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‘This invention relates to a new synthetic zeolite and
to a method for preparing the same.

Crystalline aluminosilicate zeolites structurally consist
basically of an open three-dimensional framework of SiO,
and AlQy tetrahedra, Such tetrahedra are cross linked by
the sharing of oxygen atoms, so that the ratio of oxygen
atoms to the total of the aluminum and silicon atoms is
equal to two. The negative electrovalence of tetrahedra
containing aluminum is balanced by the inclusion within
the crystal of cations, such as alkali or alkaline earth
metal 1ons. |

Many zeolites possess a crystal structure, having chan-
nels of molecular dimensions. The interstitial spaces are
generally originally occupied by water of hydration.
After at least partial dehydration, these zeolites may be
utilized as efficient adsorbents whereby adsorbate mole-
cules are retained within the interstitial spaces. The infer-
stitial dimensions of openings in the crystal lattice limit
the size and shape of the molecules that can be adsorbed.
A separation of a mixture of various molecules, based
upoen molecular dimensions, wherein certain molecules are
adsorbed by the zeolite while others are excluded from
admission 18 therefore possible. It is such characteristic
of many crystalline zeolites that has led to their designa-
tion as “molecular sieves.”

A number of synthetic crystalline zeolites have pre-
viously been prepared. They are distinguishable from
each other and from naturally occurring zeolites on the
basis of composition, crystal structure and adsorption
properties. The existence of a number of zeolites having
simiiar but distinguishable properties advantageously per-
mits the selection of a particular member having optimum
properties for a particular use.

Thus, it has heretofore been known to prepare a syn-
thetic zeolite known as “zeolite X.” Such material and
preparation thereof has been described in U.S. 2,882,244.
Another synthetic zeolite known as “zeolite A” has been
described in U.S. 2,682,243, 'This latter zeolite 1s initially
obtained in its sodium form, i.e. as a sodium alumino-
stlicate. Such material is capable of effectively sorbing
water and straight chain compounds of three or less car-
bon atoms such as methane, ethane, n-propane, methanol,
ethanocl, n-propanocl and the like, Sodium zeolite A, how-
ever, is incapable of adsorbing, to an appreciable extent,
straight chain compounds having more than three atoms
in the chain. Thus, it is only after replacement, by ion
exchange, of a substantial proportion of the sodium icns
of the initially obtained sodium zeolite A with divalent
ions, such as calcium or magnesium that the pore char-
acteristics thereof are such as to effect separation of

straight chain hydrocarbons of more than 3 carbon atoms

from admixture with branch chain or cyclic compounds.
Sodium zeolite A, known commercially as Molecular
Sieve 4A, is thus incapable of admitting into its crystalline
structure molecules for which the maximum dimension of
the minimum projected cross-section is greater than about
4.9 Angstroms. In order to produce a zeolite A capable
of effecting separation of mixtures of straight chain and
branched chain molecules or for separation of straight

chain molecules from cyclic compounds having four or
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more atoms, it has heretofore been necessary to first carry
out exehange of the initially obtained sodium zeolite A
with anether 10n, such as calcium or magnesmm and to
thereby effect exchange of the sodium ion to the extent
of at least about 40 percent with such substituting ion.
The resulting product, in which calcium is the introduced
10n, is known commercially as Molecular Sieve 5A. This

-zeolite has larger pore dimensions than does the 4A sieve

and permits adsorption of molecules for which the maxi-
mum dimension of the minimum projected cross-section
is about 5.5 Angstroms.

In accordance with the present invention, there is pro-
vided a new zeolite which essentially in its sodium form,
the torm in which the zeolite is obtained from the prepara-
tive reaction mixtures, is capable of accomplishing separa-
tion of straight chain molecules having more than three
atoms in the chain from non-straight chain, ie. from
branched chain and/or cyclic, molecules of more than
three atoms without the necessity of converting such form
zeolite into another ionic form by prior base exchange
such as has heretofore been essential in achieving a syn-
thetic zeolite of the above requisite pore characteristics.
The new zeolite, so provided, is hereinafter referred to as
“zeolite ZK-5.”

The composition of zeolite ZK-5 can stoichiometrically
be expressed, in terms of mole ratios of oxides as follows:
0.3 to 0.7 Rgfm 0.3 to 07 M.‘?./n 1 A1203 4.0 to 6.0
51049 YH,0 where R 18 selected from the group consisting
of a nitrogen-containing cation derived from N,N’-di-
methyltriethylenediammonium ion and mixtures of said
cation with hydrogen and m is the valence thereof; M is
a metal and » the valence thereof and Y is any value from
about 6 to about 10, said material being capable of selec-
tively adsorbing straight chain hydrocarbons of more than
three carbon atoms from admixture of the same with non-
straight chain hydrocarbons when M is sodium. Minor
variations in the mole ratios of these oxides within the
range indicated by the above formula do not significantly
change the crystal structure or physical properties of the
zeolite.

