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Abstract: WC-Co-Cu-BaF, /CaF, self-lubricating wear resistant coating was deposited by atmospheric plas-
ma spraying (APS) process using homemade feedstock powders composed of WC-Co, Cu and BaF, /CaF, eu-
tectic. The high temperature tribological properties of the WC-Co-Cu-BaF, /CaF, and WC—-Co coatings were
investigated at 200 'C,400 C and 600 C. Microscopic observation of the coatings after wear was performed
using SEM. It is found that the hard WC particles in the triboreaction layers of WC-Co—-Cu-BaF, /CaF; coat-
ing induce abrasive wear and result in higher friction coefficient and wear rate at 200 ‘C. The triboreaction lay-
ers without any hard WC particles were formed in 400 C and 600 C wear tests. With the help of Cu and
BaF, /CaF, eutectic which acted as solid lubricants in the coating, the triboreaction layers became smooth and
compact. Lower friction coefficient and wear rate of WC—-Co—Cu-BaF, /CaF, coating were achieved at these
temperatures. The wear resistant behavior of WC-Co—Cu-BaF; /CaF, coating was superior to that of WC-Co

coating at relatively high temperature (400~600 C).
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Fig. 1 SEM images of WC-Co-Cu-BaF,/CaF; composite powder
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Table 1 The atmospheric plasma spraying parameters for WC-Co—-Cu—-BaF, /CaF, coating
Current Voltage Ar flowrate H, flowrate Powder feedrate Spraying distance
/A /V /(L +min ') /(L »min™ ") /(remin ') /mm
400 55 50 3 14 100
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Fig. 4 SEM morphologies of worn surface of the WC-Co coating against the stainless steel at elevated temperature

5 WC-Co i EAFMMZE,. WC-Co-Cu-
BaF,/CaF, & &R )ZTE 3 AN EE T 0B 1 R 11
P — 2R R K 5. HAE R B
38 B R i 52 458 0 AR P I Uk X R A B L 0
W B W 2 B — e sk B 5 IR )2 R A
4G omEERR . Hr,200 Clip, WC-Co-Cu-
BaF,/CaF, U2 i B £ 32 10 9 B2 4% 05 o] 43 A &
TREEAS — TEARAS LI 1 ALV, i S0 A0 1 4 I
PR L 0 3 T8 1Y) EE A 7 W) )2 vh a3 A A K A
NI S IR OREL L HERSF /N T Spem, AL 5Cay)
IMI7E 400 CHI 600 "C JBE 45 12X 56 I fry JEs 451 3 1T 24 5%
A LR AL BEAE W) )2 vt B K AR R A
TE  [F I BE 3E 7= W) J2 #4 1 200 C B i B0%
(B 5(b) A1 (e, H 600 C i} EE 7= ) 2 78 35
TR 2 2 TH Y FE 400 CHYR

2 EDS 73 #r K B A [\ B 1Y BE 45 W)
JE FE R WL Ca,Ba F.Cu,Co.Fe 1 O
(FE 5Cay) (by) (), H W, Ca,Ba,F,Cu fl
Co3k g WC-Co-Cu-BaF,/CaF, & Z.Fe 3k H
AT EEEK O Ay 1 30 3% W BE 482 ) 3% 1 ) o
AT AR . #E 25 o T R B, 200 C Y EE 4
A WM COTRBCLLA N 1 1 4R

WC R F L., 454 & 5Ca) Pl g ) 1 1 25 40
INFIURE 3R B BE 5 7 ) 2 vh B A K i WC B R
Wik, i 400 CAHI 600 CHyEEEE=Eh O &
IR, HJE C Jn R A7 A 28 W] 31X PR b )28 452
FEE YR AT T E A AL, o I WC R i Uk
1,

2.3 RESREENESW

i T RGBT BRI R WC-Co IR 2
FEFE R G AL ARG . Bl T iR 2 T &2 2 e fb
P (Cos Wi C 260 [ AAE Mg ' . 200 C R WC—Co
VR 2 ) R R PP R e T R 2
Vo TETE ) 2 A7 5 U ) BE 45 ) i At W] AR TR AE
WIRIE R P ERE, Z 5 R0 & W R 1
R AN L B T BUR R Y R AR VR
B R 5 R 1Y % 97 I B AR AR (I8 4 Ca))
400 CH} WC—Co W2 IF4h M, 78 BE a3 2
W TR R TR R i R BT R
HETT R R S T . BB b A T ] AR —
FIERAT VR Bl o I U 2 09 B 4 32 2 3R B Oy I
RS 51 (T A (b)) o 33X FlEf = {4 0URE 7 B 458 3%
TR 21 F T R AR EE 482 PR it 2 400 Cif WC

