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Abstract:
To remove Brown HT dye from water, an activated carbon model was prepared from a plant source resulting 

from the waste of Al-Rashi factories Mosul, which was represented by Iraqi sesame husks that are produced in large 
quantities from these factories. It was found that one ton produces a percentage of (200-250 kg) and is not utilized 
due to the primitive method in the process of separating the husks.

The peels were burned after washing to the point of charring and treated with potassium hydroxide in a ratio 
of (1:1) at a temperature of 600 ± 50 °c for three hours. Then the resulting carbon material was taken and purified 
from the base by several processes, and also sublimation with 0.05 hydrochloric acid for two hours, then the medium 
was neutralized, and the carbon was dried and crushed. Its effectiveness was determined by measuring its ability to 
adsorb iodine from its aqueous solution, which is known as the iodine number, which is a rapid measure of the in-
ternal surface area. In addition, the thermodynamic functions’ values for Brown HT dye adsorption were calculated.

This research included determining the optimum conditions for the adsorption process, by studying the factors 
affecting the adsorption efficiency, which showed that the ideal weight of the prepared activated carbon is (0.25 g) 
at a concentration of (7×10-5 M) and that the reaction equilibrium time is (50 minutes).

The experimental data were applied to the Langmuir, Freundlich, and Temkin models at different temperatures 
to use them in calculating the thermodynamic functions. The results of the study (through the values ​​of ∆H, ∆S ͦ, 
∆G ͦ) showed that the adsorption system is of the physical endothermic type, that the adsorption process occurs 
spontaneously, and that the adsorption system became more random due to the ionization of the dye, which is a salt 
of sodium ions.
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مستخلص:

لإزالــة صبغــة الـــ Brown HT مــن المــاء، تــم تحضــر نمــوذج كاربــون منشــط مــن مصــدر نبــاتي ناتــج مــن مخلفــات معامــل 
الــراشي في مدينــة الموصــل، والتــي تمثلــت في قشــور السمســم العراقــي التــي تنتــج بكميــات كبــرة مــن هــذه المعامــل، حيــث تبــن 

ان الطــن الواحــد ينتــج نســبة )Kg 200-250( ولا يتــم الاســتفادة منهــا بســبب الطريقــة البدائيــة في عمليــة فصــل القشــور.
ــة  ــد درج ــبة )1:1( عن ــيوم بنس ــيد البوتاس ــع هيدروكس ــع م ــل م ــم وعوم ــة التفح ــلها الى درج ــد غس ــور بع ــرق القش ــم ح ت
ــات،  ــت مــن القاعــدة بعــدة عملي ــة الناتجــة ونقي ــادة الكاربوني ــدة ثــاث ســاعات، بعــد ذلــك اخــذت الم حــرارة )cͦ 50  600( لم
وكذلــك تــم التصعيــد مــع )0.05( حامــض الهيدروكلوريــك لمــدة ســاعتين، ومــن ثــم جــرى معادلــة الوســط، وتجفيــف ثــم ســحق 
ــن  ــود م ــزاز الي ــى امت ــه ع ــك قابليت ــات )EDX, XRD, BET(، وكذل ــال قياس ــن خ ــون م ــة الكارب ــد فعالي ــم تحدي ــون. ت الكارب
محلولــه المائــي، أي مــا يعــرف بالرقــم اليــودي والــذي يعتــر مقيــاس سريــع للمســاحة الســطحية الداخليــة، فضــا عــن ذلــك تــم 

.Brown HT ــزاز صبغــة ــة لامت ــدوال الثرموداينميكي ــم ال حســاب قي
ــاءة  ــى كف ــرة ع ــل المؤث ــة العوام ــال دراس ــن خ ــك م ــزاز، وذل ــة الامت ــى لعملي ــروف المث ــد الظ ــث تحدي ــذا البح ــن ه تضم
الامتــزاز، والتــي أظهــرت أن الــوزن المثــالي للكربــون المنشــط المحــر هــو )0.25 غــم( عنــد تركيــز )  ( وأن زمــن 

ــة(. ــو )50 دقيق ــل ه ــوازن التفاع ت
تــم تطبيــق البيانــات العمليــة عــى نــاذج لانكمايــر، وفرندلــخ، وتيمكــن، وعنــد درجــات حــرارة مختلفــة؛ لغــرض اســتخدامها 
في حســاب الــدوال الديناميكيــة الحراريــة، وقــد أظهــرت نتائــج الدراســة )مــن خــال قيــم ∆H, ∆S ͦ, ∆Gͦ ( أن نظــام الامتــزاز هــو 
مــن النــوع الفيزيائــي المــاص للحــرارة، وأن عمليــة الامتــزاز تحــدث بشــكل تلقائــي، وأن نظــام الامتــزاز أصبــح أكثــر عشــوائية؛ 

