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Abstract

The NiO-ZnO catalyst was prepared by coprecipitation method in equivalent quantity (50:50),and study of
their crystallanty and physical properties at different temperature by using XRD techniques and wet impregnating
method.

The Na,O doped catalyst was prepared by wet impregnating method with different ratios of Na,O , The
best crystallanty and physical properties of NiO - ZnO catalyst were obtained at 600°C for 4 hrs.

The results showed that the porosity and pore volume of NiO — ZnO catalyst increased and decreased of its
density with the increasing of Na,O ratios in catalyst.
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Introduction

catalyst component interactions (CCI) have an important role in catalyst active phase formation, contribute to
catalyst stability, or contrary, can accelerate catalyst aging (1).
The CCl can result in:1. Incomplete reduction of the metal; 2. Support induced cluster size; 3. Epitaxial growth of
metals on the support; 4. Support effect on the morphology of metallic particles; 5. Contamination of the metal by
the support.
Mixed oxides containing transition metal oxides are used to design the catalytic materials, Zinc oxides are
reported to be among the most efficient transition-metal compounds in catalytic combustion (2) Mixing zinc with
transition-metal oxides in many catalytic reactions might modify the catalytic activity of separate components
(3,4).Mixed oxide solids containing Zn are active catalyst for oxidation-reduction reactions and combustion
processes for example the oxides (Co, Zn, and Mn) were active in the reduction of nitrous oxide (5) and the Ni
oxides supported on TiO, , ZnO has been reported to act as catalysts used in cracking of water and production of
H,,0, (1,6). The choice of a catalyst support largely depends on the surface area and pore size of the support itself.
High surface area could provide high population of the active sites, while large pore size allows the accessibility of
their rei actants to the active sites. Recently, mesoporous material such as Cu/MCM-41 (7). A number of
catalysts consisted of various transition metals (V, Cr, Mn, Fe, Co, Ni and Cu) oxides on different commercial
supports such as silica and alumina have been studied. Among these catalysts, manganese oxides such as
MnOx/Al,03(8),MnOx / NaY(9) and MnOx/TiO02(10,11) have attracted much interest due to their high catalytic
activities. These catalysts were prepared by the solution impregnation method on supports using manganese nitrate
or acetate. Unsupported MnOx catalysts generally showed less NOx conversion than did supported MnOx
catalysts because of its low surface area (12).
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1-Preparation of Catalyst:

NiO- ZnO mixed oxide were prepared by coprecipitation method of their mixed bicarbonates from their
nitrates(purity 99% supplied from Merck and B.D.H.Companies) using 1M NaHCO3(99% supplied from B.D.H
Company) at pH equal to = 7 and temperature 70°C for 2 hrs. The carefully washed precipitate was dried at 110°C
till constant weight, then formulated as a tablet in a diameter 10 mm ,and then subjected to heat 400 ,500 ,600 and
700°C for 4 hrs. Four Na,O - doped samples were prepared by impregnating a given dry weight of the mixed Nikel
and Zinc bicarbonates with a calculated amount of sodium nitrate(purity 99% supplied from Fluka Company)for
the desired percentage (2,4,6,8,10)% dissolved in the least amount of distilled water sufficient to make apaste. The
paste was dried at 110°C and then calcined at 600 °C for 4 hrs.

2- Identification of doped and Mixed oxide by XRD technique:

The mixed oxide NiO -ZnO and Na,O doped were characterized by using XRD technique. X — ray powder
diffraction grams of various investigated samples were carried out using a Bruker diffractometer ( Bruker D8
advance target). The patterns were run with CuKal with secondly monochromator(A = 0.1545 nm) at 40 kV and 40
mA.

3-Physical Properties of Catalyst:

The physical properties of pure and Na,O doped catalyst :Apparent porosity (P»%), total pore Volume(Vp),and
particle density(Dp),at different temperatures (400,500,600 and700) ‘C were determined by wet impregnation
method (13).
4-Determination the average particle size of the catalyst:

The particle size of the crystalline phases present in the different solids was calculated from the line
broadening profile analysis of the main diffraction lines of these phases using Scherrer equation (14):
d=K\/Byzcos 0
Where d: is the mean crystallite diameter, A the X — ray wavelength, K the Scherrer constant (0.89), $1/2 is the full
— width at half maximum (FWHM) of the diffraction peaks of crystalline phases and 9 is the diffraction angle.
5-Analytical Study:

The percentage of elements(Ni and Zn) in the prepared catalyst was determined by using atomic absorption
spectrophotometer( AA-6300 supplied by shimadzu company).

Results and discussion
1- Analytical Study:
The results of the percentage of elements(Ni, and Zn) ,and their oxides in the catalyst are shown in table (1).

