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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases.
The inclusion of News of NAS RK. Series of geology and technical sciences in the
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of geology and engineering sciences to our community.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmsa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28
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V. Padar!, S. Kuzembayev*', V. Berezyuk!, M. Sikhimbayev,
B. Absadykov*

'Siberian Federal University, Krasnoyarsk, Russia;

Sh. Ualikhanov Kokshetau State University, Kokshetau, Kazakhstan;
’Karaganda University of Kazpotrebsoyuz, Karaganda, Kazakhstan;
*A.B. Bekturov Institute of Chemical Sciences, Almaty, Kazakhstan.

E-mail: smurat@yandex.ru

RECOVERY AND HARDENING OF WORN PARTS FROM STEEL
25L FOR GRINDING EQUIPMENT

Abstract. The main fuel of thermal power plants is pulverized coal. Grinding
of coal is carried out by hammer crushers, the working bodies of which are
beaters made of steel 110I'13J1. They fail prematurely mainly due to wear from
impact-abrasive action. Increasing the service life of beaters is becoming an
urgent task.

The paper analyzes the methods of electroslag surfacing and equipment used
to restore worn parts. The technological capabilities of the electroslag surfacing
of the bits have been investigated.

The technology of restoration and hardening of worn bits by automatic
electroslag surfacing with wear-resistant carbon alloys has been developed. It
is shown the expediency of conducting the process by non-consumable lamellar
electrode with powder filler material feeding. The cladding material, resistant in
the conditions of shock-abrasive wear, was chosen.

To restore and harden the worn bits of coal grinding mills a special installation
was developed that allows the slag bath to be applied by a non-consumable
electrode, and the electroslag surfacing process by a fusing electrode. High
durability of clad bits was noted.

Electro-slag metal is characterized by extremely high density and homogeneity,
absence of any defects of shrinkage and liquation origin. It is practically as good
as the forged one and considerably exceeds the cast one. The expediency of
conducting the process by a non-consumable plate electrode with the supply of
powdery filler material is shown.
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Key words: Beads, electroslag surfacing, electrode, hardening, arc discharge,
slag bath, filler material.

B. ITagap!, C. Ky3emo6aen?, B. bepesiok', M. Cuxumobaes?’,
b. A6caabikos*

'Ci6ip denepannnl yauepcureti, KpacHosipek, Peceit;

. YonuxaHoB ateinaarbl Kekmreray yausepcureTi, Kekmeray, Kasakcran;
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E-mail: smurat@yandex.ru

