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Abstract The removal of synthetic cationic dyes, methylene blue, from wastewaters by using Traganum 
Nudatum Roots, TNR, as low cost agriculture material, treated by Trona as novel activator. Parameters 
control the adsorption capacity of MB were studied. It was found that the maximum adsorption capacity was 
339.16 mg MB/g TNR at pH 8.4 and increased with increasing solution pH. The adsorption capacities of MB 
dye increased with increasing concentration of MB and the maximum adsorption capacity was 292.09 mg 
MB/g TNR at initial MB concentration of 500mg/L. The MB dye was reached equilibrium within 90 min. The 
adsorption capacity decreased with increase in adsorbent dose for MB dye and the maximum adsorption 
capacity was 402.8 mg MB/g TNR at initial TNR dosage of 20 mg. The results indicated that the adsorption 
capacity increased for both dyes by rising the temperature from 303 K to 323 K, indicating that the 
adsorption process is an endothermic process and adsorption favorable at high temperature. The findings in 
this research that TNR treated with Trona as cheap and effective activator can be used to remove MB from 
aqueous solution and all the parameters studied had a significant effect on removal process. 
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1. Introduction  
The pollution of water by common toxic heavy 
metals, dyes or pigments is a world-wide 
environmental matter, which are commonly 
founded in waste water and [1-3]. Those 
chemicals, which have been considered as 
hazardous materials due to none biodegradable 
and accumulating in living organisms, which 
causing health problems in human beings, plants 
and animals [3]. Dyes are ionic aromatic ring 
compounds, which has strong affinity to 
interaction with surfaces or fabrics to give a 
distinct color, including paper, waxes, plastics, 
cosmetics, textile, hair, food, greases, etc. [4]. 
Methylene blue, MB, is widely used as cationic 
and synthetic dye in manufacturing operation in 
textile industry for dying cottons, silk, nylon, 
wool, leather, coloring paper, temporary hair 
colorant, printing calico and etc. [5].  

 
Fig.1: chemical structure of MB dye. 

Various techniques are now available to remove 
toxic dyes from industrial effluents from an 
aquatic environment [6]. In recent years, the 
adsorption method has become more popular and 
preferred over the other methods  
due to low cost, flexibility, simplicity of design and 
highly removal capacity [6-9].  
Agricultural solid wastes are nonconventional low-
cost adsorbents can be used as  inexpensive 
adsorbent such as rice husk, leaves, fibers, seeds, 
sawdust, roots etc. The utilization of these 
materials in adsorption process is an efficient, 
economical method for the removal of 
contaminants from wastewater [10, 11]. In this 
research, Traganum Nudatum Roots (TNR) 
activated by Trona was used to remove MB from 
aqueous solutions. Trona used as pretreatment 
alkali solution, which classified as a native salt.  
2. Material and Methodology 
2.1. Materials and Instruments 
Tragunum Nadutum roots (TNR) used as adsorbent 

activated by Trona as native salt was prepared. 
MB dye was purchased from (Riedel-De Haen Ag). 
Electronic pH/conductivity meter (Electron 
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Corporation, USA) and UV-Vis spectrophotometer 
(Jenway 6305, UK) were used.  
2.3. Methodology  
2.3.1. Preparation of Adsorbent   
TNRs were collected from Samno Village, 
Albowanise State, and north of Sabha State, 
Libya. The TNR was washed with plenty of water 
and socked several times with deionized water to 
remove surface impurities. The TNRs were dried in 
an oven at 105°C until a constant weight obtained. 
The yield was grounded and sieved to obtain a 
particle size range of 0.125-0.063 mm. 
2.3.2. Activation process  
40 ml saturated solution of Trona was added to a 

