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(57) Abstract: This invention refers to a microporous crys-
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state and in the absence of defects in its crystalline matrix
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ganic cation of charge +n, and a mixture of both, X is at
least one chemical element of oxidation state +3, Y is at
least one chemical element with oxidation state +4 different
from Si, x takes a value between 0 and 0.2, both included, y
takes a value between O and 0.1, both included, g takes a
value between 0 and 0.5, both included that has been de-
noted ITQ-55, as well as a method for its preparation. This
invention also relates to uses of the crystalline material of
zeolitic nature for adsorption of fluid components, mem-
brane separation of fluid components, storage of fluid com-
ponents, and catalysis of various conversion reactions.
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SEPARATION AND STORAGE OF FLUIDS USING [T(O-55

FIELD OF THE INVENTION

(6041} This invention belongs to the technical field of microporous crystalline
materials of zeolitic nature, useful as adsorbents, catalysts or catalytic components, for
transformation processes and o particular for the adsorption and separation of organic
and morganic compound in gas or liquid phase.

BACKGROUND OF THE INVENTION

[6602] Zeolites are a microporous crystalline material formed by a matrix of TO4
tetrahedrons that share all their vertices giving rise to a three-dirnensional structure that
contains channels and/or cavities of molecular dimensions. They are of variable
composition, and T generally represents atoms with formal oxidation state +3 or +4,
such as for example 5i, Ge, Ti, AL, B, or Ga. When sovae of the T atoms have an
oxidation state less than +4, the crystalline matrix formed presents negative charges
that are compensated by means of the presence in the channels or cavitics of organic or
inorganic cations. These channels and cavitics may also contain organic molecules and
H,0, therefore, in a gencral manner, the chemical composition of the zeolites may be
represented by means of the following empirical formula:

[0603] X (M X0y YOz Row H,O

{60041 where M is one or several organic or inorganic cations of charge +n; X is
one or several trivalent elements; Y is one or several tetravalent elements, generally Si;
and R is one or several organic substances. Although by means of postsynthesis
treatments the nature of M, X, Y and R and the values of x, v, z, and w may vary, the
chemical composition of a zeolhite (Just a3 18 synthesized or after its calcining) possesses
a characteristic range for cach zeolite and its method of preparation.

[8005] The crystalline structure of cach zeolite, with a system of channels and
specific cavities, gives rise to a characteristic diffraction pattern of X-rays, which
allows one to differentiate them from cach other

[0906] Many zeolites have been synthesized in presence of an organic molecule
that acts as a structure director agent. The organic molecules that act as structure
director agents (SDA) generally coutain nitrogen in their composition, and they can

give rise to stable organic cations in the reaction medium.
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(8067} The maobihization of the precursor species during the zeolites synthesis may
be carried out in the presence of hydroxyl groups and basic mediun that can be
mtroduced as hydroxide of the same SDA, such as for example tetrapropylammonium
hydroxide in the case of the zeolite Z8M-5. The fluoride ions can also act as mobilizing
agents in synthesis of zeolites, for example in the patent EP-T0O-337479 the use of HF
ts deseribed in HyO at low pH as a mobilizing agent of silica for the zeolite Z8M-5
synthesis.

SUMMARY OF THE INVENTION

{6008] This invention refers to a new microporous crystalline material of zeolitic
vatore, identified as “zeolite IT(Q-55,7 its preparation method and s use.

[000%] ITQ-55 (INSTITUTO DE TECNOLOGIA QUIMICA number 55) is a new
crystaliine wicroporous material having a frarwework of tetrahedral atoms connected by
bridging atoms, the tetrahedral atom framework being defined by the interconnections
between the tetrahedrally coordinated atoms in its frammework. T0-55 15 stabic to

calcination in air, absorbs hydrocarbons, and is catalyticaily active for hydrocarbon

CONnversion,
{0618 This material, both in its calcined form and synthesized without caleining

has an X-ray diffraction pattern that is different from other well-known zeolitic material
and, therefore, is characteristic of this material.

0611 in various aspects, the material is suitable for use in separations based on
selective adsorption of fluid compounents. Io various aspects, the material is suitable for
use in membrane separations of fluid components. In various aspects, the material is
suitable for use for storage of a fluid component. In various aspects, the material is
suitable for use in catalyzing conversion reactions of organic compounds and/or syngas.
[6412] FIG. 1 represents the X-ray diffraction pattern of the most characteristic
peaks of the purely siliceous ITQ-55 material, as is synthesized, obtained according to
Example 2.

{0013} FIG. 2 represents the X-ray diffraction pattern of the most characteristic

peaks of the material of the example 2 in calcined state,
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{8014] FIG. 3 represents the X-ray diffraction pattern of the most characteristic
peaks of the IT(Q-55 material that contains Al and Si in its composition, as is
synthesized, obtaimed according to exaraplc 4.
{6015] FIG. 4 represents the adsorption selectivity of CO, over that of methane in
the 1T(-55 material in its calcined form, obtained according to cxample 2. The
selectivity is expressed as the ratio of the adsorption capacity obtained starting from the
isotherms of the pure gases.
[6016] FIG. 5 represents the framework structure of ITQ-55 showing only the
tetrahedral atoms.
{6917] FIG. 6 hereof is a representation of one embodiment of a parallel channel
contactor in the form of @ monolith directly formed from a microporous adsorbent and
containing a plurality of parallel channels.
[B018] FIG. 7 hereof is a cross-sectional representation along the longitudinal axis
of the monolith of FIG. 6.
(319 FIG. 8 hereof 1s a representation of a magnified section of the cross-
scctional view of the monolith of FIG. 7 showing the detatled structure of the adsorbent
layer along with a blocking agent occupying some of the mesopores and macropores.
[6026] FIG. 9 hereof 1s another representation of an emboediment of a paralicl
channel contactor in the form of a coated wonolith where the adsorbent layer 1s coated
onto the channel wall.
16021 FIG. 10 hereof'is a representation of an erobodivoent of a paralle] contactor
that is constructed from parallel laminate sheets.
[6622] FIG. 11 shows the size of the unit cell for ITQ-55 determined by measured
values and determined by simulation.
[6823] FIG. 12 shows additional results from molecular dynamics siroulations
related to the minimwm aperture {or pore) size in the unit cell for ITQ-55.
16624] FI1G. 13 shows adsorption isotherras at 28°C for ITQ-55 crystals at low
Pressures.
(6025} FIG. 14 shows adsorption isotherms for CO; and I, for an expanded range
of pressures at 30°C.

164261 FIG. 15 shows isosteric heats of adsorption for CO; and N,.
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189271 FIG. 16 shows the equilibrium loading of Ny in mol per kg of ITQ-35 at 5°C
and 25°C.
{0028] FIG. 17 shows the cquilibrium loading of HyO for ITQ-35 in comparison
with zeolite SA.
{6839] FIG. 18 shows adsorption isotherms at 28°C for O Hy, Ar, Kr, and CHy.
[6838] FI1G. 19 shows a comparison of equilibrium adsorption of methane and
ethylene at 1 bara (101 kPa) and 28°C.
[8031] FIG. 20 shows adsorption isotherms for H; at up to 10 bar (about T MPaa) at
-16°C and CHy at 28°C.
169321 FIG. 21 shows adsorption as a function of the square root of time at 1 bar
{101 kPa} and 30°C for CQ,, N,, CH,, and CHa,
[0633] FIG. 22 shows additional data related to uptake as a function of time for N,
COy, CHy, CoHg, and CoHa.
{0034] FIGS. 23A and 23B show scanning clectron microscopy (SEM) images of
IT(3-55 crystals.
[6835] FIGS. 24 and 25 show kinctic studics with frequency response for CHy and
CQO, (FIG. 24) and Ny (FIG. 25) on an IT(Q-53 sample.
[6036] FIG. 26 shows the temperature dependence of diffusion time constants for
cthane and ethyiene.
108371 FIG. 27 shows ZLC results for CO, in 1ITQ-55.
[6438] FIG. 28 shows calculated adsorption isotherms for acetylene on [TQ-35.
DETAILED BESCRIPTION OF THE EMBODIMENTS

[3439] This invention refers in the first place to a microporous crystalline material

of zeolitic nature that has, in calcined state and in absence of defects in its crystalline

matrix mantfested by the presence of silanols, the empirical formula

[0046] R AMupXhy y YO g GeOy: (1-g) Sity,

166411 in which,

[8042] M 1s selected among H, at least one inorganic cation of charge 4, and a
mixture of both, preferably selected among H+, at least one inorganic cation of
charge +n selected among alkaline, alkaline-carth metals and combinations thereof,

and a mixture of both,
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{8043] X is at least one chernical element of oxidation state +3, selected preferably

between Al, Ga, B, Fe, Cr and mixtures of the same.

{0844 Y 1s at fcast one chemical cloment with oxidation state +4 different from 54,
selected preferably between Ti, Sn, Zr, V and mixtures of the same.

[9845] x takes a value between § and 0.2, both included, preferably less than 0.1

[8846] y takes a value between § and 0.1, both included, preferably less than 0.05.

(6047} g takes a value between 0 and 0.5, both included, preferably less than 0,33,

[3848] and because the material, as it is synthesized, has an X-ray diffraction

pattern with, at least, the angle values 28 (degrees) and relative intensities (I/ly) shown

i the Table I, I beiug the intensity of the highest peak to which is assigned a value of

100:

Table |
28 (degrees)t0.5 Intensity (I/1c)
58 W
7.7 w
8.9 w
8.3 mf
8.9 w
10.1 W
13.2 m
13.4 w
14.7 w
6.1 1
15.4 w
15.8 w
17.4 m

17.7 m
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19.8 m

20.6 m

21.2 f

21.6 f

22.0 f

231 mf

24.4 m

27.0 m

10649] where w18 a relative weak intensity between 0 and 20%,

{3056] m is an relative medium intensity between 20 and 40%,

{6851 f1is a relative strong intensity between 40 and 60%, and

[6452] mf is a very strong relative intensity between 60 and 130%.

{6053] The microporous crystalline material of zeolitic nature according to the
mvention, after being calcined to eliminate the organic cormpounds occluded in its
interior, possesses an X-ray diffraction pattern with, at least, the angle values 28

(degrees) and relative intensities (Vi) indicated 1o the Table I

Table #i
28 (degreas)+0.5 Intensity (I/1v)
6.2 W
7.8 1
8.0 v
8.8 mf
10.0 m
10.3 W
12.3 W
13.4 W
13.7 W
15.0 W
15.2 W

16.8 W
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181 W
201 W
21.3 W
23.5 W
23.8 W
26.8 W

{5854] where w, m, {and mfhave the previous meaning.

LIRSS According to a preferred embodiment of this invention the microporous

crystalline material of zeoltic nature IT(Q-53, has, in caleined state and in absence of

defects in its crystalline matrix manifested by the presence of silanols, the empirical

formula

{8056] ¥ {M1aXO02) vy YO g GeOy: (1-g) 510

{38571 in which

[0058] M is selected among H, at least one inorganic cation of charge +n,
preferably alkaline or alkaline earth, alkaline, alkaling-carth metals and
combinations of the same,

{0059 X is at least one chenncal clement of oxidation state +3, selected between
Al, Ga, B, Fe, Cr and mixtures of the same,

{6066} Y is at least one chemical element with oxidation state +4 different from Si,

selected among Ti, Sn, V., Zr and mixtures of the same,

108611 x takes a value between { and 8.1, both included,

{3862] y takes a value between 0 and .05, both included,

166631 g takes a value between 0 and 8,33, both included,

{0064 and the material, as is synthesized, has an X-ray diffraction pattern with at

least, the angle values 28 {degrees) and relative intensities mentioned previously
(Table 1} and this material in calcined state has an X-ray diffraction pattern with, at
least, the angle values 28 (degrees) and relative mtensities (/Ip) mentioned
previously (Table 1),
[0065] According to a preferred crmbodiment of this invention the microporous
crystalline material of zeolitic nature ITQ-55 s a pure silica material, that is to say that

[T 4

in the general formula indicated previously “x”, “v” and “‘g” they take the value 0.
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{0066] According to another preferred ernbodiment of this invention the

microporous crystalline material of zeolitic nature IT(3-35 is a material that can have in

the general formula previously indicated “x” equal to U, *y” equal to 0 and “g” different
from 0.
{68671 According to another preferred embodiment of this invention the

microporous crystalline material of zeolitic nature IT(Q-55 is a material in whose
general formula:

164681 X 18 selected between Al Ga, B, Fe, Cr, and combinations of the same,
10669] v takes the value 0, and

{0876 g takes the value §.

{80711 Another preferred embodiment of this invention the microporous crystalline
material of zeolitic nature ITQ-55 is a material, which can have in its general formula:
16872] Y 18 selected between T1, 21, Sn, and combinations of the same,

{6873 x takes the valuc 8, and

{8741 g takes the value §.

{8075} According to another pmfemd embodiment the microporous crystalline
material of zeolitic nature ITQ-35 is a material in whose general formula:

{6876] X is Al Ga, B, Fe, Cr, and combinations of the same,

{69771 Y is Ti, Zr, Sn, and combinations of the same and

[0078] g take the value 0.

[6679] In one particular embodiment, the microporous crystalline material of
zeolitic nature ITQ-55 is a material in whose general formmuila:

{6084] Xis Al, Ga, B, Fe, Cr, and combinations of the same,
{0081 y takes the value 0, and

{0082}
[0083]

g takes a value different from 0 and less than 0.33.

Another particular embodiment describes the microporous crystaliine
material of zeolitic nature YT(Q-55 in whose general formula:

{3884 Y is Ti, Zr, Sn, and combinations of the same,

{0085] x takes the value O, and

10886] g takes a value different from 0 and less than 0.33.

[G687] In another particular embodiment, the microporous crystallineg material of

zeolitic nature TTQ-55 15 a material in whose general formula:
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{3988] Xis Al Ga, B, Fe, Cr, and cornbinations of the same,
{6089 Y is Ti, Zr or Sn, and
166981 g takes a value difforent from 0 and less than 0.33.
{60911 The X-ray diffraction patterns of the ITQ-55 material has been obtained by

the powder method using a fixed divergence shit of 1/8° and using the Ko radiation of
Cu. It should be kept in mind that the diffraction data listed for this zeolite sample ITQ-
55 as single or unique lines, can be formed from multiple overlapping reflections that,
under certain conditions, such as differences in crystallographic changes, may appear as
csolved or partially resolved lines. Generally, the crystallographic changes may
inchude smuall variations in the parameters of the unit cell and/or changes in the
symmetry of the unit cell, without a change taking place in the structure. Thus, the
positions, widths and relative intensities of the peaks depend in a certain measure on
the chemical composition of the matcerial, as well as of the degree of hydration and the

crystal size,

(092 In particular, when the matnix 1s composed exchusively by stlicon oxide and
has been synthesized in the presence of fluoride anions using the guaternary cation

diarnmontum NZQNQ,Nz,N5,NS?NSﬂBa,63-0(:Eam,eﬂlyio—(tectahydmpenia}ene~2,5—

dianymontum as stracture director agent, the ITQ-55 zeolite as synthesized presents an

X-ray diffraction patiern like the one that 1s shown 1o Figure 1. This diagram is

characterized by the angle values 28 (degrees) and relative intensities (1/1y) that are

presented in Table 11, where w, m, f and rof have the same meaning as in the Table L
Table 11}

28 {degrees)t.5 Intensity {1/lg}
5.78 W
7.68 w
85.91 W
8.317 mf
9.83 w
10.14 w
13.283 m
13.42 W
14.70 w

15.08 m
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15.40 W
15.52 W
16.55 W
16.84 W
17.05 W
17.40 m
17.73 m
18.02 W
18.60 w
16.83 mn
20.56 m
21.17 f
21.47 m
21.56 f
22.07% f
22.51 w
22.88 w
23.14 if
24.05 W
24.42 m
24.62 w
25.28 W
25,49 w
26.61 w
26.95 7
27.95 W
28.24 w
28.59 w
2893 W
28.21 w
29.68 w
18993] The X-ray diffraction pattern of the previous sample of ITQ-55 aficr being

calcined at 800 °C to eliminate the organic compounds occhided in its interior is shown
in the figure 2. This diffractogram is characterized by the angle values 26 {degrees) and

relative intensities {I/1y) that are shown in the Tabie 1V, where w, m, fand mf have the
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sarae raeanings as in Table [ The comparison of the diffractograms of X-rays
corresponding to zeolite IT(-55 as is synthesized and in caleined state show that the

material is thermally stable.

Table IV

28 {degrees) Intensity (I/1g)
6.18 W
7.80 W
7.98 W
8.82 mf
10.02 m
10.2 W
12.31 W
13.35 W
i3.6% W
14.98 W
15.22 W
15.52 W
16.82 W
18.09 W
18.43 W
20,06 W
20.81 W
21.34 W
21.687 W
23.45 W
2392 W
2439 W
24.99 W
26.80 w
2748 W
27.91 W

2843 W
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29.61 W
{8094} As with any porous crystalline material, the structure of ITQ-55 can be
defined not only by is Xeray diffraction pattern but by #ts framnework stracture, 1.¢., the
interconnections between the tetrahedrally coordinated atoms 1n its framework. n
particular, IT(-55 has a framework of tetrahedral {T) atoms connected by bridging
atoms, wherein the tetrabedral atom framework is defined by connecting the nearest
tetrahedral (T) atoms in the manner given in Table V.

Table V

IT(Q-55 tetrahedral atom interconnections

T atom Connected to:
T T6, 17,155,173

T2 T3, TS, T9, T56

T3 12,777,121, 727

T4 T8, T9, T58, 173

Ts T2, T8 T52, T59

T6 T1, TR, T53, T60

7 1,73, T50, T61

TR T4, TS, T6, T51

T9 T2, T4, T21, T63
TIO 15, T16, T64, T74
Tit T12, T4, T18, T65
T2 TiL, T16, T30, T36
Ti3  Ti7,Ti8, 167, T74
Ti4 T, T17, T43, T68
Ti5  Ti0, T17, T44, T69
Ti6  Ti0, Ti2, T41L, T70
Ti7  Ti3, Ti4, T15. T42
Ti&  Tii, Ti3, T30, T72
TIO  T24,T25, T37, 773
T20 T2E,T23, T27,T38
T2 T3, TG, T20, T25
T22 726,27, T40, T73
T3 T20,7T26, T41, T70
T2 TI9, T26, T42. T71
25 T19, T21, T43, T63
o6 T22,T23, 124, T69
T27 T3, T20,T22, T45

J‘

T28  T33, T34, T46, T74
T25 T30, T32, T36. T47
T30 TI2, TI8, T29. T34
T31 T3S, 736, T49, T74
132 T29, T35, T50, T4l

T33  T28, T35, T51, T2
T34 28, T30, T52, T59
T35 T3, 732,733, T60
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36 T12,7T29, 731, T34
T37 TI9, T42, T43, T75
3% T20,T39, T41, T45
T3S T3R, T43, TS7,T63
T4 T22, T44, T45, TTS
T4l TI6, T23, T38, Tdd
42 T17,7T24, T37, T44
T43 T4, T25, T37,T39
T44  T15, T40, T41, T42
T45  T27, T34, T40, TS7
T46  T28 TS1,TSZ. T76
T47  T29, T48, TS0, T54
T48  T47,T52, T66, T72
T49 T3, TS3, TS54.T76
TS0 T7,T32, T47,753
TSL T8, T33, T46, 753
T32 TS, T34, T46, T4%
TSR T6, T49, TS0, TS
TS4 T36, T47, T49, T66
TSS  TLT60, T61, T75
TS6 T2 TS7, TS9, T63
TS7  T39, T4S, T56, T61
TSS T4, T62, T63, T75
TS TS, T34, T56, T2
T6O  T6, T35, T55, T62
T6l 7,732, T55, T57
T62  T33, TSR, T59, TEO
T63  T9,T39, T56, T5%
Ted  TI0, T69, T70, T76
T65  THL, T66, T6R, T72
T66  T48, T34, TGS, T70
T67  TI3, 171,772, T76
T68  T14, 7125, TGS, T71
TR T1S, 126, T64, T71
TI0 T16, T23, T64, T66
TV T24, T67, T6R, T69
T2 TIR, T48, T6S, T67

T7 Ti T4, T19, 122

7 T16, T13, 128, T31
T75 T37, T40, T55,TS8
T76 T46, T49, Tod, 167

[6095] Tetrahedral atoms are those capable of having tetrahedral coordination,
wcluding one or more of, but not himiting, hthram, beryihum, boron, magnesiom,
aluminum, silicon, phosphorous, titanium, chromium, manganese, iron, cobalt, nickel,

copper, zing, zirconium, gallivm, germanium, arsenic, indium, tin, and antimony.
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{8096] The synthetic porous crystatiine matenial of this wvention, ITQ-55,is a
crystaliine phase which has a unique {-dimensional channel system comprising 8-
mermber rings of tetrahedrally coordinated atorns,
160971 In addition, to describing the structure of FTQ-55 by the interconnections of
the tetrahedral atoms as in Table V above, it may be defined by s unit cell, which is
the smallest repeating unit containing all the structural elements of the material. The
pore structure of ITQ-55 is illustrated in Figure S {which shows only the tetrahedral
atorns} down the direction of the straight 10-membered ring channels. There is a single
unit cell unit in Figure 5, whose limits are defined by the box. Table VI lists the typical
positions of each tetrahedral atom in the unit cell in units of Angstrdms. Each
tetrahedral atom is bonded to bridging atoms, which are also bonded fo adjacent
tetrshedral atoms. Tetrahedral atoms are those capable of having tetrahedral
coordination, including one or more of, but not lmiting, lithinm, beryllium, boron,
magnesium, aluminum, silicon, phosphorous, titaniurm, chromium, mangancse, 1on,
cobalt, nickel, copper, zine, zivconium, gallium, germanium, arsenic, indium, tin, and
antimony. Bridging atorns are those capable of connecting two tetrahedral atoms,
examples which include, but not limiting, oxygen, nitrogen, fluorine, sulfur, selenium,
and carbon atoms.

Table Vi

Positions of tetrahedral {T) atoms for the I'TQ-53 structure.
Values, in units of Angstrérs, are approximate and are typical
when T = stlicon and the bridging atoms are oxygen.

Atoms (A v{A) 7Z{A)
TO1 12.75% 8224 8.934
TOZ 14.059 11.794 (.998
TG3 11.771 10.088 13.568
TO4 12.623 11.812 5.674
TGs 16.530 11.780 2.714
TO6 15.24% 8218 7.129
TO7 13401 8.226 11.857
TOR §5.507 10720 5.364
TGO 11.67¢ 11.813 2.804
TIi6 1.566 1.554 8.834
T14 2.866 5,124 0.998
Ti2 0.577 31418 13.568
T13 1.430 5.141 5.674
Ti4 5.337 5.109 2.714
T15 4.051 1.548 TAZG
Ti6 2.208 1.556 11.857
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11776
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5550
13.487
0.617
8811
1177
7355
2.627
9.121
11.686
5.550
13.487
0.917
8811
FLT7G
7355
2.627
9121
£1.680
5.550
13.487
0917
8.811
1,770
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2.627
9.121
[1.680
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11.857
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2.804
8.834
0.998
13.568
5.674
2714
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168 4.051 11.793 7.129
176 2208 11785 11.857
T71 4,314 9290 5.364
172 0.486 8.198 2.804
173 16.870 $.915 7.242
174 22.063 3244 7.242
T75 10.870 3426 7.242
176 22.063 16,996 7.242

[0098] In the casc of oxygen, it 15 also possible that the bridging oxygen s also
connected to a hydrogen atom to form a hydroxy! group (-(H-}. In the case of carbon,
it 1s also possible that the carbon 15 also connected to two hydrogen atoras to form a
methylene group (-CH,-). For example, bridging methylene groups are present in the
zirconium diphosphonate, MIL-57. See: C. Serre, G. Férey, J. Mater. Chem. 12, p.
2367 (2002). In the case of nitrogen, i is also possible that the nitrogen bridging atom
is part of an imidazolate anion. For example, bridging imidazolate groups are present in
the zimc(Il} imidazolate zeohte-type compounds, Zn{mim},; 2H;O, Zuleim), H, O, and
Znf{eim/mimy 1.25H,0. See: X-C. Huang, Y-Y. Lin, J-P. Zhang, X-M. Chen, dngew.
Chem, fnt. £d. 45, p. 1557-1559 (2006), Bridging sulfur and sclenium atorms have been
seen in the UCR-20-23 family of microporous materials. See: N. Zheng, X. Bu, B.
Wang, P. Feng, Science 298, p. 2366 (2002). Bridging fluorine atoms have been seen in
Lithium bydrazinium fluoroberyliate, which has the ABW structure type. Scor MU R,
Anderson, | D). Brown, 8. Vilminot, Acte Cryst. B29, p. 2626 (1973). Since tetrahedral
atoms may move about due to other cryatal forces (presence of inorganic or organic
specics, for example}, or by the choice of tetrahedral and bridging atoms, a range of
+1.0 Angstrom is implied for the x and coordinate positions and a range of 0.3
Angstrém for the y and z coordinate positions.

[0099] The complete structure of ITQ-55 is built by connecting multiple unit cells
as defined above in a fully-connected three-dimensional framework. The tetrahedral
atoms in one unit cell are connected to certain tetrahedral atoms in all of its adjacent
unit cells. While Table V Hats the connections of all the tetrahedral atoms for a given
unit cell of ITQ-335, the connections may not be to the particular atorn in the same unit
cell but to an adjaccut unit cell. All of the connections listed i Table V are such that
they are to the closest tetrahedral (T) atoms, regardless of whether they are in the same

umit cell or in adjacent unit cells.
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(801801  Although the Cartesian coordinates given in Table VI may accurately reflect
the positions of tetrahedral atoms in an idealized structure, the true structure can be
more accurately deseribed by the connectivity between the framework atoms as shown
in Table V above.
(681811  Another way to describe this connectivity 18 by the use of coordmation
sequences as applied to microporous frameworks by W.M. Meier and H.J. Moeck, in
the Journal of Solid State Chemistry 27, p. 349 (1979). In a microporous framework,
cach tetrahedral atom, Ng, (T-atom} is connected to Ny = 4 neighboring T-atoms
through bridging atoms (typically oxygen). These neighboring T-atoms are then
connected to Ny T-atoms in the next shell. The N; atoms in the second sheli are
comected to Ni T-atoms in the third shell, and so on. Each T-atom is only counted
once, such that, for example, if a T-atom is in a 4-mewbered ring, at the fourth shell the
Ne atom 18 not counted second time, and so on. Using this methodology, a coordination
secquence can be deternuncd for cach unigue T-atom of a 4-connected net of Tratoms.

The following hine lists the maximum number of T-atoms for each shell.

Ny =1 N; <4 N, <12 Ny <36 Ny < 4-3%
Table VII
Coordination sequence for I'TQ-55 structure

Atora coordination sequence

Ti 4 10 20 36 54 73 100 135 181 224
T2 4 5 17 30 53 81 102 123 16l 209
T3 4 10 20 34 52 76 104 133 165 203
T4 4 11 Zi 0 32 4% 76 108 141 173 210
TS5 4 12z 22 34 46 74 108 144 174 212
T6 4 10 18 32 56 82 103 128 170 217
T7 4 10 20 34 354 81 106 L34 170 222
T8 4 10 21 36 54 74 98 131 172 217
TS 4 11 19 33 57 79 103 136 172 217
T10 4 9 17 31 51 75 104 133 165 20¢

o
e

[88182]  One way to determine the coordination sequence for a given structure is
from the atomic coordinates of the framework atoms using the computer program
zeoTsites (see G, Sastre, LD, Gale, Microporous and mesoporous Materials 43, p. 27
(2001).

{80163}  The coordination sequence for the ITQ-55 stracture s given tn Table VIL
The T-atom connectivity as listed in Table V and is for T-atoms only. Bridging atoms,

such as oxygen usually connects the T-atoms. Although most of the T-atoms are
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conuected to other T-atorns through bridging atoms, it is recognized that in a particular
crystal of a material having a framework structure, it is possible that a number of T-
atoms may not connected to one another. Reasons for non-connectivity 1nclude, but are
not limited by T-atoms located at the edges of the crystals and by defects sites caused
by, for example, vacancies in the crystal. The framework listed in Table V and Tabie
VI is not limited in any way by its composition, unit cell dimensions or space group
symmetry.
[80164] While the idealized structure contains only 4-coordinate T-atoms, it is
possible under certain conditions that some of the framework atoms may be 5- or 6-
coordinate. This may occur, for example, under conditions of hydration when the
composition of the material contains mainly phosphorous and aluminum T-atoms.
When this occurs it is found that T-atoms may be also coordinated to one or two
oxygen atoms of water molecules (-OH,), or of hydroxyl groups {(~OH). For exanmple,
the molecular sicve AlP04-34 1s known to reversibly change the coordination of some
aluminum T-atoms from 4-coordinate to 5- and é-coordinate upon hydration as
described by AL Tuel et al. in /. Phys. Chem. B 104, p. 5697 (2000). Tt 15 also possible
that some framework T-atoms can be coordmated to fluoride atoms (-F) when maternials
are prepared in the presence of fluorine to make materialy with S-coordinate T-atoms as
described by H. Koller inJ. Am. Chem Soe. 121, p. 3368 {1999).
(001058  In second place this invention refers to a method to synthesize the
microporous crystalline material 1TQ-35,
[80166] According to this invention, the method to synthesize the microporous
crystaliine material, ITQ-53, may include a reaction mixture that includes at least: one
or several sources of 8i0., one or several sources of organic cation R, at least one
source of anions sclected among hydroxide anons, fluoride antons and combinations of
the same and water, it undergoes heating at a temperature between 80 and 200 °C, and
because the reaction mixture has a composition, in terms of molar ratios, between the
intervals
(061677 R/SI0, =001-1.0,
(00168} OH/SI0,=0-3.0
(66169} F/Si0,=0-3.0
(981108} (F+OH)/ 810, =0.01-3.0,
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(0111 HO/810; = 1-30.
(80112} According to an additional particular embodiment of the method the
reaction voixture may include, also, one or more source of Ge(h, and because i has a
composition, in terms of molar ratios, included between the intervals
[80113]  Ge0,/Si0,=0and 0.5
{80114 RSOy + Ge0y) = 0.01-1.0,
[80118] F/ASIi0; + Ge(0y) = 0.0-3.0,
[06116]  OH/ASIO; + GeOy) = 0.0-3.0,
06117 (F+OR)Y/ (810, + Ge0) = 0.01-3.0
(601181 H O8I0, + Gey) = 1-50.
(001191 According to one additional particular embodiment of the method, the anion
is preferably fluoride and the reaction mixture has a composttion, in terms of molar
ratios, between the intervals
[90120]  Ge0,/S10;=0and 0.5
(08121 RSO+ Ge02) = 0.01-1.0,
[B80122]  F/ASi0; + GeOy) =0.01-3.0,
[80123]  H,O/(S10, + GeOy) = 1-50.
(80124} According to another additional particular embodiment of the method, the
anion 1s preferably hyvdroxide and may have a reaction mixture that has a composition,
in terms of molar ratios, between the intervals
[80125]  Ge, /810, =0and 0.5
[080126] RSO, + GeOy) = 0.01-1.0,
(901277 OH/(510, + Ge0y) = 0.01-3.0,
(B0128]  HOA510; + Gelhy)y = 1-50.
(001291 According to onc additional particular ecmbodiment of the method, the
reaction raxtare can include, also, at least, one source of one or more trivalent
clements X.
[881368]  In one particular embodiment, the reaction mixture comprises exclusively:
one or several sources of 810, at least one source of one or several trivalent elements
X, one or several sources of organic cation R, at least one source of anions selected
among hydroxide anions, fluoride anions and the combinations of the same, and water,

and it has a composition, in terms of molar ratios, between the intervals



CA 02947037 2016-10-26

WO 2015/196049 PCT/US2015/036647
20
[86131] R /S0, = 0.01-1.9,
0901321 X,04/810, = 0-0.1, excluding the value 0.
(80133] OH/SI0,=0-3.0
{68134} F/S10,=0-3.0
[B0138]  (OH+F)/ 510, = 0.0-3.0, excluding the value 0, and
{98136  H(/Si0, = 1-50.

