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a b s t r a c t

Cyanide is used extensively in the electroplating and mining industries due to its strong affinity to metal
cations. Commercial granular activated carbon (GAC) was used as adsorbent for the adsorptive study of
sodium, zinc and iron, cyanide complexes in the present study. The effect of process parameters such as pH,
temperature, adsorbent size and dose, contact time on the performance of adsorption was investigated.
Optimum pH was found to be 9, 7 and 5 for sodium, zinc and iron cyanides respectively. In the higher
odium cyanide
inc cyanide
ron cyanide
AC
dsorption

temperature range more percentage removal was observed for iron cyanides, whereas, sodium and zinc
cyanides were removed optimally at 25–35 ◦C. Although particle size did not show any major influence
on the percentage removal, but optimum size was taken as 2–4 mm. The percentage removal of cyanide
compounds increased with the increase in adsorbent (GAC) concentration. However, specific uptake did
not increase at GAC concentration above 20–25 g/L. Hence 20 g/L was considered as the optimum dose of
adsorbent. Higher removal efficiency was achieved for metal cyanides as compared to sodium cyanide at
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optimal conditions.

. Introduction

Cyanide is highly toxic to humans and aquatic organisms [1]. It is
potent inhibitor of respiration due to its extreme toxicity towards
ytochrome oxidase and by tightly binding to terminal oxidase
2]. At short-term exposure [3], cyanide causes rapid breathing,
remors, and other neurological effects and long-term exposure
o cyanide cause weight loss, thyroid effects, nerve damage and
eath. Skin contact with liquids containing cyanide may produce

rritation and sores. The presence of cyanide in effluents can attain
onsiderable concentrations and occurs both naturally (biogenes
y plants and microorganisms) and from human activities (wastes

rom metal plating, ore leaching, production of synthetic fibers,
lastics, pharmaceuticals, coal gasification, metal extraction and
yanogenic crop plants), which forms the major source of contam-
nation of natural water by this compound [4]. Cyanide’s strong
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ffinity to metal ions makes it favourable agent in electroplat-
ng/metal plating, extraction of gold, silver in mining industries
ence produced in a large volume from these industries [5]. Cyanide
ompounds present in environmental matrices and waste streams
s simple and complex cyanides, cyanates and nitriles [6–8] can
e broadly classified as (1) total cyanide, (2) weak acid dissocia-
le (WAD) cyanide and (3) free cyanide [6–8]. The most toxic form
f cyanide is free cyanide, which includes the cyanide anion itself
nd hydrogen cyanide (HCN), either in a gaseous or aqueous state.
he salts of sodium, potassium and calcium cyanide are quite toxic,
s they are highly soluble in water, and thus readily dissolve to
orm free cyanide. Operations typically receive cyanide as solid
r dissolved NaCN, KCN or Ca(CN)2. Weak or moderately stable
omplexes such as those of cadmium, copper, nickel and zinc (e.g.
u(CN)3

−, Ni(CN)4
2− and Zn(CN)4

2−) are classified as WAD as they
re easily dissolved under acidic conditions [5]. In the presence of
etal ions, such as nickel, copper, zinc and iron cyanide forms com-

lex compounds of varying toxicity and stability [1,8,9]. Although
etal–cyanide complexes by themselves are much less toxic than

ree cyanide, their dissociation releases free cyanide as well as the

etal cation, which can also be toxic [8]. However, both ferro- and

erri-cyanides decompose to release free cyanide when exposed to
irect ultraviolet light in aqueous solutions [3,8]. The cyanide ion
lso combines with sulphur to form thiocyanates (SCN−). Although
hiocyanate is a WAD and dissociates under weak acidic conditions,
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Nomenclature

Ci initial cyanide concentration (mg CN−/L)
Dc dose/mass of GAC in aqueous solution (g/L)
Pc particle size of GAC (mm)
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Sa agitation speed (rpm)
tc contact time (h)

t is often considered in its own category. The stability of cyanide
alts and complexes is pH dependent, and therefore, their potential
nvironmental impacts. The oxidation of cyanide, either by natural
rocesses or from the treatment of effluents containing cyanide,
an produce cyanate (OCN−). Cyanate is less toxic than HCN, and
eadily hydrolyzes to ammonia and carbon dioxide [7–9].

