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Abstract. A series of magnesium phosphate samples modified by incorporation of aluminium, denoted MgAlP-x (where
x indicates the Al molar ratio%; x = 0; 10; 20; 40%), have been prepared by coprecipitation method followed by
characterization. Their structures have been investigated by using powder X-ray diffraction, the surface area by
physisorption of nitrogen (BET), Fourier transform infrared (FTIR) were used to characterize the functional groups of
solids and MAS–NMR spectroscopy. X-ray diffractograms for synthesized materials suggest the formation of mixed
solids, such as Mg3(PO4)2, AlPO4 and Al2O3. Incorporation of aluminium into magnesium orthophosphate increased the
temperature of crystallization, so that MgAlP-x systems retained amorphous up to 973 K. The specific surface area
increases with aluminium content. 31P MAS–NMR spectra of calcined MgP shows a single peak at d = ?0.4 ppm and two
overlapped signals for calcined MgAlP-x (x = 20 and 40%). But the dry solids present more than a single peak. The
varying values of chemical shifts are due to the existence of different types of 31P structural configurations and oxygen
environment. 27Al MAS-NMR spectra of sample exhibit two peaks, which were characteristic of the octahedral and
tetrahedral environments of Al3? ions. It was observed that the incorporation of Al in MgP material decreases the patent
blue V (PB) photodegradation. The highest dye degradation was obtained over the MgP catalyst (without Al). No
correlation between the adsorption before UV irradiation and the rate of photodegradation.
Keywords.
dation.
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Introduction

Magnesium phosphate materials are widely used as catalyst
or catalytic support for many chemical reactions. Due to their
acid–base surface properties, they were employed in many
organic processes. Among them, skeletal isomerization of
3,3-dimethyl-1-butene [1,2], transformation of methane [3],
dehydration of 2-hexanol [4] and transformation of ethanol to
butanol [5]. Indeed, the acidity resulting from P content of
magnesium–phosphorus catalyst changes the selectivity from
dimerization to oxidation of methane [3]. Aramendia et al [4]
reported that the acidity of Mg3(PO4)2 decreases after the
addition of Na2CO3 in the dehydration of 2-hexanol. Hence,
researches have been carried out to modify the composition of
magnesium phosphate. For example, some additives, such as
sodium has been added to improve the efficiency of their
catalytic activity and selectivity [6,7].

Due to their hardness, chemical inertness, high melting
point, thermal stability and resistance to oxidation and
corrosion, the magnesium phosphates are used also for
several technological applications as bonding in refractories
and mortars, as rapid-setting cements [8,9] and in various
glasses [10] as biocompatible materials [11], and as coatings to improve the corrosion resistance [12].
Other metal phosphates have been prepared for work as
heterogeneous catalysts for various organic processes, such
as skeletal isomerization of 3,3-dimethyl-1-butene has
studied over aluminium and chromium orthophosphates
[13], oxidation of alcohol studied over nickel phosphate
[14], synthesis of dimethyl ether from methanol over aluminium phosphate [15], dehydration of sorbitol has investigated on trivalent B-, Al-, Fe-, Ce- and La-phosphates
catalysts [16]. Navarro et al [17] studied the hydroxylation
of benzene to phenol by nitrous oxide on amorphous
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aluminium–iron binary phosphates and shown that the
phosphate catalysts with a lower amount of iron exhibited
the best yield to phenol. Cao et al [18] studied zirconium
phosphate catalyst prepared by hydrothermal method for the
dehydration of sorbitol to isosorbide. It was proposed that
the isosorbide yield greatly affected by nature of acid sites
and porous structure of the ZrP catalyst.
The textural and acid–base properties of the metal
phosphate catalysts depend on the preparation method,
concentration of promoting elements, source of phosphate
ion, treatment temperature [19–21] and nature of precipitating basic agent [22].
Patent blue (PB) V is used as a dye in food and textile
industries. It is difficult to remove with conventional
treatments, such as adsorption or coagulation than photodegradation. As alternative to the photocatalytic degradation of PB has been investigated and reported in literature
by using TiO2 semiconductor in the presence of different
electron acceptors, such as H2O2 or KBrO3 [23,24] or using
TiO2-coated non-woven fibres [25]. In the other work, it
was evaluated the photodegradation of the PB over sulphated and metallized with noble metals (Au, Pt)TiO2 [26].
Those later authors have found that the highest dye degradation was obtained over the Au–TiO2 catalyst prepared by
photochemical deposition method, using high light intensity. El Bekkali et al [27] have prepared and tested the
TiO2–apatite nanocomposites for removal of patent blue V
dye. They related the adsorption and PB photodegradation
to the surface area and the mineral surface charge.
The present study was undertaken to examine the influence of incorporating Al into MgP solid on the physicochemical properties and the photocatalytic activity for
degradation of patent blue V dye. MgAlP-x mixed oxides
were prepared by co-precipitation method at controlled pH.
Solids were characterized by XRD, BET, ATD–ATG, FTIR
and MAS–NMR spectroscopies.

