OTOT naTeHT 4BnsieTCs 4YacTU4HO npogorkeHvem naTteHta CLUA Ne
666,696 ot 8 Mapta 1991 r., cogep>kaHne KOTOPOro BKSIHOYEHO MPU 3TOM B
BMAE CCbINKW, U MMeeT oTHoweHue Kk 3asske CLUA Ne 802,821 (Hagnuch
nosepeHHoro Ne 005950-316) u k 3asBke CLUA Ne 803,215 (Hagnuch
nosepeHHoro Ne 005950-333), oQHOBPEMEHHO 3[4ecCb paccMaTpyMBaeMbIX U
cofepXaHune KOTOpbIX BKIIOYEHO MPU STOM B BUAE CCbIMKU.

HacToswee wnsobpeTeHne OTHOCMTCA K  YNy4YWeEHHbIM  MeToAam
KaTtanuTnyeckoro pudopMumHra, B HaCTHOCTU KaTanuTU4eCcKoro pudopMumHra B
HU3KO-CEPHbIX, @ TaKKe HU3KO-CEPHbIX W HU3KO-BOAHbIX ycrioBusx. bonee
nogpobHo, n3obpeTeHne OTHOCWUTCA K OTKPbITUIO M paspelueHuio npobnem,
BO3HMKAIOLWMX B CBSA3N C OCYLLECTBIIEHWEM HU3KO-CEPHbIX, @ TaKKe HU3KO-
CEPHBbIX N HN3KO-BOAHbIX MPOLLECCOB pUhOpMUHra.

Katanutnyeckun  pedOpMUMHI  XOpPOLWIO  M3BECTEH B HedTAHOM
NPOMBILLNIEHHOCTU M BKMoYaeT B cebss obpaboTky HedTaHbIX dpakumi Ang
YyNy4lleHUs1 OKTaHOBOrO HOMWHana nyTeM nNpou3BOACTBA apoOMaTU4ecKux
coegnHeHun. Hambonee BaxHble peakuun yrnesodopodoB, KOTOpble UMEIDT
MecTo B nfpouecce onepauuMuM pudOpMMHra, BKIHOYHAKT  peakuun
AEernaporeHn3anum  LUUKIOreKCaHoB K apoMaTU4ecKMM  COELMHEHUSIM,
AernapousomMepusaumm ankuIuuKnoneHTaHoB K apoMaTnyeckum
COEOUHEHVAMN W OEervApouMKNM3aumMn  aumKimMyeckux YrneBOLOPOAOB K
apomaTtnyeckum coegunHeHuam. OCyLLECTBNSIOTCS TakkKe HEeKOTopble Apyrue
peakuuun, BKMYasg [geankunu3auumio  ankunbeH3ornoB,  M3oMepusauumio
napaduHOB N peakumMn rMAPOKPEKUHra, B pesynbTaTte KOTOpbIX 0OpasytTca
nerkue rasoobpasHble YrneBoAoOpOAbl, TakMe Kak MeTaH, 3TaH, NponaH u
OytaH. BaxHO MUHMMU3MpPOBATL peakumMuM T[MOPOKPEKMHra B npouecce
pYdOPMUHIa, MOCKOSbKY OHW YMEHbLUAIOT BbIXOA Ta30JIMHOBBLIX KUMSILLKX
NpoayKToB 1 Bogopoaa.

lMockonbKy cyLlecTBYeT CNpoC Ha BbICOKOOKTAHOBbLIE a30fWHbI, TO
NnpoBOAATCA OOLUMPHBbIE UCCNEAOBaHUS, MOCBSALLEHHbIE MOUCKY YMyYLIEHHbIX
Katanu3aTtopoB puUdOPMMHIa U MPOLIECCOB KaTanuMTU4EeCKOro pudopMuHra.
KaTtanusaTtopbl Ans ycnewHbIX npoueccoB pudopMuUHra AOoMmkHbl obnagatb
XOpOLUEe  CENeKTMBHOCTbID. JOTO  3HAYMT, YTO OHW AOMKHbl  OblTb
3P PEKTMBHLIMN B MPOU3BOACTBE C OOMbLUMM BbIXOAOM XMUAKUX NPOAYKTOB B
pSay  KMNSWWMX  rasonuHOB,  codepxalimx  Oomnbluyld  KOHLUEHTpaLuio
apoMaTMyeckux  yrneeBogopooB C  OOnMblUMM  OKT@HOBBLIM  YMCIIOM.
OfHOBpPEMEHHO [OMMKEeH OblTb HW3KMA  BbIXOA MNErkMx raszoobpasHbixX
yrnesogoponoB. KatanusaTopbl AOMmkHbl 06MnafaTth BbICOKOW aKTUBHOCTBLHO
ANst MUHMMU3aLMW  U3NULLHE BBLICOKUX TemnepaTtyp Ans Mpov3BOACTBa
NPOAYKTOB  OMpedeneHHoro  kavectsa. [na  kaTanmMsaTopoB  Takke
Heobxoammo nmMbo obGragaTte Xxopolwen CcTabunbHOCTBIO AN COXPaHEHUS
XapaKTepUCTUK aKTMBHOCTM W CENEKTUBHOCTU B TEYEeHUEe [ONUTENbHbIX
nepuogoB pabotbl, nmnbo obnagatb [OCTATOYHOM  CMOCOOHOCTBIO K
pereHepaumm, Tak 4Tobbl MOXHO ObINO NMO3BOMUTE MX YacTyl pereHepawuio
6e3 notepu pabounx xapakTepucTuk.

Katanutnyecknii pedOpMUHI Takke SIBNSETCH BaXHbIM MNPOLIECCOM B
XMMMWYECKOM NpoMbIlLneHHoCcTU. CyLlecTByeT 3HaYUTENbHO BO3pacTaloLLMi
CMpOC Ha apomaTuyecKkne YImeBOAOPOAbl AN MCMONb30BaHUSA  Mpu
NPOM3BOACTBE Pa3MYHbLIX XMMUYECKMX NMPOAYKTOB, TAKMX KaK CUHTETMYECKMe
BOJIOKHA, WHCEKTMUMAbI, Kreu, OYMCTUTENU, NMacTMaccChbl, CUHTETUYECKUE
Kayyyku, dapmaueBTUYeCKne MPOAYKTbl, BbICOKOOKTAHOBbLIE —Ta30SMHbI,
npooykTbl napdromepun, cyxue macna, WOHHO-OOMEHHble CMoMnbl U
pasnuyHble gpyrne NpoayKTbl, XOPOLUO U3BECTHbIE CrieumanucTam.

HepnaBHO nosiBANOCb  BaXHOE  TEXHOMOTMYECKOEe  ynydlleHne B
KaTanutuyeckom pudopMUHre, KOTOPOE BKM4YaeT MUCMOMb30BaHNE CUMbHO-
MOPUCTBLIX LEONUTHBLIX KaTanu3aTtopoB. OTW KaTanmMsaTopbl, KpPOMe TOro,
XapaKkTepu3yrTCca MNPUCYTCTBUMEM  LLEMOYHbIX WU LLEeNOYHO-3EMENbHbIX
MeTannoB u cogepxat oavH wunu 6Gonee metannos VIII rpynnel. Bbino
HaMZeHO, YTO 3TOT TUM KaTanM3aToOpOB MNpPeMMyLLecTBEHHO obecneumBaet
Oonee  BbLICOKYID  CENEKTMBHOCTL W Oonee  AnuTEnbHOE  BpeMS
KaTanuTu4eckoro AencTBusi, Yem NCnosb3yemMble paHee kaTanusaTopbl.

Mpn  Hanuumm  oBHapYXXEHHbIX CENEKTUBHBLIX  KaTanu3aTopoB C
NpUeMNEMbIM LMKIOM >XU3HWU YCMEeLHOe KOMMEPYECKOE MCMOSfb30BaHUE KX
Kasanocb HeusdbexHbiM. K coxaneHuio, Bnocrneactsum oOHapYyXeHo, 4TO
BbICOKO  CENEKTUBHbIN  CWUMbHOMOPUCTLIA  LEONMUTHBLIA  KaTanu3aTtop,
copepxawmn metannsl VIl rpynnel, aBngeTca HeOObIMHO BOCMPUMMYMBBLIM K
oTpaBneHuto cepori. Cm. nateHT CLUA Ne 4,456,527.

B cooTBeTCTBMU C 3TUM NaTEHTOM Cnocob kaTanuTuyeckoro pudopMuHra
yrnesogopoaa, BKNYaeT CTaauilo B3anMOLENCTBUSI YyBCTBUTENBHOIO K cepe
LEeONUTHOrO KaTtanusatopa pudopMuUHra C YrieBodOPOAOM, B YCHOBUSIX
HU3KOro CcoAepaHusi, MeHee 4em okorno 100 pbb, cepbl, B peakTopHoW



cUCTEME BKIIOYAMOLLEN MeYb, COAEpXallytd MHOXECTBO MEeYHbIX Tpys wu
peakTop pudOpMUHra, BKMOYaOLWUA NOAMOXKKY ANst YyBCTBUTENBHOIO K cepe
KaTanusartopa.

B koHeuHOM cyeTe, 6bIno 06HapyxeHo, YTo ANns 3EKTUBHOIO peLleHnst
3TON NpobGnembl YpoBEHb CeEpbl B YIMEBOOOPOAHOM Chipbe AOMKeH ObiTb
YNbTPAHU3KNM, NPeanodYTUTENBHO MeHbLMM, YeM 100 yacTten Ha munnuapa
(ppb), 6onee npegnoytTUTENLHO MEHbLUMM, Yem 50 ppb, Ana pocTwkeHus
npvemneMon cTabunbHOCTM N YPOBHA aKTUBHOCTM KaTanusartopa.

[Mocne oGHapyXeHuss CepHOW YyBCTBMTEMbHOCTW, CBA3AHHOW C 3TMMMU
HOBbIMW KaTanu3atopamu, U onpeaeneHns HeobxoaMmMocTU U NpUeMIeEMbIX
YPOBHEWN KONMMYecTBa Cepbl B MpOLlecCe BHOBb MNOSIBUANACh BO3MOXHOCTb
YCMELIHOro KOMMEPYECKOro MCMOoNb30BaHUA 3TUX KaTanmsaTopoB; HO TOMNbKO
C WCYE3HOBEHMEM [pYrux MOsIBMBLUMXCS Npobrnem. Bbino obHapyxeHo, 4To
HEeKoTOpble CUIMLHOMOPUCTLIE LEONUTHbIE KaTanu3aTopbl SBASIOTCSA Takke
HebnaronpusiTHO 4YyBCTBUTENbHLIMW K MPUCYTCTBUIO BOAbl B  TUMUYHbIX
ycnosusix peakuun. B yactHocTu, 6bIn0 06HapyKeHo, 4TO BOAa CYLLECTBEHHO
YCKOpPSieT CKOPOCTb AeakTnBaumMmn katanusaTopa.

Okaszanocb, 4TO BOAHAasi YyBCTBUTENMbHOCTb SBMSETCA CEPbE3HbIM
npensTcTBUEM, KOTOpoe TpyAHO 3addeKTUBHO NpeononeTb. Boaa obpasyetcs
BHayane Kaxgoro LuKra rnpolecca, Korga karanusaTop BOCCTaHaBNvMBaeTCH
BogjopofoM. Takke Boga MoXeT 00pa3oBbIBATLCA MPU  HapYLUEHUSIX
npouecca, koraa Boda npoTekaeT B Cbipbe ANA pedOpMUHr-yCTaHOBKM, Mnu
Korga cblpbe 3arpsas3HseTcs KuCropoacogepXalymn coeavHeHusamn. B
KOHEYHOM c4yeTe, OblNM Takwke pas3BuTbl TEXHOMOMMW ANA  3awWwuThbl
KaTanusaTtopoB OT BOAbI.

OnaTtb C pa3BUTMEM pa3NUYHbIX HU3KO-CEPHbIX U HU3KO-BOAHbLIX CUCTEM
ONst  KaTanuTuyeckoro  pudOpMUHra  cTana  KasaTbCA  BO3MOXHOM
npakTuyeckas KoMMepuuanusaumsi npouecca C MWCNofb30BaHNMEM BbICOKO
CEeneKTUBHOro, CUIMbHOMOPUCTOro LLEONMTHOrO KaTanusartopa c
NPOAOIKMUTENBHBIM BPEMEHEM XM3HM KaTanusatopa. B To Bpems kak HW3Ko-
CepHbIE/HU3KO-BOAHbIE CUCTEMbI ObiNM  HavanbHO-3(PEKTUBHBIMK, ObINo
0BHapy>XeHO, YTO peakTOpHYK CMCTeMY HEOBXOOUMO OCTaHaBnMBaTb TOMbKO
nocrne HecKomnbknx Hepenb paboTtbl. PeaktopHas cuctema Ha OfHOM
NPOBEPEHHOM 3aBOAE PErynsipHO 3anuvpanacb Mocne TaKuX KOPOTKUX
nepuogoB paboThl. bbino obHapyxeHo, YTO 3Ta 3akynopka Obina cBsidaHa C
kokcoBaHmem. OpHaKko, XOTsl KOKCOBaHME BHYTPM 4YacTuy KaTanusatopa
aBnseTca obwen npobnemow npu nepepaboTke yrnesBogopoaos, MacLuTabbl
N CKOPOCTb 06pa3oBaHMs KOKCOBBIX 3aKyMOPOK Ha BHELLUHEN CTOPOHE YacTuLy
Katanu3aTtopa, CBsi3aHHble C 3TOW KOHKPETHOW CMCTEMOW, MPEeBbICUMNM BCe
OXnaaHus.

Mocne noppoBHOro aWamusa W WCCNEefoBaHWS KOKCOBBLIX 3aKyrnopoK
HM3KOCEPHBIX PEaKTOPHbIX CUCTEM BbINo C yanBneHnem obHapyXeHo, YTO OHM
cofepXaT uYacTuubl M Kanenbku MeTanna; pasMepbl Kanenek nexart B
npegenax OO0 HECKONMbKUX MUKPOH. OTO HabnwpeHve npuBeno K
nopasvTenbHOMY MOHMMaHWIO TOro, YTO CYLLECTBYHT HOBbIE OYeEHb
cepbesHble NpobnemMbl, KOTOpble He CBA3aHbl C OObIYHBIMW TEXHOMOMUSIMM
pndOpMUHra, KOoraa ypoBHW Cepbl U BOAbI B MPOLIECCE ABMAOTCA A4OCTAaTOYHO
BbICOKMMKU. Bonee koHkpeTHO, ObINO 0OHapyXeHO, 4TO CyLEecTBYHOT
npobnembl, KOTOpble OTHOCATCA K 3(dEKTMBHON U  IKOHOMUYHOM
paboTtocnocobHOCTM cuCTeM, a Takke K U3NYECKON LIeNOCTHOCTU
obopynoBaHusi. Takke ObiNo OBHapyXeHO, YTO 3TU Mpobnembl BO3HMKAKOT
BCINEACTBME YCINOBUA HU3KO-CEPHOCTU, U C HEKOTOPbIM 000OLLEHNEM, HUBKNX
YPOBHeW BOAbI.

B nocnegHve COpOK neT peakTOpHble CUCTEMbl KaTanuTU4YecKoro
prdOpMUHra coopyXanucb M3 obblMHOM Msrkon ctanu (Hanpumep, 2y4 Cr 1
Mo). OnbIT nokasan, 4TO CUCTEMbI MOFYT YyCMnewHO (YHKUMOHMPOBaTb B
TeyeHve npubnuaMTenbHO [fABaguatM neT 6e3 CylweCcTBEHHOW noTepu
dusnyeckor npovHoctTn. OgHako OOHapyXeHWe MeTannMyeckux YacTul u
Kanernek B KOKCOBbIX NPpOGKax B KOHEYHOM CHETE MPUBOAUT K UCCrEe0BaHUSIM
PU3NYECKMX XapaKTEPUCTUK PeakTOpHOM cucTeMbl. YTo yamBuTensHo, Gbinu
OGHapyXeHbl ~ CUMNTOMaTU4ecKkMe  YCrnoBuSI  MOTEHLMANbHO  CUMbHON
u3nyeckon ferpajauuy BCEW PEaKTOPHOW CUCTEMbI, BKM4Yash MeYHble
TpyObl, TPyOONpOBOAbI, peakTOpHble CTEHKM W Apyrve AeTanu, Takue Kak
KaTanusaTopbl, coaepXaliue Xeneso, 1 MeTannuyeckme ceTkv B peaktope. B
KOHLie KOHLOB, 6bIn0 oBHapyXeHo, 4To aTa npobnema cBs3aHa C U3NMULLHUM
HayrnmepaxuBaHWeM CTanu, KOTOPOe Bbi3biBAET €€  OXpyn4MBaHue,
BCINEACTBME WHXEKUMM B MeTann yrrnepoga, obpaliatollerocs B npotecce.
MpepnonoxutensHo, B pe3ynbTaTe 3TUX MPOLECCOB MOrYT MPOU30NTH
KaTacTpoduyeckme pusanyeckne paspyLLeHs peakTOPHOWM CUCTEMbI.

Mpun oBbl4HOM TexHoNorMM pudopmmnHra HayrrepaxvBaHue He sIBNSIETCS



npo6nemoli; ero Takke He 0Xnaanocb B COBPEMEHHbLIX HU3KO-CEPHbIX/HU3KO-
BOAHbIX cucTemax. W npegnomaranocb, 4TO MOXHO WCMONb30BaTh
o6opynoBaHue Ans obbl4HOro npotecca pudopmuHra. Kak BugHo, ofHako,
npucyTcTBue cepbl B  0ObIMHBIX cucTemMax 3ddEeKTUBHO nopaeBnser
HayrnepaxuBaHvue. HekoTopbiM 06pa3oM B 06bIYHbLIX Mpoueccax MpoLuecc
HacbILLEeHNs Cepon uHTepdepupyeT C peakumen HayrnepaxusaHus. Ho B
SKCTPEMarnbHO HU3KO-CEPHbIX CUCTeMax 3TON BHYTPeHHeW 3awmnTbl 6onee He
cyliecTByer.

Ha owur.1A npeactaBneHa mukpodoTorpadus BHYTPEHHEN Yactu (co
CTOPOHbI Mpouecca) neyHonm Tpybbl M3 MSrKOW CcTanm KOMMEPYECKOM
pudopMuUHr-ycTaHoBkn. Tpyba okono 19 neT Haxogunacb B YCHOBMSX
0o6blyHOro pudopmuHra. 3T1a doTtorpadms MnokasbiBaeT, YTO MOBEPXHOCTb
TpyObl OCTaeTCs No CyLLeCcTBY HEM3MEHHOW C TEKCTYPOM TpyObl, OCTatoLelics
HOpManbHOW Mocne AMUTENbHON 3KCMO3NLMU K YrneBogopoaam npu BbICOKUX
Temnepartypax (4epHas 4actb poTorpacun npeacrasnseT cobomn oH).

Ha ®wur.1B npusegeHa mukpodpoTtorpacdus yactu obpasua u3 Msrkon
cTanu, KOTopbii Obin MOMELWEH BHYTPb HU3KO-CEPHOro/HU3KO-BOLAHOrO
OEMOHCTPaLUMOHHOIO peakTopa Tonbko Ha 13 Hepenb. doTorpadwus
nokasbiBaeT 3poAMPOBaHHYH MOBEPXHOCTb 06pasua (KOHTpacTUpYyHoLLyl C
YepHbiM QOHOM), C KOTOPOW MPOMCXOQWUIO pacnbifieHne MeTanna. TeMHble
NPOXWUIKX MOKa3blBAOT HayrnepaxuBaHue CTanum U3 OKpyXalollen cpenp;
cTanb HayrnepoxeHa n oxpynyeHa 6onee 4yem Ha 1MMm no rnybuHe.

KoHeuHo, ¢ Hayanom HayrnepaxmBaHus U3NYECKON  CUCTEMbI
BO3HUKAKT npobnembl, CBs3aHHble C HeW. HayrmepaxuBaHue cTanbHbIX
CTEHOK MpuMBOAWT K "pacnbineHuio meTtanna" - yganeHvne KaTanuTUyecku
aKTMBHbIX YacTuL, U pacnnaBneHHbIX Kanenek mMeTanna BCreacTBue 3po3un
mMeTanna.

O6pasoBaHne aKkTUBHbIX  MeTannuyeckux vacTtuy obecneuuBaet
JOnonHuTENbHbIE MecTa (OpMMpOBaHMSA Kokca B cucTeme. [lockornbky
AeakTUBaLMA KaTanu3aTtopoB KOKCOBaHWEM ABMsieTcs Obbl4HOM npobnemon
prdOPMUHIra, 3TM HOBblE 3HAYUTENbHbIE WMCTOYHWKM (HOPMUPOBaHWUS KOKCa
NPUBOAAT K HOBbIM npobnemamM KOKCOBbIX MPO6OK, KOTOpble W3MULLIHE
ycyryonsaioT npobnemy. encTButensHo, 6bino yCTaHOBMNEHO, YTO NOABMXKHbIE
aKTMBHbIE YaCTULbl KOKCA 3apaXalT MeTacTa3amMu KOKCOBaHUS BCHO CUCTEMY.
AKTVBHbIE YacTUYKM MeTanna akTUYecku MHAYUMpPYOT obpa3oBaHWe KOKca
Ha HUX M B MOOBbIX MecTax, rae 3TW 4YacTuukM cobuparTcs B cucteme,
NpuMBOASA K KOKCOBbIM MpoGKamM M K ropsyMm obnactsam 3K30TEPMUYECKMX
peakumn paemeTaHusaumu. B pesynbTate BO3HMKAET Heynpaensiemas u
npexneBpeMeHHasa KOKCOBasi 3aKynopka peaKTOPHOW CUCTEMbl, KOTopas
MOXET MPUBECTU K OTKIIOYEHUIO CMCTEMbl B TeYeHWe Hedenb C Hadvana
paboThbl.

Takum obpasom, 3agadven M3obpeTeHust sIBNSETCA co3gaHune crnocoba
KaTanutuyeckoro pudopmuHra yrneBogoOpPOAOB B YCMOBUSX  HU3KOMO
CcofepXaHns cepbl, KOTOpbIi Mno3Bonun Obl M3bexaTb BblleyKasaHHbIX
npobnem, CBs3aHHbIX C HW3KO-CEPHbIMWU MpoLEeccaMu, TakMX Kak KpaTkue
nepuoabl paboTbl.

Opyrum  0OBbEKTOM M300peTeHus SABNSETCA CO3daHue pPeaKTOPHOW
CMUCTEMbl ANS KaTanMTU4ecKkoro pudOpMUHra YrneBoAopOdOB B YCMOBMAX
HM3KOro cofepXaHusa cepbl, KOTopas no3sonuna Obl yBenuunTb nepuogpl
paboThbl.

