
Missouri University of Science and Technology Missouri University of Science and Technology 

Scholars' Mine Scholars' Mine 

Chemical and Biochemical Engineering Faculty 
Research & Creative Works 

Linda and Bipin Doshi Department of Chemical 
and Biochemical Engineering 

01 Feb 2020 

Development of novel adsorbent for industrial wastewater Development of novel adsorbent for industrial wastewater 

treatment treatment 

Hassaan M. Shehata 

Dalia A. Ali 

Islam M. Al-Akraa 

Hoda A. Elsawy 

et. al. For a complete list of authors, see https://scholarsmine.mst.edu/che_bioeng_facwork/1648 

Follow this and additional works at: https://scholarsmine.mst.edu/che_bioeng_facwork 

 Part of the Chemical Engineering Commons 

Recommended Citation Recommended Citation 
H. M. Shehata et al., "Development of novel adsorbent for industrial wastewater treatment," International 
Journal of Advanced Trends in Computer Science and Engineering, vol. 9, no. 1, pp. 704 - 712, World 
Academy of Research in Science and Engineering (WARSE), Feb 2020. 

This Article - Journal is brought to you for free and open access by Scholars' Mine. It has been accepted for 
inclusion in Chemical and Biochemical Engineering Faculty Research & Creative Works by an authorized 
administrator of Scholars' Mine. This work is protected by U. S. Copyright Law. Unauthorized use including 
reproduction for redistribution requires the permission of the copyright holder. For more information, please 
contact scholarsmine@mst.edu. 

http://www.mst.edu/
http://www.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/che_bioeng_facwork
https://scholarsmine.mst.edu/che_bioeng_facwork
https://scholarsmine.mst.edu/che_bioeng
https://scholarsmine.mst.edu/che_bioeng
https://scholarsmine.mst.edu/che_bioeng_facwork/1648
https://scholarsmine.mst.edu/che_bioeng_facwork?utm_source=scholarsmine.mst.edu%2Fche_bioeng_facwork%2F1648&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/240?utm_source=scholarsmine.mst.edu%2Fche_bioeng_facwork%2F1648&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarsmine@mst.edu


Hassaan M. Shehata et al.,  International Journal of Advanced Trends in Computer Science and Engineering, 9(1), January – February  2020, 704 – 712 

704 
 

 

 
ABSTRACT 
 
The main objective of this research project is to perform some 
experimental procedures to inform the ability of the novel 
adsorbent used in this project. The chemical modification of 
the adsorbent is the chemical oxidation of pure powder 
chitosan using some specific redox pairs which are potassium 
dichromate and sodium bisulphite. After preparing the 
modified chitosan, there are some parameters that must be 
discussed during the adsorption process. The first parameter 
is the time parameter, showing experimentally the optimum 
time for adsorption under certain conditions by collecting 
values of absorbance and concentration of thymol blue 
adsorbed after the process from the spectrophotometer 
showing that the optimum time is 120 minutes. While for the 
optimum pH experiment, it is shown that optimum pH is 4, 
0.5% v/v is optimum concentration and 0.05 grams is the 
optimum dose for the adsorbent. Then after computing these 
conditions and values of absorbance, some calculations and 
classifications are done to show the reaction kinetics and 
isotherm classification of the process. By performing some 
equations using mathematical rules it is provided that the 
reaction is not a first order reaction, showing by calculations 
and graphs that the reaction is a second order reaction. Also, 
to know the classification of the process other mathematical 
relations are done calculating slope and R2 to show whether 
the process reaction is a Langumir or Frendulish, showing 
that the reaction process is a Frendulish process having a 
greater value of R2. 
 
Key words: Dye removal, Metal oxides, Catalyst, 
Wastewater treatment, Novel adsorbent. 
 
