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Abstract

Alumina gels were prepared by the sol-gel method using alumatrane or tris(alumatranglaypyl)amine as precursor synthesised
directly from the reaction of inexpensive and readily available compounds, aluminium hydroxide and triisopropanolamine (TIS), via the
one step process. Sol—gel process parameters, such as gel time, were correlated to variables of the initial stage of the process, such as pt
temperature of hydrolysis and hydrolysis ratio. The sol—gel transition of alcoholic alumatrane solutions was monitored by multiple waveform
rheological measurements. The gel time could be determined from the evolution of the s@)aged(loss G’) moduli versus time at
different frequencies using the Winter Chambon criterion (convergence of the loss tangents at the gel point). Increasing pH values, hydrolysis
ratio and/or temperature accelerated the kinetics of hydrolysis—condensation reactions and thus reduced the gel time. The apparent activatior
energy of the cross-linking leading to the gelation calculated from the gel times at various temperatures was found to be approximately
139 kJ mot* and independent of hydrolysis ratio. Alumina materials prepared from the heat treatment of obtained gl at&@0analysed
using X-ray diffraction and the BET method.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction iso-propoxide, are used to prepare alumina by sol-gel
method[10-12] However, these usual precursors are ex-
Alumina materials have a wide range of applications in pensive and aluminiursec-butoxide can be rapidly hydrol-
a great number of industrial areas, particularly in cataly- ysed to give the hydrolysis products dispersed in 2-butanol
sis, membrane separation processes, catalytic membran§l3-17]
reactors, adsorbent, composite, coating, fibre, electronic Alumatrane is aminoalkoxide derivatives of aluminium
and optic fields[1-7]. Alumina prepared by sol-gel pro- synthesised directly from the reaction of inexpensive
cess is frequently used in such areas. In the developmentand readily available compounds, aluminium hydroxide
of soft chemistry, the sol-gel process is considered to beand triisopropanolamine (TIS), via the one step pro-
the most practical method for the synthesis of inorganic cess. Its presence of trialkanoamine ligands is hydrolyt-
oxides. This process usually involves the hydrolysis and ically stable, thus yielding more controllable chemistry
condensation of various metal alkoxide molecules under and minimising special handling requirement. Therefore,
controlled conditions to form metal-oxygen—-metal bridg- it should be used as precursor in ceramic processing
ing units. In many cases the metal alkoxide precursors by sol-gel route. In this work, we investigate the dy-
are very sensitive to water and, therefore, cannot control namic viscoelastic properties and FT-IR studies on sol-gel
the hydrolysis reactior{8,9]. Generally, the aluminium  process of alumatrane under different conditions. This
alkoxides, such as aluminiusec-butoxide and aluminium  observation is mainly focused on the influence of pH,
hydrolysis ratio and temperature on the cross-linking pro-
cess. In addition, some preliminary thermal studies of
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2. Experimental 2.3. Measurements
2.1. Materials 2.3.1. Sol—gel process

The reagents and preparation of alumatrane were those2.3.1.1. Rheological characterisations. The rheological
used in Wongkasemiit's worklL8]. Aluminium hydroxide measurements, which were performed to determine sol-gel
hydrate (AI(OH}) was purchased from Sigma Chemical transition and dynamic viscoelastic properties, were carried
Co. and TIS was obtained from Fluka Chemical Co. Both out using a Rheometric Scientific Inc. (Model ARES) with
were used as received. Ethylene glycol (EG), used as sol-a cone-plate configuration covered with the humidity cham-
vent in the reaction, was purchased from Farmitalia Carlo ber. The humidity chamber filled with methanol to obtain
Erba and purified by fractional distillation at 200, under a saturated atmosphere was used to prevent evaporation of
N2 before use. Triethylenetetramine (TETA) was purchased solvent during measurement. The dimensions correspond-
from Facai Polytech. Co. Ltd. and distilled under vacuum ing to the geometry were 25 mm for the diameter and 0.04
(0.1 mmHg) at 130C prior to use. Methanol and acetoni- for the angle. The minimum distance between plate and
trile were purchased from Lab-Scan Company Co. Ltd. and truncated cone was 0.051 mm. The temperature control was
purified by standard techniques. Methanol was distilled over achieved with a thermostated-circulating bath. The sample
magnesium activated with iodine. Acetonitrile was distilled was stirred until homogeneous and loaded in the rheometer.
over calcium hydride powder. Nitric acid and ammonia The time for loading the sample was kept to a minimum
solution used as catalysts in sol—-gel processing were pur-so as to reduce the solvent evaporation. The experimental
chased from Lab-Scan Company Co. Ltd. and Merck Co., conditions (applied strain amplitude and frequency sweep
respectively. range) were fixed after preliminary experiments. The ampli-

