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ABSTRACT

The present study assessed the potential of aluminium-based water treatment residuals (WTR) for
removal of disperse dye, Disperse Navy Blue 3G from aqueous solution. Continuous flow column tests
were performed by varying bed depth and flow rate using an influent dye concentration of 100 mg/L.
The breakthrough curves were analysed and modelled using Thomas model and bed depth service
time (BDST) model and produced good agreement with experimental results. The results showed that
both flow rate and bed depth had significant influence on the sorption capacity and breakthrough
time, and a maximum uptake capacity of 2.90 mg/g was observed. The study showed that though
complete removal of dye cannot be achieved with WTR, it can be used as a primary treatment which

would reduce further treatment costs.

Keywords: Adsorption; Disperse dye; Water treatment residuals; Fixed bed column tests; Thomas

model; BDST model

1. Introduction

Consumption of large quantity of water in dyeing
processes subsequently produces considerable amount
of coloured wastewater [1]. Further, dyes are generally
non-biodegradable in nature, and their stability towards
oxidising agents makes the selection of dye removal methods
complex [2,3]. Also, public perception of colour makes great
influence on water quality as it is the first contaminant to
be recognised in water [4-6]. The presence of colour/dye in
water bodies limits light penetration, which in turn disturbs
photosynthesis and biological processes in water bodies [5-7].
Stringent governmental legislation and the need to provide
an effective process that can efficiently remove these dyes
at low cost in a sustainable way have made the wastewater
treatment an environmental challenge.

Colour removal can be achieved by either concentrating
the colour into sludge or the complete destruction of the dye
molecule [8]. Several physicochemical and biological meth-
ods have been reported for colour removal such as membrane
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filtration/separation, coagulation/flocculation, precipitation,
flotation, adsorption, ion exchange, ultrasonic mineralisa-
tion, electrolysis, chemical reduction, advanced chemical
oxidation, and aerobic and anaerobic biological processes
[2,4,9-12]. Adsorption process has been investigated due to
its simplicity of design, ease of operation and good efficacy.
A number of studies on colour removal using different adsor-
bents such as activated carbons (AC) and bio-waste derived
AC have been reported in the literature [5,13-15]. However,
preparation and production of AC involves processing of
raw material and control of process parameters to obtain
quality AC which increases the cost of the treatment process.

Large quantities of sludge are produced in water treat-
ment plants around the world during the removal of fine
suspended solids from source water. The water treatment
residuals (WTR) are the settled by-product of the coagula-
tion/flocculation which involves addition of aluminium or
iron salts. In India, nearly all water treatment plants use alu-
minium compounds as coagulant [16,17]. The WTR is mainly
comprising of metal (aluminium) hydroxide used and
destabilised colloids enmeshed within the floc of hydroxide
[18-21]. There is a need to manage these residuals in a
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sustainable and environmental friendly manner. The waste
is generally regarded as non-hazardous and is disposed of as
landfills or through land application. In India, however, it is
still disposed of into water bodies [18,22].

Adverse environmental effects have been observed in
water bodies due to disposal of WTR. Aluminium species
toxicity towards various aquatic life and benthic organisms
has been reported [23]. This has initiated investigations on
potential strategies for WTR utilisation in different waste-
water treatment operations. One option is the recovery of
aluminium from WTR and its use as coagulant. The other
option is the direct reuse of WTR as a coagulant or as an
adsorbent. Recovery of aluminium from WTR could be cost-
lier due to process and allied chemicals. However, reusing it
directly could be a better option to fully utilise the potential
of WTR as a coagulant or sorbent by elimination of the recov-
ery cost. A few studies have been reported on dye removal
using Al-based WTR. Chu [20] and Moghaddam et al. [24]
reported the use of Al-based WTR for dye removal while
Moghaddam et al. [25] studied the use of ferric-based sludge
for dye removal. Gadekar and Ahammed [4] reported the
use of Al-based wet sludge (WTR) for disperse dye removal
by coagulation process. The WTR have also been used as a
sorption/filtration medium for removal of phosphorous and
heavy metals [19,26-31]. However, no studies have been
reported using dry form of WIR as a sorption medium for
dye removal. For industrial application, removal of dyes in
fixed-bed columns would be more useful compared with the
batch systems due to the adaptability of column systems [32].

