Study of HCCEI
By Phenolsulfonic

By S. Hirano, Y.

In recent years, new tin-plating baths, such as methane
sulfonic acid and alkanolsulfonic acids, have been widel
tested. High-current-density (HCD) tin-plating by
phenolsulfonic acid-based baths has been studied
Nippon Steel Corporation for developing a high produc-
tivity tinning process. The relationship between the prop-
erties of tinplate and plating conditions (current density,
stannous ion concentration, flow rate) was investigated
using laboratory circulation cells. As a result, it was
elucidated that the increase of stannous ion concentratio
in baths enabled HCD plating at a high flow rate of
electrolytes and that the quality of HCD electrodeposited
tinplate was excellent. Highly corrosion-resistant tinplate
could be obtained by electroplating at a current density of
220 A/dm?, atin concentration of 50 g/L and a flow rate of
5.5 m/sec.

Phenolsulfonic acid baths, halogen baths and alkaline
have been used as plating solutions for tinplate produc
The production of tinplaté has recently become a matter
worldwide concern, and tin-plating by methanesulfonic a
based baths, for instance, has been repéfthiiopon Steel
studied HCD electroplating by conventional phenolsulfo
acid baths, and this paper reports on the effects of cu
density, stannous ion concentration and flow rate on ting
quality characteristics.

Experimental  Procedure
Cold-rolled steel sheets 0.20 mm in thickness were use
this experiment. The sheets were alkaline-cleaned, pic
and set in circulation cells (shown in Fig. 1) to make sam
at a stannous ion concentration of 20-80 g/L, a cath
current density of 5-300 A/dhand a flow rate of 2-9.5 m/se
The samples made were of two kinds, one with a tin cog
weight of 2.8 g/m the other with a tin coating weight of 11
g/m?. Samples of the latter were subjected to melting
heating rate of 40C/sec and a quenching temperature of
°C.

Observations of appearance, secondary electronic in

ectroplating
Acid Baths
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-measurement of gloss, and current efficiency were made.
y Gloss was measured at a reflection angle 6f &d, in the
case of the 2.8 g/tinplate, if the gloss measured more than
at250, the product was regarded as bright tinplate. For the 11.2
g/n? tinplate, if the gloss was greater than 700, the product
was regarded also as bright tinplate. The tin coating weight
was measured by X-ray fluorescence. For the 2.8tgiplate,
, the iron exposure valB@EV) was measured to evaluate the
coating. For the IEV measurement, a solution of 20 g/L
nNa,CO,, 20 g/L NaHCQand 0.3 g/L NaCl was adjusted to
pH 10, the sample was polarized to 1.2 V vs. SCE at room
temperature, and the current value was measured 3 min later
for use as the IEV. Because tin is passivated and iron is
dissolved anodically in the IEV measuring environment, the
iron exposure is smaller as the IEV decreases. For the 11.2
g/n? tinplate, the iron solution value (ISV), alloy tin couple
(ATC) value and tin crystal (TC) were evaluated by ASTM
atesthods.

tion.
oResults and Discussion
ciCurrent  Efficency

Figure 2 shows the current efficiency of the plating bath at a
nitannous ion concentration of 20 g/L. The limiting current
rréansity was 30 A/dfmat a flow rate of 2 m/sec. The limiting
lawerrent density increased as the flow rate increased, however,
and reached 75 A/dhat a flow rate of 9.5 m/sec. In the
plating bath at a stannous ion concentration of 50 g/L (shown
in Fig. 3), itwas clear that the limiting current density reached
d76rA/dnt at a flow rate of 2.0 m/sec, 200 A/élat 5.5 m/sec
ke 300 A/drmat 9.5 m/sec. Moreover, in the plating bath at
blestannous ion concentration of 80 g/L (shown in Fig. 4), the
dduaiting current density reached 150 A/éiat a flow rate of
c.2 m/sec and 300 A/dhwhen more than 5.5 m/sec.
tingrhe limiting current density is considered to increase as a
&esult of thinning of the steel sheet/plating bath boundary
atager, caused by the increase in flow rate and the increase in
80ass transfer quantity resulting from the increase in stannous
ion concentration. It was clear that increasing the limiting
agarent density was more effective in increasing the stannous
ion concentration than in increasing the flow rate.
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Fig. 1—Schematic diagram of circulation cell.
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Fig. 2—Current efficiency of plating bath at stannous ion conc. of 20 g/L.
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Fig. 5—Bright current density range of non-reflowed tinplate.

Appearance of Non-reflowed  Tinplate
(Tin Coating Weight: 2.8 g/m?
Figure 5 shows the silvery bright current-density-range
non-reflowed tinplate. If this range is exceeded, the app
ance of the tinplate becomes gray or powdery, butif this ra
is not reached, the current is in the so-called low-curr
range, and the appearance of the tinplate becomes dull v
The bright current-density-range showed a tendency tg
come wider with increasing flow rate or stannous ion cong
tration. The upper limit value of the bright current-dens
range is near the value of the limiting-current-density
specified plating conditions. It is considered, therefore,
the upper limit value of the bright current-density-ran
increased because the limiting-current-density increased
result of the increased stannous ion concentration an
creased flow rate.
The lower limit value of the bright current density ran
showed a tendency to increase as a result of increase

» of

\nge

concentration. This is presumably because the increase in
stannous ion concentration accelerated mass transfer and
increased the low-current-range, in which dendritic crystals
may grow.