نتيجــة لتأيــن الصبغــة والتــي هــي أمــاح لأيونــات الصوديــوم.
الكلمات المفتاحية: الكربون المنشط، قشور السمسم، صبغة Brown HT، الدوال الثرموداينميكية.
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Introduction:
Water pollution with dyes is con-

sidered one of the most dangerous 
types of industrial pollution, which is 
mainly caused by the discharge of in-
dustrial wastewater from textile facto-
ries. Industrial dyes contain complex 
chemicals that are difficult to break 
down naturally, which leads to their 
accumulation in surface and ground-
water, causing negative effects on the 
environment and public health, as they 
hinder the process of photosynthesis in 
aquatic plants by preventing the pene-
tration of light, and affect the oxygen 
balance in the ecosystem. Some dyes 
also contain toxic and carcinogenic 
compounds, which increase their risks 
to human health and living organisms 
(Uddin, F, 2021).

Activated carbon is a carbonized 
material with high porosity and high 
surface area, and has many applica-
tions in the field of environment and 
industry to remove, recover, separate 
and modify various compounds in the 
liquid and gaseous phases (Heidarine-
jad et al, 2020).

The use of carbon dates back to 
(3750) BC, to reduce copper (Cu), zinc 

(Zn) and tin (Sn) ores in the bronze in-
dustry by the Egyptians and Sumeri-
ans. In (157) AD, plant and animal car-
bonates were used to treat a wide range 
of diseases (Pandey, R. et al, 2023).

     (Al-Hyali, 2013) studied the ad-
sorption of diazolidinyl dyes on com-
mercial activated carbon. The results 
showed that the Langmuir model and 
Freundlich model were applicable to 
adsorption. From a kinetic perspective, 
it was found that the adsorption pro-
cess followed the pseudo-second-order 
reaction model.

(Liu et al, 2018) also adsorbed the 
azo dye Direct Red 23 on the surface of 
tourmaline powder. The study showed 
that the adsorption efficiency increased 
at low pH, and the adsorption followed 
the Langmuir and Freundlich models, 
indicating that there were heteroge-
neous adsorption sites on the tourma-
line surface. The adsorption was of the 
endothermic type. (Tunali et al, 2021) 
were able to prepare a magnetic adsor-
bent based on magnetic montmorillon-
ite (MagMt) using the co-precipitation 
method, which facilitates the separa-
tion process after adsorption.

The results showed that (MagMt) 
achieved an adsorption efficiency of 



301 مجـلـــة الـدراســات التربــويــة والعلـمــيــة - كلــيــة التـربـــيـة - الجـامـعــة العــراقـيــة
العدد الخامس والعشـرون - المجلد الثالث عشر - علـوم الكيمياء - آب 2025 م

(98.60%) for Bismark Brown-Y (BB-
Y) dye at pH 4 and using 40 mg of 
adsorbent, within 10 minutes. The ad-
sorption process was subjected to the 
pseudo-second-order model and the 
Langmuir model.

Also, (Hanoody et al, 2024) were 
able to adsorb two types of azo dyes on 
activated carbon prepared from fallen 
eucalyptus leaves in the forests of Mo-
sul city in northern Iraq, and the Freun-
dlich model was the most suitable for 
the practical adsorption data, and the 
adsorption was physical.

Brown HT Dye:
Chocolate Brown HT E155 is an 

organic food azo dye, reddish brown 
in color, odorless, given the symbol 
(EEC.NO.E-155), the state of the sub-
stance is solid in the form of fine pow-
der or granules, its density is (0.7), its 
solubility is (180 mgr/liter), its hydro-
gen atom (pH= 4-6), its molecular col-
or is (652.57), its molecular formula is 
(C22H18N4Na2O9S2), its chemical name 
is (Abbas, 2000):

Disodium 4,4’-[(2,4-dihy-
droxy-5-hydroxy-methylphenyl)azo]
bis(5-hydroxy-6-methyl-3-sulfona-
to-2,7-naphthalene disulfonate)

Its structural formula is:

Figure (1) The structural formula of Brown HT dye

Practical part:
First: Wash the peels and burn them 

until charred.
Second: Preparation of activated 

carbon: 

The material resulting from the 
(first) step was taken and treated with 
potassium hydroxide in a ratio of (1:1) 
at a temperature of (600 ± 50  ͦc) for 
three hours. Then, the carbon material 
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was cooled and washed with distilled 
water several times until neutraliza-
tion, then treated with a 5% hydro-
chloric acid solution by thermal subli-
mation for two hours, then the carbon 
material was cooled and filtered and 
then washed with distilled water sever-
al times until neutralization, then dried 
and stored with a particle size of 150 
micrometers, making it ready to mea-
sure its effectiveness.

