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Introduction

UMPKIN seed husks were used in this research as effective-cost material for the adsorption

of Solochrome cyanine R from aqueous solutions. A good removal ability of Pumpkin seed
husks was noticed during this study, and the optimal adsorption conditions were found to be 120
min. equilibrium contact time, 0.2 g biosorbent dosage, and 100 mg/L initial dye concentration.
The kinetic investigation shows that applying the pseudo-second order model gives a better fit
for the adsorption with the higher correlation coefficient. The isothermal investigation shows
an excellent fit of data using the Langmuir model, and also predict that the removal process
is favorable. The adsorption data at different temperatures were evaluated in order to obtain
the thermodynamic parameters. The positive values of AH® and AS® indicate the endothermic
and randomness of the adsorption process. Moreover, the negative values of AG® clarify that
the adsorption process is spontaneous and more preferable at higher temperatures. Pumpkin
seed husks as a low-cost biosorbent exhibit a great potential for the adsorption of Solochrome
cyanine R from aqueous solutions.

Keywords: Pumpkin seed husks, Solochrome cyanine R, Adsorption.

[4]. SCCR is a high soluble anionic dye, and it

Water contamination is a serious danger that
can affect the lives of all human beings around
the world. Organic and inorganic additives that
used in the numerous industrial and agricultural
applications can increase the pollution of the
disposed water when it released to the aquatic
environment without any effective treatment [1].

Dyes are the main additives that usually used
in the textile industries. The existence of these
colored materials in the discharged water from
these industries is extremely unfavorable. It poses
a threat and causes serious health problems due
to its high toxicity [2]. Also, it can reduce the
biological degradation due to the lack of sunlight
entering to the water bodies [3]. Solochrome
cyanine R (SCCR ), also known as Eriochrome
cyanine R and Chromoxane cyanine R is a pH
indicator usually used in the acid-base titration

considers a very hazardous to the aquatic bodies
due to its high resistance to the conventional water
treatments [5].

Several treatment techniques such as
adsorption, photocatalysis, biological treatment,
ion exchange, coagulation, flocculation, Fenton,
and membrane filtration, were employed to
decrease the hazardous influences of these effluents
from contaminated water [6-8]. Among all these
techniques, adsorption is considered the most
effective and preferred economical technique that
has widely been used for wastewater treatment [9].

Numerous kinds of adsorbent materials have
been commonly utilized for the removal of dyes
effluents from wastewater, for example, activated
carbon [10-13], metal oxides [14-16], clays [17—
20]. Nowadays, great attention has been focused
on discovering cost-effective and natural available
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adsorbents that can be used effectively for the
treatment of wastewater. Many researchers have
been used different Agricultural waste materials for
the removal of various types of pollutants, such as
banana and orange peels [21], Viscose waste [22],
grapefruit peel [23], rice husk [24], sawdust [25],
spent tea leaves [26], coconut [27], etc.

Pumpkin, an annual vegetable of the
Cucurbitaceae family, is one of the important
vegetables used widely around the world [28]. Its
seed husks consider a great source of fiber [29],
which can represent a good alternative as a low
cost and naturally abundant biosorbent material
for the removal of dyes from water.

In this research, several parameters including
adsorbent dose, contact time, initial concentration,
and temperature have been investigated. Also,
three kinetic models had been introduced to
understand the mechanism of the adsorption
process. Kinetic investigation was described by
fitting the experimental data to the pseudo-first
order model [30], pseudo-second order model
[31], and Intraparticle diffusion model [32]. The
intraparticle diffusion model based on the theory
developed by Weber and Morris is an interesting
model to illustrate the diffusion mechanism [33].
The obtained results were analyzed and evaluated
in order to study the effect of pumpkin seed husks
(PSH) on the efficient removal of solochrome
cyanine R from aqueous solutions.

Materials and Methods

Materials

Solochrome cyanine R (Fig. 1) was used as
received from BDH Chemical Ltd (England)
without any purification. Pumpkin seed was
purchased from the local market in Mosul city in
Iraq. It was peeled, and the husks were collected
and washed several times with water and dried in

Fig.1. Chemical structure of Solochrome cyanine R.
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the oven for 24 hr. at 85 °C. It was ground using
a food grinder and sieved using molecular sieves
(Retsch, Germany) to obtain small particles less
than 20 um. It was washed again with distilled
water and dried for 24 hr. at 85 °C. The surface
morphology of the PSH was characterized by field
emission scanning electron microscopy (FESEM).

