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Effect of Titanium Addition on Planar Anisotropy and Recrystallization
Texture of Low Carbon Steel Sheets

Takashi MATSUOKA and Masashi TAKAHASHI

Synopsis:

Planar anisotropy of  value in 7594 cold-rolled and annealed steel sheets was largely affected by
the contents of carbon and titanium and the slab heating temperature on hot rolling. Planar aniso-
tropy which was closely related to texture was classified into three types: namely, type I, 7, <ro<
7e0, with a texture similar to that of usual rimmed steel sheet, type II, rg<rg<rg, with (111) [113]
(near (111) [11Z] or (554) [225]) preferred orientation, and type III, ro<rge<ry, with a texture
similar to that of as cold rolled sheet. In the case of Ti/C atomic concentration ratio being less

than about 1, type I was obtained, and in the case of Ti/C ratio being considerably higher than |

b

type II was obtained, while it was not so much varied even though slab heating temperature was
changed. When Ti/C ratio was about 1, the anisotropy was widely varied from type I or II to type

ITI, as the slab heating temperature was increased.

Mechanism of the development of the above

recrystallization textures was discussed in relation to TiC fine precipitates which affected recovery and

recrystallization processes.

(Received Oct. 13, 1970)
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HAERIRR: 75% OWRMEREZ{T/H 2T 0°8 mm [Fictk
kv, TS oFELSHICT 750°C, 6hr GEERL /.
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Table 1. Chemical composition of steels (%).

No C Mn Si P S o] N Ti Ti/C
1 ' 0-030 0-23 <001 0-003 | 0°006 0-025 0-0016 | <0-01 —_
2 0022 031 <0-01 0-003 0-006 0-006 0-0020 011 5:0
3 . 0-024 0-29 <001 0-003 0-006 0-007 0-0014 0°52 23

4 . 0-053 031 <001 0-003 0-006 0-003 0:0016 0:07 1-3
5 0056 030 <001 0-003 0-006 0-005 0:0016 0:26 4-6
6 0-054 031 <00l 0-002 0-006 0-005 0-0014 0:52 9-6
7 b o012 0-30 <0-01 0-003 0-006 0-006 0-0018 0:56 4:7
8 i 0-06 0-30 <0-01 0003 0-006 0-003 0°0015 0-35 58
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Fig. 1. Effect of slab heating temperature on r value
of cold rolled sheets annealed at 750°C for
6 hr.
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Table 2. Intensity of X-ray diffraction

peaks of cold rolled sheets (X random).

Condition Annealed at 750°C As rolled
Steel No 1 4 5 6 5
Slab heating .
temperature |1210 |1210 {1000 {1070 |1140 |1 210 (1280|1000 |1070 {1140 {1210 |1280 |1000 {1210
°G)
{110} 0-53 | 056 | 0-07  0°04| 005|016 |0-11 | 0-01 | 0:0L | 0°02 | 0-05 | 0-06 0-11 | 0-15
{200} 0-76 | 1°30 | 0-67 | 0-48 | 0-50 | 2:04 | 1°90 | 1-00 | 1-02 | 0-98 | 1-06 | 0°96 2-39 | 2-94
{211} 1-61 | 1°58 | 2-28 | 2-43 | 2°80 | 247 | 2-43 | 1-97 | 1-97 | 2-78 | 2-21 | 199 | 1-60 1-79
{310} 0-64 | 0°91]021|016|013|0-34|0-32|0:09 010|011 | 0-19 | 0-17 0-19 [ 0-19
{222} 5-98 | 4-00 | 8°60 |10°35 | 7°56 | 4°84 | 6-03 {11-50 [11-80 |1060 | 878 | 9-10 | 477 5-67
{321} 0-92|0-85| 049 | 0:31 | 033 | 0°54 | 0-49 | 033 | 0°35 | 0°36 | 0°42 | 0-45 0:35 | 0-29
- {420} 054|071 | 0-20 | 0-13 | 008 | 0-30 | 0-23 | 0-14 | 0:07 | 009 | 0-12 | O" 11} 009 |0
{332} 2-65 | 2°11 | 281 | 3-02 {271 |2:28|260|310|3-12)3-19 3-32 (372195195
{521} 1-00 | 136|059 | 0:40 | 0°49 | 0-81 [ 058 | 030 | 0°26 | 0-28 [ 0°45 | 0- 44 0-41 | 0-31
{541} 08| 0-69 | 0°27.l 0:13 | 0-16 | 0-38 | 0-23 | 0-06 | 0-12 | 0-07 | 017 0-18|0 0
{622% 1-78 1 2-13 | 1°76 | 151 | 1-87 | 256 | 1-96 | 1-00 | 1°23 [ 1-32 | 133 | 1-25 0°82 | 0:85
{631 093 |1-00|033./025]023[039|0-23|0-10|0°13 020 | 0°21 | 0-25 0-18 | 0-16
RD RD

