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{547 Crystalline silicate catalyst

(577 Crystalline silicatas usefu! as catalysts for various organic reactions such as
polymarization of organic compounds, alkylation, isomerization and disprop-
ortionation, have a chemical composition represanted by the general formulain
the tarms of mole ratios of oxides In the dehydrated state,

{0.1'Z}Rz;no.[31.3203.bcegog.CM203]-Vsi02
in which R is at least one mono- or divalent cation, nis the valence of R, Mis at

|@ast one trivaiant transition meta! jon andior aluminium ion, and a + b+c=1,82
0,b=0c=0,a+ b:>Qandy= 12
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SPECIFICATION
Crystalline silicate catalyst

This invention relatas to a novel crystalline silicate and a process for the production of the same, and further
relates to a process for the production of hydrocarbens using this crystalline silicate. Mors particularly, itls
concerned with a process far producing hydracarbons such as aromatic hydracarbons from alcohols, cthers
of synthesis gas using the crystalline silicste as a catalyst.

The surroundings of petroleum playing the leading part of energy at prasent are very unstable and it has
heen feared that a “vallay” of anergy will come in the last half of 1980s to the 1990¢ dua to deficiency of
petroleum. To this end, itis required to practice economy inthe consumption of petroleum in future andto
use an alternative energy for petreiedm such as coal, nuclear fuel, natural gas, etc. In particular, it has lately
peen watched with keen Interast 10 develop the technique of G;-chemistry ta make up for the short supply of
gasoline, kerasene and gas oit which demanas will relatively be expanded by producing them from ather
carbon sources than petrolesm, e.g. coat and natural gas which can be found in shundance in the warld.

Methads of produsing hydrocarbons fram coal can ba classified mainly into two methods, i.e, dirgct
method by liguefaction of coal and indlract method threugh the synthesis gas, and a number ol studies have
hitherto been made as to these two methads. The liquefaction of coal is generally carried out by subjacting
caal to hydrogenation under a high pressure in the presence of a solvent 1o obtain gaseous or liquid
hydrocarbans, but this method is stlil under development and unfavourable economically and the quality of
the products is inferior to petroleum at present. On the other hand, the indirect method, which has already
been put to practicai use by SASOL in South Africa, consists In a methed of converting a carbon source into
hydrocarbons by preparing carbon monaxide and hydrogan in the presenca of air, oxygen or steam and
reacting them in the presence of a Fischar-Tropsch catalyst.

However, the use of the pricr art Fischar-Tropsch catalyst such as fused iron or precipitated iron results in
reaction products of hydrocarbons inciuding paraffins and olefins, distributed widely from methana to wax
and reactlon products of various oxygen-containing compounds including alcohols, ethers, eic., and thus it

is impossible to obtain selactively valuable products with a specified boiling point rangs. That is, the ylald of '

the most valuable gasoling fraction is not sufficient and the gasoling fraction cannot be used as motor
gasallne ag such and should be modified, for example, by catalytic reforming, sinca it contains jittle aromatic
hydrocarbons or highly branched paraffins or olefins and has low octang number.

The synthesis gas obtained from raw materials such as coat and natural gas can be converted inta
methanol in known manner, but methanol, as itis, hes been used as only a raw material for chemicals at
present, which use is considerably limited. Of late, however, a process for the synthesis of gasoline from
methanal has been propased by Mobil Oil Co. as disclosed in US Patent Nes. 3,894,103 - 3,834,107. The
featura of this process consists in using zeolites of ZSM-5 series with an Si0x/AlL O ratio of st least 12,
diffarent fram the prior art zeolites, but in the case of using this catalyst, there arises a problem that several
%, ar more of dursna (1,2,4,5-tetramathylbenzene, mp 79°C}, causing plugging of a carburetor of engine, is
formed ag a byproduct and the catalyst is contaminated with carban deposited so that itg life is short.
Furthermore, ancther process for tha direct synthesis of gasoline from the synthesie gas using a mixed
catalyst of the zealita of ZSM-5 series and Fischer-Tropsch catalyst or methanol synthesis catalyst has been
proposed by Mobfl Qil Ce. as disclosed in US Patent Nos. 4,096,163 and 4,157,338, but this process has also a
drewback that a 1args yuantity of carbon is deposited on the catalyst to shorten the life thereof.

It is an objact of the present invention to provide a new crystailine silicate suitable for use as a catalyst for
various organic reactions such 2s pelymerization of organic sampounds, alkylation, isamerization,
dispropartionution and the like.

jtis another object of the present invention to provide a process for the production of the new crystalline
silicate,

It is a furthar object of the present invention to provide a process for the production of hydracarbons using
the new crystalline silicate as a catalyst.

it is a still further object of the present invention to provide a process for the production of aromatic
hydrocarbon mixtures using the crystalline silicate as a catalysi.

We have found a novel crystailine silicate which is suitable for use as a catalyst for the production af
hydracarbons from lower alcohols and/ar ethers or for tha production of hydrocarbons from synthesis gas
without substantial formation of aromatic hydrocarbons of Cyg OF higher such as durane, whereby formation
of carbon is suppressed to improve its durability as compared with the prior art erysialtine aluminosilicate
catalyst of ZSM-5 saries.

The prior art crystalline aluminosilicate described above s also called “zeolite” in which silica and alurmina
have commaon oxygan atoms to hold 2 three-dimensional network structure, the ratio of oxygen atoms to the
sum of aluminum atoms and silicen atoms is 2 and the negative electrovalence of AlD, tetrahedrons is
balanced with alkali metal cations, in particular, sodiurn and potassium ions and in 8gmME cases, with organo
nitrogen caticns.

Commercially available A-, X- and Y-type zoolites or mordenite have a silica to alumina ratic of at most 10
and the abova described zeolita of ZSM-5 serias is characterized by asilica to alumina ratio of at least 12. )t is
said that such a higher sllica/alumina ratio serves to pravide strongly acidic sites, from which the conversion
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reaction of methanol into hydrocarbons proceeds. .

On the othar hand, the novel crystalline silicate found by the inventors is different from the above
described crystailine aluminosilicete of the prior art and characterized by containing oxides of lanthanum,
cerium and other transition metals which ars considered to ba effective for suppressing formation of carbon

§ and improving the durability.
Accardingly, the present invention provides a crystalling silicate having a chemical composition

represented by the general $armula in the tarm of male ratios of oxides in the dehydrated staie:
10 ':U.'l-2}H2;90'[3Lazog‘bCBan'CMgog}‘YSiOE

inwhich R is at least one mona- or divalent cation, n is the valenca of B, M is at {east one trivalent transition
metal ion and/or aluminum fon, anda +b+c= 1,2=0,b=0,c20a+b>0andy= 12.

1§  Ina preferred embodiment of the present Invantion, the crystalline silicate has a chemical composition
represented by the general formuta in the tarm of mole ratios of axides in tha dahydrated state,

(0.6-1.41Ros0-|aLE;05bCes0xtM205]vSiO2
20

in which R, a, b, ¢, ¥ and n have tha same meanings as described abova.
in addition, the present invention provides a procass for preparing the above describad crystailine silicats.
Furthermore, the present invention provides a pracess for the production of hydracarbans from alcohols
25 and/or ethers sach containing at most 4 caribon atoms per alkyl group using the above described crystailine
silicate as a catalyst at a reaction temperature of 250 to 500°C under a reaction pressure of at most 100 atm,
and a pratess for the produstion of hydrocarbons from gynthesis gas using the above described crystalline
silicate with a metat or metal compound having catalytic activity to hydrogenate carbon monoxide
{hereinafter referred to as “'carbon monoxide reducing catalyst”) ata reaction tampereture of 200 ta 500°C
30 under a reaction pressura of at most 300 atm.

