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Calcined Ni—-Al complex hydroxide (NA12) was produced through calcination at 400°C, and its capability on
phosphate ion adsorption was examined. Initially, the physicochemical characteristics including specific surface
area, the number of hydroxyl groups, pore volume, scanning electron microscope images, and X-ray diffraction
patterns of calcined Ni—Al complex hydroxides were evaluated. The level of phosphate ion adsorbed onto NA12
in the value of 128.5 mg/g was higher than that of other compared adsorbents. This study indicated that the level
of phosphate ion adsorbed using calcined Ni—Al complex hydroxide was correlated to the properties of an adsor-
bent surface. Moreover, the binding energy of the NA12 surface before and after the phosphate ion adsorption
was also determined, and phosphorus energy (2p and 2s) could be detected after adsorption. The results demon-
strated that the NA12 surface properties were important for phosphate ion removal from the aqueous solution.
Additionally, the effects of pH, temperature, and contact time on the phosphate ion adsorption were also investi-
gated. The results confirmed a potent recovery of the phosphate ion (over 90%) when using a NaOH solution at
1000 mmol/L in this experiment. Thus, NA12 is a promising adsorbent for the phosphate ion.
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INTRODUCTION

Phosphorus (P) is a necessary micro-nutrient for plant
growth. Excessive use of fertilizers containing P in agriculture,
and the resulting runoff of P, have led to increasing eutrophi-
cation in various water environments.!-3 Nevertheless, P is one
of the necessary elements for all forms of life. Therefore, it is
important to remove and/or recover phosphate ions from the
aqueous phase effectively.

Adsorptive removal of the phosphate ion has been more
concerned, owing to its advantages, such as low energy con-
sumption, high efficiency, reliable, and easily operation, and
the facilitation of P recycling. Recently, various adsorbents
have been established in use for phosphate ion removal from
aqueous solutions. Interestingly, metal (hydr)oxides have been
considered useful for adsorbing phosphate ion from aquatic
ecosystems, owing to their unique physicochemical properties
and nontoxic characteristics.>?

In addition, calcined metal (hydr)oxides are promising
adsorbents for the removal of the phosphate ion because they
possess a permanent, positive layer charge (and a high specif-
ic surface area)®? or a unique memory effect property.'” The
unique memory effect property facilitates rebuilding of the
original structure when placed in contact with anions in aque-
ous solution. This property induces an increased adsorption

capability comparable to that of non-calcined materials.

Our previous studies reported that calcined Al (hydr)oxide
or calcined Ni hydroxide at 400°C!12 exhibited high adsorp-
tion capability for the phosphate ion compared with that of
virgin compounds. Additionally, we evaluated the capability
of Ni—Al complex hydroxide for adsorbing the phosphate ion
from aqueous solutions.'» However, there is no report on the
capacity of calcined Ni—Al complex hydroxide for the phos-
phate ion adsorption in aqueous solutions. Therefore, if the
phosphate ion adsorption by calcined Ni—Al complex hydrox-
ide could be explored, the value and applicability of calcined
Ni—Al complex hydroxide would considerably increase.

The objective of recent study was to explore the phos-
phate ion adsorption capacities using calcined Ni—Al com-
plex hydroxide prepared at 400°C and its properties were also
investigated. Moreover, the adsorption kinetics, adsorption
isotherms, the effect of pH on the adsorption and desorption
abilities of the phosphate ion from calcined Ni—Al complex
hydroxide were evaluated.

MATERIALS AND METHODS

Materials Ni—Al complex hydroxides were obtained from
Kansai Catalyst Co. Ltd (Japan). Compounds with the molar
ratios of Ni2* to AI’* of 0.5, 1.0, 2.0, 3.0, and 4.0 were indi-

*To whom correspondence should be addressed. e-mail: kawasaki@phar.kindai.ac.jp



Vol. 3, No. 2 (2020)

cated as NA12, NA1l, NA21, NA31, and NA41, respectively
(They are collectively referred to as NAs henceforth). Calcina-
tion was performed via the following method. Calcined NAs
were prepared by treating NAs at 400°C for 2 h in a muffle
furnace. The phosphate ions solution was prepared with potas-
sium dihydrogen phosphate (FUJIFILM Wako Pure Chemical
Co., Japan).

