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Abstract

The adsorption behaviour of Zn (II) ions onto unmodified coconut coir dust residue and NaCl treated coconut
coir dust extract (UCCR, UCCE, NaCCE and NaCCR) was investigated at 30°C and pH of 7.0. The trend in the
percentage adsorption of the adsorbate on the adsorbents decreased in the following descending:

UCCR ~ NaCCE>NaCCR> UCCE. There was justification in modifying the coir dust extract since this
enhanced its adsorptive capacity. However, modification of the coir residue decreased its adsorptive capacity and
not justifiable. The sorption data were also subjected to Langmuir, Freundlich and Flory-Huggins adsorption
isotherm models. The adsorption of Zn(II) ions on NaCl treated coir residue (NaCCR) conform to the Langmuir
isotherm model with high correlation value R* > 0.90. This indicated monolayer surface coverage of the Zn(II)
ions on these adsorbents. The data for the adsorption on NaCl treated coir residue (NaCCR) and NacCl treated
coir residue (NaCCR) at 50°C fitted well to the Freundlich isotherm model implying a heterogeneous surface
coverage of the adsorbents. All the adsorptions of Zn(II) ions on these adsorption did not fit the Flory-Huggins
model. The adsorption increased with increase in temperature indicating an endothermic process. The negative
value of AG® signifies that the adsorption reaction was spontaneous process. The result indicate that the coir dust
residue and modified coir dust extract could be employed as low-cost alternative for the removal of Zn(II) ions
from solution.
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INTRODUCTION

Removal of heavy metals from industrial wastewater is of primary importance because they are not only causing
contamination of water bodies but are also toxic to many life forms. Since most of heavy metals are non-
biodegradable into non-toxic end products, their concentrations must be reduced to acceptable levels before
discharging them into the environment. At least 20 metals are classified as toxic and half of these are emitted
into the environment in quantities that pose risks to human health (Kortenkamp et al., 1996). The ability of water
body to support aquatic life as well as its suitability for other uses, however depends, on many trace elements.

Trace concentrations of zinc (Zn) are important for the physiological functions of living tissue and
regulate many biochemical processes. However, just like other heavy metals, when Zn is discharged into natural
waters at increased concentrations in sewage, industrial wastewater or from mining operation it can have severe
toxicological effects on humans and aquatic ecosystems (Aremu et al., 2002). A similar poisoning episode in
Japan (Nitta, 1970).

Hence, it is essential to remove Zn from industrial wastewaters before transport and cycling into the
natural environment. A number of technologies have been developed over the years to remove heavy metals
from aqueous solution and industrial wastewaters. The most important technology includes precipitation,
adsorption, ion exchange, reverse osmosis, electrochemical processes and membrane technology. However,
these methods are uneconomical and inefficient, especially at metal concentrations in range from 10 to 100 mg/1
(Basci et al., 2004). Biosorption has been found to be economically feasible, rapid, reversible, and ecologically
friendly in the removal of heavy metals from aqueous solutions, especially when used in the treatment of high
volumes and low concentrations of wastewater Akar, containing heavy metals (Tunali and 2006, Yazici et al.,
2008, Melckova and Ruzorix, 2010). Agricultural byproducts which are available in large quantities may have
potential to be used as low cost adsorbents. They represent unused resources that are widely available and
environmentally friendly (Jeans and Dixon, 1992). Literature has shown that some agricultural wastes such as
peanut skin (Randall et al., 1978), onion skin (Kumar and Dara, 1982), maize cob (Odozi et al., 1985) sugarcane
bagasse (Krishanmi ef al., 2004). Coconut fibre (Bhatnager et al., 2010).

