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Abstract: Dyes are used in the textile, paper,
plastics, leather, foodstuff, and artificial fiber
industries. Congo red dye (CR) is one of the dyes
found in industrial wastewater. The present study
investigates the Congo red dye removal from
aqueous solutions using low-cost adsorbents that
are eco-friendly and highly efficient, such as
activated carbon prepared from Buckthorn fruit
(BT) under various experimental conditions, as an
ideal alternative to the current expensive methods
for removing dyes from aqueous solutions. X-ray
diffraction (XRD), Brunauer-Emmett-Teller (BET),
scanning electron microscope (SEM), and Fourier-
transformed infrared (FTIR) analyses were used for
the fabricated-activated carbon characterization.
Based on batch system experiments, various
variables affecting the adsorption process were
studied, including the solution’s pH, adsorbent
dose, contact time, initial dye concentration, and
mixing speed. The results showed that the highest
dye removal efficiency was 63% at pH = 5, the
contact time was 80 minutes, the dose of adsorbent
was 3 g/, and the mixing speed was 150 rpm. The
data from the experiments were analyzed using the
Langmuir and Freundlich model and showed a high
agreement with the Langmuir model (R2 = 0.989).
When studying the adsorption kinetics, the results
agreed with the Pseudo-second order, where the
values of K, and R2 were 0.083g/mg. min and 0.992,
respectively. The adsorption was endothermic and
spontaneous, as shown by the thermodynamic
parameters study at 25, 35, and 45 °C, where the AH
was 13.709 kJ/mol and AG values were negative
values. The study also showed the possibility of
using Buckthorn fruit as a low-cost adsorbent in CR
removal.

jTikrit Journal of Engineering Sciences | Volume 31! No. 1! 2024 Page @]



http://doi.org/10.25130/tjes.31.1.16
mailto:ahmedkh71@tu.edu.iq
mailto:dr.salwahadi@tu.edu.iq
mailto:dr.ra51@yahoo.com
http://creativecommons.org/licenses/by/4.0/
http://doi.org/10.25130/tjes.31.1.16
https://orcid.org/0000-0001-5250-8410
https://orcid.org/0000-0001-5812-8101
mailto:ahmedkh71@tu.edu.iq

j Ahmed K. Ibrahim, Salwa H. Ahmed, Riedh A. Abduljabbar / Tikrit Journal of Engineering Sciences 2024; 31(1): 182-192. :‘
dila aladiuly duilall Jullacall (ha o) paad) gad ¢Sl da ) jial
@‘JM&M@@M'&}M

2 jallae (e Gl faaa) gab s sba ! a1 s daal

Bml = S8 /8 Rl / i) AlS / i) i 1

BoAl — S ]y S5 Raala [ el IS / 3Ll gle and 2

AMAl
LY 5 Jaanl) Ol juaaione 5 403300 o) sall 5 3 slall 5 LDl 5 (3 ) sl 5 ol cileliva 8 jualind) oy sl gl 5 i e ¢ Lual) aadins
520 o<l B A ) ) A A el Caagd | celiall o pall sl (A 3a 5 degs Raaa (CR) aaY) i &l Ba daclicall § duxydall
Jam et cag ol Jla A aal) 4SU i dille 30l Cld g Al Aaa g A4kl Aiaidia ale o) ge aladinly 2l il o 6 jeall
Jallas aladiuly easdl badiall ¢ g )W Canea g &8 Ailall Jalladll (4 '&L,MSM Y oadl ddaaly Al 3okl e JaS ddlig
Al i Ly )3 lee o i 1) Adliaadl el puiall Al ) caad ecladdl ol o lad e ¢l XRD 5 SEM FTIR ,BET
M\J‘){ 3elaS L_A‘;\ u\ C_‘ntuj\ C'_IJG_L\ LX:J\ lc‘)u_j ‘L’A}‘Y\ 4.:.:;4]\ ‘)35‘)3_5 ‘UAAM\ C"_@_’_’ sU_ﬂ):\AA“ :\.r_‘);) ‘JM "T'\:\;}JJ%J\ eﬁ‘)ﬂ
(28,50 150 Ll e jus i1/ o2 B dualall sl Ao a5 4283 80 el (105 65 = (m s el GuY) 2ie 63% S dapal
Langmuir (R2 = z3 sl g 1508 ) 65 & yelal 5 «Freundlich s Langmuir 3 s aladiuly ol e bl Jdas o3 4384l)
48y [ il [ a2 0.083 R? 5 Ko e <l Cum a5 31 A0l da ) pe Wbl g5 il o pedal 51 55eY) 48 ja Al 0 xie .0.989)
45,045 535 525 aic iy yall Al Ciladeal) Ll 50 (o ealy LS (Gl 5 5 jall Uale 53 oS il 120,992 5
e 50Uy il Ll pladiid A61Se) Al 50l cinuia s LS Al L il AG a5 Jse / Jsasl€ 13,709 AH il Gum s