The abave deseribed crystalline silicata of the present invention can be synthasized by hydrothermal
raaction of a reaction mixture comprising the foliowing: silica source, lanthanum andfor cerium source,
optionally a transition metal and/or alumina source, alkali source, watar and an organic compound
containing nitrogen or oxygen, optionally with an acid to control tha pH.

48 Asthe silica source, there can be used any silica ot silica compounds commonly used inthe synthesis of
zeolites, for example, silica powdar, colloidal silica and silicates such as water glass.

As the lanthanum, cerium and transition metal sources, there can be used sulfates, nitrates, chlorides and
uther salts of lanthanum, cerium and transition metals, By the tarm “trivelent transition metal ion (M) In this
specification we mean trivalant cations of Group Vil glements such as iron, cobalt, rhodium, ruthenium and

40 palladium, rare garth elements such as lanthanum and cerium and other elernents such as titanium,
vanadium, chromium, niebium, tantaium, and antimony.

As the alumina sourca, there can be usad chioride, nitrata, sulfate, exide and hydroxide of aluminum and
above all, sodium aluminate is most preferable.

As the alkali source, there can be used hydroxides and ather compounds such as aliminates and silicates

45 of alkali metals such as sodium and alkaline earth metals such as calcium, and salts theraof such as sodium
chioride.

As the erganic compound eontatning nitrogan or oxygen, there can bg used the fallowing organic
compoinds given as non-limiting examples:

50 (1) Qrganic Amines
Primary amines such as n-propylamine, an monoethanolamine secondary aminas such as
dipropyiamine, and disthanotarmine like; tertiary amines such as fripropylamina and
srlethanclamine; other amines such as athylanediamine, and diglycolamine; mixtures of these
compounds with halogenated hydrocarbons such as propyl bromide; and quaternary

55 ammonium salts such as tetrapropylammonium salt.

{2} Organic Nitrogen Compounds other than Organic Amines
Nitrogen-containing hatrocyclic compounds such as pyridine, pyrazine, and pyrazale.

60 {3} Alcohais ar Mixtures thereof with Ammonia
Maenaalcohols such as ethanol; dicls such as ethyiene glycal; mixtures of these alcohots with
ammaonia

By the term “‘mono- ar divalent cation (R} in this specification we mean alkall metal ions, a'kaline earth
85 metal ions, lons of the above described arganic compounds and hydrogan ion formed by calcining arion
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3
exchange treatment.
The crystalline silicate of the present invantion has a structure charactarized by reptacing a part or alt of Al
in the prior art zeolite structure by lanthanum, cerium or other transition metals and further hasan
Si0ALas05 + CezOs + M.O4) ratio of at least 12, which is genarally prepared from a reaction mixture having
& the following mole compasition: 5
§i0,/{La;041 Cey03+M:203) 12-3000 (preferably 20-200]
OH /510, 0-1.0 {preferably 0.2-0.8)
H.0/5i0; 21000 {preferably 10-200)
10 organlc compound/ 10
(La; 05+ Cez05+Ma03) 1-100 (preferably 5-50)
The crystalline silicate of the present invention can ba synthesized by heating the above described raw

15 maierials at a sufficient temperature for a sufficiont tima to form the crystailine silicata. Generally, the 15
hydrothermal synthesis tamperatusé js B0-300°C, praferably 130-200°C and the hydrothermal synthesis time
is 0.5-14 days, preferably 1-10 days. The pressure is not particularly limited, but the tiydrothermal reaction is
preferabiy carried out under autogannus pressure.

The hydrothermal synthesis reaction is carried out by heating raw material mixture at a desired

20 temperature, optionally with stirring, and centinuing until a crystaliine silicats is formed. Afterthe crystalis 20
farmed, the reaction mixture is caaled to room temperature, flitered, washed with water, and ordinarily,
driad at 100°C or higher for 6 to 24 hours.

The crystallina silicate of the present invention is preferably a porous ctystalling matsrial with a regular
and constant crystalline structure, which has gensrally the X-ray diffraction pattern shown in Table 1:
25 25
TABLE 1
20 iio
30 79+ 0.1 VS 30
8.8=0.1 V5
13.2 £ 0.2 W
138402 M
147 0.2 M
35 15.4 = 0.2 W 35
159 =02 M
19.3=0.2 w
20.8 = 0.2 M
23102 5
40 238+ 0.1 M 40
269+ 0.3 M
28202 W
29.5%0.2 M

45 45
Note: W = weak, M — medium, 3= strang, ¥S = vary strong
To obtain the above described data of Table 1, tha standard technique using Kd doublet of copper for
irradiation was used. lo is the intensity of the strongest peak, l/lo being a relative intensity.

50 When using this crystalline silicate as a catalyst, it is desirable fo subject itto previous activation by 50
heating at a temperature of 400 to 700°C in the air for 2 to 48 hours, but thls previous activation is not always
required because the crystailine silicate can be activated under reaction heating condition.

The alkali metal presant in this erystalline silicate can be exchanged in cenventional manner with at least
one of othar cations such as hydrogen, iron, rhodium, ruthenium, galilum and the like to give a

55 hydroagen-type or other corresponding ian typc. For example, the jon exchange into H-type can be carried 65
out by 2 methed comprising calcining the crystalline siticate preparad as described above 1o remove the
organic compound and then immereing in a strong acid such as hydrochloric acid to convert directly into
H-iype, or a method comprising immersing the crystallina silicate in an aquaous golution of an ammonium
compound to convert into NH,-type and then calcining to give H-type. On the other hand, a crystalline

60 silicate of metallic cation type ¢an be abtained by immersing a crystalline silicate in an aqueous solutionafa 60
chioride or nitrate of metal 10 be ion exchanged and heating 8t a temperature of 50 to 160°C for 3 hours to
saveral days. The above described erystalline silicatas of H-type and metallic cation type will hersinafter be
referred to as "activeted crystalllna silicate™.

The crystalline silicate or activated crystalline silicate, used as a catalyst can be impragnated with one or
65 mera metal compounds which include thosa of copper, zinc, chromium, lead, antimony, bismuth, titanium, 68
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vanadium, manganese, iron, cobalt, nicks!, ruthenium, rhodium, palladium, platinum, lanthanum and
cerium.

The thus impragnated silicate contains one or more metal oxides in & proportion of preferably 0.1 to 0%
by weight. The metal compounds used herein are, for exampls, nitrates or chlorides which are soluble in
water and capable of giving the corresponding oxides through heating and decomposing. Accordingly, a 5
mixturs of the crystalline silicate or activated crystalline silicata with a metal compound is prepared by
impragnating the former with ap aqueous solution of the latter, followed by drying and calcining.

