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On the Hardness of the Low Carbon Steel Sheet
after Continuous Annealing

Synops1s

Etsuro SHUTO

The effects of the hot rolling condition, soaking temperature and line speed on the hardness
of the low carbon steel sheet after continuous annealing and electrolytic tinning were studied,
and the relations between these processing conditions and the grain size, the carbide dis-

_tribution and the approximate.dissolved carben content measured by the electric resistivity

method were discussed.

It was made clear that the uniformity in hardness obtained in the

continuously annealed low carbon steel was mainly due to the mutual cancellation between
the effects of grain size and of dissolved carbon content.
It was concluded that the hne speed was an effectwe factor for the hardness control.
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[E X%y 0*24mm, 1f1 100mm & Table 1,2 TR T%
FEER A b Y v 7 (BEER{0%) %8 eeshatiriE

XOALHEL VD, ¥ 480°C mb=REMEETOA
GBI ERGHERE SN/ RE T X (Hy: 5~8%, No: 5%
D) &2 ANVHOMLIVEHRIETAIY v PRBT
LY =y MSHIFRE EO72. Table 3105 4 ViEE L

THESEL 72, ARRBIFIIAKCTRT, E, BB, Bk LEREREOBGRET L, Fols EE&5omis
Table 1.- Grain size, Rockwell superficial hardness and chemical composition of hot coils
finished and coiled at different temperatures.
Coil |Finishing| Coiling | A.S. T. ‘11‘;‘?:;%‘ Chemical composition (in wt%)
temp. temp. | M. grain |¢ia] hard- Remarks
No. (°C °C) size No. ness C N Mn P S As Sn Cr
(30T) .
1 | s40 |s95 9 54:2 | 0-05 |0°0024| 038 | 0+008| 0-032| 0-019] 0°021'0+025)| rening cense:
2 850 650 8 50°9 0*03 [0°0021| 0°31 | 0*009| 0*015| 0°017 O'Ol7IO'026 tion test
3 870 685 7°5 52°7 0°05 |0°0016| 0°32 | 0°*010| 0°023| 0°025| 0°027,0°026)| Picked up
4 840% 590% > — -_ 0°05 {0°0023] 0*43 | 0°010| 0°032| 0°022| 0°017f — out of field
) running coils

* estimated.

Table 2. Ch.emical composition ranges of 25 BRORIE—E LD TS, 2 MY v FEEE, 2 b
co1ls' for the test on tl}e effect of Y v PICEEET VA - 7 0 2 VEVENEIEE L CTET
soaking temperature (in wt2}). - ] o o
: EXNBENRERSRET (FoskR #E « 3sfull scale) T
C| N |Mn | P | S | As | Sn  =mgmylwie. 54 o 4m/min THEREZZZ
0°03 | 0°0014] 028 | 0°006 | 0*012 | 0*011 | 0*008 7o E DRSOl % Fig. 1 IT/RL 7.
~ ~ ~ ~ ~ ~ ~ S TR e =p . SRR = gy N
: T Dl AF VN AFIEE v —VER 250mm D/
Table 3. Continuous anneé.ling cycle.
Line Heating Soaking [Slow cooling |Slow cooling Rapid Rapid Total
speed time time time © rate cooling time| cooling rate | annealing
(m/min) (sec) (sec) (sec) (°C/sec) (sec) (°C/sec) time (sec)
2 60 48 60 4 48 15 216
4 30 24 30 8 24 30 108
6 20 16 20 12 16 45 72
In case of
Not L - . - Soaking . from 480°C _
ote temperature to 100°C
720°C
P 2 RIEER TR, ETERF FFET I
S 0 CHRBIIE Lie. A A v ST D)
I \ 105 VE 245°C Xésec D,8— A{HFPEEIC X2 TT
W;é 7otz BEEEIX Wilson #h#lo v 7w = v
g \Qx ‘Z% HREEEST (ffE 30kg, 1/16infEk) T X>T
/ \\ lws  HBELZ.
AN
w BRIEHZ (LR OBEEBEREF R XD
/ 1'% TFFRVy, 0°01% DOEIERELZES =D, &
s25tkHs X O Dummy #Hi7 E1d 04+£0°1°C
I~ Rapid cooling + Slow Soaking” —T  healing T

Fig.

