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(57) Omncan croco6 TOBBIMIEHHS COIEPKAHUS BOIO-
pOZia B CMECH CHHTE3-Ta3a, COfIepIKaIleii BOAOPO/, OK-
CHJIBI YINIEpOJIa U Tap, BKIIOYAIOIINI CTauu, HA KO-
TOPBIX MPOMYCKAIOT CMECh CHHTE3-ra3a MpHu TeMIepa-
Type Ha Bxoe B auamazoHe 170-500°C max kartamu-
3aTOpPOM KOHBEPCHUHU BOASHOIO Ta3za ¢ 00pa3oBaHUEM
o0oraiieHHO# BOIOPOIOM CMeCH KOHBEPTHPOBAHHOTO
rasa, px 3TOM KaTajan3aTop KOHBEPCHUH BOJSIHOTO Ta-
3a UMeeT GOpMy IIITHHIPHISCKUX TpaHyln LmHon C
U auaMeTpoM D, TpH 3TOM Ha MMOBEPXHOCTHU I[MJIHMH-
JIPUYECKOM IpaHysibl UMeeTCsl [Be Win 0ojee KaHaB-
KU, WAYIUX BAOJb €€ JUIMHBI, YKAa3aHHbBIH [AITAHIP
HE UMEET CKBO3HBIX OTBEPCTHI U MMEET KyNoaoo0pas-
HBIE KOHIIBI THHOHM A U B, ipu aTom (A+B+C)/D ne-
)UT B quamazone ot 0,25 no 1,25, a (A+B)/C nexuT B
nmuanasone ot 0,03 mo 0,30.
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OIIMCAHUE WM3OBEPETEHNA

2420-549437EA/041

[IPOLIECC KOHBEPCHUM BOIOAHOI'O T'ABA

HacrTosamee wmz00peTeHMe OTHOCUTCS K  IIpolleccaM KOHBEPCUMU
BOIOSAHOTO TI'as3a.

[Ipollecc  KOHBepCHMM  BOLAHOT'O TIazsa Xopomo pas3paboTaH B
KauecTBe cpeIncTea YBeJIMUEeHU A conepXaHusa BOOOpPOIAa n/Uim
YMeHBIIEeHI A COoOIoepXaHMA MOHOOKCHIOAa y1Jieponoa B CHMHTe3-T'ase,
IIPOM3BOOVIMOM IIocCpelCTBOM I1apoBOTO pI/ICbOpMMHI‘a, YaCTUUHOTI'O
OKMCJIeHMA U Tasudpuraumuy yIJIEBOOOPOIOHOI'O M YIJIEPOACOIepXalleIl'o
CEHpPbA. Peaklua MoxeT OBTE IIpelcTaBJlleHa CJeIylIMuM O0pasoM.

H,0+CO <> H,+CO,

3Ta peaklUuMda YMEPeHHO  5HSK30TepMuuecKasd, n  BJaronpuaTHOE
paBHOBeCHEe IOCTHUTaeTCsa OpM HU3KUX TeMlepaTypax. OOHako, IJA

OJOCTHMXEHNA HpMeM.J'IeMOIZ CTelleHM KOHBEePpCHM IMPOKOe pacCIlIpOCTpaHeHNre

IOJIYUMIIN XeJie30comepxamye KaTaJM3aTOPH, Tak HasHBaeMue,
KaTaJM3aTOPE  BEHICOKOTEMIIEPATYPHHX  IIPOLIECCOB KOHBEPCUU (high-
temperature-shift - HTS) BomsHoTo Tasa. KarammuzaTopsl HTS MoOTyT

MCIIOJIE30BATHECA B COUeTaHMM C KaTalM3aTopaMM CpelHeTeMIepaTypPHEX
M HUBKOTEMIIEpaTYPHEX IIPOLIECCOB KOHBEPCHUM BOISHOI'O I'a3a, KOTOpPHE
OBHUHO, B B3aBUCHMMOCTM OT TpebOoBaHMM IMpollecca, OCHOBAHHE Ha MeIu.
O6beM ¥ BHOOP MCIOJB3YEMEX MaTepuaJjioB 3aBUCUT OT TpedyeMoTo
IpeneJjIbHOTO COHOepXaHMA MOHOOKCHIAa yIJulepoHa B IIOTOKe IIoJIydaeMOoT'O
Taza, a TakKXe OT IMIPUCYTCTBUA IIpuMecel. Pas3Mep CJIOS 3BaBUCUT OT
DTUX OTPpaHUUYEeHUM U TpeByeMoT o CpoKa CJTyXOHI, n3-3a 4Yero
DOJIEBIIMHCTEBO pPe3epByapok C KaTaauzaTopoM HTS wuMelnT OTHOCUTEJIBHO
BoJsibmoM pas3Mep. [IpOMBIIJIEHHBE KaTaJM3aTOpPh KOHBEPCUM BOOAHOTO
Ta3a OCHOBHBAKTCHA Ha TIpaHyJlax [OPOCTOM UIMIMHIPUUECKOW GOPMEH.
TakuM o06pasoM, Ha OpellpuiaTusax, Ioe OCYWMEeCTBJISATCH IIpOoLeCCH
KOHBEPCUM  BOLOAHOTO rasa, BO3HUKaeT IIpobjeMa BEHOOpPa  Mexny
AKTMBHOCTEI 0OoJlee MeJIKMX TI'PaHyJl 3a CcueT IIOBHIIeHUS IlaleHusd
DaBJIeHVs  WJIM  CHIWXEeHMSA IIaleHMsd  OaBJIeHMs 3a CYeT  CHWKEHUA
[IPOUBBOOUTEJIEHOCTHA .

B US 4328130 omnmcaH GOPMOBAHHEM KaTaJu3aTop B  dopMme

IVJjIiMHIpa CcO MHOXeCTBOM IIPOOOJIBEHEIX KaHaJlIOB, MIYIIMX pallaJIBHO OT



OKPYXHOCTM LMJIMHIPA M OIPeleIflMX HaJIMuMe BHCTYIIOB MeXIy HWMHU,
IpM STOM, MaKCKHMaJlbHad MMPMHa BHCTYIOB OOJbIle, UYeM MaKCHMaJlbHasd
MMpMHa KaHaJiob. OIMCaHHEE KaTaJllM3aTOpH MMenT 2, 3 M 4 KaHajla B
bopmMe yceueHHOM V.

B W02010/029325 OnMCaH KaTaJuTHUueCKUM OJIOK B bopme
UMJIMHIPpa, WMeommy »nauHy C u OouamMeTp D, IOpM 2TOM, Ha HapyXHOMU
[IOBEPXHOCTM OJIOKa MMeeTCsa IObe WM 0oJiee KaHaBOK, MIOYIMX BIOJIb
ero IOJMHE, IIpM 5STOM, VYKa3aHHHM LIMJIMHOP MMeeT KyIoJiooOpasHbe
KOHIE IOJMHOM A M B, Tak urto (A+B+C)/D JjexmuT B nuanasoHe ot 0,50
no 2,00, a (A+B)/C Jjexur B nuanasodHe otr 0,40 mo 5,00.

XOoTa »BTM KaTalM3aToph o6JamalT YyBeJMUEeHHOM I'eOMeTpPUUeCKOM
[Jiomanbln I[IOBEPXHOCTH, OHM He pemawnT IpodJIeMH, CBA3aHHHE C
OOJIBIIMM pPa3MepoOM CJIOS KaTajlu3aToOpOoB KOHBepCUM BOOAHOT'O TIasa.
Hacrosamee wuz00peTeHMe HapPaBJIeHO Ha I[IpPeonoJieHMe OoTpaHuueHUM,
CBABaAHHHX C IHOpoleccoM Iunudpdysmum, HakJaIblBaeMBEIX Ha apaMeTpH
MaTepMraljioB M3BECTHOT'O YPOBHSA TEeXHUKU.

CilemoBaTeJIbHO, WM300peTeHMeM OO0ecClleuMBaeTCd CIOCOO IIOBHIIEHUA
comepXxaHMsa BoIopola B CMeCHM CHUHTe3-Tas3a, Ccolepxamelr BOIOPOI,
OKCHUIE YyIJUlepoma M IIap, BKJIOUALMINWM CTaduM, Ha KOTOPHX: IIPOIIYyCKAalT
CMeCh CHUHTe3-Tasa IIpM TeMIepaType Ha BxoIe B OuamnasoHe 170-500°C
Hano KaTaJlM3aToOpOM KOHBEPCHMM  BOOSHOTO raza c oBpa30BaHUEM
oforameHHOY BOOOPOIOM CMeCH KOHBEPTHMPOBAHHOITO Ta3a, IIpM DTOoM,
KaTalM3aTop KOHBEPCUM BOOAHOTO Ta3a HuMeeT QOpMy UMIMHIPUYECKUX
TpaHyJl nmJuHo C w® OuamMeTpoM D, IOpM STOM, Ha IIOBEPXHOCTU
UMJIMHIPUUECKOM TpaHyJH MMeeTCcs OBe WiIKM 0oJiee KaHaBKM, UOYIUX
BIOOJIbL €€ IJIMHE, YKas3aHHBM LIWJIMHIP He MMeeT CKBO3HHEX OTBEPCTUN U
VMeeT KYIIoJIooOpas3HbEle KOHLH IJMHOM A M B, IOpM 5STOM, (A+B+C) /D
JexuT B OuamnasodHe or 0,25 mo 1,25, a (A+B)/C JjexuT B IOuallasoHe
or 0,03 mo 0,30.

dopMOBaHHEHE TpaHyJH KaTaJdMz3aTopa obecrneumMBamwT VYJIYUIIeHKE
napaMeTpoOB npoliecca, BKJIOUA 4 MMOBHIIEHUE aKTUBHOCTHU npu
BHICOKOTEMIIepaTypHOM  KOHBepcuM Ha >4% ¥ yMeHblleHMe IaleHUd
OaBJIeHUA Ha >10% 1o CpaBHEHND C BEIIIY CKaEeMEIMM CEpPUNHO
KaTaJln3aTopaMM .

