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Introduction

The mixed porous oxides are intensely investigated in view
of their potential applications as support materials for catalysis [1-3].
Lanthanum- and gallium-aluminoborate systems attracted special
interest first for optical applications and then, by tailoring their
structure, they were also considered for potential applications as
support materials for catalysis. [4-8]. The presence of rare earths in
these materials induces beside catalytic properties interesting
magnetic properties [9]. It was shown that rare earths, like
lanthanum, contribute to a reasonable preservation of sample
porosity under thermal treatments [10] and along with post-
transitional elements, like aluminium and gallium, and metalloid
boron induce to their systems interesting optical, magnetic and
catalytic properties.

All these properties strongly depend on materials structure.
At the same time it is was shown that the borate glass systems
containing aluminium and gallium prove a more stable glass network
on account of AlO4 and GaO, structural units which may cross-link
the neighbouring borate chains [11]. It is expected that both in
amorphous and crystalline porous materials, the presence of unusual
coordinated cations, like penta-coordinated aluminium or/and
gallium, would lead to more catalytically active sites. Systems with
catalytic properties and structural stable at 850°C are expected to
display high stability and durability under practical working
conditions for automotive catalysts, since the temperature of the

exhaust gases in auto engines does not exceed this temperature [12,



13]. For specific applications, such as automotive catalytic converter,
it is important to keep high porosity and specific surface area even at
high temperatures, above 800°C. The stabilizing effect of rare earths,
especially of lanthanum on y-alumina is known [14], but the
mechanism by which rare earth moves transition from y- to a- Al,O3
toward higher temperatures is still under discussion.

This study is focused on the evolution of structural changes
induced by increasing treatment temperature and due to 850°C
isothermal treatment applied for different times on amorphous and
crystallized sol-gel-derived La,03 Al,05-Ga,055B,0;3 system. The
structure of samples heated for 30 min up to 900°C and the effect of
850°C heat treatment time was investigated by differential thermal
analysis (DTA), X-ray diffraction (XRD), Fourier transform infrared
(FTIR) spectroscopy, Scanning electron microscopy (SEM) and
magic-angle spinning nuclear magnetic resonance (MAS-NMR)
analysis of “Al, B, and "Ga nuclei.

Sample preparation and measurements were performed at
the Institute for Interdisciplinary Research in Bio-Nano-Science and
at the National Centre of Magnetic Resonance from the Faculty of

Physics of the "Babes-Bolyai" University, Cluj-Napoca.

Synthesis

The sol-gel-derived LaBs;AlGaO;, system was prepared from
aqueous  solutions  of  La(NOs3);*6H,0,  AI(NOjz);*9H,0,
Ga(NO3)3*xH,0, and H;BO; of analytical purity grade, by thermal

decomposition of starting nitrates and boric acid sustained by



simultaneous oxidation of glycerol (10 wt%). The mixture solved in
desalinized water appears as a transparent solution at room
temperature. A viscous gel is obtained after 2 h heating at 95°C. The
further heating at this temperature leads to a spongious solid sample.
Xerogel samples were obtained by heating for 30 min at different
treatment temperatures, Tt, between 250°C and 950°C [15]. After
thermal treatment, the samples were removed from the furnace and
cooled down to room temperature.

A second set of La,OzAl,03Ga,055B,0; samples was
prepared following sol-gel route using aqueous solutions of
La(NO3)3*6H,0, AI(NO3);*9H,0, Ga(NOs3);*xH,O, and H3BOs;,
which were mixed together at room temperature and thereafter
heated at 95°C for 90 min, resulting in a viscous gel. Further heating
at higher temperatures led to xerogel samples that remain amorphous
up to 850°C. The amorphous xerogel was isothermally treated at
850°C for 0.5, 5, 15, 30 min, and 24 h [16].

The treatment temperatures were chosen based on the

thermal analysis and X-ray diffraction results.

Experimental Procedure

The  differential  thermal analysis (DTA) and
thermogravimetric analysis (TGA) runs were recorded with DTG-
60H Shimadzu (Shimadzu Corporation, Kyoto, Japan) derivatograph
at a heating rate of 10°C/min from room temperature to 1000°C.

