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The effect of nickel amount on the structure, reducibility and activity of the mixed metal oxides generated by con-
trolled thermal treatment of co-precipitated Ni-Al layered double hydroxides as catalyst precursors for CO, removal
by methanation reaction, was examined by variation of the Ni*?*/AI** molar ratio (Ni>*/AI** = 0.5, 1.5, and 3.0), the
reduction and reaction temperatures. The powder X-ray diffraction of the thermally treated samples (200—1000 °C)
established the formation of nano-sized NiO- and spinel NiAl,O,-like phases in different proportion and degree of
crystallinity. The calcination temperature of 500 °C was selected as most convenient one because of the high disper-
sion of the mixed oxide phases predetermining the high dispersion of the metallic nickel.

It was revealed that after preliminary ‘in situ’ reduction at 400, 450, 530 and 600 °C, all studied catalysts hydrogen-
ated CO, effectively at reaction temperatures from 400 to 280 °C and space velocities between 3000 and 22000 h'.
All three catalysts demonstrated similar activity at lower reduction and reaction temperatures due to the formation
of readily reducible Ni**~O species which generated sufficient number of accessible Ni° surface active sites. Partial
regeneration of the original layered structure was registered in the higher nickel containing solids after finishing of
the catalytic test.

The advantage of the catalyst with the lowest nickel amount is disclosed at low reaction and reduction tempera-
tures. Its performance dominates after reduction at higher temperatures because of the role of NiALO, spinel-like
phase to act as a “reservoir” generating fresh Ni’. The decrease of activity in the rest of the catalysts is attributed
mainly to the Ni° sintering.
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INTRODUCTION as well as water molecules, are situated in the in-

) i terlayer space of the layered structure. Herewith, x
The Ni-Al layered double hydrqmdes (LDHs), represents the fraction of the AI** cation, and m is
which are also known as takovite-like (TKI) com- 0 humber of the water molecules [1].
pounds, belong to a great group of natural or syn- The research efforts have been focused on the
thetic inorganic lamellar compounds with chemi-

< assessment of the potential use of these layered sys-
cal' composition expressed by the general fgrmula tems as catalysts, either as-synthesized or mainly
[Ni*", (AP* (OH),]*'[A",]'mH,0, where Ni** and

5 | Y x/n b WE ' after thermal treatment. Typically, the thermal de-
Al ions are located in the bmcne-l.lke hydroxide composition of the materials, includes dehydration,
layers, ,Whlle the charge cc;mpensatlngz exchange- dehydroxylation and loss of the charge compensat-
able anions A™ such as CO;, NO;, SOy, CI, etc., ing anions, results in formation of finely dispersed
Ni-Al mixed oxides of Ni?*(AI**)O type. The latter
represent promising catalysts due to their high spe-
cific surface area, high distribution of both Ni** and
* To whom all correspondence should be sent: A" ions after calcination despite of the high con-
E-mail: margo@ic.bas.bg tent of Ni** ions, high metal (inter)dispersion after
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reduction, small crystal size, and stability against
sintering [1—4].

The effective utilization of CO, originating from
the production processes and flue gases of CO,-
intensive sectors is an important area of research
because CO, is a major greenhouse gas and makes
a significant contribution to global warming and
climate change. Among the catalytic reactions, the
catalytic hydrogenation of CO, over supported nick-
el metal catalysts to form methane, simply called
methanation, is a particularly promising technique
for CO, removal [5, 6]. The methanation reaction
is commonly applied in ammonia plants at the final
stage of purification of the synthesis gas in which
low concentrations of CO and CO, (0.1-0.5%) are
catalytically removed by a reaction with hydrogen.
The reaction is of crucial importance due to the
poisonous effect of carbon oxides on the ammonia
synthesis. At present, the methanation became also
attractive for reducing the residual carbon oxides in
hydrogen-rich reforming gases, and to satisfy the
requirements of polymer electrolyte fuel cell anodes
[7, 8]. Although many different catalytic systems
based on supported group VIII metals (e. g. Ru, Rh)
on various oxide carriers (Ti0O,, SiO,, Al,O,, CeO,,
Zr0,) have been applied to catalyze the reaction, the
industrial methanation catalyst is essentially nickel
metal at a large scale of concentrations (25—77 wt.%)
due to its high activity, selectivity toward methane
formation in preference to other hydrocarbons, high
thermal stability, and relatively low cost [5, 9].

