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ABSTRACT
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Cyanide, as a chemical compound, can be found in the effloémismerous industries,
particularly mining The bxicity and concentration control of cyanideringgold and silver
extractionecessitatéheprecise detection and determinatadrthis conpound.Therefore,

this topic has been the focus of finding and then comparing experimentally the different
available methods for analyzing cyanide.

In the theory part, numerous cyanide compounds in mining effluents were studied. Then,
different analysis mthods including titration, distillation, flow injection analysapplying

the alkaline solution opicric acid,ion selective electrode, and chromatographic methods
were described. In the experimental part, silver nitrate titration as the most commonly
applied methods in the gold extraction industry was selected to determine free cyanide
concentrations in aqueous solutions.

In the experimental partwo series of experimentsere conducted. In the first series,
potassium iodide in the presence of ammonium hydroxide was used as an indicator. In the
second sets of experimentsdimethylaminobenzylidene rhodanine was applied as the
indicator. In both sets of thexperiments, silvemitrate solution was utilized as the titrant for

the determination of free cyanide concentration irstigiumcyanide solutioa

The results showedhat the optimum sample volume for the analysis is 5 ml, and
p-dimethybminobenzylidene is the most reliable indicator. In additiothetase of using
this indicator, 0.0012ol/liter silver nitrate is thenost suitableoncentration ofhe titrant

for the analysis of cyanide in solutioosntaining50-100 ppm free cyangl Furthermore,

0.000125mal/liter silver nitrate is thenost suitableeoncentration othetitrant in solutions
containingl-10 ppm free cyanide.

Finally, the datawere applied for the determination of free cyanide concentratian in
synthetic mine water. According to the results, by using silver nitrate as the titrant and p
dimethylaminobenzylidene rhodanine as the indicator, it is feasible to determine the
minimumconcentration 010 ppm free cyanide in the synthetic mine wa#dso, theresults

showed that the presence of 1000 ppm sulfate, 10 ppm nitrate, 15 ppm ammonium, and 100
ppm chloridein the mine water didot cause significant interference.
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1 INTRODUCTION

Cyanideis a carbon/nitrogen compound that is present in different forms, such as free
cyanide, simple cyanide compounds, mets@nide complexes, and cyanidgdated
compoundg(Sentruk 2013. This compoundexistsin gas, solid, and liquid form from
numerous raral and anthropogensgourcesthe natural source of cyanidesmore than

2000 plant species (comprise cyanogenic glycoside), fungi,naaorganism such as
bacteria(Simeonova & Fishbein2004) Cyanide can be found ariouseffluents from
several industries includingcoal coking mining, ore leaching, metal electroplating,

photography, andteel temperingMoussavi, Majidi& Farzadkia2011)

Cyanide is widelyusedin variousindustry sectors including jewelry making, synthetic
nylon, and rubber production, electroplating, agriculture, ramdng (e.9. gold and silver
extractior) (Kuyucak & Akcil, 2013) In the mining industrygold and silver extractions are
carried outvia the cyanidationprocess.n this process, the high tendency of cyanide to
complex with goldand silverresults in the @dsolution and removal of thepeecious metal
from ore bodieshowever the affinity of cyanide to react with other metals in the ore tesul

in its consumptiorfNorman & Raforth1994)

Thereleased wastewaténom the mining industrymay containmetalcyanide complexes
The change of pH or exposure to sunlight results inidinézation ofthesecomplexesand
the releaseof free cyanide(PohlandtJones& Lee 1983) Free cyanideasthe sum up of
molecular cyanid¢HCN) andionic cyanidg(CN), is the primary toxic agenfccording to
the conducted resear(BPA 201(), 0.54mg CN/kg weigh bodyis the oral lethal dost®

humars.

To sum upthe toxicity of cyanide anthe efficiency of the cyanidation processcessitate
its rapid and precise determinatidfor this purposevarious techniqueswith their own
advantages and disadvantages/e been developed. These methousude titration,
distillation, flow injectionanalysis,applying the alkaline solution picric acid,ionselective
electrodes, amperometric, and chromatographic metifgdsing et 412008 pp.731735



1.1 Objectives, research problems, and research questions

The mainobjectiveof this researchvas to compare different methods according to their
accuracies, limitations, parametedstection limitsand define the besbethodfor reliable

analysis procedurd his studyaims to answer four main question

1 Which indicator shows lower error in the determinationCdf concentration via
silver nitrate titration method?

1 What is the optimum titrant concentration for the determination of speciic
concentration?

1 Whetherthe presence of main interferences whicéyyrbe found in mimg water
(sulfate, ammonium, chloride, and nitrate) affect the determinationClgf
concentration?

1 What is themost suitablerolumeof the sampldor theanalysis of cyanide solutions?



1.2 Framework

Theconceptual framework of this research is presented as a flowcligrira 1

Analysis of cyanide in
minina wates

nitratesolution

p
Titration by silver ]

The first set of experiment: The second set of exnerimen:
Determinatiorby potassium Determinatiorby
iodide in the presence of p-dimethylaminobenzylidene
ammonium hydroxide rhodanine

Selection of optimum
parameters

The third set of experiments
Determination of free
cyanide concentration in
synthetic mimg water

Figurel. Framework and steps of the study.



LITERATURE REVIEW

Cyanide can be found in various environmental elements from a wide range of natural or
anthropogenic source3he toxicity and concentration control of cyanide in the mining
industry (gold and silver extractionjake its precise detection necess@herebre, several
methodshave beerdeveloped to determinearioustypes ofcyanide Different types of
cyanide, its sources of occurrence, and the level of its toxethe environment, humans,

and other living creatureme described in the following semrtis

Cyanide complexes are classified into free cyanide, weak acid dissociable (WAD) cyanide,
and total cyanide. The term free cyanide referstteer molecular hydrogen cyanide@N)

or ionic cyanide CN). The weak acid dissociable cyanide are cyarspecies which
dissociate in acidic condition (pH 46 and release free ayide. Total cyanide or strong

acid dissociable (SAD) cyanide refertte allinorganic chemical forms of cyanide which
release free cyanide in strongly acidic conditions.

Seveal methods includingditration, distillation, flow injection analysis, applying the

alkaline solution opicric acid,ion selectiveelectrodesamperometric, and chromatographic
methodshave been developed to determine different cyanide spé&tiese methods, their
drawbacks, advantages, procedure, and detection limit are also discussed in the next sections.
Additionally, the removal of cyanide with natural degradation, chemical owidatand

electrocoagulation armtroducedat the end othis chapter

2 CYANIDE

~

The term Acyanideod refers to the wide vari
CN maety in their structurgKuyucak & Akcil, 2013) Amongall these chemicdorms,

free cyanide (sum dACN and CN) is the primary toxic agentegardless ofts source
(Simeonova & Fishbeir2004) The chemical structure &N in which one atom of carbon

is bonded to one atom of nitrogen througfigle bondis shownin figure 2 (Birmingham

City University, 201}



0

. =Hydrogen Electron

. =Carbon Electron

>< = Nitrogen Electron

Figure2. The chemical structure of cyanide i@irmingham City University, 2011).

TheCN structureshowsthatnitrogen hashree bonds and one unshared pathetlectron
Although carbon has the same structure, its tendency to form four bualds CN unstable

and highly reactivgGary et al 2014 p.169. The Lewis structure oCN in figure 3
represergone sigma (0) bond, t wo pi Thés)andpand
orbitals of this ionare filled with electronand this makes cyanideehawe similady to a
halogen (Psewdhalogen behavior). The empantibonding orbitals in this ion can form

the bond with the d orbital of the transient metals which results in the fornudtioatat
cyanide compounddudder, Botz& Smith, 2001, p.?).
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Figure3. The Lewis structre of cyanide ion (Gary et,&014 p.169.

2.1 The occurrences of cyanide

Cyanide can be found naturally in the seeds/keritethe leaes,as well as in the rosbf
severalplants There are2,650 plant specie@hat contain cyanogenic glycoside) which
the amount of cyanide in thetan reach to moriaan 100 ppmThe cyanide concentrations

in some plant species are summarizethible 1 (Lottermoser201Q pp.243244)



Tablel. The cyanide commtrations in some plant spec{daszeak et al 2017;Logsdon,
Hagestei& Mudder, 1999)

Plant species Plant component(s)/types Concentration
Tip Max 8000 mg/kg
Bamboo Leaf 1010 ppm
Stem Max 3000 mg/kg
Leaves 377-500 mg/kg
Cassavdsweetvarieties) Roots 138 ma/kg
Dried roots 46 100 mg/ kg
Mash 81 mg/kg
Leaves 347-1000 mg/kg
_ o Roots 327-550 mg/kg
Cassava (bitter varieties) ]
Dried roots 95-2450 mg/kg
Mash 162 mg/kg
Bitter 2802500 mg/kg
Almond Sweet 22-54 mg/kg
Spicy 86-98 mg/kg
Sorghum Leaf 750 ppm
Whole young plant Max 2500 mg/kg
Apple Seed 108 mg/100 gr
Plum Seed 696 ppm
Manioc Root 27 ppm
Spinach Leaf 2.51N0.6 £g
Nectarine Seed 196 ppm

Apart from natural occurrences of cyanide, there are anthropogenic sources which can
introducevarious forms of this compound ttifferent environmental element€yanide
concentrationsn the atmosphere, water, and soil frtimese sources are presentedhbinle

2. (Simeonova & Fishbeir2004)
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Tabe 2. Cyanide concentratianin the atmosphere, water, and soil from anthropogenic

sourcegEisler, 1991, Jaszczak et a2017 Kuyucak & Akcil, 2013)

