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Abstract: 
  In this work, the adsorption of crystal violet dye from aqueous solution on charcoal and rice husk has 

been investigated, where the impact of variable factors (contact time; the dosage of adsorbent, pH, 

temperature, and ionic strength) have been studied. It has been found that charcoal and rice husk have an 

appropriate adsorption limit with regards to the expulsion of crystal violet dye from fluid arrangements. The 

harmony adsorption is for all intents and purposes accomplished in 45 min for charcoal and 60 min for rice 

husk. The amount of crystal violet dye adsorbed (0.4 g of charcoal and 0.5 g of rice husk) increased with an 

increasing pH and the value of 11 is the best. The effect of temperature on the adsorption process was studied 

at the range (298-323) K. The test comes about were broken down by utilizing Freundlich and Tempkin 

isotherm models, where the Freundlich and Tempkin factors were determined, and it has been found that the 

adsorption isotherm obey the Freundlich isotherm. The effect of ionic strength on the adsorption process was 

studied also via sodium chloride electrolyte solution; the results have been revaled that the sodium ion has a 

positive impact on the adsorption process. The thermodynamic parameters are shown estimated as ∆H values 

were 2.8012 kJ mol
-1

 and 5.8252 kJ mol
-1

 for charcoal and rice husk, respectively; this behavior referred to 

endothermic adsorption. 
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Introduction: 
       Various methods have been used to remove the 

contaminants from the wastewater, like; ion 

exchange, activated carbon adsorption, membrane 

technology, and coagulation, degradation and so on, 

but it has been found that the adsorption process is 

the superior technique to other processes of 

removing dyes from aqueous worldwide. 

Adsorption application follows simple design easy 

to operate and the obtained results relatively are of 

high quality )1(. Today, scientists have turned out 

with thinking about that has been centered on the 

minerlization adsorbents that are chiefly gotten 

from farming waste and mechanical side-effect 

since they required small handling and plentiful in 

nature, so many low-cost natural materials have 

been investigated as an adsorbent for removing 

contaminants from wastewater, (2-8). Some 

minimal effort plant squander had specifically been 

utilized as an adsorbent for color adsorption from 

wastewater treatment.  
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Nonetheless, the utilization of untreated 

plant squanders adsorbent can likewise bring a few 

issues, for example, bring down adsorption limit, 

higher synthetic oxygen request and natural 

substance request and also add up to natural carbon 

due to the discharged of the solvent natural 

compound contained in the plant material (9, 10). A 

few plants were utilized as adsorbent surfaces to 

expel a few colors, for example, a novel 

horticultural (11), malvaparviflora and different 

plants (12). The crystal violet (CV) dye (Fig.1) is a 

water- soluble cationic dye (13) and is widely used 

in textile dyeing. The dye has a brightness and high 

color intensity, even at low concentration. The CV 

is easily absorbed by the creatures in the water and 

affected their lives; therefore the waste water 

containing crystal violet dye needs to be treated 

before it is discharged into water bodies (14). The 

present work involves using plant rice husk and 

charcoal as a reasonable sorbent for the removal of 

crystal violet from aqueous solutions and check the 

freundlich and Temkin isotherms. The 

thermodynamic parameters and pH values have 

been calculated.   

https://dx.doi.org/
https://creativecommons.org/licenses/by/4.0/
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Figure 1. Structure of crystal violet dye 

 

Material and Methods: 
Chemicals and Apparatus 

Crystal violet dye was supplied from the 

HIMEDIA company, rice husk was provided from 

Al-Najaf Analysis factory, charcoal was provided 

from (BDH) with purity 99.7%. Hydrochloric acid 

was provided from BDH with purity 37% and 

sodium hydroxide was supplied from Riedel-De 

Haen AG Seelze-Hannover with purity 99%.Visible 

spectrophotometer model 721 – China was used to 

record absorbance of crystal violet before and after 

adsorption experiments. Thermostated Shaker water 

bath model JEIOTECH (BS-11)-Germany was used 

to shake the aqueous solutions of dye with 

adsorbents, while Remi Centrifuge model 

R&C.Bombay-Japan was utilized to separate the 

adsorbents from the aqueous solution of dye and 

pH-mater model Hanna-HI-8417-England was used 

to adjust the pH of the solutions.  

