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ABSTRACT

Cyanide is a toxic pollutant found in different industrial wastewater, and wastewater of these industries is
discharged to the environment without any treatment. The main aim of this research was to remove cyanide from
aqueous solutions using bleaching earth adsorbent recycled from vegetable oil industries. In this study, Regenerated
Soent Bleaching Earth (RSBE) obtained from vegetable oil industries was used to remove cyanide from agqueous
solutions. Effects of pH, cyanide initial concentration, contact time and adsorbent dose were investigated in a batch
reactor. The optimum conditions obtained in this study on Kerman coke industry wastewater were also examined.
Finally, kinetics and isotherms of cyanide adsor ption were analyzed. Results showed that the regenerated bleaching
earth with a concentration of 1 N NaOH had a higher adsorption capacity than other regenerated agents. The
maximum cyanide adsorption was achieved at a pH of 7 and a contact time of 140 minutes. As cyanide initial
concentration increased, adsorption rate increased but removal efficiency decreased. Moreover, as adsorbent dose
increased, removal efficiency increased but adsorbent capacity decreased. The effect of bleaching earth on coke
industry wastewater in optimal conditions revealed that cyanide removal rate was 86%. The data of this research
had the greatest conformity with Langmuir-2 isotherm. The maximum adsor ption capacity of cyanide on RSBE was
13 mg/g. In addition, Elovich was the most appropriate model to determine the reaction kinetics. The results of this
study showed that treatment costs of cyanide-containing wastewater could be reduced by regenerating this
industrial waste.
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INTRODUCTION

Removal of hazardous components from industridliefits is one of the basic needs of the present/éaatewater
of coke industries contains large amounts of déffierpollutants which are usually discharged toeheironment
without any treatment [1]. Coke and its by-produats produced by the pyrolysis process on coalinguroke
processing, large amounts of toxic compounds énterthe effluent which contains cyanide, phenohnzonium
nitrogen, chlorides, lower levels of heavy metald anuch lower amounts of phosphorus [2]. Amongpbkutants
of coke industry effluent, cyanide is one of thesinoxic pollutants to humans, other animals arddtivironment;
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it is found in levels higher than the limit levéd00 to 1000 times). Maximum contaminant limit fasaharging
cyanide to the nature is considered 0.2 mg/L by W&l USEPA [3]. Cyanide is a carbon-nitrogen rddica
available in the form of different organic and iganic compounds. All cyanide types are toxic; hosvetiydrogen
cyanide is the most lethal one. Short-term exposareyanide can increase breathing rate, tremods aher
neurological effects, and prolonged exposure caussght loss, affects the thyroid, damages nervesk fanally
causes death. Moreover, exposure to solutions icdmgacyanide can cause skin irritation and paimdgions [4,5].
The most common methods mainly used to treat coldeisiry wastewater include making use of biological
treatment methods such as anoxic-oxic (AO), anaeatoxic-oxic (A-A,-O) and SBR. Since effluents of these
industries contain large amounts of toxic organiatters, they may cause problems in the biologiedtient
systems. As a result, they must be pre-treated prionaking use of wastewater biological treatmgmtcesses.
Many processes like coagulation and advanced dgitdgirocesses have been used to treat wastewatawkef
industries. However, these methods are undesiestromically or complex technically, so they aréidilt to use
[6-9]. The adsorption process is one of the mdsicéfle wastewater treatment methods used in maahysiries to
reduce the amount of dangerous organic and inczgasiiutants. Adsorption means the accumulatiomaferials
on the surface of a solid, and it can be usedms/sicochemical process. Adsorbents are some ralstevith large
surface area and high porosity; they can sepagat&minants from the liquid phase. The most impuaréasorbent
which has been used to separate and remove cyloideaqueous solutions and wastewater is the detivearbon.
Making use of the activated carbon as an adsotbemmove contaminants from water and wastewateisheaeral
drawbacks, including regeneration of the activai@don and high initial cost of production of thatiwated carbon.
Therefore, making use of low-cost materials andteva$ other industries to remove various contamsdrom
wastewater is increasing [10-13]. Refining is apamant step in the production of vegetable oilei@pbleaching
earth is used in vegetable oil industries to remameesirable contaminants; its main task is to ouerthe
appearance, taste and stability of the final prad@pent bleaching earth mainly consists of bem¢snand
montmorillonites which are products of the deforimratof volcanic ash [14-16]. Oil refining procesg bpent
bleaching earth has four stages, namely bleachiegtralization, degumming and deodorization. Bl@agh
produces large quantities of waste (bleaching gdrihmany countries, burning this waste is prdieithibecause it is
very smelly and flammable and causes the dischafrggxic and organic materials to the environmdihis waste is
usually landfilled near the companies without asgge. In Algeria, for example, more than 8,000 witdleaching
earth is annually produced in vegetable oil indastrTo reduce the risk of bleaching earth contation, several
studies have been conducted on reuse of bleachitiy fer different applications [17,18]. The aimtbis study was
to obtain a low-cost adsorbent from an industriakig, to use it to remove cyanide from aqueoudisokiand to
conduct a case study on Kerman coke industry wadeswn the optimum conditions.

