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Abstract. The current study deals with the removal of
cationic dye (brilliant green) and anionic dye (methyl
orange) from wastewater by using sunflower husk as an
adsorbent. The operation takes place batch wise by
applying several concentrations of the dye solution with
various adsorbent amounts, at a range of initial PH values
and particle sizes at varying contact time intervals. The
percent of dye removed for two dyes increased with
increasing time and adsorbent dose and decreased with
increasing the dye concentration and particle size. The
equilibrium time differed according to conditions used.
The optimum removal for brilliant green dye was 98 %,
which was achieved at 50 ppm dye concentration, 2 g\l
adsorbent dose, 75 um particles size and pH 7 at contact
time of 1h, compared with low removal for methyl
orange that reached 54 % under optimum conditions (dye
concentration 10 ppm, adsorbent dose 4 g/l, pH 3 at the
same particles size and time). Kinetic studies were
conducted and revealed that the adsorption was well
defined by pseudo-second order model and could be
described by the Langmuir isotherm.

Keywords: adsorption, sunflower husk, methyl orange,
brilliant green, basic dyes, acidic dyes.

1. Introduction

The textile industry consumes huge amounts of
water in wet processing operations, thus inducing essential
quantities of wastewater, including large amounts of
heavy metals, organic pollutants and coloring materials.
Among them, the colored dyes materials cause numerous
problems [1].

Dyes are main components usually used in
different industries such as leather, textile, paper and
plastic production [2]. These industries consume large
amounts of water and result in extensive volumes of
wastewater from various processes in the dyeing and
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finishing steps. Therefore, the existence of small amounts
of dyes in water (less than 1 mg/dm’ for some dyes) is
extremely apparent and unfavorable [3]. Color hinders the
accurate entry of sunlight into water bodies, obstructing
photosynthesis, preventing the growth of aquatic biota and
influencing the solubility of gases within the water bodies.
Dyes have been represented universally as poisonous
since they cause skin, lung and respiratory problems [4].

Dyes exist in many structural forms, including
anionic (reactive and acid dye), cationic (basic dyes) and
nonionic dyes (vat dyes and dispersed dyes) [5]. According
to dye classifications, brilliant green and methyl orange are
classified as cationic and anionic dyes, which need disposal
from wastewater. They are widely used in textile dyeing
and paper printing and are seemed toxic for humans and
animals because they harm the eyes, and their contact with
skin results in irritation with pain and redness. Therefore,
the dye removal is of great significance [6].

Different treatment processes have been used for the
dye removal, such as adsorption [7], reverse osmosis [8],
solvent extraction [9], chemical precipitation [10], ion
exchange [11], ozonation [12], coagulation—flocculation
and membrane process [7]. Among these methods,
adsorption is the most efficient technique for elimination of
organic components from the aqueous solution because of
its easy design, susceptibility to noxious materials and
simplicity of operation [13]. But its utilization is finite due
to the adsorbents high cost and persistent problems of the
regeneration. Therefore, consideration for organic pollutant
removal employing substitutional low cost adsorbents is
presently increasing by many researchers [14].

Various agricultural biomasses like peanut hulls
[15], palm kernel fiber [16], sugarcane dust [17], wheat
straw and apple pomace [18], banana peel and orange peel
[19], citrullus lanatus peel [20], waste tea leaf [21], tree
fern [22], Annona squamosal seed [23], coffee husk [24]
and sawdust [25] have been already studied for the
removal of various kinds of dyes. The employment of
plant residues for the wastewater treatment has the
following advantages: (i) plant residues are cellulosic
compounds which have a natural capability to uptake
waste chemicals such as dyes from water by means of the
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coulombic interaction; (ii) plant residues are agricultural
wastes obtainable in large quantities at low or no cost; (iii)
wastes elimination is a proper environmental issue in the
countries that have extended agricultural activities [26].

