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Effect of tungsten equivalent on hardness of heat-treated semi-multi-alloyed white cast
irons with 0% carbon balance
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Abstract

This study investigates the effect of tungsten equivalent (Weq) on the hardness of heat-treated multi-alloyed white cast
iron with a 0% carbon balance. Specimens with Weq values ranging from 6.0 to 8.0% were prepared. The specimens
were annealed at 950°C and cooled in the furnace. The annealed specimens were then austenitized at 1050°C and
1100°C, followed by quenching with fan air. After hardening, the specimens were tempered at temperatures between
400°C and 600°C. The results showed that the microstructure consisted of austenite dendrites and eutectics (y+MC)
and (y+MZC), with the (y+M2C) eutectics increasing as the Weq values increased. Hardness in the as-hardened state
decreased with increasing Weq values. The tempered hardness curve demonstrated secondary hardening due to
the precipitation of secondary carbides and the transformation of austenite to martensite. The degree of secondary
hardening (AHs) increased with higher Weq values and austenitizing temperatures. The maximum tempered hardness
(HTmax) was achieved at a tempering temperature of 500°C in all specimens. The highest HTmax values, 879 HV30 and
848 HVO0.1 were obtained in the 6.7% Weq specimen, hardened at 1100°C and tempered at 500°C.

Keywords: Semi-multi-alloyed white cast iron, heat treatment, hardness, tungsten equivalent effect
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Table2 Heat treatment conditions
Process Annealing Hardening Tempering
Temperature (°C) 950 1050 400 - 600
1100
Holding (h) 5 1 3.33
Cooling Furnace Forced air Air
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Figure 2 Total microstructure of specimens with 6.00
(a) and 8.06% Weq (b) hardening from 1100°C.



Vol 44. No 1, January-February 2025

uaﬂﬁnnumﬂwuam%nulumwmww "(]’]1‘1}1
Mﬂﬁmmaaamvlu@mﬂmumuﬂu Lua\‘]mﬂﬂamﬂﬂum
%‘,me@ﬁnﬂ@msawmﬂmaamqwauma6] IuaaaLﬂVLum
o [y & a A £
m‘lﬂaaam"lummanmmwuauﬂammﬂamnmu
(Yothathorn et al.,2018)

= 8.06%

b) Weq

Figure 3 Matrix structures of as-hardened specimens with
6.00 (a) and 8.06% Weq (b) hardening from 11000C. (M:
martensite, SC: secondary carbide, YR: retained austenite)

HaZaI W aaanaudslusn wguuds (As-hardened
state)

MINNTINATNIANNT eIz ANALAN KB ad D
andludyinada LﬁadmnmﬂuﬁmmﬁﬁLaﬁmmwgo
URZNUEaANTAWUIN (Hashimoto et al., 2004, Sasaguri
1996, Khanitnantharak et al., 2009, Opapaiboon
etal., 2015, Meebupha et al., 2017) lumsnauriutiiofn
aefimaasuudasmuan1izuesnisudinsanuion

et al.,

aawal%mwmwuﬂawuﬂad NRUDIFN W AANUUDI
“Ilﬂx‘l“ﬁ%x‘l’]%ﬂﬂﬁﬂﬂl%ﬁﬂ'ﬁ"l“ﬁﬂLL"IJ\‘]LLET@G@]\‘] Flgure 4 WU