MocTaBneHHble  3apayM  pelarTcsl  NPEANOXEHHbIM  cnocobom
KaTanutuyeckoro pudopMuHra yrineBogopoaa, KOTOpbI BKMOYaeT craguto
B3aMMOAENCTBUST YYBCTBUTENBHOMO K Cepe LEeOoNUTHOro KaTanusatopa
pndOpMUHra C YrneBogopOaOM, B YCMOBUSIX HW3KOrO COAEpXKaHwusi, MeHee
yem okoro 100 pbb, cepbl, B peakTOpHOM cucTeMe, CHabXEHHON MHOXECTBOM
neyHblx Tpy® n, B COOTBETCTBUM C M30OpETEHMEM, YaCTb pPEaKTOPHOWN
CMCTEMbl UMEET YCTOMYMBOCTb K HayrnepoxneaHuio 1 obceinaHnio meTanna,
No MeHblUEA Mepe, He HUMXKEe, YEeM HepxaBewllas cTanb, B YCNOBUSX
pYdOPMUHIa C HA3KMM CoaePKaHUEM CepbI.

PelweHuto noctaBneHHbIX 3agjad  crnocobcTByeT M npegnaraemas
peakTopHasi cuctema Ansi KatanuTU4eckoro pucpopMumHra B yCrnoBusiX HU3KOro
CofepXaHns cepbl, KOTOpas BKIMOYaeT Meyvb, COAEPXKallyld MHOXECTBO
neyHbix Tpyd u peakTop puOpPMKHra, BKIOYAKOLWNA MNOAMOXKY ANS
YYyBCTBUTEMbLHOIO K Cepe KaTanu3artopa M B COOTBETCTBUM C n3obpeTeHnem,
YaCTb  peaKTOpHOW  CUCTEeMbl AN KaTtanuTudeckoro  pudopMuHra,
KOHTaKTUpyeT C yrneBOAOPOAHBIM MOTOKOM C HU3KMM COOEPXaHWEM Cepbl, U
VUMEET MOBBLILLEHHYIO YCTONYMBOCTb K HAYrMepoXMBaHuIO.

MepBbIi acnekT wn306peTeHuss OTHOCMTCS K MeTody pudopMuHra
yrneBoOoOpOAOB, 3aKMYalLWEMCs B KOHTaKTMPOBaHUMKU YINeBOAOPOOOB C
KaTanusaTtopom prdopMUHra, npeanoyYTUTENbHO  CUJIbHO-NMOPUCTLIM



LEeONUTHbIM  KaTanus3aTopoM, BKMOYalLWMM  LWenoYHble U LeMoYHOo-
3eMenbHble MeTannbl U oauH unum Gonee wmetannoB VI rpynnbl, B
peakTopHON cucteme, obnajaroLleri YCTOMYMBOCTLIO K HAYrNepaxuBaHuio u
pacnbiNeHnio MeTanna, KoTopasi ABfseTCs yCOBEpLUEHCTBOBaHNEM OObIYHOM
peakTopHOM CUCTEMbl M3 MATKOW CTanu Afs HU3KOCEPHbIX W YacTO HU3KO-
CEepPHbIX U HU3KO-BOAHbIX YCMOBUN, COMPOTMBASEMOCTb MNpU PUGDOPMUHTE
AOMKHa ObITb Takon, 4YTOObI OXpynumBaHue nNpu HayrnepaxwusaHun Obino
MeHbLUe, YeM oKomno 2,5mMm/rod, NpeanoyTUTENBHO MeHblue, Yem 1,5mm/rog,
bonee npeanoYvTUTeribHO MeHbLLUE, yem 1mm/roa, Hanbonee
npegnoyTuTensHo  MeHblwe, Yem  O,lmm/rog.  lMNpeaynpeavTensHoe
oxpynyvMBaHue [0 Takux npegenoB OyaeT 3HaAYMTENbHO YMeEHbLuaTb
pacnblfieHne meTanna U KOKCOBaHWEe B PeakTOPHOM CUCTEME M NO3BONUT
YBEMUYNUTL BpeMS AeNCTBUSA YCTaHOBKU.

[pyroi acnekt n3obpeTeHns OTHOCUTCH K peaKTOPHOW CUCTEME, BKoYas
cpeactea ans obecneyveHns COMPOTMBASEMOCTUM K HayrmepaxvBaHuio U
pacnbiNeHnio MeTanmna, KoTopble SBNSITCS YCOBEPLUEHCTBOBAHMEM OBbIYHOM
CUCTEMbl M3 MSATKOM CcTanu B MeTode pudOpPMUHra YrrnesogopoaoB C
MCNONb30BaHUEM KaTanm3aTopoB PUMPOPMUHITa, TakmMx Kak CUbHO-MOPUCTbIE
LEeonuTHbIe KaTtanuaaTopbl, BKNOYaloLme peako3eMernbHble MeTanmbl U OguH
unn ©Gonee metannoB VIl rpynnbl, B HW3KOCEPHbLIX  YCIOBUSX,
COMpPOTUBNSAEMOCTb [OIkHa ObiTb TakoW, 4TOObl OXpynyMBaHWe Obino
MEHbLUMM, YeM OKOmo 2,5vmm/rod, npeanoyTUTENbHO MEHbLUMM, YeMm
1,5mMm/rog, Gonee npegnoyTUTENbHO MeHbLIUM, YeM lmm/roa, Haubonee
npeanoYTUTENBHO MEHbLUMM, YeMm 0,1Mm/rog.

Takum obpasom, cpeau Opyrux @akTopoB, HacTosiee wusobpeTeHue
OCHOBAHO Ha OTKPbITUW TOrO, YTO MPU HN3KO-CEPHOM U HU3KO-CEPHOM U HU3KO-
BOLHOM MpoLecce pudOpPMUHra CyLLEeCTBYOT Npobnembl 3Ha4YUTENbHOro
HayrnepaxuBaHus, pacnbifieHMs MeTanna W KOKCOBaHus, npobnemsl,
KOTOpble HE UMEKT MecTa B 3HAYUTENBbHON CTEMEHN B OObIYHBIX MpoLeccax
pudopMuHra, rae NpUCYTCTBYeT cepa B 3HAYUTENbHbIX Konu4yecTBax. JTO
OTKPbITUE MPUBENO K MHTEHCUBHOM paboTe u pasBuUTUIO peLlleHuin npobnem,
peLUeHNA, ABMSIOLNXCA HOBBIMU AN HU3KO-CEPHbIX MPOLECCOB pudOpMUHra
W HanpaBneHHbIX Ha onpeaeneHue u BbIGOp maTepuanoB AN HU3KO-CEePHbIX
cucteM  pudopMuHra, nyten Ans  9P@EKTUBHOTO  UCMOMNb30BaHUA U
NPUMEHEHNs1 OOMNONHUTENbHBIX MaTepUanoB (OTMMYHBLIX OT Cepbl) Ans
YMEHbLUEHNs1 HayrnepaxnBaHus, pacnbifieHus MeTannoB U KOKCOBaHWUS, Ha
MOUCK pasnNUuHbIX MoauduKaumn W KoHdUrypauum npouecca W UX
KOMOUWHaLuii, KoTopble 3deKTUBHO peLuatoT npobnemy.

Bonee KOHKPETHO, OTKPbITUE MPUBENO K MOMUCKY, MAeHTUdukaumm wu
BbIOOpPY MaTepmanoB, YyCTOMYMBBLIX B HU3KO-CEPHbIX CUCTEMax pudopmuHra,
NpeanoyYTUTENLHO AN CTEHOK peakTopa, NeyHbiX TpyG u CeToK, KoTopble
paHee He ObinM HeoGXoAMMBIMM B OObIYHBIX CMCTEMax PUEOPMUHIa, Takux
KaK HekoTopble CnfaBbl M HepXaselwme cTanu, anioMUHUPOBaHHbIE W
XpOMUPOBaHHbIE MaTepuarbl U HEKOTOPble Kepamuyeckne matepuansl. boino
Takke obHapyXeHo, YTo apyrve cneunduydeckme MaTepuarnbl, NPUMeHsieMble
ANSA anekTporanbBaHNYeCKNX NMOKPbITUI, NITAKMPOBKU, NOKPACKU U T. M., MOryT
ObITb 3(PHEKTNBHO YCTONUMBBLIMU. DT MaTepuanbl BKIIOYAKT Medb, ONOBO,
MbILLbSK, CYpbMy, NaTyHb, CBUHEL, BUCMYT, XPOM, UX UHTEpPMEeTannmyeckue
COeOMHEHVA M CMnaBbl, @ Takke KpemMHe3eM W MOKPbITUS Ha KPeMHWEBOWN
ocHoBe. B ogHOM npeanoyTUTENBHOM  OCYLLECTBNEHUM U300peTeHus
npeanoXeHa HoBas M YCTOMYMBas OfIOBOCOAEpKaLLas Kpacka.

[danee, OoTKpbITME NPMBENO K CO34aHUI0 HEKOTOPbIX AOMOSNHUTEMbHbIX,
30ecb 1 Aanee HasblBaeMblX Kak aHTUHayrnepaxusarLwme N aHTUKOKCyoLwme
MaTepuanbl, KOTopble C HeobXOOUMOCTbIO SBMSOTCA MO  CYLIEeCTBY
cBo6OAHBIMU OT Cepbl, NPEeANOYTUTENBHO MOMHOCTBIO CBOBOAHBLIMU OT CEpbI U
HOBbIMW AnA pudopmMuHra. Takue HOBble BeLlecTBa BKIIOYAKOT Of0BO-
OpraHnyeckne COeAMHEHUs, CypbMa-OpraHMyeckue COEeAVHEHUsSl, BUCMYT-
OpraHnyeckne COeAMHEHUS, MbILUbSK-OPraHN4Yeckne COeaMHEHUS U CBUHEL-
opraHuyeckMe coeauHeHus.

Takke npobrnemMbl, CBA3aHHbIE C HU3KO-CEPHBIM PUPOPMUHIOM, NPUBOAST
K CO30aHMI0 HEKOTOPbIX MoaudurKauni n KoHUrypaumim npouecca, paHee He
06s3aTenbHbIX B 0ObIMHOM pedopMuHre. OHM BKIOYAKT OMNpeaeneHHyo
annapaTypy YynpasneHus TemnepaTypoW, WCMofb3oBaHWE CBEpXHarpeToro
BOAOpOAA Mexay peaaktopamu, 6ornee 4acTyto pereHepaumio Katanusaropa,
MCNONb30BaHNE 3TanUPOBAHHbLIX TeMnepaTypHbIX 30H, WCMOMb3oBaHWe
3TanupoBaHHbIX HarpeBaTenen u Tpyb, WCMONb3OBaHME CBEpPXHArpeTbixX
ChIPbEBbIX MaTepUarnoB 1 UCNONb3oBaHWe Tpyd ¢ GoNbLLINMM AamMeTpoM U/unu
Gonee BbICOKUX CKOPOCTEN B Tpybax.

Ons  nyyqwen wnniocTpauum CcyTM U300peTeHns Ha npunaraembix
YepTexax NpeacTaBrieHo:



®ur.1A - npeacraensietr cobor MukpodoTorpacuio BHYTPEHHEN YacTu
(obpalyeHHol K mpoueccy) nevHow TpyObl M3 MSArkow cTanu, B3ATOW U3
KOMMEPYECKOWN YCTaHOBKWN pudpopMuHra, bbiBluer B ynotpebneHun B TedeHne
19 neT; KaK Takke OTMEYEeHO BblLLe,

dur.1B - aBnseTca MukpodoTorpaduein Yactm Belpe3aHHoro obpasua ns
MAKOM  CTanu, KOTOpbI Obln  MOMELeH BHYTPb peakTopa HU3KO-
CEepPHON/HU3KOBOAHOW AEMOHCTPALIMOHHOW YCTaHOBKM TOMbKO Ha 13 Heaenb.

dur.2 - genseTcs UNNCTpaumen peakTopHOM CUCTEMbl PUPOPMUHTa,
noaxoasLen Ans Ncnonb30BaHNs B HacTosLWeM nsobpeTeHun.

Mcnonb3yemble B JaHHOM OMUCaHUN MeTannypruyeckme TepMmnHbl UMeroT
cBoe 0OblMHOE MeTanmnypruyeckoe 3HaveHue, Kak YCTaHOBMEHO B
MeTannypruyeckon sHumknonegum (METAL HANDBOOK) AmepukaHCKOro
mMeTannypruyeckoro obuwecrtsa. Hanpumep, "yrnepogHsle ctanu" - aTo Takve
cTanu, KOTOpble He MWMEWT HUKaKMX Nervpylowmx SneMeHTOB CBepX
YCTAHOBMNEHHbIX MWHMMAanbHbIX KONMUYEeCTB (Opyrux, KpoMe MapraHua,
KpeMHUA 1 Mean B OBLLEeNpUMHATBIX KONMYEeCTBax), KOTopble CoaepXaT TOMNbKO
cnyvamnHble KonmyecTBa nNtOObIX 3MNEeMEeHTOB, KpPOMe Yrnepoaa, KpemHus,
MapraHua, megu, cepbl U doccopa. "Markummn ctanamu" HasbiBalOT Takue
yrnepofHble CcTanu, KoTopble copepxaT He ©Oonee 0,25% yrnepopa.
JlerpoBaHHble cTanu - 3TO cTanu, coaepxalume onpegerieHHble KonnyecTsa
nervpylowmMx anemMeHToB (OTNMYHBIX OT yrnepoga W obLWEenpUHATBLIX
KOnMM4ecTB MapraHua, MeaMm, KpemHus, cepbl M docdopa) B npegenax,
YCTaHOBMNEHHbIX ans KOHCTPYKLMOHHBIX NernpoBaHHbIX cranen,
pobaensemblx AN 9PEEKTUBHOTO  U3MEHEHUSI  MEXaHWYECKUX  WUnu
dusnyecknx CBOWCTB. JlerMpoBaHHble CTanu copepxat MeHblle, yem 10%
XpoMma. HepxaBelowumn cunmTaloTca ctanu, cogepxaiime no KpamHen mepe
10, npeanoytuteneHo ot 12 go 30% XxpomMa Kak rMaBHOro nerupyroLlero
anemeHTa.

Mcnonb3syemoe 34ecb BblpaxkeHne "peakTopHas cuctema"
nogpasymeBaeT Hanuune Mo KpamHenh mMepe OAHOro pudOpMUHr-peakTopa u
COOTBETCTBYIOLLUMX CPEeACTB Harpesa, n Tpybonposoaos. dur.2 unniocTpupyet
TUNUYHYIO  PEaKTOPHYI  cucTemMy  pudOpMMHIa,  MNOAXOAALWYH  Ans
NMPaKkTU4eCKOro WCMonb3oBaHMA HacToswero usobpeteHnda. Oxa MoxeT
BKMOYaTb HECKONbKo pudopMuHr-peaktopos (10), (20) mn (30). Kaxabin
peakTop CcoOOepXWT rnoxe katanusaTopa. Cuctema Takke BKMo4YaeT
Heckonbko neyen (11), (21) n (31); TennoobmMeHHuk (12) n cenapatop (13).

B npouecce nccnenoBaHuiA, CBA3aHHbLIX C HACTOSALWMM M300peTeHueM,
ObINO yCTAHOBMEHO, YTO BbILLEYNOMSIHYTbIE NPOGNEMbI C  HWU3KO-CEPHbIM
pndOPMUHIOM MOryT ObiTb 3hPEeKTUBHO paspelleHbl nyTem nogbopa
NnoaxoodwWwunx  maTepuarnoB pPeakTOpHOW  CUCTeMbl Ans  KOHTakta ¢
yrmeBOAOpPOAaMM B TeyeHue npouecca. TunuMyHas peakTtopHas cucTema
pucopMMHra CKOHCTPyMpOBaHa W3 MSATKMX CTanerl WnM NerMpoBaHHbIX
cTanen, TakMx Kak TUMNUMYHas XpoMUCTas CTanb C He3HauyuTenNbHbIM
HayrnepaxuBaHvem W pacnbineHneMm. Hanpumep, B ycnoBusix 06bIYHOTO
pudopMuHra 2ys Cr-cTble neyHble TpyObl MOryT ChyxuTb ABafuaTb neT.
OpHako 6bINo OBHApYXXEHO, YTO 3TU CTanu CTaHOBATCS HENPUIrogHbLIMK B
YCNOBUSIX HU3KO-CepHOro pucopmuHra. OHn BbICTPO, B TeYEHUe OOHOro roaa
CTaHOBATCA Xpynkumy 6Gnarogapsa HayrnepaxusaHuio. Hanpumep, 6bino
obHapyxeHo, 4TOo ctanb ¢ 212 Cr M 1 Mo HayTnepaxuBaetcs U
OXPYN4YMBaETCs CO CKOPOCThLHIO, BonbLuer YeM 1MM/roA.

Bonee Toro, 6biN0 OOHapyxeHO, 4YTO MaTepuanbl, cyMTalOLlMecs B
OObIYHOM MeTannypruyeckor NpPaKkTUKE YCTOMYMBBLIMUA K KOKCOBAHWIO U
HayrnepaxuBaHuio, He SABMSOTCA C Heob6XOoOAMMOCTbIO YCTOWYMBBEIMU B
YCMNOBUAX HU3KO-CEPHOrO pudpopMuHra. Hanpumep, oboralleHHble HUKenem
cnnaBbl, TakMe kak MHkoron 800 u 825 (Incoloy), MHkoHnen 600 (Inconel),
Mapcene n XenHc 230 (Marcel and Heynes), aBnsioTca HenpvemneMbiMu,
MOCKOMbKY OHW MNPOSBMSAIOT W3MULLHIOW CMOCOBGHOCTb K KOKCOBaHWIO W
pacnbIneHuto.

OpgHako 300 cepusi HepxxaBerLWmux ctanen, npegnodtutensHo 304, 316,
321 n 347, aBnaAlTCA NPUEMIIEMbIMW B Ka4eCTBE MaTepuanoB MO KpanHewn
Mepe AN HEKOTOPbIX YacTel peakTOPHON CUCTEMbI, KOTOPblE KOHTaKTUPYIOT C
yrneeogopogamu, B COOTBETCTBUM C HACTOAWMM uM300peTeHuem. bBbino
HangeHo, YTo oHM 06nafalT YCTOMYMBOCTBLIO K HAYrnepaxuBaHuio, 6onbLuen,
YeM MsArkue ctanu u oboraleHHble HUKENeM Crnnaebl.

BHauvane cuuTtanocb, 4TO aniOMWHUPOBaHHbIE MaTepuanbl, TakMe Kak
npogaBaemble cmpmori Alon Corporation ("AnoHusnpoBaHHble cTanu"), He
MoryT obecrneunTb afeKkBaTHyl 3aluTy MNPOTUB  HayrrnepaxuBaHus
peakTopHON cucTeMbl pUGOPMUHIa, paccMaTpuBaemMoro B u306peTeHun
npouecca. OpHako Cc Tex nop Obino O0GHapyXXeHo, 4TO MOKpbITUE
MeTannu4yecknx MoBEepPXHOCTEN PEaKTOPHOW CUCTEMbI PUAPOPMUHIa TOHKUM



anoMUHUEM WM NAEHKOW [NWHO3eMa, WM  NpPOCTO  MCMONb3oBaHue
ANOHM3NPOBAHHBIX CTanew Mpu COOPYXEHUW peakTopa MOXeT obecneynTb
NOBEPXHOCTU, MO CYLLECTBY YCTONYMBBIE K HAYrNepaXxnBaHMio 1N pacnblfieHnto
MeTarnna B YCNOBMSAX HU3KO-CepHoro pudopmuHra. OgHako Takue MaTepuansl
OTHOCUTENBHO J0OporM WU, obnagas yCTOMYMBOCTLIO K HayrrepaxuBaHuio u
pacnbiNeHnio  meTanna, UMeT TeHAEHUMIO K TpelimHOOGpasoBaHuio W
OEMOHCTPUPYIOT  3HAUUTENbHOE YMEHbLUEHWE pPa3pbiBHbIX  HaMPsSKEHUNA.
TpelwmHbl obHaxaloT MNOACTUNAOLWNA OCHOBHOW MeTanmn, OCTaBnss ero
He3alULLEHHbIM MPOTMB HayrmepaXXuBaHUA W pacnbifNeHns MeTtanna B
YCOBUSIX HU3KO-CEPHOIO pUAOPMUHra.

Ecnun ang 3awmTtbl OT HayrnepaxuBaHusa B napax aTurneHa Ucnonb3yTcs
anoMUHUPOBaHHbIE  MaTtepuanbl, TO 3OTW Mpoueccbl MNPOBOAAT Npu
3HaunMTenbHO 6Gonee BBICOKMX TemnepaTypax, YeM PUAOPMUHT; MpU ITUX
Temnepartypax OOMMKHO OXuAaTbCHA HayrnepaxwsaHue. B npeallecTByoLmnx
npoueccax pugopMuHra HayrnepaxuBaHve n pacrnbifeHne mMeTtanna npocTo
He ABnaTCA Npobnemoin.

Moatomy Apyroe pelueHve npobrnembl HayrnepaxvBaHusa U pacnbineHns
MeTanna BKo4aeT HaHeCeHNe TOHKOro antoMUHNUS UIK FIIMHO3EMHbIX MAEHOK
Nno KpanHel Mepe Ha YacTb MeTannyeckmx MnoBEepPXHOCTEN peakTOpPHOWN
CUCTEMbl WMAW WX WU3FOTOBMNEHVME W3  anioMUHUPOBAHHBLIX MaTepuanos.
[encTBuTenbHO, METanNM4yeckme NoBEPXHOCTU, 0COBEHHO YYBCTBUTENbHbBIE K
HayrnepaxvwBaHUIO U pacnblfieHV0 MeTanna, MoryT GbiTb 3allMLLEHbI TAKUM
o6pasom. Takme meTannuyeckme NMOBEPXHOCTU BKIHOYAKOT CTEHKU peakTopa,
neyHble TpyObl, NeYHbIE 0GNMLOBKKU, HO HE OrpaHNYNBAIOTCS ITUM.

Mpy  NpUMEHeHUM  anioMWHMEBBIX UMM  TMIMHO3EMHbLIX  MNEHOK
npeanoyTMTenbLHO, 4YTOObl NneHka wmena Ko3dMUUUEHT TEpMUYECKOTO
pacwmpeHns, 6nuskniA K TakOBOMY MeTanna MOBEPXHOCTU, Ha KOTOpPbIA
HaHoCUTCA nNneHka (TakoMy Kak wMsrkass cranb), AN TOoro  4ToObl
NPOTMBOCTOATE TEPMUYECKMM yAapaM W MOBTOPSIOWMMCH TemnepaTypHbIM
UuKnaMm, KoTopble WMeT MecTo B npouecce pudopmuHra. 370
npepoTBpallaeT pacTpeckMBaHWe unv oTcnanmBaHue MeHKn, KOTopoe MoXeT
OCTaBUTb HEe3aLUMLLEHHON MOACTUMAILLYI0 MOBEPXHOCTb MeTanna npoTus
HayrnepaxuBaHus B YrneBo4OPOAHON cpeae.

JononHutenbHO nneHka AOofmKHa MMEeTb TEensonpoBOAHOCTb, GNU3Kyto
UNW NPEBbLILIAIOLLYI0 TENMONPOBOAHOCTE METaNNoB, 06bIYHO NCNONb3yeMbIX B
KOHCTPYKUMSAX peaKTOPHbIX CUCTEM pudopMuHra. [lanee, antoMuH1eBble Unn
rMUHO3EeMHbIEe NIIEHKU He OOSMKHbI AerpaavMpoBaTh B cpeae pudopMuHra unm
B OKMCHSIlOLLEn cpefe, CBA3aHHOW C pereHepalmen katanusatopa; OHU Takxke
He [JOSDKHbl MPMBOAMTL K Aerpajauuu  YyrneBoAOpPOO4OB B peakTOpPHOWM
cucTeme.

