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Abstract—In the present investigation Rice husk was used as low
cost adsorbent for simultaneous removal of phenol and cyanide from
aqueous solution by adsorption. Langmuir, Freundlich and Redlich-
Peterson adsorption models and model parameters were estimated by
the non-linear regression method. The effect of various process
parameters such as pH, adsorbent dose, contact time and initial
concentrations of phenol and cyanide on adsorption behavior was
investigated. At an optimum pH 8, temperature 30°C and adsorbent
dose of 40 g/L, 53.45% of 300mg/l Phenol and 66.33 % of 30mg/I
Cyanide were removed.
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1. INTRODUCTION

The importance of removal of pollutants from waste water has
received serious consideration of researchers across the world.
Phenol and cyanide and their derivatives are very harmful
compound due to their extreme toxicity [1]-[3]. Phenol and
cyanide contamination is one of the most outdare
environmental problem .Various industries discharge and
produce waste water effluent containing phenol, cyanide,
thiocyanides, thiosulphates, ammonium, chlorides, etc such as
coke plant, electroplating industries explosive manufacturing,
petrochemicals industries, pesticides industries, synthetic fiber
and resin manufacture etc.[4]-[S]. Phenol and cyanide
compounds give an abominable taste and odor to drinking
water. The permissible limit for portable water according to
indian standered and Environmental Protection Agency
(USEPA), disposal standard in Mexico is 0.001 and 0.5 for
phenol and 0.05and 0.2 for cyanide respectively[5]-[7]. Phenol
and cyanide produce harmful health effects such as nausea;
vomiting; diarrhea and abdominal pain, affects kidney, skin,
and eyes irritation, headache lever damage etc even at low
concentration.

There are various method available in literature for removal of
phenol and cyanide and other industrial effluent from waste
water such as membrane filtration, coagulation, adsorption,

oxidation, ion exchange, and Simultaneous adsorption and
biodegradation etc .However among these waste water
treatment technologies ,adsorption has acquire much
prominence owing to its high efficiency and low cost.
Adsorption using GAC was highly accomplished for the
removal of phenol and cyanide [8]-[9]. But due to its high cost
and difficulty in its regeneration have led to investigation of
non-conventional low cost adsorbents.

In last few decades, agricultural and industrial by products
have been widely used for removal of phenol and cyanide
from waste water. These adsorbents include saw dust,
vegetable and fruit peels, peat, fly ash, bentonite, prawn waste,
leaves [10]-[13] etc. As a low cost adsorbent Rice husk
attractive, feasible and inexpensive option for the bio sorption
removal of phenol and cyanide from industrial waste water.
The use of rice husk would solve disposal problem and no
need to regeneration because of their low production cost.
Rice husk contain silica and carbon in sufficient amount which
is responsible for adsorption. Rice husk has been utilized as
bioadsorbent for removal of metal like Pb, Cd, Zn, Ni and As
etc, phenol and cyanide from waste water.[14]-[20].

The main purpose of this present study is to analyze the
effectiveness of Rice husk for the simultaneous removal of
phenol and cyanide from aqueous solution in batch reactor.
The effect of various process parameters like pH, contact time,
adsorbent dose, and initial concentration has been studied.

2. MATERIALS AND METHODS

All the chemical employed in this study were of AR grade or
better ,and obtained from Himedia Laboratories Pvt. Ltd.
Mumbai India. A stock solution of phenol (1000mg/l) and
cyanide (100mg/l) were prepared by dissolving appropriate
quantities of pure phenol crystal and sodium cyanide. All
solutions were prepared by using millipore water (Q-H2O,
Millipore Corp. with resistivity of 18.2 MX-cm).
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2.1 Preparation and characterization of adsorbent

