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Synopsis :

Effects of carbon and manganese contents and heat treatment of hot-rolled sheet on the
recrystallization behaviour after cold rolling of low carbon steel sheets have been
investigated. (111) texture is developed sharply by quench-temper treatment of
hot-rolled sheet and this effect becomes conspicuous in the steels having around 0.02 to
0.03% carbon and 0.05 to 0.10% manganese. In these cases, a clear re-increase of
electrical resistively at liquid nitrogen temperature, pN, can be detected at around
300°C 1in the isochronal annealing curves of pN after cold rolling, and this will be due to
the reversion of dispersed fine cementite into the matrix of high dislocation density.
(111) texture after box annealing tends to become sharp in the specimens showing the
large increment of pN mentioned above. Electron microscopic observation shows that
the carbon atoms derived from the reversed cementite can precipitate again as fine

cementite particles along the subboundaries of recovered grains, and it is suggested



that these cementite inhibit the movement of subboundaries during the early period of
recovering process and accentuate the difference of growth velocities of grains having
different crystallographic orientations. On the other hand, in the specimens normalized
before cold rolling re-increase of pN cannot be observed and (111) texture after box

annealing becomes weak unless the original carbon content in steel is lowered.
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Synopsis :

Effects of carbon and mangangse contents and heat treatment of hot-rolled sheet on the recrystalliza-
tion behaviour after cold rolling of low carbon steel sheets have been investigated.

(111) texture is developed sharply by quench-temper treatment of hot-rolled sheet and this effect
becomes conspicucus in the steels having around G.02 to 0.03% carbon and 0.05 to 0.10% manganese.
In these cases, a clear re-increase of electrical resistivity at liguid nitrogen temperature, Px, can be
detected at around 300°C in the isochronal annealing curves ol @y after cold rollig, and this will be
due to the reversion of dispersed fine cementite into the matrix of high dislocaticn density. (111)
texture after box annealing tends t¢ become sharp in the specimens showing the large increment of
fn mentioned above.

Electron microscopic observation shows that the carbon atoms derived from the reversed cementite
can precipitate again as fine cementite parlicles along the subboundaries of recovered grains, and it is
suggested that these cementite inhibit the movement of subboundaries during the early period of
recovering process and accentuate the difference of growth velocities of grains having different crysta-
{lographic orientations,

On the other hard, in the specimens normalized before cald rolling re-increase of @x cannot be
observed and (111) texture after box annealing becomes weak unless the original carbon content in

steel is lowered.
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Table 1 Chemical composttmns of specimens (as cast, wt%)

MET B &I L » THEE

L ¢ | si | M \ P s | Al | o | N (EOMEEBYEELL
ol i e e R A b ¥ ~
C'é 8.807 Z6.6177C0,01 6,003 0,008 T 0.001 | 0.0065 |0 0005 R REHLOMELLIT O
-020 ” # ” 0.006 # | 0.0035 Py e -y p
3| 0.027| " vl o00s| o |ooos| . 2 (RETHofs MERO
4| 0.061 r ¥ 7 | 0.004] # ]0.0031 1 0.0009 —{fA iR Imm ZIHHL,
5| 0.003] <0.0L| 0.10] 0.002| 0.006 0.001 | 0.0034 |<0.0005 _ ., _ .,
61 0.017 ” ” P | 0,005 # | 0.0022 . CAKCERE 0.3mmé DfE
71 0.024 ” o 2 1 0.005 » | 0.0029 » o pmp
S 0'83(1) | ” ” # 0.005 v | 00054 | 0.0006 PoRREAM s MERLT,
60811 » | _ o+ | # | 0005 # |0.0020| 0.0011 FEH#TFREEREAY 100mm
10| 0.002|<0.01| 0.30| 0.002| 0.006 | 0.001 0.0090 | 0.0008 .
}é g.g?g ” g.so # | 0.005 ” 10 0076 | 0.0010 DRAEIEHL, “hi#®
. ” .28 # | 0.006 # 10,0036 | 0.0008 o o
13| 0031 v 0| ows| {0.0022 | o0.0008 [mAH400°CE TOMH20°C
144 0.070 v | 029  w | 0.004 v | 0.0029 | 0.0018 = . :
Mn-1{ 0.033| <0.01 | <0.01 | 0.002| 0.007| 0.001 | 0.0038 | 0©.0015 RO SR T 5 HET
2| 0.041 # 0.05 u ” | 0.0029 1 0.0012 ZERBEMiA T, BEHiIE
3| 0.041 P 0.10 ” ” # |0.0019 | 0.0013 _ ... .
g 0.043 ” 0.20 # ” # | 0.0020 | 0.0011 PHAHOWERRAYTOE
0.045 p 0.25 " ” » | 0.0042 | 0.0011 . :
6| 0022 ~# | 0.3 v | 0.006| # |o0003z| o0.008 SARTIEREL 7o R
71 0.033| 0.04] 0.80 7 | 0.010 7 1 0.0017 ) 0.0016 iy LE e IRfe X P i
U = v 3R b ]
Table 2 HT:; trlel:-itments of specimens before BETAHILC L T oln. BEIRMIEHK
co roliing -
. o o EFRFCHEFLICARCERABRE, £0OLX
Sign Heat treatment AROBERTEC AT SBER 2H8O7 40 %

