201991838 Al

(19) EBpa3unckoe @) 201991838 (13 A1l
naTeHTHoOe
Be4gOMCTBO

(120 OMUCAHUE U30BPETEHUS K EBPASUICKOM 3ASIBKE
(43) Aara ny6nukauum sasiskm (51) Int. Cl. CI10G 2/00 (2006.01)

2020.02.14 B01J 37/18 (2006.01)
(22) [ata nonaum 3aaBku

2018.02.09
(54) HNPOLEIYPA 3AITYCKA, IPEJHASHAYEHHAS JIUISI CIIOCOBA ®ULIEPA-TPOIIIIA
(31) 17022484 (72) Waobperatens:
(32) 2017.02.10 ®epriocon F03u keiime, Oxena IMunena
(33) GB Mamnyaas, [Tatepcon Anexcanaep
(86) PCT/EP2018/053349 Ioxeiime (GB)
(87) WO 2018/146276 2018.08.16 )

(74) nNpeacrasutens:

(71) 3assurens: A N

BII ILJLK. (GB) Becesmukas U.A., Becesmukuii M.B.,

e Ky3enkoBa H.B., Kakcuc P.A., Besioycos
10.B., KyankoB A.B., Ky3ueunosa E.B.,
CoxouioB P.A., Ky3nenosa T.B. (RU)

(57) B 3asBke B wmenom omnmcan crnocod @uuepa-Tpormma, B yacTHOCTH croco0 ®uumepa-Tpomnma,

IpelHA3HAUCHHBIH [UIS IIPEBPAIIEHHS ChHIPhs, COICPXKAINEr0 CMEeCh TIa3000pa3HBIX BOAOPOIA H
MOHOOKCH/IA yTJIEPO/Ia, TPEATIOYTUTEIHHO B BUI€ CMECH CHHTE3-T'a3a, B YIIIEBOAOPOAbI, OCYIIECTBIEMbIi
MyTeM MPOBOAMMOIO B PEaKTOPE BBEACHMS COJEpXKAIEro KoOaisT KaTaau3aropa A cuHre3a durepa-
Tpomma Bo B3aUMOJEHCTBHE CO CMECHIO BOZOPOAa U MOHOOKCHIA yITIEpOa IIPH JaBlICHNUH, paBHOM 4,0
MIla abc¢. nnmu 6oiee, e CrIocod HHUIUHUPYIOT C TOMOIIBIO ITPOLIEAYPHI 3aIyCKa, BKIIOYAIONIEH CTaINH 1)
TIO/IaY¥ CHIPbSI, COJIEPIKAIIET0 CMECh ra3000pa3HbIX BOAOPOAa U MOHOOKCH/IA YIIIEPO/IA, MIPEANOYTUTEIHHO
B BHJIE CMECH CHHTE3-T'a3a, B PEAKTOP, BKIIOYAIOIINI COAEp AN KOOAIBT KaTalnu3aTrop Ui CHHTE3a
Oumepa-Tpomma, roe gaBleHre BHYTPU peaktopa paBHO 3,5 MIla aGc. mwim MeHee; U ii) OAIepKAHUS
MOJIA4YX CBHIPBSI B PEAKTOp, YAAJCHUs NMOTOKAa NMPOAYKTA, COACPHKAIIETO YIIEBOAOPOIbL, U MOAACPKAHUS
JaBIICHHS BHYTpHU peakTopa paBHbIM 3,5 MIla abc¢. mimu MeHee B TeueHHe He MeHee 15 4, IpeAnoYTHTENEHO
B TeueHue He meHee 50 4.
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ITPOLEAYPA 3AIIVCKA, IIPEIHAZHAYEHHAA JJIA CIIOCOBA ®UIIEPA -
TPOIIIITA

Hacrosmee n3obpeTeHne OTHOCUTCS K CIOCOOy MpeBpaIleHuss CMeCH BOJOPOIA U
MOHOOKCHJA yIJIepoJia B YrieBOAOPOabl. B yacTHOCTH, HacTOsIee U300peTeHe
OTHOCHUTCS K criocoly Pumepa-Tponma, rae cnocod HHUUHUPYIOT ¢ TOMOIIBIO
poUeayphl 3ayCKa, MPOBOJUMON € MOJIYYEHUEM KaTajau3aTopa, 00Jagar mero
yJIYUYIIEHHONW aKTHBHOCTBIO, C MOMOIIBID KOTOPOTO MOYKHO OOECIEeUHTh YIYYIIEHHYIO
CENeKTUBHOCTb 00pa3zoBaHus yrineBogopoaoB Csy U yIYUIIEHHYIO CTETIEHb
npeBpameHus. Hacrosimee n3o0pereHne Takke OTHOCHTCS K KaTaIH3aTopam,
MOJIYYEHHBIM C TTOMOIIBIO0 YKa3aHHOH MPOLEAYPHI 3allyCcKa U K criocodam, u K
NPUMEHEHUSIM, BKJIIOYAIO UM TaKHe KaTalu3aTophl.

[IpeBpamenne cuHTEe3-ra3a B yriieBoaopoas cnocodbom @umepa-Tpomnma
U3BECTHO B T€YEHHE MHOTUX JieT. Bo3pacraroimas BaXXHOCTh 0OecredeHus
aJbTEPHATHUBHBIX HCTOUYHHKOB 3HEPTHUH IPUBEJA K BO30OHOBIEHUIO HHTEPECA K
crioco0y @umepa-Tpomnina, kak K ONHOMY U3 HauboJiee NPUBJIEKATEIbHBIX MPSIMBIX U
5KOJIOTUYECKHU NPUEMIIEMBIX MyTeH MOJy4YeHHUs BbICOKOKAYE€CTBEHHOIO TPAHCIIOPTHOTIO
TOIINBA.

H3BeCTHO, 4TO MHOTHE METaJIbl, HAIPUMEP, KOOAIbT, HUKEJb, JKeJe30,
MonuOneH, Boabdpam, TOPHUH, pyTEeHHUH, pEHUH U MIATHHA, IO OTAEIBbHOCTH WU B
KOMOHMHALIMY, SABJISIOTCS KaTAJUTHYECKU AKTUBHBIMU MPU UX UCTIOJIb30BAHUU IS
NpeBpalleHusl CHHTe3-Ta3a B yriIeBOJAOPOABI U UX KUCJIOPOJACOAEpIKAIINE
npou3BoAHbIe. M3 ynCia yKa3aHHBIX BBILIE METAJJIOB HAanOo0JIee moApOOHO U3yUEHBI
KOOanbT, HUKEJNb U kene30. OOBIYHO MEeTaJJIbl UCIOJB3YIOT B KOMOMHALIMH C
MaTepUuayoM MOJJIOKKH, IJle Yalle BCEro HCIOJIb3yIOUMUCI MaTepualaMy ABISIOTCS
OKCHUJ] aJJFOMUHMSA, JUOKCHJ KPEMHHUSI U YTIIEPOA.

IIpu mony4ueHuu copepskamux koOanbT KaTtaauzaropos @umepa-Tpomnmma
TBEPAYIO MOJIOKKY OOBIMHO MPOMUTHIBAIOT COAEPIKAIINM KOOAIBT COETUHEHUEM,

KOTOPBIM MOJKET SIBJISITHCS, HAIPUMEDP, METAJUIOOPTaHNYECKOe COeIMHEHNE TN
Heopranuueckoe coequnenue (Hanpumep, Co(NO3),-6H;0), nyrem npuseneHus B

CONPHUKOCHOBEHHE C pacTBOPOM coenuHenus. OnpeneneHnyo GopMy coaepiKaliero
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KOOaNbT COeUHEHUsI OOBIUHO BBIOMPAIOT C YUYETOM €ro CIIOCOOHOCTH 00pa3oBHIBATH
okcup kobanpra (Hampumep, CoO, Co03 unu Co304) nociae npoBeaeHus
nocjaeayruei cTaauu npokajauanus/okuciaenus. [locie monydeHus okcuaa
KoOaJibTa Ha MOAJIOKKE OOBIYHO HEOOXOUMO MPOBENEHUE CTAJUHU BOCCTAHOBJICHUS
ISl IOJYYEHHS] YUCTOTO METAJIJINYeCKOro kodaabTa B Ka4eCTBE aKTUBHOTO
KaTaJUTUYECKOrO coennHeHus. [I03ToMy cTaguio BOCCTAHOBJIEHUS Takke OObIYHO
HA3bIBAIOT CTAJHEH aKTHUBAI[UH.

Boutu mpenokeHbl pa3IidHble METOAUKH aKTHBALIMH CBEXKErO KaTalu3aTopa
Qdumepa-Tpornima uiu pereHepaluy UCIOJb30BaHHOIO KaTaluzaTtopa Puinepa-
Tpomnima. Panee mpeainecTBEHHUKH KaTalu3aTopa Ha OCHOBE OKCHAAa KoOajabTa Ha
MOJJIOKKE BOCCTAHABIIMBAIM C UCTIOIb30BAHUEM BOAOPO/A MPHU MOBBIIIEHHON
TeMIepaType U 3aTeM B HHEPTHOM aTMOc]epe MepeHOCHIIH B PEAKTOP.
BoccTaHoBeHrE B MPUCYTCTBUH BOAOPOAa OOBIYHO MPOBOISAT MPH TEMIIEPATYPE,
npesbimatoneii 300°C. Tak, Hanpumep, B WO 03/035257 u WO 06/075216 packpsiTa
IByCTaAWWHOE BOCCTAHOBJIEHHE TIPEAIIECTBEHHIKA KaTanu3aropa umepa-Tpomiua ¢
HCIOJb30BaHUEM BOJOPO/A, I€ 3aKIIUUTEIbHYIO CTaIHI BOCCTAHOBIEHHS MPOBOIST
C UCMOJb30BAHUEM YHUCTOrO BOJOPOAA MpU TemnepaTtype, paBHoi ot 300 no 600°C.

OOBIYHO CYUTAETCS, YTO CEIEKTUBHOCTh 00pa3oBaHus yrieroaoponos Csy B
peakuuu cunte3a @umepa-Tponina yBeTuunBaeTCs MPU MPOBEACHUH PEAKIUU TTPH
Oonee Hu3kux Temneparypax. [Iyrem pazpaboTku katanusaTopa, obnanariero dosnee
BBICOKOU aKTUBHOCTBIO, MOKHO 00€CIeYUTh TAKYIO JK€ CTENEeHb PEeBPAIleHUsI CHHTE3 -
rasa npu 0ojiee HU3KHUX TEMIIEpaTypax U OJHOBPEMEHHO HCIIOJb30BaTh
ONarompusITHbIE PE3YJbTAThI YIYUIIEHHON CEJEKTHBHOCTH 00pa30oBaHUsI
yrinesonopoaa Csy. O6nanarouuii 6ojiee BHICOKOW aKTUBHOCTBIO KaTaJIM3aTOP MO

CYyLIECTBY TaKKe SIBJISIETCS CPEACTBOM U3MEHEHUs CEJIEKTUBHOCTHU CHUHTe3a Puiepa-
Tponma nyTem obecriedeHus] BO3MOKHOCTU MPOBEACHUS BOCCTAHOBJIECHHUS MPU
paboueil Temmeparype.

ITpu npoBeneHun TUHNUYHOTO criocoba @umiepa-Tpomnima B peakTop NOMEIIAT
KaTaJIM3aTOP U B PEAKTOP MOJAIOT MOTOK CUHTE3-Ta3a. 3aTeM TeMIepaTypy u
JaBJI€HUE TOBBIMIAKT U 00€CIeYNBAIOT HEOOXOAUMBIE IJIsi IPOBECHUS PEaKIUU
yCIJIOBUSI, KOTOPbIE OANEPKUBAIOT B XOJ€ MpOBeneHus Bcero crnocoba. Crnenyer
MOHUMATh. YTO MOBBIIIEHHOE JIaBJIeHUE OOBIYHO MOBbIMAET 3P (HEeKTUBHOCTD

BCJICACTBHUEC MOBBIMICHHUS NMAPUHUAJIbHOTO AABJICHHUSA PEATCHTOB, HAXOAAIINUXCS B MMOpax
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katanusaropa. Ecnu nns obecnedeHust onpeneneHHoi CTeneHn aKTHBHOCTH
HeoOxonuMmo Oosee BbIcOKOe pabouee naBieHUe, TO 3TO JaBJIE€HHUE UCIOJIb3YIOT C
CaMOro Hauajia MpOBEAEHHUs Cr1oco0a U MOAAEP KUBAIOT B XOJI€ IIPOBEIEHUS BCETO
cnoco0a.

CornacHo H300peTEeHUI0 HEOKUIAHHO OBbIJIO YCTAHOBJIEHO, YTO MyTEM
OCYLIECTBJIEHUS IpOLENypHhl 3anycka B peakuuu @umepa-Tponiua, B Xxone KOTOPOH
MepBOHAYAJbHO MOAAEPKUBAIOT NaBjaeHue, paBHoe 3,5 Mlla unu menee, u
NOCJENYIOero NpoBeaeHus cnocoda npu nasiennu, papHom 4,0 MIla wiu Gonee, B
criocobe @umepa-Tpona MOKHO 00ECIIEUUTD YIYUIIEHHYIO CEJIEKTHBHOCTD
obpaszoBanus yrieBogoponos Csy U yIYUIIEHHYIO CTENEeHb MPEeBPAIeHUS 110
CpPaBHEHHIO ¢ 00eCIeUYnBaeMbIMHU B 3KBUBAJEHTHOM CIIOCO0€, KOTOPBIH OTIMYAETCS
JUILIb OTCYTCTBUEM MPOLIEAYPHI 3al1yCKa.

