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CTAI{IFIHICTI; KOMIPKOBOI'O PO3IIAQY NIEPECUYEHOI'O TBEPJ10I'O
PO3YUHY Co-13 ar. % W

3anpononosano cnoci6 mamemamuyHo20 AHANI3Y I30MEPMIYHUX OUNAMOSPAM CNIABY
Co-13 am. % W, 3icmapenozo 6 inmepeani memnepamyp 660-820°C 3a Komipkogum
mexauizmom. TlooanHsam exionux excnepumeHmanvrHux izomepm y koopounamax dl/dr-lg(t), oe
[ — 0osdrcUuHa 00CTIOHCYBAHO20 3PA3KA, T — YAC CMAPIHHA CNAABY, 00EPAHCAHO MONCIUBICID
MOYHO20 BU3HAYEHHS YACOBUX IHMEePBanie KIHeMUu4Hux cmaoill KOMIPKOBOI peakyii.
Bcmanosneno, wo cmapinns cnnagy 8i00ysacmucsi 6 X001 nepeunHOi ma 6MopuHHOi peaxyill 3a
ecix memnepamyp excnepumenmy. Ilpodykmom nacmynnoi cmadii KoMipkogoi peaxyii, wo
PO3NOYUHAEMBCL NO 3ABEPUICHHT NONepeoHboi peakyii i npomikae 3a iCMOMHO HUNCUOT
WBUOKOCMI, € KOMIPKOBI KOJIOHII 3HAYHO MeHuloi oucnepcrocmi. 3a memnepamypu 675 °C, wo
Xapaxkmepuzyemscsi HAUBUWOI0 WEUOKICIIO Nnpoyecy CMApiHHA CHIA8Y, 3apeccmpo8aHo
MPEemuHrHy KOMIPKOG) peaxyiio.

KimrouoBi cioBa: crutaB Co-W, KOMIPKOBUN po3Maj, TUIATOMETPUYHUN aHai3,
MIKPOCTPYKTYpa CIUIaBiB, CTa/ii po3naiy.

1. Beryn

3arajabHONPHUHATOIO € TOUKA 30pYy, 3TIJHO SKOI 3a HU3bKUX FOMOJIOTIYHUX TeMIIepaTyp
($a30BOro Inepexoay MOBHOIO 3HATTS IMEPECHUEHHS HE JOCSATraeThes, TOOTO MICIs pOCTY
KOMIPKOBOI CTPYKTYypH CHUCTEMA BCE 1€ 3AIMIIAETHCS HEPIBHOBAXHOIO [1-6]. ToMy MOxKHBI
ApyTa 1, HaBiTh, TPETS CTaAll OrpyOIeHHs] KOMIPKOBOI CTPYKTYPH, SIK1 IPOXOJIAThH MOCTIAOBHO 1
31 3HAQYHO MEHIIMMHU IIBUJIKOCTSMHU pyXy O@poHTy neperBopeHHs. CTyIiHb 3HATTA
MepeCUYEeHHs, B MPUHLUII, MOXe OyTH NOBUIBHUM. [HIIIOIO OCOONUBICTIO € Te, IO 3ajayda
KOMIPKOBOTO PO3MaJly MePecuueHOro O1HAPHOTO TBEPAOTO PO3UHMHY MA€ B CBOEMY PO3B’SI3KY
1HBapiaHT, SKUH JOpPIBHIOE JOOYTKOB1 KBaJpaTa MDKIUIATIBKOBOi BIJICTaHI y KOMIpII Ta
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mBUAKOCTI 11 pocTy.  HaliObunmpln NOBHO eKCHEpUMEHTANIbHMIA Ta TEOPETUYHHUI OmUC
0COOJIMBOCTEH KOMIPKOBOT'O PO3Maay HaBeaeHo B [7-12].