The evaluation of crystallinities, elemental analysis, and
electron spectroscopy were performed using MiniFlex II
(Rigaku, Japan), JXA-8530F (JEOL, Japan), and AXIS-NOVA
(Shimadzu, Japan), respectively. The pore volumes and spe-
cific surface area were analyzed using NOVA 4200e specific
surface analyzer (Yuasa Ionic, Japan). The total of hydroxyl
groups was analyzed using the fluoride ion adsorption meth-
od.!®

Amount of Phosphate Ion Adsorbed 0.05 g of the adsor-
bents namely NA12, NA11l, NA21, NA31, and NA41 were
mixed to 50 mL of 300 mg/L phosphate ion solution. The reac-
tion mixture was shaken at 25°C and 100 rpm for 24 h. Then,
the reaction mixture was filtered using a 0.45 pm membrane
filter. The obtained solution was measured by adsorption spec-
trophotometry (DR/890, Hach, USA). The amount of phos-
phate ion adsorbed was calculated using Eq. (1)

q=(C-C)Viw )

where ¢ is the amount of phosphate ion adsorbed (mg/g), C,
is the initial concentration (mg/L), C, is the equilibrium con-
centration (mg/L), V is the solvent volume (L), and W is the
weight of the adsorbent (g).

Effect of Contact Time, pH, and Temperature on the
Adsorption of Phosphate Ion Initially, to evaluate the effect
of contact time, 0.05 g of NA12 was mixed to 50 mL of 10,
30, and 50 mg/L phosphate ion solutions. The reaction mixture
was shaken at 100 rpm and 25°C for 0.5, 1, 3, 6, 20, and 24 h.
Then, to evaluate the effect of pH, 0.05 g of NA12 was mixed
to 50 mL of 50 mg/L phosphate ion solution in the solutions
pH of 2, 4, 6, 8, and 10, respectively. The pH of the reaction
mixture was adjusted by hydrochloric acid or sodium hydrox-
ide solution, and the reaction mixture was shaken at 100 rpm
and 25 °C for 24 h. Finally, to evaluate the adsorption tem-
perature effect, 0.05 g of NA12 was mixed to 50 mL of 50
mg/L phosphate ion solution. The reaction mixture was shaken
at 100 rpm for 24 h at 5, 25, and 50 °C. The level of phosphate
ion adsorbed was calculated using Eq. (1).

Effect of Coexistences on the Adsorption of Phosphate
Ion onto NA12 0.05 g of NA12 was mixed to 50 mL of a
1 or 5 mmol/L phosphate ion and chloride ion, sulfate ion, or
nitrate ion binary solution system. These solutions were pre-
pared by sodium chloride, sodium sulfate, and sodium nitrate.
The reaction mixtures were shaken at 100 rpm and 25°C for
24 h. Subsequently, the reaction mixtures were filtered through
a 0.45 um membrane filter. The obtained solutions were meas-
ured by adsorption spectrophotometry DR/890 (Hach, USA)
or ion chromatography (DIONEX ICS-900, Thermo Fisher
Scientific Inc., Japan). The quantity of phosphate ion adsorbed
was calculated using Eq. (1). Measurement condition was
described in a previous study.'?

Capability of NA12 for the Adsorption and Desorption
of Phosphate Ion with Sodium Hydroxide Solution 0.3 g
of NA12 was mixed to 100 mL of 300 mg/L phosphate ion
solution. The reaction mixture was shaken at 100 rpm and
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25°C for 24 h. Then, the reaction mixture was filtered through
a 0.45 pm membrane filter. The obtained solution was ana-
lyzed by adsorption spectrophotometry DR/890 (Hach, USA).
The quantity of phosphate ion adsorbed was calculated by
using Eq. (1). After adsorption, the collected adsorbent was
dried, and then used for the desorption experiment. The col-
lected NA12 was mixed to 50 mL of sodium hydroxide solu-
tion in the concentrations of 1, 10, 100, and 1000 mmol/L.
Then, the reaction mixtures were shaken at 100 rpm and
25°C for 24 h and subsequently filtered through a 0.45 pm
membrane filter. The concentration of the phosphate ion
released from NA12 was quantified by adsorption spectropho-
tometry (DR/890, Hach, USA). The amount of phosphate ion
desorbed was calculated using Eq. (2)

d=CVIW ©)

where d is the amount desorbed (mg/g), C, is the equilib-
rium concentration (mg/L), ¥ is the solvent volume (L), and
W is the weight of the adsorbent (g). The results in this study
are presented as means+standard deviations (S.D., n = 2-3, all
experiments)

