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Retardation of Recrystallization of Austenite during Hot Rolling
of Nb-Containing Low-Carbon Steel

Synopsis:

Hiroshi SEKINE and 7adakatsu MARUYAMA

An investigation was made of the effect of Nb on the refinement of ferrite grain size in hot-rolled low—
carbon steels.

Experiments of hot-rolling by 2-passes were performed using 11 vacuum-melted steels with various C,
N, Nb, and V contents. 4

(1) In Si-Mn steels not containing such special elements as Nb, the coarse grains of austenite at soak-
ing temperature are recrystallized into fine grains during hot-rolling. The relation between the austenite
grain size just above Ar; and the transformed ferrite grain size is similar whether the process contains hot—
rolling or not. 4

The main results are as follows:

(2) In the steels containing comparatively large amounts of Nb or, when hot-rolled at relatively low
temperatures, in the steels containing small amounts of Nb, the austenite can not recrystallize during cooling
from finish-rolling temperature to Ar; and transforms to ferrite of finer grains. Ferrite grains nucleate
around the deformation bands in unrecrystallized austenite grains as well as at the austenite grain boundaries.
Mixed grain and/or upper—bainitic structures sometimes appear after transformation.

(3) The retardation of recrystallization of austenite during hot-rolling process in Nb-containing steels
is due to NbC(N) which has been in solution at soaking temperature and finely precipitates during hot—

rolling. Hot-rolling accelerates such precipitation. Therefore, when finish-rolled at a higher temper-

ature, the austenite of steels containing small amounts of C, N, and Nb recrystallizes completely.
(4) When the austenite recrystallizes completely during cooling to a temperature just above Ar;, the
presence of precipitates, as NbG(N) or VN, can contribute to the refinement of ferrite grain size, probably

by retarding the growth of ferrite grains.

(Received Sept. 29, 1971)
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Table 1. Relation between austenite grain size at soaking temperature and ferrite grain size
of hot-rolled 0°052, C steels.
Steel G Nb A% y-grain size a-grain size
(%) (%) (%) (ASTM No) (ASTM No)
5 C-Base- | 0-065 <0-010 <0-010 24 70
5C-20V 0-073 <0010 0-189 1-0 8-4
5C-5Nb-1| 0-048 0-041 <0-010 24 107
5C-10Nb 0-072 0-113 <0010 29 11-2
Si: 0°25%, Mn: 1-2% fixed.
Hot-rolling process. Soaking; 1200°C, 2 hr.
Pass schedule; 70—»60—»50—»40—’30-»20—»15—404» 7 mm
1 OTGO"C 900°C
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g3 Table 2 QIGRIED > L, afEEZMELTD

EEAZYE 00059 C R 7 §fiiE (5C-Base- I, 5C-Base-
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-1I0NbN) o HEMciEs BATHEHRA L. CE
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0°05% C RE&EEEDs 780/760°C, 0°19%C REfEHS 750°C, 0°18%C
REEE T2 710°C THOI:.

Table 2. Chemical compositions of steels (wt2).

Steel C Si Mn Nb A% N O
5C.Base- I 0-040 0-23 1-18 <0-010 <0-010 0-0021 0-0032
5C.Base-II 0-054 0-25 1-20 <0-010 <0-010 0-0015 0-0030
5C.5VN 0-058 0-24 1-24 <0-010 0054 0-0094 < 00010
5C-5Nb-1 0-041 0-24 118 0-049 <0-010 00026 0°0037
5C-5Nb-1I 0-040 0-26 1-20 0043 <0-010 0-0017 <0°0010
5C-5NbN 0-056 0-25 1-16 0°051 <0010 0-0134 0-0024
5C.10Nb 0-059 0-24 1-17 0-092 <0-010 00032 0-0016
5C-.10NbN 0-043 0-24 1-20 0-105 <0010 0-0143 <0-0010
10C-5Nb 0-11 0-24 1-19 0050 <0-010 0°0023 0-0010
18C -Base 019 0-27 1°26 <0-010 <0-010 0-0017 0-0020
18C.5Nb 018 0-26 1:24 0-048 <0010 0-0021 0°0010
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Fig. 1. Tirne—tcrhpcraturc curves of hot-rolling.
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Table 3. Relation between austenite grain size at austenitizing temperature and ferrite grain
size after cooling without hot-rolling, and its experimental procedure (5 C-Base-1 ).

