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CoO CJIOBOM «MeTaJIJIyPrusi» Mbl TPHBBIKJIH CBSI3bIBaTb NBIUYLHE
KapOM TeYH, OCJIeTIHTeJIbHble TOTOKH paclJylaBJeHHOro MeTaJjJa H
CTaTbH B raseTax O «IOASIX OrHeHHOH mnpodeccun». Takoe mpepn-
CTaBJieHHe He BCerja BepHO. B 3Toli KHKKe nofifer peub 06 H3-
BJIEYEHHH METaJlIOB H3 DYA H TIONYNPORYKTOB B BHAE YRHBHTEJb-
HBIX COEHHEHHH C OKHCBHIO yrjepoja — KapGOHHJIOB MeTaJlJIoOB —H O
MOJIYyYEHHH MeTaJJIOB H3 3THX COeJHHEHHH B BHIe TaK Ha3blBaeMbIX
KapOOHHJBHHX  MeTaJlJioB.

TMpouecesl 3TH, JexalHe Ha TPaHHLUE XHMHH H MeTaJJypruH,
CBsI3aHBl C MHOMKECTBOM INpoGJeM OOIIeXHMHYECKOrOo 3HayeHHs. ITO
npo6JieMbl XHMHH TBEPJAOrO TeJa, YYeHHs O KaTaJlH3e H PeaKIHOH-
HOI CrIOCOGHOCTH, METaJIJIOPraHHYeCKOH XHMHH, XHMHYECKOH KHHe-
THKH, ydyeHHsI 06 a3po3onsix... PazpaGoTKa ux Ha oGBeKTax Kap-
GOHHJILHOH MeTaJJypruu — OJarofjapHefiliee mnonpuule JiIsi XH-
MHKOB MOYTH Jio6oro mpodussi, u raBHas 3ajaya, KOTOPYIO cTa-
BHJ nepep co6oi aBTOp,— MPHBJEYb K 3TOMY INOMNpPHINY BHHMaHHE
XUMHKOB-HCCeJoBaTe e,
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NPOUCXOYAEHMUE

Hcropuss kapOGOHH/IBLHON MeTaNJyprHH HauHHAeTcs C OT-
KpeiTHS KapGoHusa Hukens. B saGoparopun Jloasura Monna,
MHKEHepa U NPOMBILIEHHHKA, OJHOIO W3 OCHOBaTe/JeH XHMH-
yecKOfi HHAYCTPHM AHIJIMH, NOYTH CJYYaHHO CTOJKHYJHCh
C HeoObUafHON peaKLHeH: CBeKEeBOCCTAHOBJEHHLIH HHKe/b,
cJlerka HarpeThlil, COeIMHSIETC C OKHChIO YrJepoja:

Ni -+ 4C0 g2 -, Ni (CO), (1)

[TpoaykT oOkaszasncsi TOxKe CTPaHHBIM: TsKesaas, TOHyLLas
B BOJe XKHIKOCTb, GecuBeTHasi, TeKyuyasi H JeTyuasd, KaKk 5TH-
JIOBHI!l 3(up, HO ropasno Oosee OrHeonacHas H fJOBHTas,
JIETKO pasJjaramouiasici Ha HHKeJb M OKHCb YIJIepOAa,— BOT
KaKMM OpefcTajs KapGOHH/ HHKeJss Iepel NEepBLIMH HCCJEN0-
BaTeJsIMH.

OrkpoiTHe 6bl10 06GHaponoBaHo B cepenuHe 1890 r. u mpo-
u3Bes1o ceHcaumio. Bo MHOrHX J1a60paTOpHsAX CTaNd IOBTOPATD
ONBbITHl AHMVIMACKMX XHMHKOB W HCKaTb ADYIHE COeJMHeHMs:
METaNJIOB C OKHCbIO YIJepoza.

Uepes rox, B uioHe 1891 r., 3HameHutslli Mapcenen bBeptao
3 [Tapmxke u JI. Moua B JloHgoHe coobuiu/in 06 OTKPBITHH
BToporo kKapGonmina — Fe(CO)s. 3to TOXKE KHMAKOCTb, KO-
pHUHEBATO-KeJITOTO 11BeTa, y2Ke He CTOJb JIeTydas (TeMmepary-
pa kunenus 104 °C). Tlonyyaerca 3TOT KapOOHMJ Tropasio
tpyaHee, dem Ni(CO),, moToMy-TO OKOJO Troja IpOILJIO
B HeyJauyHbIX IOHCKaX.

Brnpouem, c/0BO «HeydauHEIX» 31eCb He OUeHb YMECTHO:
Bellb He 3Ds TOBOPST, YTO OTPHUATENbHBI Pe3yJbTaT — TOXe
pe3yJIbTar.
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«§l mpuien K 3aK/I04YeHHI0,~— pacckasbiBas Mouy Brocsen-
CTBHH,— UTO MOKHO Obl10 6bl M3BJE€Yb MO/NB3Y H3 JETKOCTH,
¢ Kako# HHKeJb MpeBpailaercs B JeTyuuii ras geiictsuem CO,
TOra Kak MNpPaKTHYeCKH BCe Jpyrue MeTasJel, U OCOGEHHO
KOBasbT (KOTOPbIf TaK TPYAHO OTAEJHTb OT HUKeJs APYTHMH
metonamu), He noppaiorcs aeiictBuio CO» *,

OnbiTHBI npeanpunumatesb, Moua yxe B 1890 r. sama-
TeHTOBaJ BO BceX BeAyIMX CTpaHax, B TOM ducie u B Poccum,
«crocob AOOLIBAHHMSA HUKENS H [POH3BOACTBA HHKENEBLIX M HHU-
KeJMPOBaHHBIX H3jeduit». CylmHOCTb cnocoba coctosiia B H3-
BJIEUEHHH HMKeJSl M3 HHUKeJbCOAep:KAlIUX MaTepPHasIOB MyTeM
npeBpalleHus ero B KapOoHUJ («kkapOOOKUCh HUKKEJsi») U B I1O-
cliellylollleM pasJsoxKeHHH KapOOHHJAa Ha HarpeToil NMOBEpXHO-
CTH C MOJyYeHHeM HHUKensl B (opMe KOMIAKTHOrO MeTasia
HJIH MOKPBITHS.

HM3o6pereHne nosaBUJIOCH Ha PELKOCTb CBOEBpEMEHHO: OYK-
BaJbHO HakaHyHe (1889 r.) B XKU3Hb BCTYNMHUJ/IH MepBble HUKe-
JIeBble CTaJM, U C 3TOTO BPeMEHH HYXK/a YeJOBeYeCTBa B HHKeJle
crana ObICTPO pacTH (M pacrteT mo ceii JeHb). He ynuBurenbHbl
[I03TOMY NONLITKH MoOHIA MPeNIOKHTb «KapOOHH/I-IIPOLECce»
MeTraslJlyprudeckuM KomnanusM. Ho npexasoxkeHue kasamnoch
eperndeckuM. Hu onun nenen He puckuys ero npunaTte.Torna
LIeCTHAECATHICTHH] UesIOBEeK, OTAABLIMH MKHU3Hb XHMUYECKOH
ITPOMBIUIJIEHHOCTH, PeLIn/ICAa Ha CBOM CPeACTBa CTPOUTb MeTaJ-
JIYPTHUECKHUH 3aBOJ /15 NPOM3BOACTBA HHKeJS.

K crpourtennctsy npucrynusau B 1900 r. Hauano nawero
BeKa CTaslo U Haya/ioM 3M0XH XUMH3alUH MeTal1ypriu.

Tpu crpouku uudp, xapakrepusyiouihe pa3BUTHE 3aBOAA
Monza B IOxHOM ¥Yasbce, moxanyi, Jydule, 4eM YTO-JH60
Jpyroe, 1alT BreuyaTJeHHe o6 ycnexax jesa, HauaToro, Kasa-
Jocb Obl, HAa MYCTOM MecCTe.

Yucao peak- Yncno peax- T'ogonoe npo-
TOPOB CHHTE3a TOpPOB pas- H3BOJACTBO
Ton Kap6oHHJIa JIOXKEHHs HHKEeNs, m
KapGoHHJa
1902 8 11 420
1934 75 280 16 000
1970 2 18 36 000

* Kap6oHu1 KoGajbTa yHaloCb CHHTE3HPOBATb MOC/]E MOYTH JBal-
UATHETHHX YCHJH{, C Maccoii MpefOCTOPOXKHOCTell H GyKBalbHO MNOA
CH/IbHBIM HaXXMMOM — MpH JaBJIeHHH OKHcH yrJepoaa 200 amx.

Co,(CO)g — He KHIKOCTb, a APKHE OpaHKeBble KPHCTAJIIBI, JOBOJIBHO
JIETKO BO3TOHSIOLIHECH.
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Bropan ruiaBa ucTopuu KapGoHMJA-npolecca Tak ke, Kak
¥ nepBas, Obsla Hayata XUMHKamMu. B JBajnaTelX Tojax Ha-
mlero Beka Ha ammuauHoMm 3aBojge B Onnay 6au3 Jloasur-
cxadeHa paspaboTaqu TaK Ha3blBaeMblll KapOOHUJI-IpoLece
BBLICOKOTO  JaBJIEHHA.

(CnpaBemsiiBocTH pajad Hajao cKasarb, YTO I[€pPBOE Mpej-
/0KEHHe 0 BbICOKOM JAaBJjaeHud eiile B 1902 r. Buec [xxkemc JIbio-
ap, TOT caMblfl, «[bl0apaMH» KOTOPOTO MOJb3ylOTCsl B Jabopa-
patopusix Bcero mupa. B 1908 r. Moua, mepenecwuii mpei-
JoxeHue [lploapa B CBO0O /1a60paToOpUIO, 3amaTeHTOBAJ MpPoO-
uecc moJiyueHusl KapOGoHHJsa »kese3a noj aasieHdeM. Ho tex-
HHKa BBICOKHX JaBJeHHH elle npebbiBajia B MJajeHYecTBe, U
Jajbiie JaGopaTOpHLIX OMBITOB JEN0 He MOLULIO.

TexHosorus cuHTe3a KapGOHHJIOB MOJ JAaBJeHHEM HpeBpa-
TH1a KapGoOHMA Kese3a U3 J1aGOPaTOPHOH JHKOBHHKH B INPO-
MBILLJIEHHBIH TPOAYKT; 3TO CI€/1aJ0 BO3MOXKHBIM H NPOH3BOJ-
¢TBO KapGOHUJIBHOTO 2KeJse3a.)

[lo:xxany#t, He MeHbUIMM JOCTHXKEHHEM SBHJICA HOBGLIH CIO-
co6 cuHte3a KapbGoHuaa Hukeasa (B 1932 r.) — He H3 crIpOro
HHKeNs, Kak B AHIVIHH, a U3 CIIJIAaBOB Mejb — HHKeJb — Cepa,
TaK HasbiBaeMblX (paliHUITEHHOB, BbINJABJASEMBIX H3 MELHO-
HUKeJeBbX pyA. On gan spdeKkTHOE pelleHHe TPYIHOH 3ajauu
pasiesieHUs HHUKeNHd W MefH: HHKeJb (HCIapseTcsy, a Melb
ocraerca B Bujge Cu,S. KapGoHua-mpouecc BBICTYNHJ 371€Ch
KaK TeXHOJIOTHA He padHHHUpYylolas, a skcrpakTuBHad. K ato-
My BaXKHOMY OOCTOSTENLCTBY Mbl ellle BepHeMCH.

U, nakoneu, eille 01HO HEOOBIKHOBEHHOE HOBLIECTBO, KOTO-
ppiM  Mbl 00si3aHbl HeMELKHM XHMHMKaM JABaAlaTbiX TOJOB.
D10 — passioKeHHe NnapoB KapOOHHJOB B CBOGOLHOM OObeMe
(a He Ha HarpeToH [I0BEPXHOCTH); MeTa/lyl KPHUCTaJJIU3yeTCs He-
MOCPECTBEHHO U3 rasa B BHJe TOHKOTO IOpOLIKa U OCeAaeT
BHHM3 TOLOGHO CHery.

Heo6bluHOMY NpOHCXOXKAEHHIO MOPOILKOB KapOGOHH/IbHBIX
MeTaJJIOB OTBeuyaloT M ocobnle cBoiicrBa. IlpaBna, mocnenHee
OblI0 OCO3HAHO He cpa3y. Bno6aBok, ¢ MPHXOIOM K BJIACTH
HalMCTOB JajibHelllee pa3BUTHe KapOOHMJ-Npolecca CBeJoCh
I71aBHBIM 06Pa30M K YCHJIEHHOMY NPOM3BOJCTBY HHKeJs MPOCTO
KaK MeTa/sa BOHHH: 6oJiee TPeTH BCero CBOEro HHUKeas (a-
wHctckaa ['epMaHus nosy4ana KapOOHHJIbHBIM CHOCOOOM.

B nocneBoeHHble Tofbl HHTEpeC K MOJYYEHHIO MeTaJJIoB
KapOOHHJIBHBIM CIIOCOGOM BO3pOC OTYACTH Gaarogapsi oGHapo-
JOBaHHUIO HEMEIIKOTO OMbITa, B elle GoJibiuell XKe CTeNeHH BCJel-
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CTBHE HEYTOJHUMOIO HHKeJeBOrO ro/0Ja MHPOBOH TEeXHHKH.
ABTOpHTETHBIE SKCIEPTHl CUHTAIOT, YTO METaJJYPrusi HHKeJNs
pasBuBaerca 6oJiee HHTEHCHBHO, 4eM IpPyrHe OTPAc/H LBETHOH
MeTaJJIypruy, U 0coGeHHO GOJbiliMe YCIeXH OXHIATCA 31ecCk
Kak pa3 Osarojaps KapGOHHJ-NpoLeccy. Yike cefidac OKOJO
Tpetn cBoero HuKeaa International Nickel Company
(MHKO) — kpynHe#ilnii NOCTaBIIMK HUKENS B KaAMUTAJHCTH-
YeCKOM MHpe — M0Jy4yaeT KapOOHUJbHBIM CIOCOOOM, MpHYeM
HMEHHO 3a cYeT 3Toro crocoba uier Gosblliasi yacTb MPHPOCTA
IPOH3BOACTBA.

C npyrofi CTOpOHbI, HauaBIIMACA B MATHAECATHIX Trofax
pacuBeT MeTalJOpPraHUYecKOH XHMHH IpPHBENT K OTKPLITHIO
MHOJKECTBA HOBBIX KapGOHHJIOB METaJJIOB H HX [1POU3BOAHBIX
(cM. TTpunoxenne, Tabi. 1 —2) u Kk pa3pabGoTKe HOBEIX CIIOCOGOB
CHHTE3a yiKe U3BeCTHbIX KapOonusoB. [TostoMy a5 mosydeHus
MeTaJyioB (0COOEHHO B BHAE MOKPBLITHH) CTaJd IPHMEHATDb
win ucneitbiBath He TosbKO Ni(CO),, Fe(CO); u Co,a(CO)s,
HO M JApyrue KapOOHHJLI — Te, KOTOpHE Jierye MOJYYaloTCs
1 pocratouHo Jerydd. TakoBe:: Cr(CO)g, Mo(CO)g, W(CO)s,
Mn,(CO)1y, Tcy(CO)1g, Rey(CO),o (BCE 3TO KpHCTaNIHYE-
CKHe BO3TOHSIOIIHECS BeIeCTBa).

Takum o6pa3om HBEIHE BO3HHKJA CaMOCTOSITeJbHAss CBoOe-
ofpa3Has AUCLUIJINHA, KOTOPYIO MOXHO Ha3BaTb KapOOHuAb-
Holl memannypeueti.

COBPEMEHHOE COCTOSIHUE. TEOPUA

1. CuHTe3 KapboOHMNOB MeTannos

Kap6OHHJIbl METaJJIOB TPYMIbI KeJje3a JIETKO IO0JYy4aroTcA
npAMbIM fcap6ouu/zupoeauueM, T. €. IeHCTBHEM OKHCH yrJepona
Ha CBOOOIHBIA MeTaJl, NPEANOUYTUTENIBHO MOA JaBJECHHEM!:

200 J
Fe + 5C0 —ggzec—— Fe(CO); @)

OnHako B GOJILIIMHCTBE CJy4YaeB CTOJb NMPSMOJHHEHHBIH MOj-
X0/ He JOCTHTaeT UeJH, H HeoGXONUMO B0CCMAaHO08UmMenbHoe
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KapOOHUAUPOBaHUe ~~ NefiCTBHEe OKHCU yrJiepora Ha wMeTasn
«B MOMEHT BBI€/EeHHs» TMPH BOCCTAHOBJEHHH €r0 U3 COeIH-
HEHU#H:

Ni;Sz + 4Cu + 12C0 204 3Ni (CO), +2Cu,S  (3)

3MoCl, + 5Fe + 18C0 250 2%, 3Mo (CO), + 5FeCl,  (4)

dto Haubojee OOWHMHA NyTb K KapGOHHIAM MeTasJioB.
B Oonee /erkux cayyasix BO3MOXKEH KaK «CyXOH» CHHTe3
(mon maBnieHHeM), TaK M «MOKDBIH» — B OPTraHHYeCKHX pac-
TBODHTeNAAX, a A5 KapOOHW/Ja HHUKels — M B BOLHOH cpefe:

NiS + 2NaOH + 57Oz _, Ni (CO), + NasS + CO; + H,0
(5)

Ho uacto BHIGOp yC/aOBHH — cpefibl, BOCCTAHOBHTE/S, TeMIle-
paTyphl ¥ JaBJieHHsl — BecbMa JesHKaTHoe Aeno. Hampumep,
B JIyylleM M3 M3BEeCTHbIX BapHaHTOB noaydeHns Mn,(CO),,
CMeCh COBepLIEHHO Ge3BOJHOTO aleTaTa MapraHua ¢ TPUITHJ-
alIOMHHHMEM B JIMH30NPONHJIOBOM 3(Hpe KapGOHHIHPYIOT MOJ,
naBjeHueM OKoJso 150 amm npu abCOMIOTHOM HCKJIOUEHHH
CJIeflOB KUCJIOPOAA, NOCTENEeHHO MOBbIIAA TEMIEPaTypy; BBIXOJ
nocturaer Juwb 50 %.

Tperuii nyTb nosyyeHuss KapOOHUJIOB 3aKJ/IOUAETCS B «KOH-
JeHCALHy OJHO- HJIH IBY X bsAlePHBIX KapOOHUJIOB B MHOTOsiJEp-
Hple, C onHOBpeMeHHbIM oOTilenJeHneM dactd CO. Metogpl
KOHJIeHCalluy ceffuac MHTEHCHBHO pa3pabaTbBalOTCA AJS MOMY-
UeHHs HOBHIX KapOOHHJBHBIX MOJEKYJ C OCHOBOH — «KJacre-
poM» * — U3 HeCKOJIbKHX METalJIM4eCKUX aTOMOB.

BaxkHeluM MeTOnOM CHHTe3a KapOOHWJIOB METaJ/IOB SiB-
JIIleTCSl BOCCTAHOBUTEJIbHOE KapOOHUJHPOBaHHME.

Kak HH pasHoOGpa3Hbl KOHKpETHble JeTajH, Boollie
roBopsl, CyTh JieJla CBOAHMTCS K MPaBHJIbHOMY COUETAHHIO BOC-
CTAHOBUTENSI U KOOPAHHHUDYIOUIEHl cpelbl IPH OIHOBPEMEHHOM
BO3ZeACTBUH KapOOHHJIHUPYIOLIEro areHra.

Ecan o6nactb COCTOSHUHA atoMa (MJIM TPYMIBI CBA3AHHBIX
aTOMOB — KJIacTepa) MepeXofHOro MeTaJsla, CIocOOHBIX K o6pa-

* Cluster (aHrs.) — myd4ok, poil, CKOIIeHHe, Trpo3ib. B dusuke u
XHMHH KJacTep MOXKHO ONpeJeJHTb KakK IpPynny B3aHMOAHCTBYIOLIMX dac-
THI, YHCJIO KOTODBIX, BOOGLIE TOBOPS, MOXKET GbITh MepPeMeHHbIM.



soBaHuto cBsizeit ¢ CO, ABAsSETCS MUPOKOM, TO H BO3MOXKHOCTEH
JUIsi IOJIyYeHHs1 KapGOHU/Ia MeTaslla MHOTO; 3TO BHIHO Ha MpH-
Mepe KapGOHHJIOB rpynmbl xkesesa, ocobenno Ni(CO),, u o1-
yacTH KapOOHHJIOB MoJIHOLeHa M BOJb(pama.

C Ipyroil CTOpPOHBl, ecld 00/MacTb COCTOSAHHH, HOCTYIHBIX
a451 GOpMHPOBAHHSA MOJIEKYJbl KapOOHHA, PE3KO OrpaHHYeHa,
TO Hallynath YCJOBHsS CHHTe3a ropasfo Tpyasee. [lpernoaa-
raloT, YT0 B MNOJOOHBIX caydaax mpucoenuHenue rpynmn CO
NIPOUCXOAHUT MO Mepe MPOXOXKAEHHA METa/JIOM NOCJ/IE10BaTe b
HBIX CTymeHell BOCCTaHOBJIEHMS.

Takum o6pasoM, mpolecchl BOCCTAHOB/IEHHS M KapGOHHJH-
POBaHHSl SABJSIOTCA COMPSXKEHHBLIMH, M OOWMH XOX peakluH
OMpeesiseTcsl COOTHOLIEHHEM MeXAy CTafiusIMH BOCCTaHOBJe-
HHS ¥ KapGouunupoBanus. [lo-BuANMOMY, yalle Y3KHM MECTOM
apasierca npucoenunenne rpymn CO. Tlostomy-to cTosb
Ba)KeH YAauHbIi BLIGOP KapOOHMJIHMPYIOLIErO areHTa (B 3TOM
KauecTBe MOTYT ObiThb HCIOJb30BAHBI CaMH KapOOHHJBL MeTas-
a0B — Fe(CO);, Co,(CO)g) H, 0COGEHHO, KOOPAMHHPYIOLIEH
cpenbl. C Ipyroil CTOpPOHBI, Ha NpuUMepe CHHTe3a KapOoHHJa
KoGa/sbTa HeIaBHO HaillleHo, YTO mpolecc MoxeT OblTb paiu-
KaJIbHO yJYYIlleH 32 CUeT KaTa/JHTHYeCKOro YCKOPEHHS CTajuu
BOCCTAHOBJEeHHS. Tako#l ke MpueM 0Kasasicsi BO3MOXKHBIM
LN yOpOlleHHs cuHTe3a KapOoHW/a MapraHua. Bce ke 3ako-
HOMEPHOCTH MOROOHBIX peakuu#i H3ydeHol nsoxo. [loatomy
BLIGOp ONTHMAaJIbHBIX YCJIOBHH CHHTe3a KapOOHHJ/IOB, paBHO
KaK M MOUCK ellle HE OTKPBITHIX KapOOHWJIOB, OCHOBLIBAETCS
Ha KaueCTBEHHLIX COOOpaxKeHHSIX M SMIUPUUYECKHX J[AHHbBIX.

BuisiHMe TemnepaTypbl Ha BBIXOA KapOOHHJIOB XapaKTepHO
VISl CJIOXKHBIX W OOpaTHMBIX peakKiuii: [epBOHAYa/JbHO BHIXOL
pacter Onarojapsi YCKOPEHHIO LEJNEeBOH peaklMH, a 3aTeM
najaer BCJEACTBHE TEPMHYECKOTO PasJioKeHHs KapOOHHJA,
KpOMe TOro, 4acTO BMELIHBAeTCA M JUCIPONOPLHOHHPOBaHHE
OKHCH YIJlepojia, NPEeHATCTBYIOlee OCHOBHOH peaklUWH H3-3a
pacxonoBaHus CO M H3-3a OTJIOXKEHHS YIJepoja Ha pearu-
pyloiieli MOBEPXHOCTH (MPH «CyXOM» Ipoilecce):

. =230°C
2C0——>C+CO, (6)

Bausinue naBjieHHsl Takke, BOOOILE TOBOPSA, HEOAHO3HAUHO;
B YaCTHOCTH, B TeX CJy4asX, KOTAA MeTall JaeT HeCKOJNbKO
KapGOHHJIOB, TMOBLIIEHME [aBJEHHS OKHCH yIJiepoaa Iipe-
NATCTBYeT 06Pa30BaHMI0 MHOTOSIAEPHBIX KapOOHHJIOB, B MOJe-
KyJax kKotopblx uyucno rpynn CO Ha ONMH aroM MeTasaa
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HHXKe, 4eM B OlHOsiepHbIX. OfHAaKO B Gosiee MPOCTHIX Caydasx,
Korza obpasyercs TOJNbKO OIHH KapOOHHJI U pacTBOPHTEb
OTCYTCTBYeT, pOCT JaBJIEHHS] OKHCH YIJiepoga MOHOTOHHO
yBeJIHYUBAET BLIXOJ KapOOHMJ/IOB: TMOBbLIIIEHHE YCTOHYMBOCTH
KapOOHHJIOB MO JaBJ/eHHEeM MO3BOJISIET NOAHATb TEMNeparypy
peakIuy, a 3HaYuT YCKOPHTb Mpolecc.

10 0cOGEHHO BAXKHO JJISl MPOLECCOB, CBA3AHHBIX C TBEPJO-
¢pa3HbIMH TpEBPAIICHUAMH, [OCKO/IbKY 3HEPrHH AaKTHBAlMH
B TAaKUX cJay4asx BeJukKH. MIMeHHO mosToMy BLICOKOE aaB/eHHe
Clesano BO3MOXKHBIM KapOOHMIMpOBaHUe (aHHIITEHHOB, KOTO-
poe BKJiouaeT B cebs peakuuio (3).

Donee mpocThiME fIBJSIOTCA PeaKUHH MNPAMOro KapGOHH-
JIMPOBaHUSl METa/NJIOB Tpynnbl xXesesa. KapGoHU/B HHKess,
xejesa U KoBGasnbTa OTKPBITHI paHblle APYIHX KapGOHHJIOB,
Jyyule U3yyeHbl, LIMPOKO MPUMEHSIOTCS HA MpPAKTHKe; Kasa-
Jock Obl, TMpOLECCH HX CHHTe3a JIOJKHbl OLITb HCCJIEIOBAHbI
nockoHanbHO. Tem He MeHee U 3[eCb OCTaeTCH OTKPBITHIM
MHOXECTBO BOIIPOCOB; NOCTAaTOUHO CHCTeMAaTH4YecKHe NaHHEIe
[0JIydeHbl /b AAA CHHTe3a KapOOHH/A HHKeJs.

