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This invention relates to zeolitic molecular sieves con-
taining at least one material selected from the group con-
sisting of iron, cobalt and nickel and oxides thereof
which are suitable for use as improved catalysts.

It has been known that irom, mickel and cobalt and
the corresponding oxides are suitable materials for the
catalysts of many chemical reactions, For example, at
elevated temperatures and reduced pressures they may
be employed for the dehydrogenation of alcohols to pro-
duce aldehydes and ketones. At Jower temperatures and
higher pressures these same materials may be employed
for the hydrogenation of aldehydes and ketones to alco-
hols. These materials have also been known to be useful
in the reaction between carbon monoxide and hydrogen to
produce methare particularly when admixed with alumina.

It is an object of this invention to provide a new com-
position of matter which is a superior catalyst.

Other objects will be apparent from the subsequent
disclosure and appended claims.

The composition of matter which satisfies the objects
of the present invention comprises a zeolitic molecular
sieve containing a substantial quantity of at least one ma-
terial selected from the group comsisting of irom, nickel
and cobalt and oxides thereof in the internal adserption
arca of the zeolitic molecular sieve. This composilion of
matter contains the metal in a form having a high specific
surface which is suitable for chemisorption and catalysis.

Zeolitic molecular sieves, both natural and synthetic,
are metal aluminosilicates. The crystalline structure of
these materials is such that a relatively large adsorption
area is present inside each crystal, Access to this area
may be had by way of openings, or pores, in the crystal.
Molecules are selectively adsorbed by molecular sieves
on the basis of their size and polarity, among other things.

Zeolitic molecular sieves consist basically of three-
dimensional frameworks of Si0; and AlQ, tetrahedra.
The tetrahedra are cross-linked by the sharing of oxygen
atoms, The electrovalence of the teirahedra containing
aluminum is balanced by the inclusion in the crystal of
a cation, for example metal jons, ammonium ions, amine
complexes, or hydrogen ions. The spaces between the
tetrahedra may be occupied by water or other adsorbate
molecules.

The zeolites may be activated by driving off substan-
tially all of the water of hydration, The space remaining
in the crystals after activation is available for adsorption
of adsorbate molecules, Any of this space not occupied
will be available for adsorption of mo'ecules having a
size, shape, and energy which permits entry of the ad-
sorbate molecules into the pores of the molecular sieves,

The zeolitic molecular sieves to be useful in the present
invention, must be capable of adsorbing oxygen molecules
at the normal boiling point of oxygen. Included among
these are the preferred natural zeolitic molecular sieves,
chabazite, fanjasite, erionite, mordenite, gmelinite, and the
calcium form of analcite, and the preferred synthetic zeo-
litic molecular sieves, zeolite A, D, L, R, §, T, X, and Y.
The natural materials are adequately described in the
chemical art. The characteristics of the synthetic ma-
terials and processes for making them are provided below.
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The general formula for zealite X, expressed in terms
of mol fractions of oxides, is as follows:

0.0j:0.2M20:AI:O;:R.&:I;O.ESEO::U to SHO

n

In the formula “M" represents a cation, for example
bydrogen or a metal, and “n” jts valence. The zeolite is
activated or made capable of adsorbing certain molecules
by the removal of water from the crystal as by heating.
Thus the actual number of mols of water present in the
crystal will depend upon the degree of dehydration or ac-
tivation of the crystal. Heating to temperatures of about
350" C. has been found sufficient to remove substantially
ail of the adsorbed water.

The cation represented in the formula above by the
letter “M" can be changed by conventional ion-exchange
techniques. The sodium form of the zeolite, designated
sodium zeolite X, is the most cenvenient to manufacture.
For this reason the other forms of zeolite X are usually
obtained by the modification of sodium zeolite X,

The typical formula for sodium zeolite X is

0.9 Nag0:Al;05:2.5 Si0y:6.1 HyO
The major lines in the X-ray diffraction pattern of

zeolite X are set forth in Table A below:

TABLE A

d Value of Reflection in 4, 100 It

In obtaining the X-ray diffraction powder patterns,.
standard techniques were employed. The radiation was
the KoC doublet of copper, and a Geiger counter spec-
trometer with a strip chart pen recorder was used. The
peak heights, I, and the positions as a function of 28,
where 6 is the Bragg angle, were read from the spectrom-
eter charge. From these, the relative intensities,

100 1
Iy

where Ty is the intensity of the strongest line or peak, and
d{obs), the interplanar spacing In A., corresponding to
the recorded lines were calculated. The X-ray patterns
indicate a cubic unit cell of dimensions between 24.5 A,
and 25.5 A.

