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describe a liquid phase 5 . process for the hydrati on of olefins - using a

het eropol yaci d catal yst. Furthernore, US-A-2173187 describes a process for
the hydration of olefins in the vapour phase to the corresponding al cohols

by using as catal yst heteropol yacid, the tonpl ex anion of which includes

one element fromgroup VI, sub-group A of the Periodic table. It is stated

in this reference that the catal yst can be used with or wthout a 10

support. The supports, when used, are said to be preferably silica gel

al t hough ot her siliceous supports such as silcic acid, Japanese acid clay,
bentonite, kieselguhr, or asbestos are also |isted. Fwdratlon of olefins

such as ethylene or propylene to the correspondi ng al cohols by hydration
thereof in the vapour phase using a phosphoric acid catalyst is deposi ted
on a siliceous support is well known. Numerous prior art publications

descri bed such a procedure including those disclosed in GB-A-1570650, US-A-
4808559, GB- A-1371905, US-A-4038211, US-A-4012452, GB-A-1476534, GB-
A-1306141, US- A-3996338 and CAN- A-844004. In each of these prior

publications, the nature of the siliceous support used is defined by

various 20 paramneters includi -

crush strength and the
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carefully contr especiral I'y by using
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design a heteropol yapiid, gAlbicationystIPHR GAGBLA-128PI20/@scritsy 4 iquid phase
o 5  process for the hydration of olefins using a lieteropolyacid catalyst. Furthermore,
US-A-2173187 describes a process for the hydration of olefins in the vapour phase
to the corresponding alcohols by using as catalyst heteropolyacid, the complex
anion of which includes one element from group VI, sub-group A of the Periodic
table. It is stated in this reference that the catalyst can be used with or without a
10 support. The supports, when used, are said to be preferably silica gel although
other siliceous supports such as silcic acid, Japanese acid clay, bentonite,
kieselguhr, or asbestos are also listed. ' : -
Hydration of olefins such as ethylene or propylene to the correspondmg
alcohols by hydration thereof in the vapour phase using a phosphoric acid catalyst
15  deposited on a siliceous support is well known. Numerous prior art publications
described such a procedure including those disclosed in GB-A-1570650, US-A-
4808559, GB-A-1371905, US-A-4038211, US-A-4012452, GB-A-1476534, GB-
A-1306141, US-A-3996338 and CAN-A-844004. In each of these prior
publications, the nature of the siliceous support used is defined by various
20  parameters including the pore volume, the surface area, the crush strength and the |
purity of the support. However, none of these documents identify the precise
combination of the support and a heteropolyacid catalyst for this purpose. -
It has now been found that by carefully controlling the aspects referred to
above and especially by using silica supports of a particular physical form, it is
25 poésible to design a heteropolyacid catalyst system having improved perfpnnance.
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suitably in the form of pellets or beads or are globular in shape having a particle
diameter of 2 to 10 mm, preferably 4 to 6 mm. The siliceous support suitably has a

15  pore volume in the range from 0.3-1.2 ml/g, preferably from 0.6-1.0 ml/g. The
support suitably has a crush strength of at least 2 Kg force, suitably at least 5 Kg
force, preferably at least 6 Kg and more preferably at least 7 Kg. The crush
strengths quoted are based on average of that determined for each set of 50
beads/globules on a CHATTILLON tester which measures the minimum force

20 = necessary to crush a particle between parallel plates. The bulk density of the
support is suitably at least 380 g/1, preferably at least 440 g/l .

The support suitably has an average pore radius (prior to use) of 10 to 50Q.
Angstroms, preferably an average pore radius of 30 to 100 Angstroms,
In order to achieve optimum performance, the siliceous support is suitably

25  free of extraneous metals or elements which might adversely affect the catalytic
activity of the system. The siliceous:support suitably has at least 99% w/w purity,
ie the impurities are less than 1% w/w, preferably less than 0.60% w/w and more

preferably less than 0.30% w/w.
The term "heteropolyacids” as used herein and throughout the specification

30  is meant to include the free acids and salts thereof. The heteropolyacids used to

prepare the olefin hydration catalysts of the present invention therefore include the

free acids and the coordination-type salts thereof in which the anion is a complex,

high molecular weight entity. Typically, the anion is comprises 2-18 oxygen-linked

polyvalent metal atoms, which are called peripheral atoms. These peripheral atoms
35  surround one or more central atoms in a symmetrical manner. ‘The peripheral atoms

-
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15 Heteropolyacids usually have a high molecular weight eg in the range from
700-8500 and include dimeric complexes. They have a relatively high solubility in
polar solvents such as water or other oxygenated solvents, especially if they are free

acids and in the case of several salts, and their solubility can be controlled by
choosing the appropriate counterions. Specific examples of heteropolyacids that
20  may be used as the catalysts in the present invention include:

12-tungstophosphoric acid - H3[PW12040].xH20
12-molybdophosphoric acid - H3[PMoj2040}.xH0 .
12-tungstosilicic acid - - Hy[SiW12040]. xH2O
12-molybdosilicic acid - Hy[SiMo12040).xH70

25  Potassium tungstophosphate - Kg[P2W18062].xH20
Sodium molybdophosphate - Naz[PMo12040].xH20
Ammonium molybdodiphosphate - (NHy)6[P2Mo18062]-xH20
Sodium tungstonickelate - Nay[NiWgO4Hg] xH0
Ammonium molybdodicobaltate ' - | (NH4)[C02Moi0036].xH20

30  Cesium hydrogen tungstosilicate - Cs3H[SiW12040]. xH0

Potassium molybdodivanado phosphate

K5[PMoV7040].xH20
The impregnated support is suitably prepared by dissolving the -
heteropolyacid in eg distilled water, and then adding the support to the aqueous
solution so formed. The support is suitably left to soak in the acid solution for a
35  duration of several hours, with periodic manual stirring, after which time it is



sqme of the well known anions are named after the original researchers in
this field and are known eg as Keggin, \Wel|s-Dawson and

Ander son- Evans-Per| of f structures. 15 Het er opol yaci ds usual |y have
a high nol ecul ar weight eg in the range from 700-8500 and include dinmeric
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- [err] 30 dedosting thetgttirdpsmthefomsr fom whigh ¢he catalyst loading] iegylitrePgasissi um
nol ybdodi vanadoggbQspépt € - [err] The inpregnated support is suitably
prepared by dissolving.the_ heteropol %aci din e%m%i stilled water, and then
addi ng the support t dhisicatalyst@rgasured by weight)san fhantheqisedingthe gpgasio repasions
suitably left tsucheslegiah oldfia hyatatiof prockdson for a 35 duration of several

hours, wit hloD eriodi CIt%Qﬁ’Iﬁlbesnto ercirtLQQhe gglﬁﬁenmgdﬁgtiéﬂ sqgtelv. Emci ﬁydration states
of the heteropolyacids as stated previously and as represented in the typical
formulae of some specific compounds only apply to the fresh acid before if is
impregnated onto the support, and especially before it is subjected to the olefin
hydration process conditions. The degree of hydration of the heteropolyacid may
15  affect the acidity of the catalyst and hence its activity. Thus, either or both of these
actions of impregnation and olefin hydration process may possibly change the
hydration and- oxidation state of the metals in the heteropolyacids, ie the actual
catalytic species under the process conditions may not retain the
hydration/oxidation states of the metals in the heteropolyacids used to impregnate
20 the support. Naturally, therefore, it is to be expected that such hydration and
oxidation states may also be different in the spent catalysts after the reaction.
According to a further embodiment, the present invention is a process for.-
-hydrating olefins to the corresponding alcohols in the vapour phase in the presence
of a catalyst composition comprising a heteropolyacid catalyst supported on a
25  siliceous support characterised in that the siliceous support is in the form of
extrudates or pellets as hereinabove defined.
The process is suitably carried out using the following reaction conditions:
a. the mole ratio of water to olefin passing through the reactor is suitably in
the range from 0.1-3.0, preferably 0.1-1.0
30 b the gas hourly space velocity (GHSV) of the water/olefin mixture is suitably
from 0.010 to 0.25 g/min/cm3 of the catalyst system, preferably from 0.03-
0.10 g/min/cm3 of the catalyst composition. _ -
el the heteropolyacid catalyst concentration is from 5 to 60% w/w based on
| the total weight of the catalyst system, preferably from 10-30% w/w of the
35 total weight of the catalyst composition.



