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3ACTOCYBAHHS METOJY EJIEKTPOJAYTOBOI METAJII3AIII 3
nyJbCYIOUUM NNOBITPAHO-PO3INUJIIOBAJIBHUM CTPYMEHEM J1JIsA
HAHECEHHA ITOKPUTTIB 3 ITIOPOIKOBOT'O JPOTY

3 Memor 3HUJICEHHS OKUCHO20 GHAUGY PO3NUNIOGATILHO20 CIMPYMEH HA PIOKUU Meman
mopyie, AKi NIAGIAMbCs, paHiue 3anpPONOHO8AHUL [ pO3PobIeHUll CROCIO NepioOutHO20
(ny6Cyou020) 6naUGy HA PIOKUNi Memain eileKkmpooié NOGIMPAHO2O PO3NUTIOBATILHOLO
CMpyMeHs 3 YPaxy8aHHaM mMO20, Wo Nay3a Mixc MomeHmamu Oii NOMOKy 00360.15€ 3d-
Oesnewumu niaeieHHsA enekmpooie 3 obmedceHum obcsieom nosimps. Ilpedcmasieno
NPUCMpiti, po3poOaeHULl MAKUM YUHOM, WO 3a0e3nevyc OmpumManis nyabcayiti NOMoKy 3
PI3HOI0 Hacmomoo i mpueanicmio, OMpUMani OaHi npo GNIUE NYIbCYIOU020 NOMOKY HA
MEeXHONO0TYHI XapaKmepucmuky noKpummie, 30Kpema, 3HayHe 3HUMICeHHs 6mpam Je2yio-
yux enemenmie. B axocmi supiuenns npobiemu enepeozbepediceHts npu 0y208il Memaini-
3ayii po32naHYMO NUMAHHA NPO GUKOPUCMAHHA KUCHIO NOBIMPAHO20 PO3NUTIOEATLHO20
CMPYMEHSL 3 MEMOI0 OMPUMAHHS 3HOCOCMIUKUX NOKPUMMIE 3 6UCOKOI0 MIYHICIMIO 34en-
JIeHHs. 34 PAXYHOK YMBOPEHHS MEepoux OKcuodié 3 Hede@iyumHux nopowKie Memanis i
cnaasis. 3eadicaiouu Ha obmediceHull 0ianazon ckiadie Opomis CyyitbHo20 nepemuny, 3a-
NPONOHOBAHO 3ACMOCYBAHHS NOPOUIKOBUX OPOMIB, WO CKAAOAIOMbCA 3 MAN08Y2Neye6oi
00O0NIOHKU | CIMPUICHSL 3 Hede@Iyumuux, NOWUPEeHuUx nopowKie Mmemanis i hepocniasie,
wo 3abe3neuyioms OMPUMAHHS GUCOKO 3HOCOCMIUKUX NOKPUMMIE 3 NIOBUUIEHOI MiYHiC-
mio 3uenienns. B axocmi docnioxcyeanozo 6y10 634mo eKoOHOMHO-1e208aAHUL NOPOULKO-
sutlt opim IIII-MM-2, po3pobnenuii na kagpeopi aemomamusayii ma mexauizayii 36apio-
8a1bHO20 8UPOOHUYMEa IIpuasoscvkoeo 0epocagHo2o mexuiuHo2o yHieepcumemy. Y oa-
HIll pOOOMI PO32NA0AEMBCA BNAUS YACTOMU NYNbCAYIL PO3NUTIOBATILHO20 NOMOKY NOGIM-
Psi npu 0y206itl Memanizayii Ha MIKpOCmMpyKmypy i eiuyuny Mikpomeepoocmi noKpum-
mMig, OMPUMAHUX ULTAXOM 3ACTOCYBANHS HOPOWKOBUX OPOMIE.

Knrouoei cnosa: dyzosa memanizayis, nopoutkosuti Opim, ne2yioui ejemenmu, Kkapoiou,
PO3NUTIOBAILHULL HOMIK, YACTMOMA NYAbCAYill, NOKPUMMSL, MIKpOmMEepoicmb, MIKPOCMpY-

Kmypa.