a (1) [112]
[ s (111 [o11]
e (211) [0T11]

Fig. 2. (200) pole figure of steel 1, slab heated at
1 210°C on hot rolling, 75% cold rolled and
annealed at 750°C for 6hr.
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Fig-.' 3. (200) pole figure of steel 4, slab heated at
1 210°C on hot rolling, 75% cold rolled and
annealed at 750°C for 6hr.
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Fig. 4. (200) pole figure of steel 5, slab heated at
1 000°C on hot rolling, 75% cold rolled and
annealed at 750°C for 6hr.
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Fig. 5. (200) pole figure of steel 5, slab heated at
1210°C on hot rolling, 75% cold rolled and
annealed at 750°C for 6hr.
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Fig. 6. (200) pole figure of steel 5, slab heated at
1 210°C on hot rolling, 75% cold rolled.
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Fig. 7. (200) pole figure of steel 6, slab heated at
1 210°C on hot rolling, 75% cold rolled and
annealed at 750°C for 6hr.
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Fig. 8. Effect of slab heating temperature on me-
chanical properties of steel 1, 4, 5 and 6,
759%, cold rolled and annealed at 750°C for
6 hr.
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Fig. 9. Effect of slab heating temperature on acid
insoluble Tiin hot rolled steels.
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Fig. 11. Recrystallization of 759, cold rolled steel
8 during isothermal annealing.
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rolled steel 8 during isothermal annealing
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Photo. 4. Electron transmission micrographs of 75% cold rolled steel 8.

4.3 BWEOEEBRER

B ROEFOMECER Y M5 i X DHEE
AT OB ROFE Photo. 4 WWRTH, &
HEDFFEOREETE, Ti 2FmMLaVwHETHEK LT
CVEEEMNL LR X 5 THY, 2T THBEE 1000
DHLO XV 12350°C DiF 5 Z DA X 5 ThH>
7z. 620°C 12T 1br EESHEOEIEMTIE, 2T Tk
{8 1000°C DBSIXEED » i T L c#aH £ <
ENBEOBEVWY T/ v4 U RWHEINDEHL,
357m%ﬁ§lﬁmcm%émﬁ&&gwﬁﬁﬁml
DEEQRIECES, BROBERAIDBE>TVANE
5THorc.

2 5 THnEGEEE 1 000°C 4, 620°C T 64hr BEgh
HOREEMBEHE» LR BEREABET LTS X5
Rz %5, HEBETHR Photo. 5 (a) WWRT XS,
HESBTELTREPEETHT T LT nEgos
BOTWAZ LABRDLNS. X7 7THIEEE 1250°C
DELSD 760°C, 4 hr BB OHE% Photo. 5 (b) i
TRTHE, FREMPLICE Lo REE SRR QFES S

XEFEEAERZ DTV DD OFREMZETERL 2
SHEHLDETHELATH DR TILLOBERRENE IV
KBGO SR 2 B MREHTIZ & DI, Thb
BigEA oA A O DR D D, FEMEN TR
EDOHRAMh AL L b SR EE, HHdaT 5413
PEET E Dl LD XD CFRESOETIIEE DR
B OBEFASMHLE XIBHL TV 5 & WX D55,
X 51z Photo. 6 iTHITT B X O WK AR DER
W T HRABESHFEMIC X >THEHEFEsLTVSE L
LBEHEEINS.