Rice husk was purchased/collected from the local market of
Institute of Technology Roorkee, India. The rice husk was
cleaned with millipore water to remove dirt and air dried at
room temperature. And then acid treated with 0.5 M H,SO, for
24 hr in 2:1 liquid to solid ratio to increase surface area and
pore volume of rice husk. After that the adsorbent washed with
millipore water several times and dried at temperature of 80
°C, for overnight. The types of functional groups present on
the surface of adsorbent was analyzed before and after
adsorption by using Fourier Transform Infrared Spectroscopy
(FTIR, Nicolet 6700, USA).Surface Morphology of rice husk
changes due to adsorption of phenol and cyanide was
determined using scanning electron microscopy (SEM)
Quanta 200F, FEI, Netherlands). Brunauer—-Emmett—Teller
(BET) surface area and porosity of the adsorbent was
evaluated by wusing surface area analyzer (ASAP
2020,Micromeritics).

2.2. Batch adsorption experiments

Synthetic stock solutions of phenol and cyanide were prepared
in the ratio (10:1) with millipore water. Batch experiments for
optimization of process parameters were carried out in 250 mL
round bottom flasks with working volume of 100 mL at 125
rpm in an incubator cum orbital shaker (Metrex, MO-250,
India) at room temperature (293 = 1 K). The concentrations
of phenol and cyanide were chosen to be in the range of 100—
1000 mg/l and 10-100mg/l. In every flask a certain adsorbent
dose in the range (5-60 g/1) was added. The pH of samples was
readjusted to predefined value in the range of 4-12by adding
HCI or NaOH as per requirement. All the batch experiments
were carried out in duplicate and average results were used.
The samples were withdrawn after equilibrium condition were
achieved filtered with standard Whatman filter paper (Cat No
1001 125) and the filtrate was analyzed for phenol and
cyanide by 4-aminoantipyrene and colorimetric picric acid
methods, respectively [21].

The adsorptive uptake Q, of phenol and cyanide by rice husk

e
were calculated according to equ (1)

_ (G, -C)xV

Q,
w (1

And adsorption efficiency 77of phenol and cyanide were
calculated as equ (2)

g = Co=Ce)x100 @
C

o]

where, Cy and Ce is the initial and equilibrium concentration
(mg/1) of pollutants. V is the volume of the solution (1) and W
is the weight of the adsorbent (gm).

2.3 Adsorption isotherms and modeling

Various types of isotherm models used to describe the
experimental adsorption isotherms present in the literature.
Langmuir equation is the most widely used isotherm equation
for modeling equilibrium which is valid for monolayer
sorption on to a surface a limited number of similar sites. The
Freundlich isotherm equation is an empirical equation based
on adsorption on a heterogeneous surface suggesting that
binding sites are not continually. Langmuir and Freundlich
models were evolved for a single layer adsorption and two
parameter model whereas Redlich-Peterson isotherm is three
parameter model.[22]-[24].

Langmuir:

Q. =(Q,bC,)/(1+bC,) “
Freundlich :

Q= KeC" @
Redlich-Peterson

o, - KuC. )

“1+ag.C’

The best isotherm model to fit the experimental data is
selected on the basis of bias factor (BF) closer to unity and at
the same time low values of statistical indices such as
normalized standard deviation (NSD), root mean square error
(RMSE), standard error of prediction (SEP) and Marquardt’s
percent standard deviation (MPSD) [23][26].

2.4 Model validation

To evaluate the best isotherm model to fit the experimental
data. The following statistical indices are used in this study.

