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A series of copper/aluminum nanocomposites with different mixing homogeneities and different texture
features were prepared via various inorganic synthesis methods including coprecipitation, gelation, and
stepwise thermal modification. Nitrogen sorption measurements and X-ray diffraction were used for textural
and structural analysis, respectively. Selgblid reaction analysis and differential scanning calorimetry
(DSC) analysis were developed for the determination of the mixing homogeneities of copper-based
nanocomposite materials. A sintering experiment at-28 °C for 350 h under methanol-steam reforming
conditions was carried out to compare the stability of supportetin@noparticles. Although a large
initial size of supported nanoparticles is not favorable, those supported nanoparticles with a small initial
size cannot ensure good thermal stability. The mixing homogeneities of Cy@/Aixed metal oxide
(MMO) nanocomposites significantly affected the thermal stability of their reduc@drstallites. Besides
homogeneity control, creation of narrow distributions of pore sizes with small major pore diameters
(e.g., around 3.5 nm) can also be used for the stabilization of supporteda@iaparticles. We found
that mixing homogeneity of a nanocomposite is likely the major factor in the stabilization of nanoparticles,
whereas a narrow distribution of pore sizes might confine the growth of nanoparticles, possibly via space
limitations. Field-emission scanning electron microscopy (FESEM), high-resolution transmission electron
microscopy (HRTEM), and convergent beam electron diffraction (CBED) were used for the observation
or structure determination of the copper/aluminum nanocomposites. This paper also provides information
on the deactivation of copper catalysts via thermal sintering under methanol-steam reforming conditions.

1. Introduction obtaining a reliable assessment of particle positions in an
array and distinguishing between the different species are
very difficult.? In this work, copper-containing nanocom-

posites were studied as examples of mixed metal oxide
(MMO), metal/support, and decomposable nanocomposite

The thermal stability of metal or metal oxide nanopatrticles
is generally improved by dispersing them on ceramic
supports like alumina and silidaThe small metal or metal
oxide crystallites often are anchored to them by van der materials
Waals forces or chemical bonds, thus avoiding particle ' N o
migration and subsequent coalescence of partides. “The homogeneous depositieprecipitation (HDP) method

When two or more phases are mixed together via physical With the use of urea at 9tC, which does not produce gels
or chemical methods to make a nanocomposite, a combina-PUt Produces precipitates, has been developed by Geus et
tion of properties may be obtained, which are not available &l- for the preparation of highly loaded and highly dispersed
in any of the individual componentsHomogeneity of a oxide-supported metal cataly$tsA novel urea-gelation/

nanoparticle mixture, representing the quality of nanoparticle thermal-modification me.thod, Whic,h produces copper/
mixing and defined here as the degree of mixing (or aluminum gels after gelation and is different from the HDP

homogenization) of the nanoparticles of different phases, is Method of ref 4, was used in this paper to provide copper/

important for the performance of structural materials, coat- &luminum nanocomposites with narrow distributions of pore
sizes and small major pore sizes (e.g., around 3.5 nm), for

ings, catalysts, and advanced energetic, electronic, photonic o )
and magnetic materiafs. the stabilization of Clinanoparticles.

The degree of mixing has been determined by analyzing Herein, we present the preparation of copper/aluminum
images of particle arrays using microscopy, photography, hanocomposites with different texture features and different

and/or video tools. However, for nanoparticle mixtures, homogeneities using various inorganic synthesis methods,
the determination of mixing homogeneity of nanocomposites
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Table 1. Nomenclature of Uncalcined Xerogel/Precipitates

CuO/AlLO3 ratio?
denomination of xerogel/precipitates nominal ratio (wt %) actual ratio (wt %)
C100-NaHCQ 100/0 100.0/0.0
A100-NaHCQ 0/100 0.0/100.0
CA50-NaHCQ 50/50 49.8/50.2
CA50-NaCO; 50/50 51.4/48.6
CA50-(NH,)2,CO3 50/50 48.9/51.1
CA50-3.0Urea 50/50 53.2/46.8
CA50-1.0Urea 50/50 52.4/47.6
CA30-(NH,)2,CO3 30/70 27.2/72.8

aC, copper; A, aluminum; 50, nominal ratio for prior element; Urea, precipitant; 3.0, times of stoichiometric requirement of the precipitant used for
synthesis. Others are defined similafyElemental composition.
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Figure 1. X-ray diffraction (XRD) patterns of uncalcined precipitates. (1) C100-NaklG2) CA50-NaHCQ, (3) A100-NaHCQ.

