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MMOPOHIKOBOMU IMPOBOJIOKOU JIEKTPOJAYT'OBBIX IOKPBITUU CUCTEMBbI
Fe—-C-Si—-Mn-Cr-Ni—Mo-V

. B. Ocerxosckmii, H. A. Ko3bipes, E. A. Bynosckux, A. P. Muxno, JI. I1. bamenko

Cubupcknii rocyiapcTBeHHbII HHAYCTpHATbHBIN yHUBepeuteT (Poccus, 654007, KemepoBckast 061acTh —
Kysbacc, HoBokyzHerk, yi. Kupoga, 42)

Annomayus. MeTomaMHu CBETOBOM UM pacTpOBOM  DICKTPOHHOW MHKPOCKOIHH, PEHTTCHOCTIEKTPATHLHOTO
MUKpOaHAITI3a, ONpe/IeTIeHHs] MUKPOTBEPIOCTH BBISBICHBI OCOOCHHOCTH MUKPOCTPYKTYPHI SJIEKTPOTYyTOBBIX
TTOKPBITHH, HAaITUTABJIEHHBIX TIOPOIIKOBON MPOBOIIOKOH (cocTa mposostokn 0,40 % C, 0,78 % Si, 1,04 % Mn,
1,61 % Cr, 0,49 % Ni, 0,51 % Mo, 0,65 % V, 0,001 % Co, 0,001 % W, 0,07 % Cu, 0,059 % S, 0,02 % P).
[loka3aHO, 4YTO MO CTPYKType MeETAJUIMYeCKas OCHOBa TMOKPHITHHA HWMEET CTON0YaToe CTPOCHHE W
TPEJICTaBISIET COOOM TpyOOHMTONBUATHIN MApPTEHCHT. B CTPYKTYype CJIOSB BBISBICHBI HEMETANTHYCCKUE
BKJIFOUCHHMSI TJIOOYJISIPHOTO BHIA JIByX pa3MEpHBIX TPYMI CO CPEeJHUMH pasMmepamu 12 u 27 MKMm,
obpa3oBaHHbIe OKCHIAMH ATIOMHUHUS, Mapradna u kpeMaus. Ha nutidax HaOI0al0TCS MHOTOYHCIEHHBIE
MeJIKMe BKITIOUCHUS CyIb()UIOB HETPaBWILHOM TIIOOYIsIpHOH (opMmbl auametpoM 3 — 4 mMkwm. TomiuHa
TOKPBITHH 3 MM, TITyOHHA 30HBI TEPMHUIECKOTO BIUSHUS, CHOPMUPOBAHHOM TIPY CMENTMBAHUH HATUIABOYHOTO
MarepHaia ¢ MaTepHajioM TMOJUIOKKH, — 5 MM. PacmpeneneHne MHKPOTBEPJOCTH OTpa)kaeT JBYCIOWHOE
CcTpoeHre MOJU(UIIMPOBAHHOW MMOBEPXHOCTH, B HAIUIABIEHHOM CJIO€ MHKPOTBepAocTh gocturaer 500 HV
(50 HRC), B 30He Tepmmdeckoro BusaIsS — 300 HV (35 HRC).
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FEATURES OF THE STRUCTURE AND PROPERTIES OF ELECTRIC ARC
COATING SYSTEMS Fe — C —Si—Mn - Cr - Ni— Mo -V DEPOSITED BY NEW
FLUX-CORED WIRE

L. V. Osetkovskii, N. A. Kozyrev, E. A. Budovskikh, A. R. Mikhno, L. P. Bashchenko

Siberian State Industrial University (42 Kirova Str., Novokuznetsk, Kemerovo Region — Kuzbass 654007,
Russian Federation)

Abstract. Using the methods of light and scanning electron microscopy, X-ray spectral microanalysis,
determination of microhardness, the microstructure features of electric arc coatings deposited with
flux-cored wire are revealed (wire composition 0.40 % C, 0.78 % Si, 1.04 % Mn, 1.61% Cr, 0.49%
Ni, 0.51 % Mo, 0.65 % V, 0.001 % Co, 0.001 % W, 0.07 % Cu, 0.059 % S, 0.02 % P). It is shown
that the structure of coatings metal base has a columnar structure of a coarse-needle martensite. In
the structure of the layers, nonmetallic inclusions of a globular type of two dimensional groups
with average sizes of 12 and 27 pm formed by aluminum, manganese and silicon oxides were
revealed. Numerous small inclusions of sulfides of irregular globular shape with a diameter of 3 — 4
um were observed on the sections. The thickness of the coatings is 3 mm, the depth of the thermal
influence zone formed by mixing the surfacing material with the substrate material is 5 mm. The
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microhardness distribution reflects the two-layer structure of the modified surface, in the deposited
layer the microhardness reaches 500 HV (50 HRC), in the zone of thermal influence — 300 HV (35

