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Effect of Tramp Elements in Steel on the Adherence of Porcelain Enamel

Minoru KAMADA, Masami O0SAWA, Masaaki SHIBATA and Makoto YOSHIDA

Synopsis:

The effect of tramp elements in steel on the adherence of porcelain enamel has been studied using com—
mercial products and specimens prepared from vacuum melting. Firstly, it was found that the steel sheet
scarcely containing tramp elements showed very poor adherence. In order to obtain excellent adherence, it
is effective for steel sheet to contain the appropriate quantities of Cu and S. Mn and Ni contents have
no effect on the adherence, and the increase of P content gives negative effect on the adherence. It is con—
sidered that the adequate contents of Cu and S to obtain excellent adherence are more than about 0.03
% and 0.019,, respectively.

The presence of adequate contents of Cu and S is effective for uniform smut formation on steel surface
in pickling, which roughens uniformly the steel surface in pickling, and causes fine Ni deposition in sub—
sequent Ni flash. It is considered that these two effects due to uniform smut formation provide serrated
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enamel-steel interface in subsequent enamel firing, and finally give excellent adherence.
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Table 1. Chemical composition of specimens.

Specimen*

Chemical composition (wt %)

Sign Adhe-
rence . I
C Si Mn P S Cu Ni Cr As \Y%
A Good 0.003 0.010 0.35 0.033 0. 008 0. 040 0.025 0.021 0.032 0.013
B Poor 0.003 0.001 0. 30 0.028 0.012 0.010 0.010 0.010 0.008 0. 004

-

* Thickness: 0.8 mm

Table 2. Adherence of shaved specimens.
(One coat enamelling)

Specimen A Specimen B

Thickness of shaving
0
(um) 0 5 100 200 0 50 100 200

Adherence (%)*{97 100 100 100 0 0 0 ]
+ Pickling loss: 500 mg/dm? Ni flash: 70°C 5 min
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Table 3. Chemical composition and enamel adherence of specimens.

Chemical compaosition (wt %)

b
°

Adherence (%)

Decarburized specimens

Non decarburized specimens

C* Mn P S Cu One coat** Two coatx*x Two coatiks
1 0.019 0.16 0,003 0.003 Trace 0 1} 2
2 0.028 0.16 0,013 0.014 0.026 100 51 85
3 0.028 0.17 0.024 0. 028 0.054 100 73 76
4 0.021 0,31 0. 004 0,016 0.052 74 57 65
5 0.039 0.32 0.017 0.039 Trace 99 15 5
6 0. 020 0.32 0.025 0.003 0.028 88 12 46
7 0.035 0, 45 0. 004 0.026 0.030 80 89 85
8 0,032 0. 47 0.015 0,004 0. 052 95 52 77
9 0.029 0.49 0.026 0.019 Trace 55 72 10

+ Show Ccontent of non decarburized specimens. C content of decarburized

specimens are all 0.002%.

** Pickling loss: 500 mg/dm? Ni flash: 70°C 5 min
*** Pickling loss: 100 mg/dm?
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Non
decarburized
specimen

