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Beryn

XpoMcuIninUIHUKA IIap Ha IOBEPXHI BYIJICIEBUX
CTaJIel Ma€e BUIIY JKapOCTIHKICTh 1 KHCIIOTOCTIHKICT HiX
YUCTO XPOMOBAHWH, Ta OINBIIYy B A3KICTh HIK YHCTO
cumimumauii  [1]. B poGoti [2] Bim3HadeHo, mI0
XPOMCHIIILIMIOBAHHA ~ TaKO)X  CHPHUAE  IiJBHIICHHIO
KOPO3iHHOT CTIMKOCTI CTaTi.

Iepmi poOOTH 1O KOMIUIEKCHOMY HAacCHYEHHIO
CTaJieil KPEMHIEM Ta XPOMOM 3 SIBUIIUCH B cepeauni XX-
ro cromitrst [1,2]. Ane, He3BakaOyd Ha OJHOCTAMHO
yCTaJleHy IyMKy Ipo LiHHI (i3MKO-XiMi4HI BJIaCTHBOCTI
XPOMCHJIIIMAHUX  TOKPHTTIB, SIKI  IEPEBEpIIyIOTh
aHaJIOTIYHI BJIACTHUBOCTI OJIHOKOMIIOHEHTHHUX
IUQyY3iHHUX IIapiB Ha OCHOBI XpOMY Ta KPEMHIl0, IIei
MPOTPECUBHAN METOA XIMIKO-TEpMIi4HOI OOpOOKH He
OTPUMAaB JO WBOr0 4Yacy LIMPOKOTO 3aCTOCYBaHHS B
MPOMHUCIIOBOCTI, IO TOB’S3aHO 3  BIJACYTHICTIO
BHCOKOC()EKTUBHMX TEXHOJIOTIH XPOMOCHIIIIIUIOBAHHS,
MPOCTHX 3 TEXHOJOTIYHOI TOYKH 30py, EKOJOTi4HO
YUCTUX Ta eKOHOMi‘lHO BUIIpaBAaHUX.

Bigomo [3], mo Hai6uLIbII MiNBHI Ta PIBHOMIpPHI 32
TOBLIMHOIO XPOMOCHJIIMIHI MOKPUTTSI OTPHUMYIOTH IIiJT
Yac KOMIUIEKCHOTO HAaCHYEHHsS BYIVIELEBUX CTajel
KPEeMHIEM Ta XpOMOM MOpPOIIKOBHM METOJOM IIpH
temneparypi 1323-1373 K mpogosx 10-12 rogun
mporecy. ABTopaMH 1i€i poOOTH PO3pOOIEHO HOBHIA
E€KOHOMIYHHUHM, TEXHOJOTIYHO TPOCTHA Ta EKOJOTigHO
YUCTUH CIOCI0 Ta30BOr0 XPOMOCHJIIIIMIOBAHHS, SIKHIA
JO3BOJISIE OTPUMYBATH SKICHI TIOKPUTTS 3 BHCOKHUMH
(i3UKO-XIMIYHUMU BJIACTHBOCTSIMH 32 4-6 TOIMH.

MerouKa AOCIIKEHHS

Jlyist HaHeCeHHs OKPHUTTIB BUKOPUCTOBYBAJIM HOBUIA,
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3aXUINCHUM MaTeHTaMd YKpaiHu Ha BuHaxigx [4,5]
Croco0OoM, SIKHMI JI03BOJISIE OTPHUMATH IIIJIBHI, PIBHOMIPHI
MOKPUTTS JOCTATHLOI TOBIIMHM 32 4-6 TOIMH.

XpoMcuITiliiHI TOKPUTTSI HAHOCWJIM Ha TOBEPXHIO
ByrneneBux craneit 20,45, Y8A, Y10A B 3aMKHEHOMY
peakuiiHoMy TpOCTOpI MpH IOHMKEHOMY THCKY
akTMBHOI ra3oBoi Qasu, a1  QopMyBaHHS  AKOI
BUKOPHCTOBYBaJIM ONTHMAJIbHI KiJIBKOCTI KpPEMHiIO Ta
XpOMy, a TaKO)XX YOTHPHUXJOPHCTHH BYIJIelb, SK
akTuBaTop. JKepenoMm ByIJEHIO CIyTyBajo [HHIIE,
mnomero 0,06 M°, BurotoBineHe 3 rpadiry. IIpomec
3niticHroBanm pu 1323 K BpomoBx 6 ToauH.