Takum obGpas3om, HacTosmee H300peTeHne OTHOCHTCS K criocoby Pumrepa-
Tponuia, npenHa3Haue€HHOMY JJIsl IPEBpalleHUs ChIpbs, COAEpIKalIero CMech
ra3oo0pa3HbIX BOJOPOAA U MOHOOKCHA yIJIepoa, MPEANOUYTHTEIbHO B BUAE CMECH
CHUHTE3-ra3a, B yIJI€BOJAOPOAbI, OCYLIECTBIIEMOMY NyTEM IIPOBOAMMOIO B peaKkTOpe
BBEAEHMS COJeprKaIero KkobanpT Karanuszatopa ajs cuare3a @umepa-Tpomma Bo
B3aMMO/JIEIICTBHE CO CMECHIO BOAOPOAAa U MOHOOKCHUA YIJIE€POAa MpU JaBJIECHUH,
paBHOM 4,0 MIla abc. unu Oonee, rae cnocod MHULMHUPYIOT C MOMOINBIO MPOLEAYPBI
3aMycCcKa, BKIKYAKIEeNH CTaAuu:

1) moga4u ChIpbsi, COAEPIKAIETO CMECh ra3000pa3HbIX BOJOPOAAa U MOHOOKCHUAA
yriaeposa, NpeAnoYTUTENbHO B BUJE CMECU CUHTE3-Ta3a, B PeaKkTOp, BKJIKOYA0 U
comepkamui KobanbT KataauzaTop s cuHTe3a @umepa-Tponmua, rae naBieHue
BHYTpHU peakTopa paBHo 3,5 MIla abc. unu meHee; u

1) mogaep KaHUs MOJAYH ChIPbSl B PEAKTOP, YIAAJEHHE MOTOKA NMPOAYKTa,
COZepIKallero yriaieBoaopOAbl, U MOAAep KaHUs JaBJIeHUs] BHYTPU PEaKTOpa PaBHbIM
3,5 MIla abc. unu MeHee B TeUeHUE HE MeHee 15 4, mpeAnoYTUTENbHO B TEUECHHE HE
MeHee 50 4.

CornacHo n300peTeHn0 ObLIO YCTAHOBJIEHO, YTO crnocod Pumepa-Tpomma,
npeaIaraeMblii B HACTOSIIEM H300pETeHNH, MPOBUANMBINA C UCIIOJNB30BAHUEM OoJiee

HU3KOTO JaBJIEHHUs MPHU 3arycke U Oojee BBICOKOM pabodeM naBieHuH, oOecrnednBaeT
YJIYYIIEHHYIO CEIeKTHBHOCTh 00pa30oBaHus yrieBonoponoB Csy U yIydIIeHHYIO

CTCIICHDb NPEBpPALCHUS IO CPABHCHUIO C oOecrneyrnBaeMbIMH B SKBUBAJIEHTHOM
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crioco0e, MPOBOAMMOM TOJIBKO MPH O0Jiee HU3KOM HJIM TOJBKO NPHU 00Jee BHICOKOM
JABJIEHUHU, TOAXOISINUX AJIsl MPOLEAYPDI 3aMyCKa HJIM MOCIEAYIOINEero MpoBeaeHus
criocoba @umepa-Tpomnina COOTBETCTBEHHO.

Ecnu He orpaHUYMBATHCS KaKUM-TUOO0 ONpeneleHHBIMUA TEOPETUUYECKUM
COOOpaKEHUSIMHU, TO MOKHO MPEANOJOKUTh, YTO HECMOTPS Ha UCIOJb30BAHUE MO
MEHbIIEeH Mepe YaCTHYHO MPEeJBaAPUTEbHO aKTUBUPOBAHHOI'O KaTaJu3aTopa,
3aKJIIOYUTEbHBIA 3Tal aKTUBALMKU ¢ 00pa30oBaHUEM COJeprKalero Ko0aubT
KaTaju3aTopa B KOHEYHOM COCTOSIHMM MPOTEKAET BO BPEMs IEPBOHAYATbHBIX 3TAMIOB
npoueaypsl 3amycka npu o0paboTke BOAOPOIOM M MOHOOKCHUIOM yriiepoaa.
IMonaratoT, uto Onarogapsi obecrnedeHUur0 yCIoBUil 0oJiee HU3KOTO aBJIEHUsI BO BpeMs
9TOH 3aKJIIOUHUTENbHON aKTUBALMHU KaTainu3aTopa obpasyercs Oojiee akTHBHBIIN
kKataiauszatop. Takum oOpa3om, eCiid 3aTeM KaTalnu3aTop UCIONIb3VIOT B criocode
Qdumepa-Tpormnma, TpOBOAUMOM MpHu Oojiee BLICOKOM pabodem MaBjeHUH, OH
CIOCOOEH MPEBOCXOUTh MO XapaKTEePUCTUKAM dKBUBAJEHTHBIN KaTaJlINU3aTop,
UCIOJIb3YIOIMIICSA B MPOBOAMMOM MPH SKBUBAJNIEHTHBIX YCIOBUAX criocobe Duinepa-
Tponma, KOTOPBII He MOABEPrad MPOBOAUMON Mpu O0Jiee HU3KOM JaBJICHUHU
npoueaype 3amnycka. B yacTHOCTH, monararT, 4YTO UCIOJB30BAHUE MPOBOJUMON NpU
HU3KOM JaBJICHUU MPOLEAYPHI 3aMyCKa MOXKET MPUBECTH K 00pa30BaHUIO
YBEJIMYEHHOTO KOJIMYECTBA JOCTYIMHOTO aKTHBHOTO METAJJINYECKOro KOOaIbTa HIIH K
obecrnedeHuIo Ipyroro 0J1aronpusTHOrO pacrpeneaeHust JOCTYITHOTO aKTHBHOTO
METaJJIMYEeCKOro KobaabTa Ha MOBEPXHOCTH KaTahuzaTopa (T. €. K Qusndeckum
pazauuusiM B Tonorpadguu u/unu Mopdosoruu KkaTaiusaTropa), 4To obecrnedynBaeT
NPEBOCXOHYIO CEIEKTHBHOCTh 00pa3oBaHus yrieBoaoponoB Csy B MOCIEAYIOIINX
peakiusx Oumepa-Tpomnma. ITO sIBASETCSI 0COOEHHO HEOKUIAHHBIM, MTOCKOJIBKY
0’KMIAETCsI, YTO B OOBIUHBIX CIOCO0aX, B KOTOPBIX HCIONB3YIOT KATAIU3aTOP TaAKOTO
K€ MepBOHAYAbHOTO COCTaBa, HO MPH MOBBIMEHHOM MaBjeHUH (T. €. mocye
NpoUeaypHl 3aIMyCKa, MpeajiaraeMoi B HACTOSIIEM H300pETEeHNH, UCTIONB3YIOT
BBICOKOE pabouee napjeHune), obecrneynBaeTCsl SKBUBAJIGHTHAS] aKTUBHOCTh
katanu3aropa. Cmocol, mpeayiaraeMeiil B HACTOSIeM U300pETEHUH, TaKXkKe
MPEBOCXOIUT CIOCOOBI, MPOBOIAUMBIE MOCTOSIHHO NMPH HU3KOM JaBJICHUH,
UCIIONB3YIOIEMCs B MPOLIEypa 3aMycKa, NpenjiaraeMoil B HaCTOSIIEM U300pETeHUH,

5TO YKa3bIBAET Ha TO, YTO MCIIOJb30BAHNE KOMOMHALIMH ONpeAeIEeHHON MPOLEeayphI
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3amycka ¥ KOHEYHOTO pabodero AaBJIeHUs SIBJISETCS KPUTUUECKHU BaKHBIM IS
obecneuyeHusi NPEUMYIECTB, MPEeAJaraeMblX B HACTOSII[EM N300pETEHUH.

Ha cragusx 1) u 11) cnoco0a MOKHO UCIOJIB30BATh JIF000€ MOAXOAsIIee
nasieHue, papHoe MeHee 3,5 MIla. B HekOoTOpBIX BapuaHTax OCYIIECTBIECHUS
JaBJI€HHE, UCIOJb3YIOIIeecss BO BpeMsl CTaaui 1) u 1) mpoueaypsl 3amycka, paBHo 3,3
MIla abc¢. nnu MeHee, npeano4yTuTesnbHo 2,5 MIla unu menee, Hanpumep, 1,5 MIla
Wi MeHee. [IpeanoYTUTENbHO, €CITH AaBJIeHUE, UCIOJb3YIOIEeeCs BO BpeMsl CTaIHi 1)
u i1) mpouenypsl 3anycka, paBHo 6ojee 0,2 MIla, npeanoururenbHo Oonee 0,5 MIla,
Hanpumep, 6omaee 1,0 MIla.

B nmpeanouTuTeNbHBIX BapHAHTAaX OCYIIECTBJICHUS JAaBJICHUE B PEAKTOPE,
ucrobp3yromeecs s cnocoda @umepa-Tponima, MpOBOAUMOTO MMOCHIE 3aBEPIIEHUS
npouenypsi 3anycka, Ha 0,5-3,5 MIla Brime, yeMm naBjieHUEe HA CTAAUH 1) U/ HIN
cranuu ii), mpeanoyruteabHo Ha 0,5-2,5 MIla Brime, Oonee mpeanoyTuTenbHo Ha 0,5-
1,5 MIla Beie, Haubosiee npeanoutuTesbHo Ha 0,75-1,25 MIla Bbilne, HanmpuMep, Ha
1,0 MIla Bbite.

Crnenyer moHMMATBh, UTO, €CIIM HE YKa3aHO HHOE, TO YKa3aHHbIE B HACTOSIIEM
N300pETEHNUH AABJICHUS SIBJISIIOTCS aOCONIOTHBIMH JABJIEHUSIMHU, T aTMOCpepHOe
nasyaenue pasHo 0,1 Mlla.

JlaBlieHHE B peakTope, HCIOJb3YyIoLleecss BO BpeMs CTaquH 11) Ipoueaypsl
3amycKa, MOYKHO MOAJAEPKUBATh B TEUEHHE JIFOOOT0 MOAXOAAIIEro NPOMEXKYTKa
BPEMEHH, MPHU YCIOBUH, YTO 3TOT MPOMEKYTOK BpPEMEHH COCTaBJIseT He MeHee 15 4,
npeano4YTuTenbHo He MeHee 50 4. CeayeT MOHUMATh, YTO TOYHOE 3HAUYEHUE
POMEXKYTKA BPEMEHH MOJKET MEHSITbCS B 3aBHCUMOCTH OT YCJIOBHI MPOBEACHUS
apyrux peakuuid. OObIMHO MPEANOYTUTEIBHO, €CJIH BO BPEMs CTaJAUU 11) MPOLEAY PbI
3amycka o0ecreyeHbl YCIOBHUSl YCTAHOBUBINETOCS pekuma padoTsl. B
NPEeANOYTUTEbHBIX BAPHAHTAX OCYIIECTBICHHUS aBICHUE B PEAKTOPE,
UCIOJIB3YIOIIeeCs Ha CTAAUM 1) MPOIEayPhl 3aMyCKa, MOAAEPKUBAIOT B Te€UEHUE OT
100 o 600 4, Gonee mpeanoUYTUTENBHO B TedeHHne oT 200 mo 500 4.

B HEKOTOpPBIX BapHaHTax OCYIIECTBJCHUS NaBJIECHHUE W/UJIU TeMIeparypa B
peakTope, UCTIONB3YIOLIHNECs Ha CTAIHH 1) IPOLEAYyPHI 3aITyCKa, OTIUYATCA OT
TaBJICHUS W/WJIN TEMIIEPATyPhl B PEAKTOPE, UCIOJNb3YIOINXCS HA CTaANH 11)

IpoLeay Pl 3aIyCKa.
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B npennouTuTenbHBIX BapUaHTaX OCYLIECTBJIEHUS TEMIepaTypa B peakTope,
HCIIONB3YI0INasACcs BO BpeMs MPOLEAypbl 3allyCKa, OTINYAETCs OT TEMIIEpaTyphHl B
peaxkTope, UCTONb3yOLIeiics A cnocoda Pumepa-Tpormnima, MPOBOIUMOTO MOCIE
3aBeplLIeHUs NIPOLEAYPHI 3allyCKa, NPEANOYTUTENbHO, €CIIU TeMIIepaTypa B peakTope,
ucnosb3yrmascs 1 cnocod @umepa-Tponina, TpOBOAUMOro MOCe 3aBepPLUISHUS
MPOLEeNYPHI 3aMyCKa, HUXKE TEMIIEPATYPbl B pEaKTOPe, UCIONb3YIOIEeHCsl BO BpeMs
MPOLEAYPHI 3aIMyCKa.

Crnenyer moHUMAaTh, UTO BO BpeMs MPOLEAYPhl 3alyCKa U MOCIENYIOLEero
crocoba @umepa-Tponima MOKHO UCMOIb30BATh JIIOOYIO MOAXOASAINYIO TEMIIEPATYPY,
KoTopast obecrnednBaeT HEOOXOIUMYIO CTENIEHb MPEBPALIEHHS U HE BBI3bIBAET
TeMIEepaTypHYy Aedopmanuo katanusaropa. [IpeanoyTurenpHo, eciau Npouenypy
3amycka u/unu nocieayrmuii cnocod @umepa-Tpomnima, mpoBOAUMBIN TTOCIE
NpOLEAYPHI 3aNlyCKa, MPOBOAST NPU TeMrepaTtype, HaxoAsAulecsa B fuanazose ot 100
1o 400°C, npeanoututenbHo oT 150 mo 350°C u Oonee nmpeanoutuTesbHo ot 150 mo
250°C. B xoxe mpoBeneHus: mpoUeaypbl 3aMyCcka W/WIN MOCAENYIOero cnocoda
®dumepa-Tpomniua, NpOBOAUMOrO MOCHIe NPOLEAYpbl 3aNycka, peanaraemMoi B
HACTOsIIIeM U300peTeHUH, TEMIIEPATYPy MOKHO MeHsTh. Tak, Hampumep,
TEMIEPATYPy MOKHO IMOBBICUTH MOLIANOBO 10 o0ecrnedeHnss HeoOXOUMOH CTeNeHU
npespalieHus. AlbTepHATUBHO, MOXHO UCIOJb30BATh B OCHOBHOM MOCTOSIHHYIO
TeMIepaTypy.

