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CHEMICAL CONVERSION PROCESS

FIELD OF THE INVENTION

This invention relates to a chemical conversion pro-
cess employing a catalyst. More particularly, the inven-
tion relates to such a chemical conversion process em-
ploying certain defined catalysts and reaction systems
which provides outstanding results.

BACKGROUND OF THE INVENTION

Chemical conversions employing solid catalysts are
often conducted using a fixed or fluidized bed of cata-
lyst particles. That is, the material to be converted is
contacted with a solid catalyst present in a fixed bed of
particles or in a fluidized bed of particles. however,
each of these two modes of operation has serious disad-
vantages. For example, the use of a fixed catalyst bed
often results in temperature control problems which
adversely affect catalyst performance. Regeneration
and/or reactivation of a fixed catalyst bed can resuit in
substantial process downtime since the chemical con-
version must be stopped in order to treat the catalyst,
e.g., while the catalyst remains in the reactor vessel.
Obtaining a uniform catalyst activity distribution is also
difficult with fixed catalyst beds, in particular in situa-
tions where frequent regenerations are required.

Fluidized catalyst beds do, in general, provide better
temperature control than do fixed catalyst beds. How-
ever, fluidized catalyst bed reaction systems are also
much more complex than fixed catalyst bed reaction
systems. For example, fluidized catalyst bed reaction
systems usually involve at least two separate vessels
each containing a fluidized catalyst bed, one in which to
conduct the chemical conversion and one in which to
regenerate and/or reactivate the catalyst. Catalyst par-
ticles are transferred, e.g., substantially continuously
transferred, between the two separate vessels. Separa-
tion devices, e.g., cyclone separators and slide valve
assemblies, are often needed to separate the catalyst
particles from the feedstock/reaction product and the
regeneration/reactivation medium and to control the
flow of catalyst between the two vessels. Also, the
catalyst particles, although relatively small to permit
fluidization, must be blended to include added compo-
nents, such as binders and often fillers, to strengthen the
particles, e.g., against attrition, so that the particles can
better withstand the constant and sometimes rather
turbulent motion in the fluidized catalyst bed reaction
system and separation devices. These added compo-
nents, which are also often present in fixed bed catalysts
as well, often promote undesirable chemical reactions
or otherwise detrimentally affect the catalytic perfor-
mance of the catalyst. Also, these added components
may be particularly troublesome when used in conjunc-
tion with crystalline microporous three dimensional
solid catalysts or CMSCs, i.e., catalysts which promote
chemical reactions of molecules having selected sizes,
shapes or transition states. .

One alternative chemical reaction system involves
the use of a catalyst slurry. In “Heterogeneous Catalyst
in Practice” by Charles N. Satterfield, McGraw-Hill
Book Company, New York (1980), at page 317 it is
stated:

“The reaction of a liquid is often carried out by
suspending a solid catalyst in a finely divided form
in the liquid. This is often termed a slurry reactor’.
If a gas is to be reacted with a liquid, it may be
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2
introduced through a distributor in the bottom of
the vessel or it may be dispersed into the liquid by
a mechanical agitator. This also acts to keep the
solid suspended.”

Thus, “slurry reactor” in the prior art is used to carry
out a reaction of a liquid or of a gas and a liquid in the
presence of a catalyst. For example, the Phillips Petro-
leum Company process for producing high density
polypropylene utilizes slurry reactors. A fair amount of
research effort has been directed to the use of slurry
reactors, e.g., for making methanol from synthesis gas
and for application to the Fisher-Tropsch reaction. See,
for example, M. B. Sherwin, et al, “Make Methanol by
Three Phase Reaction”, Hydrocarbon Processing, p.
122-124, November, 1976; U.S. Pat. Nos. 3,888,896 and
4,031,123; M. L. Riekena, et al, “A Comparison of Fish-
er-Tropsch Reactors”, Chemical Engineering Progress,
p. 86-90, April, 1982; C. N. Satterfield, et al, “Useful-
ness of a Slurry Type Fishcher-Tropsch Reactor for
Processing Synthesis Gas of Low Hydrogen-Carbon
Monoxide Reactors”, Canadian Journal of Chemical
Engineering, Vol. 60, p. 159-162, 1982.

Slurry reaction system do provide substantial bene-
fits. For example, temperature control is relatively eas-
ily maintained in such systems. However, selectivity to
desired products may suffer because of relatively pro-
longed contacting between the catalyst and liquid reac-
tant and product. It would be advantageous to provide
a new chemical conversion process employing a solid
catalyst.

Methanol is readily producible from coal and other
raw materials by the use of well-known commercial
processes. For example, synthesis gas can be obtained
by the combustion of any carbonaceous material includ-
ing coal or any organic material such as hydrocarbons,
carbohydrates and the like. The synthesis gas can be
manufactured into methanol by a well known heteroge-
neous catalytic reaction.