(881371  According to this ernbodiment, if you add to the reaction mixture, at least
one source of e, the composition, in terms of molar ratios will be between the
intervals

(601381 GeOy/Si; = 0 and 0.5, excluding the value §

081397  R/Si0+Ge0,)=0.01-1.0,

1001401 3O0:/810,+Ge0;) = 0-0.1, excluding the value 8,

(081417 OH/(SI04Ge0;) = 0-3.0

[90142]  F/ASi0+GeQ) =0-3.0

(801431 (OHF)/ (8i0,+Ge0:)=0.0-3.0, excluding the value G, and

(881447  H,0/S10,+Ge0,) = 1-50.

(86145}  According to another particular embodiment the reaction mixture comprises
exclusively: one or several sources of 810, at least one source of one or several
trivalent elements X, one or several sources of organic cation R, one or several sources
of hvdroxide anions, and water, and it has a composition, in terms of molar ratios,
between the intervals

166146} RS0, =0.01-1.0,

801471 X,04/810; = 0-0.1, excluding the value 0,

{01481  OH/810; = (-3.0, excluding the value 0, and

(801491 H,0/5:0, = 1-50.

(601581 According to this embodiment, if vou add 1o a reaction mixture, at least one
source of Ge(n, the compasition, in terms of molar ratios will be between the intervals
{60151 1202/S10, = § and 0.5, excluding the valoe §

[08152] R'/(Si0+Ge0;) = 0.01-1.0,

(801331 XL0/(810,+Ge0,) = 0-0.1, excluding the value 0,

(601547 OH/ASIO+Ge(y = (-3.0, excluding the value 0, and

(0815857 H0/AS810,+Ge0,) = 1-50.
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(801581  According to a particular embodiment the reaction mixtare comprises
exchusively: ong or several sources of Si0;,
108157]  at least onc source of onc or several trivalent elerents X
[00158]  onc or several sources of organic cation R,
[60159]  one or several sources of flunride anions, and
{68160]  water,
[60161]  and has a composition, in terms of molar ratios, between the intervals
[06162] R7/SI0, =0.01-1.0,
001637 X,04/810, = 0-0.1, excluding the value 0,
(601641  F/Si0O, = 0-3.0, excluding the value ¢, and
(80168 H,0O/810,=1-30.
[80166] According to this emsbodimaent, if fo reaction mixture you add, at least one
source of GeQs, the composition, in terms of molar ratios will be between the intervals
1001671 GeOy/S10; =0 and 0.5, oxcluding the value @
[08168] R/(SI0+Ge0) = 0.01-1.0,
[B80169] XG0:/(810,+Ge(,) = 0-0.1, excluding the value 6§,
(881708  F/(Ri0;+0e0y) = 0-3.0, excluding the value §, and
(80171} HO0/(510,7Ge0,) = 1-50.
[98172]  According to another preferred ernbodiment, in the raethod previously
described, the reaction mixture may also include, at least one source of other tetravalent
elements Y, different frorn 81 and Ge.
[80173] According to one particular embodiment, the reaction mixture comprises
cxclusively: one or several sources of 510, at least one source of onc or several
tetravalent elements Y, one or sgveral sources of organic cation R, at [east one source
of antouns selected between hydroxide antons, fluoride antons and combivations of
them, and water, and it has a composition, in terms of molar ratios, between the
ntervals
[88174] R'/Si0, = 0.01-1.0,
(801781 YO,/810; = 0-0.1, excluding the value 0,
[86176] OH/SIO, =0-3.0,
[86177] F/Si0,=0-3.0
801781 (OH+F)/ 510, = 0-3.0, excluding the value 0, and
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(981791 H.O/510; = 1-50,
{00180  According to this embodiment, if to the reaction mixture you add, at feast
one source of Ge(o, the composition, 1 terms of molar ratios will be between the
intervals
[B0181] Ge0y/Si0; =0 and 0.5, excluding the value O
{01821 RI/SIOyGeD;) = 0.01-1.0,
[80183] YO /(510,+Ge(;) = 0-0.1, excluding the value 0,
[80184] OH/SIOGe0;) =0-3.6,
[66185) F/(Si0;+Ge(0,)=0-3.0
(801861 (OH+ F 3/ (8i0+Ge0;) = 0-3.0, excluding the value §, and
(801871 H.O0/510,+Ge(0;) = 1-50,
(601881  According to another particular emboediment of the method, the reaction
mixture comprises exclusively: one or several sources of 510, at lcast a source of one
ot scveral tetravalent cleraents Y one or several sources of organic cation R, one or
several sources of hydroxide anions, and water, and it has a compesition, in terms of

molar ratios, between the intervals

[00189] R'/Si0, = 0.01-1.0,

(80198 YO./S10, = 0-0.1, excluding the value 0,

(80181}  OH/SI0; = 0-3.0, excluding the value 8, and

(8192  H,O/810,=1-30.

[66193]  According to this emsbodiment, if you add to the reaction rmxture, at least
one source of Ge(d,, the compesition, in terms of molar ratios will be between the
intervals

130194 Ge(Gy/813, = ¥ and 0.5, excluding the vaiue ¢

i

[08195] R'/(8i0,+Ge0,) = 0.01-1.0,

(001961 YO/ +Ge(y) = (-0.1, excluding the value §,

(80197  OH/(8:10,+Ge0y ) = 0-3.0, excluding the value §, and

[08198] HO/(Si10:+Ge Q) = 1-50.

(881991  According to another particular embodiment of the method, the reaction
mixture cormprises exclusively: one or several sources of Si0;, at least one source of

one or several tetravalent elements Y, one or several sources of organic cation R, one or
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several sources of fluoride anions, and water, and it has a composition, in terms of
molar ratios, between the intervals
[00260] R /Si0;=001-1.0,
002611 YOS, =0-0.1, excluding the value O,
(802821  F/Si0,=0-3.0, excluding the value 0, and
802031 H(W/Si0; = 1.30.
(602841  According to this ecmbodiment, if you add to the reaction mixture, at least
one source of e, the composition, in terms of molar ratios will be between the
ntervals
(602651 GeOy/Si; = 0 and 0.5, excluding the value §
[00206] R /(Si0+Ge(,)=0.01-1.0,
802671 YO /(810,+Ge(;) = 0-0.1, excluding the value §,
002687  F/(510:4Ge0) = §-3.0, exchuding the value §, and
[90289]  H0H510,+Ge0,) = 1-50
(802101 According to another particular embodiment of the described method, the
reaction mixture may include one or several sources of several trivalent cleraeonts X as
well as one or several sources of one or several tetravalent elements.
(68211} According to one particular embodiment, the reaction mixture comprises
exclusively: one or several sources of 510, at least one source of one or several
trivalent elements X, at least one source of one or several tetravalent clements Y, and/or
several sources of organic cation R, at least one source of anions selected among
hydroxide anions, fluoride anions and combinations of the same, and water, and the
reaction mixture has a composition, in terms of molar ratios, between the intervals
({89212 R/Si0, = 0.01-1.0,
(802131 X050, = 0-0.1, excluding the value 0,
(602141 YO/Si0, = 0-0.1, excluding the value 0,
802151 OH/Si10,=03.0
[B80216]  F/SiG,=0-3.0
(802171  (OH+F)/ Si0; = 0-3.0, excluding the value §, and
(802181 H,0/510,=1-530
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(602191 According to this embodiment, if you add to the reaction mixture, at least
one source of Ge(,, the compeosition, in terms of molar ratios will be between the
intervals
1002201 Ge0y/Si0, = 0 and 0.3, excluding the value ¢
[06221] R /(S10:+Ge0y) = 0.01-1.0,
(002221 Xo(s/A810,+Geh) = 8-0.1, excluding the value 0,
(802231 YO /(510,+Ge(;) = 0-0.1, excluding the value 0,
(082247 OH/ASIOGe0,) = 0-3.0
[00225]  F/(Si0+Ge0y) = 0-3.0
(802261 (OH+ F 3/ (8i0+Ge0;) = 0-3.0, excluding the value 0, and
(902271 HO/510,+Ge0;) = 1-50
[80228] According to another particular embodiment the reaction mixture comprises
cxclusively: ong or several sources of Sitl,, at least one source of one or several
trivalent clements X, at least one source of one or several tetravalent elements Y, one or
several sources of organic cation R, one or several sources of hydroxide anions, and
water, and it has a composition, in terms of molar ratios, between the intervals
[06229] R'/SiO:=0.01-1.0,
[80238] X,04/58i0, = 0-0.1, excluding the value §,
(80231 YO/8i0; = 0-0.1, excludivg the value §,
(002321  OH/SIO, = 0-3.0, excluding the value §, and
[80233] H,O/80, = 1-50.
[60234]  According to this embodiment, if you add fo the reaction mixture, at least
one source of Ge(,, the compoesition, in terms of molar ratios will be hetween the
intervals
(002351 Go(Gy/Si0; =0 and 0.5, excluding the valuc @
[00236]  R/(SiOAGeOy) = 0.01-1.0,
(02371 Xo0:/(810,+Ge0y) = 0-0.1, excluding the value 0,
[B0238] YO U510,+Ge(y) = §-0.1, excluding the value §,
(802391 OH/(Si0+Ge(,) = 0-3.0, excluding the value 0, and
[80240] H,0/510,+Ge0,) = 1-530.
[60241] According to another particular embodiment the reaction mixture comprises

cxclusively: ong or several sources of 510, at least one source of onc or several
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trivalent elements X, at least one source of one or several tetravalent elemenis Y, one or
several sources of organic cation R, one or several sources of fluoride anions, and
watcr, and it has a cornposition, in terms of molar ratios, between the intervals

[60242] R'/Si0,=0.01-1.0,

(802431 X,05/810; = 0-0.1, excluding the value 0,

[80244] YO,/Si0; = 0-0.1, excluding the value 0,

[60245] F /510, =0-3.0 cxcluding the value 0, and

[86246] H,O/810, = 1-50

[60247)  According to this embodiment, if you add to the reaction mixture, at least
one source of GeQ,, the comiposition, in terms of molar ratios will be between the
intervals

(002481  Ge0,/S10; = 0 and 0.5, excluding the value ¢

[00249] R /(SIOAGeO) = 0.01-1.0,

0025801 X,0A510,+Ge0,) = 0-0.1, excluding the value 9,

(0281 YO /(S10:+Ge(l) = (-0.1, excluding the value 0,

[80252]  F/(Si0,+Ge0,) = 0-3.0 excluding the value 0, and

[80253]  HLO/(Si10,+Ge,) = 1-530

[68254]  According to the method previcusly described, the reaction mixture can
tnclude, also, a source of inorganic cations M of charge -n, selected among H+, at Jeast
one inorganic cation of charge +n selected between alkaline, alkaline earth metals and
combinations of the same, and a mixture of both.

[80255]  According to a preferred embodiment of the described method, the cation R
can be N NANZ WO NG N 3 a.ba-octamethyloctahydropentalene-2,5-diammonium. In a
general manner, one may say that the reaction mixture can have a composition, in erms
of molar ratios, between the intervals

[80256] Ge(3n/Si0;=0and 0.5,

[06257] R8I0+ Ge0y =0.01-1.0,

[09258] M /(Si0 GOy = 0-1.0

(682591  OH/(S10,+Ge0,)=0-3.0

(882607 F/(Si0,+Ge0y)=0-30

(80261} (F+OH)/ (Si0+Ge0;) = §-3,

002621 X,04510,+Ge0,) = 0-0.1,
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082631 YOASi0.+GeOy) = 0-0.1, and
[00264]  H.O/(SI0+Ge0y) = 1-50.

(802651  According to onc particular embodiment, the composition of the reaction
mixture that gives rise to obtaining the ITQ-55 material may represent in a general way
the following formula with the values of the parameters that are indicated in terms of
molar ratios:
[00266] 1Ry (OHY s My OH 2000 u YO v Fr g GeOy: (1-g) S10:: w HbO
(886267}  where M is one or several inorganic cations of charge +u; preferably
alkaline or alkaline earth, X is one or sgveral trivalent elements, preferably Al B, Ga,
Fe, Cr or mixtures of them; Y is one or several tetravalent elements different from Si,
preferably Zr, Ti, Sn, V or mixtures of them; R is one or more organic cations, p is the
charge of the cation or the average charge of the cations, preferably
NZ,N?’,N?‘,'NS,’NS,NS,;Ea,éa—ectamathyiﬂ - gciahydropentalene-2,5-diammonium; F is onc
or more sources of fluoride ions, preferably HE, NHJF, or a mixture of both, and the
values of g, 1, s, £, 1, v and w vary in the intervala:
I g=0-05, preferably 0-0.33

I r=ROH/RIO; = 0.01-1.0, preferably 0.1-1.0
[80278]  s= M,0H/8I0, = 0-1.0, preferably 0-0.2

] 1= X0/810; = 0-0.1, preferably 8-0.05

I u=Y0/80,; = 0-0.1, preferably 0-0.03

P ov=F/SI0, = 0-3.0, preferably 6-2.0
802747 w=H,0/810, = 1-50, preferably 1-26
[B0278]  The components of the synthesis mixture may come from different sources,
and depending on these, the times and erystallization conditions may vary.
[802761  Prcforably the thermal treatracnt of the muxtore 1s caried out at a
temperature between 110 and 200 °C. The thermal treatment of the reaction mxture
can be carried out as static or with stirring of the mixture. Once the crystallization is
concluded the solid product is separated by filtration or centrifuging and dried. The
subsequent calcining at temperatures greater than 350 °C, preferably between 400 and
1300 °C, and more preferably between 600 and 1000 °C, produces the decomposition
of the organic remnants occluded within the zeolite and their expulsion, leaving the

zeolitic channels clear.



CA 02947037 2016-10-26

WO 2015/196049 PCT/US2015/036647

27
(802771 The sowrce of Si0; may be, for example, tetracthylorthosilicate, colloidal
silica, amorphous silica and mixtures thereof.
[80278] The fluonde avton may be uscd as mobilizing agent of the precursor
species. The source of fluoride ions is preferably HE, NH4F or a mixture of both.
(88279}  The organic cation(s}, represented by R, are added to the reaction mixture
preferably in hydroxide form, of another salt, for example, a halide, and a hydroxide
mixture and another salt, that is to say additionally, a source may be added of alkaline,
alkaline earth ions, or mixtures of both (M), in hydroxide form or in salt form.
[60280]  In a preferred way the organic cation R 18 NE NP N NG NP NG 3a,6a-
octamethyl - octahydropentalene-2,5-diamyaonium, and i is added preferably i a form
selected between hydroxide, another salt and a hydroxide mixture and another salt,
preferably a halide.
{80281 The organic cation ‘N?‘,N?‘,,NQ,N5,1\":'5,N5,3a_,éa»octamcthyic»
octahydropentalene-2,5-diammonium 15 synthesized following the process represented

in the following outline:
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(802821 In this process a aldolic condensation reaction 1§ carvied out followed by a
decarboxylation reaction between the dimethyl 1,3-acetonadicarboxylate with 2,3 -
butanodione to give rise to the corresponding diketone, 3a,6a-
dimethyltetrahydropentalene - 2,5(1H,3H}-dione. The diketone is transformed into the
corresponding diamine by means of a reductive amination reaction in the presence of
dimethylamine and using sodium cyanoborohydride as reducer, giving rise to the
diamaine, N° N’ N° N’ 34,64 - hexamethyloctahydropentalene-2,5-diamine. This
diamine is subsequently quaternized with methyl iodide to give rise to the salt of

N? NN NS N N 34,64 - octamethyloctahydropentalene-2,5-diammonium di-ipdide.
(802831  The salt of dialkylammonium diodide may be dissolved in water and

cxchanged with its hydroxide form using an antonic oxchange resin in hydroxide form.
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(802841  According to one particular embodirsent of the method, a quantity is added
to the reaction mixture of microporous crystailine material, FTQ-55, from this invention
as promoter of the crystalhization in a quantity between 0.07 and 20% by weight,
preferably between 0.05 and 10% by weight with regard to the total of added inorganic
oxides.
[B02851  Also, the material produced by means of this invention may be pelletized in
accordance with well-known technigues.
(66286} This invention also refers to the use of the microporous crystaliine material
previously described and obtained according to the process previously described.
(802871 The material of this invention, may be used as a catalyst or component of
catalysts in transformation processes of organic compounds, or as adsorbent in
adsorption and separation processes of organic compounds.
[80288] For its use in the previously mentioned processes it is preferable that IT(Q-
55 15 1n 18 caleined form without organic matter i its mierior.
[B0289]  The ITQ-55 material used in these catalytic applications may be in its acidic
form and/or exchanged with appropriate cations, such as H' and/or an inorganic cation
of charge +u, selected among alkaline, alkaline-carth metals, lanthanides and
combinations thereof.
[99280]  The ITQ-35 material used in adsorption/separation processes may be n its
purely siliceous form, that is to say, not containing elements other than silicon and
oxygen i its cormposition.
(602981  The I'T()-55 material used in adsorption/separation processes may be in
sitica-germanta form, that is o 53y, not containing elements other than silicon,
germanium and oxygen in ifs composition.
(802921 The I'TQ-55 material 18 particularly appropriate for use as scleetive
adsorbent of CO; in the presence of hydrocarbons, preferably methane, ethane, ethylene
and combinations of the same, in streams that contain these gases, well as adsorbent in
powdered or pelletized forro or in membrane form.
(802931  According to one specific embeodiment, the {T(Q-55 material may be used for
the separation of CO; and methane.
[60294] According to one specific embodiment, the ITQ-55 material may be used for

the separation of CO; and cthane.
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(8028581  According to one specific embodiment, the ITQ-55 material may be used for
the separation of CO: and ethylene.
[80296]  According to another particular embodiment, the 1TQ-55 material is
particularly appropriate for the scparation in adsorption processes of hydrocarbons of 1
or 2 carbon atoms that contain these gases, as well as adsorbent in powdered or
pelletized form or in membrane form.
[80297]  According to one specific embodiment, the ITQ-55 material is used as a
selective adsorbent of ethylene in the presence of ethane.
[60298]  According to another specific embodiment, the I'T(Q-55 material is used as
selective adsorbent of ethylene in the presence of methane.
[002991  Throughout the description and the claims the word "includes™ and its
variants does not seek to exclude other technical characteristics, additives, components
or steps. For the experts in the matter, other objects, advantages and characteristic of
the mvention shall come partly trorm the description and parily trorn the practice of the
tnvention.

Separation Process and Method of Use Overview

[80380]  In this discussion, a fluid is defined as a gas or a liguid, mcluding mixtures
of both gas and liquid. In this discussion, ambient temperature generally refers to a
pressure of about 1 atmosphere {about 101 kPa) and a temperature of about 20°C.
(80361} In various aspects, processes are provided that implement a molecular sieve
corresponding to zeolite ITQ-35 as described berein for adsorption and/or separation of
components of fluid sirearms, such as gas sireams, Hquid streams, or streams
corresponding to a mixture of gas and hiquid. The zeolite ITQ-55 can be suitable for
separating a variety of small molecules and/or noble gases. At some temperatures, a
molccular sicve corresponding to zeolite ITQ-55 can be suitable for adsorbing a variety
of small molecales while reducing, minivsizing, or even substantially elivoinating
adsorption of methane and other compounds containing at least one methyl group. For
example, zeolite ITQ-55 can be suttable for performing separations to separate Hz, Ny,
or OO, from methane. A variety of other types of fluid separations can also be
performed depending on the composition of an input gas and the temperature and

pressure during the separation process.
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[603621  The pore structure of zeolite ITQ-55 includes 8-member ring channels. The
8-member ring channels include a minimum pore channel size in the pore network of
5.9 Angstroms x 2.1 Angstroms at ambient teroperature. This minsmum pore channel
size can limit the types of compounds that can eftectively enter and/or pass through the
pore network. However, the 8-member ring that provides the minimum size is also
believed to have flexibility, This flexibility can allow the 8-member ring to deform,
such as due to thermal fuctuations and/or due to fluctuations induced at ¢levated
pressures, which can lead to a potential temporary change in the size of the pore
channel. Without being bound by any particular theory, it is believed that the
flexibility of the 8-raember ring defining the size of the pore channel can aliow for
additional tuning of separations of various compounds based on termperature and/or
pressure.
[80383] Additionally or alternatcly, the particle size of ITQ-55 crystals used in an
adsorbent structure or membrane structure can have an irapact on the ability of the
adsorbent structure or membrane structure to perform a separation. As one example,
the particle size of the IT(Q-55 crystals can have an influence on the amount of “dead
space” that is present at the surface and/or within the interior of an adsorbent structure
or membrane structure. Mathematically, the packing density of a collection of hard
spheres of siratlar size 1s dependent on the radius of the spheres. For a collection of
hard spheres, the larger the average radius, the larger the size of the spaces or gaps
between the hard spheres. Without betng bound by any particular theory, it is believed
that for a collection of ITQ-55 crystals of similar size, the size of the voids or dead
spaces created after close packing of crystals can be related to the average particie size.
Having a smaller particle size can reduce such dead space, thus providing an increased
pore surface arca for secepting fluid components for separation.
1603641  Additionally or alternately, the corposition of I'TQ-35 crystals used v an
adsorbent structure or membrane structure can have an impact on the ability of the
adsorbent structure or the membrane structure to perform a separation. In some
aspects, ITQ-55 can be synthesized to have a framework structure composed of
primarily silicon and oxygen. In other aspects, a portion of the framework atoms in the
ITG-55 structure can be replaced with other elements. For example, a portion of the

gilicon in the framework structure can be replaced with atoms from g different group in
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the periodic table, such as AL P, or B. As another exaruple, a portion of the siticon in
the framework can be replaced with atoms from a different row of the periodic table,
such as Ge or P. Such composition variations can modity the size of the pores within
the crystal structure and/or modify the affinity of the {T(}-55 relative to one or more
potential components for adsorption. Such modifications of pore size and/or affimty
can potentially improve selectivity (such as kinstic selectivity} for one or more types of
separation.

[88365]  Zeolite ITQ-55 can be used to separate coruponents in a fluid stream (for
cxaniple, a gas stream) in various manners. In some aspects, zeolite ITGQ-55 can be
used to form a mewmbrave structure, so that separation of fluid components is performed
by forming a permeate and a retentate portion of a fluid on respective sides of the
mewbrane, Zeolite ITQ-55 can assist with such a mewbrave separation, for example,
by having varying sclectivitics for alfowing fluid components to pass through the
membrane.

[803661  In other aspects, zeolite 1T(Q-55 can be used to form an adsorbent structure
within a separation vessel, so that separation of fluid components can be performed by
adsorbing a portion of a fluid stream within the adsorbent structure while allowing a

cemainder of the fluid stream to exit from the separation vessel. The adsorbent
structure can be composed of the zeolite T35, or the zeolite ITQ-33 can forru a
coating as part of an adsorbent structure, so that molecules can pass through the pores
of ITQ-53 crystals in order to enter the underlying structore. The zeolite TTQ-SS can
assist with performing separations using such an adsorbent structure, for example, by
having varying selectivities for allowing fluid components to cnter the adsorbent
structyre.,

(803871  In still other aspects, zeokite IT(Q-55 can be used as part of a storage
stracture for fluids, such as a storage structare within a storage vessel. A storage
structure can in some aspects be similar to an adsorbent structure. However, the
storage structure can be used in a different manner, so that gases {or more generally
fluids) that enter the storage structure can be retained for an extended period of time.
The storage structure can be composed of the zeolite ITQ-35, or the zeolite ITQ-55 can
form a coating for a storage structure, so that molecules can pass through the pores of

IT(3-55 crystals in order to enter the storage structure, The zeolite ITQ-55 can assist
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with storage of fluid components using such a storage structure, for example, by haviug
varying selectivities for allowing fluid components to enter the storage structure. The
zeolite TTQ-55 can potentially also assist with storage of fluirds using such a storage
structure, for example, by having a rate of transfer through the pore network that is
greater at higher temperature and lower at reduced terperatures. The difference in rate
of transfer or movement within the pores of ITQ-35 can be enhanced by the flexible
nature of the 8-member ring that defines the mintmum pore size for ITQ-55.

Separation of Fluid Components

[60368]  When g fluid stream is exposed to g membrane structure, adsorbent
structure, storage structure, or other porous structure that includes zeolite ITQ-35 as
part of the surface of the structure, a selective separation of components within the fluid
stream may occur it oue or wore of the components in the flind strearo has a
sufficiently small kinctic diameter.

[80369]  Some tluid separations can be performed based on onc component of & fluid
having a sufficiently small kinetic diameter to enter the pores of zeolite [T(Q-55 while a
sccand component is too large to enter the pore network under the exposure conditions.
For exaraple, it has been determined that hydrocarbons having a terminal methyl group
{(including methane) and/or other hydrocarbons containing 3 or more carbon atoms
generally have kinetic disrseters that are too large to enter and/or pass through the pore
network of ITQ-53 at typical ambient conditions, such as about 20°C and about ¢.1
MPaa. This is in contrast to compounds with a sroaller kinetic diameter, such as H; or
Mo, which can enter and/or pass through the pore network. In this type of situation, a
separation can be performed with a high degree of selectivity, as the amount of
hydrocarbon entering an ITQ-55 layer can be substantiaily limited to hydrocarbons that
enter at g discontinuity 1 the ITQ-SS layer, such 8s a mesopore or macropore at a
crystal or grain boundary.

[68318]  Other types of scparations can be dependent on differences i uptake by
zeolite IT(Q-55 between two {or more) fluid components that have sufficiently small
kinetic diameters to enter and/or pass through the pore network of ITG-55. In thig
situation, separation of components 1n an input fluid stream can be performed based on

a kinetic separation or an equilibrium separation of the components. The nature of the
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separation can be dependent on, for exarple, the relative kinetic diameters of the
components and/or the relative affinities of the components for the FTQ-55.
(80311} Ouc cxarople of a process where the relationship between the kinetic
diameters and/or affinitics of molecules and the size of the pore network of a zeolite
can be relevant is 1 sclective adsorption of components from a fluid stream. In
equilibrium controlled adsorption processes, most of the selectivity is imparted by the
equilibrium adsorption propertics of the adsorbent, and the competitive adsorption
isotherm of a first fluid component in the micropores or free volume of the adsorbent is
not favored relative to a second component. In kinetically controlled processes, most of
the selectivity is imparted by the ditffusional properties of the adsorbent and the
ransport diffusion coefficient in the micropores and free volume of the competing
adsorbed components, In some kanetically controlled processes, a coraponent with a
higher diffusivity can be prefercatially adsorbed relative to a component with a lower
ditfusivity. Additionally or alternaicly, the relative affinity of competing adsorbed
components for ITQ-55 can be a factor, which may alter the selectivity for separation
of components relative to an cxpected selectivity based just on diffusivity. Also, in
kinetically controlled processes with microporous adsorbents, diffusional selectivity
can arise from diffusion differences in the micropores of the adsorbent and/or from
selective diffusional surface resistance in the crystals or particles that make-up the
adsorbent.
(803121 Unless otherwise noted, the term "adsorbent selectivity” as used herein is
based on binary {pairwise) comparison of the molar concentration of components in the
toed stream and the total nurber of moles of each of these components that are
adsorbed by the particular adsorbent during the adsorption step of a process cycie (such
as a swing adsorption process cycle) under the specific system operating conditions and
feedstream composition. For a feed containing component A, coroponent B, as well as
additional components, an adsorbent that has a greater "sclectivity” for component A
than coraponent B will have at the end of the adsorption step of a process cycle a ratio:
Us=(total moles of A in the adsorbent)/{molar concentration of A in the feed) that is
greater than the ratio: Ug=(total moles of B in the adsorbent)/{molar concentration of B
in the feed), where Uy is the "Adsorption Uptake of component A" and Uy is the

"Adsorption Uptake of component B”. Therefore for an adsorbent having g selectivity
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for component A over component B3 that is greater thau one: Selectivity= Us / Uy
{where U4 > Ug). Amongst a comparison of different components in the feed, the
component with the smallest ratio of the total moles picked up in the adsorbent to Us
molar concentration in the feed can be referred to as the “lightest” component in the
swing adsorption process, while the component with the largest ratio of the total moles
picked up in the adsorbent to its molar concentration in the feed can be referred to as
the “heaviest” component. This means that the molar concentration of the hightest
component in the stream coming out during the adsorption step s greater than the
molar concentration of that lightest component in the feed.
(603131 In some aspects, the selectivity of an adsorbent can additionally or
alternatively be characterized based on a "kinetic selectivity” for two or more fluid
components. As used herein, the term "kinetic selectivity” is defined as the ratio of
single component diffusion coefficionts, D {in m*/sec), for two different species. These
single coraponent diffusion cocfficients are also known as the transport diffusion
coefficients that are measured for a given adsorbent for a given pure gas component.
Thercfore, for example, the kinetic selectivity for a particular adsorbent for component
A with respect to component B would be equal to D,/Dg. The single component
diffusion cocfiicients for a material can be determined by tests well known in the
adsorptive materials art. The preferred way to measure the kinetic diffusion coefficient
is with a frequency response technigue described by Reyes et al. in "Frequency
Modulation Methods for Diffusion and Adsorption Measurements iv Porous Solids”, J.
Phys, Chem. B. 181, pages 614-622, 1997,
[90314]  In other aspects, the selectivity of an adsorbent can additionally or
altersatively be characterized based on an “equilibrium selectivity” for two or more
fluid componcnts. As used herein, the term "equilibrium selectivity” 1s defined in terms
of the slope of the single component uptake into the adsorbent (in umol/g) va. pressure
(in torr) in the linear portion, or "Henry's regime”, of the uptake isotherm for a given
adsorbent for a given pure component. The slope of this line is called herein the
Henry’s constant or "equilibriam uptake slope”, or "H". The "equilibrium selectivity” is
defined in terms of a binary (or patrwise) comparison of the Henrys constants of

different components in the feed for a particular adsorbent. Therefore, for example, the



CA 02947037 2016-10-26

WO 2015/196049 PCT/US2015/036647

3

Lo}

equilibrium selectivity for a particular adsorbeut for component A with respect to
component B would be Ha/Hsg.

[80315]  Auvother example of a process where the relationship between the kinetic
diameters of molecules {or atoms), affinitics of molecules (or atoms) for {T(Q-55, and
the stze of the pore network of a zeolite can be relevant i in selective separation of
components from a fluid stream using a membrane. Membrane separations can
primarily be performed based on the kinetic selectivity of a membrane. Unlike an
adsorbent, any fluid components passing through a membrane to form a permeate can
be removed periodically or continuously. For example, the permeate side of the
membrane can be exposed to a sweep stream. This can prevent a substantial
concentration of a component from accumulating on the permeate side of a membrane,
so that trausport of a fluid component of interest from the retentate side to the permeate
side 1s enhanced or maximized.