Peakuun npsimoro KapGOHHJIMPOBAHHS METaJIJIOB I'pYIIIbI
KeJjie3a 06paTHUMbl, MpPHYEM [OJIOKEHHe DPABHOBECHUS 3aBHCHT
OT cOCTOSIHHSA TBeploil da3pl. KoHcTaHTH paBHOBecHs peakuHi
(1) u (2) Moryt ObITb BbIpa:<€Hbl MPOCTHIMH TEPMOAHHAMHUUE-
CKMMH COOTHOLIEHHSIMH BHIa*:

RT In K= — AH3es + TASags,

rne AHggs=—34,0 u —43,5 kkas/moss, a ASaqs=—100,2
u —138,6 kxaa/mose °K nnsa xapGOHWIMPOBAHHUS COOTBET-
CTBEHHO HHKeJs M »KeJse3a, B3ATbIX B OCHOBHOM COCTOSIHHH,
T. €. B BHJE KOMIAKTHbIX KpUCTaJuIoB. MeracTaGuJibHble iKe
¢opMbl  METalJIOB  (AMCIEPrHpPOBAHHLIE, CHJBHO  AedeKT-
Hble H T. 0:) 06JaJal0T 3HAYUTEJbHBIMH H3OHITKAMU SHEpPrui,
4TO yBeJMYHBaeT albCOMIOTHbIE 3HAuYeHUs BSHTAJNBIOHH peak-

und AH3zes Ha 1,5—2 kxaa/moss w naxe Gosbiue. CoOTBeT-
CTByIOLlee BO3PACTaHHE KOHCTAHT PaBHOBECHS MOMKET JOCTH-
ratb 10—20 pas.

OO6paTHMOCTb peakL Ut 00yC/IOBJANBAET CYIIECTBOBAHHE MaK-
CHMyMa CKOPOCTH KapOOHHJIHPOBaHHA B (YHKUHH OT TeMmile-
paTypbl: C IOBBHILIEHHEM TeMIEPaTyphl CKOPOCTb pa3JfoKeHHs

* 3aBMCHMOCTb SHTAJbNMH H SHTPONHH 3THX peaKUMid OT TeMmeparty-
pHl BJHSET Ha DaBHOBECHE OYEHb HE3HAYHTENbHO,
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KapOoHHJa pacrteT GhICTpee, 4eM CKOpPOCTb CHHTe3a. VHTtepecHo
“TaK»Ke BO3pacTaHue HabJI0faeMoro nopsaka peakluuy N0 OKHCH
yrJaepoaa 10 6eCKOHeUHOCTH C MpHOJHKEHHEM cOCTaBa ra3oBOH
¢a3bl K paBHOBECHOMY: BOJIM3M DaBHOBECHS] H3MeHeHHe jaBJle-
HH MOXeT MeHATb HalpaBJjeHHe peaklUd HJIH I[OBBILIATb
ee CKOpPOCTb OT HYJS A0 KOHEYHOH BeJHUYHHEL

C zpyroil CTOpOHBI, BAalH OT paBHOBECHS [Jisi CHHTE3a
KapOOHHJIa HUKeJIs1 0OHapyKEHO CYIIeCTBOBaHNe aBTOKATaln3a.
Ipu 1—1,2% Ni(CO), B rase (3tddexT mpu 3TOM BhIpaKeH
Haubosiee pe3KO) CKOPOCTb peakluH yBeanunBaercs GoJblue
yeM Ha NOpAnoK. Buaumo, B 3THX yc/a0BUAX KapOOHHJ HUKeas
Apasercs Oosee CHJIBHBIM KapOOHH/HpPYIOUIM areHTOM—
nepeHocunkoM CO, d4em yucTas OKHCb yrjepopa. (ABTOKara-
JquTHYecKHe 3(¢deKTbl YCTAHOBJIEHbl TAK:Ke MPH BOCCTAHOBU-
TeJbHOM KapOOHUJMPOBaHUH coseli koGasnbra. BeposrtHo,
OHH NOJKHBI Habmopatbes U npu cuHrese Fe(CO),, KoTOpHI
caM HCIONBb3yeTcsi Kak KapOOHHUIMPYIOWME areHT B psje
peaxkiii.)

OnHako npH NpaMoM KapOGOHHJIMPOBAHHWM HaHGOJee BaKeH
He CTOJIbKO «IepejaTYHK», CKOJIbKO IPHEMHHK» OKHUCH yrJje-
poia, T.e. CaMa pearupymouas MOBEPXHOCTb. ITO He YAUBH-
TEJIbHO: €C/IH OT COCTOSIHHA IOBEPXHOCTH MeTaJ/llia 3aBHCHUT
Jaxke paBHOBeche KapOOHHJ00Gpa3oBaHus, TeM GoJiee NOJIXKHA
GbITb YYBCTBHUTEJbHA K HEMY CKOPOCTb peakKuHH.

[loBepXHOCTb «IOMHHT» O MeXaHHYECKHX M TepMHYeCKHX
BO3eHCTBUAX Ha MeTasl. Tak, B cilyyae HHKeJs MOBLILIEHHEM
KOHIIEHTpallul JMCJOKaUuH (3a cueT MeXaHHuYeCcKoH nedopma-
IMIH) CKOPOCTb peakUHH MOXKHO YBEJHYUTb B JBa-TPH pasa,
TEepMHYECKUMH BO3JeHCTBUAMU (OCOGEHHO 3aKaJsKoH), BJHA-
IOUMMH Ha KOHIEHTPAlHUIO TOUeyHbIX AedekToB,— B 8—10 pas.
Ho.camnili 3ameuarenbHBIl 3 3((eKTOB «maMATH» — YCTOH-
YHBOE [IeCATHKPATHOe MOBbILIEHHE DPEaKLHOHHOH CIOCOOHOCTH
HHUKeJNs 10CJe OTJIOXKEHHS Ha HeM HeCKOJNbKHX aTOMHBIX CJI0eB
uukens tepMudeckum pasnaoxerueM Ni(CO),. Ectb ocnosa-
HHS CUHTATb, YTO MPOUCXOAUT IepecTpoiiKa MOBEPXHOCTH MOJ
BJHSIHMEM KapOGoHH/a ¢ 06pd30BaHHeM CaMOBOCIPOH3BOAsIIEH-
csl peakLHOHHOCIOCOOHOH Matpuupl. MHTepecHoe ciencraue
HepecTPOfiKH MOBEPXHOCTH NpPH peaKuHUH — «NaMATb» pearu-
PYIOIero MeTajsa MO OTHOLIEHHIO K BPeMEHHOMY H3MEHEHHIO
yCJIOBHIl, HampUMep, MOBHULUEHUIO (HJIH MOHHKEHHIO) TeMre-
paTypbl HJHM KOHIEHTpalMM KOMIOHEHTOB ra30BOi a3kl
nocje CHATHA BO3MYLIEHHS CKOpPOCTb KapGOHUJIMPOBAHUS
OKa3blBaeTcsl yxKe HHOH.
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Ilns peaxuuii npsMOro KapGOHHINPOBAHHS METaJJIOB TPyIl-
MBI JK€JIe3a YCTAaHOBJIEH TaKXe pAj KaTaJuTHYeCKHX 3¢deKToB.
B dgactHoCTH, CHHTe3 KapGOHHJA HUKeNs YCKOPSeTCs MAaJjbIMH
100aBKaMH HEKOTOPBIX MeTalJoB (MeNH, PpTYTH, KeJje3a)
H OCOGEHHO 3JeKTPOOTpHUATeNbHbIX 3jeMeHTOB (N, P, As,
S, Se, Te, Cl, Br, I u, BepositHo, H). Beenenuem cepel cko-
poctb peakuuu cuHtesa (npu 1 amm u 70 °C) Moxer GhiTh
noBbllieHa B 400 pas, a cemena — gaxe B 700 pas. Ckopoctb
peakuuy NPOXOIHT 4Yepe3 MAaKCHMyM B (YHKUHMH OT KOJIHYe-
CTBa BBEJIEHHOTO 3J1eMEHTa U OT €ro 3JeKTPOOTpPHIATE/bHOCTH.

[Tonaranu, 4To Katanu3 CHHTe3a KapOOHUJIA HUKENS Cepoil
CBSI3aH C IPOMEXYTOUHBIM 06pa3oBaHHeM KapGOHUJICY/Ib(HIOB
HuKess. OHAKO TakHe KapOOHHUJCYJIb(HAB 10 CUX HOp He 06-
HapyKeHbl, a COBOKYINHOCTb HMEIOIIUXCA JNaHHBIX [O3BOJISET
yTBepKIaTb, YTO HA3BaHHLIE KaTanuTHueckue 3¢ddexkThl 06-
YCJIOBJIEHEl HENOCPEACTBEHHO H3MeHEHHeM COCTOSIHHA TBep-
no# ¢assl.
=% lluTepecHo, OJHAKO, YTO B KaTa/H3e CHHTe3a KapGOHHJIOB
xKeje3a M KoOaJbTa Cepoil M HOAOM HIPaeT POJib TAKXKe IMpo-
MexyTouHoe 06pa3oBaHHe KapOOHUJCYJAbGHIOB M KapOOHMJ-
HOJAMJOB (3TH COeJMHEHHS ObUIM BblIENEHBI), XOTS BaKHbI
1 o(deKTs OpAMOrO H3MEHEHHsS COCTOSHHA TBEpROH (a3bl.

MoOXHO TpEeANoJOXKHTb, YTO AHAJOTHYHO OOCTOUT [eJo
C KaTaJM30M peakuHi KapOOHMJMPOBAHHS HHKeJs U Kejaesa
MeTajJiaMd  (371ecb yBeJHueHHe CKOpPOCTH peaKUHi CpaBHH-
TEJIbHO HEBEJHKO — BCEr0 B HECKOJIbLKO Pas): eCJH B cjaydae
HuKens 3¢hdekT 00yc/JOBJNeH HEeMOCPEACTBEHHO H3MEeHEeHHeM
COCTOSIHHSA TBepAO# (asbl, TO B ciayyae xese3a (0 kobasbTe ke
[POCTO HET JAHHBIX) He HCKJ/IO4eHO MpOMeXyTO4Hoe 06paso-
BaHHe KapGOHH/IAaTOB (coJiefi KapOOHMJTHAPHAOB), HampHMeED,
tuna Cu'y  [Fe(CO), .

Ha ckopoctb cHHTe3a KapOOHMJIOB HHKeNsl H »KeJesa
(a MoxeT ObITb, M JPYTHX METAJIJI0B) OKa3blBAlOT CYLIECTBEHHOE
BJAHAHUE W HeTelJ oBble BosjeiicTBus. Tak, ABaALATHUIATH-
KPAaTHOTO YBE/JHYEHHS] CKOPOCTH DeaKUHH MOXKHO JOCTHYb,
of/yyasi MOBEPXHOCTb PEArHpyloOLIero MeTaa 3JIeKTPOHaMH
WJIH o-4acTHIAMH. [IpoBeleHHe e peakUHH B YCJIOBHAX
«MEXaHOXMMHUECKOTO» BO3/elficTBUA — 00pabOTKH pearupyio-
el MOBepXHOCTH aGpasWBHBLIMH 4aCTHLAMH — I103BOJISIET YC-
KopuTb KapGoHuaupoBaHue jaxe B 100 pas.

Msoro caGee BblpaKeHO, HO IO KpalHed Mepe CTOJb iKe
MHTEPECHO OTKPLITOE COBCEM HEJAaBHO BJIHSIHHE BHELIHETO
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MarHUTHOTO MO/AS HA CKOPOCTb KapGOHHUJIMPOBAHHUA HHUKeJs
M JKesjesa. 3aBHCHMOCTb HMeeT HeOObIYHbIH NMepHOAHYecKH
xapakrtep. CXOZHLIM OKa3ajocb M JelCTBHE 3JIEKTPHYECKOTO
nonsi. Oty 3QbeKTH CAyKaT PEIKUM [10Ka elle MPUMepoM U3Me-
HEHHS1 CKODOCTH HEHOHHBIX TeTepOTeHHBIX peaKUuii mop Jnef-
CTBHEM BHELIHUX HOJeH.

IOns kapOOHMJIBHOH METaJIyprum :xesesa, KobajbTa H
0COGEHHO HHKeJsi BecbMa BA)KHO 3HAHHE 3aKOHOMepHOCTeH
CHHTe3a KapGOHHJIOB He U3 YHCThIX METAJIIOB, a U3 HX CIJIaBOB:
peasibHBIE MeTaslJypruyeckye MaTepuasbl, NojBepraeMble Kap-
GOHMJIPOBaHHIO, BOOGLIE TOBOPS, NPEACTAB/ISAIOT COOOH CJIOXK-
Hele cnyaBbl Ha ocHoBe cucteM Ni — Fe — Co, Ni — Fe —
Co—S,Cu—Ni—S§, Fe—Ni—Cu—S u 1. 0.(B HE-
KeneBbIX pynax ortHouweHwe Ni:Fe —otr 1:10 go 1: 30,
Ni:Co~20:1+10:1, Ni:Cua3:1+1:2. B nonynpo-
ILYKTax 5TH OTHOLIEHHS MOryT ObITb moduTH JmoOeiMH.) Ode-
BHJHO, YTO U 3/leCb BCE MepeuucJieHHble (aKTOphl OCTAIOTCA
B CHJ/Ie, HO B HTPY BCTYNAIOT U MHOTHE Jpyrue.

Tak, npumMecu, KOTOpbie MOryT MPHCYTCTBOBaTb B HHKeNe
n xenese (C=0,1%, Si, Cr, Mn), pesko cHHXAIOT HX pe-
aKI[HOHHYIO CIOCOGHOCTb.

Hanee, B noc/jenHne rofbl ¢ HECOMHEHHOCTBIO YCTaHOBJIEHO
63AUMHOE BAUAHUE KOMNOHERMOB CNAGBA HA UX KApOOHUAUPO-
éarue. OHO BbIpaXkaeTcs, B YacTHOCTH, B OTCYTCTBUM H30H-
paTeNbHOrO H3BJeYeHH KapOOHHJIOB Kese3a M HHKeJds H3
CIJIaBa JKeJie30 — HUKeJIb.

OrcyrerBHe H36HpaTesIbHOCTH 03HAYaeT, 4YTO CKOPOCTb
KapGOHHJINPOBAHHS 3KeJe3a B CIJIaBe C HHKeJeM Topasio
BhIlllE, YeM CKOPOCTb KapGOHHJIMPOBAHHS YHCTOLO KeJse3a.
Ewe Gosbilee noBblLIEHHE CKOPOCTH KapOOHUJIMPOBAHHA Ha-
OsrofiaeTcsl - AJA KoGaJibTa HPH CIJIAaBJAEHUH €ro C HHKeJeM
U Keje3oM. Bmecte ¢ TeM s GOraThix HHKeJeM CIJIABOB
c Keqesom ckopoctb peakuuu cuHtesa Ni(CO), moxer GbiTh
Bblllle, 4eM JJis YUCTOrO HHkess. MOXKHO Inpepnosararb, 4to
OflHA W3 MpPHUYHH B3aHMHOTO YCKOPEHHs KapOOHH/IHPOBAHHA
HHKeNsl M KeJe3a CBfi3aHa ¢ MeXaHM3MOM MNePHOAHUYECKOro
«MHKPOU3OUpPATETbHOTO» KapGOHUIHPOBaHHA, T. €. NOoYepes:
HOTO H3BJIeYEeHHsl B ra3 HUKess (HauMHas C aKTHBHBIX TOYek,
peaKkuHOHHas! CIOCOOHOCTb KOTOPLIX B NMPHUCYTCTBHH IPHMECH
XKeJsie3a BbIlIe, YeM y YHCTOTO HHKess) C 06pasoBaHHEM B I1O-
BEPXHOCTHOM CJI0€ (TOJIIIMHON B HECKOJIBKO aTOMOB) «aKTHBHOMH
ryGKu» Kejesa, KapOOHU/IMPOBAHUS 3TOTO KeJje3a ¢ oOHaxke-
HHeM CJelyioulero cJosi civiaBa ¥ T. A. Jlpyras BeposTHas
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MpHYMHA — ABTOKATAJIHTHYECKOE H KaTaJHTHYecKoe JelcT-
BHe KapOOHWJIOB, HaXOAAUIMXCA B ra3oBoil ¢ase y pearupyio-
el noBepxHOCTH. CHCTeMaTHYECKHX HCCJIeOBAHHH NOLOGHBIX
3d¢deKToB ellle HeT.

Biusanue cocraBa-Ha pPeaKUHOHHYIO CHOCOGHOCTH CIJIaBOB
OCJIOXKHSIeTCS OCOGEHHOCTAMHM HMX CTPYKTypHl. Tak, JuThe
CNJIaBbl CHCTEMBI (Kejle30 — HHKeJb MOKAa3bIBAIOT TJIaBHHIN
NOLbEM peaKUHOHHOH CIOCOGHOCTH NpU KapOOHHJIHPOBAHHH
C TOBHILEHHEM cofep:kaHuAd HUKesasd. ONHAKO YYBCTBHTE/b-
HOCTb CILIaBOB PA3HOTrO COCTaBAa K BHEIIHHM BO3JeHCTBHAM
HEOMHAKOBa, M, HalpHMep, 3aKajeHHble XeJe30-HHKeJleBLe
CIJIaBbl HMEIOT BBICOKHH MaKCHMyM peakuHOHHOH croco6-
Hoctd npu ~25% Ni. [IpuuriHa B TOM, 4TO 3TOT COCTaB XapaK-
Tepu3yercss HauboJblued MPOTAMKEHHOCTBIO TPaHHIl 3epeH
MeXay o- H y-hasamu (TBepABIMH PacTBOpaMH HHKe/I B O-
¥ y-XKeJsie3e), U3 KOTOPbIX COCTOAT KeJe30-HHKeJIeBble CIJIaBhl,
a HampsiKeHUs N0 TPaHHLAM 3epeH YBeJHYHBAIOT peaKilHOH-
Hyl0 CHOCOOHOCTb CIJiaBa: 3aKajJKoOH ee yJaeTcs MHOBLICHTh
B 70—80 pa3 no CpaBHEHMIO C JIHUTHIMH CHJIaBaMH, GJIH3KMMH
K paBHOBecHbIM. HTepecHo, 4To jfaxKe mpH KOMHATHO!H TeM-
neparype MPOUCXOAHUT MOCTENEHHBIH OTHYCK TaKHX 3aKaJleH-
HBIX CIIJIaBOB, H CKOPOCTb MX KapOOHUJIMPOBAaHHSA CO BpeMEHEM
nagaer.

Muoroo6pa3Hbl 1 HHTEpPeCHbl 3aKOHOMEPHOCTH KapOGOHHJ/IH-
POBaHHUS MeJIHO-HHKeJIeBLIX CMJIaBOB. B Gosbluel yacTu HHTEp-
Basa coctaBoB (10 <75% Ni) peakuus Bo3MOXKHA TOJIBKO
B NPUIIOBEPXHOCTHOM CJIO€, TaK KaK [10CJ/e U3BJIeYeHUs HUKeJsi
M3 pelIeTKH TBepJOro pacTBOPa OCTAIOLIMeCH aTOMbl MejH
o6pasyior Gapbep, NPenATCTBYIOUWNHA NPOHUKHOBEHHIO OKHCH
yraepoia K o6beMy CIJaBa.

[IpaBna, 3T0 NMPOMCXOAMT He cpa3y: obelJHeHHe MOBepX-
HOCTHOTO CJIOS HHKeJieM BbI3blBaeT AMQpY3HIO HHKeJS H3 elle
He 3aTPOHYTOro peakuuell o6beMa ClJjaBa K IOBEPXHOCTH;
YeM BEHIlIE TeMMepaTypa, TeM MOABHXKHOCTb aTOMOB CIliaBa
GoJiblle U TeM GoJsibllle HHKeJsl ycreBaeT mepefiTH B KapGoHHJI.
(Kcratd, 3THM MOXHO BOCHOJb30BaTbCA JJ1si H3MEpeHH#
ckopocrell TBepAodasnoil Audpysun npu temneparypax 100—
200 °C, OOGbLIYHO HENOCTYMHBLIX AR AHGDOY3HOHHBIX HCCIEN0-
BaHu#i.) OnHako jaxe B NPHIOBEPXHOCTHOM CJIOE TBEpAO-
dasnas nudpdy3usa o6bIYHO He NOCHeBaeT 3a XHUMHYECKOH pe-
aKkuued, H B KOHLE KOHIOB MEIHHIH 3KpaH CTAHOBHTCS HENpo-
HHLAeMbIM U1l Ta3a, ecld TOJbKO pa3Mmephl ofpasua crJasa
JOCTaTOYHO BeMHKH. fIcHO, 4To uyeM Ooubluie OyIeT HHUKeNs
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B CIJIaBe, TEM [03XKe 3TO MPOU30HAET, a NPH JOCTAaTOYHO BHI-
coKoM cogep:kaHun Hukens (280%) storo He npousoHIeT
BOBCE: BMECTO MEIHOro 3KpaHa oOpasyerca MelHas TryO0ka.

Kunetnueckve H3MepeHHsl, MNpPOBEJCHHbIE Ha CIJaBax ¢
~10% wmenn, nokasanu, OAHaKO, YTO H NPH OTCYTCTBHH 3Kpa-
HHPOBaHUS peaKUHOHHAs CMOCOCHOCTb CIJaBOB (IpPEI3KCIO-
HEHIHAJIbHBIA MHOXKHTEJIb KOHCTaHTHl CKODOCTH) IPHMEPHO
B 30 pa3 HuKe, 4eM y 4uCTOTO HHKesnd. C Apyro#l CTOPOHHI,
KaKk YIOMHHAJIOCh, COBCEM MaJible KOJIMY4ecTBa MeAH B CIIaBe
(<3%) He TOpMO3fIT, a2 B HECKOJBKO pa3 YCKOPSAIOT peakLHo.
Yckopslollee NeiCTBHe BbI3bIBAET M Melb, HaHeCEHHas Ha HO-
BEPXHOCTb.

Hakonen, 3ameuare/ieH CKauOK peaKUHOHHOH CMOCOGHOCTH
MeJ[HO-HUKeJIeBEIX CIIJIaBOB B KOHLE Mepexoja oT ¢eppomar-
HUTHBIX CIJIaBOB (Gosiee GOraThlX HHKeJieM) K HapaMarHuT-
HeiM. ([Tpu 150 °C MakCHMyM peakLHOHHOM CHOCOGHOCTH MpH-
xoautcs Ha 73% npu 200 °C — ua 78% HuKens B clJiase.)

Hosble 3akoHOMepHOCTH MPHUHOCHUT NPHCYTCTBHE B CIJIaBax
ceppl. B cnsmaBax cucreMbl HHKeJb — cepa NPHCYTCTBHE
cephl B BHJE CAMOCTOATENBHOH CyJb(uaHON (asbl He OKasbl-
BaeT COOCTBEHHO KaTaJUTHYECKOTrO AEHCTBHA; B CIJaBax Ke
Ha OCHOBE CHCTEM KeJie30 — cepa H 2KeJe30 — HHUKeJb —
cepa 31O JeHCTBHe, MOXKeT ObITh, U CKa3blBaeTcs — OJsarogaps
0o6pa3oBaHuI0 KapOOHUACYAbDUAOB Kese3a. Brnpouem, cnJsas-
JeHHe KofajbTa C Cepoil pe3KO CHHKAET ero peaKUHOHHYIO
croco6HocTh B cHHTe3e (0,(CO)g, U 3TO 3acTaBisieT COMHe-
BaTbCsl B KAaTaJUTHYeCKOM [EHCTBHH CYJbQUIAHBIX (a3 naxe
TOorga, Korjga o0pasoBaHHe KapOOHMJICYJNbDHIOB B IDHHIMIE
BO3MOXKHO. Bo BcAkoM ciydae, ecnnm Karaiusd cyJabduaamu
H CYLIeCTBYeT, ero He yAajocb OTAEJNHUTb OT YHUCTO CTPYKTYp-
noro sppexra. [locnennuil Bcerga urpaer posb, eciu B pac-
nJiaBe NPUCYTCTBOBasa cepa: MpPU 3aTBEPJEBAHHH NPOUCKXOIUT
paspbIXJieHHe ClJIaBa BCJEACTBHE pasjiefieHusl MeTalJHYecKux
3epeH CeTKOH MNOpUCTHIX CYJb(HUIOB; pPe3y/bTaTOM SABJSETCA
rpoMajiHoe — B COTHH pa3 — Da3BUTHe PEaKIHMOHHOH HOBepX-
HOCTH MaTepuaJja.

Tperuit appekT, BbI3bIBAEMBIH IPUCYTCTBHEM CEPHl B CIJIa-
Be, MOXKeT ObITb O003HaUeH KaK CBA3LIBAHHE MEIIAIoUIero KOM-
MOHEHTA; TaK, [06aBKa Cepul K CHJAaBy HHKeJ C KOOaJbTOM
npenoTBpamaer  o0pasoBaHHe — MaJOpPeaKUHOHHOCIOCOOHBIX
TBEPIHIX PacTBOPOB HHKeJb — KOOaJbT (OLHOBPEMEHHO Mpel-
OTBpaILaeTcs U nepexof, kobanbTa B Kap6onu). Eie 6ombliyo
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poib 3TOT 3pdeKT Mrpaer NpH KapGOHHJIHPOBAHHH CIIJIABOB
NPAKTHYECKH BaXKHOH CHCTEMbl Melb — HHKeJb — Cepa: CBsi-
3blBaHHE MeH B CYJb(HJ NMOBHILAET H CKOPOCTb KapGOHHJIH-
pOBaHUsl, U H3BJeUeHHe HHUKessl. T0 00YCJIOBNEHO HE TOJbKO
pa3pbiXJIEHHEM CTPYKTYphl, HO H oforaiieHueM HHKEJIEM MeLHO-
HHKeJIeBOI'O TBEpJOro PacTBopa, C COOTBETCTBYIOLIHM MOBbIIIe-
HHEM ero peakUHOHHOH CIOCOOGHOCTH.

s teopun KapGoHMJ-TpoOLecca OCOOEHHO CYIECTBEHHO,
4TO NPH B3aMMOJAEHCTBHH C OKHMCbIO YIJIepOia CILIaBOB CHCTe-
MBI Meflb — HHKeJb — Cepa COYeTAOTCA MpAMOe KapGOHMJIH-
poBaHHe no peakuuu (1) W BOCCTaHOBHTEJbHOE KapOGOHHJHPO-
BaHMe N0 peakKuHH (3): HHKeJb B ITHX CIJIaBaX NMPHCYTCTBYeT
YacTbiO B METaJ/IJINYECKOM COCTOSIHHM B BUJe TBEPAOTO pacTBOpa
C Melblo, a 4acTblo — B Buje cynabduna. [lo mepe pasBurus
npouecca HUKesb H3 TBEPJOro pacTBOpa NepeXoiuT B Kap6o-
HUJ, a Melb BOCCTaHaBJHBaeT HHKeJb H3 CyJabpuaa. dTu
peaklyHd MOTYT IDOTEKaTb KaK CONPSXKEHHHE, B pe3yJbTaTe
4ero npolecc pasBUBAaeTCs ABYMs CBSI3AHHBIMH JADYT C JPYroM
U NapaJljiefbHO ABHXKYLIMMHCA (POHTAMH — H3BJICUEHHsS] HH-
KeJisl M3 TBepJOro pacTBopa H HpeBpalleHHs Meid B CyJabdua.
Taxo#i conpsixkeHHBbI TOMOXHMHMYECKHil MpOLECC BKJIOYAET
B cebf M peakUHOHHYI0 TBepiaodasHylo Auddy3Hio HuHKens
yepe3 Meib W MeIM — yepe3 pacTyWHui cJofl cyabdpuna menu
K cyabbuny Hukeas. [lporekaHnio 3TMX TBepAOdasHbIX mpe-
BpallleHH# GaronpUATCTBYET XOPOLIMH KOHTAKT CYJbGOHIHBIX
(a3 HHKeNsl C MeJHO-HHKeJEBBIMH TBEPJbLIMH DAacTBOPaMH,
no3ToMy HanGoJsiee peaKLUHOHHOCIOCOGHBIMH SIBJIAIOTCS CIIJIABbI
C MeJIKHM 3epHOM U MeTacTaOUJ/IbHBIMH CYJbGOUAHBIME (a3aMH,
noJiyyatouuecss nNpu GLICTPOH KpHCTaNJIH3alMH, H B elle GoJib-
mell CcTeleHH — 3BTEKTHYeCKHe CIIIaBHL.

