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Abstract 

     The study evaluates the potential of powdered olive kernels as a natural adsorbent 

for extracting basic violet 10 dye from contaminated water using adsorption methods. 

The adsorbent material was characterized using Fourier transform infrared 

spectroscopy (FTIR) and atomic force microscopy (AFM). The impact of various 

operating variables namely, dosage of olive kernels powder, adsorption period, 

starting BV10 dye concentration, temperature and pH were investigated. The 

experimental data obtained from the equilibrium adsorption studies fitted better with 

the Freundlich adsorption isotherm model compared to the Langmuir isotherm model. 

Kinetics analysis for adsorption process revealed that the pseudo-second-order model 

(PSOM) was more appropriate to describe the sorption process constructed to pseudo-

first-order (PFOM). Thermodynamics data for the adsorption of BV10 dye onto 

kernels powder surface display that this process is spontaneous and exothermic in 

nature. 
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على مسحوق نوى الزيتون كمادة مازة في المحاليل  10دراسة امتزاز الصبغة القاعدية البنفسجية 
 المائية 

 
 *محمد ، رواء عباس المعمار دنيا عيدان

 قسم الكيمياء، كلية العلوم، جامعة بغداد، بغداد، العراق
 الخلاصة 

  10تقيم الدراسة امكانية مسحوق نوى الزيتون كمادة مازة طبيعية لاستخراج الصبغة القاعدية البنفسجية       
الحمراء   تحت  الاشعة  باستخدام طيف  المازة  المادة  تشخيص  تم  الامتزاز.  طرق  باستخدام  الملوث  الماء  من 

 (FTIR ( ومجهر القوة الذرية )AFM  تم دراسة تأثير المتغيرات التشغيلية المختلفة وهي، جرعة مسحوق نوى .)
التجريبية  نتائج  ال.  ، درجة الحرارة والاس الهيدروجيني BV10، التركيز الابتدائي لصبغة  الامتزاز الزيتون، فترة  

  المتوازنة متوافقة بشكل افضل مع انموذج متساوي درجة حرارة التي تم الحصول عليها من دراسات الامتزاز  
 .مقارنة بانموذج متساوي درجة حرارة الامتزاز لنكمايرالامتزاز فرندلش 

اكثر ملائمة لوصف عملية   (PSOM)حركيات عملية الامتزاز يكشف ان إنموذج المرتبة الثانية الكاذبة تحليل 
. المعلمات الثرمودينامكية لعملية امتزاز الصبغة  (PFOM)الامتزاز بالمقارنة مع إنموذج المرتبة الاولى الكاذبة  

 على سطح مسحوق نوى الزيتون يوضح ان العملية تلقائية وباعثة للحرارة بطبيعتها.   10القاعدية البنفسجية 
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1. Introduction 

     Dyes are a major type of organic pollutants that contaminate water. They are widely used 

in industries such as textiles, plastics, paper, leather, and food processing [1]. The presence of 

low concentration of these compounds causes color interferes with a penetration of the sunlight 

into water and prevents photosynthesis [2, 3]. These substances are also carcinogenic for 

humans and cause bladder, liver, intestine and a skin cancer in human. Therefore, it is important 

to reduce the dye concentration in wastewater [4]. A treatment of dye effluents containing a 

toxic dyes represent a main technological challenge. Different methods are possible to 

discolorations such as ion-exchange, chemical precipitation, degradation and electrochemical 

destruction [5]. Adsorption has been considered as efficient, simple design and economically 

cheap process for removing the dye effluent from wastewater [6, 7]. Materials with high 

chemical stability, large surface area, and porous characteristics were preferentially selected as 

dye adsorbents due to these properties being conducive for effective adsorption [2]. Most 

investigation, has attracted a great interest in the using of a low-cost materials as adsorbents 

for treatments the wastewater [8], such as bagasse pith [9], periwinkle shell [10], coconut husk, 

sewage, wheat straw, perlite and agricultural waste [11]. These wastes materials have been 

applied as a cheap alternatives adsorbents for removal the color pollutants from wastewater 

[12, 13]. Olive oil wastes were used to remove heavy metal from aqueous medium [14, 15], 

also olive pomace was applied as alternative adsorbent for removal of disperse dyes [16], and 

nickel ions from water [17]. Recent investigations focused on the adsorption of BV10 dye onto 

biochar from olive biomass waste [18], modified olive stone activated carbon  [18] and 

activated carbon derived from oil palm empty fruit bunches [19]. 

