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Abstract— The use of gold adsorption by activated carbon 

has recently become widespread .This has caused a great 

deal of interest in the kinetics of gold adsorption onto 

activated carbon. Coconut shells are the most widely used 

raw material for the production of activated carbon suitable 

for gold production by cyanide leaching. The purpose of this 

review paper is to describe in simple terms what activated 

carbon is all about and how it adsorbs gold. The 

understanding of the mechanism of gold adsorption is 

important because the Carbon in pulp/Carbon-in-Leach 

processes work as a result of the gold adsorption 

mechanism, which is a chemical occurrence the mechanism 

appears to have an initial adsorption stage that involves the 

adsorption of an ion pair: Mn+[Au(CN)-2]n , where Mn+ is a 

metal ion (for example Na+, K+and Ca2+) that has a lower 

solubility than the Au(CN)-2 anion in the adsorption 

medium, followed by a reduction step in which either a sub-

stoichiometric Au(CN)x surface species or a cluster-type 

compound of gold is formed. 

Key words: Activated Carbon, Gold Cyanide, Adsorption, 

Carbon In Pulp/Carbon-In-Leach 

I. INTRODUCTION 

Activated carbon is a generic term for a family of highly 

porous carbonaceous materials, none of which can be 

characterized by a structural formula or by chemical 

analysis [30]. Activated carbons are available in various 

forms; e.g. powders, granular chips and shaped 

products.These different types of Activated carbon products 

are employed extensively worldwide in a lot of applications 

such as the removal of unwanted substances from aqueous 

and organic solution, and in several recovery processes 

[29][32]. Activated carbon has also found increased 

application in the field of hydrometallurgy, especially in the 

recovery of gold from cyanide solutions [27].A piece of 

carbon with millions of tiny interlocking holes (called pores) 

is called activated carbon.  Under a microscope, activated 

carbon looks like a sponge.  The millions of tiny 

interlocking holes occupy space within the carbon and that’s 

why activated carbon has a very high internal surface area.  

Typical activated carbons used in the Carbon-in-Pulp (CIP) 

and Carbon-in-Leach (CIL) processes have surface areas of 

about 1000 m²/g i.e. one gram of activated carbon (the 

amount of which will occupy the same space as the end of a 

person's thumb) has the same surface area as two football 

fields. 

Gold recovery by adsorption on activated carbon 

requires an activated carbon with the capability to adsorb 

gold which will be released easily in a later process step. To 

be suitable for use in gold recovery processes, an activated 

carbon must, therefore, have (a) high mechanical strength, 

(b) high adsorption capacity (loading capacity), and (c) high 

adsorption rate.The high surface area is contained in the 

millions of pores of varying sizes, which are defined by the 

following groups:  Macrospores (having 500 to 2000 Å 

diameter) these are the large pores that run from the surface 

of the activated carbon into the interior. The macrospores 

allow for the rapid movement of adsorbates (species that 

will be adsorbed by the carbon, e.g. gold) into the activated 

carbon granules.  Mesopores (having 100 Å to 500 Å 

diameter) these are the pores that branch off the macropores 

that serve to allow the adsorbates to leave the macropores.    

Micropores (having 8 to 100 Å diameter)are those which are 

of the right size to allow the adsorbates to be strongly 

adsorbed by activated carbon.  These pores generally occupy 

95 % of the total internal surface area of activated carbon.  It 

is within the micropores only that adsorption takes place, 

however the meso and macropores are important because 

they facilitate the rapid transport of the adsorbates into the 

activated carbon.The first step for the production of 

activated carbon by the thermal route is carbonization, 

accomplished by heating of the source material as lumps or 

pre-sized material in an inert atmosphere to a temperature 

that must not exceed 700 C so that dehydration and 

devolatilization of many of the carbon atoms can occur in a 

controlled manner. The main purpose of carbonization is to 

reduce the volatile content of the source material used for 

making activated carbon (a fixed carbon content of 80% or 

higher is desirable). The process by which the carbonized 

product develops an extended surface area and a porous 

structure is referred to as activation. This step is generally 

conducted at temperatures between 800 and 1100C in the 

presence of a suitable oxidizing agent such as steam, air, 

CO2. After the activation process, the source material is 

converted into a finely crystalline form of carbon that is 

permeated by the greatest possible number of randomly 

distributed pores which give rise to the extended internal 

surface area.The hardness of the carbon suitable for gold 

metallurgy is also checked and it must be such that it can 

resist agitation and transport within the system. This will 

reduce the possibility of gold being lost on undersized 

carbon particles 

The adsorption capacity which depends on the 

carbon raw material is generally expressed as the Freundlich 

constant, K, as illustrated in equation below [33]  

