CAT 2 : CHEMISTRY STUDENT NO. 95213192T

INVESTIGATION OF A CHEMICAL CONCEPT: How are producis electroplated
by silver and what are the environmental implications?

This report focuses on the electroplating of silver and the chemical processes involved.
An investigation of Faraday Laws will assist in the prediction of the silver plating
thickness and the mass of silver used during the process. The electrochemical series
will be investigated to assist in predicting the chemical reactions that will take place in
the electrolytic cell. Chemical concepts to be incorporated into this report include:-

a) Stoichiometry and,

b) Chemical Reactions

Electroplating is the process of plating a metal on another by electrodeposition using
electrolysis. It involves applying predominantly inert coatings onto surfaces to provide
corrosion resistance, hardness, wear resistance, electrical or thermal conductivity, or
decoration.'  Due to silvers highly decorative appearance it is regularly used for the
electroplating of jewellery and ornamental products. Silvers thermal and electrical
conductivity allows it be of importance in the electroplating of car and engineering
parts and its resistance to attack by fruit acids and foods” extends its use to cutlery and
to tableware trimmings.

The deposttion of silver onto metals of less valuable importance, would be conducted
at the cathodes within an electrolytic cell. The product (cathode) to be plated would be
placed into the electrolytic cell containing an electrolyte consisting of silver potassium
cyanide (KAg (CN),) and “free cyanide™. The overall redox reaction of this cell and
therefore the process of silver plating, can be determined from the ions present in the
electrolyte, from the anode of silver metal and with the assistance of the
electrochemical series. The electrochemical series orderly arranges redox half
equations according to their potential cell difference (E°) at standard conditions
(temperature 25°C, pressure latm, concentration 1M). E’ is the measure of current
that flows through the cell. One half-cell has a larger tendency to force electrons into
the external circuit than the other half-cell* causing a non-spontaneous reaction to
occur. The half equations are arranged from the highest Ein volts to the lowest E’ in
volts and ‘can be used to predict what will happen when two specific half-cells are
combined to form a cell.”” With KAg (CN),, K ions, Ag” ions and CN (cyanide) ions
are present in water (H,0).

KAg (CN)2 o) € Ag g +2CN g + K'iag) °

" OECA Prefabricated Metal Sector Notebook -Metal finishing. Updated December 14 1995, P.5

“ Canning, The Canning Handbook on Electroplating, W.Canning Limited, Birmingham. P.600

’ Canning, The Canning Handbook on Electroplating, W.Canning Limited, Birmingham.

" Commons, Jarrett. McKenzies, Moseley, Porter, Williamson. CHEMISTRY TWO: second edition.
Rigby Heinemann, Melbourne, 1993, p.214

§ Commons. Jarrett, McKenzies, Moseley, Porter, Williamson. CHEMISTRY TWQ: second edition.
Rigby Heinemann, Melbourne, 1995, p.214

® Aylward and Findlay, SI Chemical Data- second edition, John Wiley and Sons, Australia, 1974.
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The electrochemical series assists in finding which of these ions will react to form the
solid that is deposited onto the cathode. With the help of Table.1 we can predict that
the half-equation at the cathode (negative electrode) is:-

Ag'ug t& €F Agyy
as Ag (. is dominant over H,Oy, on the left-hand side of the series therefore silver is
the better oxidant. The loss of electrons in this half-cell also assists in predicting that
oxidation will occur at the cathode. ’

The half-equation at the anode (positive electrode) is:-
Ag o €D Agluy T €
as Ag (is dominant over H,Oy, on the right-hand side of the series therefore it’s the
better reductant. The gain of electrons in this half-cell assists in predicting that
reduction will occur at the anode.®
The overall equation 1s:-
Ag gt Ag g €F AgyT A

Anode Cathode Cathode Anode
wﬁ
Oxidants-Anode Reductants-Cathode E°
02 (g) + 4H (aq) + 4e 69 2H20 M 1.23

increasing Ag'ug +€ €D Agy 0.80 increasing

oxidising 2H,0 )+ 2¢” €= H, oy T 20H (g -0.83 reducing

strength Kagte €Ky -2.92 strength

Tﬂle. 1. ﬂ'
W%

The overall redox equation shows that the anode made of solid silver, dissolves to
release its electrons and Ag’ ions to the electrolyte. These replace those ions and
electrons used in the deposition of the silver onto the cathode. The K" ions and CN’
ions are spectator ions and are not utilised during this reaction.
In order for these reactions to occur, a potential difference equal or greater than the
potential between the two electrodes must be applied. The electromotive force (EMF)
in volts to be applied to the cells is calculated using the following formula :
EMF = E° oxidant - E° reductant.
=70.80 - '0.80
="1.6 volts

