunrekcaHans), KoTo-
pble BO3BpaLlaloT Ha ruapvpoBaHne. KyboBbi NpoayKT NoaaloT B BaKyyMHYH peKkTudukaum-
OHHYIO KONMOHHY 14, C Bepxa KOTOPOW OTBOAAT 2-3TUrrekcaHon-petudmkar, a kyboBbi npo-
AYKT HanpaengalT B BaKyyMHYI PEeKTUUKALMOHHYIO KOMOHHY 15 ans gousBnedeHusa 2-
3TUNreKkcaHona M BbiBOAA BbICOKOKMMALMX MPOAYKTOB Ha TepMuieckoe o00e3BpexuBaHue.
ByTaHonbHas pakumnsa n3 KoNnoHHbl 11 noctynaeT B PEKTUMPUKALMOHHYIO KOMOHHY 16, ¢ Bep-
Xa KOTOpon oTBOAAT OyTUNoBbIE CNUPTLI, @ C HU3a — 2-3TUIrekceHanb, BO3BpaLlaemMbIin Ha
rmapupoBaHue.

2-3TUNrekcaHomn-pekTuduKaT C KOJIoOHHbl 14 HanpaBrseTca Ha OorngpupoBaHue Co-
aepxawmxcs B HeM anbgerngoB Cs B peaktop 17, ganee otaendeTcs B cenapaTtope 18 oT
BOLOpOAa U NoJaeTCs Ha OKOHYaTESTbHYI0 OYUCTKY B BaKYYMHYIO PEKTUPUKALNOHHYIO KOSOH-

Hy19. ToBapHbIn 2-aTunrekcaHon otbupaetca B Buae 60koBoro noroHa. Kybosbin NpoayKT m
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OVUCTUNNAT U3 KONOHHbI 19 Bo3BpaLaoTcA B KONMOHHY 11.

4.8.2.1.2 NMpon3BoACTBO 2-3TUNreKcaHosa U3 H-macnsiHoro anbgermvaa (TexHono-

rms 2)

[pyron BapmaHT TexHoMNormm npueeneH Ha pucyHke 4.8.5
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P-6 — peaktop-anbgokpotoHusatop; P-7, P-9 — peakTopbl rugpupoBanus; K-11, K-12, K-13, K-14, K-15, K-16 —

peKTUdUKaLMOHHbIE KONMOHHLI; E-13 — emkocTb; -7 — rasoayska

PucyHok 4.8.5 — MNpuHuMnuanbHas TeXHONOrm4yeckas cxema nNnpoM3BoACTBa 2-3TUNreKcaHona

N3 H-MacnsaHoro anbgernga

H-macnsHbiin ansgerng (HMA) nogaeTcs B Tpy napannenbHo paboTarowmx peakropa
P-6/A,B,C, roe B NnpucyTCTBMM LIMPKYNMPYHOLLErO pacTBopa Lenoyn npoucxoamt obpasosa-
HUe 2-aTunrekceHans. 2-aTunrekceHanb nogsepraeTcs OTMbIBKE OT LLENoYn Npyu CMeLlvBa-
HUX C NapoBbIM KOHAEeHcaToM. OTCToABLIAACA XUM. 3arpA3HEHHas Boga Co cregamu opra-
HUKWN 1 LWernoym BbIBOOUTCS C YCTAaHOBKU B npouecce anbOoKpOTOHM3aUUn 1 Npu Harpese 2-
aTunrekceHans obpasyloTcsa BblcoKokundawme npoayktel (BKI). Bo n3bexaHne HakonneHus
BKI n3 emkoctn E-13 yacTb 2-aTunrekceHans nogaeTcs Ha pekTudukaumio B KONMoHHy K-11.
[ns yactnyHoro pacwennexns BKI go 2-atunrekceHans npeaycMoTpeHa nogada LWesioyu B
KOonoHHy K-11.2-aTunrekceHarnb HarpeBaeTcs M nopdaetcs B MUcnapuTernbHble KOSOHHbl K-
12/A,B,C,D, raoe ncnapsietca B TOKe LMPKynMpytoLlero sogopoaa.

'mopunpoBaHue 2-aTurnrekceHans B 2-3TUMrekCcaHos1 OCYLWEeCTBSeTCA B YeTblipex na-

pannensbHoO paboTalLmx cuctemax napodasHoro ruapuposaHus. MNpouecc rmapupoBaHus
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npoucxoguT B Nnapora3oBon ¢ase B NpUCYyTCTBUM MeLHOXPOMOBOIO KaTtanuaaTtopa B Tpybya-
ToM peakTtope P-7/A,B,C,D. Cmecb napoB 2-aTUfrekceHans u Bogopoaa C Bepxa KOMOHHbI
K-12/A,B,C,D noctynaet B peaktopbl P-7/A,B,C,D. 2-aTunrekcaHosn-cblpel, Ha Bbixode w3
peakTopoB P-7/A,B,C,D koHAeHCMpyeTCs, HE CKOHAEHCUPOBaBLUMNCSA BOAOPOA NOCTYNaeT Ha
rasogysku '1-7/A,B,C,D n BHoBb nogaetca B ucnaputenu K-12/A,B,C,D. [Ina nogaepxaHus
cogepXxaHna Bogopoaa B LIMPKYNSUMOHHOM KOHTYpe He MeHee 90% Ha BXoae B KOMOHHbI K-
12/A,B,C,D posupyetcs ceexun sogopon 98%. Hanee 2-atunrekcaHos-cblpel, nocre ruma-
pUpOBaHUA NOCTyNaeT B OTAENEHNE pekTUduKaumm.

2-3TUMreKCaHos-CbipeL, coaepXalimi NpuMecn TsKenblX NPoAyKToB, anbaernabl Cs,
BOAY, NoAaeTcsl B NUTaHME PeKTUUKaUMOHHON KONMOHHLI K-13. C Bepxa KONoHHbI K-13 BbI-
BOAUTCA ByTaHOMNbHasa (ppakuus, KoTopas nogaeTcs Ha NPOU3BOACTBO OYTUIOBLIX CNUPTOB
Ansa n3enedenuns 6ytaHonos. KyboBbin NpoayKT KonoHHbl K-13 nogaetca B konoHHy K-14. C
Bepxa KOSOHHbI BbiBOAATCA anbaerngbl Cs, KOTOpble NOJalTCs Ha cTaguio napodasHoro
rmaopupoBaHng. 2-aTunrekcaHon ua kyba konoHHol K-14 nogaetca B koroHHy K-15. C Bepxa
KONOHHbI K-15 oTbupaeTcsa 2-aTunrekcaHon-pektudumkaT, KOTopbIn nogaeTcsa Ha Xuakodas-
Hoe rmgpupoBaHue B peaktop P-9. KyboBbin NpoaykT KonoHHbl K-15 nogBepraetcsa pektu-
doMKauum B HacagoyHou otrnapHoun KonoHHe K-16. MNapel 2-aTunrekcaHona ¢ Bepxa KOSTOHHbI
K-16 noctynatoT B nutaHue konoHHbl K-13. C HM3a Hacago4yHOM KOMOHHbI K-16 BbIBOAATCSA
TsDKenble NPOAYKTHI.

2-9TUNreKCaHoN-pekTUMKaT ¢ CyMMapHbIM cOoAepXaHueM 2-3TurnrekceHans wmn 2-
aTunrekcaHans He 6onee 2% macc.m Bogopod 99% nogaeTca B peakTop XuaokodasHoro
rmgpvpoBanna P-9 ana gormgpvpoBaHus anbOerygoB B NMPUCYTCTBUMWM CMAMABHOMO arntoMo-
HUKENb-TUTAHOBOIO KaTanusaTtopa. ToBapHbIN 2-3TUMreKCaHO BbIBOAUTCS C HU3a peakTopa
P-9.

[ocTurHyTble nokasaTtenu notTpebneHns cbipbs U S3HEPropecypcoB Mpu NPOn3BOACTBE

2-3TUnrekcaHona npmBegeHsl B Tabnuue 4.8.4.

Tabnuua 4.8.4 — [locTUrHyTble nokasaTtenu NnoTpebneHns Cbipbs N 3HEPropecypcoB npu

nponssoacTee 2-3TnnrekcaHona

TexHonorus 'MapupoBaHue 2-aTunrekceHans

HOprI pacxoda CbipbA U BCoMoOraTteribHbIX MmaTepuanoB

Macnsanbin anbaerna, Kr/it 1150-1265

Hopmbl pacxoga aHepreTudecknx pecypcos
Map, MNkan/T 0,9-0,1
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OnekTpoaHeprus, KBtu/T 125-140
(Mkan/T) (0,108-0,120)

4.8.2.2 TeKywme ypoBHU 3MUCCUMN B OKPYXKaKLLYH cpeay

B tabnuue 4.8.5 npencraeneHa mHgopmaums no Belbpocam u cbpocam npeanpus-

TUN — NPOUN3BOAUTESIEN.

Tabnuua 4.8.5 — TekyLime ypoBHM 3MUCCUM B OKPYKAIOLLYIO cpeay npv NpOM3BOLACTBE Mpu

npon3soacTee 2-3TmnrekcaHona

TexHonorusa MmaopupoBaHue 2-aTunrekceHans

3arpsasHsaoLmne BellecTsa B Bblibpocax, r/T*

CnnpT 6yTmnosbIn He 6onee 30

2-3TUNrekcaHon He bornee 65

3arpsasHsaoLwme BellecTsa B copocax, r/T

XIMK He bonee 2350

pH 7,1-10,5 eq. pH

* [laHHble NnonyyeHbl HA OCHOBE pacyYeTHOM MoAenu

4.9 NMponsBoacTBO aKPUNOBOU KUCNOTHLI U ee achmpoB

Akpunosas kucnota (AK) — KpyNHOTOHHaXHbLIN NPOMBILLNIEHHbLIN NPOAYKT XMMUYECKON
TEXHOSI0rMM, MMpPoBOE NPOM3BOACTBO KoTopon B 2012 rogy coctasuro 6onee 4,5 mnH. T/roa.

B kauyecTtBe TOBapHOM hOpPMbI CYLLIECTBYET B IBYX OCHOBHbIX BUAAX:

1. HeounweHHaa AK (ee Takke HasblBalOT TEXHUYECKOW MMM 3(PUPHOro Kayectsa),
cogepxaHne AK B KoTopon 0OblMHO cocTasnsieT okoro 94% macc. (OCHOBHble MpuUMecH
npeacTaBnsaT cobor ManenHoOBbIA aHMMOPUH, MPOMMOHOBYH KUCIIOTY, YKCYCHYK KUCIOTY,
dypdypon n ap). Takon copt AK npumeHsaeTca Onsi NPOM3BOACTBA aKpUoBbIX 3MPOB,
KOTOpble MCMOMb3YITCA B OCHOBHOM AN NPOU3BOACTBA BOLO3MYJSIbCMOHHBLIX KpPacoK W
APYrMX aare3vBHbIX NMOKPbITUN;

2. OunweHHaa AK (ee Takke HasblBalOT NeadHOW WM MOSIMIMEPHOro Ka4vecTsa),
copepxaHne AK B koTopon 06bl4HO cocTaBnsaeT oT 98 go 99,7% macc. (OCHOBHbIE NpUMecH
npeacrasnsaT cobon dypdypon, akponemH u ap.). Takon copt AK npumeHsieTcsa B
OCHOBHOM s Npon3soacTea cynepabcopbupyrowmx NoMMepos.

Ha pucyHke 4.9.1 npeacrtaBneHbl OCHOBHble cdepbl npuMeHeHnsa negsHon AK n AK

admpHoro kavectBa. BugHo, 4to ocHoBHas gona AK naget Ha npou3BOACTBO ABYX rpynn no-
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TpebunTENbLCKNX TOBAPOB:

- BOAO3MYJNIbCUOHHBIX KPaCOK,;

- BMUTbIBAKOLLMX NPOAYKTOB.

AK nerko nonvmepwusyeTcs B NpUCYTCTBUWM KUCNopoda ¢ obpa3oBaHWEM aKpUIiOBbIX
cmon. o aton npuynHe NpoAaykT obbl4HO cTabunuanpyeTcs Npu NOMOLLM UHIMBUTOPOB Mo-
nMMmepusaunn.

Cbipbem gna nonyvenms AK moryT ObiTb pasnuyHble BeLecTBa: NpOnuneH, NponaH,
MOMoYHaa KucnoTta, 3-rmgpokcunponmoHoBast kucnota (3HP), rmuuepuH mn gp. Ho B
HacTosiwee Bpema Bca AK npowusBogutca AK nonydaloT no ABYXCTaAMMHOM TEXHOSOrmu
(OByxcTagumHbIM OKUCIEHNEM NponnneHa).

Ha nepBon ctagum npoucxoauT OKUCIEHWME MpOonuieHa OO akporenHa, Ha BTOpOn —
OKWUCIIeHME akponenHa 4o akpurnoBon KUCNOThI.

B nepBou cekumMm NponCxXoadaT cnefyowme XumMmyeckne peakumm:

a) OCHOBHbIE peakuun:

CH2=CH - CHs + O2 - CHz2 = CH — CHO + H20 + 81,4 kkan/monb

CH2=CH-CHs + 3/2 O2 - CH2 =CH — COOH + H20 + 142,1 kkan/monb

6) NoboYHbIE peakuunm:

CH2=CH - CHs + 3/2 O2 — 3/2 CHz — COOH + 169,1 kkan/monb

CH2=CH - CHs + 3/4 O2 — 3/2 CHsz — CHO + 65,5kkan/monsb

CH2 =CH-CHs + 3 02 — 3 CO + 3 H20 + 257,6Kkkan/mornb

CH2=CH-CH3z +9/2 O2 — 3 CO2 + 3 H20 +460,4kkan/monb

CH2 =CH — CHs + 9/4 O2 — 3/4 C4H203 + 9/4 H20 + 208,2kkan/monb

B kauyecTBe kaTanuMsaTopa Ha 3TOW CTagun UCNONb3YOT aKkTMBUPOBAHHbLIE MONMOAEH-
BMCMYTOBbIE CUCTEMbI, NPOMOTUPOBAHHbLIE Pa3NUYHbIMKM MeTannamu (kobanbT, Xeneso u
ap.). Peakuuto npoBoaat npm Temnepatype okorno 350 °C 1 gaBneHumn okono 2,5 6ap.

Bo BTOpOW Cekumm NponcxoaaT crnefyowme XmMmyeckne peakumm:

a) OCHOBHasi peakuus:

CH2=CH - CHO + 1/2 O2 —» CH2 = CH — COOH + 60,7 kkan/mosnb

6) no6oyHblEpEaKLMM:

CH2=CH-CHO +2 02 — 3 CO + 2 H20 + 176,3 kkan/mosnb

CH2=CH-CHO + 7/2 02 —» 3 CO2 + 2 H20 + 379,1kkan/monb

CH2=CH - COOH + 3 02 —» 3 CO2 + 2 H20 + 318,3 kkan/monb

CH2=CH - CHO + 3/2 O2 —» CH3 — COOH + COz2 + 184,9kkan/monb

CH3 - CHO +5/2 02 —» 2 CO2 + 2 H20 + 263,3 kkan/monb

CH3— COOH +2 O2 — 2 CO2 + 2 H20 + 194,2 kkan/monb
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CHs — CHO + 1/2 O2 — CH3 — COOH + 69,1 kkan/monb

B kauyecTBe kaTanusaTopa Ha 3TOW CTaguu UCNOMb3YIOT aKkTMBUPOBAHHbLIE MONMOAEH-
BaHagMeBble CUCTEMbl, NPOMOTMPOBAHHbIE pPa3NUYHbIMM MeTannamu (Medb, ONoBO M Ap.).
Peakuuto npoBogdat npu temnepatype okono 270 °C v gaBneHun okosno 2,5 6ap.

B kauyecTBe okucnuTens B AaHHOM npolecce, Kak npaBuio, Ucnosb3yloT Hanbornee
AELLEBbIA peareHT — KUCINOpPOoA, coaepxawmnca B Bo3ayxe. CoctaB UCXOQHOM CMecu orpa-
HUYMBaeTCA npefenamMmu B3pbIBOONACHbIX KOHUEHTpauuni. KOHUEeHTpauuoHHble npeaensbl
BOCMNamMeHeHus cneayowme: HXHUn — 2,3% 006., BepxHun — 11,1% o0.

Ana nogaepxaHua onTUMarnbHbIX YCOBUIW NpoBeaeHUs npouecca, Temnepartypa npo-
uecca perynupyeTtcsi B 3aBUCMMOCTU OT BbIXO4a OKCWMAOB yrnepoga, a Takke OT CTeneHu
npeBpaleHnsa nponuneHa. Tpebyemble CENEKTMBHOCTM MO ANOKCUAOY U OKCuAy yrnepoaa no-
CTUraloTCsl perynmMpoBKON TeMnepaTypbl peakunn npu n3aMeHeHum pacxoga TensioHoCUTeNs B
peakTopbl.

TunnyHble peakTopa, Ucnonb3yemble Ang nNpom3BoacTea akponemHa u AK, npeacras-
naT cobon peakTopa TUna KoXyxoTpybyatoro TennoobmMeHHuKa. PeakunoHHbIA ra3 nocry-
naet B TpybHOE NpOCTPaHCTBO peakTopa. Tpybku peakTopa 3anofiHeHbl KaTannsaTtopoMm. Tak
Kak BCe peakuuun SIBRSITCA CUSbHO 3K30TEPMUYECKUMU, TO HEOOXOANM MHTEHCUBHbLIN Ten-
nooTBOA, KOTOpbIM obecrnednmBaeTcs LMpKynsuMen TennoHocuTens (kak npaBumio, pacnnas
COmen HUTpaTa Kanus u HATpUTA HaTpus) Yepe3 MeXTpybHOe NpoCTpPaHCTBO peakTopa. Ten-
N0 CHMUMaeTCs B 3aMKHYTOM KOHTYpe TEnrOHOCUTENs B KOTMe-yTunmnsaTtope C reHepaumen
BOASAHOro napa.

OcHoBHOM cnoco® nonydyeHuss acmpoB (MeTun-, aTun-, ByTunakpunaTel) — nNpsmas
aTepudmkauma co COOTBETCTBYIOLMM CNMPTOM (MeTaHos, 3TaHon, 6yTaHon) B NpUCYyTCTBUK
CWUIMBbHOrO KUCROTHOIO KaTanu3aTopa, Takoro Kak cepHasi KACroTa, pacTBOpUMble Cynbgo-
KNCIOTbI NN MOHOOBMEHHbIE CMOSbl. BO3MOXHO MCNoNb3oBaHWE B KavyecTBe KaTanusaTtopa
NPUPOAHBLIX NN CUHTETUYECKNX LLEOSTUTOB.

CunHTE3 3(hMpoB OCYLLECTBNAETCA MNEPMOAMYECKM B HECKONbKMX MapannensHo
paboTalowmx peaktopax. CMHTE3 NpOXOAUT MO CreaylowmM YpaBHEHUAM peakuumn (Ha
npumepe GyTunakpunara):

OCHOBHas peakuusi:

CH2=CH-COOH + C;sHsOH — CH>=CHCOOC:sHs + H20
noboyHble peakumm:
C4H9OH + CH3COOH — CH3COOCsHy + H20
C4HoOH + CH3CH2COOH — CH3CH2COOCsHs + H20
C4H9OH + CH2=CH-COOH — C4sH9OCH.CH-COOH
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C4+H9OH + C4sH9sOCH2CH2COOH — C4sH9OCH2CH2COOCHs + H20

KonunyecTtBo 3arpy>kaemMbix CnvpTa 1 akpunoBOM KUCNOTbI pacCcYnTbiBaeTCs, Mcxoasa u3
MOJSbHOrO COOTHOLUEHNS cnupT/akpunosas KucrnoTta n coctaBnsieT oT
1 go 1,5. Peakums atepudukauum npotekaeT npu HU3kMx temnepatypax (go 100C) wu
aasneHusx (ot 50 go 400 mm. pT. CT.).

Tak kak peakuusa obpatmmas, To Ans yBENUYEHUsI CTENEHN NpeBpaLLEHNsT aKpUnoBom
KMCINOTbI OCYLLECTBMSIETCS HEnpepbiBHOE yaaneHne obpasylowencsa B xoge peakuumn Boapl,
napbl KOTOPOW OTFOHAKTCA U3 BEPXHEN YaCTu.

B HacToswee Bpemsi Ha TeppuTtopumn Poccuinckon denepaunm akpuioByo KACHOTY U
ee ahupbl NPON3BOAAT TONbKO Ha 1 npeanpuatTum (tTabnuue 4.9.1.)

Ho cenyac akTMBHO BeayTcsa nycko-HanagoydHble paboTeikomnnekca AK Ha OAO «[a-
3npom Hedtexum Canasat» (80 Thic. TOHH B rog). Oxungaembl 3anyck npouMsBoacTBa B 4

kBapTane 2016 roay.

4.9.1 OnucaHne TeXHONOrM4YeCcKuxX NpoLeccoB, UCMOSIb3yeMbIX B HacTosiLee

Bpems

Ha pucyHke 4.9.1 npeacraBneHa npuHUUNuanbHas TexHOMormyeckas cxema npous-
BoAcCTBa akpunoown kncnotbl (AK).

CwuHte3 AK ocyuiecTBnsieTcst B ABYyX peakTopax Tpyb4yaToro Tuna Co CTauMOHapHbIM
crnoem katanusaTtopa. B nepBom peakTope nponuiieH OKUCNSAETCHA B aKpOSieMH M YacTUYHO B
AK. Bo BTOpoM peakTope akponewH npaktundeckm Becb okmcnsietca o AK. Tenno peakuum
CHMMaeTCsa pacniaBoM CONEBOro TEMfOHOCUTENH, UMPKYNUPYOWEro B MeXTpyOHOM
NPOCTPaHCTBE PEAKTOPOB N YTUNNIUPYETCS B OXNAAUTENSX C NOSTyYeHneM BOAAHOMo napa.

M3 peakumoHHbIx razoB AK abcopbupyetca sogon. Abcopbuusa AK ocyuiectenseTcs B
abcopbepe konoHHOro Tuna. B pesynbtaTe abcopbumm obpasyeTcss BOAHbLIN PacTBOpP akpwu-
noson kucnotbl (50-55% macc. obuwien kucnotHocTh). Nonyyaembini pacTBOp akpuIoBON
KMCIOTbI CKMOHEH K Nnonumepusauumn, noaTomy C Lenbto ero ctabunusauum B Boay, nocryna-
IOLLYIO Ha OpOLLEHNE KOSTOHHbI, AobaBnseTca NHIMobuTop.

Yacte oTxogdwiero nocrne abcopbuuu rasa peuupkynuvpyet B NepBbli peakTop.
OcTtaTtok peuunknoBoro rasa ob6es3BpexuBaeTcs B Cxuratene rasoBbix Bblibpocos. [lpwu
TemnepaType 850-950 °C Bce opraHuyeckue BelllecTBa OKUCIATCA A0 YrNeKUCnoro rasa u
Boabl. OTxogsilwme rasbl oxnaxgawTcsa B KOTNax-ytunusatopax C nosflydeHnem napa wm
cbpacbiBaloTcs Yepes AbIMOBYO TpyOy B aTMOcepy.

BogHbin pactBop AK n3 kyba abcopbepa noctynaeT B KOMOHHY ANSA OTFOHKN HU3KOKK-

nawmx npumecen. Mapbl Bogbl 1 AK ¢ cogep)xaHMem HU3KOKMNALLMX KOMMOHEHTOB (akposne-
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MH, YKCyCHas KVICJ'IOTa) OTroHAKTCA U3 BerHef/'I 4YaCTn KOJIOHHbI, KOHOEHCUPYHKOTCA N BO3Bpa-

LwarTcs B aBCOPOLIMOHHYIO KOFTOHHY.
BogHbin pactBop AK (50-57 % macc. obuen KUCNOTHOCTN) N3 Kyba KONMOHHbI Hanpas-

NAeTCcsi B 3KCTPaKTOP.
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Ky6oBbIi NpOAyKT COAEPXUT HebonbLloe KONMMYECTBO MarenMHOBOW KUCIOThbI, Ans
HenTpanusauumn kotopor B pacteop AK nogaeTcs pacTtBOp eQKoro HaTpus.

OkcTpakums AK ocyllecTBnseTca B 9KCTpaKTope, KOTOpbIA npeAacTaBnsdetr cobomu
annapaTt KOMOHHOro Tuna C BpawawwmmMmca guckamy (POTOPHO-AMCKOBBIA 3KCTPaKTOP.
BoaHbin pactBop AK HanpaBnsieTcsi B BEPXHIOK YacTb JKCTpakTopa, a usobyTtunauerart B
HWXHIOK YacTb. OKCTPaKT M3 BEPXHEW 4acTu 3KCTpaKTopa MOCTynaeT B KOJIOHHY BblAereHns
pactBoputens. PadwmHaT M3 HWKHENW 4acTu 3IKCTpaKTopa HanpasnseTcsas B KOJSIOHHY
pereHepauuy pacTBopuTens.

PereHepauna  pactBoputens  (M3obytunaueTtata) NpPOBOAUTCA B KOJIOHHE
pereHepaunn pacteoputens. MNMapbl n3obytTnnauetara n Bogbl OTFOHAKTCHA N3 BEPXHEN YacTn
KOJTOHHbI, KOHAEHCUPYIOTCS U CNMBAKOTCA B COOPHKK, rae NpoucxXoauT pasaerieHne XXUAKOCTH
Ha [Ba Cnosi: BEPXHUA Cron — n3obyTunaueraTt, HUWKHUIA crioi — Boga. OpraHn4eckuin crnom
oTnpaBnsaeTca B 3KCTpakTop. KyboBas XMOKOCTb M3 KOMOHHbI HanpaBnseTcs B APYromn Lex.

Boigenenne  msobytunaueTtata  OCyLLeCTBNSIETCA B KOMIOHHE  BblAerieHus
pactBoputens. Napbl azeoTpona nsobytunaueTtata v BoAbl OTFTOHAIOTCS U3 BEPXHEW YacTu
KONOHHbI, KOHOEHCUPYIOTCA U CANBAKOTCA B COOPHUK, rae NPoUCXoanT pasgerieHne XuakocTu
Ha ABa Cnosi: BEPXHWA Cnon —n3obyTunaueTtar, HWKHUIA crnon — Boga. OpraHMyeckui crion
OTnpaBnsieTca B 3KCTpakTop. [Ans mcknoyveHus nonumepusauum AK BBOAUTCA MHIMBUTOP.
Ky6 KONOHHbI HanpaBsieTCA B KOFIOHHY BblAENEHNA HU3KOKUMSLWMX NpUMecen.

BblgeneHne HU3KOKUNALWMX MpUMeEcen OCYLLIeCTBNSEeTCA B KOJSIOHHe, KoTopas
npeacraensieT cobon BepTMKamnbHbIM UMAMHOPUYECKMA annapaT. [lapbl  HU3KOKMAALWMX
KOMMOHEHTOB OTIOHSAKTCA U3 BEPXHEW 4acTu KOJIOHHbl, KOHAEHCUPYKOTCA U MNOCTynawT B
KOJTOHHY BblOENEHNA YKCYCHOW KUCIOTbl. [Ons ucknodveHns nonvmepusaumm AK BBoauTtcs
MHrMbuTOop. AK, oumLLeHHasa OT HU3KOKUNALWKNX NpuMecen n3 Kyba KONOHHbI, HanpaBnseTcs B
KOMNOHHY yAaneHusi BbICOKOKUMALUX NPUMECEN.

CKOHOEHCUPOBAHHbBIN  OUCTUIAAT KOMOHHbI BbIOEMNEHNA HU3KOKUMNALWMX NpUMecen
nogaeTcs B Ka4yecTBe NMUTAHUSA B KOSTOHHY BblAEMNEHNS YKCYCHOW KUCNOTbI. YKCyCHasi Kucnota
OTrOHSETCHA U3 BEPXHEW YaCTU KOJIOHHbl, KOHOEHCUPYEeTCA U OTNpaBnseTcs B APYron Luex.
Ansa ncknoveHns nonumepusaumm AKeeoautcsa nHrnbmtop. Ky6 konoHHblI BO3BpaLlaeTcsa Ha
pasgeneHune B KOSIOHHY OTFOHA HU3KOKUMNALLMX NPUMECEN.

MonydyeHne AK acupHOro kadectBa OCYLIECTBSETCA B KOMOHHE yadarneHus
BbICOKOKMNALWMX npumecen, AK, ouuvleHHass OT OMMEPOB UM APYrnX BbICOKOKUMSALLNX
npumMmeceun, OTIOHAETCA W3 BEpPXHEeW 4acCcTW KOMOHHblI M KoHAeHcupyeTcd. Yactb AK
HanpaBnseTcs B KOMOHHY nonyveHus AK nonvmepHoOro kadecrtBa, a 4acTb B pesepByap

roToBoro npoaykra. Ons wucknioyeHus nonumepusaummn AKesoamtca uHrmbutop. Kybosas
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XugkocTtboTnpasngaeTcsa Ha pereHepaunto AK. umep AK, cogepxalimimncst B BbICOKOKUMALLNX
npumMmecsx, pasnaraeTcs B NN1I€HOYHOM UcnapuTene no peakuunu:
CH2=CH-COO-CH2 - CH2— COOH — 2 CH2 = CH - COOH

Mony4eHHas n3s gumepos AK BosBpalll@aeTcd B CUCTEMY, a BbICOKOKUMSALLME NPUMECH
HanpaBnAKTCA B APYron Lex.

MonyyeHne AK nonMmepHOro ka4yecTBa OCYyLLECTBMSETCSA B KOJIOHHE OTrOHa TOBapHOM
AK. AK nonmMmepHoro kadectBa OTrOHSETCHA U3 BEPXHEW YacTu KOMOHHbI, KOHOEHCUpyeTcs U
cobupaeTca B eMKOCTWU FOTOBOro npoaykra. [nsa uckniyeHus nonumepusaumm AK BBogutcs
MHrMomTop. KybBoBbIM  MPOAYKT  KOSIOHHbI  BO3BpaALLaeTcss B KOMOHHY  yAaneHus

BbICOKOKUMNALLNX npmmeceﬁl.

Ha pucyHke 4.9.2 npeacTtaBneHa npuvHUMNManbHas TEXHOMOrm4yeckasi cxema npoms-
BoacTBa bytunakpunarTa.
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fHa cruzarue Ha CHi2aHue
1 — cbopHUK achupa-cbipua, 2 — peakTop, 3 — XONoAUNbHUK-KOHOEHCATop, 4 — COOPHMK peakLMOHHOW BOAbI,
5,7,20 — Hacocbl, 6 — eMKOCTb Asi CEPHOKUCITOTHOro pacteopa, 8,11 — cbopHUK BogHOro crosi, 9 — KoNoHHa pe-
reHepaumu cnupTta (3KcTpakumoHHas), 10 — npoMbIBHasA KOMNoHHa, 12,28 — nneHouHble ncnaputenu, 13,17,24 —
BbIHOCHbIE KyDObl-nofgorpeBaTeny K pekTnukaLMoHHbIM KonloHHaMm, 14 — nogorpeBaTens dnermsl, 15, 19, 25 —
pPeKTUUNKALMOHHbIE KOMOHHLI, 16,18,22,26,29 — xonogunbHUKU-KOHOeHcaTopbl, 21 — gednermartop, 23 —

cbopHuK guctunnsaTa, 27 — cbopHuk dytunakpunata, H20oeeec — BOga 06ecconeHHas.
PucyHok 4.9.2 — NMpuHuMnuanbHasa TexHonornyeckas cxema npousBoAacTBa byTunakpunara
B peakTop 2 noctynaeT ucxogHoe Cbipbe — ByTaHOs, akpunoBasi KUCNOTa, MHEPTHbIN
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pasbaBuTenb (LUMKNorekcaH), kKatanu3aTop — cepHasi Kucnorta. PeakumoHHasa Boga OTroHsieT-
CH Yepes3 OUCTUINALUMOHHYIO KOJSIOHHY (Ha cxemMe He rokasaHa), KOHOEHCUpYyeTCcs B XOJio-
ANnbHYKE 3 1 Yepe3 NPOMEXYTOYHbIN COOPHUK 4 NMOCTynaeT B SKCTPAKLMOHHYHO KOJTOHHY 9,
roe NpoucxXoguT 3KCTPaKUMA opraHudeckon asbl — CnvpTa, akpurioBOW KUCIOTbI, adumpa.
BoaHbIM cnon nocne aKkCTpakuuu cnmpTa NocTtynaeT Ha NPUroToBrieHne pacTBopa LLenoym u
ncrnonb3yeTcs Npu Weno4yHon npomMbiske adupa B konoHHe 10. 3dup-ceipey nocne otaene-
HUS CEPHOKUCIIOTHOrO Cros B cenapartope NocTyrnaeT Ha LWeSTOYHY NPOMbIBKY B KOMOHHY 10
WU ganee B cuctemy pektudukauum. B nepsBon KonoHHe pekTudoukaummn 15 ot adupa otge-
naTCsa pactBopuTens M Boga. KyboBble oCTaTkM NepBOM KOSIOHHbI MOCTYyNakT BO BTOPYHO
KONOHHY pekTudukaumm 19, rae npoucxoamT o4MCTKa adupa OT OCTAaTOYHOro pacTBopuTens
n cnupTa. AnctmnnaT noctynaet B cOOpHUK ByTaHona, KyboBble U3 KOSTOHHbI 19 — B KOSTOHHY
pekTumnkaumm rotoBoro npoaykta 25. FoToBbI 3Mp M3 BEPXHEN YACTU KOSTOHHbI 25 Yyepes
XONOoANNbHUK-KOHAEHcATOp 26 nocTynaeT B cOopHUK 27. KyboBble U3 KONMOHHbI 25 nogatoT Ha
CXKUraHue unu BblaerneHme neTy4nx opraHM4ecknx coeguHeHnin B ucnaputens 28.

Ha pucyHke 4.9.3 npeacrtasneHa npuHUMnuanbHasi TEXHOMOrMYyeckaa cxema npous-
BOACTBA MeTunakpunaTa unuv atunakpunara .
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1 — peakTop, 2,5,6 — KONOHHbI BblaeneHus agupa, 3 — aKCTpakTop, 4 — KONOHHA pereHepauuy aKkcTpareHTa.

PucyHok 4.9.3 — lNpuHuMnuManbHasa TexHonornyeckas cxema npousBoAcTBa MeTunakpunara

unv ITunakpunara.

[locTurHyTble nokasaTenu notTpebreHns cbipbsi U SHEPropecypCcoB Mpu NPOV3BOACTBE
aKpUNOBOWM KUCNOTbI, ByTunakpunaTa, aTunakpunara u metunakpunara npueeaeHsl B Tab-

nuue 4.9.1 — 4.9.4 cooTBETCTBEHHO.
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Tabnvua 4.9.1 — [JocTurHyTblie nokasaTenu NoTpebneHns Cbipbs U SHEPropecypcoB npu

NPOV3BOACTBE aKPUITOBOW KUCMOTbI

lMokazaTenu [Nony4eHne akprunoBown KNCMOTbI

Hopmbl pacxoga cbipbsi M BCOMOraTesnbHbIX MaTepunanos

MponwuneH, Kr/T

680-750

HopMbl pacxofa aHepreTU4eckmx pecypcoB

TennoaHeprus, kan/t 2,6-2,9
OneKTpo3Heprus,

KBT*u/T 245-270
(Mkan/T) (0,210-0,232)

Tabnuua 4.9.2 — [locTUrHyTble nokasaTtenu NnoTpebneHns Cblpbs N 3HEPropecypcoB npwm

npon3soacTBe 6yT|/|na|<p|/|naTa

NokasaTenu

MonyyeHne ByTunakpunata

HOprI pacxoda CbipbA U BCNoOMOraTtesibHbIX MaTepunaroB

Akpunosas Kucnorta

590-650

Bytunosbin cnupT

600-660

HopMmbl pacxoaa aHepreTU4eckmx pecypcoB

TennoaHeprus, kan/t 1,2-1,35
OneKTpo3Heprus,

KBT*u/T 31-34
(Mkan/T) (0,027-0,029)

Tabnuua 4.9.3 — [locTUrHyTble nokasaTtenu NnoTpebrneHns Cbipbs 1 3HEPropecypcoB npu

npon3BoAcCTBE aTUNnakpunarta

MokaszaTtenu MonyyeHune aTnnakpunarta

HOprI pacxoda CbipbA U BCoMoOraTteslibHbIX MaTepuanoB

AkpurnoBas kucnota

780-850

OTnnosbI cMpT

500-550

HopMbl pacxoa aHepreTU4eckmx pecypcoB

TennoaHeprus, kan/t

2,1-2,3

ONeKTpPoaHeprmg,
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KBT*u/T 35-39
(Mkan/T) (0,030-0,033)

Tabnuua 4.9.4 — [locTMrHyTble nokasaTenu NoTpebneHns Cblpbs N 3HEPropecypcoB npwm

npon3BoACTBE MeTUINaKpunaTta

MokasaTenu |_|OJ'Iy‘-IeHVIe MeTunakpunarta

HOprI pacxoda CbipbA U BCMoOMoOraTesibHbIX MaTepuasioB

AkpurnoBas kucnoTta 900-950

MeTunosbin cnupT 390-430
Hopmbl pacxofia aHepreTu4ecKknx pecypcos

TennoaHeprus, kan/t 2,0-2,2

OneKTpo3Heprus,

KBT*u/T 35-39

(Mkan/T) (0,030-0,033)

4.9.2 TeKkywme ypoBHU 3IMUCCUM B OKPYXKaHoLLYyH cpeay

TekyliMe ypOBHM 3MUCCUN B OKPYXKaKOLLYD Cpedy Mpu COBMECTHOM MPOM3BOACTBE

aKpUOBOM KNCMNOTbI U 3MPOB akpUIoBOW KUCIOTbI NpuBeaeHsbl B Tabnuue 4.9.5.

