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Vanadium deactivation and tin passivation of vanadium impurities in a model fluid cracking
catalyst system consisting of an europium-exchanged Y zeolite and an amorphous aluminosilicate
gel have been studied by liminescence techniques. Vanadium is found to be preferentially ad-
sorbed by the gel and does not migrate after deposition and calcination but does migrate between
the zeolite and the matrix during steaming. After heating in air at 575°C, vanadium is in the form
of VO?* cations on the zeolite and primarily in the form of V,0s on the gel. The environment of
Eu?* cations is found to be very sensitive to heat treatment but not to the order of tin and vanadium
deposition. Upon stcaming, EuVO, is formed on the zeolite and this formation is promoted by the

presence of excess Sn.

INTRODUCTION

More than 40 years after its introduction,
fluidized cracking of petroleum fractions is
still the main process of large-scale gasoline
production (/). This process uses catalysts
typically formed by spray drying an alumi-
nosilicate slurry to which a clay mineral
(like Kaolin) and a zeolite with the faujasite
structure such as hydrogen Y (HY), or
calcined rare-carth-exchanged Y (CREY),
have been added in order to impart to the
catalyst the desired physical properties and
cracking activity characteristics.

Since the energy market is very competi-
tive, refiners are interested in processing
cheaper and more readily available metal-
contaminated crudes and residual oils.
These contaminated feedstocks deposit
metals (Ni and Fe) on the catalyst surface
which catalyze undesirable secondary
cracking reactions. Metals such as V (and
Cu) which reduce cracking activity are also
deposited. Antimony organic complexes
have been used to passivate Ni by drasti-
cally reducing hydrogen and coke forma-
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tion generated by this metal (2, 3). Tin is
believed (4) capable of passivating V; how-
ever, little is known of Sn-V interactions.

In an effort to explain metal-surface in-
teractions on cracking catalysts, lumines-
cence experiments have been performed
with V-loaded aluminosilicate gels and
Euw'*t-exchanged Y (EuY) zeolites in the
presence of a passivating agent such as Sn.
Eu* was chosen in place of the more com-
mon La3* or Ce3* because Eu’* cations are
efficient emitters and luminescence spectral
data can yield information on their environ-
ment (/[0).

EXPERIMENTAIL
Sample Preparation

Ammonium zeolite Y (Linde LZY-62)
was exchanged with Eu?* cations by stir-
ring 4 g of zeolite in 400 ml of 0.05 M
Eu(NO3); at room temperature for 24 hr;
the pH of the exchange solution was 5.3.
After exchange, the zeolite was washed
sparingly with water to remove excess ni-
trates and dried in air at room temperature.
AAA-alumina, a gel consisting of 70 wt%
Si0,;, 30 wt% AlL,O;, was obtained from
Davison, Celumbia, Maryland. A third
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sample was prepared by making a 50/50
mixture of EuY and AAA-alumina with a
mortar and pestle.

The EuY was loaded with 1 wt% Sn using
a hot solution of tetraphenyltin (ALFA
Ventron) dissolved in toluene. Excess tolu-
ene was removed under reduced pressure
and the resulting solid was calcined at
575°C in flowing air for 12 hr to remove the
phenyl ligands. A second incipient wetness
treatment was performed to load the zeolite
with 1 wt% vanadium from a solution of
vanadyl naphthenate (Pfaltz and Bauer) in
toluene. Again, this was followed by a simi-
lar calcination step. Finally, the zeolite was
steam deactivated by heating to 730°C for
10 hr with 95% steam/5% N, at a flow
rate of 4 ml liquid water per hour. Such a
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treatment of EuY will be abbreviated by us-
ing the mnemonic qualifier SNCVCS: SN, 1
wt% tin loading; C, calcination; V, 1 wt%
vanadium loading; S, steaming. At interme-
diate stages of treatment, the qualifier will
be shorter; i.e., EuY (SNC) signifies tin
loading followed by calcination. The order
of metal loading has also been reversed and
different Sn concentrations used. Finally,
mixtures of EuY and gel were prepared af-
ter various stages of treatment. For in-
stance, after loading tin onto EuY, the
gel was added before calcination. Such
a sample would be referred to as EuY
(SNAAACQ). Mixing of the two components
was also performed prior to metal addition
(EuY/AAA). Table 1 gives a listing of all
the sample treatments with abbreviations

TABLE 1

Sample Designations

Sn
st

V  AAA added
Ist prior to
calc.