RESULTS AND DISCUSSION

Properties of Adsorbent Scanning electron microscope
images and X-ray diffraction (XRD) patterns of the adsorbents
are illustrated in Fig. 1. The NAs contained spherical parti-
cles of numerous diameters and mainly Jamborite and Nick-
el oxide. Our previous study reported that untreated NAs con-
tained mainly Nickel hydroxide.'» Therefore, we obtained
different structures of NAs via calcination in this experimen-
tal condition. Hence, we evaluated the physicochemical char-
acteristics of the NAs (Table 1). The quantity of hydrox-
yl groups, specific surface area, and pore volume of NA12
or NA11 were higher than those of other adsorbents. Similar
trends were reported previously.!® Particularly, these proper-
ties of calcined NAs (the quantity of hydroxyl groups and spe-
cific surface area of NA12 and NA11 was 2.44+0.11 mmol/g
and 77.8£1.6 m?/g, and 2.00+0.08 mmol/g and 15.1+1.8
m?/g, respectively) were higher than those of virgin ones (the
amount of hydroxyl groups and specific surface area of NA12
and NA11 was 1.62 mmol/g and 26.4 m%/g, and 1.92 mmol/g
and 22.8 m?/g, respectively).'®
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Fig. 1. SEM Images and XRD Patterns of Adsorbents
e Jamborite, Ni(OH),(NiOOH); A Nickel Oxide, NiO
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Table 1. Physicochemical Characteristics of Adsorbents

Vol. 3, No. 2 (2020)

Amount of hydroxyl Specific surface area Pore volume (mL/g)
Samples groups (m’g) d< 2(_)3A 20A <d SJSOOA d> SQ?A
(mmol/g) (x107%) (x10) (x107)
NA12 2.44 £ 0.11 77.8 £ 1.6 156 £5 23.8 £0.07 57+0.6
NATl 2.00 £ 0.08 151+ 1.8 0.637 £ 8.5 8.24 + 6.6 3.64 £ 1.1
NA21 1.07 £ 0.02 8.16 £ 3.0 0.0964 + 0.2 6.0 £ 1.1 327+0.2
NA31 1.13 £ 0.02 51752 0.433 + 0.2 5.92 +0.04 2.81 £0.2
NA41 1.03 £+ 0.06 8.86 £ 2.0 0.294 + 0.07 546 £0.2 2.46 +£ 0.2
NAL2 NALL NA31 NA4l sized Zn-Al LDH, zirconium-loaded carbon nanotube, Mg—
Al layered double hydroxide, and Fe—Mn oxide adsorbent, the
Before adsorption equilibrium of the phosphate ion was established
adsorption within 8, 5, 5, and 3.3 h, respectively. These results indicate
that NA12 is functional for the phosphate ion removal from
aqueous solutions. !9
After To elucidate the adsorption rate and possibility of kinetic
il mechanisms, the results were analyzed using the pseudo-first-
2 P ; P P e B . P order (Eq. (3)) and pseudo-second-order (Eq. (4)) kinetic mod-

Fig. 2. Qualitative Analysis of Adsorbents Surface Before and After Ad-
sorption of Phosphate lon

Amount of Phosphate Ion Adsorbed The amounts of
phosphate ion adsorbed onto NA12, NA11, NA21, NA31, and
NA41 were 128.5£15.5, 89.5+£12.5, 29.0+2.0, 33.0+6.0, and
68.0£17.0 mg/g, respectively. We calculated the relationship
between the amount of phosphate ion adsorbed and the physic-
ochemical characteristics. The correlation coefficients between
the amount of phosphate ion adsorbed and the quantity of
hydroxyl groups, specific surface area, micropore, mesopore,
and macropore structure were 0.906, 0.854, 0.804, 0.848, and
0.793, respectively. Results from the recent experiments dem-
onstrated that the amount of phosphate ion adsorbed is relat-
ed to the physicochemical characteristics of NAs. Additional-
ly, Figure 2 revealed the adsorbent surface before and after the
adsorption of the phosphate ion. The increase in P content was
confirmed after adsorption treatment. The properties of the
adsorbent surface are important factors for the phosphate ion
removal from aqueous solutions. Moreover, the binding ener-
gy of the adsorbent (NA12) before and after adsorption was
also investigated and exhibited in Fig. 3. The P(2p) and P(2s)
peaks were detected after adsorption, which indicate that phos-
phate ions were adsorbed onto the adsorbent surface of NA12.
Simultaneously, we could confirm the decrease in S(2p) peak.
Our studies had been demonstrated previously that the pos-
sibility of phosphate ion adsorption mechanisms when using
metal complex hydroxide was ion exchange with anions in the
interlayer of the metal complex hydroxide.!® In this study, the
NAs were prepared using sulfates and have a layered double
hydroxide structure. Finally, we confirmed that the amount of
phosphate ion adsorbed and the amount of sulfate ion released
from the NA adsorbent were emphatically correlated in this
experiment (7 = 0.969), confirming that sulfate ions inter-lay-
ered in the NA adsorbent are exchanged with phosphate ions.