Basic violet 10 (BV10) is a xanthene-class dye that dissolves readily in water. It finds 

widespread application in coloring textiles, leather goods, printed paper, and various food 

products. This dye causes irritation to the skin, eyes and it have chronic toxicity and 

carcinogenic properties to humans and animals [20].  

     The purpose of this study is to investigate the adsorption potential of the olive kernels for 

uptake of BV10 dye from aqueous phase. Operational variables, isothermal, kinetics and 

thermodynamic studies controlling the sorption process were investigated. 

 

2. Material and Methods 

2.1. Adsorbent 

     Olive kernels (OK), which were used as the biosorbent, were collected and washed multiple 

times with warm distilled water to remove any soluble components. The washed olive kernels 

were then oven-dried at a temperature of 75°C for a duration of 48 hours. Then, the dried 

kernels are ground to a fine powder using mortar and pestle and finally dried at 100 oC. The 

dried powder was stored in a desiccator until it was used for the experiments. 

 

2.2. Adsorbate 

     Basic violet 10 BV dye C28H31ClN2O3 supplied from Fluka, its molar mass 479.02 g.mol-1 

and its IUPAC name [9-(2-carboxy phenyl)-6-diethyl amino 3 xanthenlidene]-diethyl 

ammonium chloride, C.I number 45170, solubility in water 15 gL-1 (20 oC), λmax = 554 nm. 

Figure 1 shows the chemical structure for BV10 dye [21] . 
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Figure 1: The Chemical structure for BV10 dye. 

 

     Double distilled water was used to prepare a stock solution of 1000 mg/L of BV10 dye by 

dissolving one gram of the pure dye in 1000 ml of double distilled water. The prepared solution 

was then used for further experiments by diluting it to the desired concentrations as required.  

 

2.3. Characterization of the adsorbent 

2.3.1. FT-IR analysis 

     This technique used to characterize the kernels olive as biosorbent and to identify the main 

functional groups that participate in the bonding between the dye species and adsorbent surface 

after adsorption. FTIR spectra were recorded using Shimadzu 3600-Japan over a wavelength 

range between 400 to 4000 cm-1. 

 

2.3.2.  Atomic force microscopy (AFM) 

     AFM produces three-dimensional representations of surface topography at the granular 

level. Additionally, it offers precise measurements of a material's grain size [22]. AFM 

measurements performed using atomic force microscopy type (Naio AFM-2022 Switzerland). 

 

2.4. Adsorption experiments 

     The adsorption experiments were conducted using a batch method. In this process, an 

accurately weighed amount of olive kernel was added to 25 ml of BV10 dye solution with a 

known concentration and pH. The mixture is stirred at 150 rpm for a choose adsorption period 

at constant temperature, then the supernatant was centrifuged for 5 min. The residual BV10 

dye concentration was estimated by UV-Vis spectrophotometer type Shimadzu UV-1800 Japan 

at λmax = 554 nm.   

 

     The following equations were used to determine the removal percentage R% for the dye and 

quantity of adsorbed dye qe (mg/g) [23]: 

𝑅% =  [
𝐶𝑖 − 𝐶𝑒

𝐶𝑖
 ]  . 100                                            − − − − − − − −(1) 

q𝑒 =  
C𝑖 − 𝐶𝑒

W
 (V)                                       − − − − − − − − − −(2) 

     Where Ci and Ce are the concentrations (mg/L) of the BV10 dye initially and at equilibrium, 

V is the volume of BV10 dye (L) and W is the mass of the olive kernel in (g).  
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     The impact of several adsorption variables on the performance of the olive kernel powder 

as a biosorbent was investigated. These variables included: amount of olive kernels powder, 

adsorption period, initial BV10 concentration, temperature and pH. 

     The kinetics study were carried out using 0.2g as adsorbent dosage per 50ml from 15 mg/L 

BV10 dye concentration at pH equals to 7 and at 298K. 5ml were drawn from of the supernatant 

each 5, 10,20,30,40 min for the dye till reaching the equilibrium time. To separate liquid and 

solid phase, the suspension solutions were centrifuged for 5 minutes at 150 rpm. A clear 

supernatant was analyzed using UV-Vis spectrophotometer at λmax 554 nm. 