B CcoOoTBeTCTBMM C HaCTOSAINUM MBOGpeTeHMeM, CHMHTe3—TI'as MOXeT



IpencTaBJIATL coboM JioboM CcHMHTe3-Ta3, colepXalMi BOOOPOI M OKCUIEH
yTJlepoma, HalpuMep, CcoIepXallMi BOINOPOLI, MOHOOKCHI VYIJiepola U
OMOKCHUI ynJiepona, [IOJIYYEeHHEM B pesyJbTaTe KaTaJlUTUUYeCKOT'O
[IapoBOTO PUOOPMMHI'A, aBTOTEPMUUECKOTO PUOOPMMHIA WM BTOPUYHOT'O
pudopMMHTa YTUIEBOOOPOIHOTO CHPLSA, TaKoTo KakK IIPUMPOOHHEM Tas3 WK
HadTa, WIM B pe3ylbTaTe Iasudukaluuy yIJIEPOOCOIepXallel'o CHPbA WM
froMaccCH, Halpumep, VYIUId Wi ©OuoMaccH. CoIepXaHMe MOHOOKCHUIA
yIoJiepoma B CHMHTe3-Tase, HalpaBJISEMOM Ha KaTajlu3aTop, MOXeT
JexaTb B IOuamnaz3zoHe 3-70% MoJI. B IepecueTe Ha Cyxom ra3. [IOnug
cMecen CHMHTEe3-Tasa, [IOJIYYEHHBIX noyTeM  I[IapoBOTO prudoOpPMMHT A,
comepXaHre MOHOOKCHUIa YyIUlepolla MOXeT JexXaTb B »Ouana3oHe 10-30%
MOJI. B IlepecueTe Ha CyXouM TIas, oJI4 CMecey CHMHTe3-T'asz3a,
[IOJIYYEHHBIX oyTeMm YaCTUUHOTO OKMCJIEHU S VI rasmubmralumnu,
comepXaHMVe MOHOOKCHIa YyIJlepoIa MOXeT JieXaTb B Iuanas3oHe 30-70%
MOJI. B IlepecueTe Ha CcyxoM Ta3. CMechb CHHTe3-Tasa TakxXe MOXeT
IpenCcTaBJIATh cobom CMecChb KOHBEPTUPOBAHHOT'O CHUHTe3-Tasa,
IIOJIYUEHHYK M3 IIpollecCa KOHBEPCHUM BOIOAHOTO I'a3a BHIIe IO I[IOTOKY, B
KOTOPOM coIepXaHMe MOHOOKCHIa YyIJlepola MOXeT JexXaThk B OMallasoHe
3-10% wMoOJI. B IlepecuyueTe Ha CyxoM Tas. IIog «CyxX¥MM Ta30M»
[IOHMMAaeTCSd COCTaB I'a30BOM cMecu 0e3 yueTa CoIepXaHMs Iapa.

g nOpoBeleHMS peaKUUMM KOHBEPCUMM BOISHOTO TI'ala B CHUHTE3-—
raze OOJDKHO COIepXaThbCsa OOCTAaTOUYHOEe  KOJMUYEeCTBO IIapa. Ecimu
CUHTes3-Ta3, IIOJIYUEHHHM IIOCPeICTBOM TakKMxX IIPOLEeCcCOB, Kak IlapoBOM
PUOOPMMHT, MOXEeT COIHepXaTb IOCTaTOUHO IIapa, TO aKTUBHHM CHHTE3-
Tasz, IOJIYUeHHHM IIYyTeM UYacCTHUUHOTO OKUCIeHUI WIM Tas3udmralrm, Kak
IpaBUJIO, XapaKTepu3lyeTcsda »OedulMToM Iapa, M IHap K HeMy 3aTeM,
NPennouTUTEeJIbHO, OoOarBJIAT. Eciam TpebyeTcda npobamjieHMe Iapa, I[ap
MOXeT OBThL BBeIeH IOyTeM IOIPpAMOV MHXEKIMM WJIM WHBEMM CpedCcTBaMM,
HaopuMep, I[IPpKM IIOMOIM caTypaTopa MM OTIIAapHOM KOJIOHHHE. KoJMuecTBO
nmapa, XeJlaTeJIbHO, PenyJMpylRT TakK, 4YTOoOH oOO0OBEeMHOEe OTHOImeHMre oOfmee
KOJIMUYEeCTBO Ilapa: CHHTe3-Ta3 (T.e., CyxXOoM Tas) B MCXOIHOM CMecCHu
CUHTes-Ta3a, I[IodaBaeMOV Ha KaTaJlM3aTop, Jexaljlo B Oualas3oHe OT
0,3:1 mo 4:1, HODpenmnouyTMTeJIbHO, B IOmamna33oHe oT 0,3:1 mo 2,5:1.

TeMriepaTypa Ha BXOIe IIpollecCa KOHBEPCHMM BOISHOTO TI'a3a MOXET

JexaThL B IOMarnasoHe 170-500°C.



Hpouecc KOHBEpPCUM BOIOAHOTI'O I'asa MOXeT IIPOBOIMTECHA C
Paz3JIMUYHEIMIM KaTaJlM3aTopaMM B 3aBUMCHMMOCTHM OT TeMIlepaTypPE Ha BXOoIe
n TpeéyeMoﬁ CTelleHM KOHBepPCHNM MOHOOKCHIa YyIJlepolla.

hiisa BEICOKOTEMIIEPATYPHEX IIpOLeCCOB KOHBEPCUMM BOIOAHOI'O TI'as3a,
TeMIlepaTypa Ha BXolOe, IIpedIiouyTmMTEeJIEHO, COOTBeTCTBYyeT IMalla30HY

280-500°C, ocoB®eHHO IpenrnouYyTUTeJIbHO, 300-450°C, HauboJlee

npennoururenasHo, 310-380°C, mOpM KOTOPOM OOCTUTAKTCS MaKCUMAaJlbHBE
mapaMeTpE KaTajlM3aTopa B TeueHMe IJUTEJILHOTO Iepuona. IlIpoliecCH
KOHBEPCUMU BOOAHOTO rasa, IpenrIouYyTUTeJIEHO, OCYWEeCTBJIAT B
amnabaTuUUYeCcKUxX YCJOBUAX 0e3 OoXJIaXOeHud CJod KaTajamusaTopa, XOTH,
€CJIM HYXHO, HEKOTOpOe OXJIaXIeHMe MOXeT OHTH IIPMMeHEeHO, HallpMMep,
IyTeM IIpONyCKaHMA oXxXJaxpalmel BOIE 00 HOaBJieHMeM [0 TpyoOkKaM,

PacIHoOJIOKEeHHEM B CJIoe KaTajlus3aTopa. TeMmiepaTypa Ha BHXOOEe U3
pesepByapa KOHBEpPCUM COCTaBJLeT, IIpedlouTuTesibHo, <600°C, Oolee

NpennouTuTesbHo, <550°C ¢ uwesblo MaKCUMAJbBHOTO YBeJIMUeHMS CpokKa
CITYyXOH u IPOMB3BOOUTEJILHOCTHA KaTajgm3aTropa. [lpouecc,
OPenrnoudyTUTEJIEHO, [IPOBOOAT IIPM IIOBHIIEHHOM IaBJIEHUM, JIeXalleM B
omanazoHe 1-100 Gap abc., OoJjyiee mpenmmnouTmuTesibHO, 15-50 Bap abc.