Moaxopswumu  meTogamMum  Onis HaHeCeHWst  anioMWHMEBBIX — UNK
FMWHO3EMHbIX MMIEHOK HAa MeTanfuMyeckne MOBEPXHOCTU, Takue Kak
NMOBEPXHOCTU MArKUX CTanen, SBNSAIOTCSH XOPOLO W3BECTHble MeToAbl
ocaxaeHus. [MpegnoytutenbHble nNpoUecchbl BKMAYAT  AUDPY3NOHHbIE
npoLeccbl U3 HaHECEHHOrO Ha MOBEPXHOCTb MOpOLIKa M U3 napoBomn hasbl,
Takue Kak npouecc "AnoHnsaummn”, KOTOpbIA NCNOMb3YEeTCs B MPOMbILLIIEHHbIX
macwrabax pupmon Alon Processing, Inc., TeppuTayH, wT. NeHcuneBaHus.

Mpouecc "AnoHmsdaumun" npeactaenseTr cobon BbICOKOTEMMNEPATYPHBbIN
AN PY3NOHHBIM NpoLEeCC, C NMOMOLLBID KOTOPOro arntoMWHWUA BHeOpAeTca B
NMOBEPXHOCTbL ObpabaTbiBaeMoro MeTanna, Takoro, Hanpvmep, Kak Msrkas
cTanb KOMMepyeckux copToB. B aTom npouecce meTtann (Hanpumep, mMsrkas
cTanb) pacnonaraeTcsi B peTopTe W OKpyXaeTcs CMEeCbi antoMUHUEBbIX
nopowkoB. PeTopTa 3aTeM repmeTnyeckn 3anavBaeTcsi U CTaBUTCS B NeYb C
perynupyemon atmocdepoin. [lpy noBbiWEHWM TemnepaTypbl antoMUHWUIA
rnyboko pudcpyHampyetr B obpabaTbiBaemblli MeTansn, obpasoBbiBas B
pesynbTate cnnas. [locrne oxnaxgeHus neyu martepuan BblIHUMAaeTCa U3
peTopThl, U NULWHMIA NOPOLLOK yaanseTcd. 3ateM npu HeobxoaumocTy MoryT
ObITb NPOBeAEHLI BLINPSIMIIEHNE, OYUCTKA, TOPLEBaHUE U ApYyrue BTOPUYHbIE
onepaumu. OToT npowecc MOXeT caenatb 06paboTaHHbIi
("anoHu3MpoBaHHbIN") MeTann YCTOMYMBBLIM K HayrnepaxvBaHuio W”
pacnbifieHnto  MeTanna B YCNOBMSAX HU3KO-CEPHOro  pudopMuHra B
COOTBETCTBUM C N306pETEHNEM.

Ha meTannuueckue noBepxHOCTW, MOABEpPraroLLMecs HayrrepaxXnsaHuo
W pacnbifeHVio MeTanna, Takme Kak CTEHKM peakTopa, neyHble 06nmnuoBku 1
neyHble TpPyObl, MOXeT OblTb HaHeCeH TakKe XPOM WIN OKUCb Xpoma.
HaHeceHne TOHKMX MMEHOK XpOMa UMM OKMCK XpOMa MOXET ObITb MONe3HbIM
Anst nto6or NOBEPXHOCTU CUCTEMbI, Ha KOTOPOM OGHapyXunBalTCs MpU3HaKK
HayrnepaxuBaHusl U pacnblfieHnss MeTanna B YCMOBUSAX HWU3KO-CEPHOro
pucopmMuHra.

lMpn HaHeceHuUM NNEHOK XpoOMa WNN OKUCKU Xpoma MpPeanoyYTUTENBHO,



4YTOObI MMEHKM XpOMa WM OKUCU XpoMa MMenu KoadpULMEHT TEMnroBoro
pacwmpeHns 6rnuskuii K TakOBOMY MeTarnna, Ha KOTOPbI OHWM HaHocaTcs. B
JOMOSHEHVe, NINEHKN XpOMa WM OKUCKM XpoMa [OJPKHbl ObiTb CMOCOGHBI
BblAepXuBaTb TEMMoBble yaapbl U MOBTOPSAOLWMECA TemnepaTypHble LMKNbI,
KOTOpble SIBASOTCS 06bIYHbIMK Npy pudopMUHre. ITO No3BonsaeT usbexarb
pacTpecKkMBaHUsA WNW OTCravMBaHUSA MMEHOK XpOMa WM OKUCKM XpoMa, YTO
MOrno Obl NPMBECTU K KOHTaKTy MOAMeraroliMx MOBEepXHOCTEN MeTanna co
cpegon, cnocobeTByowen HayrnepaxuBaHuto. [danee, nneHkM xpoma unu
OKMCU  XpOMa [OMKHbl MMETb  TEennonpoBOAHOCTb, OnM3Kyl  unu
NpeBbILLaoLLYy0 TeNnonpoBOAHOCTbL MaTepuarnos, 06bIMHO MCMONb3yeMbIX B
peakTopHbIX cucTtemax pudopmMuHra (B YaCTHOCTU, MATKME CTamnu) C Lenbio
nogaepxaHusa 3ddekTMBHOrO TennonepeHoca. [neHkn xpoma unu okucu
XpoMa TaKke He [OMKHbl AerpagvpoBaTb B cpefe pudopMuHra vnn B
oKkucnsLwen cpeae, CBA3aHHOM C pereHepaumen katanusartopa; OHW Takke
He [OIKHbl WHAyuMpoBaTb Aerpagaumio  YrneBO4OPOAOB B peakTOpHOM
cucrteme.

Moaxopsawumun metogamu AN HaHeCeHUs! NIIEHOK XpoMa MMM OKUCU
XpoOMa Ha NOBEPXHOCTW, Takue Kak, Hanpumep, NOBEPXHOCTb MSAFKOW CTanw,
SABNSAIOTCH XOPOLWIO M3BECTHble MeToAbl ocaxaeHus. [lpeanoyvtuTenbHble
npoLecchl BKNOYaloT "ynakoBKy B MOPOLLOK" 1 Anddy3nto n3 naposon gasbl,
Tak HasblBaeMbl npouecc "xpomusaumn”, UCMONb3yeMbll B KOMMEPYECKUX
Macwtabax coupmon Alloy Surfaces, Inc., YnnnmuHrroH, wr. [lenasep.

Mpouecc "xpomm3saumun” no cywectsy asnsetca auddyavnen 13 naposon
¢asbl ANsi HAHECEHMS XpOMa Ha MeTannMyeckue NOBEpPXHOCTM (aHanornyveH
BblLLEONUCAHHOMY npoLieccy "anoHusauun”). MNpouecc BkoYaeT npusegeHne
MeTanna B KOHTaKkT C MOPOLLUKOM XpoMa, 3a YeM criegyeT aTan TepMu4ecKon
anddysnn. 31o achdeKkTMBHO co3gaeT crnfaB xpoma ¢ obpabaTbiBaeMbiv
MeTannomM u genaet MNOBEPXHOCTb  WUCKMIOYUTENbHO  YCTOMYMBOM K
HayrnepaxvBaHUIO W pacnbifieHMio MeTanfna B YCMAOBUSX HWU3KO-CEPHOro
prdopMuHra.

B HekoTOpbix 06nacTax peakTopHON CUCTEMbI NoKanbHas Temneparypa B
TeyeHme npouecca pudOpPMUMHIa MOXET CTaTb WCKMUYNUTENBHO BbICOKOM
(Hanpumep, 900 - 1250°F; 1,8°F = 1°C, 0°C = 32°F). OcobeHHO 31O MmMeeT
MECTO B MeyHbIX Tpybax u B Noxe KaTanusaTtopa, rae BHYTPU HOpMarbHO
BO3HUKAIOLLUMX KOKCOBbIX LLUAPUKOB MpOTEKaeT 3K30TepMMyeckas peakums
AemeTaHaumu, obycnaenuearoLLlas nokansHo HarpeTble obnacTtu. 300 cepus
HepXXaBetLmx cTaner nposiBNsieT HEeKOTOPOe KOKCOBaHWEe W pacnblfieHue
B6nu3m 1000°F, xoTa BCe elle ocTaeTcs NPeAnodYTUTENBHON nepen MSArkuMmm
cTtangMmu n oboralleHHbIMW Hukenem cnnasamu. Takum obpasom, 300 cepus
HepXaBewLmx CcTanem He sBnsgeTca Haubonee npeanoYTUTENBHBIM
MaTepuarnoM AN UCNOoNb30BaHUSA B HACTOSILLEM M30OpEeTEeHNN, XOTS 1 MOXET
cunTaTbCs MNONE3HOMN.

O6oralleHHble XPOMOM Hep)XaBetowue cTtanu, Takve kak 446 un 430,
YyacTo ABnsATCA Gonee yCcToMyMBBIMU K HayrnepaxuBaHuio, Yem 300 cepus
HepxaBetownx crtanen. OgHako 3TW cTanu obnagarT HexenaTenbHbIMU
CBOWCTBaMM B CMbICrie TEMMOBOW YCTOMYMBOCTM (OHU MMEKT TEHAEHUUIO K
OXPYMYMBaHUIO).

YcTonumBble Martepuanbl, KOTopble aBnsalTca npeanodtutenbHee 300
Cepum  HepXaBewLiMx CcTane’i Ans  UCMNONb30BaHUS B HacTodAWEM
n300peTeHN, BKIHYAKT Medb, OSIOBO, MbIWbSAK, CYpPbMY, BUCMYT, XPOM,
naTyHb, UX MHTEpMeTannMyeckme CoeMHEHNs U Cnnasbl (HanpumMep, crnasbl
Cu-Sn, cnnasbl Cu-Sb, cTaHHUAbI, aHTUMOHWUAbI, BUCMYTUABI U T. N.). CTanu n
Jaxe oboralleHHble HWKENEeM cnnaebl, coaepxaliue 3TW meTannbl, MoryT
Takke MNpoOsIBNATb YMEHblLUEHWe HayrnepaxuBaHusa. B npegnoytutensHoM
BapMaHTe OCYLLECTBMNEHMS M300peTeHuss 3T martepuanbl UCMoNb3ylTcs B
BUOE SrEKTPOOCAXKOEHHbIX MOKPbLITUA, MNAKMPOBKM, OKpacku (Hanpumep,
OKCUAHBIMM  KpackamMu) WM B Buae APYrMX MOKPbITUA  OCHOBHOIO
KOHCTPYKUMOHHOTO  MaTepuana. B 9TtoMm  3aknio4vaeTcd  OCHOBHOE
NpenMyLLecTBO, MOCKOMbKY MOXHO BCe elle MWCMoNb30oBaTb OCHOBHbIE
KOHCTPYKUMOHHbIE MaTepuarbl, HO C NOBEPXHOCTbIO, KOTOpasi KOHTaKTUPYET C
yrnesogopogamu, obpaboTaHHOW cooTBeTCTBYHOWMM obpasomM. M3 atux
MaTepuarnoB OfioBO sIBMsieTCst Hanbonee NpeanoYTUTENbHBIM, MOCKONbKY OHO
pearMpyeT C MOBEpPXHOCTbI, obecneumBas MOKPbITUE, KOTOPOE WMeeT
OT/INYHYID YCTOMYMBOCTb K HayrfepaxumBaHuio npu 6Gonee  BbICOKUX
TeMmnepatypax W KOTOpOe YCTOMYMBO K LUENYLWEHUI0 U OTCnanBaHuio
NOKpbITUA. Py 3TOM MOXHO CUYMTaTb, YTO OFIOBOCOAEPXKALLUUA CIOW MOXET
UMeTb TOMWuHy BNnoTb A0 1/10 MukpomeTpa M Bce elle npegoTBpallatb
HayrnepaxvBsaHue.

Ha npaktuke npegnoyTMTenbHO, 4TOObI YCTOMYMBbLIE MaTepuansl
HaHOCMMMCb B BWAe, aHanorMyHoM okpacke (B QJanbHewwem npocTo



"Kpacka"), Ha HOBble NN OEeNCTBYIOLLINE peakTOpHble CUCTEMbI. Takme Kpacku
MOryT pacnbiNATbCs, HaHOCUTLCA KUCTbIO MWW Hakatkom M T. M. Ha
MOBEPXHOCTU PEaKTOPHOW CUCTEMbl, TakMe Kak Markue cranu  unm
Hepxasetowme ctanu. Hanbonee npegnouTMTenbHO, 4TOObLI Takue Kpacku
npeactasnsann  cobon  cnocobHble  pasnaratbCad M pearnposatb
ornosocofepXallue Kpacku, BOCCTaHaBnvBawlmecs [0 pearnpyloLlero
ornosa 1 obpasylolime CTaHHMAbl MeTannoB (Hanpumep, CTaHHWAbl Xenesa
WUNN  HUKENb-XenesHble CTaHHWAbl) NpWM HarpeeBe B BOCCTaHaBnuUBaLLEen
aTmocdepe.

Hanbonee npegnoytutensHo, 4ToObl  BbILIEYNOMSAHYTaAs  Kpacka
cofepxana no KpanHen mepe YeTblpe KOMMOHEHTa (M NX PYHKLMOHamNbHble
3KBMBaneHThl): (i) pasnaraemoe BoAOPOAOM COeAMHEHME OnoBa, (ii) cucremy
pactBopuTens, (iii) okoHYaTenbHO OTAeNnsemMoe MeTannnyeckoe onoBo U (iv)
OKUCb OnoBa Kak BOCCTaHaBnMBaeMbll rybuatbii / aucneprupyowmn /
CBA3bIBaOLWMIA areHT. Kpacka AomkHa cogepxaTb OKOHYaTenbHO oTAenseMoe
TBEpPAOE BELLECTBO AN MUHMMU3aLUN OCaXOEeHUs U He JOSbKHa copepxaTb
HepearmpylLwmx MaTepuanos, KoTopble OyayT npensaTcTBoBaTb peakuun
pearvpytoLLero ofosa ¢ NOBEPXHOCTbIO PEAKTOPHOW CUCTEMBI.

OcobeHHO MonesHbIM B KavecTBe COeAMHEHWs OrloBa, pasfnaraemoro
BOOOPOAOM, ABMSETCA OKTOHoaT oroBa. Kommepueckuii BapuaHT 3TOro
COeAVHeHNs BMOMHe AOCTYMeH, M Ha MOBEPXHOCTM CTanu OH YacTUYHO
3acTbiBaeT, obpasysa Crnol Tuna >XeBaTeNbHOW pPE3VHKW; 3TOT CroW He
Tpeckaetcss w/unu He packanbiBaeTcsa. 3TO CBOWMCTBO Heobxoaumo Ans
nNoBbIX MOKPLITUIA, NCMONBb3YEMbIX B JaHHOM KOHTEKCTE, MOCKOSbKY BO3MOXHA
CuUTyauus, Korga maTepuan C nokpbiTmeM OyaeT XpaHuTbCA B TedeHue
HecKomnbkux MecsiueB nepen obpaboTkon ero BogopodoM. Takke, ecnu
HeKoTOpble 4acTW CUCTEeMbl MOKPbITbl OO OKOHYaTenbHOW CcOOopKM, TO
MOKPbITUE [AOIMKHO ObiTb YCTOMYMBO K CTpY)KKoOOpa3oBaHWiO B npoLecce
MOHTaxa. Kak oTMeuyeHO Bbllle, OKTOHOaT OfioBa SABMSAETCS KOMMEPYECKU
AOCTYNHbIM. Y Hero ymepeHHass CTOMMOCTb, W OH pasnaraeTcd, obpasys
rmagkvii Crion pearvpyrowero onosa, kKoTopoe obpasyeT CTaHHMA >kenesa B
aTMocdepe Bogopoaa npu Temnepatype okono 600°F.

OpHako OKTOHOAT OnoBa He AOMKEH UCMOoNb3oBaTbCA B Kpacke cam rno
cebe. OH He gBnsieTcA [OCTATOMHO BA3KMM. [axe korga M3 Kpacku
ucnapsieTcs pacTBopuTenb, OCTaBLUAACH XWAKOCTb OydeT ckanbiBaTb W
cTekaTb C MOKPbITOW MOBEpPXHOCTW. Ha npakTuke, Hanpumep, ecnu Takyto
KpackKy Mcrnonb3oBaTb AN NOKPbITUS rOPU3OHTamNbHOM NeYHow Tpybbl, TO OHa
cobepeTcs B HUXKHEN YacTy TpyObl, 06pasys nyxy.

KomnoHeHT (iv) - rybyaTbin / gucneprmpyowuii / CBA3bIBaOWNIA areHT u3
OKACM OrioBa SBMSETCA MNOPUCTBIM  ONOBOCOAEPXALUM  COEAVHEHNEM,
KOTOpoe CnocobHO Aenatb rybyaTblM MeTanmn-opraHM4yeckoe coeaunHeHue
0noBa, a, Kpome TOro, eLle MOXEeT BOCCTaHaBMMBaTLCSA A0 aKTMBHOIO ONnoBa B
BOCCTaHaBnmBatoLen atmocdepe. B gononHeHve, okncb onoBa MOXeT BbiTb
nponyLieHa Yepe3 KOMMOWAHYI0 MeNbHULY AN MNOMyYeHUs OYeHb TOHKUX
YyacTuy, 4TO 3amepnsiet GbicTpoe ocaxgeHue. [obaBneHue OKMCU OnoBa
co3faeT KpacKy, koTopasi CTaHOBUTCS TBEPAON NPU BbICbIXaHUW U He cTekaeT
Npv HaHeCEHUN.

B oTnnuMe OT TUNWMYHBLIX 3arycTutenewm KpacoK, KOMMOHEHT (iv)
BbiOMpaeTcst TakuM 06pa3oM, YTOObI OH CTAHOBWUJICA pearupyroLlier 4acTbio
MOKPbITUS MNpu BOCCTaHoOBMNeHWM. OH He SBnSeTCs WHEepPTHbIM NoJoGHO
dopmylolemMy KpemHesemy - TUMWYHOMY 3arycTUTENto KpacoK, KoTopble
nocrne o6paboTkn [OOMKHbI OCTaBMnATb Hepearupylowee noOBEPXHOCTHOE
noKpbITHE.

OkoHuyaTenbHO OTAensieMoe MeTannMyeckoe OnoBo, KOMMOHeHT (iii),
pobaBnseTca Ans CTPaxoBku, 4TOObl MMENOChb B HanmuMyMnM MeTannmyeckoe
OIoBO ANs peakuuy C MOKpbIBAEeMOW MOBEPXHOCTbIO MPU Kak MOXHO Gonee
HU3KUX TemnepaTtypax [Aaxe B HeBOCCTaHaBnusawLen atmocdepe. Pasmep
YacTuL, OnoBa NPeAnoYTUTENbHO PaBeH OT OAHOro A0 MATU MUKPOH, YTO
obecneymBaeT OTNNYHOE YKpbITHE NoKpbIBaemMon NOBEPXHOCTH
mMeTannuMyeckum ornoBoM. HeBoccTaHaBnmBalowme YCNoBuMsS MOryT MMETb
MEeCTO B MPOLECCe BbICbIXaHUSI KPackM M Npu CBapke MeCT COeAVHeHWs
TpybonpoBoaoB. [NpucyTcTBue MeTannmnyeckoro onoBa AaeT yBEpPeHHOCTb B
TOM, YTO Aaxe Korga 4acTb MOKPbITUA He GyAeT NOMHOCTHIO BOCCTAaHOBIMEHa,
B MOKpbITUM BydeT npucyTCcTBOBATL MeTannMyeckoe onoso, KoTopoe byget
pearmpoBaTb 1 06pa30BbIBaTh XXenaTenbHbIV CroW CTaHHNAOB.

PactBopuTenb AomKeH BbiTb HETOKCMYHBIM M 3P(EKTUBHBIM HAaCTOMNbBKO,
4yTOObI AEenaTk Kpacky Npu Heo6XOAMMOCTH pacnbinsemMon u pactekaemon. OH
TakkKe [OIKeH ObICTPO uCMapsATbCA W MMEeTb CBOWCTBA PacTBOpPUTENS,
COBMECTMMOrO C pasfnaraemMblM BOAOPOAOM coeuHeHnem onosa. Hanbonee
npeanoyTUTENbHbIM — SIBMSIETCH  M3OMPOMUIIOBBLIA  CNUPT,  XOTA  Mpwu



HeobXx0OMMOCTM MOXHO MCMONb30BaTb rekcaH W MneHTaH. ALETOH, OOHako,
NPUBOAMNT K NPeLmnuTaLmmn ofioBO-OPraHNYeCKnX COeaNHEHWNN.

B ogHOM 13 BONMOWEHWA M300peTeHMs MOXHO MCMonb3oBaTb
ONOBSIHHYIO KpackKy, cocTosLwyo 13 20 npoueHTHoro pacteopa "TuH TeH-Liem"
(okTaHOaT ofnoBa B OKTAHOMHOBOW KWUCMOTE), OKUCK OfoBa, MeTarnnnyeckoro
NopoLLKa ofioBa 1 M30MPONUIOBOro cnupTa.

OnoBsiHHbIE Kpackym MOryT ObiTb HaHeCeHbl MHOMMMW  pPasfnuyHbIMK
cnocobamu. Hanpumep, neyHble Tpybbl peakTOpHOM CUCTEMbI MOFYT ObITb
OKpalleHbl WHAMBMAYanbHO uNKM B MoAdynsax. PeaktopHas cuctema
pudopMMHra B COOTBETCTBMM C HacTOAWMM W30OpeTeHVem MoxeT
cogepxaTb pasnUyHOe 4Mcro MoAynen neyvHbix Tpyb (Hanpumep, o 24
mMoaynew neyvHbiX Tpyb) COOTBETCTBYIOLLEN AMWHBI, BbICOTEI W LLUMPUHBI
(Hanpumep, okorno 10 ¢yToB ANWHbI, OKONo 4 ¢yToB B LUMPUHY M okono 40
dyToB BbIcOThI; 1 cpyT = 30,48cMm). Kaxkabli TUMMYHBIN MOAYNb BKMOYaeT ABa
OrofnioBka COOTBETCTBYIOLLEro AuameTpa, NpeanoyTUTENbHO OKomo 2 gyToB B
AvameTpe, KOTopble CBS3aHbl YeTblpbMsA-AecATbio U-obpasHeiMu Tpybamu
COOTBETCTBYIOLWEN ANWHBI (Hanpumep, okono 42 dyTtos AnuHon). MNoatomy
nonHas nnowagb NoBEePXHOCTU, KOTOPas AOMKHA OblTb OKpalleHa B MOAynsX,
MOXEeT W3MEHATbCA B LUMPOKUX Mpedenax; Hampumep, B OOHOM U3
BOMIOLLEHUIN N306peTEeHNs OHa cocTaensana okoso 16 500 ft? (kB. dyToB).