EuY
added
prior
to calc.

Substrate

Sn \'
2nd  2nd

AAA added
prior to
calc.

EuY
added

prior
to calc.

Design.“

EuY X

>

>

AAA X

X

Pagiees

EuY/AAA X
X

X

X SNCVCS
X VCSNCS
SNAAACS
X SNCAAAS
VAAACS
X VCAAAS
SNCS
VCS

X SNCVCS
X VCSNCS
SNYCS
X SNCYS
VYCS
X VCYS
SNCS
VCS

X SNCVCS
X VCSNCS
SNCS
VCS

2 SN, tin loading; V, vanadium loading; C, calcination; S, steaming; Y, mixed with EuY; AAA,

mixed with AAA-alumina.



VANADIUM-CONTAMINATED CATALYSTS 33

used throughout the text. A flow diagram of
the different stages of sample treatment is
given in Scheme I.

Luminescence

Both excitation and emission spectra
were recorded using a Spex Fluorolog 202B
double monochromator fluorescence spec-
trometer. The spectrometer was operated
in the front-face mode with bandpass slits
of 0.9 nm for europium luminescence and
2.7 nm for vanadium luminescence. Excita-
tion spectra were recorded using a Rho-
damine B solution as a reference to correct
for variations in the arc lamp intensity.
Spectra were recorded at 77 K by sealing
the sample in an evacuated quartz tube
which was placed in a liquid nitrogen
Dewar. This was necessary to monitor
phosphorescence from V,0Os.

Luminescence Lifetime

Luminescence lifetime measurements
were made with a PRA Model 3000 system.
A PRA Model LN102 nitrogen laser pulsing
at 20 Hz with a pulse width of 300 ps was
used as an excitation source. Either the di-
rect laser output at 337 nm was used or the
excitation wavelength was tuned with a dye

to give maximum output at 390 nm. Data
were collected on a Tracor-Northern mul-
tichannel analyzer and were transferred to
a Digital Corp. PDP-1103 computer for
storage and fitting. Statistical analysis was
performed using the software packaging
Decay 3.0 purchased from PRA Corp.

RESULTS

Room-temperature luminescence was
used to observe the Eu** cation while 77 K
luminescence was used to detect vanadia.
The intensity ratios of all relevant lumines-
cence bands are given in Table 2. Figure 1
shows the excitation and emission spectra
of ““fresh’” EuY. The excitation spectrum
was independent of the emission band cho-
sen for observation and consists of a strong
band at 393 nm with very weak bands at
375, 464, and 525 nm. In most of the subse-
quent work, the 616-nm emission band was
chosen for collection of excitation spectra.

The EuY emission spectrum shows three
main bands at 592, 616, and 699 nm (Fig.
1a). The same three main bands are present
in the emission spectrum of calcined EuY;
however, the intensity ratios of the bands
have changed and also the weak band at 650
nm is enhanced (Fig. 2a). Additionally, fine

EuY
J, V naphthenate
laaa <« EuY (V)
EuY (VAAA) | calcine, savc
| ana EuY (VC) P EuY (VCS)
EuY (VCAAA)
| suton { sn(ry
EuY (VCSN)

EuY (VCAAASN)
l Calcine, 540°C
EuY (VCAAASNC)

i/ Steam, 730°C

EuY (VCAAASNCS)

l Calcine, 540°C
EuY (VCSNC)
l Steam, 730°C

EuY (VCSNCS)

