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ABSTRACT KEYWORDS
Expanded graphite (EG) |oaded with Zinc oxide (ZnO/EG) was prepared Expanded graphite loaded
with 50 mesh natural graphite as raw materials, KMnO, as the oxidant, with ZnO;
H,SO, as intercalation reagent and ZnSO, as the secondary intercalation ZnsO,;

agent. When massratio of C:KMnO,:H_,SO,(98%):ZnSO,-H,Ois controlled
as1.0:0.35:5.0:0.4, H_SO, diluted to 80% before reaction; and the reaction
lasts 40 min at 30 °C, ZnO/EG with an expanded volume of 420 mL-g*is
obtained when the graphite i ntercal ation compound is expanded at 950 °C.
X-ray diffraction analysis shows that ZnO on ZnO/EG is in the form of
hexagonal crystal system. Decol orization kinetics and thermodynamics of
ZnO/EG for Auramine lake yellow O were investigated. Kinetic research
results show the decolorization process can be described with the pseudo
second-order kinetic model. Thermodynamics research results show the
decolorizationisotherm for Auraminelakeyellow Qistypel. Decolorization
property of ZnO/EG under ultraviolet radiation is higher than either
adsorption decolorization of EG or the ultraviolet radiation decol orization
of ZnO. Increase of solution ionic strength is of benefit to improve the

Photo catalysis;
Decol orization.

decolorization capacity of ZnO/EG..

INTRODUCTION

Dye wastewater produced by textile, paper and
printing factories hasbecome one of themagjor sources
of pollution, it requires pretreatment prior to disposal
into receiving water body. Biochemical and physical-
chemica methodsarewiddy used, especialy thecom-
bined physical/chemica methods*3l. Photo catalytic
degradation of organic contami nantswith semiconduc-
tor nano particlesisan important method. The semi-
conductor photo catdystsmainly includemetalic oxide
and sulfide. Titanium dioxide (TiO,) isoneof themost
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practical photo catalytic catalystsduetoits high oxi-
dizationand chemica stability. TiO,can generateelec-
tron-hole pairswhenit exposeto ultraviolet (UV) light,
and these el ectron-hole pairs can diffuseto TiO, sur-
faceandinducetheformation of highly energetic radi-
calsand iong“, which can decompose organic com-
pounds. However, TiO, has the shortcoming of low
quantum efficiency and lack of usagefor vishblelightin
practical application. Compared with TiO,, ZnO be-
longsto direct band wide bandgap semiconductor, its
energy gap is3.37eV at room temperature, whichis
the same asthe 3.2eV of TiO,. It had been reported
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that ZnO possesseshigher quantum efficiency and photo
catalysisefficiency!. It has been used as catalyst of
decomposition of sec-butyl acohol!®, benzene”® and
dyes®U, Inthepractica application of ZnO, itisoften
|loaded with carrier in order toincrease specific areas
and easy to recycle or assemble as afixed-bed reac-
tor(s7,

Expanded graphite (EG) isakind of eco-materid;
itisprepared from graphiteintercal ation compounds.
Under oxidation, natura graphitelayer can be opened;
anumber of organicand inorganiccompounds, € ements
caninsert, and remainin the graphitelayersto form
graphite intercal ation compound called expansible
graphite. EGisprepared with expandable graphite ex-
panding at high temperature™?. EG hasaworm-like
shape and network-like porous structure with dimen-
sionsranging from severa nanometer to hundreds mi-
cron™, and it has been testified that this absorbent
possesses high adsorption capacity for organic materi-
als, such asheavy oil* and dyes™. At thesametime,
EGisakind of carrier based onitsporous structure. It
will increase photo-catal ytic reaction rate dueto the
adsorption of EG Thereported supporting methods of
catalystson EG mainly includeimpregnation with ex-
pansible graphite‘® or EGI*" ascarrier, and chemical
oxidation of graphitewith catalyst precursor asinter-
caation reagent(*#l,

Inview of the photo catalysis of ZnO and EG ad-
sorption capability for organi c contaminants, the pur-
pose of thisresearchisto prepared expanded graphite
loaded with ZnO (ZnO/EG) compositethrough chemi-
cal oxidation intercalation of natural graphite with
KMnQO, asoxidant, H,SO, asinterca ation reagent and
ZnSO, asthe secondary intercal aion reagent. The pre-
pared ZnO/EG ischaracterized with expanded volume,
X-ray diffraction and scan € ectronic microscopetoil-
luminateitsexistenceform. Decol orization capability of
ZnO/EG for dye Auramine lake yellow O with a
diphenylmethane structurewasinvestigated.

