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Synopsis :

A deep drawable cold rolled steel sheet for enameling use was developed. The steel sheet
was made from continuously cast Ti bearing steel with extremely low C content.
Processing conditions of the steel sheet are discussed in this paper. Fishscaling is more
effectively prevented by the use of TiN precipitates rather than TiC precipitates. TiN in
steels less deteriorates press formability under any hot rolling condition than TiC. Smut
deposited on the steel surface increases during pickling for enameling pretreatment with
increasing Ti content in steel, resulting in poor enamel adhesion. The amount of Ti in
steel must be restricted to less than 0.06 % to obtain excellent enamel adhesion.
Continuously annealing process is preferable for preventing cold-work embrittlement in

the steel.
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A deep drawable cold rolled steel sheet for enameling use was developed.
The steel sheet was made from continuously cast Ti bearing steel with extremely
low C content. Processing conditions of the steel sheet are discussed in this
paper.
rather than TiC precipitates. TiN in steels less deteriorates press formability

Fishscaling is more effectively prevented by the use of TiN precipitates

under any hot rolling condition than TiC. Smut deposited on the steel surface

increases during pickling for enameling pretreatment with increasing Ti content
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the steel.

in steel, resulting in poor enamel adhesion. The amount of Ti in steel must
be restricted to less than (.06% to obtain excellent enamel adhesion. Centinu-

cusly annealing process is preferable for preventing cold-work embrittlement in
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Table 1 Chemical composition of steel (wt 20)
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Fig. 1 Inflluence of C on total elongation and # value of cold
rolled steel sheet
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Fig. 2 Influence of FDT on total elongation and # value of
cold rolled sheet steel
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Table 2 Change in solute P (wt %)
Steel | CT c | s N Ti Pt Ppout Proi®
o 550 “ 0.002 70.009 0.0035 0.021 {).-OJ.O <0.0003 0.010
' 700 0.002 - 0.009 - 0.(3035 0.021 0.010 < 0.0003 0.010 B
550 G.004 0.009 0.0039 0.025 0.016 “ <G.0003 0.010 h
? 700 0.004 ] O.UOQ_ 0.0039 0.025 0.010 <0.006(;__ 0.010777
7 550 0.004 0.001 0.0042 0.043 0.008 <0.0003 0.008 )
: 700 B 0.004 0.001 0.0042 0'.1043 b.OOS 0.0003 0.008 o
550 0.006 0.009 0.0039 {.094 £.008 0.007 0.0009
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Fig. 3 Influence of Ti content in steel on stiffness of sheet steel
after pressforming
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Fig. 4 Change in stiflness of steel sheet after presslorming
according to T content and annecaling methaod
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Hydrogen diffusion coefficient (X 10 %cm?‘'s)
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Photo 1 Influence of SRT on TiC dispersion

Table 3 Chemical composition of steels  (wt %)

Steel | C S |Ma | P | s N ‘ Ti
A 0.0030 | 0.016 | 0.09 | 0.012 { 0,010 _0.0034 0.063
B 0.0054 | 0.018 | 0.09 | 0.014 | 0.007 | 0.0032 | 0.10
C 0.0022 | 0.014 ‘ 0.09 ] 0.012 | 0.007 | 0.0072 | 0.069

Table 4 Fishscaling tendency of steels

2.0 3O
& o4 QD\O@
\\ <> \
R No
NeIRS:
o
1o} GSRT=1200°C \\O
O™
QSRT=1100°C
<
05 1 L 1 L
0 20 40 60 80
C (ppm)
Fig. 5 Influence of C on apparent hydrogen diffusivity
1 300 -\ 5
\
\\
\
o OO o
* \ 99 ©
\O0
1200 ® \\ o)
LAEERN
® 00\
Ny . [ S
2 [
= \Q\..,_
Z ~~
1100 p ®
[ ]
[ ]
[ o
® )
1000
1 ]
20 60 100
C (ppm}

Fig. 6 Condition in chemical composition and het rolling to
avoid fishscaling
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Fig. 8§ Enamel adhesion of steels in direct-on enameling
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(a) KTS M

(b) Ti-bearing steel

{Upper: as pickled, Lower: after washing)

Photo 2 Surfuce image of steel sheet by SEM
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Fig. 9 Influence of pickling on smut deposition
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Fig. 12 Influence of enamel thickness, sheet thickness and ¥S
of steel on warping
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