(CR a1 3] 8 Al Gmidiia 5 dale 3LS

Aile Qllae aa¥) sai S es gund) andll )5l ) AN cilalsl)

1. INTRODUCTION

Water pollution with dyes is one of the
widespread environmental problems [1].
Because of seeping from the soil, these
contaminants also harm groundwater [2]. Dyes
are the most common constituents of textile
effluent. Some dyes have been linked to allergic
dermatitis, skin irritation, cancer, and human
mutation [3,4]. These dyes and their precursors
are poisonous and carcinogenic, posing an
environmental risk. Furthermore, their
degradation frequently results in creating
extremely carcinogenic aromatic amines.
Hence, thorough treatment for polluted water is
required when recycling wastewater [5]. One
major dye discovered in wastewater is Congo
red dye (CR), which has a higher solubility in
water of roughly 1 g/30 ml [5]. The CR dye is
used in many industries, especially the textile
industries, where wastewater containing this
dye is discharged to industrial wastewater, and
its quantities vary according to the industry
type [6]. CR is a non-biodegradable and toxic
dye that reaches the watercourse and
accumulates in the bodies of living organisms,
causing environmental and health problems for
humans, such as cancer, kidney failure, oral
ulceration, and anemia, as well as issues for
animals and plants [7]. Therefore, industrial
wastewater must be treated before being
thrown into the watercourse to ensure health
protection [8]. Many physical and chemical
procedures, such as adsorption [9,10], reverse
osmosis [11], coagulation [12], flocculation [13],
membrane technology [14,15], and biological
treatments used to adsorb dyes from aqueous
solutions [16,17]. However, in developing
nations, these methods remain prohibitively
expensive. Adsorption is an efficient, fast, and
economical electro-physical process widely
used to remove many pollutants types [18].

