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YAK 541.053
K. B. TEPACIIMOB, A, A, TYCEB, B. B. ROJIIAROB, E. 10. IIBAIIOB

 I3MEPEHIIE @OIIOBOYI TEMITEPATY PhI
HIPII MEXAHBYECKOM CIIABJEMIIIL
B INIAHETAPIBIN HEHTPOBE/RHBIX MEJBHINIAX

Rax usectno, p waposeix Meapmmmakx s 3ABICIMOCTI OT IIX KCHCTPY K-
HINE 1 9HEprouanpsHenifocTil  MeXanoXIMIYeCKIIe  peaRim NMPOTERAIT ¢
pasuoli agyderrinocrro. Tax, padore [1] mpm Mexammueckom cmirapie-
B ocnereyMe Ni—Zr B MeJLNNax pasiivioro Tina YCTaHOBIEHO, UTO
OT BIIA MEILNJINBL 3aBICHT THTEPBAT aMOP(U3YeMOCTH I MCXAHIZM ) op-
Pnzamnr. Ilpuunny sroit sapncmiocr ABTOPBL BILISIT B PA3IUUII TeMIie-
Patyp, pealnaylomyixcs B OTUX Tnpotieccax. B padotax [2—7] n paze
ADYTUX  Tak iKe yjedeno G(O0JbLIOC BHIMAlNe BIIAHIIO TeMICPATYDhI
I IIDIBCNIEHBI ee OLCHKII.

Temmepatypsr, onpenexsevbie B Tpomecce  MEeXanUvyecKoro CuuTesa,
MOMKHO DPa3/ie/ITL HA JOKajdbHple 11 Gonopbe. Jlogadbmbie TIMITYIBCBL TCM-
fCpaTyp BO3NNKAIOT B MeCTe KONTAKTA COYJAPAIONNINGS TeT 1 IMEIOT
MaJyi0 IPOJORNTEALHOCTE (BPEMs coyaapeHist mopsixa 10-5 c). Hpamoe
ORCTIEPUMEHTAIBLIOE OIPeeIenite TeMIePaTypsl I 0hheMa BBICOKOTEMUCpa-
TYPHO{l 301l Kpafile 3aTpymuTeIBHO, MOITOMY ATS ITX OHEHKII IICIOJL-
3YI0T pagamimbie Teopetiveckue Mopexan [3, 8]. Mowopam remumeparypa
00A3aHA CBONM IPONCXOMICHICM TOMY 00CTOATETBETBY, UTO ML MATAA
70T YIOABONMOIl Npu Mexaniueckoii oGpadorie JHePTUIl yCBaBAeTCA Be-
LICCIBOM, OCTATLNAA sKe OHEPrus TPAHCGOPMUDYETCA B TEITo I paccel-
BaeTCA.

OKCIEPUMEHTAIBITBIX  OIpeestentriy Qonopoit TeMIepaTyps, HACKOILKO
laM H3BeCTHO, paHee wWe mposoimdoch. Temmepatypa mapymmoit cTemkn
Gapabaua, ompezelemsan mpm oMo TCPMOIIAPbl, KAK OTO [eJ1al1och B
HEROTODRIX padoTax, HiI B Roeif Mepe e Mosmer paccMaTpHBAThCH Kak
oHOBAs, TaK KaK 1A TOro, UTOOHI OCYIIeCTB.Is7Iach Tellllollepejavya ¢ Ha-
PYAIBIX  cTenok Oapalama B OKpy:maoulyo cpeiy, BHYTPEHHIie CTeIRi,
o0padatsiBaeMBlil MaTepuad I Mediomme Teda JTOTKHBL IIMeTh Goldee Bbl-
CORYIO TeMIIepaTypy.

