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ABSTRACT

Cyanide is used eXiensively in the mining industry to leach gold and silver from their ores.

Cyanide, in the form of sodium or potassium cyanide, is added in excess to that required

theoretically due to equilibrium and kinetic considerations in the leaching step. This results in

free cyanide and various other cyanide complexes reporting to the effiuent streams of these

operations In this study the removal of these species from solution by means of ion exchange

reSInS was investigated Equilibrium conditions, kinetic parameters and the competitive

exchange nature of the process was evaluated.

The experimental work focused on contacting the various resins individually in a batch

reactor with free cyanide, Iron cyanide and copper cyanide complexes. The

experimental data obtained was found to be well explained by the Freundlich-type multi

and single-component isotherms. Furthermore, mass transfer parameters were investigated

revealing that ceI1ain cyanide species outperform others kinetically in the ion exchange

process. During this study it was shown that ion exchange processes could be elTective in

eftluent clean-up of those streams containing cyanide complexes
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1

CHAPTER 1

INTRODUCTION AND
LITERATURE REVIEW

1.1 Cyanide

The term cyanide can refer to the amon CN- or to its acidic form hydrocyanic acid,

HCN. The oxidation of cyanide produces cyanogen, C2 N2 , whereas a simple cyanide

compoiJnd dissociates to the cyanide anion (CN-) and a cation (H-) An organic

compound, which consists of a cyanide and a cyanogen is refered to as a nitrile

During metabolism, the cyanide anion is liberated by the nitrile and produces the

biological effects of the cyanide ion [1]

Cyanide consists of a carbon and nitrogen polyatomic anion containing a triple bond

The cyanide ion is found rarely in this form, usually forming complexes with

transition metals or ionic bonds with alkali metals and alkali earth metals. Researchers

have categorised inorganic compounds of cyanide into subsets, grouped together on the

basis of similiar chemical characteristics

• Free cyanide

• Simple cyanide compounds

• Weak acid dissociable (W.A.D) cyanides

• Moderately strong cyanide complexes

1.1.1 free cyanide

The simplest form of cyanide is "free cyanide". There are only two species, hydrogen

cyanide and the anionic cyanide molecule Free cyanide is the ionic cYanide released



into aqueous solutions by the dissolution and dissociation of cyanide compounds and

complexes.[l] An example of this is the potassium salt:

2

pKa '" 00

The reaction between the cyanide ion and water IS expressed by the following

equation:

pKa = 2.03 x 1O.11l

The solubility of hydrocyanic gas in water is very low and it also readily dissociates

into hydrogen and anionic cyanide at low pH. Cyanide solutions as a rule should be

kept at high pH to prevent the formation of hydrocyanic gas. The formation of

hydrocyanic gas at a low pH is used in many processes for the removal of cyanide

from solution by means of acidification and volatilisation. Hydrocyanic gas is

colourless and has an almond smell and can be detected even at low concentrations.

1.1.2 Simple cyanide compounds

These compounds consist of a cyanide polyatomic amon and alkali earth metals. The

compounds are electrically neutral and are consequently capable of existing in the

solid form. When they are placed In an aqueous environment they dissociate into the

alkali earth metals and free cyanide[1] e.g.

1.1.3 Weak acid dissociable (W.A.D.) cyanides

These complex metal cyanides are discernable trom their counter parts tor their

tendency to break down into free cyanide and a transition metal when exposed to a

weak acid environment Table 1[1] provides examples of this phenomenon The
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break-down of these metal cyanides by continuously refluxing for one hour with a

pH buffer at 4.5, agrees with the wet chemistry methods for W.A.D. cyanides.[2]

When detennining the amount of free cyanide, the free cyanide should be detected

separately and subtracted from the W.A.D. cyanide value obtained. The formation of

free cyanide, due to the dissociation of the metal cyanide complexes, produces a

degree of danger. This is the reason for the W.A.D. cyanide content in a solution to

be considered a good indication of the toxicology of the cyanides present.

INAME FOR.i~ULA DlSSOCIAnON

CONSTANT

Tricyanocuprate (Cu(CN),j 2 5.0 x 10 28

I Tetracyanonickelate (Ni(CN).\ 2 1.0 x 10 22

Dicyanosilverate [Ag(CN),) 1 1.0 x 10 21

Tetracyanocadminate (Cd(CN).J 2 1.4 x 10-17

Tetracyanozincate IZn(CN).\ 2 1.3 x 10 17

Table I

1.1.4

\Veak acid discernable metal cyanide complexes, formulas and

dissociation constants.

Moderately strong cyanide complexes

The dissociation constants of the moderately strong cyanide complexes are higher than

that of the W.A.D. metal cyanides A few of these metal cyanide complexes are listed

in Table 2 [I]. These metal cvanides are stable in the absence of light To test for

these cyanides, dissociation has to be achieved by lowering the pH of the solution to

1 after a suitable reflux time and then analysing the quantity of free cyanide produced
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NAME FORMULA DISSOCIAnON

CONSTANT

Hexacyanoferrate(III) or [Fe(CN)s] 3 1.0 x 10 52

Ferricyanide

Hexacyanoferrate(II) or [Fe(CN).r4 1.0 x 10 H

Ferricyanide

Tetracyanomercurate(I) [Hg(CN)4] 2 4.0 x 10 42

Table 2

1.1.5

Strong cyanide complexes, formulas and dissociation constants

Toxicity of cyanide

Cyanide is a highly pOIsonous substance, which can be lethal to humans even in

small quantities A lethal dosage for a human can range between 50 and 200 mg.

Sy definition a toxicant is a chemical, phvsical or biological agent which acts upon

a living organism producing an undesirable harmful effect. The level of toxicity

measured is dependent upon the organism affected, and the dosage and form of the

toxicant. Cyanide is high on the list of environmentally unfriendly substances. Just as

the chemistry of cyanide is complex so to is the understanding of its toxicity.[3]

The gaseous form of cyanide, hydrogen cyanide, which occurs at a low pH will be

rapidly absorbed by an organism by means of ingestion or inhalation. The primary

enzyme affected, cy10chrome oxidase, which is contained within cells of the body and

\vhich is essential for the utilisation of oxygen. The central nervous system of higher

animals has the greatest oxygen requirements, thus, an inactivation of the enzyme will

lead to asphyxiation and tissue death. The decrease In oxygen will lead to the failure

of all vital function and ultimately the death of the organism All processes utilising

cvanide will therefure be maintained at a high pR preferably in excess of 10.
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1.2 Cyanide ID industry

1.2.1 Cyanidation process in the gold industry

Cyanide is used extensively in the mmmg industry for the extraction of gold and silver from

slurries. Although other noncyanide lixiviants have been investigated, cyanidation remains the

preferred method, the reason largely attributed to economics[4]

The reversible reaction by which gold is extracted from its ore can be described by

the Elsner's equation:

4Au + 8NaCN + O2 + 2H2 0 <::> 4NaAu(CN);, + 4NaOH

The cyanide ion can form metal complexes with copper, nickel, mercury, zinc, iron

and lead The panial consumption of cyanide within the gold extraction process stems

Irom the unusual chemistry of cyanide when forming a complex in solution Hence,

the partial consumption creates cyanide contamination of the wastewater

1.2.2 Gold dissolution

The gold dissolution process can be described by two equations, which forms

hydrogen peroxide as an intermediate[4]

2Au + 4NaCN + O2 + 2H2 0 <::> 2NaAu(CN);, + 2NaOH + H2 0 2

2Au + 4NaCN + 2H2 0 <::> 2NaAu(CN);, + 2NaOH

The overall equation is the above mentioned Elsner equation.

Weak cyanide solutions can be used, since gold and cyanide form a strong and stable

complex Silver is leached similarly 10 gold, but the complex formed is weaker than

that of the gold cyanide complex Hence, to create the similar effect a longer contact
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time and / or a stronger cyanide solution is needed for the dissolution of silver. Gold

can dissolve twice as fast as silver, but to create the same conditions as for gold, a

IO-fold cyanide level is needed to be used for the equivalent silver dissolution. The

increase in formation of metal cyanide and cyanide concentrations also increases the

cost of treatment.

1.2.3 Gold recovery from solution

Cyanide is used as a depressant in the flotation[4] of base metal sulphide ores. During

the flotation process, metal cyanides are formed (e.g copper and iron) These

complexes are removeaby cyanide, although less cyanide is used as in the equivalent

removal of gold from ore

1.3 The environmental impact of cyanide

1.3.1 Effluent treatment of mineral processing plant

Several different et11uent streams may be produced at a mineral processing plant[4].

These et11uent streams mav also exhibit different characteristics, thus resulting in

different treatments However, for this survey, we take a more general approach.

Tailing ponds are most commonly used for run-otf from mill sites, which contain

cyanide in the effluent Another method used is the dumping of cyanide in plant

tailings and waste streams The risk of this method is minimised by plant management

policy to reduce the impact on the environment and to reduce cost. Unfortunately,

free cyanide and cyanide complexes report to the tailings of mineral processing plants.

Another factor to consider is seasonal changes which will affect the concentrations of

the et11uent. Table 3[5] is a good estimation of concentrations that can be expected in

the effluent of mineral processing plants.
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PARAMETER RANGE OF CONCENTRATIONS
(mgll)

Arsenic < 0.02 -10.0

Cadmium < 0.005 - 0.02

Lead < 0.01 - 0.1

Manganese 0.1 - 20.0

Mercury < 0.0001 - 0.05

Nickel 0.02 - 10.0

Selenium < 0.02 -6.0

Silver < 0.005 - 2.0 I

c=C-=.0sppC-e'-'-r 0':C.c.:.1_--'4~0.':C0:.::0:__ _

Ilron 10 50 - 40 0

ICh~i"m 1< 002 - 0.1

I

I
120-11.5

I
1200 - 1500

Weak acid dissociable(WAD) 0.5 - 650.0
cyanide

Free cyanide < 0.01 - 2000

Ammonia-N < 0.1 - 50.0

Thiocyanate 1< 10 - 20000

l=z"'-in'-=c 10=-.:.::05~-_'1:.::0 0_'0=___ _

ITotal cyanide 10 5 - 1000 0

Sulphate
i
15 - 20000 i

Temperature (in degC) 0-35

Table 3 Chemical composition of barren decant
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The cyanide concentrations listed in Table 3 can reach as much as IOOOppm, while

copper, nickel, zinc and iron are the most prevalent transition metals. The transition

metals that are present will tend to form metal cyanide complexes. These complexes

are termed "Weak Acid Dissociable Cyanides". These complexes will form:

ICu(CN)'l-" ICu(CNhl-2, ICu(CN).j-" INi(CN).)-2, IZn(CNh)-2

The copper presented above will be III the cuprous form.

Cyanide complexes which bond more strongly are termed "Moderately strong cyanide

complexes". Iron tends to form a more strongly bonded complex with cyanide. These

complexes will form

[Fe(CN)"I-" [Fe(CN).,]-3

The Iron complexes formed above have a valence of two and three respectively

1.3.2 Degradation mechanisms

Cyanide has the ability to torm numerous metal complexes This results in a range of

solubilities and unstableness of some of the complexes formed. In turn this will lead

to free cyanide being released from decomposition of the complexes

Within the environment there are mainly eight [6. 7 & 8] degradation mechanisms

• Degradation (chelation) : the metal cyanide compounds that are formed by

means of chelation or complexation with transition metals are less toxic than

free cyanide.

• Precipitation of cyanide complex: the iron cyanide complex forms insoluble

salts with copper, nickel and silver.

• Adsorption: the atten uation of cyanide m soil.

• Oxidation to cvanate: strong oxidisers connrt cvanide to CYanate.
~ ~ ~. ~

• VolatilisatiQn: the formation of HeN gas from cyanide and water.
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• Biodegradation: aerobic condition converts the cyanide salts to nitrates.

• Formation of thiocyanate: the sulphnr in the environment reacts with the free

cyanide to form thiocyanate.

• Saponification / hydrolysis of HCN : the hydrolysis of HCN to form formic acid

or ammonium formate as the pH drops within the system.

1.3.2.1 Natural attenuation

Natural degradation is the most economical method for the destruction of cyanide

especially if tailing impoundment already exists. Systematic decomposition of cyanide

in tailing ponds occurs when left exposed to natural elements[ I0] The main

mechanism that occurs in ponds is volatilisation of HCN. The natural uptake of carbon

dioxide from the air and low pH rainwater, effectively lowers the pH of the pond

The lowering of the pH causes a change in the CN -/ HCN concentrations, which

consequently increases the HCN concentration This then causes volatilisation.

Variables affecting cyanide decomposition

• pH

• Temperature

• UV irradiation

• Aeration

• Initial cyanide concentration

• Metal content

• Surface area / depth ratio

The most signiticant effect on the ,·olatilisation rate of free cyanide is temperature

and aeration. [9]
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Advantages of natural degradation of cyanide.

• Low capital cost.

• Minimising formation of toxic by-products during degradation process.

• Versatility and simplicity.

Moderately strong cyanide complexes that are formed with iron tends to be resistant to

natural attenuation. These "strong complexes" can, after being temporarily exposed to

an oxidising agent, decompose, releasing dangerous free cyanide into the environment.

1.3.2.2 Alkaline chlorination

This is the most widely used cyanide destruction process. The process[ 11, 4] involves

the destruction of free and W.A.D. forms of cyanide under alkaline conditions.

The first stage sees the administering of chlorine as a solution or as a solid form.