MATERIALSAND METHODS

Chemicals and solvents

All chemicals used in this experiment were purcHa§®m the German Merck Company. The experiment
temperature was 25°C at all steps. Stock solutimaining 100mg/L of cyanide was prepared by solving 0.25 g of
KCN in 1 L of millipore water. Cyanide samples with different concentratioaquired at each stage of the

experiment were made of this solution.

Regeneration of RSBE

Bleaching earth is produced as waste in Golnar tedde oil industries in Kerman. To regenerate theathing
earth, hydrochloric acid and NaOH 0.01, 0.1 and ar&lused. In all soil regeneration stages, the odtearth to
water was (1 to 20). To solve the earth approgyiatethe regenerating solution, a mixer with 1@®nrwas used.
After earth regeneration, earth was washed wittilldid water until pH was adjusted to 7.

Batch adsor ption studies

Batch experiments were done in 500 mL beakers;00f sample was inside these beakers. To deterthime
concentration of cyanide samples, the titrationhoétpresented in the 4500-D section of the boolarf&ard
Method for Examination of Water and Wastewater” wasd [19].

Effect of contact time

To investigate the effect of contact time on thesamdtion level, 200 m/L of cyanide solution withitial

concentration of 20 mg/L was prepared. Its pH wédjsisded to 7 by adding hydrochloric acid and 0.IN&OH
solution. 10 g/L of RSBE was added to the solutitven, they were mixed using a 100 rpm mixer. Sasplere
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taken every 30 minutes. It continued until the api$on rate reached zero or adsorption and desorpéte became
equal. Samples were then separated from then liddidr they were passed through the filter, coticgion of the
cyanide ion remained in solution was determined.

Effect of pH

To investigate the effect of pH on the adsorptiater200 m/L of cyanide solution with initial comteation of 20
mg/L was prepared. Its pH was adjusted to 2-12duireg hydrochloric acid and 0.1 N NaOH solutionemh10
g/L of RSBE was added to the solution; they wergettiusing a 100 rpm mixer. After 180 minutes of itbaction
time, the concentration of cyanide ion remainesdlution was determined.

Effect of cyanideinitial concentration

To study the effect of initial concentration of oj@de, solution containing different cyanide concatibns (10, 30,
60, 90 mg/L) were prepared, and 10 g/L of adsorlves® added to each. Then, samples were taken é&&ery
minutes (up to contact time of 240 minutes, i.edifferent contact times). After that, samples wseparated from
the liquid. After they were passed through theefiltconcentration of the cyanide ion remained ilutgms was
determined.

Effect of adsorbent dose

To evaluate the effect of adsorbent dose, 10, Ib2ihg/L of RSBE was used. One-liter solutionstaiming
different cyanide concentrations (5, 10, 15, 20,40 50) were provided. The above-mentioned ansoohRSBE
were added to them, and they were mixed at 100foprhi80 minutes. After that, samples were separfted the
liquid. After they were passed through the filtegncentration of the cyanide ion remained in sohgi was
determined.

Effect of RSBE in Kerman Coke industry wastewater

In this step, a sample was prepared from coke tngdeffluent and its characteristics were determin this stage,
the optimum parameters obtained in the previous siere used to measure the amount of cyanide renfogm
coke industry effluents.

