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Fig.1 Schematic of model GW/MI-MS

pirron-disk wear tester

1 —Load; 2 —Stress sensor; 3 —Balancer;

4 —Heater; 5 —Upper holder; 6 —Thermocouple;
7 —Ceramic ball; 8 —Disk specimen
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Fig.2 Microstructures of Fe;Al(a) and Fe;sAl/ WC(b) coatings'®
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Fig. 3 XRD spectra of FezAl(a) and FesAl/ WC(b) coatings
1.5 15.0
= m — Fe,Al .\ —
g s — Fe;A/WC . T o roabwe
§ 1.0¢ 4 — 20 g steel g 5.0t 4 — 20 g steel
8 2
< 2
. ]
5 05 ERPY

0 200 400 600

800 0 200 400 600 800
Temperature/'C Temperature/'C
4 JRFEX Fe;Al IR ER 5 TFeAl Hi 2
 EL L < R 48 R B (1 4
I S S S B 9L 0
Fig. 4 Friction coefficient of FesAFbased Fig.,5 Wear volmme of BesAEbased
coatings vs temperature coatings vs temperature
FEFUALIAE I 5% . BRI T 7, 20 o 400 £ oAl RN R R
BRI T, [i; 2450 CLEAE B e/ IMH, XA Table 1 Relative wear resistance of
7 faray
Ak B 5 Tu 260 56 SCiNiMo-40MnB 4 B 3 Rl 1) Feglilthased voatings
BB BB BB AL SR8, AR ————
Temperature/ ‘C FexAl FeAl/ WC
2.3 ﬂﬁﬁﬁi 'l‘i‘t ooaiin,g (?()atin,g 20g steel
FesAl J54R 2 11 3 BB B A A SR E SR W 450 0.35 2.9 1.00
650 1.64 10. 23 1. 00

Bl S Fros . BB ] e R 2 B4 e i e ol B 3 R A
ANFEIE, R WC B B AH I FesAl ¥ 2 70
<550 CH, T 5l BE 45 AR B 32 78 Jon 5 A
Fe; AV WC ¥R JZH 20 g £M; #E> 550 C, H BT
AT 20 g W R FAET, FesAl/ WC iR 2 B BE i

3 FeAl ZiRESRBHNERIES
i

PRIYR T FesALURIEA 20 g £M . DA 20 g 4 9 BE 453 M 4 FIE 5 K3 1wl F H, BEA W R T,
AR D BEE, FHAHXSI BV e R RAEIRIZMINEE  FesAl JEUR 2 BEHE RN BO BB 0 AR AR R B, 55 Berns Al

PE, W 450 CH1650 CF Fes;Al £ 8 A4 )2 HIAH N}
Mif B PR 3 1. A W: 450 ‘CHI 650 CIHF FesAl/
WC ¥ 2 B AH O TR B 1 53 70 A 20 g A 149 2. 92 £ il
10. 23 %, Tl S EB L) W

Franco! " iJF 9% NiCr20A1Si+ 0~ 50% WC/ W,C 54 44
Fo P B R BB 453 1) 45 R — B S I WC BT AR S5 FeaAl

SR AWZ 0 S s, HEEFERET S
TSR T, BEEEIT A ALOs BRER I TE Bk



13 B 4

HIORAL, 45 FABEIRA I FesAl HEA 2 1 i LR 45 2 vk * 977 ¢

FALYE R IE, % 2 2R T AR R B v ) SR A e,
AR E R E A S LR RS B R E T
JEBRZAET, BB SR AL OR3P A2 FE B gk T- 3R 1HI
FHRERE AR T | Rl 2 A IR S 4 8 AR 1
FR KRG FSE i & o g

Kl 6 T~ A FesAl fil Fes A/ WC B &% E K 650
CH BN EER ) R T TE S . FesAl ¥ 2 BE 451 26 1 %50k
K, B2 AR S ISR B AR R T, AR B A
A BRERH, RiEERCEERE, G2
Kb 75 RN 2 B A Wl B IR IR 8 TN I WC JE,
FesAl 5E 57 60 2 2R TH 56 4 b 8508 15840 5 P 78 5,
FE ] W %2 BHURCIR WC/ WoC A TR B 1R A6 B8 1) L,
AT ARG TR T ) N FN L H, AR AN T DU
JER W&, T EYCRREE . n] SR AL R T
T B B RE ) e T AR AR A B . 3K A BT AH XS
Fe;ALVRE G & 3R R s Ak, 3 SRS Hual i s
BIRE T, LA SRR 22 1 DR e il R BR84S N T

6 FesAl FEVR 2 650 ClF gl B B 3K 1 T2 5L
Fig. 6 Worn surface morphologies of
FesAFbased coatings
(a) —FesAl; (b) —FesAl/ WC

PRSI 23 ) ST P A T 0, 48 R E SR A S
S YA PN RS

B, RIS T, WC/ WoC fill JTAH %]
FesAl J 2 4 J6 A 0 5 AL R AIR HOATE 0 ) s N A
HIYER, DR 2R EAA 8RS E e il B2 3L
FEALE R L B Fes A/ WC B 518 2 w18 3 BE
PP ) R BRI

REFERENCES

[1] DeeviS C, Sikka V K, Liu CT. Processing, properties and
application of nickel and iron aluminides| J]. Progress in Ma-
terial Science, 1997, 42: 177 ~ 192.

[2] @R, =, WK NrAl R . Fe Al R M TisAl

SR MR RIT. A E A A S,
2001(6): 27~ 29.
PENG Chao qun, HUANG Baryun, HE Yue hui. Develop-
ment of intermetallic compound in NrAl, Fe Al and TizAl
base system [ J]. Special Foundry and Nonferrous Alloys,
2001(6): 27~ 29.