4 suitably filtered using a Buchner funnel in order to renbve any excess
acid. The wet catalyst thus formed is then suitably placed in an oven at
el evated ‘tenperature for several hours to dry, after which tinme it is
allowed to cool to anbient tenperature in a dessicator. The weight of the
catalyst on drying, the 5 weight of the_support used and the wei ght of
‘the acid on support was obtained by deduc?i ng the latter fromthe forner
fromwhich the catalyst loading in g/litre was determ ned. This catal yst
(measured by weight) can then be used.in the orgam reacti ong_ such as eg
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t her ef ore, to be expected that such hydration and oxi dation states

may al so 68 dlwaérent in the spent catalysts after the reaction. According
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15  emerging from eg a refinery such as from a fluid catalytic cracking process and
‘comprising a mixture of C2 and C3 saturated and unsaturated hydrocarbons can be

used for this purpose. The process is carried out in the vapour phase, ie both the
olefin and water are in the vapour phase over the catalyst system, apart from a small
proportion of each gaseous reactant which dissolves in the catalyst system. The
20  hydration reaction is believed to occur between such dissolved reactants. Ethers
corresponding to the olefin are formed as by-products during the reaction.
The hydration reaction is carried out by placing the catalyst composition ina
reactor, sealing the reactor and then heating the catalyst composition to the reaction
" temperature. The catalyst composition is heated to a temperature from 170 to 300°
25 C depending upon the end product desired. For instance, if the end product is
ethanol from ethylene,' the catalyst composition is suitably heated from 225 to 280°
C, preferably from 230-260°C, more preferably from 235-245°C. On the other
hand, if the end product is n-propanol or iso-propanol from propylene, the catalyst
~ composition is suitably heated from 180-225°C, preferably from 185-205°C. When
30 the catalyst composition has atta_ined the desired temperature a charge of the olefin
and water in the vapour state is passed through the reactor. The mole ratio of
water to olefin passing through the reactor is suitably in the range from 0.1 to 3.0, -
preferably from 0.1 to 1.0, more preferably from 0.25-0.45. The space velocity of
water vapour/olefin mixture passing through the reactor is subject to slight |
35  variations depending upon whether the reactant olefin is ethylene or propylene.



The praocess is suitably carried out using the follow ng reaction .
conditions: a. the nole ratio of water to ol efin passing through the
reactoor is-suitably in the range fromO0.1-3.0, preferably 0.1-1.0 30 b.
the gas hourly space velocity (GHSV) of the water/olefin mxture is
suitably fromO0.010 to 0.25 g/mn/cnB8 of the catal yst system preferably
fromO0.03- 0.10 g/nmin/cnferr] of.the catal y® conposition. C t he

het er opol yacid catal yst concentration is from5 to 60% w w based on the
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respectively. These olefins may be used pure. or as a mxture of oJlefins to
generate a cbqrespondF‘ﬁﬁa?ﬁ‘ﬂ%’lﬂf@‘%?atﬂY%ﬁ%Pgﬁm%‘ﬁés measutedRydnesitoring the

f eedst ocks total amount of alcohol, ether and unreacted olefin produced over a ten-hour period

at standard test conditions (specified in the Examples below), once a steady state
had been reached in the pilot plant.
Alcohol and ether production was measured by gas chromatography using a
15 Perkin Elmer Autosystem GC (see below), whereas unreacted olefin was metered
" using a wet-type positive displacement flow meter (ex Alex Wright & Co, Model
DM3A). | | .
A very imporfant and unexpected feature of the present invention which
distinguishes it over the conventional catalyst compositions for hydration of olefins
20 is that the siliceous support used retains its initial crush strength even after
prolbnged use which extends to the total life of the catalyst composition. In fact, in
some instances, the crush strength of the support has been shown to increase after.
use rather than decrease as would be expected with all conventional supports of the
silica gel type used hitherto. This is the case even when the initial crush strength of
25 the conventional suppoi'ts is the same as or greater than the supports now used. In
the current set of olefin hydration tests carried out with the catalyst compositions
now claimed, a significant rise in the crush strength was noted after the catalyst
composition has been subjected to the olefin hydration process conditions. In the
Examples shown in Table 8 below, the catalyst system had been on stream for ca.
30 550 hours. In contrast, most conventional silica gel based systems would begin to
lose their crush strength after having been on stream for this length of time, thereby
reducing the life of the support used and hence the catalyst composition has to be -
replaced frequently.
Thus, it has now been found that by using the specific support described
35  herein it is possible not only to increase the space-time-yield (hereafter "STY") of
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preferably fromO. 020 to, 0.050

measured at the inlet of the reactor, and was controlled to within +1 psig.

15 The gaseous product stream exiting the reactor was then dropped in
pressure to approximately ambient, condensed and degassed. The off-gas was then
thoroughly scrubbed with water to remove any residual alcohol, and the gas (mainly
consisting of unreacted propylene) was then accurately metered prior to being
vented. '

20 - The activity of each of the catalyst compositions tested was assessed by
collecting the condensed product, plus all the scrubbing water, over a 10 hour test
period, and then by analysing each stream for isopropanol, n-propanol and acetone
content. The total production of each compound is simply the sum of amount of
compound found in the condensate and the scrubbing water.

25 ~ The above procedure was used to test four catalyst compositions in order to
establish the superiority of the heteropolyacid/silica catalyst composition of the
present invention (compositions (c) and (d) below) over the conventional
commercial phosphoric acid/montmorillonite based systems (systems (a) and (b)
below, not according to the invention). The catalyst compositionss tested were:

"OJ

30 a a commercial phosphoric acid (160 g) on a fresh montmorillonite based
support (1 litre) (ex Chemische Werke Hills).
b. as in (a) above but which has been re-soaked in fresh ortho- _ -
phosphoric acid to give an acid loading of 180 g/l.
c. 12-tungstophosphoric acid supported on pelletised fumed silica

- (Support 350, ex Degussa), to give an acid loading of 104 g/l.



grammes, .per minute per cnB of the catalyst conposition. In the case of a

m xture of propylene and water vapour, the space velocity is suitably in
the from0.010--5 0.100, preferably from0.02-0.07 g/mn/cnerr] of the
catal yst conposition. The hydration reaction is carried out a pressure
rangi ng from 1000 to 25000 KPa. Wthin this range the hydration of ethylene
is suitably carried out at a pressure from 8000 to 10000 KPa, whereas the
hydrati on of propylene is suitably carried out at a pressure from 2000- 7600
KPa. 10 The activity of the catal yst conposition was neasured by
moni toring the tdtal W@Etoﬁﬂnc@hﬁuﬁhﬁbporw‘dhﬁlrpeﬂaﬁked firaed$ikeh (Shp;iorn3$0,cestuced
over a ten-hour peri oﬂ a§ ar &ﬁf ﬁondlatsllgg (specified in the

Exanpl es bel ow), once ?ﬁ"g? a&,glgng% dES T red ed in the pilot plant.

Al cohol and ether pr o'ﬂ&ﬂ:ttataiystwampnﬂamsr@dheagrem inyemtiomedeseribed iy (Qand ¢da 15
Per ki n El nmer Amé%%ifé%@ﬁégﬁré&ﬁs h wher eas unreacted ol efin was

netered using . a sitive |spI acerrent flow rreter (ex Alex nght &
Co, Model DMVBA) .Catalys : /l)2e g g »
i nvention which dist '6‘]96'7@4}’§§f12t1ﬁg§t6 ﬁds hmcﬁmekmhsgﬁi @lwsi-ade) was

oed retains i ishvedis 28 ol afuiled e exécﬁa‘ii%?é? P 3 iab LN S umRPE,
extends to the t‘.tﬂ()e(lex Degassajbulhdensayaf batth edi8p gd).t Thasupportiveastleft tonscakrie
| nstances, the Ct’h ARk hoh? gﬁﬂﬂ%‘i’i ch%uﬁ?ﬁﬂiﬁgﬁ% Witch BftleGER4s

after use rather ecrease as e ex convent i onal
supports of ¥he fﬂtemdc!esowuylp@rﬁmd injordeste Cﬁmﬁﬂlﬁhagyr?&ce{s‘h@ld;ase even when

the initial crush streqoib Qtae tthsfzsrn?éW&%érpﬂaéedsma@ewrﬁatl ﬁobcbeorszm as
or greater than the s‘uéﬁ_gorts rh?w used nt set of

he, curr |
hydration tests NOYFStOHY.After i Wtfrﬂ%‘tc‘,"éﬁ*é"‘}‘é’?d ggﬂ amiyet tF\‘BR’F‘Eﬁ“&?We%I a
significant ri seiessicdt&e 'Dlidmhgﬁwiﬁh@bdtalwammﬁg wak 1 £7.84 lgethe ateight of the

T The Exanpl oo SRews SR FALFLOLB AL 53 e ARNASIIE oBY Bipagittind Ade:
streamfor d& on support was obtained by deductmg the latter from the former (ie 117.84-97.03 =
20.81 g in 200ml) which corresponds to 104 g/l.
50.0 ml of this catalyst composition (measured by weight) was then used in
the experiments described below.

