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Application of Modified Water Nut Carbon as a Sorbent
in Congo Red and Malachite Green Dye Contaminated

Wastewater Remediation

Rais Ahmad and Pijush Kanti Mondal

Environmental Research Laboratory, Department of Applied Chemistry, Faculty of Engineering
and Technology, Aligarh Muslim University, Aligarh, UP, India

Batch and column adsorption experiments were conducted to
investigate the removal of dyes from wastewater by water nut
modified carbon (WNMC). Acidic pH was favorable for adsorption
for Congo red dyes and basic pH was favorable for the adsorption
for Malachite green dyes. The surface property of the sorbent
was characterized by scanning electron microscopy and Fourier
transform infrared techniques. The adsorption process was found
to be endothermic and spontaneous. Different models of adsorption
were used to describe the kinetics data and to calculate the corre-
sponding rate constants of WNMC surfaces for dyes adsorption.
A mechanism of dyes adsorption associating chemisorption pro-
cesses is presented allowing the discussion of the variations in
adsorption behavior of the material. These data suggested that
WNMC are promising materials for dyes sorption. The data were
in good agreement with bed depth service time model.

Keywords BDST; breakthrough capacity; characterization; fixed
bed column; kinetics; WNMC

INTRODUCTION

Among the different pollutants of aquatic ecosystems,
dyes and their derivatives are considered as priority
pollutants since they are harmful to organisms even at ppb
levels (1). Colored compounds comprising pigments and dyes
are used widely in textile, plastic, food, dyeing, paper, print-
ing, pharmaceutical, and cosmetic industries. Textile proces-
sing industries nowadays are widespread sectors in
developing countries. Among the various processes in the
textile industry, the dyeing process uses large volume of water
for dyeing, fixing, and washing processes. Thus, the waste-
water generated from the textile processing industries
contains suspended solids, high amount of dissolved solids,
un-reacted dyestuffs (color), and other auxiliary chemicals
that are used in the various stages of dyeing and processing.
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These dyes color the water and make penetration of sunlight
to the lower layers impossible and hence affecting aquatic life.

In recent years, several physico-chemical treatments
have been proposed for efficient dyes removal, such as
adsorption (2,3), advanced oxidation (4,5), heterogeneous
photo catalysis (6,7), and biological treatments (8,9). A
great variety of adsorbents (natural or synthetic) have been
evaluated for the removal of organic substances from aque-
ous solutions, most of them presenting some limitations
such as poor retention capacity or high preparation cost.
Nowadays modified carbons are considered as the most
effective organics sorbents with high surface areas (10-12).
The aim of this study is to evaluate selected WNMC with
different physico-chemical characteristics for dye sorption
and to understand the corresponding kinetics and adsorp-
tion mechanisms. In view of future applications, the regen-
eration of the most efficient WNMC after adsorption dyes
is also reported and discussed.

In India, water nut shells (WNS) litter around streets
especially in the eastern areas and they constitute environ-
mental nuisance. It is anticipated that this work would be
about the environmental nuisance if the water nut shell
are been processed into granulated water nut modified car-
bon (WNMC) for the removal of different contaminants
likely to be encountered in dye containing industrial waste-
waters. Hence, agricultural wastes such as water nut shell
could be important for the removal of dyes in wastewater.
Thus, the potential for using agricultural waste (WNS)
that litter our environment may be valuable resources for
the removal of organic matter from industrial wastewater.

MATERIALS AND METHODS
Preparation of Modified Carbon from Water Nut Shell
Water nuts shells, an agricultural waste, was washed,
crushed, and finally ground in a laboratory mill to a size of
100-150 mesh (BSS standard) particles size and afterwards
dried in an air oven at 105°C. In this experiment the carbo-
nization step was held for 2hr at 500°C. This temperature
to be an optimum with many agricultural raw materials
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(13-16). Introduced in a tube furnace and heated slowly to
500°C where it stayed for 2 h. The precursor was thermally
decomposed to porous carbonaceous material. The
produced carbonized material was washed thoroughly with
hot water and dried till constant weight. The water nut modi-
fied carbon was dried overnight in an oven at 110°C, cooled
at room temperature, and stored in desiccators until use.

