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Pesiome

Uenbto pabombl s8n1d510ch uccnedogaHue 6rUSHUS 2PaHy/ToMempu4yecko20 cocmasa 3reKmpo3pO3UOHHbIX
K0barbmoxpoMo8biX MOPOWKO8 Ha hU3UKO-MexaHuU4YecKue ceolicmea addumugHbix u3desnud.

MemoOdbi. [Jns ebinonHeHUs: HameYyeHHbIX uccredosaruli bbinu 8bibpaHbl omxo0bl K0basibmoxpoMoeo20 criyiaea
mapku KXMC «UEJITINT». B kayecmse pabouel xudkocmu — crupm 6ymurnossit. [ns nonydeHus kobanibmo-
XPOMOBbIX MOPOWKOBLIX Mamepuasos 3/eKmMpO3PO3UOHHbIM uCepaupo8aHueM Mofb308anuchb ycmaHosKol Ons
38/] mokonposodswux mamepuanos. Jucrnepaupyembili Mamepuar 3acbinanu 8 3KCukamop, 3arosiHeHHbIU 6ymu-
J108bIM CIUPMOM, KOMOPbILU UCM0b3yemcsi 8 kadecmeae pabouel xudkocmu 0nsi ducriepauposaHusi. Bymuroesit
crniupm CsHoOH — npedcmasumens 0OHOAmMOMHbIX criupmos. dmo becuygsemHasi HEMHO20 8513Kasi XUOKOCMb, He
umerwass ysema U CO CBOUCMBEHHbIM CcusywHOMY Macry 3anaxoM. CMmewusaemcsi C Op2aHUYeCcKuUMU
pacmeopumensamu. BymaHon ucronb3yom 8 Kadyecmee pacmeopumerisi 8 JTaKOKpPaco4YHOU MpOoMbIWIeHHOCMU, rpu
U320mMo8IeHUU CMOJT U riiacmughukamopos, a makxe 80 MHoaux Opyaux ompacssx. [ns nony4yeHusi 3KCrnepuMmeH-
marbHbIx 06pa3yos addumueHbix u3desnull UCMob308anack ycmaHoska Ol MOC/I0UHO20 HaHeCEeHUsT MOPOWKO8bIX
mMamepuasnos nna3mol. [paHynomempuyeckuli cocmag roJly4eHHbIX [OPOWKOo8 asmopbl uccredosanu o
memoOuke ducriepauposaHusi 8 Xudkocmu c ynbmpa3sgykoM. Memoduka uccnedosaHusi (®P 1.27.2009.06762
«MemoOduka ebinonHeHuUs1 usmMepeHul pa3mepa Yacmuuy 8 CyCrieH3usiX, 3My/IbCUSIX U aspo30/isiX 8 HAHOMEMpPO8OM U
KomnnoudHom duarna3oHax C Ucrosib3o8aHuem sghghekma QuHaMU4YeCKo20 paccesiHUsi ceeman).

