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Vacuum Plasma Sprayed NiTiZiSiSn Coating
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Abstract

An inert gas atomized NiTiZrSiSn bulk metallic glass feedstock was sprayed onto the copper plate using
vacuum plasma spraying process. In order to change the in-flight particle energy, that is, thermal energy,
the hydrogen gas flow rate in plasma gas mixture was increased at the constant flow rate of argon gas.
Coating and single pass spraying bead were produced with the least feeding rate. Regardless of the plasma
gas composition, fully melted through unmelted particle could be observed on the overlay coating.
However, the frequency of the unmelted particle number density was increased with the decrease of the
hydrogen gas flow rate. The amorphous phase fraction within coating was also affected by the number
density of the unmelted particle
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Fig. 1 Vacuum plasma spraying process

Table 1 Characteristics of the feedstock materials

Nominal chemistry Oxygen Thermal properties
(at.%) (wt.%) Morphology Phase ~ ™~
Ni57Ti18Zr208i3Sn2 0.11 Spherical Amorphous 549 597

KRR BEEE F25% B4, 20074F 84
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Table 2 Process parameters

Designation H2 gas Arc voltage Arc power Water power ng
flow rate (slm]) vl (kw] (kw] efficiency
VPS 1 4 49 24.5 12.6 48.6 %
VPS 2 6 53 26.5 13 51.0 %
VPS 3 8 57 28.5 13.8 51.6 %
VPS 4 10 61 30.5 15 50.8 %
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Fig. 2 Plane-view and cross-sectional morphologies of the as-sprayed coatings

382

Journal of KWJS, Vol. 25, No. 4, August,

dgsist 4 A=x B
o 283457} A" gz}
ol Al oiFe VPS 1 23

2007



JE € Eg=nt $AH3E §¢ NiTiZrSiSn B3 34 28 34 45

AAZ YAt AF q&o] v B FAld, AE
2zl F % o A JElrt. o|& B4
A, 7Y FLUAe 27171 AL ASdde HEg F
7tgs]of & A#Fo] ol ME =W AZ] 27
He 94 &8 Hd g7Ho R Tddh= v, ¢
2L 2717 & ASole olg HE YRR A &%
2Jefol) TEiA] B3 Al 7k Ao Algdd)

Fig. 3= as-sprayed 73l 28 A2A3& &
317] A3l A X-d PR Aol Tt~
23 #Agle] 2 A7) vHA o2 RE V)
Qshe F=2 (diffuse peak)dll EXE HFS BT}
VPS 1 ZAYME Fig. 29 923 & 53 &
Uxo] IR FA} nEX Bilm FE3I IH
A B A#2 2AQ Fele] 937t dEd
Fh e Z7k= Awrdog AAAe A A}
Zadhe A3 YR #Ese 23 Es
Ni1o(Ti,Zr)7 # Ni(Ti,Zr) 847 81380l g 1012,

A e 9l #HYeM F g de ol
et vgd Aol A &% (Tx: crystallization
temperature) 2 7IEEH I3 E oA B Go 29
H)7id A e S s g oled ¥a vgd

Bulo] o}Feld EAS ¥ Zatznl Axgo] 2A9

oo

[m]
1400 H
1200 4
"B 1000 4
a,
=
5 8004
B
§ 600 4
=
= 400
200 4
04
T T T T v T————
20 30 40 50 60 70 K
20
(a) VPS 1: 40 slm Ar - 4 slmH2
700 -
|
600 4
500
Fi
o 400 °
2
F 300 4 [ ]
g )
E 200 o
100 4
o
T T —

20 30 40 5’0 ﬁlU 7‘() 8'()
26
(c) VPS 3: 40 slm Ar - 8 slmH2

543 37 nEeld (MAZ, Fig. 29 vz 4
o 54 (4% 4 Hzret vigg A A
A A7))3 Fig. 39 X4 IHEAES m@ o)
R £gURe] 2% BEE Fig. 49 2] E4He
2 uehrd & Slch 3 11 992 883 olate 2%
BEE e e YL, 111 992 43< 4
Ehin}t. 1Y 992 oA A3 2EE FHoE v
BAol fAHE 1 999 wue 2437t 2t
11 99z 7RE & itk wEA, 28 §8€
TE YA 2T 2delA HrigA hae S A
A Aol IHEThe AS ¢ & Yok AR AT
Fehznt ERrkae) 2% A 2B, F2d
H)7} S7hstel] Eehzul AEe] sl A9l
7 dee] dA=Tst A gt weA, g
Aol E=THjel £4o] HAACR I119 H3Yd
o gzl 1 995 THT IFIY 99| Hast
€ HEoR Hojdr.

AR, B G AT BN HelM 2
FHEE 3 gm” ol3Z L EXG WY &=
£ 3ms'd $E2 3 13 ¢ ¥ ¥AHY 22
Aol Pgg AR Fig. 59 vehd 2329 4

% o

e
o

8 o

700 o

600
500 ®
= ]
a
S 400 PY
>
2 300 L]
i=
o
£ 2004
100 4
04
T T T T T T T
20 30 0 3 60 70 8O
26
(b) VPS 2: 40 slm Ar - 6 slmH2
700
600
500 4
2
S 100 | J
>
% 300 4 om
£ [ ]
200
]
100 4
04

28
(d) VPS 4: 40 slm Ar - 10 slmH2

Fig. 3 X-ray diffraction of the as-sprayed coating according to the hydrogen gas flow rate
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Fig. 5 Characteristic splat morphologies observed in the vacuum plasma spraying
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