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Gallioaluminosilicate hydrogels with composition 0.1 Ga;03: 0.9
Al>,03:10 SiO7:4.0 Nap,0:150 H,O were prepared using sodium
aluminate, colloidal silica, and a soluble galliosilicate with compo-
sition Gay03: 15 SiO2: 10 Nay0 : 400 H,0 as a source of gallia. The
hydrothermal transformation of these gels at 95°C vyields crystals
with the faujasite structure when the crystallization reaction is per-
formed in the absence of stirring and with the gmelinite structure
(with minor amount of Pt) when crystallization is completed with
stirring of the hydrogel. The crystallization time for Na(Ga,Al)Y
can be decreased to 15 h from 48 h by raising the crystallization
temperature to 110°C from 95°C. The calcined Na(Ga,Al)Y crys-
tals have surface area in the 600 to 660 m?/g range and, unless
La-stabilized, suffer partial lattice degradation when, following an
exchange with an NH4NOj3 solution, the NH4(Ga,Al)Y crystals are
calcined at 500°C in air. This finding is clearly indicated by ?’Al,
Ga, and #*Si MAS NMR spectroscopic results. The 2°Si NMR
spectra of samples exchanged and calcined in the absence of La are
poorly resolved and their quantitative analysis indicates substan-
tial loss of Al and Ga from the faujasite framework. Consistent with
this interpretation, 2’ Al MAS NMR spectra reveal large amounts of
octahedrally coordinated species in H(Ga,Al)Y. Moreover, the "*Ga
spectra show no evidence of tetrahedrally coordinated framework
Ga. In contrast, the multinuclear NMR data of the H(Ga,Al,La)Y
crystals indicate only minor Al and Ga losses from the framework,
thus revealing the stabilizing influence of La. Thermodesorption
of pyridine and microcalorimetry results with NH3 have indicated
that the La-stabilized H(Ga,Al,La)Y crystals have a more moderate
acidity than the reference HY sample. Model fluid cracking cata-
lyst (FCC)-containing H(Ga,Al,La)Y crystals are more active when
cracking gas oil under microactivity testing conditions than sim-
ilarly prepared FCC-containing HY-type zeolites and a reference
equilibrium catalyst containing a rare-earth-stabilized HY, indicat-
ing that these crystals should be considered as acidic components
in commercial FCC preparations.  © 2000 Academic Press
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INTRODUCTION

Today, zeolites with the faujasite structure remain the
most technologically important molecular sieves since they
are the main active components of fluid cracking catalysts

(FCCs) and hydrocracking catalysts. When combined, these
two processes are responsible for most of the transporta-
tion fluids produced in the industrialized world (1). A shift
of 1% in the efficiency of oil conversion to liquid fuel is
estimated to result in a saving of more than 22 million bar-
rels of oil each year (2). Thus, it is not surprising that the
petroleum engineer is continuously seeking to modify the
properties of this type of zeolite knowing that small vari-
ations in its physicochemical properties can translate into
large improvements in catalyst performance. In the past few
years, the effects of Ga in zeolites have been the subject of
numerous investigations (3-14). Of particular interest to
refiners is the enhancement of aromatics yields from the
aromatization of light paraffins over H(Ga-ZSM5) (3, 10).
Furthermore, it has also been observed that Ga addition
to the offretite framework decreases the hydrogen transfer
properties of this zeolite during propylene conversion re-
actions (15). Thus Ga-containing zeolites with the faujasite
structure could shift olefins distribution in products from
gas oil conversion in a fluid cracking unit (FCCU) and may
have similar effects also in zeolite-containing hydrocrack-
ing catalysts.

In a recent paper (16) it was shown that it is possible
to rapidly synthesize GaY and that a postsynthesis ion ex-
change of Na with La ions drastically improves the crys-
tals’ thermal stability. Acid site strength and density in
H(Ga,La)Y were found to be lower than those in HY-type
crystals of the type used in FCC preparation (16). It is the
purpose of this paper to describe the synthesis of some gal-
lioaluminosilicates with the faujasite structure and report
procedures to improve thermal and hydrothermal stability
and to modify acidity properties.

EXPERIMENTAL

Synthesis

The source of gallium was obtained by adding wa-
ter glass (PQ “N silicate” with ~29.8% SiO, and 9.07%
Na,0O) to a sodium gallate solution prepared by dissolv-
ing Ga;03 (99.99% pure, from Aldrich) in 50% NaOH,;
the Ga,0O3/Na,O molar oxide ratio was 5.58. After the
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solution was stirred at room temperature for ~24 h, a stable
opalescent solution with composition Ga,O3:15 SiO,: 10
Na,O : 400 H,O was obtained. The shelf lifetime of this gal-
liosilicate seeding solution is measured in months.

