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Effect of Hot Forging on Tensile Strength and Toughness of Ultra
High Carbon Low Alloy Steel

Jongbaeck Kim

Department of Metallurgical Engineering, The Graduate School,
Pukyong National University

Abstract

Effect of the hot-forging ratio on the microstructure, hardness, tensile
properties and impact toughness of ultra-high carbon low alloy steel was
investigated.

The results obtained from this study are as follows:

With an increasing hot-forging ratio, the thickness of the network and acicular
proeutectoid cementite decreased. Lamella spacing and thickness of eutectoid
cementite decreased and were broken up into particle shapes, which then
became spheroidized with the increasing hot-forging ratio.

When the forging ratio was over 65%, the network and acicular shape of the
as-cast state disappeared.

By increasing the hot-forging ratio, tensile strength and elongation were not
changed up 50 %, and then increased rapidly with the increase in the forging
ratio. Strength and elongation were not affected by the thickness of the

proeutectoid and eutectoid cementites, but were greatly affected by the shape
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of the proeutectoid cementite.

With increasing hot forging ratio, hardness, tensile strength, elongation and
impact value were not changed up 50%, and then hardness rapidly decreased,
while impact value rapidly increased.

Hardness and impact value was greatly affected by the disappeared of
network and acicular shape of proeutectoid cementite, and became particle

shape than thickness reduction of proeutectoid and eutectoid cementite.
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Fig. 2—1 Micrographs of ultra high carbon low alloys

steel at as cast. a) Optical, b) SEM.
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Fig. 2—2 Effect of hot forging ratio on the grain size of
austenite in ultrahigh carbon low alloy steel
a)25%, b) 50 %, c) 80%.
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Fig. " 2 3 SEM nncroaphs showmg the ffect of hot

forging ratio on microstructure change in ultra
high carbon low alloys steel.
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Fig. 2—4 SEM micrographs showing the effect of hot
forging ratio on size of pearlite microstructure
in ultrahigh low alloy carbon steel: a) as cast

and b) 25% forging.
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_2‘]_



AlHlER] E 9 @ AH[Uo] SiAllA HefolE W2 HFom AHEH O
A= 24 AHElO|E] FAE FAbske] dxzulo] dia] dErkl o]

o7 7] wjiEe 002 EY).

_22_



Fig.

100
—m— Network

_ —e— Acicular

[e0]
o
T

(o]
o
T

N
o
T

Cementite thickness (um)

o

40 60 80

Hot forging ratio (%)

2—6 Thickness of network and acicular cementite
as a function of hot forging ratio in ultra high

carbon low alloy steel.

_23_



1
o
i
>
=
Auj
o,
[m
1o
=
X,
o
I\
o

Fig. 72 HgolE ol EA)st=
Aol m A= @x2h o d&Fe 2Ae] fleke] dxHE WA dx

=S

49 @ 0w AneoEe] Tt 2048 Al el A

AAR o Fasha g Ae & 5 ATHA wE7E 50%7F |
FANUE £} Bold TR H7] WFe] 002 vhed), whebA

B wxuzk 275 AueelEs] R 2 3 7ol &

ol’de] AdzRE dxH|7} Skl Wl e AHVelES AAY A

e FohAa, W % A A AWERIES A AWEto]E9

_24_



Eeutectoid cementite thickness (um)

Hot forging ratio (%)

1.0
—e— Interlamellar
—m— Thickness
4038
2 - —
406
[ ] 404
T 40.2
' i - 0.0
0 25 50 75

Interlamelar spacing (um)

Fig. 2-7 Effect of hot forging ratio on the eutectoid

cementite thickness and interlamelar spacing in

ultrahigh carbon low alloy steel.
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Fig. 3—1 Micrographs of ultra high carbon low

alloys steel at as cast.

a) Optical, b) SEM

_42_



=
=

]
ElolE= o

=5 o] A
Al

S|
ax

S

(e}

i

E

2 2} o]

Az 8] AR a)ell M=
b2

1200Col A 950TC Ale] ¢

=

A=

=
H| 7} 65%%1 b)oll A

Al
olt}h. 25%

5}
]

°©

_(H
3o

o} 7]
e}

°©

ZA}

o

o) o

o ~HoE ¢

wooH
o =W
W OR o
o, W
< X7
T T
N
1 wm o
ot S
»Ao
w T o
O
-
.
frre) 1_|L )
il B um_ﬂ_ )
o n- o
w & W@ ol
f 1“_/| ox ,Ul
J
#% & H 3
o W
The
o o] o
:.L 1__/| Nro
o] N = ofp
Nro K
X7 g0 T
il S
T —~
X — ﬂ_m_u o<
T D
e B oo I
_i ﬂAl,._ X
W )
- N TR

_43_



acicular
- cemmentite

Spm’

Fig. 3—2 SEM mlcrographs shong the effect of hot
forging ratio on microstructure change in
ultra high carbon low alloys steel.
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Fig. 3—3 SEM micrographs showing the effect of
hot forging ratio on size of pearlite
microstructure in ultra high low alloys

carbon steel. a)as cast, b) 25% forging
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Fig. 3—6 Effect of hot forging ratio on the
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