Cc =KCS
1/n 

where Cc and Cs represent the gold concentrations 

at the carbon surface and in solution, respectively, and K 

and n are constants. In practice only a small fraction of the 

total adsorption capacity of carbon for gold is utilized. It has 

been shown that, in the laboratory, gold loading levels as 

high as 45 mg Gold/g of carbon can be achieved, whereas 

the loading of gold on carbon in the first stage of a carbon-

in-pulp plant seldom exceeds 10 mg Gold/g of carbon 

(Faulkner, 1984). 
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II. MATERIALS & METHODS  

A. Raw materials: 

The basic raw material is activated carbon ,which is 

manufactured form carbonaceous raw materials                                                             

Examples are:   

Coal:    Peat, Lignite, Bituminous, Anthracite,Nut shells, 

Coconut, Pips,  Apricot, Peach, Olive, Wood, Cellulose, 

Heavy oil, Bones. 

The requirement is that raw materials are available 

in sufficient quantities to support commercial production. 

Typical carbon content of some raw materials are:  

Material Carbon Content (%) 

Wood 40   % 

Coconut shell 40   % 

Lignite 60   % 

Bituminous coal 75   % 

Anthracite 90   % 

B. Preparation of raw material 

The raw material is collected, cut and cleaned at the 

preparatory step.  This applies to nut shells, pips and wood. 

In the case of coal based raw materials, the raw material is 

not uniform in quality and therefore is milled, mixed with a 

binder and briquetted or extruded under pressure to prepare 

a dense carbon rich raw material.  The briquettes would 

normally be crushed and screened prior to carbonization. 

1) Carbonization  

Carbonization is the step in which char is produced.  In this 

step, the raw materials are indirectly heated up to 700 °C to 

drive off the volatile organic contaminants and dehydrate 

the raw material. This is carried out in an inert atmosphere, 

normally created by the volatile species. This produces a 

char product with a fixed carbon content of 80 % or more.  

The internal surface area of char is 10 m²/g or lower. 

However, most processes consist of the pyrolysis of the 

starting material, followed by a stage of controlled oxidation 

or vice versa. The purpose of the oxidation stage is to 

activate the carbon. Pyrolysis step (or also called as 

Carbonization) involves heating the source materials to 

temperatures ranging between 600 to 900ºC in the absence 

of air .Low molecular weight volatiles are first released, 

followed by light aromatics and finally the hydrogen gas, 

the resultant product being a fixed carbonaceous char.To 

remove tarry materials, activation process is carried out. It 

also enlarges the diameters of the pores, which were created 

during the carbonization process and creating new 

porosity[32]. 

2) Activation 

The temperature at which activation is carried out is 

between 800 to 1000°C.In this step the steam reacts with the 

carbon in the char to create the high internal surface area. 

The activation step typically takes 24 hours and consumes 1 

kg steam / kg carbon/ hour. The activation step is done by 

two methods physical activation or chemical activation. The 

other name for Physical activation is partial gasification. It 

is generally carried out at elevated temperatures between 

750 and 1100 ◦C using oxidants such as steam, carbon 

dioxide, air or mixture of these gases. Chlorine, sulphur, 

vapours, sulphur dioxide, ammonia and a number of other 

substances having activation effects are rarely used. 