OTpuMaHi MOKPHUTTS AOCIIIKYBaTH 3a JOMOMOTOIO
CTAaHJAPTHUX METONIB (I3UYHOTO MaTepiaJo3HABCTBA.
MikpoTBepicTh BuUMiproBanach Ha mpwiami [IMT-3, a
dazoBuit 1 XiMIYHMH ~ CKJIam 3 JIOTIOMOIOIO
MikpopeHTreHoanaiizaropa Jpon-3.0 ta Camskan-4DV.
MIiKpOCTpYKTYpy BHBYAQJIM IiJ] METaJIOMIKPOCKOIIOM
MMP-2P.

I. OOroBopeHHs pe3y/bTaTiB

Bigomo, mo kapOigm Xpomy, 4depe3 BiACYTHICTh
00J1aCTi TOMOT@HHOCTI 10 BYTJIELIO [6], MaIOTh TIOCTIHHY
MIKpOTBepicTh, sika popiBHioe 16,5 I'Tla [7]. Tomy, sx
OCHOBHMHA  KpUTepii, Mig  4Yac  BCTaHOBJICHHS
palliOHATBHUX ~ CKJIAMiB  JIS  XPOMOCHIIIUIOBAHHS
BYTJICLIEBUX CTajie Oyiio BHOpaHO TOBIIMHY 3arallbHOTO
mudysiifHoro mapy, i, Hacammepena, 30BHIMIHBOI 30HH
MOKPHTTSI HA OCHOBI KapOi/iiB XpoMmy.

IMokputTst Ha MOBepXHi ByrneleBux craneit 20, 45,
VY8A, VYI10A orpumyBam B IIHPOKOMY IHTepBai
KIJIBKICHOTO  CIIIBBIJJHOILIEHHSI TOPOLIKIB  XpoMmy 1
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KPEeMHII0 B CKIIaJi HAacHYyroudoi cyMmimi. BcTaHoBIeHO
(puc.1), mo MakcMMandbHa TOBIIMHA TIPH JOCTaTHIH
IIIJIBHOCTI 30BHIIIHBOI 30HM Ha OCHOBI KapOiIiB Xpomy
CIIOCTEPIraeThCsl MPH CIIBBIAHOIICHHI KOMIIOHCHTIB B
CKJIaJll BUXIZIHUX PEareHTiB:

xpomy — (90....95)% wmac.

kpemHiro — (10...15)% mac.

Take * cIiBBIZHOLIEHHS XpoMy 1 KpeMHil0 Oyio
3aMpPONOHOBAHO aBTOpaMHu [8] sl XpPOMCHITILIMIOBAHHS B
MOPOLIKOBHX CyMillIaxX.

30iIbIIeHHST BMICTY KPEMHII0 B CKIQAi BUXIiTHHIX
peareHTiB OiNmbIlle BKa3aHOTO MPHU3BOAWTH 10 PIi3KOTO
3MEHILICHHSI TOBLIMHHU KapOinHOi 30HM B aAudy3iiHOMY
nrapi, ak 10 MOBHOTO ii 3HMKHEHHS MPH BMICTI KPEMHIIO
B cyMiwi Ginbme 70% mo maci.

Cnij Bi3HAYMTH, IO NPU IHIIMX PIBHUX YMOBaXx,
YuM OUIBIIMKA BMICT BYyIJIEHIO B CTali, THM BHILA
MIBUAKICTH POCTY 30BHIIIHBOI 30HM Ha OCHOBI KapOiniB
XpOMY 3aBISKH BHIIIH TEPMOIUHAMIYHIA aKTHBHOCTI
BYIJICIIO B ayCTEHiTi, Ta MEHIIIH KUIBKOCTI KPEMHIIO,
SKU BCTHTa€ MPOAU(PYHIYBATH B CTajb O OTPUMAHHS
CYLUIBHOTO mapy KapOimHoi 30HH. [linTBep/keHo naHi
pobotu [9] mpo Te, mI0 30iLMBIIEHHS BMICTY KpEeMHIIo,
Buine Hix 10% 3a Macoro, CyIpoBOUKY€EThCS HEOa)KaHUM
3pOCTAHHIM IMOPUCTOCTI 30BHIIIHBOI KapOigHOI 30HH
nokputTs. Tak, mis crani Y10A nopucricte mapy Ha
OCHOBI KapOiaiB xpomy nipu cmiBBigHomenHi Cr/Si = 9/1
cknanae 200 mop/m?, a npu crisBigHomenni Cr/Si = 4/1
3pocrae 10 300 mop/m*.
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Puc. 1. BruiuB croiBBiTHOIIEHHS BMICTY MOPOIIKIB
XpOMY 1 KpEMHII0 B CKJIaJli BUXIJIHUX PEarcHTiB Ha
TOBIIMHY KapOimHOi 30HM B XPOMCHIIIIUIHUX
nokputTsx (temneparypa 1323K, tpuBamicte 4
TOJIMHN).

