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a  b  s  t  r  a  c  t

Continuous  adsorption  of  nitrate  in  a fixed-bed  column  can  be  an effective  method  for its  removal  from
water.  In this  study,  an  amine-rich  polymer  composite  adsorbent  was  prepared  by  crosslinking  chitosan
(CS)  and  polyethyleneimine  (PEI)  with  glutaraldehyde  (GLA).  The  CS-PEI-GLA  was  packed  into  columns
and  the  effect  of flow  rate,  influent  concentration,  bed  height,  and  other  ionic  species  on  the  column
performance  was  investigated.  The  highest  adsorption  capacity  was  achieved  at the lowest  flow  rate  and
highest  influent  concentration  and  bed  height.  Maximum  adsorption  capacity  of  137.62  mg  NO3

--N/g  was
determined  from  the  Thomas  model.  The  column  had acceptable  nitrate  removal  in  the  presence  of  1000
eimine
 adsorption
gh models

ppm  chloride  but poor  performance  in the presence  of  1000  ppm  sulfate  due  to  the  competitive  effect
of  sulfate  for  binding  sites.  The  best  recovery  agent  was  0.5  M  NaCl  as it could  regenerate  the  column  to
<90  %  of its capacity  after  10 adsorption-desorption  cycles.  The  adsorbent  effectively  removed  nitrate  as
well  as phosphate  and  total  organic  carbon  from  a real  water  sample.  This  study  suggests  that  amine  rich
polymers  can  be good  candidates  for the  removal  of  nitrate  in  contaminated  water.

©  2021  Institution  of Chemical  Engineers.  Published  by Elsevier  B.V. All  rights  reserved.
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e (NO3
−) contamination in surface and groundwater can

ted from different sources like agricultural runoff, domes-
water, and effluent of industries producing fertilizers,

euticals, food, and explosives (Salman Tabrizi and Yavari,
wiak et al., 2014; Xing et al., 2011). This contamination

 different problems, for instance, disruption of conven-
stewater treatment plant, eutrophication, harmful effect
c life, and adverse effects on human health like respiratory
ction, hypertension, cyanosis syndrome, and blue-baby
e in infants (Salman Tabrizi and Yavari, 2020; Jóźwiak
4; Xing et al., 2011; Najmi et al., 2020; Xu et al., 2013; Nur
5). Moreover, nitrate can cause gastrointestinal tract can-
ransform into other carcinogenic compounds, like nitrite
samines (Jóźwiak et al., 2014; Najmi et al., 2020; Wu et al.,
gun et al., 2013). Because of these risks associated with
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 in water have made its removal challenging using con-
 methods (Salman Tabrizi and Yavari, 2020). As of today,
methods are suggested for nitrate removal, such as reverse
electrodialysis, biological and chemical denitrification, ion
, and adsorption. The latter has attracted a lot of attention
t is fast, simple, cheap, and flexible (Salman Tabrizi and
020; Najmi et al., 2020; Wu  et al., 2016). Furthermore,
ts can be reused, as a result, the amount of sludge for
re not high (Xu et al., 2013; Olgun et al., 2013).

eart of an adsorption process is the type of adsorbent
osen to adsorb the pollutant. Since nitrate is an anion,

cted that an adsorbent with positively charged functional
ould show a promising performance for nitrate removal
Tabrizi and Yavari, 2020). Therefore, amine functional
hich are protonated at pH below 9 were hypothesized
d candidates for nitrate adsorption (Salman Tabrizi and
20; Rao et al., 2019). Chitosan (CS) and polyethyleneimine

both amine-rich polymers, thus they could potentially be
fective adsorbents for nitrate removal (Salman Tabrizi and
20; Golie and Upadhyayula, 2016; Sun and Zheng, 2020;
 al., 2012; Nadres et al., 2017a). Chitosan is a renewable
nce it is a waste product from the crab and shrimp can-
stries, and can be obtained on an industrial scale (Dutta
4). In its chemical structure, abundant amine and hydroxyl
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A. Ansari et al. 