The present study is an attempt to eliminate methyl
orange (MO) and brilliant green (BG) from synthetic
wastewater by an adsorption process using sunflower
husk, which is an agricultural waste, as an adsorbent. The
influences of different parameters such as initial dye
concentration, adsorbent dosage, solution pH, particles
size and kinetics were studied.

2. Experimental

2.1. Materials and Methods

In this study methyl orange (acid dye) and brilliant
green (basic dye), purchased from Sigma-Aldrich, were
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used as the model adsorbates. The structure of these dyes
and their physical properties are shown in Table 1. Stock
solution with 250 ppm dye concentration was provided by
dissolving 0.25 g of dye in 1 liter of distilled water, and
other concentrations were prepared by dilution of the
stock solution.

Sunflower husk was used as an adsorbent for
elimination of dyes from water. It was locally obtained
from sunflower seeds, washed by water to remove any dirt
and dried in the oven at 353 K for 24 h. The dried materials
were ground and sieved to achieve sizes of particles ranging
within 75-600 pm. No physical or chemical treatments
were employed before adsorption experiments.

The chemical composition of the sunflower husk
was: 29.3 % of lignin, 31.9 % of cellulose and 27.2 % of
pentosane [27].

Sulfuric acid and potassium hydroxide were used
to adjust the acidity and basicity of the solution.

Table 1
Physical properties of dyes
. Dye
Properties Brilliant green Methyl orange
Molecular weight, g/mol 482.639 327.33
Chemical formula C27H33N2HO4S C14H14N3NaO3S
Solubility in water at 293 K 100 g/l 0.5 g/100 ml
HaC™ R ™ CH
O HSOS I
H,C N -0
Molecular structure I \ / Il
CHs N N
) / Na
o

2.2. Adsorption Process

The experimental works were performed by
addition of specific amounts of adsorbent into 200 ml
volumetric flasks having particular volumes (150 ml) of
various initial dye concentrations: 25-100 ppm for
brilliant green and 10-50 ppm for methyl orange. The
flasks were placed in a shaker (type KOTTERMANN
4010, Germany) and agitated for 60 min. Then the
samples were withdrawn at different intervals to measure
the dye concentration at different times using UV-visible
spectrophotometer (Jenway model 6800) at maximum
wavelengths of 625 nm for brilliant green and 470 nm for
methyl orange. The percentage of dye removal can be
calculated as follows:

Co-C,

0

% removal =

100 (1)

where C; and C, are the dye concentrations at initial and
any time, respectively, mg/l.

2.3. Isotherm Studies

Two isotherms such as Langmuir and Freundlich
are usually employed for this study. The first isotherm
depends on the hypothesis that adsorption occurs at
particular homogeneous situations within the sorbent and
as soon as a dye molecule takes up a site, no further
adsorption happens at that site. Theoretically, the
adsorbent has a restricted capability to adsorb the sorbate.
Thus, a saturation value is accomplished over which no
more adsorption happens. The monolayer capability can
be represented by the following formula [28]:

_4nbC,
1+b6C,

2

9e
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Eq. (2) was rearranged to Eq. (3)

Lo Lile, 3)

de  q,, 9m
where C, is the concentration of the adsorbate at
equilibrium, mg/l; g, is the quantity of the adsorbate
adsorbed per adsorbent mass unit and calculated from Eq.
(3a), mg/g; g, and b are the Langmuir constants, their
value can be calculated graphically from intercept and
slope of plotting (C./g.) vs. C.[29].

go - o (3a)

m

where Cy and C, are the initial concentration of dye and
equilibrium concentration, respectively, mg/l; Vis the dye
solution volume, 1; m is the mass of adsorbent, g.

The Freundlich isotherm is an empirical model that
supposes heterogeneous adsorptive energies on the
adsorbent surface. It is expressed by the following
equation [30]:

g.=K;C)" “4)

This equation is linearized by taking logarithms as

follows:

log g, :%logCeJrlogKf (5)

where K; and 1/n are empirical constants. They can be
determined by plotting logg. vs. logC,, and the slope of the
line is the value of 1/n, while logK}is the y-intercept of line.