Type of sample Source ofsample Concentration
Smoking tobacco 0.5 mg/cigarette
Automobile exhaust
Adverse conditions Max 10 mg/kg
Atmosphere i ) .
Equipped with catalytic convertor 1.1 mgkg
Gold field 0.76 ppb
Fire 1.8+3 pg/n?
Electroplating waste:
Total cyanide 0.2; max. 3mg/kg
Dissociable cyanide 0.07 mg/kg
Complex cyanide 0.2 mg/kg
Thiocyanate 0.02 mg/kg
Road salt dock:
Total cyanide 25.6 mg/kg
Water Dissociable cyanide 2.9 mg/kg
Complex cyanide 23.1 mg/kg
Thiocyanate 0
Gold cyanidatiorsolution 540 mg/kg
Oil refineries:
Total cyanide 0.01; max. 4mg/kg
Dissociable cyanide 0
Complex cyanide 0.0.Mg/kg
Thiocyanate 2.2 mg/kg
Coking plant sites (France) 46.5+14.5 mg/L
Soil Gold mine (Brazil) 0.831.44 mg/kg
Techatticup (Minesites inUSA) "0.01 mg/kg
Coking plant site¢Germany) 0.14 mg/L

2.2 Applications of cyanide

Cyanide is avaluable chemical compound which is knowraasajor building block for the
chemical industryTherefore, annuallynore than ¥4 million tons of cyanide is produced
and used in variousdustrialsectorsThe applications of cyanide and cyanides compounds

in some sectors are summarizedahble 3 (Logsdonet al 1999)
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Table3. The applications of cyanide and cyanide compoundarninus sectoréSimeonova
& Fishbein 2004;Taylor, 2006)

Cyanide species Chemical formula Sector Application
. . As fumigant
Calcium cyanide Ca(CN), T .
As stabilizer for cement
Fumigant
Cyanogen CoN, T Fuel gas for welding and cutting
heatresistant metals
Sodium nitroprusside CsFeNs NaeO Pharmaceutic As antihypertensive agent
Laetrile . pharmaceutic Anticancer activity in animals
Sodium Ferrocyanide| NasFe (CN)s.10H20 photography Bleaching
_ ] ) Electroplating
Potassium ferricyanide CeFeKsNg ) o 1
Calico printing
Mining Extraction gold and silver
Sodium cyanide NaCN Electroplating 1
Transport Fumigation of ships

The mining industry utilizes 13% of worldyanideproduction, mostly for gold extraction
(Kuyucak & Akcil, 2013) Thedissolution and removal of this precious metal can be carried
out via severalechniqueshowever the cyanidation process is the most commonly applied
method since 189@Viudderet al 2001, p.1). The dissolution of gold is a twstep process

in which hydrogen peroxidéH>0.) is produced as an intermedigigee reactions-3)
(Norman &Raforth 1994)

CO6 TOWOUCOU U © ¢ Wwoool ¢0 WL 000 )
CO6 TOWOUO0 © ¢l Wwoool ¢cO WL O (2)
And the overal/l reaction is that i's known
TO06 WOO0O0 ¢OULO THWOOOU 10 0 O 3)
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The overall steps of gold processing are shomfigure 4 According to this figurethe gold

ore is crushed to fine powder through the first step. After flotation, as the second step, if the
gold ore is refractory (the microscopic particles of gold are mwig silver, zinc, and
copper) some pretreatment procedures such as roasting or oxidation should be applied prior
to the leaching. This step is followed by cyanide leaching that can be either heap leaching
(for low-grade ore) or agitate leaching (for higrade ore)After that, the main objective is
extracting the solubilized gold from the solutidine processing steps are described in more
details infigure 5 (BarbenAnalytical2015; OCEANAGOLD 2015)

Crushing and
grinding

N

Flotation
(ores with sulfides)

T

v v v

[ :3&'23:; J Bio-oxidation
Cyanide leaching

[ ‘ | (Heap leach, Agitated
. leach)
g

Pressure oxidation l v

Y

- carbon stripping Extraction
Electrowinning (Eluation) |i (Carbon in pulp) J

h

Wasle Treatment
end product «— Smelting (Tailing and Cyanide
Detox)

" v

v r

Figure4. The block diagram ofold processingBarbenAnalytical2015)

According tofigure 4 to figure Stheextracted pulp frontheleaching step is cascaded over

4-6 tanks via gravity flowNext, the added activated carbon at the contrary end is pumped
upstream through the tanks. The final loaded carbon is separatadaasigrredto the

carbon stripping step. In this stage, the movement of the loaded carbon through the stripping
vessel (at higlpH and temperature arounde5 results inthe gold desorptiofrom the
carbon.The resultant solution which contaithe gold is known ashe pregnant leach
solution (BarbenAnalytical2015; OCEANAGOLD 2015)
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The pregnant solution is transferred to the electrowinninglueligh the next stagét the

same timethe regeneratedarbonis also carried awatp the carbon adsorption cell. The
applied current into the solution in the electrowinning cell breakbdhd between cyanide

and gold. At the end of the process, the accumulated gold on the electrowinning cathodes is
melted in the smelting stage for further processing and the barren cyanide solution is
conveyed to the leaching circuiBarbenAnalytical2015; OCEANAGOLD 2015)

Gold Processing - Details
Agitated l i
e Leaching lj_ l_
e el
> == ==
Heap
Leaching Pregnant —¥ — ¥
Leach Pond »| Cyanide, T 1 Cyanide,
Lime & Lime &
Oxygen ) e Oxygen
~ Various Pre-treatment Steps: Addition . o Addition
Ball - Flotation _
Mill / -Roasting I mE —]
- Oxidation
PpH/ ORP Measurement Challenges gl D - B
g —
- Process Coating - Increase flow or agitation by sensor (=3 to 6 ftisec)
Sensor - Coating Resistant glass slectrode .
- Axial lon Path Reference (large surface area) / \L o
) - Jet Cleaner Accessory ) ) _ / ¥ - Electrowinning
- ;;:c:rs Paisoning - Axial lon Path Reference (fitering uesui{\ // \;_ | __b Pregnant Eluate
-/ ¥ B BN
[ = == 1 | |
{ ;_"—" _é el
| . L T a Caustic
= == | CarbonIn e or Lime
= Pulp Extraction 53 Addition
2
> 5
N Gold to Smelting
Regenerated Activated \‘, A
Carbon Return (Blue Line) T
A
Spent Ore to Tailings
and Cyanide Detox
(Dashed Line)

Figureb. The details of gold processisteps from figure 4BarbenAnalytical2015)

2.3 The chemistry of cyanide solutions

The cyanide compoungsesent in gold mine, cyanidation solutions, or discharged effluents
include free cyanide, simple cyanide compounds, rogt@ahide complexes, and cyanide
related compounds. The classification of these compounds is presetabte 4and the

groupingof each one is described in the following subsecti@dsidderet al 2001, p.6
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Table4. Classification of cyanide and cyanide compounds in cyanidation sol(itiorksler
et al 2001, p.9).

Classification Examples of cyanide compounds

Free cyanide HCN, CN

Soluble:NaCN KCN, Ca(CN)z, Hg (CN)2
Insoluble:Zn (CN),, Cd (CN)2, CuCN Ni (CN)2, AGCN

Simple cyanide compound|

Weak complexe<Zn (CN)42, Cd (CN)32, Cd (CN)42
Metalcyanide complexes| Moderately strong complexe€u (CN)2, Cu(CN)s2, Ni (CN)22, Ag (CN)z
Strong complexeste (CN)e*, Co (CN)e4, Fe (CN)s®, Au (CN)y

Cyaniderelated compounds SCN, CNO, NOs, NH3z, CNCI, NHCI

2.3.1Free cyanide

The term free cyanide refers to the sunCodf andHCN. The dissolution ofNaCNin the
cyanidation processesults in the formation oNa" and CN. Cyanide anions undergo

hydrolysis and combine with hydrogancording to reaction. 4Lottermosey201Q p.249

6 0 06 P 060 0O (4)

Parameters such as pH, the salinity of solution, and the content of heavy metals which tend
to react with cyanide determine the concentration of free cyanide in the s¢Rbiolandt,
Jones& Lee 1983) The pesence ofN andHCN as the function of pHs presented in

figure 6 According to this figure, under alkaline conditions (pH>10.5), the dominant species
areCN. At the lower pH values (around 9.3), there is the equivalent concentral@x of
andHCN (Lottermoser, 2010, p.BJ. In addition, free cyanide is presextHCN from the

neutral to acidic conditions (7.0 < pH < 8.3)
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75 —| I 25
= IZ
£ s0—| HCN CN™ — 50 O
25 75
. I I I
6 8 10 12
pH

Figure6. The presence of free cyanide species as the function of pHG§{L2Htermoser
201Q p.248.

Hydrogen cyanide is a weak acid with bitter almdikd odor, low boiling point (25.7C)-
and high vapor pressure (3%Ra at 0C,-107.2kPa at 27.2)which readily is converted

to gas and dispersed into the @tudder et gl2001, p.7 Simeonova &Fishbein 2004)

The formation oHCN is the minor factor in reducing the cyanide concentration in mineral
processing solutionsiowever, the main reason for tbganideconsumption at mining sites
can be because of its high tendency to complex with otiealsin ore bodiegMoran,
1999)

2.3.2 Simple cyanide compounds

The simple cyanide compounds dreided into readily soluble neutral and insoluble salts.

The soluble simple cyanide compounds are alkali and alkali earth metal cysunitheas
calcium, potassium, and sodium. These compounds are dissolved readily in aqueous solution
and produc€N and metal cationaccording to reactions7. This is followed by reaction

of CN with waterand theformation ofHCN asit is shownin reaction 4(Barnes et aR00Q
Mudderet al 2001, p.8

6w 6w ¢60 (5)

vbo®Puv 060 (6)
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VWOB VW 060 (7)

2.3.3 Metal-cyanide complexes

The netalcyanide complexes are divided into weak, moderately strong, and strong
complexesThetendency of cyanide to complex with metaisch as copper, nickel, zinc,
silver, and cadmiunmesults in theformation of weakand moderately strong complexes
These complexes are formed in a steiseway in whichthe cyanide content is increased as
the cyanide concentration in the solutget higher For example, the formation of copper
cyanide complex talsplace accordingotreactior8-10. (Mudderet al 2001, pp.1213)

6060060 °606060 8
6660 00 ©°60660 9
0 66 0 00 9606060 (10

The ability of cyanide to complex with copper, iron, and gold results in the formation of
strongmetalcyanide complexes. These compounds are stable in acidic solutions at room
temperature, however, they decompose to some extent at elevated tem(i@aanawet al

2000) The dissociation of these compounds due to the exposure to UV radiation or highly
strong acid can releasensiderable amousiof CN. The irorcyanide complexes are known

for releasingHCN through exposure to intense UV radiat{dfudder et 812001, p.13. The
dissociation rate of metalyanide complexes is affected by several parameters such as the
water temperature pH, total dissolved solids, complex concentration, and light intensity
(Moran 1999)

2.3.4 Cyanide related compounds

The cyanideelated compounds include thiocyanate, cyanate, cyanogen chloride,
chloramine, ammonia, and nitrate which are formed in the solution as the result of
cyanidation, water treatment processes, or natural attenydioider et gl 2001, p.229.