EXPERIMENTAL

I nstrumentsand reagents
SX3-4-13mufflefurnace(Tientsin, precison of tem-

perature=+ 0.1%~0.4%°C); Y-4Q X-ray diffractometer

(XRD) (Dandong, China); TM 3000 & ectron micro-
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scope (Japan) were used in thisexperiment. T6 New
Century UV spectrophotometer (Puxi Tongyong Instru-
ment Limited Company of Beijing); UV light source:
20W, wavelength 200-275nm.

Material graphite (C, 5092) was provided by Ac-
tion Carbon CO. LTD, Baoding, China. ZnSO,-7H,0,
H,SO, (98%), KMnO, are all analytical reagents.
Auraminelakeyellow O was purchased from Tianjin
Medica Corporation.

Methods

Preparation of ZnO/EG

Under adefinitereaction temperature, the quanti-
fied reactantsaremixedin a250mL besker and stirred
intheorder of diluted H,SO,, ZnSO,-7H,O, materia
graphite C and KMnQO,. After reaction, thesolid phase
iswashed with de-ionized water until pH of thewaste
water reaches to 6.0~7.0; after dipping in water for
2.0h, filtrateand dry the samplesat 60~80°C for about
6.0 h, expansible graphite is obtained. Dosages of
KMnO,, 98%H,SO,, ZnSO,-7H,,0, concentration of
H,SO,, reactiontemperature and reaction time areall
optimized through singlefactor test. Thefeasible con-
dition preparing expansiblegraphiteisdetermined as:
massratio of C:KMnO,:H,S0,(98%):ZnS0O, 7H,Ois
controlled as1.0:0.35:5.0:0.4, thereactionlasts40 min
at 30°C, and H,SO, isdiluted to amass concentration
of 80%. Then the prepared expansible graphite ex-
pandsat 950 °C, and ZnO/EG with an expanded vol-
umeof 420 mL-g* isobtained (expanded volumeisthe
volumeof 1.0 g expansiblegraphiteafter expansion at
adefiniteoventemperature).

X-ray diffraction analysis(XRD)

XRD for graphite, expandabl e graphite and ZnO/
EG arecarried out employing Ni-filtered Cu Ka radia-
tionwith 20 ranging from 10° to 75°. As shown in Fig-
ure 1, (a), thetwo peakswith the interplanar crystal
spacing of 3.34 A and 1.67 A corresponding to dif-
fraction angleof 26.6°, 54.8° are the characteristic spec-
trum of materia graphite. While, asshowninFigure 1
(b) and (c), the characteristic peaks of expansible
grgphiteand ZnO/EG compogitetrandfer toasmal angle
of 26.3° and 26.5°, respectively. Each corresponds to
abiginterplanar crystal spacing of 3.39 A and 3.36 A
duetointercdaioningrapheneplanes Materid graphite
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isacrystal compound with graphene planesstructure
bonded by Van Der Waal sforce. Under the oxidation
of KMnO, and H,SO,, the plane repellency will in-
creasedueto theformation of carbon cations. Thenthe
non-carbonaceous reactants can easily insert into the
planes, leading to theincrease of interplanar crystal
spacing. InFigure 1 (b) of expansiblegraphite, 18.9°,
28.6°,35.4° 55.9 ° are characteristic spectrums of
Zn,0(S0,),, ZnS0O,. While, in XRD spectrumof ZnO/
EG 31.7°,34.4°,36.2°,47.5°56.4°,62.9°, 67.9
¢ are characteristic spectrums of ZnO existing in the
form of hexagonal system; and it illuminates
Zn,0(S0,),, ZnSO, compl etely decompose and turn
into ZnO at 950 °C.