Okpacka wmogynen, a He WHAMBMAYyamnbHbIX TPpyb, MOXeT wuMeTb
NpeumyLLecTBO NO KpawHen mepe B 4YeTblpex OTHoweHusAx: (i) okpacka
Modynew, a He WHAMBMAYanbHbIX TPyO nomoxeT wsbexaTb TEennoBoro
paspyLlieHs OMOBSIHHOW KPacKW, MOCKOSbKY KOMMOHEHTbl MOAynen obbl4HO
npoxoasaT TennoByto o6paboTKy Npu aKCTpemanbHO BbLICOKMX TemnepaTypax
npu ux npoussofcTse; (ii) okpacky Mogynen, BEPOSITHO, MOXHO MPOBECTU
BbICTpee N MeHee JOPOro, YeM OKPacKy MHAMBMAYyanbHbIX TPYO; (iii) okpacka
mMoaynew gormkHa ObiTb 6onee addpekTnBHOW B mpoLecce NponssogcTBa no
pacnucanuio; u (iv) okpacka Mogynen AOfKHa NO3BOMNUTbL NPOBECTU OKPacKy
CBapHbIX LLBOB.

OpHako okpacka MOAyrnen MOXeT He MO3BOMWUTb MOMHOCTHI0 MOKPbITh
TPyObl KPACKOW, KaK 3TO MOXHO caenaTb, oKpalumsas Tpybbl MHAMBUAYANbLHO.
Ecnn nokpbiTe HeyaoBneTBOpuUTENbHOE, TO TPYObl MOryT ObITh OKpalLeHbl
WHANBMAYaNbHO.

MpepgnoytutensHo, 4ToObl Kpacka HaHocunacb MyTeM pacnblieHns B
Tpybax u oronoskax. HyxHO wucnomb3oBaTb [AOCTATOYHO Kpacku, 4TOObI
MONHOCTBIO MOKPbITh TPYObI 1 OronoBku. Mocne NoKpPackM MOAYNS ero HyXXHo
OCTaBUTb ANSA BbICbIXaHMS Ha 24 yvaca, mocrne 4ero crnegyet npodyBka
MeLEeHHbIM MOTOKOM HarpeToro a3ota (Hanpumep, 150°F Ha 24 yaca). MNocne
9TOro NPeAnoYTUTENbHO, YTOOLI BbIN HAHECEH BTOPOWM CIOW Kpacku U Takke
BbICYLUEH NyTeM MpPUMEHEHMA OnuMcaHHOW Bbilwe npouedypel. [locne
HaHeCeHUs Kpacku MoAyrb NpeanovYTUTENbHO OOMKeH ObiTb BblAepXaH noA
cnabblM paBrneHvemM asota M He [OMKeH noAaBepraTbCs  OENCTBUIO
TemnepaTypebl, npesbiwatowiert 200°F Ao ero yCTaHOBKU, OH Takke He [OIMKeH
noaBepraTbCs AeNCTBMIO BOABI, MCKIOYas NPOLECC rmapoucnbITaHuin.

B Hactosiem un300peTeHMM Takke MOryT OblTb  MOME3HbIMU
Xernesocogepxalime pearvpyrlolwme Kpacku. Takue xenes3ocopepxalume
pearvpylowme Kpackv OyayT npeanovyTUTENbHO CcoAaepXaTb PasfnnyHble
coeauHEeHns OoBa, K KOTOPbIM >Xerne3o AobaBnseTcs B KONUYecTBe BMOTb
00 OJHOWN TpeTu oTHowweHusa Fe/Sn no Becy.

YKeneso moxeT ObITb goGaBneHo, Hanpumep, B Buae Fe>03. [lo6aBneHue
Xernesa B 0NoBocoAepXallme Kpacku AoMKHO AaBaTb 4OCTOoNpUMeYaTenbHble
npevMyLiecTBa; B 4acTHOCTM, (i) OHO [OMKHO cnocobcTBOBaTb peakunn
Kpacku ¢ obpa3oBaHMeEM CTaHHWAOB ernesa, AeCTBYS Mpu 9TOM B KayecTse
drntoca; (i) OHO JOMKHO pa3baBnATb KOHUEHTPAUUIO HUKENsSt B CTAHHUAHbIX
cnosix, obecne4vmBas npyu 3Tom Ooree BbICOKYHO 3alUMTY MPOTMB KOKCOBaHUS,
u (iii) OHO AOMKHO NPMBOAUTL K M3MEHEHUAM B camMoW Kpacke, obecneunsas
o6pasoBaHMe CTaHHWAOB Xernesa, AaloLLmX 3alUnUTy NPOTUB KOKCOBaHUS, Aaxe
ecnu NoacTMnaoLLas NoBEPXHOCTb He Npopearnposana A4oCTaTo4HO XOPOLUO.

Opyrve cpeactea ANnst NpefoTBpalLeHns HayrnepaxuBaHusl, KOKCOBaHWS
W pacnbineHusi MeTanmna B HU3KO-CEPHOWM peakToOpHON cucTeMe NpeacTaBnsoT
cobon HaHeceHWe  MeTannMyeckoro MOKPbITUA WU NNakMpoBaHWe
MOBEPXHOCTU oObOralieHHbIX XPOMOM CTanew, KOoTopble cofepxatcs B
peakTopHON cucteme. OTO MeTanInyeckoe NoKpbITUE UMW NNakMpoBKa MOXeT
COCTOATb W3 0foBa, CypbMbl, BUCMYyTA WM  Mblwbska. OcobeHHo
NpeanoyTUTENbHLIM ABMSETCA OfoBO. OTU NOKPbLITUS UMW MNAKMpoBKa MOryT
ObITb HaHeCeHbl pasnNUyHbLIMM MeTo4aMu, BKMOYasi SrekTporarnibBaHNYecKui,
ocaxgeHue u3 napoBol asbl, OKyHaHMe oboralleHHOW XPOMOM CTanu B
BaHHY C pacnnaBfieHHbIM METanoMm.

Bbino ob6HapyxeHo, 4TO B peaKkTOpHbIX cucTeMax pudopmuHra, B



KOTOpbIX  HayrnepaxuBaHue, KOKCOBaHWE W  pacrnblifeHne MeTanna
npencTaBnsAlT cobon ocobble NpobnemMsbl, NOKPbITUE 0BOraleHHbIX XPOMOM,
HUKernbcogepXalwux cTanen croem OroBa peanbHO co3daeT [BOWHON
3awWuTHLI crio. B pesynbtate obpasdyeTcsa BHYTPEHHU OGOralleHHbIN
XpOMOM CFIOW, KOTOpPbIA SABMASETCA YCTOMYMBBIM K HayrnepaxusaHuio,
KOKCOBAHMIO W pacnbineHnto MeTanna. JTo CBA3aHO C Tem, 4YTO Koraa
nokpbiTass ornoBoMm oborallieHHas XpoMOM CTafb noaBepraeTcs OeNCTBUIO
TUNWYHBLIX Temnepatyp pudopmuHra B6nu3am 1200°F, onoso pearmpyet co
cTtanbio ¢ ob6pasoBaHMEM XKene3o-HUKeneBbIX CTaHHWAOB. [py 3TOM HuKenb
NpevMyLLIeCTBEHHO BblLLENaynBaeTca C NOBEPXHOCTU CTanu, OCTaBnsAs Crnow
o6GoralleHHON XpomMOM cTanu. B HekoTopbIx cuTyaumsax MoxeT ObiTb
XenaternbHblM yAanuUTb Cron Xeneso-HUKeNeBbIX CTaHHWAOB C NOBEPXHOCTU
HepXaBetLmx cTanen, NOABEPrHyB AENUCTBUIO OKpYXarlollen cpefbl Crow
oboralLeHHOM XpOMOM CTarnu.

Hanpumep, 6b61n0 o6HapyxeHo, 4YTO Korga Crnoun MrakMpoBOYHOro OrfoBa
HaHOCUTCA Ha NOBEPXHOCTb Hepxasetolen ctanu 304 Tuna n HarpesaeTcs
ao Temnepatyp okono 1200°F, 1O B pesynbTate ob6pasyetcs crnou
o6oralleHHON XpOMOM CTanu, coaepXallmn okono 17% xpoma v peanbHo He
coaepKallnin HUKeMb, YTO CPaBHMMO C HepkaBetoLlen ctanbto 430 Tuna.

Mpy  HaHeceHMW OMNOBSAHHOMO  MeTanfMyecKoro MOKPbITUS UMK
nnaknpoBaHum oboralleHHOW XPOMOM CTann MOXeT ObiTb xenatenbHbiM
W3MEHSTb TOMLWUHY METanIM4eckoro MOKpbITUA UMK CNos MIakupoBKU ANs
OOCTWXKEHUSA  KenaTenbHOW  YCTOMYMBOCTU MPOTUB  HAyrnepaxunBaHus,
KOKCOBaHMA U pacnbifieHns metanna. 910 MOXeT ObITb caenaHo, Hanpumep,
nyTem perynMpoBaHus MPOMEXYTKa BPEMEHM, Ha KOTopbin oboralleHHas
XPOMOM CTarb NorpyaeTcs B BaHHY C pacniaBlieHHbIM ONIOBOM. JTO Takke
OyneT BNMATbL Ha TOMWMHY pe3ynbTupytowiero oboralleHHOro XpoMom Crost
ctanun. MoxeT 6bITb Takke xenaTternbHbiM U3MEHATb TeMnepaTypy 06paboTku
UNN N3MEHATb COCTaB 06OralleHHON XPOMOM CTarnu, Ha KOTOPY HaHOCUTCS
NMOKPbITUE, C LUENbl YNpaBrneHus KOHLUEHTpauuen xpoma B oboralieHHOM
XPOMOM CIl0€e CTanw.

JononHuteneHo ObiNo 0GHapYXEHO, YTO MOKPbITbIE ONIOBOM CTanu MOryT
ObITb ele Gonee 3alyeHbl OT HayrNepaXxuBaHus, pacnbifieHMs MeTanna u
KOKCOBaHMSI MyTeM [OononHuTenbHoW obpaboTku, KoTopas BkM4YaeT
HaHeceHune TOHKOro OKWUCHOrO MOKPbITUS NPeanoyYTUTENBbHO OKUCKM XpoMma,
Takon kak Cr203. OTO NOKPbITUE AOMKHO ObiTb TOHKUM, TOMLUMHOW HECKOMBbKO
MUKPOMETPOB. HaHeceHue Takoro crnosi OoKMcuM xpoma OyaeT 3awmiiatb
cTanu, TMOKpbITble Kak OfoBOM, TakKk W  anioMWUHWEM, Takue Kak
"anoHn3MpoBaHHbIe" cTanu, B yCrOBUSX HU3KO-CEPHOTO pUcOpMUHTa.

Cnon okucu xpoma MOXET OblTb HAHECEH pPasfMYHbIMU METOAaMM,
BKMOYAKLWUMN  HAHECEHME XPOMATHOM WM  OMXPOMATHOM Kpacku, 3a
KOTOpbIM CrnegyeT MNpouecc BOCCTAHOBMEHUs; obpaboTka napamy Xpom-
OpraHVyecKkux coeuHEHUN; NN HaHeCeHWe MMEHKN MeTannnm4yeckoro xpoma,
3a KOTOpbIM crneayeT OKUCNEHWE NOMy4YMBLLENCSH OKOBaHHOW XpOMOM CTaru.

McnbiTaHua ctanen ¢ HaHeCeHHbIM 3reKkTporanbBaHU4YEeCKUM MeTOOOoM
Ccroem oOroBa, KOTOpble Ha NPOAOIKUTENbHBIN Nepuon BpemeHu Obinu
NMOMELLEHbl B YCITOBUS HU3KO-CEPHOTO pucbopMUHra, nokasanu, 4YTto Korga
CIOW OKMUCKM XpOMa HAHOCWUTCSl Ha MOBEPXHOCTb CTaHHWAHOrO CIos MUIu nop,
CTaHHWOHBLIN CrOW, TO 3TOT CfIOM OKUCU XpPOMa He BbI3blBAET YXYALUEeHUs
CTaHHWOHOIO Cnosi, OQHAKO CMOCOOCTBYET YBENTMYEHUIO YCTOMUYMBOCTM CTanu
K HayrnepaxmBeaHuio, KOKCOBaHUI0 " pacnbineHunto MeTanna.
CoOTBETCTBEHHO, HAaHECEHUE CIOSI OKUCKM XpOMa Ha CTanb, MOKPbITY0 nNMbo
onosom, Nnbo antMuHneM, byaeT NPUBOAUTL K AanbHENLEMY YBEMUYEHUIO
YCTOMYMBOCTU CTanen K HayrnepaxnBaHmio N KOKCOBAHMUIO B YCIOBUSIX HU3KO-
CepHOoro pndopMuHra. ATo NPOLIECC AOMNOMHMTENBHON 06paboTkn ocobeHHO
npuMeHMM Ansi obpaboTkM cTanewn, MNOKPbITbIX OFIOBOM WM artOMUHUEM,
KOTOPbIE HY>XOAKTCA B PEMOHTE MOCINE ANUTENBbHOW BbIAEPXKKMA B YCIOBUSAX
HW3KO-CEepPHOro pudOpMUHra.

Jdanee ©6bino o6GHapyXeHO, 4YTO antOMUHWPOBAHHbIE, Hamnpumep
"anoHnsMpoBaHHble"  cTanu, KOTopble  SBASIOTCA  YCTOWYMBBIMKM K
HayrnepaxuwBaHuUio B  YCMOBUSIX OEWCTBYIOLLEro WM HU3KO-CEePHOro
p&dopmuHra, MoryT ObITb caenaHbl  Gonee  yCTOMYMBBIMK - MYTEM
AONOMNHUTENbHON 06paboTkM  MOKPLITOM  anlMUHMEM CTanu B Buae
HaHeceHus crnos onosa. JTa onepauus AaeT cTanb, KoTopas ABnseTcsa bonee
YCTOMYMBOM K HayrnepaxmBaHUIO, MOCKOMbKY BO3HUKAOT KyMYMATUBHbIE
3 eKTbl YCTONYMBOCTU K HAyrnepaXXMBaHUIo, NOy4eHHOM Kak OT MOKPbITUA
aniMMHUEM, Tak U OT MOKPbITUS XpOMOM. JTa AoMNonHUTENbHas obpaboTtka
NPUHOCUT [OMONHUTENBHYI0 BLIFOQY B TOM, YTO OHa 3aneyuBaeT Nobble
AedeKkTbl Unu TpeLMHbl B antoMUHUEBOM, Hanpumep "anoHW3nMpoBaHHOM"
nokpelTuK. Takke Takas AONONHWUTENbHas obpaboTka OoMmkHa NPUBOAUTL K



MeHbLUEN CTOMMOCTW, MOCKOSbKY Ha MOBEPXHOCTb CTanu MOXHO HaHOCUTb
bornee TOHKOe anlMUHMEBOE MOKpbITUE, KOTOpoe 3aTtem  OydeT
AononHuTenbHo obpaboTaHo NyTeM HaHeceHus orosa. B gononHenuwe, aTa
obpaboTka OyaeT 3awmwate nogseravwmii Cron cTanu, NnoasepraoLLmincs
nsrnbam anioMUHVPOBAHHOW CTanu, KOTOpble MOryT BBOAWUTb TPELUMHbI B
anioMWHUEBLIN CMON W nogBepraTb CTanb HayrnepaxuBaHWIo B YCMOBUAX
pudopMuHra. Takke 3TOT npouecc AONOfHUTENbLHON 06paboTkn MoxeT
npepoTBpawate obpasoBaHMe KOKCa Ha MNOBEPXHOCTSAX 0b6paboTaHHbIX
cTaneu, a Takke npegoTepalatb o6pasoBaHMe KOKca, UMelollee MecTo Ha
AHe TPeLLnH, KoTopble NOABMAIOTCA Ha arntoMUHMPOBAHHbLIX, HO HE MOKPbIThIX
AOMOSHNTENBHO ONOBOM CTansx.

MccneposaHusa nokasanu, 4to Ha obpasuax anoHW3MpPOBaHHbIX CTanen,
OKpaLUeHHbIX C OAHON CTOPOHbI OfIOBOM, HabroaaeTcs OCaXAeHNe YepHOro
KOKCa TOMbKO Ha HeobpaboTaHHOW CTOPOHE B YCMOBUSIX HU3KO-CEPHOro
pudopmMmuHra.  Kokc, KOTopbii  0BpasyeTcs Ha  antoMUHMPOBAHHOMW
NMOBEPXHOCTK, ABNSETCs [[0OpOKa4YeCTBEHHbIM KOKCOM, BO3HMKAKOLWMM Ha
TpewmHax B MecTax okucnuellerocsa anomuHma. OH He cnocobeH
WHAYUMpOBaTb  AOMNOMHWUTENbHOE oOcaxdeHne Kokca. COOTBETCTBEHHO,
pononHuteneHass o6paboTka HaHeceHWem OfIOBAHHOMO MOKPbITUA  Ha
antoMUHMPOBaHHbIE CTanuM MOXeT obecneunTb AanbHEewLy MUHUMU3aLuMIo
npobnem HayrmepaxwBaHWs, KOKCOBaHWS W pacnblieHuss MeTanna B
peakTopHOM cucteme, paboTaroLen B yCnoBusax pudopMUHra B COOTBETCTBUN
C n3obpeTteHuem.

He xenas orpaHnymBaTbCA TEOPMEN, MOXHO CYMTAaTb, YTO MPUTOAHOCTb
pasnuyHbiX MaTepuanoB ANA  HacTosWwero usobpeteHus MoxeT ObiTb
oTobpaHa M KnaccuduuMpoBaHa MO WX OTKIWKY Ha HayrnepaxusaroLLyo
aTmocdpepy. Hanpumep, xeneso, kKo6anbT U HUKeNb 06pa3yroT OTHOCUTENBHO
HecTabunbHble kapbudbl, koTopble ByayT BNOCNEACTBUM HayriepaxuBaTbes,
KOKCOBaTbCSl U pacnbIinATbCA. Takne anemeHTbl, Kak Xpom, H1obun, BaHaaun,
Bonbdpam, wmonubaeH, TaHTan W uMpkoHun GygyT obpasoBbiBaTb
ctabunbHble Kapbuabl, KoTopble gBnsoTcs 6Gonee  yCTOMUMBLIMU - K
HayrnepaxuBaHWIo, KOKCOBAHWIO W pacrblieHnio. Takue 3nemeHTbl, Kak
OroBO, CypbMa 1 BUCMYT He 06pasyoT kKapbmaos unu kokca. U atn anemeHThbl
MoryT o6pas3oBbiBaTb CTabuibHble COEQMHEHUs CO MHOMMMW MeTannamm,
TakUMK Kak >Xeneso, HUKenb U MeAb B ycrnosusax pudpopmuHra. CtaHHMAbI,
aHTUMOHUABI Y BUCMYTUAbI, @ Takke COeAVHEHUS CBUHLA, PTYTU, MbIlbsKA,
repMaHvs, WHOWA, Tennypa, ceneHa, Tanusa, cepbl U KUcnopoga Takke
ABMAIOTCA YyCcTOMuMBbIMW. [locnegHsAs kateropusi MaTtepuanos BKNOYaeT
Takve 9nemeHTbl, kak cepebpo, Medb, 30M0TO, MNaTWHy W Tyronnaekue
OKWCMbl, TakMe KakK KpeMHe3eM W [MUHO3eM. OTW martepuvanbl ABMSATCH
YCTONYMBBIMW M He 06pasyloT KapbuaoB wnv He pearupyloT C Opyrumu
MeTannamu B HayrnepaxvBearoLien cpeae B yCnoBusax pudopmuHra.

Kak obcyxganock Bbilwe, BbIOOP NOAXOAALMX METanoB, YCTONUYMBBIX K
HayrnepaxxmuBaHuIo 1 pacrnblEHN0 MeTanna, n X UCMNosb3oBaHNe B KAYeCcTBe
MaTepuarnoB MOKPbLITUA METanNNYecknx MOBEPXHOCTEN B peakTOpHOW
cucTemMe ABNSETCA OOHUM M3 CPEeACTB pelleHns nNpobnem HayrnepaxuBaHus
n pacnbineHns metanna. OQHako HayrnepaxuBaHvue 1 pacnbineHne metanna
MOXeT ObiTb npeobnagawwmm Ans  WKWPOKOro Kracca MeTannoB, a
YCTONYMBBIE K HAyrMepaxmBaHWo MeTanbl MoryT bbiTe 6onee goporumm nnm
peakuMy Mo CpaBHEHWIO C 0OblMHBIMM MaTtepuanamy (Hanpumep, MArKUMM
cTtansmu),  UCMNOMb3yeMbiMU  MPU  COOPYXXEHUU  PEAKTOPHbIX  CUCTEM
pudopmmHra. CooTBETCTBEHHO, MOXET ObITb XenaTernbHblM B PeakTOpHOW
cucteme nsobpeTeHuss KCNomnb3oBaTb Kepamuyeckue maTtepuansl, KOTopble
He oOpasyloT kapbugoB B TUMWYHBIX YCNOBUAX PUCMOPMUHIA U MOITOMY
HEBOCMPUMMYMBBI K HayrmepaxvBaHuio, ONA MO KpanHen Mepe 4acTu
MeTannu4ecknx rnoBepXHOCTEN  PEeaKTOPHOW  CUCTEMbl  PUPOPMUHra.
Hanpumep, no kpainHen mepe 4acTb NEeYHbIX TPyO unun neyHow Oo6nULIOBKM
unun o6e BMecTe MOryT BbiTb COOPYXXEHbI N3 KEPaMUYECKNX MaTepuarnos.

Mpn BbibOpe kKepammyeckMx MaTepuanioB [Ans WUCMOMb30BaHUS B
HacTosweM  un3obpeTeHnM  NPeAnovTUTENbHO, 4YTOObI  KepaMWU4ecKuii
matepuan uMMmen  TennonpoBOAHOCTb, NPUONU3NTENBHO PaBHY  WNK
NpeBbILLAoLLY0 TeNMOoNPOBOAHOCTL MaTepuanos, 0ObIYHO MCNOMb3yeMbIX B
KOHCTPYKLMAX  peakTopHbIX  cucteM  pudopmuHra.  [JOMOMHUTENbLHO,
Kepamuyeckne matepuanbl [OSDKHbI MMETb [OCTAaTOYHYH CTPYKTYPHYIO
MPOYHOCTb MPW TemrepaTtypax, KOTopble UMEIT MECTO BHYTPU peakTOPHbIX
cuctem pudopmuHra. [lanee, kepammyeckMe Matepuanbl OOMKHbI ObiTb
cnocobHbl  BblgepxuMBaTb TepMuyeckMe ydapbl U NOBTOpsiOLLeecs
TemnepaTypHoe LUMKNMpOBaHWEe, KOTOpble MOryT MMeTb MECTO B npouecce
paboTbl  peakTopHOM cucTembl. Korga  kepamuyeckve — MaTepuvansl
UCMOMb3YIOTCA AN COOPYXXEHUS MeyvyHon OOnuuoBKMA, TO Kepamuyeckue



mMaTepuarnbl LOMKHbI UMETb KO3(PULIMEHT TENMOBOIO paclLUMpeHusi, Gnmskmmn
K TakoBOMYy MeTanna BHELHEeN MOBEPXHOCTU, C KOTOpbIM 06nuLoBKa
HaxoguTcsl B TECHOM KOHTakTe. OTO NO3BOMUT m3bexaTb HexenaTenbHbIX
HanpspkeHWn B COEOUHEHMAX B TeYeHuWe TemnepaTypHOro LMKIMPOBaHUS,
KOTOpOE MMeeT MeCTO nNpu BKIHOYEHUU WU BbIKMOYEHUM  YCTaAHOBKMW.
JononHutenbHO,  Kepamuyeckass MNOBEPXHOCTb  He  AomkHa  ObiTb
BOCNPMMMYMBA K Aerpajauuv B yrneBoJOPOAHOW cpede Win B OKUCHSAIoLWen
aTmocdepe, koTopas MMeeT MeCcTO B MpoLEcce pereHepauun katanusatopa.
BbibpaHHbIN kepaMuyecknii matepuan Takke He [OOfDKeH COAencTBoBaTb
aerpajauum yrneBogopoaoB B peakTOpPHOWM cucTeme.