2.4. Kinetics of Adsorption Process

For analyzing the adsorption of dye onto sunflower
husks, pseudo-first order, pseudo-second order and intra-
particle diffusion kinetic models were applied to the best
experimental data [31].

The pseudo-first
expressed as:

order model is generally

g, =qo(1-¢™M) (6)
where gt and ¢, are the biosorption capacity of dye at time
t and the equilibrium, respectively, mg/g; ¢; is calculated
according to Eq. (6a); &, is the biosorption rate constant of
the pseudo-first order model.

9, =Cy—C, (6a)
where C, is the remaining dye concentration at time ¢,
mg/l.

The pseudo second-order model supposes that the
adsorption follows a second-order mechanism and
chemical adsorption, perhaps the rate limiting step, that
includes covalent forces or valence forces between
adsorbate and sorbent.

The rate of the pseudo-second order reaction is
expressed by Eq. (7):
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Lt ™
4 kgl de

where k, is the pseudo-second order rate constant,
g/mg-min.

The intra-particle diffusion model presumes that
adsorption is a multi-step process including transfer of
adsorbate from the aqueous solution to the sites of the
adsorbent (surface sorption) and diffusion into pores
(intra-particle diffusion) and this model is expressed as

Eq. (8)

q :kptl/2 +C (8)
where £, is the intra-particle diffusion rate constant,
mg/g~min1/ ?. Cis a constant, mg/g.

3. Results and Discussion

3.1. Effect of pH

The influence of pH on the removal of brilliant
green dye by sunflower husks was considered by
variations in the pH of dye solution (from pH 3 to pH 11)
at the initial dye concentration of 100 ppm, particles size
of 75 um and sunflower husk amount of 2 g/l. The dye
removal percentages vs. different pH values are plotted in
Fig. 1.

The results indicate that the dye removal increases
with increasing initial pH of the dye solution from 3 to 7
and decreases at pH 11. It was 24% for an acidic
medium, while maximum removal occurs at pH 7, which
was 80 % after 50 min, and as the pH value increases to
11, the removal efficiency decreases to 66 %.

At lower pH values, the concentrations of H' are
high and they contend with dye cations for unoccupied
adsorption sites, leading to the decrease in the dye uptake.
Increasing the pH value, the surface of adsorbent is
negatively charged and encourages uptake of cationic dye
because of increasing electrostatic force of attraction. For
a higher value (pH 11) the uptake level decreases due to
the formation of a soluble hydroxyl complex between the
adsorbent and the dye. This behavior agrees with Dakhil
[32], who found the maximum removal of methylene blue
by spent tea leaves at pH 7 and less removal for acidic and
basic solutions.

The effect of pH on the removal of methyl orange
dye was also studied (Fig. 2). Low removal rates were
obtained for natural and basic environments while for acid
systems a higher removal percent (26 %) was obtained
after 40 min. This means that the sunflower husk required
activation or modification to be able to adsorb more
methyl orange dye from the water.
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3.2. Effect of Contact Time and
Adsorbent Dosage

The effect of time and adsorbent dosage on dye
removal were investigated by varying the sunflower husk
amount from 0.5 to 4 g/ for brilliant green and from 4 to
15 g/l for methyl orange at times ranging within 10—
60 min, as illustrated in Figs. 3 and 4, respectively. The
dye concentration was 50 ppm, particles size 75 pm and
optimum pH solution for each dye (pH 7 for brilliant
green and pH 3 for methyl orange). It was observed that
the percentage of dye removal increased as time and
sunflower husk dosage were increased.