Nomenclature

a Logistic function parameter
B  Logistic function parameter (1/min)
BDST Bed depth service time
C0 Nitrate-N concentration in influent (mg/L)
Cb Nitrate-N concentration at breakthrough point

(mg/L)
Ce Nitrate-N concentration in effluent (mg/L)
CS Chitosan
CWS  Community water service
GLA  Glutaraldehyde
H Bed height (cm)
ISE  Ion-selective electrode
KB-A Bohart-Adams rate constant (L/mg.min)
KBDST BDST model rate constant (L/mg.min)
KHP Potassium hydrogen phthalate
KTh Thomas rate constant (L/mg.min)
KY-N Yoon-Nelson rate constant (1/min)
M Adsorbent mass (g)
MTZ  Mass-transfer zone
NBDST BDST model volumetric adsorption capacity (mg/L)
Nm Bohart-Adams adsorption capacity per unit volume

(mg/L)
PEI Polyethyleneimine
Q Flow rate (L/min)
qexp Experimental adsorption capacity (mg/g)
qm Thomas adsorption capacity (mg/g)
R Percent removal
R2 Regression coefficient
t  Time (min)
tb Time at the breakthrough point (min)
u Linear velocity (cm/min)
Vb Total effluent volume up to the breakthrough point

(mL)
WHO World Health Organization
�  Time when adsorbate reaches to half of break-
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ifferent aquatic pollutants (Golie and Upadhyayula, 2016;

 Badot, 2008; Medina et al., 2016; Perez et al., 2017). How-
 CS and PEI are unstable, therefore chemical enhancement

ary to make them suitable for adsorption (Salman Tabrizi
ri, 2020; Jóźwiak et al., 2014; Golie and Upadhyayula,
dres et al., 2017b). In our previous study (Nadres et al.,

 novel polymer composite was prepared by cross-linking
I using glutaraldehyde (GLA). The CS-PEI-GLA adsorbent
ood stability and nitrate removal performance over a wide
pHs in batch mode (Nadres et al., 2017a). However, in
practicality, an adsorbent should be evaluated in contin-
e. Although the batch experiments provided information
e characteristics of the adsorbent, since the continuous

n does not necessarily reach equilibrium like the batch
n, testing the adsorbent performance in continuous mode
al (Salman Tabrizi and Yavari, 2020; Najmi et al., 2020).
ore, the effect of hydrodynamic parameters, like flow rate

 assessed in the batch mode, as a result, designing an effec-
strial-scale continuous adsorption system must be based
ta obtained from a lab-scale continuous column (Salman
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ugh curves were obtained for the column under different
s, influent concentrations, and bed heights. Logistic func-
meters were obtained by fitting the experimental data

 parameters were used to calculate the Bohart-Adams,
and Yoon-Nelson models’ parameters. The breakthrough
d models’ parameters are essential for industrial-scale
esign. Effect of coexisting anions namely sulfate and

on nitrate adsorption was also investigated. Finally, regen-
nd reusability of the column, as well as nitrate removal
al water sample were determined.

ial and methods

hesis and characterization of the adsorbent (CS-PEI-GLA)

escription of materials used in this study is provided in
rting information. Adsorbent synthesis, optimization, and
ization procedures have been reported in our previous
n (Nadres et al., 2017a). Briefly, a solution containing
S and 10 % w/w PEI was  prepared and stirred for 16 h.

 by addition of GLA at a final concentration of 2% w/w.
 addition, the solution turned into a gel. The gel was
ashed and freeze-dried to obtain a brownish powder
LA). The prepared adsorbent was  characterized by Atten-

tal Reflectance Fourier Transform Infrared spectroscopy
), X-ray photoelectron spectroscopy (XPS), Brunauer-

Teller (BET), and Scanning Electron Microscopy (SEM) as
 by (Nadres et al., 2017a).

te adsorption optimization: column experiments

hed amount of dried CS-PEI-GLA adsorbent was  swelled
t in deionized water. The column was  prepared by pack-
sorbent into a glass column (15 mm,  inner diameter and
ight) and washed with five volumes of deionized water.
ent at pH = 7 was introduced to the column from a three
nmeyer flask using a peristaltic pump. The effluent was

 using a fraction collector (Fig. 1).
 investigated how breakthrough curves as well as the
rs described below are affected by changes in rate of flow,
ncentration in the influent, and the height of the bed.
erimental adsorption capacity qexp (mg/g),

0
∫ t=total

t=0
(1 − Ce

C0
)dt

M
(1)

and Ce (mg/L) are the nitrate-N concentration in influent
nt, respectively, t (min) is the time, Q (L/min) is the flow

M (g) is the adsorbent mass,
rate removal R (%),

e
(2)

(min) is exhaustion time, when the Ce equals 0.95 of C0,
al effluent volume up to the breakthrough point, Ce equals

O3
−-N, Vb (mL),

(3)

is the time at the breakthrough point.
w rate of the pump was varied (5, 7.5, 10 mL/min), while

onstant amount of adsorbent (0.5 g) and nitrate concen-
00 mg/L NO3

−-N), to investigate the correlation between

 and nitrate adsorption. Different concentrations of the
50, 100, 200 mg/mL  NO3

−-N), while using constant flow
L/min) and amount of adsorbent (0.5 g), were used to
e their effect on the efficiency of nitrate removal. Finally,



A. Ansari et al. Process Safety and Environmental Protection 150 (2021) 365–372

Fig. 1. Schematic representation of experimental setup composed of contaminated water container
column effluent and measure nitrate concentration.