CoBpeennbie MEJLIIIB YaCTO UMEIOT TOBOIBRO BBICOKYIO BHEProHa-
UPAREHHOCTD, II0ABOAUMAS MOIIHOCTEL 0KOI0 1 BT ma cMd oobema Oapadaia
u Qomee. dieMenrapubie pacuerst TOKABBIBAIOT, 4TO Jaike 1 Oapadanos
¢ oTHOCHTEIbHO HEDoTbIIIM o6beMoM 200 eM?, mIomaTmio cremok ~ 100 e’
I TOIMNHOIN CTEHOR 5 MM IPI yCTAaHOBIBHICMCS pesRiMe TeILionepe1au
MEHIy BHewlefi Il BHYTpemsell NOBEPXHOCTBIO CTEIOR YCTANABINBACTCH
basHuna remneparyp B HECKOJIBKO IPaiycoB. FICHO, WTo ecTi NMOTOR Temia
n3 Gapalama NDIBONT K CTOTH CyIECTBOHUBIM TpalieNiTaM TeMIepaTypsl
Adke B KOMNAKTHOI Meralimueckoil cremre Gapabana, pasmocTs TeMmepa-
TYDP MEAAYy CTEHROII Il IIapaMil, KOTOpPBIE JMITb IEPHCIMTECKI HMEIT KOil-
TaKTHl MaJOll ITOWIAAN CO CTeHKOil, a Tawke MeRIy creHroif 1 obpada
BACMEIM TIODOMIKOM CYWIECTBEMO {OJBINE I MOMKET, MO-BIUIMOMY, H0CTii-
TaTh COTEI I'PAIyCOB.

Mpn  mposenennm  mexamnuecroro CIIABIEHNA  TLTACTIUEBIX  MCTAi-
JI0B, IIMEIOUINX XOPOMIVIO aireslio K MATEPUATy CTOHOK B MIAHETAPHMX
M APYTHX IIAPOBBIX MEJILHIMANX, B KOTODHIX IIOMIIMO YIApIOro BO3IelicTBist
Ha o0padarsiBaeMble MaTCPIAILI IIMEET MECTO NPOKATKA, HA HAYAJLHBIX
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[image: image2.jpg]crapnax oOpaloriir  00bIMHO 0fpasyeTcs KOMIAKTALIT OJCCTATNINT MOTAT-
JHIMECKNNT CJoii ua mapax m cremkax Oapabana. Ilopowmkos B Gapadamax
npit aToM uacto Booduie me ocraercst [1]. Kommawtneii eaoit coxpamaercs
JI0 Tex 10p, HoKa ¥e HauneTcst ohpasoBaHile XpYIKOro MPoiykTa (aMopd-
HGro crnaansa 1L IIHTC}']MOTHH«'IH;[Q). IIOC.'I() ATOro B Gapaﬁanax BIIOBL 110~
ABJACTCA MOPOUIOR. EC.'HI HOJ!y‘ii‘.l).\lbli‘X HPOAYRT TaRdAe JIacTHYCH H aMmeetr
XopomyIo A/IFC3IIOMHY IO CH()C()()HUCTL. HOPOIIOK  MOReT B()DI’JL[[? He 1o0-
SIBITLCSHI. O‘I(IIHUIHO, YTO B Ccayuyae nﬁpa:xoumm;{ TAKROro KROMIAKRTHIOrO CJI041,
KOTOP}:H"I peatIzyercda  JI0BOJBUO  YACTO, MEXatllad II AHIIaMIIRQ MeXaHir-
YeCKOTr0  chnAaBJICHIIA 6}',’1:\'7 BO MHOIOM 0OHOpeeJAThLCA TL‘.\[HOpﬂTyp(\ﬁ NMe-
JUOIMNX MIAPOB- Il BUYTPENHEIl IOBePXHOCTII CTeHOK Oapabanos.

B nacrosmeii pafote M5l IpPOBETI DKCNCPHMEHTATBHOe OlpejeICHIIe
T(IMITGI)HTYPLI, ROTODYIO  1IMeEIOT HIAPBI NP OpOBEJEHIl  MeXaHM4ecRoro
CIIIaBJICHUA B n.mumapxwii MeTBIIE I IICC]IeJ0BAJII BJITSHIIEC 9T0il Be-
JIHYMIIBI Ha MeXalli3M 1 AINaMIRY MEX«HIIYECKOTO CILIAaBJIEHENSA B CHCTC-
max Zr—Co, Mg—Ni it Cu—Fe.