Brac = 10(zlog10(Qe,cal / Qe,cxp)/ N) (6)

RMSE = \/Z(Qe,exp - Qe‘cal ) (7)
N
NSD = Z(I—Qe,cNa' Q) 100 (8)
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3. RESULTS AND DISCUSSION

3.1. Characterization of Adsorbent

The characteristics of Rice husk are as follows: Moisture
content 9.96, ash content 17.36, surface area 430.05m2/g, bulk
density 0.316 g/cm® and porosity 0.35 by fraction. Fig. 1(a)
and (b) indicates the surface morphology of before adsorption
and after adsorption as seen through scanning electron
microscopy (SEM).The change in surface morphology
indicates adsorption of phenol and cyanide onto surface of rice
husk. Further adsorption of phenol and cyanide on to rice husk
is observed from reduce in peak area of FTIR spectrum around
wave number 2496.23 and 1245.22 and increased in peak area
around wave number 3274.28,2919.94,1654.78,1508.74,
1339.40,1033.30,558.48 and 420.22cm™ (Fig.2). The shifting
of the peaks indicates that the functional groups at these
wavenumbers participated in the adsorption of phenol and

cyanide.
Y

\

@ (b)

Fig. 1: SEM photographs of Acid Treated Rice Husk (a) Before
adsorption (b) After adsorption at 500 magnification.

Absorbance

S(I)O ' 10IOO ' 15IOO ' 20IOO ' 25IOO ' SOIOO ' 35I00 ' 4000
Wavenumber (cm™)
Fig. 2: FTIR Spectrum of Acid Treated Rice Husk
(a) Before adsorption and (b) After adsorption
3.2. Effect of pH, adsorbent Dose, time and Initial
Concentration

According to [25] the pH can highly influence the adsorbate
and cell walls of adsorbents. The effect of pH on the
adsorption of phenol and cyanide onto rice husk was shown in
Fig.3.It is observed from Fig 3 that percent removal of phenol
increase with the increase pH upto 8 and after that % removal
start decreases with increase in pH from 9-12.Whereas for
cyanide the % removal increases upto pH 9 after which the
Y%removal start to decrease with the increase in Ph [4] . Hence,
pH 9 was considered as optimum pH value for adsorption of
phenol and cyanide in all further experiments. The effect of
adsorbent dose on % removal of phenol and cyanide onto Rice
husk are shown in Fig 4.1t is evident from fig % removal of
phenol and cyanide increases with the increase in adsorbent
dose upto 40 g/I after which the removal became constant with
increases in the adsorbent dose. The % removal increases
initially due to increase in surface area available for adsorption
and availability of more active sites. Hence, adsorbent dose of
40 g/1 for both phenol and cyanide are considered as optimum
dose for the further studies. Fig 5 shows the effect of contact
time on %removal of phenol and cyanide onto Rice Husk .1t is
evident from fig that the adsorption of phenol and cyanide
onto rice husk in binary mixture reached at equilibrium within
30hr and 26 hr respectively. A further increase in time had a
negligible effect on the %removal. Fig. 6and 7 shows the
effect of increasing phenol and cyanide initial concentration
on their % removal respectively. It could be observed that
percentage removal decreases with increases initial
concentration. The % removal decreases from 58.21% to
20.31% and from 79.06% to 37.13% in case of phenol and
cyanide respectively on increasing initial concentration of
phenol from 100 to 1000 mg/L and initial concentration of
cyanide from 10 to 100 mg/L.
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Table 1: Isotherm Models parameters of phenol and

cyanide on Rice Husk

Component Parameters Values
Phenol Q, 63.5349
b 0.000339
Cyanide 41.89482
Q, 0.00114
b
Phenol 2.5038
K f
n 2910
Cyanide 0.33937
Y K ;
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8.453

Phenol

0.5107

847.534

Cyanide

0.47063

21.909

n
K
a
B 0.6991
K
a
J; 0.3671

3.3 Adsorption isotherm model parameters estimation

Adsorption isotherms explain how adsorbate interacts with
adsorbents and equilibrium isotherms are measured to

determine the efficiency of the adsorbents for adsorbate. The
most common types of models explaining this type of system
are the Langmuir ,Freundlich and Redlich Peterson isotherms.
The adsorption equilibrium data for phenol and cyanide onto
Rice Husk were examined by non-linear curve fitting
procedure to minimize the deviation between calculated and
experimental data, using Microsoft Excel 2010 to fit the
isotherm models. The isotherm parameters values are
tabulated in Table-I and statistical indices of phenol and
cyanide for the isotherm models are given in Table-2.

