NOTES

unique feature of the composite copper—
alumina catalyst is that it suppresses the
formation of side products, notably that of
ether on alumina.
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X-Ray Diffraction Study of Nickel lon Migration in Y-Zeolite

In a previous paper (1) it was shown by
X-ray erystal structure analysis that ca-
tions in copper-exchanged Y-type zeolites
may change positions when various re-
agents were added. In this paper we have
studied by the same method the behavior
of nickel ions in a Ni;,Na,;Y zeolite heated
at different temperatures or submitted to
the action of different reagents (pyridine,
NO and NH;).

The Linde NaY starting material was
ion exchanged in the conventional way with
a NiSO, solution. Chemical analysis for
Al**, Ni** and Na* showed the unit cell
composition to be Ni, Na,; H; Alss Siise
03s.. Samples I-IV were dehydrated respec-
tively at 140, 200, 300 and 600°C, by heat-
ing in oxygen for 12 hr and subsequent

Copyright © 1972 by Academic Press, Inc.
All nghts of reproduction in any form reserved.

evacuation (10° Torr) for the same time.
Seven other samples were obtained on ad-
dition of reagents to dehydrated samples.
The treatment conditions for each sample
are given in Table 1.

The experimental techniques and resolu-
tion methods used for crystal structure
analysis have already been described in
previous papers (I, 2). Atomic parameters
of framework and extra-framework atoms
were refined using 232 structure factors
corresponding to 126 diffraction lines. No
attempt has been made to locate the Ni®
lons and reagent molecules occupying the
supercages.

The cubic unit cell constants and nickel
population of hexagonal prisms for all sam-
ples are given in Table 1.
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TABLE 1
Heat Nature of the adsorbed
treatment reagent and time (hr) Cubic unit cell No. of nickel ions/unit
temp of contact constant ¢ (A) cell in the hexagonal prisms
Samples °C) (room temp, 100 Torr) R indexs (£0.005) (estimated error +0.5)
I 140 — 0.083 24.625 3.7
Ia 140 NO 12 0.071 24.665 1.7
1I 200 — 0.063 24 615 4.2
IIa 200 CsH;N 24 0.100 24 .655 1.9
111 300 — 0.057 24 510 10.0
IT1a 300 C:H:N 72 0.077 24.525 9.0
ITIb 300 NO 12 0.066 24 575 6.5
IIIc 300 NO 96 0.063 24.620 3.4
IT1d 300 NH; 24 0.067 24660 2.7
v 600 — 0.067 24 .470 11.9
IVa 600 C:H;N 72 0.068 24.475 11.1

* B crystallographic index is defined by R = Z|F, — KF,|/Z|F,!, where F, and F, are the observed and

calculated structure factors.

Dehydration

The sites S; of samples I and II are oc-
cupied by 3.7 and 4.2 Ni* ions, respectively.
Further dehydration (sample III and 1V)
induces an important displacement of Ni*
ions towards the hexagonal prism centers.
However, even for the sample heated at
600°C only 12 Ni** ions out of 14 can
occupy Sy sites. According to Dempsey and
Olson (8) this limit may be due to the fact
that statistically in a Y-type zeolite only
12 hexagonal prisms exist which contain at
least four aluminum atoms.

Adsorption of Pyridine

Addition of pyridine gives an important
decrease of the S; site population for the
sample heated at 200°C. For samples
heated at higher temperatures the ability
to move out Ni** from the hexagonal
prisms rapidly decreases and for sample
IV the 8; population is probably not
changed upon pyridine adsorption since
the variation observed is within the experi-
mental error.

Adsorption of Nitric Oxide

Nitrie oxide adsorption on samples evac-
uated at 140 and 300°C, respectively, re-
sults in a large decrease of the S; site popu-
lation. Nitric oxide can penetrate deeply
in the zeolite framework close to the hexag-

onal prisms; however, the reaction with
nickel ions seems to be slow, since 3.5 and
6.5 Ni** lons are extracted from S; sites
after 12 hr (sample I11b) and 96 hr (sam-
ple 11Ic) of contact with the gas. By ESR
and infrared spectroscopy the formation of
a complex N1*NO* can be shown (4). More-
over, X-ray diffraction lines are broadened
and their intensities rapidly decrease with
increasing Bragg angles. Hence, defects in
the alumino-silicate framework are pro-
duced upon adsorption of NO.

Adsorption of Ammonia

Ammonia adsorption (sample I11d) pro-
duces a large displacement of nickel ions.

Correlation between the S; Site Population
and the Cubic Unit Cell Constant

The number N of Ni* oceupying S; sites
has been plotted for various samples in
Fig. 1 as a function of the cubic unit cell
constant a. A linear relation appears be-
tween N and a values. The decrease of a
as Sy sites are progressively filled is due to
the contraction of the hexagonal prisms:
the six O(3) atoms which coordinate Ni2*
(I} are shifted towards the center of the
hexagonal prism. This produces not only a
lengthening of the T-O(3) bonds but also
draws towards the center of hexagonal
prisms the two six membered rings of
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Fig. 1. Number N of Ni** ions occupying the hexagonal prisms versus the cubic unit cell constant a.

tetrahedra. This linear relationship can be
used to obtain the N values with a fair ap-
proximation by simple measurements of
unit cell constants.

Similar relationships may be established
for NiNaY zeolites with other exchange
levels.

To sum up, nickel ion location in the
porous zeolite framework mainly depends
on the nature of adsorbed molecules. Thus
nickel ions migrate into the hexagonal
prisms on progressive removal of water
molecules. On total dehydration nickel ions
strongly prefer S; sites (although their
number seems to be limited to 12) where
they have an octahedral coordination. A
different behavior has been observed for
the CuysNa,,Y zeolite (1) in which copper
ions in similar conditions are mainly found
in S; sites.

Nickel ions occupying hexagonal prisms
are not displaced by pyridine adsorption
for completely dehydrated samples. Other
large molecules adsorbed in the supercages
are probably also unable to displace nickel
ions; hence in a catalytic process where the
nickel ions are the active centers, the ac-
tivity of a Ni-Y zeolite having an exchange
level lower than 50% would decrease by
increasing the heat treatment temperature
of the catalyst. Addition of reagents of

small molecular size (NO, NH;) may in-
duce a cation migration from the hexagonal
prism to the supercages. However, the ef-
fect of nitric oxide appears to be compli~
cated and this problem needs further inves-
tigation. The linear relationship observed
between the unit cell constant and the 8;
gite population enables, for any sample of
the same exchange level, a quick determi-
nation of the number of nickel ions oc-
cupying the hexagonal prisms, namely ions
which may be inactive because they can-
not easily move towards the large molecules
of reagents in the supercages.
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