
IJSRD - International Journal for Scientific Research & Development| Vol. 7, Issue 03, 2019 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 301 

Study on Activated Carbon and Gold Recovery 

Shubham Shukla1 Ankit Singh2 Farookh Ali Ansari3 Ashutosh Mishra4 Sumit Prajapati5 
1,2,3U.G Student 4,5Assistant Professor 

1,2,3,4,5Department of Chemical Engineering 
1,2,3,4,5Dr. Ambedkar Institute of Technology for Handicapped Kanpur-208024, India

Abstract— Since the early days of 1920 large-scale activated 

carbon production in the large-scale activated carbon has 

steadily increased in importance to industry. Continual 

improvement and optimization of production processes and 

new raw materials have led to the advanced level of 

adsorption technology in use today Activated carbon lies at 

the heart of a number of different processes used in the 

industry. Environmental problems affecting air and water are 

solved through the use of activated carbon, and new 

applications are being continually developed in rapid 

succession. Of particular interest in the field of environmental 

protection is the reactivation and subsequent reuse of spent 

activated carbon and the recycling of activated carbon that is 

no longer amenable to regeneration or reactivation Granular 

activated carbon is a specific preparation of activated carbon, 

or activated charcoal. It has been used as a purification agent 

since antiquity. Activated carbon was used for drinking water 

filtration in ancient India, and as a multi-use purifier in 

ancient Egypt. In modern times, it was introduced to Europe’s 

sugar refining industry in the early 19th century. Today, 

activated carbon in various forms, including granular, is used 

in a wide range of industrial, commercial, and home 

applications to remove contaminants.    
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I. INTRODUCTION 

All forms of activated carbon are produced in the same way. 

Organic material with a high level of naturally occurring 

carbon, such as wood, peat, or coal is slowly heated in a low- 

or no-oxygen environment. This draws out water and 

impurities without allowing the material to burn. The 

resulting product is known as char. The char is then treated 

through a variety of chemical and physical processing 

methods to vastly increase its surface area and create a 

network of submicroscopic pores. The finished product, 

known as activated carbon, has a remarkable ability to attract 

and bind a variety of compounds. Activated carbon can be 

impregnated with various chemicals to improve its binding 

ability against targeted compounds. 

II. ACTIVATED CARBON PRODUCTION 

Activated carbons are produced from a wide variety of 

carbon-rich precursor materials such as bituminous coal, 

anthracite, sub bituminous coal, lignite, wood, coconut shells 

and peat. These materials are converted into activated carbon 

by either thermal or chemical activation processes. Thermal 

treatment typically includes steam gasification (activation) 

and chemical activation uses reactive inorganic additives at 

relatively lower temperatures. Activated carbons produced 

from bituminous coal can be classified as direct activated or 

reagglomerated. Direct activation involves sizing the coal to 

approximately the final particle size required and thermally 

activating the sized coal. Direct activation can produce a less 

costly product compared to reagglomeration. 

A. Reagglomeration 

Reagglomeration involves first pulverizing and briquetting 

the coal with organic binders. The briquettes are stage 

crushed to achieve the desired particle size. Once the 

reagglomerated material has been activated, the binder is also 

converted to a graphitic structure that interconnects the 

activated coal particles. The hardness and abrasion 

characteristics of reagglomerated and direct activated GAC 

are often comparable. However, reagglomerated carbons tend 

to have a more homogenous pore structure that can be better 

for certain organic contaminant removal. During thermal 

treatment, all the carbonaceous raw material reacts by means 

of condensation reactions to form increasingly larger 

aromatic plate structures. The density of the structure is 

influenced by the characteristics of the raw materials. The 

denser the raw material, such as bituminous coal, the more 

extensive the structures will be. These extended flat graphite 

platelets are arranged randomly within the GAC particle to 

provide the extensive internal structure needed for adsorption 

to occur. 

B. Adsorption on Activated Carbon 

If an adsorbent such as activated carbon is brought into 

contact with an aqueous solution or a gaseous medium 

containing adsorbates, the adsorbate concentration of the 

medium is reduced as adsorbates accumulate on the activated 

carbon. After a sufficient period of time, a stationary balance 

will be achieved between the adsorbate concentration in the 

liquid or gaseous medium and the concentration on the 

adsorbent. This is known as adsorption equilibrium. 

The degree of adsorbate accumulation on activated carbon in 

relation to the concentration of the same substance in the 

surrounding medium is referred to as adsorption capacity. 

The maximum achievable accumulation depends primarily 

on the characteristic properties of the adsorbent, the 

properties of the adsorbate substance and other physical and 

chemical conditions affecting the adsorption process. 

Adsorption velocity depends, among other things, on the type 

of activated carbon, pore size, pore radius frequency and 

distribution, the physical and chemical attributes of the 

adsorbate, the properties of the ambient gas or liquid phase 

and a number of process-related parameters. Adsorption 

speed diminishes with progressive saturation of the activated 

carbon. 

