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Introduction

=Nitrate is a naturally occurring form of nitrogen and it is part of the nitrogen cycle

= Anthropologic activities cause the imbalances in the nitrogen cycle.
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Source: https://freshwaterwatch.thewaterhub.org/content/waterpollution
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Risks associated with nitrate

1.  Health effects Regulatory limits for nitrate in drinking water

Country/Organization

High concentration of nitrate In

drinking water leads to: WHO

SN The USEPA
» Methemoglobinemia :

European Union

» Spontaneous abortions

Canad
> Cancer S
Ontario Ministry of the
2. Eutrophication Environment
SRR Australi
>  Affects biodiversity S
Malaysia
India

Max. Acceptable References

Concentration(MAC)

50 mg/1 as NO5 (WHO, 2011)

10 mg NO5-N/1 (USEPA, 2009)

50 mg/1 as NOj European Union (Drinking
Water) Regulations, 2014)

45 mg/1 as NO; (Health Canada, 2012)

10 mg NO5-N/1 (Ontario Ministry of the
Environment, 2006)

50 mg/1 as NOj (Health Australia, 2004)

50 mg/las NOj (Health Malaysia, 2004)

45 mg/1 as NO; (Bureau of Indian Stabdards,
2012)
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Technologies for Nitrate Removal from Water

Treatment options
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Objectives

v'Preparation and characterization of of chitosan/alumina composite for the removal of nitrate from
drinking water

v'Examine the effect of different parameters on the adsorption of nitrate

v'Determine kinetic and equilibrium parameters using batch adsorption experimental data

v'Investigate the re-usability of adsorbent by cyclic adsorption-regeneration study



Why Chitosan?

e Chitosan is the N-deacetylated derivative of chitin
(the 2" abundant natural polysaccharide next to

cellulose)
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Features of chitosan

Biocompatible

Biodegradable

Non-toxic
. Abundant and Low cost

. Renewable

Limitations
« Sensitive to pH and temperature

« Poor mechanical stability

Modifications

»  Grafting, Crosslinking, Organic-
inorganic hybrid composite
formation
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Experimental (Batch adsorption study)

» Approach
v Adsorbent preparation and characterization
v Adsorption (investigation of the effects of operating parameters)
v Regeneration study
v Adsorption equilibrium isotherm study
v Kinetic study
v" Thermodynamic parameters
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® Preparation and Characterization
Preparation Characteristics of ChAl Composite
BET Surface area(m?/g) 59.37
‘ Chitosan powder ‘ ‘ Acetic Acid (5% v/v) ‘ Pore Volume (m3/g) 0.144
L [ Pore Size(A) 97.23
" Crosslinking ‘ . Mixing(stir for24h) | | emna Average Particle size(mm) 0.25
agent | powder
. J pszc 7.6
‘ Sonication "
-{ Crosslinking ‘ 1;:
‘ Rinsing ‘ :Z
| A(;id treatment | % ] :g:i/t\ﬁ:a:mposite
l 60+
~ Separation and washing | ]
l 40j
‘ Drying ‘ R 5]0 160 150 260 2%0 360 3%0'460 4%0 S(I)O 550
T(C)
P SEM image of ChAl composite TGA curve of chitosan and ChAI composite
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Adsorption study

 Batch adsorption was conducted in an orbital shaker
« Effects of significant parameters were investigated
« Exhausted adsorbent was regenerated

* Removal ef ficiency (%) = = x 100

C

(C,— CIV

* Adsorption capacity(mg/g): q.=—"—



Results

Effects of contact time and initial nitrate

concentration
T T T T T T T
701 —m— 50 mg/L -
1 —@— 100 mg/L
60 - A— 200 mg/L -
—w— 300 mg/L}
50
o5 40 1
A2
LN
g
¢ 304 .

20

10+

T T T T T T T T T T T T T
0 30 60 90 120 150 180 210

Time(min)

Removal efficiency(%)

100

80 +
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Effect of adsorbent dose

. - T - T 100
+/% % 4 90
4 /
< 80
- —m— Removal efficiency 470
. —e— Adsorption capacity
- ‘\_ 1 60
®
. *\ - 50
4 \5 - 40
] \§ | 30
T T T T T T T 20
0.1 0.2 0.3 0.4 0.5 0.6 0.7
Adsorbent mass(mg/g)

q.(mg/g)
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Effect of temperature on adsorption capacity
Effect of pH
50 T T T T T
50 | 45
'| i
Tt '
40 40
— g . — -
\g 30 [T £ é: -
& ; & ]
20 4
30
10 H
25 i
0 T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 20 ‘ ‘ ' . ' .
pH 280 2£|35 290 295 300 305 310 315

Temperature(K)
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. Relationship between regeneration cycles
Effect of presence of other ions P = y
and adsorption capacity
50 T T v T v T
T 50 1 T I 1
1 1 ' 45y I T :
40 ) T - I
| 40 - / / / / T .
35 / T |
= Radll T 7 % T
g - B i
o 20 _ gg 25 -
=
T 20 H
10 - . 15
4 10 H
0 T T T T T T 5 -
Nill NaCl Na2S04 NaHCO3 0 A
Competetive ions Orglinal ' Cycllel ' Cyclle2 ' Cyclle3 ' Cyclle4 ' CyclleS ' Cyclle6
Number of regeneration cycles
\/8 J )




c Adsorption Equilibrium Isotherms

Langmuir Isotherm

« The Langmuir adsorption model is given by

_ qmbCe
1+ bC,

de

3 8 Y e
e The linearized form is, —

« Dimensionless separation factor,

The value of R, indicates
the type of the isotherm to
be either:

unfavorable (R, >1),
linear (R =1),

favorable (0 <R < 1)
irreversible (R = 0).