Alumina open crucibles and a-alumina powder as reference material



were used, and the measurement was made in flowing atmosphere of
nitrogen/air at a flow rate of 70 mL/min.

X-ray diffraction (XRD) analyses were made on a
Shimadzu XRD-6000 diffractometer using Ni-filtered CuK o
radiation (A =1.5418 A') at a scanning speed of 2°/min.

The chemical analysis of the crystalline phase identified by
XRD was carried out by energy-dispersive X-ray (EDX)
spectroscopy with a FElI Quanta 3D FEG dual-beam scanning
electron microscope using EDAX Genesis FEI software package for
SEM-EDX system.

Fourier transform infrared (FTIR) spectra were recorded in
reflection configuration in the range 4000-400 cm™ with spectral
resolution of 4 cm™ using a Jasco FT-IR-6000 spectrometer (JASCO
Corporation, Tokyo, Japan) and KBr pellet technique.

Magic-angle spinning nuclear magnetic  resonance
(MASNMR) spectra were recorded at room temperature for the B,
’Al, and "Ga nuclei in glass and glass—ceramic powdered samples
spun at the magic angle 54.74° with a frequency of 20, 30, and 40
kHz, respectively, using a Bruker AVANCE 600 MAS-NMR
(Karlsruhe, Germany). The deconvolution of spectra was performed

by using Dmfit program [17].

Results and Discussion
The thermal analysis traces (Fig. 1) recorded after drying at
95°C of sol-gel-derived sample evidence several events. First weight

losses observed in TG curve around 100°C are due to the loss of free



water and physically adsorbed water, accompanied by endothermic
peaks in DTA trace.

The weight loss between 150°C and 300°C corresponds to
removal of water and glycerol entrapped in the pores, and to
decomposition of glycerol and residual nitrates, accompanied by
exothermic peaks in DTA. The last weight loss is due to glycerol
pyrolysis and to dehydroxylation process [18]. The exothermic
events at higher temperatures denote the development of crystalline

phases. The endothermic peak at 865°Cis associated with a melting

process.

TGA DTA
m Ny
150 22068, 257.07C 10.0

g
b i A 513.78C 0.0
74.59C/ 463.99C
; . 688.83C 10.0
hAY - 8
10.0 i
128.36C L™ 9/0\3-350 -20.0
4147%5 s64% 865.34C "\ S50
o -21.584% '
5.0 "
— -10.635% 40.0
—1
100 200 300 400 500 600 700 800 900 1000
Temp [C]

Fig. 1 DTA and TGA curves recorded from the 95 °C dried sample

For the first set of samples stands out that after 250°C treatment, the
XRD pattern (Fig. 2) points out a weak diffraction line assignable to
a small amount of residual nitrates used as precursors in sol-gel

synthesis, which is less observed after 350°C treatment. Otherwise,



the DTA/TG data support the nitrates presence and decomposition
up to 300°C. A large diffraction line typical for vitreous structure is
observed after 700°C treatment (Fig. 2) and even after 800°C
treatment (Fig. 3). Starting with 850°C heat treatment, the
development of LaAl,q3(B4019)Ogss-type crystalline phase (JCPDS
card no. 87-0484), of La(Al,Ga),03B4O01054 cOmposition, is
evidenced (Fig. 3).
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Fig. 2 X-ray diffraction patterns Fig.3 X-ray diffraction patterns

of the samples heat treated at
700 °C for 30 min.

of the samples heat treated at
900 °C for 30 min

The X-ray diffraction analysis for the second set, points out
the vitreous state of LaAlGaBs0,, xerogel, that is still preserved
after 0.5 and 5 min treatment at 850°C (Fig.4). After 15 min
treatment, nanocryatallites of LaAly3(BsO10)O0ss type [19] are
developed. The chemical composition of La(Al,Ga);03B401054
crystalline phase, determined by EDX analysis, points out that about
a third of aluminium sites are occupied by gallium. The average