Catalyst Composmon (d): 108 g/l 12-Tunstos:1101c Acid on Support 350
20 73.0301 g of 12-Tungstosilicic acid (ex Fisons Ltd) was dissolved in 250 ml

of distilled water, and added to 97.03 g (200 ml) of Support 350 (ex Degussa, bulk
density of batch = 486 g/). The support was left to soak in the acid solution for 40
hours, with periodic manual stirring, after which time it was filtered using a

Buchner funnel in order to remove any excess acid.

25 - The wet catalyst thus formed was then placed in an oven at 120°C for 45
hours to dry, after which time it was allowed to cool to ambient temperature in a
dessicator. The weight of the catalyst on drying was 118.59 g, the weight of the
support used was 97.03 g (=200 ml, to the nearest pellet) and the' weight of the acid
on support was obtained by deducting the latter from the former (ie 118.59-97.03 =

30  21.56 g in 200ml) which corresponds to 108 g/l.

~ 50.0 ml of this catalyst composition (measured by weight) wass then used in
the experiments described below. : : -
The results of the experiments carried out are summarised in Tables 1-8
below:
35 The supports in the catalyst systems used in the Examples had the following



30, . 58%0 hours. In contrast, nobst conventi onal
woul d hegin.to |ose their crush strength after
this.ength of tine, thereby reducing the life
hence the catal yst conposition has to be replac

now been found that by using the specific support described 35

silica gel based systens
havi ng been on stream for

of the support used and

ed frequently. Thus, it has
herein .it’

is possible not only to increase the space-2ine-yield (hereafter "STY") of

7 the process but also to prolong the life of t
the frequency with which the support is changed

present i nvent i hviigal Ehirhft8fistick] ustrated with r
EXAMPLES 1-8: 5 D%scri ption of the General Proc
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leactor con
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ow
\tl\él Ing o0 nm of -
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prior to entering

was isothermally S heg—a— 3 et
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15 The gsggétf]sl% %dgﬁct Streamexiting ﬁ
in pressure to appFessh et EopasitiPR®), condensed

was then thoroughl yjsé€ CabOempvdifiéh @t er to reng

Vst corrpositd'sgn. The reacf or
e of the process was
ontrolled toqwithin 1 psi
he reactor was then dropp
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ve any resiqggl al cohol,
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pd

and

the gas (mainly Attrition % w/w
Fresh support
Fresh Catalyst Composition

<13
- N/D

77

Mean Pore Radius Fresh Support (A)

EXAMPLE 1:

The results in Table 1 below compare production of isopropanol using

conventional commercial phosphoric acid/montmorillonite based catalyst systems
when used fresh (a) and when used after resoaking in orthophosphoric acid (b) with

the heteropolyacid/silica catalyst composition (d) of the present invention. In this

case, the reaction pressures used were 565 psig
10

| propylene mole ratio was 0.32, the GHSV of propylene/water mixture was

(3895.7 KPa), the water to

[

0.054/g/min/cc of catalyst. N/D in the Table 1 means not determined.

15



consi sting of unreacted propylene) was then accurately nmetered prior to

bei ng vent ed.

20

tested was assessed by collecting the condensed product,

scrubbi ng wat
stream for

| sopr opanol ,

er,
n-

pr opanol .

The activity of each of the catal yst conpositions
pl us al
over a 10 hour.test period, and then by anal ysing each
and acetone content.

t he

The t ot al

producti on of each conpound is sinply thd%um of anobunt of conpound found
in the condensate and the scrubbi ng water.
was used to test four catalyst conpositions in order to establish the
superiority of the heteropol yacid/sili TABIE &l yst conposition of the

25

The above procedure

present invention (conpositions (c) and (d) bel ow) over the conventional
comer ci al phesphore—aet+airortrertHorte—baset——systemrs—{sSystetrs—(a—and
(b) bel ow, nqt Rmctmml’l‘elgpt q {FreshiGonemerciah)) . KﬁmkeéC@hymrclalo hp dSattGamps(d)
tested were: |30 oC a g hopl,Es@Atdf ﬁ'ln@erftﬁ Y
nmont nori | | onijte bagtveC suppqr :Yﬂel tgp???ﬁ S%P g‘)%erke zﬁ {8 S§T
in (a) abovelhut which has hppn (GA&Baked |in_ fre€HLMA) ho- phasph
to give an adid | oagyng of {180 ghbgg: 12- tunggmp@hospho ic acingDd
supported on {petTetrised funed sriica port 35P, ex gussay,
to give an adid loa®ng of [104 g/N68 4 121 B st osilikic acl§fd
supported onjpel |l etjgpged fured silj7ga (Support 35019%x Deguska), tm409ve ar
acid | oadi ng Was IUg_g/T. fhe catgl ysSt COoMpositioQs. 0l tne preseg{
I nvention deged 7 .and_4£é@§ibaue_x£u£L4uu$ﬁzZai;as fbll ow _3&A
Cat al yst Conpositi ags(c): 104 g/ | NA2- Tunggt ophospianrs c Aci dl on Supfecgt 350
61. 6724 g of [IZ ura%gt ophog phmfﬁbﬂa@) Fi sﬁﬂﬁokéﬂstR adeﬂ_) m%
182 - TO TO - 271.1
181 OPERATE OPERATE 278.1
180 IN IN 281.2
179 THIS THIS 283.6
178 REGION REGION 289.1
177 DUE DUE 291.0
176 TO TO 296.2
175 ACID ACID 299.8
174 WEEPING WEEPING 302.1
173 FROM FROM 3013
172 SUPPORT SUPPORT 246.8
EXAMPLE 2: _
5 The results in Table 2 below compare the spacé-_time yield of isopropanol
- (ie grams/litre of catalyst/hour) from propylene at varying water to propylene mole
ratios. In the process according to the invention using catalyst composition (d), the
~ mole ratios of water to propylene were 0.43 and 0.32 respectively. Ineach case,
the reaction pressure was 565 psig (3895.7 KPa) and the GHSV of propylene was
10  0.047 g/min/cc catalyst composition (the GHSV of water being variable in order for

the mole ratio to change).



dissolved in 250 m of distilled water, and added to 97.03 g (200 ml) of
Support 350 (ex Degussa, bulk density of batch = 486 g/l). The support was
| eft .to soak in-the acid solution for 26 hours, with periodic manual
stirring, after which tinme it was 10 filtered using a Buchner funnel in
order to renove any excess acid. The wet catal yst thus forned was then
placed in an oven at 120[err]C for 24 hourstlto dry, after which tine it was
allowed to cool to anbient tenperature in a dessicator. The wei ght of the
catal yst on drying was 117.84 g, the weight of the support used was 97.03 g
(=200 m, to the nearest pellet) and theTABIgE2 of the acid is on support
was obt ai ned by deducting t he Iatter fromthe forner (ie 117.84-97.03 =

20. 81 g in 200nt ) whtcir—cot IT‘D&UHU to—164—0 500 ntof—thrs——cat dl bled -

conposi tion (ngasuResrtiop TeefRE) was Sﬁiénfbgwpampltahe ex%’EYuquésm:somgl:atu
bel ow. Catal yst{ Conposition (d): 138 | prégyldntimhtes | I | ¢i c ApidpyRie/RaROr t
350 20 73. 0301 of 12-Tunpstaq Icic acl S Ltd

di ssol ved in 2110 o of g_LQf_l [l ed wat per {@r&ﬂ & )oﬁgiof _
Support 350 (eX Degussa,ijggul k dens|ty of bassbl 486 /I) Thqsaupport wajs

| eft to soak irfthe aci E iorut on [or 4Uﬁ18 W th perrodric _rbual
stirring, after ' ' | ' ; Mm&q“de‘r
to renove any ¢gxcess acil@7 25 The vgt4 catal yst thus f@38@d was thlen