METOJIMRA 9RCHOEPHMEHTA

Jlaa ompegesenus  TeMIepaTypsl, KOTOPYIO IMCIOT Me:liOMIe IIapsl
B XOji¢ Mexaunueckoif oGpaloTiii, Mbl ICNOALIOBAII METOF Ka.JOpIIMETpIil.
JKCUepIMeHTH HPOBLULINChL Ha UTAPOBOIl ILIANCTApiiOil MeIbille € Il
pocraruveckumu  oboitmami  Mmapru ATO-2M. B meapEmuax Takoro Tima
Gapalambt mpi padoTe OMBIBAIOTES KA OXAAAIemIA BOAoil. Mbpl nemomds-
30BXIH T 9TO L{e:Hl NOCTOANHEI 110 BPEMEHI IIOTOK BOJEI, KOTOPHIIl
H3MePATCA CHeNualbHBIM poTaMeTpoM ¢ TouHocTsio =2 %. Komyx Medan-
HINBI ISl YMEHBLICHHs Tem1oo0MeHna ¢ OKpy:Kamomeli cpejoii ObLT TemTo-
u3oxnposan. G HOMOIIBIO JBYX TEPMOCONPOTIBICHI, BRIIOYCHIBIX B MOC-
TOBYIO CXeMy, H3MCPATACh PA3HOCTL TeMIeparyp BYoismleil I BHXoAAmeil
13 MOJBHIIBI BOABL Il ONpe/eisIach TeMIeparypa HNapysRHBIX CTEHOK Oa-
paGana. Kpoyme Toro, mo IshMeienlo TeMIepaTypbl BOABL II II3BECTHOMY ee
TIOTORY OMpejedAiach pacceirBaeMasg IIPH Mexanmdeckoil o0paboTke Mom-
nocts. Mexoms 13 ompesienennofl MOIMHOCTH, ROAEIIIIENTA TOIIOTPOBO-
HoeTn MaTepuada Gapabasos (A =33 Br/(y-K) agin upnyenspnxes Ga-
palakoB 113 JErUPOBAHIOI XPOMOM MApTEHCHTHOI cTamir) Ir reoMerpmn Ga-
pabanos, ompefessics IPajlenT TEMIEPATYPHl B CTCHKAX GapafaHa U ero
Tenaocofepsanime. Temneparypa oxidaszanmicit Bosl moaSupatach TaKIM
o0pazoy, uTo0Bl TeMmepaTypa HAPY/RHOII crenknm Oapafanma Osila 1O BO3-
MOJKHOCTI OJI3Ke K KOMHATHOI. STa Mepa COBMCCTHO ¢ TEITOM30/AMmIell KO-
SRyXa MeJIBHHIBI T03BOIAJIA HaM IIperedperath U3MEeHEHIEM TeIIOCoACpHa-
una Gapabanos 3a cuer o0MeHa TeILIOM ¢ OKpY:Ralomeil epesoii.

Tloce ocTamOBKII MEJIBHIIBI IPOLNCXOTIT HepepacnpejieTentie TemTOThl
Me/RAy IuapaMu I cremkaMir Oapadama. OJHaKo, Kak 3T0 ObLI0 MOKA3AHO
B CHeNUAJbULIX DKCHEPUMEHTAX, CYMAMapHOe TeIllocojepskaniie Gapalama
I mapoB 3a BpeMs:, He mpessimaioniee 30c, NPaRTIYECKI He H3MeHfAeTesd.
Has Toro, uTo0Bl [OCTATOYHO OBICTPO OTAABATH TEMAO B OKPYRAIONIYIO
cpey, crenkn Oapaama JOTAHBI HAIPETLCS 3a €YeT CCTHIBAHIA LIAPOB Ta
HECKOJbKO [eCATKOB TPAjJyCcoB BBIUIC KOMHATHOII TeMIepaTypsl. 3a BpeMs,
mensuree 30 ¢, aTo He ycmesaer mpousoiiti. Taroro Bpemenu BmodmHe goc-
TaTOMHO JJA HOMeIleHIA 0apadaHOB 113 MEJBHINB B KAJOPUMETPH], Ipel-
cTapagomue codoit cocyaer [lmloapa, cHafMieHHBle TEIIION30JIIPYIOUIMIL
KPLIIIKAMI, TEePMOMETPaMI I MeIIaJraMu. B KauecTse Radophuerprueckoil
SKIITKOCTH MCITOIb30Basiach Boja. Ompeielme cyMMapHOE TEILTOCOXED/RAHIE
Gapalama I MmapoB, MBI BBIUNTAMI H3 DTOH BCILUNEBL PacueTHOE TCILI0-
cofepianne Gapabama (kKoTopoe cocTaBasLIo o0erupo me Goxee 10 % ot
o0uIeil BeTNWIHEL) 11 ONpPeAe I TeMIepaTypy IHapos.

