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CTAJIMHICTH KOMIPKOBOI'O PO3IAJIY IEPECUYEHOI'O TBEPJIOT'O
PO34YHUHY Co - 13 ar. %0 W

3anpononosano cnoci6 mamemamuiHo20 AHANI3Y 30MEPMIYHUX OULAMOZPAM CHIABY
Co-13 am. % W, sicmapenoco 6 inmepgani memnepamyp 660-820°C 3a Komiprosum
mexauizmom. Tlooannsam 6xionux excnepumeHmanibHux izomepm y koopounamax dl/dz-1g(t), oe
| — Ooeorcuna docniosxcysanozo 3paska, T — 4ac CMAPIHHA CHIAABY, 00EPIHCAHO MONCIUBICIMb
MOYHO20 BU3HAYEHHS YACOBUX [HMeEPB8ANié KiHeMmuuHux cmaoili KOMIPKOBOI peakyii.
Bcmanosneno, wo cmapinns cniagy 8io6ysaemucsa 6 Xo0i nep8uUHHOI ma 6MopUHHOI peaxyiti 3a
6cix memnepamyp excnepumenmy. Ilpooykmom wacmynnoi cmadii Komipkogoi peaxyii, wo
PO3NOYUHAEMBCL NO 3ABEPUIEHHI NONepeOHbOol peakyii | npomikae 3a ICMOMHO HUNCUOT
WBUOKOCMI, € KOMIPKOBI KONOHII 3HAUHO MeHutoi oucnepcrocmi. 3a memnepamypu 675°C, wo
Xapaxkmepuzyemscsi HAUBUWOI0 WBUOKICIIO Npoyecy CMApiHHA CHAA8Y, 3apeecmpo8aHo
MpemuHnHy KOMIPKO8)Y peakxyiro.

KiarouoBi ciaoBa: crutaB Co-W, KOMIPKOBUM po3Maj, IWIATOMETPUYHHN aHai3,
MIKPOCTPYKTYpa CIUIaBiB, CTaJil po3namiy.

1. Beryn

3arajJbHONPHUHATOIO € TOYKA 30pY, 3THO SKOI 32 HU3bKUX I'OMOJIOTIYHUX TeMIIeparyp
¢a30BOro mnepexoqy MOBHOTO 3HATTS NEPECHUYCHHS HE JOCSTaeTbcs, TOOTO MicCIs POCTY
KOMIPKOBOI CTPYKTYpH CHCTEMa BCe 1€ 3aIMIIa€ThCsl HEPIBHOBAXHOIO [1-6]. Tomy MOXiHBi
z[pyral HAaBiTbh, TPETS cTajii orpy0OaeHHs KOMIPKOBOI CTPYKTYPH, SIK1 IPOXOATH MOCTIIOBHO 1
31 3HaYHO MEHIIMMHU IIBUAKOCTAMH pPyXy (poHTy mneperBopeHHs. CTymiHb 3HATTA
NePEeCUYEHHs, B MPUHIUII, MOXe OyTH JOBUIbHUM. [HIIIOIO OCOOMUBICTIO € Te, IO 3ajaya
KOMIPKOBOT'O PO3Majy NMepecuYeHoro OiHapHOTO TBEPAOI0 PO3UYMHY MA€ B CBOEMY PO3B’SA3KY
iHBapiaHT, SKUH JOpiBHIOE TOOYTKOBI KBaJpaTa MIKIUIATIBKOBOI BiJICTaHI y KOMIpIi Ta
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MBUAKOCTI 11 pocty.  HalOinblnl TOBHO €KCIIEPUMEHTAIBHUM Ta TEOPETUYHHHA ONHC
0COOJIMBOCTEH KOMIPKOBOTO po3Maay HaBeJeHo B [7-12].