I in ven 12 rr for{ 45 hour r rwhi 't W
Bl [oved 10 Cool| to-anbiohe tbrpor akure i m Al08ssi batof— The wildhl o thd
catal yst on drying was 1B8.59 g, the wei ghB0hS the support usmsmas 97.03 g
(=200 nl, to th perreﬂ and the weight of the acid on support was
obt ai ned by ded latter fromthe for rrergéi e 118.59-97.03== 30
21.56 g in 200m ) whiHurther sesfenperinents|@8s epnbductsd aOvarying temperaturcaiand y st
conposi ti on % %%G&s?&d%ﬁﬁﬂ% the VRSt 6@?&5&&%%% thé s?@%ﬁ@?&ﬁﬁsm the

descri bed be he ex I ments carrie are su ri sed
in Tables 1-8  catalyst composition (d) In this set, the water to propylene mole ratio used was

0.32 and the GHSV of the propylene/water mixture was 0.054 g/min/cc of catalyst
composition. The results are tabulated below in Table 3 (N/D = not determined).

TABLE 3
10 .
Reaction Temp -| Isopropanol STY | Isopropanol STY | Isopropanol STY
°C) " at 3206.2 KPa at 3895.7 KPa at 4585.2 KPa
190 N/D 2149 ' 2594
187 N/D 238.0 2823
185 ___ND 2498 292.8
184 - N/D _ N/D 292.0
183 N/D ' 258.4 292.7
181 : N/D - 278.1 302.5
180 . . 242.1 : 2812 287.1
175 © - 266.2 299.8 BELOW
173 N/D 3013
172 275.1 246.8 DEW
170 2684 BELOW i
- 168 267.8 DEW POINT
167 258.0 ~ POINT
166 266.1




bel.ow: ..35

had thefoll ow ng

The supports in the catal yst systemé used in the Exanpl es

SUPPORT 350 (ex DEGUSSA) Pore
0.82 n/l cat vol :

g/
support

9.2 Used Cat Conposition (c)

Fresh support

Conposi tion

77 EXAMPLE 1: 5

I sopr opanol

EXAMPLE 4:

t1 ona

9 physi cal

vol m/g

comer Ccl a

characteristics:

CHARACTERI STI CS

400 Bul k Density -
488 Crush strength (Kg) Fresh
12 7 Fresh Cat Conposition (c)
11.5 Attrition %ww
<1.3 Fresh Catal yst
N D Mean Pore Radius Fresh Support (A)

oric acid

The RP&I&@dJrF S EQ?J@Q 'lﬁagéﬁ%é’%ﬁﬁﬁ@ fé ngormg Iklfeltrjafé” of

onite

usi ng cqonve ) ) Ml
%f?wéwqmnf sopEeanel feem prapylens ysing extalystcomposision (@soaki ng i n

based cat al yst

or t hophosphori cagkéiding R théfidvénfiGiewitR b FeSPdafessdiel lphesphort al yst

conposition (d)
pressures used &

i on.

In,t

N NI

Hh Goripereig e 5536 it ol o

rati o was 0. 32, hadwecathigt loddiny afbh0aqiitreréek &fiils)iwdtersas inthe résoaked gitalysiihe of
catalyst. N'D 'lBa&ing v&@%a%t&in@@%oﬂﬂ&f@ﬁt%. Ly ‘experiments were conducted at

a reaction pressure of 565 psig (3895.7 KPa) and a water to propylene mole ratio in

10

15

20

the feed gas of 0.32. The GHSV of the propylene/water mixture was

0.054g/min/cc. The results are shown in Table 4 below (N/D = not determined):

TABLE 4
Reaction Temp. | Fresh Commercial | Resoaked Commercial Cat Compn (d)
°C) Catalyst System Catalyst System of Invention STY
STY (G/L/H) STY (G/L/H) (G/L/H)
200 179.5 190.9 204.1
195 168 N/D 224.7
190 176.3 195.4 235.1
EXAMPLE 5:

The process of Example 3 at various reaction pressures was repeated but

now using catalyst composition (c) according to the invention which had 104 g/l of

12-tungstophosphoric acid on synthetic silica Support 350 (ex Degussa). The -~
GHSYV of propylene/water mixture was 0.054 g/min/cc of catalyst and the water to

propylene mole ratio in the feed gas was 0.32. The results are tabulated in Table 5

below: _
TABLE 5
Reaction Temp Isopropanol STY | Isopropanol STY | Isopropanol STY

(°C) -at 3206.2 KPa at 3895.7 KPa at 4585.2 KPa
200 177.05 204.1 229.8

195 190.2 224.7 240.7

190 205.8 235.1 N/D

185 207.7 N/D N/D

N/D = not determined




15 10 TABLE 1 Reactlon Tenp.
Cat Conpn (d) (00
I nvention STY (G L/H)

179.5

N D
214.9 187
N D

| MPGSSI BLE

271.1 181
IN

TH' S
289.1 177
TO

ACI D
302.1 173
SUPPORT

5

10

15

20

25

190.9
184.4 190
N D

191.5

258.4 182

EXAMPUERRATE

Fresh Commerci al
Cat System (a) STY

(G L/ H)
N D 195
176. 3

13N D

249.8 183

TO
OPERATE

Resoaked Conmmer ci al
Cat System (b) STY of

(G L/H 200
168
195. 4

238.4 185

. MPCSSI BLE
TO

278.1 180

A&%éé log e)ipféiments were cagi%égé %ﬁ(ﬁg the catalyst compos@ég%af)f

the present fpygntion to determine the effechpfthe duration of the reactiopdg time] 76

on stredtk) on the ST} (g/l/hour) of iS&fe legnd normal propanol m“ﬁill;.) PNG
process. for the propylene watggsixture in this case was X\E 1 3 172

g/min/co\dPR&¥R st composition, the reacldBtethperabdielse®was 190°C and the
reaction pressure was 565 psig (3895.7 KPa). The results are tabulated below in

Table 6. .
.TABLE 6
Days on Stream Isopropanol STY __n-Propanol STY
6.1 235.1 0.593
17.9 231.2 0.516
19 231.5 0.521
19.7 232.4 0.525
22.2 232.9 0.523
EXAMPLE 7:

The procéss of Example 6 was repeated but now using the catalyst
composition (d) according to the invention and a reaction temperature of 180°C.
The results are tabulated below in Table 7.

TABLE 7 -
Days on Stream - Isopropanol STY n-Propanol STY
9 281.2 1.28
14 280.2 1.12
26 279.73 0.96
EXAMPLE 8:

Finally, a set of experiments were carried out to determine the variation in crush
strength of the unused and used catalyst compositions both in the case of the
composition (c) of the present invention and those of the commercial catalyst
system (a). The duration of use was 23 days on stream after which the crush

strength of the "used" catalyst compositions were determined. The results are

tabulated below:




5 ' The results in Table 2 bel ow conpare the space-tine yi

i Sopropanol (ie grans/litre of catalyst/hgﬁr) fron1pPoperne a¥ SL?y?Lg
water to propylene nole ratios. In the process according to the invention
usi ng catal yst conposition (d), the nole ratios of water to propyl ene were
0.43 and 0.32 respectively. In each case, the reaction pressure was 565
psig (3895.7 KPa) and the GHSV of propylen%*mas 10 0.047 g/mn/cc

catal yst conposition (the GHSV of water being variable in order for the

nole ratio to change). TABLE 2 Reaction Tenmp (O STY of |

_ sopr opanol
at  STY of |sopropanol at Propyl ene/ watlABLE 8 Pr opyl ene/ wat er II[\)/bl 2
Ratio of 0.43 Mol e Ratio of 0.32 195 256 7
184.4 190 weﬁa 21479
314 _ Catalystmteen 185| Crush Strength (Fresh) [310. 3Crush Strength
249.8 183 307. % 258. 4 EXORDE 3: A

further set of _e_)/nor e RE-S—WaS—e
| X ' TeTTteS>— vt U1 UubL Cu d.L val yl ”9 [errper a‘[u and 5
pressures to determ ne (@e effect {of presshK& an the |STY of Eﬁfg

using the catadyst corrp&s)ltlon (d). In thpgﬁgt t he wat er tql,arlog)yl ene
nol e rati o used—wes C 34 ard—tire unov of —the propyrene/water mXxture was
0. 054 g/ m n/ cc BEKAM P guctioie results are tabul ated bel ow in

