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In this study, the coal-based granular activated carbon from Ha Bac (GAC-HB) was used to remove basic yellow 28 (BY 28) from aqueous
solution. The structure and surface properties of granular activated carbon from Ha Bac were analyzed by modern methods. Its adsorption
capacity was also determined by Langmuir and Freundlich isotherms. Effects of some key operating parameters such as the initial dye |

results show that the granular activated carbon from Ha Bac is a good adsorbent for removing basic yellow 28. |

| concentration, contact time, pH as well as the dose of granular activated carbon from Ha Bac on the dye removal were investigated. The |

Key Words: Activated carbon, GAC, Basic yellow 28, Textile wastewater, Surface properties. |

INTRODUCTION

In Vietnam, textile industry is one of the most important
industries contributing to the national economic growth.
However, due to the specific characteristics of a complex manu-
facturing industry that utilizes much water, chemicals, materials
etc. The risk of environmental pollution caused by the textile
industry is inevitable'. Wastewater from the textile industry is
one of major environmental problems in Vietham and many
other countries®”®. The environmental pollution due to the textile
industry is multidimensionally causing serious problems not
only to the land mass fertility but also to the natural flora,
fauna, as well as the aquatic bodies. Colour is one of the charac-
teristics of an effluent from textile wastewater, caused by dyes,
which is easily detected®’. Colour affects the nature of the
water and inhibits sunlight penetration into the stream, reduces
photosynthetic action.

Most of the dyes are resistant to biological degradation.
Removal of dyes from water is very important because the
water quality is greatly affected by colour and even the pres-
ence of very small concentrations of dyes (less than 1 mg/L)
in water is highly visible and is considered unpleasant.
Besides that, many of these dyes also cause health problems
such as allergic dermatitis’. Some of these dyes are toxic and
suspected to have carcinogenic and mutagenic effects®.

Basically, pollutants from wastewater can be removed by
physical, biological and chemical methods such as coagulation,
advanced oxidation processes (AOPs), biological techniques,

adsorption etc. However, dyes are not easily degradable and
not easily removed from wastewater by conventional waste-
water treatment systems®”'!. Adsorption has been found to be
superior to other techniques for water re-use in terms of initial
cost, simplicity of design, ease of operation and insensitivity
to toxic substances. Now-days, some materials such as chitin,
clay, fly ash and tree fern have been known as good adsorbents
for removing dyes in wastewater. Activated carbon has also
been accepted as one of the most appropriate low cost sorbents.
The application of sorption technique using activated carbon
has been investigated™** 10116,

In this paper, experiments have been carried out, to deter-
mine the sorption capacity of GAC-HB, to remove basic yellow
28 in an aqueous solution. The effects of various operating
parameters such as adsorbent dose, concentration of dye, pH,
as well as adsorption dynamics have also been studied and
discussed.

EXPERIMENTAL

The adsorbent used in the present study is GAC-HB, the
coal-based granular activated carbon was made from coconut
shell. The adsorbate used in the experiments was BY28, was
purchased from Shimi Boyakhsaz Co., Iran, which is used in
the dying procedure of Mua Dong Textile and Garment
Company, Hanoi, Vietnam. The molecular structure and
physical properties of BY28 were shown in Fig. 1 and Table-
1, respectively.
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Fig. 1. Molecular structure of basic yellow 28 ‘E 7[;*/
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TABLE-1 3 150
PHYSICAL PROPERTIES OF BASIC YELLOW 28 DYE [Ref. 17] s ES
Dye properties Maxilon golden yellow GL 200 % % 100
Colour index Basic Yellow 28 3 T
Az0 group 1 1
Type Cationic 903
Shape Powder 200 %, particular 200 %, liquid 200 % 1
Solubility 80 g/L (90 °C); 60 g/L (60 °C); 40 g/L (30 °C) -+ttt
R _ 0.0 0.1 02 03 04 05 06 07 08 09 1.0
i{:tablhty 23180 Relative pressure (P/Pg)
Mw 433 g/mol Fig. 2. Adsorption isorthem plot of nitrogen at 77 K for GAC-HB

Distilled water was used for all solution and dilution. All
chemicals used for analytical methods were analytical grade.

Characteristics of adsorbent: The surface area of sorbent
and its capillary size were determined by nitrogen adsorption
method at 77 K using Autosorb-1C (Quantachrome, USA).
Before measuring the isotherm, adsorbent was heated at 200
°C in vacuum for 2 h. The surface area of GAC-HB was calcu-
lated by the BET method using the adsorption isotherm of
nitrogen.

The structure of activated carbon was determined by
X-ray diffraction method using Bruker D8 Advance X with
CuK,, radiation. 20 scan angle varies from 10-70°, scan time
is 1 s step, a scanning angle of 0.03°.

Study on dye removal: The sorption capacity of GAC-
HB was tested by Langmuir and Freundlich adsorption
isotherm models.

An amount of GAC-HB was added to 200 mL of basic
yellow 28 dye solution. The dose of sorbent, initial dye
concentration, solution pH may be different in different studies.
After the mixtures were mixed, the samples were filtered using
a coarse cloth filter to remove large suspended particles with
the purpose of determining the quality of treated wastewater.