flask containing 1.0 g of natural TNRs. The 
mixture was mixed and heated at 100oC for 1 hr. 
The mixture was filtered by Whatman paper 
No113. The treated natural TNR washed several 
times by deionized water to remove the excess of 
Trona until the risen reaches almost neutral (pH 
7). The activated TNRs were dried at 105oC until a 
constant weight obtained and grounded to desire 
particle size. The activated TNR was kept in 
desiccator for further the experiments. 
2.3.3. Batch adsorption experiment 
For each experiment, 0.01g treated TNR was 
immersed in 20 ml of known initial concentration 
(C0) dye solution at specific temperature. The 
mixture was agitated at constant speed 250 rpm 
for a known period to reach equilibrium of the 
solid solution mixture. After the equilibrium, the 
mixture were separated by a fast filtration, then 
the clear supernatant was analyzed by UV-Vis 
spectrophotometer at wavelength of 662nm for MB 
dye [12]. The adsorption capacity of treated TNR 
was calculated by  the following equation [13]: 
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Where: qe (mg/g) is the adsorption capacity of 
adsorbent, C0 is the initial dye concentration 
(mg/l), Ce is the equilibrium dye concentration 
(mg/l), V is the volume of dye solution (l) and w is 
the adsorbent mass (gm). 
3. Results and Discussion 
3.1. Effect of initial solution pH 
Fig.2 shows the effect of pH on the adsorption 
capacity of MB dye. The pH of MB dye solutions 
were adjusted from 3-9 at room  
temperature, 0.01 g/20 ml of treated TNR, 1hr 
and initial concentration of MB dye 400 mg/L  
[14, 15]. It was found that the maximum 
adsorption capacity was 339.16 mg MB/g TNR at 
pH 8.4 and increased with increasing solution pH. 
The lower adsorption capacity of MB dye at acidic 
medium is probably attributed to the competition 
of H+ ions with cation groups of MB dye on the 
surface for the active sites of the adsorbent and 
decrease the chances of adsorption of MB dye on 
the surface [16]. In addition, this could be due to 
electrostatic repulsive between positively charged 
dyes and positively charged surface. On the other 
hand, at higher pH, the adsorption capacity of MB 
dye increased because the negative surface charge 
increased and H+ ions decreased. Therefore, the 

electrostatic force attraction increases between 
cationic dye molecules and the surface [17-21].  

 
Fig.2: Effect of initial pH on adsorption capacity of 
MB dye onto treated TNR. 
 
3.2. Effect of initial dyes concentration 
 The effect of MB dye concentrations on its 
adsorption capacity was studied at concentrations 
of 200-600 mg/l at pH 8.4, adsorbent dose 0.01g, 
contact time 1 hr, 20 ml of dye solution at room 
temperature. It is observed from Fig.3  that the 
maximum adsorption capacity was 292.09 mg 
MB/g TNR at initial MB concentration of 500mg/L 
and the adsorption capacities of MB dye increased 
with increasing concentration of MB. This could 
be due to the increased initial concentration of 
dye will give the driving force required to overcome 
the resistance of the mass transfer of dye 
molecules between adsorbents and dye aqueous 
solutions [22-24]. It was also observed that, the 
adsorption capacities of MB dye was higher in 
case of higher initial concentrations.  

 
Fig.3: Effect of initial concentration on adsorption 
of MB dye onto treated TNR. 
 
3.3. Effect of treated TNR dose 
Fig.4 shows the effect of adsorbent dose on the 
adsorption capacity of MB dye onto treated TNR. 
The doses of treated TNR were varied from 0.01 to 
0.07 g and keeping all other experimental 
parameters were kept constant. It was observed 
from Fig.4 that the maximum adsorption capacity 
was 402.8 mg MB/g TNR at initial TNR dosage of 
10 mg and the adsorption capacity decreased with 
increase in adsorbent dose for MB dye. This 
decrease in amount of adsorbed dye qe  is 
probably due to overlapping agglomeration of 
particles and this is resulting in a decrease in a 
surface area of adsorbent available to the dyes 
which will increase diffusion bath length [25] 
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Fig.4: Effect of adsorbent dose on the adsorption 
capacity of MB dye onto treated TNR. 
 
3.4. Effect of contact time and temperature 
Contact time is another important parameter 
influence in the adsorption process. Fig.5  show 
the effect of contact time on adsorption capacity of 
MB dye. The contact time was varied from 0-2 
hours and keeping other experimental parameters 
constant. The MB dye was reached equilibrium in 
90 min. It can be observed that the adsorption 
capacity of MB  
 
dye gradually increase until they reached the 
equilibrium state. That was attributed to the 
surface sites of adsorbent. Before the equilibrium 
time, there were a large numbers of surface sites 
are available for adsorption during the adsorption 
process. A further increase in contact time does 
not increase the adsorption capacity because after 
equilibrium state most of available active sites 

