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The Effect of Hot Rolling Conditions and Chemical Compositions on
the Onset Temperature of -« Transformation after Hot Rolling

Chiaki OuUcHI, Tetsuya SAMPEI, and Isae Kozasu

Synopsis :

The effects of hot rolling condition and chemistry of the steels on the onset temperature of y—o transfor—
mation after hot rolling were investigated using the thermal analyzer developed for measurment of A,
temperature after hot rolling. The changes of A;; temperature and austenitic microstructure with the re—
heating temperature, the rolling temperature and the rolling reduction were investigated in the Si-Mn
and Nb-bearing steel. These results were analyzed based on the changes of the effective interfacial area
per unit volume(Sy) that included the recrystallized or unrecrystallized y grain boundary and deforma—
tion band as a nucleation site for ferrite. Although the S, value increased with the refinement of re—
crystallized y grain or the increase of rolling reduction below recrystallization temperature of austenite,
the latter resulted in much greater rise of A,, temperature in Nb steel. This was considered to be due
to the reduction of the amount of dissoluted Nb atom around the grainboundary or deformation band
through the strain induced precipitation of Nb(CN).

The effects of chemistry and the plate thickness on A, temperature after controlled rolling were studied
in the large number of the steels with the different chemistry, and the relation of A,, temperature and each
element was quantitatively established based on the multiple regression analysis.
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fexef., Ukl AAEEEROM, TS r NE
DOREROKERES 7 R TOBEE TROEZEORRO
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Table 1. Chemical compositions of the steels. (wt%)
Steel G Si Mn P S Cu Ni Cr Mo Nb v sol. Al T. N.
No. 0.16 0.36 1.41 0.018 0.017 0.031 0.020 0.0054
No. 0.16 0.36 1.32 0.018 0.020 0.039 0.0062
A 0.16 0.27 1.30 0.018 0.007 0.028 0.018 0.0046
B 0.06 0.33 1.46 0.012 0.007 0.23 0.13 0.040 0.072 0.028 0.0055
C 0.10 0.30 1.55 0.013 0.004 O0.14 0.25 0.041 0.057 0.020 0.0086
D 0.05 0.27 1.61 0.013 0.003 1.85 0.047 0.037 0.0060
Table 2. Ranges of chemical compositions of the steels. (wt%)
C Si Mn P S Cu Ni Cr Mo Nb v sol. Al T.N.
Lower 0.03 0.15 0.80 0.010 0.005 O 0 0 0 0 0 0.010 0.0020
Upper 0.16 0.45 2.22 0.022 0.015 1.2 2.3 0.8 0.8 0.17 0.30 0.050 0.0090
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Fig. 1. Conventional (T v. ) and differential (dT/dt v. t) cooling curves after hot rolling.
(a) 18-8 stainless steel, (b) Si-Mn-Nb steel.
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Fig. 2. The effects of rolling temperature and a
pass reduction on Arg temperature in Si-
Mn steel, ‘ :
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Fig. 3. The effects of rolling temperature and a
pass reduction on Ar; temperature in Nb-
bearing steel. (The reheating temperature
was 1250°Cin (a) and 1150°C in (b))
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Fig. 4. The effect of y grain size on Ary temper-
ature in Si-Mn and Nb steel. 7 grain
size was varied by changing reheating
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Fig. 5. The effect of rolling reduction below recry-
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Fig. 6. The effect of a rolling reduction below
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on Ar; temperature in Nb steel with a
given initial y grain size of 60pm. (the
initial 7 grain size was controlled in 60
pm under the various reheating temper-
atures)
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Fig. 9. The changes of Ar; temperature after con-
trolled rolling with plate thickness.
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Photo. 1.
recrystallized austenite.

The feature of ferrite nucleation and growth during isothermal holding from non-
Rolling with 409 reduction was given at 880°C.
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« (d) 300s (e) 600s (f) 1200s. (a) was etched by saturated picric acid solution
« and (b)~(f) were etched by 3% nital.
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Fig. 10. The change of Sy values of deformed r
grain boundary with a rolling reduction
below recrystallization temperature of
austenite.
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(mm2/ mm3) (3)

d i iy BEE, e X KRBER/BR/rBTOETERTH
b, ERix ¢=0.30 TR+ 5. d 13A T SMBRE
PHEESECHRE D REBEMA 7 BEECALZEMOR
T RETHS.