In a series of articles [10—13] Kruissink et al.
have claimed that a thermal treatment of co-pre-
cipitated Ni-Al precursors of Ni*/Al** = 2.0-3.0
molar ratio in the interval of 450—900 °C and a fol-
lowing high-temperature reduction at 500—600 °C
lead to the formation of very active catalysts for CO
methanation at =300 °C. However, the authors have
reported neither variations of the reduction and re-
action temperatures, nor variations of the flow rates
of the gaseous reaction mixture to obtain a detailed
picture of catalyst performance.

In our recent paper [14] it was established that
the Ni-Al LDHs with TKI structure are potential

catalyst precursors for the fine CO, removal from
hydrogen-rich gas streams through the methanation
reaction, depending on the Ni**/AI** molar ratio and
temperature of treatment in hydrogen ambience of
the as-synthesized precipitates without preliminary
calcination to the related oxides. It was found that
after reduction at 400 and 450 °C the catalyst of the
highest nickel amount has demonstrated the high-
est conversion degree at all reaction temperatures
and space velocities, while the catalyst of the low-
est nickel prevailed in the methanation activity after
reduction within 530-600 °C.

The objective of this study is to examine the
phase composition of the mixed oxides obtained
by a controlled thermal treatment of the Ni-Al TKI
systems aiming to select the catalyst with the most
beneficial characteristics for the methanation re-
action (CO, + 4H, = CH, + 2H,0) by variation of
the Ni?>*/Al*" molar ratio, the reduction and reac-
tion temperatures.

EXPERIMENTAL
Sample preparation

Carbonate forms of TKI precursors with Ni**/Al**
molar ratios of 0.5, 1.5 and 3.0 were obtained by
co-precipitation of the mixed Ni-Al nitrate solution
with Na,CO, at constant temperature of 80 °C and
pH = 8 under vigorous stirring. More detailed de-
scription of the preparation procedure was present-
ed in Ref. 14. The obtained precipitate was further
dried at 80 °C for 20 h and named takovite-like pre-
cursor, designated as xNiAl, where x represents the
Ni**/A1** molar ratio, for example 3.0NiAl (Table 1).
The precursors were calcined in air at 500 °C for 2 h
before the catalytic activity test. The catalysts after
the reaction run (the tested catalysts) were labeled
as xNiAl-t.

The unsupported NiO was prepared as a refer-
ence sample by the same preparation procedure.
The sample was calcined in air at 500 °C for 2 h and
denoted as reference NiO.

Table 1. Chemical composition of the as-synthesized TKI samples

Chemical composition

Sample (wt. %) Ni2/AL*
Ni Al NiO AlLO, molar ratio
0.5NiAl 213 19.6 423 57.7 0.49
1.5NiAl 32.9 10.1 68.7 313 1.48
3.0NiAl 42.6 6.5 81.5 18.5 2.98
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Sample characterization

Powder X-ray diffraction data was collected
on a Bruker D8 Advance diffractometer employ-
ing CuK, radiation (A = 0.15418 nm), operated at
U =40 kV and I = 40 mA. The mean crystallite
sizes (L) were determined using computer pro-
gram X’Pert HighScore (PW3209) Version 1.0f
(2004). The crystalline phases were identified using
Joint Committee on Powder Diffraction Standards
(JCPDS) files.

Specific surface area was measured employing
the single point BET method using a FlowSorb 11
2300 Micromeritics apparatus with a N,—He mix-
ture (15% N,) at the boiling temperature of liquid
nitrogen.

Temperature-programmed reduction was evalu-
ated in the measurement cell of a SETARAM dif-
ferential scanning calorimeter (DSC-111) directly
connected to a gas chromatograph. The temperature
was linearly raised from 25 to 700 °C at a heating
rate of 10°C/min. The experiments (~0.025 g sam-
ple) were accomplished by a gaseous mixture of
10% H, in Ar at a flow rate of 25 cm*/min.

Gas-phase hydrogenation of CO, to CH, was
carried out in a fixed-bed flow reactor set-up under
ambient pressure. The activation of the catalysts
was performed by preliminary ‘in sifu’ reduction
in the equipment at 400, 450, 530, and 600 °C
for 3 h with pure hydrogen at a gas hourly space
velocity (GHSV) of 2000 h™! and a heating rate
of 1.7°/min. The catalytic activity measurements

were accomplished by means of gaseous mixture
of CO,/H,/Ar=0.65/34.35/65 vol.% in the temper-
ature interval 220—400 °C and GHSV from 3000
to 22000 h™! after each reduction procedure. A
liquate N, trap after reactor eliminated water as
a reaction product. The amount of residual CO,
was determined using online-connected Uras 3G
gas analyzer (Hartmann-Braun AG) in the range
0—-0.0050 vol.% CO, (0—50 ppm).

