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Abstract 

One of the most pollutants of water is organic dyes, which is usually come from industries of textile, leather and 

paper. In this work, activated carbon is used as adsorbent, which is prepared from the corn-cob (CCAC) to remove the methyl 

violet (MV) dye from prepared aqueous solutions. The amount of adsorption dyes were investigated by including the effect of 

different parameters such as, the agented time, initial dye MV concentration (10-50 g.L-1), effect of pH (3,6,8,10 and 12), 

temperature (288,308,328) K and adsorbent dosage (0.01-0.1g). The percentage of removal of MV by the CCAC is increased 

significantly with increasing the amount of the adsorbent and the solution pH, and the maximum was at pH 11.5, but its 

decreased with increasing the temperature and initial concentration of the dye. The two adsorption isotherm models 

(Langmuir and Freundlich) were used to investigate the interaction between the dye and prepared activated carbon, while the 

adsorption equilibrium data were best represented by the Freundlich detect the type of adsorption, which implies that the 

adsorption of textile dye onto the (CCAC) is heterogeneous with multi – layers. 

Keywords: Activated carbon, Corn-cob, Methyl violet, Adsorption isotherm, Textile dye. 

Introduction 
 

Many textile industries are used dyes to 
color its products. Some of these dyes are stable and 
nontoxic when to discharge by receiving water, but 
other dyes are not.[1, 2] In either case, it is need to 
remove these dyes form the wastewaters because it is 
affected directly to the human health and 
environment[3, 4]. Adsorption is one of the most 
important techniques, which is carried out by 
chemical and physical process to separate  and 
purificate by using adsorbent materials[4]. Activated 
carbon (AC) is one of the great adsorption materials 
due to micro-porous structure, highly degree of 
surface reactivity and high surface area, which is 
ranging from 500 to 3000 m2/g. On the other hand, 
AC is still considering a high cost as adsorbent 
Material [5, 6]. AC has a different application as 
adsorbent materials, for instance, can be used in the 
wastewater industries treatment, pharmaceutical 
industries and sugar refining.[6] There is a great 
interest from researchers to investigate the production 
of the AC from the waste and cheap material such as 
wood,[7] orange peel,[8] coffee husk,[9] sunflower 
seed hull[10] and Coconut husk[11, 12].  
Methyl violate (MV) is an organic dye with high 
intensity of color, and is used in a wide range in 

textile industries [13]. MV is a toxic and harmful 
cationic dye, and according to the many reports, this 
dye was directly affect to the human heath due to 
their irritation, carcinogenic and damage (eye) affect. 
Also this dye was affect to the aquatic live and 
environment [14-17]. Because of the harmful 
properties of this dye, it is important to remove it 
from wastewater of textile industries before being 
discharged to the environment.      
This study aims at discovering the adsorption 
efficiency of AC which, prepared in previous work 
from cheap martial (corn-cob), as low-cost adsorbent 
for removing MV dye from prepared aqueous 
solution and applied different types of conditions, 
which represented by, concentration, contact time, 
temperature and pH. The adsorption isotherm models 
were also investigated. 
 

Experimental 

Preparation of different concentration of 

adsorbate and adsorbent. 

For all experiments the solutions are prepared by 

using the deionized water and all other reagents are 

used in analytical grade. However, the solutions of 
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MV are prepared from a stock solution of (1000 mg 

/L) to get the required concentrations (10, 20, 30, 40 

and 50) mg/L for all work experiments Fig.1 is 

shown the chemical structure of MV dye. 

The CCAC has been prepared from the plant source 

of Corn-Cob and all details of work showing in our 

previous work [19]. 

 
Fig. 1. The structure of methyl violet [18] 

 

Adsorption Study  

Batch adsorption experiments was performed by 

taking (100 mL) from the stock solution of the dye 

for all different concentrations and treated with (0.05 

g) of CCAC. The flask were agitated onto water-bath 

shaker for 1 hour until equilibrium was achieved and 

after that the treatment samples were centrifuged, and 

measured at specific wavelength 582 nm using the 

UV/ vis. (Spectrophotometer shimadzu, 1650). The 

amount of MV dye up take onto the (CCAC) was 

calculated using the following mass balance equation 

[20, 21]: 

 

where the qe the amount of MV dye  that adsorbed 
onto the surface of (CCAC) at equilibrium state in 
the, in mg/g D.W., C0 and Ce are the intial and final 
concentrations of MV (M), respectively, W adsorbent 
weight (g) and  V volume of solution (L).  
On the other hand, the percentage removal %E of 
MV dye was calculated as shown below [20, 21]: 

 

Effect of several parameters on the adsorption 
process of MV on to the CCAC 
Effect of Initial MV dye concentration 
The initial dye concentrations are carried in this work 
(10, 20, 30, 40 and 50 ) mg.L-1onto the CCAC and 
shaking using the water-bath shaker at temperature of 
308K and constant speed at130 rpm. 
 