The destruction of cyanide produces cvanogen chloride «("Cl), which is hvdrolysed to

cyanate (C"O) in alkaline conditions. Chloride can also be introduced in the gaseous

form·

Na(CN) + Cl2 => (CN}CI + NaCI

At the second stage hydrolysis of the cyanogen chloride takes place to form cyanate

(CN}Cl + 2NaOH => NaCNO + NaCl + H2 0

At the last stage hvdrolvsis of cvanate produces, ammonia and carbonate

2NaCNO + 4H2 0 => (NH.hCO, + Na2 CO,
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Only free cyanide and weak metal cyanide complexes can be sufficiently removed by

alkaline chlorination. To effectively remove more stable metal cyanide compounds an

addition of ultra violet light and I or an increase in temperature is necessary. This

limits the effectiveness of the process on cyanide waste waters, which have a low Iron

content. [11,4]

1.3.2.3 Copper catalysed hydrogen peroxide process

DuPont patented this process[lO] in 1974, which involves contacting the waste solution

with a 41 % solution of hydrogen peroxide The 41 % solution contained a little amount

of formaldehvde and copper. A similar process was developed, which also used a

hydrogen peroxide solution, but with a few parts per million of copper sulphate. Both

processes involved the hydrogen peroxide oxidising the cyanide in the W.AD. metal

cyanide complexes and free cyanide, in the presence of copper to form cyanate The

W. A.D. metal cyanides, which are oxidised, will release the metals and form a

hydroxide precipitation.

Cyanide oxidation to cyanate

CN - + fl,02 => OCN - + H20 (copper)

Oxidation of \V.A.D. cyanide complexes:

M(CN).-2 + 4H20 + 20W => M(OH), (,\..) + 40CN- + 4H20

where M represents cadmium, copper, nickel or zinc.

The following reactions is that of the Iron cyanides and cvanate.

2Cu2• + Fe(C~i).;-· => Cu2Fe(CN).; (t)

OC:\- + 2H20 => CO,-2 + NH.·
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The process described above are used extensively in industry and yields acceptable

environmental cyanide standards in the effluent. [10]

The advantages of this process:

• Simplicity.

• Low capital cost.

• Extensive amount of knowledge, supported by Dupont and Degussa.

The disadvantages of this process

• High reagent costs, i.e. copper sulphate and hydrogen peroxide.

• The cyanide is destroyed, but not recovered.

• The precipitated metals, i.e. ammonia and thiocyanate needs further treatment

to meet environmental standards.

1.3.2.4 Sulphur dioxide I air cyanide destruction process(Ii'lCO process)

This process[ 12] converts WAD cyanide to cvanate by means of sulphur dio.xide and

oxygen mlX1:ures. This is achieved lil the presence of elevated copper concentrations

and in a controlled pH environment.

f0iCO process

(excessive copper)

By means of a reduction process. the iron complexed cyanides are reduced to the

ferrous state and precipitated as insoluble metal ferrocyanide salt. The general formula

for the ferrocyanide salts are 'vbFe(CN)6. where M can be copper. nickel or zinc.
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The reduction reaction

2Fe3 ++ So, + 2H20:::,> 2Fe2+ + 4H+ + SO.-2

or

2Fe(CN).;-3 + S02 + 2H20:::,> 2Fe(CN).-· + 4H+ + SO.-2

The precipitaion reaction·

2M2+ + Fe(CN).-· + H20:::,> M2Fe(CN).. H20 (t)

The thiocyanide that is formed can be removed only after the cyanide is removed.

This process requires greater retention time and reagent usage. The sulphuric acid

which is formed is neutralized by lime or caustic. [12]

The advantages of this process

• Good results obtained by treating pulps. clarified barren and decant solutions.

• The excellent technical support from I:\'CO personnel.

• The effective removal of cyanide and heavy precipitated metals.

The disadvantages of this process

• The reagent cost.

• The non-retrievability of cyanide.

• The large production of g)·psum.

• The royalty payments to INCO for their patent of the process.

1.3.2.5 Biological treatment of cy·anide wastes

High concentrations of free cyanide can be treated by means of biological

processes[13]. Currentlv they have also been used in the treatment of mining etIluents

containing metal cyanides. The biological treatment of cyanide tailings removes all

cyanides, including W AD and stable metal cvanides.
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The removal of cyanides and metal cyanides is made possible by a combination of

oxidation and sorption into the biofilm. The ammonia that is present gets converted to

nitrate by means of the nitrification process. The cyanide breakdown is made possible

by various species of organisms, which is identified as Pseudomonas. The general

form of the equation, which is responsible for the oxidative breakdown of cyanide IS:

MxCNy + H20 + ~o, => M - biofilm + HC03 + NH3

where M represents Iron, copper, nickel or ZinC

2StW+ 4H20 + 502 => 2S0.-2 + 2HC03 - + NH3

The second step converts ammonia to nitrate by means of nitrification.

2NH.+ + 302 => 2N02- + 4H+ + 2H20

2N02- + 02=> 2N03 -

The advantages of this process

• Simplicity of design.

• Environmental friendly process.

• Low cost of reagent.

The disadvantages of process:

• High capital cost.

• Lack of application in industry.

• Cyanide recovery non-existent.

Biological processes are adversely affected by dramatic changes In temperature. [13 ]
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lA Ion exchange reSInS

1.4.1 Chemical and physical properties

The orgamc Ion exchange resins[l8] are one of the most significant classes of resins.

The matrix of these resins consists of a macromolecular three dimensional network of

hydrocarbon chains. These matrices carry anion or cation groups. The introduction of

divinylbenzene, a cross linking agent, makes the resin insoluble. The resin IS a single

macromolecule with carbon-carbon bonds that makes the resin insoluble in any

solvent.

The structure of resins will determine the chemical, thermal and mechanical stability

of the ion exchange resin. The structure on the other hand will depend on the degree

of crosslinking of the matrix and the nature and number of fixed ionic groups. The

mesh width of the matrix, which is dependant on the degree of crosslinking, will

determine the swelling ability of the resin and the mobility of counter ions in the

resin. The rate of ion exchange is dependant on the latter.

Highly crosslinked resins have mesh widths of only a few Angstrom, while with very

weak crosslinked resins, mesh widths can exceed 100 Angstrom. Resins which are

highly crosslinked are more resistant to mechanical breakdown and attrition.

Chemical and thermal degradation of the matrix by means of oxidation and loss of

ionic groups can cause the resin to deteriorate. Commercial resin are very stable in

solvents, except when strong oxidising and reducing agents are present. These resins

are also normaJly stable at temperatures up to 100°C, except strong base anion resins

that deteriorate at temperatures above 60°C.

Ion exchange equilibrium is determined by the chemical nature of the fixed ionic

groups These groups can either be an acid or base with varying strength. Ionisation

of weak acid groups (i.e -COO- ) occur at high pH whereas will combine vvith H'

ions to form an undissociated -COOH at low pH Strong acid groups such as -S03
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will remam ionised at low temperatures, while weak base groups (i.e. -NH3 ) will lose a

proton to form -NH2. Strong base groups (ie. -N+(CH3)3) remain ionised at high pH.

The fixed ionic groups determine which ions the resin will associate with, smce the

fixed groups will tend to prefer ion pairs or complexes with which it wiIll associate.

Resins with fixed sulphonic acid groups will tend to associate with Ag+ ions.

Carboxylic acid groups have a larger affinity for alkaline earth cations while chelating

groups attract heavy metal ions [18]

1.4.2 Preparation

Ion exchange resms are normally copolymers prepared[ 18] from vinyl polymers, the

technique used being polymerisation. The monomers are mixed and a benzoyl peroxide

is added as a polymerisation catalyst The mixture is then agitated in a aqueous

solution at temperatures between 85°C and lOOoC to assist with polymerisation.

During mlxmg small droplets will form and remam in suspension. Stabilisers in the

aqueous solution prevents agglomeration of the droplets The suspension stabiliser,

viscosity of solution and agitation determines the size of the droplets The end product

is in the fom] of uniform spherical beads.

The structure of the resm IS heterogeneous in nature, as long as solvents are used

which expand the resin. These resins are nonnally called macroporous or

macroreticular resin. The structure of the latter resin entails tixed large pores,

presenting a sponge like matrix, which imparts optimum resistance to mechanical and

osmotic shock.

1.5 Mechanism of ion exchange

The chemical reaction[ I8] between an electroly1e in solution and an insoluble

electroly1e with which the solution is contacted are mainly responsible for ion

exchange Ion exchange is purely a ditfusion phenomenon, which can be categorised

by the tallowing processes:
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• Diffusion of ions from bulk of liquid to external surface of exchanger particle.

• Diffusion of ions inward through the solid to the site of exchange.

• Exchange of the ions.

• Outward diffusion of released ions to the surface of the solid.

• Diffusion of released ions from the surface' of the solid to the bulk of the

liquid.

The exchanging ions are cationic or amomc In nature and the exchange of ions can

be determined by other processes namely chelation or complex tormation.

1.5.1 Anion exchange

Strong base amon resms are used to remove anions such as Cu(CN).-2 and

Zn(CN) .-2 The functional groups of the strong base resins are normally an

ammonium group possessing a permanent positive charge The anion exchange reaction

can be represented by the following equation for zinc cyanide, where the symbol i
denotes the inert backbone and X- denotes a monovalent anion such as OH-:

The regeneration process can be performed by shifting the equil ibrium to the left.

This is accomplished by increasing the concentration of X-. The regenration process

of weak base resins can be done by adjusting the pH, while regeneration of strong

base resins are dependant on the affinity of the metal cvanides for the strong base

resins. [18]

This phenomenon explains why the equilibrium loading of heavy metals, such as

copper, nickel and zinc In hvo of South African mines are more readily adsorbed than

gold and silver[ 19].

The metal cvanide amon can displace the counter ion associated with a positively

charged group and theretore become attached to the strong base resin by the
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formation of an ion parr. The mam advantage of strong base reSinS IS that the

reaction is not dependant on pH when adsorption is considered.

1.5.2 Cation exchange

Positively charged[ 18] ions penetrate the structure of the reSIll and interchange with

another positively charged ion connected to the fixed ionic group. Cation resins can

be categorised in two groups:

• Strong acid exchange resin.

• Weak acid exchange resin.

The functional groups of strong acid exchange resms are usually from sulphuric acid.

The low pKa of a strong acid is analogous to the degree of ionisation, which permits

the hydrogen to be dissociated and able for exchange over a wide pH range. The

cation exchange resin reaction can be represented by the following reaction:

The functional groups of weak acid exchange resins onginate from weak acids,

commonly carboxylic or phenolic groups. These resins are only useful In a very

narrow pH range.

1.5.3 Ion exchange with chelation

Chelateion exchangers have a high selectivity, which makes it ideal for the recovery

of valuable metals. The affinity of a particular metal ion to a certain chelating ion

exchanger depends on the chelating group. This selectivity makes it a very important

agent in the treatment of waste water. These ion exchangers are normally co

ordinating co-polymers with covalent side bonds which forms co-ordinated bonds vvith

most toxic metals The co-ordination type interaction causes the chelating type of

exchangers to be very selective towards commonly used metals such as Zn2
" CUb
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and Ni2+ over competing alkaline (Na+, K+) and alkaline earth (Ca2
+, Mg 2+) metal

cations[201

The chelating ion exchangers subsist of chelating agents, namely iminodiacetic. The

chelating agents are introduced into the matrix of a styrene-divinylbenzene polymer.

The chelating ion exchangers have two properties which distinguishes it from nonnal

ion exchange resins

• The high selectivity.

• Bond strength.

The high selectivity depends mainly on the chelating group and not the size of the

IOn, charge or physical properties. These properties mentioned above normallv

detennine the preferences of ordinary reSIns.

The bond strength in ordinary ion exchange reSInS are In the range of 2 - 3

Kcallmole, while it ranges between 15 - 25 Kcallmole for chelating resins. This IS

evidence that the electrostatic strength[21 J is much higher in chelating resins than m

ordinary resins

1.6 Chemical processes for the recovery of cyanide

1.6.1 Acidification, volatilisation and re-adsorption

When cyanide waters are acidified, HCN is formed, which then volatilises as a gas

assisted by heating or air sparging. The gas is then re-absorbed in an alkaline medium

i.e. caustic or milk of lime spray. [5J

The aciditication reaction:

Ca(C""h + H2 SO. =:;> 2HCN + CaSO.
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and for metal cyanides:

M(CN), + R 2SO. => 2HCN + M 2+ SO.-2

The volatilisation of free cyanide:

HCN / H 20 => HCN I Air

There are many factors influencing the rate and extent of HeN removal from solution

through air stripping:

• The pH of the solution.

• Type of cyanide.

• Concentration of cyanide.

• Temperature of solution.

• Pressure maintained with in recovery system.

• Air to liquid ratio.

• Mechanical dispersion equipment.

• Viscosity of solution.

The absorption reaction

HCN + NaOH ! ~ Ca(OR)2 => NaCN ! ~ Ca(CN), -i- H20

Precipitation and re - neutralisation as hydroxide

:\1"+ + 20H => M(OH),

Precipitation of iron complexes

'ia.fe(CN) 6 + 2CuSO. => Cu2 fe(CN). + 2Na2SO.
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The advantages of this process:

• Efficiency in recovering of W.A.D. cyanide complexes and free cyanide for re

use.

• Low cost of reagent consumption.

• Diversity of input variable fluctuations and able to process slurries and decant

waters.

The disadvantages of process:

• Possible hazards associated with hydrocyanic gas.

• High capital outlay.

• Inability to remove metal cyanides.

1.6.2 Recovery of cyanides using ion exchange resins

Ion exchange resInS are \'lidely used for the recovery of cyanide and cyanide

complexes from cJaritled! unclaritied solutions. mainly in the plating and galvanising

industry. Some of these processes are described in the following sections.