To make sodium zeolite X, reactants are mixed in
aqueous solution and held at about 100° C. untii the erys-
tals of zeolite X are formed. Preferably the reactants
should be such that in the solution the following ratios
prevail:

SI02/ ALY oo 3-5
NayG/Si0, —— oo 12415
H,0/Nag0 — 35-60
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The general formula for zeolite A, expressed in terms
of mol fraciions of oxides is as follows:

1.00.2M 20 + A0 1L.B5=0.5810: FHa0

n

In the formula, “M” represents a metal and " its
valence, and “Y™ may be any value up to 6. The zeolite
is activated, or made capab'e of adserbing certain mole-
cules by the removal of water from the crystal, as by
heating. Thus the actual number of mols of water pres-
ent in the crystal will depend upon the degree of dehydra-
tion or activation of the crystal.

As in the case of zeolite X, the metal represented in
the formula by the letter “M" can be changed by con-
ventional jon-exchange techniques. For purposes of con-
venience the sodium form of zeolite A, designated sodium
zeolite A, is synthesized and other forms obtained by the
modification of the sodium zeolite A.

A typical formula for sodium zeolite A is

0.99N330 11 .0A1203: 1.855102' 5. 1H=O

The major lines in the X-ray diffiraction pattern of zeo-
lite A are set forth in Table B below:

TABLE B
d Value of Reflectlon in A, 100 IiTe
12,3402 o o eeccccwirmmmmmmm——memm—meomammmem—m—memamm e 100
8602 e ccnmem et aeaen - 09
IR ST T R S PR - 35
407008 . 3h
b XUy X | U RO P PR 53
3.38=£0.06, - Ig
3.2620.05. . 47
2.90+0.05. ... 55
2730005, .- 12
P 0 4 X )T IR ST P 2

The same procedures and techniques were employed in
obtaining the patterns described in Tables A and B,

To make scdium zeolite A, reactants are mixed in
aqueous solution and heated at about 100° C. until the
crystals of zeolite A are formed, Preferably the reactants
shonld be such that in the solution the following ratios
prevail:

S5i0,/ AL —omm- A - 0.5-1.3
N320/5i02 _______________________________ 1.0-3.0
H,0/Naz0 - 35_200

The chemical formula for zeolite Y expressed in terms
of oxides mole ratios may be written as

0.94+0.2N2,0: AL;O5: WSi0y: XHy0

wherein “W" is a value greater than 3 up to about 5 and
“X" may be a value up to about 9,

Zeolite Y has a characteristic X-ray powder diffraction
pattern which may be employed to identify zeolite Y.
The X-ray powder diffraction data are shown in Table C.
The values for the interplanar spacing, 4, arc expressed
in angstrom units, The relative intensity of the lines of
the X-ray powder diffraction data are expressed as VS,
very strong; 8, strong; M, medium; W, weak; and VW,
very weak,
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TABLE C

hiL hrheH dln A Intensity

3 143144 | VS

2.
2.

10, 8, 6; 10,
9373 11,8, 3.

When an aqueons coHoidal silica sol employed as the
major source of silica, zeolite Y may be prepared by pre-
paring an aqueous sodium aluminosilicate mixture having
a composition, expressed in terms of oxide-mole-ratios,
whick falls within one of the following ranges:

Range 1 Range 2 Range 3
0.20 10 0.40 | 0.4% to 0.41 Q.00 to 0. 80
10 to 40 10 to 50 7en 30
25 to €0 20 to €0 20t 80

maintaining the mixture at a temperature of about 100°
C. until crystals are formed, and separating the crystals
from the mother liguor.

When sodium silicate is employed as the major source
of silica, zeolite Y may be prepared by preparing an
aqueous sodium aluminosilicate mixture having a ccm-
position, expressed in terms of oxide-mole ratios, falling

within one of the following ranges:
Range 1 Range 2 Range 3
0.610l.0| L5t01.7 1.9to =l
Bio 3G 10 to 20 ahout 6
12 to 3 20 to D0 40 to 90

maintaining the mixture at 2 temperature of about 100°
C. until crystals are formed, and scparating the crystals
from the mother liquor.

The composition of zeolite L, expressed in terms of
male ratios of oxides, may be represented as follows:

10013 20 : Ale01:6.430.85102:yH-O

n

wherein “M" designates a metal, “n" represents the
valence of “M”; and “y" may be any value frem 0 to
about 7.