RESULTSAND DISCUSSION

Regeneration of bleaching earth

Structural properties of the bleaching earth sielswaface area and volume of pores play an importda in its
efficiency to adsorb pollutants, and these propertian be expanded and developed by various actjtathniques
such as acidic regeneration, basic regeneratian,[20]. Results of regenerating the bleachinghearing the
mentioned acids and bases were shown in figure4uls showed that the bleaching earth regenebgtbdses had
higher adsorption capacity to adsorb the cyanide tlean that regenerated by the acids. Moreoveric bas
regeneration with a concentration of 1 N NaOH higghér adsorption capacity than other concentratadrizsase; in
this study, basic regenerated bleaching earth witoncentration of 1 N NaOH was used. Propertiebasic
regenerated earth are shown in table 1. Otherairsilidies which had used regenerated bleachitly aremove
various pollutants from water and wastewater reack@that basic regeneration had the highest effectativating
and regenerating recycled bleaching earth; theirltge were in line with the results of the pressntly [17,21].

Table 1. Properties of basic regenerated earth

Parameter Value (mg/L)
Special Weight 0.65

Sio, 52

Al,O3 11.9

CaO 290
MgO 0.9
Fe0; 2.6

Na.0 10.3
K0 14

LOI (lost of ignition) 18.6
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Figure 2. Cyanide adsor ption in different pHs
Effect of pH

Cyanide is one of ions which can be separated byraiting pH in aqueous solutions. Solution pH eHfect the
adsorbent surface charge, ion creation of orgamild@organic contaminants as well as features sédment surface
such as porosity. Therefore, pH parameter playisngortant role in optimizing the adsorption of cigenand other
pollutants from basic agueous solutions [22]. Rssabtained from examining pH were shown in fig@reAs
shown in this figure, efficiency decreased in nalutnd acidic pHs (the highest removal efficienEgyanide was
achieved in neutral pH, i.e. pH of 6 and 7). Asiptteased from 2 to 7, adsorption level increased the highest
adsorption level was obtained in pH of 6 and 7 pRisincreased more, adsorption rate decreased angréph had
a descending trend. Therefore, pH of 7 was consitigre optimum pH. The effect of pH on the adsorpfirocess
is emphasized less than that of other parametenselkr, it plays a significant role in the stalildf cyanide ion
[23]. At very low or acidic pHs, cyanide is foundthe form of HCN which is a weak acid which isywepluble. A
tendency to form HCN at low pH inhibits the ads@mptof cyanide on the adsorbent surface. At acjulit;
adsorbent surface charge is increasingly positing, cyanide ions tend to separate from the adsbsueface due
to competition of hydrogen ions to form a bond witte adsorption sites [23, 24]. At alkaline pHssation level
decreases; it may be due to the formation of cyasmluble compounds that remain dissolved in tieeab and
aren’t adsorbed by the adsorbent. In addition, ickaadsorption decreases at high pH because hylirdoms act as
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a competitor to adsorb cyanide anions [25]. Inuapty Malakoutian et al and also in a study by éaest al, the
optimal pH was 7. Their results were in line wilte tresults of the present study [17, 26]. In ayst@hducted by
Nsaif Abbas et al, the optimum pH was 8; their ltsswere consistent with the results of this st{2#4).

Effect of contact time and cyanideinitial concentration

Results of this study were shown in figure 3. Aewgh in this figure, as contact time increased frzemo to 140
minutes, removal efficiency increased. Experimemtstinued up to the contact time of 200 minuteteratontact
time of 140 minutes, increased contact time hadffext on cyanide removal efficiency. Thereforentemt time of
140 minutes was chosen as the optimal contact filme contact time between a pollutant and an aésbifiays an
important role in treating wastewater using adsorptprocesses. Since adsorption processes areibenum
reactions, the contact time is essential in reactimgress [13, 27]. Results obtained from adsonptif various
pollutants by an adsorbent clarify the fact thataagtion of pollutants on adsorbent surface is dhgtitial steps but
it slows down and then reaches equilibrium. Theeeas that in the early adsorption steps, the rbgsbpart can
have an easy access to adsorption places of tloebaad and thus needs lower contact time. When abéess
becomes difficult, contact time must increase stoasbtain the maximum adsorption [5, 28]. In adgtaonducted
by Agarwal et al, the contact time to adsorb cyaniding granular activated carbon was 24 hoursiwivezs much
more than the contact time obtained in the preserty [29]. Similarly, Naeem et al reported that tontact time
to remove cyanide by the activated alumina adsanvas 24 hours [26]. In a study by Dash et al, aohtime of 48
hours was found to remove the cyanide by the aetiv@arbon [22]. Moussavi et al used the activatadbon
produced from the pistachio shell to remove cyaffiden wastewater and reported that the optimumazrtime
was 60 minutes; this time was less than the timaioed in the present study [13].
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Figure 3. Cyanide adsor ption in different initial concentration of cyanide and contact time