Table 2: Statistical indices values of phenol and cyanide on Rice Husk

S. No. statistical indices Langmuir Model Freundlich Model Redlich —Peterson Model
Phenol Cyanide Phenol Cyanide Phenol Cyanide

1. MPSD 37.59 23.3327 55.2194 57.0458 30.0255 17.1259
2. Bf 0.844 0.93883 0.7050 0.7356 0.89613 0.96088
3. |NSD 33.622 20.8694 9.3898 51.0234 26.855 15.3179
4. |RMSE 1.2328 0.10711 2.02464 03111 1.08744 0.1018
5. SEP 2.7185 1.5765 4.464 4.57941 2.3979 1.4983
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Table 2: Statistical indices values of phenol and cyanide on Rice Husk

S.No. | statistical indices Langmuir Model Freundlich Model Redlich —Peterson Model

Phenol Cyanide Phenol Cyanide Phenol Cyanide

1. MPSD 37.59 23.3327 55.2194 57.0458 30.0255 17.1259
2. |Bf 0.844 0.93883 0.7050 0.7356 0.89613 0.96088
3. NSD 33.622 20.8694 9.3898 51.0234 26.855 15.3179
4. RMSE 1.2328 0.10711 2.02464 0.3111 1.08744 0.1018
5. SEP 2.7185 1.5765 4.464 4.57941 2.3979 1.4983

According to results listed in Table-2 best isotherm models for
phenol and cyanide followed the increasing trend of models:
(Redlich-Peterson<Langmuir <Freundlich). The MPSD values
of isotherm models were tested. It was noticed that MPSD
value of Langmuir was smaller as compared to that of
Freundlich model. So, it can be concluded that Langmuir
model was best fitted for the experimental data. The Langmuir
model is represents monolayer coverage .

A dimensionless separation factor (R;) can be represented as:

R, = !
(1+bC,)

where b (L/mg) is the Langmuir constant and C, is denoted to
the initial concentration of adsorbate (mg/L). The value of Ry
value indicates the nature of adsorption as unfavourable (RL >
1), linear (RL = 1), favourable (0 < RL < 1) or irreversible (RL
= 0). It could be observed from Table I that the values of b are
more for cyanide than that of phenol, thereby indicating more
stable cyanide in comparison to phenol [27]. The value of
constant n in freundlich isotherm gives an information about
the favourability of adsorption. The values of n in the range 2—

10 represent good, 1— 2 moderately difficult, and less than 1
poor adsorption characteristics.
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The values of Ry for phenol and cyanide lies between 0 and 1
for all initial concentration indicating adsorption of phenol and
cyanide on to Rice husk is very much favorable. And from
Table-I it could be observed that the value of n for both phenol
and cyanide was lie between 1 and 10 indicating favorable
adsorption of phenol and cyanide Onto Rice husk[28][29]. The
constant § in Redlich-Peterson isotherm lies between 0 and 1.

The maximum uptake capacity of phenol and cyanide were
63.53 mg/g and 41.89 mg/g respectively, it is observed that
Rice Husk has a feasible to be a good adsorbent for removal of
phenol and cyanide from wastewater due to its high sorption
capacity and availability.