The synthesis of alumatrane was carried out in one step. Atude was fixed within the linear viscoelastic range. The mul-
mixture of AI(OH), TIS and TETA was suspended in EG, tiwave experiments were run with eight frequencies ranging
and heated to the boiling point of EG under nitrogen to distill from 0.2 to 1.6 rads! and the strainsy() were kept at 3%
off ethylene glycol along with removal of water liberated at each harmonic. A narrow frequency range was employed
from the reaction. The solution was virtually clear, indicating because their properties change markedly with time. In ad-
reaction completion. The reaction mixture was cooled at dition, no intersection of the tahcurves at a certain point
room temperature. The product precipitated out as a white identified as gel point was observed at higher frequencies.
solid. The solid was separated, washed with acetonitrile and  Although the time requested f@' and G” to be equal

dried under vacuum (0.1 mmHg) at room temperature. is designated as the gel point by some auttjtg520], a
more accurate investigation of the gel point has been given
2.2. Preparation and heat treatment of alumina gels by Winter and co-workers as the point wheredda-G"/G’)

is independent of frequency. The gel point can be precisely

Alumatrane or tris(alumatranyloxiypropyl)amine was identified and located by the study of the evolutionGf
used as an alumina source or the precursor of the sol-geland G” as a function of the frequency at various reaction
derived system under at various pH values, temperature andimes near the gel point. This criterion was firstly proposed
hydrolysis ratio. The preparation of alumatrane has already for chemical gels, but has also been applied to physical gels
been reported in a previous papgd8]. Alumatrane was  [21-23] For such systems the linear viscoelastic behaviour
dissolved in dried methanol for a period. This methanolic at gel point is described by thgel equation [21,22]
alumatrane solution was checked using FT-IR spectroscopy ,
and TGA to confirm the absence of alcohol interchange () = S/ (t—1)Y"p)ydd, 0<n<1 (1)
reactions. Then water was added together with catalyst, —00
except the case of pH 9 where no catalyst was added. For

) » wherer is the stress tensgrjs the rate of deformation ten-
acid conditions at pH 3 and 5, HNOwas used, and for : i
neutral condition at pH 7, HN@was also used to adjust sor,Sis the strength of the network at the gel point depend

pH value of alcoholic alumatrane solution having pH 9. To ing on the flexibility of molecular chains and cross-links, and

atan basic condiors, 4 1010 11,10 s s, 7 0 SOSSITKTaN T v o reaton et
Three hydrolysis ratiosh(= [H20]/[Al]) of 9, 18 and 27 ' P g

and six pH values ranging from 3 to 11 were investigated Lindicating a strongly elastic get = 0) or a more viscous

pHi va ging . 9 gel (@ = 1) [25]. The dynamic mechanical behaviour at the
due to gellability zone while the mole ratio of methanol to el point is given by a power law relation between moduli
[Al] was kept at 60. The solution was mixed with a vig- ge'p 9 yap

