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Electroless silver plating of oxide particles 
in aqueous solution 

H. C H A N G * ,  C. H. PITT, G. B. A L E X A N D E R  
Department of Metallurgical Engineon:ng, University of Utah, Salt Lake City, UT 84112, 
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It has been demonstrated that silver could be plated on colloidal oxides by reducing silver 
salts in the presence of colloidal oxides in aqueous solution. In this etectroless plating manner, 
silver coatings have been applied to colloidal silica, tin oxide and to these colloids which have 
previously been coated with a few monolayers of tin silicate. Data from this study have 
demonstrated the technical feasibility of electrotess plating for the preparation of silver-tin 
oxide composites as a source of this material for electrical contact materials. 

1. In troduc t ion  
The production of colloidal sols for various purposes 
such as use in glass and ceramic processing, study of 
the basic properties of nucleation and growth of sols, 
and utilization in disperse systems, has long been of 
interest to scientists and engineers. Applications for 
their use as disDersants in metal systems have also 
been attractive, because they can provide stronger 
alloys as welt as restricting recrystallization and grain 
growth in them. Some examples are dispersion-hard- 
ened nickel/thoria Ell and grain-growth inhibited 
tungsten/thoria filaments for electric light bulbs_ 

For some time silver contacts for electrical switch- 
ing have contained cadmium oxide additions for the 
purpose of preventing arc erosion of the contacts 
during opening and closing the circuit. Owing to the 
fact that vaporization of cadmium oxide during 
switching was detrimental to workers' health, the use 
of cadmium oxide in contacts has been banned by 
health organizations. To replace the cadmium oxide, 
many foreign companies have utilized tin oxide in the 
silver electrical contacts [2, 3]. Two methods have 
been used to provide a mix of tin oxide particles in the 
silver. One method, followed by German companies, is 
by internal oxidation of a silver-tin alloy [4]. Another 
method, followed by Japanese companies, involves a 
powder metallurgy approach that consists of mixing 
tin oxide with silver powder and pressing and 
sintering the compact [5]. Each of these methods has 
drawbacks in the successful production of silver/tin 
oxide compacts. In the internal oxidation process, the 
tin oxide produced provides a surface barrier to fur- 
ther oxidation in alloys containing more than about a 
t0% tin alloy. In the powder metallurgy process, the 
tin oxide particles grow in a needle-like morphology 
during the sintering process and produce a highly 
brittle product [6]. 

One approach to the solution of the problem of 
producing silver/tin oxide compacts of good ductility 
would be to produce a tin oxide sol and completely 
coat the sol with silver in an electroless plating 
process. The particles could then be separated from 
solution, pressed and sintered to produce a ductile 
silver/tin oxide compact. This paper describes the 
methods which have been developed to plate tin oxide 
sols and silica sols coated with monolayers of tin oxide 
or tin silicate with silver in aqueous solutions. 

2. Experimental procedure and results 
2.1. Preparation of tin oxide sols 
A tin oxide sol was prepared in the following manner: 
a 0. I M solution of sodium metastannate was prepared 
by dissolving 8 g Na2SnO33H20. While holding at 
a temperature of 90 ~ the solution was neutralized 
over a 6 h period by adding, at a uniform rate, a 
solution of 0.2 M HNO3. The product was a milky 
white sol having no tin oxide aggregates. When an 
aged sodium metastannate solution was used, or when 
concentrated sodium metastannate solutions were 
used, a considerable number of tin oxide particles was 
produced which settled to the container bottom. The 
sol particles produced were found to be porous par- 
ticles of 0.03 lain diameter. The porous tin oxide was 
composed of fine particles, 5-8 nm diameter (Fig. 1). 

To prepare tin oxide sols by grinding techniques, 
reagent-grade tin oxide powder was ball-milled in an 
ammoniacal solution. 20 g tin oxide was placed in 
200 ml deionized water containing 3 ml concentrated 
ammonia. The mixture was placed in a polyethylene 
bottle containing 300 g, 5 mm diameter, stainless steel 
balls and rotated for 12 h. The product obtained is 
shown in the electron micrograph in Fig. 2. 

* Present address: Materials & Devices Research Centre, Samsung Advanced Institute of Technology, P O Box ! 1 t, Suwon, Korea. 

0 0 2 2 - 2 4 6 !  �9 1993 Chapman & Hall 5207 



Figure 1 Transmission electron micrograph of polymerized tin 
oxide particles. 

Figure3 Transmission electron micrograph 
grown tin oxide particles. 

of hydrothermally 

Figure 2 Transmission electron micrograph picture of tin oxide 
particles prepared by grinding technique. 
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Figure 4 Imposed current pulse and potential response used for 
coulostatic monitoring of electroless silver plating rate. 

