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Abstract: WC-Co/NiCrBSi composite coatings were prepared on the surface of aluminium alloy 7005 by
high velocity oxygen-fuel flame ( HVOF) spray and atmosphere plasma spray ( APS), respectively. The
microstructures of the composite coatings are analyzed, and the tribological behavior and mechanisms of
the composite coatings at elevated temperature are researched. The results show that the porosity of the
composite coatings prepared by HVOF is only 28. 9% of that prepared by APS. The microhardness of the
composite coatings prepared by HVOF is 838. 4HV ., and the thicknesses of Al and Ni diffusion layers
are 13. 17 pm and 12. 55 pm, respectively, which are all higher than those of the composite coatings pre-
pared by APS. The composite coatings prepared by HVOF have low friction coefficient and wear loss com-
pared with the composite coatings prepared by APS. At room temperature of 25 °C , the wear mechanisms
of the composite coatings prepared by HVOF are micro-cutting wear and slight fatigue wear, and the com-
posite coatings prepared by APS experience fatigue fracture wear. At elevated temperature of 400 °C , the
wear mechanisms of the former change into multi-plastic deformation wear and oxidative wear, and those

of the latter turn into severe adhesive wear and oxidative wear.
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1.1 A&

WEER AR NiCrBSi 3R Fil WC-Co Uk F 31 1
AR LA AR A L 2 G AR e iR L
R 55 ~80 wm Y NiCrBSi ¥y K , Hofl & Cr B,
Si Fe W .C.Ni (5T 53 403 510 15.5% | 3.5%
4.0% 15.0% .3.0% .0.8% .58.2%. &5 Wik Jy
SRR 50 wm B WC-Co ( WC: Co H88: 12) bess
WOk, JEARIEF 7005 FR G 4, 208 7R T Uk L AR R
R BB R Sa2. 5 )5, 70 R Metco-
DJ2700 %! HVOF 45 1 DH-1080 % APS ¥4 78 H
RMEEIRE N 200 wm [ WC-Co/NiCrBSi & &1
Bl T ASHmE s, E5IRERETE
S R EL K AEZR DI EIH A 12 mm x 12 mm x 6 mm
it

% 1 HVOF fr APS %k T ¥ % %%
Tab.1 Spray parameters of HVOF and APS

ASTE/ (Lomin ') PBERE/(Lmin™")  ESES/MPa TIBEE S/ MPa 3EKHEE/ (gomin ") M3 S/ mm
HVOF
240 50 1.0 0.7 55 ~60 180 ~200
HLI/ A HE/V AR/ (Lomin ™) &R/ (Lomin ™) X880%/ (gemin ") IR/ mm
APS
500 50 70 10 45 ~50 80 ~100
1.2 REAH*E BIREME,

.21 OREEH 4r

K H DMM-330C 4 4H 5 5085 ( OM) 1B+ BE 1
X (EDAX) 4 FEIQUANTA200 7§ B8 1 i ¥ 5
(SEM) W< HVOF HI APS il 5 52 404 )2 (1 T 45
¥ AT AT 2 A A S A e 1 AT 5 BT RS K
JE A MATLAB # kgm0 2 5 0 2 LR
FIFH D-MAX/R # X SHERATHH(XRD) 707 &2 A
JZ IR ; SR P DHV-1000 % 5 £ Rg 2 10032t 5

1.2.2  EEEERLALR

FIHT HT-500 #9 35k — f 2 e 78 32 462 s 4 19 L
HATE A TRZ N EEERAL, Ll GCrl5 8
Bk, PN AR vk T 9 N I s
FE0.42 m/s, FE T ] 30 min, 28 58 I8 B 2 9
25 °C ,100 °C 200 °C 300 °C F1 400 °C ; FE4% R % h
RIS HL B A R AR B, RS 0.1 mg 11
TG328B B 43 B RPN it B 45 K
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PR TR 2 AL () ROIR ME AR G5 4, RS A R
25 WC-Co 34 5 R 7E NiCxBSi JE i /0 #5155,
HVOF #8552 B9 WC-Co 38 5 JiUk £ 2 AR
sy, R AR, K () iR, B ERZE
LB AN 2. 46% 5 A APS BR S5 1 &
W2 ST A AR AR T 1 B 5 Uk | A7 AE BH Y
FLIR, A& 1 (b) s, HALBR R F ik 8.51% . X2
H T HVOF 5 1 3 B L /5 T APS, 38 K 1T Wi it
K hee, JF Hagi ki 7 WOk e CATad it v 5 22 Rk
AT A BT ] T3 & T SR AR sk,
AT A RE F158 T APS ROk, I, R A HVOF
ARG NE GRIZEINEE .,

(a) HVOF

(b) APS

Bl 1 SRHI HVOF Hl APS H A4 ) WC-Co/
NiCrBSi & &4k JZ # I A
Fig.1 Cross section morphologies of WC-Co/NiCrBSi
composite coatings prepared by HVOF and APS