Effect of Contact Time on the Adsorption of Phosphate
Ion To understand the adsorption equilibrium, the effect of
contact time on the phosphate ion adsorption onto NA12 is
exhibited in Fig. 4. The adsorption equilibrium was established
within 3 h. Previous studies reported that, when using synthe-

els202h:

In(q,—q)/q.= -kt (3)
g = (kg ?) + t/q, 4)

where ¢, and g, are the amounts of phosphate ion adsorbed
at equilibrium and at time ¢ (mg/g), respectively; k, is the
pseudo-first-order rate constant (h'!); and £, is the pseudo-sec-
ond-order rate constant (g/mg/h).

The kinetic parameters calculated are summarized in Table
2. It is clear that the fit of the pseudo-second-order model
(r=10.999) is better than that of the pseudo-first-order model
(r=0.057-0.923). Moreover, the calculated amount of adsor-
bent, q, ., (10.2+0.37, 30.4+0.13, and 51.8+0.13 mg/g for 10,
30, and 50 mg/L initial concentrations, respectively) in the
pseudo-second-order model was correlate to the actual experi-
mental amount of adsorbent used, q, ,, (10.8+0.40, 31.3+1.08,
and 51.940.01 mg/g for 10, 30, and 50 mg/L initial concen-
trations, respectively). Our results can suggest here that the
mechanism of phosphate ion adsorption onto the NA12 sur-
face might be chemisorption.??

Effect of pH on the Adsorption of Phosphate Ion
Figure 5 illustrated the effects of the pH value of the initial
solution on the phosphate ion adsorption by NA12. NA12
exhibited good capacity for phosphate ion adsorption in the
initial pH range from 2.0 to 12.0. Similar trends had been
reported previously.23-20) The point of neutral charge of NA12
was approximately 6.0. In this study, the pH of the solution
after adsorption ranged from 4.0 to 6.5; therefore, the posi-
tively charged surface favored adsorption, owing to the elec-
trostatic interaction between the positive charge of adsorbent
surface and the negative charge of phosphate ions.2 In the
pH range from 3.0-7.2, H,PO, was the dominant species in
the phosphate solution. The free energy of H,PO, adsorption
was lower than that of HPO,> or PO,*, and hence, H,PO, was
more efficiently adsorbed by NA12 comparable to HPO > or
PO43-.24,27—29)

Effect of Temperature on the Adsorption of Phosphate
Ion The adsorption isotherms for the phosphate ion adsorp-
tion onto NA12 were investigated in three different temper-
atures. Figure 6 indicates that the amount of phosphate ion
adsorbed elevated with the increase in adsorption tempera-
tures, suggesting that phosphate ion adsorption onto NA12
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Fig. 3. Binding Energy of NA12 Surface Before and After Adsorption of Phosphate Ion
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Fig. 4. Effect of Contact Time on the Adsorption of Phosphate Ion onto
NA12

Initial concentration 10, 30, and 50 mg/L, solvent volume 50 mL, absorbent
0.05 g, contact time 0.5, 1, 3, 6, 20, and 24 h, temperature 25°C, agitation speed 100

pm

Table 2. Kinetic Parameters for the Adsorption of Phosphate Ion
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Fig. 5. Effect of pH on the Adsorption of Phosphate Ion at Different pH
Conditions

Initial concentration 50 mg/L, solvent volume 50 mL, absorbent 0.05 g, contact
time 24 h, solution pH 2-12, temperature 25°C, agitation speed 100 rpm