ScHEME 1. Representation scheme for sample preparation. Note: the above pathways are only two
of the possible routes of preparation used in this research and both are from a EuY starting point. The
other two starting points are AAA and a premixed EuY/AAA mixture. The above paths are for V
addition prior to Sn addition. The work described in this paper also involves addition of Sn first
followed by V addition. Specific abbreviations are as follows: AAA, AAA-alumina; EuY, Eu-ex-
changed NH,Y zeolite; V, vanadium naphthenate; SN, tetraphenyl tin; R, phenyl; C, calcination; S,

steam treatment.
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TABLE 2

Relative Intensities of Excitation
and Emission Bands

Emission Excitation
597 622 650 700 396 465 532 330
Sample
EuY 12 1 0 07 1 0.1 0 a
C 06 1t 01 04 1 03 03 a
v a a a a a a a a
vC 0 a 0 0 a a a a
VCSNC 04 1 0.1 03 I 07 09 a
SNC 0.4 1 0.1 03 1 0.4 04 a
SNCVC 0.3 a 0.1 03 1 0.4 05 a
AAA/EuY VC 0.3 i 0.1 03 1 04 06 a
SNC 0.5 1 0.1 03 1 04 06 a
VCSNC 0.4 1 0.1 03 1 1.1 1.1 a
SNCVC 0.4 1 01 04 i 03 05 a
AAA V/EuYC 03 1 0 0l I 06 06 a
Steamed samples

No V, no AAA 03 1 01 02 I 06 05 a
AAA, no V 0.3 1 0.1 0.2 1 04 03 a
v 0.3 1 0.1 0.2 1 1 1 10
AAA VC/EuY 0.3 1 0.1 0.2 1 1 1 5

(a) Weak, difficult to observe.
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F1G. 1. Luminescence spectra for hydrated EuY. (a)
Emission with excitation wavelength at 393 nm; (b)
excitation with emission wavelength at 616 nm.
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F1G. 2. Luminescence spectra for calcined EuY. (a)
Emission with excitation wavelength at 393 nm; (b)
excitation with emission wavelength at 616 nm.

structure is now observed in the 616-nm
band and a weak band is observed at 578
nm. More significantly, the excitation spec-
trum shown in Fig. 2b now has numerous
bands that are clearly resolved. The main
band is still at 393 nm but the 464-nm band
is more intense and additional bands at 398,
532, 577, and 587 nm are also observed.

After addition of tin followed by calcina-
tion, the emission and excitation spectra
are very similar to those for samples with-
out tin (see Table 2 and Fig. 3a). However,
after vanadium addition, the Eu** lumines-
cence is almost completely quenched (Fig.
3b). Calcination restores only a fraction of
the signal at 616 nm. In the excitation spec-
trum of this sample, EuY (SNCVC), an ad-
ditional band at 320 nm is present (Fig. 3c).
This band is always observed after calcina-
tion when vanadium is present on the zeo-
lite.

When the V-loaded AAA-alumina is
mixed with EuY and then calcined, the ex-
citation spectrum shown in Fig. 4b is ob-
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FiG. 3. Luminescence emission spectra with excita-
tion wavelength at 393 nm for (a) EuY (SNC) and (b)
EuY (SNCV). (¢) Excitation spectrum for EuY
(SNCVC) with emission wavelength at 616 nm.

tained. All the usual excitation bands are
present and their intensities are comparable
with those for calcined EuY. Figure 4a
shows the excitation spectrum for AAA
(VCYS). In this case, vanadium was depos-
ited on the gel and calcined before adding
the zeolite; the mixture was then steamed.
This results in an additional intense broad
band at 320 nm.

Calcined V-loaded zeolite [EuY (VC)]
showed almost no luminescence and the
spectrum remained unchanged after Sn ad-
dition. After calcination, an emission spec-
trum (Fig. 5) similar to that for calcined
EuY (SNCVC) was obtained. The corre-
sponding excitation spectrum shows a
marked increase in the relative intensity of
the 464-nm band relative to EuY (VCSNC)
in Fig. 3c. Similar spectra were obtained for
samples EuY (SNCVC) and AAA/EuY
mixtures (VCSNC) and (SNCVC) suggest-
ing that, in this case, the order of deposition
of tin and vanadium is of little consequence
with respect to the Eu’* environment. In all
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FIG. 4. Luminescence excitation spectra with emis-
sion wavelength at 616 nm for (a) AAA (VCYS) and (b)
AAA (VCY).

V-free samples tin did not affect the euro-
pium luminescence, nor did calcination of
the Sn-loaded materials.

Figure 6a shows the emission spectrum
for EuY after calcination and steaming.
Small changes in the relative intensity of
the bands from calcined EuY are observed.
Similarly, changes in the relative intensity
of the excitation bands are apparent with
the relative intensity of the 464-nm and 532-
nm bands increasing significantly (see Table
2 and Fig. 6b).

