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Abstract 
 

    This paper explores the sorption potential of red Iraqi kaolin (IRK) for methylene blue (MB) elimination by sorption process. Batch 

tests were examined the impact of agitation time, IRK dose, pH, shaking speed, and MB concentration. The results demonstrated that 

IRK effectively removes MB, achieving a maximum elimination efficiency of 91.976% within 0.05 g/100 mL, 120 min, 7, 200 rpm 

and 50 mg/L for IRK dosage, contact duration, pH, shaking speed, and concentration of MB, respectively. The kinetic analysis 

showed that the sorption mechanism was fitted a pseudo 2nd order, therefore chemisorption is the primary mechanism. Intra-particle 

diffusion investigation demonstrated that the sorption mechanism is influenced by many concurrent procedures, particularly surface 

complexation and ion exchange. In addition, the Freundlich isotherm model fits the experiment's measurement higher than the 

Langmuir model, showing the heterogeneous surface features of IRK and the maximum sorption capacity (qmax) equal to 587.08 

mg/g. The current investigation demonstrates the possibility of IRK as an effective and inexpensive sorbent for wastewater treatment 

applications, opening up opportunities for further research into sorbent regeneration and real-world wastewater situations. 
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1- Introduction 
 

   With global population growth, the number of industrial 

manufacturing companies is expanding, leading to an 

increase in wastewater discharge into natural water bodies 

without adequate treatment. Industrial wastewater is often 

rich in organic compounds and is typically highly colored. 

Specifically, dye effluents contain toxic substances that 

significantly alter waterbody characteristics [1]. 

Methylene blue (MB) used in textiles, paper, rubber, 

plastics, and leather, as well as a staining agent in 

diagnostic and surgical operations. However, exposure to 

MB can pose health risks, including allergic dermatitis, 

eye irritation, and potentially mutagenic and carcinogenic 

effects [2]. Filtration [3], flotation [4], sorption [1, 3 - 6], 

and photocatalysis [7, 8] are some of the processes used 

for eliminating dyes from industrial effluent. Among 

them, sorption with solid materials is advised because it is 

simple, inexpensive, and easy to use [9, 10]. Numerous 

studies have explored MB sorption using affordable 

sorbents such as peanut stick wood [11], spent grated 

coconut [12], black cumin seed [13], fly ash [14], tea [15], 

black tea powder [16], and Ginkgo biloba leaves [17].  

   Kaolin, a clay mineral primarily composed of kaolinite 

is found extensively within the geological layers of Iraq's 

Western and Southern deserts, particularly as Iraqi red 

kaolin clay (IRK). It is most prevalent in mudrock 

formations ranging from the Ordovician to Cretaceous 

periods. Significant lithostratigraphic units containing 

IRK deposits include the Ga'ara Formation, the 

Hussainiyat Formation, and the Amij Formation, as well 

as smaller reserves of flint clay discovered at the base of 

the Hussainiyat Formation in karsts [18].  

   IRK has a broad range of technological applications, 

particularly as a promising sorbent. Its appeal lies in its 

low cost, eco-friendliness, and abundant availability. IRK 

from various regions has been studied for its effectiveness 

in removing diverse dyes from aqueous solutions, 

including methylene blue [19, 20], methyl orange [21] , 

malachite green [22] , and crystal violet [23]. Even 

though activated carbon is extremely efficient for dyes 

sorption, its high regeneration costs make it more costly 

than clay-based sorbents [24]  The aim of this study is to 

investigate the sorption potential of red Iraqi kaolin (IRK) 

for the removal of methylene blue (MB) from aqueous 

solutions through the sorption process. Furthermore, 

evaluate the effectiveness of IRK as a sorbent for MB 

removal under various conditions and determine the 

optimal conditions for MB removal using IRK. 