RESULTS AND DISCUSSION

The chemical composition of the TKI samples,
measured by ICP analysis, is listed in Table 1.

Powder X-ray diffraction (PXRD)

In our recent paper [14] it was documented that
a well-crystallized TKI structure containing carbon-
ate anions in the interlayer space is formed only in
3.0NiAl precipitate (Fig. 1a): sharp and symmetri-
cal reflections for (003), (006), (110) and (113)
planes and broad and asymmetric for (012), (015),
and (018), respectively. It was established that a de-
crease in nickel loading of 1.5NiAl sample causes
lowering of the peak intensities and broadening of
the TKI reflections (Fig. 1b), as well as the coexist-
ence of two phases in 0.5NiAl solid (Fig. 1c): a poor-
ly crystallized TKI phase accompanied by a gibbsite
one. It was found that the increase in Ni amount of
the samples leads to (i) increase of the lattice param-
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Fig. 1. PXRD patterns of the samples thermally treated at various temperatures: (a) 3.0NiAl, (b) 1.5NiAl and (c)

0.5NiAl, where g is gibbsite
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eters, (ii) crystallite growth and (iii) decrease of the
specific surface area (SSA).

The investigated Ni-Al layered systems were ther-
mally treated in the temperature range 200—1000 °C
for 120 min in an air atmosphere. The correspond-
ing PXRD patterns were used for elucidation of the
structure evolution with the temperature increase,
i.e. appearance, formation and transformation of the
resultant phases.

PXRD patterns of the calcined at 200 °C solids
(Figs. 1-3) displayed reflections similar to the as-
synthesized ones, however slightly shifted to higher
angles. This finding is ascribed to the beginning of
the interlayer water molecules losing. The diffrac-
tion lines of the thermally treated at 250 °C samples
indicate partial decomposition of the TKI structure
in all samples. It is observed an appearance of badly
organized reflections (200) of NiO phase (JCPDS
file 00-047-1049) in 1.5NiAl and 3.0NiAl samples,
being better organized in the later. An additional
broad reflections (111), (311) and (440) of a non-
stoichiometric spinel-type NiAlL,O, phase (JCPDS
file 00-010-0339) are detected in 0.5NiAl. The
characteristic diffraction lines of TKI structure dis-
appear completely at 350 °C and rather amorphous
calcination products are formed in all samples. This
observation is attributed to both dehydroxylation
of the brucite-type layers and decarbonation of the
interlayer space as result of the destruction of the
layered structure [15—17]. With further increase in
the temperature to 500 and 600 °C, the diffraction
peaks of NiO and NiAl,O, phases become narrower
and more intense, due to the growth of crystallites
and improvement of crystallization. PXRD patterns
of the calcined at 800 °C solids detect reflections of:
(1) a well formed single NiAL O, phase in 0.5NiAl;
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(i1) an appearance of badly organized NiAl,O, phase
in 1.5NiAl sample together with a better crystallized
NiO phase, and (iii) a well formed single NiO phase
in 3.0NiAl solid. The diffraction lines of the calcined
at 1000 °C materials show existence of two phases
in 1.5NiAl and 3.0NiAl samples: NiO and NiAlL,O,,
however, differing in proportion. NiO is a predomi-
nant phase in 3.0NiAl solid and conversely, spinel
NiALO, phase is the dominant phase in 1.5NiAl and
0.5NiAl materials. No separate Al-containing phase
was observed may be because of segregation of AI**
cations to an amorphous components.

The calculated crystallographic parameters of
NiO phase (ay,,) in calcined 1.5NiAl and 3.0NiAl
solids up to 1000 °C (Fig. 2a) demonstrate values
which are lower than of both reference NiO (ay,, =
0.4176 nm) and standard NiO (ay,, = 0.4177 nm)
according to JCPDS file 00-047-1049. As it was
reported [18], this finding is a consequence of the
partial incorporation of AI** ions into the cubic
framework of the NiO, reducing its cell dimensions
(ay;o) of the pure NiO because of the smaller radius
of AIF* ions (0.053 nm) as compared to Ni*>" ones
(0.069 nm) [19]. The increase of Al** cations’ in-
corporation into NiO lattice on decreasing Ni**/AI**
molar ratio is in line with decreasing the NiO lattice
parameter in the samples.