Two coat

-

Decarburized
Specimen
Two coat

e

Decarburized

Adherence{%) Adherence (%) Adherence (%)
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specimen N | L
One coat
L 1 1 1 1 AL 1 1 1 1 1 1 1
015 00 045 0005 0015 000 0006 0015 00 005000 000  Fig. 1. Effect of Mn, P, S and
Mn (%) P (%) S (%) Cu (%) Cu content on adherence.
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Mn (%) S (%) Ni (%) Cu (%) P (%)
8
<100 r r r
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015 030 045 0.005 0.015 0.0350.010 0.030 0.050 0.010 0.030 0.050 0.005 0.015 0. : :
0010 00 0020 0040 0020 0040 0010 0020 Fig. 2. Effect of Mn, S, Ni, Cu
Mn (%) S (%) Ni (%) Cu (%) P (%) and P content on adherence.
Table 4. Chemical composition and enamel adherence of specimens.
Adherence (%)
Chemical iti t Pickling _—
No. cmical composition (wt%) ratex P. loss*x P. loss**
Mn S Ni Cu P C Si (mg/dm?®  100mg/dm? 300mg/dm?
1 0.18 0. 005 0.008 Trace 0,013 0,043 0.035 497 3 67
2 0.15 0. 005 0. 029 0.019 0. 003 0. 050 0.017 934 3 S
3 0.15 0. 005 0.042 0,039 0. 027 0.042 0.026 485 5 91
4 0.16 0.010 0. 008 0,020 0.012 0. 047 0.024 535 26 89
5 0.17 0.010 0.029 0,040 0.029 0. 047 0. 021 529 17 83
6 0.16 0.010 0. 044 Trace 0. 004 0.048 0.022 806 18 43
7 0,15 0. 035 0.010 0,040 0.028 0. 046 0. 023 448 47 98
8 0.16 0. 034 0.025 Trace 0. 003 0.047 0.017 901 45 59
9 0.16 0.035 0.041 0,023 0,012 0. 047 0.015 765 62 97
10 0. 30 0. 005 0. 008 0. 020 0, 026 0.051 0. 026 613 21 85
11 0. 32 0. 006 0.030 0,043 0.003 0. 050 0.022 154 46 92
12 0. 30 0. 005 0.045 Trace 0.013 0, 050 0.022 1820 V] 0
13 0.32 0.011 0.010 0, 040 0.003 0.051 0.017 147 46 78
14 0. 30 0.010 0. 025 Trace 0.012 0.042 0.015 1961 0 0
15 0,32 0.010 0. 042 0. 022 0.030 0.045 0.022 946 27 73
16 0.31 0.034 0. 009 Trace 0.013 0. 050 0.018 1944 3 3
17 0. 30 0.034 0. 027 0.020 0.027 0. 040 0.013 916 34 87
18 0. 30 0,035 0. 045 0.040 0.003 0. 046 0.016 175 85 95
19 0.45 0. 005 0,007 0.038 0.013 0. 047 0,020 265 95 98
20 0. 47 0. 006 0.034 Trace 0. 026 0. 044 0.020 2115 2 6
21 0.47 0.032 0. 007 0, 020 0. 003 0. 050 0.017 232 45 93
22 0.47 0.011 0. 008 Trace 0.028 0, 047 0.019 2264 1 5
23 0. 46 0.011 0. 030 0,019 0. 003 0. 047 0.018 245 51 75
24 0. 46 0.012 0.044 0, 040 0.013 0. 045 0.024 326 91 98
25 0,47 0. 036 0. 008 0,019 0,003 0.049 0. 025 235 87 86
26 0. 48 0.034 0. 027 0,041 0.012 0.045 0.019 327 41 9
27 0. 45 0.033 0.042 Trace 0.028 0. 047 0.020 2615 7 47

* Pickling loss at 70°C, 10 min
** P. loss means pickling loss
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Table 5. Chemical composition of specimens.

Chemical composition (wt%)

Specimen
Si Mn P S Cu
C 0.005 0.009 0.32 0.024 0.010 0,009
D 0.005 0.009 0.32 0.024 0.009 0.027
E 0.005 0.009 0.32 0.024 0.030 0.009
F 0.005 0.009 0.32 0.024 0.030 0.028
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Pickling loss (mg /dm?)

Fig. 3. Relation between pickling loss and adher-
ence. (One coat enamelling, with Ni flash)
(Ni flash : 70°C 5min)
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Fig. 4. Relation between pickling loss and
adherence. (Two coat enamelling, without
Ni flash)
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Fig. 5. Relation between pickling loss and adher-
ence. (Two coat enamelling, with Ni flash)
(Ni flash : 70°C 5min)
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Table 6. Chemical composition and enamel adherence of specimens.