crystallite size was estimated using the Scherrer formula; the values




increase with treatment temperature from 27 to 37 nm, typical for
nanostructured materials. The large diffraction line around 2h= 21°
recorded after 900°C treatment indicates the presence of a boron-rich
glassy phase related to the melting event evidenced in DTA curve at
865°C (Fig. 1). In LaAl;3(B4010)Ogs4 crystalline phase boron and
aluminium are only tetracoordinated and pentacoordinated,
respectively. The treatment extension up to 24 h enhances the growth
of this crystalline phase, without to promote the development of any
other structurally ordered phases. The crystallites size, estimated
with Scherrer equation, slightly increases from 25 nm after 15 min,
to 27 nm after 30 min, and to 31 nm after 24 h treatment at 850°C. It
is worth to note the very weak size increase from the value
determined after 15 min treatment to that reached after the much
longer 24 h treatment, suggests that the number of crystallites

increased and not so much their size.
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Fig. 4 XRD patterns after different treatment times at 850 °C

In the LaAl;3(B4019)Ogss lanthanum-aluminium borate

phase, each La ion is coordinated by six O atoms to form a trigonal



prism, each Al is coordinated by five O atoms to form a pyramid,
whereas B ion is coordinated by four O atoms in a tetrahedral
arrangement, [19] as it was confirmed for aluminium and boron by
MAS-NMR measurements [20]. Minor contributions from LaBO;
and La(BO,)s, or from GaBOj; crystalline phases of lanthanum,
gallium, or aluminium borates are not excluded, but even if they
would be formed in samples treated at high temperature they are
overwhelmed by LaAl, 03(B4010)Oq54 Crystalline phase.

Elemental analysis of the crystalline phase identified by X-
ray diffraction was carried out with a FEI Quanta 3D EGF scanning
electron microscope using EDAX Genesis FEI processing program
for SEM-EDX system. The chemical composition of the
La(Al,Ga), 3B401054 Crystalline phase determined by spectroscopic
analysis of energy dispersive X-ray (EDX) on scanning electron
microscopy (scanning electron microscope / SEM) shows by the Ga /
Al = 0.3 ratio that approximately one third of the positions are
occupied by gallium aluminium (Fig. 5 and 6). Elemental analysis
was performed by EDAX ZAF quantitation.

Fig. 5 SEM and EDX results for the sample heat treated for 30 minutes at
900 °C
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Fig. 6 EDX spectrum of the sample heat treated for 30 minutes at 900 °C.

More information on structural changes caused by thermal
treatment can be obtained using infrared spectroscopy. The
differences observed in the absorption bands recorded in the spectral
range up to 2000 cm™ (Fig. 7) are due to the effect of treatment
temperature on the structural units. Crystalline and non-crystalline
borates consist of different structural arrangements, which are
composed of BO3? triangles and BO™ tetrahedra that are giving in
infrared spectra—specific lines around 1300-1500 cm™ and 8501050
cm', respectively [21— 25] One remarks an apparent resemblance for
the spectra recorded from samples heat treated up to 700°C and for
the spectra recorded from samples heat treated above 800°C. The
band at 1645 cm™ corresponds to bending vibration of water (H-O-
H bending). The sharp band at 1384 cm™ assigned to residual nitrate
groups disappears by further thermal treatment. The large dominant
band around 1464 cm™ is assigned to BO3 units, the 1194 cm™ band

to B—O stretching vibrations of BOs units, that at 770 cm™ is related



to Al-O stretching vibrations of tetrahedral AlO, groups, and the
bands in 650400 cm™ region are associated with stretching modes
of AlOg octahedra, but for 646 cm™ band could be also considered
B-O out-of-plane bending vibrations of BO; units as well as
vibrations of La-O or Ga-O bonds in lanthanum or gallium
polyhedra [26-28]. The local structure from amorphous xerogel
changes by increasing the heat treatment temperature. New bands
around 1050, 960, and 857 cm™ are assigned to BO, tetrahedra, and
that at 714 cm™ mainly to the penta-coordinated aluminium s [29].
The peak around 857 cm™ could incorporate aluminium. Because in
the LaAl3B4O195 phase aluminium is only penta-coordinated, the
AlO, and AlOg species would be excluded, or could be considered

only related to other minor phases which did not impose in XRD

patterns.
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Fig. 7 FTIR spectra of samples obtained after increasing treatment
temperatures.
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In multicomponent borate systems the amorphous matrix
mainly consists of BO5; and BO, units [23]. In the infrared spectra of
still vitreous samples after 0.5 and 5 min treatment, the absorption
bands occur around 480, 694, 872, 1027, 1215 and 1400 cm™ (Fig.
8). The 1215 and 1400 cm™ bands are assigned to BOj5 units, that at
872 and 1027 cm™ to BO, units, while 480 and 694 cm™ bands are
related to hexacoordinated and pentacoordinated aluminium ,
respectively [30]. A contribution from tetracoordinated aluminium to
the large band around 694 cm™ should be also considered [31].