a d=3.34
d=1.67
- A A
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Figurel: XRD analysisof material graphiteand products;
(a) Material graphite; (b) expansiblegraphite; (¢) ZnO/EG

Scan electronic microscopy (SEM) analysis of
product

AsshowninFigure2, theZnO/EG show asworms
with many poresin different size, and ZnO white par-

2013/06/26 16:39 N x150 500 um
Figure2: SEM of ZnO/EG

TM3000_4292

ticlesadsorb on surface or porecand. Therefore, ZnO
can beloaded on the EG through chemical oxidation
andintercalation of natural graphitewithZnSO, asthe
secondary intercalation reagent, and then expanded at
high temperature above 950 °C. As testified in XRD
analysis, the supported ZnO existsin theform of hex-
agona system.

Adsorbatecharacteristics

Dyeof Auraminelakeyellow O isselected asref-
erence compound. Molecular structure, molecular
welight and its quantitative determination method are
shownin TABLE 1. Simulated dye wastewaters are
prepared by dissolving Auramine Lake Yellow Oin
deionized water at various concentrations.

Decolor ation experiment

Batch decol oration experimentsunder adefinite
temperature, ionic strength and dye concentration are
performedin 250 mL besker withthemassof ZnO/EG
to solution volumefixed at M/\VV=0.200 ¢/ 0.IL=2.000
gL*. NaCl and Na,SO, areused to adjustionic strength
of thesolution. Decol oration experimentsunder differ-
ent condition arecompared. Method |: Decolorationis
carried out in dark. Method I1: Decolorationiscarried

TABLE 1: AuramineLakeYdlow O characterisicsand quantitativedeter mination method @

Structure M g/mol Amax NM Quantitative equation
_ _ Y=-0.01235+
(CH3)N @ S @ N(CHa)z 3185 430
NHHCI 0.04741X

a X—mass concentration of solution mg-L-*Y—absorbency
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out under UV irradiation (UV irradiation condition:
power 20W, wave length 200-275nm, distance be-
tweenilluminant and liquidleve 15cm). Absorbency of
solutionisdetected at different time. Total decoloration
rate, adsorption decoloration rate, UV photo degra-
dation decoloration rate are cal culated according to
eguation (1). Removal amount of dye can be calcu-
lated according to equation (2).

D=(AjA)/A,* 100% 1)

D, Decolorationrate, %; A , initial absorbency of dye
solution; A, absorbency at moment t.

q=V (C;C)/m (2)
C,—initial concentration of dye,mg-L*, C—concen-
tration of dye at moment t,mg-L?, V—volume of
solution,L, m—mass of ZnO/EG, ¢—removal amount
of dye, mg*

RESULTSAND DISCUSSION

I nfluenceof dyeconcentration on equilibriumtime

Withtheinitia dyeconcentrationiscontrolled as
50 mg-L* and 400 mg-L?, respectively, thedecolora-
tionrate of ZNO/EG for AuramineLakeYellow O are
calculated using equation (1) according to change of
absorbency. Asshown in Figure 3, decoloration rate
show as afunction of time and dye concentration at
20 °C. In the initial stage of decoloration, it occurs
morerapidly at higher concentration, but decolora-
tion need longer timeto reach equilibrium, and decol -
oration rateincrease with theincrease of initial dye
concentration.