1.INTRODUCTION 
 
In our world there are many types of pollutants which can 
affect the environment, where environmental pollutants are 
considered to be the greatest pollution problems that human 

 
 

beings are facing in this world.[1-18] There are three types of 
pollution which are considered the main types of pollution. 
These types are classified into three basic types which are; 
water, air and soil.[19-35] Among these types of pollutants 
water pollution is caused by the usage of excess pesticides and 
fertilizers in agriculture, industrial discharge and waste water 
emitted in textile industries which contains a large amount of 
dyes that are the mostly pollutant for water.[36-42] Dyes 
which are found in waste water effluent are always difficult to 
be separated from water streams as they are complex 
molecular structures that make dyes able to be stable in water 
toward light and resistant to biodegradation. Synthetic dyes 
were discovered in the 19th century, while the usage of natural 
dyes has been started from about 5000 years, but synthetic 
dyes took the lead in textile industries which has covered up 
the use of natural dye. Synthetic dyes are involved in many 
industries and can be produced largely in such industries like; 
leather, fabrics, food, cosmetics, electroplating and 
distillation.[43-55] 
 These synthetic dyes can be classified into different classes 
such as; basic, acidic, direct, disperse, pigment and reactive 
dyes and also other classes which are not mentioned. This 
classification reflects the macroscopic behaviour and 
prevailing functionalities. Studies proved that more than 
700000 tons of dye are produced annually. Also, an 
estimation proved that about 10-15% of dyes are gone astray 
in wastewater mainly in the manufacturing and application 
processes.  In this work, finding a solution for the treatment of 
wastewater contaminated mainly by dyes is our big issue, 
where a lot of surveys and searches proved that cationic and 
anionic dyes are involved largely in many industries such like 
paper , silk , wool and cosmetics industries [56-60], So many 
investigations have been done to find a good and a low cost 
solution to remove theses dye from wastewater effluents, 
where adsorption was found to be the most effective way to 
remove these dye from wastewater effluents due to its low cost 
and easy way of operation in addition to the effectiveness of 
removing dyes from wastewater effluents [61-63]. So, 
chitosan was chosen to be the novel adsorbent which can 
remove cationic and anionic dyes from these effluents but of 
course some modifications must be held on this adsorbent to 
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give the highest effect of adsorption and adsorb as much as it 
can [64,65]. Oxidation of chitosan was the chosen 
modification for chitosan since studies proved that it was the 
most effective modification on chitosan through studying the 
parameter affecting the adsorption after oxidation takes place 
[20,30, 61-66]. 
 
As an additional investigation to see how adsorption work 
with dyes, not only the chemical and physical methods are 
used, there is also biological methods can be used in order to 
remove dyes from wastewaters. Here in this research the 
adsorption process using a novel modified adsorbent will be 
applied in order to remove a certain dye from industrial 
wastewater.  
 
2. EXPERIMENTAL 
2.1 Chitosan Oxidation 
The oxidation process of chitosan is applied using some 
chemical reagents which help in proceeding the oxidation 
quickly. First of all, a small amount of pure powder chitosan 
is prepared to be dissolved in an acetic acid solution which is 
diluted under certain conditions like temperature and stirring 
rate, where the temperature must be adjusted on 40 oC and 
700 rounds per minute for four hours long. After dissolving 
the chitosan powder two reagent are added by sufficient 
amounts to the solution in a three necked flask and kept also 
at temperature 40o C for 4.5 hours long to be quenched after 
the oxidation process by sodium hydroxide solution and an ice 
bath to obtain the hydrogel chitosan before passing it through 
some processes like filtration, washing by distillate water and 
drying in an oven at temperature 40o C till it has a constant 
weight. 
 