2.5. Adsorption isotherms 

     Two adsorption isotherms models were employed to describe the adsorption equilibrium 

data namely Langmuir and Freundlich adsorption isotherm, these models respectively written 

as the following equation [24]: 
𝐶𝑒

𝑞𝑒
=

1

𝐾𝐿 𝑄𝑚
+  

𝐶𝑒

𝑄𝑚
                         − − − − − − − − − −(3) 

ln 𝑞𝑒 = ln 𝑘𝑓𝑟 +  
1

𝑛𝑓
ln 𝐶𝑒 − − − − − − − − − − − −(4) 

     Where Qm is the maximum mono layer coverage (mg/g), KL is signifying Langmuir 

isotherm constant (L/mg), kfr is a Freundlich isotherm constant (mg/g) (L/mg)-1/n and nf is the 

intensity of adsorption. 

The efficiency of adsorption was measured by separation factor Rs [24] : 

𝑅𝑠 =  
1

(1 +  𝐾𝐿𝐶𝑖)
                        − − − − − − − − − −(5) 

         Where Ci is the initial concentration mg.L-1. The Rs values refer to the type of the 

adsorption: undesirable (Rs > 1), linear (Rs = 1), or irreversible (Rs = 0). 

2.6. Adsorption kinetics 

     To describe the kinetics of BV10 adsorption on the kernels Olive powder, two kinetics 

models are applied pseudo-first-order (PFOM) and pseudo second order (PSOM). These 

models are respectively written based on the following equations [8, 25]: 

 

ln(𝑞𝑒 − 𝑞𝑡) = ln 𝑞𝑒 − 𝑘1𝑡                  − − − − − − − −(6) 
𝑡

𝑞𝑡
=  

1

𝑘2𝑞𝑒
2

+  
𝑡

𝑞𝑒
                       − − − − − − − − − (7) 

Where k1 (min-1) and k2 (g/mg.min), are PFOM rate constant and PSOM rate constant and qt 

(mg. g-1) is the amount of adsorbate at time t. 

2.7. Thermodynamics study 

     To comprehend the spontaneous nature and ease of basic violet 10 dye adsorption onto 

powdered olive kernels (OK), it's necessary to analyze the thermodynamic parameters of the 

process. These parameters were tested at temperatures (293, 303, 313, and 323) K. The values 

of ΔHo, ΔSo, and ΔGo were estimated by the following equations [26-28]: 

ln 𝐾𝑒𝑞 =  
∆𝑆𝑜

𝑅
−  

∆𝐻𝑜

𝑅𝑇
             − − − − − − − − − (8) 

And  

𝐾𝑒𝑞 =  
𝑞𝑒

𝐶𝑒
                          − − − − − − − − − (9) 

     Where R is the gas constant, T (K) is temperature. The values of ΔHo and ΔSo may be 

calculated from the slope and intercept of the Vant’s-Hoff plot of lnKeq vs. 1/T. 

The values of ΔGo were calculated by the following equation: 

 

∆𝐺𝑜 =  −𝑅𝑇𝑙𝑛𝐾𝑒𝑞                             − − − − − −(10) 
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3. Results and discussion: 

3.1. Adsorbents characterization 

3.1.1. Analysis of functional groups 

     FTIR spectra of olive kernels powder before after adsorption are shown in Figures (2 a, b). 

The material exhibited a broad absorption band from 3425.34 to 3382.91 cm-1, which is 

attributed to the O-H stretching vibration of alcohols and phenols as well as the N-H stretching 

vibration of amines [29], the absorption band at 2923.36 cm-1 and 2856.38 cm-1 refer to O-H 

carboxylic acid supported by C=O at 1652.88 cm-1, and C-O at 1049.20 and 1031.85 cm-1. The 

band at 1741.60 cm-1 relating to C=O of ester [30] bands at 1267.14 cm-1 and 1249.79 cm-1 

corresponds to C-OH stretching. The FTIR analysis of the olive kernel powder before and after 

the adsorption of the dye, as shown in Figure 2b, revealed a shift in the band from 3425.34-

3382.91 cm-1 to 3452.34-3369.41 cm-1 [31]. New peaks appeared at 819.69 cm-1 which related 

to aromatic vibrations and the bands at 1334.65-1323.08 cm-1 were linked to the stretching 

vibration of the C-N bond. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: FTIR spectra for olive kernel powder, a- before adsorption, b- after adsorption. 