The advantages of using ion exchange resins is the ability of the reSInS to remove

small concentrations of cvanide quickly and also to recover cyanide. without toxic

intermediaries e.g. cyanate and thiocyanate

1.6.2.1 Carlson process (pat. 1982)

The Carlson process[ 14] is primarily used to remove toxic metals and cyanide from

waste water, especially the efiluent of plating baths. The contaminated liquid is passed

upwardly through three separate layers of resin. The amount of the individual lavers of

resin used will be dictated by the nature and quantitative character of the toxic

materials to be removed.
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The three reSInS that are contacted with the feed solution are:

• Strong base anion exchange resin.

• Weak acid cation exchange resin.

• Strong acid cation exchange resin.

The first (strong base resin (Type 1)), with quaternary ammomum functional groups:

R - W - (CH),

or

R- W - (CH2 - CH.).

The second (weak acid resin (carboxylic type»):

R- COO-

The third (strong acid resin) IS the standard sulfonic type.

R - 50.-

The regeneration of the acid takes place in two phases The first phase uses a strong

acid solution (ie hydrochloric acid) to convert the cation resins into the hydrogen form

and the strong base resin into the chloride form. The second phase uses a caustic

solution, which is passed through a portion of the bed. This converts the strong base

resin to the hydroxyl form and the weak acid resin to the sodium form. This

procedure does not affect the strong acid resin. [14]

1.6.2.2 Witteck development

This invention recovers free cyanide[15] and complex heavy metal cyanides from gold

mill effluent. A weak or strong anion exchange resin with a macroporous stmcture in

the sulphate form can be used The eftluent passes through the bed of resin. causing- ~. -
metal cyanide complexes i.e. zinc, copper and iron to be readilY absorbed. while the
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free cyanide passes through the bed. The product will contain some metal complexes

and free cyanide in solution, but can be re-used in the further leaching of ores. The

process can be optimised by alternating the resin beds between the loading and

regeneration stages, with the limits of resin loading being determined by monitoring

for breakthrough

Passing sulphuric acid upwards through the bed of resin, displaces the metal cyanide

complexes and returns the resin to the sulphate form. The regenerated efi1uent is then

fed into a liquid-gas contacter, where air assists in the volatilisation of the hydrocyanic

gas. The hydrocyanic gas is then passed through a scrubber, which absorbs the HeN

into solution.

Spiking the regenerant solution with an oxidant such as hydrogen peroxide, potassium

peroxide, sodium peroxide or ozone causes the controlled oxidation of the metal ion of

the metal cyanide complex., which is absorbed under controlled oxidation conditions

The process can be optimised by introducing an oxidant at a rate sutncient to

maintain a redox potential of +500mV in the regenerant solution. [15]

1.6.2.3 The GM - IX process

This process[16] uses an ion exchange reSlfl In conjunction with a gas membrane to

selectively recover cyanide from spent regenerant solution. This process is used tor the

recovery of cyanide from a solution, where the cyanide has formed a CDmplex with

zinc. In industry, the recovery process is used in the recovery of cyanide from

efi1uent from steel and iron manufacturing, photographic bleaching and metal plating

and finishing industries.

The waste-water solution contains amomc ZInC cyanide and free cyanide, which will be

readily adsorbed onto a strong base resin that will be in the sulphate form. This will

produce an eft1uent free of zinc cyanide complexes and free cyanide. Regeneration- --
takes place by means of circulating a dilute solution of sulphuric acid through the bed

of resin over a long period of time, due to the slow kinetics of desorption.
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Hydrocyanic acid is formed during desorption, the removal of the acid is accomplished

by passing it over a gas permeable membrane, which has a solution of caustic soda

circulating on the opposite side. The hydrocyanic gas passes through the membrane

and will be absorbed by the caustic soda, which will completely remove the acid. The

free cyanide that is adsorbed in the caustic circuit can be re-used as a sodium cyanide

solution.

1.6.2.4 The Coltinari process

The Coltinari process(17] removes cyanide metal complexes by means of a weak base

anion resin. The free cyanide is allowed to pass through the bed and can be re-used

in the process or sold as a by-product.

Metal salts can be used to form metal complexes in the feed solution to the reSIn.

When adsorption onto the resin is complete, the cyanide complexes are eluted by

means of a milk- of lime solution. The elution process can be optimised by recycling

the eluting fluid through a bed of solid calcium hydroxide so as to maintain the

eluting fluid in calcium hydroxide saturation.

This process causes a high concentration of cyanide to form in the eluate The eluate

is then subjected to acidification / volatilisation process The aciditication is done with

sulphuric acid. The product of acidification / volatilisation, hydrocyanic gas. will be

effectively removed by means of heating and alr-spargmg.

1.7 Ion exchange ID dilute heavy metal solutions

The first process to use ion exchange for the recovery of metals, was the recovery of

copper from waste iiquors in the cuprammonium rayon and brass industry, sii\'er trom

photographic tilm manufacturing wastes and chromium from electroplating wastes The

first large scale plant recovered the metal uranium from leached solutions.

A large amount of research was conducted in this field opening the door to other

possibilities in the recoverY of metals trom leach liquors The exchange process IS
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especially useful in the treatment of solutions containing heavy metals[22] III the range

of 10 ppm or less.

There are a few parameters, which will have an effect on the adsorption of heavy

metals on ion exchange resins:

• The effect of pH.

• Temperature.

• Agitation.

• The presence of competing ions.

Diaz and Mijangos [23], applied the ion exchange process to industrial wastewater,

which included metals, such as copper, nickel and zinc Chelating resins were used

due to its selective properties. Good loading was achieved on the resin, but the

exchange process was dependent on pH. It was also shown that the copper retention

was most efficient at low pH values.

ShaIlcross[24] proved the selective behaviour of strong acid cation exchange resins bv

showing the resins infinity for divalent alkali-earth metal ions over monovalent alkali

Ions

1.8 Significance of the literature revIew

• Many processes have been developed and tested for cyanide recovery.

• Many of these processes lack economic viability or are not affective.

• The effect of competing complexes in the ion exchange pores are not well

documented.

• Iron and copper cyanide are present in relatively large quantities in mining

effiuent, hence the selection of these species for this study.
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CHAPTER 2

MASS TRANSFER KINETICS AND
EQUILIBRIUM LOADING

2.1 Kinetic parameters

The diffusional properties, which takes place in the adsorption process can be divided

into two mechanisms:

• Interdiffusion of counter ions in the adherent films.

• Interdiffusion of counter ions within the resin itself (intraparticle diffusion).

The rate of ion exchange will be controlled by the slo\ver of the two processes[18]

2.1.1 External film diffusion

The film diffusion mass transfer model assumes that the overall exchange phenomenon

is controlled by the liquid -phase mass transfer resistance to ionic interdiffusion in the

stationarv liquid film around the exchanger particle[25].

Film diffusion IS favoured by factors which will Increase the rate of interdiffusion III

the beads and reduce the rate in the films. Film diffusion of this type will be

characterized in systems with high concentrations of ion exchangers. Iow degree of

crosslinking and small particle size and dilute solutions with inefficient agitation[ 18]

The flux equation for mass transfer in the liquid boundarv layer can normally be

described by a linear driving force[26],
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R, = kr (C - C,)

where kr IS the external film mass transfer coefficient.

2.1.2 Intraparticle diffusion

There are many chemical reactions taking place during a IOn exchange process.

Yoshida[27], proved that chelating ion exchange reactions may be rate controlling for

very small particle SIzes, a radius less than 10-4
ill

Normally particle diffusion control can be seen in larger particle sizes. The chelation

reaction does influence the uptake rates, since it bonds with the ions whose diffusion

depends on ion exchange[I8] The reaction of ions in solution are normally fast,

except the complexing of some trivalent transition-metal ions. When looking at this

phenomenon it can be calculated that reaction-retarded diffusion control will be more

likely than reaction controL

2.2 Material balance equations

This model represents the accumulation of adsorbate In the macropores of the reSIn

and was applied to the anion exchange reSIn.

2.2.1 Batch stirred tank reactor

The structure and properties of the reSIn beads determines the rate at which ion

exchange takes place It may be assumed that film diffusion is rate controlling in the

initial stages of a batch adsorption experiment Diffusion through the liquid film can

be described bv Fick's first law:
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de
1l=-D

dr

Assuming spherical geometry and integrating Fick's first law equation over the

thickness of the film leads to:

where,

When describing the flux of adsorbate through the differential element of the spherical

adsorbent particle, Fick's equation becomes

When performing a mass balance over a different element for spherical beads with a

radical thickness i1r vields

Accumulation III macropores = mass flow into macropores at (r + "'r) - mass flow in

macropores at r

~t l dQ d [ l dQ ]..,llT p/l-=Dp - r - 47[
- dt R dr dr

The mass balance equation can be simplified into the following partial ditTerential

equation:

dO dlO 2D dO
--==D--=+--=
dt dr c r dr



This differential equation represents the material balance for the macropores.

The following equation is the mass balance over the batch reactor:

dC
-V-=nA

dt

The surface area of the resm beads can be described by the following:

The combination of Fick's first law and the two above mentioned equations leads to

the liquid-phase material balance equation:

29

dC

dt

When assuming accumulation of metals at the eX1ernal surface of the adsorbent, the

following equation can be written:

dQ =~(C-C )
dr aD S



30

2.2.2 Numerical solution

2.2.2.1 Batch stirred tank reactor

The parabolic partial differential equation can be solved by substituting finite divided

differences for the partial derivatives[6].

2.3 Estimation of kinetic parameters

2.3.1 External mass transfer coefficient

In this chapter relevant assumptions have to be made for external film transfer In a

batch reactor[28]:

• The resin particles are equivalent spheres.

• The transport of metal ions and complexes into the pores of the resin can be

described by a surface diffusion mechanism.

• Intraparticle diffusion is negligible during the initial stages of ion exchange.

• Accumulation of metal ions and complexes in the liquid phase within the

pores of the resin is negligible.

• The ion exchange reaction occurs instantaneously so that the equilibrium exists

at the solid-liquid interface.

• Isothermal conditions occur during ion exchange.

The e,,"ternal transfer coefficient has to be estimated to provide an input into the

modeL The initial stages of adsorption are dominated by film transfer and a linear

concentration gradient from the bulk liquid to the resin panicle. The assumption that

the adsorbate concentration at the panicle surface C is negligible In the earl", stages

compared to the bulk liquid concentration C is made.
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This means that the liquid phase material balance equation,

dC

dt

will simplify to

dC

dt

Integrating the above mentioned equation results Ill:

r
c 1 6k MIII _0 = f t
C PRdpV

t~O

The detennination of the slope can be calculated by plotting In Co) C vs time of the

adsorption results over a short period of time

k f 6M
SLOPE=~

pdpV

Thus, the rate of adsorption (kfl can be calculated by the above mentioned equation

slonep dp V ()
_-"-1'-'------"_ = k = rate m / s

6J1l f



2.4 Ion exchange isotherms

The concentration ratios of the competing counter- ion specIes III the ion - exchanger

and in the solution during equilibrium are different The ion exchanger normally

prefers one species over the other. This phenomenon results in the species being

distributed differently between the aqueous solution and the ion exchange resin[I8].
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2.4.1 Single solute isotherms

By usmg equilibrium isotherms the distribution of the heavy metals between the IOn

exchanger and aqueous solution can be quantitatively explained

The Freundlich:

The Langmuir:

o = ACe
_e 1+ BC

e

When solving the Freundlich isotherm we plot In Q, vs In CC" bv usmg this method
. -

we linearise the Freundlich equation to the following form

In q = In A + n In C, where

In A = y-intercept and

n = slope of Qe vs C,



When solving the Langmuir equation we plot lIQe vs liCe, by using this method we

linearise the Langmuir equation to the following form:

lIB
-=--+-
Qe ACe A

where,

lIA = slope of lIQe vs liCe and

B/A = y-intercept

2.4.2 Multi - solute isotherms

If the Freundlich isotherm describes the loading of each individual species the

following may be used for a two component system[9]

o = A C [C + B ,C ,]"l~l
_e,! 1 e,! e,! !-.. e._

for CDmponent one, while the isotherm for component two IS:
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The following multi-component Langmuir equation can also be used for two

component systems:

The above mentioned multi - component Freundlich equations can be written III the

following linear fonn:

for component 1, while the isotherm for component 2 IS:

1

lA C J1-,,2C = 2 e.2 - C = B Cf( e.2) Qe.2 e.2 2-1 e.1

When f(C e.l ) or f(C e.2) is plotted against Cel or Cd respectively, the competition

coefficients B12 or B21 can be obtained by the slopes of the regression lines

These equations can only be solved if the specIes one and t\vo both follow the

Freundlich isotherm in a single solute solution

The Langmuir equation can also be used for multi - component s,1ems

34

o_e,l
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and

ACo = 2 e.2

_e,2 1 B C+ 2-1 e,l

These multi - component equations can be written In the following linear fonn:

1 1 + B H C e .2

0e.l A1Ce .l A1Ce . l

for component 1, while the linear form for component 2 IS:

These equations can be solved by plotting I/Qe.l and I!Qe,2 against CdAlCe, and

Ce.11A2Ce.2 respectively. the competition coefficients Bl2 and B21 can be obtained by the

slopes of the regression lines. These equations can only be solved if the specIes one

and two both follow the Langmuir isotherm in a single solute solution



CHAPTER 3

EXPERIMENTAL

This chapter describes the experimental and analytical techniques that were used to

conduct the work contained in this thesis.