HRC).
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Brenenue
DNEeKTPOAyTroBasi HarlaBka MIUPOKO MPUMEHSET-

csl JUIA 3alIUTHl OT a0pa3sMBHOTO M3HOCA TEXHOJIO-
THYECKOTO O0OOpYHOBaHHWS B METAJLTYPrHUECKOH,
TOpHOJO0OBIBAIOIIEH, CTPOUTENTBHOM M APYTHX OT-
pacisax mpomsiuienHoctd [1, 2]. Kak mpaswuio,
MIITOM HCIIONB3YIOTCS JOPOTOCTOSIIHE 3apyOesKHbIE
HaIUIaBOYHBIE MaTE€pHANIbI, KOTOPbIE HE BCErJa Co-
OTBETCTBYIOT NPEIBIBISEMbIM TPEeOOBaHUAM. OTO
00yCIJIOBIIMBAET aKTYaJIbHOCTh Pa3pabOTKH HOBBIX
HAIUIAaBOYHBIX MaTepHaJiOB, OOECTIEYMBAIOLINX OII-
TUMAJIbHBIE CTPYKTYpy M CBOWMCTBA 3aLUTHBIX IO-
KPBITUM B KOHKPETHBIX YCJIOBHAX 3KCIUTyaTaL|H.

YHUBepCcaTbHBIM CBapOYHBIM MaTEpHAJIOM  SIB-
JSIETCS! TIOPOIIKOBAsI MPOBOJIOKA, KOTOPasi IPUTOAHA
JUIl HaIUIaBKU CJIOEB C OCOOBIMM CBOMCTBaMHM, B
YaCTHOCTH [UTS 3alUTHl OT a0pa3MBHOTO W3HAIIW-
Banus [3 — 5]. B psnme wuccnenoBaHWit B 3TOM
HalpaBJIeHUH pa3pabaThIBAIOTCS HOBBIE COCTABBI
MTOPOIIKOBBIX IPOBOJIOK IS 3aLUTHI TIOBEPXHOCTH
TOPHO-IIaxXTHOTO 00opynoBanus [6 — 10].

Iempto HacTosiel paboThI SBIIAETCS HCCIE0Ba-
HHE CTPYKTYpPbl KPUCTALIM3ALMH U HEMETAIUTMUYECKUX
BKIJIIOYECHHH, & TaKKe M3YUCHHE PacrpesiesieHHs TBep-
JIOCTH TIO TITyOMHE TTOKpBITHIA crcTeMbl Fe — C — Si —
Mn — Cr — Ni — Mo — V, HaniaBjeHHBIX HOBOH IO-
POIIKOBOM IIPOBOJIOKON ATEKTPOYTOBBIM METOIOM.

MarepuaJibl 1 METO/bI UCCJIEIOBAHUS

DKCHEepUMEHTANbHBIC HCCICOBAHMS BKIFOYAIH
U3TOTOBJICHUE MOPOLIKOBOH IIPOBOJIIOKH, AaBTOMAaTH-
YeCKyl0 HAaIUIaBKy MOKPBITHHA 101 (irocoM, Mexa-
HUYECKYI0O 00paboTKy, MOJATOTOBKY 00Opa3loB st
HCCIEIOBAHHN.

CocTaB MOPOIIKOBOM MPOBOJIOKH IJIs1 HAIUIABKH
noaOupay, HCXons M3 HEoOXOTMMOCTH 3aIllUThI
MOBEPXHOCTH OT a0pa3uBHOTO W3HAIIMBaHWA. B
HacTosmIeH paboTe Ul 0OeCTeUCHHsT HOBBIIICHHS
Cpoka CiryObl aeTaiell (LIHEKa YrojJbHOTO KOM-
0aiiHa) TOPHO-IIAXTHOTO OOOPYAOBAHUS HCIOJIB30-
BaJIM CJIEAYIOLIMI HOBBIM COCTaB MOPOIIKOBOM IIpoO-
BOJIOKH U 3IEKTPOLYIOBBIX IOKPBITHH CUCTEMBI
Fe—C—-Si—Mn - Cr—Ni—-Mo-V:0,40 % C,
0,78 % Si, 1,04 % Mn, 1,61 % Cr, 0,49 % Ni, 0,51

% Mo, 0,65 % V, 0,001 % Co, 0,001 % W, 0,07 %
Cu, 0,059 % S, 0,02 % P (mo macce). Mcnomnb3oBa-
oM yriepoAadTopconepKanii MaTepyuall, U3roToB-
JICHHBIA W3 TEXHOTCHHBIX OTXOIOB (IBLIM Ta30-
OYMCTKH MPOU3BOJICTBA AJTFOMUHHA).

