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In this paper, the preparation and characterization of crystalline terbium oxide via thermal decomposition
of acetate precursor is reported. The decomposition pathway of the parent salt was followed using TGA,
DTA, and in situ electrical conductivity in air and nitrogen atmospheres. The obtained results indicated
that, thermal decomposition of terbium acetate proceeded with the loss of water molecules, in two steps,

below 150 °C followed by decomposition in the temperature range of 300-550 °C, throughout different
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intermediates, to give Tb,07 as a final product. The calcination products, obtained by heating the parent
salt for 3 h in air at various temperatures, were characterized using IR, XRD, SEM, nitrogen adsorption,
and electrical conductivity measurements. It was demonstrated that Tb40; represents the major phase
for the samples calcined at 600-900°C. The role of Th3**-Tb** redox couple in enhancing the electrical
conductivity of the calcination products was also discussed.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Terbium (III,IV) oxide is a dark brown color material, has the for-
mula Tb407, though some texts refer to it as Tb,035 or TbOq7s.
Tb40; decomposes to sesquioxide (Tb,03) by losing oxygen at
around 600°C under hydrogen atmosphere [1]. Tb407 is almost
thermally stable to about 1000°C, however it slightly decom-
poses (~2%) at high temperatures due to the formation of Th,03
and TbOqg23 [1]. In this context, it is worth mentioning that ter-
bium oxides comprise a series of non-stoichiometric oxides, TbOy,
x=1.714, 1.818, and 1.875 [2,3].

Terbium oxide containing materials have been the object of
considerable scientific and technological interest due to their
distinctive optical, electronic, and magnetic properties (see for
example Refs. [4-10]). With regard to its catalytic activity, it was
reported that, for the oxidative dehydrogenation of ethane, dop-
ing of SrCl, with Thb407 (40 mol%) significantly reduced C,;H4 deep
oxidation and enhanced C;Hy, selectivity and C,Hg conversion [11].
Adding terbium oxide to CeO, increases its activity during succes-
sive catalytic cycles for soot oxidation [12]. Mixed oxides containing
Zr,Ce,Prand Tb (binary, ternary, and quaternary) exhibit the oxygen
storage capacity (OSC) and oxygen transfer capacity (OTC) prop-
erty under oxidizing and reducing conditions and therefore are
important components of three-way catalysts (TWC) [13-17]. In
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this regard, it was shown that (OSC) of pure CeO, is deactivated
when the exhaust temperature exceeds 850 °C, due to sintering of
the CeO, particles and decrease in surface area [17]. Adding ter-
bium oxide to ceria has the following advantages: (i) it stabilizes
significantly (in comparison to pure ceria) both specific surface area
and small particles sizes during high temperature calcination (up
to 1100°C) [7] and (ii) it increases both oxygen desorption at lower
temperatures and the formation of oxygen vacancies, compared
with pure ceria [13,17].

The low activity of some catalysts towards NO direct decomposi-
tion was related to the formation of adsorbed oxygen accompanying
the dissociation of NO which is strongly bonded to the catalyst sur-
face. Thus, poisoning NO dissociation sites and preventing further
NO dissociation [18]. Based on the OTC and OSC of terbium oxide,
Chuang and Tan [18] have demonstrated that the addition of Tb
oxide to Pt/Al,03 allows oxygen from dissociated NO to desorb at
temperatures as low as 320°C, which is significantly lower than
that reported for Pt catalysts.

Tb407 can be obtained by the thermal decomposition of
a suitable precursors. Wendlandt [19] reported that, during
the decomposition of hydrated terbium oxalate, stable lower
hydrates and oxycarbonates were formed as intermediates lead-
ing finally to the formation of Tb40;. D’assun¢do [20] reported
the formation of TbyO; via the thermal decomposition of
hydrated terbium basic carbonate. The formation of oxycarbon-
ate phase as intermediate, like other rare earth elements was
also reported, during the thermal decomposition of terbium for-
mate [21] and terbium malonate [22]. The formation of Tb40;
was also reported as a final decomposition product of complexes
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of 2,5-dichlorobenzoic acid [23] and 2-hydroxybenzoic acid
[24].

