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Non-isothermal thermogravimetric analysis was used for determination of the kinet-
ics of aluminium hydroxide dehydration in an air atmosphere and for processing of the
experimental results by the method due to Chatterjee.

Aluminium hydroxide dehydration proceeds according to the following mechanism:

Al(OH), — AIOOH + H,0
2 AIOOH —» AlL,O; + H,0

Both reactions proceed in the diffusion region, the first up to 526 K and the second
up to 700 K, and the corresponding activation energy values are 15.7 and 0.2 kJ/mole,
respectively.

By continuous increase of temperature over 526 K in the first, and over 700 K
in the second case, the rates of these reactions become limited by the rate of
crystallochemical transformation and the activation energy values are 116.9 and
91.9 kJ/mole, respectively.

Results of thermogravimetric analysis, obtained under isothermal [1] and non-
isothermal [2, 3] conditions in the course of a reaction, may be used for kinetic
research of the processes of thermal decomposition of solid components.

In recent, non-isothermal methods of research the kinetics of thermal decom-
positions of solid components have found wider and wider application because
of the particular advantages they have over the methods of research under iso-
thermal conditions.

The advantages of the determination of reaction kinetics via continuous tem-
perature increase lie in the facts that a significantly smaller number of experimental
data is required than for isothermal methods of research and that process kinetics
may be studied fully over the complete temperature range in a continuous way.
At the same time, this resolves the difficulty always present in isothermal research,
at the beginning of the process when the cold sample is put into the heated furnace,
during which process, de facto, there are non-isothermal conditions, so that the
beginning of the reaction cannot be taken into account in such research.

The process of aluminium hydroxide dehydration was studied by Drobot and
Hozanov [4] under isothermal conditions, using high-temperature infra-red
spectroscopy for determination of the level of reaction flow with time, which is
not applicable for research of this type.
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Theory

The method due to Chatterjee [5] for the evaluation of thermogravimetric data
in order to calculate the kinetic parameters of thermal decomposition processes
may be used successfully for processing of one or more thermogravimetric curves
obtained under identical reaction conditions but with different starting sample
weights.

A heterogeneous kinetic reaction can be represented by the following general
equation for the rate, v’

dm

v=—E=k-m 0))

where k, m, t and n are the rate constant of the reaction, the active weight of the
reacting material, the time elapsed from the start of the experiment, and the
pseudo order of reaction, respectively.

Mechanisms derived for a heterogeneous reaction from the pseudo order of
reaction are of little intrinsic significance and, at best, represent a gross approxima-
tion. If k is expressed in terms of an Arrhenius equation, then

k= A - e~4EHRT )

where 4, AE*, Tand R are the frequency factor, the activation energy, the absclute
temperature and the universal gas constant, respectively. Substituting Eq. (2)
into Eq. (1),

0= A -m" - e-AEMRT
or
AE*
logm — logv = ——r 3
nlogm —logv = mpr — € S

Equation (3) gives the relationship between reaction rate and temperature,
while the activation energy (4E¥) may be determined from the slope of the
straight line in the coordinate system (nlogm — logv) vs. 1/T.

Experimental

A Netzsch differential thermoanalyzer, Model 409, was used for the DTA
measurements, with Pt/Pt—Rh thermocouples and calcined alumina crucibles
for the samples.

Thermogravimetric investigations were performed on a Netzsch thermobalance,
Model 409, with the holder and crucible for samples made from calcined alumina.
The thermocouple for measuring the temperature of the furnace consisted of
Pt/Pt—Rh, and its tip was positioned at the same level as the surface of the sample
being investigated.

The aluminium hydroxide powder with a purity of 99 % used for these investiga-
tions was produced by Riedel de Haén A. G. Seelze, Hanover.

J. Thermal Anal. 12, 1977



ZIVK

OVIC, DOBOVISEK: ALUMINIUM HYDROXIDE DEHYDRATION 209

Results and discussion

Figure 1 shows the DTA curve for the thermal decomposition of aluminium
hydroxide in an air atmosphere, obtained at a heating rate of 10° min~*. Alu-
minium hydroxide dehydration proceeds first to AIOOH, which is shown in the
DTA curve by a prominent endothermic peak at 573 K (Fig. 1); AIOOH is then
dehydrated to ALOj,, as shown by a less prominent peak at 773 K. Certain other

changes may be

noted at the beginning of dehydration to AIOOH, which are most

probably due to the removal of adsorbed humidity. During further heating the
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Fig. 1. Differential thermal analysis of aluminium hydroxide in air
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Fig. 2. Thermogravimetric analysis of aluminium hydroxide in air for two samples with dif;

ferent initial weights: 1 sample a. 2 sample b
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DTA curve changes its position in relation to the baseline up to 1573 K, when
the process of «-Al,O; crystallization is denoted by a weak exothermic peak,
although both reference and studied samples represent Al,Os.

