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B cyuacHOMy MammHOOYIyBaHHI BUKOPHUCTOBYETHCS BEIHMKA KUTBKICTh PI3HUX CTaslel 1 CIUIaBiB IS
BUTOTOBJICHHS JIETaJIe, sIKi MPAIIOIOTh B CKIaJHUX TPUOOJIOTIYHUX YMOBaX i MPH BUCOKUX TEMIIEpaTypax.
Lle, Hacamriepe1, 3Ha4Ha KIIBKICTh PI3HOMAaHITHUX IIECTEPEHbB, BaJIiB, MiANIUITHUKIB, OCEH, a TAKOXK IITAMIIIB
JUTS Tapsigoro mTamiryBaHHs. Jist HamaHHS IM HEOOXiAHMX (i3UKO-MEeXaHIYHHX BIACTUBOCTEH, HaliHHOCTI
Ta JIOBIOBIYHOCTI YacTO 3aCTOCOBYIOTh Je(illUTHI, KOIITOBHI CTaji Ta CIUIaBH, SKi BHUMararoTh
JIOBIOTPUBAIIOT TEPMIYHOT Ta XIMIKO-TepMIUHOI 00pOOKH.

3 METOI0 €KOHOMII JOPOTHX JIETOBaHUX CTaJed 4acTO BUKOPUCTOBYIOThH CTalli 3BHYAHHOI SKOCTI, JUIS
SKUX TOTIM HPOBOAATH IMOBEPXHEBE 3MIIHEHHS 1 HaNaloTh IM HEOOXiIHMX BiacTUBOCTEeH. s 1mporo
BUKOPHCTOBYIOTH [IEMEHTAIIif0 TIOBEPXHi, sika 3a3Hae 3Hocy [1, 7].

CyyacHi TEXHOJIOTiYHI TNPOLECH LEMEHTYBaHHS  JeTajeld  XapaKTepU3yIOThCS  3HAYHOIO
JOBIOTPUBANICTIO, @ IICJI HAaCHYEHHs MOBEPXHI JAeTani BYIJENeM NOTpeOyoTh CKIAAHHX MpPOLECiB
TepMidHOT 00poOKH. Kpim Toro, HepiBHOMIPHICT 332 TOBIIUHOIO IMMOKPUTTS TIOBEPXHI JIeTalli [IEMEHTOBAHUM
IIapoM TMPU3BOIUTH JI0 BAHUKHEHHS TPIIIMH Ta edopmallii geraii.

3aMicTh LEMEHTYBaHHS B JaHUM dYac y BHPOOHHMUTBI IOYaJIM BUKOPUCTOBYBaTH nAudysiiiHe
OOpyBaHHSI — HACHYEHHS ITOBEPXHI JieTani 00poM, a TAKOXK IHIIMMU XiMIYHUMHE eleMeHTamu [2, 8, 9]. Bei mi
MPOLIECH MOPIBHSIHO JOBrOTPUBAJII 1 BUMAraroTh 3HAYHOT TEXHIKO-TEXHOJIOTIYHOT ITiATOTOBKH.

[Iponec 6GopyBaHHS Ma€ psi epeBar B MOPIBHSIHHI 3 iHIIUMH IIPOLECaMH XiMIKO-TeXHIYHOT 0OpOOKH.
Aute piBHOMIpHOTO I1apy OOpOBaHOT MOBEPXHI HE 3aBXKIH MOXKHA AOCITHYTH (puc. 1).

B ocranni poku, sSK B MaIIMHOOYTyBaHHI, TaK 1 B PEMOHTHOMY BHPOOHHMIITBI 3’SIBUBCS HOBHI METOJ
3MIIIHEHHS MTOBEPXHI JeTalieH, SIKI MPaloTh B CKIAIHUX TPHOOJOriYHHX yMoBax. KapOoOopyBaHHs — 1ie
METOZA, B OCHOBHOMY, OJHOYAacCHOTO AM(Y3IHHOr0 HAacHYEHHs MOBEPXHi JaeTaii Byrienem i O6opom. B
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JiTepaTypi OmMHMCaHI METOMW HACHYCHHS IOBEPXHI HE TUIBKHM OOpoM, ajie W IHIMMMH KOMIIOHCHTaMH
(xpemwiit, azor) [7,10].

Pucynoxk 1 — MikpoctpykTypa 6opoBanoi craii 10 (Byriens pu 60pyBaHHI HE BHKOPHUCTOBYBABCS),
x100