As initial concentration of cyanide increased, agton level increased but removal efficiency desed. The
highest and lowest removal levels were obtaineiditial cyanide concentrations of 10 and 90 mg/kpectively.
The reason is that as the initial concentratiooyahide increased, the number of cyanide molednt@eased in the
reaction medium; on the other hand, cyanide waerhds slowly at higher concentrations and remoffatiency
decreased due to the saturation of active sitéiseofdsorption surface [27, 30]. As initial coneation of cyanide
increased, adsorption capacity increased too. it loa due to the concentration gradient. Anothesarafor
increased adsorption capacity of the regeneratedching earth is increased chance of contact batwlee
adsorbent and the adsorbed material, i.e. cya®id8(]. Results of this study were consistent whith results of
other studies conducted on adsorbing cyanide ubffeyent adsorbents [31, 32].
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Effect of adsorbent dose

Results of this part of the study were shown iruffig4. As shown in this figure, as adsorbent doseersed,
removal efficiency increased but adsorption capadecreased. Since adsorption is primarily a serfac
phenomenon, levels available for adsorption andetbee the adsorbent mass can dramatically affhet t
performance of the adsorption process [13]. Reslitaved that as adsorbent dose increased, remffivaerecy
increased but adsorption capacity decreased. lsetdeadsorbent dose through increased contact ateedn the
pollutant and creation of more adsorption activessio replace cyanide ions increased the prodésgeecy in
adsorbing pollutants. Decreased adsorption capbgitycreasing adsorbent dose can be due to oveflagsorbent
of regenerated bleaching earth and thus decredfeativee surface area available for cyanide adsompi33, 32].
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Figure 5. Results of the effect of adsorbent on cokeindustry wastewater
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Effect of RSBE in Kerman Cokeindustry wastewater
Results of this part of the study were shown inffegs. Based on these results, after the contaetaf 140 minutes,
86% of cyanide was removed.

I sotherm studies

Adsorption is a very well-known equilibrium sepawat process. Adsorption isotherm parameters provide
information about the adsorption capacity of theaadent. Constant and certain amounts in isotheepresent the
surface and dependency of the adsorbent and carsdib to compare adsorption capacity of the adsbroen
various pollutants. Adsorption isotherms are sofmarts between adsorption level and final concaptradf the
adsorbed material remained in the solution. In #tisdy, typical isotherms were used to analyze wate
wastewater experiments. Linear equations and oastof isotherms examined in this study were suriaedrin
table 2.

Table 2. Equationsand linear forms of isother ms[13, 17]

Isotherms Equation Linear form
Freundlich 1 1
4, =K, Cun 0ga, =1og K, +[  Jloge,
C
Langmuir-1 e=( L ]"‘( = ]Ce
qe I<L(2m Qm
S 1 1 +[ 1 J 1
angmuir - —=— —_—
q :QmKLCe qe Qm KLQm Ce
© 1+ KLCE 1 q
Langmuir-3 9. =Q, | — |=—
KL Ce
: 9. _ _
Langmuir-4 Ci - KLQm KLqe
_ RT
Temkin 'R :TLn(ATCe) gJ. =B;InA +B;InCe
. = exd_ KD—REZ)
- ) 2
binin-Radushkevich = -
Dubinin-Radushkevicl e RTll’l(l+1j Ing, =INQ,, —Kp_R&
Generali logf O —1|=1 =N, |
eneralized - og q 1|=logKg; — N, logC,
KBCeQm

Qe =

BET C Co o[ 1 }[Ke-1)Ce
(Cs—ce){h(KB—l)(gH (€ -Ca. (KeQu) (KeQ,)cC,

S

According to the results obtained in this studysagtion of cyanide by RSBE followed Langmuir aggimn model
(type 2). According to table 2, for the RSBE, Langnconstant values including,fand K were obtained by
drawing G/ge, plot against ¢ correlation coefficients # were also obtained in the same way. The coroslati
coefficient (R) for adsorbent doses of 10, 15 and 20 g/L was,@3® and 0.99 respectively. The, @alues for
adsorbent doses of 10, 15 and 20 g/L were 7.2%814hd 6.34 mg/g respectively; results were showtable 3.