Effect of weight activated Carbone  
 To study the effect of the CCAC weight, several 
weight (0.01,    0.025,    0.05,   0.057, and   0.1) g 
was investigated at 308K, 130 rpm, 30 mg of 
(particle size 75 μm) Corn-cob ( AC) concentration 
of (MV) dye (10–50) mg/L in100 mL. 
 
 

Effect of pH  
The effect of pH is studied using many solutions at 
several pH (3, 6, 8, 10, and 12) at 308 K, 130 rpm, 
0.05 gm (particle size 75 μm) of CCAC, MV 
concentration. (10–50) mg.L-1 in 100 mL. 
 
Effect of temperature  
The other parameter can affect on the adsorption 
process is the temperature of  solution therefore, this 
study is carried with different temperatures (288, 308, 
and 328) K using water-bath shaker at solution pH 6 
at constant the agitation speed of 130 rpm and for 60 
min contact time. 
 
Adsorption isotherm 
The adsorption isotherms refer to the relation 
between the equilibrium concentrations of a solute 
with the quantity adsorbed by a given amount of 
adsorbent at a particular temperature. However, the 
adsorption isotherm is consider very important to 
understand the interactions behaviour between 
adsorbate molecules (MV) and the adsorbent surface 
(CCAC) also its play an important role especially in 
the plan design and of any adsorption systems, as 
well as the analysis.  
There are a different types of adsorption isotherms, 
and the adsorption isotherm that have been used in 
the present study included the Langmuir  and 
Freundlich adsorption isotherms [22]. In the present 
study, the adsorption isotherm of MV dye by CCAC 
was studied at different temperatures 288, 308, and 
328 K and the initial concentration of MV is fixed at 
30 mg/L. The adsorption experimental data was 
expressed with Freundlich and Langmuir adsorption 
equation. 
The Langmuir isotherm can be express 
mathematically as follows [22]: 

 

 is the maximum adsorption capacity for the 
adsorption process,  is Langmuir constant.  
While Freundlich model isotherm can be express as 
shown in the following equation [22]: 

 

 

 
Results and Discussion 
Effect of weight adsorbent (CCAC)  
 
One of the most important parameters that can 
impacts the adsorption process is the weight or the 
dose of adsorbent that used. Hence, in this work the 
influence of the adsorbent dose CCAC on the 
adsorption process for removing the MV was 
investigated in the range of 0.01-0.1 g at 308K, while 
the volume and concentration of the dye solution is 
keeping constant. The results graphically represented 
in Fig. 2. 
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Fig.2. Relation between the percent removal of adsorbed MV  and 

the weight of CCAC. 

It can be seen from  Fig. 2, that the  percentage  
removal% of MV dye by the CCAC is directly 
proportional with  CCAC dose, which is increased 
from 40.51% to 97.5% and this increasing in the 
values of  percentage removal of the dye with the 
adsorbent dose  it could be to an increase in the active 
site surface of the adsorbent, which will be available 
for the adsorption process  as reported previously  in 
other state [23, 24]. 
 
Effect of solution pH on adsorption  
The effect of pH solution is playing a vital role of the 
adsorption of MV dye onto the surface of CCAC. 
However, the adsorption of MV was studied over a 
pH range of 3.5-11.5 as shown in Fig.3. The removal 
percentage of the MV by CCAC is significantly 
increase with increasing the solution pH, whereas the 
optimum adsorption of MV dye was achieved at pH 
11.5 whereas the lowest adsorption at pH 3.5. 
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Fig. 3. Effect of the pH solution on to percentage of removal (E%) 

and amount of adsorbed MV on to the CCAC (methyl violet MV 
primary concentration 30 mg/L,  Temp. = 308 K, and weight of 

adsorbent 0.05 g/L). 

 
The solution pH has been affecting both the surface 
binding-sites of the adsorbent and the degree of 

ionization as well. The adsorption capacity (qe) at pH 
2 was minimum (44.1mg/g) and increase above to 
solution pH10, reached maximum (53.3mg/g) 
through the primary pH 3.5–11.5. When pH value is 
low, its easily to protonate the functional groups 
which are existing on the surface of adsorbent, then 
the adsorbent surface will have more of a positive 
charge, thus will lead to decrease the adsorption of 
the ions of the dye which have a positive charge as 
well through the effect of the repulsion forces. As the 
pH of the dye solution increases, then a proportional 
increase in the value removal percentage of the 
adsorption dye process and that due to the sequential 
deprotonation for the sites with a positive charge on 
the surface of adsorbent also the electrostatic 
attraction between the negative charged groups exist 
in the CCAC and MV cation  [22].  
 
