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Pestome

Lenb uccnedosaHus. N3yyeHue cmpykmypbl U cgolicme nopowKos, MosyHeHHbIX anekmpoaposuel crinasa J1C58-3
8 yenepodcodepkawiell cpede — criupme U30rpornuio8om.

Memodksil. lNpoyecc anekmpoapo3uu omxodos crinasa JIC58-3 nposodunu Ha 3anameHmosaHHOU ycmaHosKe, 8 Ka-
yecmee Memasnioomxo008 rnpuMeHsinucb omxo0bi criiasa JIC58-3. B kayecmee paboyeli xudkocmu 6bii ebibpaH
crnupm usonponurossbil, sensouutics yenepodcodepxxawel cpedodl.

UccnedosaHusi mopghornoeuu U 2paHy/ioMempuyecko20 cocmaea rosfyqaemMbix 4Yacmuy rnpoeodusuch Ha 3MekK-
MPOHHO-UOHHOM CKaHupyrouem Mukpockore Quanta 600 FEG u nasepHoM aHanu3zamope pasmepos ydacmul,
Analysette 22 NanoTec coomeemcmeeHHO.

PernmeeHocriekmparibHbIl MUKPOaHau3 rnopowKos npoeodusiu Ha 3HepeoducrepCUOHHOM aHasu3amope peHmeae-
Ho8cKo20 usnydeHus pupmbl EDAX (HudepnaHdbl), CmMpoeHHOM 8 pacmposbil arnekmpoHHbIU mukpockorn QUANTA
200 3D (HudepnaHdbi). ®a308bIli aHau3 rnopowKos 8bifosHANU Ha peHmaeHo8ckom dugbpakmomempe Rigaku Ultima
IV (AnorHus).

Pe3ynbmambl. AHanu3 mMopghorio2uu nosy4eHHbIX MOPOWKO8 MoKa3sas, Ymo Yyacmuuybl UMerm 8 OCHO8HOM cghepu-
YeCcKyto U 37UnNmuy4eckyto chopmy, a makxe azrnomepamsi. AHanu3 pacnpedenieHus rno pamepam 4acmul, mopowika,
rokasais, 4ymo cpedHull paamep yacmuy, cocmassnsiem 24 mMkm. [JaHHbIU pa3mep Yyacmuy, MoslyyeH Ha pexume pabomesl
yCmaHOo8KU, NMpu KOMOPOM POUECC IeKMpo3po3uu npomekaem cmabusibHo.

AHanu3 aneMeHmHo20 cocmasa ycmaHo8usl, Ymo Ha MogepxXHOCMuU Yyacmuuy, Mopowka cooepxumcsi ceob0o0HbIl ye-
nepod. OcmarnbHbie xumudeckue snemeHmsi Cu, Zn, Pb, Sn pacnpedeneHbl omHocumesnbHO pagHoMepHo. Hanu4yue
€80600H020 yarepoda 0bycri08/1€HO XUMUYECKUM COCMasoM cpedbl ducriepeuposaHus, ssensrouelics yenepodcodep-
xawed.

PeHmaeHocmpyKkmypHbIU aHanu3 rnosyyYeHHbIX MopowKo8s rnokasasn Hanudue ¢pas CusZn, Pb, ZnO, CuO2z, SnO2. Kap-
budoobpasyrowjux arreMeHmos 8 cocmase criiaga Hem.

OKcnepumeHmarnsbHO yCcmaHO8/1eHO, YMO Ha cocmas, CmpyKmypy u ceolicmea wuxmsi ducrnepaupos8aHHOU 3/1eKmpo-
apoaueli namyHu J1C58-3 okasbigaem snusiHue xumuyeckuli cocmag paboyell Xudkocmu, a makxe pexums! ducrnep-
euposaHusi.