B 1pollecce HUIKOTEMIIepaTYpPHOM KOHBEepCUM Ta3, CcoIepxammi
MOHOOKCHUI YyIJlepoma (mpennoururesibHO, no 4% o06./06. B IepecueTe
Ha CYXOoM Ta3) U mnap (B MOJISPHOM OTHOMEHUM KOJIMUeCcTBa Iapa K
oflmeMy KOJIMUeCTBY CYXOI'O Tasza, OOBUHO, B IMamnasoHe oT 0,3 @mo
1,5), mnomawnT nOpy TeMmIepaType Ha BxOoIe B IOuanasoHe 170-250°C wu
IPOIIyCKalnT Hall MeIbCcoIepXallMM KaTaJlM3aTopoM B aIuvadaTuuyeCKOM
HelOOBMXHOM CJIOe C TeMIepaTypoM Ha BHXOIe B Ouarnasz3oHe oT 200 1mo
300°C mom @maBJjleHMeM B IOuanasoHe 15-50 ©Bap. abc. OBBUHO,
mojmaBaeMbl Ha  BXOI Tas IoJIydyeH TIIYyTeM  BHCOKOTeMIIepaTypHOM
KOHBEpCUM, U CoIOepxXaHMe MOHOOKCHIa yIJlepoIa B HeM YMeHLIIeHO B
Xooe peaklMM Hal XeJesocoIepXallMM KaTaJM3aTopoM C TeMIepaTypoln
Ha BLHIXOIe, Jiexalell B nuarnasoHe orT 400 pmo 500°C, mocjie dYero ras
oxXJlaxIeH IIyTeM KOCBEeHHOTO Tellioo®MeHa. Ha BHXOOe coIepXaHue
MOHOOKCHUIA yIJlepolda OOHYHO JIeXMT B amanas3oHe orT 0,1 mo 1,0%, B
YacTHOCTHM, cocTaBjgeT MeHee 0,5% 00./006. B IepecueTe Ha CYyxXoH
ras.

B mpoleccax CpelHEeTeMIepaTypHOM KOHBEpPCHUM Ta3, COoIepXalmi



MOHOOKCHUI yIJIepOoIa M Iap, NoJawnT II0H IaBJIEHMeM B Ouana3oHe 15-50

Bap abc. Ha MeIbCcoIepXalMy KaTallM3aTop IIpM TeMlIlepaType Ha BXOoIe,
oBHuHO, B mamanasoHe oT 200 mo 240°C, xoTd TeMIepaTypa Ha BXOIe
MOXeT COCTaBJIATHL mo  280°C, TeMllepaTypa Ha  BHEXOIe  ODHUYHO

cocraBjgeT no 300°C, HO MOXeT OBTL M BHIIe, o 360°C.

Ipwu, TakK HasLBaeMol, M30TepMUUeCKON KOHBEpCUM
MeIbCOoIepXammui KaTajlmu3aTop VCIIOJIB 3YIOT B KOHTaKTe c
TelJIOOOMEHHEMM I[IOBEePXHOCTAMM . XJjamaTleHToM, KaK I[IPpaBUJIO, SABJISeTCHd
BOoOa IIOO TakuM JaBJIeHMeM, UTO MMeeT MEeCTO UYacCTUUHOEe WM IIOJIHOe

ucriapesHue. TeMIepaTypa Ha BXOIe MOXeT JiexaThk B IMuarnasoHe 200-

300°C. IIpuIoOHEIM I»aBJIeHVMEM SBJISeTCs m»aBjeHue oT 15 mo 50 ©Gap
abc., ¥ IOJyUyaeMelM IIap MoxeT OBTb MCIIOJbL30BaH, HalpuMep, MOJsd
IpuBeleHUss B IelcTBUe TYypPOMHE, B KaueCTBe TeXHOJIOTMUeCKOTO Iapa
I0JI peakuMM KOHBEPCUM MM Ha I[OIpellleCTByIeld TexXHOJOTUUYeCKOM
cTamuy, Ha KOTOpOM IMOoJIydalT MCXOIHHM Tas MOJsS KOoHBepcum. Booa
MOXeT HaxXoIUTbCAd B TpydKax, OKPYXEHHEIX KaTaJln3aTopoM, VI
HaobopoT.

[lpouecc, XeJjaTeJbHO, IMIPOBOOAT IIPM TeMIIepaType BHIEe TOUKU
POCH C LeJiblo NpemoTBpalleHMs KOHIeHCalMM Ha KaTaJlu3aTope.

MoryT OHITH VICIIOJIbL30BAHE  JIOOHE NIPUTOIOHEIE KaTaJln3aTOPH
KOHBEPCHUM BOISHOTO T'a3a, aKTUBHHE IIPM TeMIepaType Ha BXoIe.

KaTanmuzaTop KOHBEPCHMM BOISHOTO Tasa MOXeT TIIpeldCcTaBJIAThb
coBOoM KaTaJlM3aTop BHCOKOTEMIepaTypPHOM KOHBEPCHM, BKJIOUALIMUM OIMH
MM HECKOJIBKO OKCHUIOB XeJjle3a, CTabMIM3UMPOBAHHEIX OKCHMIOM XpoMa
U/WMIM OKCUIOM aJIOMMHMSA, KOTOPHM MOXeT, HeoOd3aTelIbHO, COoepXaTh
OKCHMI LMHKAa ¥ OOHO WMJIM HEeCKOJIBLKO COeOMHeHUNV MedIu. MoTIyT OHTH
VICIIOJIE30BaHE OOHUHEE I[IPOMOTUPOBAHHEE OKCHMIOM XpOMa MaTl'HEeTUTHHE
KaTaJllM3aTopH. KaTalM3aTOpH KOHBEPCHUM BOINSHOTO T'a3a, COCTOAMME M3
OKCHIa Xejle3a WM OKCUIa XpoMa, OBOBUHO M3TOTaBJIMBAKLT IIyTEM
ocaxmeHMsa COoeIMHEeHMM XxeJjle3a UM XpoMa (KOoTopee pas3jlaralnTcsa OO
OKCHUIOB IIpM HaT'peBaHMM) M3 PpacTBopa CoOJIeM Xejesa UM XpoMa IIyTeM
nobaBJieHMsa HalJexalmeTro MeJJOUHOTO peal'eéHTa, HalpuMmMep, KapOoHaTa
WM TUOPOKCHUIA HaTpug. IIoJIyUeHHHM ocCcamoK 3aTeM IIPOMEBAT, CylaT,
HeoOA3aTeJIBHO, oDXUTaAKnT ¥ TPaHyJIUpyoT C TI[OJIYyUeHMeM TpaHyJ

npekypcopa KaTaJaM3aTopa. [Ipekypcop XapakTepusyeTcs,



IpPenioYTUTEJIEHO, comepXaHMeM OKCHIOa Xejesa (BEIpAQXEHHOT'O  Kak
Fe,03) or 60 mo 95% Bec. IlpemnouyTmMTesJIbHO, aTOMHOE OTHOIEHME
XKeJjleza K XPOMy B IIpekKypcope JeXuT B OMana3oHe oT 6 po 20,
OCODEeHHO IMIPpellouTUTeJIbHO, OoT 8 no 12. IlpekypCop MOXeT CcomepXaThb
OKCHUIOE IOPYIMX MeTaJlJIOB, HallpuMep, aJIIOMVHU A, MapTraHLla WJIH,
O0CoOBeHHO, Menu. OcoBeHHO NIPenouYTUTEJIbHEe [IPEeKypPCOPH
XapakTepusyonTcad aTOMHBEM OTHOIleHMeM Xejle3a K Memu oT 10:1 1mo
100:1. [lepen VCIIOJIL 30BaHUEM B peaxkumm KOHBEPCUMA TPaHYJIBL
IIOOBRepTaT BO3OEMCTBUI BOCCTAHOBUTEJIBHEHX YCJOBUM, IIpU BTOM,
OKCHI XeJjlesa BOCCTaHaBJIMBaeTCHa IO MaTHeTuTa (Fe304), a kKaxkom—Jmbo
IPUCYTCTRYIIMM TPUOKCUI XpoMa BOCCTaHaBJIMBaAeTCsa IO CeCKBMOKCHUIA
(Cr,03) . Takoe BOCCTaHOBJIEHME UYaCTO IIPOBOLAT B peaKTope, IIOe
OOJIXKHa [IPOBOOUTLCA pPeaKLUMd KOHBEPCUM BOOAHOTO Ta3a. AKTMBHOCTBL
KaTajaMs3aTopa MOXeT OBThH CYIMEeCTBEeHHO IIOBHIIEHa I[IyTeM BBEeOEHUA B
TpaHyJIEl I[IpeKypcopa KaTalMz3aTopa dYacTML C acCIleKTHHEM OTHOIEHMEM,
II0 MeHblle¥ Mepe, 2 ¥ MaKCUMaJbHHEM pas3MepoM, I[IO MeHLIel Mepe,
5000 A (500 HM), OPeOIoOYTMTEJILHO, MeHbme 15000 A (1500 HM).
[IpeINouTUTENbHO, I[IPOMOTHMPOBAHHEM XPOMOM MATHETUTHHY KaTaJru3aTop
BKJIOUAET MIOJIbUATHE UYaCTMLE OKCHIa Xejes3a. I[IoOgoOHEEe KOMIIO3ULUN
KaTajJluz3aTopa onmcaHe B US5656566.

B kauecTBe aJIbTEpPHATHUBH, MOXeT OKa3aTbCHa XeJjlaTeJIbHEM, IIO
MeHbIlel Mepe UYacTUUHO, 3aMeHMTb OKCHI XpoMa B kaTaJmsaTope HTS
Ha OCHOBe XeJjle3a OKCHMIOM aJIOMUHMA WM OPYIUM CTadbuiIM3UpyRIVM
okcunoM. Takxe, XeJlaTeJIbHO, [IPUCYTCTBYKRT OKCUI LMHKa ¥ Melb.
[lonoBHEIE KaTalM3aTOPHE OINMCAaHE, HallpuMmep, B EP2237882.