Hacuuenns po6o4oi moBepxHi Aeranei ByriemneM i 60poM Mae icTOTHI mepeBaru. Tak, B pe3ysbTaTi
YTBOPEHHS BEJIMKOI KUTBKOCTI IEHTPIiB KpUCTati3amii HOBUX (a3 i CTPYKTYyp, SKHMH JOAATKOBO SIBISIETHCS
BYIJICLlb, YTBOPIOETHCS YIBTPAAMCIEpCHAa CTPYKTypa TMOBepxHeBoro mapy. Lleii map yTBOPIOIOTH
kapboOoposanizui cucremu Fe,B, FeB, Fe,(C,B),, ski marore Bucoky TtBepmicts (HRC 70...80) Tta
3HOCOCTIHKICTB 1 jkapocTiiikicTb. Li ¢a3oBi i CTPyKTypHiI CHCTeMH B JaHH Yac OAEPKYIOTh B TBEPAOMY
CTaHi npu ayxe Bucokux temmeparypax (1050...1180°C) i rpuBanomy vaci kapbobopysanus (8,5...10 rox).
Ane metoau kapOoOopyBaHHs [4, 5, 6] Ta ckiIax CyMmiliel Juis I[bOrO CKJIAAHI 1 KOmTOBHI. Tak, /i mux
CyMilllell 4acTO BMKOPUCTOBYIOTh: rekcabopu nantany (LaBg); 6opodropuctuii kaniit (KBF,); XJI0pUCTHit
amoniit (NH4Cl); Gop-miTpua-kpemHieBa Kepamika, abpasuBHHE mOpomok Kapbixzy Oopy (B4C);
terpabopodropun amonito (NH;BF,); witpun 6opy (BN-enbbop); oxcum xkpemsito (SiO,); pisHi
KapOropuzaropu, ocobnuBo rpadit; HarutaBowHi mopomku (tumy I1IY) Ta iHmi, ski s kapOoOopyBaHHS
n0Tpe6yIOTh BHCOKUX TeMmieparyp Harpisy (1100...1200°C).

e wacto mNpU3BOAWTH JO HEPIBHOMIPHOI TOBIIMHU 3MIIIHEHOTO TIOBEPXHEBOTO MIapy Ta
HENPHUITYCTUMOI IOPUCTOCTI, OJIEPKAHHS B IOBEPXHEBOMY IIapi KPUXKOT BUCOKOOOPHUCTOI (a3u 3 HU3bKUMHU
KOPO31€CTIHKICTIO, 3HOCOCTIMKICTIO Ta YacTOMy BHWHUKHEHHIO MikpoTpimuH. HepiBHOMipHa TOBIIHHA
0OpOBaHOTO IIapy Ta WOro rpy0o-KpucTaniuHa Oy/IOBa BHKIIMKAE JIOJATKOBI HANPYXXEHHS y JeTalli MicCis
HacHYeHHs1 60pOM 1 TOTpeOye MPOBEICHHS IOBrOTPUBAIOT MEXaHIYHOT 0OPOOKH.

CyuacHi mpouecu KapOoOOpyBaHHS TaKOX SIBIAIOTHCS €HEPro3aTpaTHUMH, OBFOTPUBAIMMH i, B
3HAYHIA Mipi, EKOJIOTIYHO IIKIJUIMBUMH 4Yepe3 CKIaJHI KapOOoOOPOBMICTKI CyMillli, sSIKi BHKOPUCTOBYIOTH B
SIKOCTI TeIuIoHocis. Bimomi 13 miteparypu cywmimi juisi kapOobopyBaHHs [6, 7], SK NpaBHIO, MICTATh
0,3...0,6% Byraeuto. Jeski 1ocaiIHUKN NPONOHYIOTH BBOAUTH Bix 8 10 11% rpadiry. Byriens BBoaATh B
MOBEPXHEBH AP CTajeldl B OCHOBHOMY €JEKTPOBHOYXOBUM crocoOoMm [3, 5, 6]. Lle 3HauHO ycKiamHIOE
TEXHOJIOTII0 KapOoOOpyBaHHS 1 HE CIpHsIE i MIMPOKOMY BIIPOBAKEHHIO Y BUPOOHUIITBO.

B mammx pgocmipkeHHsX Oyna MocTaBjieHa 3agada yCyHYTH ICHYIOYiI NPOOJEMH Cy4acHOTO
kapOoOOpyBaHHs Taki, $K OaraTOKOMIIOHEHTHICTh 1 KOIUTOBHICTh cymimi s KapOoOOopyBaHHS,
JIOBIOTPUBAIICTH TPOIECY KapOOOOPYBaHHS, CKJIAIHICTh TEXHOJIOTI], BUKJIIOYMBIIN HACUYEHHS BYTJIEIIEM
(hI3MKO-AMHAMIYHI METOJH, a TAaKOX ICTOTHO MIJBHUINUTH SKICTh KapOOOOPOBaHOI MOBEPXHI 32 PaxXyHOK
OTPUMaHHS AWCHEPCHOI CTPYKTYPH 3MIIIHEHOTO IOBEPXHEBOTO MIapy Ta PiBHOMIPHOI HOro TOBIIMHH,
3MEHIIIUTH BHYTPINIHIO HANpPY>KEHICTh IIapy Ta 3MEHIIMTH KUIBKICTh KPUXKOi BHCOKoOopucroi dazu B
MOBEPXHEBOMY IIapi 3a paxyHOK 30iJIbIIEHHS IIBHAKOCTI Mpolecy KapOoOOpyBaHHS, BHUKOPHCTATH TPH
BOMY JELIEBI MaTepiajid i, TOJIOBHE, OJEPXKAaTU JBOLIAPOBE MOKPHUTTS — OOpUAHE 1 BUCOKO-BYTJICLEBE, 3
SKHX MOKHa ()OpMYBaTH Pi3HI CTPYKTYpH 1 (pa3u TeruioBuM BrumBoM. OIHI€IO 13 3a7a4 JOCTIHKEHHS 0YiI0
OJIepyKaHHs MOBEPXHEBOro Mapy aetaii TBepaicTio HRC 70...80, skuii 36epirae ii qo temnepatypu 1000°C i
Buie. lle MO3BOJUTH 3aMIHUTH TIPOIIEC IIEMEHTAIlli AeTaJlel, SKi MPaIiol0Th B CKIAJHUX TPHOOIOTIIHHX
yMOBax, ajie TpH Temmeparypax He Bume 250°C, sKki Jomyckae IEeMEHTalis, a TaKoX 3aMiHHUTH
BHCOKOJICTOBAaHI KapOCTIHKi CTall IS MITaMITiB HU3bKOJIETOBAHUMH, 400 HU3bKOBYTJICTICBUMHU.
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Jnst mocmimkeHHsT Oy BUKOPHUCTaHI YHIBEpCadbHI €IEKTPHUYHI TIE€Yi HArpiBy HIeTajeil Ta iCHyIodi
MpIWIaAu KOHTPONIO TEeMIEepaTypu 1 TpUBaiIOCTI mpormecy. MIKpoCTpyKTypa 3pasKiB TepeBipsuiach i
¢dotorpadypanach Ha MeTaIOrpadivHUX MiKPOCKOIAaX HOBOTO MTOKOJIIHHS. 3aMip MiKpOTBEPAOCTI MPOBOIMIN
Ha npunani M1-400 ¢ipmu Leco npu HaBanTaxkeHHi 10 .