State of specimen before s y-grain size a-grain size
heating Austenitizing (ASTM No) (ASTM No)
1 200°C X 2hr 08 5-1
Forged 1 100°C X 2hr 2:2 57
1 000°C x 2hr 2:6 54
_ Rapid heating 890°C x 20 sec 81 85
As-rolled (25°C/sec) ~ 900°C x 10 sec 8-0 85
Rapid heating 870°C X 35sec 8:0 85
30% cold rolled (25°C/sec) ~ 850°C x 300 sec 7:0 82
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Fig. 2. Relation between austenite grain size at
soaking temperature and ferrite grain size
of hot-rolled 0°059,C steels.

(Plate thickness 7 mm)
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Table 4. Effect of quenching temperature on grain size and fraction of recrystallized

austenite after hot-rolling.

; Finish-rolling Quenching i Fraction of
Steel 34 '3 temperature temperature 7-gran size recrystallized
) P (ASTM No)
(°C) (°G) ' austenite (%)
895 875 7-7 100
895 780 7-4 100
5 C-Base-1I 775
985 900 7-2 100
980 780 6-9 100
900 780 — 0
910 750 — 0
5C-5Nb-1I 700 1010 980 75 44
990 900 7°6 45
‘ 990 750 7-8 25
i 1 000 730 7°6 53
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T Et, SV CRIETHEMBEO—E £ /il &0k
ERIDDEFZRZDBLLEBTELD, COBREOETTIC
W, MR X5 L VWEDHL L LATFEEINEL 5T
H5.

BUEESIC IV HDEEER 7 B/ MBI oW THNS
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TV r OBFEREO BT COBRELU S B0 5 FX
oo b LINHOEER E QK ERESIEFC RS VT LA
FioRIbboTcahrhiE, LREERTO rIKEL KR
kB LIIEMIC LS.

FiEEERIcIE, 5C-Base-I & 5C-5Nb-I[ & v 7.
FITSE DFRIEFER G L7c3 D TEUE Lic Db, HWHELA
BOER» o BANT r NAMZE L. —F03EL

fHioxt LT, MANBRERLST2EE 2 REL ek,
T HDTOD 7 DL WEFHI-f5HR% Table 4
T DFERVE, BUEZOW AP,

R

DETHRRE D, EHEREOHFAL 3L Uik
EERTLTWS. R ERRFERDI L, & r OFHE
S BIT D WT BB KPP OEINARD bhishol 2 &
X, BUEREO F OSSR ThE R ETERZCKRT

LTLES ETHRADE—FT 5.

BLEDFERT, BIERERRERTO r DIRELTERTD
72DV, TOBANREN AnB EX D ESE T
NTH EFE LD BEIRAWE BTIWZ ERRT. £
T, FEEEBRDBAICOWVWT D, BUEHRTE 54507
Ary B LoBARE T L EEE LTEREERTO 7
B, HEADIEEE 1000°C @ & =0 ZEREEBTO
JeE MBS T B % Photo. | iz, F7-% OBER
fik% Photo. 2 1Z773 . [EIFRIC, L B2 D{REEA 900°C
DA DOWE % Photo. 3, Photo. 4 =753, Photo. 1
¥ L OF Photo. 3 OZFREEAT v iTlX, fREEIC X HEEE
EEPEDLNDS. Tihbb,

(1) G-Mngfs CG-Mn-VRTIE, tERDRERK
X667, 7RI TNTHBRT TIREE A Hh 5Eaf
DTS

,

(a) : 5C-Base- § (f=100%, ;GS=69) (b):5C-5VN (f=100%%, ;GS=7'6) (c):5C-5Nb-T (f=100%, yGS=72)

(d) : 5C-5Nb-§ (f= 539%) (e) : 5C-5NbN (£f=90%) () : 5C-10Nb (f= 0%)
(g) : 5C-10NbN (f= 0%) (h) : 10C-5Nb (f=9435) @) : 18C-5Nb (f=3095)

In parentheses : f; fraction of recrystallized austenite(9%). ;GS; austenite grain size(ASTM No).

Photo. 1.

Austenite grain structures, quenched from just above Ar, after finish-rolling at 1 000°C.
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(a) : 5C-Base-T (aGS=7"1) (b) : 5G-5VN (aGS=8"7) (c) : 5C-5Nb-[ (aGS=9"4)
(d) : 5C-5Nb-1 (aGS= ?) () : 5C-5NbN (aGS=9-5) (f) : 5C-10Nb («GS=93)
() : 5C- 10NN (aGS=9°5) (h) : 10G-5Nb (aGS=9"5) (i) : 18C-5Nb («GS=9"3)

In parentheses : aGS; ferrite grain size (ASTN No).

