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Effect of Alloying Elements and Rolling Conditions on Planar
Anisotropy of » Value of High Strength Hot-rolled Steel

Sheet for Deep Drawing

Synopsis:

Planar anisotropy of r value (4r= —r";"“

— 75

Kameo MATSUKURA and Kazuaki SATO

) of Nb-treated high strength hot-rolled steel sheet is

usually high. The way for decreasing 4r was studied with laboratory melted materials and experi-

mental rolling mill.

Mechanism which leads to the increase of 4r can probably be explained as follows: The rolling
conditions such as rolling sequence or lubrication may affect the development of austenite texture in a
temperature range where recrystallization does not take place. This texture is inherited by ferrite

through the y-a transformation.

Unidirectional rolling makes 4r higher than reverse rolling and water-lubrication or no-lubrication

makes 4r higher than oil-lubrication.

Ti, V, Mo do not have such a strong effect of increasing the lowest temperature of y recrystallization

(T'c) as Nb does.

So these elements are suitable to the additions for decreasing 4r of high strength hot-rolled steel

sheet for deep drawing.
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Table 1. An example of chemical compositions and
mechznical properties of Nb-treated and
C-Mn high strength hot-rolled steel sheets.

C Si Mn P S AL N 0 Nb

Nb- X
reated 0.16°| 0.08 | 0.84 | 0.019 | 0.008 | 0.024 {0.0039)0.0094| 0.031

Cuy |0 [ 0.0 | 054 | 0.018] c.024 0.008 jo.0mi50.0147 —

YP TS Ee r T £&r
0| e/mn?| ke/mn®l 57 ¥ g 542
43.4 | 55.5
Nb-treated
90°| 45.0 | 56.6 | 25.0 | 0.703 | 0.837 | 0.429
2.5mm
45°| 44.0 | 55.0 | 30.5 | 1.052
0°| 30.3 | 48.0 |. 32.0 | 0.893
C-Mn
(ss41) | 90°} 29.0 | 46.4 | 29.5 | 0.923 | 0.930 | 0.044
3.0mm
45°| 30.6 | 47.7 | 28.5 {0.952

LT\ 7o\ BAESRHR (SS 41) opksy, HMIEEO—
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kX ., —F SS 41 @ 4drix 0.04 T/H X\,
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Fig. 1. Relation between planar anisotropy of
r value (4r) and height of earing.
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Fig. 2. The distribution of X-ray intensities

through the thickness of Nb-treated and
GC-Mn steelZsheets.
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Fig. 3. Relation between (211) X-ray intensity
and 4r of hot rolled sheets.
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W, MIER&OEE

31 RBAE
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300 kg R RMAI I MRY I L D BRLES LC
100 kg gABl A & (50mm [Z x 130 mm x££ &) Ui
LOEFEEEN L UCHR L. 35k, (Table 2)
vt TS 50 kg/mm? FREISEIE Nb REGESHIC & i
doTHY, e Nb, Ti, V, Mo ¥ Zh Fh¥h
YERIn L.

3-1.2 ¢ WA FRIRE (Te) #FAH

50 mm JiZ x 65 mm g x 60 mm Z D CA #E
$EHR D Ol Ar ZESH T 1200°Cx 1 h JnZais e
FFIER (380 mme %, 2E, 30r.p.m.) X »§950%
DE R 2 A AW T1T2TC r FAx Mkl (ASTM No.
6~7) L. £ DD L F % i LT 750~950°C
DIRFET 50% T B (592~3 s) AoK i FEER
RN, BEAREIEDER C 2 ) vBE+ ATIEEF)
TIH 7 WA 2B &8 T r A IEREMLEE CTHIAS ML L7c
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3-1-3 r {HFREBEE S ¥

50 mm L % 130 mm g x 80 mm i E e CA #5E
xtaHL D o, 1200°Cx 1 h fin#his 6 <X OFEIE, 286
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B (Te) LALTO r MMMERIERE E T LUF CORE

$E& T IEED 2 B Hhvn . i BRI ©
3~4 22D r FIRFALEE A 1T\, KRIC 0~3 22Dk
G 7 B IE A 7o 5~ BN (W T7s/-4R) Tl
e LTIT>CHE4 ORI & r RRIETR(IR) o
BERER L. EEAAAY 2o —A Rk LOTOBOR
HoBEFLO—FNIEBE 3-2.2 (3) THS5 Table 4
WRENRT 5.

