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Effect of Volume Fraction of Cr Carbide Phase on the Abrasive
Wear Behavior of the High Cr White Iron Hardfacing Weld
Deposits
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Abstract

The effect of volume fraction of Cr carbide phase{ Cr CVF ) on the low stress abrasion
resistance in the chromium-carbide-type high Cr white iron hardfacing weld deposits has been
investigated. In order to examine Cr CVF, a series of alloys with varying Cr CVF by changing
chromium and carbon contents and the ratio of Cr/C were employed. The alloys were deposited
once or twice on a mild steel plate using the self-shielding flux cored arc welding process. The
low stress abrasion resistance of the alloys against sands was measured by the Dry Sand/Rubber
Wheel Abrasion Test (RWAT). It was shown that hardness and abrasion resistance increased
with increasing Cr CVF within the whole test range(Cr CVF:0.23-0.64). Both primary Cr
carbide and eutectic Cr carbide were particularly effective in resisting wear due to their high
hardness.
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Table 1. Chemical compositions of the chromium-
carbide-type high Cr white iron hardfacing
weld deposits used in this study.

Chemical composition (wt. %) %
C Cr Si Mn Fe | Carbide
No.1 [ 2.42 | 15,05 1.13 1.35 | Bal 22.9
No.2 | 2.4 17.60 | 0.62 | 1.08 | Bal 24.0
No.3 | 2.95 {17.02 | 1.10 | 1.30 | Bal 30.5
No.4 | 3.03 |16.97 | 0.62 | 1.84 | Bal 3L.5
No.5{ 2.82 | 26.30 | 0.83 | 2.27 | Bal 34.0
No.6 { 3.31 | 18.33{ 0.69 | 1.95 | Bal 35.7
No.7 | 2.95 [28.17{ 0.85 | 2.35 | Bal 36.7
No.8 | 3.44 | 21.04 } 0.64 | 1.91 | Bal 38.8
No.9 | 3.17 | 28.02} 0.83 | 1.97 | Bal 39.3
No.10} 3.51 | 21.85| 0.70 | 2.05 | Bal 40.1
No.11| 3.39 1 30.16 | 0.76 | 2.00 | Bal 43,2
No.12| 3.59 | 30.41 | 0.36 | 0.27 | Bal 45.8
No.13| 4.12 | 34.52 1 0.37 | 0.27 | Bal 54.6
No.14| 5.10 }29.20 | 0.36 | 0.22 | Bal 63.7

Alloy
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ool &AL Fig. 13 o] SS-FCAW (self-
shielding flux cored arc welding) H 422 F#
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Fig. 1 Schematic diagram illustrating the cross
section of the hardfaced layers.

Table 2. Overlay welding conditions.

Arc Voltage 30v(DC)

Welding Current 400A

Electrode Polarity Positive

Welding Speed 50. 8 cm/min.
Electrode Angle Normal to Plate Surface
Electrode Extension 25.4 ~ 38. Omm

Bead Type Oscillation

Preheating Temp. 200T
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Photo. 1 SEM micrograph of silica abrasive (Si05).
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Photo. 2 Optical micrographs of the chromium-
carbide-type high Cr white iron
hardfacing weld deposits: (a)the No.1
alloy (hypoeutectic), (b)the No.3 alloy
(near eutectic), (c)the No.13 alloys
(hypereutectic) .
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Photo. 3 SEM micrograph showing primary (Cr, Fe)
:Cs carbides and eutectic (Cr,Fe).Cs
carbides in the chromium-carbide-type
high Cr white iron hardfacing weld
deposits (No. 10 alloy) .
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Fig. 2 X-ray diffraction results of carbides in
hardfaced No. 10 alloy.
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Table 3. Chemical compositions of the various
carbides in chromium-carbide-type high
Cr white iron hardfacing weld deposits
analyzed by EDAX (wt. %) .

Primary (Cr, Fe) ;Cs Eutectic (Cr, Fe):Cs
Cr | Fe [ Mn{ Si Cr | Fe | Mn | Si

No.6| - - - - [47.5)49.2(3.26 (0.21
No. 10{ 52.6 [ 44.412.99)0.1951.0}45.8]13.180.19
No. 11]67.9129.612.5010.19]64.0{33.012.94]0.25
No. 13/ 67.0(32.4(0.76 | 0.20 | 66.0(33.40.720.19
INo. 14} 57.5142.0(0.74 | 0.23|52.9{46.4|0.6610.21

Alloy
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65

Hardness(HRC)
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Fig. 3 Hardness as a function of the Cr carbide
volume fraction in the chromium-carbide-
type high Cr white iron hardfacing weld
deposits.
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Table 4. Vickers hardness of the primary M:Cs
carbide, eutectic phase and dendritic
phase in chromium-carbide-type high Cr
white iron hardfacing weld deposits.

Allo Primary M;C; Eutectic Dendritic
¥ Carbide Phase Phase

No.6 - 579 362

No. 10 1356 578 -

No. 11 1284 579 -

No. 13 1432 617 -

No. 14 1467 599 -
3.2012HF
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Fig. 4 Wear loss as a function of the Cr carbide
volume fraction in the chromium-carbide-
type high Cr white iron hardfacing weld
deposits. (Load:20kg, Wheel rpm:350,
Sliding distance : 6km)
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Photo. 4 SEM micrographs showing low stress
abrasion wear surfaces after RWAT for
the specimens of (a)the No.1 alloy
containing 22.9% Cr carbides, (b)the
No. 3 alloy containing 30.5% Cr carbides,
and (c)the No. 11 alloy containing 43. 2%
Cr carbides.
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