The mean crystallite sizes of NiO (Ly,,) and
NiALO, (Lya,o,) phases in 1.5NiAl and 3.0NiAl
samples were determined from the full-width at
half-maximum values of (200) diffraction line for
NiO phase and (311) line for NiAlO,, respectively.
It is observed that the increase of the calcination
temperature up to 500 °C and the nickel content lead
to the slightly enlargement of NiO crystallite sizes
(Fig. 2b). The treatment of both samples at 800 and
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Fig. 2. Crystallographic characteristics of the samples thermally treated at various temperatures: (a) lattice parameter
of NiO (ay,,) and (b) crystallite size (L) of NiO and NiAl,O, phases
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1000 °C causes sharply increase and alignment of
the NiO crystallite sizes, suggesting complete sepa-
ration of NiO and NiAl,O, phases. The values of
Ly, and Ly, o, comply with the degree of crystalli-
zation of both phases in the studied solids remaining
in the nano-scaled region.

The PXRD analyses documented that the de-
composition of the TKI structure at 500 °C attracts
special attention. The resulting structurally disor-
dered oxide mixture crystallizes to form NiO-like
phase in 3.0NiAl and 1.5NiAl samples with L,
of 5.3 and 4.2 nm, respectively, and poorly organ-
ized NiAl,O,-like phase in 0.5NiAl. In addition the
SSA (m?g) values of the calcined Ni-Al samples
at 500 °C demonstrate well developed surface: 141
(0.5NiAl) > 128 (1.5NiAl) > 112 (3.0NiAl) in com-
parison with 15 m?/g of the reference NiO sample.

Obviously, the NiO-like phase obtained by calci-
nation of the Ni-Al TKI compounds exhibits a high
thermal stability in comparison with the reference
NiO. The AlI** ions are concentrated onto and in the
NiO surface, forming other phases such as alumina
or spinel-type phases, so that the NiO surface is
wholly modified [20]. The spinel-type phase plays a
major role in the thermal properties of the mixed ox-
ides, because there is no possibility of direct physi-
cal contact between two adjacent nickel crystallites.
In such a way the growth and sintering of the NiO is
hindering, thus increasing the SSA [21].

The high dispersion of NiO-like phase is pre-
sumed to generate also highly dispersed metallic
nickel particles after the activation of the precursors
by reduction with hydrogen. All these arguments
lead to the conclusion that the thermal treatment
of Ni-Al TKI systems as precursors of catalysts for
CO, removal by methanation should be carried out
at a temperature of 500 °C.

Temperature programmed reduction
(TPR) study

The reducibility of the calcined at 500 °C precur-
sors was investigated by means of TPR technique.
TPR experiments were applied to elucidate the na-
ture of reducible Ni>*~O species present in the sam-
ples and to reveal the temperature at which reduc-
tion to metallic Ni° occurs depending on the nickel
loading in the solids.

The TPR profile of the reference sample NiO,
displays a large temperature peak in the range
280—550 °C with T, at 393 °C and a shoulder at
~450 °C. It may be assumed that full reduction of
bulk Ni*" ions to Ni° has occurred (Fig. 3). The ap-
pearance of broad asymmetric TPR profiles spread-
ing throughout a wide temperature range from 290
to 700 °C in all solids documented the presence of
AP* ions. A shift of LT shoulders as well as T,

towards higher temperatures upon decreasing of Ni
content (increase of Al), are clearly observed with
the samples under study.

The TPR profile of the highest nickel contain-
ing sample 3.0NiAl demonstrates low-temperature
(LT) shoulders at =310 °C and ~390 °C, tempera-
ture maxima (T, ) =550 °C and high-temperature
(HT) shoulder at =645 °C. The profile of 1.5NiAl
indicates a presence of LT shoulders at ~312 °C and
~405 °C, shoulder at =545 °C, T, at =615 °C and
HT shoulder at =670 °C. LT shoulders at =335 °C
and =440 °C, T, at =615 °C and HT shoulder at
~670 °C are registered in 0.5NiAl sample.