BaxnmuBuM MOMEHTOM TIpH  PO3poOIi  HOBOTO
croco0y XpOMOCHITIIIMIOBAHHS CTajei Oylno BH3HAYCHHS
pallioOHAIILHOTO BMICTY akTuUBaropy (B SIKOCTi SIKOTO
BukopuctoByBanu CCly) Ta Temmnepatypu BBEJCHHS HOTO
B peaKuiiH1i IpoCTip.

BcranoBneno (puc.2), moO KUIBKICTh aKTHBAaTOPY
CCly 3anmexxuTh BiJl BMICTY BYyIJIELIO B CTaji, SKy
HACHYYIOTh, 1 3MCHIIYETHCS BiJl (7,5-8,0):10° 1/m’ st
craim 20 1o (4,0—4,5)-10'3 /M st crami V10A.

BBenenHs B peakuiiiHuii mpocTip MEHIIOI KiTbKOCTI
CCly, HiX BCTaHOBJICHO SIK PalliOHATBHY, IPU3BOAUTE IO
(dopmyBaHHS  KapOimHOi 30HEM  Mayioi  TOBIIUHH
(<510°M), mo mOB’SA3aHE 3 YTBOPEHHAM Maoi
KIJIBKOCTI  XJIOPUAIB, SIKI € TpPaHCIOPTOM XpOMY 1O
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MOBEPXHI, M0 HACHYYETHCA. SIKIIO BMICT aKTHBaTOPY
MEepeBHIIYE paliOHAJIbHUI, B peakuiiHOMY MPOCTOpi
BUHHMKA€E HAJUIMIIKOBA KIUIBKICTh BUIBHOTO XJIOPY, IO

OpU3BOAUTE 10O po3’igaHHA SK MOBEpPXHi, MIO
HACHYY€ETHCS, TaK 1 MOKPUTTS, sike POPMYETHCS Ha Hild.
240
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Puc. 2. 3anexHicTh TOBIIMHU KapOigHOI 30HH Bix
utparu CCly (temneparypa 1323K, tpusaiicts 4

TOJIMHU).

PamtionansHOrO Temmeparyporo BBenenHs CCly B

pEeaKmifHui TpOoCTip € Temrmeparypa i30TepMidHOL
BUTPUMKH (pHC. 3).
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Puc. 3. 3anexnicte TOBIMHU KapOigHOI 30HH TpH
XPOMOCHIIIITUIOBAHHI BiJl TEMIIEpaTypyd BBEICHHS
CCl,.

BaxxnmmBuM ekoHOMIYHHUM (HDaKTOPOM IIPH PO3pOOIi
HOBOTO CIIOCOOY Ta30BOTO XPOMOCHIIIHIOBaHHS OyIo
BCTaHOBJICHHS PalliOHAJIBHOI BUTPATH CYMIIIi ITOPOIIKIB
KPEMHIIO Ta XpOMY Y BU3HAUCHOMY CITiBBIJJHOLLICHH] PH
ontumanbHii  Butpari CCl,.  BcraHnoBieHo, 1o
pauionanpHOI0 BHTpator0 € Maca (40...60)-107 kr,
BUXONSYM i3 pospaxyHKy 1 M> TmoBepxHi, sKa
00pOOIIAETHCS.

3acTocyBaHHS MEHIIOI KIJIBKOCTI  paliOHAIBHOT
CyMilli  CYNPOBOMXKYETbCS 3MCHIICHHSM  TOBIIMHU
oTpuMaHoi KapOiHO{ 30HH, CKOpIllIe 3a BCE 32 PaXyHOK
3MEHIIEHHS  KUTBKOCTI  XJIOPUZIB ~ XpoMy, IO
YTBOPIOETBCS B pEakUifHOMY MpocTopi. 30iIbIICHHS
KinbKOCTi HacHuylouoi cymimi momax 60-10° kr e
HeOaXaHOlO, TOMY, IO HaBiTh NPU HENOBHOMY il
BUKOPUCTaHHI IIOBTOPHE 3aCTOCYBaHHS YyCKJIaJHEHE
3a0pyIHEHHSIM TMPOAYKTaMH XIMIYHHMX peakiid, sKi
NPOTIKAIOTh B peakLiiHii Kamepi.