Among, all these forms of agricultural by-products as adsorbent, coconut coir based adsorbents has
proved to be very promising in recent years. The sorption properties of coconut shell are due to the presence of
some functional groups, such as carboxylic hydroxyl and lactone which have high affinity for metal ions (Tan et
al., 1993). The use of coconut shell with surface modification to improve its metal removal performance would
add to its economic valve, help reduce the cost of waste disposal and most importantly, provide a potentially in
expensive alternative to existing commercial adsorbents such as activated carbon and synthetic resins (Babel and
Kurniawan, 2004, Ng et al., 2000, Amuda and Brahrin, 2006). The objective of this study was to investigate
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Zn*" ions biosorption by the residue and aqueous extract of coconut coir dust.

Coconut coir dust is the name given to millions of micro-spongy materials that constitute. The thick
mesocarp or husk of the coconut (Cocos nucifera L) fruits. These are the fluffy materials that falls off when
coconut husk is shredded in coir processing mills and are left as wastes of no industrial value. The present
investigation is to extract coconut coir dust with water and therefore use the residue and extract as adsorbents for
removing Zn*" from aqueous solution studying the adsorptive capacity of the residue and extract by varying the
agitation time, initial ion concentration.

Materials and Method
Coconut (Cocos nucifera L.) coir dust was procured from a local coconut processing mill in Uyo, Nigeria. It was
air dried for 24 hours and in an oven at 60°C to constant weight.

Extraction of Coconut Coir Dust with Hot Water

Coconut coir dust (10g) was boiled in 250ml of water in a beaker placed on hot plate. It was stirred continuously
using magnetic stirrer for 12 hours to ensure complete extraction. After the coir dust residue was separated from
the extract by filtration using filter paper Whatman No. 41. The filtrate and residue were dryness and the extract
obtained was dried in an oven kept at 60°C to constant weight.

Activation of Coir Dust Residue and Extract using NaCl

Five grammes (5g) of the dried residue was mixed with 20ml of 2 NaCl and the mixture kept for 24 hours. The
mixture was filtered and the coir residue sodium chloride was air dried for 24 hours and in oven at 60°C. The
sample procedure was repeated for the coir extract. These adsorbents were stored in airtight hid containers.

Adsorption Kinetics of Zn(II) Ions on Adsorbents

A Zn*" ion solution was prepared by dissolving solid Zinc nitrate hexahydrate Zn(NOs).6H,0 in deionised water.

The biosorption experiment was conducted in 250ml Erlenmeyer flasks containing 200mg of Na-activated coir

residue with of Zn>" ion 25ml solution with initial concentration of 10 mg/I. the flasks were agitated on a shaker

at 140rpm at 30°C for 0.5, 5, 10, 30, 60 and 90 mins respectively. the pH of the Cu®* ion solution was maintained

at pH 7. At the end of each time interval, each solution was filtered and the filtrate was analysed for the residual

Zn*" ion concentration. This procedure was repeated for the Na-activated coir extract. The removal efficiency (E)

of adsorbent on Zn(II) is calculated as
Cq— Cp < 100

% Efficiency . Co 1

Equilibrium Studies of Adsorption of Zn(II) on Adsorbents
The equilibrium isotherm was determined by mixing 0.2g of NaCl-treated coir residue in the concentration of 2,
6, 10 ppm of 25ml of Zn>* ion solution. The different flasks containing the different concentrations of Zn(II) ion
solution were shaken for 90 mins, sufficient to reach equilibrium with constant agitation speed of 140rpm at
30°C.

The amounts of Zn®" ions biosorbed by untreated coir residue/extract and residue/extract pre-treated
with NaCl were calculated by the application of the equation

Co—Ce  V

™m 1000

in which CC” Ce are the initial concentration (mg/l), Ce the concentration at equilibrium (mg/l), m is the dry
weight of biomass (g), V is the volume of Zn(II) solution (ml), q is the quantity of metal ion bioadsorbed per of
biomass.