Posanoe B.A., 3axaposa H.B. IIpumenenue memooa 31eKmpooyzo60il MemMaiiu3ayuu ¢
nyascupyrouieii 8030yuiHO-pacnvliaouieil cmpyeil 0711 HaHeceHUa NOKPbIMUIL U3 no-
POouIK06oil npoeoioku. C yenvio CHUICEHUs OKUCIUMENTbHO20 8030€UCMBUSL PACTbLISIO-
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wetl cmpyu Ha HCUOKUL Memail Mmopyo8 NAASAUUXCsL DJIeKMpPoO08 panee npedsiodNcet u
paspaboman cnocod nepuooutecko2o (nyrbCupyrouie2o) 8030elUcmeus Ha JHCUOKUU Me-
MAL SNEKMPOO08 B030YUHOU PACNBLIAIOWE CIPYU C YYEenOM Mo20, Ymo Nay3a Mexicoy
MOMEHmMaMu 0etcmeuss NOMOKA NO380Jisem 0becneuums Naasienue INeKmpooos ¢ 02pa-
HUYEHHbIM 00BeMoM 8030yxa. Pazpabomana koHCmpykyus ycmpotcmeaa, obecnequsaio-
wWe20 noyueHue NyIbCayuil NOMOKA ¢ PA3IUYHOU YaACMOMOU U OAUMENbHOCMbIO, NOLYYe-
Hbl OQHHbBLE O GIUSHUU NYTbCUPYIOWE20 NOMOKA HA MEXHOL02UHECKUE XAPAKMePUCTIUKU
ROKpbIMULL, 8 YACMHOCIU, 3HAYUMETbHO20 CHUNCEHUS. NOMEPb Ne2UPYIOUUX DNEMEHMO8.
B rauecmee peuwienus npobnremol snepeocoepedicenuss npu 0y2080U MEMaiiu3ayuu pac-
cmMompen 6onpoc 06 UCNOIB306AHUU KUCIOPOOA 8030YUHOU PACIbLIIOWEN CIMPYU C Ye-
JIbIO NOJYYEHUs. UZHOCOCOUKUX NOKPBIMULL C 8bICOKOU NPOYHOCHIbIO CYENAEHUs. 34 CUem
00pazosanuss Meepovbix OKCUOO08 U3 HeOePUYUMHBIX NOPOUIKO8 MEMANLo8 U CHIABO8.
Bsuoy ocpanuuennoco ouanazona cocmasos npogosioK CRIOUHO2O Ce4eHUsl NPEONONCEHO
npUMeHeHue NoPOUIKOBbIX NPOBONOK, COCHOAWUX U3 MALOY2NePOOUCMOl 000104YKU U
CMEPIHCHSL U3 HeOeDUYUMHDBLX, WUPOKO PACAPOCMPAHEHHBIX NOPOUKOE8 MEMAios U (gep-
POCNIAB08, 00eCNe U8aIOWUX NOJLYHEeHUE 6bICOKO USHOCOCMOUKUX NOKDLUMULL C NOBbl-
WEHHOT NPOYHOCMbIO CyeniieHust. B kauecmee ucciedyemoil Obiia 635ma IKOHOMHO Ne2u-
posannas nopowxosas npogonoka IIT-MM-2, paspabomannas na xapeope asmomamu-
3ayuu U MeXaHu3ayuu CceapoyHo2o npouzeoocmea Ilpuazosckozo 2ocyoapcmeeHHo2o
MexHuYecko2o ynusepcumema. B oannoti pabome paccmampueaemcst 61usiHue 4acmomol
nyIbcayull PACHbLIAIOWE20 HOMOKA 6030yXd NpU 0Y2080U MEMAIIU3AYUU HA MUKDPO-
CMPYKMYPY U 8EAUHUHY MUKDPOMBEEPOOCTU NOKPLUMUL, NOJYHEHHbIX HYMeM NPUMeHeHUs
ROPOWIKOBBIX NPOBOJIOK.

Kniouesvte cnosa: oyeosas memaniuzayusi, NOPOUKOSAsl NPOBOIOKA, Je2upyiowue dJie-
MeHmbl, Kapouobl, 4acmoma nyabCayuil, pacnvlisowWuil NOMOK, NOKpblmue, MUKpomeép-
00CMb, MUKDOCIPYKMYPA.

