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KOMILUIEKC OBOPYJIOBAHHS U CITIOCOB MOJIYYEHHUSA U3
BAOOTXOAOB I'PAHYJIMPOBAHHOI'O BHOTOIIJIMBA 1 CUHTES3 —
T'A3A C HU3KUM COAEP)XAHHUEM CMO.I

O0JacTh TEXHHKHU

JlaHHOe H300peTeHHe OTHOCHUTCS K 00NacTH KOMMYHAIBHOTO XO3SHCTBa,
CENIBCKOXO3AHCTBEHHOTO NPOM3BOJACTBA U JHEPTETHKM, B YAaCTHOCTH K CHOCOOY
MoJydeHHss W3 OHOMAcCChl, BKJIIOYas Takue BHIOLI OHOOTXOIOB, KaK TBEPAbIE
OBITOBBIE OTXOMBI, HABO3, TIOMET, JPEBECHBIE OTXOJBI, Jy3ra MOICONHEYHHKA,
mpoca, puca | T.N., TPAHYJIMPOBAHHOTO OHOTOIUIMBA M CHHTE3 — ra3a ¢ HH3KHM
COJZIEPXKAHHEM CMOJI.

YpoBeHb TEXHHUKH

buoorxonsl MOABEPralOTCSs TEPMOXMMHUYECKOH 06paboTke, KoTOpas
3aKIIOYaeTCs B MpPEABApUTEIBHON CYIIKE M HHU3KOTEMIIEPATYPHOM ITHPOJIH3E
6roMaccel, T.e. B HarpeBe 6uomaccel o temneparypsl 150-300 °C B peakrope B
ra3soBoif cpefie ¢ HU3KHM COJEpXKaHUEM KHCIOPOAa.

HpH HU3KOTEMIEPATYPHOM ITHPOJIA3C 6uoMacchl H3 Hee YAQIAIOTCA
HETOPIOYHUEC KOMIIOHCHTBI: BJlara 4, B 3HAYUTENBHOK CTCIICHH, KHCJIOPOM. HOTepH
BOAOPOAA IPH DOTOM  OKa3BIBAKOTCA HE3HAYHUTEIIBHBIMH, 6J1aro,uapﬂ yeMmy
HNOBBHIIIACTCA TEIIOTA CrOpaHus TepM006pa60TaHHOﬁ OHOMACCEI.

IIpu HU3KOTEMIEPATYPHOM IMHPOJIH3E U3 OHOMACChl HAYHHAIOT BBIAEIATHCS
CMOJIBI, KOTOpBIE 3aMOJHSIOT MOPHI B 6GHOMAcce, a MpH ee OXJIAKIEHHH 3aCTHIBAIOT,
npuaaBas 6moMacce THaAPoGoOHBIE CBOMCTRA.

Kpome Toro, B Oumomacce moOru0aloT TATOTEHHBIE OakTepHH, a
rugpodoOHBle CBOHCTBa OHOMAcChl MPENMATCTBYIOT anacopOIuH aTtMocdepHOi
BJIard ¥ MOBTOPHOMY Pa3MHOXEHUIO GaKTepHIt.

ITpeccoBanne G6uoMacchl MPOHUCXOAUT B INpECC-TPaHYIATOpaX, B KOTOPHIX
61oMacca MpOTaNKUBAETCS C IIOMOIIBIO POJUIEPOR uepe3 GHIbephl ONPENETICHHOTO
JUaMeTpa U JUIHHBL, 00ecreYrnBalolie He0OX0auMOe €€ CKaTHE.

IIpouecchl CyIIKH, IPeCCOBaHUA, HU3KOTEMIIEPATYPHOTO MUPOIH3a TPeOyIOT
GonBIIMX 3aTpaT TEIUIOBOH U 3JEeKTpHUYecKod SHepruu. Hampumep, TOJNBKO Ui
npeccoBaHus 6uomacchl Tpebyercs mopsaaka 200 kBT 3meKTpHYECKOii SHEPTUH Ha
1 TOHHY TONy4YaeMEIX rpaHyiL.

C npyroii CTOpOHBI, B MPOLIECCE CYIIKH H HU3KOTEMIIEPATYPHOI'O MHUPOJIH3A
Ouomaccel  00pa3yloTcs ~ BTOpHYHBIE  HCTOYHHKHM  TEIUIOBOM  JHEPIHH,
HCIIOJIb30BaHHE KOTOPBIX MOXET CYUIECTBEHHO IOBBICHTH 3HEProd(¢eKTHBHOCTH
npolecca.
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Taroke B npolecce HU3KOTEMIIEPATYPHOT'O MUPONIH3a 06pa3yeTcss HE TOIBKO
TBEPABIN MPOAYKT, KOTOPHIH HE COAECPKUT MATOTEHHOM MHKpodopsl, obnagaer
Oosnee BBICOKOM TEMNOTOM cropaHuss W TUAPO(OOHOCTBIO, HO W XKHUIKUE U
ra3zoo6pasHble NPOAYKTHI, KOTOphIE COJEpXXaT HEKOTOPOE KOJIHUYECTBO T'OPIOUMX
BEIIECTB U KOTOpBbIE MOTyT GBITH COOTBETCTBYIOMMM 00pa3oM mepepaboTaHbl B
CHHTE3 — ras.

CuHTE3 — ra3 B CBOIO o4EpEAb MOXET OBITH HCIIONB30BaH Kak CBIPBE AJIA
INPOU3BOACTBA CHHTETHYCCKOI'O TOILINBA, BHGK’I‘pH‘ICCKOﬁ U TEIUIOBOM 3HCPruH.