Results and Discussion
Equilibrium time Study
Table 1 show increase in the percentage uptake of Zn(II) ions by the untreated coir residue/extract and NaCl-
treated coir residue and extract with time. The untreated coir residue is the UCCR while the coir extract is UCCE
while the NaCl-treated coir residue and extract are Na-CCR and Na-CCE respectively. It was observed that the
biosorption on untreated and NaCl-treated coir residue and extract was rapid and attains equilibrium at 60 mins
for the four adsorbents. The untreated coir dust residue removed more of Zn(II) ions than the NaCl-treated coir
residue and became almost the same between 60-90 minutes when the sorption is already at equilibrium.
However, the amount of Zn(II) removed by the NaCl-treated coir extract Na-CCE were greater than that
removed by the untreated coir extract (UCCE). This result justify the reason for the modification of the coir dust
extract. It showed that it was not necessary to modify the coir dust residue. The unmodified coir dust residue

155



Chemistry and Materials Research www.iiste.org
ISSN 2224- 3224 (Print) ISSN 2225- 0956 (Online) !L,irl
Vol.6 No.12, 2014 “s E

(UCCR) is a better adsorbent for the removal Zn(II) ions from aqueous than the unmodified coir dust extract
(UCCE).

The coir dust residue (UCCR) is composed of lignin and cellulose while the coir extract is composed of
tannins which is a flavonoid substrate. It has been reported that lignocellulosic materials remove more metal ions
from aqueous solution than the extractive which is a non structural wood compound (Israel, 2012).

Adsorption Isotherms

Adsorption isotherm is the curve which relates the amount of adsorbate adsorbed per unit mass of adsorbent to
the amount of unabsorbed adsorbate remaining in solution at equilibrium time. Several models have been
developed to describe adsorption system behaviours. The result obtained on the adsorption of Zn(II) on
unmodified and modified coir dust residue and extract were analyzed by the well known models given by
Langmuir, Freundlich and Flory-Huggins the Langmuir model has been successfully applied to many pollutant
adsorption processes and it is most commonly used adsorption isotherm for the adsorption of a solute from a

liquid solution (Langmuir, 1916). The linear form of Langmuir isotherm is given by the following equation
Co 1 Ce
e 4+ ==

e Qb Q@ 7

where Qo and b are Langmuir constants related to adsorption capacity and energy of adsorption respectively.

Ce and e are the equilibrium concentration and quantity absorbed respectively. Table 2 shows the
Langmuir parameter’s and correlation coefficients evaluated from the model at the temperatures of 30°C, 50°C
and 70°C respectively. The values of the correlation coefficients indicate favourable conditions for adsorption of
Zn(11) ions on unmodified coir extract (UCCE) at 70°C, NaCl modified coir extract (NaCCE), unmodified coir
residue (UCCR) at 70°C and NaCl modified coir residue (NaCCR).

The results should that the adsorption of Zn(IT) ions on unmodified coir extract (UCCE) was favoured
at higher temperatures than lower one. It again demonstrate that modified coir dust residue (UCCR) was a better
adsorbent for the removal of Zn(Il) ions from aqueous solution than the coir dust extract whether treated or not.

According to Hall ef al., (1966), the essential features of the Langmuir isotherm can be expressed in
terms of a dimension less constant separation factor or equilibrium parameter K; which is defined by the
following relationship:

_ 1
j_". 1+b{|ﬁ. TEA MES AEE SRS AES A RS AEE SRS MEE AE N AR AES A RS AEE AEE AEE ARG AEE GRS A EE AEE AEE MEE AN AR A EEE
where KL is a dimensionless separation factor, € is the initial concentration (mg/1), b the Langmuir constant

K

L indicates the shape of the isotherm and nature of the adsorption process (KL =

L,

unfavourable, HL = 1! linear; 0< HI. < lifavourable; HL = 0: irreversible). The value of

K L obtained were in between 0 and 1 indicating the favourable adsorption of Zn(Il) onto modified coconut coir
extract (UCCE) and modified coir residue (NaCCR).