supported nanoparticles via the control of mixing homogene- 24000

ity and the tuning of pore size distribution. The method of A CuALO, M CuO

determining mixing homogeneity via sotigolid reaction 20000
analysis has potential applications for mixed oxide materials/
catalysts that soligsolid reactions, e.g., the formation of ~_ '%%~
AB,O, spinels or ABQ perovskites, can occur under g 12000
appropriate temperature. >

In light of the importance of copper-based catalysts in 'E

. . . 8000 -

methanol synthesis, steam reforming, and decomposition<
reactions, surprisingly, there is not a wealth of information 4000 4
available on the deactivation of copper catalysts in these
reactions. In contrast, the literature on the deactivation of, P RE— 2 . —
for example, platinum and nickel catalysts is much more 25 35 45 55 65
extensive than the literature on the deactivation of copper Scanning angle (26), deg

catalyst®. This paper also provides information on the Figure 2. XRD patterns of calcined precipitates. (1) CA50-NaHCO

deactivation of copper catalysts via thermal sintering under calcined at 90CC for 3 h, (2) CAS0-NaHC@ 700 °C/3 h, (3) CASO-
NaHCGQ, 400°C/3 h, (4) A100-NaHC@ 700°C/3 h, (5) A100-NaHC@

methanol-steam reforming conditions. In summary, this paper 4oq ¢z n.

focuses on the materials science (e.g., thermal stability) of

copper-based nanocomposites. Catalytic properties of thesel00 °C, without filtration or washing for both. Others were all

materials will be covered elsewhere. precipitates, prepared with 1.05 times the stoichiometric require-

ments of precipitants at 5@C under vigorous stirring by conven-

tional coprecipitation methods, filtered afte h digestion, washed

by water, and dried at 10€C. Air was the atmosphere used in
2.1. SynthesisThe sources of Al and Cu were Al(N§2-9H,0 drying and calcining. The 256600 and 256-800 °C sintering

and Cu(NQ@)23H;0, respectively (all from Strem Chemicals, Inc.), experiments were conducted in helium by loading powders in quartz

whereas the dosages were all determined on the basis of the nominaboats in a tubular furnace, fueled with a gbH/H,O mixture at a

ratios in Table 1. Xerogel CA50-3.0Urea and precipitate CA50- methanol-based weight hourly space velocity of 0.36 At each

1.0Urea were gelated and precipitated, respectively, atCQthder temperature stage, samples were quickly cooled to room temper-

vigorous stirring by reacting 3.0 and 1.0 times the stoichiometric ature, after 2 and 50 h (25@B00°C sintering experiment), or after

requirement of the precipitant urea with the solutions of Al and 5 and 50 h (256-800 °C sintering experiment), for XRD scans.

Cu sources. The former was dried at 180 and the latter at 2.2. Characterization. The elemental compositions of the

products were determined by an IRIS ICP-OES. Crystalline phases

(5) Twigg, M. V.; Spencer, M. STop. Catal.2003 191—-203. were identified by powder X-ray diffraction using a Scintag XDS-