The more significant #(A.) values, ie., interplanar
spacings, for the major lines in the X-ray diffraction pat-
tern of zeolite L, are given below in Table D,
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TABLE D
i6,1=0.3 3.17+0.01
7.52+0.04 3.07x0.01
6.00:0.02 2.91+0.01
4.57+0.03 2.65+0.01
4.3520.04 2.4620,01
3.91%0.02 242001
3.47+0.02 2,19+0.01
3.28+0.02

Although there are a number of cations that may be
present in zeolite L., it is preferred to synthesize the potas-
sium and pofassium-sodium forms of the zeolite, i.e., the
form in which the exchangeable cations present are sub-
stantially all potassiim or potassium and sodium jons.
The reactants accordingly employed are readily available
and generally water soluble. The exchangeable cations
present in the zeolite may then conveniently be replaced
by other exchangeable cations.

The potassium or potassium-sodium forms of zeolite
L may be prepared by preparing an aqueous metal alu-
mino-silicate mixture having a composition, expressed
in terms of mole ratios of oxides falling withia the fol-
lowing range:

K0/ (KgO4-NaO) oo __ From about 0.33 to about 1.
(KyO+-Nag0)/8i0, ______ From about 0.4 to about 0.5,
SiCy/ALOs L From about 15 to about 28.
H;0/ (K304 Na,0) ______ From about 15 to about 41,

maintaining the mixture at a temperaturg of about 100°
C. until crystallization occurs, sad separating the crystals
from the mother liquor,

The chemical formula for zeolite D may be written,

6

Zeolite D may be prepared as follows:

A sodium-potassium aluminosilicate-water mixture is
prepared such that the initial composition of the reactant
mixture in terms of oxide-mole-ratios is;

N 8.30 + Kso
Bi0,

NasO
Na 0+ K;0

8i0;
m—abeut 28

Hgo
N&no + Kgo

The mixture is maintained at a temperature within the
range of about 100° C. to 120° C. until crystals are
oo formed; the crystals are then separated from the mother
liquor.
The chemical formula for zeolite R may be written
as:

&
=0.45 to 0.65

=0.74 to 0.92
10

18 =18 to 45

0.9:£0.2N2,0: AL,Oy: WSiOg: XH,0

25 wherein "W” is from 3.45 1o 3.65, and “X,” for the fully
hydrated form, is about 7.
Zeolite R has an X-ray powder diffraction pattern sub-
stantially like that shown in Table F,

TABLE F
X-ray diffraction patterns of zeolite R
[d=rinterplanar spacing In A.:I/I max.—=relative intensity]

30

in terms of oxides, as follows: 85 Zeolite B
0.9x02[xNaz0: {1—x)K307: AlyO5:wSiOg: yHL,0 d, A, 100
{HImax.}
wherein “x" is 2 value from 0 to 1, “w” is from aboat 4.5
to about 4.9, and “y,” in the fully hydrated form, is about 40 gj g; gg
7. In the preferred form of zeolite 1D, “x” is in the range 875 18
of from 0.4 to 0.6. Lo =
Zeolite D has an X-ray powder diffraction pattern sub- 4.75 12
stantially like that shown in Table E, et [
45 4,02 14
3.92 35
TABLE E 3.80 16
. ) 3.63 il
X-ray diffraction patterns of zeclite D g-g fg
[d==interplanar spacing in A.:I/I max. =relative intenalty) %% ig
" oo
Zeolte D .80 14
2,71 1
2. 86 10
d, A, I{I' max. 2.82 26
2.53 22
1] 2.39 10
9,42 66 2.14 [
6. 89 67 210 14
5. 54 15 1.93 10
5.03 62 1.89 10
4.33 62 182 is
3.03 27 1.76 8
g. 33 gg 60 173 18
3.45 i -0 !
319 16
s |
f,_' 6l 38 Zeolite R may be prepared as follows:
g. gg ég A sodium aluminosilicate-water mixture is prepared
T8 b 65 such that the initial composition of the reactant mixture,
.73 2 in terms of oxide-mole-ratios, falls within any omne of the
following seven ranges:
T i I w v VI VI
No;0/8i0y . .. 02010040 | 0.41t00.60 | 00110080 | O0B1tol0| OSItol0| 17t010| 12t014
BiOs/AlCy. . about 4 3.6t08.0 3.5t0 6.5 3tods about 30 10 to 2§ ahout 6
30/ N80 23t0 60 30 to 60 40 to 80 40 t0 6 s0to80 | 60 to70 80 to 00
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“The mixiure is maintained at a temperature with the
range of about 100° C. to 120° C. until crystals are
formed; the crystals are then separated from the mother

Tiquor.
The chemical formula for zeolite S may be written as:

0.920.2Na,0: Al,0p: W8I0, XHR0

wherein “W" is from 4.6 to 5.9 and “X,” for the fully
hydrated form, is from about 610 7.