C. Adsorption Kinetics 

Adsorption equilibrium is not generated spontaneously, as 

adsorbate molecules must first be transferred from the 

solution to the adsorbent particle and then from the surface to 

the interior of the particle. The progress of adsorption over 

time until equilibrium is reached is referred to as adsorption 

kinetics. 
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In the fixed bed process, the medium to be purified flows 

through an adsorber filled with activated carbon and deposits 

adsorbatea onto the activated carbon. As the adsorbate 

concentration in the medium decrease, the concentration on 

the activated carbon increases, forming a concentration 

profile in the adsorbent bed and a corresponding profile in the 

interparticle volume of the corresponding activated carbon 

bed. 

As in all physical-chemical processes, equilibrium is 

eventually achieved between adsorption and its reversal 

adsorption ↔ desorption, 

which is described by the Freundlich Equation. 

Adsorption equilibrium is a function of temperature and also 

depends upon the properties of the adsorbate, the pH value 

and the type of activated carbon used. 

In gas phase applications, lower temperatures favour 

adsorption; in the liquid phase, particularly in the treatment 

of viscous liquids, elevated temperatures are normally used 

in order to exploit the advantages of higher diffusion rates and 

lower viscosities. 

The specific correlation between load concentration 

and residual concentration at a constant temperature for each 

specific adsorption process forms an isotherm, which is 

described mathematically in a number of different isothermic 

equations. 

The Freundlich isotherm equation is used for 

virtually all isotherm descriptions of adsorption in liquid 

solutions: 

Q = k * Cn 

Where 

Q ... quantity adsorbed 

C ... residual adsorbate concentration in the liquid solution 

(mg/l; g/ccm; ml/ccm, etc.) 

k, n ... constants 

In the graphic representation of the adsorption 

isotherms, the experimentally derived equilibrium loads for 

various different concentrations are entered in a dual-

logarithm coordinate system. If the Freundlich Equation 

applies, the curve is straight. This is the case for most 

substances within a given concentration range. 

The exponent n expresses the incline of the straight 

curves. 

In actual practice, liquids frequently contain several 

different pollutant substances. During adsorption, the 

different components compete for adsorption space on the 

activated carbon, often leading to over layering and 

displacement effects. As a result, the load capacity for the 

separate components is reduced during simultaneous 

adsorption of other substances. The more adsorbent the other 

substances are, the greater the reduction factor. 

D. Reactivation 

Charged or exhausted granular activated carbon can often be 

reactivated using a thermal process that is very similar to the 

original activation process. The activated carbon can then be 

reused. Thus reactivation is an economical and 

environmentally sound alternative to disposal. 

A number of different technical systems can be used 

in the reactivation of activated carbon, including: 

n rotary kilns 

n multiple-hearth furnaces 

n fluidized bed furnaces 

Activated carbon passes through the following steps 

in the reactivation process: 

n drying (up to 100° C) n desorption and pollutant pyrolysis 

(100 – 700° C) n activated carbon reactivation (watergas 

reaction) (above 700° C) 

C + H2O               CO + H2 

The pollutants released during the reactivation 

process are then incinerated at temperatures of up to 1.200° 

C. The flue gas is then scrubbed. The process sequence, 

which is adapted to specific application requirements and 

types of activated carbon, guarantees high reactivate quality. 

In most cases it is possible to restore the original adsorption 

capacity of the activated carbon. 

III. ACTIVATED CARBON IN GOLD RECOVERY 

Carbon has been traditionally used to recover gold from 

cyanide leachates, but recent technological advances have 

resulted in the use of resins as a highly efficient and cost-

effective method of gold recovery. Fundamental aspects of 

gold recovery utilizing theCarbon-in-Pulp or Carbon-in-

Leach processes. The purpose 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 CIP/CIL processes work as a result of 

the gold adsorption mechanism, which is a chemical 

occurrence. Factors that affect the adsorption of gold are 

discussed. Finally, performance monitoring methods that 

help control the operation of the CIP/CIL process are 

discussed. 

1) Macropores (500 to 2000 Å in diameter) these are the 

large pores that run from the surface of the activated 

carbon into the interior. The macropores allow for the 

rapid movement of adsorbates (species that will be 

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

carbon granules. 

2) Mesopores (100 Å to 500 Å) these are the pores that 

branch off the macropores that serve to allow the 

adsorbates to leave the macropores 

3) Micropores (8 to 100 Å) 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 that adsorption takes place, however the 

meso and macropores are important because they 

facilitate the rapid transport of the adsorbates into the 

activated carbon. 

A. Mechanism for Gold Adsorption 

Gold is a noble metal, it prefers to exist in its natural state as 

gold metal. Very few metals are noble metals and noble 

metals are by nature unreactive. Cyanide is one of the few 

chemicals that will react with gold. In metallurgical 

applications, gold recovered is generally present in low 

grades thus must be "concentrated up" to an extent where it 

may be smelted into a bar. 