Table 3 (N'D = ﬁ%& ‘ﬁBﬁ' 'bmlﬂ:e@énerzﬂ_ @%d@rejagd uipment Used:

5. All experiments to measure the performance of heteropolyacid/silica
catalyst compositions for ethanol production were carried out in the vapour phase
under continuous flow conditions using a small copper lined tubular reactor
containing 50 ml of hydration catalyst composition. Distilled water was fed to the

- reactor via a metering pump whereas ethylene (>99%vol/vol) was fed to the reactor
10 via a compressor. The flow of ethylene was measured using an orifice plate &
D.P.cell, and was controlled using a computer controlled flow control valve. Both
streams were combined, and were then passed through a preheater/vapouriser prior

nn:\nnl

to entering the catalyst composition zone.
_ The reactor was isothermally heated using a fluidsed bath, the temperature
15  of which was controlled to within % 0.5°C. The pressure of the process was
measured at the inlet of the reactor, and was controlled to within £ 1 psig.

‘The gaseous product stream exiting the reactor was then dropped in
pressure to approximately ambient , condensed, & degassed. The off-gas was then
thoroughly scrubbed with water to remove any residual alcohol, and the gas (mainly

20 unreacted ethylene, plus traces of diethylether) was then accurately metered prior to
being vented.

The activity of a catalyst composition was assessed by collecting the
condensed product, plus all the scrubbing water, over a 10 hour test period, and
then analysing each streami for ethanol, acetaldehyde, & s-butanol content. The

25 total production of each compound is simply the sum of amount of compound
‘found in the condensate & the scrubbing water.
-Catalysts Tested: |

Three catalysts compositions were tested on the above equipment to

demonstrate the superiority. of HPA/silica catalyst composition over the
30 conventional H3PO4/silica commercial catalyst systems. |



Reactign Tenp | sopr opanol STY Isopropanbl STY | sopropanol STY

[err] : at 3206. 2 KPa at 3895.7 KPa at 4585.2 KPa 190
ND . : 214.9 ~ 259.4 187 N D

238.0 282.3 185 . N D ‘ 249. 8

292.8 184 N D o ND 292.0 183

N D 258. 4 292:.7 181 N D

278.1 302.5 180 242.1 281. 2 -

287.1 175 266. 2 299. 8 BELOW 173

N D ' e) 304 éutdlys? composition in whiclPpliosphoric acid is supportbdﬁmeelletlsed

g 170 PO ﬁ%ﬁi%é}hca (Support 350, %%l%&%?a% to an acid loadlglé @@% §§

266. 1 12 EXARPLE 4 catalyst sompesitioreinyshich izrturexmiiicie aiide(ESMiWQP‘P@?ﬁéat ed

to conpare the rate i
catal yst conpositi on;%:lge nag%?ﬁgﬂfca (Eegjs?én)%m td‘éx@é‘&r%d?&’lﬂa?@% oF 089/

resoaked phoZphoric Zhiscg W%H??FEH“IW@&T?@’ %‘W‘ﬁawy@ﬁmg"(}oth
commercial). The frew]u&ﬁgabgcﬁbedmva catal yst | oading of 160 g/litre (ex

Hul s) whereas in,the r%a?ﬁ%sléed cat st t%}b}% %%%t%gh‘%ﬁor@gc%apg)%at about

180 g/litre. Th8%e e
supported on pelletlsed ﬁ.lmed silica (Degussa 350), to give an acid loading

of 173 g/l. This catalyst composition was prepared in an identical way to
10 catalyst composmon (c), which is described above, except that the

concentration of acid used to impregnate the support has higher (430 3 g/l)

In all cases, 50.0 ml of catalyst composition (measured by weight) was then

placed in the autoclave described above and tested for ethylene hydration

activity.
15  EXAMPLE 9:

The results in Table 9 below compare production of ethanol using
conventional commercial orthophosphonc/ﬁ.lmed silica catalyst compositions with
the heteropolyacid/fumed silica catalyst compositions (f) & (g). In this case, the
reaction pressure used was 1000 psig (6895 KPa), the water:ethylene mole ratio

20 was 0.30, and the GHSV of the ethylene/water mixture was 0.029g/min/cm3 of
catalyst com;ﬁosition.

25

30

35



a reaction pressure of 565 psig (3895.7 KPa) and a water to propylene nole
ratio in*the feed gas of 0.32. The CGHSV of the propyl ene/water m xture was
10 .0.054g/ mn/cc. The results are shown in Table 4 below (N D = not
determ ned): TABLE 4 Reaction Tenp. Fresh Commerci al Resoaked

Commer ci al Cat Conpn (d) ([err] QO Cat al yst System Cat al yst
System of Invention STY STY (G L/H - 1 STY (GH (G L/H 200

179.5 - 190.9 204.1 195 168

N D 224.7 190 176. 3 195.4

235.1 EXAMPLE 5: The process of. Exanpl e BABLBArious reaction pressures was
repeated but 15 now usi ng cat al yst corrp05|t|on (c) accordl ng to the

i nventi on whi ch—had—164 7 +—qf—32=tungst U}JIIUD hror+c—acid—on _Prllrrrct—r(,
silica Support | 3Reaction 'Dagps< a) ETHAN QRUCTIRN| (I TRE EATHR) USENGas
0.054 g/ mn/ccjof cafghyst and the water to propylene nole ratlo in the
feed gas was 0]32. The ‘result bgto 20
TABLE 5 Reacti pn Tenp | sopr op&ABImeRat | CatalshSampn €H CatalY%&ﬂ’lPﬁa(Hbrl
STY ([err] Q) at 3206.[2 KPgPOy/ s,had 3B95. TSKIRIO,  at 438 /RidkPa 200
177. 05 204. 1 2(9 O 1 190 1?7
224.7 2497 190 Catalyst (6)* oo g (108g/) 1535 €173 8fl)
N/ D 185 2367. 7 54.7 N D 97.1 W D _N 778 not
determ ned 240 715 102.9 86.2

245 . 80.8 97.3 90.7

250 83 93.8 ND

255 90.7 89.9 ND

* - comparative test not according to the invention

ND - not determined
s EXAMPLE 10:

The results in Table 10 below compare production of s-butanol using
conventional commercial orthophosphoric/fumed silica catalyst systems, with the
heteropolyacid/fumed silica catalyst compositions (f) & (g). In this case, the
reaction pressure used was 1000 psig (6895 KPa), the water:ethylene mole ratio

10  was 0.30, and the GHSV of the ethy]ene/water mixture was 0.029g/min/cm3 of
catalyst composition.

is

20



13 _EXAMPLE 6: A set of experinents were carried out using the catal yst
conposition (c) of the present invention to deterine the effect of the
duration of the reaction ie tinme on stream on the STY (g/l/hour) of

i sopropanol and normal propanol in the 5 process. The GHSV for the
propyl ene water m xture in this case was 0.054 g/m n/cc of catalyst
conposition, the reaction tenperature usedt®as 190[err] C and the reaction
pressure was 565 psig (3895.7 KPa). The results are tabul ated below in

Table 6. TABLE 6 Days on Stream . I sopropanol STY n- Pr opanol
STY 6.1 235.1 TABLE 10 0.593 17.9
231. 2 . 0.516 19 ' 231.5
0.521 19.7 2324 —O—525—222
232.9 Reaction Téinp23 EBAVFANOL: PH@BUQT&O&(G&ITEMT/HIB USENG
repeat ed but now u5|{b@the cat al yst corrp05|t|on (d) according to the
i nvention and |a reacti 3n t emperature—of—18Gier e Tresurts—are
tabul ated bel gw in Table 7. TABLEommeegjal or fyatrﬁompn(f) Catalyst Gompsl (5TY
n-Propanol STY 9 -~ - H3PO4/sfich: 2 TSA/SiO TRASid4
280. 2 1.1% 26 . g/f)%

235 - 0.006 0.08 - 0.09

240 _ 0.016 0.16 0.10

245 10.019 0.173 | 0.08

250 0.027 ' 0.12 ND

255 0027 0.08 ND

* . comparative test not according to the invention

ND - not determined
s  EXAMPLE 11:

The results in Table 11 below compare production of ethanol using the
heteropolyacid/fumed silica catalyst composition (f), at a variety of different
reaction pressures. In this case, the reaction pressures used were 700 psig (4827
KPa), 800 psig (5516 KPa), & 900 psig (6206 KPa); the water:ethylene mole ratio

10 was 0.30; and the GHSV of the ethylene/water mixture was 0.029g/min/cm3 of
catalyst composition.