Zeolite § has a characteristic X-ray powder diffraction
pattern which may be employed to jdentify zeolite S.
The X-ray powder difiraction data areshown in Table G.

TABLE G
X-ray diffraction patterns of synthetic zeolite S
[d=interpiauar spnclug in A.:I/1 mas.=relutive intensity]

—
g, A, 100
(I max.)

11.88 77
7.73 19
7.10 100
5.80 ]
5.03 72
4. 50 46
4.12 79
3.97 20
3.44 62
3. 305 13
3.236 23
2.073 £Q
L. 858 47
- G013 19
2.603 30
2.120 11
2,089 39
1.910 12
1. 800 40
1,722 32

Zeolite § may be prepared by preparing a sodium
alumirosilicate-water mixture such that the compositicn
of the reactant mixture, in terms of oxide-mole ratios,
£51ls within the following range when the source of silica

is an aqueous colloidal silica sol:

NagO/8i0; oo 0.3t 0.6
8102/ AL0; oo e 6to 10
H,0/NaO - - 20 to 100

and falls within the following range when the source of
silica is sodium silicate:

NagO/8i0, _— about 0.5
SO0 /ALy e about 25 &
H0/NagQ e about 18

maintaining the mixture at a temperature in the range of
from about 80° C. up to about 120° C,, preferably at
about 100° C., and at a pressure at least equal to the
vapar pressure of water in equilibrium with the mixture
of reactants until crystals are formed, and separating the
crystals from the mother liquor.

The chemical formula for zeolite T may be written, in
terms of mole ratios of oxides, as follows:

1.1%0.4[xNagQ: (1 —x)Kz01:Alp05:6.9:+-0.5 Si0g:yH0
wherein “x” may be any value from about 0.1 to about
0.8, and “y” may be any value from about 0 to about 8.
Zeolite T may be identified and distinguished from other
2enlites, and other crystalline substances, by its X-ray
powder diffraction pattern. The data which are set forth
below in Table H are for a typical example of zeolite T.
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Zeolite T may be prepared by preparing an aqueous
sodium-potassium alominosilicate mixtare having a com-
position, expressed in terms of mole ratios of oxides, fall-
ing within the following range:

NagG/{NagO+Kz0) oo From about 0.7 to about 0.8.
{NagO+4Kz0)/8i103———. From ubout 0.4 to about 0.5,
Si0e/AlaOgwimma e About 20 to 28.
H,O/ (NagO-4Ky0) e About 40 to 42.

maintaining the mixture at a temperature of about 100°
C. until crystaflization accurs, and separating the crystals
from the mother liquer.

Several methods are available for incorporating the
iron, cobalt, and mickel in the zeolitic molecular sieve.
The first of these comprises intimately contacting the
zeolitic molecular sieve with an aqueous solution of a
water-soluble salt of the metal to be deposited in the inner
adsorption area of the zeolitic molecular sieve whereby
ion-exchange of the metal cations of the zeolitic molecu-
Yar sieve in the aqueous solution occurs; separating the
zeolitic molecular sieve from the aquecus exchanging
solution; drying the zeclitic molecular sieve whereby sub-
stantially all of the water is removed [rom the zeolitic
molecular sieve; and intimately contacting the zeolitic
malecular sieve with a reducing agent such as alkali metal
vapars or gaseous hydrogen whereby the cations of the
metal to be deposited, i.e., the iron, nickel and/or coball,
are reduced to the elemental metal.

In an example of the invention 100 grams of zeolite X
were placed in a 16 millimeter (inside diameter) glass
column to a bed depth of 70 centimeters. A 0.22 molar
nickel-nitrate solution (128 grams Ni(NQ;).6H,0 in two
fiters of waler) was passcd upwards through this column
al a rate of 10 milliliters per minute. The zeolite was
washed after completion of exchange by passing 500
milliliters of distilled water through the column. The
zeolite was then removed from the column and dried at
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100° C. X-ray diffraction analysis of the dried product
showed the crystal structure to be intact.

The nickel-exchanged zeolite was placed in a vertical
tube and heated under a hydrogen purge of 0.5 cubic fest
per hour at 300° C. to 350° C. for 3 hours until dehy-
drated. The temperature was then increased to 500° C.
for 3 hours while still under the hydrogen purge to ac-
complish hydrogen reduction of the nickel-exchanped
zeolite, The zeolite was then cooled overnight under 5
p.sig hydrogen. The product was uniformly black, X-
ray diffraction analysis of the zeolite indicated the presence
of elemental nickel. Chemical analysis of the product in-
dicated 8.6 weight-percent of nickel.