In one embodiment, the present invention is directed
to a crystalline synthetic material having the composition:
0.3 to 0.7 Ryn0:0.3 to 0.7 Nas0:1 Al;O;:4.0 to 6.0
S105-YHS0 where R, w1 and 'Y have the above designated
significance and which material is capable of selectively
sorbing straight chain hydrocarbons of more than three
carbon atoms from admixture of the same with non-
straight chain hydrocarbons.

Iin still another embodiment, the invention prevides
for a crystaliine synthe‘ue material having the composi-
tion:

0.3 10 0.7 Ta/0:0.3 t0 0.7My,,0: 1A1,05:4.0 to
6.0Si0, YH,0

where m, M, n and Y have the above designated signifi-
cance and T is a nitrogen-containing cation and prefer-
ably an ammonium-containing cation derived from N,N’-
dimethyltriethylenediammonium ion.

The nitrogen-containing cation is introduced upon crys-
tallization of zeolite ZK-5 from a reaction mixture con-
taining N,N’-dimethyltriethylenediammonium ion. Upon
thermal activation of the product, i.e. by heating in an
inert atmosphere at a femperature in the approximate
range of 200 to 600° C., the nitrogen-containing cation
undergoes degradation to hydrogen ion.

It is a particular embodiment of the present invention
that zeolite ZK-5 is prepared from reaction mixtures
containing a N,N’-dimethyltriethylenediammoninm ion
and more specifically, by heating in an agueous solution
a mixture of the oxides of materials whose chemical com-
positions can be completely represented as mixtures of
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the oxides of Nazo, 1’511203, [(CHg)g(CHzCHz):gNg]O,
Si0, and H,O suitably at a temperature of about 100° C.
for periods of time ranging from 2 hours to 250 hours
or longer. The composition of the reaction mixture,
expressed in terms of mole ratios of oxides, preferably
falls within the following ranges:

Si0,/AlO4

of from about 2.5 to 15,

N&go
| Nﬂ-go —|" CgH 13N20

of from about 0.01 to .25,

H,0
N&ZO + CEHIBNEO

of from about 25 to 50,

N&QO —|— CBHlsNgo
Si0,

of from about 1 to 2.

The product which crystallizes from the hot reaction
mixture is separated, suitably by centrifuging or filtration,
washed with water until the effluent wash water in equi-
librium with the zeolite bas a pH of from about 8 to
about 12. The material, so obtained, is thereafter acti-
vated by heating in an inert atmosphere and preferably
air or an oxygen-containing gas at a temperature in the
approximate range of 200 to 600° C.

In making zeolite ZK-5, the usual method comprises
reacting, in aqueous media, sodium aluminate with 1,4-
dimethyl-1,4-diazoniabicyclo[2.2.2]octane silicate. The
reaction is carried out in a suitable vessel made, for
example, of metal or glass and capable of closure to
prevent loss of water. The reaction mixture is initially
continuously or periodically stirred to insure homogeneity.
After this mixing, agitation may be stopped as it is un-
necessary to agitate the reaction mass during the forma-
tion and crystallization of the zeolite, although mixing
during such latter stages has not been found to be
detrimental.

The crystallization procedures can be satisfactorily
carried out at temperatures within the range of from
about 90° C. to about 120° C,, the pressure being atmos-
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methyltriethylenediammonium ions has been found to be
essential for the production of zeolite ZK-5. In the
absence of such ions, no zeolite ZK—5 was obtained. The
crystallization temperature and the length of time the
crystallization temperature is maintained are important
variables in determining the yield of crystalline material.
Under some conditions, for example, too low a tempera-
ture for too short a time, no crystalline product is realized.
Extreme conditions may also result in formation of ma-
terials other than zeolite ZK—5. The addition of seeds
of previously formed crystals of zeolite ZK~5 to the reac-
tion mixture has been found to enhance the rate of crys-
tallization.

The resulting crystalline synthetic aluminosilicate 1s
one having the negative electrovalence of the alumino-
silicate balanced by a cation consisting essentially of a
metal such as sodium and a nitrogen-containing cation
derived from N,N’-dimethyltriethylenediammonium 1on,
which zeolite is further characterized by a uniform cflec-
tive pore diameter of about 5.5 Angstroms.

