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Fig.1 SEM-BSE and SEM-SE morphologies and SEM-EDS analysis results of Ni-based binder phase of cermets A (a) and B (b)
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K2 4JEM% AR BTE0.2mol/L H,SOs. 0.2 mol/L NaOH &R iRl 120 h 5K i) SEM-SE JE551
Fig.2 Surface SEM-SE morphologies of cermets A (a, ¢) and B (b, d) after 120 h immersion in 0.2 mol/L H,SO4 (a, b) and 0.2 mol/L NaCH (c, d)
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Table1 Binding energy and full width at half maximum of the fitting XPS peaks in Fig.3
Binding energy/full width at half maximum/eV
Spectrum  Peaks Species Non-immersion 120 h immersion in H,SO, 120 h immersion in NaOH References
Cermet A (1%) CermetB (2") CermetA(3") CermetB (4%) CermetA(5") CermetB (6%)
S2p  2p  Ni(OH)(SO.), 169.50/2.75 [9,10]
Main Ni° (metal)*  852.55/1.70  852.70/1.60 852.70/1.60 852.55/2.20 852.80/1.65 [10-12]
NiO 853.95/0.50 [11]
854.75/0.65 [11]
855.65/1.20 [11]
Ni 2 Ni(OH), 855.60/2.60  855.80/2.20 856.00/2.40 856.20/2.20 [11-13]
Paz NiOOH 856.60/2.40  856.90/2.20 [11-13]
Ni(OH),(SOs), 856.40/2.20 [9,10]
Sat.  Ni° (metal)® 858.55/2.80 858.80/2.25 [10-12]
Ni(OH), 862.00/3.00 862.20/2.80 [11-13]
NiOOH 863.20/3.00 863.50/2.80 [11-13]
Cr(metal)  574.10/2.40 574.00/2.40 574.00/2.40 574.00/2.40 [12,14,15]
oro ) Cr,0; 576.40/2.60 576.40/2.80 576.40/2.80 576.40/2.80 576.40/2.80 576.40/2.80 [12,14-16]
Pz “Pa Cr(OH);  577.40/2.60 577.40/2.80 577.40/2.80 577.40/2.80 577.40/2.80 577.40/2.80 [12,14,15]
Cr® compound 578.70/2.80 578.70/2.80 [12,15]
Ti(CN)  45490/155 45500/1.60 45505/155 45490/1.60 454.70/L60 454.85/1.60 L‘ﬁ E; ig%
2Pz Ti03 456.40/2.00 456.50/1.90 456.30/2.20 456.30/2.00 456.40/2.20  456.30/1.90 [19,20]
TiO; 458.30/1.70  458.30/1.70 458.55/1.65 458.35/1.60 458.45/1.80 458.45/1.75 [18-21]
Tizp Ti-(CN)®  460.65/2.05 460.75/2.10 460.80/2.25 460.65/2.20 460.45/2.20  460.60/2.00 %‘ﬁ Eﬁ%
2Dy TiO3 461.90/2.60 462.00/250 461.80/3.00 461.80/2.80 461.90/2.60 461.80/2.30 [19,20]
TiO, 464.00/250 464.00/2.50 464.25/2.45 464.05/2.40 464.15/2.40 464.15/2.45 [18-21]
Ti-(C,N)b 34.00/1.80 34.10/1.90 34.15/1.70 34.00/1.50 33.80/1.45 33.95/1.45 %‘ﬁ E_;]]
Ti3p 3p TiO3 35.20/2.50 35.30/2.50 35.10/2.45 35.10/1.65 35.20/1.20 35.10/1.40
TiO; 36.80/2.50 36.80/2.15 37.05/2.45 36.85/1.90 36.95/2.40 36.95/2.25 [21]
W-(C,N)b 32.20/1.50 32.25/1.45 32.35/1.55 32.20/1.65 32.15/1.50 32.25/1.65 WC [22.23]
41 WN [23,24]
WO; 35.60/2.30  3560/1.85  35.70/1.90  35.50/155  3560/2.35  35.50/1.85 [21,25]
wat WC [22,23]
W-(C,N)° 34.30/1.60  34.35/155  34.45/165  34.30/1.75 34.25/160  34.35/1.75 WN 2 '
4 [23,24]
WO; 37.80/2.60  37.80/2.25  37.90/230  37.70/1.75  37.80/255  37.70/2.05 [21,25]
L(C.N)° a-MoC [22]
Mo-(C,N) 228.50/1.55 228.55/1.55 228.60/1.35 228.35/1.40 228.20/1.65 228.35/1.50 B1-MoN[26]
3d MoO; 229.20/1.65 229.20/2.00 229.20/1.45 229.40/1.40 229.40/1.40 229.20/1.60 [27-29]
5/2
MoO(OH),  230.30/1.90 230.30/2.00 230.30/1.75 230.50/1.70 230.50/1.70 230.30/1.60 [27,28]
MoOs3 232.30/1.80 232.40/1.90 232.40/1.80 232.30/1.80 232.30/1.95 232.30/1.85 [26-29]
Mo 3d
Mo-(CN)®  231.70/1.65 231.75/1.65 231.80/1.45 231.55/1.50 231.40/1.75 231.55/1.60 a-MoC [22]
' ’ ' ' ' ' ' ' ' ' ' ' ' B1-MoNJ[26]
3d MoO; 232.35/1.85 232.35/2.20 232.35/1.65 232.55/1.60 232.55/1.60 232.35/1.80 [27-29]
3/2
MoO(OH),  233.45/2.10 233.45/210 233.45/1.95 233.65/1.90 233.65/1.90 233.45/1.80 [27,28]
MoOs3 235.45/2.00 235.55/2.10 235.55/2.00 235.45/2.00 235.45/2.15 235.45/2.05 [26-29]

