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Behaviours of Recrystallization and Transformation
Observed by Hot-Rolling of Nb-containing Steels

Shozo SEKINO, Naomicki MoR1, and Shinogu TAMUKAI

Synopsis:

The recrystallization behaviour of austenite of Nb steel at }-pass or 4-pass rolling was compared with
that low carbon steel. The relation between austenite grain size and ferrite grain size was also investigated.

The recrystallization was greatly influenced by the very fine Nb(G, N) precipitates which precipitated
during rolling. When Nb(C,N) remained unresolved, the recrystallization behaviour was the same as

that of Si-Mn stzel.
in the case of higher reduction.
small.

The recrystallization was more difficult at 1-pass rolling than 4-pass rolling especially
The influence of austenite grain size upon ferrite grain size was found to be
The main factor controlling ferrite grain size was cooling rate after finishing pass.

(Received Aug. 18, 1971)
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Table 1. Chemical composition of samples.

C Si Mn P S Nb sol N }{insol N | sol Al |insol Al Remarks
A 0-12 0-28 1-33 0-012 | 0-015 — 00050 | 0-0015 | 0-020 | 0-0003 | Without Nb
B 0-16 0-26 1.30 0-014 | 0-014{ 0-04 |[0-0048 | 0-0007 | 0-020 | 0-0003 | With Nb
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Fig. 1 Cooling curves after finishing pass.

Finishing temp. : 900°C
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Fig. 2 Relation between rolling conditions and y grain size after 4-pass rolling.

Quenched immediately after finishing.
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Fig. 3 Relation between rolling conditions and elongation ratio after 4-pass rolling.
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TBZEhbr5.
Nb $§8CEHTH IS ERECE Nbe(C,N)y L vwbhT
WBHH, UL ND(C,N) 2L BEiFS8TLES
ErHREPZOTHAET S 25, BHXEVo Nb
(C,N) IRAREZHL LTvwaZ &, B Nb BES
Al LRI X S5 r R HALE LS HEOH 5 2 & 58
B &7 Nb(C,N) 2955 L 23 & iR
TAAD/ & &1 Nb(C, N) 134 Lo d VWikEEic 7 B s
Fig. 8 A b5 X5 I'Shr 5 LT dHRIzE~
ELTEERR V. ZDZLhby hTOWHEEL RN
TEHbhrs. ZTMLSMb5 EEREZE LTI
HIBREXINT, 20 & 5T 380 BIr RS
IR LT 5 E Ex 5N 5. 1100°C st L7
Nb OB REET Fig. 3 TR+ X 5 EETE Nb
ZEEBRCHOBREGERLLTVWD Z 2, BLIETRD
@ Nb(C, N) i3 A AE Zcv 2 v 2 5. Fig. 8
THEFERTIC 24 hr £/5F L7cd vx Nb(C, N) B4 LT
WHBZ Db LOTEER LT VW &5, ML
P L7z Nb(C, N) o HEEFMIERED 55V 2 &A%
. IRRFEMEEBFREDOLBVICIZDOEDLS>EL
EDBDHBEVEZED. HFEHE ThHhE /92 i

Nb(C,N) oif AR T30 T, eSS PamE
I BIRARD /A TOFERITHH L 5 5 Nb(C,N) o
BER W EEXLND. —F | /SR FET HIIE @
FUTIET ZA TV Nb 25, FD,8 20 FET—SICH
3 27201 X DEIRTRELE LT b SRR
IEEhs LZE2 605 FiEGEIEOEE Y8273 Nb
DEVE 0°005~0°003% LITOEZHhDTHMELDDTSH

D VRRIEIED X 5 R OBA ZHEET Y 5
BEREEIREIIRT V. CHEFEEE X 2TE K
TR TANF—DWhbirbhdd Eixhi¥ YRE vz
%.

FEMPR I S D7 FIXERIESRE B2, 0
BRAMERZDL ST, iz v Shraskr®oicd 3.
HEIEREEA 950°C B TFABIC LA oT, ZEICFE
TEIREWHECERNGSEL, chicXoTER
e IR b f T o 5.

