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Abstract : The influence of phenolsulfonate concentrations on electroplating characteristics and electrochemical behav-
iors was investigated with a viewpoint of electrolyte aging using the circulation cell and potentiostat. And comparison
of tinplate coating appearance such as glossiness and image clarity has been also studied with varying of phenol-
sulfonic acid (PSA) solutions. As the aging of electrolyte proceeded, the limiting current density was moved to a
lower current density region by the limitation of mass transfer, and higher phenolsulfonate concentrations resulted
in the narrower optimum current density range and deterioration of coating surface of tinplates. The difference of
the limiting current density was not remarkable with increasing electrolyte temperature. Thus the electrolyte aging
was attributed to the limitation of thermally-activated process such as mass transfer of reducible ions. It has also
been considered that the accumulation of phenolsulfonate suppressed normal electrotinning reaction by reducing the
mobility of stannous ions, taking into account of the smaller effect of electrolyte aging. Experiments showed similar
polarization behavior between the electrolyte of high phenolsufonate solution and the aged one, which comes to con-
clude that the accumulation of phenolsulfonate is one of the major causes of electrolyte aging.
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Table 1. Chemical composition of electrolytes

Make-up Concentration(g/L)
No
Process Sn** Fe?*  Phenolsulfonate” ENSA
A Fresh 29.0 tr. 87.0 5.1
B A:D=2:1 28.7 2.8 137.4 5.7
C A:D=1:2 26.9 5.3 177.3 5.8
D Aged 28.1 8.2 2353 6.6
E-1 28.7 tr. 165.2 53
E-2  #A+SPS? 293 tr. 233.5 52
E-3 30.4 fr. 259.4 54

1) free acid : 14~16 g/L
2) SPS : sodium phenolsulfonate
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Fig. 1 Schematic drawing of circulation cell equipped with 3-electrode system.
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Fig. 2. Comparison of coating appearance with variation of phenol-
sulfonate concentration in Hull cell test
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Fig. 3. Effect of phenolsulfonate concentration on glossiness of
matte coating layer(5.6 g/m?)
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Fig. 4. Effect of phenolsulfonate concentration on glossiness of
matte coating layer(11.2 g/m?)

Photo 1. Surface micrographs of matte electrodeposit with variation of coating weight (20A/dn?’) (a) 2.8 g/m® (b)5.6 g/m” (c)11.2 g/m®
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Photo 2. Effect of phenolsulfonate concentration on morphology of matte electrodeposit(50 A/dn¥, 5.6g/m?) (a) Fresh(87.0 g/L) (b) 165.2 g/L

(¢) 233.5 g/L (d) 259.4 g/L (e) Aged(235.3 g/L)
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Fig. 5. Effect of phenolsulfonate concentration on glossiness of
reflowed coating layer(11.2 g/m?)

WolRl= 212 Photo 1914 B nle} o] =332 =i A4
ol met dwirh S7ksl7) e B 4 qlh

Photo 2= phenolsulfonate =& HIA7IHA AFLE 50
Aldm?WA] 5.6 g/m? =FI mated]e] EFE 2L SEMO
2 ##E3 Ao|tk Phenolsulfonate =57} e fresh £
[Photo.2(a)I9AE sponge FENQ BAYe] FAZQ) A7eA &
59 2AS Holx QAN I FEr)l E713e) wa
granule FERZ} SRR T PRI 7HA0] AXAM Az} 7]
FT=7t 7V ¥Ejyl #29th Phenolsulfonate S =7F
233.5 g/L [Photo.2(c)}¢} 259.4 g/L[Photo.2(d)]9I4= dendrite
Aol FEol Yz AL B £ JEuH o=
phenolsulfate FEF7I2 st =75 vlEzElA] ke
dendrite ‘283 & =39 ZHFHE YA 5 USS oA
. 3 =389 [Photo.2(e)]] B¢ AP AREFHe]
BHEth AAHoR FAgo] A SR dendrite B
< BEY 4 310} phenolsulfonate = 165.2 g/LS} 2335 g/
Lo FFss Axe] 548 ety ddd + g

Fig. 5% Fig. 62 21z} =53] 11.2 g/m*) 7359 A
T2} phenolsulfonate F5=X8l0l) WhE reflowAle] Feixo}
A948S JeRA Aolt}. Reflow BE 18] FHEEE matte
A 2o} vlasle] €53 ol AL B 4 0o, 404/

100

~
o
T

Image Clarity
LA
o
T

25 - [ _m—Fresh(87.0g/L) Py
——259.4g1L *
[ |—#— Aged(235.3g/L)
0 1 1 1
0 20 40 60 80

Current Density(A/dm?)

Fig. 6. Effect of phenolsulfonate concentration on image clarity of
reflowed coating layer(11.2 g/m?)
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Fig. 7. Effect of electrolyte aging on potentiodynamic polarization
behaviors of tin electrodeposition at 30°C.

—— Fresh Electrolyte
20 [ —e@— Mixed Electrolyte (2:1)
—4&— Mixed Electrotyte (1:2)
—w— Aged Electrolyte

Potential (V vs. SCE)

25

1 10 100

Current Density (A/dmz)

Fig. 8. Effect of electrolyte aging on potentiodynamic polarization
behaviors of tin electrodeposition at 40°C .
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Fig. 9. Effect of electrolyte aging on potentiodynamic polarization
behaviors of tin electrodeposition at 50°C .
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Fig. 10. Effect of phenolsulfonate concentration on potentio-
dynamic polarization behaviors of tin electrodeposition at 40°C .
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Fig. 11. Effect of electrolyte aging on potentiostatic polarization
behaviors of tin electrodeposition at 40°C .
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Fig. 12. Effect of phenolsulfonate concentration on potentiostatic
polarization behaviors of tin electrodeposition at 40°C .
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