Gasification of the carbonized material with steam and 

carbon dioxide occurs by the following endothermic 

reactions:  

C + H2O →  H2 + CO 

C + CO2→2CO 

The reaction of steam with carbon is accompanied 

by the water gas formation reaction, which is catalyzed by 

the carbon surface as,  

CO + H2O→ CO2 + H2 

Since the reaction of carbon with steam and with 

carbon dioxide is both endothermic reaction, external 

heating is required to drive the reactions and to maintain the 

reaction temperature.The water gas reaction was commonly 

used to produce Town gas (CO + H2) by reacting coal with 

steam, before the advent of natural gas.   

The water gas reaction is endothermic reaction.  

This means that energy has to be put into to cause the 

reaction  unlike the reaction between Carbon and Oxygen, 

which gives off heat (exothermic). 

Chemical activation is usually carried out by 

impregnating the raw or pre-carbonized material with an 

activating agent and pyrolyzed between 400 and 800  in 

the absence of oxygen. The most commonly used activating 

agents are phosphoric acid, hydrochloric acid, sulphuric 

acid, alkalis namely KOH and NaOH, zinc chloride and 

alkaline metal compounds. Phosphoric acid and zinc 

chloride are used for the activation of lignocellulosic 

materials. Phosphoric acid is the most preferred activating 

agent because of its low environmental impact when 

compared to zinc chloride. The resultant activated carbon is 

washed, dried till constant weight is obtained and ground to 

a required size.. Activated carbons produced by chemical 

activation generally exhibit a very open structure and bottle 

shaped, ideal for the adsorption of large molecules.This 

allows the activation step to be accurately controlled, 

allowing for preferential etching of the internal carbon 

structure (carbon inside the granules) and the formation of 

the large internal surface area and creation of the pore 

structure.   

The rate of the water gas reaction is temperature 

dependent. During carbonization and activation, the carbon 

structure is also changed.  As the temperature increases 

polymerization of the large chain aliphatic and aromatic 

molecules occurs, forming a system of planar condensed 

benzene - ring molecules.  This occurs up to 400°C.   

Between 400 and 700°C, these condensed ring 

systems grow.  The peripheral carbon atoms are attached to 

hydrogen atoms and hydro-carbon groups, and have high 

electrical resistivity.   

Between 700 and 800°C, hydrogen and 

hydrocarbon groups are expelled leaving small crystallites 

housing a graphic like structure.  The resistivity of the 

product is reduced, becoming electrically semi conductive. 

 
Fig 1:  Schematic representation of the structure of graphite.  

The circles denote the positions of carbon atoms, whereas 

the horizontal lines represent carbon-to-carbon bonds. 
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Fig. 2:  Schematic representation of the proposed structure 

of activated carbon.  Oxygen containing organic functional 

groups is located at the edges of broken graphitic ring 

systems 

III. CHARACTERISTICS OF ACTIVATED CARBON 

During manufacturing of activated carbon, the basic 

structure of the raw material is not reformed, (except for 

coal based carbon). The characteristics of the activated 

carbon product is thus dependent on the raw material 

utilized. A hard, dense raw material, like coconut shell, 

produces a hard and dense activated carbon. A soft less 

dense raw material like wood, produces an activated carbon 

with a lower density. The pore structure of the activated 

carbon is also dependent on the raw material. Coconut shell 

based activated carbon has a pore structure forming micro-

pores, whereas wood based activated carbon has a pore 

structure forming larger pores due to the open structure of 

woodunder an electron microscope, the high surface-area 

structures of activated carbon are revealed. Individual 

particles are intensely convoluted and display various kinds 

of porosity; there may be many areas where flat surfaces 

of graphite-like material run parallel to each other, separated 

by only a few nanometers or so. These micropores provide 

superb conditions for adsorption to occur, since adsorbing 

material can interact with many surfaces simultaneously. 