Tabnvua 4.9.5 — TekyLime ypoBHM 3MUCCUM B OKPY>KaIOLLYIO cpeny nNpyv COBMECTHOM NPOUN3BOACTBE

aKpWOBOWN KNCNOTbI M 3MPOB akpunoBomn KNCNoThl (ByTunakpunar, MeTunakpunar, aTunakpunar)®.

TexHonorus Akpunosag kucnota u admpbl akpunoBom KACIOTbI

3arpsasHsoLwme BellecTsa B Bblbpocax, r/T **

NOx He 6onee 1250
CO He 6onee 700
Kucnota AkpunoBas He 6onee 450

3arpsisHsoLlme BelecTBa B copocax, Kr/T

HedTenpoaykrbl O***

XK O***

* HopmunpoBaHune ocyLlecTBNsieTCss Ha TOHHY CYyMMapHOW TOBApHOW MpoAyKuuu (akpuno-
Bad KMcroTta nonumMepHas, bytunakpunat, MeTunakpunart n aTunakpunar)
** [laHHbIEe Nory4yeHbl Ha OCHOBE pac4eTHOM MoAenu

Ha4yeHusa B criydae UCrnosib3oBaHug TOYHOW TEXHOJIOMUN
*** 3Haue crny4yae ncnosib3oBa ©eccTo4YHOM TEXHOMO
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4.10 NMpousBoacTBo TepedTaneBon KNUCNOTbI

TepedtaneBas kucnota (TPK) — KpynHOTOHHAXKHbLIA MPOMBbILLSIEHHBIN NPOAYKT, UC-
NnoJsib3yeMsblin NPU NPOU3BOLCTBE NONUIPUPOB, NEKapCTBEHHbLIX CPEACTB, KpacuTenen.

OcCHOBHOE KONMMYeCcTBO MNpPou3BOoAMMON B Mupe TepedTaneBon Kucnotbl (40 96%)
pacxofyeTtcsa Ha nonyyeHue nonuatuneHtepedtanarta (M3TP) — nonnacumpa, ncnonb3yemo-
ro npv NpPou3BOACTBE TEKCTUMbHbIX MONMUAMUPHBLIX BOMOKOH, YNAaKOBOYHbLIX MaTtepuanos, B
TOM 4ucne Ans NUWEBON MPOMbILWIEHHOCTU, paguogeTanen, XMmMmyeckoro obopyaoBaHus.
Opyrasa, meHbwas vactb TOK, naét Ha npousBoacTBo nonubytunentepedranarta (MBTO),
NCNONb3yeMOro Kak KOHCTPYKUWMOHHbIA MNAacTUK AN MalWHOCTPOEHUs, aBTOMOBUITbHOM
NPOMBILLNIEHHOCTN, ANEKTPOTEXHUKN U INEKTPOHUKUN, PAAUOTEXHUKN, TOYHOW MeXaHuKK, Obl-
TOBOW TEXHUKN N TOBAPOB LUMPOKOro noTpedneHumns.

OcHoBHbIM cnocobom nonydeHna TOK B HacTosiee BpeMa ABNAETCA MeTo[n XNaKo-
ha3HOro KaTanuTUYECKOro OKUCNEHNA Napakcunona KUCIopoLoM BO3ayxXa Npwu NoBbILLEHHbIX
TemnepaTtype 1 JaBrieHun B cpefe pacTBOpUTeEns — YKCYCHOM KMCNOTbl.B kavecTBe katanu-
3atopa ucnonbaytotca conu Co n Mn ¢ gobaBkon roproden XXnakoctn —teTpabpomaTtaHa, Ko-
TOpbIA SBASIETCA WMHUUMATOPOM mnpouecca (npomoTopom). bpyTTo-peakumss obpasoBaHus

TOK onucbiBaeTcs cXemMou:
CH, COOH

T,P
+302 - + 2H20+ (-A Hl4)

YK, Co, Mn, Br
CH, COOH

Tennoson agpdekT peakumm Qp = (-AH) = 326 kkan/r-monb. lNpouecc npoBoaAT npu
TemnepaTtype 180-200°C nog gasneHvem 8+14 atm. Tennocbem OCYLLECTBNSAETCS 3a cyeT
ncnapeHus pactsoputenst (YKCyCHOWM KACNOTbI) U peakLuMOHHOW BOAbI.

OpaHou 13 NoBoYHbIX peakumn aBnaeTca obpasoBaHme 6EH30MHOWN KUCMNOTbI:

COOH COOH

COOH

Kpome obpasoBaHus 6€H30MHON KUCNOTbl U NPOAYKTOB KOHAEHCALWMW, OCHOBHOW MO-
OOYHOM peakuunen ABnAeTCs OEeCTPYKTUBHOE OKUCIEHME YKCYCHOM KUCROTbl U obpasoBaHue
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nerkoBocnaMeHsoLencs xmngkoctm metunauetata (MA):

CH3COOH + 20, — 2C0, + 2H,0
2CH3COOH + 30, — 2C0, + 2CO + 4H,0

2CH;COOH + %0, — CH3COOCH3 + H,0 + CO,
2Co(CH;C00); — 2Co(CH;CO0), + CH;COOCH; + CO,

4.10.1 OnucaHme TEXHONIOrM4YeCKUX MpoLeccoB, UCNOSNb3yeMbIiX B HacTosliee

BpeMsA

Ha pucyHke 4.10.1 npeactaBneHa npuHuunuansHasa 6riok-cxema nNpou3BogCcTBa Te-
pedTaneson KUCMNOTbI.

TexHonornsa nosy4YeHmss OYMLLLEHHOW OpraHN4ecKkon KncnoTol (TepedTaneson) (qanee
oT®K) cocTtouT 13 OByx 3TanoB. Ha nepBoM 3Tane OCYLLUECTBSAETCA MOMNydYeHne TexHu4e-
CKkon TepedTaneBon kucnoTbl (aanee TTOK), Ha BTOpOM 3Tane — OCyLECTBAAETCA O4UCTKA
TTOK (yoaneHue npumecein) un nonyyeHune oT K.

Mpouecc nonydeHna oT®K ocyuwecTBnaeTcs Mo ABYM TEXHOMOIMMYECKUM FIUHUAM
(onucaHve NpMBOAMTCS Ha OOHY TEXHOMNOMMYECKYHO JIMHUIO) U COCTOUT U3 CneayoLmx OCHOB-
HbIX CTagun:

Mepsbin atan (nonyyeHue TTOK):

- OKMCneHue napakcunona u nonyyeHune 1TOK;

- pasgenenue TTOK n pactBoputens ueHTpudyrmposaHmem cycneHsmm TTOK u eé
cywka B 6apabaHHOWM CyLUUIIKE;

- TpaHcrnopTupoBaHune u xpaHeHune TTOK;

BTopown atan (ounctka TTOK n nonyvyeHme oTOK):

- mgpvpoBaHune TTOK u nonyveHne oTOK;

- KpucTtannusaums, ueHTpudyrnposaHue u cywka oTOK;

- XpaHeHue oTOK, TpaHcnopTuposka n dpacoska oTPK.
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[Mepebil aman (nonyyeHue mT®OK)

Xnmusm npouecca nonyvyeHns TTOK ocHOBaH Ha peakumm XnakodasHoro OKUCIeHNUs
napakcunosia KACIopo4oM BO3ayxa B cpefe peakuMOHHOro pacTBOPUTESNS — YKCYCHOW KUC-
noTbl. B kayecTBe KaTanM3aTopHOro KOMMsiekca Ucnonb3yeTcsa pacTtBop cMmecu kobanbTa (1)
YKCYCHOKMcnoro 4-sogHoro 1 mapradua (ll) ykcycHokucnoro 4-soaHoro ¢ gobasneHnem npo-
MoTOpa — TeTpabpomaTtaHa.

[Mapakcunon mn ceBexas YKCyCHasi KMCroTa MNocTynatT Ha YCTaHOBKY U3 TOBapHO-
cbipbeBOro uexa. Napakcmnon nogaércs B KONNEKTOP UCXOAHOW peakunoHHon cmecu (UPC)
n ganee B peakTtop okucneHus 1TD-201.Cexasa ykcycHasi KMCNnoTa U pereHepupoBaHHas
YKCYCHas KMcrnoTa nogartTcs B €MKOCTU ANSA NPUroTOBMEHMS KaTanvM3aTOPHOrO KOMMiekca.
KaTanuaaTopHbIi KOMNEKC, peakUMOHHbIN pacTBOpUTESb (YKCyCHasi KMCRoTa), HenpepbIBHO
nogatotca B peaktop okucnexHma 1TD-201, npepBaputenibHO CMeLMBasCb B KOSNEKTOpe
MPC c notokom napakcunona. [na npoTekaHus peakuumn OKUCIIEHUST B HMXKHIOK YacTb peak-
Topa 1TD-201 HenpepbIBHO NoOAaeTcs TEXHONOrMYeCcKUin BO34yX MOcCre TpexcTyneH4yaToro
ueHTpobexHoro komnpeccopa (¢ Temnepartypon 40-50 °C u gaBnenunem 1,2 Mrlla).

B peaktope 1TD-201 npoucxoguT OKUCNEHWE napakcuiona KUCopoaoM Bo3gyxa C
obpasoBaHnemM LeneBoro npoaykra TTOK, a Takke 3a CYET NpoTeKkaHMUss NOBOYHbLIX peakuni
obpa3syloTca Apyrve opraHudeckMe BellecTBa: GeH30MHasa KUcnoTa, napaTtonyuroBbii anb-
Aerna, napartonyonoBasi KMCnoTa, NPoAyKTbl KOHAEHCAUMW M NPOAyKTbl AECTPYKTUBHOMO
OKUCNEHUs yYKCycHOM KucnoThl. [Napakapbokcnbensanegerng (n-KbA) asnaetcs rmaBHou 3a-
rpasHaowen npumecsbo. Ounctka TexHndeckon TOK (yganeHue npumecen MeTogom ruapu-
pOBaHMWs) OCYLLECTBISETCS Ha BTOPOM 3Tane TEXHONOrM4YeCcKoro npotecca.

OnTumanbHasa TemnepaTypa peakuum okucrneHms B peaktope 1TD-201 nogaepxmsa-
etca B npegenax 180+194°C. OnTMmanbHOe OaBfEHWE pPeakuUn OKUCNEHUA B peakTope
1TD-201 nopoepxuBaetcs B npegenax 0,89+1,36 Mla.

Peakuuns okncneHnsa aBnseTca 9K30TepMuyeckon. [lpoTekaHue peakuuun OKUCIEeHUs
KOHTPOSNMPYIOT MO COAEPXKAHMIO OKCUAOB Yrriepona u CoaepXaHuio KUCNopoaa B OTXO4ALWEM
rase.

O6pasyrowasca B peaktope 1TD-201 cycneH3ns TTOK HenpepbiBHO BbIBOAUTCS U3
peakTopa 4Yepe3 eMKOCTb CycneHsun (rge 3a cyeT cbpoca gaBneHnsa 4O aTMOCKEPHOro KOH-
ueHTpauma TTOK B cycneHsumn gocturaet 33-37% macc) Ha pasgeneHne B y3en LeHTpudgy-
rMpoBaHus.

Ha TpexctyneH4aTtom y3ne ueHTpudyruposaHus (B ueHTpudyrax 1TM-300A/B, 1TM-
301A/B, 1TM-302A/B) npoucxoauT pasgeneHve BnaxHoro ocagka TT®PK n pactBopa ykcyc-

HOM KUCIoOTbl. N3 TpeTben ctagnm LeHTpUyrmpoBaH1s BraXHbIM OCafoK TepedTaneBon
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KMCNOTbI NO LWHeKy nogaeTcs B cywnnky 1TM-304.

Bornbliee KONMYecTBO MaTOYHOW XMUAOKOCTU (YKCYCHOW KUCIOThI), BbiAENEHHON Ha y3ne
LeHTpMdYrnpoBaHnsa BO3BpaLLlaeTcs B NPOLECC B Ka4eCTBe peakLMOHHOro pacTBopuUTens.

Cywwunka 1TM-304 npeactaBndet cobon ropmsoHTanbHbI LMANMHOPUYECKUIA annapar,
YCTaAHOBIEHHbIN C YKITOHOM MO X04y ABWXEHUs npoaykta TepedtaneBon kucrotbl. Ocywa-
IO areHT — OYULLEHHbIN OTpaboTaHHbLIN ra3 C y3na OKUCMEHUS — NoJaeTcs B CYLUUIKY
1TM-304 NpoTMBOTOKOM K ABMXeHWUto Kpuctannos TTOK. LiMpkynauus oyuwieHHoro rasa
OCYLLIECTBNSAETCH ra3oyBKOMN.

BbicyweHHbI nopowwok TTOK Bbirpyxaetca ua cywmnkm 1TM-304 n npyn nomowm po-
TOPHOrO KnanaHa nogaéTtcsa B CMCTEMY MHEBMOTpaHcnopTa.

B kayecTBe TpaHCNOPTUPYIOLWEro rasa nNpy HOPManbHOM pexume 3Kcnryatauum uc-
NOSib3yeTCHA OCYLUEHHbIN N OYMLLEHHBIA OTPaboTaHHbIN ra3, NPoLIEALNIA CIION aKTUBUPOBaH-
HOrO Yrns 1 cunukarens.

PereHepaunn pactBopuTensi OCYLLECTBSETCA B PEKTUPUKALMOHHON KOMOHHe 1TT-
501 meTogoM a3eoTpornHou gucTunnaumn. PereHepaumsa katanms3aTopHOro KOMMekca oKnc-
neHunsa (auetat kobanbTa, aueTaT MmapraHua n TeTpabpomaTaH) NPON3BOAMTCA U3 MATOYHOIO
pacTtBopa UeHTpudyr B nneHoyHblx ncnaputenax 1TM-501, 1TM-502 ¢ nocneayrowmm BO3-
BpaTOM KaTann3aTopHOro KoMmnsekca B npoLecc.

Bmopoi sman (oducmka mT®K u nonydyeHue oT®OK)

CywHocTtb npouecca ounctkn TOK 3aknoyaetca B npespaweHnn n-KBA (ocHoBHas
npumecb B TTPK) B 6onee pactBopumyto, Nerko ygansemyt n-TofynnoByt KUCMNOTY, a Tak-
Xe B OeCTPyKUMM NpuMecen BbLICOKOMOSEKYNAPHbIX coeanHeHui. MNMpespalueHne n-KbBA go n-
TONYUOBOW KMCAOTbI NMPOUCXOOUT METOAOM rMapupoBaHus BogHoro pacteopa TOK B cnoe
KaTanusatopa «nannaguni Ha yrne» (Pd/C). Mpouecc rmgpupoBaHns n-KBA npoTtekaeTt B
CTauMoOHapHOM crioe Katanusartopa.

OnTuManbHbIMK YCNOBUAMM NPOTEKAHUSA peakunn rmapupoBaHna ABMASOTCSA Temnepa-
Typa 285-288 °C, pasnenue 7,6—7,8 MIlla, napumanbHoe pasneHune sogopoga 0,8 — 1,0
Ma.

B peaktope rmgpupoBaHus HacblWeHHbIM BogopoaoM pacteop TOK npoxoauT yepes
cnon katanusatopa Pd/C. lNMpn 3TOM Ha NOBEPXHOCTM KaTanusatopa NpoTekaeT peakuus
rmgpupoBanust N-KBA B N-TONyunoByk KUCNOTY U AECTPYKUUS BbICOKOMONEKYNSAPHbLIX Mpu-
Mecen. [lanee ocywecTenseTcs BbigeneHme oT®K 13 npopearnpoBasLlen cMecu NyTem ye-
TbIpEXCTYNeH4YaTon Kpuctannmsaumm B nocrefoBaTeflbHO PacrnosioXeHHbIX KpucTannmsarto-
pax 1PD-301/304 3a cyeT NOCTENEHHOIO CHWXEHNS AaBeHUs U TeMnepaTypbl.

Mocne kpuctannuaatopoB cycneH3na oT®K nocTtynaet Ha cTaguio pasgeneHvs u
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CYLLIKW.

[na pasgeneHus cycneHsuns odnweHHon TOK nogsepraeTca OBYKPATHOMY LIEHTpPUY-
rTMPOBaHWUIO, rOe NPOUCXOAUT pasfesieHMe MaTOYHOW XXWMOKOCTU U BIIaXHbIX KpUCTansioB
ounwieHHon TOK.

OunweHHas TOK nocre cylumnkn nogaeTcs NHEBMOTPAHCNOPTOM B cuioca Ans 3aTa-
puBaHus. Npn HOpManbHOM TEXHOSIOMMYECKOM pexume IKChnnyataumm B KadvyecTBe rasa
NMHEBMOTPAHCMNOPTa NPUMEHSAETCA OYNLLEHHbIN OTPabOoTaHHbIN ra3 C y3na OKUCIEHWS.

OTpaboTaHHble rasbl U CTOYHbIE BOAbI C Npou3BoacTBa TOK HanpaBndawTCcs Ha ycTa-
HOBKY TEPMMWYECKOTO OKUCIIEHUS, KOTOpas COCTOUT M3 Bnoka nevyern TepMUYECKOro okucne-
HUA oTpaboTaHHOro rasa M CTOYHOM BOAbl. TOMO4YHble rasbl U3 0benx neyen nNoJarTca K
CKpybbepy ANns OYMCTKM ObIMOBbLIX ra3oB, MOcfie 4ero oHuM cbpacbiBaloTcs B aTtmocdepy.
[Meyb TEpMUYECKOrO OKUCNEHUS NpeacTaBnsieT cobon uunMHOPUYECKUIA annapaT ropu3oH-
TanbHOro TMNa, UMEKLWUIN TPU FOpPenku, AN TePMUYECKOrO OKUCIEHNS OTpaboTaHHOro rasa
1 napa CTOYHOW BoAbl Npy TeMnepatype 755-845 °C.

[ocTurHyTble nokasatenu NoTpebrieHns Cbipbs U 3HEPropecypcoB Npu NPon3BoACTBE

TepedTaneBon KMcnoTol NpuBeaeHsl B Tabnumue 4.10.1

Tabnvua 4.10.1 — [JocTurHyTble nokasaTenu noTpebrnieHns Cobipbs U 3HEPropecypcoB Npu NPoM3Boa-

cTBe TepedTaneBown KUCNOThI

MokasaTtenu MitsuiPetrochemical
Coblpbe, Kr/T:
Mapakcunon 650-690
YKcycHas kucnoTta 50-60
ObecconeHHas Boga, M3/T 5,0-5.2
OnekTpoaHeprus, KBT*u/T 332-350
OcTtpbit nap, MNkan/t 1,11-1,19

4.10.2 TeKkywme ypoBHM 3IMUCCUN B OKPYXKaKLLYH cpeay

B Ttabnuue 4.10.2 npeactasneHa nHdopmaumsa no Bbibpocam n cbpocam npeanpus-

TN — Npon3BoaUTENEN TepedTaneBon KUCIOTbI.
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Tabnuua 4.10.2 — Tekywne ypoBHU 3MUCCUM B OKPY>KaloLLytO cCpeay Npu Npou3BoacTBe TepedTane-

BOW KMCNOTHI

TexHonorus MitsuiPetrochemical

3arpsasHsaoLwme BellecTsa B Bbibpocax, r/t*

CO He 6onee 2080
JdnmeTunbeH3on He 6onee 600
YKcycHas kucnoTta He 6onee 365

3arpsasHsaoLme BellecTsa B cbpocax, Kr/T

XIMK He bonee 250

2-4,5 en.pH **

pH
6-11 eq.pH ***

* [1aHHblEe NoNy4YeHbl HA OCHOBE pacYeTHOM MoLENN
** 3HaveHne pH onga NoCToOsHHOro CToKa

*** 3HayeHne pH ans nepemMeHHOro ctoka

4.11 Mpou3BoacTBO BUHMNAaLeTaTa

4.11.1 OnucaHne TeXHONIOrMYEeCKUX MpPOLeCCOB, UCMOSNb3yeMbiX B HacTosLiee

Bpemsi

TexHonorn4eckun nNpouecc CUHTe3a BUHUMaLeTaTa Wu3 aTuneHa, YKCyCHOW KUCIOTbl U
Kncrnopoga ocyLlecTBnsieTcs B TpybyaTtom peaktope, TpybHOe NpOCTPaHCTBO KOTOPOro 3a-
NonHAeTCA cneynanbHbiM KaTanm3aTopoM.

Mpouecc napodasHbiv, YKCYyCHasa KMcnoTa BBOAUTCA B peakTop B BUAE NapoB B CMeCU
C 9TMNEHOM (T.e. B peakTop NOCTynaeT LMPKYIIALMOHHbIA ra3 — 3TUMEH, HaCbILWEHHbIN YKCYyC-
How kmcrnoton). MNMpeaBapuTenbHO 3Ta CMeCb HarpeBaeTcs 4O TemnepaTtypbl peakuum B na-
poneperpeBaTene. Yepes crneunarnbHyto OPCYyHKY B ra3oByl0 CMeCh Mocrie naponeperpesa-
Tend nepepn peakropom nogaeTtcs Kucrnopoa.

Peakums obpasoBaHuna BuHMNaLeTaTa NpoTekaeT Npu cregyowwmx ycrnoBusix: gasne-
Hue 8,0-8,1 krc/cm?; TemnepaTtypa 140 — 200 °C (TemnepaTypa NoBbILLAETCSA MO MEpe CHU-
XEHUNS1 KOHBEPCUWN ATUNEHA U NALEHNSA aKTUBHOCTM KaTanuaaTopa).

Peakumsi obpasoBaHusa BuHUNaLeTata — 3K3oTepMmyeckas. Tenmno aK3oTepMmnyecKom
peakumm CHAMaeTCsa KUNSawen BoAoW, NPOXOoAsLWwEen No MexXTpybHOMY NpOCTpPaHCTBY peakTo-
pa.

OpHOBpPEMEHHO C OCHOBHOWN peakumen obpasoBaHusa BUHUNaueTaTa — nget noboyHas
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peakuns obpasoBaHus yrrekucnoro rasa (~8,5 % atuneHa nepexoauT B yriekuUcrbIn ras), a
TaKke B 3HAYMTENbHO MEHbLUEN cTeneHn NoboYHble peakumm obpas3oBaHUA MeTunaueTara,
aTunaueTaTa, auetanbgervaga, gnaveTaTa n ap.

Yrnekucnbel raz abcopbupyeTtcs n3 notoka LMPKYNSLMOHHOIO rasa, Hanpasnsemoro
Ha abcopbumio, BOOHLIM pacTBOPOM MoTaLla.

BblgeneHue BuHunaueTtarta, HenpopearnpoBaBLUE YKCYCHOW KUCMAOTbl U APYIUX Xna-
KX NPOOYKTOB MPOUCXOAUT MyTEM OXNaxAeHus B TEN00OMEeHHUKax u KoHAeHcaumen npo-
AYKTOB B KOFIOHHE, OpOLUaeMOWN YKCYCHOM KMUCITIOTOW, NOCTynarLwen U3 otaeneHus pektngum-
Kauun BMHMNaueTara.

Mony4eHHbIN BUHMNAUeTaT-Cbipel, NoABepraeTcs pekTudukauum.

OtaeneHne pekTudmkaumm coctouT n3 6 pekTMUKALMOHHBIX KOMTOHH M y3na Bblae-
NEeHUs BbICOKOKMMALWMNX (OTXO40B NPOM3BOACTBA, B AallbHENLWIEM CKUraeMblX Ha YCTaHOBKE
Tepmudeckoro obesspexmnsanuns - YTO).

B pesynbrtate npouecca pekTUukaumm nosnydyaeTcs TOBapHbIM BUHMNaueTar-
pekTudmkaT, BO3BpaTHasa (pereHepuMpoBaHHasi) YKCyCcHasi KMCnoTa U psg OTXOAOB, KOTOpble
YyTUNU3NpYTCs B npouecce cxuradna Ha YTO.

MpuHUMNUanbHaa cxema NPOM3BOACTBA BUHMNALEeTaTa npuBegeHa Ha pucyHke 4.11.1.
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AA ¢p. — aueTtanbgerngHasa dpakuma Ha cxuranune; A dp. — aTunaueTatHas dpakums Ha cxura-

Hue; CT.Boga — cTo4YHasa Boga M3 konoHHbl No3. C-303 B X3K nnu Ha cxuranme; BK — Bblcokokmns-

Wwme npumecu Ha cxuranue; '’XH — rmgpoxuHoH (MHrimbutop); X38K — xuMm. 3arpsisHeHHasi kaHanusa-

ums

PucyHok 4.11.1 — lNpuHuMnuanbHasa cxema npousBoAcTBa BUHUNaLUeTaTa

Hopmbl pacxofa chipbsi 1 3HEpropecypcos npusegeHsl B Tabnuue 4.11.1

Tabnuua 4.11.1 — [JoCcTUrHyTble nokasatenu NnoTpebneHns Cblipbs 1 AHEPropecypCoB.

MokasaTtenu 3HauyeHune
Chblipbe, Kr/T 1200
OnekTpoaHeprus, KBT*u/T 200-350
TennoaHeprus, kan/t 3,50-5,60

4.11.2 TeKywme ypoBHU 3MUCCUM B OKPYXKaKoLLYIO cpeay

B Ttabnuue 4.11.2 npeacrasneHa mHgopmauma no Boibpocam m cbpocam npegnpus-

TUN — NPON3BOAUTESEN.

225



UTC 18—2016

Tabnuuya 4.11.2

BelecTtBo 3HayeHune

3arpsasHsaoLlme BellecTsa B Bbibpocax, Kr/T *

NOx 0,11

CcO 0,73

CymMma yrneesonopoos —

(6e3 meTaHa)

3arpsasHsolmMe BellecTBa B copocax, Kr/T

Hedtenpoaykrhl —

XMK —

pH —

Paspen 5. MpousBoacTBO AMXnopaTaHa U BUHUNXnopuaa

Bununxnopug (BX) 9BnsieTCs OCHOBHbIM NPOAYKTOM XITOPOPraHNYecKoro CMHTesa, Ha
ero nony4yeHue B pasnuyHbIX cTpaHax pacxogyetcs Ao 20-35% xnopa.

OcHoBHbIM noTpebuTenem BX aBnseTca npon3BoLCTBO NOSIMBUHUNXIOPUAA, KOTOPbIV
no ob6bemy BbiNycka 3aHMMaeT BTOPOe MecTo nocne nonuatuneHa. Obwmin o6bem MMpoBOro
npoussoacTtea BX B 2010 rogy coctaBusi 35 MIH. TOHH.

KpynHenwmmm  komnaHnmamm  no  npoumsBogctsy BX B mMmupe  aBnstoTcs
FormosaPlasticsGroup (TanBaHb), DowChemicalCompany (CLUA), Solvay S.A. (benbrus),
OccidentalPetroleumCorporation (CLUA).

McxogHbIM yrneBogopOAHbIM ChipbeM AN NPOU3BOACTBA BUHUNIXIOpMAa SBNSieTCs
3TaH, 3TUNEH UNn aLeTuneH.

B Poccuun cywectByeT Tpy OCHOBHbIX NPOMbILMEHHBIX cnocoba nonyYyeHns BUHWUIIX-
aopvaa:

1. CbanaHcupoBaHHLINMNO XNopy ABYyXcTagunHbin metod (CXMO), Bknovawowmin cta-
AN NPSIMOrOXIOPUPOBAHUS 3TUNEHA:

CH2=CHz2 + Cl>—CICH2>—CH2ClI
U ero OKUCIMTENbHOrO XJTI0PUPOBaHUS:

CH2=CH2 + 2HCI + 0,502—CICH2—CH2CI + H20
0o 1,2-anxnopaTtaHa ¢ nocneaywmmM nMponM3oM 4o BUHUAXITOpUAA U Xxnopuga sogopoaa

CICH2>—CH2Cl — CH2=CHCI + HCI

O6pasoBaBLUMIiCA xnopua BoAOpOAa HaNpasnsioT HA OKUCIUTENBHOE XNOopUpoBaHue

STUINEHa.
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Bnok-cxema cbanaHcupoBaHHOrono xsopy npouecca nonyyvyeHns BX npueegeHa Ha
puc. 5.1

2. Katanutuyeckoe rasodgasHoerngpoxnopuposaHue auetuneHa (KrA):

CH=CH + HCI—-CH2=CHCI

3. KomBrHMpoBaHHbI MeTOA Ha OcHOBe aTureHa u auetuneHa (KM3A),

COCTOSALUMI N3CTaaUN NPAMOro XrnopupoBaHUS aTUMEeHa 0 AMXNopaTaHa ¢ nocreay-
OLLMM eronMponn3om 4O BUHUNXIopMaa n xrnopuaa Bogopoaa:

CH2=CH2 + Cl2— C2H4Cl2 — CH2=CHCI + HCI

O6pasoBaBLuMiCS Xnopua Bogopoaa UCnonb3yT ANnd rmapoxnopupoBaHis audetune-
Ha 0O BUHMUNXIopuAaa:

CH=CH + HCI—-CH2=CHCI
NN CyMMapHO:

CH2=CH2 + CH=CH + Cl>—2CH2=CHCI

HCl
A
Y
BORANE I OTxopsaLume rasbl
Kucnopopg
v »|  OkcuxnopupoBaHune (N2, Oy, Cozi
3TUNeHa
ToBapHbIn
H,O l Mo6oyHble BX
AX3 NPOAYKTbI A ;
CoH, 5 -
e ] Y YUCTKa - nponus 5
AN ax3 X3 Ouwnctka BX
ax3 \4
L5 Peunpkynauna X3
Mpamoe
Cl XOpUpoBaHue
: STUNeHa

PucyHok 5.1 — Bnok-cxema c6anaHcMpoBaHHOIo No xnopy npouecca nony4venus BX
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5.1 OnucaHue TEexXHOJNIOrMYeCKUX MpoLeccoB, UCNONb3yeMbiX B

HacCToOsLee BpemMA

5.1.1 CoanaHCUpPOBaHHbIN NO XJNIOPY ABYXCTaAUMNHLIN METO Ha OCHOBE 3TUIeHa

MpuHUUNUaneHas TexHonornyeckasa cxema cbanaHcMpoOBaHHOIO Mo XSlopy ABYXCTa-
AWNHOro MeToda Ha OCHOBeE 3TUNeHa npueeneHa Ha pUcyHke 5.2.

MepBon cTagnen aToro KOMOMHMPOBAHHOIO NpoLecca SABMASETCA NPSIMOe XIOpUpoBa-
HMe aTuneHa p[o 1,2-guxnopaTaHa, KOTOpOe OCYLLEeCTBASKT B KOMOHHOM annapate-
xnopatope 1. Xnop 1 3TUMeH NogatT B HUXKHIOK YacTb XropaTopa Yepes COOTBETCTBYHOLLME
bapboTepbl. Xnopatop 4O onpeaesnieHHOro YpoBHS 3anosSTHAKT KaTanM3aTopHbIM pacTBOPOM
(FeCls B 1,2-guxnopataHe). Tennoty peakuum OTBOOAT 3a cyeT wucnapeHuma 1,2-
auxnopataHa. lMapbl 1,2-auxnopaTtaHa KOHOEHCUPYKOT B XOSNOAUINbHUKE-KOHOEHcaTope 2 U
KoHaeHcaT cobupaet B cbopHuke 3. [lanee 4acTb KOHAEHCATa B BUAE peuunkna Bo3BpallaroT
B Xnopatop 1 ansa oTBoAa Tenna u noaaep)kaHusi onpeaeneHHoro ypoBHs. OcTanbHyo YacTb
KOHOeHcaTa HanpasnsaT Ha pekTudukaumio B KONoHHY 16. Kpome Toro, B cbopHuke 3 otae-
NAKTCA PacTBOPEHHbIE rasbl, KOTOpble BO M3bexaHue notepb 1,2-guxnopataHa OonosfHu-
TENbHO OXNaX4alT PacCofioM B XONOAUNBbHUKE 2, @ 3aTEM OYMLLAIOT U BbIBOAATN3 CUCTEMBI.

lMpouecc okcuxnopupoBaHUsS OCYLLECTBMAKT B peaktope 5 noa gasneHvem go 0,5
MlMa 1 npu 200-280 °C B NpUCyTCTBUM NCEBLOOOKMKEHHOrO KaTanmsaTtopa — Xnopuabl Mmeam
Ha HocuTene. YncTbin 3TUNEH, PELMPKYNMPYIOWKWIA ra3, BO34yX U Xfiopua Bogopoda cMeLun-
BalOT NpeaBapuTENbHO B CMecuTene 4 n NogatT B HUXKHIOK YacTb peakTtopa 5.

B peaktope 5 Tenno otBogMTCA 3a CYET BCTPOEHHOro 3MEEBMKA, B KOTOPOM Mcnaps-
eTCHa BOOHbIN KoHAeHcaT. B pesynbtate obpasyeTcs TEXHUYECKUM Nap, KOTOPbIN UCNONb3Yy-

eTCsl B 3TOM e Npon3BoACTBEe, HanpuMep Npu pekTuduKaLum.
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1 — xnopatop; 2 — xonogunbHWK-koHaeHcaTop; 3,17 — c6opHUKK; 4 — CMecUTEnNb; 5 — peakTop OKCMXINOPUPOBaHus; 6 — gpoccens; 7,19 — XoNnogunbHUKM CMELLEHUS;

8 — TennoobmeHHUK; 9 — Hacoc; 10 — ckpyb6ep; 11 — cenapaTop Nap-XMAKOCTb; 12 — cenapaTop XUOKOCTb-KUAKOCTb; 13 — komnpeccop; 14 — KONOHHa reTepoaseo-

TPOMNHOW OCYLIKK; 15 — kKMNATUNBHUK; 16,20,21 — pekTUNKaALMOHHbBIE KOMOHHBI; 18 — neyb Nuponusa anxnopataHa; 1 — atuneH; Il — xnop; 1l — Bo3gyx (TexHudecknii

kucnopog); IVa — consHas kucnota; IV6 — xnoposogopog (k); V — paccon; VI — pacteop wenouu; VIl — Boga Ha caH. ounctky; VIII — rasel peyukna; IX — nonuxnop-

nabl; X — BUHMNXNopua,.

PucyHok 5.2 — C6anaHCcMpoBaHHbIN NO XNOPY ABYXCTaAMWHbIA MeTOA NONyYeHUsi BUHUNXIIopUAa Ha OCHOBE 3TUNeHa
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1 —orHenperpagutens; 2,11 — pacconbHble KOHAeHcaTopbl; 3 — cenapartop; 4 — cMecuTenb; 5 — ocylwmnTenbHasa KOMOHHA; 6 — peakTop;7 — XonoAaunbHuK; 8-10 —

ckpy60epbl; 12 — komnpeccop; 13,14 — pekTudukaumoHHbIe KONMOHHbI; 15 — aedhnermartop; 16 — kKMNATUNBHUK;la—xnopoBoaopoa; 16—conaHaa kncnoTa; |l — BogHbIN

koHgeHcarT; lll — pactBop NaOH; IV- paccon; V-Tskenokmnawas cdpakums; VI — nerkokmnawasa dpakuus; VI — BuHunxnopuma.

PVICYHOK 5.3 — TexHonornyeckas cxema nony4vyeHuda BUHUNXnNopuga rmgpoxmnopupoBsaHuemMm aueturneHa
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1 — peakTop cuHTEe3a AuxnopaTtaHa; 2,3,6,7, 16, 17 — pekTndmrKaLunMoHHbIE KOMOHHbI; 4 — Nevb AernapoxsiopupoBaHus ANXNopaTaHa; 5 — 3akanovHas KONoHHa; 8 —

KOMOHHA OCYLLIKM FOTOBOro NpoaykTta; 9 — cmecutens; 10 —peaktop; 11-13 — KONOHHbLI O4YMCTKM peakUMOHHOro rasa; 14 — koHaeHcartop; 15 — komnpeccop.

PucyHok 5.4 — TexHonormv4yeckasi cxema nosly4eHUsi BUHUNXsopuaa KOMGMHUPOBaHHbLIM CMOCOG0OM U3 3TUMEHa U aueTUneHa
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MonyyeHHas peakunoHHas napora3oBasd CMeCb, coAep)allas HenpopearnpoBaBLLME
3TUNEH, KNCNopOoA, Xnopua sBogopoaa, 1,2-AnxnopataH n MHEPTHbIE rasbl, NOCTyNaeT B HUX-
HIOK YacTb XonoaurnbHUKa-cmeweHna 7. lNocnegHun opolwlaeTcss BOOHOWM cMecbto 1,2-
ANXnopaTaHa, UMpKynupylowen yepes TennoobMeHHUK HacocoM 9. YacTb pacTBopa Xrnopo-
BOJOPOAHOWN KMCMOTbI HEMPEPLIBHO OTBOANTCS U3 CUCTEMBI.