The impeded reducibility as compared to the
reference NiO pointed undoubtedly to the presence
of A1% ions in the NiO lattice. According to the
models, proposed for decomposition and reduction
of the LDH compounds [20—22], the LT shoulders
from TPR profiles of all solids are ascribed to reduc-
tion of NiO intimately mixed with a small quantity
of AP" ions (Phase I). The T, of 3.0NiAl sample
is attributed to reduction of the quasi-amorphous
Ni-Al spinel-like phase (Phase II) which decorates
the surface of the NiO particles and/or acts as their
support. The T, of 1.5NiAl and 0.5NiAl solids, as
well as the HT shoulders of all samples are assigned
to the reduction of the alumina-type phase doped
with some amount of Ni?* ions (Phase III), probably
‘grafted’ on the spinel-like phase. All TPR profiles
identify incomplete reduction of Phase III because
the profiles do not recover the baseline. It is associ-
ated with the appearance of hardly reducible spinel-
like NiALO, phases.

It may be generalized that the reduction of the
Ni?* ions in the mixed Ni-Al oxides, is realized at
different temperatures due to different amounts,
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Fig. 3. TPR profiles of the samples calcined at 500 °C
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location and strength of interaction of Ni**~O and
A" moieties.

CO, removal by methanation reaction

The catalytic activity of the calcined at 500 °C
catalysts is evaluated by the highest GHSV at
which the residual concentration of CO, at the reac-
tor outlet is 0.0010 vol.% (10 ppm). This level is
an admissible limit in modern industrial ammonia
production. The catalytic runs show that after pre-
liminary reduction at 400, 450, 530 and 600 °C all
three catalysts hydrogenate CO, successfully to re-
sidual content of CO, levels of 0—10 ppm at reaction
temperatures between 400 and 280 °C and GHSV
within 3000-22000 h™'. The differences in activity
become evidently at lower reaction temperatures,
namely at 260, 240 and 220 °C (Fig. 4).

As it can be seen, the 0.5NiAl catalyst demon-
strates higher methanation activity at a reaction
temperature of 260 °C after reduction at 400 °C.
The catalyst purifies the reaction mixture from CO,
to residual content of 10 ppm at GHSV = 12000 h'.
Further increase of the reduction temperature brings
about effective purging of the reaction mixture at
GHSV = 22000 h™' to residual content of 5.7 ppm
CO, after reduction at 450 °C and 0 ppm CO, af-
ter reduction at 530 and 600 °C. The rest of cata-
lysts comply with the following order of activities:
1.5NiAI>3.0NiAl after reduction at all examined
temperatures.

Lowering of the reaction temperature to 240 °C
leads to similar activity of all catalysts after reduc-

tion at 400 °C and to indistinguishable one, after
reduction at 450 °C. In contrast, an enhancement in
activity is registered after reduction at 530 °C, being
more pronounced in the 0.5NiAl catalyst. Further
increase of the reduction treatment to 600 °C re-
veals the priority of the 0.5NiAl catalyst which re-
moves CO, to 10 ppm level at GHSV = 15000 h™'.
The activity of the rest of catalysts decrease in the
order: 1.5NiAI>3.0NiAl.

The CO, removal at reaction temperature of
220 °C shows lower values almost independent of
the reduction temperature. The purification seems
effective only at low space velocities (4—5 h™').

The interpretation of the demonstrated activ-
ity may be partially found in the TPR experiments
(Fig. 3). TPR profiles suggest the existence of two
types of Ni**-O species on the surface of the all
mixed oxides under study: readily and hardly reduc-
ible. The methanation activity of the catalysts after
reduction at 400 and 450 °C may be easily ascribed
to the presence of readily reducible Ni**-O species.
The close activity indicates that the amount of ac-
tive Ni® species is enough even in the 0.5NiAl in
spite of the different nickel loading.

The higher activity of 0.5NiAl catalyst after re-
duction above 500 °C may be attributed to the re-
tarding effect of AI** ions on the Ni° sintering due to
the presence of spinel-type NiAl,O, phase at higher
temperatures. The sintering of the reduced metal
lead to decrease of the activity, more pronounced in
the catalyst with the highest nickel content 3.0NiAL
Moreover, it is suggested by McArthur [23] that
nickel aluminates or some similar compounds act

© © O | o 0.5NiAI260°C
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—: A A #* 3.0NiAl-260°C
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Fig. 4. Comparison of the methanation activity (0—10 ppm) of the calcined catalysts at reaction temperatures of 260,

240 and 220 °C vs reduction temperatures
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Fig. 5. PXRD patterns of the catalysts after the reaction
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somewhat as a “reservoir” which, upon gradual re-
duction in the presence of hydrogen-containing gas-
es, continually generates fresh metallic nickel, thus
accounting for the remarkable activity maintenance
of the catalyst.