FROEEAARA Yy & 2 — ADEFETOCTORED
A, HEIEJ A% X ONEBOEEI O T LA L.

Table 2. Chemical composition of base metals
melted in air as 300 kg heats.

(wi%)

Cc Si Mn P S |sc2Ag N o

Aim | 0.15 | 0.02 0.8 |« 0.02]|<:0.62| 0.62 |0.005 | 0.005

0.14 0.02 0.70 0.CIT {0.011 0.0F {0.005 0.005
~0.16| ~0.03| ~0.85 |[~0.020]~0.015| ~0.04 |~0.008]~0.010

Results)

Alloying elemenis added to base metal
Nb:0.014~0.128 Ti :0.012~0.136

VvV :0.022~0.120 Mo : 0.3)

FPHEIER BRSO\ TR O HERE J i Cd % (e GE
LB T BNESBHIE )i Th B —HRITEEY
fiofe. Fhoe — L OERHIEERERE OB, 27
b —Cw— KB E D0 B 48H, » — vichl$c
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W hiis WD C, EH O INEME I A b o REfEEIE T
HORBEREY Y2 1.
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% 650°Cx1h BB RNz Thb, 0°, 90°, 45° 3
o JIS S SHRABAAYI VL v fili, 5IREE
(TS), B (YP), 2o (El) % -8k CHlsE
L7,

3-2 ERERLER

3.2.1 Nb o r RS FIRIRE (Te)

Fig. 4 WHEEA R R & 2 o — ) & EREGRF O 18 H
PR3, & OCHIERE &b T 25Tz L
T 5. FEIERFHE ISR D A1 B i BB R X
D PIGE X B M IR BESC SR AE - CIEIEBHIATREE (T),
TP X% FSHTRIED (1), » — it Lo g0
IS5 F 35 RpHEIH Bk 5 (X TABMCIET Lo
TEE (Ty) ©32ThHs. “ZChHEE LT V5 7 O
HonL T OIEERE, FEFE2AVCThLBR so8HE L
TS SR U WX 5 S D X DKL o> THEYHY
HRTaiwEFEzLbRhB. Lo CRBlsy e iiEC
HBH T i E Licvo it Lic. & o TRIFIESRSE
ANECTOH 2s ORICHNICHEERTANE 5%
BLLSETHELDTHBDTHFELETRETSHS T,
NEIHYEECHD EEZ .

(1) Nb #HEnio#

Fig. 5 = 0~0.13% Nb foOFEIEREE (T &7 D

: rolling pass schedule
‘20% 1st pass 9
S0mn—25—12— 6
H50r
£ 1ioo} 2nd. pass
g
£ 1050F
g o000
2 esob e
B N 3rd. pass
°00f S0 el
850F CA thermocouple == T3
dimensions of sample )
800} ice brne yuench
10 20 30 40 50 80 70 80 90 sec
tme

Fig. 4. An example of rolling pass schedule and
the temperature change of the sample
with time for measuring the lowest

temperature of y recrystallization (7).
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c . .7 . recrysullization zone
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750 X = g Xm e x=== Arg
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Fig. 5. Effect of Nb content on the lowest tem-
perature of y recrystallization (7).

Bt oY RT. Kpo « Btz OFERE Tk r
DREERTHH &%, cHREFEH/ELTVWSZ %
T, fo & ziE 0.04% Nb §-Ci2 890°C TR TS
THBHH, 930°C T BiEM L, 920°C Tk —HCR
HEBHNABRTHARB)>IEERTHS. ( IHROK
i D 3 <2 BOEIERTD v #EdfiE (ASTM
No.) CHIFIC/ 2T\ B T & &RT.

Nb mFEingA T, ¢k 790°C Th 55 Nb OfFME
DI L3 2T Te 2B LA L, 0.02% Nb T
920°C e . ThAEHEMENLHEM LTS T it h
iz & ERE3, 0.13% Nb <3 960°C THhH5. Ll b
B Nb %35 E S EM iR 0 S Ay 7 Nb dRingEE TH %
0.02~0.05% Ttz Te 13 Nb fEHEMD HEWE HNT
100~140°C LR FT5Z Ll b.

