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Ferric oxide-amine material was synthesized and applied as a novel adsorbent for nitrate and phosphate removal from aqueous
solution. �e properties of ferric oxide-amine were examined using TGA, FTIR, BET, SEM, EDX, SEM-mapping, and XRD
analysis. �e results showed that the adsorption using ferric oxide-amine material reached equilibrium after 30 and 60min for
nitrate and phosphate, respectively.�e highest nitrate and phosphate adsorption capacities were 131.4mg nitrate/g at pH 5-6 and
42.1mg phosphate/g at pH 6. �e effects of adsorbent dosage, initial concentrations of nitrate and phosphate, and adsorption
temperature were also investigated. Among the three adsorbents of ferric oxide-amine, ferric oxide, and Akualite A420 ion
exchange resin, ferric oxide-amine material had the highest adsorption capacity for nitrate and phosphate removal. �ese results
suggest a great potential use of ferric oxide-amine material for water treatment in practical applications.

1. Introduction

Water pollution due to the excessive presence of nitrogen
and phosphorus compounds is one of the most frequently
faced environmental problems around the world. �is is due
to the ineffective wastewater treatment and overuse of ni-
trogen and phosphorus fertilizers in agriculture. High
concentrations of nitrate (NO3

−) and phosphates (PO4
3−)

are considered as the main cause of eutrophication [1].
Besides, high level of NO3

− is also one of the risks to human
health. It can cause some health problems such as methe-
moglobinemia, or NO3

− can be converted into nitrosamine

(toxic nitrite), which is the reason for increasing the risk of
cancer [2].

Many biological, chemical, and physical processes have
been applied to remove NO3

− and PO4
3− from water and

wastewater [3–6]. In particular, the adsorption process by
the ion exchange mechanism is evaluated as an effective,
simple, and low-cost method, in which the adsorbent is
capable of being recycled many times [7]. �erefore, ion
exchange resins have been widely studied in recent years
[8–10]. Common materials (e.g., activated carbon, rice husk
ash, and bamboo charcoal) and engineered nanomaterials
(e.g., iron-carbon oxide nanotube [11] and chitosan/Al2O3/
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Fe3O4 [12]) are quite effective for removing NO3
− and

PO4
3−. However, because of low adsorption capacity,

complicated process, and high cost, they have not been
employed for practical applications yet. �erefore, a study
on the development of a new, inexpensive, and efficient
material for simultaneous removal of nitrate and phosphate
in water is appreciated.

In this study, ferric oxide was used as a support for
synthesis of ferric-amine oxide. �e material was then
characterized and applied to remove NO3

− and PO4
3− in

water. �e suitable conditions of NO3
− and PO4

3− ad-
sorption in solution such as pH, contact time, adsorbent
dosage, initial concentration, and temperature were deter-
mined. Besides, the ability of the material was compared to
the original ferric oxide and commercial material available in
the market.

2. Materials and Methods

2.1. Chemicals. Lab-grade chemicals such as FeCl3.6H2O and
urea were from China while H2SO4, NaOH, KNO3, KH2PO4,
N1-(3-trimethoxysilylpropyl) diethylenetriamine (triamine
silane), toluene, and pentane were from Merck. Industrial-
grade Akualite A420 resin was fromChina andDI (deionized)
water was from a local water machine in the lab. �e nitrate
and phosphate aqueous solutions were prepared by dissolving
a certain amount of KNO3 and KH2PO4 in DI water.

2.2. Synthesis of Ferric Oxide-Amine. Ferric oxide nano-
material was prepared by a process adopted from the work of
Raul et al. [13, 14]. Typically, 12.5 g (0.1M) of
Fe2(SO4)3·5H2O was dissolved into 250mL of double dis-
tilled water in a beaker. �e beaker was stirred, heated using
a magnetic stirrer until the temperature of the solution
reached 60°C, and let for 30min. �e solution was then
added dropwise to 250mL of 5.0M urea solution within
3.5 h under a temperature of 70°C for complete reaction.
After that, the temperature was increased to 80°C and
maintained until the volume of the solution reduced to half
of the initial volume. Subsequently, the brown precipitate
formed after cooling the solution to room temperature
(25± 01°C) was washed repeatedly to remove the excess urea.
Finally, the powder form of ferric oxide/hydroxide nano-
particles was obtained after drying the washed precipitate in
an oven at 70°C for 4 h.