In the open literature, to the authors best knowledge, no ref-
erences were found concerning the preparation, characterization,
and the application of thermal methods of analysis in the study of
terbium oxide catalyst obtained from terbium acetate. Therefore,
the present paper reports a physico-chemical studies on terbium
oxide obtained via the thermal decomposition of terbium acetate
precursor. Thermal events accompanying the thermal decomposi-
tion of the starting material were examined by TGA, DTA, and in situ
electrical conductivity. The solid products formed at 150-900°C as
well as terbium acetate were characterized using XRD, IR, SEM, N,
adsorption, and electrical conductivity measurements.

2. Experimental

Terbium acetate tetrahydrate, Tb(CH3COO0)3-4H,0, used was
99.9% pure (Aldrich Chemicals). It was calcined at 150-900°C, in
air atmosphere, for 3 h. The calcination temperatures were chosen
based on the thermal analysis results (vide infra) of the parent salt,
i.e. TbAc. For simplicity, the calcination products will be referred to
by abbreviations Tb-x, where x indicated the calcination tempera-
ture.

The simultaneous TGA and DTA curves of the parent salt (TbAc)
were recorded with a Shimadzu DT-60 instrument apparatus using
a heating rate of 5°Cmin~! in air and nitrogen atmospheres till
900°C. The average masses of the samples were 10 mg. a-Al;03
was used as a reference in the DTA measurements. IR spectra of
parent TbAc as well as its calcination products were performed by
the KBr disc technique in the wavelength range 4000-500cm™!,
using Shimadzu 470 infrared spectrophotometer.

The electrical conductivity measurements were carried out
using a conductivity cell described by Chapman et al. [25]. The tem-
perature was controlled with a WEMA temperature controller. The
resistance measurements were carried out using a Keithley instru-
ment 610C solid-state electrometer.

X-ray diffraction patterns were recorded using a Philips diffrac-
tometer (type PW 103/00) using Cu Ko radiation. Nitrogen
adsorption isotherms (measured at —196°C) were obtained by
using Quantachrome (Nova 3200 series) multi-gas adsorption
apparatus. Scanning electron micrographs were obtained using a
JEOL scanning microscope, model JSM-5400 LV. The samples were
prepared by the gold sputtering technique.

3. Results and discussion

3.1. Thermal analysis and in situ electrical conductivity
measurements

Fig. 1a and b, respectively, depicts the TG thermograms obtained
upon heating terbium acetate in air and nitrogen atmospheres. Four
weight loss (WL) processes could be observed on heating this saltin
air till 900 °C. The first two WL steps, which are maximized at 98 and
132°C (Fig. 1a), are accompanied by 16.45 and 2.05 WL¥% (Table 1),
respectively. Such weight losses are close to that calculated for the

Table 1
Thermogravimetric data and temperature intervals in the thermal decomposition of
terbium acetate.

Decomposition stage Temperature intervals (°C) Weight loss (%)

Air Nitrogen

I 40-15 16.45 16.55
it 115-60 2.05 1.93
i 200-360 (air), 200-380 (N) 32.55 32.35
\% 360-700 (air), 380-700 (N,) 423 434
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Fig. 1. TGA and DTG curves obtained by heating the parent terbium acetate in air
(a) and nitrogen (b) atmospheres.

removal of 3.5 (15.45%) and 0.5 (2.21%) water molecules, respec-
tively, according to:

Tb(CH5C00);-4H,0 — Tb(CH3C00)3-0.5H,0 + 3.5H,0 1)
Tb(CH5C00)5-0.5H,0 — Tb(CH3CO0); + 0.5H,0 2)