Third: Determining the effective-
ness of activated carbon:

A- Adsorption of iodine from its 
aqueous solution: 

One gram of the prepared activated 
carbon was taken and placed in a con-
ical flask with a capacity of (250 ml) 
and (100 ml) of iodine solution with 
a concentration of (0.1 normal) was 
added to it and the mixture was shaken 
for half an hour, then the dye solution 
was separated by filtration, taking into 
account ignoring (20 ml) of the solu-
tion at the beginning of the filtration to 
avoid the effect of the adsorption of the 
filter paper on the dye solution as well 
as the calibration process.

To complete the measurement, (50 
ml) of iodine solution was taken and 
calibrated with aqueous sodium thio-

sulfate solution with a concentration of 
(0.1 N) using starch as a reagent me-
dium. The volume of thiosulfate used 
to calculate the iodide absorbed by 
the prepared activated carbon was cal-
culated according to the relationship 
(İbraheem, S et al, 2024):

X= A-[2.2B × ml of Thiosulfate 
Used]…….(1)

A= N1 ×12693 ……..(2)
B= N2 ×126.93 ……..(3)
X: weight of iodine adsorbed in mg 

by the activated carbon, N1,N2: stan-
dard of iodine solution and standard 
of sodium thiosulfate respectively (0.1 
N).

The iodine number is calculated 
through the equation:

I.N. =  ……..(4)

Where X: weight of carbon used, D: 
correction factor.

B- Adsorption:
1- Making a calibration curve for 

Brown HT dye:
     At the beginning of the study and 

before starting the adsorption exper-
iments, multiple concentrations were 
prepared ranging between (1×10-5 - 
9×10-5 M) to determine the wavelength 



303 مجـلـــة الـدراســات التربــويــة والعلـمــيــة - كلــيــة التـربـــيـة - الجـامـعــة العــراقـيــة
العدد الخامس والعشـرون - المجلد الثالث عشر - علـوم الكيمياء - آب 2025 م

of maximum dye absorption; to be used 
in measuring concentrations before 
and after the adsorption process. A re-
lationship was drawn between the ab-
sorption and concentration to obtain a 
main equation based on the Beer-Lam-
bert law (Aleboyeh et al, 2005):

A= ε LC ………..(5)
(A) represents the dye absorbance, 

(Ɛ) the molar absorption coefficient 
(L.mol-1.cm-1), L the optical path length 
of visible light (L = 1 cm), and C the 
molar concentration (mol.L-1).

2- Effect of the amount of adsorbent: 
The effect of the amount of adsor-

bent on the adsorption efficiency was 
studied using a dye solution with a con-
centration of (7x10-5M) with changing 
the amount of adsorbent in a range be-
tween (0.05 - 0.25 g) and at a tempera-
ture of (25  ͦc) and a volume of (10 ml).

3- Determining the equilibrium 
time: 

To determine the time required for 
equilibrium, the dye solution was pre-
pared at the same concentration above, 
and an amount of (0.15 g) of activated 
carbon was taken, and a volume of (10 
ml), with the absorbance measured at 
different times ranging between (5, 10, 
20, 30, 40, 50, 60, 70) minutes.

4- Calculating thermodynamic func-
tions: 

The values ​​of adsorption enthalpy 
(ΔH) can be calculated by calculating 
the value of the equilibrium constant at 
different temperatures (Al-Hyali et al, 
2016):

lnK = Const.-  ……..(6)

The value of the equilibrium con-
stant can be calculated using the equa-
tion:

K=  ……..(7)

The value of (ΔH) was calculat-
ed by plotting a relationship between 
(ln K) versus (1/T); to give a straight 
line with a slope equal to (-∆H/R), and 
(R) represents the gas constant (8.314 
J.mol-1.k-1), while the values ​​of (ΔG°) 
and (ΔS°) were calculated based on the 
following equations (Ali Mohsin et al, 
2022):

∆G  ͦ= - RT lnK……(8)

∆S  ͦ =     …….(9)

5-  Application of adsorption iso-
therms:
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First: Langmuir isotherm:
When drawing a relationship be-

tween Ce/qe versus Ce, it gives a slope 
(1/qmax) and a section (1/bqmax) at dif-
ferent temperatures:

Ce represents the concentration of 
the unadsorbed material (mg/l), qe rep-
resents the amount of adsorbed materi-
al (mg/g), while b represents the Lang-
muir isotherm constant (L.mg-1) related 
to the adsorption energy, and Qmax rep-
resents the maximum adsorption ca-
pacity (Mikolajczyk et al, 2024).

