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A New Method for Recovering Fine Gold from
Sands
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Abstract: Thescarcity of gold in large quantitieshasled mining
entities to turn to the exploitation of gold dust contained in
refractory ores. However, the inadeguacy of the various methods
employed in the extraction of the gold dust often leads to
unnecessary loss of the finest gold particles that are washed away
by water or any other solution used in the process. The insatiable
market demand for gold coupled with its scarcity, therefore, calls
for improved methods to elevate the efficiency of extracting the
gold dust. The froth flotation technique has, however, shown
remarkable efficiency in the extraction of the fine gold particles
contained in gold ores. The method uses a mixture of water and
coil-oil that has naturally occurring ferrous sulfide which
essentially acts as the surfactant. The improvement of the surface
tension of water, the frothing produced by the coal-oil and the
hydrophobicity nature of gold play an essential role in elevating
the efficiency of the method in the extraction of gold dust.

Index Terms: The extraction of gold dust, the hydrophobicity,
the ferrous sulfide, surfacetension, light weights, non-toxic..

I. INTRODUCTION
Fig. 2. Fine gold in sand.

The importance of gold to the world economy has There are various methods that are used to mildedyst
elevated its status as a precious metal. The edonaue of but very few have been successful in completelpvedng
gold is, however, sustained by its scarcity, useléctronic  all the gold dust contained in refractory ores. &anity of the
devices and the universal agreement to make thal et methods employed in the extraction of gold duseetally
basis of every economy. The use of gold as a mefnsuse water to separate the gold particles from ttrero
exchange has been in existence since time immeimorigaterials.

However, as indicated above, the absence of goldrge However, though these methods are quite remarkiable
quantities has led to the mining of gold dust tisabften extracting the gold particles, it has become cotefle
contained in black soils. The process of extracgolgl from  impossible to extract the extremely fine partidégold. The
go|d ores is an expensi\/e and tedious undertaMmg t economic value of gO|d in the world market calls fhe
requires both patience and constant innovationdeease its highest efficiency in the recovery of gold. Furthere, the
efficiency. Samples of fine gold in sand have beighlighted ~ scarcity of the metal and the demand in the worddket has
in “Fig. 1"and “Fig. 2, displayed below. necessitated the adoption of new methods and témlies
that enhances the recoverability of the dust mé&tadugh the
extraction of fine gold particles can be done witre
assistance of other solutions and non-solution austithe use
of water tend to be popular due to its high efficieg One of
the major challenges of using water as a separatedjum is
the inability to recover the extremely fine goldrpaes that
are suspended in water. In essence, the microsgumbit
particles are mostly washed away as waste.

Current methods employed in the extractiogafl dust
however take advantage of the hydrophobicity nabfigold
and the flexibility of surface tension of waterdgtract gold
dusts contained in black soils. These methods ddi¢ivzes to
increase the surface tension of water which esdbnti
supports the weight of the gold dust on the surfade
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Fig. 1. Fine gold in black sand concentrate.
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In the exploitation of gold dusts from the blacksand other
refractory ores has significantly impacted the guolthing
industry. However, the efficacy of this method cha
attributed to the presence ferrous sulfide in adalthat
essentially improves the surface tension
Furthermore, the frothing that is generated by dbal-oil
plays a significant role in the trapping of the dyalusts
ejected from the gold ores. The advantages of ¢heds
sulfide are that it is less toxic and improves bibih surface
tension of water and adhesive forces of the gofd.du

II. HYDROPHOBICITY OF GOLD

The unique floating characteristics exhibited bydgman,
however, be manipulated to increase the produgtisit
mining fine gold contained in black soils [1]. Hoves, a clear
understanding of the reasons that make gold ta @aathe
surface of water despite being four times heatian water is
necessary in the design of an optimal method teattes the
efficacy of gold extraction from the gold ores [1h
retrospective, gold is considered hydrophobic whigkans
that it repels water away from it. In essence, agod
suspended in water as long as it is lighter tharugward pull
of the water [2]. However, to make the gold dusaflon the
surface of the water, interventionists mechanismsequired
to increase the surface tension of the water [1].

Ill. FLUIDS SURFACE TENSION

The surface tension of water refers to the mowpi
membrane that forms on the surface of water amagtthe
capability to support light weights [3]. The strémgf the
membrane is however affected by changes in temperdn
essence, surface tension weakens as temperataereases
beyond the room temperature. Furthermore, the resmebis
affected by some types of chemicals which inhibé teak
bonds that join the water molecules together [3jwelver,
there exist some special types of additives, sschearous
Sulphide, that retrospectively are known to comuiiébto the
strengthening the ability of the surface tensiosupport light
weights.