To protect the environment and water bodies, wastewater
ontaining cyanide must be treated before discharging into the
nvironment [9,10]. The acceptable level of cyanide at the effluent
utlet lies between 4 and 40 �M [4]. U.S. Health Service, Cen-
ral Pollution Control Board India and many other countries cites
.2 mg/L as permissible limit for cyanide in effluent [1,8]. Hence, the
emoval of cyanide from industrial wastewater is required before it
s discharged into the municipal sewer. Currently, wastewater con-
aining cyanide is treated by chemical oxidation methods (alkaline
hlorination, ozonization and wet-air oxidation) [11,12]. However,
hese methods are expensive and hazardous chemicals are used
s the reagents (chlorine and sodium hypochlorite) [12] and this
reatment produces toxic residues which implies the presence of an
dditional level of detoxification [4,10]. The other treatment meth-
ds used such as Caro’s acid, copper-catalyzed hydrogen peroxide,
lectrolytic oxidation, ion exchange, acidification, AVR (acidifica-
ion, volatilization and re-neutralization) process, lime–sulphur,
everse osmosis, thermal hydrolysis and INCO process (by SO2/air)
5–8] are highly expensive and cannot completely degrade all
yanide complexes in many cases [10].

.1. Background of cyanide adsorption

Processes involving sorption on activated carbon have received
reater attention. Granular/powered carbon is the most widely
sed adsorbent, as it has a good capacity for the adsorption of

norganic/organic molecules. A typical activated carbon particle,
hether in a powdered or granular form, has a porous structure

onsisting of a network of inter-connected macropores and meso-
ores that provide a good capacity for the adsorption due to its high
urface area [13]. Activated carbon is known to be effective for the
xidation of cyanide. It acts both as an adsorbent and as a catalyst
or the oxidation of cyanide. Adsorption is a widely used technology
or the removal and recovery of cyanide [14]. The method requires
he sparging of the solution with air or oxygen. Cyanide is oxidized
o cyanate in the presence of activated carbon [15].

The mining operations mostly use adsorbents for recovery and
emoval of cyanide from effluents [16,17]. Huff et al. examined the
easibility of removing cyanide from refinery wastewater with pow-
ered activated carbon [17]. Bernardin conducted a series of tests
sing granular activated carbon and various metals. The metals
tudied formed cyanide complexes that had a greater adsorbance
han either the metals or the cyanide alone [18]. Adams found that
ctivated carbon enhance the removal of cyanide, mainly as HCN

rom aqueous solutions at pH values of 7 and lower [15]. Adams and
leming [19] and Adams [20] examined mechanism of adsorption
f aurocyanide onto activated carbon and its subsequent elution
ith special reference to the effects of acid and alkali treatment

n the system. Jones et al. showed that the carbon-in-pulp pro-
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ess for gold processing depends on the adsorption of dissolved
u(CN)2

− from solution onto activated carbon [21]. Guo et al. inves-
igated the sorption of cyanide at levels up to 1 mg/L in solution by
ranular activated carbon (GAC) in order to define the conditions
equired to reduce residual levels to below the maximum accept-
ble concentration value specified in the Guidelines for Canadian
rinking Water Quality [16]. The sorption process proceeded slowly
ith uptake continuing over a 30-h mixing period [16]. Williams

nd Petersen used coconut shell carbon, impregnated with differ-
nt metals, and then used for the recovery of free cyanide [22].
dhoum and Monser concluded that Ag-impregnated carbon has
higher efficiency of CN− removal in comparison with plain or
i-impregnated carbon [23]. Although activated carbons have a
reater quality of removal of cyanides from industrial wastewaters,
t has never been used as a main treatment method.