Pseudo-first-order model

Pseudo-second-order model

Initial concentration Geexp

(mg/L) (mg/g) ki (b Geca (MY/Z) r k, (g/mg/h) e (MY/Z) r
10 10.8 + 0.40 0.8 £ 0.07 0.022 + 8.01 0.699 1.0 = 0.64 10.2 + 0.37 0.999
30 31.3+1.08 0.056 + 0.01 3.1 +1.08 0.057 0.52 + 0.04 30.4 +0.13 0.999
50 51.9 £ 0.01 0.97 + 0.005 23.6 £0.11 0.923 0.21 £ 0.06 51.8 £0.13 0.999

was an endothermic mechanism.?? To confirm the mechanism
of phosphate ion adsorption, the isotherm data were further fit-
ted to two commonly used isotherm models namely Langmuir
(Eq. 5) and Freundlich (Eq. 6).

Clqg.=1/Wa+CJW, 5)

where C, is the equilibrium concentration (mg/L), g, is the
amount adsorbed at equilibrium (mg/g), and W, and a are the
Langmuir constants related to the monolayer adsorption capac-
ity and the energy of sorption, respectively, and

log g, =log k + (1/n) log C, 6)

where k and n are the Freundlich constants related to the
adsorption of the adsorbent and the intensity of adsorption,
respectively.

Table 3 exerts the Langmuir and Freundlich constants
for the phosphate ion adsorption. It can be observed that the
Langmuir and Freundlich models were fitted to the data of an
experiments (» = 0.835-0.967 and 0.883-0.989). The Lang-
muir constant W, raised with the increase in adsorption tem-
perature, indicating the endothermic mechanism of the adsorp-
tion process. Moreover, phosphate ions were comfortably
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Fig. 6. Adsorption Isotherms of Phosphate Ion

Initial concentration 10, 20, 30, 40, and 50 mg/L, solvent volume 50 mL, absorbent
0.05 g, contact time 24 h, temperature 5, 25, and 50°C agitation speed 100 rpm

adsorbed onto the NA12 surface when 1/n was in the range of
0.1-0.5, but not when 1/n > 2.3D The value of n-! (0.4+0.08—
0.6+0.29) suggested that the phosphate ions adsorption onto
the NA12 surface occurred readily, owing to chemisorption.'?
Thus, the phosphate ion adsorption onto NA12 is attributed to
monolayer adsorption in this study.

Additionally, the thermodynamics of phosphate ion adsorp-
tion was also investigated. The thermodynamic parame-
ters, i.e., standard Gibbs free energy (4G), standard enthalpy
change (4H), and standard entropy change (45S), were estimat-
ed using Egs. (7) and (8)

AG = -RTInK
InK =AS/R - AH/RT

(7
®)

where R is the universal gas constant (8.314 J/mol/K), T is
the absolute temperature (K), and K is the adsorption equilib-
rium constant. Thus, 4H and 4S are determined from the slope
and intercept.

The obtained 4G values for 278, 298, and 323 K were
-4.54, -4.62, and -5.38 kJ/mol, respectively, and the obtained
AH and 4S8 were 0.61 kJ/mol and 18.2 J/mol/K, respectively.
The 4G value decreased with the increase in temperature, sug-
gesting an increase in the spontaneity of the reaction.’? The
positive value of 4H indicated the endothermic mechanism of
the phosphate ion adsorption process, which was also indicat-
ed by the enhanced phosphate ion adsorption amounts at high-
er temperature.'” In addition, the positive value of A4S indicat-
ed an increase in disorder at the solid—solution interface during
the phosphate ion adsorption process.

Effect of Coexistences on the Adsorption of Phosphate
Ion The level of phosphate ion adsorbed in the complex solu-
tion system is illustrated in Fig. 7. Results of recent experi-
ments indicates the initial concentration of 1 mmol/L, coexist-
ence anions including chloride ion, nitrate ion, and sulfate ion
did not affect the phosphate ion adsorption capability. How-
ever, the coexistence anions affected the adsorption capabili-
ty at the initial concentration of 5 mmol/L. From the results,
the sulfate ion (divalent ion) was more strongly affected the
adsorption capability. Similar trends had been reported pre-
viously.?73% Additionally, the phosphate ion, nitrate ion, and
chloride ion formed an inner-sphere complex with the hydrox-
yl groups at the adsorbent surface. However, the sulfate ion