Effect of initial methyl violet MV concentration 
and Temperature  
Fig. 4 shows the effects of various initial 
concentrations on the adsorption process of    MV 
dye by calculating the removal efficiency and 
adsorption capacity. The results shown that the 
adsorption capacity (qe) increases with increasing the 
initial concentration of MV dye, whereas the removal 
of percentage was decreased with increasing initial 
concentrations of MV dye, as result of the  increasing 
of the MV concentration, the interaction which occur 
between the surface of adsorbent and the dye is 
increased and this will lead to increase the producer 
of adsorption process [25, 26]. 
On the other hand, the temperature effect on the 
adsorption process to remove the MV dye by the 
CCAC was studied at different temperatures (288, 
308, and 328) K and the results shown in Fig.4. It 
observed that the temperature influenced the 
adsorption process by affecting on the value of the 
adsorption capacity which also increased, while 
percentage removal of the dye was decreased and that 
could be attributed to the weakening of the existing 
bonds between the functional groups of the dye 
molecules and the active sites of the adsorbent 
surface [27]. 
Adsorption isotherm  
All the experimental parameters and their correlation 
coefficients that obtained from experiments have 
been tested using the two model of adsorption 
isotherms, Langmuir and  Freundlich models and  
listed in Table.1 and shown in the Fig.5 that the 
adsorption of MV by CCAC followed the Freundlich 
isotherm because it's fitted the adsorption data best 
with the highest correlation (R2 ≥ 0.9941). 
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Fig. 4. Effect of initial concentration on to percentage removal and amount of adsorbed methyl violet MV dye on to CCAC at: a) 328 K, b) 

308 K, c) 288 K (Exp. Condition: contact time 24 h, and solution pH 6) 

 

Table 1: Thermodynamic parameters of MV dye on the surfsve of CCAC 

T/K 
Equilibrium Cons. ΔS (J.mol-1.K-1) 

ΔH (KJ.mol-1) 
 

ΔG (kJ.mol-1) 

288 1285.714286 

49.71772 11.0227012 

-16.84430307 

308 1428.571429 -17.69616655 

328 1612.244898 -18.60482808 

 

 

Table 2. Modal factors for MV dye onto CCAC at 308 K 

MV dye Parameters Adsorption isotherm models 

40.8121±3.11175 qm (mg.g-1) 
Langmuir 

 8.609 ± 3.5575 kL(L.mg-1) 

0.888 R2 

27.3018 ±2.01855 kF 

Freundlich 0.19368 ±0.03244 1/n 

0.9941 R2 

a)) (b) 

(c) 
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Fig.5. Adsorption isotherm models (Langmuir and Freundlich)

Conclusion  
 This study shows that the activated carbon which 
prepared from corn-cob is an effected the removal 
percentage of the MV from aqueous solutions and the 
amount of Methyl violet (MV) dye removed was 
dependent on adsorbent dose, the initial 
concentration, temperature and the pH of the solution 
as well. The adsorption process was depended on the 
temperature and the pH of the solution, whereas the 
MV is maximum adsorbed at pH=11.5. And the two 
adsorption isotherm models, Langmuir and 
Freundlich are used to describe the interaction 
behavior between the adsorbent and adsorbate and 
found that the adsorption of MV by CCAC followed 
the Freundlich isotherm because it's fitted the 
adsorption data best with the highest correlation (R2 
≥ 0.9941). In conclusion, the CCAC can be used for 
removing dye from aqueous solution because it's 
considering inexpensive, environmentally benign 
adsorbent for water purification and alternative. 
 
Acknowledgment 
Thanks for Chemistry Department, College of 

Sciences for Girls, Babylon University, Iraq 

 

References 

[1] Dahri M. K., Kooh M. R. R., Lim L. B. L. 
Removal of Methyl Violet 2B from Aqueous 
Solution Using Casuarina equisetifolia Needle. 
ISRN Env. Chem., 2013, 619819 (2013). 

[2] Duan J., Liu R., Chen T., Zhang B., Liu J., 
Halloysite nanotube-Fe3O4 composite for removal 
of methyl violet from aqueous solutions. 
Desalination, 293: 46-52 (2012). 

[3] Robinson T., McMullan G., Marchant R., Nigam 
P. Remediation of dyes in textile effluent: a 
critical review on current treatment technologies 
with a proposed alternative. Bio. Technol., 77(3): 
247-255 (2001). 