In another example a solution of iron nitrate was pre-
pared by dissolving 20.2 grams of iron nitrate

(FB (N03)3.9H30)

in one liter of distilled water, The solution was slurried
with 100 grams of zeolite X and allowed to stand for 10
minutes. The zeolite was filtered and dried at 100° C.
for 3 hours, The iron-exchanged zeolite containing 2.4
weight-percent iron was then placed in a horizontal {ube
furnace and heated under 2 cubic feet per hour of hydro-
zen at 300° C. to 320° C. for 10 hours. The bed color
changed from yellow-brown to gray-brown. Chemical
analysis of the product indicated 3.2 weight-percent iron

Ancther method for obtaining the product of the pres-
ent invention comprises contacting the zeolitic molecular
sieve with an equeous solution of a metal-amine, complex
cation of iron, cobalt or nickel whereby ion-exchange oc-
curs between the complex cations and the exchangeable
cations of the zeolitic molecular sieve; drying said ion-
exchanged zeolitic molecular sieve; activating said dried,
ion-exchanged zeolitic molecular sieve in ar inert atmos-
phere; and reducing the complex cations in said activated
zeolitic molecular sieve to the elemental metal by heat-
ing said zeolitic molecular sieve up to a temperature of
about 350° C, in a flowing stream of inert dried gas or in
vacuum whereby the complex cation is destroyed thereby
depositing the metal in a very highly dispersed form in the
inner adsorption area of sald zeolitic molecular sisve and
cooling the product. This method is limited to the load-
ing of zeolitic molecular sieves which have a pore size
sufficiently large to permit adsorption of benzene. Mo-
lecular sieves having smaller pores will not satisfactorily
permit entry of the metal-amine complex cations iato the
inner adsorption area of the crystal.

It may be seen that the maximum meta] that may be
incorperated in the zeolitic molecular sieves in the fore-
going jon-exchange processes is limited by the extent to
which the molecular sieves may be ion-exchanged with
the deposited cations. However, since the metal is dis-
tributed throughout the molecular sieves according to the
location of the jon-exchange site of the crystals it is pos-
sible to obtain a high degree of dispersion of the metal
throughout the crysials and the contained metal has a
very high specific surface.

Still another method which is suitable for preparing the
products of the present invention comprises intimately
contacting an activated zeolitic molecular sieve in an
inert atmosphere with a fluid decomposable compound of
iron, nickel or cobalt whereby the decomposable com-
pound is adsorbed by the zeolitic molecular sieve in its
inmer adsorption region, The decomposable compound
may then be reduced whereby the elemental metal is de-
posited and retained in the inner adsorption region, As
with the foregaing method wherein ion-exchange with
complex cations is employed, this process is limited to the
loading of molecular sieves which are capable of adsorb-
ing benzene.

Iron, nickel or cobalt carbonyls or carbony] hydrides
are suitable as the decomposable compounds, The re-
ducticn of the material may be either chemical or ther-
mal. To illostrate this process, 22.7 grams of zeolite X
were activated by heating to about 350° C, The activated
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zeolite was treated with volatile iron pentacarbonyl under
reduced pressure until adsorption of the carbonyl by the
zgolite ceased, The treated material was heated slowly to
250° C. under a purging stream of nitrogen until the iron
pentacarbonyl was decomposed leaving elemental iron in
the crystals of zeolite X. The zeolite assumed a deep
purple color. It was found that the iron-loaded zeolite
was highly reactive to oxidation. As scon as the material
was exposed {o air, the color of a portion of it changed
from purple to the characteristic color of iron oxide while
some of the iron-loaded zeolite turned black after the
exposure. It was shown by the behaviour of the ma-
terial in a magnetic field that the different colors were
due to the presence of different oxides of iron. The oxi-
dized material was analyzed. 'The results of the analysis
indicated 8.1 weight-percent iron in the zeolite pores.
Adsorption data indicated that the iron-loaded zeolite
contained 8.2 weight-percent iron prior to the decomposi-
tion of the iron carbonyl, This agreement in iron con-
tent indicated that a negligible amount of Fe{CO); was
desorbed in the decomposition process and that practical-
Iy quantitative decomposition took place.

The preparation of nickel-loaded zeolite X was carried
out in the same manner as the preparation of the iron-
containing material except that nickel tetracarbonyl was
used, ‘The reselting product was similar to the iron-
loaded zeolite except that it was a gray color. No notice-
able color change occurred or exposure to air.

