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ABSTRACT 

The decomposition mechanism of natural and artificial hydrargillites was investigated by 
means of quasi-isothermal-quasi-isobaric thermogravimetry and X-ray examination. It was 
shown that the decomposition of artificial hydrargillites consists of three partial reactions 

a-Al(OH), + a-AlOOH + H,O (1) 

2 a-Al(OH), e xAl,O, + 3 H,O (2) 

2 a-AlOOH e y-Al *Or + H r0 (3) 

Each of these partial reactions is divided into further partial processes, some of which take 
place in a quasi-isothermal, and some in a non-isothermal way, and part of them leads to 
equilibrium whereas the other part does not. 

It was also shown that the decomposition of natural hydrargillites only takes place in the 

borderline case according to eqn. (2) and no boehmite is formed. However, between the two 
borderline cases the transition regarding the decomposition mechanism is continuous. 

INTRODUCTION 

There are numerous papers dealing with the examination of the thermal 
decomposition of hydrargillite which in the literature is also called gibbsite 
or, according to international nomenclature [l] a-Al(OH),. The reason for 
such intensive investigation of this compound lies in the fact that thermal 
treatment of hydrargillite produces various modifications of aluminium 
oxide up to LX-Al,O, and the transitional modifications of alumina, in 
particular, can find a versatile application in industry. Despite the applica- 
tion of various methods the results obtained are different and the dehydra- 
tion processes supposed can actually be classified into four groups. 
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(1) The gradual decomposition of hydrargillite through boehmite 

According to Haber [2], Frary [3] and Zivkovic [4] the following process 
takes place 

a-Al(OH)3 --) a-AIO(OH)--) ),-A1203 -) a-A1203 (1) 

Stctm~# et al. (51 obsecved be#ore tlze a~eacance o( tlze y- ~ocm also K-AI~O~ 
and thereafter r- and 8-A1203. Tertian [6] obtained K-A120 a instead of 
y-A1203 and in the case of finely granulated samples the decomposition led 
directly to x-A1203. Day and Hill [7,8] found also 8- and 0-A1203 between y- 
and a-A1203. Sasvhri and Hegediis [9,10] reported on the existence of 
unstable boehmite formed from hydrargillite, in contrast with the stable 
boehmite formed from bayerite, and attributed the effects different from 

IRi@~e f t [ I ~ttvest~a.ted theprobtem itt vacuum and atso observed the ~radua.[ 
decomposition according to eqn. (1). 

(2) Decomposition of hydrargillite directly to X-AI203 

In the Case of poorly crystallized samples, Goswami and Grupta [12] 

According to Day and Hill [7,8], x-AI203 is always formed from hydrargillite 
which transforms through rehydration into boehmite. Ginsberg et al. [13] 
obtained this dehydration process with hydrargillite precipitated from potas- 

fion ~akes place in fixael~ pxalverized h3~dxalgillilte. 

(3) Two-branched reaction with primary formation of x-hi203 and boehmite 

a-AI(OH) 3 a-A1203 

[ , a-AIO(OH) "), ~ 8 > 0 A 

(3) 

This decomposition process was first observed by Brown et at. fi51 and was 
the source of many new studies and interpretations. According to De Boer et 
al. [16], boehmite would be formed only under hydrothermal conditions. 
Tertian et al. [17] found that in vacuum mainly boehmite is formed. Saalfeld 
[18] confirmed the two-branched process also for the decomposition of 
hydrargillite monocrystals but did not find any 8-A1203. Kalinina [19], in 
contrast with most of the other authors, observed in the first step at 190°C 



the formation of x-A1203 and at 260°C a mixture of boehmite, X- and 
3¢-A1203. Already from 120°C upwards, Glemser and Rieck [20] obtained 
boehmite and c-A120 s. Ginsberg et al. [13] attribute the two-branched 
reaction to the presence of boehmite in the aluminium hydroxide obtained in 
the course of the Bayer process. Rouquerol et al. [21,22], in contrast with the 
findings of Beretka and Ridge [11], confirmed the performance of the 
two-branched reaction also in vacuum. Sato et al. [14] observed the partial 
boehmite formation only in the case of coarse crystalline hydrargillite. Many 
other researchers [23-31] also found that the decomposition of hydrargillite 
takes place according to the mechanism described above. 