C
de
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Freundlich Isotherm

1
de = KfCe 2

A linear form of this expression is

1
Ing, = InKy + ElnCe
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251
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The Freundlich equation is expressed as



emkini=otherm Dubinin—Radushkevich (D-R) Isotherm

RT Ing, = Inq, — f &*
de = Tln(ACe)

1
RT RT € = RTIn(1 + C—>
g. = Tln(A) + Tln(Ce) &
RT . The mean adsorption energy
B (E) S 1
qd. = BIn(4) + B In(C,) X m

——————————— e ————————————



® Adsorption isotherm parameters

Chi-square analysis (A. Sowmya & Meenakshi, 2013)

XZ Y 2 (Qe N Qe,m)z

CIe,m

* Correlation coefficient (R?) and chi-square

(x2) values are used to compare the
applicabilitv and suitabilitv of isotherms

*

[—m— Experimental
|—e— Langmuir

i A— Freundlich
|[—w— Temkin
|- DR

q(mg/g)
L 2

4 T " T » T % T
0 10 20 30 40
Ce(mg/L)

Isotherm Parameters
Langmuir  |[dn(Mg/g) 92.59
b(L/g) 0.056
R? 0.97
R, 0.264
2 0.84
Freundlich [1/n 0.59
n 1.69
K¢(mg/g)(L/mg)*" 7.58
R2 0.99
Y2 0.31
D-R B(mol?/kJ?) 1.48
q,(ma/g) 44.46
E(kJ/mol) 0.58
R2 0.77
X2 1.47
Temkin B(J/mol) 18.23
R? 0.96
Y2 0.89




Adsorption Kinetics
Pseudo-second-order model

Pseudo-first-order model

dq;

T ki1(qe — q¢)

In(qe — q¢) = Inqe — kyqt

k, is rate constant of pseudo-first-order

adsorption (1/min).

v
4 A _
2 g & w
= =
(o] . A
Ca o
g5
= = 50 mg/L -
e 100 mg/L =
4 A 200 mg/L = 4
v 300 mg/L
-6 =}
T T T T T T
20 40 60 80 100 120 140 160

t(min)

dq;

dt
t

q

t

_1+t
h g

kz (qe = qt)z

qt

h = kzqg

2 qs kot
1+ q.t

K, is the pseudo-second-order rate constant (g/mg min)

= 50 mg/L

e 100mg/L
A 200 mg/L
v 300 mg/L

T T T T

20 40 60 80 100 120 140 160 180 200

t(min)
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Intraparticle diffusion model Kinetic parameters

Model Parameter
0.5 Initial concentration(mg/g) | 50 100 200 300
e = klt : (€ Pseudo-first-order k,(min?) 0.06 0.061 |0.06 0.05
g.(experimental)(mg/g) 11.96 23.22 45.38 64.94
70 — gc(calculated)(mg/qg) 45.41 73.65 239.31 | 371.44
a e R? 0.95 0.88 0.83 0.76
s E zggmnmi/g?t i Pseudo-second-order | k,(g/mg min) 0.004 0.003 [0.001 |0.001
- v Smgl > d.(experimental)(mg/g) 11.96 23.22 45.38 64.94
gc(calculated)(mg/qg) 13.64 25525 54.95 80.00
2 4 1 h 0.65 1.93 1.65 2.16
%: R? 0.99 0.99 0.97 0.97
] Intraparticle k(Mg /g.min°s) OB6 |0z 2630 |3
B e R diffusion R 0.76 064 |086 |o001
] [ J
10 4 //P//!/j-la/l
| ]
4 6 8 10 12 14




Thermodynamic parameters for the adsorption of nitrate on ChAl composite

AG°= —RTInK, (P.S.andS. Chowdhury, 2003)

G . . . .
KD e 2.6
Ce
2.4 g
AS°  AH° ; ]
LR ssr 2 20!
1.8 4 i
1.6 o
Temperature(K) Thermodynamic parameters 1.4- .
AG° (kJ/mol) AHC (kJ/mol) AS° (kJ/mol.K) 000322 00033 00034 00035
283 3.48 26.92 0.11 Y
293 -4.49
303 -5.75
313 -6.64

R R R R R R R R R RO, e A — - R R R R R R R R R R R R



Conclusions ~

» The adsorption data were well fitted with the Freundlich adsorption isotherm which indicates the heterogeneous

nature of adsorption.

» The kinetic data indicates that the pseudo-second-order model better describes the adsorption process of nitrate

onto the ChAI composite.

« Physical binding force involved in the adsorption of nitrate on ChAl composite was confirmed from E value

calculated from the D-R isotherm.
» Thermodynamic parameters revealed that adsorption of nitrate was endothermic and spontaneous.

» Electrostatic interaction between the anion and the positive functional groups in the adsorbent was the main

driving force for the adsorption of nitrate.

» Chitosan biopolymer can be used as an inexpensive, sustainable, reusable, and environment-friendly treatment

option for nitrate contaminated drinking water..
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