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“Bake Hardenability of Cold Roliled Ti-Bearing Extra Low Carbon Steel Sheets due to Precipitation Control

Kaoru Kawasaxki, Shirvou Sanacl, Takehide SeNxuma, Satoshi Axamatsu, Naoki YosumNaca and Osamu AKISUE

Synopsys : Bake hardenability (BH) of cold rolled titanium-bearing extra low carbon steel sheets has been investigated by examining

the precipitation behavior of sulfides and titanium-compounds in hot bands with varying sulfur and manganese content.
In high sulfur steels (0.0050mas%) without manganese, Ti,C,S, mainly precipitated in hot bands, while through the
addition of manganese MnS was promoted to precipitate before the Ti,C,S, precipitation and consequently titanium-
compounds mainly consist of TiN and TiC in hot bands. On the other hand, in low sulfur steels (0.0015mass%) TiN and
TiC mainly precipitated independenly of manganese addition. As the solubility temperature of Ti,C,S, is higher than that
of TiC, in an usual continuous annealing temperature range, Ti,C,S, does not dissolve and consequently carbon in solution
does not exist while carbon is dissolved from TiC during annealing, which provides the bake hardenability for annealed
sheets.

Through the precipitation control the BH of 30MPa is achieved for titanium bearing extra low carbon steel sheets with

an elongation of greater than 5096 and a r-value of higher than 2.0 after annealing.
Key words : bake hardenability ; continuous annealing; cold rolled steel sheet;extra low carbon steel; precipitation ; precipitation control;
carbon in solution;manganese addition;low sulfur content;anncaling temperature;chemical analysis:solubility tempera-

ture.
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Table 1. Chemical compositions of studied steels.(mass%)

steel C Si Mn P S Al Ti N
1 0.0017 0.01 0.009 0.009 0.0015 0.031 0.038 0.0019
2 0.0018 0.01 0.500 0.010 0.0011 0.031 0.040 0.0020
3 0.0020 0.01 0.980 0.010 0.0021 0.034 0.040 0.0020
4 0.0017 0.01 0.007 0.009 0.0054 0.040 0.044 0.0019
5 0.0025 0.01 0.490 0.010 0.0055 0.032 0.039 0.0018
6 0.0027 0.01 0980 0.009 0.0060 0.034 0.039 0.0021
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Fig. 1.
after cold rolling and annealing.
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Fig. 2. Effect of Mn and S content on aging index (4.
I.) after cold rolling and annealing.
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Fig. 3. Effect of Mn and S content on bake har-
denability (B. H.) after cold rolling and annea-

ling.
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Fig. 4. Effect of annealing temperature on bake har-
?enability (B. H.) after cold rolling and annea-
ing.
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Photo. 1. Electron micrographs of extracted replicas
showing precipitates in hot rolled sheets of
0.00155—0Mn(a) and 0.0015S-1Mn(b) steels.

Photo. 2. Electron micrographs of extracted replicas
showing precipitates in hot rolled sheets of

0.00505-0Mn(a) and 0.0050S—1Mn(b) steels.
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Fig. 5. Effect of Mn and S content on Ti content of
electrolytically extracted precipitates in hot
rolled sheets.
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Fig. 6. Effect of Mn and S content on Ti content of
electrolytically extracted precipitates in hot
rolled sheets.
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Fig. 7. Calculated mole fraction of undissolved TiN
and Ti,C,S, in the austenite by Thermo—Calc in
0.0015S—0Mn and 0.0050S—0Mn steels.
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9. Effect of Mn and S content on C content of TiC
of hot rolled sheets and on bake hardenability
(B. H. ) after cold rolling and annealing.
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Fig. 10. Calculated mole fraction of undissolved TiC in
the ferrite by Thermo—Calc in 0.0015S-1Mn and
0.0050S—1Mn steels.

Ti, CoS,d TiICI R TIEMBER NS LETHBIE G,
AL S BEMRE S CTIETICE L THTI S ¥ 72525, R iEf
DHHE A BEEELC 3o O TR 2 1153 2 1o DCHTEE
BELRTA L2 LR TAbDLHEEINE, S 61T,



m 82

§% & $AVol.79 No. |

Fig. 10i20.0050S-1Mn$iD 7 = 7 4 + 2 5 TiCOMT i
E2{t%, Thermo-CalcTiTh » IL5ITHEMERTH 5%, 2
DFERD 6 b TICIIAEOBSISRGTHAMEL I 562 2D
5,

L1cd3- T, TiZ@in LB EH 3o v THRAREIL
MR AT 5000, BMSELZBNMETIE 52, HE i
SEMECHEAT b, MnZiHin L TTi,C,S, 2 k3> TMnS
RHHS A I LICL Y, BUEREBERETCR2TICE L THTI
BEBIEDENTH B, 212, MnLIFic b CaRU'REM
EZDSLDILAWEPHEELLTURRRLHRML T, XY
FIREDRNE I & b BB LA 5- O WREMED H 5 b D L FH
2 6ib,

5. BE

Ti% 7N U e BfE R W EMM D » TSR U Mniing
PEASE, ZRCHEINTBIONTBEEREFHL L LD
12, ZNATREE - BESIROME, b BRI R
TR O TR LIGHR, DLToOMmEZISI.

(1)SE2%0.0015mass% DT %, MnERNEIZ & 6325
MPall LOBHE #R$ 5%, SEH%0.0050mass%T &, 1
mass%MnOEIMIZ & Y 25MPall LOBHEZ/RT & 5272
5,

QVBIERR DHT HL, SEUMnGEIZ L DLl TH
b, SE»50.0015mass% & e CEIT I, 13 L A ERMLIL
Fritie 3, TINRUTICHHTH L T 5, —77, SE270.0050
mass% & &\ A, MndERITRALIES L LB ICTiL, C,S,
FLTHIIT A, L L, MnO@EI v 2 OFFHE D
AL, b YizSIZMnSE LT, CIITICE LTHIIET 5,

(3)TiTR BR3¢ RV AESA C BEATRE LIE 2 5- T 2729
1k, BIEARER RS T TL,C,S, O 2 Hik L, Rt % TiC
FLTHHS RS2 LYRETHL, SEXIKRT 2, H
B, SEPECHEACRMiERNT 52 LXEMTD

82

5,

@SKEUMnEDHFEIZL b, FI30OMPadBHE®E L,
YP : 150MPa, 7S : 300MPa, EI :509%, »ff : 2.0D85EfF
BRI THEOEN W EMHR P ZEL TRETS
ZrERLIC

AFFEDH T, Thermo-Calciz & % ZAHMBIRIHE # H ¥
BRI, BT — 2 RUEAEAH T A v FRKROEBEANE
ZowT, @YU RSIHRERFHEBRY & LIJUNLTEK
¥ WE TSR - BEEEUBER L G EHORE R
L%,
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