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Effect of Carbon on Adherence of Low-Carbon Enameled Steel

Zhang Liqin', Jiang Haitao®, Liu Jingjia',Wu Jiansheng' and Sun Wuting'
(1. Hunan Valin Lianyuan Iron & Steel Co Ltd, Loudi 417009 ;2. Institute of Engineering
Technology , University of Science and Technology Beijing, Beijing 100083 )

Abstract Adherence is a key indicator to characterize bonding strength between porcelain glaze and steel sheet. With
different carbon content in the low-carbon enameled steel (/% :0.020 ~0.050C,0. 004 ~0. 039Si,0. 12 ~ 0. 24Mn,0. 008 ~
0.024P,0.002 ~0.007S,0. 0026 ~0.051A1) ,the shape,distribution and morphological characteristics of carbide before and
after enameling and the effect of carbon content on porcelain glaze adherence are investigated. Result shows that carbon exists
in annealed cold-rolled steel as free cementite before enameling,but as pearlite and grain boundary cementite after enameling.
Pearlite and cementite are not easily to dissolve in porcelain glaze,in addition, the cementite inhibits the chemical reaction be-
tween Fe and porcelain glaze,which lower the bonding sirength between sheet and porcelain glaze. As the carbon content is

controlled <0.030% ,the enamel steel adhesion is better to meet the requirements of use.
Material Index Low Carbon Steel, Enamel, Adherence, Cementite
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Table 1 Chemical composition of test steels and drop test
results

W WS % R/ %

=2 C Si Mn P S Al R

1 0.050 0.021 0.23 0.008 0.003 0.051 4 R&#
2% 0.050 0.039 0.18 0.024 0.002 0.037 4 A4
3% 0.048 0.024 0.26 0.013 0.003 0.046 4 F4&#
4% 0.043 0.026 0.14 0.024 0.004 0.029 3 F4%
5% 0.039 0.026 0.14 0.022 0.003 0.026 4 R4
6* 0.039 0.014 0.12 0.022 0.004 0.027 3 K&
7% 0.030 0.004 0.24 0.009 0.007 0.039 2 &%
g* 0.020 0.009 0.24 0.011 0.004 0.040 1 &#%
g*  0.020 0.006 0.24 0.011 0.004 0.041 1 &¥%
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Fig. 1 Morphology of test enameled sheet spalling porcelain glaze,C/% : (a)1*,0.050;

(b)2%,0.050;(¢)3",0.048;(d)4%,0.043; (e)5%,0.039;(£)6%,0.039;(g)7*,0.030;

(h)8*,0.020;(i)9*,0.020
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Table 2 Strusture of test enameled sheet

RE B HIR BERR

ki BHAR HRE BRAL ARl
1* F +Fe;C 8.5 F+P+Fe;C 8.0
2* F +Fe,C 8.0 F+P+Fe;C 7.5
3# F +Fe,C 8.5 F+P +Fe;C 8.0
4* F + Fe,C 8.5 F +P +Fe;C 8.0
5# F +Fe,C 8.0 F+P+Fe;C 7.5
6" F +Fe,C 8.5 F +P+Fe,C 8.0
7% F+Fe;C(AR) 8.5 F+P(LR) +Fe,C(LE) 8.0
8* F+Fe;C(SR) 8.5 F+P(J &) +Fe;C(LH) 8.0
9* F+Fe;C(/HE) 8.0 F+PUUHE) +Fe, C(PR) 7.5

F2 SLREsHRASIESR: (a) 1744,0.050% C,iB k4 ; (b)9*4K,0. 020% C, 38 k45
(e)1749,0.050% C , 3547 ; (d)9*44,0. 020% C , & 4R

Fig.2 Microstructure morphology in test enameled sheet:(a) 1%,0.050% C, annealing sheet;

(b) 9*,0.020% C ,annealing sheet; (c¢) 1¥,0.050% C,enameled sheet; (d) 9*,0.020%C,en-

ameled sheet
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Fig.3 Microstructure morphology of bonding layer of test enameled sheet:(a) 1*,0.050%C,
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enameled sheet;(b) 9*.0.020% C ,enameled sheet
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Fig.4 SEM analysis of bonding layer of test enameled sheet:(a) 1*,0.050% C,enameled

sheet; (b) 9% ,0.020% C,enameled sheet
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Fig. 5 Energy spectrum analysis of bonding layer of test enameled sheet: (a) 17,
0.050% C,enameled sheet; (b) 9%,0.020% C, enameled sheet
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