1803161 Unless otherwise noted, the torm "membranc sclectivity” as usced herein 18
based on binary (pairwise} comparison of the molar concentration of componeuts in the
feed stream and the total number of moles of these components that pass throngh the
membrane to form a permeate during a merabrane separation under the specific system
operating conditions and feedstream composition. For a feed containing component A,
compouent B, as well as additional compoueuts, a merabrane that has a greater
"selectivity” for component A than component B will have at various times during the
membrane separation and/or at the end of the wembrane separation a ratio: Xy=(molar
concentration of A in the permeate)/{molar concentration of A in the feed) that is
greater than the ratio; Xp={molar concentration of B in the permeste)/(molar
concentration of B in the feed). Therefore, for a membrane having a selectivity for
component A over component B that is greater than one, a selectivity can be detined as
Selectivity= X, / Xg {where Xa > Xg).

[68317)  Still another example of a process where the relationship between the
lanetic diavacters of molecules (or atoms), the affimitics of the molecules {or atoms) for
ITQ-55, and the size of the pore network of a zoolite can be relevant is in storage of a
fluid component. In a storage situation, if a fluid component for storage is exposed to a
storage {adsorbent} structure as part of a substantially pure stream of the fluid

component, the kinetic diameter of a comaponent and/or relative affinity of a component



CA 02947037 2016-10-26

WO 2015/196049 PCT/US2015/036647

36
for IT(-55 way be less important so long as the component can enter the pore network.
However, if the fluid component for storage is introduced as part of a multi-component
strearn, the ability to load the storage stracture can be dependent ou the sclechivity of
the storage structure {etther kinetic or equilibrium} for the desired component.

¥

Additionally, during a storage period, the ability to modify the storage conditions for
the storage structure can be beneficial in retaining a fluid component within the storage
structure, such as by reducing or minimizing the ability of the component to exat the
storage structure during the storage period.

[66318] Based on the minipum S-member ring size in the pore network of zeolite
IT(Q-55, fluid coraponents that can be adsorbed and/or separated using the zeolite at
ambicnt conditions {i.c., 20°C and .1 MPaa) can correspond to components with
relatively small kinetic diameters, such as kinetic diameters of about §.40 nm or less, or
about 8.38 nm or less. The following list of molecuics {and noble gas atoms) provides
a listing of componcnts that can be adsorbed and/or separated using zeolite 1TQ-55.
The following Hist is not intended to be exhaustive. The listing is roughly based on
previously determined values of kinetic diameters for the listed components. Tt is noted
that many of these previously determined values are based an assumption of a spherical
molecule. As a result, the order shown in the following list may not necessarily
correspond to the actual kinetic selectivity. For example, literatare values for the
kinetic diameter of Hy,O and H; are similar, with H,O sometimes having a smaller
kinetic diameter as shown in the Hst. However, in practice H, may be kinetically
favored for adsorption under some adsorption and/or separation conditions.

[80319]  The following moolecules and atorns are generally below methane in kinetic
diameter: He, HoO, Ha, Ne, N2 O, NO, HCL, Ch, COy, CiHg, Ar, NG, Os, Bry, HBr,
NH;, HpS, SOy, C8,, Ky, Ny, CO. In addition to this Hst, it is noted that cthylene and
formaldebyde, which have apparent kinetic diameters (under an assuroption of a
spherical molecule) larger than methane, can also be adsorbed and/or separated by
zeolite IT(Q-55. It is noted that ethylene and formaldehyde are effectively planar
molecules, and therefore the assumption of a spherical molecule s less appropriate.
Similarly, molecules like acetylene are less well represented by a spherical molecule
assumiption. Without being bound by any particular theory, it is believed that the

kinetic diaracter for methane 18 similar to 0.38 nm or 0.40 nm along any axis of
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methane, due to the roughly spherical shape of a methane molecule (based on the
tetrahedral symmetry). By contrast, the kinetic diameter of molecules such as
acetylene, cthylene, and formaldchyde 1s believed to vary depending on the orientation
of the molecule. Thus, even though the apparent kinetic diameters of ethylene and
formaldehyde (under the assumption of spherical raolecules) may be greater than
methane, a properly oriented ethylene or formaldehyde molecule can present a smaller
kinetic cross-section, which can allow these molecules to enter an 1TQ-55 pore
network.
[60320]  In some aspects, it can be desirable to use zeolite [TQ-55 for adsorption
and/or separation of components where the zeolite ITQ-35 can provide sufficient
selectivity between components. For example, use of {T(Q-55 can provide a selectivity
for a first fluid component over a second fluid cormponent, etther for adsorption or for
separation via membrane, of at least about 3, or at {east about 10, or at least about 20, or
at least about 30.
(80321} Exampies of separations that can be performed (either via adsorption or
membrane separation) include, but are not limited to:
(88322}  a) Separation of CO; and/or CO from hydrocarbons, alcohols, and/or other
organic compounds having three or more heavy (non-hydrogen) atoms, such as CO»
and/or CO from methane, ethane, ethylene, acetylene, natural gas, flue gas, natural gas
liquids, or a combination thereof. Due to the low or minimal adsorption of
hydrocarbous by IT(Q-55, this separation can be performed vnder any convenient
conditions, so long as the temperature is low enough to substantially minimize
adsorption of hydrocarbons.
(803231 b) Separation of CO, and/or CO from nitrogen. Optionally, this separation
can be performed at temperatures below (or substantially below) 0°C and at low to
moderate pressures to further improve the selectivity of the separation under either
kinctic scparation conditions or equilibrium separation conditions.
[88324] <) Scparation of ethylene, formaldehyde, and/or acetylene from organic
compounds having three or more heavy (non-hydrogen) atoms. Bue to the low or
minimal adsorption of larger hydrocarbons and/or organic compounds by ITQ-35, this

separation can be performed under any convenient conditions, so long as the
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temperature is low enough to substantially minimize adsorption of the larger
hydrocarbons and/or organic compounds.
[803258]  d) Separation of acctylene from cthylene, mocthane, and/or cthane.
[80326] ¢} Scparation of NO, and/or SO, from flue gas. Flue gas can contain a
variety of hydrocarbons. Duc to the low or minimal adsorption of hydrocarbons by
IT(3-55, this separation can be performed under any convenient conditions, so long as
the teraperature s low enough to substantially minimize adsorption of hydrocarbons.
(863277 ) Separation of NO; from SO,. This separation can optionally be
performed at ambient tomperature or greater as a kinetic separation or an equilibrium
separation, Alternatively, the separation can be performed at toemperatures less than
ambicnt.
[80328] @) Separation of HCE HBr, Cly, and/or Br, from other cormponents.
[80329] h) Scparation of N; from methane, natural gas, vatural gas liquids (T},
other hydrocarbons, and/or other organic compounds having three or more heavy atoms
(i.c., atoms other than hydrogen). Due to the low or minimal adsorption of
hydrocarbons by IT(-55, this scparation can be performed under any convenient
conditions, so long as the temperature s low enough to substantially minimize
adsorption of hydrocarbons. Additionally or alternately, the separation can be
perforroed at any convenient operating conditions based on kinetic selectivity. This can
be in contrast to conventional methods for separation of N, from hydrocarbons or
organic compounds, as conventional methods often fnvolve separation at cryogeuic
conditions. It is noted that for natural gas, separation of W,, H,8, and/or CO; from
natural gas can be performed prior to hquefying the natural gas, after Hguefying the
natural gas, or a combination thereof.
(803301 1) Scparation of O, from N, or air. This separation can optionally be
performed at ambient fomperatare or greater as a kinetlic separation or an equilibrium
separation, or optionally at temperatures below ambient. In some aspects, the separation
conditions can be in contrast to conventional methods for separation of O, from Ny or
air, as conventional methods often involve separation at cryogenic conditions.
(80331} ) Syngas scparations. One exarple is a separation of methane from other
syngas components, such as CO, CO,, and Hy, which can be facilitated by the reduced

ot nuniraized adsorption of methane by ITQ-33. Another example is separation of Hy
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frora other syngas components, which can optionally be performed as a kinetic
scparation due to the small kinctic diameter of H,. Optionally, water can be separated
from syngas {such as by reducing the temperature to scparate water as a liquid) fo
improve the selectivity for forming an H; product streani.
(983321 k) Separation of CO from methane and/or other compounds. Duc to the
fow or minimal adsorption of hydrocarbons by 1TQ-35, separation from typical
hydrocarbouns and/or organic compounds can be performued under any convenient
conditions, so long as the temperature is low enough to substantially minimize
adsorption of hydrocarbons.
[603331 D) Separation of H; from water, hydrocarbons, Ny, CO,, NH;, CO, other gas
components, or a combination thereof,
1603341  m) Separation of He frove water, hydrocarbous, natural gas, N;, CG,, CO,
other gas components, or a8 combination thereof.
[B0335]  n) Scparation of Ne, Ar, and/or Kr from air and/or other gas components.
[88336] o) Separation of NHz from components with a larger kinetic diameter and/or
lower affinity for ITQ-55.
(88337}  p) Separation of CO; from methane and other higher molecular weight
hydrocarbons in a natural gas feedstream.
[B0338] ) Separation of HaO from miethane and other higher molecular weight
hydrocarbons in a natural pas feedstream.
(803391  v) Separation of N, from methane and other higher molecular weight
hydrocarbons in a natural gas feedstrean.
[80340]  s) Separation of H;O, Ny, or a combination thereof from methane and other
higher molecular weight hydrocarbons in a natural gas feedstream.
(80341 t) Scparation of H,S from mcthane and other higher molecular weight
hyvdrocarbons in a nataral gas feedstrearn.
(68342}  u) Separation of C8; and/or COS from components with a larger kinctic
diameter.
(803431  v) Separation of methanol and/or dimethy! ether from higher molecular
weight hydrocarbons and organic compounds.
{60344} w) Separation of methanol and/or dimethyl ether from methane, cthane,

cthylene, acetylene, and/or formaldehyde.
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[80345]  x) Separation of methane or ethane fror higher molecular weight
hydrocarbons and organic compounds.
[80346] v) Scparation of HoS and/or H2O from methane and/or other higher
molecular weight hydrocarbons and/or other organic compounds having three or more
heavy (non-hydrogen) atoms.

Adsorbent Separations {(Including Swing Processing)

{68347}  Gas separation {or other fluid separation) 18 important in various industries
and can typically be accomplished by flowing a mixture of gases over an adsorbent that
preferentially adsorbs a more readily adsorbed component relative to a less readily
adsorbed component of the mixture. Swing adsorption is an example of a
commercially valuable separation technique, such as pressure swing adsorption (PSA)
or temperature swing adsorption {TSA). PSA processes rely on the fact that under
pressure fluids tend to be adsorbed within the pore structure of a microporous adsorbent
material or within the free volume of a polymenc material. The higher the pressure, the
more fluid is adsorbed. When the pressure is reduced, the fluid is released, or desorbed.
PSA processcs can be used to separate fluids 1n a mixture because different fluids tend
to fill the micropore or free volume of the adsorbent to different extents. It a gas
mixture, such as natural gas, for example, is passed under pressure through a vessel
contaiming polymeric or microporous adsorbent that fills with more nitrogen thaw it
does methane, part or all of the nitrogen will stay in the adsorbent bed, and the gas
comiog out of the vessel will be enriched tn methane. When the adsorbent bed reaches
the end of its capacity to adsorb nitrogen, it can be regenerated by reducing the
pressure, thereby releasing the adsorbed nitrogen. It 1s then ready for another cycle.
[B0348]  Another important fluid separation technique is temperature swing
adsorption {TSA). TSA processes also rely on the fact that under pressure fluids tend to
be adsorbed within the pore stracture of a microporous adsorbent material or within the
free volume of a polymeric material. When the temperature of the adsorbent is
increased, the fluid s released, or desorbed. By cyclically swinging the temperature of
adsorbent beds, TSA processes can be used to separate fluids in a mixture when used
with an adsorbent that selectively picks up one or more of the components in the fluid

mixture.
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(803491  In addition to swings of pressure and/or temperature fu order to forra the
adsorbed product stream, formation of an adsorbed product stream can be facilitated by
exposing the adsorbent to a displacement flnd strearn,  After performing a scparation
by selectively adsorbing a component from an input stream, the selectively adsorbed
component can be desorbed at least i part by displacing the selectively adsorbed
component with another fluid component that has a greater affinity for adsorption. This
additional fluid component can be referred to as 2 displacement fluid component.
Optionally, the displacement fluid component can be readily separated from the
selectively adsorbed component, such as by condensation and/or phase separation.
(803501  Adsorbents for PSA systems are usually very porous materials chosen
because of their large surface arca. Typical adsorbents are activated carbons, silica gels,
aluminas and zeolites. In some cases a polyweric material can be used as the adsorbent
naterial, Though the fhuid adsorbed on the interior surfaces of microporous materials
may consist of a layer only onc, or at most a fow molecules thick, surface arcas of
several hundred square meters per gram enable the adsorption of a significant portion
of the adsorbent's weight in gas. The melecular specics that sclectively fill the
micropores or open volume of the adsorbent are typically referred to as the "heavy”
components and the molecular specics that do not selectively {ill the micropores or
open volume of the adsorbent are usually referred to as the "light” componens.
(80331} Various types swing adsorption can be used in the practice of the present
fvention. Non-limiting examples of such swing adsorption processes include thermal
swing adsorption {TSA) and various types of pressure swing adsorption processes
including conventional pressure swing adsorption (PSA), and partial pressure swing or
displacement purge adsorption (PPSA) technologies. These swing adsorption processes
can be conducted with rapid cycles, in which case they are referred to as rapid cycle
thermal swing adsorption (RUTSA), rapid cycle pressure swing adsorption (RCPSA),
and rapid cycle partial pressure swing or displacement purge adsorption (RCPPSA}
technologies. The term swing adsorption processes shall be taken to include all of these
processes {Le. TSA, PSA, PPSA, RCTSA, RCPSA, and RCPPSA) including
commbinations of these processes. Such processes require efficient contact of 4 gas

mixture with a solid adsorbent material.
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(603521  Although any suitable adsorbent contactor can be used in the practice of the
present invention, including conventional adsorbent contactors, in sone aspects
structured parallet chanuel contactors can be utilized. The structure of paralicl channel
contactors, including fixed surfaces on which the adsorbent or other active material s
held, can provide significant benefits over previous conventional gas scparation
methods, such as vessels containing adsorbent beads or extruded adsorbent particles.
With parallel channel contactors, total recovery of the light component (i.e., the
component that is not preferentially adsorbed) achieved in a swing adsorption process
can be greater than about 80 vol %, or greater than about 83 vol %, or greater than
about 9G vol %, or greater than about 93 vol % of the content of the light component
infroduced into the process. Recovery of the light component is defined as the time
averaged molar flow rate of the light component tn the product strear divided by the
time averaged molar flow rate of the light component in the feedstream. Similarly,
recovery of the heavy component (1.c., the coraponent that is preferentially adsorbed) 15
defined as the time averaged molar flow rate of the heavy component in the product
streamn divided by the time averaged molar flow rate of the heavy component in the
feedstream.

{80353} The channels, alse sometimes referred to as "flow channels”, “fluid flow
channels”, or "gas flow channels”, are paths in the contactor that allow gas or other
fluids to flow through. Generally, flow channels provide for relatively low fluid
resistance coupled with relatively high surface arca. Flow chanuel fength should be
sufficient to provide the mass transfer zone which is at least, a function of the fluid
velocity, and the surface area to channel volurae ratio. The channels are preferably
configured to minimize pressure drop in the chanuels. In many embodiments, a fluid
flow fraction cntering a channel at the first end of the contactor does not comumunicate
with any other fluid fraction entering another channel at the first end untit the fractions
ccombine after exiting at the sccond end. {t is important that there be channel
uniformity to ensure that substantialiy all of the channels are being fully utilized, and
that the mass transfer zone is substantially cqually contained. Both productivity and
gas/fluid purity will suffer if there is excessive chamnel inconsistency. If one flow
channel is larger than an adjacent flow channel, premature product break through may

occur, which leads to g reduction in the purity of the product gas to unacceptable purity
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levels. Moreover, devices operating at cycle frequencies greater than about 50 cycles
per minute (cpm) require greater flow channel uniformity and less pressure drop than
those operating at lower cycles per minute. Further, if too much pressure drop occurs
across the bed, then higher cycle frequencies, such as on the order of greater than 100
cpm, are not readily achieved.
[00354] The dimensions and geometric shapes of the parallel channel contactors can
be any dimension or geometric shape that is suitable for use in swing adsorption
process equipment. Non-limiting examples of geometric shapes include various shaped
monoliths having a plurality of substantially parallel channels extending from one end
of the monolith to the other; a plurality of tubular members; stacked layers of adsorbent
sheets with and without spacers between each sheet; multi-layered spiral rolls, bundles
of hollow fibers, as well as bundles of substantially parallel solid fibers. The adsorbent
can be coated onto these geometric shapes or the shapes can, in many instances, be
formed directly from the adsorbent material plus suitable binder. An example of a
geometric shape formed directly from the adsorbent/binder would be the extrusion of a
zeolite/polymer composite into a monolith. Another example of a geometric shape
formed directly from the adsorbent would be extruded or spun hollow fibers made from
a zeolite/polymer composite. An example of a geometric shape that is coated with the
adsorbent would be a thin flat steel sheet that is coated with a microporous, low
mesopore, adsorbent film, such as a zeolite film. The directly formed or coated
adsorbent layer can be itself structured into multiple layers or the same or different
adsorbent materials. Multi-layered adsorbent sheet structures are taught in United
States Patent Application Publication No. 2006/0169142.
[00355] The dimensions of the flow channels can be computed from considerations
of pressure drop along the flow channel. It is preferred that the flow channels have a
channel gap from about 5 to about 1,000 microns, preferably from about 50 to about
250 microns. In some RCPSA applications, the flow channels are formed when
adsorbent sheets are laminated together. Typically, adsorbent laminates for RCPSA
applications have flow channel lengths from about 0.5 centimeter to about 10 meter,
more typically from about 10 cm to about 1 meter and a channel gap of about 50 to

about 250 microns. The channels may contain a spacer or mesh that acts as a spacer.
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For laminated adsorbents, spacers can be used which are structures ot material, that
define a separation between adsorbent laminates. Non-limiting examples of the type of
spacers that can be used 1o the present invention are those coraprised of dumensionally
accurate: plastic, metal, glass, or carbon mesh; plastic film or metal foil; plastic, metal,
glass, ceramic, or carbon fibers and threads; ceramic pillars; plastic, glass, corarmie, or
metal spheres, or disks; or combinations thereof. Adsorbent laminates have been used
i devices operating at PSA cycle frequencies up to at least about 150 cpm. The flow
channel length may be correlated with cycle speed. At lower cycle speeds, such as from
about 20 to about 40 cpm, the flow channel length can be as long as or longer than one
meter, even up to about 10 weters, For cycle speeds greater than about 40 opm, the
flow channel length typically is decreased, and may vary from about 10 cm to about |
meter. Longer flow channel lengths can be used for slower cycle PSA processes. Rapid
cycle TSA processes tend to be slower than rapid cycle PSA processes and as such
longer flow channel lengths can also be used with TSA processcs.
{03861  In various aspects, an adsorbent contactor can contain a very low volume
fraction of open mesopores and macropores. For example, an adsorbent contactor, such
as a structured bed adsorbent contactor, can contain fess than about 28 vol %, or less
than about 15 vol %, or less than about 10 vol %, or less than about 5 vol % of their
pore volume in open pores 1o the mesopore and roacropore size range. Mesopores are
defined by the TUPAC (and defined herein) to be pores with sizes in the 20 to 500
angstrom size range. Macropores are defined herein to be pores with sizes greater than
about 500 Angstroms and less than about 1 micron. 1t is noted that flow channels
within & contactor for allowing an input gas (or fluid) stream o be exposed to the
contactor can typically be larger than about 1 micron in size, and therefore are not
considered to be part of the macropore volume. Open pores are defined mesopores and
macropores that are not occupied by a blocking agent and that are capable of being
occupied, essentially non-selectively, by components of a pas mixture. Different test
methods as described below can be used to measure the volume fraction of apen pores
i a contactor depending on the structure of the contactor.
{80357} The preferred test for determining the volume fraction of open mesopores
and macropores of the contactor is defined as follows and involving an analysis of the

isotherm of a condensable vapor adsorbed by the contactor. A hiquid which has a vapor
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pressure greater than about 0.1 torr at the temperature of the test is a material that can
be used to produce a condensable vapor. At about 20°C, water, hexane,
trimethlybenzene, toluene, xyvienes, and isooctane have sufficiently ngh vapor
pressures that they can be used as condensable vapors. In the adsorption branch of the
wsotherm, capillary condensation fills empty micropore, mesopore, and much of the
empty macropore volume with liquid. Buring desorption, micropores, mesopores, and
macropores pores {illed with liquid are cmiptied. ¥t 18 well known that there is a
hysteresis between the adsorption and desorption branches of the isotherm. Detailed
analysis of the adsorption isotherm relies in part on the Kelvin equation which is well
known to those skilled i the art. The detailed analysis provides a measurement of the
volume fraction of the mesopores and macropores in the structured adsorbent and to
some extent the size distribution of open mesopores and macropores.

1603581  Although the open pore volume for the contactor is determined by the test
procedure described above, scanning clectron microscopy may be used to further
confirm the relative volume of mesopores and macropores in the sample. When
scanning clectron microscopy s used the surface as well as a ¢ross section of the
contactor should be imaged.

[68359]  Open mesopore and macropore volume includes the volume fraction of all
mesopores and macropores that ave not filled with an optional blocking agent, and that
are non-sclective and thus are capable of being occupied essentially by all components
of the gas mixture. Non-livatting examples of blocking agents that can be used in the
practice of the present invention inchude polymers, microporous materials, solid
hydrocarbons, and Hquids that can fill the open mesoporous and macroporous spaces
but stilf allow molecules to transport into the micropores in the selective adsorbent.
When the blocking agent is a polymer or liguid, 1t s preferred that the molecular size of
the blocking agent be large enough so that is does not significantly invade micropores
of the adsorbent, but not so farge that it does not fill the mesopores and macropores.
When solid blocking agents are used the particle size of the solid is greater than any
selective micropores it the adsorbent but smaller than the meso and macropores. As
such the blocking agent can fit into the meso and macropores without significantly

occluding or filling micropores which may be present in the adsorbent.



CA 02947037 2016-10-26

WO 2015/196049 PCT/US2015/036647

46
(803601  The blocking agent fills the open meso and macropores of the adsorbent to
an ¢xtent that the volume fraction of the open meso and macropores of the adsorbent
meets the aforementioned requireracuts. Noo-limiting exaroples of polymers that can be
used as blocking agents include polyimudes, polysulfones, and silicone rubbers. Noa-
bimiting examples of liquids that can be used as blocking agents include amines,
aromatics such as 1,3,5 trimethylbenzene and branched saturated hydrocarbons such a
heptamethylnonane as well as liquid hydrocarbons having carbon numbers in the about
5 to about 60 range. When a Hguid blocking agent is used it is advantageous {0 saturate,
or nearly saturate, the feed gas with the liquid blocking agent. Non-limiting examples
of solid blocking agents include hydrocarbons such as waxes and those having carbon
numbers in the 10-1000 range. Non-limiting examples of microporous materials that
can be used 1o the practice of the present invention include microporous carbons and
zeolites having pore sizes larger than those of the selective structured adsorbent of this
mvention, An cxample of an adsorbent formulated with a blocking agent 1s a silica or
alumina bound zeolite layer having about 30% mesoporous and macroporous volume in
the interstices between the zeolite particles that 1s filled in with a liguid so that
substantially all voids are filled with liguid (1.e., the total resulting macro and
mesoporosity in the layer is less than about 209%). In some cases, the blocking agent
formes a continuous network and the adsorbent 1s a coraposite stracture with the
mricroporous material embedded within the blocking agent. A non-limiting example of
such a structure is a zeolite/polymer coraposite where the polymer is continuous and
the composite has less than about 20 vol % in open mesepores and macropores.
[80361] It is also possible to formulate the adsorbent using a mesoporous material
that fills the macropores to reduce the overall void, or open, volume. An example of
such a structure would be an adsorbent having about 30 vol % of macropores that are
filled in with a mesoporous sol gel so that the resulting vaesopore and macropore
volume is less than about 20 vol %.
[88362]  An example of a process where an adsorbent structure comprising ITQ-55
can be used is a swing adsorption process. A swing adsorption process can inchude an
adsorption step followed by a desorption step to recover the adsorbed component.
Puring the adsorption step, “heavy” components are selectively adsorbed and the

weakly adsorbed (i.c., “light”y componcents pass through the bed to form the product
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gas. It is possible to remove tweo or more contaminants simultaneously but for
convenience, the component or components, that are to be removed by selective
adsorption will be referred to n the singular and referred to as a contarmnant or heavy
component. In a swing adsorption process, the gascous mixture is passed over a first
adsorption bed 1n a first vessel and a light component enriched product stream emerges
from the bed depleted in the contaminant, or heavy component, which remains sorbed
i the bed. After a predetermined time or, alternatively when a break-through of the
contaminant or heavy component is observed, the flow of the gaseous mixture is
switched to a second adsorption bed in a second vessel for the purification to continue.
While the second bed is in adsorption service, the sorbed contarnivant, ot heavy
component is removed from the first adsorption bed by a reduction in pressure. In some
erabodiments, the reduction in pressure is accompanied by a reverse flow of gas to
assist in desorbing the heavy component. As the pressure in the vessels is reduced, the
heavy component proviously adsorbed in the bed 18 progressively desorbed to a heavy
component enriched product stream. When desorption is complete, the sorbent bed may
be purged with an inert gas stream, e.g., nitrogen or a purtfied stream of process gas.
Purging may also be facilitated by the vse of a purge stream that is higher in
temperature than the process feedstream.
[80363]  Afier breakthrough in the second bed and after the first bed bas been
regenerated so that it is again ready for adsorption service, the flow of the gaseous
mixture is switched back to the first bed, and the second bed 1s regenerated. The total
cycle time is the length of time from when the gaseous mixture is first conducted to the
first bed in g first cyele to the time when the gascous mixture is first conducted to the
first bed in the immediately succeeding cycle, i.¢., after a single regeneration of the first
bed. The use of third, fourth, fifth, cte. vesscls in addition to the sceond vessel can
serve to increase cycle time when adsorption time is short but desorption time is long.
[68364]  In some aspects, an RCPSA process can be used for separation. The total
cycle times of RCPSA may be less than about 30 seconds, preferably less than about 15
seconds, more preferably less than about 10 seconds, even more preferably less than
about 3 seconds, and cven more preferably less than about | sccond. Further, the rapid

cycle pressure swing adsorption units can make use of substantially different sorbents,
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such as, but not Hmited to, structured raterials such as monoliths, laminates, and
hollow fibers.
[80365]  Au adsorbent contactor may optionally contain a thermal mass (heat
transfer) material to help control heating and cooling of the adsorbent of the contactor
during both the adsorption step and desorption step of a pressure swing adsorption
process. Heating during adsorption is caused by the heat of adsorption of molecules
entering the adsorbent. The optional thermal mass material also helps control cooling of
the contactor during the desorption step. The thermal mass can be incorporated into the
flow channels of the contactor, incorporated into the adsorbent itself, or incorporated as
part of the wall of the flow channels, When it is incorporated into the adsorbent, it can
be a solid material distributed throughout the adsorbent layer or it can be included as a
layer within the adsorbent. When it is incorporated as part of the wall of the flow
channel, the adsorbent ts deposited or formed onto the wall, Any suitable material can
be uscd as the thermal mass raaterial in the practice of the present invention. Non-
imiting examples of such materials include metals, ceramics, and polymers. Non-
hmiting examples of preferred metals mnclude steel alloys, copper, and aluminum. Non-
limiting examples of preferred ceramics include silica, alumina, and zirconia. An
cxample of a preferred polymer that can be used in the practice of the present invention
is polyimide. Depending upon the degree to which the temperature rise is to be limited
during the adsorption step, the amount of thermal mass material used can range from
about § to about 25 times the mass of the microporous adsorbent of the contactor. A
preferred range for the amount of thermal mass in the contactor is from about 0 to 5
times the mass of the microporous adsorbent of the contactor. A more preferred range
for the amount of thermal mass material will be from about 0 to 2 times the mass of the
microporous adsorbent material, most preferably from about 0 to 1§ times the mass of
the microporous material of the contactor.
[68366]  The overall adsorption rate of the swing adsorption processes is
characterized by the mass transfer rate from the flow channel into the adsorbent. It is
desirable to have the mass transfer rate of the species being removed (i, the heavy
component) high enough so that most of the volume of the adsorbent is utilized in the
process. Since the adsorbent selectively removes the heavy component from the gas

stream, inefficient use of the adsorbent layer can lower recovery of the light component
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and/or decrease the purity of the light product stream. With use of the adsorbent
contactors described herein, it is possible to formulate an adsorbent with a low volume
fraction of meso and macroporous such that most of the volume of the adsorbent, which
will be in the microporous range, is efficiently used in the adsorption and desorption of
the heavy component. One way of doing this is to have an adsorbent of substantially
uniform thickness where the thickness of the adsorbent layer is set by the mass transfer
coefficients of the heavy component and the time of the adsorption and desorption steps
of the process. The thickness uniformity can be assessed from measurements of the
thickness of the adsorbent or from the way in which it is fabricated. It is preferred that
the uniformity of the adsorbent be such that the standard deviation of its thickness is
less than about 25% of the average thickness. More preferably, the standard deviation
of the thickness of the adsorbent is less than about 15% of the average thickness. It is
even more preferred that the standard deviation of the adsorbent thickness be less than
about 5% of the average thickness.
[00367] Calculation of these mass transfer rate constants is well known to those
having ordinary skill in the art and may also be derived by those having ordinary skill
in the art from standard testing data. D. M. Ruthven & C. Thaeron, Performance of a
Parallel Passage Absorbent Contactor, Separation and Purification Technology 12
(1997) 43-60, clarifies many aspects of how the mass transfer is affected by the
thickness of the adsorbent, channel gap and the cycle time of the process. Also, U.S.
Pat. No. 6,607,584 to Moreau et al., describes the details for calculating these transfer
rates and associated coefficients for a given adsorbent and the test standard
compositions used for conventional PSA.
[00368] FIG. 6 hereof is a representation of a parallel channel contactor in the form
of a monolith formed directly from a microporous adsorbent plus binder and containing
a plurality of parallel flow channels. A wide variety of monolith shapes can be formed
directly by extrusion processes. An example of a cylindrical monolith 1 is shown
schematically in FIG. 6 hereof. The cylindrical monolith 1 contains a plurality of
parallel flow channels 3. These flow channels 3 can have channel gaps from about 5 to
about 1,000 microns, preferably from about 50 to about 250 microns, as long as all

channels of a given contactor have substantially the same size channel gap. The
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channels can be formed having a variety of shapes including, but not limited to, round,
square, triangular, and hexagonal. The space between the channels is occupied by the
adsorbeut 5. As shown the channels 3 occupy about 25% of the velume of the monolith
and the adsorbent 5 occupies about 75% of the volume of the monolith. The adsorbent
5 can occupy from about 50% to about 9895 of the volume of the monolith. The
effective thickness of the adsorbent can be defined from the volume fractions occupied
by the adsorbent § and channel structure as:
Effective Thickness of Adsorbent =

¥, Channel Diameter * (Volume Fraction of Adsorbent) / (Volume Fraction of
Channeis)
{063691  For the monolith of FIG. 6 hereof the effective thickness of the adsorbent
will be about 1.5 times the diameter of the feed channel. When the chaunel diameter is
in a range fron about 50 to about 250 microns it 18 preferred that the thickoess of the
adsorbent layer, m the case wherein the entire contactor 1s not coraprised of the
adsorbent, be in a range from about 25 to about 2,500 microns. For a 50 micron
diamcter channel, the preferred range of thickness for the adsorbent layer ts from about
25 to about 300 microns, more preferred range from about 50 to about 250 microns.
FIG. 7 is a cross-sectional view along the longitudinal axis showing feed channels 3
extending through the length of the monolith with the walls of the flow chanunels
formed entirely from adsorbent 5 plus binder. A schematic diagram enlarging a small
cross section of the feed chaunels 3 and adsorbent layer § of FIG. 7 i3 shown in FIG. &
hereof. The adsorbent layer is comprised of a microporous adsorbent, or polymerig,
particles 7; solid particles (thermal muass) 9; that act as heat sinks, a blocking agent 13
and open mesopores and micropores 11, As shown, the microporous adsorbent or
polymeric particles 7 occupy about 60% of the volume of the adsorbent layer and the
particles of thermal mass 9 occupy about 5% of the volume. With this composition, the
voidage {flow channels) is about 55% of the volume accupied by the microporous
adsorbent or polymeric particles. The volurae of the microporous adsorbent 5 or
polvmeric particles 7 can range from about 25% of the volume of the adsorbent layer to
about 98% of the volume of the adsorbent layer. In practice, the volume fraction of
solid particles 9 used to control heat will range from about 8% to about 75%, preferably

about 5% to gbout 75%, and more preferably frorn about 10% to about 60% of the
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volume of the adsorbent layer. A blocking agent 13 filis the desired amount of space or
voids left between particles so that the volume fraction of open mesopores and
macropores 11 the adsorbent layer § 18 loss than about 209.