Adsorption Experiments

In this study, the influence of the various
parameters such as contact time (10-180 min),
biosorbent dose (0.01-3.0 g), SCCR concentration
(25-150 mg/L) and temperature (20-40 °C) on
the adsorption of SCCR dye on PSH biosorbent
from aqueous solutions was investigated. The
adsorption experiments were conducted in a 100
ml conical flask with 25 ml of SCCR solution.
Each solution was shaken using a shaking water
bath (GFL, Germany) at a speed of 120 rpm
under thermostatic condition in order to reach
the adsorption equilibrium. After adsorption,
each solution was centrifuged using (Gallenkamp
centrifuge, England) at2500 rpm for 5 min to obtain
the supernatant that contains the residual SCCR
concentration. The absorption measurements
for the residual dye were carried out at 518 nm
using a UV-Visible spectrophotometer (UV-1800,
Shimadzu). The amount of the dye adsorbed on
the surface of the biosorbent was then calculated
from the concentration difference.

The pH of the dye solution has a significant
effect on dye removal. It was already found that
adsorption of SCCR was disfavoured in highly
acidic and basic ranges [4], therefore all examined
solutions were tested at a pH of (4.0), which
considers the natural value of SCCR dye in the
aqueous medium.

The adsorption percentage (% Adsorption),
and the quantity of SCCR dye adsorbed per gram
of PSH biodsorbent qt (mg/g) were calculated
using the following equations, respectively:

% Removal Adsorption=(C-C_)/C,*x100 (1)

qt=(C,-C,)"/m )

Where, C is the initial dye concentration
(mg/L), C, is the dye concentration (mg/L) at
equilibrium, ¥ is the volume of the dye solution
(L), and m is the mass of the biodsorbent (g).

The adsorption kinetics of the SCCR removal
onto PSH was performed for the experimental
data by applying three kinetic models, the
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pseudo-first order model, pseudo-second order
model, and Intraparticle diffusion model, whose
linearized equations are presented in Eqs. (3) —
(5), respectively [26, 33]:

Inll(q_e-q t)=Inllrg en-k 1 t 3)
t/g t=(1/(k 2rqr e"2))+ (1/q_e) t 4)
q_t=k_int t"(1/2)+C (5)

Where ¢, and ¢, are the adsorption capacity
(mg/g) at equilibrium and at time t, respectively.
k, is the pseudo-first order rate constant (min™'),
k, is the pseudo-second order rate constant (g.
mg'. min™). k, is the intraparticle diffusion rate
constant (mg. g'. min'"?), and C is the intercept.

The isothermal investigation was carried using
the Langmuir isotherm model [34]. The linear
form of Langmuir isotherm can be represented in
the following equation:

1/g e=1/g m+ (1/khg mKx L) 1/C e (6)

Where C, (mg/L) the equilibrium concentration
of the dye in solution, ¢, (mg/g) a constant
signifies the maximum adsorption capacity, and
K, (L/mg) is the Langmuir isotherm constant
related to the energy required for the adsorption.

The thermodynamic parameters for the SCCR
adsorption onto PSH were evaluated using the
following equations [35]:

AG°=- RTInK, (7)
AG°= AH°- TAS® (8)
InKe= (AS®)/R-(AH®)/RT 9)

Fig. 2. FESEM images of PSH biosorbent material.

Where, 4H° is the standard enthalpy change
(J/mol), 4S8° is the standard entropy change (J/
mol K), 4G° is the standard free energy change
(J/mol), T'is the absolute temperature (K), R is the
gas constant (8.314 J/mol K). K_is the distribution
coefficient and can be obtained from the value K,
(L/mg) calculated from Langmuir isotherm by
changing all concentrations to molar form and
take into account the standard state of C° equal to
1 mol/L as follows [17]:

Ke= KL (L/mg)*x1000 (mg/g) *xMSCCR (g/mol)*xCO
(mol/L)  (10)

Where M_ . ., is the molar mass of SCCR dye

SCCR

(536.4 g/mol).