In a separate beaker an aluminosilicate gel with molar
oxide composition Al,O3:11.1 SiO;:4.44 Na,O: 167 H,O
was prepared by reacting colloidal silica (Ludox AS-40)
and sodium aluminate at room temperature. An aliquot of
the seeding solution was then added to form a gallioalumi-
nosilicate hydrogel with overall composition 0.1 Ga,0O3: 0.9
Al;O3:10 SiO;: 4.0 Na,O : 150 H,0; the crystallization re-
action is completed after heating at 95°C (£1°C) for 48 h
(or less).

Powder X-ray diffraction measurements were obtained
using a Siemens D-500 diffractometer at a scan rate of
0.01%step using 3 s/step monochromatic CuKea radiation;
CaF, was used as an internal standard for angle calibration.

Surface Area Analysis

Nitrogen sorption isotherms obtained at liquid nitro-
gen temperature were collected using a volumetric tech-
nique on a Micromeritics ASAP 2010 adsorption instru-
ment equipped with version 3.0 software. Prior to analysis,
samples weighing from 0.1-0.3 g were outgassed in vacuo
at 400°C for at least 16 h. The total pore volume was de-
rived from the amount of nitrogen adsorbed at a relative
pressure close to unity (p/Po, = 0.995) by assuming that all
the accessible pores were then filled with liquid nitrogen.

IR Analysis

IR spectrawere obtained using a Nicolet 3600 spectrome-
ter. Two spectrawere obtained from each sample before the
results were accepted as being representative of the zeolite
sample under study. Spectra were acquired with a 2 cm™!
resolution (8192 data points) and apodized using the Happ-
Genzel algorithm. Self-supporting wafers (4-8 mg/cm?
in density) were prepared by pressing samples between
25-mm-diameter dies for 1 min at 6000-7000 Ibs pressure.
Prior to pyridine sorption, the wafers were mounted in an
optical cell and degassed by heating at 200°C for 2 h at
102 Torr. The pyridine-loaded wafers were then heated
(in vacuo) in the 200-500°C temperature range.

Microcalorimetry

Heat of adsorption of NH3 was measured using a heat-
flow C-80 Setaram microcalorimeter linked to a glass volu-
metric line. Successive doses of gas were sent onto the sam-
ple until afinal equilibrium pressure of 133 Pawas obtained.
The equilibrium pressure relative to each adsorbed amount
was measured by means of a differential pressure gauge
from Datametrics. The adsorption temperature was main-
tained at 150°C. Primary and secondary isotherms were
collected at this temperature. All samples were outgassed
overnight under vacuum at 400°C before calorimetric mea-
surements were undertaken.
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TABLE 1

Gas Oil Inspection

API gravity,® 26.2
ABP, °C 373.9
Nitrogen, wppm 569
Sulfur, wt% 1.19
Pour point, °C 18.3
Aniline point, °C 74.7
Conradson carbon, wt% <0.05

Solid-State NMR

29Si NMR spectra were recorded at 59.6 MHz on a mod-
ified Bruker CXP300 spectrometer. Samples were spun in
cylindrical 7-mm zirconia rotors at spinning speeds near
4 kHz. In all cases, 90° pulses of 6-us length and 30-s re-
cycle delays were used. Chemical shifts were determined
relative to tetramethylsilane as an external reference. 'Ga
and ?”Al MAS NMR spectra were obtained at 152.51 and
130.2 MHz, respectively, using a Bruker Avance (DSX) 500
spectrometer. Samples were spun in cylindrical 4-mm zir-
conia rotors at a spinning frequency of 12 kHz. The spectra
were recorded with solid 45° pulses of 2-us length and re-
laxation delays of 1 s. Resonance shifts are reported using
liquid samples of 1 M aqueous solutions of Ga(NO3)3, and
AI(NO3)3 as external reference standards.