CrafiiiHICTh KOMIPKOBOI'O pO3Majay METaJleBUX IMEPEeCUYCHUX TBEPAUX PO3ZUUHIB
CIIOCTEpIrajy 11€ Yy paHHIX JOCHIHKEHHIX JAHOTO MPOLECY METOIOM ONTUYHOI MeTanorpadii
[1]. YTBOpeHHsS KOMIPOK 3HAYHO MEHIIOi JUCIEPCHOCTI MIKPOCTPYKTYpPH JOCIIIKYyBayi
IMEHYBaJIM MPOILIECOM KOAJIECIEHIIil, He Oepy4u A0 yBaru HELIKOBUTE 301HEHHS BUX1IHOTO
[EPECUYEHOr0 TBEPAOr0 PO3UMHY B XOJ1 MOro mepBHHHOI cTanali posmany. Came BOHO
CTAaHOBUJIO COOOI0 PYIIIAHY CHJIy BTOPMHHOI KOMIPKOBOI peakiii, B X0l SIKOI 3a3BHUYail
JOCATAEThCSl PIBHOBA)KHA 33 JJAHOI TEMIIEpaTypy CTapiHHS KOHLIEHTpAIlisl TBEPJOro PO3UHHY.
Baranabe [2] OyB ogHuMM 3 MepHIMX, XTO BH3HAYMB peajbHy (I3UYHy TPHUPOAY T.3B.
«KOAJIECLIEHIII1» NEPBUHHUX KOMIPOK SIK IIPOLECY BTOPUHHOI KOMIPKOBOI peaKiiii, a 1IHKOJIU i
PO3BUTKY IMiCJsA HEi TPETMHHOI peakilii 3a HAsBHOCTI MEBHOT'O0 OCTATOYHOTO IMEPECUYCHHS
TBEPAOIr0 PO3UMHY 3a JIaHOI TEMIIEpaTypH CTapiHHSI CILIaBY.

[To3asik BTOpHHHA KOMIpKOBa peakilisl BiAOyBaeThbcsl y 3011HEHOMY B XOJiI IEPBUHHOI
peakirii TBEpIOMYy PO3YHHI, KOHIIEHTpAIlis SIKOTO 3a3BHUYail € BUINOI PIBHOBAXHOI 3a JaHOL
TEMIIEpaTypy CTapiHHS CILJIaBYy, HM)KUUM IEPECUUYEHHSAM TBEPJIOr0 PO3UMHY 3yMOBIIOIOTHCS
HIDKYA MIBUJIKICTH BTOPUHHOI KOMIPKOBOI peakiiii, sIK 1 JUCTIEPCHICTh HOBOT MIKPOCTPYKTYPH.
He 3Bakaroum Ha Te, IO MPOIEC BTOPUHHOT KOMIPKOBOI peakiiii sBJis€ COOOI0 MOIIUPEHE 1
B1JIOM€ SIBHIIIE, HOTO CUCTEMATUYHI AOCTI/DKSHHS ¥ 10 HUHI HEe MpoBaauiIncs. Jlume y criaBax
CBUHEIb-0JIOBO 32 pe3yJibTaTaMU 130TEPMIYHUX PE3UCTOMETPUYHUX AOCIIKEHb KIHETHKHU
KOMIPKOBOT'0 po3May OyJio 3alponOHOBAaHO METOANKY PO3MEXKYBAHHS IaHUX JJISl IEPBUHHOL
1 BTOpUHHO] peakuii [12].

Mertoro 1aHoi poOOTH € eKCliepUMEHTaNIbHE 0CIIHKeHH JuuiaTorpam ciiaBy Co-13 at.
% W, 3icrapeHoro B iHTepBam Temmepatyp 660-820°C 3a KOMIPKOBHUM MEXaHI3MOM.
ExcniepumenTanbHl 1aHi CTOCOBHO CTaIIMHOCTI KOMIPKOBOT'O pO3Maay MpoaHATI30BaHI Ha
OCHOBI1 PO3pOOJICHOT MTPOIIEAYPH aHATIZY MOXIJHUX 32 Yacy BiJl 3SMEHIICHHS 00’ €MY CILIaBY.