T OBFEREEBIENTEOEE, & AEmERE,
FEIEIREE, FETEH, HEEEE, HEEEHBEANE TORME
7o EDEERZT W, BISEEK THF O Nb REE
R D RFEEE G 7 W E A EEEMF ORI TR ¥ 5
LELZLGWBDT, ZZTEREHLCRDS T k%
DEBR G FEIEOEESAC I DXL HDT &
5L LT5%., TichbmERE (1200°C) 1 Nb o
se VML (Fc?2 L Nb 0.048% T, & HWDERN
CkB) o TEY, rRERLORERGERRIE
(ASTM No. 6~912) ZE-5vF, FE TR EERH]
BOETE 50% L, EEEEANE TOREILLL
FEIEMERTER: = — A T EEM BB ERE ThD 2~
3s DARGESH X9 & LTws., M EormHcizod
LZEEW, BhREN T OBEREHCEEYELDH T
ENEZORAN THALD AT EFR LA, LEA2T
Fig. 5 Offil EREFEHE CTRDIBETRBBH, &

960
940}
920
900 |
880H

860 [ ~ ~
seo} A~ By -Yo.02%
s} S~ - N healing temperature
< °C
aool O 1250
0O 1200°C
780F A 1150°C

the lowest tempera.ure of ¥ recrystallization (Tc)

figure isthe number
of rolling times.

1 2 3 4 5 6 7 8
y grain size ASTM No. (NA)

Fig. 6. Relation between y grain size No. after
' the last austenite recrystallization rolling
pass (Nyf) and the lowest temperature

of 7 recrystallization (7).
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5. KBEEREZESHORHREZL, SHE Lic Ar
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rh Arg IR R JIE LTV

BBRTH IO r [BEHARFGEA/NE ST HLEDITIE
Te 2MEV (ZR AVNELTeB) Z EB—2D5HTH
B, ZDZ Ehbik Nb REGHEHERMR O Nb &idic
BRI EDEHE LA, Nb B LHEORIEFER
Nb £BEOEL O EXERTH L OMT r {HE
PRGOS & 5D DIREBRAI TRV IES 5.

(2) EARABTTRE (Nre) OFE

BidR Lick 2z 2 Cw5 r BESTRIEE (T X
fli &4 OFEIESMDFE R ZT B, Fig. 6 (XEEZEM O
BIRRE, R AARE COEESAABR YA L LTS
&m 0.02% Nb & 0.02% VED T, %F/~cbD
THhb. 0.02% Nb fio FHE%x Flic co%x BRa &
1200°C fngh ¥ 6 (REE- <A@ 0) D T 12 960°C
LB, BIERE- S A [E$ 3 B T 890°C £ TT%.
1150°C L) Eojn#i {T>C\ 50 T 0.02% Nb, V i
KBAEE LT\ B EFE L bRDOTCEHBEDOKRNEE
2 BRBER V. LIt 2T I bOFEESEEOER X
Fig. 6 DX 5 CBRIEAAFIr PE (Nre) TEEINDS.
T bMBREIMEL RIEEA X EHAE DR E
rRINMERIE e b Te WTFAB I ERID. St r i
DD E r OB AERE Y P AEML X Y {ER
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(ASTM No. 6~7) willds< fe 0T\ % D TEABARIC T
ZOWET Te # FF LD E&T5HC LTIV,
3-2.2 Nb 8o Jr, B4 EE

(1) SRlgEdh r BREFUE FR (FR) oM

Fig. 7 ¥ 0.022%, 0.030%, 0.046% Nb$H (% %
nd Te ik 900°C, 920°C, 940°C) 1o-Du~T—FH 7K
EEEER T O a0 S RY 0~75% ZlLxeicd
DD dr, AR RS, Nb {io R 5 3 MEDH
FRIC 2T 47 12 TR 0~50% Tix 0.1~0.2 T/h X
WAL, YR S0% LAETiiohi b kEL KD, YRT0
% T 0.3~0.4 wign. —F 0.022% & 0.030% Nb
MO EFIER S TR offkic s iy 3

%
4}
EC 35 -u—.s%:_\_e,,‘;:‘
30}
kg /mnt T
TS 50 | o
- g .
45 -a__a»—’ﬁ/
NI ] S ek N Te
L 0 0.046% 940°C
- 40.030 920
x 0.022 900
oHr

0 20 40 60 80 %
=R
Fig. 7. Effect of the total reduction (XR) at
nonrecrystallization range in y on 4r and
mechanical properties,
(unidirectional rolling, water-lubrication)
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=2l T o
A I e\ AR
B L oA

o igr it -
T e ol

WREL 7DD ERRCIENS X 5 s fikbic
XA THB. 0.046% Nb iz o\ -T2 b g
AT AR LTV e Wi i & AR D B A 7R 5.

