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ABSTRACT

Adsorption equilibrium, kinetics of 4-chlorophenol (4-CP) one of the chlorophenols (CPs) onto bituminous
coal based Filtrasorb-400 grade granular activated carbon and polymeric adsorbents were studied in
aqueous solution in a batch system. Langmuir isotherm models were applied to experimental equilibrium
data of 4-CP adsorption. Equilibrium data fitted very well to the Langmuir equilibrium models of 4-CP.
Adsorbent monolayer capacity ‘Qo’ Langmuir constant b and adsorption rate constants ka were evaluated.
Adsorption using GAC is very rapid in the first hour of contact where 60 - 70 % of the adsorbate is removed
by GAC followed by a slow approach to equilibrium, whereas in case of polymeric adsorbents 50-60 % of
the adsorbate is removed in the first 30 min which is then followed by a slow approach to equilibrium.
Comparative adsorption capacity of different adsorbents used is observed to be in following order F 400
> XAD-4 > XAD-1180 > XAD-7HP

Keywords: Batch adsorption, Equilibrium, Kinetics, 4-CP, GAXCAD-7HP, XAD-1180, XAD-4..

INTRODUCTION

Human health has been badly affected in recensydae to increasing pollution caused by growing
industries. Water pollution in this respect conitds to a greater extent. The levels of pollutants
allowed in discharge waters, are directly relatétth whe type of pollutant present in the effluefs. a
result elimination of organic pollutants in aqueaaution needs one or various basic treatment
techniques. Chlorophenols (CPs) constitute a particular grofipriority toxic pollutants listed by the
US EPA in the Clean Water Acbecause most of them are toxic and hardly biodiedple, and are
difficult to remove from the environment. CPs migitbduce disagreeable taste and odor to drinking
water at concentratiohsbelow 0.1g 1 and adverse effects on the environrhefthe limiting
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permissible concentration of CPs in drinking wathould not exce@dlO ug I . Adsorption is an
important technique in separation and purificatimocesses which is used in water and wastewater
industry to the removal of color, odor, and orgapailution® ’. Adsorption on activated carbon is
widely employed to great advantage whenever it cotoghe removal of toxic and refractory organic
chemicals at tertiary levels. There are many rembihstancés® of phenol adsorption on activated
carbon, in fibrous and granular form, where théboarwas subjected to various pretreatments before
use. A comparative study on the performance ofaoentesins and activated carbon found that
Filtrasorb 400 GAC is more effective in removinganics as compared to XE-340 or IRA 984%.
Webb compared the ability of XAD grade of resingtisorb microgram amounts of five polar organics
(acids, phthlates, alcohols, and phenols), andrreghthe effectiveness of adsorbents in the orded-X

4 > XAD-2 > XAD-7 > XAD-87",

In the present investigation, equilibrium andetics studies of adsorption of 4-chlorophenol (4-CP
from aqueous solution on granular activated cadomhthree grades of polymeric adsorbents has been
carried out. Commercially available granular adtdacarbon (GAC) namely Filtrasorb-400 (F-400)
and three grades of synthetic polymeric adsorbeatsely Amberlite XAD-4, XAD-7HP and XAD-
1180 were used. Amberlite XAD-4 is a white insotulplolymeric adsorbent. It is a non-ionic cross-
linked polymer, which derives its adsorptive prdjgsrfrom its patented macroreticular structurgear
surface area. Amberlite XAD-7HP and Amberlite XAD8D are also white insoluble polymeric
adsorbent having micoreticular structure and ladgorptive surface area. The properties of GAC and
polymeric adsorbents are reportedable-1 & 2 respectively.

Table-1: Physico-chemical properties of adsorbent Filtrasorst00

Properties F-400
N,-BET Surface area | 998 g
Particle density 0.795 g/cm
Pore volume 0.825 g/ cm
Porosity 0.65
Phenol-BET Surface arda480 ni/g
Moisture 19 wt%
Ash 6.1 wt%
Volatile matter 27 wWt%
Fixed carbon 89.3 wt%
Mineral matter 6.71 wt%

Table -2: Physico-chemical properties of XAD Resin

Adsorbent | Moisture N,-BET Surface | Specific gravity Porosity
area nf/g

XAD 4 54 - 60 % | 750 1.01-1.03 0.50

XAD 7HP 61 —69 % | 380 1.06 -1.08 0.50

XAD 1180 | 61 —-67 % | 500 1.015-1.025 0.60

Pretreatment of adsorbent: In the present investigation commercially availagtanular activated
carbon (GAC) namely Filtrasorb-400 (F-400) and ¢hgeades of polymeric adsorbents (XAD resins)
were used as adsorbents. Adsorbent samples subjedtee proximate and ultimate analysis, N2-BET

1242| J. Chem. Bio. Phy. Sci. Sec. A, 2012, Vol.2, No1241-1248.



Absorption.... A.S.Ghatbandhe ait

surface area and scanning electron microscopy (SEKE properties of GAC and XAD resins are
reported inTable-1 & Table-2 respectively.

EXPERIMENTAL

Adsorption equilibrium studies: A 500 ml round bottom flask containing 250 ml oftiled water
was immersed in the thermostat bath. The conterdg e@nstantly stirred at 800 + 50 RPM and allowed
to attain the temperature of the bath. A calculapeahtity of the stock solution was introduced itite
distilled water with the help of graduated pipeftee solution was allowed to mix thoroughly. As the
temperature is reached, 0.25 + 0.001 g of the bdabisample was then introduced into the solution
with the stirring speed at 800 + 50 RPM. Stirringswcontinued till the concentration of the aqueous
phase showed no detectable change in UV absorb@heeequilibrium was attained in about 4 hours.
As a precautionary measure, experiments were agdifor five hours.

