£30% FHlow EP = %’( ﬁlﬁ Vol. 30, No. 10
2003 £ 10 A CHINESE JOURNAL OF LASERS October, 2003

NXERE: 0258-7025(2003)10-0947-06

TiO, X 457 5 i O B B 5 0 35
A B2E KK

CRMARFY B TR, WEEMHYEE QKK S, W BM 450052)

BE RABLBEBAR ES*WRAHTTHRESSBREBM TO, WHEERE. BIMEEBEEITZSH
K TiO, & ERET IRE R E RIFWBEZE . XS E Z BB T T 80008 B &R 8 MA R 448, %t
BB REHTT X FLEAH (XRD) W AHH 481 R EEBEF BN, REERH, Y TiO, & 3 wt.-%~4 wt.-%,
BOLTE 1.8 kW, HHEE 2~4 mm/s B, AT URB AR KRB SEREREEENRERTNBEE.
TiO, BB RFREESEBERVIE HWEE AABEERWAHR , BREEZHREEURME. TiO, X G112 4
EEESWOLBEENBERET TiO, X EH 2 A F A 35 404 3 A S IR e 14 58 5 AR A% 30 1 LA B % 50 14 48 AR
SRREER.

KEBIR  BOEE A TIO, s OB IEE ; LT B

hESZEE TN 249;TG 665 XEkFRIRES A

Effect of TiO, on the Laser Cladding Layers of
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Abstract The experiments of laser cladding of Ni-base composite alloy powder doped with TiO, were carried out.
Various laser processing parameters and different TiO; content were chosen to obtain a perfect clad layer. The
microstructure observation and microhardness test of the cross-section of the laser cladding zone were performed. X-
ray diffraction analysis and tribotesting of the surface of the laser coatings were also accomplished. A good finish and
crack- and porosity-free surface clad layer was obtained with the TiO, content of 3 wt.-% ~4 wt.-% at the beam
scanning velocity of 2~4 mm/s. An excelled interface between the coatings and the substrate was formed. It is
shown that the addition of TiO, can enhance the toughness of coatings, refine the microstructure of clad layer, and
reduce the cracking susceptibility obviously. The improvement of properties of the laser-clad layer is due to the
effect of TiO; on it, in which TiO; with a proper content can uniformly refine the structural grains, entirely suppress
the formation of big nubbly hard-phases, greatly reduce the size of dendritic phases and increase the tenacity of coatings.
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2.1 RB@EHH

PRI HE A B PEL 457 ), A A RSF R 100
mm X 50 mmX 19 mm, 25§ K FF 1 8w A b 48
ITRE GRTEAERE BE Ra = 0.2 pm) I FI R BRI & T
. B G112+ TiO, §&MAR,GL12 KRk
&R — 150~ 1300 H, TiO, B A &4 52 0.0
wt.-%,0.5 wt.-%,1 wt.-%,2 wt.-%,3 wt.-% ,4
wt. %, G112 BaMRAERS MK 1 PR,
2.2 REHE

Rk WO & & RTEFRB VLR B R &

x1 GIR2 AEMERBS (wt.-%)
Table 1 Composition of G112 superalloy (wt.-%)

Composition Cr Fe

B Si Ni

wt. -% 15~18 14.3

0.6~0.8

3.5~4.5 3.0~4.0 Bal.

¥, HEEMRESRNRMEYSRBTHRRT,
WHUJEE 1 mm,100CT#: 2 hfF M.

RGBT OB #S B TJ-HL-5000 8 3 CW CO,
Botas e N K, TAE A N SIEMENS #4%
VUK. B RECHREEAFHMER@E, K Ar
SR, ABRTZSH PO E 1.8 kW, 3 E
# 5 mm, T#EEFHIH 2,3,4,5,6 mm/s,

OB G KT B THM T & UE,
BEWT I 7 S 48 % )5 Al HF + HNO, ¥ 8% i, 72
MBA-21000 %440 B k8% f1 JSM5600 39 4 .55
W BIA R, A A B E W Inca energy BEIE
XFa 8k EDS B 1%, #£17 8l 43 7, £ HXD-1000 &
i BE i b I BE L SR A X S AT S A (XRD) %o
WR AT YIRS