[4] Talarposhti A. M., Donnelly T., Anderson G. K. 
Colour removal from a simulated dye wastewater 
using a two-phase Anaerobic packed bed reactor. 
Water Res., 35(2): 425-432 (2001). 

[5] Shin S. H., Kim Y. H., Jung S. K., Sun K. H., 
Kang S. G., Jeong S. K., Kim H. G. Combined 
performance of electrocoagulation and magnetic 
separation processes for treatment of dye 
wastewater. Korean J. Chem. Eng., 21(4): 806-
810 (2004). 

[6] Maheshwari U., Deshpande D., Zare K., Vardhe 
P. Removal of dye from aqueous solution by 
using activated carbon, Research Journal of 
Enginering  Science.,6: 20-24, (2017). 

[7] Sahu J., Acharya J., Meikap B. Response surface 
modeling and optimization of chromium (VI) 
removal from aqueous solution using Tamarind 
wood activated carbon in batch process. J. 
Hazard. Mat., 172(2-3): 818-825 (2009). 

[8] Pandiarajan A., Kamaraj R., Vasudevan S., 
Vasudevan S. OPAC (orange peel activated 
carbon) derived from waste orange peel for the 
adsorption of chlorophenoxyacetic acid herbicides 
from water: adsorption isotherm, kinetic 
modelling and thermodynamic studies. Bio. 
Technol., 261: 329-341 (2018)  .  

[9] Rodiguez M. H., Yperman J., Carleer R., Maggen 
J., Dadi D., Gryglewicz G., Van der Bruggen B., 
Hernández J. F., Calvis A. O. Adsorption of Ni 
(II) on spent coffee and coffee husk based 
activated carbon, J. Env. Chem. Eng., 6(1): 1161-
1170 (2018). 

[10] Deng S., Hu B., Chen T., Wang B., Huang J., 
Wang Y., Yu G. Activated carbons prepared 
from peanut shell and sunflower seed shell for 
high CO 2 adsorption, Adsorption, 21(1-2): 125-
133 (2015). 

[11] Talat M., Mohan S., Dixit V., Singh D. K., Hasan 
S.H., Srivastava O. N. Effective removal of 
fluoride from water by coconut husk activated 
carbon in fixed bed column: Experimental and 
breakthrough curves analysis. Groundwater Sust. 
Devel., 7: 48-55 (2018). 

[12] Omran A. R., Baiee M. A., Juda S. A., Salman J. 
M., AlKaim A. F. Removal of Congo red dye 
from aqueous solution using a new adsorbent 
surface developed from aquatic plant (Phragmites 
australis). Int. J. ChemTech Res., 9: 334-342 
(2016)  .  



A.M. Aljeboree et al., 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 64, No. 6 (2021) 

 

 

2878 

[13] Nigam P., Armour G., Banat I. M., Singh D., 
Marchant R. Physical removal of textile dyes 
from effluents and solid-state fermentation of 
dye-adsorbed agricultural residues. Bio. 
Technol., 72: 219-226 (2000). 

[14] Azizian S., Haerifar M., Bashiri H. Adsorption of 
methyl violet onto granular activated carbon: 
Equilibrium, kinetics and modeling. Chem. Eng. 
J., 146(1): 36-41 (2009). 

[15] Hejazifar M., Azizian S., Sarikhani H., Li Q., 
Zhao D. Microwave assisted preparation of 
efficient activated carbon from grapevine 
rhytidome for the removal of methyl violet from 
aqueous solution. J. Anal. Appl. Pyrol., 92(1): 

852-822  (2011). 
[16]  Din A. M., Hameed B. H. Adsorption of methyl 

violet dye on acid modified activated carbon: 
isotherms and thermodynamics. J. Appl. Sci. 
Env. Sanit., 5(2): 161-170 (2010). 

[17] Liu R., Zhang B., Mei D., Zhang H., Liu J. 
Adsorption of methyl violet from aqueous 
solution by halloysite nanotubes. Desalination, 
268(1-3): 111-116 (2011). 

[18] Mittal V. G. A., Mittal J. Removal and recovery 
of hazardous triphenylmethane dye, Methyl 
Violet through adsorption over granulated waste 
materials. J. Hazard Mat., 150(2): 364-375 
(2008). 

[19] Aljeboree A. M., Alkaim, A. F. Comparative 
removal of three textile dyes from aqueous 
solutions by adsorption : As a model (corn-cob 
source waste) of plants role in environmental 
enhancement. Plant Archives, 19(1): 1613-1620 
(2019). 

