‘ ! ! . UCRL-JRNL-204928

LAWRENCE
LIVERMORE
NATIONAL

ooy | SYNthesis of High Surface Area Alumina
Aerogels without the Use of Alkoxide
Precursors

T. F. Baumann, A. E. Gash, S. C. Chinn, A. M.
Sawvel, R. S. Maxwell, J. H. Satcher Jr.

June 25, 2004

Chemistry of Materials




Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor the University of California nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any
specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United
States Government or the University of California. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States Government or the University of California,
and shall not be used for advertising or product endorsement purposes.



Synthesis of High Surface Area Alumina
Aerogels without the Use of Alkoxide

Precursors

Theodore F. Baumann, Alexander E. Gash, Sarah C. Chinn, April M. Sawvel, Robert S.

Maxwell and Joe H. Satcher, Jr.

Lawrence Livermore National Laboratory, Chemistry and Material Science Directorate,

P.O. Box 808, L-092, Livermore, California 94551

AUTHOR EMAIL ADDRESS:baumann2@linl.gov




Abstract

Alumina aerogels were prepared through the addition of propylene oxide to aqueous or
ethanolic solutions of hydrated aluminum salts, A&H,O or AI(NO,),.9H,0, followed

by drying with supercritical CO This technique affords low-density (60-130 k§/m

high surface area (600-70C/g) alumina aerogel monoliths without the use of alkoxide
precursors. The dried alumina aerogels were characterized using elemental analysis, high-
resolution transmission electron microscopy, powder X-ray diffraction, solid state NMR,
acoustic measurements and nitrogen adsorption/desorption analysis. Powder X-ray
diffraction and TEM analysis indicated that the aerogel prepared from hydratedrAlICI
water or ethanol possessed microstructures containing highly reticulated networks of
pseudoboehmite fibers, 2-5 nm in diameter and of varying lengths, while the aerogels
prepared from hydrated AI(N@ in ethanol were amorphous with microstructures
comprised of interconnected spherical particles with diameters in the 5-15 nm range. The
difference in microstructure resulted in each type of aerogel displaying distinct physical
and mechanical properties. In particular, the alumina aerogels withvebkke
microstructure were far more mechanically robust than those with the colloidal network,
based on acoustic measurements. Both types of alumina aerogels can be transformed to
y-Al, O, through calcination at 80 without a significant loss in surface area or

monolithicity.



Introduction

High surface area aluminas are widely used as catalyst and catalyst supports as well
as adsorptive material in separation applicatiohsaddition, micro- and nanocrystalline
aluminas are also commonly used as precursor materials fof-Bdsed ceramics.For
these applications, one must be able to reliably control composition, porosity and surface
areas of the aluminum oxide materials. Among the synthetic routes that can be used to
prepare aluminas, the sol-gel process provides an excellent method for controlling the
structural and textural properties of the resultant aluminum oxide. Sol-gel derived
aluminas are typically prepared through the catalyzed hydrolysis and condensation of
aluminum alkoxide precursors, such as aluminum isopropoxide or aluminum sec-
butoxide®*?® While this approach has been used to prepare a variety of high surface area
aluminas, including aerogels and xerog&f8 aluminum alkoxides are very reactive and
thus reactions involving these precursors typically require complex solvent mixtures or
the addition of chelating agents to control the hydrolysis and condensation rates.
Therefore, it would be desirable to develop a sol-gel method that utilizes simple
aluminum salts in the preparation of high surface area aluminas, avoiding the use of
highly reactive alkoxide precursors. Such an advance would present a simple and cost-
effective method for the design of new alumina materials for catalysis, separations and
ceramics.

We have recently developed a new sol-gel technique for the synthesis of transition
and main-group metal oxide aerogels, xerogels and nanocomgdéite3his new

method involves the use of epoxides as gelation initiators in the preparation of sol-gel

materials. In this approach, the epoxide acts as an acid scavenger in the sol-gel



polymerization reaction, driving the hydrolysis and condensation of the hydrated metal
species. The slow and uniform increase in the pH of the solution leads to the formation
of hydrolyzed metal species, which link together through olation and oxolation to give a
sol of metal oxide particles that subsequently cross-link to afford a monolithic gel. The
epoxide is ultimately consumed in the gelation reaction generating ring-opened by-
products. One of the advantages to this technique is that it utilizes simple metal salts
(e.g. metal nitrates or halides) as precursors in the sol-gel reaction, eliminating the need
for organometallic precursors such as metal alkoxides. In the work presented here, we
report the synthesis of high surface area alumina aerogels through the sol-gel
polymerization of hydrated aluminum salts, AMGH,0O or AI(NO,).,-9H,0, using
propylene oxide as the gelation initiator. This technique affords low-density monolithic
alumina aerogels without the use of alkoxide precursors. The textural properties of the
alumina aerogels prepared by this method compare favorably with those of conventional
alkoxide-derived alumina aerogels. One of the interesting aspects of this work is that the
anion of the Al(lll) salt used in the sol-gel reaction appears to have a significant impact
on the structural and mechanical properties of the aerogel materials.
Experimental Section