V.0. Royanov, 1.V. Zakharova. Applications of electric arc metallization method with
pulsating air-spraying flow for application of coatings made from a cored wire. In or-
der to reduce the oxidizing effect of the spraying flow on the liquid metal of the ends of
the molten electrodes the method of periodic (pulsating) impact of the air spraying flow
on the liquid metal of the electrodes has been previously proposed and developed, con-
sidering that the pause between the moments of the flow impacts allows ensuring the
melting of the electrodes with a limited amount of air. The design of the device which
provides pulsations of a stream with various frequency and duration is developed, data
on the influence of a pulsing stream on technological characteristics of coatings, in par-
ticular, a considerable decrease in losses of alloying elements are received.As a solution
to the problem of energy saving in arc metallization, the use of oxygen of the air spraying
flow was considered in order to obtain wear-resistant coatings with high adhesion
strength through the formation of solid oxides from non-deficient powders of metals and
alloys.Due to a limited range of compositions of solid cross-section wires, it is suggested
to use cored wires consisting of low-carbon shell and rod made of non-deficient, widely
spread metal and ferroalloy powders, which provide high wear-resistant coatings with
increased adhesion strength.Theeconomically alloyed flux-cored wire PP-MM-2 devel-
oped at the Department of Automation and Mechanization of Welding Production of the
Priazovsky State Technical University was taken as the investigated one.In this paper, the
influence of spraying airflow pulsation frequency in arc metallization on microstructure
and micro hardness value of coatings obtained by using powder wires is considered.
Keywords: arc metallization, cored wire, alloying elements, carbides, pulsation frequen-
cy, spraying flow, coating, microhardness, microstructure.

IMocTanoBKka npo6JeMu. AHami3 MOXKIMBOCTI BUKOPUCTAHHS ITyJIHLCYIOUOTO ITOTOKY TOBITPSIHO-
PO3MUITIOBATIBHOTO CTPYMEHS Uil MOKPUTTIB, OTPUMAaHMX 13 3aCTOCYBAaHHAM IIOPOILKOBHX IPOTIB,
HIISIXOM BUBYEHHS 1X MIKpPOCTPYKTYPHU M BEJIMYMHU TBEPAOCTI.

AHani3 ocTaHHIX JocaikeHb Ta myOaikamiii. PsgoM HayKoOBIIB Npy NPOBENICHHI MPOIECY
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JIyroBoi MeTamizalii B SIKOCTI TPaHCIIOPTYIOUOTO ra3y PEeKOMEHIY€EThCSI BUKOPHCTOBYBAaTH CTHCHEHE
MOBiTpsI a00 HEWTpaibHi 1 BiAHOBHI ra30Bi CyMilli. Po3muiieHHs CTUCHEHUM MOBITPsIM 3a0e3mnevye
CTaOLIBbHUI PO3NMI METally, IO IUIaBUTHCS, MPOTE SIKICTh MOKPUTTS HE AY)KE€ BUCOKA 4Yepe3 BEIIUKY
KiTbKiCTh mip 1 okcuiB [1-3]. TTopomikoBi ApoTH, SIK eNSKTPOAHUIA MaTepiai i AyroBoi MeTasi3arii
(AM), 3HaxonATh Bce OUNBII HIMPOKE 3aCTOCYBaHHs 3aBASKHU CBOIM IepeBaraM: MpakTHYHO HeoOMe-
JKE€H1 MOKIIMBOCTI T10 3MiHi CKJIay; MOXJIMBOCTI BUKOPHCTOBYBAaTH MaTepiali, sSIKi HEMOXKITUBO BBEC-
TH JI0 CKJIaly €JIEKTPOAHOTO MaTepially LiIbHO-TSATHYTUX METaJeBUX IpoTiB. Pa3oM 3 TuM, HOMEHKIIa-
Typa TaKHX JPOTIB IOCUTh oOMexeHa [4] i paHilie He OyJ0 PO3IIISIHYTO BIUTUB MOBITPs Ha (hOpMyBaH-
HSl TIOKPUTTSl HAHECEHOTO METOJIOM YroBOI MeTami3alii 3 MyJbCYIOYHM PO3MUIIOBAIHLHUM MOTOKOM
TTOBITPSL.