It can be seen from Fig. 3 that the removal
efficiency of brilliant green increased with increasing time
for all adsorbent doses due to existence of free sites on the
upper surface of the biosorbent and then began slowing
with the gradual occupancy of these sites [3]. Equilibrium

100
80
=
€0 —8—PH3
E —&—PH7
E 40 —&—PH11
20 /
0
0 20 40 60 80

Time (min)

Fig. 1. Effect of pH on the brilliant green adsorption.
Adsorbent dose is 2 g/l,dye concentration is 100 ppm
and particles size is 75 pm
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Fig. 3. Effect of sunflower husk dosage on the adsorption
of brilliant green. Dye concentration is 50 ppm,
particles size is 75 um, pH 7
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time for each dosage differed depending on the amount of
sunflower husks. It was 20 min for high amounts
(24 g/1), while for low dosage (1 g/l) more time was
needed to reach equilibrium (50 min). Also, an increase in
the biomass amount from 0.5 to 2 g/l led to an increase in
the removal efficiency from 58 to 96 %, after 60 min. This
is due to the increase in the surface area of sunflower husk
and availability of more adsorption sites, consequently
making penetration of the dye to the sorption sites [33]
easier. Further increases of adsorbent to 3—4 g/l showed
little difference for removal efficiency; therefore, it is not
economical to increase adsorbent doses greater than 2 g/1.
A similar behavior was observed for methyl orange
(Fig. 4). Although the amount of sunflower husk was
higher than that used for brilliant green, a lower value of
removal efficiency is observed. The maximum removal
efficiency was 51 % at adsorbent amount of 15 g/l (cf.
with 98 % at adsorbent amount of 2 g/l for brilliant green).

100
80 =8 pH 11
—e—pH 7

£ 60 —&—pH 3

Removal
=
=

0 10 20 30 40

3
3

Time (min)

Fig. 2. Effect of pH on the methyl orange adsorption.
Adsorbent dose is 4 g/l,dye concentration is 50 ppm
and particles size is 75 pm
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Fig. 4. Effect of sunflower husk dosage on the adsorption
of methyl orange. Dye concentration is 50 ppm,
particles size is 75 um, pH 3
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3.3. Effect of Adsorbate Concentration

The effect of adsorbate concentration on the dye
adsorption is illustrated in Fig. 5 and 6 for brilliant green
and methyl orange, respectively.

As the concentration of dye increased from 25
to100 ppm (Fig. 5), the dye adsorbed percentage decreases
from 98 to 77 % after 60 min. The result denotes that the
removal efficiency depends on the initial concentration of
dye. This phenomenon can be explained in terms of available
active sites. At low concentrations of adsorbate, the ratio of
active surface sites to total dye is high; hence the dye ions
could interact with the adsorbent to occupy the active sites on

B ﬁl‘—fl—ﬂl
80
R 6o
m
]
£ —&—25ppm
]
x 40 —&—50ppm
——75ppm
20
100ppm
0
0 10 20 30 40 50 60 70

Time (min)

Fig. 5. Effect of adsorbate (brilliant green) concentration on the
dye adsorption. Adsorbent dose is 2 g/l,
particles size is 75 um, pH 7

3.4. Effect of Particles Size
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Fig. 7. Effect of particles size on the brilliant green adsorption.
Adsorbent dose is 2 g/l, dye concentration is 50 ppm, pH 7

The size of the adsorbent was varied to observe the
influence of particles size on a removal efficiency. Since
the adsorbent was not suitable for methyl orange removal,
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the sunflower husk surface and can be removed from the
solution. But with the increase in adsorbate concentration,
the number of active adsorption sites is not enough to
contain dye ions, and this agrees with the literature data
[34].

Fig. 6 represents how the methyl orange dye con-
centration affects the removal efficiency. After 50 min,
when the concentration decreased from 50 to 10 ppm, the
removal increased from 24 to 54 %. Although the con-
centration of methyl orange was lower (10-50 ppm) than
that of brilliant green (25-100 ppm), the sunflower husk
was more effective for the removal of brilliant green. This
means that it is not suitable for methyl orange removal.