3.1 Experimental components

The experiments were performed with four different types of strong base amon

exchange resins. The adsorbates used were potassium cyanide, copper(I)cyanide and

potassium hexacyanoferrate(III). The CuCN is an insoluble precipitate, which had to

be dissolved in excess potassium cyanide. The Amberlite product sheet reports the

following properties for the four different amon exchange reSIns:

3.1.1 Amberlite IR\402Cl

The Amberlite IRAA02CI is a strongly basic amon exchange reSIn, with a clear gel

structure. The main use of this resin is the treatment of electroplating waste and the

isolation of anionic metal complexes
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Matrix

Functional groups

Ionic form

Capacity

Specific gramy

Styrene divinylbenzene copolymer

-".;+(CH3 h

Cloride

> 130 eq/L

I.063 to I.093



3.1.2 Amberlite IRA458CI
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The Amberlite lRA458CI is an acrylic gel type strongly basic amon exchange resin.

The main use of this resin is the adsorption of organic molecules present in many

water supplies.

Matrix

Functional groups

Ionic form

Capacity

Specific gravity

Crosslinked acrylic gel structure

-N+R,

Cloride

>1.25 eqlL

1.06 to 1.I

3.1.3 Amberlite lRA900CI

The Amberlite IRA900CI is an macroreticular polystyrene type strong base amon

exchange resin containing ammonium groups The main use of this resin is the

removal of large size soluble organic molecules.

Matrix

Functional groups

Ionic form

Capacity

Specific gravitv

StyTene divinylbenzene copolymer

-W(CH3)3

Cloride

>10 eq!L

1.050 to 1080

3.1.4 Amberlite IRA958C1

The Amberlite IR.A..958CI is a macroreticular stronglv basic amon exchange resin
~" ~

exhibiting quaternary ammonium functionality in a crosslinked acrylic polymer matrix

The main use of this resin is the removal of large orgaOlc molecules and the removal

of colour bodies from cane sugar syrups.
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It can also be used m the purification of various chemical and pharmaceutical

products.

Matrix

Functional groups

Ionic form

Capacity

Specific gravity

Crosslinked acrylic macroeticular structure

Quaternary ammomum

Cloride

>18 eq/L

105 to 108

3.2 Preparation and pre-treatment

Each resm was washed with three bed volumes of distilled water. After washing the

resms, SIX bed volumes of sodium hydroxide were used to replace the chloride ionic

form with a hydroxide. The resins were then washed agam with three bed volumes of

distilled water.

The ion exchange experiments commenced by the addition of I ml of resin in the

hydroxide larm to the reactor, as well as 5 ml of a 3 1\1 sodium hydroxide solution to

keep the pH at 12. Eight grab samples were taken at mcreasmg time intervals to

determine the solute decay.

3.3 Experimental apparatus

All experiments were performed in a perspex reactor of diameter 10 cm and height

15 cm. These reactors also contain three evenly spaced baffles. The solutions were

agitated by a perforated flat blade impeller of \vidth 6 cm and height 5 cm The

solution volume was one litre and a constant stirring speed of 200 rpm was

maintained.

3.4 Analytical methods

The metal concentrations were determined by the use of a Varian Techtron AA-1275

atomic absorption spectrophotometer, with an air - acetvlene name The results indicates

the \\1 % (mass basis) of metal loaded onto the resin The free cyanide concentratlons
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were measured by means of a cyanide ion selective electrode which consisted of a

built in reference electrode (combination electrode). The electrode is used to measure

the cyanide ions present in the aqueous solution. The Blanc Correction and Calibration

Method was used to measure the low levels of cyanide present in the solution.

3.5 Ion exchange test-work

The Ion exchange adsorption experiments involved the removal of potassium cyanide,

Iron and copper cyanide complexes in batch experiments with the above mentioned

resins. The amount of resin used was determined by means of the "tap method" and

was approximately 1ml, except for the experiments done with potassium cyanide, in

which case it was 5m!. The amount of resin used was sufficient to adsorb two thirds

of the metal cyanides present. To ensure that the reaction kinetics of the different

resins were comparable, attention was given to the geometric configuration and

agitation power input per unit volume to ensure they were identical and thus

comparable.

3.5.1 Metal cyanide complex adsorption tests

To conduct these tests a 1000 ppm stock solution was made up for copper and iron

respectively from potassium hexacyanoferrate(lII) and copper(I)cyanide. Each resin was

contacted with iron and copper separately. One resin, lRA900CI, was then chosen to

be contacted by copper and iron simultaneously.

3.5.2 Free cyanide IOn exchange tests

These tests were performed with a stock solution of 1000 ppm CN~, which was made

up from potassium cyanide. Each resin was contacted with different concentrations of

free cyanide
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Parameter estimation

A program was specifically designed to calculate the mass transfer coefficient, single

component and multi-component isotherms. This was done by using a linear regression

model. Linear regression fits a line to a series of points that indicate past values of

one independent value (time) and one dependent value (concentration). The slope of the

trend line is found by the equation mentioned below. The Y (concentration) and X

(time) are the values of the dependent variable and the independent variable

respectively. The regression equations used in the computer program is as follows

The point where the trend line crosses the vertical axis can be found by the

following equation

a= Y -bX

The program also calculates the coefficient of determination This tells us how closely

a group of points coincides with a straight line. This number quantifies for the sample

data the percentage of variation in the dependent variable that is explained by the

regressIon line The coefficient of determination (r) can be calculated from equation
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4.2 Mass transfer kinetics

The program was originally developed to evaluate kr and single component isotherms,

but was extended to incorporate multi-component equilibria. The reason is explained in

section 4.3.2.

It has been found that the kinetics of ion exchange is relatively fast and that

equilibrium conditions were attained in a relatively short period of time

(Figure 1- 5).

As stated in Chapter 3, all experiments were conducted under constant operating

conditions and values obtained for the external mass transfer coefficient could be

compared directly.

The calculated kr values are summarised in Table 5. From Table 5 it becomes

apparent that the kinetics of ion exchange favours copper cyanide when IRA900CI

and IRA458CI is used as adsorbates and is higher for iron cyanide in the other two

cases. From the multi-component experiments conducted with IRA900CI the superior

kinetics of copper cyanide is higWighted. Furthermore, lRA900Cl and lRA402Cl shows

superior kinetics of ion exchange to the other resins used

4.3 Equilibrium parameters

4.3.1 Single component isotherms

It has been found that both the Freundlich and Langmuir isotherms explained all

single solute ion exchange adequately. This is graphically illustrated in Figures 6 - I L

For ease of explanatio~ the Freundlich isotherm was selected to describe equilibrium

conditions
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The equilibium constants, which were calculated by the computer program are

tabulated in Table 4. The constant A, which is a measure ofthe magnitude of

equilibrium loading at lower equilibrium concentrations, has superior values for copper

and iron cyanide as compared to that obtained for free cyanide in single solute

systems. This is ascribed to the multi - valent nature of the complexes. This clearly

indicates that copper and iron cyanide can be recovered more easily at low solution

concentrations. The A values obtained in complex removal for IRA900Cl and

IRA402Cl was in general higher than that obtained for the other two resins tested.

This is attributed to the tri - methyl ammonium functional group, which are more

attracted to the multi - valent cyanide complexes. Furthermore, the magnitude of A in

cases of copper cyanide recovery exceeds that obtained for iron cyanide except where

IRA958CI was used as adsorbent.

The larger values of n obtained in cases where free cyanide was the adsorbate shows

the dependency of this process on the solution concentration. The relatively small

values in cases where the metal cyanide complexes were recovered, again shows the

relatively small dependency on the level of solution concentration and that these

species can be recovered to relatively low concentrations.

The above parameter phenomenon is possibly best explained by example

If the IRA402Cl resin is contacted with free cyanide, iron cyanide and copper cyanide

and the equilibrium solution concentrations are 100 ppm in all cases, equilibrium

loading will be as follows:

qeCN 186 mg/l

qe.Fe 34 mg/I

qe.Cu 46 mg/l

Should the equilibrium solution concentration be reduced to 5 ppm the loadings will

be as follows:

qe.CN 1.2 mg/I

qeFe 14.8 mg/l

qecu 16.7 mg/l



43

Due to the toxic nature of cyanide, even In small concentrations, an effective removal

process will depend on a low level of cyanide in the effluent stream. Ion exchange

resin thus seems to be effective in complex removal, but not where free cyanide is

present.

Due to the fact that the IRA900Cl resin performed strongly from a kinetic point of

view and proved to posses good equilibrium loading capacities, it was selected for the

tests to be performed in a multi-component system.

4.3.2 Multi-component isotherms

It was found that the multi-component Freundlich isotherm best explained two

component complex equilibrium loading as compared to the Langmuir type isotherm.

Although the multi-component Freundlich isotherm provided a good 'fit' to the

experimental data, a unique solution was not found. The values obtained for the

parameters A, Band n were found to vary substantially depending on the

mathematical method used. The graphical procedure as explained in Chapter 3 did not

provide an accurate prediction The 'solver' approach in an Excel spreadsheet was then

followed which provided an accurate prediction These results were reported in a

puplished paper (See Appendix D). However, this technique resulted in large values of

A and small values for n1-1 and 02-1. Therefore, it was decided to expand the

'Pascal' program to incorporate multi-component equilibria. The result obtained was

found to be more realistic These are listed in Table 4. Furthermore, B2 \ should

theoretically be the inverse of Bn , which is clearly not the case. This is a further

indication that the isotherm developed, purely serves as a empirical correlation

It is interesting to note that the two component Freundlich isotherm explained the

equilibrium loading of copper and iron cyanide well in the three CDmponem

experiments. This indicates that free cyanide had little effect on metal cyanide

recovery and that CDmpetition for active sites exists mainly between the complexes

Metal cyanide complexes will thus be .-ecovered preferentially to free cyanide This

may be seen as a positive phenomenon in that cyanide complexes are generally more
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stable than free cyanide, resulting in these species being more harmful to the

environment.

As is the case with single solute experiments, relatively large A values were obtained,

indicating that copper and Iron cyanide can be removed at low concentrations in

multi-component systems.

Single component systems Multi - component systems
II

I Freundlich Langmuir Freundlich Langmuir
I isotherm isotherm isotherm isotherm
IResin Species I

constants constants constants I constantsI I II i I
I A I [ A I B I A I B I

! A ! B II n I n iI i iI I I I

lRA402CI free cyanide I 0.085 1.67 0.149 I -0026 I
I Fe cyanide 9.40 0.28 5.216 1-0.028

I Cu cyanide 9.69 0.34 8.60 1 0.247

I
I

IRA458Cl free cyanide 0.99 072 0.882 10.059 ,

I

Fe cyanide
I

6.46 0.24 0.416 ! 0.387
I

Cu cyanide 8.47 0.27 7.220 ! 0288
i

!i

I
lRA900CI free cyanide 0.387 109 0.495 I 0.001

!

Fe cyanide 6.143 0.23 5.442 I 0.387 6.95 0.06 005 17.15 -0.3

Cu cyanide ]039 0""' 9.]45 i 07" 8.3 ] 0.01 0.2 1176 0.5.:J L I ._))

I

IRA958CI free cyanide l.283 0.61 1079 I 0079
i.

Fe cyanide 7.334 o.!/ 1282 ! 0.92
,

!

Cu cyanide 5847 032 5102 ! 0268

Table 4 Multi and single component constants
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RESIN SPECIES [INITIAL](mgl ') [INITIAL](mg.l ') kr (ms ')

Single adsorbate Multi-component [x 105
]

solution solution
I

IRA900CI Fe cyanide 18.82 3.45

Cu cyanide 2507 3.68 I
Fe cyanide 17.65 2.72

Cu cyanide 19.55 3.72

IRA958CI Fe cyanide 18.34 3.54

Cu cyanide 2105 2.15

IRA402CI Fe cyanide 19.5 3.70

Cu cyanide 2006 3.40

lRA458CI Fe cyanide 19.25 2.60

Cu cyanide 19.52 3_30

Table 5 Mass transfer coefficient
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CONCLUSIONS AND FUTURE WORK

The aIm of this study was to evaluate the interaction of the four resins with heavy

metal cyanides and free cyanide solutions. Amberlite resins lR..A900Cl and IRA402CI

posses superior loading capabilities as compared to IRA458CI and IRA958Cl.

The kinetics of ion exchange was rapid with equilibrium reached in a short time.

Equilibrium conditions were well explained by the Freundlich isotherms in both single

and multi-component systems. Furthermore, metal cyanide complexes can be recovered

to lower solution concentrations as compared to free cyanide. Also, free cyanide had

little effect on the equilibrium loading of copper and iron cyanide in the multi

component systems tested.

Further work should include the recovery of the specIes In a column configuration.

Also, the regeneration of the resin should be evaluated by both conventional methods

and in an acidic medium.
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APPENDIX A

RAW DATA OF EXPERIMENTAL WORK

Experiment no.l

Equilibrium adsorption of free cyanide on Amberlite IRA900CI

Volume of solution = 1.0 L

Volume of resin = 10 ml

Stirring speed = 200 rpm

pH of solution = 12.00

I Co (mg/l) IC, (mg/I) q, (mg/I)

2.67.8 I 5.2

120 ! 14 6
I
I

, 78 : 48 30

106 ' 78 28

200 ! 108 108,

65



Experiment nO.2

Equilibrium adsorption of iron cyanide and free cyanide on Amberlite

IRA900CL

Volume of solution = 1.0 L

Volume of resin = 5 ml

Stirring speed = 200 rpm

pH of solution = 12.00

66

Co (mg/l) Co (mg/I) ICe (mg/I) qe (mg/I) !
I i

Free cyanide I,
10.33 20 ·2.68

1

7.65 ,
I

]9.76 ]0
1

98 9.96 I

!

36.3 20 28.58 7.72
!