Mexanmueckast 06paboTka TpPCBOANJIAch B TePMETHUCCKIX Oapadamax
o0beMoM okoI0 150 cax?, cHaG:KeHHBIX CHeUATLABIMI KJIAMalaMIi, KOTODHIC
TO3BOSJII  IPON3BOANTL BaKyyMIpoBauie 0apadamoB Il 3allOJHEHIC IIX
PasANUUBIME rasaMu  (OOBIYHO AprOH ILII TeJIIl BBICOKOH YICTOTHI) [0
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[image: image3.jpg]masurermsa orono 1,0 MIla. OGmas macca mapos B onmom Gapalame coc-
rapasna 100 r. Menonnsosaiues mapst amamerpon 3, 5, 7 u 9 My, uopour-
KN jKele3a, MeAN, HHKeJd I Ko0albTa, ONMJKH NUPKOHES I Maruus. Bce
MeTaJuipl IMe I ynerory ne menee 99,9 Y.

KouTpoap 3a aunmaMukoii MeXaHIYECKOTO CITABJIeHIA It Jazoneiy
COCTABOM TOJIYYAEMBIX TIPOJYKTOB OCYLIECTBIAICS METOHOM PeNTICHOBCKROIO
¢azosoro u JICK amammsor mociemoBaTenbno oTOHPAEMBIX B XOJe MeXa-
HIYECKOr0 CILIABIEHIS MAJblX aJIIKBOT  00paldaTbiBaeMBIX MAaTepiratos.

PE3YIBTATBI II OBCYRIEHHE

Ha pme. 1 mpupenenst noTyuemmsie NpPH PasillYHBIX Pe;KIIMAX 3aBI-
CHMOCTI TeM!ICpHTprI mapoB OT BPeMEeHDO p&GOTLI MEJBHHIBL 1A caydas,
Korja B Oapabamax me OpL1o 0fpabaThiBaeMBIX MaTepnamoB. JIaa Beex c-
CIe0BaUlGIX B HacToAmell pafoTe CICTEM Ha ONpCJeNeHHBIX ITANAX Me-
XaHHYECKOT0 CHOJABJIEHISA HBGJI]O;(aHOCI) OGPHEOBEHIHO ROMIIaARTHOTO GHGC‘
TAIMErO METAILIIYeCKOro €0 Ha CTeHKaX 0apalamoB W Imapax, MOpPOMIKIL,
Kak TakoBble, B 8T0 BpeMa B Oapabamax orcyTersyior. Jas cueren Zr—Co
m Mg—Ni maccst 0GpaaTBIBACMBIX MATepUAIOB HA TOBEPXHOCTAX CTEHOK
I IIapoB TNpUMEpIo OANHAKOBE 1m0 Beiamuume. B caywae Cu—Fe mourm
Bech ofpapaThiBaeMblii MaTepual OKAashBaeTCA Ha TOBEDPXHOCTII ILIAPOB.
Has cucrem Zr—Co n Cu—-Fe TeMilepaTypa IIapoB B XOfe MeXaHMTIeCKOIl
00paboTKIE BO BpeMs CyLeCTBOBAMMIS KOMIAKTHOTO CJIOS GBLTA NPAKTIIAECKIL
Taroif e, Kak Gea oOpaarbiBaeMEIX MaTepuaioB, a B cayvae Mq—Ni
npuMepuo B 2—2,5 pasa miske. C nospdemmeM B Gapabamax IIpOJyKIOB
MEXaHIYECKOT0 CIJABJIEHNS B BIjle IOPOLIKOB TEMIEPATYPA IIApOB PE3KO
nonnzkaercs (pue. 2.).