2.
2.1

Experimental
Synthesis of solids

Series of mixed phosphates denoted MgAlP-x (where
x indicates the Al/(Al?Mg) molar ratio percentage: x = 0;
10; 20; 40%) were prepared by co-precipitation method.
Aqueous solutions containing required weights of magnesium (Mg(NO3)26H2O) and aluminium (Al(NO3)39H2O)
nitrates were prepared and added to 85% H3PO4 acid. The
melange is placed in ice bath to attain the temperature of
275–276 K. The pH of the solution was adjusted to 9 by
adding NaOH (0.4 N) solution with rigorous stirring. The
obtained gel is kept for 24 h under ambient conditions.
After filtration, it was washed several times with heated
distilled water and air-dried overnight at 353 K. A quantity
of each solid is then calcined at 773 K for 3 h under an air
flow.
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Characterization techniques

High temperature powder X-ray diffraction (XRD) measurements were recorded on a Siemens D5000 diffractometer using CuKa radiation. The patterns were recorded
with a step of 0.0145 using a counting time 0.2 s per step
over the 2h range from 10 to 80, under an air flow (5 l h-1).
TG–TD analysis has been recorded with a TA Instruments balance, model SDT 2966 (TGA–TDA). It allows to
obtain simultaneous TDA and TGA diagrams under similar
experimental conditions. Experiments were performed
under an N2–O2 flow (80/20 cm3 min-1), from 298 to 1273
K using a heating rate of 5 K min-1.
Diffuse reflectance infrared spectra for the synthesized
solids were recorded from 4000 to 400 cm-1 on a Nicolet
460 spectrophotometer. Samples were prepared by mixing 1
mg of powdered solid with 150 mg of KBr.
Solid-state 27Al and 31P NMR spectra were recorded on a
Bruker BioSpin GmbH-400 spectrometer at 104.26 and
161.97 MHz, respectively, at room temperature. The excitation pulse and recycle time for 31P NMR were 2.5 ls (p/2
pulse) and 3 s (300 scans), respectively. The excitation
pulse and recycle time for 27Al NMR were 2 ls (p/4 pulse)
and 2 s (300 scans), respectively. The external magnetic
field used was 9.4 T. 27Al and 31P shifts were determined in
comparison to an Al(H2O)3?
6 and an 85% H3PO4 solutions,
respectively.
The specific surface area of the synthesized solids was
determined from N2 adsorption at 77 K using the BET
method on a Quantasorb junior apparatus. Samples were
degassed for half an hour at 423 K before taking
measurements.

2.3

Photocatalytic experiments

The effect of aluminium incorporation on photocatalytic
activity of MgP catalyst was measured by the decomposition of patent blue V dye in aqueous solution. Experiments
were done using 0.3 g l-1 of each photocatalyst with an
initial patent blue V concentration equal to 15 mg l-1. The
reaction was carried out in a cylindrical Pyrex photoreactor
of 2 l and was initiated by a UV mercury lamp (400 W)
placed in the centre of the reactor. The temperature was
maintained at 25 ± 2C by connecting the reactor to circulate water to prevent the lamp from overheating. Prior to
irradiation, the mixtures were magnetically stirred in the
dark for 1 h to ensure an establishment of adsorption–desorption of patent blue V dye on the surface of solids. During
irradiation, the mixture was stirred at a constant rate under
continuous O2 flow. At the given time intervals, about 3 ml
sample of the mixtures was collected and subsequently,
filtered to separate the solids.
The absorbance of supernatant was measured using a
spectrophotometer at maximum wavelength of 637 nm,
characteristic to patent blue V, to determine the
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concentration of remaining patent blue V. The percentage
of degradation was calculated by C/C0, where C is the
concentration of the remaining patent blue V solution at
each irradiated time interval, while C0 is the initial
concentration.