Jnsa exkcriepumentiB BukopuctoByBanu craii 10 i 20 JJCTY 1030-2004. Ulnidu BUTOTOBISIIM Ha
yHiBepcallbHUX BepcTatax. ®a30Buil CKIIaj BU3HAYAIH 3a JOMIOMOTOI0 PEHTIeHIBChbKoi ycraHoBku YPC-50U
ta Cameca. KommoneHTH i po3poOKH cymimieil mpu KapOoOOpyBaHHI BHOMpald Ha OCHOBI paHille
IocHipKeHnX 1 3amareHtoBannx Hamu [1]. Byrmemp mist mociimkeHHS BHKOPHCTOBYBAM aMOp(HOTO
ATOMHO-MOJIEKYJIIPHOTO aJIOTPOIYHOTO CTaHy, a Takok — ¢ynepern Cg. KinmpkicTe Byrueio Opamu y
BIJICOTKaX BiJl 3arajbHOi Macu OopoBmicTkoro ckiamy (20, 40, 50 i 60%). Temmeparypa i uac
kapOoOopyBaHHsI Oynu BUOpaHi i3 MONepeAHiX HAKX AocaipkeHb [ 1]. Taki pexkuMu MOSICHIOIOTHCS TUM, IO
iX 3MiHa TIPU3BOANTH, a00 10 30UTBIIICHHS IMIBUAKOCTI HACHYCHHSI, a00 0 3MiHM TOBIIMHU KapO0OOPOBAHOTO
mapy. Moro ckmaj i cTpykTypa MOXyTb 3MiHIOBATHCH HE iCTOTHO.

Jis nocnimkeHHst 0yB BUOpaHUH HACTYITHHUN CKJIaJ CyMIIITi:

— kap6ig 6opy (B4C) — 72...77%;

— 0ypa (NaB,O;) — 12...17%;

— ropuctuit mitii (LIF) —7...12%.

HonatkoBo 1o wmiei cymimi OyB BBeneHui Byrienbs B KijgbkocTi 20...60% Bin 3arampHOi Macu
KOMITOHEHTIB.

Pesynpratn nocmimxens (BUOipKOBO) HaBeeHI B Ta0. 1.

Sx BupHO 3 TaOm. 1, i3 30UIBIIEHHSM KIABKOCTI BYTJICHIO B CyMilli 30iIBIIYETHCS KUTBKICTb
BUcokobopuctoi ¢azu FeB. I3 3meHmenHsM 1o 22% Byriewoo iCTOTHO 30UIBIIYETHCS KiNBbKICTH B’SI3KO1
HU3bKoOOpHUCTOI (asu FeB (10 90%).

Tabmums 1 — OnTuMansHui CKIax cyMinri (MMOPOIIKIB) 1 pexXuMH KapOOOOpYBaHHS [Tl OJIepyKaHHS B
MMOBEPXHEBOMY IIapi JeTalli MaKCHUMalbHOI KimbKocTi Oopuny Fe,B, makcumanbHOI TOBIIMHM OOpOBAaHOTO
mapy, kapoomapy ta HeoOXiJIHOI MIKPOTBEpPIOCTI

[Topsin- | Tewm- Yac dazu B Hona- | Tommu | ToBmwu- | Mikpo
KOBUH | mepa- | kapOo | mOBepxHe- | HUH a Ha - CkJa mopoIky
HOMEp | Typa - BOMY ByT- OopoBa- | kapbo- | TBep- JUTsE OOpYBaHHS
ekcrie- | Kap- | Oopy- nrapi JIelb, HOTO mapy, | JicTs,
pumeHnt | 6060- | BanHs | Fe,B | FeB, | % apy, Or6us MlIla B, | Na,B,O; | LiF,
y pyBaH | ,XB , % 0, MKM MKM % , %
- % %
HS
TK6!
°’C
1 2 3 4 5 6 7 8 9 10 11
1 950 60 30 70 35 50 19 15000 | 75 15 10
2 960 64 50 50 30 54 20 15100 | 66 32 2
3 965 66 60 40 28 55 21 15300 | 50 34 16
4 970 69 70 30 26 56 22 15400 | 55 34 11
5 980 72 80 20 24 58 23 15500 | 48 30 22
6 1000 76 90 10 22 60 24 15600 | 35 37 28