Microactivity Testing

Microactivity testing (MAT) was performed on 80 x 150
mesh granules prepared by mixing 70% Georgia Kaolin
with 30% zeolite powder. The resulting mixture was then
pressed at 5000 Ibs/min and the wafers thus produced were
crushed and sized. MAT evaluation was conducted at a re-
actor temperature of 482°C, using an 80-s reaction time
and a catalyst/oil ratio of 2.8. Gas oil inspection is given in
Table 1. Prior to MAT, the granules were steam-aged for
5 h with 100% steam at 760°C and 1 atm. The reference
equilibrium FCC has a surface area of 92 m?/g and contains
a rare-earth-stabilized HY-type zeolite with a unit cell of
2.435 nm; its rare-earth oxides content is 3.4%. In addition,
this reference FCC contains 0.030 wt% Ni and 0.024 wt%
V impurities.

RESULTS AND DISCUSSION

Synthesis

The hydrothermal transformation at 95°C of gallioalu-
minosilicate hydrogels with molar oxide composition 0.1
Gay03:0.9 Al;03:10 SiO;:4.0 Na,O:150 H,O yielded
crystals with the faujasite structure in the absence of stir-
ring and gmelinite crystals (with minor amounts of Pt) in
the presence of stirring (17). In the absence of Al , stir-
ring caused the crystallization of gallium natrolite (16).
The formation of Na(Ga,Al)Y is particularly sensitive to
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FIG. 1. Representative diffractogram of Na(Ga,Al)Y crystals after
drying at 100°C.

temperature. In fact, the crystallization time decreases to
15 h from ~48 h when the temperature is raised to 110°C
from 95°C. A representative XRD pattern is given in Fig. 1;
composition and surface area data are shown in Table 2.
Na(Ga,Al)Y can also be synthesized from the same hy-
drogel prepared using sodium gallate instead of galliosili-
cate solutions; in this case, longer crystallization times are
required. In general, these crystallization reactions are not
stoichiometric and the crystals’ silica-to-gallia and -alumina
ratio is always lower than that of the parent hydrogel
(Table 2). Removal of Na ions with a 1 M NH4NO3 solu-
tion and calcination at 500°C decreases the %Na,O to 0.76
from 11.6 and the surface area to 448 m?/g from 659 m?/g,
indicating a partial degradation of the Na(Al,Ga)Y crys-
tals’ structure. Thus, as already reported for other zeolites
such as offretite (18) and Beta (19), the introduction of Ga
atoms decreases the faujasite framework thermal stability.
As observed in Al-free GaY crystals (16), the stability
of Ga-containing faujasites can be drastically improved by
preceding the NH4-exchange step by a La-exchange reac-

TABLE 2

Composition and Surface Area of Some Ga-Containing Faujasites

Molar oxide composition

SA,

Sample milg  Ga0O; AlLO; SO, NaO LaO3
NaGaY 515 1.0 — 4.37 1.09 —
H(GaLa)Y 503 10 — 440 012 025
Na(Ga,Al)Y 659 0.1 0.90 5.21 0.99 —
H(Ga Al)Y 448 0.090 0.91 5.25 0.05 —
H(GaAl La)Y 610 0.093 0.907 5.00 0.06 0.23

Note. Data for Al-free NaGaY and H(Ga,La)Y were obtained from
Ref. (16).
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tionina0.33 M LaCls solution followed by calcination in air
at 440°C/10 h; see Table 2. The properties of H(Ga,Al,La)Y
and of similarly (16) prepared H(Ga,La)Y are shown in
Table 2. In this table, reference galliosilicates such as GaY
and H(Ga,La)Y have been included for comparison pur-
poses (16). The calcination step for the La-exchanged crys-
tals is needed to prevent La losses during the replacement
of residual Na with NHy ions. Similar results have been
observed when reacting calcined, rare-earth exchanged Y
(CREY) crystals, with NH4NO3 solutions to reduce the
%Na,0 to 0.11 from 3.40 without significantly affecting the
CREY rare-earth metal content (20). It is believed that La
ions become part of the zeolite framework by forming two
—La(OH)-bridges in the sodalite cages that impart stability
to the faujasite structure (21).