Economical and available adsorbent materials
are used, such as agricultural waste, such as rice
husks [19], coconut husks [20], fly ash [21], and
Cordia Myxa fruit [22], and agricultural waste
[22,23]. Biochar is often developed during the
thermochemical conversion of organic waste at
350—750 °C under limited oxygen conditions
[24]. As an adsorbent, biochar functions best in
a particular environment. Temperature,
solution pH, concentrations, and Dye/biochar
all affect how effective biochar is [25]. Many
studies concern manufacturing and biochar use
as an adsorbent to remove pollutants [26].
Nickel-modified biochar was capable of
adsorbing the dye with a removal efficiency and
adsorption capacity of 73% and 480 mg/g,
respectively, from wastewater at 20 °C initially
when the CR concentration was low, the
removal efficiency by biochar was high (87%)
due to a large number of active sites on the
biochar for adsorption [27]. Similarly, Yek et al.
[28] studied CR adsorption using peel waste.
They found that the removal efficiency was 85
%. The results obtained in this study [28] were
like that of [27]. Liu et al. conducted
experiments for different concentrations of CR
and FexCo3-x04 dosages. The maximum qe of
CR onto FexCo3-x0O4 was 129 mg/g. The CR’s
adsorption declined, i.e., to 79.6% from 86% as
the CR initial concentration rose from 10.1 mg/1
to 30.1 mg/1. The authors found that a pseudo-
first-order kinetic model fitted the results. The
equilibrium adsorption data were also fitted
using isotherm models, with the Langmuir and
Freundlich equations shown appropriately
[29]. Mahmoud et al. [30] prepared corncob
nanobiochar (NCB) by carbonization; it was
low-efficiency of the anionic dyes, but with high
efficiency of the cationic dyes. They chosed
Triethylenetetramine to bind with (NCB) to
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result (NCB-TA). The NCB-TA was treated with
sulfuric acid to produce positively charged amin
nanobiochar (NCB-TA-PC) to improve the
surface properties. Using Buckthorn fruit as
biochar, Mohammadi et al. [31] conducted a
study to remove lead from an aqueous solution.
To characterize the equilibrium isotherms, the
Langmuir and Freundlich equations were fitted
to the data. As a result of activating biochar with
H3PO4 and ZnCl2, the lead highest adsorption
capacity on the resulting activated carbons was
51.8 mg/g and 25.9 mg g—1, respectively. The
organic dye adsorption wusing agricultural
biochar was conducted, and different functions’
effects were examined [29]. pH effect was
concerned [32], the authors noted that the dye
removal efficiency declined by 5.1% when the
pH was changed from 3 to 11. The removal
efficiency decreased in a non-uniform manner
between pH values of 3 and 9, but it declined
sharply at pH 11 [19]. The present study
investigates the possibility of using Buckthorn
fruit as a low-cost adsorbent and eco-friendly to
remove CR from aqueous solutions. Also, the
present work studies the effect of pH, adsorbent
dose, CR initial concentration, contact time,
and mixing speed on the removal efficiency.

2. MATERIALS AND METHODS
2.1.Congo Red Dye (CR)

The Congo red dye (CR) (Chemical formula
C32H.:NeNa,06S,, molecular weight of 696.6
g/mol, and maximum wavelength of 499 nm)
[33, 341, supplied by the AGFA Company of
Berlin and purchased from Alhekma market.
CR is a good solvent in water, i.e., better in
organic liquids such as alcohol. A red colloidal
solution is formed as CR dissolves in water. In
this study, CR was employed as an adsorbate.
Distilled water was used to prepare the stock
solution. 0.1 M HCl and 0.1 M NaOH were used
for pH adjustment [35]. A pH meter (HANNA
model HI2211; Indonesia) was used to measure
the pH, a UV-VIS Spectrophotometer (Single
Beam, Spectro UV-2550, Norway) was used to
measure the CR concentrations, and a shaker
water bath to perform the mixing process.

2.2 Activated Carbon from Buckthorn
Fruit (BT) Preparation

Buckthorn fruit (BT) was used as an eco-
friendly, low-cost, and locally available in the
market adsorbent. Buckthorn Fruit is grown in
Basra southern Iraq. Buckthorn Fruit was
washed well with distilled water, then dried in
the open air for 15 to 25 days until it was dried
completely, crushed well, and sieved using a
100 mesh [36]. The powder was put into the
furnace (Saftherm, China) at 700°C for 120
minutes, using Nitrogen at 100 mL/min flow
rate [37]. The temperature in the tubular
furnace was set to rise by 5°C every minute for
90 minutes, or until it reached 600°C. The
product was removed from the furnace after the
temperature was set at 600 °C for 120 minutes,

and then progressively dropped for 1.5 hours to
reach room temperature. To remove impurities,
the resulted carbon was soaked in 0.5 M HCl for
one day. The distilled water was used to wash
the final product to obtain pH 7-liquid [21].
Using an electric oven at 105°C for 120 minutes
to dry the product. The product was activated
using HCl at 0.5 M to produce BT-A adsorbent.
2.3.Properties of the Produced Activated
Carbon (BT-A)

The total pore volume (VT), i.e., P/Po = 0.99,
and the BET surface area of BT-A utilizing a
surface area analyzer (surface area analyzer,
BELSORP, Microtrac Co. Japan) were
determined using N2 adsorption-desorption
isotherms [38]. Fourier-Transform Infrared
Spectroscopy (FTIR) was used to examine the
surface functional groups of BT-A. The
Shimadzu 1800 FTIR spectrometer (Shimadzu,
Japan) was utilized to examine the FTIR
spectra of BT-A [38, 39]. The SEM (JSM-6060
LV, USA) observed the morphology of BT-A.
With Cu Ka radiation (A=1.54A°), the XRD
device (Philips PW1730, Netherlands) was used
for BT-A analyses. The scanning range for the
samples was 5° to 80° (20).