YHTAKTAY KABJIbIFBIHA APHAJIFAH 25J1 BOJIATTAH TO3FAH
BOJIHIEKTEPII KAJIIIBIHA KEJITIPY KOHE BEPIKTEHIIPY

AnunoTtanus. Xeuty anextp craniusnapbiabiy 70%-1aH acTaMbl YHTaKTaJIFaH
Tac KOMIpJi KaFy apKbUIbl KyYMbIC icTelai. Kemip yHTaKTayabl KYMBIC
oprarnaps! 110I'13J1 6onarTan xacanrad ypreimrap (OuI0) O0JbIT TaObUIATHIH
OanFanbl ycakrarbluTap kysere acbipaiasl. Omap ere Te3 To3bin (300...350
carar apacbIH/a) icTeH 1bFaapl. Con OelmeKTepiHiH Mep3IMiHEH OYpbIH iICTEH
IIBIFYBl HET131HEH ONapiblH COKKBI-a0pa3HBTI 9CEpiHEH TO3ybIHA OaillaHBICTHI
Oonaapl. YPFBILTAPABIH KbI3MET €Ty MEp3IMiH apTThIPy ©3€KTI MIHACTKE
aifHamyna. bacrankel enmeMaepai KajdmblHA KENTIpy KOHE XKYMBIC OeiriHig
TO3yFa TO3IMJIUIITIH apTTRIPYy KaKeT. bipak KanmblHa KENTIpYyAiH TEXHOIOTHUSITBIK
mporeci yproimTap OeTiHiH OIpKeIKi eMec TO3ybIMEH KHBIHIal bl KYMBICTBIH
MakcaTbl KeMip JuipMEHAEpl YPFHILTAPbIHBIH KYMBIC O6JIriH KaIlblHa
KENTIPY TEXHOJOTUSCHIH Jkacay. KammpiHa KenTipy ofici omeOuerTepal moiry
KOHE TIATEHTTIK 13716y HETi3iHAe aHbIKTanaabl. To3raH OeIIIeKTep i KalllbiHA
KENTIPYIiH )KOHE KaTaUTyIbIH €H THIMJI 9/TIC1 3JICKTPOJI METAJIBIH CYHBIK KOKOSH
OHJICY )KOHE OOJIIIIEKT] YCTEMENIey Ke31H1e METa Bl H KPUCTAIIJaHY bl HOTHKE CiH 1e
OHIMJILTIIT1 JKOFaphl, MIOTUITeH METAJJBIH KOFaphl camachbiHa e 3JEKTP KOKOeH
yctemeney Oosbin TaObutafbl. On TO3FaH OeJlIeKTepal KaillTaian KarailTyra
MYMKIHIIK Oepeni. by )kymbicTa To3yFa Te3iMA1l KOMIpTEKTI KOpBITIATapMEH
ABTOMATTHI AJICKTP KOKOEH ycTeMesey ofici 931pJieH Il. OMICTI Ky3ere achipy
YIIiH KO’K BAHHACBIH TYTHIHBUIMANTBIH AJIEKTPO/INICH WHAYKIHUSIIAyFa MYMKIH]TIK
OepeTiH apHaibl KOHABIPFBI 931pJICH I, all AEKTP KOXKOCH ycTeMeney Mmporieci —
TYTBIHBUIATBIH 3JIEKTPOA. Y CTEMEJIEHICH YPFBIITAP/AbIH TO3IMJILIIIT KOFapBhI.
[lerinreH MeTaNIbIH OTE XKOFaphl THIFBI3ABIFBI MEH OipKeNKiNiri 6ap, mery MeH
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JMKBalMs aKayiapsl koK. Camackl OOMBIHINA IEKTP KOXKIbl METAJT COFBUIFaH
MeTaJFa YKCalibl ’KoHEe KYMbUIFaH METallaH alTapJIbIKTal KOFaphl.

Tyiiin ce3nep: ypreim (0MI10), SIEKTPKOKIBI YCTEMENEY, 3IEKTPo, Oepik-
TEH1PY, TOJIBIKTBIPFBIII MaTepHall.

B. ITapap!, C. Ky3em6aen?, B. bepesiok', M. Cuxumobaes’, b. AdcaabikoB*

'Cubupckuii henepanbublii yausepcutet, Kpacuosipck, Poccus;
*Kokmrerayckuit yauepcuret uM. 111, Yanuxanosa, Kokimeray, Kazaxcran;
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‘MHCTUTYT XMMUYECKUX Hayk uMeHu A.b. Bekryposa, Anmarsl, Kazaxcras.