Once the balanced equation is found, the mass of each reactant utilised during the
reaction can be found in accordance with the mole ratio. This can be useful for
industries to investigate how much silver anode and KAg (CN), solution needs to be

" Commons, Jarrett, McKenzies, Moseley, Porter, Williamson. CHEMISTRY TWQ: second edition.
Rigby Heinemann, Mclbourne, 1995, p.40
# Commons. Jarrett, McKenzies, Moseley, Porter, Williamson. CHEMISTRY TWO: second edition.

Rigby Heinemann, Melbourne, 1995, p.40.
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utilised. If they wished to find the mass of Ag,, needed to oxidise 10 g of Ag’ (. they
would calculate it in the following way.
Ag it Ag g €D Agy T AZ G
The mole ratio:-
Ag @p= Age)
Molar mass of Ag, and Ag' g is 107.87g/mol
107.87g : 107.87g = x: 10g.
10g(107.87)Ag(aq)

107 87Ag(s)

As a consequence X =

x = 10g Ag
Therefore for every x grams of Ag (.q i0ns, then Ag, will have the same amount of x

grams reacting due to the mole ratio (1 : 1) assuming that the process is 100%
efficient.

Faraday established two laws of electrolysis that studied the relationship between the
mass of metal deposited on the cathode and a measure of electric curren: that passes
through the cell."" Formulas were devised to assist in the calculation of the charge and
amount of metal deposited on the electrodes.

The first law states ‘that the mass of metal produced at the cathode is directly
proportional to the quantity of electricity passed through the cell.

The electric charge (Q) passing through a cell may be calculated from measurements of
the current ( 1) through the cell and the time ( t ) for which the current flows. 1

The formula:- O=1xt "

Where () = electric charge in coulombs
[ = current in amps
! = time in seconds

The second of Faraday’s laws states ‘that in order to produce one mole of metal,

one, two or three (or other whole numbers) moles of electrons (z) must be

consumed.

This current required to produce the metal is determined by the charge on the element.
‘Suppose that the charge required were one electron per mole, as in the case of a
reaction such as the electroplating of silver, Ag'ny + € = Ag( . To discharge one
mole of silver would therefore require one mole of electrons. The charge carried by
one mole of electrons is known as one Faraday (F)’'* = 96500 coulomb mol.

? Internet:- Plambeck, J (1995) Introductory University Chemistry - Electrochemical Stoichiometry ~
Redox Reactions Stoichiometry. Hitp://www.chem.ualberta.ca/courses/plambeck/p.102/p02091/.ntm
1% Commons. Jarrett. McKenzies, Moseley, Porter, Williamson. CHEMISTRY TWQ): second edition.
Rigby Heinemann, Melbourne. 1995, p.228.

" Commons. Jarrett, McKenzies, Moseley. Porter, Williamson. CHEMISTRY TWOQ: second edition.
Rigby Heinemann, Melbourne, 1995, p.228.

' Commons. Jarrett, McKenzies. Moseley, Porter, Williamson. CHEMISTRY TWOQ: second edition.
Rigby Heinemann, Melbourne, 1995, p.214.

'3 Commons. Jarrett, McKenzies. Moseley, Porter. Williamson. CHEMISTRY TWO: second edition.
Rigby Heinemann, Melbourne. 1995, p.229.

" Internet:~ Plambeck. J (1995) Introductory University Chemistry - Electrochemical Stoichiometry -
Moles and coulombs. http://www.chem.ualberta.ca/courses/plambeck/p102/p02091/.ntm
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With the use of Faraday’s laws, the mass of silver plated onto an object at the cathode
can be determined for a selected current (amps) and a selected period of rime (sec).
“This is advantageous for industries as the thickness of the plating determines the use
of the product and elements, such as temperature, pressure, corrosion and electrical
conductivity, that it may be exposed to. 1t can also assist in determining an appropriate
current and plating time for a desired thickness.”"