IIpeanoYTUTENBHO, €CIIU AABJIEHHUE B PEAKTOPE, UCIOJIb3YIOLIEECs BO BpeMs
crocoba @uimepa-Tpomnia, MPOBOAMMOIO MOCHE 3aBEPUICHUs POLEAYPbI 3aMyCKa,
paBHo menee 10,0 MIIa abc., npeanoururenbHo Menee 7,5 MIla aGc¢., Gonee
npeanoyTutenbHo MmeHee 5,0 MIla abc.

IIpeanoyTUTENBbHO, €CIU NPOLIEAYPY 3allyCKa MPOBOASAT B TOM XK€ peakTope, B
KOTOPOM IOCJI€ 3aBEPIICHUS MPOLEAYPHI 3aImycka npoBoasaT crnocod @umepa-Tpomima,
XOTsl ClIeAyeT MOHUMATh, YTO 3TU CTAJUU MOXHO MPOBOJIUTH B OTAEIbHBIX PEaKTOpax.

B nmpennouTuTebHBIX BapUAHTAaX OCYINECTBJIEHUS CENIEKTHBHOCTh 00 pa30OBaHMUs
Cs+ BO BpeMst MPOBOJUMOTO IOCJIE 3aBEPIICHUS MPOLEAYPHI 3a1mycKa crnocoda
dumepa-Tpomnma cocrasiuser He MeHee 70%, mpennoutureabHo He MeHee 75%, Gonee
Npeano4YTUTeabHO He MeHee 80%.

B NPpEANOUYTUTEIIbHBIX BApHUAHTAX OCYIICCTBICHUA MPOU3BOAUTEIbHOCTD IIPHU

nosiyueHuu Csy BO BpeMsl MPOBOJUMOrO MOCJE 3aBEPLUICHUS MPOLEAYPhI 3aMycKa
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crocoba @umepa-Tponma cocrasisier He MeHee 90 r/J1-4, MIPEANIOYTHTENILHO HE MEHEee
100 r/n-4, 6onee npennourutTenbHo He MeHee 110 r/n-4. [IpousBonuTENbHOCTH
KaTajau3aTopa ONpPEeNeIsioT, KaK BhIPAXKEHHYI0O B IPaMMax MacCy NMPOAYKTOB,
copeprkamux S win 6onpiee konudecTBo aToMoB yriepona (Cs,), oOpasyromuxcs
IIPU UCTOJIb30BAHUM KaTaJlNU3aTOPa, B IepecyeTe Ha 1 J1 yIJIOTHEHHOr0 KaTalu3aTropa
NP NPOBEAEHUHU PEeaKLUnu B TedeHue 1 u.

B nmpeanouTuTenbHBIX BApUAHTAX OCYINECTBJIEHUS CEJIEKTUBHOCTb OOpa30BaHUs
CHy4 BO BpeMsi MpOBOAMMOTO MOCJIE 3aBEPIISHUS MPOLENYPhI 3aMycka crocobda
dumepa-Tponma cocrasisier MmeHee 15%, Oonee npeanoutuTenbHo MeHee 13%.

B nmpeanouTuTenbHBIX BapHaHTaX OCYIIECTBIEHUs cTeneHb npespamenus CO Bo
BpEMsl IPOBOIMMOTO TIOCTIE 3aBEPLISHHS MPOLIEAYPHI 3amycka cnocoba Pumepa-
Tponma cocrasnsier 6onee 60%, mpennoururteabHo 6onee 63%, Oonee
npeano4YTuTeNbHO Oosee 65%.

CnenyeTr mOHMMAaTh, YTO 3HAYEHHUsI, IPUBEICHHBIC I CTENEHU MPEeBpaIleHUs

CO, cenexruBHocTu obpazoBanusi CHy, cenextuBHoctn oOpaszosanus Csi u

NPOU3BOAUTCIIBHOCTD IIPU NMOJNTYHUYCHUU C5+, ABJIIANOTCA CPEAHNUMU 3HAUCHUAMU,
NOJYHYCHHBIC MPU YCTAHOBUBLICMCS PECIKUME pa6OTbI, O6I:;I"IHO MOCJIC MPOBCACHUS
pabouero nukia B TedeHue npumepHo ot 200 go 700 u.

ITo MeHbIIEH Mepe 10 MPOBEAeHUs MPOLEayPhI 3aMycka crnocooda,
IpeaiaraeMoro B HaCTOosIIeM H300peTeHNH, KaTajJu3aTop, B HACTOsAMEM H300peTeHnn
Ha3bIBAIOLINICS COAEpPIKALUM KOOANbT KaTaIN3aTOPOM, COAEPIKUT MO MEHbIIEH Mepe
4aCTh BOCCTAHABJIMBAIOIINXCS COEAUHEHNI KOOaIbTa, KOTOPBIE MPH BOCCTAHOBJIEHUH
MOKHO MPEBPATUTh B METAJNIMUECKUN KOOAJbT, T. €. mpeodiagaromne
KaTaJIUTUYCCKHUEC YaCTUIbI. B HYaCTHOCTHU, NPECANNOUYTUTECIIBHO, €CIIN coz[epncamnifl
KOOaJIbT KaTaJMU3aTOP MO MEHbIIEH Mepe YaCTHYHO COAEPKUT KoOanbT B popme
okcuna, Hanpumep, CoO, Co,03 u/unu Co304, mo MeHbIIEH Mepe 10 MPOBEeASHUS
NpoLeAyphl 3anycka. B HEKOTOpPBIX BapuaHTaxX OCYLIECTBJECHUSA OO0 NPOBEAEHUS
npoLeaypHl 3amycka crnocoda, mpeajaraeMoi B HacTosIIeM U300peTeHNH,
KaTaJu3aTOpP YaCTHYHO BOCCTAHABIMBAIOT MO OO0 NOAXOAS e METOIUKE,
HaIlpuMep, ¢ HCIOJIb30BAHUEM COAEPIKALIEr0 BOJOPOA MOTOKA, MPEATOUYTHTEN bHO

IIOTOKAa BOI[OpO,I[/aSOT. YacTUYHOE BOCCTAHOBJIEHHUE MOXKHO NpoBECTHU A0 MEPEHOCA
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KaTaJlu3aTopa B peakTop, B KOTOPOM MPOBOJAST NPOLENYPY 3alyCKa, UJIU €r0 MOKHO
MPOBECTH B TOM K€ peaKkTOpe 0 MPOBEeAEHUs MPOLEeAYPHl 3aNyCKa.

Conepskamuii KOOaNbT KaTAINU3ATOP, NPEeAHA3HAUYEHHBIN AJIs IPUMEHEHUS B
COOTBETCTBHH CO CIIOCOOOM, IpeasaraeMbiM B HACTOSIEM H300pPETEHUH, MOXKET
IPEeACTaBIATh COOOH CBEKEMPUTOTOBJIEHHBII MaTeprall KaTaanu3aTopa.
ANBTEpHATUBHO, COAEPIKAMNN KOOAIBT KaTAIN3aTOP MOXHO IOJIYYUTDh U3
coaepkamero KoOaJibT MaTepuaa, KOTOPbIH paHee UCIOJb30BAIH AJIs KaTaln3a
peakuuu @umepa-Tponma. [Tpu HeOOXOAUMOCTH COnEpIKAIINN KOOATbT MaTEPHUal,
KOTOPBIN paHee UCMONb30BaIH sl KaTanu3a peakuuu Pumepa-Tpormniua,
00pabaThIBAIOT MyTEM MPOBEIAEHUS CTAAUN MACCHBALUH, YTOOBI IPEBPATUTD IO
MEHbIIEeH Mepe 4acTh K0OaJIbTa, COAEPIKALIErOCs B MaTeprae, B OKCHI.

OO6pIuHO comepxKamuil KOOAIBT MaTEepHa, KOTOPBIH paHee HCIOIb30BAIN B
peaxkuuu Pumepa-Tponia, MOKHO NACCUBUPOBATH IyTEM NPOBOAMMON NpHU
MOBBILIEHHON TeMrepaType o0paboTKu ra3oM, Couep KaluM MOJIEKYIISPHBINA
KHCJIOPOJ, TAKUM KakK BO3JyX, A0 €ro NPUMEHEHHUs B COOTBETCTBUU C HACTOSILIUM
nzo0perenuem. [IpoBenenne Takol MacCUBALMU MOAXOASAIUM 00pa3OM YBEIUUHUBAET
KOJINYECTBO OKCUJITHOTO COEIMHEHHs koOaibTa B cofeprkalieM KoOaabT MaTepuae,
KOTOPBIA paHee UCIONb30BaIu B peakuuu Pumepa-Tponma. ITosbimennas
TeMIEepaTypbl, IpeIHa3HAUCHHAs JJIs TAKOH MacCUBaLMU, OOBIYHO HAXOJAUTCS B
nuanaszone ot 30 no 500°C, npeanourutensHo oT 60 1o 150°C. O6paboTKy MOXKHO
IIPOBECTHU MPHU JOOOM HEOOXOAMMOM AaBJIECHUH, IPEATIOUTUTENbHBIM SIBISETCS
aTMocdepHOe TaBJIeHHE.

OnTumanbHasi MPOIOJKUTEIBHOCTh 00PabOTKH 3aBUCUT OT MPEABICTOPUHU
coaepkamero KoOaJbT MaTepuana, OT COAEPNKAHMUS KUCIOPOAA B UCIOJIb3 YOI EMCS
rase u OT yCJIOBUM npoBeneHusi 00padotku. OOBIMHO MPONOJIKUTENBHOCTE 00paboTKu
JOJKHA SIBJATHCS JOCTATOYHOM JJIsl yAaJleHUs BCeX YIIIepOACOAepKallUuX OCTaTKOB,
HaXOMSILIUXCS B COIEpIKALIEM KOOAIbT MaTepHaie, U, TAKUM 00pa3oM, 3TO SBJISIETCS
0COOEHHO IMOJIE3HBIM B CJIydae coaepkamero kKodanbT MaTepuala, KOTOPbIH paHee
UCIOJb30BaNu B peakuusax Pumepa-Tponma. IIpeanoYTUTENBHBIMA SBIISIFOTCS
MPOAOJIKUTEIBHOCTH 00paboTKH, cocTaBisomue He MeHee 30 MuH, Oonee
NpPEeANOYTUTEIbHBIMU SIBJISIOTCS cOCcTaBisAmoLue oT 1 10 48 4.

Conepsxamuii koOanpT Katanuzarop Puimepa-Tponma MoxeT ObITh O€3

MNOAJIOXKKHU WUJIU NMPEANOUYTUTEIIBHO, €CJIKM OH HAHCCECH Ha OOBIYHBIN TerHJ’IaBKI/Iﬁ
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MaTtepuaj NOMJOXKKHU, HATPUMEDP, HA JUOKCHUIA KPEMHUA, OKCUA aJIOMHUHUA, TUOKCUJ
erMHI/IH/OKCI/IIl AJIFIOMUHUA, TUOKCHUA LUEPUA, TUOKCHUA TUTAaHA, OKCHUA TaJlIusi, TUOKCUM
HUPKOHHA, OKCUA MarHusi, OKCUJA HIUHKA U T. I1., U UX CMECHU, NIPECANNOUTUTECIIBHO, €CJIU
HOJUJIOKKOH SIBJISIETCS. OKCUJT IMHKA MJIM CMECh, COJleprKalias OKCUM LIUHKA.

Copepxamuii kobanpT Katanausarop @umepa-Tponima MOXKHO MOJYYHUTh MO
ar000H moaxonsieil MeTOAuKe, KOTOpasi U3BECTHA CIEIUANUCTY B JaHHOW 00JacTH
TEXHHUKH. TaK, HanmpuMmep, €ro MOXKHO MOJNYyHYUTb MYTEM IMPOIMUTKH, OCAXKACHUA UIIHU
resnieoOpasoBanus. [lonxomsimuii katanusarop @uinepa-Tpormira Takke MOKHO
MOJNy4YUTb MYTEM paCTUPAHUA UJIN 3aMCIINBaHUA MaTCpHUaJia MOAJIIOKKH, TAKOTO KakK
OKCHUJ AJIIOMHUHUA, TUOKCHUJ KPEMHUA UJIU JUOKCHA HUPKOHUSA, C PaCTBOPUMbBIM HUJIN
HEPACTBOPUMBIM COEAUHEHHUEM KOOaNbTa C MOCIEAYIO UMY SKCTPY3UEH, CYIIKON U
NPOKAaJINBAHUEM IMPOAYKTA.

