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Abstract

The effects of functional groups on the adsorption efficiency of nitrate and nitrite from water by carbon cloth were investigated. The carbon cloth
was treated by sulfuric acid and used for the adsorption of nitrate and nitrite from water samples at nearly neutral solutions. The concentrations of
ions in the solution were monitored using in situ UV spectroscopy. Acid treatment caused a significant increase in the adsorption rate of ions and

the adsorption capacity of the adsorbent.
© 2006 Elsevier B.V. All rights reserved.

Keywords: Activated carbon; Surface treatment; Adsorption; Nitrate; Nitrite; Adsorption capacity

1. Introduction

Different technologies have been developed to remove ions
species from waters: precipitation, ion exchange, membrane sep-
aration, but adsorption has been shown to be an economical
alternative for removing trace ions from water [ 1-4]. Adsorption
in general, is the process of collecting soluble substances that
are in solution on a suitable interface. In adsorption, adsorbent
surface area must be large.

Activated carbons can adsorb small but significant quanti-
ties of metal species from aqueous solutions. High-area carbon
cloth (C-cloth), which has the advantage of having a very
large specific surface area, e.g., 2500 m? g~ !, has been used for
the successful adsorptive removal of various chemical species
[5-13].

The surface chemistry of activated carbon is characterized by
heteroatoms that compose the surface such as oxygen, nitrogen,
hydrogen, sulfur, and phosphorous [14]. Those heteroatoms are
in the form of functional groups such as ketones, carboxyls,
phenols, ethers, lactones, or nitro groups and they have a sig-
nificant effect on the chemical character, acidity, and degree of
hydrophobicity of the carbon surface [15,16]. It was well known
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that the ion-adsorption efficiency of the carbon adsorbents can
be strongly dependent on the pore microstructure and chemical
functional groups.

Oxides of nitrogen, such as nitrate and nitrite are common
pollutants in closed surface water systems and ground water
contaminated with nitrogenous compounds. High concentra-
tions of N-containing compounds in drinking water cause health
problems such as cyanosis among children and cancer of the
alimentary canal. Therefore, removal of nitrate and nitrite from
water samples is of significant importance from the health and
environmental point of view.

Different methods have been applied to the removal of nitrite
and nitrate. These include adsorption [6,17] biological denitri-
fication [18-20], ultrafiltration [21] and electrodialysis [22].

In the present work the effects of functional groups on the
adsorption efficiency of nitrate and nitrite by C-cloth was inves-
tigated. For the modification of surface functional groups and
porous structures, the carbon cloths were chemically etched in
H;SOy4 solution.

2. Experimental
2.1. Reagents

The C-cloth used in this work was obtained from Spectra
Corp., coded as Spectracarb 2225 having a specific area of
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2500 m? g_l. NaNOj3, NaNO, and sulfuric acid were reagent
grade materials. Triply distilled deionized water was used for
making up the test solutions from which adsorption at the C-cloth
was measured.

2.2. Absorption measurements

Simultaneously in sifu concentration measurements were
made by means of UV absorption spectrophotometry. A V-
shaped cell was used for conducting the adsorption studies [5,6].
A Perkin-Elmer Lambda 45 UV-vis spectrometer spectropho-
tometer, interfaced to a computer, was used for the absorbance
measurements which could be conducted in situ during study
of the adsorption process by the procedure described previously

[6].

2.3. Treatment of C-cloth

It is well known [5,6,11-13] that Spectra Corp. C-cloth ini-
tially contained some traces of elutable ions as indicated by
conductometric measurements. Hence, a deionization clean-
ing procedure was applied to avoid desorption of ions during
adsorption studies [5]. A ~2 g C-cloth sample was first placed
in a flow-through washing cup and eluted with a total of
5L of warm (60°C) conductivity water in a kind of batch
operation over 2 days. Nitrogen gas was bubbled continu-
ously through the washing cup to avoid possible adsorption
of CO, that might have been dissolved in the water. The out-
flow water from each batch was tested conductometrically for
completeness of the washing procedure. The washed C-cloth
modules were then dried under vacuum at 120 °C and kept
in a desiccator for further uses. For the modification of sur-
face functional groups and porous structures, the C-cloths were
submersed in a 4.0 mol L~! solution of H»SO4 solution. The C-
cloth was then washed with triply distilled deionized water and
used.

2.4. Determination of adsorption isotherms

The adsorption isotherms of the investigated anions on the
carbon cloth were determined on the basis of batch analysis.
Carbon cloth pieces of varying masses were allowed to equili-
brate with solutions of anions with known initial concentrations.
The concentrations after the equilibration period were measured
spectrophotometrically. The amount of each anion adsorbed per
unit mass of adsorbent, Ny, was calculated by the following
equation:

_ V(G —Cy
m

Nt (1)
where V is the volume of the solution of anions in L, Cy and
C; are the initial and equilibrium concentrations, respectively,
in mmol L™! and m is the mass of carbon cloth in g. Then
Eq. (1) gives Ny in mmol adsorbate adsorbed per g carbon
cloth.