Sodium oxide present in the reaction mixture is derived
from sodium aluminate. The 1,4-dimethyl-1,4-diazonia-
bicyclo[2.2.2]octane silicate (N,N’-dimethyltriethylenedi-
ammonium silicate) solution employed is suitably pre-
pared by dissolving silica gel in a solution of 1,4-dimethyl-
1,4-diazoniabicyclo][2.2.2]octane dihydroxide. In place
of silica gel, other sources of silica may be employed, for
example hydrosols of silica, silicate esters, silica aerogels
and freshly prepared, low molecular weight silicic acids.
The above dihydroxide may be prepared in any suitable
manner. Generally, it is prepared by complete methyla-
tion of 1,4-diazoniabicyclof[2.2.2]octane, also known as
tiriethylenediamine, with methyl iodide to yield 1,4-di-
methyl-1,4-diazoniabicyclo[2.2.2]octane diiodide which
upon subsequent reaction with silver hydroxide is con-
verted to the dihydroxide.

There are critical distinctions in the composition and
sorption characteristics of zeolite ZK-5 and zeolite A.
Zeolite ZK-5 contains more silicon and less sodium and
aluminum than zeolite A. A striking difference in the
sorptive properties of these two zeolites has been ob-
served. The following table summarizes the differences
in chemical and physical properties observed for the

two zeolites:

Mol Percent Sorption, Grams per 100 grams Zceolite
Lattice
- _ Parameter,

NagO | Al:Oz | SiOg A, H:O | n-Cgllyy | Cyclo- | 3-Methyl-

hexane Pentane
Zeolite 4A _ _ _________._____ 25 25 50 12, 324-. 02 24 <1 <1 <1
Zeolite ZK-5. o __. 6-12 | 15-18 | G5-80 18.684-0.2 | 19-24 11-14 <2 < 4

pheric or at least that corresponding to the vapor pressure 55 It will be seen from the foregoing that while both

of water in equilibrium with the mixture of reactants.
While temperatures as low as about 20° C. may be em-
ployed, such lower temperatures require a long reaction
period. Preferably, a temperature of about 95° C. to
100° C. is employed. Heating is continued until the
desired crystalline zeolite product is formed. The zeolite
crystals are then separated from the mother liquor and
washed, preferably with distilled water, until the effiuent
wash water in equilibrium with the product has a pH of
between about 8 and about 12.

For satisfactory use as an adsorbent, zeolite ZK-5
should be activated by at least partial dehydration. Such
activation can be effected, for example, by heating the
zeolite to temperatures within the approximate range of
200 to 600° C. in an inert atmosphere, and preferably
air under atmospheric or reduced pressure, or by main-

taining the zeolite at room temperature under vacuum.

In the synthesis of zeolite ZK-5, it has been found
that the composition of the reaction mixture is critical.
Specifiically, the presence in such mixture of N,N’-di-
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zeolite 4A and zeolite ZK-5 possessed good sorption
characteristics for water and the property of excluding
cyclohexane and 3-methylpentane, there was a marked
difference in the sorption characteristics of the two zeo-
lites as regards the sorption of n-hexane. Thus, while
zeolite 4A was incapable of sorbing n-hexane to any
appreciable extent, zeolile ZK-5 exhibited good sorption
characteristics for this straight chain hydrocarbon while
excluding a branch chain hydrocarbon (3-methylpentane)
and a cyclic hydrocarbon (cyclohexane). Such selective
sorption characteristic is extremely valuable in effecting
separation of straight chain hydrocarbons from a mix-
ture thereof with branch chain or cyclic hydrocarbons,
such as occurs in petroleum and obviates the heretofore
necessity of replacing the initially formed sodium ions
of zeolite A with at least about 40 percent of calcium
ions in order to provide an adsorbent with the above-
noted sorption characteristics.

In addition to the adsorption characteristics, the rejec-
tion characteristics of zeolite ZK-5 are important. The
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interstitial .channels of this zeolite are such that .at their
narrowest points, molecules with critical dimensions
greater than about 5.5 Angstroms will not readily enter
ito the channels. Accordingly, molecules having critical
dimensions greater than approximately 5.5 Angstroms
will be rejected by the zeolite, while those having smaller
critical dimensions will be adsorbed.

