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Abstract The abrasion and impact wear resistance were investigated on the hardfacing weld dispersed with
the recycled hard metal(HM). The HM was composed of the tungsten carbide(WC) reinforced metal matrix
composite. The cored wire filled with the 25-35wt.% HM and 2-8wt.% of the alloying element, Fe-75Mn-
7C(FeMnC), was used for the gas metal arc(GMA) welding. By using the cored wire of the 25wt.% HM and
FeMnC addition, the weld showed mostly constant wear loss for the abrasion as a function of the FeMnC
content. This was due to the insufficient amount of the tungsten carbide formed during the GMA welding. The
FeMnC addition to the 35wt.% HM did not improve the abrasion wear property since the amount of the
tungsten carbide formed was decreased with respect to the FeMnC amount. The 6wt.% FeMnC addition to the
35wt.% HM exhibited the better impact wear resistance than the hardfacing weld by 40wt.% HM.
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Fig. 2. Effects of FeMnC addition to the 35wt.% hard metal on
the abrasion wear loss and hardness.
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Fig. 3. Microstructural behavior as a function of the FeMnC content added to the 35wt.% hard metal.
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Fig. 5. Amount of the carbide as a function of the FeMnC
content added to the 35wt.% hard metal.

Atk wEp Vo] Eg) niZEIAL|Er} FESRE 7]
A4S ZH= 35wt.% HM 2] F712 FeMnCS
owt.% 7H] A7HLE S 71Ade] 2o |Esle 7t
53R FeMnCS H7FSHA &8 7ol Bj3) &5}
P Fol 35% aste] WulEgo] 17% A=A

2
& & 9l

Ir

o m{n

o
=

3.2, 25wt %HM+FeMnC AlEe| abrasion OpRsSA
3.2.1. FeMnC 7ol w2 abrasion"t 2 A5 7%
mtEEAlelE 7RIS FE 25wid% HM F1E g
713t FeMnCE 2-8wt.% 771 Fojzsjoloe] &
AeH Kol 3t abrasionvtE APAHAE Fig. 79 U
ERNITE. 8wt.% 74X 2] FeMnC q;kgggi A7k 2Me
%

HBe] mlm EAo] 2 ek Zx

(d) 35 HM + 6 FeMcC

as a function of the FeMnC content added to the 35% hard metal.



A wC A Ferl slesloly

Atk 25wt.% HM 220 FeMnCS #718H) & u}
&) Axol BAE H|Z B3] HslA &4
A UM AEFAEE Fig. 79 ZAA ﬂ}

6wt. %2 FeMnC2 715 W} A== 50% @'5\—0}
AL 6wt.% ©]d M7ME 75 © o] FeMnC #H7}
2 Q13 & A=wsles gl

7= ¥H3}e} abrasion U]—EL%}% v @3] B FeMnCE
Swt.%7k2] H7FE A A= 50% SR A |

U}EM"H £ dsprt mg 3,_ & = Qlok wWEbA 25wi%
HM 23 299 FeMnCS #718F 79 ZAEE abrasion
ol 548 Hrishs do] FAe e gEFH

AE7} obd g dglel 93 rlEEA o]
2 AZFEY o] 312804 HolFE B
sk Aol

3.2.2. Al 222 B3LE ek e nfr A%
FeMnC #7io)] me §A87459 nAxZ wslo] 9
3 abrasion”} Y. AES ZARIAC 25wt.% HM &3
Eoko] ntZEAlo|E 7| Z&F] L FeMnCE 2wt.% 37
st A& Yol rASE A A7HF 6wt.% ©)/delAl b
ZrIAo|E A o] A=A FU A Yo 2ot =
Ak mAlzF e A4S 9@ XRD ZHE Fig. 89
YER AT FeMnC E71H 4wt.%7HA] & PFEHIALOIE
52 o] E(ferrite) HZ7} FASPEA QLAEUO|E F
A7F 271 H7ME 6wt % olelME 7R L
ZEUYo]Eslrt o]Foix] & B 4 Uth Fig. 73 Fig.
golA REo] FeMnCS H7H& #A$ AT7F sk
12 170l slERIAlO|Er} 7HAstal R AEH|Uo]ETL
Rell 71918 Ao AT} FeMnC 71
Swt.% oA EskEe] vl=rt e oy W E@}“’ol
obd W€ &alEo] JAH AL & F AUt ook 2
o] mA| 22 WHalole FA3HA abrasion U]-“:‘:’é‘%ﬂ]
st FeMnC #H7be] 932 A fIA7] wfFol =iA
Z2 9] Wslyt ohd thE flcle &) wirEAo] 4X