(4) Two-branched reaction with primary formation of.41203 • 2 1120 and boeh- 
mite 

A1203 • 2 H20 > X --~ x 

a-AI(OH) s a-A1203 
r 

I ~ a-AIO(OH) > X--~ 8 - -  6 J 

(4) 

By evaluating X-ray diagrams of various decomposition products of hydrar- 
gillites, Ashimesh Dutt and Bhaskar Rao [32] observed the presence of 
A1203 • 2 H20 before the formation of x-A1203. As literature data prove, 
examination of the thermal decomposition of hydrargillite has led so far to 
many, often contradictory results. 

We also studied the decomposition mechanism of hydrargillites [33-37]. 
From the obtained simultaneous TG and DTG curves of natural and 
artificial samples, similar to those illustrated in Figs. 1 and 2, the following 
conclusions could be drawn [33-35]. The decomposition can be in one stage 
(natural hydrargillite) or three stages (artificial hydrargillite) but between the 
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two borderline cases the transition is continuous. In the first and third 
periods of the decomposition the amount of the departing water changes 
proportionately, i.e., between the two processes there exists a causal relation. 
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Fig. 2. DTG curves (1-6) of natural ( I - I I I )  and artificial (IV-VI) hydrargillites. 

These regularities seemed to support the assumption of the two-branched 
decomposition mechanism [36]. 

Later, by investigating this problem with the method of quasi- 
isothermal-quasi-isobaric thermogravimetry [38,39], we also succeeded in 
detecting that the three-stage decomposition of hydrargillites is composed of 
several overlapping processes which are of different character [37]. Because 
of the great resolution and selectivity of this measuring technique, it was 
used to study this question further. The results of our examinations are 
summarized in the present work. 

EXPERIMENTAL 

Materials 

The examinations were performed using six hydrargillite samples (I-VI) 
of different origin. Three of the samples (I, Sz6c; II, Iszkaszentgy6rgy; and 



III, Hat~trvrlgy, Hungary) were of natural origin. These were probably 
formed upon hydrothermal effects in rock crevices by the side of bauxite 
deposit faults. X-Ray data of these samples (d-values measured in .~ and the 
corresponding intensity values in parentheses) are: 

sample I: 4.83(100); 4.36(30); 4.32(15); 2.38(14); 2.45(9) 

sample I I: 4.90(100); 4.38(40); 4.34(20); 2.39(14); 2.45(12) 

Samples IV and V were the industrial products of Hungarian Alumina 
Factories from Magyarrvfir and Almfisfiizit6, respectively. Sample VI was 
also an industrial product of Alumina Factorie from Lauta (GDR). 

The purity of sample VI was controlled and it was stated to contain 
0.029% SiO2, 0.028% Fe203 and 0.247% Na20. This sample, representing a 
borderline case, was investigated more thoroughly. Its grain size varied 
between 63 and 100 /.tm. X-Ray data (d-values measured in ,~ and the 
corresponding intensity values in parentheses) are: 4.86 (100); 4.37 (25); 4.31 
(13); 2.38 (10); 2.45 (8). Literature [5] data are: 4.82 (100); 4.34 (40); 4.30 
(13); 2.37 (20); 2.44 (15). 

For calibration purposes in the X-ray investigation a boehmite was used 
which had been prepared from hydrargillite in an autoclave. This contained 
0.071% SiO2, 0.005% Fe203 and 0.263% Na20 as impurities. X-Ray data 
(d-values, in A and the corresponding intensities in parentheses) are: 6.12 
(100); 3.16 (70); 2.34 (60); 1.86 (40); 1.85 (40). Literature [41] data are: 6.11 
(100); 3.16 (65); 2.34 (53); 1.86 (32); 1.85 (27). 

