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Effect of Rough Rolling Condition on the Formability and Ridging
of 17% Cr Stainless Steel Sheet
Jirou HARASE, Tetsurou TAKESHITA and Yakitirou Kawamo
Synopsis :

The ridging quality of the 17% Cr stainless steel sheet was found to be closely associated with the rough
rolling schedule in the hot rolling process.

When the rough rolling is carried out in the temperature region where no substantial a— 7 trans-
formation occurs immediately after the final rough rolling pass, namely final rough rolling is carried
out in a single phase or in ¥+ @ dual phases before and after final pass in the rough rolling with the
inter-pass time of about 30s, the static recrystallization in the rough rolling process is promoted and the
ridging of the final annealed sheet is remarkably improved even processed without hot band annealing.
The riding quality is not improve when a— 7 transformation occurs immediately after the rough rolling
as the static recrystallization after rough rolling is suppressed by the transformation even with inter-pass
time longer than 30 s.

Base on this finding, the new hot rolling method referred as “IRP” (Inter pass Recrystallization
Process) has been developed.

Key words : ferritic stainless steel; recrystallization; r-value; ridging; texture; alpha and gamma phase ;
phase transformation.
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Table 1. Hot rolling condition of the experiment 1.
Svecimen Soaking _ Rough rolling reduction (%) Inter—%ass Finish temperature Finish roll temperature
P temperature (°C) 1 2 3 4 5 6 time (s) of rough rolling (°C) Start (°C) Finish (°C)
la E 800 640
b 1000 15 29.4 33.3 50 50 50 10 1022 650 570
2a 800 642
% 1000 15 29.4 33.3 50 50 50 20 1075 650 565
3a _ 800 650
3b 1 000 15 29.4 33.3 50 75 20 1065 650 572
4a 800 633
4b 1200 15 29.4 33.3 50 50 50 10 1080 650 570
Sa 800 678
5b 1200 15 29.4 33.3 50 50 50 20 1053 650 583
6a 800 643
6b 1200 15 29.4 33.3 50 50 50 30 1021 650 570
7a . 800 690
7b 1200 15 29.4  33.3 50 75 30 1087 650 650
8 1250 15 29.4 33.3 40 75 — 10 1180 600 555
9 1250 15 29.4 33.3 40 75 — 40 1153 600 545
Table 2. Hot rolling condition of the experiment 2.
. Rough rolling condition |Finish temp.|Finish roll temp.
Soakin P . h i ti
Specimen| Al % ¢ (?C) Schedule Inter—pass |of rough Start | Finish Rough rolling reduction
emp . time rolling (C) “c) <O
a 0.17 1200 IRP | 15s 1035 975 850 60
b 0.17 1200 IRP | 25s 1001 831 862 8
€ 4o}
c 017 | 1200 IRP | 15s 1115 986 | 899 :
d 0.17 1200 IRP I 25s 1087 974 912 §2ﬂ
c
e 0.13 1200 IRPII 25s 1038 950 809
f 0.13 [ 1300 IRPI 25s 1134 1002 | 891 U
Number ot passes

*1 The finish rolling schedule ! 20.0 ¢t — 13.7—10.0—7.7~57—3.8 mnt (6 passes )
X2 The finish rolled sheet was air cooled to the room temperature.

*3

The heavy reduction(%) at the initial two passes were the total amount of

reduction given by tandem two stands as the inter-pass time was small

(less than one second)
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Fig. 1. Effect of inter-pass time (s) and
the final reduction (%) of rough rolling on
the r-value and ridging height of the final
annealed sheets. &, & and O, @ denote
values obtained by the process without and
! with hot band annealing respectively.

*2 10 20 20 10 20 30 30 10
*3 50 50 75 50 50 50 75 75

rough rolling condition
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Table 1 O % » T, §fF A (IR 1000°C X
1200°C, HIFEREHMIT T 50%, /S AMEEM X 10s)

&t B (N#LIEE 1000°C KO8 1200°C, HHEHE A%
JE T 75%, /< X EEEIE 20 s (INBGREE 1000°C) %
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40 Open and solid marks denote high and low
temperature finish rolling respectively.

Condition A Condition B

Condition A : 50% final reduction with the inter-pass time of 10s
Condition B : 75% final reduction with the inter-pass time of 30's
4a and 7a correspond to the specimens 4 a and 7 a respectively
shown in the Table 1. % denotes slab reheating temperature.

Fig. 2. (110) pole figures of hot rolled specimens.
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Condition A Condition B

Condition A : 50% final reduction with the inter-pass time of 10s
Condition B : 75% final reduction with the inter-pass time of 20 s
(3a) or30s (7a)
la, 3a,4a and 7a correspond to the specimens 1a, 3a,4aand 7a
respectively shown in the Table 1. % denotes slab reheating
temperature.
Fig. 3. (100) pole figures of cold rolled speci-
mens processed without annealing before cold

rolling.
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Condition A Condition B

Condition A Condition B

Condition A : 50% final reduction with the inter-pass time of 10s

Condition B : 75% final reduction with the inter-pass time of 20 s
(1000°C*) or 30s (1200°C*)

la,3a,4a and 7 a correspond to the specimens 1a,3a,4aand7a

respectively shown in the Table 1. % denotes slab reheating

temperature.