Luminescence spectra for all the steamed
samples fall into three categories best illus-
trated by consideration of their excitation
spectra. First, there are the V-free EuY
samples. These are exemplified by Fig. 6b
for calcined and steamed EuY. The only
other sample which falls into this category
is EuY (SNCS). For these samples the ratio
of intensities of the 393 :464 : 531-nm bands

RELATIVE INTENSITY
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F1G. 5. Luminescence emission spectra with excita-
tion wavelength at 393 nm for EuY (VCSNCQ).
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FiG. 6. Luminescence spectra for EuY (CS). (a)
Emission spectrum with excitation wavelength at 393
nm; (b) excitation spectrum with emission wavelength
at 616 nm.

is about 1.0:0.65:0.20. The second cate-
gory contains V-free AAA-alumina (Fig.
7a). A similar ratio of peak intensities is
about 1.0:0.80:0.26. The final class of
steamed samples contains vanadium. Fig-
ure 7b shows the luminescence spectrum
for EuY (SNCVCS). An additional broad
peak is observed with maximum inten-
sity near 320 nm and extending beyond
360 nm. The ratio of intensities of the
320:393:464:525-nm bands is about
7.0:1.0:0.80:0.30. The broad band cen-
tered at 320 nm is a feature of the same
europium species because the same emis-
sion spectrum is obtained when exciting at
320, 464, and 525 nm.

The only exception to the above classifi-
cation is AAA (VCYS) where the EuY was
mixed with the vanadium-loaded AAA-alu-
mina immediately prior to steaming. In this
case, the four peaks are still observed at the
wavelengths noted for the above-men-
tioned vanadium-containing systems but
the ratio of the intensities of the peaks is

3.0:1.0:0.80;0.30 indicating that the in-
tensity of the 320-nm band is diminished
relative to the other bands. All steamed
samples gave emission spectra similar to
those shown in Fig. 6a. Excitation at the
wavelengths of all the different excitation
bands gave emission spectra similar to that
shown in Fig. 6a. The effects of Sn concen-
tration on the intensity of the luminescence
signals for steamed vanadium-loaded EuY
samples are illustrated in Fig. 8. The inten-
sity of the europium Iluminescence in-
creases with Sn concentration such that if
the relative intensity is 1.0 with no Sn
present, then for 1, 1.5, and 2.0 wt% Sn the
relative intensities are 1.3, 7.1, and 13.6,
respectively. Luminescence lifetimes for all
these samples (with excitation at 337 nm
and emission at 620 nm) are about 850 us.

Figure 9 shows both the emission and the
excitation spectra for a sample of EuVO,
prepared by heating a stoichiometric
amount of Eu,0; and V,0s5. The emission
spectrum exhibits very sharp lines, the
most intense being at 620 and 616 nm (Fig.
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Fi1G. 7. Luminescence excitation spectra with emis-
sion wavelength at 616 nm for (a) AAA (SNCYC) and
(b) EuY (SNCVCS).
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F16. 8. Luminescence spectra for EuY containing 1
wt% V and varying concentrations of Sn after steam-
ing. (a) Emission spectrum with excitation at 393 nm;
(b) excitation spectrum with emission wavelength at
616 nm.
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F1G. 9. Luminescence spectra for EuVO,. (2) Emis-
sion spectrum with excitation wavelength at 393 nm;
(b) excitation wavelength with emission wavelength at
616 nm.

9a). Other prominent bands occur at 5953,
699, and 704-nm. The excitation spectrum
shows all the lines characteristic of Eu’*
but with an additional peak at 322 nm (Fig.
9b).

Figure 10 shows phosphorescence emis-
sion spectra recorded at 77 K for vanadium
deposited on the aluminosilicate matrix.
Figure 10a is for AAA (VC) and exhibits
well-defined vibrational fine structure with
resonances at 452, 474, 496, 520, 577, and
611 nm. After Sn addition and calcination,
the signal intensity decreases by a factor of
4 and the resolution of fine structure is de-
creased (Fig. 10b). Finally, after steaming,
all vibrational structure is lost and the in-
tensity of the signal decreases by another
factor of 4 (Fig. 10c).

Another useful diagnostic tool is the
color of the sample which is highly depen-
dent upon treatment (see Table 3).