4. CONCLUSIONS

In the present investigation it was evident that Rice husk can
be used as an economically feasible adsorbent for the removal
of phenol and cyanide from waste water. It was observed that
maximum percentage removal of 53.45% phenol and 66.33 %
cyanide were found from binary component system containing
300 mg/L of phenol and 30mg/L of cyanide. Equilibrium
isotherm study was also carried out at optimized parameters.
The equilibrium sorption data was better fitted by Langmuir
isotherm and Redlich Peterson isotherm model than that for
Freundlich isotherm. The optimum pH was found 8 ,optimum
adsorbent dose was estimated as 40 g/l with reaction
temperature of 30 °C. Equilibrium adsorption time for phenol
and cyanide are 30 h and 26 h respectively.
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NOMENCLATURE

Adsorptive uptake

o 0

S

Initial concentration (mg/1) of pollutants

Equilibrium concentration (mg/1) of pollutants

O

@

Adsorption efficiency
Experimental specific uptake (mg/g")

O
B

Calculated specific uptake (mg/g™)

O

e,exp

Separation factor

0
<

Constant in Freundlich model

m

Constant in Freundlich model
Redlich-Peterson Constant

» X P X

X
o

Constant Redlich-Peterson Constant

Yij Constant of Redlich—Peterson isotherm (0 <b < 1)
B, Bias Factor

MPSD Marquardt’s percent standard deviation

RSME Root mean square error

NSD  Normalized standard deviation

SEP Standard error of prediction

v Volume of the solution (L)

W Mass of the adsorbent used (gm)

N Number of observations in the experimental
isotherm

P Number of parameters in the regression model
REFERENCES

[1]1 Ebbs S, “Biological degradation of cyanide compounds, Curr.
Opin. Biotechnol™, 2004,15.

[2] Meikap M.C. and Roy G.K., “ Removal of phenolics from
industrial waste water by Semifluidized Bed Bio reactor”,
Journal of the IPHE, India, 1997, Vol.No.3.

[3] Calace N., Nardi E., M.Petronio B.,and Pietroletti M.,
“Adsorption of phenols by papermill sludges”. Environ. Pollut.
2002, 118, 315.

[4] Dash R.R, Gaur A. and Balomajumder C., “Cyanide in
industrial wastewaters and its removal: A review on
biotreatment”, J. Hazard. Mater., 2009,163.

[5] Busca G., Berardinalli S., Resini C. and Arrighi L.,
“Technologies for removal of phenol from fluid streams: A short
review on recent developments”, J. Hazard. Mater. 2008,
pp-265-288.

[6] Veeresh G.S., Kumar P. and Mehrotra 1., “Treatment of phenol
and cresols in up flow Anaerobic sludge blanket (UASB)
process: A review”, Water Res., 2005,39.

[71 Parga J.R., Shukla S.S. and Carrillo- Pedroza F.R., “Destruction
of cyanide waste Solutions using chlorine dioxide, ozone and
Titania sol”, Waste Manage., 2003,23.

[8] Guo R., Chakrabarti C.L., Subramanian K.S., Ma X., Lu Y.,
Cheng J.and Pickering W.F., “Sorption of low levels of cyanide
by granular activated carbon”, Water Environ. Res., 1993,65.

[9] Srivastava V.C., Swamy M. M., Mall L.D., Prasad B.and Mishra
ILM., “Adsorptive removal of phenol by bagasse fly ash and
activated carbon: Equilibrium, Kinetics and Thermodynamics”,
Colloids and Surfaces A:Physicochem. Eng. Aspects.,2006,272 .

[10] Jadhav D.N., and Vanjara A.K., “Removal of phenol from
wastewater using sawdust, polymerized sawdust and sawdust
carbon”. Indian J. Chem. Technol., 11(1),2004, pp.35-41.

[11] Mandi L., Achak M., Hafidi A. and Ouazzani N., “Low cost
biosorbent for the removal of phenolic compounds from olive
mill wastewater”, Options Mediterraneennes A, 88,2009,pp.179-
186.

Viraraghavan T., And Alfaro F.D.M., “Adsorption of phenol

from wastewater by peat, fly ash and bentonite”, J. Hazard.

Mater., 57(1-3),1998, pp.59-70.

Santhi T., And Manonmani S., “Adsorption of Methylene Blue

from aqueous solution onto a waste aquacultural shell powders

(prawn waste)”, Sustain. Environ. Res., 22(1),2012,pp.45-51.