The present study focused on the potential of alumin-
ium-based water treatment residual as a low-cost sorbent
for removal of a disperse dye. Continuous flow fixed-bed
sorption study was performed by varying bed depth and
flow rate. Breakthrough curves were generated for different
operating conditions. The data were modelled using Thomas
model. The parameters required for scale-up of the process
was determined using bed depth service time (BDST) method.

2. Materials and methods
2.1. Synthetic dye wastewater

A widely used disperse dye in India — Disperse Blue 79
(trade name Disperse Navy Blue 3G) was obtained from
Colourtex India Ltd., Surat, India. The CI number, commer-
cial name and chemical structure of the dyestuff are shown in
Fig. 1. Stock solution of 1,000 mg/L was prepared dissolving

Disperse Bue 79 (Disperse Navy Blue 3G)
O—CH,CH3

Br
N(C,H40COCHa3),

OyN N
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Fig. 1. CI number, commercial name and chemical structure of
dyestuff.

accurate quantity of the dye in distilled water. Synthetic
wastewater was prepared by diluting the stock solution with
distilled water for desired concentration.

2.2. Water treatment residuals

The WTR used in the present study was collected from
the coagulation/flocculation unit of a water treatment plant
in Bhandup, Mumbai, India, where poly-aluminium chlo-
ride (PACI) is used as a coagulant. The sludge collected in
wet form was sun dried and ground, and the fraction passed
through 216 pum sieve was used as sorbent without further
modification.

2.3. Characterisation of WTR

The total metal present in the WIR was determined by
acid digestion method of USEPA 3050B [33] and analysed
using inductively coupled plasma atomic emission spec-
troscopy (Element XR, Thermo Fisher Scientific, Germany).
Physical and chemical analyses of the WTR surface were
carried out by X-ray fluorescence (XRF) using X-ray spec-
trophotometer (Model-ZSX Mini 2, Rigaku, Japan) and scan-
ning electron microscopy—energy dispersive spectroscopy
(SEM-EDS, S-3400, Hitachi, Japan) analysis was performed
to understand the surface characteristics. FT-IR spectra of
raw and dye-loaded WTR were obtained through FT-IR spec-
troscopy (8400S, Shimadzu, Japan).

2.4. Point zero charge

The zero point charge (pH, ) of WTR was evaluated by
referring to the procedure of Mehdi et al. [11]. The pH,  of
WTR was determined adopting the following procedure:
0.01 M NaCl solution with different initial pHs in the range of
2-10 were prepared by adding HClI/NaOH. Thereafter, 0.20 g
of the WTR was added to 50 mL of 0.01 M NaCl solution of
different pHs in reagent bottles. The samples were centri-
fuged after allowing them to react for 48 h at room tempera-
ture and the pH of each solution was measured.

2.5. Fixed-bed column tests

Continuous flow column experiments were conducted
in a transparent cylindrical acrylic column (2.5 cm internal
diameter and 30 cm height). At the top and bottom of
the column, brass converter and nipple were attached to
maintain uniform bed height of the sorbent. Glass wool was
used to provide support and to avoid the loss of sorbent. A
known quantity of WTR was placed in the column to yield
the desired bed height of the sorbent. The column was
operated in upward mode by pumping the dye solution
through the column at a desired flow rate using peristaltic
pump. Samples were collected at different time intervals and
were analysed for dye removal using a UV-Vis spectrometry
(spectrophotometer — 169, Systronics, India) by monitoring
the absorbance changes at the wavelength of maximum
absorbance (532 nm). Operation of the column was stopped
when the effluent dye concentration reached the influent
concentration. The dye removal was calculated using the
following equation:
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Colour removal(%) = (CO - Ce) /C, =100 (1)

where C, and C, are dye concentration of raw and treated
solutions, respectively. Effect of two factors were studied,
that is, flow rate at 50, 75 and 100 mL/h and bed depth at 5,
10 and 15 cm. In all the tests initial dye concentration was
maintained at 100 mg/L with an initial pH 6.90.

2.6. Column data analysis

The performance of fixed-bed columns is presented as
breakthrough curves. The time for breakthrough appearance
and the shape of the breakthrough curve are very important
characteristics for determining the operation and dynamic
response of an adsorption column [34,35]. The point where
the effluent concentration reaches 95% is usually called the
‘point of column exhaustion” [36]. The breakthrough curve
is usually expressed by C/C as a function of time or volume
of the effluent for a given bed depth. The volume treated (V)
was calculated by flow rate multiplied by exhaustion time.
The amount of the total mass of dye removed, g, , was cal-
culated from the area under the breakthrough curve (Eq. (2)).

t=t,
Qo = Q[ " Calt @)

where Q is the volumetric flow rate, t_ is the total flow time,
C is the concentration of dye removed. Dye uptake capacity
of the column g, is calculated using Eq. (3):

f =Tt )

where m is the dry weight of the sorbent.

