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On the Drawability and Recrystallization Texture of Low Carbon
Sheets Containing Carbide Forming Elements

Ichiro KOKUBO, Masatoshi SuDO, Katsumi KAMENO,

Shurn’ichi HASHIMOTO, Ichiro TSUKATANI, and Takafusa Iwal

Synopsis:

An investigation has been carried out to clarify the effect of carbide forming elements as Ta, Nb and Zr
on the drawablhty and the recrystallization texture of cold-rolled low carbon stcel sheets. Prior to cold
rolling, a reheating treatment of hot bands is given so that C and N in solution in steel may precipitate
as carbide and nitride.

The results obtained are as follows:

1. The addition of Ta, Nb, Ti, and Zr is so effective tc improve 7 value of low carbon stecl sheets.

2. When a proper reheating treatment in given prior to cold rolling, the r value increase remarkably
with an increase of the atomic ratio of Ta to (C+N) and shows a maximum at the ratio of about 1-1.

3. As to the recrystallization texture, the (111) fiber texture develops remarkably in the sheet containing
~ no carbon in solution while the (111) texture becomes weak with an increase of carbon content. A study

of the effect of carbide size on the recrystallization texture shows that carbide larger than about 500 A
increase (200) and decrease (222) pole intensities.

4. The cold rolling texture has a close relationship with the concentration of carbon in solution. The
absence of carbon and tantalum in solution develops in the cold-rolled sheet the {211} (011} texture which
is considered preferable for the development of the near {111}{112) texture during the recrystal-
lization process.

g 5. It is concluded that the high r value obtained in Ta bearing low carbon steel sheets is attributed
mainly to the absence of carbon in solution by means of the reheating treatment prior to cold rolling.
(Received June 15, 1972)
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Table 1. (a) Chemical composition (wt%).

Steel C N o Ta Si Mn P S [Ta/(C+N)*
T-01 0-008 | 0-0018 | 0-0065 0-04 0-013 0-22 0:016 | 0-018 027
-02 0:009 | 0-0018 | 00047 0-07 0-016 | 0-22 0-016 0-016 047
-03 0:009 | 0-0043 | 0-0092 0-14 0-010 0-22 0-018 | 0-022 073
-04 0:009 | 0-0011 | 0-0058 0-13 0-025 | 0-21 0-016 0-018 086
-05 0:008 | 0:0023 | 0-0075 0.14 0-008 0-22 0-018 | 0019 093
-11 0:014 | 0-0020 | 0-0061 0-04 0012 022 0-016 0-020 017
12 0:013 | 0-0016 | 0-0063 0-07 0-012 | 0-21 0016 0-020 032
"-13 | 0-013 | 00012 | 0-0054 0-10 0-016 0-22 0016 0-019 0-46
~14 0-013 | 0°0022 | 0°0090 0-19 0-008 | 0-24 0018 0-022 0-85
-15 0-014 | 0-0011 | 0-0033 0-25 0-006 | 0-22 0014 0-014 1-11
-16 0-012 | 0-0022 | 0-0068 024 0-009 | 0-22 0-018 0-020 1-15
17 0-014 | 0-0025 | 0-0075 0-31 0-006 | 023 0-017 0-021 1-42
-18 0-012 | 0-0022 | 0-0079 0-38 0-007 021 0-016 | 0019 1-81

* Atomic percent ratio of Ta to (C+ N)
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Table 1. (b) Chemical composition.

No| C Si Mn P S O N Zr Cr | Mo| V | Ti | Nb [M/(C+)N*

1 [ 0-018 <0°01 | 0-28 | 0-0l1 0'019: 0°0015| 0°0052| 0-12 0-68

2 10-017] 0-015 0-30 | 0-014| 0-019, 0-0048] 0°0051} 021 1-23
Zr 3 {0°016] 0-04 | 0-32 | 0-015/ 0-019; 0-0048] 0-0070| 0*24 1-44

4 [ 0-018 0-014{ 0-30 | 0-015| 0-018] 0-0024] 0-0054( 0-28 1-63

5 [ 0015/ 0°-011} 0-30 | 0-016| 0-017| 0-0033| 0-0054| 0-23 1-47
Cr 0-009] <0-005 0°33 | 0-015, 0-014] 0-0044] 0-0040 0-18 3-37
Mo 1 | 0:013| <0-005| 0-31 | 0-016| 0-016 0-0029| 0-0050 0-32 2-24
v i 1 {-0-023] 0-008 0°34 | 0-015| 0-018 0-0015| 0-0044 0-33 2-94
Ti 1 | 0020 <0-005{ 0-11 | 0-015] 0-015| 0-0020; 0-0043 012 1-24
Nb 1 | 0-013] 0-006] 0-29 | 0-015| 0-016; 0*0090; 0-0052 0-16 1-19

