[E €1 % = $§ PACKAGING JOURNAL
2020 E £ 12 % % 6 #J Vol. 12 No. 6 Nov. 2020

Z A e A SR EE ST B A EROU A 2]

it T

doi:10.3969/j.issn.1674-7100.2020.06.004

#ERNER WEE'
BGR ' EEE'
BEE ' REEK’®
1o Tk K
BEGMH TSR
#d B 412007
2. R R R A 4R )
H IR 8]

#da M 412000

o

1 FARE=

pl

fi
*, H

o E. mAAAA—ALATSAMA, AHEIBRITRI LGRS FF
HAFIAR, AT ARAEEG T AR BRYE, KATEIORNFHE
% CSUTDCC1, ¥ifiit CALPHAD it 34269 25 R 5 H A STk o 09 55 3o 28
RHATT AR, DABRER A R B e A A B S Sy sk B Ak
o, ARTAANFIHEERFALEE T PHER, GESLRS. BER
JiAe N, ARz H F ey a2, Bk A FitHf RRBIE, AT Cr, V.
Ta. Nb, Zr L& A4 MC ALY P tafelE iR, R T # A
Fit R AR T ARAER

KR BRA4; RAFHE,; MakeEE; CSUTDCCI

FESES: TP273 MHEFRERD: A

XEHS: 1674-7100(2020)06-0025-09

IXHE: FaE, BEY, B4R, F.5UALRAELNANFHT A
H ML EH Py A [J]. SR, 2020, 12(6): 25-33.

SRR,
AT R BT D) TR B el R A A

S A R PO BLRAR T, RIIEL e, A A TR A L AT R R |
G2 T ERALA Tolk, HLRAN T TR

B PRI IRZ P AFR, IRE RO

Bl AmEE . BT iR, =
TSP T 8 o 2 PR 2 ek e o B i A A
SGRITE, AR R )R (W1 Co Fe 55 )
e Jo 3t 1 ) S B R AL S (L 4E WC, TaC,
TiC %5 ) ZhE AT R T L RE . RO REE | B
TR IR PERE . BRI R BANA s e A A e PERERY

7, HHSIEEGEA RPN R B, S
WAER, WRIZES L WY RIS N T Pk
REONTRIZY BRI, WAEBINTR 2 R TRt
TIkpleRess, DMERARMRIE NBREZ, ZHE=
ARG, R SRR O, mERR2%R
BRI T RSRM ke, BT LA 2w BT B

Wi EER: 2020-09-08

HETH: WY QARSI ARIIWE (2020JJ6077, 2020116069 ) , L4 & S &R 4 W CRHE 85 T8

(2019JZ2ZY010361 )

EBE T WG (1996-) , 5, WIFHRUIA, IR L RoA Rt LA, B s m o R B kL

E-mail: 602917242@qq.com

BEEE: Lo (1987-) , 5, WIRIHRIIA, WM TR0k, 1, AL RS, AR BTS b e r i

oA 505, E-mail: pengyingbiaol987@163.com



[ﬁ €1 %= = f PACKAGING JOURNAL
2020 &£ 5£ 12 % % 6 B Vol. 12 No. 6 Nov. 2020

BB EA B IR S 4

SRS SRR N R L, IGEm
gy AHEHRL. BRASIREE . BE4hIFE] . N, 3 E5E . TE
RS G I R, T EE L KR A 25k
B, AR RIS E XM EHAE R B A I
], miHFERE R, BT TSR T 2502 R R4
HAEH, IR R NGEE A o Sl 2
AR FTAS BN T 2R S BERR R R, RE T
SRS SEE, BRI A ERYE, (AT LSS ROt
an I EGEE, KK T A1 1.

