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1. Introduction

Dyes are essential compounds used in various industries such as paper, leather, textile and plastic manufacture
[1]. However, it pollutes the environment by the generation of coloured wastewater.

Therefore, several methods (photocatalysis, biological, physical, and chemical) were applied to remove and
degrade the hazardous organic dyes from contaminated wastewater [2-8]. Among all techniques, chemical
method using oxidation reaction under or without UV light in the presence of catalyst was a simple and rapid
process that can degrade the toxic dye compounds [9].

In past decades, metal molybdate compounds with the formula MMoO,s or My(MoQy); are one of the most
important families of inorganic materials that have interesting applications in various fields. Most of the
applications are industrial catalysts for partial oxidation of hydrocarbons or catalysts in the
hydrodesulfurization (HDS) process, scintillator materials, humidity sensors, photoluminescence, optical fibers,
scintillator materials, humidity sensors and photo-catalysis [10-11], microwave application, electrochemical and
magnetic properties. Nowadays, different compounds of molybdates such as iron molybdate [12], zinc
molybdate [13, 14], cobalt molybdate [15], nickel molybdate [16—19], europium molybdate [20], cadmium
molybdate [21], etc. have been synthesized in nanoscale.

In particular, nanostructured chromium molybdate, has special magnetic, electrical and catalytic properties [22,
23], and is the most promising catalysts for selective oxidation of methanol [24].

Chromium molybdate is prepared by several methods: precipitation method [22], solid-state synthesis [25], or
thermal decomposition of chromate and molybdate sols [26-27]. The synthesis methods of the compound
influence its properties significantly.

In this study, nanostructured Cr,(MoQs); catalyst was prepared via the thermal decomposition of an oxalate
precursor prepared in the solid state using a new method. The obtained powder was composed of nanoparticles.
The freshly synthesized Cr,(MoO,); nanoparticles were tested as catalysts for the oxidation and degradation of
methylene blue dye with hydrogen peroxide.

2. Material and Methods
2.1. Synthesis of chromium molybdate

Chromium molybdate catalyst was synthesized as follows. Initially, the solid state reaction on a hotplate at 160
°C of a ground mixture of oxalic acid H,C,04,2H,0, ammonium molybdate (NH4)sM070,4,4H,0, and
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chromium nitrate Cr(NO3);,9H,0 in the molar ratio 10 /0.43 /2 [28] leads to the formation of an oxalate
precursor.

The change of color for the chromium molybdenum precursor from white to dark gray, and the formation of
NO; through an orange/brownish gas evolved during heating are evidence of the reduction reactions produced in
the mixture. In fact, the acid plays simultaneously important roles as a complexing ligand of chromium and
molybdenum and as reducing agent of nitrate anions and of molybdenum according to the mechanism presented
by the following equations 1 and 2.

NO;  + 4H" + 3¢ — NO + 2H,0 (1)
NO + % O, —> NO, (2)

Finally, a thermal decomposition of the mixture under static air at 600 °C for two hours was realized to obtain
the final oxide [29-30].

2.2. Characterization

A thermal gravimetric analysis using a SDT Q 600 instrument analyzed the precursor in the first step. While the
X-ray diffraction were used to record the patterns in the range of 10° to 80° in 20 in the second step using a
Shimadzu X-ray diffractometer 6000 equipped with a Ni filter and a Cu-Ka radiation (1.5406 A) source. In
proposing that the particles are spherical we calculated the particle size with the equation Dxgp = 0.9 A/ (B
cosB), where A is the Cu-Ka wavelength, 0 is the Bragg angle, and B is the full width at half maximum (FWHM)
expressed in radians. A Micromeritics ASAP 2020 surface area and porosity analyzer was used to obtain the
adsorption desorption isotherms. A Shimadzu 8400S apparatus was used to study an infrared spectroscopy.
Transmission electron microscopy (TEM) using a JEM — 1400 Flash electron microscope operated at 120 kV
was used to investigate the shape and size of the particles, while a UV visible absorption spectrophotometer
(Varian Cary 100) was performed to measure the variation of the methylene blue concentrations during the
oxidation and degradation with hydrogen peroxide.