ToBurHa 6apoOBaHOTO MIAPY, MPHU IIBOMY, TAKOXK 30UIBIIYETHCS, a KapOOHTHOTO mapy 301IbIIyEThCS
HE3HAYHO, MIKPOTBEPIICTh 3POCTAE.

B 1a6n. 1 HaBo#sITBCA MaHi, AKi HAMOLIbIIE JOCHTIKEH] MPU MAIIUX KUTBKOCTSAX BYTJICIIO B CYMIIIIi.
Hani, onepaHi Npu 3Ha4YHOMY 30inblIeHHI Byrnemio B cymimi (1o 60%), Buani Ha ¢ororpadisax
MIKpOCTpyKTypu. Tak, 30inbleHHS Byriemo B cymimn Jo 50% mpu3Boguth 10 30iMBLICHHS B
kapOoOopoBaHOMY IIapi BYIJICLIEBHX CIOJYK LEMEHTHUTHOro THIy (pHc. 3). YKOpiHeHHH Byrieup Maibxe
MOBHICTIO i7lc Ha YTBOPEHHS IEMEHTHTHOI'O MiAmapy, SKHA pO3MIMIEHUH MK OOpHUAHMUM IIapoM i
MaTpHIEIO.

[Ipu mManmux KiTBKOCTAX ByTJemio B mopommky (mo 30%) mpu kapOoOOpyBaHHI YTBOPIOETHCS IIap
MEXaHIYHOI CyMIllll IEMEHTHUTY 1 (epUTy — 3epHUCTHI nepiiT (puc. 2, 6 i Tadm. 2).

[Ipu oMy OOpHIHUIN AP MICTUTH MIX KpHCTagaMHu O0pHIiB (puc. 2) BEIUKY KiTbKICTh 3€PHICTOTO
nepiity. Kpucranu 6opuais MaroTs (GopMy HHIIHAPIB, AKI YKOPIHEHI B MAaTPUYHHUM MeTal. I3 Ta0m. 1 BuaHO,
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o0 3MiHa KimbkocTi ¢ropucroro Jjitito (LiIF) B cymimn Ha 3arajgbHi 3aKOHOMIpHOCTI yTBOpeHHX (a3 i
CTPYKTyp He BIuBac. OTOPUCTUHN JiTi MPU3BOAUTD TIIBFKU JO MIPUCKOPEHHS MPOIIECiB XIMIYHUX PEaKIiil B
cuctemi [1].

s |

Pucynok 2 — MikpocTtpykTypa kapoodopoanoi crami 10,0xepxanoi mpu 25...30%
BYTJIEIIO B cyMiti, X320

HeoOxinHO BiAMITHTH, 11O 3HAYHE 30UIBLICHHS BYIJICIIO B CyMilI ajisi kapOoOopyBaHHs (Oinbiie
60%) mpU3BOAMTE A0 YTBOPEHHS OOPUIHOTO LIApPy 3 BEJIHMKOK KUIBKICTIO IOP, SIKI MICTATH B cO01 rpadir.
Leti rpadit yTBOprOETBCS B pe3ysbraTi Mudy3ii BEIUKOT KUIBKOCTI BYIJICIIO, SIKUH BCTyNa€ B XIMIYHY
peaKIio 3 3ai30M 1 YTBOPIOE LEMEHTHT, SIKHH € HecTaOilpbHOK (a30r0, i MpU BUCOKIH Temmeparypi
NEPETBOPIOETHCS B rpadiT.

Pucynok 3 — MikpocTpykTypa kapooboposanoi craii 10,
onepxanoi mpu 50% Byriewto B cymimi, x200

Beenennss B ckian OOpPOBMICTKHX CyMIII€H 3alpOIOHOBAHOI KIIBKOCTI BYIJICHIO HE TIJIBKH
MPUCKOPIOE TPOLIEC IOBEPXHEBOIO 3MILHEHHA JeTajed MallMH Ta MiABHIIyE I1X TpHOOJOriuHi
XapaKTepUCTUKH (32 PaxyHOK MiABHILIECHHS TBEPIAOCTi), TOOTO MiJIBHUILY€E IX TOBrOBIYHICTH 1 HaIilHICTH B
po0oTi, ayie SABISETbCS HAYKOBOK CHCTEMOIO JJIsl TEPCIEKTHUBHMX HAYKOBUX JOCHIKEHb I0JI0
MMOBEPXHEBOI'0 3MII[HEHHS JeTajed MalluH 1 OJepKaHHS BHUCOKHX pE3yJIbTaTiB B METaJO3HABCTBI I
NPaKTHYHUX IIJICH.