HOI[XOI[ﬂLHaH METOAUKA NPOMUTKHU BKJIKOYACT, HAMMPUMEDP, MPOIIUTKY MaT€puaja
HOJJIOKKH COeUHEHHEM K00OalbTa, KOTOPOE MOXKET TEPMHUECKH Pa3jaraTtbes ¢
obpasoBaHueM OKCUAA. MOKHO HCIOJIb30BATh JIIOOYIO MOIXOAAIYI0 METOJUKY
MNPOMNUTKH, BKIIIOYAA MECTOANUKY MPOMNUTKH MO BJIArOCMKOCTHU UJIU METOAUKY C
UCIOJIb30BaHNEM H30BbITKA pacTBOpPA, KOTOpbIe 00€ XOPOIIO U3BECTHBI B JAHHOM
00J1aCTH TEXHUKH. MeTO)II/IKa NPOINUTKH MO BJIArOEMKOCTHU o6nanaeT TaKUM
Ha3BaHHMEM, MOCKOJbKY B Hell HEOOXOAMMO UCIIOIb30BATh 3apaHee 3aJaHHbId 00beM
NPOIMUTBIBAIOLIEr0 PacTBOpPa, YTOOBI 0OECneunTh MUHUMAIbHBIH 00bEeM pacTBOpa,
HeoOXOAUMBIH JIMIIb AJIsI CMAYUBAHUS BCEH MOBEPXHOCTH MOMJIOXKKH Oe3
HUCIIOJIBb30BaHUS U30BITKA JKHUAKOCTH. Kak cJeayeTr u3 €€ Ha3BaHUA, B METOAUKE C
UCIIOJb30BaHUEM U30BITKA pacTBOpPa HEOOXOAUM M30BITOK MPOMUTHIBAKOILETO
pacTBopa ¢ MOCHeaYIOLUUM yAaJeHUeM PacTBOPUTES, OObIYHO MyTEM BbIMAPHUBAHUSI.

HpeHHO‘{TI/ITeJIbHO, €CJIKM NPOMUTBIBAIO UM PACTBOPOM MOXKET ABJIATHCA BOI[HbIﬁ
pacTBOpP WJIM HEBOJIHbBIM OPraHUYECKOW PACTBOP TEPMUUYECKHU pa3JiararoIierocs
coenuHeHus kobanbTa. [logxonsinue HEBOAHbIE OpraHHYECKHE PACTBOPUTENH
BKJIIOYAIOT, HAIPUMED, CIIUPTHI, KETOHBL, )KUAKHE NMapadUHOBbIE YIIIEBOIOPOABI U
3(1)I/Ipbl. AJ'IbTepHaTI/IBHO, MOXHO HCIIOJBb30BAaTh BOAHBIC OPTaHUYCCKOE PACTBOPLI,
HampuMep, BOAHBIH CIIUPTOBOW PACTBOP TEPMHUYECKH Pa3jararoerocs CoeJUuHeHUs
kKobanbTa.

HOI[XOI[HH_II/IC PacTBOPUMBIE COCAUHECHNUA BKIIIOYAOT, HAIIPUMEDP, HUTPAT, all€TAT

WK all€TUJIanCTOHAT Ko6aana, NpeAnOYTUTCIIBHBIM SAABJIACTCA HUTPAT koOanbTa.
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IIpennoutruTenbHO N30eraTh UCMOJIb30BAHUSA T'AJIOT€HUIOB, TOCKOJIBKY YCTAHOBIIEHO,
YTO OHU OKa3bIBAIOT BPEJHOE BO3EICTBUE.

IIponuTky MOXHO MPOBECTH € UCIOJb30BAHUEM MaTepHalia MOAJIOKKHU, KOTOPHIN
HaxXxoIUTCs B (popMe MOpOIIKA, TPAHYJ WU MeJIeT. AJbTePHATHBHO, IPONUTKY
MOJKHO IIPOBECTH € MCIOJb30BAHUEM MaTepHaia MOAJOKKHU, KOTOPBI HAXOAUTCS B
dbopme popMOBAHHOIO FKCTPYAATA.

Ecnu npeaBaputenbHO CHOPMOBAHHYIO MOAJNOKKY HIIH SKCTPYIAT
MPOMUTHIBAIOT, TO ClIEAyeT MOHUMATh, YTO MOMJIOKKY MOXHO MPUBECTH B
CONPUKOCHOBEHHE C MPOMUTHIBAIIINM PACTBOPOM IO JII0OOH MoaXoasimel METOIUKE,
BKJIFOYasl, HAIpUMEpP, BAKYYMHYIO IPOMUTKY, MPOMUTKY MO BJArOEMKOCTH UIH
NOTPY’KEHUE B U30BITOYHOE KOJHMYECTBO JKUIKOCTH.

Ecnu mpoBoAsT MpONUTKY MaTepHala MOIJIOKKH, MPEACTABISAI0MEero coboi
MOPOLIOK UJIU T'PAHYJIAT, TO HOPOLIOK UJIU I'PAHYJIAT MOKHO CMELIATh C
IPONMUTHIBAIOIIUM PACTBOPOM MO JHOOOH moaxoasieii METOAUKE, U3BECTHOM
CIENHNAJIUCTY B JAHHOH 00J1aCTH TEXHUKHU, HAIIPUMED, yTeM N00aBIECHHS MMOPOILIKA
UJIU TPAaHyJATa B €MKOCTb, COJEPIKALIYI0 NPOMUTHIBAIOIINN PacTBOp, U
nepemewmnBanus. Ecinu mocie npoOnUTKYU NOPOILIKA UK TPAaHYJIATa HENIOCPEACTBEHHO
MPOBOASAT CTAAMI0 3KCTPY3UH, TO CMECh IOPOLIKA UJIM FPAHYJISITa U IPOMUTHIBAKOLIETO
pacTBOpa MOKHO JOMOJHUTENbHO 00padoTaTh, €CJIM OHA ellle He HaXOAUTCA B popme,
noaxoasen ans sketpysuu. Tak, Hanpumep, CMeCb MOKHO pacTepeThb AJis
YMEHbIIEHHs KOJN4YecTBa 0oJiee KPYIMHBIX YaCTHL], KOTOPbIE MOXeET OBITh
3aTPYAHUTEBHO SKCTPYAUPOBATD, HJIM COAEPKAHHE KOTOPBIX MOXKET APYyrUM 00pa3om
yXyamarh GU3ndeckue XapakTepUCTHKH MOJIYUYEHHOr0 3KCTpynaTa. Pactupanue
OOBIYHO BKJIFOYAET MOJIYYECHHUE MACThl, KOTOPAs SIBJSIETCS MOAXOASLIUN IS
¢dbopmMoOBaHUS MyTeM 3KCTPY3UH. B KOHTEKCTE HACTOSIIET0 U300pEeTeHUs AJIst
pacTHpaHUs MOKHO HCIOJIB30BATh JIIO00€ moaxoasmee 000pya0BaHUE IS
pacTHpaHUs WIN 3aMEIINBAHUS, U3BECTHOE CIELUATICTY B JAHHOW 00JIaCTH TEXHUKHU.
Tak, HanpuMep, B HEKOTOPBIX CJAydasx MOAXOASAIUM MOXKET SIBIATHCS UCIOJIb30BaHHUE
NMEeCTUKA U CTYIKHU WM MOAXOISLUIUM MOXKET SIBJISITbCS UCIOJIb30BaHUE YCTPOICTBA A
pactupanus Simpson.

PacTupanmne oObIYHO MPOBOJAT B T€YEHHUE MPOMEKYTKA BPEMEHH,
cocTaByAOmEero ot 3 10 90 MUH, NPEANOYTUTENBHO B TEUEHUE IPOMEKYTKA BPEMEHHU,

cocrasyAromero ot 5 10 30 mun. IIpeanodTutenbHO, €CiIu paCTUPAHUE MOXKHO
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IPOBECTH B AMAINA30HE TEMIIEPATYP, BKIIOYAIOINEM TEMIIEPAaTy Py OKPYKarIIei
cpenbl. Jluana3zoH TeMnepaTyp, NpeaNnOUYTUTENbHBINA ISl pACTUPAHUS, COCTABISAET OT
15 no 50°C. IlpeAnOYTUTENBHO, €CIU PACTUPAHNE MOXKHO MPOBECTU NIPU aBJIECHUU
okpyxaroineil cpensl. CienyeT MOHUMATD, YTO MOJIHOE YaJeHue CBSI3aHHOTO
pacTBOpUTENS U3 MPONUTHIBAIOIIETO PACTBOPA A OOECIedeHuUs MOJHOTO OCAXKACHHUS
MOXHO MPOBECTHU MOCJE SKCTPY3UU.

B BapuaHTax OCyIIECTBJICHUS, B KOTOPBIX MPOBOAST MPOKAJIUBAHHIE
NPOMUTAHHOTO MOPOIIKA MJIM TPAHYJISITA, TPOBOAS TAKUM 00pPa30M MOJIHOE YAaJIeHUs
pPacTBOPHUTENS, COAEPKALIETOCS B MPOMUTHIBAIOINEM PACTBOPE, MPOKAJICHHBIH
MOPOIIOK UJIU TPAHYJIAT TaKXK€ MOKHO JOMOJHUTEIbHO 00paboTaTh ¢ LENbo
NOJIYYEHUSI CMECH, KOTOPasi ABJSETCS MOAXOMsIIeH s SKCTpy3un. Tak, Hampumep,
SKCTPYAUPYEMYIO MACTY MOXKHO MOJYYUTh NyTEeM OObETUHECHUS MPOKAIEHHOTO
MOPOIIKA MJIM TPAHYJISITA C MOAXOASIUM PACTBOPHUTENEM, HAIPUMED, C
pacTBOpPHUTENEM, UCIIOJNB3YIOMUMCS IJISl MPOMUTKY, MPEAMOUYTHTEIbHO C BOJHBIM
pacTBOpHUTENIEM, U PACTUPAHHUS, KAK 3TO ONMHUCAHO BBIIIE.

B HEKOTOpPBIX BapHaHTax OCYIIECTBJIEHHS SKCTPYAAT WU NMPEIBAPUTEITBHO
c()OPMOBAHHYIO MOJJIOXKKY IMPEBPAINAIOT B MOPOLIOK HJIH IPAHYIAT. ITO MOXKHO
OCYIECTBUTH I10 JIFOOOH MOAXoAseH METOUKE, H3BECTHON CIEUANTNCTy B JaHHOU
obnacTu TexHUKHU. Tak, HAMpUMep, NPONUTAHHBIN MaTepUal MOIJIOXKKH, KOTOPBIM B
HEKOTOPBIX BAPUAHTAX OCYINECTBJIEHUSI MOXKET SIBJISITHCS CYXOH SKCTPYAAT, MOXKHO
pa3apoOUTh U/UIU Pa3MOJIOTh/pacTepeTh. B mpeanouTUTeNbHBIX BapUAHTAX
OCYINECTBJICHUS MOJYUYEHHBbIH MOPOLUIOK 00iaiaeT METUAHHBIM JUAMETPOM YaCTHULL
(d50), paBHbIM MeHee S0 MKM, peANOUTUTENbHO MeHee 25 MkM. Eciu BmMecTo
MOPOIIKA MOJYYAIT FPAHYJISAT, TO MPEANOYTHTEIbHO, €CJIN IPAHYJISAT o0agaer
MenuaHHbIM nuametrpom dactun (d50), pasasiM ot 300 no 600 mMxMm. J{namerp yacTun
(d50) MoskHO HamIekamuM 00pa3oM OMpPeAesUTh ¢ TOMOIIBI aHATU3aTOPA Pa3MepPOB
yacTtul (Hampumep, aHaiu3aropa pasmepos yactun Microtrac S3500).

Metonuka oCaXXAEHHs, MOAXOISINAs I OJIYUESHUs COAepKAIero KooanpT
KaTajJu3aTopa, BKJIKYaeT, Hanpumep, craauu: (1) npoBOOUMOro npu TEMIepaType,
Haxomselcs B nuamna3one ot 0 qo 100°C, ocaxgenust kodajlbTa B BUIE €TI0
HEPACTBOPUMOIO TEPMHUYECKHU Pa3JIararoIlerocss COeTNHEHUs C UCIIOJb30BAHUEM

OoCaXJarmero pearcHra, BKIHOYAa0MEro rTuApoKCcua aMMOHUSA, Kap6OHaT AMMOHUS,
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OukapOOHAT aMMOHHUS, TETPAAJTKHIAMMOHUHUTUIPOKCHA UJIH OPTAaHUYECKUI aMUH, U
(2) uzBneyeHus ocanaka, MoJyudeHHoOro Ha cranuu (1).

B oTtnuumne oT METOAMK MPOMUTKH B 3TOM CJIy4ae MOKHO HMCIOIb30BaTh JHOOYIO
pacTBOpuUMYyIO cosib kobanbTa. [Togxoasimue coiu BKIOYAIOT, HATPUMED,
KapOOKCHIIAThI, XJIOPUIBI U HUTPATHL. [IpeInOYTUTENIBHO UCIOJBb30BATh BOJAHbIE
pacTBOpBI conn (cosei) kobanbTa, OAHAKO MPH HEOOXOAMMOCTH MOXKHO
UCIOJIb30BaTh, HATIPUMEP, BOAHBIE CIIUPTOBBIE PACTBOPHI.

