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Abstract The kinetics and thermodynamics of the ther-

mal dehydration of aluminum phosphate monohydrate,

AlPO4 � H2O were studied using thermogravimetry

(TG-DTG-DTA) at four heating rates in dry air atmo-

sphere. The activation energies of the dehydration step of

AlPO4 � H2O were calculated through the methods of

Friedman (FR) and Flynn–Wall–Ozawa (FWO) and the

possible conversion function has been estimated through

the Achar and Li–Tang equations. The independent acti-

vation energies on extent of conversions and the better

kinetic model of the dehydration reaction for AlPO4 � H2O

indicate single kinetic mechanism and the F2.05 model as a

simple n-order reaction of ‘‘chemical process or mecha-

nism no-invoking equation’’, respectively. The positive

values of DH# and DG# for the dehydration reaction show

that it is endothermic and non-spontaneous process and it is

connected with the introduction of heat. The kinetic and

thermodynamic functions calculated for the dehydration

reaction by different techniques and methods were found to

be consistent.

Keywords Aluminum phosphate � AlPO4 � H2O �
Kinetics � Thermodynamics

Introduction

Aluminum phosphate hydrates are of great interest in both

environmental and technological fields [1–8]. In environ-

mental field, aluminum phosphates help remove phosphate

from wastewater, while their dissociations help regulate the

release of phosphate in acidic soils [1]. In technological

field, aluminum phosphates are important in the area of

catalytic reactions, such as dehydration, isomerization,

polymerization, alkylation [2–8]. Additionally, thermal

treatment of aluminum phosphate hydrates is a great syn-

thetic potential, which relates to the role of the water of

crystallization and they may turn simple compounds into

advanced materials, such as ceramics, catalysts and glasses

[1–5.] In this respect, amorphous AlPO4 has attracted the

interest of many researchers due to the realization that

AlPO4 is completely iso-structural with silica and exhibits

parallel polymorphic transformation [4, 6, 7]. This solid

was active catalyst in several organocationic reactions in

which textural and acid–base properties were dependent on

a number of variables such as aluminum salt, precipitating

agent, or calcination temperatures [3–7]. Thus, in the last

few years many works have undertaken a series of research

studies on the synthesis, characterization and catalytic

activity of different AlPO4 [3–5, 7, 8]. Such as AlPO4 had

been prepared with thermal decomposition of variscite

mineral (AlPO4 � 2H2O) [1], synthetic AlPO4 � 2H2O [9]

AlPO4 � H2O-H1-4 [8] and AlPO4-21 [2] and Al1-xFexPO4

(x = 0) [4] precursors. By reason, the mechanism, ther-

modynamics and kinetics of solid-state reactions are nee-

ded in order to take advantage of this potential [1–3, 9].

Studies on thermodynamics, mechanisms and kinetics of

solid-state reactions are challenging and difficult task with

complexity resulting from the great variety of factors with

diverse effects, e.g., reconstruction of solid state crystal
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lattice, formation and growth of new crystallization nuclei,

diffusion of gaseous reagents or reaction products, mate-

rials heat conductance, static or dynamic character of the

environment, physical state of the reagents—dispersity,

layer thickness, specific area and porosity, type, amount

and distribution of the active centers on solid state surface,

etc. [1–4, 8, 9]. The results obtained on these bases can be

directly applied in materials science for the preparation of

various metals and alloys, cements, ceramics, glasses,

enamels, glazes, polymer and composite materials [4–7].

Herein, the formation of AlPO4 amorphous from the

thermal transformation of AlPO4 � H2O was followed

using thermogravimetry-differential thermal analysis (TG-

DTG-DTA), X-ray powder diffraction (XRD), scanning

electron microscopy (SEM) and Fourier transform-infra-

red (FT-IR) spectroscopy. The non-isothermal kinetics

analysis for the dehydration step of the aluminum phos-

phate was carried out using the isoconversional methods

of Friedman (FR) [10] and Flynn–Wall–Ozawa (FWO)

[11, 12]. The possible conversion functions had been

estimated using Achar [13] and Li–Tang methods [14],

which give the best description of the studied dehydration

process and allow the calculation of reliable values of the

kinetic parameters (E and A). The thermodynamic (DH#,

DG# and DS#) and kinetic (E, A, mechanism and model)

parameters of the dehydration reaction of AlPO4 � H2O

have attracted the interesting of thermodynamic and

kinetic scientists, which are discussed for the first time.