B KauecTBe aJIbTepHATMBH, KaTajlM3aTop KOHBEPCUM BOLOSHOTO
Taza MOXeT COIHEepXaTh KOMIIO3UIMIO OKCUI IIMHKA/OKCUI aJIOM/HUS C
nobaBkaMM MeTallJla. Hanpumep, HalJjeXalui KaTaln3aTop COOePXUT
OKCHMIOE LUMHKa ¥ aJIOMMHMA Hapsaldy C  OOHMM MM  HeCKOJIbKUMU
IpoMoTOPaM, BEIOpaHHEIMU nus Na, K, Rb, Cs, Cu, Ti, Zr,
PeIKO3eMeJIbHEIX BJIEMeHTOB M UX CcMecel. IlogoOHEEe KaTaJ3aTOoPH
OoNnMcaHsl, HalpuMmep, B EP23924002.

B kauecTBe aJIbTepHaATMBH, KaTajlM3aTop KOHBEPCUM BOLOSAHOTO
Taza MOXeT I[pelCTaBJIATL CcoO0O0OM KaTaJlM3aTop HU3KOTeMIepaTypHOU
KOHBEDPCUH, CpelHeTeMIIepaTypHOM  KOHBEPCHUM MM MN30TEepPMUUECKOMN

KOHBEpPCHUI. Taxkue KaTallM3aTOpPpE MOI'YyT COIOepXaThk Mellb, OKCHI IMHKAa



M OKCUA aJiioMyHMA. CHOCOOH TOJIydeHUS TakKMUX KaTaln3aTOPOBR OINMCAaHH,
HanpuMep, B EP2049249, EP2599541, EP1487578, EP2240273 wm
EP2442904.

B kxaueCTBe aJIbTEepPHATMBE, KaTaJM3aTOp KOHBEPCUM BOOSHOTO
Taza MOXeT M[OpelCTaBJIATE COO00OM KUCJHEM KaTajlu3aTop KOHBEPCHUM.
Kuciele kaTalM3aTophl KOHBEPCUM MOTyT comepXaTb 1-5% Bec. kobajbTa
n 5-15% wmoambroeHa, HeoOg3aTeJIbHO, IOOIOJIHMTEJIbBHEIE OKCUIE, TaKue
KaK OKCHIA MaTHMA U/UIM OUOKCHUI TUTaHa, Ha HalJexalel I[IOIJIOXKE,
TakKou Kak OKCUIO AJIIOMVHU I WIIn aJioM/IHa T KaJbUMg. Takue
KaTaJgu3aTopkl dYacTOo M3TOTaBIMBAaKT IIyTeM I[IPONMUTKM  KOMIIO3MUUU
OKCHIHOM TIOOJIOXKM COeIMHeHuAMM KoOaJibTa UM MOoJMOOeHa M HalpeBaHUA
IIOJIYYEeHHOM KOMIIO3MLMM C LeJIblo IIpeBpalleHusd COeIMHeHuM KobajbTa u
MoJiMbIOeHa B COOTBETCTBYIME OKCHUIB. IIpM MCHOJBE30BaHUM WU Iepel
MICIIOJIb30BaHNEM OKCUIE kobaJyibTa u MoJimMbneHa, XeJjlaTeJIbHO,
CyJIbQUIMPYIT HalJjleXallMM COeIOMHEHMEeM Ceph, TaKMuMM KakK CepOBOINOPOL.
[TonoBOHEIe KaTaJlu3aTOphE ONMCAaHH, HalpuMep, B GB 1087987, GB1213343
n GB940960.

B IPeOlIoUTUTEeJIEHOM BapraHTe OCylleCTBJIEHU A n300peTeHnd
KaTaanu3aTop KOHBEPCUU BOOAHOTO rasa opelncTaBJgeT cobon
KaTaJnu3aTop BHCOKOTeMIepaTypHOM KOHBepCHUM, a TeMmIepaTypa Ha
BXOIe JIeXUT B OmarnaszsoHe 280-500°C.

T'paHyJIk MOTYT OHEITH M3TOTOBJIEHH nus IOpOoMmKOOBpasHOM
KOMIIO3UIIMKM KaTajlM3aTopa KOHBEPCHMM BOOSHOTO Tasa, TeM CaMbM,
KaTaanu3aTop M3TOTaBJIMBaEeTCH HeloCpeICTBEeHHO. B KauecTBe
aJIbTePHATURBE, OGOPMOBaHHHE MaTepMaJbkl IMIONJIOXM KaTalM3aTopa MOTYT
OHITL [OPONMTAHEL OOHMM WJIM HECKOJBLKMMY PaCTBOPUMHEMU COeOVHEHUSIMU
KaTaJuTUUeCKM aKTHMBHHX MeTaJlJIoB, JmMOO CyCIeH3Msa OOHOTO WU
HeCKOJIbKUX HepaCTBOPUMEIX coenVHeHUM KaTaJlUTUUECKU aKTUBHEIX
MEeTAaJIJIOB MOXeT OBTbL HaHeceHa Ha UX IIOBEpPXHOCTH.

IIopomkooBpasHEe KOMIIO3UIIMY KaTajln3aTopa KOHBEepCUM BOOSHOTO
Taza, CcomepXamye KaTalUuTUUeCKM aKTUBHHE MeTaJlJik, MOTYyT OHTb
IYyOJIYYeHE IIyTeM CMelMBaHMA COOTBETCTBYKIMX OKCHUIOB, KapOoHATOB,
TUOPOKCUIOB WJIM TUAPOKCHUKaApOOHATOB MeTaJlJIOB, WIM MOTYT OHTH
IIOJIyUeHH  M3BeCTHHMM  chHocobaMM  OCaXIeHUHd, Opu  2TOM, CMecCh

PaCcTBOPVIMEIX coJien oCaXnmawnT, HallprmMep, MCIIOJIE3Y A MeJIOUHOM areHT



ocaxIeHMd, CymaT M, HeoOd3aTesJIbHO, OOXMIaKnT.

B pamMkax HacToOdAmMero Wu300peTeHUS MCIOJBb3YyeTCsa TI'PpaHyJMpOBaHUe
3ToT crioco® IPOU3BOACTBA TpPaHyJI KaTajan3aTopa MOXeT,
CJIENOBATEJBHO, BKJIOUATH cTanum (1) rnomaum  I[MOPOMKOOBpa3HOTO
KaTajJlu3aTopa KOHBEPCUM BOIOAHOTO TIa3a, HeoOSA3aTeJIbHO BMECTe CO
CBA3YKIVMM ¥ CKOJIB3MIMM BeMeCTBOM, TaKMM KakK TI'paduT WMIM cCTeaparT
MaTHUA, B TPaHyJIMPYRIYI bopmy, (ii) cxaTmue [opoukKa C
oBpa30BaHuEM bopMOBaHHOM TPaHyJIEL ¥  M3BJIEUEHUE bopMoOBaHHOM
TPpaHyJIEl M3 TpaHyJIupyomen ¢opMel. ECiIM HYyXHO, MOXeT OHBTL IIPpOBeIdeHa
riocJlenymua g obpaboTKa, Takasd KakK oOxwur. OBXMUI' MOXeT OBITH
[IPOBEeIeH Ha BO3IOyxXe WM B aTMochepe MHEPTHOI'O TIasza, TaKoI'o Kak
asoT.

Eciamn HYXHO, epen TpPaHyJIMPOBaHUEM IOPOMKOODPa3HEIM
KaTajJlnu3aTop KOHBEpPCHMM BOIOSAHOTO TI'a3a MOXeT ObTb I[IOOBEPIHYT
BOCCTAHOBJIEHUID M IHaccuBauum. [IJIS BOCCTAHOBJIEHMSA Ha IIOPOUOK
BO3OEMCTBYIOT IIOTOKOM BOCCTAHOBMTEJILHOTO Ta3a (HalpuMep, TI'a30BEM
[IOTOKOM, COIepXallyM BOINOPOI W/MJIM MOHOOKCHI YIJlepoma) C LeJbo

BOCCTAHOBJIEHMA KaTaJlmMTndeCKM aKTMBHOIT'O MeTaJlJla OO BJIeMeHTHOM

@OpMH. [lepern I'PaHyJIMpOBaHMeM Tpe@yeTCH InaccrMpaumd, MJIIN
KOHTpPOJIMpyeMoe OKRMCJIIeHIE, C 1IeJIbI O6paBOBaHMH 3allMTHOTI'O
OKCUMIOIHOTI'O CJIOA Ha BOCCTaHOBJIEHHOM IIOPOIKeE . [NomoOHHE

BOCCTAHORJIEHHHE U I[IaCCHUBMPOBAHHEE MaTepualJibkl onrcaHel B EP2442904.