* Atomic percent ratio of carbide forming element to (C+N)
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Fig. 1. Effect of reheating temperature of hot bands

on the average plastic strain ratio (¥) and
the texture of steel T-15, hot rolled at 1 200

© °C, reheated, 75% cold rolled and annealed
at 800°C for 3hr. Reheating treatment: 3hr
in salt bath at each temperature.
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Fig. 3. Effect of reheating temperature on the change

in hardness on annealing steel T-16, 759,
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Fig. 4. Effect of reheating temperature on the r values of 0-01394C steel sheets, cold rolled

759, and annealed at 800°C for 3hr.

Reheating treatment: 3hr in salt bath at each temperature.
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Fig. 5. Effect of atmic ratio of Ta to (C+N) (Ta/
(C+N)) on the pole densities of several re-
flections of steel sheets reheated at 700°C for
3hr and then cold rolled 75%.
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Fig. 6. Effect of Ta/(C+N) on the pole densities of
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700°C for 3hr, cold rolled 759, then anncaled
at 800°C for 3hr.

AHBREAeHEEoRESZ Fig. 7 KWiRd. WEESH
@k, Ta/(C+N) & & HicAFTZLL, Ta/(C+N)

1IR3 woh, WEXEALMD 1 >TH5 {211}
O11) HHE~DEREMBAE KD, LT r{HEXREE
B T-15 CornfERESRRBELD, Ta %
hel ki s & T-18 KiRE 5 X S iTific T ofERE
AT 5. 2R HOERVE T TIR L BVERR T i
HIRESEEO & & 210 DA~ORFSRR LDk
TEEFGLTHD, HBAROH.OER (200) HhRr~nf
fbm—EHmd D, Fig. SORKRE—-HT 5.

FHEMEAHEBD oh b SEEEMERBO i Wi
L, Ta/(C+N) & & 41 near {111} (112) grasH4
L, BEMRNEAMMTDD r EOmNERLEI/N
T 1 Sr<rg & DT W5HE T-15 Trx {111}
O11) &y b #mmLT 30, (111} % Kiic | E 7
11 D E b Y ICEERGE L BFRABE L 2Ty
5. MEL®T Al XU FEEOREBRESIC X 5HANES
HoZA b2 FT~, {111} gosy 2R FwE AL DEho
b Y ICRESESEHMNBEREC LD L, r{EOEN
REUBRPTHZEEZRLTHED, bhbhoffR s

— 118 —



RICOERTEX RN L ABREFROEZ IS I UCBERELEABIc T 477

() T-ig
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reheated at 700°C-{or 3hr, cold rolled 75%, then :

old rolled (d) to (f) as anne
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Reheating 1reotment

Steel

700°C x 3hr

800°C x Shr

Photo. 2.
reheating treatment.
Steel Tu[/(c+Nl
250 o T-11 017
X T-13 046
ok 2 T-6 1115
200 St=—p=———* T-I18 1'81 —
—_ AN
>
Z isof
[
g
—  —
o =g
50 -
! Il 1 | 1

i " 400 450 500 550 600 650 700 750 8OO 850
s cold
1oiled Annealing temperature (°C) x1hr

Fig. 8. Change in hardness on annealing steel sheets
reheated at 700°C for 3hr then cold rolled
75%,.

—ET 5. 612 Ta B0%\iF T-18 T3 near {111}
112y HRH % cFAF /e 5. 0°008% C $HDFE S FH
FRIcEmicd D, Ta/(C+N) =1 iiE-S<ioh {111}
OL1) 2L TV 5.

