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Intnaductionn
-Definition : Concentrattan br i ng or ¢ o me

-Purpose: To separate the wanted minerals from the unwante




Intnaductionn

u Control variables

u Grade
u Recovery

u Grade =mass of wanted mineral in stream * 100
mass of stream

u Recovery =mass of mineral in concentrate * 100
mass of mineral in feed stream




Key:
G = Grade

R = Recovery

Grade

Intnaductionn

G =4/5*100 = 80%

R = 4/7 * 100 = 57% O
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Definition of Chemical Reagents

u The term O0reagentdo has a dictionary def.
chemi cal reactionso or 0a substance whi c
reacti onao.

u -, Its chemical ingredient (compound or mixture) introduced in a mineral
process to cause the desired transformation and recovery of valuable minerals

u Reagents can be grouped into three main categories i.e. inorganic; naturally
derived organic and synthetic organic chemicals




Chemical Reagents Commonly used

Inorganic Reagents

u

u

u

Definition
Commonly inorganic compounds are used to either control pH or as a reactant
For pH control lime and sulphuric acid are the major reagents

Reactants are used to chemically react or separate valuable mineral

Sodium cyanide and sulphuric acid are leachants in gold and copper
processing respectively




Chemical Reagents Commonly used

Primary Function

Sodium Cyanide

Lime

Caustic Soda

Lead Nitrate
Sodium silicate
Sodium hypochlorite

Portasium
Permanganate

Copper sulphate
Ammonia
Hydrogen Peroxide
Sulphiric acid

Gold leaching
Flotation
Gold leaching

Gold leaching
Flotation
Gold leaching
Flotation

Flotation
leaching
Leaching
Leaching

Flotation

Leachant for gold
Depresent for pyrite
pH control

Leaching additive
Slimes depresent
Cyanide destruction

Arsenopyrrite
depressent

Activator
Nickel leachant
Oxidant

Leachant for alumina,
copper

pH control




Flotation Reagents

Conditioning stage Flotation
stage
reagents ~ Control of
conditions
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Flotation

Chemistry
Components

Collectors
Frothers
Activators
Depressants

. Operational
Equipment Components
Components Feed Rate

Cell Design Mineralogy
Agitation Particle Size

Air Flow Pulp Density

Cell Bank Configuration Temperature

Cell Bank Control



Flotation Reagents

Frothers

u

Frothers are added to stabilize bubble formation in the pulp
phase, to create a reasonably stable froth to allow selective
drainage from the froth of entrained gangue, and to increase
flotation kinetics.

A good frother should have negligible collecting power, and
also produce a froth which is just stable enough to facilitate
transfer of floated mineral from the cell surface to the
collecting launder.

Frothing action is thus due to the ability of the frother to
adsorb on the air dwater interface because of its surface
activity and to reduce the surface tension, thus stabilizing the
air bubble.

The acids, amines, and alcohols are the most soluble of the
frothers.




Flotation Reagents

FROTHERS APPLICATION

Aliphatic alcohols Frother
(methyl isobutyl carbinol)

Cyclic alcohols Frother, collector

(pine oil, eucalyptus oil)

Aromatic alcohols Frother

(cresols, xylenols)




Flotation Reagents

Collectors

u  Collectors are organic compounds which render selected
minerals water -repellent by adsorption of molecules or ions
on to the mineral surface, reducing the stability of the
hydrated layer separating the mineral surface from the air
bubble to such a level that attachment of the particle to the
bubble can be made on contact.

Collector molecules may be:

. lonising compounds, which dissociate into ions in
water

1. non-ionising compounds, which are practically
insoluble, and render the mineral water -repellent by
covering its surface with a thin film.
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Flotation Reagents

Collectors

COLLECTORS (promotors) | APPLICATION
Xanth(ogen)ates Sulphide flotation
Dithiophosphates Sulphide flotation

Carboxylates (fatty acids, soaps) Carbonate/oxide/sulphate

flotation

Alkyl ammonium salts Silicate/ oxide flotation




Flotation Reagents

Regulators

u Regulators, or modifiers, are used extensively in flotation to modify the action
of the collector, either by intensifying or by reducing its water  -repellent effect
on the mineral surface.

u They thus make collector action more selective towards certain minerals.

u Regulators can be classed as:
. activators,
i, depressants,

ii. pH modifiers.




Flotation Reagents

REGULATORS (modifiers) APPLICATION

Lime pH - increase, depressor for pyrite
Caustic soda pH - increase, disperses gangue
Sulphuric acid pH - decrease

Copper sulphate Sphalerite activation

Sodium sulphide Activation of oxidised minerals
Cyanides Depressor for sulphides
(Di)chromate Depressor for galena

Sodium silicate Depressor for quartz and slimes
Quebracho extract Depressor for calcite

Organic colloids (dextrin, starch) Depressor for gangue and slimes




Chemical Reagents for Gold Processing
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Copper amalgam plate - Mercury

New plates should be carefully scoured with fine sand until the whole's
bright and then well washed with a strong solution of soda ash.