Activated carbon adsorbs iodine very well. The iodine 

capacity, mg/g,(ASTM D28 Standard Method test) may be 

used as an indication of total surface area.  Iodine number is 

the most fundamental parameter used to characterize 

activated carbon performance. It is a measure of activity 

level (higher number indicates higher degree of activation, 

often reported in mg/g (typical range 500–1200 mg/g). It is a 

measure of the micropore content of the activated carbon (0 

to 20 Å, or up to 2 nm)  iodine number is a measure of the 

iodine adsorbed in the pores and, as such, is an indication of 

the pore volume available in the activated carbon of 

interest. Some carbons are more adept at adsorbing large 

molecules. Molasses number or molasses efficiency is a 

measure of the mesopore content of the activated carbon 

(greater than 20 Å, or larger than 2 nm) by adsorption of 

molasses from solution. A high molasses number indicates a 

high adsorption of big molecules Bulk density of the 

prepared activated carbon was done by water displacement 

method and was found to be 2.1 gm/cc. The finer the 

particle size of an activated carbon, the better the access to 

the surface area and the faster the rate of adsorption 

kinetics.  in the case of using activated carbon for adsorption 

of minerals such as gold, the particle size should be in the 

range of 3.35–1.4 millimetres (0.132–0.055 in). Activated 

carbon with particle size less than 1 mm would not be 

suitable for elution (the stripping of mineral from an 

activated carbon). The adsorbents are characterized by using 

Scanning electronic microscope (SEM), Fourier transfer 

infrared spectroscopy (FTIR), X-Ray diffraction (XRD), 

Accelerated surface area and porosimetry analyzer  

IV. THE MECHANISM FOR GOLD ADSORPTION 

Adsorption is the term used to describe the tendency of 

atoms/molecules in gas or liquid phases to adhere to a solid 

surface.  It is the separation of the species being adsorbed, 

which is called adsorbate, from one phase and concentrating 

it onto the surfaced of a solid phase, called the 

adsorbent.Activated carbon adsorbs by physical adsorption.  

In physical adsorption the adsorption forces are weak. The 

adsorbents are characterized by surface area and polarity.  A 

large surface area provides for a large adsorption capacity, 

which is encompassed in pores inside the adsorbents. 

Equilibrium adsorption is usually described through 

isotherms;   the amount of adsorbate adsorbed onto the 

adsorbent as a function of concentration in liquid.  A 

number of isotherms models have been developed.  The one 

we are most familiar is the Freundlich isotherm. The degree 

of gold adsorption occurring at equilibrium was measured 

using the empirical Freundlich Isotherm. The curve obtained 

by plotting the amount of solute adsorbed per unit mass of 

adsorbent against residual solute concentration at a given 

temperature results in an isotherm equilibrium curve (the 

mass of the adsorbent is assumed to be proportional to its 

surface area). By the Freundlich isotherm relationship, 

X /M = kc1/n 

where X=mass of solute adsorbed or removed from 

solution, M =mass of adsorbent, c=concentration of solute 

remaining in solution, and k, are constants, ~ being a 

measure of the fundamental effectiveness of the adsorbent, 

and n a measure of the change in rate of effectiveness with 

relative dosage. The slope is 1/n, and the intercept of 

adsorbate concentration of 1 is k.  The interpolation of the 

line to intersect Co, the original concentration of the 

adsorbate provides the equilibrium loading of adsorbate. 

The slope is an indication of the affinity activated carbon 

has for the adsorbate.  The steeper the slope - the greater the 

affinity. 

 
The Freundlich equation was found to describe the 

mechanics of gold adsorption on activated charcoal more 

accurately than the more theoretical Langmuir equation. 
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Before the possible adsorption mechanisms are 

discussed, it is necessary to point out two important facts 

that have been confirmed by various workers, including the 

present authors, regarding the adsorption of gold cyanide on 

carbon. Firstly, the extraction of Au (CN); is strongly 

enhanced by the presence of electrolytes such as KCI or 

CaCl2 in the adsorption medium. Secondly, the adsorption 

is strongly enhanced by an increase in the acidity of the 

adsorption medium. Therefore, any acceptable adsorption 

mechanism has to account for these effects. The present 

state of thinking on the mechanism of the adsorption of 

aurocyanide on activated carbon can be summarized as 

follows. The theories fall into three categories:  

1) those proposing that the gold is present as an 

aurocyanide ion6, 7-10, 12, 13, 

2) those suggesting that gold is present as a compound 

other than the aurocyanide ion (e.g., precipitated 

AuCN4, 9, 11, and 

3) those proposing that the aurocyanide is reduced to 

metallic gold24. 