Zeolite ZK-5 may be used as an adsorbent for pur-
poses Indicated above in any suitable form. For ex-
ample, a column of powder crystalline material may
afford excellent results as may a pelleted form obtained
by pressing into pellets a mixture of zeolite ZK-5 and
a suitable bonding agent, such as clay. Also, zeolite
ZK-5 may be contained in a matrix of inorganic oxide
gel resulting, for example, from intimate admixture of
the zeolite, 1n finely divided form, with an inorganic
oxide hydrogel or dispersion in an inorganic oxide hy-
drosol, followed by gelation of the resulting hydrosol.
The composite so prepared may be formed into particles
of desired size and shape by well known techniques, for
exampie, spheroidal particles of gel having contained
therein and distributed throughout the finely divided zeo-
lite. The inorganic oxide gel may be silica, alumina,
magnesia, zirconia, titania and the like or combinations
of two or more of such oxides.

The adsorbents contemplated herein include not only
the sodium form of zeolite ZK-5, as synthesized above,
with sodium as the exchangeable cation but also crystal-
line materials obtained from such a zeolite by partial
or complete replacement of the sodium ion with other
cations. The sodium cations can be replaced, at least
in part, by other ions including monovalent or divalent
cations, such as lithium and magnesium, metal ions in
Group I of the Periodic Table such as potassium and
silver; Group II metal 1ons such as calcium and stron-
tium; metal ions of the transition metals such as nickel,
the rare earth metals such as cerium, lanthanum, prase-
odymium, neodymium, samarium and mixtures thereof
with each other and the other rare earths; and other ions,
for example, hydrogen and ammonium which behave in
zeolite ZK-5 as metals in that they can replace metal
ions without causing any appreciable change in the basic
structure of the zeolite crystal. The transition metals
are those whose atomic numbers are from 21 to 28,
from 39 to 46 and from 72 to 78 inclusive, namely
scandium, titanium, vanadium, chromium, manganese,
iron, cobalt, nickel, yttrium, zirconium, niobium, molyb-
denum, ruthenium, rhodium, palladium, hafnium, tan-
talum, fungsten, rhenium, osmium .and iridium, and
platinum.

Ion exchange of the sedium form of zeolite ZK-5 may
be accomplished by conventional methods. A preferred
continuous method is to pack zeolite ZK-5 into a series
of vertical columns and successively pass through the
beds a water solution of a soluble salt of the cation to
be introduced into the zeolite; and change the flow from
the #irst bed to the second bed as the zeolite 1n the first
bed becomes ion exchanged to the desired extent. The
spatial arrangement of the aluminum, silicon and oxygen
atoms which make up the basic crystal lattice of the
zeolite remains essentially unchanged by partial or com-
plete substitution of the sodium i1on by other cations.

In identification of zeolites, the X-ray powder diffrac-
tion pattern has been found useful. X-ray difiraction
powder patterns of zeolite ZK~5 were obtained utiiizing
standard techniques. The radiation was the K, doublet
of copper and a Geiger counter specirometer with a strip
chart pen recorder was used. The peak heights, I, and
the positions as a function of 2¢, where ¢ 1s the Bragg
angle, were read from the spectrometer chart. IkFrom
there, the relative intensities,

1001
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where I, is the infensity of the strongest line or peak

o |

10

20

25

40

it

solved in 400 milliliters of absolute alcohol.

6
and d (obs.), the interplanar spacing in A, corresponding
to the recorded lines were calculated. X-ray powder

diffraction data for zeolite ZK-35 are shown in Table A
below:

TABLE A

hk 1/133¢100 d.A.

110 18 13.3

200 100 9. 41
920 6 6. 62
310 41 5. 93

999 48 5. 41

321 9 5. 03

400 6 4. 69

330 50 4. 41

490 34 4,19

332 929 3. 08

492 18 3. 81

510 6 3. 66

521 = 13 3. 41
530, 433 35 3. 21

611 98 3. 02

620 91 2, 04

541 2 2, 88

622 96 2, 81

631 9 2. 75
543, 710, 550 11 2, 64
640 2 9, 50
721, 633, 552 9 2. 54
730 3 9. 45
732, 651 1 2. 37
811, 741, 554 2 2. 30
822, 660 3 9. 20
831, 750, 743 9 2. 17
662 i 2. 14
010, 833 3 2. 06

842 0 9. 04
921, 761, 655 3 2. 02
830, 851, 754 1/2 1. 97
032, 763 9 1.93
041, 853, 770 9 1. 89
10, 00, 860 5 1.87
10, 2, 0, 862 5 1. 83
10, 3, 1, 952, 765 5 1.79

