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Abstract

Thermogravimetric data for the decomposition of diaspore have been obtained under nonisothermal conditions. A model-free isoconversional
method is used to yield dependency of the activation energy on the extent of conversion for experiments. Reaction model of the Sestak—Berggren
equation is identified by Malek and Mitsuhashi method. The parameter of the modeligBgmd,the pre-exponential factor (A) are calculated.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction [5]. Therefore, the thermodecomposition kinetic properties of

diaspore are of significance to the understanding of transfor-
Alumina is an important ceramic material used in vari- mation mechanism and to Bayer’s industry process.

ous branches of industry. The most stable form of alumina  The governing equation for kinetic analysis of solid-state

is corundum («-A$O3), which has excellent properties such decompositions

as high hardness, thermal resistance, corrosion resistance,

etc. Alumina is chiefly obtained by the dehydroxylation of du

aluminum hydroxides. The transformations of boehmite (y- §; — k(T) f(e) 1)

AIOOH), gibbsite (y-Al(OH}), and bayerite (a-Al(OH)

to corundum via a series of transition aluminas have beenwheret is the time andr the temperature and the extent

extensively studied1-3]. By contrast, the transformation of conversion, makes the implicit assumption that the

mechanism from diaspore (a«-AIOOH) to corundum is not temperature dependence of the rate Constqﬁ“[)” can be

well understood. Diaspore isa major constituent of bauxite in separated from the reaction mod@k) The reaction model

Greece, Russia and China. In the United States, diaspore haﬁ]ay take various forms, some of which are giveﬁ'a}hﬂe 1.

also been found in clays in Missouri and Pennsylvania. Itis The explicit temperature dependence of the rate constant is

commonly stated that diaspore directly transform into corun- introduced by replacind(T) with the Arrhenius equation,
dum at a relative low temperature due to the structural simi- which gives

larity of the phases, both having a hexagonally close packed

anion sublatticept]. A recent study reported that a two-step _E

transformation with a new transition phase designated - = A exp () f(@) 2)
. ) t RT

Al 03 occurred under vacuum and a possible mechanism by

which diaspore is dehydrated to forfr Al ;O3 was presented
P y 23 P whereA (the pre-exponential factor) arte (the activation

energy) are Arrhenius parameters @Rdhe gas constant.
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Table 1
Set of reaction models applied to describe thermal decomposition in solids
No. Reaction model fla) (@)
1 Power law 4054 o4
2 Power law 3023 o3
3 Power law 20172 o2
4 Power law 2/3¢71/2 o3
5 One-dimensional diffusion 1/20t o?
6 First-order (Mampel) l—« —In(1 - @)
7 Avrami-Erofeev 41— &) [<In(1 — )3 [In(@ — a)]¥4
8 Avrami—Erofeev 3(1— a)[—In(1 — a)]?? [-In(1 — )] Y3
9 Avrami—Erofeev 2(1— a)[—In(1 — a)]*? [-In(@ — )] Y2
10 Three-dimensional diffusion 32(1— )31 — (1 — )31 [1-@1-a)3?
11 Contracting sphere 3(1—a)?R 1-(1-a)B
12 Contracting cylinder 2(1 — )2 1—(1—a)?
(2) can be eliminated through the trivial transformation Table 2
da A o _E f( ) (3) Element composition of the samples
= _— o . -
ar ~ B p RT Element o] Al Si Ti Fe
. . Weight % 49.69 42.67 1.13 4.93 1.59
whereg = dT/dtis the heating rate. Atomic % 63.92 32.55 0.83 2.12 0.59

Compared with isothermal experiments, nonisothermal
runs are more convenient to carry out without a sudden tem-
perature jump of the sample at the beginning. The commonly  The thermogravimetric analysis (TGA) experiments are
used methods that involve fitting experimental data to as- carried out using a high-temperature thermal analysis instru-
sumed forms of the reaction model fails to produce trustwor- ment (Model TGA92). The TG sensitivity of the instrumentis
thy kinetic information for nonisothermal experime. 0.001 mg, and DTA sensitivity is 1 mV. Spectral pure®@}