4.4 EAEBOEL
TRICr EOEANRSHICEGRD B EEKRONRED
A E LT, FEREMEICFEfT {200}, {222}, {110} & X
O {211} @ 4 DOWIC DV TEFREESM T O XHEHOH
SEEE R Bl Lis. 620°C Besfo g4 Fig. 13 21T
25, A7 7HEMAE 1000°C CixgeshrsfioRE L &
31 {222} DIREEASEEIN L, {200}, {110} Xt {211}
BT 5. £ LT{222} 35 X O {110} vaEsamsfalAS 15
minZ#x 5 & KELEbTBH0EHL, {200} HXT

— 47 —



1146 % &

w57 &£ (197]) 7=

ek e PR

(b) Annecaled at 760°C for 4 hr; slab heated at 1 250°C

Photo. 5. Electron transmission micrographs of un-
recrystallized regions in 759 cold rolled
steel 8 after annealing.
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Fig. 13. Change in X ray reflection intensities of

75% cold rolled steel 8,
annealed at 620°C.
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Fig. 14. Change in X-ray reflection intensities of
752, cold rolled steel 8,
annealed at 760°C.
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Fig. 15. Change in line broadening of X-ray reflections of 75% cold rolled steel 8 during
isothermal annealing.
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and annealed at 760°C for 16hr.

5. Lich>Tzo Ti @i X 2>CHb 5 SRR

DFER L r HOTERRE L HIRESHEBOZELIcX b &

P oYL

52 25 7MBBEL TiC OEE
ENERED 2 5 7imEREss TiC off kg, =5

W L{}”*kﬁtﬂ#wﬁﬁfﬂué@b:;“”“ﬂ‘é L psb otz

2, Zo TiC oifH!, FHCREBICA 7 Thn#Ro TiC

ol Steel 7
o
08 Steel 8

[

0086 Stegl 4

o004
Stee| S Steel 6

\

002 Sieel 2

00!
0008
0008 ]

0004

% Carbon in solution at equilibrium

oco2

1 I | L

[eiee} 1 100 1 200 1 300
Temperature (°C)

Fig. 20. Calculated solubility of carbon in steels.

EEESBEHRLTWVWAH C ERAHICHEENS. £ T
27 7mEEED TiC OEEREEZH#EET S0, F—
27+ 4 bdhd TiC D FEGIERRE TR
log K=—10300/T+5"12

2 BAEEITH V7o &5 o n2iEE o C o EEEE R %
SHHELUAFERE Fig.20 wiRd. chid Ti 5XU0Co
SHE»SHE LD T, Ti X *Cix§T TiC
OEE, FHIKEASLTWwW5 EREL, TiS, TiN, TiO
I EOTFEIER L. 308 Nod4 o4 Tk L
CREFFET 22, BECIEL<Td TiC o
BRI EVE, ozt civThd Ti ERICHFE
T50CEBCHEFOEE TIC OEBECHSTS &
AT X

A7 TINBRRICEEYS, TR EREBIEL TV
5L EETIE ZoNSHLEHE No 2, No3 XU
No 4 13, AEBROHENTREBFEZ(LOE, 5\
BEBLTWS TiC OEsbivicn, 25 Timshie
BEOEENR/IIWEE2ORS. [Til/[C] 28 4~5 @
HE Nob5 X" No7 13, 25 7EEE XD rif
EAES T OXIELZELD TiC oREEEZEICITA
IELTH Y, EBECEN 0019 LIFTRBEED 18
DRFH, 0°01% » 55 0:04% oFEFE T I BoE
FHTTBEL, 0004% DLETE I BoRFHEZRT
LWV IS ARBRSTES. LrL CEREBLT
Ti 0% Wit No 6 <1, @EE C B RE SELL,

— 5] —



1150 % r &0

|57 £ (97 w75

ElE T EE No 5 © No7 LRBED TiC REET
DD »rb LT rEOEANREHITEiIc 18 IR
Abh s, TdHE0ZIL LAV, CoBSEB S
K& D L Bbi 5 bid iSRS SR A S B I 25
miéﬁféé.C%¢ﬁ<bfTﬁ%wﬁ%K%§K
B 5 & {111} HMIRED K & WT OE S EIE S
LNBH, Lo TiC OFEED 5 VIIHHEEDIEH
EFID Ti OFER TiC DX E X 2H5Hd B
D {111} DFEITHFE LWRIBR T B70DTHA 5.