2.2 Time Optimization 
After obtaining an amount of oxidized chitosan, firstly the 
effect of time is studied. As mentioned above that there are 
some depending parameters that affect the adsorption 
capacity [7]. In this paper, reaching to the optimum 
conditions is the desired work to know the optimum 
conditions of oxidized chitosan to get the best adsorption 
capacity. Thymol blue is used as the dye desired to be 
removed. So, a certain concentration of thymol blue is 
prepared which is 0.5% v/v. After adjusting the pH of the six 
beakers, the weighted six samples of chitosan are poured in 
six conical flasks with the solution in each one after 
adjustment. Before placing the conical flasks in the shaker to 
begin the adsorption process, the flasks are labelled, where 
each one is labelled referring to the lengths of time that each 
flask will take in the shaker starting from 5 minutes reaching 
to 2 hours {5, 10, 30, 60, 90, 120} minutes with stirring rate 
250 rounds per minute.  
Six samples are placed in the shaker to begin the adsorption 
process and when it is time to each sample to be removed, 
filtration takes place. After finishing the hours shaking, these 
six samples are taken to spectrophotometer to measure the 

adsorption capacity through knowing the concentration of dye 
before and after shaking.  
 
2.3 pH Optimization 
The optimum time experiment showed the optimum time 
needed for the modified chitosan to adsorb as much as it can 
[8]. In the previous experiment all conditions were constant 
except the variation of time intervals, where pH and 
concentration of thymol blue were 4 and 0.5% respectively 
and mass of adsorbent is constant too which is 0.05 grams. 
In this experiment the same conditions are prepared but 
with a wide change in values of pH of each beaker to 
conduct the optimum pH that the adsorbent can evaluate 
highest adsorption capacity. The six beakers filled with 
thymol blue solution are then taken to adjust the pH. Six 
beakers are divided into two parts equally, providing three 
acidic beakers and three basic beakers. Three acidic beakers 
are adjusted using hydrochloric acid obtaining three 
different values of pH which are {2, 4, 6}, knowing that the 
pH of thymol blue solution without any adjustments is 6 so, 
no drops of HCl are needed to obtain pH of 6. On the other 
hand, basic beakers are adjusted using sodium hydroxide 
drops, obtaining different values of pH which are {8, 10, 
12}. After adjusting the pH, these beakers are taken to be 
poured in six conical flasks labelled with its pH value to 
proceed the adsorption process by adding the six weighed 
samples of modified chitosan to thymol blue solution. The 
adsorption will take two hours shaking with stirring rate 
250 rounds per minute, knowing from the previous 
experiment the optimum time for adsorption. 
2.4 Concentration Optimization 
In this experiment the optimum concentration of thymol 
blue is observed by preparing 6 different samples of thymol 
blue each with its concentration. The original sample of 
thymol blue which is 0.5% v/v is taken to be diluted 
obtaining other five concentrations, to show the adsorption 
capacity of oxidized chitosan with different concentrations 
of thymol blue. These different concentrations are prepared 
the same way that 0.5% v/v thymol blue is prepared but 
using the 0.5% v/v thymol blue and distilled water. As by 
some calculations it was found that each sample needs a 
certain amount from distilled water and certain amount 
from diluted thymol blue, where these concentrations having 
values of {0.4, 0.3, 0.2, 0.1, 0.05}.  
Before mixing the oxidized chitosan with the different 
concentrations a pH adjustment is required, where the 
optimum pH for chitosan adsorption is 4. These samples are 
adjusted using 0.1 M hydrochloric acid. After adjustment, 
sample in each beaker is poured to its conical flask labelled 
by its concentration then mixing the weighed oxidized 
chitosan to start adsorption on the shaker leaving the 
reaction for two hours with stirring rate 250 rounds per 
minute.  
 