For kinetic research of aluminium hydroxide dehydration, two samples of
different starting weights were heated in the TG apparatus at a rate of 10° min—%,
The results obtained are shown in Fig. 2.

The loss of weight in the temperature interval from 475 K to 600 K corresponds
to the process:

Al(OH), - AIOOH + H,0 C)
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Fig. 3. Variation of active weight of AI(OH); with both time and temperature: @ sample a:
o sample b
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Fig. 4. Variation of active weight of AIOOH with both time and temperature: @ sample a;
o sample b
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and the loss of weight in the temperature interval from 600 K to 800 K to the
process:

2 AIOOH —+ ALO; + H,0O &)

- The leoss-of sample weight m,, of 18 x10~° kg, due to separation of reaction
gas product, based on Egs (4) and (5), results in the formation of 60 x 10-% kg of
solid AIOOH reaction product in the first, and 120 x 10~% kg of solid ALOq
reaction product in the second case, both of which remain with the still unreacted
part of the sample. Based on these data, the active sample weight, m, was calculated
as functions of time and reaction temperature. Values obtained for processes (4)
and (5) are shown in Figs 3 and 4, respectively.

Thermogravimetric data for calculating thl;allgfleiic parameters for the process of A(OH),
dehydration
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Thermogravimetric data for calculating tl?;:atl)cli;eiic parameters for the process of AIOOH
dehydration
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The rates of the dehydration reactions of AI(OH); to AIOOH and AIOOH to
Al, O3, v, were calculated by graphical differentiation of the thermal curves given
in Figs 3 and 4. The required thermogravimetric data for the calculation of the
kinetic parameters of these processes are shown in Tables 1 and 2.

Based on the calculated values in Tables 1 and 2, Figs 5 and 6 show the corre-
sponding relationship (z log m — log v) as a function of the reciprocal reaction
temperatures.

The results in Fig. 5 show that two different reaction rates correspond to the
dehydration of AI{OH), in the given temperature interval; there is a break in
the straight line at 526 K. Analogous reasoning applies to the dehydration of
AIOQOH to Al,Os, the difference being that the change of reaction rate is observed
at 700 K, as is shown in Fig. 6. In both cases, the results obtained for samples
a and b show a good correlation.

The statistical method of least squares [6] was used to determine the slopes

J. Thermal Anal. 12, 1977



ZIVKOVIC, DOBOVISEK: ALUMINIUM HYDROXIDE DEHYDRATION 213

0 | | | i
1.70 180 1.90 200 210

Lagd k™!
T

Fig. 5. Temperature dependence of (n log m — log v) for the dehydration of AI(OH), in air:
@ sample a; © sample b
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Fig. 6. Temperature dependence of (r log m — log v) for the dehydration of AIOOH in air:
@ sample g; O sample b

of the most probable straight lines shown in Figs 5 and 6, and these slopes were
used for calculation of the corresponding values of the activation energies of the
given processes:

a) for reaction (4)
— temperature interval up to 526 K
AE* = 15.70 kJ/mole
— temperature interval from 526 to 570 K
AE* = 116.97 kJ/mole;
b) for reaction (5)
— temperature interval up to 700 K
AE* = 0.20 kJ/mole
— temperature interval from 700 to 790 K
AE* = 91.92 kJ/mole
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Based on calculated slopes, the temperature relationships of the rates of the given
processes in an air atmosphere at a constant heating rate of 10° min—* may be
described in the following way:

a) for reaction (4)
— temperature interval up to 526 K

0.820
nlogm — logv, = 7~ 0.345 (6)

— temperature interval from 526 to 570 K

6.108
nlogm—logvzzT— 10.469 Q)
b) for reaction (5)
— temperature interval up to 700 K
0.0109
nlogm—logvl—T+1582 8)

— temperature interval from 700 to 790 K

4.800
nlogm—logv2—~—T——5151 )
where n = 1, m and v = —dm/dt are the order of the reaction, the active weight

of the reactant and the thermal decomposition rate, respectively.