Pesynprat  AoCHiPKEHHS MIKPOCTPYKTYpH KapOOOOpOBaHMX jeTalieli B 3alpoIlOHOBaHId HaMH
CyMIlIi CBiJ4aTh, IO PaHilIe OAHAM METOJIOM HE OYJIM JIOCATHYTI TaKi BUCOKOSIKICHI, MIITHI TIOKPHTTS
3aJ1i30BYTJICLICBHUX CIUIABIB.

Ha puc. 1, 3, 4, 5, 6 moka3zani NopiBHsUTbHI MIKpOCTPYKTYpH OOpOBaHOi MOBEpXHi cTali 6e3 100aBKH B
OopoBMilIlyt0Ue cepeoBHiIe Byrieo (puc. 1) Ta 3 106aBkoro ByrJielo npu 6opysanHi (puc. 3, 4, 5, 6).
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SIK BUJIHO 3 HaBEJICHUX CTPYKTYp, OBEPXHs KapO0oOOPOBaHOI cTalli Ma€ PIBHOMIPHY TOBIIUHY IIapy
(puc. 3, 4, 5, 6), BUCOKY IUCIIEPCHICTH CTPYKTYpHu (puc. 3, 4) Ta BKIIOYCHHS BYIJICIIEBUX CIIOJIYK y BCiX
(azax 3mirHeHOTO 1I1apy (pHC. 3).

Pucynok 4 — MikpocTpykTypa kap60bopoBaHoi
crami 20, oneprxanoi npu 50% Byruerro B cymimi, x50

HeoOxigHO BiAMITUTH, 10 BHCOKA AMUCIIEPCHICTh WIAPY SIBISETHCS PE3yJbTaTOM YTBOPCHHS BEIHMKOI
KUTBKOCTI LEHTPIB KpHcTamizamii HOBUX (a3 i CTPYKTypH 3a paxyHOK aTOMIB BYTJICHIO, BBEICHOTO B
MOPOLIKOBY CyMIill Uil KapOOOOpyBaHHS.

Ha puc. 2 i 3 BUIHO, 10 MIKPOCTPYKTYpa MMOBEPXHEBOTO MIAPY CKIAAAETHCS 13 2 YACTHH: BEPXHBOTO
O0opuaHOTO Mapy 1 HWKHBOTO KapOOHINbHOro. BepxHill map sBisge coOoro 3BHYAKHI OOpuaM 3amiza
(BuCOKOGOpUCTHIA i HU3bKOOOpPHCTHiT). IX MikpoTBepaicTh 3MiHIOEThC Big 20600 MITa 10 10510 MIla Ha
riubuHi 80...100 MxMm (Tadm. 2).

Tabnuis 2 — MiKpoTBEpIICTh Ta MIKPOCTPYKTYpa KapoobopoBaHoro mapy crami 10

Ne zamipy MIKPO;?F[F;HICTB’ MikpocTpyKkTypa
1 20600 Kap6o6opunu FeB
2 16040 Kap6o6opunu FeB
3 15440 Kap0oOopunu FeB
4 12880 bopunu Fe,B
5 11870 bopunu Fe,B
6 11590 bopunu Fe,B
7 10510 Bopuan Fe,B
8 9160 Bopuau + nepmnit (Mex.cym.)
9 6130 [lepuit + xap6ix (eBTEKTOIAHA MEX.CYM.)
10 5510 [lepait + xapOin(eBTeKTOINHA MEX.CYM.)
11 4310 [epait + xapOin(eBTeKTOINHA MEX.CYM.)
12 3800 [epait + xapOin(eBTeKTOINHA MEX.CYM.)
13 2570 NEPIIT 3ePHUCTHH
14 2290 NEPIIT 3ePHUCTHH
15 1850 depur
16 1680 depur
17 1530 depur

AHasi3 MIiKpOTBEpJOCTI IIMX IIApiB CBIAYUTH, IO MOBEPXHS OOPOBAHOTO IIApPy CKIANAETHCS 3 ABOX
¢a3: Ha rmubuHi 10 40 MkM — (aza Bucokobopucra (FeB), na rmubuni Oinbme 40 MKM — mepeBaxae ¢aza
Hu3skobopucta (Fe,B). [Tpu TowHI mrapy B 100 MKM po3MO/IisT cepeHiX 3HaUeHb MIKPOTBEPAOCTI OOPHU/IIB
JI0 MaTPpUYHOTO METally HaBOAUTHCS B Tabid. 2. OnmepkaHi MOBEPXHEBI mapu OOpuaiB i KapOOHUIBHI MalOTh
pizHy (a30By i CTPYKTYpHY CKJaIOBi, sIKi 3aJie’kKaThb BiJl KIJIBKOCTI BYTJIELO, JOOABJIEHOTO B 3arajbHHUI
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ckian cymimri. Tak, HeBenHKa KiNbKiCTh ByTaero B cymiri (10 40%) mpru3BOANTH O YTBOPEHHS 36PHUCTOTO
MEPIIITHOTO APy, SIKKI 3HAXOAUTHCS MIXK MATPUIHOIO CHCTEMOIO 1 6opuaHuM 1mapom (puc. 2, 6).