2.5 Dose of Oxidized Chitosan Optimization 
In such an experiment different masses of oxidized chitosan 
are used with constant time, pH and concentration, to show 
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the optimum mass/dose of oxidized chitosan needed to give 
the best adsorption capacity with these parameters. Five 
different samples of oxidized chitosan are prepared having 
different masses where these values are {0.05, 0.04, 0.03, 
0.02, 0.01} grams. As done before in the previous 
experiments, five beakers are prepared each containing 25 ml 
of 0.5% v/v thymol blue. These beakers are taken to the pH 
meter for adjustment, hydrochloric acid of 0.1 M is used for 
adjusting these samples reaching them to pH of 4. Then each 
sample is poured to the conical flask having its mass labeled 
mixing the weighed samples of oxidized chitosan with thymol 
blue, where each mass is filled in its flask. These flasks are 
taken to the shaker to proceed the adsorption reaction keeping 
the process for two hours shaking with stirring rate 250 
rounds per minute.   
3. RESULTS AND DISCUSSION 
3.1 Standard Curve 
As shown in the standard curve table, that at different 
concentrations of thymol blue, different values of absorbance 
in (nm) are given by the spectrophotometer, as the 
concentration of thymol blue increase the values of 
absorbance increase giving the shown values in table 2. So, 
the least concentration which is 0.1% v/v has the least 
absorbance value which is 0.011 nm, while the largest 
concentration which is 0.5% v/v gives an absorbance value of 
0.0588 nm.  

 
Figure 1:The relation between thymol blue concentration and 

absorbance 
 
This figure shows the relation between the concentration of 
thymol blue and the absorbance value given from the 
spectrophotometer, fitting the line on the best fit of dots to 
give a straight line, where concentration of thymol blue is on 
x-axis and absorbance on y-axis. Also, R2 is calculated 
showing a promising result having a value of 0.9985. This 
relation was plotted to make it easy for each experiment to get 
the concentration of thymol blue after adsorption to know how 
much thymol blue are adsorbed on the surface of oxidized 
chitosan, knowing the optimum condition in each 

experiment, where the least value of thymol blue 
concentration after adsorption gives the optimum condition of 
the experiment whatever any experiment. 

3.2 Optimum Time 
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Figure 2: The relation between thymol blue concentration 

and time of adsorption 
 
Figure 2 shows the relation between the concentration of 
thymol blue after adsorption and time for adsorption, whereas 
mentioned above that concentration of thymol blue decreases 
with time, the more time it spends in shaking the more 
concentration it loses.  
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Figure 3: The relation between thymol blue removal 
percentage and time of adsorption 
 
Figure 3 shows the relation between % of removal and time is 
opposite to that of figure (2). Where, percent of removal 
increases with time as shown in graph, where % of removal is 
93.6 after two hours of shaking.  
3.3 pH Parameter 
 
Figure 4 shows the unstable conditions of samples having pH 
greater than 4, whereas the pH increases from 2 to 4, percent 
of removal increases showing the best value of removal, but as 
the increase to be more than 4 the curve start to drop showing 
unstable curves and unstable percentage of removal till 
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reaching the most basic medium which is 12 having the 
lowest percent of removal.  
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Figure 4: The relation between thymol blue removal 
percentage and pH 
 
3.4 Optimum Initial Concentration 

Figure 5: The removal efficiency of thymol blue 
 
The 0.05% v/v sample shows a large value of removal, where 
the final concentration of thymol blue left in the solution is 
0.0002% v/v which means that this sample has lost about 
0.498% v/v during adsorption so, by substituting initial and 
final concentrations in the equation of % of removal. Percent 
of removal was 99.6 % which is very high compared to the 
other concentrations. Also, to calculate thymol blue adsorbed 
in mg/g, Thymol blue adsorbed in (ppm) is multiplied by a 
fraction of volume of solution and mass of adsorbent (Vol. of 
thymol blue / Mass of chitosan). 
 
3.5 Optimum Dose of Chitosan 
 
Figure 6 shows the relation between the dose of chitosan used 
in the experiment and the final concentration of thymol blue 
after adsorption, whereas the dose of modified chitosan 

increase the concentration of thymol blue after adsorption 
decrease instantly with noticed values which is clear from the 
points plotted that the least value of final concentration is at 
the highest amount of modified chitosan used. Where in 
figure (18) the opposite occur that the percent of removal 
increase with the amount of modified chitosan used as the 
final concentration decrease. 
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Figure 6 :The relation between dose of chitosan used and 
final concentration of thymol blue after adsorption 
 
UV/VIS spectrophotometer as shown in figure.7 was used to 
measure the adsorbance of dye before and after the addition of 
activated carbon and activated nickel nanoparticles at a 
wavelength of 665. A UV/VIS spectrophotometer measures 
the adsorbance of material on an ultraviolet region. 

