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Abstract The high-energy ball-milled nickel-based alloy with silver and fluoride eutectic composite powders
were used as raw materials to prepare thermal spray materials with particle size of 20~110pm by spray drying and
sintering technology. Nickel-based composite coating was prepared by plasma spraying technology. The physical
properties of the feed particles and the microstructure of the coating were analyzed. The results show that the
powder after granulation has good sphericity and the fluidity. As the temperature increases during the granulation
and sintering process, the fluidity and bulk density increased. After heat treatment at 800 , the morphology of
powder are round and smooth, with the average particle size of bulk density of 1.37 g/cm’, and fluidity of 12.18
s/50 g, respectively, which is suitable for thermal spray feeding. As-coating with typical layered structure and the
thickness of it is about 320pm. The porosity of the coating is about 3.6%. The phase contained is NiCr, Ni;Al,
NiAl, Ag, BaF, and CaF,, etc. No new phase is formed during the spraying process.
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Table 1 Plasma spraying parameters

Y /A Ar /(L/min) H, /(L/min) /(mm)

NAF 140V 370 130 7 100

2 HER BT

NONE NONE E X100  100gm WD 8.0mm

1 SEM (a) (b)
Fig.1 SEM morphology of powder before and after agglomeration granulation:
(a) Raw powder before agglomeration, (b) Powder after agglomeration

1(a) 8h
600 700
1(a) 800 900 1h
EDS F31.33A12.31Mo2
27Agl1.07Cal7.14Ba34.77Nil 1.11(wt%) 700-900°C,60min
M m) 5
£ 600°C,60min
20-85um g
£
100pum S
Cooling in the furance
0 lll}l) 2[Ill) 3ll}l} 400
2.2 Time (min)

2
Fig. 2 Heat treatment curve of particles after agglomeration
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3 SEM
Fig. 3 SEM morphology of powder after sintering at different temperatures
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Table 2 Physical properties of powder before and after granulation and heat treatment

700 800 900

g/em’ 3.168 1.43 1.35 1.37 1.41
s/50g 12.42 12.38 12.18 11.61
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Fig. 4 Powder particle size distribution curve
before and after sintering
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Fig. 5 Internal morphology of powder particles after
sintering  (a)800 , (b)900
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Fig. 6 XRD diffraction pattern of powder prepared by
agglomeration and plasma



2 e 4] .
Pro Plus 6 3.6%
34
@)
20-110pm
substrate
800
32.92um
1.37g/cm’ 12.18s/50g
()
250-300pum
3.6% NiCr
Ni;Al NiAl Ag BaF, CaF,
7 (1] , , , . Ti;SiC,/PM304
. . [J]. ,2010, 30(2): 123-127.
Fig.7 SEM topography photo of Coating 2]
[J]. , 1999, 19(1): 91-96.

320um

Ag

A

EDS

Ni61.6Cr12.4Mo7.4A17.1Ag1.5Ba3.1Ca2.6
F4.3(wt%)

A B
C

EDS
NiCr

BaF,/CaF,
E

Ni,Al

NiAl

Image-

[3]Dellacorte C, Laskowski J A. Tribological evaluation of
PS300: anew chrome oxide-based solid lubricant coating sliding
against ALO, from 25t0 650  [J]. Tribology Transactions, 1997,
40(1): 163-167.

[4]Wang W. Application of a high temperature self-lubricating
composite coating on steam turbine components [J].
Surface & Coatings Technology, 2004, 177: 12-17.

[S]Matejicek J, Sampath S, Gilmore D, et al. In situ
measurement of residual stresses and elastic moduli in
thermal sprayed coatings: Part 2: processing effects on
properties of Mo coatings [J]. Acta Materialia, 2003, 51(3):
873-885.

[6]Fernandez J E, Rodriguez R, Wang Y, et al. Sliding wear
of a plasma-sprayed Al,O;, coating [J]. Wear, 1995, 181-
183(95): 417-425.

71 s s . NiCr

PM304 [. , 2006, 42(11):
1212-1216.



11

(8] . , . NiCr-

Cr,0;-BaF,/CaF, [J]1.
, 2010, 20(2): 1-6.

[9]Stunda-Zujeva A, Irbe Z, Berzina-Cimdina L. Controlling
the morphology of ceramic and composite powders
obtained via spray drying-A review[J]. Ceramics
International, 2017, 43(15): 11543-11551.

[10] , , , . WC-Co
1. ,
2012(11): 3241-3248.
[11] , ) , MoSi,
[J].
,2011, 21(4): 836-842.
[12] ) , , . PS304
[1]. , 2006, 35(12): 1995-

1998.

[13]Lin X, Zeng Y, Lee S W, et al. Characterization of

alumina-3 wt.% titania coating prepared by plasma
spraying of nanostructured powders[J]. Journal of the
European Ceramic Society, 2004, 24(4): 627-634.
[14]Suryanarayana C. Mechanical alloying and milling[J].
Progress in Materials Science, 2006, 46(1): 1-184.

[15] , , .
. , 2011, 26(2): 203-

208.
[16] . ALO;-13wt.%TiO,
[D]. : ,2007.
[17] , , , . PS304
1. ,
2005(5): 177-180.
[18] , , , PS304
Si;N, . , 2011,

36(9): 38-42.

LA

30
AlSi-hBN
(1
22kW 34kW
BN
BN
2)
30g/min 50g/min
BN
3)
BN
(1] ,

[J]1. , 2003, 35(1): 63-67.
[2] Novinski E R. The design thermal sprayed abradable
sealcoating for gas turbine engines[C]//.Proceedings.
Proceedings of 4th National Thermal Spray Conference.
USA,1991: 451-454.

[3] , , )
[J]. ,1998,3: 3-5.
[4] , , s
[J]. , 2009, 1(1):
20-24.
[5] , , ,
[J]. , 2017,
30(3): 139-147.
[6] , .
[J]. ,1999, 17(1): 29-35.
[7] , , )
[J]. ,2001, 4: 17-20.
(8] , ) ..
[J]. , 2012,
25(6): 73-77.
[9] bl bl bl
1.
,2015,7 (1) : 56-61.
[10] ) El k] . Y203
[J]. ,2013,

24: 141-144.



