February 2010

Trade Science Ine.

ISSN : 0974 - 7451 Volume 5 Issue 1

Snviconmental Science

A Tndéian Journal

—==  Qurrent Research Peaper

ESAIJ, 5(1), 2010 [80-85]

Adsor ption thermodynamics and kinetics of expanded graphite
for oxamine blue GN

Xiu-Yan Pang*, Li-Juan Xu, Rui-Nian Lin, Qiu-Li Chen
Collegeof Chemistry and Environmental Science, Hebei Univer sity, Baoding 071002, (PEOPL E>’REPUBLIC OF CHINA)
E-mail: pxy833@163.com
Received: 24" January, 2010 ; Accepted: 3" February, 2010

ABSTRACT

KEYWORDS

In order to investigate the adsorption thermodynamic and kinetic charac-
teristics of expanded graphite (EG) for oxamine blue GN, EG was prepared
with 50 mesh crude graphite after chemical oxidation intercal ation of potas-
sium permanganate and vitriol. The adsorbent was characterized by ex-
panded volume, specific surface area and pore cubage. In thermodynamic
study, adsorption isotherm and free energy change (4 G°) were detected
and calculated, respectively. Influence of pH on absorbency and
adsorbance, and impact of ion strength on adsorbance were investigated.
In kinetic study, adsorption model and rate-limiting step for the adsorption
process were discussed, adsorption rate and activation energy are calcu-
lated. Resultsillustrate: adsorption of oxamine blue GN on EG isa sponta-
neous process, and adsorption isothermistype I. The presence of saltsand
the proper adjustment of pH would improve adsorption capacity. Kinetic
studies show that the kinetic data can be well described by the pseudo
second-order kinetic model. The internal diffusion appears to be the rate-
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limiting step for the adsorption process.
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INTRODUCTION

Expanded graphite (EG) isakind of porous mate-
rial, and can be prepared through chemical oxidation
or eectric chemical oxidation*2. For itsporous struc-
ture, EGisattracting attention of scientistsand engi-
neers as an adsorbent of organic substance, such as
heavy 0il®7. Asfor the systemic adsorption study for
dyes, it has been reported not so much. Wang pressed
theworm-like particlesinto low-dengity plate of 0.1g/
cm38¥, then the plate was used to treat dye waste-wa-
ter fromwoolen mill, and theoptimum applying condi-

tion wastested. Research group of Hebei Normal Uni-
versity investigated theinfluencefactorsin adsorption
processand indicated that the adsorption capacity was
influenced by variousfactors, not only the expanded
volume, primary concentration of dyes, contact time,
but a so the amount of EG, pH and temperature”®. But
they neglected theinfluence of pH both on absorbency
and adsorption capacity, and improper pH was used.
At the same time, too high dosage of EG or too low
initial dyesconcentration caused adsorptionisotherms
of thetested dyesweredl| typel. So, asthemain source
of wastewater, asystemic adsorption thermodynamics
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and kineticsstudies of dyeson EG isneedto carry out
inorder to predict their adsorption characteristics.
Oxamine blue GN isonekind of azoic dye, itis
widely used in printing and dyeing then causes plenty of
wastewater. As an adsorbate, its adsorption thermo-
dynamic and kinetic characteristicson EG arestudied

inthis paper.
EXPERIMENTAL

Adsorbent

Expandabl e graphite was prepared with 50 mesh
crude graphite (C) as materia, KMnQO, as oxidant
(KMnO, : C=0.15:1, massratio) and vitriol asinter-
calation compound (H,SO,: C=5:1, massratio, the
mass concentration of vitriol was50%). EG waspre-
pared with expandable graphite expanded in KSW
heating oven at 900 °C. Structural parameters of EG
were characterized by expanded volume, specific sur-
faceareaand total porevolume. Thesedatawerede-
tected with BET N, adsorption by Micromeritics In-
strument Corporation TriStar 11 3020V 1.02. Porosity
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characteristics of EG areshowed asTABLE 1.
TABLE 1: Sructural parameter of EG?

Expanded volume Specific surfacearea Porevolume
(Ml/g) (m*/g) (cm*/g)
330 34.3458 0.100941

a -- Detection condition:

Analysis adsorptive: N,; Sample mass: 0.1451 g; Equilibration
interval: 10 s; Surface area or pore volume of pores between
1.7000 nm and 300.0000 nm diameter

Adsorbate

An azoic dyeof oxamineblue GN was sel ected as
reference compound, itsmolecular structure and mo-
lecular weightisshowed inTABLE 2.