/ //
orous stirring at the temperature range varied from 20 to (G"andG") and the angular frequency)
36°C. G'(w) ~ G"(w) ~ o (2)
Alumina powders were produced by heat treatment of the
resulting gels at various pH values in a furnace at8D0 i.e. storage &) and loss moduli ") are parallel in a
and held at the final temperature for 7 h. log—log plot. Consequently, the loss angiei§ independent
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of frequency at the gel point but proportional to the relax-
ni
tansc = — =tan( —

ation exponent:
& =an(%) @

Therefore, the gel point can be conveniently determined
using the evolution of tah at different frequencies as a
function of reaction time. The various curves intersect at one
critical point, at which tad becomes independent of fre-
quency. The time at which this occurs is the gel ti2#,25].

In very recent years, some studies have also been used a
modification of self-similarity method to determine the gel (@
time. It is useful for systems exhibiting no intersection of
the curves, but is also applicable to systems whose curves
coincide at a specific point. The gel point is associated with
the occurrence of statistical loss factor self-similarity. In this
way, the gel time is obtained by the minimum of the curve
log(g/(tand)) as a function of reaction time whegeis the
standard deviation of tahin a frequency sweef26].

8(;:7 or

G’ (Pa)

G” (Pa)

2.3.1.2. FT-IR spectroscopic characterisations. The hy-
drolysis and condensation of alumatrane as a function of
the reaction time were followed using FT-IR spectroscopy.
An FT-IR spectrophotometer (Nicolet, NEXUS 670) with
16 scans at a resolution of 4 chhwas used in this study.

(b)

2.3.2. Characterisation of pyrolysed gels

Alumina supports obtained from annealing the gel at
500°C were characterised using BET method and X-ray
diffraction techniques. BET surface area and pore size
distribution were measured by using nitrogen at 77K in
Autosorb-1 gas sorption system (Quantasorb JR.). Samples
were degassed at 200 under a reduced pressure prior to
each measurement. The structure of the phases in the sam-
ples annealed at various temperatures was obtained at room
temperature using X-ray powder diffraction. XRD spectra ©
were recorded on D/MAX 2000 series (Rigaku Co.) using
Cu Ka radiation ¢ = 0.154 nm).

n* (Pa.s)
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Fig. 1. Plots showing (a) storage modul®’){ (b) loss modulus G”)

and (c) complex viscositynf) as a function of the reaction time for the
system pH 7 and: = 9 at 25°C.

3. Results and discussion
3.1. Sol—gel process

3.1.1. Gel times and dynamic viscoelastic properties by
rheological measurements

The evolution of gelation process with time was inves-
tigated in eight different frequencies ranging from 0.2 to
1.6rad s'. Fig. 1a and bshow measured values of storage
G’ and lossG” moduli, respectively, as a function of reac-
tion time for the system with pH 7 and = 9 at 25°C. In
the initial part of the reactionG” is greater tharG’, which
is a characteristic feature of liquids. Furthermore, this result
can be observed clearerhiig. 4which illustrates variations
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in G andG” with applied frequencies at different reaction Fig. 2. Variation of tars during sol-gel processing as a function of the
times. With continuing gelation reaction, both the moduli time for pH 7 ath = 9 and temperature of 2%&.
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Fig. 3. Determination of the gel time using the statistical loss factor
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self-similarity method for pH 7 at = 9 and temperature of 2%.

Fig. 5. Changes of viscoelastic exponent forand n”, the storage and
the loss shear moduli, during the gelation reaction, obtained from fits as
those shown irFig. 4.