Preparation of H;PO,-Treated Modified Carbon

Acid treatment on the water nut shell-based activated
carbon was performed by immersing 5g of the original
activated carbon in 100ml of 5% phosphoric acid
(H5POy) and left for 4 h. The sample was then filtered using
Whatman No. 1 filter paper to separate the modified
carbon from the solution. The modified carbon was then
rinsed with deionized water and dried in an oven overnight
at 105°C. The chemically treated modified carbon was
stored in desiccators to prevent moisture build up.

Dyes and Chemicals

Malachite green (MG) [4-[(4-dimethylaminophenyl)-
phenyl-methyl]-N,N-dimethyl-aniline], a cationic triphe-
nylmethane dye used worldwide as a fungicide and
antiseptic in the aquaculture industry was a G.R. Product
of CDH, India and was used as received. Congo red (CR)
[1-naphthalenesulfonic acid, 3,30-(4,40-biphenylenebis (azo))
bis (4-amino-) disodium salt] is a benzidine-based dye was
also a G.R. product of CDH, India and was used as received.
The dye is known to metabolize to benzidine, a known
human carcinogen. Exposure to the dye has been known to
cause an allergic reaction. The substance is considered as
toxic. All chemicals used were of analytical reagent grade
and supplied by CDH India.

Batch Adsorption Studies

The adsorption was performed by batch as well
as column experiments. Adsorption experiments were car-
ried out by agitating the adsorbent in 50 ml of dye solution
of desired concentration (10 ppm) and 10mg of weighted
adsorbent at room temperature (30+5°C) in a rotary
shaker at 200 rpm. The samples were withdrawn from the
shaker at predetermined time intervals, and the color of
the supernatant solution measured spectrophotometrically
using a UV-Visible Spectrophotometer (Elico, SI-164).
The wavelengths 497, 618 nm were used as the monitoring
wavelengths for congo red, malachite green respectively.
The effect of pH was studied by adjusting the pH of
dye solutions using dilute HC1 and NaOH solutions.
All experiments were carried out in triplicate with respect
to each condition and mean values were presented.

Kinetic Study

The kinetic study was accomplished with suspensions of
WNMC (10mg) in 50mL of dye solutions (10 ppm). The

mixtures were stirred during different time intervals,
ranging from 5 to 210min and then centrifuged. The
dye concentrations in supernatants were determined spec-
trophotometrically using a UV-Visible Spectrophotometer
(Elico, SI-164) at 497, 618 nm wavelength. The sorbed
amounts were determined from the difference between
the initial and final concentrations.

Sorption Isotherms

The sorption isotherms were established using WNMC
suspensions in CR and MG solution at pH 6 and 8, respect-
ively. The solid/solution ratio was 10mg/50ml for dye
solutions. The temperatures in the experiment ranged from
20, 30, and 40°C respectively. The suspensions were stirred
for 210 min and subsequently centrifuged. The equilibrium
concentrations of CR and MG in the supernatants were
analyzed as mentioned above in the kinetic section.

Fixed Bed Adsorption (Column Study)

For this purpose a mini-column was employed. The
capacity of WNMC towards Malachite green and Congo
red dye sorption were found to be better than the other
adsorbents, and therefore it was of interest to examine
the performance of these sorbents in a column system. Col-
umn studies were conducted using the down flow technique
in which 1 gm of adsorbent was suspended in distilled water
for about 15min and then transferred into four glass
columns (1cm id., 25cm column length) and the glass
wool was kept at the bottom of the column to avoid loss
of adsorbent with the liquid flow. The dye solution was
fed into the column at the flow rate of 1ml/minute to
determine exhaustive capacity. The initial amount of dye
in 50 ml feed minus the amount found in the effluent gave
the amount of dye retained by the adsorbent. The process
was continued until the amount of dye was same as in
the 50ml feed & effluent. Breakthrough curves were
constructed as C,/C; vs. treated volume.