4-2 Sv & Ar; ADBRK

iy HOBEORERL & Sy ik Sv=2/d OBfRT
TRENB D log Syec—logd winh. HE-OTHEHr L
DPED Ary & Sy D BfRiE Fig. 4 o B
Wy RRBCHRHIELT Sy BEXERL AL TEkBE
Ry BB ED Sy fBEL Arg Ho Bl Fig. 11
rd. &AXKix Nb g8To Fig. 3, 6 ofERIcES<
7%, BfeUmBRE, BRES T NECHES A KOFE
it (Fig. 4 X b) ZRLTW 5.
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DL LD Sy [EREES Ars SO XFE—R ET4E
U, Sy [HDOHEKE LDIHRAT Ary JOEF%RL
T35, INEERE O AIN © 7 1B TOEE-REE
DEEEDT BN, Arg fA~D Al, N D& 3/
E\ i Si-Mn o Ary S r RIBORCEKEL T
e Rt E Exbhb. —F Nb gicoSlhr o
Arg MOBELIIMEE ¥ L BRES r HCRFA—R 0%
fETixied, AU Sv ETHE T EnEE Z0T0HE
BRrRoO Ay BRI IBRECKE2TWS. Zhidr
FIREE L Nb 28 Arg S B LLETFTEIRTWBHE
wwESCTER D, MEE FD Arg AILIMEEE DK
TS bk X 5 Sy {ED EF L EE Nb B oK
FRIFFICKIR LT D, ZODHEEH RO Arg &
Iy AEBies tHEIhS.
KEER 7 @ b0 Ay SIXESS 7 R B L
T, A— Sy ETE LB Ary SAXFRLT5.
1 1250°C pngsts, KB r IR CEELRO Sy #E
Ttk 5 Arg MO M E Z D Ay O B
amic PR RLTWA,. o REEELT, (1) Nb
(CN) oFEFERIFEC X% r A ToOEE Nb B
(=) RS r SHCETHERER=F1¥, D2K
NnEZbhB. HEOHECELCREiRO®EY, 7
DOE% Nb B2 Ary SBEELFEXRIETI LMD
BHETHELS B L THA. Fig. 11 ORI REBHE
£ 7R T 50~70% OFETREML LD Arg 543,
950°C LITwemEh LicRoFfh r B 6D Arg mEi
B—FHL T3 & RLTWS., (ZoXskhr{ER
BB r P EE L 5 5 Nb 813 Nb(CN) o#E#
EFEO»LERDD E 0.005% LUTFiciks.) LHLZD
Ary BO—FKDZh b, 7 OEERR CREER 7R T
DFJER X 5 Nb(CN) oBAFH R L v, 1250°C

IS EE L TCvfc Nb O KA Lic iz L
g HIBEES OBEEERZ CHE® bh s Nb(CN)
DFIRITHIL 7-a OLBEBTHE T2 Z LWL
EqhTW5 L, Nb FHinflomBERafbto—FFik
PR T 7 = 5 4 + b~ Nb(CN) #fHmE-Sy
Tw3., EXFERITH I Y 7 KRR T HHETS Nb
(CN) DB 13 Nb oI —IRE LRI 5.

FETCREEBEBA=FAFNT = 51 + FRERIZ
THEBCOWTEETS., THAIDL7 =51 PHER
THROMEREE (V) BKATREAD.

N=Cexp{—[%+FD]/RT}
e (4)

ZZTCIREH, ora orr XK 4 7-a, y-r ORME
Bili= kA, AF ZEBE=2V¥EL, W 3ERCH
BE L7 EL =2 0¥, 4Fp 3o Co JKEorE
PAb= R A FTHB.

EREhB Ary HiX7 =51 P OBREREE L HD
REE Sy O N-Sy e /ELT 2+, kX
RERER r EEAETAER -2 A FREFRIA T
v HOBHNTC X D EHR IR D = 2 A F3H cal/
mol 7 5% 10cal/mol D4 — &£ —Th2W, gAOS
BARZEBHORIEE R CHE S OREE A r 880 F
THER=F A ¥¥HETH L, BHNTROBEE
DESYY, A—MIECHBEMTOER=X LD
/3 PTIETLTWE D EBih, EHILE AL
EFDAAMOBYEELERTH1d, Ef=FA¥
1% 10cal/mol 7t LI ZhUTFEHESIhS. T DfE
HEEROBRBH N TH B HEH= T XL (4F) T HsE
LT p{ELMD, BRI L r BNRET5ER
T RAFHFEET =74+ DEREECKELRFELYR
EFz liFrw .

