Available online www.jocpr.com

Journal of Chemical and Phar maceutical Resear ch, 2012, 4(4):2102-2108

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRCS5

Comparative 2, 4 Dichlorophenoxyacetic acid (2, 4-D) Aqueous Phase
Adsorption Using Natural and Synthetic Adsor bents

A.S. Ghatbandhe , H. J. Jahagirdartand M. K. N. Yenkie®

'Department of Chemistry, SF SCollege, R. T. M Nagpur University, India
?Department of Chemical Technology, Laxminarayan Institute of Technology R.T.M Nagpur
University, India

ABSTRACT

Adsorption equilibrium, kinetic of 2,4-dichlorophenoxy-acetic acid (2,4-D), one of the most commonly used phenoxy
acid herbicides, onto different adsorbents such as granular activated carbon (GAC) and synthetic polymeric
adsorbents XAD- 7HP, XAD-1180 and XAD-4 were studied in agueous solution in a batch system. Langmuir
isotherm model was applied to experimental equilibrium data of 2,4-D adsorption depending on adsorbents used.
Equilibrium data fitted very well to the Langmuir equilibrium model in the studied concentration range of 2, 4-D for
all the adsorbents studied. Adsorption using GAC is very rapid in the first hour of contact where 70 - 80 % of the
adsorbate is removed by GAC followed by a slow approach to equilibrium, whereas in case of polymeric adsorbents
60-65 % of the adsorbate is removed in the first 30 min which is then followed by a slow approach to equilibrium.
Comparative adsor ption capacity of different adsorbents used is observed to be in following order:

F400 > XAD-4 > XAD-1180 > XAD-7HP

Keywords: Adsorption, 2, 4-D, GAC, XAD-7HP, XAD-1180, XAD-£&quilibrium, Kinetics, Batch adsorption.

INTRODUCTION

Water pollution caused by certain industries oficgfural activity is a source of environmental degation. The
organic and inorganic compounds that have cerwicity are now regarded as hazardous even whest asi
traces [1-4]. Among the numerous agrochemicalssia today, the herbicide 2, 4-D has been widelyiagpb
control broad-leaved weeds in gardens and farn@ng-D is commonly preferred because of its lowt @&l good
selectivity. It is considered as moderately toxid anaximum allowable concentration is 100 ppb inldng water
[5]. On the other hand 2,4-D is a poorly biodegldeaollutant. Consequently, it has been frequeddiected in
water bodies in various regions of the world. Tlisaxption process is one of the efficient methadsemove
organics from effluent [6, 7]. Activated carbontlie most widely and effectively used adsorbent dsedemoval
of organics from water owing to its highly develdpgurface properties such as surface area, pomsitysurface
chemistry. The adsorption process has an advargage the other methods due to the excellent adsorpt
efficiency of activated carbon [8]. Along with titidnal adsorbents like carbon, silica gel etclypwric adsorbents
are also more attractive alternatives because eir tide range of pore structures and physico- dbam
characteristics [9, 10]. Adsorption of some polhisaon low cost, non-conventional adsorbents haen lrarried
out which include, agriculturalsolid waste, SuchGasr pith [10], Banana pith [11],Coconut husk [LZawdust
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[13], Peat moss [14], Paddy straw[15], Nilgiri lea{16] and industrial solid wastes such as fly,astal, Red mud
,Fe (ll)/ Cr (1) hydroxide andCopper ion[17].Aretlite XAD-4 polymeric resin, a macroporous styrene
divinylbenzene copolymer is found to be the bedymeric adsorbent for removing phenolic compounidsnf
aqueous streams [18].

In the present investigation commercially availagmanular activated carbon (GAC) namely Filtraséé®- (F-400)
and three grades of synthetic polymeric adsorbeautsely Amberlite XAD-4, XAD-7HP and XAD-1180 (Rohé&
Haas company, Pennsylvania, USA) were used AmeexikD-4 is a white insoluble polymeric adsorbettisla
non-ionic cross-linked polymer, which derives itisarptive properties

from its patented macroreticular structure largdfame area. Amberlite XAD-7HP and Amberlite XAD-1l8re
also white insoluble polymeric adsorbent having aréticular structure and large adsorptive surfaea.ahe
properties of GAC and polymeric adsorbents arernteddan Table-1 & 2 respectively.

