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ABSTRACT: The article describes investigation results in applying the melaleuca
cajuput activated carbon in waste water treatment for textile industry. The melaleuca cajuput
charcoal activated by steam is of the specific surface area of about 1000m’/g. The received
activated carbon is used for further investigations to identify isotherm equilibrium curves,
kinetic characteristics of the adsorption of Sulfite Red S3B, Sulzol Blue R-VL and Procion
Yellow HE-XL dyestuffs. Langmuir’s equations appear to fit well the experiments. For kinetic
characteristics, pseudo second order equations are found to fit better the experiments, that is
in agreement with other researchers. The investigations point out that the melaleuca cajuput
activated carbon could be effectively used for textile waste water treatment.
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1.INTRODUCTION

It has been found that melaleuca cajuput wood is a good material for activated carbon [1].
Nevertheless, to identify the suitability of the activated carbon to practical uses, it is necessary
to study the adsorption characteristics of different species in corresponding media [6,8]. The
investigations deal with some types of dyestuffs which are considered harmful to environment:
Sulfite Red S3B, Procion yellow HE-XL and Sulzol Blue R. The suitability of the activated
carbon to the contaminated components could be evaluated by the adsorption capability, which
is judged by isotherm curves, and the adsorption speed, which is judged by kinetics
investigations.

2.MATERIALS AND METHODS

Melaleuca cajuput activated carbon is self produced based on the procedure described in
[1]. Tts specific surface area is evaluated by BET method. The Sulfite Red S3B, Procion
yellow HE-XL and Sulzol Blue R dyestuffs are supplied by the Institute for Textile and
Fashion. Compositions of the dyestuffs in liquid media are identified by chromatography (UV-
VIS DR Hatch 5000).

3.RESULTS AND DISCUSSION

3.1.Influence of pH

Batch tests have been done to identify the influences of pH on the adsorption capability of
the activated carbon. The data are displayed in Figure 1. It is pointed out that at low pH values,
the adsorption capability of the Sulfite Red S3B and Procion yellow HE-XL dyestuffs on the
activated carbon are higher than at neutral media (pH = 5 -8), while the adsorption capability
of the Sulzol Blue R does not change much . Thus, the adsorption to remove those dyestuffs is
more effective in light acid media waste water.
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Figure 1. Influence of pH on the adsorption capability on the activated carbon
a) Sulfite Red S3B 150%-VL  b) Procion Yellow HE-XL-VL ¢) Sulzol Blue R-VL

3.2.Isotherm equilibriums

Isotherm equilibriums to the dyestuffs are determined at room temperature as the treatment
temperature of most waste water resources. Different volumes with determined initial
concentrations of dyestuffs and different determined amounts of activated carbon have been
brought to contact in batch tests. The concentration changes of dyestuffs during the contact
have been samples, analyzed until pseudo plateaus are observed. The received data are used
for the isotherm equilibriums creation. The experimental data are plotted on Figure 2.

It is assumed from the experiments that the Langmuir’s isotherms [2,3,4,7] could be used
to illustrate the data:
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in which Q (mg/g) is the maximum concentrations of adsorbate in the activated carbon,
KLis an equilibrium constant,(1/ppm), q*(mg/g) and c*(ppm) are the concentrations of the
adsorbate in the activated carbon and in the solution, that are in equilibrium with each other.
By logarithmizing the equation (1) and plot the calculated values on graphs, it is easy to
find out the corresponding values of Q, Kc for the used dyestuffs as shown on the Figure 2.
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Figure 2. Isotherm of the dyestuffs adsorption on the activated carbon at room temperature and pH = 2.
a) Sulfite Red S3B, Q = 93.46(mg/g), K= 0.473(1/ppm)
b) Procion Yellow HE-XL, Q= 54.64(mg/g),K. = 0.187(1/ppm)
¢) Sulzol Blue R, Q= 277.78(mg/g), K;= 0.240(1/ppm)