Experimental

AlPO4 � H2O crystalline powder (analytical grade) was

commercially obtained from Fluka Chemical Industries Co.

Ltd and was used without further purification.

Thermal analysis measurements (thermogravimetry,

TG; differential thermogravimetry, DTG; and differential

thermal analysis, DTA) were carried out on a Pyris Dia-

mond Perkin Elmer apparatus by increasing temperature

from 303 to 1073 K with calcined a-Al2O3 powder as the

standard reference. The experiments were performed in dry

air atmosphere, at heating rates of 5, 10, 15, and

20 K min-1. The sample mass was kept about 6.0–10.0 mg

in an aluminum crucible without pressing.

The structure of AlPO4 � H2O and its final decomposi-

tion products were studied by X-ray powder diffraction

using X-ray diffractometer (Phillips PW3040, The Nether-

land) with Cu Ka radiation (k = 0.1546 nm). The mor-

phology of the selected resulting samples was examined by

scanning electron microscope (SEM) using LEO SEM

VP1450 after gold coating. The room temperature FTIR

spectra were recorded in the range of 4000–370 cm-1

with eight scans on a Perkin-Elmer Spectrum GX FT-IR/

FT-Raman spectrometer with the resolution of 4 cm-1

using KBr pellets (KBr, Merck, spectroscopy grade).

Results and discussion

Thermal analysis

TG-DTG-DTA curves of the thermal decomposition of

AlPO4 � H2O at heating rate of 10 K min-1 are shown in

Fig. 1. The TG curve shows a single well-defined step at

temperatures below 573 K. The elimination of water is

observed in 350–573 K. The corresponding observed

weight loss is 12.58 % (0.98 mol H2O) by mass, which

agrees with to the theoretical value for AlPO4 � H2O (12.86

%, 1.00 H2O). An endothermic effect on DTA curves is

observed at 397 K, which corresponds to DTG peaks at

393 K, respectively. Further, a small exothermic effect at

864 K without appreciable weight loss is observed in the

DTA curve, which can be ascribed to a transition phase

from amorphous to crystalline form of AlPO4 [4, 15] The

retained mass of about 87.42% is compatible with the value

expected for the formation of AlPO4, which is verified by

XRD and FTIR measurement (Figs. 2 and 3). The overall

reaction is:

AlPO4 � H2O! AlPO4 þ H2O ð1Þ

The thermal behavior of AlPO4 � H2O in this work exhibits

single decomposition step and lower temperature, which

are different from those of AlPO4 � H2O–H4, 8mineral and

synthetic AlPO4 � 2H2O, [1, 9] and AlPO4 � 1.5H2O [3].

The temperature at which theoretical mass loss is achieved,

can be determined from the TG curve and considered to be

the minimum temperatures needed for the calcinations

Fig. 1 TG-DTG-DTA curves of AlPO4 � H2O in air at heating rate of

10 K min-1
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process. Thus, AlPO4 � H2O sample was calcined at 573 K

for 2 h in the furnace, which is the lower temperature as

compared to those of the other hydrate precursors [1–5].

The water in crystalline hydrate may be considered either

as crystal water or as co-ordinated water. The strength of

the binding of these molecules in the crystal lattice is

different, hence, resulting in different dehydration tem-

peratures. The water eliminated at 423 K and below can be

considered as crystal water, whereas water eliminated at

473 and above indicates its co-ordination by the metal

atom. Water molecules eliminated at intermediate tem-

peratures can be co-ordinately linked water as well as

crystal water [16]. The dehydration temperature obtained in

this work suggests that the water in aluminum phosphate

monohydrate can be considered as crystal water.

Following, a theoretical treatment developed by Vlase

et al. [17, 18], this work apply the relation between the

maximum temperature peak Tp (DTA) at heating rate

10 K min-1 and the wavenumber of activated bond is

given as follows:

wsp ¼
kb

hc
Tp ¼ 0:695Tp ð2Þ

where kb and h are respectively the Boltzmann and Planck

constants, and c the light velocity. Because the breaking of

the bond has an anharmonic behavior, the specific activa-

tion is possible also due to more than one quanta, or by a

higher harmonic: xsp ¼ qxcalc, q e N = 1,2,3…, where xsp

is the assigned spectroscopic wavenumber for the bond

supposed to break. According to the Eq. 2, the Tp (DTA) for

the decomposition step is 397 K. The calculated harmonic

oscillation energy (xsp) values of the decomposition step

were 1655, 3096 and 3554 cm-1, which correspond to 6, 12

and 13 quanta numbers, respectively. These wavenumbers

are close to the vibration of water of crystallization as

reported in the literature and are assigned to symmetric

bending (m2; A1), symmetric stretching (m1; A1) and asym-

metric stretching (m3; B2), respectively, [19–21]. The stud-

ied compound exhibited a very good agreement between the

calculated wavenumbers from average Tp (DTA) and the

observed wavenumbers from FT-IR spectra for the bonds

suggested as being broken, which confirm thermal decom-

position step corresponding to the loss of water of crystal-

lization with different strength of hydrogen bonding. The

calculated wavenumbers from average Tp (DTA) using

Eq. 2 are convenient and simple method for the identifica-

tion of the breaking bonds during the reaction, and can be

used for the discussion about the decomposition steps.

Vibrational spectroscopy

FT-IR spectra of AlPO4 � H2O and its dehydration product

(AlPO4) are shown in Fig. 2. Vibrational bands are iden-

tified in relation to the crystal structure in terms of the

fundamental vibrating units, namely PO4
3-, H2O, for

AlPO4 � H2O and PO4
3- for AlPO4 [19–21]. FTIR spectra

of PO4
3- in AlPO4 � H2O and AlPO4 show the antisym-

metric stretching mode (m3) in 1000–1200 cm-1 region and

the m4 mode in 400–560 cm-1 region. The observed bands

in 1600–1700 and 3000–3500 cm-1 region are attributed to

the water bending and stretching vibrations, respectively

[21] These water bands disappear in FT-IR spectra of its

dehydration product (AlPO4), which are in good agreement

with the thermal analysis results. The XRD data along with

FTIR spectra confirm that the calcined AlPO4 � H2O at

573 K for 2 h transforms to AlPO4.

Fig. 2 FT-IR spectra of AlPO4 � H2O (a) and its dehydration product

(AlPO4) (b)

Fig. 3 The XRD patterns of AlPO4 � H2O (a) and its dehydration

product (AlPO4) (b)
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X-ray powder diffraction

The XRD patterns of aluminum phosphate AlPO4 � H2O

and its dehydration product (AlPO4) are shown in Fig. 3.

The problem here is that the XRD patterns show a very low

degree of crystallinity. The complexity of the spectrum

makes assignment difficult. The observed broad peaks in

XRD patterns indicate that poor crystallization or amor-

phous phase as well as namoparticles of these materials.

This result is in good agreement with the results reported by

Youssif et al [4] where the AlPO4 transforms from amor-

phous to a crystalline phase at [773 K. It evidenced that

this studied compound is a very stable inorganic framework

system [3–5]. Additionally, the result is consistent with a

transition phase from amorphous to crystalline, which is

concluded in thermal analysis (864 K in DTA curve).

Scanning electron microscopy

The SEM micrographs of AlPO4 � H2O and its final

decomposition product FePO4 are shown in Fig. 4. The

particle shape and size are changed throughout the whole

decomposition product. The SEM micrograph of

AlPO4 � H2O (Fig. 4a) illustrates many spherical nano-

particles of different sizes in the range of 80–200 nm The

SEM micrograph of AlPO4 (Fig. 4b) shows coalescence in

aggregates of spherical nanoparticles of different sizes in

the range of 30–100 nm. The morphology of AlPO4 shows

smaller size than that of AlPO4 � H2O, which is the effect

of the thermal dehydration process.

Kinetic and thermodynamic studies

The aim of the kinetic studies of TA data is to find the most

probable kinetics model which gives the description of the

studied decomposition process and allows the calculation

of reliable values for the kinetic triplet (Ea, A and reaction

model). In the present work, the model-free and model

fitting approaches were used to investigate the kinetics

parameters under multiple-scan non-isothermal conditions,

which are described as follow.

Calculation of the activation energy by isoconversional

method

Thermal transformation of crystal hydrates is a solid-state

process of the type [22–28]: A(solid) ? B (solid) ? C

(gas). The kinetics of such reactions is described by

various equations taking into account the special features

of their mechanisms. The reaction can be expressed

through the temperatures corresponding to fixed values of

the extent of conversion (a = (mi-mt)/(mt-mf), where

mi, mt and mf are the initial, current and final sample

mass, at moment time t) from experiments at different

heating rates (b). To calculate the values of the activation

energies (Ea) of thermal dehydration of AlPO4 � H2O, in

this paper we used only the linear isoconversional meth-

ods of Friedman (FR) [10] and Flynn–Wall–Ozawa

(FWO) [11, 12]

