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ABSTRACT

Silver electroplating is one of the most important plating processes for decorative and electronic applications. Traditionally, silver
is electroplated in toxic, cyanide-based chemistry. Due to cyanide’s extreme hazard to human health and environments,
developing non-cyanide silver chemistry is essential for the silver electroplating industry. Here, we present our advanced
proprietary aqueous, alkaline non-cyanide silver plating technology™, which can be directly plated over nickel as well as copper
and its alloys. The silver deposits have perfect white color and better anti-tarnishing properties than other non-cyanide silver
processes. The new chemistry is very cost effective, as the silver is plated entirely from the dissolving silver anode. The bath is
very stable, the pH is very well buffered and maintains a stable pH level both during plating and idle time. This new non-cyanide
silver technology will plate bright silver that is perfectly suitable for electronic, industrial and decorative applications.

Introduction

Silver electroplating has been traditionally used for decorative applications such as silverware. Because of its excellent electric
characteristics, silver plating has been widely used in electronic industries for switches, connectors and the like.

Ever since the first patent in 1840, silver electroplating has usually been plated in cyanide baths, which contain the most toxic
chemical (cyanide) and carries an extremely high risk to human health and to the environment. Therefore, tremendous efforts
have been attempted to develop cyanide-free electroplating systems with excellent stability and environmental friendliness.

When designing aqueous alkaline non-cyanide silver plating chemistry, the following aspects have to be considered:

1. Environmental friendliness: the complex used to chelate silver should be environmentally friendly. The silver ions can
also be readily precipitated to be reclaimed or waste-treated;

2. Stable bath chemistry: stable under lights, no change of pH;

3. Plates over different metal substrates, especially over nickel;

4. Excellent adhesion between silver and metal substrates: no immersion silver on metal substrates or the silver immersion
layer has no detrimental effect on adhesion and

5. White silver deposit with no yellow hues: excellent anti-tarnishing properties, etc.

Here we present our new alkaline non-cyanide technology, which can plate non-cyanide silver directly on nickel surfaces
(meeting all three types of ASTM B-700), as well as silver, brass, bronze and copper, and does not require a separate silver
strike on these substrates (Fig. 1(A,B)). The plating bath is an alkaline, cyanide-free plating solution, which can plate bright silver
for electronic, industrial and decorative uses. It operates at room temperature, can be utilized in both rack and barrel plating and
provides extremely stable alkaline non-cyanide silver plating chemistry. The silver deposit has exceptional covering and
throwing power. The plating chemistry produces a fine-grained, smooth, dense, silver deposit with low porosity and excellent
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bonding properties. The silver deposit exhibits a superior, brilliant white color and shows improved anti-tarnishing properties
(Fig. 1C). This new chemistry is cost effective because it plates entirely from the corrosion of silver anodes rather than salts in
solution. Maintaining the chemistry is easy with a maintenance electrolyte additive and a brightener and/or grain refiner.

Figure 1 - Non-cyanide alkaline silver characteristics: (A) silver on copper without Ag strike; (B) silver on nickel without Ag strike;
(C) silver deposit appearance.

Plating bath setup and bath specification

The bath is an alkaline, cyanide free liquid solution, which contains silver ion, maintenance electrolyte, brightener and DI water.
The bath is a clear solution. The pH is maintained between 9.5 and 10.5. If the pH is below 9.5, one can adjust with KOH. If the
pH is over 10.5, 50% nitric acid is used for adjustment. It is critical that the pH of the bath not exceed 11.5. The plating
specifications for rack and barrel baths are as given in Table 1.

Table 1 - Plating specifications.

Rack Plating Barrel Plating
Optimum Range Optimum Range
Silver Metal 1.5 oz/gal 1.25-2.250z7/gal 1.5 oz/gal 1.25-2.25 oz/gal
(11g/D (9.5-17g/1) (11g/m (9.5-17g/1)
pH 10.0 9.5-10.5 10.0 9.5-10.5
Temperature 68°F (20°C)  60-75°F 68°F (20°C)  60-75°F
(16-24°C) (16-24°C)
Cathode current density 3-10 ASF 2-20 ASF 1-3ASF 0.5-5 ASF
(0.3-1.0 (0.2-2 A/dm?) (0.1-0.3 (0.05-0.5 A/dm?)
A/dm?) A/dm?)
Anode current density -- 2-10 ASF -- 2-10 ASF
(0.2-1.0 A/dm?) (0.2-1.0 A/dm?)
Agitation air agitation on the cathodes.