2.4.Laboratory Experiments

A series of batch adsorption experiments were
conducted using aqueous solutions prepared in
the laboratory with different concentrations
and conditions in terms of the initial
concentration of the dye, pH of the solution,
contact time, adsorbent dose, mixing speed,
and temperature [40]. The experiments were
conducted in a series of 100ml conical flasks
using the Shaker water bath. Six samples of the
CR solution were prepared with an initial
concentration of 10 mg/l at a dose of the
adsorbent of 0.3 g/100 ml. The pH value 3-9
was adjusted using 0.1 M HCl and 0.1 M NaOH,
at a mixing speed of 150 rpm. The samples of
the solutions are taken every 10 minutes until
reaching equilibrium concentration which was
measured using a UV-VIS Spectrophotometer
after filtering the sample on 0.45um filter paper
[41]. The removal efficiency of CR was
calculated from the following equation:

R%= (Co-Cc)x100/Co (1)
where R = the efficiency of removal, C, = initial
concentration (mg/l), and C. = effluent

equilibrium concentration of CR (mg/1).
The adsorption capacity was calculated from
the following equation:

ge = (Co-Ce)xV/M (2)
where ¢. = adsorption capacity (mg/g), M
=dosage(g), V)= volume of solution (1).
2.4.1.Adsorption Isotherm Models
The adsorption of various variables was linked
to mathematical relations developed by several
researchers called adsorption models [42]. To
simulate and understand the adsorption,
adsorption isotherms, i.e., mathematical
equations, are used. The assumptions that these
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equations depend on are the layers number the
adsorbate accumulates on the adsorbents’
surface, the adsorbent surface nature
(homogeneous/heterogeneous), and  the
intermolecular reaction adsorbate possibility
between it. These equations designate the
distribution due to adsorbate pollutants
between the liquid and solid phases [10]. The
equations contain constants that describe the
equilibrium process during isothermally
adsorption, which reveals the surface
adsorbents features and determines the affinity
of the adsorbate with the adsorbent materials
[43]. A curve can be drawn to describe the
phenomenon that rules the retention (or
mobility) or release of a substance from
aqueous environments or aqueous porous
medium to the solid phase at constant pH and
temperature [44]. The adsorption model at
equilibrium is important in determining the CR
adsorption capacity. Most of the data obtained
from the adsorption process can be represented
by many models, including the Langmuir
model, which is a theoretical relationship
represented by the following equation:

Ce/qe = (1/KLXqmax) +(Ce/qmax)  (3)

where . = adsorption capacity (mg/g), Ki. =
Langmuir's isotherm constant(l/mg), and qmax
= maximum adsorption capacity(mg/g).
The other model was the Freundlich model,
which was an experimental equation based on
laboratory results which can be illustrated
using the following equation:

ge =kexCet/n 4)
It can be formulated as a linear equation:
logqe = (1/n) logCe+logks )

where ki = Freundlich adsorption capacity
parameter (mg/g) (I/mg)/n, and 1/n =
Freundlich adsorption intensity parameter,
unitless.

2.4.2.Kinetic Models of Adsorption

The adsorption kinetics study is important in
determining the efficiency of the adsorption
process. Many kinetic models were used,
including Pseudo-first-order, Pseudo-second-
order, and Elovich kinetic models [9]. Pseudo-
first-order kinetic model can be represented
using the following equation:

In(ge — q¢) = Inge — Kyt (6)
where K;= constant of kinetic equilibrium rate
(min), qt = the adsorbed mass per unit mass
(mg/g) at any given time t, where t is the contact
time (min). Pseudo-second-order can also be
represented using the following equation:

t/qt = (1/Kzoxqe?) +(t/qe) )

where K. (g/mg. min)= kinetic equilibrium rate
constant. The FElovich relation can be
represented using the following relation:

qr = BIn(ap) + B Int 3
where a = initial adsorption rate (g/mg. min),
and [ = coefficient of desorption (mg/g.min),
which equals the chemosorption activation
energy.
2.4.3.Adsorption Thermodynamic
The changes in enthalpy (AH®), entropy (AS®),
and Gibbs free energy (AG®) were calculated
using the following equation:

Ka= qe/Ce 9)
In (Ka) = (AS/R) -(AH/TR)  (10)
AG® = AH® — TAS® (11)

where Kd is the equilibrium thermodynamic
constant (I1/g), R is the universal gas constant
(J/mol.K), i.e., 8.314 J/mol.K, T is solution
temperature (K), and AH®, AS°, and AG® are the
changes in enthalpy (J/mol), entropy
(J/mol.K), and Gibbs free energy (J/mol),
respectively.

3.RESULTS AND DISCUSSION

3.1. Prepared Activated Carbon (BT-A)
Characterization

The N. adsorption and desorption isotherms
results revealed that the adsorption/desorption
isotherm was a type I according to the
International Union of Pure and Applied
Chemistry (IUPAC) classification, which means
the presence of micropores [45] (Fig. 1). The
method used to obtain the pore size distribution
curve was Barrett-Joyner-Halenda (BJH). The
pore diameter was 1.866 nm, the specific
surface area was 774.1 m2/g, and the total pore
volume of BT-A was 0.361 cm3/g. These results
are near to [46] and [47]. The outcomes of the
FTIR spectra on BT-A are shown in Fig. 2. With
Quinone's carbonyl group C=0 causing distinct
peaks of the wavenumber at 1536.39 cm™, the
sample may contain heavy metals or any other
inorganic substance, as shown by the peaks
smaller than 600 cm™ [48]; The existence of the
OH group, or moisture, in the sample, however,
is explained by a wavenumber larger than 3000
cm?. This moisture may have entered the
sample through the air during sample handling
and analysis, as demonstrated by the
wavenumber range from 3001.4 to 3627.92 cm-
1 [49]. These outcomes align with the findings
of [50-52]., the morphology of BT-A was
scanned using SEM analysis (Fig. 3 (a), (b)).
The view of the cross-sectional of BT-A is shown
in Fig. 3 (a), (b) with x70-135 magnification,
respectively. The porosity of BT-A is explained
by SEM of BT-A after activation at the optimum
conditions. It was found that the external
surface contained less pores [43].
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The BT-A XRD patterns are shown in Fig. 4.
The standard JCPDS file (41—-1487) confirmed
the crystalline structures formation of one of
the carbon types, i.e., diffraction pattern well
agrees at the peaks of (20) 26.386°, 29.958°,
42°, and 45° which corresponding to the peaks
reflection (002), (121), (110), and (111) graphitic
carbon crystal planes. It was clear that the

prepared activated carbon’s XRD pattern
showed a sharp peak corresponding to
reflection from the peak (002) plane at 26.386°,
from the peak (121) plane at 29.958, from the
peak (110) plane at 42°, and the peak (111) plane
at 45° to d spacing of 0.337, 0.298, 0.215, and
0.201 nm, respectively, [44] and [45].

1000

800 A

600

400

Intensity (a.u.)

200

.l

0

5.0

15.0 25.0 350 450 550 650 750
26 (degree)

Fig. 4 XRD Analyses Obtained from BT-A Adsorbent.

3.2. pH Impact on CR Removal

removal efficiency slightly increased. As a

Efficiency

The effect of pH on the removal efficiency of CR
onto BT-A is shown in Fig. 5. The contact time
was measured from the adsorbent (BT-A) in
addition to six samples of the aqueous solution
prepared with equal concentrations of CR. pH
was 3-9, and at room temperature. It was noted
that the removal efficiency of CR increased with
the contact time, and about 50% of adsorption
was completed in the first 40 minutes until
reaching equilibrium at 80 minutes in which
the removal efficiency was almost constant. The
maximum removal efficiency of CR dye, i.e.,
63%, was at 80 minutes and pH=5, and an
initial concentration of 10 mg/1. At pH= 5, both
Congo Red and the BT-A adsorbent may have
opposite charges. Congo Red is a negatively
charged dye, while the BT-A adsorbent might
carry a positive charge at pH= 5. This
electrostatic attraction between the adsorbent
and the dye can enhance the adsorption
efficiency, resulting in a higher removal
percentage. These results agrees with [17, 42].
3.3.Adsorbent (BT-A) Dose Effect on the
Removal Efficiency of CR