Mogoxopswme  kepamuyeckve  MaTepuanbl  BKIOYaT, HO  He
OrpaHNYMBalOTCA TakMMy Martepvanamuv, kak kapbuabl KPEMHUsl, OKCWAbl
KPEMHWS, HATPUAbI KDEMHUS U HUTPUZbI antoMuHns. Cpegn aTux matepuarnos
Kapbuabl  KpemMHUS U HUTPUAbI  KPEeMHUS  SABNSATCH  0COGEHHO
NpeanoyTUTENbHLIMK, TaK Kak OHW OKasanucb CnocobHbIMKM obecneynTb
MOMHYI0  3alMTy pPEeakTOpHOM CUCTEMblI B  YCIOBUSX  HWU3KOCEPHOTrO
prdopMuHra.

[o kpanHen mepe 4YacTb MeTanfn4Yyeckmx MOBEPXHOCTENW B peakTOPHON
cucTemMe MOXeT ObITb Takke MOKpbITa NIEHKOW KPEMHUS UNN KpeMHesema. B
YaCTHOCTM, MeTanMyeckue NOBEPXHOCTU, KOTOpble MOryT ObiTb MOKPbITHI,
BKITHOYAIOT, HO HE OrPaHNYMBAIOTCA CTEHKAMU peakTopa, NeYHbIMU Tpybamu n
neyHon obnuuoskon. OpHako nwbass MeTannuueckass MNOBEPXHOCTb B
peaKkTopHOM cucTeme, KoTopas NpOsBNAET NPU3HaKku HayrnepaxvBaHusa w
pacnbineHns MeTanna B yCNoBUSX HU3KO-CEPHOro pudopmuHra, byaeT nmets
BbIFOAY OT HAHECEHWS TOHKOW KPEMHNEBOMN UMW KPEMHE3EMHOWN MIEHKMN.

[nsi HAaHEeCEHWS KPEMHMWEBDBIX UMM KPEMHE3EMHbIX MIEHOYHbIX MOKPbITUIA
Ha MeTannMyeckue MOBEPXHOCTU MOryT ObiTb WCNOMb30BaHbl OObIYHbIE
MeToAbl. KpemHeszem WM KPEMHUA  MOryT  OblTb  HaHeceHbl
anekTporanbBaHNYECKUM METOAOM UM METOAOM XMMUYECKOro OCaXOeHus u3
napoBow hasbl ankokcucunaHa B NOToKe Hecyuero rasa. [pegnovtutensHo,
4YTOObI KPEMHMEBAs WNW KPeMHe3eMHas MMeHKN UMenn KoapduumeHT
TeNMnoBOro paclmpeHnsi, bnnskMn K TakoBOMy MeTannmMyeckon NoBEpPXHOCTH,
Ha KOTOPYH OHM HaHOCATCA. [OMONMHWTENbHO, KPEMHWEBbLIE UMK
KPEMHEe3eMHble  MMEHKN [OOMKHbl  OblTb  CMOCOOHBIMM  BblAEpPXMBaTHL
TepMunyeckue yaapbl U NOBTOPSIOLLEECA TemrepaTypHOe UMKNMpoBaHUE,
KOTOpble MMEeKT MecTo B npouecce pudopMuHra. 3To no3sonseT usbexarb
pacTpeckMBaHWs UM OTCranBaHUSi KPEMHUEBOW UMM KPEMHE3EMHOW MNIEHKN
W noTeHumansHOro obHaxeHust noaneratwowen MeTanmy4eckon NoBEpPXHOCTH
B VHOYUMPYIOLLEN HayrnepaxwsBaHue YrneBOAOPOAHOW cpede. Takke
KpeMHe3eMHas UM KpemHueBas nineHka AOIPKHa UMETb TeMnonpoBOOHOCT,
NpMGNN3NTENLHO PaBHYHO UMY NPEBbILLIAIOLLYIO TENMONPOBOAHOCTL METanNMoB,
06bIYHO MCNONb3yeMbIX B PEAKTOPHbIX CUCTEMax pudOpMMHra, Tak YToObI
coxpaHuTb 3 heKTUBHbIN TennonepeHoc. lNneHka KpeMHUSE UK KpeMHe3eMa
Takke He JorKHa AerpagupoBaTh B cpefe pudOpMUHra UK B OKUCTISIOLLEN
cpefe, CBA3aHHOW C pereHepauuen katanusatopa. OHa Takke He [OorkHa
BbI3blBaTb AerpagaLuio caMux yrieBoaopOaOoB.

MockonbKy pasnuuHble 00nacTM pPeakTOPHOW CUCTEMbI U300peTeHus
(Hanpumep, pasnuyHble 06nacTM B Medr) MOryT MoABepratbCs AeNCTBUIO
TemnepaTtyp B LUMPOKOM WMHTEpBare, Hy>XHO npoBecTu nogbop martepwanos
Tak, 4tobbl MaTepuanel, obecrnedvBaloLME HaWIy4yLlyl0 YCTOWYMBOCTb K
HayrnepaxuBaHuio, UCMONb3oBanMcb B Tex 0b6nactax CUcTembl, KOTopble
noaBeprawTcs AeNCTBUIO Hanbonee BbICOKUX TemmnepaTyp.

B cBa3n ¢ BbiGopom maTtepuanoB 6bio0 0GHapYXKEHO, YTO OKUCIEHHbIE
noesepxHoctu MetannoB VI rpynnel, TakMx Kak Xeneso, HUKeNb u kobanbT,
ABNATCA 6onee akTMBHBIMY B CMbICIIE KOKCOBaHWS Y HayrmepaxuBaHus, Yem
UX HEOKUCrEeHHble Aaybnvkatbl. Hanpumep, O6bino  o6HapyXeHo, 4TO
npoXapeHHble Ha Bo3dyxe obpasubl 347 HepxaBerwwen crtanu 6binn
3HaunMTenbHO Gonee akTVBHbI, YEM HEOKMUCMeHHble 0bpasubl TOW Xxe cTanu.
[ymaeTcsi, 4To 3T0 0OYCrNOBNEHO NEPEBOCCTAHOBIIEHMEM OKUCIIEHHOW CTanu,
B pesynbTate 4ero o6pasyloTcs O4YeHb MENKO3EPHUCTbIE Xemneso w/unm
Hukenb. TakMme MeTannbl  SBNSAIOTCA  Haubonee  akTMBHbIMK - ANs
HayrnepaxuBaHus U KokcoBaHusl. Takum obpasom, xenatenbHo usberaTb
UCMOMNb30BaHNA 3TUX MaTepuarnoB MO BO3MOXHOCTM 6onee mnonHo B
npoueccax OKUCITUTENBHOW pereHepaLun, KOTopble TUMNYHO UCMOSb3YTCS B
KaTanutuyeckom  pudopmuHre. OpgHako  ObINO  OGHapyxeHo,  4TO
npoxapeHHas Ha Bo3gyxe HepxaBsetwwas crtanb 300 cepun, nNokpbiTas
ONoOBOM, MOXeT obecneunTb TaKkyld e YCTOMYMBOCTb K KOKCOBaHWK W
HayrnepaxuBaHuio, Kak W HenpoxapeHHble obpasLbl TOW >Xe MOKPbITON
0noBoM HepxagsetoLen ctanu 300 cepum.

Bonee Toro, coenaHa oLeHka TOro, YTo okucreHve OyaeT npeacTaBnaTb



cobon npobnemy B cuctemax, T[Ae He MWHTEPECYlTCs  CepHoMn
YyBCTBUTENbHOCTBIO KaTanuaaTopa v rge cepy MCnonb3yoT Ans naccvMBauum
MeTannmM4eckmx NoBepxHocTen. Ecnv ypoBHU cepbl B TakUX CUCTEMaX CTaHyT
korga-nubo HepocTaTovHbIMM, TNOOble cynbduabl MeTanmnoB, KOoTopble
0o6pasyloTcs Ha MeTanIMYeckux MOBEPXHOCTSAX, MOCMe OKUCIEHUS W
BOCCTaAHOBMEHNS [OSMKHbI MPUBECTU K MENKO3EpPHUCTOMY MeTanny. J3ToT
MeTann p[domkeH OblTb CWUMbHO YYBCTBUTENEH K HayrfepaxvBaHuio W
KokcoBaHmioo. [loTeHunanbHO 9TO MOXET BbI3BaTb KaTacTpodumyeckyto
Heyaady MeTannyprv unu 6onbLUyo 3aKOKCOBKY CUCTEMBI.

Kak oTmeuyeHO Bbille, B paviOHe KaTanMTUYeCcKOro foxe MOryT MMeTb
MECTO M3ObITOYHO BbICOKME TemnepaTypbl, Korga 3K30TEpMUYECKME peaKumu
AeMeTaHauny BHYTPY KOKCOBbIX LLIAPMKOB 00YCNOBNMBAIOT NTIOKANbHO ropsyne
obnactu. 3Tu ropsiuMe nATHaA Takke npeacTaBnAlT cobon npobnemy B
O6GbIYHbIX PEeaKTOPHbIX cucTemMax pudopmuHra (Tak e Kak U B Apyrux
06nacTax XMMUYECKNX N HEPTEXUMNYECKNX TEXHONOTUN).

Hanpumep, Habnoganocb, 4TO ceTku ueHTpanbHbiX Tpyo pedopmepa
ucToLalTCa N B HUX 06pasytoTcs AbIPKW; B KOHEYHOM cYeTe, 3TO NPUBOAUT K
Murpaumum katanmsatopa. B oBbluHbIX npoueccax pudopmMuHra TemnepaTypa
BHYTPM KOKCOBbIX LUApUKOB B MnpoLecce 00pas3oBaHus M 3apoXAeHus, Mno-
BMAMMOMY, [OCTaTOYHO BbICOKA, YTOObI MPEBbLICUTb CMOCOGHOCTb Cepbl B
npouecce noAaBWTb KOKCOBaHWE, HayrnepaxuBaHWe W pachbiieHne.
MeTannuyeckue ceTkn NOITOMY HayrnepaxvsalTca U aBnsoTca Oonee
YyBCTBUTENMbHBLIMW K UCTOLLEHMIO MYyTEM MEX3EPEHHOro OKUCNeHns (oaunH u3
TMMOB KOppO3uW) B TeuyeHue npouecca pereHepaumn. OTBepcTMA CeToK
yBeNuUMBatoTcs, 1 obpasytoTcsa AblpKu.

Takum obpasom, ngeu HacTosaWero u3obpeTeHns MPUMEHNMbI Takke B
0b6blMHOM  pUcpOpMUHIE, Tak Xe Kak B ApPYrMx obnactax XMMUYECKUX u
HeTEXUMUYECKNX TEXHOSOIUIA. Hanpumep, BbILLEYMNOMSHYTbIE
anekTporanbBaHNYECKoe OCaXAeHWE, NNaknpoBaHMe 1 NOKPbITUS MOTyT BbiTh
MCMOMNb30BaHbl MPU M3rOTOBNEHUN CETOK LieHTpanbHbiX Tpy6 BO usbexaHue
pasBUTUS USMULLHNX OTBEPCTUI N MUrpaLmn KaTannsaTopa.

B pononHeHne, NOCKOMbKY onucbiBaemble 34ecCb OOBbEKTbl MOryT ObiTb
UCMOMNb30BaHbl Afs  YNpaBreHus HayrnepaxuwBaHWeM, KOKCOBaHWeM W
pacnbifNeHneM MeTanna npu u3bbITOYHO BbLICOKMX TemrepaTtypax, TO OHM
MOryT OblTb UCMOMb30BaHbl B MNeYax KpekuHra, paboTawlwmx npu
Temnepatypax oT 1400 go 1700°F. Hanpumep, MOXHO ynpaBnsiTe M3HOCOM
cTanu, KOTopbli MMEEeT MeCTO B Mnevax KpekuHra, paboTawlimx npu Takux
Temneparypax, NyTeM HaHECEHWUSI PA3NUYHbIX METaNMYECKNX NOKPLITUA. DTK
MeTannmMyeckme MnoKpbITUS MOXHO HaHeCTVW MyTeM MOrpyXeHWs B pacrnnas,
3NeKTpoocaxaeHuns N OKpacku. Okpacka  sBnsetcs Hambonee
npeanoyYTUTENbLHON.

Hanpumep, NOKpbITME CYpbMOWN, HAHECEHHOE Ha OCHOBaHHbIE Ha XXenese
cTtanu, 3awuuaetT 3TU  CTanu  OT  HayrnepaxuBaHWsl, KOKCOBaHWUA W
pacnbifeHns MeTanna B OMUCaHHbIX YCMOBUSAX KpekuHra. ®dakTuyecky,
CypbMsiHasi Kpacka, HaHeceHHasi Ha OCHOBaHHble Ha xenese cranu, byget
obecneymBaTh 3aWUTy NPOTUB HAYTNEPAXKUBAHMS, KOKCOBAHWNS U pacnbifeHus
meTanna npu 1600°F.

BucmyToBOE MOKpbITME, HaHECeHHOe Ha oboralleHHble HUKenem
ctanbHble cnnaebl (Hanpumep, INCONEL 600), MOXeT 3awuwiaTtb 3T cTtanm
OT HayrmepaxuBaHWs, KOKCOBAHUS W pachbifieHMs meTanna B YCIOBUSX
KpekuHra. 3710 ObINO NPOAEMOHCTPMPOBAHO MpW TemnepaTypax BAnoTe A0
1600°F.

BucmyToBbIE NOKPLITUS MOTYT BbITh TaKKe HaHECEHbI HA OCHOBaHHbIE Ha
Xernese ctanuM uM MoryT obecrneuvBaTtb 3aliMTy OT HayrnepaxuBaHus,
pacnbiNeHnss MeTanma M KOKCOBaHUSA B YCIOBUSX KPEKUHra. Takke MOXHO
ucrnomnb3oBaTb  MeTannuMyeckoe MOKpbITMe, npeacTaenswouwlee  cobow
KOMOMHaLMIO BUCMYTa, CYpbMbl U/ OfoBa.

BosBpaluasck onatb K HU3KO-CEPHOMY pPUPOPMUHIY, MOXHO CKasaTb, YTO
ONnst pelleHusi npobnem, NOCTaBMEHHbIX B COOTBETCTBUM C HACTOALLUM
n306peTeHrem, MOryT Takke ObiTb Ucrnonb3oBaHbl Apyrve metoabl. OHu
MOryT ObITb UCNOMb30BaHLI COBMECTHO C BbIGOPOM MOAXOASALLUX MaTepunanos
ANsi peakTOPHON CUCTEMbI UM OHU MOTYT BbITb UCMONb30BaHbLI camu no cebe.
MpepnoytutensHoOW cpean OOMNONHUTENbHBIX METOAUK ABnsdeTca gobaBka B
npouecc pudOPMUHra HECEpPHOro  aHTU-HayrnepaXxvBalollero, aHTu-
KOKCyloLero BewlectBa (BellecTB). OTM BewecTBa MOryT A00aBnsATbCs
HenpepbIBHO B TEYEHMEe npouecca U CryXuTb ANS B3aUMOAENCTBUS C TeMU
NMOBEPXHOCTSIMW  PEaKTOPHOW  CUCTEMbI,  KOTOpblE  KOHTakTUMpylT C
yrneeogopoamu, WM OHU MOryT TMNPUMEHSITbCA Kak npeaBapuTenbHas
06paboTka peakTOpHOM CUCTEMBI.

He xenas orpaHnuynBaTbCcs TEOpUEN, Npeanonaraem, Y4To 3TU BellecTBa



B3aMMOAENCTBYIOT C  MOBEPXHOCTSAMW  PEaKTOPHOM  CUCTEMbI  NyTEM
pasnoXeHuss U pasbedaHusi NOoBEpPXHOCTM C obpas3oBaHUEM Xeneso w/unu
HUKENEBbIX WHTEPMETAaN/IMYECKUX COEAVHEHWNA, TakUX Kak CTaHHUAbl,
aHTUMOHMAbI, BUCMYTUAbI, nMOMOMAabl, apceHuabl W T. nN. Takue
WHTEpMEeTannmMyeckne coeaunHeHns ABMAOTCA YCTONYUBBLIMU K
HayrnepaxuBaHWIo, KOKCOBaHWIO W pPacnbiNeHnio UM MOryT 3almuwatb
noacTunawLme metannsl.

Takke cunTaeTcs, YTO MHTEpMeTannnyeckue CoeduvHEeHUs SBMSATCA
bonee ctabunbHbiMK, YeM cynbduabl MeTannoB, KoTopble 06pasyloTcs B
cuctemax, Korga and naccvBauum  MeTannoB  mcronb3dyetca H2S. Otu
COeOMHEHVs He BOCCTaHaBMNMBAalTCH BOAOPOAOM, Kak Cynbguabl MeTanmos.
B pesynbtate OHWM MOKMOAKT CUCTEMY C MEHbLUEW BEPOATHOCTbIO, YEM
cynbcuapl metannos. [loatomy HenpepblBHOe [oOaBneHwe nopaBuTenew
HayrnepaxuBaHUs BMECTE C CbiIpbeM MOXeT 6bITb MUHUMU3NPOBAHO.

MpegnoytutensHole HecepHble aHTu-HayrnepaxmvsatoLme "
aHTMKOKCYIOLLMe BeLLecTBa BKOYaOT MeTanno-opraHuyeckne CoeauHeHus,
TakMe Kak OJlOBO-OpraHuM4eckne CoeauHeHus,  CypbMa-opraHuyeckue
COeOWHEHWs, BUCMYT-OPraHWYeckne COeaMHEHMUS, MbILLbSK-OpraHM4yeckne
COeOWHEHNs W CBUHEeL-OpraHMyeckue coefgvHeHus. lNogxoaswimne cBUHEL-
OpraHM4yeckme COeOMHEHWUs BKIOYAKT TeTpasTun M TeTpameTun CBUHUA.
OnoBo-opraHu4eckme COeLMHEHWs, Takne kak TeTpabyTun onoBa W ruapug
TeTpameTurna onoBa, ABAATCS 0COOEHHO NPeanoYTUTENbHBIMM.

JononHutenebHble chneumanbHble  MeTann-opraHnyeckne CoeauHeHus
BKINIOYAOT HeodekaHoaT BWCMYyTa, OKToaT Xpoma, HadTeHaT wmeawm,
kapbokcunat mapraHua, HeogekaHoaT nannagus, HeopekaHoaT cepebpa,
TeTpabyTunrepmaHui, TpubyTuncypoema, TpudeHuncypbma,
TPUDEHUIMBILLBSK U OKTOAT LIUKPOHMS.

He saBnseTca kpuTUYeckuMm, Kak 1 roe aTu BellecTBa OyaoyT BBedeHbI B
peakTopHyl cuctemy, 3To OygeT 3aBuceTb B NepByld o4depedb OT
TEXHUYECKUX XapaKTepUCTUK KOHKPETHOro npouecca. Hanpumep, oHu moryT
£06aBnATLCA HEMPEPLIBHO UNW NPEPLIBUCTO BMECTE C ChIPLEM.

OpHako pobaBneHne 9TMX BELWECTB K Cbipbld  He  siBNseTcs
NpeanoyYTUTENbHBLIM, MOCKOMbKY OHW OyayT CTPeMUTbCH akKymynmpoBaTbCH
HayanbHbIMW YacTAMW peakTopHon cuctembl. OHM He cmoryT obecneunTb
Tpebyemon 3awuThl B ApYrnx YacTsax peakTopHOW CUCTEMBI.

MpegnoytutensHo, 4TobblI 3TM BellecTBa obecrneymBanu MokpbiTUE A0
COOpYXeHusi, 0O Havana paboTbl WnM in-Situ (T. €. B CyLlecTBylOLIEN
cucteme). MNMpu gobasneHnm in-situ 370 4OMKHO GbITb cAenaHo cpasy nocrne
pereHepaumn Katanusatopa. MoxeT OblTb HaHECeHO O4YeHb TOHKOe
nokpbeiTve. Hanpumep, MOXHO cuyMTaTb, YTO MPU WCMONb3OBAHUWN OFIOBO-
OpraHNYecKkNX COEAMHEHUW MOKPbITUE CTaHHMAOM enesa TonwmHonm 0,1
MUWKPOH MOXeT BbiTb 3 EKTUBHBIM.

MpennoyTuTenbHbIM METOAOM HaHECEHWs1 BELLeCTB Ha CyLlecTBylliMe
UNN HOBbIE MOBEPXHOCTM peakTopa MMM Ha HOBble WM CyLLeCcTBylOLINE
neyHble TpyObl SIBNSIETCS pa3noXeHWe MeTann-opraHNYyeckux coeauHeHuUn B
BOLOpPOAHOM atMocdepe npu Temnepatypax okono 900°F. [Ons onoso-
OpraHnyecknx COeQMHEHWW, HanpuMep, 3Ta npoueaypa AaeT pearvpyollee
MeTannmyeckoe ofoBO Ha NoBepxHocTu Tpyb. Mpu aTnx TemnepaTtypax onoBo
B pJanbHevwem OyaeT pearMpoBaTb C  MOBEPXHOCTbIO MeTanna u
naccvBunpoBaTh €ee.

OnTuManbHble TemMnepaTypbl HAaHeceHUss OyayT 3aBUCETb OT KOHKPETHOTO
MEeTarnmn-opraHN4eckoro COEAMHEHUSI UMW CMEeCUM  COELMHEHWUWA, ecnu
XKenaTtenbHO  MoNnyYuMTb CchnnaBbl.  TUNUYHas npouedypa  HaHECEHWs
3aKMOYaeTcss B TOM, YTO W3NMLLUEK MeTanmn-opraHM4eckoro BeLLecCTBa,
co3faroLlero nokpbITMe, nogaetcs B TPyObl B BbICOKOCKOPOCTHOM MOTOKE
BOAOPOAA, Tak YTOObI MPOHECTUN MOKPbIBaKOLLEE BELLECTBO Yepe3 CUCTEMY BO
B3BELUEHHOM COCTOSIHMW. CKOPOCTb NMOTOKa 3aTeM MOXeT ObiTb YMEHbLUEHa, C
TeMm, 4Tobbl NO3BONUTL MEeTannIM4ecKon B3BECH MOKPLITb N MpopearMposaTtb C
neyHbiMn TpybamMum MAM  NOBEPXHOCTbID  peakTopa. AnbTepHaTMBHas
npoueaypa 3akni4yaeTcs B TOM, YTO COeAMHEHWE MOXeT OblTb BBEAEHO B
cucTeMy B BuUAE NapoB, KOTOpblE pasnaralTcs U pearupyloT C HarpeTbiMu
cTeHkamu Tpyb nnu peakTopa B BOCCTaHaBNMBatoLLen atmocdepe.