Decoloration kineticmodels

In order to find afeasible model to match theki-
netic data, both pseudo first-order and pseudo sec-
ond-order modelsare used*¥. In both models, al the
stepssuch asexternd diffusion, interna diffusion, ad-
sorption and decol oration are lumped together, the
overall decolorationrateis proportional to either the
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Figure 3 : Influence of initial Auramine Lake Yellow O
concentration on decolor ation rate; (®) 50 mg-L* ( W) 400
mg-L?

driving force (asin the pseudo first-order equation
(3)) or the square of thedriving force (asin the pseudo
second-order equation (4)). Remova amount of dye
at different moment are cal cul ated according to equa
tion (2).
Pseudo first-order model, In(q-q)=Ing -kt 3
Pseudo second-or der model, t/g=1/(k g.2)+t/q, 4
k, decoloration rate constant (h* for pseudo first-or-
der decoloration, g-(mg-h)* for pseudo second-or-
der adsorption); t, decoloration time (h); g, equilib-
rium removal amount (mg-g?)
Sinceqreachesaplateau (g ), q vauessmaler than
the 0.9 g, are used for analysis. The plots of In(q.-q)
versust and t/q versust are used to test the pseudo
first- and pseudo second-order model s, and the match-
ingresultsaregivenin TABLE 2. According to the cor-
relation coefficients, pseudo second-order model gives
satisfactory fits. At the sametime, theq, _, obtained
from theinterceptsisobvioudy cons stent withthe ex-
perimental dataqe@(p inthe pseudo first-order model.
Thus, thekinetic datacan be described with the pseudo
second-order model.

TABLE 2: Comparison of decolor ation kinetic models®

Pseudo first-order model

Pseudo second-order model

ComgL™  GeepMyg™ - - - -
oo Qeca Mgg  kh r Qecamgg?  kg(mgh)® r
50 1751 14.43 00096  -0.9943 18.28 0000975  0.9942
400 31.36 18.66 00082  -0.9813 32.42 0.00112 0.9974

b Experiment temperature 20°C
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Resultsof decolor ation thermodynamics
I nfluence of dyeconcentration on decolor ation rate

At 20°C, decoloration experiments are performed
under different condition of different initial dye con-
centration, decoloration under UV beam and decol -
orationindark, theremova amount of AuramineLake
Yellow Oiscalculated according to equation (2), re-
spectively. Total removal amount isthevalue of dye
removed by ZnO/EG under UV beam; adsorption
remova amount isthevaue of dyeremoved by ZnO/
EG under dark; UV photo degradation removal
amount of ZnOfor dyeisthedifference between total
remova amount and adsorption remova amount. With
equilibrium concentration of dyeashorizonta axis, and
remova amount asvertical axis, thedecol orationiso-
therms are drew as Figure 4. Theresults show that
isotherms of no matter the total removal amount of
ZnOJ/EG for dye under UV beam, or the adsorption
removal amount of ZnO/EG for dyein dark, or UV
photo degradation removal amount of ZnO for dye
areall consistent with | type. The decol oration capa-
bility increasesin the order of UV photo degradation
decoloration of ZnO, adsorption decoloration of ZnO/
EG indark and decoloration of ZnO/EG under UV
beam. Thelower UV photo degradation decol oration
of ZnO might be caused by theinsufficient intercala-
tion of ZnSO,, and then caused a small number of
ZnO supported on EG

4
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Figure4: Decolor ation isother msof dyeon ZnO/EG under
different condition; (A) Total removal amount; ( ®)
Adsor ption removal amount; ( W) UV photo degradation
removal amount

I nvestigation of thermodynamic modd and mode
parameters

To get feas ble thermodynamic model and model
parameters describing the decol oration of Auramine
LakeYdlow O onZnO/EG, Langmuir and Freundlich
eguations (5) and (6) are used to treat the thermody-
namic data, and theresultsareshownin TABLE 3. As
for thelinearly dependent coefficient, Langmuir equa-
tion is more matching the thermodynamic datathan
Freundlich equation.

TABLE 3: Langmuir and Freundlich isotherm constantsat
20°C

Langmuir model Freundlich model

Qo A Kr
-1 -1 -1 n r
mg-g mg-L mg-g
71. 3 23.50 6.203 2153 0.881

At the same time, the monolayer saturated
adsorbance of 70.1mg-g* corresponding to Langmuir
constant, ismore consistent with theexperimental re-
ault.