[20] Ghorai S., Sarkar A. K., Panda A. B., Pal S. 
Effective removal of Congo red dye from 
aqueous solution using modified xanthan 
gum/silica hybrid nanocomposite as adsorbent. B 
Bio. Technol., 144: 485-491 (2013). 

[21] Ghorai S., Sinhamahpatra A., Sarkar A., Panda 
A. B., Pal S. Novel biodegradable nanocomposite 
based on XG-g-PAM/SiO2: application of an 
efficient adsorbent for Pb2+ ions from aqueous 
solution. Bio. Technol., 119: 181-90 (2012). 

[22] Chakraborty S., Chowdhury S., Das Saha P. 
Adsorption of Crystal Violet from aqueous 
solution onto NaOH-modified rice husk, 
Carbohydrate Polymers, 86(4): 1533-1541 
(2011). 

[23]  Ahmad R. Studies on adsorption of crystal violet 
dye from aqueous solution onto coniferous pinus 
bark powder (CPBP). J. Hazard Mat., 171(1-3): 
767-73 (2009). 

[24] Alqaragully M. B. Removal of Textile Dyes 
(Maxilon Blue, and Methyl Orange) by Date 
Stones Activated Carbon. Int. J. Adv. Res. Chem. 
Sci., 1(1): 48-59 (2014). 

[25] Mane V. S., Mall I. D., Srivastava V. C. Kinetic 
and equilibrium isotherm studies for the 
adsorptive removal of Brilliant Green dye from 
aqueous solution by rice husk ash. J. Env. 
Manag., 84(4): 390-400 (2007). 

[26]  Aljeboree A. M. Adsorption of crystal violet dye 
by Fugas Sawdust from aqueous solution. Int. J. 
ChemTech Res., 9: 412-423 (2016). 

[27] Shamik C., Papita S. Sea shell powder as a new 
adsorbent to remove Basic Green 4 (Malachite 
Green) from aqueous solutions: equilibrium, 
kinetic and thermodynamic studies. Chem. Eng. 
J., 164(1): 168-177 (2010). 
 

 

 

 

 

 

 

 

 إلزالة صبغة الميثيل البنفسجي من المحاليل المائية باستخدام كوز الذرة كمصدر للكربون النشط بحثيةدراسة 

 

 1فاضل محمد القيم أياد, 3, سيف الدين موفق عبد الهادي*2البياتي إبراهيميحيى  أسماء, 1مشتاق كاظم الجبوري أسيل
 العراق /جامعة بابل /كلية العلوم للبنات /قسم الكيمياء 1,1

 العراق /بغداد /جامعة النهرين /كلية العلوم /قسم الكيمياء 2
 العراق /بغداد /جامعة الكرخ للعلوم /كلية التحسس النائي والجيوفيزياء /قسم التحسس النائي 3

 

 الخالصة

اسذتددا  الرروذوا المن ذ  في هذاا العمذ ، يذت   تعد األصباغ العضوية من أكثر الملوثات للمياه، والتي تأتي عادة من صناعات النسيج والجلود والورق.

( مذن المحاليذ  الماةيذة المحضذرة. تذ  التح ذم مذن كميذة صذبغات MV، والاي يت  تحضيره من كوز الارة إلزالة صبغة الميثي  البنفسذجي  كسطح ماز

، درنذذة (08و  01، 2، 2، 3الهيذذدرونيني    عامذذ  الو،ذذر، تركيذذز التذذبغة، تذذأثير الذذر، ،ضذذمين تذذأثير العوامذذ  المدتلفذذة مثذذ االمتذذزاز مذذن تذذ   ت

وواسذطة الرذارووا الفعذا  و ذر  كبيذر مذة زيذادة  MVكلفن( وكاألك نرعة الممتزات. تمر زيادة النسذبة الموويذة إلزالذة  382، 312، 822الحرارة  

ولرنذذا افدفذع مذذة زيذادة درنذذة الحذذرارة  ،00.5، وكذذاا الحذد األ،تذذ  عنذد الذذر،  الهيذدرونيني الماصذة ودرنذذة الحموفذة فذذي المحلذو كميذة المذذادة 

( للتح يذم فذي التفاعذ  وذين التذبغة والرروذوا المن ذ  Freundlichو Langmuirوالتركيز األولي للتبغة. ت  استددا  فموذني متساوي االمتذزاز  

أا امتزاز صذبغة النسذيج علذ  الرذارووا  ، مما يعني فمنا  Freundlichالمحضر، وينما ت  تمثي  ويافات توازا االمتزاز و ر  أفض  وواسطة فموذج 

 .الن   غير متجافس مة الطب ات المتعددة