W3 pne. 1 Bmpmo, uTo TemmepaTypa INApOB MOMKET JOCTIIATh HpI Me-
XAHIYECKOM CHNABJCHHI IIJACTHYHBIX METAJJIOB 3HAYHTENLHBIX BeJHUIIH.
Haxnon KpuBEIX Harpenamms WIapoB Ha HAYAJBHEIX YYAaCTKAX CBIIETENDb-
crByer o ToM, 4ro mpmMepro 80 % moxBoAuMOLl K MeapHHLE 3HepTII I
Ha HarpeBaHUe IapoB. TeMmeparypa JHapoB yBeINUHBAETCA € DOCTOM
TOABOAUMOII MOIIHOCTH, ANaMeTpa INAPOB (yMeHbIIEHIEM HX MOBEPXHOCTII)
I YMEHBITAeTCA C POCTOM JABJIEHNS I TEINIONPOBOAHOCTH Ta3a, 3aNOJHAI0-
mwero GapaGan. 9T0 CBIJETEJIBCTBYET O TOM, YTO OCHOBHBIM MEXAHIZMOM
Iepefavll Telllia OT INAPOB K CTeHKaM OapafaHa fABIsgerca NPOHYANTEIbLHAS
romBeruus. Ofmako mpn Becoxux Temmeparypax (2 500° C) cymecrsemmoii
CTAHOBUTCA W TemjoHepegava 3a cuer uaiydenud. OHEHKHI HOKAa3bIBAIOT,
uro pus Temmeparyp mapoB 500—600°C B Bnje madydemms, B 3aBUCH-
MOCTH OT CTENEHH YePHOTH IOBEPXHOCTH IHAPOB, MOKET DPacCelBaThCA
momumocrs 100 Br u Gomee, T. e. TOro ske HmOpAJKA, WTO H HOIBOJUMAL
MOINHOCTh., OJKCNEPUMEHTATLHO MBI OOHAPYJKILII, 4UTO TeMIeparypa ciie-
LUUAIBHO Sa4UEPHEHHBIX WIAPOB GONBLIOro Juamerpa (=7 MM) CyIIecTBCH-
HO HIDKe, 4eM 0JecTsImux.,

CymecTBylor pBa OCHOBHEIX KaHAala, 3a CIET ROTOPBIX MOHET OCY-
INECTBIATHCSA HarpPeBaHIe INApOB IpH paloTe MEIBHINBI: TPeHHE N Heyn-
pyras pedopmanua mpu coypapenuax. Ha pume. 3 mpuseleH XapanTtepHsrit
BHJ{ 3aBHCHMOCTH TeMOEPaTypsl LIAPOB OT KOJIHYECTBa IOPOIMKAa B Oapada-
HaX. B KauecTBe IOPOIIKOB B BTHX BKCHEPIMEHTAX WCIIOIb30BAIICH TaRIe
sKecTkme aOpasmBHEIe Marepuansl, kax TiC, WC, Al,Os korTopsie xors I
dyTepoBaim B Xofe MeXaHHYECKOH o00palOTRH IIADH N CTENKH (apabaHoB,
HO He 00pasoBBIBAJII Ha HIX KOMIAKTHOTO cxosi. Vs pme. 3 Bumo, uTo
BBenenne B OapaCam Jaske HeGOJBIIOro KOJAIYECTBA MOPOIIKA DE3RO ICHII-
skaer TeMIepaTtypy miapoB. Mel cumTaeM 3TO CBUJCTENLCTBOM TOTO, UTO
HarpeBaHme IapoB NpPOICXOAuT 3a cuer coygapenmil. [leficTBureasuo, Bpsj
JII MOKHO IIPEMIIOJOKATE, 9TO RoOaBIeHIe HeGOJBIINX KOJMYECTB adpa-
SUBHEIX IIOPOIIKOB yMembinaer Tpemme. Ilo-BmpmMoMmy, felicTBIe IIOPOLILOB
3aKI0YaeTcsaA B MeMII(DIPOBAHIN yAapa, yYMEHbIIeHIH medopMANII IHaj0B
I, cJeJ0BaTeNbII0, DHEPTHN, BHIAETAIOMeiicA B IIapaX INPH CTOJNKHOBCHILIL.
Meraiisl ¢ BBICOROII IJIaCTHYHOCTHIO (B HamIeM cjayuae MATHIII B cUCTCMe
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Puc. 1. 3apucuMocts TCMOEPATYPHI HIAPOB
0T EpeMeni padoThl MeJIbHHULL s pas-
HBIX PC/RIMOB,

Jnayerp uapos, d, ay: (1, 3—6), 5 (2),

7) ucurpooed\ﬂoe ycropene, a, M/c? 690

(1, 2,5, 7). 460 (3, 4), (6); :mn.nemvc
raza B 0apa0aHax, p, ai 1—

10 (5); ras aprou (I1—3, 5—7) n remm (l)
Fig. 1. Time dependences of the balls
temperature for different treatment con-

ditions.
d—halls diameter, mm: 9 (1, 3—6), 5 (2),
7 z—contnfugal acceleration, mjsec?:
090 (I 2, 5, 7), 460 (3, 4), 230 (6); p—gas
ple~sure in the wal atm: 1 (1—4, 6, 7),
6 (5); argon (1—3, 5—7), helium (4)