= Aog Aztdn

323. viEAS Y ©3E gEe #A

FeMnCg 37hgtel wl §45= gatee] 43S
ZAYE7] 984 SEM Az ghalEe] g
< =AY L o] Z3E Fig. 99 YRS FeMnC
2wt%E FH7tst A5-E AQslae g@itEs INFS
FeMnC #7b) me} 2 988 ¥4 @US 4+ A
r:} Fig 73} 9% vjws A FeMnCE 2wt.% H7+e

+ ©slE YA Fo| St MEEAR AT

‘: Hﬂﬂo] 7V 3812 A T FeMnC A 7FHE 0-8wt. %A1 9]
AA A AeFS BUS o &3lE F4H] 6-9vol.%
BE-&8 FA8L oA abrasion FHE
Al FeMnC F7te] m& g 3A 27
F At AEHOE 25wt.% HM+FeMnC
35wt.% HM+FeMnC $A&gFoA, &
Q. 2H o] Esb}l Aol abrasion FEREA
AR e Aow AyziHET)

;ﬁ}% AR
Ao} U

F

l

of
2
i) }d

F

do o of 1o
[o 1 N
me g rlo

ok YO i 1

i
-
49

}

)
o
do

o X fo 82 rfr o

]
091-‘
o2,

g mHRAE

wxi= Motk C 7 A% 343

80 80
& 70 1 70
E 60 4 60 ~
P @]
8 50 150 &
S 40 140 9
i 30 1 30 %
g g
é) 20 + . e w4 20 L
é 10 |t Wear loss 110

—— Hardness
0 : ‘ ' ' 0
0 2 4 6 8 10

Content of FeMnC (wt.%)

Fig. 7. Effects of FeMnC addition to the 25wt.% hard metal
on the abrasion wear loss and hardness.

@ martensite/ferrite
7 austenite
O carbide

{e}25% HM +FeMnC8%
<

A\
ey o

2
é (d) 25% HM vFeMnC“;;
2 R i bt
k=
{c)23% HM +FeMnC4%
W, ey
(b) 23% HM +FeMnC2%
S
®
14 KZS% HM
F T A I- Ml‘ L LLI i, " A " q
30 40 50 60 70 80 90
2-Theta

Fig. 8. Phase analysis for the 25wt.%HM(hard metal)+FeMnC
specimens.

30
R 95 L
Z
N
o 20
=,
O
s 15
[&]
; 10 t ° o
E 59
<C
O 1 1 1 L
0 2 4 6 8 10

Contect of FeMnC (wt.%)

Fig. 9. Amount of the carbide as a function of the FeMnC
content added to the 25wt.% hard metal.

3.3. FeMnC #7io| mwE &Holz 54
o 313 320014 BERo] 2ATF HBol FeMnC



844 7 - Ay - e

0.7

0.6 L .

0.5 e

0.4
0.3 ko
0.2
0.1 ko

Impact wear loss {mg)

35% HM + 6%
FeMnC

Fig. 10. Impact wear loss for the 40wt.%HM(hard metal)
specimen and the 35wt.%2HM+FeMnC specimen.

40% HM

A7tek0 g 7F abrasion VEEEA S F7h= fIRUAl
717749 Q2H| ol ESte) mE} HFAEAS Pt &
I 7IHE & ot =)y EHAISS] BS AR
o] EAA L nis zkx] Baln” wiEEHQ F7d o
g mlrEAo] HrtE E87) ol B A+ FeMnC
A7t AH M e FHntE 44 WIE ARSI
FeMnC®| #7}oll ©& ZFAHRE S48 A8 9
A 40wt.% HMF 35wt.% HM Eo| Frisie
FeMnCS 6wt.% 713t A|HM e ZZHvin A2
£ Fig. 109 et F AlHoX ] 382 F3
2 27t 40wt % S 41wt % 2 A9 ¥l5=EG Tl 35wi%
HM 24 6wt.% ] FeMnC2 F712 A718 A9 2
Anlg o] 0.1 mglE & 40wt.% HM SR ETe
0.5mgl] H3) FArRZF] it FAAE 2
AlHEHEe] SEM ézwxl& Fig. 11o] Yepligich
Abrasion TIE £ 7qHd ©@sEo] FAREAY
Arxe FAd AYA FahiL —:)%}% AL E F AUtk
a8y 71X zAL AHEH HM 38 40wt.% A3
M ohh &8 Aol HlE] FeMnC2 H7He A%
ol 71AA FHol gt £A4to] Ay PR gt