Ferric oxide-amine was prepared according to a process
previously published by�anh [15]. Ferric oxide was fed into a
glass flask containing 150mL of toluene under stirring for
obtaining a homogeneous mixture. Subsequently, 0.3mL of
distilled water per each gram of ferric oxide was added to the
flask and mixed for 30min. �e flask was then soaked in a
silicone oil bath at 85°C. After that, the mixture was added to
triamine silane (3mL per 1 gram of ferric oxide) for 16h. After
filtering and washing with toluene and pentane, the ferric
oxide-amine material was collected and dried at 100°C for 1 h.

2.3. Characterizations. �e morphology of ferric oxide-
amine was observed by scanning electron microscopy (SEM)

while the various elemental compositions of ferric oxide-
amine were determined by energy dispersive X-ray analysis
(EDX). �e surface chemical properties were characterized
by Fourier transform infrared spectroscopy (FTIR; Alpha,
Bruker). �e phase transformation and thermal decompo-
sition of ferric oxide-amine were evaluated by thermogra-
vimetric analysis (TGA, Q500 machine). �e specific surface
area was determined by the Brunauer-Emmett-Teller
method (Porous Materials, BET-202A).

2.4.BatchAdsorptionExperiments. �e effect of contact time
was carried out by adding 30mg of adsorbent to 50mL of
50mg/L nitrate solution or 10mg/L phosphate solution with
adsorption time from 0 to 120min. �e mixture was then
filtrated and the water sample was taken for analysis of
nitrate and phosphate concentration by UV-visible spec-
trophotometry. �e influencing parameters including con-
tact time, adsorbent dosage, solution pH, initial adsorbate
concentration, and temperature were investigated. �e ad-
sorption capacity was calculated as follows:

Qe �
C0 − Ct

m
× V, (1)

whereQe is the adsorption capacity (mg/g). Co and Ct are the
initial and final concentrations of nitrate or phosphate so-
lution (mg/L), respectively. m is the adsorbent weight (g)
and V is the solution volume (L).

3. Results and Discussion

3.1. Characterization of Ferric Oxide-Amine. �e surface
functional groups of the materials are usually determined by
FTIR [16]. In this study, the surface chemical structure of
ferric oxide nanomaterials before and after adsorption was
determined to clarify the reaction mechanism that occurred
on the surface. As showed in Figure 1, all samples had a
characteristic peak of Fe-O bond that appeared at a wave-
number of 567 cm−1 [17] while triamine silane peaks were
observed at wavenumbers of 1041 and 1122 cm−1 of Si-O in
ferric oxide-amine samples [17, 18]. Other peaks in the range
of 3384 and 3442 cm−1 were considered as the overlapping of
N-H and O-H groups of adsorbed water on the materials
[18]. In addition, peaks of -NH2 appearing at 1626 cm−1 [19]
and 1654 cm−1 [18] in ferric oxide-amine samples confirmed
the effective grafting of amino groups to ferric oxide
nanoparticles. After nitrate and phosphate adsorption, the
new peaks appearing at 1384 and 908 cm−1 were considered
to be of nitrate [20] and phosphate [21], respectively,
proving that the ferric oxide-amine material can adsorb
anions such as nitrate and phosphate.

�e morphology of ferric oxide-amine and ferric oxide
materials was examined by SEM. �e flower-shaped
structure observed from the attached bunches of ferric oxide
in Figure 2(a) became smoother after being grafted by tri-
amine silane (Figure 2(b)), and the particle size of the ferric
oxide-amine material became larger than that of the original
ferric oxide material. �e amine grafting significantly re-
duces the specific surface area of the material from
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145.13m2/g in ferric oxide to only 14.68m2/g in ferric oxide
material. In addition, this nearly 10-time reduction in the
surface area confirmed the effective grafting of a great amine
amount on the surface of ferric oxide.