Second: Freundlich isotherm: 
Freundlich equation can be ex-

pressed by the following relationship:

The values ​​of K and n represent 
Freundlich constants, and their values ​​
depend on the nature of the adsorbent, 
the adsorbent surface, and the tem-
perature, while the value of qe rep-
resents the amount of adsorbent (mg 
of adsorbent/per gram of adsorbent), 
and Ce represents the concentration of 
the unadsorbed substance at equilibri-

um (mg.liter-1). When drawing a rela-
tionship between log qe versus log Ce, 
a straight line with a slope of (1/n) is 
given, which represents a measure of 
the intensity of adsorption, and a line 
segment of log K, which is a function 
of the adsorption capacity (Yaffar et al, 
2025).

Third: Temkin isotherm: 
The linear form of Temkin’s equa-

tion is as follows:

Where BT = RT/b, T is the absolute 
temperature (K), R is the gas constant 
(8.314 J.mol/K), b is a constant relat-
ed to the heat of adsorption (J/mol), 
and (Liter / mg) KT is the equilibrium 
bonding constant, which indicates the 
maximum bonding energy, and BT is a 
constant related to the differential sur-
face capacity for dye adsorption per 
unit bonding energy. By drawing the 
relationship between qe versus lnCe, 
the values ​​of the constants BT and KT 
can be found from the slope and inter-
cept values, respectively (Singh, M. et 
al,2024).

Results and discussion:
To know the quality and efficiency 

of the prepared activated carbon, sev-



305 مجـلـــة الـدراســات التربــويــة والعلـمــيــة - كلــيــة التـربـــيـة - الجـامـعــة العــراقـيــة
العدد الخامس والعشـرون - المجلد الثالث عشر - علـوم الكيمياء - آب 2025 م

eral measurements were conducted, 
including (EDX, XRD, and BET). The 

results are presented in Figure (2) and 
Table (1):

Figure (2) EDX measurement of carbon

The EDX measurement indicat-
ed that the percentage of carbon was 
(90.32%), followed by oxygen at 
(8.88%), with very small percentag-

es of other elements that may have 
appeared during preparation or were 
present in the original material.

Table (1) 
Element ratios on the surface of the prepared activated carbon

Weight
)%(

Atomic
)%(

Element

86.6090.32Carbon

11.358.88Oxygen

0.680.24Chlorine

0.530.23Silicon

0.440.14Calcium

0.180.09Magnesium

0.120.05Sulphur

0.110.05Aluminum
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X-ray diffraction (XRD) measure-
ments indicated that the prepared sam-
ple was non-crystalline, as evidenced 
by the wide 2-theta band, which ranged 
from 20 to 30 (Wibawa et al., 2020). 
The results of adsorption measure-
ments using the BET method showed 
that the prepared activated carbon had 
a large surface area, small pore vol-
ume, and small average pore diameter, 
as shown in the following table (Bicil 
& Dogan, 2021).

Table (2) BET measurement

Analysis DataMesurement
)m2/g( 493.43
)cm3/g( 0.3147

)nm( 2.5514

Surface area
Pore volume

 Average pore dimeter

     The process of preparing activat-
ed carbon using hydroxides is one of 
the most important preparation meth-
ods, and is considered the most import-
ant, as it is a process of carbonization 
and activation at the same time. The 
hydroxide ions present in potassium 
hydroxide work to withdraw hydrogen 
from the raw material in the form of 
H2O, leaving the positive ion to control 
the size and type of pores formed in the 
activated carbon. It was found that the 
radius of the positive ion controls the 
size, type, and efficiency of the pores 
formed in activated carbon (Mendes et 
al, 2021).

When measuring the effectiveness 

Figure (3) XRD measurement of carbon
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of carbon in absorbing iodine from 
its aqueous solution, it gave an iodine 
number of (934.2).

1- Making a calibration curve and 
finding the wavelength of maximum 
absorption:

After measuring the dye absorption 
at concentrations (1x10-5 – 8x10-5 M), 
it was found that the dye obeys the 
Beer-Lambert law and obtained a high 
correlation coefficient:

Figure ( 4 ) Calibration curve for Brown HT dye

2- Effect of the amount of adsorbent:
After studying the effect of the 

amount of adsorbent, the following re-
sults were obtained:

Table (3) Effect of the amount of activated carbon on the adsorption efficiency 
at a temperature of (25c°) and a concentration of (7x10-5 M)

Efficiency
%

qe

(mg/g)
Ce

(mg / l )
Abs

C
(g)

Dye

38.653.53128.0230.5920.05

Brown HT
67.113.06515.0260.3460.10
83.992.5587.3120.2000.15
93.712.1402.8740.1160.20
99.491.8180.2320.0660.25
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The adsorption efficiency values ​​
showed that the preferred weight for 
activated carbon adsorption is (0.25 g), 
which means that increasing the amount 
of adsorbent leads to an increase in the 
number of sites eligible for adsorption, 
and this increase increases the efficien-
cy of the adsorbent in removing the dye 
from the aqueous solution (Zheng et al, 
2024). (0.15 g) of activated carbon was 

chosen to conduct subsequent studies 
within this study; because; large quan-
tities lead to complete removal, which 
makes the study difficult.