2. Experimental Section
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Table 2. Formation of CuAl,0O4 Phase in Calcined Materials

materials before calcination calcination process LcuoE111f (nm) 1(CUAl,O4)/1(CuOy
CA50-(NH,)2COs 700°C/3 h 11.9 5.01
CA50-NaHCQ 900°C/3 h 29.5 1.59
CA50-NaHCQ 700°C/3 h 17.5 0.72
CA50-3.0Urea 700C/3 h 11.8 0.33
CA50-1.0Urea 700C/3 h 9.2 0.14
CA50-Na&CO3 700°C/3 h 16.6 0.10
CA50-mixture 700°C/3 h 23.2 0.05
C100-NaHCQ 700°C/3 h 54.6 N/A

a Average CuO crystallite size in the direction perpendicular to thgld) reflecting planes. Other similar terms follow this definitiS’)RD peak
intensity ratio of CuAdO,4 (311) to CuO ¢111).1, the intensity of a XRD peak determined by background subtraction and curve fititmyvder mixture
of C100-NaHCQ@ and A100-NaHC®@were ground together for 30 min, mixed in water in a Vortex mixer at 500 rpm for 2 h, and then centrifuged and dried
at 100°C.

2000 diffractometer with Cu & radiation. Volume-weighted
average crystallite sizes were determined by X-ray diffraction line
broadening analysis (LBA), where data of integral line breadth were
employed using a Scherrer constant of 40Micrometrics ASAP B
2010 surface area system was used for nitrogen sorption measure% B
ments. Desorption branches of isotherm plots were used for BJHE
pore distribution analysis. Thermal analyses were carried out using g _
a DSC 2920 differential scanning calorimeter and a Perkin-Elmer =
TGA-7 in nitrogen with ramps of 10C/min. Field-emission
scanning electron microscopy (FESEM) studies were carried out
using a Zeiss DSM 982 Germini FESEM with a Schottky emitter

5.5 : : : . ;
operated at 10 kV and a beam current of aboutA. High- 0 50 100 150 200 250 300 350 400 450

resolution transmission electron microscopy (HRTEM) combined gy, up Temperature/°C
with convergent beam electron diffraction (CBED) was employed

for structure analysis using a JEOL 2010 FasTEM with an precipitates/xerogels. (1) A100-NaHGQ2) C100-NaHC@, (3) CA50-
accelerating voltage of 200 kV. mixture, (4) CA50-NaHC@

Figure 3. Differential scanning calorimetry (DSC) curves for uncalcined

3. Results and Discussion homogenization achieved on mixing, and the intimacy of
contact between the grains, as well as the temperéiline.
sizes of CuO crystallites and AD; particles in different
samples are in narrow ranges, and therefore, the particle size
effect on this solid-solid reaction is considered to be

3.1. Synthesis and CharacterizationA group of decom-
posable materials were prepared by coprecipitation and
gelation methods. As listed in Table 1, all actual composi-

tions are close to their nominal ones. XRD patterns in Figure negligible. After calcination at 908C, more CuAJO, phase
1 show that the uncalcined C100-NaHE® a crystalline g produced, as revealed by the obviously higher ratio of
malachite (CuCO;(OH)) phase. XRD and thermogravimet- peak intensities of CuAD, (311) to CuO ¢111). This
ric analyses show that the uncalcined A100-NaH@an indicates that this solidsolid reaction at 700C was less
X-ray amorphous Al(OH) phase. The uncalcined CAS0-  ttected by atomic/particle migration than that at 9D
NaHCQ; is a nanocomposite composed of mixed;C0s- Thus, it appears that Cufd, formation during calcination
(OH). and Al(OH); nanoparticles. at 700°C can be used to determine the homogeneities of
As shown in Figure 2, the Al(OH)phase (A100-NaHCE CuO/AlL,0; MMO nanocomposites. The results are listed in
decomposed into an X-ray amorphous,@ phase after  tapje 2. An order of the homogeneities of CuQd
calcination at 400 or 700C. After calcination at 400C, nanocomposites can be obtained (using the nomenclature of
CAS50-NaHCQ became a nanocomposite of mixed CuO and heir uncalcined precursors): CA50-(MpCOs > CAS50-
Al,O; phases. After calcination at 70C€, CA50-NaHCQ NaHCQ; > CA50-3.0Urea> CA50-1.0Urea> CA50-Na-
became a nanocomposite of mixed CuQ) and CuAlO, CO; > CA50-mixture. After calcination at 700C, the
phases. These data suggest that the @DAphase is the  4yerage size (23.2 nm) of the CuO crystallites in the CA50-
product of the soliersolid reaction between CuO and@ mixture was significantly smaller than the size (54.6 nm) in
phases. This is consistent with that found in literatu@her C100-NaHCQ. This suggests that compared with the pure
copper/aluminum xerogel/precipitates have similar thermal 4 achite phase in C100-NaHGQmechanical mixing of
decomposition behavior: CuO and 8% phases were  majachite phase with Al(OH)phase did improve the thermal