2. Onuc ekcrepuMeHTy

3BUYaliHI KIHETUYHI 3aJEKHOCTI SIK, HAaNpUKIAN, JUIATOMETPUYHI 130TEpMH
KOMIPKOBOTO po3majay cruiaBy kobambra 3 13 ar.% Bombsdpamy (puc. 1) onucyroTh Jwuiie
3arajibHUM €PEeKT 3MEHIICHHS 00’ €My CIUIaBY BHACIIIOK BHMAJaHHS BOJIbGpamMy 3 TBEPAOTO
PO3UMHY 1 HAJAIOTh BIIOMOCTI MPO YaCOBUU IHTEpBaJI MPOTIKAHHS LLOTO IPOLECY 3a JaHOi
TeMIIepaTypH Biamaity.

Po3pobnena MeronMka Ha OCHOBI MPOLEAYpPH aHANi3y HOXIAHMX IO dYacy BIJ
JUJIATOMETPUYHUX 3MIH 00’€My CILUIaBy € HOBITHIM MiAXOJOM 0O KIJIbKICHOTO OOpOOJIeHHS
KIHETUYHUX JJAaHUX CTapiHHA CIUIaBIB.

Pazom 3 TiM 3a pe3ynbTaTaMu JOCIIKEHHS 3arajbHOT KIHETUKH KOMIPKOBOTO PO3IMaTy
B iHTepBanmi 660-820°C Bumazae MOKJIUBICTh BHM3HAUEHHS TEMIIEpaTypH MaKCHMaIbHOL
LIBUKOCTI IPOTIKaHHA JaHoro mnporecy. Ha puc. 2 nonano temneparypHy 3ajeXkKHICTh yacy
HaIiBpo3Maay TBEPAOIrO PO3UMHY B JOCIIIKYBAaHOMY CILIaBl 3a IWIaTOMETPUUYHUMU JaHUMHU.
3 HaBeJEeHOT 3aJeKHOCTI BUAHO, 1[0 MAKCUMYM 3arajibHOi MIBHAKOCTI KOMIPKOBOTO PO3Mady
npunajaae npubiusHo Ha 730°C.
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Puc.1. IunaromerpuyHi i3otepmu crapinus ciaBy Co-at.13%W 3a pi3HUX TemmepaTyp
Biamany (Bci i3otepmu, okpim 700°C, 3mileHH1 BITHOCHO MOYaTKy KOOPIMHAT MPaBOPYY).
Fig.1. Dilatometric isotherms of aging of alloy Co-at.13% W at different annealing
temperatures
(all 1sotherms except 700 ° C are offset from the origin to the right).
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Puc. 2. TemnepaTypHa 3aJI€KHICTh Yacy HaIliBpO3Maay TBEPIOTO PO3YUHY 32 KOMIPKOBUM
MexaHi3MoM y criaBi Co-at.13%W.
Fig. 2. Temperature dependence of solid solution half-decomposition by cellular
decomposition mechanism in alloy Co-at.13%W.
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3. Pe3yabTaTn po3paxyHKiB JaHHUX eKCIIEPUMEHTY Ta 00roBOpPeHHSA

MikpoCTpYKTYpPHUMU JOCIIIPKEHHSIMHU BUSBJICHO, 10 3arajibHa YacTHHA [IEPETBOPEHOTO
00’emMy B X011 KOMIpKOBOTo po3mnany cmiaBy Co-aT.13%W, sk 1 y crutaBax CBHHEIB-0JIOBO,
CKIIaJa€Thesl 3 TIEPBUHHOI Ta BTOPUHHOI KOMIPKOBMX peakiii, a 3a Temmepatypu 675°C
CIIOCTEPIraeThes 1Ie M TpeTuHHA peakinis. [IpodieMoro € Te, 10 9acoBi IHTEPBAIHU [IUX PEAKITINA
3a 3BUYAMHMMM KIHETMUHUMHU i30TepMaMu (y JAAaHOMY BHUIAJAKY JHJIATOMETPUYHHMHM)
BU3HAUYUTH HEMOXJIMBO 13-3a IX MOHOTOHHOT MOBEIHKH.

