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Abstract: Elements can be classified into metals, nonmetals, or metalloids based on their chemical and physical properties. Precious

metals are rare and expensive. There are ten known precious metals, three of which are of interest to investors, silver, gold, and platinum.
The goal is to find physical methods to identify the presence of precious metals, silver, and gold in the metal components of the
computer motherboard, and to confirm its presence by chemical methods for its use and its selling to the jewelry industry after it is
physically separated from the computer motherboards. Physical and chemical tests were identified. Physical tests include inscription

test, magnet test and specific gravity test for both silver and gold metal pieces and chemical tests include bleach test, nitric acid test,

test karat solution kit, and jewelry test kits.
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1. Introduction

A potential e-waste and recycling business owner in
Portland, ME, USA is looking to identify the presence
of precious metals, specifically, silver and gold in metal
component of the stock used motherboards to physically
extract the metal pieces and to resell to the jewelry
industry.

All existing elements are listed on the periodic table.
They are classified based on their physical and chemical
properties into metals, nonmetals and metalloids.
Metals tend to be shiny solids at room temperature
except mercury, it is liquid at room temperature, and
they are good conductors of heat and electricity
(elements highlighted in purple in Fig. 1). Non-metals
tend to be either gas or liquids at room temperature, and
they are not good conductors of heat and electricity
(elements highlighted in yellow in Fig. 1). Metalloids
have intermediate properties between metals and non-
metals (elements highlighted in green in Fig. 1) [1, 2].

Precious metals are rare and expensive. They are
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Nobel metals, as they are less reactive or unreactive
towards reagents and they are used in the jewelry industry.
There are ten known precious metals, three of which are
of interest to investors. The known precious metals are
Rhodium (Rh), Platinum (Pt), Gold (Au), Ruthenium
(Ru), Iridium (Ir), Osmium (Os), Palladium (Pd),
Rhenium (Re), Silver (Ag), and Indium (In). Only
silver, platinum, and gold are of interest to investors
worldwide. The value of metals is based on their
usefulness in industry, history as an investment, and
rarity. Precious metals are used as catalysts, and sensors,
and they are used in: chemotherapy, dentistry,
electrochemistry, pharmaceuticals, fertilizer production,
glass industry, solar power, jewelry, automotive
manufacturing, electronics, chemicals and petrochemicals,
solar power, and in the investment industry [3].

Gold is a shiny, dense, yellow-orange, soft, ductile,
malleable metal with a molecular weight of 79 g/mol,
melting point 1,064.18 °C, and a density of 19.3 g/ mL

[4].
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Fig. 1 Periodic table of elements and elements’ classification into metals, non-metals and metalloids.

A gold piece can be either 24 K, 18 K, 14 K or 10 K. K
is abbreviated for Karat, the percentage of gold in the
piece of metal. 100% pure gold is 24 K, 75% gold is 18
K, 58.3% gold is 14 K, and 41.7% gold is 10 K. 18 K,
14 K and 10 K gold, are alloys of gold and other
inexpensive metals, such as copper, silver, or nickel.
The metal used to create the alloy adds the color,
brittleness, malleability, and heft to the alloy. Pure gold
is very soft and malleable, and is not suitable for
everyday wear, it is easily reshaped, scratched, and bent.
A gold piece will likely have a small logo or inscription
indicating the purity of the metal piece, 24 K, 18 K, 14
Kor 10 K [5].

Gold metal does not react with air under normal
conditions. It does not react with concentrated acids,
hydrogen, or concentrated aqueous bases. It dissolves
in aqua regia, a 3:1 ratio mixture of concentrated
hydrochloric acid (HCI), and concentrated nitric acid
(HNO3) according to the following equation:

Au (s) + 6H" (aq) + 3NO;3™ (aq) + 4CI™ (aq)
— [AuCl4]™ (aq) + 3NO2 (g) + 3H20 ()

Gold forms complexes with cyanide, [Au(CN):] (aq).
It also reacts with halogen, bromine, Br», and chlorine,
Clp, forming the trihalides gold(Ill) bromide, AuBr3

and gold(III) chloride, AuCls [6-11].

Silver is a shiny, white, soft, and lustrous metal with
a molecular weight of 47 g/mol, melting point
961.78 °C, and a density of 10.49 g/mL. It has the
reflectivity,
electoral conductivity than any other metal [12]. A
silver piece can be either 925, 900, 800, 950 or 999
depending on the percentage of silver in the piece of
metal. A 99.9%, 95%, 92.5%, 90%, and a 80% pure
silver will likely have the inscriptions of 999, 950, 925,
900, and 800. A 92.5% pure silver (sterling silver)
metal pieces will contain 92.5% pure silver and 7.5%

greatest thermal conductivity, and

other metals, such as copper, zinc or nickel for
improved hardness and strength. Most manufacturers
will include a stamp, logo or inscription indicating the
purity of the silver metal piece, 800, 900, 925, 950, 999,
or the term “STER” [13].

Silve is a stable and unreactive metal in air under
normal conditions. It dissolves as it reacts with hot and
cold aqueous concentrated nitric acid. It reacts with
cyanide to form a soluble complex of [Ag(CN).], this
complex is used in the extraction of silver in the solid
form. It reacts with dihydrogen sulfide forming a black
protective layer of Ag>S(s) [6-11, 14-17].
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Table 1 Density of some precious elements in unit g/mL at
25°C.