At pressures of between about 1000 and 2000 p.s.i.g.
and at temperatures of from about 100° C, to 140° C.
nickel and cobalt cyclopentadienyl break down in the
presence of hydrogen to form nickel and cobalt respec-
tively. To illustrate this bis(cyclopentadienyl) nickel (10
grams) was dissolved in 100 milliliters of n-heptane at
95° C. Zeolite X powder (50 grams) which had previous-
ly been activated at 375° C. was added, and the slurry
was refluxed in an argon atmosphere for two hours. This
was done to allow diffusion of the nickel compound into
the pores of the zeolite. The slurry was transferred to a
300 milliliter pressure vessel and put in an autoclave.
Hydrogen gas was jntroduced into the vessel until the
pressure reached 1200 ps.i.g  The temperature of the
reactor and contents was slowly increased at the rate
of about 1° C. per minute. At 80° C. a slight pressurs
drop of 1280 to 1200 p.s.i.g. occurred followed by a level-
ing off of the pressure. This indicated adsorption of the
hydrogen by the zeolite. At 105° C. a major pressure
drop occurred from 1200 to 1000 psig. The pressure
loveled off at about 1000 ps.ig. This pressure drop io-
dicated hydrogenation of the cyclopentadieny! compound.
The vessel was then cooled to room temperature, vented,
and the slurry was removed to be dried under an inert
atmosphere. The nickel-containing zeolite product was
a uniform jet-black color. : ]

To illustrate the multiple loading of metals in a molecu-
lar sieve, 0.509 gram of activated sodium. X powder
was cyclically treated by ‘adsorption of nickel carbonyl
vapors at 25° C, following by heating to between 160°*
C. and 185° C. to decompose the mickel carbony! while
at the same time evacuating the evolved carbon monoxide,
After 43 cycles, the sample weight had increased 212
weight-percent. It was estimated that at this point about
80 percent of the volume of the large pores of the molecu-
lar sieve were filled with elemental metal, The product
exhibited ferromagnetic properties.

These metal-loaded zeolitic molecular sieves may be
advantageously utilized in electrical and/or magnetic ap-
plications since they retain ferromagnetic properties even
while located in the inner adsorption region of the zeolitic
molecular sieves,

In addition to the uses described previously these iron-
loaded molecular sieves find useful application as cata-
lysts for the synthesis of ammonia and as a Fischer
Tropsch catalyst.  Similarly, cobalt-loaded molecular
sieve are suitable Fischer Tropsch hydrocarbon synthesis
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catalysts. Nickel-loaded molecular sieves are quite use-
ful as hydrogenation catalysts in the catalysis of the re-
action wherein niethane is reacted with steam to produce
carbon monoxide and hydrogen as a methanation catalyst
and as an isomerization catalyst,

While it is true that in the utilization of these materials
for catalytic purposes they have often been supporied by
alymina, silica, mixtures thereof and alumino-silicates;
when contained in the inner adsorption area of molecular
sieves as in the present application they provide superior
catulysts because the products contain the metal in the
finest possible distribution, the metal being in a highly
active form. The molecular sieves have a higher surface
arca than any of the carrier supports. The umiform
structure of the molecular sieves provide uniform ac-
tivity throughout the entire catalytic surface, Further,
¢certain properties characteristic of zeolitic molecular sieves
still further enhance the use of the metal-loaded products.
For example, by properly selecting the pore size and the
crystal structure by proper selection of molecular sieves
it is possible to obtain the most favorable conditions for
a given reaction even to the point of carrying on reactions
in the presence of other materials which would normally
interfere with the reaction. The selectivity of the various
molecuiar sieves will in many cases cxclude the inter-
fering materials from the catalytic surface while in no
way preventing the desired materials from contacting this
surface. Further the chemical and catalytic nature of the
molecular sieve itself may be altered tc suit the require-
ments of the reactants by the selection of the most suit-
able cation present in the molecular sieve structure.

A cobalt-loaded zeolitic molecular sieve was prepared
by treating activated sodinm zeolite X with a chloroform
solution of cobalt acetylacclonate until the cobalt acetyl-
acetonate was adsorbed. The contained acetylacetonate
was then decomposed by heating the molecular sieve for
four hours at a temperature of about 350° C, in a stream
of hydrogen. The product contained about 0.3 weighi~
percent of cobalt.

