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Effects of Carbon on the Recrystallization Texture of Cold
Rolled Sheet Steel
Atsuki OKAMOTO
Synopsis :

The effects of carbon content below 46 ppm on the recrystallization texture were examined with a de-
carburized Al-killed steel of commercial purity. The carbon contents in the steel were varied by carburizing
at 700°C before cold rolling or at 420°C after cold rolling, and then their recrystallization textures resulting
from both cases were compared.

The carbon content during annealing influenced the recrystallization textures when it ranged between
zero and 20 ppm. The increase in the carbon content increased the amount of {110} components and
decreased that of {100} components. This effect was believed to be caused by the carbon in solution. The
carbon content during cold rolling was also found to have an influence on the recrystallization texture,
when it exceeded 20 ppm. The increase in the carbon decreased the amount of {111} components and

increased that of {l10} components.
particles during cold rolling.
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This effect was thought to be due to the presence of iron carbide
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Table 1. Chemical composition of decarburized
Al-killed steel. (wt%)

C Si Mn P S sol. Al N

0. 0003

0,02 0.18 0.008 0,012 0. 087 0. 0047

Photo. 1.
Al-killed steel.

Optical microstructure of decarburized

(< 100)
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H,O % X0° H, BEFHSH T 700°C, 48h B L,
HENEEEZ 5 L L @PRER TR 46 ppm %

Pyo, FTHbBEMMNAELNC L D RE S i 704°C
TR B FHER
C(wt%) =0.0065 X Pco- Py, /Pryo +wveveeeer

kb, Table 2 E#rRT X 5 ER L.

LEDX5fasn v ieBRMUBIN-ME -
St AZes 1%, 350°C 1= 1h BHBUEL L. =0
MBI T RTCOBRER A VEL P ELTHBIES
DHOLOTHHH, B T5 X5 CBAEELHBEORK
ENEBRRE TRE L.

W REREOHITIZ LECO-CS144 % {#/H L T2
fo. ADWEBIRROIOLY 1A FEE LR
2, BETEHDIX 6ppm < HWETT H2keDT,
6 ppm LI F o4 FHEOSHR TR LTk, 500°C T lh
BEEKE L, REYEB I B, BIREENmER
CTAFR— 22— 2BE%RD, thIVREEYHE
L.

Table 2 ikREED L FHERK 2 LEHE I hi-{E,
LA FRERE LONTERE» LR E IR ER R L
Trd. 3EDHEIIBHERZB - CER R V—H%
T AR CIREF*HOKBELRER LA LTHE
BREREET L.

Table 2 FEIC XA HIELER © 8K O NITEE » b

(1)

Rapid heating

TEx . FHERFO CO 45FE, Pco, HO SJE,
700°C, 48hr in
mixed gases of
C0, Hz0 and H,
A.C.
Decarburized
stee]

Carburizing

Precipitation
(C: 046 ppm)

treatment

Cold rolling

800°C, 2 min

Slow heating
650°C, 1hr

O Chemical analysis
Internal friction
@® X-ray diffraction

Fig. 1. Experimental procedure,

Recrystallization
annealing

Table 2. Carburizing atomosphere, total carbon content and dissolved carbon

content before cold rolling of steels.

Steel A B C D E F G
CO 0 0.2 0,4 0.8 1.6 3.2 3.2
- . 4,2
Carburizing atmosphere (%) H ;0 (Dew point) 7.3 (+40C) (+30°C)
H, balance
Calculated from 0 L6 3.2 6.6 13 25 16
equilibrium eq. (1)
Total carbon content (ppm) g‘l'généc_%sarﬁ%sis 3 3 3 8 12* 21+ 46
Cal. from Snoek peak - *
(W. Q. from 500C) 0. 6* 1.4 3.5
Dissolved carbon content before cold rolling (ppm)
Cal. from Snoek peak 0 _ _ _ 0 0.6 1.9

(F. C. from 350C)

* Total carbon content adopted in this study
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Steel A St/eelﬂG ‘
(C< 1 ppm) (C=46 ppm)
(a) (b) Rapid heating to 800°C
(c) (d) Slow heating to 650°C
Photo. 2. Effect of carbon content before cold

rolling on optical microstructures of annealed
steels. (X 100)

4

Slow heating to 650°C

10+
gto¥o" T T T T~
~=~-o0
8r Rapid heating 1
to 800°C |
Tro1222)
A L 1 —1 1 A

Integrated intensity ratio (x random)

0.25F {110} >
0.20f -
0.15}
0.10

Slow heating
0.05f

. A L n L i 1
0 10 20 30 40 50
Carbon content (ppm)

Fig. 2. Effect of carbon content before cold
rolling on the recrystallization textures of an-
nealed steels.
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RD

Steel A
(C <1 ppm)

RD

v {111}<N12>
> {111}<011>

RD

™

Steel E
(C=12 ppm)

RD

0 {100}<011>

Steel F
(C=21 ppm)

D

Steel G
(C=46 ppm)

Fig. 3. Effect of carbon content before cold rolling on the {200} pole figures of steels

annealed at 650°C by slow heating,.
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Fig. 4. Effect of carbon content before cold
rolling on the recrystallization process by slow
heating.
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Fig. 6. Effect of carbon content after cold roll-
ing on the recrystallization textures of steels
annealed at 650°C by slow heating.
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Fig. 5. Experimental procedure.
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C <1 ppm

e {(111}<112>
> {111}<011>
o {100}<011>

C = 32 ppm

Fig. 7. Effect of carbon content after cold rolling
on the {200} pole figures of steels annealed at
650°C by slow heating.
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Fig. 8. Effect of carbon content after cold roll-
the recrystallization

ing on process by slow

heating.

C< 1ppm

C=32 ppm
(a) (b) Annealed to 520°C (X 500)
(c) (d) Annealed to 650°C (X 100)

Photo. 3. Effect of carbon content after cold
rolling on optical microstructures of annealed
steels.
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Fig. 9. States of carbon during cold rolling and
annealing as a function of the total carbon con-
tent in steel.
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Fig. 10. Segregation of interstitial atoms to dis-
locations as a function of temperature. (disloca-
tion density : 101 lines/cm?, amounts of interstitial
elements : 20 wt ppm)
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