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ABSTRACT

Adsorption characteristics of expanded graphite (EG) for phenyl organic
molecules in single component solution have been investigated. Four used
adsorbates are Phenol, Benzoic acid, Benzenesulfonic acid and P-
Methylbenzene sulfonic acid. EG is characterized by expanded volume,
specific surface area and pore cubage. Adsorption isotherm, Langmuir
constants and free energy change (41 G®) are detected and calculated, re-
spectively. Influence of pH, temperature and ion strength on adsorption
capacity of EG isinvestigated. It isdemonstrated that adsorption of phenyl
organic molecules on EG are multilayer, and the process is spontaneous.
Both molecular weight and molecular structure of these adsorbates affect
saturation adsorbance. High ion strength and proper pH can improve
adsorption capacity. Thereisn’t obvious relationship between equilibrium
adsorbance and temperature. Adsorption capacity of EG for phenol organic

KEYWORDS

Expanded graphite;
Phenyl organic molecules;
Adsorption thermodynamics;
Adsorption isotherm;
pH;
lon strength.

molecular islow.

INTRODUCTION

Organicinfectants existing in wastewaters com-
monly comefrom petroleum factory, oil refineries, plas-
tic, leather, paint, pharmaceutica, dyes, pesticide, and
stedl industries, etc. Among them, phenyl organic mol-
eculesarethe main infectants. Becausethey are both
toxic and rel atively water-sol uble compared with other
petroleum infectants, their entry into surfaceand drink-
ing water has cause peopl€’ major concern.

Adsorptionisakind of effective measure used for
thedimination of contaminants, activecarbon™, meso-
poroussilica®d, barrier-discharge plasma?, ion ex-
changeresin®®, organobentonite® havebeentestedin
thetreatment of phenyl organic molecules. With Polypro-
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pylenefibre as adsorbent and under suitable condition
of pH™, temperature, and flow rate, recovery rate of
phenol in coking waster water can arrive to 99.5%.
Adsorbance of phenol on active carbon prepared with
reed lignin can arriveto 136.2 mgeg* and adsorption
canwell bedescribed by Langmuir Model™*Y,
EGisakind of eco-material and possesses envi-
ronmental consciousnessand biological compatibility.
It has4 levels poreswith the s zeranging from nanom-
eter scaleto micron sca €, Itsabundant porous struc-
turemakesit have capability asadsorbent. But itsad-
sorption characteristicsfor phenyl organic molecules
from wastewater have been reported not so much. The
objectiveof the present researchisto study adsorption
thermodynamic characteristics of EG for these phenal
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organic molecules, investigateadsorptionisotherm, in-
fluenceof pH, temperature and ion strength on adsorp-
tion capacity. In this work, Phenol, Benzoic acid,
Benzenesulfonic acid, p-Methylbenzene sulfonic acid
are used asreference compounds.

EXPERIMENTAL

Adsorbent

Expandablegraphiteisfirstly prepared according
toliteraturd®¥, and thenit isexpandedin KSW hesting
oven (Huacheng Oven Factory of Tientsin) at 900°C.
EG isobtained. Itsstructural parametersare charac-
teri zed by expanded volume (0.300g expandable graph-
iteisheated at 900°C), surface area, pore cubage as
listedinTABLE 1.

TABLE 1: Sructural parameter of EG

Median Median Average
pore pore pore Bulk
diameter diameter diameter densit
(mPog) (volume) (area) (4V/IA) (gmL?)
A @ @

1044.99 163117 44 1153

Total
EV intrusion
(mL-g® volume
(em*g™)

Total
pore Porosity

(%)

320 30.1145 0.0308  92.73

Adsorbates

Phenal, Benzoic acid, Benzenesulfonic acid and p-
Methylbenzenesulfonic acid areused asreference com-
pounds. Their chemical structure and molecular weight
areshowedinTABLE 2.

Simulated wastewatersof these phenyl organic mol-
eculesareprepared by dissolving theseadsorbatesindis-
tilled deionized water a variousconcentrations. All quan-
titativeandyd sare achieved with spectrophotometer.

TABLE 2: Chemical structureand molecular weight of
phenyl organic molecules

Phenyl organic Sructure Molgcular Amax
molecules weight (hm)
OH
Phenol ©/ 94.1 209.8
COOH
Benzoic acid ©/ 1221 225.0
. SOzH
Benzenesulfonic ©/ 1582 2134
acid
p. SOzH
Methylbenzene 1722 2218
sulfonic acid HAC
3
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Methods
Saticadsor ption and equilibrium adsor bent

In stati c adsorption experiments, themassof EG to
volumeof solutionisstandardized asM/\/=0.2g/0.I L
=2.0g/L. Thejarsare sealed and placed in ashaker
for 4.0 hunder asteady temperature until equilibrium
reached. Adsorbanceisdetermined asfollows:

Qe=V (C,C)/M )
C, Initid concentration of adsorbatein solution, mg/L ;
C Equilibrium concentration of adsorbatein solution,
mg/L; M Massof adsorbent, g; V Volume of solution,
L; Qe Equilibrium adsorbance, mg/g.

Adsor ption capacity of EG in theinfluenceof ion
strength, pH and temperature

NaCl andNa,SO, areusedtoinvedtigatetheir influ-
ence on adsorption capacity of EG and pH of thesolu-
tionsisadjusted by HCl or NaOH. Different tempera-
turesof 5°C, 25°'C and 45°C are controlled in order to
determinethelr influenceon adsorption capacity. Equilib-
rium adsorbanceisca culated according toequation (1).