The metal-loaded molecnlar sieves may be employed
to prepare the oxide catalysts by simple oxidation of the
metals to the corresponding oxides. This may bz ac-
complished by merely exposing the metal-loaded molecu-
lar sieves to air in many cases. More satisfactory results
will be obtained however, by exposing the molecular
gieves to oxygen at clevated temperatures, ‘These metal
oxide-bearing molecular sieves may then be employed for
catalysts in the reactions described previously. All of
the advantages which accrue from the utilization of mo-
lecular sieves loaded with catalytic materials are obtained
by using metal oxide-loaded molecular sieves in appro-
priate catalytic reactions.

These oxide-loaded molecular sieves are useful as cata-
lysts. For example, cobalt oxide is useful in hydrodesul-
furization. The iron-oxide is useful in the conversion of
carbon monoxide and water to carbon dioxide and hydro-
gen.

To illustrate the utility of the products of the present
invention nickel-loaded sodium zeolite X containing ap-
proximately 8 weight-percent of nickel was employed as
a catalyst for the hydrogenation of acetone. Hydrogen
was passed through a bubbler containing acetoze. The
resulting gas mixiure was passed through a pre-heater
and then through a reactor having an internal diametar
of 1.5 inches and containing 110 cubic centimeters of
the catalyst. The resuiting product was collected in a
Dry Ice trap. The reactants were passcd over the catalyst
bed at the rate of 14,7 grams per hour of acetone and 18
liters per hour of hydrogen. The temperature was main-
tained at about 200° C. There was & conversion of
abount 75 percent to isopropanol.

Ammoniz was prepared from nitrogen and hydrogen
employing a catalyst of the present invention; a catalyst
ved containing 37 grams of sodium zeolite X in pellet
form (through 14 on 30 mesh pellets) containing 6-weight
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percent iron. A stream of gas consisting of 74 volume
percent of hydrogen and 24 volume percent of nitrogen
at a temperature of 440° C. and a pressure of 35 atmos-
pheres was passed through the catalyst for 23 hours.
The flow rate of the gas stream was adjusted to a space
velocity of 120 standard cubic feet per hour per cubic
foot of catalyst. It was found that the yield of ammonia
by this synthesis process is favored by higher tempera-
tures.

The nickel-loaded molecular sieves are extremely use-
ful for remaving carbon monoxide from gas streams,
for example, by removing carbon monoxide from hydro-
gen that is to be used in catalytic hydrogenation and
ammonia synthesis. Nickel-loaded sodium zeolite X con-
taining about 8 percent mickel has been found to adsorb
11.7 weight-percent carbon monoxide at 750 millimeters
of metcury of carbon monoxide pressure. When the
material is so employed the carbon monoxide may be
removed merely by clevating the temperature and lower-
ing the pressure, Thus the material may be used in
cyclic processes by adsorbing and desorbing the carbon
monoxide. The usual alumina and aluminosilicate coated
with nickel zre not useful in this manmer because the
carbop monoxide reacts with the nickel to form nickel
carbonyl which is evolved in the desorption step instead
of the carbon monoxide. In the process employed nickel-
loaded molecular sieves primarily carbon monoxide is
evolved; this is presumed to arise from the fact that
the strong bonding forces of the molecular sieve prevent
the desorption of the nicke! and nickel carbonyl.

As used herein the term “activation” is employed to
designate the removal of water from the zeolitic malecu-
lar sieves, ie., dehydration, and dogs not refer to cata-
lytic activity. ‘The zeolitic molecular sieves containing
the elemental metal and/or metal oxides exhibit catalytic
activity.

‘The process of the present invention has a surface
area about four times that expected with most alumina,
silica or aluminosilicate supported metals thereby pro-
viding a greater surface area available for reacticn. Since
the external surface of the molecular sieve represents
less than 1 percent of the total surface area it may be
seen that there is an extremely large arca available for
chemisorption and catalysis in the internal portion of
the molecular sieve. Since this region is available only
through pores of molecular size it may be seen that selec-
tive chemisorption and catalysis may be obtained in a
system containing a mixture of molecules some of which
are too large to enter the pores whereas others are
capable of entering the pores.

Zeolite A is described and claimed in U.S. Patent No.
2,882,243, issued April 14, 1959, to R. M. Milten,

Zeolite D is described and claimed in U.S. patent
application Serial No. 680,383, filed August 26, 1957.

Zeolite L is described and claimed in U.S. patent
application Serial No. 711,565, filed January 28, 1958,
now abandoned.

Zeolite R is described and claimed in U.S. patent
application Serial No. 680,381, filed August 26, 1957.

Zeolite S is described and claimed in U.S. patent
application Serial No. 724,843, filed March 31, 1958.