HacTodmee nz3obpeTeHre OCOBDeHHO XOPOIO IIOOXOOUT 0JId
KaTalu3aToOpOB BHCOKOTEMIIEPATYPHOM KOHBEPCHUM, COIepXallMx OKCUIL
Xxejleza U XpoMma, Tak KaK ¥MX YCOBEepIIeHCTBOBAaHHEE CBOMCTBRAa
[IO3BOJIAKRT [IPOBOOUTE CTamuio oBpaboTKM I[IOCJIe I'pPaHyJIMpOBaHMS, TeM
caMelM, MOXeT OBTB YMEHBIIEHO COoHOepXaHre HexejaTeJibHOoTo Cr (VI) B
KaTajJusaTope. Conmepxanue Cr (VI) MOXeT OHTBh YMEHBIIEHO [IYTeM
HarpeeaHusa  QOPMOBAHHHX  I'pPaHyJl, IPenrnoYTUTENIBEHO, B MHEPTHOM
aTMochepe, TakoM Kak aTMochepa aszoTa, Hocie QOPMOBaAHUA WM IYyTeM
BO3OEMCTBMA Ha OOOXKeHHEEe TpPaHyJlEl BOCCTAHOBUTEJIEHEIM aTeHTOM,
TaKMM KaK BOCCTAHOBUMTEJILHHEM Tas3 (HaopuMep, Tas3oM, CcoOepXallM
Bomopon wu/miu CO) wMIM TBEePHHM BOCCTAHOBUTEJNL (HAIpMMep, caxap
IV CcTeaparT) .

ACIleKTHOe OTHOIMEeHMe LMJIMHOPUUECKOW TPaHyJiE, KOTOpoe MOXET

OHITE OIpemeJIeHO KaK ofbmasa »oJMHa, IDeJIeHHaAd Ha IOIMaMeTp, T.€.,



(A+B+C) /D, JexuT B 1OuamnasoHe otT 0,25 mo 1,25, OpeIlouTUTeNILHO,
or 0,5 mo 1,0, O6oJjsiee npempnoururesbHO, oT 0,55 mo 0,70, ocoBeHHO
npenmnourmuresibHo, oT 0,55 mo 0, 66.

OBa KOHIIa T'PaHyJIE MOTYT OHTH KYIIOJIOODPa3HEIMHA .
KynojoobpasHble KOHIH MMenT OJIMHY A M B, KOTOpHEe MOTYT OHTL pPaBHEH
MM PasJIMUHE, HO OIPeIlIoUTUTeJIbHO, paBHH Ipyr Ipyry. OTHOmeHMue
KyToJioo0pasHOM YacTM K LUMJIMHIPUMUYECKOM UYacTM TpaHyJh KaTajlu3aTopa
(T.e., (A+B) /C) JIEXUT B oMarasoHe oT 0,03 oo 0,3,
npenmnourmuresibHo, oT 0,05 mo 0,25, OoJjee npennodyruresibHO, oT 0,10
no 0,25. Bryio oBOHapyXeHO, UYTO TaKoM pa3Mep KYIIOoJooOpa3HOM uYacTHu
JIydlle BCeTO INOOXOOMUT OJIA KaTajlM3aTOPOB KOHBEPCHUM BOINSAHOTO T'a3a B
codyeTaHMM C KaHaBKaMu.

B COOTBETCTBUU C HaCTOAlMM n3obpeTeHMeM, c,
OpenrnouTUuTeJIbHO, JIeXMT B IMalasoHe oT 2,5 1mo 6 MM, 0OoJiee
OpenrnouyTuTesbHO, oT 3 nmo 5 MM, ¥ D, OpedloudTUTEeJIEHO, JIEXKUT B
ouamnaszoHe oT 5 pmo 10 MM, O6oJiee MNpPenlNOoOUTUTEJIBHO, OT 7 mo 9 mM. A
u B, nOpennouyTuTeJIbHO, cocTarJgsger oT 0,1 mo 0,5 MM, oOcoBOeHHO, OT
0,2 mgo 0,3 mM.

InIMHIpHUUYeckas T'paHyJla MOXeT MMeTb »IOBe WIu O0oJiee KaHaBKH,
UOYyMUX  BIOOJIb ee  IJIMHH. CJIoBa <«KaHaBKa» U «KaHaJl» MOTYyT
MCIIOJIEB0BATLCA B3auMMol3aMeHsgeMo. KaHaBKM MOTYT OBTH MB30THYTHMA
WM OpAMBEIMM WMJIM COYeTaTb WM TO, M »Opyroe. IlpedlodTUTeJIBHO,
KaHaBKM ABJIATCS OPAMEMM UM MIYT B OCEBOM HallpaBJIeHUM CHaAPYXU
BIOOJIb LUMJIMHOPUMUECKOM TIPaHyJIE, Tak KkKak B D2TOM CcJydae YyIpomaeTCs
ee M3TOTOBRJIEHUE . dopma KaHaBOK MOXeT OBITH IIOJIYKPYTJION,
SJIIMIOTUYeckoM, U-obpasHoi, V-obpa3Hol, I[I-obpasHOoW MM COUeTaTh
BapMaHTH 2TUx ¢opM. IllodykpyIJjias, 2JUmMIOTHMdeckads u U-obpasHasd
bopMa KaHaBOK ABJAETCHS OPEeOlouTUTEeJIbLHOM, Tak KaK I[OIpM 5STOM
oBecneurpBaeTcsa 0OoJbllad I[IPOYHOCTH IIOJy4YaeMEX TPaHyJl IO CpaBHEHUI
C IpyIuMM dopMaMu.

T'panysia kaTajlMzaTopa MOXeT MMeTb OT 2 no 12 win 0oJiee
KaHaBOK, KOTOPHE, XeJlaTeJIbHO, pPacIIOJIOXeHH CHMMETPMYHO, T.&., Ha
OOMHaKOBOM PaCCTOSHMM OpyI' OT JIpyTa BIOJb OKPYXHOCTU TpPaHyJIH.
[lpennouTUTeJIbHO HaJuuuMe 3-7 KaHaBOK, B dYacTHocTu, 3, 4 wmm b5
KaHaBOK WJIM KaHaJIoB. HaJuume 5 KaHaABOK OCOOEHHO IMPenllouTUTeJIBHO.

Kornma KaHaBKM ABJIARTCA IIOJIYRPY TVJIEIMI , SJUIMIITMY e CKVIMM MJIn U-
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ofpasHEMM, OHM MOTYT He3aBUCUMO IPYTD OT OpyTa uMeTh mupuny d”,
Jexamyln B IOmanaszoHe oT 0,1D mo 0,4D. B 4YacTHOCTM, aBTOpaMmu
OBHapyXeHOo, uTO mMpMHa KaHaBkm oT 0,1D gmo 0,25D 4gmBJygsgercsd
OpenrnouTuTeJIbHOM, KoT'ga uMeeTca 5 wmiam 0OoJlee KaHaBOK, MMPUHA
kaHaBku oT 0,2D mo 0,3D sgBasSeTCcd NPelOloUTUTEeJILHOM, KoI'la MMeeTCHd
4 KaHaBKU, mprUHa KaHaBKU oT 0,25D oo 0,4D ABJISETCH
OpPenrnouTUTeJIbHOM, KoI'da MuMeeTCcsa 3 KaHaBKM. I[MprHa KaHaBKM MOXET
JexaTb B OMrarnasoHe oT 1 oo 3 MM. T'nny®uHa KaHaBKU,
IPenlouTUTEeJIbHO, JIeXuT B IuarnasoHe oT 0,5 mo 1,5 mM. ABTOpaMu, B

YaCTHOCTHM, OOHapyXeHO, UTO XeJjlaTeJIbHO OI'PaHUUMBATEL OOMYyKn NIUPUHY
KaHaBOK, T.e., o0OmMee OTBEPCTHE BEeJIUUMHOMS3L5Y OKPYXHOCTM LUUIMHIPA,

T.e. <0, 35(=mD), TakK Kak B 3TOM ciydae npenoTBpallaeTcs
HexeJiaTeJIbHOe B3aVMHOE CLellJIeHNe COCeIOHUX TpaHyJl B cJioe
Karajusaropa. BszsauMHOe CLeIlJIeHMe MOXeT IPUMBOOUT K YMEHBIIEeHMD
[IOTOKa, a TakXe BH3HEBATLH paspylleHMe KaTaJlMs3aTopa M3-3a PHUYAXHOI'O
YCUJIn4.

Eciau HYXHO, KaHaBKU MOTYT MMETHb 3aKpyIJIeHHEEe Kpad.
Brnaromapsa SToMy YMEHBIIaeTCd B3aMMHOe CLeIllJIeHMe U YyCTPaHSonTCHd
OCTpPEE Kpasfa, KOTOPHEe, B IIPOTMBHOM CJlydae, MOT'YT OHTEH IIOIOBEPXEHEH
UCTUPaHUD. M  B3amMMHOEe cLellJIeHne, U  UCTUPaHUE CIIOCOBOCTBYIOT
YBeJMUEHMI0 O00pasoBaHMS TOHKOOUCIIEPCHHEX YacTHUll U/MIM PacKOJIOTHX
TpaHyJ KaTaJau3laTopa, n3-3a yero CHMXaeTCH 30PeKTUMBHOCTD
KaTajJm3laTopa u YBeJIMUMBaAEeTCA rnameHue OaBJIEHUSA Ha cJioe
KaTajlu3aTopa. 3akpyIJleHHHe Kpas MOT'YT MMEeTh paiuyc, Jexamui B
omuamnaszoHe oT 0,03D mo 0,09D.