Table 1. Physico-chemical properties of adsorbent Filtrasor b-400

Properties F-400
N,-BET Surface area 998 ’Mm
Particledensity 0.795 g/lcm
Pore volume 0.825 g/ ¢
Porosity 0.6
Phenc-BET Surface are | 480 nlg
Moisture 1.9 wt%
Ash 6.1 wt%
Volatile matter 27 wt%
Fixed carbon 89.3 wt%
Mineral matte 6.71 wtY

Table 2 : Physico-chemical properties of adsorbent XAD Resin

Adsorbent | Moisture | N»-BET Surfaceaream?®g | Specific gravity | Porosity
XAD 4 54 - 60 % 750 1.01-1.03 0.50
XAD 7THP | 61-69 % 38C 1.06-1.0¢ 0.5C
XAD 1180 | 61 -67 % 500 1.015 - 1.025 0.60

Table 3 Physico-chemical properties of adsorbate 2,4 D

Mol. Wt. 163.1
Water solubility g/L at 30C | 4.6
A ma (NM) 284
0 (cm* mor* dm?) 1893

EXPERIMENTAL SECTION

Adsor ption equilibrium studies

A 500 ml round bottom flask containing 250 ml o$tilled water was immersed in the thermostat balie content
were constantly stirred at 800660 RPM and allowed to attain the temperature efhth. After the temperature was
reached, a calculated quantity of the stock satutvas introduced into the distilled water with tredp of graduated
pipette.. 0.25 9©.001 g of the adsorbent sample was then intratlirde the solution with the stirring speed at 800
+ 50 RPM. Stirring was continued till the conceritnatof the aqueous phase showed no detectable ehiarigV
absorbance.

Adsorption Kinetics

For adsorption kinetics studies a 5-liter Borodiisg beaker fitted with six baffles was used. Thsogbate-
adsorbent system was stirred by a two bladed impé&liree liters of experimental solution was prepary adding
appropriate amount of stock solution into boiled anoled distilled water. 3.003:0001 g of adsorbent sample was
introduced into the solution at a given instanttiofe. 5 ml of experimental solution was withdrawndasired
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interval of time with the help of syringe and contration of adsorbate in the aqueous phase wasasiil by UV
analysis.

Analytical method

The adsorbate concentration was determined by rgpdettometric method using UV-Visible spectrophosben
model GBC UV-VIS 911A from GBC Scientific EquipmeRut. Ltd., Australia. Adsorbate 2,4 D used hadyver
strong absorption band in the range 270 - 300 nrantb had high molar extinction coefficient valug).( This
naturally served as a very simple, reliable anddrapethod for analyzing the adsorbate concentrdtionater. To
begin with substrate of known concentration wasnsed in the UV region (190-380 nm) to determine its
wavelength of maximum absorbanag.{).

RESULT AND DISCUSSION

Adsor ption equilibrium

The equilibrium isotherms obtained for all the atise-adsorbent systems in the studied concentreditge and at
various adsorbents had type | favorable isotheraragtteristics, which is desirable for scavenginigitecfrom its

aqueous solution. The adsorption equilibrium isotieefor 2, 4 D with respect to all the adsorberdgsduin the
present study are depicted in Fig.-1. These isothesbeyed the Langmuir equation with very high esgion

coefficient above 0.98 indicating a very good linfiigin all the cases. The Langmuir expressiogii&n as,

Ce_ 1 Ce 1

% Qb

Langmuir isotherm plot for the adsorbate-adsorkgstems using different adsorbents are depict&ibin2
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Fig 1 Comparative adsorption isotherms of 2,4 D
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Fig 2 : Comparative Langmuir Adsorption isothemwh®,4D