Thermoanalytical examinations 

The conventional simultaneous TG and DTG examinations [39] and the 
quasi-isothermal-quasi-isobaric thermogravimetric measurements [38,39] 
were carried out using a Derivatograph-Q (Hungarian Optical Works 
MOM-Budapest). 

Curves 1-6 in Figs. 1 and 2 were obtained for hydrargiUite I-VI, at a 
heating rate of 5°C min -~, in an open crucible, and in the presence of air. 
The weight of the samples amounted to about 300 mg. 

For the sake of comparison, Fig. 1 shows both the conventional TG 
curves (curves 1-6) and the Q-TG curves (curves 7-12) of the same samples. 
The latter were obtained by applying the quasi-isothermal-quasi-isobaric 
measuring technique [37-39]. The 300 mg sample was placed in an open 
crucible and heated in the weight constant period at a heating rate of 3°C 
min-i .  The decomposition rate was controlled with 0.3 mg min-1 (calcu- 
lated for 100 mg total weight change). 

In the Q-TG curves isothermal and non-isothermal sections were ob- 
served. It was supposed that the isothermal decomposition processes lead to 
equilibrium, while the non-isothermal ones do not. Therefore, the borderline 
case representing two samples (I and VI) and a sample transitional type (III) 
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Fig. 3. Q-TG curves of artificial hydrargillite (VI) examined in a labyrinth sample holder (I), 
in a covered (2) and uncovered crucible (3). and on a multiplate sample holder (4). 

were examined under the above mentioned experimental conditions. Four 
different types of sample holder were used (curves l-4 in Figs 3-5). By 
changing the sample holders the aim was to change the partial pressure of 
the water vapour in the vicinity of the sample in order to influence the 
equilibrium and, along with this, the course of one of the processes with 
respect to the other. From the changed shape of the curve we expected to 
receive further useful information regarding the mechanism of the decom- 
position. According to experience [39], in the case of the quasi-isothermal 
measuring technique, by changing the sample holder the concentration of the 
gaseous decomposition products in the vicinity of the sample can also be 
significantly changed (labyrinth, 100 kPa; covered crucible, 20 kPa; un- 
covered crucible, 5 kPa, multiplate sample holder, 1 kPa), while the partial 
pressure of the gaseous product remains practically constant (quasi-isobaric) 
during the whole process. 

In the Q-TG curves in Fig. 3 the section at about 200°C, indicating the 
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Fig. 4. Q-TG curves of natural hydrargillite (III) examined in a labyrinth crucible (1) in a 
covered (2) and uncovered crucible (3), and on a multiplate sample holder (4). 
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Fig. 5. Q-TG curves of natural hydrargillite (I) examined in labyrinth crucible (l), in a 
covered (2) and uncovered crucible (3), and on a multiplate sample holder (4). 

beginning of the decomposition, shows that the sample became transitionally 
overheated, whereupon its temperature spontaneously dropped. We wished 
to study this process more thoroughly and therefore the recording of this 
section of the Q-TG curves was repeated by applying various decomposition 
rates (conversion into 100 mg total theoretical weight loss of the decomposi- 
tion rates: 0.05; 0.1; 0.5; 1.0; 2.0; 5.0; 10.0 mg min- ’ while the heating rate 
was 3°C in the weight-constant sections). Curves 9-15 of Fig. 6 were 
obtained. 

We also investigated in what way the decomposition of hydrargillite 
would continue if for certain periods the quasi-isothermal measurement was 
interrupted (0.5 mg min- ’ decomposition rate) and the sample settled in the 
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Fig. 6. Q-TG curves of artificial hydrargillite (VI) taken in the conventional way (1) on the 
one hand, and on the other by interrupting the examination in various stages of the 

transformation and recommencing it after cooling (2-8). 
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labyrinth suddenly cooled down, and thereafter the experiment recom- 
rnence~t ~3ez). ~/'ae results o~ fftese exam'tnaftons are iYtus~ra~e& "%v curves  2 - ~  

in $z't~. 6. Carve l snows t~te dtecompogffton process of t~te samp'te w:tt'aottt 
iaterruptio n. 