3.
3.1

Results and discussion

Page 3 of 10
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pattern of the mixed solids, the most intense diffraction
peaks are attributed to the alumina phase, rhombohedral
Al2O3 (JCPDS 81-2266), whereas the weak peaks are
assigned to Mg3(PO4)2 and AlPO4 phases. The indexation
of the AlPO4 peaks imply that this phase is composed of
two AlPO4 crystallographic forms: a-cristobalite and tridymite [19,28,29]. For example, in MgAlP-40%-1073 K
diffractogram, the a-cristobalite structure is indicated by the
peaks at 2h = 21.2; 29.5; 32.2 and 35 and the tridymite

XRD results

Figure 1 shows the evolution of the XRD patterns of the
dried precipitated MgP solid calcined at different temperatures. As previously reported in our work [22], the XRD
diagrams showed that the sample was partly amorphous
when treated at 473 K and it became amorphous from
573 up to 873 K. Beyond 973 K, a crystalline material could
be clearly evidenced, which corresponds to Mg3(PO4)2
(JCPDS 75-1491) monoclinic form.
As can be seen in figure 2, the XRD patterns for the solid
MgAlP-10 obtained with the incorporation of 10% aluminium subsequently calcined up to 873 K was found to be
amorphous. Beyond 973 K, the XRD patterns for the solid
MgAlP-10 consist of crystalline Mg3(PO4)2 (JCPDS
75-1491) phase and revealed the presence of some
diffraction lines that have been assigned to AlPO4 phase.
No XRD signals for crystalline Al2O3 phase were detected
in this solid.
Figures 3 and 4 show the evolution of the XRD patterns
of the dried precipitated MgAlP-20 and MgAlP-40 solids,
respectively, treated at different temperatures. In the temperature range of 298–873 K, the solids MgAlP-20 and
MgAlP-40 were found to be amorphous, in contrast to pure
magnesium phosphate. Above 973 K, in the diffraction

Figure 1. Evolution of the MgP XRD patterns with the temperature treatment under air flow.

Figure 2. Evolution of the MgAlP-10 XRD patterns with the
temperature treatment under air flow.

Figure 3. Evolution of the MgAlP-20 XRD patterns with the
temperature treatment under air flow.
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Figure 4. Evolution of the MgAlP-40 XRD patterns with the
temperature treatment under air flow.

structure is indicated by the peaks at 2h = 23.1 and 27.1.
Different crystalline phases of the powders as a function of
temperature are also shown in table 1. Aluminium phosphate (AlPO4) phase appeared at the beginning of the
addition of aluminium, while the phase of alumina (Al2O3)
is from 20% aluminium. Moreover, the intensity of the
diffraction lines of the Mg3(PO4)2 phase gradually decreases with the increasing addition of aluminium. So, we found
that MgAlP-x (x [ 10% of Al) preparation under basic
conditions and their thermal treatment under an air flow will
result in a mixed precipitate of magnesium phosphate–aluminium phosphate–alumina and that they are not merely a
physical admixture, but in fact from a new composition in
which crystallization of individual phases is mutually
inhibited.
In this way, several authors [17,30,31] prepared the aluminium phosphate from aluminium nitrate or chloride and
phosphoric acid aqueous solutions at different pH. Thus,
they reported that pure crystalline aluminium phosphate is