The catalyst cbtained in this way has a higher catalytic activity in organic reactions for praduction of
hydrocarbons fram alcohels andior athers having 4 or lass carbon atoms per alky) group, such as methanol
and dimethyl ether, polymerization, alkylation, isomerization, disproportionation, etc. of organic com- 10
pounds, than the prior art catalysts.

The crystalline silicate or activated crystalline silicate of the presant invention exhiblts a very exceilent
catalytic activity in organic reactions including carbonium ion as an intermediate. Thesa reactions are
generally carried out by bringing an organic cormnpound or a raw material containing the organic compound
{nto contact with the crystalline silicate or activated crystalline sllicate of the present invention ata 15
temperature of 40 to 700°C, a pressure of 200 atm ar lower and praferably a weight hourly space velocity
{referrad to as “WHEV"'} of 0.1 1c 1000 hl

Maore particularly, whara the above described conversion raaction is polymerization of raw materials
containing clefins, the conditions are a termpersture of 260 to 600°C, pressure of 50 atm or tower and
praferably a WHSV of 0.5 to 50 h™'. Where the above described conversion reaction is alkylation of aromatic 20
compounds such as benzene and taluene with olefins or alcohols, the reaction conditions are a temperature
of 200 to 550°C, pressure of B0 atm or lower, preferably a WHSV of 0.5to 50 h-1and also prafsrably aromatic
compound/alkylating agent mole ratio of 2 to 20. Whare the above described conversion reaction is
isumerization of aromatic compounds such as xyleng, the reaction conditions arc a temperature of 150 to
500°C, pressure of 60 atm or lags and preferahly WHSV of 0.2 to 100 h~". Where the abova described 25
canversion reaclion is isomarization of paraffins or olefins, the reaction conditions are a temperature ofdlto
400°C, pressure of 80 atm ar lower and preferably & WHSV of 0.1 10 20 h ™', Where the above described
convarsion reaction is disproportienation of aromatic compounds such as toluene, tha reaction conditions
are a temperature of 300 te 600°C, pressurs of at most 100 atm and preferably a WHSV of 0.5 to 20h7

Furthermare, the crystalline silicate or activated crystalline silicate of the present invention can also ba o
applied to catalytic dewaxing using the shape salectively thereof. In this case, the reaction gonditions are a
temperature of 200 to 500°C, pressure of 100 atm or lower and preferably a WHSV of 0.1 to 20h7H

In particular, the crystalline silicate or activated crystatline silicate of the present invention has a much
higher catalytic activity in reactions of synthesizing aromatic compounds or lower olefins from alcohols
and/or ethers containing 4 or iass carbon atoms per alkyl group. Useful examples of the alcohols and/or 35
ethers cantaining 4 or fess carbon atoms per alkyl group are methanaol, ethanol, n-propanol, isopropancl,
n-butanol, isobutanol, sec-butanol and tert-butanal, and ether compounds of C;-C4 such as dimethyi ether.
Thase zlcohols and ethers can be used individually orin combination.

Limitation of the reaction conditions to as above is based on the foliowing reasons:

Tha reason for limiting tha reaction temperature to 25010 600°C is that if the reaction temperature is lower 40
than 250°C, alcohols or ethars scarcely react, while if higher than B00°C, the rate of coking reaction of
alcohols or ethers and decomposition into carbon monoxide or hydrogen are increased to shorten the Iifa of
the catelyst. The reason for limiting the reaction pressure are 100 atm or less is that if the pressure is higher
than 100 atm, alkylation of aromatic hydrocarbens proceeds excessively to increase the ratio of aromatic
hydrocarbons of Cig or higher, e.g. durene, ceusing the foregoing problem when used as gasoling, andthe 45
conversion efficiency of the reaction Is not increased in spite of the increased raaction pressure.

By the term “aromatic hydrocarbon mixtures’ in this specification we mean hydrocarbon mixtures
containing preferably at least 1% by weight of arcrmatic hydrocarbons and other aliphatic hydrocarbaons
{paraffins and olefins}.

The mixed catalyst of the crystalline siiicate or activated crystallina silicate with the carbon manoxide 50
raducing catalyst accerdlng to the present invantion has a much higher catalytic activity in reactions of
synthesizing hydrocarbons from the synthesis gas.

Limitation of the reaction conditions te as described above is pased on the following reasons:

The reason for limiting the Teaction temperature to 200 to 500°C is that if the reaction temperature is lower
than 200°C, the hydrogenation reaction rete of carbon monoxide is too small to obtain a sufficiant 55
canvarsion, while if higher than 500°C, the hydrocarbon synthesis reaction through hydrogenation reaction
of carbon menoxide is disadvantageous in respect of free energy and thus the resuiting hydrocarbons
consist substantially of methane.

Tha raascn for limiting the raaction pressure to 300 atm or lower is that [f the reaction pressure is higher
than 300 atm., carban daposition reaction {2C0 — C + COy) tends to take place often and the conversion 60
sfficiency of the reaction is not so increased in spite of the increased reaction prassure,

The synthesis gas used in the present invention can ba prepared from fossile fuels by any known method.

Tha fossil fuels used herein include anthracite, bituminous coal, rown coal, crude oil, shale oil, tar sand oil,
natural gas, coked coal, petrofeum coke, gas oil, distillation residue and the like. These tuels can be used
Individually or in combination. Of caurse, ather carbonacaous fuels such as peat, wood and cellulose wastes Go
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can be used.

Raw synthesis pases prepared from fossi! fuels contain various impurities such ag sulfur campounds and
metal carbonyl compounds and are generally characterized by the hydragen to carbon oxides ratic
depending upon fossil fusls used and the gasification technigue. In general, it is prefarable for the efficiency
of the subseguent conversion process o purify the raw synthesis gas by removing impurities. The technique
for this purification has weil been known.

in addition, if requirad, the synthesis gas is greferably subjectedto control of the hydrogen to gaseous
carbon oxides voluma ratio to 0.2 to 6.0 before use in the present inventian, When the purified synthesis gas
is excessively rich in earbon oxides, the above described ratio can be adjusted to a suitable range by the
well-known water gas shift reaction.

When the synthesis gas contains hydragen in excess, on the other hand, the above described ratio can be
adjusted to a sultable range by addition of carbon dioxide or carbon monoxide.

Moreovar, there can also be used synthesis gases containing components In addition to hydragen or
carbon monoxide, for example, mixtures of carban monoxide and steam and mixtures of carbon dioxide and
hydrogen. In the production of hydrocarbon mixtures rich In aromatic hydrocarbons, in particular, hydrogen
donors such as lower hydrocarbaons, lower alcahals alcohols and lower ethers can be fed with the synthesis
gas.