�e phase transformation and chemical composition of
ferric oxide and ferric oxide-amine samples were investi-
gated by thermogravimetric analysis in a wide range of

temperatures from 30°C to 900°C. Results in Figure 3 showed
that the weight reduction of ferric oxide and ferric oxi-
de-amine was 37% and 56.63%, respectively. �ere was a
light fall in the weight of both materials (4% for ferric oxide
and 6% for ferric oxide-amine) at the temperature of 80°C to
150°C, which can be attributed to the release of moisture or
dehydration. At 600°C, the weight of ferric oxide changed

(a)

(b)

Figure 2: SEM images of (a) ferric oxide and (b) ferric oxide-amine.
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Figure 1: FTIR spectra of (1) ferric oxide, (2) fresh ferric oxide-amine, and used ferric oxide-amine after (3) nitrate adsorption, (4)
phosphate adsorption, and (5) simultaneous nitrate and phosphate adsorption.
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significantly, possibly because of ferric oxide in the form of
c-hematite (cubic structure) being converted to α-hematite
(hexagonal structure) [22, 23]. In addition, the evaporation
of water and organic matter in the structure along with the
structural change of the ferric oxide occurred at the tem-
perature of 300 and 500°C, which resulted in the decline of
ferric oxide-amine weight. �e decrease in mass at a tem-
perature of 300 to 350°C is due to the loss of structural water,
and at 350 to 500°C due to the restructuring of the oxide and
the burning temperature of grafted amine groups on the
ferric oxide surface (see Figure 3(b)) [24, 25], proving that
ferric oxide-amine material was successfully synthesized.

X-ray diffraction spectra of ferric oxide and ferric oxide-
amine samples are plotted in Figure 4. �e ferric oxide
diffraction spectrum had obtuse-angle and low peaks,
showing the relatively low crystallinity of the as-synthesized
materials without any heat treatment step [13, 26], which
was similar for the ferric oxide-amine sample. However,
there was a peak with a wide range, and low intensity existed
at a low diffraction angle of 20° to 25°, which could be at-
tributed to the presence of a very small amount of silicon
oxide in the material [27–29].

EDX and SEM-mapping are two of the most commonly
used techniques to evaluate the surface composition and the
distribution of elements on the surface of the material. EDX
spectrum and elemental mapping of ferric oxide-amine
material are exhibited in Figure 5.�e sample consists of five
elements, which were evenly distributed on the surface of the
material. �e elemental weight percentage decreased in the
order of silicon, carbon, iron, oxygen, and nitrogen, which
reflects the amine content of the produced material.

3.2. Adsorption of Nitrate and Phosphate onto Ferric Oxide-
Amine Material. As presented in Figure 6, the adsorption
capacity of ferric oxide-amine increased with the increase of
contact time during the test period of 120min.�e adsorption
equilibrium of nitrate adsorption was reached after 30min,
which was faster than that of phosphate (60min). �is could

be explained by the stronger interaction of the amino-
functional groups with nitrate than that with phosphate [18].
�e nitrate and phosphate adsorption capacity of ferric oxide-
amine were calculated at 100 mgNO3

−/g and 40 mgPO4
3−/g,

respectively. For phosphate removal, the adsorption process
has three stages: (i) a rapid increase for the first 30min by the
externally exposed surface of the amine group, (ii) a slow
increase for the next 30min by the internal ferric oxide
surface, and (iii) reaching the equilibrium after 60min when
both external and internal surfaces become saturated.

Regarding kinetics study, the nitrate and phosphate
adsorption on ferric oxide-amine material was determined
by three kinetic models, consisting of pseudo-first-order,
pseudo-second-order, and intraparticle diffusion models.
�e equilibrium adsorption capacity (qe,exp) of the material
was chosen to be 100.51mgNO3

−/g for nitrate and
40.60mgPO4

3−/g for phosphate as taken from the experi-
mental data. Linear equations of kinetic models and cor-
relation coefficients (R2) are shown in Table 1 and Figure 7.
On this account, the pseudo-second-order model was
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Figure 3: (a) TG and (b) DTG curves of ferric oxide-amine.
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considered as the best-fit model to describe the adsorption
with the greatest correlation coefficient among the others.
Moreover, the calculated adsorption capacity (qe, cal) ap-
proximated the experimental adsorption capacity (qe,exp)
and this was correct for both nitrate and phosphate. �e
adsorption rate constants k were then determined to be
0.00924 (g/mg.min) with nitrate concentration of 50mg/L
and 0.00899 (g/mg.min) with phosphate concentration of
10mg/L.