RESULTSAND DISCUSSION

I nvestigation of adsor ption isotherm and thermo-
dynamicparameter

Static adsorption capacities of EG correspond-
ing to adsorbates’ different equilibrium concentra-
tionsaremeasured asFigure 1. It reveasatypical Il
isotherm, and adsorbance increased quickly with the
increasing equilibrium concentration, whichisthe
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Figure 1 : Adsorption isotherm of phenol, benzoic acid,
benzenesulfonic acid, p-M ethylbenzene sulfonic acid at
atmosphericpressureand 25C
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result of multiplayer adsorption of molecules¥. In
the adsorption of Ovalbumin, Serum abumin, Bo-
vineserumabumin, Lysine, Basicfuchsine, Acid bril -
liant red 3B, Benzene sulfonic acid, p-Aminobenzene
sulfonic acid, 2-Naphthol -3, 6-disulfonic acid and
p-Diphenylamine sulfonic acid, similar resultsare
obtai ned*>17,

In the condition of monolayer adsorption, adsorp-
tion congtant can be obtained from Langmuir equiation*8;
1/Q =1/Q, +A-/(QxC) @)

Q,— The maximum adsorbance of adsorbate on
EG informing complete monol ayer, mg/g; A— Equi-
libbrium concentration of adsorbate corresponding to half
saturation adsorbance, mg/mL.

Based on equation (2), the values of /Q, and A
are calculated from the intercepts and slopes of the
straight lines. Langmuir constantsfor Phenol, Benzoic
acid, Benzenesulfonicacid, p-Methylbenzene sulfonic
acid areshowed in TABLE 3. Theresultsshow alow
maximum adsorbanceinforming completemonolayer,
and it hasno obviousrel ationshi p between maximum

monolayer adsorption amount and adsorbate mol ecu-
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lar weight. Thisindicates Q, isinfluenced not only by
adsorbates’ molecular weight, but also their molecular
Sructure.

Adsorptionfreeenergy change (4 G°) is calculated
according to equation (3)*°1. Negative A G° indicates
adsorption of thereference compoundson EG areall
spontaneous.

AG°=-RTInb ©)

b -- Langmuir equation constant, mL/mg, andb =

1/A; AG° --Free energy change in the adsorption.

TABLE 3 : Adsorption constants and thermodynamic
parameter

Molecular A Go
Adsor bates weight (mg7 ) (mg/mL) 4
Phenol 94.1 6.1 0206 -3.87
Benzoic acid 122.1 1241 0393 -233
Benzenesulfonic acid 158.2 291 0.760 -0.68
p-Methylbenzene sulfonic acid 172.2 297 0.0042 -13.56

I nfluenceof ion strength on adsor ption capacity
NaCl, Na,SO, is used respectively to adjust solu-

Adsorbance (mg/g)

Adsor bance (mg/g)

1 1
4

D
C(gL)

Figure2: Influenceof ion strength on adsor ption capacity: (a) Phenol; (b) Benzoic acid; (c) Benzenesulfonic acid; (d) P-

M ethylbenzene sulfonicacid

Snoivonmental Science
A Jndian ﬂo«/md



ESAIJ, 4(6) December 2009

tionion strength. Adsorbing researchiscarried out us-
inga300 mg/L of different phenyl organic molecule
solutions corresponding to different ion strength rang-
ing from O to 50 g/L. Influence of ion strength on
adsorbance (showed in Figure 2) indicatesthat pres-
enceof saltion enhances adsorption of EG for these
tested adsorbates.

Influence of pH on absorbency and adsor ption
capacity

lonic phenyl organic molecules can release pol -
|uted phenyl organic mol ecule anions/cationsin so-
lution, and absorbency change along with their ex-
istenceform, whichisinfluenced by pH. Soitisim-
portant to know how pH affects absorbency and
what therange of pH isbefore study theinfluence of
pH on adsorption capacity. Figure 3indicates that
acidity led to achange of absorbency under acer-
tain wavelength. To Phenol, Benzenesulfonic acid,
P-M ethylbenzene sulfonic acid, change of pH from
2.0t0 10.0 had no noticeabl e impact on absorbency;
asfor Benzoic acid, change of pH from 4.0to 12.0
had no noticeable impact on absorbency. Then
among the mensurated pH mentioned above, itsin-
fluence on adsorption capacity iscarried out. Figure
4 presents adegressive rel ationship between equi-
librium adsorbance and pH. This might be caused
by the decrease of combined phenol organic mol-
ecule. Thedecreasing H* enhanced ionization of these
adsorbates in solution, and reduced the amount of
unionized molecules. Thelipophilic nature of EG led

to the degressive adsorbance.
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Figure3: Influenceof pH on absor bency of phenyl organic
molecules
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Figure4: Influence of pH on adsor ption capacity of EG for
phenyl or ganic molecules

I nfluence of temper atur eon adsor ption capacity

Influence of temperature on adsorption capacity of
EG for phenyl organic moleculesat 5°C, 25°C, 45C
are detected. Results show no obvious change of
adsorbance. It indicatesthat sorption between EG and
phenyl organic moleculesexist mainly in physical ad-
sorption.

CONCLUSIONS

This study has provided an insight into the ad-
sorption isotherm and thermodynamic parameter of
EG for phenyl organic molecules. Adsorption of
phenyl organic molecule on EG isaspontaneous
process. Adsorption types of Phenol, Benzoic acid,
Benzenesulfonic acid, P-Methylbenzene sulfonic
acid aretype I1. Adsorption capacity isinfluenced
by many factors such astheinitial concentration of
phenyl organic molecules, the amount of EG, ion
strength, pH. While, adsorption capacity of EG for
phenol organic molecular islower than other re-
ported adsorbents.
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