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Abstract: Nickel aluminate spinel powder can be prepared by pyrolyzing nickel
aluminate spinel precursor, which synthesized via one pot process. It was found that the
precursor pyrolyzed at 800°C for 5 h in air produced a NiO-NiAl,O, solid solution. In
addition, pure nickel aluminate spinel obtained at 1000°C for 5 h was confirmed by
XRD. Therefore, transformation of the solid solution to pure spinel is a function of
pyrolysis temperature. The powder morphology was briefly examined using scanning

electron microscopy.
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Abstract: Nickel aluminate spinel was prepared from aluminium hydroxide and nickel
nitrate, synthesized as nickel aluminate spinel precursor via the Oxide One Pot
Synthesis (OOPS) process. On the basis of mass spectroscopy, 'H- and 13C—NI\/IR, the
precursor was proposed to be a trimetallic double alkoxide consisting of two four-
coordinate TEAAI (alumatrane) moieties linked via a bridging TEA group that

coordinates to the Ni° cation. The nickel aluminate spinel precursor was converted to
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nickel aluminate spinel by pyrolyzing at 1000°C for 5 h in air. The surface area, pore
volume and pore size of the resulting nickel aluminate spinel are 31.08 mz/g, 0.10 cms/g

and 131.37 A, respectively.

Introduction: NiALO, spinel has become ever more important, principally in used as
catalysts supports since they are stable compounds with strong resistance to acids and
alkalis, high melting points, and surface areas in the range of 10-100 mz/g.
Nevertheless, the ceramic materials possess a unique structure consisting of grains,
grain boundaries, surfaces and pores which make them suitable for use as catalyst
supports when they have a controlled microstructure. Chemical routes to ceramics offer
many advantages over traditional methods, including the potential to control product
homogeneity and purity, to lower processing temperatures. One of them called the
“oxide one pot synthesis (OOPS)” process, is very simple and straightforward. It
provides several advantages, as compared to other chemical techniques, e.g. low
processing temperature, high purity and homogeneity. Additionally, this process could
provide new chemical, polymer and ceramics, in one or two steps directly from mineral
source. Due to the advantage as mentioned above, in this research work, NiAlO, is
synthesized via the OOPS process. The sample was characterized by different

techniques so that the preparation procedure could be optimized to obtain pure NiALO,.

Methodology: NiALO, spinel-type oxide powder was prepared by the following
procedure. Aluminium hydroxide hydrate and nickel nitrate hexahydrate were reacted
with triethanolamine in ethylene glycol at 140°C for 7 h. The homogeneous product
obtained was characterized by ESI-MS, 'H- and °C-NMR. The precursor was pyrolyzed
at 500°C for 5 h and held at 1000°C for 5 h. The NiALO, spinel product was
characterized by XRD and BET.

Results, Discussion and Conclusion: The reaction of Al(OH),.xH,0, Ni(NO,),.6H,0 and

TEA was completed in 7 h with homogeneous black color solution (reaction 1). The
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structure of product obtained was then confirmed by using electrospray ionization (ESI)
technique. The major peak as the protonated parent ion was appeared at m/z = 554.
The possible structure of product was proposed to be a trimetallic species, consisting of

one TEA group per metal center.

Al(OH),.xH,O + Ni(NO,),.6H,0 + TEA — nickel aluminate spinel precursor ...... )

"H-NMR result for nickel spinel precursor shows the peak positions for methylene groups
adjacent to oxygen and nitrogen atoms, occurring at chemical shifts of 3.452 ppm
(triplet), and 2.637 ppm (triplet), respectively. The "C-NMR spectrum consists of four
different peaks. The peaks are assigned to the carbon of ethyleneoxy groups bound to
Al and bridging TEA ligand. The powder diffraction pattern of the NiAl,O, spinel obtained
by calcination at 500°C for 5 h and held at 1000°C for 5 h shows the major peaks for
spinel were the hkl/ reflection of 311, 400 and 440. The diffraction peaks indicates the
phase purity of the NiAlLO, spinel. The surface area, pore volume and pore size of

NiALO, spinel are 31.08 mz/g, 0.10 cms/g and 131.37 A, respectively.
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Abstract: Nickel aluminate spinel powders were prepared by a sol-gel method using
nickel aluminate spinel precursor synthesized directly from the single-step reaction of
inexpensive and readily available compounds: aluminium hydroxide, nickel acetate and

triethanolamine. The optimal conditions for preparation of gel were 20.0 — 32.0 %(w/v) of
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the precursor, at pH of 7.0 and the concentration of 16.0 %(w/v), at pH of 8.0 in iso-

propanol solvent at room temperature. Heat treatment of obtained gel at 1000°C for 5 h
in air produced mixed phases of nickel aluminate spinel and nickel oxide which were
confirmed by X-ray diffraction technique. From SEM and BET surface area analysis, it
was found that NiAlLO, powder surface is homogenous and has slightly different surface

area as compared to that directly calcined spinel precursor.