were occupied [12, 15, 22]. The equilibrium time, 
is the amount of the adsorbed molecules of dye 
from the surface of adsorbent is stay in a state of 
dynamic equilibrium with the amount of the 
desorbed dye molecules onto the surface of 
adsorbent. The amount of dye adsorbed at the 
equilibrium time reflects the maximum adsorption 
capacity of the adsorbent under those operating 
conditions [24]. 
The effect of different temperatures at 303, 313 
and 323 K on the adsorption capacity of treated 
TNR for the removal MB dye was investigated 
under the following optimum conditions, 0.01 g of 
adsorbent dose, 500 mg/l initial concentration, 
pH 8.4 as shown in Fig.5. The results indicated 
that the adsorption capacity increased by rising 
the temperature from 303 K to 323 K, indicating 
that the adsorption process is an endothermic 
process and adsorption favorable at high 
temperature. This effect of temperature may be 
due to the increase in the movement of molecules 
of dyes which cause to increase the number of 
active sites on the surface, increase in the pore 
volume and porosity of adsorbent [24, 26]. Also, 
the viscosity of the dye solution decrease with the 
increase of temperature and then increase the 
diffusion rate of the dye  molecules into the 
internal pores of the adsorbent [27, 28]. 

 
Fig.5: Effect of contact time and temperature on 
the adsorption capacity of MB dye onto treated 
TNR. 
 
Conclusion  
In this study, the removal of MB dye by treated 
TNR were investigated. Results showed that the 
MB dye was highly dependent on initial pH of 
solution, adsorbent dose, initial concentration of 
dye, contact time and temperature. It can be 
concluded that the treated TNR with Trona can be 
effectively used for the adsorption of basic dyes 
such as MB dye from aqueous solutions, this 
adsorbent have a great potential in environmental 
remediation processes with no economical cost. 
Arabic section:  
Acknowledgment 
Authors would like to thank Department of 
Chemistry, Faculty of Science, and Central 
Laboratory at Sebha University for financial and 
technical support of this research. 
 References 
[1]- Benaissa, H. and B. Benguella, Effect of 

anions and cations on cadmium sorption 
kinetics from aqueous solutions by chitin: 

experimental studies and modeling. 
Environmental Pollution, 2004. 130(2): p. 
157-163. 

[2]-  Politi, D. and D. Sidiras, Wastewater 
treatment for dyes and heavy metals using 
modified pine sawdust as adsorbent. Procedia 
Engineering, 2012. 42: p. 1969-1982. 

[3]- Kehinde, O.O., T.A. Oluwatoyin, and O.O. 
Aderonke, Comparative analysis of the 
efficiencies of two low cost adsorbents in the 
removal of Cr (VI) and Ni (II) from aqueous 
solution. African Journal of Environmental 
Science and Technology, 2009. 3(11): p. 360-
369. 

[4]- Christie, R.M., Colour chemistry. 2nd ed. 
2001, UK: Royal Society of Chemistry. 

[5]- Al-Degs, Y.S., et al., Effect of solution pH, ionic 
strength, and temperature on adsorption 
behavior of reactive dyes on activated carbon. 
Dyes and pigments, 2008. 77(1): p. 16-23. 

[6]- Ahmad, A., et al., Recent advances in new 
generation dye removal technologies: novel 
search for approaches to reprocess 
wastewater. RSC Advances, 2015. 5(39): p. 
30801-30818. 

[7]- Crini, G., Non-conventional low-cost 
adsorbents for dye removal: a review. 
Bioresource technology, 2006. 97(9): p. 1061-
1085. 



Influence of Process Parameters on Removal of Methylene blue dye from an Aquatic…                 Erhayem et al . 

JOPAS Vol.17 No.  1 2018                                                                                                                                                   99 

[8]- Kanawade, S.M. and R. Gaikwad, Removal of 
methylene blue from effluent by usingactivated 
carbon and water hyacinth as adsorbent. 
International Journal of Chemical Engineering 
and Applications, 2011. 2(5): p. 317. 

[9]- Amuda, O.S., et al., Adsorption of methylene 
blue from aqueous solution using steam-
activated carbon produced from Lantana 
camara stem. Journal of Environmental 

Protection, 2014. 5(13): p. 1352. 
[10]- Ahmaruzzaman, M., Adsorption of phenolic 

compounds on low-cost adsorbents: a review. 
Advances in colloid and interface science, 
2008. 143(1): p. 48-67. 