TABLE 11
Reaction Temp ETHANOL PRODUCTION (G/LITRE CAT/HR) USING
°C)
Reaction Pressure | Reaction Pressure { Reaction Pressure
(700 psig) (800psig) (900 psig)
220 54.5 ND ND
225 72.4 73.6 69.6

ND - not determined
15



20 Finally, a set of experinments were carried out to determne the
variation in crush strength of the unused and used catal yst conpositions
both in the case of the conposition (c) of the present invention and those
of the commercial catalyst system (a). The duration of use was 23 days on
stream after which the crush strength of the "used" catal yst conpositions
were determ ned. The results are 25 tabulated bel ow 14 TABLE 8

Cat al yst System Crush Strength (Fresh) Crush Strength (Used) (a)
4 Kg 7 Kg (c) 9.2 Kg

11.2 Kg EXAVPLEEXAMPLEZanol Production: Description of the General

Pro ;3 edure an df Eﬂ U][ p nliﬂlll dﬂ&ﬁéiabo@e expenmentﬁbére@@@@ikeﬂ”@@ hfeadude R ?ﬁﬂkhf
performance of he ero ica c Si ry € na
production wer &€ 8‘&}9"1 f" ?rHeT{?ea%B ﬁﬁ %Ptﬂ&eo???‘?lﬁ ?

condi ti ons usi rig aepaﬁtrcalalr proabbgne forl phosphotiolacililica systems; and)miver tirnededds tal  of
hydration c taI Vi a
2 et eri ng Bum BiiAaE AT #@%% 3t Hie 31 $F3hE Fealfih s g6 phGGALAL,

via a conpr essaacid/silica qatalystwrtyplp hetweans:&rip depanding osiprgcessicenditionse pl at e
& D.P.cel I, andyy@eve o p12 okﬁf% 1R X%cﬁﬁmmhe%mrsﬁw a&idishfe%vcae&&tr ol

val ve. Both streans were caqnb assed qu
pr eheat er/ vapomﬁqnwlt‘ﬁf'? B?edt"bt BYs FEpm V@éttﬁﬂ" b 6cdnd |“i igatesmaigimal T o
reactor was i saichtlossisltakimeplacs The ionly excéptionds diis hatshorttpbﬁod (oapss1athg)e

10  on start-up when the pH tends to be slightly acidic (ca. pH 4 - 5). It is believed that
this is due to the production of traces of carboxylic acids on start-up , rather than
acid being lost from the catalyst composition. -

The results clearly show that HPA catalysts supported on Degussa 350 are
significantly more active for ethanol production than H3POA4/silica based systems.

15
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15 of which was controlled ;?E¥L£?LD_£L§LELL}Q} The pressure of-the-
process:*was neasured at ‘the i the reactor, and was d@pissHeEE®HABBEEN
within | ‘psig’ The gaseous pr ﬂung t he readqt or WERLACEBN
.dropped in pressure to apprOX|n§38! “t ndensed, & ldegassed—THE
of f-gas was their thoroughly sc unth wat €r to renove any residual

al cohol, and the gas (nmainly 20 unreacted ethyl ene, plus traces of
diethylether) was then accurately netered prior to being vented. The
activity of a catal yst conposition was aggessed by collecting the condensed
product, plus all the scrubbing water, over a 10 hour test period, and then
anal ysi ng each stream for ethanol, acetal dehyde, & s-butanol content. The
25 total production of each conpound . is sinply the sum of anount of
conmpound found in the condensate & the scrubbing water. Catal ysts Test ed:
Three catal ysts conpositions were tested on the above equi pment to
denonstrate the superiority of  HPA/silica cat-al yst conposition over the 30
conventional - H3PO4/silica comercial catal yst systens. 15 e) A

catal yst conposition in which phosphoric acid is supported on pelletised
fumed silica (Support 350, ex. Degussa) to an acid |oading of 293 g/l. f)

A catal yst conposition in which 12-tungstosilicic acid (TSA) is supported
~on pelletised funed silica (Degussa 350), to give an acid | oading of 108

g/l. 5 This catal yst conmposition was prepared in an identical way
to catalyst (d)g aﬁﬁy"ch I s described above. Q) A catal yst conposition in
whi ch 12- tungstop osphoric acid (TPA) is

catalyst composition comprising a heteropolyacid catalyst supported on a
siliceous support characterised in that the siliceous support is in the form of
extrudates or pellets.

2. A process according to Claim 1 wherein the siliceous support used is

5  derivable from an amorphous, non-porous synthetic silica produced by flame
hydrolysis of SiCly.
3. A process according to Claim 1 or 2 wherein the siliceous support is derived
from fumed silica.
4, A process according to any one of the preceding Claims wherein the

10 siliceous support is made by pelletisation of AEROSIL® 200 silica .

5. - A process according to any one of the preceding Claims wherein the silica
support is in the form of pellets or beads or are globular in shape having a particle_
diameter of 2 to 10 mm, has a pore volume in the range from 0.3-1.2 ml/g anda
crush strength of at least 2 Kg force.

15 6. A process accordmg to any one of the preceding Claims wherein the
siliceous support is free of extraneous metals or elements capable of adversely
affecting the catalytic activity of the system and has at least 99% w/w purity.

7. A process according to any one of the preceding Claims wherein the
‘heteropolyacid include the free acids and the coordination-type salts thereof in

20  which the anion is a complex, high molecular weight entity and comprises 2-18
oxygen-linked polyvalent metal peripheral atoms surrounding a central atom or ion
from Groups I-VIII in the Periodic Table of Elements. .
8. A process according to Claim 7 wherein the polyvalent metal peripheral
atom is one or more of molybdenum, tungsten, vanadium, niobium and tantalum

25  and the central atom or ion is selected from silicon; phosphorus; cupric ions;

This Sheet Has Been Rerlaced




10 ~catal yst conposition ( ¢
the concentration of acid used to inpregnate fhe  support his hi BFfEACER30. 3
‘g/l). In all cases, 50.0 ml of catalyst cog’gosition (measured py werght)
was then placed in the autoclave descri bed”above and tested for ethyl ene
hydration activity. 15 EXAMPLE -9: The results in Table 9 bel ow conpare
production of ethanol_ usjng conventjional comercial orthophaosphorig/fumed
silica catal yst divalgpbReryiliums Zinecqobalker WSIE isotryalenthor L %&aﬁ‘ﬁf“al yst
conposi tions- (f)irof édium, afsehid] sntieng, pHodphdres bishidth, Rh@msiumer yhediumasns 000
psig (6895 KPa), the, water:ethylene nole ratia 20. was '30g nd the GHSV
of the ethyl enef‘?}%"é‘e“?ﬁ‘ﬁ‘i"iﬂr genyzaiug, HEoRANPRY FREOIEI™ YAPAHILy “&pg%osi tion.
25 30 35 16 TRkt nfaagaiesonicKe nglatinum, EidrithiObafARGDdERuGNbr(s@nd |OTHIE rare

T, L1 | o ok SR b 2,

g/ 1) (173 g/1) hexavalent tellurium ions; and heptavelent iodine ions.

supported on pelletised funmed sil| CIT"[ Degussa 350), to give an acid | oadi ng
l c L

of 173 gfl. This catal yst corrposiJ H“ﬂ'ﬂum in an i th at-—way—t-6—
| ri bed abQVdis SEEEREHS BASM

9. A process according to any one of the preceding Claims wherein the
heteropolyacid comprises at least one of the following compounds:
1-12-tungstophosphoric acid - H3[PW12040].xH70

