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ABSTARCT 
Surfactants are harmful to human beings, fishes and vegetation when present in water resources. 
They cause foaming in the aquatic media like river, ETP/CETP/STP. Surfactant also reduces the 
quality of water by giving high COD. In the present scenario, recycle and reuse of squander 
resources would be the best option to eradicate pollution from the surrounding environment. 
Adsorption is the best  cost effective, less energy consuming, environment friendly technique 
when proper adsorbent is used to remove pollutants from the water/wastewater. In the present 
investigation, alumina was used as an adsorbent for the removal of anionic surfactant Sodium 
Dodecyl Sulphate from aqueous solution. The optimum SDS% removal (99.32% at 2000 ppm 
SDS ) and adsorption capacity (197 .7mg/gm at 20,000 ppm SDS) was found at pH 4, contact 
time 2 hr, adsorbent (i.e. alumina) dosage 100 gm/L. Adsorption phenomena were studied to 
interpret the adsolubilization pattern along with Thermodynamics and Chemical Kinetics 
studies. At 300C temperature 98.9% removal of SDS and adsorption capacity 197.8 mg/gm was 
obtained at agitation time of 1 hr. Chemical Kinetic studies showed that the whole adsorption 
process follows pseudo second order kinetic with the calculated value of qe (196.07 mg/gm). 
Pseudo second order model is in good agreement with experimental qe value (197.7 mg/gm) with 
value of correlation coefficient R2 = 1 at agitation time of 1 hr. The value of intercept C i.e. 
197.02 was found from intra particle diffusion model which also confirms the thickness of the 
SDS adsorption onto Alumina. Thus, from experiment results of the four techniques it is 
confirmed that Alumina exhibits adsorption capacity for SDS i.e. >197mg/gm. The data may be 
useful in designing and fabrication of an economic treatment plant for the removal of anionic 
surfactant from wastewaters in the detergent/soap manufacturing industries. By applying this 
technology we can prevent the introduction of surfactant into adjacent water resources. The 
natural water/wastewater/effluent can be treated by adding suitable dose of low-cost, adsorbent 
Alumina powder and by application of flocculator/other instrument with >100 rpm. Maintain pH 
2-4, agitation time 1 hr and adsorbent dosage 50-100 gm for optimum results. The settled residue 
of SMA remained at the bottom of clarifier can be taken out by rotating scrapper with pump. 
Surfactant modified alumina, produced such as above mentioned way can adsolubilize toxic 
dyes, phenol, halogenated organics, etc. and can be removed from aqueous media without 
consuming much energy. The adsorbent can be recovered by giving NaOH treatment to the 
treated water.  
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INTRODUCTION 
Some surfactants are known to be toxic to 
animals, ecosystems and humans, and can 
increase the diffusion of other environmental 
contaminants.1-3 Despite this, they are 
routinely  deposited  in numerous ways on land  

and into water systems, whether as part of an 
intended process or as industrial and household 
waste. Many standard laundry detergent 
powders contain levels of chemicals such as 
alkali and chelating agents, which can damage 
the plants and should not  apply to soil. Some 
can,  however,  interfere  with the life-cycles of  *Author for correspondence 
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some aquatic organisms also. Anionic 
surfactants can be found in soils as the result of 
sludge application, wastewater irrigation and 
remediation processes. At low concentrations, 
surfactant application is unlikely to have a 
significant effect on trace metal mobility.4,5 
Surfactants are responsible for causing foams 
in rivers and effluent treatment plants and they 
reduce the quality of water. Surfactants cause 
short-term as well as long term changes in 
ecosystem.6  
In very dilute aqueous solution, an anionic 
surfactant acts much as normal electrolytes, 
but at higher concentrations it acts in a very 
different way. This behavior is explained in 
terms of the formation of organized aggregates 
of large molecules called the micelle, in which 
the hydrophobic parts of the surfactant 
associate in the interior of the aggregates 
leaving hydrophilic parts to face the aqueous 
medium. The surfactant concentration at which 
micelles are formed is called the Critical 
Micelle Concentration (CMC). The micelles 
have the ability to preferentially absorb 
organic solutes from solution. This process is 
called solubilization.6 
The adsorption of ionic surfactants on 
oppositely charged surface is generally 
different from ordinary adsorption process. At 
low surfactant concentration the monolayer 
and bilayer structures are formed. These 
structures act as micelles and have the 
potential to solubilize the organics into the 
three dimensional structures. The process is 
called adsolubilization. Hence, adsolubilization 
is the surface analog to solubilization with 
adsorbed surfactant bilayers playing the role of 
the micelles.7 The monolayer structure is 
called the hemimicelle and the bilayer 
structure, the admicelle. Adsolubilization 
process can efficiently be used for the removal 
of different organic pollutants like dyes, 
phenolic compounds, etc from water 
environment. 
Recycling is a key component of modern waste 
reduction and is the third component of the 
reduce, reuse, recycle waste hierarchy. 
Although many government programs are 
concentrated on recycling at home, a large 
portion of waste is generated by industry. The 
focus of many recycling programs done by 
industry is the cost-effectiveness of recycling.6  