3aknroveHue. Ha ocHogaHUU Mpoe8edeHHbIX IKCepUMEeHmMaribHbIX UCCIed08aHUL MOXHO 3aK/Ito4UMmb, Ymo UcCrosb30-
8aHUe MexHOI02UU 3/1eKMpPO3PO3UOHHO20 ducrnepauposaHusi Ons nepepabomku omxodos namyHu J1C58-3 u nonyye-
Hue ropowkoe Ha eé ocHose sigriiemcs akmyarbHbIM. OmmMeyYeHo, Ymo Yacmuubl rnonyyaemol wuxmel obnadaom 3a-
OaHHbIM KOMIMIEKCOM c80olicme U Moaym bbimb UCMO0Mb308aHb! PasnuyHbIMU Memooamu rnopowKosol Memariypauu.

Knroyeenble cnoea: JlamyHb,; 311eKMmpo3pP0O3UOHHOE OUCHG,OZU,DOGaHUG,‘ omxo0kbl; TOPOWIOK.
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Abstract

Purpose of research. Study of the structure and properties of powders obtained by electroerosion of the LS58-3 alloy
in a carbon-containing medium - isopropyl! alcohol.

Methods. The process of electrical erosion of LS58-3 alloy waste was carried out on a patented installation, LS58-3
alloy waste was used as metal waste. Isopropyl alcohol, which is a carbon-containing medium, was chosen as the
working fluid.

Studies of the morphology and granulometric composition of the obtained particles were carried out on an electron-ion
scanning microscope "Quanta 600 FEG" and a laser particle size analyzer Analysette 22 NanoTec", respectively.
X-ray spectral microanalysis of powders was carried out on an energy-dispersive X-ray analyzer from EDAX (Nether-
lands) built into a scanning electron microscope QUANTA 200 3D (Netherlands). The phase analysis of the powders
was performed on a Rigaku Ultima IV X-ray diffractometer (Japan).

Results. An analysis of the morphology of the obtained powders showed that the particles are mainly spherical and
elliptical in shape, as well as agglomerates.

Analysis of the particle size distribution of the powder obtained using the Analysette 22 NanoTec particle size analyzer
showed that the average particle size is 24 um. This particle size was obtained in the operating mode of the installation,
in which the electroerosion process proceeds stably.

Analysis of the elemental composition has established that free carbon is contained on the surface of the powder
particles. The remaining chemical elements Cu, Zn, Pb, Sn are distributed relatively evenly. The presence of free
carbon is due to the chemical composition of the dispersion medium, which is carbon-containing.

X-ray diffraction analysis of the obtained powders showed the presence of CusZn, Pb, ZnO, CuOz, SnO2 phases. There
are no carbide-forming elements in the composition of the alloy.

It has been experimentally established that the composition, structure and properties of the charge of LS58-3 brass
dispersed by electroerosion are affected by the chemical composition of the working fluid, as well as the dispersion
modes.

Conclusion. On the basis of the conducted experimental studies, it can be concluded that the use of electroerosive
dispersion technology for the processing of LS58-3 brass waste and the production of powders based on it is relevant.
It is noted that the patrticles of the resulting charge have a given set of properties and can be used by various methods
of powder metallurgy.

Keywords: brass; electroerosive dispersion; waste; powder.
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BBeneHue

B Hacrosiiiee Bpemsi poJib CIIJIaBOB Ha
OCHOBE LIBETHBIX METAJJIOB BO3pacTaeT ¢
KaxasIM rogom. Kpome Mmeramnyprum, ma-
NIMHOCTPOEHUS, CYIOCTPOEHUS U APYTHX
JTABHO CJIO’KMBIINXCS 00J1acTell TEXHUKU Me-
TaJNINYECKUE MaTepUasbl 3TON IpynIbl Npu-
MEHSIOT B IPUOOPOCTPOCHHH, SJIEKTPOHHOI,
AIEPHOM, KPUOICHHOW TEXHUKE, pPaguoTeX-
HUKE, aBUALlUM, KOCMOHABTHKE, MEIULIUHE.