The carbon monoxide reducing catalyst used in the present invention can be any of tha catalysts well
known in the art as those far the production of hydrocarbons, oxygen-containing organic substances and
mixtures thereof from synthesis gas, for example, the methanol synthesis catalysts, Fischer-Tropsch
catalysts and thair modified catalysts. The methanol synthesis catalysts includes combinations of chromium
axide with metallic 2inc or metallic copper, chromium oxide with zinc oxide or copper oxide, alumina with
rstallic zine or matallic copper and alumina with zinc oxide or copper oxide, and further improved catalysts
thereaf, In fact, synthesis gas is subject to conversion on these various catalysts under conditlans of &
reaction temparature of 150 t0 500°C and a raaction pressure of 1000 atm or [ass to thus form carbon
monoxide-reduced products such as alcohols nd hydrocarbans, The active component of the carbon
manoxide reducing catalyst is & metal selected from the group consisting of Group IB, 118, INB, IVB, VB, VIB,
ViIB and VIH elements of Periodic Table, or an oxide thereof, individualty arin combination. tHustrative of the
metal or oxide are copper, zing, titanium, zirconium, chromium, vanadium, manganese, iron, cobalt, nickel,
ruthenium, thorium and rhadium, and oxides thereof, In addition, alkali metals, alkaline earth metals and
rare sarth metals or compounds of these metals can preferably be usad as an accelerating agent and
supports such as alumina, silica, titania and diatornaceous earth can also be used.

The mixed catalyst of the crystaliine silicate or activated crystalline silicate with the carbon monaxide
reducing catalyst according to the present inventian can be prepared by various methods. For example, the
sarbon manaxide reducing catalyst and crystalling silicate or activated crystalline silicate are separately
formed into catalytic grains such as pellsts or extruded onas and then mixed in a suitable praporticn, or both
are ground into powders, mixed in a suitable proportion and formed inta peliets or extruded ones. During
the mixing, a binder such as ¢lay can be added to tha mixture. As another method, the crystaliine silicate can
be Impregnated or jon exchanged with a component having a catatytic activity for reducing carbon
manaxide in the form of its desired metal salt, then dried and calcined, thereby combining the crystalline
silicate with the component. In a further method of intimately mixing them, 2 carbon monoxide reducing
component is precipitated in the prasence ofthe crystalline silicate.

The carbon monoxide reducing catalyst1o crystalline silicate or activated crystalling silicate ratio is not
particularly limited, but its preferabie range is 0.1 1 100 1o 100 : 1 by weight.

The pragent invention wilt be explained in detail with reference to the following examples. it will be
obvious to those skilled in the art that various changes and madifications can be made in components,
ratios, operatienal orders and the like wittout departing from the scope of the present inveation. Therefore,
tha present invention should not be construed as being limited to the foltowing examples.

Example T

A crystalline silicate was synthasized by the fallawing procedures: Water glass, lanthanum ciloride,
cerium chloride and water were mixed {o give a mole ratio of 38Na2O-{{].5La203-0.5C9303}-805102.1600H20,
10 which a suitable quantity of hydrochloric acid was added to adjust the pH of the mixture ©© about9 and
tripropylamine and propyl wramide as an organic compound were then addad in 8 quantity of 20 times the
moles of the sum of La;03 and Cez05 with mixing adequately, and the resultant mixture was charged in 2 500
mi stainless autoclave.

The above described mixture was subjected to reactian at 160°C for 3 days with stirring at about 500 rpm,
cooled, filtered to separate a solld companent, washed adeqguataly with waler until the pH of the washing
watet be about 8, dried at 110°C for 12 hours and then calcinad at 550°C for 3 hours.

This product had a crystal particle size of ebuut 1 pm and & chemical composition in the term of males of
oxides under dehydrated state and exclusive of the organic compound:

0.4Naz0-{0.5Le;04-0,6C8,03)-80Si0;
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This will hereinaftar be referred 1o as "Crystalline Silicate 1.

Similar crystallina silicates were obtained also using nitrlc acid instead of tha hydrochioric acid, using
lanthanum nitrate instead of the lanthanum chloride or using silica sol instead of the water glass, when
synthesizing Crystalline Silicats 1. When the reaction was carried out at 170°C or 180°C for 2 days instead of

5 the above described hydrothermal synthesis condition (180°C, 3 days), a similar crystalline silicate was also
obtainad.

The procedure for preparing Crystalline Silicate 1 was repeated except changing the gquantity of lanthanum

chioride and cerium chloride in mixing tha raw materials for Crystalline Silicate 1 as shown in Table 2 intha
tarm of mole ratios of La;0» and Ce,0,, thus preparing Crystalline Silicates 2 to 6 as shown in Table 2:

10
TABLE 2

Crystal- Mole Ratios in Mix- Composition of Crystalline
line ing Raw Materials Silicate Exciusive of Qrganic

15 Silicate Compound {dehydrated state)
Na, La;Oa Caaly

2 1 0 0-4N320‘L3203‘808i03
20 3 0.9 0.1 0.4N320‘{C‘.9L3203'0.1CEzOs}‘BOSiO;
4 0.6 0.4 0.4Na,0+{0.6La;05-0.4Ce,05)-80510;

5 0.3 0.7 0.4Na;0-{0.3L8;050.7Ce203)-80Si0;
25
G 0 1 0.4MNa,0-Ce,0-805i0,

Crystalline Silicates 7 to 13 and 24 were prepared by repeating the procedure for the preparation of
ag Crystalline Silicate 3 except using ferric chloride, ruthenium chioride, neodymiurn chloride, titanium
chloride, vanadium chlaride, chromium chloride, antimany chlori{de or aluminum chloride in a quantity of
the same mola of oxide as Ce,03. Thesa crystalline silicates had a chemical compositicn representsd by the
general formula in the term of mola ratios of oxides under dehydrated state and exclusive of the organic
sompound,
35

{0.3-0.5)Naz0-{0.8L2,03-0.1M05)-808i0;

ap Inwhich Mis Fe, Ru, Nd, Ti, V, Cr, Sk or Al in the order of Crystalline Silicates 7-13 and 24,
Crystalling Silicates 14 to 20 were prepared by repeating the procedurs for the preparation of Crystalline
Silicate 1 except using arganic compeunds as shawn in Table 2 in a quantity of 20 times the mole of
lanthanum oxide:

a5 TABLE 3

Crystalline
Silicate No. Organic Compound

50 14 manaosthanciamine
15 ethanalamine, prupyl braride
16 digthanclamine
17 tristhanolamine
18 diglycolamine
58 19 butylamine, butyl bromide
20 tetrapropylammaonium bromide

These Crystalline Silicates 14 to 20 had & chemical composition in the term of male ratios of oxides under
50 dehydrated stata,

(0.1-0.6}Na,0+{0.5La,05-0.5Ce,05)-80510;
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Crystalline Silicates 21 to 23 ware prepared by repeating the procedure for the praparation of Crystalline
Silicate 2 except changing the S10,/La,05 ratic in 20, 200 and 400.

1t was found that the above described Crystaliine Silivates 1 to 24 were crystalline materials each having an
X-ray diffraction pattern satisfying that of Table 1 and an i, content of 90% by weight or more.

Comparative Example 1

The procadure of Example 1 was repeated except that aluminum chtoride was used in place of the
lanthanum chloride and cerium chioride and mixed with tha other same matarials to give a mola ratio of
36Na,0-Al;05808i0,. 1600H;0, to which a suitable quantity of hydrochlore acid was added to adjust the pH
of tha mixture to about 8 and tetrapropylammanium bromide as an organic compound was addedina
quantity of 20 times the mole of Al,03, thus obtaining an aluminosilicate having a chemical composition in
tha term of mole ratios of oxides under denydrated state and exclusive of the organic compound,

0.5N320'A|203'808i02

and having the same X-ray powder dilfraction pattern as 25M-5 described in US Patant No. 3,702,886. The
praduct obtainad in this Comparative Example 1 wili hereinafter ba referred o as "ZSM-5",

Exampie 2

The crystalline sflicates synthesized in Example 1 and the zeclits ZSM-5 synthesized in Comparative
Example 1 were immersed in TN hydrochloric acid and allowed to stand at 80°C for 7 days, then washed,
filtered, dried at 110°C for 12 hours, calcined at 560°C and shaped into a size of 1-3 mm to obtain catalysts.