OpHako, NOTy4eHHBIN TaKUM 00pa3oM CHHTE3 — ra3 JOJDKEH ObITh OYMILEH
OT TBEPABIX YaCTHUI] H CMOJI, KOHI[EHTpAls KOTOPHIX JOJDKHA OBITH CHHXKEHA JIO
100 mr/m>. OuncTka CHHTE3 — Ta3a OT TBEPABIX IPOAYKTOB M, TJIaBHEIM 06pa3oM,
OT CMOJI HeoOXOIuMa IOTOMY, YTO CMOJBI HAaUYHWHAIOT KOHIEHCHUPOBATHCS IPH
teMmneparype Huwxke 200 °C, 4yto mpUBOOUT K OBICTPOMY pOCTYy TBEPABIX
OTHOXEHHH Ha BCEX HEOOOIpeBaeMBIX MOBEPXHOCTSIX OOOpPYAOBaHHSA, 4YTO B
3HAYUTENBHOM CTENEHM YCIOXKHAET OKCIUIyaTaluio Oo0OpyNOBaHHS  UId
TIPOM3BOJICTBA OHOTOIUIMBA M CHHTE3 — rasa, a Takoke 000pyZOBaHUS IS XpaHEHHS
¥ TPaHCIIOPTHPOBKM CHHTE3 — rasa W OOOpyZOBaHHS IJIi €ro JajibHeHIiei
nepepaboTKH.

Taroxke OYeBHMIHO, 4YTO CHHTE3 — Ta3, COAEpXKAaIlUi 3HAYMTENbHOE
KOJIMYECTBO TBEPABIX YacTUL M CMOJ HEBO3MOXKHO CXKUTaThb B JIBUraTessX
BHYTPEHHErO CrOpaHus IO NMpHUYMHE OBICTPOro M3HOCA LJIMHIAPOB M IOPIIHEBOM
IPYIIBI 3THX JBUraTeNe.

B narente RU 2516533 C10J3/66, C10J3/48, C01B3/02 packphIT criocob u
YCTPOHCTBO AJIS MONyYEHHs] CHHTE3 — ra3a ¢ HU3KHM COJEPKAHUEM CMOJL.

Crnocob6  mpemycMaTpHBaeT  MOCIEHOBATEIBHYIHD  TEPMOXHMHYECKYIO
06paboTKy 6HOMAacchl B peakTopax C KHILAIIHM CIOEM, YCTAaHOBJIEHHBIX JIPYT 3a
APYTOM IO XOAY BBIIENSAIOIHXCS NIPH TEPMOXUMUUECKOH 00pabOTKE razos.

Ilpu >TOM B mEpBOM peakTOpe NMPOMCXOAUT ALIOMETPHYECKHIA TMPOLECC
HPONM3a B CPelie BOASHOro mapa npu temneparype 600 — 700 °C, npuyem B
peakTop MOABOAMTCA JOMONHUTENFHAS TEIUIOBaA DJHEPrHd C ITOMONIBIO
BNEeKTPOHArpeBaTeleii.

Bo BTOpOM peakTope NpoUCXOIUT NpoLece MHMpoNu3a Ipy TeMmeparype 300
- 1000 °C (npexnourutensHo 850 — 950 °C), mpuueM CIoi COCTOMT U3 YaCTHI|
KOKCa, BBIHECEHHBIX M3 IIEPBOTO PpEAKTOpa, KOTOpPhIE MONIEPKUBAIOTCS B
[ICEBIOOKIKCHHOM  COCTOSHHHM  Tra3000pasHbIMH  TNPOAYKTaMH  IIMPOJIH3a,
IDOIYy4YEHHBIMH B IIEPBOM pEaKTope, a TeIUI0 B CJlOH MojaeTcd ¢ IOMOIIb
3NEeXTPOHArpeBaTeneH.

Henocratkamu cnnocoba u ycTpoiicTBa ABIASIOTCS:



- HU3Kas CTEIEHbh KOHBEPCHU CMOI M ra3000pasHBIX NMPOAYKTOB B CHHTE3 —
ra3 BO BTOPOM pEaKTOpe, B KOTOPOM HPOUCXOAMT IIPOLIECC MHPOIH3A TpH
temnepatype 800 — 1000 °C (mpeamoururensHo 850 — 950 °C), 1.k
00IIEeH3BECTHO, 4YTO paboTa XUMHYECKHX PEAaKTOPOB C KHIAIHM  CIIOEM
XapaKTepU3yeTCs MPOCKOKOM Tra30BoH (a3bl 4YEpe3 pPEeakTop OO 3aBEpIUCHHA
TMIOJIHOTO TIPEBPAILCHHU;

- HHU3Kasd 3HeprodpeKTUBHOCTD, BEIpaXAOILaiICci B HEOOXOIMMOCTH BBOJA
TEIUIOBOM DSHEPrUM BO BTOPOM IO XOAy Ia30B, BBHIACISAIONIMXCA TIpU
TepMOXUMHYECKOH 00paboTke 61oMacchl, peakTop st MMPOJIH3a,

- HH3Kas SHEProddPpeKTHBHOCTD, BHIPAXKAIOMASACS B HEOOXOAUMOCTH 3aTpaT
TEMJIOBOM SHEPrMH Ha DPa3jIOKEHHE BOISHOTO Mapa, MONajaroliero BO BTOPOH
peakTop I THPOJH3a BMecTe C Tra3o00pa3sHbIMM NPOAYKTaMHM ITMPOJIH3a,
MIOJTYYEHHBIMHU B IIEPBOM PEAKTOPE;

- HHU3Kas HAJAEXHOCTh paboThHl BTOPOTO IO XOJa ra3oB peakropa Uis
NMPOJIH3a, T.K. MOLAEPIKaHHE CII0Sl YACTHUL KOKCA B MCEBIO0KHKEHHOM COCTOSTHUM
3aBHCHT OT Pacxoja ra3o00pa3HbIX MPOAYKTOB IMHPOJIH3a, OTYYEHHBIX B MEPBOM
peakTope, TOrga, Kak 3TOT KOJHYECTBO MOXET MEHAThCS IIPH Iepexone OT
06paGoTKH OTHOTO BHAAa OHOMACChl Ha APYTOM.

Texuudeckol 3aaadeit U300peTeHNs ABIAIOTCS:

- mnosbllieHHe 3(P(PEKTUBHOCTH MepepaboTKH Ta3000pa3HBIX IMPOTYKTOB
IIHPOJIH3a B CHHTES — ras,

- MOBBINLIEHHE SHEProdpGEKTUBHOCTH MpOoIIECCa,

- TOBBIIEHHE HAJEXHOCTH paboTBl  YCTAHOBKM, peanM3yIONuMid
TpeaJiaraéMbli MpoLEecc.

