[=2] 92337, A 177 A|23.(2004)
J. of the Korean Society for Heat Treatment, Vol. 17, No. 2, (2004) pp. 78~86

SXERL HAZ TN EF4A W o{HEEZ0|
O|MIZ=Z[of OX|= A&

328
A7 AR ZA AR

Effects of Alloy Additions and Annealing Parameters on
Microstructure in Cold-Rolled Ultra Low Carbon Steels

W. C. Jeong
School of Mechanical and Automotive Engineering, Catholic University of Daegu, Gyeongsan 712-702, Korea

Abstract Effect of annealing parameters on the formation of ferrites transformed at low temperatures were stud-
ied in cold-rolled ultra low carbon steels with niobium and/or chromium. Niobium and chromium were found to be
effective in the formation of the low temperature transformation ferrites. The low temperature transformation fer-
rites more easily formed when both higher annealing temperature and longer annealing time, allowing substitu-
tional alloying elements to distribute between phases, are in combination with faster cooling rate. It was found
from EBSD study that the additions of niobium or chromium resulted in the increase in the numbers of high angle
grain boundaries and the decrease in those of the low angle grain boundaries in the microstructures. Both gran-
ular bainitic ferrite and bainitic ferrite were characterized by the not clearly etched grain boundaries in light micros-
copy because of the low angle grain boundaries.
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Table 1. Chemical compositions of steels(wt%)

Steell C |Mn| P | S [SolAl N | Nb | Cr
S1 |0.0035(1.86 {0.010(0.01110.028/0.003] - | -
52 10.0030|1.92 |0.014(0.010|0.040(0.003/0.017| -
S3 10.0030|1.94 |0.011{0.011(0.045/0.003(0.018(1.38
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Fig. 1. Optical micrographs showing the effect of annealing parameters on the microstructure in steel S1. AC ; air-

cooled and WQ ; water-quenched.



82 A

FAEA] oA sFEZ 9] E2o| H} s}
I A=TL e 2L o, AFEAE F 74
SR ot spizFo] FujHos AgsiA] &
g opE B

3 Y STFe odd 227 F7I8AY of
23 ARRle] ZojAd =7t 3A 7RI ©1A
& 22X A FAEE B X8R e
A Mnd] F=THI7E dojuA ol WE
ZFEt a2 WHelE At Al o, op, o
o AL wHEiolES] S FINZY] HE
Z woEt Mn X383 dEdaes a2
2ol Hlg) BEETE =2)7] Wil ojddshe
F HElolEZ} e EUolER HElE o HiglolE
o} Q2HUo|Eol] ARIHlA Mno| F=THI7}
A71A Eok. & BEEE LAEUR|ES FEtolE

o] QHZ BEL Mn F57} g =31 eEHY
olEd]| 3 HElo|Edl= Mn w57} wig- o}
A A Bt o]2ig Mne] F=7Hle] 93] Mnd] &
Tt w8 JYL My miEgelEY] S £
ke Aoz o). ofdy 257} Ukl ofd
& ARlo] AoEFE o BHTHE op, 0pRTHE o
o] A§do] ZX=UT. o] FF FellA AHst
o] Nbe] 37k S27delut Nbelu Cre] A 3
7ve S373e] FAIME FLsHA #EAEHUT 1
Hu FAeIAE 75l BAIgle] 1, AT o
Jd8o) a3y} #AERA] ket ol X8y &
YA FEHECRE WEEYT AL st
o|E9] Aol mIX|= FFe| F-& oJngit.

Fig. 2= SVl 0.017%2] Nv7}t 371 SAekA
Alkilledd?) S274-& 860°C2} 920 °CollA 50 2

50 sec

——
R : <

Fig. 2. Optical micrographs showing the effect of annealing parameters on the microstructure in steel S2. AC ; air-

cooled and WQ ; water-quenched.
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Fig. 3. Optical micrographs showing the effects of annealing parameters on the microstructure in steel S3. AC : air-

cooled, WQ : water-quenched.
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Fig. 4. EBSD results showing misorientation distribution
of the grain boundaries in steels S3.
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Fig. 5. TEM micrographs showing the substructures in
steels (a) S1 and (b) S3 annealed at 860°C for 50 seconds
followed by air cooling.
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