WIEIR A RS U & S o EZ L: Ta/(C+N)
DT EMB 0:013% G Fic >vr Fig. 8 iwri3. 700
°Cx3 hr #7 HAEH O FEE MIBE I S5 Ta/(C+
N) oBFgTHd b, Ta FMEOHEMC >WELLEE
BEREINET L, EiE Ta 3 X8 TaC oFHS0H
TR E V.

fEiE Ta, C XU TaC BOEH(LTHEIMTROK
OB T DEEMOR, HMEEL, Lich>T
WIERAET D Rhisr i % B b 0T 5 "WRElEY B

Change in cell structures in 759 cold rolled steel sheets as a function of

20 1

[ S l
ER vl iy

4 4/ '/( /
/
/ A ol _~S  Reheating temperature

4
T
~
\Y
Q,

Ay A N e °o  600°%
® §50°C
I'2 a  700°C
x  750°C
L e 800°C
0 | 10 100

Reheating time (hr)

Fig. 9. Change in 7 values of steel T-04, cold rolled
759%,, then annealed at 800°C for 3hr as a
function of reheating treatment of hot bands.

5. T5%EER Ol T-113 L8 T-16 ORI O iEhr i

T3 XIET 700°C QEIOEE L Photo. 2 KRT

M HARERIZ & b 7 S IR ARAE D ZE Lv: Ta Hi¥inzE o

ZWT-16CBWTE DAY L STHD, LB X

D EHAME L, wVEEREEG &5, 700°C JuBiiE

DENVDRESIITEMDOL VE T-16 DFHH X DS

V. 800°C ERIT X W TS HEARIL L e Vv NIZE BT

BHOLNB X S D, v AFE—RFIIHIITE DR

THOIMLE L &b H#bd 525, FRERRTRITHQ

I X D ELE L R 2 VI ELTw5. [W—

INILET O HNERIRE, Ta/(C+N) & X B8AH 6

KIEROZ(LITR NI X OCRFHEEIC BT 5 H ORI E

Hrbx, WEMEEEDZL VWU BEFELES

HB O EF M OBEETE D /bT D EE LI LR
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5. HHAET X AT 02 it 3-3 B3 XU 3-4 107K
TERERERVOTENRT

3-3 AMEHREENHNBOEE

3.1 35 X U8 3-2 4T 3\ TSRS ROBAEERRAT 0 ER & 4775
UVSIERESIR O 1 {H, EAMEOZELE TN, 7 AMk
D7D OB GEHATFET B T L2 Hh T Lz
UL Lighs 5 700°C JBEASF diT tRnieik, S1i% 5
X B1zh, 600°C MERZHT A 5T S8 BV ERERT
TEDLcDb, ROEHREBEEOFET SHBIIH LT

M. ZDME GERTARL, DEFDI L E EMETR
Dfc. T BAEEROEESNS X 800°Cx 3 hr (hnElEE

50°C/hr) TH 5.

F9E T-04 1T D CEMIEIRIT 35 1 5 SRR T AL
B, IR & WIEEESE O 7 (B L OB EZF~F . Fig. 9
WREN S X S ARE TR HLERMEEL L LI
DO F {E T 5. ABRE 600°C ¢ixfy 100 hr,
650°C T3 10 hr, 700°C T 2°5hr, 750°C Tx 1hr
DM XD TEREESE (F=19) ETS. Thb
% 600°C %3 hr D HMENIR+5Tdh H, 600°C iz
FWC bR HAREN 5 17 75 20 7 (VLT 5. 4T
HABRE, B X OTHBOoN5&K&GD 7 EPTIE—
ETHD T ETEBEEV. 7277 L 800°C METid r=
19 i@ L.

AR LI & B 75 5 7 fEOZE(LA TaC o ic &
b0 EThiE, Ta OIHIPEHEREE L DT TH

7 (°c)
750 700 650 600
T T T T
2
o
o
keal/
0 56 mol
\ /o
09 I'0 Fox107°

/7 (°K)

Fig. 10. Log ¢ vs. 1/T plotting from the data shown
in Fig. 10. t means reheating time when 7
value reaches maximum at each reheating

temperature (77).

B WE r BSREIGET HREE () 2T TRy
THEEEL, logt LR (T°K) oL O
% sk B & Fig. 10 @4 X 5 i3E BERERERICH
D, TOREP LB OLNRD EEb A v F—13 H=56
kcal/mol & 7c%. 600°C MBLDLMELICO LT XD
ERREC 5. BOoN/E b AV ¥ —fElX a-Fe
P ooEERR T OO A v ¥ — L LT %Y
LOTH5. S LICESIEPZ LI X hiTHEFEE 2 H#~
72§ T-04 % 1 mm ¢ ¥ THfRT%L VycorF i H A L 1200
°C I TSI bALE% 7o L, 600, 650, 700°C |z THF
HAAER U7 & & R SUHRBIZ L& MRk 8 S5 1R 1 Tl

Ui A HISE TS MRS 6 0 b 2 B35, 7 {8
. ;2‘ Te.  wh e "

‘¥

A) reheated at 750°C for 50 hr
B) reheated at 600°C for 100hr
C) reheated at 600°C for 50 hr

Photo. 3. TaC precipitates in hot bands of steel

T-04 after reheating treatment,
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Table 2. Effect of reheating treatment on the r
values of steel T-04, cold rolled 75%,
then annealed at 800°C.