[3] WRILY, di 58, MRk, AP FeAl &< (E K8
TR RS AT R[], BESRAE AR, 1998, 18(3): 215
~220.

TU Jiang ping, MENG Liang, LIU Mao-sen. Abrasive wear
of ordered Fe;Al alloy in water environment[ J]. Tribology,
1998, 18(3): 215~ 220.

[4] 1R, M7, T4, VC, A TIC, B S 51 FesAl

REEMEMAL M AR THAOEES
#, 2001, 11(¥T] 1): 150~ 153.
XU Werrlei, SUN Yang shan, DING Shao-song. Effects of
VC, and TiC, particles on mechanical properties and mi-
crostructure of FesAlbased alloys[ J]. The Chinese Journal of
Nonferrous Metals, 2001, 11(S1): 150 = 153.

[5] BPESF, X 30, BB, & S eoo = Wi sk

FeAl & J& R4 & M0 OO AL I J] . 20 BEL22 4R, 1998,
47(10) : 1734 ~ 1740.
ZHONG Xia ping, DENG Wen, TANG Yursheng, et al. The
microscopic mechanism of alloying elements affecting the duc
tility or brittleness of FeAl intermetallics[ J]. Acta Physica
Sinica, 1998, 47(10): 1734 ~ 1740.

[6] BN, KRR, A, 5. T ISR FesALHESE)Z

MALIEI S B AL PET]. R, 2001, 22(1):
56 ~ 58.
MING Xue gang, YU Xin-quan, SUN Yang shan, et al. Mt
crostructure and oxidation resistance of Fe;Al overlay manual
arc surfacing[ J] . Transactions of The China Welding Institu-
tion, 2001, 22(1): 56 ~58.

[7] TIAN Bao hong, XU Birrshi, MA Shrning, et al. Self-rein-



© 978 - A R R 2003 4F 8 H

forced Fe;Al/ AL O3 composite coating produced by high ve Technology, 1999, 20: 72~ 74.

locity arc spray deposition] A]. Mechanics and Material Engi- [10] TUJP, JIEXH, MAOZY, et al. The effect of tempera-

neering for Science and Experiments| C]. New York: Science ture on the unlubricated sliding wear of 5CrNiMo against

Press New York Ltd, 2001. 417 ~420. 40MnB steel in the range 400~ 600 ‘C[ J]. Tribology Inter
[8] HfREL, fR¥EL, S, & & d i IlBHR FeAl national, 1998, 31(7): 347 ~353.

WC EGWEmE AT w5 )]. + E R TR, [11] Berns H, Franco S D. Effect of coarse hard particles on

2000, 13(1): 22~ 26. higlr temperature sliding abrasion of new metal matrix com-

TIAN Bao-hong, XU Birrshi, MA Shrning, et al. Erosion posites[ J] . Wear, 1997, 203 ~204: 608 ~ 614.

behavior of FesAl/ WC intermetallic matrix composite coating [12] <448, ﬁ: &, 5’3335 FEL MBS 0 AN 5 A % )2 T

produced by high velocity arc spray at elevated temperature PEIATSEL ] . EEBE 22244, 1998, 18(2): 119~ 123.

[J]. China Surface Engineering, 2000, 13(1): 22~ 26. SHAN Jirrfu, DU Zhi, BI Zhrfu. Study on the wear resis-
[9] BR4se, & B, £LBEE, 2. NiMo0,S, 41k X SisNy tance of arc spray stainless steel coating[ J]. Tribology,

PG Ek BRI A MERE IR W[ T]. TP E BT K 2 R, wﬁlaylwwﬁ

1999, 20: 72~ 74. [13] #EFHE. Z0OKEEHEIM]. dbat: 74K % R,

CHEN Jirrrong, LI Shu, JIANG Xiao-xia, et al. Effect of 1998. 95~ 97.

NiMo0,S, fine powder on the tribological properties of SisNy WEN Shrzu. Nanotribology[ M]. Beijing: Tsinghua Univer-

ceramic ball[ J]. Journal of University of China Mining and sity Press, 1998. 95~ 97.

Tribological properties of thermal spray formed Fes; Al based
coatings at elevated temperature

TIAN Bao-hong', LIU Ping', XU Birrshi’, MA Shining’, ZHANG Wei, LI Shizhuo’
(1. Institute of Materials Science and Engineering,
Henan University of Science and Technology, Luoyang 471003, China;
2. Department of Materials Science and Engineering,
Armored Forces Engineering Institute, Beijing 100072, China;
3. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110015, China)

Abstract: Two kinds of novel cored wires for producing FesAFbased intermetallic compound alloy coatings by using high velocity arc spray
technique were developed. The microstructure, chemical composition and phase structure of FesAlbased coatings were investigated. The tribo-
logical properties of thermal spray formed Fe;AFbased coatings at temperature ranging up to 650 ‘C were determined on a pirr orr disk type wear
tester. Results show that: the matrix consists of Fe;Al and FeAl phases, which have the average chemical composition of 29% Al( mole frac-
tion) ; the matrix of Fe3Al/ WC composite coating consists of 26% Al( mole fraction) ; FezAl/ WC composite coating exhibits excellent friction
reduction and wear resistance at elevated temperature. The relative wear resistance of Fe;Al/ WC composite coating is 1. 92 times and 9. 23
times higher than that of the mild steel at temperature of 450 C and 650 C, respectively. The main reasons for wear resistance improvement
are the reinforcement of WC/ W,C hard particles to the Fe;Al alloy matrix and the formation of self- protective continuous oxide film on the com-

posite coating surface at elevated temperature.

Key words: thermal spray formation; Fe;Albased coating; tribology at elevated temperature
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