Kak obcyxganocb Bbllle, peakTOpHble CUCTEeMbl  pUOPMKUHIa,
BOCMPUMMYMBBIE K HAYINepaXunBaHuio, pacnbiNeHno MeTanna n KOKCOBaHuio,
MoOryT 6biTb 06paboTaHbl MyTEM HaHECeHWs pasnaralroLerocsi MoKpbITUS,
Cofep)Kallero pasnaratpoleecs MeTanmn-opraHu4eckoe CoefvHeHue OrloBa,
Ha Te TMNOBEPXHOCTW pEeakTOpHOM CcUCTEMbI, KoTopble  Haubonee
BOCMPUMMYMBBLI K HayrnepaxwBaHuio. Takol noaxod ocobeHHO xopowl Ans
NPUMEHEHNS B NeYax ¢ KOHTPONIMPYEMOW TemMnepaTypon.

OpHako TakoW KOHTpONb ocyllecTBnsieTcs He Bcerga. CyuwecTByioT



"ropsiune naTHa", KOTOpble pa3BMBaKOTCS B PEAKTOPHOW cucTeme, ocobeHHO B
neyHbIX Tpybax, rae MeTann-opraHM4eckoe CoOeJMHEHNE MOXET PasfoX1TbCH
n ob6pasoBaTb OTNOXeHus. [loaTomy [Jpyro acnekt wusobpeTeHus
3aknyaeTcs B co3aHum npouecca, B KOTOPOM Takue OTNOXEHUs yaansaTcs
B peaKkTOpHOW cucteme pudopMuHra, rae TemnepaTypbl KOHTPONUPYIOTCH He
MOMHOCTbIO M rAe CyLWecTBYHT 06nacTu BbICOKOTEMMNEPATYPHbIX TEMMOBbIX
NATEH.

Takow npouecc BknoYaeT npeaBapuTenbHbIN NPOrpeB BCen peakTOpHON
cuctembl o Temnepatyp ot 750 go 1150, npegnoytutensHo ot 900 go 1100,
n Hanbonee npegnoytTutensHo okorno 1050°F, HarpeTbiM ra3oBbiM MOTOKOM
Bogopoaa. [locne npegBapuTenbHOro mnporpesa B NpeaBapuUTenbHO
NPOrpeTyl0 PeaKkTOPHYHO CUCTEMY BBOAUTCSA Gornee XOonoAHbI ra3oBbii NOTOK,
cojepxalimi napbl MeTann-opraHM4yeckoro CoeanHeHns onosa W BOAOPOA
npu Temnepatypax ot 400 go 800, npegnodtutensHo oT 500 go 700, wn
Hanbonee npegnoyTMTenbHo okono 550°F. OTa rasoBasi cMeCb BBOAMWTCA
NpoTMB TedyeHus U MOXeT obecrneunTb "BOMHY" pasnoxeHus, Kotopas
NPOXOAMUT Yepes BCIO PEAKTOPHYHO CUCTEMY.

Mo cywectBy aTOT npouecc paboTaeT NOTOMY, YTO HarpeTbin ra3
BOLOPOAA NPOU3BOAWT OOHOPOLHO HAarpeTylo MOBEPXHOCTb, KoTopas Oyaer
pasnaraTtb Oonee  XOnMoAHbIA  MeTann-opraHW4Yeckuii ras npu  €ero
NPOXOXAEHUN B BUAE BOSHbI Yepes3 peakTopHyt cuctemy. bonee xonogHbin
ras, coaepXawui MeTann-opraHM4eckoe coeauHeHue onoea, Oyger
pasnaraTbCsl Ha ropsider NoBEepXHOCTM M 0Opa3oBbIBaTb Ha HEWM MOKpPbITUE.
Mapbl MeTann-opraHuveckoro ornoea OyoyT npogomkaTb ABUratbCs Mo
TEYEHMIO B BuAe BOMHbl M obpabaTtbiBaTe Oonee HarpeTble MOBEPXHOCTU
peakTopHon cuctembl. [103TOMy BCA peakTopHas cucteMa MOXeT MOofy4uTb
O[HOPOAHOE MOKpbITUE MeTann-opraHMyeckuM coeguHeHnem ornosa. MoxeTt
ObITb TakKe >XenaTernbHbIM BbINMOMHUTL HECKONBbKO Takmx TemnepaTypHbIX
LUMKITOB HarpeBa-oxNaxaeHus, YTobbl rapaHTMpoBaTb O4HOPOAHOE MOKPbITUE
BCEW pPeaKTOPHOW CUCTEMbI METann-opraHM4eckuM coeauHeHMeM OfoBa.

Mpn paboTe peakTOpHOM CUCTEMbI PUPDOPMUHIA B COOTBETCTBUN C
HacTosWMUM n3obpeTeHnem coipas HedpTb KOHBEPTMPYETCA ¢ 0Opa3oBaHMEM
apomaTnyecknx coegnHeHun. HedtaHoe cbipbe npeacTtaBnseT cobon nerkme
yrnesogopoapl, NpeanoyTuTensHo HarpeTole B npegenax ot 70°F go 450°F,
6onee npegnoytutenbHo ot 100 po 350°F. HedTsHOe cCbipbe COOEPXKUT
anudaTtnyeckne unu napacuHoBble YrneBoAopOAbl. OTU anudaTnyeckue
COeIHEeHNs1 KOHBEPTUPYHOTCSA, MO KparHen Mepe YacTUYHO, B apoMaTuyeckme
COeQIHEHNs B 30HEe peakunn cucteMbl puddOpMUHra.

B "Hu3ko-cepHon" cucteme n3obpeTeHns coipbe OyaeT npeanoyTUTENbHO
cogepxaTb MeHee yem 100ppb cepbl, Gonee, npeanoOYTUTENBHO, MEHbLUE
yem 50ppb cepebl. Mpu HeobxoanmMoOCTM ANa yaaneHus HebOoMNbLUMX U3NULLKOB
cepbl MOXHO MCNONb30BaTh OMOK NOrMOLEHMS Cepbl.

MpeanoytuTteneHble  ycnoBus  npouecca puopMUHra  BKMAYaOT
Temnepatypy mexagy 700 n 1050°F, 6onee npegnovtutensHo mexay 850 n
1025°F; n paBnenune mexay 0 u 400 psig, 6onee nNpeanovTUTENBHO, MExXay
15 u 150 psig; CKOPOCTb peLuMKNMpoBaHUS BOOOPOAA, AOCTATOMHYK AN
Nony4eHns MOSIAPHOIO OTHOLLIEHUSA BOAOPOAA K YINEeBOAOPOAAM AMsl Chipbsi B
30He peakuun pudgopmuHra mexay 0,1 n 20, 6onee NnpegnoyTUTENBLHO MexXay
0,5 wn 10; exeyacHyld MPOCTPAHCTBEHHYD CKOPOCTb >KWUOAKOCTM Ans
yrneBoAopPOAHOro Chipba Yepes kaTanusatop pudopmudra mexagy 0,1 n 10,
6onee npegnoyTuTensHo mexay 0,5 n 5.

[ns gocTwxeHus noaxodswmx TemnepaTyp pedopmepa 4Yacto GoiBaet
HeobXoAMMbIM HarpeTb MeyHble TpyObl [0 BbLICOKMX TemnepaTtyp. 3dTu
TemnepaTtypbl YacTo nexat B npegenax or 600 go 1800°F, o6bi4HO oT 850 go
1250°F, n Hanbonee 4acto ot 900 no 1200°F.

Kak oTmeveHo Bbllwe, 6bino obHapyxkeHo, 4TO  npobremsbl
HayrnepaxvBaHus, KOKCOBaHWs M pacrnblfieHnss MeTanna B HU3KO-CEePHbIX
cucTeMax CBsi3aHbl C  JIOKAINbHbIMK  MpOLEeccaMu, MPOXOAALUMU  MpU
M30ObITOYHO BBLICOKMX TemrepaTypax B peakTOpPHbIX CUCTEMaXx, U SIBNSOTCSH
0COBGEHHO  CyLIEeCTBEHHBIMM B MNEYHbIX Tpybax CUCTEMBI, KOTOpble
XapaKkTepuayTcs 0COOEHHO BbICOKUMY TeMnepaTypamu. B o6bl4HOM mMeToae
pucopMuHra, rge NPUCYTCTBYIOT BbICOKME YPOBHWU Cepbl, TUMUYHbIE
TemnepaTypbl MOBEPXHOCTU MeyHbix Tpyo pocturatot 1175°F B KOHUe
npobera. Tem He MeHee, M3ObITOYHbIE HayrnepaxuBaHWe, KOKCOBaHME WU
pacnbineHne MeTanna He HabnwaaTcs. B HU3KO-CepHbIX cucTemax, O4Hako,
ObiNo  OBHapyXeHo, 4YTO WM3OLITOMHOE UK ObICTPOE HayrrepaxuBaHue,
KOKCOBaHMe W pacnblfieHne meTtanna umeeT mecto Ha CrMo cTansx npu
Temnepartypax Bbiwe 950°F 1 Ha HepxaBelLmnx cTansx npu Temnepatypax
Bbille 1025°F.

CoOOTBETCTBEHHO, APYrMM acrnekToM M30bpeTeHunst SBNAeTCs NOHUXKEHUE



TemMnepatyp MeTannnyeckmx MOBEPXHOCTEN BHYTPM MNeYHbIX TPyO, NWHWA
nogayv W/wnum peakTopoB CUCTEMbl PUAOPMUHIA HWDKE BbILLIEYMOMSHYThIX
ypoBHen. Hanpumep, TemnepaTypbl MOryT ObiTb  M3MEpeHbl ¢
UCMOMb30BaHMEM TepMonap, YCTAHOBMEHHbIX B  Pas3fNMyHbIX  MecTax
peakTopHOM cucTemMbl. B cnyyae nedvHblx Tpy® Tepmonapbl MoryT ObiTb
YCT@HOBMNEHblI Ha WX BHELIHUX CTEHKaX, MpeanovYTUTenbHO B Hambonee
ropsiunx Toukax nevm (o6biMHO BOGNM3KM BbINYCKHOro oTBepcTus Tpybhbl). Mpu
HeobXxoAMMOCTN ANA nogdepXaHus TemnepaTypbl Ha xenaternbHOM YpOBHE
MOXHO BBECTU PErynmnpoBKy TEe4YEeHNs npoLecca.

CyuwlectByloT Tawke dpyrme cnocobbl  MOHWM3WTL  BO3AENCTBUE
HexxenaTenbHO BbICOKMX TeMnepaTtyp Ha MOBEPXHOCTU cucTeMbl. Hanpumep,
obnactn nepeHoca Tenna MOryT ObiTb W3rOTOBMAEHbI C WCMOMb30BaHWEM
yCTON4YMBbIX (M 0ObIMHO Gonee goporunx) Tpy6 BOMM3NM KOHEYHOW CTaawu, rae
TemnepaTtypbl 06bI4HO GbIBaOT Hanbonee BbICOKUMU.

B pononHeHne, mexgy peaktopamu CUCTEMbl PUOPMUHIA  MOXHO
[o6aBnATL cBEpXHarpeTbin BOAOPOA. Takke MOXHO ucnonb3oBaTb 6onee
BbICOKMA 3apag katanusatopa. Kpome TOro, moxHo 6Gonee wvacto
pereHepupoBaTb KaTanusatop. B cnyvae pereHepauuv katanusatopa ee
nyylwe npoBOAWTb, WUCMOMb3yA MpOLEecC C ABWXKYLUMMCH JoXeM, Korga
KaTanusaTtop u3Bnekaetca W3 UHANBLHOrO foXa, pereHepupyeTcs U
3apshxaeTcs B NepBoe JoXe.

HayrnepaxvBanne w pacnbineHve MeTanna MoryT ObiTb  Takke
MUWHUMU3NPOBAHbI B HU3KO-CEPHOW pEaKTOPHOW cucteme pudopMuHra,
paccmatpuBaeMon B M306peTeHnM C MCMONb30BaHMEM HEKOTOPbIX OPYruX
HOBbIX KOHGMrypaumn oGOpyAOBaHWS W YCMOBWWA NpOTEKaHWs npolecca.
Hanpumep, peaktopHas cuctema MOXeT ObiTb CKOHCTpyMpoBaHa C
3TanMpoBaHHbIMM  HarpesaTensMu w/wnu Tpybamu. [pyrumu  crnosamu,
HarpeBaTenu unu Tpybbl, KOTOpble HaxoAaTcs B Hanbonee aKCTpeMarbHbIX
TeMnepaTypHbIX  YCMOBUSIX B  PEaKTOpHOW cucteme, MoOryT  ObITb
CKOHCTPYMpOBaHbl U3 MaTepuanos, bonee yCTOMYMBLIX K HayrnepaxnsBaHuio,
YyeM MaTepuanbl, OObIMHO MWCNOMb3yeMble B KOHCTPYKLUMSIX pPEeaKTOPHOW
cucTembl puOpPMUHra, TakMMy MaTtepuanamu, Kak OnMCaHHble BbIle.
Harpesatenn wnu TpyObl, KOTOpble He HaxoOdTCA B YCIOBUAX
KCTPeMarbHbIX TemnepaTyp, MOXHO MPOAOMKaTb KOHCTpyMpoBaTb U3
06bIYHbIX MaTeprarnos.

C uncnonb3oBaHWEM Takoro No3TanHOro KOHCTPYMPOBaHWSA peaKTOpPHON
CMCTEMbl CTAHOBUTCH BO3MOXHbIM YMEHbLUMTb MOMHY CTOMMOCTb CUCTEMBI
(nockornbKy yCTOMYMBBIE K HAYTNepaXuBaHUio Matepuansl ABNsioTca B o6LLem
cnyyae 6onee JopornMu, Yem obblYHblIE MaTepuansl), obecneunsas npy 3Tom
AOCTaTOYHYI0 YCTOMYMBOCTb PEaKTOPHOM CUCTEMbI K HAYINepaXuBaHWIO |
pacnbiNeHnio  MeTanna B YCNOBUSX  HU3KO-CEPHOro  pudOpMUHra.
JononHutensHo aTo AOIMKHO obecneynTb nepeobopynoBaHue
CYLLIECTBYIOLLMX PeaKTOPHbIX CUCTEM PUOPMUHIa ¢ TeM, 4TOObl caenatb Mx
YCTOMYMBBLIMUN K HAYrNepaxuBaHUIO U pacrbINeHnio MeTanna B HU3KO-CepHbIX
ycrnoBusix paboTbl; MOCKOMIbKY MO3TanHoe KOHCTPYMpOBaHWe Mo3BONseT
3aMeHUTb Unu MoandurumnpoBaTe bonee Menkve YacTu PeakTOPHOW CUCTEMBI.

PeaktopHas cuctema moxeT Tawke paboTaTb C UCMONb30OBaHWEM MO
KpanHen mepe OBYX TeMnepaTypHbIX 30H; MO KpawHew Mepe ogHa c bonee
BbICOKMMW 1 ogHa ¢ Bornee HM3KMMK TemnepaTypamu. STOT NOAXOL OCHOBaH
Ha HabniogeHun, YTO pacnbiNeHne MeTanna wuMmeeT TemnepaTypHbIv
MakCMMyM M MWUHUMYM, Bbllle W  HWXE KOTOPbIX pacrbifeHne
MUHMMU3NMpoBaHo. [loatomy TepmuH "Gonee BbICOkME" TemnepaTtypbl
O3HayaeT, YTo TemnepaTtypbl ABMsOTCA BGonee BbICOKMMM, YeM Te, KOTopble
00ObI4YHO UCMOMb3YIOTCA B PeakTOPHbIX CUCTeMax pucopMuHra, U Bbllle, Yem
TemnepaTypHbii  MakCuMym  pacnbineHus. TepmuH "Gonee  Huskue"
TemnepaTtypbl O3Ha4yaeT, YTo TemnepaTtypa paBHa Unu HaxoauTcs BOnMan Tex
Temnepartyp, npu KOTOpbIX OObIMHO MPOBOAUTCS Npouecc pudOpMUHra, K
HUXe Tex TemnepaTtyp, MpU KOTOPbIX pacrnbifieHne MeTanna CTaHOBMTCH
npobnemoli.

Pabota pasnuuHbiXx YacTel peaKkTOPHOMW CUCTeMbl B  PasfUyHbIX
TemMnepaTypHbIX 30Hax [OIbKHA YMeHbLWTb pacnbifieHne metanna no
CpaBHEHWI0O C peakTopHOW cucTeMol, paboTatowen npu TemnepaTtypax,
CcnocobCTBYOWMX pachbiNeHnio  MeTanna. Takke Apyrve npeuMyllectsa
TaKUX KOHCTPYKLIMI BKNIOYAIOT YNyyLEeHHY0 3 deKTMBHOCTbL TennonepeHoca
N BO3MOXHOCTb YMEHbLUNTb pasmepbl 060pyA0BaHUS, MOCKOMbKY HEKOTOPbIE
YacTn cuctembl paboTatoT npu 6Gornee BbLICOKMX TemnepaTypax. OpHako
paboTa HEeKOTOPbIX YacTel PeaKTOPHON CUCTEMbI HA YPOBHSIX BbILLE W HUKE
TeX, KOTopble CMocobCTBYIOT pacnbineHuio MeTanna, OygeT  Tomnbko
MWHUMW3NPOBATb, HO HE MO3BOMIUT MOMHOCTLIO M3BerHyTb TemnepaTypHOWN
obnacTtn, B KOTOPOW MMeeT MecTO pacnbineHvne MmeTtanna. Ee nonHocTblo



n3berHyTb Henb3a BcrieAcTBue rykTyauun TemnepaTtypbl, KOTOpble UMEeKT
MECTO B TeYeHue exegHEeBHON paboTbl peakTOpHOM CUCTEMbI pUdOpMUHra,
0ocobeHHO nyKTyaumm B TeYeHUe MPOLIECCOB BKMOYEHUS U BbIKITHOYEHWS
CcUCTEMbI, TemnepaTypHbIX rykTyauMm B npouecce UMKIUPOBaHUSA U
TemnepaTtypHbiXx nyKTyaumu, KoTopble OyayT MMeTb MECTO Mpu Harpese
XWAKOCTEWN B peakTOpHOW cucteme.

Opyro nogxod K MWHMMU3aALUW pacnbifneHus MeTtanna CocTouT B
obecnevyeHnn HarpeBa CUCTEMbI C  MWCMOMb30OBaHWEM CBepXHarpeTbixX
CbIpbEBbIX MartepuanoB (TakMx Kak, Hafnpumep, BOAOPOA), MUHUMU3WPYS
TakvM 06pa3omM NoTpebHOCTb HarpeBa YrineBoA0pPOA0OB Yepes CTEHKN Neyu.

Ewe oavH nogxod K mopudukaumy npouecca COCTOUT B CHabXeHWU
npeaBapuTenbHO  CYLLECTBYIOLWEN pPeaKkTOpPHOM  CUCTEeMbl  pudOpMUHra
Tpybamn 6Gonblero puameTpa w/wunu  OonblUe  CKOPOCTbIO  TeYeHust
npoayktoB B Tpybax. Mcnonb3osaHnue Tpy6 Oonbliero guvametpa w/wnu
bonblinx ckopocTen B Tpybax OygeT MUHUMU3MPOBATbL BO34ENCTBUE
YrneBOAOPOAOB HA HarpeTble NOBEPXHOCTU PEAKTOPHON CUCTEMBI.

Kak oTmevanocb Bbllle, KaTanuTUYeckuii pudOpMUHT SABRSETCA XOPOLLIO
W3BECTHbIM MPOLECCOM B HE(TAHOM NPOMBILLNEHHOCTU U UCMNOMb3yeTca And
06paboTkn HedTAHbIX pakuMin ANa YrydlleHUs OKTaHOBOro 4ucna nytem
Npou3BOACTBa apoMaTUYeCKUX coefuHeHui. Hambonee BaxHble peakuuu
yrneBsogopoaoB, KOTOpble UMEKOT MECTO B NpoLecce pudOpMUHra, BKYaoT
AernaporeHn3anmnio  LMKIOrekCaHoB K apoMaTUYeCKUM  COEAUHEHUSM,
Aerngponsomepusaumio ankunuuKnoneHTaHoB K apomMaTnyeckum
COEOMHEHVAM W OEerMapounKnmM3aumio  aumkiuyeckux YrieBoAopoadoB K
apoMaTuyeckum coeguHeHusm. B gononHeHve, uMeeT MeCcTo Takke
HEeKoTOpoe  4YMCro  ApYyrux  peakuun, BKMoYaa  JeankunupoBaHue
ankunbeHs3onoB, M3oMepusaumio napadguHoOB M peakumMn rMOPOKPEKMHra, B
pesynbTate KOTOpbIX 0OpasyloTcs nerkve rasoobpasHble yrrneBonopoab,
HanpyMep MeTaH, 3TaH, nponaH W OyTaH; 3T peakuuu TMOPOKPEKUHra
AOMKHbl  ObITb  MMHUMWM3MPOBAHBLI B TeyeHue npouecca pUdOPMUHra,
MOCKOMbKY OHW YMEHbLUAKT BbIXOA ra30fMHOBLIX KUMALWMX MNPOAYKTOB W
Bogopopa. Takum obpa3om, ucnonb3dyembii 34ecb TepMuH “"pudbopmuHr”
OTHOCUTCA K 0OpaboTke yrneBoAOPOAHOrO Cbipbs MYTEM MCMOMb30BaHMS
ogHou unu Gornee peakuuid, B KOTOPbIX MPOU3BOASITCA apoMaTUyeckue
coeauHeHWs,, C Uenbil nomnyyeHuss oboraleHHOro apomaTU4ecKumu
coeguHeHuaAMU npoaykta (T. €. MNpoayKTa, CcoAepXaHue apoMaTUyecKux
coeauHEeHWI B KOTOpoM BorbLue, YeM B ChIpbe).