“Hydrocarbons from Methanol” by Clarence D.
Chang, published by Marcel Dekker, Inc. N.Y. (1983)
presents a survey and summary of the technology de-
scribed by its title. Chang discusses methanol to olefin
conversion in the presence of molecular sieves at pages
21-26. The examples given by Chang as suitable molec-
ular sieves for converting methanol to olefins are chaba-
zite, erionite, and synthetic zeolite ZK-5.

Catalysts comprising one or more crystalline micro-
porous three dimensional materials or CMSMs include
naturally occurring molecular sieves and synthetic mo-
lecular sieves, together referred to as “molecular
sieves,” and layered clays.

Among the CMSMs that can be used to promote
converting methanol to olefins are non-zeolitic molecu-
lar sieves or NZMSs, such as aluminophosphates or
ALPOs, in particular silicoaluminophosphates or
SAPOs disclosed in U.S. Pat. No. 4,440,871. U.S. Pat.
No. 4,499,327, issued Feb. 12, 1985, discloses processes
for catalytically converting methanol to light olefins
using SAPOs at effective process conditions. Each of
these U.S. Patents is incorporated in its entirety by
reference herein. Also, see commonly assigned U.S.
Patent Applications, Ser. Nos. 070,574, 070,575 and
070,578, all filed on an even date herewith. Each of
these applications is incorporated in its entirety by ref-
erence herein.
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SUMMARY OF THE INVENTION

A process for catalytically converting a feedstock
into a product has been discovered. In one broad aspect,
the present process comprises contacting the feedstock
with a crystalline microporous three dimensional solid
catalyst, a CMSC, having the ability to promote this
conversion at conditions effective to convert the feed-
stock to the product, the catalyst being present in a
slurry with a liquid other than the feedstock or the
product which is less reactive than the feedstock.

DISCUSSION OF THE INVENTION

The present catalytic conversion process provides
substantial benefits. For example, the use of a less reac-
tive liquid in a slurry with the CMSC may improve
overall process performance, e.g., effective temperature
control and catalytic selectivity to the desired product.

The process according to the invention provides
improved temperature control for several reasons. The
transfer of heat between a solid surface such as the
catalyst and a liquid such as the suspending liquid is
much better than the transfer of heat between such a
solid and a gas as in the case of many fixed catalyst bed
and fluidized catalyst bed prior art processes. The rate
of heat transfer between the suspending liquid and the
reaction zone wall is also enhanced and this allows
better control of the temperature of the reaction zone
contents. In the event of a possible overheating, the
suspending liquid could boil and thus limit the extent of
any thermal runaway. Additionally, the possibility of
hot spots which can damage a catalyst in a fixed catalyst
bed system is unlikely to occur in the instant process
due to the slurry.

The slurry environment of the present process allows
for effective control of the activity of the catalyst and
reduces much of the physical and mechanical wear and
tear on the solid catalyst. The composition of the cata-
lyst particles can be adjusted to improve catalytic per-
formance without incurring substantial physical losses
of catalyst. The present slurry reaction system lends
itself to other modifications or applications, e.g., as
described herein, which result in improved process
performance. Also, the present chemical conversion
system can be relatively easily scaled up to a commer-
cial sized unit based on data from a relatively small,
pilot plant.

In short, the present process is an effective approach
for chemical conversion which takes advantage, prefer-
ably increased advantage, of MCSCs.

As noted above, CMSCs are catalysts which promote
chemical reactions of molecules having selected sizes,
shapes or transition states. That is, CMSCs are catalysts
which promote chemical reactions of feedstock mole-
cules which conform to a given molecular size, molecu-
lar shape or transition stage constraint. Different
CMSC:s have different size/shape/transition stage con-
straints depending on the physical structure and chemi-
cal composition, for example, the effective diameter of
the pores, of the catalyst. Thus, the particular CMSC
chosen for use depends on the particular feedstock em-
ployed, and the particular chemical (reaction) and prod-
uct desired. Preferably, the CMSC has a substantially
uniform pore structure, e.g., substantially uniformly
sized and shaped pores. CMSCs include, for example,
layered clays; zeolitic molecular sieves and non-zeolitic
molecular sieves or NZMSs.
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The presently useful NZMSs include molecular
sieves embraced by an empirical chemical composition,
on an anhydrous basis, expressed by the formula:

mR:(QuAIP)S:2)02 M

where “Q” represents at least one element present as a
framework oxide unit “QO,"” with charge “n” where
“n” : may be —3, —2, —1,00r +1; “R” prepresents at
least one organic templating agent present on the intra-
crystalline pore system; “m” represents the molar
amount of “R” present per mole of (QwAl;P,Si;)O; and
has a value from zero to about 0.3; and “w”, “x”, “y”
and ““z” represent the mole fractions of QOy”, AlQ;—;
PO, +, SiO;, respectively, present as framework oxide
units. “Q” is characterized as an element having a mean
“T-O” distance in tetrahedral oxide structures between
about 1.51 A and about 2.06 A. “Q” has a cation electro-
negativity between about 125 kcal/g-atom to about 310
kcal/gm-atom and “Q” is capable of forming stable
Q-O-P, Q-O-Al or Q-O-Q bonds in crystalline three
dimensional oxide structures having a “Q-O” bond dis-
sociation energy greater than about 59 kcal/g-atom at
298° K.1; and “w”, “x”, “y” and “z” represent the mole
fractions of “Q”, aluminum, phosphorus and silicon,
respectively, present as framework oxides said mole
fractions being within the limiting compositional values
or points as follows:

w is equal to 0 to 99 mole percent;

y is equal to 1 to 99 mole percent;

x is equal to 1 to 99 mole percent; and

z is equal to 0 to 99 mole percent.
I See the discussion at pages 8a, 8b and 8c of EPC Publication 0 159 624,
published Oct. 30, 1985, about the characterization of “EL” and “M”.
Such are equivalent to Q as used herein.

The “Q” of the “QAPSO” molecular sieves of for-
mula (I) may be defined as representing at least one
element capable of forming a framework tetrahedral
oxide and may be one of the elements arsenic, beryl-
lium, boron, chromium, cobalt, gallium, germanium,
iron, lithium, magnesium, manganese, titanium, vana-
dium and zinc. Combinations of the elements are con-
templated as representing Q, and to the extent such
combinations are present in the structure of a QAPSO
they may be present in molar fractions of the Q compo-
nent in the range of 1 to 99 percent thereof. It should be
noted that formula (I) contemplates the non-existence of
Q and Si. In such case, the operative structure is that of
aluminophosphate or AIPO4. Where z has a positive
value, then the operative structure is that of
silicoaluminophosphate or SAPO. Thus, the term
QAPSO does not perforce represent that the elements
Q and S (actually Si) are present. When Q is a multiplic-
ity of elements, then to the extent the elements present
are as herein contemplated, the operative structure is
that of the ELAPSO’s or ELAPO’s or MeAPO’s or
MeAPSO’s, as herein discussed. However, in the con-
templation that molecular sieves of the QAPSO variety
will be invented in which Q will be another element or
elements, then it is the intention to embrace the same as
a suitable molecular sieve for the practice of this inven-
tion.

Ilustrations of QAPSO compositions and structures
are the various compositions and structures described in
the patents and patent applications set forth in Table A,
which follows, and by Flanigen et al., in the paper enti-
tled, “Aluminophosphate Molecular Sieves and the
Periodic Table,” published in the “New Developments
and Zeolite Science Technology” Proceedings of the
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7th International Zeolite Conference, edited by Y.
Murakami, A. Sijima and J. W. Ward, pages 103-112
(1986):

TABLE A
Subject Matter of Patent or Patent Application
Patent or Pat. Applic. No.: U.S. Pat. 4,567,029

MAPO’s are crystalline metal aluminophosphates
having a three-dimensional microporous framework
structure of MO, ~2, Al0;— and PO, tetrahedral units
and having an empirical chemical composition on an
anhydrous basis expressed by the formula
mR:(MxAl,P,)O2; where R represents at least one or-
ganic templating agent present in the intracrystalline
pore system; m has a typical value of from 0 to 0.3 and
represents the moles of R present per mole of (m:alyP:
)O2; M represents magnesium, manganese, zinc or co-
balt, x, y and z represent the mole fractions of M, alumi-
num and phosphorus, respectively, present as tetrahe-
dral oxides. The fractions are such that they are within
a tetragonal compositional area defined by points ABC
and D of FIG. 1 of the drawings of the patent.

This patent, at column 6, describes the use of
aluminophosphates as a source of phosphorus (lines
26-28) and as a source of aluminum (lines 38-40), and
the use of seed crystals to aid in the crystallization of the
desired molecular sieve (lines 59-63). Example 85 de-
picts the use of MAPO-36 as a seed for making
MnAPO-36. The chemical composition of the MnAPO-
36 fails to reveal the presence of any magnesium.