B kadecTBe OCakarLero peareHTa, B JONOJHEeHHE K KapOOHATY aMMOHHUSI,
OukapOOHATY aMMOHUS U THAPOKCUIY aMMOHHUSI, TAK)Ke MOKHO UCIOJIb30BATh

TeTpaaHKHHaMMOHHﬁFHHpOKCHﬂbl U OPraHUYC€CKHUEC aMUHBI. HpeI[HOLITI/ITeJIbHO, €CIIn

cofepikaleiics B TeTpaajJkUIaMMOHUNATUAPOKCUE ajlKulbHON rpynnoi sisnsercs C -
Cy-ankunpHasg rpynna. IToaxoasmuM opraHM4ecKUM aMHUHOM SIBJISIETCS

LUKJIOM€KCHJIAMUH. DKCIEPUMEHTDI TOKa3aJ1, YTO UCMOJIb30BaAHUE COAEPIKALINX
IIEJIOYHOM MEeTaJlJ1 OCaKAALIUX PeareHTOB MPUBOAUT K MOJYUYEHHIO CYIIECTBEHHO
XYILIUX KaTaau3atopos. [103TOMy mpeanoYTUTeNbHO U30eraTh HAIMYHS IEeJTOYHBIX
METAJIJIOB B KATAJUTHYECKOH KOMIO3ULMH. [IpeAnouTUTENbHO, €CTH KOMIO3ULUU, HE
cozeprKaline MEeJOUYHONW MeTall, MOJKHO MOJYYHUTh C UCIOJb30BAHUEM B Ka4eCTBE
OCaXKJarIlero peareHra kapboHata aMMoHuUs win OukapOboHaTa aMMOHUS, emfe Ooee
NPEeANOUYTUTENIBHO C UCIONIb30BaHueM OukapOonaTa ammonus. KapOoHnar ammoHus
NPEeANOYTUTENBHO MOYKHO HCIIOJNb30BATh B (pOpMe, MMeEIoIeiicst B mpoaaxe, KoTopas
COZEePKUT cMech OukapOoHaTa aMMOHHMS U kapOamaTa aMMOHHs. BmecTo 3apanee
NPUTOTOBJICHHBIX KapOoHaTa uiu OukapOoHATa MOKHO UCIOJIB30BATh
NpeaIeCTBEHHUKU 3THX COJIEH, HaIPUMeEpP, PACTBOPUMYIO COJIb M THOKCH yIiiepoaa.
HeszaBrCUMO OT METOIUKH TMOJYYEHHsI COEPIKALIero KoOaapT MaTep uaia
0OBIYHO HEOOXOAMMO MPEBPATUTH COAEPIKAIUI KOOAThT MaTepHa B KaTaau3aTop,
coxeprkauuii ko0anbT B popmMe OKCHa, MPeaHa3HAYEHHBIN JJIs MOCIEAYIOLIEro
YaCTUYHOI'O BOCCTAHOBJIEHHSI aKTUBALMH U/WJIU IPUMEHEHHUSI B COOTBETCTBUH C
HacTosiueM u3obpereHueM. /s moaydeHus: KaTanu3aTopa, Coaepikaiiero kodanbT B
dopme oKcHIa, MOKHO MCIIOJIb30BATh MPOKAINBAHUE, HATIPUMED, IYTEM MPOBEIEHHUSI
TEPMHUYECKOI0 Pa3JIOKEHHs MOJYYEHHOTO paHee TePMHUECKU pas3Jjiararouerocs
coenuHeHus: kobanbTa. [IpokanuBaHUe MOKHO MPOBECTH MO OO0 METONHKE,
W3BECTHOMN CMEUAJUCTaM B JAHHOW 00JaCTH TEXHHUKHU, HAIPUMED, B MEUH C

MCEBAOOKUKEHHBIM CJI0€M UJIM BO BPAILLAIOILIENICS €YU IPU TEMIIEpaType,
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NpeaNnoYTUTENbHO Haxoasmelcsa B auanazone ot 200 go 700°C. B HeKOTOpbIX
BAPUAHTAaX OCYLIECTBJIECHUS MPOKAJIUBAHUE MOKHO IIPOBECTHU B BUJE YaCTH
00beAMHEHHOH MpOoLEenypbl, TAK)KE BKIOUYAIONIEH BOCCTAHOBUTEIbHYIO aKTUBALMIO U
NPOBOAUMYIO B TOM XK€ PEaKTOpE.

B npennouTuTeNbHBIX BapHaHTaX OCYIECTBJIEHUS COnepIKaluil KoOanbT
KaTtanu3atop Anus cuHresa @umepa-Tponma coaepKUT OauH uiu OoJblIee
KOJIMYECTBO IPOMOTOPOB, CPEACTB, YAYUIIAOUIUX JUCIIEPTUPOBAHUE, CPEACTB,
NPUAAIIIUX TPOYHOCTD, W/ MM CBI3YIOIIUX.

IIpennodYTUTENBHO, €CIU NPOMOTOPHI, KOTOPBIE MOTYT COE€HCTBOBATH
BOCCTAHOBJICHUIO OKCHAA KOOAJIbTa C MOJYyYEHUEM METAJUIMYECKOro KodanbTa,
NPEeANOYTUTENBHO NPU HU3KHUX TEMIIEPaTypax, BBIOPaHbl U3 TPYNIIBI, COCTOSIIIEH U3
CIEAVIOIIUX . PYTeHUN, NaJIaAui, NjaTUHa, pOAUN, PEHUN, MapraHel, XpOM, HUKEb,
xkene3o, monudneH, 6op, BonbdpaM, MUPKOHUHN, rajTUN, TOPUN, TAHTAH, LEPUN U UX
CMecH.

ITpoMOTOp OOBIYHO UCTIONB3YIOT NP OTHOIIEHUH KOJNYECTBA ATOMOB KoOanbTa
K KOJUYECTBY aTOMOB IMMPOMOTOPA, COCTABJIAIOLIEM BILIOTh 10 250:1, u Gonee
IPEeANOYTUTENBHO BIUIOTE 10 125:1, eme Oosee mpeanoYTUTENbHO BILIOTh 10 25:1, u
HanOonee npeanouytutenbHo 10:1. [IpoMOoTHPOBaHHBIN KaTAIU3aTOP MOKHO MOJYUYHTh
C MOMOILBIO LEJIOTO PsAfla METOAUK, BKJIKOYAs MPOMUTKY, S3KCTPY3HUIO, OCAKACHUE UIIU
rejieoOpa3oBaHueE.

ITpoMoTOp MOKHO 100aBUTH HA OJHOM UK OOJbIIEM KOJHMYECTBE CTaaUMN
MOJIyYEHUSI KaTaJu3aTopa, BKIOYas: 100aBlIeHHE BO BPEMs OCAXKIESHUS B BUE
PacTBOPUMOIO CO€AUHEHUs], BO BPEMs OCAXKAEHUSA 10 METOAMKE MPOMUTKHU IO
BJIATOEMKOCTH UJIU MOCJIe TPOKAJIMBAHUS COAEPIKALIEro KOOANIbT OCaIKa.

Coneprxammii KOOANBT KATAJINU3ATOP TAKIKE MOXKET MPEACTABIATH COOOM
KOMIIO3ULIUIO, TOMOJHUTEIBHO COAEPKAIYI OKCHUJ LIMHKA, KaK 3TO ONUCAHO,
HanpuMep, B US 4826800. [IpeanouTuTenbHO, €ClIU TAKYI0 KOMIIO3UIUIO MOJYYaroT
1O MPEANOYTUTENbHONW METOAUKE, OMMMCAHHON B HACTOSIIIEM H300PETEHUN.

[Tocne mpouenypsl 3amycka, COOTBETCTBYIOLIEH criocoly, nmpeniaraeMomMy B
HacCTosIeM H300peTeHnH, MpoBOAsT criocod Pumepa-Tponma a1 mpeBpaIneHus
CBHIPBSI, COJIEPIKAIEro CMeCh ra3000pa3HbIX BOAOPOIa U MOHOOKCHAA yIJIepoa, B

YriaeBoaAOpOAbl, HANPUMEDP, B AU3CJIbHOC UJINM aBUALIUOHHOC TOIIJINBO, UJIU B UX
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npenmecTseHHUKU. CUHTE3 yIriIeBOAOPOAOB U3 CUHTE3-ra3a no peakuuu Puiepa-
Tponima MOXHO NPEeACTABUTH CIEAYIOIIUM YpaBHEHUEM 1:
mCO + (2m+1)H2 - mHzO + CmH2m+2 YpaBHeHHe 1
Kaxk onucano BbllIe B HACTOSAIEM H300pETEHNH, HEO)KUIAHHO YCTAHOBJIEHO, YTO
croco0oM, mpeajiaraeMblM B HACTOSEM H300PETEeHNH, MOKHO MOJYUYUTh OCOOCHHO
aKTHUBHBINA conepskamuii kodanpT katanuszatop @umepa-Tpomnira, oOecrneynBaro Ui

BBICOKYIO CEJIEKTHBHOCTb 00Opa3oBaHus yrieBoaopoaoB Csy, 3Ta KOMIO3HIIUS
yIJIE€BOAOPOAOB MPEANMOYTUTEIbHO BKIII0OYaeT OeH3nHOBY0 Cs5-Co u nusenvuyo Cig-

Cy0 dpakuuu.

B 3arpy3o4HoOM rase, UCMOJB3YIOIMEMCS Ha CTaAUsIX 1) U 11) MPOLEnyphl 3amycKa
U BO BpeMsl IPOBeAeHUs mocienyroinero cnocoda @umepa-Tponma, npeniaraeMbix B
HacTOsIeM H300peTeHNH, OTHOMeHne 00beMa BOAOPOAa K 00beMy MOHOOKCHAA
yriaepona (H,:CO) B ceipbe (Hanpumep, B ChIpbe U/UJIU HA BXOAE B PEAKTOD)
MPENNnOYTUTEIbHO HaxoauTCs B quamna3one ot 0,5:1 no 5:1, Gonee mpenmoOYTHTENBHO
ot 1:1 no 3:1 u HauGonee npexnoyrurenpHo oT 1,6:1 mo 2,2:1. 'a3o000pa3HbIil MOTOK
peareHTOB TaKKe MOYKET COAEPIKATh APyrue pa3OaBsiioIne/MHEPTHBIE Ta3000pa3HbIe
KOMITOHEHTBI, TAKHE KaK a30T, TMOKCUJ YIJiepoaa, BOAa, METaH U Apyrue
HACBHILIEHHbIE U/UJIM HEHACBIIIEHHbIE JIETKHUE YIJIEBOAOPOAbl. B HEKOTOPBIX BapHaHTax
OCYLIECTBJICHUS YKa3aHHbIe pa30aBsioIe/UHEPTHBIE Ta3000pa3Hble KOMIIOHEHTBI
MOTYT COAEepPKaThCs MPHU KOHLEHTpauy, paBHoH oT 1 1o 75 06.%, ot 5 10 60 06.%
unu ot 10 1o 50 006.%. B npyrux BapuaHTax OCYyLIECTBICHUS
pasbaBisiroue/ MHEPTHBIE Ta3000pa3HbIe KOMIIOHEHTHI, KOTOPBIE MOTYT COJEPKATbCS
B ra3000pa3HOM MOTOKE PEAreHTOB B JOMOJHEHHE K PEarHpPYIOIINM ra3aM,
COoIepIKaTCs NMpHU KOHLEeHTpauu, papHoi meHee 50 00.%, nanpumep, menee 30 06.%
wiu meHee 20 00.%. CrnenyeTr moHUMaTh, 4TO, pa3daBIsIOUe/ UHEPTHBIE Ta3hbl,
COZiepIKaLIMecs B BBIXOMASIIEM MMOTOKE, MOJYYEHHOM B PEakTope, MPU HEOOXOMHUMOCTH
MO’KHO PELHPKYJIHPOBATH B ra3000pa3Hblil MOTOK PEareHTOB HJIM UCIOJIb30BATh B
APYTUX MOCIEAYIOMNX TEXHOJOTHIX.

['a3000pa3Hble peareHThl, HCMOJIb3YIOMINECS IJIs MPOBEASHUS MPOLEaY PbI
3amycka u/unm nocieaymouiero cnocoba @umepa-Tpomnina, NpOBOAUMOro mocie
NpOLEeyphI 3aMyCKa, MOXKHO 3arpy’kaTh B PEaKTOP MO OTACNbHOCTH WU OHU MOTYT

OBITH NpEIBAPUTENBHO CMEIIaHbl (HampuMep, Kak B CIydyae CUHTEe3-Tra3a).
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IlepBoHa4yaNbHO BCE OHU MOTYT MPUXOAUTH B COIPUKOCHOBEHUE C TBEPABIM
KaTaJu3aTOPOM Ha OJHOM M TOM € Y4acTKe TBEPAOro KaTaau3aTopa UM UX MOXKHO
n00aBUTh HAa Pa3HBIX y4acTKaxX TBEPAOro karanusaropa. [leppoHavasbHBIM
MIOJIOXKEHUEM CONPUKOCHOBEHUS OTHOTO MJIM OOJBLIEro KOJIMYECTBA PEAreHTOB C
TBEPABIM KaTaIU3aTOPOM SIBJISETCS MOJOKEHHUE, B KOTOPOM BCE PEeareHThl
NepPBOHAYAJIBbHO CONMPUKACAIOTCS APYT C IPYTOM B ra3oBoil ¢pase u B IPUCYTCTBUH
TBEPAOTO Karanusatopa. [IpeanodTuTeNnbHO, €Cliu ONUH Ui OOJbIlee KOJIUYECTBO
ra3oo0pa3HbIX PEareHTOB OJHOBPEMEHHO MPOMYCKAKT HA TBEPIBIM KaTAJTH3aTOPOM.

Cwmech ra3oo0pa3HbIX peareHTOB, UCIOJb3YIOINAsCS AJIsl IPOBEASHHS MPOLEAYPHI
3amycka u/unu nocieaymuiero cnocodba @umepa-Tpomnina, MpOBOAUMOro MOCe
NpOLEAYyPHI 3aMyCKa, TaAK)KE MOXKET COAEPkKATh PELUPKYIUPOBAHHbIE MaTepHUaJIbL,
BbIJI€JIEHHbIE HAa APYT'OM yuyacTke, TaKhe Kak HelpopearupoBaBlliie peareHThl,
BbIIEJIEHHBIE Ha JIFOOBIX MPEAIIECTBYIOIINX CTAANAX BOCCTAHOBICHUS KAaTaIN3aToOpa.