Adsorbate removal rate studies
A simplified interpretation of the kinetic data basedLangmuir theory has been used for interpretirggkinetic
data. The plots of removal rate of 2,4 D usingedight adsorbents with respect to time are depiot&ay-3.
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Fig 3 Comparative adsorption kinetics of 2,4 D

Adsorbate removal rate is expressed as a functfodirectly measurable fluid phase adsorbate comatanh.
Langmuir theory assumes that the rate of adsorjgipnoportional to the product of adsorbate cotregion in fluid
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phase and the fraction of the vacant adsorberacesf The fraction of the surface covered by tiserhte, Q, will
be proportional to the decrease in fluid phase rdidge concentration, thus

dg/dt =JC(1-Q) - kQ e )
and, Q=f(¢c) e (3)

Where, k and kg are adsorption and desorption rate constan{s.0Cand G are the fluid phase adsorbate
concentrations at zero, time t and at equilibri@spectively and f is proportionality constant. Sitbsng Eqn. (3)
in Egn. (2) and solving the resultant equation jyylging the concept of steady state gives the faxglression

IN[(GCe)/(CG+a)l= -kCet + IN[(G-Co)/(Co+a)] - (4)
where, a=(¢/bG)and b= kK kg

The adsorption rate constant ‘ka’ thus evaluateg@lbiting In [(Ct-Ce) / (Ct+a)] against t. Fig. £picts these plots
for the adsorbate-adsorbent systems for all therhdats studied in the present work. The plot atsow the rate
expressions obtained by linear regression anabfsibe kinetic data. The experimentally determinedlies of

adsorbent monolayer capacity®QLangmuir constant ‘b’ and the adsorption-desiomptrate constant for all thje
adsorbents used are summarized in Table-4.
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Fig 4 : Comparative adsorbate removal rate of2,4
Table 4:Comparative adsorbent monolayer capacity and Langmuir constant for 2,4 D

No. | Adsorbent | Slope | Intercept | Q°x10* | C.x10* b
mol/g mol/L
1 F 400 887.12 0.102 11.27 0.41-11.6 870579
2 XAD 4 5026.9 1.081 1.99 1.78-17|2 4648.94
3 XAD 118C | 928.4¢ 0.97% 10.77 1.5¢-14.1 954.6¢
4 XAD 7HP 847.79 0.085 11.80 1.89-18.3 10033|02

From the above study it is clear that dependingnugiee make of individual adsorbent, the overalloabing
capacity of every adsorbent varies. The % adsorptfo2,4 D for different adsorbents used in prestatly is
mentioned in the form of plot in Fig-5
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CONCLUSION

The present work has led to some important cormhssas stated below.

e 2,4 D adsorption using GAC F-400 is rapid in thretfhour of contact where 65 - 75 % of the adstrbs
removed by GAC F-400 followed by a slow approachkaas equilibrium.

¢ In case of polymeric adsorbents 55-65 % of the®duge is removed in the first 30 min of contacteaiwhich

is then followed by a slow approach to equilibrium.

e The adsorption of 2, 4 D from aqueous solution @rgtanular activated carbon and polymeric adsogbent
confirms to a Langmuir equation based on a monocodde layer.

e Comparative adsorbent monolayer capacity of GAQGE@-& greater than all the three polymeric adsdsben
used.

e The order of adsorptive capacity of 2, 4 D on défe adsorbents used in the study is found to Helliowing
order F-400> XAD-1180>XAD-4> XAD7HP

Application of adsorption of 2,4 D by the GAC andlymeric adsorbents in purification of wastewatar ¢an be
suitable for of wastewater treatment by using thesetic parameters.

NOMENCLATURE

R = universal gas constant {J&ol™)

T = temperature of the system (K)

b = Langmuir constant

ka = adsorption rate constant (fin

C = concentration of the adsorbate in liquiidse (mol/L)
C, =initial concentration of the adsorbate (fapl

C. = equilibrium concentration of the adsorbael/L)

Q° = adsorbent monolayer capacity (mol/g)

Qe = adsorbent phase concentration at equilibori (mol/g)
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