The adsorption data obtained were also analysed with the Freundlich isotherm model. The Freundlich
isotherm (Freundlich, 1906) is the earliest known relationship describing the sorption equation. This fairly
satisfactory empirical isotherm can be used for non-ideal sorption that involves heterogeneous sorption. The
linear form of Freundlich isotherm is given by the following equation:

logg, = ilog F108 K oo e e e e
C

& the equilibrium concentration of the
log(C,

(L/mg). The parameter

where e is the amount adsorbed per unit mass of adsorbent (mg/g),

adsorbate (mg/l), HF and n are Fruendlich equilibrium coefficients. The plot of ]Gg E versus
1

enables the constant KF and 7 to be determined from the slope and intercept of the plot. These constants HF

1

2
and n with correlation constants R for this model are presented in Table 7. The high correlation constants

(R ) for the adsorption of Zn(II) on NaCl treated modified coir dust residue (NaCCR), untreated coir dust
extract (UCCE) at 50°C, 70°C, NaCl treated UCCE at 30°C, 70°C and unmodified coir residue (UCCR) at 70°C
showed that these adsorptions conforms to this model. These results indicate that adsorption of Zn(II) ions on
unmodified coir extract (UCCE) and NaCl modified coir residue (NaCCR) is temperature dependent showing
endothermic reaction. Isreal and Eduok (2012) had reported an endothermic adsorption of Zn(II) ions on
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unmodified coconut coir dust.

The Flory-Huggins model has been to describe the sorption of Zn(II) ions on the unmodified and
modified coir dust extract and residue. This model which helps to account for the degree of surface coverage
characteristic of the adsorbate on the adsorbent is expressed in the linear form as:

a
log(2) = 10gKeys + gy 1080 = 6) oo oo e e
8

where  is the surface coverage of the adsorbent by the adsorbate.
(1-Cg)
g =& e
Co ' where Co and Ce are the initial and equilibrium Zn(II) concentrations respectively. The plot

8
Oflc:g (C—)Lersus log(1l — &)

o should be linear if the adsorption conforms to this model and the

equilibrium constants HF H and CrH were obtained from the intercept and slope of the plot are shown in

Table 4. Furthermore, the equilibrium constant KF H: obtained from the Flory-Huggins models is used to
compute the Gibbs free energy for the adsorption process. The Gibbs free energy is related to the equilibrium
constant as follows:

AG® = —RTINK R crv coe oo oee oo eee e oo eee oo eee oo e oo ere oo o

where R is the universal gas constant, 8.314J/K/mol, T is absolute temperature (K) and KF H is equilibrium

AG®

constant from Flory-Huggins isotherm equation. The
o
equation. The AG

o
NaCCE, UCCR and NaCCR) in this study were computed and shown in Table 4. The negative values of AG
for the adsorption of Zn(II) ions on untreated and NaCl treated coir extract and residue showed that it is a
spontaneous and endothermic process. Karthikeyan et al, 2004, Israel and Eduok, 2012 had reported
endothermic adsorption of Zn(II) ions onto chitosan and coconut coir dust, respectively. The increase in the
adsorption of Zn(II) ions with increase in temperature might be due to the acceleration of some originally slow
adsorption steps or creation of some active sites on the adsorbent surface.

Effect of temperature on adsorption of Zn(II) onto coir dust extract and residue. The effect of
temperature on the adsorption of untreated and NaCl treated coir dust extract and residue (UCCE, NaCCE,
UCCR and NaCCR) are shown in Table 5.

The percentage adsorption of Zn(II) on these adsorbents were calculated for the temperatures of 30°C,
50°C and 70°C respectively. The result showed that the adsorption of untreated coir dust extract (UCCE)
increase with rise in temperature indicating an endothermic adsorption. However for the NaCl treated coir dust
residue (NaCCR) the adsorption seemed to remain constant at lower temperatures but slightly decreased as
temperature increases indicating exothermic reaction.

