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Abstract

The protection of steel surfaces against wear is a practical problem for agricultural, mining and manufacturing
industries. Commercial processes are available in which a hard tungsten carbides rich steel layer is formed on the
surface of carbon steel digging, drilling and gouging tools to improve their wear resistance. The nature of the interaction of
the tungsten carbide with the steel matrix is important in determining the wear and corrosion properties of the
resulting metal matrix compositest MMC).

In the study, WC-12%Co/low carbon steel MMC overlays have been prepared by gas metal arc welding(GMAW)
according to size of WC-12%Co grits. The characteristics wear resistance and wear mechanism have been investigated
in relation to the experiment conditions each other.

After MMC overlay had been tested by rubber wheel abrasion test, it was known that MMC overlay has a excellent
wear resistance.

FesWeC carbides of matrix in overlays were not important to restrain rubber wheal abrasion wear. Wear loss is
proportioned to a applied load according to time. On the case of low load, wear occurred severely in the matrix of
overlay more than WC-12%Co grit, on the contrary it is reverse on the case of high load because of fracture of
WC-12%Co grits.
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Table 1 Chemical compositions of base metal (wt%)

C Si | Mn P S Cr | Mo | Fe

0.4010.2510.7510.03]0.03 1.00}0.29 bal.

Table 2 Chemical compositions of filler metal(wt%)

C Si Mn P S Fe

011 | 055 | 1.31 | 0.014
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Table 3 Conditions of welding process

. Methods Velocity Feeding Size Average| Feeding | Input rate
Specimen Voltage . . . .
No of W) of welding| rate of wire of grit current |rate of gas| of grit
© | welding (cro/min) | (em/min) (gm) (A) (1/min) (g/min)
S 300-500
5 | MAG 500-850
(40% 33 20 635 330 20 290
Ss CO2) 850-1,190
Sq 1,190-2,000
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Table 4 Conditions of rubber wheel abrasion test

Solid body(specimens) overlay

Counterbody rubber wheel
Interfacial element SiC(250m)
Environment air

300~400g/min
per 10min
25, 50, 75N

SiC flow rate
Operation time
Load
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Fig. 1 Morphology of WC-12%Co alloy grits
specimen No. (a) 81, (b) S2, (¢) Ss,
(d) S4
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Fig. 2 Cross-sectional photographs of overlays
according to grit size on specimen No. a)
Siand b) S
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Fig. 3 Specific wear of surface overlayed by WC-
12%Co alloy grit using block-roll wear test
according to cross—sectional distance

B Alo|olA] ulRr} dojd Wik whEREE T
1] 22 (microploughing), Pl&d@ (microcutting), Wl
A7 (microcracking)® wHEI|TE ‘% & U
A 2% YAZ EH 20| Al HY
e, B4 9443 ALo® A= :i“%ﬂ e
2 2AWdo] Wela, AR RiRE lEd AF7

)w

sz o9& WS dot maEee 3P A

o AB FHol Zro A= ng g usl=g 04

3 madde 22 A48 AsdA dojvrh aa
]

njAFEe A YA gaiM A FH §Ho
ZEo] o] WA =it o]d wde] Al o3
A miEst dode waledl F2 FHI AsM LA
gt gHsE rRe A3 Fhd ¥E kFo] F
A 7Y EHoldA FEo] TASHA Hof o] #
do| HAsle] Ewe] s e vt TE i
B Agoe Hd A= 5]'04 A BH 2%
Razkel 0.3m= 4AsA 3 F 353 vpRAIZMS ¥
A FIEA vIEAIE S S
Fig. 4 8%% 25, 50, 75Nez ®aA7|a 10
Zol nRA|E S g T o] 102 B¢ vhRAES
Ho“ﬂ_i 60EZt nlRAE S k3, 108% vHE
Zg Jebd Zolth ZA(SCM440)Eth Sp, Si9]
Uinlrde] A4 $5ES & 4 vk 2A9
npRAZko] Z7lghe] whEbAd ‘j} ol A9
Z718re Koz ot &Agt S, S48 7
vl Al 7bo] Z713kel we} wiREke] FrhEo] &
£+ A%E BdFa Utk

oJ7]A, 8tFo] 25NY e mlE &% 9 whRgo]
Sio] 8Bt A, 50NY wWlE S Sw7t A9 B,
75NY W& St SiET & A& & F stk

ol Hm

HF

o D on o it
frx —Ho Ho
n 2 :L
ﬁ fr
olN

J
\vlj
N

<
)

175



46

A
foty
A
Y
£
oftt
=
o
2

1800

a) A SCM440 b) A SCM440 o A SCM440
= 6007 m S, ~ 800 4 m s, E 1600-. _—
= 0 S, g 0 S & 14004 0 5
S 5001 S A = A
< 2 600 d 1200 A
wo] A 4 A % A E: | A A 5
g a—y A o0 £ A
A g A 1000 4
4 ] 3] A Al | |
< 120] < 4004 L 3 2501’ T
< = 1 T IS
£ 1004 & 804 = 200
‘2 80 @ 1 & 150] 0 a
£ =¥ "R MO0 £ 0]
2 601 o 5 i
= 40/ = 40l A B 50
0 L T T T

10 20 30 40 50 60 5 o
Time (min.)

T T T 1

10 20 30 40 50 60
Time (min.)

10 20 30 40 50 60
Time (min.)

Fig. 4 Weight loss rate change of SCM 440, Si and Ss specimens by rubber wheel abrasion
test per 10 minutes at a) 25, b) 50 and ¢) 75N respectively
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Fig. 5 Schematic of wear type. (a) type A, (b) type
Be B
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Fig. 6 Surface roughness changes of wear surface
according to loads
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Fig. 7 Wear morphology of WC-12%Co alloy (a)
before and (b) after rubber wheel wear test
at 50N, 60minutes sample

Fig. 8 Wear morphology of S84 sample tested by
rubber wheel wear test at 75N, 60 minutes.
(a) surface, (b) cross sectional surface
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Fig. 9 High-scale wear morphology of Fig. 8 (b) is
high-scale structure of white square section
in (a)
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Fig. 10 Cross-sectional wear morphology of Si4 sample
tested by rubber wheel wear test at 75N,
60 minutes. (a) plastic deformation layer,
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Fig. 11 Morphology of debris
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Fig. 12 Schematic diagram of overlayed surface by
rubber wheel abrasion. (a) 25N, Si, (b)
25N, Ss3, (¢} 75N, Si, (d) 75N, S3
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