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Abstract: Problem statement: Improper dye discharge from various industrieshsag textile, paper,
cosmetic and plastics into receiving streams caon of the sources towards water pollution. The
release of these effluents not only causes vadarsiptions in the ecosystems, but also poses thazar
effect as most of the dyes are highly toxic, mutégend carcinogenic in naturdpproach: To
prepare an inexpensive and efficient sorbent bymitedly modifying rice hull for the removal of
Methylene Blue (MB) which is predominantly usedcwloring acrylic fiber. Batch experiments were
carried out for the removal of MB from aqueous solu by using Tartaric Acid Modified Rice Hull
(TARH). Parameters studied include effect of pHtaot time, initial dye concentration and agitation
rate and sorption isothernResults. From the results, the percentage uptake of MB asmd with
increasing contact time and agitation rate. Basethe linear regression correlation coefficierft, tRe
system under study is more appropriately descrinedhe pseudo-second order model. Maximum
sorption capacity calculated from the Langmuir masl®5.0 mg g for MB. Conclusion: The study
has shown the effectiveness of TARH in the remo¥lIB, a basic dye from synthetic solutions.
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INTRODUCTION (2009) reported that modifying rice straw with
ethylenediamine resulted in enhancement of Congb Re
Chemical oxidation, chemical coagulation, removal. Rice straw treated with citric acid showed
biological treatment and photodegradation are sofne similar sorption enhancement (Goeigal., 2006). Rice
the most commonly practiced processes for the ramov hull which had a relatively low affinity for reaeé
of dyes from industrial wastewater. However, mdst o dyes showed increased sorption capacity upon claémic
these methods suffer from some drawback such #s hignodifications (Onget al., 2010).
operational cost, generate secondary pollutants or Sorption of dyes onto various sorbents
unable to treat large quantities of wastes. Theeefo demonstrated that the sorption capacities are taffec
various biological and industrial by products héseen by operational parameters such as pH, contact time,
investigated intensively for their ability to reneodye initial dye concentration and particle size. Insthtudy,
from aqueous solution as they can be obtained lyeadiwe report the performance of tartaric acid modifiee
and are in great abundance. The utilization of @heshull under various conditions as a sorbent for

materials could also result in waste minimization. Methylene Blue (MB).
Rice hull is generated as a waste during the first
stage of rice milling, when rough rice or paddyeris MATERIALSAND METHODS

husked (husk is separated from the rest of then)grki
contains approximately 20% silica in combinatiottvéa  Sorbates. The cationic dye MB (Sigma-Aldrich) was
large amount of the structural polymer, lignin. Gagl. used without further purification. Standard dyeusioh
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of 1000 mg L' were prepared as stock solutions andAll measurements were made at the wavelength

subsequently diluted when necessary. corresponding to maximum absorption for ,MB
Amax = 665 nm. Dilutions were carried out when

Sorbents: Rice hull was washed thoroughly with water measurement exceeded the linearity of the calirati

to ensure the removal of dust and ash. It wastineed  cyrve.

several times with distilled water and dried ovghtiin

an oven at 50°C. The dried rice hull was then gdotan RESULTS
pass through a 1 mm sieve and labeled as unmodified
rice hull. Figure 1 shows the comparative uptake of MB by

e . . unmodified and modified rice hull. The effect of pH
Modification process: About5 g grinded rice hull was . ihe uptake of MB by TARH is shown in Fig. 2.
m!xed with 35.m L of .1'2 M Tartaric Acid (TA)' The Time course experiments on MB sorption are shown
mixture was stirred until homogenous and dried08ts in Fig. 3. Table 1 show the correlation coefficient

overnight. The treated rice hull was subsequently,,qeq on pseudo first and second order kinetic tode
washed with distilled water until neutral and dried Langmuir and Freundlich constant for MB sorption

overnight at 50°C. The final product was labeled aSyere included in Table 2. The variation of MB uptak
Tartaric Acid Modified Rice Hull (TARH). with agitation rate is shown in Fig. 6.

Batch experiments. The batch studies were carried out
at room temperature (28%C) by mixing 0.1 g of

TARH with 20.0 mL MB solution in a centrifuge tube 20
and shaken on an orbital shaker at 150 revolutions
min (rpm) for 5 h unless otherwise stated. The
reaction mixture was then centrifuged at 3000 rpm f 70
phase separation. All the batch experiments were

100

83.80%

) . . . ‘i 60
carried out in duplicate and the results given the z
means with a Relative Standard Deviation (RSD) of 50
less than 5%. Control experiments without sorbesd w 40

carried out to ascertain that the sorption was Hxy t
sorbent and not the wall of the container. The 301
percentage of dye uptake (percent uptake) was
calculated using the following equation:

C, -C
Percent uptakes —>—"tx 1( 1) 0
Co Unmodified rice hull  Modified rice hull

Where: , . Fig. 1: Comparative studies of unmodified and
C, = The initial dye concentration (mg™) modified rice hull

C; = The dye concentration (mg?) at any time
100

To examine the effect of pH, the pH of the dye
solution was adjusted to the values in the rangs-f 80 A A A A,
using 0.1 M hydrochloric acid (HCI) and 0.1 M sadiu
chloride (NaOH) prior to the experiment. Effect of
contact time was studied by shaking the sorption
mixture at various predetermined time intervals and
analyzes the dye concentration at the end of cbntac
time. Sorption isotherms were obtained by varying t 20
dye concentrations from 20-90 mg'LThe effect of
agitation was carried out by varying the agitatiate v

from 50-200 rpm. 0 2 4 6 ] 10
pH

Uptake (%)