3- Determine the equilibrium time:
By measuring the absorbance at dif-

ferent times using (10 ml) of the dye 
solution and concentration (7×10-5 M) 
at a temperature of (25  ͦc), the results 
were obtained as shown in Table (4):

Table (4) 
Effect of reaction time on adsorption efficiency

Efficiency
%

qe

(mg/g)
Ce

(mg / l )
Abs

t
(min)

Dye

54.961.67420.5740.4515

Brown HT

72.082.19512.7540.30310

74.042.25511.8560.28620

76.702.33610.6410.26330

79.942.4359.1620.23540

82.602.5167.9460.21250

70.112.13513.6520.32060

69.772.12513.8110.32370

      We noticed from Table (4) that 
the equilibrium time was in minute 
(50), to be the time that will be adopted 
in subsequent studies, and the equilib-
rium time in adsorption reactions is the 
period of time that the adsorbent (solid 
or surface) takes to reach an equilibri-

um state with the adsorbent (molecules 
in the gas or liquid phase). This de-
pends largely on the stages of the mol-
ecules’ transfer from the solution to the 
adsorbent surface. The process is fast 
at the beginning due to the availability 
of a large number of empty sites on the 
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adsorbent surface (external diffusion), 
then the number of these sites begins to 
decrease, which creates a kind of com-
petition between the dye molecules for 
the available sites, so the speed of the 
molecules’ transfer decreases little by 
little until they reach the equilibrium 
state where the adsorption and separa-
tion rates are equal, and all of this pro-
cess is controlled by many factors, in-
cluding: the size of the molecules and 
their polarity, as well as the surface 
area of ​​the carbon and the nature of the 
surface in addition to the presence of 

effective functional groups and the de-
gree of freedom and movement (Ho Y. 
S. & McKay G., 1999).

4- Calculating thermodynamic func-
tions:

The value of (ΔH) was calculated 
by plotting a relationship between (ln 
K) versus (1/T) at different concentra-
tions; to give a straight line with a slope 
equal to (-∆H/R), where (R) represents 
the gas constant (8.314 J.mol-1.k-1) of 
the equation, while the values ​​of (ΔG  
ͦ) and (ΔS  ͦ) were calculated based on 
equations (8,9):

Figure ( 5 ) The relationship 
between lnK versus 1/T to calculate the values ​​of adsorption enthalpy
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It was noted from the results listed 
in Table (5) that the values ​​of the equi-
librium constant (K) increase with in-

creasing temperature and at a constant 
concentration, and that they decrease 
with increasing initial concentration, 

Table (5) Values ​​of equilibrium constants and thermodynamic functions 
at different concentrations and different temperatures

∆G ͦ
(kJ.mol-1)

∆S ͦ 
(J.mol-1.K-1)

∆H
(kJ.mol-1)

K T (K)
Conc.
(M)

Daye

-4.22298.146

24.044

5.832288

5×10-5

Brown

-4.60196.1246.405298
-5.25095.1107.771308
-6.40095.73611.252318
-7.98197.63718.667328
-4.22276.122

17.701

5.832288

6×10-5

-4.31773.8865.712298
-4.71772.7866.310308
-5.36672.5387.611318
-7.31876.27714.637328
-3.63564.122

14.832

4.564288

7×10-5

-4.17163.7685.385298
-4.59163.0626.006308
-5.36663.5167.611318
-6.10163.8209.367328
-3.46263.434

14.807

4.245288

8×10-5

-3.97563.0274.974298
-4.24061.8415.238308
-5.07562.5226.817318
-5.94363.2628.839328
-3.41362.080

14.466

4.160288

9×10-5

-3.85961.4934.748298
-4.08660.2344.932308
-4.96561.1046.541318
-5.82661.8668.468328
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and the adsorption capacity also in-
creases with increasing temperature, 
and that the positive sign of the adsorp-
tion heat values ​​(ΔH) indicates that the 
nature of the association is endother-
mic between the dye molecules and 
the surface of the activated carbon, and 
that the results show that the values ​​of 
(ΔH) are less than (40 kj.mol-1), which 
proves that the adsorption is physi-
cal (Guo & Wang, 2021) and that the 
positive values ​​of (ΔS ͦ) indicate an in�-
crease in the randomness of the studied 
system (Ortiz et al, 2023). This may 
be due to the nature of the dye used, 
which is sodium salts that ionize in 
the aqueous solution, releasing sodium 

ions that cause an increase in the ran-
domness of the system.