Similar trend can be observed on conducting the measurements
in nitrogen atmosphere (Fig. 1b). It is of interest to note that this
dehydration scheme resembles that reported for samarium acetate
tetrahydrate [26]. The third WL step which is located at 200-360°C
in air and at 200-380°C in nitrogen atmospheres brings a total WL
values of 32.55 and 32.35%, respectively. Such WL values matches
beautifully with that (32.41%) expected for the formation of terbium
dioxy-monocarbonate intermediate. In this regard, many authors
[26-32] have shown that the decomposition of many lanthanide
anhydrous acetates is accompanied by the formation of metal
hydroxy- and oxy-acetate intermediates. Accordingly, step IIl can
be assigned to describe a complex series of overlapping decompo-
sition processes leading eventually to the formation of Th,0,CO5.
The formation of terbium carbonate was confirmed throughout the
structural analysis of the 400 °C calcined sample (vide infra). In this
regard, it is worth mentioning that terbium oxycarbonate repre-
sents an intermediate during the thermal decomposition of other
terbium oxide precursors, namely formate [21] and malonate [22].
Moreover, the formation of the metal dioxy-monocarbonate inter-
mediates were, also, reported during the thermal decomposition
of other rare earth acetates [26-32]. Furthermore, the ability of
lanthanides to form oxycarbonates was related to the fact that car-
bonate ion is a soft base and therefore favours a soft acid, in other
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words, a large lanthanide ion [22]. The final WL step, which cov-
ers a wide range of temperatures, proceeds with a loss percentage
of 4.23% in air and 4.34% nitrogen. Such values are very close to
that (4.4%) expected for the decomposition of terbium oxycarbon-
ate yielding terbium oxide (Tb407). This finding is reinforced by the
results of XRD analysis (vide infra) in which Tb407 the only oxide
phase detected for the 600-900 °C calcined samples.

Based on the previous discussion, the decomposition pathway
of the anhydrous terbium acetate can be summarized as follows:

4Tb(CH3C00); — 2Tby0,C03 — Tbs0O7 3)

It should be pointed out here that, the detection of Tb40; and
not Tb,03 as a final decomposition product in both atmospheres
is in accordance with the reported literature data in which Tb407
decomposes to Tb, 03 by losing oxygen at around 600 °C only under
hydrogen atmosphere [1]. Moreover, this may suggests that the
decomposition of the oxycarbonate intermediate is accompanied
by the formation of a mixture of CO and CO,.

Fig. 2 shows the DTA curves recorded for terbium acetate heated
to 900°C in air and nitrogen atmospheres at 5°Cmin~! heating
rate. This figure manifests the presence of two endothermic effects
located at 105 and 137 °C in air and at 100 and 137 °C in nitrogen.
In combination with TGA results (Fig. 1) these two peaks can be
assigned to the elimination of crystalline water. These endothermic
effects are followed by one exothermic effectat 360 °Cin air and two
exothermic ones at 327 and 375 °C in nitrogen. In combination with
our more recent work on thermal decomposition of praseodymium
acetate [28] and with the TGA results (Fig. 1), these exothermic
effects can be related to the decomposition of the anhydrous acetate
leading to the formation of terbium oxycarbonate. In addition, the
high exothermicity shown by the peak located at 360°C (Fig. 2)
is reflected by the disturbance observed in the corresponding TG
and DTG curves in the 350-400 °C temperature range (Fig. 1a). Tak-
ing into account the fact that combustion process is accompanied
by a sharp exothermic effect [33], this exothermic effect can be,
also, assigned to the combustion of the organic molecules evolved
during the thermal treatment. The absence of any thermal effect
during the thermal decomposition of Tb,0,COs3 could be attributed
to the superposition of two opposing processes, namely decompo-
sition of the oxycarbonate (endothermic) and oxidation of Th3* to
Tb** (exothermic). However, other effects (atmospheric oxygen fix-
ation which is required for Tb3* oxidation and structural changes
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Fig.2. DTA thermograms obtained by heating the terbium acetate parent in air (solid
curve) and nitrogen (dashed curve) atmospheres.
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Fig. 3. Plot of log(o) vs. temperature for terbium acetate during decomposition in
air (—) and nitrogen (- - -) atmospheres.

accompanying the oxycarbonate to Th407 transformation) cannot
be ignored. In this context, the existence of +4 oxidation state of
terbium ions have been ascribed to the extra stability associated
with the formation of the half-filled 4f7 sub-shell [22].