MATERIAL AND METHODS 
Alumina, Anionic surfactant Sodium Dodecyl 
Sulphate, Acridine Orange, Glacial Acetic 
Acid and Toluene, 1N H2SO4 and 1N NaOH. 
Experiment  
Digital weigh balance was used for weighing. 
pH meter was used for pH adjustment. A 
spectrophotometer (Systronics ) was used for 
absorbance measurement. Magnetic stirrer was 
used for shaking purpose. 
Analytical method to determine anionic 
surfactant (solvent extraction)8 
A rapid and reliable solvent extraction and 
spectrophotometric method have been 
developed for the determination of anionic 
surfactant. 3, 6-bis (dimethyl amino) acridine 
which is commercially known as Acridine 
Orange having a colour has the potential for 
being used as an ion-pairing agent with anionic 
surfactant.6 10 ml of sample solution containg 
SDS was transferred to the separating funnel. 
Pinch of acridine orange and 1-2 drops of 
glacial acetic acid were added to the sample. 
Then 5 ml toluene was added to it and shaken 
for 1 minute. After shaking allow the complex 
to stay for 15-20 minutes so that toluene layer 
get separated completely. Discard the aqueous 
layer and take the toluene layer in the cuvette 
and measure the absorbance at 467 nm. 
Experimental studies 
In batch experiments adsorption studies were 
carried out at room temperature.9 
Experimental set up to study effects of pH  
 100 ml solution of high initial 

concentration i.e. 2000 mg/L was taken in 
250 ml beaker.  

 Such 5 numbers of sets were prepared.  
 Dosage of the adsorbent was adjusted to 

100 gm/L and added it to previously 
prepared SDS solution. 

 pH of the 5 beakers were adjusted 2, 4, 6, 
8, 10 respectively by adding the required 
amount of 1N H2SO4 and 1N NaOH. 

 Beakers were kept on the magnetic stirrer 
for 2 hrs. 

 Meanwhile, standard SDS aliquots of 4 
mg/l, 8 mg/l, 12 mg/L, 16 mg/L and 20 
mg/L were prepared to get standard 
calibration curve. 
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 Beakers were allowed to stay for 5 minutes 
after shaking time. 

 Supernatant was filtered through ordinary 
filter paper and filtrate was collected to 
check the final concentration of SDS by 
using above mentioned solvent extraction 
method. 

 Readings were recorded and graph was 
plotted to get equilibrium pH value.  

Experimental set up to study effects of 
contact time 
 100 ml solution of high initial 

concentration i.e. 2000 mg/L was taken in 
250 ml beaker.  

 Such 8 numbers of sets were prepared.  
 Dosage of the adsorbent was adjusted to 

100 gm/L and added it to previously 
prepared SDS solution. 

 pH 4 (i.e. equilibrium pH from above 
experiment) kept constant of the 8 beakers 
by adding the required amount of 1N 
H2SO4 and 1N NaOH. 

 Beakers were kept on the magnetic stirrer 
for 1hr, 2hrs, 3hrs, 4hrs, 5hrs, 6hrs, 7hrs 
and 8hrs. 

 Beakers were allowed to stay for 5 minutes 
after shaking time. 

 Supernatant was filtered through ordinary 
filter paper and filtrate was collected to 
check the final concentration of SDS by 
using above mentioned solvent extraction 
method. 

 Readings were recorded and graph was 
plotted to get equilibrium contact time. 

Experimental set up to study effects of 
adsorbent dosage 
 100 ml solution of high initial 

concentration i.e. 2000 mg/L was taken in 
250 ml beaker.  