Onncanne H300peTeHns

Vka3aHHas IIeNb JOCTHraeTcs TEM, UTO CIoco0 MONydeHUs: U3 6HOOTXOMO0B
rpaHyJIMPOBAHHOr0 GHOTOIUIHBA M CHHTE3 — Ta3a ¢ HU3KUM COJIEPKAHUEM CMOJL,
3aKMIOYaloIIMiics B TEpMOXHMHYECKOH o00paboTke OHOMAacChl  METOIOM
HHU3KOTEMIIEPATYPHOIO MHPOJIHM3a B PEAKTOPE C KUISIIMM CJIOEM, IIEPEBOJTUMBIM B
IICEBJOOKIKEHHOE  COCTOSHHE  BOAAHBIM  TMapoM ¢ TOCHeAyHomeH
TEPMOXHMHYECKON O00pabOTKON MONydeHHBIX Ta3000pa3sHBIX IPOAYKTOB, THE
LEIbI0 TOBHINEHUS 3(P(EKTHBHOCTH mnepepaboTku TIa3000pa3sHbIX IPOLYKTOB
HU3KOTEMIIEPAaTypHOTO  IHMpOJH3a B CHHTe3  —  Tra3,  IOBBIICHUA
5HeprodGGeKTUBHOCTH  Mpolecca M HAJeKHOCTH  paboTel  YCTaHOBKH,
peanu3yrollei npouecce,
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- mocie 06paboTKH METOAOM HHU3KOTEMITEPATYPHOTO MHPOIN3a MOTydEHHBIH
TBEPABIA NMPOAYKT OTAEHAIOT OT Ia30-MapoBOro TMOTOKA W3BECTHBIM CIIOCOOOM,
HanpuMep, B IUKJIOHE WK QUITBTPE, U OTHPABISETCS Ha TPAHYJTHPOBAHMUE,

- OUHUIIEHHBIA OT OCHOBHOM MAaCCHI TBEPABIX YaCTHUI] ra30-nap0130171 ITOTOK
MNOABCPracTCs OXJIAXIACHUIO H KOHACHCAIIUH,

- TONy4eHHBI KOHIEHCAT, CONCpPXAUIHMA OpraHHYECKHe YaCTHIEI,
HamnpasJISeTCs B METaTeHK JUI aHadpOOHOTO COpaXKMBAHUS C LENBIO MOMYYSHHS
MeTaHa,

- TIONYYEHHBIH MeETaH, MOABEPTHYTHI OCYIIKE M OYHCTKE H3BECTHBIMHU
cnoco0aMH, CXXHUTaeTcs Kak TOIIMBO B JBHraTele BHYTPEHHETO CrOpaHHs
SNEKTPOTreHEPUPYIOIEH YCTaHOBKH, IMOJHOCTHI0 WIM YaCTHYHO CHabxaromiei
BIIEKTPOIHEPrUeii KoMILIeKe 060pyIOBaHuUS,

- OTXOAfIlMe Tra3sl OT  JBWraTelis  BHYTPEHHET0  CropaHHs
DJIEKTPOTreHEPUPYIONIEH  YCTAHOBKH  BMECTe C  HEKOHAECHCHPYEMBIMH
ra3o00pa3HBIMH MPOAYKTAMH HU3KOTEMIIEPAaTYpPHOrO MUPONIH3a C TeMIIepaTypod
He Hike 250 - 300 °C mogaroT B peakTop AJI IMHPOJIN3a CBEPXY B IUIOTHBIH CIIOH
rpa”yn OHOYTIJIs, MOMYYEHHOrO B Pe3ylbTaTe MHPOJIM3a YaCTH I'PaHyIHPOBAHHOTO
TBEPAOTO NPOAYKTa HU3KOTEMIIEPATYPHOTO ITHPOIH3a,

- TemrepaTypa B cioe O6uoyrisa nopnepxuBaercs He Hike 800 °C u He
Boie 1000 °C.

Ha ¢urype 1 uzobpaxkeHa cxeMa KOMIUIEKCa 000pYIOBaHHS, peaTH3YIOLIEro
croco6 mosyuyeHuss U3 OHOOTXOMOB T'PAaHYIMPOBAHHOTO OHOTOIUIMBA U CHUHTE3 —
rasa ¢ HU3KMM COJEp)KaHHEM CMOIL.

KoMmmekc COCTOMT M3 KOTNa IS TNPOW3BOACTBA BOASAHOrO mapa |1,
naponeperpeBareis 2, peakropa A1 HA3KOTEeMIIEpaTypHOTO MHUPOIH3a GHOMACCHI
3, muKIOHa 4 I OTAEJEHHs TOABEPTHYTOW HH3KOTEMITEPATYPHOMY MHPOIH3Y
6roMacchl OT ra30-napoBOro MOTOKA, YCTPOHCTBA Uil OXJIAXKIEHHS IEPErPETOro
BOJSHOTO I1apa 5, MeTaTeHka 6, 000pyI0BaHUS JJis TPAHYIHPOBAHUS GHOMACCHI 7,
JJIEKTPOr€HEpHpPYIONIeH YCTaHOBKM § ¢ JBHraTreleM BHYTPEHHEro CropaHmus,
peakTopa NS NHpoiaH3a OHOMAacChl M KOHBEPCHH Tra3000pa3HBIX IMPOIAYKTOB
HU3KOTEMIIEPAaTypPHOrO MUPOJIH3a B CHHTE3 — ra3 9.

IMpennaraempiii  croco® peanu3yeTcss Ha  OIMCAHHOM  KOMILIEKCE
000pyIOBaHHUS CIEAYIOIIUM 00pa3oM.

B xotne 1 3a cuer CxxuraHus HCXOQHOW OHOMAacchl WM APYroro BHAA
TOIUIMBA TIEHEpHUpPYETCS  BOASHOH map, KOTOpPBIH  IeperpeBaeTci B
naponeperpesarene 2 a0 temmneparypsl 250 - 300 °C.