EdekTuBHiCTh NPOTIKAaHHS NMPOLIECY KOMIUIEKCHOT'O
HAaCHYEHHS CTaJleil KpPEeMHIEM Ta XpPOMOM MOXIIHBO
KOHTPOJIIOBaTH 3a JONOMOIOI0  pericTpamii 3MiHH
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3aJIUIIKOBOTO TUCKY B PEaKLifHOMY IPOCTOPi BIIPOJOBK
130TepMiuHOl BUTPHMKH. BCTaHOBJIECHO, IO B MOMECHT
BBeznieHHst CCly THCK MiIBUILYETHCS, @ TIOTIM 4epe3 2-3 ¢
MicNsl TMOYaTKy TMPOTIKAHHS XIMIYHMX peakiii pi3ko
3HWKYETbCs. Jlasi Ha TpPOTA31  BCHOrO  MPOIECY
HaCWYeHHsI TUCK CKJIajae 3-4 MM pT.CT.

OTKe, BHUXOIAYM 3 BHIICCKA3aHOTO, MOKIIMBO
PEKOMEHIYBaTH HACTYITHI PalliOHATbHI CKJIAIH BUXITHUX
peareHTIB 1 TEXHOJIOTIYHMX IapaMeTpiB  IPOLECcy
KOMILJIEKCHOTO HACHYEHHS CTalleli XpOMOM Ta KpeMHieM
(Tabmn.1).

Tabumus 1.
ParioHasnbHi CKJIaIM BUX1THUX PEareHTIB i
TEXHOJIOTIYHUX IapaMeTpiB MPOLECY KOMIUIEKCHOTO
HaCHYEHHs CTajell XpOMOM Ta KpeMHIEM
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Temneparypa
40-60 4-8 i3oTepmiunoi | 35-40 | 3-4
BUTPUMKHU
Mero oM  MOLIAPOBOTO  PEHTIEHOCTPYKTYPHOTO,
MIKPOCTPYKTYPHOTO, JIOKaJIbHOT'O

MIKpPOPEHTI€HOCIIEKTPAIBHOTO aHalli3y OyJI0 BUBYEHO
(a3oBuil Ta XiMIYHHH CKJIa] NOKPHUTTIB, OTPUMaHUX NIPU
KOMIIIEKCHOMY HAaCHUYCHHI CTalell XpOMOM Ta KpeMHieM
nipu Temneparypi 1323 K i TpuBanocti npouecy 6 roauH.
MeTo10M MIKpOCTPYKTYpPHOTO aHalli3y BCTaHOBJICHO, IO
32 IPUAHATHX YMOB BEICHHS IIPOLIECY HA IIOBEPXHI
ctaneit popmyerscs mudy3iHHUN map, SKU CKIaIaeThCs
3 IBOX 30H: 30BHIIIHIN Ha OCHOBI Kap0iziB xpomy Cr,;Cs,
Cr;C; Ta BHyTpIlIHIN Ha OCHOBI TBEPJOr0 pO3UUHY

Puc.4. MikpocTpyk-
TypH XPOMOCHIILUA-
HUX TIOKpPUTTIB  Ha
BYIJICLEBUX  CTAJIAX,
x250.

XpoMy Ta KpemHito B o — Fe (puc. 4).

BcraHoBieHo, 1110 CKJIaJ, CTPYKTypa Ta BIaCTHBOCTI
XPOMOCWIIIMIHUX TIOKPUTTIB CYTTEBO 3alieXKaTh BiX
BMICTy ByrJielto B craii. Ha moBepxHi craneit 3 HU3bKUM
Bmicrom Byriemo (0,20 — 0,6)% nudysiiiui mwap
CKJIaJa€ThCs 3 ABOX 30H — 30BHIMHBOT 10 (10— 15)-10m,
sKa MictuTh Kap6igu xpomy Cry;Cq, Cr,Cs ( mepeBaxkHO
Cr,C;) Ta BHyTpimHbOi 30HH (60-80)-10° M, mo
MPEeCTaBIIsE COOOK TBEPIUHA PO3UMH KPEMHIIO Ta XPOMY
y o — 3ami3i. BmicT KpemHil0 y 30BHILIHIHA 30HI Takux
TTOKPUTTIB CKiIagae Ha crasix 20 Ta 45, Bigmosigao, 0,39
ta 0,15 at.%, y BHyTpimHii - 1o 3,01 i 8,24 ar.%. Bmict
XpoMy y iX BHYTpILIHIH 30HI [IOCTHrae, BiJIIOBIIHO,
18,97 ta 10,01 ar.%. Ilpu BwmicTi Byriewmwoo B craii
mennte 0,2% mac. kapOijiHa 30HA BiJCYTHS, HE3BAKAIOUU
Ha HAsIBHICTh B CKJAIl PEaKI[ifHOrO CepeoBHIla
BYIUIELIIO.