Negative values ​​of (ΔG ͦ) indicate 
that the adsorption process is sponta-
neous (Loutfi et al,3023), and that the 
spontaneity of the reaction increases 
with increasing temperature, due to the 
reaction being endothermic.

5-Application of adsorption iso-
therms:

First - Langmuir isotherm:
This model was applied to the ex-

perimental adsorption data by plotting 
a relationship between Ce/qe versus Ce, 
which gives a slope (1/Qmax) and an in-
tercept (1/bQmax) of Eq. (10), at differ-
ent temperatures (Mehr et al, 2019):

Figure ( 6 ) The relationship 
between Ce/qe versus Ce for the Langmuir isotherm
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From Table (6), we note that the cor-
relation coefficient is good, which in-
dicates the possibility of applying the 
model to the adsorption process. We 
also noted an increase in the value of the 
constant (b) and a decrease in the value 
of (Qmax) with increasing temperature, 
thus consistent with the absorbent na-
ture of adsorption (Latour, 2015).

Second: Freundlich isotherm: 
The Freundlich isotherm equation 

(Equation 11) was applied to the exper-
imental data at temperatures ranging 
between (288-328) absolute, and Fre-
undlich constants (KF,n) were calculat-
ed from the slope (1/n) and the intercept 
(log K) resulting from drawing the rela-
tionship between log qe versus log Ce:

Table (6) Values ​​of the Langmuir constants and correlation coefficients 
obtained from the Langmuir isotherm:

R
Qmax

(mg/g)
b

(L/mg)
T (K)

0.96936.4850.079288
0.99287.1830.078298
0.98865.6630.131308
0.97595.4290.196318
0.97934.4460.472328

Figure ( 7 ) The relationship 
between log Ce versus log qe for the Freundlich isotherm
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The increase in (KF) values ​​indicates 
an increase in the ability of carbon to 
be adsorbed with increasing tempera-
ture, and the values ​​of (n) between (1-
10) indicate that the adsorption is of 
the preferred type (Javed et al, 2024).

Third: Temkin isotherm:
Using the Temkin equation (Equation 

12), a relationship was drawn between 
(qe) versus (lnCe) at different tempera-
tures, where the value of (BT) was cal-
culated through the slope of the straight 
line with an intercept equal to (KT):

Table (7) Values ​​of Freundlich constants and correlation coefficients 
obtained when applying the Freundlich isotherm

RKFnT(K)

0.99861.0241.997288

0.99621.0121.930298

0.99791.1092.133308

0.99421.1282.102318

0.98341.3142.300328

Figure ( 8 ) The relationship 
between qe versus ln Ce for the Temken isotherm
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The values ​​of the correlation coeffi-
cient (R) in Table (8) indicate a good 
linear relationship at different tem-
peratures, indicating the possibility of 
applying the Temkin isotherm to such 
types of systems. Also, the increase in 
the values ​​of the constant (KT) with in-
creasing temperature is consistent with 
the positive sign of the heat content 
(Alale et al, 2025).

Conclusion:
This study aimed to prepare acti-

vated carbon from Iraqi sesame husks, 
an abundant agricultural waste from 
tahini factories, and evaluate its effi-
ciency in removing Brown HT dye 
from aqueous solutions. The activat-
ed carbon was synthesized by car-
bonizing the husks at (600±50  ͦc), 

followed by chemical activation using 
potassium hydroxide at a 1:1 ratio, and 
purification with hydrochloric acid. 
The prepared carbon was character-
ized using advanced techniques such 
as EDX, XRD, and BET, revealing a 
high carbon content of (90.32%) with 
minor impurities like oxygen and chlo-
rine. Additionally, the carbon exhibited 
a large surface area (493.43 m²/g) and 
small pore size (2.55 nm), enhancing 
its adsorption capacity.

The study demonstrated that the ac-
tivated carbon achieved high efficien-
cy in adsorbing Brown HT dye, with 
a removal rate of (99.49%) at an opti-
mal dose of 0.25 g and an equilibrium 
time of 50 minutes at a concentration 
of (7×10⁻⁵ M). Thermodynamic anal-
ysis indicated that the adsorption pro-

Table (8) Values ​​of the Temken constants 
and the correlation coefficients obtained when applying the Temken isotherm

R
KT

(l/mg)
BTT(K)

0.98330.54291.4768288

0.99480.55471.6046298

0.99050.07591.3559308

0.97660.63231.2809318

0.96371.52010.9824328
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cess was endothermic (positive ΔH  ͦ 
values), spontaneous (negative ΔG° 
values), and increased system random-
ness (positive ΔS  ͦ values).