9.]5 I ]0 2.70 6.45

I ]8.67
1

6.96 ] 171
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Experiment no.3

Equilibrium adsorption of iron cyanide on Amberlite IRA900CL

Volume of solution = 1.0 L

Volume of resin = 5 ml

Stirring speed = 200 rpm

pH of solution = 12.00

1
12.14

1
26.89

1
39.03

Co (mg/l) I Ce (mg/I) ge (mg/I) I
I I

9.84 12.72 7.12 I!
18.82 176 11.22

II .
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Experiment noA

Equilibrium adsorption of copper cyanide on Amberlite IRA900Cl

Volume of solution = 1.0 L

Volume of resin = 5 ml

Stirring speed = 200 rpm

pH of solution = 12.00

I Co (mg/I) ICe (mg/l) i qe (mg/I)

1 10.7 i 139 lil-9-.3-1~~~~~~----1

1

2507 , 4.47 20.60
I i
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Experiment no.5

Equilibrium adsorption of iron, copper and free cyanide on Amberlite

IRA900CL

Volume of solution = 1.0 L

Volume of resin = 5 ml

Stirring speed = 200 rpm

pH of solution = 12.00

708

8.2912.44

1947

17.65

1998
I

Co (mg/I) Co (mg/i) qo (mg/I) qe (mg/I)

Copper cyanide Iron cyanide Copper cyanide Iron cyanide
i

,
I

1
19.55

1

4101 38.04 15.58 7.94



Experiment no.6

Equilibrium adsorption of free cyanide on Amberlite lRA958CI

Volume of solution = I.0 L

Volume of resin = 10 ml

Stirring speed = 200 rpm

pH of solution = 1200

I Co (mg/I) I Co (mg/I) ! qe (mg/I)

I !
,

I" 11.1 11.1i
i 6.5 !'"'?

i -'--9.7
I i

I 19 189 1
10.10

, I
i 12

1

54 1 47I - !

1
63

1

52 I I 1
I I

70



Experiment no.7

Equilibrium adsorption of iron cyanide and free cyanide on Amberlite

IRA958CI.

Volume of solution= 1.0 L

Volume of resin = 5 m[

Stirring speed = 200 rpm

pH of solution = 12.00

71

Co (mg/I) Co (rug/l) Ce (mgll) qe (mg/I)
I

Free cyanide

I9.59 20 327 16
i ,

17.9 10 827 1 96" !! . J

36.82 20 24.56 ! 12.26,
9.92 10 4.86

1
5.06

19.93 20 9.48 1 10.45-



Experiment no.8

Equilibrium adsorption of iron cyanide on Amberlite IRA958Cl.

Volume of solution = 1.0 L

Volume of resin = 5 ml

Stirring speed = 200 rpm

pH of solution = 12.00

72

I Co (mg/I) Ce (mg/I) qe (mg/I) i
8.70 125 7.45 I

!

18.34 6.43 I 11.91
!

38.04
1

25 .73 ! 12.31



Experiment no.9

Equilibrium adsorption of copper cyanide on Amberlite IRA958CI

Volume of solution = 1.0 L

Volume of resin = 5 ml

Stirring speed = 200 rpm

pH of solution = 12.00

73

I Co (mg/I) Ce (mg/I) I qe (mg/I)
II

\

11.63 2.96 1 8.67 i,
I I

21.05
1

8.74
1

12.31 I
137.91 25.72

1
12.19 i,

I, ,
61.04 40.86

1
20.18 I

I
100.78 74.58 i 26.20 I

I ,



Experiment no.1O

Equilibrium adsorption of free cyanide on Amberlite lRA458Cl

Volume of solution = 10 L

Volume of resin = 10 ml

Stirring speed = 200 rpm

pH of solution = 12.00

74

Co (rug/I) Ce (mg/l) I qe (mg/l) I

I [

10
1

71
1

39
I

19 14 5 ,

!
120 74 46 i

I

120 70 150
I i

130 112 I 18 i
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Experiment no.11

Equilibrium adsorption of iron cyanide and free cyanide on Amberlite

IRA458CL

Volume of solution = 1.0 L

Volume of resin = 5 ml

Stirring speed = 200 rpm

pH of solution = 12.00

1
10.73

1
7.01

1
20

I
1

17.74

ICo (mg/I) Co (mg/l) C< (mg/I) g, (mg/I)

IFree cyanide
I

10.32
1

20 I 2.01 8.31 ;

18.38 !1O 1
7.82 10.56 iI

38.84 ! 20 26.03 12.81 I
,

I ,

1138 10 I 3.93 , 7.45
I I,
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Experiment nO.12

Equilibrium adsorption of iron cyanide on Amberlite IRA458CI.

Volume of solution = 1.0 L

Volume of resin = 5 ml

Stirring speed = 200 rpm

pH of solution = 12.00

I qe (mgll)ICe (mgll) , ,

8.67 1.82
1
6.85 i

I
19.25 7. I I 12 15 I,

, I
3901 27.73 1 11.28 II

ICo (mgll)
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Experiment nO.l3

Equilibrium adsorption of copper cyanide on Amberlite IRA458CI

Volume of solution = 1.0 L

Volume of resin = 5 m!

Stirring speed = 200 rpm

pH of solution = 12.00

I Co (mg/I)
~

I I,
10.35 1.87 [8.48 I
19.52 ! 401 i 15.51 i

i I I
1

37.25
1

1863
1

18.62 1
60.59 1 40.17 1 20.42 I!

97.65 169.93 ! 27.72 ii i

I Co (mg/I)



Experiment no.14

Equilibrium adsorption of free cyanide on Amberlite IRA402CI

Volume of solution = 1.0 L

Volume of resin = 10 ml

Stirring speed = 200 rpm

pH of solution = 12.00

78

Co (mg/I) ICo (mg/l) !qc(mg/I) I
I I

9.2 [77 1.5 I,
20 I 13 7 I

I !
26

1
14.2 11.8 I

136 ' 5~
1

84 \I "-
I I

158 i 78
1

80 i,
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Experiment nO.15

Equilibrium adsorption of iron cyanide and free cyanide on Amberlite

IRA402CL

Volume of solution = 1.0 L

Volume of resin = 5 ml

Stirring speed = 200 rpm

pH of solution = 12.00

1
4 .69

1
20

,1
17.27

Co (mg/I) Co (mg/I) Ce (mg/I) ! qe (mg/I) I,
Free cyanide I

,

\

i
10.23 20 2.95

1
7.28

I
i

18.66
1

10 4.01 14.65

36.24 20 19.04 17.20
!

1
10.02 10 3.61 6.41

-



Experiment no.16

Equilibrium adsorption of iron cyanide on Amberlite IRA402Cl.

Volume of solution = 1.0 L

Volume of resin = 5 m1

Stirring speed = 200 rpm

pH of solution = 12.00

80

Co (mg/I) Co (mg/I) I qo (mg/l)

10.41 11.61 8.8

19.6 2.93 16.67
, I

[37.51 17.11 1 20.4
,
I
I,
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Experiment no.17

Equilibrium adsorption of copper cyanide on Amberlite IRA402CI

Volume of solution = 1.0 L

Volume of resin = 5 m]

Stirring speed = 200 rpm

pH of solution = 12.00

ICo (rug/I) IC, (mg/I)
i

I q, (mg/I)
I

1

9
.
14

1 ~2 V)I ) .-'~

124.75
i
I 34.15
i

i 9.97
i

1

143

i 50.21

! 26.89
I

20.06

\6104

1

10
.57

1
34.72

i 82.53,
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ROHM
iHAAS

PRODUCT DATA SHEET

AMBERLITE IRA458 Cl
Industrial Grade Acrylic Strong Base Anion Exchange Resin

AMBERLlTE lRA458 Cl is an acrylic gel type strongly basic anion exchange resin, with unique chemical and
physical properties. It combines high operating capacity and low silica leakage values.
The acrylic structure of AMBERLlTE IRA458 Cl allows for effective adsorption during the service nm and good
desorption during regeneration ofthe naturally occunring organic molecules present in many water supplies.

PROPERTIES

Matrix ~

Functional groups _
Physical form-,-.,._-:- _
Ionic form as shipped_-=- _

Total exchange capacity 1I1~---------
Moisture holding capacity III _

Specific gravity _
Shipping weight _

Particle size
Unifomlity coefficient _
Hannonic mean size _
Fine contents PI _

Coarse beads -::-;_--:::- _
Maximum reversible swelling _

[/1 Conrractua/ value

Test methods are available on request.

SUGGESTED OPERATING CONDITIONS

Maximum operating temperature _
Minimum bed depth _
Service flow rate _
Regenerant _

Flow rate...,-- _
Concentration _
Level -,-.,. _

~1injmum contact time _
Slow rinse _
Fast rinse _

• J BVIBed t"o!ume) = / m3 soju[ionper~ resin

Crosslinked acrylic gel structure
-WR3
Transparent white beads
Chloride
;, 1.25 eq!L (CI- form)
57 to 64 % (CI- form)
1.06 to 1.10 (CI- form)
720 gIL

<; I.90

600 - 9OO!1m
< 0.300 mm : 2.0 % max
> 1.180 mm : 20 % max
Cl- -'> OW : 20 %

(Water Treatment)

35°C
700 mm
5 to 40 BY*lh
NaOH
2t08BYlh
2to4%
50 to 150 g'L

30 minutes

2 BY at regeneration tlov.,: rate
4 to 8 BY at service ilow rate
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AMBERLITE IRA458 Cl is designed to be used in ro-flow regeneration writs. It is recormnended as the working
anion exchange resin, or in combination with AMBERLITE IRA96 fur demineralisation of water having~ to 30
% silica when low caustic regenerant conswnption and good resistance to organic fouling are primarily required.
AMBERLlTE IRA 458 Cl is also used for the decolourisation ofsugar juices.

PERFORMANCE

The engineering data sheet EDS 0273 A provide information to calculate the operating capacity and silica k:abge
ofAMBERLITE IRA458 Cl used in water treattnent.

HYDRAULIC CHARACTERISTICS (Water Treatment)

AMBERLITE IRA458 Cl gives a pressure drop ofabout 14 kPalm bed depth per 10 mIh at 15°C.
A backwash flow raie of7 mIh gives a bed expansion ofabout 70 % at 15°C.
Pressure drop data are valid at the start ofthe service run with a clear water and a correctly classified bed.

LIMITS OF USE

Rohm and Haas manufactures special resins for food processing and potable water applications. As goverI1ITlental
regulations vary from country to country, it is recommended that potential users seek advice from their Ambcrlite
representative in order to detennine the best resin choice and optimum operating conditions.

In Europe, all our products are produced in ISO 9002 certified manufacturing facilities.

CAUTION
Ion exchange resins and polymeric adsorbents, as produced~ cOf\tain by-products resultin~ from the manufacturing process The user musl: detel'TJliM the extent
to which organic by-products mUSl: be removed for any parucular use and esub{lsh technIques to assure thal the appropn31~ le\e1 of punry IS achieved foe that
use The user must ensure compliance ~lth all prudenr safer;.- standards :md regulatory reqwrernents governing the appllC31\0!1_ Except where specifica.lly
Olherv.ise stated. Room and Haas Compa.,y does not recommend HS Ion exchange resins or polymenc adsorbents. as supplled. as bemg SUitable or appropriately
pure for any particular use Consult ~'our Room and Haas techmcal representative for further information. ACidiC and baSIC regenermt solutions ~ corrosive
and should be handled In a manner &.3t \loll! pre...'ent eye and s;;m contact. Sanc aCid and other sUOIlg O'udlSIng agents can cau.se explosive type reactions ""tJen
mi.xed With Ion Exchange resm5. PR>per deSign of process eqwprnern 10 pre"'ent rapid buildup of pressure: IS nece<:sary If use of an OXidising agent such as nitric
aCid IS contemplated Before usmg S!fllflg ox!dlSlng agents In C0013ct ""'11h Ion Exchange Resms. consult sources "n<.' .... kdgeable In the handlmg of these
rnatenals

Rohm and Haas Company nuJkes no ...-crrQnlh:'S e:rhe~ upressed or I.mp/led as 10 Ihe accuracy ojappropncli!ness of:hiS data and upres:sfy excludes any
habtlm' 1.Ioon Rohm and Haas aT/sing out of ItS ILH'. Ile recommend mar :he prospect""'e usen determine jor Iftemsehr's :he s/.r.itabdln,- o{.Rahm and Ham
matt'na/s' and suggeStions for an,\" use pnor [0 ~helr adoption. Sl.l~~sIlons for !.I.H'.J of our produGs of Ihe . -
mclUSlon ofdescnplJw moti!nD/trom patenlS ana Ihe oratIOn or :speclllc porents In thlS pubhcDnon should -'lOt

b~ underSTood as recommending rhe liSt' ofour prQ<1uClS In ~'Ia/~!ion of an,- PO/ent aT as permiSSion or liCenSe
to use am' parems of rhe Rohm ani Haas Company_ ,\'fDunal :.::.aji:ry Data Sheers outlining the furants cnd
handling methods fur o:.r produ<Js are available on reqli.eSI
AMB£RUTE I.J J [rademarfc aiR-ohm and Ham Company, Phtfade/phlc. USA

Rohm and Haasflon Exchange Resins - 75579 Paris Cedex 12 - Tel. (33) 01 4002 5000 - Fax: 0 I 43 45 28 19
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PRODUCT DATA SHEET

AMBERLITE IRA958 Cl
Industrial Grade Strong Base Anion Exchange Resin

AMBERLlTE lRA958 Cl is a macroreticular strongly basic anion exchange resin exhibiting quaternary an:uIlUIium
functionality in a crosslinked acrylic polymer matrix. The high porosity of its macroreticular structure allows more
complete removal of large organic molecules and provides excellent resistance to ph}SicaI breakdown by attrition and
osmotic shock. The acrylic composition of the matrix contributes to excellent desorption of organics during
regeneration. AMBERLlTE IRA.958 Cl is particularly useful as an organic scavenger for the adsorption of =rural
organic matter from surface water. Placed ahead of an ion exchange deionisation system, AMBERLlTE lRA958 Cl
helps prevent organic fouling of the working anion exchange resins of the plant. AMBERLlTE lRA958 Cl is also
used in sugar juice decolourisation to remove colour bodies from cane sugar S)TUps and in purification of various
chemical and pharmaceutical products.
AMBERLITE lRA958 Cl complies with the FDA 21 CFR 173.25 regulation: all that is required at the tirn< of
commissioning is to perfonn a full regeneration cycle followed by a rinse with at least 10 bedvolumes of water.