Materials and Methods. Aluminum(lll) salts, AICL.6H,0 and AI(NQ),;-9H,0,
propylene oxide (Aldrich, 99%) and ethanol (200 proof, Aaper) were all used as received.
All syntheses were performed under ambient conditions. In a typical synthesis,
AICI.6H,0 (2.96 g, 12.3 mmol) was dissolved in 20 mL of a 50/50 v/v mixture of water
and ethanol. Propylene oxide (7.86 g, 135 mmol) was then added to the clear solution.

The reaction mixture was stirred for 10 min, transferred to plastic molds and the solutions



were allowed to gel at RT for 24 h. Gel formation typically occurred within 2 h,
affording transparent monoliths. The gel parts were then soaked in a bath of absolute
ethanol for 1 day to exchange the water and reaction by-products from the pores of the
material. The wet alumina gels were processed in a Pdlacoitical point extractor.

The ethanol in the pores of the wet gels was exchanged with liquido€3-4 days,

after which time, the temperature was ramped up t8C;48hile maintaining a pressure

of ~100 bars. The autoclave was then depressurized at a rate of ~ 7bar/h, affording the
aerogels as transparent monoliths. This particular formulation will be denoted as Al-
CWE. To help determine the role of the anion and solvent in gel formation in this
system, alumina gels were also prepared from different salts and solvent systems using a
procedure similar to the one described above. For example, proplyene oxide (7.86, 135
mmol) was added to solutions of (1) AI(NGIH,O (4.6 g, 12.3 mmol) in absolute
ethanol (20 mL), denoted as Al-NE; (2) AJ®&H,O (2.96 g, 12.3 mmol) in water (20

mL), denoted as Al-CW; (3) AIGIBH,O (2.96 g, 12.3 mmol) in absolute ethanol (20
mL), denoted as AI-CE. The wet gels were processed in an identical fashion as for Al-
CWE, affording the aerogels as transparent or white translucent monoliths. Calcination
of the alumina aerogels was performed heating the aerogel samples to eifepn6500
80C°C at 3C/min in a furnace and holding at that temperature for 2 h.

Characterization. The bulk densities of the alumina aerogels were determined by
measuring the dimensions and mass of the monolithic sample. Elemental analyses were
performed by Galbraith Laboratories, Knoxville, TN. Surface area determination and
pore volume and size analysis were performed by Brunauer-Emmett-Teller (BET) and

Barrett-Joyner-Halenda (BJH) methods using an ASAP 2000 Surface Area Analyzer



(Micromeritics Instrument Corporatioff). Samples of approximately 0.1 g were heated

to 150C under vacuum (10Torr) for at least 24 hours to remove all adsorbed species.
Nitrogen adsorption data were then taken at five relative pressures from 0.05 to 0.20 at
77K to calculate the surface area by BET theory. For BJH analyses, average pore size
and pore volume were calculated using data points from the desorption branch of the
isotherm. High-resolution transmission electron microscopy (HRTEM) was performed on
a Phillips CM300FEG operating at 300 KeV using zero loss energy filtering with a Gatan
energy image filter (GIF) to remove inelastic scattering. The images were taken under
BF (bright field) conditions and slightly defocused to increase contrast. The images were
recorded on a 2K x 2K CCD camera attached to the GIF. Powder X-ray diffraction data
were collected using an APD3720 PEI automatic powder diffractometer with an
analyzing crystal and Cudradiation was used. Solid-st&t@&l NMR spectra were
collected using a Bruker DRX-500 NMR spectrometer with an oper4tifigequency of
500.13 MHz and’Al frequency of 130.31 MHz using a Bruker 4 mm CPMAS probe.
The samples were held under magic angle spinning conditions with speeds of 12 kHz.
*’Al spectra were acquired by means of single pulse excitation using pulse widths of 0.65
Ms (1/10 the non-selectiv@2 pulse length of 6.5s) and delay times of 1 sec. Shifts
were referenced to 0.1M AI(N@ at O ppm. The elastic moduli of the alumina aerogels
were calculated using the measured densities and the longitudinal and shear sound
velocities, according to the procedures reported by Gross“ét &bund velocity
measurements were made with a Panametrics ultrasonic analyzer model 5052UA with