The f:::aﬂ:owi_ng examples will serve to illustrate the
present Invention without limiting the same:

Example 1

Methyl iodide in the amount of 410 grams (2.88 moles)
was placed in a 1 liter three-neck, round bottom flask
fitted with a stirrer, reflux condenser and drop funnel.
The flask was immersed in ice water and there was added
over a one hour period, through the funnel, a solution
of 148.4 grams (1.32 mole) of triethylenediamine dis-
A solid
product separted from the reaction mixture during the
reaction. The mixture was then stirred for 0.5 hour at
room temperature of approximately 27° C. Thereafter,
10 additional grams of methyl iodide were introduced
mnto the mixture and the latter was stirred at reflux tem-
perature of approximately 78° C. on a steam bath for 0.5
hour. Excess methyl iodide and alcohol were then evap-
orated from the flask. The residual solid product was
collected on a Buckner funnel and washed with absolute
ethanol. After recrystallization from a water-ethanol
mixture and air-drying, a sample of the crystalline prod-
uct was analyzed and found to be 1,4-dimethyl-1,4-di-
azonlabicyclo[2.2.2]octane diiodide, characterized by the
formula:

S
s CH,

|
T CH»
-

CHj
The above compound was next converted to the dihy-

i0 droxide as shown in the following example:

Example 2

Silver hydroxide was prepared by reacting a solution
of 200 grams of silver nitrate dissolved in 500 ml. of

75 water with a solution of 50 grams of sodium hydroxide
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dissolved in 300 ml. of water. A precipitate of silver
hydroxide formed and was collected on a funnel and
washed with water to remove excess sodium hydroxide.
The moist silver hydroxide, 200 ml. of water and 191
ograms of 1,4-dimethyl-1,4-diazontabicyclo[2.2.2]octane
diiodide, prepared as in Example 1, were placed in a 1
Jliter ball mill and rotated for 3 hours.

The resulting reaction mixture was filtered through a
sintered disc filter funnel and the residue in the funnel
was washed with about 200 ml. of water. The color-
less filtrate was found by filtration to be approximately
2N solution as a base. The solution was evaporated un-
der vacuum to increase the concentration. When the
volume was reduced sufficiently to yield about a 3 N solu-
tion, the mixture was filtered through a sintered filter
funnel. The resulting clear, colorless filtrate was a solu-
tion of 1,4-dimethyl-1,4-diazoniabicyclo[2.2.2]octane di-
hydroxide.

A solution containing silicate nad 1,4-dimethyl-1,4-di-
azonibiceyclo[2.2.2]octane ions was prepared by dissolv-
ing silica gel in the above dihydroxide solution in accord-
ance with the following equation:

T
I]J\
T, CHCH; |
| | | (0OH); + Si0z —
CHs CH; CH:
~
Y
CH;
CH,
N
o, CHSCH,
| | 5103 + H20
CH:; CH: CH;
~l.
Y
CH;

Such was accomplished in accordance with he following
example:

Example 3

Silica gel in the amount of 9.2 grams was dissolved
with gentle heating in 102 ml. of 2.99 N solution of 1,4-
dimethyl - 1,4 - diazoniabicyclo[2.2.2]octane dihydroxide,
prepared as in Bxample 2. The resulting solution was
filtered. The filtrate was a solution of 1,4-dimethyl-1,4-
diazoniabicyclo[2.2.2]octane silicate.

The latter solution was used in preparation of the new
synthetic zeolite described bereinabove in accordance with
the following example: |

Example 4

A solution of 3.45 grams of sodium aluminate in 10
ml. of water was placed in a mixing vessel. The solu-
tion of 1,4-dimethyl-1,4-diazoniabicyclo[2.2.2]octane di-
silicate solution, prepared as in Example 3, was diluted to
122 ml. total volume and added rapidly to the aluminate
solution.

The composition of the resulting reaction mixture ex-
pressed in the form of oxides was as follows:

Mol percent

NagO ______________________________________ 5.9
1,4 - dimethyl - 1,4 - diazoniabicyclo[2.2.2]octane
0Xide o ——————————— 45.0
AlOs e 4.0
S108 e ————— 45.1

A light gel immediately formed. The mixture was
heated for 8 days at 95-100° C. and samples of the
mixture were examined daily to ascertain the degree of
crystallization which had occurred. After five days, the
degree of crystallinity did not app¢ar to change.