10  1-12-molybdophosphoric acid - H3[PMo2040].xHyO
1-12-tungstosilicic acid - Hy[SiW12040].xH20
1-12-molybdosilicic acid - Hy[SiMo19040]-xH7O
Potassium tungstophosphate - Kg[P2W18062].xH20
Sodium molybdophosphate ' - Na3z[PMo]2040].xH2O

15  Ammonium molybdodiphosphate - (NH4)g[PoMo18062].xH20
Sodium tungstonickelate - - Nay[NiWg024Hg]. xH,O
Ammonium molybdodicobaltate - - (NH4)[CoaMo1003€].xH,0
Cesium hydrogen tungstosilicate - Cs3H[SiW12040].xHyO

Potassium molybdodivanado phosphate

K5[PMoV7040].xH70

20 10. A process according to any one of the preceding Claims wherein the
supported heteropolyacid catalyst is further modified by the addition of phosphoric
acid or other mineral acids thereto. -
11. A process for hydrating olefins to the corresponding alcohols in the vapour
phase in the presence of a catalyst system comprising a heteropolyacid catalyst

25  supported on a siliceous support characterised in that the siliceous support is in the
form of extrudates or pellets as claimed in any one of the preceding Claims.
12. A process according to Claim 11 wherein said process is carried out using

the following reaction conditions:

a. the mole ratio of water to olefin passing through the reactor is in the range
' 30 from 0.1-3.0, |
b. the gas hourly space velocity (GHSV) of the water/olefin mixture is from
0.010 to 0.25 g/min/cm3 of the catalyst system and .
c. the heteropolyacid catalyst concentration is from 5 to 60% w/w based on

the total weight of the catalyst system.
35 13. A process according to any one of the preceding Claims wherein the olefin

—;\_‘R
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235 . 54.7 ' 97.1 77.8 240

73 - wime Illlllliilﬂllllﬁlllllllllll ofas SHEeT A EEN

ND 255 90. 7 cggtg ND| *  REPLACED
conparative test not according to the invenption ND - not determ ned 5
EXAMPLE 10: The results in Table 10 bel ow conpare production of s-butanol
usi ng conventional comrercial orthophosphoric/fumed silica catalyst

systens, with the, heteropol yacid/funed silica cajaly ositions (f) &
(g). In this cal¥ratonseacioniis eamed euial ademperpiuigy °‘Ed%é 3%55@ (6895 KPa), the
wat er : et hyl ene Ml e Aqirbcesiﬁ)ccorddngtdrﬁﬁn 13ndeidietheibidfatidén bhethglehedoene/ wat er

Lo % G Gt A e 6 e R
Conmer ci al ases 10s350%0npn (f) Catal yst Conmpn (g) [err]/silica

-ngé/ [err] 5. 15 Tg@ﬁ&éga&%}cﬂﬁé’ & Cl%.ﬂﬂ 13 wherein ﬁ)@%?dﬁﬁ!)ﬁ Sfpropylene {0173 g/l)

-1sopropanol is carried out at a temperature in the range from the dew point of the
feed gases to 300°C. '
16. A process according to any one of the preceding Claims wherein the
hydration reaction is carried out at a pressure ranging from 1000-25000 KPa.

10 17.  Aprocess according to any one of the preceding Claims wherein the crush
strength of the siliceous support is the same as or is greater than its initial crush
strength even after prolonged use in the olefin hydration process. =

15

20

25
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35
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240, .. 0. 016 0. 16 0.10 245

0. 019 _ 0.173 0.08 250 0. 027
0.12 ND 255 : 0. 027 0.08
ND * - conparative test not according to the invention ND - not

determned 5 EXAMPLE 11: The results in Table 11 bel ow conpare production
of ethanol using the heteropol yacid/fumed silica catalyst conposition (f),
at a variety of different reaction pressures. In this case, ‘the reaction
pressures used were 700 psig (4827 KPa), 800 psig (5516 KPa), & 900 psig
(6206 KPa); the water:ethylene nole rati®210 was 0.30; and the GHSV of
the ethyl ene/water m xture was 0.029g/ m n/cnB of catal yst conposition.
TABLE 11 Reaction Tenp ETHANOL PRODUCTI ON (G LI TRE CAT/ HR) USI NG (0C)
Reaction Pressure Reaction Pressure Reaction Pressure (700 psigQ)
(800psi g) _ (900 psig) 220 " 54,5 ND

ND 225 _ 72.4 73.6 69.6 ND - not
determ ned 15 18 EXAMPLE 12:

. ABSTRACT
OLEFIN HYDRATION PROCESS AND CATALYST

This invention relates to a novel catalyst composition comprising a
_heteropolyacid and a siliceous support which is in the form of extrudates or pellets
and to a process for hydrating olefins to the corresponding alcohols in the vapour
phase in the presence of such a catalyst composition. By using the specific catalyst
composition described herein it is possiblé not only to increase the space-time-yield
ofa process but also to prolong the life thereof thereby reducing the frequency
with which the catalyst is changed or replaced on a plant, especially in an olefin

hydration process.



lLn all of the above experinents, care was taken to measure tREPLmIeENENTIﬁﬁEET
reaction product in order to assess the acid |oss rate fronm 7€ cat al yst.
Loss of acid is a particular problemfor phosphoric acid/sifjca 360 Er1896
and, over tine, leads to 5 significant caalyst deactivat]gn. The pH of
the reaction product from a phosphoric acidisilica catalyst]i ? 5,),‘._7

bet &5 d di di
r:a\(lz\f?gn pr oduct gp;apo &P@n ro&g;gﬁg}o Iﬂtéqnl ’isc?aca\é\ayﬁtlwp %b‘s‘f‘i"i"%’@ga

used in the ab%fi‘a@% anmssma/aahg %ﬂéﬂr?nﬁzha?actéfﬂbé ih @Hdtctﬁé Q8 jcebuy oﬁqs d

loss is taking p e only excepti his is a short period (cCa.
5-10 hrs) |o detivsbleftommnvwirrorphins, moniperals syothbtic ssiligghtprodussddiycflnoe. pH

Sarbokyl | & noi PN of SRE ' Mg 1ﬁtﬂ%’ﬁor}xpofg§ UG g, Of traces of

car boxylic aci on's her an acl el ng I rom-t he Cat al yst
conpositiong The results clearly wﬂe
C

e bbb S ety
Degussa 350 are_sigpifi t egcfg 5 ﬁ
H3P04/ si | i ca bafom E‘Wé dgﬁ‘ﬁca 1§P2‘6 drampes E?fSUdelléﬁeH.Es sypports '"ﬂ“é%g
conposi ti (r)]n COrgH0 ma%@b;apélgwtsmmmh M@Rl OSIL:® 20§ Qﬂiotli eﬁ mg.xesh)o I’I‘h&s ;ﬁ:lléﬁsaﬁaus
support charac int t he .si an
anor phous, non’-ﬁjé#&ﬁ' ¢ wt cgrrqulqu& é§ g}ecﬂﬁﬁc ’ 8 P?‘Z%dﬁﬁfcﬁ § (Ué}l
[err] and is ir(sedwspecinliy tife Examplei) nudisdncoppirated iherem by referehccoﬁqmﬁsa tion
according 419 ClghBst oPPEfidtsatibd6r Slthisfofi WdEs motRRNIYe Ady 484\ tFdtment steps and
the porosity of the support is derived from the interstices formed during the
pelletisation or extrusion step of the non-porous silica. The silica support is

