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Abstract~Alun'dnum hydroxide gels were prepared by ihe sol-gel melhod The role ,.:,f acid in sols was 
i[I,,restigated through the mnalysis of ~.elling lime and hydr, ,lysis rate, The phase transfurmatiol~ r gels with 

calcinalion temperatures was also monitored wilh X-Ray diliracti,~n. 
The gelling times of the, aluminum hydrr son dt,cu.,ast,d with the increase of acid ('oilte19 Exvep- 

tionall}, r solution peplized wilh 0.07 HCl/alk~,xlde [nl)la~ lali~ Iol~k longer time thai] olher solutions until 
the gellatir The hydrolysis rate r alun]imJn~ hycimxate was nluch faster as the acid ,,:oucentralir 
m<reased during i>el~}izanon. In th,f case ,A NHIOH as a peptizing agent, there was Ihe h~wer rate ,)l 
hydrulysis al~d t~ms Ihe n]()re alkoxyl groups ,,,.err remaua'd Uq the gel 

INTRODUCTION 

Sol-gel method is one way for the preparation of 
ceramics at low temperatures. This method has bt~ 
come an interesting and intensive research area in 
recent years because it has many advantages ow~r the 
conventional nlethod [1] : high reactivity, better homo- 
geneity and purity, and possibility of p~oducing ce- 
ramics with new compositions. 

Aluminum alkoxide, AI(OR)> is readily hydrotyzed 
by water and produces different forms ot hydroxides 
according to the temperature of water. Hot v,,ater (90=(2) 
hyclrolysis of aluminuln alkoxide produ:es a stahle 
cry. stalline mono-hydroxide, boehmite, whereas (old 

water (20 ~ hydrolysis yields an amorphous monohy- 
droxide that converts to tri-hydroxide (bayetile) 
through a dissolution-recrystallization process [2]. 
Only the boehmite can be peptized to a dea r  sol ['/;]. 

Peptizing refers to the simple breaking apart of ag- 
glomerates of fibrillar boehmites formed during the 
hydrolysis reaction [4]. 

Until now, the role of acid in the sol-gel processing 
of alun]ina has been understood as the peptizing agent 
which makes the boehmite particles dsperse  in a 
liquid medium and changes the slurry to a clear sol 
Bur the acid has important effects on the gelling time 
and the hydrolysis rate of aluminum hydroxide sols 
during sol-gel transition. 

'T,~ whom all ,.orresl)ol/dence should be add,essed. 

[II the presell! work, the other roles of acid ex(epl 
the peptization are investigated through the analysis of 
gelling time and hydrolysis rate of sols. The phase 
transformation of gels with calcination temperatures is 
also monitored with X-Ray diffraction. 

EXPERIMENTAl. 

1. Preparation of sample 
Alunmmm hydroxide sols and gels were obtained 

by the similar method to that of Yoldas [3]. Hydrolysis 
of M(OPr):~ was carried out with excess distilled water 
[100 moles of water per mole AI(OPr):~] in a round bo f  
ton] flask with a reflux condenser and stirrer. After one 
hour hydrolysis at 90~ ur~der vigorous stirr ng, the 
solution was peptized by adding various amounts of 
HCI or NH4OH, and then maintained at 90~ for I hr 
under stirring. After peptizing, it was transferred tu a 
glass beaker, which was uncovered and placed in an 
oven at 70~ until a solid-like wet gel was fom!ed. The 
gel produced by d ~ i n g  the wet gel at 100~ for 2 days 
was called a dried gel. 
2. Measurement of v iscosi ty  of the solution 

Alkoxide sol was kept at 70~ in an oven until the 
stiff gel was formed. During this sol-gel transition 
period, viscosity was measured by using Ostwald vis- 
cometers for low viscosities up to about 50 poise and 
by a Brookfield rotational viscometer at a constant 20 
rpm for higher viscosities. The viscosity measurement 
was performed in an oil bath of temperature 30~ 
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3. Measurement of various properties  of  the 
dried gels  
3-I. IR spectra 

The sample powder of the dried gel was pressed in 
a Iablet together with KBr. 1R-spectra of the gel tablet 
were measured by using an infrared spectromewr 
(Mode/A-102. Jasco, Japan). 
3-2. X-Ray diffraction 

All WAXS experiments were carried out m the 
range between 28,,,,,,- l0  ~ and 20.,,.., 80 ~ in sym- 
metrical t ransmissiun by use of CuK~,-radiation mouu- 

ch,"oniatized with a graphite' crystal and were rileas- 
ured by using a X-Ray dJffractomete] (lV.odel Geiger- 
flex, Rigaku, Japan). 