 

3.1.2. Atomic force microscopy 

     This technique provides an information about the particles volume, average grains diameter 

and 3D pictures. Figures (3 a, b) point to a typical surface and the granularity cumulating 

distribution for the OK powder. The analyses revealed that the average observed diameter of 

the particles was 27.17 nm, while the average calculated volume was approximately 6.983 nm3.  
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Figure 3: a-3D AFM image, b-Average mean diameter of OK sample. 

 

3.2. Adsorption of BV10 dye onto olive kernels: 

3.2.1. Spectrophotometric determined of BV10 dye 

     The absorption spectra of BV10 dye, Figure (4) were recorded using UV-Visible 

spectrophotometer at a wavelength 554 nm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: UV-Visible absorption spectrum of 10 mg/L BV10 dye. 

 

3.2.2. Optimal operation variables for the adsorption of BV10 dye onto OK powder 

3.2.2.1. Impact of OK powder dosage 

     The impact of OK powder dosage on the removal percentage of BV10 dye is established 

using various amounts of OK powder in the range (0.02 to 0.2 g) and 25 ml of 5mg/L dye 

solution at 298K, pH equals to 7, shaking speed 150 rpm and for one hour as adsorption time. 

The obtained results are shown in Figure (5). It is obvious from this Figure that the adsorption 

percentage increase from 37.8% to 73.5% with the increase of OK dosage from 0.02 to 0.1g, 

while between 0.1-0.2g OK dosage there is no obvious increase in the value of R%. The 

observed increase is attributed to the greater availability of adsorption sites on the surface of 

the olive kernel powder as the amount of adsorbent material is increased. Further increasing in 

the adsorbent amount did not show any increase in the removal percentage. This due to 

overlapping occurrence between the active sites at high amount of adsorbent [32]. 

Wavelength (nm) 
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Figure 5: Impact of olive kernels powder dosage on the adsorption process. 

 

3.2.2.2. Impact of adsorption period 

     The impact of adsorption period on the removal percentage of 5mg/L BV10 dye using OK 

powder as adsorbent is accomplished at a range of time 1-90 minutes, OK dosage 0.1g at 298K 

and pH 7. As evident from Figure 6, the removal percentage of the dye increased with 

increasing contact time between the olive kernel powder and the dye solution. The adsorption 

process reached equilibrium within 60 minutes, at which point the dye removal percentage 

reached 72.2%. After this equilibrium point, the removal rate remained almost constant. This 

may be attributed to availability of empty adsorption sites on the OK powder surfaces [33], and 

after one hour the vacant surfaces sites become saturated so the percentage of removal remains 

unchanged [34]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Impact of adsorption period on the adsorption of BV10 dye onto OK powder. 

 

3.2.2.3. Impact of starting BV10 dye concentration 

     The effect of the initial BV10 dye concentration on the adsorption process was examined 

under the following conditions: dye concentrations were varied from 2-30 mg/L, olive kernel 

dosage was 0.1g, adsorption time was fixed at 1 hour, temperature was maintained at 293K and 

pH was set at 7. Under these parameters, the impact of changing the starting dye concentration 

was evaluated. It is evident from the Figure (7a), that when the starting BV10 concentration 
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increased from 2 to 30 mg/L the R% values change from 75% to 39.5%, this may be accounted 

to that: at low BV10 concentration, sufficient available active sites on OK surfaces are 

available, while increasing BV10 dye concentration leads to more occupation of the active 

sites, which making the sorption process limited. However, the actual amount of the adsorbed 

dye qe is increased with increases BV10 dye concentration as shown in Figure (7b). This may 

be related to that at low starting BV10 dye concentration the ratio of number of available sites 

per unit dye concentration was small and adsorption become independent of the starting 

concentration, may be attributed to increased competition for the binding sites. While when the 

concentration of BV10 increases large number of the dye molecular were available per unit 

mass, appropriate the binding sites should be gradually filled up that leads to rising qe values 

[35]. 

 

 

  

  

 

 

 

 

 

 

 

  

  

Figure 7:- Impact of starting BV10 dye concentration as a function of a-Removal percentage, 

b-The amount of BV10 adsorbed. 