Reheating r 7o ] Tas g0

0 1-30 1-26 1-16 1-64
600°C x 50 hr 1-66 174 1-44 2-08
600°C > 100 hr 1-91 2:06 1-60 2-37
750°C %30 hr 1-97 207 1-67 2-46

Table 3. Effect of reheating treatment on the r
values of T-16. and T-03, cold rolled
75%, then annealed at 800°C.

Steel Relieating r To | Tas | 70
0 1:85/ 162 1-812-17

© 600°C %3 hr 1:95/1-76{1-84,2-34

T-16 700°C %3 hr 2:04/1-91(1-83|2-57
800°C x 3 hr 1-73(1-76/1-69{ 178
800°C X3 hr+700°Cix 1 hr|1-86[1-92|1-66| 220

0 1:47{1-28/ 141|179

600°C x 3 hr 1-39{1-3111-30]1-65

T-05 700°C x 3 hr 1-83|1-95/1-70]1:95
800°C x 3 hr 1-68{2-04|1-33|2:03

800°Cx3 hr+700°Cx 1 hr{ 1-88/2-15/1-60|2°15

i &7 B R & 0 o3 SERe I T WS 52T

L, &<z €600°C MERZ T X DIfFD . EAIEHT
MIGE W X BT HHSE TR & 7 B0 & 75 DR v st
TER A FOME b & D SERITIE—FL L7 s, T o
ME—3 L, r{ECZ{E TaC O EK X 53D TH
D, Sled &b 750°C LT TOMEITIESES C 24
HSEDZLICXD r BERREECGETS E VLS.

T EA R &7 BT HAERIRRE D 5 biRE & R Kou
HRE (750°Cx50hbr, 600°C <100 hr) ‘TALER L7 &
E, XV i=166 LoRE WAL LS 600°C x50 hr
WERIRE DT P DARFE S Photo. 3 (o7, 600°C x 100
hr EZOH WO EDO Ak & X1z 200A DIFTH
%75, 750°C X 50 br JLERi%13550 A 2EFCH . 145 255
D EV B r HEOHANRE LM Z TR T-04 Tk z OBE
DRESDOLELE r (BT EE 2 LTS v (Table
2). /=72 L 600°C x50 hr JAgf 4T k3 600°C x 100 hr 4
Btk D biF BT b 525,
HH5bDDH Y, ZDX S/ coherent strain OFFE &
Fig. 10 wREN5 X 57 600°C iz kit d 7 {HE TS
55 72D DS RHE OEEE R~ O3 & OBIRILETE
FETIEd D EBKIF . 800°C IR TIILTF LD 7 Hi
HEEEIGE LY. ToHEHE LT, ©800°C TlifE
EENSE LELRIIE TaC & LT LAV, OFHY
PHRIEL, TOEEEZ 575,02 508%F 2 Hh 5.

coherent strain o

1 OFERAIE Ly & hiE 800°C JuEfifg X 5z 700°C
WCHAET S Z stk ) 800°C coofyE Ta, C
L 7 A e+ 53T Chs CEDZ LD
T-05 H XWX T-16 it 2T x bhikHEs Table 3
WECd. 700°C e X v r {ERRE S mET 5
%5, XD LEEEBICX Y &y 00089 CHITIX
700°Cx 3 hr 7 g8+ o (Hic & 525, 00129 C
D T-16 TRELICLDEICITE L. WThicE X
800°C 413E7% 700°C i THAMT 52 Lick 3 F{HD
M EEHTEMOKXE S TIBRHETET, FHHBIRELT
&5 LT HH ] OHEROBZYESNTEE . LUk
A T-16 OFRIITHEMOAE T OREOHFET S
AREMEZ R LTV 5.

