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Influences of Heating and Coiling Temperatures on Recrystallization during Hot-rolling Process
in Ti Added High-purity Ferritic Stainless Steel

Ken KIMURA, Masayuki ABE, Masayuki TENDOU and Takehide SENUMA

Synopsis : The influence of heating and coiling temperatures on recrystallization of Ti added high purity ferritic stainless steels (17Cr-0.1Ti-ultra low

C,N) was investigated to claryfy the conditions of accelerating recrystallization in the coiling processes. The recrystallization during coiling

significantly retarded when the heating temperature before rolling was higher than 1423K or coiling temperature was lower than 1023K. The

effect of heating temperature was explained by the precipitation of Ti,C,S,. At heating temperature higher than 1423K, Ti,C,S, dissolved and

they finely re-precipitated during finishing rolling. These fine precipitates significantly retarded the recrystallization. At low coiling tempera-

ture, retardation of recrystallization was caused by the precipitation of FeTiP. At the coiling temperature below 1023K, FeTiP finely precipi-

tated during coiling before recrystallization and retarded recrystallization. When P content decreases, precipitation temperature of FeTiP be-

comes lower and recrystallization at 1023K was accelerated. Two important conditions to accelerate recrystallization were confirmed. One is

low heating temperature less than 1423K to prevent the dissolution of Ti,C,S,. The other is coiling temperature higher than 1023K to prevent

the precipitation of FeTiP. In the latter case, the decrease of P content is also effective.

Key words: ferritic stainless steel; ridging; recrystallization; precipitates; hot-rolling; heating temperature; coiling temperature.
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Table 1. Chemical composition of the steels used (mass%).

STEEL ¢ Si Mn P S Cr Ti N
A 0. 002 0. 04 0.08 0. 027 0. 006 16. 5 0. 0. 006
0. 003 0. 06 0. 07 0. 005 0. 006 16. 5 0. 0. 005
0. 003 0. 06 0. 07 0.022 0. 006 6.5 0. 0. 005
P 0. 003 0. 06 0. 07 0. 031 0. 006 6.5 0.10 0. 006
P4 0. 003 0. 06 0. 07 0. 044 0. 006 6.5 0. 10 0. 005
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Fig. 1. Microstructures after coiling at 1023K; (a) heating temperatures: 1423K, (b) 1473K, (c) 1573K.
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Fig. 2. Effect of heating temperature on fraction recrystal-
lized after coiling at 1023K.

HO, HREOBYPUZIZ02umDEBET 1 L &4 — &z,
BEED, TiB&UOPIRICP-REDHET, SIZHIHER
BT L 72,

3. XBER

3.1 MBMEEOTE

INFLEIE & % A 7= & & OB D WF %O SBMM A Fig.
HIRL, BEXORD -HBEGHE L MBEEOBKRE
Fig. 212" Y. MMEURE A 1423K T, 1E1F100% PG L

TW5 7, MENRE 2R B3I 2N THAEHEBIIETL,

1473K T3 70%, 1573K TiZHIS0%TBETH %,
IMEGEEE A5 1423K ¥ & UV 1573K D &EL ) JLBRRT % O M7 H
WD TEMEHE % Fig. 3(a)~(d) 1277 F, £/ TRDER

537 I



B 538

$% & 8@ Tetsu-to-Hagané Vol. 89 (2003) No. 5

Fig. 3. TEM micrographs of the samples before and after
coiling at 1023K; (a) heating temperatures: 1423K,
before coiling; (b) 1423K, after coiling; (c) 1573K,
before coiling; (d) 1573K, after coiling; (¢) EDX
spectrum of fine particles; (f) diffraction pattern of
fine particles.
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Fig. 4. Effect of heating temperature on the amounts of Ti
and S as precipitates before and after coiling at
1023K.
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Fig. 5. Microstructures after coiling at (a) 823K, (b) 973K, (c) 1023K, (d) 1123K; heating at 1423K.
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Fig. 6. Effect of coiling temperature on fraction recrystal-
lized; heating at 1423K.

WEEHDBENFRD 5472, FeTiP DRSO E 4 L8
TE5-BDICPEEZEE L MBOER/KAEDEFEL -2, Lo
P1~P4 DA D MBH# OB % Fig. 912739, PER il Fe
ENEEHFENIETT S, MHPELFMPEDOEKRE ’ o
Fig 1042753, FRMPRDORIINC M - THH P RIZMMT ¥
5, BEAEANHPRIZH LTSy PLEHRE I T
Fig 11124, B REVHMBAR L, Bl p R AT (e) MRAER AR
DI THERBEIEAS T 5, 2 UEZOT SO Fig. 7. TEM micrographs after coiling at (a) 823K, (b)
TEMA® % Fig. 121273, $90.1 um P25 O 5l & 7 4 973K, (c) 1023K, (d) 1123K and (¢) EDX spec-
N trum of fine particles.

3TN E FeTiPTd D, FeTiP DA HIREEIE P E DRI

H-oTHAES, B, ZZTEDONS 1 ymFEE DL

1O

43



EEl500 $kC 8@ Tetsuto-Hagané Vol 89 (2003) No. 5

g 007 ——s . — W Ti,C,S, Th B,
= 5 006r ] UEOHREELDEERDES E D, FMPELS
24 o ] VIEE B OB RIORET 5. FeTiP 135D BHIZ
27 o0 » PRHICAT 5 24, TRIMPRA L VIEE Z DR AN
o U ¥ 5. FeTiPOATHIR & FRESHRIZROMBE AL, FeTiP
¢ 0.02 g T T T T T 0)$ﬁs*175§ﬁ%|§ﬂ%fm%ljbf':<‘:%i 5hd,
= ® befor Coiling
é = I "1 O after Coiling
22 o0 4, EE
5 E
SR 41 WEMMC L BREEE
e N g o INFREE 25 1423K % 2 B & B 75 T1,C,8, O i i it

| | oline temperature ‘ ML, IO MOTEREGREL =, 22T, BRI

g e o e " T T RETHIIOREIZ O THERS 5. WAD TR

™D RD
Fig. 9. Microstructures of the steel P1~P4 after coiling at 1023K; (a) P1, (b) P2, (c) P3, (d) P4; heating at 1423K.
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Fig. 12. TEM micrographs of the steel P1~P4; (a) P1, (b) P2, (c) P3, (d) P4; heating at 1423K and coiling at 1023K.
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Fig. 14. Microstructure after finish rolling: heating tem-
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FRER X UERBENBTTZ 5229, BEHOET:
HHlcE s,

(3) BROUHEPOFERERERET S0, B FH
ORISR EECXREVWI L LEETH S,
MEGRE L Ti,C,S, W EE L THI T 2{KiIREE L, BHD
BEEFTPOHHIEE L VBVREL T3 2 EBEUT
b5,
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