2.2. Hydrothermal growth of tin oxide 
particles 

In order to grow tin oxide sol particles to a larger size, 
tin oxide sol particles were treated in an autoclave at 
290 ~ The sols were sealed in Pyrex tubes and heated 
for 24 h in an autoclave. Particle rearrangement oc- 
curred such that 100 nm size particles were produced 
which were not totally dense. A photograph of the 
particles produced is shown in Fig. 3. 

2.3. Electroless plating of silver on the tin 
oxide colloids 

A reducing agent (generally formaldehyde) and a silver 
solution (silver nitrate) were separately fed into the tin 
oxide aquasol. Initially the rate of change of EMF of 
the solution was monitored using a Princeton Model 
173 potentiostat with silver as a working electrode, 
saturated calomel electrode as a reference and graph- 
ite as a counter electrode. The rest potential of 
0.5 M CH20  solution was -- 120 mV versus the stand- 
ard calomel electrode. Upon addition of 0.25 M silver 
nitrate the potential rose to about 250 mV. Colloids of 
100 nm size were used. Reagents were added through 
capillary tubes at points of vigorous agitation so that 
the ions in the feed solutions were diluted before the 
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colloidal tin oxide particles could gel. Within 100 s the 
reaction was completed and the potential fell to 
- 1 2 0 m V .  Fig. 4 shows a typical reaction curve. 

Within the limits of experimental error, the length of 
the induction period was independent of whether or 
not there were nuclei present. 

In all of the experiments conducted the pH was kept 
in the range 8-10, the temperature was varied from 
20 60 ~ and the concentration of the reagents varied 
from 0.2-0.5 M. The feed rate of silver nitrate varied 
from 1-30 mmol min-  1 g -  1 of 100 nm size oxide par- 
ticles to be treated. The results of the experiments 
conducted are shown in Table I. 

The evidence of the presence of silver ions in the 
plating bath after the reactants had been added in runs 
at 21 ~ indicated that at this temperature the reaction 
was too slow to precipitate the silver completely on 
the colloid. Cases of incomplete reaction occurred at 
35~ when the feed rate was increased to 9 and 
27mmol Agmin lg -1  tin oxide. At 50~ a feed 
concentration of 0.2 M silver nitrate and a feed rate of 
3 mmol Ag min-  1, experiments were run at pH values 
of 8 and 10 with no differences in the products ob- 
served. Above pH 10 the deposition becomes non- 
uniform and the silver spheres become hollow. 

Various surfaces were prepared for the electroless 
deposition of silver. These included unmodified silica, 



TABLE I Effects of feed concentration, feed rate and bath temperature on the electroless plating of silver on 100 nm tin oxide colloid 

(vol %) SnO a Temp. (~ FC (mmoll 1) FR (mmol Ag Observations 
min-1 g -1 SnO2) 

50 21 180 3 
50 35 180 1 
50 35 180 3 
50 35 540 9 
50 35 540 27 
50 37 180 3 
50 50 180 3 
50 52 180 3 
25 50 60 12 

AgCI ppt on addition of HC1 to bath 
Very fine ppt, solution cloudy 
Solution colourless, no AgCI ppt 
AgCI ppt 
AgC1 ppt 
Final solution tan but no ppt 
Solution colourless, no AgC1 ppt 
Solution colourless, no AgC1 ppt 
Solution colourless, no AgC1 ppt 

TABLE II The effect of substrates on the deposition of electroless silver 

No. Oxide used Oxide size (gm) Product size (gin) 

1 Tin oxide (peptized powder) 0.1 0.8-1.5 
2 Tin oxide (polymerized) 0.1 0.5 
3 Silica (unmodified) 0.1 0.4 4 
4 Tin silicate-coated silica 

(10 monolayers) 0.1 0.1 
5 Tin oxide-coated silica 

(1 monolayer) 0.l 0.4 
6 Tin oxide/tin silicate/silica 

2 monolayers of each 0.1 0.3 
10 and 25 monolayers of each 0.1 0.1 

unmodif ied  tin oxide, silica coated  with 2 and 10 
mono laye r s  of tin silicate, silica with a coa t ing  of one 
m o n o l a y e r  of tin oxide and silica with a coa t ing  of 10 
mono laye r s  of tin silicate upon  which was coa ted  5 or  
25 mono laye r s  of  tin oxide. The init ial  and  final 
par t ic le  size of  the col loid  part icles  was de te rmined  by 
TEM.  The coa ted  part icles  were also examined  in the 

S E M  to de te rmine  whether  or  no t  they were com- 
pletely coa ted  with silver. Tab le  I!  is a compi la t ion  
of the results of these experiments .  Fig. 5 shows the 
m o r p h o l o g y  and  the appea rance  of the A g / S n O  2 pow-  
der which had  been electrolessly p la ted  on pept ized tin 
oxide particles.  