RESULTS AND DISCUSSION 

1. Gelling t ime with acid contents  
A l u m i n u m  hydroxide  seJls are a colloidal system 

which mainly consists of platelet boehn::ite particles 
dispersed in waler [5]. As they are concentrated by the 
evaporation of water, they show progressively less 
fluMity because of the aggregation of colloidal particles 
will] une another  and  are finally t ransformed into a 
rigid solid known as "gel". Since an electrical atlrac- 
lion force between particles in the sol may be depend-  
ent on the acidity, the particles start to aggregate at 
different concentra t ion of particles according to acid- 
ib'. Thus the sols will be gelled at different parlicle 
concentra t ions  and have different gelling t imes wid~ 
acidity. In order tu obtain gelling times of solutions 
peptized under :l,e various amounts of acid, the viscu- 
s]ties of s.lutiuus are seen in Figure ] as functions of 
times. Thu gelling time is defined as tile aging time 
that the viscosity of the solution reaches appnmi- 
mately 1000 poise. For the highly acidic sdution, the 
particles tend the aggregate even at low particle co~- 
centration by the' shielding effect of additional acid anr 
dinlinishing surface charges [6]. Thus the gelling times 
decrease as the acid content increases. Exceptionally, 
the solution with 0.07 HCl/a]koxide in Fig. 1 becomes 
gelled in a longer tinle than order  sohJtion:,. This I),.~ 
ilavioi' is related to fl~e fact that the s,.Jlutio;~ is in It]t' 
most stable state with a m a x i m u m  packing densi ty a~d 
a ntizhinLun gelling vo lume [7] and aggregates at much  
higher co~ceutradons of particles lhan other solutions. 
2. The effect on the rate of  hydrolys i s  of acidity 
in the solution 

Thus far, the effecl of various acidity of the sululiun 
un the hydrolysis rate has been unclear  in silica sys- 
tems. Brinker  reported that the hydrolysis rate was 
sk)w in Ihe acidic condit ion but rapid in basic condi- 
tion [Hi. On the other hand, Klein [9] and Yamane 
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Fig. 1. Evolution of viscosity of aluminum hydroxide 
sols with time for various acid contents. 
(i~.) HCi/AI(OPr)3 molar ratio of 0.04 
(~)) HCI/AI(OPr)3 molar ratio of 0.07 
(~) HCI/AI(OPr) 3 molar rat],:., of 0.10 
(0)  HCI/AI(OPr):~ molar ratio of 0.15 

[l 0] showed that the hydrolysis rate was accelerated in 
the acidic solution. But in the present time, it is well 
accepted that the hydrolysis rate in the acidic so]utiun 
is much faster than that in the basic solution for the 
silica system. 

But tip to now, this kind of law has ]lot been con- 
firmed in alumina systems yet. We observe the effecl 
of varying acidity of the solution on the hydrolysis rate 
by using HCI and NH4OH as peptizing agents. Frcxu 
the results of [R spectroscopy in Fig. 2, the characleris- 
tic absorption bartd for OR groups (R C3H7) is observ- 
ed 3]00 cm -~. It may be attributed to OR gruups al- 
tached to aluminum [ 11]. Some trace in the absorption 
band is observed in the dried gel of Fig. 2CA) but not in 
the dried gel of Fig. 2(g). The band at 3100 cm I ha.'., 
already vanished immediately after peptizing for 1 hr 
in lhe case of excess acid of Fig. 2(C). In the case of Ihe 
b~Lsic gel of Fig, 2(D), the OR peak has not vanished 
even after drying for '2 days and more organic com- 
pounds are contained in the gel than those obtained in 
acidic conditions. From above results, vve know that 
the OR groups are released earlier and thus the hydrul- 
}'sis rate is mu(h faster as the acid concentralion m- 
creases. But in alkaline condition, the relatively more 
amounts in the absorption peak is remained in the gel 
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Fig. 2. IR spectra of aluminum hydroxide gels  pre- 
pared by several  conditions. 
(A) Gel peptized with HCI/AI(OPr):.; m,~lar raliu ',~f 

