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Measurement of Austenite to Ferrite Transformation Temperatures

in Niobium-Bearing Steels during Controlled Rolling

Synopsis:

Tomoo TANAKA and Nobuhisa TABATA

For the purpose of measuring austenite-to—ferrite transformation temperatures in niobium-bearing steels
during controlled rolling ,various methods were investigated. The change in texture intensity as well as those
in microstructure and strengths produced by deformation in the austenite—ferrite region was found to be use-
ful for this purpose, those giving the same Ar; temperature.

Ar, temperature rises with the increase in the amount of deformation in non-recrystallization region. The
increment is, however, much larger for a coarse austenite grain structure than for a fine one. Regardless of
the difference in initial austenite grain sizes, Ar; temperature reaches the same value when the deformation

in non-recrystallization region is increased to ~70%,.

The rise in Ar, temperature is due to strain-induced

transformation and grain fragmentation caused by deformation bands.
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Fig. 1. Schematic illustration showing measure-
ment of y to « strain-free (a and b)
and strain-induced (c and d) Arj trans-
formation temperatures: [, [ and [l
represent recrystallization region, non-
recrystallization region and y+a region,
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Table 1. Chemical compositions of steels used (wt2%).
Steel c Si Mn P Ni Mo . Nb A% ToAl
A 0.11 0.24 1.62 0.017 0.005 —— 0.12 0.025 0.024 | 0.025
B 0.06 0.21 1.62 0.008 | 0.003 0.30 — 0.041 0.028 | 0.032
G 0.11 0.31 1.47 0.024 0.005 0.02 — 0.030 0.025 | 0.039
D 0.12 0.24 1.43 0.0lfl— 0.006 0.30 — | 0.036 0.040 | 0.038
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T 0~60% O JE T %3\ 735k o AR & Fig. 21
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(225) ZEHPL L LB HTRADFET 5.
IR B RFREE  75% EIEM O%f, 50% EEMICI
UTHERENE T E < 185 BE TR AHB O EARR
BEORLF—TH%. 28 10% FEH T3 {112}
(110) I X v {554}¢225) iEHiz {001}C110Y 345
DIEBOREET D, 2ABE TR 30% L hicixd &
ALY, PHOX S5 v EREIEES. 2 /88
HEAT DY A 60% FETHHIC DT Zduid (111)//ND g
AR, (223) [110] ZHuliz (001) [1101 A5,
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IO 100)/ND LSS D 72D T 5. 2
FRBERERS IC T2 T % A ML 8 DOl S D
BETHS T L2 MBE TR 30%, 50% ORAD
EoLFRTHS.
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(112) [110]

(554) [225]

Fig. 2. (200) pole figures showing textures pro-
duced by deforming steel D in y-+a re-
gion: (a) 0%, (b) 102, (c) 30%,
(d) 509 and (e) 60%.
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Fig. 3. ¢=45° section of crystallite orientation distribution function for steel D deformed in y+a

region : (a) 0%, (b) 10% and (c) 60%.
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Fig. 4. Pole intensity, yield and tensile strengths,
transition temperaturure and impact
energy plotted against amount of defor-
mation in y-+a region in steel D.

R

Photo. 1. Optical and electron micrographs of steel D 0% deformed (a and b) and 309 deformed

(c and d) in y+a region.
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Fig. 5. Pole intensity and vyield and tensile
strengths plotted against finish temper-
ature in steel B 0% rolled at 1020

°C, 09 rolled at 820°C and 409,
finish rolled.
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Photo. 2. Microstructures of steel B finish rolled
at 640°C (a) and at 620°C (b) ;
arrow indicates “warm-worked struc-
ture”.
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Fig. 6. Pole intensity and vyield and tensile
strengths plotted against finish temper-
ature in steel B 09 rolled at 1020
°C, 609 rolled at 820°C and 409,
finish rolled.
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Fig. 7. Pole intensity and vyield and tensile
strengths plotted against finish temper—
ature in steel B 62.59, rolled at
1020°C, 09 rolled at 820°C and
4094 finish rolled.
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TR, WEBEX 720°C THEA LIBD TR D, 700°C
THEWEZTTOT Arn=720C L#EESN5. JRE
ZerBix Ar=730°C M5 Hh%. 27 e s XU
BEES S 1T Th Th 730°C, 740°C pMhe.
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Fig. 8. Pole intensity and yield and tensile
strengths plotted against finish temper-
ature in steel B 62.5% rolled at
1020°C, 609 rolled at 820°C and