Takaa xe cTpyKTypa CocoGCTBYeT ylep:KaHHIO B TBEpAOH
¢ase koGanbTa: OH, NOLOOHO MeH, NEPEXOAHUT B CYJIbGOHAHYIO
¢opMy B aHAJOTHYHBIX TONOXHMHYECKHX MNpeBpallleHHsX.

C npyro#i cTopoHbl, NpH KapOOHHUJIHDOBAHHHM CIJIABOB
Cu — Ni — Co — S ¢ ymepennbiMu (<15%) conepxanusMu
MeIH H JIMIIb KATaJUTHYECKHMU KOJIMYeCTBAMH Cephl, pac-
npeneneHHOH B o0beme CIIJiaBa B BHJE NEPECHILEHHOrO pac-
TBOpPa, BO3MOXKEH IMOYTH MOJIHBbIH NepeBoA B KapGOHHJBI Kak
HUKeNs, Tak M Kobanbra.

TakoBo GoraTcTBO 3aKOHOMEPHOCTel JIMIIbL OJNHOH, Jydlle
APYTHX W3y4yeHHOH, TpyNnel peakuud KapOOHHUIHPOBAHHA.
HccnenoBanne peakuuit cuHTe3a JApYrux KapOGOHHJIOB, He-
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COMHEHHO, BBIIBUT MHOTO HOBBIX HHIMBUAYAaJbHBIX OCOGEH-
HocTe#l 3THX peakuuii — OJarofapHoro o0beKTa HJA HCCJe-
JIOBaHHH  mpoGJieM peakIMOHHOH CHOCOOHOCTH, KHHETHKH
M Kara/ju3a, FOMOTEHHbIX W TeTepPOreHHbIX peakiHH, TOMOXH-
MHUH, XHMHH TBEpJOTrO TeJa, He TOBOPS yiKe O XMMHUH MeTaJljIop-
raHUYeCKHX KOMILJIEKCOB.

2. PasnoxeHue kKap6oHUNOB MeTannos

Crporo roBopsi, 3TOT 3aro/J0BOK HETOUEeH, HOTOMY YTO MpO-
ecchl MOJYYeHHs MeTaslJIoB U3 KapOOHUJ/IOB BKJIOYAIOT B ce0s
He TOJbKO [HCCOIMAIMI0O KapOoHHMNAa Ha Merajsq M OKHChb
yrjaepoia, HO U pAA NMOGOYHBIX HJH BTOPHUHBIX DEAKIHH.
Takue peakuuH, KaKk INPaBH/IO, HMEIOT MECTO JaKe B «UHMCTHIX»
cayuasix pPas/OXKeHHS ONHOrO KapGOHW/IA; NpPH COBMECTHOM
DA3JIOKEHHH IBYX HJIH HECKOJIbKHX KapOOHHJIOB HJIH CMeCeH
KapOOHHJIOB C APYTHMH MeTaJlJIOPraHHYeCKUMH BelleCTBaMH,
a TakKe NpPU BBEeJEHUH HMHULUMUDYIOUWMX HJIH MOAHDHLHDYIO-
wux Jo6aBok mpolecc ellle Gosblie yCJAOKHAETCH.

[Mpocrefiunii B Hanbo/iee H3YYEHHBIH MPOLECC OMATh-TAKH
CBSI3aH C HHKeJieM. 3/eCb MPaKTHYeCKH eIHHCTBEHHAs peak-
nus — guccounanus kapGouuna Ha Hukenb W CO. [lparna,
JaXKe B 5TOM CJydyae BO3MOKHbI MOGOYHblE peaKLHH, [VIaBHasA
13 KOTOpBIX — AMCIIPOMOpPLHOHHpOBaHKe mo cxeme (6); Kara-
JIM3aTOPOM CJYXHT JHCIepcHbil HuKenb. Ecanm Bosnukaior
samersble KosmnuectBa CO,, BO3MOXHO TaKXKe OKHCJEHHe HH-
Keas yriaekucyaorod. [TockoJbKy HHKesNb He o6pasyer ycTok-
ypBbIX KapGHAOB, JaNbHEHIIHX OCJOXKHEHHH OObIYHO He BO3-
HUKaeT, XOTs Ja)e LJs1 HHUKeJsl BO3MOXHO KapOupoobpaso-
Bauue, echiu pasnoxenne uget npu 300—350 °C, a mpopykrThl
pe3Ko OXJ1axAAoTCsl.

[lpu pasnoxkenun Fe(CO); posb nobGouHbIX peakuuii
3HAYHTEJbHO BBIIE:  BO-NEPBHIX, Kesae3o ropasjo  GoJee
CUJIbHBIH, 4eM HMKeJb, KaTajnsatop peakuuH (6), BO-BTOPHIX,
oHO 00pasyer croiikue KapOH[bl, B-TPETbHX, OHO Jlerde OKMC-
asercsa. Bce ke W 3TOT caydaH, XOTA JAOBOJIBHO CJ/IOXKHBIH,
HccaegoBad GoJiee MM MeHee OCHOBAaTe/BHO; IOYTH TO XKe
MOXKHO CKa3aTh O Pa3JioKeHHH KapOOHH/IOB MOJHOLEHA U BOJIb-
¢pama. OnHako, Hanpumep, A4S KapOOHH/IA MapraHua roka
HE WIEHTH(UIMPOBAHB! JaxKe MpPOLYKTH DPasJiOXKeHHs; YcTa-
HOBJIEHO JIHILb, YTO HAPSAYy C METAJJIOM BO3HHKAIOT OKHCHHE,
KapOuaHble W OKCHKapOHaHbe (asbl.
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naBHast uepra npotieccoB passoxeHUss KapOOHUIOB —
BO3HMKHOBEHHE W POCT HOBOH (asel (uau a3).

Kpucrannusanua meTajana u3 noapa (MM pacTBopa) kap-
GOHUMa MOXKeT IpoTeKath JHGO TreTeporeHHO Ha TrOTOBOM
(narperoii) moBepXHOCTH, JHOO B €e OTCYTCTBHE, B OObeMe;
TOr4a HauajibHble CTAfMH pPEAKLHH IPOTEKAIOT TFOMOTEHHO,
HO 3aTeM BO3HHKAIOT YACTHIbI TBEPLOrO MeTassa, MpeiocTaB-
JISIIOIIHE CBOI0 MOBEPXHOCTb 1JIsi TETEPOTEHHOI'0 DPasJIOXeHHs.
CBsi3b ABYX BHJOB Pa3JiOxKeHHs B3aUMHA: 4aCTO reTeporeHHOe
pasJiokeHHe CONPOBOXKJAAETCA WM Jaxke HAYMHaeTcs pasJio-
KeHHeM B MPUIOBEPXHOCTHOM o0beMe.

B Mexanusme o06OHX BHIOB pPasjioXeHHS MHOro OOLLero.
HeoGxonumoctb 3apojbiiieo6pa3oBaHust M HaudaJbHOH CTaiuH
cdopmupoBanua HOBOH (a3l 00yC/IOBIUBAET XapaKTepHOe
Kak Obl «aBTOKaTaJIUTHYECKOe» IPOTEKaHHe Hayasa mpolecca.
Takoii xon peakuuu B 000OHX CIYuyasfix OTpa:KaeT BO3HHKHOBe-
HHe H CaMOYCKOpSIOUleecs pasBHTHe CBeXeH MeTasyinyeckof
MOBEPXHOCTH, HA KOTOpOH 3aTeM JIerko HIeT CTalHOHapHOe
reTeporeHHoe pasJioKeHHe KapOoHusa (OTCIoa M CYLIeCTBOBA-
Hue, NPU reTeporeHHOM BapHaHTe, HHIYKUHOHHOTO MepHoja,
HauGoslee JJIUTEJLHOIO B CJydyae HeNOJsAPHBIX aMOp(dHBIX
NoJJI0KEK BpoJe (¢ropomnJacra).

TpakroBKa HauaJbHBIX CTaguil passioKeHHs KapOGOHHJIOB
METa/JIOB, KaK MpoLeccOB o6pa30BaHUS HOBOH (asbl, genaer
GoJiee TIOHSATHBIMH M HafiJieHHblE TJaBHBIM 00pa3oM B MOCJEN-
Hee BpeMs «Kara/iudyeckue sdxpeKTbl» MpH pa3soxkeHUH Kap6o-
HUJIOB HHKeJl M JKeJesa -— MHOTOKPAaTHOe YCKOpeHHe Mpo-
ecca mojp gefictBuem psga no6aeok (H,S, CS,, COS, H,Se,
SiCl,, TiCl,, O,). tu 3hdekTsl UMeIOT NepBONPHYHHOHN 3a-
MEHY UYHCTOH JHCCOIMAUMH KapOOHHUJA Ha €ro pasJioxeHHe
C OKHCJEHHeM MeTallja, uiyuiee ropasjo Oeictpee. B pesyab-
tare HOBas (asa Merassia BO3HHKAaeT paHblie (IepBOHAYAJIBHO
o6pasoBaBinyecst CyJabhUAbl, OKHCJBl HIH XJOPHABL MeTa/1la,—
HIIH CJIOJKHBIE POM3BOAHBIE THIA OKCHKapGOHUJIOB,— CJyXKaT
[IEHTPAMH KPHCTANJIH3aLUH YHCTOTO MeTa/sa), H «IepHoj,
MOATOTOBKK» (IPH TeTepOreHHOM PpasJioxKeHHH — HHAYKIHOH-
HBIH TepHof) CHIbHO cokpamaercd. C Apyro# CTopoHwl, Io-
HATHO, 4TO, XOTH JOGaBKH Y4YacTBYIOT B CTeXHOMeTPHYECKHX
peakuusaX, [AOCTATOYHO HX <KATAJIMTHYECKHX  KOJIHYECTB®,
uTOOBl MpOLECC MpPeosioesl TPYAHble HayasbHble CTaJHH CO31a-
HUS DEakUHOHHOH MOBePXHOCTH,— MO3TOMY BHeLIHe 3(peKT
BOCIpHHHMaeTcsl Kak Kartanu3. EcrecTBeHHO, 4TO JeHcTBHe
«KaTajn3aTopoB» HaHWOO/Nee Pe3KO MNPOsBJsETcs IPH pasio-
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KeHHH KapOOHHW/IOB B oObeme, TIIe 3apoipliieo6pazoBaHue
uner tpynHee. (Bo u3bexkaHue HesicHOCTell nojayepkHeM, 4TO
J0GaBKH YCKOPSIOT Pa3sioxKeHHe W Ha rOTOBOH IOBEPXHOCTH,—
Belb HeNOCpeJCTBEHHO OHH HeHCTBYIOT COOCTBEHHO Ha pachnap,
MosieKyJbl KapBonuna. Ho sror sddexr He crosp pasutesew,
KaK Ha PaHHHUX (asax ocaxIeHHs MeTasna.)

Pasnnuns Mexjpy npoueccaMy pasJsio:KeHHs1 KapOOHHJIOB
Ha TIOBEPXHOCTH U B 00beMe ONpejesdioTcs pa3iudyueM MexXLy
reTeporeHHbIM M T'OMOTEHHBIM 3apOJblle06pa30BAHUEM H pe3-
KOl pasHuIlell B NOABMIKHOCTH 3apojiplllledl U YacTHL, TBepIOH
tassbl. 4

Bo Bcex H3yueHHbIX cayyasx peakiis HayuHaercd ¢ obpa-
30BaHUA Hecrofikoro cy6kap6onuna:

Ni (CO), = Ni (CO); +CO @)
Fe (CO); 2= Fe (CO); + CO (8)
Mn;, (CO),0 = 2Mn (CO)s 9)

Coz (CO)g = 2Co (CO)4 (10)

O6patumocts peakuuil (7) u (8) nokasniBaeTcss Pe3KHM TOPMO-
JKEHHEM passoKeHHs KapOOHHJIOB OKHCBIO YIJIEPOAAa; peak-
uun (9) u (10) uccnemoBaHbl Macc-CHEKTPOMETPHUYECKH.

Onnako pnanpHefmas cyab6a BO3HHKIIMX DajHMKaJOB He-
OJIIHAKOBa.

Ilpu pasno:keHuu cy6GKapOOHHIOB B OGBEME MBICAHMBI H,
No-BHAUMOMY, GaKTHUeCKH peaausyiorcd aBa nytd. Oxus,
BO3MOXKHBI NPH BBbICOKOH KOHIEHTPALMH 5SHEPrHH,— HaJb-
HeHINMA CTyneHYaTHldl pacnaj A0 MeraJJa:

Ni (CO); —c6° Ni (CO), Zco” NiCO —56 Ni (11)

AromapHblit map Merasja 3aTeM KoHJeHcupyerca. Jlpyroi
MyTh, SHepTeTHUeCKH GoJiee BePOSITHBIH, 0COGEHHO NPH BLICOKHX
KOHIIEHTPAIUAX KapOOHHJa,— arperauuss OCKOJKOB C da-
CTHYHBIM OTIUIENJIEHHEM OKHCH YyIJiepoja 3a CYeT 3Heprud
obpa3oBaHusa cBf3eill MeTasjs — MeTasJ. BO3HHKalOT Meras-
JINYeCKHe KJacTepbl, BEPOATHO, MaJIOyNOpSiJOYEHHbe, C MpH-
coellMHeHHbIMH KapGoHuabHbiME rpynnamu: Me,(CO),. Tlo me-
pe JanbHefillefi arperanud HPOHUCXOAUT INPeBpallleHHe 3TUX
KJIaCTepOB B YaCTHLBI TBEPAOTO MeTasja C afcopOHpOBaHHOM
Ha NOBEPXHOCTH OKHCBIO yrilepoga. MoXHO AyMaThb, 4TO Kap6o-
Huab  kesnesa, Fe,(CO)y u Fey(CO)yy, NpOMeKyTOUHBIR
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ycrofiuuBble 00pa30BaHHsA HA 5TOM IYTH HeNPepHIBHOTO Hepe-
X0la OT MOJIeKyJ KapOoHHJa K TBEPAOMY MeTalay.

Takum o6pasom, GoJblias MOABHKHOCTb MPOMEKYTOYHBIX
YacTHIl NPH pa3/oXKeHUH B OObeMe CO3aeT HOBblE BO3MOX-
HOCTH /Il NpOTeKaHHs mpollecca. JTO OTHOCHTCS W K Jalb-
HeHUIUM CTafufM, KOaryJsilMH H CIeKaHHIO, XapaKTepHbIM
VIMEHHO JII1 pa3/okeHHs B o0ObeMe.

UacTuupl MeTajuia, KOTOpble MepPBOHAYAJIbHO BO3HHKAIOT
13 CcyOkapGoOHUJIOB (KakuM Obl crnoco6oM — KOHjieHcaluel
WM arperauueii — 310 HH IPOUCXOAUJIO), — BecbMa MaJbl;
OHM COCTOSIT BCEr0 M3 HECKOJbKHX COT aTOMOB MeTasJa, a MO-
®eT ObITb, U MeHble. DJIEKTPOHHO-MHKPOCKOIIMYECKH YAal0Ch
JEeTeKTHPOBATb YaCTHIBI B HECKOJNBKO JECATKOB aHICTPEM
(uz 104—10° aToMOB), a MeToZaMM a3pO30JbHON TEXHHKH —
gactuubl 13 102—10% aromoB. DTH MaJjible 4acTHUB 06pa3yloT
BBICOKOHCIIEPCHEIH a3p030Jb MeTaJl1a ¢ YyJIOBHIIHON CUeTHOH
KoHueHrpauuedt — g0 10'°—I10'® wacmuy/cm® — 1 noromy
ObLICTPO KOAryJHpYIOT.

MaJsiocTh M HEYNOpSIOYEHHOCTh «MEPBHYHBIX YACTHLYy Me-
TaJsl1a MPUAAIOT HM OrPOMHbIE H3OBLITKH SHEPTHHU 10 CPaBHEHHIO
C KOMIIaKTHEIM CTaOUIbHEIM MeTasioM. (M3Mepenns Ha HHKese
nann g0 35 xxaale-amom pnsa uacruy u3 ~ 100 aromos.) [lo-
3TOMY KOAryJfLHs 3THX YaCTHI COMPOBOXKIAeTCA HX ObICTPBIM
cnusiHAeM. Doslee KpynHble 4acTHipbl CIEKaloTCA B arperarsl.
VI3 TakuX arperaToB H COCTOSIT MOPOLIKH KapGOHHJIbHBIX Me-
tannoB. HccnenoBanue nOpOIWIKOB KapGOHHUJBHOTO HHUKeNs
[0Ka3alo, 4YTO Ja)Ke CPaBHHUTEJbHO KPYHNHbIE H I[0ITOMY

Gonee ycToOiuMBLIE uyacTHB pasmepom mopsinka 100 A npo-
JIOJKAIOT MENJIEHHO CHeKaThbCs BHYTPH arperatos INpH Xpa-
HeHHH.

M36bITOYHOCTD 3HEPTHH MaJsiblX YaCTHL, MOPOXKJAeT ele
liBa POACTBEHHBIX fBJIEHHS — IMepeKpHCcTaNNu3anmo OoJee
MeJIKHX YacTHI[ B KDyIHble depe3 rasoBylo (aszy (310 aHamo-
THYHO XHMHYECKOMY TPAaBJI€HHIO HECOBEpLIEHCTB poOCTa IpH
reTeporeHHOM pa3JIoXKEeHUH, CM. HHiKe) H HOCTelleHHOe CMelle-
HUe DPaBHOBECHSA DasjiO:KeHHs KapOOHM/a B CTOPOHY MeTasJsa
U OKHCH yrJepoja NO Mepe CHEKaHHUS 4acTHUI[ MeTasja H CHH-
*KeHHA HUX H30ObITOUHOH 3SHEpPTHH.

[Ipu pasnokenuu KapGOHUJIOB GeppPOMATHUTHBIX METAJJIOB
BO3HHKAIOT CBOeoOpa3Hble 3(heKThl, CBA3aHHLIE C H3MEeHeHHeM
MarHMTHBIX CBOHCTB YacCTHIl MeTaj1a no mepe ux pocra. [eii-
CTBHUTEJbHO, BECbMa MaJible 4acTHUbL HHKENs, »Keje3a H KO-
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6aJibTa «HEMAarHNTHBI» (TOYHee, OHM 00JIANIAIOT Cymeprapamar-
HETH3MOM, T. €. HanpaBJeHHe CaMOINPOHM3BOJIbHOH HaMarHH-
UEHHOCTH IMOJBEPKEHO CHJbHEHIINM TelJIOBbIM QJyKTyalHaM),
HO KOrja HX pasmep gocrturaer npumepHo 30—50 A, ouu cra-
HOBATCA (peppOMarHeTHKaMH, COCTOSILIMMH H3 OJHOTO-€IHH-
cTBeHHOro JoMena. [lostromy Huxe Touku Kiopu (356° C mas
Hukens ¥ 768° C ana xenesza) gasnbHefiIas KOaryJsiius mpo-
TeKaeT HanpaB/JeHHO: OJHOJOMEHHbIE YaCTHUbl COEIHHSIOT-
CSl OpOTHBONOJIOXKHBLIMH IMOJIIOCAMH, BBLICTPAHBAasiCb B TOH-
yafye MeTaslJIM4ecKHe HHTH, KOTOpLIE JIErKO BbIZEJNHTHb
NpH pasJIoKeHHH pa30aB/JeHHOro napa KapGoHHJA; NMPH Bhl-
COKHX KOHIEHTPauHusAX KapOoHW/IA 5TH HHUTH MepelJeraioT-
cs1, o0pasys HHKeJeBYIO HJIM KeJle3HYIO «BaTy». Hamporus,
Bhille TOYKM KiOpH HanpaBJeHHOH KOAryJsiiuH asposoJed
HHKeJasl M Kesje3a He HabJopaercs.

Otu 3dexTs 10/KHB ObITb HHTEDECHBI KaK HCCJe10BaTe-
JISIM aspo3odiell, TaK U (PH3NKaM-MarHUTOJIOraM, 3aHHMAIOMIHM-
cs cBolicTBaMH MaJ/blX yactuu. Kcratu, ans ompeneneHus
MHHHMaJIbHBIX Pa3MepoB JIOMEHOB »eJjle3a B CBOe BpeMs OBLIO
UCIOJIb30BAHO HMEHHO TepMmuueckoe pasJgoxenue Fe (CO)s.

Ho u 3710 He Bce: ellle ofHa rpynmna sB/eHHI cBsi3aHa ¢
no6OYHBLIMH PeaKUUAMHU, Npexje BCero ¢ AHCHPONOPIHOHH-
poBaruem CO Ha MeraJe, oObuHO ¢ o6pa3oBaHHeM KapG6H-
nga. Ha paHHuX cTaauax npolecca, 3aBepuiaiolLUXca  ykKe
npu 100—150° C, atu peakuuyu 3aMOpDOKEHBl M He HTPaIOT
poau. Ho cpaBHHTeNbHO KpymHble yacTuiibl, nopsaka 0,01 —
0,1 mk, BUTalOLIMe B rase, IpUHAMAIOT TeMIepaTypy, AoCTa-
TOYHO BBICOKY10, 4TOOBI AHCIPONOPIHOHIPOBAHHE MOTIJIO H[-
TH. Ecay ydecTs, uTo 3TH peakuuu 3K30TepMHUYHBI, MOXKHO
NOHATL 3aMedaTe/bHbIA pe3yJibTaT, KOTOPLI OHH TPHHOCHAT:
passioxkeHHe KapOOHHJA — OHO MOTJIOUAeT TemJIo — MOCTe-
MEHHO OXJIaXKJaeT HarpeTylo 4acTHLy 1O TeMIepartyp, Kor-
Ja JdajbHefilllee OTJIOXKEHHe MeTasJla CHJbHO 3aMejJsercs,
a pucnponopuronuposanne CO, uayllee ¢ OTIOXKEHHEM Yr-
Jepojia, BHOBb pa3orpeBaeT YaCTHUY U OJHOBPeMeHHO 06Gel-
HAET OKHCbiO yIJlepoJa Tra3 BOKpYr Hee — uyToObl CHOBa
YCTYIHTb MECTO pasJioxeHHio Kap6onuna. B npouecce passo-
xenus Fe(CO)s sra nepuopuueckass cMeHa peakuuii Ha ua-
CTHLE CO34aeT MHHHATIODHYIO «KeJNe3HYI0 JIYKOBHLY»
(puc. 1). BosHuKHOBeHHI0 TaKOi CJOHCTON, «/J1yKOBHYHOMHY»
CTPYKTYPBI 4acTHL, KapOOHHJIBHOTO 2KeJie3a MOTYT croco6CT-
BOBaThb M JApyrue NoOOuYHble PeaKLUWH, HO MEPBONPHYHHA Jle-
KT 3Jech. Hukeab KaTalusupyer AHCIPONOPUHOHHPOBAHHE
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Puc. 1. D/eXTPOHHO-MHKDPOCKONHYECKas tdoTorpa-
dusi  vacTHuBl KapOoHWJbHOro Kenesa (X 15000).
Xopowo BHAHA «IYKOBHUHAs» CTPYKTYpa.

CO ropasno cnabee, TOITOMY €ro 4acTHIbl MMEIOT HroJbya-
TOe, JeHAPUTHOe CTPOeHHe (PHC. 2) H JIMIIb cjerkKa «3amau-
Kaubl» caxwuctoim yriepomoM (0,05%). Ho mocratouno mo-
6aBUTb K pasjiaraeMoMy KapGoHuay HuKeas aumb 1—2%
Fe(CO)s, uTo6b MOJAYYHIHCh TMOYTH TaKHe Ke 1apoob6pas-
Hble JYKOBHUKH, KaK M M3 YHMCTOro Kapbouuaa xenesa. Co-
JlepXXaHhe yriaepoja B TaKOM HHKe/e NOJACKaKHBaeT 10 le-
JIOTO NIPOLEHTA.

TakuM o6pasom, passoxeHHe KapGOHHJIOB B 0ObeMe —
Ype3BbIYaHHO CJIOXKHBIH MNPOLECC, CTafHH KOTOPOro — rOMO-
reHHasl IMCCONHalusi, OOpasoOBaHHE H POCT YaCTHI HOBOH
¢a3bl, reTeporeHHble peaklUHH HA YaCTHIAX, KOATyJsLHOHHOe
yKpYNHeHHe 4YacTHI, NPOTEKalT 4YacThi0 MOCJEL0BaTeNbHO,
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Puc. 2. DJIeKTPOHHO-MHKpOcKonuueckne ororpapun ua-
cTHll KapGoHuAbHOro Hukeas (X10000). Bupuo nen-
APUTHOE CTPOEHHE YacTHII

a yacTbi0 NapaJIeJbHO, T. €. KOHKYPHPYf APYr C APYrom.
D70 co3maerT OrpoMHOe pasHooOpas3iie BapHAHTOB.

Onnako W 6oJee MPOCTOe pasJOKeHHe MapoB KapGOHHJIOB
Ha (MKCUPOBAHHOH NOBEPXHOCTH OTHIOAb He INPOCTO, Jaxe
€C/IH OTBJIeYbCHA OT BJIMSHHA Macco- H Tem/olepeHoca (3T0
BJIMsSIHHE MOXeT OblTb BECbMa 3HAYHTE/bHBIM: K OOBLIYHOMY»
nepeHocy 106aBnAeTCA TaK Ha3biBaeMblil cTe(aHOBCKHI MOTOK,
BbI3bIBAeMBIl MHOTOKDAaTHBIM HM3MEHEeHHeM o6bheMa mapa mpu
peakuHuH).

