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Synopsis:

This paper reports the evaluation results on the adhesion property, corrosion resistance, and wear
resistance for HVOF sprayed WC-12Co and CrsCz-NiCr coatings. To evaluate the adhesion property,
the adhesion strength test with pin-type, the falling impact test, and the rolling contact test were
carried out. The combined cyclic corrosion test in the neutrality was applied to evaluate the corrosion
resistance. The wear resistance was evaluated by the abrasive and erosive wear tests. It was confirmed
that the influence of the combustion pressure, the combustion ratio, the spray distance, and the
hardness of the substrates on the characteristics of the sprayed coatings which macde by the different
powder manufacturing route and have the different grain size of raw material and agglomerated-

sintered powder.
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Fig.1 Schematic diagrams showing method of adhesion
strength test with pin-type
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Table 1 Thermal spray conditions of specimens for
adhesion strength test with pin-type

Materials Combustion
Making | Composition | Pressure ,
Mark method (wt%0) (MPa) Ratio
0.68
WC-AI1 1 WGC-12C 1.34
A.S. 0 0.85
WC-A2 | AS.* | WGC-17Co 0.85 1.34
WC-S1 | s.C.* | WC-12Co 0.85 1.34
*1 : Agglomerated and Sintered
*2 : Sintered and Crushed
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Fig.2 Results of adhesion strength test with pin-type
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Fig.3 Results of adhesion strength test with pin-type
(WC-Al, WC-A2, WC-S81)
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Fig.4 Photographics showing micro-structures in cross
section at boundary between substrate and
sprayed coating
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Table 2 Thermal spray conditions of specimens for
falling impact test

Materials Combustion

Making | Composition | Pressure ,
Mark | method | (wtos) | (MPa) | F2tio
0.68 1.34

== * i

WC-A1 | AS. %1 | WC-12Co 0.85 1.14
1.34
WC-S1 | S.C.*2 | WGC-12Co 0.68 1.34
WGC-S2 | S.C. %2 | WC-12Co 0.68 1.34

#¥1 : Agglomerated and Sintered
*2 : Sintered and Crushed
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Table 3 X ray diffraction strength ratio of WC and W2C

o a1 XDSR™
Mark Division | C.R. Wwe | W,C

Powder - 100 2

WC-AT1 | Sprayed 1.34 100 22
coating | 1,14 | 100 | 26

Powder = 100 2

WC-81 | Sprayed 1.34 100 20
coating 1.14 100 22

Powder = 100 4

WC-52 | Sprayed | 1.34 100 8
coating 1.14 100 10

*1 : Combustion ratio
*2 . X ray diffraction strength ratio
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Fig.5 Relation between combustion ratio and adhesion
strength with falling ball impact tests in WC-Al
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Fig.6 Results of falling ball impact tests
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Fig.7 Appearance on specimens of 100, 200 and 300
cycles in WC-A1
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Fig.8 Microstructure of WC-AL after falling ball impact
test
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Fig.9 Schematic diagram of equipment for rolling cotact
fatigue test

Table 4 Conditions for rolling cotact fatigue test

Load (kef) ] 130

| Hertz stress (kgf/ mm°) 250
Sliding rate (%) 0 ]
Kind of lubricant - Oil

®30x%10L o
®30x1L(SUJ 2)

Size of test pieces (mm)

Size of the opposite (mm)
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Fig.10 Photographics showing appearance after rolling
cotact fatigue test
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Table 5 Specification and results of corrosion test

Materials Corrosion test
Cor!]DOSi— F’al:ticle Th‘le*"‘ Cor_rosion Judge—
Mark tion size | ness time £
wt%) | (um) | (um) | (hrs) |ment
=
155|100 | =336 [ A
We- 300 = 336 A
WC-A1
12Co 100 = 336 A
=10
300 21000 A
wo- | 1974 ;gg ;22 E;
WC-A3 | 20CrC-
Wi | <o [ 100 | 504 ®)
- 300 21000 O
|l ore | [ 100 | 168 O
Cre=AT1 senicr | °7™ 300 336 [®)