OxnaxaeHHyto naporasoByto CMeCb HanpaensawT B ckpybbep 10 gnga HenTpanusaumm
ocTtaBweroca HCI. Ckpy66ep opowaetca pactsopom NaOH, koTopbii nogaeTcs Hacocom 9.
YacTb LWeno4YHoro pacteopa HenpepbiBHO BbIBOAUTCS U3 CUCTEMbI (3TOT pacTBOP COAEPKUT
LLIENOYb, COMb U PACTBOPEHHbIN 1,2-OMXNOPITaH).

B ckpy66epe 10 naporaszosasa cmecb oumwiaetca oT HCl n CO2 n okoH4aTensHO oxna-
XpaeTtca B xonogunbHUKe-koHaeHcaTope 2. KoHgeHcaTt oTaenseTcsa OT ra3oB B cenapartope
11 n noctynaet Bo riopeHTUNCKun cocyn 12, B KoTopom Bornee Tskenoin 1,2-anxnopaTtaH
oTAensieTcst OT BOAbl. ATy BOAY UCNONb3YOT Ans pa3baBneHuns Wwenoyu.

Linpkynupyrowmnn ras (CMecb aTUnNeHa, Kucnopoaa n MHEPTHbIX BELLeCTB) KOMMNPECCOo-
pom 13 Bo3BpallaeTca B cmecuTenb 4. YToObl n3dexaTb HaKonmeHns MHEPTOB B CUCTEME,
YacTb rasa BbIBOAUTCSA M3 CUCTEMbI AN OYUCTKM OT YHECEHHoro 1,2-amxnopaTtaHa. Tak Kak
1,2-guxnopaTtaH, BbIXOOAAWNMN M3 PrIOPEHTUNCKOro cocyaa 12, cogepxuT Body, TO €ero
HanpaBnaT B KOSIOHHY 14 Ons reTepoa3eoTpOnHON OCYLWKN. BepxHuin BOOHLIN crion dosio-
PEHTUMCKOro cocyaa Takke MOXeT ObiTb MCMONb30BaH AS11 NMPUrOTOBIIEHUS LWENoYu unm
AOJTKEH ObITb OuMLLEH OT 1,2-AnxnopaTaHa retepoaseoTpPonHON pekTudmrKaumen.

Taknum o6pasom, B pekTUGUKALMOHHYIO KOMNOHHY 16 HanpaensatoT 1,2-OMxnopaTaH, no-
NYYEHHbIN KakK XNOpuUpOBaHMEM, TaK W OKCUXIIOPUPOBAHMEM 3TuneHa. B 3ToM KOMOHHe
1,2-AnxnopaTaH OTAENAETCAOT BbICLUMX XJTOPMAOB, KOTOPbIE MOTYT MPUMEHSITLCA B KA4eCcTBe
pactBoputens. OuuneHHbIn xe 1,2-AnxnopaTtaH MOXET MUCMNOoSb30BaTbCA BKA4YE€CTBE MOMy-
npoayKkTa npyu Npon3BoacTBe BMHUNXNopuga. B atom cnyyae oH cobupaeTtcsa B emkoctn 17, a
n3 Hee komnpeccopom 13 HanpaBnsieTcs B nedb nuponmsa 18, B KOTOpoW npwu LaBreHun
1,5-2,0 MlNa un Temnepatype 400-550 °C npoTekaeT peakumsa aerngpoxsiopmpoBaHns ¢ 06-
pasoBaHueM BuHunxnopuga n HCI.

lMocne nuponusa peakuuMoHHasi naporasoBasi CMeCb MNPOXOAUT  XOSTIOAWUIbHUK-
cmelleHuns 19, opoluaemMbll 3aX0ONOXEHHbIM B XonoaunbHuke 8 1,2-anxnopaTtaHom. [Napora-
30BYI0 CMECb [arnee oxnaxgarT B XONoAunbHUKE-KOHAEHCATope 2 U HanpaBnsaT B PeKTU-
uKaumoHHyto KonoHHy 20. OTa KonoHHa, paboTtarowas noa AaBrneHveMm, npegHasHaveHa
ana otgenerdna HCI. MNMpu atom gasneHun HCI koHOeHCUpyeTCca U MOXeT BO3BpallaTbCs B
Bnae nermbl, a HECKOHAEHCMPOBaHHbIE ra3bl Nocne cenapartopa (rnaBHbiM obpasom HCI)

BO3BpaLLaloTca B cMecuTenb 4 Ans NpoBefeHust okcuxrnopmpoBaHusi. KybGoBbIN NpoayKT Ko-
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noHHbl 20 (rnaBHbIM 0Bpa3omM BuHUNXNopUL 1 1,2-gMXNopataH) HanpaBnAT B pekTUduka-
LMOHHYIO KONMOHHY 21 Yepes3 ApoccenbHbIN BEHTUNMb 6. B 3TON KOMOHHE B Ka4yecTBe AUCTUI-
naTa BblAENST MOHOMEPHbI BUHUNXopng (99,9%-Hon ynctotbl). KyboBbin npoayKT, rnas-
HbIM 06pa3som 1,2-anxnopaTaH, BO3BpaLlatoT B KOSIOHHY 16.

CyMmapHbie noTepu xrnopa cocTtasnsatoT Bcero 11-12 kr, a atuneHa 23—36 Kr Ha TOHHY
TOBapHOro BuHUNxnopuaa. bonblwasa gons notepb 3TUNeHa cBs3aHa C NpoLeccoM ero nos-
HOIO OKUCMEHWA Ha CTauW OKCUXINOPUPOBaHUA (OKONO 19 Kr Ha TOHHY BUHUMXIIOpMAa), a
Xlopa Ha CTagumn OYUCTKM CTOYHbBIX BOA M OKCUxXJiopupoBaHua (4—6 u 3,4—3,7 Kr Ha TOHHY BU-
HUNXnopmaa coOOTBETCTBEHHO).

Ha 1 1T BuHunxnopuaa nony4vaetcs 50—110 kr nob6oYHbIX NPOOYKTOB.
5.1.2 Katanutun4yeckoe razodpasHoe ruapoxsnopuposaHue aueTuneHa

[MpOMBbILLNEHHBIN Npouecc NPOU3BOACTBA BUHWUNXMOPMAA U3 aueTurneHa u xnopuaa
BoLopoda npencTaBndeT rasodasHbl reTeporeHHo-katanuTuyecku npouecc. [lpouecc
npoBogaT npu Temnepatype 160—180 °C B TpybyaTOM peakTope B NPUCYTCTBMM CTaLMOHap-
Horo crnos katanusartopa (1,0%macc. HgClz2 Ha akTnBnpoBaHHOM yrie). Cmechb aueTuneHa u
xnopuga Bogopoda nponyckatT yepe3 TpyOku, 3anofHeHHble kaTanu3aTopom. [pu aTom
xnopwug sBogopoaa 6epetcs B HebonbLIoM n3bbiTke (5—10 %06.) K aueTuneHy, 4Yto yBenuyu-
BaeT KOHBEepCul nocnegHero. McxodHble BewecTBa MNOABEPralwTcs nNpeaBapuTenbHON
OCYLLKEC LieNnblo yMeHblLUeHNss obpa3oBaHusa aueTanbgernga n Kopposuu annapaTtypbl. [pu
160-180 °C npoucxoauT HebONbLION YHOC cynemMbl (3a CYET ee NEeTy4yecTu) U npu 3ToMm
HabngaeTca NOCTENEHHOE CHWXEHME aKTMBHOCTU KaTanu3atopa. C uenbio obecneyeHus
3alaHHOM NPOM3BOAUTENBHOCTU MO Mepe CHWXEHUS aKkTUBHOCTWU MOBLILIAIOT Temnepatypy
nposeaeHus npouecca go 200-220 °C.

TexHonornyeckas cxema Npov3BOACTBA BUHUMXIIOpPMAA U3 aueTuneHa npeacrasneHa
Ha puc. 5.3.

OunLEeHHbIM aueTuneH npoxoauT orHenperpagutTens 1, 3aTeM  XOSNOAWIbHUK-
KOHOEHCATOp 2 M KONMOHHY 5, B KOTOPbIX NPOMCXOAMT OCyLlKa aueTurneHa. B koHaeHcaTope
yaaneHue Bnarn oCyLIeCTBNAIOT 3a CYET €€ KOHAEHCaLMM paccosioM, a B KOJIOHHE — TBep-
abim NaOH. CkoHaeHcMpoBaHHy0 BnaryotaensitoT B cenapaTope 3.

OcylweHHbIN aueTuneH cmewmsarT ¢ cyxum HCIl B cmecutene 4 n HanpaensioT B
TpybHOE NpocTpaHCTBO peakTopa 6. B mexTpybHOe NMpoCTpaHCTBO NogaeTcsi BOAHbLIA KOH-
AeHcaT (gns oTBoAda Tenna), U3 KoToporo obpasyetcs nap. [Ana oTBoga Tenna MOXeT uc-

noJsib30BaTbCA U OpFaHI/I'-IeCKI/IIZ TENNOHOCUTEIb.
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KoHBepcua aueTtunena coctaenset 97-98 %. PeakunoHHble rasel cogepxat 93 % Bu-
Hunxnopuaa, 5 % HCI, 1,0-2,5% C2H2 u no 0,3 % auetanbaernga u 1,1-guxnopataHa. Kpo-
Me TOro, B HEM CoAepXaTtca criedbl YHECEHHOM cynembl. [109ToMy ras oxnaxgaeTcsa B XOno-
AnnbHUKe 7, 3aTeM nNpoxoauT vyepes ckpybbepbl 8—10, B kOTOpbIX OH oumnwaetcsa ot HCl u ot
cynembl. Ckpybbep 8 opowaetca pasbaBneHHon xnoposogopoaHon kucroton (20%),
ckpy66ep 9 — Bogon mn ckpybbep 10 — umpkynupytowen wwenoybto. lNocne atoro ras ocywa-
€TCs B pacCoSfibHOM XONoAUIbHUKE-KOHOEHCaTope U CxmMmaeTcsa komnpeccopom 12 go 0,7-
0,8 MlNa. lanee npoayKTbl NofBepralnTCca pasgeneHunto Ha PeKTUPUKALMOHHBLIX KONTOHHaxX 13
n14.

B kKonoHHe 13 oTaenseTca BUHUNXNOPUA BMECTE C NErKOKUNALLMMMN KOMMNOHEHTaMKN OT
Tshkenon dopakumm, rnaeHeiM obpasom oT 1,1-amxnopaTtaHa. [anee B KonoHHe 14 npoucxo-
ONT OTAEeneHne nerkoneTyuYnx KOMNOHEeHTOB (aueTuneHa, auetanbaernga) oT BUHUNXIOpK-
aa.

Ha 1 1 BuHunxnopuga nony4yaetcs Ao 20 Kr no6oYHbIX NPOAYKTOB.

5.1.3 KomMOGUHMpOBaHHbLIA MeTOA Ha OCHOBE 3TUSIEHa U aueTuneHa

McxoaHble rasbl (3TUNEH, XNop) BNaXxHOCTbo He Bonee 20 ppm noctynawT B CTalb-
HOM UMNMHOPUYECKUM annapat — peaktop 1, 3anonHeHHbIn Xuakum 1,2-anxnopaTaHoM.
XnopupoBaHue BeayT B MPUCYTCTBUM KaTanusaTopa — XJIOpHOro xenesa. Obpasyowmnncs
1,2-guxnopaTtaH BmecTe ¢ 1,2-gMxnopaTaHoM, BO3BpaLlaeMbiM CO CTaaun TepMUYECKoro ge-
rMMAPOXNOpPMPOBaHUS, NogBepraeTca pekTudukaumm Ha OABYXKONTOHHOW cucteme. Ha nepson
KOMOHHE 2 OTAEenNATCA HU3KOKUNALWME NPUMECU — B OCHOBHOM AUXSIOPATUMEHBI U XJTOpU-
CTbI 3TUM, @ Ha BTOPOM KOMOHHE 3 OTAENATCA BbICOKOKMNALLME NPUMECU — B OCHOBHOM
NonNuxXnopuabl aTaHa.

MonyyeHHbIN 1,2-ANXNOpaTaH-pekTuduKaT noasBepraeTcs OerngpoxrnopupoBaHuio B
TpybyaTon neum 4 3meeBMKOBOro Tuna, oborpeBaemMon naHernbHbIMU ropenkamun. dunameTp
Tpybok 100—200 mm (onpegensieTcs Nnpou3BOaUTENBHOCTBIO), MaTepuan — cranb nNpenmy-
wectBeHHo XH78T wnn 0X18H126. TemnepaTypa npouecca gernapoxnopupoBaHus 400—
550 °C. CteneHb npespaweHus 1,2-anxnopaTtaHa 50— 70 %.

O6pasyrowminca nmporas bbICTPO oxnaXgaeTcs B cneunanbHOW KONMOHHE 5, rae otae-
NATCA OCMOSEHHbIE NPOAYKThI NMponusa. [lanee nuporas noctynaeTt B pekTUgUKaLMOHHYHO
KOJTIOHHY 6 AN BblAENeHUs1 YACTOro XSIOPUCTOro BoAopoaa, nepefaBaemMoro Ha ctaguio rma-
poxropupoBaHua auetuneHa. Kybosble npoayKTbl KOMOHHbLI 6 NOCTYNalT Ha pekTUdnKaumo

B KOJIOHHY 7 Ons BblaeneHuns TOBApPHOro BMHUNXnopuaa. Ky6osa;| XWOKOCTb 9TON KOJOHHBbI,
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COCTOSAILAs B OCHOBHOM M3 1,2-OuxnopaTaHa, BO3BpalLaeTCs Ha pPeEKTUMUKALUNIO B KONTOHHY
2.

XnopucTbin BOOOPOA C Bepxa KOSMOHHbI 6 nocTtynaeT B cMecuTenb 9, Kyda ogHoBpe-
MEHHO nofaeTcs npeaBapuTeSibHO OYMLLEHHbIN, OCYLLUEHHbIA U CKOMMPUMUPOBAHHLIN aueTu-
neH. Cmecb rasoB NocTynaeT B peakTop rugpoxnopupoBanusa 10, n ganee npouecc npoBo-
AUTCA No cxeme, onucaHHou B pasgene 5.1.2. Katanutnyeckoe razogasHoermgpoxnopmupo-
BaHMe aueTuneHa.

BuHunxnopung-pektudukaTt nocrie KOMoHH 7 u 17 npoxoguTt KOSIOHHY OCyLuku 8, 3a-
NOJSTHEHHYIO €KUM HaTpPOM, 1 NepefaeTcsa Ha cknag,.

Ha 1 1 BuHunxnopuaa nonyyaetcs Ao 80 Kr no6OYHbIX NPOAYKTOB.

[ocTurHyTble nokasatenun NoTpebrieHnst Cbipbs N 3HEPropecypcoB Npu NPoOM3BOACTBE

BUHUIXNOPUA MOHOMepa npuBeneHbl B Tabnuue 5.1.

Tabnuua 5.1 — [locTUrHyTble nokasaTeny noTpebneHns Cbipbsi U 3HEPropecypcoB Npu NPON3BOACTBE

BUHUNXNopug MOHOMeEpa

C6anaHcupoBaHHbii Mo |  Katanutnyeckoera- KoMOGnHnpoBaHHkbIN
TexHonorusi nonyye-
XI10py ABYXCTagunHbln | 30dbasHoerngpoxro- MEeTO[ Ha OCHOBE 3TU-
HUS BUHUNXITOpUA, Mo-
meTog (CXMJ) pupoBaHue aueTune- neHa un aueTuneHa
HOoMepa
Ha (KIA) (KM3A)
Hopmbl pacxoga cbipbs 1 BCoMoraTesnbHbIX MaTepuarnos
OTuneH Kr/T 460-475 - -
Xnop Kr/T 571-630 - -
HopMbl pacxoga aHepreTnyeckux pecypcos
QnekTpo- 80-100 - -
KBT*u/T
3Heprusa
Map Kr/T 1500-1700 — —

5.2 TeKywme ypoBHU 3IMUCCUM B OKPYKaKoLLYHO cpeay

3mMuccnn B oKpyXKatoLLyo cpeay npvBeaeHsbl B Tabnuue 5.2.
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Tabnuua 5.2 — TekyLMe YPOBHU 3MUCCUM B OKPY>XKALOLLLYO Cpeay Npv Npou3BOACTBE BUHUIXIOPUA,

MOHOMepa*

TexHonorus nony-
YeHNA BUHUNXITO-

pva MoHOMepa

C6anaHcupoBaHHbIv No
XJ10py ABYXCTaAUNHbIN
meTog (CXMJ)

KatanuTtunyeckoe raso-
dasHoe rmapoxnopupo-

BaHue auetuneHa (KI'A)

KomMGMHUPOBaHHbIM Me-
TO[, Ha OCHOBE 3TUrNeHa

n auetuneHa (KM3A)

3arpsisHstoLLme BelwecTBa B Bolbpocax, r/T**

NOx

He bonee 15,0

CcO He bonee 2,0 -

XnopucTbin BO- He bGonee 8,0 - -

Aopoa

3arpsisHsoLlme Bellectsa B cbpocax, r/t
XMK QF*x* - -
pH 0*** — J—

* [laHHble npuBoAATCca Anst coBMecTHoro npomnssoactea XM n BXM
** [laHHbIE, NOMy4YEeHHbIE HA OCHOBE pacyYeTHON Moaenu
*** [1na 6eCCTOYHOM TEXHONOrMn (CTOKM NOCne OYMCTKM BO3BPALLAOTCS B TEXHONOMMYECKUN

npouecc)

Paspgen 6. lNpou3sBoacTBO azoTcoaepxawmx opraHM4YeCKMxX BewecTs

B naHHoro pasgene 6yaoyT paccMOTpPeHbl TEXHOMNOMMM MPOM3BOACTBA Kanporakrama,
MEeTUNAMUHOB N 3TAHOMNaMUNHOB.
B pasgene npon3BoacTBO kanponaktama 6yayT paccMOTPEHbl TEXHONOMMKN NONyYeHUst

LUKIOrekCaHoHa — OCHOBHOI'O CbIpbsA AJ14 NMOJTy4eHUA Kanpoiakrama.
6.1 NMpounsBoacTBO HUTPUIIA aKPUITOBOWU KUCIOTbI

6.1.1 Mpou3BOACTBO HUTPUIIA aKPUNOBOW KUCNOTbl METOAOM OKUCIIUTENbHOIO
amMMoHosnM3a nponusieHa BO B3BELLEHHOM CJl0€e KaTanusaTopa ¢ nocneayrowmum

pasgeneHnemM NpoaoyKToB peakummn

CwuHte3s HAK 13 nponuneHa, ammuaka M Bo3dyxa OCYLLECTBISIETCA BO B3BELLUEHHOM
crnoe katanusatopa npu Temnepatype (417-454) °C, pasneHumn (51-118,8) klMa (0,52-1,2)
Krc/CM?, NMHEMHON CKOPOCTU peaKkLMOHHbIX rasoB B crioe kaTanusatopa (0,4-0,7) m/cek u
MOJSIbHOM COOTHOLLEHUN PEareHTOoB:

ammuak/nponunen: 1,15 — 1,25/1
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Bosgyx/nponuneH: 9,0 — 9,5/1

TexHonornvecknin Bo3ayx aasneHuem 0,2-0,235 MlMa nogaetcs Ha cuMHTE3 OBYMS pa-
6ounmmn Typbokomnpeccopamn. OamH Komnpeccop obcnyXmBaeT OOWH peakTop CuHTe3a
HAK.

TexHonorn4yecknin Bo3gyx MOAaeTCs B HWXKHIOK YacTb peakTopa Moa pacnpegenu-
TENbHYI peLueTKy. Tenno peakumm CHAMaeTCAa 3a CHET ucnapeHus cneumanbHo obpaboTan-
HOW AeMUHepanu3oBaHHOM BOAbI, LmpKynupytowen B 30 ameeBukax ¢ obpasoBaHMeEM Hacbl-
LLleHHoro napa gasneHnem (3,5-4,2) Mla n neperpeBa HacbILWEHHOrO napa BbICOKOro faB-
nenuna oo (340-360) °C B 10 napoBbIX 3MEEBMKaX.

PeakunoHHble rasbl U3 6noka cuHTE3a MOCTynakT B KBEHY-OSIOK KOMOHH, KOTOpble
npegHasHayeHbl:

- ONs oxnaxneHusi peakumMoHHbIX ra3os ¢ (232 - 240)°C go (75 - 95)°C;

- ONA HeuTpanmsaumm CEepHOW KUCIOTOW HenpopearnpoBaBLLUEro aMmmuaka, npegoT-
BpaLLeHMa nonumMmepmsaLmm n BcneHneaHmst B abcopbepe;

- Ans BbIBOAA M3 CUCTEMbI TSXKENbIX NONIMMEPOB, a Takke KaTtanmsatopa, YHECEHHOro
N3 peakTopoB NOTOKOM PeaKLNOHHbIX ra3oB.

YHeCeHHbIN KaTanusaTop ynaBnuMBaeTCsa B KBEHY-KOSIOHHAX M BbienseTcs B COOpHuKe
CTOYHbIX BOA. [a3bl, BbIXOASALME U3 KBEHY-Y3na, BBoasaTca B abcopbep. B abcopbepe npo-
ncxoguT ganbHenwee oxnaxaeHue peakumoHHbIX razos o (20-40)°C v nornowieHne Bogom
opraHmnyeckmnx npoayktoB. HenornoweHHble rasel — CO, CO2, N2, HAK, HCN, nponuneH,
nponaH HanpaeBnalTcs B 6ok goxura abrasos. B kavyectBe abcopbeHTa B abcopbepe npu-
MeHsieTCa NpeaBapuUTErNbHO 3axX0noXeHHasi KyboBas XnakocTb Aecopbepa, nocTtynarowias Ha
BEPXHIOK Tapernky abcopbepa npu Temnepatype (25 - 52) °C ¢ pacxogom (200 - 320) T/u.
PaboTta gecopbepa ocHoBaHa Ha NpUHUMNE Ny4llen pacTBOPUMOCTU aLeTOHUTpUNIa B BOAE
MO CPaBHEHMUIO C aKPUITOHUTPUITOM.

Hecopbep npegHasHayeH ons:

- N3BMEYEHUs aueTOHUTPUIIA N3 aKpUIOHUTPUIa C NOMOLLLIO BOAbI — 9KCTPAreHTa;

- U3BMEYEHUs OpraHMKM U3 HacbILWeHHOro abcopbeHTa;

- BblBOAA U3 CUCTEMbI OKCa30na, akposiemHa, NponMoHMTpUna, aueToHa;

- BblBOAA U3 CUCTEMbI MOSIMMEPOB U TSXKENbIX NPUMECEN.

MapoBaga gasa, cogepxalwias Hapsay ¢ BoAown aueToHuTpun ¢ maccosoun gonen 10 %
N CMHUIBHYIO KMCNoTy ¢ maccoson gonen 0,5 % npu temnepatype (108-112) °C, otbupaetcs
¢ 30 Tapenkun KONOHHbI 1 NogaeTcs B KyO KOMOHHbI OYMCTKM aueTOHMTpuUnia B kKadecTse nuta-

HUA.
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Brnok ounctkn aueToHUTpUNa nNpegHasHayvyeH Ans nosiyd4eHus aueToHUTpuna-ceipua ¢
MaccoBoOW gonen He meHee 63 %. AKpunoHUTpun-ceipel 13 6noka gecopbunm Hacocom no-
AaeTtcsa B O10K OYMCTKM akpumoHUTpuna-cbipua. bnok o4ncTkmn akpmnoHutpuna-coipua npea-
Ha3HayeH:

1) 4Na OTFOHKM LMaHUCTOro BogopoAa OT akpUroHUTpuUna-colipua (BEPXHSS YacTb KO-
NOHHbI);

2) ONsi OYUCTKN M KOHLEHTPUPOBAHUS LIMAHUCTOrO BoAopoaa (BEPXHSIS YacTb KOMOH-
Hbl);

3) ons BbiBOAA BOAbI N3 CUCTEMbI (HUKHSAS YaCTb KOSTOHHbI).

Mapbl, BbIxoAsWMEe C Bepxa KOMOHHbI , NOCTynatT B G6MOK NOny4yeHns TOBapHOW Cu-
HUNBbHOW KUCNOThl. TOBapHasa CUHWUNbHAsS KUCnoTa nepegaeTca notpebutento. HeckoHaeH-
CMpOBaBLUMECH Napbl CUHUITbLHOW KMCAOTbl HAMPaBnaTCA Ha CxXUraHme B 610K TepMUYecKo-
ro obesBpexmnBaHusa uUnu BrNoK CKUraHns OTToka rasoB. B 650K CKMraHus oTTOka rasoB Bbl-
BeEHbl Takke BO3AYLLKW, NPOAYBOYHbIE TPyBGONpoBOAbl M COpPOCHI OT NpeaoXpaHUTENbHbIX
KnanaHoB CUCTEMbI KONMOHHbI OTFOHKW Nerknx dopakumin. KyboBas XMaKoCTb KONMOHHbI O4YUCTKM
akpunoHuTpuna-cbelpua, ¢ pacxogom (10-25) T/4, HanpaBnseTcsa B Ka4ecTBe NUTaHUA B GMOK
NonyyYeHnss TOBapHOrO akpuUnoHUTpUna.

KonoHHa paboTaeT noa BakyyMOM U CRY>XUT ONS:

- BblA€NeHMs TOBAPHOro akpUNOHNTPUNa,;

- BbIBOJA 13 CUCTEMbI BbICOKOKMMALLMX KOMNOHEHTOB (KyboBasi 4aCTb KONOHHbI);

- OTFOHKW NErKOKMMALLMX KOMNOHEHTOB (BEPXHSS YaCTb KOMOHHbI).

AKPUNOHUTPUN-NPOAYKT OTOMpPaeTCs B XXMAKOM hase C NPOAYKTOBOW KOSTOHHbI. KoHan-
LUMOHHbIN aueToHUTpUn-celpel n3 6rnoka nonyvyeHnsa ALIH-cblpua noctynaeTt Ha y3en uyuaHu-
pPOBaHWS ANA OYMCTKU OT aKpUNOHUTPUIA U CUHUITBHOW KUCNOTLI. locne y3na uMaHMpoBaHus
AUH-cbipey, npoxoant pektudmkaunio B 6nMoke OYMCTKM aueTOHUTpUna U HanpaensieTca B
cOopHMKM TOBapHOro auetoHmTpuna. OTMbIBKa OTBOAUMbIX ra30B NPOM3BOACTBA NPOBOANTCSA
B ckpybb6epax. Tepmmyeckoe 06e3BpeXMBaAHNS XUAKMX U ra3000pasHbiX OTXOA40B NPOM3BOA-
cTBa npoucxoauT npu Temnepartype (860-920) °C B BepTuKanbHas neyb CKUraHus C ecre-
CTBEHHOW TAron. ALUETOHUTPUIbHbIE CTOKM MPOXOAAT OYMCTKY B aBTOKIABHOW YCTaHOBKE U
nepegarTca Ha 6uoouncTKy. MpuHUMNManbHaa TeXHoNorMdeckas cxema npvBedeHa Ha pu-
CYHKe 6.1.

HopMmbl pacxoga Cbipba M 9HEPropecypcoB Mpy NPOM3BOACTBE HUTPUIA akpuioBOW
KNCIOTbl METOAOM OKUCITUTENbHOIO aMMOHONN3a NponuneHa BO B3BELLUEHHOM Crloe KaTanu-

3aTopa C nocrneaywumM pasgeneHnemM NpoaykToB peakumm npueeneHsl B Tabnuue 6.1.

238



Tabnuua 6.1 — Hopmbl pacxoga Cblpbsi U SHEPropecypco

UTC 18—2016

B NPV NPOU3BOACTBE HUTPUIIA aKpUIOBOW

KUCNOTbl METOAOM OKUCIIUTESNIbHOIO aMMOHOJIN3a nponusyieHa BO B3BELLEHHOM CIi0€ KaTtarnm3aTtopa C

rocreayLwmnm pasgeneHmem npoaykToB peakumm

lMokasartenu 3HayeHune
Coblpbe, Kr/T 1639-1886
OneKTpoaHeprus, KBT*u/T 285-485
TennoaHeprus, kan/t He bonee 3,5
TonnuBHbIN ras, Kr.y.T./T 520-995

6.1.2 Tekywine ypoBHU 3MUCCUMN B OKPYXKaloLLyHO cpedy Npu NPpOM3BOACTBE HUT-

puna aKkpunoBou KUCNOTbI

B Tabnuue 6.2 npeacrtaeneHa nHgopmauma no sbibpocam n cbpocam npeanpusaTmn—

NPOM3BOOMTESNEN HUTPUIIA aKpUOBOM KUCNOTbl M

€TOAOM OKUCINUTEeNIbHOIro aMMOHOJIN3a

nponurieHa BO B3BELUEHHOM CJ10€ KaTalin3aTtopa C nocneayowmmMm pasgerieHnemM rnpoayktos

peakuuu.

Tabnuua 6.2 — TekyLme ypoOBHM AMUCCUKN B OKPYXKaIOLLYO cpeay Npy NpoM3BOACTBE HUTpUNaA

aKpMﬂOBOVI KMCNOTbl METOOOM OKUCINTESNIbHOIro aMMOHOI11M3a nponurneHa BO B3BELWEHHOM Crioe

KaTtanmiaTtopa C nocneaywuwmnm pasgeneHmnemM npoaykrtoB

peakuum

BewecTtBO

3HayeHune

3arpsisHsioLlmne BeLlecTsa B

BblGpocax, r/T*

NOx

He 6onee 4,207

CO

He bonee 17023

CyMMa yrnesogopoaoB

(6e3 meTaHa)

He bonee 17140

Bopopoa umaHucTtbin

He bornee 70

Cepbl guokeng,

He bornee 13 860

AKpUNOHUTPUN He Gonee 278,62
3arpsasHsaoLlme BellecTsa B cbpocax, Kr/T
Xrnopuna-noH He bonee 4,56

Cynbgat-noH

He 6onee 10,08

HuTpun akpnunoBon KACIOTbI

He bonee 1,03

* laHHbIEe NorlyYyeHbl HA OCHOBE pacyeTHOM Moaenu
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6.2 NpounsBoacTBO BbICWNX anudaTUYeCKMX aMMHOB

6.2.1 OnucaHue TEXHONOrMYeCKMX MNPOLLECCOB, MUCMNONb3yeMbiX B HacTosee

BpeMsA

| aTan NoaroTroBka NnocTynaroLero CbipbA.

1. Pasorpes cuHTETUYECKMX XUPHBbIX KNCnoT (CXKK) B unctepHe/umpkynauus;

2. MNepekayka CXKK Hacocom no3.101 B emkocTb 1no3.102.

XKvpHble cMHTETUYEeCKMe KUCNOTbI MOCTYNarT Ha y3en MoAroTOBKU CbipbSl B BaroH-
UMCTEpPHAX W TaHK - KOHTenHepax.KMpHble CUHTETUYECKME KUCMOTbl MOCTYNalT Ha y3en
NoAroTOBKU CblpbS B BaroH-UMCTEPHAX W TaHK - KOHTenHepax. PasorpeB XWPHbIX KACNOT
OCYLLEeCTBMNAETCA C NOMOLLbIO MOrPY>KHOro «3MeeBMKa», B KOTOPbIM NogaeTcs nap ¢ gasne-
HMem He 6onee 0,3 MMMa (3 krc/cM?). 3aTem BakyyM-HaCOCOM XUPHbIE KUCMOTbI NOAaTCS Mo
cucteme TpybonpoBOAOB B MPOMEXYTOYHbIA COOPHUK C NOMOLLBIO BEPTUKAIBbHOIO «CTOSIKa,
OMyLLEHHOro B BaroH-UMCTEPHY UK TaHK- KOHTenHep. Hacocom no3.101 HauymnHaloT LMpKynn-
poBaTb XXWPHbIE KUCNOTbI MO LMKMY: KOXYXOTpybyaTbii nogorpesartenb, UMCTEPHA U TaHK-
KOHTENHEep, NPOMEXYTOUHbIN COOPHUK, Hacoc No3.101 - oo nonHoro pacnnaeneHusd. Nocne
pacniaBneHunst XXUPHbIX KUCMNOT B LIMCTEPHE UMM TaHK- KOHTenHepe, HacocoM no3.101 xup-
Hble KMCNOTbl NepekaynBatoT B cOOpHUKM no3s. 102.

NMoarotoBKa NocTynaroLero CbipbA:

1. Mepkayka CXKK n3 emkoctn nos. 102 Hacocom no3. 104 B eMKOCTb M03.6;

2. MNepekauka CXKK 13 emkocTtn no3.6 Hacocammn no3.8 B peakTop CUHTE3A.

KnpHasa kucnorta nogaetca Hacocom no3. 104 mn3 cbopHukoB no3. 102 B eMKOCTb
no3.6, koTopasi CHabxeHa HapyXHbIM "3meeBUKOM" oborpeBaembin napom ¢ gasneHnem 10
Krc/cm2, ansa npegynpexaeHns 3acTbiBaHUSA XXUPHbIX KACIOT.

Temnepartypa B emkoctTu no3. 6 nogaepxumeaetca 60°C-80°C n KOHTponupyeTcs Ha
wute LY.

Mogaya XMPHOW KUCIOTbl U3 eMKOCTU NMo3. 6 Ha CUHTE3 OCYLLEeCTBMAETCS Hacocamu
BbICOKOro AasnieHusi nos. 8. Pacxod xupHon kucnotbl 250-450 n/4, KOHTponupyeTcs poTa-
mMeTpamu, Hanop He Gonee 200 krc/cm?. [ANs UCKNIOYEHNS BO3MOXHOCTM NonaaaHusa MexaHu-
YeCKMX 3arpA3HEeHUn B HACOCbl NO03. 8 XXMpHAas KMCNoTa NpoxoauT Yyepes3 OAWH U3 OYUCTUTEe-
nen, oborpeBaembln TeMnepupoBaHHOW BoAoW C Temnepartypon He 6onee 130 °C. Onsa
npefoTBpaLleHns 3acTbiBaHUSA XUPHOW KUCNOTbl B TpybonpoBodax, nocrnegHne cHabXeHbl
"cnyTHMKammn", oborpeBaemble TEMNEPMPOBAHHOW BOAOW C TemnepaTypon He 6onee 130 °C u

TENNOUN30JINPOBAHbI. ans npengoTtBpalleHnAa 3acCTblBaHUA )KI/IpHOI7I KMCINOTbl B MIMHUN HaAarHeTa-
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HUS OT Hacoca no3. 8 OO CUCTEMbI CMHTEe3a npeaycMoTpeHa npoayska 3Tux nuHui ABO, ¢
AaBneHuem He Gonee 220 krc/cm?, nogaBaemasi KOMMNPECCopoM Mnos. 56.

NMoarotoBKa NocTynaroLWero CbipbA:

1. Mprem xmakoro ammmaka B CopHuK nos.1.

2. CxaTue 1 nogada Xuakoro aMMmaka Hacocamm no3.5 B peakTop CUHTesa.

AMMMak 6e3BOAHbIN CXKMKEHHBIN (fanee- ammMuak Xnakui), ¢ o6beMHON Aonen Bnaru
He 6onee 0,4 %, nepnogn4eckn NO MeXLUEXOBbIM KOMMYHUKALUMAM MPUHMMAETCA B O4MH U3
cbopHukoB no3. 1. B 310 Bpems cOopHMK N03.1 ncnonb3yeTca ans npMema ammuaka, BO3-
BpalLlaemMoro 13 yana pektudukauumn ammmnaka. Jasnenve 1,5 — 2,2 MlMa (15 — 22 krc/cm?)
aMmmuaka B cbopHuke no3. 1 nogaepxmBaeTca NOCTOSIHHbIM NPU MOMOLLM BBIHOCHOMO Ucna-
putens , oborpeBaemoro napom ¢ aasneHvem He 6onee 0,2 MIMa (2 krc/cm?). N3 c6opHMKOB
no3. 1 XXngkum ammumak NocTynaeT Ha Bcac HacocoB No3. 5. [1na npefoTepalleHuss BCkuna-
HUA aMMUaka Ha BcacblBaloLLEen NIMHUN YCTAaHOBMNEH XONMOAUMBbHUK , OXrnaxaaemMblil 060poT-
HOW BOAOW C TeMnepaTtypoun He Bonee 28°C. [Ina UCKNIOYEHNA BO3MOXHOCTU nonagaHus me-
XaHUYECKUX 3arpA3HEHNN B HACOCHI NO3. 5 XUAKMA aMMmnak NPoXoanT Yepes OANH N3 OYUCTU-
Tenen. Nogaya XMOKOroO aMmuaka B peakTop CUMHTe3a no3. 21 ocyliecTBnseTca Hacocamu
BbICOKOrO AaBrieHus no3. 5. OGbeMHbI pacxod ammuaka He Gonee 8 Mm3/4, naBneHue
150-220 krc/cm?.