Table 1

increased with time. Howeve6' rises more sharply than
G” indicating a gradual formation of gel network with a

pH effect on the gel time, and dynamic properties foe 9 at 25°C

predominantly elastic character. Fig. 1cthe complex dy- oy . (s) & (Pa) G (Pa) n* (Pas) G/G’ n
namic viscosity §*) was plotted as a function of time at 16900 280045 110554 615763 434 014
Q|fferent frequencies. The viscosity increased as the gela- 13100 287541 129379  3941.00 299 0.27
tion grew because more work must be done to produce flow 7 8100  2556.35  1424.30 3657.94  1.79 0.33
of the sol. In addition, the complex dynamic viscosity 9 17800  5802.23  1200.03  7406.28  4.83 0.13
increased as frequency decreased. These observations arfd® 5550  1500.92 989.11 224691 152 0.37
3080  1003.24 750.18  1565.88  1.34 0.41

more significant when reaction time increased indicating an 11

evolution from liquid to solid-like state.

According toEq. (3)the critical gel is identified by a loss
tangent, tad = G”/G’, which is independent of frequency.
Therefore, tad was investigated as a function of time at
different frequencies. For the system with pH 7 @ang 9 at
25°C, the various curves intersected at one point, at which
tané became independent of frequenéyg. 2). The time at
which this occurs is the gel timeyk ~ 8100 s), as depicted
in Section 2.2 Knowledge of the evolution in rheological
properties and gel times during sol—gel process is a useful
guide for the fabrication of ceramic materials in a wide
variety of forms (thin film coatings, ceramic fibres or mem-
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Fig. 4. Dynamic storage@) and loss G”) moduli as a function of the
frequency @) for the system pH 7 and = 9 at 25°C. The curves were
horizontally shifted by the factorA = 2 for r = 2659s; A = 4 for
t = 4545s;A = 6 for t = 6448s;A = 8 for r = 8114 s; andA = 10 for
1 > tgel.

branes) and to optimise the physical properties required in
the final products. It is known that these gels show the prop-
erty of being fluid after preparation allowing their ease of
fabrication into various shapes and reach high viscosity after
the gel time. From the experimental results, we also found
that before the gel point, ténhdecreased with increasing
frequency, which is typical for a viscoelastic liquid. After
the gel point, tad increased with frequency, as the charac-
teristic of a viscoelastic solid. Apparently, the sample had
changed from a viscoelastic liquid to a viscoelastic solid.
Equivalently, the gel time can be calculated by the method
of statistical loss factor self-similarity, as noted above by ob-
servation of the minimum of the curve Iagtans)) against

100000
¢ =9, E,=139kJ mol
® 1 =18, E,= 139 kJ mol”!
A h =27, E,= 138 k] mol!
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Fig. 6. Semi-logarithmic plot of gel time vs. TLAK™1).
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Hydrolysis ratio effect on the gel time, and dynamic properties for pH 9

Table 3

149

Temperature effect on the gel time, and dynamic properties for pH 9 and

at 25°C h=9,18 and 27
h tger () G (Pa) G"(Pa) n*(Pas) GI/G" n h tget (5) G (Pa) G’ (Pa) n*(Pas) GIG' n
9 17800  5802.23  1200.03  7406.28  4.83 0.13 At 20°C
18 9580  3003.25  1351.46  4116.65 222 0.27 9 35000 764523 1287.78 9691.16  5.94 0.11
27 3640  2116.89  1206.62 304579  1.75 033 18 21880 513442 2053.77 691243  2.50 0.24
27 11270 421156 2190.56  5933.99  1.92 0.31
o . , ) .. At23°C
reaction tlme.Flg. 3 illustrates that the time at the mini- 9 23140 6178.21 1173.85 7860.92 5.26 0.12
mum point compared very well with the experimental value 18 12000 4214.25 1727.84 5693.38  2.44 0.25
observed for the frequency independence of loss tangent. 27 6000  3165.51  1709.37  4496.94 185 0.32
The frequency dependence@fandG” for several mea- At 25°C
surement times with pH 7 ard= 9 at 25°C was exhibited 9 17800  5802.23 1200.03  7406.28  4.83 0.13
in Fig. 4. At early stage of the reactid® is smaller tharG” . 18 9580 300325 135146 411665 222 0.27
As gelation proceeded at the instant, the traces’ @ndG” 27 3640 211689 120662 304579 175 0.33
became parallel to each other showing power law behaviour. At 28°C
Such a condition corresponds to a sol-gel transition accord- 9 9900 5620.17 13488 722469 417 015
ing to the criterion suggested by Winter and Chambon. As 2100 253443 124187 3527.92  2.04 0-29
; ) X z 2130  1676.51  1022.67 2454.76  1.64 0.35
noted inSection 2.2 values of n near the gelation critical
point can be identified from power law character. The slopes At 3920(: 4000 480247 139272 625042  3.45 0.18
of these lines gave n, the viscoelastic exponertdn (2) 18 2230 213873 11763  3051.09 182 032
for the frequency dependence of the moduli. The changes 27 1140  1032.23 650.31 1525.00  1.59 0.36
of n with extent of reaction were shown Fig. 5 wheren’ At 36°C
andn” for storage and loss moduli, respectively, were plot- 9 2000 4059.12 138011 5359.16  2.94 021
ted against time. Both values decreased and then merged to 18 1200 185121  1166.26  2734.94  1.59 0.36
580 823.17  617.38 1286.21  1.33 0.41