V. ADSORPTION KINETICS 

This is the rate of adsorption, there are three steps:  - 

Diffusion through the liquid film (boundary layer) that 

surrounds the carbon granules (Film diffusion). - Diffusion 

of the adsorbate within the pores of carbon (Pore diffusion). 

- Adsorption onto the internal surface of carbon (Surface 

diffusion).Film diffusion is regarded as rate limiting step.  It 

is defined by the expression:   

R= kf A(C-Cy) 

“R” is the mass transfer rate through film “kf” is the mass 

coefficient. “A” is the external area of the carbon particles. 

“C” is the concentration of adsorbate in the bulk solution. 

“Cy” is the concentration of the adsorbate of the solution 

carbon interface.  This is zero as adsorption is not limiting. 

In the adsorption of gold cyanide and other 

adsorbates by activated carbon in CIP and CIL is slow, 

loading is well below equilibrium loading.  Extraction 

efficiency in CIP and CIL plants is basically governed by 

kinetics of adsorption.  Applying the above expression to the 

CIP/CIL application, the factors that effect kinetics for 

adsorption of gold by activated carbon are:  - kf   the mass 

transfer coefficient defines the intensity of mixing, the 

greater the agitation intensity, the faster the rate.   

The increase in intensity narrows the boundary 

layer thickness. Increasing viscosity and density would slow 

the rate.   

- A – Carbon particle size and concentration have a 

direct impact.  Increasing carbon concentration and 

decreasing particle size increases the rate.  - C – Increasing 

gold concentration increases the rate. 

Much of the controversy surrounding the 

adsorption mechanism undoubtedly relates to the fact that 

the carbon is not readily amenable to physical investigation 

by techniques such as infrared spectroscopy. Therefore, very 

little information is available about the surface functional 

groups present on the carbon 1O, 26, 27, and about the 

nature of the adsorbed gold and silver cyanide species. The 

technique of X-ray photoelectron spectroscopy (XPS) 

enables one to decide on the oxidation state of an element. 

Initially the gold is leached using cyanide, lime and 

oxygen.  The mechanism for leaching of gold is complex 

and the exact mechanism is subject to argument, however, 

from the activated carbon point of view, the dissolution of 

gold from the ore results in gold present in water as the gold 

cyanide ion approximated as follows:   

O2 + 2H2O + 4Au + 8CN- → 4Na+ 4Au (CN)2 +4OH-Gold 

+ Cyanide → Gold Cyanide ion.  

The gold cyanide ion in water prefers to be a 

neutral species and thus the negative charge will be 

countered by any positive ion such as Ca2+, Mg2+, H+, 

Na+, K+, etc. 

The objectives of the study were to elucidate the 

exact mechanism by which carbon extracted gold cyanide, 

and also to investigate potential commercial applications of 

activated carbon in the gold mining industry. Significant 

findings regarding the adsorption of Au(CN)2 on a pine 

wood carbon that had been activated with steam at 900°C 

for 30 minutes were: 

1) The rate of gold extraction was slow (equilibrium was 

not reached in 24 hours), and a state of reversible 

equilibrium was established between the gold on the 

carbon and the gold remaining in solution 

2) The maximum capacity of the carbon for gold was 7 per 

cent by mass, which assuming monomolecular 

adsorption (based on the theories of Langmuir), as well 

as a surface area of 230 m 2/g for the carbon (modern 

carbons have a surface area of about 1000 m2/g), 

corresponded to a surface coverage of only 23 per cent 

3) Silver cyanide Ag(CN)-1 displaced 15.3 per cent of an 

equilibrium amount of adsorbed gold, whereas Au(CN)-

2 displaced 68.3 per cent of an equilibrium silver 

loading 

4) Although acids were known at the time to depress 

precipitation of metallic gold onto carbon from Au(Cl)-4 

solutions, acidification of gold cyanide solutions 

enhanced significantly the gold capacity of the carbon, 

as was to be observed by many other later researchera. 