[80378] When the monolith 18 used in a gas separation process that relicson a
kinctic scparation {predominantly diffusion controlied) it 1s advantageous for the
microporous adsorbent or polymeric particles 7 to be substantially the same size. It is
preforred that the standard deviation of the volume of the individual microporous
adsorbent or polymeric particles 7 be less than 100% of the average particle volume for
kinetically controlled processes. In a more preferred embodiment the standard deviation
of the volume of the rndividual wicroporous adsorbent or polymeric particles 7 1s less
than 30% of the average particle volumne. The particle size distribution for zeolite
adsorbeuts can be controlied by the method used to synthesize the particles. It is also
possible to separate pre-synthesized microporous adsorbent particles by size using
methods such as a gravitational settling column. It may alse be advantageous to use
uniformly sized microporous adsorbent or polymeric particles in equilibrium controlled
scparations.

(88371} There are several ways that monoliths can be formed directly froma
structured microporeus adsorbent. For example, when the microporous adsorbent is a
zeolite, the mouolith can be prepared by extruding an aqueous raixture containing
cffective amounts of a solid binder, zeolite and adsorbent, sclid heat control particles,
and polyraer. The solid binder can be colloidal sized silica or aluroina that 18 used to
bind the zeolite and solid heat control particles together. The effective amount of solid
binder will typically range from about 0.5 to about 50% of the volume of the zeolite
and solid heat control particles used in the mixture. If desived, silica binder materials
can be converted in a post proccssing step to zeolites using hydrothermal synthesis
techniques and, as such, they are not always present in a finished monolith. A polyraer
is optienally added to the mixture for rheology control and to pive green extrudate
strength. The extruded monolith is cured by firing it in a kiln where the water
evaporates and the polymer burns away, thereby resulting in a monolith of desired
commposition. After curing the monolith, the adsorbent layer 5 will have about 20 to

about 40 vol. % mesopores and macropores. A predetermined amount of these pores
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can be filled with a blocking agent 13, as previously discussed, 10 a8 subsequent siep
such as by vacuum impregnation.

(80372} Avother method by which a monolith can be formed directly from a
microporous adsorbent is by extruding a polymer and microporous adsorbent mixture.
Preferred microporous adsorbents for use i extrusion process are carbon molecular
sieves and zeolites. Non-limiting examples of polymers suitable for the extrusion
process include epoxies, thermoplastics, and curable polyraers such as silicone rubbers
that can be extruded without an added solvent. When these polymers are used in the
cxtrusion process, the resulting product will preferably have a low volume fraction of
mesopores and macropores in the adsorbent laver.

(8003731 FIG. 9 hercof is a representation of a parallel channel contactor 101 in the
form of a coated roonolith where an adsorbent layer is coated onto the walls of the flow
channeis of a preformed monolith. For the paralici channel contactors of FIG. 9, an
cxitrusion process 18 used to form a monolith from a suitable non-adsorbent sohd
material, preferably a metal such as steel, a ceramic such as cordierite, or a carbon
material, By the term "non-adsorbent solid material” we mean a sohid material that is
not to be used as the selective adsorbent for the parallel channel contactor. An effective
amount and thickness of 2 ceramic or metaliic glaze, or sol gel coating, 119 1
preferably applied to effectively seal the channel walls of the wouvolith. Such glazes can
be applied by slurry coating the channel walls, by any suitable conventional means,
followed by firtng the monolith in a kiln.

[80374]  Aunother approach is to apply a sol gel to the channel walls followed by
firing under conditions that densify the coating. It is alse possible to use vacuum and
pressure impregnation techniques to apply the glaze or sol gel to the channel walls. In
such a case, the glaze or sol gel will penetrate mto the pore structure of the monolith
117, In ali cases, the glaze scals the wall of the channel such that gas flowing through
the channel is not readily transmitted nto the body of the monolith. An adsorbent layer
185 is then uniformly apphied onto the sealed walls of the channels. The adsorbent layer
105 reduces the opening, or bore, of the channels, thus the flow channel 103 used in
swing adsorption processes is the open channel left inside of the coating. These flow
chaunneis 103 can have chaunel gaps as previously defined. The adsorbent fayer 105 can

be applicd as a coating, or layer, on the walls of the flow channels by any suitable
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method. Non-limiting examples of such methods include fluid phase coating
techniques, such as slurry coating and slip coating. The coating solutions can include at
least the microporous adsorbent or polymeric particles, a viscosifying agent such as
polyvinyl alcohol, heat transfer (thermal mass) solids, and optionally a binder. The heat
transfer solid may not be needed because the body of the monolith 101 can act to as its
own heat transfer solid by storing and releasing heat in the different steps of the
separation process cycle. In such a case, the heat diffuses through the adsorbent layer
105 and into the body of the monolith 101. If a viscosifying agent, such as polyvinyl
alcohol, is used it is usually burns away when the coating is cured in a kiln. It can be
advantageous to employ a binder such as colloidal silica or alumina to increase the
mechanical strength of the fired coating. Mesopores or macropores will typically
occupy from about 20 to about 40% of the volume of the cured coating. An effective
amount of blocking agent is applied to complete the adsorbent layer for use. By
effective amount of blocking agent we mean that amount needed to occupy enough of
the mesopores and macropores such that the resulting coating contains less than about
20% of its pore volume in open mesopores and macropores.
[00375] If a hydrothermal film formation method is employed, the coating
techniques used can be very similar to the way in which zeolite membranes are
prepared. An example of a method for growing a zeolite layer is taught in U.S. Pat. No.
7,049,259, Zeolite layers grown by hydrothermal synthesis on supports often have
cracks and grain boundaries that are mesopore and macropore in size. The volume of
these pores is often less than about 10 volume % of the film thickness and there is often
a characteristic distance, or gap, between cracks. Thus, as-grown films can often be
used directly as an adsorbent layer without the need for a blocking agent.
[00376] FIG. 10 hereof is a representation of a parallel channel contactor of the
present invention in which the parallel channels are formed from laminated sheets
containing adsorbent material. Laminates, laminates of sheets, or laminates of
corrugated sheets can be used in PSA RCPSA, PPSA or RCPPSA processes. Laminates
of sheets are known in the art and are disclosed in U.S. patent applications
US20060169142 Al and U.S. Pat. No. 7,094,275 B2. When the adsorbent is coated

onto a geometr ic structure or components ofa
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geometric structure that are faminated together, the adsorbent can be applied using any
suitable liquid phase coating techniques. Non-Hmiting examples of liquid phase coating
technques that can be used in the practice of the present wnvention include shurry
coating, dip coating, slip coating, spin coating, hydrothermal film formation and
hydrothermal growth. When the geometric structure is formed from a laminate, the
faminate can be formed from any material to which the adsorbent of the present
mnvention can be coated. The coating can be done before or after the material is
laminated. In all these cases the adsorbent is coated onto a material that is used for the
geometric shape of the contactor. Non-limiting examples of such materials include
glass fibers, milled glass fiber, glass fiber cloth, fiber glass, fiber glass scrim, ceramic
fiters, metallic woven wire mesh, expanded metal, embossed metal, surface-treated
materials, including surface-treated metals, metal foil, wetal mesh, carbon-fiber,
cellulosic materials, polymeric materials, hollow fibers, metal foils, heat exchange
surfaces, and combinations of these materials. Coated supports typically have two
major opposing surfaces, and one or both of these surfaces can be coated with the
adsorbent material. When the coated support 18 comprised of hollow fibers, the coating
extends around the cireamference of the fiber. Further support sheets may be
individual, presized sheets, or they may be made of a continuous sheet of material. The
thickness of the subsirate, plus applied adsorbent or other materials (such as desiccant,
catalyst, etc.}, typically ranges from about 10 micrometers to about 2000 micrometers,
more typically from about 150 micrometers to about 300 micrometers.

(80377} FIG. 10 hercof tllustrates an exploded view of an embodiment of the present
invention wherein a microporous adsorbent film 505 1s on each of both faces of flat
metal foils 509, which is preferably fabricated from a corrosion resistant metal such as
stainlcss steel. The separate ractal foils S09 with the adsorbent films 505 arc fabricated
to forrn a parallel channel contactor 501, Spacers of appropriate size may be placed
between the metal foils during contactor fabrication so that the channel gap 503 isof a
predetermined size. Preferably about half of the volume of the feed channels 503 are
filled with a spacer that keeps the sheets substantially evenly spaced apart.

(603781 Moetallic mesh supports can provide desirable therrnal propertics of high
heat capacity and conductivity which "isothermalize” a PSA, RCPSA, PPSA or

RCPPSA cycle to reduce temperature variations that degrade the process when
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conducted under more adiabatic conditions. Also, metal foils are manufactured with
highly accurate thickness dimensional control. The metal foil may be composed of,
without limitation, aluminum, steel, nickel, stainless steel or alloys thereof. Hence there
is a need for a method to coat metal foils with a thin adsorbent layer of accurately
controlled thickness, with necessary good adhesion. One method for doing this is by
hydrothermal synthesis. Coating procedures used can be very similar to the way in
which zeolite membranes are prepared as discussed above. Zeolite layers grown by
hydrothermal synthesis on supports often have cracks which are mesopores and
micropores. The volume of these pores is often less than about 10 volume % of the film
thickness and there is often a characteristic distance between cracks. Another method of
coating a metal foil is with thick film coating is slip casting, or doctor blading. An
aqueous slurry of prefabricated zeolite particles, binder (for example colloidal silica or
alumina), viscosifying agent such as a polymer like polyviny!l alcohol is cast for
example onto a metal foil and fired to remove the polymer and cure the binder and
zeolite. The product, after firing, is then a bound zeolite film on a metal foil typically
containing about 30 to about 40 volume % voids. To make a suitable adsorbent layer,
the voids are filled in a subsequent step by coating the bound zeolite film with a
polymer or by introducing a liquid into the voids of the bound zeolite film. The final
product, after filling the voids with a polymer or liquid, will be an adsorbent layer
having the low mesoporosity and microporosity requirements of the present invention.
[00379] Another method for coating metal foils with prefabricated zeolite crystals,
or microporous particles, is electrophoretic deposition (EPD). EPD is a technique for
applying high quality coatings of uniform thickness to metal substrates. The method
can be used to apply organic and inorganic particulate coatings on electrically
conductive substrates. Slurry compositions containing prefabricated zeolites, or
microporous particles, may be electrophoretically applied to a rigid support material,
such as by using the method described in Bowie Keefer et al.'s prior Canadian patent
application No. 2,306,311, entitled "Adsorbent Laminate Structure,”.
[00380] Some contactor geometric shapes will require that the adsorbent be applied
to the channel surface in a layer using a colloidal binder material or that an entire

geometric shape be comprised of the adsorbent plus colloidal binder and containing a
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plurality of parailel channels. When a colloidal binder is used, the selection of the
colloidal material depends on the particular adsorbent used. Colloidal materials capable
of functiouing as a binder and/or which form a gel are preferred. Such colloidal
materials include, without limitation, colloidal silica-based binders, colloidal alumina,
colloidal zirconia, and mixturcs of colloidal materials. "Colloidal sihica” refers to a
stable dispersion of discrete amorphous silicon dioxide particles having a particle size
ranging from about | to about 100 nanometers. Suitable colloidal silica materials also
can be surface modified, such as by surface modification with alumina. Another type of
colloidal binder suitable for use herein include clay materials, such as palygorskite
{also known as attapulgite}, which are hydrated roagnesiurn alurainum silicates. Also,
inorganic binders may be inert; however, certain inorganic binders, such as clays, used
with zeolite adsorbents may be converted in-sttu from kaolin binders to zeolite so that
the zeolite is self~bound with minimal inert material. In these bound structures, the
voids between the colloidal particles forrm mesopores and the voids between the
adsorbent particles form mesopores and/or macropores. A blocking agent can be
applicd to fill the majority of the mesoporosity and microporosity in these bound layers
so that the adsorbent meets the open pore volume requirement of this invention.
Organic binders used to bind activated carbon particulates in laminated structures may
be pyrolyzed to form a useful carbonaceous adsorbent.
(00381  In some aspects, it would be valuable in the industry to enable the
separation of certain countaminants frorn a natural gas feedstream. Some contaroinants
that are particularly of interest for removal are water {H, 0}, nitrogen (N;) and carbon
dioxide (CO,). The torm “natural gas” or “natural gas foedstream” as used herein is
meant to cover natural gas as extracted at the well head, natural gas which has been
furthor processed, as well as natural gas for pipehine, industrial, coramercial or
residential use.
[80382]  Of particular interest herein, is the use of the IT(Q-55 material for removing
contaminants from natural gas at wellheads {or after some amount of pre-processing}
for further processing of the natural gas to meet the necessary specifications for putting
the natural gas into a pipeline or for its intermediate or final industrial, commercial, or
residential use. Of particular interest is the ability to remove one or more of these

contaminants (H,O, Ny, and/or CO,) at the relatively high natural gas well processing
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pressure conditions. The removal of HO frow natural gas (i.e., 1o particular the
methane and higher molecular weight hydrocarbon components of the natural gas) is
foportant to the ability to further process the natural gas in processes where water s
detrimental to the process {¢.g., cryogenic separation of the hydrocarbons in the natural
gas stream}, as well as to meet certain specifications on the composition of the natural
gas.. The removal of N from natural gas {i.c., in particular the methane and higher
molecular weight hydrocarbon components of the natural gas) is important o rernove
this inert gas prior to further processing of the natural gas in processes which in turp
substantially reduces overall processing facility capacity size requirements, as well as
to yaeet certain specifications on the composttion of the vatural gas. The removal of
CO; from natural gas {i.e., in particular the methane and higher molecular weight
hydrocarbou components of the natural gas) is important o remove this tnert gas prior
to further processing of the natural gas in processes which reduces overall processing
tacility capacity size requirements, as well as to meet certain specitfications on the
composition of the natural gas.

(803831 Tt is of substantial benefit if the removal of these contaminants can be done
at the relatively high pressures near the natural gas wellhead, as vatural gas is usually
produced at pressures ranging from 1,500 to 7,000 psi (10.3 MPa - 483 MPay;, and
wherein the patural gas feedstrearn can be fed to the separations processes at over 300
psia (2.1 MPa), 500 psia (3.4 MPa), or even 1000 psia (6.9 MPa), such as up to about
2500 psia (about 17 Mpa) or more. There are few, if any, materials that can operate
reliably and effectively to separate these contaminants from methane and other higher
molecular weight hydrocarbons under PSA, PPSA, RCPSA, RCPPSA, or TSA {or
combined cycle processes such as PSA/TSA, PPSA/TSA, RCPSA/TSA, and
RCUPPSA/TSA, wherein steps from cach process are cornbined i the overall cycle)
cycle conditions at these high pressure conditions. Some of the benefits of being to
perform these separations at these high pressures include smaller equipment size (due
to the stoaller gas volume at high pressures) and the ability to use the product streams
from these separations processes in further processing or pipeline transportation
without the need for, or the reduced need for, equipment and energy required to

repressurize the resulting separations product stream(s) for such further use.
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{663841  In embodiments herein, the IT(-55 material can be used in PSA, PPSA,
RCPSA, RCPPSA, TSA or combined cycle conditions at natural gas feed pressures in
the range of about § to about 5,000 psia {about 0.03 MPa to about 35 MPa), about 50 to
about 3,000 psia (about .34 MPa to about 21 MPa), about 100 to about 2,600 psia
{about §.69 MPa to about 14 MPa), about 250 to about 1,500 psia {about 1.7 MPa to
about 10 MPaj}, over 50 psia (0.34 MPa), over 250 psia (1.7 MPa), over 500 psia (3.4
MPa), or over 1000 psia (6.9 MPa). In embodirnents, operating natural gas feed
temperatures roay be from about 0 to about 750°F {about -I18°C to about 399°C), about
100 to about 600°F (about 38°C to about 316°C), or about 150 to about 300°F (about
66°C to about 260°C),
[00385]  As can be seen from FIG. 17, and as described elsewhere herein, the ITG-53
material shows an exponentially increasing capacity for water at higher pressures, while
other materials considered for this use (i.c., zeolite SA) appear to have only very small
1nCTeases i water capacity at higher pressurcs. As is discussed elsewhere herein, [T(-
55 has a very high adsorption affinity for each of these contaminants (Hx(3, N3, and
CQO,) while at the same time exhibiting very low adsorption of methane (CHy) or higher
molecular weight hydrocarbouns. The ITQ-55 material can be used in these associated
swing processes in either an equilibrium or kinetic separations regime. In these
processes, ITQ-55 in its substantially pure silica may be used, or the ITQ-55 utilized
may possess a Si/Al ratio from about 10:1 to about 1000:1, or about 530:1 to about
500:1.
[80386] In some embodiments for processing a natural gas feedstream, the PSA,
PPSA, RCPSA, RCPPSA, TSA or combined cycle conditions deseribed herein may be
operated with regimes wherein the Selectivity (as defined prior as Us / Ug; where Ua >
Uy} 1s greater than about 5, 1s greater than about 10, greater than about 50, or even
greater than about 100, and A is H20 and B 1s methane and higher molecular weight
hydrocarbons. In other embodiments for processing a natural gas feedstream, the PSA,
PPSA, RCPSA, RCPPSA, TSA or combined cycle conditions described herein may be
operated with regimes wherein the Selectivity {(as defined prior as U, / Uy, where Uy >
Uy) is greater than about 3, is greater than about 10, greater than about 50, or even
greater than about 100, and A is N; and B is methane and higher molecular weight

hydrocarbons. In still other cmbodiments for processing a natural gas feedstream, the
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may be operated with regimes wherein the Selectivity (as defined prior as Ua / Uy
where Ua > Ug) is greater than about 5, s greater than about 10, greater than about 50,
or even greater than about 100, and A 15 CO; and B is methane and higher molecular
weight hydrocarbons.

Membrane Separations

[60387] In some aspects, the zeolite ITQ-55 can be used as part of a membrane. An
example of a membrane can be a layer coruprising a supported inorganic layer
comprising contiguous particles of a crystalline molecular sieve. Another example of a
membrane can be a self-supported layer of zeolite crystal particles. The particles having
a mean particle size within the range of from 20 nm to | um. In one type of aspect, the
mean particle size can optionally be within the range of from 20 to 500 nm, preferably
it is within the range of from 20 to 300 nm and most preferably within the range of
trora 20 to 200 nm. Alternatively, the mean particle size can advantageously be such
that at least 5% of the unit cells of the crystal are at the crystal surface. Uptionally, the
particles can have a mean particle size within the range of from 20 to 200 nm.

[08388]  In such an aspecet, the layer can comprises molecular sieve particles
optionally coated with skin of a different material; these are identifiable as individual
particles {(although they may be intergrown as indicated below) by electron microscopy.
The layer, at least after activation, is mechanically cohesive and rigid. Within the
interstices between the particles in this rigid layer, there may exist a plethora of nou-
molecular sieve pores, which may be open, or partially open, to permit passage of
material through or within the layer, or may be completely sealed, permitting passage
through the layer only through the pores in the particles. Advantageously, the particle
size distribution 1s such that 95% of the particles have a size within £33% of the mean,
preferably 95% are within £15% of the mean, preferably +10% of the mean and most
preferably 95% are within £7.5% of the mean.

(80389} It will be understood that the particle size of the molecular sieve raterial
forming the layer may vary continucusly or stepwise with distance from the support. In
such g case, the requirement for uniformity is met if the particle size distribution 1s
within the defined limit at one given distance from the support, although

advantageously the particle size distribution will be within the defined limit at cach
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given distance from the support. The vse of molecular sieve crystals of small particle
size and preferably of homogeneous size distribution facilitates the manufacture of a
three-dimensional structure which may if desived be thin but which s still of controlled
thickness.
[88386]  In somce aspects, the particles of ITQ-55 can be contiguous, 1.¢.,
substantially every particle is in contact with one or more of its neighbors as evidenced
by electron microscopy preferably high resolution microscopy, although not necessarily
in contact with all its closest neighbors. Such contact may be such in sorme
cmbodiments that neighboring crystal particles are mtergrown, provided they retain
their wdentity as individual crystalline particles. Advantageously, the resulting three
dimensional structure is grain-supported, rather than matrix-supported, in the
erabodiments where the layer does not consist essentially of the crystalline molecular
sieve particies. In a preferred embodiment, the particles in the layer are closely packed.
(80391 A layer may optionally be constructed to contaln passageways between the
particles that provide a non-molecular sieve pore structure through or into the layer.
Such a layer may consist cssentially of the particles or may contain another component,
which may be loosely termed a matrix which, while surrounding the particles, docs not
se completely or closely do so that all pathways round the particles are closed.
Alternatively, the layer may be coustracted so that a matrix present corapletely closes
such pathways, with the result that the only path through or into the layver is through the
particles themselves. It will be understood that references herein to the support of a
tayer include both continuous and discontinuous supports.
[80392] References to particle size are throughout this specification to the longest
dimension of the particle and particle sizes are as measured by direct imaging with
clectron racroscopy. Particle size distribution may be determined by nspection of
scanning or transwoission electron micrograph images preferably on latiice images, and
analyzing an appropriately sized population of particles for particle size.
[88383] A supported layer according to the invention may be manufactured in a
number of different ways. One option can be making a layer by deposition on a
support from a colloidal zeolite suspension obtainable by preparing an aguoous
synthesis mixture comprising a source of silica and an organic structure directing agent

in a proportion sufficient to effect substantially coraplete dissolution of the silica source
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i the mixture at the botling temperature of the mixture, and crystailization from the
synthesis mixture. The synthesis mixture will contain, in addition, a source of the other
component or components, 1f any, in the zeolite. In other aspects, one or maore of the
techniques described above for formation of an adsorbent structure can also be suitable
for formation of a membrane structure.
(883941  The thickness of the molecular sieve layer can be, for example, within the
range of 0.1 to 20 pm, or 0.1 to 15 um, or from 0.1 to 2 pm. Advantageously, the
thickness of the layer and the particle size of the molecular sieve are such that the layer
thickness is at least twice the particle size, resulting in a layer several particles thick
rather than a monolayer of particles. Advantageously, the laver ts substantially free of
pinholes, i.c., substantially free from apertures of greatest dimension greater than 6.1
wm, Advantageously, at most 0.1% and preferably at maost 8.0001% of the surface area
is occupiced by such apertures,
[80395]  The layer support may be either non-porous or, preferably, porous, and may
be continuous or particulate. As examples of non-porous supports there may be
mentioned glass, fused quartz, and silica, silicon, dense ceramic, for example, clay, and
metals. As examples of porous supports, there may be mentioned porous glass, porous
carbon, porous ceramics, sintered porous metals, e.g., steel or nickel (which have pore
sizes typically within the range of 0.2 to 15 wro}, and, especially, an inorgauic oxide,
¢.g., alpha-alumina, titania, an alumina/zirconia mixture, or Cordierite, At the surface in
contact with the layer, the support roay have pores of dimensions up to 50 tirees the
layer thickness, but preferably the pore dimeunsions are comparable to the layer
thickness.
[89396]  Stll another option for forming the membrane layer can be to have a hybrid
or coraposite layer. An cxample of a hybrid mermbranc layer can be particles of zeolite
IFQ-55 mixed with polymer(s) and spun as hollow fibers. Optionally, such fibers can
be thermally converted to carbonaceous materials to form a layer composed of 1TQ-55
and carbon comaposite fibers. As an example, hollow fiber membranes can be produced
through a hollow fiber spinning process. One or more polymer solutions can be
extruded with bore fluid through an annular dic into an aqueous quench bath.
Optionally, two or more polymer sohiutions can be co-extruded to form a composite

fiber. At least one of the polymer solutions can also include ITQ-55 crystal particles,
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so that the [TQ-55 is incorporated into the hollow fiber structure. When the nascent
fiber enters an agueous quench bath, solvents diffuse from fibers into the quench bath
while water from the guench bath diffuses mto the fibers, which causes phase
separation to occur. Open porous substructures can be formed during this phase
separation process. A simple subsequent standard process to prepare hollow fiber
modules, as is known in the industry, can then be used.

[683%7] The layer may, and for many uses advantageously does, consist cssentially
of the molecular sieve material, or it may be a composite of the molecular sieve
material and intercalating material which is also inorganic. The intercalating material
may be the material of the support. I the layer is a composite it may, as indicated
above, contain macropores and/or micropores, bounded by molecular sieve portions, by
portions of intercalating material, or by both molecular sieve and imtercalating material,
The material may be applicd to the support simultancously with or after deposition of
the roolecular sicve, and may be applied, for cxaraple, by a sol-gel process followed by
thermal curing. Suitable materials include, for example, inorganic oxides, ¢.g., silica,
alumina, and titania. The interealating material 18 advantageously present in sufficiently
low a proportion of the total material of the layer that the molecular sieve crystals

emaln contiguous.

[88398]  In another example of a process for the manufacture of a layer coruprising a
crystalline molecular sieve on a porous support, the layer can be formed by pre-treating
the porous support to form at a surface thereof a barrier layer, and applying to the
support a reaction mixture comprising a colloidal suspension of molecular sieve
crystals, having a mcan particle size of at most 100 nm and advantageously a particle
size distribution such that at least 95% of the particles have a size within £15%,
preferably £10%, more preferably within £7.5%, of the mean, colleidal silica and
optionally an organic structure directing agent, to form a supported molecular sieve
layer, and if desired or required activating the resulting layer. Activation removes the
template and can be achieved by calcination, ozone treatment, plasma treatment or
chemical extraction such as acid extraction. The invention also provides a supported
layer formed by the process.

[60399]  The barrier layer functions to prevent the water in the aqueous reaction

mixture frorn preferentially entering the pores of the support to an extent such that the
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sitica and zeolite particles form a thick gel layer on the support. The barrier layver may
be temporary of permanent. As a temporary layer, there may be mentioned an
mopreguating fhuid that is capable of being retained wn the pores during application of
the reaction mixture, and readily removed after such application and any subsequent
treatment.
[884861  Spin coating can be still another advantageous technique for applying the
reaction mixture to the support according to this and other aspects of the invention. The
impregoating fluid should accordingly be one that will be retained in the pores during
spinning if that technique is used; accordingly the rate of rotation, pore size, and
physical propertics of the fluid need to be taken into account in choosing the fluid. The
fluid should also be compatible with the reaction mixture, for example if the reaction
mixture is polar, the barrier fluid should also be polar. As the reaction mixture is
advantageously an aqueous reaction mixture, water ts advantagoously used as the
barrier layer., To improve penetration, the fluid barricr may be applicd at reduced
pressure or elevated temperature. I spin-coating is used, the support treated with the
barricr fluid s advantageously spun for a time and at a rate that will remove excess
surface fluid, but not remove fluid from the pores. Premature evaporation of fluid from
the outermost pores during treatment may be prevented by providing an atmosphere
saturated with the liguid vapor.
(80401} During spin-coating, the viscosity of the reaction mixture and the spin rate
can control coating thickness. The mixture is advantageously first contacted with the
stationary support, then after a short contact time the support is spun at the desired rate.
After spinning, the silica is advantageously aged by retaining the supported layerina
high humidity envirenment, and subsequently dried, advantageously first at room
tempcerature and then in an oven,
(604621 As still another option, there is provided a process for the manufacture of a
layer comprising a crystalline molecular sieve on a porous support which comprises
applying to the support by dip-coating a colloidal suspension of molecular sieve
crystals, having a mican particle size of at most 100 nm and advantageously a particle
size distribution such that at least 95% of the particles have a size within +15%,

nreferably £10%, more preferably £7.5%, of the mean, drying the resulting get on the
i ¥ , p 3 ying g8
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suppott and if desired or required activating the resulting layer. Still another option can
include synthesizing molecular sieve crystals in sifu on a support.

Storace Applications

10040631 In various aspects, an adsorbent structure as described above can also be
used for storage of fluids. The initial adsorption of a fluid or fluid component into an
adsorbent structure can be performed in any convenient manner, such as according to
the adsorption processes described above. Optionally, the adsorption of fluids for
storage can be performed using an input gas substantially cormaposed of a single
component, as opposed to also performing a separation during adsorption.

[604G41  In some aspoects, afler a thud is adsorbed in an adsorbent structure, the
adsorbent structure can be maintained at a tomperature and/or pressure similar to the
conditions used during the adsorption. In other aspects, at least one of the temperature
and/or the pressure can be modificd to assist with maintaining the fluid in the adsorbent
structare, For example, atter adsorbing a fluid at a first temperature, the temperature of
the adsorbent structure can be reduced to assist with maintaining the fluid within the
adsorbent structure.