Thiocyanate $CN) is generated in the reaction betw&a and sulphur species duritige
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leaching or preaeration processes. The potential sources of sulphur include free sulphur, all
the sulphide minerals such as pyrrhoffe9 chalcocite CwS) and chatopyrite CuFeS)
and the oxidation products of thesuchas polysulfide and thiosulfat&Qs?) (Kuyucak &
Akcil, 2013) Same of the reactionsvhich resultin the formation of thiocyanatare

presentedn table 5

Table5. Chemical reactions whiatesult in thiocyanate generati@rennyet al 2001)

Reaction agent Reaction
Elemental sulfur Y 60 ©°7Y60
Sulfide Y 60 O0 pfcb © YOO 0O
Thiosulfate "YO 60 9™ Y6 0

Thiocyanate is seven times less toxic thganide and has inferior tendency to form soluble
metal complexes. Howeversibiological and chemicadlegradation magroduceammonia
cyanate and nitrate(Kuyucak & Akcil, 2013 Mudder et al2001, p.22

Cyarate (CNQO) is another cyanideelated compound which can be generatedthi&a
oxidation of cyanide with the aid of oxidizing agents such as hydrogen peroxide, ozone,
gaseous oxygen or hypochloriféde hydrolysis of this compound to ammonia and carbonate
(COs) inhibits its accumulation in the solutioome of the reactions which result in the
cyanateformation ardistedin table 6 (Kuyucak & Akcil, 2013 Simovic, 1984)

Table6. Chemicalreactions thatesult incyanate generation

Reaction agent Reaction Reference
Hydrogen peroxide 606 O0 600 OO0 (Kitis et al 2005)
Ozone 60 09600 O (Parga et al2003)

Hypochlorite 60 o6a0P 600 0a (Lister, 1955)

The other compound belonging tog group icyanogen chlorideGNCI) which is produced
due to the destruction of cyanide BJO in alkaline chlorination proces§.his toxic
compound is not stable and is converte@&O in few minutes at pH values frof® to 11.
There is indeterminacy about the behavio€bfCl at lower pH levels(Eden, Hampso&:
Wheatlangd 1950)
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Two other cyanideelated compounds ar€hloramine (NH2Cl) and ammonia KNHs).
Chloramineis chlorinated ammonia compound that can be generated during alkaline
chlorination process. This compound is less toxic BB however, it maypersistin the
environmentfor a substantiaperiod (Moran, 1999) The presence of ammonia in mining
sites can be from remaining blasting agents, hydrolysis of cyanate, or the oxidation of hot
cyanide solution during stripping of loaded carbon. Free ammonia terfdsm soluble

amine complexes with heavy metals such as zinc, silver, copper, and nickel. Hence, the
presence of ammonia in the solutions with the pH values above 9 prevent the precipitation
of these metal@udder et gl2001, p.23.

Finally, Nitrate (NOs) and Cyanogen C2N2) can also be considered as cyarelated
compoundsThe oxidation of ammonia through the biological nitrification results in the
formation of nitrite and then nitrate, which isa relatively stable compound. High
concentations of nitratgmore than 45 mgter) can be detrimental to humarespecially
infants Moreover, this biological nutrient can accelerate the growth of algae in the water.
The consumption of dissolved oxygen by these species can endanger the lifataf aq
organismsparticularly fish(Botz, Mudder& Akcil, 2005 pp.693697). The free cyanide
canalsoform C2N2 under acidic conditionandin the presence of oxidaaguch aoxidized
copper mineral Cyanogen existh a gagous form at ambieniemperaturehowever, the
stability of this compound at moderately alkaline or neutral pH w#eanaclear(Moran,
1999)

2.4 Toxicity of cyanide

Cyanide is a fasacting poison, which can enter the body as hydrogen cyanide via the lungs,
skin absorption, and from the mucous membrdins compounctan also be absorbed

an ionthrough ingeson. (Egekeze & Oehme&011) The combination of cyanidessHCN

with Fe' of the cytochrome oxidagesultsin cellular hypoxiaandshifting from aerobic to
anaerobic cellular respiratig®urleva,Gradinaru &Drochioiu, 2012) This alterationleads

to cellular ATP reduction, tissue deatind an increag in the synthesis of lactic agi@s

shown infigure 7.
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Figure7. The impact of cyanide aifne human bodyJaszczalet al 2017)

There are various sourcesefposure to cyanide and cyanide compouhdsveverthese
components do not accumulate in tisssiesethe body convertthemto thiocyanate This
compoundwhich is seven times legsxic than cyanideis excreted in the urinafterthe
transformation(Logsdon et al 1999 p.27%. Cyanide is not carcinogenit©vowever,the
chronic exposure to cyanide can cause weakness, damage to kidney, miscarriage, and
hypothyroidism The toxicity of cyanidelepends on the type of compoumdhich contains
cyanide ion, as well as the source of its occurre{d@szczalet al 2017) The effects of

cyanide on somhving creaturesare summarizeth table 7.
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Table7. The effect of cyanide osome living creature®onato et gl2007 Jaszczalet al
2017;Mudder et gl2001, p.147 Singh & Wasj 1986)

Species Dose Comment
Rat 5.1-5.7 mgNaCNkg BW *LD50 lethal single dose
Dog 24 mgNaCNkg BW Lethal single dose

Domestic chicken

11.1 mgCNkg BW

Acute oral LD50

Gold fish

104 mgnickel cyanide
compound/lier

No effect in 24 hr

Rainbow Trout

0.028 mgHCN/liter

**LC50-96 hr

Rainbow Trout 0.01mg KCNlliter (T=2-4'C) LC50-96hr
Death
0.57 mgHCN/kg BW
Lethal dose
Adult human 1.5mgCN/kg BW
Lethal dose
200-300 mg cyanide in food
) ) 1.098 mg/kg ammonia,
Guinea pig . LD50
thiosulphate
Rabbit 2.680 mg/kg sodium nitrate LD50

toxic substance.

placed in water with a concentration of the toxic substance.

"LD50 is a lethal dose, usually given in igbody weight. The dose means the organism ingests the

"LC50 is a lethal concentration to which amgjanism is exposed. For example, fish or daphnia are
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3 THE CYANIDE ANALYSIS METHODS

The precise determination of/anideis difficult for several reason®#s an example, the
presence of cyanide in the ionic or molecular form is highly dependent gHtloé the
solution.Furthermore,te high tendency of cyanide to complex wdtfierentmetals results
in the formation of metatyanide complexesAdditionally, the ionization of these
complexes through exposure to sunlight or change of pH relsalsstantial concentrations
of HCN. (Barneset al 2000)

The chemicalsolutionwhich containdHCN and the pecipitate ofcyanide complexeis not
stable,and its analysis is difficuliAccordingly, various methods with their own advantages
and disadvantages have been developed for the determination of cyBimédenost
frequently usednethods in laboratories falyanideanalysisare discussed in the following
chapters(Pohlandtet al 1983)

3.1 Titration

Titration is the most commonly applied method for the determination of free cyanide
concentration in gold extraction indus{iyounget al 2008 p.73). This technique is based

on theaddition of titrant with a known concentrationaspecific volume ot sample with
unknown concentratiofHarvey, 200Q p.274. The change of color othe potential of the
electrode shows the owpletion of titrationandis known as the engoint Thesechanges,
which can be detected either visually or instrumentatly described in the followingBark

& Higson,1963) A typical setup ofitration is shown irfigure 8
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Figure8. A titration setup fotypical laboratory application€hemistry1022013)

3.1.1Titration method including visual end-point determination

The firstvisual determinatiormethodof cyanidewasreported by Liebig in 1851. In this
method, the sample containing cyanidditrated with silver nitrate solutiodAgNGs. The
reaction between silver ions a@N according to reactionllresults in the formation of
argentocyanidén, [Ag (CN) 2]". When the reaction is completed, further addition of titrant
yields theinsoluble silver argentocyanidéd [Ag (CN) 2]) asit is shown in reaction 2
Finally, the endpoint is detected by the formation of perpetual turbiditiiegprecipitate.
(Singh & Wasj 1986)

5°Q 5GP & (11)

0"®DO0 0Q° 0D DO (12

The Liebig’s argentometric method dabjected to the error in ammoniacal and alkaline
solutiors (Bark & Higson 1963) In 1895, Denigésnodified this method by adding
potassium iodideKl) as the indicator in thpresence of ammonium hydroxiHsOH)
prior to the titration(Singh & Wasj 1986) In the modifiedmethod, thdormation of silver
iodide (Agl) which appears as dansoluble yellowish solidshows the completion dhe
titration (Milosavljevic, 2013)
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In theDenigés method, the addsitiver ions to the solution are converted to diamminesilver
(1) ions, JAg (NHs)2] *. This is followed by the reaction of these ions with @i and the
formation of[Ag (CN) 2] ~ according to reaction3L (Burgot 2012 pp.700701)

00 00 © 0 DO ¢0 O (13)

The excess amount of silver ion #g[(NHz)2] * will react with [Ag (CN) 2] - according to
the following reactior{Burgot 2012 pp.700701).

00 ODBO PODDBO 8 ¢0O (14

Finally, the added iodidd} in the form ofKl causegshe precipitation of silver iodidasit
is shown inreaction b (Burgot, 2012 pp.700701).

