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Abstract. Synthesis of a pure copper orthophosphate (CuP) prepared by Coprecipitation, and
CuP modified by impregnation of vanadium (2-12 wt % of V,0s) have been carried out. The
solids obtained were investigated as synthesized or after calcination by various physico-
chemical techniques such as X-Ray Diffraction (XRD), Infrared Spectroscopy (IR),
Thermogravimetric analysis (TGA), and differential thermal analysis (DTA). The results
revealed that the solids V/CuP consisted of copper orthophosphate Cu;(PO,), as major phases,
together with V,05 as minor phase. The diffraction lines of V,0s increase by increasing the
vanadium content.Key word- Copper orthophosphate CuP, Vanadium catalysts supported on
copper orthophosphates V/CuP, XRD, DTA-TGA.

1.Introduction

Metal phosphates may be classified by their phosphate block units (PO, HPO,>, H,PO*, P,0,* and
P,0,") and attract increasing interest for environmental and technological fields [1]. In environmental
field, the formation of metal phosphates help remove phosphate from waste waters, while their
dissociations help regulate the slow release of fertilizers in acidic soils [2]. In technological field, the
interest of metal phosphates is mainly focused on areas such as laser host [3], ceramic [4], electric [5],
magnetic [6], fertilizer [7], and catalytic [8] processes because of their valuable physical-chemical
properties and reactivity. Consequently, metal phosphates have become a hot research topic in
academic (material and chemical sciences) and industrial fields in the recent years [9—11]. Metal
phosphate group, is a promising candidate for application in the fields of catalysis, electrics, ion
exchange and conductors [12—17]. Because of their acidity and porosity, layered materials represent a
vast class of intercalating compounds with useful chemical and thermal properties, which have been
extensively used as heterogeneous catalysts [8,18]. Furthermore, The catalysts based on vanadium
oxide are used in several industrial processes for production of important chemicals such as sulphuric
acid, maleic andphthalic anhydride, and for the reduction of environmental pollution e.g.
nitrogenoxides from flue gas of power plants [19-21]. Vanadium oxide catalysts have been tested in a
number of heterogeneous catalytic oxidation reactions such as: a) Selective oxidation of alkanes to
olefins (oxidative dehydrogenation reaction) [22-24] and to aldehydes and acids [25-27]. b) Selective
oxidation of olefins to unsaturated aldehydes and acids, nitriles, dienes, and organic acids [28-30].

The most of vanadia based catalysts consist of a vanadium oxide phase deposited on the surface or in
pores of an oxide support. Initially, the support was considered as inert substance that provided a high
surface area to carry the active metal oxide component or to improve the mechanical strength of the
catalyst material. Deposition of a metal oxide on the surface of another oxide was proposed to improve
the catalytic activity of the active metal oxide phase due to a gain in surface area and mechanical
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strength[20-25]. However, numerous studies in the last decade indicated that the activity and
selectivity of supported metal oxide catalysts are significantly affected by the properties of the support
oxide material, and that the dispersed phase has a particular structure and properties different from that
of the bulk oxide.

The attempt of this work is to prepare the pure copper orthophosphate CuP by coprecipitation, and
CuP modified by impregnation of vanadium oxide (2-12% of V,0s). Additionally, the studied
powders were characterized by thermogravimetry—differential thermogravimetry (TG/DTG), X-ray
diffraction (XRD), Fourier transform infrared (FTIR) and UV-Visible. The data obtained will be
important for further studies of the compound.

2. Experimental

Copper orthophosphate CuP were synthesized upon evaporation to dryness from aqueous solutions of
Cu(NOs3)2.3H,0 and (NH4),HPO,. The resulting solids were dried for 12h at 120°C and were finally
calcined in air at 450°C for 10h and at 650°C for 10h.

A series of vanadium catalysts V/CuP were prepared using impregnation method, over an CuP
support. Amass of metavanadate d'ammonium NH4VOj; calculated to yield the desired percentage of
vanadium on the support, was dissolved in a predetermined volume of distiled water.