The adsorption of NaCl treated coir dust residue (NaCCR) increased with increase in temperature
whereas the NaCl treated coir extract show little or no change with temperature. This demonstrate that these two
adsorbents untreated and treated coir residue and extract have different constituents. The coir residue (UCCR)
being a lignocellulosic material whereas the coir dust extract in composed mainly of tannins a non woody
material.

is equilibrium constant from Flory-Huggins isotherm

for Zn(IT) adsorption onto untreated and treated coir dust extract and residue (UCCE,

Conclusion
The adsorption of Zn(II) ions on the unmodified and NaCl modified coir dust residue and extract increased with
increase in contact time. However, the trend of adsorption decreased in the following descending order

unmodified coir residue (UCCR * NaCl modified coir extract (NaCCR) > NaCl modified coir residue
(NaCCR) > unmodified coir extract UCCE respectively. Hence, there was need to modify coir dust extract (CCE)
and not necessary to modify the coir residue.

The adsorption of Zn(II) ions on NaCCE, the modified extract, and NaCCR the modified coir residue
confirm to the Langmuir isotherm with high correlation values of R* >0.90. Also the adsorption on NaCl treated
coir extract (NaCCE) conform to the Freundlich isotherm model with correlation constant R* of 0.974 at 50°C
while the NaCl treated coir residue (NaCCR) confirm to this model at all temperatures of 30°C, 50°C and 70°C
respectively. The adsorption of Zn(II) on these adsorbents increased with increase in temperature indicating an
endothermic reaction and with negative value of AG, the Gibbs free energy confirming the adsorption to be
spontaneous.
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Table 1: Percentage Adsorption of Zn(II) on untreated and Na-treated coir dust residue and extract

Time UCCR Na-CCR UCCE Na-CCE

(mins)
0.5 93.10 87.40 85.40 93.0
5.0 93.90 87.50 88.80 93.40
10.0 94.70 88.50 90.10 94.10
30.0 94.90 93.30 90.40 94.70
60.0 97.20 97.30 91.50 94.90
90.0 97.20 97.30 91.50 94.90

Initial conc. of Zn(IT) = 10mg/1, pH = 7.0, dosage = 0.2g, particle size 100-106um, temp. = 30°C
Table 2: Langmuir isotherm parameters for Zn(II) Ions on unmodified and NaCl modified coir dust

residue/extract
Adsorbent Temp. °C Q,(mg/g) b(L/mg) R’
30 0.361 0.785 0.329
UCCE 50 0.044 1.568 0.765
70 2.762 1.016 0.191
30 7.194 0.222 0.996
NaCCE 50 0.0736 1.347 0.992
70 0.960 0.5419 1.00
30 0.205 1.282 0.370
UCCR 50 1.519 0.445 0.170
70 6.037 1.378 0.961
30 0.522 0.436 0.998
NaCCR 50 0.674 1.958 0.999
70 2.392 1.251 0.499
Table 3: Freundlich isotherm parameters for Zn(I[) Ions on unmodified and NaCl modified coir dust
residue/extract
Adsorbent Temp. °C Kr(mg/g) 1 R
T
30 1.492 2.771 0.586
UCCE 50 287.07 11.21 0.964
70 1.559 0.753 0.845
30 2.013 0.547 0.816
NaCCE 50 12.330 0.151 0.974
70 1.352 0.632 0.49
30 6.886 3.800 0.625
UCCR 50 1.291 1.298 0.584
70 1.559 0.753 0.954
30 0.482 0.503 0.924
NaCCR 50 50.699 0.124 0.929
70 6.591 0.787 0.934
Table 4:  Flory-Huggins isotherm parameters for Zn(II) adsorption on unmodified and NaCl modified dust
residue/extract
Adsorbent Temp. °C Ky(mg/g) ey R’ AG" (tey/moly
30 0.596 0.041 0.727 -2768.01
UCCE 50 0.289 0.572 0.797 -482.43
70 1.658 1.690 - -6017.09
30 8.729 0.474 0.074 -219.50
NaCCE 50 1.432 0.029 0.952 -16.70
70 1.476 0.052 0.007 -841.53
30 0.261 0.052 0.797 -3289.99
UCCR 50 0.336 0.086 0.875 -381.70
70 0.06 0.033 0.724 -1693.91
30 2.183 0.671 0.596 -426.88
NaCCR 50 2.158 0.023 0.164 -870.31
70 93.54 1.464 0.349 -2323.88
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Table 5: Percentage adsorption of Zn(II) at equilibrium for unmodified coir residue/extract and modified NaCl
modified coir residue and extract at different temperatures