Langmuir equation: 1/g = 1/q,+A+/(q,xCe) (5)
Freundlich equation: Ing=InK_+(1/n) InCe (6)

0, Maximum adsorption amount of dyeinforming com-
plete monolayer coverage on ZnO/EG pore surface;
myg;

A Equilibrium concentration of dye corresponding
to half saturation adsorbance; mg/mL

K Freundlich equation congtant; 1/n adsorptionin-
tensity for Freundlich equation

I nfluence of ionic strength on decoloration

Toinvestigatetheinfluence of ionic strength onde-
colorationrateof AuramineLakeYelow O, NaCl and
Na,SO, are used to adjust ionic strength intherange
of 0.0~0.5moL/L. Theresultscorresponding to de-
coloration 8.0 hareshowninFigure5. Itindicatesthat
the presence of NaCl and Na,SO, enhances decol ora-
tion of ZnO/EG for dye under UV beam. Theseresults
might be caused by the decrease of effective dye con-
centration in solution, however an increase of
adsorbance on ZnO/EG for the existence of NaCl and
Na,SO,. Nevertheless, UV photo degradation decol-
oration of ZnO decrease with the increase of ionic
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Figure5: Influence of ionic strength on decoloration capability of ZnO/EG; (a) Dye concentration 50 mg-L* (b) Dye
concentration 400 mg-L*;(® M) Influence of NaCl on decoloration rate{ A ¥) Influence of Na,SO, on decoloration r ate;
( mA) decoloration of ZnO/EG for dyeunder UV beam (®V¥) UV photo degradation decoloration of ZnO for dye

strength for the possible reason of increase of eectron
hole recombination and decrease of quantum effi-
ciency®,

Analysisof possibledecoloration mechanism

In order to analysis the possible decoloration
mechanism of ZnO/EG for AuramineLakeYelow O,
the absorption spectrum scanning in thewave length
ranges of 190~900 nmiscarried out with samples of
prepared dye ol ution and dye sol ution decol orized with
ZnO/EG under UV beam, respectively. Asshownin
Figure6, no new resultant occursin solution, Auramine

e 3

0.2 1

Absorbency

) m
0.0+

2

T T T T T T T T T T T T T T T T T 1
100 200 300 400 500 600 700 800 900 1000
Wave length nm

Figure6: Absorption spectrumsof Auraminel akeYellow
O; 1. Beforedecolor ation 2. Decolor ation after 8h

LakeYdlow Oiscompletey minerdized under the UV
photo degradation of ZnO™2!, or it isadsorbed on ZnO/
EG surface, which cause an obvious decrease of solu-
tion absorbancy. So the decol oration mechanismwould
be: AuramineLakeYelow O canbedecol orized through
adsorption and photo degradation of ZnO/EG; and a
part of dyesare mineraized and turnedinto CO, and
H.0, adsorption of EG canimprovethedecoloration
effect.

CONCLUSIONS

Researchesonthe preparation of ZnO/EG and its
decol oration capability for AuramineLakeYellow O
has proved:

(1) ZnO/EG can be prepared according to the mass
ratio C:KMnO,:H,SO,(98%): ZnSO,-7H,0O of
1.0:0.35:5.0:0.4, thereaction lasts40 minat 30°C,
and H,SO, is diluted to a mass concentration of
80%. Theexpansion product obtained at 950°C is
ZnO/EG with an expanded volume of 420 mL-g™.

(2) ZnO/EG possessesahigher decol oration capabil-
ity for AuramineLakeYelow O thanthesingleEG
adsorption or ZnO photo degradation. Decolora-
tion capability isinfluenced by initial dye concen-
tration, decoloration timeandionic strength, and
higher ionic strength can improvethedecol oration
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efficiency of dye.

(3) Decoloration kinetic dataof ZnO/EG for Auramine
Lake Yellow O can be described by pseudo sec-
ond-order mode.

(4) Decolorationisothermsof adsorption and photo
degradation of ZnO/EG for AuramineLakeYdlow
O, adsorption of EG, photo degradation of ZnO
aredl typel. Langmuir equationismore cons stent
with thethermodynamic datathan Freundlich equa-
tion.
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