00 ‘OP 0"Q% ¢v O (15)

In 1944, Ryan and Culshaw modified the Liebig's method by using
p-dimethylaminobenzylidene rhodani(@:2H12N.0S) indicator. In this methodynceall

CN reacedwith Ag" according taeaction 1, the excess amount of silver ioreactswith

the rhodanineaccordingly,and thecolor change from yellow to pale pin&ccurs(see
reaction B). In other words, the ergoint of the process is reach@tien the pale pink color
appears(Breuer, Sutcliffe& Meakin 2011) This method can be successfully used for the
determination of cyanide concentratiorsamples witll ppm and highdreecyanide(Bark

& Higson, 1963)

YQOQda a ¢0'Q0 'YQ 6 "0y Q¢ Q (16)

Other applied indicators in the determination of cyanide WgN G includes dithizone and
diphenyl@arbazide In the case olusingdithizone,the endpoint is detected by the change of
color from orangeyellow to deep reghurple Regardingliphenyl@rbazide the addition of
titrant is stopped when the color changes from pink to pale viglether, 1958 Mendham
2006 p.359
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Sarwar et al(1973) studied the feasibility of using other solutions thagNOs for the
determination of cyanideoncentrationThey reported thadll-bromosuccinimideas titrant
andbodeaux redis an indicatocanbe appliedfor the detection of -b mg/ml of cyanide
with the standard deviation of 0.66%%.theirexperiment, the change of color from rosd

to yellow showed the end dffie titration. However, the presence of iodide, thiocyanate,
bisulfite (HSQ), thiosulfate sulfite (S&?) and sulfide(S?) interfered with the precise
determinatiorof cyanide (Sarwar Rashid& Fatima, 1973)

3.1.2Titration method including instrumental end-point determination

The first instrumental determination methodcginide usingAgNG with potentiometric
electrodewas introducedin 1922 (Bark & Higson 1963) In this methodthe potential
change of the electrode (masHilver) is measured againtte reference electrode during

the addition of titranfJimenezVelasco et al2014) In the potential curve, which is obtained

by plotting the electrode potential changes versus the added volume of titrant, the sharp peak
shows the engboint and can beetated to the concentration of free cyanidsit is shown in

figure 9

~o- Cyanide only

100 § —— + 5 mM cyanate
ol—* 5 mM thiocyanate
+ 5 mM thiosultate
*100 4 —— + 2 mM sulfide

4+ 2 mM sulficle + Pl !

el

Potential (mV)
W
3

2 4 6 8 10 12
AgNO; (mL of 0.0103 M)

Figure9. The potential change curve in the presence of various afBoageret al 2011)

Breuer et al(2011)compared the determination of cyanide using silver nitrate titration with
rhodanine and silver nitrate titration usitige potentiometric engboint method.They
reported that in the presence of copper and/or thiosulfate, the first method presents
overestmated concentration for free cyanide. However, in the potentiometripant] if

the pH is above 12 (to eliminate the interference of zinc), this method has no interference.

Although theanalysis using rhodaninsould not be compared directlyn contrastto the
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potentiometric engboint, the potentiometric method was selected as a preferable technique
(Breuer et gl2011) JimenezVelasco et al(2014)studied thenalysisof cyanide in copper
bearing solution with different endpoint detection methdte.rhodaninel indicator, and
potentiometric method were applied for the determination of free cyanide concentration. The
abovementioned methods showed the overestimatioabout 25.2%, 4.5%, and 0.3%
samples with low coppezontent(molar ratioCN/Cud 8 Yhis overestimation in samples

with high coppercontent(molar rationCN/Cua 4Was 121%, 56%, and¥8 respectively
(JimenezVelascoet al 2014) The other interferare thatcan be found inthe cyanide
solution isS2. In the titration procedurghe added silver ions react with sulfide and form

the black solid of silver sulfideA@S) which hamper the visual detection of gmaint.
Alonso-Gonzélez et al. (2017) studied the determination of free cyanide in the presence of
sulfide ion with potentiometric endoint detection method.hey reported thahis method

can be successfully apetl for the measurement of free cyanide and sulfide ion
concentrations separatgilonso-Gonzalez et ak017)

According to the literaturesilver nitrate titration is a reliable method for the determination
of free cyanide concentratiolm addition,this technique can determine the concentration of
WAD or total cyanides after distillation procedusich is described in the following
section In order to avoid the volatilization of hydrogen cyanide, the pH of the solution is
maintained 812 by addion of sodium hydroxidgdNaOH) before the commencement of
titration. The titration of the cyanide solution containing complexing metals quantify all free
cyanides, cyanides associated with zinc, and the portion of those associated withligopper.
this case, e obtained resultare tirable cyanideather than free cyanidélowever,this
method does not act precisely when the concentration of copper i€MNgBua % In this
casenot only the obtained data fdne free cyanide is not precisnough but also all the
associated cyanidesith the copper are not quantifie@ilosavljevic, 2013 Young et al
2008, p.732

In conclusion, he titration method is prone to error tine cyanide solution containing
copper, thiosulfate, and sulfidie the presence of two lattarterferencs, by applying the
potentiometric engboint detection methgdhe concentration of cyanide and thiosulfate
(Young et al 2008 p.733, cyanide andsulfide (Alonso-Gonzalez et al2017) can be
measuredndividually. However, in the presence of coppgue to the emerging of several
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endpoints the determination is problematiBreuer and Rumbaih 2006 determind free
cyanideandtetracyanide@u (CN)4) concentratiowia modifying the determination of end
point. However,it is worth to mention that this study was performed on the synthetic water
and inthe analysis of processlution the small peaks on the curve may be masked via other
titrable species cAgNG; (Younget al 2008 p.733.

3.2 Distillation

Distillation can be applied as a pretreatment method for the determination of WAD and total
cyanide(Nollet & De Gelder 200,7p.367. In this technique, the sample is acidified and
boiled until the cyanidés liberated from various cyanide compounds in sb&ition. The
released cyanides &CN gas are trapped in the absorption solutiéimally, the cyanide

concentration is determined via appropriate procedu & ounget al 2008 p.733.

The determination of WAD cyanide by distillation procedure can be found in test method C
from ASTM D203606 and standard methods 4500 | from APHA, 4500NO3. For the
analysis, the sample is placed in the distilling flask and buffered at péily5ddng zinc
acetate and acetate bufféfter that,2 to 3 drops of methyl red indicat@areadded to the
sample (the obtained solution should be pink). fnecedurds followed by heating the
sample untilts boiling point followed byone hour of reflux didlation. The inal product

of the procedure is a liberated cyani(EePHA 4506NO3; ASTM D203606)

The liberatedHCN is trapped in the absdipn solution NaOH). After this the
concentration of cyanide in this solution is determined titittmetric, colorimetric, or ion
selective elecbdes(ASTM D203606; APHA 4500N03). By means othis method, althe
free cyanideandthe cyanide ionsssociatedvith cadmium, copper, zinc, and nickel are
recovered and quantifig@dMudder et al2001, p40). The cyanide distillatiompparatus is

shown infigure 1Q
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Figurel0. Cyanide distillation apparatus (ASTDR036:06).

In addition to the measurement of WAD cyanide, this procedure catsbased for the

total cyanidedetermination In this method, magnesium chlorid®gCl) is added as
catalyst into the sample through the air inlet tukeadijust the pH of the sample to values
less than 2, sulfuric aci(H>SQ) is introduced through the same tube. This pH facilitates
the dissociation of irowyanide complexeat high temperaturéfter boiling and one hour

of reflux distillation, the concentration of cyanide in the absorption solution is determined
by colorimetric, titrimetric, ion selective electrode, or flow injection ligand exchange with
amperometric detection methodaPHA 4500NO3; ASTM D203606)

To sum up, sétillation can be used as the pretreatment method for the determination of WAD
and total cyanide concentratorHowever, the required amount of sample for each test is
around 500 ml and the analysis time is lorne® (iours). Moreover, the presence of nitrate,
nitrite, thiocyanate, and sulfide can interfevigh the precise determinatiphowever the
determinatiorof WAD cyanide is less susceptible to the prese of thiocyanate and sulfide

The effects of these interferences and the elimination procedure of them are summarized in
table 8 (APHA 4500N0O3; ASTM D203606)
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Table 8. The effects interferences on ci@m distillation method and their elimination
procedures (APHA 4508103; ASTM D203606; Barnes et al, 2000; Mudder et al, 2001,
p.34; Young et al, 2008, pp.7-333).

Interferences Effect of interferences Elimination of interferences
Nitrate and Formation of transient compounds which decompo| Addition of sulfamic acid
nitrite in test condition and genera®\ (Overestimated before the addition of sulfuric
resultsareobtained) acid

Sulfide It is distilled over with cyanide angroduce hydroge | Addition of lead carbonate
sulfide during distillation (PbCQ) to the solution prior

to distillation

Thiocyanate In theacidic conditionit react with nitrate and UsingHsPO; instead of
generatefree cyanide (overestimated resute H.SQ.
obtained).
In the colorimetric procedure, reactswith
chloramineT andboth ions are colorized

3.3 Flow Injection Analysis (FIA)

Flow Injection Analysis is an automatic or semitomatic analytical technique that emerged
in 1975(Ghous 1999) In this methoda specific volume of the sample is injected into the
carrier stream, which flows continuously. The injected sample constitute a zone, which then
is carried toward a dettor that constantly recordtangs of absorbancey monitoring the
potential ofanelectrodeln addition totheelectrode potential,rgy other physical parameter
resulting from the passing of the sample through the flow catl be used fothe
determination(Hansen & Wang2004) Schematic ofthe FIA system andts stages are
depicted infigure 11 Finally, it is worth to mention thathe FIA method has its own
drawbacks. As an examplégpresence of sulfide can interfexéh the analysis of cyanide
in this method However, tlis interferencecan be eliminated by adding lead salt before
injecting the sample to the analyZ8ulistyarti et 811999)
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Figurell A) Typical representation of FIA system; B) Stages of H#ansen & Wang
2004 Siddiqui Alothman& Rahman2017).