3arpy304HbIi ra3, HCIIOJB3YIOUIUHICS Ha CTANHAX 1) U 11) IPOLEAYPHI 3aNyCKa U
BO BpeMs MPOBENEHUS nocieayrmero cnocodba @umepa-Tponmia, npeanaraeMsix B
HACTOsIIIeM H300peTeHNH, MPOMYCKAOT HAaJ CJIOEM KaTalu3aTopa MpU 4acOBOU
obbemHol ckopoctu raza (HOCT'), mpeanoyTuTenbHO HaxosAIelics B JUana3oHe OT
100 no 10000 g (o6beMbl ra30B Mpeodpa3OBaHbl C YUETOM CTAaHAAPTHBIX
TEeMIIepaTypbl U AaBJIeHHs), OoJiee MPEANOUTHTENbHO HAXOSINEHCsl B AUaNa30OHe OT
125 1o 9000 4! B HEKOTOPBIX MPEANOYTUTEIbHBIX BAPUAHTAX OCYILNECTBICHUs
3arpy304HbIN ra3 MPOMyCKAT HAaA CJI0EM KaTajau3aTopa MpU 4acoBOH 0OBEMHOI
ckopoctu raza (HOCT'), naxonsimeiics B nuanazone ot 5000 no 9000 q'l, HaTmpuMmep,
ot 6000 no 8000 q-l. B apyrux npeanoyTUTENbHBIX BapUAHTAX OCYLIECTBJIECHUS
3arpy304HbIN ra3 MPOMyCKAKT HAJ CJIOeM KaTajlu3aTopa Mpu 4acoBOi 0O0beMHON
ckopoctu raza (HOCT'), naxopsmeiics B quanaszone ot 1000 o 2000 q'l, bonee
npenmnourutesbuo ot 1200 o 1500 g ! Hampumep, paBHoi 1250 gl

Kak x0opomo u3BeCTHO B JaHHOW 00JJaCTU TEXHUKU, CUHTE3-Ta3, KOTOPBIH
NPEeANnOYTUTEIbHO UCTIOB3YIOT 1Jis peakuuu Pumepa-Tpomniia, B OCHOBHOM
COZEPKUT MOHOOKCHUJI YIJIepo/ia U BOJAOPOJ, a TaKkKe BO3MOKHO COIAEPKUT
HE3HAa4YUTeJIbHble KOJIMYECTBA JUOKCHUIA YIlepoaa, a30Ta U APYTUX UHEPTHBIX ra3oB B
3aBUCHUMOCTHU OT €ro UCTOYHHUKA U CTENEeHU YUCTOThl. MeTOAUKHU MONYyUYeHUsl CUHTE3 -

ra3da Xxopomo U3BECTHBI B HaHHOﬁ 00JIaCTH TEXHUKH U OHH OOBIYHO BKJIIOYAIOT
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JaCTUYHOE OKHCJIEHHE COAEPIKAILIEro yriiepoa COeANHEHUs, HAlpuUMep, YIJIs.
ANbTEpHATHBHO, CHHTE3-Ta3 MOXHO MOJYYUTh, HATIPUMED, NyTeM KaTaJIUTHYECKOTO
napoBoro pudopmuHra Mmerana. OTHOIIEHUE KOJUYECTBA MOHOOKCHAA yIJIepoa K
KOJINYECTBY BOJOPOJA, COAEPIKALINUXCA B CHHTE3-Ta3e, MOKHO COOTBETCTBYIOIINM
00pa3oM U3MEHATh MyTeM N00aBIeHNUsT MOHOOKCH A yIJIepoa Ui BOJOPOIA HIIH €0
MOJKHO PEeryJIMpOBaTh IyTeM NMPOBEAEHUs TaK Ha3bIBAEMOH peakLnu KOHBEPCHH,
XOpPOIIO U3BECTHOW CIEHaJuCcTaM B JAHHOW 00JacTH TEXHUKHU.

[IpennouTUTENbHO, €CIIU MPOLEAYPY 3aMMyCcKa U/ HIH NOCIEAYIOIHI crocod
dumepa-Tponma, NpOBOAUMBIN MOCIE NPOLUEAYPHI 3allyCKa, MPOBOAAT B
HEMpPEPHIBHOM PEXKHME B PEaKTOPE ¢ HEMOABUIKHBIM CJI0EM, C MCEBI0O0KHKEHHBIM
CJI0OEM MJIM B CYCTIEH3UOHHOM peakTope. Eciu comeprxamuii KoGanbT KaTajlu3aTop
Qdumepa-Tpomnma HCIOIB3YIOT B cmocode, MPOBOJAUMOM B HEMOJIBHIKHOM CJIO€, TO
YaCTHIIbI TOJDKHBI 00J1aiaTh TakoW GopMoOi U pa3zMepoM, 4TOObI 0OecnednBaioch
npueMiIeMoe MajeHNue AaBJICHUS Ha clioe Katanuszatopa. Crennaauct B JaHHON
00JIacTH TEXHUKH MOJKET ONPEAETUTh Pa3Mep YaCTHL], ONTUMAJIbHBIN 11
UCIIOJIb30BAHUSA B TAKUX PEAKTOPAX C HEMOABIDKHBIM ciioeM. HacTuusl, o0nagarmomue
HeoOxoauMbIMU (HOPMOH U pa3MepoM, MOXKHO MOJYYUTh MyTEeM 3KCTPY3UH MACThI, K
KOTOpPO# HeoOs3aTeIbHO MOKHO NOOaBUTh HEOOA3aTeIbHbIC BEIIECTBA,
CrOCOOCTBYIOIHE SKCTPY3UHU, U/UIU CBI3YIOLIHE.

CnenyeTr mOHUMATh, YTO COAEPIKALIUI KOOANbT KaTaJIU3ATOP AJISI CUHTE3a
@umepa-Tponiua, mony4eHHBIH IPU MPOBEACHUHU MPOLEAYPHI 3aIycKa crocoda,
IpeaIaraeMoro B HaCTOSIIEM H300pEeTeHUH, MOKHO YCIEIIHO UCIOJIb30BaTh B IIOOOM
nociaenyrwmem cnocode @umepa-Tpomnima, B KOTOpOM HEOOXOAUMA YIyUIleHHAs
AKTUBHOCTb WJIM CEJIEKTHBHOCTH 00pa3oBaHus yrieBonoponaos Csy.

Takum oOpa3om, IpyruM OOBEKTOM HACTOSIIIEr0 U300PETEHHS SBIISIETCS
comepKamui KoOaIbT KaTaauzaTop s cuHTe3a Pumepa-Tponma, moaydaeMsli,
NPEANOYTUTENBHO MOJYYEHHBIH, C MOMOIIBIO MPOLIEAYPHI 3aMyCKa, OMMCAHHON BBIIIE
B HACTOSIeM U300peTEeHHH.

Crnenyer moOHUMATh, UTO COJEPIKAIIUN KOOANBT KaTaJIN3aTOP AJS CHHTE3a
dumepa-Tpomnma MOXKET ObITh 0€3 MOAIOKKH UIIH MOXKET SIBIATHCS KaTaJlIU3aTOPOM Ha
MO/JIOKKE, OTPEIEeIEHHBIM BbIIIE B HACTOSIIEM H300PETEHUH.

Hpyrum o0BEKTOM HACTOSLIETrO U300PETEHUS SIBIAETCS NPUMEHEHHE

coxep:kamero ko0anpT KaTanu3aTopa i cuHresa Pumepa-Tponma, onpeneaeHHOTo
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BBIIIE B HACTOSIIIIEM M300PETEHUH, JJIsI TOBBIMEHUS CEJIEKTUBHOCTH criocoba Puinepa-
Tponmia no oTHOMmEHHUIO K 00pa30oBaHUIO yriaeBoaoponos Csy W/Uin yBeIUICHUS
CTeNeHu npespauieHus B cnocode Pumepa-Tpomiua.

Eme onanM 00beKTOM HACTOSIIETO H300PETEHUs TAKXKe SIBISETCS CIIOC00
NOBBIIMIEHHS CEJIEKTUBHOCTH criocoba @umepa-Tpomnma mo OTHOUIEHUIO K
obOpazoBaHu yrieBonoponoB Cs, U/Min yBeJIHYEHUs CTETIEHU MPEeBPAICHUS B
crocobe @umepa-Tpomnina, yka3zaHHBIN COCOO BKIIOYAET CTAAUIO H0OABIEHUS
coaepkamero KoOanbT KaTanau3aropa Jst cuaTe3a @ummepa-Tpomnma, onpeneIeHHOTo
BBIIIIE B HACTOSIIEM U300peTeHUH, pu NpoBeaeHnu crnocoda @umepa-Tpomia.

HacTosimee nzo0pereHne JOMOJTHUTEIBHO ONMUCAHO CO CCBUIKOIN HAa NMPUBEIEHHBIE
HUJKE NIpUMeEpbI, KOTOPBIE ABIAIOTCS JULIb UITIOCTPATUBHBIMU. B npuMepax creneHb
npespamenus CO onpeneneHa, kak (KOJUYECTBO MOJIEH HCITOJIb30BABLIETOCS
CO)/(xonuuectBo MoJei cogepskamein CO 3arpy3ku)x100, u CEIEKTUBHOCTD O
yriepoay omnpeneneHa, kak (konudectso Moseit CO, cooTBeTCTBYHOLIEE
ONpeneIeHHOMY MPOAYKTY )/KOINYECTBO MOJIEH BCTYNUBIIErO B IPEeBpAIICHUE
CO)x100. Ecnu He yka3aHO WHOE, TEMIEPATYyPhl, YKa3aHHBIE B IPUMEPaAxX SABISIOTCS
pabounMu TeMmepaTypaMH, a He TeMIepaTypaMu katainuzartopa/ciosi. Ecnu He
yKa3aHO WHOE, NaBJIEHUs, YKa3aHHbIE B IPUMEPAX, SBJISIIOTCS aOCONIOTHBIMH
JaBJIEHUSMU.

ITpumep 1

ITonyuyenue karanusaropa

Karanusarop nonaydanu nyTeM NPOMUTKH MOJJIOKKUA U3 OKCHUA LIMHKA
DOCTATOYHBIM KOJUYECTBOM BOJHOI'O pacTBOpa reKcaruapara HUTpata kodaapTa Jis
obecneyeHus comepskanusi kobanbTa, cocrapisitomero 10,5 mac.% (3To o3Haqaer 10,5
Mac.% aToMOB K0OabTa B MepecyeTe Ha MOJIHYI0 MAaCCy KaTallu3aTopa, KOTOPBIH
NPOKaJIEH, HO €Ille HE BOCCTAHOBIJICH). [IponuTaHHBIH MOPOLMIOK 3KCTPYAHPOBAIIH,
CYUIMJIU U MPOKAJTUBAJH.

ITpumep 2 (mpennaraemMblii B HACTOSIIIEM U300PETEHUN)

IMpouenypa 3anycka npu naBjieHuu, pasHoM 3,3 MIla, pabora npu naBjaeHuu,
pasHoM 4,3 MIIa

10 mn Katanusatopa, NoJy4€eHHOr0 B IpuMepe 1, nomewmanu B MUKPOPEAKTOP U
B MUKPOPEaKTOpEe MPOBOAUIN BOCCTAHOBJIEHHE B aTMOC(epe BOAOPOIA U MOTyTaTH

KaTaJIM3aTOP, KOTOPBIN SIBJISLIICS MO MEHbINEH Mepe 4YaCTHYHO BOCCTAaHOBJEHHBIM (10
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4, 240°C, 50% H,/N,, 0,7 MIla). [logaBaemblii ra3 3aMeHsJIM HA CMECh BOIOPOaA U
MoHookcuzaa yriaepona (H,/CO = 1,8), nononuurensHo conepxkamyto 18 00.% aszora,
KOTOPYIO MOAABayd B peakTop MpHu 4acoBoit o0beMHoit ckopoctu raza (HOCI),
pasHol 1250 q'l, u pu paboueit Temneparype, pasuoit 150°C. 3arem Temneparypy
nomaroso noseimanu ot paHoit 150°C no pasHoit 160°C co ckOpOCTBIO, paBHOM
60°C/u, ot pasnoii 160°C no pasnoit 180°C co ckopoctsio, paBHoit 10°C/4, ot
pasHoii 180°C no paBHoi 190°C co ckopocThio, paBHOU 5°C/4, 3aTeM NMPOBOAUIIU
3aKJTIOYUTEIbHOE MOBBIIIEHHE TEMIIEPATYPHI CO CKOPOCTHIO, paBHO# 1°C/4, no
obecneyenus crenenu npespamenus CO, cocraiswomeit ot 60 1o 65%. 3aTem 31y
KOHEYHYIO0 TeMIIEpAaTypy NOAAEPKUBAIU B TeueHue npumepHo 300 4 npu naBjieHUH,
pasHoM 3,3 MIla. 3atem naBieHue B peakTope MoBbIIIaNU A0 paBHOro 4,3 Mlla u
pabouyro Temmeparypy U3MeHsUH Al o0ecnieueHus creneHu npespamenns CO,
cocrapisiromeii ot 60 1o 65% (210°C) u 3Ty TeMnepaTypy NOAAEPKUBATH B TEUECHHE
BCero cuHTe3a Puwmepa-Tponma.

IIpumep 3 (cpaBHUTENBHBIN)

Pabora npu noctosiHHOM naBineHun, paBHom 4,3 MIla

IIpoBoaunu MeTOAUKY, ONMCAHHYIO B IpUMepe 2, 32 UCKJIUYEHUEM TOTO, YTO
TeMiepaTtypy, paBayt 216°C, u naBnenue, pasHoe 4,3 MIla, nognep:xuBanu, HaUMHAas
C 3allyCcKa U B TeUeHHue Bcero cuHresa Pumepa-Tpomniua.