Fig. 7. Amount of Phosphate Ion Adsorbed in Complex Solution System

Initial concentration 1 or 5 mmol/L, absorbent 0.05 g, contact time 24 h, tempera-

ture 25°C, agitation speed 100 rpm
70 A
60 A
50 A
40 4
30 A
20 A
10 A
O .
1 10 100 1000

Concentration of sodium hydroxide (mmol/L)

Amount adsorbed
or desorbed (mg/g)

Fig. 8. Amount of Phosphate Ion Adsorbed or Desorbed

Adsorption condition: Initial concentration 300 mg/L, solvent volume 100 mL, ab-
sorbent 0.3 g, contact time 24 h, temperature 25°C, agitation speed 100 rpm. Desorp-
tion condition: Initial concentration 1, 10, 100, and 1000 mmol/L, solvent volume 50
mL, absorbent 0.3 g, contact time 24 h, temperature 25°C, agitation speed 100 rpm.

can be adsorbed by forming an outer-sphere or inner-sphere
complex, and therefore, it competes with the phosphate ion
better than that of nitrate ion or chloride ions. Thus, NA12
exhibited good capability for the phosphate ion adsorption in a
complex solution system.

Recovery of Phosphate Ion Using NA12 To determine
the desorption ability of the phosphate ion by NA12, desorp-
tion experiments were performed under various concentra-
tions of sodium hydroxide solution (Fig. 8). The desorption
rate of the phosphate ion raised with the increase in alkalini-
ty from 1 to 1000 mmol/L. The phosphate ion desorption rate
increased from 16.7% to 92.7%, indicating that the bonding
between the adsorbed phosphate ion and the active site was
breakable and the phosphate adsorbed onto NA12 can be des-
orbed at high pH. It was proved that NA12 could be used as a
reusable adsorbent.

To confirm the NA12 structure after adsorption, we inves-
tigated the XRD patterns of NA12 before and after the phos-
phate ion adsorption (Fig. S1). The diffraction peak (003) indi-
cates the stacking of brucite-like sheets.3s3®) The shift of this
26 peak decreased slightly, because a part of adsorbed phos-
phate ion remained in NA12. Therefore, the desorption rate
is not fully 100% in this experiment. Moreover, we con-
firmed that the NA12 structure is not destroyed after adsorp-
tion. Finally, we investigated the phosphate ion after adsorp-
tion (Fig. S2). The desorbed phosphate ion was in the form of
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Table 3. Langmuir and Freundlich Constants for the Adsorption of Phosphate Ion
Langmuir constants Freundlich constants
Temperature(°C) Ws(mg/g) a(L/mg) r logk 1/n r
5 37.6 £ 0.003 38.0 £ 0.29 0.964 1.6 £ 0.04 0.4 +0.08 0.989
25 49.3 £ 0.01 254+ 034 0.967 1.7 +£0.22 0.5+ 0.04 0.887
50 96.2 + 0.03 6.9 + 0.04 0.835 2.1 +0.38 0.6 £ 0.29 0.883

sodium hydrogen phosphate or sodium dihydrogen phosphate,
which indicates that the desorbed material can be reused as a
fertilizer in this experiment.

In summary, we prepared calcined NA12 in this study and
evaluated its capability for phosphate ion adsorption from the
aqueous phase. The capability for the phosphate ion adsorp-
tion onto NA12 increased compared with that of virgin NA12,
and the adsorption was related to its physicochemical proper-
ties. Particularly, ion exchanges between the phosphate ions
and sulfate ions released from NA12 were highly correlated
(0.969) in this experiment. In addition, the adsorption mech-
anisms were elucidated via binding energy or elemental anal-
ysis.

At the initial 1 mmol/L sodium hydroxide solution, coexist-
ence anions (chloride ion, nitrate ion, and sulfate ion) did not
affect the phosphate ion adsorption capability in the complex
solution system. The adsorbed phosphate ion can be desorbed
from NA12 using sodium hydroxide solution at different con-
centrations, and its form (sodium hydrogen phosphate or sodi-
um dihydrogen phosphate) was observed using XRD patterns
before and after adsorption. Thus, calcined NA12 is a potential
candidate to be use for adsorption and recovery of the phos-
phate ion in aqueous solutions.
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