In situ electrical conductivity measurements represent an
interesting tool for following up changes accompanying thermal
treatment of solids [28,34,35] or during catalytic reactions [36,37].
Temperature dependence of in situ electrical conductivity, mea-
sured in air and nitrogen atmospheres up to 500°C (temperature
limit of our conductivity cell) is shown in Fig. 3. The obtained plots
can be divided into six regions (A-F). In the first region, A (from
ambient to 108 °C), nearly constant value of electrical conductiv-
ity (o) is observed. Then a steep increase which is followed by a
steady increase can be observed till 140°C (region B). A continuous
decrease in o can be observed on raising the temperature to 198 °C
in air and 211 °C in nitrogen (region C). This decrease is followed by
two consecutive conductivity increases till 370 and 377 °Cin air and
nitrogen, respectively (regions D and E). Finally, a second decrease
in o which is followed by continuous increase in o till 500°C can
be observed in region (F). In combination with the information
inferred from the thermal analysis results (Figs. 1 and 2), the con-
ductivity increase observed in region B can be related to the removal
of water molecules leaving back the anhydrous salt. After the com-
pletion of the dehydration process a gradual conductivity decrease
can be observed (region C). The increase observed in regions D
and E can be correlated with the decomposition of the anhydrous
acetate to form Tb,0,C0s3. Thus, it is plausible to attribute the
observed conductivity increase to the expected enhancement effect
of evolved gases during the decarboxylation process on the mobil-
ity of charge carriers. This is in a good agreement with our reported
results for the thermal decomposition of praseodymium acetate
[28]. Moreover, it goes parallel with the work of Nikumbh et al. [35]
who reported an increase in o during the decarboxylation of cop-
per and zinc malonate, maleate, and succinate complexes. As with
what was observed in case of step B, steps D and E are followed by
a conductivity decrease as a consequence of ending the decompo-
sition stage. In this context, it is worth mentioning that Tb,0,CO3
represents the major phase detected for the sample calcined, for 3 h
in air, at 400°C (vide infra). Finally, the continuous increase in the
measured conductivity values observed upon increasing the tem-
perature till 500 °C, event F, is a direct response to the formation of
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Tb405. This matches beautifully with the XRD analysis where Tb40-
represents the major phase detected for the samples calcined at
temperatures starting from 500 °C.

3.2. Characterization of the calcination products of terbium
acetate

3.2.1. Infrared spectra

IR spectra obtained for the terbium acetate and its calcina-
tion products are shown in Fig. 4. Beside the bands at 3800-2700
and 1650-1620 cm~! which are assigned to the v(OH) and §(HOH)
modes of vibration of crystalline water, the spectrum of the parent
salt (Fig. 4a) reveals the presence of absorptions at 1610-500 cm™!
which are due to acetate anion [27-31]. These bands are located
at 1568, 1455, 1348, (1048 and 1020), 941, 675, and 643 cm™!
which are due to the following vibration modes, vq(COO0~),
vs(CO0™), 85(CH3), p(CH3), v(C-C), 8(CO0~), and 7 (COO~), respec-
tively. The IR spectrum taken for Tb-150 (Fig. 4b) reveals the
persistence of the absorptions due to acetate anion. Meanwhile,
a decrease in the intensity of the absorption due to v(OH) and
a disappearance of the §(HOH) is evident. On raising the pre-
treatment temperature to 300°C, one can easily observe the
absorptions due to acetate lattice vibration (Fig. 4c). Further raise
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Fig. 4. IR spectra of the terbium acetate parent (a) as well as its calcination products
at 150 (b), 300 (c), 400 (d), 500 (e), 600 (f), 700 (g) and 800°C (h).
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Fig. 5. XRD powder diffractograms obtained for the terbium acetate parent (a) and
its calcination products at 150 (b), 300 (c), 400 (d), 500 (e), 600 (f), 700 (g), 800 (h),
and 900°C (i).