PROPERTIES

NaCI 10 E%
2 to 6
160 to 300

Matrix ~

Functional groups ~

Physical form.,...,._...,... ~

Ionic form as shipped ---cc------------

Total exchange capacity [I) ,- ~

Moisture holding capacity PI _
Specific gravity _
Shipping weight _

Panicle size
Uniformity coefficient _
Hannonic mean size _
Fine contents [1J _

Coarse beads _

/7J Contracrual value
Test methods are available on requeST.

SUGGESTED OPERATING CONDITIONS

Maximum operating temperature _

Minimum bed depth
Service flow rate _
Regenerant ~

Flow rate (BVih) _
Level (giL)__---, _
Minimum contact time _

Slow rinse _
Fast rinse _

-I Bl'fBed I "olumi!i '-- 1 mJ solu[ionperm3 resf'!

Crosslinked acrylic macroreticular structure
Quaternary ammonium
White opaque beads
Chloride
2: 0.8 eqIL (CI- form)
66 to 72 % (Cl- form)
1.05 to 1.08 (CI- form)
720 glL

,; 1.8
630 to 850 llI11
< 0.355 mm: 1.0 % max

> 1.180 mm: 5.0 % max

(Scavenger)

80'C (Cn
600 mm
8 to 40 BY*/h
NaOH 2 % +
2 to 6
6 to 40
30 minutes
5 to 10 BY

Same as regenerant for first bed displacement, then
same as service flow rate
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SUGGESTED OPERATING CONDITIONS
Service-:-----=----------Sweetening off ~

Backwash _

Regenerant _
Level_--,--- _

Concentration _
Rinse requirement _
Sweetening on _

• 1 BV (Bed Volume) ~ 1 ",3 solution per ",3 resin

PERFORMANCE (Scavenger)

(Sugar)
2 t04 BV'/h
2.5 BV/h at 60°C with softened or demineralised_\er
7 to 8 m/h at 60°C with softened or demineralised
water
NaCl
150 to 250 gIL
10 % at 6Q°C
5tolOBV
2.5 BV/h dilute syrup

Based on previous experience in industrial installations and laboratory studies~ an average capacity for organics of 10
to 40 g (as KMn04) per litre ofresin can be expected.
This value should be considered as an apprOAimate indication and it is recommended that some column tests be underlaJcoe 0IIl site
in order to determine the operating capacity ofAAfBERLrrE /RA958 Cl for a particular water.

HYDRAULIC CHARACTERISTICS (Water treatment)

AMBERLITE lRA958 Cl gives a pressure drop of about 13 kPalm bed depth per 10 m/h at 15°C.
A backwash ftow rate of6 m/h gives a bed expansion of about 65 % at 15°C.
Pressure drop data are valid at the start of the service run with a clear water and a ccrrectly classified bed.

LIMITS OF USE

Rohm and Haas manufactures special resins for food processing and potable water applications. As governm~tal

regulations vary from country to country. it is recommended that potential users of resins for food processing
applications contact their Kohm and Haas representative to assess the best choice of resin and optimum operatlng
conditions.

In Europe, all our products are produced in ISO 9002 certified manufacturing facilities.

CAUTION
Ion exchange resins and pol~'!TI<':nc adsorbents. as produced. COI1tam tI\.'~prod~s resulting from the manufaetmmg process The user must detennine the extent
to .....tllch orgamc lJ:.-products mUSl: be reffiO\ed for any pam~lJhr use and t51aohsh let:hmques la assure [hat the appropnate le\el of purlty IS achieved for that
use. The user must ensure compliance WIth all prudent saJer:- 51andards and reguIalory reqwrements governmg the applIcatlon. Except where speclficall>
Olhe~ise Sl-ated, Room and Haas Company does no;: recOrnJ'l1end liS 100 exchange reSinS Of polymenc adsorbents. as 5UpplIed. as ~lng 'illltable or appropnatelv
pure for any panlcuJar use COI1sult ~our Room and Ha3.S let:hmca! rt"pre~nta[],,'e for funher Information, ACidIC and baSIC regen.:rant solutions are cOITosn'e
ar1d should be handled m a manner !hal ....lll pre\em o;::.e and skill contact 'Hnc aCId and other strong OXidiSing agents can cause e:-..plosl\ie type reactions when
mix:,d ""lth [on Exchang<': resins ?r0jXr d<':slgn of proc<':~ "'luq)rn<'nt to rr"~-C::n1 rapid buIldup of pressure IS n~ceSS3ry If u..~ of an oXldlsmg agen1 such as mlnc
acid IS COfIlemp[ated Bd0re using Sl-roog oXldlSHlg agents m COfHaCl "Hh loo Exchange ReSIns. consult sourc:'s knuwtecigeabte In IIle handlmg of Ih.:se
mattnaJs

Rohm and Hacs Compom moll: .. ! no -";(1rro-,1I1>?5 €i!h"r >?_'l:pr;!.s5d or :mpi;;:;d cs ro rhe accurocy of appropnOH'ni'55 vf ,;115 d,);a cnd Ltpres51.. eIch..aes any
{Jobd:n- upon Ronm and Hews arlsmg our ofus use. ).t·e recomm.:.'1d rhor rhe prospecr......·e users duermme for (hi'm:sei~'e:s ihe Hura!J;hrv orRoh~ and Haas
marenals and mg.geSlJons for any use pflor to rhe!r adopnolT . 5lJg:4~sfJons for uses of o:<r prod/.lcrs 0/ rhe . .
mc!tljiOrr of descrlprn-e mQ{er-:al from parents an] rite Citation 0/ spec,),." parents In thiS pu.bhcQflOn should nOt
be I..<!tdersrood as recomme'?d:ng [he use ofO:<f pfodUcH 1ft nO::;~JOfI oj any P9,enl or 05 permISsIOn or license
[0 use afry paUnfS oflhe Rl)hm and h'oas Company. .'.!alenai _\cJe.'> :Jaw :::ehe!?(s o ..rlmmg rhe ha=ards Dnd
handling merhodsfor our pro.;ucts are iJ'.al!abif' on requ."![
A_'.fBERLlTE /.5 Q rrademar( of Rohm and Haa! Company. PhIiade!phla. i· SA

Rohm and Haas/lon E.\change Resins - 75579 Paris Cedex 12 - Te!. (33) 0140025000 - Fax: 0143452819
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PRODUCT DATA SHEET

AMBERLITE IRA900 Cl
Industrial Strong Base Anion Exchange Resin

AMBERLlTE lRA900 Cl is a macroreticuIar polystyrene type I strong base anion exchange resin containing
quaternary ammonium groups. This allows complete removal of all anions, including weakly dissociated ones like
silica. The macroreticular structure embodies fixed large pores, presenting a sponge-like matrix. This feature
combined with the strong basicity permits the removal of large size soluble organic molecules. In addition the
macroreticular structure imparts superior resistance to mechanical and osmotic shock.

PROPERTIES

Matrix ---, _
Functional groups _
Physical fOnTI _
Ionic form as shipped _
Total exchange capacity l'J _

Moisture holding capacity III _

Specific gravity _
Shipping weight _
Particle size

Unifonnity coefficient _
Harmonic mean 5Ize _
Fine contents I!]-----------
Coarse beads ~----,."._---------

Maximum reversible s\.""elling _
Chemical resistance _

[1J Contractual value
Tesl methods are available on requesT.

SUGGESTED OPERATING CONDITIONS

Minimum bed depth _
Service flow rate _
Regenerant _

Flow rate-,-- _
Concentration _

Level -,- _

rv1inimum contact ti~--
Slow rinse _
Fast rinse _

* 1 SI" fBed l'olumeJ '" J m3 solution per m3 re5in

Styrene divinylbenzene copolymer
-W(CH3h
Ivory beads
Chloride

" 1.0 eqJ1.. (Cl- form)
58 to 64 % (Cl- form)
1.050 to 1.080 (CI- form)
700 g/L

,; 1.80
650 - 820 flm
< 0.300 mm : 0.5 % max

> 1.180 mm: 3.0% max
Cl- -> OH-: about 25 %
Insoluble in dilute solutions ofacids
or bases and corrunon solvents

(Water Treatment)

700 mm

up to 120 BV'/h
NaOH
2t08BV/h
2to4%
50 to I50 g;'L
30 minutes

2 BY at regeneration How rate
4 to 8 BV at service flow rate
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APPLICATIONS
AMBERLITE IRA900 Cl is the ideal choice in all cases where the highest quality of deionised water- is desired.
Due to its excellent mechanical strength and good kinetics, it is particularly recommended for applieatians such as
condensate polishing where the resin can be operated at flow rates up to 120 BVIh or 120 rnIh. MtBERLITE
IRA900 Cl can be used as an organic scavenger placed in front of a deionization system. Working in the dtloride
form, it removes the more harmful organic substances from the raw water, protecting subsequent ani,..... e:"dtange
resins from possible irreversible organic fouling.
AMBERLITE IRA900 Cl is also suitable for colour removal from sugar syrups.

PERFORMANCE
The engineering data sheet EDS 0258 A provide information to calculate the operating capacity and sili<:a leakage
ofAMBERLITE IRA900 Cl used in water treatment.

LIMITS OF USE
Rohm and Haas manufactures special resins for food processing and potable water applications. As go''emmentaI
regulations vary from country to country, it is recommended that potential users seek advice from their Amberlite
representative in order to determine the best resin choice and optimum operating conditions.

HYDRAULIC CHARACTERISTICS (Water Treatment)

Figure 1 shows the bed expansion of AMBERLlTE IRA900 Cl, as a function of backwash flow rate and water
temperature. Figure 2 shows the pressure drop data for AMBERLITE IRA900 Cl, as a function of service flow rate

. and water temperature. Pressure drop data are valid at the start of the service run with a clear water and a correctly

classified bed.

Figure 1 : BED EXPANSION Figure 2 : PRESSURE DROP
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In Europe, all our products are produced in ISO 9002 certified manufacturing facilities.

CAUTION
Ion e.\change re5ms and pohmenc adsorbenli, as produced. contain by-products re5U1tln~ from the manufactunng pro.:css The user must determine the extent
to v.-hich organIC bv-producrs mu..<:t be fe!llOved for any panlcular use and estabh5h techmques to assure thal the appf0pnate level of pWlt)' is achieved for that
use The user must ensure compliance vol1.h all prudent safety standards and regl..!latolj' reqwrements go\emmg Ih<: applicatIon. Except Yonere specificalh
olher:"'se stared. Ruhm and HllS Cl~mpafi\' does not recommend lIS lOll exchange resins or polymenc adsorbems. as ~ppiJed. as bemg SUllable Of appropriately
pure tor am· pamcuJar use Consult ~'our Room and Haas tet:hmcal representall\·e for funher Inforrnauon ACidIC and baSIC reeenerant sohaJOos are corrosIve
and should be bndled In a IT"..anner thal Yolllprevenl eye and 5;; m contact Nllnc aCid and other strOl1g oXll:!Jsmg agems can cause explosi'.e type reactions when
mIxed Yo,th loo Excnan!!e reSlns Proper deSign of process eqwprnem !O prevent rapid bUIldup of pressure IS necessar. If use of an oxldlSlnl! a2ent such as mine
aCid IS comemplaled Before using Slr0ilg oXldlSlng agents 10 comact .... l1h Ion Exchange ReSIns. consul: S0i.lI~eS l..nv .... kdgeable In the handlme of these
IT..J!erials. - -

Rohm and .J-!O:.lS ("ompvrn' mckt's -'to -,,'a.~TOnlieS elrhcr expressed or !mp/ied as fa the acc!.!.racy ofopproorllJreni:'5S u( rh is data and <t_~pressI" uciudes o,u:
;'iGb:i:ry upon Rohm and Hat::s a~!!ing 01)1 of IfJ u.u. ~e recommend thQl rhe prospect!'..e users deU!rm/ne for ,hems,:I"'"! [he !iJllai:J!frn ofRoh~ and Haas .
mu[ena!s and sUggi:'SIIOns /or !Jny we pnor to their acapnoFt_ Sugg"..sflons for uses of our products of ,he
nC/'USlon o(desulpli'.'f' m;J(t'noirrom paU'7iS and (he ow!/on O) spi:'ollc parenrs in thIS pubhcollon SilOU.,J nOt

:Je LlIlderslood :Is~e(ommi:''!J;ng Ihe use of our produCis In '''[Oia/ion L~( any palenl or as permJSSlon or l;c"nse
10 use am: pori:'n{s of rh<t Ronm and Haos Company .'.falenaf Saln\" Data SheelS owf/l"Il!lg the ha~arJs oild
nondIlI'Tg 'metilOJs /0; our prod:..cts cri:' Q\"otla!:Jie on Ti:'quesr
A.\-!BERUTE IS a rrademari ofRonm and Ho= Company. ?hJlade!p!!IO. USA

Rohm and Haasllon Exchange Resins - 75579 Paris Cedex ! 2 - Te!' (33) 0 I ~O 02 5000 - Fax: 0 I ~3 ~5 28 19
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PRODUCT DATA SHEET

AMBERLITE IRA402 Cl
Industrial Grade Strongly Basic Anion Exchanger

AMBERLlTE lRA402 Cl is a premium grade strongly basic anion exchange resin of the type I, with a clear gel
structure. It is based on crosslinked polystyrene and has a very high bead integrity, good regeneration efficiency~
excellent rinse performance. It is used in co-flow regeneration and conventional counterflow systems "ith
downflow loading and upflow regeneration with air or water holddown. Combined with a strong acid cation
exchanger, AMBERLITE lRA402 Cl reduces both strong and weak acid concentrations to extremely low I~'els. Its
main use is therefore waterdemineralisaiiori. Other fi~lds of application include the treatment of electroplating
waste and the isolation ofanionic metal complexes.