Results and Discussion

Characterization of PSH biosorbent

FESEM has been a primary tool that can
reveal significant information about the surface
morphology. FESEM analysis was employed
in this study in order to characterize the surface
morphology of PSH biosorbent material. The
FESEM images for PSH are shown in Fig. 2.
It can observe clear cavities with various sizes
were distributed irregularly on the surface of the
biosorbent particles. These scattered cavities are
in the size ranging between 1-5 pm (Fig. 2 (a)).
Moreover, the high resolution FESEM image
for the surface morphology of the biosorbent
shows a rough surface with smaller pores that
well distributed around the surface These pores
found in the PSH surface could be the main factor
that had led to the high SCCR dye removal.
The existence of these pores would enhance the
surface area, which can provide more active sites

Egypt. J. Chem. 63, No. 8 (2020)
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to permit better contact between the biosorbent
surface and the dye molecules

Adsorption studies

Several adsorption parameters were studied
to obtain the optimal adsorption conditions.
The effect of the contact time on the adsorption
of SCCR onto the PSH surface was examined
between 10-180 min., 0.2 g biosorbent amount,
100 mg/L initial dye concentration, and at 25°C.
From Figure 3, it can be observed a rise of
adsorption efficiency values from 33% at 10 min.
to 78% after 120 min., which can be related to the
existence of a large number of adsorption active
sites at the beginning of the adsorption process.
Then it stabilized and no change occurred on the
uptake level after that, which can be attributed to
the decrease in the adsorption active sites on the
biosorbent surface. This indicates that 120 min. is
the optimal contact time to reach the equilibrium.

The effect of the PSH biosorbent dose on the
adsorption of SCCR can be illustrated in Figure
4. It was investigated using various biosorbent
amount of 0.01-0.3 g, 120 min. contact time,
100 mg/L initial dye concentration, and at 25°C.
It can clearly see a low adsorption percentage
of about 10% using low biosorbent dose, and
as the biosorbent dose increases the adsorption
efficiency increases to reach its maximum vales
of 78% using 0.2 g of the biosorbent. This can be
explained by knowing that the uptake level highly
depends on the availability of the adsorption sites
on the PSH biosorbent surface. Increasing the
PSH dose can supply additional adsorption sites
to remove more dye particles from the solution,
and thus increasing the adsorption level [36].

The effect of dye initial concentration on the
adsorption process was also investigated using
different initial dye concentrations of 25-150
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Fig.3. Effect of the contact time on the removal of SCCR onto PSH.
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Fig. 4. Effect of the biosorbent amount on the removal of SCCR onto PSH.
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mg/L, 120 min. contact time, 0.2 g biosorbent
amount, and at 25°C. Figure 5 displays the effect
of SCCR initial concentration on the adsorption of
the dye onto the PSH biosorbent surface. It can see
a good adsorption efficiency of about 73% at lower
SCCR concentration, and as the dye concentration
increases, the removal level increases to attain the
highest level of 78% at 100 mg/L. Further increase
in the dye concentration shows a decline in the
adsorption efficiency, which can be attributed to
the decrease in the vacant adsorption active sites
that required to remove the dye particles [37].
On the other hand, an increase in the adsorption
capacity of SCCR can be observed from 4.6 to
26.5 mg/g that can be attributed to the driving force
generated from the concentration gradient at high
PSH concentration [38].

Kinetic studies

The kinetic investigation for the removal of
SCCR dye on PSH biosorbent was performed by
applying three kinetic models. The adsorption
data were analyzed using the pseudo-first order
model [Eq. 3], pseudo-second order model (Eq.
4), and Intraparticle diffusion model (Eq. 5). The
calculated parameters obtained from this analysis
were presented in Table 1. The adsorption capacity
(g,) and the pseudo-first order rate constant (k,)
were calculated from the intercept and the slope
of the linear plot of In(q,-q) versus t. While the
adsorption capacity and the pseudo-second order
rate constant (k,) were obtained from the slope
and intercept of the linear plot of t/q, versus t. The
values of the intraparticle rate constant (k, ) and
the intercept (C) were determined from the slope
of the linear plot of ¢, against t"2.