Photo. 1 ¢ 0.030% Nb $> YR % 30% & 70%
DL DD FFEHEY RS, Bak 2R 30% Tk
ASTM No. 9.5, JgfE 1.4 ¢H B D cwL, TR
70% T¢t. ASTM No.10.3, BE 1.8 THH TR H
KEWIZ EMRCEMRI e DT 5.

Fig. 8 iw YR 71% O O OIS m X ok 4y
ka3, Fig. 2 0BBBREEH O X & i35 &
ZBHEIER Crxikim ¢ (110) A3 < LG E g D
b, ChRBETH L e — A ORELEL
b, BIGH P REEEE S R TV-5 DIk LERSBE
SEMEESEVCRETHEEI N TR Y v — LRETOD
JEBR(AHD K E VW 2t LT3 D E Ex bR
5. BEFLHCRSEEM & R (200), (211,
(222) ML fo DT B D T OFE e B EEM 12 &
WK E IR LR TR OBREELLIER. $tD T b, 2
ARBIGH TR OBTETZ R (B /BIE) A3 & < A
DR NEREH T OT B I DRI DXz & A E T
WKL, RERER TR e K & L, Aok

Water-lubrication

2.0

(211)
- (222)
XX 200)

]0 "‘\2/ 7
0.5F Sex \\c,,omm

L s (" I i

~

1/lo

surface center

Fig. 8. The distribution of X-ray intensities
through the thickness.
(unidirectional rolling, X R 719)

0.1mm

Photo. 1. Effect of the total reduction (X R) at non-recrystallization range in austenite
on microstructure of laboratory rolled steel sheets. (0.03% Nb)
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ENERETHH WIEHEA D A5 1.23 (FEHE 130 mm —
FEHE% 160 mm) &k XD T 7 &SRO LEHMERH, T
FCRich, OVWCREEEAHBOMRCEXE LT
WHEBTHS .

Fig. 9 BEH LRARCEREHM T (2l BWEL
MRECKDIEE dr v KRELILDTDB C ERRTH,
FEREHOHAL 0/ QINEERR TR E g 4r 1T
feoT\ B, Zhut Fig. 2 & Fig. 8 iRrT & 5 Y
M & EBREM O XEEE LM YEE DT WS DIT,
WEHROHD (211) BMERLEGCAdr 2R ET5H &
CAIREE BB IHTHS S

Ll o & 5 @B H & EERE M Cark® R CEERE
Bl oTwWahid Clkicuvy, shrbRife LT
SRAMKEL kD LESHBOHELHEDLND LEZ
B ENTEDLDT, Nb REJEME D dr B3R EL T
HEREA L TO L 3ERITTLWEELLNS.

T Nb RN X b r BRE&E TRRIRE (To) »k
ATHER r kELERIETO BRETR (FR) k&
St b 7 FEESGHEBS R END. Thnt r—a KE
W b T-BE{R A8 U CAREH D a s\ BT R (R 2
FERE LT a iR E SRR S h T {HH R
FtEmRE L e B,

7 O EEHE a HOEABERCZ T 2 DR
oWTik r—a ERECHTHHFRAR (@@L, T
3. KurpjMOV-SAcks®) % TR = oL C AR
17 5 H% Nb $fic o T Jones®) &, MHEBEHFIT DT
B. 7ok 23 JoNEs by HAIERE S hic Nb #i0 a 4
HgOEFTH D (112) [110] FRFREM r W TET
HIEEEAHEG (123) [412] & (146) [211] 7 ALK
FT5HELTW5.