DISCUSSION

Europtum(IIl) is a 4f® ion giving rise to
the spectroscopic ground state term 'F,. In
fact, Eu’* is the only trivalent lanthanide
with a total angular momentum quantum
number, J, equal to zero. In solution, this
imposes many restrictions on the induced
electric dipole transition probabilities (5—
7). Assuming J to be a good quantum num-
ber, transitions to (J’ excited states) J’ = 0
are forbidden as are all transitions for
which J' is odd. The selection rule for the
generally much less intense magnetic dipole

(a)

RELATIVE INTENSITY

L i L i )
400 450 500 550 600 650

WAVELENGTH (NM)

F1G. 10. Phosphorescence spectra recorded at 77 K
with excitation wavelength at 320 nm for (a) AAA
(VO), (b) AAA (VCSNCQ), and (¢) AAA (VCSNCS).
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TABLE 3

Sample Colors

Substrate Treatment Color before  Color after
before steaming® steaming®
steaming

EuY C w w
v Br Gr
VC/VCSN G w
VCSNC/SNCVC ow w
VAAAC G W
SN/SNC w w
SNCV Br Br
SNAAAC w w
VCAAA LG LG
SNCAAA w w

AAA C w w
v Br Br
VC/VCSN Gr Gr
VCSNC/SNCVC Gr Gr
vYC LG w
SN/SNC w w
SNCV Br Br
SNYC w w
VCY LG LG
SNCY w w

EuY/AAA V Br Br
VC/VCSN Gr Gr
VCSNC/SNCVC W/Gr LG
SN/SNC w w
SNCV Br Br

¢ W, white; Br, brown; G, gray; OW, off-white; Gr, green;
LG, light green.

transition is AJ = 1. An energy level dia-
gram for Eu** is shown in Fig. 11 (8). At
room temperature, the ’F; level is also par-
tially populated, being only 360 cm~! above
the 7F, level, and so transitions from this
state are also possible. Detailed calcula-
tions (8) have determined that for the aquo
Eu?* ion the only excitation transitions that
are of appreciable intensity are 'F; — 3L,
and 7F, — 3L¢ which should occur at 383
and 394 nm, respectively. Much weaker
transitions occur for ’F, — 3Gs, 'F; — 3L,
7F1 d 5D3, 7F1 —> 5L7, and 7F() - 5D2 at 380,
400, 416, 535, and 465 nm, respectively. A
small transition at 525 nm corresponding to
the magnetic dipole transition ’F, — 3D is
also expected.

The excitation spectrum for ‘‘fresh”
EuY exhibits a strong band at 393 nm and
weaker bands at all the wavelengths listed
above, indicating that the Eu’* is in an

aqueous environment even after exchange
into the zeolite (Fig. 1a).

Emission spectra for Eu?* ions usually
exhibit transitions from ’Ds, 5D,, 3D, and
5D, states to the 7f manifold (9). However,
transitions from 3D;, °D,, and 3D, are gener-
ally about a thousand times weaker than
those from °Dy. In hydrated EuY the three
transitions 3Dy — 7Fy, 5Dy — "F,, and Dy —
'F, are observed with intensity ratios
1.2:1:0.7 (see Fig. 1b). Also, very weak
bands corresponding to Dy — 7F; at 650 nm
and °D, — 7F, at 554 nm are observed.
These results are in good agreement with
previous works on Eu3* exchanged zeolites
(10, 11).

After calcination, the intensity ratios of
the emission and excitation bands for Eu**
change significantly (Fig. 2a). The Dy, —
F, transition at 616 nm becomes the most
intense band and the weak band at 650 nm
corresponding to °Dy — 7F; becomes