ITaponieperpeBarens 2 HMeeT TPAAHUIMOHHYIO KOHCTPYKLMIO, HaIlpuMep,
BHITIOJIHEH B BHJE 3MEEBHUKOBOTO TEINIOOOMEHHMKA, YCTAHOBJICHHOTO B TOIIKE
xotna 1.

ITocne maponmeperpeBarens 2 meperpethiii map ¢ Temmeparypoit 300 °C
IIOCTYMAeT B peakTop 3 I/ HU3KOTEMIIEPaTypHOTO MUPOJIN3a GHOMACCHI.

Peakrop 3 (¢urypa 2) npencrabmsier coboi ammapaT 1 ¢ KUNSIIHM CIOEM
HHEPTHOIO0 MaTepHajia 2, HalpuMep, KBapLEBOTO TECKa, OMMPAIOMIErocs Ha
pemeTrky 3 IS pachpelesieHHs BBOAMMOIO B KHIMILUMHM CIOH IIeperperoro
BOJASHOTrO napa. Peaktop cHaOeH y3JI0M BBOJA NMEPETPETOTO Nnapa 4 1moj peeTKy
3, y3710M BBIBOAA 5 Tra30-mapoBOil CMECH, Pa3MEIIEHHOrO B BEpXHEH YacTH
anmnapara 1, y3noMm 6 s noxadu UCXoaHOM 6HoMaccel Ha 00paboTKy, UMEIOMIETO
H3BECTHYIO KOHCTPYKIHIO, HAal[pUMEp, B BUJIE IITHEKA.

B peaktope 3 DpOMCXOAHUT HpOLECC CYHIIKH H HU3KOTEMIEPAaTypHOIro
nUponu3a OMoMacchl, TO €CTh OHMpoiu3a npu TeMmieparype 250 — 300 °C, B
pe3yinbTare KOTOpOro, Kak IIOKa3bpIBalOT JKCIEPUMEHTHI C TaKMM BHUAOM
6M00TX0JI0B, KaK KypHHEIH MOMET C MOJCTHIKOH, COAEpKAHUE YIIepoJa MOXKET
ObITh yBenu4eHo B 1,16 pa3, a coepikaHue KHUCIOpOAa CHHXKEHO B 2,8 pa3a. Ilpu
9TOM, HU3IIAS TEIUIOTA CTOPAHUS MOJYYCHHOTO TOILTHBAa MOXKET OBITh YBEHMYEHA B
1,13 pasa mo 18,8 MDx/xr.

Taxke, kak  NOKa3BIBAIOT  pE3yNbTaThl  O3KCHEPUMEHTOB,  IIpH
HU3KOTEMIIEPAaTypHOM  IMHPOJM3e IPOUCXOOUT MONHOEe 00e33apakuBaHUE
6uomaccsl U OuorpaHynsl npuoOpeTaroT ruapooOHBIE CBOMCTBA, YTO
TPENATCTBYET IOBTOPHOMY 3apaXKEHUIO GHOMACCHL.

Kpome TBepmoro mpoaykra IIpH HH3KOTEMIIEPATYPHOM ITHPOJIH3E
oOpa3syroTcs  ra3oo0pasHble  MPOAYKTBL, KOTOPBIE  MOAPA3AENAOTCs  Ha
KOHACHCHpYEMbI€ H HEKOHIEHCUpYEMBIE.

K xoHAeHCHpYeMBIM MPOAYKTaM OTHOCSATCS Maphbl BOABI, BBIAEIHBITHECH U3
6MoMaccel, CMOJBI, HEKOTOPhIE OpPraHUYECKUE KUCIOTH U APYTHE OpPraHHYeCcKHe
MPOAYKTHI, KOTOpPhIE KOHIEHCUPYIOTCS TipH Temmeparype Hmwke 200 °C. VY
HEKOHJCHCHPYEMBIM Tra3aM OTHOCHTCS IHMOKCHI YIIepoja, OKCHI YIJepoja,
BOAOPOJ, METaH U JPYyrUe rassl.

B pesynbrate CymIKH W HH3KOTEMIIEpPATYpHOTO IHPOJH3a B peakTope 3
(purypa 1) ucxomuas Ouomacca TepsieT, KaK MOKAa3bIBAIOT OSKCIEPUMEHTHI C
MMOMETOM C MOACTHIIKOH, 10 50 % HawanbpHOrO Beca.

IToaToMy, TepMO0OOpaboTaHHbie YacTUIbl OHOMACChl YHOCATCSA U3 peakTopa
3 (¢urypa 1) BMecTe ¢ ra3o-mapoBEIM ITOTOKOM B LHKIOH 4 (¢durypa 1), roe
IIPOMCXOUT OTHEIEHUE TBEPABIX dacTull (TepMooOpaboTaHHONW OHOMAcChl) OT
ra3o-rnapoBoro MmoToka.
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Janee ra3o-mapoBoH NMOTOK NOABEPracTCs OXJIAKIACHHIO IO TEMIIEPaTypHl
KOHJICHCAllUH BOJSHOTO Tapa B YCTpOMCTBe g oxiaxiaeHus 5 (¢urypa 1),
KOTOpO€ TIpEACTaBisieT Cco0OM TpaJMIMOHHYI0 KOHCTPYKLHIO, HampHMep,
BO3AYIUHBIA KOHAEHCATOP, KOXKYXOTPYOHBIH TEIUIOOOMEHHHUK «TIap — BOAAY.

Ionmy4eHHBIH KOHIEHCAT COLEPXKHUT, KaK II0Ka3blBalOT JKCIIEPHUMEHTEHI,
nopsaaka 3 — 4 % opraHMYeCKUX BeIIeCTB (JaCTHIIBI OMOMACCHI, CMOJIBI), HAJIUIHE
KOTOpBIX, KaK CIEAYyeT U3 JINTEPaTypHBIX JAaHHBIX, TO3BOSIOT MOMYyJUTh OUOrasa
(MeTan) MeronoM aHadpoOHoOro cOpaxuBaHus. Jlns STHUX Ilened KoHAEHcaT
HaTpaBJIfeTCs B MeTaTeHK 6 (¢urypa 1), rae mpoucxoauT npolecc Mpou3BOACTBA
MeTaHa METOI0OM aHa3pOOHOro cOpaKUBaHUs.

