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High temperature oxidation behaviours of Ni-20Cr/hBN
self-lubricating composites
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Abstract: The Ni-20Cr/hBN self-lubricating composites were prepared by powder metallurgy with hBN contents of 8%,
10% and 12% (mass fraction). Its oxidation behaviors were studied in air at 600, 700 and 800 °C. The oxidation kinetics
curves were gained, and the oxide compositions and morphologies were analyzed by XRD and SEM. The results show
that the oxidation of Ni-20Cr/hBN composites oxidized at 600 C for 300 h is not obvious. The oxide products consist of
Cr,03, NiCr,04 and CrBOj; at 700 and 800 “C for 300 h. The kinetic curves of the composites obey the parabolic rate law
at the beginning oxidation of 100 h, and the oxidation parabolic rate at 800 °C is a magnitude higher than that at 700 C.
Meanwhile, the masses of Ni-20Cr/hBN composites become stable or even decrease after 100 h due to melt of B,O;. The
oxide scales are complete and do well in protection at 700 ‘C, while are corroded to some extend at 800 C.
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Fig. 1 XRD patterns of Ni-20Cr/hBN composites oxidized at
600, 700 and 800 °C for 300 h
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Fig. 2 Oxidizing dynamic curves of Ni-20Cr/hBN composites

at different temperatures: (a) 600 ‘C; (b) 700 ‘C; (c) 800 C
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Fig. 4 SEM images ((a), (b)) and EDS analysis ((a’), (b")) of oxidation products of Ni-20Cr/hBN composites oxidized at 700 ‘C
after 300 h: (a), (a) Granular oxidation products; (b), (b") Acicular oxidation products
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Fig. 5 SEM images of surfaces of Ni-20Cr/hBN composites oxidized at different temperatures for 300 h: (a) 8%hBN, 600 ‘C; (b)
10%hBN, 600 C; (c¢) 12%hBN, 600 ‘C; (d) 8%hBN, 700 ‘C; (¢) 10%hBN, 700 C; (f) 12%hBN, 700 C; (g) 8%hBN, 800 C; (h)

10%hBN, 800 C; (i) 12%hBN, 800 ‘C

S EMEHE 600 C I HEA RN A7 1. M
S5(A~(HAT LA, 4 700 'C R4A4L 300 h J&, RFEER
AT T Cr0; kL, AALIEECE, kD,
R EIRRE R T E S A A TE A, AL PR
AN Cr s, SAALECRARAR. T S(e)~(1)E M,
IRKELE 800 'C 44K 300 h 5, B,Os IR Z, AT
TG AR, i B bl Cr,05 A
A EEh, Dk, S ILE O, 2 HERIRY
hBN 30 12% R A0 g™ 0, & el T
hBN s 28 B,Os AR, XA A 1 5 ik
YERIBE I .

3 it

1) Ni-20Cr/hBN 544 KHE 600 C4AL 300 h J5

AL >, ThiAE 700 R 800 C R 44K 300 h S i
DU B A=), EEA Cr05. NiCr,04 Al
CrBOs.

2) Ni-20Cr/hBN & 544K 600 CI44L 300 h
JE IR Z; £E 700 C FEALRS, BT 100 h #F
B S ) F I LA, hBN 7500 8%+ 10%.
12%[#) Ni-20Cr/hBN 534 BHE AL I Ze i 55 £
2y B A 428X107° . 532X107° FI 3.08X107°
mg>em “h', E FEFEA AR 75 800 CHELL
BIHT 100 h [RIFERF & S I BE3) ) # I e A, 44
T Pl 2 5 B o 4.28 X 1072, 4.75X 1072 FiI
3.50X 1072 mg>em *+h™', H1T B,Os 75 Fil N4l HL3h
FE ARSI, 100 h SRR B0 R SRRk .

3) Ni-20Cr/hBN Z5#EHE 600 CH AL T-4406 4]
WY BL, 300 h J5 FE IR ISR R 78
700 C RIS I ARTE R, A BB ;



523 %5 2

EXlI T

Ni-20Cr/hBN FEH A R il A AT K 361

1E 800 C N EAIE B [ FEE 19 i b

REFERENCES

(1]

[10]

FENG Tao, LI He-jun, FU Qian-gang, ZHANG Yu-lei, SHI
Xiao-hong. Microstructure and anti-oxidation properties of
multi-composition  ceramic coatings for carbon/carbon
composites[J]. Ceramics international, 2011, 37(1): 79—-84.
QIANG Xin-fa, LI He-jun, ZHANG Yu-lei, GUO Lin-jun, WEI
Jian-feng. Microstructure and anti-oxidation property of Si-W-Cr
coating for SiC coated carbon-carbon composites[J]. Journal of
Alloys and Compounds, 2011, 509(25): 249-253.

BXURE, HOERT, skEG, BB BRI RRR S e 950
CHI 1000 CHRISEMAT HI]. Wif Gl eks TR, 2005,
34(2): 209-211.

ZHAO Shuang-qun, DONG lJian-xin, ZHANG Mai-cang, XIE
Xi-shan. Oxidation Behaviors of New Ni-based Superalloy at
950 Cand 1 000 ‘C[J]. Rare Metal Materials and Engineering,
2005, 34(2): 209-211.