Pe3ynbmamsl. 3OKcriepumeHmarnbHO yCMAaHOB/IEHO, YMO yCrosusi rofiydeHusi U OucrnepcHOCMb OPOWKO8
onpedensaom ux nosedeHue npu crekaHuu. C ysenudeHuem OUCNepCcHOCMU MOPOWKa MPOYECC CrieKaHusi yCKops-
emcs u npomekaem bosiee akKmugHO, a MexaHU4YecKue ceolicmea MosyYeHHbIX u3oenull rnpu 3moM ro8biuarmcs.
UHmeHcugbukayuu criekaHusi nopowka crocobecmayrom okcudbl, codepxxaujuecsi 8 60/1bWOM KOIUYecmee 8 MesiKux
ropowkax U eoccmaxaesnuearowyuecst npu Ux Hagpeee rnpu criekaHuu. [ybuyamasi memarnnudeckasi o8epxHocms,
obpasyrujasicsi nocre ucHesHog8eHusi okcuda, OKasbigaemcsi boriee akmueHoU, YeM M08epPXHOCMb U3Ha4YasbHO
ceo0bodHass om oKcuOHolU nneHku. C yeenudeHuem oOucriepcHocmu U ydenbHOU [108epxXHOCMU ropowka eao
npornnasneHue ysenu4yueaemcs, rnopucmocms yMeHbWaemcs, a Mukpomeepdocmb Mpu 3MOM y8esiu4yusaemcs.
Hanu4ue yacmuy nopowka pasHbix ¢hpakyull yeenuyusaem niomHocms €20 ycadku 3a cHem 3arofiHeHusi 8naduH u
MUKPOIIOPp Ha cmbIKax KpynHbIX Yacmuy, 4mo & OasibHelieM rpueodum K CHUXEHUI WEepOoX08amocmu Crie4YeHHbIX
u3denuli u nosbiweHuUo npedena MPOYHOCMU Mpu cxamuu u usaube.
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3aknroyeHue. [lpogedeHHble uccnedosaHuUsi 0380/75M 6bI8UMb C853b Mex0y mexHosoauel oyqYeHust
3/1eKMPO3PO3UOHHbIX KOBarbmoxXpoMO8biX MOPOWKO8 U @OU3IUKO-MexaHUYeCcKUMU ceolicmeamu (nopucmocme,
Mukpomeepdocmb, npedesi NpoYHOCMU Ha Cxamue U u32ub, wepoxog8amocmb MO8EPXHOCMHO20 criosi u 0p.)
aKcriepuMeHmarbHbiX 006pa3yos, a makxe ynpasnsme [poueccoM ¢hopMuUpos8aHuUsi CmMpyKmypbl U ceolicme
u3denud, Nony4YeHHbIX Mo ad0UMUBHbLIM MEXHOI02USIM.

Knroyeeble crioga: kobanbmoxpomossbili crinnag; omxo0bl; 3/1€KMPO3PO3UOHHOE JducrepauposaHue; MOPOLOK;
addumueHble u30enusi; pu3UKO-MexaHU4YecKue ceolicmeaa.

BbnazodapHocmu: Paboma ebinosiHeHa npu c¢huHaHcosol noddepxke Pocculicko2o Hay4Ho20 ¢poHOa. Homep
npoekma 17-79-20336.

KoHghnnukm unmepecoe: Asmopbi Oeknapupyrom omcymcmeue sI8HbIX U NMOMmMeHUUanbHbIX KOHGIIUKMO8 UHmepe-
€08, c8513aHHbIX C Mybrnukayuel Hacmoswel cmambu.
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Abstract

Purpose of research. The purpose of this work is to study the influence of the granulometric composition of electro-
spark cobalt-chromium poweders on the physico-mechanical properties of additive products.

Methods. Wastes of cobalt-chromium alloy “CELLIT" was chosen for this research. Butyl alcohol was chosen as a
working fluid. To obtain cobalt-chromium powder materials by electrospark dispersion, a unit for ESD of conductive
materials was used. The dispersed material was charged into a desiccator filled with butyl alcohol used as a working
fluid for dispersion. Butyl alcohol C4HgOH belongs to monatomic alcohols. It is a colorless slightly viscous liquid with a
peculiar smell of fusel oil, miscible with organic solvents. Butanol is used as a solvent in the paints and coatings in-
dustry, in the manufacture of resins and plasticizers, and in many other industries. To obtain experimental samples of
additive products, the unit for lamination of powder materials by plasma was used. The authors studied the granulo-
metric composition of the obtained powders by the method of ultrasonic dispersion in a liquid. The research method-
ology is FR 1.27.2009.06762 "Technique of particle size measurements in suspensions, emulsions and aerosols in
nanometer and colloidal ranges with the use of dynamic light scattering effect".

