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High temperature oxidation behavior and wear resistance

mechanism of NiCrBSi alloy
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Abstract: [Objective] NiCrBSi alloy is a kind of alloy with excellent wear and corrosion resistance. This
work mainly focuses on exploring the oxidation resistance, corrosion resistance and wear resistance of
NiCrBSi alloy, providing certain references for optimizing the composition of NiCrBSi alloy. [Method] The
microstructure, morphology, elemental distribution and phase structure of the oxide layer and cross-section
on the surface of NiCrBSi alloy were investigated by high-temperature oxidation experiments and friction
and wear experiments. The surface morphology, elemental distribution and phase structure of the wear scar
were analyzed. [Result] At 900 °C, Si in the NiCrBSi alloy preferentially diffuses to the surface and reacts

with O to form SiO; oxide layer. Cr, hindered by the oxide layer, subsequently forms a Cr, O; oxide layer
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beneath the SiO, oxide layer. As the oxide layer does not completely retard the diffusion of O into the alloy,
internal oxidation leads to the formation of NiO. This process is accompanied by complex reactions such as
the transformation of Cr;C, to Cr,3C; and the reaction of NiO with SiO, to form Ni; (SiO,) . With
increasing applied load, the wear rate of the alloy shows an upward trend, and the average friction
coefficient stabilizes in the range of 0.6 ~ 0.8. Under different load conditions, the dominant wear
mechanism of NiCrBSi alloy are identified as adhesive wear and abrasive wear. [Conclusion) The synergistic
effect of Si and Cr elements can enhance the oxidation resistance of NiCrBSi alloy, based on composition
optimization and microstructure control, the paper can provide theoretical and experimental data reference
for improving the performance of NiCrBSi alloys and the development of new wear-resistant coatings.
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Fig. 1 XRD patterns of NiCrBSi alloy

HEATITIE J5 %
£ 1 NiCrBSi A& WLFHEM
Tab. 1 Chemical composition of NiCrBSi alloy
A5y Ni Cr B Si C
TEE AR/ N 76. 1 16.0 3.3 3.8 0.8
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Fig. 2 (a) Surface morpholgy and (b) element EDS mapping of original NiCrBSi alloy
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Fig. 3 The friction and wear diagram of NiCrBSi alloy
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Fig. 4 XRD pattern of NiCrBSi alloy oxidized at 900 C for 10 h in air

2Ni + O,= 2NiO, (2



%2 W RETHE . 5 NICrBSi & 4 K i AT o8 S5 HLEE 189

4Cr +30,= 2Cr, 0, (3
Si + 0,= Si0,. €Y
L A A B AR T AT S R AT RE S kAR B SRR R . KR I A I R B K
IIN B 7 Ak B W S I (AR Sy 55 A AR AR W i R ) 2R AR E MR L M A T A R e R T R
RWZ N AER T % B B R AT, Bl eIk, S akah ok, e g .
AR T, 3 BRI B ) 2E AR SR . Si0, > Cr, O3 >NiOM* ™, Ni, (Si0,)
M EAREAY . ERRERR ., @ h NiO 5 SiO, 75 iR &M T —2 kAR,
X (5 PR
2NiO+Si0, =Ni, (Si0,) . (5)
Bl AR R R ZE . & 4RI W E R Cry G, [T SIO, . Cr, O, Al Cr, C, AHBIAT S 16
SRIEARSE . WP RM . Cr ik EEA Cr, Gy Cr, G Ml Cryy Gy » HB 22 BE@ My Ky Cr, G >
Cry; G >Cr, Gy B, FEERIMEE TS . Cr 1005 5B s e 1 R A B Cr, G, B JE#843 Cr, G,
BE— 5 Cr KA RN A, Cray G ™. Si0, o Cr, Oy il Cr, C, AHAYAT S 0658 158 . R IATE S5 R8I
N, SiOtRM Cr oo R BABE RSOV TEE, S 58 . FEf, fEmRAET, Cr
JEF 2 RELE 5 B B R A K Cry G2
5 J& NiCrBSi &4 78 900 C &4k 75 h J5 19 XRD &3 . AE 5 sl LA . A3 T4
£ 50 h iy XRD 2528, G440 25 h M 75 hj5, REAZE FEE v-Ni M SiO 4, JFE
BEA D Cr, O, R B, EA L2 Re R AERTE . & SiO, . Cr, O, 17 5 05 58 B [
ik . FE4ME 50 h 5, SiO.. CryOs B Cry Co AH B A7 569 0 58 BE 38 55, 17 NiO AH (9 737 5 068 5% B ik
55, RAEAZH SO, Cr, O, Ml Cry CAH & &34, BHAT T NiO Ay E — 2 4k .

75 h - #y-Ni ¢NiO ¥(Cr,0; #Si0,
ACryCs ®Niy(Si0s) VCriC,

4

g

38 B /(a.u.)
%»
.
>
<
)
<
£
P
P

25 h
a -
2 &
L B | A N
20 40 60 80 100
260/(°)

B 5 NiCrBSid£#&EZSH 900 C T 75 h 39 XRD B
Fig. 5 XRD patterns of NiCrBSi alloy oxidized at 900 °C for 75 h in air
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Fig. 6 XRD pattern of NiCrBSi alloy oxidized at 900 C for 200 h in air
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Fig. 7 The surface morphologies of NiCrBSi alloy oxidized for different time: (a) 1 h; (b) 5 h; (¢) 10 h
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Fig. 8 The surface morphologies of NiCrBSi alloy at different oxidation time: (a) 25 h; (b) 50 h; (c¢) 75 h
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Fig. 9 The surface morphologies of NiCrBSi alloy oxidized for different time: (a) 100 h; (b) 150 h; (c¢) 200 h
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Fig. 10 The cross-section morphology of NiCrBSi alloy at different oxidation time: (a) 1 h; (b) Sh; (¢) 10 h
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Fig. 11 The cross-sectional morphology of NiCrBSi alloy at different oxidation time: (a) 25 h; (b) 50 h; (¢) 75 h
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Fig. 12 The cross-section morphology of NiCrBSi alloy at different oxidation time: (a) 100 h; (b) 150 h; (c) 200 h
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Fig. 13 The oxidation Kinetic curves of NiCrBSi alloy after isothermal oxidation at 900 C for 200 h
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Fig. 14 The friction and wear morphology of NiCrBSi alloy under different loads and the corresponding 3D wear diagram:
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Fig. 16 (a) Friction coefficient curve and (b) wear rate of NiCrBSi alloy
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