produced at a low temperature, whereas a QOAbhase  gapility, herein the resistance to sintering, of the produced
was formed at 700C. The rate of a soligsolid reaction CuO nanoparticles.

depends on the particle size of the reactants, the degree of . .
P P g Precipitate CA50-NaHC®is structurally composed of

(6) Bergeret, G.; Gallezot, P. IHandbook of Heterogeneous Catalysis mixed nanOpartICIes of C100-NaHG@nd A100-NaHCQ

vol. 2; Ertl, G., Knitzinger, H., Weitkamp, J., Eds.; VCH: Weinheim, ~ This coincidence occurred only when NaHQ@as used as
Germany, 1997, pp. 446450.

(7) (a) Luo, M.-F.; Fang, P.; He, M.; Xie, Y.-L1. Mol. Catal. A: Chem.
2005 243-248. (b) Shaheen, W. Mlhermochim. Act2002 105- (8) West, A. R.Solid State Chemistry and Its Applicationg/iley:
116. Chichester, U.K., 1984; p 16.
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Figure 4. BJH pore size distribution of calcined nanocomposites. (1) CA504pCDs-700°C, (2) CA50-NaHC@-400°C, (3) CA50-NaCOs-400°C, (4)
CA50-3.0Urea-40tC, (5) CA50-1.0Urea-40C 1 and 2 follow the scale of the right ordinate axis anebJollow the scale of the left ordinate axis.

Table 3. Nomenclature and Physical Properties of Nanocomposites for the 25600 °C Sintering Experiments

SA (m/g)°

denomination of calcined xerogel/precipitates calcn. process Lcuo (Nm) pore diameter (nri) before MSR after MSR
CA50-(NH,),COs-700°C 700°C/3 h 11.9 22.4 47 74
CA50-NaHCQ-400°C 400°C/3 h 13.2 21.6 70 61
CA50-NaC0s-400°C 400°C/3 h 6.5 10.3 122 60
CA50-3.0Urea-40tC 250°C/2 h, 400°C/3 h 7.6 4.2 217 94
CA50-1.0Urea-40TC 250°C/2 h, 400°C/3 h 8.5 3.8 150 87

a Average pore diameter 4A by BET). > BET specific surface area.

the precipitant. A mechanical mixture of C100-NaH{ADd 3.2. Stability of Copper Nanoparticles. Sintering is a

A100-NaHCQ powders, named CA50-mixture, was made gradual increase in the average size of crystallites or growth
to have the same composition as CA50-NaHCD the of the primary particles in a material/catalyst at temperatures
temperature range below 40C, malachite and Al(OH) below the melting point of the crystallites or particles.
phases simply decompose to form CuO ang3| respec- Sintering leads to a decrease in surface area tSlijetime
tively, and do not react with each other. DSC was applied of materials and catalysts may be significantly affected by
in both physical changes such as melting and chemical their resistance to sintering. Supportec® @anocomposites
reactions such as decompositfos shown in Figure 3, the ~ may be useful as electronically conducting materials (e.g.,
DSC curve for the amorphous Al(OH)phase (A100- in solid oxide fuel cells) or industrial catalysts!? Table 3
NaHCQ) contains a short and broad major peak at 129 and Figure 4 show the texture features of the calcined copper/
whereas the malachite phase DSC curve has an intense angluminum nanocomposites prepared for the 2600 °C
sharp decomposition peak at 312. Comparing the DSC sintering experiment under methanol-steam reforming (MSR)
curve with that of C100-NaHCQthe peaks for the malachite ~ conditions, from which reducing gases such aswl be
phase in the CA50-mixture and CA50-NaHg6hifted to ~ Produced over supported copper catalysts. The CAS50-
315 and 336°C, respectively. The peaks for the malachite 3.0Urea-400C and CAS50-1.0Urea-40C samples have
phase in the CA50-mixture and C100-NaHE e intense  harrow distributions of pore sizes with a major pore diameter
and sharp, whereas that in CA50-NaHg®©short and broad. @t 3-35 and 3.50 nm, respectively, whereas the pores of the
The malachite nanoparticles in C100-NaH@®e aggregated ~ Other three are all widely d|str_|buted with muc_h Ia_rger
because nothing segregated them, whereas those in CA50verage pore diameters. Stepwise thermal modification at
NaHCQ; are dispersed because the Al(@phase segregated 220 and 400C was used to enhance the narrowing of pore
them. Therefore the location and shape of the peak for theSiZes Of CAS0-3.0Urea-40C and CAS0-1.0Urea-40C.
malachite phase can be used to determine the homogeneity "€ c@lcination of a small quantity of urea-containing Cu/