 
Figure 7:UV-Vis Spectrophotometer 
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3.6 Kinetic Study 

y = -64.023x + 177.14
R² = 0.9717
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 Figure 8: The kinetic model proposed as first order kinetics 
dye 0.5% 
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Figure 9: The kinetic model proposed as second order 
kinetics dye 0.5% 
 

y = 0.0004x + 0.0411
R² = 0.8034
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Figure 10: The kinetic model proposed as Langmuir 
Isotherm 

After obtaining the amounts of thymol blue at each 
concentration it is divided by the mass of the adsorbent which 
is chitosan having constant value of 0.05 grams to obtain (qe) 
in mg/g. From the collected data choosing the best fit is going 
to be easy by applying some rules and plotting a graph 
between the logarithmic of (ce) (x-axis) & (qe) (y-axis). After 
plotting the graph, the value of R2 is calculated through the 
equation given on the graph which is:  
Y= 0.0004x + 0.0411  
R2 = 0.8034  
 

 
Figure 11: The kinetic model proposed as Frendulish 
Isotherm 
 
After obtaining the amounts of thymol blue at each 
concentration it is divided by the mass of the adsorbent which 
is chitosan having constant value of 0.05 grams to obtain (qe) 
in mg/g. From the collected data choosing the best fit is going 
to be easy by applying some rules and plotting a graph 
between the logarithmic of (ce) (x-axis) & (qe) (y-axis). Also, 
after plotting the graph, the value of R2 is calculated through 
the equation given on the graph which is y = 0.4511 + 2.1797 
R2 = 0.9423 
 
4. CONCLUSION 
After preparing the oxidized chitosan, the first experiment 
which is optimum time took place to obtain the optimum time 
of adsorption which means to see the interval of time that 
achieved the best adsorption capacity by decreasing the 
concentration of thymol blue solution and the least 
concentration after adsorption process was the best time 
interval. After lifting each sample when it is time to be 
removed from the shaker, the samples are then taken to the 
spectrophotometer to measure the absorbance capacity by 
measuring the value of concentration of thymol blue after 
adsorption and a comparison was done between thymol blue 
before and after adsorption to see the difference in 
concentration for each sample to observe that the sample that 
took two hours (120 min) achieved the best adsorption 
capacity with absorbance value 0.0035 nm and concentration 
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of thymol blue 0.032 % v/v .So the percent of removal of 
oxidized chitosan is 93.6 %. While the optimum pH of the 
solution was obtained to be 4 after proceeding the optimum 
time experiment. The spectrophotometer showed that the 
sample having pH of 4 achieved the best absorbance value as 
that of time experiment which is 0.0035 nm and final 
concentration of 0.032 with removal percentage 93.6 %. Then 
by concluding the optimum values of time and pH, It was 
observed that the sample having the concentration 0.05% v/v 
had the best values of absorbance where the concentration of 
thymol after adsorption was 0.0002 %v/v showing a big 
difference between the initial and final concentration of 
thymol blue with percentage of removal 99.6%. The last 
experiment was the optimum dose of modified chitosan, 
where after the three previous experiments it was concluded 
that the optimum values of thymol blue solution was 
determined. After the process the five samples were taken to 
the spectrophotometer to conclude that the sample having 
0.05 grams oxidized chitosan show a promising adsorption 
value where the percentage of adsorption was 99% which 
means that the remaining thymol blue in solution is negligible 
by final concentration 0.0005 %v/v and 0.014 nm absorbance 
value.  
Lastly the mathematical relations and equations that was 
applied on the values collected from the previous experiments 
was to show whether the reaction is a first or a second order 
reaction, also knowing the classification of the reaction.  
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