409, finish rolled.
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Lk & Ao B kE VR Arg 17 8 XIS RER
MBETEOEE LT, TOfER%E £ LT Table
2w Y. WTFhORIEREIC X 2 Th EER—DER
A HEE LN, BRI DO TEREESLIEC XD
Ary ERZBLMHET S 208D 5. & THEMEE
TH0TRA FA MHPERLLTWEHT T Arg fiTh
—FHHEC B Z Y. Table 2 i3 EEM AN
DRIz Arg b EE L7c. WIS X O Oy
%255 D Arg OB D ORBEEER ST,
WA CGleonTd B LEROFEEARAT Y o —VIT
X 0 BHR Ary SallE L. FofsRE—§E L CFig.
9 RY. RERS r BUETROBMCH Y Arg SOk
AT H. L ICHK r R (BIREETE=0%)
B RFEHERE CRIE Y 2581 Ay RO ERASPE L
ZHUC I LT 7 ORI (FIRSUE TR =62.5%) %
KFESCEE L2 Sa W ETFES Ay S0 EH
VI NS V. XD I BBRIE W T L ERE R T O
JET &N 60~70% isd &, REFGSRETHIO v R
RS Arg 13 ~T770°C & —EHIGES 28 TH
5.

1. & 5t

SIFERED X 5 1 BT RIF RIS 2 &
Eé&é%%,%ﬁKléE@ﬁh%«@%%%%ﬁﬁ

Table 2. Austenite to ferrite Arg transformation temperatures measured by various methods

in steel B.
Amount of deform- | Amount of deform- Austenite to ferrite Ar, transformation temperature (°C)
ation in recrystall- ation in non-recry- -

ization region stallization region By . By By By By ., By
(%) (%) strength micro- _(200) (111) cooling | dilato-
structure | intensity | intensity | curve meter
0 640 630 630 630 680 635
10 640 680 630 630 720 660
0 30 650 690 650 ©T 650 650 710
50 730 730 . 730 730 735 —
60 740 740 750 750 755 —
70 770 750 770 770 775 —
0 730 730 720 720 730 740

10 750 710 750 730 740 —

62.5 30 750 750 750 750 750 —

’ 50 750 750 760 750 755 —

60 750 750 760 760 770 —

70 750 750 . 770 770 780 —
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Fig. 9. Effects of amount of deformation
in non-recrystallization region and
initial grain size on 7 to a Ar,
temperature measured by texture
development in Nb-bearing steels.
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TAERERTE 50 BPRT2ET 5.
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LI TEET D LERD 5. Licds 2> CLRE Al
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20°C [Eifg CHE B EEZ T2 TW5B DT Ary ORI
+10°C WSz Etigind. rRORNH»HET,
7Y - r b aTERTHEE, WEBEIXHD XS

DR NEETE TR 5 72D Arg iS5 5 —35iic il
ETE% (Fig. 5, 7 M), ZhitK L TREER 7
20 a L ZHET D & SWEEEOR(LT 5 BB
KU, Ary E2BERICES L 51cHz5 (Fig. 6, 8 &
BR). TR PIESLBEOMIR X BT 51 0TIE
<, BEEMUICKERER r © a~DZLBRIAVWIRE
HIC /e D TIRRICIB B Z L2 RTIDOTH D, T
LA ZOHER aBREREX LA TWEZERE
i 5. A