2.7. Thomas model

Breakthrough curves or concentration-time profile for
the effluent is required for successful design of column sorp-
tion process. The Thomas model is generally used for this
purpose. The maximum adsorption capacity of an adsorbent
is also needed to design a column. The model has the follow-
ing form [32]:

e @)
C, - e[m“#—K‘hCufJ

where K|, is the Thomas rate constant (mL/min mg), and g, is
the maximum solid phase concentration of the solute (mg/g).
To calculate the Thomas model constant, Eq. (4) can be lin-
earised as follows (Eq. (5)). The kinetic coefficients K, and g,
for adsorbent bed can be determined from slope and inter-
cept from plot of In(C /C, — 1) against time for particular flow
rates and bed heights.
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2.8. Bed depth service time method

BDST method is based on the Bohart-Adams equation
which can be utilised for the adsorption or filtration column
design [37]. The Bohart-Adams equation (Eq. (6)) is based on
the fact that breakthrough time is a function of depth of bed,
rate of flow and influent concentration:

1{%} =K, Ct-K,N, (%) 6)

e

where K, is kinetic constant (L/mg h), N is the saturation
concentration (mg/L), Z is the bed depth (cm) and u is the
superficial velocity (cm/min) defined as volumetric flow rate
Q (mL/min) to the cross sectional area of adsorbent bed. The
modified Bohart-Adams equation can be expressed as fol-
lows [32]:

=32 1 Sy, @)
Cu KC, |\C

where K is the attachment coefficient (L/mg h) which
describes attachment of solids to filter media and S_is the
storage capacity (mg/L) which depicts volumetric capacity of
adsorbent to store solids [37]. The constants S_and K, can be
calculated using linear regression analysis between time and
bed height.

3. Results and discussion
3.1. Characteristics of water treatment residuals

Figs. 2(a) and (b) depict typical SEM images of the WTR,
suggesting concentration of particles around 100 pum size.
The amorphous nature of the WTR particles is clearly visible
in Fig. 2(b). This is similar to amorphous aluminium hydrox-
ide [38] characterised by the formation of organic ligands [39]
formed during the coagulation of water. The energy disper-
sive X-ray spectrum of WTR (Fig. 2(c)) shows abundance of
five elements namely Al, Fe, Mg, Si and Ca. The pH of WTR

53400 10.0kV 9.5mm x47 SE

(C) Full scale counts: 1027 Base(233)_ptl
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4.500 keV
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kim - 41 - Nb keV

Fig. 2. SEM (a and b) and EDS (c) spectrum of water treatment
residuals.
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was found to be 6.4. The amount of aluminium and other
metals in WTR is presented in Table 1. The results of XRF
analysis showed presence of ALO, (53.45%), Fe,O, (28.73%),
CaO (9.50%) and MgO (6.37%), and trace amounts of oxides
of S, Cr, Mn, Cu and Zn. Inorganic anions can be adsorbed
onto aluminium oxides by ion pair formation with charged
surface sites or by ligand exchange with surface hydrolysis
[39]. The non-bonding oxygen from these ligands structure
may constitute the adsorption availability on WTR surface.
As ligand exchange reaction replaces hydroxyls on the sur-
face, the adsorption increases with decrease in pH [39]. The
point zero charge (pH, ) of WIR was estimated to be 6.9
which shows that no significant charge on WTR would be
present at neutral pH values. Thus, sorption of cations and
anions could be possible by charge neutralisation on to the
WTR surface at these pHs.

3.2. Effect of bed height

The breakthrough curves obtained for different bed
heights (5, 10 and 15 cm) at a flow rate of 75 mL/h and
initial dye concentration of 100 mg/L are presented in Fig. 3.