Table 1
Parameters of the breakthrough models.

Model Parameters Logistic function
parameter (a)

Logistic  function
parameter (b)

Thomas KTh , qm
KThqmM

Q KThC0

Bohart-Adams KB-A , Nm
KB−ANmH

u KB−AC0

Yoon-Nelson KY-N , � KY−N � KY−N

KTh (L/mg.min) is the Thomas rate constant, qm (mg/g) is the model adsorption
capacity  per unit mass of CS-PEI-GLA, KB-A (L/mg.min) is the Bohart-Adams rate
constant, Nm (mg/L) is the model adsorption capacity per unit volume of the bed, H
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n  rate constant, and � (min) is the time when the adsorbate reaches half
through.

amounts of adsorbent (0.25, 0.5 and 0.75 g correspond-
, 7.0 and 10.5 cm,  respectively) while using constant flow
L/min) and nitrate concentration (100 mg/mL  NO3

−-N)
d to investigate the effect of bed height. The nitrate con-
n was analyzed using a nitrate ion-selective electrode (ISE,
isher).

eling of the column data

arly demonstrated recently in the literature (Hu et al.,
u, 2020), the three common breakthrough models for

 adsorption in fix-bed columns in environmental stud-
ly Thomas, Bohart-Adams, and Yoon-Nelson have similar
tical forms. Therefore, in this study, the standard logistic
(Eq. 4) was used for fitting of the experimental data and
hree models’ parameters were calculated based on Table 1
ate the behavior of the CS-PEI-GLA as packing material for
val of nitrate,

1
 exp(a − bt)

(4)

(dimensionless) and b (1/min) are the logistic function
rs that are determined by fitting the experimental data.

 on assumptions including no resistance to external mass
and intraparticle diffusion, the bed depth service time
odel correlates the height of a fix-bed column to the dura-

 the adsorption system can provide clean water before
ntration in the effluent reaches the maximum safe level
ough point) (Salman Tabrizi and Yavari, 2020; Golie and
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, peristaltic pump, packed-bed column, and fraction collector to collect

DST is the model volumetric adsorption capacity (mg/L),
he model rate constant (L/mg.min), and Cb (mg/L) is the
ncentration at outlet of the column at the breakthrough
ich for nitrate was 10 mg/L NO3

−-N. By plotting the break-
ime at different bed heights, the model’s constants can be
d.

t of coexisting ions on nitrate removal

s of 0.5 g of CS-PEI-GLA was swollen in deionized water
ed in the column in a similar manner as described in
.2. The effect of chloride and sulfate on nitrate adsorp-
e column was  investigated with three different solutions,
nfluent containing nitrate (100 mg/L NO3

−-N) spiked with
chloride concentration (1000 mg/L Cl−) by adding NaCl
/L), influent containing nitrate (100 mg/L NO3

−-N) spiked
imes sulfate concentration (1000 mg/L SO4

2-) by adding
1480 mg/L), and influent containing 100 mg/L of nitrate-
00 mg/L of chloride and sulfate, respectively. Solution

 100 mg/L of nitrate-N was used as control. A flow rate
in was selected for these sets of experiments. Effluents

ected in 20 min  intervals and analyzed using ISE. These
tions of sulfate and chloride were chosen since their con-

ns in surface water can be as high as 1000 mg/L (Samadder
7; Khan et al., 2020).

very of nitrate and regeneration of the column

lumn was loaded with nitrate by introducing 100 mg/L
solution until the saturation point of the breakthrough
s  achieved (plateau in the curve). Then regenerant solu-

 M NaOH, 0.1 M HCl, 0.1 M NaHCO3, 0.8 M CH3COOH, and
Cl were introduced to the saturated column at 5 mL/min.
were collected every minute and the nitrate concentra-
e analyzed until the nitrate concentration in the effluent
ero. After regeneration of the column, deionized water

 to remove the residual regenerant in the column and pre-
r the next adsorption cycle. The best regenerant was  used

 for the adsorption/desorption process.