In Ga,0; mixed glasses was identified an absorption band
around 610-620cm™ assigned to the vibrations of GaO, structural
units [11, 32]. Ga,05 is considered to act as a network former if Ga**
ions take preferentially four-fold coordination in oxide glasses. The
excess negative charge on GaO, tetrahedra are compensated either
by localization of a modifier ion nearby or by generation of three-
fold oxygens. The GaO, tetrahedrons may enter the glass network

and alternate with BO, tetrahedrons. In some glass networks, the



gallium ions are also found to be in modifier position with GaOg
structural units [11, 33]. Gallium is heavier than aluminium and Ga**
has lower field strength than AI**; therefore is expected a shift of the
infrared absorption band to lower wavenumbers than for aluminium.
After 15 min treatment, and up to 24 h treatment, the infrared spectra
are highly similar (Fig. 9) but different from that recorded from
amorphous samples. The former large band around 1400 cm™
appears with three components at 1422, 1394 and 1315 cm™, all
assigned to different stretching vibrations of B—O bonds in BO; units
modified by local distortions [30, 34, 35]. These components are
clearly evidenced in the smoothed absorption lines (Fig. 10). The
deconvolution with three lines does not fit well the large band, but
roughly comparing the relative intensity of 1422, 1394 and 1315 cm’
! components one can estimate their contribution as function of
treatment time. One remarks the increase of 1315 cm™ component on
account of 1422 and1394 cm™ components (Table 1). The higher
vibration frequency of the B-O bonds which give rise to 1315 cm™
component indicates a shortening of the corresponding B—O bond
lengths. The absorption band occurred at 1215 cm™ in the vitreous
samples, also assigned to BOs units, is shifted to lower wavenumbers
after crystallization, with a light dependence on treatment time,
namely to 1188 cm™ after 15 min treatment and to 1162 cm™ after 24
h treatment. The new band recorded at 946 cm™, as well as the band
at 835 cm™, that occurs shifted to lower wavenumbers as compared
with 872 form the vitreous samples, are assigned to BO, units. The

analysis of the bands related to BO; and BO, units shows the



considerable increase of tetrahedral BO, units after 15 min treatment.
The bands around 710 cm™ (Fig. 8) correspond to that recorded
around 694 cm™ for non-crystalline xerogels, assigned to tetra- and
pentacoordinated aluminium , and after treatments longer than 15
min two components at 695 and 717 cm™ are evidenced (Fig. 9),
which denotes two different surroundings of aluminium units in the
crystallized samples. The decomposition with two lines fits well the
absorption in this range (Fig. 11) and points out the preponderance of

717 cm™ line as treatment time increases to 24 h (Table 2).

0 10 100 10 10 10 1320 10 1280

Fig. 10 Smoothed FTIR lines in 1290-1450 cmspectral range.

Tabelul 1 Treatment time dependence of the relative contributions (%) to
1422, 1394 and 1315 cm™ components.

Componenta 1422 cmt 1394 cm’* 1315 cm’*
© o 15 min 34 50 16
55
32E 30 min 26 52 22
Ew
== 24 h 30 43 27

In infrared spectra of inorganic aluminates [36], the
characteristic frequency ranges are ,,condensed” AlO, tetrahedra in
the 900-700 cm™, isolated” AlO, tetrahedra 800-650cm™,
,condensed” AlOg octahedra in the 680-500 cm™ and isolated” AlOg
octahedra in the 530-400 cm™. Considering the component at 695




cm™ arising from “isolated” AlO, units, one remarks with increasing
treatment time the increase of the component assigned to AlOs units.
Nevertheless, for the bands at 637, 515 and 460 cm™ associated with
vibrations of AlOgoctahedra [31] one remarks an increased intensity.
With regard to 637 cm™ band, vibrations of La—O or Ga—O bonds in
lanthanum or gallium polyhedra are not excluded [30,26-28], and for
515 and 460 cm™ bands should be also considered vibrations like
that observed for Ga,0; [37], La,05 [38],0r vibrations arising from

bonds between cations via oxygen.
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Fig. 11 Line deconvolution in 670-740 cm™spectral range.