Il aTtan. NMpuém n cxxatme asoto-sogopoaHoun cppakuum (ABP):

1. Cxatne AB® komnpeccopom no3.56 n nogada ero B CUCTEMY CUMHTE3a.

AsoTtoBogopoaHasa dpakums (AB®P) noctynaeT n3 otaenenunsa aproHa UMM ¢ gasnexHu-
em He Bbilwe 0,07 MIMa (0,7 krc/cm?) Ha y3en peayuvMpoBaHus, rae AaBreHune NnoHmxkaeTcsa 0o
1,5-5,0 kMa (0,015-0,05 krc/cm?). KoHTponb aaeneHns AB® 0o yana peayumpoBaHus U Aas-
NeHust nocrne ysna peayumpoBaHnga OCyLLeCTBNSETCA N0 MecTy U Ha wute LMY. JluHna Bca-
ca KoMnpeccopoB No3.56 nocrne ysna peayuupoBaHns obopyaoBaHa rmapo3aTBoOpoM, SBMS-
IOLMMCS NPeaoXpaHNTESIbHBIM KnanaHoM B Criydyae MNoBbIWEHUS OaBfeHUsa B NIMHUK Nocne
y3na peayumpoBaHus. YpoBeHb BOAbl B rMOp0O3aTBOpPE KOHTPONMpPYyeTCs ypOBHEMEPOM TUNa
YB-IB n ypoBHeMepHbIM cTekrnom no mecty. C yana pegyumpoBaHms AB® noctynaet Ha
pacnpegenutenbHbin WKT Ne4, ¢ KOTOporo nogaetcss Ha Bcac komnpeccopa no3. 56. KoH-
Tponb pacxoga AB® u koHTponb TemnepaTtypbl AB® Ha Bcace komnpeccopa no3. 56 ocy-
wectensaetca Ha wwute UMY. MNponasa nocneposatenbHo Bce VI CTyneHen komnpeccopa,
AB® cxumaeTcst O KOHEYHOro AaBreHuns He 6onee 22,0 MIMa (220 krc/cm?). KoHTponb aas-
NeHnsa nMeeTcs No BCEM CTYNeHAM KoMnpeccopa. KOHTponb TemnepaTypbl rasa no CTyneHam
N Ha BbIXO4e U3 KoMnpeccopa ocyuiectendeTcd Ha wute B LUMNY. [locne «kaxgon cTyneHu

ras npoxoamT 4Yepe3 MEXCTyneH4aTbli XONOoAUSTbHUK, OXnaXaaemblii 0BOpPOTHOM BOAOW.
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TemnepaTtypa Bofbl Ha BbIxoge 13 xonoaunbHukoB He 6onee 40°C. Cxatas AB® nogaetcs
B NMHUIO HarHeTaHWUsl UUPKYNSAUWMOHHOMO rasa, rge cMewmnBaeTcd ¢ aMMUavyHO-BO4OPOOHON
CMECbI0 1 Yepe3 MacnsHbli QunbTp NOCTynaeT B y3eNn CMHTe3a aMUHOB.

lll atan. MogorpeB 1 LMpPKYNALUA aMmMuavyHo-sogopoaHon cmecu (ABC):

1. Mopgorpes ABC B nevax no3.150 n nogaya ero B peakTop CUHTE3a;

MpupoaHbIM ras nocTtynaeT Ha YCTAHOBKY M3 3aBOACKMX CeTen C AaBrieHneM
2,5—5,0 kMa (0,01 — 0,05 krc/cm?) 1 nogaeTca Kk ropenkam. B neyax yctaHOBMNeHb! ropernku
HM3KOro AasreHus ans npupoaHoro rasa tuna MHIM-5 nponsBoauTensHocThLO 16-50 m3/yac.

HarpeBaembin npoaykt ABC nopgaetcsa B «3meeBuk» nevn nod. 150. Temnepatypa
ABC Ha BbiIxoge u3 "smeeBuka" nogaepxusaetcs B ananasoHe 300 — 340 °C nytem pery-
nMpoBaHusa 06bEMHOIo pacxofa NPUPOAHOro rasa KnamnaHoM € AUCTaHUMOHHbIM ynpaBreHu-
eMm.

Bcero Ha neyb yctaHoBneHo 9 ropenok — 3 sipyca ropeHns no 3 roperikm Ha Kaxxgom.

NyTbeBoi BO3OyX NogaeTcs BEHTUNATOPOM npousBoauTenbHocTbio 3000-6000 m3/yac
Hanopom 4,0—4,4 kMa (0,04-0,044 krc/cm?). OGbeMHbIN pacxon BO3dyxa perynupyeTtcs Ha
KaXkObl ipyC rOpeHusi N0 COOTHOLLEHMIO ra3-BO34yX 3acriOHKOW 4yepe3 npubop COOTHOLLe-
HUS.

TennoHocutenb ¢ Temnepatypon He 6ornee 700 °C npurotaBnmMBaeTCs Ha KaXKaowm
Apyce ropeHnss B CMECUTENbHOM KaMepe NyTEM CMELUMBaHUSA NPOAYKTOB rOPEHNs NPUPOAHO-
ro rasa ¢ peumpkynaTtom. TennoHocuTenb NPOXoaUT HarpeBaTernbHblE Kamepbl neyu, nepe-
AaBasi Tenno MpoAyKTy, NPOXOAsLeMy 4Yepe3 «3MeeBMK» MPOTMBOTOYHO. TenroHocuTenb
OTBOAUTCA M3 Ne4Yn ObIMOCOCOM npounssoauTenbHocTbio 30000-60000 m3/yac, Hamopom
1,9-2,4 klMa (0,019-0,024 krc/cm?). Mocne apiIMococa YacTb TennoHocUTeNs BO3BpallaeTcs B
LUK B KaYeCTBe peunpKynaTa, YacTb BolbpacbiBaeTcs B aTmMocdepy Yepes AbIMOBYIO TPYOy.

TemnepaTtypa Ha NOBEPXHOCTU «3MmeeBukay» He 6onee 400 °C.

Harpetaa ABC go temnepaTtypbl He 6onee 340 °C nocTtynaeT B peakTop CUHTE3a Noa.
21.

MoporpeB u UMpKynauMa ammmadHo-sogopoaHon cmecu (ABC): 1. Limpkynsums
ABC uMpKynaumoHHbIM ra3oBbiM KOMNPECCOPOM M03.41.

Linpkynnpyrowas ammuadHo-sogopoaHas cmecb (ABC) ¢ Temnepatypon 60-80 °C un
aasneHvem 15-22 MMa (150-220 krc/cm?) noctynaeT B LMPKYNALMOHHBIA KoMpeccop no3.41
“ CXMMaeTcs 4o AaBrneHust He 6onee 22 MlMa (220 krc/cm?) .

KoHTponb gaBneHus u TemnepaTypbl Ha BCace W HarHeTaHWM KOMMpeccopa ocy-
LLeCTBNSAETCA N0 MecCTy, N0 TEXHUYECKMM MaHOMeTpam U TepMoMeTpaMm, YCTaHOBMEHHbIM

HemnocpeaCcTBEHHO Ha UMNMHAPE KoMnpeccopa.
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lMepenag paBneHns Mexgy BCAcoOM W HarHeTaHWem Komnpeccopa He 6ornee
2,0 MMa (20 krc/cm?). PerynupoBaHue nNpou3BOAMTENbHOCTU LIMPKYNSLMOHHOIO KOMMpecco-
pa no3. 41 npoussoanTca nyteMm GannacMpoBaHns aMMmavyHoO-BOAOPOOHON CMEecH 4Yepes Xo-
NOAMNBHUK BO BCacCbIBaKOLLYO NNMHUIO KoMmnpeccopa. OxnaxaeHne XonoausrbHuKa npoussBo-
anTcs koHgeHcatoM. Temnepatypa ABC nocne 6arnnacHoro xonogunbHuka 60-80 °C.

ABC nocne cxaTtusa noctynaeT B MacrnsiHbli (ounbTp A5 OYMCTKM OT Macna. [aene-
HMe B unbTpe He Gonee 22 Mla (220 krc/cm?) nogaepXmnBaeTcs NOCTOSHHLIM 3a CYET U3-
MeHeHna nogaym ceexero rasa (AB®) ns noa. 56. ABC nocne cunbTpa ¢ Temnepatypomn 60-
80 °C, paBneHunem 15,0-22,0 MMa (150-220 krc/cM?) nogaeTcs B y3en cuHTe3a amuHoB. Pac-
xon ABC pomxkeH 6biTb 13000-16000 m3/yac. KoHTponb cofepXaHus amMmMmuaka B LMpKynu-
pytoen ABC BbinonHaeTca rasoaHann3aTtopom B aBTOMaTUYECKOM peXMME.

IV atan. CuHTe3 Bbicwux anucarnvyecknx ammHoB (BAA): 1.CuHTe3 BAA B peak-
TOpe CUHTe3a no3.21.

XKupHas kucnota Hacocamu No3.8 nogaeTcs B nogorpeBaTeslb CMECU XXMUPHbIX KUCHOT,
nogorpeBaeMblii Napom ¢ AaBneHnem He 6onee 0,5 MIMa (5 krc/cm?), rae nogorpesaeTcs A0
TemnepaTtypbl 100-130 °C n ganee nocTtynaeTt B peakTtop no3. 21. AMMuayHo-BOgOpPOAHAsA
CMECb U XMUAKMIA aMMUuak nogatTcsa B pekynepatop no ABYM CaMOCTOATENbHbIM BBOAAM, rae
CMELLMBAIOTCS, HarpeBatoTCs 3a CHET Tensa peakumoHHOM CMeCcH 1 NOoCTynatT B NeYvb Noao-
rpesa npoaykTta no3. 150. YacTb Xuakoro ammmnaka MoxeT nogaBaTbCs Mo GannacHon nu-
HUW, MUHYS pekynepaTop, HENOCPEACTBEHHO B neYyb. B neun nogorpesa npogykra nos. 150
NPOUCXOAUT NOSITHOE UCNAapeHNe aMMuaka, U HarpeB aMMmMavyHoO-BOAOPOOHON CMeCcU A0 TeM-
nepatypbl 300-340 °C. M3 neuu nogorpesa npoaykrta no3. 150 ammumayHo-BOogOpOAHas
CMecCb NMocTynaeT B peaktop cuHTe3a no3. 21 ¢ temnepatypon 300-340 °C n pgasneHvem
15,0-22,0 MMa (150-220 krc/cm?). B peaktope no3. 21 Ha anoMoko6ansTMonnbaeHoBoM Ka-
TanusaTtope npu Temnepatype 300-340°C u pasneHun 15,0-22,0 MMa (150-220 krc/cm?)
CMECb XWMPHbIX KMCNOT BCTYyNaeT B peakuuto CMHTe3a C aMMMakoM M BogopoaoMm, ¢ obpaso-
BaHMEM TEXHUYECKOW CMECH aMNHOB.

B peakTope npoTekaloT cnegyouime OCHOBHbIE peakUmu:

R - COOH + 2H2 + NHs =R-CH2NHz + 2H20

2R - COOH + 4H2 + NHs = (R-CH2)2NH + 4H20

noboyHasa peakuus:

R - CH2NH2 + H2 =RCHs + NHs3

CexesarpyXeHHbl B peakTop nos. 21 katanusatop nepea nyckom B paboTty noasep-

raeTtcs obpabotke ABC npu temnepatype 340-350 °C B TeyeHue 8-24 vacos.
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Temnepatypa B peakTtope no3. 21 nogaepxvsaeTcs ANCTAHLUMOHHO NyTEM U3MEHEHNS
pacxoga TOMMBHOIO rasa Ha nedvb nogorpesa npoaykta. MpoaykTel peakuuun, npeacrasns-
owme cobon NaporasokMaKoCTHY0 CMEeChb, U3 peakTopa nod. 21 noctynatoT B TpybHOe npo-
CTPaHCTBO peKynepaTtopa, rae oxnaxgalTca XUOKAM aMMUakoM W LMPKYNupyowen no
MEXTPYOHOMY NPOCTPaHCTBY aMMUAYHO-BOAOPOAHOMN CMeChio Ao Temnepatypbl 135-170 °C.

TemnepaTtypa peakunoHHOM CMEeCK Ha BbIXo4e U3 peKkynepaTtopa NoaaepXxunBaeTtca ny-
TEM Nnogayn Xunakoro ammmaka yepes baminac HenocpeacTBEHHO B NeYb nogorpesa Npoayk-
Ta. [Mapora3oxmakocTHas cMech (ra3oBas aMMUadyHO-BogopoaHasa hasa n Xuakme TexHude-
CKMe aMWHbl) Nocrne pekynepaTtopa NocTynaeT B cenapaTop, rae oTaensercsa oT ra3oBown am-
Mua4yHo-BogopoaHon hasbl. CenapaTtop cHabxeH HapyXHbIM oborpeBoM (3MeeBMKOM) On4
npegynpexaneHns 3actblBaHus amuHoB. Oborpes npoussoanTcs napom He 6onee 0,5 Mna (5
krc/cm?). XXuakas gasa - TexHuyeckass CMecb aMUHOB MOCHe cenapaTtopa NpoxXoauT OYUCTU-
Tenb, rOe ouvMLaeTcss OT MexaHu4yeckux npumecen (katanusatop). Ouuctutens umeeT
HapyXHbIn 06orpeB B BUAE 3MeeBMKa, Kyaa nogaetca nap gasneHuem He 6onee 0,5 MlMa (5
krc/cm?). OTUNbTPOBaHHasA peakUMOHHas CMeCb (XKUOKUE TEeXHUYECKMEe aMUHbl) NOocrne o4u-
CTUTENA 4epes y3en OpOoCCenMpoBaHus, rae ee gaBrieHue CcHwxaetca go 2,7-3,5 Mlla
(27-35 krc/cm?), HanpaBnseTcs B cenapaTtop yana oTAyBKuU Bodopoaa.

ABC un3 cenapatopa noctynaeTt B KOHAEHCATop, rae oxnaxgaeTtca 4o TemnepaTypbl
60-80°C. OxnaxgeHne KoHOeHcaTopa NPOM3BOAUTCH MApOBbIM KOHAEHCATOM C Temneparty-
poii 40-60°C n naeneHvem He 6onee 0,2 MMa (2,0 krc/cm?).

B koHOeHcaTope NpoucXoauT KOHOEHCaUMs aMmMmaka n OCTaTKOB TEXHUYECKOW CMeCH
aMnHoB. [NaporasoXxmngkoctTHas cMecb (KMOKUM amMuak u rasoBasi (pasa: Bogopos, asoT, na-
pbl aMMMaka) u3 KoHgeHcaTtopa noctynaet B cenapatop ¢ Temnepatypon 60-80°C n gasne-
Huem 15,0-22,0 MMa (150-220 krc/cm?). B cenapatope MpoOUCXOOUT pasdeneHne >XUOKown
dasbl (CKOHOEHCMPOBABLLEITOCA aMmMumaka) oT ra3oBon (Bogopoaa, asoTa 1 napoB ammuaka).
CenapaTop cHabxeH HapyxHbiM oborpesomMm. ObBorpeB cenapaTtopa MpPoM3BOAUTCS Napom
AaBneHuem He Gonee 0,5 MMa (5 krc/cm?). YKuakas dasa BbIXOAa M3 cenapaTopa NpPoXoauT
OYMCTUTENDb U 3aTeM Yepes y3en APOCCeENMPOBaHUS, rae ee gaBneHne cHmxkaeTes 0o 2,7-3,5
Mna (27-35 krc/cm?), HanpaBnsieTcs B NPOMbIBHYHO KOJTOHHY y3na OTAYBKM Bogopoaa.

Ounctutens oborpesaeTcss napoM AasrneHnem He Gonee 0,5 Mna (5 krc/cm?) ans
npegoTBpaLleHns 3acTbiBaHMSA BbICLUMX anudaTtnyeckmx amuHoB. AMMMAYHO-BOOOPOLHAs
cMmechb (ras) u3 cenapartopa ¢ Temnepatypon 60-80°C n gasnexmem 15,0-22,0 MlMNa (150-220
Krc/cm?) HanpaBnaeTcs Ha Bcac LMPKYNALUMOHHOIO KoMnpeccopa noa. 41.

V. Pekndmkauma n abcopbuma ammmaka: 1.Pektudukaums ammmaka B pektnduka-

LIMOHHON KONOHHe no3. 402.
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BbligeneHune (o4nMcTka) ammmaka M3 ero cMecu ¢ BogoM MU aMmHamMm nNpomsBoAUTCS Ha
pekTuduKaumoHHon KonoHHe nos. 402. XXngkun ammmak n3 cenapatopa yana oTayBku BOOO-
poga HenpepbIBHO NoAaeTcs B PEKTUMUKALUMOHHYK KONMOHHY no3. 402. O6beMHbIM pacxoa
XWOKOro aMmmuaka, rnocrtynatowero B KOroHHy nos. 402, KOHTponupyeTcsa no potameTtpy. B
pPEKTUPUKALMOHHYO KOMOHHY no3. 402 Takke HenpepbiBHO NogaeTcs aMmuadHas Boja C
00BbEMHON gonen ammnaka He 6onee 25% 13 cOopHMKA 0O3MPOBOYHBIM HAacocoM. Temnepa-
TYPHbIA peXxnm B KorloHHe no3.402 KOHTponupyeTcsa B 2 Toykax: 1) Temnepatypa 195 — 220
°C B Kkybe konoHHbl no3. 402; 2) temnepatypa 40 — 60 °C B BEpxXHEN 4acTU KONOHHbI
no3.402. [laBneHne B konoHHe no3.402 KOHTpPONMpPyeTCcs No MeCTy TEXHUYECKMM MaHOMeT-
poM. Tenno, HeobxogmMmoe Anga npouecca pekTudukaummn, coobllaeTcs Yepes KoXyxoTpyo-
HbIA KUNATUNBHUK, oBorpeBaeMblin Napom, aaeneHnem He 6onee 4,0 MMa (40 krc/cm?). OT-
BOJ, NapOBOro KOHAeHcaTa U3 KUNATUNbHUKA BeaeTcs Yeped KoHageHcaTHbIn 6ak no3. XXXII.
Mapbl aMMmnaka n3 BepxHen 4acTtn KONMoHHbl no3. 402 ¢ TemnepaTypon He 6onee 60 °C no-
CTYnawT B KOXYXOTPYOHbIN XONOAUNBHUK, Oxnaxgaembld obopoTHOM Bogow. [JasneHue B
KOSNOHHe pekTudukauumn nos. 402 perynmpyetca cbpocom naporasoBom CMeCu U3 Xonoaunb-
Huka B abcopbep no3. 410. TemnepaTypa HECKOHLEHCUPOBABLUMXCS MapoB Ha BbIXo4e U3
XonoaunbHuka gormkHa 6biTe B npegenax 40 — 50 °C. U3 xonoaunbHUKa CKOHAEHCUPOBaB-
LUMACA aMMMaK ctekaeT B COOpHUK. N3 cOOpHMKa CKOHAEHCUPOBAHHLIN aMMMaK HACOCOM Ya-
CTUYHO BO3BpaLLaeTcs B Buae nermol B KOSIOHHY no3. 402, a ocTanbHOe KONM4YecTBO noaa-
eTca B y3en cuHTe3a B cOopHUK no3. 1. O6beMHbIN pacxon dprierMmbl KOHTPONMPyeTCcst No po-
TamMeTpy N perynupyeTtcs KranaHoM. YpPOBEHb XMOKOro aMmuaka B cOopHMKe noaaepxusa-
€TCsl NOCTOSIHHBbIM MyTEeM HEMnpPepbIBHOrO OTBOAA XXWOKOTO amMuaka Yepes perynmpyroLni
KnanaH B cOOPHUK Mo3. 1; pacxopq XMAKOro ammMmuaka nogaBaemMoro B eMKOCTU Mo3.1 KOHTpoO-
nnpyetca no potametpy. KyboBasi XnakocTb, cocTosiiass u3 BOAbl, aMMHOB U aMMmuaka,
HenpepbIBHO OTBOANTCS M3 KOMOHHbLI No3. 402 Ha paccnanBaHue, Yepes KOXYXOTPYOHbIN XO-
noavneHuK, rae oxnaxagaetca go temnepatypbl 60 — 80°C. YpoBeHb B KyOOBOM 4YacTu Ko-
NOHHbI N03.402 noaaepXxmBaeTcs C NOMOLLBbIO PErynMpyroLero KrnanaHa, yCTaHOBIEHHOMO Ha
TpybonpoBoae n3 xonogunbHuka Ha paccrnaveatenn. O6beMHbIN pacxod oTBOAMMON Kybo-
BOW XNOKOCTU KOHTpONupyeTcs no potameTpy. TexHuveckass cmecb (TCA) ¢ cogepxaHnem
aMVHOB U BOAbI M3 XONOAUNbHMKA HENPEPbLIBHO OTBOAMTCH B OOUH M3 COOPHUKOB Ha PEKTU-
dunKaumo BbICLLUMX aMUHOB.

B abcopbep no3. 410 noctynaloT aMMMayHO-BOLOPOAHbLIE CAYBKM U3 y3na CuUHTE3a
BbICLLUMX aMWUHOB, CUCTEMbI peKkTUdUKauMm ammumaka, yana otayBks Bogopoda. [asneHve B
abcopbepe no3. 410 6Gnm3ko K aTMocdepHoMmy, HO He 6Gonee 70 «klla

(0,7 krc/ecm?), TemnepaTypa B abcopbepe - He Gonee 45°C. BepxHsis yacTb abcopbepa opo-
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LIaeTcsa KOHAEHCATOM, NOCTynalwLwWmnM 13 KoHgeHcaTHbIX 6akoB. CpegHsasa Yacte abcopbepa
opoLlaeTCa UMPKYNSUMOHHBIM PpacTBOpoM (ammuadHon Bogon). O6beMHbIV pacxoq nogasa-
€MOro napoBOro KoHAeHcaTa Ha opouweHne abcopbepa nos. 410 perynupyetcst KnanaHom.
N3 abcopbepa nos. 410 UMPKYNSAUMOHHBIA pacTBOp (amMmavHasi Boga), C MaccoBoW Aonen
ammumaka 15 — 25% nogaértca Ha Bcac Hacoca.

OxnaxgeHue LMpKynsiuMOHHOro pacteBopa Ao TemnepaTypbl 35 °C npomsBoguTtcs B
KOXXyXxOoTpyb4yaToM XonoausnbHUKE, KOTOpbIM oxnaxaaetcsa obopoTHOM BOOOW C Temnepary-
pon He 6onee 28 °C.

Linpkynaumna pactBopa ocyLlecTBnseTcs ¢ NOMOLWb Hacoca. [na npegoTepalleHms
nonagaHnsi OCKOSKOB Koney, Pawwwura n gpyrux npumecen Ha BcaCc HacoOCOB, Ha Bbixode U3
abcopbepa nos. 410 yctaHoBneH oynctutens. O6beMHbIN pacxod pacTBopa, NocTynawLero
Ha opoLlleHne abcopbepa noa. 410 KOHTpONMpPyeTCs NO poTaMeTpy. YPOBEHb B KyOOBOM Ya-
ctn abcopbepa nos. 410, perynupyeTca knanaHom 3a cdeT oTbopa 4YacTu pacTBopa yepes
XONOANNbHUK B COOpHUK. V3 COOPHUK BOAHBIM pacTBOP aMMuaka ¢ 06beMHON KOHUEHTpaum-
en ammmnaka ot 15% po 25% uepes ounmcTuTenn naTpPOHHblE OO3UPOBOYHLIM HACOCOM
HenpepbIBHO NOOAETCA B PEKTUGMKALMOHHYIO KONOHHY no3. 402. OuunweHHble B abcopbepe
nos. 410 rasbl (BOAOPOA C NPUMECAMM aMMMUaka) HanNpaBliIETCA Ha CXUraHue B nevb (Mnn
BblbpacbiBatoTCA B aTmocepy).

Ha ycrtaHoBke nogorpeBa BbICOKOTEMMNEPATYPHOrO OPraHMYeckoro TenslIoHoCUTENs
ANA NPOM3BOACTBA BbICLUMX annaTMyecknx aMmHOB YyCTaHOBIEH KOTeN no3. | Ans BbipaboT-
Kn napoB gudeHnnbHoOM cmecn ¢ TemnepaTtypon He 6onee 370 °C n gaBneHnem He 6onee
0,61 MMa (6,1 krc/cm?). OndeHunnbHaa cmeck (oanee-AdC), npeacTaenswoLLlas 3BTeKTUYE-
CKYl0 CMeCb C MaccoBbiMUK gonsamun guderHunna 26,5% wn gudperHnnokemaa 73,5%, npuroTtas-
nnBaetcsa B 3arnybneHHon emkocTtu. NepemelwmBarHne gudeHunoHon cmecu (OPC) B emko-
CTM OCYLLECTBISIETCA LecTepeH4YaTblM HAaCOCOM, YCTaHOBIIEHHbIM B NpusiMke eMKocTu. [lo-
crne nepemeluMBaHusa U HarpeBa OMAEHUNbHOM CMecn OO TemnepaTtypbl He meHee 70°C,
3TUM >X€ HaACOCOM MpPOU3BOAUTCS 3anofiIHEHWE pacXOAHbIX eMKocTen. Ha nuHum nogaum
ANPEHNNBHON CMEeCK B pacxofHble eMKOCTU YCTaHOBMNEH PUNbTP, AN OYUCTKN OT B3BELUEH-
HbIX MPUMECcen U CMONUCTbIX BELWEeCTB, coaepXxalmxcs B audeHunsHon cmecn. B pacxoa-
HbIX EMKOCTAX noagepxmsaetca Temnepatypa 70 — 100 °C, nogadyen napa gaBreHNEM He
6onee 0,2 MlMa (2krc/cm?) B pyballukm pacxodHbix emkocTeit. MNepen nogaven AdC B Gapa-
6aH koTna, Temnepatypy B emkoctsax nogHumarT o 100°C. U3 pacxogHbix emkocten JOC
HacocoM rnepekaymBaeTcs B KOTéN noa. |. Kotén nos. | 3anonHaeTcs gudeHnnsHON CMeChio
0O cpefHen nuvHMM rnoka GapabaHa kotna. KoHTponb YpOBHA OCYLLECTBASETCHA MO

YPOBHEMepPHbLIM CTEéKnam. MNepen po3kMroMm Tornka KoTra BeHTUNupyeTcs He meHee 15 mu-
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HyT. KonnekTop npupogHoro rasa npogyBaeTcs Ha cBedy B TedyeHun 30 MUHYT, NOTOM Yyepe3s
3ananbHuK oTbupaetca npoba Ha aHanu3 (06bEMHast gonsa kucnopoga He 6onee 1%).
MoabéM TemnepaTypbl B KOTNE NMPOM3BOAMTCS CO CKOpocTbto He 6onee 50 °C B 4ac. Cko-
poCTb MoBbIWeHUs TemnepaTypbl JPC B KOTNe perynupyeTcs KoNuM4ecTBOM rasa, nogasae-
MOro K gopcyHkam. Mo goctmxkeHun Temnepatypbl JPC (260+10) °C Heob6xo0aNMO 3aKpbIThb
BO3AYyWHMK Ha naponposoge kotna. [lpu paeneHum B GapabaHe koTna, paBHOM
0,10 — 0,15 MMa (1,0 — 1,5 krc/cm?) npucTynuTb K Nporpesy TpyGonposogos APC pekTu-
doukauum ammHoB. KoHaeHcaT andeHnnbLHOM CMecu BO3BpaLLaeTcsl B KOTEST CAaMOTEKOM.

TexHu4eckass CMecCb BbICLLUMX aMWHOB M3 XONOAWUSIbHMKA HeNpepbiBHO OTBOAUTCA B
oavH n3 cbopHukoB. KyboBasi XnaKocTb M3 pekTUdUKALMOHHON KOMOHHLI No3. 402, yepes
XONOAWNBHUK MOCTyNaeT B paccravBaTtenu, rge npoucxoauT pasfgerfieHMe cMecu Ha [Ba
CNosi: BEPXHWI - BbICLUME aMUHbI C NPUMeEChIo Boabl. PaccnansaHne npoucxoguT npu temne-
paTtype 60 — 105°C. HmxHune cnou ns paccnaveaTtenen HenpepbiBHO CTekaloT no obuiemy
TpybonpoBoay B COOPHUK, OTKyda camMOTEKOM MOCTynatT B 3arnybrieHHyto eMKocTb. Bepx-
HWe crnown (opraHMyeckue) u3 paccnavsaTternien Yepes CMOTPOBble (POHaAPU HENPEPBLIBHO CTe-
KaloT B OOUH M3 COOpHUK. TexHunyeckad cMeCb aMMHOB U3 COOPHMKA MAYyHXEPHbIM LO3MPO-
BOYHbIM HacocoMm ¢ 06bEMHbIM pacxogom 0,35 — 1,5 M%/4 yepes nogorpesaTenb Henpe-
PbIBHO NOJaeTCH B PEKTUMKALMOHHYIO KOMOHHY no3. 206a.

B nopgorpeBaTene TexHMyeckass CMeCb aMUHOB HarpeBaeTCs napamu BbICOKOOPraHu-
yeckoro TennoHocutens (ganee - BOT) go temnepatypbl 160 — 260 °C, npu octaToO4YHOM
AasneHum 665 Ma (5 mm pT.CcT.). TexHMyeckass cMecb NOOAETCA B KONOHHY pekTudunkaumm
amnHoB no3. 206a Ha pacnpegenuTenbHble Tapernky, YCTaHoBMEHHbIE Mexay 1 1 2 n mexagy
3 n 4 yapramu. YposeHb 300 — 950mMm B Ky6OBOW YacTu KONMoOHHbI No3. 206a nogaepxusa-
€TCS NOCTOSAHHBIM 3a CYeT 0TBOAA OO6BbEMHOM YacTu KybOBbIX aMWMHOB C NOMOLLBIO KranaHa,
yepes TennoobmeHHuK B cbopHumk. OborpeB KonoHHbI No3. 206a npondsogutca napamu BOT.
NcnapeHune kyboBOWM XnOKOCTU NPOU3BOAUTCS B MNMIEHOYHOM TpybyaTom ucnaputene, o6o-
rpeBaemom napamu BOT. Peumpkynaums ky6oBow XXMOKOCTM Ha KOMOHHe no3. 206a npouns-
BOAUTCSA C MOMOLLbIO Hacoca. OTxogsawme ns pekTurKaLmMOHHON KOMOHHbI N03.206a napbl
BbICLLUMX aMWHOB KOHOEHCUPYIOTCH B BepTMKanbHOM TpybyaTOoM KOHAeHcaTope, oxnaxgae-
MbIM MapoBbIM KOHAeHcaToM. KoHaeHcaumnsa napoB BoAbl, OTXOOSAWMNX U3 MEXTPYOHOro npo-
CTpaHCTBa KOHAeHcaTopa OCYLLEeCTBMSeTCH B KoHAeHcaTope. OxnaxaeHve KoHaeHcatopa
npounsBoanTca 060pOTHON BOAOW C TemnepaTtypon He Bbiwe 28°C. Mapbl BoAbl, CKOHOEHCU-
poOBaBLUMECS B KOHAEHCATOpPE, CaMOTEKOM CTeKkatoT 0OpaTHO B MeXTpyOHOe MpOCTPaHCTBO
KoHaeHcaTopa. CKOHOEeHCUpoBaBLUMECSH B KOHAEHCATOpPe Napbl BbICLLUMX aMUHOB OeNnATCS Ha

ABa MoTOKa: oAuH - dnerma, BTopon - guctunnart. dnerma camoTekom 4Yepe3 CMOTPOBOW
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dooHapb HanpasfieTCAa Ha BEPXHIOK TapernkKy KOSIoHHbI Nno3. 206a, a guctmnnart Yyepes Xoso-
ANNbHWK NOCTYNaeT B OAUH U3 COOPHMKOB.

Aunctunnat B xonoaunsHUke oxnaxagaetca go temnepatypsl 70 — 80 °C ropsiuen Bo-
aon ¢ tTemnepatypon 60 — 70°C.

YpoBeHb B KyGOBOW 4aCTu KONOHHbI PErynmpyeTcs KnanaHoM, yCTaHOBIEHHbIM Ha Nu-
HUM oTbopa KybOoBOM XMAKOCTU U3 KONMOHHbI. KyGoBas XunakocTb, cogepxalias B CBOEM CO-
cTaBe nepBuYHblEe, BTOPUYHbIE aMUHbI, YINEBOAOPOAbl HACOCOM Yepes3 XONOAWSbHUK noaa-
eTcsa B OOUH U3 AByX COOpHMKOB. B xonoamnbHuke kyGoBasi XMAKOCTb OXNaKgaeTcsa 4O TeM-
nepatypbl 65—90 °C. OxnaxgeHue npon3BoauUTCA BOAOW C HavanbHOW Temnepatypon 60—
80 °C. Bakyym B cucteme pektudukaumm co3gaeTcs NapoOIKEKTOPHbIM YeTbipexcTyneH4ya-
TbIM BaKyyM-HaCOCOM, CHab>XXeHHbIM MOBEPXHOCTHLIMM KOHAEHcaTopamu. [JaBneHne napa Ha
BXOA€E B BaKyyM-HacoC perynmpyeTcsi BpyYHyl. HWwKHWIA gonycTumbli npenen ngaereHus
0,98 MMa (9,8 krc/cm?), BepxHuin — He 6onee 2,5 MIMa (25 krc/cm?).

MprHUMNManbHasa cxemMa NPOU3BOACTBA BbICLIMX anndaTnyecknx aMMHOB NpuBeaeHa
Ha puUCyHKe 6.2.1.

[loCcTurHyTble nokasateny NnoTpebneHns Cbipbs U SHEPropecypcoB Npu NPOM3BOACTBE

nepBUYHbIX aMMHOB NpuBeaeHbl B Tabnuue 6.2.1.

Tabnuua 6.2.1 — [locTMrHyTble nokasaTtenu NoTpebneHns Cbipbs 1 3HEPropecypcoB nNpwm

npon3soacTee nepBmMyHbIX aMNUHOB

NokasaTenb 3HayeHune

HOprI pacxoaa CbipbAa U BCOMOraTesibHbIX MaTtepunanoB

XKvpHasa kucnora, T/1 1,23
AsoToBoAOpoAHan pakums, Tbic.M3/T 0,65
AMMMak, T/T 0,25

HopMbl pacxofa aHepreTu4eckmx pecypcoB

OnekTpoaHeprus, KBT*u/T 1200
Boga o6opoTHasa TM3/T 2,08
Map, MNkan/T 24
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PucyHok 6.2.1 — lNMpuHuunuanbHasa cxema NpoM3BoACTBa BbICLLIMX anudaTMyeckux aMmHoB

6.2.1 TeKkywne ypoBHM 3IMUCCUN B OKPYKaloLLyO cpeay

OMMCCUM B OKpYXKatoLLyto cpeay npueeaeHbl B Tabnuue 6.2.2.
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Tabnuua 6.2.2 — Tekywme ypoBHM SMUCCUIA NPWY NPON3BOACTBE NEPBUYHbBIX aMUHOB

MNokasaTtenb 3HayeHne

3arpsasHsaoLme BellecTBa B Bblibpocax, r/T

NOXx 2262
Amunak 156
CO 1124
3arpsasHsaoLme Bellectsa B copocax, r/T
AMMOHUI-NOH 82,23
HedTenpoaykrbl 5,57

Pasgen 7. OnpeneneHne Haunyywux AOCTYNHbIX TeXHONOIUN

OnpegeneHne TexHu4eckux crnocoboB, meTtoaoB, obopyaoBaHus B kadectse HAT
nposegeHo ¢ ydetom MeTogmyeckmx pekoMeHaaumm no onpeaenieHnto TEXHOMNOMMN B Kaye-
CTBE Haumny4wen OOCTYNHOW TexHomormm (yreepxaeHol npukasoM MuHucTepcTBa NPOMbILL-
neHHocTtu n Toproenun Poccuiickon ®eagepauun ot 31 mapta 2015 r. Ne 665).

OcCHOBHblE TexHOMNormdyeckume npoueccbl M obopygoBaHME oOMMCaHbl B pasgenax
2—1.