 

2- Materials and method  

 

   The IRK used in this study was obtained from the State 

Organization of Geological Survey and Mining in 

http://ijcpe.uobaghdad.edu.iq/
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Baghdad as Iraqi red kaolin (IRK) pieces from the 

Hussainiyat formation.  

   The rocks were washed with distilled water (DW) and 

heated in an oven at 90°C subsequently broken and sieved 

to generate solid particles ranging from 300 to 1000 µm. 

Methylene blue (MB) was utilized as the sorption test 

contaminant to prepare 1000 mg/L, one gram of dye 

powder was dissolved in one liter of DW. 

 

2.1. Batch experiments 

 

   The sorption of MB by IRK was examined using batch 

studies under varied conditions. In these experiments, a 

specific quantity of IRK was added to 100 mL containing 

with 300 mg/L of MB and agitated with a shaker 

(Edmund Buhler SM25; Germany). For practical 

purposes, batch investigations have been conducted with 

different agitation intervals (0-180 min), pH levels (2-10), 

shaking speeds (0-350 rpm), and IRK doses (0.01-1.5 g 

per 100 mL). After the specified time duration, a fixed 

volume of 20 mL was extracted from each flask and 

centrifuged to separate the IRK from the solution. The 

MB concentration was determined with a UV-visible 

Model UV T80 at λmax = 665 nm.  

   The mass balance was utilized to compute the quantity 

of MB onto IRK, represented as 𝑞𝑒 (mg/g). [25]: 

 

𝑞𝑒 =
(𝐶𝑜 −𝐶𝑒 )𝑉

𝑚
                                                                       (1)                                                                        

    

   Where qe (mg/g) is the sorption capacity of MB per unit 

IRK dose, V (L) is the MB volume, Co (mg/L) is MB 

initial concentrations and Ce (mg/L) is the MB 

equilibrium concentrations, and m (g) is the IRK dosage. 

Eq. 2 calculated the removal efficiency.  

 

 𝑅% =
(𝐶𝑜 −𝐶𝑒 )

𝐶𝑜
× 100                                                            (2) 

 

2.2. Sorption isotherms 

 

   Sorption is often defined by isotherms, which indicate 

the equilibrium connection between the concentration of 

MB and the IRK particles at a certain temperature. This 

relationship is illustrated by a plot of the sorption capacity 

of MB per unit dose of IRK (qe) vs the MB equilibrium 

concentration (Ce). To compare various materials, the 

amount is commonly standardized by the mass of the IRK 

[26]. In general, larger concentrations result in more 

adsorbed material per unit weight of IRK, but this 

increase is not strictly proportionate. 

   Convex upward isotherms consider advantageous 

because allow for comparatively high solid loading at low 

fluid contents. Concave upward isotherms, on the other 

hand, are regarded undesirable because they result in low 

solid loading and can form a protracted mass transfer 

zone inside the bed. The linear isotherm crosses the 

origin, suggesting that the amount of sorbed on IRK is 

proportional to its MB concentration in the fluid phase. 

These curves illustrate that sorption is a specific property 

that depends on the characteristics of the MB- IRK 

system. In the presence of a highly favorable isotherm, 

irreversible sorption occurs, which means that the amount 

of solute adsorbed stays constant regardless of 

concentration, even at extremely low levels [27]. The 

present investigation used two isotherm models, which 

are as follows:   

1) Freundlich model: Primarily empirical and was 

eventually realized to reflect sorption on 

heterogeneous surfaces or ones with varied affinities. 

This model predicts that the most energetic sites are 

populated first, and that the site force decreases as 

additional sites are filled. The connection may be 

written as the following equation [28]. 

 

𝑞𝑒 = 𝐾𝐹𝐶𝑒

1
𝑁⁄
                N >1                                                 (3)                                                                 

    

   where KF (mg/g) (l/mg)1/N is the Freundlich coefficient 

and N is an Freundlich empirical coefficient indicative of 

the intensity of the sorption.  