Dai (2005 investigatedthe determination of free cyaniddicyanide Cu (CN) 2), and
tricyanide Cu (CN) 32) in gold leaching solutiongia developed FIA method. The system
used in thestudy employedh flow-through electrochemical cellhis cellcompriged of a
platinumelectrode, gilver electrodeandamembrane, which provided the flow channel for
the sample over thelectrodé surfaces They applied the potential 6fLl50 mV and
measured the charge during the silver oxidathcording to their resultehe measured
chargewaslinearly relevant to th&ee cyanide concentration. The oxidation of silver at 100
mV and reduction of copper &850mV wereused for the determination &fu (CN) 2" and

Cu (CN) 32 species respectivelyDai, 2005)

This method can also appliedfor the determination of WADcyanide.In this process
prior to analysis, the sample is pretreated by means of ligand exduoamjease cyanide
from metalcyanide complexesuch as mercury, nickel, silver, and copper. $ample is
then injected into the analyzer and acidifiey means of hydrochloric acifiCl) to convert
cyanide toHCN. This is followed by thegasdiffusion through the membrane into the
receiving solutionIn this alkaline solutiothydrogen cyamle isconverted to cyanide ions.
Finally, the ion concentration is determined amperometrically witie silver/silver

electrodeThe diagram oftte system ishown infigure 12 (Mudder et al2001, pp.4445)
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Figurel2. Schematic representation of FIA system for determination of WAD cyaaRi& (
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Sulistyarti & Kolev (2013) studied the determation of WAD cyanides with dime
pretreatment coupled with flow injection analyzer and amperometric detection. The
introduced ligand (combination of 0.10% thiourea and 0.10% pentaethylenehexamine)
successfully liberated cyanide fraime unstable and stable met@tanide complexes. Eh
method provided fast analysis (60 samples per hour) of Wé&Dpoundsn samples with

cyanide concentration ranging frapg/literto 10mg/lier. (Sulistyarti & Koley, 2013)

In conclusion, e Flow Injection Ligand Exchange (FILE) methoa gromising technique
for the determination of cyani@tconcentrations in the range of 0:RQ0 ppm Theanalysis
of higherconcentratioarequires thicker or multiple membran@$e main advantage of this
technique is that thiocyanate does not proddiC&l in the presence dfOs. However the
presence of sulfide, carbonate, and chlorine can intevighethe precise determination
directly or indirectly (se¢able 9. (Mudderet al 2001, p.45 Young et al2008 p.733
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Table9. The effects of interferences on fth@w injectionligandexchange method and their
elimination procedures (ASTM D6888}; EPA 2010b; Young et al, 2008, p.733).

Interferences Effects of interferences Elimination of interferences

Sulfide ions | Thechange ofheelectrode surface due to the The addition of bismuth nitrate
formation ofAgeSwhich causes an increase in the | instead of hydrochloric acid
observed current. results in the precipitation and
elimination of sulfide ions.

The acidified sulfide ionsH>S) diffuse through the
membrane and generate signals on the electrode
surface (positive interference).

Sulfideions react with cyanide and reduce its
concentration in the solution.

Carbonate The released carbon dioxide from carbonate diffusq Adding hydrated lime to the

through the membrane and reducepheof the sample and allow the
receiving solution. precipitation of
Ca (OH)2/Ca(D3.
Chlorine Reacs with the silver electrode and oxidithe Adding sodium arsenite or
cyanides. ascorbic acid to the sample

before analysis

3.4 Applying the alkaline solution of picric acid

Applying the alkaline solution of picric acid a colorimetric techniquefor determining
WAD cyanide concentratiof.his technique is based on the reactiothefpicric acid with
free cyanide from complexes suchnickel, zinc, cadmium, or coppeyanide The release

of free cyanide from cyanide compounds cardmeied ouby means ofliethylenetriamine
pentaaceticacid (DTPA) or ethylenediaminetetraacetarcid (EDTA). In this processthe
soluble alkali metal of picrate transformed by cyanide to the isopurpuric acid (a salt with
bright orange color). The intensity of the generated color is measured by specinogtieot

at the wavelength 0520 nm and evaluated by usiitg calibration curve. The intensity is
directly related to WAD cyanide concentratig¢hiptak & Vencze] 2016 p.27))

The maximum precision ohe picric acid methodbr determining WADcyanide is0.26
mgliter. The presence @CN, CNO, andS$0s7?, if their concentrations are 1230 mgfit
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340 mg/lier, and 510 mg/lgr, does not cause significant interferences. However, in the
presence of sulfide ions, the sample shouldrbated bythe additionof lead saltsand
consequent filteringfiltration is for removing the generated precipitat@gjoffenden et al
2008 pp.8889) Although this method is simple and relatively precise, it suffers from
various drawbacks. As anstance, ric acid isexplosive and requires special handling.
Moreover ,its applicatiorrequires close control @f pH since the color developmenaries
outside of the pH ranging fro®.0 to 9.5 (Cameron 2002; Woffenden et al2008, p.89
Young etal, 2008 pp.733734)

3.5 lon selective electrode (ISE)

Another technique applied for the determination of free cyanide concentration is the
electrochemical cellThis methodconsists ofanion selectiveelectrode(ISE) along witha
reference electrode, ardpotential measuring devicehe schematic diagram of this cell
which analygsthe concentration of samgléased orthe potentiometric measurement is
depicted irfigure 13 (Lindler & Pendley2013)

T

Reference —s— Indicator
elef:trode electrode
AglAgC | AglAgCl
Reference electrolyte | Inner filling
3 solution
Bridge electrolyte
L ) | lon-selective
Liquid junctions ‘| membrane

Figure 13. Schematic diagram of an electrochemical cell for potentiometric measurement
(Lindler & Pendley2013)

ISE is principallyamembranédased device with an inner filling solutiofheinner filling
solution contains the ion of interest at domstant activityWhen the electrode is immersed
in the sample solution, the trans@idn of ionsstarts. The transportation occidirsm the
area with high ion concentratios to the ones witHow ion concentratios. The selective
binding of ions with the specific sites of the membrane creates the potential diffetecice

is directly proportional to the free cyanide concentratfdfang 2006 pp.165166)
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ThelSE with the referencelectrode and the potential measuring device is anapipdicable
method for the analysis of samples with-Q@Gppm cyanideln addition, his method can

be applied aftethe distillation procedure for the measurement of WAD or total cyanide
concentratio. Advantages of ISEcludeits economic aspectfast response, wide linear
range and its immunity to turbidity. The main drawback of this technique is that the
existence of heavy metalsuch as lead and mercunpn the solution may shorten the
electrode life.However,the presence of bromide, thiosulfate, and thiocyariattheir
concentration is less than 10 ppdoes not cause significant interferend@ung et al
2008, p734)

3.6 Amperometric method

Amperometric method ian electrochemical techniquepplicablefor the determinatio of

free cyanide concentration amperonetric cell comprises of a workinglectrode,a
reference electrodeA(YAgCl electrode), anda counter electrode (steel electrod&he

working electrode can be glassy carbon, gold, or silver. However, the @ileés more

common due to thproperties suchatswi de | i near wo recigmlign, r an g
long stability, low cost, and great reproducibilifyhe schematic repsentation otthe
amperometc cell isshown infigure 14 (Sulistyartiet al 1999)

Working Electrode

Counter_
Electrode

Figure14. The schematic representationtbé amperometric cel{Bojorge Ramirezt al
2009)
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In the analysis of the soluti@ontaining cyanide, the current generated during the reaction
of the silver anode and cyanide anion (anodic polarization) is proportional to the

concentration of cyanide, for clarification see reactionBarnes et al2000)

5'QcEHP BBO 0 (17)

The maindifficulties associated with the analysis of sansplgh the amperometric method

is that the surfaseof theelectrodeexpire with time. In addition,the reactions of other
compounds in the solution with the working elecgadsult in the formation of numerous
products The adhesion of these products to the electrode siypfagentfurther reactions

The outcome of thebmvementionedases is decreasing the generated current and the height
of the recorded peaks. Moreover, the coated or poisoned electrode surface may increase the
noise and drift in the celln order to solve these problemietaddition othe appropriate
standard, pleshing or replacing the working electromesuggestedrlhis method is prone to
error in the presence of sulfide, thiosulfate, meganide compounds, and oxidant. The
effect of these interferences and the elimination procedure of them is descitiigd 0.
(RobardsHaddad& Jacksorl994 pp.265266, Young et al. 2008p.739

Table 10. The effect of interferences on amperometric method and their elimination
procedure (Young et al, 2008, p.734).

Interferences Effect of interferences Elimination of interferences

Sulfide and thiosulfate Formation of silver sulfide Adding bismuth nitrate

substrate on the electrode surfa

Metalsi cyanide compounds Decreasing the diffusion current 1

Oxidant CIO, H20,) Producing cathodicurrent Adding arsenite or hydrazine

3.7 Chromatographic methods

The chromatographic methods for the determination of cyanide concentrationighare
performance liquid chromatography (HPLC),ion chromatography (IC), andgas
chromatography (GC)Among these,IC is the most common method for cyanide
determination. This technique inclwlesize exclusion chromatography, ipair
chromatography, and ieexchange chromatographiollet & De Geldey2007, p.73)



35

Giuriati et al (2004)investigated the determination @\ andS? by ion chromatography
In this study, a twgpotential waveformwasadopted in order to eliminate the fouling of the
silver-working electrodeThe introduced elueri@.4M NaOHand 7.5 mM oxalate solution)
provided good selectivity and column efficiencyhe reporteddetection limit in this study
was 1.0ug/liter and 20 € g ef for sulfide and cyanide ionespectively (Giuriati et al
2004)Dest anoj | u an @01&gudigdihe Yetetmmatian of cyanide and
hexavalent chromaim, Cr (VI) via IC and conductivity detectord’he chloramineT in
alkaline pHandphoto-oxidationfollowed bythe addition otthloramineT were applied to
convertCN and metakyanide complexes to cyanatéely reportedhat this methodan be
applied for the determination &N andCr (VI) in the linear range of 0:861.5 and 0.9
118. 5 e mloeldétéciion limitfor the abovementioned ions wa$.18 and 0.26
€ mo lerrelspedtively( Dest anoj | u &20By m¢ K Yi | maz