JUis TOYHOrOo BHU3HAYEHHSI YAaCOBUX IHTEPBAJIB IOCIIJOBHUX CTaJiii KOMIPKOBOTO
po3maay 3aCTOCOBAHO aIrOPUTMU YUCEIBHOrO JUdepeHioBaHHs PpyHKLIT y(X), siKa 3a0a€ThCs
aHayiThyHO abo TabenboBano [12]. IlouaTkoBa i7est mossirae B 3aMiHl JaHOI (QYHKIT
IHTEPIONSILIMHUM TTos1iHOMOM P(x). [lani, A0CiiIKyr0ThCs MOX1/IHI 3aCTOCOBAHOrO MOJIIHOMA
d"P(x)/dx"=d"y(x)/dx", mo BumoOyBalOTbCs aHaTITHYHO. Hamu 3acTOCOBaHO uYHCETbHE
IU(EepeHLIFOBaHHS 32 pPIBHOMIPHO pO3TaIllOBaHUX TPHOX CYC1/IHIX BY3JIIB 3a CIIBB1IHOILICHHSIM:

1
¥ (xo+ ph)s = Z[(p—o,S)y,l ~2py, +(p+05)y,], (1)

ne p = (x-xg)/2h, h — iHTEpBaJI IPUPOIICHHS X.
3arajaoM piBHSHHS YHCEIbHOrO MU(epeHIitoBaHHS Ta0eIbOBAHOI HA PIBHOMIPHIH 1IKaji
GbyHKIIT y(X) eneMeHTapHIII 32 HaBEJIEHOTo CIiBBIAHOMIEHHS (1), Mo3asik p y By3iax HaOyBae
¢ikcoBaHoro 3HaueHHsA. OCcOOIUBO MPOCTUM 1 JOBOJII TOYHUM € PIBHSHHSA JJIS1 LIEHTPAJIbHOTO
By3sa (p=0):
V'=i-y-1)/2h )
y'= _2J’o+J’-1)/h2 3)
CroiBBigHomeHHss (2) 1 (3) € 3pydyHMMH IS YHCEIBHOTO JU(EpEeHLIIOBaHHS
TaOyJIbOBaHUX (QYHKINNA y TOUIl X = Xp . OT)Ke BOHM MPUIATHI JIUIS ONPAIFOBAHHS HE JIHIIE
pe3ucro-, AWJIATO- 1 BOJIOMOrpaM, aje i NOAIOHHMX EKCHEepPUMEHTaJIbHUX pe3yJbTaTIB
CTOCOBHHX 3arajibHOi KIHETHUKU (Pa30BUX MEPETBOPEHb Y METAJIEBHUX CIIaBax (JMB. puc. 3).
Otpumani miku Ha rpadiky 3anexHocTi dV/dr-Ig(t) ¢ikcyloTh BiacHe CTaIliHICTh
MPOTIKaHHS KOMIPKOBOTro po3mnaay. Haii0inbi nikaBuM € rpadik, 1o BiANOBIIA€ PO3Maa0BI 32
temmeparypu 675°C (puc. 4), OCKUTbKH Ha HhOMY CIIOCTEPITaIOTHCS TPH MIKH, IO CB1YATh PO
Tpu cramii mpomecy. 3a Temmeparyp 804°C Tta 820°C, HaOMMXKEHUX 10 BEPXHBHOL
TEMIIEpaTypHOi MEXI MPOTIKAaHHS KOMIPKOBOTO po3many, (IKCYETbCs JMILE OAHA CTajais
IIpOLECY.
OCKibKM IMMIKM PI3HUX CTaJill HaKIaJaloThCAd OJWH HA OJHOrO, 3 OJIepP’KaHUX

AV

3aJIeKHOCTEN 7 —7 HEBaXXKO BU3HAUNTHU MPUOTU3HUN Yac 3aKIHUYEHHS BiIMOBITHUX PEAKIIiil.