2) Langmuir model: applies to single-layer sorption and 

assumes that maximal sorption occurs when a 

saturated monolayer of MB forms on the IRK 

surface. This model suggests that the sorption 

potential is constant and that no sorbate migrates 

inside the plane of the surface. [29]. 

   

 𝑞𝑒 =
𝑞𝑚𝑏𝐶𝑒

1+𝑏𝐶𝑒
                                                                          (4)                                                                              

    

   where (qm) is the maximum sorption capacity, and b is 

the Langmuir constant associated with the free energy. 

 

2.3. Sorption kinetic study  

 

   Kinetics describes the rate at which a MB is sorbed, 

which determines the IRK residence duration at the IRK-

MB interface. Understanding this kinetics is critical for 

determining the mechanics underlying the sorption 

process on diverse IRK. As a result, determining the 

amount of sorbate elimination from solutions is crucial for 

devising effective sorption treatment methods [30]. Two 

kinetic models were employed to examine the sorption 

mechanism and estimate the possible dominating phases: 

 

1) Pseudo 1st order kinetic model: this model can be 

quantified by [31]:   

 

(
dqt

dt
) = K1(qe − qt) = 𝜋𝑟2:                                                   (5) 

    

   Where K1 (min-1) is the rate constant of pseudo 1st 

order, and qt (mg/g) is the sorption quantity of MB sorbed 

at time t. Eq. 5 is integrated for the boundary conditions t 

= 0 to t = t and qt = 0 to qt = qe. If the theoretical intercept 

(qe) differs from the experimental intercept, the reaction 

cannot be first order, regardless of the coefficient of 

determination. The non-linear version of this model is 

given as follows:  

 

𝑞𝑡 = 𝑞𝑒(1 − e−𝑘1𝑡)                                                               (6) 
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2) Pseudo (2nd order kinetic) model: Can be expressed 

as the equation below [32]: 

 
dq

dt
= k2(qe − qt)2                                                                (7) 

 

   K2 (g.mg-1 min-1) is the rate constant for pseudo 2nd 

order. Consider t=0 to t=t and qt=0 to qt=qe. The non-

linear form of Eq.7 is obtained by rearranging the integral 

form of Eq.8 [29, 33]: 

 

𝑞𝑡 =
t

(
1

𝑘2𝑞𝑒
2+

𝑡

𝑞𝑒
)
                                                                      (8) 

 

3- Results and discussion 

 

3.1. Characterization of IRK 

 

   The chemical and physical characterization of IRK were 

assessed through various analyses, including the chemical 

composition (by mass%) of IRK, which were analyzed 

using TruboQuant-Pellets X-ray fluorescence (XRF) at 

the Iraqi-German Lab at the University of Baghdad. As 

shown in Table 1, IRK is predominantly composed of 

alumina (Al2O3) at 21.78%, silica (SiO2) at 46.47%, and 

ferric oxide (Fe2O3) at 15.01%. Additionally, several 

minor components such as MgO, CaO, Na2O, K2O, TiO2, 

ZrO2, and P2O5 were detected in both materials, which 

may enhance the refractive index of kaolin. 

   XRD is used to analyze the crystalline characteristics of 

IRK, detecting crystals and crystalline characterization 

[34]. Fig. 1 shows the XRD patterns, with most peak 

locations remaining stable, showing that the underlying 

crystal structure has been conserved  . 

   The surface appearance and microstructure of IRK were 

investigated using SEM. Fig. 1 demonstrates that IRK has 

a porous framework with a rough, uneven appearance and 

a range of block formations of varied sizes, despite its 

overall morphology being smooth with a few holes  [35 .]  