Table 1.
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obtained when the pH is \7, while the precipitation at basic
pH also resulted in alumina precursor species.
The presence of aluminium in different proportions in the
solid had an appreciable effect on the thermal transformation of magnesium orthophosphate. The formation of
interstitial AlPO4–Al2O3 delays the crystallization of
Mg3(PO4)2 species.
We also examined AlP (without Mg) sample synthesized
by the same method under same conditions by XRD as the
MgAlP-x systems. Beyond 973 K, the diffractograms in
figure 5 of this powder, showed the presence of Al2O3 and
AlPO4 a-cristobalite phases, both indexed with PDF files
(JCPDS 81-2266) and (JCPDS 11-0500), respectively. All
crystalline materials could be clearly identified and
remained stable after reaching an ambient temperature. All
powder XRD patterns are analysed from 10 of 2h. Moreover, in the 5–10 range, no peaks are observed on the
diffractograms obtained by high temperature XRD as previously reported in literature [1,19]. The absence of the
peaks in this region is confirmed when XRD is carried out
by other apparatus at 25C, of solids previously calcined in
a muffle furnace at fixed temperature and for a sufficient
time. Furthermore, the X-ray diffractorgrams of solids do
not show bumps at the start of recording at 25C by the later
apparatus [1]. This may be due to the temperature effect on
structural stability.
The crystallinity of multiphase powders seems to change
depending on the temperature and the aluminium content.
Progressively, with the increase in temperature, diffraction
lines of the solids sharpen indicating a better crystallization
of Mg3(PO4)2–AlPO4–Al2O3 phases. A change in the
intensity of the lines is also notable. For Al2O3 powder, the
relative intensity of the lines (012) and (104) at 2h = 34.5
and 25, respectively, is slightly less than those reported in
the fiche (JCPDS 81-2266).

3.2

TD and TG analyses

Thermogravimetric analysis (TGA) and differential thermal
analysis (DTA) profiles for the MgP solid are studied in

Crystal phases found in the solids as a function of temperature and specific surface area.
Crystal phases as a function of temperature (K)

Samples
MgP
MgAlP-10%
MgAlP-20%
MgAlP-40%
AlP

Specific surface area (m2 g-1)

T B 473

473 \ T B 873

973 B T B 1173

Samples calcined at 773 K

Mg3(PO4)25H2O
Amorphous
Amorphous
Amorphous
Amorphous

Amorphous
Amorphous
Amorphous
Amorphous
Amorphous

Mg3(PO4)2
Mg3(PO4)2 ? AlPO4 (a-cristobalite)
Mg3(PO4)2 ? Al2O3 ? AlPO4 (a-crist. ? tridy.)
Mg3(PO4)2 ? Al2O3 ? AlPO4 (a-crist. ? tridy.)
Al2O3 ? AlPO4 (a-cristobalite)

56
75
97
72
120
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Figure 7.
Figure 5. Evolution of the AlP XRD patterns with the temperature treatment under air flow.

Figure 6.

TGA–DTA curves for MgAlP-20% solid.

detail elsewhere. Below 773 K, the TGA curve for MgP
exhibits a mass loss corresponding to the loss of crystallization and physically adsorbed water. The DTA curve for
this solid presents two endothermic peaks at 320 and 471 K
corresponding to the loss of physisorbed water and to the
conversion of hydrated Mg3(PO4)2 into anhydrous Mg3(PO4)2, respectively. The exothermal peak at about 933 K is
attributed to the Mg3(PO4)2 crystallization.
Figures 6 and 7 show the thermogravimetric (TG) and
thermodifferential (TD) diagrams of the dried MgAlP-20
and MgAlP-40 samples, respectively. The TG profiles are
characterized by a weight loss up to 750 K. Below 750 K,
the weight loss accompanied by an endothermic peak at
about 373 K in the DT profile, can be attributed to the
desorption of physically adsorbed water. Between 700 and
880 K, a slight weight loss is observed, mainly due to the

58

TGA–DTA curves for MgAlP-40% solid.

condensation of surface hydroxyls. The DTA curves also
exhibit two exothermic transitions correspond to the crystallization of the amorphous Mg3(PO4)2 and AlPO4. For
both the samples, MgAlP-20% and MgAlP-40%, the first
peak is ascribed to the crystallization of Mg3(PO4)2 monoclinic structure at 925 and 946 K and the second peak is
ascribed to the crystallization of AlPO4 into the AlPO4
orthorhombic structure at 946 and 1026 K, respectively.
The positions of these peaks depend on the molar ratio % of
incorporated aluminium in the Mg3(PO4)2 material. However, as aluminium incorporation increased, both exothermic peaks shifted to higher temperatures and thus, from 925
K for MgAlP-20 to 946 K for MgAlP-40 and from 946 K
for MgAlP-20 to 1026 K for MgAlP-40. So, crystallization
of the Mg3(PO4)2 powder is delayed when incorporated 40
molar% of aluminium. In addition, the TDA curve of
MgAlP-40% also shows an endothermic peak at 1165 K,
which may be due to the transition between two AlPO4
phases (tridymite and cristobalite). Furthermore, the TG
curve for AlP powder obtained from aqueous aluminium
nitrates and phosphoric acid solution, is characterized by a
weight loss up to 773 K, that was accompanied by an
endothermic peak about 373 K in the DTA, due to the
desorption of adsorbed water (figure 8). The exothermal
peak appeared at about 1083 K is attributed to the crystallization of amorphous AlPO4 in agreement with the XRD
results.