180-kHz center frequency transducers. Measurements were made on monolithic right



circular cylinders of aerogel with flat smooth parallel cylinder faces and lengths between
1and 2 cm.
Results and Discussion

Synthesis. Our objective was to develop a straightforward sol-gel method for the
preparation of high surface area alumina aerogels without the use of aluminum alkoxides
precursors. As we have previously shown, main group and transition metal oxide
aerogels and xerogels can be prepared dirdobiypn metal salts using epoxides as
gelation initiators. Mechanistic studies indicate that the epoxide acts as an irreversible
proton scavenger that induces hydrolysis and condensation of the hydrated metal cations.
Many metal cations tend to act as acids when solvated in water because charge transfer
from the coordinated water molecule to the empty orbitals of the metal ion induces a
positive partial charge on hydrogen, thus making the coordinated water more acidic. The
epoxide, when introduced to the reaction, consumes the protons from the hydrated metal
species, driving the sol-gel polymerization reaction. The protonated epoxide is ultimately
consumed during gelation through a ring-opemegction with asuitablenucleoplile™
This process is the basis for the preparation of alumina aerogels without the use of
alkoxide precursors. In solution, the Al(lll) ion forms thexahydrated complex
[AI(OH,),]*. This complex can act as an acid, generating a series of hydroxylated
species, [AI(OHYXOH,),.]®™*, where h can vary from 0 to 4 depending on the pH of the
solution. These hydrolyzed cationic complexes can condense through olation and
oxolation reaction to form polynuclear species, which then serves as the building blocks

for the condensed pha¥é? A stable alumina gel comprised of nanometer-sized particles



can be obtained if the pH of the reaction solution is increased in a slow and uniform
fashion.

In the work presented here, alumina aerogels were readily prepared through the
addition of propylene oxide to aqueous or ethanolic solutions of hydrated Al(lll) salts
followed by supercritical drying of the resultant gel. In the course of this study, we noted
that the reaction solvent and the anion of the aluminum salt had a significant impact on
the physical properties of the resultant aerogels. For example, gels prepared from an
ethanolic solution of either AIGBH,O or AI(NO,),-9H,0 formed quite rapidly (<30
min) and exhibit significant shrinkage (30-50%), relative to the original size of the mold.
As a result, these aerogels, AlI-CE and AI-NE, had higher density (100-138) legch
tended to be cracked monoliths or even powders. The gels prepared from the nitrate salt,
AI-NE, were white and opaque, whereas the AlI-CE monoliths, prepared from the chloride
salt, were transparent. When gelation was performed in water with.®JD, the
transformation occurred much more slowly (14 hr) with minimal shrinkage (5-10%).
This material, AI-CW, showed negligible cracking, had lower densities (~50°)diot
was quite fragile and difficult to handle. The difference in gelation rates between the
ethanol and water reactions may be dwuehe improved nucleoplilicty of the Al(llI)
anions (Cland NQ) towards the protonated epoxide in ethanol as compared to water.
The relative nucleophilicity of the anion in the reaction media would also explain why we
were unable to prepare alumina gels from aqueous solutions of AKBIDO, as nitrate
is a poor nucleophile in water.

One of the limitations associated with aerogel synthesis is that, in general, aerogels

are fragile materials that can be easily damaged upon handling. This characteristic limits



their utility in areas where processing or application dictates some structural form with
moderate strength, such as laser target comporfentherefore, development of
methods that afford low-density aerogel monoliths with improved mechanical properties
is important for future aerogel application studies. For that reason, we sought to optimize
this procedure so that robust alumina aerogel monoliths could be readily prepared. We
determined that this could be accomplished through the addition of propylene oxide to a
solution of AICL.6H,0 dissolved in a 50/50 water/ethanol mixture with subsequent
drying under supercritical conditions. The resultant aerogels, AI-CWE, were transparent,
exhibited relatively little shrinkage (5-10%) and, despite their low density (60°kg/m
were quite robust.

