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THE trFFtrCTS OF THE I\ATURE AI\D CONCENTRATIONS OF a-Al2O3
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The effect of heating on the phase transformations in binary mirtures of amorphous SiOz and different
precuryors oÍ a.Alzoz (gibbsite, boehmite and 1-Al2Q) at the temperature of 1000 oC was studied. The
i'nfluence of aluntina pre.cursors on the phase transforntations has been erplained by their thermal history.

I{ey words: Precursors of urAI203, Heduall efiect, topotactical effect, phase transformations, silica - aluntina
crystallization

INTRODUCTION

The inorganic rnaterials, based on sili,:a and alu-
rnina, are convenient and usual supports of heteroge-
Í}eous catalysts and can deterrnine their characteris-
tics, phase transf,orrnations of supports, change their
hehavioul and ca,n alťect the cataiyst perfnrmance clif-
ťerently. It is knor.ryn tha tlre phase tratrsforrnations
are determinecl by several factors, which are often
in very complex mutual interactions, and because of
that they can influence the phase cornpositions differ-
errtly. So these transťornrations o.f silica arrd alunrina
supports can be facilitated by t,heir interactions with
other corlponents of tlie catalyst arrri represent one of
t.řre significant factors oť catalyst aging [1, 2, 3]. They
can noticeably change the physical properties of the
catalyst L4,5,6, 7], the state of the prirnary com-
ponent [8, 9, 10, 11] or the way of the simultaneous,
t,ransforrnations of the components of the catalyst [12,
tS]. The mutual interactions of support components
ean also affect the phase cornposition significantly ancl
therefore the behaviour, of the supports. The investi-
gations of, mutual interactions and their influence on
the phase compositions and the nature of interactions
in the systems of silica and alurninas whose numer-
ous modifications are stable at different temperature
intervals, possessing different physico-chemical prop-
erties, have always been an existing problem not only
in the field of catalysis, but in other fields of inor-
ganic chemistry too. Consequently, this system has
been undoubtedly mostly investigated.

In this work, one of r"he exa,mples of these effects
was studied in mixecl silica * alunrina supports with
different o-Al2O3 preclrrsors in a broacl interval of
concentrations. The stable o-Á1203 fornt was used for
the comparison with the given precursors. The nature
and intensity of reciprocal influences of silica and alu-
mina phases on phase compositious of silica-alurlina
supports were investigatecl after the prolonged ther-
mal treatment in the air.

The results of these investigations elucidate the
complex changes in this multi-component catalyst
support, the role of the particular components, the
conditions of different phase formations, the nature
and intensity of components interactions in the sys-
tem under the given conditions.

EXPERIMENTAL

Binary model systems stutlir,rl in this work were
composed of commercial amorplrorrs SiO2 (40 pm)
and gibbsite, boehrrrite ;rnd yAl2O3 (69-71 pm) re-
spectively. Gibbsite an<l boelrrnitt' were synthesizecl
ťrorn Al(N03)3'9H2o rrsitrg the krrowrt procedure Ila].
7-A1203 wa.s prepared by therrrral degradation of
gibbsite in two steps for 2 hours at 180 oC in vaeuurrr
ancl for 4.hours Vt,450 

oC in air, and the,a:AlzOl
by therrnal treatmgnt of bqehmire pt 111b oC, for T2
hours in air [15].

The rnixt,ures c.ontainirrg 5 70 wL To of dry Al:ro:r
nesidues were prepared by rrrechanical mixing of lrow-,
ders. The pure c"olnponerrls, as well as their rrixt rrrr.N. .

""vere hea!,ed for 24 hours at, 1000 oC in .air.lrlf,rrc
further analyses.