[11]- Rafatullah, M., et al., Adsorption of 
methylene blue on low-cost adsorbents: a 
review. Journal of hazardous materials, 2010. 
177(1): p. 70-80. 

[12]- Leng, L., et al., Bio-char derived from sewage 
sludge by liquefaction: Characterization and 
application for dye adsorption. Applied Surface 
Science, 2015. 346: p. 223-231. 

[13]- Kumar, S., et al., Modeling studies on 
simultaneous adsorption of phenol and 
resorcinol onto granular activated carbon from 
simulated aqueous solution. Journal of 
hazardous materials, 2011. 185(1): p. 287-
294. 

[14]- Saleh, T.A., A.A. Al-Saadi, and V.K. Gupta, 
Carbonaceous adsorbent prepared from waste 
tires: Experimental and computational 
evaluations of organic dye methyl orange. 
Journal of Molecular Liquids, 2014. 191: p. 
85-91. 

[15]- Dehghani, M.H., et al., Removal of noxious Cr 
(VI) ions using single-walled carbon nanotubes 
and multi-walled carbon nanotubes. Chemical 
Engineering Journal, 2015. 279: p. 344-352. 

[16]- Annadurai, G., R.-S. Juang, and D.-J. Lee, 
Use of cellulose-based wastes for adsorption of 
dyes from aqueous solutions. Journal of 
hazardous materials, 2002. 92(3): p. 263-274. 

[17]- Meziti, C. and A. Boukerroui, Removal of a 
basic textile dye from aqueous solution by 
adsorption on regenerated clay. Procedia 
Engineering, 2012. 33: p. 303-312. 

[18]- Pan, X. and D. Zhang, Removal of malachite 
green from water by Firmiana simplex wood 
fiber. Electronic Journal of Biotechnology, 
2009. 12(4): p. 9-10. 

[19]- Chieng, H.I., et al., Sorption characteristics of 
peat of Brunei Darussalam IV: equilibrium, 
thermodynamics and kinetics of adsorption of 
methylene blue and malachite green dyes from 
aqueous solution. Environmental earth 
sciences, 2014. 72(7): p. 2263-2277. 

[20]- Selen, V., et al., Synthesized multi-walled 
carbon nanotubes as a potential adsorbent for 

the removal of methylene blue dye: kinetics, 
isotherms, and thermodynamics. Desalination 
and Water Treatment, 2016. 57(19): p. 8826-
8838. 

[21]-  Ekpete, O., M.H. Jnr, and A. Spiff, Removal 
of chlorophenol from aqueous solution using 
fluted pumpkin and commercial activated 
carbon. As. J. Nat & App. Sci, 2012. 1(1): p. 
2186-8476. 

[22]-  Fu, J., et al., Adsorption of methylene blue 
by a high-efficiency adsorbent (polydopamine 
microspheres): kinetics, isotherm, 
thermodynamics and mechanism analysis. 
Chemical Engineering Journal, 2015. 259: p. 
53-61. 

[23]- Yagub, M.T., et al., Dye and its removal from 
aqueous solution by adsorption: A review. 
Advances in Colloid and Interface Science, 
2014. 209: p. 172-184. 

[24]- Bharathi, K.S. and S.T. Ramesh, Removal of
dyes using agricultural waste as low-cost 
adsorbents: a review. Applied Water Science, 
2013. 3(4): p. 773-790. 

[25]- Da Silva, L.G., et al., Adsorption of Brilliant 
Red 2BE dye from water solutions by a 
chemically modified sugarcane bagasse lignin. 
Chemical Engineering Journal, 2011. 168(2): 
p. 620-628. 

[26]- Senthilkumaar, S., P. Kalaamani, and C. 
Subburaam, Liquid phase adsorption of 
Crystal violet onto activated carbons derived 
from male flowers of coconut tree. Journal of 
hazardous materials, 2006. 136(3): p. 800. 

[27]- Salleh, M.A.M., et al., Cationic and anionic 

dye adsorption by agricultural solid wastes: a 
comprehensive review. Desalination, 2011. 
280(1): p. 1-13. 

[28]-  Chowdhury, S., et al., Adsorption 
thermodynamics, kinetics and isosteric heat of 
adsorption of malachite green onto chemically 
modified rice husk. Desalination, 2011. 
265(1): p. 159-168. 

 
 