Table 1

Spectral and calibration data for nitrate and nitrite

Species Wavelength Absorptivity Correlation
(nm) (Lmmol~! em™1) coefficient

NO3;~ 201 9.597 0.9998

NO;,~ 201 9.745 0.9995

3. Results and discussion

The molar absorptivities of the investigated ions were mea-
sured, in order to monitor their adsorption by UV spectroscopy.
After selection of an appropriate wavelength (Apax for the
absorption spectra of nitrate and nitrite), the absorbances of
a series of standard solutions were measured and the molar
absorptivities were obtained from Beer’s law. The regression
coefficients were very close to a value of one, which meant that
Beer’s law applied quantitatively over the concentration range
(0.01-0.2 mM) employed in the experiments. The results are
given in Table 1.

Adsorption of nitrate and nitrite on C-cloth was investigated
separately. Nearly neutral (pH ~ 7) solutions of 115mgL~" of
nitrate and nitrite were allowed to reach adsorption equilibria
with the C-cloth. The decrease in the absorbance of nitrate
and nitrite solutions with time at 201 nm was monitored. The
decrease in the absorbance of the solutions is due to the adsorp-
tion of these ions at C-cloth.

Fig. 1 shows the decrease in the concentration of the nitrate
and nitrite solutions by adsorption at C-cloth treated with dis-
tilled water and with sulfuric acid. As the figure shows the
concentration of nitrate and nitrite solutions decreased only by
8.7% and 3.7% of their initial concentrations, respectively, by
adsorption at distilled water treated C-cloth after 60 min. But
their concentration decreased by 29.5% for nitrate and 12.9%
for nitrite by adsorption at acid treated C-Cloth after 60 min.

Adsorption of the anions on distilled water treated C-cloth
involves displacement of previously adsorbed H>O molecules
according to the equation:

C-H,O0 + X~ - C-X" +H;0 2)

Treatment of C-cloth with acid tends to produce positive sites on
the C-cloth, by protonation of surface —OH groups [5,23,24] that
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Fig. 1. Adsorption behavior of nitrite (a) and nitrate (b) on distilled water treated
C-cloth and nitrite (c) and nitrate (d) on acid treated C-cloth.
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would cause an increase in electrostatic adsorption of anions.
=S-OH + H" < =S-OH,* 3)
=S-OH," + X~ < =S-OH,X 4

Therefore the dramatic increase in the adsorption of the investi-
gated anions by treatment of C-cloth with acid is due to the strong
electrostatic interaction between the negative charge of anions
and positive charge of the surface. The acid-base interaction
between base nitrite and acid of surface may also be effective.

As Fig. 1 shows the rate of the adsorption of nitrate on both
C-cloths is greater than that for nitrite.

The C-cloth was also treated with HCI and applied to the
adsorption of nitrite and nitrate from water. The results were
nearly the same as those obtained by C-cloth treated with sulfuric
acid.

The adsorption on C-cloth shows kinetic characteristics of
kinetically first-order process. The first-order kinetic behav-
ior was confirmed by applying directly a classical test plot
of log[C(#)/Co] versus time which was linear. Note that the
observed kinetic behavior is probably to be regarded as pseudo
first-order; a result arising from the large real area of the C-
cloth electrodes used being initially substantially covered by
solvent water. The first-order rate constants were evaluated
as (4.28+0.15)x 10~* and (2.93+0.08) x 10~* min—!' m?
(n=15) for the adsorption of nitrate and nitrite on C-cloth treated
with distilled water, respectively, and as (5.9540.25) x 10~#
and (3.52£0.17) x 10~*min~! m? (n=5) for their adsorption
on C-cloth treated with acid.

3.1. Adsorption isotherm

The adsorption isotherms for nitrate and nitrite from water
on both C-cloths are shown in Fig. 2. The number of mmols
adsorbed per gram of adsorbent (Ny) versus the equilibrium con-
centration of cations are illustrated. For the series of isotherms
the data reveal that the adsorption processes conform to the
Langmuir model. Such isotherms are generally associated with
monolayer adsorption. The initial slope in Fig. 2 for adsorp-

N;/ mmol g-! adsorbent

0 0.01 0.02 0.03 0.04 0.05 0.06
Cs/ mol L!

Fig. 2. Adsorption isotherms at 25 °C for adsorption of nitrate (a) and nitrite (b)
on acid treated C-cloth and nitrate (c) and nitrite (d) on distilled water treated
C-cloth.

tion of nitrate on acid treated C-cloth lies very close to the
y-axis, which shows that the affinity of nitrate for this adsor-
bent is strong. The Langmuir isotherm shows that the amount of
anions adsorbed increases as the concentration increases, up to
a saturation point. As long as there are available sites, adsorp-
tion will increase with increasing anion concentrations, but as
soon as all of the sites are occupied, a further increase in con-
centrations of anions will not increase the amount of anions on
adsorbents.