Co(mgn) 30°C 50°C 70°C

UCCE _NaCCE UCCR NaCCR UCCE NaCCE UCCR NaCCR UCCE NaCCE UCCR NaCCR

2.0 71.0 90.50 79.50 67.50 73.50 73.50 79.50 80.50 90.0 74.50 62.0 96.50
6.0 90.0 94.0 91.66 83.66 90.50 89.0 91.66 92.66 91.0 91.16 84.66 96.50
10.0 92.0 96.20 93.50 83.20 94.0 93.0 93.50 95.40 93.60 94.10 88.60 99.10
15.0 92.0 93.40 94.20 88.46 95.73 95.20 94.20 96.60 95.0 91.16 92.06 98.06

Time= 90 mins, dosage = 0.2g, particle size = 100-106pum

REFERENCES

Amuda, O. S. and Ibrahim, A. O. (2006). Industrial Wastewater treatment for Chemical oxygen demand (COD)
using natural material as adsorbent, African J. Biotechnol. 5(16): 1483-1486.

Aremu, D. A. Olawuyi, J. F., Meshitsuaka, S. Sridhar, M. K. and Oluwande, P. A. (2002). Heavy metal analysis
of groundwater from Warri, Nigeria, Int. J. Environ. Health Res. 12:261-267.

Kortenkamp, A., Casadevall, M., Faur, S. P, Jenner, A. A., Shayer, R. o. J., Woodbrige, N. Oxygen in the
formation of DNA damage during the reduction of the carcinogen chromium V by glutathione. Arch.
Biochem. Biophys. 329(2): 199-208.

Nitta, T. (1970). Marine Pollution in Japan, In: M. Ruvin (Ed.) Marine Pollution and Sea life, Proc. FAO
technical Conference on marine Pollution and its effect on Living resources and Fishing, Rome, p. 77.

Basci, N., Kocadagistan, E. and Kocadagistan, B. (2004). Biosoprtion of Copper(Il) from aqueous solution by
wheat shell, Desalination. 164:135-140.

Tunali, S. and Akar, T. (2006). Zn(II) biosorption properties of Botrytin increa biomass. Journal of Hazardous
materials, 131: 137-145.

Yazici, H., Kile, M. and Solak, M. (2008). Biosorption of Copper (II) by marrubium globosum sub sp.
Globosum leaves powder: Effect on chemical pretreatment. Journal of Hazardous materials, 151: 669-
675.

Melcakova, I. and Ruzovic, T. (2010). Biosorption of Zinc from aqueous solutions using algae and plant biomass.
Nova Biotechnologies, 10-1: 33-43.

Dean, J. R. and Dixon, B. G. (1992). Uptake of Pb*>" and Cu®* by novel biopolymers, Water Res. 26(4): 469-472.

Kumar, P. and Dara, S. S. (1982). Modified Barks for Scavenging toxic metal ions Indian J. Environ. Health,
22:196-202.

Odozi, T. O., Okeke, S. and Lartey, R. B. (1985). Studies on binding of Metal ions with Polymerized corn cob
and composite resin with saw dust and onion skin. Agric. Waste, 12: 13-21.

Krishnanni, K. K., Parmala, V. and Meng, X. (2004). Detoxification of Chromium (VI) in coastal Wastes using
lignocellulosic agricultural wastes. Water Sci., 30(4): 541-545.