[IpoTe 3 BOEBHEHICTIO MOXHA FTOBOPUTH MPO TOM (PAKT, 10 BTOPUHHA KOMIPKOBA peaKilisl Ha
puc. 4 pO3MOYMHAETHCA Mailke BiApa3y MICis 3aBEpUICHHS NEPBUHHOI, B TOW K€ 4Yac K
[IOYaTOK TPETUHHOI 3HAXOAUTHCSA HAa MEX1 3aKIHYEHHSI BTOPUHHOI PEaKIii.

Takox 0cobnuBYy yBary Ha puc. 4 mpuBepTae Maibke piBHa JIISHKA 3a TPETIM IMIKOM.
Bona cBiguuTh mpo Te, 110 B CUCTEMI HE BIOYBalOThCS MPOLECH, K1 O XapaKTepu3yBaJucs
3MiHOI0 00’ eMy. OCKUTBKH I TOUYKH HE JIeKaTh Ha Bici aOCIHC, a 3HAXOAATHCS MapajesbHO il
Ha NEeBHIM BIJICTaH1, TO 1€ MOXE CBIAYUTH PO HUKYY YYTJIMBICTh JUJIATOMETPUYHOTO METOLY
JOCHI/I)KEHb, OPIBHSAHO, HAPUKJIIA, 13 pe3uctomerpieto. Ha 1ieit hakt Bkasye i Te, 1o rpadix
[TOYMHAETHCS HE 3 TOUKU MEPETUHY BiCEH.

[Toganbire po3MexyBaHHS TIKIB HA OKPEMI1 CKJIAJIOB1 1aCTh MOXKJIMBICTh BUSBUTH TOYHI
yacoBl Mexl1 mepediry cTaaiiHOCTI peakiiii, OCKUIbKM (I3MYHUN 3MICT APYroi MHOXIAHOI
XapaKkTepu3ye MPUCKOPEHHSI MEBHOrO MpOIecy 1 Jae 3MOry 3poOMTH BHCHOBOK, IO Yy pasi
3aKIHYEHHS BIANOBIIHOI peakuii Apyra noxigHa Mae o0epTaTucs Ha HyJIb.
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Puc. 3. [ToxigHi BiJ] 3MiHU IEPETBOPEHOr0 00’ €My 3aJIEKHO BiJl Yacy 3a PI3HUX TEMIEPATYP
Bignany: a) m — 720°C, @ —735°C, o —745°C; 6) m — 765°C, ® — 804°C, o — 820 °C.
Fig. 3. Derivatives from changing the transformed volume depending on the time at annealing
temperatures: a) m — 720°C, @ —735°C, o —745°C; b) m —765°C, e — 804°C, o — 820 °C.
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Puc. 4. [loxigHa BiA 3MiHU IEPETBOPEHOr0 00’ €My 3aJIEKHO B1Jl 4acy 3a TeMIepaTypu
Biamainy 675°C.
Fig. 4. Derived from changing the transformed volume depending on the time at annealing
temperature 675°C.

Pesynbratu BiAMOBIIHUX PO3PAXyHKIB HABEACHO y Ta0. 1, 1€ YITKO BUIAHO, IO ITOYATOK

HaCTymHOI CTaail po3paay TBEPAOrO pPO3YMHY BiAOyBa€ThCA Yepe3 IEBHUM dac MicCIs
3aKIHYEHHS MOIEPETHBOI.
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Taomums 1

IaTepBanu craniit komipkoBoro posnaay craBy Co — 13 at. % W 3a pizHux temmeparyp

Bijmany.
Table 1

The intervals of the cellular decomposition stages of the Co - 13 at. % W alloy at different

annealing temperatures.

