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ABSTRACT

Theadsorbing characteristics of expanded graphite for dyesin single com-
ponent solution have been investigated. Five reference sorbates were ba-
sic fuchsine with tritane structure, auramine lake yellow O with biphenyl
structureand acid brilliant red 3B, oxamine blue GN(B) , methyl orangeall
with azobenzene structure. Expanded graphites were characterized by ex-
panded volume, specific surface area and pore cubage. Sorptionisotherm,
Langmuir constants and free energy change (AG®) were detected and
calculated, respectively. Influence of pH on absorbency and adsorbance,
and impact of NaCl, NaSO,, NaNO, on adsorbance were investigated. It
was demonstrated that adsorption of dye on expanded graphite was a
spontaneous process. Both dyes’ molecular weight and molecular struc-
ture affected sorption type and saturation adsorbance. Linear relationship
was obtained between sorption capacity and specific surface area. Ex-
panded graphite kept a stronger sorption for dyes with weak polarity than
that with strong polarity. The presence of salts and the proper adjustment
of pH would improve the sorption capacity. Contrastive adsorption experi-
ment to sewage from woolen mill testified expanded graphite possessed a
higher decolor rate to dyes than active carbon.
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INTRODUCTION

Most of theindustries such astextiles, paper, plas-
tics, leather, food, cosmetic, etc, usedyesor pigments
tocolor their find products. Such extensiveuse of color
often possess problemsin theform of col ored waste-
watersthat require pretreatment for color prior todis-
posal into receiving water bodies or publicly owned
treatment works. Most of the commercially used dyes
areres stant to bi odegradation, photodegradation and

oxidizing agent. Unlessproperly treated, thesedyesmay
sgnificantly affect photosyntheticactivity inagueticlife
dueto reduced light penetration and may a so betoxic
to someaguaticlifedueto the presenceof metas, chlo-
rides, etc. Whileboth biologica and physica/chemica
methods have been employed for dye removal, the
former have not been very successful, dueto thees-
sential non-biodegradable nature of most of thedyes.
Adsorptionisakind of effectivemeasure, active
carboni*4, modified ALLO,¥, anion exchangeresin®,
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activedudge’3, pest, sted plant dag and fly ash have
been reported to beemployed for thetreatment of dyes
(91, Expanded graphiteisakind of eco-material and
possesses environmental consciousnessand biological
compatibility. Itsabundant porous structure makesit
havethe capacity asadsorbent. According to Walker’s
adsorption experiment of acid dyeson active carbon¥,
micropore structurewas found to beredundant inthe
adsorption of largemol ecular weight compounds such
asdyes, and only 14% of thetota specific surface of
the activated carbonisavail ablefor adsorption dueto
the highmolecular areaand aggregation of thedye.

However, expanded graphite particleshave4 lev-
elswith thesizeranging from nanometer scaleto mi-
cron scal €%, and most of them are open pores, only a
few areclosetypes. Soit should havethe capability to
adsorb dyes. But itsapplication in adsorbing of dyes
fromwastewater has been reported not so much. Wang
pressed theworm-like particlesinto low-dengity plate
of 0.1g/cm®*Y, then the plate was used to treat dye
wagte-water fromwoolenmill, and the optimum apply-
ing condition wastested. Beataguessed the possibility
to remove dyeswith expanded graphitefrom waste-
water intheremova of engine 0ilg*?. Research group
of Hebel normal university investigated theinfluencing
factorsin sorption processand indicated that the sorp-
tion capacity of expanded graphitewasinfluenced by
variousfactors, not only theexpanded volume, primary
concentration of dyes, contact time, but a so theamount
of expanded graphite, pH and temperature™3. But they
neglected theinfluence of pH both on absorbency and
sorption capacity, and improper pH wasused. At the
sametime, too high dosage of sorbentsor too low pri-
mary concentration of dyes’ solution caused that ad-
sorptionisotherms of thetested dyeswereall typel,
which could not reflect red adsorbing type on expanded
graphite.