CraniliHICTh KOMIPKOBOTO pO3Maay METAJeBUX MEPEeCHUYCHUX TBEPAUX PO3UHHIB
CIIOCTEPITAJH 1€ y PaHHIX JOCITIHKEHHSAX JTaHOTO MPOIECY METOAOM ONTHUYHOI MeTanorpadii
[1]. YTBOpeHHs KOMIpOK 3HAYHO MEHIIOI IUCIEPCHOCTI MIKPOCTPYKTYPH JOCIIKyBadi
IMEHYBaJIM TIPOLIECOM KOAJIECLIEHIIi1, He OepydH J0 yBard HEIIKOBUTE 301IHEHHS BUXITHOTO
MEPECUYEHOr0 TBEPJOr0 PO3YMHY B XOXI HOro mepBHHHOI craaii posmamy. Came BOHO
CTAaHOBHJIO COOOI0 PYIIiHHY CHJIy BTOPHHHOI KOMIPKOBOI pPEakIii, B XOMdi SKOi 3a3BHUYaii
JOCSTAEThCS PIBHOBAKHA 3 JTAHOI TEMIIEPATypy CTapiHHS KOHIEHTPAIIisl TBEPIOTO PO3UYHHY.
Baranabe [2] OyB OmHMM 3 TepIIMX, XTO BU3HAUMB peaibHy (i3MuHYy MpHUPOITY T.3B.
«KOQJIECICHIII1» MEPBUHHUX KOMIPOK SIK MPOLIECY BTOPUHHOI KOMIPKOBOI peaxilii, a iHKOJIN i
PO3BUTKY TiCJsA HEi TPETUHHOI peakilii 3a HasBHOCTI MEBHOI'O OCTATOYHOTO MEPECUUYEHHS
TBEPJIOTO PO3UMHY 3a IaHOI TEMIIEPATypy CTapiHHSA CIUIABY.

[lo3asik BTOpMHHA KOMIpKOBa peakilisi BiAOyBaeTbcs y 301THEHOMY B XOJII MEPBUHHOI
peaxirii TBEpIOMYy PO3YMHI, KOHIIEHTpAIlisl SIKOTO 3a3BHYail € BUIOI PIBHOBAKHOI 3a JTaHOT
TEeMIepaTypH CTapiHHs CIUTaBY, HIDKYAM NEPECHUEHHSIM TBEPAOTO PO3UMHY 3yMOBIIOIOTHCS
HIDKYA MIBUIKICTh BTOPUHHOI KOMIPKOBO1 pPeaKilii, K 1 IUCIEPCHICTh HOBOI MIKPOCTPYKTYPH.
He 3Baxatoun Ha Te, 1110 IpolEeC BTOPUHHOI KOMIPKOBOI peakilii sBjsie co00I0 MOIIUpEHE 1
BiJIOM€ SIBHIIIE, HOTO CUCTEMATUYH1 JOCTIPKSHHS i 0 HUHI He TTpoBaawincs. Jluie y criaBax
CBUHEIH-0JIOBO 3a pe3yJbTaTaMU 130TEPMIYHUX PE3UCTOMETPUYHUX AOCIIKEHb KIHETHKH
KOMIpKOBOTO po3maay OyJio 3alpOIIOHOBAHO METOMKY PO3MEKYBAHHS MaHHUX JIISl IEPBUHHOI
1 BTOpuHHOT peakitiit [12].

MeTor0 naHoi pOOOTH € eKCIIEpUMEHTAIBHE JTOCIIPKeHHS qutatorpam cimiaBy Co-13 ar.
% W, 3icrapeHoro B iHTepBayii Temrepatyp 660-820°C 3a KOMIPKOBHUM MEXaHI3MOM.
ExcniepuMmeHTaIbHI J1aHI CTOCOBHO CTaIMHOCTI KOMIPKOBOTO pO3Maay IpOaHalli30BaHI Ha
OCHOBI1 PO3pOOJICHOT TTPOIIEIYPH aHAIII3Y MOXIAHUX 32 Yacy BiJ] 3MEHIIEHHS 00’ €My CIUIaBy.

2. Onuc eKCriepuMeHTy

3BHUYAiiHI KIHETHYHI 3aJIeKHOCTI fK, HaNpHUKIaA, AWIATOMETPUYHI 130TEpMU
KOMIPKOBOTO pO3Majy cruiaBy kobansta 3 13 atr.% Bonbdpamy (puc. 1) onmucyroTh juiie
3araibHUM eeKT 3MeHIIeHHs 00’ eMy CIUIaBy BHACIHIJIOK BUIAJaHHs BOJb(pamy 3 TBEPAOTO
pO34YMHY 1 HaJAIOTh BIJIOMOCTI MPO YaCOBHUH IHTEpBa] MPOTIKAHHS I[LOTO MPOIECY 3a JIaHOi
TEeMIIepaTypH Biamaity.

Po3pobiiena MeTonmka Ha OCHOBI MPOIEAYpH aHaii3y IMOXIIHUX II0 Yacy BiJ
JTUIATOMETPUYHUX 3MiH 00’€My CIUIaBy € HOBITHIM ITIJIXOJIOM JI0 KIJIbKICHOTO OOpOOJICHHS
KIHETUYHUX JaHUX CTapiHHA CIUIaBIiB.