Mpn onpegeneHun obopyaoBaHus, TeXHUYECKNX cnocobos, MeTogoB B kadectse HOT
paccmaTpuBan nx COOTBETCTBME CreayoLMM KPUTEPUSIM:

- CHWXKEHMEe YpOBHA HEraTMBHONO BO3OEWCTBUA Ha  OKpYyXawwyw  cpeny
(onpepeneHHbIi NO 3HAYEHUAM TaKMX (PaKTOpPOB, Kak BbIOPOCHI, COPOCHI 3arps3HAOLLMX
BELLECTB, B pacyeTe Ha eanHuLYy NpOn3BOAMMON NPOAYKLNN);

- MPUMEHEHNE pecypco- U aHeprocbeperawwmx METOAOB U AOCTUXKEHME BbICOKNX
nokasarenem pecypcoaddEeKTUBHOCTH (npexpge BCEro 3HeproadPeKTMBHOCTN)
NPOu3BOACTBA, OMNPEedeneHHbIX MO MNOTPeONEeHU 3JHEeprMM B pacyeTe Ha eauHuuy
Nnpoun3BeAeHHON NPOaYKLUMK;

- MPOMbILLNEHHOE BHeApeHne obopyaoBaHUs, TEXHUYECKUX cnocoboB, MeToaoB Ha
ABYX 1 bonee npegnpuaTusx;

- nepuoa BHeApeHWsa (BO3MOXHOCTb NOCMeAoBaTeNbHOro yryylleHUs nokasartenem
pecypcoad®EKTUBHOCTM N IKOSOMMYECKOW  pPe3ynbTaTMBHOCTM  MNyTeM  BHeOpPeHus
TEXHUYECKMX YCOBEPLUEHCTBOBAHUM W Mpouedyp B paMKax CUCTEM SHEPreTUYecKoro u

3KOMOrM4YecKoro MeHeXXMeHTa).
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Takxe paccmaTpmBanmCb CUCTEMbI KOMNOMMYEeCKOro MeHeXKMeHTa, B paMmKax KOTOpbIX
OCYLLIECTBNSAETCA NnaHupoBaHue, paspaboTka nporpamMM MOBbILLEHWUST 3KONMOMMYECKOn pe-
3yNbTaTUBHOCTM (a Takke pecypcoaeKTMBHOCTN) N NX peanusauus.

MpuBeneHHble B pasgene 8 onucanna HOT Bkno4valoT MeToabl, TEXHUYECKME Ccnocobbl
n obopyanoBaHue, CnocoBCTBYIOLLME CHUKEHUIO HEFATUBHOIO BO3AENCTBUSA HA OKPYXatoLLyHO

cpeay v nNoBbILLEHNIO peCypcCo- U eHeproc6epe>KeHV|+o.
Paspen 8. Haunyql.uue AOCTYrNHblI€e TEXHOJTIOTUMn

HacToawmn pasgen cooepXxuTt nepedenb KpaTtkux onucadnn HOT, npumeHsiembix npm
NPOWN3BOACTBE OCHOBHbIX OPraHNYEeCKNX XMMUYECKUX BELLLECTB Ha PasfnnyHbIX 3Tanax TeXHO-
Norn4yeckoro npoLecca.

HOT B pamkax pasgena crpynnupoBaHbl B nogpasgeribl B COOTBETCTBUMN C LENsMU UX
npumMeHeHuns, Hanpumep odbwme HAT, HOT ons npomsBoacTBa HU3WNX OnedMHOB, 3TaAHO-
NaMUHOB, OKUCU 3TUSEHA N STUNEHINUKONEN 1 ap.

Mpn BbIGOpe HOT Heobxoaumo obpallaTe BHAMaHME Ha ykasaHwe B onucaHun HOT
Ha KOHKpeTHoe MPOM3BOACTBO (YCTAHOBKY), AN KOTOPOro AOSMKHA MPUMEHSITbCS COOTBET-
cTBylowwan texHonormnda. Takke ona kaxagon HAOT, roe Heobxoanmo, ykasaHbl OrpaHUYeHUs

NPUMEHMMOCTU BKITIOYEHHbIX B onncanne HAT meTtonos.
8.1 O6wume HOT

8.1.1 Cucrtembl 3KONOrMYeckoro MeHemaxXMeHTa

HOT 1. lMoBblWEHNE 3KOMOrMYECKON pPe3ynbTaTUBHOCTU (3PEEKTUBHOCTM) MNyTEM
BHEOPEHMS U noaaepXaHnsa CUCTEMbI 3Konormdeckoro meHemxkmeHta (C3M), cooTBeTCTBY-
towen TpedosaHuam FOCT P NCO 140011 unu ISO 140011, unu npMMeHeHne NHCTPYMEHTOB
COM.

8.1.2 BbiGpochl B BO3ayXx

HAOT 2. OrpaHu4eHne BbIBPOCOB NPOAYKTOB CropaHus B aTMOCKEPHbIN BO3AYyX NyTEM
onTUMM3aLumMmM npoLecca CXUraHnsa Tonnnea n CAyBOK.
HOT 3. C6op u ucnonb3oBaHWe MNOBOYHLIX ra3006pasHbIX MNPOAYKTOB, COYBOK, He

HaxogAawunx npuMmeHeHne B Ka4eCTBe CbipbeBbIX KOMMOHEHTOB B Ka4eCTBe TOMJinBa.

1 CooTBeTcTBME CUCTEM MeHeP)KMEeHTa YyKa3aHHbIM CTaHOapTaM He O3Ha4daeT ee 06;|3aTeany+o

cepTucmkaumio.
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HOT 4. MNoBbilweHne 3HEKTUBHOCTM UCMONBb30BaHMS NOBOYHbBIX NPOAYKTOB npoLec-
COB 1 MPOUN3BOACTB.

HAOT 5. NpumeHeHne anekTpounbTPoB € 3PEPEKTUBHOCTBIO OYUCTKU OT MbISIU HE Me-
Hee 80 %.

HAOT 6. NpumeHeHne ckpybbGepoB MOKPON OYUCTKM.

HAT 7. MpumeHeHne ckpybbepoB MacnsiHOM OYUCTKN.

HAOT 8. MNprmeHeHVe UMKITOHOB (B cryvae ABYXCTYNeHYaTOn OYMUCTKM ra3oB OT Mbifin).

HAOT 9. MNpenoTBpalleHne Unm CHMKEHNE HEOPraHNM3OBaHHbLIX BbIOPOCOB 3arps3Hsto-
LMX BeLLeCcTB B BO3AyX nyTem cobnogeHns TpeboBaHnn TEXHONOMMYECKNX perriaMeHToB U
PEeXUMOB, a Takke Haanexallero TexHM4eckoro obcnyxmsaHns obopyaoBaHus.

HOT 10. MOHUTOPWHI BLIBPOCOB MapKepHbIX 3arpsi3HAOLLMX BELLECTB B BO3yX B CO-

OTBETCTBUM C YCTAHOBIIEHHbIMU TPEOOBaAHNSAMN.
8.1.3 OnTumMnsauma BogonoTpedreHMa 1 BOAOOTBEAEHUA

HOT 11. OnTMmm3auus npoueccoB BoaonoTpebneHnsa u opraHmsauusi BogoobopoT-
HbIX CUCTEM.

HOT 12. CobntogeHne TpeboBaHM, YCTAHOBNEHHbIX A5 cOpoca CTOYHbIX BOA B LIEH-
Tpanu3oBaHHbIE CUCTEMbI BOAOOTBEAEHMS (4NA OpraHn3aumin, nepegarwmx CTOYHbIe BOAbI
Ha OYUCTKY C MCMNOSIb30BAHUEM LIEHTPASIM30BaHHbLIX CUCTEM BOAOOTBEAEHMUSI NOCENEHUN, ro-
POOCKNX OKPYroB).

HAOT 13. ObecneyeHne Hagnexawem OYUCTKM CTOYHbIX BOA HA COOCTBEHHbIX OYMUCT-
HbIX COOPYXXEHUSAX.

HOT 14. C6poc CTOYHbIX BOL B 3aBOACKYI KaHaNM3aUMOHHYKO CeTb C nocreaytowemn

OYUCTKOM Ha COBCTBEHHbIX LLEHTPanbHbIX OYUCTHBIX COOPYXKEHWMN.
8.1.4 OTxoabl

HAOT 15. OnTMmunsauunsa cuctembl obpalleHnsa ¢ oTxogamm B COOTBETCTBUMN C YCTaAHOB-

NeHHbIMK TpeboBaHNAMM
8.1.5 NoTpebneHune cbipba

HAOT 16. YBennyeHne BpemeHn paboTbl KaTannsaTtopoB, obecneyeHne BbICOKON CTe-
NeHN KOHBEPCUU CbIpbsi: NPUMEHEHME O4HOIO U3 UM KOMOMHaLMK creayrLwmnx MeToa0B:

— obocHoBaHue Bbibopa oNTUManbLHOro Katanm3aTopa;

— npeaoTBpalleHne Ae3akTuBauun katannsartopa;

— KOHTpOnb Nnokasarernei paboTkl KaTanusaTopa.
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8.1.6 JHeproachdhekTUBHOCTL

HOT 17. YyeT MeTOOOB MOBbIWEHUS 3HEProddgeKkTMBHOCTY,

NTC 48.

U3JNOXEHHbIX B

HOT 18. CHuxeHne noTpebneHns aHepropecypcoB (Tenna unm napa) nytemM MCnosib-

30BaHUA Tenna oTxoadLmnx ra3os.

8.2 TexHonorn4yeckue nokasarenu HOT

8.2.1 TexHonornyeckune nokasarenm HOT ana npousBoacTBa HU3LWIKNX ornePUHOB

8.2.1.1 TexHonoru4yeckue nokasatenu HAT ana npousBoacTBa nponuneHa

TexHonornyeckne nokaszatenun HAOT

Tabnuue 8.1.

ana npomn3BoacTBa nponuneHa npuBeaeHbl B

Tabnuua 8.1 — TexHonornyeckme nokasatenn HOT ona npomssoacTea nponuneHa

TexHonorusa

[erngpupoBaHue nponaHa:; TexHonorus «One-
donekc»

MoTpebneHune cbl

Pbsi 1 BHEPropecypcoB

lMponaHoBaga pakuuns (96% nponaH),
Kr/T

1210-1330

OneKTpoaHeprus, KBT*u/T

135-150

MpupoaHbin ras, Kr/uac

10900-12000

3arpssHsiowme BellecTsa B Bolbpocax, Kr/T

NOx

He bonee 8,5

CO

He bonee 1,5

Cymma yrnesogoponos (6es metaHa)

3arpsasHsaoLme BellecTsa B cbpocax, Kr/T

HedTenpoaykrbl

He 6onee 0,03

XMK

He bonee 0,7

8.2.1.2 TexHonorun4yeckune nokasatenu HAOT ana nponsBoacTBa 3TUNEHa

TexHonornyeckune nokasartenu HAOT gna npon3BoacTtBa 3TUIEeHa rnpueeneHbl B Tabnu-

Le 8.2.
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8.2.1.3 TexHonorn4yeckue nokasartenu HAT ana nponsBoacTBa n3obyTuneHa
TexHonornyeckne nokasatenu HAT ana npomsBoacTBa m3obyTuneHa npvBeneHbl B

Tabnuuax 8.3 n 8.4.

8.2.1.4 TexHonorn4yeckue nokasartenu HAT ana nponsBoactea 1,3-6yTaaneHa
TexHonornveckue nokasatenn HOT ana npoussoacTtea 1,3-0ytagmMeHa npuBeneHbl B

Tabnuue 8.5.

8.2.1.5 TexHonoru4yeckue nokasartenu HAT ansa nponsBoacTBa U3onpeHa
TexHonorndeckue nokasatenn HOT ana npou3BoncTBa u3onpeHa npuBeaeHbl B Tab-

nvue 8.6.
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Tabnuua 8.2 — TexHonornyeckmne nokasatenu HOT ons npomssoacTea aTuneHa

TexHonorus

[NokasaTenu

Muponua CYI n ataHo-

BOW dopakumm

Mvuponun3 yrneBogopoaHoro Chbi-
pbs (6eH3MHOBbIE (hpaKLmm,

Mnponua yrneBoaopoaHoro
cbipbsl (6eH3MHOBbLIE hpak-

lMNuponuns yrnesogo-

*kkk

POLHOrO Cbipbsi

WDITY n CYIN) umm, LLDJTY)**
MoTpebneHune cbipbs N 3HEpropecypcoB®
Cblpbe, kr/T, He bonee 1950-2150 1950-2150 2260 2725,5
OneKTpoaHeprmsa, KBT*u/T 1280-1400 70-77 40 37.06-44.57
(Mkan/T) (1,1-1,2) (0,06-0,07)
TennoaHeprus, Nkan/T — 3,8-4,2 0,616*** —
Map, Nkan/T 1,8-2,0 — - —
*k% -
TonnuBHbLIN ras, Kr.y.T./T 1100-1200 680-750 22 47,5-56.9

3arpsasHsaoLLmMe BellecTsa B Bbibpocax,

Kr/T

NOx

He Oonee 1,6

He bGonee 4,0

He bonee 4,1

He bonee 0,38

CcO

He bonee 0,5

He Oonee 5,3

He bonee 5,0

He bonee 0,27

Cymma yrnesogoponos
(6e3 meTaHa)

He Oonee 1,7

He bornee 8

He bonee 11

3arpasHsoLme BellecTsa B cbpocax, Kr/T
HedtenpoaykThl He Bonee 8,0 He 6onee 0,4 He bonee 0,5
XK He Bonee 15 He 6onee 10 He 6onee 10 He bonee 28
pH 8,4-11,7 9-11 6,5-10,5

* YaenbHble AaHHbIE npmuBegeHbl Ha COBMeCTHOe NMpon3BoaCTBO 3TUMEHa U nponurieHa

** YpenbHble JaHHble NoKasaHbl HA COBMECTHOE npon3BoACTBO 3TUINEHaA U nNponuneHa un npun COOTHOLWEHUN CTPYKTYpPbI CblpbA NNpPONnn3a ra-

3oBoe/xuakoe 20/80.

*** YpenbHble JaHHble MO I'IOTpGGJ'IeHMIO JHEepropecypcoB noka3aHbl TOJIbKO MO 3Hepropecypcam, nocrasndemMbliM CO CTOPOHbI, cobcTBeH-

Hble 3HEepPropecypcbl B pacyétax yaerbHbIX NokasaTernen He yYTeHbl.

**** YpenbHble faHHble NoKa3aHbl Ha COBMECTHOE MPOM3BOACTBO 3TUIEHA M MPOMUIIEHA M MPY COOTHOLLEHUW CTPYKTYPbI Cbipbsi MMPOnM3a

razosoe/xungkoe 40/60. YaenbHble AaHHbIE MOTYT MEHSITLCA MPU APYrOM COOTHOLLEHMM CbIPbS NMMPONU3a.
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Tabnuua 8.3 — TexHonorn4yeckme nokasatenu HOT ons nponssogctea n3obyTuieHa

TexHonorus

«ApcuHTesy, [lernapmnpoBaHue n3oby-

TaHa (B pacyete Ha 100% WB)

N3omepusauma HopmarnbHbIX

GyTuneHoB B n306yTuneH (B pacyeTte Ha n3obyTuneH-

coaepxaLlyto dpakLuio)

MoTpebneHne cbipbsi 1 SHEPrOPECYPCOB

N3o06yTaHoBas dpakums, Kr/T

1220-1310

HEe NMPUMEHNMO

ByTuneHoBasa pakuuns, Kr/t

HEe NPUMEHNMO

He 6onee 1070

OneKkTpoaHeprus, KBT*u/T

135-530

He bonee 205

TennoaHeprus, kan/t

0,04-1,3

He bonee 1,3

3arpssHsoLwmne BellecTsa B Bolbpocax, /T
NOx He bonee 650 He 6onee 300
CcO He bonee 925 He bonee 250

Cymma yrnesogoponos (6e3 meTtaHa)

He bonee 1504

He bonee 500

3arpssHsoLwme Bellectsa B copocax, Kr/T

Hedtenpoaykthl He bonee 0,12 He bonee 0,1
XMK He bonee 7 He Oonee 2,5
pH 6,8-9,0 eq.pH 6,5-9,0 eqa.pH
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Tabnuua 8.4 — TexHonornyeckme nokasatenu HOT npyn KOHUEHTPMPOBAHUKN U30BYTUIEHA

TexHonorus

I'Ionyqume KOHUEHTPMUPOBAHHOIO

n3obytunexa yepes TMK ns M1

MonyyeHne KOHLEHTPUPOBAHHOIO U30-
6ytunexa 4yepe3 TMK n3 a-bM® (B

pacyeTte Ha 100 % wn306yTUNEH)

MonyyeHune a-6yTunex-
n300yTnNeHoBon hpakunm meTo-
OOM 3KCTPaKTUBHOM pekTudunkaumm

C aueToHUTpuIIomM

MoTpebGneHne Cbipbsi U SHEPTrOPECYPCOB

NN (B nepecueTe Ha 100 %

n3obyTuneH), Kr/t

1100-1170

He NMPUMEHNMO

HEe NMPUMEHNMO

o-BND, kr/T

HEe NMPUMEHUNMO

He bonee 1022

HEe NPUMEHUMO

Ca dppakuymm (6P, BUOD,
NND)

HEe NPUMEHNMO

HEe NPUMEHUMO

He bornee 1018

OneKkTpoaHeprus, kKBT*u/T

150-205

He bonee 93,0

He bonee 36

TennoaHeprus, kan/t

1,9-3,1

He Oonee 2,77

He 6onee 1,01

3arpssHsoLwue Be

LecTBa B Bblbpocax, r/T

NOx

HEe NPpUMMEHNMO

He bonee 0,197

HEe NMPUMEHNMO

CcO

HE NPpUMEeHNMO

He 6onee 0,169

HEe NPUMEHUMO

Cymma yrnesogoponos (6e3

He 6onee 2600

He bonee 1260

He bornee 1250

MeTaHa)

3arpsasHsaoLwme BellecTsa B copocax, r/T
Hedtenpoaykthl He 6onee 130 He bonee 3,0 He 6onee 10
XMK He 6onee 14000 He bonee 314 He 6onee 150
pH 7,3-9,3 eq.pH 6,5-9,0 eq. pH 6,5-9,0 eq. pH
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Tabnuua 8.5 — TexHonornyeckme nokasatenu HOT npu nponssoactee 1,3-0ytaguena

3KCTpaKTI/IBHaFI PeKk-

Tucunkauust 6ytagu-

3KCTpaKTI/IBHaFI pek-

Tudukauma bytagu-

MpounsBoacTeo Gy-

TagueHa ogHocTa-

Mpouecc coBmecT-

HOro gerngpupoBa-

Mpouecc BblgeneHnsa n

O4YNCTKN OAMBUHUNA Me-

TexHonoruda eHa u3 dpakumm C4 | eHa 13 dopakumm Ca AVrAHbIM gerngpu- Hua ByTaH- TOAOM SKCTPaKTUBHON
nuponusa c aueto- | nuponusa c AM®PA | poBaHuem H-GyTaHa | u3obyTaHa B OyTa- | pekTudukauum c aue-
HUTPUIIOM noz BakyymMoMm AVEH 1 n306yTUneH TOHUTPUIOM
Hopmbl pacxoga cbipbs MaTepuanos, Kr/T
®pakuna Ca — 2,22 -2,60 — — —
®p. H-ByTaHa — — 1600-1750 1800 —
ALeTOHUTPUN — — 1,3-1,5 — 3,8
byTuneH-6bytagneHoBas
cpi)aku,m;l Y — — — — 3200
[AveuHUn-celpel, 1070-1150 — — — —
HopMmbl pacxoga aHepreTuyecknx pecypcos
OneKTpoaHeprms, KBT*u/T 20-21 82,5 150-165 440 99
TennoaHeprus, kan/t 1,3-1,45 1,43 4 5-5 — 2,6
Map, MNkan/T — — 19 —
Xonogp, MNkan/t — — 0,017 —
TonnuBo, Kr.y.T./T 42-45 — 1,6-1,75 1,0 —
lopsivas Boaa, 'kan/T — — — — —
Boaa oGopoTHas, Tbic.M3/T — 0,183 — 0,924 0,165

3arpsisHsaoLlme BelecTBa B Bblbpocax, r/T

NOx

He npumeHumo

He npumeHnmo

He 6onee 1900

He bonee 1233

He npumeHnmo
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CO

He npumeHumo

He npumeHnmo

He bonee 6850

He bonee 2456

He npumeHnmo

Cymma yrneeogopogos (6e3

He bonee 2400

He bonee 2000

He b6onee 4100

He bonee 5605

He 6onee 3500

MeTaHa)
3arpsasHsaowme BelwecTsa B copocax, r/T
XK He 6onee 13850 He 6onee 4500 He 6onee 3500 He 6onee 500 He 6onee 250
HedTenpoaykrhbl He Bonee 120 — He Bonee 120 — —
pH 6,5-9,0 eqa.pH 6,5-9,0 eq.pH 6,5-9,0 eq. pH 6,5-9,0 eq.pH 6,5-9,0 eq.pH

Tabnuua 8.6 — TexHonorn4yeckme nokasatenu HOT npyn nponsBoacTBe n3onpeHa

[ByxcTagunHoe gerngpupo-

BaHME N30NneHTaHa (BKJ'I}O‘-IaFI

[1ByXCTaauNHbLIA CUHTES

«OpgHoCcTaaANNHbINY

CVHTE3 13 n306yTmneHa

MN3omepusauma Hop-

MalibHOro neHTtaHa B

TexHonorns 13 n3obyTtuneHa n gop-
nepepaboTky pakumm Cs waneReraa sepes M v chopmanbaernaa Yepes | U3oneHTaH (B pacyerte

nnMponuaa) amMna Ha N30neHTaH)

Hopwmbl pacxoaa Cbipbsi UM 3HEPropecypcoB
Coblpbe, Kr/T He 6onee 1840

(100% wm3oneHTaH) B N o

dopmanbaerng, Kr/T — 1100-1200 840-850 —
N306yTrnen, Kr/t — 1000-1050 1170 —
MeHTaH, Kr/T — — — He bonee 1072
OnekTpoaHeprus, KBT*u/T He 6onee 1165 410-450 140-150 He Gonee 98,2
(Tkan/T) (0,353-0,387)
TennoaHeprus, kan/t He bonee 18,95 18-20 7,6-8,0 He 6onee 1,86
TonnueHbIN ras, Kr.y.T./T He 6onee 990 240-260 37-50 He B6onee 46
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3arpsasHsaoLmMe BellecTsa B Bbibpocax, r/T

NOx

He Oonee 6857

He bonee 860

He bonee 95

He bonee 85

CcO

He bonee 4304

He bonee 7800

He Oonee 114

He 6onee 80

Cymma yrnesogopoos

(6e3 meTaHa)

He bonee 2182

He 6onee 3100

He Oonee 2184

He bonee 2870

3arpsasHsaoLwme BellecTsa B cbpocax, Kr/T

XMK

He bonee 10

He bonee 650

He bonee 140

He 6onee 0,01

pH

6,5-9,0 eq. pH

2,9-4,0 eq. pH

2,5-9,0 eq. pH

6,5-9,0 eq. pH
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8.2.2 TexHonornyeckue nokasatenun HOT ana npousBoacTBa apomMaTU4eCcKUX

coeanHeHun

8.2.2.1 TexHonorn4eckue nokasarenm HOT ana nponsBoacTea 6eH3ona
TexHonorndeckue nokasatenn HAT ans npomssoacTea 6eH3ona npuBeaeHsl B Tabnu-
Lue 8.7.

8.2.2.2 TexHonorn4eckue nokasarenm HOT ana nponsBoacTBa aTun6eHsona
TexHonorndeckue nokasarenu HAT ans npomnsBoacTtea 6eH3ona npueeneHsbl B Tabnu-
Le 8.8.

8.2.2.3 TexHonoru4yeckue nokasatenu HAT ana nponsBoAacTBa cTupona
TexHonorndyeckme nokasatenu HOT onga npoussoacTtBa CTUposia U COBMECTHOMO Npo-

M3BOACTBY nponurieHa okcnga n Ctupora npuseneHbl B Tabnuue 8.9.

8.2.2.4 TexHonoru4yeckue nokasatenu HAT ana nponsBoacTBa Kymorna
TexHonornveckue nokasatenn HOT ons npomsBoacTea Kymorna npueBeaeHbl B Tabnu-
ue 8.10.

Tabnuua 8.10 — TexHonoru4eckme nokasatenn HOT ana npomssoacTea kymona

AnknnupoBaHue 6eH3ona NponuIeHoM Ha
TexHonorusa
antoMOXNopuaHOM Katanmsatope

HOprI pacxoda CbipbA U BCoOMoOraTeslibHbIX MaTepuanoB

BeHaon Kr/T 700
nponuneH 100% Kr/T 380
Katanusartop Kr/T 6,0

HopMbl pacxofa aHepreTU4eckmx pecypcoB

OneKTpoaHeprms KBT*u/T 17,2-35
Xonop kan/T 0,067
Map 13 lkan/t 0,1-0,18
nap 21 1,55-2,25
Bopa M3/T 120-232

3arpsasHsaioLLmMe BellecTBa B Bbibpocax, Mr/m3

HCI 530

3arpasHsaoLwme BellecTsa B cbpocax, r/t

OpraHuka, Mex. npumecu OTCYTCTBUE
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XTMK

1300

pH

6-9 en. pH

8.2.2.5 TexHonornyeckme nokasatenu HOT pana npousBoactBa deHona,

aleToHa un c-mMeTuncTupona

TexHonorndyeckme nokasatenu HOT ans npoussoacTBa a-MeTUIICTMPOSA NPUBEAEHDI

B Tabnuue 8.11.

Tabnuua 8.11 — TexHonornyeckne nokasatenu HOT ons npomssoacTea doeHona, aueToHa 1 ao-

MeTuncTmnpona

TexHonorus

MpounssoacTeo oeHona, aueToHa 1 anbhame-

TUncTupona KymMmosribHbIM MeTOA0M

HopMmbl pacxoga cblpbs n

BCnomMoraTtesibHbIX MaTepuarnoB

beHson HedTaHON, Kr/T

He 6ornee 1100

He bornee 651

lMponaH-nponuneHoBasa pakuuns, Kr/t

Hopmbl pacxoga 9

HepreTU4Yecknx pecypcos

OneKkTpoaHeprus, KBT*u/T

He bornee 165

CxaTblit BO3ayx, M3/T

He bonee 2350

Boaa o6opoTHas, M3/t

He bonee 1455

Map, Nkan/t He Oonee 12
3arpsasHsaoLmMe BellecTsa B Bbibpocax, r/T

NOx He 6onee 0,8

CcO He b6onee 0,95

Cymma yrnesogoponos (6e3 metaHa)

He bornee 4585
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Tabnwuua 8.7 — TexHonorndeckme nokasatenu HOT ons nponssogcTea 6eH3ona

'mopogeankunuposaHne an-

M3BneyeHne 6eH3ona Metoaom

M3BnedeHne GeH3ona meTo-
OOM 9KCTPaKTMBHOW peKTudun-

AKCTPAKTUBHOW pekTudmKaumm YcTaHoBKa
TexHonorus KUNOGEH30M0B U BblaeneHue Kauum 6eH3ona kaMmeHHo-
GeH30na KaMeHHOYroSbHOro C "MupoTon"
GeH3ona u3 NMpokoHaeHcaTa YronbHOro 1 NMpPoKoHAeHcaTa
rTMApPUPOBaHNEM
0e3 ruapupoBaHus
HopMmbl pacxofa cblpbs 1 BCoMoraTesibHbIX MaTepuanos, Kr/T
MupokoHaeHcaT 1800-2000 - - -
BeH3on kameHHoyronb-
. - He bonee 2975 - -
HbIN
®pakuna Ce—Cs - - - 1450
BeH3on kamMeHHoyrosb-
. - - 1350-3100 -
HbIN + NMPOKOHAEHCcaT
HopMbl pacxoga aHepreTuyeckux pecypcos
AnNeKkTpoaHeprus,
P P 275-315 He 6onee 52,5 50-82 9,3-10,6
KBT*u/T
TennosHeprus, kan/T 1,9-2,2 He 6onee 2,85 2,7-3.2 —
Tonnwueo, Kkr.y.T./T 370-410 - - 10,6-12,7

3arpsasHsaoLlme BellecTsa B Bbibpocax, r/T

NOXx He 6onee 1160 — HEe NPUMEHNMO He 6onee 560
CO — HE NPUMEHUMO He Bonee
He 6onee 420
4000

Cymma yrneesonopoaos
(6e3 meTaHa)

He bonee 737

He bonee 325

3arpsasHsaoLwme BellecTsa B cbpocax, Kr/T
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HedTenpoaykrhbl He Gonee 2,1 — He Gonee 18 —
XK — He 6onee 26,5 He Gonee 27,5 He 6onee 65
pH — — He 6onee 6—8,5 —
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Tabnuua 8.8 — TexHonornveckme nokasatenu HOT ons npoussoacTea aTunbeHsona

TexHONOMS AnkunmpoBaHue 6eH3ora 3TUNEHOM Ha antoMOXi10- AnknnuposaHue 6eH3ona 3TUNEeHOM Ha LLeonnT-
pnaHOM KaTanumsartope HOM KaTanunsaTtope
HopMmbl pacxoga cbipbsi U BCIOMOraTenbHbIX MatepmanosB
BeHson Kr/T He 6onee 753 740-815
OTUneH Kr/T He Bonee 272 270-300
Hopmbl pacxoga aHepreTu4ecKknx pecypcos
Y KBT*u/T He Gonee 27,8 52-57
(Ckan/T) (0,024) (0,045-0,049)

TennoaHeprus kan/T 0,8-0,85 0,9-1,0
Xonopa kan/T 0,008-0,01 —

Map lkan/t — —
MpupoaHbIn ras M3/T — 70-80

*

3arpsisHsoLwmne BellecTsa B Bolbpocax, /T

NOx — He 6onee 230

CO — He 6onee 105

S;/:a“;a yrnesoAoponos (6es we- He 6onee 302 He Gonee 47
3arpsisHsoLlmne Bellectsa B cbpocax, r/T

Hedtenpoaykthl — He Bonee 1,5

XK He 6onee 40 —

pH 6,5-11,0 ea. pH 7-8 eq. pH
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Tabnuua 8.9 — TexHonorndeckme nokasatenn HOT ona npomnssoacTea cTmpona

TexHonorunsa

HernapupoBaHue atunbeHsona

TexHonornsi CoBMecTHOro NonyyYeHusi NponuneHokecmMaa u ctupona*

HOprI pacxoda CbipbAa U BCMOMOraTesibHbIX MaTepuasnioB

OTnbeHson, Kr/T

1100-1210

He bornee 1173

Hopmbl pacxoga aHepreTn

YeCcKMx pecypcoB

SneKTPOSHEpIYS KBT*u/T 105-140 He Bbonee 287,8
(Tkan/T) (0,09-0,120) (0,238)
TennoaHeprus lkan/t He Bonee 4,2 He Bonee 4,95
Xonopa kan/T He 6onee 0,06 He 6onee 0,52
Map kan/T 4,0-4,4 _
TonnuBHbLIN ra3 T.y.T 0,31-0,35 He 6onee 0,08
3arpsasHsaoLwme BelecTsa B Bbibpocax, r/t*

NOXx He 6onee 880 He 6onee 450
CO He 6onee 400 He 6onee 1750

Cymma yrnesogoponos (6e3
MeTaHa)

He bonee 220

He 6onee 800

3arpsasHsoLLne BELLECTB

a B cbpocax, r/T

Hedtenpoaykrhbl He 6onee 41 He NpUMEHNMO
XK He 6onee 2800 He 6onee 12000
pH 6,5-11 6,5+10,0

* YpenbHble gaHHble npmBeaeHbl Ha COoBMeCTHOE NMpoun3BOACTBO npornurieHa okcnga n ctnpona
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8.2.3 TexHonoru4yeckue nokasatenu HOT ana npousBoacTBa

KucrnopoacoaepXawmx opraHM4ecKux coeauHeHUn

8.2.3.1 TexHonoru4yeckue nokasatenu HAT ana npousBoacTBa opmanbaernaa

TexHonorndyeckme nokasatenn HOAT gna npounssoacTBa hopmanbaernga npuBeneHbl

B Tabnuue 8.12.

Tabnuua 8.12 — TexHonorunyeckune nokasatenu HOT ans npoussoacTea hopmansaernaa

TexHonorus

TexHonoruns nonyyexHns popmanbaervaa Ha cepeb-

PAHBLIX KaTanm3aTtopax

Hopmbl pacxofa cbipba

MeTaHon, «r/T

1210 - 1250

Hopmbl pacxoda aHepreTU4eckmnx pecypcos:

OnekTpoaHeprus, KBT*u/T

112-170

TennoaHeprus, kan/t

18-2,1

Xonoa ammunadHbln, Nkan/t

He 6onee 0,08

3arpsasHsaoLlmne BelecTsa

B Bblbpocax, r/T popmanbaernaa

dopmanbgerng

He bonee 370

3a rpasHaowme seectsa

B cbpocax, kr/ T popmanbagernga

XMK

He bornee 1,3

pH

2,5-9,0 egq pH

8.2.3.2 TexHonoru4yeckue nokasartenu HAT ana nposBoacTBa oKCuaa aTuneHa

U 3TUNEeHrnuKonen

TexHonornyeckmne nokasatenn HAOT

Konen npmeeaeHsl B Tabnuue 8.13 — 8.17.

anda npomn3BoacTtBa OKCMaa 3TUJ1eHa U 3TUINEHINn-

Tabnuua 8.13 — TexHonornyeckne nokasatenu HAOT noTpebneHns Cbipbsa N 3HEPropecypcoB Ans

npon3BoacTBa okcunaa 3TuneHa

TexHonorus MonyyeHne O OKUCHIEHNEM ITUIEHA YUCTBIM KMCITOPO4OM
Cblpbe (aTuneH), Kr/t 808 —859
TennoaHeprus, kan/t 1,55-2,09
AnekTpoaHeprma. KBT*u/T 238 -265
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Tabnuua 8.14 — TexHonornyeckne nokasateny HOT noTpebneHns cbipbd N 3HEPropecypcoB AN

NPOX3BOACTBA MUKONen

HekaTtanutnyeckas rmapartauua

HekaTtanutnyeckas rmapartauua

TexHonorus 03 05
Cblipbe, OKUCb 3TUNEHa,
Kr/T 680--885 680-750
TennoaHeprus, kan/t 1,15-3,98 1,15-1,25
AnekTpoaHeprus, KBT*u/T 30-70,8 30-33

Tabnuua 8.15 — TexHonornyeckme nokasatenn HAT BeiIGpocoB 1 c6pocoB Npu COBMECTHOM NPOMU3-

BOOCTBE OKUCU 3TUINMEHA U TTINKO

nen

TexHonorus CoBmecTHoe npomnseogcteo O3dul
3arpsasHsaoLlme BelecTsa B Bbibpocax, r/Trnmkonen

NOx He bonee 206

CO He Gonee 877

Cymma yrnesogoponos (6e3 metaHa)

He bonee 906

3arpssHsoLwme Bellectsa B cbpocax, Kr/Trnmkonen

HedTenpoaykTbl He Gonee 1,0
XK He Gonee 298
pH He Bonee 6-9 eqg pH

Tabnuua 8.16 — TexHonornveckme nokasatenu HOT BeiGpocos n cOpocoB Npu NPON3BOACTBE OKCU-

Ja aTnnexHa
I'Iony'-leHme O3 okucneHmem aTuUreHa 4vm-
TexHonorus
CTbIM KMCIopoaom
3arpssHsatoLLme BelwecTBa B BblOpocax, /T okcuaa aTuneHa
NOx He Gonee 887
CO He 6onee 200

Cymma yrnesogoponos (6e3 metaHa)

He Oonee 610

38Fp$|3HFII'OLLl,Me BellecTtBa B c6pocax, Kr/ T okcuga aTuneHa

XK

He bonee 230
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Tabnuua 8.17 — TexHonorn4eckme nokasatenn HOT BeiGpocos 1 c6pocoB npu Npon3BOACTBE IMu-

Konemn
TexHonorus Hekatanuntnyeckas rugpataumnsa O3
3arpsasHsaoLme BellecTsa B Bbibpocax, I/T rnmkonen

Cymma yrnesogoponos (6e3 metaHa) 685
3arpsasHsaoLme BellecTsa B cbpocax, Kr/ T rrmMkonemn

XK He Bonee 820

8.2.3.3 TexHonoru4yeckue nokasatenu HAT ana nponssoacTea MeTUN-TpeT-

oyTunoBoro acupa

TexHonornyeckue nokasatenu HOT ons npou3soncTea MeTUN-TPET-OYTUNOBOrO adu-

pa npuBeneHbl B Tabnuue 8.18.

8.2.3.4 TexHonoru4veckue nokasatenu HAT ana nponsBoacTea MeTUN-TpeT-

aMuUnoBoro n MeTun-BTOpP- aMmnsIeHoBOro 3(tWIPOB

TexHonorndyeckme nokasatenn HOT gna npousBogcTBa METUS-TPET-aMUIIOBOrO W

METUN-BTOP-aMUIIEHOBOIO 3¢hnpoB nNnpuBeaeHsl B Tabnuue 8.19.
8.2.3.5 TexHonoru4yeckue nokasartenu HAT ana npomsBoacTBa 3aTaHoONa

TexHonornyeckme mnokasatenu Hﬂ,T ana npom3BoacTtBa 3TaHOJMAa MpuBedeHbl B

Tabnuue 8.20.