B COOTBETCTBUU c HaCTO AIIMUM n300peTeHneM, Tpa”Hya,
xeJjlaTeJIbHO, He KVMeeT CKBO3HHEX OTBepCcTulM. CKBOBHHE OTBEpPCTUA
[IOJIe3HH OJIA VYBEJIMUEeHMI TeoMeTPpMUeCKOoW IJIomaly IIOBEePXHOCTU U
OOINOJIHUTEJIEHOTO YMEHBIIEHUMA I[NaleHMsd OabBJIEHUA, OIOHAKO, OHM MOTYT
YMEeHBIIaTs [IPOUYHOCTHE TPaHyJl Ha pas3daBIMBaHME, UTO IIepeBellMBaeT
OpyTue IOpeuMylleCcTBa B IIpolleccaxX KOHBEPCUM BOINAHOTO Tas3a.

EcarM HYXHO, OIMH WIM o00a KYIOJOoOOpa3HEX KOHIla MOTYT OHTH
PAaCIIOJIOXEeHH Tak, UTOOB O00pas3O0OBHEHBATE BHCTYII Ha OIHOM WM OOOUX

KOHIIax LU/IJ'H/IH,JIpI/IT{eCKOIZ JacTur I'PaHyJIEL C L eJIbIo ofJIeTueHU d

M3TOTOBJIEHNMA TPaHyJIEL. HlI/IpI/IHa w’ BEICTYIIa MOXeT JieXaThk B IMalla30He
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or 0,2 mo 1,0 »M.
B xome peaklMM KOHBEepCHMM BOIOAHOT'O TI'asa OoJbemas dYacTe CO B

CMECH CHHTes-T'azsa IpeBpamaeTrcsa B COp, Tak UTO IoJydaeMasd I'azoBasd
CMECE, IIPENIOUTUTEJIEHO, XapaKTepusyeTcd coaepxaHuem COL10% B
lepecuyeTe Ha CyXoM Taz3, 0oJjee mnOpenmnouturessHo, <7,5% o006. B
IepecuyeTe Ha CyxXOo¥M Ta3, Haubojiee mOpennouTrurenbHo, <5,0% o06. B

IlepecuyeTe Ha CyxXOoM Ta3, ocoOeHHO IOpennouTuresbHo, <2,5% o06. B
IepecueTe Ha CYXOM Tas.

[ToTox noJgyyaeMoI'o Tasa MOXeT OBTL MCIOJb30BaH B  OOBUHEIX
opoleccax najiee TII0 TeXHOJOIMUeCKOMY IIOTOKYy. EciuM KaTalms3aTop
KOHBEPCUMA BOIOSHOTO rasa ABJIAETCA KaTajin3aTopoM
BHICOKOTEMIIEPaTyPHOM KOHBEPCUM, IIOTOK IIOJIydaeMOoT'O0 T'a3a MoxeT OHTb
[IOOBEPIHYT OIHOM NI HECKOJIbKUM cTanmaM OOTIOJIHUTEJILHOM
KOHBEepCHUU, HalpuMep, CpenHeTeMIIepaTypHOM KOHBEPCUMA n/Uim
HUBKOTEeMIIepaTypPHOY KOHBEPCUMM Ha OIOHOM WMJIM HEeCKOJBKMX  MeIHHX
KarTajgMsaTropax B OTIOeJIBHOM pesepbByape, OOHaKO, DTO MOXeT He
TpeboBaTLCH. ClemoBaTeJIbHO, oBoTaleHHEN BOOOPOIOOM
KOHBEPTUPOBAHHEBI ras C IpoBeImeHMreM VI tes IpoOBeIeHNs
IOOIIOJIHUTEJILHOM KOHBEPCUM, MOXeT OHTL OxXJIaxIeH OO TeMIIepaTyp:
HMXe  TOUKM POCH IJIg KOHIeHcaluu Iapa. ObesBOXeHHass CMeChb
KOHBEPTUPOBAHHOTO Ta3a MOXeT OHTb MCIOJb30BaHa IJIg CHUHTe3a
MeTaHoJIla, IOUMMeETUJIOBOTO 20upa, HapadmHor Oumepa-Tponma, OJePMHOB
M B IOPpYyTMX Ipoleccax XUMMUUECKOT'O CHMHTe3a WJIM MOXeT  OHTb
IIOOBEePTHYTa CcTaIuu yrnajeHus CO, C LeJbl [IOJIYUYEeHMS CUHTe3-Taza OJAd
CMHTEe3a aMMMaka MM IIOTOKa BOOOpOHa IJIA IIOJIyUeHMHd DJIEKTPOSHepIUM
KaK 4YacThk KOMOMHMPOBAHHOTO LMKJIA I[IPOM3BOIACTBA BJIEKTPORHEPTUU C
BHYTPUUIMKIIOBOW Tasudmukalmvern yryasga (integrated coal gasification
combined cycle - IGCC).

Dajee wm30OpeTeHMe  IOOIOJHUTEJLHO OIMCaHO CO CCHJIKOM Ha
UyepTexXy, Ha KOTOPHX:

dur. 1 npencTaejgaeT coboim BUI CcOOKY, BUL c3anmm "
VM30METPUUECKOE n3obpaxeHue nepBoOM TPaHyJIB KaTalnu3aTopa,
COOTBETCTBYNIEY HacToAlleMy M300peTeHMIO, C TpeMsa KaHaBKaMu,

dur. 2 npencTaejgaeT coboim BUI CcOOKY, BUL czanm "

N3OMeTpUdeCKrOe n300paxeHne BTOpOIZ I'PaHyJIE KaTaJjinsaTopa,
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COOTBETCTBYIIEV HacToAlleMy M300peTeHMO, C UYeTHPbBMSA KaHaBKaMu,
dur. 3 npencTaejgaeT coboimt BUI cOOKY, BUL czanm "

VM30METPUUECKOE n3obpaxeHue TpeTbek TPaHYyJIB KaTaln3aTopa,

COOTBETCTBYKIEN HacToAmeMy M300peTeHM, C NATbD KaHaBKaMM.

Ha o¢urypax 1, 2 wm 3 B LeJOM IpencTaBJIeHH TI'paHyJe 10
KaTajJlu3aTopa KOHBEPCUM BOIOSHOTO TI'a3a B (QOpMe TBePOHX UIMJIMHIPOBR
12 pgmuHov C M mguamMeTpoM D, Ha KOTOPHX ¥VMeeTCsa TpM, UYeTHpe WIn
IATE KaHabBOK 14, wuOymmMx BOOJIb IJIMHB, PaBHOMEPHO pacllpelelIeHHBX
10 OKpPyXHOCTM TIpaHys 10. IMIMHIOPHE 12 MMEOT KYIIOJOOOpPAa3HEE KOHILIE
16, 18 mmmuom A m B. A m B oIMHakoBH. KaHaBku 14 o00pa3yoT
BEIC T'YTIEL 20 OOMHAKOBOTO pasMepa. PaBHOMEPHO pacrnpenesieHHEE
KaHaBKU UMERT IIOJIYKPYIJIOoe IIOIlepedHOe CeueHUue.

V300peTeHre OOIOJIHUTEJIBHO I[OSACHAEeTCHd Ha CJelyllux IpuMepax.

Mpumep 1

OCyleCTBUJIM KOMIIBIOTEPHOE MOIEeJIMPOBaHME CEepUM KaTalln3aTopoB
BHICOKOTEMIIEpPaTyPHOM KOHBEPCUM BOOAHOTO Ta3a.

[TprMepr la-1c OTHOCATCHA K LUUWIMHOPUYECKMM  TpaHyJjaM C
KynoJiooBpa3HeMM KOHLaMM M 3, 4 M 5 kaHaBKaMM, IIOKa3aHHBEIM Ha Qur.
1-3, cooTBeTCTBeHHO. CpPaBHUTEJLHEM OpuMep X IIPeOCTaBJIaJl cobom
BHIIIYCKAEMBM CepMMHO UM B HaCToOsllee BpeMsa IHMPOKO MCIIOJNb3YeMHM
KaTaJlnu3aTop BHICOKOTEMIIepaTypPHOM KOHBEpCHUU BOIOSHOTO rasa c

OVUIMHIPWMYe CKMMM T'paHyJlaMI . PaBMepH TI'paHyJI OBUIM  CJIE OYIOMMMUA :

pumep AMM|Bwvmvm | C vMv|D Mm | (A+B+C) /D (A+B) /C PasMep KaHaBKU

mmpuHa/ Ty 8rHa
()