Table 1
Metal content in water treatment residuals (mg/g of dry sludge)
Parameter Value
Al 64.60
Fe 93.01
Ca 27.27
Mg 17.34
K 20.06
pH 6.4

—o— Bed height 5 cm ; -
—— Bed height 10 cm / -
0.8 ——Bed height 15 cm /

Flow rate 75 mL/h

00 T T T T T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50 55 60 65

Time (h)

Fig. 3. Breakthrough curves for dye removal at different bed
depths (flow rate 75 mL/h).
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The sorption data were evaluated and total amount of dye
adsorbed (g,,.,), empty bed contact time (EBCT), exhaustion
time (t,) and volume treated (V) are presented in Table 2.
The EBCT was increased from 20 to 60 min with increase
in the bed depth from 5 to 15 cm and the corresponding
exhaust time was found to have increased from 26.67 to
65.67 h. It can be seen from Table 2 that the bed uptake
capacity and breakthrough time increased with increase in
the bed height. This increase in the sorption was due to the
increase in sorbent mass in the larger beds, which provided
more adsorption sites for the dye. Moreover, the gradient
of breakthrough curve decreased with increased bed height
which resulted in broadening of mass transfer zone and
subsequent saturation of adsorbent [40]. Similar trend of
decrease of the slope with increase in bed depth has been
reported in the literature [41,42]. As presented in Fig. 3,
complete colour removal was not observed even at the initial
stages of column operation with any of the column height.
However, the column showed good removal at C/C, values
greater than 0.4. This could be due to increasing formation
of non-crystalline aluminium hydroxide and subsequent
sorption of dye [39]. The shape of breakthrough curves
was ‘L(c)” [43] which indicate that adsorption species might
have associated into very large clusters before adsorption
was taking place. Since complete removal of dye was not
obtained even at initial stages, the WTR can be utilised for
primary treatment which should be followed by further
treatment in order to attain satisfactory dye removals.

3.3. Effect of flow rate

The dispersion characteristics are strongly affected by the
changing flow or velocity distribution. The effect of flow rate
on dye adsorption was investigated by varying the flow rate
from 50 to 100 mL/h. The breakthrough curves for abed depth

1.0
0.9

0.8
0.7 4
0.6

o 05+
-
0”04
034} Bed Height 10 cm
0.2+ "r‘ —o— 50 mL/h
01 4d ——75mL/h
i —o0—100 mL/h
00 t T T T T T T T T T T
0 10 20 30 40 50 100 150 200 250 300 350
Time (h)

Fig. 4. Breakthrough curve for dye removal at different flow rates
(10 cm bed depth).

Table 2
Column data and parameters obtained at different bed depths
S. No. Bed Empty bed contact Total dye adsorbed, Exhaustion Volume
depth (cm) time, EBCT (min) Jior (M) time, t_ (h) treated, V (L)
1 5 20 91.22 26.67 2.00
2 10 40 134.74 54.00 4.05
3 15 60 171.59 65.75 4.93
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Table 3
Column data and parameters obtained at different flow rates
S. No. Flow rate Empty bed contact Total dye Exhaustion Volume
(mL/h) time, EBCT (min) adsorbed, g, (mg) time, t_ (h) treated, V (L)
50 60 341.87 384.00 28.80
75 40 134.74 54.00 4.05
3 100 30 107.18 12.17 0.91

of 10 cm at various flow rates are shown in Fig. 4. It can be
seen from Fig. 4 that the breakthrough occurred considerably
faster with increasing flow rate. As the flow rate was
increased from 50 to 100 mL/h, the EBCT decreased from 60
to 30 min and the exhaust time was found to have decreased
from 384 to 12.2 h. The breakthrough curves became steeper
with increase in flow rate due to reduced contact time. The
dye uptake was reduced from 342 to 108 mg as the flow
rate was increased from 50 to 100 mL/h (Table 3). The early
breakthrough indicates requirement of larger bed depth
with adequate contact time. The radial and axial dispersion
of adsorbate is controlled by the flow rate. At lower flow
rate radial dispersion leads to accumulation of dye through
the column which reduced with increase in the flow rate as
characterised by shape of breakthrough curve. Effects of axial
dispersion are similar as reported in the literature [41]. Thus,
increased flow rate reduces the dispersion which in turn
decreases the uptake of dye.