For a product to be silver plated at 1 amp for 60 minutes the amount of silver
deposited would be:-

Charge passed through the cell:-
O=1xt

O = lamp x 3600sec
Q = 3600coulombs

Electrons passed through the cell:-

0
ne—) = s

3600c
Me™) = Ses00Cmol

n(e—) = 0.037mol

Cathode reaction:-
Ag g + € 2 Agy
1 mol Ag , = 1 mole e =0.037 mol

Mass of silver at cathode:-

m(Ag)=nx M

m(Ag) = 0.037mol x 107.87gmol

m(Ag) = 4.024 grams deposited on the product’’

This result can also be performed from the formula:-
A |

zF
Where z = valency
A = Relative atomic mass
w = the weight of silver deposited (g).
, 1x3600x 10787
YT 1% 96500
w =4.024grams

e

I3 Internet:- Cal-Aurum Industrics, Silver plating Processes for Electronic Components. Huntington
Beach. CA. E-mail box: cai@eletroplating.com

'® Acknowledgments to. Commons, Jarrett, McKenzies. Moscley. Porter. Williamson. CHEMISTRY
TWO: second edition. Rigby Heinemann, Melbourne, 1995. p.229-30, for the reference to worked
equations and formulas.

1" Commons. Jarrett. McKenzies, Moseley. Porter, Williamson. CHEMISTRY TWO: second edition.

Rigbv Heinemann. Melbourne, 1995, p.228
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So how are products electroplated by silver?

The deposition of a layer of silver on the surface of another metal by electrolyss s
called electroplating of silver. 1t is performed in an electrolytic cell such as that shown

infie 1 — A . _‘
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Canming, The vining Handbook on Electroplating. W.Canning Limited. Birmingham. P.2
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supply while, an electrode of silver metal is connected to the positive terminal. A
predetermined current is passed through the external circuit carried by electrons to the
cell, where the product is immersed into a electrolyte of silver potassium cyanide and
‘free” cyanide. Within the cell, the current is carried by the ions present and the
conductivity is improved with the presence of the cyanide'”. These ions are due to the
ionisation of the silver potassium cyanide in an aqueous solution (refer pg2) to Ag’
ions. They inturn deposit onto the cathode, therefore plating the product while the
solid silver anode ionises to form Ag  ions to replace those lost from the electrolyte.

'8 Commons. Jarrett. McKenzies, Moscley, Porter, Williamson. CHEMISTRY TWO: second edition.
Rigby Heinemann, Melbourne. 1995. p.226.
19 Silman. H. Isserlis.G. Averill.A. Protective and Decorative Coatings for Metals. Finishing

Publications. England. 1978, p.286
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In solutions of complex ions, such as that used in silver plating, the concentration of
free metal ions is very low and this assists in obtaining the deposition of a finer grain.”’
Technological Advancements.

Before the product can be plated adherently, it requires polishing, cleanirg, buffing
and a layer of silver strike solution. The initial polishing process is performed by hand
for products that are irregularly shaped with deep recesses, and chemically or
mechanically performed for plainer products. It is then followed by a rinse of water,
and cleaned with alkaline cleaners to remove fingerprints, buffing compounds and
other surface contaminants, like oxides and tarnishes. The product is considered clean
when the surface is rinsed with water and no water droplets remain on the surface due
to the presence of grease and oils. Electroplating of the under coat with either nickel
or copper is now recommended for smoother plating of soldered areas and the
prevention of silver from absorbing into the product. The undercoat also improves the
colour and wear properties of the final surface, and also the adhesion of the silver onto
the basis metal > After the basis metal has been applied, it is coated with the silver
strike solution that prevents the deposition of silver occurring by immersion from the
cyanide solution, resulting in poorly adherent deposits.

This is then followed with the electrodeposition of silver onto the cathode. The
thickness of the silver deposited depends upon the purpose of the product and can be
determined with the use of Faraday’s laws (refer pg4). Good quality tableware would
expect to have 20-30 microns (0.0008 to 0.001 in) whereas ornamental products, like
vases, would have only 10 to 15 microns (0.0004 to 0.0006 in).”> The properties of
the coating depends on the composition of the plating solution, current density,
agitation, the temperature of the electrolyte and its pH.?