XoTs1 HacTosilee M300peTeHVMe HamnpaBneHo B MepBY odepedb Ha
KaTanuTuyeckun prudOPMUHT, OHO MOXET ObiTb MonesHbiM B 06LieM crnyyae
npu NpPOU3BOACTBE apOMaTMYECKMX  YrMEeBOAOPOAOB M3  PasfnnyHOro
YrMeBOAOPOAHOrO Chbipbs B YCMOBUSAX HU3KOTO COAEpPXaHus cepbl. TO ecTb,
XOTH KaTanMTUYeckuin pudOPMUHT TUMNYHO OTHOCUTCH K KOHBEPCUW CbIPON
HedTW, C TaKMM e YCNexXoM MOXHO obpabaTbiBaTb ApYroe cbipbe Ansi
nonyyeHusi oboralleHHOro apoMaTU4YeCKMMU COEAVMHEHUSMU  MPOAYKTa.
Takum  obpa3oM, XOTss  KOHBEPCUSI  ChbIpOK HedTM  ABnNgAeTcA
npeanoyTUTENbHLIM BOMMOLWEHNEM, HO HacTosiliee Wu3obpeTeHue MoxeT
ObITb MOME3HbIM Ans KOHBEPCUWM UMM apomaTtu3aumMu MHOXeCTBa TUIOB
Cblpbd, TakMx Kak napadwvHOBbIE  yrnmeBogopodbl,  orneduHoBble
YrMeBOAOPOAbI, aleTUNEHOoBbIE YINeBO4OPOabl, LIMKNMYeckne napaduHoBbIE
YrMeBOAOPOAbI, LMKIMYeckne orneduHoBbIE YrMeBOAOPOAbl, UX CMecu U
0COBEHHO HaCbILLEHHbIE YrNeBOAOPOAbI.

Mpumepamun napadurHOBLIX YrNeBoOOPOAOB SBNSAOTCA YrneBogopoabl,
umetowwme oT 6 go 10 aToMoB yrnepoaa, TakMe Kak N-rekcaH, MeTunneHTaH, n-
rentaH, MeTUNrekcaH, AMMETUNneHTaH W n-oktaH. [lpumepamu
aueTMNEeHOBBIX YINIEBOAOPOAOB CryXaT yrrnesogopoasl, umetowme ot 6 go 10
aTOMOB yrrepoja, TaKMe Kak TeKCWH, TrenTMH W OKTWH. [lpumepamwu
aUMKIUYECKMX napaduHOBBLIX YrNEeBOAOPOAOB SBMAAIOTCA YrneBogopoabl,
umerowme ot 6 go 10 aTtomoB yrrepoda, TakMe Kak MEeTUSILMKITONEHTaH,
UMKrorekcaH, MeTWUMUUKIIorekcaH U OUMEeTUNUMKIOrekcaH. TUnNUYHbIMK
npyuMepaMum  LUMKNUYECKMX  OfedUHOBbIX  YrMeBOAOPOAOB  SABMSIOTCA
yrnesogopoabl, umMmetowme oTr 6 go 10 atoMoB yrmepoda, Takue Kak
MEeTUNUUKNONEHTaH, LMKMOreKceH, MEeTUNLUMKIOrekCeH "
ANMETUMNLMKIOTEKCEH.

HacToswee n3obpeteHne GypeT Takke MonesHbiM Ans pudOpMuHra B
HU3KOCEPHbIX  YCMOBUAX C  WUCMOMb30BaHMEM MHOXECTBA  PasfUYHbIX
Katanu3aTtopoB pudopmMuHra. Takme KaTanu3aTopbl BKMYAKT, HO He
orpaHunymBatoTcs GnaropogHeiMn meTannamu VI rpynnbl Ha TyronnaBkux
HeopraHM4yecknx OKMCNax, TakUX Kak nnatMHa Ha rnuHoseme u Pt/Re Ha
rmuHo3eme; 6naropogHble metannsl VIII rpynnel Ha LeonuTe, Takue kak Pt,
Pt/Sn 1 Pt/Re Ha ueonutax, Takux kak L-ueonutbl, ZSM-5, cunukanut un beta;



6naropogHble mMetannbl VI rpynnbl Ha LIENOYHbIX U LLENOYHO-3eMENbHbIX
06MeHHBIX L-Leonurax.

MpepnoytutensHoe  BoMmowleHne  mn3obpeTeHuss  nogpasymeBaeT
nucnonb3oBaHne CUMNBbHO-NOPUCTOrO LeOnN1THOro Katanusartopa,
BKMOYAOLWEro  WernovHble WM LWeroYyHo-3eMefNbHble  MeTannbl U
3apshkeHHoro ogHuM wunum  6onee wmetannos VIl rpynnel.  Havbonee
NpeanoyYTUTENbHLIM ABMSETCA BOMMOLWEHWe, B KOTOPOM TakoW kaTanu3aTtop
ucnonb3yeTcs Ans pudpopmuHra cbipon HedTu.

TepMUH "CUNBHO-NOPUCTBLIN  LEONUT" OTHOCUTCA OOBLIMHO K LEeonuTty,
umerowemy adpdekTMBHbIn AnameTp nop OT 6 pfgo 15 aHrcTpem.
[MpeanovtTUTENBEHO CUNBHO-MOPUCTBIE KpUCTannMyeckne LUeonuThl, KoTopble
ABMAIOTCA NOME3HbIMU B HACTOSILLLEM M300peTeHun, BKIOYAKT LEeonuT Tuna
L, ueonut X, ueormut Y u oAsuT. ITM LEONUTbl MMEKT noaxoasawmne
pasmMepbl nop nopsgka ot 7 Ao 9 axrctpem. Hambonee npegnoyTUTEnbHbLIM
LeonuToM aBnseTcs Leonut tuna L.

CoctaB ueonuta Tuna L, BbIpaXeHHbI B MOMSAPHLIX OTHOLUEHWUSIX
OKMCNOB, MOXeT BbITb NpefAcTaBneH B BUAE cneaytoLen opmyrnbi:

(0,9 - 1,3)M2inO : Al203 (5,2 - 6,9) SiOz : yH20

B BblwenpuBegeHHon dopmyne M npeactaBnseTr  KaTUOH, N
npencTaBnsaeT BaneHTHocTb M 1y MmoxeT 6biTe ntoGor BenuymHow ot 0 go 9.
Lieonut L, kapTnHa gudpakumm Ha HemM PeHTreHOBCKUX fyYen, ero CBOMCTBa
N MeToA ero MU3roToBrneHus NoapobHO onucaHbl, Hanpumep, B nateHTe CLUA
Ne 3,216,789, Ha KoTOpbIA Mbl 30eCb ccbinaemcs. PeanbHasa doopmyna MoxeT
U3MEHATbCA 0e3 UW3MEHEHUsA KpucTannmnyeckon CTpPykTypbl. Hanpumep,
MONSAPHOE OTHOLLUEHWE KPEMHUSA K antoMuHuto (Si/Al) MOXeT M3MeHsTbCa OT
1,0 no 3,5.

XumMmnyeckas dopmyna ueonuta Y, BblpaXeHHas B TEPMUHAX MOMSPHbLIX
OTHOLLIEHMI OKUCIIOB, MOXET ObITb 3anMcaHa Kak:

(0,7 -1,1) Naz0 : Al20s : xSiOz : yH20

B BbllwenpuBegeHHon dopmyne X - BenuymHa 6onblias, yem 3, BNNoTb
40 6, y MOXeT nMeTb 3HaveHne BnnoTb A0 9. Lleonnt Y nmeeTt xapakrepHyto
KapTVHY PEHTreHOBCKOW AupakuMm Ha MNOpPOLLKE, KOTOPYH  MOXHO
Ucrnonb3oBaTh BMECTE C BblluenpuBeAeHHOW hopMynon Ansa naeHTudmkaumm.
Lleonnt Y ouyeHb nogpobHo onucaH B nateHTe CLUA Ne 3,130,007, Ha
KOTOPbIV Mbl 30eCb CChlrlaemcsl.

Lleonut X npeacrtaBnsieT coboll  CUMHTETUYECKOE KpUCTanmmyeckoe
LeoNUTHOE MONEKYNSApHOE CUTO, KOTOPOE MOXHO NpeacTaBuTb (hopMyron:

(0,7 - 1,1)M2mO : Al203: (2,0 - 3,0)SiO2 : yH20

B BbiwenpuBeneHHon copmyne M npeacrtaBnseT meTtansn, B YacTHOCTU
LLENTOYHOW WKW LWEeNoYHO-3EMENbHBIM MeTanm, N - BaneHTHOCTb MeTanna, y
MOXeT nmeTb nioboe 3HavyeHne BNNOTb A0 8 B 3aBUCUMOCTU OT KOHKPETHOrO
MeTarnna v oT CTeneHn BOOHOCTU Kpuctannuyeckoro ueonuta. Lleonut X, ero
peHTreHoBckas AWPaKLMOHHAa KapTuUHa, ero CBOWCTBA W MeTon ero
M3roToBreHns noapobHo onucaHbl B nateHTe CLUA Ne 2,882,244, Ha kOTOpbIN
Mbl 34€Cb CCblriaemcs.

B cunbHo-mopuctomM  uUeonuTe  NpeanoyvTUTENbHO  MPUCYTCTBYET
LWEenoYHON WNn LWernoYHo-3eMernbHbId MeTann. 3ToT LWenoYHOo3eMerbHbIN
MeTann MoXeT ObiTb Gapmem, CTPOHUMEM UMW KarnbuveMm, NPeanovTUTENsHO
6apvem. LLlenoyHo3eMenbHbIN MeTann MOXeT ObiTb BHEAPEH B LIEONUT Mpu
CMHTE3e, MyTemM MponMuTKU unn mMeToaom obmeHa unoHoB. Bapun sBnsetcs
nNpeanovTUTENbHBIM Nepes OPYrMMU LLEMOYHbIMU 3EeMNSMU, MOCKOMbKY OH
AaeT  HeCKOMbKO  MEHbLUYHD  KMCMOTHOCTb  kaTtanusatopa. CunbHas
KMCNOTHOCTb $SIBNSIETCS HeXenaTernbHOMW B KaTanu3atope, MOCKOMbKy OHa
CcnocobCTBYET KPEKMHTY, NPUBOAS K MEHbLUEN N30MpPaTenbHOCTY.

B apyrom BonnoLwieHun no kpaviHem Mepe YacTb LWEenovHoro metanna
MOXHO OOMEHsITb Ha Gapuii, UCMONb3ysi U3BECTHbLIN MeTod oOMeHa MOHOB B
ueonuTtax. OTOT METOA 3aKM4aeTcs B KOHTaKTMpoOBaHUM LeonuTa C
pacTBOpPOM, COAepXawmm u3bbiTouHble MOHbI Ba**. B 3TOM BOMMoOLlEHMM
Gapuin gormkeH npeanovTuTenbHo coctaensatb oT 0,1% go 35% oT Beca
ueonura.

CunbHo-nopucTble  LEONUTHble  KaTanu3aTopbl, WUCMNOMb3yemble B
n306peTeHnn, 3apsbkeHbl oaHnM nnu 6onee metannos VIII rpynnel, Hanpumep
HUKerneMm, pyTeHuem, poavem, nannagvem, wpuavem unuv  nnaTuHOMW.
MpegnoytutensHbiMmu MmeTannamu VI rpynnel ABRAATCA puani n 0Co6eHHO
nnatuHa. OTM MeTannbl ABNATCA 6onee n3brpaTenbHbIMU MO OTHOLLEHWIO K
AEernapouuKnu3aLum, 1M OHWM Takke dABnaTca 6Oonee crtabunbHbIMM B
YCNoBUAX peakuun germapoumknusauuum, yem gpyrne metannsl VI rpynnbl.
Mpn wncnonb3oBaHWM nNpeanovTUTENbHLIA BECOBOW MPOLEHT MNnaTtuHbl B
KaTanusatope nexut mexay 0,1% u 5%.

Metannbel VIII rpynnbl BBOAATCA B CUNbHO-MOPUCTbIE LEONUTLI MpU



CVHTE3e, NyTeM MNpPONUTKM unM obmeHa B BOOHOM pacTBOPE MNOAXOASLLEN
conun. Ecnu xenaTtenbHo BBeCcTU B LeonuT aBa metanna VIl rpynnel, TO aTu
onepaumMm  MoOryT ObiTb  npoBeAdeHbl NGO  OOHOBPEMEHHO, NbO
nocnegoBaTernbHO.

Ons nonyyeHusa 6Goree MOMHOMO MOHWMaHWS HacToSALWEro u3obpeTeHus
HWKe npuBedeHbl crnefywolme npuMepbl, WNNIOCTPUPYIOWNE HeEKoTopble
acnekTbl n3obpeTeHnss. Heobxoaumo noHMMaTtb, OOHAKO, YTO u3obpeTeHue
HMKOUM  obpa3om He  OrpaHu4MBaeTCsl  OTAEeNbHbIMW  AeTansamu,
npuBeaEeHHbIMU HUXE B 3TUX NpUMepax.

MPUMEP 1

Bbinn npoBeAeHbl TeCTbl ANS 4EMOHCTPALMN BIIMAHUSA Cepbl U BOAbl Ha
HayrnepaxuBaHve B peaktopax pudopMuHra.

B atux Tectax Ans uM3ydYeHUs HayrnepaxvBaHUs M pacTpecKMBaHUS
NPOBOSOKM N3 347 HepxxaBetoLen cTany Bbinn NCNonNb3oBaHbl MeAHble TPyObI
BOCbMW AOMMOB B ANIMHY W C HApYXHbIM AvameTpom 1/4 gionma. Tpu n3 aTnx
NPOBOSIOK U3 HepxxaBetoLen ctanu, nvetowmne anametp 0,035 gronma, Gbinm
BCTaBreHbl B Tpyby, B TO BpeMsi kak 4yacTb Tpybbl, ANNHON YeTbipe ANMa,
BblAEpXMBanach npu ogHopogHon Temnepartype B 1250°F B neun. [JaBnexue
B cucTeMe nopaepxvsanoch npu 50 psig. B peaktop 6bin BBEAEH rekcaH co
ckopocTblo 25 Mukponutpos/muH (1,5 mn/yac) n Bogopond CO CKOPOCTbHO
25cm3/MuH  (oTHoweHne H2 k yrmeBogopofam coctaBnsno 5 @ 1). B
NCTEeKaLMX NPOAYKTaxX M3MEPANOChk COAEepXaHNe MeTaHa Ans onpeaeneHus
CYLLIECTBOBAHUS 9K30TEPMUYECKMX METAHOBbLIX PeaKLNNA.

Bbina BbINOMHEHa KOHTPOMbHAasi MPOroHKa C MUCMONb30BaHWEM OCOOEHHO
YNCTOrO TreKkcaHa, cogepxawero meHee, 4em 0,2 ppm cepbl. bbino
o6HapyxeHo, 4YTo TpybGa NOMHOCTHIO 3arofiHEHA YrneponoM TONbKO Mocrne
Tpex 4acoB. 3TO He TOMbKO OCTaHOBWUIO MOTOK BOAOPOLA W TEKCaHOBOIro
Cblpbs, POCT yrnepoga pearnbHo paclienun Tpyby u obpasoBan HannbiBbl B
peakTtope. CoaepxaHue MeTaHa B MCTEKalOLWMX NpoaykTax coctaensano 60 -
80 Bec.% nepepn 3aKynopKon.

Bbina BbINONHEHA Apyras NPoroHka ¢ UCNOoNb30BaHUEM CYLLECTBEHHO TEX
XKe YCNoBWI 3a WUCKMYeHWem Toro, 4To 6bino gobasneHo 10 ppm cepsbl.
MporoHka npogommkanack B TedeHme 50 yacoB nepen ee OCTaHOBKOW OIS
uccrneaoBaHus MpoBOSIOK. HWKakoro yBenuueHws copepXaHusi MeTaHa He
ObiNo 3amMeyveHO B TeuveHue nporoHkn. OHO ocTaBanocb MOCTOSIHHLIM Ha
ypoBHe okorno 16 Bec.% BcneacTBMe TEpPMUYECKOro KpekuHra. He Obino
OGHapy>XeHO  HUWKaKMx  KOKCOBbIX  mpobok, W He  Habnwpanoch
HayrnepaxuBaHue cTasnbHbIX MPOBOSIOK.

Bbina BbINOMHEHa elle O4HAa WMAEHTUYHAsA MPOrOHKa, 3a MCKIHYEHUEM
TOro, 4TO TOnbko 1 ppm cepbl 660 AobasneHo (B 10 pa3 meHbLUe, Yem npu
npeablgylen nporoHke). 3Ta MNpOoroHka rokasana HesHaunTenbHoe
obpa3oBaHne MeTaHa wunu 3akynopky nocne 48 uvacoB. Wccneposanue
CTanbHbIX NPOBOSIOK NOKa3ano Manoe Konm4ecTBO NMOBEPXHOCTHOrO yrnepoaa
W OTCYTCTBUE YrnepoaHbIX Nonoc.

Bbina BbINOMHEHa elle ofHa MPOroHka C TeM OTMMYMEM, YTO B rekcaH
6bina pobaeneHa Boga B konudectse 1000 ppm (0,1%) B BuAe metaHona.
Cepa He pobaensanacek. lNporoHka npogormkanacb B TeyeHve 16 vacos, npu
3TOM B peakTope He obpasoBbiBanucb Npobku. OgHako nocre pacliensneHms
TpyObl ObINIO 0OHapyxeHo, YTo okono 50% Tpybbl 3anonHeHo yrnepogom. Ho
pocT yrnepoaa He Oblnl HACTONMBKO PE3KUM, KaK NMpu KOHTPOJbHOW NMPOrOHKe.

MPUMEP 2

Cnepayowme TecTbl GbINn NpoBeAeHbl Ans onpeneneHusl Noaxoasillumx
MaTepuanoB AN UCMOMb30BaHUS B HU3KO-CEPHbLIX PEeakTOPHbIX CUCTEMAx
pUdOpPMUHra;  MaTepuanoB, KOTOpble AOMKHbl  MPOSIBNSATH  Ny4llyto
YCTOMYMBOCTb K  HayrfiepaXuBaHUIO, YeM Msrkume crtanu, O06bIYHO
ncnosnb3yemMble B METOANKE HU3KOCEPHOIO pUGOPMUHTa.

B atnx Tectax Obln Mcnonb3oBaH annapar, BKIHOYAKLWMIA [MMHO3EMHYHO
neyHyto Tpyby JlnHabepra ¢ TemnepaTypon, KOHTPONIMPYEMOW C TOYHOCTbIO
[0 OJHOro rpagyca npu nomoLuy Tepmonapbl, YCTaHOBIEHHON Ha BHELUHEWN
NMOBEPXHOCTM TpyObl B Harpeton 3oHe. lMeuvHasi TpyGa vmena BHYTPEHHWIA
avametp 5/8 pawnma. bBbino nNpoBeAeHO  HECKOMbKO MPOroHOK  Mnpu
Temnepartypax 1200°F ¢ ucnonb3oBaHnem TepMonapsbl, NOABELLUEHHON BHYTPU
ropsiiert 30Hbl (®2 atovima) Tpybbl. BHyTpeHHAss Tepmonapa MOCTOSHHO
nokasbiBana Temnepatypbl Ha 0 - 10°F MeHbLUMe, YeM BHELUHSS Tepmonapa.

Ob6pasupl Msarkux ctanen (C cranb u 214 Cr) n obpasubl 300 cepuu
HepaBetowmx ctanen Obim ucnbitanel npy 1100°F, 1150°F n 1200°F B
TeyeHve ABaguaty yeTblpex 4acoB u npu 1100°F B TeuyeHwe AeBsiHOCTa
4YacoB, B YCMOBWSIX, KOTOpble MOLENUPYIT BLIAEPXKKY MaTepuanoB B
YCINOBUSIX HU3KO-CepHOro pudopmumHra. O6pasubl pasnuyHbIX MaTepuanos
ObinM pacnonoXeHbl B OTKPbITbIX KBapLEBbLIX NOAOYKAX BHYTPU HarpeTtow



30HbI NeYHon TpyObl. JlogoyukM MMenu oauH AlonM B AnvHY 1M 1/2 glovima B
LWMPVMHY W XOpOLUO MOMELLAnMCb BHYTPU ABYXANWMOBOW rOpsYen 30Hbl
TpyObl. Jlogoukn ObinM  NpPUKPEnseHbl K KPEMHE3EMHbIM  CTEKNSHHbIM
CTEPXXHAM ONS nomelleHus B Tpyby u yoaneHusi. BHyTpeHHMe Tepmonapbl He
MCMOonb30Banuch, Koraa fogoyku nomMeLlanucb BHyTpU Tpyobl.

Mepen Havanom Tecta Tpyba Gbina NpoMbiTa NOTOKOM a30Ta B TeYeHue
HECKOMbKMX MWHYT. HayrnepaxuBawwuin ra3 B BuAe KOMMEPYECKU
NPUroTOBMNEHHOW cMecn M3 7% nponaHa B BOOOPOAE Npornyckancs yepes
nuTposyto nAry Tonyona npu KOMHaTHOM TemnepaType ¢ TeM, 4Tobbl BBECTU
okorno 1% Tonmyoma B nuTalwolyl rasoBylo cMmecb. B annaparte
nogaepXkvBanucb aTMocqepHoe AaBfieHVe M ra3oBbl NOTOK B Npedenax oT
25 go 30cm3/muH. O6Gpasubl goBoaunuck A0 paboyeit TemnepaTypbl CO
ckopocTbio 144°F/MUH.

lMocne BblOEpXKM MaTepuanoB B HayrnepaxuBallleMm rase B TeyeHue
XenatenbHOro nepuoda Mpu  XenaTenbHOW TemnepaTtype annapart
oxnaxgancs NoTOKOM BO34yxa, HanpaBieHHbIM Ha BHELLHIOK MOBEPXHOCTb
Tpybbl. Koroa annapat Obin AOCTaTOMHO XOMOAHbLIM, YrNEeBOAOPOAHbLIN ra3
yoananca npu noMoliM asoTa, M fofoyvka BblHMManacb w3 Tpybbl ans
nccrneaoBaHusa U aHanuaa.

Mepen Hayanom wucnbiTaHWi mMaTepuanbl obpes3anuncb Mo pasmepam U
dopme, noaxoAsAWMM AN HemeOneHHOW Bu3yanbHOW uaeHTUdUKaLmK.
Mocne nwbow npenBapuTensHo 0OpabOTKM, TaKOM Kak O4vMCTKa Wnn
npoxapka, obpasubl B3BelwuBanucb. bonbluMHCTBO 06pasLoB Becunu
MeHbLue, yem 300 mr. TunnyHO Kaxagas NpOroHka MposoAaunacb C Tpems-
natbto  obpasuammn B nogouvke. O6pasey 347 HepxaBewLllen crTanu
NpUCYTCTBOBAI MPW KaX40W NPOroHKe B Ka4eCTBe BHYTPEHHEro cTaHaapTa.

Mocne BbINONMHEHUS KaXO0W MPOrOHKM YCIIOBUS, B KOTOPbIX HAXOOUNUCH
noJouyka u kaxapli Mmatepuarn, TwartenbHO dmkcupoBanuc. Jlogoyka o6bl4HO
doTorpachmpoBanack. 3aTeM Kaxabll  Matepuan B3BeluMBasica  Ans
onpegeneHns U3MEHEeHW, MposIBNsiA MNpuM  STOM  OCTOPOXHOCTb  Anis
COXpaHeHus1 MobbIX OTMOXEHWA KOKCa Ha COOTBETCTBYHOLLMX MaTepuanax
noanoxku. Obpasupbl 3aTeM 3anNuBanmcb B 3MNOKCUAHYIO CMOIY, FPYHTOBanmch
M nonupoBanucb C Tem, 4ToObl MPUrOTOBUTbL UX ANs nNeTporpaduyeckoro
aHanuM3a W aHanusa Ha 9MeKTPOHHOM CKaHUpYHLWEM MWKpockone Ans
onpeneneHns KOKCOBaHWs, pachbifieHnst MeTanna u  HayrnepaxuBaHus
Kakgoro maTepuana.