(r+a) BUEMEI X 53REMINGE T2 2372 akiN
CHTA LT 0 F < BBRIND L E53DTHS
200, FEGEL L VT LA LR B L ORATLEL
DIFRIEE 1T DT BrRAMFITT 520 IR IIE LT
w3,

oy=outH 41— 1) +d (£ |

T LT o0 RERISH, fi BT 5 LA U OKREE,
kI REARL O 40> 5 75 4D Hall-Petch R30I
BUF5 oy ORBEIREL, ks BSEBBY 72 14
VIR DEED oy DV T I LA WA KGR
dsVZ ¥ 774 w4 X ChHD. 2 TIEIEI NI h
B2k oy © 1.5 kg/mm2 O FRETCHETESLLD
LLT, 1.5kg/mm? @ LR ZF| & TIiTL B fi%
1) RKick>TRDTHLS. ds=2 ym (Photo. 1 %
BR), ks L LTIk ManNcoNoN 520 ¢ 1.4 kg/ mm3/2 %
B, B0 2 ETICEDOTH ok d L1
md O ERETIE doy=1.5kg/ mm? L ST 5 fi
=0.17 2 72%. ZOFERBFRCIIE v o 17% »
a CERE LB AT, D TERBEARETL LN TE
5. ZEREBAIAOIR B HEE 23k < IBFRHNT 25 & 13,
COBREDOKE CHIAREALHEEICBIETES. L
2> LZEREHMEIBITHE Z B 7o D it R WBEEIIC b5 &
&%, HIE S D ZREBIA AT E OBIA S X v SR
LD T LR ITH. EEITE 2 BREER X SR
AL, afioffRIbic X 5 EHRERD OF LR T4
VA UEHLIC BB 5 O CHIEREE L S ERTS
DEF 2 DD, EEEHEMND Ary SEHIET 55T
VTTVA L ORI X BREEMA AT LTw5.
L7ed3 D CZEREBR DRI a Tl T, <A F4
ROXSICH TR BT oF v 2 e oM< L5 B4,
CDFEOBEHBEE 5.

JEAE S Hu7z a Frid i 2 BHERABIC & 5 & 21X ijich~
oo L72H2C, HBBTHEMETY IR M 5 v fF
TEDFEEZHAND O3 2 & DEENRLRE S ORIEY:
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HEFLESETOAF—RATFL b b7 =254 F~DEREEDHIE 1361

ThbH. R Lz OEROMEE, BISFERE M
HWThD7D, RFTHERICELERERED 5. LA
iz kb VBRI 3F4 vy FSICED
HEDED XS HEIN5DT, ZREAOHEIEICIIE
Rl HFETH 5.

AEBRTIIEEE S Ary S2HETHZ LITEFEL
CHEETH DIz BSITIC X D A 2BIET 5 72DiiX
HHEARIEIC B W CIREARBE TH D T & PRHREHT
BB TORMEIE AR EBREHR TR 2 L FTRE
LEPRS. Ui LEBICEED L S TECEaEg
WA BRI % O TIRE AN OF T 5 RIBAREAUL & 13
BHEWHTFRLINDS. ZOHEDLPD Arg Bk
ETHOUEMETH VDL EEE OFFHEBPEE L.
BRI LR A DL TR L, RIRETOLIEM
OFFER, FREEY TIECINIBT &N TES. K
B SIE ST BERA55 D72 b REBSEE CIIm e
3L RE SN, Table 2 icR/4 X 5l iELoE
Lot IMERZREHEREDOD 5 1 DOME
SV, BRORE D, b b ERAR A TIE
B TR, Wi TRANDEBER SIS, aBREZI
OB I ELERNIC T T 5 O TEREBIAI AR
OB TEFRID, MR mCETTS5. 20X
SR T THRERE L Arg L OBREZIELLIBETSE
RN B

HIEEER Y T 2 LA PUEAERHT TO Arg JifllE
DHFEDO R T, MBI BRLT S &\ S FEITR V.
AFBIECHEHNTHS. LWTFIZ DT IEEE
EZLE 3 7 o lZLEIMEN TR D, BMERLCX
DYET HHFEEETOBKRIZET 5.