Results. Experiments proved that the conditions of production and dispersion of powders determine their behavior
during sintering. With the increase of the dispersion of the powder, sintering process accelerates and proceeds more
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actively, and the mechanical properties of the resulting products improve. Intensification of powder sintering is facili-
tated by oxides contained in large quantities in fine powders and reduced when heated during their sintering. The
sponge metal surface, formed after the disappearance of the oxide, is more active than the surface, which is initially
free from the oxide film. With the increase of dispersion and specific surface area of the powder, its penetration in-
creases, the porosity decreases, and the microhardness increases. The presence of powder particles of different
fractions increases the density of its shrinkage by filling cavities and micropores at the joints of large particles, which
further leads to the decrease of the roughness of sintered products and the increase of the ultimate compressive and
bending strength.

Conclusion. The conducted research reveals the relationship between the technology of electrospark cobalt-
chromium powders production and physico-mechanical properties (porosity, microhardness, ultimate compressive strength,
ultimate bendingl strength, roughness of the surface layer, etc.) of the experimental samples, and also allows controlling the
process of the formation of structure and properties of products obtained by additive technologies.

Keywords: cobalt-chromium alloy; wastes, electrospark dispersing; powder; additive products; physical and mechan-
ical properties.

Acknowledgements: The work was supported by the Russian science Foundation. Project number 17-79-20336.

Conflict of interest. The Authors declare the absence of obvious and potential conflicts of interest related to the
publication of this article.

For citation: Ageev E. V., Altuhov A. Y., Novikov A. N. Study of the Influence of the Granulometric Composition of
Electrospark Cobalt-Chromium Powders on the Physical and Mechanical Properties of Additive Products. Izvestiya
Yugo-Zapadnogo gosudarstvennogo universiteta = Proceedings of the Southwest State University. 2019, 23(4): 57-
71 (In Russ.). https://doi.org/ 10.21869/2223-1560-2019-23-4-57-71.

Received 30.05.2019

Accepted 01.07.2019

*kk

B Hacrosimee Bpemsi 0coObIi HHTEpEC

BBepgeHune
BBI3BIBACT TEXHOJOTUSA MOJYUYECHHS YaCTHI]

Tpexmeprnass wnu oOBEeMHasi TEYaTh cheprueckoil GOpMBI C 3aJaHHBIM pac-
HOTy"HJIa PACIpOCTPAaHEHHUE B IIPOILIOM npeneiaeHueM 1o ¢GpakuusM. ITO TEXHO-
Beke. IlepByro KOMMEPHYECKYIO CTEpeOH- JIOTUSL BJIEKTPOIPO3UOHHOIO IUCIIEPTUPO-
torpaduyeckyro mammHy — SLA - Banus (3D]1) [16-20].
Stereolithography Apparatus paspaGorana ITpyMeHEHHIO JaHHON TEXHOJOTHH B
kommanus 3D Systems. IIpoekTupoBanue MaIliHaX IS TPEeXMEpHOH TMedaTH mpe-
(CAD), monenuposanue u pacuetsl (CAE) IATCTBYET OTCYTCTBUE TEXHOJIOTMYECKUX
1 MexaHoobpabotka (CAM) crumysupo- XapaKkTEpPUCTUK IPUMEHIEMOI0 IOPOIIKO-
Baqu OypHBbIE TEMIbl Pa3BUTHUS TEXHOJIO- BOIO MaTepHaja, TaKhX, KaK TPaHyJIOMeT-
ruit TpexmepHoli nevaru [1-14]. puueckuii cocraB. [losaTomMy TpeOyercs

Jis  MalnH, HCMOIB3YeMBIX I IIPOBEAECHUE DKCIIEPUMEHTAIBHBIX HCCIe-
TPEXMEPHOU TieuaTH, HamOoJiee BaKHOU JIOBaHMH, HANpPaBIEHHBIX HA H3ydeHHUE
XapaKTEPUCTUKOM MaTepuana sBIISIETCS BIMAHNA (PPAKIHOHHOIO COCTAaBA MOPOII-
ero (opma, KOTopas BJIUSET HAa TEKYYECTh KOB Ha CBOICTBa aJJWTHUBHBEIX W3IEINI
u ykiaaky [9-15]. [21-23].
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Ieablo HAcTOSIIIECH pabOTHI SABISLIOCH
WCCJICIOBAaHUE BIMSHUA (PPaKIIMOHHOTO
COCTaBa 3JIEKTPOIPO3UOHHBIX KOOAIBTO-
XpPOMOBBIX  TOPOIIKOB  Ha  (pusmKo-
MEXaHMYECKHE CBOMCTBA aINTUBHBIX W3-