The resulting solid crystalline product was collected
on a filter, washed with water and purged with air at
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350° C. A grayish solid was obtained having the fol-
lowing sorptive capacities:

Grams sorbed per
100 grams of sample

WAl e e e e e e e e ————— 19.34
Cyclohexane - oo 1.82
N-HeXaNe o e o e e ————— 11.84

The zeolite product, upon analysis, showed the follow-
ing composition:

Wt. percent | Mol percent
N 00 e e e e 7.0 7.7
A_lzo;s, ______________________________________ 24, 2 16. 1
o) L0 7 USSP VU 67. 3 70. 2

X-ray diffraction analysis established the product as
highly crystalline having the X-ray powder diffraction
pattern set forth hereinabove in Table A.

The new zeolite having the above composition and
X-ray diffraction pattern was designated as zeolite ZK-5.

Example 5

A reaction was conducted in the same manner and
with the same reactants as described in Example 4 ex-
cept that the disilicate solution was prepared using 111
ml. of 2.74 N 1,4-dimethyl-1,4-diazoniabicyclo[2.2.2]oc-
tane dihydroxide solution. The mixture was heated at
95-100° C. for 9 days and then treated as in Example 4.

Portions of the resulting product were purged with
air at 350° C. and 550° C. The former treatment
vielded a grayish material whereas the latter treatment
yielded a white product. The sorptive capacities of this
latter material were as follows:

Grams sorbed per 100
grams of sample

Water o e e 20.6
Cyclohexane - e 0.9
NeH e X AN o e e e e — e 12.7
The zeolite product analyzed as follows:
Wit. percent | Mol percent
N 290 e e e e e —————— 7.7 8.3
AL e e ———————— 24. 5 16.1
SH 0 2 e e e e e e mm 67.5 75.6

X-ray diffraction analysis showed this material to be
zeolite ZK-S5.
Example 6

A solution of 3.45 grams of sodium aluminate and 0.8
oram of sodium hydroxide in 15 ml. of water was placed
in a mixing vessel.

Silica gel in the amount of 9.2 grams was dissolved
in 127 ml. of a 3.59 N solution of 1,4-dimethyl-1,4-di-
azoniabicyclo[2.2.2]octane dihydroxide. The solution
so obtained was diluted with water to a total volume of
167 ml. and added to the mixing vessel with stirring. A
few milligrams of the zeolite product produced as In
Example 5 were added to the reaction mixture to fa-
cilitate crystallization.

The composition of the resulting reaction mixture ex-
pressed in the form of oxides was as follows:

Mol percent

Nﬂgo ______________________________________ 7.1
Col1eNo0 e 53.6
ALOg o 3.2
SI04 e 36.0

The mixture so prepared was heated at 95-100° C. for
41 hours. The solid product resulting at the end of this
time was collected on a Buckner funnel, washed with
water and purged with air at 500° C .
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The sorptive capacities of the resulting white solid

zeolite product were as follows:
| Grams sorbed per

100 grams of sample

Water

______________________________________ 22.95
CycloheXane c e 1.41
n-Hexane - 12.92

The zeolite product analyzed as follows:
‘Wt. percent | Mol percent
INO2O e e 9. 16 10. 2
A0 e 25.8 17. 4
ST Y S 63. 0 72, 4

X-ray diffraction analysis established this material to be
zeolite ZK-3.

The much shorter time required for crystallization as
compared with that of Examples 4 and 5 is believed at-
tributable to the presence of added zeolite product at the
beginning of the reaction.

Example 7

A reaction was conducted in the same manner and
with the same reactants as described in Example 5 except
on a scale 2.7 times that of such previous example, The
reaction mixture so obtained was maintained at 95-100°
C. for eight days before crystallization was complete.

The product was purged at 350° C. with air. It pos-
sessed the following sorptive capacities:

Grams sorbed per
100 gram sample

Watel et e e e 20,00
Cyclohexane e 1.44
n-Hexane o e 13.80

The composition of this material, identified as zeolite
ZK-5 by X-ray diffraction, was as follows:

W1, percent | Mol percent
N300 o e em———— 5.8 6.2
AlaO s e a——————— 24. 5 16. 0
108 e —————— e e 70. 3 77.8

Example 8

A solution of 4.4 grams of sodium aluminate in 6 mi.
of water was placed in a mixing vessel. To this was
added with stirring 61 ml. of a 2.35 N 1,4-dimethyl-1,4-
diazoniabicyclo[2.2.2]octane dihydroxide solution In
which had been dissolved 4.13 grams of silica gel. The
resulting mixture was heated at 95-100° C. for 72 hours.
The solid product which. formed was collected, washed
and purged with air at 350° C.