4-2 y/a Tk

r/a BRI DWW TIEIREBROHETIUNI LA L 7 #7
EioXbisnwl, WROEE LR, RIBHoAS
WORETHS. a NETHE ISIEETD Lot
RABENRAYT O 2 ~WEEZXTrMENNIL<T S L

— 23 —



1052 % &t W

58 4 (1972) %8 %

Heating temp.,
60 - 1250°C

40

I
—

20

100 -
80

Heating temp.,
680 1100°C

a0t

Recrystallization percentage (%)

AN

20

[m -,
D —
O
| 1 ] ! 1

1 050 | 000 950 800 950
Finishing 1emp. (°C)

O=——0 AC until rolling, 43% reduction
a  AC until rolling, 25% reduction
~ 0——0 AC until rvolling, 15% reduction
= Holding for 24 hr

at rolling temp., 43% reduction

Fig. 7 Relation between recrystallization percentage
and finishing temperature in l-pass rolling.

XOIEEEDFT aEMMLT 52 DT 585%R
HITH5.

v/o I IEEAEWIE S AR E V. LIBE
%@w’tw%hﬁﬁ%ﬁ#%ﬁ%mééamzé’a
P, —IRIC IR SKEL LDOEEDIE S B r/a
RBHIHIFE LWt nd dvix X 5. Kk »5
BEXghE a ORI 7 A » BRE LTS,
COBPESEERIILONIFTEZORESBIEENRS Z
L b X DT o R L6Nh5E FExbhD. i
Fig. 6 CHHA L B2 & LB, afEOEMET
X, 7 AAREHESKECSAHMBOoLN, IZIETRSM
LTVWBHMADENLDENEDLLRWI EP D, afi
EoREERLE LR, BEGEEOE»CHESRER
LTW5 EWZ 5.

)&\

Q04 -

0031

Nb (%)

o02 -

001 | e Heating temp,, 1250°C

0——o Heating temp., | 100°C

o 1 ]
o 5 24

Holding time (hr)

Unresolved and precipitated Nb in 7
immediately after l-pass rolling. The
specimens were held at rolling tem-
perature before rolling.

Finishing temp. : 850°C

o Nb N Al
o0s + 016 |0047 |000S5| 0023

004

003

002

Nb or Al (%)

00l

0
800 SO0

1000 1100
Temperature (°C)

1200 1 300

Fig. 9 Solubility curves of Nb and Al in
C-Nb-Al-N system.

5. f @

Si-Mn F{LRFEWMT, Nb 0H 0 7x LOFEITHDOWT
FIELBRTO r MOBERAER L, riEL o REDE
% (r/a THH) ©HOWTCHANTUTORmESE.

(1) rRE

i) B Nb ik r R (bE €%,

i) #ir7 Nb(C,N) BEEAETH LCHEE&REE
LLMIET 5. 2ok D Nb i 0:005% AT T4
TH5H.

iii) 1250°C fpga k1 100°C hpghClmEAE o v i
Bl RkERERDD, TOBROREMBEHRTIDEN

— 24 —



4 Nb KEHEMOEEITH T DEMELH KEBFD 1053

KIGICHEE 5 D OORKRNEES | FLLLOENKED.
iv) 4 RAFEE 1 S RFERDFE VY, HBREOHIX
DEE, BETE2E CHEABELESINS.

Nb(C, N) 2 Z A TWRWEEE Nb(C, N) DO

Himrsds>Th, Si-Mn RERFMO FREMET L3
IR U R EB 2R T

v) SEEETEL LEESEOETERKEWIZEFH
wEr R LT <, 70 BREHRED r RV s
5.
vi) RIBEEECTREREHBLEVEAETD, REERH»
o EEMS r L3z h 5.

(2) ahBE

1) 7/a ZEHCH T 5 r REDEEIIKRE kv
i) 7/a ZHILICH T 58 EOREIIRE L, H&EH
VIR E X O a S 2 B D
iii) KR CTOEET XD, 7 ORBEFEMIKE» HDOZLE
felX, v/a THLICF B E Lo 6T
x -3
1) J.J. Irani, D. Burton, J. D. Jones, and 4. B.
RortuweLL: Iron Steel Inst, Spec. Rep. P 104,
(1967), p. 110
2) K#mEth: BA&LEx45E 30 (1966), P- 1164
3) BER Wiz gk 4M, 56 (1970), p. 569
4) B E,»: Sk X, 55 (1969), p. 497

S

— 25 —