Simulated dye wastewater was prepared by dis-
solving thedyein distilled deionized water at various
concentrations. Color measurementswere madewith
T6 New Century UV spectrophotometry (Puxi
Tongyong Instrument Limited Company of Beijing)
operating in the visible range on absorbance mode.
Absorbance valueswere recorded at the wavelength
for maximum absorbance (A ), and oxamineblueGN
solutionwasinitidly cdibrated for concentrationinterms
of absorbance units.

TABLE 2: Chemical structureand molecular weight of oxamineblue GN

Molecule
Structure weight Amax(NM)
OH H5CO OCHj,4 OH
blue GN @@ 773.7 560
NaO;S NH,
SO3Na
Methods dye, mg/L; C -- Equilibrium concentration of dye, mg/

Static adsorption and equilibrium adsor ption
amount

Batch equilibrium experimentswere undertaken. A
seriesof desired dye concentration and of fixed volume
100.0 mL were placed in vessels where they were
brought into contact with0.2000gEG at 5°C, 25 °C
and 45 °C, respectively. The jars were sealed and placed
inashaker for definitetimeuntil equilibrium reached.
Sampleswerethen analysed using standard spectro-
photometry techniques. Theamount of adsorbate cap-
tured by the adsorbant was determined asequation (1):

Q=V(C,C)/M )
Q --Adsorbance, mg/g; C, -- Initial concentration of

L; M -- Mass of adsorbent, g

Adsor ption capacity of EG in theinfluenceof ion
strength and pH

NaCl andNa,SO, wereused to investigate thein-
fluence of ion strength on adsorption capacity. Batch
equilibrium experimentswere undertaken by usnga150
mg/L of oxamineblue GN sol utionswhich correspond-
ingtodifferention strength ranging from0to 100 g/L.
Equilibrium adsorption amount was cal cul ated accord-
ingtoequation (1).

In therange of 2 to 12, pH of oxamine blue GN
solution withaconcentration of 150 mg/L wasadjusted
by HClI or NaOH, and then detected with pHS-3C
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acidimeter (WelyeInstrument Company of Shangha).
The absorbencies under different pH were detected.
pH which had no influence on absorbency was chosen
to study theinfluence of pH on adsorption capacity.

RESULTSAND DISCUSSION

Adsor ption thermodynamics

| nvestigation of adsor ption isother m and ther mo-
dynamic parameters

Stati c adsorption capacities of EG corresponding
to different equilibrium concentrationsof oxamineblue
GN were measured. Asaplot of solid phase equilib-
rium adsorbance versusliquid phase equilibrium con-
centration, Figure 1 givesatypical | type adsorption
isotherm. In the adsorption research of organic mol-
eculeson EGI°MY such aslinear herring sperm DNA
and anthraquinone-2, 6-disulfonate, smilar resultswere
obtained. Planar or linear Sructureof organic molecules
might form certain kinds of conformation on EG sur-
face, which might reducethe adsorbed sitesand make

thefurther adsorption difficult.
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Figurel: Adsorptionisotherm of oxamineblueGN at 25°C

In the condition of monolayer adsorption, adsorp-
tion congtant can be obtained from Langmuir equiation™;
Q=Q,C/(A+C) @)
Q, -- Themaximum adsorption amount of dyeon EG
informing compl ete monol ayer coverage on the sur-
face, mg/g; A -- Theequilibrium concentration of dye
corresponding to half saturation adsorbance, mg/L

Equation (2) could be changed as equation (3).
Based on equation (3), Q, and A could be calcul ated
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from theintercept and dopeof thestraight line.
1/Q=1/Q,+A-(Qy*C) ©)
Adsorption free energy change (1G°) could be
cd culated according to equation (4)13.,
AG°=—RTInb (4
b -- Langmuir equation congtant, mL/mg, b=1/A; AG°
-- Freeenergy changein adsorption.
Based on experimental data, Langmuir constants
for oxamineblue GN wereshownin TABLE 3. Nega-
tive /1G° indicated that adsorption is spontaneous.