The Bed Depth Service Time Model (BDST)

A modified form of the equation that expresses the
service time at breakthrough, t, as a fixed function of
operation parameters is the BDST model (17-19)

No 1 Co
f= 20 5 Ind =01 1
o’ K, G, n{c, } (1)

where Cj is the initial dye concentration (mg 17"); C, is the
breakthrough dye concentration (mg 17'); N, is the
sorption capacity of bed (mg 17'); v is the linear velocity
(emh™"), and K, is the rate constant (Img 'h™"). A plot
of t vs. bed depth, Z, should yield a straight line where
Ny and K; are the adsorption capacity and rate constant,
respectively, which can be evaluated. It should be borne
in mind that the data used in constructing the BDST model
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FIG. 1.

herein, were obtained using synthetic solutions instead of
industrial effluents. The industrial dye effluents usually
contain a variety of impurities. These impurities in the
effluents could interfere with the sorption of dyes and
consequently result in an inaccurate prediction in the
treatment of industrial effluents.

RESULTS AND DISCUSSION
Characteristics of Adsorbents

SEM images of carbonified water nut shell are presented
here in Fig. 1. It is quite obvious from the obtained SEM
images that chemical modification and carbonification
adsorbent significantly alters the physico-chemical proper-
ties and porosity of the materials. Adsorbents were found
to have greater surface area followed by activation.

EHT=15.60 KU

n  —

Scanning electron micrograph of the adsorbent (a) before carbonification; (b) After carbonification [Magnifications 2000 times].

Carbonification is responsible for providing the protons
upon ionization in aqueous solutions which in turn can
further open the pores of WNS which increases the surface
area of the adsorbents.

The FTIR spectra of the inactivated water nut
shell displayed the following bands Fig. 2. 3400cm™'
(O—H stretching vibrations), 2250-2400cm'(alkyl
nitrate), 1559 cm ™! (C=C stretching vibration in aromatic
rings), and 1086cm~' (C—OH stretching vibrations).
After activation and treated with H;PO,, the surface
chemistry of the modified carbon underwent some
changes and the bands displayed by the FTIR spectra
were: 2250-2400cm ' only withstand, represents alkyl
nitrate (cis+ trans) mixed bending vibration stretching
which signifies their major involvement in the dyes
binding behavior.

I L
M*W v A L’/ 1l
I %
.i a ’ [[ \L 1 P—— ,"-\.
9 \ / o w fl‘;'g’ /1 N
e;e \H-/ u‘j\q,\_/
E : P
c —e
£ b 7 —
= ‘ , WM_;M,__\A .\,.1 rw-ﬁm‘"‘nw n
S 22502400 cm -1
4000 3500 300'0 251.10 2000 1500 1000 506

wavenumber (cm-1)

FIG. 2. FTIR spectra of (a) Water nut before carbonification; (b) Water nut after carbonification.
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FIG. 3. Effect of pH (Temperature — 30+ 5°C, pH — 2 to 12, solid
ratio — 10mg WNMC/50ml dye, initial dye concentration — 10 mg™).

Effect of pH

It was observed that the MG and CR removal were
highly dependent on the pH of the solution which affected
the surface charge of the WNMC (Fig. 3). The results of
the experiment done at different pH values, which were
conducted to determine the optimum pH range for dye
adsorption by WNMC. The percentage removal of Congo
red was highest (77.6%) at pH 6.0 and decreased to 39% at
pH 12. The percentage removal of Malachite green was
highest (91.2%) at pH 8.0. All the experiments were
conducted at pH 8.

Effect of Adsorbent Doses

The adsorption capacity (mg/g) of MG and CR by vary-
ing the dose of WNMC at 30°C temperature is shown in
Fig. 4. The adsorption capacity increases as the adsorbent
dose of WNMC is increased. The increase in adsorption
density may be due to the fact that some adsorption sites
may remain unsaturated during the adsorption process
whereas the number of sites available for adsorption
increases by increasing the adsorbent doses.

Table 1 lists the comparison of maximum adsorption
capacity of dyes on various activated carbons. Although
the adsorption capacity of WNMC for dyes was lower than
that of oil palm fiber based bamboo dust-based activated
carbon, but it was much better than that of other potential
adsorbents. According to the results obtained, WNMC was
a promising starting material for the preparation of modi-
fied carbon for the removal of dyes from aqueous solutions.