It is observed in Figure 8(a) that changes in adsorption
capacity of both nitrate and phosphate were followed by
changes in solution pH. �e nitrate and phosphate ad-
sorption capacity of ferric oxide-amine material reached a
peak of over 130 mgNO3

−/g and 40mgPO4
3−/g in the pH

range of 5-6 and 6, respectively. Regarding nitrate, the in-
crease of H+ concentration at pH< 5 impeded the nitrate
adsorption, and there is an adsorption competition with
SO4

2− anion fromH2SO4 used to adjust the solution pH [30].
At pH> 6, the nitrate adsorption capacity also decreased on
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Figure 5: (a) EDX spectrum and (b) SEM image and elemental mapping of ferric oxide-amine.
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account of an adsorption competition with OH− [31]. In the
solution, phosphate anions dissociate into different forms
depending on pH. Major forms of phosphate are H3PO4,
H2PO4

−, HPO4
2−, and PO4

3− at pH< 2, 2–7, 7–11, and >11,
respectively [30]. In phosphate adsorption at pH< 7,
H2PO4

− was easily bonded to ferric oxide-amine by elec-
trostatic forces (pH< pHpzc) to increase phosphate

adsorption capacity. At high pH, phosphate adsorption
capacity decreases due to the adsorption competition with
OH−. In conclusion, the ferric oxide-amine had the highest
adsorption capacity of nitrate and phosphate in the pH range
of 5–6 and 6, respectively. �e experiment to determine the
isoelectric point value of the material in 0.01N KCl solution
is shown in Figure 8(b), where pHpzc of ferric oxide-amine

Table 1: Correlation coefficients (R2) and linear equations of kinetic models for nitrate and phosphate adsorption on ferric oxide-amine
material.

Ion Kinetic model Linear equation R2 Capacity (qe,cal) mg/g

Nitrate
Pseudo-first-order y� 0.0534x+ 2.9705 0.7849 18.73

Pseudo-second-order y� 0.0098x+ 0.0104 0.9997 102.04
Intraparticle diffusion y� 0.1027x+ 4.1972 0.8568 —

Phosphate
Pseudo-first-order y� 0.0461x+ 2.8955 0.9156 21.69

Pseudo-second-order y� 0.0241x+ 0.0646 0.9989 41.49
Intraparticle diffusion y� 0.15x+ 3.067 0.9232 —

y = 0.0241x + 0.0646
R2 = 0.9989

y = 0.0098x + 0.0104
R2 = 0.9997
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Figure 7: Pseudo-second-order kinetic plot of nitrate and phosphate adsorption onto ferric oxide-amine material.
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was determined to be 5.8. At pH< pHpzc, the adsorbent
surface is positively charged, so the adsorption process of
nitrate and phosphate anions was based on electrostatic
attraction mechanism. However, with the solution
pH> pHpzc, the adsorption capacity decreases because of the
negatively charged surface and the competition with OH−,
which both inhibit the adsorption of anions such as nitrate
and phosphate [32].

As displayed in Figure 9, the adsorption capacity was
greatly influenced by the dosage of ferric oxide-amine.
Decreases in adsorption capacity were experienced when the
adsorbent dosage increased; however, at the time, the re-
moval efficiency increased and the quality of the output
water improved. In terms of nitrate adsorption, an output
concentration of 27.10 mgNO3

−-N/L was found when 30mg
of absorbent was used, which met the nitrate requirement in
column A of QCVN 14:2008/BTNMT. In phosphate ad-
sorption, a good agreement with phosphate concentration in
column A (lower than 6mgPO4

3−-P/L) was also witnessed in
the output concentration of phosphate. �e phosphate
adsorption capacity decreased rapidly with the increase of
dosage from 5 to 30mg but then deceased slowly with a
further increase of dosage from 30 to 100mg. �erefore,
30mg of the material was chosen for subsequent experi-
ments such as the effects of initial adsorbate concentration
and solution temperature on adsorption capacity.

�e effects of initial nitrate concentration and solution
temperature on the adsorption capacity are exhibited in
Figure 10(a), showing an increasing trend of adsorption
capacity with the increases of initial concentration and
temperature. �e higher nitrate concentration facilitates the
interaction between nitrate ions and adsorption sites of the
material. Similarly, the nitrate ions in the solution become
more mobile at higher temperatures, increasing the fre-
quency of collisions between the material and the nitrate
ions. �is can be seen in solutions with a nitrate concen-
tration of 100mg/L or higher when the solution temperature
increased from 20°C to 45°C. In addition, it was seen clearly
in Figure 10(b) that similarity to the nitrate adsorption
capacity also occurred for phosphate. �e phosphate ad-
sorption capacity of the material was directly proportional to
the ascending variations in the initial phosphate concen-
tration and solution temperature. Favorable conditions for
adsorption such as the increase in themobility and density of
phosphate ions, in short, can promote interaction between
them and the material.