UED#E 2 FrbBRIBEEMD dr #/NEL T3
ik TR ENELTB, Thbb T —ETHDEH
EEERE 2 SR L CRBR & 7 [EEg A e 5 << &

O waler-lubrication

x oil-lubrication

1 1 L
1.0 1.5 2.0 2.5 3.0

(211) X-ray intensity

Fig. 9. Relation between (211) X-ray intensity
and 4r of laboratory rolled steel sheets.
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HEEzZLRA. ILICEERE » E{khPFvE
Lo EFRENBEGLDIERE 4r /I WTHA
5.
(2) FEEHREOEE
Fig. 10 ¢3 0.022% Nb #ic-o\~C FEHES ] % i 2k
IE : MR AEGE Uic—HREIE & B s v 2 0% LcER
FERED >0 F i CHERE ORI Licsao 2R, dr,
MR EOBIR LR L b0 ThH 5. BIRkA, 3158
W, SMUOEBIEERZ DEEHFOEIZ LDT
B A ST I, dr ik TR 50% LAITFO/NE
BIEEFEOHEIZT v TR HRELCKRD L
AEEEC LS bOOFA—HEEELD /v, F
T HEFTEE ¢ ATk URBREMIRE TR TH 2T
HFEEAEBOIRENER : LA I OREVWTE
Cieh. —HREERKE T X % o EOBHMMILEE
FE A BTV D TEE- 2, RERER Ul HuEmE
WD LA E B BDOEEFETHEbL BV LTk
D, TREEBIME D RFEEAVIN S ISR 3 VEIET RO
FIHHBRCIERTWB I LS.

FER TR R & FEEET dr OEHI/PRE

%
401

X
EL. 35} _ggﬁfﬁg

30F
kg/mm’
50

TS
45F

vp aof 2y RB-
0_5‘:_ unidirectional  rolling
0.4}

Ar 0.3F
0.2}

0.1} O reverse rolling

1 L ) ] |
0 20 40 60 80 9
2R
Fig. 10. Effect of rolling sequence on the relation
of the total reduction (X R) at non-
recrystallization range in y and 4r, me-

chanical properties.
(water-lubrication, 0.0229; Nb)
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2R 70% OFEIFHOBEES r kT3 <1, FFEE
g 73R (0.022% Nb g3 900°C LUF) T3 2ADN
EAITV S0 mm—3mm I LCuw%., 20 6.2 a4
I F PR EE IR A 707 & O DI AT LS &L 7 5%
TEHE T, KRS R, Ao DM RS R
=0T REEMRYEHE VO FELTOTARL.
ZDfER% Table 3 WIiR$H Ir W EBIIFELT
VB DILRTEE IO FEER FIET Th H A dloE
AL dr SR S 2 . L r MO EES
Ay dr R b 2 Ve WER IS AW IR T O FEEE
EFRC D300 Fe K JEEF B HE MY S L of
R PO S v Al B D TH A 5.

BT 3R ©18) px EARTFESEAR 0 KT 2> S eb LB 2 T4k
THRE—LAHERSETHRNEY r LA 7 v LA
DTN O R L FIHO 325 FOME 4o
EF 7k BT B 1T 5 O TR BP OG0T,
JErRL s BRI A T2 % Ik BTG I 5 ) o FE
WESF RN s B A E DA & i & & fe o TREfh D sz
ERFMLAZEL ((112) 1113—(001) (1103) T5 L5

BT Y RS ST R D R A D
TR B . Z hisih U8 FEIE Cokdu R 3k IS
PNFTBBF AT ECE I B DI Lich DTl Zeas )i
74 X DTN LB O THRGHER DA FED B b
EELBRB.

(3) HEEEHOEH

Fig. 11 (2—JjI8ERE & fEHHIED W )i oo\ T EE
Tt s dr FHERRAMETIC S LT EEY WAL DT
HBH. KL ZOMTIE fIEBDOIE LD E L Jr
EDWTUIIE DB DED/PNI VGG RRBEL VS F ey
F LT A, —JFREE T s, K oga YR
M50 Lhlicren & dr i kEL kb0 icE L, hiE
HE TR E L Tebigus. — LR R s £ O BEMAY Tt
RN T2 T L Lis s, [k & & BEHEEI D
VT H W ENTR T S L4, KW ORA XD dr ok
PMEL e BB EE L B,