The bright current-density-range became wider as a result
of the increased stannous ion concentration and increased
flow rate. It became clear that this is because the increase in
upper limit value of the bright current-density-range is very
large compared with lower limit value of the range.

Appearance of Reflowed Tinplate

(Tin Coating Weight: 11.2 g/m?

Figure 6 shows the mirror-like appearance of the bright
current-density-range of reflow tinplate. As in the case of 2.8
g/m?tinplate, the bright current-density-range of this tinplate

showed a tendency to become wider with increasing flow rate
lor stannous ion concentration. The change in low-current-
range was not so large as that of 2.8%ginplate. This is
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Fig. 4—Current efficiency of plating bath at stannous ion conc. of 80 g/L.
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Fl|g. 6—Bright current density range of reflowed tinplate.
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Fig. 9—Relation of current density and IEV at stannous ion conc. of 80 Fig. 122—ATC value of 11.2 g/rinplate produced at current density of

glL. 200 A/drf.
presumably because the tin was melted and leveled at #ration. On the other hand, in the low-current-density-zone,
time. which is the low-current-range, the measured IEV is high,

presumably because the uniform tin coating was deterio-

EvV rated.

Figures 7-9 show the result of measurement of the IE

ofThe IEV of tinplate produced at a stannous ion concentra-

non-reflowed tinplate. The IEV showed a tendency to [diéen of 80 g/L was somewhat lower than that of tinplate
crease at first with increasing current density in the bathpgbduced at 50 g/L. From this fact, it may be said that the tin
any stannous ion concentration, remain at 0.1-0.3 mA/dmoating is more uniform for tinplate produced at 80 g/L.

then increase to 30 A/énat the flow rate of 2.0 m/sec; 50 A/

dn?at a flow rate of 9.5 m/sec, and stannous ion concentfd-CTesting

tion of 20 g/L; and 125 A/dfat a flow rate of 2.0 m/sec; andFigures 10-12 show the results of measurement of the ATC
in excess of 200 A/dfrat a flow rate of 5.5 m/sec andvalue of reflowed tinplate produced at a flow rate of 5.5 m/
stannous ion concentration of 50 g/L. These current densises. When the current density was 20 A/dRig. 10), the
atwhich the IEV beganto increase nearly correspond with th€C value showed a tendency to decrease with increasing
limiting current densities. It is considered, therefore, thatafloy tin coating weight in the plating bath at any stannous ion
the limiting current densities are exceeded, the unifprroncentration. When the current density reached 100A/dm
electrodeposition of tinplate is interrupted by hydrogen deffig. 11), however, the ATC value of tinplate produced at a
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Fig. 15—Relation of current density and ISV at stannous ion conc. of
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aonsidered to be because dense alloy tin was produced by
tieflow treatment.

stannous ion concentration of 20 g/L, the lowest tin cong
tration in this test, did not decrease with increasing alloy
coating weight. Because the current density of 100 Aigim
far above the cathodic limiting current density of the pla%“l@\/

bath at a stannous ion concentration of 20 g/L, the tin coatifigures 13-15 show the results of measurement of the ISV of
bflowed tinplate. At a stannous ion concentration of 20 g/L,
ttree ISV showed a tendency to increase at any flow rate when
the limiting current density was exceeded. The cause of this
tendency is considered to be the same as the cause of the
increase in the IEM..,the uniformity of the tin coating was
cénpaired). At a stannous ion concentration of 50 g/L, the ISV
givas high in the low-current-density zone. This is presumably
abetause tin did not flow completely at the time of melting, as
tte> low-current-density zone was the low-current range, and
pinholes formed to cause iron solution. Also, the ISV showed
itentpndency to increase near the limiting current density. At a
gannous ion concentration of 80 g/L also, high ISV was

is not uniform. The measured ATC value is high, presum
because the alloy layer coating was insufficient when
tinplate was subjected to reflow treatment.

When the current density was 200 Afd(Rig. 12), the
tendency of the ATC value was the same as at 100%\hirmn
the ATC value for tinplate produced at a stannous ion con
tration of 80 g/L, at which the tin concentration was hi
showed a tendency to become somewhat lower than th
tinplate produced at 50 g/L. As described earlier, when
current density was as high as 200 Afdimplate produced
ata stannous ion concentration of 80 g/L is superior in coa
uniformity to tinplate produced at 50 g/L. The reason
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observed in the low-current range.
TC
Figures 16-18 show the results of measurement of the T

al., Proc. 2nd Int'l. Tinplate Conf348

reflowed tinplate. At a stannous ion concentration of 20

the TC of tinplate produced below the limiting current d
sity was #7-9. At stannous ion concentrations of 50 ang
g/L, TC did not noticeably change with the current densit
flow rate and was stable at #6-9.

Conclusions

1. The limiting current density is increased by increasing
stannous ion concentration of the phenolsulfonic acid
and the flow rate of the electrolyte.

. It is possible to produce tinplate of excellent corros
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resistance at high current density (under optimum platiddpout the Authors

conditions). Shigeru Hirano is

Editor’s note: Mr. Hirano presented this paper, for which
he received an "Excellence in Presentation Award," at tl
AESF Continuous Steel Strip Symposium, Baltimore, M
May 1996. This is an edited version of that presentation

a senior researcher at the Yawata R&D

Lab. of Nippon Steel Corp., 1-1 Tobihata-cho, Tobata-ku,
Kitakyushu City 804, Japan. He is responsible for develop-
ngnent of steel sheet for cans. He holds an MS from Kyushu
plnstitute of Technology and has been involved with tinning

process and tinplate since 1988.
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