ITpumep 4 (mpensaraemselii B HACTOSIIIEM U300PETEHHH)

ITpouenypa 3anycka npu nasjieHud, pasHom 3,3 MIla, pabora npu nasieHuu,
pasHoM 4,3 MIIa

[IpoBogunu MeTOAUKY, OMUCAHHYIO B IpUMepe 2, 32 UCKIOYEHUEM TOr0, UYTO
pabouasi TeMmepaTypa BO BpeMsi IpoLeaAyphl 3anycka Obia pasHa 229°C u Bo Bpewms
nocnenyrwmero cuare3a @umepa-Tpomina ona Obia pasaa 219°C.

ITpumep S (cpaBHUTENBHBIN)

Pabora npu noctosisHHOM naBineHuu, paBHom 4,3 MIla

IIpoBoaunu MeTOAMKY, ONIMCAHHYIO B MpUMepe 3, 32 UCKJIIOUYEHHUEM TOTO0, UTO
pabouas TemnepaTtypa Besae Obina paBHa 219°C.

ITpumep 6 (mpennaraemMblii B HACTOSIIIEM U300PETEHUN)

IIpouenypa 3anycka npu nasjieHud, pasuom 3,3 MIla, pabota mpu nasieHuw,

pasHoM 4,3 MIIa
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IIpoBoaunu MeTOAUKY, OMUCAHHYIO B IpUMepe 2, 38 UCKIIOYEHUEM TOT0, UYTO
pabouasi TeMmepaTypa BO BpeMsi IpoLeaypsl 3anycka Obiia pasaa 212°C u Bo Bpems
cunre3a @umepa-Tponma ona 6bina pasHa 213°C.

ITpumep 7 (mpenyaraemMblii B HaCTOSILEM H300pETEHUM)

ITpouenypa 3amycka npu nasjieHud, pasHom 3,3 MIla, paGorta npu naBieHuu,
paBHoM 4,3 MIIa

[IpoBogunu METOAUKY, ONMCAHHYIO B MpUMepe 2, IPU NPOAOJKUTEIBHOCTU
pabouero nukia, papHod 1560 4, u npu paboueit remneparype, pasHoit 210°C.

ITpumep 8 (cpaBHUTETBHBIN)

Pabora npu noctosiHHOM naBieHuu, paBHom 4,3 MIla

IIpoBoaunu MeTOAUKY, OMUCAHHYIO B IpUMepe 3, MPU MPOAOJIKUTENbHOCTH
pabouero nukia, papHod 1560 u, u npu paboueit remneparype, paHoit 214°C.

ITpumep 9 (cpaBHUTENBHBIN)

PaboTa nmpu mocTosiHHOM naBieHnu, paBHOM 4,3 MIla, 3aTeM moHUKeHHE
naBjeHus A0 pasHoro 3,3 Mlla

MeTtonuky, ONUCaHHYI B mpuMmepe 8, nposoaumyro npu 4,3 Mlla,
MOIU(pUIIUPOBATN MyTEeM MOHWKEeHUsS AaBjeHus ot paHoro 4,3 MIla no pasHoro 3,3
MIIa. Pe3ynbTaThl, NOJYy4YE€HHBIE B 9, OTHOCATCS K IPOMEXYTKY BPEMEHH, B KOTOPOM
nasyieHue Ovl0 paBHO 3,3 MIla.

ITpumep 10 (cpaBHUTENbHBII)

Pabora npu nocTossHHOM naBieHuu, paBHOM 3,3 MIla

IIpoBogunu MeTOAMKY, OMUCAHHYIO B IpUMepe 3, 38 UCKIOYEHHUEM TOTr0, UYTO
TeMiiepatypa Be3ne Obia paBHa 213°C u naBnenue Be3ne Obu10 paBHo 3,3 MIla.

IMpumep 11 (mpennaraemeiii B HaCTOSIIEM U300pETEHUN)

IMpouenypa 3anycka npu nasjienuu, pasaom 1,3 MIla, pabora npu naBjaeHuu,
pasHoM 4,3 MIIa

IIpoBoaunu METOAUKY, ONMCAHHYIO B IpUMepeE 2, 32 UCKIIOYEHHUEM TOTO, YTO BO
BpeMsl IPOLIEAYPHI 3aMycka nasjeHne Obuto paBHO 1,3 MIla, TemnepaTtypa Oblia paBHa
220°C u HOCT Opuna paBuaa 800 1 1 Bo Bpems cunTe3a Pumepa-Tponma

temneparypa Osina pasaa 208°C.
ITpumep 12 (mpennaraemelii B HACTOSIIEM U300pETEHUN)
IIpouenypa 3anycka npu nasjieHuu, pasaom 2,3 MIla, pabora npu naBieHuu,

pasHoM 4,3 MIIa
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IIpoBOoAMIN METOAUKY, OMMUCAHHYK B IpUMepe 2, 38 UCKJIKUYEHUEM TOrO, 4TO BO
BpeMs IPOLIeyphI 3aMycka aaByienune Ob11o paBHo 2,3 MIla, Temnepatypa Oblia paBHa
220°C u Bo Bpems cuHTe3a @umepa-Tpomnma remneparypa Obuta paBHa 205°C.

ITonyuanu pe3ynabraThl aus crenenu npespamennus CO, cenexkTUBHOCTH
obpazosanust CHy u cenextuBHocTH 0Opa3oBanus Cs, M pe3ynbTaThl, MOJIyYECHHBIC B

NPUBEJEHHBIX BbIIIE IPUMeEpax, NPUBEICHBI B IPEACTABICHHON HIKe Tabnume 1.

OO6pa3ubl BEIXOASIIUX ra30B OTOMPATH U AHATM3UPOBAIH B peaJbHOM MaciiTabe BpeMEHH C

NMOMOIIBI0 Macc-crnekTpoMmeTpuu. CenekTuBHOCTh oOpazoBanus Csy ONpenessiig no
pasHuue ¢ yueToM KojauuyectBa komnoneHToB C-Cy, comepikamuxcs B ra3oBoii dase.
CenextuBHOCTH OOpa3oBanus CH, onpenensinu mo pazHuIe ¢ y4eTOM KOJTHYECTBA
KoMIoHeHTOB Cj, comepKaimmuxcsi B ra3oBou ¢ase.. 3HaYEHUs, TOJyYESHHBIE IS
crenenn npespammennss CO, cenekTuBHoCcTH obpazoBanuss CHy U CeIeKTUBHOCTH

obpaszoBanus Csy SIBIAIOTCS CPEIHUMHU 3HAYEHUSIMU, TIOJIYYEHHBIMU TIPH

YCTAHOBUBLIEMCS PEXKUME pa6OTbI NnocCJeC NpoBCACHUA pa6oqero IMHUKJIa B TCUCHHUEC

npumMepHO oT 200 go 700 4.

Tabnuna 1:

MeTtoauka JlaBieHUE CrencHb CencktuBHOoCTh | CenekTHBHOCTH | PabGouas

(MITa) NIPEBPALNCHUA o0pa3oBaHusg o0pa3oBaHuA TeMImeparypa
CO (%) CH, (%) Cs. (%) (9]

[Ipumep 2 3,3 (3am.) 59,28 14,74 76,74 213
4,3 65,44 11,31 81,56 210

ITpumep 3 43 65,69 15,3 74,05 216

(CpaBHUTEIbHBIN)

IIpumep 4 3.3 (3am.) 63,06 20,25 61,92 229
4,3 65,58 14,3 73,74 219

IIpumep 5 43 64,6 18,6 69,1 219

(CpaBHUTEIbHBIN)

IIpumep 6 3.3 (3am.) 63,4 15,6 74,1 212
4,3 63,2 13,0 77,5 213

Ipumep 7 4,3 65,1 11,4 81,1 210

IMpumep 8 43 61,4 13,0 76,9 214

(CpaBHUTEIbHBIN)

IMpumep 9 3.3 46,7 16,0 71,9 214

(CpaBHUTEIbHBIN)

[Ipumep 10 3.3 65,1 19,9 69.4 213

(CpaBHUTEIbHBIN)

Ipumep 11 1.3 (3am.) 56.4 28,5 52,1 220
4,3 63 12,6 77,8 208

Ipumep 12 2.3 (3am.) 64,2 24,5 60,5 220
4,3 62,2 12,0 79,3 205

(3am.) = ¢a3a 3anycka. CTpOKH, BBIACICHHBIC )KHPHBIM MPUPTOM, OTHOCATCS K MPOBOTHMOMY IIOCITE
mpoUeAyPHI 3amycka cuHTe3y @umepa-Tponma, npeaiaracMoMy B HACTOAIMEM H300PCTCHUH
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[IpuBenennbie B Tabiuiue B | pe3yabTaThl MOKA3bIBAIOT, YTO CYLIECTBEHHBIE
yAYYIIEHUS MOXXHO O0€CTIeUnUTh MyTeM UCTOJIb30BAHUS MPOLENYPHI 3aNyCKa IPU
nasjeHuu, paBHoM 3,5 MIla ¢ mocnenyrouieit padoroit npu nasienuu, paBHoMm 4,0
MIla unu Gonee. Tak, HanpuMep, NMpu CPaBHUMBIX cTeneHsx npespamienus CO,
METOAMKH, IPOBOAUMBIE C UCIOJb30BAHUEM NPOLENYPHI 3aMlyCKa, peajaraeMoin B
HACTOsIIIeM M300peTeHUH, YCIEUTHO 00eCneYnBaOT MOBBILIEHHYIO CEJIEKTUBHOCTD

obpaszoBanust Csy M TOHUKEHHYIO CEJIEKTUBHOCTH 0Opa3oBaHusi MeraHa. Tak,

HaIrpuMep, COMOCTABJIEHUE MPUMEPOB 2 U 3 MOKA3bIBAET, UTO €CJIU HE MPOBOIST
NpoLenypy 3amycka, npeajaraeMyro B HacTosIeM u3oopeTeHuu, (T. €., KaKk B IpuMepe
3), To nnst obecneueHus Takoi ke crenenu npespamenus CO Heobxonuma Gonee
BBICOKAsl TEMIIEPATypa MPOBEACHUS PEaKLUH, YTO IPUBOIHUT K O0Jiee BBICOKOH

cenekTuBHocTH oOpasosanust CHy u Oonee HU3Kko# cenekTuBHOCTH 0OpasoBaHusi Csy.
Kak yka3aHo BbIllIe, 3TO CHU)KEHHE CeJeKTUBHOCTH oOpa3oBanus CH4 u moBeimenue

cenekTuBHOCTH oOpa3oBaHus Cs, SBISETCS CYLUIECTBEHHO BaXKHBIM IJISl YIyUIISHUS
peHtabenpHOCTH cuHTe3a @umiepa-Tpomma. ConocrapiaeHne npuMepoB 7 u 8 Takxke
MOKa3bIBAET, UTO 3Ta OJAroNpUATHAs CEIEKTUBHOCTD MOAAEPKUBACTCS B TEUCHUE
foJiee IIUTENBHOTO MPOMEXKYTKA BPEMEHH, MPU 3TOM YyJIYyUILIEHHE BCE eIe
HaOJ0gaeTcst mocie nposeneHus: pabodero nukia B TeueHue 1560 4.

Kpome Toro, conocrasienue npumMepos 4 U 5 mMOKa3bIBaeT, YTO UCIOJIb30OBAHUE
OAMHAKOBOW MOBBIIIEHHON TeMIepaTypbl BO BpeMs cuHTe3a @umepa-Tponma, rae
UCIIOJB3YIOT MPOLENYPY 3amycKa, MpeaaraeMyro B HaCTOsIeM u300peTeHnu (mpumep
4), obecriedeHO yIydlIeHHE BCEX MOKA3aTeNel, M0 CPABHEHUIO C MTOKA3ATEIISIMH,
NOJIYyYEHHBIMHU B Cr1oco0e, TPOBOAMMOM MPH NOCTOSHHOM JaBjeHuu (npumep 5). B
npumepe 6 Tak)Ke MpeICTaBIeHbl YIyUllleHHble Pe3yIbTaThl, MOJyUYeHHbIE TPU
HCIIOJIb30BAHUM NIPOMEKYTOUHOHN TeMIlepaTyphl, HAXOAselcs MexXIy
TeMIepaTypaMy, UCMOJb3YIOIUMUCS B IpuMepe 2 u npumepe 4.

B mpumepe 9 mokaszaHo, YTO Mepexoa OT UCIOJIB3YIOIIErocs B crmocode
MOCTOSIHHOTO aBjieHus1, paBHoro 4,3 Mlla, Ha paBHoe 3,3 MIla npuBoauT k
CyLI€CTBEHHOMY YMEHbIIEHHUIO CTETIEHH NPEeBPAIIEHNUs] U HU3KON CEeIeKTUBHOCTH
obpaszoBanus Csy, 5TO IOATBEPIKAAET TO, YTO CYIECTBEHHO BAXKHOH SIBISIETCS CKOpeEe
npoueaypa 3amnycka, a He Kak TAaKOBO€ HCIOJIb3YIOIIeecs B CIIOoco0e NaBIeHHE.

AHnanoruuaeiM obpa3om, B mpuMepe 10 mokasaHo, 4To IPOCTO 3aIMyckK crocoda nmpu
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nasjeHuu, paBHoM 3,3 Mlla, u mogaepskaHue STOTO AaBJIEHHs MPUBOAUT K Ooliee
HU3KOH cenekTuBHOCTH oOpa3oBaHus Cs..u Oojee BBICOKOHN CENeKTUBHOCTH
obpazoBanust CHy.