525 om

V. o

oo

465 nm

410 nm

394 nm

380 nm

378 nm

377 om

Fi1G. 11. Electronic energy levels for trivalent euro-
pium ions in solution. Adapted from Ref. (8).
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stronger. Some vibrational fine structure is
observed in the Dy — "F, band with at least
three observable components. Also, a
sharp band at 578 nm corresponding to the
3D, — 7F, transition is observed. More sig-
nificantly, the excitation spectrum now
shows major contributions from the follow-
ing transitions ’F, — 3L;, 381 nm; "Fy— L,
393 nm; "Fy, — °D,, 464 nm; "Fy — D, 525
nm; 7F] — 5D1, 532 nm; 7F0 i 5D0, 577 nm
(see Fig. 2b). The appearance of previously
nonallowed transitions is a result of a
change in crystalline field which induces J-
mixing whereby the J quantum numbers are
no longer good. The energies of the transi-
tions, however, remain almost constant due
to the felectrons lying in nonbonding orbit-
als where they are highly shielded by the 5s
electrons. This indicates that Eu®* is no
longer in an aqueous state but is probably
coordinated to the zeolite lattice. The exis-
tence of the purely electric-dipole transi-
tions Dy — 7F, and Dy — F, indicates that
the Eu’* species lacks inversion symmetry
(otherwise these transitions would be for-
bidden (/2)) and, therefore, is in a configu-
ration lower than C;, symmetry (/3). A
possible species would be the previously
proposed rare-earth hydroxyl bridges
which span the sodalite cages (/4).
Addition of Sn(Ph,) followed by calcina-
tion to remove the phenyl ligands has very
little effect on the europium luminescence
(Fig. 3a). However, addition of vanadyl
naphthenate both before and after calcina-
tion results in substantial quenching of the
Eu’~ signal (Figs. 3b and 3c). This is further
evidenced by the difference in the lumines-
cence lifetime decays collected near 620 nm
(353 ms vs 153 ms) for the Sn- and V-loaded
EuY crystals, respectively. It is known
from electron paramagnetic resonance evi-
dence (I/8) that at this stage vanadium is
mainly in the form of vanadyl (VO?*) cat-
ions with the vanadium in a pseudo-octahe-
dral crystal field. The energy transitions in
such a species must be close in energy to
those for Eu’* in order for a transferral of
energy between Eu’* and the VO?* cation.

39

Also, the fact that luminescence quenching
is so complete suggests that the VO*
ions are distributed evenly through the
zeolite.

Vanadyl sulfate solutions were used to
exchange VO?* ions into EuY in order to
obtain further information concerning the
quenching effects of VO?* ions on Eu?* lu-
minescence. The VO?* ions introduced via
ion exchange were equally effective in
quenching Eu?" luminescence. On V-
loaded EuY, the concentration of V,Os is
negligible at all stages. This is in agreement
with the white or off-white color of the zeo-
lite rather than the characteristic green
color of V,0s as shown in Table 3. These
data also reinforce the conclusion that va-
nadium on the zeolite, prior to steaming, is
present mainly as VO?* cations.

After calcination of the vanadium-con-
taining zeolite samples, the excitation spec-
trum exhibited an extra signal at 320 nm
(Fig. 3¢). This feature is fairly broad and is
characteristic of EuVOy, as seen in Fig. 9b.
Emission bands for pure EuVO, are much
narrower than those observed in catalyst
systems, suggesting that EuVQ, is only one
of several environments for the europium in
these samples. EuVO, formation is not hin-
dered by the presence of Sn (see Fig. 7b).

The effects of luminescence quenching
are very useful in determining migration
properties of vanadium. When vanadium is
loaded onto EuY and the zeolite mixed with
AAA-alumina, the quenching effect re-
mains even after calcination. This indicates
that a large proportion of the vanadium has
remained on the zeolite. When the vana-
dium-loaded AAA-alumina is mixed with
EuY and calcined, luminescence quenching
is negligible and EuVO, formation was not
observed, indicating that vanadium did not
migrate from the initial substrate (Fig. 4a).
In contrast, when the vanadium-loaded
AAA and EuY mixture is steamed, a large
concentration of EuVQ, is formed, indicat-
ing vanadium migration between substrates
during steaming but not during calcination
(Fig. 4b). When vanadium is loaded directly
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onto the AAA-EuY mixture, luminescence
intensity decreases by a factor of 3 from
calcined EuY. A decrease by a factor of 2
can be attributed to the fact that the system
has been diluted in half with one part con-
taining no Eu3*. Therefore, the Eu* lumi-
nescence quenching is minimal suggesting
that the bulk of the vanadium has been pref-
erentially deposited on the gel; vanadium
deposition on the zeolite causes substantial
quenching. Thus, the amorphous substrate
has acted as a partial scavenger for vana-
dium. The colors of the samples given in
Table 3 also reflect this property. Vana-
dium deposited on EuY and calcined is
gray, whereas vanadium deposited on the
gel alone or on the gel/EuY mixture is
green, indicating V,0s formation on these
latter two substrates.