Element Symbol Density (g/mL)
Rhodium Rh 12.41
Platinum Pt 21.45
Gold Au 19.32
Ruthenium Ru 12.27
Iridium Ir 224
Osmium Os 22.6
Palladium Pd 12.02
Rhenium Re 21.04
Silver Ag 10.5
Indium In 7.31

Silver metal [18, 19] reacts with concentrated nitric
acid according to the following equation to form
aqueous silver nitrate a white solid that is formed on the
surface of the silver metal as the surface of the silver
metal dissolves:

3Ag (s) + 4HNO; (Conc) —
3AgNOs (aq) + NO (g) + 2H.0 (1))

It also tarnishes upon instant contact with bleach
(NaOCl). Dihydrogen sulfide is a gas found in air due
to the decomposition of dead animals and plants and as
a result of industrial processes. Bleach accelerate s its

oxidation instantly upon its contact to its surface to

form silver sulfide, according to the following equation:

2Ag (s) + HaS (g) — AgaS (s) + Ha (g)

Density [20-23] is temperature dependent, and it is
expressed in unit g/mL. It is an intensive property, and
it is independent of the amount of substance present.
Table 1 lists densities of some precious metals in unit
g/mL. Specific gravity is the ratio of the density of a
substance to the density of water at the same
temperature, and it has the same numerical value as

density but it is dimensionless. The identities of metals
can be determined by using their measured density or
specific gravity values.

2. Experimental

The yellow or white metal piece to be identified must
be physically detached from the plastic motherboard
before conducting any physical or chemical tests.
Chemical tests require the surface of the metal to be
exposed by scratching its surface with a harder surface
such as black rock before adding the reagents.

Physical and chemical tests (Tables 2 and 3) are used
to verify the identity of the metal. Physical tests include
inscription test, magnet test and specific gravity test for
both silver and gold metal pieces. Chemical tests are
bleach test, nitric acid test, test karat solution kit, and
jewelry test Kkits.

Magnitying class with the help of a tweezer are used
for inscription test of both silver and gold pieces. A
strong magnet is used for the magnet test where the
small metal pieces are exposed to a strong magnet. An
analytical balance is used for the specific gravity test of
the metal pieces, where the metal piece is weighed at
room temperature and when submerged in water, the
weight of the metal piece at room temperature divided
by the weight of the metal pieces when submerged in
water is the specific gravity.

All chemical tests are carried out by adding drops
of the reagents (Table 3) to the exposed surface of the
metal piece in a large beaker and examining the metal
piece with tweezers. Results for chemical tests for
both silver and gold are listed in Table 3. Precious
metals testing kits can be used to identify precious

metals.

Table 2 Physical methods used to identify precious metals, silver and gold [24, 25].

Physical Test Gold Silver
Inscriotion Test Very small inscriptions 24 K, 18 K, 14 K Very small inscriptions of 999, 950,900,
seription 1es and 10 K. 800 or the word STER.

Magnet Test attach to a magnet.

Specific Gravity Test

Has no magnetic properties and does not

Specific gravity value for gold is 19.32
with values ranging (+/-) 2%-9%.

Has no magnetic properties and does not
attach to a magnet.

Specific gravity value for silver is 10.49.
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Table3 Chemical methods used to identify precious metals, silver and gold [24-30].

Chemical Test Gold Silver
Nitric Acid Test No effect. Milky white precipitate.
Bleach Test No effect. The color of the metal piece turns black.

Jewelry Test Kit

Follow the color chart and instructions
provided using precious metal testing.

Follow the color chart and instructions
provided using precious metal testing.

3. Discussion

Inscriptions of 24 K, 18 K, 14 K and 10 K indicate
that the metal piece is gold, and inscriptions of 999,
950,900, 800 or the word STER, indicate the metal
piece is silver. Not all silver or gold metal pieces have
a logo or inscription, additional physical and chemical
tests are required to determine the identity of the metal
component of the computer motherboards.

Both silver and gold pieces have no magnetic
properties, a strong magnet is used for the magnet test,
the small metal pieces are exposed to a strong magnet.
If the metal pieces do not attach to the strong magnet,
the metal pieces can be either silver or gold.

An analytical balance is used for the specific gravity
test of the metal pieces, where the metal piece is
weighed at room temperature and when submerged in
water, the weight of the metal piece at room
temperature divided by the weight of the metal pieces
when submerged in water is the specific gravity. Table
1 is used to identify the type of metal. Specific gravity
value for a silver metal piece is 10.49, and for a gold is
19.32 with values ranging (+/-) 2%-9%. Specific
gravity for a 24 K gold metal piece is 19.3, for a 22K
gold metal piece is 15.6, and for a 14 K gold metal piece
is 12.9-14.6.

Reagents, nitric acid and bleach have no effect on a
gold metal piece, whereas, treating a silver metal piece
with nitric acid, would result in the formation of a white
precipitate on its surface, and treating it with bleach,
would result in the formation of a black precipitate on
its surface. If any other color appears when treating the
metal piece with nitric acid or bleach, that would
indicate the absence of precious metals, silver and gold.
Nitric acid has no effect on the scratched and exposed

surface of a gold metal piece, but treating its exposed

surface with aqua regia, would result in the dissolution
of the markings on its surface.

Precious metals testing kits can be used to identify
precious metals. Testing kits are accompanied with
charts and instructions on how to identify the presence
of a precious metal, silver, gold and platinum.

4. Conclusions

Silver and gold metals pieces may have small
inscriptions that can be viewed using a magnifying
glass, and not all metal pieces will have inscriptions.
Chemical and physical tests are required to identify the
presence of precious metal pieces in the metal
component of the computer motherboard. Physical tests
include inscription, magnet, and specific gravity tests.
The results of the physical tests must be accompanied
and verified using chemical tests. Chemical tests
include nitric acid test, bleach test, and jewelry test kit.
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