in the pre-treatment temperature till 400°C (Fig. 4d) is accom-
panied by a disappearance of all absorptions characterizing the
acetate anion together with the emergence of new peaks at
1530, 1390, 1340, 1058, 870, and 845cm~! assignable to oxy-
carbonate structure [30,31,33,38]. The obtained spectrum for the
Tb-500 sample (curve e) shows absorptions characterizing car-
bonate phase only. Heating the terbium acetate at temperatures
>600°C is accompanied by a disappearance of carbonate absorp-
tions.

3.2.2. X-ray diffraction

X-ray diffraction patterns obtained for terbium acetate and its
calcination products formed in air at the 150-900°C temperature
range are shown in Fig. 5. Inspection of this figure reveals that
heating the parent salt to 150°C is accompanied by a noticeable
change in the corresponding pattern. At such temperature, and
according to our thermal analysis results (Fig. 1), we are dealing
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with anhydrous terbium acetate. Thus, one can state safely that,
the structure of the hydrated terbium acetate differs from its anhy-
drous form. Inspection of the XRD pattern of the sample heated at
300°C (Fig. 5¢) reveals the presence of some reflections due the
Tb-150 sample together with the emergence of new reflections at
20=6.95, 13.97, 21.18, 26.93, 36.65, 47.32, 48.95, and 54.82. In this
respect, IR spectrum of the sample heated at 300 °C (Fig. 4c) showed
only absorptions due to acetate and hydroxyl anions. Many authors
[26-32] suggested the formation of hydroxy- and oxy-acetates
during the thermal decomposition of many lanthanide acetates.
Moreover, the XRD pattern (Fig. 5c) is very similar to those reported
for the layered Ni-Zn hydroxy-acetates [39-41] with a very intense
peak at low diffraction angles (at around 26 =6.85) and extremely
weak peaks for higher diffraction angles. Checking the available
ICDD data bank showed the absence of any card belonging to
Tb(OH)(CH3COO0); or TbO(CH3COO0). Accordingly, these new reflec-
tions could be assigned to the hydroxy-acetate phase. The validity
of this suggestion needs further investigation. The diffractogram
obtained for the Tb-400 sample demonstrated the disappearance
of all reflections exhibited by Tb-300 sample and the appearance of
new ones at 26 =14.10, 23.63, 31.01, 32.09, 43.19, 45.83, and 56.27.
Here, again, inspection of the ICDD data bank revealed the absence
of information concerning the Thb,0,C0O3; phase. However, our IR
measurements have demonstrated the presence of absorptions due
to carbonate as the only species detected for the Tb-400 sample.
Thus, it is plausible to assign these reflections to the presence of
terbium oxycarbonate. Increasing the pre-treatment temperature
to 500°C causes adecrease in the reflections attributed to Th,0,CO3
and the emergence of new reflections due to the presence of Tb,07
(ICDD card no. 32-1286) as a major phase. XRD analysis of Tb-
600 suggests the co-existence of Tb407 as a major phase together
with trace amount of the oxycarbonate phase. Finally, the XRD pat-
terns of the samples heated at the 700-900°C temperature range
(Fig. 5g-i) are similar among themselves and reveal the presence
of crystalline Tb407 (ICDD card no. 32-1286) as the only phase
detected.