3.3

FTIR spectroscopy

The infrared spectra of magnesium-aluminium phosphate
MgAlP-x calcined at 773 K are shown in figure 9. The IR
spectrum of calcined MgP, as previously reported [2],
shows bands at about 1068 cm-1 assigned to asymmetric
stretching vibration m3 of PO4 phosphate anions and a band
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stretching vibrations of Al–O bonds in combination with P–
O bonds [17,31]. This band appears after aluminium
incorporation and its intensity increases with aluminium
content (figure 9). The band in the range of 580–400 cm-1
is assigned to deformation vibrations m4 triply degenerate
phosphate group (PO4)3- tetrahedral [31].
On the other hand, the IR spectra of solids present the
bands, as shown in figure 9, due to the presence of characteristic bands of OH and H2O groups. The broad
absorption was observed in the 3000–3700 cm-1 region
could be assigned to OH group vibrations bound by
hydrogen bond. A less intense band at 1636 cm-1 is
attributed to the H–O–H bending movement. Additional
shoulder at 640 cm-1 can be assigned to free vibration of
OH (mL(O–H)) [2].
Figure 8.

TGA–DTA curves for AlP solid.

3.4
27

Figure 9. DRIFT spectra for solids (a) MgP; (b) MgAlP-10;
(c) MgAlP-20; (d) MgAlP-40 and (e) AlP calcined at 773 K.

at 582 cm-1 that was assigned to out-of-plane bending
vibration m4 of phosphate. It is well known that crystalline
orthophosphate with Td symmetry has four essential
vibrations about: m1, 980; m2, 360; m3, 1080 and m4, 515 cm-1
[32]. These characteristic phosphate bands can be found in
previous papers by our group [2,33], after calcination at 973
K where the solid is well-crystallized.
In general, the IR spectra of amorphous Mg3(PO4)2–
AlPO4–Al2O3 systems, illustrated in figure 9, have a broad
and intense band around 1070 cm-1, a wide band around
730 cm-1 and another in the 580–400 cm-1 range. The first
band was assigned to the stretching vibration m3 triply
degenerate group (PO4)3- tetrahedral. This band slightly
shifted to higher wavenumber as the aluminium content
increased. The band around 730 cm-1 attributed to

MAS–NMR spectroscopy

Al MAS–NMR: 27Al MAS–NMR spectra of MgAlPx samples are shown in figure 10. For uncalcined solid
MgAlP-20%, the spectrum exhibits two distinct major resonances components at *?48.7 and -3.8 ppm. After calcination at 773 K of this solid, the spectrum indicated the
presence of two signals with different intensity, at *?42
and -7.5 ppm (figure 10). The 27Al MAS–NMR spectrum
of MgAlP-40 calcined at 773 K exhibits two signals at
*?40.5 and -5.5 ppm. These signals have been assigned,
respectively, to the aluminium atom in tetrahedral coordination with four oxygen sharing tetrahedral phosphorus
[Al(OP)4] and aluminium octahedral coordinate sites in
amorphous solids [19,34]. A series of small bands (SSB
components) associated with the rotation of the sample,
were observed. In contrast, Kulshreshtha et al [35] are
shown that the crystalline AlPO4 have a unique resonance
corresponding to the tetrahedral environment. The strong
upfield shift observed in two resonances with respect to
other aluminium oxides is attributed by Muller et al [36] to
the influence of phosphorus atoms located in the second
sphere coordinated aluminium. In this work, the presence of
magnesium cations in the admixture also may influence the
signal positions of aluminium atom. Table 2 shows the
values of chemical shifts (dAl) and the relationship between
tetrahedral (Alt) and octahedral (Alo) aluminium, measured
from the integration of the 27Al MAS–NMR peaks
appearing in figure 10.
As can be seen in figure 10 and table 2, the thermal
treatment caused the decrease of -3.8 ppm signal intensity,
as well the shifting towards a lower frequency value (from
?48.7 to ?42 ppm for MgAlP-20% sample) for the tetrahedral aluminium signal. These facts suggest an elimination
of the H2O/OH groups, changing the aluminium atoms from
octahedral to tetrahedral coordination. Furthermore, at the
same treatment temperature (773 K), tetrahedral aluminium
signal increases with the amount of incorporated Al
(table 2).
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Al-NMR spectra for MgAlP-20% solid uncalcined and MgAlP-20% and 40% solids calcined at 773