INoaBeprayTas Cymike ¥ HU3KOTEMIIEpAaTyYpHOMY THPOIH3Yy 00e33apaKeHHast
6uomacca HampaBisieTcsl B KOMIUIEKC A8 TpaHyIHpoBaHUs GuomMaccel 7 (durypa
1). DTO KOMIIEKC TPaJUIUOHHON KOHCTPYKIMH, COCTOSIIMH W3 JPOOHIKH
Ouomaccel, OyHKepa — HaKOMHUTENd M3MENbYEHHOH OHOMacchl, Ipecc —
rpaHysTOpa GUOMACCHI, YCTPOMCTBA TS OXJIAX/ICHHUS H3MENbYEHHOM OHOMAcCHI.

INonyueHHslit B pe3ynbTaTe aHa’pOOHOro COpaXKUBAHUSA KOHJAEHCATa,
COJEpIKaIllero OpraHMYecKHe YacTHIBI, METaH, Mocie OoOpabGOoTKH H3BECTHHIMH
MEeTOJaMH (OCyIlKa, yJaJleHHe MEXaHWYeCKMX TpHUMeceH) HCHoIb3yeTcs Kak
TOIUIMBO JJA JABHWraTelii BHYTPEHHETO CropaHUWsS 3JEKTPOreHEpUpPYIOIIeH
ycranoBku 8 (¢urypa 1). IlpousBeneHHas yCTAaHOBKOH 8 3JIEKTPOIHEPTHS
HCIONB3YETCs YIS MOJIHOTO WIH YaCTHYHOTO CHAOXKEHHS DJIEKTPOSHEPrHEH BCETO
KOMILIEKCa 000pyIOBaHHSA, HCIOIB3YEMOT'O I OCYHIECTBIIEHUS CIIOC00a.

VcraHoBka 8 (durypa 1) Takke TPOH3BOOMT TEIUIOBYIO JHEPIHIO,
COZIEPKALIYIOCS B OTXOMASAIIUX ra3ax JBUTATENs BHYTPEHHETO CTOPAaHHUS YCTAHOBKH

8 (durypa 1).

IMony4yennas rpaHynupoBaHHas TepMHuUecKH oOpaboTaHHas OHoMacca ¢
6onee BBHICOKOH TEIUIOTOM cropaHus, obagaronias rTuapoGoOHBIMH CBOMCTBAMHU H
HE cojiepikaas IaTOreHHOW MHKpOQIIOpH! pa3zenseTcs Ha J[Ba MOTOKa: OoJbias
4acTh 3TOM OGMoMacchl kak GHOTOIUIMBO OTIPABISAETCS MOTPEOUTENO, @ MEHbIIAs
4acTb — HampaBiasgercd B peaktop 9 (¢urypa 1) ans nuponmsa GHOMAcCH H
KOHBEPCHH ra3000pa3HbIX HEKOHIEHCHPYEMBIX TPOAYKTOB HU3KOTEMIEPATYPHOTO
MIUPOJIM3a B CHHTES — 'a3, COAEPXKalMii MUHUMAJIBHOE KOUYECTBO CMOIL

Peaktop 9 (durypa 3) npencrasnser coGoi ammapar 1 mns mupoinza
M3BECTHOHN KOHCTPYKIHM C ILUIOTHHIM ABIDKYIIUMCS CBEPXY BHM3 CIIOEM IpaHyn 2,
omnuparmomerocss Ha pemerky 3. Peaktop cHabxkeH y3noM 4 mns 3arpysku
IPaHyJIUPOBAHHOIO TBEPAOrO MPOAYKTa HHU3KOTEMIIEPAaTypHOIO IHPOIH3a,
pacroioKEHHBIM B BEPXHEH 4YacTH ammapara 1, M y370M BERITPY3KH 30]bI 5,
pacnonoXeHHBIM B HIDKHEH 9acTW anmapara 1, a Takke y3noM BBoja 6 cMecu




OTXOAAINUX ra30B JABMUIATells BHYTPEHHETO CrOpaHHs yCTaHOBKU & (¢purypa 1) u
HEKOHAECHCHPYEMBIX Ta3000pa3HBIX MPOAYKTOB HU3KOTEMIIEPATypPHOIO MHPOJIH3a,
pacmojoXeHHBIM B BepxXHell wacTu ammapara 1, ¥ y3mom 7 18 BBIBOJA
MOJY4eHHOTO CHHTE3 — I'a3a, pacroIoXKEHHOM B HI)KHEN 4acTH anmaparta 1.

B peaktope 9 npoUCXOISAT CIeAyIOLIHE MPOLECCHI.

Kak H3BECTHO, OCHOBHEIMH KOMIIOHEHTaMH OHOMAcChl  SBIIAIOTCS
LEUTI0N03a, TeMHIEIUTIoNo3a W JUrHHH. [Ipu HarpeBe OGHOMAcChl MPOUCXOIMT
JECTPYKIIHS 3THX KOMIOHeHTOB: mpu Temneparype 180 — 300 °C nabmozaercs
JECTPYKIIMS TEeMHIEUIIONO03bl, B HHTepBale Temmepatyp 270 — 370 °C -
JECTPYKIHS WEJUI0JI03bi, B HHTepBaie Temmnepatyp 200 — 540 °C nabmronaercs
necTpykuus JurHuHa. [lpw 3TOM, necTpykums TeMHLEIUIIONO3bl ¥ JIMFHHHA
SIBIIETCA O3K30TEPMHYECKHM IIPOLIECCOM, TOrAA, KaK IIPOLECC JECTPYKIHH
uennono3sl g0 450 °C sBnseTcs >HIOTEPMHYECKHM IIpOIlECCOM, a IpH Oomee
BBICOKOM TeMilepaType — 9K30TepMHUYECKHM mpoueccoM. IIpu 3toM, cBobGomHas
TETI0Ta SK30TepMHuUecKuX peaknuii qocturaer 1000 — 1150 xJIx/kxr. Kak criexyer
U3 JIMTEPaTypHBIX HCTOYHHKOB, OTOT0 TeIuoBoro »3¢dexra oxaspiBacTCA
JOCTATOYHBIM, 4TOOBI, HarpeTas Ao Temrmeparypsl 240 — 250 °C cyxas 6uomacca, B
OTCYTCTBHH MOTEPH TeIUIa, camopasorpesanach 1o 800 °C u Beime.