In regard to nomenclature, all of the aerogels obtained from the above reactions are
most likely aluminum oxyhydroxides. Elemental analyses of the as-prepared materials
did not correlate with the theoreticahlues for well-crystallizedoehmite, AIO(OH),
indicating the association of additional water within the aluminum oxide structure.
Results of the elemental analyses also showed that this process generated aerogels
containing minimal amounts of carbon (< 2.7%), indicating that most of the solvent,
epoxide and epoxide by-products ammoved during the C{) exchange and
supercritical drying.

Microstructural Characterization. Transmission electron microscopy was used to
evaluate the microstructure of the alumina aerogels (Figures 1 and 2). The TEM images
of the alumina aerogels show that the materials consist of interconnected networks of
nanometer-sized particles. Interestingly, however, the aerogels prepared from the

chloride salts possess a much different microstructure than those prepared from the



nitrate salt. The aerogel AI-NE is comprised of interconnected spherical particles with
diameters in the 5-15 nm range (Figure 1la). This type of “colloidal” microstructure is
common for many main group and transition metal oxide aerogel materials. By contrast,
the aerogels prepared from the chloride salt in water and/or ethanol consist of fibrous
particles, 2-5 nm in diameter and of varying lengths, interconnected to form a web-like
microstructure (Figure 1b). This fibrous morphology has been reported for alumina
materials prepared from alkoxide precursors.

(@) 20 nm Based on these structural differences, it appears that

| the chloride and nitrate anions have different effects on
the formation of the alumina network. Previous work

on the sol-gel chemistry of transition metal oxides has
shown that anions play a both a chemical and physical
role in the homogeneous precipitation of metal oxides.
Some anions can be strongly coordinated to the metal
cations, thus changing the reactivity of the solvated
metal species towards hydrolysis and condensation.
Once the colloidal particles have formed, the anions can

also modify the aggregation process through changes to

P S y the double layer composition and the ionic strength of
Figurel. TEM images of alumina
aerogels (a) Al-NE prepared from the solution. The interaction of the anion with the metal
AI(NO,),»9H,0 in EtOH and (b) Al-

CWE prepared from AIGI6H,0 in L . .
H,O/EtOH. center is, in general, determined by the electronegativity

of the anion relative to the ligated water molecules. For the anions used in this study,

chloride is typically considered a “non-complexing” anion and, therefore, one would
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expect that it would not be involved in formation of the alumina particles. Nitrate, on
the other hand, can exhibit “weak-complexing” ability and may be involved in the
hydrolysis and condensation reactions. We are currently conducting solution and gel
state NMR experiments to probe the extent to which the Al(lll) anion influences the
formation of the primary alumina particles and the extended aerogel network.

The structural differences observed in these materials are also manifested in the
mechanical properties of the aerogel monoliths. Monoliths of AI-CWE appeared to be
much stiffer and more robust than the other aerogels prepared in thus study. Elastic
moduli of aerogels can be calculated from sound velocity measurements performed on
right circular cylinders of the materials. Using this technique, the elastic modulus of an
Al-CWE monolith with a density of 60 kgfvas determined to be 3.2 MPa. The elastic
modulus for AI-CWE was higher than those reported for,&i@ ALO, aerogels of
similar density’® For example, an alumina aerogel with a density of 40 kpfepared
from alkoxide precursors was determined to be 0.55 MPa. Clearly, the highly
interconnected weblike microstructure of AI-CWE enhances the mechanical integrity of
the low-density aerogel monoliths. Although we wanted to compare this value to that of
an aerogel with a “colloidal” microstructure, such as Al-NE, to determine the influence
that particle morphology and connectivity has on the mechanical properties of the
aerogel, we were unable to prepare right circular cylinders of that aerogel due to the
fragile nature of the Al-NE.

Powder X-ray Diffraction. The aerogels prepared frdmoth the chloride and nitrate
salts were characterized using PXRD. The powder X-ray diffraction pattern for Al-NE

showed no discernable peaks corresponding to crystalline phases of either aluminum
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oxyhydroxide, AIO(OH) or aluminum hydroxide, Al(OK)ndicating that the material is
essentially amorphous. The aerogels prepared from aluminum chloride, Al-CE, AI-CW
and AI-CWE, gave broad diffraction lines that correspond to gelatinous or
pseudoboehmite, AIO(OH) (Figure 2a). Pseudoboehmite is a poorly crystallized form of
boehmite that contains excess water. The lower degree of crystallinity in
pseudoboehmite is reflected in broader X-ray diffraction lines. In general, most alumina
aerogels or xerogels prepared from alkoxide precursors also exhibit XRD patterns with

broad lines corresponding to gelatinous boehmite.