A AREEE Ni A1 Al JCE R T
HICWE 2) 2 FE ARl & E S RZEMEE 4
SARBIYI R A T R RY i, Hih  HVOF il &5 &
WEH NI Al TR 53R 8OE B o 5o
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ALAL TR Y BRE AR 7. 52 wm F19. 41 pum, 7]
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gl L ] AR B | B Fick @ ],

J= D | -] ()
K. J AT BOKR B Dy R 5 Q R HUMIE

bR A A

HVOF-Ni Nt
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HAMIFE i
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AL JER AT ML

Fig.2 Line scanning curves of elements Ni and Al of the

FHRS SR L

composite coatings prepared by HVOF and APS
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SYSRACAHS y-Ni Mok, e Pk [ i AR O G S
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Fig.3 XRD pattern of the composite coatings
prepared by HVOF and APS
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HVOF X 38 58 k7 i) £ 47 200 SR ey, X 2 R R
HVOF W 1380 B 4% 5, 45 08 T 1458 BORLAE 25 P il
15 B ISF [) DA A1 Rt e A AL R LK, HVOR
il 8 A UR 2 BEAS B R FR B2 L B WC-Co 1 3 5
B, A7 BT NiCrBSi )2 AT BEMERE
2.2 ERHEE

#2 S WC-Co/NiCrBSi & 41432 5o AR B ik,
50, W] W, HVOF il & & & Ik 2 W i ff BE 7E
757. 1HV, 5 ~ 923.9HV, , Z [A] 45 1k, H 5 ¥ {E K
838.4HV, 5 ;1M APS il 5 & A 1 J2 1) 1 f0RE B2 Dk 5
JEHER (673.5HV,  ~ 1041, 3HV, ) , (H HFE 2 (H
(796. 5HV, ) HMETHIF . B A2 B E S
LAV 235 4 N34 i AF 7)1 5 2% DI AH ¢, BT HVOF
REAZTE WAL BRI | 24800 i 5 JURE 43 A 2450 1
W2, B S ATy ORI S B
TE APS 2, WC-Co U ik j™ ., o 2 1 7 )
W,C BEREM = R T APS il 4 2 A% )2 B
B BE 3 A AN 500 FE IR 20 oh b AR R B 5 & AR e
PRI BEAR T B P g, PRI, R A HVOF AR
TERR B4R M 45 WC-Co/NiCrBSi £ &4 2, Wl LU
ARATTE B IS R A

%2 R HVOF fn APS # A4l &4 &
B R
Tab.2 Microhardness of the composite coatings

prepared by HVOF and APS

Hil% MBI/ HV, 5

JrE W W2 W3 W4 WS We W7 P

HVOF 763.8 923.9 847.6 757.1 899.7 796.8 880.1 838.4

APS  801.4 702.5 763.8 673.5 1041.3 767.7 825.3 796.5

2.3 EEERITA

K HI HVOF Fl APS £ AR #2552 G IR )2 TEA A
T AR U IR 25 A&l 4 BroR, vl L, B
FHIRE R T, HVOF il 4 5 G UR 2 BB R BN
0.43 PR T FEE 0.31; 1 APS il % & & 1k 2 1Y B
BERBE T, S /NT 300 C i, HEE 8 R4
M 0. 45 ZHT FREE] 0. 35, {HFE 400 °C 1, HEE IR R
B FIHE 0.38 (WK 4(a)). PIEGRIZME
042 T B 3 % T o T T, W AR B R A R
FE1.7 ~4.9 mg Z[AIARAL J5 & BRI B &
FHiE , L AR R T 300 °C )5, HEs g i 20
FAET 1 mg, LLRTEINT 44.9% (WLE 4(b)).

KT B AR A A AS ) e s ) B O T ( L3 3)
WA FE ), 5 HVOF %58 G IR ZBR] GCr15 4Nk

0.50 8
0.45] - |IVOF - ]IVOr 1
& b ——APS F6r - APS
e 0.40F , H&Hi al .
£ oas) o
0.30( R
0.25 Il 1 Il 1 Il 1
0 100 200 300 400 0 100 200 300 400
WREEFC R EE/C
() BB A BN (b) R R
(a) Friction coefficient (b) Wear loss

El4  KIFRE MR HVOF Fl APS #il# WC-Co/
NiCrBSi &2 5 IR )2 BRI A g 45
Fig.4 Wear results of WC-Co/NiCrBSi composite coatings
prepared by HVOF and APS at different temperatures

A B 5 K T I A U P 2 TR TR T APS il A%
AR Z B BE AR R TR 5] 400 °C B A BB 451 0%
ALK - 4.3 mg, BUE A T 0% 2 ) % BE 2 (1 44
BEER, Al 0L, R ] HVOF A i % A9 WC-Co/
NiCrBSi & &1 2 R BEIOL 5 i) BE 4 Mg

£3 FRBEAGTHEGBHNER XE
Tab.3 Wear loss of the counterpart at different temperatures