The great resolution and selectivity of the quasi-isothermal-quasi-isobaric 
technique was also suitable for preparative purposes, viz., by producing 
intermediary decomposition products. Q-TO curves of samples I and VI, 
representing the two borderline cases, and sample III, the transitional type, 
were recorded using the labyrinth and multiplate sample holders and keep- 
ing the 0.3 mg rain -~ decomposition rate (calculated for 100 mg total 
theoretical weight loss). However, at a given point in the decomposition the 
measurement was interrupted and the sample was suddently cooled down. In 
this way we were able to quench the reaction and obtain the sample in its 
required state. Thereafter, these intermediary products were examined using 
X-ray examinations (Figs. 7 and 8). The applied X-ray diffraction equipment 
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Fig. 7. Curves obtained in quasi-isothermal and X-ray measurements. (1) Changes in the 
amount of the boehmite formed; (2) changes in the amount of calculated A1203; (3) Q-TG 
curve; (4) course of the partial reaction a-AI(OH) 3 --* a-AIOOH; (5) course of the partial 
reaction a-AI(OH)3 ~ x-AI203; (6) course of the partial reaction: a-AIOOH ~ v-AI203. 
Sample, artificial hydrargillite (VI); sample holder, labyrinth. 
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Fig. 8. Curves obtained in quasi-isothermal and X-ray measurements. (1) Changes in the 
amount of boehmite formed; (2) changes in the amount of calculated A1203; (3) Q-TG curve; 
(4) course of the partial reation a-AI(OH) 3 ~ a-AIOOH; (5) course of the partial reaction 
a-AI(OH)3--*x-AI203; (6) course of the partial reaction a - A I O O H ~  y-AI203. Sample, 
artificial hydrargillite (VI); sample holder, multiplate. 

was a constant potential generator TuR M 62, manufactured by Transfor- 
matoren und ROntgenswerke, Dresden, in connection with a vertical goniom- 
eter PW 1050/70 and a graphite monochromator produced by Philips. 

There are two possible ways of following the changes in the crystal 
structure: one method is based on the measurement of the intensity propor- 
tions of the selected reflexions of hydrargillite and boehmite, while the other 
is based on the quantitative determination of boehmite by using an inner 
standard. The latter method was chosen in the present work since it is more 
accurate. 

The samples pretreated by quasi-isothermal thermogravimetry were mixed 
with 20% a-A1203 and made homogeneous in ether. The integral intensities 
of the coincidenceless reflexions of boehmite ( d =  6.12 A) and ~-m1203 
(d  = 2.55 ,~) in this mixture were determined by X-ray measurements. 

For calibration purposes, we applied the straight 

y = 0.109 + 0.090x (corr.: 0.993) 
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where y is the intensity proportion (u = Iboehmi~c/lrr_ql,o,) and x is the 
concentration of boehmite. According to experience thts equation can be 
used with certainty for up to 60% boehmite content, i.e., to the concentration 
domain in question. 

Figures 7 and 8 show the partial processes of the three-stage decomposi- 
tion of hydrargillites for the case when the reaction took place under 
quasi-isothermal and quasi-isobaric conditions by using the labyrinth (Fig. 7) 
and the multiplate (Fig. 8) sample holders. The curves were constructed by 
calculations based on the values obtained from the Q-TG curve on the one 
hand, and the values of the boehmite determination by X-ray, on the other. 
Curve 1 shows the changes in the molecule number of boehmite calculated 
for 2 moles of hydrargillite, while curve 2 shows similar changes occurring in 
aluminium oxide. Curves 3 in Figs. 7 and 8 are Q-TG curves, and are 
identical in succession with curves 1 and 4 in Fig. 3. These curves represent 
the series of points at which the reaction was quenched to obtain inter- 
mediary products for X-ray examination. Curves 4, 5 and 6 calculated from 
curves 1 and 2 in Figs. 7 and 8 show the course of partial reactions 
corresponding to eqns. (5), (6) and (7), respectively. These curves are 
expressed in percentages of the weight changes. We also examined the 
quantity of transitionally formed boehmite in the case of samples I and VI. 