Idenifi cation and semiquar,rt itative analysis,,,[ rrys-,
talline phases was done hy XRD, using l,lril,rgi; tlw
1050 apparatus. T}re x.'rQY fo1 sepiquatrÍ lt at ir'i.r řrtl.a}-..

ysis was perforrrrecl,wl!h,thesame quantily ,rf all sfl,trll- ,

ples and under the identical conditions arr,l tlrerefore,
tlte strrface areas of x-ray' lines, wlriclr are přopor-
tional to the formecl crystaline phases. r!'cre compa-
rable [16]. These results are showrr in thc figure l,
a,. relative intensities in rnln of rr -cristobalite and
a-AizOs x-ray lines d = 0,40'l'arrrl rl = 0.2085 nm
respectively, calcrrlatctl {'rorrr t lrcir srrrfar.t' areas. In,
ortler t,o ctltlt;lart'tltr: tIegrt...s .'Í'silica attcl a|unrina
crystalizatiotrs in tlre sattt1llr's rr'it Ir tliÍ[t.re'ttt, colltents
of the components, tlrr: r,'l;rtirt'irrtt'lrsities r:f XR,f)
lines were calculaterl .rr tlr. rv,'iglrl rurits of silica ;rrr,l
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Table I
Cryst,alline modifications in alumina-silica mixtures after thermal treatment

gibbsite; B - boehmite; S - silica;
a-AfzOsi 7 - 7- AlzOsi 0 - 0- AlzOsi c - a-cristobalite
anrorphous state, * - small quantity; + indition;

Sanrple Weight Yo oÍ úy Alzos residue
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alumina conterrts in the studied samples. The repre-
sented results do not show the absolute amounts, but
they are convenient to follow t he rt.lative rates of the
phase formations. SENI analyses of surface morphol-
ogy were done by' JEOt JSM-35. RET surface a,reas

were determinetl by LTNA rrsirrg Sorptometer 2i2D
['erkin-Elmer-Shell

RESULTS AND DISCUSSION

'l'lrc resultsi,rf x-ray arralyses (Table I) show that
tr r r t l,'r the app I ictl experirrrerrt,al conditions crystalliza-
tiotr of pure SiO2 into o-cristobalite does not take
placr.. On the ot,her hand, in the binary systems the
cryst:rllization occlrrs, r,vhich srrggests that the crys-
tallization is facilitated in comparison to pure silica.
Under tlre same conditions of the therrnal treatment,
the a-cristobalite formation is registered in the G-
S, B-S and 7-S systems at the following concentra-
tion intervals: 50-70 wt Yo of gibbsite, 10-70 wt To

of boehmite arrd 10-50 wL To 7-A1203. These results
show that the t ransition of amorphous silica into cv-

cristobalite art' irrÍluenced not only by temperature
but by the other factors too. The comparison of rela-
tive rates of phase transitions of alurninas shows that
o-cristobalite formation is connected with the trans-
formation of different aluminas into a-AlzOs (Table
I). The phenomenon of higher reactivity of the solids
during the phase transformations are well known as
Hedvall effect [17], and this phenornenor] can cause
the acceleratecl crystalization of silica. But Heclvall
effect cannot be the only carrse of the acceleratecl crys-
talization of silica into a-cristobalite. becausae" if it
had been in this case, the appearance of o-cristobalite
would have taken place in the systems with 20 wt To

of gibbsite and 5 and 70 wt UÁ r>f yAL2o3 respectively.

Namely, the alumina transforrnations have been reg-
istered in these samples too up to 0 form of AlzOa. It
is very important to point out that the accelerated
transformations of amorphous silica have been no-
ticed only in those samples where the phase transfor-
mations of different aluminas gave the stable o-form
(Table I). So the crystallization of amorphous silica
takes place clepending on the naure of aluminas, the
concentrations of samples and only when o-Al2O3 is
fonned (Table I).

Parallel appearance of o-cristobalite and a-AlzOg
in silica - alumina mixtures, observed at various
cottcetttrations of o-Al2O3 precursors, can provide
the role of topotactical effect in these interactions,
based on similarity in crystal lattices [18, 19]. In
topotactical reactions the structure of each prod-
uct is determined by the structure of another prod-
uct or by the participant in the system, formed in
situ during the chemical reactions or physico-chemical
transformations, when the two-dimensional similar-
ity of their crystal surfaces exists. ln this case of a-
cristobalite and o-alumina the two-climensional sim-
ilarity is present between the 0.497 x 0.497 nm
(ASTM-I1-695) and 0.491 x 0.491 nm (ASTM-10-
173) respectively, and the topotactical effect enables
and favours the crystalization of amorphous silica into
rr- cristobalite.