*1 : Thickness of sprayed coating
*2 . Judgement by observation of coating surfaces
QO Good, A No good
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Fig.11 Photographics showing appearance after
combined cycle tests
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Fig.12 Schematic diagrams of abresive wear test

Table 6 Condition of abrasive wear test

Load (kgf) 3.1
Speed (m/min) 240

Belt roughness (i) 24(SiC)
Testing time (hrs) 2 )
Size of test pieces (mm) 50x50%10t

Cr3Cz /25NiCr

1
WGC/27CrC/7Ni_]

| WC/CoCr

[ WG/12Co

Chrome plating ]

0.01 0.1 10 100

Wear Iloss ()

Fig.13 Abrasive wear (est resulls
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Fig.14 Schematic diagram showing method for erosive
wear test

Table 7 Grain size distribution and chemical compositions
of specimens for abrasive evaluation

(a) Grain size

Mesh 35 45 | 50 60 70

(%) 0 |5~15|58~68|78~97| o0

(b) Chemical composition
Substance | Al,O | SiO, | Fe,Oy [ TiO, | MgO |
(wt%) | 9659 | 06 | 011 | 258 | 012

Table 8§ Spraying parameters of specimens

Materials Combustion
Composition | Pressure .
Mark (Wt%) (MPa) Ratio
CrC1 0.68 1.34
Crsoz_
CrC2 95NICr 0.85 1.34
CrC3 0.85 1.14
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Fig.15 Relation between thermal spraying distance and
erosive wear loss for CrC1

22 =

N
(=]
=3

®
o
Do

Wear loss (mg)
= o

[ecre2
‘acres

—y
N

—_
(=]

200 250 300 350 400
Spraying distance (mm)

Fig.16 Relation between thermal spraying distance and
erosive wear loss for CrC2 and CrC3

m T b @ WIS LR LTz, WCORT-EA 1~
2;.5 mB L U2~3umTIE, M EFEMEICIAE 225
RO HALT, B E OBRIC BT EER
ERMGEO N LD ol WCOR FHA70.5~0.7
p.' m%0.2 m& /NS 2N PREES M B A BELL

1230 13 T EEEAD T L L (Figd7),

I —Y g YEREOREIMREEL A 1 (R PRGE
), BLTWCD 1 KBF1EAH%0.2 0 m Tl EEFENE D
mARE o720 WCD 1 RKHF-HED0.2 p mD G
L2 BV TXRDUNE %17V, WeCO A & T
FEME & OBRICOWTHRA L 720 WoC DA & AT
f2-2L RO FETHE Lize 1 RET fxﬁ)ﬂ’ &
YEZT L, MEHETOWERKEREDL &
Table 1012250 L 720 #ABES(T DS EEGR IABE L 123l h‘O
CIEEWLDEPRIIL B AMHANZH 5o WCD

Table 9 Spraying parameters of specimens with defferent
particle sizes for WC

Materials Combustion Spray
W(.j Dis—
Mark particle | Pressure Ratio | tance
size (MPa) (mm)
(4 m)
WC-A4 0.2
WGC-AS5 | 05~0.7 100~
- . 0.85 114~ 380
WGC-A6 1~2 134*
WC-A7 2~3

% : Each materials were examined at
combustion ratio 1.00, 1.14 and 1.34.
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Fig.17 Relation between combustion ratio and erosive wear
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Table 10 X-ray diffraction strength ratio of WC and W:C

Materials Combustion S X-ray
é).rei"' diffraction
WC| 5 it talnsce strength
particle |Pressure| Ratio ratio
Mark size
(gm) | (MPa) — | (mm)| WC | W,C
B 0.68 1.34 | 380 | 100 22
WC-A1 =10 B 0.85 1.34 | 380 100 22
0.85 1.14 | 380 | 100 26
_0.(_58 1.34 | 300 100 14
i ) 0 | 100
WC-A4 0.2 0.68 1.34 | 38 14
0.85 1.34 | 380 100 17
0.85 1.14 | 380 100 19
5. &\
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