Absorbed Substance  
The crystal violet dye stock arrangement 

was set up by dissolving precisely weighted color in 

refined water to the centralization of 8 ppm, was 

utilized without assist cleansing at λmax (585 nm), 

(Fig.2) shows the absorption spectrum of dye. The 

arrangements were gotten by weakening the color 

stock arrangement in precise extents to various 

beginning focuses from (0.4-10 ppm). Figure 3 

shows the calibration curve, which was used to 

convert the absorbance value of dye to 

concentration According to Beer-Lambert law. 

 
Figure 2. Absorption spectrum of Crystal violet 

dye 

 

 
Figure 3. Calibration curve of Crystal violet at 

585 nm 

 

Rice Husk  

       The dry rice husks were washed with excessive 

amounts of distilled water, several washings were 

performed to remove dust and soluble materials. 

Washed surfaces were then dried under sunlight and 

in an oven at 105C˚ for a period of 12 hours and 

kept in airtight containers. The surfaces were then 

ground and sieved by using a 75 µ sieve.  

 

Batch Adsorption Experiment  
Group tests were done to decide the impacts 

of pH, contact time, beginning color focus and 

adsorbent dosage by differing the factors under 

examination and saving different factors steady. 

The feed arrangement was set up by dissolving a 

precisely measured amount 0.1 g of strong color in 

1liter of water. The exploratory arrangement of 

wanted focus was acquired by progressive 

weakening of stock arrangement. The pH of every 

one of these arrangements was kept up by including 

0.1N hydrochloric acid or 0.1N sodium hydroxide. 

The adsorption was observed by deciding the 

convergence of crystal violet in arrangement a 
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utilizing twofold bar Visible spectrophotometer, at 

λmax 585 nm. Percentage of color expulsion and 

amount of crystal violet adsorbed on adsorbent at 

the season of harmony quantity of dye adsorbed was 

figured utilizing the following equation (15): 

 
)1.(..........0

W

VCC
Q e

e


   

where C0 and Ce are the primary and the 

equanimity concentrations (mg/l) of dye, 

respectively. Qe is the quantity of dye adsorbed on 

the adsorbent at the time of equanimity (mg/g), V is 

volume (l) of solution and W is the mass of 

adsorbent (g).  

 

Influence of Variable Factors   

Contact time: Adsorption equilibrium studies are 

performed with an adsorbent quantity of 0.5g and 

0.4 g of Charcoal and Rice husk, respectively by 25 

ml of dye and concentration 8ppm with different 

intervals time (15, 30, 45, 60, 75, 90, 105, and 120) 

min at 25 °C.           

Dosage of adsorbent: Initial of adsorbent dose 0.1, 

0.2, 0.3, 0.4 and 0.5 g. Contact time 60 min, 

agitation speed 300 rpm, concentration 8ppm, and 

temperature 25°C. 

pH: Adsorption tests were done at pH 1, 3, 5, 9 and 

11 at 25°C with 25 ml of a color focus 8 ppm. The 

acidic and basic pH of the media was adjusted by 

using hydrochloric acid 0.1M and sodium 

hydroxide 0.1M. 

Temperature: The adsorption tests were performed 

at four temperatures (25, 35, 45 and 55) °C in an 

indoor regulator joined with a shaker. The 

examinations were done by taking 25 ml of crystal 

violet arrangement with various beginning 

convergences of colors ranging of (4 - 8) ppm. 

Ionic strength: Adsorption tests were conveyed 

different concentrations of NaCl (0.1, 0.01 and 

0.001) M at 25°C with 25 ml of dye concentration 

8ppm. 

 

Results and Discussion:  
Adsorbent Dosage                                                                     

The adsorbent dosage is an imperative 

parameter in the adsorption process; the 

experiments were done by using different amounts 

of the charcoal and rice husk for a given initial 

concentration of dye solution 8ppm at 25
◦
C. Figure 

4 shows the effect of dosage of charcoal and rice 

husk on the adsorption capacity of crystal violet 

dye.     

 
Figure 4. The effect of adsorbents dosage on the 

adsorption of crystal violet.   

 
It is clear that the Qe of the color increments 

with the expansion in adsorbent measurements, 

however an estimation of 0.5 and 0.4 g for charcoal 

and rice husk respectively. The rate evacuation 

comes to right around the greatest esteem. This is 

most likely because of the more prominent 

accessibility of the replaceable destinations or the 

expanded surface territory where the adsorption 

happens (16).  
                    