Tabnuua 8.20 — TexHonorn4veckue nokasatenu HOT BeiOpocoB 1 c6pocoB Npu NPon3BoOACTBE K-

Koneu
TexHonorus Mpsamagqa rmgpaTtauuns aTuneHa
HopMbl pacxoga aHepreTu4eckux pecypcos
AneKkTpoaHeprusa, KBT*u/T He Bonee 1200
Bona oGopoTHas, m3/T He 6onee 940
3arpsasHsaoLwme BellecTsa B Bbibpocax, r/T
NOx He 6onee 940
CcO He 6onee 1850
Cymma yrnesogopoaos (6e3 meTaHa) He 6onee 6700
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Tabnuua 8.18 — TexHonornveckme nokasatenn HOT npu nponssoacTee MeTun-TpeT-0yTnnoBoro admpa

CuHte3s MTBO3 ¢ ncnonb3oBaHuem

CuHTe3s MTB3 6e3 ucnonb3oBaHus

CuHTe3 MTB3 B n3bbiTke n306yTn-

lMokasaTenu PPK PPK nena
Hopmbl pacxofa cbipbsi U BCOMOraTesnbHbIX MaTtepmuasnos
MeTtaHon, Kkr/T 370-400 370-400 380
N306ytnneH (100%), kr/T 650-700 650-700 690
Hopmbl pacxofa aHepreTMyeckux pecypcos
OnekTpoaHeprus, KBT*u/T 10-55 10-55 19
TennoaHeprus, Nkan/t 0,2-0,8 0,2-0,8 0,894

3arpsisHsowme B

ellecTtBa B Bblbpocax, /T

Cymma yrnesogopoos
(6e3 meTaHa)

He bonee 410

He bonee 410

He Oonee 1228

MTBO He 6onee 90 He 6onee 90

3arpsasHsiowmne Bellectsa B cbpocax, r/t
HedTenpoaykrhbl He 6onee 300 He 6onee 300 —
XK He 6onee 1500 He 6onee 1500 —
pH 6,0-8,7 eq. pH 6-8,5 en.pH —
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Tabnuua 8.19 — TexHonornyeckue nokasatenu HAT npu nponssoactee MTAD n MBAJ

TexHonorus

CuHtes MTAD ¢ ucnonbso-

CuHTe3s MTAD 6e3 nucnonb3oBaHus

CuHTes MBAQD 6es3 ncnonb3o-

BaHveMm PPK PPK BaHua PPK
Hopmbl pacxoga cbipbs
dpakuna nponuneHosas, T/T _ 0,91 —
dpakumsa nsoneHtaHosas, T/T 0,96 — —
MeTtaHon, 1/T 0,34 0,31 0,31
Hopmbl pacxoga aHepreTu4eckux pecypcos

OnekTpoaHeprus, KBT*u/T 83,56 51,2 67,97
TennoaHeprus, kan/t 2,3 1,95 2,543

3arpssHsoLwmne BellecTsa B Bblbpocax, r/T

Cymma yrnesogoponoB (6e3 meTaHa)

2489

He 6onee 3600

3arpsasHsaoLwme

BellecTBa B cbpocax, r/T

XMK

25

He bonee 157

pH

6,5-11,0 eq pH
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8.2.3.6 TexHonorn4yeckue nokasarenu HOT ana nponsBoacTea 6yTUNOBLIX

cnupToB

TexHonorndyeckme nokasatenu HOT ans npomn3BoacTBa 6yTI/IJ'IOBbIX CrnnpToB rpuee-

JeHbl B Tabnuue 8.21.

Tabnuua 8.21 — TexHonornyeckne nokasatenu HAT BeiIOpocoB 1 c6pocoB Npu Npom3BoACTBE

OyTUNOBbIX CNMPTOB

TexHonorus

MonyyeHne ByTUNOBLIX CNIPTOB MO KOGANLTOBON TEXHOMOMMM

Hopmbl pacxoaa cbipbsi M BCOMOraTesbHbIX MaTepuanos

Mponunen, Kr/T

710-780

HopMbl pacxofa aHepreTU4eckmx pecypcoB

OnekTpoaHeprus, KBT*u/T 280-310
(Mkan/T) (0,241-0,267)
Map, Nkan/t 1,51-1,67
Tonnueo, M3/1 60-66

3arpsisHsoLmne BellecTsa B Bblbpocax, /T

NOx He bornee 1890

CO He bornee 1346

Cymma yrnesogopoaoB
y y P He Oonee 765
(6e3 meTaHa)

3arpsasHsoLme BellecTBa B cbpocax, Kr/T

HedTenpoaykThl He 6onee 0,25
XMK He bonee 50
pH 7,1-10,5ea. pH

8.2.3.7 TexHonorun4yeckue nokasatenu HOT ana npousBoacTBa 2-3TUNreKcaHosna

TexHonornyeckne nokasatenu HOT ans npon3BoacTBa 2-9TunrekcaHona npmBeaeHbl

B Tabnvue 8.22.

Tabnuua 8.22 — TexHonornveckne nokasateny HOT npu nponssoacTee 2-aTunrekcaHona

TexHonorus MmopupoBaHue 2-aTunrekceHans

Hopmbl pacxofa cbipbs 1 BCIOMOraTesibHbIX Matepuarnos
1150-1265

MacnsaHbin anbaerna, Kr/it
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HopMbl pacxofa aHepreTu4eckmx pecypcoB
0,9-0,1
125-140

Map, MNkan/T

OnekTpoaHeprus, Ketu/T

(Ckan/T) (0,108-0,120)
3arpsasHsoLlme BellecTBa B Bbibpocax, r/T

CnunpT 6yTmnosbIn He 6onee 30

2-3TUnrekcaHon He bornee 65

3arpasHsaoLwme BellecTsa B copocax, r/T
He bonee 2350
7,1-10,5 eq. pH

XIMK
pH

8.2.3.8 TexHonoru4yeckue nokasartenu HAT ana npomnsBoacTBa aKpunoBoun

KUCIOTbI N ee acpupos

TexHonorndyeckme nokasatenn HOT ona npousBoacTBa akpUIOBOM KUCIOTbl U ee

admnpoB npuseneHbl B Tabnmuax 8.23-8.27.

Tabnuua 8.23 — TexHonornyeckue nokasatenu HOT noTpeGneHUs Cbipbsi U 3HEPropecypcoB MNpu

NPOV3BOACTBE aKPUIOBOW KUCIOTbI

lMokasaTenu MonyyeHne akpnnNoOBOW KUCNOTHI

Hopmbl pacxofa cbipbsi M BCOMOraTefbHbIX MaTepranos

Mponunen, Kr/T 680-750

Hopmbl pacxofa aHepreTM4ecknux pecypcos

TennoaHeprus, kan/t 2,6-2,9
ONeKTpoaHeprms,

KBT*u/T 245-270
(Mkan/T) (0,210-0,232)

Tabnuua 8.24— TexHonornyeckune nokasartenu HOT noTpebneHns Cbipbs U AHEPropecypcoB Mnpu

npoussoacTee byTunakpunaTta

MNMokasaTtenu MonyyeHune 6yTunakpunaTta

HOprI pacxoda CbipbA U BCoMoOraTteslibHbIX MaTepuanoB

AkpurnoBas kucnoTta

590-650

Bytunosbin cnupT

600-660
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HopMbl pacxoa aHepreTU4eckmx pecypcoB

TennoaHeprus, kan/t 1,2-1,35
OneKTpo3Heprus,

KBT*u/T 31-34
(Mkan/T) (0,027-0,029)

Tabnuua 8.25 — TexHonornyeckue nokasatenu HOT noTpeGneHus Cbipbsi U 3HEPropecypcoB MNpu

npon3BoACTBE aTUNakpunarTa

NokasaTenu

|_|OJ'Iy‘-IeHVIe STUNnakpunarta

HOprI pacxoda CblpbA U BCNoOMOraTesfibHbIX MaTepuasoB

AkpurnoBas kucnoTta

780-850

OTUNOBLIN CANPT

500-550

HopMbl pacxofa aHepreTU4eckmx pecypcoB

TennoaHeprus, kan/t 2,1-2,3
OneKTpo3Heprus,

KBT*u/T 35-39
(Mkan/T) (0,030-0,033)

Tabnuua 8.26 — TexHonornveckne nokasatenu HOT noTpebreHns cbipbs U SHEPropecypcoB Npu

npon3BoacTBe MeTulakpunarta

NokasaTenu

|_|OJ'Iy‘-IeHI/Ie MeTunakpunarta

Hopmbl pacxoaa cbipbsi M BCOMOraTenbHbIX MaTepuanos

Akpuroas kucnoTta

900-950

MeTunosbin cnvpT

390-430

HopMbl pacxoa aHepreTU4eckmx pecypcoB

TennoaHeprus, kan/t 2,0-2,2
OneKTpo3Heprus,

KBT*u/T 35-39
(Ckan/T) (0,030-0,033)
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Tabnuua 8.27 — TexHonornyeckune nokasatenn HOT amuccuin B okpykatoLLyto cpeay npu
COBMECTHOM MPOU3BOACTBE aKpUITOBON KUCMOTbI M 3OUPOB aKpUoBOW KMUCNOThI (ByTunakpunar,

MeTunakpunar, aTunakpunar)®.

TexHonorus Akpunosag kucnoTa u admpbl akpunoBon KACIOThI

*

3arpsasHsaoLme BellecTsa B Bbibpocax, r/T

NOx He 6onee 1250
CO He 6onee 700
Kucnota Akpunosas He 6onee 450

3arpsasHsaoLlme BellecTa B cbpocax, Kr/T

HedTenpoaykrbl 0**

XTIK o

* HopmunpoBaHmne ocyLlecTBNseTCss Ha TOHHY CyMMapHOW TOBapHOW MpoAayKuuu (akpuno-
Basi KMCNoTa nonvMmepHas, bytunakpunart, meTunakpunaTt n aTunakpunar)

** 3HaveHus B clny4dae ncnoJsJib3oBaHu ©eccTo4YHON TEXHOMNOrMKU

8.2.3.9 TexHonoru4yeckue nokasatenu HAT ana nponsBoacTBa TepedTaneBoun

KMUCINOTbI

TexHonorndyeckne nokasaten HOT ans npousBoactBa TepedTaneBou KACMOTHI

npueedeHbl B Tabnuue 8.28.

Tabnuua 8.28 — TexHonornveckne nokasatenu HOT ons nponseoacTea TepedTaneBon KUCNOThI

Nokasatenu TexHonorusa: MitsuiPetrochemical

Hopwmbl pacxoga cbipbs, Kr/T

Mapakcunon 650-690
YkcycHas kucnora 50-60
ObecconeHHas Boaga, M3/T 5,0-5.2
OneKkTpoaHeprus, KBT*u/T 332-350
OcTtpbint nap, MNkan/t 1,11-1,19
3arpsisHsoLlmne BellecTsa B Bblibpocax, r/T

CO He 6onee 2080
AumeTnn6eHs3on He 6onee 600
YKkcycHasi kucnota He 6onee 365

3arpsisHsoLlme BelecTBa B copocax, Kr/T

XMK He bonee 250
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pH

2-4,5ep.pH *
6-11 en.pH **

* 3HayeHue pH ans nocTosiHHOro CToka

** 3HayeHne pH ans nepeMeHHoro ctoka

8.2.3.10 TexHonorn4yeckue nokasarenu HOT ana npousBoacTBa BUHMNauUeTaTa

TexHonorndyeckme nokasatenn HAT ans npon3BoactBa BUHWUIMaALETaTa rnpmueegeHbl B

Tabnuue 8.29.

Tabnuua 8.29 — TexHonorn4eckne nokasatenu HOT aonsa npousBoacTBa BUHUMNALLETaTa

MokasaTtenu 3Ha4yeHune
Cblpbe, Kr/T 1200
OneKTpoaHeprmsa, KBT*u/T 200-350
TennoaHeprus, kan/t 3,50-5,60

3arpsasHsaoLlme BellecTsa B Bbibpocax, Kr/T *

NOx

0,11

CO

0,73

CymMmma yrneeogopoos

(6e3 meTaHa)

3arpsisHsoLwme Bewlectsa B copocax, Kr/T

HedTenpoaykrbl

XMK

pH

8.2.4 TexHonornyeckue nokasatenu HOT ana npousBoacTBa ANXNOp3TaHa U

BUHUNXNopuaa

TexHonornyeckue nokasatenu HOT ans npon3BoacTBa ANXIIOp3TaHa U BUHUIIXIOPU-

Aa npueeneHsl B Tabnuue 8.30.
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Tabnuua 8.30 — [JocTUrHyTble nokasaTenu NoTpebrneHunst Cbipbs 1 SHEPropecypcoB npu

npon3BoacTBe BUHUIXINoOpO MOHOMEpPa

TexHonorusa nonyyeHnda sBMHUNXnopumug MoHo-

mepa

Cb6anaHcupoBaHHbIV NO Xopy AByXCTagun-
HbI MeTog (CXM3)

HOprI pacxoda CblpbA U BCMoOMoOraTesibHbIX MaTepuasioB

JTuneH Kr/T 460-475

Xnop Kr/T 571-630
Hopwmbl pacxoga aHepreTu4ecknx pecypcos

ONeKTpoaHeprms KBT*u/T 80-100

Map Kr/T 1500-1700
3arpsasHsaoLwme BellecTsa B Bblibpocax, r/t*

NOx He bonee 15,0

CcO He bonee 2,0

XnopucTbi BOAOPOS,

He Oonee 8,0

3arpsasHsaoLLmne Bel

ectBa B cbpocax, r/T

XTMK

0**

pH

O**

* [laHHble NnpuBeaeHbl ANa COBMeCTHoro npomssoactea XM n BXM

** 1N 6€CCTOYHON TEXHONOrMM (CTOKM MOCIE OYUCTKU BO3BPaLLATCS B TEXHOMOrn4e-

CKUI npouecc)

8.2.5 TexHonornyeckue nokasatenu HOT ansa npousBoacTBa HUTpUNa

aKpunoBOM KUCNOTbI

TexHonornyeckue nokasatenn HOT ons npovMsBoacTBa HUTPUNA akpUITIOBOM KUCNOTbI NpU-

BeaeHbl B Tabnuue 8.31.

Tabnuua 8.31 — TexHonornyeckne nokasartenu

KUCNOTbl METOAOM OKUCIIUTENTbHOIO aMMOHOIN3

HAOT ana nponsBoacTBa HATpUNAa akpunoBom

a nponuneHa BO B3BELLWEHHOM CJioe KaTtarnum3aTtopa C

nocreayLwmmM pasaeneHmemM NpoayKToB peakumm

MokasaTtenu 3HauyeHune
Coblpbe, Kr/T 1639-1886
OneKTpoaHeprus, KBT*u/T 285-485
TennoaHeprus, kan/t He 6onee 3,5

278




UTC 18—2016

TonnueHbIN ras, Kr.y.T./T 520-995

3arpsasHsaoLlme BellecTsa B Bblibpocax, r/T*

NOx He 6onee 4,207
CO He 6onee 17023
Cymma yrnesogopoos He 6onee 17140

(6e3 meTaHa)

Bogopopn umaHuncTbIn He bonee 70
Cepbl gmokeng, He 6onee 13 860
AKpUNOHUTPUN He 6onee 278,62

3arpsasHsaoLlme BellecTsa B cbpocax, Kr/T

Xnopua-muoH He bonee 4,56
Cynbgat-noH He 6onee 10,08
HuTpun akpnnoBown KUCIOThbI He 6onee 1,03

Pa3pen 9. 9koHOMMYecKue acnekTbl npuUMeHeHnA Hanny4dwumx

AOCTYNHbIX TEXHONOIMMN
9.1 ®dakTopbl, BNUsIOLWME HA AaHHbIe MO 3aTpaTam

B HacTosiwem pasgene paccMmaTpuBaloTCsl BOMPOCHI, CBSI3aHHbIE C OLEHKOW 3aTpaT
MPOMBbILLNEHHbIX MPEANPUSTUIA Ha peanu3aumio OTAENbHbIX NMPUPOOOOXPaHHbLIX Meponpus-
TUI, BKItoYasi NpuobpeTeHne, MOHTaX, Hanaaky u akcnnyatauuto obopynoBaHusi, obecneyn-
BalOLLLEro CoKpaLleHe SMUCCUI 3arpsa3HSOLLMX BELLLECTB B OKPY>KatoLLyto cpeay.

[aHHble, NpuBeaeHHbIE B HACTOSILLEM pa3aerne, NosydeHbl U3 pasfMyHbIX UCTOYHMKOB,
B TOM 4mcrie OT NpeanpusiTMii, NOCTaBLUMKOB TEXHOMOMIA U 060pya0BaHUS, KOHCYNbTaHTOB.
Kpome Toro, ons oueHKkn 3aTpaT MOryT UCMOMb30BaTbCs pPe3yrbTaTbl MCCNeQoBaHUA U NHas
onybnvkoBaHHasi MHopmMauusi (kopnopaTUBHbIE AOKMNaAbl U OTYETbI, KypHarnbl, OTKPbITble
NCTOYHMKN B ceTu WHTepHeT, maTepuarnbl kKoHdepeHumin n ap.). OgHako uMHdopmaums us
YNOMSIHYTbIX UICTOYHMKOB He SIBMSIETCA YHUBEpCcarnbHOW 1 He MOXeT OblTb Mcnonb3oBaHa ans
XOTb CKOMbKO-HMOYAb OOCTOBEPHON OLEHKN HEOBXOAMMbIX OYAYLLMX BIOXEHMIN KOHKPETHOMO
npeanpuaTus B o6opyaoBaHMEe U TEXHOMOMN B LENSIX COKPALLEHUst IMUCCUI 3arpsi3HSOLLNX
BELLECTB B OKpY)XaloLLylo cpeay, a oTpaxaeT Nub NpuMMepHbIn macliTab 3aTpaT, KoTopble
MOTYT BO3HUKaTb NpY peanusaunm oTaenbHbIX NPUPOA0OXPaHHbIX MPOEKTOB.

3avacTylo MmeroLmecs faHHble arperMpoBaHbl U He NO3BOMST OQHO3HAYHO onpeae-

JINTb KINo4YeBbl€ KOMMOHEHTbI 3aTpaTt KU, TeM CaMbIM NPOBECTU pa3rpaHn4eHne Mexny 3atpa-
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TamMu Ha NPUPOAOOXPAaHHbLIE MEPOMNPUATUS U 3aTpaTaMu, CBA3aHHLIMWU C 00LLEen MoaepHu3a-
UMen npou3BOACTBEHHOrO npouecca M MNycko-HanagodHbiMyu paboTamu. EQMHCTBEHHBbIMK
«YMCTbIMU» 3aTpaTaMu NPMPOAOOXPAHHOIrO XapakTepa sBnsTCa 3aTpaThl Ha ob6opyaoBaHme
N TEXHOMOMMU «Ha KOHLUE TPyObl», KOTOPbIE, KaK NPaBUIiO, HE UMEKOT MHbIX Lenen, Kpome
YMEHbLUEHUA UK NPeaoTBPAaLLEHNS 3MUCCU 3arpPA3HAIOLLNX BELLECTB B OKPYXKatoLLyo cpe-
ay. YuntbiBasi, 4To Hanbonee pesynbTaTvBHbIE NPUPOOOOXPAHHbIE MEPONPUATUSA OKa3blBa-
IOTCS MHTErpupoOBaHHbIMM B MPON3BOACTBEHHLIA MPOLIECC, OLEHKa (akTnyeckoro obbema
pecypcoB, HanpaBfieHHbIX HA OXpaHy OKPYXKatoLLen cpeabl, NpeacTaBnseTcs KpanHe 3aTpya-
HUTENBbHOMN.

Kpome TOro, B cuny BbICOKOW CNeUndUIHOCTM NPpOn3BOACTBEHHbBIX OO BbEKTOB, CaMO Mo
cebe Hanuuue OGonee peTanbHOW WHGOPMaUUW He Bcerga rapaHTMpyeT NpUMEHUMOCTb
UMEIOLLIMXCA OaHHbIX ANS OLEHKN TPeOyloLMXCa BIOXEHUA POCCUNCKUX MEeTannypruieckmx
npeanpusiTUii B TEXHONOrMM N 0bopyaoBaHne NPMPOAOOXPaHHOIO Ha3HAYEHNS.

B poccuimnckux ycnoBmusax cyLeCTBEHHOE BrUSIHUE HA AOCTOBEPHOCTb YU NPUMEHUMOCTb
cBeAEeHNN O 3aTpaTax KOMMaHWM Ha NPUPOOOOXPaHHbIE MEPONPUATUSA OKasblBaeT BblCOKas
BONATUIBbHOCTb BantoTHbIX U (OMHAHCOBbLIX PbIHKOB. Bcreacteme atoro Heobxoguma cylie-
CTBEHHAs! KOPPEKTUPOBKA MMEILLIMXCS OaHHbIX O 3aTpaTtax, NOCKOSbKY roqoBasi NPoLEeHTHas
CTaBKa, pacxofbl Ha CCyaHble BbinmaTbl, YPOBEHb UHAMSALMN U BarOTHbIE KYPCbl B TEKYLLLEM
nepuoae OKaXyTCsl HeconoCTaBUMbl C YCIIOBUSIMU, B KOTOPbIX KOMMAHUSIMU paHee ocCy-
LLIECTBIANNCL COOTBETCTBYHOLLME BIIOXKEHUS.

3aTtpaTbl Ha MOAEPHU3ALMIO NPEeanpuUSaTUA, Kak NpaBuno, coaepXxaTt 3HaYUTENbHbIN
BastOTHbIM KOMMOHEHT, CBA3aHHbIA C NpUobpeTeHnemM, MOHTa)XOM, Hanagkon 1 B HEKOTOPbIX
cnyyasx aKkcnnyataumen UMMAOPTHOrO, B TOM 4ucre npupoaooxpaHHoro, obopyaosa-
HUA/TEXHOMNOMMIN, KOTOPLIM B CWUITY CYLLECTBEHHOINO M3MEHEHUSI KypCOB BaniT B TEKYLLMX
yCrnoBusix B pybneBoM 3KBMBAneHTE MOXET YBENMUYUTBLCA MOYTU KpaTHO. B cBOw ouepeab,
pybneBbIi KOMMNOHEHT, YBA3bIBAEMbIN CO CTPOUTENBLCTBOM, NpuobpeTeHnem paboT mn ycnyr
Ha MECTHOM pblHKE, aAMMWHUCTPATUBHLIMW pacxogamun U T. 4., nogsepraeTcs BO3OEeNCTBUIO
MHAUMK, YTO Takke TpebyeT yyeTa npu oueHke Byaywimx 3aTpaT Ha MOAEPHU3aLMIO NMpo-
N3BOACTBA M MNOBbILLEHMNE €r0 3KONIOMMYECKON pe3ynbTaTMBHOCTU. JTO ONpeaenseTca psaom
dakTopoB. Hanpumep, MHOrMe npupoaooXpaHHble MEPONpPUATUSA CBSI3aHbl CO CTPOUTENb-
CTBOM, KOTOPOE MOXET 3aHMMaTb rogbl C MOMEHTa BblAeNeHUss CpeacTB B 3aBUCMMOCTU OT
pasmepa nNpeanpuaTusa U CNOXHOCTU TEXHOSNTOMMYECKMX NPOLIECCOB; MHMNALMA, BO3OENCTBY-
owas Ha 3apaboTHyo nnaTty, agMUHUCTPATUBHbIE Pacxodbl U CTOMMOCTb MaTepuanos, MO-
XeT NpMBOANTL K CYLLLECTBEHHOMY YyBESNIMYEHUIO 0b6bemMa HeOBXOANMbIX 3aTpaT B CpaBHEHUMU

C nepBoHa4alibHO yTBEPXXAEHHbIMW.
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OnuncaHHble obcToATENLCTBA HEOOXOAMMO NPUHMMATL BO BHUMaHWE Npu NOArOTOBKE
N NPUHSTUN PELLUEHUA O peanusauuy NPUPOLOOXPAHHLIX MEPONPUATUIA U BHEOPEHUN METO-
AOB W TEXHOMNOrunn, obecrneynBaloWmnx COKpalleHWe 3MUCCUIM 3arpsisHAIOLLMX BeELecTB B
oKpyxatLlyto cpeny. NMpuBeaeHHble B HacTosileM pasgene obbembl 3aTtpaT POCCUMCKUX
npeanpuaTuii — Npou3BoAMUTENEN NO3BONAIOT NOMYYUTb NULLIL HEKOTOPOE NPeACTaBMeHne o
noTeHUmManbHblx 06beMax TpebyeMbiX MHBECTULIMNA.

B pasgene 9.2 npueegeHa nHpopMaums 0 peanv3oBaHHbIX MOAEPHU3aUUSIX Ha OeW-
CTBYHOLUMX NPEANnPUSTUSX C LENbI0 YryylleHns aHeproddeKkTMBHOCTU NPOM3BOACTBA UM

CHWXKEHUS1 BO3AENCTBMS Ha OKPY>KatoLLyHO Cpeay.

9.2 MUHBeCTULMOHHbIE 3aTpaThbl HA MOAEPHM3ALUIO CYyLLeCTBYIOLLEro

npou3BoACTBa

9.2.1 NMpousBoACcTBO HU3LLINX onecUuHOB

C uenblo onTUMM3aLnmM TEXHOMOMMU, CHUXKEHUS BO3OENCTBUS HA OKPYXXaloLLylo cpeay
N yBENMYEHUS1 KOHKYPEHTHOWM CMNOCOOHOCTM Ha HEKOTOPbLIX YCTaHOBKaXxX Mo npoussoacTtey ba-
30BbIX ONnedrHOB ObINN NPOBEAEHbI creaylluMe MOAepHU3aUmu, NpeacTaBneHHble B Tab-

nuue 9.1.
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Tabnuua 9.1 — Npumepbl MOAEpPHU3ALNIA

KanutanbHble
HaumeHoBaHwue 1 onucaHve obbek- . loa peanu-
lNony4eHHbIn adphekT 3arparbl, MIH.
Ta/yCTaHOBKVI/TeXHVll-IeCKOFO peLweHnda 3auumm
py6.
MpounsBoacTBO aTuUneHa/nponuneHa
PekoHcTpykumsa cknaga TCB, MoHTax n 5
5 CHmKeHne pacxogHoOn HOPMbI MO XUAKOMY CbIpbo MUPOSN-
BBOAa B AeNCTBUE YCTaHOBKM yriaBnvBa- 34 2015
3a
HUA nerkmx ppakumnm (YJ1P)
MoHTax y3na ounbTpaunm TONSIMBHOIO
YBenuyeHne nponsBoanTENbHOCTH 1.3 2015
rasa
3ameHa anekTpoapmaTtyp YBenunyeHa HagexxHoCTb 0b6opyaoBaHnA 0.2 2015
3ameHa KnanaHoB perynsatopoB no nuta- | CHuXeHne aHeprosaTtparT, yBenmyeHme nponssoanTernbHO- 4 2015
TenbHOW BoAe ne4ven cTn
3ameHa perynmpyrLwmx n 0TCeYHbIX
KnanaHoB oTpaboTaBLUMX CBOW HOpMa- YBenunyeHne HagexHoCcTb 0bopyaoBaHus 5 2015
TUBHbIN CPOK CIy>X0Obl B Liexe nuponusa
OcHaleHune cuctemon ABP Hacoca B
CHwmxeHune aHepronoTpebneHmns 0.5 2015
uexe nuponusa
3ameHa HacocCoB B Liexe nuponmsa CHwxeHune aHepronoTpebneHus 15 2015
3ameHa knanaHoB perynsaTopoB Ha TPy-
bonpoBoae NMpokoHaeHcaTa un oTBoaa CHwmxeHune cbpocos 0.3 2015
Boabl B X3K B uexe nuponusa
MoHTax perynupyoLlero knanaHa v CHmxeHwne aHepronoTpebnenns 0.3 2015

9T0C—S8T 31U
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Mex6no4Horo otcekaTensa Ha Tpybonpo-
Boze npupoaHoro rasa c N'PC B konnek-

TOp TOMJSIMBHOTO ra3a neven nMponmaa

MoHTax aHanuaaTtopa CO:2 CHwxeHne aHepronoTpebneHus, CHUXeHne cbpocos 2 2015
MoHTax knanaHa perynsatopa (napooT- CHmXeHne aHepronoTpebneHus, yBenmyeHne nponsBoamn-
1.64 2015
oop) TEeNbHOCTU
N3meHeHne cxembl BbiBoga pakummn Cs
CHwmxeHune cbpocos 0.2 2015
B Liexe rasopasfgeneHuns
CHmXeHne aHepronoTpebneHuns, yBenmyeHne nponsBoamn-
TexnepeBOOpyXeHUe. 1 2015
TeNbHOCTU
5 CHWXeHne aHeprosaTtpar, yBenmyeHne nponsBoamTenbHO-
3ameHa xonogHon nsonsumm (MXL) 28 2015
CcTn
Mpon3BoacTBO N306YyTMNEHA
TexHn4eckoe pelLeHne npeanonaraeTt UCNOMNb30BaTb CMECH
KaTtanusaTtopos B cooTHoweHun 70/30.
-OpraHM30oBaH OOMNONTHUTENbHbIA OYHKEP ANs CBEXEro kaTa-
nmnsaropa;
lMepexon Ha cmeceBOK KaTanuaaTop ae- -3aMeHEeHbl TPaHCMOPTHbIE NIMHUN Ha HOBbIE C BHYTPEHHUM
169.0 2012 - 2014

rmapupoBaHns n3obytaHa

KepaMn4yecKMM Croem v AONONHUTENbHbIM TOPKPETUpOBa-
HUeM;
-yCTaHOBMEHbl HOBbIE LIMKMOHbI CrieLunanbHOM KOHCTPYKLNK
B peakTope U pereHepaTtope, pyTepoBaHHbIe kKepammye-

CKMMMU KOnbLaMU;
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-NpoBefleHO TOPKPETMPOBaHME PeaKkTopa;
-NpoBefieHa PEKOHCTPYKLINA BOCCTaHOBUTENBHOIO CTakaHa ¢

Ueribio yBeJrim4eHuna ero obbema.

[MpounssoacTBO AMBMHUIA

M3mMeHeHne cxembl y3na peredepauumn

CHwxeHne notpebneHus napa 10 2014 - 2015
aueToHuTpuna
MpounssoacTBO n3onpeHa
CHwxkeHue noTpebreHe napa n MeTaHona B Npou3Bog-
PasgeneHne meTaHosnbHbIX U 6e3meTa-
CTBE MU30MpeHa 3a cYyeT pasgeneHns NoTOKOB Ha pa3sHble 3.0 2014 - 2015
HOJTbHbIX MOTOKOB
KONOHHBbI.
CHwxeHne noTpebneHns napa 3a cyeT peanmsauumn 3-x me-
BoccTaHoBneHne cuctemsl KogeHcauum ponNpuUATUIA: BKITtoYeHWe B paboTy TennoobmMeHHMKa no3Bo- 0 2013 - 20
5. 13- 2015
Ana nogorpesa ropayen Boabl NUIo cCokpaTuTb NOTpebrieHne BTOPUYHOroO Napa B Tenso-
0OMeHHUKe (BTOPUYHLIN Nap co6CTBEHHOrO NPoOn3BOACTBA).
CHmXeHne noTepb Napa B 3UMHUI NEPUOS BPEMEHU 3a cYeT
lMpumeHeHne anekTpooborpesBa Ha Tpy-
3aMeHbl NapoBbIX TENSIOCNYTHUKOB Ha TpybonpoBogax wu 6.0 2014 - 2015
donpoBoaax n eMKOCTAX
€MKOCTSX Ha anekTpooborpes.
Mogorpes NUTaHUA KONOHHbLI (py3enbHon | CHuxeHue naponoTpebneHnsa KONOHHbI 3a cHeT Nogorpesa 110 2013 - 2014

BOJOMN

nMTaHnA

9T0C—S8T 31U



UTC 18—2016

9.2.2 NpousBoaCTBO apoMaTUYECKUX YyrineBoaopoaoB

C uenblo onTUMM3aunmM TEXHOMOMMU, CHUXKEHUS BO3OENCTBUS HA OKPYXXaloLLylo cpeay
N YBENUYEHMSI KOHKYPEHTHOM CMOCOBHOCTU Ha HEKOTOPLIX YCTAaHOBKAX MO BblAENEHWUO U Mo-
NyYeHU0 apomMaTUYeckux YrneBOAOPOAOB ObINM MpPOBEAEHbLI Crieaylollne MoAaepHM3aumu,

npeacraBneHHble B Tabnvue 9.2.

Tabnwuua 9.2 — MNprmepbl MogepHM3aUniA

HanmeHoBaHue 1 onncaHne o6b- KanutanbHble
. Nog peanu-
eKTa/yCTaHOBKW/TEXHUYECKOro Mony4eHHbIN adhhekT 3aTparhbl,
3auuu
peLueHns MIH. pyb.
MpounssoacTBo 6eH3ona
PekoHcTpykumsa cknaga TCB, 5
5 CHwKeHne pacxogHomn Hop-
MOHTaX 1 BBOAA B AeNCTBUE
Mbl MO XXWOKOMY CbIpbIO Mn- 34 2015
YCTaHOBKW yrnaBnuBaHug ner-
ponnsa
knx ppakumm (YJ1P)

MpounssoacTBO cTMpoOna

YcoBepLUeHCTBOBaHNE CXEMbI
CHmxeHue pacxopa
BblOeneHust auetoeHOHOBOM 1,372742 2010
3TMN6eH30a Ha cTUpon

dopakumnm

9.2.3 NMpousBoAcTBO KUcnopoacoaepxawmx opraHN4eCcKMx coeauHeHUn

C uenblo onTUMMU3aLnmM TEXHOMOMMU, CHUXKEHUS BO3OENCTBUS HA OKPYXXaloLLylo cpeay
N YBENUYEHMST KOHKYPEHTHOM CMOCOBHOCTN Ha HEKOTOPLIX YCTAaHOBKAX MO BbIAENEHWUO U Mo-
NYYEHUIO KMCINOPO/, COAEpKaLLMX OpraHNYeckux CoeqMHEHU Gbiny NpoBeAeHbl creayowme

MoAepHu3aunn, npeacraeneHHble B Tabnuue 9.3.

Tabnuua 9.3 — MNpumepbl MOAEpHU3ALNIA

HanmeHoBaHue 1 onncaHne o6b- KanutanbHble
. lon peanu-
eKTa/yCTaHOBKW/TEeXHNYECKOro MonyyeHHbIN 3bdekT 3aTparThl,
3auum
peLwueHns MITH. py6.
Mpon3BoacTBO aKPMITOBOWN KUCTOTbI
PekoHcTpykumna cknaga TCb, | CHwkeHue pacxogHoW HOp- 34 2015
MOHTaX 1 BBOAA B AenCTBUe Mbl MO XWUAKOMY CbIpbIO M-
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yCTaHOBKM yrnaBnuBaHus ner-
knx ppakumm (YJ1P)

ponusa

MoporpeB CTOYHLIX BOA B NPO-

CHwKeHne pacxogHon Hop-

N3BOACTBE aKpUIOoBOW KUCIO- oonee 3 2015
Mbl Napa
Thbl
MpounsBoacTBO OKcMaa aTuneHa
3ameHa 3TUNEeHOBOro KOM-
CHwxeHune notpebneHus
npeccopa B paMKax pPeKoH- 6onee 140 2014

CTpyKUuunn

AJIEKTPOIHEPTNN
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Paspen 10. NMepcnekTuBHbIE TEXHONOMMU

OueHKa nepcneKkTMBHbBIX TEXHOSOMI, KOTOPbIE MOTYT paccMaTpmMBaTbCH Kak MOTEHUM-
anbHble HOT, npoBegeHa cneynanucTtaMmm B XMMUYECKON TEXHONOMMU OCHOBHbBIX OpraHuye-

CKUX BeLllecCTB C ncnosrb3oBaHnem ote4eCTBeHHbIX U 3apy6e>KHb|x NCTOYHNKOB VIH(bOpMaLWIVI.
10.1 OneduHbI U AnNEHbI

10.1.1 MeTaTte3uc oneduHoB

Onuncanue

AnbTepHaTUBHbIN NYTb NOSTy4YEHMSI MPOMNEHA NO peakuun MetTaTtesunca ans npespatle-
HUA cMecn aTuneHa n 2-6yteHa B NPONeH.

Kommepueckn paspaboTaHa.

lMoTeHunanbHaa 9KOHOMUA NO CpaBHEHMUIO C cyllecTByowmmm HOT

KoHBepcua 6yteHa, coctaBndaet 6onee 60% 3a oguH npoxoa.

CenektnBHOCTbL No nponeny > 90%.
10.1.2 OkncnuTenbHas AMMepu3aumusa MeTaHa

OnucaHue

B npucytcTBMM reTeporeHHoro katanusatopa npoTekaeT napuuanbHOe OKUCIeHue
MeTaHa, NpuBOAsLee K ero aMMmepusaumm n aernapupoBaHmio ¢ obpasoBaHMeM 3TuneHa.
KaTanmnsaTtop OKCMAHOro Tuna — CMeCb OKCWOOB LLENOYHbIX, LLENOYHO-3eMENbHbIX N peaKo-
3eMerbHbIX MeTannos. B peakunoHHy0 CMecb MHOrda nogatoT nap v BoAopon Ans yaane-
HWA KOKCa ¢ kaTanusaTtopa. KoHBepcua kucnopoga 3a oauH npoxod okono 80%. MaccoBbin
BbIXO[ 3TUITEHA OTHOCUTENBHO B3STOr0 MeTaHa 3a oaunH npoxoa okono 30%.