3-4 BERSEBRTHNBORE

33 THEWTHHIDOKE X, HSikiEDRN s —if
Bl DT U7chd, BT R ALERIR BE DARE AT 4> F iR AE
REDIEXERLTVWAENEHS. KETIEL2FD
ABIZ X ) r B ofthic ks JIETITHDERO RS X
DRI T B Z E R EMIE Lis. ThbbCEDC
L8 D 2 fER vy, 650X 10 hr AT HAAHEIC X D #THY
TREDOETRTHE R LDARDL, 5L HEE
(650 ~ 800°C) T 3 hr OIF A LLIEZ TRV,
AR 700°C X 1'Shr oglic X b 800°C ALEL/L KT
X O FFEE U2 BEE C &2 i H X B A C &2 £ Eg
W T—% & L7

1 T -16 OBERRHT HALEIT & & 7 S BT K RV
D HLNTLVAS, PUIFBRE RO TL 5. SR TIIHT
HAE D% oD 2L EHRE I B\ TRMRL T H 575,
X DRMEIAIERE ORI & b WEST 5. Tt
FCEOP i T-05 OBE, BEGIIR & i Sihk©
B 0BRSS < 75 B I DRFRES WL SARD &
hs.

a0 2\ 80 T-16 O Wik & MEBRE & ©
BifR % Zm EIREIZIC X W #8-</=. Photo. 4 TRXN 3
L DT s LOIRAET T It s — IR S h T
WEREEKRBIC DS HHLEBRE O L/ & & biTht
R L U, 73R C (650°C, Fig. 11 Z8)
REND X SR RCHAET BT EDBPHEAIEL, 2w
T E (750°C) @H - THAOWHDbERET 5.
i F (800°C) BT, SSHITFEWEHEX{LT
& LB B R LT 5.

r LT HIBEL 4 E OBS%R %Y Fig. 11 R4, 650°C
X10br O HAAEIT X W WD r SRR KRic @ ET
HEEBIT T EEITOED NIBEEIK I LTIIESL
v Tizbbh 650°Cx10hr i #iF i +45Cdh
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a) Rcheating Treatment (R.T.) A b) R.T. B

ORT.C dRTE e f) RT. F

Photo. 4. Effect of reheating treatment on the precipitate distribution in hot bands of steel T-16,

241 T-05 ° °
3|
S 20+ \ \.
o
: \/
S el /’“ \ \o/
8’45
! 1 ! ]
24 T-16
. :
—g 20 ,
o | B 90 0
fo
1'6
i /fu
T
1 ) ] i ] ]
A B C D E F

Reheating treatment

: as hot rolled
: 650°C X 10hr

Reheating treatment A

B

C : 650°C % 10hr+650°C x 3 hr+700°Cx 1 - 5hr
D .

E

F :

4 +700°Cx 3 hr ”
” +750°C x 3 br ”
” +800°C x 3 hr ”

Fig. 11. Effects of various recheating treatments of
hot bands on the 7 values of steel sheets
T-16, cold rolled 759,, then annealed at
800°C for 3hr.

D, o HEIOEXRIGIZ S P b b7 7 EiIKEL
LB LD, 33 OFERIELESWLSEDR
EEROFEFE N TIE 7 [EIXIFESHTHEMORE ST L
AEERFELEVWELD 5.

r{EOHMRNESEEH D ECEDL W T-05Crx
MR LHIRE rs DR E70D ) & FIRTH B0 (F
720 Ta/(C+N) <1l O7-»EECHRIFET S), CEW
Vi 2 AUE, BSOS Wi T-16 Tl i iE B o
WALEED (700°C) E Tl ro<rys<<rgo &\ STHNE 5
270 L tT O KRAEBIEEF & I 5B EAETIT 746<
To<lro Y A FIRROEARNELSEEZRT X OIS, LA
LRI D, Ta, FESCHTHEE TR
D% WEITIEATHTERD r (EOTENE L IC BE L 5
ZHT EWRHATHS.