HamnaBky mmactus u3 cranu 0912C pazmepamu
200%150x10 MM TpOBOAMIM CBAapPOYHBIM TPAKTO-
pom ASAW-1250 B nBa ciost. Jlns HammaBky wc-
nonp3oBam Gumroc AH-26C. Jlns mpoBonoku aua-
METPOM 6 MM ITpHEMIIEMOE Ka4eCTBO HaIUIaBJIAEMO-
ro BaJIUKa C MUHUMAaJIbHBIM COAEP)KaHHEM ra30BbIX
TIOp TIOJIyYEHO NPH pexuMe: cuila Toka — 450 A,
Harnpspkenue — 30 B, ckopocTs cBapku — 10 M/MHH.

MzyueHre MUKpOCTPYKTYPHI HAIUTaBJICHHBIX IMO-
KPBITHI TIPOBOAMIIA Ha TIONIEPEYHBIX UTH(ax mocie
TIOJIMPOBKH 10 U TIOcIie TpaeieHus 4 %-bIM CIIMPTO-
BBIM PacTBOPOM a30THOM KHUCIIOTHI.

Pacnipenenenie XMMIYeCKOro COCTaBa IO AJIEMEH-
TaM CTPYKTYpbl U3yYaIM C TIOMOIIBIO CKaHUPYIOLIETro
anekTpoHHoro mMukpockona MIRA 3 LMH. Konunye-
CTBEHHBI aHAJIM3 XUMUYECKOTO COCTaBa BKITFOUE-
HUHA TPOBOJMIIM MO JIBYM CHEKTpaM B KaXIOM U3
JIBYX BBISIBIEHHBIX Pa3MEpPHBIX TUIIOB BKJIFOUEHHH.

MuxkpotsepaocTs o Bukkepcy HV non Harpyskou
49 H wm3mepsuin ¢ TIOMOLIBI0 MHKpPOTBEPIOMEPA
Qness 60 M EVO, ocHallieHHOTO 00beKTUBaMH IS
CTPYKTYpHOTO aHaiu3a. 3mMepeHus: mpoBOJIIN OT
TIOBEPXHOCTH IOKPHITUSI BINIyOb C HWHTEPBAJIOM
1,0 M. [TomyueHHbBIC 3HAYCHUSI TIEPEBOIMIN B AH-
aunps! HRC.

OO0cy:xienne pe3yIbTaToB

Ocobennocmu  cmpykmypvl — KpUCMALIUZAYUU.
[pn uccnenoBaHNM MHUKPOCTPYKTYpHI HAIUTaBJICH-
HOTO MeTajlla 00pa3IoB MOCIIe XUMUYECKOTO TPaB-
JICHHsI YCTaHOBJICHO, YTO OHA HMMEET JCHIPUTHOC
(cTombyaroe) CTpoeHHE, XapaKTepPHOE IS JIUTOTO
MeTaJlia, U TMPEICTaBIsIeT COO0H TPyOOUTOIbYATHIN
mapreHcur (puc. 1).

AHnanuz pazmepos u XuMuecko2o cocmaga K-
yenuti. I1py ncciiejoBaHNUY 3arpsi3HEHHOCTH HAILIAB-
JICHHBIX CJIOEB Ha HUIM(AX BbIABICHBI OJHOTUIIHBIC
BKJIFOUCHHST TJIOOYJSIDHOTO BHZIA TPEX Pa3MEpPHBIX
TPYIII CO cpeTHUMU pasMepamu 3 — 4, 12 u 27 MKM.
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Puc. 1. MukpocTpyKTypa HallIaBJIeHHOro ciios mpu ysemuaenuu 500 (a) u 100 (6)
Fig. 1. Microstructure of the deposited layer at magnification of 500 («) and 100 (6)

Merkie BKITIOUEHUS] HEMPABHILHOW TJIOOYIISPHOU
¢dopMmbl oboramieHb! cepoil M BKIIIOYAIOT MapraHell
(puc. 2). B cocraBe BKIIFOUEHHI BTOPOM TPYIIITHI 00-
Hapy>XeHbl KPEMHHUH, AITOMUHANA M MapraHell, BXO-
JISIIIHE, TIO-BUIMMOMY, B COCTaB OKCHJIOB.

KpynHble BKITIOUEHHS] HEOTHOPOIHBI MO COCTaBY
(puc. 3). OHu comepkar OONACTH C pasMepaMul Ji0
4 — 6 MKM, B cOCTaBe KOTOpBIX Kwciopona (42,7 %),
Maranid (12,6 %), amomunmii (39,5 %), mapramert
(4,0 %). B «ocHoBe» BKITIOUCHHH KHCT0pox (36,9 %),
drop (14,9 %), Harpwit (6,6 %), maramii (4,61 %),
amomuani (15,9 %), xpemuwmii (15,7 %), xambimii
(1,7 %), mapranen (2,8 %) (o macce). Takum oOpa-
30M, OCHOBHBIMH COCTABILIFOIIFIMHA KPYITHBIX BKITIOUE-
HUH SIBJISTFOTCS] OKCU/TBI AITFOMUHUS U KPEMHHUS.