Adsorption Kinetics

In order to study the rate determining step for the
adsorption of dyes onto the surface of WNMC, the follow-
ing kinetic models were employed; pseudo-first-order (21),
pseudo-second order (22-24), and the intraparticle

60 -

50

40

30 -

20 +

Adsorption capacity (mg/g)

10 4 —&— Adsorp. Capacity of CR
—a&— Adsorp. Capacity of MG

0 10 20 30 40 50 60
Adsorption Dose (mg)

FIG. 4. Effect of adsorption dose (Temperature — 30 £+ 5°C, solid ratio —
5 to 50mg WNMC/50ml dye, initial dye concentration — 10 mg ™).

diffusion. The simple Lagergren pseudo-first-order model
assumes that the rate of change of solute uptake with time
was directly proportional to the difference in the amount of
solute adsorbed at the time of equilibrium q. [mg/g], and
the amount of solute adsorbed at any time, q(t) [mg/g]
dq(1)
= Ki[g, — q(t 2

T2 = Kilge — (1) )
where K; [1/min] was the rate constant of pseudo-
first-order model. When integrating over time and lineariz-
ing the model, the following equation was obtained

Ing. — q(t) =lng. — Kit (3)

where g, (mg/g) was the amount of the dye adsorbed at
various time, J.; was the maximum adsorption capacity,

TABLE 1
Comparison of the adsorption of dyes on various activated
carbons and water nut modified carbon

Maximum
adsorption
Adsorbents capacity (mg/g) References
Water nut modified carbon 46.27 (MG)  This work
38.8 (CR)
Jute fiber—based 136.6 (MB) (20)
Bamboo dust-based 143.20 (MB) (20)
Arunda donax root carbon 8.69 (MQG) (20)
Groundnut shell-based 164.90 (MB) (20)
Oil palm fiber-based 277.8 (MB) (20)
Activated charcoal 0.180 (MG) (20)

(MB)-Methylene blue.
(MG)-Malachite Green.
(CR)-Congo Red.
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FIG. 5. Representations of the kinetic data by the pseudo first order model, pseudo second-order model and intraparticle diffusion (Temperature —
30 £ 5°C, solid ratio — 0.01 g WNMC/50ml dye, initial dye concentration — 10 mg’l).

and K, (1/min) was the rate constant. Values of K; and q;
constants were calculated from the slope and intercept of
the plots of In[q. — q (t)] versus t shown in Fig. 5. and were

TABLE 2
Kinetic parameters on the adsorption of MG and
CR onto WNMC

Malachite Congo
green red

Pseudo-first-order equation

e (mg/g) 44.51 32.3

K, (x 10*min~") 0.0083 0.0173

R? 0.9229 0.9559
Pseudo-second-order equation

e (mg/g) 46.27 38.8

K> (g/mg min) 0.0216 0.0277

R’ 0.995 0.9958
Intraparticle diffusion equation

Kin (mg/g min'/?) 0.3445 1.558

C 40.943 16.414

R? 0.9575 0.9622

given in Table 2.The pseudo-second-order equation (25)
based on the adsorption equilibrium capacity was
expressed in Eq. (4).

dq(t

U _ Kolgeo — gt @
where K, [g/mg/min] was the rate constant of the pseudo-
second-order model. When integrating over time and
linearizing the model, the following equation was obtained

r 1 " t
q: Kquz qde2

(5)

where K, (g/mg min) was the rate constant and g, (mg/g)
was the maximum adsorption capacity. The second-order
constants (K, and q») were calculated from the slopes and
intercepts of Fig. 5.

The rate parameter for intraparticle diffusion was
determined using the following equation (26)

g = Kt + C (6)

where C was the intercept and K;,; was the intraparticle
diffusion rate constant (mg/g min~'/?). The plot may
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present multilinearity, indicating that three steps take
place. Figure 5 shows the first, sharper portion was attrib-
uted to the diffusion of adsorbate through the solution to
the external surface of adsorbent or the boundary layer dif-
fusion of solute molecules. The second portion describes
the gradual adsorption stage, where intraparticle diffusion
was the rate limiting step (27). and the third portion was
attributed to the final equilibrium stage.