(248)

¢

cooling - T
3050

(AS8)

(3057

{. Recorded diagrams of annealing cycles for
different soaking temperatures at the line speed

of 4m/min.
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Fig. 2. Effects of hot rolling conditions on hardness.

grain size and approximate dissolved carbon
content.
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Fig. 3. Relation between the soaking tempera-

ture of continuous annealing and the
hardness after annealing.

The numbers in the figure represent the
coiling temperature (°C).

T, M and B denote respectively top,
middle and bottom of the ingot.
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Fig. 4. Relation between the soaking temperature
of batch annealing and the hardness
after annealing.

. The numbers in the figure represent the
coiling temperature (°C). :
T,M and B represent respectively top,
middle and bottom of the ingot.
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Table 4. Soaking temperature, grain size (A. S.T.M. No.) and approximate dissolved carbon content.

e Soaking temperature (°C) At soaking temperature of 810°C
" Coiling temp.
°C) and . - "
£ | posttionsn |_ = | — | e | s | mo| e0 | Bleowic | ApRIoUmA
O in ot R K 1vVily )
g g Grain size (A. S. T. M. No.) change (%) bon (c;/(;r)x‘pent
© : v
u 595, B* — — 11°5 100 9°5 9°0 0*42 0°0024
1) 650, B — — 10°0 90 85 8°0 066 0°0038
2 685, T* — — 105 9°5 90 85 0°48 0°0028
= 685, M* —_ — 10°5 90 85 7°5 066 - 0°0038
g 685, B - — — — — — 0°54 0°0031
Q
: 10°5~ 110°*0~ 90~ 8* b~
k% _— J— Doleg 2221 . *okok
Coiling té Soaking temperature (°C) Note: * T, M and B denote
Ol(g%g) :rrllép' respectively top, middle and
o0 it ; 550 600 650 700 750 800 bottom coils.
g | Dbosi 1on? n *% 20 coils were tested except
s ngo Grain size (A. S. T. M. No.) for coiling temp. of 595. 650
q - .
Fokk o1k
g 505, B 11°0 | 10°0 90 | 80 — 70 »‘,filbules Of No- 4 coil in
“ 650, B 10°0 9°0 80 7°5 | 7°0 7°0 €1
8 685, T 110 10°0. 9°5 90 8*5 8°5 §
< 685, M 10°0 [ 9°5 — 7°5 — 7*0
M 685, B 10*0 9°0 85 -840 — 7°5
110 9o~ 9°0~ 8°0~ 80~ 75~
kok .
590> ~12:0<|  1i*3]  10's 100l 9+0 9+0
| ‘ T l_ o o
8 o~ (Check analysis after batch annealing — » _'§ b
‘2 7+ o——o  (Check analysis after continuously amealing % w—% “
% 6 x-=—x Caleylated eguilibrium content —t é 59 -§ FEis
RN S
N ‘ S5 -5
IN ~
3 ot Juk
X 4 T 3 \.:
3 | y Yol & o |
N 3r ,/’ % E } Hordness
gx : e o NS 1 " 1/
N 2 % s g ! ! .
S| e Sorgar—T | | "
I x—mTT
: 53L W;z 3 ; 5 6 "0
5560/01500 ' 600 Vi k7% Line speed (m/min)
lied i o . . . .
e Soaking Lemperature (°C) Fig. 7. Hardness, grain size and approximate
Fig. 6. Effect of the soaking temperature on dissolved carbon content as function

the nitrogen content after batch and
continuous annealings in the nitrogen
atmosphere containing 5«48% of hyf
drogen.
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Growth of Cast Iron in Austenite Region.

Synopsis:

Kingo NAGAOKA

During cyclic heating in the austenite-region grey cast irons increase their volume irreve-

rsibly without transformation and graphitization.

In this study some experimental facts were

obtained on the growth in air, but they could not be explained by the oxidation theory.
Therefore a new mechanism, suggested by the author, of the growth was applied to explain
them. The results obtained are summarized as follows.
(1) Growth in austemte ~-region depends mainly on the dlfference in the temperature of

cyclic heating.

(2) Even the hard grey cast iron that does not grow in the critical range may grow in

austenlte reglon

~ (3) The dilatometer curves of nodular graphite cast iron show that this iron grows gra-
" dually in a loop in austenite- -region during cyclic heating.
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