The objective of the present study wasto do fur-
ther research on adsorbing thermodynami cs, adsorbing
isotherm. Investigatethe effect of pH, specific surface
areaand salt, such as NaCl, NaSO, or NaNO, pre-
sented indye’s solution on sorption capacity, and evalu-
ate thedecol or capacity of expanded graphite. Inthe
research, basicfuchsne, auraminelakeyelow O, acid
brilliant red 3B, oxamine blue GN(B) and methyl or-
ange were used asreference compounds.
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EXPERIMENTAL

Sorbents

Expandablegraphitewasfirstly prepared accord-
ingtoliterature®, and thenit wasexpandedin KSW
heating oven(Huacheng Oven Factory of Tientsin) at
300°C, 400°C and 900°C, respectively. Sorbents with
different expanded volumeswere obtained. Structural
parameters of expanded graphite were characterized
by expanded volume, surface area, pore cubage and
poresizedistribution. Expanded volume was detected
by the research group and was expressed in terms of
the volumeto massratio. Surface area, pore cubage,
poresizedistribution were offered by ChineseAcad-
emy of Science(CAS). Adsorbent surfaceareainvesti-
gationswere carried out using Quadrasorb S| specific
surface areameter(Quantachrome Instruments,USA)
fromwhichthetotd surface areawascalculated by the
Brunauer—Emmett—Teller (BET) method by measuring
theadsorbent’s adsorption and desorption of nitrogen
under varying pressures. Pore cubage investigations
were carried out using PoreMaster 60GT
(Quantachrome Instruments, USA) instrument under
varying pressures. Detection results of structural pa-
rameterswerelistedin TABLE 1. Figure 1 showsthe
porous structure and wide pore sizedistribution of ex-

TABLE 1: Sructural parameter of expanded graphite

Expanded  Specific Distributing
Total pore
volume surface area cubage(cm?/g) of pore
(mL/g) (m?g) 9 9 diameter
90 24.03 28.67 4 nm~950um
180 43.31 304 4 Nm~950um
240 79.92 66.73 4 nm~950um
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TABLE 2: Chemical structureand molecular weight of dyesused for experiment

Dye Structure Molecular weight  Apax(nm)
CHg
Basic fuchsine H N—O—C e 3385 543
u @ .
’ =Rk,
lcr
Auramine lake yellow O N(HBC)Z_@_EO N(CHa)z 3185 430
NHHC
CH, HO NHCOCH,
Acid brilliant red 38 O‘N=N:©©L 675.0 520
SO3Na’ SOgNa
OH H4CO OCH; HO
) =N N=N
Oxamine blue GN (B) @@' N ( >_< 5‘ J@@L 773.7 560
NaO5S NH;
SO4Na
Methyl orange OasNa—©— N=N —©— N(CH2), 327.3 463

panded graphiteranging fromnmto um.
Sor bates

Fivekindsof dyeswere selected asreference com-
pounds. They were basi ¢ fuchsinewith tritane struc-
ture, auraminelake yellow O with biphenyl structure
and acid brilliant red 3B, oxamineblue GN(B), methyl
orange all with azobenzene structure. Thedyeswere
supplied by Yuhuatrade company, Tientsin, China.
Molecular structuresand molecular weight of thesedyes
areshowninTABLE 2.

Simulated dyewastewaterswere prepared by dis-
solving thedifferent dyesindistilled deionized water at
various concentrations. All color measurementswere
made with a722S spectrophotometer (Precision In-
strument Limited Company of Shanghai) operatingin
the visible range on absorbance mode. Absorbance
valueswererecorded at thewavelength for maximum
absorbance(}, ) corresponding to each dye, and each
dyesolutionwasinitialy calibrated for concentrationin
terms of absorbance units.

Methods

1. Static adsor ption and equilibrium adsor ption
amount

Batch equilibrium experiments were undertaken
using aseries of solutionsof consecutively increasing
initial dyeconcentration and of fixed volume 100.0mL
whichwereplaced in vesse swherethey were brought
into contact with expanded graphite. The mass of ad-
sorbent to volume of solution was standardized at M/
V=0.05¢/0.IL=0.5¢g/L.. Thejarswere sed ed and placed
inashaker for 24h until equilibriumwasreached. The
sampleswerethen analysed using standard spectro-
photometry techniques. Thetemperature of the solu-
tionwashedat 20°C. This was then used to calculate
the solid phasedye concentration, Q(adsorption amount
of adsorbate on adsorbent, mg/g) by amaterial bal-
ance on the adsorption system. Theamount of adsor-
bate captured by the adsorbant was determined asfol -
lows
Q=V(C,C/M 1)
where: C: Initial concentration of dye in solution, mg/L; C:
Equilibrium concentration of dyein solution, mg/L; M: Mass

of adsorbent g
2.Adsor ption isotherm and langmuir constant

The expanded graphitewas equilibrated with the
abovereference dyesat aconcentration ranging from
0.0t0 2000mg/L in 250mL flasksthat were kept well
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mixed with aconstant adsorbent. 24h was sufficient to
reach equilibrium. After theequilibration periodtheflasks
were sampled and the concentrations of theadsorbates
inthe sol utionswere determined by spectrophotomet-
ric measurements. Q was cal cul ated according to equar
tion (1). Isotherm was made from equilibrium concen-
tration versus adsorbance. Then the experimental data
which kept linear relationship were fitted with the
Langmuir equation, and Langmuir constantswere cal-
culated fromtheintercept and dopsof sraight-line1/Q
versus 1/C*,