Photo. 2. Ferrite grain structures air cooled after finish-rolling at 1 000°C.

(2) C-Mn-Nb $0TiE, L b2 0iRE 900°C >
WO, 2SR RIKEE L A DN MERTH D
% 7oth A% D REE 1000°C iz 2T, RmCaE L Nb
Epb7gv 5C-5Nb- T THEEHE TRIEL 80T 5
WEE, RERSSIRAED, TR SR & SRTERE Sl DTRAE
L7odkRE (AT EG PR IRIE L 1.6) L2 Tw s,

Ll E s R, MR Nb iz X2E Ly r ofF
FRAFHEEWD XSERLTVSE. CRLORERIC
b & ST, EREERO 1 OIRAE L BUEH O o ik e
AR % < S MR Tz & & L.

3.2.2 ZREERFT 7 HSEAST TIREEOL&

BETS EOINTLE LW O ENERR T, wHE
Er—E LT BIRD, rNEOM» VL OEEARED
a RPN D & LB RITERD LI T WA Y. BUE
LVWOMT R IADOREETh, ERAENT OF
EERMNTT LTV, TOBEES 7 ORE & SEM o
o BLEE & ORICIE, L7 L EEOBE & REHRX
Lh bR WEROKILT 5 L EBWFENhD. £ TT,

X x OHEMAFEH TE LN C-Mn $HicBT 55 F
(Table 3) &, [FRHFRIC DWW T O BUEEREER LTk
WT, ZEREERTD 7 R & WM F 71T BEA D o R
FOBBREFNTHAI. CofERIIFRg SIKFAESND X
S, rRELaREOMICE r BiToMmToRMmC X
6%, BE—ZOBGRSKILLTWEHOLE HETE
5. Tiobb, BULGERERE T r OFERmAST

LT3 X 57RO BIELEHTIE, BUEM D a
WERTOLERERNO r NEE25 X5 X 5 BIKEECD

ribofgic, BEZTTIOHH NS0 o FE &13
ERl—ie bz L E%T 5.

A8 Fig. 2 i —EEEM T LcEME, Fig. 3 T
C-Mn §iic B U iS5 SN A ZREERT O 7 FE & BUEH 3
LCHBHM afEL DO BRE TOEEHBLADIOTH
5. MREOBEFHR2? 5, Nb & V&% Emi gt
o FIE OIRE VKT S BUEGTR ORENX, HEARFICH
KL L7 7y f A A IC TS S S e 5 Il H D EFEXTX
WTHAS.
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5C-Base- 1 (£=100%, yGS=6'5) (b):5C-5VN (f=100%, ;GS= ?)
(d) : 5C-5NbN (f= 0%) (e) : 5C-10Nb (f= 0%)

(c) : 5C-5Nb-1 (f= 0%)
(f) : 10C-5Nb (f= 0%) (g) : 18C-5Nb (f= 0%)
f; fraction of recrystallized austenite (9%).

I theses : {
1l parentheses rGS; austenite grain size (ASTM No).

Austenite grain structures, quenched from just-Tabove

Photo. 3.
Ary after finish-rolling at 900°C.

(a) : 5C-Base- [ (aGS=7'8) (b):S5C-5VN (aGS=89) (c) : 5C-5Nb-1 («GS=9"6)
(d) : 5C-5NbN (aGS=9'8)  (e) : 5C-10Nb («GS=9"6) (f) : 10C-5Nb (2GS=100)

(g) : 18C.5Nb (aGS=10"2)
In parentheses : @GS; ferrite grain size (ASTM No).

Photo. 4. Ferrite grain structures air cooled after finish-rolling at

900°C.
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5C-SNb-T } | I ]
8 7 6§ 5 4 3 2 ! 0

¥-grain size (ASTM No)

Fig. 3. Relation between austenite grain size at
temperature just above Ary and ferrite
grain size. (Plate thickness 7 mm)
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a RLOREZIEIT 590, Zh Lo EHirZERERO
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s Lo s N1

HETELTI
EDEE
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BCXOTKERDOENFTELELVI L TR MEDLD
THH L, #7480 Photo. 1, Photo. 3 o—Ric 1A b
XIOCRODZENTED. ERHOREILEITE