W58 # A1 & % 38 2 fii Ji] Thermo-Calc™™ % 4 F
DICTRAY FAFR AT BE, GER T X PR 1
JEIF & vk R A SR A S T B S
HAFER Y SE0 i A b, TR T A A o3 i Fl
TESEARAL Dy A Ry m e T R R
SRR ERIARWT AR, PS4
S MBHEORZEAE BT SR, BN, FERRIR 28 72
i, AR, AT LIRS 2 RS A R
ANEG A o TR AR, SIcE e, JFRHE
AR RBETORES R BLAL, gy BSR4
HARGFAAD R TR EER MR R I )% | 1%
58 AWITE B TE i i b g 2 B 55 4 #0225
P5% ( central south university thermodynamic database
for cemented carbides-version-1, CSUTDCC1) " [
ok, IR EZ B A AR, IR
EHL S SCRRES S XS e, AT UE e 2 A
PERIER S A Bk i) i A

2 BNZFHEENRR

CSUTDCCI 0% T & 4 I E 20K, W
C. W, Co. Fe., Ni, Cr, V., Ti, Ta, Nb, Zr, Hf, N,
Mo 50 R, B EMEAG L, HE—InH
i, RhaioosR, s B HECR RO B2 B
( scientific group thermodata Europe, SGTE) " Hify)
R RERTIUERR | SRR EETEEIIAR
X T T AR FR R = IR R R R AT S e A
H HBERIEATHAR R o 5 41 50 B Hy R L AR EE Y
BRA, XA BT R R X 24T A i T
T,
2.1 #HAHFER

P VBT TN R N S S A O WA . S
A GV, R T A T 28 AR Y AR T 2 e R

CSUTDCCI1 X fiff 5145 4 B AR T V/F 2 ARl 1Y
BTN SR SR O R R -2 AW N P BRI Y R R
WG 4 EE R WC. S rifed / ik AL Fghgh
I foo(Co) ARG, MERTG4, M kst s s
SECABAA N A (MC) BB, P & A
o B/ NOPETIRE A A P i S i, DAk Sk 2L AR
TG . I, iR AR 22 A v 38T 24
F M. B CSUTDCCI H i) —JoiR & A —Joik R 1Y
72 A AR o A A A o AR R S RN Y
it LA CSUTDCC1 Hid fuds K Ho e WA, A, 7E
TR G IR G S RUMERR, M RGP
FOEAHIE T A TR AR 2, AT A thRRr#A T
SRR A] DU — A A AR U R OR
G’ ="G" +G° + 5GP + ™GO

Kb CG) oAAC R R AR

UGy N AR A R Tk GE ;

Gy hd e

G R E TTEREE
22 FREGHR

T IR AT, B RA TIOTR R
“IUR R, BRI SRR T RGN SGRITER . K
ZEMZICRR . SInRRMBIIERR, HEND
RBMA K F WSRO O PR ok, XEERR
AT 5P AR Z A IAHE LR G R, BEsT
HTA SRR S S . CSUTDCCL Hixt 29 4~
BB SHOR S IR R AT T PP ECH SR PR,
B 4n W-Zr & & | Fe-Ti f&K & . Cr-Nb {£ & . HEN £
Z. CW-TalkZ# ., C-W-Zi'"™ K& | C-Co-Cr ik % .
C-Co-Tafh% . C-Co-Ti{A%& . C-Co-Nb {AF . C-Fe-Ti
KZ  C-Cr-WIAZ , C-Cr-Ta" A Z | C-Cr-Nb™ A Z |
C-Ta-Zr{A% . C-Ta-Ti®{A & . C-Ta-Nb & & . C-Ti-V™
& & . C-Ti-Nb {& £, C-Hf-Ta™' {& &, C-Hf-Ti {&
% . C-Mo-W & & . C-Nb-Mo"" {k & . C-Co-Mo 1k
% . C-Ni-Mo A% . C-Mo-Ti A& . Co-Cr-W 1A% .
Co-Cr-Ti"™ A Z . Co-Cr-Ta kR, XEEHITERS
(215 ] DAZ25 SRk [13, 26]
2.3 HAEMEL

AR L A AR R N Y A SOk, 15
FUME LS S0, Ha s a G, 58—
BRI . 0] LI AR UE M SR S5 A2
PR AT LAGY MANT 4 42008 1

- 26—



[E HNAR, &
SATIERS & B N 2 53 R ARV 4R 425 RO o A

1) S0l BISCERAR I LA B T2 S 28000
VR EE, USRS A B AR A A
IS

2) AR AL RIS PE T AR
R, A A B AR LR S8 A e 1

3) St LS EOR S RS 5UE,
A/ N SIS BIMA R Z I AR, TR
R ZSH

4) WRESR. BE B2, B E
SRR, SRR TS, RO R Y
LA R Z AR, PR ZE(E N . BEELTC A |
AL BRSO ARE R 5 -G P2 Bl v

3 AAFHEEMNNA

2] O TSR T LA J R R BRI T B 2 1
AFI B, AR HAEA R A SR T, Al
IR B FIAR . DA & i, AR & TR
WM G R Hit, Z4UcHEES ST T
2R IE . AT N RLE R 2R
WA ARG R At e, DASR e EA 1 Fl
Rk
3.1 A&MS. BEREM N, SEMHEH