0.10 and dried for 2 days at 100~ 
(B) Gel peptized with HCI/AI(OPr):.; m,:,lar ratio of 
0.22 and dried for 2 days at 100~ 
(C) Gel pcptized with HCIIAI(OPr) 3 molar rati~ uf 

0.52 and freeze-dried just after peptizatiCm. 
(D) Gel peptized with NH4OHtAI(OPr) 3 molar ratio 
of 0.10 and dried for 2 days at 100~ 

and thus the hydrolysis rate is slow 
3. P h a s e  t r a n s f o r m a t i o n s  w i th  t e m p e r a t u r e s  

Figure 3 shows the change in the IR spedra  of alu- 
nfinum hydroxide gel with calcination temperatures. 
Well-defined peak at 1070 cm t of Fig. 3(A) is related to 
boehmite and caused by the AIOH bending vibration 
[12-14J. This peak almost disappears in ::he samples 
[Fig. 3(B)] calcined at 500~ due to the phase transfl.,r- 
rnation of the boehmite to 7-A120:~ [12]. 

Peaks resulting from absorption of mol.:,cular waler 
(either pore water, hydrat ion water, or adsorbed waler) 
are observed at 1640 and 3420 crn i [Fi,~.. 3(A)]. The 
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Fig. 3. IR spectra of aluminum hydroxide gels  heat- 
ed at (A) IOO~ for 3 days, (B) 500~ for 2 hrs, 
and(C) 1300~ for 1 hr. 
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Fig. 4. X-Ray diffraction spectra of aluminum ny. 

droxide gels  calcined at several  tempera- 
lures. 

(A) 100~ days, (B) 300~ hrs, (C) 500~ hrs, 
{D) 800~C-1 hr, (E) ll00~ - 1 hr, (F) 1300cC-I i. 
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former peak is due to H-O-M bending vibrations and 
the latter peak is due to O-H stretching vibrations 
[12,14]. While the hydroxyl stretching peak at 3420 
cn:t ] is mosll) likely from a combinatioz~, of structural 
water and molecular water, the peak at 1640 cm -I is 
corresponding only to molecular water. It is observed 
in Figure 3(B) and (C) that the peaks of 1(:;40 and 3420 
cm -1 are significantly reduced when the gel is calcined 
up to 500~ This is due to the evolution of molecular 
water at 100-180~ [151 and Ihe release of structural 
water in boehmite particles at 430~C. 

Phase transformations of the aluminmn hydrr 
gels with calcination temperatures are monitored with 
X-Ray diffraction in Fig. 4. It is shown that the dried 
gel initially ctJnsists of an alumina monohydrate, 6- 
AIO(OH), that converts to ;'-AI20:~ bet'a, een 90 and 
500~ partially converts to 0-A1203 between 500 and 
1100~ and fully converts to a-Al20:~ between l l0/) 
and 1300~ 

CONCLUSIONS 

Through the present investigation, the following 
conclusions are drawn. 

I. The gelling tinles of alummunl hydroxide so, Is 
decrease with increasing the acid conlenl Excepti~[~.- 
ally, the solution peptized with 0.07 ECI/alkr 
molar ratio is gelled in a longer time than other sr 
tions. This behavior is related to the lact that the s~)lu- 
tion is in the most stable state and aggregafes al nmch 
higher concentrations of [)articles than other s{~lutions. 

2. The hydrolysis rate of aluminum hydroxide is 
much faster as the acid cr incr,'ases during 
peptization. While in the case {d using NH4OH as a 
peptizing agei~t, hydrolysis rate is slow and thus rut)re 
alkoxyl groups are remained in the gel. 

3. The dried gel of aluminum hydroxide inilialiy 
consists of an alumina ruonohydrate, 6-AIO(OH), 
which converts to )'-AI20:~ between 90 and 500~ par- 
tially converts to 0-A1203 between 500 and I IO0~C, 
and fully converts to a-Al:~O 3 between 1100 and 
1300~ 
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