Fig. 4. (100) pole figures of cold rolled speci-

mens processed with annealing before cold rolling.

Condition A : 50% final reduction with the inter-pass time of 10s

Condition B : 75% final reduction with the inter-pass time of 20 s
(1000°C*) or 30s (1200°C*)

la, 3a,4a and 7a correspond to the specimens 1a, 3a,4aand 7a

respectively shown in the Table 1. % denotes slab reheating

temperature.

Fig. 5. (100) pole figures of cold rolled and
annealed specimens processed without annealing be-
fore cold rolling.
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Condition A

Condition B

Condition A : 50% final reduction with the inter-pass time of 10s
Condition B : 75% final reduction with the inter-pass time of 30s
4a and 7a correspond to the specimens 4 a and 7 a respectively
shown in the Table 1.

Fig. 6. (100) pole figures of cold rolled and
annealed specimens processed with annealing before
cold rolling.

* denotes slab reheating temperature.
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Surface 1/4t Central

portion

A : Rough rolled by 6 passes with 10 s inter-pass time
B : Rough rolled by 6 passes with 30 s inter-pass time
Slab reheating temperature : 1 200°C in both cases

Photo. 1. Optical micrographs of rough rolled
bars.

*
Central
portion

Surface 1/4¢

A : Rough rolled by 5 passes with 10 s inter-pass time
B : Rough rolled by 5 passes with 40 s inter-pass time
Slab reheating temperature : 1 250°C in both cases

Photo. 2. Optical micrographs of rough rolled
bars.

Wi L CEEESABE oINS Th
WA LS A BIRER 40 s oA, WESLE L RIERE
HERE b RS L()‘fh*ﬂj(r!ﬁnaﬂ*iﬁ‘\%“. ER AR P
&ﬁ%umku,rLﬁma$ﬁfu&wrﬁ%w
SHMEER o HTHRT L2, AR SREY
7o, ZOBSAT yHSHUTAERESITHETLTS
D oy PELRAICHH L THRBERSRE 2ho 2k
HEEZLNS.



17%Cr 25 > L 2RO LML ) ¥ v Z 12 RIT T HE &t 0B 1301

3-1-4  AIN O¥H12%58)
rEWIEROBE C, N 2K s e5 L mEb+s2
ko TS, HERIO C i Cr it e L
THEESN5S2%, BEHENPRBRESEL20003, 21k
WIEME DB N TERORMAVLETH ), KERTIE
ZTOZEDBEBLT Al #LB IR 2EMZHRL
7z. Fig. T ISAEBROBIER D AIN T HE & BIESAE

1000 C*! 1200C* 1250 T**
90
80| O~
€ 70t \O
g P
> 6o /| o
& /-~
< s50f //"
: /
> 40 /
30} S
~
20}
10
,,.
0 [ | S 1 1 =0
%210 10 20 10 20 30 30 10 40
%350 75 50 75 50

rough rolling condition
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Fig. 7. Effect of hot rolling condition on the AIN
precipitation. Open and solid marks denote high and
low temperature finish rolling respectively.
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Fig. 8. Ridging height and r-value of the final
annealed sheets hot rolled following the condition
shown in the Table 2. Specimens a, b, ¢, d, e and
f correspond to the specimens a, b, ¢, d, e and f
respectively shown in the Table 2.
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% in the figure denotes recrystallized fraction.

Solid line : P time, 10s Broken line : P time, 30's

Figure with broken underline : Grain size after holding for time
B with 10s P time

Figure with solid underline : Grain size after holding for time B
with 30 s P time

Fig. 9. Effect of deformation temperature (Td)
and inter-pass time (P time) and holding time after
deformation (B time) on isothremal recrystalliza-
tion.
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L CHEF/KHIETEHY r i BA40101, thE
FIERERE % 900°C EENERE L, »2KEFMD o
WHEALLLTHIEPNEMNTHS.

2 ) EGHM

o
A

Table 3. Hot rolling condition and the formability of the final annealed sheet in the experiment 3.

Rough rolling condition Finish Finish Formability of
temperature ¢ rollintg Coiling thfi f(inah
Specimen Reduction (% )/Pass Inter-pass of rough emperature temperature annealed sheet
time rolling . o
o Start | Finish ° Ridgin N
1 2 3 4 5 6 7 (last 4 pass) oy | S (°C) heightg(u%n) F-value
C 12,0 25.0 30.3 31.3 38.0 36.7 32.3 15s 1052 999 894 600 56 1.46
N 10.2 16.8 21.9 31.5 32.7 39.4 40.0 25 sX4 1014 975 900 650 32 1.43
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