TABLE 3: Adsor ption constantsand ther modynamic param-
eter of oxamineblueGN

Saturation Quilibrium
adsorbancein concentration Gibbs energy
monolayer corresponding to half o
coverage satur ation adsor bance 4G* (kJ/mol)
Qo(mg/g) A (mg/L)
Oxamine
blue GN 93.11 26.83 8.81

Influenceof ion strength on adsor ption capacity

Influence of ion strength on adsorption capacity of
EG for oxamine blue GN are showed in Figure 2. It
indicates that the presence of NaCl, Na,SO, and the
increasing ion strength can improve adsorbance. Un-
der the same mass concentration, influenceof NaCl is
higher thanNa,SO,.
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Figure2: Influenceof ion grength on adsor ption capacity

Influence of pH on absorbency and adsor ption
capacity

lonic dyes upon dissol ution rel ease colored dye an-
iong/cationsin solution, and their absorbency changes
along withthe existenceform, whichisinfluenced by
pH. Soitisimportant to know how the pH influence
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absorbency and what the range of pH is before the
study of pH on adsorption capacity. Figure 3 and 4
indicatesthat acidity has no noticeableimpact on ab-
sorbency and adsorption capacity. The coexistence of
functiona group of OH and NH,, in oxamineblue GN
mol ecul e causesthe amount of non-dissociative mol-
eculesdo not change with the changing of pH, and then
pH has no influence on adsorption capacity.
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Figure3: Influenceof pH on absor bency

180

160

amgg)

8 5 8 8 3 8 8 8
T

o B B
Noa
8 8

Xiu-Yan Pang et al. 83

—== Qurrent Research Peper

Adsor ption kinetics
Equilibriumtime

Asshowed in Figure 5, adsorbanceisshowed asa
function of time, and adsorption occursmorerapidly at
higher temperature: it takesabout 4.0 hto reach equi-
libriumat 45°C, and 24.0 h at 5 °C. Oxamine blue GN
initia concentration do not havesignificant effect onthe
equilibriumtime.
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Figure4: Influenceof pH on adsor ption capacity
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Oxamine blue GN initial concentration (a) 1200 mg/L, (b) 200 mg/L; (c) 600mg/L (m) 5°C, (e) 25°C, (A) 45 °C
Figure5: Influenceof initial concentration and temper atur e on adsor ption kinetics.

Adsor ption kineticmodels

Both pseudo first- and second-order adsorption
modelswere used to describe the adsorption kinetics
data***d, In both models, all the steps of adsorption
such asexternal diffusion, interna diffusion, and ad-
sorption arelumped together. The overal adsorption
rateisproportiond to either thedrivingforce (asinthe
pseudo first-order equation) or the square of thedriv-
ing force (asin the pseudo second-order equation).

First-order modd:

Ln(q,-q) =Lnggkit ©)

Second-order moddl:

t/q=1/(k,q2)+t/q, (6)

k -- Adsorption rate constant (min for first-order ad-
sorption, g/(g-min) for second-order adsorption); t—
Adsorptiontime(min)

Since g reaches aplateau () at equilibrium, q
values smaller than the 0.9g, were used for analysis.
The plotsof In(g_—q) versust and t/q versust were
used to test thefirst- and second-order models, and
thefittingresultsaregivenin TABLE 4. According to
the correl ation coefficients, second-order model gives
satisfactory fits. At the sametime, theq, , of second-
order model agreeswell with the experimental data.
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Thus, the second-order modd is more suitableto de-
scribetheadsorption kinetics data. Similar result was
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observed in the adsorption of anthraquinone-2, 6-
disulfonate on EG*Y.

TABLE 4: Adsor ption kinetic model comparison of oxamineblueGN on EG

Co T Qe.exp First-order Second-or der
mg/L C mg/g Qeamg/g kix10°/min* r QecaMg/g  kpx10°/g/ (grmin) r

5 67.69 52.30+1.07 1.80+0.14 -0.969 68.30+1.02 9.80+0.15 1.000

200 25 81.66 58.88+1.04 2.96+0.21 -0.976 70.60+2.98 21.10+0.89 0.997
45  88.65 61.41+1.03 10.90+0.37 -0.995 93.00+1.63 32.90+0.58 0.999
5 11965 137.37+1.08 3.03+0.63 -0.996 123.60+3.95 4.80+0.79 0.999

400 25 14192 112.40+1.03 3.68+0.16 -0.990 134.80+2.13 8.30+0.27 0.999
45 181.22 135.60+1.03 8.05+0.37 -0.991 190.10+2.56 9.90+0.13 0.999
5 17379 162.00+1.07 1.90+0.14 -0.979 194.20+1.67 1.80+0.16 0.996