Meta po0d0TH — IIPOBECTH AOCIIIKEHHS MIKPOCTPYKTYPH HMOKPHUTTIB, OTPUMaHHX 13 3aCTOCY-
BaHHSIM €KOHOMHO-JIETYI04UOTO NopomkoBoro apoty [II1-MM-2 npu ayrosiii MeTamizamii 3 myJibCyro-
YUM PO3MIIIOBATIBHUM CTPYMEHEM.

Buknian ocHoBHOro marepiajy. 3 METOIO 3HM)KEHHS OKHCHOIO BIUIMBY PO3IMIIOBAIBLHOIO
CTpyMEHS Ha PiAKUI MeTal TOPIIB, sIKi IUIABIATHCS, MPOMOHYETHCS BUKOPHCTOBYBATH MYJIbCYIOUMI
PO3MILTIOBATBFHUM cTpyMiHb moBiTps. Ha kxadenpi aBromarnzanii Ta MexaHizallii 3BaproBaIbHOTO BH-
poouutnrea IIITY (IlpnazoBchkoro Aep:kaBHOTO TEXHIYHOTO YHIBEPCHTETY, M Mapiymons) po3po0-
JICHWH METOJ| eJICKTPOJAYroBOi MeTani3amii i3 3aCTOCYBaHHSM MYJIbCYIOUOTO PO3MIUTIOBAIEHOTO CTPY-
MeHsI TIOBiTps [5-7]. Ansi BUpILICHHS MOCTaBJICHOTO 3aBAaHHS OyJIO Po3poOJeHO BiAMOBIAHUN MPH-
cTpiit [8].

B sikocti 6a3oBoro B3stuit apit [1I1-MM-2 [9], po3pobienuii Ha kadeapi aBToMaTu3allii Ta Me-
XaHizallii 3BaproBasibHOro BupoOHuITBa JIBH3 «[1ITV».

XiMigHI BIACTHBOCTI MOKPHUTTIB JOCHTIHKYBAIH HA 3pa3KaX, OTPUMAHUX €JIEKTPOIYyTrOBOIO Me-
TaJi3aIli€r0 MPU PI3HUX YACTOTaX POMUAIIOBATHHOTO CTPYMEHS TOBITPSI.

SAx wmarepian ocHOBM BHKopHcTOBYBaiu cTanb 09[2C B BUIMISIII IUIACTHH  PO3MIpOM
75%35%x5 mm. Ilepen HamwiIeHHSM 3pa3Kul 3HEKHUPIOBATH OCSH3MHOM 1 MiAaBaNd IMiCKOCTPYMHUHHIH
00po0I1i KOPYHIIOM 3 TOAANBIIAM OOTyBaHHSM CTHCHEHHWM TOBITPSIM (IUIsl BHOANECHHS mwry). Hamu-
JICHHS TTPOBOJIVIIU 32 JOTIOMOTOI0 €IeKTPOAYyroBoro Meranizaropa EM-17 3 po3pobieHuM mpHUCTpoeM
Ha pexumax: Tuck P = 0,55 Mlla, cuna ctpymy | = 210...230 A, nanpy3si U = 30...32 B, mBuakicts
nonadvi apory V = 4,8...5,4 M/xB. BiacTanp 10 HamroBaHOTO 3paska — 120 mM. JKuBneHHs qyru 37iH-
CHIOBaJoCh Bif mxepena B/[Y-506.

MikpocTpykTypa TOKPUTTIB, OTPHUMaHUX PI3HOD YaCTOTOI MyJIbCYIOUOTO IOBITPSHO-
PO3MUITIOBAJIBHOTO CTPYMEHS 3 BUKOPUCTaHHIM mopoikoBoro apoty IIII-MM-2, npencrasiena Ha
PUCYHKY 1.