60
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Time (min)

Fig. 6. Effect of adsorbate (methyl orange) concentration on
the dye adsorption. Adsorbent dose is 4 g/1,
particles size is 75 um, pH 3

the effect of its particles size was not studied. For brilliant
green dye the experimental results are shown in Fig. 7 at
the constant dye concentration of 50 ppm, adsorbent dose
of 2 g/l and pH 7. It was noted that the smaller size gave a
higher removal efficiency: 98, 54 and 40 % for particles
size of 75, 300 and 500 um, respectively, after contact
time of 60 min. The reason is that a great number of
smaller particles accommodates the adsorption system
with a greater surface area ready for dye removal [1].

3.5. Comparison Between Cationic and
Anionic Dyes

The sunflower husk was used as an adsorbent for
the uptake of two types of dyes, brilliant green as a
cationic dye and methyl orange as an anionic dye. The
results are shown in Fig. 8 at dye concentration of
50 ppm, adsorbent dose of 4 g/l, particles size of 75 um
and pH 7 for brilliant green and pH 3 for methyl orange.

Cationic dyes are rapidly adsorbed on the
sunflower husk. After 20 min, nearly 97 % of basic dyes
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can be removed from water, while for anionic species
only about 23 % were removed by the adsorbents. The
greater attraction for the sunflower husk of cationic dyes
than that of anionic dyes can be assigned to the cellulosic
composition of the adsorbents.

100 : i 5 3
80
= Brilliant green
L 60
s —@—Methyl orange
(=]
§
S %
- ./0—"‘\-0———0
]
0 10 20 30 40 50 60
Time (min)

Fig. 8. Adsorption of methyl orange and brilliant
green at concentration of 50 ppm. Adsorbent amount
is 4 g/1, particles size is 75 um
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The coulombic forces between dye species and
negatively charged cellulose in water are the main
interactions which influence the dye adsorption on the
sorbents. It is evident that higher adsorption rates are
needed for the removal of anionic dye; the sunflower husk
must be chemically modified with cationic groups.

This behavior agrees with Sun and Xu [26], who
used sunflower stalks as an adsorbent for the removal of
two types of cationic dyes and two types of anionic types.
The higher removal percent was shown for cationic dyes
(methylene blue), which was 80 %, compared with 10 %
for anionic dye (congo red).

3.6. Adsorption Isotherm

The adsorption isotherm and kinetics were
calculated only for the best dye removal. Therefore, the
experimental equilibrium adsorption data of brilliant green
onto sunflower husks have been analyzed using
Freundlich and Langmuir isotherms.

The parameters of Langmuir and Freundlich
isotherms and the coefficients correlation (R”) of each
isotherm were calculated by the linearized regression
method and are listed in Table 2 and shown in Figs. 9 and
10, respectively. Results specified that the adsorption is
described well by the Langmuir isotherm model.

Table 2
Langmuir and Freundlich parameters
Isotherm model Parameter Value
qm Mg/g 61.728
Langmuir b, I/mg 0.711
R 0.9791
K, mg/g 26.867
Freundlich n 3.054
R 0.8699
3.7. Adsorption Kinetics Table 3
Three kinetic models were used in this work: Adsorption kinetic parameters
pseudo-first order, pseudo-second order, and intra-particle Adsorption model Parameter Value
diffusiop mpdels. Figs. 11, 12 and 13 show the application The pseudo-first order K, min” 0.0013
of the kinetic models by plotting Ing, vs. ¢, (t/q) vs. t and g, model Ge> ng/g 45.6
vs. 12 respectively. To determine the degree of R 0.922
agreement for the kinetic model, the coefficients R* were The pseudo-second K5, g/mg'min 0.018
determined. The highest R* specifies the applicability of order model Ger ng/ g 50
the kinetics model. R — 0.9998
- K,, mg/g-min 0.6847
The pseudo-second order model was more suitable Diffusi del L C 23912
. . . . g 11Tus10n mode! .
to characterize the adsorption kinetic data for brilliant 7 0.0634

green, and all kinetics parameters are listed in Table 3.
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Fig. 9. Linearization of Langmuir model
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Fig. 11. Linearization of the pseudo-first order model