Note: * metals Ni® and Cr° resulted from Ni-based binder phase of cermet substrate; ° these bonds containing C or/and N resulted from Ti-based

carbonitride ceramic grains of cermet substrate
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Fig.4 Typical potentiodynamic polarization curves of cermets Aand B in 0.2 mol/L H>SO. (a) and 0.2 mol/L NaOH (a, b) solutions

*2 £EME A B 0.2mol/L H,SO, #1 0.2 mol/L NaOH /A& R B L F 54

Table 2 Electrochemical parameters of cermets Aand B in 0.2 mol/L H,SO4 and 0.2 mol/L NaOH solutions

Materials Solutions Ecor/mV vs SCE icon/PA €m’2 fJmV dec™ So/mV dec™
0.2 mol/L HzSO4 -96 3.546 —268
Cermet A
0.2 mol/L NaOH -327 0.350 -153 135
0.2 mol/L HzSO4 11 0.393 -158 338
Cermet B
0.2 mol/L NaOH -360 0.364 -165 165
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K5 4JEF% B 1E 0.2 mol/L H,SO, A1 0.2 mol/L NaOH ¥
rh gl R A AR A S5 R TH K SEM-SE TE 3
Fig.5 Surface SEM-SE morphologies of cermet B after potentiody-

namic polarization in 0.2 mol/L H,SO4 (a) and 0.2 mol/L
NaOH (b) solutions
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~400. —206 mV vs SCE, BH % F It 2 B Bifi & A T i
M hn, 18 TiC ¥ 5 7E—200~-120 mV vs SCE 2 [a] Hi
TR T B ik R AR g . 4l Ni 7E 0.1~1 mol/L NaOH %
WP s A A & R A BRI D BliAL, BEAE 1A
600~800 mV i H 4L~ & F1 1 ASANFE] 200 mV FE 1
DhHAE X, D dli4k B A7 5 T 300 mV vs SCE®30:38:39,
Ni-Cr &4 7E NaOH ¥ B A 5 4l Ni AL FE AR A%
AT A3, d AT L, & JRPEE A F1 B #E 0.2 mol/L
NaOH ¥ BHAR A%k, 7E-9 55 96 mV vs SCE. -58
L5 60 mV vs SCE  [H) H I % & 6 A FBL A7 FF /= 386 0 4
218 2 B T B B i kL RS AT B TiO, 1M 51 &2 Y,
1M HAL R Pl Ak 32 & T Ni(OH), B4 F ik
/_:EEE T NiOOH [13,30,31] .

& @M% A Mk, &EM%E B £ 0.2 mol/L

NaOH A 1] Eor /K 33 MV Vs SCE. gy 151 0.014 pA/cm?

(% 1), i P B R PR A AR 43 # /b 5.89% . H UG HE T,
4> J& M & B /£ 0.2 mol/L NaOH % ¥ i et 1k s i T
SBIE A, N F PR R B T K E /N
® Mo & Ni Affikig % (B 1 53CHR[7D.

3 &£ #

1) 2 P25 Ti(C,N)2E 4 J& M % 75 0.2 mol/L H,SO,
O B AT R A R AR — B B 2 . ARH
F LA Ni fERG 4577 1) &8 B %, LA Ni-20Cr 1B K 45 751 (1)
& @ P &R R0 3 KA NiO. Ni(OH),-
(SO4)y~ CrO3 F1 Cr(OH)z, FUfSH: S5 AHVE il 1 7 5218
S AL FE P AN R A AL, DAL S E R A
JEIHE I DA N AR &5 70) 00 4 Je8 B e P Ak 3= R R T
FhE MR T NIiO [T R 2 Fhé: @ P & i P stk 13 1A
TP Aok S R T TiO, T .

2) 2 PpsES Ti(C,N) %4 J& B & E 0.2 mol/L NaOH
TV B AT R R v TE B 2 e, R RG4S )
BT R LR /N . IR R, PR R R
18, [EEFEBE NIOOH F1 Cre*fb & Wit A . hHLfr
WAL R, 2 P& R EA KA, HaREN
BliAk, OhBEAL EZR TR S5 AR T NiIOOH (1% i

SE Xk
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Effect of Binder Composition on Corrosion Behavior of Ti(C,N)-Based Cermets

Yang Qingging, Xiong Weihao, Huang Bin, Chen Shan
(State Key Laboratory of Materials Processing and Die & Mould Technology, School of Materials Science and Engineering, Huazhong University of
Science and Technology, Wuhan 430074, China)

Abstract: Corrosion behavior of two Ti(C,N)-based cermets with 38wt% Ni or Ni-20Cr binder was investigated in 0.2 mol/L H,SO, and 0.2 mol/L
NaOH solutions at room temperature. In 0.2 mol/L H,SO, solution, there are significant differences in corrosion behavior and resistance between both
cermets. For cermet with Ni-20Cr binder, binder phase is very slowly dissolved during immersion, mainly due to that the spontaneous formations of NiO,
Ni(OH)x(SOs)y, Cr,03; and Cr(OH)s, and no passivation occurs and current density rapidly increases beyond the pseudo-passive region during
potentiodynamic polarization, differing from cermet with Ni binder. By contrast, in 0.2 mol/L NaOH solution, there are no significant differences in
corrosion behavior and resistance between both cermets. Ceramic grains are very slowly dissolved during immersion, accompanied by the formations of
NiOOH and Cr®* compound, and no passivation but pseudo-passivation occurs during potentiodynamic polarization.

Key words: Ti(C,N)-based cermets; metal binder; corrosion behavior; XPS
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