PROPERTIES

"Manix ---, ~ _
<Functional groups _

Physical form~---:--------~---_
"Ionic form as shipped_= _
...Total exchange capacity (I]:c:- _

Moisture holding capacity (l] ~_

'" Specific gravity _~ _
Shipping weight _
Particle size

Unifonnity coefficient _
Hannonic mean size _
Fine contents [][ _
Coarse beads ::-:-- _

~1aximum reversible swelling _

[l] Contraclual value

Test methods are available on request.

SUGGESTED OPERATING CONDITIONS

Maximum operating temperature _
Minimum bed depth _
Service flow rate _
Regenerant _

Flow rate -,- _
Concentration ~ _
Level ~

,\1inimum contact time ~

Slow rinse _
Fast rins~ _

• / HI" fBed t"o!umeJ "" ! m3 solUTion per m3 resin

Styrene divinylbenzene copolymer
-N'(CH3)3

Pale yellow translucent beads
Chloride
" 1.30 eqlL (CI- form)
49 to 55 % (CI- form)
1.063 to 1.093 (CI- form)
670 gIL

,; 1.6
600 -750 J-lm
< 0.300 mm : 1.0 % max
> 1.180mm:5.0%max
Cl- -+ OH' ; 30 %

60°C
700 mm
5 to 40 BV*/h
NaOH
lt08BV/h
2 t04 %
60 to 150 gIL
30 minutes
:2 BY at regeneration flow rate
4 to 8 BV at servIce flow rate
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... _....--.__.- _.., .. - -_. _. -- ~ -"-----

AMBERLITE lRA402 Cl gives a pressure drop ofabout 13 kPa/m bed depIh per 10 mIh at 15°C.
A backwash flow rate of6.5 mIh gives a bed expansion ofabout 70 % at 15°C.
Pressure drop data are valid at the start ofthe service nm with a clear water and a correctly classified bed.

LIMITS OF USE

AMBERLlTE IRA402 Cl is suitable for industrial uses. For all other specific applications such as pharmaceutic3.I.
fuod processing or potable water applications, it is recommended that all potential users seek advice from ROOm and
Haas in order to detennine the best resin choice and optimum operating conditions.

In Europe, all our products are produced in ISO 9002 certified manufacturing facilities.

CAUTION
Ion <::xchange resins and poIymenc adsorbi:nts., as produced. contain b)-products resuhina; from the manufaetwing process The user mUSl deterrmne the ext:-n!
to .",tuch organiC by-products mUSl be removed for any panl~ular use and e:;ubllsh technlqtieS to assure that the .appropnate level or punry is achIeved for that
use. The user mUSl ensure compllance ..,th all ::Hl,Jdent salet:- xandards and regulatory reqwrements governmg the applIcatioo: Except where specificallY
Oiherul5C Slated. Room and Haas Company dIXs nOC recornrnend as 1011 e'\change resins or po!YIIJ(:nc adsorbi:nts.. as supplled. as being suitable or appropriatel;..
pure for any particular use Consult your Rohm and Haas lechmca! represema!lve for further Information. ACIdic and baSiC regenerant solutions are COITOS1V-e
and should be handled In a manner that \\111prevenl eye and skm COfllaCl ~~llnc aCId and O[her strong oxldlSlng: agenlS can cause explosi,'e t"re reactions when
mned 'omh loo Exchange resins Proper deSlgnor process equlpmern 10 pre\em rapId buildup of pressure IS neceSSJ.r.' If use of an oXldlSmg 32ent such as mIne
aCId IS contemplated Before lb1ng strong oXldlstng agents m comact "llh loo E:\change ReSIns., consult sources knowledgeable m the handling of Ihese
matO'nals..

Rohm and Haas Company mak.es no >+-arranIUS el/her e.xpressea or implied as 10 the accuracy of apprapflaleness of [hiS dara una c.pressl'.' c.c!udes am'
fJO!:nf:n- :.:pon Rohm and Haas anSinR out oflIS use We recommend theI [he prOSpeClIW! users determine for Ihemsd.'es rhe swrai)Ihrv ofRoh:n and Hc.as .
mOJenals cnd suggeS[lons for alll' !-lSe pnor to rhelr adopt 1011 Suggestions for l>Ses of our products of Ihe . -
inclUSiOn ofdescflCJll\:e maurra! (rom paUnlS and the ~Ila!l()n of5;xc'fli: pale'nIS m thiS publication should not be
understood as recommend."lg Ihi:' use of our producrs In l-·i()i~tl<Jn...,or' c":,;' parem or as pe~m!sslon or fli:eme 10 US"
any parenIS o/rhe l?ohm and Haas Company. ,Haruwl 5,J;1jery ,---o<Jra .'vIUts outlmlng [ne lw.=ards and handling
meThods for our produc:s ere aWl,laole on request
.-ntBERUTE is a !radi'marJ: of Ron.'I'I and Haas Company. Pftilo,;;'"ipnlo. 5 A

Rohm and Ha;;s,1on Exchange Resins - 75579 Paris Cedex 12 - Tel. (33) 0 I 4002 5000 - Fax: 01 43 45 28 19
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APPENDIX C

The following software, written In Pascal calculates the mass transfer

coefficient, single component Freundlich and Langmuir isotherms. The software

can also be utilised to calculate the multi - component Freundlich and Langmuir

isotherms The software stores the different values for the variables in arrays

and then calculates the different components by means of procedures.
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program thesis;

type
a~r2ytype=array[1.. 1000] of real;

var
arrayl,2rray2,array3:arrayt~~e;

C,calc,value:integeri
SQ~x,sumy,density,volume,

diameter,mass,concl,conc2,~ime2,conc3,~ime3,yvall,yval2,yva~3,

ysqr,xsqr,xy,xrr,ean,ymean,nurrber,gradient,ycut:real;

{Prompts and stores amoun~ of experiments and concentrations)
procedure experiments (var valuex,valuey:arraytype;var val~e:~n~eger!

var C:inc:eger;

begin
wri~e \ 'Enter the amoun~ of experimen~s done:
readIn (value);
wri -ce~n;

for each experiTen~:''Enter -che initial concen~ra-cion\nol/d~~3i

(valuex[C]) ;

fer C:=l to value do
oegl:"
w-rite

er-a;
write~n;

fer C:=l to value do
begl;l.

readl~ (valuey[C]);
EC1d;
wr2.. -ce2.n;
end;

D~OCeQUre experime~tsl

\,rar
C: in. tege.:;

begi:rI.
for C:=l ~o value Co
be;ir:.
wrl~e (rEnter the equilibrium cG~cen~ra=io~(~cl/dm~3

sclu::io:n.: '
readln (val~ez[CJ

C::":"1=e;e~;

5'...:..;':;0:::-:, SL!...."'TIofy, SUT:lOfzs~.r, 5;J.,,:ofysqr, s'-.:2',of~.::::.',average:-:, a'/eragey, b, a, sqrr, '=::;~s:.an'::re

for C:=' co value dc



92

sumofx:=sUIDDfx+ln(valuey[C]) ;
slli~ofy:=surnofy+ln(valuex[CJ-valuey[C})

sQmofxsqr:=sQmofxsqr+sqr(ln(valuey(CIJ );
sumofysqr:=slli~ofysqr+sqr(ln(valuex[C]-valuey[C})};
surr,oIxy:=sQmoIxy+ln(valuey[C])*ln(valuex[C]-valuey[C])
end;

averagex:=suffiolx/value;
averagey:=suffiofy/value;
b:=(value*s~,ofxy-sumofx*sumofy)/(value*sumofxsqr-sqr(sumofxj);

a:=averagey-b~averagex;

sqrr:=(a*sumofy+b*sumoIxy-value*sqr(averagey))/(sumofysqr-value*sq~(averagey)

constant:=exp(a ;
wri-celn;
wri"'Celn ('The Freundlich isotherm: Qe=',constant:6:3 t 'CeA',b:~:2)

writ:eln;
writ:eln ('The coefficient of deterrnination(RA 2) ',sqrr:6:3)
end;

{Calculates and displays the multi-cowponent Freundlich isotherm}
procedure mul tifreundlich (var arrayl, array2, array3: ar raytype; '/aluE:: integer)

var
C:integer;
sumofx,sumofy,s~~ofxsqr,sumofysqr,su~ofxy,averagex,averagey,b,a,5qrrl,cons~ant,s

urr.ofxl,sUITlofyl, sumofxsqrl,sumofysqrl,sumofxyl,bl,n: rea1;

begi:1
fer C:=l LO val~e do
begin
sumofx:=sumoIx+ln(array2[C] )
sumofy:=sQ~ofj+~n(arrayl[C]-arraj2[C]

s~~ofxsqr:=s~~ofxsqr+sqr(ln(array2[C]} );
sQTofysqr:=su~ofysqr+sqr(ln(arrayl~C]-arraj2[C]

sUffiofxy:=sumo:xy+ln(array2[C] )*1~(arrayl[CJ-array2[CJ

end;

averagex:=suffiof~/value;

averagey:=sumofy/value;
b:=(value~su~ofxy-suffiofx*sumofy)/~value*suffiofxsq~-sqris~~o=xi);

a:=averagey-b~averagex;

sqrrl:=(a*slliucfy+b*sQ~ofxy-value*sqr(averageyj)/(sumofysqr-value~sqr(averagey)

constant:=exp a ;

fo~ C:=l to value do
begin
sili~ofxl:=slliuofxl+array3[C];

s~~ofyl:=sumo=yl+( ((cons~a~t*array2L~i;/(arrayl[C}-a~ray2~=l

array2 [C] ) ;
su~ofxsqrl:=s~~o:xsqrl+sqr(ar~ay3~Cl

SG~ofysqrl:=s~~ofysqrl+sqr~ (i

Dj ;-arra::/2~,::~

a~ray2 [Cl)

Slli'7Dfxyl:=S'.l:7'Dfxyl+ ::arr2-::,'3 [,:],..
, ,

e~c.;

bl:=(val~e~s~.ofxyl-s~,ofxl~s~~ofyl!! value~s~nG£xsqrl-sqr su~ofxlj

r::=b-:;

en;::::;
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{Calculates and displays the Langmuir isotherm}
procedure langcalculation (var valuex,valuey:arraytype;value:integerl

o
var C: integer;

var

slunofx, su..rnofy, Slli'tlO£xsqr, sumofysqr-, sume fxy 1 a veragex, averagey 1 iJ, a, sqr r I cons tant, co
nstantb:real;

begin.
for C:=l to value do
begin
sumofx:=sumofx+l/(valuey[C])
sumofy:=su..mo£y+l/(valuex[C]-valuey[Cl;
sumofxsqr:=s·~~ofxsqr+sqr(l/(valuey[CJ);;
sumofysqr:=sQmo£ysqr+ sqr(l/(valuex[C]-valuey[C]));
sumofxy:=sumofxy+l/(valuey[C])*l/(valuex[C]-valuey[C]);
end;

ave~agex:=sUIT_ofx/value;

ave~agey:=surnofy/value;

b:=(value*surnofxy-sQ~ofx*sumofy)/(value*sumofy.sqr-sqr(sumof~)

a:=~veragey-b*averagex;

sqrr:=(a*sumofy+b*surr,ofxy-value~sqr(averagey))!(sumQfysqr-value~sqr{2veragey));

co~s~ant:=l!(b);
cODstantb:=constant*a;
wri~eln ('The Langmuir isotherm:
Qe=,: ',corlstant:6:3, 'Ce)! (1+' ,constantb:6:3, 'Ce) };
writeln;
writeln {'The coefficient of det:er::nination(R A 2; ',sqrr:6:3"
enci;

{Calculates and displays the ~ulti-cospo~ent Langmuir iso~~er~)

procedure multilan~~ir (var valuex,valuey,valuez:arraytype;val~e:iDteger)

var
c: in.t:eger;
s~~ofx,sumofy,slli~ofxsqr,sumofjsqr,5u~ofxy,averagex,averagej,b,c,sqrr,constant,co

nstantb,slli~ofxl,sumofyl,sumofzsqrl,s~ofysqrl,sUIT,ofxy~,bl:real;

begin
for C:=l 'to value do
begin
sU2ofx:=slli~ofz+l!(valuey[Cl)