KRR LB Lid Si-Mn #is Nb o
Ary HOMEN Db B I 5K, BB NDRELL vk
RbBD7 2514 P OEREEYEHILETWHZ LT
H%5. Nb BN METHHEEBRTHLE, &4E
BOEERET Nb o &2 (4)AFD 4F DIELH B
Gra-orr DEADHWEENEZZ DhD. Tihebbr
BRPLEOEHETD Nb FFRr RF - FAF (o)
PETIXRDERLID, 7251 OBEREEDE
THALTWAZ ENHERIND. KESMH 7 A<
1k, rHRPLEREHEDH VI TR EOEET EENT
Nb(CN)offti» £ U, REERELLTWIcEEE Nb
ERBRATHED7 =51 Y OBEREERARK LR
T5. ZOBE r HNOEA E~0 Nb(CN) pEE%
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AT U BB, LOBRD r-a EERRL
BEWHL S5, ThbbiERA r #fi» boLRRT
12, MBBEENREL Sy BIANIVEETD, 7 OfED
@i ERHBLT Ars JOBEERERXELBC &
ik, —ABMER 7 ROBMLILERS A r 5Tk Nb
(CN) o#fH R hic Wz EnBNIZ—FETHD,
Arg SO EFIT Sy DHZROBELRE ST B 2hict
U%. ¥nmsBEQETIR, 7HoOE%E Nb BEoFEL
S NoBInE: MRk X5 Sy © BRI L) A
BB ERT 5.

Ni-Cr-Mo $fCOF — A7 #— 3 v 7 Tit, LTI X
DRER Ui 1 B~ R DT A I TR A4 U
B ENEABLMCIRTV52, AarONsON HOHET
1229, Mo {3 Mn = Ni tR/ch AF X9 ora—oarr
ODEYBLT7 =51 FOERYIH LTV 5.
5 ® Mn-Mo-B $CD7 = 54 MEROIER, 3k
Tisdh 7 ABMONR, BRHF~DO Mo BDR, £t
OEXTHP ERE E2bhs. ThbD bbby
Nb il T oOHIEEER, Nb(CN)A r R RASE
HEEENMET S S THHELS 5. A RRRIE
TIEERS OEEOBIEE T Nb 28 Ary Sicpg s
Lz o ERERIY, ERO LB KRB r BE
BRI, 7 =54 FOERY A FERIGLCRECHEE
Nb ERAME I THo L IB LERLIS.

4-3 FHEERD Ar, REEFRIFOBFK

A EERCHA U7 simulative controlled rolling g &
KEOBEWR I L7 THEON TS HEELE CO v Hik
OiEY Sy ETHEL TR, EROHEERL TR
TS r M TORRETRSEREM B2 o BELIS I,
AT 7 InEEE L HEEF O EES s & OfH% 17>
Tw%., Zhbom, FRZRCOELESLEEFOBIELTIX
BRESrROMMIEYER LTk, HEOMEBRET
EERBRES 7 MOEECASEHOB/ESR 7 & ((3)
Rod) 12 20~30 pm  F THEHMET 52920, KEOTHK
BERTIRT 0% ORBETERLED HHEECTES
ha Sy ik, (3)A»bitET2 L 170~240 mm?/
mm? B, —K, RWETEOK HEELEE Tk
1250°C jpzk, 1150°C o 1 2AFETFict b Nb3ET
Ddit 90 pm igs, F o 880°C ¢ 50% FET LI
fed Sy fEix 56 mm?/mm?® irh, KEOHIEEET
O Sy ECHEBELTELLEVETHZ. LrLTTr
LI Lic k5, REER7ET 0% LLEOET
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By EMBRC XY PR-ED Arg RICie B 2 £ b, KBS
T i Arg HEALFRS OBRRIC X b EEEOHIHE

SMmiTH

850 T T T

Q
o
£
° open Nb _I,
solid  si- Mn 0°C
3 78
% soof "/
I I oNo
S °2.6
& o i
@ 7% [ (o)
o
(¢}
@
5 ,oc{ °
o 7
o —
g8 700 .
“
-, ,/
< 650 7 L !
650 700 750 800 850

Ars  temperature after, normalizing (°c)

Fig. 12. The correlation of Ar; temperature after

controlled rolling and after normalizing
in the various steels.
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WHED Arg FIZIBIE L OHIEER L TWA—F, ¥
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Tw5. Zhiz AEIELOINZREN 1250°C Th 5
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T 50% LIEDETERYED L SIsEEHFETD Ar
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w67 £ (1981) w1 &

fa KRBT L XD Ary SOk & FIHEE
®o Ary RICRIETLERS & RO O\ TR
FLEM, LToEENE LR,

(1) Nb gA-Cciiimgh, EERE, ETERRE O
FERELAEPE S Arg oA ki 100°C LA Ewie 5 43,
Si-Mn it 30°C §itETH 5.