All these considerations are related to the incor-
poration of AI** cations into NiO lattice.

Additional explanation of the methanation activ-
ity is suggested by the diffractograms of the cata-
lysts after the reaction run (Fig. 5), namely reduc-
tion at 600 °C, testing in the range 400-220 °C and
passivation after cooling down to room temperature
by a gas mixture of O,/N,. Some findings must be
pointed: (i) Formation of Ni° phase (JCPDS file 00-
004-850), in all the tested catalysts, being better or-
ganized in 3.0NiAl-t; (ii) Presence of NiO-like phase
in 1.5NiAl-t and 0.5NiAl-t catalysts; (iii) Prevalent
NiAlLO, phase in 0.5NiAl-t; (iv) Registration of
the reflections characteristics of TKI structure in
1.5NiAl-t and 3.0NiAl-t catalysts, more expressive
in 3.0NiAl-t.

The appearance of diffraction lines typical of TK1
compounds may be attributed to the property of the
mixed oxides generated from LDHs to regenerate
the initial layered structure in the presence of wa-
ter with natural content of dissolved CO, [24, 25].
Evidently, a hydrolysis of the unreduced surface
Ni** ions is realized upon the methanation reaction
medium. The hydrolyzed Ni** species together with
some AI** ions partially re-crystallized in original
TKI structure. The partial formation of TKI phase
may be implied as an additional reason for the low-
est activity of 3.0NiAl and 1.5NiAl catalysts, name-
ly, the amount of Ni’ on the catalyst surface should
be diminished thus provoking decrease in activity.

Structure and reducibility of the mixed metal oxides obtained from Ni-Al layered double hydroxides...

The low degree of crystallization of the tested
catalysts hinders the determination of the Ni° size.
The SSA (m?%g) measurements suggest greater
dispersion of the phases in 0.5NiAl-t catalyst:
122 (0.5NiAl-t) > 114 (1.5NiAl-t) > 79 (3.0NiAl-t).
Moreover, the SSA of 3.0NiAl-t catalyst (79 m?/g)
shows value very close to the SSA of takovite-like
3.0NiAl solid (71 m?/g) [14] thus evidencing the
partial formation of TKI structure.

CONCLUSIONS

The structure, reducibility and CO, methanation
activity of the Ni-Al mixed oxides generated by
controlled thermal treatment of Ni-Al takovite-like
LDHs depend on the amount, location and strength
of interaction of Ni**~O and AI** species and tem-
perature. NiO- and spinel NiAlO,-like phases are
formed in the nano-sized region in different propor-
tion and degree of crystallinity as a function of the
nickel content.

The calcination temperature of 500 °C is selected
as most convenient one because of the high disper-
sion of the mixed oxide phases predetermining the
high dispersion of the metallic nickel. All prelimi-
nary reduction temperatures of the three catalysts
provoke effectively CO, hydrogenation down to
280 °C and high space velocities. Partial regenera-
tion of the original layered structure was registered
in the higher nickel containing solids after finishing
of the catalytic test.

The advantage of the catalyst with the lowest
nickel amount is revealed at low temperature of
reaction (260 °C) and reduction (400 °C). Its per-
formance dominates at higher reduction tempera-
tures due to the role of spinel NiAlO,-like phase
to act as a “reservoir” generating fresh metallic
nickel. The decrease of activity in the rest of the
catalysts is mainly attributed to sintering of the re-
duced metal nickel.

Note: This article has been realized in the frame
of inter-academic collaboration between Institute
of Catalysis, Bulgarian Academy of Sciences, and
“llie Murgulescu” Institute of Physical Chemistry,
Romanian Academy.
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CTPYKTYPA U PEAYIHUPYEMOCT HA CMECEHU METAJIHU OKCUJU,
[TOJIYUEHMU OT Ni-Al CJIOUCTU ABOVHU XUJIPOKCUAU. KATAJIMTUYHA
AKTUBHOCT B PEAKIIMATA HA METAHUPAHE HA CO,