Pa3oM 3 TM 3a pe3ynbTaTaMu TOCIIPKEHHS 3arajibHOl KIHETUKA KOMIPKOBOTO PO3Mary
B iHTepBani 660-820°C Bumamae MOXIUBICTh BHU3HAUYEHHS TEMIIEPaTypH MaKCUMAabHOI
IIBUKOCTI MPOTIKaHHA AaHOTO mporecy. Ha puc. 2 mogaHo TemmepaTypHy 3ajle€KHICTh 4acy
HaMiBpO3Maay TBEPAOTO PO3UMHY B JOCTIXKYBAaHOMY CIUIaBl 32 TUJIATOMETPUYHUMH JTaHUMU.
3 HaBeJIEHOI 3aJIeKHOCTI BUAHO, 110 MAKCUMYM 3arajibHO1 IIBHJIKOCTI KOMIPKOBOT'O PO3MaTy
npunaaae npubauszHo Ha 730°C.
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Puc.1. Ilunaromerpuuni i3otepmu crapints craBy Co-aT.13%W 3a pizHuX TemnepaTyp
Biamainy (Bci i3otepmu, okpim 700°C, 3mimeHH1 BITHOCHO IMOYaTKy KOOPIUHAT MIPaBOpPyY).
Fig.1. Dilatometric isotherms of aging of alloy Co-at.13% W at different annealing
temperatures
(all isotherms except 700 ° C are offset from the origin to the right).
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Puc. 2. TemmneparypHa 3aJIe)KHICTh 4acy HaliBpO3Maay TBEPAOTo pO3UHHY 32 KOMIPKOBUM
MexaHi3MoM y cmaBi 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. Pe3yabTaT po3paxyHKiB IaHHX eKCIIEPUMEHTY Ta 00r0BOpPEeHHsA

MiKpOCTPYKTYPHUMU JOCHTIKEHHSIMH BUSBIICHO, 1110 3arajibHa YaCTUHA TIEPETBOPEHOTO
00’emy B x0J1i KOMipKoBOro po3mnany craBy Co-at.13%W, sk 1 y cruiaBax CBHUHEIb-OJIOBO,
CKIIa/la€Thcsl 3 TIEPBMHHOI Ta BTOPMHHOI KOMIPKOBHX peakiiiii, a 3a Temmeparypu 675°C
CIIOCTEPIraeThCs IIe i TpeTUHHA peakilis. [[pobdiaemMoro € Te, o 4acoBi iIHTEpBAIHN WX PEaKIIii
32 3BHYAHMMHU KIHETMYHMMH i30TepMaMu (y JaHOMY BHIIAAKY JAWIATOMETPHYHUMH)
BU3HAYUTH HEMOXKIIMBO i3-32 X MOHOTOHHOI TIOBEIiHKH.

Jlisi TOYHOTO BHM3HAYCHHS YacOBUX IHTEPBAJIB MOCTIIOBHHX CTaliii KOMIpPKOBOTO
pO3May 3aCTOCOBAHO AITOPUTMHU YHCEIBHOTO AudepeHititoBanHs QyHKIT y(X), AKa 3a0a€ThCS
aHamiTHYHO abo TabenpoBaHo [12]. TlouaTkoBa inmest moiyisirae B 3aMiHi JaHOT (YHKIIT
IHTepHOJAMIHNM omiHOMOM P(X). [Jlaii, TociKyI0ThCsl TIOXiHI 3aCTOCOBAHOTO MOJIHOMA
d"P(x)/dx"=d"y(x)/dX", mo BumoOyBarOThCS aHamiTHYHO. Hamm 3acTOCOBAaHO YHCEIbHE
TU(epeHIIFOBaHHs 32 pIBHOMIPHO PO3TAILIOBAaHUX TPHOX CYCIJIHIX BY3JI1B 3a CIIBBIJHOILIEHHSIM:

Y G+ ph)s = (P -08)y., ~2p%, +(p + 08y, )

ne p = (x-Xo)/2h, h —inTepBan npupoIeHHS X.
3arajaoM piBHSHHS YUCEIbHOTO TU(EpeHLIIOBaHHS Ta0eIbOBaHOT Ha PIBHOMIPHIN IIKai
GbyHKIiT Y(X) eTeMeHTapHili 3a HaBeJeHOTro CriBBiqHOIIEHHS (1), M03asiK p y By3iax HaOyBae
(ixcoBaHoro 3HaueHHs. OCOOJIMBO MPOCTUM 1 IOBOJII TOYHUM € PIBHSHHS IS [IEHTPATHHOTO
By3ia (p=0):
y'= (- y1)/2h )
y" =y, -2y, + y_l)/hz (3)
CroiBBigHomeHHss (2) 1 (3) € 3py4HHMH JUIsI 4YHCEIbHOrO JAuepeHIlitoBaHHS
Ta0yJIbOBaHUX (PYHKIINA y Touli x = xo . OT)Ke BOHM MPUIATHI JJIS OTPAIFOBAHHS HE JIUIIIC
pEe3HCTO-, OWIATO- 1 BOJIOMOTpaM, ajie ¥ TOMIOHMX EKCIIEPUMEHTAIbHUX pPE3yJIbTaTiB
CTOCOBHHX 3arajibHOi KIHETHKHU (Da30BUX IMEPETBOPEHD Y METAJIEBUX CIUTaBaX (IUB. pHC. 3).
Otpumani miku Ha Tpadiky 3amexsHocti dV/dr-lg(t) (ikCyioTh BIacHe CTamidHICTh
MPOTiIKaHHS KOMIPKOBOTO po3nany. Haitbinbmr mikaBuM € rpadik, 1Mo BiIMOBIIAE PO3MAI0BI 3a
temmeparypu 675°C (puc. 4), OCKITbKH Ha HBOMY CITOCTEPITal0ThCS TPU MIKH, 10 CB1A4aTh TIPO
Tpu cramii mpomecy. 3a Temmepatyp 804°C Ta 820°C, HaOmmKeHHUX 10 BEPXHBOI
TeMIepaTypHOi MeXI1 MPOTIKAaHHS KOMIPKOBOTO po3Manay, (DIKCYeTbCs JUIIE OJHA CTafis
MpoLEeCy.
OckinbKM TMIKM PI3HUX CTajJiil HAKIAJalOThCsl OJUH HAa OJHOTO, 3 OJepXKaHUX

AV
3aJIeKHOCTEH T — 7 HEBAXXKO BU3HAYUTHU HpH6HH3HHﬁ 4acC 3aK1IHYCHHS B1AITIOBIJHHUX pea1<u1171.

[IpoTe 3 BIEBHEHICTIO MOKHA TOBOPHUTH MPO TOH (DaKT, [0 BTOPHHHA KOMIPKOBA pEakKilisi Ha
puc. 4 pO3MOYMHAETHCS MaikKe Bijpa3y Iicis 3aBEpIICHHsS TEPBUHHOI, B TOH K€ Yac SK
MOYaTOK TPETUHHOT 3HAXOAUTHCS HA MEXI 3aKIHYCHHS! BTOPHMHHOT PEaKIIii.

Takoxx ocoOnuBy yBary Ha puc. 4 mpuBepTae Maiike piBHA JUISHKA 332 TPETIM IIKOM.
Bona cBiguuTh mpo Te, 10 B cUCTeMi He BiOyBaIOThCS MPOLIECH, SIKI O XapaKTepu3yBaIucs
3MiHOI0 00’eMy. OCKIIBbKY 111 TOYKU HE JIeXKaTh Ha Bici aOCIUC, a 3HAXOATHCS NapajelbHo 1
Ha MEBHIN BiZICTaHi, TO II¢ MOXKE CBIIYMTH PO HWKUYY Yy TJIMBICTh TUIATOMETPUYHOTO METOTY
JIOCITI/DKEHB, TOPIBHAHO, HAIIPUKJIIAJ, 13 pe3rucroMmerpieto. Ha neit akr Bka3zye i Te, 1mo rpadix
MOYMHAETHCS HE 3 TOUKH MEPETHHY BiceH.

[Tomanpiie po3MexyBaHHs MiKiB HA OKPEMi CKIIAZOB1 AaCTh MOXKIIMBICTh BUSIBUTH TOYHI1
4acoBi MeXl1 mepeliry CTaJifHOCTI peakiid, OCKUIbKM (I3WYHUHA 3MICT ApPYyroi MOXigHOI
XapakTepu3ye MPUCKOPEHHS MEBHOrO MPOIECy 1 Ja€ 3MOry 3pOOMTH BHCHOBOK, IIO Y pasi
3aKiHYEHHs B1IMOBITHOI peakwii Jpyra MmoxijgHa Mae 00epTaTUCs Ha HyJIb.
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Puc. 3. TToxigHi Bix 3MiHU ITepeTBOPEHOr0 00’ €My 3aJIeKHO BiJl 4acy 3a Pi3HHX 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, @ — 804°C, o — 820 °C.
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Puc. 4. IloxigHa Bif 3MiHU IEPETBOPEHOr0 00’ €My 3alIeXkKHO BiJl 4acy 3a TeMIEpaTypu
Bignany 675°C.
Fig. 4. Derived from changing the transformed volume depending on the time at annealing
temperature 675°C.