" The degree of crystalline order in gelatinous

% aluminas depends critically on the type and

concentration of the hydrolyzedl(lll)

Intensity

(@) polycations present during formation of the

10 20 30 40 50 60 70 80 90 100
Two Theta

Figure 2. Powder X-ray diffraction patternsifo . . .
(a) AI-CWE and (b) Al-CwE-800 with ¢ Al(Ill) species are, in turn, dictated by a

peaks at 46and 67 marked with an asterisk to
denote thg400] and [440] peaks gfAl ,O,.

condensed phase. The nature of these transient

number of synthetic parameters, such as
reaction pH, solvent, temperature and ionic strength of the solution. Once again, for the
materials prepared in this study, it appears that the Al(Ill) anion used in the reaction
influences the crystallinity of the final alumina product. The use of the “non-
complexing” chloride anion favors the formation of a gelatinous boehmite phase in either
aqueous or ethanolic reaction solutions, whereas the “weakly complexing” nitrate anion
affords gels with no long or intermediate range organization. It is interesting to note that
gels prepared from the chloride salt are similar in both particle morphology and

crystallinity to those prepared froralkoxide precursors. As mentioned earlier,
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mechanistic studies using solution and gel state NMR experiments should provide insight
into the effect that the anion has with the formation of Al(lll) polycations. Nevertheless,
the XRD and TEM data appear to indicate that the choice of Al(lll) anions can be used to
control particle morphology and crystallinity aerogels preparealy epoxide-initiated
gelation.

Solid State NMR. To assess the structure of the Al(Ill) species that comprise the
alumina particles, the aerogels were examined using solid state NMR. Interestingly, the
solid state’’Al NMR spectra for the “colloidal” and “weblike” aerogels are nearly
identical, despite the morphological differences in the primary alumina particles. All of
the aerogels exhibited a broad resonance at ~6 ppm (relative to [AJOHindicating
the presence of octahedrally-coordinated Al(lll) species in the alumina particles (Figure
3a). This observation is consistent with previous work on boehmite gels that showed the

extended boehmite network is comprised primarily of
octahedral Al(Ill) subunits> The one exception to
this trend is seen in tiéAl NMR spectrum for Al-
*‘/\, '\ . (b) CW that, in addition to the broad resonance observed
I at 6 ppm, showed a smaller peak at ~63.5 ppm. This

resonance has been attributed to tetrahedrally

. K « (@) coordinated Al(lll) species. The formation of four-

[UUT I e e e e
I I I

160 0 -1b0 | coordinate Al(Ill) atoms in the AI-CW structure may
ppm

Figure 3. %Al MAS NMR spectra fo

(a) AI-NE and (b) AI-NE-800. The
smaller peaks marked with asterisks are
spinning sidebands of the main peaks.

be explained in part by the longer gelation times
(=14 h) seen for this particular formulation. It has

been previously shown that the base-driven
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hydrolysis of [AI(OH,)¢]** can generate the unusual polycation,J@J(OH),,(OH,),,] ™,

which contains a central AlQetrahedron surrounded by twelve AlGctahedrd® The
mechanism of formation for this polycation has been proposed to involve the
coordination of a monomeric Al(lIl) unit by trimeric species coexisting in solution. The
slower gelation seen for the AI-CW reaction may allow for the organization of these
subunits into the “AkL” polycation and its subsequent incorporation into the alumina
network. The other materials examined in this study, AlI-CE, AI-NE and AI-CWE, all
formed gels within an hour of the epoxide addition. Such short reaction times may
prevent the formation of the “Al' cation, leaving onlyoctahedralAl(lll) species
available for the formation of the condensed phase. Solution state NMR experiments will
be used to determine the type of hydrolyzed polycations present in solution during
gelation for these alumina materials.

Nitrogen Adsorption/Desorption Analysis. The surface areas, pore volumes and
average pore diameters for the alumina aerogels were measured using nitrogen
adsorption/desorption techniques (Table 1). The alumina aerogels prepared in this study
all exhibited surface areas over 60&/gnwith relatively narrow pore size distributions
and average pore diameters in the mesoporic region. The surface areas measured for
these epoxide-derived aerogels are equal to or greater than those reported for alumina
aerogels prepared from alkoxide precursors. Each of the alumina aerogels exhibited type
IV adsorption/desorption isotherms with hysteresis loops at higher relative pressures, a
feature that is typically associated with capillary condensation within mesopores. Since
the shapes of these loops are related to the structure of the pore métivasknot

surprising to note that there are slightferences inhysteresis for these aerogels.
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Specifically, the aerogel with the “colloidal” microstructure, Al-NE, had a H1 type
hysteresis loop, typically associated with a network structure of spherical primary
particles. By contrast, the hysteresis loops for the aerogels with the “weblike”
architecture, AlI-CE, AI-CW and AI-CWE, are better characterized as type H3, usually
given by adsorbants containing plate-like particles or slit-shaped pores. These results are
in agreement with those obtained for alkoxide-derived alumina aerogels possessing the
fibrous boehmite microstructure.