Ha moBepxHi craneii 3 Bmicrom Byriemnto (0,7-1,3)%
YTBOPIOETHCS TUQY3IHHAN Iap, SKUHA CKIAZAEThCs 3
kap6iniB Cry;Cq Ta Cr,C;. Hdo Bimcrani 25 10° m Bin
TTOBEPXHI CITIBBITHOIICHHS WX KapOiniB B audy3iiHOMY
mapi IpuOIM3HO OJHAKOBE, B OLTBIN 3araHOIeHNX 30HAX
— mepeBaxae Cr;C;. Bumict kpemHito B KapOimHii 30HI
takoro mokpurts - (0,4-0,45) ar. %. Kpim mporo, B
KapOIigHii 30HI MOKPHUTTIB Ha BCIX CTAISIX MICTHUTHCS
3a;mi30. Y Marpumi [uX Ccrajneil 0e3mocepenHbo i
MOKPUTTSIM po3urHeHo, Bigmosigao 0,30; 3,89; 2,18 %
at. kpemuito ta 0,33; 5,55; 6,27 ar.% Cr. ToBuuna
MOKPUTTIB HAHECEHHUX Ha MOBepXxHI0 cTaneir 20,45,
VY10A, cknanae (100, 125, 90) -10°m. BigmosixHo.

BucHoBku

3anpornoHOBaHUN HOBHIA, €KOJIOTIYHO YUCTHHA CIIOCiO
ra3oBOro  XpOMOCHJILMIOBaHHS,  SIKUA  J03BOJISIE
OTPUMYBATH SIKICHI MOKPHUTTS IOCTaTHbOI TOBILMHU Ta
BHCOKOI WIJIBHOCTI 1 NpHM ILBOMY CKOPOTHTH 4ac
i3orepmiunoi Butpumkd 3 10-12 nmo 4-6 romuH.
BcranoBneHnit  pamioHaNbHUH PEXHUM  KOMIUIEKCHOTO
HaCHYEHHsI BYTJICLIEBHX CTajeld KPEMHIEM Ta XPOMOM:
temneparypa — 1323 K, TpuBamicte i30TepMidHOL
putpuMkun — (4-6) rtommH. [lpm 1BOMy, TOBIIMHA
MOKPUTTIB HAHECCHMX Ha MOBepxHIO crameil 20, 45,
V10A, ckramae (100, 125, 90) -10°m. BiamosizHo.

Busnaueni ¢a3oBuii Ta XIMIUHHUI CKJIaJ, CTPYKTypa
XPOMOCHITIMTHUX MTOKPHTTIB. IToxaszano, 110
XPOMOCWITIM/IHI TOKPHUTTS CKJIQAIOTHCS 3 Audy31HHUX
mapiB, 0 CKJIaLy SKUX BXOAATh KapOian xpomy — Cry;3Cs
ta Cr;C; (30BHIlIHINM) Ta TBEpAOro pO3UMHY KPEMHIIO i
XpOMY B O - 321131 (BHYTPILLIHIH).

[lokazaHo, 110 3a TOBHIMHOIO Ta IIUIBHICTIO
XPOMOCHITIIM/IHI TTOKPUTTS, OTpPHUMaHUX
3allPOIIOHOBAHUM, HE TIOCTYNAIOTHCS  AHAIOTIYHUM
TTOKPUTTSM, OTPUMAHHUM 32 BimoMuMu criocobamu [2,10],
SKi BB@KAIOTHCS KJIACHYHUMH B  XIMIKO-TEPMIYHIN
00poO0IIi METAIIB 1 CILIABIB.
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In work was the choice of the rational composition reagent was organized and mode of conduct of the process
under complex gas saturation carbon steel silicon and chromium. There was studied phase and chemical composition
coatings, which were received as of condition.
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