of malachite/A(OH) nanocomposites. Curve 3 is more Al composite materials in a muffle furnace was safe, but
similar to curve 2 than curve 4. This indicates that the SPECial precautions regarding hazards (e.g., temperature

malachite nanoparticles in CA50-NaHgQre dispersed runaway) might have to be taken during the heat-treatment

much better than in the CA50-mixture. Therefore, the order

it ; i (9) Haines, P. J.; Wilburn, F. Wrhermal Methods of AnalysiBlackie
of the homogeneities of malachite/Al(OfH)anocomposites Academic & Professional: Glasgow, Scotland, 1995: p 78

can be made: CA50-NaHGO CA50-mixture. Combining (10) Falconer, J. L. IrCatalysis: Science and Technologynderson, J.
with the order for the homogeneities of CuO/B% nano- R., Boudart, M., Eds.; Springer-Verlag: Berlin, 1996; Vol. 10, p 202.

: p o i (11) (a) Park, S.; Vohs, J. M.; Gorte, R. Nature 200Q 265-267. (b)
composites, a “hereditary” character was revealed: the Boder, M.; Dittmeyer, RJ. Power Source00§ 13-22.

homogeneity of a decomposable copper/aluminum nano-(12) (a) Frank, B.; Jentoft, F. C.; Soerijanto, H.; Kroehnert, J.; Schloegl,

. - . . R.; Schomaecker, R]. Catal. 2007, 177-192; (b) Twigg, M. V.
composite dominated the homogeneity of its decomposed Catalyst HandboukManson Publishing: Lond(o%’ 1938; b 455

product. 468.
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Table 4. Nomenclature of Nanocomposites for the 250800 °C Sintering Experiment

denomination of calcined precipitates calcn. of precipitates Lcuo (Nm) 1(CuAl;04)/1(CuO)
CA30-(NH,),COs-600°C 400°C/3 h, 500°C/1 h, 600°C/2 h 35.0 0.36
CA30-(NH,).COs-750°C 750°C/3 h N/A2 ©
C100-NaHC@-400°C 400°C/3 h 23.4 N/A

aNo CuO phaSGLCuA|204(311)= 4.7 nm.

407 5s00c! 350°C! 400°C 450°C! 500°C | 550°C' 600°C have widely distributed pore sizes, all have an increasing
trend, fast or slow, during this sintering experiment. These
results suggest that narrowly distributed pore structures can
prevent the supported Carystallites from further growth
over a wide temperature range, and suggest that the copper/
aluminum nanocomposite with a better homogeneity may
have a wider sintering stop zone. The reduced CA50-
3.0Urea-400C and CA50-1.0Urea-40€ show a rapid
increase in Cicrystallite sizes below 35%C, but the reasons
are not yet fully understood.