CpaBHMTEJILHEI 0 0 4,501 8,50 0,529 - —

npuMep X

la 3 kaHaBKU 0,25 10,251 4,50 | 8,50 0,588 0,111 3,1/1,24

1b 4 xaHaBKU 0,251 0,25 1| 4,50 | 8,50 0,588 0,111 2,3/0,93

lc 5 kaHaBOK 0,25 (10,251 4,50 | 8,50 0,588 0,111 1,8/0,75

AHanMs IIPOYHOCTM: IakeT OporpaMMm COMSOL FEM HnpenlHasHaueH
o4 MOIeJIMPOBaHMUA OTHOCUTEJILHOM IIPOYHOCTH GOPMOBAHHEIX
MaTepuraJioB. OO0myn Harpys3ky 10 H nOpukIaIbBaJM BepPTUMKAJIBHO BIOJb
[IOIIEPEUHOTO CeueHuAa TpaHysi. OQdopMe He [NO3BOJAJM CMeMaTbCAa IIpU
IPUIIOXKEHUM HaTI'pPy3KM, OCHOBHOE HallpagXeHue OBUIO BHABJIEHO BIOJIb
JVHUM, T[IpOXONANEN dYepes LeHTp TIpaHyJdH. (Eciau obopmMa wuMeJa »OBe
3aalMx HalpaBJIeHMe IIJIOCKOCTHM, BEABJIEHHHE BEJIMUMHE OTHOCATCHA K
HauboJee crabon ILJIOCKOCTH) . PesynbTaTH HOPMAaJIM30BaHb

OTHOCHUTEJIEHO CPaBHMTEJIEHOI'O IIpKMMEepa.
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AHam?3 CBOBOIIHOTO oBwema: makeT IpoTrpaMMm DigiPac™
MICIIOJIb 30BaJn OJ1s MOIOEeJIMPOBaHU I YKJIaOKu MaTepuaia B
UMJIMHOPUYECKOM  CJIO€e. Pa3MepH  YIIJIOTHEHHOTO CTOS  YCTaHORJIEHH
paBHEMM 170 MM - BHYTPeHHUM OouaMeTp M 240 MM - @OJIMHa, CBOOOIHHM

o0BeM MOIeIUMpoBaJiM B LEHTpe CJod IO OJUHe, UYTOOH MCKJIIUUTH
BJIMSHME «KKpaeBHX 20berTOB». VICTIOJIL 30BaAJIN paspeleHmne 0,2
MM/TIMKCeJI. Pe3yJbTaTh HOPMaJIM30BAHH OTHOCUTEJIBHO CPaBHUTEJILHOTO
npuMepa.

MomequvpoBaHMe IIPOUYHOCTM TPaHyJIEL ¥ IIOTOKa I[IpUM OOUMHAKOBEIX

YCIIOBMAX OaJIo dcJleyrlnre pe3yJIBTaTH :

[TouMep OTHOCUTEJIbHAaA OTHOCHUTEJIbLHEIN
IIPOUYHOCTE Ha CBOOOIHEI OOBEM
pasnaBiMBaHue

X 1,00 1,00

la 0,70 1,07

1b 1,00 1,07

lc 1,20 1,09

IToJly4dyeHHEIe pes3syJIETaTE IIOKa3EBaiT, YTO I'PaHyJIE KaTaJll3aTopa,
COOTBReTCTRBYKIIME MBO@peTeHMIO, XapaKTeprusymnTCcAa OOJIEIIMM  CBOOOIHEM
0BBEMOM (I/I, TaKVIM O@paBOM, MeHBLIIMM IaleHMeM OaBJIeHMST) ; a T'PaHyJIE

c 4 m 5 xaHaBkaMu oOJajamT TaKOM Xe WM OoJIbllel IIPOUHOCTBIO Ha

pasiaBJIMBaHMeE, uTo u BHIITY CKa &M CEePUMHO UMIJIMHIPUYE CKUMN
KaTaJln3aTop.

[Ipumep 2

B COOTBETCTBUU c Usbeb6566 roJiyuaJsin KOMIIO 3ULIAID
COOCaXIeHHOTO KaTaJlu3aTopa BLHICOKOTEMIIepaTypPHOM KOHBEPCHUM,

comepxamyrn CMeChb OKCUIOB XeJjie3a, XpoMa M aJIloMUMHUS WM MIOJIBYaTEHE
YaCTHMIE OKCHUIa XeJje3a. I[lopomkoofpa3Hyrn KOMIO3UIMKD I'PaHyJIMPOBAJIM
C MCIIOJIE30BaHMeEM OINHOMTaMIIOBOT'O IIpecca C IMoJydeHrMeM OQOpMEI C 5
KaHaBkKaMM TIIpyMepa l1c. B mnopomkoofpa3Hyrn KOMIO3UIMKD KaTan3aTopa
noSaBuJM HeDOJbIIOE KOJMUYECTBO TIpaduTa B KadecTBEe CKOJB3AMEeIO
BemecTBa OJa oOJeTrueHMI M3BJIeUeHUSI TpPaHyJE U3 ITpPaHyJIrpyomen
bopMHL ¥ TPaHYJIMPOBAJM C I[OJyUYeHMeM TpaHyJhk OOBUHOM IIJIOTHOCTU
(1,8-2,0 1/cMm?®) ¢ wucCHOJIBL30BaHMEM OOBUHOM Harpys3KuU. lloJIydeHHHEe

T'PaHYyJIEI C KaHaBKaMM XapaKTeprM3OoBaJlMCkE IIPOWHOCTERIO, SKBMBAJIEHTHOM
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IPOUHOCTHM OOBUHEIX LIMJIMHIPUYUECKUX TPaHyJ aHaJIOTMUYHHX pPasMepoB.
CpaBHUTEJIEHYD  LUUIMHIPUUECKY TpaHyJly  HOoJy4daau U3 TOM  Xe
KOMIIO3ZULIMY M TPaHYJIMPOBaJM TakKMM Xe o0pas3oM C HOJIydeHMeM IIPpOCTOU
UUIMHIPUYUECKOM GQOPMEL CPaBHUTEJILHOTO HIpuMepa X.

[IpoBeM MCHHTaHMEe aKTUMBHOCTM TPaHyJl B peakKlUUMM KOHBEPCUU
BOOSHOTO Tasa CoO CMeChbl BOINOPOIOHOTO CHMHTes3-Tasa TUIMUHOTO
cocraBa (comepxamewm 15,4% CO, 6,8% CO,, 70,8% Hy, m 7,0% N,) mnopwm
TeMIlepaType Ha Bxome 300-450°C, naBjeHum 27 Oap mu30. M YacOBOU
0BBeMHOM CcKopocTM Tasa (GHSV) 85000 ul. KouBepcuwo CO B 3%MOJI.
PaCCUMTHEBAJINM, U3Mepad Opu OoMomu 4-kKaHaJlbHOTO MK cCcIHekTpoMeTpa
Fmerson X-Stream koHUeHTpauuio CO B CyxOM T'a3e Ha BXOLEe U BEXOIe
u onpenensas obweM CO, U3PACXONOBAHHHM B XoIe peakUuuM. BuUM

IIOJIYYEeHE cCJlelyllnyre pe3yJIBTAaTH:

KoueBepcusa CO, $ moJ.
TeMmneparypa, °C 300 325 | 350 | 375 400 |425 |450
CpaBHUTEJBHEM X 3 5 12 20 28 33 35
[lpumMep 2 3 6 13 23 32 37 41

[IoJlyyeHHHEe Pe3yJIbTaThH YKAa3HBAalT Ha IIOBHIIEHHYID KOHBEPCU
BOIOSHOTO Tasa B CJydyae KaTajJM3aTopa C KyIoJooOpa3HEIMM KOHIAMU U
KaHaBKaMM.

[lageHre maBJIEHMS Ha CJIOe TPaHyJl PacCCUMTHBAJIM Ha OCHOBAaHUU
BeJIMUMH CBOOOIHOTO oOfObeMa, IIOJIYUEeHHEX TPV MOIEJIMPOBAHUM  C
MCIIOJIL30BaHMEM IlakeTa nporpamm DigiPac™ wu ypaBHenus FErgun.

[IonmydeHH CJleOyollre pes3yJIbTaTH:

OTHOCUTEJILHOE

IIageHle ITaBJIEHUA

CpaBHUTeJBHEM X 1,0

[Ipumep 2 0,8

[loJlydyeHHEBIE pPe3syJIETaTH YKasEHBaKwT Ha YMEHEBIIEHHOE IIageHMe
OTaBJIECHMA Ha CJIoe KaTalnmsaTopa C KynOHOO@paSHHMM KOHIIaMI1 u
KaHaBKaMI1. YMeHBIIeHHOEe IIalleHMre IOaBJIeHMd B IIpollecce KOHBEepCUN
BOIOAHOTIO r'aza TaeT CylleCTBEHHEIE InIperMymeCcTBa B IIocJjieoyrnmnx
IIpoueccax, B WaCTHOCTHM Ha YCTaHOBKaX IIpO IIPOM3BOIOCTBY BOIOOpPOIa U
amMMIraxa.