Equanimity Time  
The effect of contact time on the amount of 

crystal violet adsorbed per unit of adsorbent was 

investigated under 25°C at  dye concentration of 

8ppm  and used the optimum values of adsorbents 

(0.5 and 0.4 g for charcoal and rice husk 

respectively). Figure 5 shows the results of 

equilibrium time for crystal violet on charcoal and 

rice husk.                                                                                                                                                         

 
Figure 5. The effect of contact time on the 

adsorption of crystal violet dye on charcoal and 

rice husk 

 
It can be observed that the adsorption 

process exhibits immediate rapid adsorption and 

reaches equilibrium within a short period of 45 min 

for charcoal and 60 min for rice husk (16). 
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The Effect of pH 
Figure 6 demonstrates the take-up of crystal 

violet dye expanded with diminishing starting pH 

and was the best at pH 11. At low pH esteems the 

practical gatherings of charcoal and rice husk would 

be protonated and result in a more grounded 

fascination for adversely charged particles in the 

adsorption medium. The pH basically influences the 

level of ionization of the crystal violet and the 

surface properties of charcoal and rice husk. 

 
Figure 6. Effect of pH on the removal of crystal 

violet dye on charcoal and rice husk. 

 
 

 As appeared in Fig. 6 that, the adsorption of 

cationic crystal violet dye was increased with 

expanded the pH. It can be noticed that the best 

adsorption was at pH 11 as the surfaces of the 

adsorbents become negatively charge and 

resultantly high interaction between the dye and the 

surface of the adsorbents. The low adsorption of 

crystal violet adsorption under acidic may be 

correlated with lyophobic behavior between 

adsorbate and adsorbents and resultantly, the forces 

between adsorbate and adsorbent may change (17). 
             

Effect of Ionic Strength                                                            
Figures 7 and 8 demonstrate the expanded 

evacuation of crystal violet dye at 8ppm on the 

charcoal and rice husk surface when sodium 

chloride (NaCl) is included at the optimum values 

(0.5g of charcoal and 0.4 g of rice husk), (contact 

time; 45 min for charcoal and 60 min for rice husk) 

and at pH 11. It can be explained that the cationic 

sodium ions increase the capability of the 

interaction of the dye on the surface of the 

adsorbents, keeping in mind the end goal to the way 

that the extra gathering of sodium chloride courses 

of action reason a development in competition 

between particles of the crystal violet and 

electrolyte particles on the expulsion goals at first 

look (18).                                                                                                 

                                                                      

 
Figure 7. Effect of ionic strength on removal of 

crystal violet dye on charcoal at 298K. 

 

 
Figure 8. Effect of ionic strength on the removal 

of crystal violet dye on rice husk at 298K. 
  

Adsorption Isotherms                                                             
Adsorption properties and balance 

parameters, normally known as adsorption 

isotherms, which show how the adsorbate interfaces 

with adsorbents, and complete comprehension of 

the idea of cooperation. Tow famous isotherm, the 

Freundlich and Temkin were examined. The 

Freundlich isotherm was utilized for the adsorption 

of crystal violet on the adsorbents. The Freundlich 

isotherm was calculated by the following equation: 

(19) 

                              

)4(..........log/1loglog efe CnKQ                                                             

where Qe is the measure of crystal violet 

dye adsorbed (mg/g), Ce is the balance grouping of 

color in the arrangement (mg/l), Kf and 1/n are 

constants fusing the elements influencing the 

adsorption limit and force of adsorption, separately.
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Figure 9. Adsorption isotherms of Crystal Violet dye on Charcoal at a temperature range:  a) 298, b) 

308, c) 318 and d) 328 K. 
 

 

  
Figure 10. Adsorption isotherms of crystal violet dye on rice husk at a temperature range:  a) 298 b) 

308, c) 318 and d) 328 K. 
 

Figures 9 and 10 demonstrate the 

adsorption isotherm of S-type, which show that the 

adsorbent potentially has a high vitality of 

adsorption (20). Likewise, this shows a vertical or 

level introduction of adsorbate, and the adsorbate is 

mono practical. Temkin and Pyzhev considered the 

impacts of some circuitous sorbate/adsorbate 

cooperations on adsorption isotherms and proposed 
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that in view of these connections the warmth of 

adsorption of the considerable number of particles 

in the layer would diminish directly with scope. The 

Temkin isotherm has been utilized following form 

(21): 

)5.........(lnln eTTTe CBKBQ       

where KT and BT is the equilibrium binding constant 

(l /g) 

 As appeared from Figures 11,12,13, and 14 

with the calculated results in Table (1) and (2) that,  

the estimations of R
2
 coefficient were near to be 1, 

for both isotherms, which means that there is a good 

corresponding in the relationship between Qe and ln 

Ce at different temperatures which showing the 

helpful estimations of its constants. The adsorption 

isotherm for is clarified better by Freundlich 

isotherm demonstrates. 