(2) BEEE X52FT&EHE 7 ROBMAILIEHE S A
HOLRIZBEHTHAOIK LT, Nb iToRERE
BB CTOETERO LR L2 Ay SO ERIXEMT
H0,50% A EDOFETRTILERS EIRBZLOTRES
Ary R a3 A EEE T

(3) F—AFF M HDO7 =51 b OERITERS
g, RBELr H BEOBELL r R, EHMHLLBAE
b, KE/ERr AE0BA THERIYETIRAL LD
7 =54 DERIZBED LRic,

(4) Ary SBA5Tsohb r AfrERATSHN
EE LT BAERYUC ) o BHAEESE (Sv E) =&
AUTeh, RBEM 7 8RR Sv ILRBHERBRELICA
HEBIOSH r R hd, RERERr K TOETERY ¢
ETHLERRNTRENS.

Sy=1{1.67(¢—0.10) +1.0} (2/d) +-63(¢—0.30)
(mm2?/ mm3)

(5) 7rHEEB LA Nb 2 Arg fia#ZLIETX
B LT, Nb FF2Rr ofHE=2AF2ETIHT
WhTDTHY, KEBELH7TIBTOEERZ XY Arg
MBI EFT 50 r HFARPER T TH Nb(CN) o
ExrFEABC I ) RETOEE Nb EToRb %@L
T7 =51 OBEREENHINT 57D THDEEL
bLhiz. ThbbREGR Bl rET2EHREL =X
N FICERT D O TR,

(6) HIHEEED Ars ARRIFETEERS ERE
() DEEIRADOBEBRNTRENS.

Ar;(°C) =910—310C —80Mn — 20Cu — 15Cr — 55Ni

—80Mo+0.35(t—8)

ERIKRBRER 78T 0% U EDETRYESEE
OB EC HETHHM, ZOLEETTE Nb, V 12
Aty RICEE Loy,

Hedo ) WA ORER L I W B B 2ERTRT
RHEABR—BL B ER#%L 7.

x - ®’
1) B4 &, RER%E, K&6%FkKk: &L, 65
(1979), p. 71
2) T. Tanaka, N. Tapara, T. HoTtoMura, and

C. SHica: Proceedings of Microalloying, 75
(1977), p. 107, [Union Carbide]

3)
4)
5)

6)

7)
8)

9)

10)

11)
12)

13)

14)
15)

16)

17)
18)
19)
20)
21)
22)
23)
24)
25)
26)

27)

— 152 —

WAsEss, kiLEHE,
(1978), A223

KPFrk: 248, 64

*EWE, ANTH, WHEEX: ghem 63
(1977), S798

NEER, KRFTEK, XKEEER, ZH{Eh: g
sm, 61 (1975), S213

I. Kozas, C. OucHi, T. Sampel, and T. OxI-

TA: Proceedings of Microalloying, 75 (1977),
p. 120 [Union Carbide]

Y. E. Smite and C. 4. SieerT: Met. Trans.,
2 (1971), p. 1711

BERFER, FH* EE, HE B ges, 59

(1973), p. 1418

T. M. HooGeNDOORN and M. J. SPANRAFT:

Proceedings of Microalloying, 75 (1977), p. 75
[Union Carbide]

ARk, BHEEA: gL,
1353

MEZRE, /ANIEEES: gk &8, 64 (1978), S344
C. R. Mackenzie and R. W. Younc: JISI,
209 (1971), p. 918

I. Kozasu and T. Osuka: Processing and
Properties of Low Carbon steel, (1973), p. 47
[AIME]

R. PriestNer and M. S. Biring: Metal Sci.
J. 7 (1973), p. 60
wE %K, EHEMmME:
1833

H. I. AaronsoN, C. Lamrp, and K. R. Kin-
smMaN: Phase Transformation, (1968), p. 313
[ASM]

H. I. AaronsoN, H. A. DomaiN, and G. W.
Ponp: Trans. AIME, 236 (1966), p. 768

E. E. Unperwoob: Quantitative Microscopy,
(1968), p. 115, [McGraw-Hill]

K. J. IrviNg, F. B. PickeriNG and T. GrLaDp-
man: JISI, 205 (1967), p. 161

64 (1978), p.

gk L, 58 (1972), p.

.J. M. Gray and R. B. YEeo: Trans. ASM

Quart., 61 (1968), p. 255

M. B. Beuer, D. L. HoLt, and 4. L. Tirc-
KENER: Progress in Material Science, 17 (1973),
p- 48

Kb R, KATE: g8, 65 (1979), 3877
J- W. Curistian: The Theory of Transforma-
tions in Metals and Alloys, (1965), p. 711
[Pergamon Press]

H. I. Aaronson and H. A. Domain: Trans.
AIME, 236 (1966), p. 781

A. J. McEviLy and R. H. BusH: Trans. ASM,
55 (1962), p. 654

W. B. MorrisoNn and J. A. Cuapman: BSC
Open report, No. Prod/MISC/107/75/C, (1975)
KATE, KEFR, ZHEH, MeEXR: &
4, 63 (1977), AS53