BT BRI & % 7 5 $AT- 1680 D iRk kR > 25 (L % Fig.
12 7R3, MERE A E < 7k B o, WESHRILT 5
A VRN 5. 80 T-0512 2T b [ER 7o fs Rasis
BERTWwS. —F 700°Cx1-5hr DI ZFTiedolav
T-04 oik{bihifd ZH O »ic Fig. 13 12 57378,
BRI X DEILIRE S ER LCwW5b. Thbb
700°C x 1'5 hr OEAMIRC X D CHFELITHTH L, ¥
Hi A LT 2 DN LIBEXKT 3 525, £hix
LTk & e CEDAd v & &, 800°C M7 X ooEia
T — SRS L, @S Ta &, IO hacfk
5 petsE iR T oMGH TaC o K oihnic X v #kbis
EAERTLZENTREIND.

s T-16 i HAERIZ X 5 TR A M b a JlE
L7z 3 T i< (200) HALAEEI LTV 55, £

A HLfEE D T BT BIRAHEICX 5 r [BEOMNEFEOL
mmmmbm<w.ﬂi%ﬁ%ﬁ@@@%ﬁﬁm%Fg
14 1554, W G, E kT (222) 38E, (200),
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I
250 .- P y : Reheating AB\ |
e 9 x c
‘; O~—_ _____ A:A>Q‘\\g\ & D
T 200 [—g===——-— £ o E
ot === =—=<-= ~C
N e ‘;::\1 \(:\ * F
g b \0§A a G
5 150 A\ |
T \ \\‘
100 (,\ 3,\
N %
[l 4 ] i i 1 1 1
o 7 400 450 500 550 600 650 700 750 800 850

Annealing temperature (°C) x1hr

Fig. 12. Effect of reheating treatment of hot bands .
on the change in hardness on annealing
759, cold rolled steel sheets T-16.
Treatments A,B---, F are the same as in
Fig. 11.
250 -T-04  C:0009

. 200

>

I

w 150F Reheating

£ © As hot roiled

= 100 |* 600°Cx3hr+600%C x 3hr N

T a . +850°C x 3hr ‘&E\E ~
o . +700°C % 3hr ﬂ%éﬁﬁ-

so L* . +750°C x 3hr
. . +800°C x 3hr
- . +850°C x 3hr
1 I | [ L 1 1 ]
o 400 450 500 550 600 650 700 750 800 850
Annecling temperature (°C)x I hr
Fig. 13. Effect of reheating temperature of hot bands

on the change in hardness on annealing 75
% cold rolled steel sheets T-04.

(110) WA 27x5. X DERQE (800°C /uEp) 1T X
DT AR B & (222) kR L (200) 13 s
5.
3.5 MERBRNEBOEE

3:1 XU 321 BV THF HRE S X O Ta g o
HEERPELPIT L, free COTFBEMND SNoAs,
N6 ER TIE TaC L5k free C & Ta & 78
FIRFCZE L L, Z A ERTORE R TaC 13 EEER GO
EXPETHAM TaC & LT LBEREHEHELTE D,
Th HOBMOEHTME SR TRV, & Lol
HEZER D729 free C OFFERIEII» 7 6F L L BHE
Tlew. F7c Ta, CiRpngic X b BUERESMEL, &
ELbEFELLTCVWS. REAZBWIREREHL TS
DREGEMILL, kil X 5 ke AIKIEF 08 2 5k
L free C 0o EZPECT 5725, £F Ta/(C+N)

o~
12 / \\
/ \
/ o
(o]
!
/
10k H
7
H (222)
D/
o"‘g
. - \\
- 20 ommommg
= (21)
» 10
w or o
. S
o OB -
S . _ o= (200)
€ ol 7T
Q
\
o5 \
\
Y (190)
R S

A B C E F
Reheating treatmant

Fig. l4. Effect of reheating treatment of hot bands
on the pole densities of several reflections
of steel T-16, cold rolled 759, then
annealed at 800°C for 3hr.

Reheating treatments A, B, ---F are the
same as in Fig. 11

=037 & free C g% Wl T-12 2380, BEEHRHT H
it (750°C X3 hr) Z2KBEA L, TE S B, ED free C
ZEEC & LICBERE 255 L, 1220 %, 3
ik free C R 5L i L (700°Cx 20 hr ik 3%
th), BHE C BTN, WIkEO SIS 750
°Cx3hr (hnFudE 100°C/hr) TH 5. B D
THRFRAERZ T2 7ok TaC OFERIE I
R X DIZ LA LB IR .