Zeolits T is described and claimed in U.S. patent
application Serial No. 733,819, filed May 8, 1958, now
U.S. Patent No, 2,950,952,

Zeolite X is described and claimed in U.S. Patent No.
2,882,244, issued April 14, 1959 to R. M., Milton,

Zeolite Y is described and claimed in U.S. patent
application Serizl No. 728,057, filed April 14, 1938,
now abandoned.

Iron, nickel, and/or cobalt-containing synthetic zeo-
lites A, X, and Y, and natural zeolite faujasite have been
found to be most satisfactory and useful for the purposes
of the present invention.

Erionite is a naturally occurring zeolite, described
originally by Eakle, Am. J. Science (4), 6, 66 (1898).
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It is most readily identified by its characterisiic X-ray
powder diffraction pattern. The d-spacing, in A., and
relative intensities thereof, obtained on a well-crystaltized
specimen are tabulated below.

X-RAY POWDER DATA, ERIONITE

d-spacing, Relative

A, | Intensity,

IfEox¢ 340
11.88 100
0.06 10
7.£0 10
6.56 40
6,24 10
508 19
5.34 10
4. £6 10
4.31 40
4.186 20
3 &0 20
3.74 40
8.58 30
3.30 10
3.27 10
3.20 10
3.18. ]
3.14 10
300 5
292 5
Z.80 30
2. 83 30
2403 20
2.67 10
2.5 &
2.49 16
2.47 10
2,20 b
211 5
1.78 ]
L83 [
LT 10
1.683 10

This is a continuation of copending application Serial
Ne. 762,956, filed September 24, 1958, now abandoned
in the pames of D. W. Breck, C. R, Castor and R. M.
Milton. :

What is claimed is:

1. As a new composition of matter, a dehydrated
rigid three-dimensional crystalline metal alumirosilicate
zealite of the molecular sieve. type containing at least
one elemental metal selected from the group consisting
of iron, nickel, and cobalt in the inner adsorption region
of said crystalline metal aluminosilicate zeolite, said
crystalline metal aluminosilicate zeolite being character-
ized as being capable of adsorbing oxygen intermally at
the normal boiling point of oxygen.

2. A new composition of matter in accordance with
claim I wherein the elemental metal is iron,

3. A new composition of matter in accordance with
claim I wherein the elemental meta] is mickel.

4. A new composition of matter in accordance with
claim 1 wherein the elemental metal is cobalt,
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5. As a new composition of matter, a dehydrated rigid
three-dimensional crystalline metal aluminosilicate zeo~
lite of the molecular sieve type selected from the group ..
cons:stmg of zeolite A, zeolite X, zeolite Y, and fau-
jasite containing at lcast one elemental metal selected
from the group coosisting of iron, nickel and cobalt
in the inner adsorption region of said crystalline metal
aluminosilicate zeolite.

6. A new composition of matter in a2ccordance with
claim 5 wherein the elemental metal is iron. :

7. A new composition of matter in accordance with
claim 5 wherein the elemental metal is nickel,

8. A new composition of matter in accordance with
claim 5 wherein the elemental metal is cobalt.

9. As a new composition of matter, dehydrated zeo-
lite A containing at least one elemental metal selected
from the group consisting of iron, cobalt and nickel. .

10. As a new composition of matter, dehydrated zeo-
lite X containing at least one elemental metal selected
from the group comsisting of iron, cobalt and nickel.

11. As 2 new composition of matter, dehydrated zeo-
lite Y containing at least one elemental metal selected
from the group consisting of iron, cobalt and nickel. '

12. As a new composition of matter, dehydrated fau-
jasite containing at least one elemeutal metal selected
from the group consisting of iron, nickel and cobalt.

13. As a new composition of matter, a dehydrated
rigid three dimensional crystalline metal zluminosilicate
zeolite of the mofecular sieve type containing at least
one oxide of an elemental metal selected from the group
consnsnng of iron, nickel, and cobalt in the inner adsorp-
tion region of said crystallme metal aluminosilicate zeo-
lite, said crystalline metal aluminosilicate being char-
acterized as being capable of adsorbing oxygen internally
at the normal boiling peint of oxygen.

14. A composition of matier as described in claim 13
wherein said ¢rystalline metal aluminosilicate zeolite is
zeolite A,

15. A composition of matter as described in claim 13
wherein said crystalline metal aluminosilicate zeolite is
zeolite X,

16. A composition of matter as described in claim 13
wherein said crystalline metal aluminosilicate zeolite is
zeolite Y. .
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