Pucynok 5 — MikpocTpykTypa kap6060poBaHOi
crani 10 (metpaBnenoro unrida), x50

30inpmIeHHss ByrJemo B mopowmky Bume 50% npuUBOAWTH 1O YTBOPEHHS KapOOHIIBHOTO
LIEMEHTUTHOTO 11apy (puc. 3 — Oiia mosoca). Lle cBimuuTh MPO Te, IO BYIJICIH B MPOIEci KapOoOOpyBaHHS
TudyHIye B MOBEPXHIO METaTy paHilie Oopy 1 yTBOPIOE TIEBHI CTPYKTYpH 1 (azu.

OnepxaHuii TEpNiTHAN IIap Aa€ 3MOTy ICIS TapTyBaHHS OTPHMATH TBEpPAYy MapTCHCUTHY
CTPYKTYPY.

HasBHicTh HMKHBOI YacTHHU KapOOOOpPOBAaHOI MOBEpXHI Ma€ BEJNWKE 3HAYCHHS Uil 3MilIHEHHS
neTaneil i 3a0e3neveHHsT HeOOXITHUX TPUOONOTIYHMX XapakTepucTHK. [Ipu HeBenwkux, He AMHAMIYHHX
HaBaHTa)XXEHHSX, BIIHOCHO M’AKa TEpPJiTHA YacTHWHA IIapy 3abe3redye HU3bKI HANpPYKEHHS B OOPUIHOMY
mIapi i BUCOKY HaIiHHICTh Ta JOBFOBIYHICTH POOOTH JIETaI.

Pucynok 6 — MikpocTpykTrypa kap6o6opoBanoi craii 10,
onepxanoi mpu 40% Byriewto B cymimi, x500

[lpr BHCOKMX NWHAMIYHMX HABAaHTA)KCHHSIX HA JIeTallb Ta IHTEHCHBHOMY 3HOIIYBaHHI, HIKHIH
NEPIITHUH mWap micis rapTyBaHHS i HU3BKOTO BiAIYCKY JeTali JOAATKOBO 3a0e3redye YyTBOPEHHS TBEpIoi
MapTEHCUTHOI CTPYKTYpH Ta 3011b11y€ ii JOBrOBIYHICTb.

BucHoBku. 1. Po3poOsieHuii 1 MOCHIIKEHUI CKIIa[ IMOPOIIKOBOI CyMIIm st KapOoOOpyBaHHS
CTaJIEBUX JIeTallel XapaKTePU3y€EThCS BUCOKOIO TEXHOJIOTIYHICTIO, TPOCTOTOK OCPKaHHSI 1 3aCTOCOBYBAHHSI.
[Ipu 11bOMyY, HE MOTPIOHO CKJIAIHOTO KOIITOBHOI'O YCTATKYBAHHS 1 BEJIMKOI KIIBKOCTI KOMIIOHEHTIB JUIs ITi€l
CyMiTi.
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2. Bucoki ¢hi3uKo-MexXaHi4HI BJACTHBOCTI IOBEPXHEBOrO IIapy JeTajiell 3a0e3euyrThCsS CaMOI0
TEXHOJIOTI€0 KapOOOOpyBaHHSI.

3. Pi3Ha KiNbKiCTh BYTJIEHIO B cyMmimn aisi KapOoOOpyBaHHS MPHU3BOAUTH A0 OJCPKAHHS Pi3HOTO
CTPYKTYPHOTO 1 ()a30BOro CKjIaxy IOBEPXHEBOIO IMapy, a 3HAYUTh 1 Pi3HUX (Hi3MKO-MEXaHIYHUX
BJIACTUBOCTEH pOOOYNX ITOBEPXOHB ACTAJICH.

4. BBemeHHS B CKJaJ CYMIIIl MEBHOI KIIBKOCTI BYTJIEIIO JTa€ MOXKIIUBICTH MPAKTHIHO KEpPyBaTH
($ha30BUM 1 CTPYKTYPHUM CKJIJIOM [TOBEPXHEBOTO MIapy AETali i HOro BIaCTUBOCTSIMH.

5. OnTuManbHOIO KUIBKICTIO BBEJCHOI'O B CyMIlI ByIJelo Mo)kHa BBaxkaTtu 30...60% Bix 3araiabpHOl
MacH GOPOBMICTKOr0 MOPOIIKY. Moro 36inbleH s IPU3BOAUTH 10 BUHUKHEHHS B mapi rpadiTHUX 1mop i 10
3HWKEHHS TBEPJIOCTi MTOBEPXHI.

6. Beemenns B cymim g kap0oOOpyBaHHS BYyIJIELIO 30UIbIIYE MIBUAKICTH LBOTO MPOILECY,
MIPUBOJUTH IO YTBOPEHHS PIBHOMIPHOT'O MOKPUTTS 1 3HAYHOTO TiABUIIEHHS SIKOCTI 3MIIHEHOI TOBEPXHI.

7. Kap6o6opyBaHHSI B 3alTpONOHOBAaHUX CKJIQAaX CyMIlIl Ja€ 3MOTY 3aMiHHUTH TaKi TE€XHOJOTii, SIK
LEMEHTYBaHHsI, a30TyBaHHS Ta iH.