The reason arises from that “model-fitting methods” do not powders are used as the reference. Samples of the as-treated
achieve a clean separation between the temperature deperpowders are placed in platinum crucibles and heated in a flow-
dencek(T), and the reaction modé{g). It also arises partly ~ ing atmosphere of nitrogen. The instrument is programmed
because many reactions follow complex mechanisms involv- to heat the sample from room temperature at a constant heat-
ing multiple series or parallel steps with different activation ing rate. The programmed linear heating rates are established
energies. Therefore, model-fitting methods, which are aimed after an initial period of nonlinear heating. The actual heat-
at extracting a single value of the activation energy for an ing rates used in the kinetic analysis, 3.01, 7.68, 10.13 and
overall process, are unable to reveal this type of complexity 14.87 K/min, are calculated from temperature measurements
[7]. However, the “model-free isoconversional methods” can made during the actual period of decomposition. Buoyancy
be used to eliminate the aforementioned drawbacks of model-has been subtracted from the actual mass loss data.

fitting [8,9]. These methods allow the activation energy to be

determined as a function of the extent of conversion and/or

temperature without making any assumptions about the re-3. Kinetic computations

action model.

In this paper, we present kinetic analysis of thermal de- 3.1. Dependency of the activation energy on the extent
composition of diasporic bauxite by isoconversional meth- of conversion
ods.

Rearrangement and integrationky. (3)for nonisother-

. mal conditions gives
2. Experimental

: : L o A [T —E AI(E,T)
The bulk diasporic bauxite is firstly ground to particle size g(a) = —/ exp (> a7 = ——= 4)
of about 1Qum, then treated by acid washing, filtration and BJo RT p

desiccation (120C). The element composition of the sam-  \here|(E, T) is the temperature integral. Becauge) is
ples is analyzed using EDX of scanning electron microscopy jndependent of the heating ragg. (4)can be written for a

(CSM 950, Opton). The results are showrable 2(hydro- given conversion and a set of experiments performed under
gen cannot be detected by the as-used instrument). The elegjferent heating rateg;(i = 1, .. ., n) as follow[9]

ment Ti exists in the form of both anatase and rutile, which

do not have phase transformations in the temperature rangeAq(Eo, To.1)  Aal(Eq, Ta2) =~ Agl(Eo, Ton)
investigated. The same is true for the elements Si and Fe, B1 - B2 - B

which take the form of lllite. (5)
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Therefore, the activation energy can be determined at any 1.0 00 B WO
particular value of by finding the value oE, for which the ' :
function [9] 3.01 Kmin™' simulative curve
©— 3.01 Kmin ' experimental curve

non . L . . 7.68 Kmin' simulative curve
Z Z I(Ea’ Ta;)/ﬁl I(Ea’ Ta’/)/ﬂ'l (6) 3 0.5q | — 7.68 Kmin ' experimental curve
i=1 j#i (Ea’ Ta’j)/'Bj —m— 10.13 Kmin™' simulative curve

| —O0—10.13 Kmin ' experimental curve

is a minimum. The minimization procedure is repeated for & —v—14.87 Kmin”' simulative curve
each value ok to find the dependence of the activation energy mﬁf” ] 14.87Kmin”' experimental curv
on the extent of conversion. The value$(&, T) can be found S —or 550 55 P
by numerical integration using Romberg r{d®]. Temperature (K)

Fig. 1. Experimental alpha-temperature curves vs. simulative curve obtained

3.2. Reaction model and pre-exponential factor
P P by Sestak—Berggren model at different heating rates.

Oncethe activation energy has been determined, itis possi- 45 -
ble to find the kinetic model which best describes the measure 1

set of TA data. It can be shown that for this purpose itis use- ~ '"°] '_.-H-'-u-.-.f"'5.-.{'""""‘-.&
ful to define two special functiong«) andz(«), which can 170 A J'/ \-\_
easily be obtained by simple transformation of experimental . .. | J \
data[11-13], these functions can be expressed as follows & ] I L]
E 160+ !
dO( \x/ 1 "
yla) = ar e’ @) w1557
150
da\ T ] .
z(a) = 7(x) <d(:> E 8) 1451 .
0.0 0.2 0.4 0.6 0.8 1.0
wherex = E/RT,z(x) is an approximation of the temperature o

integral. It has been verified that the shape ofyt{e® func-

tion, as well as the maximuma, of the y(«) function and Fig. 2. Dependency of the activation energy on extent of conversion deter-
a® of the functionz(a), can be used to guide the choice of a mined using the model-free isoconversional technique.

