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Effect of Tempering Temperatures on Tensile Properties
in a Low Carbon Steel

Y. B. Lee, D. S. Kim and W. J. Nam

Abstract

The effect of tempering temperatures on microstructures and mechanical properties was studied in a low carbon steel.
The disappearance of continuous yielding and the formation of an extended region in engineering stress-strain curves at
tempering temperatures ranging from 673 to 873K was caused by the reduction of mobile dislocations during tempering
and dynamic recovery during tensile deformation. In addition, the occurrence of discontinuous yielding in the sample
treated at the tempering temperatures above 923K was attributed to the formation of new strain-free polygonal ferrite

grain.
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Fig. 1 TEM micrographs showing the morphology of carbide particles at various tempering temperatures
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Fig. 3 Engineering stress-strain curves of the present
steels with tempering temperatures of 523K ~
973 K

9 Be AAFel A
3 gEE H2@Y Sol BUsA ABHE 2
= 9ol

ME Aol Qoid 27) 7hE BE A
A g o] wa Aol diste] |

£ vz s Basie] ¥
W, olnl AFE wst gol wakzel ¥4

g
)
it
1o

O, ot
o
o rE
Loy
1o

:;l,

o
=2
>
M
1%
:0{5

2
2

3k
Hop WNY A BHE ¥y wast Q% 2
o el Wshshs wBeiel woarhe Aee

1 o 2 o

=8 . 53] 94 ¥ A s3I E 59

AN ehstE dAE ded] WY ol FelE

2ok 288 A9 sink Y source 2 A&
[e]

N
)
ofr
o
o
) >4L e

T3k,
Sl 3 g8 7 A3t A
oluAl ¥ el 2 #d A7l A
2 7 WstE oL

>
BN
Mo
1o,

atojof g},

E QRN A% FREA| AEE Tt
Al Bk WyerE JbE MV &8 HA
U EE REH E907] dAdel o3 e d9d
aFro] o] Folxjof vk, FH HHY L= A4
T2 vEAOlE o T3 AN dh
daEe] HEs fFEIv. udEs JHe9ly 2n
8 Hee 1EE vadxe gFs FaAE
ads 7HHER "29Y 29 4 ZEY
=97 FAol= A3 adpgelx Fsuk. v+
U AED 297 FHE AsiME 3] a%e
34E ©@AUxrE gad ®elrh, wtx wly
d 2 g wE ngd dagde Wil
A& R £ 9 Uk FErE A deubA
B e LT Afe] A fle e
=

232
o

Wepd A% 38 Ao £3e A4 o 7}
5% WPz 27 vhEAAllEe] EASE I}
F A7 AP 259 Aol we 2wEsE
FeHE AES 2art Aok vE AFHA A
AUEe FAe B AT AAE v gleu,
95y 2ol Yool wet Az HE 3
JozA b5 Aslel WEsl paFe 5D
Zogla ol Wk A% B @yol x€d 7
40l %ok, BT rh2usjel=e) Az
addel 29 A7t dur 2AY A Y

2

A71 FARSE AR ERE, 08 HEA]

ol A9 cell 9 Aol B/bedE & = U
wrebx 2AE S0l ng wiel o], vzl
AFOIE gl ol A9 cell o] A £
I, ARG GAR o)FA @ Alve] @zt
7He & A49 source Y} sink ¢ 9&E& F3)E
F Avka sbgstd, AAAE Al dglel A
AEo] HY S ol Fo] B FHIEoR ¢

4

=AY EEX|/H 123 H8F, 20031/ 747



sted 1 WY FAAAM 7k AErt A9 Lo
WA e 99 Aol olFold = Sl
9 wuy 2% 673K~873K 2o & Gl
gy 25 Ao we b Asrt A do
WAl g gyl &4ste dde, d9¥E 2%
o] Bzl we ol Ay 4dW T3 gL A
el Auid, 35 A, olEAYHA LHd o
g oobZAAA 4, A R AuElel o] F
Fzt g zuigte] o ALl olFrbs A

(mean free path)9] F7} To] 7153 oz
n#HE = ok I F FAHYPA, U Y
cell o] o]FojAA] & WA o}AA
H A3 Hddx FEo R HWEE A
M3l 2 gl 9% WYY olFrstm It
(mean free path)®] Z7l7F &2 3l E 0] L5}
HEodoo Foje} o] g o= AEdH
A WA A Wy THe el AYHY
dAe] BatE= PR (Fig. 3 o go=
Al ), 52 998 259 923K o] 4Y
oA Ely
1

[o?

e

o e B

2
e
B

it}

i,
PN
sy

IR
vo OX I
o

of
lo yo
s

rE oo

RC-

rr ool e >
o

e

2ot

lo

i

o

>

ot
ot o, o

> 5
k o fr

o o

a \O
On:iugL
[

P

ol
O b1 ootk rlo f0 o0 Loy

oo ¢S rlo i o me K rlr mo o rlo

C

¢

N

salul T H(I)
o
=2
x

10 e fo B4 o L rr N

A BaUs B9 wEBE 4&se] Fust 4
S8l BA¥t AA Agsr] Wee® Al
A= dHEA d3tee M 2 4 W
sl e o, £& Frl wE A
He] dHdze ek 2 7)Ax4 Wil
Rz wbgstel ARyt Fagvh. ofF €
9 2 45 mE AFYE % FEPEY 3
A 67K o) e% o)A 1§ Bael 4
S8 Qlo] AdEtolEY 43 2 Aol w
2 wag 9del 7k 9uyY eE ool
g 7122 el EAste AAES] 2
7119 ZoZ Atz g,
T T T T 30
1400 | O. —O— Yield stress J2s
: --O- Tensile stress
- &- % Elongation . A Jas
1200 | 12
i=}
] 12 8
o
= 1000 | 120 ‘c:%
] Jws
g g
800 |- 116 %
414
600 |- 412

L
500 600 700 800 900

Tempering temperature, K

Fig. 4 Mechanical properties of the present steels
with tempering temperatures of 523K~973K
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