25i MAS NMR Results

The 2°Si MAS NMR spectra of the different gallioalu-
minosilicates under study are compared in Fig. 2. As ex-
pected, the 2°Si spectra for Na(Ga,Al)Y samplesyield a typ-
ical pattern of signal attributable to T(1Si,3M), T(2Si,2M),
T(3Si,1M), and T(4Si,0M) units, respectively; M = Al, Ga
(22,23). The 2°Si NMR spectrum in Fig. 2A for Na(Ga,Al)Y
closely resembles the one obtained for (Na,Al)Y (16) and
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FIG.2. 2Si NMR spectra for Na(Ga,Al)Y prepared from seeded
hydrogels (A) before and (B) after NH, exchange and calcination to
form H(Ga,Al)Y crystals, (C) after La and NH,; exchange to form
NH4(Ga,Al,La)Y crystals, and (D) after La and NH,4 exchange and calci-
nation to form H(Ga,Al,La)Y crystals. In each part, the top trace is the ex-
perimental spectrum, the middle trace corresponds to asimulation, and the
bottom trace shows the individual contributions of the T[nSi,(4-n)M] sites.
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TABLE 3

235 Chemical Shifts for Several Gallioaluminosilicates

Chemical shift (ppm) Si/M?
Sample T(1Si,3Al) T(2Si,2Al) T(3Si,1Al) T(4Si,0Al) NMR Chem.

1. Na(Ga,Al)Y 88.8 94.1 99.9 105.0 2.50 2.60

2. H(Ga,Al)Y — 94.2 99.7 106.7 4.0° 2.62
103.4 111.1

3. NH4(Ga,Al,La)Y 92.8 96.7 101.7 105.9 2.25 —

4. H(GaAl,La)Y 925 96.6 101.8 107.1 2.29 2.50
110.9

5. H(Ga,Al,La)Y® 92.4 97.0 102.2 107.1 2.62 2.50

AM=Ga+Al
b Repeat with shorter intermediate calcination time.
¢ Estimated value.

shows four sites corresponding to 0, 1, 2, and 3 Al or Ga
neighbors. The Si/(Ga + Al) ratio is 2.50, in agreement with
the value of 2.58 obtained from chemical analysis data,
Table 2. Changing the batch size from 0.5 | to 5.0 | has
little effect on the crystals’ properties. Large batches of
Na(Ga,Al)Y can be reproduced with ease, yielding crys-
tals with similar properties as well as ?°Si NMR spectra.
The ion-exchange reaction of Na(Ga,Al)Y with NH4;NO3
solutions and calcination at 500°C degrades the crystal
quality and the 2°Si NMR spectrum for H(Ga,Al)Y re-
veals very poor resolution. The fairly featureless spectrum
in Fig. 2B can be deconvoluted into five lineshape com-
ponents. Of these, the two upfield components at —111.2
and —106.7 ppm are T(4Si,0M) silicon sites. The peak at
—111.2 ppm may be due to extraframework amorphous sil-
ica generated by lattice degradation (24). Two additional
components at —103.44 and —99.7 ppm occur within the
T(3Si,1M) region, while the most downfield component lo-
cated at —94.2 ppm is assignable to a T(2Si,2M) environ-
ment. From the lineshape deconvolution an Si/M ratio of 4
(£0.5) can be estimated. In this case, the error is large due
to the poor resolution in the spectrum. The discrepancy be-
tween Si/M values from NMR and chemical analysis can be
safely attributed to demetalation of the faujasite structure.
Structural stability can be improved by the addition
of lanthanides. The ?°Si NMR spectrum in Fig. 2C for
NH4(Ga,Al,La)Y is quite similar to the one in Fig. 2A, in-
dicating that the ammonium exchange step after La addi-
tion does not affect framework structure nor 2°Si chemical
shifts. Only the extent of line broadening is somewhat in-
creased, indicating a higher degree of structural disorder.
Calcination in air at 500°C generates H(Ga,Al,La)Y crys-
tals with a 2°Si NMR spectrum that still has an appearance
similar to that of the starting Na(Ga,Al,)Y; see Figs. 2A-2D.
Clearly, the spectrum of the La-stabilized sample shows sig-
nificantly improved resolution compared to that of the La-
free H(Ga,Al)Y crystals in Fig. 2B. From the 2°Si NMR
spectrum the Si/M ratio computes to 2.62, indicating that

there has been only a minor loss of M species from the fau-
jasite framework after the calcination step, Table 3. Metal
losses from the framework can be minimized by reduc-
ing the intermediate calcination step of the La-exchanged
crystals to 2 from 10 h. In these crystals, formation of ex-
traframework silica (peak near —111 ppm) has been sup-
pressed and the Si/M ratio of 2.25 closely resembles that of
the parent material; see Table 3. In agreement with XRD
results and SA data, the 2°Si spectra in Figs. 2B—2D illustrate
the increased structural stability resulting from lanthanum
incorporation in crystalline gallioaluminosilicates with the
faujasite structure.