U.S. Pat No. 4,440,871

SAPO molecular sieves are a general class of micro-
porous crystalline silicoaluminophosphates. The pores
have a nominal diameter of greater than about 3 A. The
“essentially empirical composition” is mR:(SixAlP;.
)O3, where R represents at least one organic templating
agent present in the intracrystalline pore system; m has
a typical value of from 0 to 0.3 and represents the moles
of R present per mole of (SixAl,P;)O; x, y and z repre-
sent the mole fractions of silicon, aluminum and phos-
phorus, respectively, present as tetrahedral oxides. The
fractions are such that they are within a pentagonal
compositional area defined by points A, B, C, D and E
of the ternary diagram of FIG. 1 and preferably within
the pentagonal compositional area defined by points a,
b, ¢, d and e of FIG. 2, of the drawings of the patent.
The SAPO molecular sieves have a characteristic x-ray
powder diffraction pattern which contains at least the
d-spacings set forth in any one of Tables I, III, V, VII,
IX, XI, XIII, XV, XVII, XIX, XXI, XXIII or XXV of
the patent. Further, the as-synthesized crystalline
silicoaluminophosphates of the patent may be calcined
at a temperature sufficiently high to remove at least
some of any organic templating agent present in the
intracrystalline pore system as a result of such synthesis.
The silicoaluminophosphates are generally referred to
therein as “SAPOQ”, as a class, or as “SAPO-n” wherein
“n” is an integer denoting a particular SAPO as its
preparation is reported in the patent.

The U.S. patent speaks at column 8, lines 12-16 of
employing seed crystals to generate SAPO species.
That technique is described in examples 22, 51 and 53.
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U.S. Ser No. 600,312 filed Apr. 13, 1984, commonly
assigned, EPC Public. 0 159 624, published Oct. 30,
1985

ELAPSO molecular sieves have the units ELO»”,
AlO2—, POy, SiO; in the framework structure and
have an empirical chemical composition on an anhy-
drous basis expressed by the formula:

mR:(ELyAlP;Si;)O2 where “EL” represents at least
one element present as a framework oxide unit
“ELO2"” with charge “n” where “n” may be —3, -2,
—1, 0 0or +1; “R” represents at least one organic tem-
plating agent present on the intracrystalline pore sys-
tem; “m” represents the molar amount of “R” present
per mole of (EL,AlxP;Si;)Oz and has a value from zero
to about 0.3; and “w”, “x”, “y” and “z” repesent the
mole fractions of ELO;*, AlO;—, PO>+, SiO3, respec-
tively present as framework oxide units. “EL” is charac-
terized as an element having (a) a mean “T-O” dis-
tance in tetrahedral oxide structures between about 1.51
A and about 2.06 A, (b) a cation electronegativity be-
tween about 125 kcal/g-atom to about 310 kcal/gm-
atom and (c) a capability of forming stable M-O-P,
M-0O-Al or M-O-M bonds in crystalline three dimen-
sional oxide structures having a “m-O” bond dissocia-
tion energy greater than about 59 kcal/g-atom at 298°
K. “w”, “x”, “y” and “z” represent the mole fractions
of “EL”, aluminum, phosphorus and silicon, respec-
tively, present as framework oxides. The mole fractions
are within the limiting compositional values or points as
follows:

Mole Fraction

Point X y (z+w)
A 0.60 0.39 — (0.01 p) 00l(p + D
B 0.39 — (0.01 p) 0.60 0.01(P + 1)
C 0.01 0.60 0.39
D 0.01 0.01 0.98
E 0.60 0.01 0.39

where “p” is an integer corresponding to the number of
elements which “EL” represents in the (EL,AlP,Si;.
)O2 composition.

The “EL” of the “ELAPSO” molecular sieves may
be defined as representing at least one element capable
of forming a framework tetrahedral oxide and is prefer-
ably selected from the group consisting of arsenic, ber-
yllium, boron, chromium, cobalt, gallium, germanium,
iron, lithium, magnesium, manganese, titanium and zinc
and “w”, “x”, “y” and “z” represent the mole fractions
of “EL”, aluminum, phosphorus and silicon, respec-
tively, present at tetrahedral oxides in which the mole
fractions are within the limiting compositional values or
points as follows:

Mole Fraction

Point X y (z +w)
a 0.60 0.39 — (0.01 p) 0.01(p + 1)
b 0.39 — (0.01 p) 0.60 0.0i(p + 1)
c 0.10 0.55 0.35
d 0.55 0.10 0.35

where “p” is as above defined.

The EP publication at page 16 discloses the use of
crystalline and amorphous aluminophosphate as a
source of phosphorus and aluminum and at page 17
describes seeding the reaction mixture. Examples 11A,
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12A, 93A-103A, 5B, 6B, 55B, 58B, 59B, 50D-56D,
59D-62D and 12F-15F depict the use of seed crystals.