There are many reports on the adsorptive removal of NaCN,
CN and gold cyanide complexes in mining sites, but not many
eports mentioned about the adsorption of metal cyanides on plain
ctivated carbon. So the behaviour of the process parameters for
dsorption of metal cyanide compounds is not clear. In this study
n attempt has been made to analyze the efficiency of activated
arbons for the removal of zinc and iron metal cyanide complexes
nd sodium cyanide from effluents in batch reactors in laboratory
onditions.

. Materials and methods

All the chemicals were of analytical grade and solutions were
repared by Milli-Q water (Q-H2O, Millipore Corporation with
esistivity of 18.2 M� cm). The stock sodium cyanide (NaCN), zinc
yanide (ZnCN) and iron cyanide (FeCN) solutions of 1.0 g CN−/L
as prepared in 1.0 L of Milli-Q water. Sodium cyanide and iron

yanide solutions were prepared by adding required quantity of
aCN and K4[Fe(CN)6]·3H2O respectively, but zinc cyanide was pre-
ared by adding equal volume of zinc sulphate salts and potassium
yanide solution. The commercial GAC of apparent density and
article size of 0.4 g/cm3 and 2–5 mm was used in the batch exper-

ments after purification with Milli-Q water and dried at 110 ◦C for
4 h. The GAC particles were sieved to various fractions of 1.2–2,
–3.5, 3.5–4 and 4–5 mm by standard sieves and effect of parti-
les size on adsorption was examined. GAC doses (Dc) of 5–50 g/L
ere used for the adsorption of cyanide complexes and optimum
ose was decided. Effect of pH and temperature on adsorption were
tudies for pH 4–11 and temperature 20–45 ◦C at initial cyanide
oncentration (Ci) 100 mg CN−/L and GAC 20 g/L. Adsorption stud-
es were conducted in 250 mL Erlenmeyer flasks containing varying
oncentration of cyanide in the range of 50–400 mg CN−/L with an
ncrease of 50 mg CN−/L with optimum adsorbent doses of 20 g/L.
ll adsorption studies were conducted in a rotary incubator shaker
t agitation speed (Sa) of 150 rpm for an agitation period (ta) of
0–120 h. The effect of process parameters such as pH, tempera-
ure, particle size, adsorbent dose and agitation time on adsorption
f the three cyanide species (NaCN, ZnCN and FeCN) were investi-
ated separately and compared. Total cyanide was determined by
yridine–barbituric acid colourimetric method at 578 nm after dis-
illation as described in Standard Methods [24,25] with a precision
p to 0.001 mg/L. pH was measured using pH meter as specified
y standard methods [25] by WTW® Germany (makes pH 720).
ll spectrometric measurements were carried out using DR-4000
V–VIS spectrophotometer (Hach®, USA).
. Results and discussion

The experiments were conducted to investigate the effect of var-
ous process parameters on the adsorptive removal of cyanide from
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with the increase in solution temperature, thereby decreasing the
adsorption capacity [36].

Adsorption of iron cyanide (FeCN) indicated that adsorption
increases with the rise in temperature. Diffusion of adsorbate
species from the bulk phase into pores of adsorbent, observed in
ig. 1. Effect of pH on adsorption of CN− on GAC (Ci = 100 mg CN−/L, Pc = 2–4 mm,
c = 20 mg/L, tc = 72 h).

ynthetic solutions of NaCN, ZnCN and FeCN on GAC surface. The
esults and observations from the present investigation have been
iscussed below.

.1. Effect of pH

pH of the solution affects the surface charge of the adsorbents
s well as the degree of ionisation and speciation of different pollu-
ants [26]. The influence of pH on the extent of adsorption of cyanide
or the three cyanide species is shown in Fig. 1. The increase in
dsorption of cyanide was above pH 8 in NaCN solution. Maximum
dsorption had occurred in between pH 9 and 10. This may be due
o the hydrolysis of CN− at pH < 8. There was decrease in adsorp-
ion above pH 10. In case of ZnCN solutions the adsorption was
ptimum in the pH range of 6–7. At higher or lower pH values there
as decrease in adsorption. ZnCN are the WAD cyanide complexes

s they are easily dissolved under mildly acidic conditions (pH 4–6)
27]. Hence in lower pH ranges (pH < 6) there was the possibility
f dissociation of ZnCN, which reduced the adsorption efficiency.
he FeCN complexes showed adsorption was greater at lower pH
alues and decreased as pH increased. Above pH 10 adsorption of
errocyanide was negligible.