BuaHo, Mo MiKpOCTpYKTypa MOKPHUTTS 3MIHIOETHCS TIPU 3MiHI YMCIIa MyJIbcalliii: mpH BiICyTHO-
CT1 TyJIbCAIlil MOBITPSHO-PO3MITIOBAIILHOIO TIOTOKY CTPYKTypa MOKPHTTS HEOJHOPiJHA, 3 BEIHKOIO
KUTBKICTIO YaCTHHOK pi3HOI hopmu (puc. 1, a), Bin3HaUeHi YacTku chepuyHoi ¢popMu, He OUTI HaIO-
POM MOBITPst HA OB APiOHI, TPU IILOMY OUIBIIICTH YACTHHOK BUTATHYTOI, eopMOBaHOI GOpMH, €
HAsIBHICTh OKCUIHUX ILIIBOK.

ITo Mipi BUKOPUCTAHHS IyJICYIOUOTO MOBITPSIHO-PO3IMMIIOBATIBHOTO Ta30BOI0 CTPYMEHS IOK-
PUTTS MaIOTh OUTBII PIBHOMIPHY MIKPOCTPYKTYPY: KUTbKICTh YaCTHHOK 3 Pi3HUM PO3MipOM 3MEHIIY-
€ThCsI, MAOYTh YACTKH MiIJIaBAIMCS 3HAYHIM IIacTHYHIN fAedopmartii (puc. 1, 0).

ITpu wacrori mynecaniit 43 ' cTpykTypa MOKPUTTIB 1O BCil TOBIIMHI PiBHOMIipHA, IO CBif-
YHUTh PO CTAOUIBHICTD Mporecy. Y nepexigHii 30Hi CrocTepiratoTbecs OKCUIHI IUTIBKY, alie iX 3HaYHO
MEHIIE B IOPIBHSIHHI 3 CTPYKTYPOIO MOKPUTTS, BUKOHAHOTO 32 BiJICYTHOCTI MyJIbCYIOUOTO TOBITPSHO-
po3nwioBaabHOro crpymens. [Ipu vactori B 43 'l BiA3HAYa€ThCsl ICTOTHA 3MiHA (POPMH YACTHHOK,
SK1 HAIIWJIIOIOThCS; B TIOPIBHAHHI 3 OyI0BOIO MOKPHUTTS O€3 IyJibcalliii BOHM MarOTh MEHII PO3MIpH.
CepeHiii po3Mip YaCTHHOK 3HAXOAUThCs B Meskax 100-450 M.

IIpu yactoti 64 ['1| Bi3HAYAETHCS 3HAYHA KIJIBKICTh YACTHHOK MaJIMX PO3MIpIiB, Ha pAAY 3 Be-
mukuMH (puc. 1, B). Cepeaniil po3mip YaCTHHOK KOJIHUBAEThCs B Mexkax 50-350 Mxm. [IpuunHu nporo B
TOMY, IIO MIPOMIXKOK B MPOXO/KEHHI iIMITYJIbCIB HMOBITPSHO-PO3MIIIOBAILHOTO CTPYMEHS Ma€ MEHIILY
3a 4acoM BEIIMYMHY, HiXK Ha 4acToTi B 43 ['11.

HIBUAKICTE MJIaBJIEHHS €JIEKTPOIIB 1 YTBOPEHHS PiIKOrO METaly Ha TOPLI Ma€ Oiblly BelIu-
YHHY, H)K YaCOBH MPOMIXKOK B MPOXOKEHHI MOBITPSHO-PO3NMIIIOBAIBHOIO MOTOKY NPH AaHii ya-
CTOTI, 1110 301JIBIIY€E 3yCHJUIS CKMJIAHHS PIJKOI0 METaJIy 3 TOPIIIB €JIEKTPOIiB CHIOK PO3IMHIIOBAIb-
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HOTO MTOTOKY.