Jlatynu Onarogaps CBOMM KayecTBam
HallIM IIMPOKOE NPUMEHEHHE B MAIHMHO-
CTPOCHHUH, XMMHYECKON MPOMBIIIIEHHOCTH,
B MPOU3BOJCTBE OBITOBBIX TOBapoB. [locTto-
MHCTBA JIATYHU CIIOCOOCTBYIOT CTA0OMIIBHOMY
IUTAHOMEPHOMY pOCTY THOTpeOsieHUs: ee BO
BCEX OTPaciIAX MPOMBIIIJIEHHOCTU. DTOT Me-
TaJIJI BOCTPeOOBAaH MPAKTUYECKH Be3A€ — OT
IIPOU3BOJICTBA JBEPHBIX PYYEK M YaCOBBIX
HIECTEPEHOK 10 U3TOTOBJIEHUS CaMBIX CIIOXK-
HBIX TEIJIO0OOMEHHUKOB B dHepreTuke [ 1-4].

B nacrosee BpeMs NpOMBINIIIEHHOCTh
CTAJIKUBAETCA C MPOOIIEMOii mepepaboTKH OT-
XOJI0B MEJHBIX CIIABOB U IOBTOPHBIM UX UC-
NoJIb30BaHNEM. B kauecTBe 0gHOrO M3 mep-
CIEKTUBHBIX, HO HEAOCTATOYHO H3Y4YEHHBIX
Croco0OB TEPepadOTKH METANIOOTXO/I0B B
IPUTOJHBbIE 11 TOBTOPHOIO IPUMEHEHHUS
MOPOILIKH SIBIISIETCS M3MEJIBYEHUE C IOMO-
1Ipt0 3aeKkTpospo3un [3—20]. OxHako B mpo-
MBIIJIEHHOCTH JaHHBIM croco® mepepa-
OOTKM MPAaKTUYECKHU HE MPHUMEHsETCs, IOo-
CKOJIbKY B TEXHMYECKOW JINTEpaType OTCYT-
CTBYIOT IIOJIHOLIEHHBIE CBEIECHUS O COCTAaBE,
CTPYKTYpE M CBOMCTBAaX MOJIy4aeMbIX TaKUM
00pa3oM MOPOIIKOB.

HaubGonpmmii ucciaenoBaTenbCKUil HWH-
TEPEC BBI3BIBAET AJIEKTPOAUCIIEPTUPOBAHNE
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0TX0J10B cBUHIIOBOM JlaryHu JICS58-3. CBuUH-
LOBbIE JIATYHU — OTO MEIAHO-LIUHKOBBIC
CIUIaBbI, JIETUPOBAHHBIE CBUHIIOM. Jl00aBKH
CBHUHIIA YJIYUIIIAIOT 00pabaThiBaeMOCTh pe3a-
HUEM U aHTU(PUKIMOHHBIE CBOICTBa Jia-
TYHHU, TIO3TOMY OHU IIMPOKO MPUMEHSIOTCS
JUISL U3TOTOBJICHUS IeTallel, paboTalox Ha
Tpenue. [lepepaboTka OTXOJOB CBUHIIOBOM
JATyHU B TOPOIIKU M UX MOBTOPHOE IIpUMeE-
HEHHUE SABIISIETCS AKTyaJIbHBIM. JlJI 3TUX 11€-
neil TpeOyercss MpOBEIEeHUE KOMILIEKCHBIX
TEOPETUYECKUX U IKCIIEPUMEHTAIbHBIX HC-
cnegoBaHuii. [IpoBeneHne HaMEUEHHBIX Me-
POTIPUSATHI TTO3BOJIUT PEUIUTH MPOOIEMY TIe-
pepabOTKN OTXO/OB JIATYHHU U MOBTOPHOE €&
WCIIONb30BaHUE TPU HU3TOTOBJICHUU aHTH-
(PUKIIMOHHBIX JIeTallei MaIlluH.

Llenvio uccneoosanus ABIAIOCH U3y4de-
HUE CTPYKTYPbI U CBOMCTB MOPOILKOB, MOJY-
YEHHBIX 3JeKTpolspo3uen cruaBa JIC58-3 B
yIJIepoJIcOAepKalel cpeae — CIHUpPTE HU30-
MIPOMHUIIOBOM.