BUEARIE AR X D v B AR AL LSS 5 okt 5
Eh—FT 5. Fig. 15 WLRINBESC FlEDLE
57 14 DH_EMSPEFHTHS. BHEODYR LHT-
16 OFER IR T D & rs DIRTIREISECREO B 2 4
<50, TaC ZOEEO/NI VI ENPELLTHS.
BREERR 35 X OVBESHARIC 31T % BB X B Rk B 1358
B Lo,

BMERR IR RALBINT X 5 TERE S S D 2L % Fig. 16
RS . BEFITIZERCTH L, AECon
B TiE near {11}KH2) ~DEFB X VIHECTH 5.

# T-12 oflis C 8% H AR EL kBB O
L DRI DN TOHIER L REE & OGRS ER X
UBEIAB I DWW hFh Fig. 17 5 X 18w R”+.
WIERAET D (222), (211) % XU° (200) RESEE 1T E T ==
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XL, (222) BIBITESCEINL TV,
(110) FREBEE VI LT 5. BREER R OF
I X DA AROBEREICERELE L, RRLEZ XD

T—12 T-186
Ta: OO? wt % Ta: 024 wt %
o C: 0013 Cc: 0012
Ta/(C+N)=032 Ta/(C+N)=115
e C 0003
Ta/(C+N)=106
»
/
//. /
/ /
= 4 /
.\\ .// /:. I/,/
20 S~ - . F_E*f/,
? A/><~AI
/
/
© O\ //
3 1 _ n
S 'S \\ Fo 4
\ /
N \ !
N 7
Y
l-o L -
1 1 | ! 1 {
0° 45° 90° 0° 45° g0°

Angle to rolling direction

: reheated at 750°C for 3hr, then cold rolled
: reheated at 750°C for 3hr, decarburized at 700°C in wet
hydrogen, then cold rolled

: no reheated, then cold rolled

: reheated at 700°C for 3hr, then cold rolled

15. Effect of reheating and decarburization of
hot bands on the r value of steel sheets,
cold rolled 759, then annealed at 750°C
for 3hr.

»> @O0

Fig.

CIDMEFEEEEML, (110) il L, (200) s
b bz v TiabbEIECHTTEE L & & F—/T
TRTEHEREFN~OERHIHEE 5192, Fig. 5iC
mEnic Ta a5 (200) o s C o
Indb, TaC OEEIMCX 53DTHA 5.

BegtdR Iz 3V T (Fis. 18), (222) MRS EESR ~
EbicHmL, QIDHFICERO)FEL LTS, U 4
FERCix 909 7o &Lk Thx (200) 253hns % & v
BTV EL, ST-12TI 2D X 5 R HEARED Sl
v (110) FREEEVEREERIC CRRK & 78 0 X DI IE
BLLBEPLLTWD. EECoORETEEEE T X
ELL A, LACEBECHFEFED L &0 (222) otEhn,
(110) DAL IIFEZETH 5.

SHFEIC DV T b FER A KR E L & & OEBEEZE(L
% Fig. 190T7/¢. JRAEIZ X b (222) G BEZ
L(200) 35 X VALY A LT b T2 EECE
DELEFFFT D, BRI X B 7y O (Fig. 17)
W (110) o LRGBS, BUEMR S X Ol
% Table 4 (TR, Nific X 5 BIEMRK REEH T
T D, BESURRE B T-11 QIR &2 S 3E—E
ThHD.

Fig. 19 RJRRZIBEZFT DA/ ¥ TaC iz

HBLTWvWs. Ta v xahlE TaC 8235807 %
o, i Ta<019% T (222)p3 8L, —F

(200) i3 BT, (110)ixb Tl LT 5. Table
4 oW SR X ST, BT-11 OBUGEEMR R &R eI X
B W IE RS R 9% B D 7 2 LI R B 5 S
Wb b R ATV 51, AEEREE N TS

RD

(a)
Fig.

(b)

16. Effect of decarburization of hot bands on the annealing textures of steel T-12, reheated

at 750°C for 3hr: water quenched, cold rolled 759, then annealed at 750°CG for 3hr.

(200) pole figure,

(a) reheating (b) reheating and decarburization.
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Cold rolling reduction (%)

O : rcheated at 750°C for 3hr, then cold rolled
@ : reheated at 750°C for 3hr, decarburized at 700°C for 20hr
in wet hydrogen, then cold rolled

Fig. 17. Effect of decarburization of hot bands on the
change in cold-rolling textures of steel T-
12 with cold rolling reduction (2).