Table 4 13 0.057% Nb §i¢ 2R 73% D% #rp
IR A A 2o — A CHYE U7c Ry O FERERS ) % 4T

% unidirectional rolling % roverse rolling

EZHTHULTS., ZoELH LA, —F 4of aof o
FEERED Iy P EBEEHE & D & 7 {ERAIEA K & < 7e b2 s T s ~SLTE S S o
HZAD X 5 B RS, —HH)EE TR AERD o/ k L
I T e g O -y > . N 50 R I
FEREOD KL Toe ok DU I ) IS 4 FEJE -5 A & & Ui i e IR S
[ LIC s 5 0 T DL DR ST ) AR Ui vl cxtE pa|  codn
. .
" . . . 0.5F 4 wotor-us. 0.5F 4 watardup.
Table 3. Effect of rolling sequence .Of .rccrystall]— 0.4k - nots, & A
zation and non-recrystallization range - citdub, o . - aitdub,
on 4r. D.Si 0.3} s
£ 0.2F, 02k o
rolling sequence 0.8 Q% ex=] 0.1 box & . A,(,eo
(r_ecrystallinzation) _ (non-recrystalliza-) or ok 0 box— === %
range tion range o
. unidirectional - unidirectional 0.38, 0.34 0 20 40 60 80 % 0 20 40 60 80 %
=R IR
reverse —  unidirectional 0.39, 0.41 Fig. 11. Effect of rolling lubrication on the rela-
unidirectional . reverse 0.21, 0.28 tions between tl?e tf)tal reducti'on (2R)
at non-recrystallization range in y and
reverse — reverse 0.18, 0.21 4r, mechanical properties.
(0.0224 Nb)
Table 4. Effect of rolling lubrication rolling load.
(0.06% Nb, unidirectional rolling)
Rolling pass " 1 o2 | s 4 5 ‘ 6
Thickness 50mm | 35 17.7 | 110 6.2 ] 4.2 | 3.0
t 3
Temperature 1200°C | 1180 1120 ’ 1030 920 830 h 770
‘ Water- or no- = = ﬂ ;
Rolling - Ioborontion g gs¢ | 100 | 10 175 175 g 185
load  Oil-lubrication 85t 105 | 105 | 150 | 145 | 145

-



B B SR B O 7 AN R S XET RN R L EEEHORH 771

EACR LD THS. EEE LKERE Ty~ To
SRATCHIBELTHY, »— AREWCKEZKEDTT
FEIE LTV 2 A FERCIL e — A ERHOKIIITEA L
FEFR LTI e b AERCKER R EEE LR EE
z bbb, HEEEITOER 3 - A EETERE &
Eixiss, KBESrBELEEBHED 3 A TIRE
EREOTA 513 EHEBHRIAE L EREOSHE
CHAT 14~21% RAXFELT5. B 1 v COMmE
BERIL Y 4 — 2 — A Y=V VIO, AF—AT
P v EN ESCEERME TR E LTI0~25%
HERDH LR TS, AEBRTOMBHIEDO = — VN
ETFTENBE I ADEELFR L THHOTREESE : vE
FEOEESRICIOI>T VWA EEL BRS.

LA b SEBREGE R s i Nb RBUESIRD 4r A/ &<
T 5 FoD IR EE R R RS & r R CO EEEH %
L TBzEMNELLRSLY, BEEEE T Tl
FEWREER T2 TH D Thll Lo E ke —r2R Y
w Tl E DR O L CHREETHh » BHFER T

Fig. 12 12uhiB#s & 17 o7 RS [EIEH o #iE 5 e X
BRI BRE b iR 3. Fig. 8 oKEHELEM O &
VISR T (110) Ak & < (200), (222) AVNEuhs
RSO BT Lizhi2T (200), (222), (211) 1kk
e (MO VNI 7 nh. & fo iR 20% LG CH
BHBIZERMTEL oo TV 505, Zh bOHBEILR B2
D Uic KB BIE HE TS K KBTS © HIEI7 1
(110), (100) MBEEILDAAOFRER LTHSD. —JihiE
BHcrEaEBomB I RERE TR LIEL, BEPD
S e onNTHL 2T WwWb. 20D L 51T e —
DOk LELE L O TRES MO EGEMMmCEI, LT
Lz Fig. 1l iR Licw — @l X b dricE
OHEFTHFEREILOT B EEZL RS, EERD R —
AR O E BERERD A E W ERECHRES
HARENTEER X B MR DT Bk 519 2 DiLLAMORE

oil-lubrication

2.0}
——- o (222)
s 211
Vo e (200)
1.0 A< :
0.5} é\O\D\o——o (mo)

surface center

Fig. 12. The distribution of X-ray intensities
through the thickness.
(unidirectional rolling, £ R 70%)

S DITEHICHE U T m — v & FEIES B D SR NV V2 AE T
B30 A U B S EER RO kM XD CTHIE
R ENBET SO E BT O TERH TN RHAELT
HZ ETHBLTOWS.