 Such 4 numbers of sets were prepared.  
 Dosage of the adsorbent varied 50gm/L, 

100gm/L, 150gm/L, 200gm/L and added 
to previously prepared SDS solution. 

 pH 4 (i.e. equilibrium pH from above 
experiment) kept constant of the 8 beakers 
by adding the required amount of 1N 
H2SO4 and 1N NaOH. 

 Beakers were kept on the magnetic stirrer 
for 2hrs (i.e. equilibrium contact time from 
above experiment) 

 Beakers were allowed to stay for 5 minutes 
after shaking time. 

 Supernatant was filtered through ordinary 
filter paper and filtrate was collected to 
check the final concentration of SDS by 
using above mentioned solvent extraction 
method. 

 Readings were recorded and graph was 
plotted to get equilibrium adsorbent 
dosage. 

Batch isotherm studies 
Isotherm experiments were conducted to 
investigate the relationship between the solid 
phase concentration of an adsorbate and the 
solution phase concentration of the adsorbate 
at an equilibrium condition. The removal 
percentage (R %) of SDS was calculated for 
each run by following equation : 

R (%) = [(Ci-Ce)/Ci]*100  

Where, Ci and Ce are the initial and final 
concentration of SDS (mg/L) in the solution.9 
The adsorption capacity of the adsorbent for 
each concentration of SDS at equilibrium was 
calculated using following equation : 

qe (mg/g) = [(Ci-Ce)/M]*V 

Where, Ci and Ce were the initial and final 
concentration of SDS (mg/L) in the test solution 
respectively. V is the volume of solution (in 
Liter) and M is the mass of adsorbent (gm).9 

RESULTS  AND DISCUSSION 
Effect of pH 
pH is an important factor controlling the process 
of adsorption as it affects the surface charge of 
the adsorbent, the degree of ionization and 
species of adsorbate.7 The effect of pH was 
studied in the range 2-10. Lower pH is suitable 
for SDS adsorption. Here in Table 1 and Fig. 1 it 
is shown that maximum removal of SDS was 
obtained from experimental data i.e. 99.78 % and 
adsorption capacity (qe i.e. 19.95 mg/gm) at pH 4.  
The zero point charge (Zpc) of Alumina is 9.15. 
At this pH the adsorption capacity is almost zero. 
At low pH, the alumina particles become more 
positive and hence there is an increase in 
adsorption at lower pH.10 Adsorption of SDS at 
low pH by Alumina may be attributed to the 
large number of H+`ions present at low pH values 
which in turn neutralize the negatively charged 
adsorbent surface, thereby reducing hindrance to 
the diffusion.11 
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Table 1 : Adsorption capacity at different pH 

pH 
Contact 

time 
(hrs) 

Initial conc. 
of SDS 
(ppm) 

Alumina 
dosage 
(gm) 

% Re qe (mg/gm) 

2  

2 hrs. 

 

2000 ppm 

 

100 gm 

99.71 19.42 
4 99.78 19.95 
6 98.99 19.79 
8 99.06 19.81 
10 98.92 19.78 

Note: % removal of SDS and adsorption capacity at pH 2 or pH 4 are quite nearer to each other. Here, for 
the further study we have chosen pH 4 as equilibrium pH but we can also take pH 2 as equilibrium pH for 
the industrial scale treatment process. 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 1 : % Removal of SDS 
Effect of dosages 
The effect of adsorbent dose on the adsorption of 
SDS by Alumina is presented in Table 2 and 
Fig. 2. It is evident from the experimental data 
that the rate of adsorption was increased from 99 
to 99.31% with increase in adsorbent dosage 

from 50 to 100 gm. As the concentration of the 
SDS was constant, by increasing the dose of 
adsorbent the surface area for adsorption was 
increased. Since the adsorbent particle size is 
almost constant, the surface area was directly 
proportional to the dose of the adsorbent in the 

Table 2 :  Adsorption capacity at different alumina dosage 

Alumina 
dosage 
(Gm) 

Initial 
conc. of 

SDS (ppm) 

Equilibr
ium pH 

Equilibri
um 

contact 
time 
(Hr) 

% Re qe 
(mg/gm) 

50  

2000 ppm 

 

4.0 

 

2 hrs. 

