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Influence of Solute C on Recrystallization Behavior in Ti Added Low Carbon Cold Rolled Sheet Steel

Natsuko SUGIURA, Naoki YOSHINAGA, Kaoru KawasAKkl, Yukiko YaAMAGUCHI and Teruaki YAMADA

Synopsis : Recovery and recrystallization behavior of the Ti added low carbon steel sheets (0.0096mass%C—0.097mass%Ti) with two different states of
carbon atoms were investigated. States of carbon atoms in the hot rolled sheets were characterized by 3-dimensional atom probe (3D-AP)
analysis. The recovery was delayed in the sample containing solute carbon. It is considered that this delay arised from the existence of C-Mn
or C-Ti dipole. After 85% cold rolling and annealing at 800°C, the specimen without solute carbon showed {111}(112) recrystallization tex-
ture and polygonal ferrite. In contrast, the specimen contained solute carbon showed {111}(110) recrystallization texture and pancake shaped
ferrite microstructure. It is considered that the difference of recovery behavior affects development of the recrystallization texture.

Key words : low carbon steel; recrystallization; recovery; texture; dipole.
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Table 1. Chemical compositions of the steel.

mass%
Mn P S Al Ti N
0.01 0.0047 0.025 0.097 0.0018

4] Si
0.0096 0.0t 0.1
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Fig. 1. Microstructure of the hot rolled sheets. a) LCT, b) HCT.
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Fig. 2. ODF (¢,=45°section) of the hot rolled sheets mea-
sured by X-ray diffraction. a) LCT, b) HCT.
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Fig. 3. Ti content of electrolytically extracted precipitates
in the hot rolled sheets.
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Fig. 4. 3D atom maps of Ti and C in the hot rolled sheet
annealed at 550°C for 1 h (LCT).
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Fig. 5. 3D atom map of C at a grain boundary in the hot
rolled sheet annealed at 550°C for 1 h (LCT).

Table 2. Evaluation result of Ti and C clustering in the hot
rolled sheet (LCT).

Number of atoms in a block

100 | 1000 | 10000
Ti 90% | 90% | 90%
Ti+C | 90% | 90% | 90%

Solute
elements
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Fig. 6. ODF (¢,=45°section) of the cold rolled sheets
measured by X-ray diffraction. a) LCT, b) HCT.
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Fig. 7. Changes in hardness during heating at the rate of
10°C/s.
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Fig. 8. Changes in Ti content of electrolytically extracted
_ precipitates by heating to 600°C.
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Fig. 9. 3D atom map of Ti and C in LCT heated to 600°C.

Table 3. Evaluation result of Ti and C clustering in LCT
heated to 600°C.

Solute Number of atoms in a block

elements | 100 | 1000 | 10000
Ti | 90% | 90% | 90%
Ti#C | 90% | 90% | 90%

& ND
RD

Fig. '10. IQ map in the steels heated to 630°C. a) LCT, b) HCT.
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Fig. 11. IQ map in the steels heated to 690°C. a), ¢) LCT, b), d) HCT. High magnification images are shown in ¢) and d).
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Fig. 12. Inverse pole figure map in the steels heated to 690°C. The colors indicate ND and RD in a), b) and ¢), d), respectively. a),

¢) LCT, b), d) HICT.

M Deformed grain
M Recrystallized grain

Fig. 13. Orientation relationship between the {111}(112) deformed grain and the recrystallized grain nucleated in LCT heated to

690°C. a) IQ map, b) {100} pole figure.
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Fig. 14. ODF (¢,=45°section) measured by EBSP in the
steels heated to 690°C. a) ODF calculated from
recrystallized area in LCT, b) ODF calculated
from recrystallized area in HCT, ¢) ODF calculat-
ed from the number of recrystallized grains with-
out consideration of area in LCT, d) ODF calcu-
lated from the number of recrystallized grains
without consideration of area in HCT.
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Fig. 15. ODF (¢,=45°) section of the annealed sheets at
800°C for 60s measured by X-ray diffraction. a)
LCT, b) HCT.

Fig. 16. Microstructure of the annealed sheets at 800°C
for 60s. a) LCT, b) HCT.
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Fig. 17. Schematic illustration of the recovery and recrys-
tallization process in both steels gray scale shows
the difference of the rolling direction from (110)
(white) to (112) (gray).
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derschueren & DAER I U H & L - IFHDO BEMBREIC
BOTERINATWE 2D, ZD K5 5BEe, MTKOK
RH LR 5L OFEEEATER S L, BfEARE
+OERIZI > THBEREMEKEL TV EELLN
%9, Fig.14b), d) TR L7z & 512, {111}(110) FHEaSRIE
(LTINS HARTH A DT R EVBHEEEZE LTO
EH B0, ZAUXLCT DIFA & RRRIC {1113(110) P& ALK
ERAERKE 72 IR EPUO FRSSERIC R TRRHRNT &
ERELTWS, UL, BibSBREaNIC+2 EE S HET
L, ¥75v A4 VBRI T\ HCTDHA ITEEO
TR DA AMEV 22 DIZLCTIE & ABU {1111(110)
PR AR ER L TURET 5 Z Lidikawn, L
MoT, FEFAIZHUZ {1110 FEERIIER SR
T, BERIAD VBN BMIKOFEFLMTH O BRERY
A POV BEbER L OBRE L85, TORR,
MR TOBRERLSE T L2 CIIERY 4 bD%
WD EFREBD, BREN5 72514 PR
HUVIFNIZEBEEZONS, 20K HHESERE
o@D, FEATE THE TRES R, BHENIEL L
2 EEREOHEGS KOy ofiln sl Lz EZ N
=