The equations used for Ea calculation are: Friedman

(FR) equation:

ln
da
dt

� �
� ln b

da
dT

� �
¼ ln A f ðaÞð Þ � Ea

RT

� �
ð3Þ

Flynn–Wall–Ozawa (FWO) equation:

ln b ¼ ln
AEa

RgðaÞ

� �
� 5:331� 1:052

Ea

RT

� �
ð4Þ

where A (the pre-exponential factor) and E (the activation

energy) are the Arrhenius parameters and R is the gas

constant (8.314 J mol-1 K-1). The Arrhenius parameters,

together with the reaction model, are sometimes called the

kinetic triplet. gðaÞ ¼
R a

0
da

f ðaÞ is the integral form of the
Fig. 4 SEM micrographs of AlPO4 � H2O (a) and its dehydration

product (AlPO4) (b)
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reciprocal f(a), which is the reaction model that depends on

the reaction mechanism.

According to linear isoconversional method, the basic

data of a and T collected from the TG curves of the

dehydration reaction of AlPO4 � H2O at various heating

rates (5, 10, 15 and 20 K min-1) are illustrated in Table 1.

According to the Eqs. 3 and 4, the plots of ln bda/dT versus

1000/T (FR) and ln b versus 1000/T (FWO) corresponding

to different conversions a can be obtained by a linear

regression of least-square method, respectively. The acti-

vation energies Ea can be calculated from the slopes of the

straight lines with better linear correlation coefficient (r2).

The activation energies are calculated at heating rates of 5,

10, 15, and 20 K min-1 via the FR and FWO methods in

the a range of 0.2–0.8. The activation energies calculated

by FR and FWO methods are close to each other, which are

shown in Table 2, so the results are credible. The activation

energy values calculated by the FR method are close to

those obtained by FWO method. If Ea values independent

on a, the decomposition may be a simple reaction [22, 23],

while the dependence of Ea on a should be interpreted

in terms of multi-step reaction mechanisms [22–29]

Neglecting the dependence of E vs a, an average values

of Ea = 81.25 ± 4.05 kJ mol-1 (FR) and 79.01 ± 4.83

kJ mol-1 (FWO) are obtained. The average activation

energy of dehydration reaction of studied compound is

higher and lower than those of the mineral and the syn-

thetic AlPO4 � 2H2O (32.6 kJ mol-1 estimated from the

Freeman-Carroll method and 69.68 kJ mol-1 from the

Kissinger method) and AlPO4 � H2O–H1 (130 kJ mol-1

estimated from the Ozawa and the Kissinger–Akahira–

Sonose methods), respectively. For the dehydration reac-

tion of AlPO4 � H2O, the values of activation energies

change little with a, so this process could be a single

kinetic mechanism. This result is consistent with an

endothermic peak at 397 K in DTA curve.

Determination of the most probably mechanism

The following equation were used to estimate the most

correct mechanism, i.e., g(a) and f(a) functions. For

dehydration reaction of AlPO4 � H2O, the estimation of

kinetic triplet parameters (Ea, A and kinetic function) can

be turned into a multiple linear regression problem through

the Achar [13] and Li–Tang equations [14].

Achar equation:

ln
1

f ðaÞ
da
dT

� �
¼ ln

AEa

R gðaÞ

� �
� Ea

RT

� �
ð5Þ

Li–Tang equation:

ln
gðaÞ

T1:894661

� �
¼
�

ln
AEa

bR

� �
þ 3:63504095

� 1:894661 ln Ea

�
� 1:0014533

Ea

RT

� �
ð6Þ

Hence, ln
gðaÞ

T1:894661

� �
and ln 1

f ðaÞ
da
dT

� �
calculated for the differ-

ent a values at the single b value on 1/T must give rise to a

single master straight line, so the activation energy and the

pre-exponential factor can be calculated from the slope and

intercept through ordinary least square estimation. The

activation energy, pre-exponential factor and the correla-

tion coefficient can be calculated from the equations of the

Achar and the Li–Tang combined with 35 conversion

functions [17, 18, 22–29] Comparing the kinetic parame-

ters from the Achar and the Li–Tang equations, the prob-

able kinetic model may be selected, which the values of Ea

and A were calculated with the better linear correlation

coefficient and the activation energies obtained from the

Achar and the Li–Tang equations above were shown in

good agreement to those obtained from FR and FWO

methods with a better correlation coefficient (r2). So the

pre-exponential factor A can be obtained by calculating the

average value of A(s-1) from Eqs. 5 and 6 for different

heating rates.