iR OB S (Fig. 12) X Fig. 2R L
LBSFEES O & WERCRALSMYrS v £ 5T
b o EROIE B Lica>T (211), (222),
(200) BREELEAS KR E S 7g b, (110) BREHANE TS
ETELULTWA. Lo LEBEEMOREFL(211),
(222) WBEENAEFRFR 2.8, 1.5 THHEDIHK L, HF
BASIEIEM O Fhut 1.6, 1.8 L /XL 2o (211),
(222) BELWE LTV S ARRERLS. ThixERE
FEMEASHE DR BT~ 5 Fo D EREFEEM O KPS fh
TIE TELBEHEERELS TERVTDIH DN,
et b i A X 5 W EERE FEEM OWEILAS D AN BIGEIE
Lo kEL FEESHBOTRICENI L Cicicd s
Ezbhb.

RO v — A EESESHEBROIBRIC K & Iy
Sz B Lk BEEEHTEL RESIRTW%. Di-
LAMORE 52037 /L3 =% AR Tr — 4 L BM D BEE
DIEEESHEM S JETEEY, EELWIET L =
v A B CEEEA K &\ & RIE SR R D CHEE W H
BT AT %, FREHMOWIEERSEE & CITH
DT B L EAEAHEBSIER I v L2 HE
LTy 5.

LA B R TE TOHAS Th B A AR FE D By
MIFEETh r RECTHEEE XN AR LV L LR
D7 =54+ OREHESHEGE,EEI BV HET X
THFHL 2T b, BRHEECSHE &R UBAHR BRI
JERFD = — A & r—a BREBO L EFHBMOBICHEKD
MOTWAIERIS.

K LR EEM (Fig. 8) LRBEEM (Fig.
2) DOIIESH [FEA D i O Bl FELES I D
* L, R LcERBEEN (Fig. 12) & BUBEIEH
DF R EIB R L S EOMNRH D, S OB
SREASX VBB CHEIE S A A ¥ ¥ o — o, FEERE, '
7o & DFEL R >TV 5D, AR AE
et 5 3 B m — LI &EREER 2T 5
ehEEL bbb,

3.2.3 Ti, V 8o T,

Fig. 13, 14 12 Ti B LOVEHEMED T 12k LT T
WE% Nb ¥iin o & & & L-ORr$. Ti 0.012%
FCIL Te 1 Base gl kET w2, 0.04% L LR
Lig¥ 0.16% (T.=920°C) T TiHmEREA LT
EH TS, HH 50 RBRIC LA 1 200°C nghks o
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7 45 (1981) 556 5

‘€
1000¢ (Nb}
——————— -0
z 0r sory ~Tc
2 oo} ‘
g
5 850 4 °
o 800t C.> 8 non-recrystallization zone
= Y .
©  750f mx—m-eeeeoXeemmaae—m o m — omm e
700f Ars

00.020.040.060.080,100.120.140.16 9%
Ti
Fig. 13. Effect of Ti content on the lowest tem-
perature of y recrystallization (7).

‘C {Nb)
950 - e
® 7
2 900 L, recrystallization zone.
2 esof ) o o
S Q o o Q
2 goof ' 3 *
on
% 750k _x____-;______x_ngn_-[ecryslallizaliun zone

700} Ars

00.020.040.060.080.100-120.140.16 %

\
Fig. 14. Effect of V content on the lowest tem-
perature of y recrystallization (77).

Ti #ffs: (C=0.15%) 12 0.11% THBDT 0.16%
Ti fEDZ T Ti (R5ELEM (7272 L 1200°C €
EeE e TIN, TiS »bLOBMIDOEL) LTw5b
Ti © 7 COFFEMALZIEIL IrviNe 520 (0.03% Ti)
v & L, OucHed (0.019% Ti) x5 & L T
%. Fig. 13 ofRics 5 X5 Ti 0.02~0.03% ¢
B DRI N E O THREC L DR EILD
DTHSH .

Fig. 14 WWRFT X5 VD T, iKds XIFT#40 Nb
RSB ENEL 0.12% FTTIT Base #X » 20~
30°C EHTBHETTHS. V O BMREEREV-OT
1200°C In#hvCRELWWEHTSH. V © 7 TOBEE R
LRSS FAEINTCGBHNI 7 DEFRILXESE D
MEDEBER Nb XD @/hE®2 L3540k, Al
ERREITIZ E A EYBIT I 0 L 5 h oph b &k
R—ELT WV X 5 THD. I ERFEPLHEEM
BN EhTRBERDBID EE L BRBATRICLT
3 NboD X Sk &Eic r OBMEMBIEREL &3
mTw Fig. 14 0B LRALTCHBEELLRS.