In the model system, with a-Al2O3 as the initial
component, the crystallization of SiOz has not been
detected. This indicates the different behaviour of a-
AlzOs as the initial component in relation to the
formed one in the sirnultaneous phase transforma-
tions. This cclnfirmes the importance of the phase
transformations because the prerequisite of the ob-
served topotaxy is the activation of phases during the
transition, krrown as the Hedvall effect"
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The alumina phase transformations show the recip-
rocal influence of SiOz too (Table I). Under the given
experinrental ccnditions the formation of o-AlzOs
from pure gibbsite and boehmite does not occur or
occurs slightly, whereas in the presence of silica its oc-
cllrrence is apparent. The rate of its formation grows
in line with the increase of gibbsite of boehmite con-

centrations, (Figure 1), i.e. the line diagrarrs present
the XRD results of semiquantitative anall'ses.

í0 20 50 70

W% dry AZq residues

Fig. 1. Relatiue intensities of characteristic a-cristobalite
(full line) and a-AIzO3 (dash li,ne) X-ray lines after ther-
mal treatntent of mixture: qibbsite-SiOz (1); boehnr,ite-

SiO2 (2); 1-Alz03-SiO2 (s).

The noticeable increase of the amount of o-Alzos
has been detected at the sanle intervals of gibbsite
and boehmite concentrations which are character-
ized by the increassecl crystllization of SiO2 into o-
cristobalite, S0-70 wt, % and 10-70 wt%o respectively.
The crystalization of 1-Al203 into o-AlzOs. which
under the given experimental conditions does trot oc-
cur in pure state, proceeds fa^ster in the presence of sil-
ica. However. its rate declines rvith the growth of the
concentration of t-AlzOs (Figure l, 'l'able l). Figrrre
1 shows that the rat,e of the crystalization of arrror-
phous silica in binary systenrs takes place with differ-
ent intensity and also cleperrtls both on the nature
and the concentrations of presettt alrrnrittit lrlt;r.,'"
The following order of the facilitating eflect 'rr l lrt'

silica crystallization for the examined a-Al203 pre-
cursors has been established in the applied concen-
tration range of precursors: boehmite > gihbsitr' >

7-A12O3 ) a-AlzO:: (Fis" l). T}re speciíic r'{[r',.| .'Í

precursor conc.entrations has been observed. lu the
rnixtures of gibbsite or boehn'rite with SiOz the rates

of silica crystallization have increassed with the in-
creasse of gibbsite or boehmite concentrations. This
is especially visible at the intervals of 50-70 wt To

of gibbsite and 10-70 wtTo of boehmite (Fig. 1.). In
the case of l-AlzO3 the trend is opposite, so that in
the sample with 70 wt To of 7-AlzOg the presence
of o-cristobalite has not been detected after thermal
treatment.

Table II

Surface arca, m2 f g aÍter thermal treatment

G-gibbsite; B-boehmite; 1-'y- AlzOs; S -silica;

Sample Weight To oI dry AlzOs residue

D 10 20 50 70

G-S
B_S
7-S
a-S

3.80
20.85

3"20

1.50

12.50
20.50
16.'20
3.20

28.50
19.20
19.57
4.60

75.02
50.25
20.50
7.20

90.57
75.45
20.45
12.80

'I'he influence of the concentrations is sirnilar in
the samples with gibbsite and boehmite, but differ-
errt in the satnples with 7-LI2Os. 'l'his catt be ex-
plained by LTNA and SEM rlata. ln the ttrixtures
with higher gibbsite ancl boehrnite concentrations an
evolrrtiorr of port sl,ructure results in noticeable in-
crease of BET surface during the thermal treatment
(Table II, Fig. 2.). This contributes to the better con-
tact between silica arrrl alunrina pha-ses arrrl facilitates
their interaction. At higher concent,ral ions of 7-Al203
the interaction with silica is inhibite<l by' unsuitable
Itxt,trre forrrred during the tlrt'rrnal trealtrrent. The
closed compact stnrctrrrt' of the sample with 70 wt %
r-AlzOs (FiS 2.) antl significantly low','r surface area
('l'ablr' 2) intlicate unsufficient cotrtacts between silica
and alumina phases anrl explairr t lrc absence of bot,h

o-cristobalite alrrl n-AlzOr itr tlr,' samples.