S~~OfY:=5lliTofy+l!(valuex[CJ-val~ey[CJ

s~~o£xsqr:=s~~o£xsqr+sqr(l/(valuey[CJ

susofysqr:=slli~ofysqr+sqr(l!{valuex[C:-valuey[C}
sU2ofxy:=slli~ofxy+l/(valuey[C]!*1!(valuex[C]-valuey[c})

averagex:=slli~ofx/val~e;

averagey:=sumofy!val~e;

b:= value*su~ofxy-sumofx~s~~ofy/\valUe~5umofxsqr-sqrs~~ofxJ

a:=ave~agey-b*ave~2ge~;

sqrr:=(a~sG~ofy~b~s~~ofx;-value~s~r(averagey)!\su~ofysqr-vclue~sqraverage;:
co~sta~~:=l/ b ;



for C:=l to value do
begin
sQmorxl:=sumofxl+l/(valuex[C]-valuey[C]);
sQmofyl:=s~mofyl+valuez[C]/(constant*valuey[C]);

sumofxsqrl:=sumofxsqrl+sqr((l/(valuex[C]-valuey[C})) };
surnofysqrl :=sumofysqrl+sqr ( (valuez [Cj / \ constant*valuey [C] ) } ) ;
sQmofxyl:=sQmofxyl+(l/(valuex[C]-valuey[C])*(valuez[C]/(constant*valuey[C]))};
bl:=(value*sUIDDfxyl-surnofxl*sQmofyl)j(value*sQmofxsqrl-sqr(suffiofxl))
end;
writeln ('The multi component Langmuir
equa::ion=l ,constant:6:3, 'Cell {l+' ,bl:6:3, 'Ce2j');
end;

{Pro~pts and extracts values for calculating mass ~ransfer coefficient}
procedure masstransfer (var vl,v2,v3,v4,v5,v6,v7,v8,v9,vlO,vll,vl2:real)

cons::
v13=D;
begin
write ('Enter the density of che resin (kg/m~3) I;
readln {vI);
wriceln;
';-lrice f 'Enter the volume of the rea,:::tor (m~"3:, ! J;

readl!l (v2);

wri:::'21!1;
wrice ('E!1ter the particle dia~eter '~

reacilr:. ('13);

wrice ('Enter the mass of resin (kg;"
reaaln ('14);

wri;:e1n;
wrice ('Enter che inicial concE!1tra::'ion (ppm:, ');
readIn ('IS);
'110:==ln ('15/'15);
wriceln ('Enter the time (s): ,'113:2;;
-..,rricel!1;
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'Enter the concencracion of t~e second sample (ppm;
readln (v6);
'1l1:==ln(vS/'16);
'dri te (' Enter the time elapsed oe:o::e C:-1e second sample .: s) ) ;
reacIn ,. v7) ;
'..,rrit'21n;
write ('Enter che conceneracion 0: t~e chird sample ppm)"
rea:::ln (vS);
'112: :::::In (v5/v.3)
wrice ('Enter che eime elapsed before che chird sample is)
readln (v9};

{Ca~~~lates masscransfer coefficient:
prcce:l'.lre !TL2.Sss"Cats var '114, ',./:'5, v CS, -,- "7 , -J13! v19, '12 D, '"' I, '.... j, V J..u, v-.:. -'-, '.':2: re2l

consc
'Jl3=C;
n~,..8er=3;

;....,,;=> ,-r' ...,
-_.~---

vl':;:=v13+v7+v9;
v15::::::vlO+vll+v12;
v:6:=Sqr(vlO}~3~r(vl~ ~Sq~ ~~~!

v1 7 :=Sqr t v13 +Sqr:v7:~Sqr ~9
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v18:=v13*vlO+v7*vll+v9*v12;
v19:={v13+v7+v9)/nuwber;
v20:=(vl0+vll+v12)/nuIT~er;

end;

procedure rnasstrendline (var b,v21,v22,v23,v24:real)

const
nurrber=3;

begin
b: = \ nurnber';"v21-v22 *v23) / !. n~_lInber'" -24 -3::;:.:- (v22) ! ;

end;

{Displays mass ~ransfer coeffici~nt}

function mass~ransfercoefficien~ va~ b,vl,v2,v3,v4:reall :real;

begin
masstransfercoefficient:=(b*vl~v=+v3

end;
6'v4

begin
while calc<>O do
begin
write-In;

. ,---ENTER sQur·n;...LS::7 rn..J:---::::~F2_ FeR SPECI?IC C.::'LCU:""":'.'rIC?·J,

'"TO END Cl....LCULl),:I::.:c,n :::::T:::P ! I))

, ,
'.-lri teln i I

wriL:eln
writeln;
writeIn ('l:Mass r:ransfer calc~~3~lo~.

write-In
Tdrl r:eln

writeIn ('2:Freundlich isotherm ~alc~laL:ion.

T...lriteln I f3:Langmuir isotherm ca=-:ula:::.i.on.');
wrlce~r. 1'4:FreundIich 2ul~i c~~p~~e~::: isot~er~ :alculatiGD.
wri-ceIn (' S:Langmuir multi C02:;:::::":e~c '::'sot::-,erI"C', ca':"cula.tio:1.'
writeln;
wrice 'Enter equivalen-c nUIT~er:

readIn (caIc)

if calc=l then
begin
masstraI"'"srer
(densicy,vol~lie,diameter,mass,co~cl,conc2,ti2e2,conc3,time3,yvall,yva12,vval3)

::::~~:~:~~~~~{:~:~~~~~~~~~;~~:~'~~~~~~~~:~an,~l~e2,time3,yva~1,yva12,yvai3!
·,,;riteln;
write-In ('The mass cransfer
coefficient(kf): ',masstransferccefficient gradient,de:1sity,volume,diameter,mass
:10:5, 'rrJs'

if calc=2 che~

begin
experi:cnen"C.3 (a:c:cayl, array2, val:-:e

end;



begin
experiments (arrayl,array2 t value);
langcalculaticn (arrayl,array2,value);
end;

if calc=4 then
begin
Experiments (arrayl,array2,value);
experimentsl (array3,value/;
multifreundlich (arrayl,~rray2,array3,value);

end;

if cal c=S then
begin
experiments (arrayl,array2,value);
experiments 1 (array3,value);
multilangmuir (arrayl,array2,array3,value);
end;
end;
encl.
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WASTE TREAThIHiT Ai\,'D ENvlRO/'<1'>lENTAL LMPACT IN THE MINING It'-'DUSTRY
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THE RECOVERY OF CYA~IDE BY IO~ EXCHANGE RESIN

J W. Coetzee and V. K. Strangfeld
Department Chemical Engineering
Cape Teclmikon
POBo" 652
Cape Town
Republic of Sonth Africa

ABSTRACT

Cyanide is used extensively in the mining industry to leach gold and silver from their orcs_ This
results in free cyanide and various other cyanide complexes reporting to the ctllucnt stream5 of
these operations. In this study the removal of these species from solution by means of ion
exchange resins was investigated. Equilibrium conditions. kinetic rnramclcrs and the compctiti\"c
exchange nature of the process was evaluated. From the results obtained it has been found that ion
exchange resin could be used effectiYe!)- 10 reco\"er free cyanide and certain cyanide complexcs
from solution. Furthennore. it is believed that the cyanide could cffectively be rcco\·ercd ;.md re
used in the process facilitating a decrease in operating costs and having a positi\·c effect on the
environment.

INTRODUCTION

Cyanide. in the foml of calcium or sodium cyanide. is used. e.xtensiyely to leach gold and silver
in the mining industry. Furthennore. due to equilibrium constraints and kinetic considerations.
cyanide is added in exccss to that required theoretically. resulting in free cyanide and cvanide
complexes reporting to efflnent streams (Stanky. 1987). In vie" ofthe fact that cvanide is'ru!!hl\
toxic and fatal in small dosages. authorities have been forced to tighten plant disc~g~
regulations. Thus gold producers Itn-e been made aware of the necessity to reduce the levels of
these to"ic species in plant discharge.

Although various methods exist whereby free cyanide mav be destroYed. the cost effective
recovery of these species have not been achieved on large scal~ in the mini~g sector (Lawr. 1929:
\IcNamara.1987: A\cdesian et a1.. 1983). !\foreover. certain cyanide complexes are highly stable
and difficult to destroy (Smith and \Judder l~~ 1).

TIle first phase of this study concentrates on the effective remoyaJ of free cYanide and certain
cyanide complexes by various ion exchange resins. The second section. ,,·hich falls outside the
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scope of this paper. deals ,;vith the recovery of the ~yanidc by means of an acidic stripping agent
evolving HeN gas. which is then recycled to the leaching stage.

THEORY

External Mass Transfer

\Vhen making the relevant assumptions. an expressIOn for extemal film transfer in a batch
reactor mav be found (Van Deventer. 198-1):

• The adsorbent particals arc cquivelant spheres
• Intrdparticle diffusion is negligible during the initial stages of ion exchange
• Isothennal conditions during ion exchange
• Equilibrium exists at the solid-liquid interface

THEN:

Equilibrium

k ,

(e '
1n l 0

, C, : pdi'

6Af

Single adsorbme equilibrium loading is frequently described by the Freudlich isotheml (l\lorris
and Weber. 1962):

() = Ae"_<' e

PrO\ided the FreudJich isotherm describes the equihbrium loading of each indiv'iduaJ species.
the follOWIng may be used for a two component system (Sheindorf et a1..1981).

Furthermore. for multi-eomponcnr equJlibria. empincal correlations such as the Fritz and
Schluender Isotherm have been proposed (Fntz and Schluender. IY7~)
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EXPERIMENTAL

All experiments were conducted in a 1 liter baffled tank reactor llSing mechanical agitation at
constant stirring speed Also. experiments wcre conducted at a constant pH of 12 to eliminate
HCN formation. Four different resins were eya[uated and will be named A. B. C. and D to protect
supplier interest. A volume of I ml reSll1. measured by the "tap method" was used an all
experiments. F~ee cyanide. copper and nickel cyanide was recovered from solution and the
recovery efficiency deternIined by mass balance by monitoring the solution concentration decJ:'t
by means of an atomic absorption spectophotometer

RESULTS Mm DISCUSSION

Due to the limited length of the article it was decided to only list the results obtained \\ hen
using the ion exchange resin that shO\\"ed the most promising results in the cyanide [eem"er)
experiments. This resin will be named resin A.

EQUILIBRIUM PARAMETERS

It was found that the single component Freundlich isotherm best explained single adsorbate
equiIibriwll conditions for the set of tests perfonncd :

CN

Fe Cyamde

CII Cyanide

o = 039 Cl I
-'.'

By inspection it becomes clear that the single solute recovery of copper cyanide is superior to
that of iron cyanide recovery at Iow and [ugh concentrations. Furthermore. the equilibrium yalues
of free cyanide removal is superior at higher concentrations but inferior at lower equilibriwll
solution concentrations. These results \yere consistent to that obtained when the other ion
exchange resins ,vere used as exchange agents. These results are graphically shown in Figure 1.
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Figure I: Equilibrium loading of free cyanide and ion- and copper cyanide complexes

\Vhen copper- and iron cyanide were remO\"cd from an c.'\cess free cyanide solution. it v.as
found that the effect of free cyanide could be ignored and that a two-eomponent FrcundlIch-tvpc
isotherm described the competitive nature of the process adequately Thus. free c:-,.:::mide influence
was minimal and it "vas not necessary to revert to the use of multi-eomponent isothemls such as
the fritz and Schuendler isotherm. The following \,\.-as obtained by using numeric techniques'

O ( ' r,-- (' "'-I
_'!.Cu == 16.8 . '!.C" II 2.C'" + 1-1 ..:.F,z J

() - 7" - (' rC' ." 6C' ]000-1
_cFf! - ....J., ~.Fe ~ ~ ;;.Fe .... .". . ".Cv j

By analysing the above relationships it becomes clear thar copper CYanide ion exchange has a
much larger influence on iron cyanide exchange in the multi-eornponent solution than the reverse.
This is clear from the relatively large difference in the values of the competing factors. R, and
B:: I This result is consistent \\ith results obtained by using any of the other ion exchange resins
used
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Kinetic Parameters

Kinetics of ion exchange in all experiments conducted were found to be relatively fast. TIlis is
graphically illustrated for free cyanide recovery in Figure 2 where it becomes clear that
equilibrium conditions are attained mpidly.

Figure ii: Solution decay of free cyanide

The mass tmnsfer parameter. kf. obtained in various Copper- and Iron cyanide solutions arc
tabulated below. B!c closer investigation it becomes clear that the kinetics of Copper cyanide
recovery is superior to that of Iron cyanide removal. Tills result is consistent with results obtained
using resins B. C and D.



J W. Coetzee and V. K StrangfeId

Table 1: !vlass transfer parameters for ion- and copper C\amde complexes

SPECIES

Fe cyanide
Cu CYanide
Fe cyanide
Cu CYanide
Fe cvanide
Cu cyanide

[INITIAL] mgr')
Single adsorbate

solution
YS
10.7
39.0
363

[INITIAL I (mg.l ])
\1ulti-componcnt

solution

-l0 I
-l0.3

k,lmsJ
Ix 10')

3.3
5.0
1.7
2.5
1.5
LY

CONCLUSIONS AND FUTURE WORK

It has been found that free cyanide and copper- ~md iron cyanide complexes could be fe-covered
from solution effectively in a batch configuration and that single solution ion exchange equilibria
are well explained by the Frcundlich isotherm. FurthcmlOrc, the kinetics of ion exchange is
relatively fast \\ith equilibrium auained Y''-11hin a short period of time. Copper c}'anidc complexes
\vas found to have a larger equilibrium loading and h.igher mass transfer kinc[ics when compared
to iron cyanide complexes over the whole range of ion e."change resins applied_

Future work ,,-iU include the investigation of the regeneration process and effective recycling of
the cyanide to the leaching stage_

Nomenclature

A Constant
a Constant
B Constant
C Solution concentration [mg.r!]
d Resin particle diameter [m]
k· "lass transfer parameter [ID. S ! J,,! Mass of resin [kg]
n Constant
Q Equilibrium loading [rug.g·]I
t Time [s1
\i Volume [m·']
~' Density lkg_m'3J

e Equilibrium
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