The adsorption data were analyzed 
using various isotherm models, in-
cluding Langmuir, Freundlich, and 
Temkin. The results showed a strong 
fit with the Freundlich model, suggest-
ing heterogeneous surface adsorption 
with a physical nature. These find-
ings highlight the potential of sesame 
husk-derived activated carbon as an ef-
fective material for treating industrial 
dye-contaminated wastewater.

The study provides valuable in-
sights into sustainable waste-to-re-
source strategies and contributes to the 
development of eco-friendly solutions 
for water purification.

REFERENCES
Abbas, Jabbar Rahim. (2000). The 

effect of chocolate brown dye HT E155 
on some fertility parameters in male 
white rats. Master’s thesis, College of 
Education, Al-Qadisiyah University.

 Al-Hyali, E. A. S. (2013). Kinetic ‏
and equilibrium study of adsorption of 
di-azo dyes on commercial activated 
carbon. Pakistan Journal of Scientific 

& Industrial Research Series A: Physi-
cal Sciences, 56(2), 70-85.‏

Alale, E. M., Tulashie, S. K., Dodoo, 
D., Iddrisu, M., Baidoo, E. B., Addai, 
C. M., ... & Torgah, S. (2025). A com-
prehensive kinetics and thermodynam-
ics studies of oil extraction from West 
African avocado: Towards sustainable 
development. Industrial Crops and 
Products, 225, 120449.‏

Aleboyeh, A., Moussa, Y., & Ale-
boyeh, H. (2005). Kinetics of oxida-
tive decolourisation of Acid Orange 7 
in water by ultraviolet radiation in the 
presence of hydrogen peroxide. Sep-
aration and Purification Technology, 
‏.143-148 ,(2)43

Al-Hyali, E. A., Al-Khazraji, A. A., 
& Al-Taey, S. I. (2016). A Thermody-
namic and kinetic study for adsorption 
of a number of dyes from their aque-
ous solutions on a new kind of activat-
ed carbon prepared by pomegranate 
(Punica granatum) peels via chemical 
treatment. Int J Enhanc Res Sci [Inter-
net], 5(3), 82-116.‏

Ali Mohsin, A. H., Al-Niemi, H., & 
Mahmoud, M. (2022). Thermodynam-
ic study for the stability of aromatic 
complexes formation derived from the 
reaction of 4-dimethyl amino benzal-



316
Thermodynamic study of adsorption of Brown HT dye on the surface of activated carbon prepared 
from Iraqi sesame husks  ...................  Muslim Amin Hassan , Ammar Ahmed Hamdoon  ,  Ahmed Saeed Othman

dehyde with diazotized dinitro aniline 
reagents. Egyptian Journal of Chemis-
try, 65(2), 421-437.‏

Bicil, Z., & Dogan, M. (2021). 
Characterization of activated carbons 
prepared from almond shells and their 
hydrogen storage properties. Energy & 
Fuels, 35(12), 10227-10240.‏

Guo, X., & Wang, J. (2021). Mod-
eling of the fractal-like adsorption sys-
tems based on the diffusion limited 
aggregation model. Journal of Molec-
ular Liquids, 324, 114692.

Hanoody, M. H., Azeez, A. A., & 
AL-Hyali, D. E. (2024). Adsorption 
Study of A Number of Di-Azo Dyes 
On A Nano Activated Carbon; Pre-
pared From Stem of Eucalyptus Tree. 
.‏340-359.9 ,(5)

Heidarinejad, Z., Dehghani, M. 
H., Heidari, M., Javedan, G., Ali, I., 
& Sillanpää, M. (2020). Methods for 
preparation and activation of activat-
ed carbon: a review. Environmental 
Chemistry Letters, 18, 393-415.‏

Ho, Y. S., & McKay, G. (1999). 
Pseudo-second order model for sorp-
tion processes. Process biochemistry, 
‏.451-465 ,(5)34

İbraheem, S., Al-khazraji, A. 
A., & Al-hyali, E. A. A Statistical 

Study Comparing Experimental and 
Theoretical Yields of Activated Carbon 
Prepared from Pomegranate (Punica 
granatum) Peels via Chemical Treat-
ment. Journal of the Turkish Chemical 
Society Section A: Chemistry, 11(4), 
‏.1407-1416

Javed, T., Kausar, F., Zawar, M. D., 
Khalid, N., Thumma, A., Ismail, A., 
... & Haider, M. N. (2024). Investigat-
ing the adsorption potential of coconut 
coir as an economical adsorbent for de-
contamination of lanthanum ion from 
aqueous solution. Journal of Disper-
sion Science and Technology, 1-12.‏

Latour, R. A. (2015). The Langmuir 
isotherm: a commonly applied but 
misleading approach for the analysis of 
protein adsorption behavior. Journal of 
biomedical materials research part A, 
‏.949-958 ,(3)103