Tabelul 2 Treatment time dependence of the relative contributions (%) to
717 and 695 cm™ components.

Componenta 717 cmt 695 cm*
© o 15 min 38.5 61.5
ho] C
— [}
2 & 30 min 443 55.7
-
= 24h 73.3 26.7




All these structural similarities preserved after development
of LaAl, 43(B4010)Oq 54 type crystalline phase at 850°C, regardless of
treatment time, support that the investigated system is thermally
stabile at high temperatures, which is a desirable property for a
prospective catalyst material working in a close temperature range.

The analysis of ?’Al MAS-NMR spectra (Fig. 12) clearly
supports the disappearance of aluminium tetra- and hexacoordinated
species after 900°C heat treatment (Table 3). The contribution of
different species [39] was determined based on spectra

deconvolution, as illustrated for 800°C treated sample (Fig. 13).

27 Al Al

800 C

700 C
500 C
350 C

o
250 C

100 50 o -50
(ppm)
Fig. 12 2’Al MAS NMR spectra after heat treatment at different
temperatures.



The errors are estimated to ~0.5 ppm for the isotropic
chemical shift (diso) and ~2.5% for the fraction of different species
expressed by the relative intensity (I) of deconvoluted lines. The
high content of penta-coordinated aluminium after 900°C treatment
is desirable for catalytic applications [40 — 42].

o

800 C

Fig. 13 Deconvolution of ’Al MAS NMR spectrum with Dmfit
program for the sample obtained after 800°C heat treatment.



Tabelul 3 The Isotropic Chemical Shift (Jis,) and Fraction of Aluminum
Species Expressed by the Relative Intensity (1) of
Deconvoluted *’Al MAS-NMR Lines.

t(°C)
250
350
500
700
800
850
900

Unitati
diso (PPM)
I (%)
diso (PPM)
I (%)
diso (PPM)
I (%)
diso (PPM)
I (%)
diso (PPM)
I (%)
diso (PPM)
I (%)
diso (PPM)

1 (%)

Al
6
13.8
61.5
49.7
63.0
67.6
57.6
58.5
54.5
45.0
82.5
55.7
22.8
0.4

80.2
61.8

15
0.3

Aly
325
17.0
31.8
33.6
32.2
25.0
324
27.7

2.

0.
35.2
56.1
35.6

6.9

6.5
69.2
5.3
16.7
5.1
7.4
8.2
13.8
12.8
0.5
14.7
9.7
12.9
-1.4
15.8
4.9
12.8

13

Based on deconvolution of B MAS-NMR spectra (Figs.
14 and 15), the contributions of BO5; and BO, units were estimated.
Two chemical shifts are evidenced for BOs units, denoting their
occurrence in two environments. The increase in treatment
temperature favours the development of BO, units (Fig. 14). The
large amount of By, 72.1%, estimated from "B MAS-NMR
measurements after 900°C treatment (Table 4), supports the
assignment of the 857 cm™ band from FTIR spectrum (Fig. 7) to
tetra-coordinated boron without contribution from tetra-coordinated

aluminium, in full agreement also with “’Al MAS-NMR results
(Table 3).
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Fig. 14 B MAS-NMR spectra after treatments at different
temperatures

900 °C
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Fig. 15 Deconvolution of B MAS NMR spectrum with Dmfit
program for the sample obtained after 900°C heat treatment.



By knowing that in LaAl,¢3(B4O010)Ops4 crystalline phase
only tetra-coordinated boron is present, we can assign the three
coordinated  species to  boron-rich glassy phase that
separate/segregate due to the higher boron content in starting
composition (B5) compared with the boron content in the developed
crystalline phase (B4). From our experience, [20, 23, 40] to develop
a rich boron crystalline phase at relative high temperatures an excess
of boron is needed.