R H/ mg

il # 77
25°C  100°C 200°C  300°C 400 C
HVOF 2.3 2.7 3.2 3.4 4.1
APS 2.6 3.5 4.2 4.7 -4.3

2.4 EmEREHW
2.4.1 =25 CEMFEARIZNEHLEE

5 i HVOF 1 APS il £ WC-Co/NiCrBSi &
BWRZEZRR 25 CAMTRHEBRERRIEN, oW,
K H HVOF i 52 & vk 2 S 4 3R 1w s 30 7 B
SR, IF A D RS (L 5 (a) ) 5T APS il %
A TRIZ MBS R BR IR AN, A KR 28
IRIZWZYRIE (LA 5 (b)) ). T4 fh 2 v - 3
RG-S, 50 GCrl 5 B9 BR 2 18 A0 25 B 3 ™ A %o
R TRZIA T ROV T BRIR ; BeAh, s 2 A EE
PR EE G URZTEALIR I 26 8 i ih 2% 7 A v
Erh BT A T a1 APS RIS B ARE
LB HVOF il #5525 IRZ 10 3. 46 £, B
By e L R AR W,C AWK T APS
Tl 2 2GR IZMNerE, SR ad R 2R ZE
It P e A O W R . A HZ R, SR HVOF
BARK &R G WRZBURE = S0 BA RSN
SRR CHL SRR P A APS il & 2 AR 2
L, BEFA LI AGROU T I S 5 3, PR 2500
92 55 L
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HVOF Fl APS 45 WC-Co/NiCrBSi & &5 )2 & iR B A BT 5T 1113

5 %36 25 I HVOF Fil APS il % 5 i 2
BB R T

Fig.5 SEM morphologies of worn surfaces of the composite
coatings prepared by HVOF and APS at 25 °C

2.4.2 i 400 CH&MF T EEGWZHEHLEE
w400 CAF R, 2 MOTEH S E G RIE
ARIPERUERTIE SN 6 fis 53 i, =&
{18 RS 45 2 T 14 AR ALK, HVOF il 28 52 6 i 2 kA
T UL EBIEASIE R T RE R R (ILE 6
(a)) ;1M APS il 2 52 5 VR J2 B BE AR 3R R 13 R,
LT BRI A0 /NE TS O A U] BRG  H
SURIE (LI 6(b) ). B X S A U 2 00 B M5
BERZ AR, B IR T2 400 °C, E A IRIZHITE
il VEHTT K A R, S SR AR PF R AR LG, DR
JERNREFEAT TR AR AR TR BT F B, 18 GCrl5 %)
FENBRAY S B IR MEEE N, B R IRIER =R T
W] (0 22 YBT3 B 2 IR R BRI W %
BRSO FR A IR WS R

(a) HVOF

(b) APS
El6 ik 400 CHF HVOF Fl APS I8 E 5 1%)2
HAR R T IE S

Fig.6  SEM morphologies of worn surfaces of the composite
coatings prepared by HVOF and APS at 400 C
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Fig.7 EDAX spectra of corresponding areas marked in Fig. 6

SN 7 40 R A% A S 461 3 THT TR AR AR R 3 ik
FEAEH , (5 525 U J23 ) B 48 2R 5 2 L I o 25 A1

JEE b e T Y A AH AL 2 An 1l 8 Fir i, HVOF il #%
AR I B 5 5 1 2 B BH 0 SR Ak AL 4, DA
HATR T NiCrBSi JE % WC-Co UKL 0 FL L R/E 7, ff
HomE R T APS Hl&ZAWRE" ., MikE kR
BRSBTS RE B 25 R AR Ak e+
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AT
2r,*D-t, (8)

b ARSI B D YT R
B0 N EEER ]
f"i- c e RN

(b) APS

P8 ik 400 “CH HVOF Hl APS il % & AR Z 1Y
JE A5 T 4 AHZH 21
Fig.8 OM metallurgical images of worn surfaces of the composite
coatings prepared by HVOF and APS at 400 °C
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3 it

1) R HVOF AR 1 45 #) WC-Co/NiCrBSi &
HURZFLBRELL APS Hl & E GIRZFRT 71 1% ;
LI URE L (838. 4HV, o) BURH R T 5.3% ;
LHEAREM TR BEREEB K TEE .

2) HVOF il & & AU 220 H B I 5 i) BE 4
seVEfE AR IR 25 °C i il FEE 52 22 BORN R 181 4% 4
AL APS Hil8E G IRZEIN T 4. 4% F119. 0% ; 1M
TE (il 400 °C B, FLEE 8 R B2 T 3 0. 31, B
PR EWACHFH M 69% .

3) %R 25 C I, HVOF il &8 41k )2 1 S bl

(a) HVOF

(b) APS

19 Eifl 400 CCH 5 HVOF A1 APS il 4 5 A 1R 25T
JEE GCrl5 ER Y B & I A
Fig.9 SEM morphologies of worn surfaces of GCrl5 steel balls

sliding against the composite coatings at 400 °C
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