3.2.3. Texture analysis and grains morphology

Nitrogen adsorption-desorption isotherms of terbium acetate
calcined at 150-800°C are plotted in Fig. 6. The textural data
obtained from the analysis of these isotherms are compiled in
Table 2. Inspection of Fig. 6 reveals that the isotherms are approx-
imately belong to type II of Brunauer’s classification indicating
multilayer adsorption process. Moreover, they are characterized by
being irreversible for all samples, and exhibit hysteresis loops close
in the low pressure range for all samples. The observed loops are
nearly of type H3 [42,43]. The closure point of the hysteresis loops
for all the samples is approximately at P/Py=0.1, which indicates
either a strong affinity of adsorbate towards the surface or the exis-
tence of ultra-micropores [44]. The surface areas were calculated
by applying the BET equation whereas S; values were calculated
using the V¢ plots of de Bore [43]. Following up the variation of
Sger values with the calcination temperatures, one can observe a
noticeable increase as a result of raising the calcination temper-
atures from 150°C to 300-400°C range, whereas further raise in
the heating temperature up to 800°C is accompanied by a contin-
uous decrease in the measured Sggr values. Judging from TGA, IR,
and XRD results, the high surface areas of Tb-300 and Tb-400 sam-
ples can be attributed to the evolution of gases accompanying the
thermal treatment of the parent salt at 300-400°C temperature
range. With further increase in the pre-treatment temperature, we
are facing with two opposing effects: (i) evolution of CO, which
expected to increase the surface areas and (ii) sintering effect which
leads to surface area decrease. Thus, it is plausible to suggest that
the later effect predominates for the samples heated at tempera-
ture higher than 400°C. On the whole, for all the tested samples,
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Fig. 6. Nitrogen sorption isotherms for the terbium acetate calcined at various tem-
peratures.

the S; values obtained from the slope of the linear parts of the V.+
plots (not shown) agrees satisfactorily with the corresponding Sggr
values (Table 2).

SEM micrographs of terbium acetate and its calcination prod-
ucts are depicted in Fig. 7. The surface of the original particles
(micrograph a) consists of crystals randomly oriented, varying in
dimensions, and having sharp edges. Investigation of several crys-
tals of Tb-150 sample (Fig. 7b) demonstrated that the dehydration
of the parent salt is accompanied by the formation of more porous
network. Moreover, unshaped smaller crystals having some cracks
can be observed. The obtained micrographs of Tb-300 and Tb-400
samples (Fig. 7c and d, respectively) show non-parallel plate like
particles. In addition, the surface of both samples is covered with
randomly distributed pores. Such porous surfaces, which go paral-
lel with the results inferred from the nitrogen adsorption, probably
arise as a result of the evolution of gases during the decomposi-
tion of terbium acetate. Heating the same solid at 600°C (Fig. 7e)
is accompanied by a dramatic morphological changes. The newly
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Table 2
Texture data for the calcination products of terbium acetate.

89

Calcination temperature (°C) Sper (m2g1) Se (m?g1) Vp (x102cm3 g 1) Average pore diameter (A)
150 6 0 2.1 134.9
300 15 16 3.2 88.6
400 16 19 3.8 929
500 14 14 2.7 79.0
600 14 17 33 91.2
700 10 10 2.0 78.9
800 7 9 1.6 90.4

formed solid composed of a coherent-rod like particles extending
along the surface. This picture can be considered as supporting
evidence for the eventual decomposition of the starting material
producing terbium oxide as a final product. Calcining the parent at
temperatures as high as 900 °C (Fig. 7f) is accompanied by the for-
mation of large-pitted aggregates having few randomly distributed
pores. This picture matches beautifully with the nitrogen adsorp-

15kY K3.5608 Spm 8660615

tion results where Th-800 sample showed a noticeable decrease in
the surface area and the total pore volume.

3.2.4. Electrical conductivity measurements

Electrical conductivity measurements were, also, employed
to characterize the 300-900°C calcination products of terbium
acetate. Fig. 8 depicts the dependence of the electrical conductivity

(. |
b

1S5kU K3::

Fig. 7. Scanning electron micrographs obtained for Tb-25 (a), Tb-150 (b), Tb-300 (c), Tb-400 (d), Tb-600 (e), and Tb-900 (f) samples.