7,¢C Ciy Mac. %
o He,70atm

Puc. 2. Ilzvenenue COJCPIRAmNs BIKETT eAr,Tat  Lgg
¥ TeMIepaTypsl IIapoB B XOJe MeXamu- [o-— === =
ueckoro cinasiaenus 2Mg 4 Ni = Mg,] \l r
Veaosua — MexaHmyeckoli  00pafoTri: @ = \
= 699 M/c?, d = 7 MM, II2pOBAA Barpyska — —— 40
200 r, macca o6pabaTEHIBAEMBIX HOPOUIROB — 5 I L/b—_\r’h
Fig. 2. Time dependences of nickel con- \ 0
tent and the balls temperature during ‘r_,_ »\\7 he | o5

mechanical alloying 2Mg 4 Ni = Mg,Ni.

The milling conditions: « = 690 m/sec?, d =

= 7 mm, the balls mass — 200 g the powder
x S

mass — 5 g \K e

-~ ——— - — "O%o

T T T T T T
0 20 €0 tymun 60

Mg—Ni) Bausior Ha TeMIeparypy IapoB TARIM sKe 00pasodM, jaske ec.i
o0pasyior KoMOaKTHHII (yTepoBamublil cI0il.

Wz puc. 2 Bujso, uTo TeMIepaTypa IIApOB CYLIECTBEHHO CKA3LIBACTCSA
Ha JHHAMHKE MEXaHOXHMHYECKOTO CHHTe3a. 3a CROPoCTbio cimresa MgoNi
113 3JeMeHTOB MBI CIeJmiIn m0 YOI (JeppPOMArHITHOrO HIIKEIS ¢ IOMOUIELIO
MeTORa MArHHTHOrO B3BelmBamus. PemTrenodasoBEHII amalll3 HONTBEPHLLI,
YTO eJUHCTBCHHBIT HpPONYKT CHHTe3a — IHTepMeTaNIIIecKoe CoeJuHenie
MgoNi. IHonyuennrie RuHETHIECKIE KPHBbIE IHMEIOT BBHIPAREHHBII CHIMOL-
HBI xapaxrep. «llepmox HMEIYKIUm», DO-BIUMOMY, CBS3aH ¢ ¢OPMUpOBA-
HIeM 13 HCXONHBIX HOPOMIKOB 3a cueT AelOPMAlln I H3MeJbYeHHsA KOMIO-
BUTHO# CTPYKTYpHI ¢ DasBHTOil rpammmeil pasmesa MesKAY ICXOZHBIMEH KOM-
monenramu. CoOCTBEHHO CHHTE3 MPOICXOANT 3a OTHOCHTENBHO HEGOIBIIOe
Bpemsa: oxono 10 mmm. Croap HeOoJdbLIIe BpeMeHA [elalH 3aTPYIHHOTEIb-
HEIM HONydeHHe OOMBIIOr0 YHCIA IKCHEPHMEHTATLHBIX TOUEK A TOYHOTO
CpaBHEHUS HAKIOHA KPUBEIX HA YYacTKAX OBICTPOrO YMEHDIIEHHT KOJI-
yecrBa (peppoMarmuTHON pasel. Opmako fFaske HONYYEHHBIX TOUEK [OCTa-
TOYHO, 4TOOBI CKasaTh, UTO PA3HOCTh HAKIOHOB HOKak He Gouxee 10 pas.
910 Kpalime Mako I PErmCTPHPYeMOil PasHOCTI TeMIepaTyp, eclIm mpef-
mojarars, uro cuuTes MgoNi ocymiecTBiasiacs 3a cuer TBepgodasHO AId-
¢ysmoumoii peakuHm, I CKOPOCTH Npoliecca NOAYHHAETCSI 3aKoHY Appe-
Huyca. Taxknm oGpasoM, moIyueHHBIE pPesyIbTATHL CBHOJETENBCTBYIOT O TOM,
uyTo 00pasoBamMe IPONYKTOB MEXAHIYECKOro CILIABJIEHIS HNPOHCXOANT He
mo MexaHH3My TBeppoasmoil Audgysmonmoll pearmmm.
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[image: image5.jpg]Puc. 3. 3aencuMocTh TeMUEPATYpH IHapon

oT Roamyectsa mneponrxka ALO; B Gepadane.