Heat Treatment. Dehydration of crystalline or fibrillar boehmite through calcination
typically affords gamma alumingAl,O,.>* To determine the effects of dehydration on
the alumina aerogels with either the weblike or particulate microstructure, monoliths of
Al-CWE and AI-NE were calcined at 8@ in air for 2
hours. Interestingly, the materials remained monolithic
after the heat treatment, but significant shrinkage
(~45%) was observed for both types of materials. Not
surprisingly, the thermal treatments lead to an increase in
density and a reduction in specific surface area of the
calcined materials relative to the as-prepared aerogels
(Table 1). The sintered microstructures of the calcined
aerogels were examined by TEM (Figure 4). While the
microstructure of AI-CWE-800 retains the fibrous

morphology of the as-prepared Al-CWE, the extended

Figure4. TEM images of calcined network of AI-NE-800 now appears comprised of fused
aerogels (a) AI-NE-800 and (b) Al-
CWE-800. alumina particles, quite different from the as-prepared
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Al-NE aerogel. Despite these changes, the surface areas of these materials are is still
reasonably high, with that for AI-CWE-800 exceeding 46@m

It has previously been shown that the collapse of the boehmite layers during
calcination leads to the face-centered cubic close-packing of oxygeAly®,. As a
result, the intensity of the reflections associated with oxygen, the (400) and (440) lines,
tend to dominate the XRD pattern f6Al,O,. The XRD pattern for both AI-NE-800 and
Al-CWE-800 gave broad diffraction lines at®4thd 67 that coincide with the (400) and
(440) reflections ofy-Al,O,, indicating a phase change within the aerogel structure
(Figure 2b). This rearrangement is also confirmed by solid-SftBIMR spectroscopy.
During the structural transformation of boehmite iyl ,O,, a portion of the aluminum
atoms migrate from octahedral sites to tetrahedral sites in the alumina lattic&AlThe
NMR spectrum for both calcined aerogels shows a peak at 63.5 ppm, attributable to
tetrahedrally-coordinated Al(Ill) atoms in the alumarrogel matrix (Figure 3b). These
results indicate that a phase change can be induced in the as-prepared alumina aerogels
without a significant loss in surface area or monolithicity.
Conclusions

In this reportwe describe a straightforward sol-gel method for the preparation of
high surface area alumina aerogels from simple Al(lll) salts using propylene oxide as the
gelation initiator. The physical properties of the alumina aerogels prepared by the
epoxide-initiated gelation compare favorably with those of aerogels generated from
alkoxide precursors. In the course of this study, it was noted that the anion of the Al(lII)
salt used in the sol-gel reaction had an impact on the architecture of the condensed

alumina phase. Aerogels prepared fré#NO,), were comprised of amorphous
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spherical particles and possessed little structural integrity, while monoliths prepared from
AICI; were much stronger and contained a weblike microstructure made up of
pseudoboehmite fibers. The ability to control morphology in these materials through the
proper selection of anion, as opposed to the addition of chelating agents or complex
solvent systems to the sol-gel reaction, would present a simple and cost-effective method
for the design of new alumina materials for catalysis, separations and ceramics.
Acknowledgements. Work was performed under the auspices of the U.S. Department of
Energy by UC Lawrence Livermore National Laboratory under contract number W-7405-
ENG-48. Special thanks to J. Harper for TEM analysis and C. Saw for X-ray diffraction
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Table 1. Physical properties of alumina aerogels prepared using propylene oxide as the

gelation agent.

Specific Average
Density Surface Area Pore diameter Pore volume
Aerogel (kg/m) (n?/g) (nm) (crifg)
Al-NE 135 709 21 4.3
Al-CE 83 662 36 7.1
Al-CW 52 672 27 7.4
Al-CWE 60 701 24 4.5
Al-NE-800 200 289 32 2.6
AI-CWE-800 100 431 22 2.3
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