Methanol was brought into contact with the thus obtained catalysts under reaction cenditions of normal
pressure, a temperature of 370°C, and an LHSY {liguid hourly space velocity) of 2h~1to obtain results as
ghown in Tabie 4.

In: additian, Crystalline Silicate 1A, synthesized using silica sal instead of the water glass respectively in the

30

35

40

45

50

55

G0

above described procedures, were treated and then contacted with methanol in an analogous manner to

describad above, thus obtaining the same result &s in the casa of Crystalline Silicate 1 shown in Table 4.

TABLE 4
Crystal- Methanol Composition of Hydrocarbon Ratio of
line Conversion Products (wt %) Durengin
Silicata (%) Hydrocerbon
No, CeCip Aromatic Products
C-Cy Aliphatic Hydro- Cs. {wi %)
Hydrovarbon®*  carbons

1 99.5 29 49 22 0.3

2 98.5 35 48 19 0.2

6 99.5 27 49 24 0.4

7 99.5 24 50 26 0.4

9 295 32 48 20 0.3
11 88.5 30 48 22 0.3
13 99 32 49 12 0.2
14 97 37 46 17 0.2
18 93 5 47 18 0.2
20 a8.5 28 g0 22 0.3
22 859.5 37 a7 18 0.2
24 89.5 23 49 28 05
Comparisan
Z5M-5 99 38 26 36 3.4

Note: * Cg-Cqo Aliphatic hydracarbons inciude naphthenes. This appli

examples.

Example 3

Using a catalyst obtained by treating
mannerta Exampie 2, methanol was co

shown ih Table 5 to thus obtain resuits shown In Table 5:

es correspondingly to the following

Crystalline Silicate 1 synthesized In Example 1 in an analogous
nverted vnder normal pressure at various tamperatures and |LHSV as

35

40

45

50

55

60
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TABLE &
Reaction LH.S5.Y. Methanol Compagsition of Hydre- Ratio of
Temper- h" Conver- carbon Products {wt %a) Durenain
5 ature sion Cs-Cro Aroma-  Hydro- g
{°C) {Yo) C-Cy Alipha-  tics carbon
tics Products
Cg (wit %}
10 350 2 99 28 46 26 0.6 10
400 2 100 31 46 23 0.3
500 2 100 41 a8 20 0.1
550 p 100 B4 B 8 0.1
370 5 97 40 41 19 0.08
158 370 10 94 59 26 15 0.03 15
As |s seen fram these results, methanol was sufficiently converted inta hydrocarbons undar tha above
described conditions.
20 Inthe activity tests of varying LHSV, ths praportion of olefins in C,-Cy hydrocarbons is 41% by weight at 20
350°C, 70% by weight at 400°C, 84% by walght at §00°C and 83% by weight at 550°C in the case of an LHSV of
2 n~%, 78% by weight at 370° in the casa of an LHSV of 5 h~1 and 51% by weight at 370°C in the case of an
LHSY of 10 i~ L. This is due to that the reaction contact time is shortened by increasing LHSVY so that lower
olefins as intermediate products in the synthesis reaction of aromatic hydrocarbons from methanol are
25 increased. 25
According to the present invention, therefore, not only gasoiine centaining arometic hydrocarbons but
glso lower olafins such as ethylens useful as a raw matatial in chemical industry can effectively be produced
from alcahols and sthers,
Then, tests were carried out by changing the reaction pressure whila keeping constant the temperature
3p {370°C}and LHSV (2 h~ 1] ta thus obtain results as shown in Table 6: a0
TABLE 6
Reaction Methanat Compuosition of Hydrocarbon Ratio of
35 Prassure Conver- Froducts (% by weight) Durenein a5
{Kafem?®) sion Hydrocarbon
{%e) Ce-Cig Aromatic Products
Ci-Ca Aliphatic Hydro- Ce.. (% by
Hydro- carbans weight}
40 carbon 10
1n 100 26 42 32 0.8
40 100 23 a1 36 2.1
45 45
As is evident from these results, methano! was sufficiantly converied into hydrocarbons under tha above
described reaction cenditions, The proportien of aromatic hydrocarbons tends to be increasad with the
increase of the reaction pressure.
50 Example4 50
Crystalline Silicate 2 synthesized In Example 1 was treatad In an analogous mannar to Example 2, and
further immarsed in an aqueous solution of iron nitrate, followed by treatment at 100°C for 6 hours, to give
an ion exchange guantity as shown in Table 7, orfurther immersed in an aqueocus solution of potassium
nitrate, foliowed by treatment at 100°C for 6 hours, to giva an ion exchange quantity as gshownin Tahla 7,
55 thus abtaining respectively Catalysts 1 and 2. Using these catalysts, methanof was converted into 55

hydrocarbons under the same reaction conditions as Example 2, fo thus obtain results shown in Table 7:
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Catalyst ‘onEx-

Na. change
Quantity
(w1t %)

Fe 0.5
2 Ga0.h

-

Example &

Crystalline silicate 1 synthesized in
prepare 4 catalyst. Using this catalyst, alcohols and
hydracarbens under reaction conditions of nermal pressure, a temperature of 37

Methano!
Conver-
sion

{%])

100
100

thus abtain resuits as shown in Table 8:

Raw Material Conversion

(%)

Ethanol 89
n-Propanul a8
Dimethyl Ether 100
Diethyl Ether 100

Example &

Crystalline Silicate 1 synthesized in Example 1 and the zeolite ZGM-E synthesized in Comparative Example
1 were treatad in an analogous manner to Example 2 and contactad with me

conditions far a long time.

Consequently, ZSM-5 started to ba deactivate
catalyst, while Crystalline Siticate 1 was not deactivated untlt 600 g of methanol was processed per 1

catalyst.