Sintering of CU crystallites in reduced CA50-3.0Urea-
v 400°C and CA50-NaHC@400°C samples was much less

35

30 4

25

Avg. size of c’ crystallites /nm

20 4

0 30 100 150 200 250 300 350 severe than those in reduced CA50-1.0Urea*@0@nd
Accumulated time of sintering /hr CA50-NaCO;-400°C samples, respectively. These results
Figure 5. Average crystallite sizetcy11) of reduced nanocomposites  suggest that the better the homogeneity of a Cug@Al
during the 256-600°C sintering experiments. (1) CA50-(N}ACOs-700°C, ; ; ;
(2) CA50-NaHCO3-408C, (3) CA50-NaCOz-400°C, (4) CA50-3.0Urea- MMO, the less its reduced .ewrySta"'t.e.s sinter. For a
400°C, (5) CA50-1.0Urea-40C. nanocomposite with a certain composition, sintering of a

component like Clicrystallites depends on how well it is

dispersed by a refractory component like@d. The interac-

tion between metal and oxide support is mainly due to van
800 °C der Waals force3.The larger the area of the “adhering”

40 3—e |
|
3 interface between Curystallites and the AD; phase, the

35 4

500 °C 600 °C

|

1
30 - 1

l better the CRicrystallites can be “anchored” on the surface
‘ of the ALO3; phase to minimize particle migration and thus
increase the resistance to sintering. Therefore, the homogene-
ity of a CW/Al,O3 nanocomposite can be deduced from its
resistance to sintering. The “hereditary” character of the
homogeneity of a nanocomposite may be further extended:
the homogeneity of a CuO/AD; MMO nanocomposite

25 4
20 -
15 4

Avg. size of c’ crystallites /nm

0 50 100 150 200 2;0 dominates the homogeneity of its reduced product.
Accumulated time of sintering /hr At the beginning of this sintering experiment, the reduced
Figure 6. Average crystallite sizekcy11) 0f reduced materials during CA50-NgCOs-400°C sample had the smallest average size
the 250-800 °C sintering experiment. (1) CA30-(N§3COs-600°C, (2) (8.6 nm) of C@ crystallites. At the end of this sintering

CASO-(NH)LCO:750C, (3) C100-NaHC@400°C. experiment, however, it had the largest average size (37.7

nm) of Cf crystallites. These data suggest that a small initial

of a large quantity of urea-containing Cu/Al composite size of supported particles cannot ensure good thermal
materials. stability, which is significantly affected by the mixing

X-ray diffraction line broadening analysis (LBA) is widely homogeneity and pore size distribution of the material. The
used for characterizing the average size of crystallites suchincrease in the surface area of reduced CAS50AMNED:-
as supported metal crystallites and is well-suited for the study 700°C, as shown in Table 3, is due to the releasegDAl
of sintering® The LBA data of this sintering experiment are during the reduction of the CufD, phase. The smallest
shown in Figure 5. All CuO phases were reduced t8 &u  average size of Cierystallites at the end of the 60C stage
250 °C, whereas the Cuphase was gradually produced was achieved by reduced CA50-(WLCOs-700°C sample,
during the reduction of the Cufd, phase in CA50-(Nk)- the CuO/CuAdO, nanocomposite with the best homogeneity,
CGOs-700°C and became a dominant crystalline phase by large average pore size, and broad pore size distribution.
the end of the 350C stage. The five sintering curves in  These data suggest that mixing homogeneity may have a
Figure 5 can be divided into two distinct categories: two more significant effect on the stabilization of nanoparticles
with narrowly distributed pore sizes that both have a “sin- than the pore size distribution. Mixing homogeneity of a
tering stop zone” (350600 °C for CA50-3.0Urea-40TC, nanocomposite is likely the major factor for the stabilization
350-500 °C for CA50-1.0Urea-40TC) where the average  of nanoparticles, whereas a narrow distribution of pore sizes
sizes of CH crystallites stopped increasing; whereas the might confine the growth of nanoparticles, possibly via space
average sizes of Cuwrystallites of the other three, which  limitations.
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«420

Figure 7. Electron microscopy studies of the nanocomposites after sintering experiment$.GA30-(NH,),CO;-750 °C after the 256-800 °C sintering
experiment: (a) HRTEM image (scale bar, 100 nm), (b) electron diffraction pattern of a dark-colored substance., (c) lattice fringe 6{0Cspinel
phase (scale bar, 5 nm).{§) FESEM images of the samples after the 2800 °C sintering experiment: (df) CA50-3.0Urea-400C (scale bars, 100 nm),
(g) CA50-1.0Urea-400C (scale bar, 100 nm), (h) CA50-M20s-400 °C (scale bar, 100 nm), (i) CA50-MNa&0s-400 °C (scale bar, 500 nm), (j) CA50-
N&aC0s-400 °C (scale bar, 200 nm).