Pe3ynbraTH BiNOBITHUX PO3PaxyHKiB HaBeIE€HO y Ta0. 1, Jie YiTKO BUAHO, 1110 TOYAaTOK

HACTYIHOI CTajii po3paay TBEPAOTrO pPO3YMHY BiOYBaeTbcs depe3 IEBHUM wyac Tmicis
3aKiHYEHHS MOTEePeIHbOI.
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Taomums 1

IaTepBanu crazniit komipkoBoro posmany crnaBy Co — 13 ar. % W 3a pi3HUX TeMIieparyp

BiJ(IIaIy.
Table 1

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

annealing temperatures.

Cragis peakuii (yacoBuii iHTepBal nepediry peakilii, cex)
Temnepatypa, °C 1 2 3
ITouarox | Kinens | IToyatok | Kinens | ITouarok | Kineun
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 pesynpraTi TIpOBEACHHS UIATOMETPUYHUX JOCTIDKEHb Ta 3aCTOCYBaHHS

pOo3p0o0IeHOT YMCENTBbHOT TPOLIeypr 0OpOOIICHHS TaHUX BU3HAYEHO CTAMIMHICTH KOMIPKOBOTO
po3nany y ciiari Co — 13 at. % W B inTepBam Temnepatyp Biamany 675 — 820°C. Jlns anamizy
3aCTOCOBAHO 3aJIeKHOCTI TEPIIOi TMOXIMHOI BiJ 3MIHH TIEPETBOPEHOTO O0’€MY BiJa Hacy.
Bcranosineno, mo 3a remneparypu 675°C mnporiec KoMipKOBOT'O pO3Ma Ty MPOTIKAE y TPH CTadil.
B inTepBami Temmepatyp ao 765°C cmocrtepiraeTbes IBOCTAIINMHICTG pO3Maay TBEPAOTO
po3uuny, a 3a Temneparyp 804°C 1 820°C, HaOmmKEeHUX 10 BEPXHBOI TEMIIEpaTypHOI MEXi
MPOTIKaHHS KOMIPKOBOTO PO3many, (GiKCY€eThCs JUIIE OTHA CTais PO3Mady.
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STAGING OF THE CELLULAR DECOMPOSITION OF THE
SUPERSATURATED SOLID SOLUTION Co - 13 at.2%oW

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/dv-Ig(t), where -
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.It 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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JIA®Y3IA Y 3AJI3I TA HOI'O CIUIABAX IICJISI HACUYEHHS
IHOBEPXHI IOHAMM API'OHY TA KPUIITOHY IIPU BIAITAJIAX TA
IMITYJIbCHUX HABAHTAKEHHAX

3a donomozoro memody paodioakmusHux iHOUKAMOPIE BUBHUEeHUl BNIUE NONEPEOHbO2O
88€0eHHs [HepMHUX 2a3i6 y Memanu Yy NIA3MI 24Cedpilouo20 po3pady Ha ougysiwo
(maconepenecenHs) npu pisHUX 308HiwHIX enaueax. lIlokaszano, wo HAsABHICMb NONEPEOHbO
88€0€H020 THePMHO20 2A3) 8 3Ai30 Ma CHIABU HA U020 OCHOBI NPU380OUMb 00 3MEHULEHHS.
PYXAUBOCMI amomie Npu i30MepMiuHUX GIiONANax, HU3LKOMEMNEPAmypPHOMY IMNYIbCHOMY
HABAHMAIICEHH] 8 WUPOKOMY iHmepsai weuokocmeti oeghopmayii ma nooarbulomy iOHHOMY
bombapoysanni y dicegpitouomy po3padi. bap’epna 0Oia esedenoco 2azy nos’sizyemocsa i3
CMPYKMYpHO-ha308umMu 3MIHAMU Y NPUNOBEPXHEBUX UUAPAX.

Karouosi ciaoBa: audysis, pyxJIuBICTb aTOMIB, 1HEPTHI Ta3u, KEBPIIOYMH po3pan,
IMITyJIbCHI HABaHTAKECHHS.
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