To sum up,ion chromatography isn accurate, reproducible anersatile methodThe
detection limit in pure and real mining solutionsOi®01 mg/lier and 0.050.5 mg/lier
respectively. This technique can be applied for determiningnital cyanide complexes
of chromium, iron (Il) and (111), gold, copper, cobalt, silver, and nickeweverthemethod
cannot determine the concentration of Wiladdition tatotal cyanide(Mudder et gl2001,
p.44; Young et a008§ pp.734735

4 REMOVAL OF CYANIDE FROM WATER A ND WASTEWATER

Free cyanide and its related compounds cdouoad in various industrial effluents order

to make precautionary measures toward the health and environment, these effluents must be
treated before discharge. The maesmmoncyanide treatment methodsclude natural

cyanide degradation, chemical tie@nt methods, biological cyanide degradation, and
electrolyticdegradationwhichare described in the following&Kuyucak & Akcil, 2013)

4.1 Natural degradation

In the natural degradation process, the cyanide solutions are detained in tails fqreatitohg
of time. The combination of naturagdhysical, biological, and chemical processes such as

volatilization, chemical precipitation, photodecomposition, and microbial oxidation results
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in thecyanide degradatio(seefigure 15 (Logsdon et al1999 pp. 20). As it is shown in

this figure and according to the literaturargmeters such as pH, ttyanide concentration

in thecompounds, UV radiation, the presence of bacteria, and the conditions of the pond can

affect the natural degradatiadowever,the level of the cyanide in the treated water is not

acceptable dr discharge to the environment and thethod is typically used as an

intermediate stedt is worth to mention that water containing more than 0.01 @mis

rejected bythe World Health Organizatiofior domestic supplyKuyucak & Akcil 2013,

Logsdon et al1999 p.20.

biological

phatolysis/oxidation ‘%S;‘/ HCOO™ + NH,* ~idation NH; + CO,
@5 hydrolyss to soil or « hydrolysis
= biological
approaches background  diffusion/dispersion _moisture surface water S
trations HCN(g) HCN!CN— — olant nt
concen NO) = (very dite) farbelow || 7 Plant nurent
detection limits T
AIR
- I+ 1 =
hydrol
CNFeCN)E <M riony - HON YT | Hcoo+NH,* TAILINGS POND
k “7/’ L qf_ QQ%
uv light ) S 2\
CNFe(CN)s™ « " Fe(CN)~ & e \ e
, k C?\ y scRl—= NO, + NO5
0 .\ Oxidation o ot
. Y E-‘?E!;@ »HCO,™+ NH, ~q®®
Fe™ || dimers, Hs biological
trimers etc @ = = SCN~ — = »  NH;+HCO; +HSO,~
Fe complexes subject 2% oxidation
to partial biologica o
oxidation \ " Ni(CN),=
NaFe [Fe(CN)J° SHe o.
Prussian Blue Cu(CN),~ = all complexes subject
, to biological oxidation
adsorption/desorption processes Zn(CN)~
H,O
SEDIMENTS HSCN —=— NH,+ H,S + CO,
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activity within HONICN- 2 HCOONH, ——» NH,+ CO; co,
3t »CH,+NH,

Figurel5. The processing flow afyanide degradation in nature (Logsdon 1899, p.20).

4.2 Chemical oxidation methods

The chemical oxidation methods include alkaline chlorinafs@)/ air processiron/copper

precipitation processhe hydrogen peroxide oxidation process, iron sulphide and sulphide

precipitation, acidification process and cyanide recovery, and acidifieatiafilization

regeneration processes. Alkaline chlorinata weltknown process to remove cyanide
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gold mining effluents. In this twestep process, the reaction of chlorine with cyanide results
in the formation ofCNCI. The hydrolysis othis compoundn the next step yield cyanate
(reactionsl8 and19). (Botz, 2001, p.4

6 60 °60060d0 a (18)

60O60600O°UVO0 6a ¢O (19)

With the excess amount of chlorine, further hydrolysis of cyanate results in the formation of

ammonia asit is shown in reactio20 (Botz 2001, p.4).

000 cOU wuury 0O O0U0 00 (20)

The sufficient amount of the excess chlorine leads to the complete oxidation of ammonia

andformation of nitrogen gaaccording to reaction12Botz, 2001, p.4).

& c)0006 @ba @O (21)

In additionto cyanide removalalkaline chlorination caalso oxidize thiocyanatasit is

shown in reaction 2(Botz, 2001, p4).

1604 YOO vO0O©O"™W)O 0060 wa pfo (22)

The main advantage afkaline chlorinatiorover SQ/air andthe H2O, processs that this
methoddoes not requireopper as a catalydtloreover, the complexed metals with cyanide
are precipitated as metydroxide compounds at the endtloé cyanide oxidatiomprocess.
(Botz, 2001, p.5)

4.3 Electrocoagulation (EC) Method

Electrocoagulatiomethodhasreceived significant consideration in recent yehrs to its
capability of treatingdifferent types of waterand wastewater In this process, the
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introducedcurrentto the cell results in the dissolution of sacrificial anodes, generation of
cations and their hydrocomplexesThen the generatedpecies act as destabilizer or
coagulant agents and assist in the removal of contaminants from the g@hatioiSegura

et al 2017) Thefigure 16represents the electrocoagulation unit that contains an éjgictro
cell. In this cell,anode and cathode electrodes are connected 6 pawer supply and

submerged ipolluted watefMarriagaCabrales & MachucMartinez 2014, 16).

collosdal suspensicn

Figurel6. A schematic representation thie electrocoagulation syste(ivlarriagaCabrales
& MachucaMartinez2014 p. 6.

The removal of contaminants from the solution takes place in several stages. In the first step,
which is known as anoduissolution, the passagetbedirect electric current results in the
dissolution of the sacrificial anode and generation of metal cations. The aluminum and iron
are the most commonly applied sacrificial anodes since they are accessible, reliable, and
nontoxic. When iron is used as the sacrificial anode the reactions on theesoitheanode

and cathode are acclimg to reaction23 ard 24. (GarciaSegura et aR017)

"0Q °© "0Q cQ (at anode) (23)

¢cO0 ¢Q o ¢ O (at cathode) (24)

The other proposed mechanism for iroshiswn in reactio@5 and26 (BazrafshanOwnagh
& Mahvi, 2012)

"0Q 0 '0Q  ¢Q (atanode) (25)
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cOb 0Q ©c0 O -0 (at cathode) (26)

In case of usingluminum as the sacrificial anode, tf@lowing reactions take place
(Bazrafshan et a2012)

©

00 % 0a oQ (at anode) 27)

cO0b 0Q © g0 O -0 (at cathode) (28)

In the subsequent step, the reaction of metallic cations and hydroxyl ions resihiés i
generation of coagulant3he formation of these hydroxylated speciedich are ion

complexesis described imeactions29 and30. (Moussa et alR017)

"0Q ¢y 'O © "0Qi O (29)

"0Q  ¢G'O © "OQ O (30)

And for aluminum the formation of hydroxylated species tagace according to reaction
31 (Bazrafshan et a2012)

da 00’005 abo (31)

The coagulants destabilize the contaminpatticulate suspensions, and likreenulsions by
three mechanisms consisting obnepression of the electrical double lgyaharge
neutralization, anddc formation In the @mpression of electrical double layer mechanism,
the oxidation othe sacrificial anode produces the reverse charge ions within the solution.
The counter charge iongenetratethe double layer and increase the ions concentration
around the colloidal parties. Thisreduceghe thickness of the electrical double layer and
its repulsive forces. Hence, the colloidal particles gather arthenelectrodand form larger
particles. (Comninellis & Chen 201Q pp.245246 MarriagaCabrales & Machuca
Martinez 2014 p.9
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The other alternative mechanism is charge neutralizakiothis mechanisgthe counter
charged ions are adsorbed onto the surface of the colloidal pantitiesh results in the
neutralization of the surface chargater,the colloidal particles agglomerate each other and
coagulateThe last mechanisns the floc formation mechanisnm which the coagulation
results in the formation of flocgnd these flocgenerate a sludge blankK€&omninellis &
Chen,201Q pp.245-246). The leftover particles within the aqueous medium can be captured
or bridged through this sludge blank&larriagaCabrales & MachucMartinez 2014 p.9.

In the last step athe electrocoagulation procegfie cathodic reaction produces hydrogen
and in someases oxygen bubbles. Next, these bubdterao the coagulated speciaad

rise the pollutants via natural buoyancy to the surface of the solution

Numerous parameters affect the efficiency of electrocoagulation and its abi@mntve
contaminants from the solutiomhe most important ones from these parameters are
electrode arrangement, type of power supply, current density, supporting electrolyte, pH,
and electrode materidRegarding the electrode arrangemem, applied electrodes in the
electrocoagulation cell can bsther monopolar or bipolar. The configuration of these

electrodes islepicted irfigure 17 (Moussa et al2017)

(@ | = (b | = ©| =

dhd bbbt
TTT T T TTTT]
+d4++dd+d bbbt
TI T T T iiIn1

+444bdbbtd
L
TT T T T T TTTTT

Monopolar electrodes Monopolar electrodes Bipolar electrodes
in parallel connection in series connection in series connection
(MP-P) (MP-S) (BP-S)

Figurel7. Different arrangement of electrode connett{iGarciaSegureaet al 2017).

The configuration of the electrodes is not the only determining fdctothep ol | ut an't
removal.In other wordsparameters such #snature of pollutarg the matrix of watetthe
current density, pH, anthe electrode material can affect the elimination efficiency.