B npumepax 11 u 12 nokazaHo, 4TO npoueaypy 3amnycka MOKHO B paBHOMU
CTENEeHH MPOBOIUTH IPH OOJiee HU3KUX AaBJIEeHHsX, paBHbIX 1,3 u 2,3 MIla
COOTBETCTBEHHO, MPH 3TOM OOecreyeHa yIy4ulleHHas CeJeKTUBHOCTb, CPAaBHUMAs C
obecneunBaeMOl ¢ MOMOMIBIO MPOLEAYPHI 3aNyCKa, MPOBOAMMON MPH TaBJICHUH,
pasHoMm 3,3 MIIa.

Conocrasnenue npumepa 10 ¢ npumepamu 3 1 5 MOKa3bIBAET, YTO, XOTS B
crocobe, MPOBOAUMOM TIpU NaByeHuH, paBHoM 3,3 MIla, nabnronaercs Oonee
BBICOKAsl CEJIEKTUBHOCTh OOpa30BaHUs METaHa, CyMMapHasi akTUBHOCTh KaTajlnu3aTopa
ABJIsieTCsl OoJiee BBICOKOM, 4YTO TpeOyeT UCMoab30BaHus Oojiee HU3KOH TeMIepaTypbl
1151 obecTedeHns TAKOW JK€ CTENEeHHU MpeBpaIeHuss. ITO YKa3bIBAE€T Ha TO, UTO
KOHEYHas CTeNeHb aKTHBALUM KaTalu3aTopa sBJseTCs Jydlled Npu AaBJIEHUH,
pasHOM 3,3 MIIa, uem npu pasaom 4,3 Mlla, 5TuM npenmymecTBOM NOJIb3YIOTCS B
HACTOsIIeM U300peTeHNH, MTOBBIIIAs NaBICHHUE MTOCIEe TPOBOAUMON PHU

NepBOHAYAJIbHO OOJiee HU3KOM AABJIEHUU MPOLEAYPHI 3aIIyCKa.
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OOPMVYIJIA U30BPETEHM A

1. Cnoco6 @umepa-Tponma, npegHa3HaAYEHHBIN 111 IPEBPAILEHUs ChIPbS,
CoJZlepKalIero cMech ra3000pa3HbIX BOJOPOAA U MOHOOKCHAA YIIIepOAa,
NPEANOYTUTEIbHO B BUAE CMECH CUHTE3-ra3a, B YrJI€BOJOPOIbl, OCYLIECTBISIEMBIi
IyTeM IPOBOAMMOIrO B PeaKTOpe BBEAEHUs COAEPIKAIEro KOOalbT KaTalnu3aTopa As
cunre3a Qumepa-Tpomnina Bo B3aUMOeHCTBHE CO CMECHIO BOJOPOa U MOHOOKCHAA
yrjepona npu aaBjieHuu, pasaom 4,0 MIla abc. unu Gonee, rae cnocod HHULTUUPYIOT
C MOMOUIBIO NMPOLEAYPHI 3aMyCKa, BKIOYAKOIIEH CTaalu:

1) moma4u ChIPbS, COAEPIKAIIErO CMECh ra3000pa3HbIX BOAOPOAa U MOHOOKCHIA
yriepoja, NpeinoYTUTENbHO B BUJ€ CMECHU CUHTE3-Ta3a, B PeakTop, BKJIOYAI0 Ul
coaepKamui KobanbT KaTaauszaTop s cuHTe3a Pumepa-Tponiua, rae nasieHue
BHYTpH peakTopa pasHO 3,5 MIla abc. unu menee; u

1) mogaep KaHUs MOJAaYU CHIPbSl B PEAKTOp, YIAAJEHHE MMOTOKA NMPOAYKTA,
COJZepIKallero yriaieBoAOpPOAbl, U MOAAepKaHUA 1aBJeHNUs BHYTPU PeakTOpa paBHBIM
3,5 MIla abc. unu MeHee B TeUeHHUE HE MeHee 15 4, mpearnoYTUTEIbHO B TEUCHHE HE

meHee 50 4.

2. Cnocob nmo n. 1, B KOTOPOM JAaBlieHUE, UCIIONb3YIOLIEEeCs BO BpeMs CTauM 1) U
i1) mpouenypsl 3anycka, paBao 3,3 MIla abc. unu menee, npeanouruteapHo 2,5 MIla
wiu MeHee, Harpumep, 1,5 MIIa uiau MmeHee, U/ U B KOTOPOM JaBJIEHHUE,
UCIIOJB3YIOIeecs BO BpeMsl CTauil 1) | 1) mpoueaypsl 3anycka, pasHo 6onee 0,2

MIla, npennoututenbuo 6onee 0,5 MIla, nanpumep, 6onee 1,0 MITa.

3. Cnoco® no . 1, B KOTOPOM JaBJIEHHE B PEAKTOPE, UCMONb3YIOEeCs s
crocoba @umepa-Tpomnina, TPOBOAUMOTO MOCJE 3aBEPIISHHS MPOIENYPHI 3aMyCKa, Ha
0,5-3,5 MIla BbIle, 4eM JaBJIeHWE HA CTAAWH 1) U/WJIH CTAWH 1), TPEAMOYTUTEITBHO
Ha 0,5-2,5 MIla Beitie, Oonee npeanoututenpHo Ha 0,5-1,5 MIla Beime, Hanbosee

npeanoututenbHo Ha 0,75-1,25 Mlla Britie, Hanpumep, Ha 1,0 Mlla Beie.

4. Cnocob mo mobomy u3 m.m. 1-3, B KOTOPOM J1aBJIEHUE B PEaKTOpe,
UCIIOJIB3YIOIIeeCs] Ha CTAAUM 11) MPOUEeayPhl 3ayCKa, MOAAEPKIUBAIOT B T€UEHHUE OT

100 no 600 4, Sonee npeanouTuTenbHO B TeueHue ot 200 go 500 u.
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5. Cnoco® no mo6omy u3 n.1. 1-4, B KOTOPOM AaBlIeHUE W/UIU TEMIIEpaTypa B
peaxTope, HCIOIb3YIOUNECs HAa CTAJUHU 1) MPOLEAYPHI 3aI1yCKa, OTJIMYAITCS OT
JaBJIEHUS W/UIIN TEMIEPaTypbl B PEAKTOPe, UCTIOIb3YIOLIUXCS HAa CTAAUH i)

IPOLEAYPHI 3aMyCKa.

6. Coco6 no 1r000My M3 MPEeABIIYLUIUX MYHKTOB, B KOTOPOM TeMIIepaTypa B
peakTope, UCIONb3YIOLIAsICs BO BpeMs MPOLEAYPHI 3al1yCKa, OTINYAETCs OT
TeMIEPaTyphbl B peakTOpe, UCTIONb3YoMelcs 1 cnocoba @umepa-Tpomnima,
IMPOBOAMMOTO MOCJE 3aBEpPIIEHUs MPOLEAYPHI 3aMyCcKa, NPEANOYTUTEIBHO B KOTOPOM
TEeMIIepaTypa B peaKkTope, UCIOJb3yromascs ais cnocoba @umepa-Tpomma,
MPOBOAMMOTO MOCJE 3aBEPIIEHUs MPOLEAYyPbl 3allyCKa, HUXKE TEMIIEpaTyphl B

peakTope, UCTOIb3YIOLIEHCs BO BpeMsl MPOLIEAYPHI 3aMyCKa.

7. Crioco® no mrobomMy U3 IpenbIIyIHUX MYHKTOB, B KOTOPOM JaBJICHUE B
peakTope, UCTIONb3YIoLIeecs: BO BpeMs cnocoba Puurepa-Tpomnina, mpoBOIUMOT0
MOCJie 3aBepUISHHsI MPOLEeNyphl 3anycka, paBHo MeHee 10,0 MIlIa abc.,

npennoututeabHo MeHee 7,5 MIla abc., 6onee npeanoururensuo meree 5,0 MIla abc.

8. Cnoco6 mo mro0oMy U3 MpenbAYLIINX IYHKTOB, B KOTOPOM NPOLIEAYPY 3amycKa
u/unu nociaenywomuil cnocod @umepa-Tponma, MPOBOAUMBIH 1TOCIE MPOLEAYPHI
3amycka, MpoBOIAT IPU TeMIlepaType, Haxoasueiics B auana3zone ot 100 no 400°C,

npeanoytutenbHo oT 150 no 350°C u 6onee npennoutureabuo ot 150 no 250°C.

9. Cniocob no 1r000My M3 MPEABIYLUIUX MYHKTOB, B KOTOPOM MPOLEAYPY 3aMMyCcKa
IIPOBOJST B TOM K€ PEAKTOpe, B KOTOPOM MOCJI€ 3aBEePIIEHUs MPOLEAyPhI 3alycKa

npoBosT crocod @umepa-Tpommma.

10. Coco® no nr000oMy U3 MPEeABIIYIIUX MYHKTOB, B KOTOPOM COJEpPKaIUM
K0OaJNbT KaTaIU3aTOPOM JUIst cuHTe3a @umepa-Tpomnia sBIsSeTCs KaTalu3aTop Ha

MMOJJIOXKKE.
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11. Crioco® no m. 10, B KOTOpOM MaTepuas MOAJIOKKHU BKIIOYAeT 000
MaTepual, BbI6pElHHbII>i U3 YUCJjia CJICAYHIUX. TUOKCUI KPEMHUA, OKCHUA AJIFOMUHUN,
ANOKCHULQ erMHI/Iﬂ/OKCI/II[ AJIIOMHUHUA, TUOKCUA HEPUSA, AUOKCU TUTAHA, OKCHUI TaJlJIus,
JUOKCHUJ LUMPKOHUS, OKCUJ MarHus, OKCUJ LIUHKA U UX CMECHU, MPEANOYTUTEIBHO B
KOTOPOM MaTe€pHUaJIOM MOMJIOXKKHU SBIAAETCA OKCHJ LIMHKA WJIN CMECh, COAep Kalnas

OKCHJ LIMHKA.

12. Cnoco® no nro0oMy U3 MPEeABIAYLUIUX MYHKTOB, B KOTOPOM COIEpIKAIHI
K00anbT KaTanu3aTop A cuHTesa Pumnepa-Tpomnma conepKUT OOUH WU OoblIee
KOJHYECTBO MPOMOTOPOB, CPEACTB, YIYULIAINIUX TUCIEPTUPOBAHIE, CPEACTB,

npuaaromux Npo4YHOCTD, u/unu CBA3YHOIIUX.

13. Cnoco® no nro0oMy U3 MPEeABIIYIIUX MYHKTOB, B KOTOPOM CEJIEK THBHOCTH
obpaszoBanus Csy BO BpeMs MPOBOAMMOI0 MOCJIE 3aBEPIISHUs TPOLENYPhI 3aMyCcKa
criocoba @umepa-Tponma cocrasisier He MeHee 70%, MPEAMOYTUTEILHO HE MEHEe
75%, 6onee mpeanmouTuTeNbHO He MeHee 80%, /UMK B KOTOPOM MPOU3BOAUTEIBHOCTD
npu nonydennu Csy coctasisieT He MeHee 90 1/n-4, mpeamnouTuTeabHo He MeHee 100
r/n-4, bonee npeanouTuTenbHO He MeHee 110 r/m-4, u/unm B KOTOPOM CEJeKTUBHOCTD

obpazoBanust CHy cocrasnsier menee 15%, Oonee npeanoutrurensHo menee 13%.

14. Crnoco6 no mo6oMy K3 MpeapAyINX NYHKTOB, B KOTOPOM CTEIeHb
npespaiieHuss CO BO BpeMsi MPOBOJUMOIO MOCJE 3aBEPIICHHUs MPOLEAYPHI 3aMyCKa
crocoba @umepa-Tponma cocrasiseT 6onee 60%, npennoururenbHo donee 63%,

Oonee mpenmnouTuTeNbHO Oosee 65%.

15. Coneprxamuii koOanbT KaTanu3arop aus cuaresa @Pumepa-Tpomnma
MOJIy4a€Mblii, MPEANOYTUTENBHO MOJYUYEHHbIN C MOMOLIBIO NPOLEAYPbI 3ayCcKa MO

mobdomy u3 m.m. 1-5.

16. Coneprkamuii KOOaNbT KaTAIU3aTOP MO M. 15, MpenHa3HAYEHHBIH 1A
cunte3a Oumepa-Tpomnia, rae kKaTaau3aToOpoOM sIBIAETCA KaTaau3aTOP Ha MOAJIOKKE,

onpeneneHubid B . 10 miu n. 11.
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17. [lpumeHeHne coaepkaiiero Koo0aabpT KaTanuzaropa mno n. 15 mwin m. 16,
NpEeAHA3HAYCHHOI'O AJist CUHTE34a CDI/ILHepa-TpOHLHa, JJI IMOBBIMIEHHUA CCJICKTUBHOCTHU
criocoba Pumepa-Tpomnira Mo OTHOWEHHUIO kK 0Opa3oBaHuto yriaesogoponos Csy u/umu

yBEJIMYEHHUsI CTENeHH NpeBpauieHus B cnocobe @umepa-Tponua.

18. Cioco® noBbIlIEHUs CeNEKTUBHOCTH ciocoba @umepa-Tpomnmia no
OTHOLICHHIO K 00pa3oBaHuio yriesogoponos Csy U/UIN yBeTHYCHHs CTEIEHH

npeBpaleHus B cnocobe @uimepa-Tpomnina, BKIOYAKIMUNA CTaqu0 100aBIeHUS
npeaHa3HaueHHOro s cuHTe3a @umepa-Tponma coneprkamero KoOanbT

katajguszaropa mo m. 15 wiu n. 16 npu npoBenenun cnocoba @umepa-Tpomma.
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