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Low stress Abrasive Wear Mechanism of the Iron/Chromium
Hardfacing Alloy
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Abstract

This study investigated the relationships between the microstructure and the wear resistance
of hardfaced iron/chromium alloys to examine the low stress abrasive wear mechanisms. The
effects of volume fraction of reinforcing phases(chromium carbide and eutectic phase) were
studied. The alloys were deposited once or twice on a mild steel plate using a self-shielding flux
cored arc welding process. The low stress abrasion resistance of the alloys against dry sands
was measured by the Dry Sand/Rubber Wheel Abrasion Tester RWAT). The wear resistance of
hypoeutectic alloys, below 0.36 volume fraction of chromium-carbide phase (VFC), behaved as
Equal Pressure Mode (EPM) for the inverse rule of mixture whereas the wear resistance of
hypereutectic alloys, above 0.36 VFC, represented Equal Wear Mode (EWM) for the linear rule

of mixture.
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(crushing roller, chute liner, guide plate) A& F=
@o) Apg ",

oo &% A/AFLFY EATS
Fg&o] nAzAL FASE ZESHE" o
= aggdEe 58 A1 e AL 7
o] &g, 53] ulR A UntRAY & AAAAF
= 7o s Z4slE 50pm 279 g 43}
A3 23} 10pm ©l8le] FHAFERIES £
A WS Aoz AHAE vAZzS
Qiz}ojct,

azr 2B e HAAE AR F
o] & XA(phase) 22 7HAR YT wEA
(multiphase materials) 8¢ HYvlE AFL A=
3t7] 93 o)2r g o 2= ryles of mixture 2] 0]
o} o] &5 3 b, B3] Axen & Jacobson"
& Zspadol ool Zhgtel] WE th Al ntR G
28&EW mode (equal wear rates of the phases) 9}
EP mode (equal pressures on the phases) & F£X4]
oWA, o5 F nbRYAE Archard s 4V oR
BE f=28 9% O (3 Al (linear rules of
mixture equation, inverse
equation) &2 7]&3lgth

rules of mixture

EW mode (Linear Rule of Mixtures) :
£2 =Ap/A- £p+Am/A - &m 1)

Lp=L {Ap&p/ (Am&m + ApLp) | @

EP mode (Inverse Rule of Mixtures) :
2=ANp/A8p + Am/ALm)" 3
Where & :wear resistance as the inverse of
the wear rate,
Lp and Lm are the loads, £€p and £m
are the wear
resistance and Ap and Am are the
nominal
contact area of the reinforcing
phase and the
matrix, respectively.
A nominal contact area (A = Am + Ap),
L: Load (L =Lm + Lp)
index p: reinforce phase,
index m: matrix.
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Fig. 1 Schematic representation of the dependence
of volume fraction of reinforcing phase on
the abrasion wear resistance of two-phase
structures. Type A: Lineal Rule of Mixtures {
0= Ap/A - 2p+Am/A - 2m), Type B:
Inverse Rule of Mixtures(&2 = (Ap/A&p +
Am/A2m)-1 , Where :wear resistance as
the inverse of the wear rate, A:! nominal
contact area, index p: reinforce phase,

index m: matrix".

Journal of KWS, Vol. 16, No. 2, April, 1998



&9 B/aF e¥delgse FYutRAT

59

B}t AA debris el 3ol £3 AAHAY,
A vtEE ARG Qs EE9 3ol 7
A AY, BHUstE A4 Fol EP moded 3
G E wtRIIFE AAE T otk vk AR
¢ vlR7]7t EP moded] 3EE A$dl=
Fig. 19141 YEh nle} o] 23l Bgo] &
Agode WelzmAgd A gz} nj ks, Z3d
9] Fo] 49 E& o|idelA] REE WrlRAgo] &
le}ﬂl AAE 5 dgo] dEhan?.