DISCUSSION 

What kind of partial reactions and processes make up the mechanism of 
the decomposition of hydrargillite? In what way and why do these differ 
from one another in the case of hydrargillites of various origin? What are the 
kinetics of these partial processes and how are they influenced by the 
experimental conditions ? The answers to these questions proved to be 
complex, as is the reaction mechanism itself, the subject of this problem. For 
the last mentioned, the following mosaic-like picture can be brought together 
if we arrange the mass of data obtained from Figs. 1-8. 

In general, it can be stated that the decomposition of hydrargillites is 
composed of three overlapping partial reactions (curves 4, 5 and 6 in Figs. 7 
and 8). These reactions can be discribed by eqns. (5), (6) and (7) 

a-Al(OH), + (r-AlOOH + H,O (5) 

2 cr-Al(OH) ,, + x-Al *03 + 3 H,O (6) 

2 a-AlOOH e y-Al,O, + H,O (7) 

Each of these decomposition reactions is divided into several parts (curve 
sections a-i in Figs. 7 and 8). 
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Conversion of hydrargillite into boehmite 

If the decomposition is composed of three stages, then first boehmite 
would be formed (curves 1 and 4 in Figs. 7 and 8). This process is generally 
introduced by nucleus formation which is indicated in the Q-TG curves by a 
transitional overheating of the sample (section b curves 1 and 4 in Figs. 7 
and 8). This occurs because, due to the delayed start of nucleus formation, 
the heating control system transitionally raises the temperature of the sample 
over the transition temperature. The nucleus formation can begin only at a 
higher energy level of the sample. After nucleus formation has started the 
temperature of the sample spontaneously drops because along with the 
increase in the number of nuclei, a gradually lower and lower temperature is 
necessary so that the weight loss takes place at the prescribed rate [39]. 

With this it can also be explained that the course of this section of the 
Q-TG curves depends on the decomposition rate we have programmed 
(curves 9- 15 Fig. 6). In the case of a low rate (curve 9, Fig. 6) the sample 
cools down to a greater extent than in the case of higher decomposition rates 
(curve 12). 

It is noteworthy that the temperature at the start of nucleus formation, up 
to the given 200°C limit, is independent of the decomposition rate (curves 
9-13, Fig. 6). If a higher rate of decomposition than is necessary is chosen, 
the temperature of the sample cannot fall any more (curve 13, Fig. 6). What 
is more, it can happen that the start of decomposition will be shifted above 
the characteristic temperature of 200°C (curves 14 and 15, Fig. 6). The 
thermal decomposition of such types of hydrargillites also starts at 200°C if 
a dynamic heating program is applied (curves 4, 5 and 6 in Figs. 1 and 2). 

The reaction of boehmite formation is not a process which leads to 
equilibrium since by changing the sample holders, i.e., by changing the 
concentration of the gaseous decomposition products in the vicinity of the 
sample, the course of the transformation (curves 1-4, Fig. 3) cannot be 
influenced at all [39]. 

However, by changing the sample holders the amount of the boehmite 
formed can be varied (curves 1 and 4, Figs. 7 and 8). The larger the partial 
pressure of the water vapour formed in the vicinity of the sample the larger 
the amount of boehmite. The explanation of this phenomenon is probably 
two fold; on the one hand, the reactions 

a-Al(OH), + (u-AlOOH 

and 

a-Al(OH), + X-AI 203 

are competitive and when the latter begins, the former is nearly completed 
(section d in curves 1 and 4, Figs. 7 and S), and on the other, the beginning 
of the reaction cr-Al(OH), + X-Al,O, was delayed (curves 1 and 4 in Fig. 3) 
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by using the labyrinth crucible instead of the multiplate sample holder, and 
so the initial temperature of this process increased from 220°C to 265OC. 
Accordingly, in the latter case more boehmite could be formed, since it took 
longer for the temperature to rise from 200 to 265°C instead of 220°C. 