U.S. Pat. No. 4,500,651, patented Feb. 19, 1985

TAPO molecular sieves comprise three-dimensional
microporous crystalline framework structures of
[Ti0,], [A1O;] and [PO3] tetrahedral units which have a
unit empirical formula on an anhydrous basis of:

mR:(TixAl,P-)03 (¢3]

wherein “R” represents at least one organic templating
agent present in the intracrystalline pore system; “m”
represents the moles of “R” present per mole of (Tix.
AlyP;)O; and has a value of from zero to 5.0, the maxi-
mum value in each case depending upon the molecular
dimensions of the templating agent and the available
void volume of the pore system of the particular tita-
nium molecular sieve; “x”, “y” and “z” represent the
mole fractions of titanium, aluminum and phosphorus,
respectively, present as tetrahedral oxides, representing
the following values for “x”, “y” and “z:

Mole Fraction

Point X y z+w
A 0.001 045 0.549
B 0.88 0.01 0.11
o] 0.98 0.01 0.01
D 0.29 0.70 0.01
E 0.0001 0.70 0.299

The parameters “x”, “y” and “z” are preferably within
the following values for “x”, “y” and “z”:

Mole Fraction
Point . X y (z+w)
a 0.002 0.499 0.499
b 0.20 0.40 0.40
[ 0.20 0.50 0.30
d 0.10 0.60 0.30
e 0.002 0.60 0.398

The TAPO molecular sieves are generally further
characterized by an intracrystalline adsorption capacity
for water at 4.6 torr and about 24° C., of about 3.0
weight percent. The adsorption of water has been ob-
served to be completely reversible while retaining the
same essential framework topology in both the hy-
drated and dehydrated state.

The U.S. patent at column 8, lines 65-68, and column
9, lines 15-18, discusses the use of crystalline amor-
phous aluminophosphate as a source of phosphorus and
aluminum. At column 6, lines 1-5, seeding is described
as facilitating the crystallization procedure. Compara-
tive example 44 describes a composition of amorphous
TiO2 and 95 wt. % AlPO418 without an indication of
how the composition was prepared.

U.S. Pat. No. 4,684,617; EPC Publication 0 161 488,
published Nov. 21, 1985

The TiAPSO molecular sieves have three-dimen-
sional microporous framework structures of TiOs,
AlO;~, PO;+ and SiO; tetrahedral oxide units having
an empirical chemical composition on an anhydrous
basis expressed by the formula:

mR:(Ti,Al:P,Si;)0;
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wherein “R” represents at least one organic templating
agent present in the intracrystalline pore system; “m”
represents the molar amount of “R” present per mole of
(TiwAlxPySi;)O7 and has a value of from zero to about
0.3; and “w”, *x”, “y” and “z” represent the mole frac-
tions of titanium, aluminum, phosphorus and silicon,
respectively, present as tetrahedral oxides and each has
a value of at least 0.01. The mole fractions “w”, “x”,
“y” and “z” are generally defined in respect to the
ternary diagram of FIG. 1 of the applications as being
within the following limiting compositional values or
points:

Mole Fraction

Point b3 y (z +w)
A 0.60 0.38 0.02
B 0.38 0.60 0.02
C 0.01 0.60 0.39
D 0.01 0.01 0.98
E 0.60 0.01 0.39

In a subclass of TIAPSO molecular sieves the values
“w”, “x”, “y” and “z” in the above formula are within
the tetragonal compositional area defined by points a, b,
c and d of the ternary diagram of FIG. 2 of the aplica-
tions, said points a, b, ¢ and d representing the following
values for “w”, “x”, “y” and “z":

Mole Fraction

Point b y (z + w)
a 0.55 0.43 0.02
b 0.43 0.55 0.02
c 0.10 0.55 0.35
d 0.55 0.10 0.35

The publication, at page 13, describes the use of crys-
talline or amorphous aluminophosphate as a source of
phosphorus and aluminum and, at page 14, points out
that seeding the reaction mixture facilitates the crystalli-
zation procedure.

U.S. Pat. No. 4,554,143, patented Nov. 19, 1985

Ferroaluminophosphates (FAPQO’s) are disclosed in
U.S. Pat. No. 4,554,143, incorporated herein by refer-
ence, and have a three-dimensional microporous crystal
framework structure of AlO3, FeO;and PO; tetrahedral
units and have an essential empirical chemical composi-
tion, on an anhydrous basis, of:

mR:(FexALP,)O;

wherein “R” represents at least one organic templating
agent present in the intracrystalline pore system; “m”
represents the moles of “R” present per mole of (Fe,.
ALP)O; and has a value of from zero to 0.3, the maxi-
mum value in each case depending upon the molecular
dimensions of the templating agent and the available
void volume of the pore system of the particular fer-
roaluminophosphate involved; “x”, “y” and “z” repre-
sent the mole fractions of iron, aluminum and phospho-
rus, respectively, present as tetrahedral oxides, repre-
senting the following values for “x”, “y” and “z”:
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Mole Fraction Mole Fraction
Point x y (z + w) Point X y (z + w)

A 0.01 0.60 0.39 5 a 0.55 0.43 0.02
B 0.01 039 0.60 b 0.43 0.55 0.02
C 0.35 0.05 0.60
D 035 0.60 0.05 c 0.10 0.55 0.35

: . - d 0.55 0.10 0.35

When synthesized the minimum value of “m” in the
formula above is 0.02. In a preferred subclass of the
ferrosluminophosphates the values of “x”, “y” and “z”
in the formula above are representing the following
values of “x”, “y” and “z”:

Mole Fraction
Point X y (z +w)
a 0.01 0.52 0.47
b 0.01 0.39 0.60
c 0.25 0.15 0.60
d 0.25 0.40 0.35

The iron of the FeO; structural units can be in either
the ferric or ferrous valence state, depending largely
upon the source of the iron in the synthesis gel. Thus, a
FeO; tetrahedron in the structure can have a net charge
of either —1 or —2.