Analytical methods: The colour of dye solutions (both
before and after treated) were analyzed using a UV-1650 PC
(Shimadzu Co., Japan). A dye solution was scanned from 300-
800 nm so that to determine its maximum absorbance. The
colour removal was decided basing on the change of ABS value
at maximum absorbance:

Cc,-C
R(%) =—"—tx100
Co
where: R, Cy, C, were colour removal, the concentration of
basic yellow 28 before and after the treatment, respectively.

RESULTS AND DISCUSSION

Characteristics of GAC-HB: The results on the surface
characteristics of GAC-HB were shown in Figs. 2,3 and Table-
2.
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Fig. 3. Pose size distribution of nitrogen at 77 K for GAC-HB

TABLE-2
CHARACTERISTICS OF GAC-HB
Value
Characteristic BET Langmuir/Horwath-

Kawazoe
Surface area (m%g) 869.6452 1102.2048 (L)
Micro-pore volume, cm’/g 0.402036
(evaluated from #-plot equation)
Pore size (A) 23.8832 8.360 (H-K)

The results showed that adsorbent used in this study has a
large surface area and micropore structure. The adsorbent was
also tested by X-ray diffraction (Fig. 4). Activated carbon has
amorphous structure, but there are some crystal structure peaks
belong to CaCO:s.

Effect of initial dye concentration and contact time:
The effects of initial dye concentration and contact time on
the treatment process were shown in Fig. 5. As can be seen in
the figure, dye removal was found to increase when initial
dye concentration decreased. According to the results, adsorp-
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Fig. 4. X-Ray diffraction plot of GAC-HB

100 -
90 - %
A S

8 70 -

S 60 -

>

g 50 -

=40 -

2 30 - ——150mgL  —®— 200 mg/L

A | —&— 250 mg/L. =300 mg/L
20 e 350 Mg/l === 400 mg/L
10 -

0 T T T T T T

0 1 2 3 4 5 6
Contact time (h)

Fig. 5. Effect of initial dye concentration and contact time on the removal
of basic yellow 28

tion equilibrium achieved at the contact time of ca. 4 h. At this
time when the initial dye concentration increased from 150-
400 mg/L, the dyes removal effectivity was decreased from
99.84 to 73.39 %.

Effect of mass of GAC: These mass of GAC-HB was
changed from 0.05 to 0.225 g. The effects of sorbent dose
were shown in Fig. 6.
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Fig. 6. Effect of sorbent dose on the removal of basic yellow 28

The dye removal effect increased rapidly when increasing
sorbent dose from 0.250 to 0.625 g/L and then increased slowly
until the equilibrium at sorbent dose reaches 0.8 g/L (Fig. 6).
This is due to greater surface area available for adsorption of
dye species in the solution.
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Fig. 7. Effect of pH on the removal of basic yellow 28
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Effect of pH: Basicaly, pH usually has strong effect on
the adsorption. In this study, the variation in the adsorption of
BY28 was studied in the pH range of 1-12 and the experimental
results are shown in Fig. 7. As can be seen, it is clear that the
pH 9 is optimum value for adsorption of BY28 by GAC-HB.
Olgun and Atar', reported that variation of adsorption with
pH can be explained by considering the difference in the struc-
ture of dyes and the electrokinetic behaviour of adsorbent.
Based on the results, pH 9 is optimum value for removing
BY28 by adsorption using GAC-HB. At these optimum condi-
tions for removing BR28 by adsorption method using GAC-
HB, dye in wastewater was completely removed.

Adsorption dynamics: The kinetic rate constant for
adsorption of BY28, k,s, was determined using Lagergren's

equation®":

k
lo —-q)=1lo —_—ad
g(q. —q) =logq, 2303 (1)

where q. and q (both in mg/g) are the amounts of dye adsorbed
at equilibrium and at any time, t, respectively. A straight line
plot of log (q. - q) versus time indicates the applicability of
the above equation (Fig. 8).

The value of k., was calculated from the slope of the
respective linear plot:

_ K _ —0.0088; k .y =20.266x10™ min™"
2.303
Adsorption isotherm: The analysis of equilibrium data
for the adsorption of BY28 was conducted using a linear line
from the Langmuir and Freundlich isotherms shown in eqns.
2 and 3, respectively:

C 1 1
—=—Cr+ @)
d  dmax KaGmax
logq =logK; +llong 3)
n
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Fig. 8. Lagergren plot for adsorption of BY28

where C; (in mg/L) is the equilibrium concentration of BY28;
K. and gma are the Langmuir constants related to the capacity
and energy of adsorption, respectively. K; and n are the
Freundlich constant characteristics of the system.

The linear plots of Ci/q versus C; and log q versus log C
suggest that the above models were applicable to the present
system, an indication of monolayer coverage of the adsorbate
at the outer surface of the adsorbent (Figs. 9 and 10).
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Fig. 9. Langmuir isotherm plot for the adsorption of BY28
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Fig. 10. Freundlich isotherm plot for the adsorption of BY28

The values of gma, Kr and n calculated from the slopes
and intercepts of the linearized plots (Figs. 8 and 9) were
769.23 mg/g, 296.96 mg/g and 3.8285, respectively.

Conclusion

Basic yellow 28 can be removed from aqueous solution
by adsor-ption method using GAC-HB. The adsorption of basic
yellow 28 was found to be dependent on initial dye concen-
tration, contact time and adsorbent dosage and pH. At these
optimum conditions: pH 9, GAC-HB dose of 0.8 g/L, contact
time for 2 h, basic yellow 28 was completely removed.
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