It can also be stated that the progress of the boehmite formation continu- 

ously and proportionately increases the temperature of transformation (sec- 
tion c of curves 1 and 4, Figs. 7 and 8). Every single value of the latter curve 
is characteristic to the actual state of the materials [39]. According to the 
course of curves 2, 3 and 4 in Fig. 6, viz. when we recommenced the 
experiment after quenching, the process continued at the very same tempera- 
ture at which the experiment was interrupted. 

Conversion of hydrargiilite to X-aluminium oxide 

This reaction [eqn. 61 consists of two partial processes (sections e and f of 
curves 2 and 5, Figs. 7 and 8). According to the Q-TG curves (curves 1-4, 
Fig. 3) the first process leads to equilibrium while the second one does not. 
Therefore, by changing the labyrinth crucible for the multiplate sample 
holder, the first process would take place at 220°C instead of 265’C, while 

the temperature of the second process cannot be influenced in a similar way. 
The two processes also differ from one another in that the first one takes 

place in a quasi-isothermal way and if the rate of the heat absorption of the 
sample and the partial pressure of the water vapour in the vicinity of the 
sample do not change, then both the rate of the decomposition and tempera- 
ture of the transformation stay constant (curves l-4, Fig. 3). In contrast, the 
second process of the transformation (section f of curves 2 and 5, Figs. 7 and 
8) can proceed with the prescribed rate only if the temperature is continu- 
ously and significantly increased. As in the case of the transformation 

cr-Al(OH), + a-AlOOH 

for every temperature and every state of the transformation process, there 
corresponds a defined state of the material [39], i.e., a defined water content 
and inner structure (Fig. 6). This becomes understandable if we accept the 
supposition of Freund [40] according to which in general the water release 
from hydroxyl groups is the result of the movement of protons. The 
probability of this process decreases with the reduction of the number of 
OH-groups and therefore the release of the remaining OH-group requires a 
greater energy, i.e., a higher temperature. 

From the Q-TG curves it can also be read that the two reactions 

cr-Al(OH), + cllAlOOH 

and 

a-Al(OH), + xAl,O, 

are really competitive and do not overlap. In the reverse case, it would be 
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expressed in the course of the Q-TG curves [39]. If the isothermal transfor- 
mation a-AI(OH)3 ~ aA1OOH and the non-isothermal conversion 
a-AI(OH)3 ~ x-A1203 had taken place simultaneously, the corresponding 

section of the Q-TG curves (section e of curves 2 and 5, Fig. 7) would not be 
of isothermal character, but would have extended to a more or less broad 
temperature interval. 

Conversion of boehmite to y-aluminium oxide 

In the vicinity of 400°C only x-A1203 and a-AIOOH remain (curves 1 and 
2, Figs. 7 and 8). Above this temperature the decomposition of boehmite also 
begins [eqn. (7)], and according to the Q-TG curves in Fig. 3 this reaction is 
practically complete by 500°C. The weight loss observed in the mentioned 
temperature interval is proportional to the amount of boehmite formed 
(section h of curves 1 and 6, Figs. 7 and 8). The proportionality between the 
first and third peaks of the DTG curves [33-37] can also be attributed to this 
circumstance (Figs. 1 and 2). This reaction also leads to equilibrium (en- 
larged curves 1-4, Fig. 3). The residue gradually looses the remaining water 
(section i of curves 1 and 6, Figs. 7 and 8) which is in accordance with the 
theory of Freund [40]. 

By comparing the two borderline cases, represented by the three-stage 
decomposition of artificial hydrargillites (Figs. 3, 7 and 8) on the one hand, 
and the one-stage decomposition of hydrargillites of natural origin (Fig. 5) 
on the other, it can be stated that the only difference between them is that in 
the former a significant amount of intermediary boehmite is being formed 
(curve 1, Figs. 7 and 8) while in the latter the amount of boehmite formed is 
insignificant. 

Those natural and artificial hydrargillites whose thermoanalytical curves 
form a transition between the two borderline cases (Fig. 4) differ from one 
another--at  least from the point of view of their decomposition--only with 
respect to the amount of boehmite formed. 

Further observations and conclusions regarding the decompostion mecha- 
nism of hydrargillites will be reported in the second part of this work. 
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