[80485]  The conditions for maintaining an adsorbed fluid within the adsorbent
structure can depend in part on the nature of the adsorbed component. For example,
bydrogen can be readily adsorbed by ITQ-5S, but hydrogen can hikely also desorb from
IFPQ-55 at a wide range of temperatures. In order to maintain a desired stored amount
of hydrogen within an adsorbent structure, an exterior pressare of bydrogen may be
needed, so that the hydrogen outside of the adsorbent stracture 18 in equilibrium with
the hydrogen iuside of the adsorbent structure.  This situation can be in contrast to
storage of methane, ethylene, methanol, ethane, or another hydrocarbon / organic
compound in an adsorbent structure. Hydrocarbons and organic compounds can have a
himited ability to enter into and/or diffuse within the pore structare of 1T(-55 at lower
temperatures and/or pressures. As a result, an amount of hydrocarbon and/or organic
compound can be stored within an adsorbent structure based on I'TQ-55 without having
a corresponding equilibrium amount of the stored component outside of the adsorbent
structure.,

[60466] During an initial adsorption step, a fluid component can be adsorbed into the

adsorbent structure. The conditions during adsorption can include, for example, a)a
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temperature of at least about 325 K, or at least about 375 K, or at least about 425 K, or
at least about 475 K b} a pressure of at least about 100 bar (10 MPaa), or at least about
300 bar (30 MPaa)}, or at lcast about 500 bar (50 MPaa), or at least about 700 bar (70
MPaa}; or ¢} a combination thereot. Without being bound by any particular theory, the
clevated temperature and/or pressure can allow for introduction of an clevated loading
of an organic component into the adsorbent structure.

(084871  After loading of the adsorbent structure, the temperature and/or pressure can
be reduced. In aspects where loading of the adsorbent structure is performed at an
clevated pressure, the pressure can be reduced to about 100 bar (10 MPaa) or less, or
about 10 bar (1 MPaa) or less, or about 2 bar (8.2 MPaa} or less, or about 1 bar (0.1
MPaa) or less. In aspects where loading of the adsorbent structure is performed at an
elevated temperature, the temperature can be reduced to about 325 K or less, or about
300 K or less, or about 275 K or less, or about 250 K or less, or about 225 K or less, or
about 200 K or lcss. In aspects where both the temperature and pressure are clevated
during loading, the temperature can optionally be reduced fivst, and then the pressure
can be reduced. After reducing the temperature and/or pressure, some desorption of the
adsorbed component can occur. However, based on the reduced temperature and/or
pressure conditions, a portion of the component can remain kinetically trapped within
the adsorbent structure, This can allow the adsorbent structure to retain an amount of
the thuid component within the adsorbent structure, even though the atmosphere outside
of the adsotbent may no longer contain the adsorbed coraponent. The toading retained
within the adsorbent can correspond o a percentage of the loading that was achieved
during adsorption, such as at least about 10 wt’% of the leading during adsorption, or at
least about 20 wi%, or at least about 30 wt%s, or at least about 40 wi%, or at least about
50 wi%, or at lcast about 60 wit%. The adsorbent structurc can then optionally be
transported under the reduced teraperature and/or pressure conditions.

[68488]  After storage for a desired amount of time, the temperature can be increased
to allow the adsorbed component to exit from the adsorbent structare. This can allow
the adsorbed component, corresponding to a fuel and/or potential reactant, to be stored
and optionally transported under less severe conditions. In other words, the
temperatare and/or pressure required for storage of the adsorbed component in the

adsorbent structure can be reduced relative to the conditions reguired for storing the
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adsorbed component in the absence of the adsorbent structure. The amouut of storage
time can be any convenient amount of time, such as at least a day, or at least a month,
and up to a year or more.

Catalvsis Process and Mcthod of Use

[80489]  In addition to separations, zeolite TT(3-55 can also be suitable for usc as a
catalyst for a variety of reactions. In some aspects, ITQ-55 can be suttable for catalysis
of reactions that can generally be catalyzed by zeolites having an 8-member ring as the
largest ring size. For example, the selective catalytic reduction of nitrogen oxides,
optionally in the presence of amumonia, is a reaction that can be catalyzed using 8-
member ring zeolites.

(00410  Other examples of suitable catalytic uses of zeolite I'T(Q-55 can potentially
imeclude, but are not himited o, (a) bydrocracking of heavy petroleum residual
feedstocks, cyelic stocks and other hydrocrackate charge stocks, normally in the
presence of a hydrogenation component isclected frorn Groups 6 and § to 10 of the
Periodic Table of Elements; (b) dewaxing, including isorerization dewaxing, to
sclectively remove straight chain paraffins from hydrocarbon feedstocks typically
boiling above 177°C, including raffinates and lubricating oil basestocks; (¢} catalytic
cracking of hydrocarbon feedstocks, such as naphthas, gas oils and residunal oils,
vorroally o the presence of a large pore cracking catalyst, such as zeolite Y; (d)
oligomerization of straight and branched chain olefins having from about 2 to 21,
preferably 2 to 5 carbon atoms, to produce medium to heavy olefins which are usetul
for both fuels, i.c., gasoling or a gasoline blending stock, and chemicals; {¢}
1soracrization of olefins, particularly olefins having 4 to 6 carbon atorns, and especially
normal butene to produce iso-olefins; (f) upgrading of lower alkanes, such as methane,
to higher hydrocarbons, such as cthylene and benzene; {g) disproportionation of
alkylaromatic hydrocarbons, such as toluene, to produce dialkylaromatic hydrocarbons,
such as xylenes; (h) alkylation of aromatic hydrocarbons, such as benzene, with olefins,
such as ethylene and propylene, to produce ethylbenzene and cumene; (i) isomerization
of dialkylaromatic hydrocarbons, such as xylenes, (j) catalytic reduction of nitrogen
oxides, (k) synthesis of monoalkylamines and dialkylamines, (1) conversion of
methanol to dimethyi ether, (m) conversion of methanol (and/or other oxygenates) to

olefins, and (n) conversion of methanol (and/or other oxygenates) to arornatics.
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(80411}  For at least some of the above reaction types, effective catalysis of the
reaction by zeolite [TQ-55 can involve at least partial entry of one or more reactants
mto the pore structure of the zeolite. The pore stracture of zeolite ITQ-55 mchudes 8-
member ring channels. The 8-member ring channels include a mininmm pore channel
size in the pore network of 5.9 Angstroms x 2.1 Angstroms at ambient temperature.
This minimum pore channel size can limit the types of compounds that can effectively
enter and/or pass through the pore network. However, the 8-member ring that provides
the minimum size is also believed to have flexibility. This flexibility can aliow the 8-
member ring to deform, such as due to thermal fluctuations and/or due to fluctuations
nduced at elevated pressures, which can lead to a potential temporary increase in the
size of the pore channel. Without being bound by any particular theory, it is believed
that the flexibility of the 8-member ving defining the size of the pore chavuel can allow
for additional tuning of catalysis of various reactions based on teroperatare and/or
pressure.
(88412} Additionally or alternately, the particle size of IT(3-55 crystals used in an
adsorbent structure or membrane structure can have an impact on the ability of the
adsorbent structure or merabrane structure to perform catalysis. As one example, the
particle size of the ITQ-535 crystals can have an influence on the amount of ““dead
space” that 18 present at the surface and/or within the interior of an adsorbent structure
or membrane structure. Mathematically, the packing density of a collection of hard
spheres of similar size is dependent on the radius of the spheres. For a collection of
hard spheres, the larger the average radius, the larger the size of the spaces or gaps

ctween the hard spheres. Without being bound by any particular theory, it is believed
that for a collection of I'T(-55 crystals of similar size, the size of the voids or dead
spaces created after close packing of crystals can be related to the average particic size,
Having a smaller particle size can reduce such dead space, thus providing an increased
pore surface arca for accepting fluid components for catalysis.
[88413]  Additionally or alternately, the composition of ITQ-55 crystals used can
have an impact on the catalytic properties of a catalyst. In some aspects, ITQ-55 can be
synthesized to have a framework structure composed of primarily silicon and oxygen.
In other aspects, a portion of the framework atoms in the [TQ-55 structure can be

replaced with other clements. For example, a portion of the silicon in the framework
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structure can be replaced with atoms frov a different group in the periodic table, such
as Al, P, and/or B. In an aspect, a portion of the silicon in the framework structure can
be replaced with Al As another example, a portion of the silicon in the framaework can
be replaced with atoms from a different row of the periodic table, such as Ge or P.
Such composition variations can modify the size of the pores within the crystal
structure and/or modify the affinity of the ITQ-55 relative to one or more potential
reactants, which can influence the ability to catalyze a reaction. Additionally or
alternately, such composition variations can also alter the properties of the IT(-55
crystals, such as the acidity of the crystals, which can also influence catalytic activity.
(804147  When used as a catalyst, the IT(Q-53 crystals can be incorporated wto a
catalyst by any convenient method. In some aspects, extruded catalyst particies can be
a convenient catalyst form. Such extruded catalyst particles can include the zeolite
crystals as well as an optional binder, Optionally, catalytic metals can be added to such
catalyst particles, such as by impregnation. For catalyst particles that mclude an
optional binder, the optional binder can be present in any convenient amount, such as
from about 10 wt% to about 80 wit%, more typically from about 30 wt% to about 70
wi¥s. Suitable binders can inchude, but are not limited to, metal oxides such as silica,
alumina, stlica-alumina, zirconia, titania, and combinations thercof. Suitable catalytic
metals can include, but are not liraited to, transition metals. Exarples of suitable
transition metals include Group VImetals (Mo, W), Group VI metals (Co, Ni, Pt, Pd,
Fe, It), and combinations thereof, Such catalytic metals can be present in an amount of
about 8.1 wi% to about 40 wt¥s relative to the weight of the catalyst particles.
Additionally or alternately, in some aspects, catalyst particles (for example, supported
catalyst particles) that include I'TQ-35 crystals can further include one or more
additional zeolites, such as molecular sicves having the MFT framework structure {e.g.,
Z5M-5}, the FAL framework structure {e.g., zeohite Y), or a molecular sieve based on
any other convenient framework structure.
[88415]  In other aspects, a monolith or other large structure containing and/or
composed of the zeolite crystals may be used. For example, any of the adsorbent
and/or membrane structures described above can be suttsble for use in some catalysis
applications. Optionally, such structures can also include other catalytic metals, such

as other catalytic metals impregnated on the surface of the structure,
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[804168]  As a specific example, zeolite ITGQ-55 can be usetul in the catalytic
conversion of oxygenates to one or more olefins, particularly ethylene and propylene.
As used herein, the term "oxygenates” is defined to wclude, but 18 not necessarily
limited to aliphatic alcohols, ethers, carbonyl compounds (aldchydes, ketones,
carboxylic acids, carbonates, and the like), and also compounds containing hetero-
atoms, such as, halides, mercaptans, sulfides, amines, and mixtures thereof. The
aliphatic moicty will normally contain from about 1 to about 10 carbon atoms, such as
from about 1 to about 4 carbon atoms.
{60417} Representative oxygenates include lower straight chain or branched
aliphatic alcohels, their unsaturated counterparts, and their nitrogen, balogen aund sulfur
analogues. Exampics of suitable oxygenate compounds include methanol; ethanol; n-
propanol; isopropanol; Cs-Cyo alechols; mcthyd ethyl ether; dimethyl ether; diethyl
cther; di-isopropyl cther; methyl mercaptan; methy! sulfide; methyi aming; ethyl
mercaptan; di-cthyl sulfide; di-ethyl amine; cthyl chlonide; formaldehyde; di-methyl
carbonate; di-methyl ketone; acetic acid; n-alkyl amines, n-alkyl halides, n-alkyl
sulfides having n-alkyl groups of comprising the range of from about 3 to about 10
carbon atoms; and mixtures thercof. Particularly suitable oxygenate compounds are
methanol, dimethyl ether, or mixtures thereof, most preferably methanol. As used
berein, the term "oxygenate” designates only the organic waterial used as the feed. The
total charge of feed to the reaction zone may contain additional compounds, such as
diluents.
[80418] In an oxygenate conversion process, a feedstock comprising an organic
oxygenate, optionally, with one or more diluents, is contacted in the vapor phase in g
reaction zone with a catalyst comprising the molecular sieve of the present invention at
cffective process conditions so as to produce the desired olefins. Alternatively, the
process may be carried oot in a liquid or a mixed vapor/liguid phase. When the process
is carried out in the liquid phase or a mixed vapor/liquid phase, different conversion
rates and selectivities of feedstock-to~-product may result depending upon the catalyst
and the reaction conditions.
[80419] It 1s noted that both methanol and dimethyl cther can have a kinctic diaracter
that is at least similar to methane. At temperatures near 25°C and pressures near 0.1

MPaa, methanol and/or dimethyl ether can have a lirmited ability to enter the pore
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structure of zeolite ITQ-35. However, as teraperature and/or pressure s increased,
methanol and dimethyl ether can have an increasing ability to enter the pore structure of
ITQ-3S, thus allowing for increasing ability to catalyze the oxygenate to olefin reaction,
Still further increases in temperature and/or pressure may allow for conversion of other
oxygenates, such as cthanol. As a result, variations in teraperature and/or pressure
during oxygenate to olefin conversion can allow for tuning of the conversion reaction.
[68428]  As an example, an initial loading of methanol or dimethyl ether can be
introduced into a catalyst stracture and/or catalyst particles comprising 1TQ-55 at a first
pressure. At the first pressure, the pressure of methanol and/or dimethyl ether can be
sufficient to load the catalyst structare and/or catalyst particles. The pressure can then
be reduced while maintaining a temperature where the methanol and/or dimethy! cther
has a reduced or minimal amount of diffusion within the 1TQ-53 pore structure. This
can result in an oxygenate being confined within a counstrained pore structure that may
allow for selective production of cthylene at increased yicld. Optionslly, mcthane can
be used in place of methanol and/or dimethyl ether, along with a suitable oxidant such
as water or molecular oxygen.

(884217 When present, the dilucot{s} is generally non-reactive to the feedstock or
molecular sieve catalyst composition and is typically used to reduce the concentration
of the oxygenate 1o the feedstock. Non-limuiting examples of suitable diluents include
helium, argon, nitrogen, carbon monoxide, carbon dioxide, water, essentially non-
reactive paraffins {especially alkanes such as methane, ethane, and propane), essentially
non-reactive aromatic compounds, and mixtures thereof. The most preferred diluents
are water and nitrogen, with water being particularly preferred. Diluent(s) may
comprise from about 1 mol % to about 99 meol % of the total feed mixture.

(804221 The temperature cmployed in the oxygenste conversion process may vary
over a wide vange, sach as frovo about 200°C to about 1000°C., for example, from
about 250°C to about 800°C, including from about 250°C to about 750°C, conveniently
from about 300°C to about 630°C, typically from about 350°C to about 634°C., and
particularly from about 400°C to about 600°C.

(004231 Light olefin products will form, although not necessarily in optimum
amounts, at a wide range of pressures, inchuding but not limited to antogenous

pregsures and pressures in the range of from about 0.1 kPa to about 10 MPaa,
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Convenieuntly, the pressure is in the range of fror about 7 kPa to about 5 MPaa, such as
int the range of from about 50 kPa to about 1 MPaa. The forecgoing pressures are
exclusive of diluent, if any s present, and refer to the partial pressure of the fecdstock
as it relates to oxygenate compounds and/or mixtures thereof. Lower and upper
extremes of pressure may adversely affect selectivity, conversion, coking rate, and/or
reaction rate; however, Hght olefins such as ethylene still may form.

{68424} The process can be continued for a period of time sufficicnt to produce the
desired olefin products. The reaction time may vary from tenths of seconds to a number
of hours. The reaction timne is largely determined by the reaction temperature, the
pressure, the catalyst selected, the weight hourly space velocity, the phase (liguid or
vapor} and the selected process design characteristics.

[80425] A wide range of weight hourly space velocities (WHSV) for the feedstock
can be used in the oxygenate conversion process. WHSY is defined as weight of feed
{cxcluding dilucnt} per hour per weight of a total reaction volume of molecular sicve
catalyst {excluding inerts and/or fillers}. The WHSV generally shounld be in the range of
from about 0.01 k™! to about 500 kx| such as in the range of from about 0.5 v to
about 300 hr'', for exarple, in the range of from about 0.1 hr™ to about 200 ™,
[68426] A practical embodiment of a reactor system for the oxygenate conversion
process is a circulahing fluid-bed veactor with contivuous regeneration, siruilar to a
modem fhuid catalytic cracker. Fixed beds are generally not preferred for the process
because oxygenate to olefin conversion is a highly exothermic process which requires
several stages with intercoolers or other cooling devices. The reaction also results in a
high pressure drop due to the production of low pressure, low density gas.

804271  Because the catalyst in such an oxygenate to olefin process must be
regenerated frequently, the reactor should allow casy removal of a portion of the
catalyst to a regenerator, where the catalyst is subjected to a regeneration mediurm, sach
as a gas comprising oxygen, for example, air, to burn off coke from the catalyst, which
restores the catalyst activity. The conditions of temperature, oxygen partial pressure,
and residence time in the regenerator should be selected to achicve a coke content on
regencrated catalyst of less than about 0.5 wt %. At least a portion of the regenerated

catalyst should be returned to the reactor.
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(804281  As another example, catalysts that are effective for conversion of methanol
{and/or other oxygenates) to olefins are often also effective for conversion of methanol
and/or other oxygenates to aromatic compounds. Reaction conditions for formation of
aromatics from methanol are often similar to reaction conditions for formation of
olefins, with aromatics formation somctimes being favored by conditions that tend
toward higher severity. Thus, in some aspects, conditions that can favor aromatics
formation can include lower WHSV values, higher temperatures, and/or higher partial
pressures of reactants. Aromatic products can generally include Cq to €y aromatics,
with Cg, C4, and/or Cs aromatics often being preferred. For example, preferred
products can include benzene (Cg), toluene (T, and/or xylene (Cg).

[004291  This invention is llustrated by means of the following examples that do not
seek to be restrictive thercofl
Examples
Example 1. Preparation of the Nngz,NZ,NSSNg,NS,L’ﬁa,ﬁa -
octamethyloctahydropentalene-2,5-diammoniom dihydroxide.

[80438] To a recently prepared and thoroughly mixed solution of 5.6 g NaHCO; in
360.0 mL of HO (pH=8) is added 48.2 mL (526.3 mmmol) of dimethyl 1,3-
acctonedicarboxylate followed by 23.6 mL (263.2 mmol) of 2,3-butanodione. The
mixture remains under continuous stirring for 72 hr. After this period the abundant
precipitate obtained is filtered under vacuum and cooled in a bath of ice, being acidified
to pH=5 with HCI(§%). The raw precipitate is extracted three times with CHCL,
washing the set of organic phases with brine and drying them on Mg804. The mixture
1s filtered through folded filter and the filtrate obtained concentrated under vacuum and
used in the following stage without additional purification.

{80431  The resultant sohlid 18 suspended 1n a mixture of 300.00 mL of HCL{IM) and
30.0 mi of glacial acetic acid and thercafter heated under reflox for 24 hr. The

csulting mixture is cooled first to room temperature and then in an ice bath, extracting
thereafter five time with CHCly drying the set of organic phases over MgS804. The
rough precipitate obtained is filtered through folded filter and concentrated under

vacuurn obtaining 32.7 g (75%) of the desired diketone, 3a,6a-

¥
o

dimethyltetrahydropentalene-2, 5(1H,3H -dione.

%
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(804321  This diketone is transformed into the corresponding diamine by means of
the method that is described below. 350.0 mL of a solution 1.0 M of dimethylamine in
methanol 18 cooled 1o an wce bath and ounto it is dripped a solution of HCL 3 N m MeOH
untii obtaining pH=7-8. Then 16.7 g is added (180.7 mmol} of the previcusly prepared
diketone dissolved in the minimum possible quantity of McOH, followed by 102 ¢
{161.2 mmol} of NaBH:CN. The temperature is allowed to rise to room temperature
and remains under continuous stirring for 72 hr.
(88433}  The possible excess of NaBHLUN is neutralized by adding HCLS Nin
MeOH until reaching pH=2, displacing the HCN formed with a stream of N, until 2
saturated selution in KOH. The mixtare is partially concentrated under vacuum and the
rough resultant is basified with a solution of KOH (25%) until reaching pH=12 and it is
saturated with NaCl. The rough resultant obtained is extracted three times with CH,CL,
drying the sct of organic phascs on MgSQOy. It is concentrated under vacuum obtaining
214 g {95%) of the desired diamine, N2 N NS N 34,64 hexamethyloctahydro-
pentalene-2,5-diamine.
(8084341 Subscquently, the diamine is transformed into the quaternary diarmmonium
ketone. For that, 21.6 g of the previously obtained diamine is dissolved in 100.0 mL of
MeOH and to it is added slowly, by means of a compensated pressure funnel, 45.0 mL
{(722.8 mmoly of CHil diluted in 40.0 mL of MeOH. Almost inmediately a yellowish
precipitate appears. The mixture remains under continuous stirring for 72 hr and then
45.0 ml s added (722.8 mymol) of CH;I remaining under continuous stivring until
completing one week. The precipitate obtained is filtered under vacuum washing with
abundant dicthyl ether, providing 37.1 g of the quaternary arnmonium salt desired in
iodide form, NQ‘,N";‘,NE,NS,‘NS,NS,3a,fia~0c‘EamethylﬂctahydmpemaEene~2,5~diamn’mniun‘a
diiodide.
[08435] The hitrate 1s concentrated under vacuum and the viscous solid obtained 15
washed with abundant acctone, a new precipitate appears that after filtering and drying
under vacuum provides another 2.0 g of the ammonium salt (80%).
(884361 The iodide of the cation is exchanged by hydroxide using an ionic exchange
resin in accordance with the following method: 20 g (44 munol) of iodide of the cation
(R1y) is dissolved in water. To the solution obtained is added 89 g of Dowex SBR resin

and it remains under stirring until the following day. Subsequently, it is filiered, it is
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washed with distilled water and a solution of of N2 NN N N° N°,3a.6a dibydroxide
is obtained - octamethyloctahydropentalene-2,5-diarmmonium (R(OH)2) that is titrated
with HCU (aq.), using pheoolphthalein as indicator, an cfficiency being obtained i the
cxchange greater than 92%.
(88437} The final solution contains .47 cquivalent of hydroxide per 1000 g of
solution.
Example 2. Zeolite preparation ITQ-55.
[68438] 6 g is added of an agueous solution of colloidal silica at 40% (Ludox ACE-
40y to 42.5 g of a solution of N'?’,NZ,NQ,NS,N“’;,Ng,Sa,6a—@Ctamethyiactahydropentaiene
2,5-diammsoniur dihydroxide - (R{OH),) that contains 0.47 equivalent of hydroxide in
1006 g. The mixture is left evaporating under stirring until complete elimination of the
surplus water until reaching the final composition that is indicated. Finally, a solution
of .74 g of ammonium fluoride is added in 2.5 g of water. The composition of the gel
18
{84391 5105 0.25 R(OH ) 0.5 NHyF: 5 HO.
[60440] The mixture obtaimed 18 infroduced 1n an antoclave provided with an internal
sleeve of polytetrafluorethylene and is warraed at 150 °C over 10 days in an ¢lectrical
furnace provided with a rotation systen. The X-ray diffractogram of the solid obtained
on filtering, washing with distilled water and deying at 100 °C s shown in Figure 1 and
presents the listing of the most characteristic peaks that appears in the Tabie HE. The
calcining at 800 °C 1o air for 3 hours allows eliminating the occluded organic species.
The X-ray diffraction patters of the calcined zeolite I'TQ-55 is shown in Figure 2 and
presents the most characteristic peaks that appears in Table IV and indicates that the
material is stabie during this process.
Example 3. Zeoliie preparation I'TQ-55.
(604411 8 goftetracthylorthosilicate (TEOS) 1s added to 40.8 ¢ of a solution of
NZ,N'ZﬁN'Z,'NS?'N’S,'Ni,3a,é’ia—actamethyiQctahydmpcntaien@ 2,5-diammonium dihydroxide
{R{CH)2) that contains $.47 equivalent of hydroxide in 1000 g. The mixture is left
evaporating under stirring until complete elimination of the ethanol coming from the
hydrolysis of the TEOS plus the guantity of water necessary until reaching the final
composition that is indicated. Finally, 0.77 g of a solution of hydrefluoric acid is added

(50% of HF by weight). The composition of the gel is:
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(984421 510, 0.25 R(EOH): 0.5 HE: S H,0.

1004431 The mixture obtained 18 introduced inte a autoclave provided with an
mterual sleeve of polytetrafluoroethylene and s warmed at 15 over 10 days inan
clectrical furnace provided with a rotation system. The solid obtained on filtering,
washing with distilled water and drying at 100 °C s ITQ-55.

Example 4. Zeolite preparation FTQ-55.

(88444} 6 ¢ 1s added from a aqueous solution of colloidal silica at 40% (Ludox
ACE-40) 42.5 g of a solution of NN NN N N’ 3a,64-
octamethyloctahydropentalene - 2,5-diammonium (R{CH)2} dihydroxide that contains
(.47 equivalent of hydroxide in 1000 g. Thereafter 0.14 g of aluminum hydroxide is
added (57% ALOs) and the mixture is left cvaporating under stirring until complete
elimination of the surplus water until reaching the final composition that is indicated.
Finally, a solution of .74 g of ammonium fluoride 18 added in 2.5 g of water. The
composition of the gel 1s:

Si0z: 0.02 ALO:: 0.25 R{OH): 6.5 NHaF: 5 Ha 0.

[80445] The mixture obtained 18 introduced 1n an antoclave provided of an internal
sleeve of polytetrafluorocthylene and is warmed at 150 ° C over 14 days in an electrical
furnace provided with a rotation systen. The solid obtained on {iltering, washing with
distilled water and drying at 160 °C presents the diffractogram of X-rays that 1s shown
in figure 3 and indicates that it is zeolite ITQ-55.

Example 8, Zeolite preparation ITQ-88,

[80446] To 0.087 gof Ti tetracthoxide (1V) (TEQTI) is added 8 g of
tetracthylorthosilicate (TEQOS), Next 40.8 g of a solution of of

NENA NAN® N N 3a,6a-octamet hyloctahydropentalene- 2,5-diammonium dihydroxide
(R{OH),) 15 added that contains 0.47 cquivalent of hydroxide in 1000 g The mixture 18
left evaporating under stirving until complete elimination of the ethanol coming from
the hydrolysis of TEOS and TEOTI plus the quantity of water necessary until reaching
the final cornposition that is indicated. Finally, 0.77 g of a solution of hydrofluoric acid
is added (50% of HF by weight). The composition of the gel is:

(804477 Si0): 0.01 TiOy: 0.25 R(OH)»: 0.5 HF: 5 Hh,O.

{60448} The mixture obtained is introduced in a antoclave provided with an internal

sleeve of polytetrafluorcethylene and is warmed at 150 °C over 14 days in an electrical
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furnace provided with a rotation system. The solid obtained on filtering, washing with
distilled water and drying at 100 °C is ITQ-55.
Example 6. Zeolile preparation ITQ-55,
[00449] 6 g 1s added from a agueous solution of colloidal silica at 40% (Ludox
ACE-40) 42.5 g of a solution of N2 N° N N" N° N’ 3a,6a-
octamethyloctahydropentalene - 2,5-diammonium dihydroxide (R{{H),} that contains
0.47 cquivalent of hydroxide in 1000 g. Next 0.1 g of H:BOy 18 added and the muxture
is left evaporating under stirring until complete elimination of the surplus water until
reaching the final composition that is indicated. Finally, a solution of .74 g of
ammoniom fluoride 18 added in 2.5 g of water. The composition of the gel is:
(804587  Si0,: 0.02 B,05: 0.25 R{OH) 2: 0.5 NH4F: § H,O.
(88451} The mixture obtained is introduced into a autoclave provided with an
internal sleave of polytetrafluorocthylene and s warmed at 150 °C over 14 days in an
clectrical furnace provided with a rotation system. The solid obtained on filtering,
washing with distilled water and drying at 100 °C is zeolite I'T(-55.
Example 7. Zeolite preparation I'T(Q-55
(88452} To 8 gof tetracthylorthosilicate (TEOS) is added 36.6 g of a solution of
NZ,NZ,,NZ,N‘S,NS,Nﬁ,3a,i’ia{}ctamethyioctahydmpentaEene~2,Smdiammanium dihydroxide
{R{OH}») that contains §.53 equivalent of hydroxide in 1000 g Next 0.0476 g of
H;BOy; is added. The mixture is left evaporating under stirring until complete
elimination of the ethanof coming from the hydrolysis of the TEOS plus the quantity of
water necessary until reaching the final composition that is indicated. The composition
of the gel is:
[984537 510, 0.01 B05: 0.25 R{OH),: 10 H0.
{80454 The mixture obtained 1s introduced in an autoclave provided of an internal
sleeve of polvictrafluorocthylene and is warmed to 150 °C over 14 days in an clectrical
furnace provided with a rotation system. The solid ebtained on filtering, washing with
distilled water and drying at 100 °C is ITQ-55.
Example 8. Leolite preparation FT(}-85
(804557 To 8 g of tetracthylorthosilicate{(TEQS) 18 added 36.3 g of a solution of
N?‘,N?’,N?‘,NS,‘NS,NS,,3a,63~octamethylﬂctahydmpemaEene~2,5~diammonium dihydroxide

(R{OH)2) that countains 0.532 cquivalent of hydroxide in 1000 g. Next 8.805 g of GeO,
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ts added. The mixture is left evaporating under stirring until coraplete elimination of
the ethanol coming from the hydrolysis of the TEOS plus the quantity of water
neccssary untit reaching the final composition that s indicated. The composition of the
gel is:
(84561 510, 0.2 GeO, 0.25 R(OH): 10 H,0.
(804571 The mixture obtained is introduced in a autoclave provided with an internal
sleeve of polytetrafluorocthylene and is warmed at 150 °C over 14 days in an clectrical
furnace provided with a rotation system. The solid obtained on filtering, washing with
distilled water and drying at 100 °C is ITQ-35.
Example 9. Adsorption of CO, at 30 °C in the ITQ-58 material of Example 2.
[00458] The measurement of the adsorption capacity of CO; of the IT(Q-55 material,
prepared according to the example 2, at 30 °C and 9 bar corresponds to 2.96 mmoles/g.
Likewise, the value obtained afier carrying out 20 adsorption/desorption cycles is of
2.95 mumoles/g, which demonstrates that the material 1TQ-S5 conserves its adsorption
capacity after a high number of cycles.
Example 18. Adsorption of C(}; at 68 °C in the I'TQ-535 material of Example 2.
(88459}  The measurement of the CO, adsorption capacity of the ITQ-55 material,
prepared according to the example 2, at 60 °C and 9 bar corresponds to 2.35 mmoles/g.
Example 11. Methane adserption at 64 °C in the I'TQ-85 material of Example 2.
[80460] The measurement of the methane adsorption capacity of the 1TQ-35
material, prepared according to the example 2, at 60 °C and 9 bar corresponds to 0.22
mmoles/g, after equilibrating for 24 hours at this temperature and pressure.
Example 12, Methane adsorption at 36 °C in the I'T(Q-55 material of Example 2.
{30461  The measurement of the methane adsorption capacity of the 1TQ-35
material, prepared according to the example 2, at 30 °C and 9 bar corresponds to 0,18
mmoles/g after equilibrating for 24 hours at this temperatare and pressure. The lowest
adsorption capacity under these conditions regarding the one abserved in the example 3
indicates the drop in diffusion capacity of the methane through the zeolite IT(Q-55
pOres.
Example 13. Belermination of the selectivity in the separation of CO, and

methane in the I'TQ-35 material of Kxampie 2.
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(804621  The selectivity in wethane and CO; separation has been cousidered through
the ratio of the adsorption values of the 1sotherms of the pure gases of CO; and
methane at :dentical pressure and temperature. 1t is considered that the selectivity 1o the
separation process will be better 1nsofar as the ratio between these values is greater. In
the Figure 4 the variation of this ratio is shown with the gas pressure at different
temperatures.
Example 14, Ethane adsorption at 38 °C in the ITQ-55 material of Example 2.
[88463] The measurement of the adsorption capacity of ethane of the ITQ-55
material, prepared according to the example 2, at 30 °C and 9 bar corresponds to 0.14
wmmoles/g after equilibrating for 24 hours at this tewmperature and pressure.
Example 15, Ethylene adsorption at 30 °C in the {'T(-55 material of Example 2.
[80464] The measurement of the ethylene adsorption capacity of the ITQ-8S
material, prepared according to the example 2, at 30 °C and 9 bar corresponds to 0.75

mmoles/g atter cquilibrating for 24 hours at this tempcerature and pressure.
Process Exarmple 1. Modeling of Zeolite Structure Fluctuations

[83465] In order to further investigate the pore structure of ITQ-55, molecular
dynamics simulations of the IT(Q-55 structure were performed on a unit cell, with
density functional theory being used to determine the interactions between the atoms in
the unit cell. A repeating cell boundary condition was used to effectively provide an
“infinite” lathice. The molecular dynamics simulations were performed in the NPT
ensemble to allow for volume fluctuations of the unit cell.  Using density functional
theory, an optimized unit cell structure in Angstroms was calculated of 22.58 (a); 13.51
(b); and 14.74 (c). This is comparable to the unit cell structure determined by X-ray
diffraction, which was 22.39 {a); 13.34 (b); 14.5 {¢). With regard to the sizc of the
smallest pore window, the minimum size window determined by density functional
theory for an optimized structure was 2.37 Angstroms. The smallest pore window
determined from the X-ray diffraction data was 2.07 Angstroms {minimum). [t is noted
that cither of these minimum dimensions is substantially smaller than the size of several
molecules (such as N, and CO,) that are observed as being adsorbed within the ITQ-55
pore network.