Formation of V,Os on AAA-alumina is
verified by the observance of a characteris-
tic phosphorescence emission spectrum for
V,0s (15, 17) (Fig. 10). From the separa-
tion of the 0-0 (452 nm) and 0-1 (474 nm)
transitions (vibrational state of the excited
state to the vibrational state of the ground
state), which is 1027 cm™!, a V=0 bond
length may be calculated using the relation-
ship: bond length (A) = 2.751 — 0.00115 x
wavenumber (cm™!) (7). The bond length
calculated is 1.57 A which is in good agree-
ment with the V=0 bond length in pure
V,0s and 1.55-1.85 A in silica-supported
V,05 (27). After Sn addition to AAA (VC)
followed by calcination, the concentration
of V,0; diminishes by a factor of about 4;
steaming further reduces the V,05 concen-
tration,

Addition of Sn(Ph), to the vanadium-
loaded zeolite and calcination (to remove
the phenyl ligands) resulted in the quench-
ing of the Eu’* signal (Figs. 3b and 3c).
Moreover, the Eu*" luminescence spectra
for EuY (VCSNC) and for EuY (SNCVC)
are very similar to those for calcined, vana-
dium-free, EuY crystals. This suggests that
after tin addition, the electronic energy lev-
els of the vanadium are no longer of the
correct energies to allow energy transfer

between VO?* and Eu?t ions. This could be
a result of a change in oxidation state of
vanadium since it is believed from electron
paramagnetic resonance (EPR) evidence
(18) that most of the vanadium is V3+ at this
stage or this could be a result of complexing
of the vanadium with Sn or Eu. Since Eu?*
cations are not observed by EPR or lumi-
nescence, electron transfers are probably
not occurring. Luminescence of Eu?*
near 440 nm, not observed here, has been
readily observed in clays and zeolites (20,
21).

The order of deposition of Sn and V
(Figs. 5 and 3c¢) has little effect on Eu**
luminescence and the EuY (VCSNC) and
EuY (SNCVC) samples have the same
white color suggesting that V-Sn interac-
tions in both zeolites are probably similar.
After deposition of both tin and vanadium
on the gel, a green color results suggesting
the presence of V,0s.

All steamed samples exhibited very simi-
lar emission spectra (Figs. 6a and 8a); emis-
sion spectra of these materials are far less
sensitive than excitation spectra to the en-
vironment of the Eu’* cation. Neverthe-
less, some information about the symmetry
of the Eu?* species in the steamed samples
may be obtained from excitation spectra.
Figure 6a indicates the presence of a
5Dy — F, transition which suggests a lack
of a center of inversion. Also, the Dy — F,
band is split into at least three, possibly
four or five, components and the broad na-
ture of the Dy, — F; band suggests unre-
solved fine structure. This splitting is due to
a lifting of the degeneracy of the J-levels by
the crystal field. The extent of the splitting
suggests a low crystal symmetry, probably
as low as C, (11, 17, 19). These data sug-
gest that there are few (possibly one) envi-
ronments for the Eu’t after steaming.

The steamed samples’ luminescence ex-
citation spectra fall into three categories.
The first is vanadium-free EuY samples.
The second is vanadium-free AAA-alumina
or AAA-EuY mixtures. The intensity ratios
for these two cases are only subtly differ-
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ent. Nevertheless, there is an interesting ef-
fect of the AAA-alumina on the environ-
ment of the Eu** cations in the mixed
system. It seems unlikely that the AAA-
alumina in the mixture could have a direct
effect on Eu3* cations buried within the ze-
olite particles. Therefore, either Eu* cat-
ions near the external surface of the zeolite
are influenced by the gel after steaming or
long-range effects via dipole coupling must
be important.