bi(S050% 8

MaTtepuanbl n metoabl

Jlyia qucneprupoBaHus BIOpaH CIUIaB
Mapkn KXMC «EJIJIUT», paGouas
KUAKOCTh — COUPT OyTHIIOBBIA. J{nst muc-
NEPTUPOBAHNAS METAJUIOOTXOI0B HCIIONb-
30BajJiM yCTaHOBKY Juisi D3/ anektpomnpo-
BOJHBIX MartepuaioB. Jlucrneprupyemblit
MaTepual 3achinaiu B dKcukarop [24, 25],
3aMOTHEHHBIA OYTHIIOBBIM CIIUPTOM, KO-
TOPBIN HCHOJIB3YETCsl B KauecTBe paboueit
KHUIKOCTH JUIsl AUcnieprupoBanus [24, 25],
JUTSL TIONTyYeHUs TIACTU(UKATOPOB, a TaK-
K€ BO MHOTHX JIPYTHX OTPACIISIX.

JInist moydeHust SKCIIePUMEHTAIbHBIX
00pa3IoB aJATUTHBHBIX H3JEIUN HCIIONb-
30BajlaCh yCTaHOBKA JJIs IOCJIOHHOTO
HAHECCHHS  TOPOIIKOBBIX  MAaTEepPHAIIOB
masmon. IIpouecc HaHeceHust mpencras-
JIeH Ha puc. 1.

['panynomeTrpudeckuii cocTaB TOIY-
YEHHBIX IOPOLIKOB HCCIIEIOBAINA IO Me-
TOJUKE IUCTICPTHUPOBAHUS B YKUAKOCTH C
yIbTpa3ByKoM. MeToanKa HCCIIeIOBaHUS
(®P 1.27.2009.06762 «MeTouKa BBITIOJ-
HEHMsI U3MEpPEHHI pa3Mepa 4acTull B Cyc-
NEH3UAX, SMYJIBCUSIX U a3pO30JIAX B HAHO-
METPOBOM U KOJUIOMIAHOM JMAaIa3oHax C
UCIIOJIb30BaHEM 3(]PQeKTa TUHAMUYECKO-
ro paccestHus cBeTa»). [IpobonoaroroBka:
JUCHEPrUpOBaHUE MPOOBI B KUIKOCTH.

N3mepenue ¢ona — mjst TOro, 4YTo0OBI CHU-

3UTHb BJIUAHHUC I/I3MepI/ITeJIBHOﬁ KHUIKOCTHU
nepea KaxAabIM H3MECPCHUCM IIPOBOJAT

(hoHOBOE M3MEPEHHE.

Puc. 1. lNMpouecc nocnonHoro HaHeceHus
NMOPOLLKOB

Fig. 1. Powder layer-by layer application process

JIroboe 3arpsi3HEHUE OT MPEIbITYIINX
U3MEpPEHUHN U3MEPSETCS U YCTPAHIETCS €ro
BIIMSHME HA TEKYIIHUW pe3ynbTaT. M3mepe-
HUE pacHpelesIeHUusl 4acTUll 10 pa3Mepy:
oOpaser| uccienyeMoro o0beMoM 0KoJIo 1-
5 T MOMENIaay B MOIYJIb ISl TUCTIEPTUPO-
BaHHS B KHAKOCTH (oO0bemom 500 mur).
N3mepenne HauMHAIOCHh AaBTOMATHYECKH,
KaK TOJBKO 3HaueHUe abCOpOIMH JTOCTH-
rajo yka3aHHOM BenuuuHbl. [lapameTpbl
u3MepeHus: TUl u3MepeHus: — Mo METOLY
®paynrodepa; auamnazon uzmeperus — 0,1
[MxM] — 1021,87 [MKM]; pa3penieHue —
102 xanana (20/383 MM); MPOIOIKUTETH-
HOCTh M3MepeHus — 100 (ckaHOB); perysi-
pu3arys — cpeHss Moenb [21].
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PesynbTaTtbl U ux o6cyxaeHue