IV. FROTH FLOTATION USING COAL-OIL ASA
SOURCEOF FERROUS SULFIDE

The use of water as the solution of interest inimgirof
gold dust is preferred due to its availability dhdrefore, it is
economical to employ in the large scale commenmiaing of
the gold dust. Furthermore, water does not reatt gold as
it would be expected with other solutions. Thug tise of
water would be more appropriate as it does notlgvother

costly processes such as washing away of chemibals.

essence, the use of water in commercial extraaifogold

dust makes more economic sense than any otheiosolut

However, it would be appropriate to understand fenous
sulfide and other additives contribute to the inueat of the
water surface tension. Water molecules are esgrit@und
together by the Van der Waals forces. These foares
usually weak and have a polarity which acts aggthe that
attaches the water molecules together.

The use of the ferrous sulfide, which occurs ndifuia
coal-oil, essentially increases the strength of \tam der
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Waals forces and ultimately the surface tensiomwatier is
improved [4]. The improved surface tension of waier
essential for supporting the floating capability thé light
weights such as the gold dust [4]. The elevatfdh@surface

of watetension of water allows any light weights to floa the

surface of the water rather than suspend insidev#iter. The
effects of the ferrous sulfide on the surface wmmsif water
assist in providing a solution to the previous Erae where
gold dust was easily washed away unnoticed. Thécagpion
of the ferrous sulfide in the elevation of the aud tension of
water allows the floating gold dust to be easilgpd which
is an action that would be difficult to achieve twihe low
values of surface tension [4].

Furthermore, ferrous sulfide is much less toxic pared to

both mercury and cyanide that are employed in the

commercial extraction of gold [7]. The use of meycand
cyanide, though effective in the extraction of gdic to their
unique characteristics, has been considered tabwafll to

the environment and the miners alike. Mercury tegarized
as a heavy metal and is known to be a major causarious
types of cancers. On the other hand, cyanide isrenfil

chemical that can lead to instant death if impriypleaindled.

V. CHEMICAL ANALYSIS OF FERROUSSULFIDE

The analysis of the chemical composition of thedfes
sulfide and how it reacts with water is essensat arovides a
glimpse on how the commercial handling of the adelican
be carried out without contributing to the deteasittn of the
environment. Ferrous sulfide is essentially comgasfeboth
iron and sulfur and is obtained by heating the ekements
together. However, the compound also occurs n#tural
alongside other minerals such as coal and in refnaores.
Ferrous sulfide is a soluble agent that dissociatesferrite
ions and sulfate molecules in water. The dissaniatif the
ferrous sulfide into charged molecules is respdadir the
strengthening of the Van der Waals forces that biedvater
molecules together. It is worth noting that thedas sulfide
contained in the coal-oil is a stable compound anty
decomposes to its constituent molecules when intred into
the water.

One of the major advantages of the ferrous sulfidieat it
does not release harmful chemicals into the enmieom as
compared to mercury and cyanide. In essence, thefuhe
ferrous sulfide can be employed as an alternativeyanide
and mercury in commercial extraction of gold dukiwever,
though the ferrous sulfide is non-toxic to the eowment,
sulfur generates other toxic chemicals when buropien air.
Therefore, it is essential to ensure the chemialroperly
handled to avoid contaminating the
Furthermore, the management of the solution th&rimed
after ferrous sulfide is added to pure water isdrtgmt to
avoid contaminating sources of pure water arouredgild
mines.
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VI. COMMERCIAL APPLICATION OF FERROUS

SULFIDE IN GOLD EXTRACTION

Several methods exist that manipulates the sutéatston
of water to extract gold dust contained in blaciksgd]. The
use of coal-oil as a source of ferrous sulfideastinuing to
take roots in the mining of gold dusts due toigmigicant as
an additive for raising the surface tension of wafthe
mixture of water and gold bearing materials are thgitated
to form a froth that traps gold dust [5]. The asayof the
above process indicates that the process is magiibje by
both the viscosity and surface tension of the smiuformed
[5]. However, the increment of the surface tensamshown
before, is made possible by the traces of the tdisrsulfide
present in the coal-oil. The commercial utilizatioh this
process is done through the process of froth ftmtafl].
Though a majority of these methods do not applyofes
sulfide as an additive for raising the surfaceitemsf water,
the agents that are employed contain traces ofeireus
sulfide. However, the use of coil-oil is becomingona
popular due to its high content of ferrous sulfied the
frothing effect it generates. In general, frothafiation is a
technique that easily separates hydrophobic mégesieh as
gold from hydrophilic materials [1]. The hydropholty of
gold and the ability of ferrous sulfide to incredise surface
tension of water create an opportunity for an &ffic method
for the extraction of gold dust [1].