   The EDS test is used to identify the elemental 

composition of IRK, as seen in Fig. 1 EDS analysis 

compares the observed X-ray intensity ratios generated by 

the elements in the material sample to those of a reference 

sample. The distinctive X-rays generated by each element 

are proportional to its concentration, likelihood of X-ray 

creation or ionization, and electron path length. This data 

is then compared to standard values to determine the 

composition of kaolin. Fig. 1 depicts the EDS spectrum 

data, showing the major elemental distribution, which 

includes peaks for oxygen, carbon, silicon, iron, and 

aluminum, all of which indicate an aluminosilicate 

structure. 

 

Table 1. Oxide composition (%) for IRK determined by the XRF technique 
Component IRK (%) 

SiO2 46.47 
Al2O3 21.78 

Fe2O3 15.01 

MgO 1.263 

CaO 0.64 

Na2O 0.14 

 K2O 1.22 
TiO2 2.25 

ZrO2 0.13 

P2O5 0.12 
Loss on ignition (L.O.I) 10.72 

 

   Fig. 1 d shows the FTIR of IRK before and after MB 

sorption where at 1033 cm⁻¹ has shifted to 1031 cm⁻¹ due 

to the Si-O sorption MB while at 915 cm⁻¹ has also 

shifted to 912 cm⁻¹ because the Al-OH removes MB. The 

O-H stretching showed at 3694 cm-1, and vibration of 

coordinated water appear at 1640 cm-1. Moreover, a new 

band appeared at 1455 cm−1 due to the aromatic rings 

(C=C) of MB dye. The BET surface area and pore volume 

of IRK was obtained 71.49 (m²/g) and 0.06 cm3/g. This 

measurement indicates that the IRK has a high surface 

area compared to other clays such as Indian kaolin 13.69 

m²/g, and Algerian kaolin 21.27 m²/g [36]. 

 

3.2. Operational conditions influence on sorption process   

 

3.2.1. Agitation time  

 

   In batch studies, choosing an optimum contact time is 

critical to obtaining equilibrium concentrations. Fig. 2 

shows how elimination efficiency changes with time 

duration at 0.05 g/100 mL of IRK dosage at 25ºC. The 

concentration of MB is 300 mg/L, the pH is 7, and the 

shaking speed is 200 rpm. The figures show a 

considerable increase in the proportion of pollutants 

removed as contact length rises. The sorption rate is 

initially high but progressively decreases with time, 

suggesting that the sorption sites on the sorbent surface 

have been saturated. After 120 min, almost 75.63% of the 

MB had been effectively removed. Beyond this time, the 

residual concentrations of these chemical species 

remained very constant, with only small fluctuations 

recorded close to 180 min.  

   The existence of several sites on the surface of IRK can 

explain the initial high rate of sorption, but the rate of 

reduction over time is most likely owing to MB's greater 

occupancy of these active sites. For instance, Luckham 

and Rossi (2024) found the removal efficiency occurs at 

60 min, with equilibrium being reached shortly [37]. 

Research [38, 39] has shown kaolin can achieve higher 

adsorption capacities at shorter contact times for effective 

dye removal. Thus, a contact period of 120 min is judged 

adequate for future sorption tests since it approaches 

equilibrium. 
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Fig. 1. XRD diffraction pattern (a), SEM (b), and EDS (c) FTIR (d) for IRK 

 

 
Fig. 2. Contact time effect on the elimination efficiency for MB on IRK (Dosage of IRK =0.05 g/100 mL, Co=300 

mg/L, pH=7, 200 rpm) 

 

3.2.2. IRK dosage  

 

   The impact of IRK dosage on sorption MB was 

investigated by testing various quantities of IRK (0.01 to 

0.1 g). Each dose was continuously mixed with the MB 

solution (100 mL) under controlled parameters: 

temperature of 25ºC, concentration equal to 300 mg/L, pH 

of 5, shaking rate of 200 rpm, and time of agitation of 120 

min. Fig. 3 demonstrates that the effectiveness of MB 

removal rises with greater dosages of IRK. This predicted 

tendency reflects the widely held belief that a higher 

volume of sorbent results in more potential active sites for 

sorption in solution. Kannan et al. (2001) noted that as the 

adsorbent dosage increased, the overall surface area 

available for adsorption also increased, leading to 

enhanced dye uptake [40]. 
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3.2.3. Initial pH of MB 