Yeaosna mexaumucckoii obpaboTrn: a LERIS TN
=7 MM, LWABOBAT 3arpy 00 r

a —
Fig. 3. The balls temperature dependence
on the mass of ALO; powder in the vial

The milling condition: a =090 m/sec?, d=
=7 mm, the balls mass — 20v g

5 7”7,

Hama mpegsiaymas cratea [9] Oblza mocesiena HCCHeJOBAHI0 3a-
BuHCHMOCcTI  (a30BOCO  COCTaBa MPOXYKTOB MEXAHIIUECKOTO CILTABJICHIS B
cucreme Zr—Co oT ycloBuii Mexanmieckoil obpaCorri. I{opoTro peayin-
TaTel, MoJdydennnie B [9], MoikEO CQOPMYJHPOBATH TAK: CTEIEHL KpICTAT-
JITYHOCTIL NPOIYKTOB MCXAHIUECKOrO CILIABTEHI YBEJIMYINBACTCA C POCTOM
WOABOAUMOI MOLIMOCTII I JUIAMETpPA MeJomyurx Imapos. Rax ormyewalocs
BhIie, ¢ YBEJAMUEHLeM MOIIHOCTH I jlliaMeTpa LIAPOB YBEANUNBAeTCA I IX
Temmeparypa. B pafore [9] wexammueckas o0padoTKa OCYHICCTBIAIACKH
B 1 aTu Aproma, T. e. He ICIOIb3OBATACH BOBMOJKHOCTH yIDABIENIA TeM-
mepatypoil WapoB ga CYET TEIONPOBOJHOCTI T JIABJACHHA 3AITOIHAIONIETO
Gapabamer rasa. B HacTosugeil pafoTe Mbi PEnINII IPOBEPHTL He CBOANTCST
am .o0Hapy/ReHHAsl pallee SaBICIMOCTL TOIBKO K BIMAHMIO TEMIEPATYDPB!
wmapos. C aToil meJapro MBI DpPOBeNH IIccIefoBamie (DasoBOTO COCTAaBA IIPO-
JIyKTOB MEXaHH4YeCKOro coiaBieHms B cucreMe Zr—Co B 3aBICHMOCTH OT
YacToThl Bpauienis GapadanoB (LEHTPODEIKHOr0 YCKOPEHIIS) I JITaMeTpa
mrapos. IToxdopoyM rasoBoil arMocghepsr B Gapafamax Mbl J[OGIBAIICH, UTO-
0Bl TemIepaTypa IIapoB OblIa BO BCeX CJydYasdxX NPHMEPHO OZUHAKOBAS
(oxoro 100°C). Rax m B padore [9], orfop aiumBOT A aHAII30B OCY-
TECTBIANCA uepe3 MPOMCIRYTKI BPCMENI, H3MEHSIOMEeCs B Jorapiie
wecrom macurrabe (0,5; 1; 2; 4 m 1. 1. “wacos), n o0palorka IpPOTIOIIKATACD.
TI0Ra pe3yJbTaThl ABYX IOCJAEI0BATCTbHEIX AHANI30B e JaBaill HPaKTiI-
YECKII He OTJIIUIMBIE Pe3yJIbTaThl.

B pesyabrate mec/e0BamI YCTAHOBAENO, YTO IIOHIZKAs TeMNepaTypy
WapOB MOMKHO NOJYYaTh aMopibie CIIABEL PN LEHTPOOCHKHBIX YCROPEHI-
5AX, Opm KoTopeix pamee (B [9], Korja MexamuUecKoe CIIABJEHIE OCY-
WecTBAsANoch BCETrJa B aproHe ¢ jaBlenmeM 1 atm) 3To me ymaBaIoch.
Tak, avopdmpii cmias coctaBa Zre;Coss B aprome c papiemirem 1 ar
YAaBAAOCH MOJYUITH TOIAGKO HPU MIHIMAJLHEIX IEHTPOOEKHBIX YCRODEHI-
sx (230 M/e?) uw ¢ mapamm guamerpoyM <5 mm. Ilpm memrpodesmublx ye-
xopentax 460 m 690 M/c? B KauecTBe HPOAYRTA MOJyUajsach ciech RpIic-
ramnmyeciix mETepMmeraxiuos ZrsCo m ZrCo. Ecnm jxe Mexamimeckylo
06paboTKY OCYIIeCTBISATH B Aprome ¢ IOBBIIICNHBIM aBJEHIEM ILTI B Te-
aum, aMopQHBI CIIAB JTOTO COCTABA YHAETCH MONYTuTs HpIt enTpoden
HEIX  YCROPEHIAX 460 u. pake 690 n/c?, HO omATH TONBKO A HIAPOB
IuaMeTpoM D U MeHee MOJIIIIMETPOB. AHATOTIHBIE Pe3yNbTaThl [OJYUYeHBI
u s cocraBa ZrsCosp. Mexammuecroe cIIaBieHile B aprome ¢ podapie-
HmeM 1 arM N03BOMgeT WOMYdYNTh aMopQHLBIL CIIaB BTOTO cocTaBa Mpil
yeropenmax 230 m 460 m/c? ¢ wmapami guamerponm 3 m 5 mm. lonmwemie
TeMIepaTypsl IIapoB HO3BOIsET AOOUTHCA aMOPOUIAMIE M HpPH YCHOPEHIAX
690 w/c?. Pocr cremennm KpHCTAWINYHOCTH IPORXYKTOB -MEXaillueCKOro
CITaBJeHNsT, HaGMIONAIOLIIICS IPIl YBEJIUEHII JaMeTpa IIapoB, NOHII-
SKeHmeM HX TeMIePaTypHl IOJABHTh HE ¥IaeTCA.