—Co TRJZ MY JEE4 DR BORI S S0 R AR AR LN Bl



% 2

RN, . FE T RORE % WC-Co-Cu-Bal, /Cal, 1 Ml B Ik 2= B w5 e 5 4 e

35

G T 600 CHE WC—Co 12 Hh i #4 R )
SURINE R R 2 R GURE YR A K R
J o BERLBESA a3  Z E VR J2 2R T Y R HL B 1Y)
B B 4C0)) s B )2 B 48 B BORN B 451 6 L 2
Jl Tk o T Bl R T R, WC-Co TR Z )
VB AIL T b9 5 P 451 7 A Ay B B 45

5 WC-Co B EAJE], WC-Co-Cu-BaF,/
CaF, WIZ MBI R E T 2 EE> Y2
(B(5)) .t bk 2 A 25 51 vT 10, 76 T ol 42 s
o A o EE Y 2 & 03 LR B A B BE
T

(1) B JE e e FN SR AL . B8 76 i sh S 4
LR R 1 B T AE R B Bk S R AR T
S SRR AR T OF 38 W R L ANk . BN BRI B /N
UKL 3 6 /N SR 7 JBE 5 5 B ok R A B SR
b BTG LT E LR A

(2) A ALY M R I 57 PR 45 . 78 28 fof (FE S
B DR P2 2R S TR 1) 15 IR R B R A g
PN 1 SRR R S Bk Ak Y =2 TR & A
JE AR TV THIRS 45 T8 BB 1 A Ak )2

CINSPA: 2 - Sasly/) =3 = N N S = I
PR 0B 5 1 BB B 40 v 2 5 0T B R 11 L 42 % o A
SRR B R R A R A B T R A

iriboreaction layer:

Spectrum 2

52 ) 1 R R B L, XA 2 AR RS A5 T L WC
—Co—Cu-BaF,/CaF, ¥ 2 1Y B 45 N 0 7E & IR
FTHETF WC-Co )21 F 5 FH A,

B —J7 i EDS 43728 : 200 C B} WC-Co
—Cu-BaF,/CaF, IR)Z M EE Y2 T & H K
WC B B URL . T B 1k 83 URL 19 77 7 8 5 3L
PR EE TR TR )2 L A5 [ B A R 4 7
25 TR 2 WA K 2R B 2= o I 1 4 5 AR
PR A R P ) 2 B T BRI L A 200 C
i WC—Co—Cu-BaF,/CaF, 1 J2 (1) B 48 5
JEBCRAN N B K. WC BT 4R RAL IR E 2
400 CUY BT ZE 400 C #1600 C JEE K B
WC-Co-Cu- BaF,/CaF, &2 1 B =y )2 h
¥k WC BOkLAfFfE. i EIREAF S AR Cu
Hl BaF, /CaF, 4 [ 1A i ¥ 7] 76 BE 48 7 ) )2 b 1Y)
YERT AT 6 T HLS0% 1 BE = ) 2 B LA Ut
it WC—Co—Cu-BaF,/CaF, & )2 i 48 K %
BER P AL, 600 CHF, WC—Co-Cu-BaF,/
CaF, W2 th MR 43 fifk LA B S8 A 09 TE B3k 3]
— BT TR 2 B B 2RO
PR B R B LG 400 C B 0 B FF 8 4l
KRBT, i, WC—-Co—-Cu- BaF,/CaF,
W)z R T B U X 32 A .

Iiriboreaction layer

#,

>Spec1rum 3 d
A", ¥
4 0 fim

10m

I

Spectrum 1 Spectrum 2 rum
&, S BWEOEGRENE ED)Z Flement W0 Ca Ba T Elemen WO Ca Ba_ Spectrum3
Atom 5 Atom
. 1284 5599 117 031
o, 1549 1698 157 074 592 fraction/% 24 > fraction/% 1036 5224 116 025
Element  F Cu  Fe Co -
Element Cu  Fe Co O e Element F  Cu Fe Co
- Fre fraction/op 333 2036 13.61 5.41 Atom
fraction/% 367 690 645 37.05 o fraction/% 3.55 2036 597 435
. Co e Fe o
C W Fi w
W Ba Fe Fe Co Cu 'Cuw Ca Ba e Co Cu
el CacaBs By Ba w Ay Ca Baps f w YAy W
T T T T T T T T 7 T T T T T T T T T T T T
o 1 2 3 4 § [} 7 8 9 10 [0 1 2 3 4 5 ] 7 8 9 10| 10
Full Scale 677 cts Cursor: 0.000 keY]  Ful Scale 488 cts Cursor: 0.000 keY]  Full Scale 383 cts Cursor 0.000
(a,) (a,) 200 °C (b,) (b,) 400 C () (c,) 600 C

Kl 5 WC-Co-Cu—BaF,/CaF, 1% 25 A4 B0 B {8 J5 B R R 15 00 (a) L (b)) L Ce ) FIBE 5277 9 J2 9 EDS 43 #7

(az)(bz)(CQ)

Fig. 5 Worn surface of the WC-Co~-Cu—-BaF,/CaF, coating against the stainless steel (a,), (b;), (¢;) and EDS of

the triboreaction layer (a,), (by), (c;)



36 2 EH X W L E

2012 4F

(1)WC~-Co-Cu-BaF,/CaF, 1§ )2t - 5 Ji
P N BAE AR E R AL WC—Co R 2. BliE ik
R ER T E, WC-Co-Cu-BaF,/CaF, &2/
BE R R IH E L TR, 600 CREZER)Z
BEHUR TS 200 CHEBEHIZEA 50% .