 

   The influence of pH on the MB sorption onto IRK was 

examined at room temperature by different levels of pH 

of the. Fig. 4 demonstrates that elimination effectiveness 

improves as pH increases (2.0 to 10.0) at 300 mg/L ,120 

min ,200 rpm for MB concentration, agitation time, and 

shaking rate, respectively. Higher pH levels were linked 

to higher MB sorption efficacy by IRK. This increase can 

be attributed to the electrostatic force between surface of 

IRK and MB, with maximal elimination occurring at pH 7 

[41]. The point of zero charge for IRKC was determined 

to be 7 [36]; below this pH, the surface is positively 

charged and that leading to electrostatic repulsion with the 

cationic MB. On the other hand, the above that value, the 

surface is negative charges and resulting in strong 

electrostatic attraction.  

 

3.2.4. Shaking speed 

 

   The influence of shaking speed on MB elimination 

effectiveness was examined by altering the agitation rate 

between 0 and 300 rpm while keeping all other 

parameters at the optimal values found in previous 

studies. Fig. 5 shows that with modest shaking, the 

elimination efficiency was around 34.75%, with 

increasing agitation rates resulting in a noticeable increase 

in MB removal. As the agitation rate was increased with 

the range 0 to 300 rpm, the elimination efficiency rose 

significantly, reaching around 80.8%. These findings 

suggest that greater agitation speeds promote the 

migration of MB to the surface of IRK. This increased 

diffusion results in improved sorption between the MB 

and surface of IRK, allowing for the efficient transfer of 

the MB to the IRK [42, 43]. 

 

 
Fig. 3. The IRK dosage affects the effectiveness with which MB is removed from IRK (t=120 min, Co=300 mg/L, pH= 

7, 200 rpm) 

 

 
Fig. 4. Initial pH of MB effect on the elimination efficiency of MB (Dosage of IRK = 0.05 g/100 mL, t=120 min, 200 

rpm, Co=300 mg/L) 
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Fig. 5. Impact of shaking speed on the MB elimination percent (Dosage of IRK = 0.05 g/100 mL, t=120 min, Co=300 

mg/L, pH=7) 

 

3.2.5. MB initial concentration  

 

   Additional tests were examined to examine how 

different initial concentrations (Co) of MB impact 

sorption efficacy. These tests used Co levels (50 to 500 

mg/L) with IRK dosage (0.05 g /100 mL) and shake for 

120 min at shaking speed equal to 200 rpm, with an initial 

pH of 7. Fig. 6 shows how MB's elimination efficiencies 

changed with Co at equilibrium. The results showed that 

elimination efficiencies were greater at lower Co levels, 

but decreased as Co increased, particularly more than 300 

mg/L. This advancement can be related to the saturation 

of the IRK's MB-interacting sites. Furthermore, the results 

show a quick rise in the amount of MB adsorbed. Gupta et 

al. (2018) have been observed similar findings, where 

increased Co resulted in decreased elimination 

efficiencies due to the limited availability of active sites 

on the IRK [44]. 

 

 
Fig. 6. Impact of MB concentration on elimination efficiency of MB (Dosage of IRK = 0.05 g/100 mL, t=120 min, pH= 

7, 200 rpm) 

 

3.3. Sorption kinetics 

 

   Sorption kinetics explains the rate at which MB is 

sorbed by sorbent particles, which analyses the time 

necessary to achieve equilibrium. Modeling the sorption 

kinetics allows us to determine the mechanisms that 

impact the transit of MB from the solution to the IRK. 

This simulation demonstrates that the sorption process is 

driven by reactions that occur on the surface of IRK. 