Pe3ynbraTel HccienoBaHMs TPaHYJIo-
METPHUYECKOTO COCTaBa KOOAILTOXPOMOBBIX
MOPOIIKOB MPE/ICTaBIICHbI HA PUC. 2.

Panee mnpoBeneHHbIE HcCCIIEIOBAHUA
KOOQJIbTOXPOMOBBIX TOPOIIKOBBIX MaTe-
puaioB (pacTtpoBasi 3JEKTPOHHAsT MHUKPO-
CKOIHUSI, PEHTTEHOCTIEKTPATIbHBIN MUKpOaHa-
T3, PEHTT€HOCTPYKTYPHBIN aHaJIM3) MOoKa3a-
JIM OTCYTCTBUE CYLIECTBEHHBIX Pa3M4uil B
CBOICTBaxX IMOyYEHHBIX MATEPHAJIOB, KPOME
IPaHyJIOMETPUYECKOTO COCTaBA.

[ToaTomMy SKCHepUMEHTalIbHBIE 00-
pasubl aaAUTHBHBIX H3ACITUNA B KOJIHYE-
cTBe 4 MTYK ObUIM MOJYYEHBI U3 JIEKTPO-
9PO3UOHHBIX MOPOIIKOB HA OCHOBE CILIa-
BoB Co-Cr pa3nu4yHOro rpaHyjioMeTpuye-
CKOI'0 COCTaBa.

O6paserr Nel ObUT TOTYYEH M3 YACTHII
MOPOIIKA CO CpeAHUM pazmepoM 24,97 MKM,
apudmerndeckoe 3HaueHUE — 24,97 MKM.

O6pazerr No2 ObUT MOTYYEH U3 YACTHUII
MTOPOILIKA CO CPEHUM Pa3MEPOM 26,58 MKM,
apudmeTnieckoe 3HaueHue — 26,576 MKM.

100

O6pazer; Ne3 ObUT MOTYYEH M3 YACTHUIL
MOPOIIIKA CO CPEAHUM pazmMepoM 27,93 MK,
apudmMeTndeckoe 3HaueHUE — 27,927 MKM.

Oo6pazenr Ned ObuT TOTYYEH M3 YACTHUIL
Nopouika co cpeaHum pazmepoM 30,68 MkM,
apudmerryeckoe 3HaueHue — 30,682 MKM.

PesynpTaThl HMccnenoBaHUS TpPaHyJIo-
METPUYECKOTO COCTaBa AIIEKTPOIPO3UOH-
HBIX KOOAJIbTOXPOMOBBIX IOPOIIKOB Ha
($u3MKO-MEXaHUYECKHE CBOWCTBA aJJu-
TUBHBIX W3JIENHMIA TpPEICTAaBICHBl Ha pPH-
CYHKeE 3.

DKCIIEpUMEHTAIbHO YCTAaHOBJIEHO, YTO
YCIIOBUS TIOJIYYCHUS U AMCIEPCHOCTDH IO-
POIIIKOB OMNPEACISAIOT WX IMOBEACHHUE MPH
CIIEKaHUU.