CONCLUSION

Topotactipll r'lf.r't which governs plras,' lransfor-
rrraliorrs ,'f silica and alumina in t,hcir tnixtures sub-
rrritt,'rl to high temperatures is strir'l lr ,'orrditioned by
the activation of phases clrrrirrg t lrr' I riursition of them-
selves (the Hec|va|| t'Íf...'t ) .'\rr ;rtItlitional prerequisite
of the obs,'rr',',1 irrt, r;r.lr.rns provides a good contact
lrr.tu'r'r'rr :rlrr';r ;ur,l ;rlrurrirra phases. This explains the
tttÍ|tt.'tt...' .'l lltr' ttat,ure and concentration of alumina
l)rc'cursors by determining textural changes they con-
trol the contacts between phases.
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VLIV DRUHU A KoNCENTRACí PREKURZoRŮ
o-A|zos NA SoUČAsNÉ pŘrnaĚruv oXlDŮ

xŘrrulČlrÉno n HLtNlTÉHo

Grzpll Louró, EnNe KrŠ, *Pe'uLA PUTANov

Uniuerzita Noui Sad, Fakulta technologie, Noai Sad
Buleuar Cara Lazara 7, 21000 Noai Sad, Jugosláuie
, Srbskd akademie oěd a umění, Knez Mihajloaa 35,

1 1 000 B ěIehrad, Jugoslóuie

V práci byl sledován vliv Íázové interakce na Íá'zové
přeměny binárních směsí Sioz s 5_70 hmot.% gibbsitu,
boehmitu, ,Y.Alzog a o-Alzos. Tyto anorganické látky
se běžně používají jako nosiče heterogenních katalyzáto.
rů. Jejich flázové přeměny mohou výrazně změnit fyzikrílní
vlastnosti příslušného katalyzátoru [4, 5, 6] a stav pri-
mární sloŽky, a mohou být proto příčinou stárnutí kata-
lyzátoru Í1, 2, 3]. Identifikace a semikvantitativní analy-
zy byly prováděny pomocí rentgenové difrakční analýzy,
morfologie povrchu byla hodnocena řádkovací elektrono-
vou mikroskopií a specifický povrch metodou BET. Vý-
sledky rentgenové difrakční anďyzy ukazují, že krystďiza-
ce Sioz v binárních systémech probíhá snadněji ve srov-
nání s krystalizací čistého oxidu křemičitého, a dochází
k ní pouze za přítomnosti o.Alzog (tob. I). Rychlost této
krystalizace závisí na morfologii a koncentraci oxidu hlini-.tého. 

Bylo stanoveno pořadí vlivu prekurzoru na klystali-
zaci oxidu hlinitého. Bylo stanoveno následující pořadí vli-
vu prekurzoru na krystalizaci oxidu křemičitého: boehmit
> gibbsit ) .y-AlzOs ) a-Alzos. Ve směsích gibbsitu ne-
bo boehmitu s oxidem křemičitým se rychlost krystďi-
zace oxidu křemičitého zvyšuje s koncentrací oxidu hli-
nitého. V případě 7-Alsog je tato závislost opačná (obr.
1). Piítomnost oxidu křemičitého rovněž stimuluje Í.ázové
přeměny oxidu hlinitého (tab. I). U směsí o-cristobalitu
s různými podíly o-Alzog se projevuje topotaktický efekt
prekurzorů' NepŤítomnost a-cristobalitu ve vzorcích při-
pravených s a-Alzoa potvrzuje význam Hedvallova efek-
tu. Zpomalování krystalizace SiOz při větších koncentra-
cích lAlz03 lze vysvětlit nedostatečným kontaktem mezi
oxidem křemičitým a t-Alzog, způsobeným nevhodnou
texturou vytvořenou během tepelného zpracování (obr. 2,

tab. II), a tím také inhibicí vzniku o-AlzOg.

obr. 1. Relati,uní intenzity charakteristických ditrakčních
linií a.cristobalitu (plné) a a.Alzog (přerušouané) po
tepelném zpracouóní směsí: sibbsit.Sioz (1), boehmit.
S;O2 (2), t-AlzOs-S;Oz (3).

obr, 2. Elektronoué mikroto t ografie a zo rků hlinit okřemi či.
tanů s obsahem 70 hmot.%O AIzOs.
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