Mepcnektusbl ctate HOT B ByayLiem

CyLecTBYIOT OrpaHuyeHunsi, CBsA3aHHbIe CO creayowmnMm TpyaHOCTAMM:

- HU3KWI BbIXOA (CENEKTUBHOCTL) 3TUNEHA;

OTHOCUTESIbHO BbICOKME 3HeprosaTtpaTbl Ha pasgeneHne U peumkn peakuuoHHOW
Macchl;

- Bbicokas TemnepaTtypa 700 — 1000 °C onpefensaeTt BbICOKMe TpeboBaHUsS K TEpMU-
YeCKOW CTOMKOCTU KaTannsaTopa;

- Bbibpockl CO, CO2, apoMaTurku, opraHN4eCcKnuX KUCMOoT.

287



UTC 18—2016

10.1.3 OkucnutenbHoe gernapupoBaHue 3TaHa U nponaHa

OnucaHue

TpebyeTcsa kncnopoa Bbicokon YnctoTbl (6onee 90%)

YpoBeHb 3aLLMTbl OKpYXKatoLlen cpeabl

C yyeTtom COz2, obpasytowerocs no peakumm yaenbHble Bolbpockl CO2 Ha 15% Bbilwe,
4YeM NpU KPEKUHre aTaHa.

OKOHOMUS MO CpaBHEHWto C cywlecTsyowmmmn HOT

MoTeHunanbHO MOXET AaTb 9KOHOMUIO OKOMO 35% MO CpaBHEHUIO C TEXHOMOMMEN Kpe-

KWHra ataHa.
10.1.4Muponus B NpUCYTCTBUMU reTePOreHHOro Katanusaropa

OaHUM 13 NepcrnekTUBHLIX HanpaBneHUn pas3BUTUSA MnpoLecca nuponusa siBnsieTcs
NPUMEHEHNE TETEPOreHHbIX KaTanuM3aTopoB, MO3BOMSAILWNX YBEMUYUTb CKOPOCTb peakumm
pasnoXeHns MCXO4HbIX YrineBoaopoaoB 1 obpa3oBaHMs HU3LWIKMX onedumHoB, byTaaneHa-1,3
n apyrmx. B ycnoBusix reteporeHHo-kaTtanMTMyYeckoro nuponnsa AoCTUraeTcs noBbleHHas
CENEeKTUBHOCTb MO oneduHam 1 6onee BbICOKUN, YEM NPU TEPMUYECKOM KPEKWUHre, BbiXoq
aTuneHa 3a npoxon. Kpome Toro, 3a C4ET YCKOPEHUSA peakunin pasrnoXeHns yrnesoaoponoB
NPUMEHEHNE KaTann3aTopoB NO3BONISIET AOCTUraTb NpU paBHbIX TemMnepaTtypax 6onee BbICO-
Kne cTeneHun npeBpalleHnsa unu npu 6onee HWU3KMX TemnepaTypax paBHYK CTeneHb npe-
BpaLLeHus. Bce 310 No3BoNseT CHM3UTL yaenbHOe NoTpebrneHne aHeprum.

Cpeaon KaTanMTUYECKMX CUCTEM, HanOONbLUY aKTUMBHOCTb W  CTabunbHOCTb
NPOSIBNSAIOT KaTanUTUYECKNE CUCTEMbI, OCHOBAHHbIE HA BaHa4aTe Kanusi U OKCUAE NHOUS.

Bbicokui Bbixog atuneHa (38-40%macc.B pacyete Ha NPSAMOrOHHbIA BEH3MH) MOXeT
ObITb Nony4yeH npu 780°C.

Mpn KaTanUTUYECKOM MUPONU3E 3HAYMTENBHO YCKOPSAETCSA MpeBpalleHUe UCXOOHbIX
YyrneBoOAOpPOAOB MO CPaBHEHUIO C TEPMUYECKUM MUPOSIM30M, OCOBEHHO MPU OTHOCUTENBHO
HU3KMX TemnepaTtypax. C noBbIlEHMEM Xe TeMnepaTypbl 3Ha4YeHWe TepMUYECKOW COCTaB-
NAWen B npespalleHnn yrineBogopoaoB Bo3pacTtaet, coctasnsasn: 12% npu 740°C, 31%
npu 780°C 1 55% npun 820°C.

[oBonbHO adhdhekTMBHON A06aBKOM K HEPTAHBIM (PpakuMamM Npu NMpPonun3e siBnseTcs
Bogopoa. BeeaeHne Bogopona B 30HY peakumm yCKOpSeT NepBuYHbIE peakumn pasnoXeHus
CbipbS U peakuuu ganbHenwero pasnoxeHust oneduHoB (nponuneH, 6yTeHoB) C AOMNOMHK-
TenbHbIM 06pa3oBaHMeM aTuneHa. Takke BBegeHUE BOLOPOAA MOMNOXUTENBHO CKa3blBaeTCs

Ha CHWXeHUn Konn4ecrtBa KOKCOO6pa3OBaHI/IFI Ha BHyTpeHHeVI NOBEPXHOCTUN 3MeEBUKA.
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OnucaHbl OOCTOMHCTBA Mpouecca nuponusa YrneBOAOPOAHbIX — pakuun B
pacnnaBreHHbIX cpefax: BbICOKO3MMEKTUBHBLIN NOABOA Ternmna Mpu HenocpeacTBEHHOM
KOHTaKTe Cblpbf M pacnnaea, MpocToTa YyAaneHus U3 peakUUMOHHOM 30Hbl TBepablX
nNpoayKkToB (caxa, Kokc), 6rnarogapto 4yemy oTnagaet HeobxoaAMMOCTb B MEpPUOONYECKMX
OCTaHOBKax peakTopa Ans BbbKMraHus Kokca. Bce aTo nossonsieT ucnonb3oBatb AN
NoMny4YeHNs aTurneHa npakTuyeckn nboe Cbipb€ — OT NerkMx YrneBoAOpPOAHbIX ra3oB A0
TSOKENbIX XUOKUX ppakumi (BaKyyMHbIN ra3onrnb, cbipas HedTb).

Cnocobbl KOHTaKTUMpoBaHUA nepepabaTbiBaeMbiX YrneBoAoOpoaOB C pacniaBamMu Mo-
ryt 6biTb cnegyowmmm: 6apbotax yepes crnon pacnnasa, nepepaboTka B Aucnepcun pac-
nnaBfeHHoOW cpeapbl Unu NneHo4YHoe TedeHne pacnnaea. 1o cnocoby BBOAA K Cbipbio TeMMe-
paTypa pacnnaBa MOryT CRyXUTb TennoHocutensamMum nmbo Tenno MoXeT nepefaBaTbCs B
peakUMOHHYI0 30HY W3BHE aHanormyHo npoueccy nuponusa B TpybHon neuvn. Paspabatbl-
Bancs takke 6apboTaxHbii U B AanbHenWeM OUCNEPCUOHHBIA B cucTeMe rasonudra npo-

Lecc nuponmsa ¢ UCNosib3oBaHNEM pacnsiaBoB COMeEN.
10.1.5 TexHonorua pgervaparaumm 3TaHona B 3TUNEH

Ansa nonyyeHnss HeGONbLUNMX KOMYECTB 3TUMEHA BbICOKOM YNCTOTbI MOXXHO NMPUMEHATb
cnocob germgpaTtauumn 3TMNoBoro cnupta. Peakums gervgpatauum npotekaeT nmbo Hanpsa-
MY C MofnyyYyeHWem 3TurneHa, nubo yepes3 obpasoBaHWe MNPOMEXYTOYHOIO AUITUIIOBOrO
adhupa (O3I).

B kayecTBe KaTtanusaTtopa WCMOMb3yKT aKTUBUPOBAHHbLIN OKCWUA artoMUHUSA U
antoMoKpeMHuneBble coeanHenus. MNMpouecc ocywectensaoT npyu Temnepartype 300-400°C.

[MepcnekTUBHbLIM ABMSIETCS COBMELLEHME TEXHOSIOrMU CEeSIEKTUBHOIO rMapupoBaHuUs

aueTUNEeHOB U TEXHOMNOIMN SKCTPAKTUBHOW pekTudunkaumn.
10.1.6 OkucnurtenbHoOe gerngpupoBaHue

Peakumn kaTanutnyeckoro germgpmpoBaHmnsa bytaHa u H-OyTUNEHOB Npw yCNOBUKN He-
3HAYUTENBbHOM [ONMN KPEKMHra UCXOAHbLIX U LeneBbiX YrneBoAopodoB OTNMYaTCA CPpaBHU-
TeNbHO HEBbLICOKOW KOHBepcuen. TpyaHOCTb AOCTUXKEHUSA BbICOKMX BbIXOOOB LENEBbIX MPO-
AYKTOB 3a Npoxod npu nNpsasMOM aerngpvpoBaHun BytaHa obycnoerneHa obpaTMMoOCTbio pe-
akumn. PaBHOBECHOE COCTOSIHME 3aBMCUT OT psda (pakTopoB: TemnepaTypbl, NapunanbHOro
AaBneHusi, kKaTanusaTopa 1 Ap. Ha npaktuke npu OByXCTaAUMHOM AernapupoBaHumn He 6o-
nee 50%macc.6ytaHa npeBpallaetca B OytagmeH. OgHMM M3 BO3MOXHbIX cnocobos npe-
OAONEHUS 3TUX TEPMOANHAMUYECKMX OrPaAHNYEHNI SABMSETCA NPMMEHEHue crnocoba kartanu-

TUYECKOro OKUCINUTENbHOrO AEerMapupoBaHusl YrneBoaopOAOB KMCOpoaoM (BO34yXOM), KO-
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TOpbIV CBA3bIBAET BO4OPOS, 0Opasylowmnmnca B npouecce germapvposannd. [lobaska kucno-
poa CUibHO CABUraeT paBHOBECKS BNPaBo, T. €. B CTOPOHY 06pa3oBaHMs NPOaYKTOB:

C,H+0,-C,H,+H,0+Q

Bbixogb! LieneBbiX NPOAYKTOB MPU OKUCITUTENbHOM KaTanuTuyeckoM AernapupoBaHmm
TeopeTU4eckn MoryT BbiTb KONIMYECTBEHHBIMU. B OTnnyme oT peakumm npsaMoro gerapupo-
BaHWS peakunn OKUCIMTENbHOrO AErnapupoBaHus SIBASAKOTCS 9K30TEPMUYECKMMU, YTO OBY-
CnaBnMBaeT UX MEHbLUYIO SHEPrOEMKOCTb.

OxkucnutenbHoe gerngpupoBaHue bytaHa siBnsieTca 6onee TpyaHon npobrnemon, yem
oKucnuTenbHoe gerngpuposaHne 6yTeHoB, KoTopble B6ornee peakLMoOHOCNOCOOHDI.

OkucneHne H-6yTUNEHOB MOXET NPOU3BOAUTLCS YMCTbIM KMCNOPOAOM WIIM KUCOPO-

[0OM BO3yxa. ATOT NPOLIECC BblpaXaeTCsi ypaBHEHNEM:

k/lx

KT IpeBpalleHHoro Oy THIeHa

C,H,+ 1/20, - C,H, + H,0+ 11300

Takke MoryT npotekatb NOBOYHbIE peakumm:
- NOSTHOTO OKUCNEHMS YrNeBOAOPOAOB:

C,H, + 60, — 4C0, + 4H,0
C.H, + 3,50, — 4C0 + 3H,0

- HENOJIHOro OKUCIIeHNA yrinesogoponos:

CyHg unu C,Hy — dypan, auetanbgerva, dopmanbaerna, HenpenernbHble anbae-

rmabl, ManenHoBasa u ap. KNCNOThbI.

- peakumn KpeknHra n nsomepmsaumu.

Hanbonee HexenaTenbHON NPUMECHIO B Cbipbe ABNAeTcs n3obytuneH. MNpn yBenuye-
HUK cogepxaHnsa n3obyTtuneHa B cbipbe Bbiwe 0,5% ymeHbluaeTcs KOHBepcusi OyTEHOB U
BbIxog OyTagmeHa Bcrneacteme 60nbLLIOM peakuMOHHOW CNOCOBHOCTU n300yTuneHa.

[Ans okncnuTenbHOro AerMapupoBaHUs MOryT MCNOMb30BaTLCA Te Xe KatanusaTopsbl,
4YTO M Ans oOblMHOrO AernapupoBaHus OYTEHOB, UMW OKUCHbLIE KaTanuM3aTopbl, aKTUBHbIE
TONbKO B peakuMn OKUCINUTENbHOro aerngpvpoBaHunda. Hanbonee akTMBHbiE KaTanmM3aTopbl
OKUCIUTESIbHOIO AerngpupoBaHus cogepxat okucsbl anemeHToB V 1 VI rpynn unun dpocdaThl

HEKOTOPbLIX 3TUX MeTallJ10B.
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10.2 3TUneHokcua U 3TUNEHITIUKONU

10.2.1 Katanutuyeckas rmgpartaums aSTUNeHokcuaa

B npucytcTBMM KaTanusatopa NpomMcxoauT peakumsa okemaa atuneHa ¢ CO2 ¢ obpaso-
BaHMeM aTuneHkapboHaTta, KOTOpbI Ha BTOPOW CTaaun ruaponuadyeTca O MOHOITUNEHT K-
Kons.

Kommepuecku paspaboTaHa.

CeneKkTMBHOCTb MOMy4YeHUS MOHOITUIEHINKONS 3HaunMTenbHO 6onee 90%, Torga Kak
B CyLLieCTBYIOLLEM TepMmyeckoM npoecce okosio 88-90%. NMpn aTom kanuTanbHble N onepa-
LMOHHbIE 3aTpaTbl 3aMETHO HUXKeE.

OKOHOMMSI MO CpaBHEHMIO € cyulecTByrowmmn HOT
10.3 ApomaTtunyeckue yrrnesoaopoabl

10.3.1 ApomaTusauums rierkux asikaHoB

ApomaTtumsaumsa nerkux ankaHoB B MPUCYTCTBMM reTeporeHHoro karanudatopa. KoH-
Bepcust ankaHoB okono 40%, cenekTnBHOCTb Npouecca okosio 90%.

Kommepueckn paspaboTaHa.

OKOHOMUSA MO CpaBHEHUIO € cyulecTByowmmm HOT

Apunabatmnyecknin peakTop CO CTauMOHapPHbLIM CrIoeM KaTanmsartopa. ['eHepaunsa Tenna
B CaMOM MpoLecce 3a CYeT cropaHusa Bogopoda. HeT HeobGxoaMMOCTM BO BHELUHWX Harpe-

BaloLLKMX ycTponcTeax. Huskas BxogHasa Temnepatypa. He TpebyeTcs Bakyym.
10.3.2 BeH3o0on 13 metaHa

[ekomnosnuma metaHa Ao Bogopoda v 6eH3ona B peakTo-pe Co CTauMoHapHbIM Crlo-
eM KaTanuaaTopa, NMbo ¢ NCeBOOOXMKEHHBIM CNOEM KaTanuaaTopa.

Karanusartop:

- Kapbua monubaeHa: Ans npouecca gernaporeHnsauun n gumepusaumm C1;

- KucnoTtHble LueonuTel: AN onMroMmepusauum/apomaTnsaumm.
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10.4 dopmanbgervg

10.4.1 MNMpouecc noa BbICOKUM AaBrieHUeM

Mpouecc noa BbICOKMM AaBEHWEM, KOTOPbIN MOXET OblTb MHTErpUpoOBaH B Cylle-
CTBYWOLLUME YCTAHOBKM CWUHTE3a opmanbaernga [nnd MOBbIWEHUS MNpou3BOgUTENbHO-
cTn.Bbicokas cteneHb KOHBEPCUMM MO3BOMSAET UCKITHOUYUTL CTaAMIO BblAeNeHns MeTaHona au-
CTUNNSAUMEN N nony4vaTb oopmManbaerng ¢ KoHUeHTpauuen BnnioTb 4o 57%.

Kommepueckn paspaboTaHa.
10.5 ®deHoOnN

10.5.1 NMpsamoe okucneHne 6eH3ona

Onuncanue

Mpamoe okucnenune 6eHsona go geHona MoXxeT OblTb aKTUBMPOBAHO 3aKUCbIO a30Ta,
KMCITOPOAOM U BO3AYXOM.

Kommepuyeckn paspaboTaHa

Mpouecc ncnonb3yeT 3akncb asota (N20) B kayecTBe okucnstowero areHta. Peakuns
npoTekaeT B ra3oBon ¢ase npmBoas kK obpasoBaHuio heHona u aszota. Katanusatop — mMo-
AndmunpoBaHHble LeonuTbl, Takme kak V20s/ MoOs/ ZSM-5 n Fe203/ MoOzs/ ZSM-5.

OKOHOMMSI MO CpaBHEHUIO C cyulecTsyrowmmm HAT.

Mpamoe okucneHne 6eH3ona MOXET OCYLLECTBNATLCA HECKONbKMMMU OKUCNSAOLWNMMU
areHTamu, HO A0 CUX MOP HWU OOWH U3 BapMaHTOB He peanv3oBaH B MPOMBbILLIEHHOM Mac-

wrabe.
10.6 Okcup nponuneHa

10.6.1 OKucneHue nponuneHa ruaponepoKkcMaom Kymona

Onucanue

IMpouecc ocHoBaH Ha aMNOKCUANPOBaHUN NPOonUeHa rmaponepokcnaom Kymona.

Kommepueckn paspaboTtaHa

PaspaboTaHa TexHOMormo nonyYyeHns nponuneHokcmaa 6e3 conyTCTBYOLWMX NPOAYK-
TOB MCMNOSb3ys B KavyecTBe anokcuaupyowero areHta rugponepokema kymona (IMMIK). MK
nosiy4atoT OKMCIieHMeM Kymona Bo3gyxoM. B pesynbtate anokuampoBaHus nponurieHa B

NPUCYTCBUM BbICOKOAKTUBHOIO Ti-codepallero katanvsatopa obpasyeTcs nponureHokcua
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N KyMUINOBLIN cnnpT (aumeTundeHnnkpobuHon). O6pasyowmnncsa KyMmnnoBbin COMpT rmapu-

PYIOT 40 KyMOJia, KOTOpbIW BO3BpaLlatoT Ha ctaguto nonyyenus K.
10.6.2 OkucneHue nepokcmaom Bogopoaa

Onucanune

lMpouecc OoCHOBaH Ha 3AMOKCUMOMPOBaHMM MPOMUIIEHa NEepoKCMaoOM Boaopoda C MUC-
Nofib30BaHNEM BbLICOKOAKTMBHOIO M CENEKTUBHOIO reTeporeHHoro Kartanvsatopa — Cunuka-
nita TuTaHa.

Kommepuyeckn paspaboTaHa.

MeHbLuee noTpebrieHne cbipbsi.

MeHbLue NOo60oYHbIX MPOOYKTOB.

He ncnonb3yeTtca xnop, Nno3ToMy OTCYTCTBYIOT XIlOp-cofepXalumne noboyHble npoayk-
Tbl.

CHmxeHne BogHbIX copocoB Ha 70-80%, cHwkeHne aHepronoTpebnenunsa Ha 35%. bo-
nee npocrtasi MHPaCTPyKTypa NpeanpuaTus.

OKOHOMMUSI MO CpaBHEHUIO € cyuiecTByrowmmn HOT

bonee HM3kMe KanutTanbHblE 3aTparthbl.

10.7 OunxnopaTtaH u BUHUNXopua

10.7.1 AnbTepHaTUBHbIE TEXHOSOMMMU

MckntoueHne ctagmm okenxnopmpoBaHusa nytem pekynepaumm Clz ns HCI.

Hanbonblee KonuyectBo NOOOYHbLIX MPOAYKTOB 0BpasyeTcs Ha CTagumn OKCUXITOpWU-
poBaHus. Takum oOpa3om, UCNONb30BaAHNE TONbKO NMPSIMOrO XOPUPOBAHUSA 3TUNEHA ABMNS-
eTca 6onee BbIFOOHBLIM C 3KOSlorMyeckon Todkn 3peHns. ObbidHO Cl2 n3a HCI nonyyatot no
Knaccuyeckom npoueccy [ukoHa:

2HCI + 0,502 - Cl2+ H20

B HoBOM npouecce B KayeCTBE OKUCIUTENSA UCMOMNb3YHOT HUTPO3UIICEPHYKD KUCNOTY
(HNSOs) npu 4 at n 260-320 °C. ObpasoBaHMe noBOYHbIX NPOAYKTOB CHMXAeTCs Kapau-
HamnbHO, NPMBOAS K MOBbIWEHNIO 06wero Bbixoga A0 98%. Bbibpockl cCHMXaTCA nNpakTuye-
CKM 00 HynS.

TexHonorna 3HaunTenbHO CHWXaeT BblGpockl 1 cOpockl.Xnop-cogepxawme oTxonbl

MoryT BbITb coxokeHbl 4o HCI, koTophblil Bo3BpaLlaeTcs B NpoLecc.
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OpHako, npouecc MeHee GesonaceH u3-3a ucnonb3oBaHus Cl2 nof NoBbILLEHHbIM
AaBneHvem. Pekynepauusi aHeprum OT NpsIMOrO XropupoBaHus Gonee 3aTpyaHeHa, Yem oT

OKCUXIOpPUpOBaHMS n3-3a 6oree HU3KOM TeMnepaTypbl NpoLecca.
3aknounTenbHbIe NMOJIOXEeHUA U pekoMmeHgaunun

Mpn paspaboTtke cnpaBoyHuka HAT Obinn ucnonb3oBaHbl MaTepuarnbl, NonyyYeHHble
OT POCCUMNCKNX NMPOU3BOAMTENEN OCHOBHbIX OPraHNYEeCKUX XMMUYECKNX BELLECTB B Xoa4e 00-
MeHa WHdopMauunen, opraHnsosaHHoro bropo HOT B 2016 rogy. Kpome Toro, coctaButenmu
cnpaBoyHuka HAOT yunTbiBanu pesynbTaTbl OTEYECTBEHHbLIX Hay4YHO-UCCREOoBaTENbCKUX U
OMNbITHO-KOHCTPYKTOPCKMX paborT.

CnpaBoyHnk HOT cogepxut onucaHne npuMeHAeMblX Npu MPOU3BOACTBE HUBLLUX
oneMuHOB N OANEHOB, apoOMaTUYECKNX COEOUHEHUN, KUCNOopOoAcoAepXalmnX OpraHnU4ecKmnx
COEOVHEHMI, ONXNOpPaTaHa U BUHUNXIIoOpMAA TEXHONOMIN, NCNOSb3YOLWNXCS B MPON3BOACTBE
N peanun3oBaHHbIX Ha Tepputopun Poccumnckon depepaumm TEXHONOMMYECKUX NPOLIECCOB,
obopynoBaHus, TEXHUYECKMX CNOocoboB, METOAO0B, B TOM YMUCIE NO3BONSAOLWMNX CHU3UTL Hera-
TMBHOE BO3JAENCTBME Ha OKpyXaloLyk cpeqy, BogonoTpebneHne, noBbiICUTbL aHeproadpdek-
TMBHOCTb, pecypcocbepexeHue.

Mpn paspaboTtke cnpaBovHnka HOT OGbin Mcnonb3oBaH cnpaBOYHUK EBponerickoro
coto3a no HAOT «KpynHOTOHHa)KHOEe NPOM3BOACTBO OCHOBHbLIX OPraHU4YeCcKMX XMMUKaATOBY
(Best Available Technigues (BAT) Reference Document in the Large Volume Organic

Chemical Industry).
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Cdhepa pacnpocTpaHeHUA HacToswero cnpasoyHuka HOT

HanmeHoBaHue npogykumm | HanmeHoBaHwe Buaa geatenb-
OKMA 2 no OK 034—2014p(OI)</I'I,El,) HocTn no OKB3[ 2 OKB3A 2
Mpon3BoacTBO NPOYMX OC- 20.14
HOBHbIX OpPraHM4YeCKnUX XMmu-
YeCKUX BeLLEeCTB
Mpon3BoacTBO yrneBonopo- 20.14.1
0O0B 1 NX NMPON3BOAHbIX
20.14.11 Yrnesogopoabl aumknnye-
CKne
20.14.11.120 |YrneBogoponbl auuknmnye-
CKMe HeHacbILEHHble
20.14.11.121 OTuneH
20.14.11.122 |[TponeH (nNponuneH)
20.14.11.124 |bytagmen-1,3
20.14.11.125 |A3onpeH
20.14.11.126 |AueTuneH
20.14.11.129 |N306yTuUneH-pekTudmkaT
20.14.12 Yrnesogopoabl LMKNnye-
CKne
20.14.12.130 |beHs0nbl
20.14.12.170 OTMN6GEH30NbI
20.14.12.180 |[Kymon
20.14.24 deHonbl, eHonocnupTbl U
NX NPOU3BOAHbLIE
20.14.24.110 | @eHonbl
MponsBoacTBO NPOMBILLNEH- 20.14.3
HbIX MOHOKapOOHOBbIX XUp-
HbIX KNCNOT, KapOOHOBbLIX
KMCNOT M NX NPOU3BOAHbIX
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MpunoxeHue b

(obs3aTenbHoe)

MNepe4yHn MapKkepHbIX BewecTB

M TeXHONOrM4YecKmx nokasareneu

B.1 MapkepHble BellecTBa

MpoaykT/TexHonorms MapkepHble BellecTBa
B BbiGpocax B c6pocax
OT1uneH n nponuneH | NOx Hedtenpoaykrbl
(610) pH
Cymma YB (nckniovasn me- | XIK
TaH)
MponuneH pgerngpu- | NOx Hedtenpoaykrbl
poBaHnem nponaHa | CO XMK
N306yTrneH NOx Hedtenpoaykrbl
(610) pH
Cymma YB (nckniovas me- | XIK
TaH)
1,3-6ytagneH NOx XIMK
CcO Hedtenpoaykrhi
Cymma YB (uckniovasa me- | pH
TaH)
N3onpeH NOx pH
CO XMK
Cymma YB (ucknioyasa me-
TaH)
beH3on NOx HedTenpoaykrbl
CcO pH
Cymma YB (nckniovasa me- | XIK
TaH)
OTUnNbeHs3on NOx HedTenpoaykrhbl
CcO pH
Cymma YB (nckniovasa me- | XK

TaH)
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Ctupon NOx HedTenpoaykrbl
(610) pH
Cymma YB (nckniovasa me- | XK
TaH)
Kymon NOx pH
®eHon CO XK
AueToH Cymma YB (ucknoyas me-
TaH)
o-MeTUncTnpon NOx pH
CO XK
Cymma YB (n1ckntoyasa me-
TaH)
MeTaHon NOx XK
CO
Okenpg atuneHa NOx Hedtenpoaykrhbl
(610) pH
Cymma YB (nckntovas me- | XIK
TaH)
Okenpg nponuneHa NOx Hedtenpoaykrhl
(610) pH
Cymma YB (nckniovas me- | XIK
TaH)
dopmanbgerng, dopmanbgerng, pH
XK
MTB3 Cymma YB (ucknouasa me- | HedprenpoaykTbl
TaH) pH
MTBES XMK
MTA3 Cymma YB (uckntoyasa me- | pH
TaH) XK
Bytunosbie cnupTbl | NOx Hedtenpoaykrhl
(610) pH
Cymma YB (uckniovas me- | XTK
TaH)
2-3TUnrekcaHon Cnunpt 6yTunosbin pH
2-3TUnrekcaHon XK
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AkpunoBasi Kucrorta
n ee acpupbl (ByTun-
nakpwnart, MeTunak-

NOx
CO

AkpunoBas Kucrorta

HeT cToKOB, HE NPUMEHUMO

punaTt,  aTUNakpu-
nar)
AvxnopaTtaH NOx HeT cToKkoB, HE NPUMEHNMO
BuHunxnopwng CcoO
HCI
TepedTannesas (610) pH
KucnoTta OnmeTnnbeHson XIK
YKcycHas kucnoTta
AKPUNOHUTPUN A30Ta gnokeug Xnopmna-noH
Yrnepoaa okcua CynbdaT—moH
Cwmecb yrneBogopoaoB (Mc- | HATpun akpunoBon KUCNOTbI
Kno4vas MeTaH)
AKPUNOHUTPUN
Bogopoa umaHucTbiin
Cepbl guokeng,
BuHunauetart NOx Bununauetart
Yrnepopg okeung AueTanbgermng

B.2 TexHOnornyeckue nokasarenm

Tabnuua b.2.1 — TexHonornyeckne nokasateny HOT ons npomM3eoacTea nponureHa

TexHonorusa

[erngpupoBaHue nponaHa:; TexHonorms «One-

dnekc»*

MoTpebneHne cbipbsi 1 SHEPrOPECYPCOB

Kr/T

MponaHoBaga pakuuns (96% nponaH),

1210-1330

OneKkTpoaHeprus, KBT*u/T

135-150

MpupogHbin ras, Kr/vac

10900-12000

3arpsasHsaoLme BellecTsa B Bbibpocax, Kr/T

NOx

He Oonee 8,5

CO

He bonee 1,5

3arpsisHaoLlme BellecTBa B copocax, Kr/T
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HedTenpoaykrbl

He 6onee 0,03

XMK

He bonee 0,7
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Tabnuua b.2.2 — TexHonornyeckne nokasatenu HOT ons npon3soacTea sTuneHa

TexHonorus

[NokasaTenu

Muponua CYI n ataHo-

BOW dopakumm

Mvuponun3 yrneBogopoaHoro Chbi-
pbs (6eH3MHOBbIE (hpaKLmm,

Mnponua yrneBoaopoaHoro
cbipbsl (6eH3MHOBbLIE hpak-

lMNuponns yrnesogo-

*kkk

POLHOrO Cbipbsi

WDITY n CYIN) umm, LLDJTY)**
MoTpebneHune cbipbs N 3HEpropecypcoB®
Cblpbe, kr/T, He bonee 1950-2150 1950-2150 2260 2725,5
OneKTpoaHeprmsa, KBT*u/T 1280-1400 70-77 40 37.06-44.57
(Mkan/T) (1,1-1,2) (0,06-0,07)
TennoaHeprus, kan/T — 3,8-4,2 0,616*** —
Map, Nkan/T 1,8-2,0 — - —
*k% -
TonnuBHbLIN ras, Kr.y.T./T 1100-1200 680-750 22 47,5-56.9

3arpsasHsaoLLmMe BellecTsa B Bbibpocax,

Kr/T

NOx

He Oonee 1,6

He bGonee 4,0

He bonee 4,1

He bonee 0,38

CcO

He bonee 0,5

He Oonee 5,3

He bonee 5,0

He bonee 0,27

Cymma yrnesogoponos
(6e3 meTaHa)

He Oonee 1,7

He bornee 8

He bonee 11

3arpasHsoLme BellecTsa B cbpocax, Kr/T
HedtenpoaykThl He Bonee 8,0 He 6onee 0,4 He bonee 0,5
XK He Bonee 15 He 6onee 10 He 6onee 10 He bonee 28
pH 8,4-11,7 9-11 6,5-10,5

* YaenbHble AaHHbIE npmuBegeHbl Ha COBMeCTHOe NMpon3BOACTBO 3TUJIEHa U nponuieHa

** YpenbHble JaHHble NoKasaHbl HA COBMECTHOE npon3BoACTBO 3TUINEHaA U nNponuneHa un npun COOTHOLWEHUN CTPYKTYpPbI CblpbA NNpPONnn3a ra-

3oBoe/xuakoe 20/80.

*** YpenbHble JaHHble MO I'IOTpGGJ'IeHI/”O JQHEepropecypcoB nokasaHbl TOJNIbKO MO 3Hepropecypcam, nocraBnAaAeMbiM CO CTOPOHbI, cobcTBeH-

Hble 3HEepPropecypcbl B pacyétax yaerbHbIX NokasaTernen He yYTeHbl.

