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microscope. The coating’s composition before and after laser cladding was analyzed by X-ray diffraction (XRD). The
results show that during the course of laser cladding, the composition of ceramic coating is distributed uniformly and
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Abstract A ceramic coating on a matrix of titanium alloy was prepared with powdered Al,O; + 13% TiO, (mass
fraction) by using laser cladding of plasma-sprayed process. Erosive wear resistance of the ceramic coating was tested

with an erosion-blasting machine. The worn surface of coating was observed through a three-dimensional video

densely, therefore enhancing the coating’s anti-erosion performance. The experimental findings explain why with
empirical equations of the erosion weight-loss were also obtained.
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erosion angle increasing, there is more weight-loss in laser cladding coating than in plasma-sprayed coating. The
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Fig. 1 Scanning-electron microscope (SEM) of

ceramic powers

2.2 BIRRHERBREBEIZ

0 8 ] 26 [ 3% 3 v 3 4 m) 1Y 3710 B A B
PRI R 40, SG-100 7Y 5 B 7 R Wi Al , 5ok R
TR B AR Ry S0 A X R R T S e
PR AR S AR 100 CAAL  BEIRIFE B 110 mm, 3R
FHP & S0 A0 N 3508 s WOG I 81 B &5 H g AT 45
i O R 2 A R A W Y SLCF-X12X 25 B £ 1)
fig CO, PG THLIK. R HH B G BE 5 mm X
3 mm, il TIE K500 W, 3343 & 0. 7 m/min,
2.3 mimpE e AR

PR R S WL g ] DO RS =8 7) Y WL L M e i
fF i A Je HL e L 1% e BnT DL 3 A 307,
60°,90%, 343 3l L&A 1 BEAE Ay ol iy o A 2R I
L mEHE Y BE E Ok 15041 mm,

S 56 v Al R o B ORE A 250 pm i 22 A B R
SN EAD . WIS 50 m/s 78 il 307,60°
F90°TF HEAT iy, SR B AR F1 94 0 2 XA A o ik %
HE, FIHRSE 0. 01 mgl it K& % &
. R S BE  UEE A B B R 2 i S (R
50 AR X5 2 B (XRD) X 8406 445 1 7if )5 1 2
() B 53 AT 534 o

3 HR S
3.1 B RER

Pl 2 SRy AN (] okt g oot 458 B A B 0% U2 11 I R
FEHE . ()~ (OB LLE M, %8 TR TR 2 b il
JERIRIZE T IREA — MY, X B8R THE
TR T2 B SRR R E N . 5T IRBIR IR
JZ BB 2 FLAR 55 B 1A T U o R v i R 0
DR 285 1R R o O B U 2 2R T R T T
ARG« 1k (B8 B8 B S Fr 2 22 8] A /0N T8 BUORG A 7
U 3 R v S TR T 1 R R A AR kL
P8 PR FRUAC 408 T T 04 Bl s Rl R - v B SR E IR IZ R 1)
R AT TR, PP SRR AR AR Y
WIZHS G Z AL R EBOR B 25 . YRR DL
i iR )2 R T b PR IR E B &
SR T 4 IO V% (5 JBORE R 7 A 2 B AR R L Bt o i
i 0 326 457 - o Ak T2 2 T P REL AR A T R e ¢
T BN B RS 9 MY AR T . NIRRT DU Bl
& R ARG O U T2 0 2 T MDD TR BE N KRS
TR

S5 B TR 2 2 HOBIE LS I vp il R 55 an 14
3 R s (@) ~ (o) 43 3 g il £ 7 30°, 60°F 90° ¥



860 i 5|

P 2 A [ ffy JBE o ol A5 AR IS U2 ) S O A

Fig. 2 Surface of erosion-wear micrograph of plasma sprayed layer at impingement angle. (a) 30°; (b) 60°; (c¢) 90°
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Fig. 3 Surface of erosion-wear micrograph of laser remelted layer at impingement angle. (a) 30°; (b) 60°; (c) 90°
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Fig. 4 Erosion weight loss with impingement angle at different processes

GBI R Z o s MBS EL, 5 R 1 A R
A TF] A il A7 2 R SO 9 BT B R O )23 3R T o ok
Jo Y 0 B AR R AR IR TR 2O BUR L R
R AP R GTR AE Ty . Bl v R AR Y O
DI TR 2 %) 2 TR REL i o AE G K {H SR T R B Y
M HEAR 557 3 15 ] 28 30 VO 6 S I 2 36 T Y AR
Gy ARARYS) R PERES B T A EE A .
3.2 AEIZTHmihiEse

4 R PIRNAS R T P U 2 ol i AR AR 1Y)
MR B, A5 B PRI R U J2 ol ol o B ol el £ A8 A
B 4 Ca) [T 7« Bl 3G ook £ 0% 385 K TR J2 1 o ok o 6
Y 3 o, 5 B0 R A ORE B bbbl R L AR B
L. FinnieS§ " fli iR (9 0 ik £y o 5 il W1 B4 A

pidl W = Acos 2a + sin(ia) + Bsin’a, @b)
A s AL B g H 8 S — B R BRI, 5 ARy
Ry JE VI AR TR SR A Ay B AR e P R L i LA
A =0, FEM I AL RO L B BARAE AR
ORI T o