0.36 at 8114 s. These values of n component were in good 27

agreement with the values obtained fréig. 2 andEq. (3)
At the gel point, tai is equal to 0.56, which corresponds
to a relaxation exponent af = 0.33.
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Fig. 7. FT-IR spectra of alumina gel during sol-gel process for pH 9 4C2&nd various hydrolysis ratio of (& =9; (b) 2 = 18; (c) h = 27.
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Many studies of critical gel rheological properties were nent increased with increase of hydrolysis ratio. It could be
found that most results show > 0.5. Values of n below justified that when the hydrolysis ratio is greater, gel forma-
0.5 have also been fourj@3,26—29] Winter reported that  tion evolving quickly through the reaction of hydrolysis and
if n > 0.5, the gel point preceded the intersectiorGfand condensation contains low interconnected networks. Conse-
G”. In contrast, ifn < 0.5, the intersection occurs before the quently, the network is looser with lower value Gf. On
gelation. This is coincident with the results from our system. the other hand, a system with a lower hydrolysis ratio grew

The value obtained in our system was very close to the slowly resulting in a denser network with high@f. Corre-
one found for polycaprolactone. I1zuka et [@5] suggested  spondingly, a higher value of n is related to a lower elastic
that a low n value implies that the material at the gel point is system indicating that intermolecular cross-links are weaker.
a mostly elastic body with the limit a7’ = 0 atn = 0 and
vice versa. The low value of n found for our case is proba- 3.1.1.3. Effect of temperature. The temperature at which
bly due to the presence of physical cross-links with a finite the measurement was performed is one of the most important
lifetime, in addition to the permanent chemical cross-links factors influencing the gel time. The results for the systems

leading to a denser network with elastic behaviour. varying between 20and 36°C were reported ifTable 3
3.1.1.1. Effect of pH. The systems with the pH ranging 1000 5

from 3 to 11 ath = 9 and temperature of 2% were also e ] epmtt(h b

studied. The values of rheological properties at the gel point E fﬂﬁ;‘:;i:"';fc()’

were provided inTable 1 The gelation time at each pH = ApHT (=9, 25°C)

was obtained from plots of tahagainst time in the same %” + pH5 (=9, 25°C)

manner agig. 2 The relaxation exponent n was calculated & 0o P (h =5, 35°C)

from Eq. (3)at 0.8 rad 5. The maximum gelation rate was o ]

observed near pH 11, with significantly decreasing the rate g_

at lower pH. As investigated, the value tg at higher pH 2.

is less than that dfe at lower pH. The maximum at around N

pH 9 corresponds to the isoelectric point of alumjBa].