[porecc reTeporeHHOro 3apojpleo0pa3sOBaHUs HA IOA-
JIOXKKEe CYIIeCTBEHHO 3aBHCHT OT €€ NPHPOIbl — ancopOLHOH-

HOH CNMOCOGHOCTH TO OTHOWIEHHMIO K KapGOHMNY WM K cyGKap-

22



GoHuJaM, MOCTYMAIOMKUM H3 MPHUIOBEPXHOCTHOTO O6BeMa.
KuneTuueckde jJaHHbIe, MOJNYy4YeHHble B YCJIOBHUSIX KOHKYpeH-
IIMH TIPOLECCOB pa3/oXeHHsl KapOOHM/Ia HHKeJs Ha IOBepX-
HOCTH (CTEKJIO) U B 06beMe, CBHAETEJIbCTBYIOT O TOM, YTO B CKO-
POCTb OTJIOXKEHHS] MeTaslla Ha MOBEPXHOCTH GOMbLIOH BKJa
BHOCHT MPHIOBEPXHOCTHAs TOMOTeHHAasl PeakuHsi; HAa PaHHHX
craguax (OpMHPOBAHHS MeTa/JIHM4ecKOH (as3bl 3TOT BKJAj
ABasieTcs ompeaensiomum. MoxndHKaLKs MOBEDXHOCTH MyTeM
ApeBapuTeNbHON afncop6LUUH Ha HeH «aKTHBATOPOB» MPUBOAUT
K a6CONIOTHOMY M OTHOCHTEJbHOMY BO3PACTaHHIO CKOPOCTH
reTeporeHHOH peakKlHuH.

Bo Bcex cayyasx npeacTaB/IfeTcs BepOATHBIM, YTO [alb-
Hefiiuii pacnajg cy6kap6OHHJIOB MPOHCXOIMT HA IOBEPXHOCTH
3a CyeT 3Hepruu mnocjenHeli. BosHuKawoomMe aToMbl Merajja
MOMI3AI0T 10 MOYI0XKKe, TOKa He BCTPETAT APYT APYra HJH He cs-
AyT B yno6Hoe MecTo. [3-3a cpaBHUTEJNbHO MaJIOi MOABH>KHOCTH
YACTHII Ha MOBEPXHOCTH MHOTHE aTOMbl HCNApAIOTCA» 6Jaro-
naps o6paTHOM peakLHMH — ec/M OHH HE YCIeIH HaHTu cebe
«xoporuefl» Kpuctanorpapudeckoii nosunuu. KMuade rosops,
B x0j1e 06pa3oBaHus (U pocra) HOBOH (asbl NPOUCXOAUT XHMH-
yecKOe TpaBJIEHHE HECOBEPIIEHCTB CTpoOslleficA pelleTKH, TeM
Gonee ycremHoe, 4eM O6/MXKe K PaBHOBECHIO MPOTEKaer pas-
JIOKeHHe.

3ameuatesbHO, YTO CYLIECTBYeT HE TOJbKO BJHAHHME MOJ-
JIOXXKH Ha XapakTep pacryiieifl NMJeHKH, HO H 0OpaTHOe BO3-
JeficTBHe cJIos1 HOBOH (hasbl, mepecTpauBaroiiei NOBEPXHOCTh
noaoxkkd. BecbMa ToHKkue (1o 30 11) NJeHKH OOBIYHO HMeIoT
«OCTPOBKOBOE» CTpOeHHe, B JasbHelillleM OCTPOBKH CJHBAIOTCH.
JIoCTOSHCTBO CKOPOCTH pOCTa CJIOSI JAOCTUTaeTcs NPH  TOJ-
U[HHe B HECKOJIbKO ThICAY aTOMHBIX c/1oeB (mopsaka 1 mx).

OnHako M npu JafibHefiieM pocre cJos KapGOHHJILHOTO
MeTa/l/la TIOC/IeHHH H3MEeHfeTcs, O4eBHUIHO, 32 CUeT MepeKpH-
CTa/NIM3AlMH; TaK, /s HUKeJAs HalileHO yBeJHYeHHe pasmepa
3epeH KpuCTaaIuToB OT 1—2 10 10—15 Mk npu pocre ToJ-
muHB oTyioxkeHHoro cnos oT 0,02 go 0,5 mm.

Eule Gomee c/lOXKHBI SBJNEHHS COBMECTHOTO pasJ/IOxKeHUs
IBYyX W GoJee KapOOHH/IOB; OHHM COBEPIIEHHO HE M3YYeHHI.
3ac/yKHBaeT YIIOMHHAHHA, YTO IIPH FreTepPOreHHOM PasJIOKeHHH
CMeCH napoB KapOOHHJIOB HHUKeJsd M JKeJjesa H36HPaTENbHOCTH
fl0 OTHOILEHHIO K OJHOMY M3 KapGOHHJIOB He HabJionaercs,
xors Fe (CO); Gosee ycrofiuuB. OueBHIHO, B3aHMHOE BJIHSIHHE
MeTa/JIOB MOKeT HMeTb MeCTO He TOJNbKO IpH 06pa3oBaHHH,
HO M TPH DPa3/IOKeHHH KapOOHHJIOB,
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Hakonel, ynomsaHeM 0 CBOeoGpasHOH KaTeropuu IpoLece
COB Das3s/IOXeHHA TBepAbIX KapOOHHJIOB MeTasJoB, XOTA 3TH
NPOLECCHl elle He MPHOOGPEJH TeXHOJOTHYECKOr0 3HauYeHHs.
D10 — MHTepecHbIl OOGBEKT 15 TPANHUHMOHHOH TONOXHMHH;
creriMyKa COCTOHT B OTCYTCTBHM I[epeHOCA 3apsifioB, HEH3-
6eKHOTO MPH pas/IOKeHHH HOHHBIX coennHeHuii. Hau6osee
e TPHBJEKaTeJbHO, YTO BO MHOTHX CJy4asX MPOUCXOIHT
GKOHJEHCALMsA», T.e. NpOoLecC NMPOTeKaeT CTYNEeHYaTo uepes
CPaBHUTE/IBHO YCTOHYMBLIE MHOrOsiiepHble KapGoHHJb. Mexa-
HH3MBI (JODMHPOBAHHA YCTOHYHMBEIX META/VIHYECKHX KJACTEPOB
B Ipolecce OTLIEMJIEHHs JIMIaHIOB MPEACTaBASOT 3HAYHTEb-
HBll O6GIMEl HHTEpec.

Hrak, u B cHHTe3e, H B Pa3JIOXKeHHU KapGOHHJIOB HepelleH-
HBbIX TeOpeTHYECKHX BONPOCOB ropasjo 6oJbllie, YeM pelIeHHbIX.
Tem He MeHee B TedyeHHE MOCJHEIHHX JeET y3Ke HAMETHJHCH
KOHTYpbI TEODETHYECKHX OCHOB KapGOHHJIBHOH MeTalyprHH,
H XOTsl CerofiHs, Kak H paHbllle, IPAKTHKH ellle YacTO JOJKHb
IBHraThCsl OLLYNbIO, NOYBA A1 TEXHONOTHYECKHX pa3paGoTOK
CTaHOBUTCS 6oJiee HaJieKHOH.

COBPEMEHHOE COCTOSIHME. TEXHONOrUs

1. O6uwHe cBeaeHMA

Kap6onua-npouecc, BooOiie TroBopsi, HMeeT [BOSIKOE Ha-
3HaueHHe: C OLHOH CTOPOHBI, 3TO CNOCOO H3BJEUEHHS MeTal-
JIOB M3 METaJJIypruYecKUX MOJYIPOAYKTOB, C ApYyrod — cro-
co6 TMOJyueHHS MeTa/JIoB B TeX WJH HHBIX ClEUHATbHBIX
¢opMax: B 0coB0O YHCTOM COCTOSIHHH, B BHJIE MOpOIUKOB
C TeMH W/IM HHBIMH XapaKTePHCTHKAMH, B BHIE NOKPHITHI,
B BHJe OCOObIX MaTepHasOB MJIM Jaxe H3JeJui.

Jas GONMBUIMHCTBA METANJOB ONpelessoHM  SBJAETCS
BTOpoe HasHaueHue. [Ipu 3TOM BHIGOD HCXOZHOTO MaTepHasa
HECYIIeCTBEH; KaK MpaBUJIO, B TaKHX CJAydasix YHOGHO HC-
XOIUTh M3 YHCTHIX COeJHHEHHI MeTaslJoB, NMOCKONBbKY IOR00-
Hble TIPOM3BOJCTBA HMEIOT MaJblii MaciiTab H HeMmocpeACTBeHHO
He CBfi3aHbl ¢ Npo6JeMaMu H3BJeUYeHHA MeTaslJOB M3 NPHUPOX-
HOTO CBIPbA.

Texuosorusi cHHTe3a KapOOHMJIOB JJIs TaKHX Ipo-
H3BOJCTB — 3TO TEXHOJIOTHsI PeaKTHBOB, NOJIb3YIOLIASICA NPH-
eMaMH TNpenapaTHBHOH MeTaJlIOpraHHYecKoH XHUMHH, a mouay-
yeHHe KapGOHMJIAa H pasJioKeHHe ero OObIYHO pasjeseHbl
MEeXNY pa3JU4YHBIMU NPeANPUATHAMH.
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Ho B HekoTophlx caydasx KapGOHHJ-IPOLECC — MeTall-
JypruYeckas TEXHOJOTHs1 B COOGCTBEHHOM CMbICJe CJIOBa:
OH BXOJHT B KauecTBe COCTABHOH YacTH B MeTa/lJlyprHYecKHe
cxeMbl nepepaGoTku pyA. Toria Ha NepBBIH IJIaH BHICTYMaer
nepBoe M3 Ha3HaueHHH KapOOHHJ-TIpolecca, H BHIGOP HCXOI-
HOro Marepuaja, NOJABEpraeMoro KapOOHH/JIMPOBAHHIO, MpH-
nOpeTaeT NPUHIMIHANBHYIO BaxXHOCTb. (Pa3ymeercsi, U B 5TOM
c/lyyae BO3MOXKHO INOJIyUeHHE MeTalsa B T€X MJIHM HHBIX CIie-
uHaJbHEIX (opmax, HO 3[ech 3Ta CTOpPOHA feJa He HMeeT
onpezensiomero 3Hauenus.) EcrecTBeHHO, YTO MonyyeHHe Kap-
GOHHJIa M NpeBpalleHHe ero B MeTaJyl OOBbeNHHAIOT B OIHOM
MIPOU3BOACTBE, 11€X4 KOTOPOr0 B3aHMOCBfi3aHBI MO CJedylomel
«BJI0K-CXeMey:

WUCXONHBI MaTepHal  OCTaTKH KapGOHHJIKPOBA- NOGOYHRBIE MPOLYKTHI
HUus (Ha nep2pabGoTKy)
| 1 i
!
nodzomoska K —  cunme3 kapboOHUA08 —> evifenetiue, wuucmKa
KapOOHUAUP0BAHILIO u pasdererue Kkap-
60HUR08

OKHCb T  yrjepoza

\

pasncoerue Kapborui08 —

l

MeTaJ/l/IH4eCKue (PO YKThI

Hepenko nenecoobpasHo u nanbHefiinee KOMIJIEKCHPOBaHHE
TeXHOJIOTHYECKUX TMPOLECCOoB, T. €. oObelHHEHHEe KapOOHHJIb-
HOI'O MPOW3BOJACTBA C TAKMMH XUMHYECKHMH [POH3BOACTBAMH,
KaK amMMHayHoe, He(pTeXxHMHuecKoe (MONyuyeHHe CHHTe3-rasa,
OKCOCHHTe3); B 4aCTHOCTH, 3TUM ofecrneynBaercs 6ojiee paruo-
HaJbHOE Hcrnosb3oBaHue ra3oB. (Hampumep, B [epManup
OblJIO NOACYHTAHO, UTO AaBTOHOMHOE MPOHM3BOACTBO OKHCH
yrsaepoaa Aja KapGOHMJ-Mpolecca CTAHOBUTCS peHTabesbHLIM
pH TONOBOM BHINYycKe MeTasna 40 ThiC. m W Bhlllle; HO3TOMY
Kap6oHU/IbHOE TPOH3BOACTBO B Onnay, HeGosblloe Mo 06beMy,
OblIO COMpSKEHO C 3aBOJIOM CHHTe3a aMMMaKa.)

Heo6xonumMo u ee ofHO 3aMedaHue OOIIEro XapakTepa.
OHO OTHOCHTCSI He COGCTBEHHO K TEXHOJIOTHH, a K TeXHHKe
Ge30macHOCTH.

Kak u BcsiKasgs MeTaJsnopraHuka, KapGOHHJBI MeTaJlsIoB
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SIIOBHTHI, Mpu4yeM 0cO6EHHO onacHbl HanboJee JeTyuyHe U3 HHUX,
npexjae Bcero KapOoHHJ HHKess (TOKCHYUHOCTb APYTHX KapGo-
HWJIOB MeTaJlJIOB H3yueHa HemocTaToyHo). Kap6oHus uukess
npeacTasiser co0ol CUJIBHOE OTpaBJAIOLIee BellecTBO ofiie-
JIOBUTOTO J€HCTBHA (10 BTOPOH MHpPOBOIl BOHHBI OH COCTOSLI
Ha BOOPYXKeHHH psaja rocynapcts). OH crnocoGeH BBHI3BIBATH
KaK OCTpble, TaK M XpOHHYecKHe oTpaBJjeHus. [IpenenbHo
JIONYCTHMAs KOHLEHTpauusa ero B Bozayxe, B 1970 r. sakoHo-
narenbno ycraHoBiennas B CCCP,— 0,0005 me/x3; B CIIA
npuHATa caHuTapuas Hopma 0,007 me/u®, a B OPI —
0,7 m2/m3. HenmocrarounocTb moc/eaHed BeJWYHMHbBI BHJHA,
MeXJy NpPOYHM, H3 TOro, 4TO HAa XOpPOMWIO OPraHH30BAHHOM
NPOH3BOJACTBE KapOOHUIBHOTO HHKeqas QupMbl Badische Ani-
lin- und Soda-Fabrik B Jlionsurcxadene 3a 16 ner npousouwio
46 orpaB/ieHHH, B TOM 4YuCJe [Ba CO CMePTeJbHBLIM HCXOIOM.
Bosee :xecTkue caHuTapHble HOPMBI TPeGYIOT MOBBILIEHHS
He TONMBKO 06Miell KyJAbTyphl NPOU3BOLCTBA, HO H €r0 TEXHOJO-
THYEeCKOro ypOBHA, a NMOTOMY CHHXKAIOT MOTEeHLHAJLHYIO ornac-
HOCTb HecyacTbs. Pasymeercs, 3T0 OTHOCHTCH KO BceM KapGo-
HUJIBHBIM IIPOLECCAM H JOIKHO YYHTHIBATbCA NPH pas3paGoTke
HX TEXHOJIOTHH.

2. MonyueHne KapGOHMNOB METANNOB M3 ChIpbiX MarepHanos

TH  TeXHOJOTHYeCKHe npoueccel, Boo6iie  roBops,
BKJIIOYAIOT B cebsi IMOArOTOBKY HCXOQHOrO Matepuana, cob-
CTBEHHO KapOOHHJHMDOBAHHE H BbileJIeHHe H OYHCTKY Kap6o-
HHUJIOB.

Han6osee u3BeCTHHIM B KapGOHMJILHOH METaJJyprHH fB-
Jsercss npouecc Monpga.

Hruinemnee odopmienne ero takoBo. McexomHeiM MaTepua-
JOM CJYXKHT TeXHHYeCKas 3aKHCh HHKeJsd, CcofepiKaiiasn
~80% nukeas, no 0,6—0,7% Mexu u Kenesa, okosao 1% xo-
6anbTa u 0,2% (U1K maXke MeHbIlE) CEpHI.

3aKkuCb HHKeJNs BOCCTAHABJIMBAIOT BomoponoMm npu 400° C
BO Bpaulamouiedcs neyy, 3aTeM MOABepraroT CyJb(HIHOA aKTH-
Bauun (o6paboTke cepoBomopomoM Hau cMecbio H,4-SO,
npu ~100° C, npu s1cM BBOoAAT npumepHo 1% cepel mo Becy)
U IepefaloT Ha KapGoHU/IHpOBaHHe. PeakTop — mpoTHBOTOY-
Has Bpamamuascsa neyb IJHHOH okoJo 40 u nuamerpom 5 u,
B KOTOPOH NOCTOsIHHO Haxoputcsi okoso 200 m marepuana,—
npencraBiaseT coGofl CJIOXKHOE WHXKEHEDHOe COOpYKEHHe
(puc. 3). OHo pasieseHo HaA 1Ba OTCeKa: OAHH (TJIaBHBIH) mpef-
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Ha3HaueH /s U3BJeueHHUsl OCHOBHOM uacTH HHKeJid, Ilpyl‘Oﬁ —
15 nopa6onm MaTepHaJa. Ycenosus JBH2KEHHS TBEpIOro
MaTeépHaJ/la B OTCEKAaX PAas3yIHYHBI: B [VIABHOM OTCEKe YyCTaHOB-
JIEHO MHOTro I‘peﬁKOB, nepeMelnBamonX MaTepuan, YTOOBI
VJIYUYWIUTD €ro KOHTAKT C ra3oM, BO BCIIOMOTr'aTeJIbHOM 2K€ ITOYTH

Puc. 3. Cxema Bpawaioweiicss neun JJIsi CHHTe3a KapOOHH/IA HHKels DBpH
atMoctepnom Hasiennn (Knaiinax, Anrmus):

# — Bpawmaiollasca YacTb annaparta; 2 — HeMOJBHXKHAs 4YacTb annapara
C yCTPOMCTBAMHU [/Is 3arPY3KH MaTepHa/ia 8 M BbIBOJA NapOrasoBoi cMecH 4;
5 — HenojpHXHAs YacTb annapara ¢ yCTPOHCTBaMH JJIsi BBOJAA OKHCH yrJe-
pona 6 W BbIBOJA TBEPALIX OCTATKOB 7; 8 — IVIaBHBIH (3arpy3ouHHif) OT-
cex peakTopa AJsi KapOGOHHJIMPOBAHHS CBEXEro MaTepHaja B YCJOBHSX
MHTEHCHBHOTO TNepeMeluHBaHusi; 9 — BCIOMOraTe/bHHI (Pasrpy30uHbli)
oTCeK Jisi IOPaBGOTKH MaTepHasia NpH cl1aboM nepeMewdBaHuy; [0 — mHeK
I/ BO3BpATa BBLIHECEHHOH MEJOYM B Pa3rpy30YHBIH OTCEK.

BbIpaGOTaHHBIA MaTepHan MelJeHHO, co c/1aCbiM NepeMelInBa-
HUEM W TNbLIEOTHENeHHeM, IPOABHraeTcsl K BHIXOAY; Bpems
npe6biBaHKMs BCEX YACTHIL B HEM MOYTH OJHHAKOBO. B 3TOT Xke
OTCEK [0 LeHTpPaJbHOH Tpybe CO IIHEKOM BO3BpallaeTcs
H MeJNodb (MbLIb), KOTOPYIO Ta3oBblH NOTOK BBIHOCUT M3 pe-
aktopa. ['naBHBI# oTceK cHabxeH TensJooOMeHHHKaMH (BOms-
HbIMH 3MeEeBHKaMH) AJis OTBOJIA TeNJa peaklHH U MojiepXKaHua
TpeGyemOii TeMrepaTyphl; 3Ta ke Le/lb NpecaelyeTcst U pac-
npele/eHHbIM MO JJHHE peakTopa BBOJOM OKHCH YIJIepoja.
M3nuuse nosicHsATb, HACKOJbKO TINATEJNbHO BBHIIOJHEHbl callb-
HHKOBble M JpYyrue YIJIOTHEHHs peakTopa.
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Peakius nporekaeT mpu OuYeHb MATKUX YCJIOBHAX — [MPH
1 amm u ~70° C: IeBSAHOCTOMATHIPOLUEHTHHIH MeTa/lJIHYeCKHUi
HUKeNb, NUCHEPCHBIH H BHNOGABOK CMEIMATbHO AKTHBHPOBAH-
HbIfl, JOCTaTOYHO peakuuoHHocrnocobed. Hu KoGanbT, HH Ke-
Je30 B 3THX YCJOBHAX MPAKFMYECKH He Hal0T KapGOHWJIOB,
[I03TOMY CTaJAMfA BBIIEJTEHHS W OUYHUCTKH MPOAYKTA 37eCh Bhi-
najgaer: mnaporasosas cMecb (~10% Ni(CO),) mnocrynaer
HEeNOCPeJCTBEHHO Ha Pa3JIoXKEeHHe JJIs MOJYYeHHs] MeTaslJiuye-
CKOTO HHKeJf.

M3amecTBo 3TOf TeXHOJOTHU B TOM, YTO CHELHaJHCT Ha-
3BaJ1 6bl Ge3peareHTHOCTBIO Mporecca. OKUCh yryiepoaa CayKUT
Kak Obl TPaHCIOPTHHIM CPEJCTBOM JJs1 TEPEBO3KH MeTana:
TO, YTO TPATAT A/IA «MCIIapeHHs» HUKeJad B BHIE KapOoOHHU.A,
NIOJTHOCTBIO OCBOGOXKA2eTCs, KOrJa 5TOT KapOGOHHJ pasfaraior.
«Tpancnopt» femes, nocTyneH, paboTaer noutd Ge3 H3HOCA
U 6e3 NPOCTOeB.

[Tpomecc HempepblBeH M TOJHOCTBIO aBTOMaTH3HPOBAH,;
SKOHOMHYHBIH H yNOGHBIA, OH ABAseTCH GeCClOPHBIM JIOCTHKE-
HHEM COBpPeMeHHOH TeXHHKH. M Bce ke OH ocCTaB/isieT YyBCTBO
HEKOTOPOH HeyJOBJETBOPEHHOCTU: CJHUIIKOM YXK [JHHHA LeNb
MOATOTOBUTE/IbHBIX MeTaJlIypTHYeCKHX oOnepauuii OT pYAbl
IO Marepuasa, MoOcTynawouero B KapGoHusa-mpouecc. MHaue
roBops, OTJAeJeHHe OT HHKeJs IOAABJAIONIEr0 KOJHYECTBA
COMYTCTBYIOIIHX 3JIEMEHTOB JIOXKHTCA Ha OObIYHblE MHpOMeTaJl-
Jyprudeckne npuemsl. [losToMy y:Ke maBHO CcHelHAJHCTHE
CTpeMATCA NPHOMU3UTb KapOOHUJABHYIO TEXHOJOTHIO K «ro-
JIOBE» METaJJypruyeckKod CXeMbl, T. €. COKPaTHTb YHCJO Ofe-
pauui, NpeUIeCTBYIOIINX KapGOHUJIMPOBAaHHIO, HJH, HHaue,
NPHMEHUTb KapOOHMJ-NPOIECC K «ChIpbIM», GeIHbIM Mare-
puasam.

Haunbonee cunbHomeficTByIomee U H3MIOGMEHHOE CPENCTBO
3/lecb — TMOBbIIIEHHblE HJHM BBICOKHE [aBJeHHA KapOOHHJIH-
poBaHHA. Mol yxe Buzenu, Kaxk Osaronapst BEICOKOMY jaBJie-
HHIO 0Ka3aJ10Chb BO3MOXKKHBIM OT/eJIeHHe HHKeJA OT MelH IyTeM
KapOOHWJINPOBaHUS (aHHILTEHHOB.

BoT ellle HeCKOJBKO XapakKTepHLIX CrnocoboB nepepaboTKH
HHKeJIeBLIX DYyJ C INpHMeHeHHeM KapOOHHWJIHPOBAHHS ChIPHIX
MarepHasoB MOJ JAaBJEHHEM.

KoGanbTcomep:kaline OKHCIEHHbIE HHKeJ/eBble PYABl 3JEKT-
pOMJIaBKOH IepeBOAAT B (peppOHHKENb, KOHBEPTHPYIOT €ro
ana ynanenusi Memamomux npumeceil (C, Si, Cr) U u36riTKa
KeJslesa, CyJb(QHIAMPYIOT MHPHTOM H NOJNYYHBIIHHCA crnjaB
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(~20% nukens, 1—2% xobanbra, 7—8% ceprl, ocTanbHOE
Keje30) KapOGoHunupyroT. BemeHuwem cepnl 3jech y6uBaioT
JBYX 3aHlleB: NPUAAIOT (epPOHHKENIO BBHICOKYIO PEeaKIHOHHYIO
CIIOCOGHOCTD (32 CUeT pa3pBIXJeHHS! CTPYKTYPBI) H CBS3bIBAIOT
ko6anbT, Kotopuiil B Buie CoS coxpaHsiercsi B ocTaTKax Kap-
GOHHIHPOBAHUA M 3aTe€M BbILENAETCH MOKPBIM NYTeM.

Jpyrofi BO3MOXHBIH NYTb elle Kopodye: OKHCICHHYIO HHKe-
JIeBYIO PYNY CeNeKTHBHO BoccTaHaBnuBawT (cMechio H,/H,O
unn CO/CO,), mepeBoisi B MeTassIM4eCKOe COCTOSiHME BECh
HHKeJlb W YacTb )Keje3a, MOABEePraiT rasoBOH CYabdOUIHOM
AKTHBALWM U KapGoHuIupyoT. Munyc sroro cmocofa B TOM,
yT0 KoGanbT oOCTaeTcsi pa3GaBleHHLIM OIPOMHBIM KOJIHYe-
CTBOM Kesle3a, H H3BJIeYEHHE ero 3aTpyAHHTeNbHO. [losTomy
ObIJIO MPENIOKEeHO MOJHOe (HeceqeKTHBHOEe) BOCCTaHOBJIEHHE
pyIobl BONOPONOM, aMMHayHas aKTHBAUMsA M IOCJefyloliee
y3BJeueHre B KapOOHUJBl BCeX TPeX MeTaslJoB.

3a pyGexoM IIHPOKO pa3peKNaMHPOBaH Crocod, 3amartes-
toBauHeli  Komnanuer HMHKO pna  nepepaborku  cyuib-
bUAHBIX  HHUKeJeBHIX PYA: HHKENeBbld pYAHBIH KOHIEH-
rpat (~10% Ni; 1% Cu; 40% Fe; 30% S, ocranbHoe ryiaBHbIM
oopasom SiO,, Al,05, MgCO;) 06:KHTaAIOT MOYTH IO MOJNHOTO
ylaleHus  Cepbl, CEJEeKTHBHO BOCCTAHAB/JMBAIOT  TasoM
(Ho/H,0 uau CO/CO,), moxsepraioT cyabdUAHON aKTHBALMH
1 KapOouuupyior npu 70 amm, u3Baekas B KapOOHUJBI ONSITh-
TaKH BCe TPH MeTa/jla — HHMKeNlb, KOGaJlbT M 3HAUHTENbHYIO
4acTb XKeJsesa. _

MeoicnuMa u emie Gosee KODOTKAasi CXeMa: BOCCTAHOBJIEHHE
pyosl BOJNOPOIOM C YacCTHYHOH Jecynbbuausanueél (mo 8—
10% S), axTHBaUMsA METaNJH3MPOBAHHOTO MPOAYKTAa Tra3aMH
necynpduauzannu (H,S) n kapGonunupoBanue.

DpdekTHO BHIMIAZAT M CXeMbl IOJy4YeHHs MOJHGIeHa
H Bo/1bdpaMa KapGOHHUNBHBIM CIIOCOGOM: XJIODHPOBAHHEM pYI-
HbIX KOHIIEHTPATOB MOJy4alT chipbie XJopuasl (MoCl; umn
WClg) v mepeBoasiT ux B KapGouusnl (peakuus (4). Bricokoe
NaBJIeHHE COYETAlOT 3JeCb C BOCCTAHOBUTEJIbHBIM KapGOHMJ/IH-
poBaHUeM.