 

3.2.2.4. Impact of temperature 

     The effect of temperature on the removal percentage has been estimated at temperature 

range from 288 to 323K, BV10 concentration 5mg/L, keeping other operational conditions 

constant. The obtained results are represented in Figure (8). These results showed that values 

of R% decreased from 76% at 288 to 61.3% at 323K this may be reflected to the exothermic 

nature of the adsorption process [36]. 

 

  

 

  

 

 

 

 

 

 

 

 

 

 

Figure 8:- Impact of temperature on the removal percentage for the adsorption of BV10 dye 

onto OK powder. 
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3.2.2.5. Impact of pH 

     The impact of pH on the BV10 removal using OK powder is tested in the pH range of 2.1 

to 9 for 5mg/L dye concentration at 298K, with keeping other conditions constant. It is evident 

from Figure (9) that the percentage of removal for this dye increases from 40% at pH 2.1 to 

67% at pH 9. It is found that the pH of the dye solution was 6.9. The pH of the solution 

influences both the electrical charge on the adsorbent surface and the ionic state of the dye 

molecules or other adsorbate. At low pH values BV10 dye as a cationic dye will compete with 

H+ ions for adsorption sites of the OK surface that leads to decrease the R% values [37]. 

Conversely, at higher pH values, the adsorbents are negatively charged, so there is attractive 

force between the adsorbent and the dye that caused to improvement the adsorption process.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: -Impact of solution pH on the removal efficiency of BV10 dye using OK powder. 

 

3.3. Adsorption isotherms 

     Adsorption isotherms are illustrated by plotting the values of the amount of adsorbed dye 

qe (mg/g) versus the equilibrium concentration Ce (mg/L) at different temperatures. According 

to Giles classification [38, 39], the adsorption of BV10 dye onto OK powder follows L-type 

isotherm Figure (10). The type of adsorption isotherm observed in this study suggests that as 

the concentration of the solute (dye) in the solution increases, there is a gradual decrease in the 

available adsorption sites on the OK powder [40, 41].  

       

 

 

   

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Adsorption isotherm for BV10 dye onto OK powder at different temperatures. 
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        Figure (11 a,b) shows the plots of Langmuir and Freundlich isotherm for the adsorption 

of BV10 dye onto OK powder surface and isotherms data were presented in Table (1) as 

calculated from the intercepts and slopes of the plots. According to the values of R2 for both 

types of isotherms the data best fitted with Freundlich isotherm with high correlation 

coefficient values. These values point to that the adsorption process was performed on 

heterogeneous surfaces [42]. However, the calculated Rs values that estimated from eq. (5) are 

0< Rs <1 revealed that the adsorption process is favorable. The values of 1/nf where less than 

one indicates cooperative adsorption [43].Table (2) shows a comparison of previous maximum 

capacities of BV10 dye onto different adsorbents with the values obtained by using OK powder 

as adsorbent.  

 

   

  

       

 

  

 

 

 

 

 

 

 

 

Figure 11:- Adsorption isotherm models plots a-Langmuir isotherm, b-Freundlich isotherm. 

 

Table 1: Langmuir and Frundlich adsorption isotherm models constants. 
Temp. 

(K) 
Qm KL R2 

Rs 

(5 mg/L) 
1/n n kfr R2 

293 3.5323 0.1363 0.8068 0.5946 0.3935 2.5429 0.8349 0.9922 

303 2.4085 0.1593 0.8910 0.5566 0.4596 2.1758 0.4932 0.9913 

313 2.3759 0.1453 0.8579 0.5792 0.3613 2.7078 0.5896 0.9860 

323 2.2645 0.1504 0.8760 0.5706 0.3690 2.7100 0.5987 0.9785 

 

Table 2: Comparison of the Qm values of BV10 onto OK with different adsorbents. 

Adsorbent Qm mg/g Ref. 