 

  

  
Figure 11. Freundlich Linear relationship between log Qe and log Ce for crystal violet dye on charcoal 

at a temperature range:  a) 298 b) 308, c) 318 and d) 328 K.  

 

 
 

  
Figure 12. Freundlich Linear relationship between Log Qe and Log Ce for crystal violet dye on rice 

husk at a temperature range:  a) 298 b) 308, c) 318 and d) 328 K.  
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 Figure 13. Temkin Isotherm relationship between Qe and lnCe for crystal violet dye on charcoal at a 

temperature range:  a) 298 b) 308, c) 318 and d) 328. 

 

  

  

Figure 14. Temkin Isotherm relationship between Qe and lnCe for crystal violet dye on rice husk at a 

temperature range: a) 298 b) 308, c) 318 and d) 328 K  

 

Table 1. The factors of Freundlich and Temkin condition for the adsorption of crystal violet dye on 
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2
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Table 2. The factors of Freundlich and Temkin condition for the adsorption of crystal violet dye on 

rice husk 

Temkin factors Freundlich factors 

BT Kf R
2
 Kf n R

2
 T 

0.144 0.6767 0.9324 0.5344 1.9198 0.9848 298 

0.1513 0.6994 0.9176 1.1693 0.9620 0.9703 308 

0.088 0.7268 0.9551 1.1998 0.3815 0.9564 318 

0.103 0.5399 0.9734 3.6425 0.6843 0.9917 328 

 
Thermodynamic Parameters  

 The thermodynamics factors identified with 

the adsorption of color. For example, enthalpy 

change, entropy change and Gibbs free energy 

change ∆Gº. ∆Hº has been computed for all 

adsorption forms, as indicated by Van't Hoff 

equation 6 by means of plotting of the adsorption 

equilibrium constant (Keq) as (ln Qe/Ce) against the 

temperature as (1/T) (22). The outcomes are 

recorded in Table 3 and Fig. 15 and 16. 

)7(..........ln

)6.(..........ln

R

S

RT

H
K

KRTG

eq

eq













 

where Keq is adsorption equilibrium constant and  R 

is the gas constant. 

 

Table 3. Thermodynamic parameters of crystal violet dye adsorption on charcoal and rice husk. 
Rice Husk Charcoal 

ΔS k.J.mol
-1

 ΔG k.J.mol
-1

 ΔH k.J.mol
-1

 ΔS k.J.mol
-1

 ΔG k.J.mol
-1

 ΔH k.J.mol
-1

 T K 

-0.037 5.228 5.8252 -0.035 7.730 2.8012 298 

-0.039 6.402 -0.039 9.244 308 

-0.043 7.720 -0.041 10.073 318 

-0.051 10.85 -0.042 10.935 328 

 

 
Figure 15. Van't Hoff plot adsorption of crystal 

violet dye on charcoal. 

 

 
Figure 16. Van't Hoff plot adsorption of crystal 

violet dye on rice husk. 

 The adsorption of color increments quickly 

with an expansion in temperature. The expansion in 

adsorption limit of charcoal and rice husk was 

attributed to the development of pore size and 

initiation of the sorbent surface with temperature. 

Additionally ascend in temperature builds the 

versatility of the vast color particles and decreases 

the swelling impact in this manner empowering the 

substantial color atom to enter encourage (23). The 

positive estimation of ΔH shows that the adsorption 

of crystal violet dye onto charcoal and rice husk is 

an endothermic response. It can be noticed from ΔH 

values that the force driving the adsorption process 

is physics-sorption process.All estimations of ∆G 

values released that the adsorption procedure went 

with the procedure of assimilation, where the 

adsorbed particles spread inside the pores of the 

charcoal and rice husk and expands speed of 

organization with expanding temperature this 

conduct is inferable from extra assimilation. The 

negative values of ΔS indicate that the regularity of 

the dye particles on the surface more than they are 

in the solution and it was higher in charcoal than in 

rice husk. 