The patent indicates at column 5, lines 43-45 and
54-56, that crystalline amorphous aluminophosphate
may be used as a source of phosphorus and aluminum
and at column 6, lines 1-5, describes seeding of the
reaction mixture as facilitating the crystallization proce-
dure.

U.S. Pat. No. 4,683,217; EPC Publication 0 161 491,
published Nov. 21, 1985

The FeAPSO molecular sieves have a three-dimen-
sional microporous crystal framework siructures of
FeO»~2(and/or FeO3), AlO7, PO, and SiO; tetrahedral
oxide units and having a unit empirical formula, on an
anhydrous basis, of:

mR:(Fe, Al P,Si,)O; ' )

wherein “R” represents at least one organic templating
agent present in the intracrystalline pore system; “m”
represents the moles of “R” present per mole of (Fe-
wAlxP,Siz)Oz and has a value of from zero to about 0.3;
the maximum value of “m” in each case depends upon
the molecular dimensions of the templating agent and
the available void volume of the pore system of the
particular molecular sieve involved; and “w”, “x”, “y”
and *“z” represent the mole fractions of iron, aluminum,
phosphorus and silicon, respectively, present as tetrahe-
dral oxides, said mole fractions being such that they are
within the limiting compositional values or points as
follows:

Mole Fraction
Point x y z+w)
A 0.60 0.38 0.02
B 0.38 0.60 0.02
C 0.01 0.60 0.39
D 0.01 0.01 0.98
E 0.60 0.01 0.39

The values of w, x, y and z may be as follows:

10 The EP publication, at page 12, describes the use of
seeding the reaction mixture to facilitate the crystalliza-
tion procedure. At page 18, the publication describes
the use of crystalline amorphous aluminophosphates as
a source of phosphorus and aluminum in making the
molecular sieve.

U.S. Ser. No. 600,170, EPC Publication 0 158 975,
published Oct. 23, 1985

20 The ZnAPSO molecular sieves of U.S. Ser. No.
600,170, filed Apr. 13, 1984 comprise framework struc-
tures of ZnO;~2, AlO;—, PO;+ and SiO; tetrahedral
units havings an empirical chemical composition on an

anhydrous basis expressed by the formula:
25

mR«(Zn,ALP,Si,)0;

wherein “R” represents at least one organic templating
agent present in the intracrystalline pore system; “m”
represents the molar amount of “R” present per mole of
(ZnyAl;PySi;)O7 and has a value of zero to about 0.3;
and “w”, “x”, “y” and “z” represent the mole fractions
of zinc, aluminum, phosphorus and silicon, respectively,
35 present as tetrahedral oxides and each has a value of at
least 0.01. The mole fractions “w”, “x”, “y” and “z” are
generally defined being within the limiting composi-
tional values or points as follows:

40
Mole Fraction
Point x y (z + w)
A 0.60 0.38 0.02
B 0.38 0.60 0.02
45 e} 0.01 0.60 0.39
D 0.01 0.01 0.98
E 0.60 0.01 0.39

In a preferred subclass of ZnAPSO molecular sieves
50 the values “w”, “x”, “y” and “z” in the above formula
are within the limiting compositional values or points as

follows:

55 Mole Fraction
Point X y (z + w)
a 0.55 0.43 0.02
b 0.43 0.55 0.02
c 0.10 0.55 0.35
60 d 0.55 0.10 0.35

This publication at page 13 discloses that crystalline

or amorphous aluminophosphate may be used as a

g5 source of phosphorus or aluminum and at page 14 indi-
cates that seeding of the reaction mixture with said
crystals facilitates the crystallization procedure. Exam-
ples 12-15 are stated to employ the seeding procedure.
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U.S. Pat. No. 4,758,419; EPC Publication 0 158 348,
published Oct. 16, 1985

The MgAPSO molecular sieves have three-dimen-
sional microporous framework structures of MgO;—2,
AlO;—, POzt and SiO3 tetrahedral oxide units and have
an empirical chemical composition on an anhydrous
basis expressed by the formula:

mR:(MgyAlxP,Si,)0;

wherein “R” represents at least one organic templating
agent present in the intracrystalline pore system; “m”
represents the molar amount of “R” present per mole of
(MgywAl:P;Si;)O; and has a value from zero to about
0.3; and “w”, “x”, “y” and “z” represent the mole frac-
tions of magnesium, aluminum, phosphorus and silicon,
respectively, present as tetrahedral oxides and each
preferably has a value of at least 0.01. The mole frac-
tions “w”, “x”, “y” and “z” are generally defined as
being within the limiting compositional values or points
as follows:

Mole Fraction
Point X y (z + w)
A 0.60 0.38 0.02
B 0.39 0.59 0.02
C 0.01 0.60 0.39
D 0.0t 0.01 0.98
E 0.60 0.01 0.39

In a preferred subclass of the MgAPSO molecular
sieves the values “w”, “x”, “y” and “z” in the above
formula are within the limiting compositional values or
points as follows:

Mole Fraction

Point X y (z +w)
a 0.55 0.43 0.02
b 0.43 0.55 0.02
c 0.10 0.55 0.35
d 0.55 0.10 0.35

This publication depicts seeding to.generate product
at page 14 and in examples 5, 6, 55, 58 and 59.

U.S. Pat. No. 4,686,092; EPC Publication 0 161 480,
published Nov. 11, 1985

The MnAPSO molecular sieves of U.S. Ser. No.
600,175, filed Apr. 13, 1984 having a framework struc-
ture of MnQ,2, AlO, PO;, and SiO; tetrahedral units
having an empirical chemical composition on an anhy-
drous basis expressed by the formula:

mR:(Mny,ALP,Si,)0;

wherein “R” represents at least one organic templating
agent present in the intracrystalline pore system; “m”
represents the molar amount of “R” present per mole of
(Mn,Al,P,Siz)O; and has a value of zero to about 0.3;
and “w”, “x”, “y” and “z” represent the mole fractions
of element manganese, aluminum, phosphorus and sili-
con, respectively, present as tetrahedral oxides. The
mole fractions “w”, “x”, “y” and “z” are generally
defined as being within the limiting compositional val-
ues or points as follows:
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Mole Fraction
Point x y (z + w)
A 0.60 0.38 0.02
B 0.38 0.60 0.02
C 0.0t 0.60 0.39
D 0.01 0.01 0.98
E 0.60 0.01 0.39

The values of w., x, y and z may be as follows:

Mole Fraction

Point X y (z + W)
a 0.55 0.43 0.02
b 0.43 0.55 0.02
c 0.10 0.55 0.35
d 0.55 0.10 0.35

The publication at page 13 describes the use of crystal
or amorphous aluminophosphate as a source of phos-
phorus or aluminum, and at page 14 characterizes the
use of said crystals to facilitate the crystallization proce-
dure. Examples 54-56 and 59-62 state said crystals were
used in the manufacture of the MnAPSO products.

U.S. Pat. No. 4,744,970; EPC Publication 0 161 489,
published Nov. 21, 1985

The CoAPSO molecular sieves of U.S. Ser. No.
600,174, filed Apr. 13, 1984 have three-dimensional
microporous framework structures of Co0O32, AlO3,
PO; and SiO; tetrahedral units and have an empirical
chemical composition on an anhydrous basis expressed
by the formula:

mR:(Co,AlP,Si,)0;

wherein “R” represents at least one organic templating
agent present in the intracrystalline pore system; “m”
represents the molar amount of “R” present per mole of
(CowAlxPySi;)O2 and has a value of from zero to about
0.3; and “w”, “x”, “y” and “z” represents the mole
fractions of cobalt, aluminum, phosphorus and silicon,
respectively, present as tetrahedral oxides, where the
mole fractions “w”, “x”, “y” and “z” are each at least
0.01 and are generally defined, as being within the limit-
ing compositional values or points as follows:

Mole Fraction

Point X y (z+w)
A 0.60 0.38 0.02
B 0.38 0.60 0.02
C 0.01 0.60 0.39
D 0.01 0.01 0.98
E 0.60 0.01 0.39

In a preferred subclass of the CoAPSO molecular
sieves the values of “w”, “x”, “y” and “z” in the above
formula are within the limiting compositional values or
points as follows:

Mole Fraction

Point b3 y z+ w)
a 0.55 0.43 0.02
b 043 0.55 0.02
c 0.10 0.55 0.35
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-continued
Mole Fraction
Point X y (z+w)
d 0.55 0.10 0.35

The EP publication at page 13 depicts the use of
crystalline amorphous aluminophosphate as a source of
phosphorus and aluminum and at page 14 states that
seeding the reaction mixture facilitates the crystalliza-
tion procedure. Examples 11, 12, 13, 93 and 97-103
depict the use of seed crystals.