Example 7

Crystalline Silicate 2 synthesized in Exam
prepare a catalyst. 150 g of this catalyst was adde
{cantaining 38 wt % of Ce,0a) in 2000 ml of watar,
10 a pH of 8.3, and gelatinized. This mixed gal was filtere
in the washing water, dried at 130°C and then calci
methanol was converted into hydrosarhons using

TABLE 7

Composition of Hydro-
carbon Prodicts (wt %)

Ci-Cs

25
24

TABLE 8

Cs-C1o

Ali- Arom-

phatics atics

46 29
48 28

Composition of Hydrocarban
Products (wt %!}

Ci-Cy

34
32
26
30

ned at 50

C &= C1 a
Aliphatic
Hydrocarbans

46
43
50
48

Ratio of
Durene in
Hydrocarbon
Products

C5+ tWt 0/0}

0.3
0.3

Example 1 was treated in an analogous manner {0 Example 2 to
ethers as shown in Table 8 were convarted into
0°Cand LHSVof 2h~*to

Aromatic
Hydrocarbon

20
18
24
22

thano| under the same reaction

d when 300 g of methanol was processed per 1gof the
g of the

ple 1 was treated in an analogous manner to Example 2t0
d to a solution containing 384.6 g of cerium nitrate
to which agueous ammonia was added with stirring well
d, washed with water untii the nitrate was not found
0°C for 3 hours te prepare a Catatyst 3. When
Catalyst 3 under the same reaction conditions as Example

2, thata were obtained results of methanol conversion 99.5%; and composition of C4-Cy

26 Wit %, Cg-Cyg aliphatic hydrocarbons 47 wi % and aromatic hydrocarbon 27 wt %.

Exampie 8

Crystalline Silicate 2 synthesized In Examp
prepare a catalyst. This catalyst was mixed with alumina sol
of 60 % by wefght of the crystalline silicate and 50 % by waight of Al;Os,
alumina boahmite gel instead of the alumina sal and calcined to prepare a Catalyst 5 consisting of 80 % by
weight of the crystalline silicate and &0 % by weig

Using Catalysts 4 and 5, methanol was converie

obtaining resuits as shown in Table 8,

Example 2

In the preparation of Catalysts 4 and 5 i

ht of AlzO4.
d under the same reaction conditions as Example 2, thus

ie T was treated in an analogaus manner to Example 216
and calcined to prepare a Catalyst 4 consisting
while the catalyst was mixed with

n Example 8, tha mixed slurry of the crystalline silicate and alumina
sol or alumina hoehmite gel was respectively subfacted to spraying drying at about 150°C to give a mean

particle size of 50 wm and thereafter caleined to prepare Catalys
fluidized, methanol was convarted at 370°C and an LSHV of 2h™

ts 6 and 7. Using Catalysts 6 and 7 under
1 to thus obtain rasults as shown in Tahie 8:
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20

25

30

36

40

50

55



10 GB 2 122691 A 10

TABLE 9
Example Reaction Cata- Methanal Composition of Ratic of
MNo. Pressura  lyst Convar- Hydrocarbon Products Durene in
5 {Kg/em?G) No. sion {wt %} Hydro- 5
{eh) Cs-C1g Aroma-  carbon
Ci-Ca Ali- tics Products
phatics Cs.. {wi %!}
10 8 o 4 99 32 48 20 0.2 10
b 99 33 45 22 0.3
0 5 98 aa 47 18 0.2
10 97 22 4% 29 0.7
a
18 0 7 99 33 46 21 0.2 15
10 98 19 50 3 0.9
Example 10 .
Using a catalyst obtained by synthasizing Crystalline Silicate 1in an analogous manner 1o Example 1 and
oo activating in an analogous manner to Example 2, experiments were carried out as to reactions as shown in 20
Tabla 10 and there were obtained results as shown in Table 10:
TABLE 10
75 Reac- WHSV Conver- 25
tion sion Compaosition of Hydrocarbon
Temper- {h™1) (%) Praducts
ature
C)
30 30
{1} Conver- Cs-Co
gion of
Propylene 330 2 a3 C:-Cq Aliphatic Aromatic
Hydro- Hydro-
35 carbons carbons 35
32wt 39wt% 29wt %
{2}Alkyl- 390 2 Conver-  Yield of Xylene 41%
40 ation of Toluene/ sion of 40
Toluene Mathano! Toluene Ratio of Resulting Xylene
with =15 lsomers
Methanol 64 {p: 49%; m: 28%; o: 23%])
45 {3} Adkyl- 350 a9 Conver-  Yield of Ethylbenzene 89 % 45
ation of Benzene/ sion of
Benzens Ethylene Ethyl-
with =56 ene
Ethylene 89 {Byproducts; Disthylbenzene, etc.)
iy 50
{4) Dis- Xyleng (p: 4.1%; m: 2.6%;
proportio- 0: 1.4%!}
nation of 450 30 16 Benzena 7.1 %,
Tolusne Residue: Toluene
55 55
(&5} Iso- Ratio of Resulting Xylene
meriza- 430 2 48 Isomers
tian of {p: 24%; m: 62%; o: 24%)
Xyleng
&0 [:1H]
FExamplie 17

A methanol synthesls catalyst consisting of 76 % by weight of zinc oxide and 25 % by weight of chromium
oxide was mixed with H-type Crystalline Silicates 1-13and 24 ina propartion by weight of 80 : 20 and
pellatized to prepare Mixed Catalysts 5-110 5-13 correspanding to Crystalline Silicates 1-13 and Mixed
65 Catalysts S-27 corresponding to Crystaliine Silicate 24. 65
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These catalysts were respectively conta
1) under conditions of a pressure of 50 Kg/
velocity) of 1000 h~? 1o obtain resuits as shawn In Table 11:

Catalyst
No.

8-1
52
$-3
54
5-6
5-6
5-7
5-8
89
S-10
8-1
5-12
S-13
8-37

CO Con-
version
(%)

CH,

—
MO oMW oOn oo ,m&®

—

cted with a mixed gas of hydrogan and carbon monoxids {Hy/CO = -
em? abs., a tamperature of 400°C and a GHSV (gas hourly space

TABLE 11

Composition of Hydrocarbon

Ca-Cs

Products [wt %)

Cg-Cio
Aliphatic
Hydro-
carbons

22
23
23
22
22
20
26
28
23
22
22
20
22
25

Aromatic
Hydro-
carbons

43
B1
Bi
49
49
47
37
3¢
52
51
48
49
43
36

When as to Crystalline Silicata 1A synthesized by the use of silica 90! instead of watar giass in the

talline Silicate 1, a mixed catalyst was prepared in an analogous manner to described

d carbon monoxide under the same
conditions as described above, there were abtained similar results ta thosa in the case of Catalyst 5-1 shown

oreparation of Crys

above and brought into contact with a mixed gas of hydrogen an

in Tabla 11.

Example 12

An iron oxide catalyst commonly used as a predominant componen

tip a Fischer-Tropsch synthesis

catalyst was mixed with Crystalline Silicates 14-23 of Exampie 1 in the same proportion by weight and

palletized to prepare Mixed Catalysts 5-14 to $-23 corresponding to Crystalline Sillcates 14 to 23.
These catalysts wers respectively contacted witl
1) under conditions of a prassure of 20 Kg/om? abs., a tamperature of 200°C and a GHSV of 1000 h’

results.as shown in

Catalyst
Na.

5-14
5-16
5-18
5-17
5-18
5-19
5-20
s-21
8-22
5-23

Tabla 12:

CC Con-
versian
(%)

83
84
83
85

g8
a0

a3
72

TABLE 12

Campesition of Hydrocarbon
Products {wt %)

CH;

27
26
27
28
26
26
27
25
27
31

CZ'C4

Cs-Cro
Aliphatic
Hydro-
carbons

24
25
24
22
23
23
22
25
24
26

Arommatic
Hydrg-
carbons

21
21
21
24
24
24
24
24
21
15

h a mixed gas of hydrogen and carbon monoxida {Hs/CO =

1ta obtain

20

25

30

35

40
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Exampfe 13
Crystalline Silicate 1 synthesized in Exampls 1was mixed with carbon monoxide reducing catalysts as
shown in the following table in the same propartion by weight and pelletized to prepare Mixed Catalyst 5-24
to S-30.