Effect of tungsten equivalent on hardness of heat-treated semi-multi-alloyed

white cast irons with 0% carbon balance

m’muﬁﬂmm’smlaa%umuﬂ%ammLLﬁaLLuumImaﬂaa

¥ .2 -
ammamaamam W i mwmmwawumuﬁmu
ﬂ’]i°]j‘lJLL°ll<1°n 1050°C fu mmwm’mwmumimmmm
1100°C 1u°qﬂ°ﬁm'm anuudsadieiurionnuuds
wuy'lulasuaasng@nssuasenunuanuudiuuuanlas
A & a a o A & & '
Fodugetnguinmaufsunsvasitofuluszninems
NIV TN IANUTouFINAlauaTIdanNuLTIlasIIN
Pa3T%% AVudsnuylulasazdininanundanuy
1las whasannanuudswuululasiduanundaanis
AT 4‘1“ ' 6’3 é ' 3 a 6 a Al 1
diaRwriiuds ld lduduantludginada naiaen
W uszgmnnfiTuudsaziliannuuiesdunuaaag
A9 A P
iasnnnaniimenauazanslusasmn luduni Lﬂu
mlmanmmwaaamvlumwwu UAZQDANDE M. ARG
L:uam_lufuaLmeuaaam"l,u@maamm,wwu Lmuﬂimm
u'ﬁmu"lmml,a:m?'lumm pnfianas dadaadnilasaaing
4%' 4%’ . A 6 & A A2
el Figure 3 tilasanaaanludidwnanoan 39
A AN UUT IV ITUIN AN FIDEN G DLTHa

1000 — - —r — —
: i Macro Micro Austenitizing
g 2 1050 °C
- . 1100 °C
o H
z
= 900
o
™
>
= =
o
0
g 800
B
3]
I
700 4 I é I A E L L :l
5 6 7 8 9
Weq %

Figure 4 Effect of Weq on hardness in
the as-hardened state.

1 < ¥
HAZRI W AaaNuud lwanINauAKA (Tempered
state)

%ud’mluaqumlﬂd (As-hardened state)‘ﬁdaao
punnflagneufiudifigumni 400-600°C (Tempered
state) ﬂ']ﬂ%qmuga‘il“guLLﬁa@mﬁmzmwa@iammﬂauwa
lunsoufuddnsnys lagluszrinseufnaaziians
anaznauvesnnlud navnTlusssnludiniadiann
naguudsvihldeasnludmaioinimuazidfowmdu

' & o A o @ & a &

VN U A L IzrININI TN B IN IR VLT I AN 1
s a o A a £ & =
wdlwszdonuanimulodnifeduluruaaunmsguuds

A @ a & = &£ & &
azgnavfiue lasanfianiludumainiuluan sl
° Y & & a = ' = A
i finulodgyiuanauds aglsiawlunsdin

87



88 Wattanasak Samruay and Sudsakorn Inthidech

m%mu%ﬁﬁm@;ﬁmuéﬁLﬂumﬂuﬂﬁmaa:mmg \T%
Cr Mo W %38 V 2z1fialfjfisen a131ud (Carbide reaction)
%usl,mzwmauﬁuéﬁﬁqmwgmuma 500-600°C (Laird
et al.,2000) FsenSludfiinduihiusfiafiey (Special
carbide) ﬁﬁmmuﬁag& sunsavhlvanuudswe st
Lﬁuga%ﬂﬁ

1000

Macro Micro Austenitizing
Ol 1050 °C
- 900 A 1100 °C
o I i H
= R
[
>
I .
@ TO0 |rorreeonrmeonncdonenennen,
1]
c
e
B H
© H i ;
500 : - L :
As 300 400 500 600 700
-hardened . °
Tempering temperature, "C
(a) 6.00%W
eq
1000 : ,
Macro Micro Austenitizing
oN ) 1050 °C H
— 90} A &  1100°C | SRS -
=1 ¥ :
S )
=
g 800
(]
>
I
% 700
[+
c
°
ey
I
I 600
500 L b H :
As 300 400 500 600 700
-hardened . °
Tempering temperature, C
(b) 6.70 %W
eq
1000 ;
Macro Micro Austenitizing
ONN ] 1050 °C
- 900} A A 1100 °C
1= ' 7
>
3
< 800
xd
>
pu
@ 700
@
c
°
[
©
I 600
500

As 300 400 500 600 700

-hardened
Tempering temperature, °C

(c) B.OB%W_
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(c) Tempered at 600°C

Figure 6 Matrix transformation of specimens with
8.06%Weq hardening from 1100°C and tempering at 400°C
(a), 500°C (b) and 600°C (c). (M: martensite, SC:
secondary carbide, Yo

F: ferrite, P: pearlite)
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