R, FOHEN S O, Photo. 5 IR+ X S ITRIND
ANEME TR IS AT 5 b0, LR MNEZEB L CER
IR d D EREL BIKICHAE O S DR ETHE. Fio
WFNOFBEERHET530b, 2EDENEFTLTES
NEOBRIEBTHS. DX S5 HERFIIBINC X 55
MTBEORE—rHE L <, R—8NTh, £2o7<
ERHEERR LTV WR S 2FE TS DE3vTh
% C-Mn-Nb $HORFEEL r HEFASCEaRTd
%53, Nb Z&E L WIRIATHDTH, BIET XDT
KM r BB ORI ER T SIFET 5 & & 2R
L7z. Photo. 6 1, 18C-Base {z-oT 810°C { ks
D ORIREME % & & 75 2 TS DL H B Sk g o
FLORBER T HNEL LD THS. KELIDOE

4

7 DIRFERS G E 2 RIFRE SR

N

Photo. 5. Various types of deformation bands in austenite grains.

X200 (6/7)
18C-5Nb, finish-rolled at 820°C.
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Photo. 6. Deformation bands in C-Mn steel.

ik, EEH oM En s HE N C-Mn-Nb fHDig
B BTl ) bih,rol:.

DEWL, ZOXOINRLERHEERTLREERr »OE
BLABEED, aEX 2 THRITT 5. Photo. 2k X
* Photo. 4 1IZ7R L /B IEM OO 5 b, ZEREERT O 1
PR LTH O/ T, afdihik nE L VWiiEH
ERDOTWA. LI L, INLIZ DWW THEyaNESR
W5 &, ZEREE 7 S SIRED, 5C-5Nb-1 &>
WT D 1000°C f B 0E L g TH S, R
A 7 BB O KRS E T I L7ohsD TG
AR LD DTHDT, HxD r WEEE L5740 51F
RO K IFIEE LV E EX DT ENTEDL
ZOX 5T, EEANTIERETH DEBFHEMHT 2D,
AR LIy P LDOEEBTELRLID EEDb LI
WL a 34 U TwWaB Z &1, FEHIREZETHS.

DEW, ZLREER r BES IS RIREOSETH D
%3, Photo. 1 @ d,e, h,i, BZHICHYTS. chbo
THIZED LN X 2, WMomHERESIREOHD 5

* LB, T 74< E 3EREHOCIREIRDVWTIE, KERMITH

WTAN. $74b5, 5C-10Nb @ 1000°C tEEHH B C WiEE

T, 60 HORBR/EBNOERS ICEFOTEIE, 20 FH 340,
& 107, THDI. COEBOEMEED 1 WEOFHHEIZ, 13T 300,
Thahb, BREOETTRE, Zzhic s 2 5KIEH (60-70 mm)
PEBLTHILT 5 &, HUHOBER 300, OB, BERICE

B 350, MR 100y OMENIKZEDS IOLEALNS. COH
Bl ASTRER I, ERSWERR E REFL—BRRLIC.

X 200 (6/7)
18C - Base, finish-rolled at 810°C.
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Table 5%, C-Mn-Nb g0 BEHIENER S X 0BT
EEIZ BT S TRAEM I D\WT, 7 Rl Nb 2 %8
LR THSE. OQBIEERTOBERTE T LOBEAN
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Table 5. Amount of precipitated Nb at soaking temperature and at 880°C cooled from the
temperature with or without hot-rolling (wt%;).

Quenched from Quenched from 880°C
1 S

Stee 123_0[]0 after Without Finish-rolled Finish-rolled
soaking hot-rolling at 900°C at 1000°C
5C.5Nb- [ 0-0007 0003 0-004 0-003
5C.5NbN 0-0019 0-001 0-011 0006
5C.10Nb 0-0013 0-006 0013 0024
5C.10NbN 0010 0-005 = 0-035
10C-5Nb 0-003 0-001 0-007 0009
18C.5Nb 0-006 0-005 0016 0-013
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Fig. 4. Relation between amount of Nb preci-
pitates in y-matrix and austenite recry-
stallization after hot-rolling finished at
1 000°C.
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Fig. 5. Relation between amount of free Nb in
y-matrix and austenite recrystallization
after hot-rolling finished at 1000°C.
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. Two types of NbG, cellular arrangement
precipitated during hot-rolling in austenite
and lines precipitated during cooling in
ferrite. 5C-10Nb, hot-rolled to 7 mm
thickness between 1060°C and 890°C in 8
passes after soaking at 1200°C.
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(a)(b) : 18C-5ND finish-rolled at 820°C, (c)(d) : 5C-10Nb finish-rolled at 1000°C

Photo. 8. Ferrite grains nucleated at boundaries of austenite grains and of deformation

bands in unrecrystallized austenite.
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