5 These catalysts were respectively contacted with a mixed gas of hydragen and carbon monoxide (H/CO = 5
1) under conditions of a pressure of 20 Kgiem? abs., a temperature of 300°C and a GHSV of 1000 ™! to ubtain
results as shown in Table 13. Mixed Catalyst S-30 was subjected to this test under a pressure of 40 Kgiem®.

TABLE 13
10 10
Catalyst CO Reducing co Composition of Hydro-
No. Catalyst Con- carbon Products {wi %)
fwt ratio) ver- Co-Cio Aroma-
sion CHy C;C; Aliphatic tic
15 (%5} Hydro Hydrao- 15
carbons carbons
5-24 Fez03-Ti0p-Zn0-K:0 92 25 27 28 20
{100:100:10:3}
20 20
S-25 Fez04-V;05-Zn0-K,0 a4 27 28 25 20
{100:100:10:5)
5-28 Fe,05-Cu0-Zn0-K0 N 24 26 29 22
25 {100:100:10:8) 25
s-27 Fa,05-Mn0 (100:100) a3 26 a0 20 24
5-28 CoQ-ThOz-MgC- a7 a3 29 22 16
a0 kieselguhr 30
{100:5;8:100}
5-29 Fe,05-Cu0-K,0- 95 25 28 27 20
kieselguhr
as (100:10:4:100) 35
S-30 Ru/AlL0, 89 28 15 57 a
{0.5:100)
40 40
Exampla 14
Crystalline Silicate 1 synthesized in Example 1 was subjected to ion exchange with 0.1 % by weight of
ruthenium to ebtain Catalyst S-31 and on the other hand, it was subjected to supporting of 1.0 % by weight of
ruthenium to obtain Catalyst 5-32.
45 These catalysts were raspectively contacted with a mixed gas of hydrogen and carbon monoxide {ho/CO = 45

2} under conditions of a pressure of 40 Kg/cm? abs., a temperature of 300°C and a GHSY of 1600 h™ to obtain
results as shown in Table 14:

TABLE 14
Catalyst  Catalyst Making co Compeosition of Hydrocarbaon
Na. Treatment Conver- Products {wt %)
sion CsCaa
CHy Co-Cs Aliphatic Argimatic
Hydro- Hydro-
carbons carbons
N lon Exchange with 53 14 27 39 20
0.1 wt% of Ru
32 Impregnating of 80 21 26 24 19

1.0wt% of Ru

iy
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Example 15
A mixture of Crystaliine Silicate 1 synthesized in Example 1 and ferric oxide in the sume proportion by
welght was subjected to supporting of 0.5 % by weight of ruthenium, rhodium, platinum or palladium to
prepare Catalysts $-33 to 5-36.
5  Thaese catalysts were respectively contacted with a mixed gas of hydrogen and carbon monaxida (H/CO = 5
2} under conditions of a pressure of 20 Kg/cm?, a temperature of 300°C and & GHSY of 1000 h~" to abtain
results as shown in Table 15:
TABLE 15
10 10
Catalyst Metal supported co Cornpositian of Hydro-
No. on Mixture of Conver- Carbon Products (wt %)
Crystalline sion % Co-Cra
Silicate and CHg CypCy Aliphatic Aromatic
14 iron Oxide Hydro- Hydro- 15
carhons carbons
£33 Ruthenium a8 24 26 35 15
5-34 Rhodium 83 12 22 36 30
20 5-35 Platinum a8 26 26 34 14 20
5-36 Paltadium 71 24 30 32 14
Comparative Example 2
25 In the catalylic reactions of a mixed gas of hydrogen and carbon monoxide in Examplas 1110 13, the 25
methanol synthesis catalysts or Fischer-Trupsch catalysts alone without Crystalline Silicates were
respectively contacted with a mixed gas of hydrogan and carbon monoxide under canditions as shownin
Table 16 to obtain results as shown in Table 16:
30 TABLE 16 30
Catalyst Pressure Temper- Reaction Products
(Kg/cm? ature
abs) {°C})
3B 5
Methanol Synthesis Matin Companents: Methanol
Catalyst 40 400 and CHg
(Reaction of Exam- {Cy-Ca/Cq = 143}
ple 11}
a0 40
Fischer-Tropsch CH,: 40 wi %, C-Ca: 46 Wi %
Synthesis Catalyst 20 350 Cs-Crp: 15wt %
{Reaction of Exam- {free of Aromatics)
ple 12}
4B 4s
89203'.”02-2“0"(20 CH.;: 12 wt %, CZ'Cd: 82wt %
{100:100:10:5) 10 300 Ce-Crg: 26 Wt %
|Reaction of Exam- {free of Aromatics)
ple 13}
50 50
Fezo:;'CUO’KzO‘diatOm CHg: 5wt %, CzCal 13wt %
earth 20 230 C5-Cyz: 22 Wi %,
{100:10:4:100} Cizs+: 56 WL %
{Reaction of Exam- Oxygen-containing Compounds:
55 ple 13} 4wt % 55
Ru/Al,05 (0.5 ; 100) 40 300 Ci-Cq: 100wt %
{Reaction of Exam-
pla 13)
[1H] [s]1]
As evident from Tabla 18, in the case of using tha carbon monoxide reducing catalysts without Crystailina
Silicatss, there were obtained no products which can be used as gasoline as such.
It will clearly be understood from the foreguing Examples that the crystalline silicates of the present
E5 invention are useful as catalysts having each a much higher activity as well as highar selectivity for various 65
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45
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55
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senversion reactions, for axample, conversion reactions of organic compounds such as synthesis of
hydrocarbons from alcohols and/or ethers, and synthesis reactions af hydracarbons from the synthesis
gases. n addition, lowar olefins can be ohtained with a higher selectivity by controlling the reaclion
conditions, for exampla, by shortening tha contacting or reaction time.

Since the crystalline silicates of the present invention have a uniform and small pore diameter, e.g. 5107 A 5
and a canacity of adsorbing organic compounds but hardiy adsorbing water, they can alsv be used asan

adsorbent for separation of mixed solutions or mixed gases utitizing their characteristic properties.

CLAIMS
10
1. A crystalline siticats having a chemical composition represented by the general farmula in the term of
moile ratios of oxides in the dehydrated state,
(0.1-2)R2,;0. [aLas(02.bCE05.6M304] .ySI0, 15

in which R is at least one mona- ot divalant caticn, n is the valance of B, M is at least one trivalent transition
metal ion and/ar an aluminium ion,anda+ b+c="1.8= 0,b=0,c=0,a+b>0andyz==12

2. Acrystaliine silicate as claimed in Claimn 1, wharsin the chemical camposition is represented by the 20
general formula in the term of mole ratios of oxides in the dehydrated state,