Chemical shift values and ratio of Alo/Alt intensities corresponding to

31

P- and

27

Al-NMR signals for MgAlP-x samples.

dAl (ppm)
Samples
MgP-773 K
MgAlP-20%-353 K
MgAlP-20%-773 K
MgAlP-40%-773 K

Alt

Alo

Alo/Alt

—
?48.7
?41.9
?40.5

—
–3.8
–7.5
–5.5

—
1.40
0.61
0.46

From these figures, it can be observed that the absence of
a resonance at about 7 ppm allows us to deduce that there is
no crystalline phase of alumina (c-Al2O3) [34] samples after
calcination at 773 K. These results confirm those obtained
by XRD.
31
P MAS–NMR: Figure 11 shows the 31P MAS–NMR
spectra for solid MgAlP-x. As can be seen, the spectrum of
calcined MgP at 773 K solid consists of a single component
at ?0.4 ppm, indicating the presence of a single type of 31P
nuclei in this sample, corresponding to the phosphorus atom
characterized in tetrahedral coordination of amorphous

31

P (ppm)

0.4
1.7; 0.1; –2; –5.2
0.1 (53%); –9.6 (47%)
–1.6 (24.5%); –11.1 (75.5%)

magnesium orthophosphate in accordance with previous
XRD findings.
The spectrum for the uncalcined sample MgAlP-20
exhibited the overlapped signals (figure 11). It can be seen
that the experimental line can be decomposed into four
Gaussian lines with different line widths and chemical
shifts, indicating the presence of four different types of 31P
nuclei in this sample. This suggests the presence of H2O/
OH groups bonding to phosphorus in amorphous solids and
the presence of two cations (Mg2? and Al3?) that have
different electron affinities.
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Figure 11.
773 K.
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31

P-NMR spectra for MgAlP-20 solid uncalcined and MgP, MgAlP-20% and 40% solids calcined at

The 31P MAS–NMR spectra of the solids MgAlP-20 and
MgAlP-40 calcined at 773 K are shown in figure 11. As can
be seen, the spectra consist of two overlapped signals and a
symmetric series of spinning side bands (SSB). Each
experimental line can be decomposed into two Gaussian
lines (figure 12) with different widths and chemical shifts.
This indicates the presence of two different 31P nuclei in
these samples, corresponding to the amorphous magnesium
phosphate (?0.1 ppm for 20% and -1.6 ppm for 40 mol%
Al) and amorphous aluminium phosphate (-9.6 ppm for
20% and -11.1 ppm for 40 mol% Al). This Gaussian
deconvolution allowed width, chemical shift and area for
each signal in these spectra to be determined. In this sense,
the chemical shift decreases when the percentage of aluminium increases and is moving towards the signal (-25
ppm) of the aluminium phosphates 31P nuclei [2,35,37],
according to these authors, the low chemical shift corresponds to the phosphorus atoms in tetrahedral coordination
with Al–O–P (P(OAl)4) bonds (figure 12). From the peak
area of each type 31P, we can estimate the proportion of
Mg3(PO4)2 vs. AlPO4 phase (table 2), so, the addition of
aluminium increases the percentage of amorphous AlPO4
phase and decreases that of Mg3(PO4)2.

3.5

Specific surface area

Table 1 shows the results of measurements also characterizing the texture of solids MgAlP-x calcined at 773 K. The
specific surface area tends to increase as the aluminium
content increases up to 97 m2 g-1 for solid MgAlP-20.
Beyond 20 molar% Al, the surface area stabilizes around 72
m2 g-1, and reached 120 m2 g-1 of amorphous AlPO4–
Al2O3. This increase in specific areas, compared to magnesium phosphate due to the presence of amorphous AlPO4
and Al2O3 phases. These solids synthesized under different
conditions (e.g., pH, nature of rushing …) have very high
surface areas [34,37].