Table 3. Isotherm parameters obtained from the various linear forms of the isotherm model In their study, Gupta et al used
granular activated carbon to remove cyanide. Armdiffgrent models of Langmuir isotherm, types 1 @nldad the
highest conformity to adsorb cyanide. Correlatioefticients for type 1 and type 2 were 0.98 an®0espectively.
Qnm values were 10.6 and 9.8 mg/g respectively. Thexevalmost in line with the results of this stu@g]]
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Mousavi et al used activated carbon made from ghistashell to adsorb cyanide. Among different medel
Langmuir isotherm had the highest conformity tocaldlscyanide. Correlation coefficient was 0.99, @lue was
156.2 mg/g [13]. Comparison of the adsorption capaaf different materials was shown in table 4.nGmaring
these results revealed that the regenerated bigpdarth could be used as a relatively effectivé kmv-cost
adsorbent to adsorb cyanide.

Adsorbent dose (g/L)

Isotherm type Isotherm parameter 10 15 20

n 139 1.15 1.3

Freundlich Ke 0.4 0.63 0.6
R? 099 0.98 0.99

Qn 10 13 6.4
Langmuir-1 Ky 0.028 0.016 0.034
R? 093 0.69 0.99

Qm 7.27 1058 6.43
Langmuir-2 Ky 0.046 0.021 0.034
R? 099 0.99 0.99

Qn 840 872 6.37
Langmuir-3 Ky 0.037 0.016 0.034
R? 0.85 050 0.98

Qm 9.18 146 6.45
Langmuir-4 Ky 0.032 0.014 0.033
R? 085 050 0.98

Ar 224 242 182

Temkin Br 169 150 1.05
R? 093 0.94 096

Qn 3.54 2.7 2.13
Dubinin-Radushkevich Kp-r 2x10° 3x107 2x10°
R? 075 073 0.79

Qm 12.17 1432 8.08
BET Ks 11.75 7.35 1331
R? 095 0.75 0.99

Table 4. Comparison of the adsor ption capacity of different materials with present study

Study Year Adsor bent Adsor ption Capacity (mg/g)
Gupta et. al [28] 2012  Granular activated carbon 10.6
Moussavi et. al [13] 2010 pistachio shell 156.2
Asgar et. al[7] 2012 Bone Charcoi 140
Mbadcam et. al [6] 2010 x-Alumina 6.44
Kumar et. al [3] 2002 Plain AC 7
Baraka et. al[1] 2005 TiO- 13
Present study - RSBE 10.58

Kinetic studies

Studying the adsorption kinetics to predict theospison rate that is important for designing anddeling the
process is useful. First- and second-order kinektsvich and inter-particle distribution model wegxamined in
this study. Table 5 showed linear equations anah$asf each of the mentioned kinetics.

Table5. Equation and linear for m of kinetics[13, 17]

Kinetic Equatior Linear forn

Peeudofirst order Z—Ct“ =k(d.-a) log(a, ~q,)=logld. )~ =t
Pseudo second or der Z—?‘ =Kk,(Q, —q,)° ;:[k22§J+[i)t
Elovich ?T(:‘ =aexpt/,) q. = [;J In(aﬁ){;J Int
Intraparticle diffusion - q, =Kz t*®+C
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In this study, Elovich kinetics was considered thest appropriate model to determine the reactita fehe linear
correlation coefficient of this model to adsorb migke with concentrations of 10, 40 and 90 mg/L loe RSBE (20
g/L) was 0.94, 0.97 and 0.93 respectively. In gsdionducted on the adsorption of cyanide by diffeadsorbents,
adsorption kinetics followed the second-order mgd®| 13]. Table 6 summarized the results of kteetixamined
in this study.

Table 6. The parameters obtained from various kinetics models

Cyanide concentration (mg/L)

Kinetic  Kinetic parameter

10 40 90
ky 0.002  0.007 0.010

Pseudo first order ge cal 3.17 1.92 5.20
R? 0.02 0.25 0.76

ko 0.0005 0.0004 0.0003

gecal 3.68 8.81 13.7

Pssudo second or der hx1000 048 079 076
R? 0.26 0.73 0.75

a 6.34 19.03  37.96

Elovich B 2.9 0.8 0.40
R? 0.94 0.97 0.93

K it 0.08 0.29 0.6

Intraparticle diffusion C 0.25 0.64 1.37
R’ 0.63 0.%4 0.¢4
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