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Effect of Ti Content on Grain Growth of Ultra Low-carbon Steel Sheets

Hidekuni MURAKAMI

Synopsis : The effect of Ti content on the grain growth of Ti-added ultra low-carbon steels during annealing after cold-rolling has been investigated. The

experimental result showed that the grain growth rate is slower in steels with lower Ti content than in steels with higher Ti content; the aver-

age grain size increased with 1/10th power of time in low-Ti steels and with 1/3rd power of time in high-Ti steels. This difference would be

related to the change of precipitates. In low-Ti steels, the change in the average size of precipitates was small. This might be related to the

disappearance of TiS and appearance of Ti4C2S2 during annealing. On the other hand, Ti precipitates in high-Ti steels ripened during anneal-

ing and this ripening of precipitates would control the grain growth; the Ostwald ripening. The grain growth is dependent on the chemical

composition of steels other than Ti and the re-heating condition of slabs; the increases of Mn, the decrease of S and the decrease of re-heating

temperature of slabs accelerated the grain growth rate even in low-Ti steel. This experimental result on the grain growth behavior agrees with

the calculation result considering the Zener force.

Key words : low carbon steel; grain size; precipitation.
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Table 1. Chemical compositions of steels. (mass%)

Sample [ Si Mn P S Al N Ti
Steel 1] 0.0012 | 0.007 0. 06 0. 005 0. 007 0. 031 0. 0020 | 0.058
Steel 2| 0.0013 | 0.012 0. 05 0. 005 0. 006 0.027 | 0.0019 | 0.028
Steel 3| 0.0012 | 0.010 0. 06 0. 008 0. 006 0.042 | 0.0025 | 0.030
Steel 4| 0.0012 | 0.010 0. 49 0. 008 0. 006 0.042 | 0.0025 | 0.030
Steel 5| 0.0012 | 0.010 0. 06 0.008 | 0.0003 | 0.043 | 0.0022 | 0.030
Steel 6| 0.0012 | 0.008 0. 18 0. 007 0. 007 0.029 | 0.0020 | 0.025
Steel 7| 0.0012 | 0.010 0.06 0. 008 0. 006 0.043 | 0.0022 | 0.012
Table 2. Hot-rolling conditions.
Sample | Slab Finishing |Coiling | Thickness |Hot-band grain
reheating (C) | (C) () (mm) diameter (. m)
Steel 1 1150 900 625 4.0 22
Steel 2 1150 900 730 4.0 42
Steel 3 1200 930 750 4.0 65
Steel 4 1200 930 750 4.0 50
Steel 5 1200 930 750 4.0 70
Steel 6 1050/1200 930 550/750 4.0 44-72
Steel 7 1200 930 550 4.0 30-50%
*: Changed by cooling conditions after finishing rolling.
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Fig. 1. Effect of annealing temperature on grain size of
Steel 1 (0.058% Ti) and 2 (0.028% Ti).
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Fig. 4. Dependence of grain growth on annealing condi-
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Fig. 5. Effect of annealing temperature on grain size of
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Fig. 6. Dependence of grain growth on annealing condi-
tions of low-Ti and high-Mn steel.
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Fig. 7. TEM micrographs of showing precipitates of Steel 1 (0.058% Ti), (a) hot-rolled band and (b) annealing sheet.
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Fig. 8. TEM micrographs of showing precipitates of Steel 2 (0.028% Ti), (a) hot-rolled band and (b) annealing sheet.
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Fig. 9. Precipitates distribution of steels before and after annealing.
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Fig. 10. Calculated mole fractions of precipitates in Steel
1 (0.058% Ti) and 2 (0.028% Ti).
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Fig. 11. Calculated mole fractions of precipitates in Steel
4 (0.49% Mn) and 5 (0.0003% S).
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of the composite elements.