2.3. Test of methylene blue oxidation

The catalytic achievement of chromium molybdate was tested in the oxidation and degradation of methylene
blue. In fact, both 45 ml of methylene blue Sppm, and 5 ml of hydrogen peroxide 33 wt. % was mixed into an
aqueous solution under continuous stirring at 23 °C. The mixture was a dark blue color with an absorption peak
located at 665 nm. The chromium molybdate (0.1 g) was added to the solution under stirring. The action of the
catalyst was observed by changing the color of the solution with a gradual decrease from dark blue to light blue,
leading to the total discoloration after 24 hours. The reaction was followed by ultraviolet-visible (UV-Vis)
spectrophotometer.

3. Results and discussion

3.1. Characterizations of the precursor

The results of the reaction between ammonium molybdate (NH4)¢M070,4,4H,0, chromium nitrate
Cr(NOs3)3,9H,0, and oxalic acid at 160°C was analyzed by the Fourier transform infrared spectroscopy (FTIR)
and presented in Figure 1.

/L
4

ey
3
© -
-
(] |
[ [
c o
s - - ©
£ ] S

N =]
z —AAK s s
c 1 N v o~ o
© S o -
— -4 O =
= © S

o
- S F
0P © -
- s -
~©
/L L

T /4 - 11T 1T 1 1
350030002000 1800 1600 1400 1200 1000

Wavenumber (cm")

Figure 1: FTIR spectrum of mixture after heated at 160 °C.
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According to the results found in the literature, the spectrum shows the bands of the coordinated oxalate group
[31]. The presence of bands at 1718 cm ™' and 1678 cm ™', can be assigned to the C=0 vibration of the oxalate
group. The band at 1400 cm’' provides another proof of the presence of the C—O stretch. While, the band
located at 1321 cm ™' can be assigned to v(C—O) and & (OCO) [32].

The band attribute to the hydroxyl of water occurs around 3430 cm ™', and the band at 1620 cm ™' corresponding
to 6(H,O) indicating that the H,O is not coordinated to the metal [33]. Besides the absorption bands due to the
coordinated oxalate group, and the water, the compound shows fairly strong bands at 914 cm™ and 956 cm™'
which can be assigned to the Mo=0 stretch [32]. The spectrum reveals also the presence of strong bands at 3195
em ' and 3003 cm ™' due to the stretched vibration of NH," ion [34]. Over more, a band is observed at 1257
cm ', which is a good evidence of the presence of NH, ion [34].

The thermogravimetric analysis of chromium molybdate was experimented to determine the amount of weight
loss in the obtained precursor when heated in dry air and the results are shown in Figure 2. The thermal
gravimetric curve can be divided in three steps; the first mass lost weight is between 25 °C and 150°C
corresponding to 33% due to water existing in the initial precursor. The IR spectroscopy studies described above
confirmed the presence of water. The second step until 320°C, show a rapid loss centered at 250 °C,
corresponding to the decomposition of the precursor. While, the last step between 320°C and 425°C described a
small loss. So, the total weight loss is 73%. No weight loss was observed beyond 450 °C. The temperature of
600 °C was chosen to obtain the chromium molybdate oxide by the calcination of the precursor in air.
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Figure 2: TGA of the chromium molybdate precursor.

3.2. Characterizations of chromium molybdate
3.2.1 X-ray diffraction

Figure 3, shows the XRD pattern of the calcined precursor sample at 600 °C which reveals the presence of
CI’z(MOO4)3.
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Figure 3: XRD pattern of Cry(MoO,)s.
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The XRD pattern is indexed according to the J.C.P.D.S. file number 78-1654, corresponding to the monoclinic
phase of the chromium molybdenum oxide that crystallizes with the parameters a = 15.569(4) A, b = 9.1707(4)
z&, and ¢ = 18.141(3) A and B =125.390(1)° with space group P2,/a. The peak located at 26= 21.88° was chosen
to estimate the crystallite size Dxrp, and 43 nm was the number that was found.