G54 1R ACh) BOL R BLR Z 6w ioh E & B o ik
SR A O I B T VA RO i P R R 1 e el
(67U RS VPN R UL PETEUE - DNITTE: NI
sk A R S A B B

XFEG I 4 (a) 51 4 (b) i ik o 8 A8 vh ik 1) I
U6 B B WOGIE B TR R B b iR P RS TSRS T
PRIBEIR TR 2 . BE B I (] 0 38 n A k) ofr ok 0 52
AN W7 58 o (ELTE Wil £f1 S 907, RN FE 180 s LA



33 [EE LA

BRA B AR TN HO I B B T RBUR AL Os 1320 TiO, )2 il JE 451 7 fiE 861

BWOCIE AW bl R TS T ARBOR IR Z &2
IR L B B R A A v il R 607, B ) FE K 24
220 sPhG s BT R AR B L 1 b sl £ DRy 30°
MIZ0F T BOCIE B IR E — B R R AT I 4 op ol gy
P

L 2 IR

e R SR 4 7 o Ay 30° L WOR A B
XV PR 0 5 6 B T PO 2 £ 3 O A
IR o1 T WO AR 40 1 b1 7 O 2
BV HOAE TR IR T 4 B T RO R 2 1 S IR 4
SURHAE (07 RN L W 8 02 7 83T A » T

10000 :
(a) plasma spraying a: a-ALO,
c b: ALTIO,
8000 ¢ ¢y-ALO,
- d: TiO
26000 -
2z
12}
5
£ 4000}
2000 | i
baa ¢
0 1
80

Hefi, R A S0 0 . AN S BOtRE G R 2
(20 53 & A T AR I Y 78 Ak 6 45 S o AR T A R
Ak BRRE A3 AR AT X 5 R Air 5 43 A &5 SR
K5 R, ATRVE N IR FIRIRZE T ALO, £
BLL o MHF y MIAEAE . 5 AL TIOs MR A W B &
TR 2 B RS 9 AN AR R R TiO, i 15 Tk
JEHTEREA TR E . OB B S W IZ M R o i iE S
D) iz EBRBMH »ALO, #A KT o M. a
AL O, RAUERERS €, i H6F B b v M At 2= R
TiO BEIS T AL TIO; ,a-AL O, 5 AL TiO; 4
W B IR A D R ek I 1B R I R RV =Y R
i REAS B T

| (b) laseé* cladding

a: ALTIO,
b: a-ALO,

Intensity /s

Bl 5 AlLOs;-13%TiO, i X 5 A7 5
Fig. 5 XRD pattern of Al, O;-13% TiO, surface

PO BLUR 2 AE oh it ffy S 30° I nfr i : BE A 3
T HE S AE SR TR A B B ik A B0 O OB
BV ZAE i B 38 — & i ) )5 470 o ik R BE AR T
SR TRIRIZR P b M RE . B TROLEE
R JRAE 2 — RE W E] A o 7 A TR (R
HE Y B,

H T P TR 2 TG A TR IR BROL I B
AT AE— JE 19 2L B LAAT & F) & Griffith fE 4 F
AR L B MR 2L 1 SR T A

2Eygq
= T 2
%A A=) e 2

Xp E B TRIZ N AEAE 10 5 L AR BE - s Dy B 88 A4 R
QL TR FR A T L SR THT R L S B Ky MR

M2 3 HR R ) e R W 22 IR A 1 SR g
FEBORT E.ys.c SNMBHLEHTIRREA A A
SRGLAS 22 AL (E FL A 40 /)N B TR B> A AR TR 2 N Y
23 B AT LURE T — 5 19 I 0 25 [ o 2% figk Uk J= 04 e gl
I3+ EL AT RABH 1R SR s AR T O B
URIZ CUURZAE s AR .t TR 2 A 1 FL R 45

AL 23 77 A — s WM AE T o (U 2 1 P
TR IR BTG iR PR W20 3R G TR )2 N L
T — A IR OB BLTR 2 19 ) R BT LD
TR R 2 A AE 1) LR IV 728 BE - B T AR DB SR R
T BE K /N T 55 B T AR SR IR 2 L T AR S R B0
K e RTPHEBEFRRIZ TUAAERBARET /] L%
A0 55 B TR TR 2 R i 507 0 8 R T O I B
TE Pk LS A2 1) S5 TR U 2 i 32 18 el ik g Sy
F = masin a, (3)
A Ay i B R B Ay R el R B e Ry
A
HH (3) AT RN 75 K o il 9 25 78R op ik
JERLT 5 m ] LIIA S HE SE S B LA ik g F Rl A i ik
R HE RGO, 2 ik 1 S 307 I 3% 2 e 32 1Y o
TR TR 2 HO 52 % 97 I ) 7 A 3V X RO
ISR Won T R A BT 57 ik RE g 5 0 2 i
T 15 R ISE (607,907 L TR 2 BT 32 (8 ik g F A A
MO OR IR B O BT )Z A BRI R ) —
PR o U J2 3500 7 AR W 2L 0 7 vp iR B W 4 Ok