However, themonopolar electrodes in @arallel connection (M#P) are the coseffective
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configuration On the other handhebipolar electrodes in a series connec{iBR-S) require
low maintenancand insome circumstancesaseghe pollutantremoval (GarciaSegura et
al, 2017 Moussa et ak017)

DC power supply igte most commonly applied souttceprovide an electric field in the EC
cell. However, this power supply can leadthe formation of an impermeable oxide
substrate on the surface of the cathode. The passiwdtios cathode with this laydeclines

the ionic transfer and increatbe resistance of the electrolytic cell. Hence, the dissolution
of the sacrificial anoé and the formation of hydroxylated specraght be hampered
directly or indirectlyby the passivatiarHowever the addition of chloride ions can break
this layerand improve the species formati@n the other hanthe AC power suppéswith
periodical energizationcan also guaranteea suitable electrode life byelaying the

consumption otheelectrods. (Eyvaz 2016 Moussa et al2017)

Another variable in the EC process is the curdgrsitythat can be controlled directly
through the proces$his parameteascertainseverareleased metal ions during the anodic
dissolution.The implementation of high current density increases the anodic dissolution.
Furthermore,tiis parameter can also affect the dose of coagulantharnate of hydrogen
bubble generation on the electrosigrface However, this parametes not completely
independent, anda€tors such as pH, temperature, and water flow aatenfluence the

choice of the optimum value féine current density(Moussa eal, 2017)

The presence of supporting electrolyte in the solution can prevent the migration effects and
increase the conductivity of the solutidn addition it reduce the ohmic drop andnergy
consumption As an example, in the presence sufifate, when the sacrificial anode is
aluminum, the passivation of anode occdisis occurrence is due tbe high affinity of
sulfide to generate complexes with aluminuks another example, theesence of nitrate
prevents the anodic dissolution of baton and aluminumin these casesigher potential

for the anodic dissolution should ba&ppliedto compensate the negative effectstio¢
abovementioneg@roblems (GarciaSegura et ak017)

Finally, pH and electrode material are the last paoameters, whichre effective on the

removal efficiency.The pH ofthe solutionaffectsits conductivity and anodic dissolution.
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However, as the pH of the solution varies during the process, findingedweconnection
between pH and electrocoagulation efficiency is diffilMibussa et aR017) Theelectrode
materialdetermines the reactiom&curringduring the electrocoagulation. Aluminum and

iron are the preferred matesdbr the sacrificial ande sincethey are accessible, reliable

and nortoxic. The anodic dissolution of iron can result in the formatioRest or Fe™. In
comparison tdre*3, the lower positive charge &fe*?> makes this iora weaker coagulant.
Regardingaluminum it increase the ranoval efficiency according to some recent studies.
Consideringhe characteristics of electrocoagulation, this method presents many advantages
over the conventional treatment meth@ifepsalainen et aR012) The advantages and
disadvantages of this methatk listedn table 11.

Table1l. Advantages and disadvantages of electrocoagulation pr@ieatirvedi 2013
GarciaSegura et aR017 MarriagaCabrales 8MachucaMartinez 2014 pp. 910; Moussa
et al 2017)

More effectiveand faster separation of organic contaminants in comparison {
traditional coagulation

Easy to operate and automation

Insensitivity to pH values (except fextreme values)

Low maintenance

Less sludge production in comparison to traditional coagulation

Advantages Stability, nontoxicity, and easily dewatering of the sludge

No secondary pollutian

Ease othepollutant collection from the surface of thelution.

Easier floc separation (flocs are larger, more stable, acid resistant in compariso
traditional methojl

The treated water is clear, fragraffose and colorless with less Total Dissolved So
(TDS).

High rate of sacrificial anode consumption due to oxidation

High electricity consumption (which makes this process lessnomical in
comparison to the traditional method)

Disadvantages Requirement of podteatment due to the presencedbindFe.

Anode passivation and deposition of sludge on the electrodes limits the cont
operation mode

High levels of conductivitarerequired for the contaminated water

Kobya et al(2010)studied the removal of cyanidem two differentelectroplating rinse
water viathe EC method.The pH, cadmium, and total concentration of cyanide in the

cadmium electroplating rinse water were 8.6, 102liteg/ and 120 mg/lgr respectively.
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Regarding the nickel electroplating rinse water, the pH, nickel, and the total concentration
of cyanide were 8, 175 mgkit and 261 mg/lgr. They reported that E@rocess with the
current density of about 30 Afrand pH values of aboutB) removed 99.4% and 99.9% of
Cd"2 andCN in cadmiumcyanide solution. The current density of 60 A/nd pH values

of about 810 removed 99.1% and 99.8% N2 and CN from nickd-cyanide solution
(Kobyaet al 2010)

Moussavi et al.(2011) investigated thecyanideremoval from synthetic cyanidaden
wastewatewith the EC proces®Amongthefour different arrangement)& Fe-Al with the
higher removal efficiency of about 90%was selected fotreatingthe sample with 300
mg/liter cyanide and pH values of about 11They reported that the cyanide removal
increased from 43% to 91.8% after increasing the current density from 2 to 15 fnA¥em
cyanide removal at ImA/cn? and after aerating the tank increased from 45% to 98%. They
succeeddto remove 100% cyanida the continuous operation mode and at the dayldr
retention time of 140 min. The dominant removal mechanisms in this studaasagtion

andcomplexation with iron hydroxidegMoussaviet al 2011)

Kobya et al.(2017) studied the removal of cyanide from alkaline cyanide solution in the
rinsing water ofheelectroplating industry. They reported that the pH value of about 9.5, the
current denisy of 60 A/m? and operation time of 60 min in the EC cell can eliminate 99.9%
of cyanide and 99.9% of zinc ionsarsolution with 7.534 gr/liter zinc cyanide (Kobya et

al, 2017)
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EXPERIMENTAL PART

Severalcyanide analysis methods were describedletail in the literature part. In this
researchtitration asa standard method amlde most commonly applied technique in gold
extraction industry was selected for the determination of cyanide concersration
objective of this study, the conducted experiments, and their results are discusisgzhim th

5 THE OBJECTIVE

The main objective was to find out that whateathe most important parametensthe
determinatiorof cyanide using the titratiomethod. Moreover, how these parameters affect
the accuracy of the resulia the determination ofree cyanideThe focusof the first and
secondseies of experiments was to finthe most reliable indicator f&@N determination

in the sodium cyanide solutioa Next, in the third series of experiments, tigN\
concentration was detmined in synthetic mine wateamplesThe aim of this serieswas

to propose a suitable analysis procedure for typical mining water sanmdleis study, three
series of experiments were conducéedthe summaryof them is presented table 12.

Tablel12. The summary of theonducted experiments in this study.

i The first series of The second series of the|  The third series of the
em
experiments experiments experiments
Solution Pure cyanide solution Pure cyanide solution Synthetic mine water
Solution
concentration 1,5, 10, 50, 75, 100 1,5, 10, 50, 75, 100 1,10, 100
(ppm)
Titrant Silver nitrate Silver nitrate Silver nitrate
Titrant
_ 0.00125, 0.000125,
concentrations 0.01, 0.002, 0.001 0.00125, 0.000125
) 0.0000125
(mol/liter)
Potassium iodide in the p- p-
Indicator presence of ammonium| dimethylaminobenzylidene dimethylaminobenzylidene
hydroxide rhodanine rhodanine
Sample
2,5,8 2,5,8 2,5,8
volumes(ml)
) o Color change from yellow| Colorchange from yellow
Endpoint Permanent turbidity ) .
to pale pink to pale pink
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6 MATERIALS AND METHOD S

Theappliedchemicals, the required equipmethie preparation of titrarsolutions samples,
indicators, and the formula for calculating cyanide concentratioreach series of

experimentsre descried in the folloving subsections

6.1 Chemicals
A list of appliedchemicals, their purities and manufactur@mspresentedn table 13.

Table13. The chemicals used in this study.

Item

N Chemical Specification Manufacturer
0.

Molar mass: 58.08gr/mol,
1 Acetone(CHsCOCH) ) Merck KGaA
density: 0.79 gr/cm(20C)

) ) . ) Mallinckrodt

Ammonium chloride Molar mass: 53.49 gr/kt, density: 1.53 gr/cfn

2 - . Baker B.V
(NH4CI) (25C¥ solubility: 372 gr/lier
Ammoniumhydroxide .

3 Density: 0.903 gr/cfi20C) MerckKGaA
25%NH4OH)
p_

_ _ _ Molar mass: 264.37 gr/mol, bulk density: 225
4 dimethylaminobenzylideng MerckKGaA

_ kg/m?
rhodan|ne(C12H12N208_>)
Molar mass:
5 Potassium iodidé€Kl) 166.00 gr/mol, Kebo Lab Ab
density: 3.23 gr/c(25 C)
Silver nitratesolution 1 ampoule: for 1000 ml, AGNG): 0.1
6 ) . Merck KGaA
(AgNG) mol/liter, density: 1.27 gr/cf(20C)
) ) Molar mass: 58.44 gr/kt, density: 2.17 gr/cfh
7 Sodium chloridgNacCl) VWR

(20 G}, solubility: 358 gr/lier

) ) Molar mass: 49.01 gr/mol, densit{.6 gr/cni
8 Sodiumcyanide(NaCN - ) Merck KGaA
(20C) solubility: 370gr/lier

Sodiumhydroxide Molar mass: 40.00 gr/mol, density: 2.13 gricm
9 - ) Merck KGaA
(NaOH) (20C) solubility: 1090 gr/lier

] ) Molar mass: 84.99 gr/mol, density: 2.26 gricm
10 Sodiumnitrate (NaNG) N ) Merck KGaA
(20 G), solubility: 874 gr/lier

] Molar mass: 142.04 gr/mol, density: 2.70 gric
11 Sodiumsulfate(NaSQy) - . Merck KGaA
(20C¥ solubility: 200 gr/lier
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6.2 Equipment

A list of required equipmerior theexperiment@ndtheir specifications is presentedaile
14.

Table14. Therequiredequipment in this study.