te removal from a real water sample
erformance of the column in a real water chemistry to
itrate was  investigated. The column was  prepared as

 in section 2.2. The drinking water sample was obtained
 community water services (CWS), Oklahoma City, OK,
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itrate concentration of 1.5 times higher than the WHO
. The water was analyzed for nitrate, phosphate, and total
arbon (TOC) concentrations and then introduced to the
t 5 mL/min flow rate. Effluent samples were collected

0 s and analyzed for the same substances. Nitrate con-
n was measured by ISE as described before. Phosphate
concentrations were measured using the ascorbic acid
Maher and Woo, 1998) and potassium hydrogen phtha-
), respectively. For the Total Organic Carbon, we used the
yzer (Shimadzu).

ts and discussion

hesis and characterization of CS-PEI-GLA

id precipitation of CS in the presence of the concentrated
on caused by the high pH value of the mixture, the PEI was

 in HCl (25 %) before mixing with the chitosan solution.
ting mixture had a pH of around 5.5–6.0 and allowed CS
ixed efficiently with PEI. The use of glutaraldehyde as a
ing agent provided an easy method to render the mixture
soluble gel form. The optimization and characterization

sorbent can be found in our previous publication (Nadres
7a).
mary, the adsorbent with 2%, 10 %, and 2% of CS, PEI, and
ectively, had the highest adsorption capacity, therefore,
osition was used in the current study. ATR-FTIR spectra
howed the characteristic peaks belong to both CS and PEI
-GLA, including -N-H and -O-H stretching vibration, -N-H
and -C-N and C O C stretching, as well as the stretching
n PEI (Nadres et al., 2017b; Nie et al., 2005). In the XPS
(Table S1), higher nitrogen content was  detected in CS-
ompared to CS due to the presence of nitrogen-rich PEI.
d imine functional groups were detected in CS-PEI-GLA by

onvolution (Fig. S2). SEM image (Fig. S3) showed a porous
with creases and grooves. This structure provided a high
urface area, which was determined to be 462 m2/g with
re width by BET (Nadres et al., 2017b; Ouyang and Liang,

te adsorption optimization: column experiments

reakthrough curve was obtained by plotting Ce/C0 of the
moved by the column against time. This plot allowed
ation of the removal of nitrate using the column packed
EI-GLA. The region of the curve that shows the sudden

in the concentration of nitrate is called the mass-transfer
Z) or the adsorption region. This zone shows that the col-
hes equilibrium quickly and data from this region can be
e model fitting (Chu, 2020). In some of the breakthrough
e later part of the curves (Ce/C0>0.6) exhibits intraparticle

, which is the region when the shape of the curve changes
. This behavior is unaccounted for the model used. There-

 the earlier points in the adsorption region were computed
ine more relevant constants for the column characteris-

 al., 2020). The important factors that affect an adsorption
erformance are flow rate, pollutant concentration, and
mn) height. The correlation between these parameters
te adsorption was investigated as described below:
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 can change the breakthrough curve and column parame-
ectively. Fig. S4 (a) shows that the breakthrough curve has

 the left and resulted in a shorter tb, at higher flow rates
 By increasing the flow rate, the column reached its break-
point faster and the adsorption capacity (qexp), percent
R), and the total volume of water up to the breakthrough
) (Table 2) decreased, which means a lower volume of
er can be achieved by increasing the flow rate.
ing the experimental data to a logistic function, the model
rs for Bohart-Adams, Thomas, and Yoon-Nelson models
ulated and presented in Table 3. The data showed good
t with the logistic function as the regression coefficient

bigger than 0.96 in all the three conditions. The models’
nstants (KB-A, KTh, and KY-N) increased with increasing
te, while adsorption capacity (qm and Nm), as well as �,

 when flow rate increased. Furthermore, the experimen-
ption capacity (qexp) and the Thomas model adsorption
qm) were close, with less than 5% difference, which further
e model describes well the lab-scale fix-bed column.
ing  the flow rate can have various effects on the continu-
ption process. On one hand, the increase in flow rate could
ental to adsorption since adsorbate and the adsorbent

 contact for a shorter period of time, which may  pre-
adsorption process to reach equilibrium (Salman Tabrizi
ri, 2020; Xu et al., 2013; Wu et al., 2016; Olgun et al.,
lie and Upadhyayula, 2016). This effect can be observed
d 10 mL/min flow rates, where the column reached the
ugh points earlier and the adsorption capacity and per-

oval were lower compared to the 5 mL/min. On the other
xternal mass transfer resistance controls the adsorption
ncrease in the turbulence of the flow by increasing the

 must provide lower external resistance and increase in
tants (Salman Tabrizi and Yavari, 2020; Najmi et al., 2020;
2013; Wu et al., 2016; Jana et al., 2020; Xu et al., 2018).
, the fact that, rate constants increased when flow rate
, indicates that external mass transfer resistance is dom-

 et al., 2013; Li et al., 2020; Zhang et al., 2016). It should
that, although an increase in flow rate decreased the vol-
e clean water that could be obtained, this amount of clean
s  produced in a shorter time.