600 25 168.99 134.60+1.05 3.36:0.16 -0.994 189.40+2.31 3.20+0.08 1.000
45 24323 182.90+1.03 4.45+0.15 -0.993  260.40+£5.15 3.80+0.08 0.999

Based on the second-order moddl, initial adsorp-
tion rate and half-adsorption time are estimated in
TABLE 5 according totheequation (7) and (8). Initia
adsorptionrateisfoundtoincreasewith theincreasein
temperature, but oxamineblue GN initia concentration
has no obviousinfluenceonfor it. Then, second-order
rate constantslistedin TABLE 5 are used to estimate
adsorption activation energy according toArrhenius
equation (9). Sopeof plot of Inkversus L/Tisused to
evaluate Ea. Resultsof 13. 48-22.58kJ/mol is higher
than that of anthraquinone-2, 6-disulfonate on EGI*Y,
and this might be cause by bigger molecule area of

oxamineblue GN possessed.
u=kq7? ()
t,,= U(kq) ®

u-- Initial adsorption rate, mg/(g'min); t, ,-- Half-ad-
sorptiontime, min

Lnk =LnA-Ea/(RT) ©)

A -- Pre-exponential factor, g/(mg-min); Ea -- Activa-

TABLES5: Kinetic parameter sfor second-order adsor ption
modd

Co Temperature u tio E. .
ma/g °C mg/(gmin)  min  kJ/mol
5 0456  124.631
200 25 1.053 77547 2258 -0.994
45 2.849 31.117
5 0.740 172518
400 25 1.512 84.671 13.48 -0.971
45 3.598 55.439
5 0.692  313.683
600 25 1166  182.065 13.69 -0.963
45 2582  107.983

tion energy of adsorption, k¥mol
Internal diffuson analysis

The adsorption process on aporous adsorbent gen-
erdlyinvolvesthreestages (i) externd diffusion; (ii) in-
ternd diffusion (or intra-particlediffuson); (iii) actual
adsorption®, Quantitativetreatment of experimental
datamay reveal the predominant role of aparticular
step among the threethat actually governsthe adsorp-
tionrate Theadsorption stepisusudly very fast for the
adsorption of organic compoundson porousadsorbents
compared to theexterna or internal diffusion step™,
anditisknown that theadsorptionequilibriumisreached
within severa minutesin theabsenceof internd diffu-
sion*8, Thus, thelong adsorption equilibriumtimein
experiments (4.0-24.0 h) suggests that the internal dif-
fusion may dominatetheoverall adsorption kinetics.

To providedefiniteinformation ontherate-limiting
step, aninternal diffusion model based on Fick’s sec-
ondlawisusedtotestif theinternd diffusion stepisthe
rate-limiting step*9:
a= kidtﬂz
k .-~ Internal diffusion constant, mg/(g-min*?)

Accordingtotheinternd diffusonmodel, aplot of
q versust?Zshould giveastraight linewith aslopek
and an intercept of zeroif the adsorptionislimited by
theinternd diffusion process. Thereationshi psbetween
gandt¥? at different temperature are showedin Figure
6. Initidly inal the casesstudied, alinear relationship
between q versust2 with azero intercept is found,
suggesting that theinternd diffusion stlep dominatesthe
adsorption process beforethe equilibriumisreached.

(10)
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Initial oxamine blue GN concentration is (a) 200 mg/l, (b) 400 mg/l, (c) 600mg/l; (m) 5°C, (®) 25°C, (A) 45°C
Figure6: Plot of qvs. tY2in internal diffusion model.

CONCLUSIONS

Thisstudy hasprovided aninsghtinto theadsorption
thermodynamicandkineticsof EG for oxamineblueGN.

Thermodynamics study illustrates: adsorption of
oxamine blue GN on EG is a spontaneous process,
and theadsorption isothermistypel. Adsorption pro-
cessisinfluenced by multifactor, not only theinitia con-
centration, theamount of EG, but alsotheion strength
of solution. Highamount of EG oxamineblueGN initid
concentration and ion strength are propitious to
adsorbance.

Kinetic study illustrates. adsorption kineticscan be
well described by the pseudo second-order kinetic
mode. The second rate constant and initia adsorption
rateincreasewith theincrease of temperature. Active
energy of adsorptionislessthan 40 kJ/ mol, and inter-
nal diffusion step dominates the adsorption process
beforetheequilibrium isreached.
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