Techniques: The dye concentration was analyzed using
a Perkin Elmer Lambda 35 UV-vis spectrophotometer. Fig. 2: Effect of pH on the sorption of MB by TARH
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100 groups would also reduce the MB sorption. With

A4 b : : : increasing pH, sorption became favorable due to the
80 & deprotonation of carboxyl groups (-COOQ), resulting
“ 4 more sorption sites available for binding with MBhis
= 60 w® phenomenon favors the sorption of positively chdrge
bt g m ® = ©® o dye due to electrostatic attraction (Namasivayhal .,
;:f 40 = 2001).
= '.. A30mgL! Eff I . .
20 ©100me "] ect of initial dye concentration and contact time:
=200 H;gL—l The rates of MB sorption at various initial

0 concentrations (50, 100 and 200 mg)Lis shown in

0 100 200 300 400 500 Fig. 3. The percentage of sorption decreased with
increasing solution concentration while the amoaint
dye sorbed increased. The fast uptake at the bieginn
may be attributed to the rapid attachment of the dy
molecules to the surface of the sorbent and the
following slower sorption to intraparticle diffusio

Table 1: Pseudo-first and pseudo-second order ikirarrelation (FaWZi etal, 2003)- In order to gain important inSight

Time (min)

Fig. 3: Effect of initial dye concentrations andntact
time on sorption of MB by TARH

coefficients for different initial MB concentratisn on the reaction pathways and the sorption mechanism
Initial MB Pseudo-first Pseudo-first experimental data were fitted into the following
concentration (mgL)  orderkinetic (]  orderkinetic (]  equations (Langergren and Svenska, 1898; Ho and
50 0.9005 0.9989 McKay, 1999; 2000):
100 0.8633 0.9992
200 0.6982 0.9997

log(g, - q) = logq - kt/2.308 pseudo firstorder (1)
Table 2: Langmuir and Freundlich isotherm model stants and

correlation coefficients for sorption of MB by TARH and
Langmuir isotherm Freundlich isotherm
N*(mgg?) K. (Lmgl R Ke 1nt R? t/q,=1/h+t/q( pseude second orde (2)
24.63 0.1733 0982 4436 0.546 0.975
Where:
DISCUSSION Oe = The amount of dyes sorbed at equilibrium
el

Comparison study: The comparative uptake of MB by _ (mg g°) .
unmodified and modified rice hull at the natural pH % = The a_linount of dyes sorbed at time t
the dye solutions is shown in Fig. 1. It is appatbat _ (mg g7) _
the sorption of MB was enhanced when TARH is beindt = The rate co.rﬁtant of pseudo-first order
used as the sorbent. The presence of carboxyl grioup sorption (1 mif)

The initial sorption rate (mgymin™)

TARH is believed to be primarily responsible foeth h (ke )
The rate constant of pseudo- second order

sorption of MB. Previous investigations have alsokz

postulated that the sorption of positively chargpédcies kinetics (g mg" min™)

is due to the presence of binding sites such dsoxgr

and hydroxyl groups on the surface (Taigl., 2003, It was found that application of pseudo-second
Munaf and Zein, 1997; Worg al., 2003). order model provides better correlation of the

experimental data than the pseudo-first order model
Effect of pH: It is well known that pH of the solution is for the different systems studied (Table 1). Itsthu
one of the prime factors influencing the sorption’sappears that the system under study is more
efficiency of a system. Fig. 2 shows the MB somptio appropriately described by the pseudo- second order
increase with increasing pH value. At low pH, themodel which was based on the assumption that tiee ra
removal of MB was suppressed by" Hons that limiting step may be chemical sorption or
surrounded the surface of the sorbent hindering thehemisorptions involving valency forces through
approach of MB to the carboxylate groups present osharing or exchange of electron between sorbent and
the surface of TARH. The protonation of carboxylatesorbate (Ho and McKay 2000).
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Fig. 4: Langmuir isotherm on sorption of MB by

TARH Fig. 6: Effect of agitation rate on sorption of MB/
TARH

i3 . Effect of agitation rate: The experimental results
. obtained from a series of contact time studiesttfier
2 : A sorption of MB onto TARH in which the degree of
08 agitation was varied from 50-200 rpm are preseiied
5 & the Fig. 6. For the first 5 min, the percentageakpt
increased from 6.74-73.99% as the agitation rate
/.'" increased from 50-200 rpm and gradually attained
o equilibrium after 3 h. The results suggests that
| ] increasing agitation rate decreases the film @st& to
4 i : i3 mass transfer surrounding the sorbent particles thu
increasing sorption of dye molecules.

N

Log Q. (1m,

0.4

LogC. (mgL™)

CONCLUSION
Fig. 5: Freundlich isotherm on sorption of MB by

TARH The study has shown the effectiveness of TARH in

o ) ) the removal of MB, a basic dye from synthetic
Sorption isotherm: The sorption data in the present solutions. The equilibrium data conform to both

study was fitted into Langmuir and Freundlich isoth | angmuir and Freundlich isotherms. Analysis of data
models. The linear plots of@. versus Gand log Q indicates that pseudo-second order kinetic model
versus log €are shown in Fig. 4 and 5 respectively. provided a better correlation of the experimentaiad
Table 2 gives the coefficients for the linearizednfs  than pseudo-first order model. As rice hull is iigad

of the isotherm models for sorption of MB on TARH. available in great abundance in Malaysia, it can be
Although these two models are based on differentonsidered as an attractive alternative to the more
assumptions: Langmuir model implies monolayerexpensive technologies used in wastewater treatment
coverage and constant sorption energy while Fréetndl containing dye.

model deals with physicochemical sorption on

heterogeneous surfaces, both Langmuir and Fredndlic ACKNOWLEDGEMENT
models appear to provide reasonable fittings fa th
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