Designing successful treatment methods requires 

accurately calculating the sorption capacity of MB from 

the liquid phase [43, 45]. 

Fig. 7 displays the kinetic models fitted to the data 

collected through experiments for   MB   sorption  on   the  

surface. The solid line denotes the pseudo 1st order model, 

whereas the dotted line represents the pseudo 2nd order 

model. Table 2 lists the constants for these models, which 

were created using a fitting technique using Excel 2016's 

nonlinear regression "solver" function. The pseudo 2nd 

order model best fits the sorption process kinetics, with 

the greatest R² value and closest agreement between 

predicted and observed qe values. This demonstrates that 

chemisorption is the primary mechanism at work, with 

valence forces driving the rate-limiting step of the 
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sorption mechanism by electron transfer or exchange 

between the sites of IRK and the MB [45]. 

   Kinetic models alone cannot explain the mechanisms 

behind sorption processes. It is critical to integrate the 

intra-particle diffusion concept presented by Weber and 

Morris in 1962. This empirical model expresses the link 

between the quantity of adsorbed adsorbate and the square 

root of time (t0.5), rather than time itself (t). The formula 

for this model is as follows: 

 

 𝑞𝑡 = 𝑘𝑖𝑛𝑡𝑡0.5 + 𝐶                                                                 (9) 

   

   where, kint is the rate constant for sorption in this model 

(mg/g min0.5), and C is the intercept value that refers to 

the thickness of the boundary layer. 

   Fig. 7 shows a straight-line association between qt 

values and square root of time (t^0.5) for tested 

pollutants, with reasonably high R² values. However, 

these straight-line plots do not meet at the origin, showing 

that, while intra-particle diffusion plays a role in the 

sorption mechanism, it is not the rate-controlling step. 

Furthermore, the intra-particle diffusion plots show multi-

linearity, indicating that MB sorption is controlled by two 

or more simultaneous processes [46]. The results indicate 

that surface complexation and ion exchange are the 

principal sorption processes, and that both the pseudo 2nd 

order and intra-particle diffusion kinetic models are valid. 

 

 
Fig. 7. Kinetic (a), Intra-particle diffusion (b), and isotherm models (c) compared with experiment results for a sorption 

of MB onto IRK 
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Table 2. Parameters of the kinetic models, intra-particle diffusion, and isotherm models for MB sorption onto IRK 

Model Parameter Value 

Freundlich 

Kf  (mg/g) (L/mg)1/n 249.0363244 

n 5.451142424 

R2 0.952816758 

Langmuir 

qmax (mg/g) 587.082646 

b (L/mg) 0.24347337 

R2 0.94183691 

Pseudo 1st  order 

qe (mg/g) 486.8929624 

k1 (1/min) 0.116223968 

R2, SSE 0.940276891, 14972.82488 

Pseudo 2nd order 

qe (mg/g) 520.6802537 

k2 (g/mg min) 0.000352726 

R2, SSE  0.98041607, 4733.99041 

Intra-particle diffusion 

Portion 1 

kint (mg/g min0.5), C 75.788, 54.434 

R2 0.8954 

Portion 2 

kint (mg/g min0.5), C 19.957, 314.03 

R2 0.9924 

Portion 3 

kint (mg/g min0.5), C 2.0065, 486.8 

R2 0.9527 

 

3.4. Sorption isotherm models  

 

     The sorption isotherm displays the equilibrium 

distribution of MB through both liquid and solid phases 

throughout the sorption mechanism, as well as the 

maximum sorbent capacity and affinity. In this study, the 

Langmuir and Freundlich models were employed to fit the 

experimental data obtained from the synthesized sorbent, 

IRK. Throughout the experiments, mixing speed and 

duration were critical components of the preparation 

process. The sorption values were examined utilizing 

nonlinear regression by using the "solver" option in Excel 

2016. The parameters for these models are listed in Table 

2 The Freundlich model outperforms the Langmuir model 

in terms of R² and SSE. 