Fig. 9 5L 278 X 9 i Bk Arg sl RS FalsUE
ToREr X 0EL RS, B0 %EEDH
M (rkZE=150 pm) % KEHERIKCELE TS &, Ar
HiAc ERL 70% OEETE ERENR~150°C i
LT 5. chicsh LR 62.5% EUEDMIF A
(7RfE=20 pm) OHE, KRFFEHBUELEO % T Ar
EBPIEDEL, 70% JEREIZ X DT Arg giid 30~40°
CLERTEERITHS. Lo L, REREGZBETER~T0
% TUMRA, HRANE & DI 3ER— Arg fIEH]
ET D, Ary HORTRESISRE T EKIFES T T 2
DEOSCKREIBELDIE, RECHFRTFELNS.

7 AR R TITET 5546, ETENR~20%IT
TRAEWHITIT LA EREAINIRNDOTY, BRAidkD
R BUR I HERR T B . OSBRI TR R HE
BT DR E L RD, RIFLEED T v X — 238N
TH5DT, LR L EREERILT 2V F 13X D5 720

BT LT aBERROHEEREES. bbb Ary 3 EF
T 5. M, MR CTIRHER T DERMEII DR, L
DTHRFBILFEDO AV F - DMED T EREL
WOT, AnD ERELHEETRELRD EELLNG.
KRG MBE THEL 30% LLETIIZERFORRICL D
R OB B 5. Liedd DT 30% BL
FOETIZLD Ary SOEFRIIRICEEFCIS
WoOEREWTNLicksdntFEzbhb. LTAT
Ary Ho r REEEKEHEEER O & S RE <, M
LI LIS oTRAT 50 TW, MRtk h k&R,
Arg 5O LERPBEIOREEZONS. B 5 WIXHEBH
D Ary SIXEEERES LD OThPBRE L, BmHIELS
RKThH5HID, BENOEBEAICXYD Ay RBKEL LR
5. Zhiext UTHER M Cl@sHERS /N TH 5 S ix
DB ED Ary HOERWBZNTHD LD FE2 DN
%.

Table 1 iz "3 X 5 bR 0% BiEHRT,
62.5%, RS 7T 70% EELIZE & D Arg il
~T770°C TH 5. HifEEEcgish s o bk,
Table 120w 0L, EEHEN REELRO
BRETRIIZh L 62.5%, 70% EWETH 5.
L7ehS DT ~T770°C 1 IHIEEVEIEM O Arg A RET 5
1 2rBIsT T ENTE 5.

2HRET O 1 >0 HANEIsaEoMncd 5. L L
Ary ST OMEDOIKE TEET 5 L iafrE{bic X 5%
RO SEPSHZ B, ThE#T 572Dy Arg fi{E
TFCEESTSZEBUNETHD. ZDX ST Arg H&IE
FEBEIE T 5 & & VB B I AR & ARTR B 2 1
535t SADRTIRGEH L T8 5.

5. £

HENEER By 2 2 A PLEEETT r2a %
BRI & HE T 5 Fke A iat L. RaB2FIA
LT Ary SAIET 5 HEEELT 5 & LdiT, ME,
P/ u ORI oTh Arg AHEE LSS T L
BRIz, ThBOHGEEZH VT AG It IIEY
ZBORTFOBELFA . DT OHELRRT.

i) AR mEZb, 7 oMl BEROWT
NOFEL L 2THIZER—D Aty EB3E LS. &%
HERE B THEMEBMEIT 2 DR v, LnT
Faa o 5 7n b3 EAHE, 37 o lBEL <R
ERTHY, BMEZELBRIhkL.

i) Ary SIKEREGRETEOEMC > T AT
5. Thbb, EARERSEZS. LPLAGKRLL
OLAE 4Ars LFETFHIO r ERCRES KEFETS.
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o5 64 45 (1978) 459 %

K r¥cit Ar, 5o LA
TE/NE .

iii) yREOXNZ»»DLTREELBET &5~
70% T3 Arg HIXSIER—OfEBE T 5.

iv) AREREFERC X DHIEEERE TR A 5%
MBZENTER. TR DT A E L, FTTOFLE
OHARIT X DIRE L M5 EHme B x5 2 &8
WREZ T D, MEOZBREFERIEASINES X S5iino
7=,

BIXRE WSS, MBI EEE

X Bk
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