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Table 1 Chemical composition of Q235 steel
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Fig. 1 Diagram of argon arc cladding process
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Table 2 Orthogonal test factors and levels
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Fig. 2 Coating cross-section structure diagram
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Table 3 Orthogonal test result

i PEREHI/A GEHUE /(mmes ) HEIHKRIE /mm SR /(Lemin ) $R281 = R /HV
1 100 1.0 1.0 8 1 71.1 556.9
2 100 2.0 2.0 10 2 17.5 531.0
3 100 3.0 3.0 12 3 26.2 534.8
4 100 4.0 4.0 14 4 20.7 466.2
5 110 1.0 2.0 12 4 52.0 572.0
6 110 2.0 1.0 14 3 24.2 639.9
7 110 3.0 4.0 8 2 24.1 551.2
8 110 4.0 3.0 10 1 41.7 395.2
9 120 1.0 3.0 14 2 47.9 563.8
10 120 2.0 4.0 12 1 60.8 608.4
11 120 3.0 1.0 10 4 37.7 671.7
12 120 4.0 2.0 8 3 16.1 619.3
13 130 1.0 4.0 10 3 70.5 569.2
14 130 2.0 3.0 8 4 50.4 593.9
15 130 3.0 2.0 14 1 47.6 589.7
16 130 4.0 1.0 12 2 52.8 576.6

R4 TiC+ALO/NIiEAKREBRBZEMERT0.2 mm Lt BHEEHRESITER

Table 4 Range analysis results of dilution rate and microhardness at position 0.2 mm away from

surface of TiC+Al,O,/Ni composite coating

M J7 K e P T S HIC S
1 33.9 60.4 55.3 46.4
2 35.5 38.2 40.2 44.0
HikeA /% 3 40.6 33.9 35.6 33.3
4 55.3 32.8 34.2 41.6
&= 21.4 27.5 21.1 13.1
1 522.2 565.5 611.3 580.3
2 539.6 593.6 578.0 541.8
SR /HV 3 615.8 586.9 521.9 573.0
4 582.4 514.3 548.8 564.9
W 93.6 79.0 89.4 38.5

X A fofcRAf JEE ) 52 M P JEE /0N 380 DR D e P
LI S AT | SR UL 5 Bt A B P s o
AR B2 S RS /)N , 33K R Fh T B R U 4
BERCH T 2 i, (R (Rt N SO B e 4, 32 1 i
TAREBZ , B B IR ORI, B BT RTEIRZ R I
Bl I, B R R BE D )N s B IR
SR B S /N R 3G R, SR H T R IR A R
S N PN R S B N AN SE 4, (B AT
FERM B — MR, h T RbiR I e — A, v
HEARARG 33X AT AE T EUR R DX A S AL

AT B84 A S B, R I B 0o AN BB AR A 7
JRE 5 2 7 R, AR R S RS ek N
X TR 0 A B 0, A R R E R I R
A7 Bl T 404k o DA T B v S0 i he B 0 7 R o
PR A IR S BUG N RN AN TE4,
I AR S8 Al i 5 S0 O o X 8 Al i B 5 i 4 /N
MR S O B Hg b, e T 2S5 & M I B e i
120 A, I 2 mmes ', K 1 mm, 1<
M 12L emin ',

kRN, SR ESREKZHNE S

37



YL EHH

B, E . TEABOTEIRIEE TIC+ ALO,/Ni 8 &k B 5 B B0 1 %k

MATERIALS FOR MECHANICAL ENGINEERING

CEYE R E I 1y - SUp N SBUE A B 3 TS
ANEZ, W EE S ICRERIZN S LN, &
0 TR P A . A PRI R R R R R 5 1)
WAE R, e T ESHA A MIEE AR 120 A,
WEEAEEE 2 mmes |, BIK 2 mm, ®ARE
12Lemin ',
22 EEREYHEARERBMAR

B & 30 0L e T A S 80N il & W TiC+
ALO./NI & 52 MY AH 248 ALO, . M,yCy
TiC LA B NiALAH ; NIALAHAT 5 0458 B 45 /0N, 3X 2
T ALO; SZ A 5353, S8 A IS ER TR
B, 5 RS A TE LR IZ N

* —ALO, ®-TiC v-M,,C, ¢-NiAl
¥

1
20 30 40 50 60 70 80 90
20/°)

B3 REIEZESHT TiC+ALO/Ni E4RER XRD it
Fig. 3 XRD parttern of TiC+Al,O,/Ni composite coating under

optimal process parameters
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Fig. 4 Microstructures of TiC+Al,0,/Ni composite coating under different process parameters:

(a) relatively good parameters and (b) optimal parameters
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Fig.5 Microhardness distribution on longitudinal section of

TiC+AlLO,/Ni composite coating under different

process parameters
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Effect of Process Parameters on Dilution Rate and Microhardness of Argon Arc
Cladding TiC+Al,O,/Ni Composite Coating

LI Sijie, MENG Junsheng, CHEN Zhihui, HAO Chenfan, LI Qindong
(School of Naval Architecture and Port Engineering, Shandong Jiaotong University, Wethai 264200, China)

Abstract: TiC+Al,O,/Ni composite coating was prepared by argon arc cladding. Four factors and four levels
orthogonal test were designed. The effect of cladding current (100,110,120, 130 A), cladding velocity (1,2,3,4mmes '),
arc length (1,2,3,4 mm) and argon flow rate (8,10,12,14 LL « min ') on coating dilution rate and microhardness was
studied, and the optimal process parameters were obtained. The phase composition and microstructure of the coating
under different process parameters were compared and analyzed. The results show that the main influencing factors
of dilution rate and microhardness were cladding velocity and cladding current, respectively. With the increase of the
cladding velocity, the dilution rate decreased, and the microhardness increased first and then decreased. With the increase
of cladding current, the dilution rate increased, and the microhardness increased first and then decreased. With the
increase of arc length, the dilution rate decreased and the microhardness first decreased and then increased. Argon flow
rate had little effect on the dilution rate and microhardness. The optimal cladding parameters were as follows: cladding

' The microstructure of

current of 120 A, cladding speed of 2 mm s~ ', arc length of 2 mm, argon flow of 12 L.+ min~
the coating prepared under optimal parameters was fine and uniform, and the microhardness reached the maximum of
680.9 HV.

Key words: argon arc cladding; process parameters; composite coating; dilution rate; microhardness
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