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ABSTRACT

The present study deals with the decnlorization of C.I. Acid Red 88 {ARER) as a model conteminant from lextite
industry using sawdust as an adsorhent, The etfects of witial ARSS concentration, adsorbenl dosase, pH., contuel
ume und stirming rale were sladicd in a batch mode, The variation of pH from 3 to 10 shawed no considerahle
change in decolorization rate. The deswred conditions far decolorzation of 84.46% were nblamed 1o be 20 min
of cantact time. stiming rate of 400 rpm with 30 g L™ of adserbent. Freundlich, Redlich-Peterson and Lungrouir
adsorplion models were vsed for the mathematival descriptiva of the equilibrium data and the eguilibriam
process confirmed well with all the mndels attamung correlation coclfcients 0970, 0.96Y und (.958,
respectively. The resulis also revealed that the adsorpiion lonetics obeys psendo-second Nrder and il was
vomeluded that imire-pacticle diffusica model is not the rate determining step.
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INTRODUCTION

Synthetic dyes are the important pollutants of the
environment Azo dyes, ove of the myjor class of
synthetic  dyes  wsed in textile  industries  are
characterized by presence af one ar mare azo honds (-
N=M-1 1w asseviglion with ome orf more aromatic
systems They are knwn ta be toxic and carcinogenic.
They are mostly non-hildegradable and resistant to
lreatment by muny comvenlionsl methods f1].

Recently sorption prcesses have proved to be an
eftective method for the removal of pollutants from
wastewalters, Some adsarbents such as activated carbon
2], kaoln [3], perfite [4] have beon ubtlized to ¢limimate
the dve. and nexpensive and  readily  avalable
aclsurbents ar atcacting vomsiderable mterest.

lo the proscnt study. the caxperiments were carried oul
tw decolurize Acid Red 38 (ARSE} by adsorption
techmigue using sawduyst as an adsorbent.  Somwe
operativnal parameters were studied and equilibnum
data were tested with Langmwir, Froundlich and
Redlich-Peterson isotherms
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EXPERIMENTAL

Materials and methods

Acid Red 88 (ARS8) (C. 1. 15620, FW: 400.39,
Amae: 306 nm supplied by Across organies, USA)
was uscd as an adsorbate and 15 structure (s
shown in Fig. |. The pH of the solution was
adjusted to desred value using 0.1 N HCI and
0.1 N NaOH.

Sawdust from aspen tree was washed with
distilled water and dried in the nven at &0 *C and
bottled for etpenmental purposcs. The
cxperiments were perfprmed on ARSS selutions
with cnncentratinn of 30 mg L. Ar the
beginming of egeh run 50 ml, solutien of desired
gonceoiraton of the dye was fed mmto a 130 mL
pyrex glass rcactir and then 0.1 g of adsorben
wis inmoduced ynd stimmed for certain times at
known sprecds, then filiered for
spectrophotometric analysis.
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Fig, 1. Structure of ARSS,

Chemical analysis
The dye conecutration was determuned by
spectrophotometry at Lp,= 506 nm according (o
Beer-Lambert's law, using a Ultrospee 2000,
Biotech Phrmacma UV/Vis spectrophotometer
The equation used 1o calcuiate the decelonzation
cfficiency in the experiments was:
CR% = 8. -C)
L,
where C, and € were the initial and present
concentrations of the dye m the selution (g L),
respeciively.

In order 1o siudy the adsorption isotherm (11 ¢
of sawdust was kept in contact with 50 mL of
dye solution ar dilferent concentrations at pH=
677 for 48 hours to cnsure that equilibrium has
heco reached. The percentage of removal of dye
and equilibrium adsotptien uptake, q. (mg/) was
calculated using the following relationship [5]:

{C,-C. W

=0 el 2
Fe v (2}

where q. s the amoum adsorbed (mg of
adsorbate! ¢ of adserbem). C, is the wtiyl sorbatc
concentration (mg L"), C, 15 the equilhnum
sorhate coneentration (mg L), V is the volume of
the seluwtion (L)} and W is the mass of the
adsorbent (g). Equilibrium data were examined
using pelymath propram to comparc theorctical
and expenimental values.

RESULTS AND DISCUSSION

Adsorptinn studies

Effcct of contact time

In order to find out the optimum comtaet ume 1.5
g of adsorbent was added o JU ml, of the dye
with concentration ot 50 mg L. The mixture was
stirmed at different times and left for 24 h. Fig. ?
shows the adsorption peregmt at differcnt tmes
which indicates that increasing the contact tim: up
to 20 tin, will increase the adso rption process but
after thut it gradually decreases due to desorption
phenomena.
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Fig, 2. Effect of contac! time oo Lhe remavil
Effect of pH J| ;| 1
It is obvious that pH nf the dye m[l.ltma contrals
the adsorption pmeess particularly the adéorption
capacity sioce i wiil be able ta change the surface
charge of the adsorbeot. The adsorption of ARSS
by sawdust was studied over pHl range of 3 to 10
at 25 *C, Intial dve concentration was 30, mg L
and the adsorbent dose was kept at 1.5 g/50 mL of
the dye solution. Fig. 3 shows the effect of pH on
the adsotptive removal of ARSS by sawdust, It
can be seen as pH increascs from 3 to 10, the
removal percent decreases fmm 85% o 75%. [t
secms that in agqueous solution, the acid dye is
tirst dissolved aod the sulphonate groups of the
dye (D-SO\Nu) are dissoctated and converted 1o

atmonic dye inns [5].
M0 |
D-SoNa>D-50"+Na* | ||' (3)
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Fig. 3. Effcet of pH on the removal, |

