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Synopsis. Uniform spherical particles of crystalline
lanthanum(III) carbonate hydroxide were prepared by ag-
ing at 100 °C the corresponding 1,2-ethanediamine complex
solution in the presence of carbonate ion under specified
conditions. The latter anions were generated from a mild
oxidation of the ligand with nitrate ions present. The car-
bonate hydroxide particles were completely converted into
the oxides at 900 °C without deformation.

Lanthanide compounds, especially its oxides, are in-
teresting regarding their electric, catalytic, and ce-
ramic properties.""? Lanthanum(III) carbonates were
produced by the hydrolysis of the corresponding tri-
chloroacetate,®* and by the hydrothermal reaction of
lanthanum(III) salt and carbon dioxide,>® whereas
their particle shapes were irregular. Recently, uniform
carbonate hydroxide particles of lanthanum(III) and
yttrium(III), as well as mixed lanthanide, were pro-
duced using urea at elevated temperatures under spec-
ified conditions.”®

Slow formation of solutes, such as OH~, CO32~, and
S2-, by the decomposition of certain inorganic and or-
ganic compounds’!? in electrolyte solutions can be
used to produce uniform particles of metal compounds,
as well as to release free metal ions from the corre-
sponding metal complexes of exothermic formation at
elevated temperatures.'''® In the present work, the
preparation of uniform lanthanum(IIT) carbonate hy-
droxide particles from the 1,2-ethanediamine complexes
and conversion into oxides are described.

Experimental

Mixed solutions of lanthanum(III) nitrate and 1,2-eth-
anediamine were prepared in concentration ranges from
5.0%107% to 3.0x1072 moldm™2 for lanthanum(III) ions
([La®*];) and from 7.0x107* to 2.8 moldm™? for 1,2-eth-
anediamine ([en]), followed by filtration through a mem-
brane filter of 0.2 um in pore size. The concentration ratio
([en]¢/[La®**]s) in the mixed solutions was fixed at 140. The
pH was adjusted to between 7.6 and 8.8 using nitric acid.
An aliquot of the mixed solution (40 cm?®) tightly sealed in
a screw-capped Pyrex glass tube, after bubbling nitrogen,
was initially heated at a heating rate of 1 °Cmin™" in an oil
bath and then kept at 100+0.5°C for a given period of time
up to 6 h. The particles, thus produced, were centrifuged
at 3000 rpm and repeatedly washed with doubly distilled
water.

The concentration of lanthanum(III) species in the so-
lution was assayed spectrophotometrically using arsenazo
' at regular time intervals after the solids were removed

from the suspension by centrifugation at 10000 rpm, fol-
lowed by filtration through a membrane filter of 0.1 pm in
pore size. The filtrate did not show any Tyndall cone. The
solid phase was further separated into amorphous-like and
crystalline fractions due to a difference in their solubilities
in 4x10™% moldm™3 nitric acid. The total concentration
of carbonate ions was determined by isotachophoresis at 20
°C.

Results and Discussion

Spherical particles of a reasonably narrow size dis-
tribution were obtained over a fairly narrow range of
[Ladt]; from 1.0x1072 to 2.0x1072 moldm™3 at an
[en];/[La%t]; ratio of 140 with an initial pH; of 8.0—
8.2 (resulting in almost the same final pHy) at 100 °C
for 2 h. Figure 1 shows, as an example, uniform spheri-
cal particles with an average modal size of 2.8 pm and a
relative standard deviation of 0.12. These particles were
identified as being well-crystallized lanthanum (III) car-
bonate hydroxide, La(CO3)(OH),!* by X-ray powder
diffractometry.

However, since the mixed solution had already be-
come turbid, even at room temperature when the pH;
was greater than 8.5, particle preparation was not car-
ried out under these conditions. No particles appeared
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Fig. 1. Scanning electron micrograph of spherical
lanthanum(III) carbonate hydroxide particles ob-
tained by aging at 100 °C for 2 h a solution of
[La®*],=1.0x10"2 moldm~3, [en]¢=1.4 moldm™3,
[HNO3]aaa=1.7 moldm ™2, and initial pH;=8.1 (final
pH¢=8.1).
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at [en];/[La3T]; ratios of less than 100, whereas small
and irregularly shaped particles were generated at ra-
tios greater than 140, even at almost the same pH;.

Matijevic et al.” also prepared uniform spherical lan-
thanide (Gd, Eu, Tb, and Sm) carbonate hydroxide par-
ticles by forced hydrolysis of the corresponding metal
salt solution in the presence of urea at elevated tem-
peratures. However, these particles were amorphous
and much smaller (0.05—0.5 pm) than those obtained
in the present system, except for crystalline ellipsoidal
platelets of cerium(III) carbonate hydroxide.

Figure 2 illustrates the change in the fractions(F) of
soluble lanthanum(III) species, as well as amorphous-
like and crystalline fractions, as a function of the aging
time under the conditions given in Fig. 1. The solu-
ble lanthanum (IIT) species (O) in the supernatant solu-
tion decreased steeply after 56 min, following precipita-
tion of flocks identified as lanthanum(III) hydroxide'®
of very low crystallinity. The crystalline lanthanum
(IIT) carbonate hydroxides (O) were produced through
dissolution and recrystallization of the amorphous-like
lanthanum(I1I) hydroxides (A), as judged from almost
the same rates of appearance and disappearance of the
respective solids, and from sharp X-ray powder diffrac-
tion peaks of the resulting carbonate hydroxides. The
fraction of the crystalline phase increased until all of
the amorphous-like hydroxides had disappeared. The
lanthanum(IIT) carbonate hydroxide particles grew lin-
early up to around 90 min at a radial growth rate of 2.2
umh~! and more slowly after that, while uniformity of
the particles became rather poor.

