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Effect of Mn Content on 7-value and Precipitates Morphology in Ti-added Ultra-low Carbon Sheet Steels

Shunich HASHIMOTO, Rika YODA, Tetsuji MryosHI, Youichi MUKAL,
Shigenobu NANBA and Ichrou TSUKATANI

Synopsis : The influences of precipitates morphology in Ti-added ultra-low carbon sheet steels with carbon content reduced less than 0.001%, in order.
to clarify the relationships between the 7-value and Mn content, and slab reheating temperature, was closely investigated from the viewpoints
of gain size of hot band and grain growth during annealing. The obtained results are as follows;

(1) The mean r-value in 0.05% Mn steel improves with dropping the slab reheating temperature (SRT) and shows the highest value at
1050°C. Contrary, the mean r-value in 0.35% Mn steel remains almost a constant even if the slab reheating temperature changes.

(2) Precipitates after hot rolling in 0.05% Mn steel is TiS at a SRT of 1050°C, while fine Ti,C,S, at a SRT of 1200°C, which is assumed
to precipitate during and/or after hot rolling. Contrary, coarse MnS is much observed in 0.35% Mn steel after slab reheating at 1050 and

1200°C, and consequently after hot rolling.

(3) The change in mean r-value as functions of Mn content and SRT can be explained by the changes in hot band grain size and grain

growth in relation to the precipitation behavior such as sulfides during slab reheating and hot rolling process.
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Table 1. Chemical compositions of steels. (mass%)

steel | C Si  Mn p ] Al Ti N 0

A 10.0008 0.01 0.05 0.010 0.006 0.019 0.022 0.0025 0.0020
B 10.0006 0.01 0.35 0.010 0.006 0.043 0.022 0.0022 0.0043
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Fig. 1. Schematic illustration of heat treatment for TEM

observation of precipitates (a) after slab reheating
and (b) after hot rolling.
[J represent specimens.
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Fig. 2. Effect of slab reheating temperature on mean r-
value of steels A (0.05% Mn) and B (0.35% Mn).
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Fig. 3. Effect of slab reheating temperature on hot band
grain sizes and annealed sheet grain sizes of steels
A (0.05% Mn) and B (0.35% Mn).
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Fig. 4. Relationship between mean r-value and hot band
grain sizes of steels A (0.05% Mn) and B (0.35%
Mn).
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Fig. 5. Effect of slab reheating temperature on grain size
ratio of annealed sheet to hot band (d,/d,") of
steels A (0.05% Mn) and B (0.35% Mn).
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Fig. 6. Effect of grain size ratio of annealed sheet to hot
band (d,/d,’%) on mean r-value of steels A
(0.05% Mn) and B (0.35% Mn).
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Fig. 7. TEM photographs showing precipitates specimens
water-quenched after slab reheating. (a): Al, (b):
A2, (c): Bl and (d): B2.

@) (b)y . :
F TN ) . ,‘Ti4C2S2 '
¢ Tis @ ) Tis @ .
©
R
500nm
| |
Fig. 8. TEM photographs showing precipitates of hot-

rolled specimens, (a): A3, (b): A4, (c): B3 and (d):
B4.
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Table 2. Precipitation behavior and calculated solute sul-
fur content during hot rolling.

Slab reheating temp. 1050°C 1200°C
0. 05%Mn | Calculated solute sulfur 0. 0012 massk 0.0060 mass%
steel | content during slab reheating
Precipitates after slab Tis none
reheating
Precipitates after hot rolling | no-change fine Ti.C.S.,
(Tis) coarse TiS
0. 35%n | Calculated soiute sulfur 0.0003 mass% 0.0022 mass¥%
steel | content during slab reheating
Precipitates after slab coarse MnS coarse MnS
reheating
Precipitates after hot rolling | no-change coarse MnS,
(coarse MnS) fine Ti,C.S;

TiN was observed in all speciemens.
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Fig. 9. Calculated mole fraction of precipitates in steels A
(0.05% Mn) and B (0.35% Mn).
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Calculated solute sulfur content in steels A
(0.05% Mn) and B (0.35% Mn) as a function of
slab reheating temperature.
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L BB RMERE TTICE LTI L®, %
N5 DR TR 75 7= D gl ORR B 4 HET 5. Zh
23t LT, 0.05% Mn i T Tild TiS R Ti,C,S, & & DOt
e L TCIHE I NS =D TICHAHE$, 2ok d
BUERRE TR L 22 72 D iR ORI R 2 HF T2 K& X T
ey, L7z - T, 0.05% Mn#i % 1050°C 12 mE L 7= {i
AMIZB O & D & BRI RN A3 5 720 BULHOR
ErbHEEI NI LD gV MErBoh-EELION
%,

5. ¥

il

IRFEEH 10 ppm BL T OMAKR 3 Ti R INHTESRHR D 7 1<
KiFdMnEL S UCRIEMNAEEOHELRIL, DITO
aRE 7.

(1) 035% MnffiZk W OIBUEMELEE 48L& & T
EAEIZIEE AEZEL LA, 0.05% Mn 8l TI3EZEIEL
BEOEKTE &S ITFEMMEL, 1050°CMELTIEIMRD T
BAf & rE 28T,

(2) FREERKIIE, 0.35% Mn il TIEXEGEMEGRIE OIKT
LERITHANLTEDIZX L, 0.05% Mn i Tid M4
5, L2»LEHD, 0.05% Mn® 1050°C INELKL 0 ¥y HE B $
BRRR/BIERRR RO, 9 40 d b BESIRF O K At R 1 13 Ath
DR & O K E v, FEDOELIZ Z N 6 OBREENK
KUK RS ICERNT S EHEEIND,

(3) IMBERRS & K CTEMER O IV ITZHE - 4r A dIKEE
B XU Z N6 & BIEHOR R R BEstBF ORI B & O BRI
UTFoL>icEEZN S,

0.35% Mn 8 TIZINBERRE T MnS # R T 2HIIZH 0,
FIZ1050°C ML TIRIZIT R TOSHAMnS &2 1, EIE#
BRTHIt & LR L s W DB AR KIL§ 5, 7272
LU, FRAFT 5 Ti FEENCK PE 3 IR E U 7= 1% D LR BE S
BEIZTIC & U TR & TR T3 5 720 St O R B
MR EEZ NS,

— 75, 0.05 Mn# TIZ MBEELRE T MnS & K T,
1200°C THE SIFIFIE 2 THEIBREIZH 0, IEEERET
Ti,C,S, %% £ & U T BRI f IS ATt U T BUEROR 6 K O
BegtAok: & Bk 4 5, ZHhizx LT, 1050°CHIEL T
KEOSEATISHE L LTHHL, ZhoZEETHES
N7 BUAEARCR A SO S ERE L, st s SRR B AR
TOIHEYERKEITH-EHEIND,

ABFZE1Z B2 T Thermo-cale. 12 & B8 D #2285t
A5 ICh DS, @S2 WAL EF LAERILAS
MRE AR A, KRR ICE RSO E
EELET,
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