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Chemical deposition coating onto anodized aluminum plate 
from anionic polymer emulsion containing sodium citrate 
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Abstract: The chemical deposition coating from an anionic acrylic copolymer 
emulsion containing sodium citrate onto anodized aluminum plates was repeated. 
In the absence of sodium citrate, the coating thickness decreased with the 
number of repeated use of the emulsion bath. However, in the presence of 
sodium citrate or potassium sodium tartrate, it was maintained to be constant. 
The reason for attainment of the desirable results was discussed. 
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Introduction 

We have been carrying out a series of investiga- 
tions on a new type of polymer coating process 
using anionic polymer emulsion of which pH 
value is below about 3 onto an anodized alumi- 
num plate [1-7]. We named it chemical depos- 
ition. The polymer coating obtained without ap- 
plying an electric current cannot be removed by 
washing; it is a coating similar to a widely known 
electrodeposition coating process. 

In the previous article [2], we pointed out 
a problem in that the amount of polymer depos- 
ited decreased with a repeated use of the emulsion 
bath. This is a serious disadvantage in applying 
this coating process industrially. In this article, we 
will try to resolve this problem. 

Experimental 

Materials 

Ethyl acrylate (EA) and methyl methacrylate 
(MMA) were purified by distillation under re- 
duced pressure in a nitrogen atmosphere and 
stored in a refrigerator. Potassium persulfate 

(KPS) of analytical grade was used. Sodium ci- 
trate and potassium sodium tartrate of reagent 
grade were used. Deionized water was distilled 
with a Pyrex distillator. 

Emulsion 

EA-MMA (60/40, molar ratio) copolymer emul- 
sion was prepared by emulsifier-free emulsion 
copolymerization at 70 ~ for 24 h under the con- 
ditions listed in Table 1. The emulsion was de- 
ionized by passing it through a column packed 
with the anion-exchange resin (Amberlite IRA- 
400). 

Anodization of aluminum 

An aluminum plate (JIS-A-1050) of 100 #m in 
thickness was cut into small pieces (8 x 21 cm), 
degreased with alkaline solution, and washed with 
distilled water. The pieces were then anodized at 
20 ~ for 30 rain at a current density of 1 A/din 2 in 
a bath consisting of 15 wt% sulfuric acid and 
5.6 wt% aluminum sulfate, washed with distilled 
water, and dried under reduced pressure at room 
temperature. 

*) Part CXL of the series "Studies on Suspension and Emulsion" 

CPS 268 
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Table 1. Preparation of EA-MMA (60/40, molar ratio) 
copolymer emulsion by emulsifier-free emulsion polymeri- 
zation ~) 

Ingredient 

EA b) (g) 96 
MMA ~) (g) 64 
KPS a) (mg) 800 
Water (g) 600 

Diameter ~ ) (nm) 540 
Tg f) (~ 15 

") Nitrogen, 70 ~ 24 h. b) Ethyl acrylate. ~) Methyl metha- 
crylate, d) Potassium persulfate. +) Measured by dynamic 
light scattering method, f) Calculated from Fox's equation: 
1/(Tg + 273) = W~/249 + W~/378; W~ and Wm are weight 
fraction of EA and MMA, respectively 

Chemical deposition 

The anodized aluminum plate (8 x 2.5 cm) was 
immersed without stirring in 50 ml of 10 wt% 
emulsion (immersion area, 20 cm 2) at pH 2.5 or 
3.7 for 10 min at 30 ~ The pH was adjusted with 
HC1. The coated plate was dried at 40 ~ for 1 h 
and then at room temperature under reduced 
pressure. The amount of polymer deposited was 
measured by gravimetric method with a micro- 
balance. 

Amount of dissolved aluminum ion 

The amounts of aluminum ion contained in the 
film and dissolved in the emulsion bath were de- 
termined by aluminon absorption spectro- 
photometry [2] or isotachophoretic analysis. 

Measurement of (-potential 

(-potentials of EA-MMA copolymer particles 
were measured in 10 mM KC1 solutions of pH 5 
containing various concentrations of sodium 
citrate using electrophoretic light scattering 
(Otsuka Electronics LEZA-600). 

Results and discussion 

Figure 1 shows the variations of the amounts of 
polymer deposited (Pd value) and of the pH values 
with the number of the repeated use of the emul- 
sion baths of which initial pH values were 2.5 and 
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Fig. 1. Variations of the amounts of polymer deposited 
(O, [2) and o fpH values (O, n )  with the repeated use of the 
emulsion baths at 30~ for 10 min. Initial pH with HCI: 
O, O, 2.5; [~, n ,  3.7. Initial polymer solid, 10wt% 
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Fig. 2. Variations of the amounts of polymer deposited with 
the repeated use of emulsion baths at 30 ~ for 10 rain. Initial 
polymer solid, l0 wt%. O: the pH was adjusted to 3.7 only in 
the first dipping. O: the pH was adjusted to 3.7 in every 
dipping 

3.7. In both cases, the Pd values decreased and the 
pH values increased with the number of the 
repeated use. This is a serious problem for 
applying this process industrially, as already 
described in the introduction. 