C HeobxoouMOCTbIO Bpemsl BbIOEPXKKM B Hayrnepaxusarollem rase,
ucnonb3yemoe B 3TUX TecTax, OblNo 3HAaYNTENBHO BhILLE, YEM MPU TUMUYHbIX
KOMMEpPYECKNX onepauusx. Takum ob6pasom, cunTanocs, 4yTO
9KCMEepUMeEHTarnbHble  ycrioBust MoryT ObiTb  Oomee  peskumu, Yem
KOMMepuUeckne ycnoBusi. Hekotopble n3 matepuanos, KOTOpble HE BbITEprenu
9TUX MCMbITAHUNA, BMOMHE MOryT OblTb KOMMEPYECKM HaAeXHbIMU. Tem He
MeHee, TecT obecneyvBaeT HaAeXHbIi MNokasaTeflb OTHOCUTENbHOWM
YCTOMYMBOCTW MaTepmarnoB K KOKCOBaHWIO, HayrnepaXxmsaHuio 1 pacrbliieHno
MeTanna.

Pe3ynbTaThl ncnbiTaHWin NpuBeaeHbI B cneaytollei Tabnuue 1.

TABJITNLIA 1*
Bec. %
Mpupoctal PacnbineHne | Coctas
C
1200°F; 24 vacal
C ctanb 86 Peskoe
214Cr 61 Peskoe
304 Manbin Het 18Cr10Ni
347 Manbin Het 18Cr10Ni
1150°F; 24 vacal
C ctanb 63 Peskoe
214Cr 80 Peskoe
304 1 Het
347 1 Het
1100°F; 24 yaca|
Cnepgpl
C ctanb Cnepbl | nokanusoBaH-
Hble
214Cr 0 Het
304 0 Het
347 0 Het




1100°F; 90
yacoB
C ctanb 52 Peskoe
214Cr 62 Peskoe
304 5 Het
347 1 Het

*15% C7Hs + 50% CsHs + Hz (no Becy)

KoHe4Ho, BbllWenpuBeaeHHble pe3ynbTaTbl SBNSOTCA KAa4eCTBEHHBIMU Y
3aBUCAT OT  MOpPAONOrMM  MOBEPXHOCTW, T. €. MUKPOCKOMUYECKON
LepoxoBaTocTu MeTannos. [1pnpocT Beca yrnepoaa sIBNSeTCA MHOUKAaTOPOM
NOBEPXHOCTHOIO KOKCOBaHUSA, KOTOPOE SIBNAETCS aBTOKaTaNMTUYECKUM.

MNPUMEP 3

AHanNOrMYHbIN UCMNONb30BaHHOMY BhbIle MeTof Obinl CHOBa MCMOMNb30BaH
ANsi MPOBEPKU LUMPOKOTO accopTUMEHTa MaTepuanoB npu Temnepatype
1200°F B TeyeHue 16 4yacoB. PesynbTaTbl npeactaeneHbl Hwke. Kaxaas
rpynna npeacTtaBnseT CpaBHEHME PasfMYHbIX MaTepuarnoB, NMOMELLEHHbIX B
OLHY NOAOYKY B MOEHTUYHbIX YCMOBUSIX.

TABNNLA 2D
Bec.%
MpupocTa |PacnbineHne| CocTas
C
pynna 1
MHkoHenb 600 57 Peskoe 15Cr75Ni
347 okucn. @ 21 YMepeHHoe
347 cBexun 4 Het 18Cr10Ni
[pynna 2
MHkoHenb 600 40 Peskoe 15Cr75Ni
310 8 Msrkoe 25Cr20Ni
WHkonown 800 5 YmepeHHoe | 21Cr32Ni
347 Cnepgpl
[pynna 3
WHkonown 825 <1 YMepeHHoe
XerH3 230 2 Msrkoe 22Cr64Ni
Q\ZI;)HMSVIpOBaHHaH 3 Creap!
347 <1 Cnepgpl
pynna 4
Ni (4ucTbin) 656 Peskoe 100 Ni
Cu (4ncTbinn) 0 Het 100 Cu
Sn ) 0 Her 100 Sn
(nepennaBneHHbIN)
Tin Can 0 Het Sn+C
cTanb

(1) 15% C7Hs + 50% C3Hs + H2 (no Becy)
@ MpoxapeHHble Ha BO3Ayxe B TeYeHMe 2 YacoB AN MOSYYEHUS TOHKOW
OKCUOHOW KOPKM

NMPUMEP 4

Bbinn  uccnegoBaHbl  AOMNOMHUTENbHbIE  MaTepuansbl  CHoBa €
UCMONb30BaHWEM METOAOB, OMUCaHHbIX B npumepe 2 (eCriv He OTMEYEHbI
apyrue metogpl).

O6pasupl 446 HepxaBetwollen ctanu n 347 HepxaBerwen ctanu obinu
pasMelleHbl B rofoyke Ans obpasuoB M MCMbITaHbl OOHOBPEMEHHO B
annapaTe ansa HayrnepaxusaHus npu 110°F B TeueHune AByx Hegenb. 446
Hep)aBeloLasa CTanb UMerna TOHKOe KOKCOBOE MOKpbITWe, OOHaKo He Oblno
OTMEYEHO HUKaKMX Apyrux wusmeHeHun. C  gpyrol  CTOpPOHbI, 347
HepXxasetoLas ctanb MMena MaccuBHbIE NTOKaNM3oBaHHbIE OCaXAEHUSA KOKca
n yrnybnexus, rmybuHon 6onee vyem 4muna (Imun = 1 TeicAYHONM Alonma), 13
KOTOpPbIX M3BEpranmnchb KOKC 1 MeTannmyeckas nbisb.

Bbinn ucnbiTaHbl Takke o06pasubl YrMepoaHon cTanu, 3aluleHHble
3MEeKTPOOCAXAEHHLIMU OfI0BOM, cepebpom, meabio n xpomom. OB6pasupbl
UMENW MOKpbITUE TONWMHOW NpubnuamtensHo 0,5mun. MNocne 16-4acoBoro
ucnbiTaTeNbHOrO  Hayrnepaxwusatowero Tecta npu  1200°F kokC He
06pa3oBbIBancsA Ha 3aliMTHON MIEHKEe OCaXAEeHHOro OfioBa U OCaXAEeHHOro
xpoma. Kokc obpasoBbiBancst Ha 3alUTHON NieHke ocaxaeHHoro cepebpa u
OCaXJeHHON MeaW, HO TONMbKO B TeX MecTax, rae MoKpbITUe LenyLwnnocsh.



HesawiieHHble NOKpbITUEM 06pasubl YrnepogHoW cTanv UchbITbiBanuch
OOHOBPEMEHHO C 3alWuuleHHbIMM obpasuamu, [AeMOHCTPUpPYs peskoe
HayrrnepaxuBaHue KOKCOM 1 pacnbinieHve meTtanna.

Bbinv ucnbiTaHbl Takke o6pasubl 3awmweHHon 304 Hep)kaBeloLen
cTanu; Ha Kaxabli obpasel, anekTporarnbBaHWYECKUM METOAOM HaHeCeHo
OOHO W3 MOKpbITUA onoBa, cepebpa, mean n xpoma. O6pasubl mmenu
nokpblTMe ¢ TonwmHoW npubnuantensHo 0,5mun. [locne 16-yacoBoro
ucnbiTaTeNbHOrO  Hayrnepaxwusawmowero Tecta npu  1200°F kokC He
obpa3soBbIiBancs HM Ha OOHOM U3 OCaXAEHHbIX MOKPbITUA, 3a MUCKIHOYEHUEM
nokanbHbIX OCaXAEHW/A Ha 3alUMTHOM MOKPbLITUM W3 OCaXAEHHOW mean B
MecTax, rge MOKpbITUE MMENo B34yTUs W LIenylleHUsi. TOHKOoe MOKpbITue
KoKca Habnoganock Ha HesawumLLeHHbIX 06pa3uax 304 HepXaBetoLLen cTanu,
KOTOpble WCNbITbIBANUCb OOHOBPEMEHHO C OCaXAEHHLIMW  3aLLMTHLIMU
MOKPbLITUSMU.

Bbinn umcnbiTaHbl 06pasubl 3awWmMTHOrO MOKpbITUS 304 HepkaBetoLLen
CcTanu; Ha Kaxabll obpasel anekTporanbBaHUYECKMM METOAOM HaHOCWUMOCh
OOHO M3 TMOKPbITUA ofoBa M Xpoma. ITn obpasubl  WCMbITbIBANUCH
OOHOBPEMEHHO C 00pa3LioM 446 HepXXaBeloLLEeN CTanu B HayrnepaxuBawLLem
Tecte npu 1100°F. O6pasubl BblAEpKMBANMCh B annapate B TeYeHWe NATv
Hepenb. Kaxagyto Hepenw obpasubl  oxnaxganucb A0  KOMHaTHOW
Temnepartypbl Ana HabnogeHus n goTorpaduyeckon AoKymeHTaummn. 3atem
OHU BHOBb HarpeBanucb 0o 1100°F. 3awMTHOE MOKPLITUE M3 OCAXOAEHHOro
onoBa 6bino cBOGOAHO OT KOKCa, 3alUUTHOE MOKPbITUE W3 OCAXKOEHHOro
Xpoma 6bIno Takke cBOGOAHO OT KOKCA, 3a UCKIOYEHMEM JoKarnbHbIX MECT,
roe nokpbiTMe xpoma wwenywnnock. Kycouek 446 HepxxaBetowwen ctanm Obin
OOHOPOHO MOKPbIT KOKCOM.

O6pa3supl HenokpbiToro MHkoHens 600 (75% Ni) M NOKPLITOro ONOBOM
(anekTporanbBaHu4ecknm Metofom) MiHkoHenst 600 (75% Ni) 6binu ncnbitTaHbl
npy 1200°F B TeyeHne 16 yacoB. [lokpbiTbii oOfloBoM obpasey,
3aKOKCOBbIBArCA U pacnbifisncs, HO HEe OO TaKOM CTEMNEHW, KaK HEMOKPbIThbIN
obpaseu.

MPUMEP 5

Bbinv  nocTaBneHbl  crnegywoliMe  SKCNEePUMEHTbl AN U3yYeHus
3K30TEPMUYECKON peakuMm MeTaHu3auun, UMELEN MeCTO B TedeHue
npoueccoB 06pa3oBaHns 1 BbXKUraHUSA KOKCOBbIX LLUAPWKOB MpU pucopmuHre
B YCINOBUSIX H3KOIO coepXkaHusi cepbl. B gononHeHne 6bino n3yyYeHo onogo,
Kak pobaBka, ymeHbLUatoLas obpa3oBaHue MeTaHa.

B peakTopHoOlA cuCTEMe HM3KO-CEpPHOro pudopMuHra 6binnM HangeHbl
OCaXOEHUs KOKCa, COAepXallMe pacniiaBfeHHble YacTU4KM xenesa. Takoe
obpa3oBaHMe pacnnaBfieHHOro >ernesa B Te4YeHue npouecca pudopMUHra
npu Temnepartypax mexagy 900 n 1200°F cumTtaeTtcsi 00yCnoBneHHbIM OYeHb
9K30TEPMUYECKMMU peaKkumUsiMU, MMEKLLUMU MECTO B nNpoLiecce prudOpMUHra.
CuutaeTtcsi, YTO CyLIeCTBYeT TOMbKO OOHa BO3MOXHOCTb TEHEepUpOBaHMWS
TakMx TemnepaTtyp, CBA3aHHas C peakuven obpasoBaHWsi MeTaHa, KoTopas
ABMAETCA OYEHb 3K30TEPMUYECKOW. Bbicokne TemnepaTypbl SBRSOTCA
0COBEHHO  yaAMBUTENBHBIMK, MOCKOMbLKY puchopMuHr, BoobLle rosops,
ABNAETCA SHAOTEPMUYECKUM MO MPUPOLE U pearnbHO CTPEMUTCHA OXNaauTb
peakTopHy0 cuctemy. Bbicokne Temnepartypbl MOTYT reHepMpPOBaTLCS BHYTPU
XOPOLUO M30SMPOBaHHbBIX KOKCOBLIX LUAPMKOB nyTem Auddys3vm Bogopoaa
BHYTPb MECT KaTalMTUYECKOro pacrbieHUs Xenesa, rae OHO kaTanusupyet
o6pas3oBaHMe MeTaHa U3 Kokca U Bogopoaa.

B atom akcnepumeHTe ObinM WMCMONb30BaHbl CTarbHbIE BOMOCKW Afs
n3yyeHuss obpas3oBaHUsi MeTaHa B MareHbKOW OMbITHOW ycTaHoBke. B TpyOy
U3 HepxasetoLen ctanu B 1/4 groima 6bino ynakoaHo 0,14 rpamm cTanbHbIX
BOJIOCKOB, M BCe 3TO MoOMeweHo B neyb npu 1175°F. Yepes xeneso
NPOMyCKanucb rekcaH 1 BOAOPOA, U BbIXOAALMIA MOTOK aHanM3npoBascs Ha
cbipbe U obpasoBaBLUMeCs NpoAayKTbl. CTanbHble BOMOCKU MpenBapuTeNibHO
BblAEPXUBANMCbL B BOAOPOAE B TeYEHWe ABaguaTV YacoB nepen BBeOEHNEM
rekcaHa. 3aTeM B peakTop BBOOWIICA [EeKCaH CO CKOpPOCTbio 25
MUKPONUTPOB/MUH MPU CKOPOCTU BOAOPOaa nopsaaka 25cM3/MuH.

BHauyane o6pasoBaHue MeTaHa ObINlO HWU3KMM C TEHOEHUMEN K
YBEMNUYEHUIO MPU NPOOOIMKEHNM MPOrOHKN, OKOHYaTeNbHO OOCTUIHYTO 4,5%.
3aTeM B OYMLLEHHBIV NMOTOK Cbipbsl Briepeam xenesa 6bino seegeHo 0,1cm®
TeTpabyTuna onosa, pacTBopeHHoro B 2cm® rekcaHa. O6Gpa3oBaHue MeTaHa
YMEHbLIMMOChL A0 NpubnuManTenbHO OQHOrO MpoueHTa W Npogornkano
ocTaBaTbCsl Ha ypoBHe 1% cnegyowme Tpy yaca. [JaHHble CyMMUpPOBaHbI B
Tabnuue 3, npuBeLEeHHON HUXeE.

TABJIMLA 3




YACbI CH, OTAH MPOMAH | TEKCAH
19,2 0,0 0,5 0,3 98,6
20,7 1,06 2,08 1,74 93,4
21,2 2,62 4,55 3,92 85,3
21,5 3,43 4,23 3,83 84,6
21,9 4,45 4,50 4,32 82,4

22 [ob6aBneHve TeTpabyTuna onosa
22,6 1,16 3,81 4,12 86,2
23,0 1,16 3,96 4,24 85,9
23,3 1,0 4,56 3,77 87,5
24,3 0,97 3,60 3,76 87,6
25,3 1,0 4,47 3,57 88,0

M3 BbllenpuBeaeHHbIX pe3ynbTaTtoB MOXHO YBWAETb, YTO AoOaBneHve
ornoBa K CTanbHbIM BOMOCKaM OCTaHaBMMBaEeT YCKOPeHWe 06pa3oBaHusA
MeTaHa 1 NOoHWXaeT ero coaepXxaHve B NpoaykTe A0 NpueMreMbiX YpOBHEN.

MPUMEP 6

Bbinn npoBeaeHbl JOMONHUTENBHBLIE 3KCMEPUMEHTbI C MCMONb30BaHNEM
CTanbHbIX BONOCKOB, MpeaBapuTenbHO MOKPbITbIX TeTpabyTunom onosa. B
YacTHOCTK, kak 1 B Mpumepe 5, 6bIN0 NpoBegeHoO Tpu nHxekuun pacteopa 0,1
cM TeTpabyTuna onoea B 2cMm® rekcaHa B 1/4-0t0MMOBYIO CTanbHyl0 Tpyoy,
cogepxauwyo 0,15 rpamm crtanbHbix BonockoB. PactBop 6bin npoHeceH
Yyepes cTanbHble BOMNOCKKU B MoToKe Bogopoaa npu 900°F.

3aTem 6bIno BBeAeHO yrnesogopoaHoe cbipbe npu 1175°F co ckopocTbio
yrneBoaopoaoB 25 MWKPONMTPOB/MMH NPUM CKOPOCTU BoAopoda nopsaka
25cMm3/MUH.  BbixogAawmii ra3 aHanuaupoBarca Ha cogepXaHue MeTaHa,
KOTOpoe ocTaBanocb Huwke 1% B TeyeHue 24 vacoB. 3aTeM peaktop Obin
OCTaHOBIEH, peakTopHas Tpybka Obina oOTKpbiTa W uccnegoBaHa. Ha
CTanbHbIX BOIIOCKax nmerno MecTo O4€eHb He3HaunTenbHoe
HayrrnepaxuBaHue.

HanpoTtvB, 6bin  nNpoBedeH  KOHTPOSbHBIA  3KCNepumeHT  6e3
npengaputensHo obpaboTku TeTpabytunom onosa. OH npoBoawncs B
TEeYeHVe OOHOro AHS B YCIOBUSIX, aHANOMMYHbIX ONMMCaHHbLIM Bbilwe. [Nocne 24
YacoB Ha BbIxode TpyObl Henb3a ObINO 3aperncTpyMpoBaTb HWM BOAOPOAA, HU
yrneBogopoaHoro chipbsl. BxogHoe paeBnenue yeBenuvumnock o 300 lbs ¢
HayanbHbIX 50 Ibs. Koraa peaktopHas Tpybka Gbina oTkpbiTa U nccnegoBaHa,
ObIN0 06HaPYXXEHO, YTO KOKC MOJTHOCTLIO 3aKynopwun Tpyoky.

Takum ob6pa3om, MOXHO YBUAETb, YTO ONIOBO-OpPraHUYecKMe COeAUHEHUS
MOryT MpefoTBpallaTe HayrfnepaxvBaHUe CTarnbHbIX BOJNIOCKOB B YCNOBUSIX
pudopmMUHra.

MPUMEP 7

Ewe oanH akcnepuMmeHT Tuna KOHTPONbHOro akcnepumeHTa lMpumepa 1
ObIn npoBeAeH AN NCCNefoBaHNSA BNMSHWSA HayrnepaXxnsaroLmx yCrnoBui Ha
NMPOBOJSIOYKM U3 HEPXaBetoLen CTanu, MOKPbITbIE ONIOBOM M3 napoBon dasbl,
NMOMELLEHHbIE B peakTopHyl TpyOy, 3alLMLLIEHHYI 3MeKTPOOCaXO4EeHHbIM
30/10TOM. JKCMEPUMEHT OTnuyarncs OT KOHTPONBbHOrO TONbKO TeM, 4TO
ucnonb3oBanack 6Gonee BbICOKas CKOPOCTb MPOKaYky BoAoOpoAda nopsiaka
100Mn/MuH.

MporoHka npopomkanacb B Te4eHUEe BOCbMK YacoB 6e3 3akynopku unu
obpasoBaHusa uK3bbIToyHOro MeTaHa. Korga Tpybka Obina oTkpblTa M
npoaHanuavMpoBaHa, TO He Habmganocb HW  3aKyrmopoK, HUM  MOMOCOK
yrnepofa. TonbkO OfdHa 4YepHas MPOXuIKa yrnepoga nosiBuMnach Ha
npoBorioke. BepoaTHo, 3TO 0OyCnoBreHO HeOOCTaTOYHO KavyeCTBEHHbIM
NOKpbLITUEM.

OTOT 3KCMEepVMMEHT MokasbiBaeT, YTO OfoBO MOXET 3aluuatb
HepXxaBelLlylo cTanb OT HayrnepaxuBaHust nogobHo cepe. OpHako, B
OTNNYME OT CEepbI, Er0 HE HYXXHO HEMpPEepbIBHO UHXEKTUPOBATL B cbipbe. Cepa
JOMKHa ObiTb HENpepbiBHO BBeAeHa B Cbipbe AN MNOAAEpXKaHWs
napumnanbHoro gaeneHus cynbduaa BOAOpOAA B CUCTEME Ha OOCTaTOYHOM
YpOBHE AN NoAAepXaHus cynbMWOHOW NOBEpPXHOCTM Ha cTamu. JloGoe
yhaneHne cepbl U3 Cbipbs OyaeT NpuBOAUTL K Havamny HayrrnepaxuBaHus
nocrne TOro, Kak peakTopHasi cuctema OygeT nuweHa cepbl. OTO OObIYHO
cnyyaeTtcsl B TedeHne 10 yacoB nocre yganeHusi cepbl.

B 1O Bpems kak u300peTeHMe ObiNno onucaHo Bbille B TepMUHAX
NpeanoyYTUTENbHOTO  BOMMOLWLEHUS,  HY)KHO  MOHUMAaTb, YTO  MOXHO
MCMomnb30BaTb pasnuyHble U3MEHEHUsT U MOAudMKaLMK, KaK 3TO MOXET ObITb
OLEHEHO OMbITHbIMM MoAbMU. Hanpumep, yacTb cTanu B peakTOpHON
cucTemMe MOXeT OblTb MOKpbITa HWOGMEM, LIMPKOHWEM, KpPEMHE3EeMHON
Kepamukon, BONMbPaMoM UM XPOMOM (XpoOMM3aumsl), XOTS 3TU Crocobbl
MOrnu Obl ObITb U3MNUWLLIHE CMOXHBIMW ONA UCMOMHEHUS UMW UCMOMNb30BaHUS
unu YypeamepHo goporun. nu ncnonb3oBaHne TenNNooOMEHHVKOB Arsi HAarpeea



yrneBoAgopodoB A0 TemnepaTypbl peakumum Morno 6bl 66iTe MUHUMU3MPOBAHO.
Tenno morno 6bl 6bITb 0BecneyeHo cBepxHarpeTbiM BOAOPOAOM. Mnun Bpems
BbIAEPXKKA HarpeTblX MOBEpPXHOCTEW B YrNeBogopodax MoxeT ObiTb
YMeHbLUEHO MyTeM wucnonb3oBaHua Tpy6 Gonbliero gnametpa un 6Gonbluen
ckopocTu AswkeHns B Tpybax. CylLlecTBEHHO MNO3TOMY, YTO CyLLEeCTBYeT
MHOIO M3MEHEHUA N MoAMUKALMIA BbillenpuMBEAEHHbIX MPEeANnoYTUTENBbHBIX
BONMOLWEHUn un3obpeTeHns, koTopble 6e3 Tpyda CTaHyT OYeBUAHbIMU
OMbITHLIM FIOAAM W KOTOpble OBCYXOalTca B pamMKkax U300peTeHus, Kak
onpepeneHo cneapyoLen dopmMynon nsobpeTeHns.




10

2i

3

30

EFFLUENT
GAS

PRODUCT

20
s %é(

FEED