HyxHo oTnaBarb ceGe oTYeT B TOM, 4TO COGCTBEHHO CHH-
Te30M KOpOOHH/Ia MeTa/sa Mpollecc ero MoJy4YeHHs He Hcyep-
nblBaeTcs: HeOOXOAUMO BblAeJeHHe W OYHCTKa KapGoHHJa.

Hnsi BeineseHusi KapOOHMJIOB OOBIYHO MPHUTOJHA KOHJIEH-
cauus MX H3 maporas3oBoil cmecd. HeTpynuo mousits, 4to mno-
BHILIEHHE JAaBJeHHsI NOMOraeT M 3necb. IlpaBja, B 3TOM cay-
yae BMENIMBAeTCSi DAcTBOPHMOCTb KMAKHX M TBEpIBIX Kap-
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GOHMJIOB MeTaJ/IOB B OKHUCH yIJiepoja, pactyuiasi ¢ AaBJe-
HHMEM; ONTHMaJbHbLIH HHTepBa/J MAaBJeHHHl 15 KOHAEHCALHH
Ni(CO),, Fe(CO);, Mo(CO)¢ — 20—70 amm. Orciona —
NpeAnouYTeHHe HMEHHO O0JaCTH «CPeIHHX NaBJeHui» B Mpo-
H3BOACTBe KapOOHH/IOB HHKeNs U Kese3a, INpOsBUBLIeECS
B IOC/JeHHE TOJHL.

Muorna BosmoxkHA 3aMeHa KOHJAeHcalWH napa kapGoHHsa
norJyomeHneM (abcopObuueii) ero NOAXONSIINM PacTBOPHTeE-
JeM, B YacTHOCTH, KapGoHusoMm xese3a. Celpolt KapOOHU.
HHKEJIfl OYHMIAIOT peKTHhHKAaLHeH, KapOOHWJB MonubLeHa
H BoJb(paMa — MeperoHKOH C BOAAHBIM MapoM, C [OCJAeny-
Iole#l OTMBIBKOH OT CJle0B XJIOPHUJOB LIEJOUbIO.

Msuoro cioxHee 3aiaya OUHCTKH ChIPHIX KapGOHUJIOB H OCO-
OeHHO HX pasfeieHHe, eCJad OJHOBPEMEHHO MOJyyaloT JBa
1 GoJblle LiesieBbIX MpoAyKra. [locsefHuil BOpoc HACTONBKO
CepbeseH, YTO YacTo €ro pelienHeM OMNpefessieTcsl TeXHOJO0-
radeckasi cxema B uesaoM. Tak, npu KapOOHHJIBLHOW mepepa-
60TKe BOJb(MPaM-MOIHOACHOBOTO Chipbs pasaeseHde W(CO),
H Mo(CO)¢ — croab HeGnarogapHoe 3aHsTHe, YTO [PeE.No-
YUTAIOT MpejBapHTEeNbHO Pa3TOHATb XJOPHAR MeTasnoB. [Ipu
nepepaboTKe KeJe30-HHKeIb-KOOaJbTOBbIX MaTepHATOB BHI-
rofgnee nonyyate cvecd Ni(CO), u  Fe(CO); wunn paxe
Ni(CO),, Fe(CO); u Co,(CO)4. (OcTaBasith KoGaabT B TBEp-
Jofi ¢ase CTOMT B TeX cJydasix, KOTAa 3TO He CJAHIIKOM OcC-
JIOXKHSIeT nepepaboTKy ocraTtka.) ONHAKO pasjeseHue TaKHX
KapOOHU/BHBIX CMecell OKas3aloCb TBepIbM OpeilkoM. Jle-
TydyecTb BCeX TpeX KapOOHH/IOB pe3KO pasjHuHa, Tak
4yTO0, Kasajocb Obl, OObIlYHAST peKTUPUKAUMA  [MOAOILIa
66l Kak Hesb3st sayvuie. Ho neno B ToM, uTo TepMmuueckasi He-
CTOMKOCTb KapOOHHJIOB HHKeNsi H KoOanbTa JesaeT HeBO3-
MOKHBIM IIOBLILIEHHE TeMIepaTypbl KHIEHHS pa3roHseMOro
pactBopa Bble 65—70° C. [losToMy cTaHgapTHBIE NpHEMB
NpPUTOAHN! JIMUIb AJIS OYMCTKM KapOOHHWJA HHKeJsl OT He-
GosiblInX (HeckosnbKo npoueHtos) npumeceit Fe(CO);. B mpy-
rHX ciaydasix Heo6xoguma apoOHAas KOHIEHCAIMsl Maporaso-
BOl CMeCH, BHIXOIfleHl H3 peakTopa CHHTe3a, MJH DPEKTH-
¢ukanus KOHZeHcaTa IO JaBJeHHEeM; MHOTAA MOXKeT OhITh
NpHMeHeHa M IJIeHOYHasl peKkTudHkanua npu arMmochepHOM
naBjaeHud. Bo3MoxHBl M 0GXOfHble NYTH, HaNpHMep, OCaXK-
nenue koGanbra ammHakoM B Buje Komriekca [CoP(NH,),]
{Co(CO) 4], u mocrenyiomee pexkTH(PHKAUMOHHOE pa3jeseHHe
KapOOHMJIOB HHUKeJA H KeJesa.

OryacT M3-32 3THX TPYAHOCTEH B MeTalJyprHH HHKe.s
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. :(eweHe)|
(hdurry- douuo)y]) WOHMHOIEEY KOU BIMMH EBIrMHOQdEN BESLHHD BLT BdOldead BWOX) “p Hd

6b110 6bl MOJIYYaTb KaK MOMYTHBIHA
NPOAYKT mepepabOTKH HHKeJeBbIX pYJ, cefyac MPHXOAHTCH

o

My NONOGHBIX MaTepHasioB, OGelHBIX KesJe30M, a KapGOHHJ
JKes1e3a, KOTOPLIH MOXKHO

peasH30BaHO TOMBKO KapGOHH/IHpOBaHHe (aiHUITeHHOB M TO-

CHHTE3HPOBaTb OTAEJbHO. (JTOT MOC/efHUH NPOLECC CBOAHTCS
K KapOoHHNMpoBaHHIO Mo AasieHHeM 100—200 amm xenes-
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HOH T'yOKHM WJIH CIJIAaBOB 2keJie3d C HeCKONbKHMH NpPOLLeHTAMH
cephl).

IlepBriit 3aBox, HA KOTOPOM 6YI€T OCYIECTBJIEHO KOMIIJIEKC-
HOEe M3BJIedeHHe H3 PYAbl B KapOOHHJIBI M HUKeNs M Keje3a,
npepnonaraior noctpoutb K 1975 r. B Hopoit Kasenonuu.
Pyny, aktuBHpOBaHHYI0 106aBKOH NMUpHTa, OYAYT MOABEPraTh
CeJIeKTHBHOMY BOCCTaHOBJIEHHIO, KapOOHH/IUPOBATb NPH 7 amm
M 3aTeM pa3jeJaTb KapOOHHJBI HHKENs W JKejle3a PeKTH(H-
kauuneit BTOKe CO.

AnnapatypHoe ojopmieHHe KapOOHHJHPOBAHHS MOJ AaB-
JIeHHeM pa3BHBAeTCs OT HCNO/b30BAHUS TOTOBBIX pelleHHH,
BO3HHKIIUX B XHMHYECKOH TeXHHKe M IPYrux ueneff, K HO-
BEIM peakTopaM, CHeuHaJbHO paspabaThiBaeMbIM [J1s Kap-
GoHHJI-npoLecca.

[Tporpecc xopowo BupeH NpH CONOCTaBJEHHH B3ATHIX H3
NpPOU3BONCTBA aMMHaKa IMOJBIX KOJOHH AuameTpom 0,5 H Bbl-
cotolt 7 M, KOTOpble IPUMEHAJIUCh B ['epMaHuM, U HOBEHIIHX
peakTopoB sl CHHTe3a KapOOHW/Ia HHUKeJs, KOTOphle ycTa-
HOBJ/ICHBl HAa HOBOM KapGoHHsbHOM 3aBofe B Konmep-Kiudd
(Kanana). Takoii peaktop (pHuc. 4), BMemaioniuil okosao 150 m
MeJKOH3MEe/NbYeHHOrO Marepuasa, IpeicTaBjaser coboil or-
POMHBIH Bpaulamuiica MeTaJj/oKepaMu4ecKHi# (GUABTP, KO-
TOPbIi 3aKJ/IOYeH B MNPOYHLIH HEMOABHKHLIH KOPIYC, pac-
CYMTAHHbIA Ha MOBBILIeHHOe jAaBjeHHe. OKHCb yrJjepona mo-
JAlT BO BHYTPEHHIOID NOJOCTb pPEakIopa, a MaporasoBas
CMeCb, cofepxKailas KapOOHHJ HHKeJsl, BBIXOAHUT 4Yepe3 IO-
pHcTble cTeHKH. TBepjibple 3Ke 4YacTHLBE! OCTAlOTCH BHYTPH.
Uro6bl mopsl He 3abUBaNMCh NbIBIO, MO O6pasyomiell Bpa-
I[AIOIIETOCA COCYyAa YCTAHOBJEHBl comIa I/as oOpaTHOH 06-
NYBKH (GH/BTPYIOUIMX CTEHOK MYJ/bCHPYIOWIUM IIOTOKOM OKH-
CH yIJepoja.

KoHeyHo, TpyaHO cpaBHHBAaTb MPUMHTHBHBEIE DEAKTOPHI
20—30-x ronoB, 3arpyxkaslIHecsi KYCKOBbIM MaTepHaJoM, H
3TH COBpEMeHHble anmnaparbl, CHaOXEHHble Maccod NpHcHo-
cobneHuil ¥ aBTOMAaTHKH, obecreuyuBaiOlHe MpeKpPacHBI KOH-
TaKT TBEPAOrO MaTepHa/a C ra3oM, HCKJ/IOYalollde NblIeyHoc,
060pyLOBaHHbIE MEXaHU3HPOBAHHOI 3arpy3kod H BBITPY3KOM
TBepIbIX BemecTB. ] Bce ke MX CBfA3bIBaeT OgHA HENPHATHAs
OCOGEHHOCTb: U T€ U APYrHE CYTb PEaKTOPbl MepHOIHUECKOro
gefictBif. CeropHsILUHMH MPOMBILIJIEHHBIA amnmapar OCTaeTcs
oOpeMeHeHHbIM DPOACTBOM C yCTapeBIlled TEeXHHKOH.

[lepuonuueckoe odopm/eHHe MpoLecca O3HAuaeT [epe-
peiBbl B paboTe oOOpYAOBaHHUA Ha 3arpysKy, OIPECCOBKY,
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pasrpysky H MPOYHe BCHOMOraTesbHble onepauuH. [lepemeH-
Hble pexUMbl SKCIJIyaTalud — MPHYHHA YacTOTO pasymJoTHe-
HHSl COEJIMHEHWH BBEICOKOrO [aBJeHHf, CJI0XKHOCTH aBTOMATH-
3auud H HeynoO6CcTBa yTHJAH3aLHH Temaa peakuuu. Kpome To-
o, 3aTPYIHSETC CAHUTAPHO-TEXHUUYECKOe O6ecreueHne MpOous-
poacTBa. Otcioa NOHATHA BaXKHOCTb HENPEPBIBHOrO odopmiie-
HUA KapOOHUJIHPOBAHUA MOA HAaBJEHHEM.

Ycmexu B 3TOM OTHOUIEHHW NPUXONATCH HA caMoe MocJes-
Hee BpeMmsi. Tak, anas 3aBoga B Hoeoi#t Kasegonuu cospana
KOHCTPYKIHS BpAIlAIOUIMXCsi Meyell MOBBILIEHHOTO AABJIEHHS;
UTAJbAHCKUMH HHXeHepaMu pa3paboTaH HerpepbiBHBIH MpPO-
ecc CHHTe3a KapOoHMJa Kese3a B KHUIIAILLEM CJIoe NPH aaB-
Jenun 1o 50 amm, a B CCCP Ha MHJIOTHOH yCTaHOBKe YCIEILHO
OCYIIECTBJIEH W HEeNnpephiBHLIH CHHTE3 KapOoHUJIA HHUKENs H3
MEJIKO3EDHUCTBIX MAaTepuaJoB MPH BLICOKOM [AaBJEHHH.

Takum o6pas3oM, HeCMOTpSl Ha HHKEHepHbIe TPYLHOCTH He-
NpEepLIBHOTO BBOJAA TBEPJAOrO MaTepHasna B CHCTEMY BBICOKOTO
JlaBJIeHHS] H HEMpPEepLIBHOIO BbIBOJA U3 HEe TBEPJbIX OCTATKOB
KapOOHHJUPOBAHUSA, oOliasi TeHAEHUUS K Mepexopy OT me-
pHONMYECKUX TMPOLECCOB K HENpephIBHBIM HauHWHaeT Mobex-
1aTb U B KapOGOHUJbHOH TEXHOJIOTHH.

Bulto 6bl HecnpaBensuBO OOOHTH MOJIYAHHEM H ellle ORHO
MepcneKTUBHOE HanpaBJieHHe Pa3BUTHA TPOIECCOB KapOOHH-
JHPOBAHUS B MeTAMJypPrid. D10 — MOKpPOE BOCCTaHOBHTE/Ib-
HOe KapOOHUJIHPOBaHHE HJIH, KaK HEpeiKo TOBOPAT, THAPO-
KapOOHHJIbHEIE TpOLEcChl. B XUMHYECKOH TEeXHOJIOTHH TaKue
npouecch (M B BOAHBIX U B HEBONHBIX Cpelax) — OCHOBHOMH
NyTb CHHTe3a KapOOHWJIOB M WX NpOHM3BOAHBIX. [laxke Kap6o-
HHJ HHMKeNs, KOTOPbIH TaK JIerKo NOJydYaeTC CYXHM IyTeM,
4acTo Jyvile CHHTe3MPOBaThb KapGOHWUIHPOBAHHEM PAacTBOPOB
WM CYCNeH3UH coefuHeHHH HUKeJss, 6Jaro OHU IOJYYaloTCH
TOTOBBIMH B psifie TIPOM3BOACTB: OKOJIO 3/, MOC/eBOEHHBIX Ma-
TEHTOB Ha Crocobbl U annapatypy AJs NoJyueHHs KapOoHHJa
HUKeJIsI OTHOCATCS HMEHHO K KHAKO(Aa3HbIM Mpoleccam.

Peakuun BenyT npu arMoc(epHOM HJIH, yalle, MOBBIIIEH-
HOM JiaBJeHMHM OKHCH YIJepona, KOTOpas HepeiKO CJYXKHUT
M BOCCTaHOBHTejeM. AnmapaTtypa [/ BeieHHUsl TaKUX Mpo-
IIECCOB MPUBLIYHA AJSI XUMHYECKOH TEeXHOJOTHH — 3TO aBTO-
KJlaBbl C MellaJKaMH WJIH KOJCHHble peakTopbl cKpyGOepHO-
ro THINa.

JlocToMHCTBa MOKPBIX CHHTE30B OUYEBHIHBI: BBICOKAS CTe-
NeHb «TOMOTeHH3alHH NpPOLecca, JETKOCTb MepeBHKEHHS Be-
UIeCcTB LUHPKYJASLUHOHHBIMH M JO3HDYIOIMIUMH HacocaMmHd, a B
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pe3yJibTaTe — HEeNpPepLIBHOCTb BelleHHsl H NpeKpacHas ynpas-
JISIEMOCTb.

HbuiHe npumeHeHHS T'HAPOKapOOHH/BHLEIX MPOLECCOB MpH-
HalJexaT €lle HCK/IIOUHUTENTbHO XHMHYeCKOH TexHosorud. Ogn-
HAKO pa3BUTHE B MeTa/JypPrHM «aBTOKJABHBIX» MeETOJOB
(T. €. THIPOMETANYPrUYECKHX MPOIECCOB MOA JaB/JEHHEM) Je-
JlaeT BepOSITHBIM BO3HMKHOBEHHE CXeM MNOJyYeHHS MeTaJlloB,
BKJIIOYAIOUHX MOKPYIO (ABTOKJAaBHYIO) 0OpaGOTKY pPYAB HJH
KOHIEHTpATa H JaJbHeHlIHe aBTOK/JaBHOE e KapBGOHHIHPO-
BaHHeM KHJIKHX MOJYNPOLYKTOB. DB03MOXHBI, HampHmep,
CXeMBl C TMOJIy4eHHeM NYJbIbl CyJabpHAA HHKeJd, KOTOPYIO
3areM KapGOHHAUPYIOT Mo peakuuH (5). M3 oxuc/eHHBIX HH-
KeJIEBBIX DYA MOXKHO MOJYYHTb aMMHAuHble PacTBODPBI COJEM
HHKeJsl U KoOasbTa, NMPH KapOOHUIHPOBAHHH KOTOPLIX HHKE/Nb
TMIOYTH MOJTHOCTBIO MEPEXOAHT B KapOoHHJ, a KobaabT — B Oca-
1ok B Buae Co (NH;)g [Co (CO),l,.

3. MonyueHne u npuMmeHeHHe KapSoHMNbHBIX METaNnos

B Buie KOMNaKmHO20 MEMAaAAQ HbBIHE MONY4YaiOT TOJBKO
HHKeJlb. ,

KapGoHun HempepbIBHO pas3fiaraloT Ha ABIXKYLWIHUXCA TO-
pAYHX [IapHKaX HUKeas (apobH), Hapallusas HX A0 HYKHOTO
pasmepa. HarpeBanue apoOH H OT/IOXKEHHE HA HeH HHKess
pasnesieHsl B mpocTpaHcrBe. Anmapar (pHuc. 5) COCTOHT M3 Ka-
Mepbl pas3sIoXKeHHs, HarpeBaress ApoOH, 3/JeBaTopa M KJac-
cudukaropa. OH uMeer BeicoTy Gosbiie 10 # U BMelnaer B ce-
61 27 m uMpKyJupymwoueH HHKeJeBoH apobu. T'opsuas
(~230 °C) npobb BbiTEKaeT U3 HarpeBartesss B Kamepy pasJo-
JKeHHsl, a HABCTPeuy 3TOMY MOTOKY MOAal0T MaporasoByio CMech
okHcH yriepoia ¢ ~10% xapGonuna HHKead. Bceaencrsue
pacxofa Temsia Ha pasJioxeHHe KapOoHHJIA (M HA Harpes ra-
30BOrO MOTOKA) Apo6b OCTHIBAET, M ee BO3BpaUlalOT B Harpe-
BaTeNb 3a HOBOI MOpuMeHl Tensa, NpeiBapUTeJ]bHO OTIEJHB
Ha KiaaccuduKaTope lIApPUKH ToBapHOro pasmepa. OKHCb yr-
nepona (¢ ~0,1% Ni(CO),) 13 Kameprl pa3oKeHHs Hanpas-
JfeTCsl Ha CHHTe3 KapOoHMJIa. B KauecTBe LeHTPOB pocTa
HOBHIX 1IAPHKOB HHKeJsl B amnapar Jo6aB/sIOT HHKeJEBbIH
MOPOILOK; MPOXOLUT OKOJO Tpex MecfleB, IOKa YacTHYKa
OpOIIKA BHIpPAcTaeT 10 TOBapHOTo pa3mepa. Besenctsue MHO-
FOKPATHOTO MPOXOXKACHHS 4epe3 KaMepy pas3/oKeHHs LIapHKH
HMeIOT CJIOMCTOE («1yKOBHYHOE») CTPOEHHE.
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HepaBHo co3mana eme
OJlHA KOHCTPYKUHA paso-
AKUTeJsl, OCHOBAHHAsf Ha
3TOM ke npuHuune. Kamepa
pa3/i0KeHHA BLIMOJHEHA B
BHAE CJlerka HaKJIOHHOTO
Bpauatomerocss 6apabaHa, B
KOTOPOM  MepeKaThiBaeTcst
HukeneBasi ApoOb. Huten-
CHBHOE B3aHMHOe [BHKEHHE
11apHKOB HHKeJs (ropasio
‘fojlee HHTEHCHBHOE, YeM B
HeMOABHXKHOH peakUHOHHOH
Kamepe  IIaXTHOrO  THHA)
npeloTBpalllaeT HX cpacra-
HHe Jlaxke TMpH O4YeHb BbI-
COKHX KOHLEHTpauHsX Kap-
foHusMa Ha BXOJe B anna-
pat. (B HblHE CcyiecTBylo-
[Il{e [POMBIIIJIEHHEIE PasJio-
XKUTEJNH PHCKOBAaHHO ToAa-
BaTb MaporasoByl0 CMechb C
>15% Ni(CO),.) Tosbiwe-
HHe e KOHIUEHTpauHH Kap-
OOHHJIa O03HAYaeT Pe3Kylo
MHTEHCH(HKALHIO Mporecca.

Ipo6b  KapGOHHJIBHOTO
HHKesns (puc. 6) — He TOJMb-
KO pAIOBOH TOBapHbIH Me-
TaasM, yOOGHBIH AJA TpaHC-
nopra M JO3HPOBaHUA.

Kap6oHUNBHLII HUKEb
OT/IHYaeTCs PEKOPAHOH uuc-
TOTOH (THMHYHBIA COCTaB:
Ni=99,95%, Co<0,0005,
Fe <<0,01,Cu u S<0,001, Pb
u As=,0001%), u 310 mO-
CTaBHJIO €0 BHE KOHKYpeH-
IMH B TIPOM3BOACTBAX CIle-
ManbHBIX cniaBoB. Hasosem

BN

TH==

Puc. 5. Anmapar Ais  nOJMyYeHHs
npo6u KapOOHH/IBHOIO HMKeJs:
| — peakuuoHHas Kamepa; 2— TpyOG-
yaTblii HarpeeaTeJb HHKeJIeBOH ApO-
6u; 3 — KOBLIOBLIH 371eBaTop; 4 —
kaaccudukaTop Apo6u; 5 — BBOJ Na-
poB KapOoHHJIa; 6 — BBIBOL OKHCH
yraepona; 7 ¥ 8 — BBOL H BHIBOA
TOMOYHBIX Ta3oB; 9 — BbIBOA TO-
BapHOIo MpoayKTa.

6eck06GaJIbTOBEIE CTA/H H CIJIABbl I/ aTOMHON TeXHUKH (B HH-
KeJie BceX JPYTHX MapoK HMeeTcsl MpHMech KoGajbTa, KOTOpasi
nenaeT OG/JydeHHble CIJ1aBbl MCTOYHHKOM HaBeleHHOfl paiHo-
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Puc. 6. [Ipo6b KapGOHHILHOIO HHKEJs.

AKTHBHOCTH), a TaK¥e >XapOMpOYHble CIIaBbl JJIs1 PAKETHOH
TeXHHKH: B KapOOHHJIbHOM HMKeJe NPAaKTHYECKH HeT JIETy4HX
npuMecell, TaKHX, KaK IMHK H CBHHEL, NMPHCYTCTBHE KOTOPBIX
HEJIOMYCTHMO B Marepuanax, paGoTalolHX [0l HArpyskoi
MPH BBLICOKHX TeMIEparypax.

Kpome Toro, u3 KapOOHHJABHOH ApOo6GH yROOHO LITAMIIOBATH
HUKeJIeBYIO MOHETY (BepHee, TUCKH IVl U3TOTOBJIEHHS] MOHET).
Ecnu xke pasnarare Ni(CO), ¢ nobaskosi 0,02—0,03% COS
(mo ob6bemy), TO MoJydaeTcss HAaW/IY4IIMH Marepuast AJAd HH-
KeJIeBBIX aHOJOB, He JAIOUUH I[J1amMa NPH HUKeJHPOBAHHH.

B Bune xapbonuibHeix nopouikos B HaCTOsilee BPeMsi Bbl-
MyCKaeTcsl He TOJbKO HUKeJb, HO H 2KeJjie30, a MaJbIMH map-
THAMH — TaKxe Koba/nbT, MOJHONEH H BOJb(paM.

OTH NPOU3BOACTBA OCHOBaHbl MPEMMYLIECTBEHHO Ha pas-
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JIOXKeHUH KapOoHWJO0B B oObeMe: momajas B Harperoe Impo-
CTPaHCTBO, Hap (HUaH TyMaH) KapOGOHHJIA NpeTepneBaeT CBOETO
pOla «TeMJoBOH yaap», B pe3yJbTaTe MOJYYalOTCA MOPOLIKH,
COCTaB U CBOMCTBA KOTOPHIX LIHPOKO BAPBUPYIOT B 3aBHCHMOCTH
OT ycJoBUHA pasjoxeHusa. IIpu sToM, ueM pesue «TemJIOBOH
yAap» (3TO 3aBHCHT MOYTH HCKJIOUMTEJbHO OT CKODOCTH CMe-
IeHHa napa KapOoHHJa C ropsAYel Ta30BOH CPejol B anmapare
H OT TeMrepaTypsl mocjefHell), TeM MeHblIe «E€PBHYHbIE yac-
THILBIY, TeM 0oJiee TOHKHE M pBIXJble arperaTthl H3 HHMX IOJY-
qaloTcA. Pas6aBiiende BBOJMMOro napa KapOOHHJA, ecTecT-
BEHHO, MpEMSATCTBYyeT arperaiud U NPUBOAMT K Oojiee TOHKHM
nopoukam (0,1 ux). Hanpotus, ymepennas nojaya KOHUEHTpPH-
pOBAaHHOTO Mapa GJarompusATCTBYeT MNOJyYeHHIO 6oJee Trpy-
SoxuCnepCHEIX MOPOIIKOB, 00Pa30BaHHbIX CPABHHUTEJbHO IJIOT-
HBIMH arperatamu GoJiee KpYMHBIX YacTHI. TeXHOJOTH OGbIYHO
Ha3bIBAIOT TAKHe MOPOILIKH COOTBETCTBEHHO «JIETKHMH» H «Tsl-
eJIbIMH.

TpanuuuoHHbI pas3NoXKuTeNb MpeacTas/ser co6oi obor-
peBaeMyl0 TOMOYHBIMH ras3aMH MOJylo TPy6y MeTpOBOro aua-
MeTpa BblcOTOH 4—5 M. B Hee moparoT U3 McnapuTesa nap K-
nsauero kap6oHuJja. B Bepxue# wacTH amnapara npoTteKaer
coGcTBeHHO passoxenue (Gosblias yacTb Kap6OHMJA pasJfa-
raercs Ha nepBulX 256—30 ci OT BXoja napa), B CpefiHel H HHXK-
Hell — KOaryJsillMs W CleKaHHe yacTHl. KosanyecTBo mnojarae-
Moro KapGoHH/Ia M pacnpejesieHHe TemIepaTyp Mo 30HaM pas-
JHYHBl B Das/AMYHbIX caydasx. Hanpumep, anasa mosayyenus
TSKeJIBIX» MOPOLIKOB MOAaua KapOGOHHJIBHOTO HHKeas 50—
60 kel npu TemmepaType Bepxueit 30 250—300 °C, a nas
fI0JTyYeHus «1erkux» — 130—200 xe/« npu 300—390 °C. Hr-
paeT poJb M TeMIepaTypa HHXKeJeXalluX 30H armnapara.
Tak, «napawomuil TemMnepaTypHbI pPeXHM», CYLIECTBEHHO CHH-
JKaeT KOHBEKI[MOHHble TOKH B amnmapaTe, a 3HAYHT H BpeMs
npeGhIBAHUS YACTHIL B HEM. DTO IPUMeHsieTcst, B OCOGEHHOCTH,
LIS CHIXKEHHS COJepKaHHs yriepoia B KapOOHHJBbHOM e-
nese.