ct of concentration
ant  concentration can affect different aspects of the
n process. Investigating the effect of three concentrations
-N (50, 100, and 200 mg/L) at a fixed flow rate (5 mL/min)
akthrough behavior of the column showed that the curve

 left and breakthrough time shortened when the influ-
ntration increased (Fig. S4 (b) & Table 2). Vb and R were

 low concentrations, while qexp increased when the influ-
ntration increased (Table 2). Like the effect of flow rate
nts, the logistic function fitted well with the experimen-
ith R2 higher than 0.96 at all conditions (Table 3). While
ed a direct relationship with nitrate concentration, KB-A,

m, and � were negatively related to nitrate concentration.
nge in concentration had an impact on the mass trans-
e solutes into the adsorbent (Goel et al., 2005). By
g the solute concentration, the mass transfer driving
eased, therefore, adsorption capacity increased, and more
tached to the adsorbents’ binding sites leading to shorter
ugh time and � (Salman Tabrizi and Yavari, 2020; Olgun
3; Golie and Upadhyayula, 2016). However, the adsorp-
ess became less kinetically favorable as KB-A and KTh
 (Li et al., 2020; Zhang et al., 2016). On the other hand,
 concentrations, the amount of ions not adsorbed to the
t increased, which led to lower percent removal (Salman
d Yavari, 2020; Najmi et al., 2020; Zhong et al., 1997). The
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Table  2
Parameters of column experiments.

Run # Q (mL/min) C0 (mg/L) H (cm) M (g) tb (min) qexp (mg/g) R (%) Vb (mL)

1 5 100 7 0.5 85 121.56 79.06 425
2  7.5 100 7 0.5 52 121.16 77.27 390
3  10 100 7 0.5 38 116.50 70.35 380
4  5 50 7 0.5 180 100.32 86.73 900
5  5 200 7 0.5 52 159.06 66.55 260
6  5 100 3.5 0.25 30 76.12 54.26 150
7  5 100 7 0.5 70 88.66 59.54 350
8  5 100 10.5 0.75 115 92.61 61.91 575

Q (mL/min) is the flow rate, C0 (mg/L) is the nitrate-N concentration in influent, H (cm) is the bed height, M (g) is the adsorbent mass, tb (min) is the breakthrough time, qexp

(mg/g) is the experimental adsorption capacity, R (%) is nitrate removal, and Vb (mL) is the effluent volume up to the breakthrough point.

Table 3
Parameters for the Bohart-Adams, Thomas, and Yoon-Nelson models.

Run # R2 KBA, KTh * 10−4(L/mg.min) Nm (mg/L) qm (mg/g) KYN * 10−2(1/min) � (min)

1 0.9639 10.51 5106.56 126.27 12.93 102.66
2  0.9592 12.25 4767.00 117.88 13.70 70.28
3  0.9614 15.56 4483.14 110.86 16.10 53.55
4  0.977 11.98 4128.26 102.08 5.50 222.4
5  0.9817 6.57 5565.27 137.62 12.56 71.97
6  0.9102 7.19 2971.59 73.48 7.20 36.67
7  0.9626 7.71 3782.99 93.54 7.97 90.47
8  0.9558 9.06 3893.58 96.28 9.37 139.67
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adsorption capacity per unit mass of CS-PEI-GLA, KB-A (L/mg.min) is the
, KY-N (1/min) is the Yoon-Nelson rate constant, and � (min) is the time

n can be calculated, which is essential for proper main-
f the adsorption system (Golie and Upadhyayula, 2016).