Fig. 13. Linearization of the intra-diffusion model

4. Conclusions

The adsorption process using sunflower husks
ensures an excellent removal of brilliant green dye from
water but is less effective for the removal of methyl orange
dye, although the quantity of sunflower husks was high and
the dye concentration was low. The best solution for
brilliant green was neutral one (pH 7) since it gave high
removal compared to acidic and alkaline media, while for
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Fig. 10. Linearization of Freundlich model
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Fig. 12. Linearization of the pseudo-second order model
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methyl orange the acidic medium was better than neutral
and alkaline ones. The removal efficiency increases with
the decrease in dye concentration and particles size. As the
amount of adsorbents increases, the removal increases as a
result of more available active sites. The optimum removal
obtained from experiments was 98 % using the sunflower
husk, with adsorbent amount of 2 g, brilliant green dye
concentration 50 ppm, particles size 75 um and pH 7. The
pseudo-second order model produced a better fit than other
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kinetic models and equilibrium experimental data were
defined by a Langmuir isotherm model.
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AJICOPBIISA KATIOHHHUX I AHIOHHUX
BAPBHHMKIB 3 BOJHOI'O PO3YNHY
3 BUKOPUCTAHHSAM JIYIIIIMHHSA
COHSIIIHUKY

Anomauin. /locniodceno gunyuenms KamioHHo2o (Oiaman-
Mosutl 3ejleHutl) ma aHiOHHO20 OAPEHUKA (MEMUIOPAHIIC) I3 CIiY-
HUX 800, 3 BUKOPUCTAHHAM 5K A0COPOEHMY JYWNUHHA COHAUHUKY.
Jlocnioocenns npogoounu cepismu 3a Ppi3HUX KOHYeHmpayiil
Po3uuny bapenuxa, Kitekocmetl aocopbenmy, suauernv pH, posmipie
YACMUHOK Ma NpU Pi3HUX 3HAYEHHAX Yacy Koumaxkmy. /s 060x
06apeHUKIE BCMAHOBIIEHO, WO KINbKICMb BUOANIEH020 6ap8HUKA
30i16UYEMbCSL 31 30LIbULEHHM YACY Ma KIbKOcmi adcopbenmy i
3MeHuYyembcsi 31 30LIbWEeHHAM KOHyenmpayii 6apeHuxka ma
PO3MIpoM yacmunok. Yac 6cmanoeients pisHO8a2U 3MIHIOBABCSL
3aNeNHCHO 8I0 YMO8 00CHiONHCeHb. Busnaueno, wo onmumanvHa
CMYNiHb 8UOANIEHHA JIAMAHMO8020 3elleH020 cmanosums 98 % sa
xonyenmpayii 6apsnuxa 50 ppm, kirexocmi aocopbenmy 2 2\,
posmipi uacmunox 75 mxm ma pH 7 3a yac 1 200 nopisuano 3 54 %
MEMUNOPAHIHCY 30 ONMUMATLHUX YMOS (KoHYyenmpayis 6apsruxa 10
ppm, Kiibkicmo aocopbenmy 4 2/n, pH 3 npu oonaxogux posmipax
uacmuHox i 00Haxkogomy uact). I[lposedeni Kinemuumi 00CiONCeHH s
noKazanu, wo aocopoyis BUHAYAEMbCS NCEBOOMOOEIIIO OPY2020
nOpAOKY i Modkce 6ymu onucaua isomepmoio Jlanemopa.

Knwwuosi cnosa: aocopbyis, mywnunHs COHSUWHUKY,
MEMUILOPAHIIC, OLAMAHMOGUIL 3elleHUtl, OCHOBHI OAPEHUKU, KUCTIOMHI
b6apeHUKU.