B dpoMe evdge] &A% A/AELFA
o ALY FPuR/TE A3 YA B
A9 Wrte EXo Fg e mAEA 3}
el Aoz gein AFeIE U4 TR WE
dFE FHoz Avngyg, oW L=
7B3tgor gHAEERLETo| E3E o}FA
T2l e THEIE ol9lo] Y(AEZEIE

75

o] g4 EXgE AFAES A AL 2
g2 SEMell 93 RS Bdgoz Ny niry
o lojrx &) ZAsFER 71X 49 A kR AS
g ol st} sk

2. Y 4y

E @7 AHe8 ARE Crd Co ¢ g s
o &aAF&e] AFUIE Fg 23%~64%7HA
A3t A 7 evde] 448 F/AEFEA Y, &
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2uj#o] 43L& SS-FCAW (self-shielding flux
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2A 9ol £3 9}o]oE oscillatingd o 24 wj=

Table 1. Chemical compositions of the iron/chromium hardfacing weld deposits used in this study. (wt. %)

Chemical Composition
Alloy % Carbide
C Cr Si Mn Fe
No. 1 2.4 15. 05 1.13 1.35 Bal. 22.9
No. 2 2.40 17.60 0. 62 1.08 Bal. 24.0
No. 3 2.95 17.02 1.10 1.30 Bal. 30.5
No. 4 3.41 7.67 0.57 1.65 Bal. 31.1
No. 5 3.03 16. 97 0.62 1.84 Bal. 3L.5
No. 6 3.51 8.07 0. 60 1.90 Bal. 32.5
No. 7 3.42 10. 22 0.48 1.59 Bal. 32.6
No. 8 2.82 26. 30 0.83 2.27 Bal. 34.0
No. 9 3.31 18.33 0. 69 1.95 Bal. 35.7
No. 10 2.95 28.17 0.85 2.35 Bal. 36.7
No. 11 3.4 21.04 0.64 1.91 Bal. 38.8
No. 12 3.17 28.02 0.83 1.97 Bal. 39.3
No. 13 3.51 21.85 0.70 2.05 Bal. 40.1
No. 14 3.39 30.16 0.76 2.00 Bal. 43.2
No. 15 4.35 13.13 0.70 1.86 Bal. 45.7
No. 16 3.59 30. 41 0.36 0.27 Bal. 45.8
No. 17 4.15 19. 32 0.29 0.25 Bal. 46.6
No. 18 4.12 34.52 0.37 0.27 Bal. 54.6
No. 19 4. 86 29.6 1.09 1.70 Bal. 61.0
No. 20 5.23 24.5 0.33 0.2 Bal. 62.8
No. 21 5.10 29.20 0.36 0.22 Bal. 63.7
rEmESen H16% B2%, 1998%F 47 118
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Photo 1. SEM micrographs of the chromium-
carbide-type high Cr white iron
hardfacing weld deposits; (a) the No. 1-
(hypo-eutectic), (b) the No. 14 alloys
(hyper-eutectic) .

Belo] 39 23 (Photo. 1 (@))& 4HRE X
A 27 exHYolES} Pz 02 A
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3.2012H=E

3.2.1utRzAY A&

Fig. 2= Table 19 & FAA4 AEG3}E
ko) 36.7%, 43.2%, 54.6% = Zt7] trE No. 10,
No. 14, No. BHFEL 7I4stEol 10, 15 20
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Fig. 2 Wear loss as a function of the load in the
chromium-carbide-type high Cr white iron
hardfacing weld deposits. (wheel rpm:250,
sliding distance :6km)
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PBig. 3 Wear loss as afFunction of the sliding
distance in the chromium-carbide-type high
Cr white iron hardfacing weld deposits.
(wheel rpm:250, load:20kg)
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Fig. 4 Relationship between wear resistance and
volume fraction of Cr carbide phase for
chromium-carbide-type high Cr white iron
hardfacing weld deposits.
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Photo 2. Scanning electron micrographs showing low
stress abrasion worn surface(a) and ¥
taped subsurface cross-section(b) after
RWAT for the specimens of the No. 1 alloy
containing 22.9% carbides, (wheel rpm:
350, load:20kg, sliding distance:6km).

Ed9 (Photo. 3 (@))& #HBA No. 189 nii
2= (Photo. 2 (a) )3} B]iLA] cutting modeol] 23}
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2 FAAIBGIHE FHd vy FLo] LAH
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Photo 3. Scanning electron micrographs showing
low stress abrasion worn surface(a) and
90°taped subsurface cross-section (b)
after RWAT for the specimens of the No.
3 alloy containing 30.5% carbides,
(wheel rpm:350, load:20kg, sliding
distance :6km) .
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Photo 4. Scanning electron micrographs showing
low stress abrasion worn surface (a) and
90°taped subsurface cross-section (b)
after RWAT for the specimens of the No.
14 alloy containing 43.2% carbides.

(wheel rpm:350, load:20kg, sliding
distance:6km) .
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