 

4- Conclusions 

 

   This work evaluated the sorption properties of IRK for 

the elimination of MB from wastewater, indicating its 

substantial potential as an efficient sorbent, with up to 

91.976% elimination efficiency achieved in 120 min. 

Operational characteristics such as sorbent dose, time, pH, 

shaking speed, and starting contaminant concentration all 

had an effect on elimination efficiency, with longer 

contact times and higher dosages improving elimination 

rates. Kinetic investigations revealed that the pseudo 2nd 

order model best describes the sorption process, implying 

that chemisorption is the dominant mechanism. Intra-

particle diffusion study revealed the presence of many 

processes, the most important of which were surface 

complexation and ion exchange. Furthermore, the 

Freundlich model better reflected the sorption isotherm 

data than the Langmuir model, demonstrating the 

heterogeneity of the IRK surface. Overall, the work 

established IRK as a cost-effective sorbent for wastewater 

treatment, offering useful insights for building efficient 

sorption-based procedures. Future research will focus on 

enhancing sorbent regeneration and measuring 

performance in real-world wastewater settings. 
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 لمائيةيل اطين الكاؤولين الاحمر العارقي لامتزاز صبغة ازرق المثلين من المحال استخدام

 
 * ،١محمد بهجت عبد الكريم  ،٢، ١ بتول ماجد سعيد

 
 الهندسة البيئية، بغداد، العراق قسم ،كلية الهندسة ،جامعة بغداد ١

 الهندسة البيئية، بغداد، العراق قسم ،كلية الهندسة ،الجامعة المستنصرية ٢

 
  الخلاصة

 
( MBثيلين )( لصبغة ازرق الميIRKالكاؤولين الأحمر العراقي )طين  ازيستكشف هذا البحث إمكانية امتز   

ة خلط و كميقت المن خلال تقنية الامتزاز. تم استخدام اختبارالدفعات لايجاد مدى تاثير بعض المتغيرات مثل و

يل يز IRK. أظهرت النتائج أن MBو الدالة الهيدروجينية وسرعة الخلط وتركيز صبغة  IRKالمادة المازة 

MB  ام من غر 0.05دقيقة باستخدام  120٪ في غضون 91.976بشكل فعال، محققاً أقصى كفاءة إزالة تبلغ

مليغرام / لتر  50دورة في الدقيقة بتركيز  200و سرعة خلط  7مل ، عند رقم هيدروجيني  100المادة المازة / 

يكانيكية ( هو من مثل مorder nd2 pseudoمن الصبغة الملوثة. وجد التحليل الحركي للبيانات أن نوذج )

حقيق ة. أظهر تلازالاالامتزاز، وبالتالي فإن الامتزاز الكيميائي هو الآلية الأساسية التي تم من خلالها عملية 

Intra-particle diffusion عقيدات تزاز تتأثر بالعديد من الإجراءات المتزامنة، وخاصة تكوين التأن آلية الام

ياسات التجريبية ايزوثيرم يناسب مع الق Freundlichالسطحية وتبادل الأيونات. بالإضافة إلى ذلك، فإن نموذج 

 اقصى سعة مع IRK، مما يظُهر السمات السطحية غير المتجانسة لـ Langmuirبشكل أعلى من نموذج 

فعال  كممتز IRKمليغرام/غرام. يوضح البحث الحالي إمكانية استخدام  587.08تساوي  (qmax) امتزازية

تخدام مازة و اسدة الوغير مكلف لتطبيقات معالجة المياه، مما يفتح فرصًا لمزيد من البحث في اعادة استخدام الما

 .الحالة الحقيقية لمياه الصرف الصحي في العالم

 
 .متصاصايزوثيرم الا ،النموذج الحركي ،معالجة المياه ،الامتزاز ،الكاؤولين العراقي ،صبغة ازرق المثلينة: لمات الدلالك

 

 

 

 

 