Under the optimum conditions for making the uni-
form carbonate hydroxide particles (Fig. 1), the fraction
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Fig. 2.  Fractional changes in soluble lanthanum

(IIT) species and solids as a function of aging time
under the conditions given in Fig. 1. Symbols:
O; soluble lanthanum(III) species, A; amorphous-
like lanthanum(IIT) hydroxide, and [J; crystalline
lanthanum(III) carbonate hydroxide. The latter two
fractions were determined after resolving the solid
mixture using 4x10* moldm ™2 nitric acid.
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of free lanthanum(III) ions is greatly decreased from
0.91 in the absence of the ligand at 25 °C to 9.7x107°
by complexation, as calculated using the formation
constants.'®—2%) However, the amorphous-like hydrox-
ides are produced by the hydrolysis of lanthanum (IIT)
ions released from the 1,2-ethanediamine complexes at
elevated temperatures due to their exothermic forma-
tions (AH;=—11.5 kJ mol~! for [La(en)]** and AH,=
—10.3 kJmol~! for [La(en)3]3*)'® in the absence of a
sufficient amount of carbonate ions. Therefore, the con-
centration of free lanthanum(III) ions was determined
by the solubility product of lanthanum(III) hydroxide
at a given temperature (Ksp=4.1x1071° mol* dm~'? at
25 °C and AH,=12.9 kJ mol~1).21:22)

A mixed solution of 1,2-ethanediamine and nitric acid
([en];=1.4 moldm~3 and [HNO3]aqa=1.7 moldm~3,
pH 8.2) without lanthanum(III) ions was aged at 100
°C for 1 h to verify an origin of carbonate ions. Al-
dehyde was clearly detected in this aged solution by
a chromotropic acid test.?®2% The generation of alde-
hyde from 1,2-ethanediamine has been confirmed dur-
ing the course of formation of uniform metallic silver
particles by the reduction of corresponding metal ions
at 100 °C.?® In the present case, a further oxidation
of aldehyde to the carbonate ion led to carbonate hy-
droxide particles. The total concentration of carbon-
ate ions increased to 4.2x10™% moldm™2 in the same
mixed solution with the heating time, and remained
nearly constant after around 150 min, although carbon-
ate ions were originally included as a very small amount
(4x107° moldm™2). This fact indicates that the car-
bonate ions are supplied by a mild oxidation of 1,2-eth-
anediamine via formaldehyde with nitrate ions present
at elevated temperatures. However, an initial heating
rate of 1—2 °C min~! was required to produce uniform
particles. This means that an appropriate degradation
rate of 1,2-ethanediamine is essential for producing uni-
form particles.

Uniform lanthanum(III) oxide particles were pre-
pared by calcination in air at 900 °C for 12 h, while
keeping their original morphology. However, the aver-
age modal size of the oxides decreased from 2.8 to 2.4
um with almost the same relative standard deviation as
the original dispersion. The BET specific surface area
determined by nitrogen adsorption increased form 3.6
to 5.1 m? g~! due to the formed porosity.

Figure 3 illustrates the X-ray powder diffraction pat-
terns of the original carbonate hydroxide particles and
the same powders heat-treated at 600, 700, and 900
°C for 12 h in air, respectively. The conversion of the
carbonate hydroxides clearly took place through an in-
termediate, Laz(CO3)02,%% as shown in the pattern at
around 600 °C, and finally to the oxides, LasO3.2” This
fact agreed well with the following proposed pyrolyses®®)
through this intermediate. However, the



2404
8 La(OH)CO,
ag—ag o g
g28-8 gc § 1a0LC0
_alg - = La,0
z ) - oy 3
8 & g = 8 7oec
La,0,
900 °C
20 30 40 50 60
20(CuKa) / °
Fig. 3. X- Ray powder diffraction patterns of

lanthanum(III) carbonate hydroxide and those heat-
treated at 600, 700, and 900 °C for 12 h.
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Fig. 4. Differential thermal analysis (DTA) and ther-
mogravimetry (T'G) on lanthanum(III) carbonate hy-
droxide particles at a heating rate of 20 °Cmin~! in

nitrogen atmosphere. Sample weight=11.6 mg.

La3(COs3)2(OH)2-H20 = Laz(CO3)02 + CO2 + 2H20. (1)

Laz(COg,)Og = LasO3 + COs. (2)

dehydration of the water of crystallization separately
took place at around 140 °C prior to conversion to
Lay(CO3)02, as judged from a differential thermal anal-
ysis (DTA) and thermogravimetry (TG) of the original
particles (Fig. 4), although no modification for the wa-
ter of hydration was described in the literature.'®) The
weight loss at the final stage corresponds to the pyroly-
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sis of Lay(CO3)O2 to LaxO3 through Eq. 2, whereas no
cause could be offered for the splitting of the endother-
mic peaks at around 720 and 780 °C.

On the other hand, the degradation to Lay(CO3)O2
after dehydration would be more complicated, as judged
from the sharp and broad endothermic DTA peaks at
473 and 570 °C, respectively. An inflective change in
the TG curve at 493 °C also suggests a complex degra-
dation into the intermediate, Lay(CO3)O2, although no
detailed process is clear.
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