75%Aumgxm®;7 , Britn & RS 5 e RISH
T T H B -%)#71 HOTRELZD I hIZ
WAL, TTIHFEL T ERRZE Iz 200
boFRMUMNLT 3, Z0X> %8s k0 FiglcE
TFMET BRI, FifiE CORR»S, DL TiSH
KU T4C282 £ ) 2D R 75 B NI D VAR R BRI D
WTOIRERIEBIREHES 4 RET T2 0B H 5 L BEbh
2, LHL, KFETREFLA LD EMILT 2720
Fig. 12(c)D & D IS H#Z 1RO AR L L, RT3 BHIC
KO ZOREZGHLRELBEDETE, Thbb, Hir-lc
L7 DIFRETEENIZIREL, — 5, BMGEORD
BARE TH = kHPIORE THE S 3BERERTOR
ERIRZ AR UL 5. itds 1BE 52 LT,
1 DDEBEEDOXNZ T THP ORI E S KUK ILRD
BEEERETAILNTES, KFETRIEET ML
W% TidC2S2 & L,

log [Ti][C1%°[S1P5= —5208/T—0.78 +++++vvevrrrrenerveennnns (2)

L0 P ER KOKTTROEE R %KD 7=,

WD RIZ DO TL, BEFED DB LU -I2E K
THEEDIIDNWTENZTNDFEHELERROD 113 TESR
MICHERT2EDLT 5, FizusmtOEREE L v
BAEBERERDOXZFILFEETH D, Fr-aitsrs
B B BAIIRERKIL U T Sl 1% & v a

53

BERERRORBEREICRIZT TIiEORE

LU T L BRI DD P19 % 2RO R L T 5,
Z OH I & B pinning 77 TR BCE O BRE 1 23 555 X

NTND LREL Zener DBIFRA S AN EE KD S, ¢

b BT R F - IO A e W IB A,

(FL = (Fo - reeeeeeseeessessessississe s (3)

T SO (4)

Fym() oo (5)
7= IO ER D b 5 35/4

S S SO (3)

b=y D/ Teveseeeeeeeeseeessesssies e (4y

(F P2y —(Fy)} +oeoeeresssnssensssnisnssee s, (5)
IZREHRIE L 1920, SRR I

Ry ffreeeseessnessereseseieee e (6)

TREEINS LD LT 5200, IRFED 1IIBEHATH» & TFHE
U T BBEFEOR Y, 213880 1287 72 10§ B A Y
MBS ARTFTH B I LK T, FIXFIIREIIE, 7,
BT R, (3R, DIXBSEIR T OILBRK,
IR ERE RS, TIETRETH 5,
MHPIORRETIOHBICL VBRI A THEEDL
Z29, TIOWERHRED %

D:3156Xp(“29723/T) [mmzs‘l] .......................... (7)
kD7, CRRBAI ALY —RELEM, WEET

DBHE AT HHIEANO S EER L EIZX D REZERTH
39, REHETIIEHEIZL DE S N3 HREDOMHE A
BB Y 2 % 5 k5 REICEE Lz, Birzicmd 3467
HZR L TR ZORESEHEDOAZ LI FRES4T 5
CDERAEKDEEZL, EREHOBEMIFEOM, #H
MIDOR R L REEMIEYIDO BRI T 5 & 5 12l % 34
U7 RIBEHR-IENE, fIMHEIOREYETH S, B
iﬁ#w&4mfﬁ®ﬁbﬁﬁéhfwéka&T55
, AR TR REOF B BEEE LS 55 &5
-ﬁ%btﬁkhto%#uiofﬁ$ﬁﬁ&%éﬂm¢
TEIHENELLND N, ZOBAITITESRIX ML
25D TRIBSRENMEILEL —BDHEAEROEDE TS,
B 57 % 0.04mass%Ti-0.006mass%S—0.002mass%C & L T
AIRLUEREEA LS L & $I12Fig1312mY, #
e IO ER B O BE, KIERIXER ORI 13 RIZHE
WK TIDICRL, $i aits R T 25412130
BT /10 /B £ cHiflE h 5,
4.4 FOMOEROEE
KT TR S h 7R EDE LVOBIEE I o L
HIC K ZHANORETH 2 B TIROEIITLES L

549 I



I 550

$k L8R Tetsu-to-Hagané Vol. 89 (2003) No. 5
2.0
(a)
£ 18
= t 1/3 89V
T 16 -
[
g 1 /
4
"g —_ __.--"‘""':.
F 12 =006 um 80¢
é Ci=3 mm-K
® 1.0 [—B=007
- =4%10™
0.8 : .
2.0
~ (b)
£ 1.8 -
u . N
T 18 *W
[V}
© ) 890°C
'g 14 ________-———""-'-_
©
§ 1.2 [re=006 um oe
e C:=02 mm-K
& 1.0 [—p=007
f=ax10™
0.8 :
-0.5 0.0 0.5 1.0 1.5 2.0

log (Annealing time / min. )
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Fig. 16. Effect of annealing temperature on grain size of
steels of different cold-rolling reduction.
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