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Abstract

The plasma sprayed Cr;C.-NiCr coatings are widely used as wear-resistant and corrosion-resistant
materials. The mechanical and wear properties of the plasma sprayed Cr:C.-NiCr coating on steel plate
were examined in this study.

The pore in the coatings could be classified into two types, the one is the intrinsic pore originated
from the spraying powder, the other is the extrinsic pore formed during spraying.

During the tensile adhesion test, the fracture occured at the interface of top coating and bond coating.
It is thought that the compressive residual stress increases with the increase of the top coating thickness.

From the wear test, it was found that the wear rate increased with the increase of the sliding velocity
regardless of the temperature. It is thought that the fracture toughness reduces with the increase
of the sliding velocity at 30C and that the adhesion amount increases with the increase of the sliding
velocity at 4007C.

It is concluded that the wear mechanism at 30C is the fracture and pull-out of the carbide particles
due to the fatigue on sliding surface, while the wear mechanism at 400T is the adhesion of the smeared
layer formed during wear process.

© RIY, BANEATY QAT
A8y, neldta TR F5EHD

198



92

1. M &

atofl M =

zA
3L o]
9 w2

o]l dqAsHE 7HEF AR
A A& FAH7] HAHAME AT
T35 Aol a7dr

ZNARE UrteEAGS FFAF)7] g B
A Wioze Ix8, FiAg, 385 2HCVD:
Chemical Vapor Deposition)d, & 2] % 2(PVD:Physi-
cal Vapor Deposition)d, $AF 5o] glch 1 oAl
AP g Eet2gol A 1Y At el
o2 FHYF MY SHTH YAE LEoR
2R FEAA Jug P43t Al Ao

Zgtzul APEe 2l dsir Ao H Aol
2.3 vlute] AL Man SARE S A
o] A2 gl Fgle] HlmF kHF SlHe] fle
22 HI gdgt SHog AMEFHI Y

ojt gt SAMY L S 4 F UAHIY,+F
A e 2o f8v)e0] HE8E 5 gle ¥
okol] AejH oz HQasict

Ages g Ttz $AHTE 7|AH 549
g3tglo) vt A o) 4 ¥ WA LA
513 oty » dF kAo st A 3
248 vhREo] Aol 7= 7HAEN £
ol RED AN Ay loju] d HAE 9,
rocket tail exhaust pipes , HTGR(High Temperature
Gas-Cooled Reactors)®] Z71dA71¢ Fof da] &
251 gon Zo g Apx s JPE
At

2 dpoAe unlE, WAaAER g 2on
Qe Cr;C-NiCr £AM o) & E88ALZ2H4)
A Az AR BEJZA @ FELF 2
nRAPERHo g vnALSE FF ¥ 254 o
neAEHs 2 ol2dys 2@

2. AlEuHY
2.1 SAEY

Aot BAH2PS 9@ Al ALL SM
s5CoIH EY vtmAgel AET mAle vza

19¢

& F KB B C

(Disk) A} 22 SUM24L<, &3 o] E(Plate) ¥ A& SK5
Z9 Figl® o] 71A7Es A3t

A A A& FRAAF R HA7EEE debAE #
obfBEo R ZSAMAHS F F Az RAIIG
mA e} e ZAlolo) YA A Aol WS FR3}
28 Fde AsaAd AA 2 HAHEHE F
Al7]17] 98 2AREEE 13 B2l El(grit blasting)
stk 28 Eakas 2AE Table 1 & ZoH A
Ao BANsEE 453 8 ek LAY S
et Aol AL8-3F 7F SAHEEe] /& Table

‘mm)

(a) disk

2toes PLo

< 2
: : ;
-~ 4 .@ | .
H - —
a2 - I [
L 3 )
K 1
(mm) (b) plate

Fig. 1 Dimensions of wear test specimens for
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Table 1 Conditions of grit blasting procedure

! Parameters Condition
Distance 20mm
Grit size Alumina(Metcolite“F”)
Blasting pressure 7kg/cm?
Grit Size 440pm
_____ Roughness(Ra) 3.8, 4.0, 6.2um

Table 2 Material compositions

[
s e . Average Particle
I
Material Sign Composition Size (um)
Bond Metco 450 95Ni-5Al 75.5
Top Metco 81| 75Cr;Cs-25NiCr 65.7

2 o JerfA,

EARAE A Ae] SAPRH]E Metco IMB &
o= ZFe}=vl H(High Energy Plasma Gun) &
ALg-EtH o BALZZ S Table 3 o Vel dch

Table 3 Conditions of plasma spraying procedure
Psrameters Bond Top
Gun _type 9MB
Gas
primary(Ar) pressare(psi) 100
flow(FMR) 80
secondary(Hz) pressure(psi) 50
flow(FMR) 15
Power
arc amperage(A) 500
arc voltage(V) 68
Spraying
spray distance(mm) 100
_ spray rate(Kg/hr) 41 45
Gun travelling speed(cm/sec) 38.3
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Fig. 2 The shape and demensions of tensile adhesion
test specimen
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Table 4 Conditions of wear test

Parameter Conditions
Sliding speed(m/sec) 0.14, 03, 0.6
Load(N) 20, 40
Temperature(C) 30, 400
Stroke(mm) 15
h Environment Air
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Photo. 1 (a) Microstructure of CryC;~NiCr coating

layer
(b) Top view of CrsCo-NiCr coating
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Fig. 3 Results of X-ray diffraction of powder and
coating
(a) powder (b) coating

Table 5 Chemical compositions of CrsC,-NiCr powder
and coating

Element(wt, %)
Cr Ni C S
wder 722 18.0 10.2 0.005
coating 62.6 28.6 74 0.003
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Table 6 Mechanical properties of coating
Item Result

Micro Vickers hardness(100g)

bond coating (Ni-Al) 176
top coating(CrsC,-NiCr) 869
carbide(CraCy) 1,452
binder metal(NiCr) 397
Porosity(% ) 35
Carbide area fraction( %) 784
Tensile adhesion strength (Kg/mm?) 43
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Photo. 2 The cross-section of CrsCo-NiCr sprayed
powder
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Photo. 3 Fracture morphologies of tensile adhesion
test specimens

(a) cross-section of fractured specimen
(b) overall appearance of fractured surface
(c) detailed appearance of fractured surface
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Table 7 Thermal expansion coefficients of substrate and plasma sprayed coatings

Material Thermal expansion coefficient o x 10%/C Ref.

Substrate SM45C 14.0 14)

Sprayed coating Ni-5Al 12.8 15)
CrsCo-NiCr 74 *13), 16)

* No data, Calculation based on thermal expansion coefficient of chromium carbide and Ni-Cr alloy
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Fig. 6 The variation of wear rate with sliding speed
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(b)

Photo. 4 SEM photographs of worn surfaces
(a) at 0.15m/sec, 20N, 30T
(b) at 0.15m/sec. 40N, 400C
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(b)

Photo. 5 Optical micrographs of cross-section of worn

specimens
(a) at 0.3m/sec, 40N, 30C
(b) at 0.15m/sec, 40N, 400C
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(c)

Photo. 6 Wear debris from sliding surfaces
(a) at 0.15m/sec, 40N, 30T
(b) at 0.15m/sec, 40N, 400T
(¢) at 0.3m/sec, 40N, 400C
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Fig. 8 Results of X-ray diffraction of worn surfaces
(a) before wear
(b) at 0.6m/sec, 40N, 30T
(c) at 0.6m/sec, 40N, 400C
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