(804661 FIG. 11 shows how the size of the unit cell fluctuated during a molecular

dynamics simulation where density functional theory was used for interaction
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potentials. In FIG. 11, lines 1110, 1128, and 1130 show the a, b, and ¢ parameters {in
Angstroms} respectively of the unit cell as determined from X-ray diffraction data.
Lincs 1112, 1122, and 1132 show the a, b, and ¢ parameters respectively of the unit cell
for the optimized structure as determined by density functional theory. Lines 1114,
1124, and 1134 show the a, b, and ¢ paramcters respectively of the unit cell as it
fluctuates during an NPT ensemble molecular dynamics situation at a temperature of
300 K. As shown in FIG. 11, the “¢” parameter of the unit cell showed the largest
variation in size between the optimized DFT structure and the size variations calculated
at 300 K.

(604671 FIG. 12 shows additional results from molecular dynamics simulations
related to the minimum aperture {or pore) size in the unit cell. FIG. 12 shows changes
in the distance between oxygen atoms ou opposite sides of the smallest 8-member ring
in the unit cell structure during molccular dysamics simulations at various
temperaturcs., The simulation tompoeratures correspond to 200 K (1210}, 300 K (1220),
400 K (1230}, 600 K (1240}, and 1100 K (1250). It is noted that the total amount of
time sirnulated to generate the results in FIG. 12 corresponds to about 6 picoscconds.
In spite of the short amount of tirne, the size of the minimum pore distance can vary
substantially, as shown in FIG. 12, In particular, at the higher temperatures the largest
minimum pore distance calculated by the simulations approaches 3.6 Angstroros, which
corresponds to the size of the largest molecules {such as N} that arc believed to be able
to enter the ITQ-55 pore network. Without being bound by any particular theory, the
simulation results at the higher temperatures may tend to show the ability of the [TQ-55
minimum size pore channel to expand, 5o that some larger ruolecules can enter, while
exchuding other molecules beyond a cutoff size. 1t is also noted that as the teraperature
decreases, the average size of the minimmm distance appears to increase {as shown by
the location of the peak maximurm), but the amount of fluctuation around the average
size decreases {narrower distribution).

Process Example 2, Adsorption Characteristics

[80468] FIG. I3 shows adsorption isotherms at 28°C for I'TQ-55 crystals at pressures
near ambicent. In FIG. 13, the amount of an adsorbed component in mumol per gram of
ITG-55 1s shown relative to pressure. As shown in FIG. 13, CO; is readily adsorbed by

ITQ-55. N, and Ar are also adserbed, although in smaller amounts. By contrast,
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substantially no adsorption of methane is observed at 28°C. The isotherras n FIG. 13
appear to show that ITQ-55 can be suitable for separation of CO», Ny, or Ar from larger
molecules such as mcthane., Additionally, the wsothorms in FIG. 13 suggest that
separations of CO; from N, may also be feasible.
[80469]  FIG. 14 shows adsorption isotherms for CO; and Ny for an expanded range
of pressures at 30°C. As shown in FIG. 14, ITQ-55 appears to have a substantial
capacity for CO, and N, adsorption as pressure increases. The data in FIG. 14 suggoests
that equilibrium separations involving CGO; and Ny may be hmited in selectivity,
[66470]  FIG. 15 shows the isosteric heats of adsorption for €O, and N, As shown
i FIG. 15, the bheat of adsorption for €O, appears to be about twice the value of the
heat of adsorption for N, with the heat of adsorption being mostly independent of the
avaount of prior uptake.
(80478} FIG. 16 shows the equilibrium loading of Ny in mol per kg of IT(-55 at 5°C
and 25°C. As shown in FIG. 16, ITQ-55 appears to have an increased adsorption
capacity for N» as temperature is decreased. Based on the minimal adsorption of
methane and larger hydrocarbons by ITQ-535, FIG. 16 suggests that IT(3-55 can be
suttable for performing selective separations of Ny from methane {or larger compounds)
at temperatures near ambient or below ambient.
{98472 FIG. 17 shows the equibibriom loading of HyO for ITQ-55 1 comparison
with zeolite 54, a conventional zeolite used for separations. As shown in FIG. 17,
ITQ-55 has a lower capacity for uptake of water i comparison with conventional
zeolites. This can be beneficial for reducing or minimizing water adsorption during
separation processes involving two other components where water 1s 4 trace component
i & gas stream.
(804731 FIG. 18 shows adsorption 1sotherms at 28°C for CoHy, Ar, Kr, and CH,.
Stmilar to FIG. 13, minimal or even no adsorption of CHy is observed. This is in
contrast to ethylene, which is adsorbed sufficiently to suggest that FT(Q3-55 can be
suitable for separations of ethylene from methane. Ar and Kr also show sufficient
adsorption to be separable from methane and larger hydrocarbons.
(80474} FIG. 19 shows a comparison of equilibrium adsorption of methane and
cthylene at | bara (101 kPa) and 28°C. As shown in FIG. 19, [T(-55 has a substantial

selectivity for adsorption of ethylene with respect to methane.
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[80478]  FIG. 20 shows adsorption isotherrus for Ho at up to 10 bar {about T MPaa) at
-10°C and CHy at 28°C. Similar to other comparisons, H; is adsorbed in substantially
greater avoounts than CHy. The data w FIG. 20 suggests that 1TQ-55 can be suitable
for kinetic separations of H; from CH..
(884761 Although IT(Q-55 provides only minimal adsorption of CHy, from a kinetic
standpoint any adsorption of CHy that does occur appears to be faster than adsorption
of cthylene. FIG. 21 shows adsorption as a function of the square root of time at 1 bar
(101 kPa} and 30°C for CO, (2110}, N, {2120}, CH4 (2130}, and CoH,y (21403, FIG. 21
also shows a curve fit based on a diffusion model (2150} for CO, adsorption. The x-
axis is selected based ouv the typical relationship of diffusion to the square root of time.
The y-axis is normalized relative to the amount of adsorption to allow for ease of
comparison of diffusion rates. As shown in FIG. 21, N; and €O, are adsorbed more
rapidly than CHy, but cthylenc 1s actnally adsorbed more slowly.
{88477}

adsorption values in FIG. 21, The diffusivity values in Table 101 were calculated for

Table 101 shows diftusivity valucs caleulated based on the measurcd

an IT(Q-55 crystal size of 60 um. Based on the diffusivity valucs, Table 101 also shows
kinetic selectivities. As shown in Table 101, ITQ-55 shows an unexpectedly high
kinetic selectivity for CO; relative to CHy.

Table 101, Diffusion time constants D/R? {1/8] of Ny, CO4, CHs, CoHy and C;Hs in 60

pn crystals of ITQ-55 shown in FIG. 23A and 238 measured at 30°C, and ideal kinetic
selectivities.

N CO CH CH CH CO /CH N/CH | CH/CH

2 2 4 24 28 2 4 2 4 2 4 2 6
kinetic kinetic kinetic

solectivity | selectivity | selectivity
24107 1 33x%107° | <Lonl0” | 3.0x107 | <6.6x10” >300 =20 >40)

[60478]

(2210), CO,(2220), CH, (2230), CH, (2240), and C,FH, (2250). The data in FIG. 22

corresponds to uptake at 700 mbar (70 kPa), with the exception of N, which is at 1600

FI1G. 22 shows additional data related to uptake as a function of time for N,

mbar (101 kPa). As shown in FIG. 22, hittle or no uptake of CHy and CHs occurs.

Both C,H, and N, show slow uptake over time, with a more substantial loading of C;H,

being achieved at long time periods. Adsorption of CO; 15 roore rapid than the
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for CO;, relative to these components,

804791

PCT/US2015/036647

uptake values calculated based on the measured adsorption values in FIG. 22, Htis

noted that CH; and CyHg both show very low adsorption on ITQ-55. Based on the

uptake values, Table 102 also shows adsorption selectivities. As shown in Table 102,

ITQ-55 shows an unexpectedly high adsorption selectivity for CO; relative to CHa,

Table 102, Uptake capacity of N,, CO,, CHy, CoHy and CoHg on ITQ-35 measared at

30°C and ideal adsorption selectivities.

Equilibrium adsorption selectivities were also caleulated. Table 102 shows

N o, CH. CH, € H CO/CH | N/CH | CH/CH
2 2 4 2 4 26 2 4 2 4 204 206
uptake, uptake, uptake™, upstake, uptake®, | adsorption | adsorption | adsorption
mmol/g mmol/g mmol/g mmol/g mmol/g selectivity | selectivity | selectivity
{pressure) | (pressure) | (pressure) | {pressure) | {pressure)
0.16 08.94 0015 (.40 .08 62.7 107 5.0
{976 (536 {600 (570 {595
mbar) mbar) mbar) mbar) mbhar)
[00480] FI1G. 28 shows calculated adsorption isotherms for acetylene on [TQ-55.

Acetylene is believed to have a kinetic diameter similar to C0O; and is therefore
expected to be able to enter / diffuse into the pore structure of ITQ-55. Inorderto
mvestigate the adsorption of acetyiene, Grand Cavonical Monte Carlo simulations were
performed for adsorption of acetylene on an 1TQ-55 crystal surface. As a comparison,
simulations were also performed for adsorption of C(O, and N, in order to calculate
adsorption sotherms. As shown in FIG, 28, acetylene (o) is predicted (o be
adsorbed in larger amounts than Ny, but in lower amounts relative to COy, for the low
pressure range of about O bar to about 30 bar {3 MPaa).

Process Example 3. Additional SEM Characterization

{00481} FIGS. 23A and 23B show scanning clectron microscopy (SEM) images of
IT(3-55 crystals. The images show large layered crystals with a size of about 50 um
about 70 um.

Process Example 4. Diffusion Characteristics

100482
CO (FIG. 24) and N (F1G. 25) on an ITQ-55 sample. FIG. 24 corresponds to CHy and

FIGS. 24 and 25 show kinetic studics with frequency responsc for CH, and
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COy at 30°C and a pressure of 0.1 bar (10 kPa). Io FIG. 24, the hoe fit to the CH, data
corresponds to line 2411, while the line fit for the CO; data corresponds to line 2421,
The results show that CHy on ITQ-55 behaves like He with no visual adsorption
apparent for the frequency ranges studied. The CO; diffusion time constant in 60 um
crystals of the ITQ-55 saraple shown in FIGS. 23A and 23B 15 0.003/s.

[884831  FIG.25 corresponds to Nj adsorption at three temperatures of -70°C (2510},
-20°C (25203, 30°C (2530) and samnc pressure of 1 bar (101 kPa). For comparison, He
adsorption at 30°C and 1 bar is also shown (2549). At low frequencies, the frequency
csponse curves approach plateau to refiect equilibrium status and isotherm slope can
be quantified by the difference between platean of N; and Helium experiments. The
results shows Ny adsoerbs more at -7(°C but with slower diffusivities. N; has ~3 times
more capacity at -70°C compared to 30°C. The N, diffusion tiroe constant in 64 pm
crystals of the 1T{3-55 sampic shown in FIGS. 23A and 238 is 8.0004/s at 30°C and
slows down to 0.00028/s at -20°C. Comparing ditfusivity of N; and CQ; at similar
conditions {(30°C}, the kinetic selectivity is about 8. Also, larger kinetic selectivity is
for separation of N; and CHy/CO..

[80484] FIG. 27 shows ZLC results for CO; in ITQ-55. The ZLC experiments were
performed in a small chromatographic column using 10% CO; in helium. The
experimental data with a partial loading expertiment 2721 was fitted with a ZLC wodel
2722, and the full equilibration experiment 2711 was predicted with the model 2712
using the same parameters. The diffusion rate in 60 pm crystals of the IT(-55 sample
shown in FIGS. 23A and 238 has been quantified as 8.003 sec

[604851  In FIG. 26, the tomperature dependence of diffusion time constants for
ethane and ethylene was estimated from single-gas uptake experiments conductedon a
HIDEN IMI volumetric gas sorption apparatus avatlable from Hiden Isochema. Zeolite
ITQ-55 was first activated at 300°C ander dynamic vacuum for 4 hours to remove
moisture and previously adsorbed species, then cooled down to a selected
temperature. Target gas was infroduced into the sample cell at 1.1 bar. Gradual
pressure drop in the sample cell was accounted for as gas adsorption on the
zeolite. The mcasured gas uptake curve was used to estimate the diffusion tirae
constant. Although equilibrium loading was not reached at the conditions shown in

FIG. 26, simulated values were used to determine the equilibrium loading, The
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procedure was repeated at the next temperature and/or for the next adsorbate gas. As
shown in FI(. 26, the temperature dependence of diffusion time constant shows higher
activation energy of diftfusion for cthane relative to cthylene, At temperatures ucar
25°C, ethylene appears to have a higher kinetic selectivity of about 50. As teraperature
increases, FIG. 26 shows that the kinetic selectivity for ethylene relative to ethane
decreases.
Prophetic Example 1. Separation of N, from methane, natural gas, and other
hydrocarbons
[60486] The following is a prophetic example. Natural gas deposits can often
inchude vitrogen as part of the total gas composition. Additionally, during extraction of
natural gas, nitrogen can be introduced into a well to assist with extraction. This
process can sometimes be referred to as “nttrogen flooding”. As a result, vataral gas
can often include nitrogen as a “contaminant”. Nitrogen is generally not harmful to
many natural gas uses, but nifrogen can act as a diluent, reducing the fuel valuc of 8
natural gas feed. Thus, it can be beneficial to reduce or minimize the nitrogen content
of a natural gas feed. It is noted that natural gas can typically contain a substantial
portion of methane, along with a variety of other small (C2 — C4) hydrocarbons. Thus,
the technigues described herein for separation of nitrogen from natural gas can also be
suitable more generally for sepavation of nitrogen from methane, ethane, and other
organic compounds containing three or more heavy atoms. These techniques can also
be suitable for separation of nitrogen from ethylene and/or acetylene, although the
selectivities may be different than the selectivities for alkanes or alcohols.
[00487] Nitrogen can be scparated from natural gas (or other strears containing
alkanes / organic compounds) using an adsorbent and/or membrane that includes
zeolite FTQ-55. Adsorption can be performed using any convenient type of process,
such as a swing adsorption process. For separation by adsorption, a natural gas {or
other stream containing alkanes / organic compounds) that also contains nifrogen can
be exposed to an adsorbent siructure. The surface of the adsorbent structure can be
composed of and/or include zeolite ITQ-55 in a manner so that fluids that enter the
adsorbent structure can canter by passing through pores of the ITQ-35. Depending on
the adsorbent structure, defects in the ITQ-35 crystal structure and/or defects between

crystals can allow some fluids to enter the adsorbent structure without passing through
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the ITQ-55. Due to such defects, less than 100% of the fhuds enterimg the adsorbent
structure may pass through the 1TQ-55 crystals, such as at icast about 90 vol%, or at
cast about 95%, or at lcast about 98%.

[00488]  Simularly, for separation by permeation through a membrane, a natural gas
{or other stream containing alkancs / organic cormpounds) that also contains nitrogen
can be exposed to a membrane structure. The surface of the membrane structure can be
composed of and/or include zeolite ITQ-55 in g manner so that fluids that enter the
membrane structure can enter by passing through pores of the ITQ-55. Depending on
the adsorbent structure, defects in the ITQ-55 crystal structure and/or defects between
crystals can allow some fluids to enter the membrane structure without passiog through
the ITQ-55. Due to such defects, less than 100% of the fluids entering the membrane
structure may pass through the ITQ-SS crystals, such as at least about 90 vol%, or at
least about 95%, or at east about 98%.

[80489] During a scparation proccess, a fluid comprising natural gas {(or other
hydrocarbon or organic components} and nitrogen can be exposed to an adsorbent or
membrane structure.  Based on the kinetic diameter and/or the atfinity of nitrogen for
the ITQ-5S, the nitrogen can preferentially enter the adsorbent or merabrane structure
relative to methane or other organic compounds. This can allow for selectivity for
uitrogen over methane or another organic compound, either for adsorption or for
scparation vig membrane, of at least about 3, or at least about 10, or at least about 20, or
at least about 30.

(604901  Optionally, the adsorption sgparation or membrane can be performed at a
temperature below 300 K, such as 275 K or less, or 250 K or legs, or 225 K or less, or
200 K or less. This can enhance the selectivity of the ITQ-33 for performing the
scparation, as well as potentially mercasing the capacity of an adsorbent structure for
holding mitrogen. Optionally, performing a separation at low tersperatare can also
benefit from allowing water to be condensed out of 2 fluid prior to the fluid being
exposed to the adsorbent or membrane structure. Optionally, a low temperature
separation can be performed at any convenient pressure, such as a pressure of 1000 bar
(100 MPaa) or less. It is noted that at these separation conditions, the fluid being

separated can optionally correspond to a liguid.
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(804811  As another option, the separation can be performed at a temperature of
about 270 K to about 375 K and at & pressure of about 700 bar (70 MPaa} or less, or
about 500 bar {50 MPaa) or less, or about 300 bar (30 MPaa) or less, or about 100 bar
(10 MPaa) or less. Under these conditions, entry of methane or other organic
compounds can be reduced, minimized, or possibly climinated. The minimized entry
of methane or other organic compounds into the adsorbent structure or membrane
structure can facilitate performing a separation with high selectivity,
(08492}  As still another option, the separation can be performed at 4 temperature
greater than about 270 K, or greater than about 325 K, or greater than about 375 K,
such as up to about 600 K or moore. Additionally or alternately, the separation can be
performed at a pressure greater than about 100 bar (10 MPaa), or greater than about 300
bar (30 MPaa}, or greater than about 500 bar (50 MPaa), or greater than about 700 bar
{70 MPaa), such as up to about 1300 bar (150 MPaa) or more. Additionally or
altcrnately, the separation can be performed at any combination of @ temperature and
pressure range cited in this paragraph. Under these conditions, some methane or other
organic compound may be able to enter an adsorbent structure or membrane structure,
but the separation can be performed with a selectivity as described above.
Prophetic Example 2. Separation of CO, from methane, natural gas, and other
hydrocarbons
[80493] The following is a prophetic cxample. Natural gas deposits can often
imeclude €O, as part of the total gas coraposition. C0; is generally not harmful to veany
natural gas uses, but CO, can act as a diluent, reducing the fuel value of a natural gas
feed. Additionally, for some natural gas sources, CQ» may be present due to injection
of CO, into a hydrocarbon reservoir as part of an enhanced oil recovery process. Thus,
it can be beneficial to reduce or minimize the CO; content of a natural gas feed. Itis
noted that natural gas can typically contain a substantial portion of methane, along with
a varicty of other smali (C2 —~ (4) hydrocarbons. Thus, the techniques described herein
for separation of C0» from natural gas can also be suttable more generally for
separation of nitrogen from methane, ethane, and other organic compounds containing
three or more heavy atoms. These technigues can also be suitable for separation of CO;
from ethylene and/or acetylene, although the selectivitics may be different than the

selectivities for alkanes or aleohols.
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(804841 CO; can be separated from vataral gas {or other streams containing alkaues /
organic compounds) using an adsorbent and/or membrane that includes zeolite 1T(Q-55.
Adsorption can be performed using any convenient type of process, such as a swing
adsorption process. For separation by adsorption, a natural gas (or other stream
containing alkanes / organic compounds) that also contains CO; can be exposed to an
adsorbent structure. The surface of the adsorbent structure can be composed of and/or
imclude zeolite ITQ-5S 1n a manner so that Huids that enter the adsorbent structure can
enter by passing through pores of the ITQ-55. Depending on the adsorbent structure,
defects in the F'TQ-55 crystal structure and/or defects between crystals can allow some
fluids to enter the adsorbent structure without passing through the ITQ-55. Due to such
defects, less than 100% of the fluids entering the adsorbent structure may pass through
the ITQ-5S crystals, sach as at least about 90 volY%, or at least about 95%, or at least
about 98%.
[90495]  Sumlarly, for separation by permcation through a mermbrane, a natural gas
{or other stream containing alkanes / organic compounds) that alse contains COs can be
exposed to a membrane structure. The surface of the membrane structure can be
composed of and/or include zeolite ITQ-55 in a manner so that fluids that enter the
membrane structure can enter by passing through pores of the I'TQ-55. Depending on
the adsorbent structure, defects 1o the ITQ-55 crystal structure and/or defects between
crystals can allow some fluids to enter the membrane structure without passing through
the ITQ-5S. Due to such defects, less than 100% of the fluids entering the membrane
structure may pass through the ITQ-SS crystals, such as at least about 90 vol%, or at
least about 95%, or at least about 98%.
[80496]  During a separation process, a fluid comprising natural gas (or other
hydrocarbon or organic components) and CO; can be cxposed to an adsorbent or
membrane structure.  Based on the kinetic diameter and/or the affinity of nitrogen for
the {T(3-55, the CO;, can preferentially enter the adsorbent or membrane structure
relative to methane or other organic compounds. This can allow for selectivity for COy
over methane or another organic compound, either for adsorption or for separation via
membrane, of at least about 5, or at least about 10, or at least about 20, or at least about

30.
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(804971 Optionally, the adsorption separation or vaembrane ¢an be perfored at a
temperature below 300 K, such as 275 K or less, or 250 K or less, or 225 K or less, or
200 K or fess. This can cohauce the sclectivity of the ITQ-55 for performing the
separation, as well as potentiaily increasing the capacity of an adsorbent structure for
holding CO». Optionally, performing a separation at low temperature can also benefit
from allowing watzr to be condensed out of a fluid prior to the fluid being exposed to
the adsorbent or membrane structure. Optionally, a low temperature separation can be
performed at any convenient pressure, such as a pressure of 1000 bar (100 MPaa) or
less. It is noted that at these separation conditions, the fluid being separated can
optionally correspond to a liguid.
[004981  As another option, the scparation can be performed at a temperature of
about 270 K to about 375 K and at a pressure of about 700 bar (70 MPaa) or less, or
about 500 bar (50 MPaa) or less, or about 308 bar (30 MPaa) or lgss, or about 160 bar
(10 MPaa) or less. Under these conditions, entry of methane or other organic
compounds can be reduced, minimized, or possibly eliminated. The minimized entry
of methane or other organic compounds into the adsorbent structure or membrane
structure can facilitate performing a separation with high selectivity,
[68499]  As still another option, the separation can be performed at a temperature
greater than about 270 K, or greater than about 3235 K, or greater than about 375 K,
such as up to about 600 K or more. Additionally or alternately, the separation can be
performed at a pressure greater than about 100 bar (10 MPaa), or greater than about 300
bar {30 MPaa)}, or greater than about 500 bar {50 MPaa}, or greater than about 700 bar
{70 MPaa}, such as up to about 1500 bar (150 MPaa) or more. Additionally or
altersately, the separation can be performed at any combination of a temperature and
pressure range cited in this paragraph. Under these conditions, some methane or other
organic compound may be able to enter an adsorbent stracture or membrane stracture,
but the separation can be performed with a selectivity as described above.
Prophetic Example 3. Syngas Separations
(0038061 The following is a prophetic example. Syngas typically refers to a gas
mixture containing a combination of Hy, CO, CO;, and HyO. Optionally, syngas can
sometimes refer to at least two of Hy, CO, CO:, and HO, or at least three of Ha, CO,

CO,, and H;O0. Optionally, a syngas stream can also contain one or more other
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components, such as Nz, CHy, Oy, and/or other small hydrocarbons. For at least some
uscs of syngas, it can be beneficial to reduce or minimize the content of components
beneticial to separate one or more syngas components from the remaining portion of a
syngas stream. For example, it can be desirable to separate hydrogen from syngas for
use as a fuel, or to separate CO; from syngas so that the C0O; can be used and/or
sequestered.
(66561} Hydrogen can be separated from syngas (aund optionally from other
components present in a syngas stream such as N or CHy) using an adsorbent and/or
membrane that includes zeolite ITQ-35. Adsorption can be performed using any
convenient type of process, such as a swing adsorption process. For separation by
adsorption, a syngas stream can be exposed to aun adsorbent structare. The surface of
the adsorbent structure can be composed of and/or include zeolite IT(Q-55 in a manner
so that fhuds that enter the adsorbent structure can enter by passing through pores of
the 1TQ-35. Depending on the adsorbent structure, defects in the I'TQ-55 crystal
structure and/or defects between crystals can allow some fluids to enter the adsorbent
structure without passing through the ITQ-33. Due to such defects, less than 100% of
the fluids entering the adsorbent structure may pass through the I'TQ-55 crystals, such
as at least about 90 voi%, or at least about 95%, or at least about 98%.
(005021 Similarly, for separation of hydrogen by permeation through a membrane, a
syngas stream can be exposed to 4 membrane structure. The surface of the membrane
structure can be composed of and/or inchude zeolite I'T(3-55 in a manner so that fluids
that enter the raembrane structure can enter by passing through pores of the ITQ-55.
Depending on the adsorbent structure, defects in the IT(Q-55 crystal structure and/or
defects between crystals can allow some fluids to enter the merabrance structure without
passing through the IT(Q-55. Due to such defects, less than 100% of the fluids entering
the membrane structure may pass through the IT(Q-55 crystals, such as at least about 90
vol%e, or at least about 9595, or at feast about %%,
(803831  During a separation process, a fluid comprising syngas can be exposed © an
adsorbent or membrane structure.  Based on the kinetic diameter and/or the affinity of
hydrogen for the ITQ-55, the hydrogen can preferentially enter the adsorbent or

membrane structure relative to other components of a syngas. This can allow for
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selectivity for hydrogen over other syngas components, either for adsorption or for
separation vig membrane, of at lcast about 3, or at least about 18, or at least about 20, or
at least about 30,
[00534]  Another option can be to separate CO; from syngas using an adsorbent
and/or membrane that includes zeolite TT(-55. Relative to other syngas components,
{20, can be a component that is preferentially not adsorbed, so that the product with an
mnerease in CO; concentration can be the portion of the stream that is not adsorbed.
Adsorption can be performed using any convenient type of process, such as a swing
adsorption process. For scparation by adsorption, a syngas stream can be exposed to an
adsorbent structure. The surface of the adsorbent structure can be corposed of and/or
include zeolite ITQ-55 in a manner so that fluids that enter the adsorbent structure can
enter by passing through pores of the ITQ-585. Depending on the adsorbent structure,
defects in the F'TQ-55 crystal structure and/or defects between crystals can allow some
fluids to enter the adsorbent structure without passing through the IT(Q-55. Duc to such
defects, less than 100% of the fluids entering the adsorbent structure may pass through
the TTQ-55 crystals, such as at least about 90 vol%, or at least about 95%, or at least
about 98%.
[68565)  Similarly, for separation of CO, using 4 membrane, a syngas stream can be
exposed to a membrane structure. Because other syngas components can tend to
preferentially enter a membrane composed of 1TQ-53, the stream enriched in CO; can
correspond to the retentate of the membrane separation. The sarface of the merobrane
structure can be composed of and/or inchude zeolite I'T{(3-53 in a manner so that fluids
that enter the raembrane structure can enter by passing through pores of the ITQ-55.
Depending on the adsorbent structure, defects in the IT(Q-55 crystal structure and/or
defects between crystals can allow some fluids to enter the merabrance structure without
passing through the IT(Q-55. Due to such defects, less than 100% of the fluids entering
the membrane structure may pass through the IT(Q-55 crystals, such as at least about 90
vol%e, or at least about 9595, or at feast about %%,
(803861 During a separation process, a fluid comprising syngas can be exposed © an
adsorbent or membrane structure.  Based on the kinetic diameter and/or the affinity of
CO, for the ITQ-55 relative 10 other syngas components, the €O, can preferentially not

enter the adsorbent or membrane structure relative to other components of a syngas.
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This can allow for selectivity for CO; over other syngas coraponents, either for
adsorption or for separation via membrane, of at least about 3, or at least ebout 10, or at
least about 20, or at feast about 30, I 1s noted that a syngas strcam that additional
contains other non-syngas components, such as Ny or CH,, may benetit from two
separation steps. A first step can separate CO;, Ny, and CHy from the rermaining syngas
components as the non-adsorbed or retentate stream. A second separation can then take
advantage of the increased affinity of CO, for ITQ-55 relative to Ny and/or CH, to form
an enriched adsorbed stream or permeate stream.
[60567]  Optionally, the adsorption separation or membrane can be performed at a
temperature below 300 K, such as 275 K or less, or 230 K or less, or 225 K or less, or
200 K or less. This can enhance the selectivity of the ITQ-35 for performing the
separation, as well as potentiaily jncreasing the capacity of an adsorbent siructure for
helding hydrogen and/or CO,. Optionally, performing a separation at low temperature
can also benefit from allowing water to be condensed out of & fluid prior to the fluid
being exposed to the adsorbent or membrane structure. Optionally, a low temperature
scparation can be performed at any convenient pressure, such as a pressure of 1000 bar
(100 MPaa) or less. It is noted that at these separation conditions, the fluid being
separated can optionally correspond to 2 liquid.
[88588]  As another option, the separation can be performed at a temperature of
about 270 K to about 375 K and at a pressure of about 700 bar (70 MPaa) or less, or
about 500 bar (50 MPaa) or less, or about 300 bar (30 MPaa) or less, or about 100 bar
(10 MPaa) or less. Under these conditions, entry of methane or other organic
compounds can be reduced, minimized, or possibly climinated. The minimized entry
of methane or other organic compounds into the adsorbent structure or membrane
structure can facilitate performing a scparation with high selectivity,
(605691 As still another option, the separation can be performed at a tevaperature
greater than about 270 K, or greater than about 325 K, or greater than about 375 K,
such as up to about 600 K or roore. Additionally or alternately, the separation can be
performed at a pressure greater than about 100 bar (10 MPaa), or greater than about 300
bar (30 MPaa), or greater than about 300 bar (50 MPaa), or greater than about 700 bar
{70 MPaa), such as up to about 1300 bar (150 MPaa} or more. Additionally or