The effect of the adsorbent dose on the removal
efficiency of CR dye is shown in Fig. 6, where
the efficiency of removal, Eq. (1), increased with
the adsorption dose, i.e., from 0.5 to 10 g/1. The
highest removal efficiency was 63% at
adsorbent dosage of 3g/l, contact time of 80
min, mixing speed of 150 rpm, and pH = 5 due
to the adsorbent surface area increase and
exposure to a larger adsorption area [46]. An
increase in the adsorbent dose decreased the
adsorption capacity, Eq. (2). As the BT-A dose
was increased by more than 3g/l, the CR

result, from an economic point of view, the
optimal dose was 3 g/1. These results are similar

to [46—49].
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Fig. 5 pH and Contact Time Effect on
Removal of CR onto BT-A (Temperature=
25°C, dose= 3g/1, and CR= 10mg/1).
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Fig. 6 The Dose of BT-A Effect of on the
Efficiency of Removal of CR (Temperature=
25°C, pH=5, and CR= 10mg/1).
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3.4.Adsorbate Concentration Effect on
the CR Adsorption onto BT-A Adsorbent
Figure 7 shows the relationship between the
removal efficiency and initial CR concentration
. The removal efficiency decreased with rising
the dye concentration, reaching the peak 63% at
a 10 mg/1 CR concentration. Then, the removal
efficiency decreased with decreasing the dye's
initial concentration due to competition for
adsorption sites.

70 A
60
50 A
40
30 A
20 A
10 -

O T T T 1
0 10 20 30 40

Removal Efficiency (%)

CR Concentration (mg/L)

Fig. 7 CR Concentration Effect on the
Efficiency of Removal by BT-A (Temperature=
25°C, dose= 3g/L, and pH=5).

3.5.Adsorption Isotherm Models

When drawing the relationship between 1/qe
and 1/ce, the K; and qmax values can be
calculated by applying Eq. 3 (Fig. 8).

R?=0.9893
2.5 4

2.0 4

1/qe

0.0 T T T 1
0.00 2.00 4.00 6.00 8.00

1/Ce

Fig. 8 Langmuir Isotherm Model for
Adsorption of CR onto BT-A
(Temperature= 25°C, Dose= 3g/1, and CR=
1omg/1).

However, when drawing the relationship
between logce and logge, the value of Kt can be
calculated from the intersection of the straight
line with the coordinates and the 1/n value from
the slope of the straight-line Eq. (4) (Fig. 9).
Table 1 shows the constants of the two models
and shows that the data of the experiments can
be represented using the Langmuir and
Freundlich models. The Langmuir model was
better than Freundlich, which means that the
adsorption of CR dye on BT-A was the
monolayer type, where the dye molecules
adsorbed on a specific location on the surface of

the BT-A adsorbent. Parallel results can be seen
in the literature [47-48].

R?=0.9617
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logqe

logce

Fig. 9 Freundlich Isotherm Model for
Adsorption of CR onto BT-A
(Temperature= 25°C, Dose= 3g/1, and CR=
1omg/1).

Table 1 The Values and Units of the Adsorption
Models Applied to the Adsorption of CR Dye

onto BT-A.

}\Z?)g:irm Unit Value
qmax (mg/g) 4.95

Langmuir KL(/mg) 0.61
R2 0.989
1/n 0.572

Freundlich Kf (mg/g)(1/mg)1/n 1.127
R2 0.962

3.6.Kinetic Study Models

The pseudo-first-order, pseudo-second-order,
and Elovich kinetic models (Egs. (6-8)) were
used to compute the adsorption rate and
removing CR’s regulating mechanism. If the
trend line passed over as many of the points as
feasible, the ge’s model's projected value was
adjacent to the experimental value, and the R2
value was close to 1, i.e., the suitable model. The
pseudo-second-order model best represented
the practical data with K.=0.083 g/mg.min and
R2=0.993 (Figs. 10 (a, b, c¢)) and (Table 2).
These results are consistent with the findings of
[32, 49].