The Langmuir equation was used to calculate the maximum
retention capacity (Ns) and standard Gibbs free energy of adsorp-
tion (AGygs) [25-27]. The general form of Langmuir isotherm
is

KCq

Y=G1rey ©)

where Yis the fraction of adsorbent surface covered by adsorbed
species, K a constant and C; the equilibrium concentration
of the anion solution. In our case, Y=Ny/Ng, where Ny rep-
resents the number of mmols of anion adsorbed per gram of
adsorbent (mmol g’l) at equilibrium concentration, Cs, and Ng
is the maximum amount of solute adsorbed per gram of sur-
face (mmol g~!) which depends on the number of adsorption
sites. After linearization of the Langmuir isotherm, Eq. (5), we
obtain:

Cs (G 1
N (N) * (m) ©

All these adsorption studies were based on the linearization form
of the Langmuir isotherm derived from C/Nr as a function of Cs.
These plots for nitrate and nitrite anions on acid treated C-cloth
and distilled water treated C-cloth are shown in Figs. 3 and 4. For
all adsorption isotherms of nitrate and nitrite on both C-cloths
(Fig. 2) the plot of Cy/Nf versus Cs gives a straight line with
slope equal to 1/Ns, and intercept equal to 1/KNs. Therefore the
Langmuir isotherm is an adequate description of the adsorption
of nitrate and nitrite on both C-cloths. The maximum retention
capacity (Ns) was determined for each anion—surface interaction
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Fig. 3. Linearization of adsorption isotherms for nitrite (A) and nitrate (Hl) on
distilled water treated C-cloth.
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Fig. 4. Linearization of adsorption isotherms for nitrite (A) and nitrate (ll) on
acid treated C-cloth.

from the slope, and the value of K from the intercept of the
curves.

The N; values obtained from Figs. 3 and 4 are listed in
Table 2. As Table 2 shows the absorption capacity of both C-
cloths for nitrate is higher than that for nitrite. The adsorption
capacity of acid treated C-cloth for nitrate and nitrite is 2.03
and 1.01 mmol g~ !, respectively. These values are much higher
than those obtained for distilled water treated C-cloth (0.38 and
0.05 mmol g~! for nitrate and nitrite, respectively).

Since Na* constitutes the cation of both salts studied, the vari-
ations in the extent of adsorption reflect mainly the specificity
of adsorption of anions. The adsorption behavior is expected
to be closely related to the state of hydration of the ions. Size,
shape and charge effects play an important role in determin-
ing the hydration behavior of ions. The results for these ions
are not surprising when the hierarchy of shifts of potential of
zero charge of Hg by adsorption of various ions given by Con-
way [28] is examined. According to Conway’s list [28], nitrate
exhibits greater adsorption than nitrite.The constant K is related
to the equilibrium constant, K°, by K°=KC°, where C° is the
standard concentration (1 mol L~!) [25-27] while the standard
Gibbs free energy of adsorption (AG®,qs) is given by:

AG4 = —RT In K° @)

The AG°,q4s values, obtained from Eq. (7) are listed in Table 2.
This values show that the standard Gibbs free energy of NO3™
adsorption is larger than that for NO, ™ for both surfaces, which
indicate the greater affinity both surfaces for NO3~ adsorption.

Table 2
The properties of surfaces (N;) and ion—surface interaction (K, AG®4ds)

Distilled water treated Acid treated

C-cloth C-cloth

NO3~ NO,™~ NO3;~ NO,~
N (mmol g_l) 0.38 0.05 2.03 1.01
K (L molfl) 242.5 193.2 260.6 222.1
AG® 45 (K mol_l) —13.49 —12.91 —13.65 —13.25

3.2. Effect of other ions

Effect of the ions NH4*, SO4%~, PO4>~, CI~, CO32~ adsorp-
tion of nitrate and nitrite on both the adsorbents was investigated.
The results showed that 50 mg L~! of these ions had no consider-
able effect on the adsorbtion of the same concentration of nitrate
on C-cloth treated with distilled water. Also it was found that
50 mg Lt NH4*, SO42_ , C1™ did not interfere on the adsorption
of nitrate on C-cloth treated with acid but 50 mg L~! carbonate
and phosphate ions interfered. Adsorption of S0 mgL~! nitrite
on both the adsorbents decreased in the presence of S0 mg L~ in
the presence of C1™, PO43~ and CO3%~ ions but NHs*, SO42~
had no considerable effects.

4. Conclusion

Acid treatment of high area C-cloth in a proprietary form
designed “Spectracarb 2225 causes a dramatic increase in its
absorption capacity for the adsorption of NO3~ and NO, ™ ions.
Acid treatment also increases the rate of the adsorption of both
ions. The Langmuir isotherm is an adequate description of the
adsorption of nitrate and nitrite on both C-cloths. The rate of the
adsorption of NO3~ on both C-cloths was greater than that for
NO; ™. Also the adsorption capacity of both C-cloths for NO3 ™~
was larger than that for NO, ™.
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