3.4. Effect of contact time and flow rate

Fig. 5 shows the effects of EBCT and flow rate on break-
through time at 40% breakthrough point. The breakthrough
time increased with increase in contact time. Longest EBCT
was 90 min at 50 mL/h and the breakthrough time obtained
was 10.5 h while the shorter EBCT of 15 min was observed
for 100 mL/h flow and breakthrough time was observed
as 2.2 h. Thus, low flow rate and large bed depth would
increase the EBCT of column consequently increasing the
breakthrough time of bed column. The larger EBCT may
add sufficient radial dispersion in bed with axial dispersion.
This could lead to increase in breakthrough time. The slow
process of diffusion through or around the sorbent surface
material for longer contact time leads to maximum bed vol-
ume treatment. Adsorption onto WTR was controlled by
both contact time and flow rate as slow process of diffusion
through or around surface of material is controlled by con-
tact time.

3.5. Effluent pH

The effluent pH was monitored for various bed depths
and the results are shown in Fig. 6. The influent pH was 6.9
while point zero charge (pH, ) was also found to be 6.9.
It can be seen from Fig. 6 that initially pH decreased with
the time. With further operation, the effluent pH increased
and stabilised at the influent pH values. In WTR depending
on solution pH, aluminium may exist in ionic form such as
AP, AI(OH)*, AI(OH)," or AI(OH),” [39]. The dissolution of
Al ions was more at lower pH, thus as aluminium dissolves
more H" would be hydrolysed.

Breakthrough time (h)
[}

100

F/ 75
iy (i mi /h )

100 Q,Q’

Fig. 5. Effect of flow rate and empty bed contact time (EBCT) on
breakthrough time at 40% breakthrough point.
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Fig. 6. Variation in effluent pH at various bed depths (flow rate
75 mL/h).

AP*+ H,O = AI(OH)> + H* )
AP* +2H,0 = Al(OH)* + 2H* )

Thus, initially aluminium present in the WTR was
hydrolysed to release H" which resulted in the reduction in
effluent pH [44]. Moreover, solid phase consumed Al while
release of H" by means of Al dissolution, preventing further
decrease in solution pH. Thus, aluminium dissolution and
pH decline are mutually influential on sorption of dye onto
WTR. Alumina has shown good adsorption ability for anions
at lower pH than pH, of alumina [39] with hydrolysis of Al
ions. However, the presence of organic ligands in WTR leads
to less sorption with WTR when compared with alumina.
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3.6. FT-IR analysis of WTR

FT-IR spectrum of WTR and dye-loaded WTR is pre-
sented in Fig. 7. Bending vibration of hydroxyl group on
metal hydroxyl 1,039 cm™ [45,46] which correlates to a
weak band of AI-OH. The band near 1,585 cm™ correlated
with the C=N and N=N stretching vibrations [47]. The peak
near 1,456 cm™ designates vibrations from the symmetrical
deformation in esters, stretching and deformation vibration
in carbohydrates and aromatic molecules [47]. The peaks in
range 2,900 to 2,800 cm™ are related to the stretching vibra-
tion C-H bonds [47]. The shifts in the peak at 1,585 cm™
(C=N stretching vibrations) on the surface of WTR to higher
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Fig. 7. FT-IR spectrum of WTR before and after sorption.
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numbers with bending vibrations and ~OH stretching peaks
(3,400-4,000 cm™) disappeared/absorbed observed after dye
adsorption suggest molecular interactions between dye and
WTR.

3.7. Thomas model

Thomas model assumes plug flow behaviour in the
bed. Application of Thomas model to the data of C/C,
ratios within 5%-95% with respect to bed depths, and flow
rate enabled the determination of kinetic coefficients of the
system. Analysis of regression coefficients indicated that
the regressed lines provided good fit to the experimen-
tal data with R? values more than 0.8 and adequate fit for
values less than 0.8 [48]. Table 4 represents the values of
the Thomas model parameters K, and g, . The experimen-
tal (q,,) and predicted (g,) adsorption capacities at differ-
ent operational conditions were in close agreement with
each other for most of the operating conditions and hence
Thomas model can be used for prediction of breakthrough
curves.

The capacity of commercially available and modified
waste sorbents to uptake disperse dyes from aqueous solu-
tion is presented in Table 5. It is important to note that
direct comparison of adsorbent capacity of WIR with those
reported in the literature is difficult because the experimental
conditions applied are different. Table 5 shows that the value
of g, for WTR, 2.90 mg/g, is moderate. However, since WTR
is available in large quantities, free of cost, this can be used

Table 4

Parameters of Thomas model under different conditions using linear regression analysis
S. No. Flow Bed depth Teq q, K, R?