M. B. I'abposcka'*, P. M. ExpeBa-Kbpmxuena', 1. 1. Kpumran?,
K. K. Tenues', JI. A. Hukonosa'!, M. Kpuman?

! Huemumym no kamanus, Beneapcka akademus na naykume, yi. Axao. I'. Bonues, 1. 11,
1113 Cogpus, Bvacapus
2, Hnue Movpeynecxy* Hncmumym no ¢usuxoxumus, Pymoncka akademus, 202 6yn. Huoenenoenyeil,
060021 Byxypew-12, PymvHus

Iocrprmna pespyapu, 2013 r.; mpuera maii, 2013 .
(Pestome)

W3cnensan € epekThT OT KOIMYECTBOTO HA HUKENA BHPXY CTPYKTYpaTa, peyllupyeMOCTTa U aKTHBHOCTTA Ha CMe-
CCHUTE MCTAIHU OKCH/IH, TOJyUYCHH Ype3 KOHTPOJIMpaHa TepMHUYHA 00paboTka Ha cbyTracHH Ni-Al cioucTH IBONHM
XUAPOKCHIHN, KaTO MPEKypCcopU Ha KaTanu3aTopu 3a ounctane oT CO, upe3 peakiusaTa Ha MeTaHUpaHe, TPOMEHIHKH
MosTHOTO choTHOMEeHHE NiZ /ALY (NiZ/AIP* = 0.5, 1.5 u 3.0) u Temmeparypurte Ha peayKims U peakuust. Upes mpaxosa
nmudpakiys Ha PEHTTCHOBU JTbYH Ha TEPMHYHO 00padoTBanuTe 00pasiu (200—1000 °C) e yctaHOBEHO 00pa3yBaHETO Ha
HaHo-pazMepau NiO- u mmuneno NiAlO,-nono6Hu (a3u B pa3nuyHO CHOTHOLICHHE U CTEIEH Ha KpucraiaHocT. Karo
HaW-ToIX0/Is1MIa 32 HaKalsiBaHe Ha oOpa3nuTe e n3dpana temreparypara ot 500 °C mopaau BUCOKaTa TUCTIEPCHOCT Ha
CMECEHHTE OKCHIIHU (pa3u, KOETO MPEONpPeesis BUCOKA JUCTIEPCHOCT U HA METAITHUSI HUKEJ CIIe]| PeAYKIIUSI.

Paszkputo e, ue cnen npeaBaputenna peaykuus in situ npu 400, 450, 530 u 600 °C, Bcuuku U3CieIBaHN KaTau-
3aropu epexktuBHO xuaporenupar CO, npu peakunonuu remneparypu ot 400 1o 280 °C 1 06eMHH CKOPOCTH MEKAY
3000 1 22000 u™'. U TpuTe karanuzaTopa Moka3BaT CpaBHUMa aKTHBHOCT IIPH NO-HUCKH PEAYKIIMOHHH U PEAKIIMOHHU
TEeMIEpaTypH mopaju o0pa3yBaHEeTO Ha JIeCHO peayrpyeMu Ni2-O BHI0BE, KOUTO MOPAKIAT JOCTAThYCH OPOi OT
JOCTBHITHU N]0 AKTUBHU MECTA Ha MOBBPXHOCTTA. PCFI/ICTpI/IpaHO € YaCTUYHO BB3CTAHOBABAHC Ha II'bpBOHAaYaIHATa
CJIOHCTA CTPYKTYpa B 00pa3LHUTe C MO-BUCOKO ChABPKAHUE HA HUKEN CIIe/l MPUKITIOYBAHE HA KATAIUTHUYHUST TECT.

IIpeauMcTBOTO HA KaTaIM3aTopa ¢ Hall-HUCKO ChbPKaHUE HA HUKEJI IPOJIMYaBa [P HUCKU PEAYKLIMOHHU U PEaK-
IMUOHHU TEMIICPATYPH. Herosara MMPOU3BOJUTCIIHOCT JOMUHHPA CIIC PCAYKIUA ITPU ITO-BUCOKH TEMIIEPATYPH IOpaInu
ponsra Ha NiAlLO, mmuneno-noxodHa ¢a3a na AeiicTBa Karo ,,pe3epBoap*, Mopaxaall HOBH KOJIMYECTBA METAJICH
Hukesn. [ToHM)KaBaHETO Ha aKTMBHOCTTA HAa OCTAHAIWTE KaTaJM3aTOPH CE MPUIKCBA TJIaBHO HA CHHTEPOBAHETO Ha
METAJIHUAT HUKECII.
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