ZIAl and "*Ga MAS NMR Results

Figures 3 and 4 summarize the ?’Al and "Ga MAS
NMR spectra of the samples studied. For the air-dried
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FIG.3. #Al MAS NMR spectra for Na(Ga,Al)Y prepared from
seeded hydrogels (A) before and (B) after NH, exchange and calcina-
tion to form H(Ga,Al)Y crystals, (C) after La and NH,4 exchange to form
NH4(Ga,Al,La)Y crystals, and (D) after La and NH,4 exchange and calci-
nation to form H(Ga,Al,La)Y crystals.
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FIG. 4. " Ga NMR spectra at 7.04 T for Na(Ga,Al)Y prepared from
seeded hydrogels (A) before and (B) after NH, exchange and calcina-
tion to form H(Ga,Al)Y crystals, (C) after La and NH,4 exchange to form
NH4(Ga,Al,La)Y crystals, and (D) after La and NH,4 exchange and calci-
nation to form H(Ga,Al,La)Y crystals.

Na(Ga,Al)Y sample, the spectra in Figs. 3A and 4A reveal
the sole presence of tetrahedral species, explaining the
excellent agreement between Si/M values from 2°Si NMR
data and from chemical analysis. Extraframework metal
atoms were not observed in any of the Na(Ga,Al)Y crys-
tals that had been dried at 100°C. After direct exchange
of charge-compensating Na with NH,4 ions and subsequent
calcination of the sample the Al MAS NMR spectrum
reveals loss of resolution and a significant amount of octa-
hedral extraframework Al species is formed; see Fig. 3B. A
very weak and broad gallium signal was observable in this
sample, indicating the nearly complete removal of gallium
from the framework, Fig. 4B. Most likely, the extraframe-
work Ga species is so strongly disordered that the signal is
broadened into the baseline by a wide distribution of nu-
clear electric quadrupolar coupling constants. As already
anticipated from the poorly resolved ?°Si NMR spectrum
in Fig. 2B, these results confirm the occurrence of consider-
able lattice degradation in these crystals.

In contrast, if the Na(Ga,Al)Y crystals are first La-
exchanged and calcined before a second ion exchange
with NH, to remove residual Na ions, the calcination of
NH4(Ga,Al,La)Y has only a minor effect on crystal prop-
erties. Asaresult, crystallinity and SA remain high, Table 2.
Nevertheless, the 2’ Al spectrum of the H(Ga,Al,La)Y sam-
ple thus produced shows a minor amount of more highly
coordinated aluminum. The broad and weak resonance cen-
tered near 35 ppm in Figs. 3C and 3D is attributed to five-
coordinate aluminum species. In Fig. 3D, the fairly sharp
peak near 2 ppm reflects instead octahedrally coordinated
aluminum species. The same trend is evident in the "*Ga
MAS NMR spectra shown in Figs. 4C and 4D. Only tetra-
hedral gallium is clearly detected but with somewhat lower
intensity compared to that of the air-dried Na(Ga,Al)Y
sample. This loss of signal intensity is the result of a mi-
nor lattice degradation suffered by these crystals. Never-
theless, the sample’s crystallinity remains high and its SA
of 610 m?/g is only slightly lower than that of the reference
HALY; see Table 2.
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IR Results

Before pyridine sorption, the H(Ga,Al,La)Y spectrum
in the OH stretching region consists of three bands; see
Fig. 5A. In addition to the high-frequency (hf) band as-
signed to terminal Si—-OH groups, the spectrum contains an
intense band centered near 3528 cm~! overlapping a less
intense one centered near 3637 cm~*. After pyridine sorp-
tion, the 3528 cm™! band shifts to higher wavenumbers.
However, when the degassing temperature is monotoni-
cally increased to 500°C from 200°C, this band broadens,
undergoes a minor decrease in intensity, and shifts to-
ward its original position, Fig. 5A. In contrast, the band
at 3637 cm~! readily interacts with pyridine, and at 200°C it
is no longer visible. This band shifts to lower wavenumbers
and it reappears at T > 300°C, that is, after pyridine be-
gins to be thermally removed from the crystals. However,
its original intensity is not restored, probably because of
dehydroxylation reactions, Fig. 5A.