However, it is also evidenfable 1 that the strength of the (a) 10 0 100 200 300 400

gel network formed at lower pH (determined from the value
of G'/G” attge)) is substantially higher than that obtained at 1000
higher pH. This is consistent with a decrease of n values with
decreasing pH. As pointed out previously, a lower value of n
is related to higher elastic body implying that intermolecular
cross-links were stronger. This could be described that when
the value of pH is high, molecular networks formed quickly
via the reactions of hydrolysis and condensation have low
interconnectivity. Consequently, the network is preferably
loose with lower value ofs’ and higher value of n. On the
other hand, the gelation of a system with pH 9 having no

1 A h=9(pl9,25°C)
1 o p=18@Em92s0)
® ;=27 (pl19,25°C)

100

%(Al1-0/Al-0-C) integral ratio

addition of catalyst can be formed slowly leading to a denser ®) 10 i Tl - 00 200
and more structured network. Therefore, the valu&'ofill
be higher, whereas the value of n will be lower. Above pH 1000

9, the growth of networks occurred rapidly leading to less
time to arrange itself. Thus, the obtained networks having
lower value ofG’ and higher value of are looser. It could
also be said that a gel with a longer gel time shows more
elastic behavior at the gel point than the one with a shorter
gel time.

100

O 20°C(pHY/ f =9)
*23°C(pI19/ 1 =9)
C125°C(pI19/ fr=9)
@ 28°C(pI19/ /;=9)
+32°C(pI19/ f1=9)
A36°C(pI19/ f1=9)

3.1.1.2. Effect of hydrolysisratio. The dynamic viscoelas-
tic properties at the gel point were demonstratedable 2

for each set of reaction conditions at Z5. The increase
of hydrolysis ratio reduced the times required for gelation. idi 0 200 400 600 800

Also, G’ outweighedG” for all systems showing that the time (min)

elastic component appremably predominated over the vis- Fig. 8. Variation of hydrolysed alumatrane as a function of the reaction
cous one at the gel point. Furthermo@,andn* decreased  time at (a) pH dependence, (b) hydrolysis ratio dependence and (c)
with increase of hydrolysis ratio while the relaxation expo- temperature dependence.

%(Al-0/Al-0-C) integral ratio
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At higher temperatures gelation occurs faster, resulting in avibration of alumatrane at 1087 cthwas observed. Some

shorter time to gel. The values of the dynamic moduli at the

peaks present at 0 min. in the 900-500¢megions corre-

gel point decreased with increasing temperature. The trendsponding to C—H, C—O and A-O—C deformation vibrations

of these results is analogous to that of other stu#iB29].

In addition, the temperature dependence of the complex dy-

namic viscosityn* was also similar to that of the dynamic
moduli. In contrast, tha values obtained for all systems in-

disappeared, while the width and intensity of this spectral
range increased with increasing the reaction time. This result
corresponded to the formation of Al-O—Al bonds according
to the condensation reactiofig. 7 depicts the FT-IR spec-

creased with temperature. These observations indicate thatra of hydrolysed systems at different hydrolysis ratio. The

the network formation proceeded faster with increasing tem-

intensity of AlI-O—Al was maximised a@ = 27 with de-

perature, whereas the gel texture is rather loose. There arereasing the intensity at lower hydrolysis ratio. The decrease
some discussions in the literature regarding an apparent acin intensity of Al-O—C band is accompanied with the in-

tivation energy for the gelation reaction calculated from the
gel time at different temperatur§29,31] Because gelation

crease of AI-O—Al band as hydrolysis ratio increases. This
implies that the gelation can be accelerated with increasing

represented a specific extent of reaction, the temperature dehydrolysis ratio leading to the reduction of the gel time.

pendence of the time to gel should be described by the Ar-

rhenius equation

IN(tgen) = A + %al 4)
where A is a constantR the ideal gas constant, afidis
temperature. The activation eneifgy of the gelation can be
calculated from the slope of a plot of lag against IT. The
Arrhenius plots for our system are showrHig. 6. The val-
ues ofE; were estimated to be approximately the same in
each case, slightly varying around 139 kJ rolThis im-
plies thatE, of the gelation does not depend on hydrolysis
ratio.