In this study, the Langmuir and Freundlich isotherm
models were used to describe the correlation between nitrate
and phosphate on the ferric oxide-amine surface and their
equilibrium concentrations in the solution with a constant
temperature. �e isotherm adsorption parameters of the
processes are presented in Table 2. Although both Langmuir
and Freundlich models were suitable for describing nitrate
adsorption, the Langmuir model was more fit on account of
its higher correlation coefficients. Relatively high correlation
coefficients of 0.9866 and 0.9982 were found in the Langmuir
equation at 30°C for nitrate and phosphate, respectively.
�ese results indicated that the ferric oxide-amine surface
had uniformity, and a similar affinity for both nitrate and

phosphate ions and the adsorption occurredmainly from the
interaction of ions and the functional groups to create
monolayer molecules on the ferric oxide-amine surface. �e
values of n in the Freundlich model indicated the favorable
condition for the adsorption process. �e maximum ad-
sorption capacities at 30°C were also compared with those
reported previously and the results are presented in Table 3.
It can be concluded that the maximum adsorption capacity
of nitrate onto ferric oxide-amine was the highest among
other adsorbents in the literature. However, phosphate
adsorption onto this material was lower than that onto
MgO-biochar and nano-2D-MgO materials.

As regards adsorption thermodynamics, parameters
such as Gibbs free energy (∆G), entropy (∆S), and enthalpy
(∆H) obtained using equilibrium constants at different
temperatures (i.e., 293, 303, and 318K) are summarized in
Table 4. In general, it is obvious that both nitrate and
phosphate adsorption processes had ∆G< 0, proving the
self-evolution process under standard conditions. On the
other hand, the phosphate adsorption was an exothermic
process with ∆H< 0 while the nitrate adsorption was an
endothermic process with ∆H> 0 [38]. It is known that, with
∆H<40 kJ/mol, the adsorption process is usually considered
as physical adsorption. Besides, the affinity of the adsorbent
for nitrate and phosphate is expressed by the value of ∆S
[39].

3.3. Competitive Adsorption and Application to Real
Wastewater. Some common anions in wastewater such as
Cl−, SO4

2−, and HCO3
− are usually competitors during the

adsorption of target nitrate and phosphate. �erefore, to
assess the influence level of the competing ions, it is nec-
essary to conduct a test with the solution containing the
above anions. �e amount of material used was about 30mg
in 50mL of the solution with nitrate and phosphate con-
centration of 50mg/L and 100mg/L, respectively. As
exhibited in Figure 11, the adsorption capacity of ferric
oxide-amine was affected at different levels by these anions.
Among the anions, sulfate had the greatest influence on
phosphate adsorption of the material, making its adsorption
capacity reduce by nearly 1/3 from 152.04mg/g to only
43.74mg/g. Although chloride has a maximum electronic
affinity, sulfate was proven to have a greater competitive
effect on phosphate adsorption [40]. Meanwhile, the effect of
the other three anions (i.e., chloride, sulfate, and bicar-
bonate) on the nitrate adsorption capacity of ferric oxide-
amine was almost similar. �e adsorption capacity, more
specifically, decreased by 25% from 135mg/g to roughly
100mg/g.

Nitrate and phosphate removal efficiencies from syn-
thetic and real wastewater by ferric oxide-amine material as
compared to ferric oxide and anion exchange resin (Akualite
A420) are illustrated in Figure 12. �e results indicated that
all three materials had the ability to simultaneously adsorb
nitrate and phosphate anions, especially ferric oxide-amine
which had quantitatively superior nitrate adsorption ca-
pacity compared to ferric oxide and Akualite A420. In
synthetic wastewater (Figure 12(a)), nitrate and phosphate
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adsorption capacity of the materials can be arranged in
descending order as ferric oxide-amine>Akualite
A420> ferric oxide for nitrate and ferric oxide> ferric oxide-
amine>Akualite A420 for phosphate. �e nitrate adsorp-
tion capacity of ferric oxide-amine was 20 times higher than
that of ferric oxide and 4 times higher than that of Akualite
A420. �e phosphate adsorption capacity of ferric oxide-
amine (19.43mg/g) was lower than that of ferric oxide
(28.06mg/g), but it was still 4 times higher than that of
Akualite A420. While ferric oxide had the nitrate adsorption
capacity much less than the phosphate adsorption capacity,
both ferric oxide-amine and Akualite A420 had a nitrate
adsorption capacity superior to the phosphate adsorption
capacity. In real wastewater (Figure 12(b)), the nitrate