After the product has been silver plated, a transparent lacquer or light laver of rhodium
is applied to prevent tarnishing. For decorative products, polishing with rouge powder
would improve appearance and quality of the product.

Environmental Implications.

Wastes typically generated from electroplating are associated with the use of water,
solvents and cleansers applied to the surface, along with the metal-ion-bearing aqueous
solutions used in the plating cells. Without a properly cleaned surface, even the most
expensive coatings will fail to adhere or prevent corrosion,”* therefore these substances
are vital to the plating performance but detrimental to the environment.

‘Of particular importance (in the electroplating of silver)is the provision of adequate
water rinsing between stages. Insufficient rinsing or the use of the same water rinse
for more than one process can easily result in the production of unsatisfactory

** Canning. The Canning Handbook on Electroplating, W.Canning Limited, Birmingham. P.279.
2Ugitman.H. Isserlis.G. Averill. A. Protective and Decorative Coatings for Metals. Finishing
Publications, England. 1978, p.285.

*2 Canning. The Canning Handbook on Electroplating, W.Canning Limited. Birmingham. P.601.
% Jastrzebski. D. Nature and Properties of Engineering Materials. John Wiley and Sons. London.
1959. p.520.

1 OECA Prefabricated Metal Sector Notebook -Metal finishing. Updated December 14 1995. P.3-4
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electroplated finishes.”” Therefore the cleansing of the water is vital but ridding of the
cyanide and precipitates formed from the use of hard water is troublesome. Wastes
present in the water after the surface metal is prepared, consists of solvents, alkaline
solutions, and acid wastes. Once electroplating of the product is completed cyanide
and metal wastes are added to the water, contributing to the environmental concern.
These wastes should rightfully be disposed of through chemical disposal companies or
the construction of an on-site treatment plant using hydroxide precipitation so the
water can be reused and economised.

Electroplating operations produce not only contaminated wastewaters, but also solid
wastes and air emissions. Solids products include ignitable wastes, solvent wastes and
metal and reactive wastes. Air emissions include solvents, metal-ion-bearing mists and
acid mists. To assist in reducing air pollutants the industry has recently added fume
suppressants to electroplating cells. This assists in lowering the surface tension of the
cell preventing the hydrogen bubbles produced from bursting.”® This process has not
yet been introduced to silver plating, but due to the demand for silver plated products
and increased environmental concern, it may be introduced.

Conclusion.

Products are electroplated by silver with the use of an electrolytic cell which causes
many non-spontaneous reactions to occur. The product to be plated (cathode) and the
anode (Ag,) is immersed in a KAg (CN), solution. A current is passed through the cell
causing the Ag’ ions to be deposited onto the cathode, silver plating the product.
When the electroplating process occurs at standard conditions the electrochemical
series can be used to predict the redox reactions occurring within the cell. Faraday’s
laws can be used to estimate the amount of silver deposited on the cathode and the
current and time required to achieve this deposition. The silver plating of products by
electrolysis, is a cost effective way of achieving an attractive and useful product in
comparison to the production of solid silver products. Although cost is reduced, this
process has serious environmental concerns in the removal of wastes from the cells and
water. The water is laced with cyanide, solvents and alkaline and acid solutions which
cannot be released directly to the environment without appropriate treatment..

Evaluation of Resources

The information obtained from company handbooks on the process of silver plating
tended to be secretive with information concerning there wastes. Many of books
investigated didn’t even acknowledge there is a concern in waste disposal. But
environmental associations acknowledged that wastes are produced and is a great
environmental concern in this industry.

Many of the resources used were up to date with only two of the resources, ‘Nature
and Properties of Engineering Materials” and ‘Protective and Decorative Coatings for
Metals’, being outdated by 22 and 18 years. The information obtained from these two
books is assumed to be accurate as the process of electroplating hasn’t varied
significantly.

** Canning. The Canning Handbook on Electroplating, W.Canning Limited, Birmingham. P.270.
% OECA Prefabricated Metal Sector Notcbook -Metal finishing. Updated December 14 1995. P.10
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When using the electrochemical series, it is assumed that cyanide (CN) isn’t a part of
the series, as a series couldn’t be found that included the cyanide half equation. If it
was a part of the electrochemical series it could have an effect on the reactions that
take place in the electrolytic cell.
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