alternately, the separation can be performed at any combination of @ temperature and
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pressure range cited in this paragraph. Under these conditions, some methane or other
organic compound may be able to enter an adsorbent structure or membrane structure,
but the separation can be performed with a sclectivity as described above.
Prophetic Example 4. Separation of O; from N,
[88518]  The following is a prophetic example. A commercially important type of
separation is separation of (3, from Np. While air can be used as a feed for some
reactions, in many situations it can be desirable to have a stream either enriched or
depleted 1n oxygen relative to air. In addition to separating oxygen from nitrogen with
a starting stream of air, such separations can generally be performed on other streams
containing both oxygen and nitrogen.
(80511} Nitrogen can be separated from oxygen using an adsorbent and/or
mewbrane that jncludes zeolite IT(Q-55. Adsorption can be perforraed using any
convenient type of process, such as a swing adsorption process. For separation by
adsorption, a stream that contains nitrogen and oxygen can be cxposed to an adsorbent
structure. (Oxygen can generally have a smaller kinetic diameter and/or higher affinity
for ITQ-55, so it is believed that oxygen can preferentially enter the pore structure of
zeolite ITQ-55. The surface of the adsorbent structure can be composed of and/or
include zeohite IT(Q-55 n a manner so that fluids that enter the adsorbent structure can
enter by passing through pores of the ITQ-35. Depending on the adsorbent structure,
defects in the ITQ-55 crystal structure and/or defects between crystals can aliow some
fluids to enter the adsorbent structure without passing through the ITQ-35. Due to such
defects, less than 100% of the fluids entering the adsorbent structure may pass through
the IT(Q-35 crystals, such as at least about 90 vol%%, or at least about 35%, or at least
about 98%.
[80512]  Sinularly, for scparation by permeation through a membrane, g stream that
contains nitrogen and oxygen can be exposed to a membrane structure. The surface of
the membrane structure can be composed of and/or include zeolite ITQ-55 in a manner
so that fluids that enter the membrane structure can enter by passing through pores of
the ITQ-55. Depending on the adsorbent structure, defects in the ITQ-55 crystal
structure and/or defects between crystals can allow some fluids to enter the membrane

structure without passing through the I'TQ-35. Due o such defects, less than 100% of
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the flnds entering the raembrane structure may pass through the [TQ-35 crystals, such
as at least about 90 voi%, or at least about 95%, or atf least about 98%.
[80813]  During a separation process, a fluid comprising oxygen and nitrogen can be
cxposed to an adsorbent or membrance structure.  Based on the relative kinetic
diameters and/or the relative affinitics of oxygen and nmitrogen for the ITQ-553, it is
believed that the oxygen can preferentially enter the adsorbent or membrane structure
relative to nitrogen. This can allow for selectivity for cither oxygen or nitrogen
{(depending on the product stream that corresponds to a desired output}, either for
adsorption or for separation via membrane, of at least about 5, or at least about 10, or at
teast about 20, or at least about 30.
[80514] Optionally, the adsorption scparation or membrane can be performed at a
temperature below 300 K, such as 275 K or less, or 250 K or less, or 225 K or less, or
200 K or fess. This can enhance the sclectivity of the ITQ-55 for performing the
separation, as well as potentially increasing the capacity of an adsorbent structure for
holding nitrogen. Optionally, performing a separation at low temperature can also
benefit from allowing water to be condensed out of a fluid prior to the fluid being
exposed to the adsorbent or mersbrane structure. Optionally, a low temperature
separation can be performed at any convenient pressure, such as a pressure of 1000 bar
{100 MPaa) or less. It 1s noted that at these separation conditions, the fluid being
separated can optionally correspond to a liquid.
[60515]  As another option, the separation can be performed at a teraperature of
about 278 K to about 375 K and at a pressure of about 700 bar (70 MPaa} or less, or
about 560 bar (50 MPaa) or less, or about 300 bar (30 MPaa} or less, or about 100 bar
{10 MPaa) or less. Under these conditions, entry of methane or other organic
compounds can be reduced, minimized, or possibly eliminated. The minimized cotry
of rocthane or other organic compounds into the adsorbent structure or membrane
structure can facilitate performing a separation with high selectivity.
[88516]  As still another option, the separation can be performed at a temperature
greater than about 270 K, or greater than about 325 K or greater than about 375 K
such as up to about 600 K or more. Additionally or alternately, the separation can be
performed at a pressure greater than about 100 bar (10 MPaa), or greater than about 300

bar (30 MPaa), or greater than about 500 bar (50 MPaa), or greater than about 700 bar
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{70 MPaa), such as up to about 1500 bar (150 MPaa) or more. Additionally or
alternately, the separation can be performed at any combination of a temperature and
pressure range cited m this paragraph. Under these conditions, somce methane or other
organic compound may be able to enter an adsorbent structure or membrane structure,
but the scparation can be performed with a selectivity as described above.
Prophetic Example 5. Storage of hydrocarbons and/or small organic compounds
{68517} The following is a prophetic example. Although a storage process for
hydrocarbouns can be initiated using a stream containing multiple components, for
clarity inr description this prophetic example is based on performing storage based on a
single coraponent stream.
[00518] In some aspects, storage of a hydrocarbon 1n an adsorbent structure
comprising IT(Q-55 can be performed by mitially adsorbing the ITQ-55 at an elevated
temperatare and/or pressure. Suitable compounds for storage can inchade, but are not
timited to, mcthane, cthane, cthylene, formaldchvde, methanol, dimethyl cther, and
combinations thereof,
(805191  During an initial adsorption step, a fluid component can be adsorbed info the
adsorbent structure. The conditions during adsorption can include, for example, aja
temperature of at least about 325 K, or at jeast about 375 K, or at least about 425 K, or
at feast about 475 K b) a pressure of at least about 100 bar (10 MPaa), or at feast about
300 bar (30 MPaa), or at lcast about 500 bar (50 MPaa), or at least about 700 bar (70
MPaa); or ¢} a combination thereof. Without betng bound by any particular theory, the
clevated temperature and/or pressure can allow for introduction of an elevated loading
of an organic component into the adsorbent structure,
[B0528]  After loading of the adsorbent structure, the temperature and/or pressure can
be reduced. In aspects where loading of the adsorbent structure is perforrued at an
clevated pressure, the pressure can be reduced to about 100 bar (140 MPaa) or less, or
about 10 bar (1 MPaa) or less, or about 2 bar (0.2 MPaaj} or less, or about 1 bar (0.1
MPaa) or less. In aspects where loading of the adsorbent structure is performed at an
elevated temperature, the temperature can be reduced to about 325 K or less, or about
300 K or less, or about 275 K or less, or about 230 K or less, or about 225 K or less, or
about 200 K or less. In aspects where both the temperature and pressure are elevated

during loading, the temperature can optionally be reduced first, and then the pressure
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can be reduced. After reducing the teroperature and/or pressure, some desorption of the
adsorbed component can occur. However, based on the reduced temperature and/or
pressure conditions, a portion of the compouent can reman kinetically trapped within
the adsorbent structure. This can allow the adsorbent structure to retain an amount of
the fluid component within the adsorbent structure, even though the atmosphere outside
of the adsorbent may no longer contain the adsorbed component. The loading retained
within the adsorbent can correspond to a percentage of the loading that was achicoved
during adsorption, such as at least about 18 wt% of the loading during adsorption, or at
least about 20 wi%, or at least about 30 wi%, or at least about 40 wit%, or at least about
50 wi%, or at feast about 60 wt%s. The adsorbent structure can theo optionally be
ransported under the reduced temperature and/or pressure conditions.

[B0821]  After storage for a desived amount of time, the temperature can be fncreased
to allow the adsorbed component to exit from the adsorbent structure. This can allow
the adsorbed component, corrcsponding to a fucl and/or potential reactant, to be stored
and optionally transported under less severe conditions. In other words, the
temperature and/or pressure required for storage of the adsorbed component i the
adsorbent structure can be reduced relative to the conditions required for storing the
adsorbed component in the absence of the adsorbent structure.

Additional Separation Embodirnents

(805221 Embodiment 1. A method for separating fluids, comprising: exposing an
faput fluid strearn conprising a first fluid component and a second fluid compouent o
an adsorbent comprising zeolite IT(Q-55 to form a rejection product fluid stream, a
molar ratio of the first fluid component to the second fluid component in the rejection
product fluid stream being less than a molar ratio of the first fluid component to the
sccond fluid component in the input flud strearm; collecting the rejection product fluid
strears; forming an adsorbed product fluid stream, a molar ratio of the first fluid
component to the second fluid component in the adserbed product stream being greater
than the molar ratio of the first fluid component to the second fluid component in the
mnput fluid stream; and collecting the adsorbed product stream, wherein the zeolite ITQ-
55 has a framework of tetrahedral (T) atoms connected by bridging atoms, wherein the
tetrahedral atom is defined by connecting the nearest T atoris in the manner described

in the following Table:
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Comnected to:
16, 17,755, T73
13,7579, T56
T2,T7,T21, T27
T8, T9, TS8, T73
12, T8, TS2, T59
TH, T8, TS3, T60
T1, T3, TSO. T61
T4, TS, 16, TS1
T2, T4, T21, T63
T1i8, Ti6, Ted, T7
T12,T14, T8, 165
T, Ti6, T30, T36
T17, T18, 167,774
T, T17, 743,768
T10, T17, T44, Ta9
T10, T12,T41, 770
T13,T14,7T15, 742
TIL 113,730, 7
T24, T25, T37, T7
T21, 723,127, T

T26, T27, T40, T73
T20, T26, T41, T70
T19, T26, T42, T71
T19, T21, T43, T68

T22, T23, T24, T69
T3, T20, T22, T45
T33, T34, T46, T74
T30, T32, T36, T47
T12, TI8, 129, T34
T33, T36, T49, T74
129, T35, TS0, T61
T28, T3S, T51, T62
T28, T30, T2, TSY
T31, T32, T33, T60
T12, 729, T31, T54
T19, T42, T43, T7S
T20, T39, T41, T4S
3%, T43, T57, T63
T22, T44, T4S, T7S
Ti6, T23, T3, T44
T17, T24, T37, T44
T4, 725,137, T39
T15, T40, T41, T42
T27,T38, T40, TS7
T28, TS1, 152, T76
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T47 T29, T48, T50, T54
T4¥ 47,152,766, 172

T4 T3, TSI, TS4, 776
TS0 77,732,747, 753
TST TR, T33, T46, T53
T52 TS, T34, T46, T48
T53 6, T49, TS0, TS1
T54  T36, T47, T49, T66
T35 T, T60, T61, T75
56 T2, T57, TS9, T63
T57  T39, T45, T56, T6!
TS T4, T62, T63, T75
T59 T3, T34, TS6, T62
T6O  T6, T3S, T55,T62
T61 7,732, TS5, TS7
T62  T33, TSR, T59, T60
T63  TY,T39, T56, T5H
T64  TIO, T69, T70, T76
T65  T11,T66, T68, T72
T66 48, TS4, T65, T70
T67  TI3,T7Y, T2, 776
T68 T4, T2S,T6S, T71
T69  TIS, 126, T64, T71
T TI6, T23, T6d, T66
T71 T24, T67, T6S, T69
T72  TIB, T48, 165, 767
T3 TL T4, T19,T22
T74  TIO, TI3, T28, T31
T75  T37.T40.7T5S, TSR
T76 46, T49, Ted, T67.

(89523] Ewmbodiment 2. A method for separating fluids, comprising: exposing an
input fluid stream comprising a first fluid component and a second fluid component fo
an adsorbent comprising zeolite ITQ-5S to form a rejection product fluid strecam, a
molar ratio of the first fluid component to the second fluid component in the rejection
product fluid stream being less than a molar ratio of the fivst fluid coraponent to the
second fluid component in the input fluid stream; collecting the rejection product fluid
strear; fornung an adsorbed product fluid stream, a molar ratio of the first fluid
component to the second fluid component in the adsorbed product stream being greater
than the molar ratio of the first fluid component to the sccond fluid component in the
wput fhuid streamy and collecting the adsorbed product stream, wherein the zeolite ITQ-
55, as synthesized, has an X-ray diffraction pattern with, at least, the angle values 26

{degrees) and relative futensities (Vi)
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28 {degrees) 0.5 Intensity (Vi)

5.8 w

77 W

8.9 W

8.3 mf

9.9 W

10.1 W

132 m

134 W

147 W

151 m

154 w

15.5 W

17.4 m

17.7 m

199 m

20.6 m

212 f

21.6 f

22.0 f

231 mf

244 m

27.8 m

where Iy 18 the intensity frorn the most intense pick to which is assigned a value of
100

w 1§ a weak relative mtensity between & and 20%,
m is an average relative intensity between 2€ and 40%,
f is a strong relative intensity between 40 and 60%,

and waf is a very strong relative intensity between 60 and 100%.

{00524} Embodiment 3. The method of any of the above embodiments, wherein the
zeolite 1TQ-33 has, in calcined state and in abscnce of defects in its crystalline matrix
manitested by the presence of silanols, an erapiric forruula

A M1 X003 v YO g GeOy: (1-2)510;
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in which

M is selected between H, at least one inorganic cation of charge +n, and a mixture
of both,

X 18 at least one chemical element of oxidation state +3,

Y is at least one chemical element with oxidation state +4 different from 54,

x takes a value between 0 and 0.2, both included,

v takes a value between {0 and 0.1, both included,
g takes a value between 0 and 0.5, both included.
(0052581  Embodiment4.  The method of Embodiment 3, wherein x takes a value of
essentially zero, v takes a value of essentially zero, and g takes a value of essentially
ZET0.
(605261 Embodiment 5. The method of Embodiment 3, wherein a) x takes a value
of greater than zero, b} v takes a value of greater than zero, ¢} g takes a value of greater
than zcro, or d) a combination thercof,
(605271 Embodiment 6. The method of any of the above embodiments, wherein
forming an adsorbed product floid stream comprises medifying at least one of the
temperature or the pressure of the adsorbent.
[80528] Ewmbodiment 7. The method of any of the above embodiments, wherein
forming an adsorbed product fluid stream comprises exposing a fluid stream
comprising a third component to the adsorbent comprising zeolite ITQ-55, at least a
portion of the third component being adsorbed by the adsorbent comprising zeolite
IT-55.
{00529  Embodiment 8. The method of any of the above embodiments, wherein
exposing the input fluid stream {o an adsorbent comprises exposing the input fhuid
strcam to an adsorbent in a swing adsorption vessel.
(805301 Ewmbodiment 9. The method of Embodiment 8, wherem exposing the input
flutd stream to an adsorbent comprises exposing the input fluid stream to the adsorbent
under pressure swing adsorption conditions, temperature swing adsorption conditions,
rapid cycle pressure swing adsorption conditions, or a combination thereof.
[00531] Embodiment 10. The method of any of the above embodiments, wherein
the tnput fluid stream is exposed to the adsorbent at effective conditions for performing

a kinctic separation of the first component from the second component, at effective
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conditions for performing an equilibrivm separation of the first compouent from the
second component, or a combination thereof,
16005321  Embodiment 11, The method of any of the above embodiments, whercin
the adsorbent has less than about 20% of open pore volume in pores having diameters
greater than about 20 Angstroms and less than about 1 micron.
[885331  Embodiment 12. A method for separating fluids, comprising: exposing an
tput fluid stream comprising a first fluid component and a second fluid component to
a membrane comprising particles of crystalline zeolite I'T(Q-55 to form a permeate
product fluid stream and a rejection product fluid stream, a molar ratio of the first fluid
compounent to the second fluid component in the perroeate product fluid stream being
greater than a ratio of the first fluid component fo the second flnid component in the
faput fluid strear, a molar ratio of the first flurd component to the second fluid
component in the rejection product fluid stream being less than a ratio of the first fluid
component to the sccond fluid comaponent i the input fhuid stream, wherein the
retrahedral atom is defined by connecting the nearest T atoms in the manner described
in the following Table:

ITQ-5S tetrahedral atom interconnections

T atom Connected to:
T 16, T7,T55,173
T2 13,75, 79,756
T3 12,77, 121, T27
T4 T8, T8, T58, T73

3 T2, T8, T52, T3¢9

T6 T1, T8, T53, T60
T7 Tt T3, T50, T61
TS T4, TS, T6, T51

T9 T2, T4, T21, T63
TI0  T15, TI6, T64, T74
Ti T12, Ti4, T18, T63
Ti2  THY, T16, T30, T36
TI3  TI7, TIR, T67, T74
T4 THY, TI7, T43, T68
TIS  TI0, T17, T44, T69
Ti6  TIO, TI2, T41, 770
TI7 TI3, Ti4, T15, T42
TI®  TH1, TI3, 730,772
TI9 724,725, T37, 773
T20 T21, 723,727,738
T21  T3,T9, T20, T25
Y22 T26,T27,T40, T73
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T20, 726, T41, T70
T19, T26, T42, T71
T19, T21, T43, T68
T22, 123, 124, T69
T3, 720, T22, T45

T33, T34, T46, T74
T30, T32, T36, T47
T12, TI&, T29, T34
T35, T36, T49, T74
T29, T35, T50, T61
T28, T35, T51, T62
T28, T30, T52, T59
T31, T32, T33, T60
T12, T29, T34, T54
T19, T42, T43, T75
T20, T39, T41, T43
T38, T43, T57, T63
22, T44, T45, T75
T16, T23, T38, T44
T17, T24, T37, T44
T4, T25, T37, T30
T1S, T40, T41, T42
T27, T38, T40, T57
T28, TS1, T52, T76
T29, T48, TS0, T54
T47, T52, 166, T72
T31, TS3. T4, T76
T7,T32, T47, T53

T8, T33, T46, T53

TS, T34, T46, T4R

T6, T49, T30, T31

T36, T47, T49, T66
T, T60, T61, T75

T2, 57,759, T63

T39, T45, T56, T61
T4, T62, T63, T75

TS, T34, T56, T62

T6, T35, TS5, T62

T7, T32, TS5, TS7

T33, T58, T59, T60

T10, T69, T70,
T11, T66, T6S
T48, T54, T
T3, T71, T72, T76
T4, T25, T65, T71
T3, T26, T64, T71
T16, T23, T64, T66
T24, T67, T68, T6Y

PCT/US2015/036647
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172 THE, T48, 165,167
T73 T, T4, T19, 722
T74 TG, T13, 128, 131
T75 137,140,155, 158
176 T46, T49, To4, 167,

[60534] Embodiment 13. A method for separating fluids, comprising: exposing an
input fluid stream comprising a first fluid component and a second fluid component to
a membrane comprising particles of crystalline zeolite FT(Q-55 to form a permeate
product flud strears and a rejection product Huoid stream, a roolar ratio of the fivst fluid
component to the second fluid component in the permeate product fluid stream being
greater than a ratio of the first flind component to the second fluid component in the
input fluid stream, a molar ratio of the first fluid component to the second fluid
component in the rejection product fluid stream being less than a ratio of the first fluid
component to the second thuid component in the input fluld strears, wherein the zeolite
IT(-55, as synthesized, has an X-ray diffraction pattern with, at least, the angle values

28 {degrees) and relative intensities {(Flg):

28 {degrees) 0.5 Intensity {1/1p)
5K W
77 w
8.9 W
9.3 mf
.9 W
101 W
13.2 m
134 W
14.7 W
151 m
154 w
155 W
17.4 m
17.7 m
19.9 m
20.6 m

212

=y
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21.6 f
22, f
23.1 mf
24.4 m
27.0 m

where Ig 15 the 1ntensity from the most intense pick to which s assigned a value of

100

w 15 a weak refative mteosity between § and 20%,

m is an average relative intensity between 20 and 40%,

tf'1s a strong relative mtensity between 40 and 60%,
and mf'is a very strong relative jutensity between 60 and 100%.
[80535f Embodiment 14, The method of any of Embodiments 12 or 13, wherein the
zeolite ITQ-5S5 has, in calcined state and in absence of defects in s crystalline matrix
manifested by the presence of silanols, an empiric formula

x {(MypX02) v YO g GeOy (1-¢)8510,

in which

M is sclected between H | at least one inorganic cation of charge +n, and a mixture
of both,

X is at least one chenical element of oxidation state +3,

Y is at least one chemical element with oxidation state +4 different from Si,

< takes a value between § and 0.2, both included,

v takes a value between 0 and 0.1, both included,
g takes s value between 0 and 0.5, both included.
108536} Embodiment 15, The method of Embodiment 14, wherein x takes a value
of essentially zero, v takes a value of essentially zero, and g takes a value of essentially
ZeTO.
{80837} FEmbodiment 16, The method of Embodiment 14, wherein a) x takes a
value of greater than zero, b) y takes a value of greater than zero, ¢} g takes a value of
greater than zero, or d) a4 combination thereof.
[80538] Embodiment 17. The method of any of Embodiments 12 to 16, wherein the
merabrane corprises particles of crystalline zeolite 1TQ-55 having 8 mean particle size
of about 20 nm to about 1 micron.
(605397  Embodiment 18 The method of any of Embodiments 12 to 17, wherein the

particies of crystalline zeolite ITQ-55 comprise a contiguous laver of particles.
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(605401  Embodiment 19, The method of any of Embodiments 12 to 18, wherein the
particies of crystalline zeolite ITQ-55 comprise a layer of particles of crystailine zeolite
ITQ-55 on a support.
{00541]  Embodiment 20. The method of Embodiment 19, wherein the support
comprises glass, fused quartz, silica, silicon, clay, metal, porous glass, sintered porous
metal, titania, cordierite, or a combination thereof
(083421 Embodiment 21, The method of any of Embodiments 19 or 20, wherein the
supported layer of particles of ervstalline zeolite IT(-55 comprises particles of
crystalline zeolite ITQ-55 in a particulate matrix, a pore structure being defined by the
interstices between the particles, between the crystals, and between the particles and the
crystals.
(605431 Embodiment 22. The method of any of Embodiments 12 to 21, wherein the
membrang comprises at least one of a hybrid layer and a composite layer.
{00544  Embodiment 23, The racthod of any of Embodiments 12 1o 22, further
comprising exposing a permeate side of the membrane to a sweep stream.
[80545] Embodiment 24, The method of any of the above embodiments, wherein
the second fluid component is methane, ethane, methanol, dimethyl ether, an organic
compound containing 3 or more heavy atoms, of a combination thereof,
[80546] Embodiment 23. The method of Embodiment 24, wherein the first fiuid
component is CO, CO,, Hy, HaO, or a combination thereof.
[06847] Embodiment 26, The method of Embodiment 25, wherein the first fluid
component is U and the second fluid component is CH..
{60548  Embodiment 27. The method of Embodiment 26, wherein the input flnid
stream comprises natural gas.
[6854%9] FEmbodiment 28, The method of Embodiment 24, wherein the fivst fluid
component is cthylene, acetylene, formaldehyde, or a combination thereof.
[08550)  Embodiment 29, The method of Embodiment 24, wherein the first fluid
component is HaS, NHs, or a combination thereof.
[605511  Embodiment 30, The method of Embodiment 24, wherein the first flmd
component is SO,, N,O, NO, NO,, a sultur oxide, or a combination thereof, the input

fluid optionally comprising a flue gas.
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085521 Embodiment 31, The method of Embodiment 24, wherein the first fhad
component is Ny, the input fluid stream optionally comprising a natural gas stream.
160058531  Embodiment 32, The method of Embodiment 31, wherein the wmput fluid
stream is exposed to the adsorbent at g temperature of about 223 K to about 523 K,
optionally at least about 270 K.
{85541 Embodiment 33, The method of Embodiment 24, whersin the first flnd
component is a noble gas, a molecular halogen, a halogen hydride, or a combination
thereof.
[60555]  Embodiment 34. The method of any of the above embodiments, wherein
the first fluid component is methane, ethylene, ethane, methanel, dimethyi ether, ora
combination thercof,
(605561 Embodiment 35. The method of any of the above embodiments, wherein
the sccond fluid component is pitrogen, the first fluid component being hydrogen, a
noble gas, oxygen, a nifrogen oxide, €Oy, CO, a molecular halogen, a halogen hydride,
or a combination thereof.
{66557 Embodiment 36, The method of Embodiment 35, wherein the first fluid
component is CO,.
[80558] Embodiment 37. The method of Embodiment 36, wherein the input fluid
stream coraprises a flue gas.
{08559  Embodiment 38. The method of Embodiment 35, wherein the first fluid
component is O,
{60560 Embodiment 39. The method of Embodiment 26, wherein the input fluid
strcam coraprises air.
[38561] Embodiment 40. The meathod of Embodiment 38, wherein the molecular
halogen or the halogen halide comprise F, Cl, Br, or a combination thereof s the
halogen.
[80562] Embodiment 41. The method of any of the above embodiments, wherein
the first Hluid component is CO; and the second fluid component comprises one or
more hydrocarbons.
[68563] Embodiment 42, The method of Embodiment 29, wherein the one or more

hydrocarbons are methane, ethang, ethvlene, or 2 combination thereef,
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[605641 Ewmbodiment 43, The method of any of the sbove embodiments, wherein
the first fluid component is ethylene and the second fluid component is ethane,
methane, or a combination thereof.
[00565]  Embodiment 44. The method of any of the above embodiments, wherein
the first fluid component is a nitrogen oxide and the second fluid component s a sulfur
oxide.
[60566] Embodiment 45. The method of any of the above embodiments, wherein
the first fluid component is H, and the second fluid component is a nitrogen oxide, &
sulfur oxide, a hydrocarbon, a carbon oxide, or a combination thereof, the input fluid
stream optionally comprising syngas.
(800567 Embodiment 46. The method of any of the above embodiments, wherein
the first fluid component is H, and the second fluid component is HyS, NH;, or a
combination thereof,
605681 Embodimoent 47, The mcthod of any ot the above embodimoents, wherein
the first fluid component is H20 and the second fluid component is Ha.
[80569] Embodiment 48, The method of any of the above embodiments, wherein
the first fluid component is He, Ne, Ar, Kr, and the second fluid component is No, HhO,
CO, CO,, a hydrocarbon, or a combination thereof.
(805701  Ewmbodiment 49, The method of any of the above erabodituents, wherein
the first fluid component is methanol, dimethy! ether, or a combination thercof,
(803711 Embodiment 50. The method of any of the above embodiments, wherein
the second fluid component is methanol, dimethyl ether, or a combination thereof.
805721  Embodiment 51, The method of any of the above embodiments, wherein
the first fluid component is acetylene and the second fluid component is ethylene,
methane, cthanc, or a combination thercof
(605731  Embodiment 52. The method of Embodiments 8 or 9, wherein the input
flutd stream comprises natural gas.
(80574} Ewmbodiment 53, The method of Embodiment 52, wherein the input fluid
stream s exposed to the adsorbent comprising zeolite FTQ-35 at a pressure of about 5
psia {about 0.03 MPa) to about 5000 psia (about 35 MPa), optionally at least about 230
psia {about 1.7 MPa}, or at least about 500 psia (about 3.4 MPa), or at least about 1000

psia {about 6.9 MPa).
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[6058751  Embodiment 54. The wethod of any of Embodiments 52 to 53, wherein the
input fluid stream is exposed to the adsorbent at a temperature of about - [8°C to about
399°C, or about 3167C or lcss, or about 2687C or lcss.
[00576]  Embodiment 55. The method of any of Embodiments 52 to 54, wherein the
first fluid component 18 N, HbO, COy, or a combination thereof,
(885771 Ewmbodiment 536, The method of any of Embodiments 52 to 54, wherein the
first fluid component is at least one of Ny and HyO.
[80378] Embodiment 57. The method of any of Embodiments 52 to 54, wherein the
first fluid component is Ny,
[605791  Embodiment 38, The method of any of Embodiments 52 to 54, wherein the
first fluid component is H,O.
(605801 Embodiment 59. The method of any of Embodiments 52 to 58, wherein the
second fluid component s CHy, a hiydrocarbon having a higher molecular weight than
{CH., or a combination thercof.

Additional Storage Embodiments

[60581] Embodiment 1. A method for adsorbing and storing fluids, comprising:
exposing an input fluid stream comprising a first fluid componceot to an adsorbent
comprising zeolite I'TQ-55 at a first pressure and a first temperature; maintaining the
adsorbent at a second pressure and a second temperature for a storage period of time;
forming an adsorbed product fluid stream comprising the first fluid component; and
collecting the adsorbed product stream, wherein the tetrahedral atorn is defined by
connecting the nearest T atoms in the manner described in the following Table:
IT(-55 tetrahedral atom interconnections

T atom Connecied to:
T T4, T7, TS5, T73
T2 T3, TS5, 19, T56

T3 T2, T7, T21, T27
T4 T8, T9, TS8. T73
TS T2, T8, TS2, 159
T6 T, T8, T3, T60
T7 T1, T3, TS0, T61
T3 T4, T5, 76, T51

TG T2, T4, T21, T63

Ti0 T3, Tis, Tod, T7¢
TH T2, TH4, T18, ThS
Ti2 THL T16, T30, 136
T3 T17, TIE, T67, T74
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THL TH7, T43, T6%
TI0, T17, T44, T69
T10, T12, T41, T70
TI3, Ti4, T15, T42
TH, T3, T30, 772
T24, T25, T37, T73

T26, T27, T40, T73
T20, T26, T41, T70
‘ T71

,T43, T68%
T22, T23, T24, T69
T3, T20, T22, T45

T33, T34, T46, T74
T30, T32, T36, T47
T12, TI8, T29, T34
T3S, T36, T49, T74
129, T35, TS0, T61
T28, T35, T51, T62
T28, T30, T52, T59
T31, T32, T33, T60
T12,T29, T31, T54
T19, T42, T43, T7S
T20, T39, T41, T45
T38, T43, T57, T63
T22, TA4, T4S, T7S
Ti6, T23, T3, T44
T17, T24, T37, T44
T4, T25. T37, T39
T1S, T40, T41, T42
T27,T38, T40, TS7
T28, T51, 152, T76
TR0, T4R, TS0, T54
T47, 152, T66, T72
T3, T53, T54, T76
77,7732, T47, T33

T8, T33, T46, T53

TS5, T34, T46, T48

T6, T49, TS0, TS1

T36, T47, T49, T66
Tt, T60, T61, T75

T2, T57, T59, T63

T39, T45, T56, T61
T4, T62, T63, T75

TS, T34, TS6, T62

T6, T35, TSS, T62

T7,T32, T55, TS7

T33, T58, T59, T6O

PCT/US2015/036647
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T63 TS, T39, T56, T58
Ted  TI0, T69, T70, T76
T65 T, T66, TG, T72
T66  T48, T54, T6S, T70

T67 T3, 171,172,776
T68  T14,T25,T65,T7
T6S T1S, T26, T64, T71
T70  T16, T23, T4, T66
T71 T24, T67, T68, T6Y
T72  TI8, T48, T65, T67
T73  TL, T4 T19,T22
T74  Ti0,TI3, T28, T31
T75  T37,T40, T35, T58
T76  T46, T49, T64, T67.

