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Effect of sintering atmosphere on
structure and properties of Ti( CN) base cermets
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Abstract: Effect of the sintering atmospheres ( vacuum, N2, Ar) on the microstructures and properties of the TiC
and Ti( CN) based cermets was studied by X-ray diffractrometry, scanning electron microscopy and energy spec
trometer. Compared with the alloys sintered in vacuum, the carbon content of the cermets sintered in N» and Ar is
lower by 0. 5% ; and the nitrogen content is higher by 0. 5% when sintered in nitrogen. The central part of the ring
structure may be either carbide with a high W content or carbonitride with a high Ti content. The ring structures are
(Ti, W, Ta, Mo, Co, Ni)(C, N) solid solutions with different metallic elements and distributions. The composr
tion of the binder phase are (Co, Ni) solid solutions with different Ti, W, Ta, Mo, C, N contents. The structures
are uniform for the cermets sintered in vacuum and the properties are the best. When sintered in Ar or N2, the O2
and N2 in the atmosphere take part in the sintering reaction to break the balance between the carbon and nitrogen in
the cermets to form a shell structure and defects, which result in poor density, microhardness and transverse rupture

strength.
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Table 1 Chemical composition and particle size of asreceived powders

Dosnelin w/ % Particle
Ti W Mo Ta C N 0 Ni Co Fe size/ Hm
Ti(CN) 78.40 9.68 11.20 4.40
Mo2C 93. 61 6.25 0.07 0. 036 3.63
(TrW-Ta)C 28.95  36.18 22.93  11.06 0.19 0.07 0. 048 2.67
TiC 79.59 19. 51 0.19 3.90
wcC 93. 82 6.13 0.01 1.75
Ni 0. 055 0.28 99. 50 0.32 2.53
Co 0. 025 0.39 0.05 99. 90 1.32
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Table 2 Chemical composition of blended

powders of cermets ( mass fraction, %)

Blended Total Free Oxygen Nitrogen
powders carbon carbon content content
ZJY-10 13. 09 0.38 3.05 0.29
ZJY-P 10. 30 0.46 5.32 3.25
XZM-P 9. 40 0.12 3.79 3.47
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Table 3 Composition of cermets after sintered in different atmospheres ( mass fraction, %)

Total carbon

Oxygen content Nitrogen content

Cermet

Vacuum Ar N2 Vacuum Ar N2 Vacuum Ar N2
ZJY-10 11.5 10. 74 10.73 0.20 0.49 0.41 0.41 0.36 0.70
ZJY-P 8.80 8.36 9.35 0.20 0.51 0.56 3.50 3.74 4.09
XZM-P 7.79 7.41 721 0.24 0.553 0.39 372 3.86 4.14
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Signal A=RBSD  Dato 8 Oct 2004
Photo No. = 3803 Time 113:34:14

EHT = 20,00 kW Signal A= RBSD  Date 5 Nov 2004
Photo

Wo= @mm No.=4258 Time :14:08:35

Bl1 ZJY-P & AFESGES R 8 U T
Fig. 1 BSE micrographs of
ZJY-P sintered in different atmospheres
(a) —Vacuum; (b) —Ar; (¢) —N:2

K4 Z)Y-PAE No SURTRRESE 5 R X ) RETE 04T 45 2R
Table 4 Energy spectra of surface region of
ZJY-P sintered in N2( %)

M ass Mole Mass Mole
Element . . Element . .
ration ratio ration ratio
C 16. 05 45.02 Co 1.17 0. 67
N 1.49 3.58 Ta 6.75 1. 26
0 7.57 15.95 w 26.10 4.78
Ti 40. 86 28.74 Totals 100. 00 100. 00
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Signal A= RBSD  Daste :18 Oct 2004
Photo No, = 3894 Tirme :16:48:33

A=RBSD Date 9 Jan 2005
Phota No.= 4914 Time :15:2902

10pm = Signal A = RBSD  Date 13 Jan 2006

|,__._1 WO= Bmm Photo No. = 4862 Time (142037

B2 ZJY-10 SR S5Re4: Ja 1T o
Fig.2 BSE micrographs of ZJY-10 sintered in different atmospheres
(a) —Vacuum; (b) —Ar; (¢), (d) —N:

#5 E2FE 3 ZIY-P H AZM-P 48 M %5 X 0 B S 0 RE B o M7 45 R
Table 5 Energy spectra of measuring points of ZJY-P and AZM-P in Fig. 2 and Fig. 3 (%)

Point  Composition C N Ti Co Ni Mo w Total
M ass ratio 35.92 31.31 5.73 5.58 8.70 12.76 100. 00

g Mole ratio 74.83 16.35 2.43 2.38 2.27 1.74 100. 00
Mass ratio 13.05 18.96 39.44 2.80 2:59 9.38 13.77 100. 00

¢ Mole ratio 32.34 35.28 24.51 1.42 1.31 2.91 2.23 100. 00
M ass ratio 16.22 2.34 21.17 25.61 23.97 5.60 5.09 100. 00

g Mole ratio 46.76 5.77 15.30 15. 05 14. 14 2.02 0.96 100. 00
M ass ratio 19. 62 1. 69 53.12 2.11 1.21 8.04 14.20 100. 00

. Mole ratio 53.03 3.91 36.00 1.16 0.67 2.72 2.51 100. 00
M ass ratio 14.20 6.20 37.05 8.23 12. 08 22.23 100. 00

¢ Mole ratio 41.28 15. 44 27.00 4.88 7.18 4.22 100. 00
M ass ratio 27.39 4.62 6. 67 10. 80 10. 11 40.41 100. 00

o Mole ratio 69. 45 8.79 4.24 5.58 5.25 6.69 100. 00

W, BT AN Ti( CN) 48 B B 4R [F i
Rakedifa, eNmmagEamn, ggh Ra
TiC AHAI Ni AH, KigitH2LL Ni AEMREH Co.
Mo W .Ti.Ta & ETRMWEREAE BT
Mo W . Ti.Ta %l 48 KM SR EKT
Ni (¥ 5B 5 %0. 355 nm, 45 F ALK, 45 A0 (1) 0 B4

Bedhn . AL TiC hEREH W.Ti.Ta.
Mo . Co N %505 I EE 7 . AL T T8 s
TG FRAIR G54, PR P L2 DM S5 E 48 7
F N FEERA ALY, 0T DL KRR A R
B . ARG A Ak 4 S8 e BRI A A
ANFE(Ti, W, Ta, Mo, Co, Ni) (C, N) [& ¥ 14,
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EHT-ZB.DOW Signal A=RBSD  Date ‘18 Oct 2004
Wwo= 8mm Phota

No,= 3885  Time 134548

EMT = 20.00 kv - =RBSD  Dats 8 Jan 2008

WD = 12mm No. = 4915  Time 154141

EMT =20.00 kv Signal A=RBSD  Date 9 Jan 2005
WD= §mm Photo No. =4822 Time :18:50:14

3 XZM-P &4 RSURBESE T BUN IO
Fig. 3 BSE micrographs of XZM-P sintered in different atmospheres
(a) —Vacuum; (b) —Ar; (¢), (d) —N:2
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Mixed powder

25 35 45 55 65 75
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© " — TiC

a—Ni
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Mixed powder

(®) - —TiC
+ —Ni
Mixed powder

26/(°)

4 SRR IRE R B G AT
LZARFAIFFLEERN X BRI
Fig. 4 XRD patterns of three cermets
sintered in three atmospheres
(a)—ZJY-P; (b)—ZJY-10; (¢)—XZM-P
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Table 6 M echanical properties of

cermets sintered in different atmospheres

Density/ (g * cm™ 3)

Cermet

Vacuum Ar N2
ZJY-10 6.97 6.91 6. 88
ZJY-P 6.90 6.90 6.91
XZM-P 7.30 7. 15 7.13

Microhardness, HV

Cermet

Vacuum Ar N2
ZJY-10 1590 1540 1470
ZJY-P 1610 1270 1200
XZM-P 1610 1420 1420

Transverse strength/ MPa

Cermet

Vacuum Ar N2
ZJY-10 1920 1390 1200
ZJY-P 1150 1180 1240
XZM-P 1420 1310 1280

T 6 AT LLE H, =P[R Bior 14 e B F TR
HRERIRAFEAE RSP RL S, G8NEE . B
WERE « P o g B . B TiC 4 3 ZAE R AH Y
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SEIY; SRBESSMMRERL . £ Ar.
N, Smkess, AT EMES Shs RN, %
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