FE X 2 MRH-3 = 35 He g H ik s pl b
HTR ., RS 12 mmX 12 mmX 19 mm Ht,
BEH (ABE)RT 12 mm X 19 mm, TN
GCrl5 Fp#EX, 4p 42 49. 2 mm, & 13.0 mm, i &
60. SHRC. P J5 = 4 T ¥ 3h BE 4, ¥ [0 A 300
N, ¥ sh# B 54. 07 m/min, ¥3hHEE 810 m,

3 WK Kot

3.1 BEEW®H
MBERNEEBENEEESH KM, 4 G112 1
YATEE R OGIT , 1578 38 W0 H B34 22 Bk AR o [ 44k

A TiO, MKW IEEERELNE, BREEIAAR
WA MR SR EAE B, AR L, 5
T 5 R R A E] A 3R 2 AR T, T RE R A Tt P NI 4
TiO, B FAMmRE, . ERBEEATRELRREA
T 48 BB &R 9 TiO,_, (x =0.005~0. 1), \Tfi %
2R EAREEG" , H TiO, BARMARER
B AEERMBERER KB DERHEL. 4
TiO, & =2 wt.-%,3 wt.-%,4 wt.-% B, A B
E R BOR BEE AT 2E R, XUBRESSEMR
G112 BREA RIFH RIE RE J7 , (B FE B4 E i 1
1B AE 1 3 A RAREF T WA TiO, # G112+ TiO, 1B
A ARENEE A RIFHHEBME.,

R TS5, 40 GLI2 RZ 53 2
wt.-%~4 wt.-% TiO, W EM RIER TR ZE
BEC0.9 mm Z4) RBMHY; YHAMEE RN 2,3,
4mm/s B, B 2 wt. -% ~4 wt. -% TiO, R EEH
MBS M4l GLI2 WEREEAE BB L. ¥
BN AGE B TiO, , W] {8 45 b Hh 4 1 A0 KG BE AR
W R E 5 EM BRI’ .

WLEE W 2 AR T - 4 G112 W2 5 &k xg
FRb B PR B B T #7059 75 WL SR i W 2
SO AMEEBR, RYHERE. XM TFEHM TIO,
HIRE L TE TiO, &8 c =3 wt.- %, HilHF v =2,
3mm/s fl TiO, 28 c =4 wt.- %, A EF v =
2,3,4 mm/s B, 7E 400 X 2= B8 T 35 R W 4% 3]
MMBMEL., WEERBEH, MAE RN TiO, , fE1E 4
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Fig. 1 SEM micrograph of fusion bonding zone between

clad and substrate
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B2 %2 FEAECR X (DZ) ) SEM &
Fig. 2 SEM micrograph of dendritic zone in the

intermediate region of the clad layer
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Fig. 3 EDS spectrum of the labeled spot 1 (a), spot 2 (b) and spot 3 (c) in the Fig. 2

B4 Gli2-+4 wt. -%TiO, %% 2 EIMR 5 X (CZ) B SEM 14 () 1 G112 #5752 4H 8 F 3 19 4 M 2H 2 (600 X) (b)
Fig. 4 (a) SEM micrograph of cellular zone in the bottom of the clad layer of G112+4 wt.-% TiO, ;
(b) Microstructure in the intermediate of the clad layer of G112 (600 X)
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Fig.5 Hardness distribution across the laser-clad passes of (a) G112 and (b) G112-+4 wt.-% TiO,
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Fig. 6 X-ray diffraction spectra of the top of clad layer
of G112+4 wt.-% TiO,
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Fig. 7 (a) Curve of coefficient of friction vs sliding time and (b) friction weight loss of the clad layers of
G112, G112+1 wt.-% TiO;, G112+3 wt.-% TiO, and G112+4 wt.-% TiO,, at load of 300 N
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Fig. 8 Wear patterns of the clad layers of (a) G112
and (b) Gl112+4 wt.-% TiO,
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