The correlation coefficients (R?) and estimated
Parameters of described kinetics is given in Table 2. From
these values the pseudo-second-order model provided
better correlation than the other. While the correlation
coefficients for MG and CR were 0.996 and 1 respectively.
These figures reflect that the pseudo-second-order model
(28) has a better fit with kinetic data. The removal of dyes
by adsorption on various materials was found to be rapid
at the initial period of contact time and then became slow
and stagnant with the increase in contact time. The mech-
anism for the removal of dyes by adsorption was assumed
to involve the following four steps (29).

Overall, the sorption process can be described as
follows. Dyes are first adsorbed on the adsorbent surface
where some chemical interactions arise. The first step
depends not only on the material porosity but also on
the availability of the adsorbent that is related to the
chemical nature of the surface. Therefore, chemisorptions
process occurs when the alkyl nitrate group of the adsorb-
ent interacts with the dye molecule. In the last intraparticle
diffusion of dye occurs through the interior pores of the
adsorbent particle.

Adsorption Isotherms

The Langmuir isotherm (30) is based on an assumption
that the adsorption occurs at specific homogeneous sites
within the adsorbent and the monolayer adsorption onto
a surface containing a finite number of adsorption sites
of uniform strategies of adsorption with no trans-
migration of adsorbate in the plane of the surface. The
linear form of the Langmuir isotherm equation is
given as:

C. 1 1

. oo @
where C, is the equilibrium concentration of adsorbate
(mg/1); q. the adsorption capacity (mg/g); and b and qp,
are the Langmuir constants. The values of Langmuir
constants b and q,, were calculated from the slope and
intercept of the linear plot of C./q. versus C. (Fig. 6).
The coefficient b in the Langmuir equation is a measure
of the stability of the complex formed between the dye
and the adsorbent wunder specified experimental
conditions.

0.09 -
0.08 -
0.07 -
0.06 -
{\% 0.05 -
O 0.04 -
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0.02 |
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0.01 1 ® Langmuiriso. Of CR
0 . . . )
0 1 2 3 4
Ce
4
N 3.9
3.8
A
3. \
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£
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°
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33 | |® Freundichiso.of CR >
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. 3.2 . T
-1 -0.5 0 0.5 1 15

In Ce

FIG. 6. Isotherm model of MG and CV Dye on WNMC (Temperature —
20, 30, and 40° C, solid ratio — 10mg WNMC/50ml dye, initial dye
concentration — 10mg™).

The essential feature of the Langmuir isotherm can be
expressed in terms of dimensionless constant separation
or equilibrium parameter (Ry), which is defined as:

1

R =——
L 1+ b6Cy

()

where, Cy is the initial dye concentration (mg/1) and b is
the Langmuir constant. The value of Ry calculated from
different initial concentrations is reported in Table 2.
The value of Ry indicates the type of the isotherm to be
either unfavorable (Rp>1), linear (Ry=1), favorable
(0<Ry <), or irreversible (Rp=0) (31). The Ry for
MG is 0.65 and The Ry for CR is 0.53. The values are in
between 0 and 1 showing favorable adsorption on WNAC.

The Freundlich isotherm on the other hand assumes
heterogeneous surface energies in which the energy term
in the Langmuir equation varies as a function of the
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surface coverage (31). The well known linear form of the
Freundlich isotherm (32) is given by the following equation:

1
Ing, = anf+Eln C. (6)

where C, is the equilibrium concentration of the adsorbate
(mg/1), qe is the amount of adsorbate adsorbed per unit
mass of adsorbent (mg/g), and K; and n are Freundlich
constants with n giving an indication of how favorable
the adsorption process. Ky (mg/g) is the adsorption
capacity of the adsorbent which can be defined as the
adsorption or distribution coefficient and represents the
quantity of dye adsorbed onto WNMC for a unit equilib-
rium concentration. The slope of 1/n ranging between 0
and 1 is a measure of adsorption intensity or surface hetero-
geneity, becoming more heterogeneous as its value gets clo-
ser to zero (33). A value for 1/n below one indicates a
normal Langmuir isotherm. While 1/n above one is indica-
tive of cooperative adsorption (34). The plot of log g
versus log C. (Fig. 7) gave a straight line with the slope
of 1/n whereas Ky was calculated from the intercept value.