Modified muscovite clay 21.22 [8] 

Raw dika nut 212.77 [44] 

Acid-treated dika nut 232 [44] 

Rhamnus stone 39.06-36.90 [29] 

Modified coir pit 14.91 [45] 

Activated asadiractalndica (neem) 

seed 
90.91 [11] 

Fly ash 10 [46] 

Cedar cone 4.55 [31] 

Oil-based drill cutting ash 50 [47] 

Sugarcane baggs 51.5 [48] 

Olive kernel powder 3.53 at 293K This study 

a 
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3.4. Adsorption kinetics 

     The kinetics of the adsorption of BV10 dye onto OK powder as adsorbent was tested using 

pseudo-first-order (PFOM) and pseudo second order (PSOM). Figure 12(a,b) displays the 

adsorption kinetic plots for PFOM and PSOM at 298K. The kinetic parameters estimated from 

fitting the PFOM and PSOM plots are presented in Table 3. This Table shows that k1 value for 

BV10 dye was 0.0612 min-1, k2 was 0.3468 g.mg-1.min-1 and the R2 values were 0.9745 and 

0.9987 for PFOM and PSOM respectively. The calculated qe cal. value for PFOM disagree 

with the experimental qe exp., while for PSOM these values are almost agreed. This indicates 

that PSOM is better fit for the adsorption data than PFOM [49]. 

 

   

   

 

   

 

 

 

 

 

 

 

 

Figure 12:- Adsorption kinetics plots for a-PFOM, b-PSOM. 

 

Table 3: -PFOM and PSOM kinetics data for the adsorption of BV10 dye onto OK powder. 

Ci mg/L 
Temp. 

(K) 

PFOM PSOM 

qexp. 

mg/g 

qe cal 

mg.g-1 
k1 1/min R2 

qe cal 

mg/g 

k2 

g/mg.min 
R2 

10 298 0.7566 0.3542 0.0612 0.9715 0.7874 0.3468 0.9987 

 

3.5. Thermodynamic study: 

     Thermodynamic data estimated for the adsorption of BV10 dye onto OK powder are 

reported in Table (4). The values of ΔSo, ΔHo were predicted from the intercept and slope of 

the Vant-Hoff plot Figure (13), while the values of ΔGo can be calculated directly from eq. (9). 

As shown in Table (4) it was found that the values of ΔGo is negative at                         given 

temperature which donates that the adsorption process is favorable and spontaneous [50, 51], 

in addition,  these values decreases with increase the temperature, that shows the mobility of 

BV10 dye molecules at the higher temperature. However the less values of ΔHo (<40 kJ/mol) 

predicted that the adsorption process is phsi-sorption type. The negative ΔHo values confirms 

that the adsorption process is exothermic in nature, and the negative values of ΔSo demonstrate 

a decrease in the randomness that appears at the solid/solution interface among the sorption 

process [52]. 
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Figure 13:- Thermodynamic data for the adsorption of BV10 dye onto OK powder surface. 

 

Table 4:- Thermodynamic data for the adsorption of BV10 dye onto OK powder. 

C1 mg/L -ΔHo kJ/mol -ΔSo J/mol 
-ΔGo kJ/mol 

293K 303K 313K 323K 

5 8.9290 12.8077 5.1763 5.0483 4.9202 4.7921 

10 5.4130 6.2862 3.5713 3.5085 3.4455 3.3826 

15 4.3380 3.1501 3.4148 3.3834 3.3519 3.3204 

20 5.2178 6.3550 3.3558 3.2922 3.2287 3.1658 

25 4.5949 4.7115 3.2144 3.1673 3.1202 3.0731 

 

Conclusions 

     This research investigated the use of powdered olive kernels as an adsorbent to eliminate 

basic violet 10 dye from contaminated water. The maximum dye removal was noticed 73.5% 

at 0.1g adsorbent dosage and 75% for 2mg/L starting dye concentration, 72.2% for one hour as 

an adsorption period and 67% at pH 9. The values of R% decrease from 76% to 61.3% when 

the temperature increase from 288K to 323K. According to Giles classification for the 

adsorption isotherms, the adsorption of BV10 dye onto OK powder follows L-type. In addition, 

Freundlich isotherm model describe the adsorption process better than Lungmuir isotherm 

model. The kinetic studies were best described by the pseudo-second-order model. The 

obtained thermodynamic data such as ΔHo, ΔGo and ΔSo demonstrated that the adsorption 

process was exothermic, spontaneous occurs with decrease in randomness at the solid/solution 

interface. The findings of this research demonstrate that olive kernels serve as an efficient and 

environmentally friendly adsorbent material for extracting BV 10 dye from water-based 

solutions. 
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