From the results obtained it may be concluded that the dehydration processes of
Al(OH); and AIOOH from their beginning up to 526 K and 700 K, respectively,
are in the extremal diffusion phase, i.e. resistance to the diffusion of reaction gas
product through the laminar layer of gas which envelopes the particles of solid
reagent limits the rates of the processes as a whole. By continuous temperature
increase, the resistances to chemical reaction become larger and larger, so that at
526 K for Al(OH), dehydration and 700 K for AIOOH dehydration they become
the largest, as compared to other resistances to reaction flow, as a consequence
of which, in both cases, the rate of the process as a whole is limited by the crystal-
chemical transformation at the reagent-solid reaction product boundary surfaces.
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RESUME — On détermine la cinétique de la déshydratation de I’hydroxyde d’aluminium dans
I’air, par thermogravimétriec non-isotherme, en dépouillant les résultats suivant la méthode
proposée par P. K. Chatterjee.

Le processus de la déshydratation de ’hydroxyde d’aluminium s’effectue suivant le mécan-
isme:

Al(OH), — AIOOH + H,O
2 AIOOH — ALO,; + H,0

Les deux réactions ont lieu par diffusion, la premiére jusqu’a la température de 526 K et
la seconde jusqu’d 700 K, les valeurs correspondantes des énergies d’activation étant
15.70 kJ - mol~? pour la premiére et 0.20 kJ - mol—* pour la seconde réaction.

Lors d’une élévation continue de la température au-dessus de 526 K dans le premier cas
et au-dessus de 700 K dans le deuxiéme cas, les vitesses de ces réactions deviennent limitées
en raison des transformations cristallochimiques et les valeurs des énergies d’activation sont
116.97 pour la premiére et 91.92 kJ - mol ! pour la seconde réaction.

ZUSAMMENFASSUNG — Die nicht-isotherme thermogravimetrische Analyse wurde zur Bestim-~
mung der Kinetik der Dehydration von Aluminiumhydroxid in Luft-Atmosphire eingesetzt
und die Methode von P. K. Chatterjee zur Verarbeitung der Versuchsergebnisse angewendet.

Der Dehydratisierungsvorgang von Aluminiumhydroxid verlduft nach folgendem Mecha-
nismus:

Al(OH); — AIOOH 4 H,0
2 AIOOH — Al,O4 + H,0
Beide Reaktionen spielen sich in der Diffusionszone ab, die erstere bis zur Temperatur von
526 K und die zweite bis zur Temperatur von 700 K. Die entsprechenden Aktivierungs-
energien sind 15.70 kJ/Mol fiir die erste und 0.20 kJ/Mol fiir die zweite Reaktion.

Bei kontinuierlicher Erh6hung der Temperatur {iber 526 K im ersten und iiber 700 K im
zweiten Fall werden die Geschwindigkeiten dieser Reaktionen durch kristallchemische Um-
wandlungen begrenzt und die Aktivierungsenergie betrdgt 116.97 kJ/Mol fir die erste und
91.92 kJ/Mol fiir die zweite Reaktion.

Pesrome — Hen30TepMHUYECKHA TEPMOTrpaBUMET prueckui anama3 ObLT HCIIOIB30BAH Al Opeae-
JIeHAsT KMHETHKA ACTAAPATANA TUAPOOKHCH AIFOMHIHKS, & ATl 06pabOTKH SKCIEPAMEHTAIBHbIX
pe3ynpTaToB — Meton UsTTepne. IIponecc mermapaTauyy MPOTEKAET MO CIISAYIONIEMY Mexa-
HE3MY:

Al(OH), —» AIOOH + H,O

2AI00H - AlLO; + H,O
O6e peakunu NpoTekaroT B 1ubdy3noxHHolM 061acTH, NIpAYeM NepBas A0 TeMiepaTypsl 526 K, a
propast — g0 700 K. CooTBeTcTBYIOIINE 3HEPTHH aKTUBALMH IJIS IEPBOH M BTOPOIi peakimit
coctapmsima 15,70 u 0,20 kmk/Moas. IIpd HempepnlBHOM YBEIHYCHHH TeMIIEPATYPHI CBEPX
526 K B nepsoM cnydae u ceepx 700 K — Bo BTOpOM, CKOPOCTH 3THX PeakilMil THMHTHPOBANACE
CKOPOCTBIO KPUCTAIIO-XEMHUYECKOTO IPEBPALCHHUS, & 3HAYCHUS DHEPIUM aKTHBAIUH ISl TepBOi
¥ BTOPO#l PEAKLHM, COOTBETCTBEHHO COCTABILTH 116,97 m 91,92 xmx/MOIb.
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