Equilibrium adsorption between GAC and free cyanide indicated
hat the extent of adsorption was not dependent on pH, up to less
han 10 where free cyanide is predominately in the neutral HCN
orm [27]. But pH plays an important role for the adsorption of metal
yanides on GAC [27]. Davidson [28] related the effect of pH on the
dsorption of metal cyanide complexes to the strong adsorption of
oth hydroxide and hydronium ions, whereas Adams et al. [29] and
dams [30] favoured a mechanism in which OH− reacts with the

unctional groups on the surface of the carbon. Van der Merwe [31]
eported that log–log plots of the equilibrium metal loading versus
he pH for four sets of published data resulted in straight lines in
ll cases [32].

Huang and Wu [33] found that at initial cyanide concentrations
f more than 4 mg/L, the uptake versus pH plot showed a region
f minimum retention at pH 3–4 and a region of maximum reten-
ion at pH 7–9. However, at 1 mM concentration, the uptake was
ndependent of pH at values less than 6, but showed an upward
ndulation at pH 7–11. Guo et al. using dilute cyanide solutions
0.04 mM) found that the effect of pH was even less pronounced
lthough there was a slight rise in the pH 8–9 region [16]. At pKa

alue of cyanide (9.39), pH had a marked effect on the stability of
yanide [20]. Even in the absence of activated carbon, much higher
ates of cyanide loss were observed at pH values below the pKa

alue [16]. At lower pH values cyanide ion exists as HCN which was

weak acid and is highly soluble in water [16,20]. The affinity with
ater could reduce its tendency to interact with the active sites of
AC. In this higher pH region, hydrolysis of CN− would be mini-
al [20]. Also, in this pH region deprotonation on the GAC surface

F
P
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rovides functional groups that can undergo an ion exchange type
f interaction with the cyanide ion [16]. Huang and Ostovic [34]
roposed that hydration of the activated carbon may result in the
ormation of reactive surface functional groups. The relative pro-
ortion of the surface functional groups may vary with the method
f preparation of the activated carbon, thereby causing a difference
n the value of the surface acidity constants (equilibrium constants)
16]. The cyanide ion is a nucleophile, and in contact with the sur-
ace of activated carbon, could replace the OH− present in various
urface functional groups. Both the processes would be equivalent
o CN− uptake by ion exchange. In acidic medium (pH < 3), com-
lexes such as hexacyano-iron(II) or (III) probably are adsorbed as
he protonated anion [16]. Chank [35] studied the adsorption of
errocyanide on activated carbon as a function of pH and found
reater adsorption at low pH and below pH 3 there was possibility
f volatilization of ferrocyanide [27]. From the present study it was
bserved that the optimum pH of adsorption for NaCN, ZnCN and
eCN are 9, 7 and 5 respectively.

.2. Effect of temperature

The influence of temperature on CN− adsorption onto acti-
ated carbon was examined at optimum conditions for the
hree cyanide compounds. Fig. 2 represents the effect of tem-
erature on the adsorption of cyanide by granular activated
arbon and it was observed that although the difference was
ot great, the adsorption and equilibrium adsorption increased
lightly as the temperature was increased up to 35–40 ◦C for
eCN. Increase in adsorption behaviour for higher temperatures for
eCN may be due to the dissociation of iron cyanide complexes.
ut for ZnCN and NaCN compounds the adsorption is optimum

n the temperature ranges of 25–35 ◦C. At higher temperature
here is possibility of desorption of cyanide from activated car-
on.