Table 3 summarizes all the constants, correlation coeffi-
cients, and R? values obtained for the two isotherm models
for adsorption of CR and MG on the WNMC. The
Langmuir model yielded the best fit, as the R? values were
relatively high close to unity.

Effect of Temperature

The temperature dependence of adsorption process was
a complex phenomenon. The effect of temperature on
adsorption of MG and CR on the WNMC were investigated
by varying the adsorption temperature at 20, 30, and 40°C
(35). The adsorption of MG on the WNAC was found to
gradually increase when the temperature was increased
from 20 to 40°C for (10mg/l) concentrations studied. In
case of CR the % adsorption was drastically changed when
the temperature was increased from 20 to 40°C.

When the temperature increases, the percentage of dye
removal increased. The change in standard free energy
(AG®), enthalpy (AH®) and entropy (AS°) of adsorption
were calculated from the following equation:

AG = —RTInK. (7)

where R was the gas constant, K, the equilibrium constant,
and T was the temperature in K. The K. value was
calculated from Eq. (7):

Ce
Kzz = 4
CS@

@)

where Cp. and Cg, were the equilibrium concentration of
dye ions on adsorbent (mg/L) and in the solution (mg/L),

1.2 4
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FIG. 7. Break through capacity of MG and CR, Condition: Flow rate
=1ml/min, temp. — 30+5°C, dose=1g, conc.=50mg™!, 80mg~..
(Dia.l cm).

respectively. Standard enthalpy (AH®) and entropy (AS%)
of adsorption can be estimated from the van’t Hoff equa-
tion given in

AH?,  AS°
InK, = ~tads 4 35 9
n RT ' R ®)
TABLE 3

Langmuir and Freundlich constant for this adsorption

Langmuir constant Freundlich constant

Am b K,
Dye (mg/g) (/mg) R> Ry (mg/g) n  R®
MG 47.69 0.053 09984 0.65 43.65 —5.14 0.876
CR 388 0088 098 053 3545 —240 0897
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TABLE 4
Thermodynamic parameters for adsorption

K. AG® (kjmol ™) AH® (kjmol ") AS® (kjmol™1)
Temp. (°C) MG CR MG CR MG CR MG CR
20°C 6.16 1.09 —4.582 —0.231 48.97 42.19 0.1766 0.1403
30°C 11.25 2.172 —6.297 —2.016 48.97 42.19 0.1766 0.1403
40°C 20.64 3.095 —8.128 —3.031 48.97 42.19 0.1766 0.1403

The slope and intercept of the van’t Hoff plot was equal to
AH’ ads/R and ASO/R, respectively (36). The thermodyn-
amic parameters obtained are summarized in Table 4. The
data obtained from the adsorption isotherms at different
temperatures were used to calculate thermodynamic
quantities such as AG®, AH’, and AS° of adsorption. The
results indicate that dyes adsorption onto WNMC were
feasible, spontaneous, and endothermic (37) in nature.

Breakthrough Capacity through Column Studies

In practice the column type continuous flow operations
have distinct advantages over batch treatment. The sorp-
tion dose (1 gm) along the diameter (1 cm) was situated by
introducing by concentrate variation (50mg/l, 80mg/l)
of MG and CR solution as a rate of 1 ml/min. Samples
were collected from ports after 50 ml. The results presented
as the ratio to the effluent concentration (C/Cy) versus
different time intervals (Fig. 7). Initially, the feed solution
was in contact with the fresh adsorbent at the bottom of
the column. The dyes were adsorbed progressively on the
sorbent as it flowed upward. As more fluid is fed to the
column, the bottom portion of the adsorbent becomes
saturated with these dyes; thus, the adsorption zone moves
upwards. Therefore, the concentration of the solute in the
lower portion of the packed bed was usually higher than
that in the top portions. The breakthrough capacity of
the adsorbent for Malachite green has been calculated as
60.25mg/g. As can be seen in Fig. 7, the breakthrough
capacity of the adsorbent for Congo red has been calcu-
lated as 40mg/g. For systems involving a spontaneous
adsorption process, a straightforward approach may be
adopted for the design of a fixed bed adsorber provided
the rate of attainment of equilibrium of the solute concen-
tration between the solution and the adsorbed phase is
known (38).