5) Excess free hydroxide, sulphide and cyanide depressed 

the gold capacity, in agreement with the results of 

others (28). This led to the suggestion that these 

substances should be good eluants for the adsorbed gold 

(CN - and OH- are currently employed in elution 

procedures) 

6) Although alkaline sulphides were excellent eluants for 

the gold that was adsorbed onto carbon from cyanide 

solution, they were poor eluants for the metallic gold 

that was precipitated onto carbon from chloride 

medium. This supported the authors' view that the 

mechanisme of adsorption from these two types of 

solutions were fundamentally different 

7) The maximum capacity of the carbon for adsorption of 

gold from chloride solutions was significantly higher 

than that from cyanide solutions, namely 569 against 68 

kg of gold per ton of carbon  

8) The capacity of the carbon for gold from cyanide 

solution decreased as the temperature of the solution 

was increased. This was attributed to the higher 

solubility of gold salts in hot water than in cold water. 

(It is generally known that if two species in a loading 

soluteon are competing for adsorption onto carbon, the 

carbon will prefer that which is least soluble. 
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VI. RESULTS 

Factors Influencing the Adsorption of Aurocyanide on 

Carbon: 

A. Ionic Medium 

It is normally found that a weakly hydrated anion such as 

CI°4' will load as well as Au(CN)-2; onto simple anion-

exchange resins. Therefore, it would be expected that the 

presence of ClO-1 anions together with Au(CN); anions 

would have a marked influence on the gold capacity of the 

resin, and that the amount of gold loaded would decrease as 

the concentration of CIO~ anions in the adsorption medium 

increased. On the other hand, small, highly hydrated anions 

such as Cl- would not be expected to influence the loading 

of Au(CN)-2 onto an anion-exchange resin. This is 

confirmed by the results in Table 11, which compares the 

effect of 8 X 10-2 M Clanions and 8 X 10-2 M to 2,4 X 10-1 

M CIO~ anions in the adsorption medium on the amount of 

gold loaded onto IRA 400 (in the Cl- form) and carbon. 

Therefore, the observation that the presence of an 

excess of ClO-1anions at a ClO-1 to Au(CN)-2 ratio of 

between 26 : 1 and 315 : 1 does not greatly depress the gold 

loading on carbon militates against the adsorption of 

Au(CN)-2 anions on carbon by simple electrostatic 

interactions in the electrical double layer, or with positively 

charged sites on the carbon surface. 

B. Mixing Efficiency and Pulp Density (In CIP / CIL) 

An increase in mixing efficiency increases the turbulence of 

liquid around the carbon granules.  This reduces the liquid 

boundary layer surrounding the carbon granules and allows 

for faster adsorption.   

In order to maximize gold adsorption, the carbon 

must be evenly distributed throughout the concentrate.  This 

is achieved by controlling pulp density.   The density of wet 

carbon is in the region of 1.3 to 1.5 t/m³, thus the density of 

the pulp must be similar in order to suspend and distribute 

the carbon evenly.  If the pulp density is too low, then the 

carbon will sink to the bottom of the contactor, if the pulp 

density of the pulp is too high, the carbon will float.  In both 

cases insufficient mixing will occur, resulting in a lower 

gold recovery.  Activated carbon has a bulk density of 0.500 

g/ml and a pore volume of 0.8 ml/g.  If the pore volume is 

filled with water having a density of 1 g/ml and add the two 

values, the density of wet carbon is typically 1.3 g/ml. 

C. Organic Poisons 

Since activated carbon will adsorb any neutrally changed 

species, many organic species will be readily adsorbed in 

competition with the calcium gold cyanide ion pair.  

Organic species originate from:   

 Flotation reagents from an upstream flotation plant. 

 Oils, degreasers etc from leaking glands, washing of 

equipment, trackless mining oil deposits, etc.  

 Humic and Fulvic acids originating from plant material 

(vegetation, wood etc).  

 Various organics originating from water used in the 

plant (e.g. river water, dam return water and sewage 

water etc.). 

Activated carbon has a strong affinity for organic 

compounds, and is able to adsorb organics more than its 

mass (100 % wt/wt).  It is important to control the fouling of 

activated carbon by organics as the selectivity for gold could 

be reduced to a level that significant gold loss would occur.  

Organic foulants are removed by thermal regeneration. 