Msr cunraeMm, uTo O0TLACHATH mojdyyeHHele mdsa cumcremsr Zr—Co pe-
3YABTATHl BO3MOMKHO TOABKO, €CHI HPeINOTORITh, UTO JIOKAJDLIIBe TeMIle-
parypsi, BOSHIKAIONIE NPT  COYIADEHUAX IIAPOB, CYMICCTBEHNO Boilliv
cpefmeil TemmepaTyper Liapos, T. e. mmeror Beduunmy 1000 K. Doaee moi-
POBHO NOJdyueHHBIe Pe3YBTATHL ¢ TOURI 3DPEHIs MeXaHU3Ma MEeXAIITeCROro
cITaBiennsT OyAyT LDpPOAHAUSUPOBAIGI BO BTOPOIl WACTH COOOILEHNA.
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[image: image6.jpg]Taxum p6pascM, BIEPBbIE DKCHSPHMEHTAIBLHO ONpENCTieRa TEMUEDATYRS
MEOUMK WEPOB B XOMe MCeXaHHYeCKOI'O CiNlanieis, PasHocTs Temieparyp
MEKIY LWapamMHi u creuxamu © })GG&HOD MOXKET LOCTHPATE HECKOJIBKO COTeH
TpanycoB # 3aBUCHT OT TEeIONPOBOMHOCTH H AapiieHKd 3anoiymoiero éapa-—
Ganbl rasa.

Harmenss TemiuepaTypy MapoB, MOXHO BIMATH K&K Ha OUHAMMKY Mexa-—
HUYECKOrO Cijlapjiedud, Tax W HAa diﬁacﬁblﬁ cocTas ero MnpoilyKToB.

WHCTHTYT XUMUH TBEpAOTO Tena MocTynuna B pefaximo
¥ nepepaSOTKH MHHEpAabHOro ChIPbS 14/XI11 1990
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TEMPERATURE CONTROL DURING MECHANICAL ALLOYING
IN PLANETARY BALL MILLS '

The temperature induced in the powders by the kinetic energy of
the milling media must be a critical factor in the mechanism of mechanical
alloying, macroscopic temperature rises usually measured by thermocoup=
les at the vial wall and found in the range of 60~-120 degrees above am-
bient one, However, the temperature of the milling media may strongly
differ from that of the vial.

The ball temperature in planetary mill was measured with specially
developed calometric method. In an energy saturated mill the ball's tem-—
perature was estimated to be as much as 500 K higher than that of the
vial wall. The heat transfer from balls to the walls is believed to be due
to the forced convection process and the ball temperature was depended
on the ball diameter, mill power, properties of treated material and gas
media heat conductivity., Changing the gas and itts pressure we experi-
mentally widely altered the alloying rate and the properties of the product.
It was shown that under high pressure.of helium the temperature rise was
minimized so that amorphous alloys were preferably obtained while the
crystalline prodycts were obtained in argon, ajl other conditions being
equal. However, the ball temperature is not the only parameter which de-
termine the product properties. The ball diameter is the other factor of
the same (or, more probably, the greater) importance.

The theoretical model taking into account the observed experimen—
tal data is now under development,