E-mail: smurat@yandex.ru

BOCCTAHOBJIEHUE U YIIPOYHEHUE N3HOIEHHBIX JETAJIEHN
N3 CTAJIM 25J1 AJIA MEJIOIIETI'O OBOPY/IOBAHUSA

AnHoTanusi. OCHOBHBIM TOIUIMBOM TETIOBBIX AIIEKTPOCTAHIIMNA SIBIISETCS
W3MEJBYCHHBIA TBIJIEBUIHBIA KaMEHHBIA yToyib. Pa3Mon ymis Mmpou3BOIUTCS
MOJIOTKOBBIMHU JIPOOHIIKaMH, pa0OYMMHU OpraHaMu KOTOPBIX SIBJISIIOTCA Onia u3
cramu 110I'13J1. Cpok cimyx0b1 6un B cpeaHem coctanisier Bcero 300...350
gacoB. [IpexneBpeMEHHBIN BBIXOJ M3 CTPOs JAeTajei yriepa3MOIbHOTO
000pyIOBaHUs MPOUCXOINT, ITIaBHBIM 00pa3oM, M3-3a UX HM3HOCA OT yAAapHO-
abpa3zuBHOro Bo3zelcTBUA. [loBbilIeHHE cpoka ciyKObl Ol CTaHOBUTCA
aKTyanbHOW 3amaueil. HeoOXomnMo BOCCTaHOBUTH MEPBOHAYATBHBIE Pa3MEphI
Y TIOBBICHTHh M3HOCOCTOMKOCTB pabouei yactu. Ho TexHomornueckuit mporece
BOCCTAHOBIICHHUSI OCJIOXKHSIETCS HEPaBHOMEPHOCTBIO M3HOCA MOBEPXHOCTHU
owr. Ilear paboTel — pa3paboTKa TEXHOJOTHMH BOCCTAaHOBIICHHS padoueit
gacTu OWJI yriiepa3sMOJIbHBIX MENBHUI. MeToll BOCCTAaHOBJICHHUS OIIPEesieH Ha
OCHOBE 0030pa JIUTEpaTyphl U MaTeHTHOTo noucka. Hambonee apdexTuBHBIM
CIIOCOOOM BOCCTAHOBJICHHSI M YIPOYHEHHUS HW3HOIICHHBIX JIeTANICH SIBIISCTCS
AIIEKTPOILIAKOBAs HAIUIaBKa, WMEIOMIAasi BBICOKYIO IMPOU3BOAUTEIHLHOCTh H
oOecreunBaroIias BBICOKOE KaueCTBO HaIUIaBlieHHOro meramuia. OHa Takke
MO3BOJISIET TTOBTOPHBIE YIIPOYHEHHsI M3HOMIEHHBIX AeTaneil. B manHOU pabote
MPOaHATU3UPOBAHBl METOBI 3JEKTPOILIAKOBOM HAIJIaBKM M 00OpyHOBaHUE,
WCTIONBb3yeMOe I BOCCTAHOBJICHHMS W3HOIIEHHBIX Jneraneil. MccmemoBaHbl
TEXHOJIOTUYECKHE BO3MOXXHOCTH DJIEKTPOIIJIAKOBOM HAIUIABKU TMOBEPXHOCTH
n3Hoca. [Ipenmer uccnenoanus — O6una u3 cranum 25J1. [{st BoccTaHOBICHUS U
YIPOYHEHUS] U3HOMICHHBIX OWJI YITIEpa3MOIbHBIX MENIBHUIL pa3paboTaH crnocoo
AIIEKTPOIIAKOBOM HAIUIAaBKU HMX TOPLEBON TOPU3OHTAIBHOM MOBEPXHOCTU C
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MOTIEPEYHBIMH KOJIEOaHUSMU HEIUIaBAIIETOCs rpaUTOBOTO 3JEKTPoia M oAaden
MIOPOLIKOBOTO MPHUCA0YHOI0 MaTepHaa, He 001aatoIero (peppoMarHuTHBIMU
CBOWCTBaMHM, Ha MOBEPXHOCTH IIIJJAKOBOW BaHHBI 1O 00€ CTOPOHBI AIEKTPOJA.
Jlns peanu3zanuu criocoda pa3paboTaHa crielaibHasi yCTaHOBKA, MO3BOJISIFOILAS
IMPOU3BOANUTL HABCACHUC [IJTAKOBOW BaHHBI HCIIaBAIIMMCS JJICKTPOAOM, a
IIPOLIECC IEKTPOLIIAKOBON HAIJIABKU — IUIABALIUMCS MEKTpoIoM. CTONKOCTb
HaIIaBJIEHHBIX OMJI BbICOKasl. HaraBiieHHBIH MeTalll UMEET UCKIIIOYUTEILHO
BBICOKYIO IIJIOTHOCTBb U OTHOPOAHOCTD, I[G(I)CKTBI yCaa04HOro U JIMKBAITMOHHOTO
IIPOUCXOKACHHUST OTCYTCTBYIOT. II0 KadecTBy dJIEKTPOIIIAKOBBIA METAJLI
MIPAKTUYECKHU HE YCTYIaeT KOBAHOMY U IPEBOCXOAUT JINTOM METaILIL.

KuroueBsble ciioBa: 01iia, 3IEKTPOLUIAKOBAs HAIUIABKA, AIEKTPOJ, YIIPOUHE-
HUE, IPUCAZA0YHBIA MaTepHall.

Introduction. One of the serious technical problems of the present time is
increase of reliability and durability of machines. More than 70% of thermal
power plants operate on hard coal, which is burned in furnaces of boilers in a
pulverized state. Grinding is carried out by hammer crushers, the working bodies
of which are beats. These parts are made of J91109 (ASTM) steel, and their
average service life is 300...350 hours.

One of the main reasons of premature failure of parts of the coal milling
equipment is their wear due to shock and abrasion.

Consequently, increasing the service life of the rolls is an urgent task. In
this regard, and there is a need for their strengthening (Kuskov et al., 2001). At
restoration of rollers it is expedient not only to provide the original dimensions,
but also to increase wear resistance of the working part. One of the rational ways
to increase the service life of such parts is cladding their working surfaces with
wear-resistant materials. However, due to the unevenness of the beaded surface
wear, the technological process of restoration is difficult.