adsorption capacity of ferric oxide-amine was still the
highest, but it was reduced compared to that of the other
materials on this account.�ere may be some other ions and
small amounts of organic matter in the wastewater, which
led to adsorption competition as discussed above. �e ferric
oxide after being grafted with amine-functional groups had
much higher adsorption capacity than the original one, but
its phosphate adsorption capacity remained the same at
20mg/g, proving that amine groups mainly interacted with
nitrate ions [41] whereas most phosphate ions interacted
with ferric oxide [42]. As also depicted in Figure 12(b), it can
be said that all ferric oxide, ferric oxide-amine, and Akualite
A420 materials can remove the COD content of real
wastewater samples. �e COD removal efficiency of ferric
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Table 2: �e isotherm parameters of nitrate and phosphate adsorption onto ferric oxide-amine material.

Isotherm Parameter
Temperature (°C)

20 30 45
Nitrate

Langmuir
Qmax (mg/g) 357.4 400.00 476.19
KL (L/mg) 0.0044 0.0041 0.0030

R2 0.9974 0.9936 0.9967

Freundlich
Kf ((mg/g) (L/mg)n) 0.0752 0.0542 0.1035

n 2.3020 2.5075 1.9720
R2 0.9630 0.9866 0.9612

Phosphate

Langmuir
Qmax (mg/g) 270.27 217.39 312.50
KL (L/mg) 0.0679 0.0679 0.0087

R2 0.8123 0.9982 0.9386

Freundlich
Kf ((mg/g) (L/mg)n) 0.3693 0.0491 0.3204

n 1.1939 2.2227 1.2288
R2 0.8669 0.9381 0.9528

Table 3: A comparison between Qmax in this study and previous research studies.

Adsorbent Nitrate (mg/g) Phosphate (mg/g) Reference
Mix oxide CeO2-Al2O3 — 125.42 [33]
MgO-biochar 94.00 835.00 [34]
Nanofiber chitosan/Al2O3/Fe3O4 160.50 135.10 [12]
Amin-chitosan 37.45 41.49 [18]
Exchange ions resin NDP-2 174.00 — [20]
Fe3O4@Zn-Al-LDH — 36.90 [31]
Iron-bentonite — 11.2 [35]
Particular chitosan 113.10 58.50 [36]
Nano 2D MgO — 255.1 [37]
Ferric oxide-amine 400.00 217.39 �is study

Table 4: �ermodynamic parameters of nitrate and phosphate adsorption onto ferric oxide-amine material at different temperatures.

�ermodynamic parameter Temperature (K) Nitrate Phosphate

∆G (kJ/mol)
293 −0.01 −3.84
303 −0.08 −3.4
318 −0.19 −2.74

∆H (kJ/mol) — 2.13 −16.75
∆S (kJ/mol.K) — 0.007 −0.04
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Figure 11: Effect of coexisting anions on nitrate and phosphate adsorption capacity of ferric oxide-amine material.
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oxide was the highest one, which was followed by Akualite
A420 and then ferric oxide-amine. �is also implies that
ferric oxide-amine was less affected by organic matter in
wastewater than ferric oxide and Akualite A420 under the
same conditions.

4. Conclusions

Ferric oxide-amine materials were successfully synthesized
and characterized by SEM, EDX, FTIR, XRD, TGA, and BET
analyses. �e equilibrium time for nitrate and phosphate
adsorption was 30min and 60min, respectively, while the
suitable pH was in the range of 5 to 6 for nitrate and pH 6 for
phosphate. �e adsorption capacity increased with the in-
crease of nitrate and phosphate concentration and tem-
perature but decreased with the increase of adsorbent
dosage. When compared with commercial Akualite A420,
ferric oxide-amine material showed outstanding nitrate and
phosphate adsorption capacity, which can find many ap-
plications in water and wastewater treatment.
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