3. Sorption capacity of expanded graphiteinthe
influence of salt concentration, pH and expanded
volume

NaCl, Na,SO,and NaNO, were used to investi-
gatetheir influence on sorption capacity of expanded
graphite. Batch equilibrium experimentswere under-
takenby usngal00mg/l of different dyesolutionswhich
contained different salt at aconcentration ranging from
0to50mg/L. Themassof adsorbent to volume of solu-
tion was standardized at 0.5g/L, and equilibrium ad-
sorption amount was ca cul ated according to equation
Q).

Intherangeof 2to 12, pH of thedye solutionswas
adjusted by HCI or NaOH, then detected with pHS-
3C acidimeter (Welye Instrument Company of Shang-
hai). The absorbencies under different pH were de-
tected. Thedyewhoseabsorbency did not changedong
with pH was chosen to study the influence of pH on
sorption capacity.

Threekindsof adsorbentswith different expanded
volume of 90mL/g, 180mL/g and 240mL/gwere used
respectively to determinetheinfluence of expanded
volumeon sorption capacity. The massof adsorbent to
volume of solutionwas standardized at 0.5g/L.

RESULTSAND DISCUSSION

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

Static sorption capacities of expanded graphite
corresponding to different equilibrium concentrations
of basicfuchsine, acid brilliant red 3B and auramine
lakeydlow Oweremessured. FHgurelillusrateatypicd
adsorption isotherm for the adsorption of basic fuch-
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sine, acid brilliant red 3B and auraminelakeye low O
onto expanded graphite with an expanded volume of
240mL/g, asaplot of solid phaseequilibrium adsorbance
versusliquid phase equilibrium concentration. Adsorp-
tion typesof Basic fuchsineand acid brilliant red 3B
were both type|l. Sorption capacity increased quickly
withincreasing equilibrium concentration, which might
bearesult of multiplayer sorption of molecules®. Sorp-
tionisotherm for auraminelakeyellow O wastypel, of
which molecule has a planar structure, so that its
multi player sorption might not occur. Inthiscase, large
mol ecul es adsorbed might form certain kinds of con-
formation on the surface of expanded graphite, which
might reducethe adsorbed sitesand makefurther sorp-
tion difficult. In the adsorbing research of biomedical
molecules*™, such asovalbumin, serum abumin, bo-
vine serumalbumin, lysineand herring sperm DNA,
similar resultswereobtained. Sorption isothermsfor
ovabumin, ssrcumdbumin, bovineserumabumin, lysne
weretype ll, respectively, and that of linear herring
sperm DNA wastypel.

Inthe condition of monolayer adsorption, adsorption

constant could be obtained from Langmuir equation™:

Q=Q,C/(A+C) 2
where: Q,: The maximum adsorption amount of dye on ex-

panded graphite in forming complete monolayer coverage on
the surface; mg/g, A: The equilibrium concentration of dye

corresponding to half saturation adsorbance; mg/mL
Equation (2) could be changed asthefollowing form:
1/Q=1Q,+A-/(Q*xC) ©)

Based on equation (3), the values of /Q,and A
could becal culated from the interceptsand sl opes of
thegtraight lines. Smaller A shouldindi catelower equi-
librium concentration of dye at the half saturation
adsorbance. Inaword, the adsorbingintensity of ad-
sorbent to sorbate was stronger. Thedye holding big-
ger A should have aweak adsorption with expanded
graphite.

Theadsorption free energy change (AG®) could be
cal culated according to equation (4)!:

AGP°=-RTInb 4

where: b-Langmuir equation constant; mL/mg, and b=1/A;
AG°-Free energy change in the adsorption. Negative of free
energy indicated adsorption was spontaneous.

Based on experimental data, Langmuir constants
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TABLE 3: Adsor ption constantsand ther modynamic par am-
eter of basicfuchsine, acid brilliant red 3B, auraminelake
yellow O

M olecular o
Dye weight Qo A AG
(o (MY (mgmL) (k)
Acid brilliant red 3B 675.0 23585 0.031 -8.46

Basic fuchsine 3385 8569 0.0089 -11.27
Auraminelakeyellow O 3185 64.31 0.0071 -11.79
#The experiment was carried out at atmospheric pressure and
20°C

TABLE 4: Adsor ption congtantsand ther modynamic par am-
eter of acid brilliant red 3B, oxamine blue GN (B), methyl
orange?