[Mpumep 3
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[lpoBes I MCIHTaHME aKTHMBHOCTM CPABHUTEJBHEX TPaHyJl M TpaHyJl
C KyIoJiooOpasHHEMM KOHIaMU ¥ KaHaBKaMM, OIMCAaHHEX B IIpPMMepe 2, B
peakuMy KOHBEPCUMM BOLOAHOI'O I'a3a CO CMeCbl OJd CHUHTe3a aMMMaka
TUIIMUYHOTO cocTaBa (comepxamen 14,0% CO, 6,5% CO,, 55,5% H,, 0,5%
06. CHy m 2,5% Ny) npu TeMmrnepaType Ha Bxome 300-450°C, npaBjeHun 27
Gap u36. M UYaCoOBOM OOBEMHOM CKoOpocTM Tasa (GHSV) 85000 ut.
Kouepepcuw CO B $MOJ. pacCUMTHBAJIM, MU3Mepdad Opu IHomomm 4-
kaHaspHOTO MK crnexTpoMeTrpa Emerson X-Stream koHUeHTpaumiow CO B

CYyXOM rase Ha BXoIOe u BEIXOIIe " oripeneiidAd odweM co,

M3PacCxOOOBAHHEM B XOIe  pPeaKLUM. BEUIM  HOOJIy4YeHH  CJledypomue
pes3yJbTaTH
KoueBepcusa CO, $ wMoJ.
TeMmneparypa, °C 300 325 [ 350 | 375 |400 |[425 |450
CpaBHUTEJILHHEM X 3 5 12 20 28 33 35
[lpymep 3 4 6 13 24 30 37 41

[ToslyueHHEE pres3yJyIeTaTH, OUYEeHb TIOXOXNEe Ha IIOJIY4YE€HHEIE OJIA
BOOOPOOHOTIO CMHTe3-T'a3a IIprMepa 2, YKas3eBawnT Ha TIOBHIMEHHYIO
KOHBEPCHIO BOINAHOTO T'al3a B CJydae KaTajlM3aTopa C KYIIoJooOpa3HEMU

KOHIIaMM M KaHaBKaMl.
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SOPMYJIA MN3OEBPETEHNA

1. Cnoco® IMOBHIMEHMA COOepXaHMsa BOoOopola B CMeCUM CHHTe3-—
Trasa, coIepxamel BOIOPON, OKCHIH YyIJlepoda ¥ Iap, BKJIOUAMIUNA
CTaIuM, Ha KOTOPHX: IMNIPOINyCKalnT CMeCh CHHTe3-Tasa I[IpM TeMlepaType
Ha BxoIme B 1ImamnaszoHe 170-500°C Hamo KaTalM3aTOpPOM KOHBEPCUM
BOOAHOTO rasa c obpazoBaHMeM ofoTameHHOM  BOOOPOIOM  CMECHU
KOHBEPTUPOBAHHOTO Taz3a, IIPM 2TOM, KaTaJlM3aTop KOHBEpCUM BOISHOTO
raza uMeeT QOpMYy UIMIMHIPUMUECKMX TpaHyJl OauMHom C UM OuamMeTpoM D,
IpM STOM, Ha IIOBEPXHOCTM UIMIMHIPUUECKOW TpaHyJE MMeeTCcsa IOBe WU
BoJjiee KaHaBKM, MIOYIMUX BIOOJb €€ OJMHE, YKas3aHHBM LIWJIMHOP He UMeeT
CKBOZHEIX OTBEPCTUM U MMeeT KyloJiooOpasHbe KOHUBE IJMHOM A u B,
npu sToM, (A+B+C)/D JjexuT B mmanasoHe ot 0,25 mo 1,25, a (A+B)/C
JexmuT B OuanazoHe or 0,03 mo 0, 3.

2. Crioco®6 1o 1II. 1, B KOTOPOM CMHTe3-Ta3 I[OoJIydeH B
pe3yJybTaTe KaTaJlMTUUEeCKOTO IIapOBOTO PUOOPMMHIA, aBTOTEPMUUECKOTO
pPUbGOPMMHTAa MJIM BTOPUYHOTO pUOOPMMHIA YIJIEBOOOPOIOHOTO CHPLSA WM B
pe3yJsbTaTe Ta3uduKauuy yIulid, HedTAHOTO KOKCa WM OMOMAaCCH.

3. Cnoco6 o n. 1 miam . 2, B KOTOPOM coIepXaHMe MOHOOKCHIA
yIoJlepooa B CHMHTe3-Taze JIeXuT B »OMala30oHe oT 3 nmo 70% MoOJI. B
IepecueTe Ha CYXOM TIas.

4, Crioco®6 1o JmoboMy M3 IIII. 1-3, B KOTOPOM OOBEMHOE
OTHOIeHMe ofmee KOJUUECTBO Iapa: CHMHTe3-Ta3 B MCXOOHOM CMecHu
CHMHTe3-Tas3a JexuT B OuanazoHe oT 0,3:1 mo 4:1, OpedlodTUTEJIBHO,
B IMamnaz3oHe oT 1:0,3 mo 2,5:1.

5. Cnoco6 mno Jwbomy wm3 nomn. 1-4, B KOTOPOM KaTaJlM3aTop
KOHBEpPCUM BOOSAHOTO rasa aBJIsgeTCd KaTaJnu3aTopoM

BHICOKOTEMIIEpaTypPHOM KOHBEPCUM, ¥ TeMlIepaTypa Ha BXoIe JISKUT B
omarasoHe 280-500°C, IPenIouTUTEeJIBHO, 300-450°C, BoJee

NpenrnouTuTeNIbHO, B aOmanasoHe 310-380°C.

6. Crioco® 10 II. 5, B KOTOPOM KaTalmu3aTop
BEHICOKOTEMIIEPATYPHOM KOHBEpPCUM BOISHOTO Tasa CONepXuT OIOVH WU
HECKOJIEKO OKCMIOB Xejle3a, CTabWMIM3VPOBAHHEX OKCUIOM XpoMa Wu/WIu
OKCHIOM aJIloMMHMSA, WM KOTOPHIM, HeoBg3aTeJIbHO, MOXeT COIOepXaThb
OKCHMI LMHKa M OIHO WMJIM HEeCKOJIBKO COeIMHEeHUM MeIu.

7. Crioco6 1o . 6, B KOTOPOM KaTalnu3aTop
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BHICOKOTeMIIepaTypHOM KOHBEPCUU BOISHOTO rasa ABJISETCSH
[IPOMO TP OBaHHEM OKCHUIOM XpoMa MaTHe TUMTHBEM KaTaJn3aTopoM,
comepXxalyM MI'OJIbUaTHE UYaCTHUIE OKCUIA XeJle3a.

8. Cnoco® mno JgobomMy ™3 nmn. 1-4, B KOTOPOM KaTaJlu3aTop
KOHBEPCHUM BOIOSHOTO T'as3a [ABJSEeTCd MeObCOIepXallMM KaTaJlM3aTOpOoM
KOHBEPCHM BOOSAHOTO TIasza, M TeMIepaTypa Ha BxoIoe JIeXUT B
ourarasoHe 170-300°C.

9. Cnoco® mno JjmwdoMy M3 . 1-8, B KoTopoM (A+B+C)/D JexuT B
ouanasoHe ot 0,50 mo 1,00, mnpennoururessHo, oT 0,55 mo 0,70,
BoJiee npennouyruressHo, oT 0,55 mo 0, 66.

10. Cnoco6 mo Jjwbomy m3 nmn. 1-9, B koTopoMm (A+B)/C JIeXUT B
nuamnaszoHe ot 0,05 mo 0,25, npemnourturenrHOo, oT 0,1 mo 0,25.

11. Cmooco6 mno Jjwbomy w3 nmn. 1-10, B KOTOPOM Ha I'paHyJe
uMeeTrcs orT 3 mo 12, OpPennoYTUTEJILHO, or 3 mo 7, BoJiee
OPenrnouTUuTeJIbHO, OT 3 HOo 5 KaHaBOK, MAOYIMX B OCEBOM HallpaBJIEHUU
BIOOJIL €e IOJIMHH.

12. Cnoco6 mno Jgwobomy M3 nmn. 1-11, B KOTOPOM KaHaBKU
PaBHOMEPHO PpacllpeleJIeHH 10 OKPYXHOCTM I'PaHyJIH.

13. Cmooco6 mno JgwboMy wm3 nOmo. 1-12, B KOTOPOM KaHaBKMU
ABJIATCA MNOJYKPYTJIBIMM, DJIJIMITUUECKUMMM MM U-oOpas3HBMM .

14. Cnoco® mo n. 13, B KOoTopoM uMMeeTcsa 3, 4 wmam 5 KaHaABOK,
uMepmux mmpuHy d”, Jexamyion B OmanasodHe oT 0,1D #mo 0,4D,
IpenlIouTUTeJIbHO, B 1Iuamnas3zoHe oT 0,1D mo 0,25D, korma wuMeeTcsa b
KaHaBOK, IpenmnouTruresbHo, oT 0,2D mo 0,30D, kxorma wumMmeerca 4
KaHaBKM, WM, OpeanodyrTuresibHO, oT 0,25D mo 0,4D, kxorma wuMeeTcsa 3
KaHaBKNU.

15. Cnoco6 mno JmwboMy w3 nmn. 1-14, B KOTOpOM of0masg IMpUHAa
KaHaBOK <35% OKpPYXHOCTM TI'PaHyJIH.

I[Io DOBepeHHOCTH
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