Adsorption processes are exothermic in nature and the extent
nd rate of adsorption in most cases decrease with the increase
n temperature. The decrease in adsorption for sodium cyanide
NaCN) and zinc cyanide (ZnCN) with the increase in temperature

ay be explained on the basis of rapid increase in the rate of des-
rption of the adsorbed species from the surface of the adsorbent.
owever, an alternative approach for explaining the decrease in
dsorption with the rise in temperature may be drawn from Le-
hatelier’s principle. A small amount of a solute adsorbed with
he rise in solution temperature may also be explained from the
act that solubility of almost all compounds in water decreases
ig. 2. Effect of temperature on adsorption of CN− on GAC (Ci = 100 mg CN−/L,
c = 2–4 mm, Dc = 20 mg/L, tc = 72 h).
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it was evident that, the specific uptake was decreased beyond GAC
dose of 15–20 g/L for low initial concentrations of cyanide. However,
for higher initial cyanide concentrations, there was reduction in the
rate of decrease in specific uptake. From the figures, it was observed
R.R. Dash et al. / Chemical Engi

ase of FeCN adsorption processes was of endothermic nature. Here
he rise in temperature favoured the adsorbate transport within the
ores of the adsorbent. The increase in adsorption with tempera-
ure is mainly due to an increase in number of adsorption sites
aused by breaking of some of the internal bonds near the edge
f the active surface sites of the adsorbent [36,37]. Milenković et
l. reported the velocity progress of CN− sorption onto activated
arbon impregnated by copper acetate monohydrate with increase
n temperature showed dominance of chemisorption process and
bsence of cyanide physical sorption onto activated carbon, which
appened to be reduced with increase in temperature [38]. Adams

ound that loss of cyanide was enhanced in the presence of activated
arbon at lower temperatures and in the initial stages of reaction.
ydrolytic decomposition reaction was more important than oxi-
ation to cyanate at high temperatures in presence of activated
arbon [20].

.3. Effect of particle size

Table 1 shows the effect of particle size on adsorption of
N−. For all the particle sizes of GAC more than 80% removal
f ZnCN and FeCN and more than 65% for NaCN was achieved.
here was increase in percentage removal of cyanide with the
ecrease in particle size. But the increase in percentage removal
f all cyanide species with the decrease in particle size (from
–5 mm to 1.2–2 mm) of the adsorbent was very small (less than
.0%). Among the particle sizes considered in the experiment
he percentage removal was maximum for the particle size of
.2–2 mm.

For commercial activated carbons, the fine fractions may have
ndergone greater surface oxidation during the activation process
ielding a great density of functional group sites, which in turn
ay have accelerated cyanide sorption [16]. For GAC and most

ranular adsorbents the internal pore surface area is much big-
er than the outer surface area. Hence, a reduction of the particle
ize (by grinding) does not lead to a higher total number of active
ites available. However, the higher relative number of sites at the
uter adsorbent surface results in more favourable kinetics. There-
ore, the reduction of particle size does not improve the percentage
emoval much in these adsorbents [39]. However, the lesser the
article size more is the grinding cost. The influence of surface
rea was less significant, as specific surface area was found to be
imilar for various sieved fractions [16]. During sieving of the GAC
articles it was found that 2–3.5 and 3.5–4 mm particles together
re more than 80% of the total. Hence, the optimum particle size
as considered as 2–4 mm. Guo et al. [16] reported that initial

ate of percentage cyanide removal is better for less than 0.5 mm
ize GAC particles as compared to more than 1.4 mm size parti-
les. The higher rate with the smaller particle was attributed to

reater access to the internal pores (that is, shorter path length)
nd to the large surface area per unit weight of GAC. Adams [20]
eported the increase in cyanide removal for crushed GAC parti-
les. It was unlikely that this was due to the increase in external
urface area, although catalytic reactions such as the oxidation of

able 1
ffect of particle size on adsorption of CN− on GAC

AC particle size (mm) % CN− removed

NaCN ZnCN FeCN

–5 66.3 83.9 81.8
.5–4 67 84 82.1
–3.5 67 84.2 82.6
.2–2 67.6 84.7 82.9

i = 100 mg CN−/L, Dc = 20 mg/L and tc = 72 h.
Fig. 3. Specific uptake of NaCN on GAC (Pc = 2–4 mm, tc = 72 h).