Molecular o
Dye weight Qo A AG
(@mol) (MY9) (mgymL) (k)
Acid brilliant red 3B 675.0 23585 0.031 -8.46

Methyl orange 327.3 5211 0.0032 -13.67
Oxamine blue GN(B) 7737 800 0.017 -9.74

aThe experiment was carried out at atmospheric pressure and
20°C
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Figure?2: Influenceof salt and itsconcentration on sor p-
tion capacity of expanded graphitefor basicfuchsine(a),
acid brilliant red 3B (b), auraminelakeyellow O (C) at
atmospheric pressureand 20°C
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for basicfuchsine, acid brilliant red 3B, auraminelake
ydlow O, oxamineblueGN (B) and methyl orangeare
showninTABLES 3 and 4, respectively. Negative AG®
indicated that adsorption of the reference compounds
on expanded graphitewere al spontaneous. Sorption
to basic fuchsine and auramine lake yellow O were
stronger than that to acid brilliant red 3B. Theresults
were caused by thelipophilic natureof expanded grgph-
iteand polarity difference of dye’ molecular. Compar-
ing with basic fuchsine and auraminelakeyellow O,
acid brilliant red 3B possessed wesker affinity with ex-
panded graphite, becauseit contained sulfo-groupin
itsmolecule.

Datalistedin TABLE 3. indicated that saturation
adsorption amount of expanded graphitefor dyeshad
a same change order as that of the dyes molecular
weight, and molecular weight wasthemain factor influ-
encing adsorbance. Acid brilliant red 3B had alarger
saturation adsorption amount than that of basic fuch-
sineand auraminelakeyelow O.

AsshowninTABLE 4, different azoic dyehad a
different A and different saturation adsorption amount.
Methyl orange possessed thesmallest A, the strongest
affinity between it and expanded graphitewas caused
by their smilar weak polarity. Although oxamineblue
GN (B) held the highest molecul ar weight compared
with that of acid brilliant red 3B and methyl orange, its
planar sructureand larger molecular areamight reduce
the number adsorbed on expanded graphite’s surface,
and then presented asmaller adsorbancethan that of
acid brilliant red 3B.

Influenceof salt and itsconcentration on sor ption
capacity

To investigate the influence of NaCl, Na,SO,,
NaNO, on sorption capacity of expanded graphitefor
basic fuchsine, acid brilliant red 3B and auraminelake
yellow O, adsorbing research was carried out using a
100 mg/l of different dye sol utionswhich contained dif-
ferent salt at aconcentration ranging from0to 50 mgy/l.
Theresultsareshowninfigure 2. Itindicated that the
presence of NaCl, Na,SO,, NaNO, enhanced the sorp-
tion of expanded graphitefor dyes. The possiblerea-
son might be: Absoluteionization of NaCl, Na,SO,,
NaNO,indye’s solution made them form negative and
positiveions, sotheredid not exist competitive adsorp-
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Figure 3: Soak absorbing capacity to dyes of expanded

graphitewith different expanded volumeat atmospheric
pressureand 20°C
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Figure5: Influenceof pH on sor ption capacity of expanded
graphitefor acid brilliant red 3B at atmosphericpressure
and 20°C

tionwith dyemolecule on absorbent. Ontheother hand,
electrostatic interaction between dye and adsorbent
decreased withtheincreaseinionic strength probably
because of the suppression of the electric double
layer!*¥, and hydrophobic attraction increasesdueto
the“salting-out” effect. Over a range of 5.0g/L to 50.0g/
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L, theadsorbance of basic fuchsineand auraminelake
ydllow Oincreased dightly. But the changeof acid bril-
liant red 3B was correspondingly obvious. For differ-
ent dyes, theinfluences of NaCl, Na,SO,, NaNO,on
sorption capacity weredifferent.

Influenceof sorbent” specific surface area on sorp-
tion capacity

The sorption capacities of sorbentswith different
expanded volumeof 90 mg/l, 180mg/l and 240mg/l were
measured, respectively. Theresultsfor basicfuchsine,
acid brilliant red 3B and auraminelakeyellow O are
showninfigure3. It can beseenthat therewasalinear
rel ationship between the sorption capacity and the spe-
cific surface areaof expanded graphite. Thisisdueto
the abundant porous structure of graphite adsorbent.
Commonly, dyesbe ong to big moleculesubstance, and
they are easy to be adsorbed in the middle pores and
themacropores™. Thebigger theexpanded volume of
expanded graphite possessed, the larger the specific
surface areaand pore cubageit would hold, especialy
middle poresand macroporesasshownin TABLE 1.
Correspondingly, adsorbanceincreased linearly dong
with expanded volume. However, the adsorption char-
acteristic of expanded graphite wasdifferent from ac-
tivecarbon inadsorbing dyes. Active carbon hashigher
ability inmonolayer adsorption, but therewasno obvi-
ousrd ationshi p between specific surfaceareaand sorp-
tion capacity to dye”®!, While, the adsorption of acid
brilliant red 3B and basic fuchsineon expanded graph-
itewasmultilayer.