99 39.6 
100 99.31 19.86 

150 99.13 13.21 

200 99.1 9.91 

Note: here, in the above case adsorption capacity at 50gm dosage is much higher than 100 gm but % 
removal is almost same for 50 gm and 100 gm dosage. Therefore, we can also take 50 gm as equilibrium 
adsorbent dosage. But here for the batch study it was taken 100gm/liter dosage as % removal capacity is 
higher at this concentration. 
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Fig. 2 : % Removal of SDS 
system.12 Higher the dose of adsorbent in the 
solution, greater is the availability of 
exchangeable sites for metal ions and greater is 
the surface area.13 Therefore with increasing 
Alumina dosage per gm adsorption capacity is 
decreasing.  
Effect of initial adsorbate (SDS) concentration 
The effect of initial SDS concentration on the 
adsorption was studied. Here, adsorbent dose 
was kept 100gm/L, pH 4 was adjusted, contact 
time was given 2 hrs. Initial concentration of     

SDS was varied from 0 to 40000 ppm. The 
removal efficiency was increasing with the 
increase of initial concentration and after certain 
initial concentration it starts decreasing as shown 
in Table 3 and Fig. 3. 
The adsorption isotherm of SDS on Alumina, 
as obtained in our study is shown in Fig. 4 and 
Table 4 from the isotherm study maximum 
adsorption capacity was found to be 113 
mg/gm and it occurs when initial concentration 
of SDS is 20000 ppm. 

Table 3 : %Removal of SDS at different initial SDS concentration, pH = 4, adsorbent 
dosage = 100gm/liter, contact time = 2Hrs 

High initial conc. of 
SDS (mg/L) 

Final Conc. of SDS (mg/L) 
from Calibration Curve % Removal 

 2 1.0 50 
4 4.0 0 
6 2.0 66.6 
8 3.5 56.25 

10 1.0 90 
30 1.0 96.6 
50 0.9 98.2 
100 7.5 92.5 
500 0.85 99.8 
800 45 94.37 

2000 25 98.75 
4000 105 97.3 
6000 105 98.25 
8000 65 99.18 

10,000 700 93 
20,000 230 97.3 
30,000 18,810 37 
40,000 29,100 27.25 

 

98.95 
99 

99.05 
99.1 

99.15 
99.2 

99.25 
99.3 

99.35 

0 50 100 150 200 250 

%
 R

em
ov

al
 o

f S
D

S 

Adsorbent Dosage (gm) 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development        Vol. 7 No. 2A, October-December 2012 

856 
 

 

 

  

          

 

 
Fig. 3 : Removal of SDS at different initial SDS concentration, pH = 4, adsorbent dosage = 

100gm/liter, contact time = 2hrs 

 
 
 
 
 
 
 
 
 

Fig. 4 : Adsorption isotherm of SDS on Alumina 

Table 4 : Adsorption Capacity of SDS on Alumina 

High initial conc. of SDS 
(mg/L) 

Final Conc. of SDS (mg/L) 
from Calibration Curve 

Adsorption Capacity qe 
(mg/gm) 

2 1.0 0.01 
4 4.0 0 
6 2.0 0.04 
8 3.5 0.045 

 10 1.0 0.09 
30 1.0 0.29 
50 0.9 0.49 

100 7.5 0.92 
500 0.85 4.9 
800 45 7.55 
2000 25 19.75 
4000 105 38.95 
6000 105 58.95 
8000 65 79.35 

10,000 700 93 
20,000 230 197.8 
30,000 18,810 111.9 
40,000 29,100 109 
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Fig. 4 shows the unique adsorption isotherm for 
the adsorption of anionic surfactant on oppositely 
charged surfaces. These isotherms are commonly 
divided into four regions. Region 1 shows very 
low adsorption density. In this region, the 
surfactants are adsorbed as monomers and do not 
interact with one another. The adsorption in this 
zone results primarily from electrostatic forces 
between surfactant ions and the charged solid 
surface. In the present study Region 1 occurs 
between very low concentrations of 2-5 ppm of 
SDS. Region 2 is indicated by the sharp increase 
in the slope of the isotherm. As shown in the  
Fig. 4 region 2 occurs between 6-500 ppm of 
SDS. In this region, the adsorption is due to the 
electrostatic attraction between the ions and the 
charged solid surface and hemi micelles 
association of hydrocarbon chains. The mono 
layered structure is called hemi micelle. Micelles 
like aggregates are formed on the solid surface. 
The transition from region 2 to region 3 is 
marked by a decrease in the slope of the isotherm 
compare to the transition from region 1 to 2. In 
region 3 the surfactant ions are probably 
adsorbed by a slightly different mechanism. The 
adsorption in this zone is due to the association 
between the hydrocarbon chains. Region 3 starts 
from 500 ppm of SDS. Transition from region 3 
to 4 occurs at 8000 ppm of SDS. Transition from 
region 3 to region 4 occurs at the CMC of the 
surfactant. Region 4 shows the plateau 
adsorption region. 