Bhat nagar, A., Vitor, J. P., Cidala, M. S. and Boaventura, A. R. (2010). Coconut based biosorbents for water
treatment. A review of recent Literature. Adv. Colloid and Int. Sci. 2010. D0i:10.1016/jcis,2010.06,011.

Tan, W. T., Ooi, S. T. and Lee, G. K. (1993). Removal of Coconut husk and palm pressed fibres. Environ.
Technol, 14(3): 277-282.

Babel, S. and Kurniawan, T. A. (2004). Cr(VI) Removal from synthetic wastewater using coconut shell charcoal
and commercial Activated carbon modified with oxidizing agents and/or chitosan, chemosphere,
54:951-967.

Ng, C., Losso, J. N., Marshall, W. E. and Rao, R. M. (2000). Physical and chemical properties of selected
agricultural byproducts based activated carbons and their ability to adsorb geosiun, Bioresour. Technol.,
84:177-185.

Israel, A. U. (2012). Studies on the Cation Exchange and Adsorption properties of coconut coir dust. Ph.D.
Thesis (unpublished). University of Port Harcourt, Port Harcourt, Nigeria, pp.

Langmuir, I. (1916). The Constitution and Fundamental properties of Solids and Liquids. J. Am. Chem. Soc. 38:
2221-2295.

Freundlich, H. M. F. (1906). Uber die Adsorption in Lasungen. Z. Phys. Chem. 57: 385-470.

Hall, K. R., Eagleton, L. C., Acriros, A. and Vermeulen, T. (1966). Pore-and Solid-Diffusion Kinetics in Fixed
Bed adsorption under constant pattern conditions. Ind. Eng. Fundam. 5(2): 212-223.

Israel, A. U. and Eduok, U. M. (2012). Biosorption of Zinc from Aqueous Solution using Coconut (Cocos
nucifera L.) coir dust. Archives of Applied Science Research, 4(2): 809-819.

Karthokeyan, G., Ambalagan, K. and Muthelakshmi, A. N. (2004). Adsorption Dynamics and Equilibrium
Studies of Zn(II) onto Chitosan J. Chem. Sci. 116(2): 119-127.

Randall, J. M. Hautala, E. and Waiss, A. C. (1978). Binding of Heavy Metal ions by formaldehyde polymerized
peanut skins. J. Appl. Polym. Sci. 22:279-289.

159



The IISTE is a pioneer in the Open-Access hosting service and academic event management.
The aim of the firm is Accelerating Global Knowledge Sharing.

More information about the firm can be found on the homepage:
http://www.iiste.org

CALL FOR JOURNAL PAPERS
There are more than 30 peer-reviewed academic journals hosted under the hosting platform.

Prospective authors of journals can find the submission instruction on the following
page: http://www.iiste.org/journals/ All the journals articles are available online to the
readers all over the world without financial, legal, or technical barriers other than those
inseparable from gaining access to the internet itself. Paper version of the journals is also
available upon request of readers and authors.

MORE RESOURCES

Book publication information: http://www.iiste.org/book/

Academic conference: http://www.iiste.org/conference/upcoming-conferences-call-for-paper/

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische Zeitschriftenbibliothek
EZB, Open J-Gate, OCLC WorldCat, Universe Digtial Library , NewJour, Google Scholar

@ CO INDEX @ COPERNICUS

ros IN T BERON AT 10N KL
INFORMATION SERVICES

@ vimnsice sounaocs @

N BASE £z Elektronische O
RN . 008 Zeitschriftenbibliothek
open
® "
() ' N—
B v GEORGETOWN UNIVERSITY
ocLC’ <) LIBRARY



http://www.iiste.org/
http://www.iiste.org/journals/
http://www.iiste.org/book/
http://www.iiste.org/conference/upcoming-conferences-call-for-paper/