Adsorption Kinetics: For adsorption kinetics studies a 5-liter Borosisg beaker fitted with baffles
was used. Three liters of experimental solution wapared by adding appropriate amount of stock
solution into boiled and cooled distilled water0@.+ 0.0001 g of given adsorbent sample was
introduced into the solution at a given instantimfe. 5 ml of experimental solution was withdrawin a
desired interval of time with the help of syringedaconcentration of adsorbate in the agqueous phase
was estimated by UV analysis.

Analytical method: The adsorbate concentration was determined by gusisv-Visible
spectrophotometer. Adsorbate 4-CP has very strbagrption band in the range 270 - 300 nm to and
had high molar extinction coefficient valgl). This naturally served as a very simple, reliabid a
rapid method for analyzing the adsorbate conceatrdh water. To begin with substrate of known
concentration was scanned in the UV region (1904380 to determine its wavelength of maximum
absorbancé\ may).

RESULT AND DISCUSSION

The equilibrium isotherms obtained for 4-CP adsorponto different adsorbents obeyed the Langmuir
equation with very high regression coefficient abd@/98 indicating a very good linear fit in all the
cases. The adsorption equilibrium isotherms forPAu@ith respect to all the adsorbents used in the
present study are depictedrig.-1. The Langmuir expression is given as,

Ce_1  Ce . 1

Qe Qb

Langmuir isotherm plots for 4-CP adsorption ontifedent adsorbents are depicted-ig.-2

Absorbate removal rate studies: Asimplified interpretation of the kinetic data basen Langmuir
theory has been used for interpreting the kinedia.dThe plots of removal rate of 2,4 D using défe
adsorbents with respect to time are depictdeign3. Adsorbate removal rate is expressed as a function
of directly measurable fluid phase adsorbate canaion. Langmuir theory assumes that the rate of
adsorption is proportional to the product of adatebconcentration in fluid phase and the fractibn o
the vacant adsorbent surfaces. The fraction of siméace covered by the adsorbate, Q, will be
proportional to the decrease in fluid phase adatglctoncentration, thus

d
F? =k,C.(1-Q)-k,Q  ----mnn- 2

and, Q=f(Co-Ct) -momoee- 3

Where, ka and kd are adsorption and desorptian gahstants. Co, Ct and Ce are the fluid phase
adsorbate concentrations at zero, time t and alilagum respectively and f is proportionality cdast.
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Substituting Eqgn. (3) in Eqgn. (2) and solving resultant equation by applying the concept of st
state gives the final expression

[(C C)]_ kaC I [(Co_Ce)] ________ 4
(C +a) (G, +a)
where, a= S and b=—*%
bC, Kq

The adsorption rate constant ‘ka’ thus evaluatedlojting In [(C-Ce) / (Ct+a)] against tFigs. <

depicts these plots for the adsorbatisorbent systems for all the studied temperafaréise preser
work. The plots also show the rate expressionsrmdrdeby linear regression analysis of the kinetitad
The experimentally determined values of@tient monolayer capacity ‘Qo‘and Langmuir consthn
at all the five temperatures are summarize@iahle-4.

Depending upon nature of adsorbents adsorptioncitgpaf different adsorbents varies. Plot of
adsorption onto different adsorbents usedkjgicted irFig. 5.
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Fig 2 :Comparative Langmuir adsorption isotherms of 4 - CP
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Fig 3 : Comparative Adsorption Kinetics of 4-CP
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Fig 4: Comparative Adsorbate removalrate of 4-CP

Table -3: Phgs-chemicé properties of 4-CP

Mol. Wt. 128.56
Water solubility mol/L at 3CC 0.2107
A max (NM) 279

O (cm' mol* dn?) 1463.3
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Table 4: Comparative adsorbentmonolayer capacity and Langmuir constant fo 4-CP

No. Adsorbent  Slope

F 400 563.54
XAD 4 2181.7
XAD 1180 1641.9
XAD 7HP 2331.2

A WN P

Intercept

0.0179
0.625

0.630¢

0.9535

Q°x10° Cex 10 b

mol/g mol/L

17.74 0.0673-5.25 31482.68
4.58 1.25-15.1 3490.72
6.09 1.12-14.1 2604.95
4.29 1.13-16.6 2444.88

CONCLUSIONS

Thepresent work has led to some important conclusisnstated belc:

4-CP adsorption using GAC480 is rapid in te first hour of contact where 60 - 70 %tbé& adsorbat
is removed by GAC RB0O0 followed by a slow approach towards equilibridm case of polymeri
adsorbents 560 % of the adsorbate is removed in the first 3@ ofi contact time which is the
followed by a slow approach to equilibrium. The adsorptiédrd-CP from aqueous solution on
granular activated carbon and polymeric adsorbeatdirms to a Langmuir equation based o
monomolecular layer. Comparative adsorbent monolegpacity of GAC -400is greater than all tr
three polymeric adsorbents used.The order of atigerpapacity of -CP on different adsorbents us
in the study is found to be in following orde#00 > XAD-4 > XAD-1180 > XAD7HP

NOMENCLATURE

b = Langmuir constant; C = con¢etion of the adsorbate in liquid phase (mc

Co = initial concentration of the adsorbate (mal/lDe = equilibrium concentration of the adsorkiatel/L);
ka= adsorption rate constant (ndii- Qo = adsorbent monolayer capacity (mo

Qe = adstbent phase concentration at equilibrium (mol/g)=Riniversal gas constant (-1 mol-1);

T =temperature of the system (K)
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