Effect of agitation time 
Agitation time or contact time is one of the 
effective factors in batch adsorption. Graphical 
presentation is shown in Table 5 and Fig. 5. The 
effect of agitation time on adsorption of SDS on 
Alumina was observed 99.27% to 99.32% from 
1hr to 2 hrs, 100 gm dosage and 4 pH. after that 
it was decreasing. This decrease in the adsorption 
rate may be due to a distribution of surface sites 
that cause decrease in adsorbent- adsorbate 
interaction with increasing surface density.14 It 
may be explained by the fact that adsorbate 
molecules attain the equilibrium at a particular 
pH, dose and time, adsorption got slowed down 
in later stages, because initially a number of 
vacant surface sites may be available for 
adsorption and after some time, the remaining 
vacant surface site may be exhausted due to 
repulsive forces between the molecules of 
adsorbate and counter ion binding at the surface 
of the adsorbent.15  
Effect of temperature 
Thermodynamics study was also carried out to 
study the effect of temperature on the % removal 
of SDS. Graphical presentation for the same is 
shown in Table 6 and Fig. 6. For the study 
purpose, 3 sets were prepared and were kept at 
300C,  400C and 500C for 1hr. Initial 
concentration of SDS was kept 20000 ppm 
(equilibrium conc.) and adsorbent dosage was 
kept 100 gm/L. The result shows that maximum 
% removal i.e. 98.9% and adsorption capacity 
i.e. 197.8 mg/gm was obtained at 300C.  

Table 5 : Adsorption capacity at different contact time 

Contact time 
(Hr) 

Equilibrium 
pH 

Initial conc. of 
SDS (ppm) 

Alumina dosage 
(Gm) 

% Re qe (mg/gm) 

1  
 

4.0 

 
 

2000 ppm 

 
 

100 gm 

99.27 19.85 
2 99.32 19.86 
3 99.25 19.85 
4 99.06 19.81 
5 99.28 19.85 
6 99.06 19.81 
7 98.96 19.79 
8 98.95 19.79 

Note: In the above case we can observe that reaction time 1-2 hrs did not make much difference in % removal 
efficiency or adsorption capacity. Therefore we can take 1 hr as equilibrium contact time. 
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Fig. 5 : % Removal of SDS 
Table 6 : Effect of temperature on by alumina from aqueous solution 

Temp. 
(0C) 

Initial conc. of SDS 
Ci(mg/L) 

Final conc. of 
SDS 

Ce(mg/L) 
% Re qe (mg/gm) 

30  
20000 mg/L 

220 98.9 197.8 
40 350 98.25 196.5 
50 370 98.15 196.3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 : % removal of SDS by alumina from reous solution
Kinetic Study 
In the present study, three kinetic models have 
been tested in order to predict the adsorption 
data of SDS as a function of time using a 
Pseudo-first order, pseudo-second order kinetic 
models and intra-particle diffusion model.  

1. Pseudo-first oreder model can be expressed 
as follows : 

       Log (qe - qt) = log qe – (k1/2.303) t 
Where, qe (mg/gm)is the mass of SDS 
adsorbed at equilibrium, qt (mg/gm) the mass 
of SDS at any time  (t) and k1   (min-1)   is   the  
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equilibrium rate constant of pseudo-first 
order adsorption. The values of k1 and qe are 
determined from the slope and intercept of 
the plot of Log (qe - qt) versus t, respect-
tively.17 Fig. 7 shows the  Pseudo-first   

order   kinetic plot.As shown in Table 7, R2 
value is just 0.26 & therefore it can be 
concluded that the present adsolubilization 
does not follow Pseudo-first order kinetic 
model. 

Table 7 : Pseudo-first order kinetic plot and  

Adsorbent 
qe (mg/gm) 

(Exp.) 

qe (mg/gm) 

(Cal.) 
K1 (min-1) R2 

Alumina 197.7 3.59 0.0105 0.26 

 

 

 

 

 

 

 

 
Fig. 7 : Kinetic parameters for SDS adsorption on Alumina 

Table 8 : Pseudo-second order kinetic plot  

Adsorbent 

qe 

(mg/gm) 

(Exp.) 

qe 

(mg/gm) 

(Cal.) 