Since practically all gold reserves are very low (up 

to 20 g/t ore) the gold must be concentrated up using methods 

that rely on a change of phase. It is much easier to 

"concentrate up" gold from the solution phase than from the 
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solid phase. Activated carbon is an adsorbent that increases 

the concentration of gold in the solution phase. For example, 

an ore containing 3 g/t is leached, mixed with carbon, which 

loads to 3 000 g/t, a concentration up of 1 000 times. 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 stability of the ion pair between the Metal n+ 

and gold cyanide governs the selectivity for calcium, the gold 

cyanide ion joins with calcium to form a calcium gold 

cyanide ion pair: 

2Au(CN)2 + Ca2+ ↔ Ca (Au(CN-2)2 

The ion pair is a neutral species and this will be 

adsorbed, while the gold cyanide ion is charged, so activated 

carbon will not adsorb it. The adsorption of the gold ion pair 

onto the activated carbon surface is expressed as: 

Ca(Au(CN2) )2           Ca(Au(CN2)2 

Since there is no reaction between the gold ion pair 

and the surface of carbon, the extent of adsorption is 

dependent on external factors. Perfect conditions do not occur 

in reality for adsorption, so an equilibrium is formed. 

B. Desorption (Elution)  

The adsorption of gold by activated carbon is controlled by a 

chemical phenomenon, driven by a series of factors. Inversely 

changing key factors that favour adsorption will reverse the 

adsorption mechanism. As discussed in section 6, the most 

stable ion pair formed for gold is the calcium gold cyanide 

ion pair. This ion pair is present on the surface of activated 

carbon due to physical adsorption. In order to elute gold off 

the carbon, the calcium gold cyanide ion pair must be 

changed into a form which the activated carbon will reject. 

i.e. the adsorption processes is reversed. This occurs in two 

steps: 

 Firstly, in the presence of excess sodium ions, (in 3 to 5 

% NaOH for example) the calcium is ion exchanged for 

sodium forming the less stable Na [Au (CN)2] ion pair. 

This is caused by the concentration effect of excess 

sodium ions. 

 The less stable Na [Au (CN)2] is not stable at elevated 

temperatures and so breaks down into its composite ions 

Na+ and Au(CN) ¯ 2 which carbon releases. This is the 

reason that heat is required during elution, the higher the 

temperature, the more effective the reaction. 

%Selectivity of DBS = (moles of DBS formed/ moles of BC 

converted)*100% 

Since there is no reaction between the gold ion pair 

and the surface of carbon, the extent of adsorption is 

dependent on external factors. Perfect conditions do not occur 

in reality for adsorption, so an equilibrium is formed. 

C. Factors Influencing Gold Adsorption onto Activated 

Carbon 

The adsorption of gold is affected by a number of external 

factors that affect both equilibrium and kinetic adsorption. 

The design and operation of an adsorption circuit will be 

governed by these factors: 

 Mixing efficiency 

 Pulp density 

 Particle size of carbon 

 Temperature 

 Cyanide concentration 

 pH 

 Ionic strength 

 Gold tenor 

 Contact time 

 Organic poisons 

 Inorganic poisons 

 Quality of activated carbon - Carbon activity- Elution 

grade 

D. The Importance of Circuit and Activity Profiles 

The gold adsorption process is defined and affected by 

external factors and the measurement and evaluation of this 

data aids in identifying and solving adsorption inefficiencies. 

If something changes in the adsorption process, the impact is 

generally negative, which reduces the gold solution value, i.e. 

the gold in solution tails increases. 

In the counter current CIP and CIL or Carousel 

plants, the movement rates between carbon and pulp are 

different. The pulp moves continuously down the circuit 

whereas the carbon is moved up intermittently. The pulp 

would spend between 10 minutes (in a high intensity 

Pumpcell tank) to 4 hours (in a CIL tank), thus the activated 

carbon in each tank has a limited time to adsorb as much gold 

as possible, therefore adsorption kinetics plays a significant 

role. The carbon stage inventory or part thereof is moved once 

a day from tank to tank. This maybe via complete batches as 

in carousel circuits to continuous transfer in some CIP/CIL 

circuits. A constant feed in terms of pulp flowrate and gold 

concentration (which is normal for gold plants) will result in 

the activated carbon reaching an equilibrium between the 

gold on carbon and gold in solution in the tank. Since the 

tanks in the adsorption circuit follow each other, the 

independent equilibrium and kinetic performances for each 

tank follow suit, and can be related to each via other profiles. 

These profiles are: 

 Gold-in-solution profile – This is the measurement of 

gold in solution phase in each tank. Comparing the 

values to each other should result in an extraction 

percentage averaging 60 % per stage throughout the 

circuit. This is a measurement of kinetics extraction. 

 Gold-on-carbon profile – This is the measurement of 

gold-on-carbon in each tank. Comparing the values to 

each other should result in a reduction of 50 % per stage 

down the circuit. This is a measurement of pseudo 

equilibrium gold loading. 
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If, something goes wrong in the process, and the 

stage extraction efficiency drops from 60 % to 50 %, the 

values change:                                                          
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