The zeolitic product had the following sorptive prop-
erties: |

- Grams so-rb,ed per
100 gram sample

water o e o e o o e o e e - 23.96
Cyclohexane e 10.43
n-Hexane o o e e 12.30
The zeolite product analyzed as follows:
Wit. percent | Mol percent
[ 10 7 S 14,0 15. 1
Al g e 275. 18. 8
102 e — o —————————— b6. 8 66. 0

X-ray diffraction analysis established this product to
be a mixture of zeolite X and zeolite ZK-5. The pres-
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ence of zeolite X is not unexpected sincé the reactiorn
analyzing as follows:
| Mol percent

Nazo ______________________________________ 13.9
CeH1sNgO oo 38.4
AlyOf e 9.4
8102 _______________________________________ 384

had a silica/alumina mole ratio of 4.1, which is the same
as that present in reaction mixtures used for preparing
zeolite X, |

The sodium ion in zeolite ZK-5 can be replaced with
ammonium ion and the latter thermally decomposed to
yield ammonia gas and a hydrogen or acid zeolite as

shown by the following example:

Example 9

A sample of zeolite ZK-5, prepared as described in
Example 5, was rinsed with concentrated ammonium
hydroxide followed by 250 ml. of saturated ammonium
chloride solution. The zeolite was then washed with
water until free of chloride ion. The resulting material,
after purging at 350° C. was found to contain 0.64 wt.
percent Na,O as compared with 7.7 wt. percent Na,O in
the original zeolite. This product had the following
sorptive properties: -

Grams sorbed per
100 gram sample

Water o e e 21.00
Cyclohexane 131
n-Hexane - 12.00

A portion of this acid zeolite was wetted with water
a_nd repurged at 350° C. It possessed the following sorp-
tive capacities: |

Grams sorbed per

100 gram sample

1.61
13.62

j.l“he above sorption data show that zeolite ZK—5 in the
acid form is stable in water.

It is to be understood that the above description is
merely illustrative of preferred embodiments of the in-
ventron of which many variations may be made by those
skilled in the art without departing from the spirit thereof.

I claim: |

1. A crystalline synthetic material having the com-
position: |
0.3 to 0.7 R2/m0:0.3't0 0.7 MZ{HO:I |
where R is selected from the group consisting of a nitro-
gen-containing cation. derived from N,N’-dimethyltri-
ethylenediammonium ion and mixtures of said cation
with hydrogen and m is the valence thereof; M is a metal
and n the valence thereof and Y is any value from about
6 to about 10, said material being capable of selectively
adsorbing straight chain hydrocarbons of more than three
carbon atoms from admixture of the same with non-
straight chain hydrocarbons when M is sodium.

2. A crystalline synthetic material having the compo-
sition:

0.3 to 0.7 Rgfm0:0.3 to 0.7 NﬂgO:l A120340
| to 6.0 S105-YH,0

where R is selected from the group consisting of a nitro-
gen-containing cation derived from N,N’-dimethyltriethyl-
enedlammonium ion and mixtures of said cation with hy-
drogen and m is the valence thereof and Y is any value
from about 6 to about 10, said material being capable
of selectively sorbing straight chain hydrocarbons of more
than three carbon atoms from admixture of the same with
non-straight chain hydrocarbons.

3. A crystalline synthetic material having the composi-
tion:
0.3 to 0.7 Tg/m020.3 t-O 0.7 Mg/nO:l Al,0::4.0

to 6.0 S10,-YH,O

Cyclohexane
n-Hexane
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where T is a nitrogen-containing cation derived from N,
N’-dimethyltriethylenediammonium ion and m is the val-
ence thereof; M is a metal and n the valence thereof and
Y is any value from about 6 to 10.

4. A crystalline synthetic material having a composi-
tion expressed in terms of oxides as follows:

0.3 t0 0.7 T5/n0:0.3 to 0.7 Na,0:1 Al,053:4.0
to 6.0 8i0y YH,O

where T is a nitrogen-containing cation derived from N,
N’-dimethyltriethylenediammonium ion and m is the val-
ence thercof and Y is any value from about 6 to about
10, said material being characterized by a structure hav-
ing uniform effective pore dimensions of about 5.5 Ang-

stroms in diameter.

5. A method for synthesizing a crystalline material
which comprises preparing a reaction mixture whose
composition expressed in terms of oxide mole ratios falls
within the following ranges:

S10,/ Al 04
of from about 2.5 to about 13,
Nay,O
Na, O+ CgHgsN,O
of from about 0.01 to about .23,
H,0O
NaoO--Cg13N,O
of from about 25 to about 50,
Na,O4-CgH; N0
510
of from about 1 to about 2,

and maintaining said mixture at a temperature within
the range from about 20 to about 120° C. until said

crystalline material is formed.