Note that the silver metal concentration in both the rack and barrel formulations are about 30% of the concentration found in
most cyanide baths. Thus, the silver drag-out losses are greatly reduced with this non-cyanide bath.
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Operation of the plating bath

Plating rate

After the initial make up, the silver bath must be filtered continuously using micron or smaller spun-polypropylene cartridge. The
optimum cathode current density for this non-cyanide silver bath is 3-10 ASF. The cathode efficiency is around 90-95%. Table 2

shows the plating rate for various current densities.

Table 2 - Plating rate versus cathode current density.
Cathode Current density (ASF) 2 S 10 15 20
Plating Rate micro-inches/min 6.4 15.4 26.2 333 40.3

Maintenance

The plating bath consists of:
1. Liquid silver concentrate for silver metal replenishing, which is only used for initial bath make-up;
2. Liquid electrolyte concentrates for electrolyte replenishing. Periodic adds over time are based on ampere-hours, Hull
Cell tests or analysis by HPLC (Fig. 2) and
3. Liquid concentrate of brightener and grain refiner. Periodic adds over time are based on ampere-hours, Hull Cell tests
or analysis.

Figure 2 - HPLC results

The pH of the solution is buffered and very stable during plating and storage. Silver is supplied by the slab silver anode or
popcorn anodes in a polypropylene basket. It is very cost effective because it plates out of the silver anodes rather than the
solution.

The silver-stabilizer and its breakdown products can be analyzed by high-performance liquid chromatography (HPLC)(Fig. 2).
Through industrial practice, this non-cyanide silver process shows that the breakdown products have no ill-effect on the physical
properties of silver deposit.

The solution must be kept free of suspended matter in order to prevent roughness. Continuous filtration with a one-micron filter

is recommended. A new filter cartridge must be flushed prior to use by circulating DI water through it. A high volume, low
pressure, air source is required for air agitation of plated parts to avoid burning and produce better silver qualities.
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Physical properties of non-cyanide silver deposit
Appearance

Initially, the parts had a slightly dull
appearance, which was quickly converted
to a bright white by dipping them
momentarily in dilute sulfuric acid. The
throwing was excellent. The bath did not
develop an immersion coating on copper
and nickel and excellent adhesion can be
achieved without needing a strike bath.
The SEM morphology of normally operated
silver deposit is shown in Fig. 3. The
deposit is smooth and has a fine grain
structure. The crystal structure of the silver
coating is also characterized by X-ray

4

SEM HV: 25.0 kV Det: SE VEGA3 TESCAN

diffraction. The broader diffraction peak of View field: 758 ym | SEM MAG: 500x 200 ym
a non-cyanide deposit suggests a finer Metallurgical Assoc Inc
grain than that of the cyanide silver deposit. Figure 3 - Silver deposit morphology by SEM.

Hardness

The hardness of non-cyanide silver coating is around 150-200 KHN50, which is slightly harder than the cyanide silver from
solution with no additives, and from a first generation, non-cyanide silver deposit™ which had a hardness of 95-110 KHN25
(indenter at a load of 25 grams). The hardness was measured on a cross section sample with a Knoop diamond indenter at a
load of 50 grams.

Electrical resistance

The electrical resistivity of the non-cyanide deposit is around 3.0-3.5 microhm-cm, which is slightly higher than that of the
cyanide silver deposit and is suitable for electrical applications.

Wear resistance

The wear resistivity of the non-cyanide silver deposit is superior to that of the cyanide silver deposit. The Taber abrader wear
test abraded the silver deposit with a load of 250 grams.

Purity

The purity of the non-cyanide silver deposit is over 99.9%, as analyzed and certified by an outside accredited lab.

Conclusion

A novel, breakthrough non-cyanide electroplating chemistry has been developed. The silver deposit has a brilliant white color
and shows improved anti-tarnishing properties compared to other non-cyanide silver processes. The new chemistry is very cost
effective, and it plates entirely out of silver anodes. The bath is extremely stable. The solution pH is buffered and remains stable

during plating and when idle. It can plate non-cyanide silver directly on nickel surfaces (meeting all three types of ASTM B-700)
as well as plate directly on silver, brass, bronze and copper and does not require a separate silver strike on these substrates.

** E-Brite® 50/50, Electrochemical Products Inc., 17000 W. Lincoln Ave., New Berlin, WI 53151.
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The plating bath is an alkaline, cyanide free plating solution, which can plate bright silver for electronic, industrial and decorative
uses.
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