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Effect of Process Parameters on the Hardness and Wear Rate of
Thermal Sprayed Ni-based Coatings
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Abstract : The various process parameters of thermal spray process affects on quality of Ni-based coatings.

Thus, there is need to analyze the effect of process parameters on quality of Ni-based coatings. In this paper,

the effects of process parameters on hardness and wear rate of Ni-based coatings were investigated using

design of experiments. First, the Ni-based coatings were fabricated according to Lo(3% orthogonal array. The

hardness tests and the wear tests were performed on the Ni-based coatings. The analysis of variance for the

hardness and wear rate were carried out. As a results, the acetylene gas flow and the powder feed rate were

identified as main factors effected on the hardness and the oxygen gas flow and the acetylene gas flow were

identified as main factors effected on the wear rate. The full factorial experiments design with different levels

was applied for investigation of effect of these main factors.
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Table 1 Control factors and their levels
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Factors Symbol First level Second level Third level
Oxygen gas flow (ft’/h) A 35 44 53
Acetylene gas flow (ft*/h) B 44 55 66
Powder feed rate (Ib/min) C 24 30 36
Spray distance (mm) D 160 200 240

TU A olgd APAYHE HFEst] F8QA  AFELEOEZE 20 mm x 40 mm, FFEAFHEOZE
AEo] YFE BT A7 28 BA Eoh AR 40 mm x 40 mmE AFESIH T £AF A 71Ae &
E2 A AFAM AFAYHE L5t YAyl W 423 EFVY I ER BH2E AHYE 1
Ad BAEH FAxC AIHY wREAF  OMESE 25T AAHS sGth o9k Zo] AXA
of e g BAsHTHY, gd 7]Ae] EWol Sulzer Metco Co.o flame

B AT A A7 oo YAyl - §AE spray system(6P-11)& A3t A&dt AHAY
B Ax 9 mEgd vAEs FAJAAEY FF o wet AEAFE AP 129 EARE AE
< BAS ot HA AuudRE o8&t A #H 32E AFeAT
AAE e A A3 2H4E g oz E4EY Auujdzo] wat AZE AFHe EAA |
S F3ste YAy 42 gAZEY Ax 2 ntr g EARAS AASty Z7be] EA Ao st
o FE A= FAUAES TE8Y, 52D 2 ¥ mAE A 2NE AASAG AHE
FoUAE tate] AAAFG S AAF Fad Ao ds) A& A FEE H LY AAA
7o FEol WE g BAEA s AFstAa, 2o wet AEAPE ARH 1=

o} nfRAIFEE AP 32E ALSAT
2. Algaiy
Table 2 L9(34) orthogonal array
21 AEA g 2 AlgH M Experiment Factors

2 AFgME SAZEFTY FHd 4FES 1A al No. A B C D
= AAEA AaGE, oMHNEARE, EUEFE ] ] ] ] ]
g GAAZ Y A E AAsta, A FES O
g3 o] 27 BHAR HYTH HAHFE B, 4 ’ S

a o 3 1 3 3 3
9 53 ft'/h, oA EAFEFS 44, 55 Z 66 ft7/h, & 4 9 1 9 3
dEFELS 24, 30 2 36 Ib/min, $AAZ = 160, 5 0 5 5 1
200 2 240 mmZ 27t 20%9] A4S T A F
ARl AHeE AA% +2E Table 19 Fel5Hs 6 28 e
o Table 25 2 AFoIA AHEE 4907 352 <) ! S
L3 Amidmolt. of Amudze] ANE % 8 X 2 ! J
Aol Wl AEEHE AP ntRAEE AP ) 5 5 2 !
S OG5 2ol AFsH

FYAEE Sulzer Metco Co.o UA7] g5 £ 22 SE* & Z4EH
2ol 16C-NSEA 1 AL Table 37 2t} 714 2 AFdie UAr] 44 A" ERAAE
L 5 mm F749 SS400 AHe ALsgy. A A AES nRE&S AYsdn. AZE AFEHY
Table 3 Chemical compositions of Ni-based powder used(wt %)

Ni Cr Si B Cu Mo Fe C
53.68 14.47 6.70 17.40 2.22 1.47 2.11 1.96
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Table 4 Measured values of hardness and volumetric wear rate

Experimental Factors Hardness Volumetric
No. A B C D (Hv) wear rate
(mm3/m)
1 1 1 1 1 627.7 452E-06
2 1 2 2 2 792.3 2.49E-06
3 1 3 3 3 7715 1.59E-06
4 2 1 2 3 666.5 2.91E-06
5 2 2 3 1 801.6 531E-07
6 2 3 1 2 760.8 2.89E-06
7 3 1 3 2 753.9 8. 77TE-07
8 3 2 1 3 686.8 2.00E-07
9 3 3 2 1 795.2 2.14E-07

SGRo] s wolaE WA A=A 7] (Akashi,
MVK-HDE AH&stel AEE FAsAo. st
500 g, YA 10 secd] AldzHAOZE 3 AY
g 163 A=E SAHsto Ax7E F 7Y A
£ A 109 SAA ] dal 1 BHEgS Fsh
Aok A" AgHE THS 20000 AFEE A
st 255 YAsHA & ¥ ball-on- disk ¥4
A2k =A@ 7] (Neoplus, MPW-110 )& A}-&3t4
2y 23179 339 wEAYS AAsan. vng &
EE 01 m/s, 35S 20 NO2 313, A A
8 mm A7 AlLOs balls AHE3IATH PR AE

1000 m2 SHAL, AP0 B F rnge 5
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AFZH(S : sum of squares)S T3t AFEo] 7 (S)o] HF Homgm AAGTFA)L oxdow
Table 5 Results of the analysis of variance for hardness
Contributions
Symbol S A% F
e ¢ ’ (%)
B 14924.9072 2 7462.4536 39.1569 47.16
C 11174.7330 2 Ho87.3665 29.3179 35.31
D 5547.4522 2 2773.7261 14.5543 17.53
Error(A) 381.1568 2 190.5784 1.00 1.20
Total 32028.2492 3
Table 6 Results of the analysis of variance for volumetric wear rate
Contributions
Symbol S A% F
ymbe b ’ (%)
A 9.32E-12 2 4.66E-12 22.23 52.16
B 4.55E-12 2 2.28E-12 10.87 25.50
D 3.57E-12 2 1.79E-12 8.52 19.99
Error(C) 419E-13 2 2.10E-13 1.00 2.35
Total 1.79E-11 8
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Fig. 1 Variation in hardness(a) and volumetric wear rate(b) of the Ni-based coatings according to main

factors

Fig. 2 Microstructures of Ni-based alloy coatings

® [

Ty - .5

: (a) Acetylene gas flow

44 ft'/n, powder feed late 30 Ib/h, (b) Acetylene gas flow 66 ft'/h, powder
feed late 36 Ib/h, (c) oxygen gas flow 35 ft'/h, acetylene gas flow 55 ft'/h,
(d) oxygen gas flow 44 ft3/h, acetylene gas flow 66 ft'/h
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