CamopasorpeB GHOMACCHI, KaK MMOKa3bIBAIOT SKCIIEPHUMEHTBI, HabIoaeTcs B
IUIOTHOM CJIO€ MPAKTHYECKH CYXUX (BIQXHOCTH MeHee 8 %) rpaHyJHpOBaHHOIO
TBEPAOro MPOAYKTa HH3KOTEMIIEPATyPHOT'O ITHPOJIH3a, HATPETOro A0 TEMIIEPATYpHI
240 - 250 °C.

Takoli HarpeB MNPOUCXONUT IPH TNOJAAaYd B BEPXHIOID YacTb CJIOA
TPaHYJIMPOBAHHOTO TBEPAOTO IIPOAYKTa HH3KOTEMIIEPaTypHOro IUpoau3a 2
(burypa 3) cMecH OTXOIAIIUX ra30B ABUTATeNsl BHYTPEHHErO CrOPaHUs, UMEIOIIHX
teMmieparypy 550 — 650 °C, u HEKOHICHCHPYIOIMXCS ra3000pa3HbIX MPOAYKTOB
HH3KOTEMIIEPATYPHOTO MHPOIH3a, UMetommx Temreparypy 250 - 300 °C.

3aTeM, 10 MEPE NPOABHIKCHUS Ia30BOro noToKa CBEPXY BHHU3, NPOHCXOIHUT
CaMOopasorpeB BCETO cl1o4 IpaHyJIMPpOBAHHOTO TBEPAOTO IIPOAYKTa

HU3KOTEMIIEPATYPHOTO MHPOJIH3a, HAXOIAIIETOCS B peakTope 9, 10 TeMrepaTypsl
800 — 1000 °C u BhilE.

B 53TOoM gumama3oHe TemmepaTyp MPOMCXONUT IIPOLECC MHPOIH3a
TPaHYJHPOBAHHOTO TBEPIAOTO MPOAYKTAa HHU3KOTEMIIEPAaTYpPHOTO ITHPOJIN3a,
HaXOJsIIerocs B peaktope 9, B pe3ynsTare KOTOPOro STOT MPOJLYKT IpeBpaIiaeTcs
B GHOYTOJIb.

Ilpy B3aUMOAEHCTBHM C TOpPAYHM OHOYIIIEeM HEKOHACHCHPYIOIHXCS
razoo0pasHBIX  MPONYKTOB  HHU3KOTEMIIEPAaTYpHOTO  TNHPOMH3a  OGHOMACCHI
IPOUCXOIAT CHENYIONIHE PeaKIIH:
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CO,+C —2CO (1)

H,0 + C — CO + H, @)
C4H40, -2 CO+2 Hy 3)
CH,0,+C—2CO+H, (4
C3H603 ad 3 CO + 3 Hz (5)

C;HiO - CO+3H,+2C  (6)
CsH:0,—»2CO+2H,+3C (7)

Crenens reTepOreHHOro pa3iioxKeHUs 1a3000pa3HbIX MPOAYKTOB 3aBHCHT KaK
OT TEMIIEpATyphl B 30HE X KOHTAKTa ¢ GHOYTIIEM, Tak M OT BPEMEHH MPEOLIBaHUS
JIETy4HX B 3TOU 30HE.

DKCIEPUMEHTAIBHO J0Ka3aHO, 4YTO NpH TEMIepaType B clloe OHOyris
1000°C u BpeMeHHM KOHTakTa GHOYIJA ¢ ra3o00pa3HbIMH MPOXYKTaMH Iopsjka 4
CEKYyHJ MPOMCXOAMT IPAaKTHYECKH MOJNHOe INpeobpa3oBaHHE Tra3006pa3HBIX
HOPOXYKTOB B CHHTE3-Tas3.

PeakiinoHHas CIOCOOHOCT OHOYIJIA IPH TAKOH TEMIIEpAType HACTONBKO
BBICOKA, 4TO MpaxkTHYecku Bech 00beM CO, 6511 nmpeobpasosan B CO.

IMpu Gomee HU3KOM  TemmepaType  yBelH4YeHHE  Kod(dunueHTa
npeoOpa3oBaHUS MOXET OBITh JOCTHIHYTO IMyTEM YBEIMYEHHS TOJIIHMHBI CJIOS
OGMOYTIIA U yBEIHYEHHS BpEMEHH NpeObIBaHHA ra3o00pa3HBIX MPOAYKTOB B CIIO€
ouoyris.

B Tabmune | mnpuBeneH COCTaB M TEMJIOTa CropaHMs CHHTE3 - Tasa,
HOJY4EHHOTO M3 JIByX BHIOB OHMOMAacchHl (ApeBecuHa ¥ Top(d), HPOMIEALIEro
HU3KOTEMIIEPATYPHEIM MUPOJIH3a H TEPMOOGPaBOTKY B Cl10€ TOpsYero GHOyris.

Tabmuua 1
PexxuM, MaTepuan CocraB CHHTE3 -Ta3a, TemtoTa cropanus
% (00beMHBIE)
H CO CH4 MJx/m3
Temneparypa 6uoyrins
850 °C
JpeBecuna 39 28 10 11,3
Topd 40 27 8 10,6
Temneparypa Ouoyris
950 °C ,
HpeBecuna 47 41 1 10,6
Topd 43 40 2 10,4
Temnepatypa 6Guoyrns
1000 °C
HpeBecuna 46 46 0,4 10,9
Topd 49 41 0,1 10,8




Kak crenyet U3 TaGnuIp! 1, B IUIOTHOM CJIO€ TOPSYEro OHOYTIIS IPOUCXOIUT
riiybokas mepepaboTka ra3000pasHBIX NPOAYKTOB  HHU3KOTEMIIEPATYPHOTO
OHMpOJIH3a GHOMACCEI M MOXET OBITh MOJy4YeH CHHTe3 — ra3, Ha 90 % wu Gonee
COCTOSIIHI M3 CMECH OKHCH YIiepoJa M BOZOpPOAa. DTOT CHHTE3 — ra3 MOXKET
OBITH HICITONIB30BAH IS TIPOU3BOJCTBA CUHTETHYECKOIO >KHUAKOTO TOILIMBA HIIH,
HAIpuMep, OH MOXeT OBITh MCIOJIB30BaH KakK TOIUIMBO A kotia 1 (durypa 1) B
OIHCaHHOM KOMILIEKCE 000pyIOBaHHSI.