It,\?: Equipment Specification
1 Burette Volume=10 ml Accuracyz=0.02 ml|
5 laboratory Clamp
Stand T
3 Erlenmeyer flask Volume= 100 ml
4 Magnetic stirrer Magnetic Stirrer VARIOMAG COMPACT
5 Magnetic stir bar T
FlaskNo0.1:100 ml Accuracy=0.10 ml
6 Volumetric flask FlaskNo0.2:500 ml Accuracy=0.25 ml
Flask No.3: 1000n! Accuracy +£0.40 ml
7 Glass funnel T
8 Glass rod T

6.3 Preparation of the samples

For the first series of experiments, six different samples with the concentrations of 100, 75,
50, 10, 5, and 1 pp@N were prepared from 1000 pp@N solution. To keep the pH level
of the sample higher than 10.5, 1 ml of 10NdOHwas added to each sarapl

6.4 First series of the experiments
6.4.1 Preparation of the titrant

The stock solution oAgNG; (0.1 M)was prepared as follow:

1. Filling half of the 1000 ml volumetric flask with deionized water

2. Dissolving an ampoule ofAgNG (manufactured by Merckjnto the flask and

shakng gently to mix the solution

3. Filling the volumetric flask tats markwith deionized water
The storage time for this solution was one month. In other words, the solution was prepared
and used as a fresh one each month. This stock solution was used for the preparation of
titrants with the concentrations of 0.010, 0.002, and 0.0@gMGQs.
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6.4.2 Preparation of the indicators

There were two types of indicators in the first series of experiments. The first indicator was
a 10%KI solutionwhich was prepared as follows:
1. Adding ofabout 75 ml of deionized water into a 250 ml capacity beaker
2. The gradual adding of 10 #1l into the beaker through its sidewallghile mixing it
gentlywith a glass rod.
3. Transfering the prepared solution into a 100 ml volumetric flask, by using & glas
funnel
4. Rinsingthe beaker anthefunnel witha small amount ofieionized water
5. Filling of the volumetridflask toits markwith deionized waterand thershakng it
gently to mix the solution
6. Storingthe prepared solutioim a suitable containdthe resultant solution #10%

w/v solution)

The second indicator was a 1081:OH which was prepared as follows:
1- Filling half of a100 ml volumetric flask with deionized water
2- Adding of about40 ml of 25%NH4OH solution to the thskby means of a measuring
cylinder; thenshakng it gently tohave a uniform solution.

3- Filling of the volumetridlask to its markwith deionized water.

6.4.3 The procedure of theexperiment

The cetermination offree cyanide withAgNG as the titrant andKl, in the presence of
NH4OH, asthe indicator was carried out according the procedurefrom Kem Kyoto
Electronics This procedureconsists of three steps

1. Pipetting 2 ml of sample into a 100 ml Erlenmeyer flask.

2. Pipetting2 ml of 10%KI.

3. Adding 3 ml of 10%NH4OH by means of a measuring cylinder.
After rinsing the fl askNjs wal é&withwAgN®, thd ei on
sample wasitrated untilits permanent turbidityvhichwas easy to observ€o have aetter
observationthe flaskwasplaced on a black sheet during the titratibhe analysis of each

samplewasrepeated five times artle same procedukeasalso carriecbut with 5 ml and
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8 ml samplesThe endpointof the procedure shown infigure 18. (Kem Kyoto Electronics
2018)

Figure 18. The endpoint of the titration withAgNG as titrant andKI in the presence of
NH4OH as the indicator.

6.4.4 Formulas

Thefree cyanide concentratiomgerecalculated using the following formula froancatalog
known as free cyanide in silver plating solutigorecipitation titration by automatic
potentiometric titrator froniKEM Kyoto Electronic§KEM Kyoto Electronics2018)

6 &€& Q¢ 08 't e PAQ@ OPp 6P "YOobp 0plYORQ32)

where EP1 is the titration volume in ml, BL1 is the blank level at 0.0 ml, TEhés
dimensionless coefficierknown as the factor of reagerl is the constant cwersion
coefficient to convergr/liter to ppm andis 1000,SIZE is the sample volume in ml; and,
finally, C1 is the concentration conversion coefficient which can be calculated from

equatiors 33 to 35:
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Mg s (33)

pa 6o "Q0 U

According to the following reaction 1 mofgNQG; can react with 2nolesof KCN:

B0 50 &' 0 (34)

Then, C1 can be calculated using the equ&ton

paBGga DO G Qpace "Q@Q00 (35

TSI TOCE WD 6 0@ c— 0 6 0

The d&@ovementionedequationscan be usedvhen KCN is used forsample preparation
However, in this studyNaCNwas utilized to prepare the samples. Thus, equ&6os the

suitable formula fothe calculation in this study.

B¢t OOE 04 WD OEbdE BAQ O 6 p8t 1 Yell Tt ¢ OpFYOHO (36)

Equation36 can be used for the calculation of free cyanide concentnatienethe applied
titrant is 0.1 MAgNGs. For the 0.0Q, 0.002, and 0.00M AgNQ, the factor of reagent and

theconcentration conversion coefficieate listedn table 15.

Tablel5. The factor of reagent and concentration conversion coefficiém ishetermination
of cyanide withAgNQ; as titrant andKl in the presence MiH4OH as an indicator.

Titrant (mol/lit er) Factor of reagent Concent,r\la;ié:)'r:l ggr\ierﬁi%? X;ﬁlf(f;)l ent (1 mg
0.010 (10 times diluted) p&:—; v T T YT 0.98020
0.002 (50 times diluted) pir: Yosrc mp ¢ 0.19600
0.001 (100 times diluted) p:T—nnan T8t p T T U 0.09802
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6.5 Second series of thexperiments
6.5.1 Preparation of the titrant

In the second series of experiments, 0.1 M solutioAgNiG was prepared in the same
manner as introduced in sectio.@. The analysis othe samples in thisserieswas
performed with three different concentrations of thgNG;, which were0.0012%0,
0.000129®, and 0.0000125 M

6.5.2 Preparation of the indicator

The applied indicator in this pawtas p-dimethylaminobenzylidene rhodanine whilas
prepared as follow
1. Addingof about0.03 gr of the glimethylaminobenzylidene rhodanine powder
2. Dissoling the powder in 100 ml acetone.

3. Storing the solution in a dark bottle.

6.5.3 The procedure of the experiment

The determination of free cyanide witlgNQ; as the titrant and rhodanine as the indicator
was firstly studied by Ryan and Culshaw (1944@re,the utilized modified methods as
following:

1. Pipetting2 ml of the sample liquichto a 100 ml Erlenmeyer flask.

2. Adding 4 drops of rhodanine
After rinsing the flaskwall with deionized water and filling the burette wilgNG;, the
samplewas titrated untilits color changed from yellow to pale pinkhe analysis of each
samplewasrepeated five times and the same proeesscarried outon the samples with
volumesof 5 ml and 8nl. The endpointof the titrationprocesss shown irfigure 19 These

samples were prepared in the same manner gsdbedure introduced in secti6rB.
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Figure 19. The endpoint of the titration withAgNG asthe titrant and rhodanine as the
indicator.

6.5.4 Formulas

The concentration of free cyanide in the solutieas calculatedin the second sees of

experiments using equatiog and 38 from GeologicalSurvey of Finland(GTK) (2009
pp. 12).

MOOE LD QN QOB O T T (37)

0ot na

60 Ana DOEhNa —— (38)
Where Wagnozand Vsampiearethe volume of the titrantand the sample ml. Adding 25 ml

of 0.1 MAgNG to 200 ml deionized water gave 0.01254¢gNQs. For this case, the factor
was 0.12255Regardingl0, 100, and 1000 times diluter titrant with ttencentratiorof
0.0012500, 0.0001250, and 0.0000123WNG, the factor of reagent is divided by 10, 100,
and 10000. In this case for the abovementiohghQ; solutions, the factor of reagent is

0.01225500, 0.00122550, and 0.00012255 respectively.



52

6.6 Third series of the experiments

The third series oéxperiments was conducted to determine the free cyanide concestration
in synthetic mine water. For this purpobased on the discussion in section 7.1.2 and 7.2.2,
rhodanine as the most reliable indicator was selecldte most suitable titrant
concentrdons for the determination of specific cyanide concentrations were selected based
on thesecond series @xperimentshat aresummarizedn table 311n this seriesthe titrant

and the indicatowereprepared in the same way as explained in sex@i@nl and 65.2.

After the preparation of the titrant and indicatibre stock solution obynthetic mine water
containingl0000 ppnsulfate(SQy?), 100 ppm nitratéNOs), 150 ppm ammoniurtNHa"),
and 1000 ppm chlorid€l” wasprepared as folloimgs:
1. Filling half of the 1 lier volumetric flask with deionized water
2. Dissoling of about14.787 grsodium sulfate NaeSQs), 0.137 gr sodiumnitrate
(NaNG), 0.445 grammonium chloride NH4Cl) and 1.162gr sodiumchloride
(NaCl).

3. Filling of the volumetridlask to mark with deionized water

Finally, three samplewere prepareds follows
1. Adding 10 ml of synthetic mine water (stock solution) to the 10@atimetric flask.
2. Adding the required volume of 1000 pp&N (0.1 ml, 1 ml, and 10 ml to have 1
ppm, 10 ppm, and 100 ppm cyanide solutions).
3. Adding 1 ml of 10 MNaOHto keep the pH to values above 10.5.

4. Filling of the volumetridlask to mark withdeionized water

Three samplesvith the concentration of 1, 10, 100 ppm free cyanveee preparedcach
sampleincluded1000 ppmSQr2, 10 ppmNOs,, 15 ppmNH4*, and 100 ppnCl-.

7 RESULTS AND DISCUSSIONS

In all series of the experiments, the free cyanide concentration was deteimimel] 5 ml,
and 8 ml sample volumén addition, each sample was titrated 5 timesorder to find the

optimum titrant concentration for the analysis of specific cyanidecemration some
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samples were titrated with two or three different concentratiodsybiCs. The results of
each series of the experiments are presented and discussed in the following sections

subsequently.

For each experiment, tlealculated concentrations and esrare presentedy usinga box

plot. A box plotis a graphical method of displaying variation in a setaif This plot is a

suitable way of visually presentingthe data distributiorvia their quartiles. The lines
extending parall el from the boxes are kno
variability outside the upper and lower quarti{esefigure 20. The main advantage of this

graph istaking up less space, whichasnvenienfor comparingthe distributions between

many datasetd.he types oexplanationgrom observinga box plot are:

What the key values are, such as the average, median 25th percentile etc.
. If there are any outliers and what their values are.

1.

2

3. Is the data symaetrical?

4. How tightly is the data grouped?
5

. If the data is skewed and if so, in what direction.

Figure20. The anatomy of a box pl@Ribecca2015.














































