Tabelul 4 The Isotropic Chemical Shift (di5,) and Fraction of Boron

Species Expressed by the Relative Intensity (1) of
Deconvoluted !B MAS-NMR Lines.
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475
100
444
8.2
8
241

BIII

43
8
239
728
-4.90
8
1.6
765
45
85
182
78.6
47
83
2438
65.6
41
60.1
45

-18.3
3.2
-19.0
9.5
19.5
25.8
-19.7
45.6
-19.9
72.1

BIV
9.0
33
189
19

On the other hand, the analysis of “Ga NMR spectra (Fig.
16) based on their deconvolution (Fig. 17) evidence that after 250°C
treatment only hexa-coordinated gallium occurs. After treatments
between 350°C and 800°C, beside Gay,, both Ga,, and Gay, were
identified. The penta-coordination of gallium in oxide glasses and
ceramics was reported in few studies, [43 —48] but only one gallium
compound with exclusively penta-coordinated gallium was

mentioned [44].
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Fig. 2 "Ga MAS NMR spectra of samples treated at different temperatures.
Our current investigation points out that the heat-treatment
temperature enhancement to 850°C already leads to 95.3% Gay, and
after 900°C treatment exclusively penta-coordinated gallium is

evidenced (Table 5).
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Fig. 3 Deconvolution of “Ga MAS NMR spectrum with Dmfit
program for the sample obtained after 900°C heat treatment.

These data corroborated with earlier results, [26] which
reported that in 25La,0; +xGa,03+(75-x) B,0; and 25La,0;
*xAl,032(75-X)B,03 (0< x< 25 mol%) glass systems Al,O3, Ga,0 3,
and B,O; act as glass formers, whereas La,O; acts as network
modifiers that open a new insight regarding the investigated
La,05Al,05-Ga,03-5B,0; system, wherein starting with 850°C
treatment the crystalline phase of LaAl,3(BsO19)Ogss type is
developed. In this phase, gallium is replacing partially aluminium.
The assumption is further supported by properties resemblance
between gallium and aluminium compared against that of boron and
lanthanum (Table 6). The analysis of !B, ’Al, and "“Ga MAS-NMR



results for treatments above 850°C (Figs. 18-23) indicates for

gallium coordination similarities only with aluminium, and after

900°C bhoth appear only pentacoordinated. We consider that the
crystalline phase identified as LaAl,3(B4O19)Ogss for the actual
La,O5Al,05:Ga,05 5B,03 investigated system is
La(Al/Ga),03(B4010)Og 54.
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Fig. 18 The Isotropic Chemical Shift (3;,) dependence of Al,y, (m, O) tetra-,
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coordinated gallium species on treatment temperature. The
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Tabelul 5 The Isotropic Chemical Shift (dis,) and Fraction of Gallium
Species Expressed by the Relative Intensity (1) of
Deconvoluted "“Ga MAS-NMR Lines.
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MAS-NMR studies on #’Al, **B and "*Ga nuclei from heat
treated samples above 850°C highlight the similarities concerning the
gallium and aluminium coordination, pointing out that after a 900° C
treatment gallium appears only pentacoordinated, like aluminium.
Thus NMR results support the conclusion that LaAl, ¢3(B4010)Og 4
type crystalline phase identified for the La,03 Al,03-Ga,055B,0;
system  composition  investigated in  this  work s
La(Al/Ga),03(B4010)Og 5.

All these data combined with the other results [49] obtained
for the lantano-Gallo-borate 25La,03-xGa,03:(75-x)B,0O3; and
25La,03-xAl,05:(75-x)B,0; (0 < x < 25 mol%) systems showing

that Al,O3, Ga,05 and B,0; acts as vitreous network formers, while




La,O; act as network modifier, open a new perspective on the
La,05Al,05-Ga,05-5B,0; investigated system, where following the
thermic treatment, starting with 850°C is developing a single
LaAl;03(B4010)Ogss crystalline phase type, in which aluminum
atoms are partially replaced by gallium atoms. This is explained by
the similarities between the properties presented by gallium and
aluminum, different from those of lanthanum and boron (Table 6).
The small difference between the ionic radius of aluminum
and gallium, their electronegativity and higher proximity strength of
M-O connection, compared to the values for boron and lanthanum,
may explain the partial replacement of aluminum and gallium in
crystallites La(Al/Ga)» ¢3(B4010)Og54 type LaAls g3(B4010)Oq 54

Tabelul 6 lonic Radius, Coordination Type, lonic Field Strength, Single-
Bond Strength with Oxygen, and Electronegativity of the
Cations Entering in the Investigated System.