The implementation of this process involves thadjrig of
the refractory gold ore into fine and soft particlfl].
Common industrial practices dictate the grindinghaf gold
ore material to sizes below 100 micrometers. Tloeig ore
is then mixed with fresh water and coal-oil is grally added
to the mixture to increase the surface tensiohe@ftater [1].
The light weight of the ground particles coupledhwihe
increased hydrophobicity of gold makes the goldigas or
dust to float on the surface of the water [1].

Several key factors, however, dictate the efficjeofcthis
method. First, care should be taken to regulate
temperature of the water which is inversely proijpodl to the
strength of the surface tension [6]. In essencénenease in
temperature leads to an automatic decrease irirédregth of
the surface tension. Furthermore, low temperagssentially
lead to the hardening of the coal-oil [6]. The istfial rule of
thumb is to maintain the temperature of the sofutad
temperatures slightly above the room temperaturee T
surface area under which gold particles come imtotact
with the mixture of oil and water is another factiat
contributes to the improvement of efficiency of djol
extraction using this method [6].

The grinding of the gold ore into extremely finarticles
increases the surface area of the gold particlest[i® worth
noting that the surface area of an object increasedts
volume decreases. In essence, the ground golclpartiave
a higher effective hydrophobicity on account ofithemall
sizes compared to those with large sizes [2]. tiheowords,
finely ground gold particles have a higher hydrdphity
compared to those that are relatively ground [@]aif, the
efficacy of the method is improved by spreading gheund
gold ore so that their depth from the bottom of ltodding
container is within a range of a few millimetersheT
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significant of spreading the ground gold ore imntrease the
surface area [6]. The increased surface area alhidiwgold
particles to have adequate space for interactitiytive water
which leads to increased hydrophobicity [6].

Furthermore, in tandem with the frothing techniques
employed in gold extraction, the agitation of théxtore
allows all gold particles to have a direct contaith water
and to escape from the entrapment of other magd6hl The
stirring process should, however, be done contislyofor
some time and then stopped to allow the gold pastio rise
to the surface of the water. The extraction ofgblel particles
is however made possible by the unique propertiewbus
sulfide that improves the cohesion properties tilas of the
same nature [6]. Therefore, the gold dust andqestiend to
form around each other which make their scoping.eas

The efficacy of the method can also be improvedugh
two other important methods. First, the flotatiefl or tank is
filled with the water to ensure that other lighfgarticles
cannot float on the surface of the water [6]. Agdaime
injection of the air bubbles at the bottom of tleafation cell
increases the hydrophobicity of gold particles Whéscape
into the air bubbles. The air bubbles then proadeeasy
mechanism for the gold dust to reach the surfatckeofvater
[1]. The main benefit for this method is that itoals gold
mining companies to extract high-quality gold from
low-grade ores which is a practice that is not fibssvith any
other method [1].

VIl. CONCLUSION

The economic value of gold in the internationatkefhas
effectively contributed to increased innovative hoets for its
extraction. The scarcity of gold nuggets has ledividual
miners and companies alike to result in the extaaif gold
dust from gold ores such as the black soils. Howetne
available methods for extracting gold are inadegjbattause
they are not able to extract the extremely finedgmdrticles

thiemm the gold ores. Methods that use solutions susctvater

to extract gold particles, though effective hamjlect all the
gold as some of the gold dust is washed away.

However, the exploitation of both the hydropholyicit
characteristic of gold and the flexibility of theater surface
tension has played a critical role in heightenmgefficacy of
gold extraction. The surface tension of water or smlution
refers to the microscopic membrane that formsestirface.
The formation of the membrane is necessitated ey
strengthening of the usually weak van der Waalse®that
binds the water molecules together. The use ofiaddisuch
as the ferrous sulfide leads to increased polafityhe water
molecules which essentially contributes to thergftieening
of the bonds thus improving the surface tensiothefwater.
Coil-oil is employed specifically as the sourcetlué ferrous
sulfide and to generate the froth that traps tHe dost.

The use of the ferrous sulfide in the method dbutes to
two most important characteristics that allow tkigaction of
the fine gold from the ores. First, the surfacianteases the
surface tension of water which allows the gold ipkas$ to
float at the top of the water
surface.
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Again, the ferrous sulfide improves the cohesiarcde of
the gold particles thus allowing then to coalesgether. The
main advantages if this method is that it improthe
efficiency of extracting gold dust from the blachils.
Furthermore, the ferrous sulfide is less toxic ftoe t
environment compared to other chemicals that azd irsthe
extraction gold such as cyanide and mercury. Agtig,
efficacy of the method enables miners to extragh-gjuality
gold from low-grade ores which cannot be done using
other method.
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