90 S.A. Soliman, B.M. Abu-Zied / Thermochimica Acta 491 (2009) 84-91

-3

— ﬁﬁ'
s
*d_———*___-—::iﬁi
4 e w— s
::S/’”"/:
] 7
I—'-"_-./.
B -
,7 -
©
g
-8
-9
104
a4 "

T s T . T o T ¥ T L4 T ¥ T
300 400 500 600 700 800 900
Calcination temperature [°C]

Fig. 8. Dependence of log o on the calcinations temperature terbium acetate, where
the measurements were carried out at 100 (W), 125 (@), 150 (a), 175 (v), 200 (¢),
225 (<), 250 (»), 275 (@), 300 (%), 350 (), 400 (O), and 450°C (+).

values, log o, on the calcination temperatures. The measurements
were conducted in air atmosphere at the 100-450 °C temperature
range. From the inspection of this figure it is evident that the con-
ductivity variation can be divided into two regions: (i) region A for
the samples calcined at 300-500 °C and (ii) region B for the samples
calcined at 500-900 °C. In region A, increasing the calcination tem-
peratures is accompanied by a sharp conductivity increase. On the
other hand, only mild conductivity increase can be obtained on rais-
ing the calcinations temperature from 500 till 900°C (region b). In
addition, the trend of conductivity variation with the calcination
temperatures is the same all over the whole range of tempera-
ture measurements (100-450°C). A combination between the data
presented in Fig. 8 and the conclusions abstracted from TGA, DTA,
XRD, and IR analyses suggests that, the trend of conductivity change
could be related to the structural changes accompanying the pre-
treatment of the parent salt in the 300-900 °C range. Consequently,
the low values for the 300 and 400°C calcined samples can be
related to the presence of Th3* containing compounds. The higher
conductivity values as well as the continuous mild increase in the
conductivity starting from 500 °C can be correlated with the pres-
ence of Tb3*-Tb** couple in the form of Tb407. In this regard,
the idea of the role of the non-stoichiometric nature of terbium
oxide in enhancing the electrical conductivity was reported for
other systems. Takai et al. [45] showed that substitution of ter-
bium ions in the Pb2* site in PbWOy, is accompanied by conductivity
enhancement of one order of magnitude. The reported work over
(Biz03)1_x(Tby035)x has indicated that electrons participating in
the conduction as the content of terbium increases [46]. Martinez-
Arias et al. [7], working on highly homogeneous (Ce, Tb) oxides,
stressed the importance of the electron jump between Tb*" and
Tb3* in enhancing the electrical conductivity of such system under
oxidizing conditions. On similar ground, the high electrical conduc-

tivity values characterizing the Cd-Cr-O catalysts was ascribed to
the co-existence of high concentration of Cr3*-Cr8* pairs forming
the so called mobile-electron Zener phase [34]. Thus, it seems that
the presence Tb3*-Tb** redox couple provides an ideal environ-
ment for maximization of the electrical conductivity.

4. Conclusions

The main conclusions gained from this investigation are sum-
marized as follows:

1. The route of thermal decomposition of terbium acetate proceeds
firstly with the loss of water molecules, in two steps, below
150°C. Then the formed anhydrous acetate decomposes in the
temperature range of 300-550°C, throughout different inter-
mediates, to give Tb407 as a final product. Moreover, the X-ray
powder diffraction patterns of the calcination products of TbAc
verified the formation of some unreported intermediates during
the thermal genesis of Tb407 from TbAc.

2. The specific surface area and grains morphology depend to a
large extent on the calcination temperatures of TbAc. Th407
obtained by calcining terbium acetate in air at 600 °C has a sur-
face area of 14 m2 g~!. Such value drops to 7m2 g~! on calcining
the parent salt at 800°C.

3. Electrical conductivity features shown in this investigation can
be correlated to the structural changes accompanying the ther-
mal decomposition of terbium acetate, where the presence of
Tb3*-Tb*" redox couple plays a vital role in enhancing the elec-
trical conductivity.
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