3.1.2. FT-IR analysis
The FT-IR spectra of the gel as a function of time
were compared to elucidate the study of the hydrolysed

In order to confirm the above conclusion, a careful de-
convolution of the IR profiles using a computer program
was also investigated. The results of the analysis are shown
in the relationship between the peak ratio of AI-O-C band
(1087 cmtl) and Al-O-Al band (683cm!) with time
(Fig. 8). This is only a semiquantitative picture of the
gelation of alumatrane molecule. Generally, the gel time
is decreased by factors that increase the condensation rate.
It is obvious that values of pH, hydrolysis ratio and tem-
perature are the important factors affecting the gel time.
The results obtained here compared favourably with earlier
study by qualitative FT-IR. Furthermore, it was found that
these FT-IR observations are consistent with the rheological
results.

3.2. Characterisation of pyrolysed gel

alumatrane in sol-gel process. As the reaction proceeded, Some preliminary studies of pyrolysed gel were per-

a decrease in the intensity of thgAl-O-C) stretching

formed to examine the influence of pyrolysis temperature

012) (104) (113) (116)
a 10) (024) 014 (300)
1100°C j\ ©18)
1000°C
> M ahae JLJJM/\‘J\-LJLA’%‘
E (400) (3114)
£ 900°C @2 G2,
700°C
Mﬁ“ I ; mw‘ “'Jk
e GBI  (00) (440) o
o e B
400°C
— e
1 ] ] ] ] 1 T 1 =
5 15 25 35 45 55 65 75 85
20(degree)

Fig. 9. XRD patterns of hydrolysed alumatrane at various pyrolysis temperatures of (&F,40) 500°C, (c) 700°C, (d) 900°C, (e) 1000C and (f)

1100°C.
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Fig. 10. Plots showing (a) Pore size distribution; (b) nitrogen adsorp-
tion—desorption isotherms of the alumatrane gel pyrolysed at 500°C for
7h.

on the properties of alumina obtained from the heat treat-
ment of alumatrane gels. XRD patterns of pyrolysed gel at
different temperatures ranging between 400 and 1100°C
showed amorphous nature at 400°C in Fig. 9. The sample
treated at 500°C presents three y-alumina peaks (ICDD,
File 29-63). At 900°C, the XRD pattern of y-alumina is
better defined, however, characteristic peaks of d-alumina
are not well resolved (ICDD, File 16-394). After heating at
1000°C, two phases of 3-alumina and a-alumina were de-
tected. When the sample was heated from 1000 to 1100°C,
the 3-alumina was totally transformed into a-alumina.

The sample treated at 500 °C shows the monomodal pore
size distribution in the mesopore range having a maximum
centre around a pore diameter of 70A (Fig. 10a). Also, the
resulting powder shows the nitrogen adsorption—desorption
isotherms of type IV (IUPAC classification) which exhibit
hysteresis loops mostly of type H2 (Fig. 10b) [32]. Further
investigations on the pyrolysis of alumina gel obtained vari-
ous reaction conditions are in progress and will be reported
later.

4. Conclusions

Alumatrane can be used as metal alkoxide precursor for
preparing high surface alumina powders via sol—gel route.

The multiple-waveform rheological technique and FT-IR
were found to be effective for studying the gelation of
aumatrane. The operation variables, viz. pH, hydrolysis ra-
tio and temperature, affected dramatically the gel time. An
increase of these parameters leads to the reduction of gel
time. However, the strength of the gel network formed more
quickly is lower than that obtained gradually. The value of
n for our systems was found to be fairly low indicating high
elastic gel. The apparent activation energy of the gelation
reaction determined directly from gel time measurement at
different temperatures was around 139 kJmol 1. Heat treat-
ment of the resulting alumatrane gels at 500°C produces
a homogeneous mesopore alumina having high surface
area.
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