8. Kap6obopyBaHHSI SBISETHCA TaKOXK IEPCIIEKTHBHAM U TEXHOJIOTiIH 3MIIIHEHHS TOBEPXOHBb
neTanel i3 pi3HUX METaliB, K Y MAIMUHOOY/TyBaHHI, TaK 1 B pPEMOHTHOMY BHPOOHUIITBI.
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PE®EPAT

Hmurpuaenko M.®. KapbobopyBHHS nmetaneii i3 Hu3bpKoByTIeneBux craneit / M.®D. JImutpudenko,
O.I1. JlepkiBchkuii, B.M. Tkauyk, JI.I1. bapunosuu, A.Jl. Jlyne6a // Bichuk HamioHaqibsHOro TpaHCHIOPTHOTO
yuiBepcurety. Cepist «Texuiuni Haykn». HaykoBo-texuiunmii 36ipuuk. — K. : HTVY, 2015. — Bumn. 1 (31).

CydJacHe BHPOOHHUIITBO Ta PEMOHT MAIIMH BHUMAaralOTh IOJAIBINOI pO3POOKH HOBHX TEXHOIOTIH i
MaTepialiB aJsl 3MILHEHHs JeTallel, MABUIICHHS iX pecypcy Ta eKOHOMIuHOi eeKkTuBHOCTI. B pe3ymnbrari
JOCIHIPKEeHb, TIPOBeZCHNX B HallioHaJbHOMY TPaHCIIOPTHOMY YHIBEPCHTETI, MOB’SI3aHUX 3 OOpYBaHHSAM Ta
KapOOOOpYBaHHSAM, pO3pPOOJICHWH HOBHM, NEPCIEKTUBHUN CKJIAJ CYMIlli I8 CydYacHOi TEXHOJOTii
TUQy31HHOr0 3MilHEHHS — KapOoOOpyBaHHS.

Kap06o6opyBaHHs — 11e TPOIIEC OAHOYACHOrO JU(DyY31HHOr0 HACHYCHHS TOBEPXHI METAJICBOI AeTall
O6opoM 1 Byrmenem. Jlnsg 1iei TexHomorii HamMu OyB BHepIle pPO3POOJICHWH TOPOIIKOBUI CKJIal
Na2Ba07 15 17%),

. . LiF . .
¢dTopHCTOrO JIiTiI0 (7...12%) Ta 1OJATKOBO aTOMHO-MOJIEKYJISIPHOTO BYTJICIIO, B TOMY YHCIi (yJIepeHiB,
B KutbKocTi Bijg 30 10 60% 3araabHOI MacH BKa3aHUX BUIIE KOMIIOHEHTIB.

B pesynbTati q0CiimKeHb 0ep)Kaai Ha TOBEPXHI AETajl JBOIIAPOBE KapOOOOPOIOKPUTTS BUCOKOL
skocti. TBepaicTs moBepxHeBoro mapy gocsrae HRC 70...80.

Kapb6obopuna moBepxHs ckiamaerbes i3 (asu kapOimiB 6opy (HH3BKO- 1 BHCOKOOOpPHCTOI) i
CTPYKTYPH 3€pHHCTOrO mepiiTy. Lle n03Bojisie 3HAYHO MIJABUINUTH TPHUOOJOTIYHI BJIACTUBOCTI 3MII[HEHOT
moBepxHi jgeram. [loGaBkM ByTJemip B Cymill 3a0e3NedyloTh BHCOKY JIWCIEPCHICTh MOKPUTTS, HOTO
PIBHOMIpHICTh Ha BCil MOBEPXHI Ta 3HIKEHHS BHYTPIIIHIX HAIMpPYKEHb 1 BUKIIOYCHHS MIKPOTPILIMH B
aeTaii.

JocipkeHHst, KpiM TOTo, MOKa3alld, M0 BBEIEHHS BYIJICIIO B CKIIAJ s KapOoOOpyBaHHS 3HAYHO
MPUCKOPIOE 1IeW MPOIEC 1 ABJSAETHCS MEPCIEKTUBHUM NMPH BUPOOHMLTBI i BiTHOBJICHHI JeTaneldl MalluH i3
PI3HUX METaiB.

KJIFOYOBI CJIOBA: KAPBOBOPYBABAHHS, BHYTPIIIHI HAIIPYXEHHSA, ®YJIEPEHU,
®A3U [ CTPYKTYPU, MIKPOTPILLIMHU.

KapOOOOPOBMIIIYIOUOi CyMillli, sIKUH BKJIHO4ae KapOing Oopy BsC (72...77%), O6ypmu

ABSTRACT

Dmytrychenko M.F., Levkivskyi O.P., Tkachuk V.M., Barylovych L.P., Duleba A.D.
Carboboronizing of low-carbon steel parts. Visnyk National Transport University. Series «Technical
sciences». Scientific and Technical Collection. — Kyiv: National Transport University, 2015. — Issue 1 (31).

The modern production and repair of machinery require a further development of innovative
technologies and materials for strengthening of parts, increase in their resource and economic efficiency. The
researches on boronizing and carboboronizing conducted in National Transport University have resulted into
development of a new, promising heat carrier composition for modern technology of diffusive strengthening
— the carboboronizing.
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The carboboronizing is a process of simultaneous diffusive saturation of surface of metal parts by
boron and carbon. For that technological process the powder mixture of carboboring-containing heat carrier

was developed that consists of boron carbide B.C (72...77%), borax NGEE“G?(IZ...U%), lithium fluoride

LiF (7...12%) and extra atomic-molecular carbon including fullerene in number of from 30% to 60% of
gross mass of the above mentioned components.