3.6

Photocatalytic activity results

The efficiencies of patent blue V degradation over all
photocatalysts under UV light irradiation with initial concentration of patent blue V of 15 mg l-1 and an amount of
the catalyst equal to 0.3 g l-1 are displayed in figure 13.
The blank experiments were carried out so as to verify that
the PB dye was converted in a photocatalytic process. In
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Figure 12. 31P-NMR spectra for MgAlP-20% and 40% solids calcined at 773 K together with its decomposition
into Gaussian lines.

Figure 13. Photocatalytic degradation of patent blue V (PB
concentration: 15 mg l-1; photocatalyst dosage 0.3 g l-1).

particular, any catalytic activity did not evidence in dark
conditions. Moreover, the photolytic degradation (direct
photolysis) in the presence of PB dye and irradiating the
photoreactor with UV lamp and in the absence of photocatalyst was performed.
In the adsorption phase, solids MgAlP-x have small
adsorption of patent blue V during the first 40 min and it
was almost unchanged up to 60 min, denoting that the
adsorption equilibrium of target dye on catalyst surface was
reached. It was seen that the adsorption capacity of patent
blue V increases with increasing Al amount. After 60 min,
the solution was irradiated with UV light and the reaction
started (figure 13). All MgAlP-x catalysts exhibit the higher
photodegradation of patent blue V in comparison with the
photolysis test. The best photocatalytic behaviour was
observed over pure MgP catalyst with patent blue V
degradation which reaches 99.5% after 70 min of irradiation. This photocatalytic activity decreases when the
amount of aluminium incorporated increases contrary to the
adsorption order. This suggests that the patent blue V
degradation is not governed by adsorption effects only.
Furthermore, the adsorption ability is in good agreement

with the surface area measured values of catalysts. In
general, the photocatalytic activity of solids semi-conductor
is closely related to the crystallinity, particle size, morphologies and adsorption process [38–40].
Therefore, the incorporation of aluminium in magnesium
phosphate changes its photocatalytic behaviour for the
degradation of patent blue. This can be explained by the
changes in the acid–base properties of the surface and the
composition of the solids. It can be seen that no correlation
between the adsorption before UV irradiation and the rate of
photodegradation.
This result could be due to the fact that the surface
structure defects and the acid–base properties of the solids
promote the adsorption of O2 species which rapidly transforms into the superoxide anion radical O2 by reduction
which, in turn, is transformed into a proton medium into a
hydroperoxide radical HO2 which is disproportionated
quickly to give O2 and H2O2. Hydrogen peroxide H2O2 is
photolysable under the photodegradation conditions adopted by forming the radical HO , the main destructive entity
of polluting organic matter.
To understand the photocatalytic results, it is preferably
to know the band gap of the corresponding material. But the
UV–visible DRS absorption spectra of the studied solids do
not show an absorption band, which allows us to determine
the energy gap [41]. On the other hand, we have shown in
previous works [42] that the UV–visible spectra of these
solids impregnated with CoO and/or MoO3 or V2O5 show
the presence of absorption bands due to charge transfer of
ligand–metal and d–d transitions.

4.

Conclusion

The results obtained in this work show that the procedure of
preparation under these conditions leads to mixed solids and
not to solution solid. The incorporation of aluminium into
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Mg3(PO4)2 yielded Mg3(PO4)2–AlPO4–Al2O3 materials that
showed larger surface area.
Calcining the solids has major effects on their structure
and the increase in Al content increases the crystallization
temperature of magnesium phosphate. Below 973 K, the
aluminium incorporation inhibits the crystallization of
magnesium phosphate, thus increases the range of temperature of amorphous Mg3(PO4)2. Consequently, the presence
of AlPO4–Al2O3 delayed the transformation of the amorphous Mg3(PO4)2 into the crystalline Mg3(PO4)2, which
reflected the higher thermal stability of MgP–AlP–AlO
systems compared to MgP solid, a progressive increase in
surface area was found after the addition of different
amounts of aluminium ions at the synthesis stage. The
adsorption of PB was strongly related to the specific surface
area of calcined solids, whereas the surface charge appears
as a major parameter for the photodegradation of patent
blue V.
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F J and Urbano F J 2000 Colloids Surf. A: Physicochem.
Eng. Aspects 170 51
[5] Hanspal S, Young Z D, Prillaman J T and Davis R J 2017 J.
Catal. 352 182
[6] Aramendia M A, Borau V, Jiménez C, Marinas J M, Romero
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