Table 1 a-S data at different heating rates, b (Kmin-1), for dehy-

dration of AlPO4 � H2O

a Temperature/K

b = 5 b = 10 b = 1 5 b = 20

0.2 365.11 373.18 378.71 383.10

0.3 371.20 379.81 386.59 389.72

0.4 377.04 386.17 393.05 397.47

0.5 382.78 392.53 399.76 403.48

0.6 389.14 399.13 407.53 410.78

0.7 396.62 406.55 415.65 419.49

0.8 406.57 415.85 425.72 430.81

Table 2 Activation energies (Ea) versus correlation coefficient (r2)

calculated by FR and FWO methods for the dehydration of

AlPO4 � H2O

a FR method FWO method

Ea/kJ mol-1 r2 Ea/kJ mol-1 r2

0.2 80.38 0.9904 85.53 0.9979

0.3 72.84 0.9961 83.57 0.9963

0.4 79.14 0.9956 79.82 0.9979

0.5 73.29 0.9899 80.34 0.9978

0.6 73.40 0.9926 78.23 0.9935

0.7 74.43 0.9858 77.19 0.9923

0.8 79.93 0.9755 76.87 0.9860

Average 76.20 ± 3.43 0.9894 80.22 ± 3.27 0.9940
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The optimized values from the Achar and Li–Tang

methods are the data of activation energy and pre-expo-

nential factor, those were calculated with the best equa-

tion and are shown in Table 3. According to Table 3, it

was seen that the values calculated by FR and FWO

methods were close to the optimized values from the

Achar and Li–Tang methods, and the respective correla-

tion coefficients are preferable. This was considered

enough to conclude that the kinetic parameters of non-

isothermal dehydration of AlPO4 � H2O can be reliably

calculated with correctly chosen g(a) and f(a) functions.

Therefore, we can draw a conclusion that the obtained

possible conversion function is Fn=2.05 (mechanism non-

invoking equations) model for the dehydration of AlPO4 �
H2O, and the corresponding function is f(a) = (1 - a)2.05

and g(a) = -[1 - (1 - a)-1.05/(1.05). The calculated

kinetic parameters of Ea = 79.29 ± 3.09 kJmol-1 (Achar)

and 75.54 ± 2.33 kJmol-1 (Li–Tang), A = 1.39 9 108

s-1 (Achar) and 5.91 9 106 s-1 (Li–Tang), respectively.

The better kinetic model of dehydration reaction of

studied compound is different form that of AlPO4 � H2O–

H1 (F2.75 for the Coats-Redfern and the Achar methods).

Based on the values of activation energy and pre-expo-

nential factor, the strengths of binding of water molecules

in the crystal lattice are different and, hence, results in

different dehydration temperatures and kinetic parame-

ters. The activation energy for the losing of crystal water

lie in the range of 60–80 kJ mol-1, while the value for

coordinately bounded one are within the range of 130–

160 kJ mol-1 [23–29]. The energy of activation found in

F2.05 model for the dehydration reaction (Table 3) sug-

gests that the water molecules are coordinately linked

water as well as crystal one. The pre-exponential factor

(A) values in Arrhenius equation for solid phase reactions

are expected to be in a wide range (six or seven orders of

magnitude), even after the effect of surface area is taken

into account [30–33] The low factors will often indicate a

surface reaction, but if the reactions are not dependent on

surface area, the low factor may indicate a ‘‘tight’’

complex. The high factors will usually indicate a ‘‘loose’’

complex. Even higher factors (after correction for surface

area) can be obtained for complexes having free trans-

lation on the surface. Since the concentrations in solids

are not controllable in many cases, it would have been

convenient if the magnitude of the pre-exponential factor

indicated for reaction molecularity. Based on these rea-

sons, the dehydration reaction of AlPO4 � H2O may be

interpreted as ‘‘loose complex’’, which appears to be true

only for non-surface controlled reactions having low

(\109 s-1) pre-exponential factor [30–33] These results

are consistent with thermal analysis, which confirm that

the decomposition product is aluminum phosphate

(AlPO4). T
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Determination of the thermodynamic activation

parameters

From the activated complex theory (transition state) of

Eyring [30–33], the following general equation may be

written:

A ¼ evkBTp

h

� �
exp

DS#

R

� �
ð7Þ

where A is the average activation energy A of the Achar

and the Li–Tang methods (Table 3), e = 2.7183 is the

Neper number; v: transition factor, which is unity for

monomolecular reactions; kB: Boltzmann constant; h:

Plank constant, and Tp is the peak temperature of the

DTA curve. The change of the entropy may be calculated

according to the formula:

DS# ¼ R ln
Ah

evkBTp

� �
ð8Þ

Since

DH# ¼ E# � RTp; ð9Þ

when E# is the average activation energy Ea of the Achar

and the Li–Tang methods (Table 3). The changes of the

enthalpy DH# and Gibbs free energy DG# for the activated

complex formation from the reagent can be calculated

using the well known thermodynamic equation:

DG# ¼ DH# � TpDS# ð10Þ

The enthalpy of activation (DH#), entropy of activation

(DS#), free energy of activation decomposition (DG#) were

calculated at T = Tp (Tp is the DTA peak temperature at

the corresponding stage in four heating rates), since this

temperature characterizes the process, which is its most

important parameter.

The calculated values of DH#, DS# and DG# for the

dehydration step of AlPO4 � H2O are summarized in

Table 3. It was seen that the thermodynamic values cal-

culated by the kinetic parameters from Achar method were

close to the optimized values from Li–Tang method, and

the respective correlation coefficients are preferable. The

thermodynamic values of the dehydration of AlPO4 � H2O

in this work are higher than those of synthetic

AlPO4 � 2H2O (66.50 kJ mol-1, -69.88 J K-1 mol-1 and

93.27 kJ mol-1 for DH#, DS# and DG#, respectively)

because the different methods and nature solid were

applied. This indicates that the kinetic and thermodynamic

functions of decomposition of each solid are dependent on

process and the nature of non-isothermal method as well as

TG. According to the kinetic data obtained from the TG

curves, the dehydration step has negative entropy, which

indicates that the complex is not spontaneously formed. In

the terms of the activated complex theory (transition

theory), a positive value of DS# indicates a malleable

activated complex that leads to a large number of degrees

of freedom of rotation and vibration [17, 18, 30–33] A

result may be interpreted as a ‘‘fast’’ stage. On the other

hand, a negative value of DS# indicates a highly ordered

activated complex and the degrees of freedom of rotation

as well as of vibration is less than they are in the non

activated complex. The result may indicate a ‘‘slow’’ stage

[17, 18]. On the basis of assumptions, the second step of

the thermal decomposition of AlPO4 � H2O may be inter-

preted as ‘‘slow’’ stage. The negative entropy also indi-

cates a more ordered activated state that should be possible

through the dehydration process. The negative value of

entropy of activation is compensated by the value of the

enthalpy of activation, leading to almost the same value for

the free energy of activation [17, 18]. The positive value of

the enthalpy DH# is in good agreement with an endother-

mic effect in DTA data. The positive values of DH# and

DG# for the dehydration stage shows that it is connected

with the introduction of heat and is non-spontaneous pro-

cess. These thermodynamic functions are in consistent with

the results of kinetic parameters.

Conclusions

AlPO4 � H2O decomposes in a single well-defined step by

starting after 323 K and the final product is spherical par-

ticles AlPO4. The dehydration of AlPO4 � H2O is important

for its further treatments. The final product is confirmed by

XRD data, scanning electron microscopy and FTIR mea-

surements. The final product is confirmed by XRD, SEM

and FTIR measurements. The kinetics and thermodynamics

of the thermal dehydration of AlPO4 � H2O was studied

using non-isothermal TG applying model-fitting method.

The kinetics (E, A, model) and thermodynamics (DH#, DS#

and DG#) parameters calculated for the dehydration reac-

tion of AlPO4 � H2O by different methods and techniques

were found to be consistent. This indicates that the acti-

vation energy of dehydration is independent on process and

the nature of non-isothermal methods as well as TGA. A

correlation between the Tp (DTA) and the wavenumber of

activated complex assigned to the breaking bond is possi-

ble, which can be used for identification in each thermal

transition step of the studied compound and will be an

alternative method for the calculated wavenumbers of

interesting materials. On the basis of correctly established

values of the apparent activation energy, pre-exponential

factor and the changes of entropy, enthalpy and Gibbs free

energy, certain conclusions can be made concerning the

mechanisms and characteristics of the process, which play

an important role in theoretical study, application devel-

opment and industrial production of a compound as a basis
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of theoretical. Consequently, these data will be important

for further studies of the studied compound and are applied

to solve various scientific and practical problems involving

the participation of solid phases.
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