The outcome of the research was a two-ply carbon and boron coating of high quality on a surface of
parts. The hardness of surface coating reaches HRC 70...80.

A carboboriding surface consists of the borocarbon (high and low boron) phase and the granular
pearlit structure. This allows to greatly raise of a tribological behavior of a strengthening surface of parts. A
carbon addition to a heat carrier provides a high dispersion of the surface, its evenness over the surface, the
reduce of internal stresses and the exception of microfissures in the parts.

Moreover, the researches has shown that the addition of carbon in the composition for the
carboboronizing greatly accelerates of this process and presents a promising element in manufacturing and
renovation of machinery parts from different sorts of metal.

KEY WORDS: CARBOBORONIZING, INTERNAL STRESSES, FULLERENE, PHASES AND
STRUCTURES, MICROFISSURES.
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Jmutpuuenko H.®.  KapboGopupoBanue — geraneid W3 HH3KOYIJICPOAMCTBIX  crameit  /
H.®. Imurpuuenko, O.IL JleBkoBckuii, B.H. Txauyk, JLII. bapumosuu, A.Jl. Jlymeba // BectHuk
HanuonansHoro tpaucmoptHoro ynuBepcuteta. Cepus «TexHuueckue Haykm». HaydHO-TeXHUYECKUU
coopuuk. — K. : HTY, 2015. — Beim. 1 (31).

CoBpemeHHOe MNpOM3BOACTBO M PEMOHT MallMH TPebyloT AasbHelwen pa3paboTKM HOBbIX
TEXHOJIOTUI U MaTepuasoB ANA YNPOYHEHWUA JeTaneli, MOBbIWEHUA KX Pecypca U 3KOHOMUYECKOW
apdpekTMBHOCTU. B pesynbTaTe UCCNeAOBaHUIA, NpoBeAeHHbIX B HauMOHaAbHOM TPAHCMOPTHOM
YHUBepCcUTETE, CBA3AHHbIX C 6opnpoBaHNeEM U KapbobopmpoBaHuem, pa3paboTaH HOBbIN, NEPCNEKTUBHDIN
COCTaB CMeCH A1 COBPEMEHHOM TexHoNormu auddysmoHHOro ykpenneHusa — kapbobopuposaHue.

KapbobopupoBaHmMe — 3TO NpoOLLECC OAHOBPEMEHHOIO ANPPY3MOHHOTO HACBILLEHMA MOBEPXHOCTU
MEeTaNIMYecKon aetanm 6opom u yrnepogom. [na 3Tolh TexHonormum Hamum 6bin Bnepsble paspaboTaH
NMOPOLIKOBLIN COCTaB KapbobopocoaeprKalleid CMecu, KOTopbiid BKAoYaeT Kapbug 6opa B,C (72..77%),
6ypbl Na,B,0; (12..17%), ¢topuctoro autus LiF (7..12%) n AONOAHUTENbHO aTOMHO-MOJIEKYAAPHOIO
yrnepoga, B Tom uucne ¢ynepeHos, B Konamyectse oT 30 fo 60% obuwei maccbl Bblle YKa3aHHbIX
KOMMOHEHTOB.

B  pesynbTaTe  uMccAedoBaHMMA  NOAYYMAM  Ha  MOBEPXHOCTM  AeTanuM  ABYXCNOMHOe
Kapb0oboponoKpbITUE BICOKOTO KayecTsa. TBEPAOCTb NOBEPXHOCTHOrO cios gocturaeT HRC 70...80.

KapbobopuaHas noBepxHOCTb cOCTOUT U3 dasbl Kapbuaos 6opa (HWU3KO- M BbICOKOHOPUCTO) U
CTPYKTYpPbl 3€PHUCTOrO MnepauTa. ITO MNO3BONSAET 3HAYUTENIbHO MNOBbLICUTL TPUBONOrMYECKME CBOMCTBA
YNPOYHEHHOM noBepxHOCTU aeTanu. [JobaBKu yrnepoga B cmecb 06ecneymBatoT BbICOKYIO AMCNEPCHOCTb
MOKPbLITUA, €ro pPaBHOMEPHOCTb Ha BCEM MOBEPXHOCTM W CHUMKEHWE BHYTPEHHUX HANPSXKEeHUH W
WCKIOYEHNE MUKPOTPELLMH B AeTanu.

WccnepoBaHus, Kpome TOro, NoKasanu, 4to fobaBka yrnepoaa B coctas ansa KapbobopmposaHua
3HAYUTENIbHO YCKOPAET 3TOT NPOLECC M ABNAETCA NEepPCneKTUBHOM NpU NPOU3BOACTBE M BOCCTAHOBNEHWUM
AeTanen MalvH U3 pasHbIX MeTasoB.

K/HOYEBbLIE CNNOBA: KAPEOEOPUPOBAHUE, BHYTPEHHUE HAMNPAXEHWA, ®Y/IEPEHLI, ®A3bl U
CTPYKTYPbI.
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