Liu, N., Wang, H., Weng, C. H., 
& Hwang, C. C. (2018). Adsorption 
characteristics of Direct Red 23 azo 
dye onto powdered tourmaline. Arabi-
an Journal of Chemistry, 11(8), 1281-
‏.1291

Loutfi, M., Mariouch, R., Mariouch, 
I., Belfaquir, M., & ElYoubi, M. S. 
(2023). Adsorption of methylene blue 
dye from aqueous solutions onto natu-



317 مجـلـــة الـدراســات التربــويــة والعلـمــيــة - كلــيــة التـربـــيـة - الجـامـعــة العــراقـيــة
العدد الخامس والعشـرون - المجلد الثالث عشر - علـوم الكيمياء - آب 2025 م

ral clay: Equilibrium and kinetic stud-
ies. Materials Today: Proceedings, 72, 
‏.3638-3643

Mehr, M. R., Fekri, M. H., Omidali, 
F., Eftekhari, N., & Akbari-Adergani, 
B. (2019). Removal of Chromium 
(VI) from Wastewater by Palm Kernel 
Shell-based on a Green Method. Jour-
nal of Chemical Health Risks, 9(1).‏

Mendes, B. C., Pedroti, L. G., Viei-
ra, C. M. F., Marvila, M., Azevedo, A. 
R., De Carvalho, J. M. F., & Ribeiro, J. 
C. L. (2021). Application of eco-friend-
ly alternative activators in alkali-acti-
vated materials: A review. Journal of 
Building Engineering, 35, 102010.‏

Mikolajczyk, A. P., Fortela, D. L. B., 
Berry, J. C., Chirdon, W. M., Hernan-
dez, R. A., Gang, D. D., & Zappi, M. E. 
(2024). Evaluating the suitability of lin-
ear and nonlinear regression approach-
es for the Langmuir adsorption model 
as applied toward biomass-based ad-
sorbents: Testing residuals and assess-
ing model validity. Langmuir, 40(39), 
‏.20428-20442

Ortiz-Oliveros, H. B., Ouerfelli, N., 
Cruz-Gonzalez, D., Avila-Pérez, P., 
Bulgariu, L., Flaifel, M. H., & Abou-
zeid, F. M. (2023). Modeling of the re-
lationship between the thermodynamic 

parameters ΔH° and ΔS° with tempera-
ture in the removal of Pb ions in aque-
ous medium: Case study. Chemical 
Physics Letters, 814, 140329.‏

Pandey, R., Wang, N., Sahu, B. B., 
Moharana, S., & Tiwari, S. K. (2023). 
Metal and Materials Engineering: His-
torical Prospect. In Nanoparticles Re-
inforced Metal Nanocomposites: Me-
chanical Performance and Durability 
(pp. 1-21). Singapore: Springer Nature 
Singapore.

Singh, M., Rayaz, M., & Arti, R. 
(2024). Isotherm and kinetic studies 
for sorption of Cr (VI) onto prosopis 
cineraria leaf powder: A comparison of 
linear and non‐linear regression anal-
ysis. Environmental Progress & Sus-
tainable Energy, 43(1), e14259.‏

Tunali Akar, S., Ozdemir, I., Say-
in, F., & Akar, T. (2021). Adsorption 
of diazo dye from aqueous solutions 
by magnetic montmorillonite compos-
ite. CLEAN–Soil, Air, Water, 49(2), 
‏.2000165

 Uddin, F. (2021). Environmental 
hazard in textile dyeing wastewater 
from local textile industry. Cellulose, 
‏.10715-10739 ,(17)28

Wibawa, P. J., Nur, M., Asy’ari, 
M., & Nur, H. (2020). SEM, XRD and 



318
Thermodynamic study of adsorption of Brown HT dye on the surface of activated carbon prepared 
from Iraqi sesame husks  ...................  Muslim Amin Hassan , Ammar Ahmed Hamdoon  ,  Ahmed Saeed Othman

FTIR analyses of both ultrasonic and 
heat generated activated carbon black 
microstructures. Heliyon, 6(3).‏

Yaffar, D., Brenner, J., Walker, A. P., 
Craig, M. E., Vaughan, E., Marín-Spi-
otta, E., ... & Mayes, M. A. (2025). The 
Freundlich isotherm equation best rep-
resents phosphate sorption across soil 
orders and land use types in tropical 
soils of Puerto Rico. Biogeochemistry, 
‏.1-15 ,(2)168

Zheng, X., Pan, C., Zheng, S., & 
Guo, Y. (2024). Functionalized mag-
netic chitosan-based adsorbent for effi-
cient tetracycline removal: deep inves-
tigation of adsorption behaviors and 
mechanisms. Separation and Purifica-
tion Technology, 335, 126212.‏