**** YpenbHble faHHble Noka3aHbl Ha COBMECTHOE MPOM3BOACTBO 3TUIEHA M MPONUIIEHA U NPU COOTHOLLEHUW CTPYKTYPbI Cbipbs MMPONM3a

razosoe/xungkoe 40/60. YaenbHble AaHHbIe MOTYT MEHATLCA MPU PYroM COOTHOLLEHUUN CbIpbS MMPONM3a.
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Tabnuua b.2.3 — TexHonornveckne nokasatenu HOT onst npomseoacTea n3odyTuneHa

TexHonorus

«ApcunTeay, ermapnpoBaHme n3oby-

TaHa (B pacyete Ha 100% WB)

M3omepumsaumnsa HopManbHbIX
GyTuneHoB B n306yTuneH (B pacyeTte Ha n3o0yTuneH-

coaepxaLlyto dpakLuio)

MoTpebneHne cbipbsi 1 SHEPropecypcoB

N3o06yTaHoBas dpakums, Kr/T

1220-1310

HE NMPUMEHNMO

ByTuneHoBasa pakuuns, Kr/t

HEe NPUMEHNMO

He 6onee 1070

OneKkTpoaHeprus, KBT*y/T

135-530

He bonee 205

TennoaHeprus, kan/t

0,04-1,3

He Oonee 1,3

3arpssHsoLwmne BellecTsa B Bolbpocax, /T
NOx He bonee 650 He 6onee 300
CcoO He bonee 925 He bonee 250

Cymma yrnesogopoos (6e3 meTaHa)

He bonee 1504

He bonee 500

3arpssHsoLwmne Bellectsa B cbpocax, Kr/T

Hedtenpoaykthl He bonee 0,12 He bonee 0,1
XIMK He bonee 7 He bonee 2,5
pH 6,8-9,0 eq.pH 6,5-9,0 eqa.pH
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Tabnuua b.2.4 — TexHonornveckme nokasatenu HOT npy KOHUEHTPMPOBaAHUKM M300YTUNEHA

TexHonorus

I'Ionyqume KOHUEHTPMUPOBAHHOIO

n3obytunexa yepes TMK ns M1

MonyyeHne KOHLEHTPUPOBAHHOIO U30-
6ytunexa 4yepe3 TMK n3 a-bM® (B

pacyeTte Ha 100 % wn306yTUNEH)

MonyyeHune a-6yTunex-
n300yTnNeHoBon hpakunm meTo-
OOM 3KCTPaKTUBHOM pekTudunkaumm

C aueToHUTpuIIomM

MoTpebGneHne Cbipbsi U SHEPTrOPECYPCOB

NN (B nepecueTe Ha 100 %

n3obyTuneH), Kr/t

1100-1170

He NMPUMEHNMO

HEe NMPUMEHNMO

o-BND, kr/T

HEe NMPUMEHUNMO

He bonee 1022

HEe NPUMEHUMO

Ca dppakuymm (6P, BUOD,
NND)

HEe NPUMEHNMO

HEe NPUMEHUMO

He bornee 1018

OneKkTpoaHeprus, kKBT*u/T

150-205

He bonee 93,0

He bonee 36

TennoaHeprus, kan/t

1,9-3,1

He Oonee 2,77

He 6onee 1,01

3arpssHsoLwue Be

LecTBa B Bblbpocax, r/T

NOx

HEe NPpUMMEHNMO

He bonee 0,197

HEe NMPUMEHNMO

CcO

HE NPpUMEeHNMO

He 6onee 0,169

HEe NPUMEHUMO

Cymma yrnesogoponos (6e3

He 6onee 2600

He bonee 1260

He bornee 1250

MeTaHa)

3arpsasHsaoLwme BellecTsa B copocax, r/T
Hedtenpoaykthl He 6onee 130 He bonee 3,0 He 6onee 10
XMK He 6onee 14000 He bonee 314 He 6onee 150
pH 7,3-9,3 eq.pH 6,5-9,0 eq. pH 6,5-9,0 eq. pH
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Tabnuua b.2.5 — TexHonornyeckne nokasatenu HOT npu nponssoactee 1,3-0ytaguena

3KCTpaKTI/IBHaFI PeKk-

Tucunkauust 6ytagu-

3KCTpaKTI/IBHaFI pek-

Tudukauma bytagu-

MpounsBoacTeo Gy-

TagueHa ogHocTa-

Mpouecc coBmecT-

HOro gerngpupoBa-

Mpouecc BblgeneHnsa n

O4YNCTKN OAMBUHUNA Me-

TexHonoruda eHa u3 dpakumm C4 | eHa 13 dopakumm Ca AVrAHbIM gerngpu- Hua ByTaH- TOAOM SKCTPaKTUBHON
nuponusa c aueto- | nuponusa c AM®PA | poBaHuem H-GyTaHa | u3obyTaHa B OyTa- | pekTudukauum c aue-
HUTPUIIOM noz BakyymMoMm AVEH 1 n306yTUneH TOHUTPUIOM
Hopmbl pacxoga cbipbs MaTepuanos, Kr/T
®pakuna Ca — 2,22 -2,60 — — —
®p. H-ByTaHa — — 1600-1750 1800 —
ALeTOHUTPUN — — 1,3-1,5 — 3,8
byTuneH-6bytagneHoBas
cpi)aku,m;l Y — — — — 3200
[AveuHUn-celpel, 1070-1150 — — — —
HopMmbl pacxoga aHepreTu4ecknx pecypcos
OneKTpoaHeprms, KBT*u/T 20-21 82,5 150-165 440 99
TennoaHeprus, kan/t 1,3-1,45 1,43 4 5-5 — 2,6
Map, MNkan/T — — 19 —
Xonogp, MNkan/t — — 0,017 —
TonnuBo, Kr.y.T./T 42-45 — 1,6-1,75 1,0 —
lopsivas Boaa, 'kan/T — — — — —
Boaa oGopoTHas, Tbic.M3/T — 0,183 — 0,924 0,165

3arpsisHsaoLlme BelecTBa B Bblbpocax, r/T

NOx

He 6onee 1900

He bonee 1233
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CO

He bonee 6850

He bonee 2456

Cymma yrnesogopoaos (6e3
y y P ( He bonee 2400

He bonee 2000

He b6onee 4100

He bonee 5605

He 6onee 3500

MeTaHa)
3arpsasHsaowme BelwecTsa B copocax, r/T
XK He 6onee 13850 He 6onee 4500 He 6onee 3500 He 6onee 500 He 6onee 250
HedTenpoaykrhbl He Bonee 120 — He Bonee 120 — —
pH 6,5-9,0 eqa.pH 6,5-9,0 eq.pH 6,5-9,0 eq. pH 6,5-9,0 eq.pH 6,5-9,0 eq.pH

Tabnuua b.2.6 — TexHonornveckne nokasatenu HOT npyn nponsBoacTee nsonpeHa

[ByxcTagunHoe gerngpupo-

BaHME N30NneHTaHa (BKJ'I}O‘-IaFI

[1ByXCTaauNHbLIA CUHTES

«OpgHoCcTaaANNHbINY

CVHTE3 13 n306yTmneHa

MN3omepusauma Hop-

MalibHOro neHTtaHa B

TexHonorns 13 n3obyTtuneHa n gop-
nepepaboTky pakumm Cs waneReraa sepes M v chopmanbaernaa Yepes | U3oneHTaH (B pacyerte

nnMponuaa) amMna Ha N30neHTaH)

Hopwmbl pacxoaa Cbipbsi UM 3HEPropecypcoB
Coblpbe, Kr/T He 6onee 1840

(100% wm3oneHTaH) B N o

dopmanbaerng, Kr/T — 1100-1200 840-850 —
N306yTrnen, Kr/t — 1000-1050 1170 —
MeHTaH, Kr/T — — — He bonee 1072
OnekTpoaHeprus, KBT*u/T He 6onee 1165 410-450 140-150 He Gonee 98,2
(Tkan/T) (0,353-0,387)
TennoaHeprus, kan/t He bonee 18,95 18-20 7,6-8,0 He 6onee 1,86
TonnueHbIN ras, Kr.y.T./T He 6onee 990 240-260 37-50 He B6onee 46
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3arpsasHsoLmMe BellecTsa B Bbibpocax, r/T

NOx

He Oonee 6857

He bonee 860

He bonee 95

He bonee 85

CcO

He bonee 4304

He bonee 7800

He Oonee 114

He 6onee 80

Cymma yrnesogopoos

(6e3 meTaHa)

He bonee 2182

He 6onee 3100

He Oonee 2184

He bonee 2870

3arpsasHsaoLwme BellecTsa B cbpocax, Kr/T

XMK

He bonee 10

He bonee 650

He bonee 140

He 6onee 0,01

pH

6,5-9,0 eq. pH

2,9-4,0 eq. pH

2,5-9,0 eq. pH

6,5-9,0 eq. pH
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Tabnwuua b.2.7 — TexHonorndeckne nokasateny HOT ansa npomsBoacTea doeHona, aueToHa u o-

MeTuncTmnpona

lMpounssoacTeo oeHona, aueToHa 1 anbdame-
TexHonorns
TUNCTMPOna KyMOSbHbIM METOAOM

Hopmbl pacxoga cbipbsi M BCOMOraTesnbHbIX MaTepunanos

BeHaon HedTsaHON, Kr/T He 6onee 1100

lMponaH-nponuneHoBasa gpakunsa, Kr/T He Gonee 651

Hopmbl pacxofa aHepreTM4ecknx pecypcos

OneKTpoaHeprmsa, KBT*y/T He Bonee 165
CxaTblit BO3ayx, M3/T He 6onee 2350
Bona oGopoTHas, m3/T He bonee 1455
Map, MNkan/T He Bonee 12

3arpsasHsaoLmMe BellecTsa B Bbibpocax, r/T

NOx He bonee 0,8
CO He 6onee 0,95
Cymma yrnesogoponos (6e3 metaHa) He 6onee 4585
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Tabnuua b.2.8 — TexHonornyeckne nokasatenu HOT ons nponssogctea 6eH3ona

'mopogeankunuposaHne an-

M3BneyeHne 6eH3ona Metoaom

M3BnedeHne GeH3ona meTo-
OOM 9KCTPaKTMBHOW peKTudun-

AKCTPAKTUBHOWN pekTudmKaumm YcTaHoBKa
TexHonorus KUNOGEH30M0B U BblaeneHue Kauum 6eH3ona kameHHo-
GeH30na KaMeHHOYroSbHOro C "MupoTon"
GeH3ona u3 NMpokoHaeHcaTa YronbHOro 1 NMpPoKoHAeHcaTa
rTMApPUPOBaHNEM
0e3 ruapupoBaHus
HopMmbl pacxofa cblpbs 1 BCoMoraTesibHbIX MaTepuanos, Kr/T
MupokoHaeHcaT 1800-2000 - - -
BeH3on kameHHoyronb-
. - He bonee 2975 - -
HbIN
®pakuna Ce—Cs - - - 1450
BeH3on kamMeHHoyrosb-
. - - 1350-3100 -
HbIN + NMpPOKOHAEeHCcaT
HopMbl pacxoga aHepreTuyeckux pecypcos
AnNeKkTpoaHeprus,
P P 275-315 He 6onee 52,5 50-82 9,3-10,6
KBT*u/T
TennoaHeprus, Nkan/t 1,9-2,2 He bonee 2,85 2,7-3,2 —
Tonnueo, kr.y.T./T 370-410 - - 10,6-12,7

3arpsasHsaoLme BellecTsa B Bbibpocax, r/T

NOXx He 6onee 1160 — HEe NPUMEHNMO He 6onee 560
CO — HE NPUMEHUMO He Bonee
He 6onee 420
4000

Cymma yrneesonopoaos
(6e3 meTaHa)

He bonee 737

He bonee 325

3arpsasHsaoLwme BellecTsa B cbpocax, Kr/T
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HedTenpoaykrhbl He Gonee 2,1 — He Gonee 18 —
XK He 6onee 26,5 He Gonee 27,5 He 6onee 65
pH — He 6onee 6—8,5 —

Tabnuua b.2.9 — TexHonornyeckne nokasatenu HOT ons npouseoacTea aTunbeHsona

AJ'IKI/IJ'II/IpOBaHI/Ie OeH3ona 3TUNEeHOM Ha antoMOXIo-

AJ'IKI/IJ'II/IpOBaHI/Ie OeH3ona 3TUNEHOM Ha LieonuT-

TexHonorusa
pnogHOM KaTanumsartope HOM KaTanuniatope
Hopwmbl pacxoga cbipbsi 1 BCOMOraTenbHbIX Matepmarnos
BeHs3on Kr/T He bonee 753 740-815
STuUneH Kr/T He bonee 272 270-300
Hopmbl pacxofa aHepreTM4ecknx pecypcos

KBT*u/T He bornee 27,8 52-57
ONeKTPoaHeprus

(MCkan/T) (0,024) (0,045-0,049)
TennoaHeprus Mkan/t 0,8-0,85 0,9-1,0
Xornop kan/T 0,008-0,01 —
MpupoaHbI ras m3/T — 70-80

3arpsasHsaoLme BellecTsa B Bbibpocax, r/T

NOx

He bonee 230

CcO

He bonee 105

Cymma yrnesogoponos (6es me-

He 6onee 302 He Gonee 47
TaHa)
3arpsasHsaoLwwme Bellectsa B copocax, r/T
Hedrenpoaykthi — He Gonee 1,5
XK He 6onee 40 —
pH 6,5-11,0 ea. pH 7-8 eq. pH
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Tabnuua B6.2.10 — TexHonornyeckne nokasateny HOT ana npon3soacTBa cTMpona

TexHonorusa

[ernaopupoBaHue aTnbeH3ona

TexHonorna CoBMecTHOro nonyvyeHua nponuneHokcnga n

cTupona*

HOprI pacxoda CbipbA U BCOMOraTesibHbIX MaTepuasioB

OTunbeHson, Kr/T 1100-1210 He 6onee 1173
Hopmbl pacxoga aHepreTu4ecKknx pecypcos
KBT*u/T 105-140 He bonee 287,8
OneKTpo3Heprus
(Mkan/T) (0,09-0,120) (0,238)
TennoaHeprus kan/T He Oonee 4,2 He bonee 4,95
Xonoa kan/T He 6onee 0,06 He 6onee 0,52
Map lkan/t 4,0-4,4 —
TonnuBHbLIN ra3 T.y.T 0,31-0,35 He 6onee 0,08
3arpssHsoLwmne BellecTsa B Bblbpocax, /T
NOXx He 6onee 880 He 6onee 450
CcoO He 6onee 400 He 6onee 1750

Cymma yrnesogoponos (6e3
MeTaHa)

He bonee 220

He 6onee 800

3arpsasHsioLwme BeLwlectsa B copocax, r/t

HedTenpoaykrbl He Gonee 41 He NPUMEHNMO
XK He 6onee 2800 He 6onee 12000
pH 6,5-11 6,5+10,0

* YpenbHble AaHHblE NpUBEAEHbl Ha COBMECTHOE NPOU3BOACTBO NPOMNuUIieHa okcuaa U ctupona

9T0Z—S8T 31U



UTC 18—2016

Tabnuua b.2.11 — TexHonoruyeckue nokasaTtenu HOT onsa npoussoacTea opmansaervaa

TexHonoruns nonyyexHns popmanbgermaa Ha cepeb-

TexHonorus
PSAHbLIX KaTanuaaTopax
Hopwmbl pacxona cbipbsi
MeTtaHon, kr/t 1210 - 1250
Hopmbl pacxofa aHepreTuyecknx pecypcos:

OneKkTpoaHeprus, KBT*u/T 112 -170
TennoaHeprus, kan/t 18-21
Xonoa ammunadHbln, Nkan/t He 6onee 0,08

3arpsisHsioLlmne BeLlecTsa B Bblbpocax, /T dpopmanbgernaa

dopmanbaerng He bonee 370

3arpsasHsoLwme Bellectsa B cbpocax, kr/ T popmanbagermnga

XMK He bornee 1,3

pH 2,5-9,0 egq pH

Tabnuua b6.2.12 — TexHonornyeckmne nokasatenu HAOT noTpebneHuns Cbipbs 1 3HEPropecypcoB Ans

npon3BoACTBa OKCKAA 3TUNEHa

TexHonorus MonyyeHne O3 OKUCNEHNEM STUINEHA YUCTBIM KUCITOPOLAOM
Cblpbe (aTuneH), Kr/t 808 —859
TennoaHeprus, kan/t 1,55 -2,09
AnekTpoaHeprmsa. KBT*u/T 238 -265

Tabnuua b6.2.13 — TexHonornyeckne nokasatenu HAOT noTpebneHns Cbipbs 1 3HEPropecypcoB Ans

NPOM3BOACTBA MNKOSEN

TexHonorus Hekatanutnyeckas rugpataumsa O3

Cblpbe, OKuncb aTUneHa,

Kr/T 680--885
TennoaHeprus, kan/t 1,15-3,98
OnekTpoaHeprus, KBT*u/T 30--70,8
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Tabnuua b6.2.14 — TexHonoruyeckme nokasatenu HOT BeIGpocoB 1 c6pocoB Npu COBMECTHOM MpPO-

M3BOACTBE OKMUCU 3TUNEHA U MMUKONEN

TexHonorus CosmecTHOe npomnseogcTeo O3ul

3arpsisHsiioLLmMe BellecTBa B Bbibpocax, r/TrivKonen

NOx He 6onee 206
CO He 6onee 877
Cymma yrnesogopoaos (6e3 meTaHa) He 6onee 906

3arpsasHsaoLme BellecTa B cbpocax, Kr/Trnukonen

HedTenpoaykTbl He G6onee 1,0
XK He bonee 298
pH 6-9 eq pH

Tabnuua b6.2.15 — TexHonornyeckme nokasateny HOT BbIGpocoB 1 c6pOCOB Npm NPON3BOLACTBE OK-

cuaa aTuneHa

MonyyeHne OB OKMCNEHMEM STUNEHA YK-
TexHonorus
CTbIM KMCITOPOAOM

3arpssHsioLLmMe BellecTBa B Bbibpocax, /T okcuaa aTurneHa

NOx He bonee 887
CO He 6onee 200
Cymma yrnesogoponos (6e3 metaHa) He 6onee 610

38Fp$|3HFII'OLLl,Me BellecTtBa B C6pOC3X, Kr/ T okcuga aTuneHa

XK He bonee 230

Tabnuua b.2.16 — TexHonornveckne nokasatenu HOT BeIGpocoB 1 cOpocoB Npu NPon3BOACTBE IMN-

Konemn
TexHonorusa Hekatanutnyeckas rugpataumnsa O3
3arpsisHsoLLmne BellecTBa B Bbibpocax, /T rinnkonemn

Cymma yrnesogoponos (6e3 metaHa) 685
3arpsisHsoLlmne BellectBa B cbpocax, Kr/ T rnmkonen

XK He 6onee 820
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Tabnuua b6.2.17 — TexHonornyeckme nokasatenu HOT BeiGpocoB 1 c6pocoB Npun NPpoM3BOACTBE MMK-

Konen
TexHonorus Mpamas rmgpatauna aTuneHa
Hopmbl pacxoga aHepreTuy4ecknx pecypcos
OneKTpoaHeprmsa, KBT*u/T He 6onee 1200
Boaa o6opoTHas, m3/T He 6onee 940
3arpsasHsoLme BellecTsa B Bbibpocax, r/T
NOx He 6onee 940
CO He 6onee 1850
Cymma yrnesogopoos (6e3 metaHa) He 6onee 6700
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Tabnuua b6.2.18— TexHonorn4eckme nokasatenu HOT npu nponsBoacTBe MeTUn-TpeT-6yTnnoBoro agupa

CuHte3s MTBO3 ¢ ncnonb3oBaHuem

CuHTe3s MTB3 6e3 ucnonb3oBaHus

CuHTe3 MTB3 B n3bbiTke n306yTn-

[MokasaTenu PPK PPK nena
Hopmbl pacxofa cbipbsi U BCOMOraTesnbHbIX MaTtepmuasnos
MeTtaHon, Kkr/T 370-400 370-400 380
N306ytnneH (100%), kr/T 650-700 650-700 690
Hopmbl pacxoga aHepreTuy4ecknx pecypcos
OnekTpoaHeprus, KBT*u/T 10-55 10-55 19
TennoaHeprus, Nkan/t 0,2-0,8 0,2-0,8 0,894

3arpsisHsowme B

ellecTtBa B Bblbpocax, /T

CymMmma yrnesogopoos
(6e3 meTaHa)

He bonee 410

He bonee 410

He Oonee 1228

MTBO He 6onee 90 He 6onee 90 —
3arpsasHsoLwme Bellectsa B cbpocax, r/t

HedTenpoaykrhbl He 6onee 300 He 6onee 300 —

XK He 6onee 1500 He 6onee 1500 —

pH 6,0-8,7 eq. pH He Gonee 6-8,5 en. pH —
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Tabnuua b.2.19 — TexHonornyeckue nokasatenu HOT npu nponssoactee MTAS n MBAS

TexHonorus

CuHtes MTAD ¢ ucnonbso-

CuHTe3s MTAD 6e3 nucnonb3oBaHus

CuHTes MBAQD 6es3 ncnonb3o-

BaHveMm PPK PPK BaHua PPK
Hopmbl pacxoga cbipbs
dpakuna nponuneHosas, T/T _ 0,91 —
dpakumsa nsoneHtaHoas, T/T 0,96 — —
MeTtaHon, 1/T 0,34 0,31 0,31
Hopmbl pacxoga aHepreTu4eckux pecypcos

OnekTpoaHeprus, KBT*u/T 83,56 51,2 67,97
TennoaHeprus, kan/t 2,3 1,95 2,543

3arpssHsowme B

ellecTtsa B Bblbpocax, r/T*

Cymma yrnesogoponoB (6e3 meTaHa)

2489

He 6onee 3600

3arpsasHsaoLwme

BellecTBa B cbpocax, r/T

XMK

25

He bonee 157

pH

6,5-11,0 eq pH
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Tabnuua 6.2.20 — TexHonornyeckme nokasatenu HOT BeiGpocoB 1 cbpocoB npu Npov3BoACTBE

OyTUNOBbIX CNMPTOB

TexHonorusa

MonyyeHne ByTUNOBbLIX CNMPTOB MO kKOHANLTOBOW TEXHOMOMMM

Hopmbl pacxoga cbipbsi M BCOMOraTesibHbIX MaTtepuanos

MponuneH, Kkr/T

710-780

Hopmbl pacxofa aHepreTU4ecknx pecypcos

OnekTpoaHeprus, KBT*u/T 280-310
(Mkan/T) (0,241-0,267)
Map, Nkan/T 1,51-1,67
Tonnueo, M3/T 60-66

3arpssHsioLwmne BellecTsa B Bolbpocax, r/T

NOx

He bonee 1890

CO

He Oonee 1346

Cymma yrnesogopoos

(6e3 meTaHa)

He bornee 765

3arpsasHaoLlme BellecTa B cbpocax, Kr/T

Hedtenpoaykrhl He 6onee 0,25
XK He 6onee 50
pH 7,1-10,5en. pH

Tabnuua b6.2.21 — TexHonorndeckne nokasateny HOT npu npon3BoAcTBe 2-3TuUrnrekcaHona

TexHonorus

MmopupoBaHue 2-aTunrekceHans

Hopmbl pacxoaa cbipbsi M BCOMOraTesnbHbIX MaTepunanos

MacnsHbii anbaerna, Kr/T

1150-1265

HopMbl pacxoa aHepreTU4eckmMx pecypcoB

Map, MNkan/T

0,9-0,1

OnekTpoaHeprusa, Ketu/T

125-140

(Ckan/T) (0,108-0,120)
3arpsisHsoLlmne BellecTsa B Bblibpocax, r/T

CnvpT ByTNNOBLIN He 6onee 30

2-9TUNrekcaHorn He Bonee 65

3arpssHsoLmne BeLle

cTBa B cbpocax, r/T

XMK

He bonee 2350
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pH

7,1-10,5 eq. pH

Tabnuua b.2.22 — TexHonornyeckne nokasatenu HOT notpebneHuns Cbipbsa 1 3HEPropecypcoB npwu

npon3BoacTBe aKpVIJ'IOBOVI KUCNOThbI

NokasaTenu

lMonyyeHne akpmnNoOBOW KUCNOTbI

HOprI pacxoda CbipbAa U BCroOMoOraTtesibHbIX MaTtepuranoB

MponuneH, Kkr/T

680-750

Hopmbl pacxoga aHepreTM4ecknx pecypcos

TennoaHeprus, kan/T 2,6-2,9
OIEKTPOIHeEPrus,

KBT*u/T 245-270
(MTkan/T) (0,210-0,232)

Tabnuua b.2.23 — TexHonorndeckune nokasatenn HOT noTpebreHns cbipbs U SHEPrOPEeCypPCcoB MNpu

npoussoacTBe byTunakpunarta

Nokasatenu

MonyyeHne GyTunakpunata

Hopmbl pacxoga cbipbsi M BCOMOraTesibHbIX MaTtepuanos

AkpunoBas kucnorta

590-650

ByTunosbin cnupT

600-660

Hopmbl pacxofa aHepreTU4ecknx pecypcos

TennoaHeprus, kan/T 1,2-1,35
OnNEeKTPOIHeprus,

KBT*u/T 31-34
(MTkan/T) (0,027-0,029)

Tabnuua b.2.24 — TexHonornyeckme nokasatenu HOT noTpebneHuns cbipbsa 1 3HEPropecypcoB npu

npon3BoacCTBe aTUNnakpunarta

MNokasatenu

Mony4yeHuwe aTunakpunara

HOprI pacxoaa CbipbA U BCNoOMoOratesibHbIX MaTtepuaroB

Akpunosas kucnorta

780-850

OTUNOoBbLIN CNNPT

500-550
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HopMbl pacxofa sHepreTU4eckmx pecypcoB

TennoaHeprus, kan/T 2,1-2,3
ONEKTPO3Heprus,

KBT*u/T 35-39
(Mkan/T) (0,030-0,033)

Tabnuua b.2.25 — TexHonornyeckme nokasatenu HOT notpebneHuns cbipbsa 1 3HEPropecypcoB npu

npon3BoAcTBe MeTunakpunarta

NokasaTenu

|_|OJ'Iy‘-IeHVIe MeTunakpunarta

HOprI pacxoaa CbipbAa U BCrOMOraTesibHbIX MaTtepuranoB

AkpunoBas kucnorta

900-950

MeTunosbin cnupT

390-430

HopMbl pacxofia aHepreTU4eckmx pecypcoB

TennoaHeprus, kan/T 2,0-2,2
ONEKTPO3Heprus,

KBT*u/T 35-39
(Mkan/T) (0,030-0,033)

Tabnuua 6.2.26 — TexHonornyeckme nokasatenu HOT amuccun B OKpyKatoLLyto cpegy npwm

COBMECTHOM MPON3BOACTBE aKPUIOBOMN KUCINOTbI U 3¢hMPOB akpuIoBo KUCNOTbl (GyTunakpunar,

MeTunakpunar, aTunakpunar)®.

TexHonorus

Akpunosag kucnoTa u admpbl akpunoBom KACIOTbI

3arpsasHsaoLwme BellecTsa B Bblibpocax, r/T *

NOx

He 6onee 1250

CO

He 6onee 700

Kucnota Akpunosas

He Oonee 450

3arpssHsoLwmne BellectBa B cbpocax, Kr/T

HedTenpoaykrbl

O**

XMK

0**

* HopmupoBaHMe oCyLLEeCTBMNSETCS Ha TOHHY CyMMapHOW TOBapHOW MpoayKuuu (akpuro-
Basl KMCINoTa nonmMMepHas, byTunakpunat, MeTunakpunaT u aTunakpunar)

** 3HauYeHns B Crny4ae Mcrnonb30BaHUs 6ECCTOYHOM TEXHOMOMMM
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Tabnuua b.2.27 — TexHonorndeckne nokasateny HOT gns npomssogcTea TepedTaneBon KUCAOThI

NokasaTenu TexHonorus: MitsuiPetrochemical

Hopwmbl pacxoaa cbipbs, Kr/T

Mapakcunon 650-690
YKcycHas kucnoTta 50-60
ObecconeHHas Boaa, M3/T 5,0-5.2
OneKTpoaHeprmsa, KBT*y/T 332-350
OcTtpbint nap, MNkan/t 1,11-1,19
3arpsasHsaoLlme BellecTsa B Bblibpocax, r/T

CO He bonee 2080
OumeTnnbeHson He 6onee 600
YKcycHasi kucrnota He Gonee 365

3arpssHsoLwmne Bellectsa B cobpocax, Kr/T

XMK He bonee 250
2-45epn.pH*
pH
6-11 eg.pH **

** 3HaveHne pH onga nocTositHHOro cToka

*** 3HayeHne pH ons nepemMeHHoro cToka

Tabnuua b.2.28 — TexHonornyeckne nokasateny HOT onst nporM3BoacTBa BUHUIIXNOPUAA MOHOMEpa

TexHonorns nony4YeHnst BUHUIIXNopug MOHO- CbanaHcupoBaHHbIN NO XIOpYy ABYXCTagum-

Mepa Hbln MeTog (CXMJ)

HOprI pacxoda CbipbA U BCNoOMOraTtelibHbIX MaTepu1anoB

JTuneH Kr/T 460-475
Xnop Kr/T 571-630
Hopmbl pacxoga aHepreTuyecknx pecypcos
OneKTpoaHeprus KBT*u/T 80-100
Map Kr/T 1500-1700
3arpsisHstoLwme BellecTsa B Bolbpocax, r/T**
NOx He bornee 15,0
CO He Gonee 2,0
XnopucTbi Bogopoa He bonee 8,0

3arpasHsaoLwme BellecTsa B copocax, r/T
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XK 0**

pH O**

* laHHble NnpuBeAeHbl ANa coBMecTHoro npoussoactea XM n BXM

** [INa 6eCCTOYHON TEXHONOrMM (CTOKM MOCHE OYUCTKM BO3BPALLAKTCHA B TEXHOMOrn4Ye-

CKMI npouecc)

Tabnuua 6.2.29 — TexHonornyeckme nokasatenu HOT ona npovssoacTea kymona

AnkunupoBaHue 6eH305a NPoONUIIEHOM Ha
TexHonorus
antoMoXnopuagHoOM Katanmsatope

HOprI pacxoaa CbipbAa U BCoOMOraTesibHbIX MaTepuranoB

BeHson Kr/T 700
nponuneH 100% Kr/T 380
Katanusatop Kr/T 6,0

Hopmbl pacxoga aHepreTU4eckux pecypcos

ONEeKTPO3Heprua KBT*u/T 17,2-35
Xonopa kan/T 0,067
Map 13 lkan/T 0,1-0,18
nap 21 1,55-2,25
Bopa m3/T 120-232

3arpsasHsioLLmMe BelllecTBa B Bbibpocax, Mr/m3

HCI 530

3arpsasHaoLwwme Bellectsa B cobpocax, r/T

OpraHuka, mex. npumecu oTCyTCTBUE
XK 1300
pH 6-9 en. pH

Tabnuua b.2.30 — TexHonorndeckne nokasatenu HOT ons nporM3BoacTBa BUHMNALETaTa

TexHonorns nonyyYeHus BUHUIXNOPUA MOHO- C6anaHcupoBaHHbIV NO XNopy ABYyXCTaaum-

Mepa Hbln MeTog (CXMO)

HOprI pacxoaa CbipbA U BCrOMOraTesibHbIX MaTtepunanoB

STuneH Kr/T 460-475

Xnop Kr/T 571-630

HopMbl pacxofa sHepreTU4eckmx pecypcoB
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OnNeKTpoaHeprus KBT*u/T 80-100

Map Kr/T 1500-1700
3arpsasHsaoLlmne BellecTsa B Bblibpocax, r/T*

NOXx He 6onee 15,0

CO He bornee 2,0

XnopucTtbi BOgopoa He 6onee 8,0

3arpsasHsaoLme BellecTsa B cbpocax, r/T

XK 0**

pH O**

* laHHblEe NpuBeAeHbl ANa coBMecTHoro npoussoacTtea XM n BXM
** [INa 6eCCTOYHON TEXHONOrMM (CTOKM MOCHE OYUCTKM BO3BPALLAKTCA B TEXHOMNOrn4Ye-

CKMI npouecc)

Tabnuua 6.2.31 — TexHonornyeckme nokasatenn HOT ons npov3BoacTBa HUTPUNA akpuIioBOW
KMCNOTbl METOAOM OKUCIIUTENBHOrO aMMOHONN3a NPONueHa BO B3BELLEHHOM Croe KaTtanmsaTtopa ¢

nocnegyrvwmm pasgeneHmem npoaykTtos peakumn

MokasaTtenu 3HauyeHune
Cblpbe, Kr/T 1639-1886
OnekTpoaHeprus, KBT*u/T 285-485
TennoaHeprus, kan/t He bonee 3,5
TonnueHbIN ras, Kr.y.T./T 520-995

3arpsasHsaoLwme BelecTsa B Bbibpocax, r/t*

NOx He bonee 4,207
CO He 6onee 17023
CymMmma yrneeogopoos He 6onee 17140

(6e3 meTaHa)

Bogopoa umaHucTtbin He 6onee 70
Cepbl guokeng He 6onee 13 860
AKPUAOHUTPUN He Bonee 278,62

3arpsisHsoLwmne Bellectsa B cbpocax, Kr/T

Xnopwa-noH He bonee 4,56
Cynbdat-noH He 6onee 10,08
HuTpun akpmnoBon KUCNOThI He 6onee 1,03
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MpunoxeHue B

(obsizaTenbHoe)

Mepeyenb HAOT

Homep

HaunmeHoBaHne HOT
HOT

[MoBbILLEHME 3KOOrMYECcKon pe3yribTaTUBHOCTY (3PPEKTUBHOCTI) NyTEM
HOT 1 BHeApeHUs 1 NoagepXXaHna CUCTEMbl SKONOrM4Yeckoro MeHegpxkmeHTa (C3M),
cooTBeTcTBytoLeln TpebosaHuam FTOCT P MCO 140012 unu 1ISO 140012, unu

npuMeHeHne NHCTpymeHToB COM.

HOT 2 | OrpaHnyeHune BLIGPOCOB NPOAYKTOB CropaHnsa B aTMOCHEPHbIN BO3OYX NyTEM

onTuMmnsauunm npouecca CxKnraHna TonsimBa U CayBoOK.

HOT 3 |C6op n ncnonb3oBaHne NoBOYHbIX ra3oobpasHbIX NPOLYKTOB, CAYBOK, HE
HaxoasLWmnX NPUMEHEHNE B KA4YECTBE CbIPbEBbLIX KOMMOHEHTOB B KA4eCTBe

Tonnuea.

HAOT 4 |[MoBblweHne ahPEeKTUBHOCTN UCMONBb30BaHNS NOBOYHBIX MPOAYKTOB npoLec-

COB 1 NMpon3BOACTB.

HOT 5 |MpnmMeHeHne aneKkTpodunbTPoB € IPPEKTUBHOCTLIO OYMUCTKN OT MbIfN HE

meHee 80 %.

HOT 6 |MpumeHeHne ckpybbepoB MOKPOM OYUCTKN.

HOT 7 |MpumeHeHne ckpybOepoB MaCNSAHON OYUCTKMN.

HAOT 8 |lMpyMeHeHne LUMKNOHOB (B Cnyyae ABYXCTYNeH4YaTon OYUCTKN ra3os OT Mbifu).

HOT 9 |lMpenoTBpalleHne nunm CHMXKeHMe HeopraHnM3oBaHHbIX BbIOPOCOB 3arpsa3Hsito-
LUMX BELWEeCTB B BO3ayX NyTem cobnogeHus TpeboBaHnin TEXHONOMMYECKNX
pPernameHTOB N PEXMMOB, a TaKKe Haanexawlero TEXHMYeckoro obenyxmea-

HUA o6opyp,osaHm'-|.

HAT 10 | MOHUTOPWHT BbIGPOCOB MapKePHbIX 3arps3HSAOLLIMX BELLECTB B BO3AYX B CO-

OTBEeTCTBUMN C YCTAHOBIIEHHbLIMU Tpe6OBaHI/IF|MVI.

HAOT 11 | OnTuMmn3aums NpoLieccoB BOAONOTPEDNEHNS U opraHn3aums BOA00OOOPOTHBIX

CUCTEM.

2 CooTBeTCTBUE CUCTEM MeHeP)KMeHTa YyKa3aHHbIM CTaHOapTaM He O3Ha4daeT ee O6ﬂ3aTeJ'|bHYI'O

cepTudumkaumio.
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Homep

HanmeHoBaHne HOT
HOT

HAOT 12 | CobniogeHune TpeboBaHui, yCTaHOBNEHHbIX A4S cOpoca CTOYHbIX BOA, B LiEH-
Tpanu3oBaHHbIE CUCTEMbI BOAOOTBEAEHUS (4115 OpraHM3auunn, nepeaarLmx
CTOYHbIE BOAbl HA OYMCTKY C UCMNOSIb30BAHUEM LIEHTPANM30BaHHbIX CUCTEM

BOOOOTBEAEHUS NOCENIEHUIA, TOPOACKNX OKPYroB).

HOT 13 | ObecnevyeHne Hagnexallen OYNCTKN CTOYHbIX BOA Ha COOCTBEHHbIX O4MUCT-

HbIX COOPYXEeHUNAX.

HOT 14 | C6poc CTOYHbIX BOA, B 3aBOACKYIO KaHaNM3aUMOHHYHO CeTb C NocneayoLen

OYMCTKOM Ha COBCTBEHHBIX LEHTPAsbHbIX OYUCTHBIX COOPYXKEHWN.

HAOT 15 | OnTummnsaumsa cuctembl obpalleHns ¢ oTxogamm B COOTBETCTBUN C YCTAHOB-

JIEHHbIMU TpGGOBaHVIﬂMVI

HOT 16 | YBenuyeHne BpemeHn paboTbl Katanu3aTtopos, obecneyeHne BbICOKON CTe-

NeHn KOHBEPCUUN CbIpbA

HOT 17 |YyeT meTo40B NOBbLIWEHNSA 3HEPrO3aEKTUBHOCTU, U3MNOXKEHHBIX B
NTC 48.

HOT 18 | CHxkeHne noTpebneHuns aHepropecypcos (Tensia unu napa) nytem Ucnonb-

30BaHNA Tenjia oTxoadawmnx ra3os.
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MpunoxeHue I'

(obsizaTenbHoe)

AHeproachppekTMBHOCTb

.1 KpaTtkas xapakTepucTuKa oTpacsiv C TOYKU 3peHUsA pecypco- u

3HepronoTpeodneHus

MpOMBILLNIEHHOCTL MO NPOU3BOACTBY OPraHUYECKUX XMMUYECKMX BELLECTB XapaKTepu-
3yeTcs BbICOKMM 3HepronoTpebneHnem. Npn 3ToM 3HauuTenbHas 4Yactb OT obuiero noTped-

NEHUs1 SHepreTUYECKMX PECYpPCOB pacxodyeTcs Ha NPOM3BOACTBO.

.2 OCHOBHbIEe TeEXHONOrn4YeckKkue npouecchbl, CBsA3aHHbLIE C

ncnonb3oBaHnemM aHeprmumn

TexHornormyeckme npoLecchl, CBA3aHHbIe C NPOU3BOACTBOM HU3LLIMX ONedUHOB 1 An-
€HOB, apoMaTUYECKUX COeAMHEHU, KUCMOPOACOAEPKALLMX OPraHNYEeCKUX COeAMHEHWU, an-

XnopaTaHa n BuHUNxXnopuga, onnmcaHbl B COOTBETCTBYHOLLUX pa3daenax cnpaBoOYHUKa Hﬂ,T.
.3 YpoBHM noTpebneHus

NHdopmaumst 06 ypoBHSAX NOTpeOneHust SHeprum Onsi OCHOBHbIX TEXHOOMMYEeCKNX
npoueccoB npusefeHa B pasgenax 2-7 (tabnuubl 2.1.1, 2.2.2, 2.3.1, 2.3.3, 24.7, 2.5.1,
3.1.1, 3.2.1, 3.3.1, 36.1, 4.2.2, 4.3.1. 4.3.2, 451, 4.6.1, 4.7.1, 4.8.2, 4.8.4, 49.1, 4.9.2,
493,49.4,4.10.1,5.1, 6.1, 6.2.1).

.4 Havny4wmne oocTynHble TeXHONIOrMU, HarpaBneHHble Ha
noBbIWeHne 3HeproachpeKTMBHOCTU U ONTUMU3ALIUIO U COKpaLLeHue

pecypconoTpebneHus

HAOT 16. YBenuyeHne BpeMeHn paboThbl kKaTannsaTopos, obecnevyeHne BbICOKOW CTe-
NEeHW KOHBEPCUU CbIPbsi: NPUMEHEHME O4HOIO U3 NN KOMOMHaUMK cneayrLwmnx MeToa0B:

— obocHoBaHMe Bbibopa ONTUManbHOro KatanuaaTopa;

— npefoTBpalleHve Ae3akTuBaunn katanmsaTopa;

— KOHTpOnb nokasartenei paboTkl kKaTanusaTopa.
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HOT 17. Y4dyeT MeTOAOB MOBLIWEHNA 3HEProdddEKTUBHOCTN, W3MOXKEHHbLIX B
NTC 48.
HAT 18. CHuwxkeHne noTpebneHns aHepropecypcos (Tenna unu napa) nytem Mcnonb-

30BaHN4A Teniia oTxoadamnx ra3os.

.5 QkoHOMUMYeckue acnektbl peanusaumm HAOT, HanpaBreHHble Ha
noBbiWeHne 3HeproahppeKTMBHOCTU U ONTUMU3ALIMIO U COKpaLLeHne

pecypconoTpebneHus

B pasgene 9 npeacrtaeneHa MHGOpMaUMs MO OPUEHTMPOBOYHBLIM KanuTanbHbIM 3a-
TpaTam Ha peanu3aumio oTAeNbHbIX MEPONPUATUIA MO MOAEPHMU3ALMM CyLLLECTBYIOLNX NPO-
N3BOACTB, HanpaBfEeHHbIX HA CHUXKEHWE HEeraTMBHOIO BO3AENCTBUS Ha OKpY)KatoLLyto cpeay U

nosbilleHne 3Hepr03(bd)eKTl/lBHOCTI/I npon3BoacTBa.
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