{0.6-1.4)H,n0. [aL.az03.bCez02.6M;03] ¥S5i0;
25

in which R, M. n, a, b, ¢ and y have the sama meanings as in Claim 1.
3. Aucrystalline silicate as claimed in Claitm 1 or Claim 2, wherein the trivalent transition metal is one or
morte of iron, cebalt, rhodium, ruthenfum, paliadium, lanthanum, cerium, titanium, vanadium, chromium,
nigbium tantalum and antimony. 30
4. Acrystalline silicate as claimad in any one of the preceding claims, wharein the mono- and divalention
is ane or more of hydrogen ien, alkali metal ions, alkaline earth metal ions and arganic compound fons.
8. A crystalline silicate as claimed in any one of the preceding claims, wherein the crystallina silicate is a
perous crystalline matarial with a regular and constant crystalline structure having an X-ray diffraciion
pattern substantially as shown in Table 1 hareinbefore. 35
8. Acrystaliine silicate as claimed in any one of the precading clgims, wherein the erystailing silicate is
activated by haating at a temperaturs of 400 to 700°C in alr for 2 to 48 hours hefore use gs a catalyst,
7. Acrystalline silicate as claimed in any one of the praceding claims, wharein the crystalline silicate is
subjected to ian exchange of the alkali metal with hydregan or a metal cation to yield an activated crystalline

silicate. 40

8. Aocrystalline silicate as ciaimed in Claim 7, wherein the rmetal cation isiron, riodium, ruthenium,
aallium ar a mixture thergof.

a. Acrystalline silicate as claimed in any one of the preceding claims, wherein the crystalline silicale is
impragnated with at least ane of copper, zine, chromium, sad, antimany, bismuth, iitanium, vanadium,
manganese, iron, cobait, nickel, ruthenium, rhodium, palladium, piatinum, lanthanum and cerium. 45

10. A process for the production of a crystatline silicate as defined in Claim 1, which comprises preparing
a reaction mixture comprising at least one silica squrce, at least one lanthanum $OUTCE OF Cerium Source,
optionally at least one transition metal source or alumina solrce, at least oneg nitragen- or oxygen-containing
arganic campound, at least one alkali source and water and heating the reactian mixture to form the
crystailine silicate. &0

11, Aprocess asclaimedin Claim 10, wharain the silica source is one or more of silica powder, colipidal
silica and water glass.

12. A process as claimed in Claim 10 or Claim 11, wherein tha lanthanum, cerium and transilion metal
sources are one or more of the sulfates, nitrates and chlorides thereof,

13. A process as claimed in any ona of Claims 10 1o 12, wherein the alumina source is one or more of 65
sodium alurninate, eluminium chlotlds, aluminium nitrate, aluminium sulfate, aluminium oxide and
aluminium hydroxide.

14. Aprocess as claimed in any one of Claims 10 to 13, wherein the alkali source is one or more of
hydroxidas, aluminates and silicatas of alkali metals or alkaline earth metals.

15. A process as claimed in any one of Claims 10 ta 14, wherein the nitrogen- or oxygen-cantaining 60
organic compound or compounds is one or more of arganic aminas, nitrogen-containing heterocyclic
compounds, alcohols and ammonia.

16. A process as claimed in any one of Claims 10 to 15, wherein the reaction mixture has a samposition in
the terms of mole ratios of oxides falling within the following ranges:

» -
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SiOzf[La202+Cezﬁg-l- MzOg} 12‘3000
OH™/8i0; 0-1.0
Hz0/5i0, 2-1000
Organic Compound/
L] (L3303+C9203+M203) 1-106 g

10

15

20

25

30

36

45

50

17. A process as claimed in any ene of Claims 1010 18, whergin tha reaction rixture is heatad at 80 to
300°C for 0.5 to 14 days.

18. A procass for the production of hydrocarbons, which comprises contacting at ieast une zlcohol
and/or ether having at most 4 carbon atoms per alky! group with a crystalline silicate as defined in apy oneof 10
Claims 1 to 9 at 4 temperatura of 25010 &00°C under pressure of at most 100 atm.

19. A process for the production of hydrocarbons, which comprisas contacting synthesis gas with a
mixed catalyst of a crysialilne silicate as defined in any one of Claims 1 10 g with a carbon manoxide reducing
catalysi gt a tamperature of 200 to 500°C under a pressure of at most 300G atm.

20. A process for the conversion of olafing, which comprises contacling an olefin with a crystalline 18
silicate as defined in any one of claims 11a 9 at a tamperature of 260 to 500°C under a pressure of at most 50
atm.

21. A process for the alkylation of aromalic campaunds, which comprisas contacting an aromatic
compound and an olefin oran alcoho! with a crystailine silicate as defined in any one of claims 1to & ata
temperatura of 200 to 550°C under a pressure of at most 60 atm. 20

92, Aprocess forthe isomerization of aromatic compounds, which comprises contacting an aromatic
gompound with a crystalline silicate a3 definad in any one of claims 1ta8ata temperature of 160 to 500°C
under a pressure of at most 60 atm.

23. Aprocess forthe isamerization of paraffins er olefins, which comprises contacting a paraffin ar olefin
with a crystalline silicate a8 defined In any one of Claims 1to 9 at a {armperature of 40 to 400°C under a 25
pressure of at most 60 atm.

24, A process for the disproportionation of aromatic compounds, which comprises contacting an
aromatlc compound with 8 crystalline silicate as defined in any one of Claims 1 ta 8 at a temperature of 306
1o 600°C under a pressure of at most 100 atm.

26. A process as claimed in any one of Claims 18-24 wherein the grystalline siticate is activated by 30
haating at a temperature of 400 to 700°C in air for 2 to 48 hours before use as a catalyst.

26. A process as claimed in any one of Claims 1825, wherain the crystaliine silicate s subjected to ian
axchange of the alkali metal with hydrogan ar a metal cation to yield an activated crystalline silicate.

27. Aprocassagclaimed in Claim 26, wherein the metal cation iz iron, rhodium, ruthenium, gallium or a
mixture thereof, 35

28, A process as olaimed in any one of Claims 18-27, wherain the crystalline silicata s impregnated with
at least one compound of copper, #inc, chromium, iead, antimony, bismuth, titanium, vanadium,
manganese, iron, cebalt, nickal, ruthenium, rhodium, paliadium, platinum, lanthanum and/or cerium.

29. Aprocessas claimed in Claim 18, whargin the alcohol or ethars ie one or more of methanol, ethancl,
n-propanol, isopropancl, n-butanol, isobutanol, sec-butanol, tert-butanol and dimethyl cther. 40

30. Aprocess as claimedIn Claim 19, wherein the carbon monoxide reducing catalyst consists of at |east
one metal of the Group B, 1B, 11IB, VB, VB, VIB, VIIB and VIl elements of the Pariodic Table or mixtures
thereof, or oxides thereof.

37. A process as claimed in Claim 30, wherein the carbon monoxide reducing catalyst consists of at least
one of the following combinations: chromium oxide and metallic zinc ot metallic copper, chromium oxide 45
and zinc oxide or copper axide, alurrtina and metallic zinc or metallic copper and alumina and zinc oxide or
copper oxide.

32. Aprovess asclaimed in Claim 19, wherein the carbon monexide reducing catalystto crystalling
silicate ratic is 0,1:1001t0 100:1.

33. Acrystalline silicate substantially as hereinbefore described in any one of Examples 110 15. 50

34. A method substantially as hereinbefore described in any one of Examples 1to 15 of preparing a
crystalline silicate. .

35, A process as claimed in any oné of elaims 18 to 22 wherein the crystalline silicate is gubstantially as
hereinbefore describad in any of Examples 110 15,
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