The impregnation catalysts V/CuP were dried at 120°C for 12h and calcined under air flow at 450°C
during 10h and at 650°C for 10h.

3. Characterization techniques

The X-ray diffraction (XRD) analysis was performed for the fresh catalyst using Bruker-eco D8
Advance diffract meter with Cu-Ko radiation (A = 1.5418 A). The XRD patterns were scanned from 5
to 70 6.

TGA-DTA analysis has been recorded with a TA Instruments balance, model SDT 2966 (TGA-
DTA). It allows obtaining simultaneous DTA and TGA diagrams under similar experimental
conditions. Experiments were performed under an N, flow, from 298 K to 1073 K using a heating rate
of 5°C/min.

Diffuse reflectance infrared spectra for the synthesized solids were recorded from 4000 to 400 cm™ on
a Nicolet 460 spectrophotometer.

UV-Visible spectra in diffuse reflectance mode were recorded by Shimadzu UV-2400PC Series
spectrometer, from 200 to 1000 nm.

4. Results and Discussion

The TG/DTA curves of CuP are shown in Figure 1. The TG curve of CuP shows the three weight loss
steps in the range of 50-670°C. The weight loss steps in the TG curve were observed in ranges of 50—
150°C and 150-320°C. The corresponding observed weight losses were 4.372% and 41.524% by
mass, which correspond to 0.44 molof water and 4.15 mol of ammonium nitrate and water,
respectively. The first stage of the weight loss was related to the loss of moisture because it is not
stable over 100°C. While the second stage was due to the loss of water molecules from overlapping
reaction the loss of coordination water (dehydration reaction) [31-32]. These two stages appear in the
corresponding DT Acurve as two endothermic peaks at 130 and 290°C.

The third stage of the weight loss was related to the start of dehydroxylation of libenthiteCu,(PO,)
(OH) which leads to an orthophosphate Cu;(POy),, corresponding an one endothermic peaks at 330°C.

The endothermic peak appeared at 605°C corresponds to the crystallization of Orthophosphate
CU3(PO4)2.

The TGA curve of the solid V(10%)/CuP dried at 110 ° C (Figure 2) has two mass loss between room
temperature and 670°C. These weight losses are due to the removal of water and ammonia from the
structure metavanadate. The endothermic peak appeared at 605°C corresponds to the crystallization of
Orthophosphate Cu3(PO,4),. While the other endothermic peak at 645°C can be attributed to
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crystallization of the V,0sphase.The formations of Cu3(POg4),and V,0soxide will be confirmed by
XRD and FTIR.
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Figure L. TGA-TDA curves for pure solid CuP  Figure 2.TGA-TDA curves for solid V(12%)/CuP

XRD pattern of the vanadium oxide catalysts supported on copper orthophosphate (V/CuP) calcined at
450°C and 650°C are shown in Figure 3 and figure 4, respectively.

The pure CuP solid treated at 450°C exhibits broad diffraction lines corresponding Cus(PO,),(PDF
Index Name : Copper Phosphate .ref cod: 01-070-0494), and also some weaker diffraction stripes
(26 = 15°) have been assigned to libethenite Cu,(PO4)(OH)(PDF Index Name : Copper Phosphate .ref
cod: 01-083-1557). Progressively with the increase in temperature at 650°C (Figure 4), diffraction
lines of the copper orthophosphate sharpen indicating a better crystallization of Cus(PO,),(PDF Index
Name :Copper Phosphate .ref cod: 01-070-0494).