LDOXIWCAT7THBREIC XY TiC OEBEEIEX
S<ZEEL, HARIC X DT Z SRR O Bt 5
LA OMOMEICHEES LT £ 2003
%, HICBMERED 2 7 Tin#ikko TiC oEiERE, 55
WREINLEO TRTHET 5 TiC 0Bt
WIEBESE D T LRSS E D DO TV & %
5.

53 BEROBEE

MigkD 5 VISR Ti 2T 5 & B sa
BERZELLE LB T L ODELEE 0 bt 55
TOHBLDWTIHZEAEE LA XN T W, B
%&ﬁg%iﬁéﬁéﬁﬂw—om13%%@@%%%
ZBNBB, A—RFFA FBEET 2 54 F~OIRRE
EERZ TEbBRMET, 25 TIBNEEC X » Bk
SWBEEAEILT DR E Chh SR TE v, L
LIDRT TMBEEORPAT TiC OWMESKIGI
ﬁmb,ﬁ&%@k%é%%%ﬁ%ﬁzborwéﬁm
L, MHEWOFESBRERIEED LRITAS < Hm LT
WHEEZ LN,

FHERIRE S 5 W iI R e A MBI S s XisT
FTHEBE IR TR D & XN TH IO, BIER
DRIERPICT CIRATH LTV BIBE L, BIEELDEE
BREROBECITHT 2540808 E 2 50 5. i
HOBRREEMBS BT RDOREIT L5 2 X
TWHT NI =D A%V FEITRE, SEOFICITELEL
TWUEESED@BRET AIN HHT 2 X 5 Ui
XOFROLNZ LR L MBI TE Y, WetsoRE
ST X2 THEG £E6HBR BB ST 5. ¥
7o Cu RINDBHE DB EFM OB, HEsteEoiF I X o
BH L BREOLEEGESHESSEbh, FiEREE
BEFATEOD. UL, HMERES~O Ti ik %
T{ED R EX R BESRF O FIEEE I IIIT E AL BEX
0, BREGEAARO (11D [112)F 4 5R11350°C /
rTHRIRLTHD, REBO X 5 IThEE L F~D A
H5CERERFPHERICIOTHRBREDNS. Zhi
Ti MO ESNT WO o5 & iU, ko

RS FREROETLEBRTHE L LE2TT. E4F
D HETTICH S % 3 XIE T H047 £4m28 TiC ¢h v,
AN @ X SICBIERTOBYER hicEE LT vwWaETh
W, BECHEFETIET T 508NEEEORERES
TREFCH NHBHTE R0k 5K, BRENT
DFNC AT H AEE T, H—iC 57 L T\ 55
45, WM TR ORI A — T H B L 2 ks s
EELBIWEXNTWERD, Ti fiAnk OBEELR i
DO EREFEEEIFE RIT 2 VRSS2 2R D & 5 CTlaft
BBEDFEL TV, ChbDHEER, BEREEY
B < LA REASMBICEE 2 5 X ET 0B i
WD, WEAOBIER Pz Tt LTWwBZ &
ERLTWBEFBXZH% X050

B EahoMREERHZE» S Ti o, Bhro
HEMNEZELHEL, EELZESET VS &MBHED
DAVFZHS, TAUT—-2id LECO MM B hsistr o %
BizERLTWH e EELbns. Z0L5 EED
B AREEZ R T eHE L2 ESE 5 REE &
DA, T LICHREMMEKEDRRICK VT, M
BRADOHEZIEETS. WS ABBIZHEL T
WAHIESIE LCEE No 5 o= 5 ThngiaEE 1210°C
DLED, BEGGMETAORLMEZRLzbDIRE
SN/ REHME % Photo. 6 [ZiR3. ZENERD £ 7
WIZ U 7o 20, HTHOR ROHR NI F ORI
FILEFCE AT 55, 25 THEGEE 1 250°C i
EORGEMRE 1 000°C DFHICHELL, v Y i
LI X HHT I TH 5. S SITHEERRHIE CE
BWCHRBHTELWIZd b b, 2 F ThndyEEs
BVWIBEIHIRESO Ti 07wz &1, BFEMEs

SRS ~nt e SIS, SRV
Photo. 6. Electron transmission micrograph showing
inhibition of grain boundary migration
by precipitates. Steel 5, slab heated at
1210°C, hot rolled at 980°C, cold rolled

75%, and annealed at 750°C for 6hr.
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