(2 o

&l

o &, FeMnCS 7I3to = A3 L2HUolE 7)A]9
Qo] Frtste] FAuIR i Aol FdE Ae

o

4 4 Qo

ZAvE By ofy} AwEl 548 vl 23
A o] F AHEEH I 35wt% HM SZE&4 9
abrasion W} AEZHE Fig. 1290 YR AT
FeMnC 6wt.% H7}o wiel abrasion PFREARL 473
mgl 2 TF 35wt.%t 40wt.% HM FZ3%
2} 349 mgol) sl A3} abrasion PR EAS UERY
Rt FEE FeMnCo] F7tol aAglo] A9 vlsdh %
T3S 29t} Fig. 103 128 S38PH abrasionr} e}
FAvE 7} FA 0 BAste 40 Mg CY
stz olske] 7A|AFe] olo] Z7hslr] WEol, 35wt.%
HM ZZ 8o FeMnC 6wt.%E F712 71 240

Ol

|- 353t

g

(b) 35 HM + 6 FeMnC

Fig. 11. Worn surfaces for the 40%wt.HM(hard metal)
specimen and the 35%wtHM+FeMnC specimen.

80
B 40% HM
70 W35% HM + FeMnC6%
60 035% HM
50

40
30

Hardness (HRC)

20
10

Abrasion wear loss{mg) or

Abrasion wear Hardness (HRC)

loss(mg)

Fig. 12. Abrasion wear loss and hardness for the
35wt.%HM(hard metal), 40wt.%HM, and 35wt.%oHM+6wt.%
FeMnC specimens.

s
&+

filo

TF 40wt% HME A3 A-9-H H3e 2
ASATH.



A WC B FeAl si=slold 831 mimAdgel vixle Mok C #71e) F%

4.8 B

AE WC 4 24835 Fe-75Mn-7CE & At
&% st=d o]y §HA RN abrasion' FH "IRES
doll dis] A7t rlEEIALo| EfmEto| E 7AGE
e 25wt% ZATEHM) 2AED F712 FeMnC
& 6wt.% ol S AS 7IASY L&H Vo |ES)
7} 7FsskdTh 28y 25wt.% HM SRS 712
FeMnC 8wt.% 7}A 73t A% &38 F4FL 6-
9vol.% Axe] W RuE-E-S F2|5197] W& FeMnC
71 Wb abrasion PR Wl 3A] ge A
o=z wagd.

L 2HUo|EgL nf2 AL ET} FEILE 7|AAAE 2
£ 35wt.% HM %) F7I2 FeMnCS 6wt.%7H4] 3
71E& A% 7124 brittledt w2 HIALO|ET} ARl
BAlA Qlido] 43t S AHUYo|EAFo R FAEG o
FeMnC & #7184 @& 750l vl3)] ©@3t2 FAFo)
35% 7343k abrasion VFEEA]C] 17% A stEAT 2
Y FeMnCE 6wt.% 2713 35wt.% HMS] 735 =7
wEEe] 0.1 mgl 2 ¥IsF F EHE 7HE 40w %
HM #29] 0.5 mgel B3] 224 Wrizsde] =it

B dFoA s g@3E AT F7t9) 7R g 2
ZHOlESLE FAl ke H3H Y FEREE 78
= QAT abrasion-£7 wlEIF BA)Y] WAERE 3
7ol ME FeMnCe H7P7F =8¢ & € F+ AU

o

10.

845

HAre =

B Ad7E 20029 FELASEISRAGAYE B8t

TAHALH ojd ZAEHUH.
2O 8

. Materials and Applications part 2, Welding Handbook-8th
edition, vol. 4, AWS, 392-394 (1998).

. K. C. Antony, Journal of Metal, 35(2), 52-60 (1983).

. H. Ocken, Nuclear Technology, 68, 18 (1985).

. N. Kang, H. Chae, J. Kim, J. Choi and J. Kim, Korean
Journal of Materials Research (submitted at Oct. 2003).

. J. Kim, H. Chae, and J. Kim, Final Report to Korea
Institute of Industrial Technology “Development of
hardfacing cored welding wire by using recycled hard
metal" (2002).

. E. K. Ohriner, T. Wada, E. P. Whelan and H. Ocken,
Metallurgical Transactions A, 22A, 983-991, 1991.

. P. A. Engel, Impact wear of materials, 1978.

. J. Rawers, D. Govier and D. Cook, Scripta Metallurgica et

Materialia, 32(9), 1319-1324 (1995).

. J. Kim, G. Kim and S. Kim, Journal of Nuclear Materials,

289(3), 263-269 (2001).
D. J. Kotecki and J. S. Ogborn, Welding Journal, 74(8),
269s-278s (1995).