862 28] 55} % St 37 %
j:ﬁ ‘{Flj’iﬂ‘l‘iﬁﬁffﬁﬂ:%%%ﬁwﬁ%?k%}%o 3 M. Harju. M. Jarn, P. Dahlsten et al.. Influence of long-term

2 Y e A v L RU K BL QU
FOURE R+ JIr LA e e g A ey 7 B e ok 06 R o 7R
Hh L i TR TR TR PN Bl S R R
VR EURAE S PR I R B B R R R TR
TAEPREE P BT 32 1 o G RORE AL A BD o il Ay R e
FE AR AE OB B2 B T RV B T L BT AROL IR
LR 4 B TR UR TR R PP P R AR I AR

5 4% 18

D) A€ whid i 35 vb , Bl 25 b ik AR A9 35, PR RR R
VR E G v ik SR 0, B K ek A R 90°,

2) WO T2 1955 5 7 IR WU J2 9 A Kt
D R A S Ty =S R IR & O i =
AL R Z R MR T A AT e b RE

3) BT IR Z k) 2 560 e B, HELAR
P TAEIREE , vhisk R ) AN 88 o SO IE H IR 2 | KN
I AT AR BRAEL » 38500 5 2 U J2 I B b ik M B 8 B

P,

& X X #
Rolf Galun, Volker Wesling.
Cavitation erosion resistance of Ti6Al4V laser alloyed with TiC-

1 Muthukannan Duraiselvam,

reinforced dual phase intermetallic matrix composites [ ] ].
Materials Science and Engineering A, 2007, 454-455.63~68
2 Sun Ronglu, Liu Yong. Yang Dezhuang. Microstructure and
tribological properties of NiCrBSi-TiC laser clad layer on
titanium alloy substrate [J]. Chinese J. Lasers, 2003, 30(7)
659~662
IhoAk X B M. A & RO B NICBS-TIC &
BWERIHSURE S SR, B, 2003, 30(7):
659~662

o

10

aqueous exposure on surface properties of plasma sprayed oxides
Al; Oz, TiO; and their mixture Al O3-13TiO; [J]. Applied
Sur face Science , 2008, 254(22) .7272~7279

Yang Yunzheng, Liu Zhengyi, Zhuang Yuzhi. Influences of
additive SiO; in plasma sprayed ceramic coatings and subsequent
laser remelting [J]. Chinese J. Lasers, 2000, A27(10) ;947 ~
952

Bt B XE G FEE &, BN SiO, 76 45 8 7 85 % IR 2
R WO EE A E RO T]. P Bk, 2000, A27(10):
947~952

Wang Dongsheng, Tian Zongjun, Shen Lida e al.. Research
development of nanostructured coatings prepared by laser
cladding [J]. Chinese J. Lasers, 2008, 35(11):1698~1709
EARA, HEZE Rk 5. BO6RE G B & 20K 8 %2
RBFFE B RLT]. & Bk, 2008, 35(11):1698~1709

Z. M. Qi, A. Amadas, S. Kiyama. Evaluation of thermal
shock strength of thermal sprayed coatings by laserirradiation
technique [J]. Surf. Coat. Technol., 1998, 110(1):73~80
Liu Yang, Liu Ronghua, Li Shu e al.. Erosion resistant
behavior of new SiC reinforced ceramic [J]. Chinese Journal of
Materials Research , 2006, 20(6) :657~664

XL xR 1R FL B R SIC KA M R ol il fE
[J]. #A#F % 54k, 2006, 20(6) :657~664

J. Wood. M. J. Alldrick, J. M. Winterbottom. Diffuse
reflectance infrared Fourier transform spectroscopy (DRIFTS)
study of ethyne hydrogenation on Pd/Al;O; [J]. Catalysis
Today, 2007, 128(1-2) :52~62

Tian Xinli, Wang Aibing. Theory
Engineering Ceramic Machining [ M]. Beijing: National Defense
Industry Press, 2006

HRA . B, TREEMTAMIESHEARIMIL Jbat. B
Tolk i AL, 2006

Chen Zhiyong.

and Technology of

Experimental research on the preparation
technology of high-temperature oxidation resistance coating on
TiAl alloy surface [ D .
Aeronautics and Astronautics, 2008

MR&ET. B A SRR E LA & R At rg i 90 o 5%
[D]. & FHMREMRKF, 2008

Pan Mu, Luo Zhiping. Erosion of materials [ J]. Materials
Science &. Engineering » 1999, 17(3):92~96

WGBS AR i e L] A A S A2, 1999,
17(3):92~96

Nanjing: Nanjing University of