Hcnonb3ys sti npunuunsl, B CCCP ocBOH/IH NPOMBIILIJIEH-
HBIH BBINYCK MHOTHX COPTOB KapOOHHJIBHBIX MOPOIIKOB XKeJe-
32 U HHUKeNA.

Jo HenaBHero BpeMeHH OMHCAHHBIH NPOCTEHLIMH THM pa3-
JIOXKHUTEJ OCTaBaJCsi OCHOBHbIM B MAaccOBOM NPOH3BOACTBe
KapGOHHJBHBEIX TOPOIKOB HHKesls M xenesa. OW u cefiuac
CJYKHT HCXOIHBIM IYHKTOM pa3/IHYHBIX MOAM(HKANHUH mpo-
1ecca, npeoKeHH s O KOTOPBIX KaK U3 pora H300M/IHs MocTyna-
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IOT B NMaTeHTHbIe BeJoMcTBa ¢ 50-X rofioB. 3HauuTeNbHAs YacThb
BapualHil W YyCOBEpIIEHCTBOBAaHMH CBf3aHa C BBeleHHEM B
annapar pasJHyYHbIX N00aBOK, B/MAIOMIHX HA XOI OCHOBHOH
u nobounsix peakuui. Iloxkany#, nanbonbiiee pasHoobpasue
31ecb JOCTHUTHYTO NpPH IOJYY€HHH KapOOHHJBHOIO <ese3a.
Mol ynoMuHa/ U yKe O JYKOBHYHOH CTPYKTYpe €ro 4acTHIL.
IlononHuTe/IbHEIE BO3MOXKHOCTH YIPaB/IEHHS €0 OTKPHIBAeT
BBeJleHHe B pAa3JIOXKUTelb aMMHaKa. AMMHAaK NpensTCTBYET
nucnpornopuronnpoBanuio CO, HO He MemaeT 06Gpa3OBAHHIO
KapOuIoB 2Kese3a; Kpome Toro, oH Aaer Hutpun Fe,N. Hrpa
Ha KOHIEHTPAaUHAX H TeMIepaTypax M03BOJIfeT LIHPOKO BapbH-
pOBAaTh CTPOEHHE KeJle3HbIX JIYKOBUIL, 8 3HAUUT H HX CBOHCTBA,
B 0COGEHHOCTH 3/7€KTPOMAarHHTHEIE.

HenaBHo 3TOT onbIT 6l NepeHeceH Ha NPOU3BOACTBO Kap-
GOHUJIBHOTO HHKE/S: MyTeM BBeJIeHHS aMMHaka (U MpeaBapH-
TEeJbHOIO HHUTPHUAMDPOBAHHS aMMHAKOM CTEHOK anmapara) Io-
JyyaoT Majoyraepoauctsiii nopoiok (<<0,02% C); no6aeka,
IIOMUMO aMMHaKa, ellle H KHCJIOpOAa AaeT cepHuecKHe YacTH-
ILbI.

(ITonmyTHO 3aMeTHM, YTO MOXHO BMecTe C KapOOHHJIOM BBO-
IMTb H H3PSJHbIE KOJHYECTBA KHCJIOPOAA; B Ipeiesne Noayyaer-
csi cooTBeTCTBYIOMMHA okucesa. Ha s3ToM npunuMne yxe naBHO
IeficTByeT NPOM3BOACTBO KDPACHON MAarHMTHOH OKHCH »Kese3a
Fe,0O,, KoTOpasi NpUMEHSAETCS KaK HAMOJHUTENb NPH H3rOTOB-
JIEHHH Kpacok H B IPOH3BOJCTBE MAarHUTHHIX MaTepHaJOB.
Kaxymiylocsi NJOTHOCTb YacTHIL M HAChITHOH BeC NOpOLIKa
MOXKHO yHBOUTb, cxkuras Fe(CO);, mnpu noGaBleHHH BOJIBL
[Ipu MeHbIIMX [03aX KHCIOPOZA BO3MOXKeH CHHTe3 (eppHTOB.)

W3 KOHCTPYKTHBHBIX YCOBEpLIEHCTBOBAHMH CTaHAAPTHOIO
afnmapara Ba)KHee BCero — O0OpYIOBaHHE ero pacrnblIMBaio-
IMIHMH YCTPOHCTBaMH, OCOOEHHO Pa3HOOGPa3HbLIMH (HOPCYHKaMH
IJ1si BBeJIeHHsT KapOOHHJIOB B KHAKOM BHZe. TyMmaH KapGoHH/Ia
3a6pacbiBaeTcsi Topasjo AaJblle, yeM NpPH [ojade Iapa M3
HCIapuTe/isl, IOITOMY PeaKUHOHHBI 06beM HCIOAb3yeTCs pas-
HOMEpHee M TMOpOIIKH MoJyyawres 6ojee ofHOPOnHEIMH. Kpo-
M€ TOTO, OTKa3 OT MpelBapUTEe/bHOrO HCnapeHHs KapOoHHJ/a
H36aB/IsieT TEXHOJNOra OT HeNpHSATHOCTEH, BBbI3bIBAEMBIX MeJ-
JIEHHBIM, HO Heu30GeXHbIM 3apacTaHHeM MeTa/JIOM TperoHX
noBepxHocTell ucnapurens. Ewe nosessee anmapaTel ¢ ¢op-
CYHKaMH [l pAasJoXKeHHs cMecell KapOOHHJIOB: cMelleHHe
JKUIKOCTENl B 3aJaHHBIX NPONOPHHMAX HECPABHEHHO Jerye
¥ [polle, YyeM CMelleHHe napos. BeposTHo, npumeHeHue ¢op-
CYHOK GBITIO Obl YIOGHO H JUIfi Pa3JIOXKEHHs TBEPAbIX KapOGOHH-
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(0B Takux, KaK Co,CO)g, Mo(CO),
W(CO)g: HX  MOXKHO  IJa-
BHTb NOJ JaBJ€HHEM OKHCH yIJle-
poia (Bo H3bexaHue NpexaeBpe-
MEHHOTO pas/oXeHHus), H STHM
Ke JaBJIeHHeM uepe3 COMJIa BIPBIC-
KHBaTb FOpAYMi pacnsaB B 06beM
pasJsioxuress.

Bce xe nonble TpyGuarble
pasJIoKHUTEeNH, KaK HH NpHBJIeKa-
TeJbHbl OHH CBOell MPOCTOTOH,
CTPaJlaloT MHOI'MMH HeJ0CTaTKaMH.
['1aBHBle M3 HUX—HH3Kas yhe/b-
Has IMPOM3BONUTENBHOCTb (H3-3a
MJIOXOH TemJsonepefay B rase)
TpyAHas ynpasiasemoctb. [locren-
dgee 0O6YC/IOBNEHO HEONHHAKOBO-
CTbIO YCJOBHH B pasHBIX YyyacT-
Kax 30Hb 06pa3oBaHHS MeTaJJa
U3 napa M, KOHEYHO, BBICOKOH
YYBCTBUTEJNBHOCTBIO  MPOLECCOB
ob6pa3oBaHUA HOBOH (asel M K
M3MEHEHHIO YCJOBHIL.

[losroMy TeHaeHUHMM [OCJEA-
HUX JIeT ABOSKH.

Ecau XOTAT NONy4HTb TOHKHE
M TOYTH MOHOJWCIEpPCHbIE YacTH-
Upl KpHCTaJM3aluell U3 napa —
JOOUBAIOTCA NPOTEKAHHA MepBbIX
cTajuil mpouecca B y3KOM jHana-
30He yCJOBHMH, a JJIsi 3TOro pas-
JaraioT napbl KapGOHHJIOB MOYTH
MTCHOBEHHBIM CMeIlleHHeM C 60Jb-
wWHM OOGBEMOM TrOpAYero HHepT-
HOrO rasa M 3aTeM 3aKa/HBaIOT
BO3HUKIIHH a3po30.b pas3babie-
HHeM H oxJaxaeHHeM. CxeMma am-
napara, YCHelHO HCIOJb30BaH-
HOro JJIf 3THX leJeH, [oKa3aHa
Ha puc. 7. [lonoJsHuTe/bHLIE BO3-
MOXHOCTH Ha 3TOM TNYTH CO3-

L

1

_uz
1L
=

Puc. 7. Annapar jas  1o-
JIyYeHUs]  BBICOKOJHCNEPCHBIX
KapGOHHJBHBIX ~ MeTa/lJIOB:
1 — BBOX napoB KapOOHHMJIA;
2 — BBOJ ropsiyero rasa, Ten-
JIOHOCHTEJNIS1; 3 — 30Ha cMellle-
HHUsSI KapOOHHJIA C rOPSYHM ra-
30M; 4 — peakUHOHHOe NpOoCT-
paHCTBO; & — BBOJ XOJIOJHOTO
rasa - pasbaButeass; 6 — 30-
Ha CMELIeHHs1 a3po30Js ¢ pas-
6asutesneM; 7, 8 — BBOA H
BLIBOJ  TEMJIOHOCHTENs]  IJisl
Harpesa peakKUMOHHOIO Inpo-
crpaHerBa; 9, 10 — BBOA H
BBIBOJ XJajoareHta Ijs OX-
JaxIeHHs: a’posoJs.

JaeT TpPHMEHeHHe YJbTPa3ByKa, MPU OMNPELeNEHHOM peXHMe
NMPeNsATCTBYIOIEr0 KOaTyJMsAllHd MalblX 4acTuil (pHc. 8).
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Ecsin ke 106GHBAIOTCA BBICOKOH [POH3BOAMTEJNbHOCTH, TO
npuberainT K reTepOreHHOMY Pa3J/iOKeHHI0 KapGoHHJIA Ha yiKe
FOTOBBLIX HArpeTHIX YacTHIAX Mopomka Meranja. Kurepecna
cxema amrapara (puc. 9), B KOTOPOM pasJio:KeHHe BeLyT Ha pej-
BApHUTE/IbHO HATPETHIX TOHKMX YaCTHIIAX MeTalla, BBOJMMbBIX
B HeHarpeBaeMyl0 peaKIHOHHYIO Kamepy BMecTe C apoM Kap-

Puc. 8. Annapar - 445 NoJY4YeHHsT BBICOKOJUCMEPCHBIX MeTal-
JIOB pa3noxKeHHeM KapOGOHHJIOB B YJALTPA3BYKOBOM COIIE:
1 — Bonooxsmaxjaemblil BBOJ napos KapGoHmaa; 2 — BBOJ, To-
psiuero asora; J — KoJblieBass rasopacnpefesuTe]bHass Ka-
Mepa; 4 — Ko/bueBas Melb; 5 — Pe30HATOPhl; 6 — BOJHOBOJ
(B BHAEe MOJIOCTH, OTPaHHUYEHHOH [BYMs NapaboJH4YeCKHMH IIO-
BePXHOCTSIMH); 7 — 30HA pasjiokKeHHs; & — oOTpaxaresb, npe-
norspamammuii  o6pasoBaHHe CTOAYHX BOJMH; 9 — cGOPHHK
nponykra; 10 — BBIXOA TasoB.

6onuna. Ilpy 3TOM yacTHuBl, BbIpOCIIHe 1O TpeGyemoro pas-
Mepa, HelpPepelBHO BbIACMAIOT KJacCH(HKauued B Ta30BOM
noroke. Jlerko BHIeTb, YTO NPHHIHKI 3TOTO anmnapaTa 3aHM-
CTBOBaH Yy Da3/IOKHTeJA I8 MOJNYYeHHsl HHKesneBOil APOGH
(cp. puc. 5).

B03MOXKHOCTb IIMPOKO BapbHUpOBAaTh pasMephbi, Gopmy H
cTpoeHHe KapOGOHHJbHBIX NOPOLIKOB OTKpPbia MM MHOINOYHC-

40



JIEHHble [IPUMEHEHHs] M HpeXJe BCero B MeTa/JIoKepaMHYecKHX
npousBoAcTBax. Tak, U3 KapOOHU/IbHOTO HHKessl TOTOBST Bbl-
COKOMOPUCTBIE 3JIEKTPOJbI, C IPHMEHEHHEM KOTOPBHIX CBSI3aHBI
IBa KalUTeJbHbIX COBPEMEHHBIX NOCTHXKEHHSl B 00/1aCTH XMMH-
4eCKHX HCTOYHHKOB TOKA — HHUKeJb-KaIMHEBble aKKyMYJs-
TOpPH U BOZOPOAHOKHC/IOPOAHbIE TOIIHBHbIE 3/1€MEHThl. 3/4eCh
TONBKO  KapOGOHHJIbHBIH i
HUKeMb (MMEHHO «JIer-
KHe» TMOPOILKY M «BaTa») 5
oGecreuriBaeT HeOOXOIH-
MYy BBICOKYIO IOPHC-
TocTb naacTuH (70—90 % s <~
4 Bbime). [lonyuenw
JBYX- U  MHOTOCJOHHBIE ) J
9/1IeKTPO.bI (M3 C/I0eB pas-
JIMYHOH [OPUCTOCTH), 0CO- 1 2
GeHHO IeHHbIe B Ta30BbIX
TOI/IUBHBIX  3JIEMEHTaX,
pa6oTaioluX Noj AabJie- |
HHeM (K rasy oGpallleHbl X : ft .
TOHKOTOPHCThIE, a K

3MIEKTPOJIUTY — KPYNHO-

7

MOPHUCTBIE CJIOH  3JIEKT- i

pona). [MopomwmkH co coe- 8

DHYECKHMH  YacTHUAMH - ==l

XOpOUIH 1/l M3TOTOBJIe- ] s

HHUA  JIeTKO perenepu-

pyeMblX HHKEJICBBIX  pyc, 9. Annapar Aas pasiiokehusi na-

(I)HJIprOB. poB KapOOHHJIOB Ha HArpeThiX yacTHUax:
ﬂucnepcumﬁ Kapﬁp. 1 — peakwsoHHast Kamepa; 2 — Harpe-

HUJIbHBIA HHUKeJb HMeeT
¥ He TOJbKO MeTaJlyp-
THYeCKHe  IPHUMEHEHHS.
OH CJOYXHT KaTaJHu3aTo-
pom (ewe B 1900-x ro-
Jax pYCCKHH IpOMBILI-
neunuk A. )KykoB mo-
JYYHJ CYCIIEH3HH HHKe-
Jsi, TpomycKas naphl

BaTe/lb ra3oB3BecH; J — rasofyBkKa LJIs
LMPKYJSUAE Fa30B3BeCH; 4 K & — JIHHUH
WMPKYJSILMA FasoB3BecH; 6 — Kaaccudpu-
KaTop OJs OTAeJNeHHs TOTOBO¥ NPOAYK-
uMH; 7 — pacnpefie/liTeJb TOPAYHX 4a-
crun; 8 — TpyObl AJs NOAAuM ropsuei
rasoB3BecH B peaKIMOHHYIO KaMepy;
9 — tpy6a Ans mojaud napos KapGo-
uuga; 10 u 11 — BBOL M BHIBOA TeMN-
JIOHOCHTeJIS.

Ni(CO) , B ropsiuee MacJio, 4 3T0T npHeM Gbl1 3aTeM pa3paboTaH
B TEXHHKe THAPOreHH3alMH Ha HHKe/e); pPacTBOpeHHe Kap-
GOHMJILHOTO HHUKesass — OJarojapsi pPasBHTHIO IIOBEPXHOCTH
YaCTHLL OHO HJET OBICTPO M JIETKO — JlaeT BbICOKOUHCTHIE XH-
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MHYeCKHe peaKTHBbl; TOHKHE 30/ HHKeJd, TIOJydeHHble H3
Ni(CO),, HpHMEHSIOT B HCC/JIEAOBATENbCKHX LEJAsAX.

Baxueiilliee cerojpHsiiHee NpUMeHeHHe MNOPOLIKOB Kap6o-
HUJBHOTO »Keje3a — TeXHHKa cjaabblX TOKOB: JYKOBHYHASI
CTPYKTypa MNpensiTCTBYeT BO3HMKHOBEHHIO BHXDEBHIX 'TOKOB
B YaCTHIIE MOPOILIKA, TI03TOMY MAarHHTHbIE NOTEPH, 0cobeHHO
HOpH BBICOKHX YacTOTax, CYLIECTBEHHO HHUXKE, YeM y JApYrHx
MatepuajoB. BrlcoKouacTOTHble KapOOHHJIbHBIE MarHUTOIH-
3/IEKTPUKH — KOMITO3UIUU U3 KapOOHHJIbHOrO MOPOIIKA H H30-
JINPYIOIIEro CBf3YIOWero (MOJMCTHPOJA, NMOJUITHICHA H Ip.)
NpeTeHyIOT Ha Bejlyllee MOJOXEHHe CpPeld MaTepuasoB, NMpH-
MEHSIEMBIX 11 MHKDOMMHHMATIOPH3ALMH pajuoannaparyphbl.

®eppomarHuTHEE CBOHCTBA Kap60HHJIbHOFO Kesnesa Hc-
NOJIb3YIOTCA TaKKe B IOPOLIKOBOH Je(heKTOCKONHH, B q)ep-
porpaduy, B 3JEKTPOMarHUTHHIX My(drax.

Bricokasi AHCIepCHOCTb, YHCTOTA U C(PEPHYHOCTH YACTHIL
KapOOHH/IBHOTO JKese3a (ocJie OTXKHUra B BOJOPOAE OHO obe-
3YI/epOXKHUBaeTCs) MPOJAraloT eMy NyTb M B MHOTOTOHHAX-
Hble IIPOU3BOJCTBA MOPOLIKOBOH MeTa/1ypruu. 3jech peaJsiu-
syercsi npunuun I1. A. PeGunnepa: nyTb K HPOYHOCTH JICXKHT
yepe3 paspyuenue. JleHCTBUTENbHO, MaJjble YacTHUEI MOYTH
6e3epeKTHBI, HX IPOYHOCTb O/IM3KA K TEOPETHUECKOH MPOYHOC-
TH HAeaJbHOro TBepioro Tesa. [losToMy mpeccoBaHue M cre-
KaHHe MasblX YacCTHL (KOHEYHO, B OCOObIX YCJOBHSIX) BefeT
K H3JleJMAM Takod MPOYHOCTH, Kakas HeJOCTHXKHMA IpH
JauThe. B1o0aBOK CcHHXKaeTcss M KOJIHMYecTBO OTXON0B. Cie-
pHYeCKHe uYacTHIbl YHCTeHllero »xesnesa JIerkO  TeKyT
M JIETKO CMelINBAIOTCA C APYTMMH KOMIIOHEHTaMH MOpoIiKa,
a 6s1arojaps MaJOCTH YaCTHIL CIEKaHHe 3ar0TOBOK HJeT npu 650
BMecto 1100 °C. He Hy:KHO 6bITb MeTaJJ1yproM, YTo6bl MOHATH,
KaKyI0 KOJIOCCA/lIbHYI0 3KOHOMHMIO [aeT 3TO CHHXKCHHe TeMmile-
paTypbl. Ilpn 3TOM NpPOYHOCTH CMEUEHHBLIX M3JeNUH U3 KapGo-
HUJIBHOTO »KeJie3a Bhllile, YeM M3 JPYrHX :KeJe3HbIX IOPOIIKOB,
Gosee KPYNHBIX H MeHee yMCThIX. Jl06aBMM, YTO YHCTOe Kap-
GOHH/IbHOE KeJe30 — MPOCTO KOMIIOHEHT TMpPH BHIIJIaBKe
CrelHa/bHbIX CMJABOB J/151 OTBETCTBEHHBIX Ha3HAuYeHHil.

[I¥pok¥M MeTasyprudecKUM MNPHMEHEHHAM KapGo HUJIb+
HOTo eJe3a IIOKa IpensiTCTBYeT ero BBICOKAs CTOMMOCTD;
OJlHAKO C CO3JaHUeM KPyIHOMAacIUTaOHbIX ITPOU3BOJICTB
no KapOOHWJBbHOH mepepaboTKe KeJe30COAEPXKAUIMX HHKe-
JIEBBIX PYA 3TO IIOJIOKEHHe, OYeBHIHO, H3M: HTCSi: KapGo-
HUJIbHOE JKeJIe30 CTaHeT OYeHb JEIEBBIM MOGOYHBIM MPOAYK-
TOM HPH MOJY4E€HHH HHKeJs.
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3ameuaTe/NbHbl [OPOMIKH  KApOOHHJIbHOTO  MOJHOGAEHA
¥ KapGOHUIBHOrO BoJMb)paMa — OHH HMEIOT Pa3BHTYIO yJeJb-
HYIO IOBEPXHOCTH (IIOYTH /10 2 #%/2) ¥ CeKaloTCs Ha HECKOJIbKO
COT rpajycoB HH}Ke, YeM IOPOLIKH 3THX METaJ/JIOB, IOJyYeH-
Hble BOCCTAHOBJIEHHEM W HHBIMH NYTAMH. DTO JaeT He TOJNbKO
SKOHOMMIO TMPH CIIEKaHHH, HO W MaTepHhaJibl, KOTOPHIX paHblle
He Obl10. Hampumep, BbICOKOMOPUCTHIH KapOOHHJbLHEIH BOJb-
¢dpam npumened B CIIJA B KxayectBe  HOHHM3aTOpa B
paKeTHBIX JBUrateJfix. B Takux JBUraTefsix peakTHBHas
CTPYsl — 3TO Pa30THAHHBIN 3N€KTPUUECKUM I0JIEM TIOTOK MOHOB
nesusi. Ouu 00pasyloTcsl NMpH COYAAapEHHH aTOMOB LE3Hs C Ha-
KaJIeHHBIM BOJbppaMoM (BOJibhpaM NPHMEHAIOT BCJELCTBHE
€ro XapoCTOAKOCTH H BBICOKON pabOThl BHIXOJA 3/1€KTPOHA).

KapGOHU/IbHBIM METOJOM MOJy4aloT MOPOLIKH HE TOJbKO
YHCTHIX METaNJoB, HO U WX cnnaBoB. Ili1s 3TOro J0CTaTOYHO
MCIO/b30BaTh cMeCb KapOoHHJOB. Jlerue Bcero mosyyarh ke-
JIe30-HUKeJIeBble MOPOIIKH, B OCOOEHHOCTH JJ/11 MAarHHTHBIX
MaTepHaJsIoB, HO B NMPHHIUNE BO3MOXKHO CO3JAaHHE CaMbIX pas-
HBIX cocTaBoB. Tak, B ombiTHOM mopsjake B CCCP moJyuens!
nopowky cynepManioiinoro cocraBa (FeNiz ¢ HeckonbKuMH
MPOIEHTaMH MONUGAeHa) 1/ MarHHUTHBIX CEepJEeYHHKOB, IIO-
powiKH, GIH3KHe MO COCTAaBy K HepIKaBEIOUIMM CTalfM, a NpH
BBEJIEHHH B INPOIECC APYrHX MeTaJJopraHHYecKHX cOelHHe-
HUl — ¥ HeusBeCTHble paHee Xe/1e30-aJIOMHHHeBble MOPOIIKH
(coBMECTHEIM pa3JjioKeHHeM KapOOoHMJa Kesle3a U TPUH300y-
THUJIAJIOMHHUSA). :

HawuGosbiee pasnoobpasue NpUMEHSEMBIX MeETaJJIoB, TH-
OB anmapaTypbl  TeXHOMOrHH — pPaBHO KakK H NpPUMeHeHUH —
OTKPHIBAeTCSl MpPH Nepexojie K HaHeCeHHWIO MOKPBITHHA U moay-
YEHWIO DA3JIMYHBIX CIIJIAaBOB, KOMIO3WLHMHA, NOJayhabpHKaToB
U U3jlesuii. yepe3s KapOOHW/bI U KapOOHUJ/bHBEIE COENMHEHHS.
31ech HCMOJB3YIOTCA HJAH MOTYT OBITh HCIO/Nb3OBaHBI MPaK-
THUECKH Bce pasJjararliyecs KapOOHUNbHbIE COEIUHEHHUS, eCH
OHH CKOJIBKO-HUOYIb JIETyYH HJIH PacTBOPHUMBIL.

s monyyenus: KapOOHHJIBHBIX HOKPBITHH BHOJIHE MpH-
FOJIHbI ONMCAHHBIE BbIlE CIOCOOBI reTepPOreHHOrO pasJioKeHHUs:
KapOOHM/IOB I/ MOJNy4eHHsl KapOOHWJIBHBIX MeTaslJIOB, Kak
TakoBeIX. Ho TexHuMka Meraju3auuu yepe3 KapGOHHJBI CO-
37aJ1a U CBOH COOCTBEHHBIMH 6ora:rb1ﬁ apceHasn crnoco6oB U arm-
napartoB. BbiGop annapaTypHOro ohopMIeHHs TUKTYETCs pex-
Ie BCEro XapakTepOM NOKphIBaeMbIX moBepxHoctedl. Hampu-
Mep, MPH HAHECEHHM NOKPHITHI Ha IPOBOJIOKH, HHTH, JIEHTHI,
OPYTKH, MOJNOCH META/NIH3UPyeMblli OeCKOHeUHBIH MNpeaMer
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HENpepLIBHO MPOTATHBAIOT Yepe3 peaklHoHHyl0 kKamepy. Ha-
[IPOTUB, LITYYHBIE H3JE/NHsI — eCJU HEBO3MOXHO NpHMEHEHHe
KOHBeHepHOH JIEHTbl — MOKpBLIBAIOT B IEPHOJUYECKH JelCT-
Bylolux annaparax. CnocoGel repMeTH3auud B OOOHX cCay-
yasiX, KOHEUHO, pa3auyHbl. Pasnuynel u crnoco6bl Harpepa Io-
KpbIBaeMbIX NMOBEPXHOCTEll: MacCHBHbIE MeTa/IMYeCKUe IeTalH
rpeioT HHIYKUHOHHBIMA TOKAaMM, MeTa/JIHYeCKHe NPOBOJIOKH
U JIeHTbl — IIPONYCKaHHEM 9/1eKTPHYECKOro TOKa, HeGoJbliye
(ocoGeHHO HeMeTaJlIHYeCKHe) MOBePXHOCTH — HHQpaKpacHbI-
MH Jamnamu. YacTo HCcnosib3yroT COOCTBEHHOe TemJo IpexMe-
TA: HalmpuMep, paclJ/iaBjJeHHOe CTEKJO BbIIABJHBAIOT UYepes
¢ubepbl B KamMepy ¢ mapoM KapOOHHJAa HHKeNsl H 110Jy4aioT
HUKEJIHPOBAHHbE CTEeKJSHHBIE HUTH.