(2)WC-Co—Cu-BaF, /CaF, 1§ 276 [R5
TR 0 R T A R AR ) 2 A R N B RS
P18 VT P e A b A ) L T R A

(3)WC-Co-Cu-BaF,/CaF, & JZEH IR T

[5] Yin Zhijian, Tao Shunyan, Zhou Xiaming, et al. Tribolog-
ical properties of plasma sprayed Al/Al; O3 composite coat-
ings [J]. Wear. 2007, 263 1430-1437.

[6] Lin X H, Zeng Y., Ding C X, et al, Tribological behaviour
of nano-structured Al;O3—-3 % TiO, coating against steel
in dry sliding [J]. Tribol Lett, 2004, 17 19-26.

[7] Yuan Jianhui, Zhu Yingchun, Zheng Xuebing, et al. Im-
provement in tribological properties of plasma—sprayed WC
—Co coating followed by Cu electrochemical impregnation
[J]. Applied Surface Science, 2009, 255: 7959-7965.

[8] ZHEW, M=W, HEE, F. FETFHIR 2r0:/ALO; K
BB B v Re [T R R LR, 2011, 24
(1): 20-24.

E Y LA P /ﬁ\:% i ?ﬁ% PEBE I, WC-Co [9] Yuan Jianhui, Zhu Yingchun, Zheng Xuebing., et al. Fab-

5 e by N rication and evaluation of atmospheric plasma spraying WC
TR 2 2 B A v T JEE A0 A L S AN AL
—Co-Cu—MoS; composite coatings [ J]. Journal of Alloys

,ﬁ/j%iﬁk and Compounds, 2011, 509: 2576-2581.
[10] kg, skilbse, PR A, . HobwE IR AN EEZ
(1] Mmisi, xR, TiAl LA 4 o b o R B e vE e i S E et [T, v E SR A&, 2011, 24(1): 51-56.
o (1. HUB T EAR . 2006, 30(11),1-3. [0 B, %R . MK, %. BOR T 2 %G A% T

[2] Cranmer D C. Ceramic tribology. needs and opportunities
[J]. Tribal. Trans., 1988, 31 164-173.
[3] DellaCorte C, Wood J C. High temperature solid lubricant

% WC—Co ¥k J2 i J2 5 OR 5t Wy 8w [T, o [ 2 i
AR, 2007(2): 51-54.

materials for heavy duty and advanced heat engines [J],
NASA TM, 1994, 106570 239-253.
[4] Sliney H E. Solid Lubricants, Metals Handbook, Fric-

B A T T O X R TR 519
Tel: (0574)8668 5036

315201

E-mail: yuanjh@nimte. ac. cn
tion, lubrication, and wear technology [J]. ASM Interna-

tional, 1993, 18: 113-122.

B N N N N

cESRBEREENE -
EERSHRERAIEARPOEN

EFAR AU R TREBETE O (LUR AR HL ™) AL T 1991 4R 2 7 B R AT T F 4 %5 3% 7 4
M5 1 R FHE A 2 L N R R R e T R R I TR BRI i AL 22—, FESEAE 3 T Se TR 4B
CHLL RN T R 2 A O AR DARE A R WL 4 T s DA i T A 0 bR v L B I E ST
S RNAE) B TR EA 058 ZE A AN 2 AR S A 1 A 2 R T TR A B AR S T B R 3 AR A 2
i YEAE K O T A AN R 55

LR B TR S I A A A R I R A S A R I AR A AL S0 A VS M RHR
B S 5000 % ORI R BOR SE R % 2 10 R LS s PA KT 6 CB) Se ik po A i 2 A 4308 22 T
UL HLA R AR I0 B 1 2% 1 BB AT 280 ST A 18 O 36 18 BOR TR 5T L T B AR T
FHIE A LA B S 1k IR B R

LTI — SRR BN AT LA [ N A4 B T DA 5 LA R — AL T B R AR R
BT SEJE R TR U A A BRI ARG A 0 SN AR B A . — S
SRAETR ZEAT BN RS DL A7 200 DR 1 2 45 B AN A7 36 18 10 T R X AT TR RS, 72 A T B I A
Bt . LTI BT R 5 5 A 30k B B BOR SAE  a e BEROR T BEA SO O T T Ak R A
25 B O e 2 AP 2 T Ak B X e TR R Oy [ R 2 B R AR T BT