Table(1): The results of the percentage of Ni ,and Zn ,and their oxides in the catalyst

The SUM. of ZnO % Zn % Zn conc. NiO % Ni% | Niconc. | Catalyst
percentage of oxides (ppm) (ppm) weight
100 % (gm)
99.515 49.947 40.1309 3.2169 49.568 38.95 3.1192 0.1001

From the table(1),we can concluded that the exactly amount of Nickel and Zinc metal and their oxide are

obtained.

2- XRD Investigation of pure and Na,O doped NiO-ZnO :
The X-ray diffractograms of single oxide and pure NiO-ZnO that were prepared at 600 °C shown in figures (1,
2) and (3)and for Na,O doped NiO-ZnO in different ratios in figures( 4,5 ,6 ,7,8).
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Figure(1): XRD pattern for single NiO.
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Figure(2): XRD pattern for single ZnO.
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Figure(3): XRD pattern for NiO - ZnO catalyst
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Figure(4): XRD pattern for(2%0) Na,O doped NiO-ZnO catalyst.
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Figure(5 ): XRD pattern for(4%6) Na,O doped NiO-ZnO catalyst
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Figure(6 ): XRD pattern for(6%) Na,O doped NiO-ZnO catalyst
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Figure( 7 ): XRD pattern for(8%0) Na,O doped NiO-ZnO catalyst
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Figure(8): XRD pattern for(10%) Na,O doped NiO-ZnO catalyst

From the Comparison of X-ray diffractogram pattern of NiO-ZnO oxides in the catalyst and single NiO and
ZnO show that there is a small deviation in the angles of diffraction and change in the relative intensity of the
main absorption peaks this due to the interaction between the mixed oxides in the catalyst ,The best crystalline
phases produced in 600°C and obtained a complete crystal size of the catalyst pattern . The diffraction patterns of
the sample prepared in 700 and 800°C become more broadening because of the sintering effect and overlapping of
the oxides phases(15 ), this causes the decreases of the particle size of the catalyst as shown in figure( 9) that are
calculated by using Scherrer equation (14): d =K\ /B1/2 cos 6 .
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Figure(9):Average particle size(d) for NiO-ZnO Catalyst at different temperature(400 to 800) °C

The figures( 4,5,6.7,8 ) shows that the intensity of the diffraction lines and the particle size of ZnO increased
with the increasing of the amount of Na,O added and increasing the degree of crystallinity of NiO phase. The
effect of Na,O is to lowered the thermal conversion process of catalyst, and remained thermally stable even by
heating at above 600 to 1000 °C (16,17).

3-Physical Properties of pure and doped Catalyst

Figures(10),(11) and (12) showed that the physical properties of the pure catalyst :Apparent porosity (P%),
total pore volume(Vp),and particle density(Dp),respectively at different temperatures(400,500,600,700,and 800) ‘C
,the best physical properties result at 600°C.
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Figure(10):Apparent Porosity of NiO - ZnO catalyst at temperatures (400,500,600,700 and 800) °C.
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Figure(11):Pore Volume(cm?®/g) of NiO - ZnO catalyst at (400,500,600,700,and800) °C
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Figure(12):Bulk Density(g /cm®) of NiO - ZnO catalyst at(400,500, 600,700,and 800) °C

When increasing the temperature from 400 to 600°C, increased the loss of carbon dioxide and water of
crystallization and gets complete conversion of a metal carbonate to metal oxide at a temperature of 600°C ,and
the size of the total pore volume and porosity will become more, therefore the weight of catalyst grain tablets
decreased according to their volume ,this lead to decreasing of the bulk density. When increasing the temperature
above 600 to 800 C , the total pore volume and porosity ,will be decreased and the bulk density become more,
because of the sintering effect(15,18,19). The physical properties of doped catalyst will be increase with the
increasing of percentage of Na,O(2% , 4% , 6% , 8% and 10%) in the catalyst (20), as shown in figures (13),(14)
and (15).
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Figure(13):Apparent Porosity of the Na,O doped catalyst
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Figure(14): Pore Volume(cm®/g) of the Na,O doped catalyst
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Figure(15): Bulk Density(g / cm®) of the Na,O doped catalyst

Conclusion:

From the results that obtained from this research we can conclude the following:

1- The best temperature and calcinated time to prepare catalyst is 600 °C for 4hrs.,it's give high pore volume and
porosity.

2- The increasing of calcinated temperature (600C°) lead to increase the pore volume and porosity but high
temperatures 700 and 800°C , the porosity and pore volume will be decrease causes to decreasing surface area and
pore volume.
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