(mL/h) (cm) (mg/g) (mg/g) (mL/mg min)

1 100 5 0.69 0.77 7.43 x 102 0.84
2 100 10 0.95 0.94 7.49 x 102 0.93
3 100 15 0.6 0.35 6.43 x 102 0.93
4 75 10 1.14 1.12 9.85x 107 0.75
5 75 15 1.00 0.97 9.78 x10°® 0.77
6 75 5 1.55 1.54 1.11 x 1072 0.72
7 50 5 1.66 1.32 7.80 x 10°® 0.82
8 50 10 2.90 1.45 1.52 x 107 0.63

Table 5

Comparison of the adsorptive capacity of WTR with other sorbent reported in the literature
S. No. Adsorbent Dye q, (mg/g) Reference
1 Bamboo-activated carbon Disperse Red 167 2.39 [14]
2 Commercial activated carbon (F300) 2.56
3 Commercial activated carbon (F400) 2.59
4 Modified cotton fibre Disperse Yellow 23 7.14 [49]
5 Fly ash Disperse Red 74 3.89 [50]
6 PPA pre-treated PBO fibre Disperse Red 60 1.056 [51]
7 Bamboo waste-activated carbon Disperse Red 167 37.72 [52]
8 Commercial activated carbon (F400) 36.54
9 Water treatment residuals Disperse Blue 79 1.84 This study




270 M.R. Gadekar, M.M. Ahammed / Desalination and Water Treatment 102 (2018) 264-272

advantageously. It may be noted that while for most sorbents,
regeneration and reuse is generally studied, in the present
work this was not attempted since WTR is available in large
quantities from water treatment facilities.

3.8. Bed depth service time model

The BDST model is based on physically measuring the
capacity of the adsorbent bed at various percentage break-
through values [53]. The BDST model values can be helpful
to scale up the process for other flow rates and influent con-
centration without further experimental run [54]. The plot
of service time against bed height at flow rate of 50, 75 and
100 mL/h is shown in Fig. 8. The model is validated with
coefficient of determination value more than 0.8 as presented
in Table 6. The storage capacity (S ) was calculated from the
slope assuming linear velocity and constant initial concen-
tration throughout the column operation. The increase in
slope with bed height indicates that adsorption of dye is pre-
dominated by bed height and flow rate. It is observed that
adsorption capacity was higher at low flow rate (50 mL/h) as
shown in Table 6. Maximum storage capacity obtained was
702 mg/L at a flow rate of 50 mL/h. The attachment coeffi-
cient (K ) characterises the rate of liquid phase solid trans-
fer onto bed. The larger value of K will indicate that even
short bed height will take longer to take breakthrough, but
as K value decreases a progressively larger bed is required
to increase the breakthrough time [32]. Moreover, decrease

12
s ® 50 mL/h
1 e 75mL/h
10- 4 100 mL/h
5 Linear fitting
8
= ®
= 7
©
£ 6
8 5
&
o 4
9 W
2 -
14

Bed Height (cm)

Fig. 8. BDST model plot at 40% breakthrough point.

Table 6
Column data parameters obtained by BDST model at
breakthrough point 40%

S. Flow rate Storage Attachment R?

No. (mL/h) capacity (mg/L) coefficient (L/mg h)

1 50 702 0.21 0.99
75 581 0.02 0.82

3 100 149 0.01 0.86

in K, values with the increase in flow rate indicates that the
overall system kinetics was controlled by external mass
transfer [54]. Bed depth is considered as the most significant
among the different process parameters since with increase
in bed depth, contact time of fluid inside column increases,
allowing adsorbate molecules to diffuse deeper inside the
bed. Thus bed storage capacity (S) would change with the
service time [32,55].

4. Conclusions

The influence of flow rate, contact time and bed depth on
the removal of a disperse dye in aqueous solution by WTR
was evaluated. The results indicated that the WTR could be
used as a low-cost sorbent to remove Disperse Navy Blue
3G. The WTR sorption was analysed using breakthrough
curves and it was found that adsorption onto WTR was
largely controlled by bed depth and flow rate. The data
obtained were successfully modelled using Thomas model.
The maximum adsorption capacity of WTR 2.90 mg/g was
observed at a flow rate of 50 mL/h. A BDST method was
employed to estimate the storage capacity and attachment
coefficient for up-scaling of reactor. Present study suggests
that though WTR cannot completely remove dye from
aqueous solution, this can be used for primary treatment of
disperse dye.
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