3.3.Kinetics investigation

Each volume of 1500 ml with determined initial concentration of dyestuffs is prepared for
the kinetics investigations. Two concentrations of the dyestuffs (20ppm and 40ppm of each
type) and two different amounts of the activated carbon (ca. 0,3gr and 0.6gr) are used for these
investigations. Samples are taken during the adsorption process and analysis has been done to
figure out the change of adsorbate concentrations in the solution. The concentrations of the
adsorbate in solid phase (activated carbon) are calculated on the base of material balances.
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Three types of kinetics models have been used to evaluate the flow of the process: the
outer mass transfer [3], the pseudo Ist order and the pseudo 2nd order [4]. By plotting the
experimental point and the calculated theoretical lines on the same graphs, it has been found
that the pseudo 2nd order kinetic equation fitted rather well the experimental results (Figures
3,4 and 5). This agrees well with the suggestions made by Y.S.Ho and G.McKay [5].

4.CONCLUSION

Based on the study, it is pointed out:

- Melaleuca cajuput steam-activated carbon could be effectively used to treat dyestuffs of
the textile wastewater. When the concentration of dyestuffs in waste water is about 250ppm,
the activated carbon could adsorb 100, 60, 250 mg/g for the dyestuffs Sulfite Red S3B,
Procion Yellow HE-XL and Sulzol Blue R, respectively.

- Equilibrium isotherms of the adsorption processes could be described by Langmuir’s
equation.

- Kinetics characteristics of the processes could be well described by pseudo-2nd order
equations. The theoretical equation with experimentally determined coefficients can be used
for process calculation.

- For practical applications, column tests should be done with different types of dyestuffs.

do/ct=kiq g

i) k=0 000326653
an | 5, - fEme = o
= sodmf

k=0.00107509

= Experimental 20 ppm
Calculation I

Experimeltal 40 pprn
Calculation

L
o s00 1000 1500

t( min
& k=3
dgsdt=k(q "-q)
7o
k=0 000333163
aa S -
e 3
s0 | //_- i
aol # k=0.0002989289 4
= e
=0 g
20 —
%  Experimental 20 ppm
10 Salculation
Experimental 40 pprm
Salculation
O L
o so0 1000 1500

T rmin )

b)
Figure 3. Kinetic behaviours of the Sulfite Red S3B adsorption on activated carbon with initial solution
concentrations of 20ppm and 40ppm.
a) Weight of activated carbon: ca. 0,3gr b) Weight of activated carbon: ca. 0,6gr
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Figure 4. Kinetic behaviours of the Procion Yellow HE-XL adsorption on activated carbon with initial
solution concentrations of 20ppm and 40ppm.
a)Weight of activated carbon: ca. 0,3gr b) Weight of activated carbon: ca. 0,6gr
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Figure 5. Kinetic behaviours of the Sulzol Blue R adsorption on activated carbon with initial solution
concentrations of 20ppm and 40ppm.
a) Weight of activated carbon: ca. 0,3gr b) Weight of activated carbon: ca. 0,6gr

NGHIEN CU'U UNG DUNG THAN TRAM HOAT TINH TRONG XU LY
NUOC THAI DET NHUOM

Phan Pinh Tuén, Nguyén Trin Huyén Anh
Truong Pai Hoc Bach Khoa, PHQG-HCM

TOM TAT: Bai bdo trinh bay cdc két qud nghién ciru vé g dung than tram hoat tinh
trong xir [y nweée thai nganh cong nghiép dét nhuém. Than tram dwochoat héa bang hoi mée
c6 dién tich bé mat riéng co' 1 000m2/g. Than hoat tinh thu duoc duoc su dung cho cac nghién
cibu tiép tuc nham xdc dinh dwong dang nhiét hdp phu, dic trung dong hoc cia qud trinh hdp
phu cdc thuoe nhuém Sulfite Red S3B, Sulzol Blue R-VL and Procion Yellow HE-XL. Phwong
trinh Langmuir t6 ra mé td tot cdc sé liéu thwc nghiém vé cdn bang hdp phu. Poi véi dic
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trieng déng hoc, phirong trinh gia bdc hai mé td rat tot cdc két qua thire nghiém, diéu nay phi
hop vdi ket lugn cua nhiéu nha nghién ciru khac. Cac ket qua nghién ciru chi ra rang than
tram hoat tinh co thé su dung hiéu qua dé xu ly nuoc thai dét nhuom.
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