[14] Wong K.K., Lee C.K., Low K.S., and Haron M.J. “Removal of
Cu and Pb by tartaric acid modified rice husk from aqueous
solutions”, Chemosphere 50, 2003, pp.23-28.

[15] Ye H., Zhang L., Zhang B., Wu G., Du D., “Adsorptive removal

of Cu(ll) from aqueous solution using modified rice husk”,

[12

—

[13

—

Energy Research and Environmental Management: An Innovative Approach ISBN 978-81-930585-2-7



34

Neetu Singh and C. Balomajumder

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[24]

[25]

[26]

[27]

(28]

[29]

International Journal of Engineering Research and Applications
(JERA), Vol. 2, Issue 2, 2012,pp.855-863.

Demirbas A., “Heavy metal adsorption onto agro-based waste
materials: A review”, J. of Hazard. Mater. 157,2008,pp.220—
229.

Kumar, U., Bandyopadhyay M., “Sorption of cadmium from
aqueous solution using pretreated rice husk”, Bioresource
Technology. 97,2006, pp.104-109.

Mahvi A. H., Maleki A.,and Eslami A., “Potential of rice husk
and rice husk ash for phenol removal in aqueous system”, Am. J.
Appl. Sci. 2004, 1, 321.

Ahmaruzzaman M., Sharam D. K., “Adsorption of phenols from
wastewaters”,J. Colloid Interface Sci. 2005, 287, 14.

Gupta N., Majumder C. B. and Agarwal V. K.,, “Adsorptive
treatment of cyanide-bearing wastewater: A prospect for sugar
industry waste”, Chem. Eng. Comm., 200,2013,pp.993-1007.

APHA, Standard Methods for the Examination of Water and
Wastewater. 20th Ed., American Public Health Association,
Washington, DC.2005.

Kumar S., Mohd Z.., Prajapati J. K., Kumar S.,and Kannepalli
.S. “Modeling studies on simultaneous adsorption of phenol and
resorcinol onto granular activated carbon from simulated
aqueous solution” Journal of Hazardous Materials 185
.2011,pp.287-294.

Kumar A., Kumar S., Kumar S., and Gupta D.V., “Adsorption
of phenol and 4- nitrophenol on granular activated carbon in
basal salt medium: equilibrium and kinetics”, J. Hazard. Mater.
147 .2007.pp.155-166

Aksu Z. and Akpinar D. “ Simultaneous adsorption of phenol
and chromium (VI) from binary mixtures onto powdered
activated carbon” Journal of Environmental Science and Health,
Part A: Toxic/Hazardous Substances and Environmental
Engineering, 2008

Mckay G., Al Duri B., “Prediction of multicomponent
adsorption equilibrium data using empirical correlations”, Chem.
Eng. J. 41.1989,pp. 9-23.

Liu J.,.Ma Y, Xu T., and Shao G., “Preparation of zwitterionic
hybrid polymer and its application for the removal of heavy
metal ions from water”, J Hazard. Mater. 178.2010,pp.1021—
1029.

Mohan D., Chander S., “Single component and multi-
component adsorption of metal ions by activated carbons”,
Colloids Surf. A 177 (2-3),2001,pp.183-196.

Hameed B.H., Tan L.LA.W., and Ahmad A.L., “Adsorption
isotherm, kinetic modeling and mechanism of 24,6-
trichlorophenol on coconut husk-based activated carbon”, Chem.
Eng. J. 144 ,2. 2008,pp.235-244.

Carvalo M.F., Duque A.F., Goncalves 1.C., and Castro P.M.L.,
“Adsorption of fluorobenzene onto granular activated carbon:

isotherm and bioavailability studies”, Bioresour. Technol. 98
,18.2007,pp.3424-3430.

Energy Research and Environmental Management: An Innovative Approach ISBN 978-81-930585-2-7