[TpensioxkeHO MHOTO BapHAaHTOB «KaTaJHTHUECKHX» MPOIeC-
coB Merassu3anuu. Tak, 1o6aBKa K mapy KapGoHH/IA HUKes
BJIAXKHOTO CEpOBOJOPOAA C NPHMEChI0 KHCJOpPOAA MO3BOJISET
BECTH OCaKJleHHe HHKeJisl [jaxKe NDH KOMHATHOH TeMmepartype,
T. €. HUKeJHpOBaTb COBCEM HeCTOHKHE K HarpeBy MaTepHaJbl.

VHTepecHbl MHOTrOC/OHAHBIE TMOKPLITHS, IOJydYaeMble uepe-
JIOBaHHEM I0/1aBaeMbIX Ha pasJjlioxeHHe KapOOHMJIOB, a TaKikKe
MOKPHITHA CINJIaBaMM — IIPH  COBMECTHOM DasJIOXKeHHH JBYX
i Gosee kapGonunoB. CocTaB IOKPHLITHS 4YacTO YCJOXKHSIOT
(MM OH caM YCJI0XKHSAETCS) M BCJe[CTBHE NOGOUHBIX peakiui,
ocoGeHHO 00pa3oBaHMsi KapOunoB, U 6sarojgaps CrnenuasnbHO
BBOAUMEIM J0GaBKaM (HanpHUMep, KpeMHHHOPraHUYECKHM HJIH
6opopraHH4ecKUM).

[IpumeHennss KapOOHU/IbHBIX NMOKPBITUH 3aXBaThIBAIOT MHO-
KeCcTBO obJacTell, HAYMHAsl C KOCMHYECKOH TEeXHHUKH (MOJIHG-
JIEHOBbIE ¥ BOJb(ppaM-KapOuHble 3allUTHHIE CJOH ISl COMen
pakeT) M KOHYAs eJOYHbIMH YKpalleHHAMH — OJeCTAUIUMH
30JI0THCTO-cepeGpsAHbIMU cTekasiHHbIME mapukamu (Ni(CO),+
+NO-+H,S). BoabdpamoBble HUTH, NOKDBHITHIE DEHHEM H3
Re,(CO),¢, NO-BUIMMOMY, — HAWJyUIIHH MaTepuan s I0-
JorpeBatesiell KaTOAOB 3JIEKTPOHHBIX Jamn. KapGoHusbHble
JKeJle30-HHKeNeBble IJIEHKH, B 3aBUCHMOCTH OT COCTaBa W Tep-
MOOOpPabOTKH, MOTYT CIYKUTb JUOO B 3/71€MEHTAaX MaMATH Bbl-
YHCJUTEJbHBIX MaliMH (MarHUTHOMSTKHE CIJIaBhl), JHOO A7
MarHuTHO# 3anucy (MarHUTHOXKECTKHe CIJIaBbl, Jydile aake
He jKeJe30-HUKeJieBble, a KeJe30-HHKe/lb-Ko6a/ibToBhle). [lo-
KpHITHIE BOJIb(PAMOM a/IMa3bl IPOYHO YAEPIKHBAIOTCH B ONpPaB-
Ke aJMA3HOTO HHCTPYMEHTa, COXPaHffACh B HECKOJbKO pas
J0JIblIE, UeM OOBIYHbIe HeMeTalIu3HpOBaHHbIE. ¥ Ke nprobpena
MpaKTHUeCKoe 3HAUYeHHe aHTHKOPPO3MOHHAA 3auluTa fAepPHOTO
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roproYero ¢ HOMOLIbI0 KapOOHHJIbHBIX HHKENEBbIX MOKPHITHI.
[TokpriTHst ¥ oAbrH, HELABHO IOJyYeHHble H3 KapGoHHJa
TeXHellus, HaBepHAKa GYAyT HHTEPeCHH AJs1 filepHOH busuky.
TlokpriBast HUKe/NeM B KHMSLIEM CJioe PaCTBOPHMbIE B BOJE MO-
powKy (MOBAPEHHYIO COJb,- CEMUTPY) M 3aTeM Yyladsis 3Ty
OCHOBY, MOJNYYHJH HHKEJEBYIO INEJTYyXy» — HOBHIH MaTepHas
[J1s1 TIPUTOTOBJIEHHS BBICOKONOPHCTHIX CMEKOB, B OCOGEHHOCTH
IS 3J1eKTPOJOB aKKyMynsaTopoB. IlogoGHble mpumepsl Mox-
HO IIPHMBOJMTDL M Jalee.

OtnenbHOro paccMOTpeHHs 3ac/JyKHBaeT oueHb ofllas BO3-
MOXKHOCTB TIOJIyJeHHS 4epe3 KapGOHHJB TAK HA3bIBAEMBIX KOM-
MO3UTHBIX MAaTePHAJOB — CJIOXKHBIX MHOroasHbIX CHCTEM, pas-
Hble COCTaBHble YaCTH KOTOPBIX BBINOJIHAIOT Pas3/HYHbIE HA3HAa-
YeHHs. '

Tak, Merannu3upys nmpoyHble, TYronjaBKHe 4acTHIbl U BO-
JIOKHA, MOJYYaloT AUCIEPCHO-YIPOYHEHHbIE CIIJIaBbl, MOCTPOEH-
Hble N0 MPUHIMNY Kele300eToHa: NMPOUYHBlE YACTHUIBl CAYKAaT
«apMaTypoi», a TIOKPBIBAIOIIHA HX MeTa/s — cBA3KoHA. B Tex
cay4asix, Korja yaaeTcsl PellMTh TPYAHYIO 3ajauy [POYHOro
COe/IUHEHUs] MeTaJlIMYeCKHX U HeMeTa/IMYeCKHX COCTABJSIO-
IUX, NOJYYaTCs KOHCTPYKIIMOHHBIE MaTepHaJsbl C YHHKaJb-
HBIMM MeXaHHYeCKUMH cBoHcTBaMH. OJHAKO KOMIO3HTHbIE Ma-
TepHaJkl MOT'YT HMeTh U HHble Ha3HaueHus. B uactHocty, oanum
u3 HauGosiee MEPCNEeKTHUBHBIX BHJOB fJICPHOTO rOpIOYero Cyu-
TAIOT «TPaHyJUpOBaHHbLIE [e/sIHecs MaTepHaJbly, COCTOSIIIHE
M3 METa/JIU3UPOBAHHBIX 3€PeH pPajiMOAaKTHBHOTO TOMJIHBA.
DyHKUUY NOKPLITHS He HCYEpNBbIBAIOTCA IPH 3TOM PaJHalHOH-
HOH W aHTHKOPPO3MOHHON 3aUIUTOH: OHO, KPOME TOrO, HOJIXKHO
yIep:KHBaTb NMPOAYKTH [e/JeHHs, YNPOLATh TEXHOJOTHIO H3-
FOTOBJIEHHSI TEIJIOBBIAEAIOIWMHUX 371eMeHToB. MoryT ObITh mO-
JIE3HBIMM M MHOTOCJIOMHble MOKPBLITU  3epeH fJ1epHOro
roproyero.

Ias meTajnu3aunu AHCIEPCHBIX MaTepHasoB NpPUMEHHMBI
yKe YIOMAHYTble NpHEMbl PasJioKEHHs KapOOHUJIOB Ha IIo-
powkax. Kpome Toro, 3acnyxuBaeT BHUMAaHHS 3allaTeHTOBAH-
ueiit MHKO cnoco6 »xuakodasHoll MeTalM3allMM MeJKUX
4acTHL, IpeJHa3HaueHHbIH /1 NpPHMEHEHHA B KOMILJIeKce
Kap6oHUNbHOTO npousBoicTBa. OTJIHUHTENbHAs OCOGEHHOCTD
mpouecca — BeJleHHe DasJIoKeHHs IPH IOBLILEHHOM JaBJe-
auu (okosio 30 amm), uTo U3GaBJseT OT 3aTpaT Ha KOMIPECCHIO
OKHCH yr/epojia, BO3BpalllaeMoil Ha KapGoHUanpoBanue. B am-
napare AJs MeTanausanuu (puc. 10) cycrnensus 4acTHIl B KHA-
KOM KapOOHHJie HHKeJNs MJM XKeje3a LUHUPKYJIUPYET MEeX1y
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KaMepofi MeTalJM3aUMM M HarpeBaTeseM. [laBjenue u TeM-
nepaTypa B peaKIMOHHOH KaMmepe TaKOBbl, YTO pa3J/OoXKeHHEe
KapOOHHJIa MPOUCXOAUT HA B3BEIUEHHLIX YacTHLUAX NPH MrHO-
BEHHBIX MECTHBIX CHHUJKEHUSAX JaBJieHHs, BbI3bIBaeMbIX palo-
TOH MeIaJKH.

Pasnoxenne kKapOOHUJIOB — METOJ INOJNYYeHHS He TOJbKO
MarepuasoB, HO M monyhaGpHKaTOB, H 3JEMEHTOB KOHCTPYK-

IMH, W Jaxe TOTOBBIX M3-

Ui,

OnHUM H3 MHOTHX BO3-
MOXKHBIX TNPUMEpPOB MOKeT
CNYXHUTb [polecc Hempe-
PLIBHOTO TOJIYYEHHS MeTaj-
JIM4ecKoil JeHTH (puc. 11):
Ha GeCKOHEYHYI0 CTalJbHYIO

8 OCHOBY Tmepej OTJIOKEHHEM
Ha HeH MeTajja HaHOCAT
_TOHKHH ¢JIOH cTeapaTa aJio-
MHHHS; 3TO ofecneyuBaeT
JIETKOCTb OTJEJIEHHS] MOJY-
YEeHHOH JIEHTBI OT OCHOBBI.
YnomsaHeM Takxe paspaBo-
tannbpll B CCCP cnoco6 mno-
JydeHusi OGECIIOBHBIX HHKe-
JIeBbIX TPYOOK AJS1 pafHoTeX-
HUYecKHX JeTaneii. I1pouece
MOJIHOCTBIO ~ aBTOMAaTH3HPO-
BaH;, OH BKJOYaeT B cebs

n

10

I
I

1
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Y

15 16
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Puc. 10. Annapatr ans Merassiusa-
LMH JMCIEPCHbIX MaTePHaJOB B XKHJ-
Ko# (ase:

1 — xamepa pasjoxenus; 2 — Me-
wajka; J — KjJaccHQHKaTop TBep-
JbIX 4acTHL; 4 — BLIBOA TNPOAYKTa;
5 — nonava TBepAbIX YaCTHL, NOAJe-

XKallluX NMOKPBITHIO; 6 — nojaya Kap-

6oHH/IA; 7 — LUMPKYJNSLMOHHBIH Ha-

coc; & — HarpeBaTeNlb CYCHEH3HH;

9 — tpy6a Ans 3KeKUHMH CYCHeH3HH

B KaMepy pasnoxeHusi; /0— oGpar-

HBIH XOJOAUABHHK; /] — BEIBOJ OKH-
CH yrJyiepofa.

HaHEeCEeHHe CJIOSl HUKeJsl Ha
HarpeBaeMblli TOKOM CTaJlb-
HOH CTepXeHb, OOGKUMKY
CTep:KHf Ha BajJKax [pH
BEIBOJIE €ro U3 peakKIUOH-
HOH KaMmepbl M «ClepruBa-

HUE» TPYOKH CO CTep¥KHS.
Brinessisi KapOOHUbHEIE MeTaJJIbl U3 ra30BoH (hasbl, MOXKHO
3aMO/IHATh NYCTOThl B NOpaX, HampUMep, IPH NpPONAaHBaHHU
CBapHBIX [IBOB B 3aMKHYTHIX €MKOCTAX HJIH [IPH H3rOTOBJEHUH
KOMIAKTHBIX METaJJIHUeCKHX H3Je/Hi U3 MOpOLIKOB 6e3 mpec-
COBaHHSA: 3arOTOBKY H3/esausl GOPMYIOT H3 MOPOLIKA, «HIPOMHU-
THIBAIOT» MapoM KapO6oHWJAa W HAarpeBaioT.
MetaniaMi U3 Kap6OHUJIOB MOXKHO COEIUHATH A€TalH H3-
JeNus, HanmpuMmep, IOKOJAb W 6asJOH 3JeKTPOHHOH JIaMIIHI,
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KYCKH TpaduTOBbLIX TPYGONPOBOLOB M 3aryylikKi Ha rpadu-
TOBHIX 00O0JIOYKAaX TeMJIOBBIIESAIOUMX 3/J1EMEHTOB B aTOMHOMH
TeXHHKe.

B HekoTOpHIX cayyasx KapGOHH/IbHAsh TEXHOJIOTHsS «CHau-
BaHMsly Kaxercsl HesaMeHHMoOH. TakoB mpouecc 3ajenku Kpa-
€B TKaHeHl U3 MeTa/JIMYeCKHX HJH IrpadHTOBLIX HUTeH MpH U3-

3 ) 9
4 L J J )

) 8
293 Toowooooooooom}‘o‘bT Q
(& )

=\ ° ===
3 ()=
2 - T

Puc. 11. AnnapaT AJs HenpepbiBHOTO NOJNYYEHHs MeTAJJHYECKOH JIeHTHI
KapOOHUJIbHBIM METOOM:
1 — GeckoHeuHasi CTa/lbHas JIeHTa, OCHOBAa A/ OTJIOKEHHS MeTanja; 2—
YCTPOHCTBO IJsi HaHeCeHHsl Ha OCHOBY CTeapara ajllOMHHHS; 3 — LUKUB;
4 — xamepa pasJiokeHHsl; 5 — HarpepaTeslb; 6 ¥ 7 — nojaya napoB Kap-
6OHMJIAa W BBIBOJ Napora3oBoil cMecH; 8 — HOX IJIs OTHeNeHUs OCaxKJAeH-
HOro Meraja; 9 — pYJOH TOTOBOH JIEHTHI.

rOTOBJIEHUM NApalliOTOB [/ BO3BpAIldeMblX Ha 3eMJI0 PaKeT
U cnyTHUKOB. KOHTaKkTHasg cBapka TOHKHX MeTa/JIHUeCKHX
HUTeH HeBO3MOXKHA — OHHM CroparoT, TpaUTOBLIE XK€ HUTH
BooOlle He mnojjnailoTcs cBapke. CrnauBaHWe Ke HHKesJIeM —
fIyTeM MECTHOrO pasJ/iokKeHHs KapOOHM/Ia HHKeJsl Ha CcoefH-
HfIeMBbIX YYacTKax (MX TpeloT TOKOM) — pellaeT 3afaduy.

O:xxuzalor, 4TO B Heja/ekoM GyayuieM npuodpeTteT 60.1blioe
3HAYeHHe MeTOJ] M3TOTOBJIEHHS! 3JEMEHTOB I10JyNPOBOAHUKO-
BbIX MPHOGOPOB ¢ KOHTAKTAMU repMaHHs MJH KPDEMHHS C BOJb-
tbpamMoM HAM MOJMOGIEHOM: HeAaBHO paspaboTaH nporecce,
obecrieuHBaIOINE HAaJeXKHOCTh KOHTAaKTa.

Hakownern, ynoMmsneMm o psje npoueccos «rasodassoro ¢op-
MOBaHHS» TOTOBbIX M3JeJqUH, Hampumep THIOTpadCKUX GopM.
CyLIHOCTb 3THX NPOLECCOB — B Pa3JioKeHHH KapOoHH/1a Ha OT-
fenseMofi OT MOJyYaloLlerocs U3JeNus MaTpule.
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MNPOBNEMbl M NEPCIEKTMUBbLI

BocemupecaTuNeTHHH NyTb, NPOHJEHHBIH KapOOHHILHOM
MeTa/yprueif, faneko He 3akoHueH. HbiHe yike BhosiHe oOT-
YeT/IHBO ONpee/M/IHCh [BA TIVIaBHBIX HalpaB/eHHs ee PasBH-
THSl — H3BJIEYEHHE U OUHCTKA METAJJIOB H MOJydeHHe 0COOBIX
(opM MeTaJlJIOB M MeTaslJICOLepPKaLIMX MaTepHaJloB.

MoxHO TOBOpHUTH COOTBETCTBEHHO O «A0ObIBaiolleli kap6o-
HUJIBHOH MeTannypruu» H O «KapOOHHJIBHOM MaTepHaJjo-
BELEHUUY. i

DU 1Ba HanpaB/eHHsi KapOOHHJBbHOH MeTaJTyprUH TeCHO
CBSI3aHbl, 1 HX He CJelyeT NPOTHBOMNOCTABAATb APYT APYTY.
BoJsiee Toro, CyuiecTBYIOT HHTepecHble BO3MOKHOCTH CO3JaHMS
KOMILIEKCHBIX CXeM, B KOTOPbIX TEXHOJIOTHSI KapOOHHJBHOM
nepepaboTKU PYA WM MeTaJyprHYecKUX MOJYNPOAYKTOB H
TEXHOJIOTHSI MOJYYeHHs KapOGOHHM/IbHBIX MaTepHaJOB B3aHMO-
cornacoBanbl. (IlepBblil mar B 35TOM HanpaBJeHHH yiKe ClesaH:
Ha 3aBojie B Konnep-Knudd KyGoBblit NPoayKT peKTHOUKALUU
cblporo KapGoHH/IAa HUKEJsl HCHOJ/b3YyeTcs AJIA NMOJY4eHHS Ke-
Jle30-HUKeJIeBHIX MOPOLIKOB). TeM He MeHee y KaX[Oro H3 Ha-
NpaB/JeHUl ecTb CBOM COGCTBEHHBIE MPOGJIEMEI.

Tenepanbnas npo6ieMa jpoGbIBaiollel KapOOHUILHOH Me-
TaJJIyprid — CO3[aHHEe HOBLIX IIPOLECCOB H3BJIEYEHHA Me-
TaJJIOB U3 PYyA (M BTOPHYHOrO Chipbfl) yepe3 KapOOHHUJBL. Bol-
pasuMcsl onpeleseHHee: peub HUAET He O NPHCIOCOOAeHHH Kap-
GoHUJI-TIpoLlecca K yKe CYLIeCTBYIOIIMM B MeTalJIypTHH cXe-
MaM U3BJIeUeHHS] MeTaslJIoB, Kak ObLIO JO CHX NOp, a HMEHHO
0 TNPUHUHUIHATLHO HOBBIX XMMMKO-METaNJypruyeckKuX IpOu3-
BOJC'Bax, mpouecc o6paGoTXH pyAsl B KOTOPbLIX Cpa3y HauMHa-
eTcsl KaK MOJATrOTOBKa K KapOGOHHJIHDPOBAHHIO.
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Ilpu TakoM mojaxoae camu cOGOH BOSHHKAIOT ABE B3aHMO-
CBsi3aHHble T'pynnbl 3ajady. Bo-mepBhIX, co3jaHHe M3 NPHPOL-
HOTO CBHIpbsSi MaTepHaJIOB, CIEIHAaTbHO NpelHa3HaYeHHHIX I
Kap6OHHUIHPOBAHUS, U, BO-BTOPBIX, H3BICKAHHE TAKHX YCJIOBHH
KapOOHUJINPOBAHHs, MPU KOTOPHIX mpolecc 6e1 Obl 1OCTATOY-
HO HMHTEHCHBHBIM JJI5i NPAaKTHYECKOrO MpHMEHEHHS.

WneanvHeli matepuan asas kapOGOHHJ-Npolecca HOJKEH
JIETKO MOJYYaThCsl M3 PYyAbl (HMJIH BTOPHUHOTO Chipbs), AaBaTh
1eneBod KapOOHH/ (UMH KapGOHUJEI) C BBICOKOH CKOPOCTBIO
H CO CTONMPOLEHTHHIM BEIXOLOM, IaBaTh OCTATOK OT KapOOHHJIH-
poBaHus, YAOOHBIN" Ans MepepaGOTKH (KapOOHHUBHBLIMH HJH
HHBIMH cnoco6aMH), H He IOJI2KeH BCTYNaTh B MapasHTHble 10-
Gounrle peakiuu. CerogHs Mbl JajJeKH OT 3TOro Hujeana —
yKe 1O OfHOMY TOMY, YTO OH JIMIIb HEJAaBHO OOpHCOBAJCH.
[Toka ewle Hesb3si faxe CKasaTh, A1 KaKHX MeTalJoOB 3TOT
paean (MOYTH) NOCTHXKHUM, a AN KaKux — HeT. Duawnxkaiiue
YCHJIHS COCPEJOTOYHBAIOTCSl, €CTeCTBEHHO, OKOJO HHKEJs.

B cnyuae «cyxoro» kapOGOHUIMPOBAHHS HHKeJbCOAEPIKa-
UMX MaTepHaloB MOXHO HAMETHTb HECKOJIbKO MyTeH Bo3jei-
CTBHS Ha MaTepHaj, MOBLILIAIOUIMX CKOPOCTb Ipollecca:

TMOBLIIEHNe YAe]bHOH MOBEPXHOCTH 3a CYET pasphiXJeHus
CTPYKTYpH (06pa3oBaHue OKHUCJOB WM CYJbpHIOB Mo rpa-
HHLIAM 3epeH);

HOBbIILEHHEe Ae(peKTHOCTH CTPYKTYpbl MeTaj/nyeckux ¢as;
CO3JaHHe Hampsi)KeHHWH N0 TIpaHHLAM 3epeH;

NIOBbILIEHHE KOHUEHTPALUH TOYeuHHX AedeKToB B oGbeMe
MeTalIH4ecKux ¢as;

tuKcauus MeracTaGUJIbHBIX CTPYKTYP ¥ CTPYKTYp 3BTEKTH-
4YeCKOro xapakrtepa ¢ 6o/bLIOf MOBEpXHOCTbIO H TECHOTOH KOH-
TaKTOB B3auMOJEHCTBYIOWUX (a3;

ylajeHHe UJIH CBAI3bIBAHHE MeLIAlOHX MpuUMecef;

BBeJeHHe KaTaJH3aToOpOB;

HCIONb30BaHHe BHYTPEHHEro MarHeTOXHMHYEcKoro  3dg-
theKTa (NOBLILIEHHE peaKIMOHHOH CrOCOOHOCTH B 06/1acTH Mar-
HHTHBIX NpeBpallieHnH).

K stomMy npucoeanHsercs BO3MOXHOCTb [OMOJHHTEJNbHBIX
(HeTerJIOBbIX) BO3AEHCTBHA HEMOCPEACTBEHHO Ha peaKUHH Kap-
GOHH/IHPOBaAHHUS.

Hanpumep, Kap6oHH/JIHpOBaHHE HEKOTOPBIX MaJlOaKTHBHBIX
HHKeJIEBEIX MaTepHa/oB B KHNsLIEM c/oe (MpH aTMochepHOM
AaBJIeHHH) MOxeT OBITb YCKOPEHO Ha [Ba NOpsJKa BBeJeHHEM
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B KHNSIUIMH cJOH a0pasuBHBIX YaCTHIL, OKa3blBAIOWINX HA peak-
M0 MeXaHOXHMHYecKoe Bo3jelicTBue. Maso Toro, Ha OCHOBe
TAKOro MeXaHOXMMHUeckoro sddexTa okasancs BO3MOKHBIM
naxe npsamoii cuHtes Mo(CO)s mnpH aT™ocdepHOM IaBJeHHH.
YcraHoB/IeHa TaKxKe BbiCOKas 3(EKTHBHOCTb HEKOTORHIX pa-
JAVAlHOHHBIX BO3JeHCTBHIH: 3/eKTpoHHAs GoMGapiUpOBKa MO-
JKeT MOJHATb CKOPOCTb NPSMOro KapOOHHJIMPOBAHUS HHKeJs
B HECKOJbKO IeCATKOB pas.

HecomuenHo, uTo KOMOMHHpPOBaHHE Pa3IHUHBIX CIOCOGOB
aKTHUBAIlMd MeTa/lJla M HeTeNJIOBHIX BO3JEHCTBHiA obeliaer
3HAUMTEJNBHYI0O HHTEHCU(HUKALHUIO INPOLECCOB KapGOHHIUPO-
BaHHA U OGJaronpuATCTBYeT nepepaboTKe CHIPHIX, MOYTH He 00-
JIATOPOXKEHHBIX MEeTaJIJICo/iepKalluX MaTepHaJoB.

HeiHe 5TH nyTH BO3AeHACTBHS ellle NPAKTHYECKH He HCIOJb-
3ylOTCSl (32 HCKJIOYeHHEeM KaTaJHTHYeCKHX).

Her Hyxabl  pasbscHATH, CKOJIBKO ~ HHTEpPEeCHOTo
I HccenoBatesiel B o6nacTi (PM3HKH M XUMUH TBEpIOTO
Tesia, TMOBEPXHOCTHHIX SABJEHHH, TONOXHMHH, Karanusa, pa-
JHAUHOHHON XHMHH, MarHeTOXHMHH BO3HHKaeT NpH paspa-
GoTKE TOJILKO 3THUX NpobjeM CHHTe3a KapOOHHJIOB METaJsJIOB.

Ilpyras cropoHa STOro e Jesa OTHOCHTCS K pacuery
H KOHCTPYHPOBAHHIO ONMTHMAJBHBIX PEAKTOPOB 1/ KapGOHH-
JNUpOBaHUA. 3ajauu, CB3aHHblE C OpPraHH3allWell HempephiB-
HOTO KapGOHMU/MHMPOBAHMS, C YTHIM3alMell Temsia peakIHuH,
pPaBHO KaK M C MaTeMaTHYECKHM MOJeJHPOBAHHEM DeaKTOpOB,
B KOTOPHIX COCTOSIHHE TBEpAOrO MaTepHaja CYLIECTBEHHO
HECTALMOHAPHO, MpPEICTABJSIOT HHTEpPeCHOe IoJe JAesiTeNb-
HOCTH J/Ifl CNIELHaJHCTOB B 00JIaCTH MpOLECCOB W aNnapaToB
XHMHYECKO! TeXHOJIOTHH.

JIoCTHrHYTHIl y2Ke CErofHsi YpOBeHb XHMHUECKOH H Meras-

JIyPrHYECKOH TeXHUKH NI03BOJISCT 1yMaTb, YTO B TeueHue 6/u-
xkafmux 10—15 seT Ha ocHOBe KapOOHUJBHOH TEXHOJOTHH
BOSHHKHYT HENpPEphIBHO JeHCTBYIOIIHE MeTasJypruueckqe 3a-
BOJIbI-aBTOMAThI, Ijle He OyJeT H3HYPHTEJILHOrO TPyJa «Iioiel
OTHeHHHIX npocdeccuily. MolHele peakTopel KapGOHUJIUPOBA-
HUA OYAYT NPEACTaBAsITb COGOH XUMHKO-SHEpreTHYeCKHe ar-
peratkl, YTUJH3HpYiOmHe GOJBLIYI0 YacTb BbIAEASIOLLErOCs
Ternna; IM03TOMY K Ge3peareHTHOCTH NPOH3BOACTBA 1006aBHUTCS
H ero HU3Kas sHeproemkocTb. [Ipexse Bcero Takue 3aBojbl Y-
IYT CO3JaHbl /Il KOMIVIEKCHOH NepepaGoTKH HHKENEeBbIX Pyl
€ moJNyueHHeM BCeX TpeX MeTasJIOB TPYMNINH Kene3a. Bo3mox-
HBl TaKHe NPOH3BOJACTBA M B METaJ/NIyprud MOJUGIEHAa U BOJIb-
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¢pama. B nanbrefimeM xe peyb MOXKeT HIATH HE TOJIbKO 00 3THX
MeraJljiaX: COYeTAaHHs] 3/1eMEHTOOPTaHWUYECKOH M MeTAJJTypru-
uecKoll (HampuMmep, aBTOKJIAaBHOH, 3KCTPAKIMOHHOH) TeXHOJO-
THH, TIOKa eJlBa-ellBa Hameyarollyecsl, JOJKHbBI NOPOIUTb H CO-
BEpLIEHHO HEOXHJAHHBIE MYTH MONYYeHHS MHOTHX Nepexof-
HBIX METa/JIoB yepe3 KapGOHU/bHBIE coepuHeHusi. Ho o nux
elle MOXKHO TOJNBKO (paHTa3upOBaTh.