It should next be rubbed with a rag dipped in 1% sodium cyanide , and the
washed thoroughly with water.

Immediately after water wash, a mixture of fine sand, mercury, and
ammoniac should be rubbed with a stiff brush, until the plate is covered
thin film of mercury.

More mercury is then sprinkled on the plate and rubbed in with a piece of rubbe
or a cloth soaked in a 0.5% solution of cyanide.

Note that a new plate will catch gold more readily if it is also given a coatin
silver amalgam.



Operating conditions

. Coarse gold will have a gold content of about 50% mercury 50% gold, whereaé
have a ratio of about 30% gold 70% mercury

. The ore must be ground sufficiently fine to liberate the particles of amalgamablé

. The water supply must be regulated so that the pulp is sufficiently fluid for the
particles to sink readily to the surface of the plate. To obtain these conditions t
should not contain more than 20% solids.

. The sl ope must be adjusted so that
to bank up on the plate.

. The mercury must be kept in a pasty condition and the surface of the plate clea

. Grease and oil are very detrimental to amalgamation, and every precaution shoulc
taken to prevent either from entering the milling circuit.

. If ore is characterized as rich, the plates should be dressed as often as 2 hrs, whe
a day may be sufficient for low grade ores.

. The layer of amalgam should not become too thick so as to allow all the gold tag
retained and prevent loss of gold through scouring



Process optimisatioamalgamation

The main factors that limit efficient amalgamation are:

i.  Poor liberationthe gold surface is not expose

i. The gold surface is dirty

i.h. ¢CKS YSNDdzZNE A& y20 atl

gold




Mercury

i If some droplets of mercury are visible in the panning process it
Indicates that

v The amalgamation process has been too long,
V ¢KS YSNDdzNE AYUNRRdIZzOSR Ayid2 GKS RNYzY 61 &

i 2KSYy GKS YSNDdNE A& 6aAOlé Al R2Sa yzi
AO2EARAI SR O®

i { KAyeé O2LIISNI Ad AYUIUNRRdAzOSR Ayid2 (GKS YSNDdzN

it ¢CKS | OGAGI ISR YSNDdz2NE g2dzE R FYFf3AFYFGS )
not.

i Sodium or zinc amalgams have better properties to amalgamate gold than pure mercur




Mercury

i Dr. FreddyPantojafrom Colombia developed a process to make sodamalgam to
gold from gravity concentrates.

i

Metallic mercury is placed into a plastic cup with water and 10% (or a table
chloride (salt table).

Then the mercury is connected with a wire to the negative pole of a radioora 9 v
(preferably) or a 12 volt car battery and another wire connects the positive pol
solution.

After 10 to 20 minutes, the soditimercury amalgam is formed.

The test with the shiny copper wire to see if it is amalgamated is done



Dirty gold Surface

i Sometimes the surface of gold is covered with organic mat
Iron oxides (red earthy minerals).

i A good way to get rid of this is by using a bit (1g/kg of concent
caustic soda or nefoamingdetergent.

(washing powder, opaque beer)

i A vigorous agitation of the concentrate with a little water (309
before the amalgamation can also remove any earthy minerals
adhered to the gold surface.

i The water content is adjusted up to 50%, mercury can be
Into the drum and the amalgamation process is perform




Gold Leaching Mett s

u

Heap/dump leaching : low grade ore is dumped onto an asphalt layer. Leach
solution is sprayed at top of dump and collected at the bottom.

Percolation/Vat leaching: ore is placed in a tank with false bottom covered
with filtering medium. Solvent is added at top of tank and percolates through

material.

Agitation leaching : ore is subjected to wet milling . Leaching agent is added
to pulp in a tank and agitated continuously. Agitation is achieved
mechanically and/or with compressed air.




Gold Leaching Metiods

A comparison of the different leaching methods is given

below:
Leaching Ore size Characteristic | Cost
method Extraction
Agitation <0.5mm, -90 to 95% High capital to
leaching typically 75to  -< 24hrs operate
100pm
Vat leaching <10mm ore -80% High capital
-1 week
Heap leaching Broken as -About 50% Low
mined or waste -Several
months
Dump leaching As mined -About 50% Low
-Several

months




Chemistny

Cyanide Process

i Involves the dissolution of gold (and of any silver present in soluble form) from
ground ore in a dilute cyanide solution (usually NaCN or KCN) in the presence
of lime and oxygen according to the reactions:

it EIl s nequalion:
4AU + 8CN + 02 + 2H,OY 4Au(CN), + 40H

i Optimum cyanide concentration is about 0.05% NaCNand pH 10.5to 11.5.
Depend on type of ore.