Table 2 Adsorption Kinetic Models for
Adsorption of CR onto BT-A.

Kinetic model = Parameter Value
qe. calculated 5.317
The pseudo-first-  ge. experimental 15
order K. 0.00006
R2 0.057
qe. calculated 14.16
The pseudo-  ge. experimental 15
second-order Ko 0.083
R 0.993
a 14.36
Elovich B 0.476
R2 0.96
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|z| pseudo first order kinetic model
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Fig. 10 (a) Pseudo-First-Order, (b) Pseudo-
Second-Order, (c¢) Elovich Models to Examine
the Adsorption Behavior of CR onto BT-A
(25°C, dose= 3g/1, and CR= 10mg/1).

3.7.Adsorption Thermodynamics

The enthalpy (AH®), entropy (AS°), and Gibbs
free energy (AG°) changes were calculated
utilizing a sample of 100 mg/1 of CR to indicate
the  thermodynamic  parameters.  The
experiment conducted was under the modified
circumstances of mixing speed of a 150-rpm, a
temperature of 25°C, activated carbon as the
adsorbent dose of 3 g/l, and a pH of 5. After
estimating Ce using a UV-VIS
spectrophotometer, the qe and Kgq were
calculated using Eq. (2) and Eq. (9),
respectively. To find AH, AS, and AG at 25, 35,
and 45°C and at the pH optimal values,
adsorbent dose, and adsorbate concentration,
the experiments as mentioned earlier were
repeated under similar conditions, except
changing the temperature to 35 and 45°C. From
the relationship between 1/T and In(Kq) plot,
and according to Eq. (10), AH and AS were
determined, and AG was calculated from Eq.

(11) (Figs. (11, 12)). The adsorption interaction
was endothermic, as indicated using the AH® of
13.709 kJ/mole. The AS° value was 48.3
J/mole.K, which indicated a particular
structural modification and reduced system
regularity in the solid/liquid interface. In
contrast, the AG° values at 25°C, 35°C, and
45°C were negative, indicating a spontaneous
adsorption interaction(Table 3). Similar results
are found in numerous literatures [46, 49].

0.5
0.4

0.3 y=-2271.1x + 7.5434

0.2 R? = 0.9992

Inge/Ce

0.1

0
-0.1

0.00315 -
0.0032 -
0.00325 -
0.0033 -
0.00333/4
0.0034 -

-0.2
/T

Fig. 11 Thermodynamic for the Adsorption (In
(ge/Ce) vs. 1/T (K)).
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g
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£

F.% 64 T T 1
< 290 300 310 320
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Fig. 12 Effect of Temperature on Adsorption
Capacity (qe vs Temperature (K)).

Table 3 The Parameters of Thermodynamic for
CR Removal onto BT-A.

) ]

g E

= 8§ 3 2 =2 &

) = Qo =) =) -

&8 & 3 E E g
Ea EA S °w\ E\ ?DE
2 8¢ ¢ %2 32 35 &

2 208 1.33 -0.713

35 308 158 -1.167 13.709 48.3 0.998
45 318 1.89 -1.681

4.CONCLUSIONS

The present study showed the possibility of
using Buckthorn fruit as a low-cost adsorbent to
remove Congo red from solutions and
industrial waste. The removal efficiency of
Congo red dye depends on variables
determined using batch pattern experiments,
such as the solution pH and its optimal values
(7-8). The best contact time to reach the
adsorption equilibrium was 80 minutes.
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Adsorption models were applied, and the best
model representing the Congo red dye
adsorption onto BT-A was the Langmuir model,
so the value of R2 = 0.989. The highest removal
efficiency was 62% at a dose of 3 g/l, contact
time of 80 minutes, a temperature of 25° C, and
pH = 5. The adsorbent from Buckthorn fruit
was low-cost and environmentally friendly
because it was abundant and harmless.
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