Therefore, to verify if the product is pure crystalline compound or not, the FTIR was used (Fig.4). The obtain
spectrum reveals the presence of the high frequency band at 970 cm™ which is due to vibrations of the distorted
MoO; tetrahedral building the Cry(MoOy); crystal structure. The bands located at 870 and 820 cm™ are assigned
to stretching vibrations of (Mo-O-Mo). The result is similar to that obtained in the previous studies of chromium
molybdate by D. Klissurki et al. [35]. Therefore, the XRD and FTIR show that the synthesized product was a
pure crystalline chromium molybdate.

3.2.2 Specific surface area measurement

To determine the specific surface area of the Cr,(MoQy);, the BET adsorption desorption of the liquid nitrogen
was used and represented in Figure 5. Table 1 shows the specific surface area, the pore volume and the average
pore size with the detailed parameters.

100

90
= 80 —
3 i
«
o 10 -
g -
& 60
£ 50
c i
o
= 40

30 — =

0
L IR L L BN LA BN
2000 1800 1600 1400 1200 1000 800 600
Wavenumber (cm™)
Figure 4: FTIR spectrum of Cr,(MoQOy); final product.
Table 1: BET result of chromium molybdate.
Sper (m?/g) Pore volume ** (cm®/g’ Average pore size  (A)
Cr2(Mo0Oy);3 1.977 0.00312 63.13

(*): The BET surface area was calculated by using the adsorption in P/P, range from 0.1 to 0.3.
(**) : Pore volume and average pore size were found using the desorption in P/Py = 0.975885886.

3.2.3 Micrographs of chromium molybdate

The micrographs of Cr,(Mo0Q,); synthetized are presented in Figures 6 (a, b). Figure 6a shows agglomerated
spherical particles of chromium molybdate approximately of 80 nm in diameter. The agglomerates are
approximately of 2 to 3 microns (Figure 6b). The particle size of chromium molybdate obtained by TEM
technique is not ascertained by the XRD analysis. In fact, XRD measures the crystallite size instead of the
particle size, which explains the 43 nm value of the particle size calculated from the X-ray diffraction analysis.
The formation of greater particles size is due to the agglomeration of the crystallites. XRD calculation of the
crystallite size is not affected by the large particle size resulting from particles agglomeration because the
crystallites are separately crystallized.

3.3 Oxidation of methylene blue

The catalytic efficiency of the chromium molybdate was investigated in the oxidation and decomposition of
methylene blue dye with hydrogen peroxide under specific conditions. The variation of the concentration of
methylene blue with time during the progress of the reaction was followed by measuring the methylene blue
absorbance at the peak wavelength A;,,x = 665 nm.
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Figure 5: BET surface area plot of Cry(MoO,);.
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Figure 6: Transmission electron microscopy micrographs of chromium molybdate.
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Figure 7: Time resolved spectra for the reaction of 5 ppm of methylene blue with HO, 33 wt. %
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and 0.1 g Cr,(MoO,); at 23°C.

Figure 8, represents the variation of methylene blue concentration as a function of time after adding the catalyst
Cry(MoOy)s. This Figure shows that after 540 min of reaction, the concentration of pure methylene blue had not
changed. While, the oxidation of the methylene blue by hydrogen peroxide without catalyst had a small decrease
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of about 3% in the first contact and stay unchanged during the time. However, in the presence of the chromium
molybdate the absorbance at 665 nm decreases with time till 30% inducing the oxidation of methylene blue.
After 24 hours, the coloration of the solution becomes yellow without any change in the coloration of the
chromium molybdate powder. This result demonstrates the good catalytic efficiency of the synthesized
CI’z(MOO4)3.
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Figure 8: The change of methylene blue concentration as a function of time after adding Cr,(MoQO,); a) Pure methylene
blue. b) Methylene blue and hydrogen peroxide. ¢) Methylene blue, hydrogen peroxide and Cr,(MoO,);.

Conclusion

The chromium molybdate nanoparticles were successfully prepared using a simple method. Cr,(MoQy); were
prepared at a relatively low temperature from a reacted mixture of chromium nitrate, ammonium molybdate and
oxalic acid at 160 °C, that was heated in static air at 600 °C. The resulting material nanoparticles were
characterized by XRD, BET, and TEM. The efficiency of the synthesized catalyst was tested in the oxidation
and degradation of methylene blue. These results make the chromium molybdate as a good candidate for the
oxidation of organic dyes.
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