IInoTHBIM CIOM ropsdero OHOYITIA MCKIIOYAET MPOCKOK TIa3000pas3HBIX
IPOAYKTOB HU3KOTEMIIepaTypHOro mnupoiusa 6e3 repmoobpaborku. Kpome Toro,
NIPHMEHEHHE TPaHYJIUPOBAaHHBIX YacTHI] OMOYIIIS CHIXKAET COAEPIKAHME TBEPABIX
YacTUI] B TOJNYYEHHOM CHHTE3 — ra3e, 4YTO YNpOLIaeT €ro JalbHeHinee
HCNIONB30BaHUe, T.K. TpeOyeT MEHBIIUX 3aTpaT Ha OYHUCTKY OT MEXaHHYECKHX
IIpUMeceH.

OKCIepUMEHTHl TOKA3bIBAIOT, UYTO M3-32 CaMopas3orpeBa OMOMAacChl B
peakTope 9 3aTpaThl TEIUIOBOM 3HEPrHH Ha MPOLECC MUPOIM3a 6MOMAcCHl B 3TOM
peakTope H MOANEpKaHHA TeMIepaTypsl Owoyris B peaktope 9 (durypa 1) Ha
3aJaHHOM YpPOHE COKpPAIIalOTCs INPHMEPHO B 5 pa3 B CpPaBHEHHMH C 3aTpaTaMM
TEIUIOBOM JHEpPTHH, KOTOpble MMenH Obl MECTO Ha ATH Ipolecchl 6e3 yuera
caMopa3orpesa.

IMonnepxanue TeMmriepatypbl OHOYrJIS B peakTope 9 NMpOMCXOAMT 3a CYET
HETIPEPBIBHO TMPOXOAAIIET0 Ipollecca caMopa3orpeBa M IHUpONH3a BHOBB
MOCTyMawero B peakrop 9 (durypa 1) rpaHyIHpOBaHHOTO TBEPAOro IMPOIAYKTa
HH3KOTEMIIEPATYPHOTO IMHPOJHM3a. OTOT BHOBb IMMOCTYMAIOMIMA B peakTop 9
TBEPABI TPaHYJHPOBAHHBIH MNPOAYKT  HU3KOTEMIIEPAaTypHOTO  MHPOJIH3a
KOMIICHCHpYeT YObUTb OHOyIIsS B peaktope 9 (dburypa 1), cpabarteiBaeMoro B
pe3ynbrare nporekanus peakuui (1) — (7).

3omna u3 peakropa 9 (¢purypa 1) BHIrpykaercs yepe3 y3el BHITPY3KH 30JIHI 5
(durypa 3).

Takum o6pa3oMm, mnpemnaraeMblii cnoco® momydeHHs Hu3 OGHOMAcCH
rpaHyIHpPOBaHHOTO  OHOTONNMBA WIM  yHOOpeHHMs ¢  yIy4YIICHHBIMH
XapaKTepUCTHUKaMH ¥ HE COAEPXKALero TIAaTOTeHHOH MHUKpOQIOpHl U
peaM3YIONIHii 3TOT crocob KoMIIEKC 000pyIoBaHHS 00ECTIEINBAIOT:

- mnoBeimeHHe 3QHEKTHBHOCTH IepepaboTKy ra3000pa3HBIX MPOIYKTOB
HU3KOTEMIIEPATYPHOT'O IHPOJIM3a B CHHTE3 — Ia3 3a CUET UCKIIOYEHHSA MPOCKOKa
ra3oo0pasHOro MnpoaykTa HH3KOTEMIIEPATypHOTO MHPOJIM3a uepe3 cjiod Ouoyris
6e3 00pabotku. DO¢deKTUBHOCTH Tpouecca mepepaboTKh  Tra3000pa3HBIX
IIPOAYKTOB HHU3KOTEMIIEPATYPHOTO MHPOJIM3a B CHHTE3 — ra3 oOycliaBiIMBaeTcs



10

TAKXEC TEM, UTO, 6nar011ap;1 HCITOIB30BaHUIO I NMMPOLECCAa HU3KOTEMIIEPATYPHOTO
MUPOJIH3a TCPErpeTOro BOASHOIO I1apa ¢ HOCJIEBJIyIOIJ.Ief;I €ro KOHHCHC&HHCﬁ,
NOOY4CHHBIC ra3006pa3Hme MNPOAYKTEl HHU3KOTCMIIEPATypHOro TMHPOJIH3a HE
coaecpxkart OaJacTa B BHJIE a30Ta WM €T0 OKUCIIOB,

- TNOBBIIICHHE SHEProd(deKTHBHOCTH INpolecca 3a CYET HCIOJIb30BaHUS
TEIUIOBOM SHEPrHM dK30TepMuueckoro 3ddexra, HabIIONAEMOro IpH MHPONU3E
6MOMacchl, a TaKXkKe 3a CYeT BhIpabOTKH OHorasa M3 KOHIEHCaTa IEepErpeToro
BOJIHOTO Iapa M MCIOJB30BAHHA 3TOro 6Horasa B KaueCTBe TOIUIMBA [BUTATENA
BHYTPEHHETO CTOpaHHs AIEKTPOTEHEPUPYIOIMIEH YCTaHOBKH, TOIHOCTBIO HIIH
YACTHYHOM BO3MEIIAIOIEH IOTPEeOHOCTH BCEro KOMILUIeKca OOOpydOBaHHS B
3EKTPO3HEPTHH,