K2 (g mg-1 min-1) R2 

Alumina 197.7 196.07 0.1300 1 

 

 

 

 

 

 

 

Fig. 8 : Kinetic parameters for SDS adsorption on Alumina 
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2. The pseudo-second order model, which 
leads to the following equation : 
t / qt = 1/ k2qe

2 + (1/ qe) t 
Where, k2 is the pseudo-second order rate 
constant (g mg-1 min-1).16 The value of qe is 
determined from the slope of the plot of t/ qt 
versus t (Fig. 8). The calculated value of qe 

(196.07 mg/gm) from the pseudo second order 
model is in good agreement with experimental qe 
value (197.7 mg/gm). The obtained value of R2 = 
1 indicates very good adsorption chara-cteristics. 
This suggests that the sorption sys-tem followed 
the pseudo second order model. The value of 
kinetic constants and qe values of SDS sorption 
onto Alumina are given in Table 8. 

3. The possibility of intra-particle diffusion 
model is explored by using the following 
formula. 

       qt = kid t1/2 + C 
Where, C is the intercept and kid is the intra-
particle diffusion rate constant. The intra-particle 
diffusion rate constant was determined from the 
slope of linear gradients of the plot qt versus t1/2 
16,17 as shown in the Fig. 9. The values of rate 
constant of intra-particle diffusion are given in 
Table 9. The values of the intercept C provide 
information about the thickness of boundary later 
i.e. larger the intercept, larger is the boundary 
layer effect.  

 
Table 9 : Intra-particle diffusion kinetic plot  

Adsorbent K id C R2 

Alumina 0.0577 197.02 0.174 

 

 

 

 

 

 

 

 

 

Fig. 9 : Model constants for SDS adsorption on Alumina 

CONCLUSION 
From the batch experiment studies it was 
observed that the alumina can be used as as 
adsorbent in the waste water treatment for the 
removal of anionic surfactant like SDS. The 
optimum SDS% removal (99.32% at 2000 ppm 
SDS ) and adsorption capacity (197 .7mg/gm at 

20,000 ppm SDS) was found at pH 4, contact 
time 2 hr, adsorbent (i.e. alumina) dosage 100 
gm/L. Adsorption phenomena were studied to 
interpret the adsolubilization pattern along with 
Thermodynamics and Chemical Kinetics 
studies.The values of coefficient of correlation 
(R2) for adsorbent Alumina obtained are not in  
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good agreement with Langmuir, Freundlich, 
BET, Temkin isotherms. Values of coefficient of 
correlation (R2) are not nearer to 1.0. Therefore, 
it is confirmed that the adsorption process 
occurred over here is quite different from the 
normal adsorption process. 
Thermodynamic study was also conducted to 
determine the effect of temperature on the % 
removal of SDS. To carry out thermodynamic 
experiment three different temperature ranges 
were selected. These were 300C, 400C and 500C. 
The results show that highest % removal was 
obtained at room temperature i.e. 300C. At 300C 
temperature 98.9% removal of SDS and 
adsorption capacity 197.8 mg/gm was obtained 
at agitation time of 1hr. Chemical Kinetic study 
shows that the whole adsorption process follows 
pseudo second order kinetic with the calculated 
value of qe (196.07 mg/gm) from the pseudo 
second order model is in good agreement with 
experimental qe value (197.7 mg/gm) with value 
of correlation coefficient R2 = 1 at the agitation 
time of 1hr. The value of intercept C i.e. 197.02  

was found from intra particle diffusion model 
which also confirms the thickness of the SDS 
adsorption onto Alumina. Thus, from 
experiment results of the studied techniques 
here   it   is   confirmed  that  Alumina  exhibits  
adsorption capacity for SDS i.e. >197 mg/gm. 

RECOMMENDATIONS 
The data may be useful in designing and 
fabrication of an economic treatment plant 
shown in Fig.10 for the removal of anionic 
surfactant from wastewaters in the detergent/soap 
manufacturing industries. By applying this 
technology we can prevent the introduction of 
surfactant into adjacent water resources. 
Phenol and dyes are the most dangerous 
constituents of waste water of many industries. 
As they are easily soluble in water, they can 
damage public health by running to the drinking 
water discharge point. Surfactant Modified 
Alumina (SMA) produced such as above 
mentioned way, can adsolubilize toxic dyes and 
phenol from aqueous media without consuming  
much energy.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Fig. 10 : Flow diagram of effluent treatment for anionic surfactant removal and SMA preparation 
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