'i-l

DIIC

' suitably in the form of pellets or beads or are globular in shape having a particle
diameter of 2 to 10 mm, preferably 4 to 6 mm. The siliceous support suitably has a
15  pore volume in the range from 0.3-1.2 ml/g, preferably from 0.6-1.0 ml/g. The
support sultably has a crush strength of at least 2 Kg force, suitably at least 5 Kg
force, preferably at least 6 Kg and more preferably at least 7 Kg. The crush
strengths quoted are based on average of that determined for each set of 50
~ beads/globules on a CHATTILLON tester which measures the minimum force
20  necessary to crush a particle between parallel plates. The bulk density of the
support is suitably at least 380 g/l, preferably at least 440 g/1. |
The support suitably has an average pore radius (prior to use) of 10 to 50Q.
Angstroms, preferably an average pore radius of 30 to 100 Angstroms.
~_ Inorder to achieve optimum peformance, the siliceous support is suitably
25  free of extraneous metals or elements which might adversely affect the catalytic
activity of the system. The siliceous support suitably has at least 99% ﬁ'//w purity,
ie the impurities are less than 1% w/w, preferably less than 0.60% w/w‘_:_and more
preferably less than 0.30% w/w. ] :
The term "heteropolyacids” as used herein and throughout the specification
30  ismeant t6 include the free acids and salts thereof. The heteropolyacids used to
prepare the olefin hydration catalysts of the present invention therefore include the
free acids and the coordination-typé salts thereof in which the anion is a complex, -
high molecular weight entity. Typically, the anion is comprises 2-18 oxygen-linked
polyvalent metal atoms, which are called peripheral atoms. These peripheral atoms
35  surround one or more central atoms in a symmetrical manner. The peripheral atoms



faom funed sil- ‘3. ¢« A conposition according to claim1 or clalm
wherejn the si JI‘;:i-eous\sup‘p01=+\i~s\ms;de"‘:“ by “pel'l'etisation of AERCI LeORNT SHEET
.silica. 4. H" | 1ion according to any one of the .prerethry al s
wherein the silli mg m’g’ muge form ofjgpel  ets or beads b

in shape having *a parti ter of 2 to 10 nm has a po{d
range-from0.3-1.2 m/g and a’crush strength of at |east 2
A conposi tél(én according to any one of the preceding clains
siliceous B’b%rt is free of extraneous netals or elenents cCe
adversely affecting the catalytic activity of the systemand has at | east
99% W w purity. 6. A conposition_according to any one of the preceding
cl ai ns whek.ei n t ecatalyst eqrapesitioncamprisingea heterapelyacigdccatalystriyppeorded on a

coordi natian-type salis thereof. . j . ' b S48 igh
nmol ecul ar ﬁ%éﬁea SW%F{ %ﬁ%@%@%‘g?%g?%&ﬁ fsn%ég&&gﬁbgg %lﬂt nmet al
peri pher a'aﬁér?ﬁ@s? Wwoh PoReus §ynehetie Bilicalprédueed OF flagie hydrolysiscafi8iC], andMbfin i n
the Periodic Table of 'Elenments. = 7. "A conposition according to claim
6 wher ei n thé oo bf extradates,ex pelleter i pheral atomis one or nore of

nmol ybdenum' tungsten, vanadi um niobium and tantalum and the central atom
or ion is selected fromsilicon; phosphorus; cupric ions; divalent

beryl i uma.zi nc, Acehpbsifibn Atcdfding it® BRim 1" whéreRnthe BiliceBbus SbppdttisUidrived
gallium iron, cerium arsenic, antinony, phosphorus, bismuth, chrom um or

r hodi um i dnem fumed silidaent silicon, germanium tin, titanium zirconium
vanadi um sul phur, tellurium manganese ni ckel, platinum thorium hafnium
ceriumions and other rare earth ions; pentaval ent phosphorus, arsenic,

vagadi um gnt i NORAY chMPEsitien dcdbediny a6 elaimticdd ¢laim! D wiisin tho dilitepasstipontis
I odl ne 1 ons. :

made by pelletisation of AEROSIL®200 silica.

4, A composition according to any one of the preceding claims wherein the siliéa
support in the form of pellets or beads or are globular in shape having a particle diameter
of 2 to 10 mm, has a pore volume in the range from 0.3-1.2 ml/g and a crush strength of
at Jeast 2 Kg force.

5. A composition according to any one of the preceding claims wherein the
siliceous support is free of extraneous metals or elements capable of adversely affecting

the catalytic activity of the system and has at least 99% w/w purity.

6. A composition according to any one of the preceding claims wherein the
heteropolyacid include the free acids and the coordination-type salts thereof in which the
anion is a complex, high molecular weight entity and comprises 2-18 oxygen-linked
polyvalent metal peripheral atoms surrounding a central atom or ion from Groups I - VIII

in the Periodic Table of Elements.



8. A conposi ti‘on_according to any one- of t he pr ecedi
t he heteropol yacid conprises at | east one of the follow ngfc

2 SRR 0 T R

1- 12- nol ybdosi Fi ct c taci®d $ * - [err] Potassium
- ‘[ert] Sodi um nol ybdophosphat e : - [err]
nol ybdodi phosphat e - [err] [err] Sodium tungstonickel ate

- AnTTon; |.ybdodi cobal : i um_h
tungst os1 1 cat o A ComPBRGH Becariind sb Halp, .y herei s Aobuelit MR FEHRRENE " °9°"
[err] 9. atom if\oBe'GRQAble HFmBRBAERIN) Suhghted) WaRitRurfl] niobfun? 2RE efikd}8mGndi tHS

wherein the supported het eropolégci d catalyst is ?urj[ her nodified by the
addi t i on cshtrphafopher ian iscielectad isomesiliconnphespherusoeppriseioas; dlivalent beryljium,

process for hydrating.olefins.tq the correspondi ng,.al cohols in t vapour
phase in e %’g@gé’ﬁ clge[l ‘%mgz l‘éﬁ%}]’% taéw&ﬁ’r g@*l.ﬁr&’ gl'oﬁe?% Hf)’o%‘}g%ﬁd
catal yst apRaiyt ?ﬁpﬂihoﬁxs%'ﬂiéxﬁtﬁﬂ}léhréﬂﬂﬁﬁr& tBOEGRAGHAY; te@avaléht iligbnt he
siliceous support is in the formof extrudates or pellets as clained in any

one of thgermapiveyitiny tithaiuny. zirconium, vanadivmp swlpkuss telbwivmii mangagese| nickeal.10
wherein sgi'd progess i arried.out, usin he fol |l ow.ng reacti,o

condi ti or@?t_"‘ﬁfm' &opﬂgl,ﬁ}ﬁ?@%tclegugflo%?%fot&lgr %F?‘ﬁwb?gs ipﬁ@ta‘m?ngugh t he
reactor ighdsphdril€, 4r86de, YArdhiin, amitaddy ions; and hexavalent tellurium ions; and

heptavalent iodine ions.

ophosphat e }

8. A composition according to any one of the preceding claims wherein the

heteropolyacid comprises at least one of the following compounds:

. 1-12-tungstophosphoric acid - H3[PW12040).xH0
1-12-molybdophosphoric acid - 7 H3[PMo]2040].xH0
1-12-tungstosilicicacid - ' - H4[S1W12040].xHy0
1-12-molybdosilicic acid - H4[SiMo12040].xH70
Potassium tungstophosphate - Kg[P2W13062].xH,0
Sodium molybdophosphate - Na3[PMoj2040)xH20

- Ammonium molybdodiphosphate - (NH4)g[P2Mo13062].xH,0

- Sodium tungstonickelate ) | - Na4[NiWg024Hg].xH, O
Ammonium molybdodicobaltate - (NH4)[CoaMo1036]-xH20
Cesium hydrogen tungstosilicate - Cs3H[SiW2040).xH20

- Potassium molybdodivanado phosphate - K5[PM0V2040].XHZO
9. A composition according to any one of the preceding claims wherein the

supported heteropolyacid catélyst is further modified by the addition of phosphoric acid.or

other mineral acids thereto.

10. A process for hydrating olefins to the corresponding alcohols in the vapour
phase in the presence of a catalyst system comprising a heteropolyacid catalyst supported
on a siliceous support characterised in that the siliceous support is in the form of

extrudates or pellets as claimed in any one of the preceding claims.



b.  the—gas hourTy space velocity (GHSV) of the water/ of REPDAGEMENT SHERT |
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12. A process according to any one of the preceding claims wherein the olefin

hydration reaction is carried out at a temperature from 150-350°C.

13. A process according to claim 12 wherein the hydration of ethylene to ethanol is

carried out at a temperature in the range from the dew point of the feed gases to 350°C.

14. A process according to claim 12 wherein the hydration of propylene to
isopropanol is carried out at a temperature in the range from the dew point of the feed
gases to 300°C.

15. A process according to any one of the preceding claims wherein the hydration

reaction is carried out at a pressure ranging from 1000-25000 KPa.
16. A process according to any one of the preceding claims wherein the crush

strength of the siliceous support is the same as or is greater than its initial crush strength

~ even after prolonged use in the olefin hydration process.

* e e