BICAFET 5 TaC F o A 3 1
BEhEEREL L, Ebbh vz TaC ol
TN T5 D3 F e b B (222) % HE AN X ¥ (200) % /b X
BHHEMITH D, FERD OO H5ixTaCE o7
FRIVEIREE XS LEERTES.

Bt R A ER V3 BARE AT HAALTRL & [n] BRI B HER D & VAR TE
RS 25, BIECHKVWESIIT VI XS
LD 2 VNOIRMBEIZ/ IS, wVEBEREY v —F &
5% IRAGAREETRFERE S RNTZ &0, FIR
IR — R e VS ER & T v, FRT L EIEC s
FHTHEV & ZiTiE Photo. 5 (a) IT7RT & 5w EHEIARE
W WERN B Z & A5 D H 5. FALK X D ixhrfic s
W Z &7 5B, Photo. 5 (b), (¢) itRd & 55k
gET, b (1) mEEmcE T 558 dEECO
AECX D e VBRICAEDRD NG, FFLETR
BRARD o EREE I (11]) e L, FEHEM I FRE
s LI Ehod> F 4o b I [@fE X & A FAS B TER SR 5
A% BLURMZZS T <, Photo. 5 (¢RI TW5E X
SEECOFHET HHB{CIR ST oN5B.

20
n s-—*
161 (222) W
I.I
0,0/"/0
_____ .-""‘~~¢
’.:? o—+c—0
Ay
el
2
% 8 o Q o
Q .
&
. o
(s}
Ol |
(110) AR °
L ) { 1 R S
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Cold rolling reduction (%)

Marks O, @ are the same as in Fig. 17

Effect of decarburization of hot bands on
the change in annealing texture of steel
T-12 annealed at 750°C for 3hr with cold
rolling reduction (%).

Fiz. 18.

Table 4. Effect of decarburization treatment on
the grain sizes of hot bands and of
cold rolled and annealed sheets.

Hot r‘ollcd bands Annealed sheets

Steel Non-decar-| Decar- Non-‘decar- Decar-
burized burized |burized burized

T-11 9-1 9-1 9-1 78
T-12 9-1 8-4 9-6 9-4
T-13 |  10°3 9-6 9-3 9-1
T-14 8-4 8-1 9-0 9-1

3.6 BFERILYDEBTRINDR

3-6-1 1 [ER&HEEH:

C, NOXEEDHHRM r {Hm st LTES DO
g, Ta LStosah) o kELERITRRINC X
D Ta LFEERA r [EOBE LM LEAHFEIND. AT
ERINETIE S 7 i & BUERDT QBRI B & OBIt%
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O : reheating of hot bands (750°Cx 3 hr)
@ : reheating and decarburization of hot bands
Decarburization : 700°C x 20hr in wet hydrogen

Fig. 19. Effect of decarburization of hot bands on
the annealing textures of steel sheets with
various amounts of Ta (%), reheated at
750°C for 3hr, water quenched, cold rolled
75%,, then annealed at 750°C for 3hr.
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a), b) reheated at 750°C for 3 hr, decarburized at 700°C for 20hr in wet hydrogen, then cold rolled
c¢) rcheated at 750°C for 3 hr, water quenched, then cold rolled
d) Electron diffraction patterns obtained in the same field as in Photo 5(c), a schematic illustration and the
patterns show that the difference in orientation due to crystal rotation reaches about 16° between 2 points

in the left side grain.

Photo. 5. Effect of carbon in solution on the cell structure of steel T-02, cold rolled 759
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Fig. 20. Effect of reheating temperature of hot bands on the r values of steel sheets reheated,

cold rolled, then annealed at various temperatures; Nb-1
750°C, Mo-1
3hr in salt bath at each temperature
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Fig. 21. Solubility products of carbides in steel?D.
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 Zr3 (C:0°016 Zr: 0-24)

Zr-4 (C:0°018 Zr : 0°28)

Fig. 22. Effect of zirconium content on the anhealing textures of steel sheets, no-reheated,

cold rolled 709,, then annealed at 850°C for 3hr.
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Fig. 23. Effect of first and second stage cold redu-
ction percent on the 7 value of steel Zr-5.
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Final annealing 850°C x 3m:

Fig. 24. Change in texture of steel Zr-5 proce_séed by two stages of cold rolling.
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2nd-stage cold rolling 75%

Final annealing 850°C X 3hr

Fig. 25. Change in texture of steel Zr-5 processed by two stages of cold rolling.
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wet hydrogen, then cold rolled.
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