The calculated adsorption capacity value
obtained using the pseudo-first order model does
not fit well with the experimental value. Thus,
the adsorption kinetic of SCCR does not follow
this model. On the other hand, the calculated
adsorption capacity obtained from applying
the pseudo-second order model shows a more
reasonable value that can give a better fit with
the experimental value. Also, the correlation
coefficient (R?) shows a greater value of 0.9976
for the pseudo-second order model, as can be seen
from Table 1. This indicates that the adsorption of
SCCR dye onto PSH surface follow the pseudo-
second order kinetic model.

The results were further analyzed using
the intraparticle diffusion model to investigate
whether the intraparticle diffusion is the rate
controlling step in adsorption of SCCR onto
PSH. This model in most cases consists of three
stages; the initial stage refers to the external mass
transfer followed by an intermediate linear stage
where intraparticle diffusion is the rate limiting.
The final stage is the final equilibrium stage where
intraparticle diffusion starts to slow down due to
the extremely low adsorbate concentrations left in
the solutions [39, 40]. If the intraparticle diffusion
is the rate limiting step in the adsorption process,
then the plots should be linear and the line pass
across the origin [33].

The intraparticle diffusion plot of the amount
of SCCR dye adsorbed versus the square root of
time is presented in Figure 6. It can be seen that
over the whole time range, the plot was not linear,
implying that more than one process affected the
adsorption [26].
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Fig. S. Effect of the dye initial concentration on the removal of SCCR onto PSH.
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TABLE 1: Kinetic parameters for the adsorption of SCCR onto PSH surface.

Kinetic model Parameter value
g, exp. (mg. g) 9.828
g, cal. (mg. g) 8.115
Pseudo-first order k, (min’") 0.0398
R? 0.9808
g, cal. (mg. g) 10.741
Pseudo-second order k, (g. mg'. min™) 0.0069
R? 0.9976
Intraparticle diffusion Ky (e g min'?) 05326
R? 0.7753
12
10 e ——
=N 8
B
= 4
2
0
0] 5 10 15 20

timel’? (min!/?)

Fig.6. Intraparticle diffusion plot for the removal of SCCR onto PSH.

The absence of the first curved region of the
initial stage in the plot suggests that the external
surface adsorption is comparatively very fast and
the intermediate stage of intraparticle diffusion is
attained rapidly and continued to 80 min. Finally,
the equilibrium adsorption stage starts after 90
min. The SCCR molecules are slowly diffuse into
the adsorbent particles via intraparticle diffusion
and retained in its pores. The results obtained
agreed with those reported recently [41].

The intercept in this model gives an idea about
the thickness of the boundary layer, and the larger
the intercept, the greater the boundary layer effect
[26]. The value of the correlation coefficient
(R?) was 0.7753 that is much lower than that of
pseudo-second order model.

Egypt. J. Chem. 63, No. 8 (2020)

Isothermal study

The effect Langmuir isotherm model was
conducted for equilibrium data. It is well known
that this model assumes a monolayer adsorption of
the adsorbate molecules occurs on a homogenous
adsorbent surface where the adsorption sites are
energetically equivalent [42]. The applicability of
Langmuir adsorption isotherm was examined for the
removal of SCCR onto PSH. The linear plot using
the Langmuir model (Eq. 6) is shown in Fig 7.

The Langmuir constants (¢, and K) were
derived from the intercept and the slope of the
straight line obtained from the plot of 1/q, versus
1/C,. The maximum adsorption capacity was
found to be 31.54 mg/g, while the Langmuir
isotherm constant was 0.031943 L/mg. Moreover,
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Fig. 7. Langmuir adsorption isotherm for the removal of SCCR onto PSH.

the analysis showed an excellent data fitting
using the Langmuir model with the correlation
coefficient R? value of 0.99. Based on the high
value correlation coefficient, it can be suggested
that the removal of SCCR onto PSH follows the
Langmuir isotherm. The fact that the Langmuir
isotherm fits the experimental data very well may
be due to the homogeneous distribution of active
adsorption sites on PSH surface [33].