OGparuMcs Tenepb K KapGOHUJIBHOMY MaTepHaJOBeJeHHIO.
['enepanbhas mpo6sema 31ech — MONy4eHHE MAaTepPHANOB C 3a-
IaHHBIMH cBoiicTBamu. BooGllle npobiema 3Ta HE HOBa (XOTsi
M JlaNeKa OT paspellleHHs)), HO B KapOOHHJIbHOH TeXHOJNOrHH
OHAa TOXE MOCTABJEHa JIHIIb HEeJIaBHO, H CEroAHS BO3MOXKHHI
TOJIBKO HeKOoTOphle obuiue cooOpaxKeHHus.

OnHo U3 Ba)KHeHIIMX «CBOMCTB», B KOTOPOM CErofHs HYXK-
[ATCs MeTa/lJibl — BbICOKAas uHcToTa. PassoxeHnue Kap6o-
HHJIOB MOXKET JaBaTb MeTajlibl pPEKOPAHOH UHCTOTHL. Tak,
HMEHHO YHCTOTA CO3JaeT ocoOble 06acTH NpPUMEHEHHH KOM-
NaKTHOMY KapOOHHJbHOMY HHKeMo. s Jpyrux Meransios
BO3HHKaeT mnpobJseMa NojaBleHHsl MOOOUHBIX peakUu#, eciau
NOpoXK/JaeMble UMM MPUMECH YTJepoAa M KHCJIOPOAA Hexesa-
TeNbHbl. BO3MOXHBI pasHble MyTH pelleHHs 3afayi: CHHKe-
HMEe JaBJeHHs Ipolecca C COOTBETCTBYIOIUMM CHHXKEHHEM
TeMrepaTyphl; NMOAGOp KOMIOHEHTOB ra3oBod (askl, nojpa.Jsi-
IOIMX MOGOYHble pPeaKUWH; HCHOAb30BaHHE He TOJNbKO cOGCT-
BEHHO KapOOHUJIOB METasJOB, HO HX MPOU3BOJAHBLIX; COUETAHUE
YHCTO TEPMHUYECKOTrO pasJoxKeHHsl C BOCCTAHOBHTEJbHBIM pas-
JoxkeHHeM (B OCOGEHHOCTH B cJydae KapOGOHHJTaJOreHHJIOB).

C 1pyroii CTOpPOHBl, ynmOMsiHyTasi mpoGjaemMa MOIBOAUT
K crenywolieMy coobpakenuto obuiero nopsaka. OnHo u3 npe-
UMYLIECTB KapGOHUJIBHOH TEXHOJNOrMH, IOKA HeJOCTaTOYHO
ucrosb3yeMoe H Jaxe HeJOCTaTOYHO OCO3HAHHOe, 3a-
KJIOYaeTci B OCOOBIX ~ BO3MOXKHOCTAX  yNpaBJIeHHs
cBoiicTBaMH ofpasyiolierocsi Meranja. [leno B ToM, 4TO 3jech
MOXKHO BO3JIeHCTBOBATh HAa MeTaJl1 6YKBasbHO in statu nascendi,
T. €. B XOJle BO3HUKHOBeHUs U pocTa HOBOH (hasel. BpoGasok
yC/IOBHS npoliecca (yMepeHHble TeMiaepaTypbl H JaBJeHHs)
TAKOBbl, YTO BBEJeHHE B MIPy HOBHIX ()aKTODOB, Hampumep,
pajuaiuy, yJbTPasBYyKa, HaJOXMEHHS 3/EeKTPHYECKOro HJH
MarHHUTHOTO MOJisi, 10OABKH aKTHBHBLIX BelllecTB, He MpPeACTaB-
JfieT CYLIeCTBEHHbIX TeXHHUeCcKHX mnpensrtctBuil. Elue Baxknee
TO, YTO B 3TOH ke 06/1aCTH YCJOBHHA JOCTYNHLIH AHANAa30H CKo-
pocTeil BbleJeHHsl MeTasl/Ja BeCbMa IUMPOK, H MOTOMY COOT-
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HOIlIEHHE CKOPOCTH OCHOBHOI'O IIpolLiecca H WHTEHCHBHOCTH J0-
[OMHUTE/NLHOTO BO3JIEHCTBHS MOXKeT ObIThb IOYTH JIIOGHIM.
3mech — HemouaTHl KpaH ellle HEeTPOHYTHIX CMOCOGOB OueHb
TOHKOH, IOBEJUPHON, pPeryJqHupOBKH CBOHCTB U COCTaBa MOJMY-
yaeMbIX METaJ/lJIOB. YTIOMHHaBIleecsi paHee HalJOeHHE O NPH-
oGpeTeHHH KapOOHHJIbHBIM HHKeJeM JYKOBHYHOH CTPYKTYpHI
npu Manoii no6aBke Fe(CO), pmaer numb HameK Ha THOKOCTDb
U pasHooOpasHe TaKUX MPHEMOB.

Ipyroe o6ewaiomuee HanpaBleHHe 3/eCbh — MONy4YeHHe
CJIOXKHBIX CIIJIABOB H KOMIMO3ULMH. B 3THX wensx yxke Hauanu
IPHMEHAThb pasJioXKeHHe cMecefl KapGOHHJIOB APYT C APYTOM H ¢
MHBIMH MeTaJJIOpraHHYecKuMH coefnHeHusMu*. KapGonumb-
Hble TepMasyion (MarHWTHble cnsaBel THna FeNig) B Buae mo-
POIIKOB HEOTHOKDAaTHO OMHCHIBATH B JHTEepaType; HeNaBHO
CO3laHa TEXHHKA MOJYYEHHS U MJIEHOK NepMaJllJIofHOro coc-
TaBa, ['opa3flo HHTepecHee NEPCNEKTUBBl HCHOJb30BAaHUS He
cMecell pa3NuUHBIX KapOOHHWJIOB, @ KapOOHHJbHLIX COeqHHe-
HHl, HENOCPENCTBEHHO COJEpIKALIHX B CBOEM COCTaBe TpeGy-
eMble 3JIEMEHTbl, — IeTepOKapGOHUIOB U  3JIeMEeHTOpPraHuyec-
KHX TPOM3BOJAHBIX KapGOHUJIOB MeTaJsoB. Passoxkenue Takux
COeIMHEHHH — MyThb MOJYYEHHS COCTaBOB, KOMIIOHEHTHl KO-
TOPHIX TPYAHO WJIH NayKe HEBO3MOXKHO COBMECTHTH APYT C ApY-
rom nuapnenneM. IIpu 3TOM jgoCTHraeTCs HempaBlONOAOGHO
BBLICOKasl pABHOMEPHOCTh CMeLIeHHs KOMIIOHeHTOB. Bosbie To-
ro, MBEICJHMO cpa3y noxGupaTh (HJH CelHaNbHO CHHTE3HPO-
BaTh!) COeJMHEHHs HEe TOJbKO C TpeGyeMbIM COOTHOLIEHHEM
aTOMOB Pa3JIMYHBIX KOMIOHEHTOB B MOJIEKYJle, HO, MOXET ObITb,
Jaxke U C X B3aHUMHBIM DacroJIOXKeHHEM.

PasvMeercsi, peub UIET HE TOJILKO O KOHCTPYKLMOHHBIX Ma-
TepHajaXx B Y3KOM CMbIC/IEe 3TOro cjioBa. Bce ckasanHoe OTHO-
CHTCS H K TaKHM, HanpHMep, MaTepHasiaM, KaK KaTa/Ju3aTophl:
pasfioskeHHe KapOOHUJIbHBIX COEJHHEHHWH JesaeT BO3MOXKHBIM
¥ TOJNydeHHe HAHEeCeHHBIX MeTa/lJIMYeCKHX (M MOJynpoBOA-
HHKOBBIX) KaTa/JH3aTOPOB M WX MOBEPXHOCTHOE MOAUDHIHPO-
BaHWe, B/MSIONIEE HA AKTHBHOCTb U CEJNEKTUBHOCTb. TOHKHE
[JIEHKH, B TOM YHCJE MJEHKH CJI0XHOH CTPYKTYPBI — OCTPOB-
KOBble, MHOTOCJ/IONHbIE, OpPHEHTHPOBAHHBIE (3MUTAKCHAIbHbIE)—
Jpyrasi KaTeropusi MaTepuaJoB, LS KOTOPOH MeTojpl Kap6o-
HHJIBHOM METaJITYPrHH JOJIKHH JaTh MHOro BaxHoro. B gacrt-
HOCTH, H 3]1eCh MBICJIHMO NTOBEPXHOCTHOE MOAU(HIUPOBaHHE —

* 3aKOHOMEpHO NepepacTaHHe «KapGOHUJIBLHOTO» MaTepHalOBelIeHUA B
«METaJlJIOpr aH HYeCKoex,
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AJSl yIpaBJaeHHS JEKTPOPHU3NYECKHMH H ONTHYECKHMH CBOH-
CTBaMH.

JlonosHUTENbHbIE BO3MOXKHOCTH MOXKET AaThb MpUMEHeHHe
aKTHBHBIX NOJLJIOXKEK, B3aHUMOAEHCTBYIOLIMX C HAaHOCHMBIM Me-
Ta/JJIOM HJH COeNHHEHHeM.

Marepuanbl coBeplIeHHO HOBHIX THMOB MOI'YT ObiThb CO3ja-
Hbl pas3/oxKeHHeM KapOOHWJ/IOB B XONe MOJHMEepH3alMH opra-
HHUECKHX MOJMMepoB. Tak, yxKe MOJYdYeHBl KHIKHE (eppo-
MarHeTHKH, MOBLILAIONIHE CBOK BA3KOCTb M Jlaxe OTBeple-
BalollYe B JOCTaTOYHO CHJIBHOM MarHWTHOM mnose. Jlpyrue
MeTaJ/IJIONIONUMePbl B MATHHTHOM II0JIe MEHSIIOT IPO3PavyHOCTh
B BUAMMOIl M MH(ppaKpacHOH 06JacTH.

CTOHT OTMeTHTb, -UTO pasJioxeHHe KapOOHWJBHBIX COeIHM-
HeHUil He 06si3aTesbHO TpeGyeT nmepeBoia UX B Map,— B NPHH-
[IHMIe MOXHO MO/1b30BATbCA M pPACTBOpPAMH WJM NOJABEpPraThb
pa3/IoKeHHIO B3BeleHHble B rase KUAKHE HJIU TBepjAble yac-
THubl.  [lostomMy KkapGoHHJbHOE — MaTepHasiOBeleHHe CIO-
cOGHO NPHUHATb HA BOOpYKEHHE H MHOrMe HesleTyuyHe Bellle-
CTBa.

CeroiHsl BCe 3TH BO3MOXHOCTH He TOJBKO MOYTH He pea-
JIN3YIOTCS, HO M MOYTH He H3yueHHl. Mexnay Tem 3nech HHTe-
pecHefilllee 110J1e J1eATEJNbHOCTH 1JI TeX, KTO 3aHAT M XHMHed
HeTeNnJIOBLIX BO3JeHCTBHI, U XUMHel TIBeploro Tesa, H XMMH-
el moBepxHOCTeH, M yueHHeM 00 a’po30JfAX.

Ho moxer GuiTh Bcero Goraue «XuMHSI KJacTepoB» — elBa
HapoAMBILAsACsA, HO ObICTpOpacTyllas BeTBb HayKH.

Bhille MBI onpefenusu KJaacTep Kak rpynmy B3aHMOAEHCT-
BYIOLIMX YaCTHII, YHCJIO KOTOPHIX, BOOOILE FOBOPS, MOXKET ObITh
nepeMeHHbIM. J106aBHM K 3TOMY — M He BIIOJIHE ONpeJeJeH-
HBIM: TIe-TO B HHTepBase Mexay 2 n 10%. MoxHO mosTomy
CKaszaTb, 4TO XHMHSI KJIacTepOB HMeeT [eJo C BelleCTBaMH
(COCTOSIHMAMH H TpeBpallieHu IMH), JlexKallliMK Ha TPaHHIIe MexX-
1y reTeporeHHbLIMH M TOMOTeHHBIMH cucTeMamu. C kapGoHH.Ia-
MH CBfi3aHbl BCe H3BECTHble THIbl MeTaJJINYeCKHX KJ/acTepoB:
€c/H B MHOTOfII€PHBIX KapOOHM/IaX KJjacTep XHMUYECKH CTa-
GuausupoBad muranfamu — rpynnamu CO, To B cnjaBax H
KOMIO3HIIHAX, 06pasyomuxcsl NpH pas/oxeHHH KapOGOHUJIOB,
€CTeCTBEHHO, BO3HHKHOBEHHE KJ/acTepoB, BHEADEHHHIX B TBep-
Aylo cpely, KoTopass W ofecleynBaeT MX yCTOHUHBOCTb; HaKoO-
Hell, pa3JiokeHHe KapGOHUJIOB B o6GbeMe fAaeT «CBOOOXHBIEY
(necTabunn3npoBaHHble) KJacTepbl. PocTy TakUX KJacTepos,
T. €. NpPeBPallleHHIO OTAENbHBIX MOJIEKYJ] KapOOHHWJa B YacTH-
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1Bl MeTaJ1a, COCTOALINE U3 ThICSY U MHJIJIHOHOB aTOMOB, N0JIXK-
Hbl OTBEUATb IEPEXOJHbIE COCTOAHHUA C pa3.nntmoﬁ CTeNneHblo
yCTOﬁ‘lHBOCTH KJjaacrepa H pasnmmoﬁ CTENIEHbIO YNOpANLOYECH-
HOCTH aToMOB B HeM. M xumusa u MaTepuaJ/JioBeACHHe HaﬁZLYT
3J1€Cb MHOro HOBOro H HEOXKHIAAHHOrO. -

Htak, kapOoHH/IbHAsi MeTaNNyprusi OTKpLIBaeT Mepej Ma-
TepHaJjioBe/leHHeM 6OraTCcTBO MEPCIeKTUB, KOTOpoe MoKa Tpyi-
HO mpencTaBuTb. OfHa M3 TIJ1aBHBIX CETONHSIUHUX TEHAEHUHH
B CO3J@HHM HOBBIX MaTepHa/iOB — NEpPeXOl K ° CJOXKHLIM
KOMIO3UUHUAM THIa GHONOrMYecKMX TKaHeH, rje pasHele coc-
TaBJAIOLUIME BLIIONHAIT pasHele (QyHKUUH. KapGoHuabHbE
Hpolecch KaK Heab3s Jydille COOTBETCTBYIOT 3TOH TeHIeH-
IIMH.

[Ipumensia, HanpuMmep, KapOOHHJ/bHBIE MOKPHITHS JHCIIEpC-
HBIX YaCTHII MJIH BOJIOKOH, pasJio:KeHHe cMecell W CMEIIaHHBbIX
KapOOHU/IbHBIX COEJMHeHHH, uepelys H3MEHEHHe cOocTaBa ra-
30BOH (pasbl W MOMOJHHTENbHBlE BO3ASHCTBHS MOMKHO Oyler
CTPOUTb pa3/H4HeHlINe NMOJHDYHKIHOHANbHBIE KOMIO3HIIHH—
¥ B BHJle MaTepHaJOB, U B BHJE IOTOBLIX 3J¢MEHTOB M JeTaneil
KOHCTPYKUMH; TaK CKa3aTh, U TKAHH H leJ/1ble OPraHbl, KOTOPhIE
YIOBJIETBOPAT 3alpockl CaMblX TpefoBaTelbHBIX KOHCTPYKTO-
pOB, B TOM YMCJIe W elle TOJbKO BO3HHKAIOUIHE W [axe MOoKa
He BO3HHKILKE.

B 3aksiouenne HeOGXOAHMO HECKOJIBKO CJIOB MHOH TOHaJIb-
HOocTH. ABTOp He XoTes Obl BbI1aBaTb Ke/jaeMoe 3a AeHCTBH-
TeJbHOE U TNpeACTaB/ATh Gynyllee KapGOHUILHOH MeTasliayp-
run Ge3MsTeKHO po3oBhIM. CeroiHsi YCHJHS, HampaBisieMmble
y Hac Ha pa3BHTHE 3TOH OTpac/NH HaYKH U TeXHHKH, OTHIOAb
He aJleKBaTHbHl ee BAXKHOCTH. 3HauyMTesbHas 4acTb MPOLECCOB,
0 KOTOpHIX IlI1a peyb, CYUIECTBYeT He B BUJE [POMBIIIJIEHHBIX
IPOU3BOACTB, a B BHJE.pa3pabOTOK WJH [aXKe TOJbKO NAaTeHT-
HBIX OpeNJoXKeHHH. BomJomenne ux B XU3Hb H TeM GoJee
BbisiBJIEHHE HOBbBIX NEPCHEKTHB TPeOYIOT COrJ1acOBaHHOH pa6o-
Thl CMELMANUCTOB PAa3sHOrO NPopuAa H Mpexiae BCEro ympo-
YeHHs! TeOpeTHYeCKON 6a3bl KapOOHMJIBHOH MeTaslJypruu.

HcTopus TEXHHKH YYUT, YTO TEXHOJIOTMH BO3HMKAIOT W pas-
BHBAIOTCS WJIHM KAaK IPUJIOXKEHHE HAayKH, HIM KaK HHXKEHEpHOe
HCKYCCTBO. YcCIeXH KapOGOHH/IbHOH MeTasayprud OyAyT om-
pelesiaTbCs TeM, B KaKOH Mepe OHAa cyMmeeT NPHOIM3HTBCA K
nepsomy nyTH. B mocaennee pemsi 3to ocosnano u B CCCP,
U 3a py6exoM, [O3TOMY, DU BCeX OroBOPKAaX, MEPCHEKTHBE!
cBOEOOpa3HOf TeXHOJOTHH, KOTOPOH nocBsileHa 3Ta paGora,
Bro/IHe 6/1aronpHATHHL.
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Crasio yxe OGLIMM MeCTOM yTBep:KAEeHHE, YTo HauGosee oGe-
IAIOMUMH W TJIOLOHOCHBIMHM ABJAIOTCA 00/acTH, JeKaliue
Ha «CTHIKaxX» HayK W TexHoJsoruii. KapGouus-npouecc BO3HHK
M OCTaeTCsl Ha CThlKe XMMHU M MeTaJJlypriuu, Ha CTbIKE XHUMH-
YecKOH H MeTaJJypruyeckoii TexHosjoruu. M stor nBOHHOH
CNOH MHUTATeJbHOH MOYBBI MOXET M JOJIKeH NPHHOCHTb BCe
GoJsiee yNMBUTENbHBIE YpOXKAH.



APUNOXEHUE

Huxe cobpaHbl dakTHuecKHe faHHble O KapGOHH/BHEIX COeIHHEHHAX
METTa/VIOB M Kap6OHH/JLHBIX MeTaljaX, KOTOpble [OJ/KHEI [103BOJIHTD
YMTATENIO CaMOCTOATENbHO CYLHTb 06 OGbeKTaXx H rpaHHLAX CeroHfl-
Hed KapOOHMJIbHOH MeTaJJypruu.

Ta6a. | nomelnenl CcBefleHHs 060 BCeX KapGOHHMAX METaJlIoB,
OTNHCAHHBIX B Hay4YHoil JuTepaType. (B maTeHTHO# JHTepaType coofwa-
ercsl 06 OTKPHITHH KapGOHMJIOB THTaHA, LUMUPKOHHS H radHHA; 3TH CO06-
WEeHHA N0 CHX MOp He MNOATBep:kAeHbl.) B BHe NMPOHU3BOXHBIX H3BECTHHI
Takke KapOOHHJBI majJalus, meau, cepeGpa, 3oJ0Ta, HHOOMS, TaHTaja,
THTaHa. BecbMa BeposiTHO mNoJyueHHe B MepBYIO ouyepelb KapGOHHJIOB
HMEHHO TeX MeTaJJIOB, AJSi KOTOPbIX YK€ CHHTe3HpOBaHhl KapGOHHJIbHbIE
npousponnsle. ClefyeT OXHAATb TaKiKe OTKPBITHS HOBBIX MHOIOSIEPHBIX
Kap6OHHJIOB METalJOB, OJHO- M [BYsiiepHble KapGOHHJ/BI KOTODHIX H3-
BecTHL. Hakorel, npepcTaB/isieTcsi BO3MOXHBIM H CHHTE3 KapGOHMJIOB
PeNKO3eMEJIbHLIX 3/1EMEHTOB H aKTHHOHMJOB.

B Ttaba. 2 npuBeneHel HeMHOrHe npHMepbl KapGOHMJIBHBIX COEQHHe-
HHH MeTaJlIOB, NMPEeACTaB/SIOMUX NOTeHIHaNbHBIH HHTEpec AJs KapGoHH/Ib-
HOH MeTaslJypruH,— reTepokap60OHHJIOB MeTaJVIoB H pala NPOH3BOLHBIX
Kap6OHUJIOB MeTaJlJIoB.

OO6iuee yncso NpOM3BOAHBIX KapGOHMJIOB MeTawiloB npepbimaer 10% u
npofoJikaeT GbICTpo Bo3pacTarth. K3 TaGaumbl BMAHO, B YaCTHOCTH, 4TO
CYWecTsyeT MHOrO KapGOHMJIbHBIX COeIHHEHMH, COJep¥KalluX B CBOEM
coctaBe ABa M Gosee MeTajsa, a Takke NepeXojHble U HenepexolHbe SJe-
MEHTHI.
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YBAXXAEMbIM TOBAPMLL!

Bpolwiopsl Haluel cepuu NPONAraHAMPYIOT XMMUUECKME 3HAHUA cpe-
AM BCeX, KTO MHTepecyercsi xumued. OHu paccka3biBaloT o6 aKTyanbHbiX
npo6nemMax XMMMUECKOW HayKM M XMMMHUECKOrO TNpOM3BOACTBa, QaloOT
UMTATeNIO CAMYIO HOBYIO HAy4HYI0O MH()OPMALMIO B NONYNAPHOM M3no-
HEHUH,

Apropbl Gpouliop — KpynHeliliMe yueHble M CReLHanuCThbl.

B 1973 ropy noanucumku nonyuar 12 Homepos.

Cpeaun Hux: Toponues B. C,, Jleonos A. Jl. KUBEPHETUKA
B XMMUN.

Bpowopa npepHasHaueHa AN LWUMPOKOrO Kpyra umTateneM, xenato-
WHUX MO3HAKOMMUTLCS € OCHOBAMM HOBOM HayuHOM AUCLUNNUHBI — XUMHUUE-
ckoit kubepHeTtuku. B Bpolulope paccMaTpuBalOTCs MECTO XMMHMM B CUC-
TeMe HAPOAHOrO XO3RUCTBA M XMMMUECKAs NPOMBILINEHHOCTb Kak o6bekT
ynpaeneHus.

Depsaruu b. B, Mepocees [l. B. CUHTE3 AJIMA3A U3
FA3A.

B 6pownope usnaraercs cnocob cuHTE3a anmasa M3 yrnepopcopep-
alMX ra3oB Ha MOBEPXHOCTU aNMasHbIX KPWUCTanioB B TEX YCNOBMSX,
xorpa anma3s mertactabunen. Teopetuueckue ocHoBbl 3TOro npouecca ba-
3UPYIOTCA Ha TEOPUM MOBEPXHOCTHBIX SBNEHMH, LUMPOKO pPa3BMBAEMOM
B. B. [lepsaruHbim, ero cotpynHukammu u yueHukamu. OtgenbHo paccmatpu-
BAETCH CMHTE3 aNMasHbIX NNEHOK, HUTEBMAHbIX KPUCTanNoOB W BbICOKO-
AMCNEePCHbIX MOPOLUKOB.

Bpoltopa HanucaHa N3bIKOM, AOCTYMHBIM CAMbIM LUMPOKMM KpYram
uuTaTeneMl, MHTEPeCYIOWMXCS XMMUEN,

CakopabiHckuit K. U COBPEMEHHBIE MPOBJIEMbl XPOMA-
TOrPAD®UN.

B 6polutope paccMoTpeHs! 0coBeHHOCTH xpomaTorpacduy, cTaseit
OZIHUM M3 OCHOBHbIX METOJIOB PAa3fEefEHUs M AHANM3a XMMHUUECKMX CHC-
tem. MNMokasaHo MHoroo6pasue BapMaHTOB W NPUEMOB Xpomartorpaduue-
CKWUX METOA0B, NO3BONAIOWMUX OCYLLECTBAATL PA3AENEHUE NPOCTbIX rasos
M CNOMHENLMX NMPUPOAHLIX coeiMHEHMUN. PaccMOTpeHO npumeHeHue xpo-
matorpadumu B KauectBe cnocoba sKkcnpecc-aHanusa AnNs cosfaHus aBTo-
MAaTU3UPOBAHHBIX CUCTEM YNPAaBREHMSA XMMMUECKUMMU MPOLECCaMM.

Bpowiopa npepHasHadeHa AN CaMbIX LUMPOKWX KPYros cneuMandc-
TOB, MHTEPECYIOWMUXCS NPOBNEMamMmu aHaNUTUUECKON XMMUM.

Bonbgpkosuu C. U. NEPCNEKTUBbBI PA3BUTUS TMPOU3BOA-
CTBA HOHLEHTPUPOBAHHbLIX U CJIOXHbIX MWHEPASNbHbLIX YA0B-
PEHWWA.

B 6poluope paccMOTpeHbl BOMPOChI, CBA3aHHLIE C XWUMM3aLMUeH
HapogHoro xo3sicrsa. Kak MIBECTHO, cenbcKoe XO3AMCTBO Hallew cTpa-
Hbl WMPOKO MCMONb3yeT JOCTMXKEHMS COBPEMEHHOW xumuu. Uto moxker
NPeAnoOXUTE CErofHA XMMusA TpyeHukam nonei? — Bot Ha kakoit Bo-
npoc otseuaer asTop Gpowiopel akagemuk C. U. Bonbgrosuu,

Bpowiopa npegHasHaueHa AN Cambix LWMPOKMX KPYroB uuTatened,
MHTEPECYIOWUXC BONPOCaMU 3emnenenus.
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