 

Conclusions: 
 The adsorption of crystal violet by charcoal 

and rice husk has been studied. The adsorption was 

considered as an element of adsorbent 
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measurements, contact time, pH, temperature and 

ionic quality, it has been found that the optimum 

values of the adsorbents were 0.5 and 0.4 g for 

charcoal and rice husk respectively, while the 

solutions get rapid adsorption and reaches 

equilibrium within of 45 min for charcoal and 60 

min for rice husk, furthermore the best media for 

the adsorption process was at pH 11, in addition, the 

ionic strength was examined and it has been shown 

a positive effect on the adsorption process. The 

balance information fit with Freundlich and Tekmin 

equations of adsorption and the straight relapse 

factors R
2
 was utilized to clarify the best fitting 

isotherm demonstrate. Diverse thermodynamic 

factors, similar to ΔG
o
 vitality, ΔH

o
 and ΔS

o
 of the 

on-going adsorption operation have additionally 

been assessed. The thermodynamic examinations of 

the color adsorption on charcoal and rice husk store 

demonstrated that the framework was endothermic 

in nature.    
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دراسة عملية الامتزاز لصبغة الكرستال البنفسجية من محاليلها المائية باستخدام قشور الرز والفحم النشط 

 دراسة مقارنة ;كسطوح مازة 
 

نفيسة جبار كاظم
   

سعاد عبد موسى  
 
ايمان عدنان محمد   

 
احلام محمد فرحان  

  

 
 .العراققسم الكيمياء ، كلية العلوم للبنات، جامعة بغداد، بغداد، 

 

 :الخلاصة
تم في هذا البحث دراسة ازالة صبغة الكرستال البنفسجية من محاليلها المائية باستخدام طريقة الامتزاز بوجود الكربون النشط وقشور 

اثير الدالة الرز كسطوح مازة، حيث تم دراسة تاثير عدد من المتغيرات التي تؤثر على عملية الامتزاز)كمية المادة المازة، زمن الاتزان، ت

ر الرز الحامضية ، درجة الحرارة، وتاثير الشدة الايونية(. تم تعيين كمية المادة المازة والمتمثلة بالسطوح المستخدمة من الفحم النشط  وقشو

يقة( للكاربون دق 45غم( لقشور الرز.وتم تحديد زمن الاتزان اللازم لحدوث عملية الامتزاز وكان ) 0.5غم( للكاربون النشط و) 0.4وكانت )

( وتم تحديد افضل وسط  للتفاعل 2-11)  pHدقيقة( لقشور الرز، كما درس تأثير الدالة الحامضية على وسط  الامتزاز بمدى 60النشط و)

( كلفن، حيث تم الحصول على 323 – 298حراري )  ، كذلك تم دراسة تاثير درجة الحرارة على سعة الامتزاز بمدىpH 11)وكان عند )

ان الأيزوثيرم  المستحصلة  اوضحت النتائجحيث ,و تيكمان  وحددت معاملات فرندلش,و تيكمان  رمات الامتزاز بتطبيق معادلة فرندلشايزوث

وفق لتصنيف كيلز هو افضل ايزوثيرم . كما تم اختبار تاثير الشدة الايونية على عملية الامتزاز من خلال استخدام ملح كلوريد  S3من نوع 

باستخدام معادلة فانت  S, ∆G, ∆H∆)تم حساب قيم الدوال الثرمودينامكية ) ايجابي اتجاه عملية الامتزاز.الملح الصوديوم ووجد ان تاثير 

كيلوجول/ مول باستخدام الكاربون النشط وقشور الرز على التوالي مما يشير  (5.8252)و  (2.8012)(H∆انثالبي التفاعل )  هوف وكانت قيم

حيث ان مقدار ( الموجبة تشير الى ان التفاعل غير تلقائي G∆الى ان التفاعل ماص للحرارة،  بينما اثبتت النتائج بان قيم دالة جبس الحرة )

ان القيم لسطح الماز من الكاربون النشط او قشور الرز للذرات الممتزة يزداد مع زيادة سرعة ترتيبها بتغير درجة الحرارة. استيعاب مسامات ا

 ( تشير الى ان انتظام الدقائق على السطح اكثر في المحلول للفحم النشط مما لقشور الرز.S∆السالبة للانتروبي )
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