MaTtepuansi u meToAabl

[Tpouiecc  3MEKTPO’PO3UH  OTXOJOB
crutaBa JIC58-3 mpoBoauian Ha 3amaTeHTo-
BaHHOW ycTaHOBKe [21], B KauecTBe meTai-
JIOOTXOJIOB TMPUMEHSUIUCh OTXOJbI CIlIaBa
JIC58-3 (I'OCT 15527-2004). B xauectBe
paboueil KUIKOCTH (Cpeabl AUCTIEPTUPOBA-
HUs) ObUT BBIOpaH CIHPT H3OMPOIUIIOBBINA
(I'OCT 9805-84), sBnstouIuiicss yriepoaco-
JepKanien cpeaoi.

[Ipu >TOM HCHONB30BAIN CIEAYIOUINE
ANEKTPUUYECKUE TTAPaMETPhl YCTAHOBKHU:

— HampsDKeHHWE Ha JJIEKTpoJax oT
150...200 B;
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— €MKOCTb KOHJAEHcaTtopoB 45...
65 Mx®d;

— 4YacToTa CJeAOBaHUS HMITYJIbCOB
50...100 I'm.

B pesynbrarte Bo3aeHCTBUS KpaTKOBpE-
MEHHBIX JJIEKTPUYECKUX PA3PSIAOB MEKIY
ANEKTPOJAAMU U OTXOAAMU MPOUCXOJUIO0 UX
paspyuieHre ¢ 00pa3oBaHHUEM MEJKOJIUC-
MEPCHBIX YaCTHII.

HccnenoBanus MopQoaoruu U rpanyIio-
METPUYECKOTO COCTaBa MOJy4aeMbIX YaCTHUII
MPOBOJIMIIMCh Ha 3JIEKTPOHHO-MOHHOM CKa-
Hupyomiem Mukpockone Quanta 600 FEG u
Ja3€pHOM AHAJIM3aTOPE Pa3MEpPOB YACTHUI]
Analysette 22 NanoTec coOTBETCTBEHHO.

PeHTreHoCneKkTpalbHbIl  MHKPOAHAIH3
MOPOILKOB MPOBOJIUIN Ha SHEPTOAMCIIEPCH-
OHHOM aHAJIN3aTOpPE PEHTTEHOBCKOTO H3ITY-
yenus pupmsl EDAX (Hunepnannst), BcTpo-
€HHOM B PacTPOBBIN 3JEKTPOHHBIA MHUKPO-
ckon QUANTA 200 3D (Hunepnannsr). ®a-
30BbIIl aHaJIM3 TOPOUIKOB BBHINOJIHSIM Ha
peHtreHoBckoM nudpaktomerpe Rigaku
Ultima IV (SImonus).

PesynbTaTbl U nx obcyxaeHune

Pesynbratel uccienoBanusi Mopgoio-
UM TOJYyYEHHBIX MOPOIIKOB MPEICTaBICHbI
Ha pucynke 1. Iloka3aHo, YTO YacCTHIIBI
UMEIOT B OCHOBHOM C(EPUUYECKYIO U AJLTUII-
THYECKYIO (JOpPMY, a TaK)Ke arjJoMepaThl.

e, TINEN. e

Puc. 1. Mopdonorus yactuu, nopoLuxa

Fig. 1. Morphology of powder particles

AHanu3 pachpeleNneHus Mo pa3Mepam
YacTHUILL IOPOLIKA, IIOJYYEHHOTO C IIOMOILBIO
aHanmM3aTopa pa3MepoB yacTul] Analysette 22
NanoTec, nmoka3zai, 4To cpelHHI pa3mep ya-
ctul coctapisieT 24 Mk (puc. 2). JlaHHbIN
pa3Mep 4acTull MOIY4YeH Ha pexume padoThl
YCTaHOBKH, IPY KOTOPOM IIPOLIECC 3IEKTPO-

9PO3UU MPOTEKAET CTaOMIBHO. M3MeHss pe-
JKUMBI JTUCTICEPTUPOBAHMS (HAMPSOKCHUE Ha
ANEKTPOJIaX, YaCTOTY CIICAOBAHMS HMITYIIb-
COB U €MKOCTh Pa3psIHBIX KOHACHCATOPOB),
BO3MOXXHO TMIOJIYYCHHUE YACTHI] Pa3THIHON
dbopMBI U pa3zMepa B 3aBUCHMOCTH OT 00J1a-
CTH MPAKTUYECKOTO MPUMEHEHHUSI.
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Fig. 2. Size distribution of brass microparticles: 1 — integrated circuit curve; 2 — histogram