[00582] Embodiment 2. A method for adsorbing and storing fluids, comprising:
exposing an input fluid streavs comprising a first flurd component o an adsorbent
comprising zoolite [TQ-55 at a first pressure and a first temperature; maintaining the
adsorbeut at a second pressure and a second temperature for a storage penod of fimge;
forming an adsorbed product fhuid stream comprising the first finid component; and
collecting the adsorbed product stream, wherein the zeolite IT(-553, as synthesized, has
an X-ray diffraction pattern with, at least, the angle values 28 {degrees) and relative

mntensities (1)

28 {degreesy £0.5 lntensity (Vo)
5.8 W
7.7 w
8.9 W
9.3 mf
9.9 W
10.1 W
13.2 m
134 w
147 W
151 m
15.4 W
i5.5 W

174 m
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17.7 m
19.9 m
20.6 m
21.2 f
216 f
22.8 -
23.1 mf
24.4 m
278 m

where I; is the intensity from the most intense pick to which is assigned a value of
100

w is a weak relative intensity between O and 20%.

m 18 an average relative intensity between 20 and 40%,

f'is a strong relative intensity between 40 and 60%,
and mf is a very strong relative intensity between 60 and 100%.
[B05831  Embodiment 3. The method of any of the above embodiments, wherein the
zeolite ITQ-35 has, in calcined state and in absence of defects in its crystalline matrix
manifested by the presence of stlanols, an erapiric formula

KA{MpaXO) vy YO g Gely: (1-23810;

in which

M is selected between H, at least one inorganic cation of charge +n, and a mixture
of both,

X is at least one chemical element of oxidation state +3,

Y is at least one chemical element with oxidation state +4 difterent from Si,

% takes a value between @ and 9.2, both included,

y takes a value between 0 and 0.1, both included,
g takes g value between 0 and 0.5, both included.
[60384] Embodiment4., The method of Embodiment 3, wherein x takes a value of
cssentially zero, y takes a value of essentially zero, and g takes a value of essentially
Zer0.
[005857 Embodiment 5. The method of Embodiment 3, wherein a) x takes a value
of greater than zero, by v takes a value of greater than zero, ¢ g takes a value of greater

than zero, or 4) a combination thereof,
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[605861  Embodiment 6. The method of any of the above embodiments, wherein
exposing the input fluid stream to an adsorbent comprises exposing the input fluid
stream to an adsorbent i a swing adsorption vessel,
{00587]  Embodiment 7. The method of any of the above embodiments, wherein the
first teraperature and the second teraperature arc the same, wherein the first pressure
and the second pressure are the same, or a combination thereof.
[60588] Embodiment 8. The method of any of the above embodiments, wherein
forming an adsorbed product fluid stream comprises modifying the second temperature
of the adsorbent.
[605891  Embodiment 9. The method of any of the above embodiments, wherein
forming an adsorbed product fluid stream comprises exposing a fluid stream
comprising a thivd component to the adsorbent comprising zeolite ITQ-53, at least a
portion of the third component being adsorbed by the adsorbent comprising zeolite
IFQ-55.
(805890  Embodiment 10. The method of any of the above embodiments, wherein
the adsorbent has less than about 20% of open pore velume in pores having diameters
greater than about 20 Angstroms and less than about | micron.
(80591} Embodiment 1. The method of any of the above embodiments, wherein
maintaining the adsorbent at a second pressure and a second temperature for a storage
period of time comprises exposing the adsorbent to an environment having a partial
pressure of the first fluid component of about 0.1 MPaa or less.
[60592] Embodiment 12. The method of any of the above embodiments, whergin
the input fluid stream further comprises a second component, a molar ratio of the first
component to the second component in the adsorbed product stream is greater than a
molar ratio of the first coraponcut to the second component i the put fluid strcam.
[08593] Embodiment 13, The method of Embodiment 12, wherein the second fluid
component is methane, ethane, methanol, dimethyl ether, an organic compound
contaiming 3 or more heavy atoms, or a combination thercof,
{60594 Embodiment 14, The method of Embodiment 12, wherein the first flmd
component is H, and the sccond fluid component is a nitrogen oxide, 4 sulfur oxide, a
hydrocarbon, a carbon oxide, or a combination thereof, the tnput fluid stream optionally

COMprising Syngas.
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{06595]  Embodiment i5. The method of Embodiment 12, wherein the first fluid
component is H; and the second fluid component is H,8, NHj, or a combination
thercof,
[00596]  Embodiment 16. The mcthod of any of the above embodiments, wherein
the first fluid component is CO,, Hy, or a combination thereof.
(805971 Embodiment 17. The method of any of the above embodiments, wherein
the first fluid component is ethylene, acetylene, formaldehyvde, or a combination
thereot.
[66598] Embodiment 18, The method of any of the above embodiments, wherein
the first fluid compounent is a noble gas, a molecular halogen, a halogen hydride, or a
combination thereof,
(605991  Embodiment 19. The method of any of the above embodiments, wherein
the first fluid compenent is mcthane, cihylene, cthane, methano!, dimethyl ether, or a
combination thercof,

Additional Catalvsis Embodiments

[80660] Embodiment 1. A mcthod for converting organic compounds, comprising:
exposing an input fluid stream comprising an organic compound to a catalyst
comprising zeolite I'TQ-55 under effective conversion conditions to form a converted
organic corapound, the conversion being catalyzed by the catalyst coroprising zeolite
IPQ-55, wherein the tetrahedral atom is defined by connecting the nearest T atoms in
the manner described in the following Table:

ITQ-55 tetrahedral atom interconnections

T atom Connected to:
T1 T6, T7,T55, 173
T2 13,75, 719 T56

T3 T2, 77,721,727
T4 T8, T4, T58, 173
15 12,718,152, 159

T6 T1, T8, T53, T
T7 T1, T3, T50, T61
TS T4, T5, T8, T51

TY T2, T4, T21, TH3
TI0  Ti3,T16, T6d, T74
Ti T2, T4, Ti8§, T65
Ti2  Ti1,Ti6, T30, T36
T3 T17,TI8, T67, T74
Ti4  Ti1,TI7, T43, T68
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TH0, TH7, T44, T69
TI0, T12, T41, T70
T13, Ti4, T15, 142
T, T13, T30, 772
T24, T25, 137, T73
T21, T23, T27, T3%

T26, T27, T40, T73
T20, T26, T41, T70
T19, T26, T42, T71
T19, T21, T43, T68
T22,T23, T24, T69

T3, T20, T22, T45
T33, T34, T46, T74
T30, T32, T36, T47
T12, TI], T29, T34
T35, T36, T49, T74
129, T35, T50, T61
T28, T3S, T51, T62
T28, T30, T52, T59
T31, T32, T33, T60
T12, T29, T31, T54
T19, T42, T43, T75
T20, T39, T41, T4S
T38, T43, T57, T63
T22, T44, T4S, T7S
T16, T23. T38, T44
T17, T24, T37, T44
Ti4, T25.T37, T39
T15. TAD, T4L, T42
T27, T38, T40, TS7
T28, TS1, 152, 776
T29, T48, TS0, T54
T47, TS2, 166, T72
T31, 753, T54, T76
7,732, T47, T53
T8, T33, T46, T33
TS5, T34, T46, T48
T6, T49, TS0, TS1
T36, T47, T49, T66
TL, T60, T61, T75
T2, T57, TS9, T63
T39, T45, T56, T61
T4, T62, T63, T75
T3, T34, TS6, T62
T6, T35, TS5, T62
T7,T32, TSS, TS7
T33, T5R, T59, T60
T9, T39, TS6, T58

PCT/US2015/036647
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T64 THE, 169, 170, T76
Tos THL, 166, T6R, 172
T66 T4, T34, T6s, 170
167 TE3,T7L 172,176
T68 T4, 125,765, T71
T69 T15, 126, T64, T71
170 T16, T23, T64, TH6
T71 T24, T67, TOE, TOY

T67

T72  T18, T48, T63, T6)
T73  Ti, T4, T19,T22
T74  T10, T13, T28, T31
T7S  T37, T40, T55, T5%
T76  T46, T49, T64, T67.

F

[08661] Embodiment 2. A method for converting organic compounds, comprising:
exposing an input fluid sirears comprising an organic compound to 4 catalyst
comprising zeolite ITQ-55 under effective conversion conditions to form a converted
organic compound, the conversion being catalyzed by the catalyst comprising zeoltte
ITG-55, wherein the zeolite IT(Q-55, as synthesized, has an X-ray diffraction pattern

with, at least, the angle values 28 (degrees) and relative intensities (/o)

28 {degrees) =05 Intensity (Vig)
5.8 w
7.7 W
8.9 W
9.3 mf
.9 W
101 W
13.2 m
13.4 W
14.7 W
151 w
154 w
15.5 w
17.4 m
177 m
19.9 m

2(.6 m
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21.2 f

216 f

22.0 f

231 mf

244 m

27.8 m

where Iy s the intensity from the most intense pick to which is assigned a value of
100

w is a weak relative intensity between 0 and 209%,

m is an average relative intensity between 20 and 40%,

f1s a strong relative miteunsity between 40 and 60%,
and mf is a very strong relative intensity between 60 and 100%.
[606621  Embodiment 3. The method of any of the above embodiments, wherein the
zeolite 1T4-55 has, in calcined state and in absence of defects in its crystalline matrix
manifested by the presence of silanols, an empiric formula

K {M1aXOh v YO g GeOy: (1-23510:

in which

M is selocted between HY, at least one inorganic cation of charge +n, and a mixture
of both,

X is at least one chemical element of axidation state +3,

Y s at least one chemical element with oxidation state +4 different from 81,

x takes 4 value between § and 8.2, both included,

y takes a value between § and 0.1, both included,
g takes a value between O and 0.5, both included.
[06683] Fmbodiment 4.  The method of Embodiment 3, wherein x takes a value of
cssentially zero, y takes a value of essentially zero, and g takes a value of essentially
Ze70.
[38664]  Hmbodiment 5. The method of Embodiment 3, wherein X is seiected
from Al, Ga, B, Fe, Cr, and combinations thereof, v takes the value 0, and g takes the
value 0.
[80665]  Embodiment 6. The method of Embodiment 5, whercin the zeolite 1TQ-55
comprises Si, O, and Al
10860661 Embodiment 7. The method of Embodiment 6, wherein a ratio of Si to Al is

from about 10 : 1 to about 1000 : 1, optionally at least about 160 : 1.
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{606671  Ewmbodiment 8. The method of any of the above embodiments, wherein
exposing the input fluid stream to the catalyst comprising zeolite ITQ-55 comprises
exposing the input fluid stream to catalyst particles comprising zeolite ITQ-55.
[00668]  Embodiment 9. The method of Embodiment 8, wherein the mput fluid
stream is cxposed to the catalyst particles comprising zeolite IT(Q-55 in a fluidized bed
reactor Of a riser reactor,
[66669] Embodiment 10, The method of any of Embodiments 8 or 9, wherein the
catalyst particles comprising zeolite FT(3-55 further comprise a support, the support
comprising silica, alumina, silica-alumina, zirconia, titania, or a combination thereof,
[606101 Embodiment 11, The method of any of Embodiments 8 to 18, wherein the
catalyst particles comprise a Group VI metal, a Group VIH metal, or a combination
thereof.
{60618} Embodiment 12. The method of any of Embodiments 8 or 11, wherein the
catalyst particles further comprise 4 zeolite having a framework structure different from
zeolite 1T(Q-35.
(806121 Embodiment 13, The method of Embodiment 12, wherein the zeolite
having a framewaork strocture different from zeolite IT(-55 comprises a zcolite having
a framework structure of MFTor FAUL
[80613] Embodiment 14, The method of any of the above embodiments, wherein the
converted organic compound has a higher molecular weight than the organic
compound, or wherein the converted organic corapound bas a lower molecular weight
than the organic compound.
{60614}  Embodiment 15, The method of any of the above embodiments, wherein the
organic compound comprises methanol, methane, dimethyl ether, ethylene, acetyiene,
or a combination thereof,
(606151  Embodiment 16. The method of Embodiment 15, wherein the input feed
further comprises O;, HyO, or a combination thercof
(80616} Ewmbodiment 17. The method of any of Embodiments 15 or 16, wherein the
converted organic compound comprises ethylene.
(80617} Embodiment 18, The method of any of the above embodiments, wherein
the organic compound comprises methanol and the converted organic compound

compriscs dimethyl ether,
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[606181  Ewmbodiment 19, The method of any of the sbove embodiments, wherein
the organic compound comprises methanol and the converted organic compound
comprises an olefin,
1006197 Embodiment 20. The method of any of the above embodiments, wherein
the organic compound comprises methanol and the converted organic corpound
comprises a Cg — € aromatic.
[60628] Embodiment 21. The method of any of the above embodiments, wherein
the organic compound comprises methane and the converted organic compound
compriscs an alcohol, an olefin, a Cy — €y aromatic, or a combination thereof.
606211  Ewmbodiment 22. The method of any of the above ernbodiments, wherein
the input feed is exposed to the catalyst comprising ITQ-55 in the presence of
hydrogen.
[80622] Embodiment 23. The method of Embodiment 22, wherein organic
compound compriscs a sulfur-containing compound and the converted organic
compound comprises a desulfurized organic compound.
[80623] Embodiment 24, The method of any of the above embodiments, wherein
exposing the input fluid to the catalyst comprising zeolite ITQ-5S5 comprises: exposing
the input fluid to the catalyst at conditions comprising a first temperature and a first
pressure; and modifying the condifions to a second teroperature and a second pressure
to expose at least a portion of the input fluid to the catalyst at a second temperature and
a secoud pressure, a diffusion rate of the organic compound at the second teraperature
and the second pressure being about 50% or less of the diffusion rate at the first
temperature and the first pressure, or about 40% or less, or about 30% or less, or about
28% or less, or about 10% or less.
[68624] Fmbodiment 25. The method of Embodiment 24, wherein the second
temperature is the same as the fivst temperature.
{08625 Embodiment 26. The method of Embodiment 24, wherein the second
temperature is lower than the first temperature.
[80626] Embodiment 27. The method of any of Embodiments 24 to 26, wherein the
first pressure 18 at least about 100 bar (10 MPaa) and the second pressure is about 50
bar (3 MPaa) or less.

Additional Commoen Embodiments
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(806271  The following Embodiments are suitable for combination with any of the
Additional Separation Embodiments, Additional Storage Embodiments, or Additional
Catalysis Embodiuments described above.
[00628]  Embodiment 1. The method of any of the above Additional Separation
Embodiments, Additional Storage Embodiments, and/or Additional Catalysis
Embodiments, wherein the zeolite I'T(3-55, as synthesized, has an X-ray diffraction

pattern with, at least, the angle values 28 (degrees) and relative intensities (I/lg):

28 (degrees) +0.5 lntensity (/1)
5.8 W
7.7 W
8.9 W
9.3 mf
9.9 W
161 W
13.2 m
134 W
147 w
15.1 m
154 W
15.5 w
174 m
17.7 m
199 m
20.6 m
212 £
21.6 f
22. f
23.1 mf
24.4 m
27.8 m

where I 1s the intensity from the most intense pick to which is assigned a value of
100

w is a weak relative intensity between O and 20%,

m is an average relative intensity between 20 and 40%,



WO 2015/196049

f1is a strong relative mtensity between 40 and 60%,

and mf is a very strong relative intensity between 60 and 100%.

CA 02947037 2016-10-26

119

PCT/US2015/036647

[60629] Ewmbodiment 2. The method of any of the above Additonal Separation

Embediments, Additional Storage Embodiments, Additional Catalysis Embodiments,

and/or Additional Common Embodiment 1, wherein the IT(Q-55 has a framework of

tetrahedral (1) atoms connected by bridging atoms, wherein the tetrahedral atom s

detined by connecting the nearest T atoms in the manner described in the following

Table:

ITQ-55 tetrahedral atom interconnections

T atom
Tl
T2
T3
T4
Ts
T6

Comnected to:
16, T7,T55, T73
13,775,779, T56
12,77, T2, T27
T8, T9, T58, T73
12,778,152, T59
T, T8, T53, Tew
T1, T3, 754, T61
T4, 75,76, T51
12,74, T21, T63
T15,Ti6, T64, T74
T12, Ti4, Ti8, T6S
T1i1, Ti6, T30, T36
T17, TI8, T67, 174
Ti1, T17, T43, T6R
Ti0, T17, T44, T69
TIO, T2, T41, T70
Ti3, Tid4, TiS, T42
THL 13,739, 1772
24,725,137, 173
T2, 723,727, 738
13,78, T20, T25
126, 127, T40,7773
T20, 126, T41, T70
Ti9, T26, T42,T71
TI9, T21, T43, TAR
T22, 723, T24, T6Y
T3, T20, T22, T45
T33, T34, T46, T74
T30, T32, T34, T47
Ti2, Ti8, T29, T34
T35, T36, T49, T74
T29, T35, T50, T6l
T28, T35, T51, T62
T28, T30, 152, 759
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T35 131,132,133, T6Y
136 T2, T29, T3, 154
T37 T19, T42, 743,773
138 T20, 139, T4, 745
I39 T38, T43, 157,163

~
N

T40 T2, T44,

-
k

)
T41 T16, T23, T3%, T44
T42  T17,7T24, T37, T44
T43  T14,T25,T37, T3¢9
T44  TIS, T40, T4

T
T45  T27, TR, T4(
T46  T28, T51,T52,
T47  T29, T4R, T50, T54
T48  T47,T52, T66, T72
T49 T3, TS3, T54, T76
TS0 T7,T32, T47, 1S3
T51 TR, T33, T46, 1S3
TS TS, T34, T46, T48
TS3 6, T49, T50, T51
TS4  T36, T47, T49, T66
TSS T, Tén, T61, T75
TS6 T2, TS7,T59,T63
TS7  T3Y, T4S, TS6, T61
TS T4, T62, T63. T75
TS TS, T34, T56, T2

5 E
e e *'f] -
-3 N
i

16l 16, T3S, T55, TeZ
T61 17,7132, T55, T57
T62 33, TS8,T59, T60
T63 T9, T39, T56, T38
To4 THE, 169,770, T70

T65  T11, 166, T6R, T72
T66  T48, TS4, T6S, 770
T67  TILT7LT72, 776
T6S T4, T25, T63, T71
T69 TS, 126, T4, T
T70  T16, 123, T4, T66
71 T24, T6T, T6R, TGO
T72  TI8, T48, T65, T67
T73  TL, T4, T19,T22
T74  T10,Ti3, T28, T31
T75  T37.T40, TS5, T5%
T76  T46, T49, T64, T67.

{60630  Whon numerical lower limits and numerical upper Hmits are listed herein,
ranges frorn any lower limit o any upper limit are conteraplated. While the tlustrative
embodiments of the invention have been described with particularity, it will be

understood that various other modifications will be apparent to and can be readily made
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by those skilled in the art without departing from the spirit and scope of the tnvention.
Accordingly, it is not intended that the scope of the claims appended hereto be limited
to the examples and descriptions set torth herein but rather that the claims be coustrued
as encompassing all the features of patentable novelty which reside in the present
wmvention, including all features which would be treated as equivalents thereof by those
skilled in the art to which the invention pertains.
[60631] The present invention has been described above with reference to numerous
emnbodiments and specific examples. Many variations will suggest thermselves to those
skilled in this art in light of the above detailed description. Al such obvious variations

are within the full intended scope of the appended claims,
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CLAIMS:

1. A method for separating fluids, comprising:

exposing an input fluid stream comprising a first fluid component and a second fluid
component to an adsorbent comprising zeolite ITQ-55 to form a rejection product fluid stream,
a molar ratio of the first fluid component to the second fluid component in the rejection product
fluid stream being less than a molar ratio of the first fluid component to the second fluid
component in the input fluid stream;

collecting the rejection product fluid stream;

forming an adsorbed product fluid stream, a molar ratio of the first fluid component to
the second fluid component in the adsorbed product stream being greater than the molar ratio
of the first fluid component to the second fluid component in the input fluid stream; and
collecting the adsorbed product stream,

wherein the zeolite ITQ-55 has a framework of tetrahedral (T) atoms connected by
bridging atoms, wherein the tetrahedral atom is defined by connecting the nearest T atoms in
the manner described in the following Table:

ITQ-55 tetrahedral atom interconnections
T atom Connected to:
T1 T6, T7, T55, T73
T2 T3, T5, T9, T56
T3 T2,T7,T21, T27
T4 T8, T9, T58, T73
T5 T2, T8, T52, T59
T6 T1, T8, T53, T60
T7 T1, T3, T50, T61
T8 T4, T5,T6, T51
T9 T2, T4, T21, T63
T10 T15, T16, T64, T74
TI1 T12,T14, T18, T65
TI2 TI11, T16, T30, T36
T3 T17, T18, T67, T74
T14 T11, T17, T43, T68
T15 T10, T17, T44, T69
T16 T10, T12, T41, T70
T17 T13, T14, T15, T42
TI8  TI11,T13, T30, T72
T19 T24, T25, T37,T73
T20 T21, T23, T27, T38
T21 T3, T9, T20, T25

Date Regue/Date Received 2020-05-05



T22
T23
T24
T25
T26
T27
T28
T29
T30
T31
T32
T33
T34
T35
T36
T37
T38
T39
T40
T41
T42
T43
T44
T45
T46
T47
T48
T49
T50
T51
T52
T53
T54
T55
T56
T57
T58
T59
T60
T61
T62
T63
T64
T65
T66
T67
T68

Date Regue/Date Received 2020-05-05
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T26, T27, T40, T73
T20, T26, T41, T70
T19, T26, T42, T71
T19, T21, T43, T68
T22, T23, T24, T69
T3, T20, T22, T45

T33, T34, T46, T74
T30, T32, T36, T47
T12, T18, T29, T34
T35, T36, T49, T74
T29, T35, T50, T61
T28, T35, T51, T62
T28, T30, T52, T59
T31, T32, T33, T60
T12, T29, T31, T54
T19, T42, T43, T75
T20, T39, T41, T45
T38, T43, T57, T63
T22, T44, T45, T75
T16, T23, T38, T44
T17, T24, T37, T44
T14, T25, T37, T39
T15, T40, T41, T42
T27, T38, T40, T57
T28, T51, T52, T76
T29, T48, T50, T54
T47, T52, T66, T72
T31, T53, T54, T76
T7, T32, T47, T53

T8, T33, T46, T53

TS5, T34, T46, T48

T6, T49, TS50, T51

T36, T47, T49, T66
T1, T60, T61, T75

T2, T57, T59, T63

T39, T45, T56, T61
T4, T62, T63, T75

TS5, T34, T56, T62

T6, T35, T55, T62

T7, T32, T55, T57

T33, T58, T59, T60
T9, T39, T56, T58

T10, T69, T70, T76
T11, T66, T68, T72
T48, T54, T65, T70
T13, T71, T72, T76
T14, T25, T65, T71
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T69  TI15,T26, T64, T71
T70  TI16,T23, T64, T66
T71  T24,T67, T68, T69
T72  TI18,T48, T65, T67
T73  TI1, T4, T19, T22
T74  TI10,T13, T28, T31
T75  T37,T40, T55, T58
T76  T46, T49, T64, T67.

2. The method of claim 1, wherein the zeolite ITQ-55 has, in calcined state and in absence
of defects in its crystalline matrix manifested by the presence of silanols, an empiric formula
x(M X0 wY OurgGeO,((1-21810,

in which

M is selected between H', at least one inorganic cation of charge +n, and a mixture of
both

X is at least one chemical element of oxidation state +3,

Y is at least one chemical element with oxidation state +4 different from Si,

x takes a value between 0 and 0.2, both included,

y takes a value between 0 and 0.1, both included,

g takes a value between 0 and 0.5, both included.

3. The method of claim 2, wherein x takes a value of essentially zero, y takes a value of

essentially zero, and g takes a value of essentially zero.

4. The method of claim 2, wherein a) x takes a value of greater than zero, b) y takes a value

of greater than zero, c) g takes a value of greater than zero, or d) a combination thereof.

5. The method of any one of claims 1 to 4, wherein forming an adsorbed product fluid

stream comprises modifying at least one of a temperature or a pressure of the adsorbent.

6. The method of any one of claims 1 to 4, wherein forming an adsorbed product fluid
stream comprises exposing a fluid stream comprising a third component to the adsorbent
comprising zeolite ITQ-55, at least a portion of the third component being adsorbed by the
adsorbent comprising zeolite ITQ-55.

Date Regue/Date Received 2020-05-05
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7. The method of any one of claims 1 to 6, wherein exposing the input fluid stream to an
adsorbent comprises exposing the input fluid stream to an adsorbent in a swing adsorption

vessel.

8. The method of claim 7, wherein exposing the input fluid stream to an adsorbent
comprises exposing the input fluid stream to the adsorbent under pressure swing adsorption
conditions, temperature swing adsorption conditions, rapid cycle pressure swing adsorption

conditions, or a combination thereof.

9. The method of claim 7 or 8, wherein the input fluid stream comprises natural gas.

10.  The method of any one of claims 7 to 9, wherein the input fluid stream is exposed to the
adsorbent comprising zeolite ITQ-55 at a pressure of about 5 psia (about 0.03 MPa) to about

5000 psia (about 35 MPa).

11.  The method of claim 10, wherein the input fluid stream is exposed to the adsorbent

comprising zeolite ITQ-55 at a pressure of at least 250 psia (about 1.7 MPa).

12. The method of claim 10, wherein the input fluid stream is exposed to the adsorbent

comprising zeolite ITQ-55 at a pressure of at least 500 psia (about 3.4 MPa).

13.  The method of claim 10, wherein the input fluid stream is exposed to the adsorbent

comprising zeolite ITQ-55 at a pressure of at least 1000 psia (about 6.9 MPa).

14.  The method of any one of claims 7 to 13, wherein the input fluid stream is exposed to

the adsorbent at a temperature of about -18°C to about 399°C.

15.  The method of claim 14, wherein the input fluid stream is exposed to the adsorbent at a

temperature of 316°C or less.

Date Regue/Date Received 2020-05-05
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16.  The method of claim 14, wherein the input fluid stream is exposed to the adsorbent at a

temperature of about 260°C or less.

17. The method of any one of claims 7 to 16, wherein the first fluid component is N2, H20,

COg, or a combination thereof.

18.  The method of any one of claims 7 to 16, wherein the first fluid component is at least
one of N2 and H2O.

19.  The method of any one of claims 7 to 16, wherein the first fluid component is Na.

20. The method of any one of claims 7 to 19, wherein the second fluid component is CHa,

a hydrocarbon having a higher molecular weight than CHa, or a combination thereof.

21.  The method of claim 1, wherein the input fluid stream is exposed to the adsorbent at
effective conditions for performing a kinetic separation of the first component from the second

component.

22.  The method of claim 1, wherein the input fluid stream is exposed to the adsorbent at
effective conditions for performing an equilibrium separation of the first component from the

second component.

23.  The method of claim 1, wherein the adsorbent has less than about 20% of open pore
volume in pores having diameters greater than about 20 Angstroms and less than about 1

micron.
24. The method of claim 1, wherein the second fluid component is methane, ethane,

methanol, dimethyl ether, an organic compound containing 3 or more heavy atoms, or a

combination thereof.

Date Regue/Date Received 2020-05-05
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25. The method of claim 24, wherein the first fluid component is CO, CO2, Hz, H20, or a

combination thereof.

26.  The method of claim 25, wherein the first fluid component is CO> and the second fluid

component is CHa.

27.  The method of claim 26, wherein the input fluid stream comprises natural gas.

28.  The method of claim 24, wherein the first fluid component is ethylene, acetylene,

formaldehyde, or a combination thereof.

29. The method of claim 24, wherein the first fluid component is H.S, NH3, or a

combination thereof.

30. The method of claim 24, wherein the first fluid component is SOz, N2O, NO, NO», a

sulfur oxide, or a combination thereof.

31.  The method of claim 24, wherein the first fluid component is Na.

32.  The method of claim 31, wherein the input fluid stream is exposed to the adsorbent at a

temperature of about 223 K to about 523 K.

33.  The method of claim 24, wherein the first fluid component is a noble gas, a molecular

halogen, a halogen hydride, or a combination thereof.

34, The method of claim 1, wherein the first fluid component is methane, ethylene, ethane,

methanol, dimethyl ether, or a combination thereof.
35.  The method of claim 1, wherein the second fluid component is nitrogen, the first fluid

component being hydrogen, a noble gas, oxygen, a nitrogen oxide, CO2, CO, a molecular

halogen, a halogen hydride, or a combination thereof.

Date Regue/Date Received 2020-05-05
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36. The method of claim 35, wherein the first fluid component is COx.

37.  The method of claim 36, wherein the input fluid stream comprises a flue gas.

38.  The method of claim 35, wherein the first fluid component is Oa.

39. The method of claim 38, wherein the input fluid stream comprises air.

40.  The method of claim 35, wherein the molecular halogen or the halogen halide comprise

F, Cl, Br, or a combination thereof as the halogen.

41.  The method of claim 1, wherein the first fluid component is CO2 and the second fluid

component comprises one or more hydrocarbons.

42. The method of claim 41, wherein the one or more hydrocarbons are methane, ethane,

ethylene, or a combination thereof.

43.  The method of claim 1, wherein the first fluid component is ethylene and the second

fluid component is ethane, methane, or a combination thereof.

44.  The method of claim 1, wherein the first fluid component is a nitrogen oxide and the

second fluid component is a sulfur oxide.
45.  The method of claim 1, wherein the first fluid component is H2 and the second fluid
component is a nitrogen oxide, a sulfur oxide, a hydrocarbon, a carbon oxide, or a combination

thereof.

46.  The method of claim 1, wherein the first fluid component is H2 and the second fluid

component is H2S, NH3, or a combination thereof.
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47.  The method of claim 1, wherein the first fluid component is H2O and the second fluid

component is Ha.

48. The method of claim 1, wherein the first fluid component is He, Ne, Ar, Kr, or a
combination thereof and the second fluid component is N2, H20, CO, CO2, a hydrocarbon, or a

combination thereof.

49. The method of claim 1, wherein the first fluid component is methanol, dimethyl ether,

or a combination thereof.

50. The method of claim 1, wherein the second fluid component is methanol, dimethyl ether,

or a combination thereof.

51. The method of claim 1, wherein the first fluid component is acetylene and the second

fluid component is ethylene, methane, ethane, or a combination thereof.

52. A method for separating fluids, comprising:

exposing an input fluid stream comprising a first fluid component and a second fluid
component to an adsorbent comprising zeolite ITQ-55 to form a rejection product fluid stream,
a molar ratio of the first fluid component to the second fluid component in the rejection product
fluid stream being less than a molar ratio of the first fluid component to the second fluid
component in the input fluid stream;

collecting the rejection product fluid stream;

forming an adsorbed product fluid stream, a molar ratio of the first fluid component to
the second fluid component in the adsorbed product stream being greater than the molar ratio
of the first fluid component to the second fluid component in the input fluid stream; and

collecting the adsorbed product stream,

wherein the zeolite ITQ-55, as synthesized, has an X-ray diffraction pattern with, at

least, the angle values 26 (degrees) and relative intensities (I/1p):
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20 (degrees) = 0.5 Intensity (I/T;)
5.8 W
1.7 W
8.9 W
9.3 mf
9.9 W

10.1 W
13.2 m
134 w
14.7 W
15.1 m
154 w
15.5 W
17.4 m
17.7 m
19.9 m
20.6 m
21.2 i
21.6 f
22.0 f
23.1 mf
24.4 m
27.0 m

where Iy is the intensity from the most intense pick to which is assigned a value of 100
w 1s a weak relative intensity between 0 and 20%,

m is an average relative intensity between 20 and 40%,

f is a strong relative intensity between 40 and 60%,

and mf is a very strong relative intensity between 60 and 100%.
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