kinetic model[11-13]. Knowing the value of the activation

energy and the kinetic model, the pre-exponential factor can USINGEGSs. (7) and (8and they are shown ifigs. 3 and 4, re-
be calculated using the equation spectively. The values afm anda}’ corresponding to the

maxima of bothy(«) and z(«) curves are summarized in

A= Bxp e ) Table 3. Itis evident that the values of these important param-
T, f'(ep) eters conform to the SB(mm) model[15], which is known
as
The value of activation energy used above is taken as an
average in the @ < « < 0.7 range. This is known as the  f(«) = " (1 — a)" (10)
Malek and Mitsuhashi methdd4].
3.01 Kmin''
1.0 4 - _ % _
4. Results and discussion Tl Gl
o8] = e B —=—10.13 Kmin
The thermogravimetric curves in nonisothermal condi- 1 f - RTEn
tions are obtained at various heating rates. The experimenta__ %6 ok
a — T plots which are analysed by isoconversional method % 0.4 T
(Egs. (4)—(6)) are shown iig. 1. This method enables plot- I .
ting of apparent activation ener@y, as shownirrig. 2. It can 024 ° %
be seen that the activation energy is practically independent 1 K
of the value ofx in the 02 < @ < 0.8 range (with a average 0.01
value of about 175 kJmd), but is somewhat lower in both 50 5%  oa 58 | B 46

the early and terminal stages of the reaction, which may indi-
cate a multi-step mechanism of decomposition of diaspore.

The most probable kinetic model can be determined us- rig. 3. They(e) functions calculated usirfg. (7)for experiments at various
ing they(«) andz(«) functions. These functions are obtained heating rates.

o
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Fig. 4. Thez(«) functions calculated usirktg. (8)for experiments at various
heating rates.

Table 3

The values ofrm, andozf,O

B (Kmin1) om oy
3.01 0.271 0.678
7.68 0.263 0.702

10.13 0.136 0.525

14.87 0.179 0.505

Table 4

The kinetic parameters obtained using Malek method and constant value of

activation energy (175 kJ md)

B (Kmin1) m n InA (min')
3.01 0.269 0.722 24.28
7.68 0.276 0.772 24.16
10.13 0.106 0.673 24.82
14.87 0.171 0.784 2491

The kinetic parameter ratios m/n can be calculated using
the equation

Am
= 11
=1 (11)

ThenEg. (2)may be expressed in the form

In @
dr

The kinetic parametearcorresponds to the slope of linear de-

pendence of In[(dog?) exp (E/RT)] versus In[d(1 — «)].

Then the second kinetic exponeniis= s x n. The results
calculated are shown ifable 4. Taking these values we can

exp <RET>) =In A+nlin [&’(1—a)] (12)

Eqg. (3). The simulative transformation curves at the same
heating rates are shown kig. 1. It is obvious that there are
some deviations between simulative and experimental curves.
The reasons may lie in the following aspects. Firstly, the value
of activation energy used is taken as an average in the 0.3
a < 0.7 range which may be different from the actual value.
Other model-free methods of analysis of activation energy
may be used as comparison in the next work. Secondly, the
assessment &, mandnis also average value of the four heat-
ing rates. This deviation may be inevitable in Malek method.
Thirdly, the absolute linear heating rates are impossible in
the whole experimental process; that is to say, the experimen-
tal transformation curves are not as accurate as they should
be. To sum up, much work may need to be done for solid-state
kinetics.

5. Conclusions

The kinetic process for the decomposition of diaspore un-
der nonisothermal conditions has been studied. The model-
free isoconversional method is used to yield dependency of
the activation energy on the extent of conversion and Malek
and Mitsuhashi method is used to identify the most proba-
ble kinetic model. It is established that the decomposition of
diaspore is a multi-step mechanism and can be described by
the Sestak—Berggren model with the kinetic parameters as
follows: E = 175kImot, InA = 25mirt, m = 0.205,n =
0.738.
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