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Research subject: In recent years, due to limited water resources and the
extraordinary increase in nitrates in the environment, efforts to remove
and control in order to benefit from the natural adsorbents have been
made. Although according to the negatively charged surface of bentonite
particles, the adsorbent needs to be improved.

Research approach: In the current study, the adsorption of nitrate
columns by the modified calcium montmorillonite adsorbent was
investigated. Furthermore, in order to change the surface load and increase
the adsorption efficiency, three-step acid leaching, oxidation layering,
and loading of the cationic surfactant hexadecyltrimethylammonium
bromide on the adsorbent were performed. Molecular interaction and
crystallography of pure montmorillonite and synthetic nano-adsorbent
(ACZ) were characterized by Fourier transform infrared spectroscopy and
X-ray analysis. Moreover, the morphology of ACZ nano adsorbents was
evaluated using transmission electron microscopy and scanning electron
microscopy.

Main results: Nanoparticle compaction and less access to pores and
cavities in the fixed bed column reduced the adsorbent capacity inside the
column compared to the discontinuous system.

The results showed that an increase in inlet concentration from 80 to
150 mg/L increased the adsorption capacity from 67.39 to 88.25 mg/g.
Reducing the inlet flow rate increased the penetration time, interaction,
and greater access to the binding sites for nitrate ions and finally improved
the column performance and increased the inlet flow rate reduced the
adsorption capacity and breakthrough time. Therefore, the adsorption of
nitrate ions by the stage of internal mass transfer is controlled and depends
on the duration of interaction and the possibility of penetration into the
active sites. With increasing the bed height from 4.2 to 9 cm, there was a
significant increase in adsorption capacity from 60.608 to 77.167 mg/g.
The effect of detergents and recovery showed an absorption column; After
3 leaching steps, acid leaching played an important role in increasing
column recovery. Experimental data with correlation coefficients of
R%>0.95 corresponded to Thomas and Yoon-Nelson kinetic models. In
this study, the ACZ nano adsorbent column was proposed as a factor for
rapid removal of nitrate ions from aqueous solutions andreuse. In order
to use this system to removal nitrate ions from the aqueous solutions
and groundwater is require compliance with environmental standards of
adsorbent waste.
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Figure 2. FT-IR spectra of CM& ACZ nano- adsorbent
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Figure 3. XRD patterns of CM & ACZ nano- adsorbent
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Figure 4. FE-SEM images of ACZ before(1) & after adsorption process (2)
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Figure 5. TEM images of ACZ before(1) & after adsorption process (2)
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Table 1. BET parameters

Sample Specific Surface | Average pore Pore volume
(m?/g) diameter (nm) | (cm3/g)

Pure bentonite

(€M) 102.22 31.216 0.1901

Nano

composite(ACZ) 168.17 11.69 0.3824
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Figure 6. Effect of inlet concentration (120,80 and 150 mg/L) on the breakthrough curve (inlet flow rate 4mL/min,
bed height 4.2cm)
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Figure 7. Effect of bed height (4.2 and 9cm) on the breakthrough curve (a) inlet flow rate 4mL/min : and (b) inlet flow
rate 8 mL/min with inlet concentration 120 mg/L
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Fig.8. Effect of inlet flow rate (4 and 8mL/min) on the breakthrough curve (a) bed height 4.2 cm:and (b) bed height 9
cm with inlet concentration 120 mg/L
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Fig.9. Effect of simultaneous changes of inlet flow rate and bed height on the breakthrough curve (a) increase in inlet
flow rate (from 4 to 8mL/min) and decrease in bed height ( from 9 to 4.2 cm) «and (b) increase in inlet flow rate ( from
4 to 8mL/min) and increase in bed height ( from 4.2 to 9 cm) with inlet concentration 120 mg/L
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Figure 10. Effect of detergents and recovery, Number (3-1) is reuse with distillated water and number (5-4) is after
acidic washing on ACZ nano adsorbent in 4.2cm bed height &4mL/min flow rate

oy = (o (cniiten (6335 Slo Sid gy (sl Ay (ot (g (ool alidad .,



5 Ol i3l Jdoas A em a4 B/ ) s gl )|
a 885 VWY as AT Ol s sa VT L Gils ulas
l gr”‘a’ls S, Kiy Ok = = “‘—’L’ﬁgr‘“")'g‘ 2,
O 9L O (S )3 (rpizred e oo LA
Sl s e BA> jg laie “ Olsdrsl g of e Jlad
Lasob ol la gleyl a8 I, 3 —w)n o,

0.5

100

Ln (Ct/C0) -1

Ol e i Cull i et Slallas

Gl [¥F] sl 2alsQ, i cd b o ity
Jeed 05 sl O 59y 2 0 el la o 2

s io Y 50,8 9 AV ol anl S5, Bas 6l Csa
Sl K5y G5 99 70 sl ol (0 AP L s
o 9 ol Ky elegs b Y4508 5 AY
oliize 7ol [¥0] b o 1ol Q Lis e i)l

150 200 250 300

——[=42cm
—8—H=7cm

H=9%¢cm

time(min)

ACZ&j) » &Jl)—a—a.‘ O% ol 6‘)" u»Loy L;Ltbob‘b AR JSu.u
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Table 2. Thomas parameters for column adsorption of nitrate ion onto ACZ column

Maximum Maximum
Revenue Flow Thomas absorption absorption | Bed height Input .
, . constant (L/ p . concentration
(R%) (mL/min) mg min) capacity of capacity (cm) (mg/L)
Thomas(mg/g) (mg/g)
98.94 4 0.0285 63.152 60.608 4.2 120
98.80 4 0.0283 66.383 66.848 7 120
98.64 4 0.0282 76.634 77.167 9 120
95.88 4 0.0296 60.109 58.166 4.2 80
98.38 4 0.0279 78.288 77.966 4.2 150
97.66 8 0.0298 57.019 55.066 4.2 120
98.48 8 0.0285 66.211 65.112 7 120
95.22 8 0.0282 75.425 73.750 9 120
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Figure 12. Yoon-Nelson plot for adsorption of nitrate ion on ACZ
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Table 3. Yoon-Nelson parameters for adsorption of nitrate ion onto ACZ column

Revenue Flow Yoon-Nelson T Bed height Input .
(R?) (mL/min) consta.nt (min) (cm) concentration
(1/ min) (mg/L)
98.94 4 0.0285 60.608 4.2 120
98.80 4 0.0283 66.848 7 120
98.64 4 0.0282 77.167 9 120
95.88 4 0.0296 58.166 4.2 80
98.38 4 0.0279 77.966 4.2 150
97.66 8 0.0298 55.066 4.2 120
98.48 8 0.0285 65.112 7 120
95.22 8 0.0282 73.750 9 120
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