The solids impregnated with vanadium treated at 450°C lead not only to the previous phase identified
for Cu;3(POy), but also to a new crystalline phase V,05(PDF Index Name :Vanadium Oxide ; ref
c0d:01-072-0433).At high temperature treatment (650°C), another structure of vanadiumoxideV,Osis
clearly identified (PDF Index Name: VanadiumOxide; ref cod:00-053-0538).This suggests that
vanadium oxide is well dispersed over the surface of the copper orthophosphate.
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Figure 3.XRD patterns of V/CuP (450°C). Figure 4. XRD patterns of V/CuP(650°C).
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The FTIR spectra of the synthesized V/CuP are shown in Figure 5.For characteristic vibration of
CuPcalcined at 650°C, FTIR bands are assigned according to the literature [33, 34] based on the
fundamental vibrating unit PO,* anion. One of the most noteworthy features of the spectrum is the
presence of the strong bands at 1120, 965-935, 608-527 and 406 cm™. These bands can be assigned to
the V,(PO4Y), Vs(POLY), 8,(PO,>) and 8,(POP), respectively. The characteristic bands of groups(PO,>)
refine, divide, which reflects a structural evolution of crystalline compound.

For FT-IR spectra of V/CuP andcomparing with the CuP samples, it is clear that the vibrational bands
of vanadate are observed in the regions 800 cm™, 652 cm™, 1024 cm™ and 452cm™ and 459 cm™;
These bands can be assigned to the v,(V-0-V), 8,5(V-0-V), to the symmetric stretching V = O bond
and the vibration of O-V = O respectively [35-38]. In addition When the V,0s content increased the
bands intensity of V/CuP samples increased because the carrier surface was being covered by the
active components V,0s oxide.

V(12%)/CuP

V(10%)/CuP

U

NS Gas

V(8% )/CuP
V(12%)/CuP

Absorbance (a.u)

IV(S‘%:u)Jr’(.'.luF’ V(10%)/CuP

V(8%)/CuP

=2

sy

V(4%)/CuP
k/(z% YCuP

V[6%)/CuP

V(a%)/CuP

Cu

!

1500 1000 L 500 200 300 400 500 600 700 800 900 1000
Wavenumber (cm™)

Wavelength (nm)

Figure 5.FTIR spectra of VV/CuP solids Figure 6. UV—Vis spectra of V/CuP solids.

The UV-Vis spectra of the V/CuP samples are compared in Figure6. All spectra of V/CuP samples
exhibit two major CTLM (charge transfer ligand-metal) bands centered at about 289 and 294 nm of P—
O, Cu-0O and V-O. In addition, the V/CuP samples exhibit a small and broad visible absorption band
with a maximum at 800 nm corresponding to d—d transitions (d*°3d°4s3»of Cu®*. This last Cu®" is
theonlyknownionhavingthe 3d° configuration [39-43]. Theenergydiagramford® system inoctahedral
symmetry is just the inverse of that for octahedral d' system. It iswellknownthat the
spectraofallsolidscontainingcopper ionshaveatleast wide and unsymmetrical broad visible band
centered near 800nm [41; 44]. A comparison with the spectra of aqueous and crystalline cupric
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complexes shows that the Cu** ions must be present in approximately octahedral coordination [42; 44;
45]. For the catalysts supported vanadium oxide catalysts, also the strongbands between 200 and 300
nm originating from O, VV**charge transfer transitions of low coordinated V**centers according to
previous assignments [46-48].

No appreciable changes of coordination of Cu*and V*‘ions composition are detected from UV-
visspectra. This is in accordance with results obtained from XRD and IR.

5. Conclusions

The In this work we have reported the synthesis of a pure copper orthophosphate (CuP) and CuP
modified by introduction of vanadium (2-12 wt % of V,0s) through an easy, cost- and timesaving
route, in comparison with previous synthesis of other metal orthophosphates. The XRD and FTIR
results confirmed the formation of Cus(PO,),product and we have demonstrated also the formation of
the V,0s on the surface of support. The solids obtained are necessary for theoretical study,
applications development, and catalysis reaction.

In perspective, these catalysts V/CuP will be used for the sulfuric acid production and oxidative
dehydrogenation of lower alkanes. The Influence of acid—base properties of vanadium catalysts
supported on copper orthophosphates in this reaction will be studied by Catalytic decomposition of
Isopropyl Alcohol.
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