t of coexisting ions on nitrate removal

de and sulfate are among the most common anions that
und in surface water and groundwater. Therefore, for

plication, it is important to study how these coexisting
fect nitrate adsorption on CS-PEI-GLA. The presence of
sulfate, and chloride/sulfate affected differently the break-
curves and CS-PEI-GLA adsorption capacities for nitrate

hen the column packed with CS-PEI-GLA was injected
 nitrate, the breakthrough time was  around 50 min. The

 of 1000 mg/L of chloride significantly lowered the break-
ime to around 20 min. Clearly, the chloride ions influence
action between the nitrate and the CS-PEI-GLA adsor-

 existence of 1000 mg/L sulfate shifted the breakthrough
itrate similarly to chloride. When both chloride and sul-

 added to the influent, the tb decreased to around 5
malized nitrate concentration increased gradually in the
spiked only with chloride and resulted in the typical S-
eakthrough curve. However, for samples with sulfate, the
ugh curves had a significantly different shape. For these

after the breakthrough time, the concentration of nitrate
me greater than the influent concentration for a while,
normalized concentration reached a plateau at a value of
a)). Calculating the adsorption capacity in different condi-
wed that, chloride decreased the adsorption capacity for

 around half, while almost no nitrate remained attached
sorbent in the column in the presence of sulfate at 1000
. 2 (b)).
de  negatively affected nitrate removal by occupying some
n sites, however, the adsorption system was  still able to
portion of nitrate ions in the presence of chloride, while

e this effect was more adverse as almost all the adsorp-

 were filled with sulfate ions instead of nitrate. The same
s  observed by Wu et al. (Wu et al., 2016) when they used

 modified polymeric adsorbent to remove nitrate in the
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very of nitrate from saturated columns (0.5 g of CS-PEI-GLA) by different
lumns were saturated by 100 mg/L NO3-N at 5 mL/min. The reagents

to the column at 5 mL/min until no nitrate was detected in the effluent.

ated in Fig. 3. Acetic acid had the worst recovery, followed
 hydroxide, while the percentage of nitrate recovered

um bicarbonate, hydrochloric acid, and sodium chloride
e 90 %.

 on Fig. 3 one of the best reagents to recover the nitrate
CO3, recovering 90.8 ± 4 % nitrate from the column. In
to good recovery, presence of sodium bicarbonate in the
ch water collected from the column after recovery, can
n excellent fertilizer with fungicidal property (Zamani
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neration (70.9 ± 3.5 % recovery) was also observed when
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sic, which can also favor the deprotonation of ammonium
d successive release of the held nitrate ions, however,

ion of the polymer composite adsorbent in the column
rved when NaOH was  used as a regenerant. This change
PEI-GLA material might have affected its porosity, which
in the lower nitrate recovery when NaOH was used com-
NaHCO3 (Jóźwiak et al., 2014). While NaHCO3 was  very

ecovering nitrate, the amine groups resulted from the
became unprotonated, hence could no longer form elec-
interactions with the nitrate in the column. As a result,
ther batch of nitrate solution was  added to the column
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Fig. 4. The adsorption capacity of the columns packed with 0.5 g of CS-PEI-GLA
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Table 4
Characteristics of the CWS  water sample (adapted from Nadres et al. (2017a)).

Parameters Initial value

pH 7.0
TOC  35.0 ± 0.4 mg/L
Nitrate-N 15.4 ± 0.9 mg/L
Phosphate 2.37 ± 1.5 mg/L
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ere saturated by 100 mg/L NO3-N at 5 mL/min. The reagent introduced

n at 5 mL/min until no nitrate was  detected in the effluent.

very, the nitrate removal efficiency became very low. This
trate removal activity was also observed when NaOH was

 recovery agent. For recovery agent such as sodium bicar-
lthough the nitrate recovery was high, the column was left

 for another round of nitrate adsorption.
hile, the use of HCl solution was proved to be effective

ring the column (93.9 ± 4.6 % recovered). The recovery
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s, the amine group is constantly protonated. However,
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kthrough curve for nitrate removal from the real water system at 5
 column packed with 0.5 g of CS-PEI-GLA. In addition to nitrate, con-
uch as phosphate and total organic carbon were removed.

 detach chloride. After ten cycles, the adsorption capac-
t change much from the initial value. This result has a
lication on the utility of the CS-PEI-GLA in repeated use.
ch saltwater collected from the column regeneration can
ntial use as a fertilizer in saltwater algae cultures, that is
iofuel production (Hannon et al., 2010; Khan et al., 2018).