Although the 2’Al MAS NMR spectrum for H(Ga,
Al,La)Y indicates the presence of Al(V1) species, IR bands
near 3660 cm~! attributed to extraframework metal atoms
(25, 26) are not visible in this sample. Furthermore, bands
in the 35203540 cm™! region seen in rare-earth (RE)-
containing faujasite crystals (25, 26) are also noticeably ab-
sent in the H(Ga,Al,La)Y spectrum; see Fig. 5A. Bands
in this region have been assigned to hydroxyls (such as
-LaOH-) associated with RE ions (21, 25, 27). It has been
proposed (21) that the hydrolysis of RE ions (such as La)
forms -RE(OH); and -RE(OH)- groups that stabilize the
sodalite units. The protons generated from the hydrolysis
reaction form new M-OH groups believed to be responsi-
ble for the acidic band in the 3635-3645 cm™! region; see
Fig. 5A.

The infrared bands of pyridine of interest to this study
are the C-H and N-H stretching frequencies as well as the
C-C and the C-N stretching frequencies at 1590-1660 cm !
and near 1500 cm~! (28). In Fig. 5A, the low-frequency (If)
band at 3237 cm~! has been attributed to the pyridine’s
=N-H groups (28). The intensity of this band monotoni-
cally decreases with increasing the degassing temperature
and almost disappears at 500°C. IR spectra showing the C-
C and C-N stretching vibration of chemisorbed pyridine on
these crystals are shown in Fig. 5B. Bands near 1540 cm™?
represent protonation of pyridine by B-sites and the pres-
ence of coordinatively bonded pyridine on L-sites is shown
by bands near 1450 cm~! (29). In Table 4, Brgnsted (B)
and Lewis (L) acid site density as a function of degassing
temperature has been obtained by dividing the integrated
absorbance (in the 1563-1523 cm~! region and in the 1468—
1438 cm™? region) by the sample density.

In contrast to that observed for H(Ga,La)Y and in
agreement with HY (LZY-82) results (20), acidity in
H(Ga,Al,La)Y ismainly of the B-type and in the 200-500°C
temperature range the B/L ratio remains greater than one,
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Infrared spectra of chemisorbed pyridine on H(Ga,Al,La)Y: (A) The OH stretching region. Samples have been degassed at 200°C (a) and

then exposed to pyridine and degassed at: (b) 200, (c) 300, (d) 400, and (e) 500°C. (B) The C-C stretching region. Samples have been degassed at 200°C
and then exposed to pyridine and degassed at: (a) 200, (b) 300, (c) 400, and (d) 500°C.

Fig. 5B. Pyridine desorption data in Table 4 indicate that,
in all the samples examined, thermal desorption is more
facile from B-sites than from L-sites and that, in the pres-
ence of La, the isomorphous substitution of Al by Ga as in
H(Ga,Al,La)Y, has only minor effects on acid site strength
and distribution. Acidity is weakest in Al-free, H(Ga,La)Y
crystals (16) and drastically increases after removal of most
of the charge-compensating Na ions in (Al,Ga)Y with La
and NH, ions, Table 4. Introduction of Lainto the (Ga,Al)Y
framework increases the relative distribution of B- and L-
sites and the B/L acid site ratio almost doubles in value; see
Table 4. However, the new sites are not as strongly acidic
as those observed in the reference HY (LZY-82) crystals

(20). The more moderate acidity of H(Ga,Al,La)Y could
have an effect on the hydrogen transfer properties of these
crystals.

Microcalorimetry

The sorption isotherms in Fig. 6 and the data in Table 2
indicate that the number of sites available to NHs
chemisorption in these Ga-containing faujasites increases
in the order H(Ga,La)Y < H(Ga,Al)Y <HY (LZY-82) <
H(Ga,Al,La)Y. Not shown are secondary sorption iso-
therms, that is, sorption isotherms for samples after NH3 ad-
sorption and degassing in vacuum at 150°C. By subtracting

TABLE 4

Pyridine Chemisorption Data for Several Ga-Containing Faujasites and Reference HY, Calcined at 540°C

(H.ADY H(Ga,La)Y(16) H(Ga,Al)Y H(Ga,Al,La)Y
T(C) B L BIL B L BIL B L BIL B L BIL
200 059 013 454 025 092 027 109 033 330 084 013 646
300 047 009 522 008 08 009 092 025 368 051 010 510
400 027 005 540 — 0.60 — 050 025 200 016 008  2.00
500 010 003 333 — 0.27 — 010 024 042 a a a

Note. The samples, composition is given in Table 2.
2 Could not be integrated with accuracy.
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FIG. 6. Ammonia sorption isotherms for HY (LZY-82), H(Ga,Al)Y,
and H(Ga,Al,La)Y crystals.

the adsorbed volume of the secondary isotherms from that
of the primary isotherms at the same equilibrium pressure
(p=0.2 Torr), it is possible to obtain Vi, that is, the irre-
versibly chemisorbed volume of NH3. This value is believed
to represent the total number of strong (B + L) acid sites
present in the solids under study (30, 31).