BlED X 5w Ti, 481 VI3 Nb it leRT ¥y OBE &
BRIEZBRAVN SV DT A BT LICBRESR O KE
HE 7T BRTOETRRIPNEL ) dr NS B &
PHEFEINS.

Table 5. The lowest temperature of y recrystalli-
zation (7";), mechanical properties and
4dr of base, Nb-, Ti-, V-, and Mo-treated
steel sheets.

h i 1 r —

go?nrglc?sainon Tc YP TS EC i} AT 185 r ar
SC- 4 ¥ <

o.8omn | 790C |55 [M9487] 4% 0.74 | 0.83 ] 0.88] 0.83 ] 0.09

ologg 920 | 40.0 | 46.5 | 35 }{0.57|0.71|1.01}{0.83|0.37
0.046 | 940 | 45.5 | 53.0 [ 31 }0.59]0.71{1.00|0.83]|0.35
0.055| 860 | 41.5 | 49.0 | 34 |0.65|0.78}0.88}0.80]0.16
Ti J0.092| 880 [ 47.0 | 53.0 | 31 |o0.60|/0.73]0.95|0.810.29
0.156 | 920 | 53.5 | 59.5 | 25 | 0.60[0.77|1.02|0.85| 0.34
0.046 ( 810 | 37,5 | 46.5 | 37 |0.73|0.82{0.93(0.85]0.15
0.090 | 820 | 42.5 | 50.0 | 33 }0.72|0.82[0.95|0.87|0.19
Mo| 0.310| 860 [ 41.0 | 51.0 | 36 | 0.62{ 0.72|0.86}0.77]0.19

Nb

Vv

Ao Ti, V Digphsic 0.31% Mo, 0.06% Zr, 0.31
% W, 0.45% Cu, 0.53% Cr, 0.38% Ni %+ hFh
BRI LIclo T % ~7nt 0.31% Mo B0 T,
»s Base gk b 70°C i< Footcid ik od JEEERIN
$cix Te X8 Lisnmotk.

3-2.4 Ti, V, Mo #i> 4r

Table 5 i Nb, Ti, V, Mo % ZhFHMciin
Licsft Table 4 OUREERELAM (kL 4 <2 H
TV 900°C, AGRHTFELE) CTHFEIE Lz b D DSR4
T, 4dr %iR”¥. Nb $1Tit 4 24 B LG KIS S r
WL L I B YR Pk E L LieaioT 4r § 0.35,
0.37 k.. zhicyL Ti @ik 0.09% #cix
Te 7% 00°CLUFTH B SR /&L 4r ¢k Nb
BEX O H/Eus. L L0.156% Tigl et T, A% 900°C
LAE&E7eB b dr vk Nb & Rk K& < g2 Thus
5. V kXU Mo #Tix T, 12 900°C X 9 {Ev- T
dr H/nE G, Ll EofgER: 3-2-2(1) CiR~# Nb 4]
D dr HRE T BERE L FTE Ligys. RBRC Z ofER
R dr DS CEEEEINESIMCE RIS L X 5 & T B
bk Nb X v d Ti, V, #ic Vi v g5
DTENTVBZEERTLDEEL NS,

1. &% @

BE 3 mm FiE LI T o Nb R BUES# O r {E
HEFE dr) NI THEMTEZD 4r BKEL e
LM, Nb LSO BMTERED 4r B IETHE, =
— AE, FEER R EEESEED dr ik XI5 TS
PHEAE L.

Nb FHinc L h A —AF 54+ (r) BELFRAEE
(Te) B ERTHDRBER T BETE (FR) pkE
ST EEHENEETHER 4r Kk EL BT L,
FBUBHEIED Nb REGFRIERE D 47 /N EL T35
DvE Nb iEmEZ P LT BEXERZITER, 5
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LVIITEREZEL THZ A LiciREER s Eavb
D7,

Nb Listo@@E{LRmITETH S Ti, V, Mo /n &
i Nb @& K& r OFRMEIEZRY $7o\vD T
dr DL CRIRY B 5.

r — AR T TTT 5 SEER T aKBEROSEK

L

BT A7 i 7LD . BT D A JE T ) % e fr i
FERESKTHD—H BT S L EROELFRTHHE
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