te removal from a real water sample

lymer composite absorbent was further tested for use in
water. As shown in Table 4, the nitrate concentration of
ed groundwater was about 1.5 times higher than that of

 safety level.
ing  to Fig. 5, in addition to nitrate, other contaminants
e negatively charged phosphate and TOC were removed

 water by the polymer composite adsorbent. The mech-
 removal was presumably the active ammonium sites,
rmed a strong electrostatic bond with phosphate and
arbons. The organic carbons mainly contained negatively
umic and fulvic acids, due to opposing charges. It can
ed that after around 16 min, some previously adsorbed
ns were replaced by either phosphate or TOC, which
n increasing nitrate concentration in the effluent than the
This shows that the adsorption sites are not specific to

 observed in section 3.4. After around 30 min, the column
quilibrium as the nitrate concentration in the influent and
nt were the same. The fact that TOC concentration did
d the influent value signifies that the adsorbent is stable,
ot leaching its components to the water. This experiment
hat CS-PEI-GLA can effectively remove different contam-
the complex chemistry of a real water sample.

usion

le amine-rich polymer composite containing CS and PEI

ed with GLA was  prepared and used in continuous mode
ed bed column to adsorb nitrate from water. The effect
nt operational parameters on the breakthrough curve and
erformance was investigated. The breakthrough models’
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Jóźwi
Khan,
Khan,

20
Li, Y., 

Mahe
Medin

3,
Nadre
Nadre
Najm

Sc
Nie,  B
Nur,  

En
Olgun
Ouyan
Perez

7,
Rao, X

te
Salma
Sama

En
Sun,  Y
Wu,  Y

In
Xing, 

20
Xu,  X

1–
Xu,  L.
Zama

72
Zhang
Zhong
es

mara, M.,  Kerdjoudj, H., 2012. Procedia Eng. 33, 126–133.

372
Process Safety and Environmental Protection 150 (2021) 365–372

020. Chem. Eng. J. 380, 122513.
dot, P.-M., 2008. Prog. Polym. Sci. 33, 399–447.
, L., Economy, J., Benak, K., Mangun, C.L., 2003. Polym. Adv. Technol. 14,
7.
Dutta, J., Tripathi, V.S., 2004. J. Sci. Ind. Res. (India) 63, 20–31.
irvelu, K., Rajagopal, C., Kumar Garg, V., 2005. J. Hazard. Mater. 125,

0.
,  Upadhyayula, S., 2016. J. Water Process. Eng. 12, 58–65.
,  Gimpel, J., Tran, M.,  Rasala, B., Mayfield, S., 2010. Biofuels 1, 763–784.
Y., Feng, C., Zhang, Z., 2019. Chem. Eng. J. 358, 1471–1478.
kafi, M.,  Hrafnkelsdóttir, K.F., Bjarnadóttir, B., Bjarnadóttir, M.Á., Axels-
., Wu,  B., 2020. Sci. Total Environ. 710, 136375.

B., Bolto, B.A., 1990. React. Polym. 12, 277–290.
, O., Ravuru, S.S., De, S., 2020. Chem. Eng. J. 391, 123587.

 Filipkowska, U., Szymczyk, P., Mielcarek, A., 2014. PCACID 19, 41–52.
hin, J.H., Kim, J.D., 2018. Microb. Cell Fact. 17, 36-36.

 Wabaidur, S.M., Busquets, R., AlAmmari, A.M., Azam, M., Alsubhi, A.,
 King Saud Univ. - Sci. 32, 1986–1992.

 Wang, C., Ying, Z., Huo, M.,  Yang, W.,  2020. J. Hazard. Mater. 386, 121942.
Woo, L., 1998. Anal. Chim. Acta 375, 5–47.
., Nadres, E.T., Ballesteros, F.C., Rodrigues, D.F., 2016. Environ. Sci. Nano
646.
, Perez, J.V.D., Rodrigues, D.F., 2017a. Proc. Water Environ. Fed., 438–460.
, Perez, J.V.D., Rodrigues, D.F., 2017b. Proc. Water Environ. Fed., 438–460.
atamipour, M.S., Sadeh, P., Najafipour, I., Mehranfar, F., 2020. SN Appl.
73.
zman, J., Xie, A., 2005. Biophys. J. 88, 2833–2847.
m, W.G., Loganathan, P., Vigneswaran, S., Kandasamy, J., 2015. Int. J.
. Sci. Technol. 12, 1311–1320.
tar, N., Wang, S., 2013. Chem. Eng. J. 222, 108–119.