yanide by activated carbon took place predominantly at the car-
on/solution interface, since the additional external surface area
enerated by crushing was small in comparison to that is avail-
ble in micropores. The enhanced reaction with cyanide is most
ikely due to formation of very reactive broken bond sites along the
lane of fracture [15]. It is important to note that the adsorption of
yanide compounds on the surface of GAC was not much influenced
y its particle size. This indicates that the CN− adsorption occurs
redominately by chemical adsorption rather than physical adsorp-
ion (outer sphere complex) but physical adsorption may occur in
onsiderable amount.

.4. Effect of adsorbent concentration

From the experimental results it was found at various cyanide
oncentrations, the percentage removal of the cyanide species
NaCN, ZnCN and FeCN) increased with the increase in adsorbent
ose. Figs. 3–5 present the specific uptake of cyanide for various
oncentrations of GAC and cyanide compounds. From the figures
Fig. 4. Specific uptake of ZnCN on GAC (Pc = 2–4 mm, tc = 72 h).

Fig. 5. Specific uptake of FeCN on GAC (Pc = 2–4 mm, tc = 72 h).
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hat at higher concentrations the specific uptake remained constant
ven at higher adsorbent concentrations. The maximum specific
ptakes for the adsorption of NaCN, ZnCN and FeCN by GAC, under
he experimental conditions were 4.85, 7.91 and 7.65 mg/g, respec-
ively. With the increase in adsorbent dose the number of active
ites in unit volume of solution increased, which lead to the increase
n the percentage removal of cyanide. However, increase in adsor-
ent dose beyond 20–25 g/L, there was not significant increase in
ercentage removal with the increase in adsorbent concentration.

t may be due to the two stages of cyanide adsorption (i.e., fast for-
ation of mono layer followed by slow plateau stage) [39]. From

he figures it was observed that the increase in percentage removal
nd specific uptake of cyanide for various cyanide species was not
uch higher after minimum GAC dose of 20 g/L. Hence, the opti-
um dose of GAC for removal of cyanide species can be taken as

0 g/L GAC.
It is observed from Figs. 3–5 that the specific uptake of ZnCN

as more as compared to FeCN and specific uptake of FeCN solu-
ion was more as compared to NaCN. The uptake of ZnCN solution
as maximum as ZnCN is a WAD cyanide compound can be easily
issociable as compared to the stable FeCN compound. It is a well-
nown fact that at a particular environment the percentage removal
f an adsorption process depends upon the ratio of the number of
dsorbate moiety to the available active sites of adsorbent. In the
resent experimental conditions (near neutral pH), GAC contains
oth positive as well as negative sites on its surface, with negative
harges predominating over positive charges [39]. The presence of
ositive charge of the metal ions get attracted towards the nega-
ively charged GAC surfaces sites [23] neutralizing some negative
harges of GAC surface after their adsorption on the negative sites
f GAC and create some additional positive sites on the GAC sur-
ace. The higher percentage removal of cyanide from ZnCN and
eCN solutions as compared to the NaCN solutions may be due to
he fact of presence of positive metal ions, which neutralize the
egative active sites on GAC surface reducing the repulsive force.
he positive sites created on the GAC surface make the cyanide ion
dsorbed on the surface of the GAC. Here chemisorption predomi-
ated over physical adsorption for adsorption of metal cyanides on
AC.

.5. Effect of contact time

The contact time between the pollutant and the adsorbent is of
ignificant importance in the wastewater treatment by adsorption.
rapid uptake of the pollutants and establishment of equilib-
ium in a short period signifies the efficacy of that adsorbent
or its use in wastewater treatment. Figs. 6–8 present the plot
f percentage CN− removed against contact time (contact time)
or GAC at adsorbent concentration of 20 g/L at various initial

ig. 6. Effect of contact time on adsorption of NaCN on GAC (Pc = 2–4 mm,
c = 20 g/L).

t
f
o
t
a
2

F

ig. 7. Effect of contact time on adsorption of ZnCN on GAC (Pc = 2–4 mm, Dc = 20 g/L).