AT SES, BEEA A A SR AT (MC) AHIE
HORAEAE, DR A 5T A (B 3 S A L 430N
O, DRk S EAHMIE L. B 1 JBR T A TAEH
LT CSUTDCCL, FIF# I 22 AR 20, 3 Fhgh
2550 5t B A2 KCR 20% 1Y Fe-Co-Ni ZE45HH L4 A [ 16
WC-20(Fe-Co-Ni) 545, TELELE X Iak T i A1 7,
-5 3CHK [27] (IS5 R T AR, w] AR TAEAL
TR S5 5 SCBRAGE 1 LR 25 A Ao B 1 af
PIEH, BSR4 Fe 64 4 P B A B b
ik, Ni BT, B GA 4bed o R b il
AR BRI A T, e a1 A 1) i
. mILAl L, ET CSUTDCCI HyH Sy 2F 508 it
B, AT LI 0 TG A i 1 S A i DL R e 2 g
A

e e eIt ik, Higlat 25kt ik
BRI, AE— ORI Y XA TR R A A SRk T
R—A1L, DdERer= itk tess, B— A8
W&, FRFESRE R, WfE I 2=, AT LIRSS
Ty 15 AR TE T A 4 I I22 36 56 100 sk 55 2 0 20 4] 42 11
PRAEIRIE , W2 T IR A

62Fe-20Co0-18Ni  54Fe-20Co-26Ni 40Fe-20Co-30Ni
— EAR - HESR RRCEAE S
A3 DSCES A2 DSCf5% Al DSCi5%

A | '

i Ak
20%5h45H
1500

1450F Lawesmc g A2 T DSCsigndl

\ .
1400 W LHwe

Al K
At > ~

1350 ===Ag========-=-3

* B Y i
N N
1300 ! NG

1250 foc+WC+M,C , -_—_—_-_"_—.:::::p::

R/ C

1200

1150 fee+WC+C

1 100

1 050

1000 - S -
4.0 45 5.0 5.5 6.0
BRI BTk 2 550/ %
B 1 HEA WC-20(Co-Fe-Ni) & & 145 X 15 it ik i
HEE R 53THE [27) TR R L
Fig. 1 Calculated phase equilibria near the sintering
region of WC-20(Co-Fe-Ni) alloy, in comparison with
experimental data of reference [27]
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F1 HEE 1000 CTRMA R SRHIHIH
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SCREK [31] FRERBRAY ELE
Table 1 Calculated compositions of the M C phase in
model alloys with various dopants at 1 000 °C , compared

with experimental data of reference [31]

Bk H (Co,W,M,)C

Tty u(Co) w(W) w(Cr) w(V) w(Ta) w(Nb)
S

MCr x%{ﬁ 29 2.7 0.5
R 254 293 053

MY SCYRMEH 3.0 2.6 0.4
HEE 273 2.85 0.41
S

MTa x%{ﬁ 3.1 2.7 0.2
EE 281 299 0.20
S

MNb x%{ﬁ 3.0 28 0.1
EE 283 3.07 0.10
SIS

MTaV x%{ﬁ 3.0 25 04 0.1
HEE 274 2.86 034  0.06

S
MCrVTa THAE 32 25 0.2 0.2 0.2

R 251 278 046 021 0.04

F2 HHE 1400 CT C-Co-W-Ta 1 C-Co-W-Nb
AEPMCHHEASEERES
SCHK [32] FREBRBIR Y EL B
Table 2 Calculated compositions of M6C phase in
C-Co-W-Ta and C-Co-W-Nb alloys at 1400 C ,

compared with experimental data of reference [32] ¢

*® % B w(C)  w(Co) w(W) w(Ta) w(Nb)
S 198 243 68.3 5.4
C-Co-W-Ta J,%\ﬁ
HHEME 1.62 23.7 69.3 5.4
S 206 247 71.2 2.0
C-Co-W-Nb J,%\ﬁ
R 1.65 24.4 71.9 2.1