 Liang, J., 2014. RSC Adv. 4, 25835–25842.
, Nadres, E.T., Nguyen, H.N., Dalida, M.L.P., Rodrigues, D.F., 2017. RSC Adv.
0–18490.
ulian, M.,  Guyon, C., Ognier, S., Chu, C., Abou Hassan, A., 2019. Nanoma-
asel (Basel) 9, 1034.
rizi, N., Yavari, M.,  2020. J. Environ. Sci. Health A 55, 777–787.
S.R., Prabhakar, R., Khan, D., Kishan, D., Chauhan, M.S., 2017. Sci. Total
. 580, 593–601.
ng, W.,  2020. Chemosphere 258, 127373.
ng, Y., Wang, J., Xu, S., Yu, L., Philippe, C., Wintgens, T., 2016. J. Taiwan
em. Eng. 66, 191–199.
o, B.-Y., Zhong, Q.-Q., Yue, Q.-Y., Li, Q., 2011. J. Hazard. Mater. 186,

1.
 B., Tan, X., Zhang, X., Yue, Q., Wang, Y., Li, Q., 2013. Chem. Eng. J. 226,

https://doi.org/10.1016/j.psep.2021.04.027
https://doi.org/10.1016/j.psep.2021.04.027
https://doi.org/10.1016/j.psep.2021.04.027
https://doi.org/10.1016/j.psep.2021.04.027
https://doi.org/10.1016/j.psep.2021.04.027
https://doi.org/10.1016/j.psep.2021.04.027
https://doi.org/10.1016/j.psep.2021.04.027
https://doi.org/10.1016/j.psep.2021.04.027
https://doi.org/10.1016/j.psep.2021.04.027
https://doi.org/10.1016/j.psep.2021.04.027
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0005
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0005
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0005
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0005
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0005
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0005
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0010
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0010
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0010
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0010
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0010
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0015
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0015
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0015
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0015
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0015
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0015
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0015
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0020
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0020
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0020
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0020
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0020
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0020
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0020
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0025
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0025
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0025
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0025
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0025
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0025
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0025
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0025
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0025
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0030
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0035
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0040
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0040
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0040
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0040
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0040
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0045
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0045
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0045
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0045
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0045
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0045
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0045
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0050
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0050
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0050
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0050
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0050
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0055
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0055
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0055
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0055
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0055
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0055
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0060
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0060
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0060
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0060
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0060
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0065
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0065
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0065
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0065
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0065
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0070
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0070
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0070
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0070
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0070
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0075
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0075
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0075
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0075
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0075
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0075
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0075
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0075
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0075
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0075
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0080
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0080
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0080
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0080
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0080
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0085
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0085
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0085
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0085
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0085
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0085
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0085
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0090
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0090
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0090
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0090
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0090
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0090
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0090
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0095
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0095
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0095
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0095
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0095
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0095
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0095
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0100
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0100
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0100
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0100
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0100
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0100
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0100
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0105
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0105
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0105
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0105
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0105
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0110
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0110
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0110
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0110
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0110
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0110
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0115
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0115
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0115
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0115
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0115
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0115
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0115
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0115
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0115
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0120
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0125
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0130
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0130
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0130
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0130
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0130
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0130
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0135
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0140
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0140
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0140
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0140
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0140
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0140
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0140
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0140
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0140
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0145
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0145
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0145
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0145
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0145
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0145
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0145
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0150
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0150
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0150
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0155
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0160
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0165
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0170
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0170
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0170
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0170
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0170
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0170
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0170
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0175
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0180
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0180
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0180
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0180
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0180
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0180
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0180
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0185
http://refhub.elsevier.com/S0957-5820(21)00213-5/sbref0185

	Investigation of the removal and recovery of nitrate by an amine-enriched composite under different fixed-bed column condi...
	1 Introduction
	2 Material and methods
	2.1 Synthesis and characterization of the adsorbent (CS-PEI-GLA)
	2.2 Nitrate adsorption optimization: column experiments
	2.3 Modeling of the column data
	2.4 Effect of coexisting ions on nitrate removal
	2.5 Recovery of nitrate and regeneration of the column
	2.6 Nitrate removal from a real water sample

	3 Results and discussion
	3.1 Synthesis and characterization of CS-PEI-GLA
	3.2 Nitrate adsorption optimization: column experiments
	3.2.1 Effect of flow rate
	3.2.2 Effect of concentration
	3.2.3 Effect of bed height

	3.3 Effect of coexisting ions on nitrate removal
	3.4 Recovery of nitrate and regeneration of the column
	3.4.1 Recovery of nitrate using different reagents
	3.4.2 Regeneration cycles

	3.5 Nitrate removal from a real water sample

	4 Conclusion
	Declaration of Competing Interest
	Acknowledgments
	Appendix A Supplementary data
	References