AHanM3 3JIEMEHTHOTO COCTaBa yCTAaHO-
BUJI, YTO HA TIOBEPXHOCTH YaCTHUI[ MOPOIIKA
COJIEPXKUTCST CBOOOIHBIN yriepoa. Octaiib-
HbIe XuMuueckue deMeHTsl (Cu, Zn, Pb, Sn)
pacrnpeneieHbl OTHOCUTEIIEHO PaBHOMEPHO.
Hanmume cBoOGogHOTO yriiepoma oO0ycClIOB-
JICHO XUMHUYECKHM COCTaBOM CPEIbl AUCIIEeP-
TUPOBaHUS, SBISIOMICHCS YTIIIEpOCcoIepkKa-
et (puc. 3) ¥ MO3BOJSIET PACIIUPUTH 00-

Cu

YYEHUA,

uMmn/c

WHTEHCUBHOCTB M3n

0.00 2.00 4.00

JIACTh NPUMEHEHMS IOJTYYEHHOW IIMXTHI, B
YaCTHOCTH IPU U3TOTOBJICHUH aHTU(QPUKIIN-
OHHBIX MOKPBITHH.

PEHTreHOCTPYKTYpHBIM aHaU3 IOIy-
YEHHBIX IOPOIIKOB MOKa3al Hamuuyue Qa3
CusZn, Pb, ZnO, CuO,, SnO,. Kapbumgoobpa-
3YIOLUIMX 3JEMEHTOB B COCTaBE CIUIaBa HET

(puc. 4).

8.00 1000 12.00

SHeprua, KaB

Puc. 3. CnekTporpamma a51ieMEHTHOIoO COCTaBa YacTuL, NOpOoLLKa

Fig. 3. Spectrogram of the elemental composition of powder particles
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Fig. 4. Diffractogram of the phase composition of powder particles
OKCMEPUMEHTAIBHO YCTAHOBJIEHO, YTO COM CBOMCTB M MOTYT OBITh MCIOJIb30BaHBI
Ha COCTaB, CTPYKTYpPY U CBOWCTBA ILIUXTHI pa3IMYHBIMU METOIAMH TOPOIITKOBOM MeTal-
JTUCTIEPTUPOBAHHOM AJIEKTPOIPO3UEH JIATYHU JyprUH.
JIC58-3 okaspIBaeT BIUSIHHE XUMUYCCKUI 2. Pe3ynbTarhl NPOBEACHHBIX UCCIEIO-
cocTaB pabouel KUJAKOCTH, a TAKKE PEIKUMBI BaHUI MO3BOJISIIOT PEKOMEHA0BATH K UCIIONb-
JTUCTIEPTUPOBAHUSL. 30BaHUIO MOJYYEHHBIH MOPOIIOK B KA4€CTBE
HCXOJHOTO ChIPbS ISl TOJIYYEHHUSI 3arOTOBOK
BbiBoab! CILIABOB U PACIIUPUTH 00JIACTh UX MIPAKTUYE-
1. VWcnonp3oBaHWE TEXHOJOTHH dJICK- CKOI'0o IPpUMCHCHUA.
TPOSPO3UOHHOIO JUCIEPIrUPOBAHUS IS IIE- 3. DxoHomuueckask 9PPEKTUBHOCTD OT
pepaboTku 0TX0/10B naTynu JIC58-3 u momy- UCIIOJIb30BAHUS  DJIEKTPOIPO3UOHHBIX — TIO-
YEHHE MOPOLIKOB HA €€ OCHOBE SABJISETCA aK- POLIKOB OOYCIIOBJICHA NPUMECHEHHEM OTXO-
TyanbsHbIM. OTMEUYEHO, YTO YACTHIIb HOTy4a- JI0B U MaJIOH SHEPrOeMKOH TEXHOJIOTHH JUIs
MO MUXTHI 00J1a1AF0T 3aJaHHBIM KOMITJICK- HX NMPOU3BOJACTBA.
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