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Effect of Si on Mechanical Properties and Microstructure
in 0.27% C-1.5% Mn-1.0% Cr Steel

Woo Chang Jeong'
School of Mechanical and Automotive Engineering, Catholic University of Daegu,
13-13 Hayangro, Hayang-eup, Gyeongsan-si, Gyeongbuk 38430 Korea

Abstract The variation in microstructure and mechanical properties during heat treatment was examined in a
series of 0.27% C-1.5% Mn-1.0% Cr steels with silicon contents in the range of 0 to 1.0 wt%. It was found that

addition of 0.5%~

1.0% silicon increased both tensile strength and impact toughness through solid solution

strengthening and microstructural refinement. 0.27% C-1.0% Si-1.5% Mn-1.0% Cr steel showed tensile strength
of 1,700 MPa in the as-quenched condition and the steel revealed a full martensitic structure even after air cool-
ing from 900°C to room temperature, showing air hardening characteristics. Tempering at 150°C which corre-
sponds to the typical paint-baking temperature after painting of body in white, slightly decreased the tensile
strength and increased elongation, but substantially increased the impact toughness compared to the as-

quenched steel.
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Table 1. Chemical composition of the steels (wt%)
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Steel C Si Mn P S Al Cr Ti Nb B N
S1 0.27 0 1.50 0.010 0.002 0.02 1.0 0.04 0.05 0.0029 0.0107
S2 0.27 0.5 1.50 0.011 0.003 0.02 1.0 | 0.04 | 0.05 0.0030 0.0105
S3 0.27 1.0 1.50 0.010 0.003 0.02 1.0 0.04 0.05 0.0030 0.0105
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Fig. 1. Optical and scanning electron micrographs showing the effect of the silicon content on the microstructure and
vickers hardness of hot-rolled steels.
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Fig. 2. Optical micrographs showing the effects of the heating temperature and silicon content on the microstructure
and vickers hardness in the as- quenched steels just after heating at 800°C~900°C for 10 minutes.
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Fig. 3. Equilibrium microstructure constituents predicted by the Thermo-Calc software for the three Si steels.
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Fig. 4. Optical micrographs showing the effects of the heating time and silicon content on the microstructure and
vickers hardness in the as- quenched steels just after heating at 900°C for 60 to 600 seconds.
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Fig. 5. Optical micrographs showing the effects of the air cooling time and silicon content on the microstructure and
vickers hardness. The heat treatment consisted of heating at 900°C for 10 minutes, air cooled for 10 to 20 seconds,
followed by rapid cooling. For comparison, a specimen was air cooled to room temperature without rapid cooling.

S62Hv 551Hv
10um 10um 10pm
73Hv




122 !
T F7] 2oM 10~20% 7+ FYS) 20°C &
Yof| FrslHom, AR AJHL AL71R] FIAH

_&

Fig. 55 0% Si%, 05% Si%, 1.0% Sizdel
EHoH Wz mE A SR vMzA 7
TRISIE UERH SOl

900°Cel Al 1043t 71E & & F7] FollA
10~20% 5t 38t 20°C ool Fwst %
< Si%kell FAIgle] BT mlEEIAOIE Z2AS ‘JrE]r
o], 10~20x B2t 37] ol sk 52 5
EMEUr HPo|E E HoUo]EY }*MFM 0‘%
R

HWE 93l 900°Ce] d&-=olA 1087t 71 3

5 A27NA| 871 FollA %ﬂv\l ARACIRIR Bzt
Aol digh e JEs ZARIEH. 371 F
oA Wzksh= &<t Jl?i%%ol SRR HIAT
T /4 T2 2 FE sl S99t o mlA
XA T FAFNA BEIAT). St H7EEA|
22 SIdelA v4 FEF 244 S38E Hee
3599} 357, 0.5% Side] t/4 FE} t/2 FEoA
249 AxEs 247F 296, 2745 YERAITE o] 4
FHz2HE Sioo] How F7]| FoA Wsle w9t

t/4 FEh t/2 FaE 25 wjo]uolE HE|7L 218

918 S A& = ok whE 1.0% ST t/4 5
B3 2 oA S4E Aot 42 5662 556
< e 37] Sollx WashEes rlERre|E

EIE’_

le_i e WEl7h HES ARt v4
a2 011*1 77t ZRE A% Aol A3}

5 (Hardenability)®} A#4do] oy, 1.0% S

=

7o) 5

ol
=

U A= vehlo] ko] 953 2

et

0.27% c 1.0% Si-15% Mn7ellA wxz2a} 7]
A3l A= Cre] Pl tig F7E B
™ Akesx] 27 %OJW Wehks 35 0% Crd
o] t/4 F-23 t/2 Fe dhal ST HIF= 735
= 27t 4807} 416% 10~20% & 3 & &
20°C 2o W7ket 7ol AE 543~5600] H]3)
o). 05% Crdel v4 HE3} 2 319 Ax
= 27 5259} 4852 10~20% <+ T &
20°C ol W¥z3k el &= 539~564° HIs]
B o] AaHeth 3 1.0% Crdd t/4
R 2 35 BAEE 247 5669 556°.%
10~20% 5<F T3 F 20°C Yol W23 3o

ol
==

Ax 569~57900 Hlg| A= TAZLS A A
o Cro] Al FIAT= dads dRIg &

ATt
ool ARERE Cr} Sio] H7lans nlus)
B Cro] Zgksol 2 YaolARt 1.0%2] Crol
A7 s ek Sigro] Hom F7] ol yae u)
HloJUo|ER o] WE)7} dojur| wfite] sls
o Sigt Crol B3 At 9t 9SS o 4
9tk 1.0% S o7l Zse I F4

5B 525 vl2dA|E 2218 YeRfo] Air Har-
dening [10} &% HIAX AE 556~5669] il

=

T Aoz FdHEY. Air
Hardening 73912 Salzgitterol| A 7§@ksl Ao =2 3t
FAAE A3} P LEHUo|E oA 7t

FeRe AXE 5 9L

Table 2. Tensile properties of as-quenched and tempered steels

PTensil'e Si Content As-Quenched Tempering Temperature (')

roperties 150 250 350 450
. 0% 1,603 1584 1,466 1,355 1,130
Te“‘&%gfngth 0.5% 1,683 1,640 1,528 1,416 1,166
1.0% 1,705 1,674 1,608 1,522 1,252
0% 1,131 1,213 1274 1,259 1,100
Yiel‘gl\igg‘gth 0.5% 1,190 1,250 1,297 1,263 1,129
1.0% 1,236 1,289 1373 1,339 1,185

. 0% 58 74 72 5.9 73
EIOI(“%“O“ 05% 77 83 8.0 73 8.0
1.0% 8.2 8.6 6.6 6.8 77
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