Initial heats (In. H), integral heat (Int. H., the total
heat evolved at p=0.2 Torr), and the total and irreversibly
chemisorbed NH3, together with the site population with
a given strength, are given in Table 5. These results high-
light the comparable acidic properties (as determined by
NHj; chemisorption) between the calcined HAIY (LZY-82)
and the La-stabilized H(Ga,Al,La)Y crystals. The strength
of the strongest sites increases, as determined from initial
heat data, from 171 kJ/mol in the Al-free H(Ga,La)Y to
194 kJ/mol in H(Ga,Al,La)Y and to 208 kJ/mol in the Ga-
free reference HAIY crystals. The main difference between
the faujasites under study is represented by the larger num-
ber of sites (B+L) with moderate (<100 kJ/mol) acidity that
exist in H(Ga,Al,La)Y and by the larger number of strong
(>150 kJ/mol) acid sites (B + L) that are present in the ref-
erence HY (LZY-82) sample; see Table 5.

TABLE 5
Ammonia Chemisorption Data at 150°C (p=0.2 Torr)

NH;3
mol/ kJ/mol
In.H, Int.H, - 9
Sample kJ/mol Jig Vt Vir <100 100-150 =150
1. H(Ga,La)Y 171 43 431 217 233 171 27
2. H(GaAl)Y 180 66 616 399 282 287 47

3.H(GaAlLa)Y 194 132
4.HY (LZY-82) 208 122

1206 681 495 655 56
1020 680 279 657 84

Note. Population of sites with given strength is in xmol NH3/g.
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FIG. 7. Differential heats profiles as a function of ammonia uptake

for HY (LZY-82), H(Ga,Al)Y, and H(Ga,Al,La)Y crystals.

Differential heat profiles in Fig. 7 show that as Al is
replaced by Ga, acid site strength as well as acid site
density decreases. Acid site strength is lowest in Al-free
H(Ga,La)Y (16) and increases in the order H(Ga,La)Y <
H(Ga,Al)Y <H(Ga,AlLa)Y <HY (LZY-82) in agree-
ment with initial heats results. The reference HY contains a
small population of sites with strength in the 150-220 kJ/mol
range attributed to extraframework Al(V1) (32-34); for-
mation of AlI(V1) species in the calcined HY (LZY-82) has
been observed by NMR (24). As ammonia coverage in-
creases above 180 umol of NHas/g, a population of sites
with strength near 140 kJ/mol, representing the interac-
tion of ammonia with bridging hydroxyls, appears (32-36).
In H(Ga,Al,La)Y, the loss in acid strength is compensated
by an increase in population of sites with moderate (near
100 kJ/mol) strength. These sites have been attributed to the
interaction of ammonia with La species in H(Ga,Al,La)Y
crystals.

Microactivity Test Results

Differences in microactivity between catalysts containing
the reference HY (LZY-82) zeolite and H(Ga,Al,La)Y are
attributed mainly to crystallinity and acidity modifications
in the faujasite crystals during steam aging with 100% steam
at 760°C for 5 h. During steam aging, the unit cell dimen-
sionfor H(Ga,Al,La)Y, with Ga;O3/[Ga;O3 + Al,03] =0.1,
decreased to 2.448 nm from 2.475 nm in the dried FCC.
This contraction is similar to that experienced by the
Kaolin/HY mixture. Thermal and hydrothermal stability in
H(Ga,Al,La)Y decreases with increasing Ga content, and
when the Ga,03/[Ga,03 + Al,O3] molar oxide ratio is in-
creased to 0.2 from 0.1 the crystals become hydrothermally
unstable.