Raza Intensitatea | Intensitatea/
Caion/M | Coord. | ionica de camp | taria legaturii | Electroneg.
Shannon ionic M-O Pauling
[65, 66] [67]
(A) (A3 kd/mol
B 4 0.25 48 808.8 £20.9 2.04
4 0.53 10.68
APt 6 0.675 6.58 511 +3 1.61
4 0.61 8.06
Ga* 6 0.76 5.19 353.5 +41.8 1.81

MAS NMR spectra analysis, on the *’Al, "Ga and B

nuclei in heat treated samples at 850°C for 0.5 minutes to 24 hours




gives results in good agreement with the results obtained by FTIR
spectroscopy and enhanced them.

?’Al nuclei (Fig. 24) in the heat treated sample for 24 hours
appear only pentacoordinated aluminium species, as well as “Ga
nuclei (Fig. 25). The data obtained for 24 hours annealed samples are
in good correlation with those obtained for samples treated at 900°C
for 30 min. We notice, however, a broadening of the line attributed
gallium pentacoordinated in the sample obtained after 24 hours at
850°C treatment, which shows a higher sensitivity of this species to
prolonged exposure to 850°C temperatures.
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Fig. 24 ?’Al MAS-NMR spectra dependence on treatment duration
applied on LaBsAlGaO,, xerogel at 850 °C



Results on B nuclei (Fig. 26) confirm the overwhelming
preponderance of BO, units to BOs units with increasing duration of
heat treatment [50]. The increase in the number of BO, units after 15
minutes of treatment at 850°C highlighted by analyzing infrared
absorption bands is very well supported by the evolution of BO; and
BO, units as shown by 'B MAS-NMR.
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Fig. 25 "“Ga MAS-NMR spectra dependence on treatment duration applied
on LaBsAlGaO,, xerogel at 850 °C
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Fig. 26 'B MAS-NMR spectra dependence on treatment duration applied
on LaBsAlGaO;, xerogel at 850 °C

Conclusions

A new compound with La(Al/Ga),3(B4010)O0s4
composition of similar structure with LaAl2 ¢3(B4010)Ogs4 Crystalline
phase, wherein aluminium and gallium are only penta-coordinated,
was synthesized for the first time in sol-gel-derived
La,05-Al,05-Ga,03-5B,0; system heat treated at 850°C for 30 min.
In La(Al/Ga), ¢3(B4010)Ogs4 crystalline compound, about a third of
aluminium atoms are replaced by gallium atoms. With increasing
heat-treatment temperature up to 800°C, during removal of water

molecules, residual nitrates, and hydroxyl groups, the samples



structure is kept amorphous. Around 850°C, as result of
crystallization, the fraction of different structural units, as identified
by B, ?’Al, and “Ga NMR analysis, is dramatically changed. These
analyses proved that the penta-coordinated aluminium and gallium
species are already consolidated in the noncrystalline precursors.
Sol—gel derived LaAlGaBs0;, system keeps the amorphous
state after short treatment at 850°C, for 0.5 and 5 min. After 15 min
treatment, nanocrystallites of LaAl, g3(B4010)Og 54 type are developed
and this crystalline phase is solely preserved by increasing the
treatment time up to 24 h. FTIR results evidence that the local
structure of amorphous samples consist of BO3;, BO,, AlO4 AlOs
and AlOg polyhedra. In the crystallized samples a considerable
increase of tetrahedral BO, units is observed, and for BO3 species are
identified three different vicinities. The increase of pentacoordinated
aluminium species in these samples is desirable for catalytic
applications. By increasing the treatment time at 850°C from 15 min
to 24 h, the structure of LaAlGaBsOj, system is very weakly
affected, that recommend it once more for catalytic applications in

this temperature range of interest for auto engines.
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