(One coat enamelling)

Chemical composition (wt %)

Adherence (%)*

Specimen
C Si Mn P S Cu
G 0. 005 0. 001 0.30 0. 023 0.016 0. 037 100. 100 100
H 0. 005 0.001 0.32 0.018 0.010 0.010 0, 40 av 20

* Pickling loss: 500 mg/dm? Ni flash: 70°C 5 min
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1395 50 & TR BT 5 MK 0% 8 % 38 -
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H i3 0~40% o%HM LRI T, BERLALETH
Dfc. TOWMBBA T OWT, BERESY 500 mg/dm?
VA LIRS 2 1T 0 T ORI % J e, Yoot TRk
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Photo. 2 12, 2Brv 7)) »ic X 5 BFBEMES IS 5% B
% Photo. 3 1z

Photo. 1 7nBbomb k<, Cu, S &H B 0 %
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NTHBDRIL, Cu, S EHEDA I\ Specimen H

a) Specimen G, b) Specimen H
Photo. 1. Optical micrographs of
pickled specimens.

(Pickling loss : 500 mg/dm?)

a) Specimen G, b) Specimen H
Photo. 2. Scanning electron micro-
graphs of pickled specimens.
(Pickling loss : 500 mg/dm?)
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a) Spe;imen}G, b) Specimen H
Photo. 3. Electron replicated micrographs of
pickled specimens.

(Pickling loss : 500 mg/dm?)
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a) Specimen G, b) Specimen H
Photo. 4. Characteristic X ray im-
ages of Ni-Ka for pickled and Ni
flashed specimens.
(Pickling loss : 500 mg/dm?, Ni flash:
70°C 5 min)

a) Specimen G, b) Specimen H
Photo. 5. Cross-sectional
views of the near surface
portion of enamelled spec—
imens. (Pickling loss : 500
mg/dm?, Ni flash : 70°C 5
min) (Adherence : a) 100
%, b) 20%)
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CHDELTWS. IELHRBRAFEE L ARER T
BARIzA<y FREYETEIDOTHY, Shzr<y M4
BB THDHZ LBEIFTC5. Cu ogEERD
WL, EEOWRXTTRRIFRIES A5 BEMRRES
Ted MR 0.03% BED Cu OFEENEE L
ZEEBREL, TP DY RREE LD L EE 1 BHG
12555 DFEEMITOWTRERERE2HE LT\ 5.
UL, $ihoSEEELoBEC>WTRALTLLH
HETishole. AREDOERB LOBEN, NEHLOHE
BREMRALTELNE, REFRIIZ>H5BEELES
7ottt Cu &S LoRENRBETH Y, ThicERk
SEEEOTRIZIZIFE 0.01% &2 bhb.
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FAERIBAE M OESHIZB S E Lb OB 50, BF
BRi- L HA2 Ty THEREORHL#FO Cu §FE
DIETRBE, —HBESHTHLEOESOFER, RO
Wb SEHFRIL 0.01% ATl o255, Lich
DT, 12555 DRFLEEERHERT SR, Cu
RS DHEMIL EC I DOTHMFDO I LOFHEEDOHREN
DEEEZ DhD.

5. # =

125 %5 BERCEKETHRFPHETROFRITOWT
WL, DToEHmvBr.

(1) BiEFRE>»5F\EREE L -DI#MP
Cu &S Lo3tfFEABRETHD, Cu ix 0.03% BELL
E, Si30.01% BEU EoSFEREE L.

(2) B Cu & SoOIFINT S A 5 FIABORLE
TIRTOEELA<,y MEREES L, SREEOBA
b Ni BEABRCETAE—7 Ni filikbicb
L, BIFRE>H5BEUENLBOLIS.

(3) BEOHMETIIMFD Cu S oaFENE
FTaEACHBDT, 2525 BIMECE LTiIEm
7t koT Cu, S §FED LRBEE~OHAHNEE
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