Research Material and methods. The aim of the presented work is to develop
the technology of restoring the working part of the coal mill rollers. Carbon mill
bits made of C1025, C1035,J91109 .(110G13L) steels are subjected to the most
intensive wear (Fig.1).

The service life of the new cast U-shaped mill bits made of 25L steel, applied
in mills of MMT-1500 type, is 600...800 hours. The working part of the mill bits
made of 25L steel wear out for 600 hours of operation at the average by 80 %,
which corresponds to the reduction of their mass by 3...4 kg (Figures 1 and 2).
The service life of new cast U-shaped bits made of 25L steel with 8...10 mm
thick hardfacing on the impact face by flux-cored wire PP-An125 or flux-cored
tape PP-AN 101 is 1000 ... 2000 hours. The character of the worn surface is
represented in the form of extruded and cut scratches.
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Figure 1. Cast D-shaped beater Figure 2. U-shaped beams of HEC
(a— new bit; b — restored beater; ¢ — worn
beater)

In spite of the fact that the main impact energy is perceived by the bit surface
B (Fig. 3), the surface A wears 5...7 times faster due to intensive abrasion. Wear
of the blades occurs in several stages (Fig. 3, b). In the course of wear the shape
of rounding of bit surface changes (stages 1, 2...5, Fig. 3, b). In particular, the
degree of wear of coal grinding mills’ jars is significantly affected by the rock
content in hard coal and the temperature mode of their operation. Thus, when
grinding the coal mass, the gas with the temperature of 400 ... 500°C is supplied
in the crushing zone, and it results in heating the working surfaces of the mill
parts up to 200 ... 300°C and in their intensive wear. There are no data on the
temperature mode of the beater in the literature. It can be assumed that the
temperature in the crushing zone is significantly higher. At the same time the
destruction and abrasion of materials leads to additional heating of parts. To
increase the service life of the parts of crushing and grinding equipment and, in
particular, of the mill rollers, cladding them with wear-resistant alloys has been
widely used (Shimanovsky et al., 2018, Popov V.S., 2006, Paton B.E. 1980). The
effectiveness of this method is due primarily to the fact that the wear-resistant
material hardens only the working surfaces of parts, while the bulk of the part
can be made of cheap structural steel. After the working surface is worn, the part
can be hardened again by surfacing.
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Figure 3. Wear pattern of coal mill rollers

Arc surfacing methods are usually used for hardening working surfaces of
new cast bits or bits subjected to wear to a depth not exceeding 5...10 mm,
whereas the latter is reasonable to use for applying layers of great thickness.

New bit blanks are cast from steel C1025 with a recess for surfacing of wear-
resistant layer. The surfaced surfaces are cleaned from scale, burnt-in and other
impurities. Welding is carried out in a special turning device equipped with
three water-cooled casings arranged radially at an angle of 120°. The surfacing
process is carried out at the first position, the second position is used for metal
crystallization and cooling of the surfaced bit, and the third position is used for
removal of the surfaced beaters. When installing a workpiece for surfacing, the
gaps between the workpiece and the walls of the casting should be filled with
asbestos. Oscillating movements of the electrode are combined with stopping
in extreme positions for the time required to move the electrode by one step.
Limitation of the surfacing length is carried out by means of limit switches and
stops.

The duration of the surfacing process is set by the program which includes
the surfacing process. Rate of current is 900 ... 1000 A, voltage is 30 ... 32V, the
oscillation speed is 45 ... 50 m/h, the unit travel speed is 50 ... 60 m/h, deposition
rate is 12 ... 14 mm.

Overlay welding is carried out with powder tape PL-AN101 (2.3-3.1% C;
22.0-28.0% Cr; 1.3-3.6% Ni; 2.5-5.0% Si; 0.5-2.5% Mn; no more 0.04% S; no
more 0.04% P; rest of the iron) at direct current of reversed polarity. Facing time
of a bead is 3 minutes, during this time 1.5 kg of alloy 300Cr25C3Ni3Mn are
hardfaced. The capacity of one plant is 80 ... 100 beads per shift. Hardfacing
with a flux-cored tape allows using welding current of up to 1500 A without
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worsening of the hardfacing process and formation of the deposited layer. At the
same time the productivity of the process increases by 25...40%.