HUANG Can, ZHANG Yong-zhong, VILAR R. Microstructure
and anti-oxidation behavior of laser clad Ni-20Cr coating on
molybdenum surface[J]. Surface & Coatings Technology, 2011,
205(3): 835—-840.

MA Jun, JIANG Su-meng, GONG Jun, SUN Chao. Composite
coatings with and without an in situ forming Cr-based interlayer:
Preparation and oxidation behavior[J]. Corrosion Science, 2011,
53(9): 2894-2901.

VIALAS N, MONCEAU D. Effect of Pt and Al content on the
long-term, high temperature oxidation behavior and
interdiffusion of a Pt-modified aluminide coating deposited on
Ni-base superalloys[J]. Surface & Coating Technology, 2006,
201(7): 3846—3851.

WANG Yan-jun, LIU Zou-min. Tribological properties of high
temperature  self-lubrication metal ceramics with an
interpenetrating network[J]. Wear, 2008, 265(11/12): 1720—1726.
TYAGIA R, XIONG Dang-sheng, LI Jian-liang, DAI Ji-huai.
Elevated temperature tribological behavior of Ni based
composites containing nano-silver and hBN[J]. Wear, 2010,
269(11/12): 884—890.

EEIF, KEF, RAF, £XB, B MoS, A HExf
Ni-Cr 5 5 G FPRI B2 PERE LT ], APRMIFFT2R, 2010,
24(5): 464-470.

WANG Ai-fang, ZHANG Ding-jun, WU You-zhi, WANG
Wen-zhen, JIA Jun-hong. Effects of adding MoS, and graphite
on tribological properties of Ni-Cr based self-lubricating
composites[J]. Chinese Journal of Materials Research, 2010,
24(5): 464-470.

XUE Qun-ji, LIU Hui-wen. The effect of solid lubricants on the

tribological behavior of zirconia at high temperatures up to 600

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

‘C[J]. Journal of Physics D: Applied Physics, 1997, 30(14):
1965-1971.

oML, FHAL, 4 . Ni-Cr/BN FHEEFORHEE B B4 b2
SFTIN). B &R RS TR, 2007, 36(10): 1820-1823.
FENG Yan, WANG Ri-chu, YU Kun. Analyses of frictional
wear mechanics of Ni-Cr/BN self-lubricating composites[J].
Rare Metal Materials and Engineering, 2007, 36(10):
1820-1823.

WUKE, xR, EHY), PEH BN S BN/Ni(Cr) A
TR )2 S FEBIE R R[] A ACR AR R 5 TR,
2009, 14(1): 57-62.

JIANG Bing-yu, LIU Shi-min, WANG Ri-chu, LUO Feng-hua.
Effect of BN on mechanical and tribological properties of
BN/Ni(Cr) self-lubricating composites[J]. Materials Science and
Engineering of Powder Metallurgy, 2009, 14(1): 57-62.

XUE Mao-quan. Effect of graphite addition on oxidation
behavior of Ni-Cr-Based superalloy at 900 “C[J]. Rare Metal
Materials and Engineering, 2009, 38(7): 1146—1149.

BRI, B A BBV L il A2 PR i AR AT S ).
B T REAEEL, 2008, 32(9): 67-69.

XUE Mao-quan. Oxidation behavior of Ni-Cr based powder
metallurgy composites containing MoS, at high temperatures[J].
Materials for Mechanical Engineering, 2008, 32(9): 67—69.
M, ZERL, HGEZE, EIERL A B BB A S
PSR AL REDE TE0]. BT AR, 2011, 25(11): 96-99,
110.

YUAN Guan-ming, LI Xuan-ke, DONG Zhi-jun, CUI
Zheng-wei, CONG Ye. Study on anti-oxidation property of BN
doped-graphite materials[J]. Materials Review, 2011, 25(11):
96-99, 110.

ARk, &) mil EA AR M. Jb st f 2 Tl A,
2003, 1: 32-33, 203.

LI Tie-fan. High temperature oxidation and hot corrosion of
metals[M]. Beijing: Chemical Industry Press, 2003: 32—33, 203.
K M A S M. dEst: A SE Tl R,
2010: 6-7.

ZHENG Xue-jia. Handbook of boride[M]. Beijing: Chemical
Industry Press, 2010: 6—7.
MFHR, R, X, 2
5 ol i Fs AL, 2002: 267-268.
LIU Xiu-chen, AN Cheng-qiang, CUI Zuo-xing, WU Wei.

. R M. Jest [E

Corrosion of metals[M].
Press, 2002: 267-268.
YRR, XIZ0K, ROOURE. B B WL A < 950 CAAT R
HIRESE[T]. M4 R BEA%4R, 2008, 29(3): 26-29.

LI Wei-yin, LIU Hong-fei, ZHAO Shuang-qun. Oxidation

Beijing: National Defence Industry

behavior of a new Ni-based superalloy at 950 “C[J]. Transactions
of Materials and Heat Treatment, 2008, 29(3): 26—29.

(4w RITH)