The main characteristic of the Langmuir model
can be expressed in terms of the dimensionless
constant separation factor RL that can be defined
by the following equation [43]:

RL= 1/((1+K,Co))

Where C is the initial SCCR concentration
(mg/L), and K, (L/mg) is Langmuir constant.
The value of R, can be used to predict the type
of the isotherm to be either irreversible (R,
= 0), favorable (0 < R, < 1), linear (R, = 1) or
unfavorable (R, > 1).

In this study, the determined R, values for
the removal of SCCR onto PSH were found to
equal 0.3850, 0.2944, 0.2384, 0.2002 and 0.1276
at initial concentrations of 50, 75, 100, 125 and
150 mg/L, respectively. These values are between
0 and 1 that indicate the favorability of the
adsorption process.

Effect of Temperature and the
Thermodynamic Studies

The effect of temperature on the adsorption
of the SCCR onto the PSH surface was plotted
in Figure 8. It was examined at different
temperatures ranged between 20-40 °C and using
120 min. contact time, 0.2 g biosorbent amount,

and 100 mg/L initial dye concentration. It can
clearly see that the adsorption efficiency increased
with increasing the temperature. It was increased
from 74% to 83% as the temperature raised from
20 °C to 40 °C. Increasing the temperature may
lead to decrease solution viscosity [44], and
this can increase the ability of dye molecules
to diffuse within the adsorbent micropores and
adsorb onto the accessible adsorption active sites
in the biosorbent surface, and thus increasing
the removal efficiency. This result suggests the
endothermic nature of the removal of SCCR onto
the PSH surface.

The main thermodynamic functions were
obtained by analyzing the experimental data
between (20-40 °C) using equations (7-9). AG®
was obtained using Eq. 7. Also, AS® and AH°
were determined from the intercept and slope of
the straight line acquired from Van’t Hoff plot
between In K versus 1/T, respectively, as shown
in Fig. 9.

The analyzed thermodynamic parameters
for the adsorption of SCCR onto PSH surface at
different temperatures are listed in Table 2. The
removal process can be categorized as physical
and chemical adsorption depending on the value
of enthalpy change. If the value is less than 84
KJ/mol., then it classified as physical adsorption.
Otherwise, the value between 84 to 420 KJ/mol.
the chemical adsorption will take place [45, 46].
The positive value of AH° indicates that the
removal process is endothermic [29]. Moreover,
the magnitude of AH® found to be +121.567 KJ/
mol., which reveals the chemical nature of the
adsorption process. Furthermore, The positive
value of AS° clarifies rising the randomness

Egypt. J. Chem. 63, No. 8 (2020)
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Fig. 9. Van’t Hoff plot for SCCR adsorption on the PSH surface.

during the adsorption process at a solid-solution
interface. In addition, the negative values of AG®
elucidate the spontaneous nature of the adsorption
process. Furthermore, the AG® values decreased
with rising temperatures as can be noticed clearly
in Table 2, which suggests that the removal
process is more preferable at higher temperatures.

Conclusions

This study examined the adsorption ability
of Pumpkin seed husks as economic biosorbent
material for the removal of Solochrome cyanine
R from aqueous solutions. The effect of PSH
biosorbent amount, contact time, initial SCCR
concentration, and Temperature were investigated
in order to obtain the optimal adsorption

Egypt. J. Chem. 63, No. 8 (2020)

conditions. The kinetic study suggests a good
agreement of experimental data with the pseudo-
second order model with a higher correlation
coefficient. The evaluation of the adsorption data
at different temperatures reveal the endothermic
and randomness of the removal process. The AG®
values indicate that the adsorption process has
a temperature dependency with a spontaneous
nature. These results proved that PSH could be an
attractive alternative as adsorbent material for the
removal of dyes from aqueous solutions.
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TABLE 2: Thermodynamic parameters for the adsorption of SCCR onto PSH surface at different temperatures.

T (°K) AH° (J/mol) AS° (J/mol. K) AG® (J/mol) R?
293 121567.3 465.65 -15061.1 0.9905
298 -16722.2
303 -19862.2
308 -21852.7
313 -24139.4
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