Results in Table 6 indicate that the stable Kaolin/
H(Ga,Al,La)Y mixture converts more of the SO fraction
to generate greater gasoline, and similar LCGO, yields
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TABLE 6

Microactivity Test Results for Kaolin (80 x 150 Mesh) Granules
Promoted with 30 wt% HY or 30 wt% H(Ga,Al,La)Y Crystals

HY H(Ga,Al,La)Y Equil. FCC

Conversion (wt% ff) 62.0 73.9 724
Gasoline (wt% ff) 44.2 46.8 48.8
LCGO (wt% ff) 20.9 17.7 18.9
SO (Wt% ff) 17.1 8.4 8.7

> C5-Ci (wt% ff) 4,07 4.39 4.28
> CoCy (W% ff) 2.35 3.72 3.49
> C5-Ci /Y .CoCy 173 118 1.22
Methane (wt% ff) 0.047 0.068 0.060
Hydrogen (wt%o ff ) 0.066 0.10 0.086
Coke (Wt% ff ) 1.50 3.73 2.75

Note. Conversion has been defined as 100 -% mid-distillate yields.

as the Kaolin/HY granules. Because of the large differ-
ence in cracking activity between the two model FCCs, the
> [C5-C71/>_[C2—C4] ratios in Table 6 cannot be used to
compare the H transfer activity of HY and H(Ga,Al,La)Y
crystals. The gasoline/conversion and the coke/conversion
ratios of 0.63 and 0.05 are in agreement with the values of
0.67 and 0.04 observed for the equilibrium FCC used to cal-
ibrate the MAT unit. Thus, the two-step ion exchange with
La and NH, ions generates H(Ga,Al,La)Y crystals with a
more moderate acidity than HY and with a hydrothermal
stability that should encourage catalyst makers and refiners
to consider these crystals as possible cracking components
of FCCs.

SUMMARY AND CONCLUSION

Crystalline gallioaluminosilicates with the faujasite struc-
ture have been synthesized by heating at 95°C/48 h with-
out stirring, a hydrogel with composition 0.1 Ga,03:0.9
Al;03:10 Si0O;:4.0 Na0:150 H,O in which gallium
was added as a soluble galliosilicate with composition
Gay03:15 SiO;:10 NayO:400 H,O. As observed in the
synthesis of GaY, the crystallization product of these gels is
controlled by synthesis conditions. In fact, at 95°C, stirring
during crystallization causes gmelinite formation, while in-
creasing the crystallization temperature to 110°C from 95°C
decreases crystallization times by about 33 h. The replace-
ment of Na with NH, ions and calcination induce a par-
tial degradation of the faujasite structure unless La ions
are introduced before the NHy4-exchange and calcination
step. It is believed that La ions become part of the zeolite
framework by forming two —La(OH)- bridges in the so-
dalite cages that help impart stability to the faujasite struc-
ture (21). During thermal and hydrothermal treatments,
proton attack causes the rupture of Si-O-M bonds and the
collapse of the faujasite framework; M = Al, Ga. The pres-
ence of cross-linking lanthanide bridges and the presence

OCCELLIET AL.

of less acidic La acid sites will hinder proton attack, thus
increasing lattice stability.

lGa and 2’ Al MAS NMR results indicate that the pris-
tine Na(Al,Ga)Y crystals do not contain extraframework
Ga or Al species. °Si MAS NMR spectra are in agreement
with published results for (Na,Al)Y and yield Si/M molar
ratios consistent with chemical analysis. The H(Ga,Al)Y
spectra are considerably less resolved than the spectrum for
Na(Ga,Al)Y because of severe crystal degradation during
the NH4-exchange and calcination step. In contrast, spec-
tra of the La-stabilized H(Ga,Al,La)Y are much closer to
the spectrum of the parent Na(Ga,Al)Y indicating only a
minor degree of lattice degradation.

FTIR results from pyridine thermodesorption in the 200
to 500°C temperature range have indicated that the partial
replacement of Al with Ga in the La-containing faujasite
framework increases B acid site density at the expense of
strength and at 500°C only trace amounts of pyridine are
retained on H(Ga,Al,La)Y. These results are in agreement
with published data, indicating that the isomorphous sub-
stitution of Al with Ga in zeolites reduces acid site strength
and affects acid site distributions (16, 18, 19).

Microcalorimetry experiments with NH;3 as the probe
molecule have demonstrated that the acidic properties of
the faujasite framework can be modified by changing the
framework composition. Acidity in these crystals can be
altered without sacrificing thermal stability, by replacing
framework Al with Ga as in H(Ga,Al,La)Y. In summary,
the total volume of NH3sorbed and the number of acid sites
(B + L) with moderate strength as well as integral heats of
adsorption are greater in H(Ga,Al,La)Y than in HY (LZY-
82). Because of its excellent thermal stability, unique acidity
properties, and cracking activity during gas oil conversion
under MAT conditions, H(Ga,Al,La)Y crystals should be
considered as an acidic component in FCCs preparation.
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