[Ipu yacrorax Bumie 105 'y 3HAYHOT 3MiHU B po3Mipax 4acTOK HE 3a3HAYEHO, aJie BCE K He3Ha-
yHi BigMiHHOCTI € (puc. 1, T). HasgBHICTH MPOMDXKY B MPOXO/HKEHHI MOBITPSHO-PO3MMIIOBAIBHOTO
MOTOKY Ma€ MaJie 3Ha4eHHs B MOPIBHAHHI 3 9acOM, HEOOXiTHUM 7151 (POpPMYBaHHS PiTKOTO METally Ha
enektpoaax. Cuna BIUIMBY PO3NMIIOBAILHOTO MOTOKY HA PIAKUI METal CTae MPaKTUYHO MOCTiHHOIO.
3MiHa CTPYKTYPH MOSICHIOETHCS, K CyMapHHUI BIUTHB CHJI TOBEPXHEBOTO HATATY 1 CHJI BIUIMBY IOBIT-
PSIHO-PO3IIIIIOBAJIBHOTO IOTOKY, SIKI MalOTh 3HAYHHMH BIUIMB Ha INPOLEC BIAPHBY PIIKHUX Kpamenib 3
TopIs enekTpoaiB. [Ipo 1e cBimunuTh 301MbLICHHS YHca BENUKUX 4acTOK. CTPYKTypa MOKPHUTTS OH-
3bKa, SIK 1 P BiICYTHOCTI iMITyJIbCIB.

B r

Puc. 1 — MikpocTpyKTypa MOKPHUTTIB, OJICPIKAHUX 13 3aCTOCYBAHHIM MOPOIIKOBOTO JAPOTY
[III-MM-2 B 3aJIeXKHOCTI BiJi YaCTOTH IyJIbCAIlii CTUCHEHOTO MOBITps, x50: a — 0e3
nyJscatliit; 0 — myabcaii 43 ['; B — mynbcartii 65 'ty r — mynscarrii 105 T'ig

JocmikeHHsT BIUTMBY YacTOTH ITyJbCAllii Ha MIKPOCTPYKTYPY i MIKPOTBEPAICTh YaCTHHOK
npoBoawiocs Ha npunaai LM-100 npu HaBantaxenHi 500 r.c., IpU BHKOPHCTAaHHI MOPOMIKOBOTO
npoty III-MM-2. Ha puc. 2 npejacraBieHa MiKpOCTPYKTypa 1 MiKPOTBEP/IICTh OKPEMHUX YaCTHHOK
MTOKPUTTIB.

AHali3 1nokasye, 10 XapakTepHOIO CTPYKTYPOIO YACTUHOK € B OCHOBHOMY (epput abo ¢epuro-
NepIiT 3 HasBHICTIO (a3u kapOinxy abo BKIIFOYSHb XPOMY i OKCHIIB AFOMIiHI0, MIKPOTBEPIICTh CTAHO-
BuTh 180 HV (puc. 2, a). 3i 30ibIIEHHAM YaCTOTH KUIBKIiCTh KapOigHOI a3y B yaCTUHKAX MOKPHUTTS
30UTBIIYETHCS, TBEPAICTD, BiAmoBiaHO, — 311 HV, 276 HV, 206 HV (puc. 2, 6-r). [Ipu gacroTtax 65 i
105 ' B yacTHKAX 3’SBIAIOTHCS TapTiBHI cTpyKTypH TBepaictio 320 HV-263 HV (puc. 2, 1, x), mo
00yMOBJICHO 3MiHOIO PO3MIPIB YACTOK 1 IMiABHUIICHHIM MIBUAKOCTEH 0X0JI0KeHHS. Pa3oM 3 THM B ya-
CTHHKax NOKpHUTTS mpu yactoTi 85 i 105 ' mepeBaxkae deppiTo-mepiiTHa CTPYKTYpa 3 BKIIOYESHHSIM
KapOifiB (K 1 B YaCTHMHKAX IMIOKPHUTTS, OTpUMaHUX Oe3 MmyJbcallii a00 HU3bKUX Yactorax 25 ') TBep-
nictio 368 HV, 349 HV (puc. 2, e, 3).