N 950°C = 1h A.C.

Q | 950°Cx1n W.Q.

T 950°Cx 1h W.Q.4+-350°Cx 1h A.C.

685°C
E E Tight anneal.
]
28 J2ob Len]
A0 0
L :
2 /"] ;
Cobenl w0 wn o Lang
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Fig. 3-(a) Effects of carbon and manganese
contents and heat treatments before
cold rolling on the tensile properties
of tight-annealed specimens (« N,
xQ, oT.  see Table 2)
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Fig. 4-(a) Effects of carbon and manganese
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cold rolling on the tensile properties
of open-annealed specimens { « N,
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Fig. 7 FEffects of manganese content and heat
treatment before cold rolling on the X-
ray reflected pole intensities of tight-
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Fig. 9 Effect of cold working on the change
in electrical resistivities, Py, due to 5
min isochronal annealing of quenched
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having 0.041% carbon and 0.05% man-
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Fig. 10 Effect of cold working pn the change in
electrical resistivities, ox, due to 5 min
isochronal annealing of quench-tempe-
red and subsequently cold worked spe-
cimens having 0.041% carbon and 0.05
%, manganese
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Fig. 11 Relations between electrical resistivities,
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Fig. 12 Change in electrical resistivities, x,
{normalized expression), due to isothe-
rmal annealing of specimens which are
quench-tempered and subsequently cold
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{0.041% carbon and 0.05% manganese}
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Table 4 Chemical analyses of cementite in
specimens after cold rolling and after
subsequent heating (Specimen Mn.2,
see Table 1, quench-tempered before
cold rolling)

ngﬁl_n:;ant F::;C% -”Cil% as Fe,C
As cold rolled ‘ 0.31 0.0206
200°Cx5min ‘ 0.28 0.0187
300° | 0z 0.0173
000 4 ‘ 0.33 0.0220

3:2.2 CERRICSZOABEEHMOEL

Fig. 14 430.01% LI F, 0.10% 15 X 1°0.30%Mn
TrhEhad, hoaCaEFENRLIRH%,
BRTTAM LicObT0SEREEL, ShieE
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Fig. 14 Effects of carbon and manganese con-
tents on the change in electrical resis-
tivities, gx, due to 5 min isochronal
annealing of quench-tempered and sub-
sequently cold rolled specimens
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Fig. 15 Effect of manganese content on the
change in electrical resistivities, pn,
due to 5 min isochronal annealing of
quench-tempered and subsequently cold
rolled specimens all having around 0. 04
97 carbon
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Fig. 16 Relation between the ratio of electrical
resistivities, gao/p20, after 5 min iso-
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rolling)
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Fig. 17 Change in electrical resistivities of que-
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Fig. 19 Relations between carbon content of spe-
cimens and the annealing temperature
corresponding to the midst value of the
hardnesses of specimens after annealing
at 440 and 700°C (see Fig. 18)
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Fig. 20-(a) Effect of carbon content on the
changes in the(111) pole intensities
and in the hardness of specimens
during recrystallization annealing
(0.01% manganese and 0.006%
sulfur, quench-tempered before cold
rolling)
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Fig. 21 Relation between the minimum (111)
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Photo. 2 Change in microstructures during recrystallization annealing of the specimens having
0.04% carbon (All specimens were quench-tempered befare cold rolling and were anne-
aled at a heating speed of 25°C/h after cold rolling by 70%)
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