-  TOBBIIIEHHE HAAEKHOCTH pabOTBl  YCTAHOBKH, pealu3yIOMIMi
TpeJiaraeMblii TIpoliecc, MOCKOJIbKY cTabuiabHas paboTa peakropa Ui MAPONH3a
7§ nepepaboTKH ra3006pa3HbIX HEKOHIEHCHPYEMBIX IPOAYKTOB
HM3KOTEMIIEPATYPHOTO IMpONM3a B CHHTE3 — Ta3 HE 3aBUCHT OT
IPOU3BOAUTENILHOCTH pEakTopa I HH3KOTEMIIEPATYpPHOTO MHPOJIM3a 110
HEKOHIEHCUPYEMBIM ra3000pa3HbIM MPOAYKTaM.
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®OPMVYIJIA W30BPETEHMSA

1. Cnoco6 monydeHHs CHHTE3-Ta3a C HH3KUM COJEpXKaHHEM CMOI M3 OGHOMACCHI,
BKJIFOUYATOIIHIA:

- TEPMOXMMHYECKYH0 00paboTKy OHOMacchl METOAOM HHM3KOTEMIIEPAaTypHOrO
nuponusa npu temmeparype 250 — 300 °C B peakTope C KHIMIUM CIOCM,
NEPEBOAUMBIM B IICEBIOOXKIDKEHHOE COCTOSHHE BOIMHBIM MapoM, C MONyYEeHUEM
TBEPOTO MPOAYKTA U Ta30—-T1apoBOii CMECH,

- OTACJICHUE U T'PAaHYJIHPOBAHUEC TBEPAOTO MPOAYKTA OT FaBO-HaPOBOﬁ CMECH,

- I01a4y YaCTH IPaHyIHPOBAHHOTO TBEPAOTO MPOAYKTa B PEAKTOPp UL MUPOIIH3A C
NPOBECHHEM IIUPOJIH3a U 00pa3oBaHUEM OHOYTIIS,

- OXJIAXKACHHUEC U KOHACHCAIIHWIO OTJICJICHHOM F&BO--H&pOBOﬁ CMECH C NMONNYYEHNEM
KOHACHCHPOBAHHOIO NPOAYKTa H HEKOHACHCHPYCMOI'O ra3006pa3Horo DpOAYKTa,

- HamnpaBJICHUE IIOJYYCHHOIO0 KOHIACHCHPOBAHHOIO IIPOAYKTA, COACPKALMIETO
OpPraHH4Ye€CKMe 4YacCTHLBl, B METAaTCHK JJIA aHa3p06Horo C6pa)I(PIBaHHﬂ C
TMOJIYYCHUECM MCTAHA,

- C)KMIaHH€ IOJy4EeHHOTO METaHa B KayeCTBE TOILIMBA B JBUIaTelie BHYTPEHHETO
CrOpaHHs DJIEKTPOTeHEPUPYIOIeH YCTAHOBKM, C BBIPaOOTKOM DIEKTPO3HEPIHH,
MOJIHOCTHIO WJIM YaCTHYHO CHaOxaromed ob6opymoBaHHE I OCYIIECTBIICHHA
crioco0a;

-  Tojayy OTXOAAUIMX Ta30B OT JBHUTaTels BHYTPEHHErO  CropaHus
DNEKTPOreHEPUPYIOMIEH  YCTAaHOBKH  BMECT€  C  HEKOHICHCHUPYEMBIMH
razo06pasHeIMM IpoaykTamu ¢ Temreparypoi 250 - 300 °C B peakrop s
MUpoJM3a CBEpXy B  cloi  Owoyris, TONYyYEeHHOTO B pe3ynbTaTe
HU3KOTEMIIEPATYPHOTO MUPOJIH3a YaCTH IPaHyIUPOBAHHOIO TBEPIOTO MPOAYKTA, C
o0pa3oBaHHEM CHHTE3-Ta3a.

2. Cnoco6 mo m. 1, OTIMYAIONIMHCS TE€M, YTO OTXOJAILIHE ra3sl OT JABHIaTelId
BHYTPEHHETO CrOpaHHs  JJIEKTPOT€HEPHPYIOIeH  YCTAaHOBKH  BMECTE C
HEKOHJIEHCHUPYEMBIMH  T'a3000pa3HBIMH  NPOAYKTAMH  HHM3KOTEMIIEPATYPHOIO
MMPOJIH3a MTONAIOT B PEaKTOp I MUPONIH3a ¢ TeMIepaTypoil He Hmke 250 - 300

°C u He BrIIe 650 °C.
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3. Cnoco6 mno m 1, ornMyalommiicas TeM, 4YTO TeMueparypy OHoyrid
noaaepxuBatotT He Hinke 800 °C u He Boiue 1000 °C.

4. Crioco6 mo .1, OTIIMYAIOUIMIACS TeM, YTO OTIC/IICEHHE TBEPAOro IMPOAYKTa OT
ra3o-rnapoBoi CMECH OCYILIECTBISIOT C TOMOIIBIO [IUKIIOHA WIIH QUIIBLTpA.
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abstract
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A" 1OKyMEHT, onpenesioniuii o6mi ypoBeHb TEXHUKH

HBC}I(CHHBm JUIA NOHUMAaHHA H300 HAA
'E" Gorice panii JOKYMEHT, HO OmTyGaHKoBaHHEH Ha AATY rionasm X" Hg MEHT, HMEIOUIMii Hanbonee 611“‘;:([; OTHOIICHUE K TIpE MOUCK
€BPA3HICKOM 3aBKH W TIOCIE Hee AOKYMCHT, oy TIpEAMETY a,
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HO TI0CJIE AATHl HCIIPAIMBAEMOTO IPHOPHTETA KO KaTeropHH

" " lll’ni mﬂm
'D" BOKYMEHT, IpHBEACHHBIH B €BPA3HICKOM 3a1BKE ,,&,, AOKYMCHT, ABJAIOIHHACA 1 M-aHAIIOrOM
: L" HOKYMEHT, IPHUBEAEHHDIH B APYFHX LEAX
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