AT 1A 2 HR B P LIAS 0 1 000 C R
TIAS ] A i 57 WC-Co #5144 v MC A4 43
HEITR LIS Sk [31] BB R 225, &1
400 °CF C-Co-W-Ta Fil C-Co-W-Nb &4+ M,C fiY
5 B TR 2 S 5 Sk [32] 19 S 58 B g [ 1y 22
5, BHERVFISIIREEEN, AT, A
GER 5 S A ) — BT

F3 HEB 1000 CFRMARRRMFEFE WC-Co RESEPHAHMANE B REETH (31] PLERYIFRMO LR

Table 3 Calculated compositions of the binder phase in model alloys with various dopants at 1 000°C ,

compared with experimental data of reference [31]

BE e RT3 %
Aty Ct Ta V Nb Zr C W Co
SCHE 6.1 19 1.0 909
c A 54 19 07 919
e SR 117 1.6 39 828
C b 135 05 33 8238
S 0 15 1.0 975
c A 0 13 05 982
Mt SR 0.7 1.1 71 911
C b 03 03 5.7 937
SR 13 20 13 954
c ARG RN 0.5 14 05 976
My LI H 2.9 1.6 59 895
C b 2.6 04 50 92.0
LI H 0.1 1.0 09 980
c ARG RN 0 12 05 983
MO g ha o ona na
C b 0 03 58 93.8
SCIE n.a. n.a. na. na.
c ARG RN 0 12 05 983
Mz LI H 02 3.1 32 936
C b 0 03 58 939

By . LT AT /%
C 1
(347 Ct Ta V Nb Zr C W Co
SEHE 0 0130 21 948
¢ A 0 0 12 05 983
MRNDZE gy ha na na na na
S 0 0 03 58 939
ST 5.6 0.8 1.0 14 911
C PHEME 52 0.5 20 07 915
Me SLIGE 7.4 1.6 05 34 87.1
C b s 15 06 29 837
SIE 64 0 0 1.1 924
e M 54 0 1.9 07 919
Mcrta SIEE 1150 0 33 852
C Sbgrpr 134 0 05 33 828
SEHE 0 1.7 0 24 959
C A 0 03 13 05 978
MY SEHE 0 27 0 63 91.0
S 02 18 04 55 922
St 5.6 0 08 0 15 921
C JMEE 53 0 05 20 07 915
MCrTaV -
St 7.0 0 18 05 3.6 87.1
C b 4 0 14 06 29 837

e e ona fCERIHT.
122 3 W1, Cr7E Co Zhab MIAH T bV R B Je K,
HRA 52 W IV, Ta, Nb Hl Zr 7£ Co Zh&5 A
ROV AR BEAR /DN, RZECIT EPMA (A IR .

R RREGIA B 2L R 15 R MR & SR
A ETHSR TR, X2 i TR AN Xt 2
BOLF TS .
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Thermodynamic Study on Multicomponent Cemented Carbides and Its Application in

the Control of Microstructure

HUANG Gongzhi', PENG Yingbiao', YAN Lianwu', LONG Luping', CHEN Xianhong', LONG Jianzhan’

(1. College of Metallurgy and Material Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China;
2. Zhuzhou Cemented Carbide Group Co., Ltd., Zhuzhou Hunan 412000, China )

Abstract: Cemented carbide is a kind of multicomponent polyphase material, and its manufacturing process
involves complex thermodynamic and kinetic processes. In order to provide a theoretical basis for the development
of cemented carbide, based on the established thermodynamic database CSUTDCCI1, the CALPHAD simulation
results were compared with the experimental results in other literatures to verify the accuracy and efficiency of the
thermodynamic calculation method. To demonstrate the application of thermodynamic calculation in the design
of cemented carbide, including the control of alloy composition, the confirmation of sintering temperature and N,
atmosphere, the saturated solubility of Cr, V, Ta, Nb and Zr in cobalt bonding phase and M,C carbide was studied
by thermodynamic calculation and experimental verification. The specific role of thermodynamic calculation in the
development of cemented carbide was discussed.

Keywords: cemented carbide; thermodynamic calculation; saturated solubility; CSUTDCCI1
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