6. A method for synthesizing a crystalline material
which comprises preparing a reaction mixture whose com-
position expressed in terms of oxide mole ratios falls

within the following ranges:
Si0y/ Al;05
of from about 2.5 to about 15,
Na,O
Na,O-+CgH; N0
of from about 0.01 to about .25,
_ H,O
Na,04CgH13N0
of from about 25 to about 50,
Na, 04 CgH;gN2O
S104
of from about 1 to about 2,

and maintaining said mixture at a temperature within the
range from about 90 to about 120° C. until said crystal-

line material is formed. S
7. A method for synthesizing a crystalling aluminosili-

cate zeolite which comprises preparing a reaction mixture
whose composition expressed in terms of oxide mole ratios

falls within the following ranges:
- Si0,/ Al 04
of from about 2.5 to about 15,
Na,O
Na, O+ CgH;sN;O
of from about 0.01 to about .25,
P H,0
- NagO4-CgHgNO
of from about 25 to about 50,
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N-ﬂgO—I—CBHlBNzO

S10,
of from about 1 to about 2,

maintaining said mixture at a temperature within the ap-
proximate range of 20° C. to 120° C. until crystals of
said zeolite are formed, separating the crystals from the
mother liquor, and subjecting the separated crystals to an
activation treatment by heating at a temperature in the
approximate range of 200 to 600° C.

8. A method for synthesizing a crystalline aluminosili-
cate zeolite which comprises reacting, in aqueous media,
sodium aluminate and 1,4-dimethyl-1,4-diazoniabicyclo
[2.2.2]octane silicate, the resulting reaction mixture hav-
ing a composition expressed in terms of oxide mole ratios
within the following ranges: | |

- - 5105/ Al,0;
of from about 2.5 to about 15,
Na,O
Na,O-4+CgH;gN,O
of from about 0.01 to about .25,

" H,O
NaysO-+CsHygN,O
of from about 25 to about 50,
NayO-+-CgH;5N;0
Si0,
of from about 1 to about 2,

maintaining said mixture at a temperature within the
approximate range of 90° C. to 120° C. until crystals
of said zeolite are formed, separating the crystals from
the mother liquor and subjecting the separated crystals
to an activation treatment by heating at a temperature
in the approximate range of 200 to 600° C.

9. The composition of claim 1 admixed with a clay
bonding agent. |

10. The composition of claim 1 contained in an inor-
ganic oxide gel matrix.

11. The composition of claim 1 wherein at least a por-
tion of the metal is replaced with ions selected from the

‘group consisting of hydrogen and ammonium.

12. The composition of claim 2 wherein at least a por-
tion of the sodium is replaced with ions selected from the
group consisting of hydrogen and ammonium.

13. A method for synthesizing a crystalline material
which comprises preparing a reaction mixture whose com-
position expressed in terms of oxide mole ratios falls
within the following ranges:

SiOz/Aleg
of from about 2.5 to about 15,
' Nazo
N320+C3H13N20
of from about 0.01 to about .25,
H,O
NﬂzO-l-CnggNgO
of from about 25 to about 50,
N~320+C3H13N20
S10,
of from about 1 to about 2,

said mixture containing as seed previously formed crystals
of said material and maintaining said mixture at a tem-
perature within the range from about 20 to about 120°
C. at least until further quantity of said crystalline mate-

rial is formed.
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14. A method for synthesizing a crystalline material Na,O-+CgH,gN-O
which comprises preparing a reacticn mixture whose com- SiO,
position expressed in terms of oxide mole ratios falls with-
in the fOHOWng ranges: of from about 1 to about 2,
5105/ AlsOs 5 maintaining said mixture at a temperature within the

range from about 20 to about 120° C. until said crystal-
line material is formed, separating the crystals from the
mother liquor, contacting the resulting crystals with an
ammonium ion-containing solution and subjecting the

1o crystals so treated to a temperature in the approximate
range of 200 to 600° C,

of from about 2.5 to about 13,

Nago
Nﬁgo—[— CBHIBNEO

of from about 0.G1 to about .23,

H,O | No references cited.

NagO+-CgHysN2O 15 NICHOLAS S. RIZZO, Primary Examiner.
of from about 25 to about 50, HENRY R. JILES, Examirner.
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