Taking into account simplicity and reliability of the surfacing process and
operating experience of the A-1004 M cladding unit at the E.O. Paton IES, the
U-877 cladding unit was designed, which enables surfacing of 150...160 bits per
shift [1]. The durability of small bits weighing up to 10 kg clad with PL-AN101
1s 800...1000 hours which is 1.5...1.7 times longer than durability of the bits clad
with flux-cored wire. Durability of large rollers weighing up to 18 kg cladded
with flux cored wire PL-AN101 is about 2000 working hours.

The most effective way to restore and harden worn parts is electroslag
surfacing, which has high productivity, high quality of the deposited metal due
to treatment of electrode metal with liquid slag and metal crystallization as the
part is surfacing (Medovar et al., 1963, 1982, Paton, 1981, Ivochkin et al., 1974,
Zaitsev et al., 1976, Yuzvenko et al., 1972, Zorin, 2008).

Since the wear of the rollers of coal mills reaches a significant value - 50...70
mm - in this case it is most expedient, especially for the restoration of worn parts,
to use electroslag surfacing (Melnikov et al., 1974, Glebov, 1938, Popov, 1973).

A large range of alloys alloyed with carbon, chromium, nickel, boron, etc. is
used for surfacing parts subjected to abrasion and shock-abrasion. (Fateev, 1973,
Zorin et al., 2029, Artemiev et al., 2009, Luzin, 1968).

The electroslag method allows to obtain the most advantageous form of the
working surface by changing the shape of the crystallizer, i.e. to achieve an
increase in the wear resistance of the rolls by improving their structural forms.

Electroslag welding and surfacing installations containing, in addition to the
fusing electrode, an additional non-fusing electrode are of considerable interest.
The installation provides the technology of electroslag surfacing on the side
surface of the part, which requires certain technological methods to maintain a
given depth of penetration of the base metal on the height of the surfacing.

To restore and harden the worn bits of coal grinding mills a special installation
has been developed that allows the slag bath to be applied by a non-consumable
electrode, and the electroslag surfacing process - by a fusing electrode. High
durability of the cladding bits was noted (Dudko et al., 1965, Padar, 1985).

Electro-slag metal is characterized by extremely high density and homogeneity,
absence of any defects of shrinkage and liquation origin. It is practically as
good as forged metal and is considerably superior to cast metal (Medova et al.,
1982, Paton et al., 1981, Ivochkin et al., 1980, 1971, Rakitin, 1978). In addition,
electroslag surfacing is characterized by low cooling rates, which allows the
surfacing of wear-resistant alloys, prone to the formation of hot and cold cracks
in arc surfacing, of any layer height without formation of defects in the form of
cracks.
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As a result of the analysis of existing methods of electroslag welding and
cladding (Medova et al., 1982, Ivochkin et al., 1974, Ermantraut et al., 1978,
Mikheev et al., 1984, Padar et al., 1981) and the conducted experimental research
on the technology of cladding carbon mill bits the method of electroslag cladding
was developed (Medovaetal., 1982). Electro-slag surfacing on the face horizontal
surface of the rollers with transverse oscillations of a non-consumable graphite
electrode and powder additive material without ferromagnetic properties on the
slag bath surface on both sides of the electrode was adopted. The developed
method allows to exclude accumulation of powdered filler material on the slag
bath surface between the mold walls and the electrode moving to them, excludes
excitation of arc discharge and shorting of welding circuit between them and,
consequently, increases service life of the molds, reliability and safety of the
process. Schemes of the electroslag surfacing process according to the developed
method are shown in Figure 4, a, b.

In the melting space formed by the walls of water-cooled forming crystallizers
1 and part 2, a slag bath 3 of size S is induced by a known method, for example,
with a non-consumable electrode.