VII. INORGANIC POISONS 

The only significant inorganic poisons that affect carbon by 

adsorption are base metal cyanides.  Cyanide reacts with any 

base metal in a similar way it reacts with gold.  Base metals 

originate from the ore itself or from process stages such as 

milling (ball attrition).  The most common base metal 

cyanides are as follows:   

 Cu(CN)-2, Cu(CN)-3, 

 Ni(CN)4
-2 

 Hg(CN)2, Hg(CN)4
-2 

 Co(CN)4
-2,Ag(CN)-2 

Since gold cyanide forms the calcium gold cyanide 

ion pair, the base metal cyanides will do likewise.  The 

stability of the ion pairs formed is heavily dependent on the 

charge of the anion, the lower the charge the more stable the 

ion pair thus the greater likelihood of adsorption by 

activated carbon.  Thus the base metals can be ranked in 

order of adsorption onto the activated carbon: The CIP 

process provides conditions that promote the formation of 

calcium scale, most commonly CaCO3 (calcium carbonate).  

Calcium is present due to addition of lime to control pH 

(typical limeconcentrations are approximately 200 g/t).  

CO2, O2 and CN- are present to leach gold (using air or 

oxygen and cyanide).  The following mechanisms are 

thought to occur:    

A. PH and Cyanide Concentration 

High pH values stabilize the Au(CN)-2 ion in solution, thus 

lessening the chance of gold adsorption of the calcium gold 

cyanide ion pair.  The lower the pH, the greater the chance 

of gold adsorption.  However, at low pH the formation of 

HCN is dangerous, thus the optimum operating pH for 

CIP/CIL plants is between 8 and 11. Excess cyanide 

stabilizers the Ca[Au(CN)2]-2 on Au(CN)-2 complexes, 

therefore promoting adsorption 

The pH value of the adsorption medium was 

adjusted by the addition of hydrochloric acid to the solution, 

no other additives being present. The results indicate that the 

equilibrium gold adsorption is virtually independent of the 

pH value in the range 12 to 6, whereas the gold capacity 

increases strongly with pH values in the range 5 to 1. Under 

these experimental conditions, the maximum adsorption is 

60 mg of gold per gram of carbon at pH 12, compared with 

200 mg of gold per gram of carbon at pH 1.0. One finds 

that, parallel with the invariance of the loading above a pH 

value of 6.0, the rate of loading is constant at pH 6.0 but 

below that value it increases with decreasing pH. 

VIII. TEMPERATURE 

The adsorption of the calcium gold cyanide ion pair by 

activated carbon is an exothermic occurrence, i.e. when gold 

is adsorbed, heat is generated.  Thus gold adsorption by 

carbon is favourable when the temperatures are low; CIP 

plants generally perform better during cold winters rather 

than during hot summers. Conventionally, to remove (elute) 

gold from carbon, the temperature must be high.The 

equilibrium loading as a function or temperature can be used 
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to give an estimate of the isosteric heat of adsorption15, 21, 

which is defined as the enthalpy change accompanying the 

adsorption of one mole of adsorbate at constant surface 

coverage. The mathematical form of the isosteric heat 

equation is 

In C = q/R(l/T) +constant, 

where C is the equilibrium concentration of gold in 

solution at constant gold loading for a particular 

temperature, q is the isosteric heat, T is the absolute 

temperature, and R is the gas constant. Plots of In C versus 

l/T gave a set of linear relations, the slopes of which were 

used in the calculation of the isosteric heat of adsorption for 

gold loadings in the range 25 to 300 /Lmolof gold per gram 

of carbon. An average value of 42 kJmol-l was found. 

IX. CONCLUSION 

It can be concluded that active carbons produced from 

coconut shell can be employed in the winning of gold from 

gold cyanide bearing solutions. However, behavior of these 

carbons in real life applications needs to be studied to better 

understand their performance. Results indicated that the 

adsorption capacity depends upon the pore size, surface 

area, micropore volume of the activated carbon. The present 

work on the adsorption mechanism of gold on both coconut 

and peat-based carbon identified that the most relevant 

characteristic of activated carbon for gold adsorption in a 

CIP operation is a high concentration of accessible graphitic 

planes. 
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