Since in alkaline solution hydroxyl fons exist
therclore inter wmic repulsion between similarly
charged particles would retard the adsnrpllun
process. This is also in agrccrnent with the
findings in the lierature [2].
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Effect of adsorbent conce ntration

The effect of sawdust dosage on the removal of
ARBS 15 shown in Fig. 4. The removal percent
enhanced with sawdust dosage up to & cerain
limit and # almpst remained constant. This can
be explained because of the availability of more
surface area for adsorption.
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Fiy. 4, Effect of sawidlet dasage on the removal,

Eftect of stirring rate

Agitatinn is an important paramcter in the
adsorption process since the distribunon of dye
1n the solution 15 isfluenced and the formation of
extemal boundary film ecopuld be seriously
affected. Fig 5 shows the temoval percent of
ARSER by sawdust at different stirring speed (100
to 1000 rpm} within contact time of 20 min and
rest time of 24 h. The resuits reveal that the
removal inereases up to 100 rmpm but remains
almost constant after that. It may be due to the
kinetics of adsomption which follows surface
diffuzion at low speeds which is quite fast but at
higher speeds the ister  partiele  diffosion
mechanism may oceur which is slow progess

Hiinovarty

Fig. 5. Effect of stiring rale on the remiyval,
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Adsorption isntherms

Adsorption  properties  and  equilibrium
chametensties penenally  called  adsorption
isotherms, deseribe the nteraction between
adsorbatc and adsorbent.  These  1sotherms
provide information about the optmum amount
of adsorhents, and also they can determine the
adsorption capacily of the adsorbent.

The results revealed that using 0.1 g nf
adsorbent 16 50 mL of ARS8 with concentration
of 50 mg L7 aficr 48 h shows that the
concentration of dye in the salution remains
almost unchasged which wndicates the constant
rate of adsnrption and desorption.

The experimental data were tested with well-
konown Laongmuir, Freundiich and Redlich-
Peterson isntherm models at a temperature of 21
°C and at pH=6.77.

The hasic assumption of Langmur 1sotherm
is the formation of monolayer of adsorhate on the
surface of adsorhent and oo further adspmtion
occurs [6] and Freundhich model indweates the
extent of heterogen layer nn the surface of
adsorbent asd Redlich-Peterson equation can be
applied cither in homogenous or heterogencous
systems due to involved parameters [7]. The
cquation of Langmurr isotherm [3] 1s represeated
as below,

9.5,C,

= =—r & i
e 1+ K ,C, (4)
and Freundiich modei [3]:

1
q v = K FC e . {S}
and Redlich-Peterson [7]:
AC

= ———s 6

T« "1y BCr (0)

Al three models were tested with obtained
data and shown i Figs 6. 7 and & The
cnrrelation  coefficients {R%) for Langmuir,
Freundlich, and R-T models were 0.958, 0.970,
and 0.969 respectively which wdicates that the
adsorption process could be explamned by all
mcrdels, Bur carcfid chservation may desenbe
Freundlich better than athers. This means that
heterogensous vccupation of the surfice may be
predominated and also physisorplion  occurs
rather than chemisorprion {31,
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Fig. 6. Langmuir adsorpiion isothermn for ARES on
sawdust.
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Fig. 7. Freundtich adsorption isotherm for ARSS on
sawdust,
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Fig. 8. Redlich-Peterson adsarphion isotherm for
ARER on sawdusl,

Adsorption kipetics

In the present study thice following kigetic
equations werc cxamined for the experimenicd
data in order to evaluate the kinctic mechanism
which govems the adsorption process.
Pseudo-first order kinetie madel

The pscudo-first order cquation can be shown in
i non-lintcar fom as:

it
Where q, and q. are the amount of adsorbed
dye {mg/e} at contact time t and at equilibnum,

9 g, -aq)) (1)

30

]

and k| is the pseudo-first order fatc constant
(time ™) and in lincar furm as (lagergen, 1898);

(g, =g)=lng —k: [ (8
The plot of In{g, —g,) versus t did not show a

straight hne except for first fow hours. This
behavior indicates that the rte of uptake is guite
high at the early stages of process
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Fig.9. Pseudo-first-omder Ikmel_ic. :
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and follows pseudo-tirst urder hut 1t does not obey
as the provess progresses . The findings show that
expenmental value of q. was 7.9 medg which was
not i agreement with calewtated value of 3 83
mg'g. also comrelation coctficient (RY) reveals that
the ahove model camnot be considered as

suttable mechanism for the process, l

Pscudo-second order kinetic model
The pscudo-second order kinetic model s
represented by the following equation [9].

¢ L 1

—+ — {9}
q. k4. g,

wherc k2 15 the rate tonstant of pséudo-second
order adsorption (z/mg min). As shown in Fig. (0.
o
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Fig.10. Prendo-second-order kinetic.




N. Maodirshahla. et al. /1. Phys, Theor, Chem, 1AL Jran, 7(2): 77-8]1 Summer 2010

plotting —Lagainst t gives a straight line and a
high valug of comelation coeffieicnt Indicates that
the adsorption process is a pseudo-second onder.
(rr =0.9982).

Intraparticle diffusion modei.

The observed data was also analysed by the
intrapartiele diffusion medel. This model s
expressed by the equation grven below:

g =kt +e {10}

where kg Is the intraparticle diftusion rate
gonstant {mol ¢! min™™), According to equation
{10} a piot of g. versus (* should be a straight line
with @ slope of ky if process mechamsm obeys the

intraparticle diffusion model.
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Fig.1L. [ntrsparticie diffusion model.
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