In the previous article [2], it was shown that Pd 
value decreased with an increase in the initial pH 
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Fig. 3. Increases in the amount of aluminum accumulated in 
the emulsion bath (O) and in deposited polymer layers (�9 
with the repeated use of the emulsion bath (50 ml). Each 
dipping was always conducted at 30 ~ for 10 rain. Initial 
polymer solid, 10 wt%. The concentration of sodium citrate, 
0.5 mM. V1 indicates the total amount of aluminum dissolved 
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Fig. 5. Typical isotachopherograms of aluminum ion in the 
absence (A)/presence (B) of sodium citrate, a) Potential gradi- 
ent curve, b) Differential curve 
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Fig. 4. Effects of the concentration of sodium citrate on the 
variations of the amount of polymer deposited and of the pH 
value with the repeated use of the emulsion baths at 30 ~ for 
10 rain: Sodium citrate (raM): �9 0; (D, 0.5; ~ ,  3.0; O, 30. 
Initial pH, 2.5. Initial polymer solid, 10 wt% 

value and this was derived from the reduction of 
solubility of aluminum ion from the anodized 
aluminum plate. Therefore, in order to suppress 
the decrease in the Pd value with the repeated use, 
the pH of the emulsion bath was always readjust- 
ed to 3.7 just before each dipping. 

Figure 2 shows the results. The readjustment of 
the pH to 3.7 just before each dipping tends to 
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Fig. 6. Effect of the concentrations of A1C13 on ~-potentials 
of EA-MMA (60/40, molar ratio) copolymer particles in 
10 mM KCI solution of pH 5 (with HC1) in the absence 
(�9 (O, 5.0 nM) of sodium citrate 

suppress the decrease in the Pd value with the 
repeated use, but it was not complete. This result 
was accord with that obtained at pH 2.5 [2-1. In 
the previous article [2], it was also shown that 
a certain amount  of aluminum ion dissolved from 
the plates accumulated in the emulsion bath with 
every dipping. As shown in Fig. 3, the amount  of 
aluminum ion accumulated in the emulsion bath 
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Fig. 7. Effect of the concentration of potassium sodium tar- 
trate on the variation of the amount of polymer deposited 
with the repeated use of the emulsion bath at 30~ for 
10 min: Potassium sodium tartrate (mM): �9 1.0; O, 10. 
Initial pH, 2.5. Initial polymer solid, 10 wt% 

increased with the number of the repeated use. 
Only a part of aluminum ion was contained in the 
deposited polymer layer. Therefore, we tried to 
repeat the chemical deposition using the emulsion 
containing sodium citrate, which is known as 
a masking agent of A13 4- 

Figure 4 shows the effects of the concentration 
of sodium citrate on the variations of Pd value 
and pH value with the repeated use of the emul- 
sion bath of which initial pH was 2.5. As will be 
seen, the purpose was clearly attained. That is, the 
decrease in Pd value with the repeated use was 
completely suppressed, though the Pd value de- 
creased with an increase in the concentration of 
sodium citrate. The Pd value of 2 mg/cm 2 ob- 
tained in the presence of 0.5 mM sodium citrate 
gives a sufficient coating thickness to be used 
industrially. The pH value also remained con- 
stant. 

Figure 5 shows a typical isotachopherogram of 
aluminum ion in the presence/absence of sodium 
citrate. The peak due to A13 + which was observed 
in the absence of sodium citrate disappeared in 
the presence of sodium citrate. This indicates that 
the A1 a § was masked by sodium citrate. 

Figure 6 shows the effect of the concentrations 
of A1C13 on ~-potentials of EA-MMA copolymer 

particles. In the absence of sodium citrate, the 
~-potentials markedly decreased with an increase 
in the A13§ concentration. Such a decrease of 
(-potential should cause the marked drop in the 
movement of the particles toward the plate sur- 
face. On the other hand, in the presence of 5 mM 
sodium citrate the decrease was gentle. 

Figure 7 shows the variation of Pd value with 
the repeated use of the emulsion bath containing 
potassium sodium tartrate, which is also known 
as a masking agent of A1 a 4-. Initial pH was 2.5. As 
will be seen, potassium sodium tartrate gave a re- 
sult similar to that of sodium citrate. 

From the above results, it is concluded that the 
anionic acrylic copolymer emulsion containing 
a small amount of masking agent for A13 4-, such as 
sodium citrate and potassium sodium tartrate, 
can be used repeatedly for the chemical deposition 
coating onto the anodized aluminum plate. 

Acknowledgement 

This research was partially supported by a grant from the 
Hyogo Foundation for Development and Promotion of 
Science and Technology. 

References 

1. Okubo M, Kadooka T, Matsumoto T (1984) Fac Eng 
Kobe Uni 31:91 

2. Okubo M, Mizushima Y, Nishino T, Mori K, Kadooka T, 
Matsumoto T (1983) Kobunshi Ronbunshu 40:475 

3. Okubo M, Mizushima Y, Kadooka T, Matsumoto T 
(1984) J Chem Soc Japan 6:981 

4. Okubo M, Kojima M, Mizushima Y, Matsumoto T (1984) 
Kobunshi Ronbunshu 41:673 

5. Okubo M, Kojima M, Matsumoto T (1985) J Polymer Sci 
Polym Letters Ed 23:521 

6. Okubo M, Mori T, Fujiwara Y, Hara K (1990) Colloid 
Polym Sci 268:1108 

7. Okubo M, Mizushima Y, Misaki K (1991) Chemistry 
Express 6:627 

Received December 3, 1992; 
accepted April 13, 1993 

Authors' address: 

Dr. Masayoshi Okubo 
Department of Industrial Chemistry 
Faculty of Engineering 
Kobe University 
Rokko, Nada, Kobe 657, Japan 