The third type of Eu?* excitation spec-
trum exhibits a new, broad excitation band
centered at around 350 nm due to the pres-
ence of V. The intensity of the excitation
band at 320 nm is two orders of magnitude
greater after steaming than before suggest-
ing that much more EuVOQ, (Figs. 7b and
9b) is formed at this stage. Once again, the
presence of Sn does not prevent EuVO,
formation. Indeed the greater the concen-
tration of Sn the greater the concentration
of EuVO, (see Fig. 8). The increase in the

EuY EuY (C)

_—

Calcine, 540°C
EuY V—na;) EuY (V)

EuY (V) EuY (VO)

e
Calcine 540°C

EuY (VC) o> EuY (VCS)

eam, 730°C

AAA (V)

_—
EuY, Calcine 540°C

AAA (VYC) o AAA (VYCS)

_—
eam, 730°C
AAA (V)
EuY (VCSN)

AAA (VC)
EuY (VCSNQ)

_—
Calcine, 540°C

_—
Calcine, 540°C

EuY (VCSNC) ——— EuY (VCSNCS)

Steam, 730°C

AAA (VCSNC) —

——D
eam, 730°C

AAA (VYO

AAA (VCSNCS)
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intensity of the 320-nm excitation is a true
indication of the relative concentration of
EuVO, because the lifetimes of the samples
treated with variable tin concentration are
similar. If quenching effects were impor-
tant, then the lifetimes (both are 850 us)
would be different. It has been reported
that tin concentrations between 0.2 and 2.5
wt% are effective in preventing breakdown
of the zeolite structure and preserve crack-
ing activity (4). Addition of too much tin,
however, may have the opposite effect
since, as shown here, it seems to favor
EuVO, formation. A summary of the infor-
mation learned from our luminescence ex-
periments is given in Scheme II.

CONCLUSIONS

Europium(III) cations in fresh EuY crys-
tals are in an aqueous environment. After
calcination, they become anchored to the
zeolite lattice possibly in the form of hy-
droxyl bridges. Vanadium addition to EuY

[Eu?* in low symmetry site, <C,,
Eu’* in sodalite cages]
[V naph. on zeolite, emiss. 350 nm]

[Some V,0;5 on zeolite,
emiss. 520 nm; some EuVO,,
exc. 320 nm]
[>90% V is V,0s, emiss. 520 nm;
some EuVOy, exc. 320 nm]
[Eu3* ions in zeolite,
emiss. 616 nm]
[EuVO, formation, exc. 320 nm;
migration of V from AAA to Y]
[V,05 formation, emiss. 520 nm]

[less V,Os after Sn addition,
emiss. 520 nm]
(no vibrational structure at 520 nm,
V,0s-like environment, some EuVO,,
Sn-0-V,0s interaction]
[no vibrational structure at 520 nm,
V,0s-like environment,
Sn-0-V,0; interaction]

ScHEME II. Summary of results of luminescence studies.
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results in a VO?* species which interacts
with Eu3* cations, quenching the Eu?* lu-
minescence. Vanadium deposited initially
on either EuY or AAA-alumina does not
migrate to the other substrate upon calcina-
tion but does migrate upon steaming. Lumi-
nescence may be used, therefore, to track
metals migration. Migration of Ni and V
on equilibrium FCCs has recently been
tracked using imaging secondary ion mass
spectrometry methods (22). On EuY/AAA
mixtures, vanadium is preferentially sorbed
by the gel. Prior to steaming, vanadium is
present on the gel primarily in the form of
V,0s whereas on the zeolite it is present as
VO?** ions.

All the steamed samples contain an Eu3*
species with a very low symmetry, less
than C,; vanadium on EuY crystals forms
EuVO,. Sharp luminescence bands indicate
that neither site disorder nor a multitude of
europium environments is present. Scan-
ning transmission electron microscopy ex-
periments in combination with energy dis-
persive X-ray analyses have been used to
independently observe the formation of
LaVO, in LaY systems (23). The concen-
tration of EuVOy, is very low after calcina-
tion but increases significantly after steam-
ing. The order of deposition of vanadium
and tin on both EuY or AAA-alumina is
irrelevant. The presence of Sn removes
Eu**-VO?* interactions either by oxidizing
the vanadium or by forming a tin—vanadium
or vanadium—europium complex. Tin is be-
lieved to complex vanadium and excess Sn
seems to encourage formation of EuVOQ,.
Thus, excess tin is to be avoided when this
metal is used to passivate vanadium.
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