Chemistny ((cort).)

Cyanide Process

i

Coarse gold particles (larger than 100 mesh) are usually removed by gravity
concentration methods before cyanidation.

Cyanidation process consists of percolation or agitation leaching of gold and
silver ores with dilute cyanide solution, generally less than 0.3 percent sodium
cyanide.

Compressed air or liquid oxygen is used as source of oxygen.




Chemistny ((conid)

u Addition of lime to a cyanide pulp is universal to prevent hydrolysis and to
neutralize any acidic constituents present in the ore.

Additional benefits of lime addition are:
u decomposition of bicarbonates in mill water,
u iImprovement in settling rate in counter current decantation thickeners

u  Improvement in extraction rates for certain types of ores such as tellurides
and ruby silver.




Variablles Affectind6ald ¢yaridation

Performance of process depends on variables such as the:
u  Concentration of dissolved oxygen,

u Concentration of free cyanide

u  Compounds that react with cyanide,

u  pH,

u Particle size

u  Operating conditions such as degree of mixing.

These parameters affect on the gold dissolution rate, gold extraction and cyanide
consumption




1. Oxywen Concentsation

The concentration of oxygen determines the cathodic reduction of oxygen

It may be supplied to the system by air, pure oxygen or as enriched air.

The oxygen concentration for processes using air is determined by the
conditions of temperature and pressure that the process operates under.

Different mineralogical compositions need different amount of oxygen, for
example, pyrite -rich ore has a higher oxygen demand than ore containing
albite , quartz and chlorite as the main minerals.



i

1. Oxygen Concanteationo@onkt.

Dissolved oxygen concentration
has no significant effect on
cyanide consumption and faster
leaching kinetics are observed by
using higher dissolved oxygen
concentrations.
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Solubility of Oxygen

1. Oxywen Concantsationo@onlt.

The oxygen solubility depends on many factors such as temperature, pressur
and ionic strength.

The solubility of gases in agueous solutions generally increases with decreasing
temperature and increasing gas partial pressure.

The ionic strength is relative low and its effect on gas solubility is not
important



2. Cyanide Comcariteation

Many studies have presented that

gold extraction increases with
Increasing cyanide concentration.

The gold dissolution rate is not
very sensitive to the change of
cyanide concentration at high
cyanide levels.

The rate of gold leaching
increases with increasing
concentration of cyanide but
becomes independent of cyanide
concentration when it exceeds
0.075% KCN (or 0.06% NaCN,
equivalent to 600 ppm).

.....

pH=11
........... Temperature=20°C
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2. Cyanidie Concantaationc(@unt.

Excess cyanide will consume more cyanide because of the formation of
complexes from impurities.

A high concentration of cyanide may be required due to the competition of
other species such as ore containing soluble sulfides.

The decrease in cyanide concentration decreases cyanide consumption as

The use of lower cyanide level can reduce the effluent treatment cost at the
plant scale.

Therefore, lower or higher cyanide concentrations than the optimum value can
provide negative consequence to the gold leaching process.



u The addition of lime

(CaO0 is typically used to
maintain pH in gold
leaching circuit.

i The gold dissolution rate
IS expected to reduce
with increasing pH since
the adsorption of OH" ion
onto gold surface
decreases the surface
available for cyanide
leaching.

i This Is also due to an

Increase in the rate of
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3. [pH ((@orit))

Cyanide leaching at high pH is able
to minimize the formation of
hydrogen cyanide causing cyanide
loss as HCN gas

A high pH level also results in lower
cyanide consumption as presented
in Figure

The optimum pH for leaching should
be derived independently for each
ore type and leaching system

S 8 8

g

Cyanide consumption (g NaCN/tonne ore)

[0z]=8.5 ppm
[CN]=104 ppm (0.004M)
Temperature=20°C

Time=21 h

8
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4. PartticteSSize

i Smaller particle size can improve

gold dissolution rate, this is 2
because smaller particle size g . s
provides larger contacting 5 e
surface area between solid and g A
liguid and thus increases the g 024
rate. J
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4. Particle Size (cont.)

Increasing the fraction of finer grinding will also increase cyanide consumpt
and does not improve gold extraction, probably because residual gold is
present in fine occlusions or in solid solution in the mineral matrix.

The rate of dissolution may decrease with decreasing particle size due to the
Increased rate of competing and reagent consuming side reactions.

Moreover, the grinding costs also increase with the decrease in particle size.



