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Abstract

Niitrate contamination in water resources has become an important issue because of the
environmental issue and potential risk to human health. The aim of this study is investigating
the stabilization of modified bentonite nanoparticles by cationic surfactant on pumice
aggregates to remove nitrate from aqueous environments. Bentonite nanoparticles were
investigated by XRD, EDAX, and SEM techniques after modification by CTAB surfactant with
the thermal method on the substrate of Pumice aggregate stabilization and physical and
structural characteristics of the adsorbent. In this research, response surface method based on
the Box-Behnken model was used for evaluation of the effects of independent variables such as
pH, temperature and the amount of adsorbent on the response function and prediction of the best
response value. Langmuir and Freundlich isotherm models were used for calculating the
equilibrium constants and pseudo-first and second order constants. According to the results, the
optimum nitrate removal efficiency was determined 63.49% based on the Box-Behnken model
in pH = 5, the adsorbent concentration of 15 g/L, and temperature 35°C. As well, the nitrate
removal rate was increased by increasing the amount of adsorbent and contact time unless the
removal efficiency was decreased with an increase in pH and initial nitrate concentration.
Isotherm surveying showed that the laboratory data had better agreement with Langmuir
isotherm and the best kinetic model of adsorption was determined by the pseudo-second-order
kinetic model. Also, the recovery efficiency in 5 cycles of absorption and desorption was
observed more than 85%. This study showed that modified Pumice aggregates could be used as
an effective and economical adsorbent for pollutants elimination.
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Table 1. Designing experiments for three factors and three levels

Process variable Actual .

Run yield P'r edlc:ed
A B C (%) yield (%)
1 5 30 15 63.86 63.49
2 5 45 10 54.55 54.81
3 7 15 5 27.96 27.84
4 7 45 15 53.45 53.57
5 5 15 10 35.2 35.04
6 7 30 10 56.11 55.87
7 9 30 5 51.36 51.73
8 5 30 5 57.5 57.78
9 9 45 10 48.85 49.01
10 9 30 15 55.46 55.18
11 9 15 10 26.73 26.48
12 7 30 10 56.3 55.87
13 7 30 10 55.21 55.87
14 7 45 5 49.2 48.66
15 7 15 15 31.55 32.09

olasly(d=)) coslhs Sl > Lag Sy ? JSi

Y00 356 C 3B A gl )b g bl s s

QL&M‘)AUALA@\HW\)))yﬁjér;\a‘gww
o sl 2053 FO/NY Jao bssds s iy O 2 Bl

O 5 @z Ol 2 PH b ) 2 -0-Y
s ph oly s o 1385 e e 51 (S e pH
» i @iz ppH s cwl i w5 s b
sty & B 5IpH ul551 b ol ot DY 5oV S
Sl Sl PH aes o olts 4 S by o S Ol 25 Bl
PH L Jsdoe jsH o bl ol coulie O s Bis
b 530 = St bl ) Zel 055 el 5 VL gl
GLpPH U3 (255 4 3lr b Sa5d 0 2t 55550 23

Optimal A B <
High a0 450 150
D L0COR 5o [35.0] [5.0]

Predict  Low 50 180 50

N\ |—

Madmum
¥ = 651111
d = 10000

Fig. 6. Diagrammatic optimization of removal of nitrate
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Table 2. Results of variance analysis

Term Coefficient P-VALUE
Constant 55.873 0.000
A -3.589 0.000
B 10.576 0.000
C 2.288 0.000
A*A 0982 0.028
B*B -15.523 0.000
C*C 0.190 0.580
A*B 0.692 0.075
A*C -0.565 0.126
B*C 0.165 0.616
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Fig. 7. Response surface (3-D) and contour plots displayed the effect of pH and temperature on the removal
of nitrate (a, d), the effect of pH and adsorbent dosage on the removal of nitrate (b, ¢) and the effect
of temperature and adsorbent dosage on the removal of nitrate (c, f).
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Fig. 9. Graph of percentage removal of nitrate on
adsorbent during successive application of adsorbent
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Fig. 8. The effect of contact time on nitrate removal
efficiency with Pumice aggregate coated by
bentonite nanoparticles optimum conditions
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Table 3. Results of calculations of Langmuir and Freundlich isotherms

Langmuir isotherm

Freundlich isotherm

b qgqm(mgg) Ry R’ K; (mg/g) n R’
0.115 4.168 0.08 0.996 0.839 2.57 0.934
075 1 , 09 7}
0.6 1 0.75 -
= 0.3895x - 00764 .
Y R = 0934 ® 0.6 1
o 0.45
o )2 o 045
S 03 5 ¥ = 2.08x +0.2399
0.3 R?=0.9957
0.15 A 'S 0.15
0 T T 0 T
0.4 0.9 1.4 1.9 0 0.1 0.2 0.3
Log Ce 1/Ce

Fig. 11. Isothermic models of Freundlich (a) and Langmuir (b) on the nitrate removal efficiency
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Fig. 12. The first-order (a) and second-order (b) kinetics models for nitrate removal
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Table 4. First and second order adsorption kinetics

parameters
First-order Seconfi-order
(n}i(li'l) R? K, (g/mg.min) RZ
0.042 0.951 0.054 0.999
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