(111H110) DR A R ODERENIZ D W TS BERFE T3
B TId Ry, FRtE D IS BGEACR RV T IR RO
RIZK B EREESEZ D, (111K FRHOEO T AMHE
BOERENBBENH DI L ERL TS, SRIORE



I 136

$% & 88 Tetsu-to-Hagané Vol. 94 (2008) No. 5

RN N0, NRELAERIOEEL D, Z
DES ERFIEBBR I L0, HREEZEORBRICE
WTRFENZZ DK S BH/MAER S TS aREN S &
ibhd,
4-2 ERCICLBEEOHH
BEECABLLCTORM TS 5, BitSEAMED
FRA{1K110) x5, I 27 aflffrn/ v r — RO
U 7=RIC 8 5 &5 TS A BAF-ALKS (V3w FHE8ET
BUE SN RKFBAIT L V) ORFMEERL Thw5Z
CAZEIRZE VY, BAF-ALK#| & LCT & T, BT,
BestirE D MEGEE S D LM IER LS, £72, BAF-AlkH
TIIERMZEH D AINDHT I - FEIEIC & > TEAMBOH
B|ET S, SEDORS TIZAINHHIZAZ 640, La
L& 5, LCT Tid BAF-Alk i & R4k 1 B Rt o |18
Pl S, T ORER, BEREAMBE Iy olEicg
fEBETCEEZLEND L5, KT, BEECHER
THEAIDABERIEI X NS A H = X LIZDNTEE
5, Hetrh ORI IZERA O FREEIC K> TRE IS
EEAOND, BHNOEBHEEEFTIATFLLT, M
MTHZ 72k 2 5 221XV R ELIONS
%%, Fig. 8, Fig. 9 XU Table 3 T L 72 & 3 12 600°C gD
BRI TTICHHEDOEMIBD s, Mllkr 5288
B Sk o7z, BIYETIIZ & % Solute Drag (SD) #h5RIC
DWW TIREVE CHRTFE L R WHCTIZ % 0.05 mass% D &7
TiRFELTWBEZ EH6, LCTDATSDIENRE T
% L3 LIT 0, Fz, BUER OB RIS BB IS E
U TW=EVAE CIRE D B ISR ORIC BT 5 &% %
50308, [EE CHEMTOSDEIRIZ 600°C TD CDHLEL
HENHSENZELEHE LIV, Dbz rs, O
EHHIA =X L LTIEC-Mn &4 E— D XS EEE
CLEWBITRLEDBEARDOEREE LI 5BEN, &
0.1mass% D Mn B HEMENTNWB Z &5, C-Mn & A
R-LDOEEOTEELEL 5NB), TildMn & RT
CLOMAEHI ALY —BRENZERLED, XDHEA
HEERLRTWVWEEZONS, LT, BEECEE
£ LCT TRIE M 2 W = BHEIE Mo B LU Ti& C & D
BEROBEIZ K 2WEENTER S D, 2D XS HEAK
TR S B OBEEIZ & > T, BESIHE O FE#RE AR
BEL, 794 VROBRAVSY r—FiRic x> &
Zibh3,

5. &8

0.0096mass%C—0.097mass%Ti 7 I8 0D F f 5 2 A R Rk
B RIE TR TO COFEREOHEIZ DN THE L
T TORBREER -,

(1) BUERRTH, —HEREBZ THAIL =2BUERHT O C
&, 720°CX20 57 DEULEE (HCT) 12K » TIEITEENTIC
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E LT 5, —7, 550°CX60%4 (LCT) DELEE % fifg
L723BA1013—8 0 CElEE C & UTRFRICRNT 5.

(2) LCTOEHEIZHCTIZHANTERET 5, BARTR
THBHCL, CLOMAERI XL -DREVEBRATT
R TH 5 Mn, Ti &£ ODEAEK (dipole) DRI & - THrhiD
EAEEE XN O BE L WSS D B,

(3) LCT & HCTWT Nk & A& (111}
M2) % FFHM & T 2RADFRAEAKRE IR 2 5
BIEEMP A E 5, LCT TR {1113(110) 5 AL D ks Sk - 4
AHRKEL, POBEEL VDI L, HCT TR ERE SN
DH A4 {11110y FhREA K E vy, Bid {111}
Q1) B E 0,

(4) BRESTTH, OThORKBIZH TS y-fiber
EAMMBMBREL 2, y-fiber NOFH N IBEVECAERE £
WHCT®E {1113(112), BE CABEF L T3 LCTIE
(NI B 572, 72, BERT7 94 POBRER
HCTIERVITF AT 254+, LCTIZEEFHIZHU
TxI94 Ve RES57,

(5) @), @ D& LHEEEHS L UCHBERES
MREOZLIX ) OEIEZEFHOEVICEET 8D L& L
5NB, T4abb, HEIEBETSLCT TIEEWIEMNE
EEBL-ZERERMMEE 5201 111K10) A A%
RT3 LEMNEE B WGEBO (1113112 Ik % —%
CEET S, ZO-OFRBET TR0 8 FEH
freky, EEFEICHU-FESRE 55, —F, HCT
TIBEBEOFFERRICY 7L A VOREBIZK-TH
TEmPET T B0, BERDRREN{1111(110) & 4E
A A FDZNK2) B R L DOFEA L LD, B
Ed THREICIE {111 (112) 2 EF M E UzR Y 2Lk i
rtif & % 5,

RRICAMALHED S L TEEACHE4THE L LK
HASES (B) HNBRAT SUEEER, #EEET «
O — L EEH LT,
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