C yBenWyeHWEM IUCIEPCHOCTH T0-
pOIIKa TMPOLIECC CIEKAHHUS YCKOpseTcs U
npoTekaer Oojiee akTHBHO, a MeXaHU4Ye-
CKHE CBOMCTBA MOJIYYEHHBIX M3JEIUN IpH

9TOM ITIOBBIIIAIOTCA.
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(1 — vHTerpanbHas kpueas, 2 — rmctorpaMmma) (OKOH4aHue cM. c. 62)

Fig. 2. Size distribution of samples microparticles: a—1; b — 2; ¢ — 3; d — 4 (1 — cumulative curve,
2 — bar graph) (ends see p.62)
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Fig. 2. Size distribution of samples microparticles: a—1; b — 2; ¢ — 3; d — 4 (1 — cumulative curve, 2 — bar graph)
(beginning see p.61)
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Fig. 3. Dependences of the studied parameters on the average particle size: a — porosity; b — microhardness;
¢ —roughness; d — bending strength; d — compressive strength (ends see p.64)
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Fig. 3. Dependences of the studied parameters on the average particle size: a — porosity; b — microhardness;
¢ —roughness; d — bending strength; d — compressive strength (beginning see p.65)

WuTencnukanmy criekaHus MopoIka
CHOCOOCTBYIOT OKCHJIBI, COJIEprKalliuecs B
OOJBIIOM KOJMYECTBE B MEJIKMX IOpOII-
KaX W BOCCTAHABIIMBAIOIIMECA IIPU UX

HarpeBe npu cnekanuu. ['yOuaras meran-

JMYecKass TOBEPXHOCTh, o0Opa3zyromascs
MIOCJIC MCUC3HOBEHUSI OKCHIA, OKa3bIBacT-
csi Ooyee aKTMBHOW, YeM IOBEPXHOCTH,
M3HAYAIBHO CBOOOJIHAs OT OKCHIHOM

IIJICHKH.
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Kak moka3zaium mnpoBeJeHHBIC HCCIIe-
TOBaHUS, CTPYKTYPHO-(Pa30BOE COCTOSTHHE
00pasnoB HE MpeTeprieBacT U3MEHCHUH H
BO BCEX YETHIPEX 00pasmax ocTaercs Io-
CTOSIHHBIM Hanuuue cienyronmx das: Co,
Cr, Ni u Cr3Ni2.

C yBenWuYeHWEM JHCIEPCHOCTH U
YIEIbHOM MOBEPXHOCTU MOPOIIKA €ro
MPOILIABJICHUE YBEIWYUBACTCS, W IOPH-
CTOCTb YMEHBIIACTCS, & MHKPOTBEPAOCTh
py 3TOM yBelnuyuBaetTcs. Hamuume ua-
CTHII TOPOIIKA Pa3HBIX (PAKIUN YBEIU-
YMBACT IUIOTHOCTh €0 YCAJKH 3a CYET 3a-
MIOJIHCHUS BIAJWMH U MHKPOIIOpP Ha CThIKaX
KPYMHBIX YaCTHIl, 4YTO B JaJbHEHIIEM

OpUBOAUT K CHHXXCHHIO IICPOXOBATOCTH

CIICYCHHBIX I/IBI[G.HI/Iﬁ W IOBBIICHUIO IIPC-

JieJia MPOYHOCTHU TIPH CYKATUH U U3THOE.

BbiBOAbI

[IpoBeneHHbIE HCCIEIOBAaHUSA IO3BO-
JAT BBIABUTH CBSI3b MEXAY TEXHOJIOTMEH
MOJIy4YEHHUSI AJIEKTPOIPO3UOHHBIX KOOaNb-
TOXPOMOBBIX TOPOLIKOB M (PU3HUKO-Me-
XaHUYECKUMH CBOWCTBAMHU (MIOPUCTOCTb,
MUKpPOTBEPJOCTh, TpENe] MPOYHOCTH Ha
cKathe W U3rud, MIepOXOBATOCTh MOBEPX-
HOCTHOTO CJIOSI M Jp.) SKCIIEPUMEHTAIIb-
HBIX 00pa3lioB, a TaKXe YMNpaBisATh IMPO-
neccoM (OPMUPOBAHUSL  CTPYKTYpbl U
CBOMCTB M3/€NUi, MOJYyYEHHBIX MO aJu-

THUBHBIM TCXHOJIOTHUAM.
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