Influence of pH on absorbency and sorption
capacity

lonic dyes upon dissolution release colored dye
aniong/cationsin solution, and ther absorbency changed
aongwiththeexistenceform, which wasinfluenced by
pH. Soitisimportant to know how the pH affected
absorbency and what the range of pH was before the
study of pH on sorption capacity. Figure 4 indicates
that acidity led to achange of absorbency under acer-
tainwave ength. So pH studies could not be conducted
on basicfuchsineand auraminelakeyellow O. Asfor
acid brilliant red 3B, the change of pH from2.0t0 7.0
had no noti ceabl eimpact on absorbency, and theinflu-
ence of pH on sorption capacity was investigated.
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TABLE5: Decolor rateof expanded graphitefor acid brilliant
red 3B

Experiment Ads_opt|0n Decolor rate %
capacity mg/g
Reference experiment 122.2 61.09
Normal experiment 191.9 95.97

*Reference experiment: 20°C, acid brilliant red 3B initial con-
centration 100mg/L; Normal experiment: 20°C, pH 2.0, NacCl
concentration 20g/L, acid brilliant red 3B initial concentration
100mg/L

TABLE 6: Contrast of decolor ratefor sewagefrom woolen

mill

CODc;, CODgc,
before after  AdsorbanceDecolor
Adsor bent ) .
adsorptionadsorption mg/lg rate%
mg/L mg/L
Expanded 1867 1670 3940  10.27
graphite
Active carbon 186.7 179.1 152.0 4.05

The adsorbing characteristica of expanded graphite for orgianic dyes
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*Condition: Dosage of adsorbent was 0.05g and the tempera-
ture was controlled at 20°C

Figure5 givesadegressive rel ationship between equi-
librium adsorbance and pH. Thismight be caused by
the decrease of molecule of brilliant red 3B. Thede-
creasing H* enhancedionization of dyesinsolution, and
reduced theamount of unionized molecules. Thelipo-
philic nature of the adsorbent led to the degressive
adsorbance.

Evaluation of adsor ption capability of expanded
graphitefor dye’s waste water

Decolor rate of expanded graphitefor acid brilliant
red 3B simulated waste water was detected under the
condition of dye concentration 100 mg/L, pH 2.0, NaCl
concentration 20g/L., which was determined according
to theaboveresearch resultsabout theinfluenceof sat’s
concentration, pH and expanded volume of the adsor-
bent on sorption cgpacity. Theresultsaslisgedin TABLE
5. werecollated with reference experiment which was
carried out with no pH and salt’s concentration adjust-
ment. Theexistence of saltsand properly adjustment of
pH wouldimprovethedecol or rateof expanded graphite
for dyes.

Meanwhile, the contrast of adsorption capacity be-
tween expanded graphite and active carbon with the
samesizewasput in practicein dealingwith real sew-
agefromwoolen mill withaninitial chemica oxygen
demand (COD_,) of 186.7 mg/L. Theresultswerelisted
in TABLE 6. Expanded graphite possessed a higher
adsorption capacity than active carbon because it’s
multilayer adsorption ability to dyes.

CONCLUSIONS

Thisstudy has provided aninsight into theadsorp-
tion isotherm and thermodynamic parameter of ex-
panded graphitefor different dyes. Adsorption of dye
on expanded graphitewas aspontaneousprocess. The
adsorptiontypesof basicfuchsine, acid brilliant red 3B
and auraminelakeyellow O weretypell, typell and
typel, respectively. Saturation adsorption amount of
dyeslied onitsmolecular weight and molecular area.
Adsorption processwasinfluenced by multifactors, not
only theexpanded volume, initial concentration of dyes,
theamount of expanded graphite, sdt and pH, but aso
themolecular structure of dyes. Expanded graphite pre-
ferred adsorbing dyes with weak polarity(such as
auramine lake yellow O and methyl orange) to dyes
with strong polarity(such asacid brilliant red 3B). pH
of the solution not only impacted absorbency of dye,
but a soinfluenced its adsorbance on expanded graph-
ite. SAtsplayed animportant roleininfluencing the sorp-
tion capacity of expanded graphiteto dyes.
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