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Influence of Hot Rolled Microstructure on the Recrystallization at
Surface Layer of Cold Rolled Low Carbon Steel Sheets

Shiji UCHIDA, Iwas SAWAI and FEiji KAMIsAKA

Synopsis :

Influence of hot rolled microstructure on the recrystallization behavior at surface layer of cold rolled low
carbon steel sheets was studied by optical microscopic and X-ray reflection techniques. The main results

obtained are as follows.

1} Recrystallization at surface layer delays in comparison with interior region,

and it depends mainly on {001}{110) developed at the surface layer by cold rolling. 2) Delay of recrystal-

lization is more remarkable at coarser grains in hot rolled steel sheets.

It is considered that the delay is

attributed to the effect grain size on the recrystallization and the promotion of formation of {100} in coarse

grains.

3) The surface texture of cold rolled sheet forms in very thin layer, about 2.59%, from surface in

thickness, and the formation of {100} is faster than that of {111}.
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Table 1. Chemical composition, hot rolling condition and grain size factors of specimens.
Chemical composition (wt% ) Hot rolling condition Grain size (zm) Coarse

Steel grain

. Finishing  Coiling Surface Center atio

c Mn Si P S Al O lemp (%5 e (%)

A 0. 009 0. 43 0. 004 0.018 0. 008 0. 002 0. 0031 0. 0231 890 615 20,4 21.4 0
B 0. 008 0. 43 0, 003 0.017 0. 009 0. 002 0. 0027 0, 0252 855 595 34.5 16.9 13
C 0. 008 0. 43 0. 004 0. 016 0. 009 0. 002 0. 0026 0. 0259 845 580 39.5 13,2 63
D 0. 008 0. 44 0. 002 0. 017 0. 009 0. 002 0. 0029 0. 0293 830 590 45,1 42.9 100

a) Steel A
Photo. 1.

b) Steel B
Microstructures of hot rolled sheets.
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a) Steel A, 600°C b) Steel A, 625°C c) Steel A, 650°C
d) Steel D, 600°C e) Steel D, 625°C f) Steel D, 650°C

Photo. 2. Microstructures of annealed specimens in longitudinal section. (87% cold rolled.
annealed for 1 min)

s

a) Steel A, 600°C b) Steel B, 600°C c) Steel C, 600°C d) Steel D, 600°C
e) Steel A, 625°C f) Steel B, 625°C g) Steel G, 625°C h) Steel D, 625°C
i) Steel A, 650°C j ) Steel B, 65Q°C k) Steel C, 650°C 1) Steel D, 650°C

Photo. 3. Microstructures of annealed specimens in surface layer. (87% cold rolled, annealed for 1 min)
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Fig. 1. Change in hardness with annealing.

(87% cold rolled, annealed for 1 min)

HIEEA#RT Fig. 2 wRTX 51 (200) 23 b g2
BXoIRBEESWTELIRL LY, Lid, BER
EBIHE CTHHREB, C, DIZk\ Tz OEAHE
Wi EhD TS 2B ERT. Fig. 3 KR L
72 {200} A R (3R D) o %1 < RD/(110)
HAHEE B DB B Do .

BEslitt o X R G E % Fig. 4 wrnd. (200) &
BT %L, BHERKET (200) 2ERRHCIREE 8
5 (200) oFAMEASFRACBEE LT\ 5. BEdE
g 625°C © o {200} 1§ & X % Fig. 5 wmd23,
RDJK110) @D BN hRBIEN KRBT EHE

(110)
2F L O surface

1%

(200)

@ center

0

P

8 -
—~ 6} L ®
§ i / i
s
X 2t
~ O_.-W
b ! n
‘a (12)
g 3 -
£ I e
§ 2 r
S .,,__.-——-.——'0
8 1} o—O0—o0o—o0
©
& R . .

(222)

5 o——‘%q\g

4t L

3 -

2 L

| H—O\.

Steel A B [ D A B C D

Hot rolled Cold rolled

Fig. 2. X-ray reflection intensity of hot rolled
and 879, cold rolled sheets.

a) Steel A, surface b) Steel D, surface c) Steel D, center

< {001}<110) W {112})<110) @ {111}<110> @ {111}<112) @@ {554}<225)
Fig. 3. {200} pole figures for surface and center layers of 87% cold rolled specimens.
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Fig. 4. Changes in X-ray reflection intensity of
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Fig. 6. Effect of lubrication on X-ray reflection
intensity of cold rolled specimens.

L
NL

—O— O

(200) Total reduction Steel Lubrication
50% 80%
—o—--o--

A
A
D
D

Reflection intensity (Xrandom)

0 0.1 0.2 0.3 0.4 0.5
Ratio of depth to thickness
L : lubricated, NL : not lubricated

Fig. 7. Changes in X-ray reflection intensity
through the thickness of cold rolled specimens.
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a) Steel A, lubricated
c) Steel A, not lubricated

Photo. 4. Microstructures of annealed specimens in surface layer.

for 1 min at 650°C)

Photo. 5. Microfacet pit on elongated grain in

surface layer of Steel D.
annealed for 1 min. at 625°C)

(879 cold rolled.
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