U.S. Ser. Nos. 599,771 599,776 599,807, 599,809, 599,811
599,812 599,813 600,166 each filed Apr. 13, 1984, all
now abandoned; U.S. Pat. No. 4,686,093; EPC
Publication 0 158 976, published Oct. 23, 1985

MeA PO molecular sieves are crystalline microporous
aluminophosphates in which the substituent metal is one
of a mixture of two or more divalent metals of the group
magnesium, manganese, zinc and cobalt and are dis-
closed in U.S. Pat. No. 4,567,028. Members of this novel
class of compositions have a three-dimensional micro-
porous crystal framework structure of MO»2, A10; and
PO, tetrahedral units and have the essentially empirical
chemical composition, on an anhydrous basis, of:

mR:(MxALP,)O;

wherein “R” represents at least one organic templating
agent present in the intracrystalline pore system; “m”
represents the moles of “R” present per mole of
(MxAlyP;)O7 and has a value of from zero to 0.3, the
maximum value in each case depending upon the molec-
ular dimensions of the templating agent and the avail-
able void volume of the pore system of the particular
metal aluminophosphate involved; “x”, “y” and “z”
represent the mole fractions of the metal “M”, (ie.,
magnesium, manganese, zinc and cobalt), aluminum and
phosphorus, respectively, present as tetrahedral oxides,
said mole fractions being such that they are representing
the following values for “x”, “y” and “z’:

Mole Fraction
Point x y (z +w)
A 0.01 0.60 0.39
B 0.01 0.39 0.60
C 0.35 0.05 0.60
D 0.35 0.60 0.05

When synthesized the minimum value of “m” in the
formula above is 0.02. In a preferred subclass of the
metal aluminophosphates of this invention, the values of

x”, “y” and “z” in the formula above are representing
the following values for “x”, “y” and “z”:

Mole Fraction

Point X y (z+w)
a 0.01 0.52 0.47
b 0.01 0.39 0.60
c 0.25 0.15 0.60
d 0.25 0.40 0.35

The as-synthesized compositions are capable of with-
standing 350° C. calcination in air for extended periods,
i.e., at least 2 hours, without becoming amorphous.
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The EP publication at pages 14 and 15 depicts the use
of crystalline and amorphous aluminophosphate as a
source of phosphorus and aluminum and at page 15
states that seeding the reaction mixture facilitates the
cyrstallization procedure. Example 8 dicloses seeding of
crystals.

EPC Applic. 85104386.9, filed Apr. 11, 1985 (EPC
Publication No. 0158976, published Oct. 13, 1985) and
EPC Applic. 85104388.5, filed Apr. 11, 1985 (EPC
Publication No. 158348, published Oct. 16, 1985)

“ELAPO” molecular sieves are a class of crystalline
molecular sieves in which at least one element capable
of forming a three-dimensional microporous framework
form crystal framework structures of AlQ;, PO; and
MO tetrahedral oxide units wherein “MO5” represents
at least one different element (other than Al or P) pres-
ent as tetrahedral oxide units “MQ3” with charge “n”
where “n” may be —3, —2, —1, 0 or + 1. The members
of this novel class of molecular sieve compositions have
cyrstal framework structures of AlO;, PO; amd MO,
tetrahedral units and have an empirical chemical com-
position on an anhydrous basis expressed by the for-
mula:

mR:(M;ALP,)O;

wherein “R” represents at least one organic templating
agent present in the intracrystalline pore system; “m”
represents the molar amount of “R” present per mole of
(MxAlL,P;)Oz; “M” represents at least one element capa-
ble of forming framework tetrahedral oxides; and “x”,
“y” and “z” represent the mole fractions of “M”, alumi-
num and phosphorus, respectively, present as tetrahe-
dral oxides. “M?” is at least one different elements (M)
such that the molecular sieves contain at least one
framework tetrahedral units in addition to AlO; and
PO;. “M” is at least one element selected from the
group consisting of arsenic, beryllium, boron, chro-
mium, gallium, germanium and lithium, and when “M”
denotes two elements the second element may be one of
the aforementioned and/or is at least one element se-
lected from the group consisting of cobalt, iron, magne-
sium, manganese, titanium and zinc.

The ELAPO molecular sieves are generally referred
to herein by the acronym or “ELAPO” to designate
element(s) “M” in a framework of AlO;, PO; and MO
tetrahedral oxide units. Actual class members will be
identified by replacing the “EL” of the acronym with
the elements present as MO tetrahedral units.

When “M” denotes two elements “M” may also be at
least one element selected from the group consisting of
cobalt, iron, magnesium, manganese, titanium and zinc.
For example, in each instance “M” includes at least one
of the first group of elements, e.g., As, Be, etc., and
when two or more elements are present, the second and
further elements may be selected from the first group of
elements and/or the second group of elements, as above
discussed.

The ELAPO molecular sieves have crystalline three-
dimensional microporous framework structures of
AlOj3, PO; and MO; tetrahedral units and have an
empirical chemical composition on an anhydrous basis
expressed by the formula:

mR:(MyxAl,P,)O0;
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wherein “R” represents at least one organic templating
agent present in the intracrystalline pore system; “m”
represents the molar amount of “R” present per mole of
(MAlyP,)O; and has a value of zero to about 0.3; “M”
represents at least one element capable of forming
fram