The non-consumable electrode 4 is lowered, shorted to the part 2, and an arc
discharge is excited. The electrode is communicated by reciprocating motion
along the surfacing with specified frequency and amplitude. Flux is supplied
to the surfacing on both sides of the electrode in equal streams. Dosing device
spigots are fixed on the electrode holder and move together with the electrode.
When the electrode approaches the wall of the mold at a distance “a”, feeding
of flux into this area stops and increases its feeding from the opposite side of the
electrode, which continues its movement, and when the electrode approaches
the wall of the mold at a distance “c”, the electrode stops and begins to move
in the opposite direction. When the electrode moves away from the wall of the
mold at a distance “a”, the flux is again fed in equal streams to both sides of
the electrode. Thus, formation of non-electrically conductive interlayers of
solidified slag, in the areas adjacent to water-cooled crystallizers is excluded.
But there is an increased heat dissipation, especially since in the initial period
of the heating process the thermal power reserve is small. Accumulation of non-
electrically conductive interlayers of solidified slag does not allow for heating
and melting of the peripheral parts of the part surface by the heat of the arc of the
non-consumable electrode, reduces the quality and reliability of the fusion zone
of the base metal with the clad metal. Further accumulation of slag layers leads
to electrode fracture and termination of the process, which requires disassembly
of crystallizers and cleaning the part from slag.
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1 - mold; 2 - billet beater; 3 - slag bath; 4 - non-fusing electrode; 5 - metal bath; 6 - slag crust;
S powder filler material

Figure 4 - Schematic diagram of the electroslag surfacing process

The heat of the non-consumable electrode arc heats, melts and smoothes
the surface of the part to be clad, and melts the flux. As the flux melts, the arc
process changes to an electroslag process and a slag bath is initiated. The slag
bath process takes place.

After setting the slag bath required volume on the surface of the slag bath
on both sides of the electrode 4 are fed powdered filler material and flux, in the
amount required to compensate for slag consumption for the formation of a skull
6. In this case the electrode 4 is reported reciprocating movement with a given
amplitude and frequency.

Particles of powder material, immersed in a slag bath, are heated and melted,
forming a metal bath 5. Flux, getting on the surface of the slag bath, is heated and
melted, replenishing its volume.

Result and discussion. Getting on the surface of the slag bath with speed V1
= V2, the powder material sinks in the slag bath not instantly, but stays on its
surface for some time and moves ahead of the electrode in the direction of its
movement. On the opposite side of the electrode the powder material remains
on the surface of the slag bath. The lower layers of the powder particles which
are in direct contact with the slag bath get heated and sink in it. New portions
of powder with the speed V1 = V2 are supplied to the areas of the slag bath
which are adjacent to the electrode on both sides and therefore connected to the
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movement of the electrode. Therefore, always in front of the moving electrode
on the surface of the slag bath there is a hill of powder material, and from the
opposite side of the electrode a plume of powder is drawn on the surface of the
slag bath. As the electrode approaches the wall of the mold at the distance “a”,
the feeding of new portions of powder material into this area is stopped and its
feeding from the opposite side of the electrode is increased, which continues to
move to the wall of the mold. The pile of powder material in front of the electrode
gradually heats up and sinks in the slag, cleaning the surface of the slag bath
between the electrode and the wall of the mold. This eliminates the accumulation
of metal powder in this area, eliminating the shorting of the welding circuit
between the electrode and the mold. In addition, all the filler material enters the
slag bath, since when the electrode approaches the mold wall at a distance of
about 10...20 mm, the filler material is not fed into this zone, but is fed from the
opposite side of the electrode. This makes it possible to reduce its losses. When
the electrode approaches the wall of the mold at a distance “c”, the electrode is
stopped and moved in the opposite direction. When the electrode moves away
from the wall of the crystallizer to the distance “a”, the powder material is fed on
both sides of it with the speed V1 = V2. Then the cycle repeats. The distance “c”
is chosen as minimum and is determined by the absence of arc charge between
the electrode and the crystallizer through the liquid slag. At normal accuracy
of electrode fabrication and crystallizer assembly this distance is about 10...12
mm. Theoretical calculation of the distance “a” is connected with the holding
time of the powder material particles on the slag bath surface and presents some
difficulties connected with temperature, heat capacity, thermal conductivity,
density and viscosity of slag, convective flows in a slag bath, granulation and
density of powder material, surface tension on the slag-metal interface, formation
of garnish on powder particles. However, in each specific case, the distance “a”
can be easily determined experimentally.

Conclusions. In the work:

- The character of wear and possibilities of hardening of coal grinding mill
rolls by means of automatic electroslag surfacing have been determined;

- The analysis of electroslag surfacing methods and equipment used for
restoration of worn parts has been made;

- Technological advantages of the electroslag surfacing of the rollers were
studied;

- The technology for restoration and hardening of the worn bits by automatic
electroslag surfacing with wear-resistant carbon alloys is developed;

- Expediency of conducting the process by non-consumable lamellar electrode
with powder filler material feeding is shown.
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