BDST Model

The breakthrough data from the column studies can be
described by the BDST model. The BDST model is based
on physically measuring the capacity of the bed at different
breakthrough values. This simplified design model ignores
the intraparticle mass transfer resistance and external film

resistance such that the adsorbate is adsorbed onto the
adsorbent surface directly. With these assumptions, the
BDST model works well and provides useful modeling
equations for the changes of the system parameters. The
lines of t vs. Z at values of C;/Cy (0.2, 0.4, and 0.6) are
shown in (Fig. 8) respectively. The related constants of
BDST according to the slopes and intercepts of the lines
are listed in Table 5. The uncertainties of the relative para-
meters are also listed in Table 5. The adsorption capacity of
the bed per unit bed volume, Ny, was calculated from the
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FIG. 8. Bed depth service time model of MG and CR.
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TABLE 5
The calculated constants of BDST model for the adsorp-
tion of MG and CR (Cy=10mg", v=1mlmin~")

K, No R?
C,/C MG CR MG CR MG CR
0.2 —0.000554 —0.00123 3200 1600 0.994 0.986
0.4 —0.000067 —0.00018 2250 1500 0.964 0.999
0.6 —0.000068 —0.00021 2000 1800 0.992 0.995

slope of BDST plot, assuming initial concentration, Cy, and
linear velocity, v, as constant during the column operation.
The rate constant, K,, calculated from the intercept of
BDST plot, characterizes the rate of solute transfer from
the fluid phase to the solid phase (39). With the values of
C./Cy increasing, the values of Ny increased while K,
decreased. The BDST model parameters can be helpful to
scale up the process for other flow rates without further
experimental run.

Desorption Studies

Desorption studies help to elucidate the nature of
adsorption recycling of the spent adsorbent and the dye.
If the adsorbed dye can be desorbed using neutral pH
water, then the attachment of the dye on the adsorbent is
by weak bonds. If sulphuric acid or alkaline water can des-
orb the dye, then the adsorption is by ion exchange. If an
organic acid, like acetic acid can desorbs the dye, then
the dye is held by the adsorbent through chemisorptions.
Sodium hydroxide and sulphuric acid (1 M) did not show
any desorption but weak acid, like acetic acid (5 M) solubi-
lized about 86.24% of MG and 72.45% of CR from the
spent adsorbent (Fig. 9). Desorption of the dye in acetic

0.9 1
0.8 4
0.7 +
0.6

—&— MG Desorption

—a— CR Desorption

0.5 4
0.4
0.3 4
0.2 4
0.1 4

Amount desorbed (mg)

0 20 40 60 80
Volume of eluent (ml)

FIG. 9. Regeneration of spent adsorbent (Flow rate — 1 ml/min, dose — 1 g,
dia — 1 cm, temperature — 30 + 5°C).

acid indicates that dyes are adsorbed onto WNMC through
chemisorptions mechanism and very little desorption of
dye in acid or base confirms the strong affinity of the dye
on the WNMC.

CONCLUSION

1. The SEM and FTIR analysis revealed that the acti-
vation influenced the surface chemistry of the water
nut shell.

2. Thermodynamic parameter such as the entropy (0.1766
kjmol~', 0.1403kjmol™ "), enthalpy change (48.970
kjmol !, 42.191kjmol ') and standard free energy are
also determined, and the results shows that the adsorp-
tion process was found to be feasible, endothermic, and
spontaneous.

3. The mechanism of adsorption was found to conform
to the pseudo-second-order kinetics and follows the
Langmuir model with a good correlation.

4. The use of BDST model in this way provides a realistic
description of the adsorption of MG and CR by
WNMC and the empirical data can be adopted in
predicting the bed depth or service time for a specified
set of influent characteristics for the scale-up of the
sorption column. An increase in bed height resulted in
improved sorption performance. The BDST model
constants were determined and proposed for use in
column design.

5. Overall, WNMC shows excellent adsorptive characteris-
tics for the removal of dyes and appears as a very
promising sorbent due to its high uptake capacity and
to its low cost.
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