N− concentration of cyanide (NaCN, ZnCN and FeCN) at opti-
um pH and temperature conditions. It was observed from

igs. 7 and 8 that the rate of cyanide removal was rapid in first
4 h for metal cyanide compounds, but the process was slow
or NaCN (Fig. 6). For the metal cyanide compounds the equi-
ibrium condition was reached at about 18–24 h, but for NaCN
ompounds the equilibrium condition was achieved only after
2 h.

The slow step in the NaCN solution was considered to be the
iffusion of CN− from the bulk solution to the active surface sites.
his process would be influenced by the concentration gradient
etween those two points and the thickness of the diffusion layer
hich was a function of agitation process [16]. In physical adsorp-

ion most of the adsorbates species are adsorbed within a short
nterval of contact time [36]. However, strong chemical binding
f adsorbates with adsorbent requires a longer contact time for
he attainment of equilibrium. Available adsorption results reveal
hat the uptake of adsorbate species were fast at the initial stage
f contact time, and thereafter, it becomes slower near the equi-
ibrium. In between these two stages of the uptake, the rate of
dsorption was found to be nearly constant. This was obvious
rom the fact that a large number of vacant surface sites were
vailable for adsorption during the initial stage and after a lapse
f time, the remaining vacant surface sites were difficult to be
ccupied due to repulsive forces between the solute molecules
f the solid and bulk phase [36]. The resistance to mass transfer
etween bulk phase and adsorbent is overcome by the energy pro-
ided by agitation to bring the cyanide species from bulk of the
olutions to the active sites of the adsorbent. However, at the ini-
ial stage, percentage removal of cyanide species increased very
ast with the increase in contact period due to the combination
f all the above effects. From all these plots it was found that
he adsorptive removal of the simple and metal cyanides ceases

fter 48 and 36 h respectively with adsorbent concentration of
0 g/L.

ig. 8. Effect of contact time on adsorption of FeCN on GAC (Pc = 2–4 mm, Dc = 20 g/L).
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. Concluding remarks

From the above discussions and results the following conclu-
ions are made:

1) NaCN was highly adsorbed in alkaline conditions, where iron
cyanides adsorbed optimally at acidic conditions. However, the
removal of zinc cyanides was maximum in the neutral pH range.

2) Percentage removal of sodium and zinc cyanide species
decreases with the increase in temperature, but there was a
little increase in percentage removal with the increase in tem-
perature for iron cyanide complexes.

3) Although the percentage removal increased with the increase
in adsorbent dose, but above 20–25 g/L, there was decrease in
specific uptake of cyanide on GAC.

4) The GAC gives more percentage removal for metal cyanide com-
plexes (ZnCN and FeCN) as compared to the simple cyanide
(NaCN).

5) There was negligible removal of NaCN concentration over
300 mg CN−/L, however there was significant removal of metal
cyanides at 350 mg CN−/L.

6) Hence, GAC may be used to treat the low concentrated cyanide
contaminated water.
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the water onto activated carbon, Working Living Environ. Protect. 2 (2004)
251–258.

39] P. Mondal, C.B. Majumder, B. Mohanty, Effects of adsorbent dose, its particle size
and initial arsenic concentration on the removal of arsenic, iron and manganese
from simulated ground water by Fe3+ impregnated activated carbon, J. Hazard.
Mater. 150 (2008) 695–702.


	Removal of cyanide from water and wastewater using granular activated carbon
	Introduction
	Background of cyanide adsorption

	Materials and methods
	Results and discussion
	Effect of pH
	Effect of temperature
	Effect of particle size
	Effect of adsorbent concentration
	Effect of contact time

	Concluding remarks
	Acknowledgements
	References