Ha migcraBi mpoBeneHHX AOCHIIKEHb BCTAHOBJIEHO, IO ONTHMAIbHUM [ialla30HOM YacTOT
nyJbcaliii HOBITPSIHO-PO3MITIOBAIBHOIO CTpyMeHs € 65-85 I'1, mo 3a0e3nedye moinieHHs BIacTh-
BOCTEH MOKPUTTS NIPY BUKOPHCTaHHI TOPOIIKOBOTO poTy [TIT-MM-2.
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Puc. 2 — MikpocTpykTypa i MiKpOTBEpIIiCTh YaCTHHOK TOKPHUTTIB MPH Pi3HiH 4acToTi
nyibcaniii, X500: a — 6e3 mysbcalii, cTpykTypa depury 3 BUIiIeHHsIM da3u kapoiny; 6 —
nyibeanii 25 I'n, cTpyKTypa nepiiT 3 piBHOMIPHO pO3NOAITICHUMH KapOifaMu XpoMy; B —
nynbearii 43 I'1, cTpykTypa miacTUHYACTHN MEpIiT 3 PIBHOMIPHO PO3MOIIIEHUMH Kap-
Oimamu xpomy; T — myinbcamii 650w, neroBanuii gpepur, kapOiau Xpomy; A — MyJbcaii
650, npiGHoaMcnepcHU copOiT 3 KapOizamMu Xxpomy; € — myibcauii 85 I'n, kapOigu
XpOMY, CTPYKTypa HepJIT 1 JieroBaHuil ¢eput; x — myibcamii 105T1, romyacti OeHHiT,
(eput 1 cToBIYACTi Kapoigu Xpomy; 3 — mynbcanii 105 ', mracTuHYacTHit nepiit, pepur
1 kap6inu xpomy

BucHoeku
BcranoBieHo, 1110 oNTUMaIbHUM Aialla30HOM YacTOT MyJIbCaliid MOBITPSHO-PO3MIIIOBATEHOTO
cTpyMeHs € 65-85 I'u, mo 3a0e3nedye MOMIMIICHHS BIACTUBOCTEH MOKPHUTTS MPH BUKOPUCTaHHI MO-
pouikoBoro apoty [MIT-MM-2.
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MICROSTRUCTURE AND ELEMENTAL ANALYSIS OF POWDER
IRON-BASED COMPOSITE MATERIALS

This article studies the kinetics of structure formation of a composite powder material
containing solid lubricants such as graphite, talc and zinc stearate. For the experiments
were prepared charge containing powders, wt.%: Cu — 4-18; Sn — 1-2.0; C — 1.5-2.5;
talc — 2.0-3.5; zinc stearate — 0.5, Fe — the rest. Mixing of powders was carried out in a
Y-shaped mixer, pressing of charges was carried out on a hydraulic press at pressures of
400-1000 MPa, and sintering of compacts — in a conveyor furnace in a protective gas
(endothermic gas) in the temperature range 850-1150 <C. There is no pearlite in the mi-
crostructure of iron-bronze sintered at 850 <C. This is due to the adsorption capacity of
talc on the surface of iron particles, which prevents the diffusion of carbon into the iron
crystal lattice. An increase in the sintering temperature to 1000 < leads to the formation
of pearlite in the structure of iron-bronze, while pearlite prevails over ferrite. This indi-
cates the partial burnout of talc from the surface of the iron particles and the open paths
of carbon diffusion. At a sintering temperature of 1150 <C, a pearlite structure and a net-
work of light inclusions are formed in the microstructure of iron-bronze samples. The
study of the chemical composition of light inclusions with a micro-X-ray spectral analyz-
er showed that these inclusions contain solid solutions of variable compositions either
Fe-Cu-Sn, Cu-Fe-Sn or Cu-Sn-Fe. To confirm these assumptions, X-ray phase analysis
was performed. The diffraction patterns of these samples are reflections of Fe and Cu.
The absence of diffraction effects characteristic of Sn is due to its solubility in the Cu lat-
tice. This is due to the low melting point of Sn (232 °C) and its ionic radius, which allows
the isomorphic substitution of Cu and Fe ions with Sn ions (their difference is no more
than 15%).

Keywords: structure, ironbronza phase, powdered composition, the liquid sintering, the
porosity of, non-metallic phases, perlite, braking, verd particles.

Mpycyp3acea bamypa beitbana kusu. Mikpocmpykmypa i eiemenmHuil ananiz nopout-
KOBUX KOMRO3UUINIHUX Mmamepianie Ha OCHOGI 3aniza. Y Oawili cmammi 6U84eHo KiHe-
MUKy CMPYKMYpOYmMEOPEHHS KOMNO3UYINIHO20 NOPOUKOBO20 MAmMepiany, wo Micmums
meepoi MacmubHi Mamepianu muny epagimy, manvky i cmeapama yunxy. Ans npoee-
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