Introduction: NiALLO, is a well-known material most often used as industrial catalyst
support, especially for reactions such as hydrogenation of aromatics and unsaturated
hydrocarbons, CO,/CH, reforming and reduction of functional groups. The spinel,
NiAlLO,, can also act as efficient catalysts in a number of heterogeneous chemical
processes, such as CO oxidation, catalytic combustion of hydrocarbons or selective
oxidation and reduction of several organic molecules" ?. The NiALO, precursor can be
prepared via a chemical reaction using inexpensive reactants synthesized directly from
the metal hydroxide or metal salt. Previous study for preparation of nickel aluminate
precursor, the so called one pot process, is based on the following reaction involving

triethanolamine (TEA) and ethylene glycol (EG):

2AI(OH),.xH,0 + Ni(CH,C00),.4H,0 + 3TEA +XEG —» Spinel precursor ... (1)

Sol-gel processing, which can be carried out under ambient conditions and is
inexpensive compared to other techniques, has been extensively used for preparing
amorphous and crystalline ceramics. Different sol-gel routes using different alkoxide
precursors to spinel formation have been explored, and the results show that sol-gel
synthesis of precursor allows pure spinel nanosized materials to be obtained. Materials
can be produced in a variety of forms, such as fine powders, thin films and fiber. In
addition, the sol-gel process offers the ability to change or control physical
characteristics such as pore size distribution and pore volume. However, to achieve

such control, it is necessary to adjust the rate of hydrolysis and condensation reactions.
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In this research work we investigate the effect of such processing variables on the
microstructure and properties of the ceramic products produced by hydrolysis of a

. . 3,4
spinel precursor via a sol-gel process< )

Methodology: The mixture solution of aluminium hydroxide hydrate, nickel acteate

tetrahydrate and triethanolamine in ethylene glycol was heated at 140°C for 7 h. The
nickel aluminate precursor obtained was used as starting material for sol-gel process.
Series of alcoholic precursor solutions with concentrations of 16.0, 20.0, 24.0, 28.0 and
32.0 %(w/v) and pH values ranging from 7.0 to 11.0 were prepared by dissolving
appropriate amount of precursor in ethanol, n-propanol or i-propanol and 1.0 ml of
distillated water was added. Dilute HNO, was used to adjust pH value of alcoholic
precursor solutions. The solution was mixed with a vigorous stirring at room temperature

and divided each solution into two half, the first half was kept at room temperature and
the second half was incubated at 60 °C in an oven. Nickel aluminate spinel powders

were produced by heat treatment of resulting gel in a furnance at 1000 °C and held at
the final temperature for 5 h in air. The heated products were characterized using XRD,

SEM and BET.

Results, Discussion and Conclusion: Nickel aluminate spinel precursor can be used for
preparing high surface nickel aluminate spinel powders via sol-gel route. The operation
variables such as precursor concentrations, solvents, pH values and gelation
temperatures, affected dramatically the gelation time. At room temperature, it was found
that the appropriate conditions to form polymeric gel is in the solution of i-propanol with
the concentration range of 20.0 — 32.0 %(w/v), at pH of 7.0 and the concentration of 16.0
%(w/v), at pH of 8.0 due to gel rapidly formed in very short gelation time. Furthermore, at
60 °C, and at pH of 7.0, gel is more likely to form in ethanol and n-propanol similar to
that at pH of 8.0 in i-propanol. Additionally, decreasing pH values and precursor
concentration or increasing gelation temperature lead to reduction of gelation time. The

XRD patterns of the resulting products obtained by different methods are compared and
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shown in Figure 1. The XRD patterns of the powders which prepared by a direct
calcination of spinel precursor exhibited the single NiAL,O, spinel phase as indicated by
the major peaks at 311, 400 and 440 hkl reflections, Figure 1 (a). XRD patterns of all
pyrolysed gel as shown in Figure 1 (b), are identical which exhibit sharp peaks of
NiALO, phase and small peaks of NiO phase due to the nucleation and crystal growth of
NiO phase occurred during gel formation. The most uniform microstructure of powder
resulted from gel occurred in the system of 16.0 %(w/v) precursor in i-propanol, at pH of
8.0 and at room temperature consists of nearly spherical particle size and shape, Figure
2 (b), while nonuniform irregular shaped block-like particles was detected in the powder
which prepared by a direct calcination of spinel precursor, Figure 2 (a). However, the

values of the BET surface area, pore volume and pore size are slightly different, Table 1.
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Figure 1 XRD patterns of NiAl,O, powders obtained ~ Figure 2 SEM micrographs of NiAl,O,
by different preparation methods and calcined at Ppowders obtained by different preparation
1000 °C for 5 h in air: (a) directly calcined spinel ~ methods and calcined at 1000 °Cfor5hin

precursor, (b) sol-gel method. air: (a) directly calcined spinel precursor, (b)

sol-gel method. The magnification (10,000x)

is the same for all pictures.
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Table 1 The BET surface areas, pore volume and pore size of NiALO, spinels

method BET surface area | Pore volume | Pore size
(m'/g) (cm’/g) (nm)
Sol-gel 30.66 0.08 11.03
Directly calcined spinel precursor 22.58 0.04 8.97
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