Crazis peakiiii (4acoBHii iHTEpBaJ MePeOIry peakilii, ceK)
Temmnepatypa, °C 1 2 3
ITouarok | Kinens | ITouartok | Kinens | ITouarox | Kinens
675 48 4200 4800 13200 14400 | 25200
720 54 4800 5400 8400
735 54 4200 6000 9600
745 58 5200 8400 12300
765 63 5400 9600 15600
804 75 15600
820 71 16200

4. BucHoBKH
B pesympTaTi TpOBEACHHS WMIATOMETPUYHUX  JOCHIHKEHb Ta 3aCTOCYBaHHS

PpOo3p0o0IeHOT YMCENBHOI MTpoLIeTypHu 00OpOOJICHHS JaHUX BU3HAYEHO CTAAIMHICTH KOMIPKOBOT'O
posmnany y cmaBi Co — 13 at. % W B iHTepBaii Temnepartyp Bignary 675 — 820°C. [lns ananizy
3aCTOCOBAHO 3aJIS)KHOCTI TMEPIIOi MOXITHOI BiJ 3MIHM TIEPETBOPEHOTO O0’€My BiJ dacy.
Bcranosineno, mo 3a remneparypu 675°C nporiec KOMipKOBOT'O PO3Maay MPOTIKA€E y TPH CTaIi.
B inTepBam Temmeparyp no 765°C cnocTepiraeTbcs JABOCTAAIMHICTH po3Many TBEPAOIrO
po3umuny, a 3a Temneparyp 804°C i1 820°C, HaOMKEHUX 10 BEPXHBOI TEMIIEpaTypHOI MEXi
MIPOTIKAHHSI KOMIPKOBOT'O po3Mafy, (PIKCYEThCS JIMIIE OJHA CTaisl pOo3Maidy.
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STAGING OF THE CELLULAR DECOMPOSITION OF THE
SUPERSATURATED SOLID SOLUTION Co - 13 at.%W

Summary. The process of cellular decomposition staging of metallic supersaturated

solid solutions was observed since the early investigations of this process using the method of
optical metallography.The secondary cellular reaction is taking place in depleted reaction in
the process of solid solution where concentration is usually higher than the equilibrium
temperature of alloying aging. The lower supersaturation of the solid solution causes the lower
rate of the secondary cellular reactions, as well as the dispersion of the new microstructure.
Although the secondary cellular response process is widespread and well-known, its systematic
studies have not been conducted yet. According to the results of isothermal resistometric studies
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of cellular decomposition kinetics in lead-tin alloys the new method of distinguishing data for
primary and secondary reactions was proposed.

The purpose of this work is an experimental study of dilatograph of alloy Co-13 at. %
W, aged in the temperature range 660-820 ° C by the cellular decomposition mechanism.

The experimental data on the stage cellular decomposition are analyzed on the basis
of the developed procedure of time derivatives analysis after alloy volume
reduction.Submission of initial experimental isotherms in the coordinates dl/dt-1g(z), where -1
is the length of the test sample, t - is the time of the alloy aging, it is possible to accurately
determine the time time interval kinetical stages cellular decomposition.It was found that the
alloy aging occurs during the primary and secondary reactions at all temperatures of the
experiment. The product of the next stage of the cellular reaction, which begins at the end of
the previous reaction and proceeds at a substantially lower speed, are cell colonies of much
less dispersion.

As a result of dilatograph investigation and application of the developed numerical data
processing procedure, the stability of stage cellular decomposition in the Co - 13 at % W alloy
temperature interval of aging 675 — 820°C was determined.lt is established that at 675°C the
process of cellular decomposition stage proceeds in three stages. In the temperature range up
to 765°C, there is a two-stage decomposition of the solid solution, and at a temperature of
804°C and 820°C, close to the upper temperature limit of the cellular reaction behavior, only
one decomposition stage is recorded.

Keywords: Co-W alloy, cellular decomposition, dilatometric analysis, alloys
microstructure, decomposition stages.
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