Table 4 shows the (CuO)/ADs/CuAl,O, nanocomposites 6, C100-NaHC@400°C was reduced to Cuand was sig-
and CuO nanoparticles prepared for the 2800 °C sin- nificantly sintered at 250C. This explains why nonrefractory
tering experiment under MSR conditions. As shown in Figure nanoparticles usually should be supported by refractory
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phases. Curve 1 at 25%C shows that very large CuO were prepared via different inorganic synthesis methods
crystallites may produce unfavorably large®@uystallites, including gelation, coprecipitation, and stepwise thermal
and therefore should be avoided. At 25000 °C, the C@§ modification. Solid-solid reaction analysis and differ-
phase in curve 2 showed better thermal stability than that in ential scanning calorimetry (DSC) analysis were developed
curve 1. However, both curves 1 and 2 rise rapidly and for the determination of the mixing homogeneities of
converged at 800C, indicating that supported €materials CuO/ALO; MMO and decomposable malachite/Al(QH)

should not be used at a temperature higher than°Z00 nanocomposites, respectively. A “hereditary” character of
3.3. Electron Microscopy Studies.Because of poor  the homogeneity of copper/aluminum nanocomposites was
electrical conductivity and contrast, individual 85 nano- revealed: the homogeneity of a decomposable copper/

particles are invisible to FESEM, which was used to observe 5juminum nanocomposite (e.g., 0;(OH),/AI(OH)s)

the morphology of AlO; aggregates. Both FESEM and 4y dominate the homogeneity of its decomposed product
HRTEM can be used to observe individual®@anoparticles. (e.g., CUOIAIO:), and the latter continues to dominate

T_he dark-colored substa}nces in Figu.re 7a_ are mostly Cu the homogeneity of its reduced product (e.g.%GLs05).
single crygtals that contnbutq to the diffraction spots of the These resuilts clearly show the importance of the chemical
ek_—:‘ctron diffraction pgttern (Figure 7b), and some randomly synthesis of a nanocomposite and the homogeneity deter-
orlentgd Cl.j_AI _O. spinel polycrystals that give rise o th? mination of as-synthesized nanocomposites. Although a large
diffraction rings. Figure 7c Sh.OWS the Iattlpe f(lnges.ofaunlt- initial size of supported nanoparticles is not favorable
(Cﬂl'l():%rj;r;;é?:g%:gl;‘gezptlgeé Zrzyjtﬁ::te.’rr']ré \;\ilg;li-hc;]:re d those supported nanoparticles with a small initial size
substances in Figure 7a are;®% nanoparticles, which seem EZirlir:aost i?sglrj%?f;g trl;]ei)r(rggl :]t:gl“tz;(;ge (rhr/]lll\)jllgg)] ?]Oargge'
cohesive but act as a carrier for dispersed @articles. ) -1 g
Individual Al,O; particles are round flakes with a diameter COMPOSites significantly affect the thermal stability of
their reduced Cu crystallites. Besides the homogeneity

of about 8-10 nm and are randomly aggregated, whereas ) VeSS i
some are sintered as rodlike bars, observed also in reduce@®ntrol. creation of narrow distributions of pore size

CAS50-1.0Urea-400C (Figure 7 g), with a width of a single ~ With small major pore diameters (e.g., around 3.5 nm)
particle and a length of 4065 nm. As shown in images d ~ ¢&n also be used for the stabilization of supported Cu
and e in Figure 7, the morphology of & in reduced CA50- ~ Nanoparticles.
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