I t  was found that  when the silica and  tin oxide are 
silver plated,  large part icles  are p roduced  which indic- 
ates aggrega t ion  of  the col lo idal  particles.  The pro-  
ducts  ob ta ined  in bo th  cases consist  of two dis t inct  
size fractions.  W h e n  as lit t le as one mono laye r  of tin 
oxide is po lymer ized  on the silica p r io r  to silver 
p la t ing there is much less aggrega t ion  of the u l t imate  
particles.  Wi th  a coa t ing  of tin silicate of 10 m o n o -  
layers, aggrega t ion  of the u l t imate  part icles is essen- 
t ially e l iminated.  Also with an over lay  of tin oxide on 
tin silicate on silica there is little or  no aggrega t ion  of 
the colloid. In no case was any exposed  or  unp la ted  
oxide found in the product .  

Ano the r  series of exper iments  was per formed to 
de termine  the effects of feed rates and  feed concent ra-  
t ion of silver. A silica col loid  coa ted  with tin silicate 
and  tin oxide was used in the experiments .  The results 
of this series of exper iments  is recorded  in Table  III. 

Part icles  which are coa ted  with 90 v o l %  silver 
should  doub le  in size. This was the result  observed in 

Figure 5 Morphology of electrolessly plated silver-tin oxide com- 
posite powders. 

Samples  1, 2, and  4. In Sample  3, aggrega t ion  of the 
part icles  appea red  to occur, result ing in a larger  par-  
ticle size than  that  calculated.  The difference between 
Samples  2 and 3 was the feed rate. In Sample  4, when 
the feed concen t ra t ion  was increased,  aggrega t ion  no 
longer  occurred.  In  bo th  Samples  3 and 4, p roduced  at 
high feed rates, the p roduc t  was difficult to filter. The 
p roduc t  in Sample  4 a p p e a r e d  to be a silver sol. 

3. Discussion 
It  was found that  tin oxide polymerizes  at  a higher  
p H  than  silica, the charge on the part icles  is less, the 
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T A B L E I I I The effect of feed concentration and feed rates on final powder size and filterability. Solutions all contained 10 col % oxide and 

were held at 50 ~ Original particle size = 80 nm 

No. FC (retool Ag l- t ) FR (retool Ag Powder size Filterability 
mm - ~ g-  1 oxide) 

l 230 2 1 150 nm good 
2 230 6.3 150 nm good 
3 230 19 750 nm poor 
4 690 19 150 nm poor 

growth process is slower, and gel rearrangement does 
not occur at 90 ~ as it does for silica sols. 

In aqueous systems, tin oxide nuclei (5-8 nm dia- 
meter) can be formed by the reaction of sodium 
stannate with acid. However, these nuclei have a 
strong tendency to aggregate. At temperatures of 
100 ~ growth of these nuclei by accretion was not 
successful. When tin oxide aquasols are hydrother- 
mally treated up to 290 ~ in pressure autoclaves, gel 
rearrangement occurs but dense particles are not 
formed. 

From the experiments it is evident that tin silicate 
can be deposited as a dense coating on 100 nm silica 
particles and that this coating can be overcoated with 
a dense coating of tin oxide. Tin oxide powders can be 
deagglomerated by milling and these deagglomerated 
particles can be stabilized by treating them with aque- 
ous ammonia. The particles are stabilized by adsorp- 
tion of the negative hydroxyl ion. 

Preparation of tin oxide sols plated electrolessly 
with silver has been shown to be feasible under the 
right conditions of pH, temperature and feed concen- 
tration. In order to prevent aggregation of the sol 
particles during the plating process, concentration of 
the reagents and the method of mixing were selected in 
such a manner as to limit this process. This involved 
using dilute solutions and maximum agitation during 
the plating process. The charge on the sol particle 
could be affected by pH and by the nature of the 
surface of the colloidal particles. It was found that the 
larger the particles, the less likely they are to aggreg- 
ate. The potential obtained during the electroless plat- 
ing of silver on the sol particles is a mixed potential, 
and is the potential obtained as a result of the cathodic 
and anodic reactions occurring at the sol particle 
surface 

2Ag § + 2e- ~ 2Ag (1) 

CHzO + 3OH-  --, H C O O -  + 2HzO + 2e- (2) 

4. C o n c l u s i o n  
Two methods of preparation of tin oxide aquasols 
have been described. The methods include prepara- 
tion by precipitation from solution and mechanical 
grinding. The sol particles were characterized by elec- 
tron microscope measurement of their size. Also the 
sol particles were able to be grown to a larger size by 
pressure autoclaving. A method was developed to coat 
silica and tin oxide particles with several monolayers 
of tin oxide and tin silicate. These particles were then 
electroless plated with silver metal in the presence of a 
reducing agent. Silver-plated tin oxide and silica par- 
ticles were found to aggregate. This aggregation was 
essentially eliminated by coatings of 10 monolayers of 
tin silicate or witb overlays of tin oxide on tin silicate. 
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