Pacnpeodenenue muxpomeepoocmu no enyoune
nokpeimutl. Pe3ynbTaTsl OmnpeneneHus MUKPOTBEp-
JIOCTH HAIUTaBIIEHHOTO METaJlla TIOKa3aHbl Ha prC. 4
W TIPUBEJCHBI B Tabnwie. BuaHO, 9TO 710 TITyOHHBI
HPUMEPHO 3 MM MHKpOTBEpAOCTh gocturaet 500 HV,
a 3aTeM Pe3KO MaIAeT U A0 TITyOUHBI 9 MM IEpKUT-

10 mxm

cs Ha yposHe 300 HV, nocne vero eme pa3 nagaer
1o ypoeHs 160 HV. Takoe pacripeneneHne MUKpo-
TBEPAOCTU OTPAXKAET TO, YTO, C OJHOH CTOPOHBI,
HAIIaBKy MPOBOAWIM B J(Ba CJIOSA, & C JPYrod —
CMeEILMBaHKE HAIUIABOYHOIO MaTepHana ¢ MaTepua-
JIOM TTOJUIOXKKH.

BbIB0O1bI
MUKpPOCTPYKTYpa HAIUTaBJICHHOTO MeTaylia 00-

Pa3IoB MMeET JCHAPUTHOE (CTOI0UATOE) CTPOSHHE,
XapakTepHOE JUTS JIUTOTO METaslia, U MPECTaBIsSIeT
co0oi TpyOOHTrONBpYaTHIi MapTeHCUT. B mertame
HaIJIaBKH HCCIIEyeMbIX 00pa3IioB BBISBICHBI He-
METaJTYECKHE BKITFOUCHHUS TPEX Pa3sMEpHBIX TPy 3
— 4, 12 u 27 mMkM. OCHOBHBIMH COCTABIISIOIIMHU
BKITFOYCHUH B HATUIABICHHOM TOKPBITUH SIBIISFOTCS
OKCHIBI KpEMHUS, allfoMHUHNA, GTopa, HaTpHs, Mar-
HUST W Maprannma. MakcuMmanbHasi —TBEpAOCTh
HATJIABJIIEHHOTO TIOKPHITHS B CJIO€ TOJIIMHONW 3 MM
cocramia 501 HV (49,5 HRC).

Puc. 2. PEHTreHOCTIeKTPaIbHBIH MHKPOAHATN3 JIEMEHTHOTO COCTaBa HEMETAIUTTIECKUX BKITIOUCHHH HATUIABICHHOTO OKPBITHSL:
@ — JNEKTPOHHO-MUKPOCKOINIECKAH CHIMOK; 6 — KapTa PacIpeleeH s XUMITIECKIX 3IeMEHTOB, BXOJUIINX B COCTAB BKIIFOUCHHI
(KpacHBII — ’Kene30; CHHHI — MapTaHell;, CaJaTOBBI — cepa; OPAHKeBBIH — AITFOMIHHIA; 3eJICHBIN — KpeMHIT)

Fig. 2. X-ray spectral microanalysis of the elemental composition of nonmetallic inclusions of the deposited coating:

a — electron microscopic image; 6 — distribution map of the chemical elements included in the inclusions (red — iron; blue — manga-
nese; light green — sulfur; orange — aluminum; green — silicon)
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JUISl HAIUTaBKY JeTalied TOPHOIIaXTHOTO 000py-
noBanus // HaykoeMkre TeXHOJIOTHH pa3paboT-

KA U HCIIOJIb30BaHHWS MUHEPAIBHBIX PECYPCOB.
2017. Ne 3. C. 131-135.

Puc. 4. Pactipenenenne MUKPOTBEPIOCTH 10 TTyOUHE MOIU(DULIPOBAHHOTO TIOBEPXHOCTHOTO CIIOS
Fig. 4. Microhardness distribution over the depth of modified surface layer
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Pacnpenesiennie MEUKpPOTBEPIOCTH MO IIyOHHE X MOTU(PUIMPOBAHHOTO CJIOS
Microhardness distribution over the depth x of the modified layer

X, MM 0,5 1,5 2,6 3,6 4,7 5,7

6,7 7,8 8,8 9.9 10,9 | 12,0 | 13,0

HV 501 478 523 287 296 300 296 302 310 164 160 159 162
HRC 49,5 47,5 50,5 32,0 34,0 34,0 34,0 34,0 35,0
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