*CLEFR N \HYDRATFON PROCESS The present invention rel ates,to a

process for the hydration of olefins to al cohol s using a
het er opol yacid salt as catal yst. Hydrati on of ol efins such as
et hyl ene or propylene to the correspondi ng al cohol s by hydration

t hereof in the vapour phase using a phosphoric acid catalyst 5 deposi ted
on a siliceous support is well known. Nunerous 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 10 parameters including the pore volune, the surface area, the
crush strength and the purity of the support. Some of
the prior art publications such as eg GB-A-1281120 describe a l'iquid
phase process for the hydration of olefins using a heteropolyacid catal yst.
Furthernore, US-A-2173187 describes a process for the hydration of olefins
in the 15 vapour phase to the correspondi ng al cohols by using as catal yst
a heteropol yaci d, t he conpl ex ani on of which includes one el enent
from Goup VI, sub-Goup A of the Periodic table. It is stated in

this reference that the catal bﬂ;ﬁﬁ‘ﬂ%#%@bﬁ f‘ﬁ(ﬁf SS W t hout a

support. The supports, when u Tb'e—p'r'eET'E'r ably silica gel
al t hough other sil i Theopresent sysniian relases ta s ps'pmsefq,ftbehwramap@fr@@f@%@. d clay,

bentonite, 20 gl¢ o%ﬁ?skr%&ﬁetex%bo@ﬁ&&%il%s @al’tﬁyﬁ| so listed. Simlarly,
JA-A-57130935 desc rhy(? atlon of olefins such as ethylene or propylene to the corresponding
alcohols by hydration thereof in the vapour phase using a phosphoric acid catalyst
5  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
10  parameters including the pore volume, the surface area, the crush strength and the
purity of the support.

Some of the prior art publications such as eg GB-A-1281120 describe a
liquid phase process for the hydration of olefins using a heteropolyac1d catalyst.
Furthermore, US-A-2173187 describes a process for the hydratlon of olefins in the

15  vapour phase to the corresponding alcohols by using as catalyst a heteropolyacid,
the complex anion of which includes one element from Group VI, sub-GToup Aof
the Periodic table. It is stated in this re.fefence'that the catalyst can be used with or
without a support. The supports, when used, are said to be preferably silica gel
although other siliceous supports such as sili_cic acid, Japanese acid clay, bentonite,

20  kieselguhr, or asbestos are also listed. Similérly_, JA-A-57130935 describes a
process for olefin hydration using a heteropolyacid catalyst supported on activated
carbon. Furthermore, US-A-2608534 describes a heteropolyacid supported on a
major amount of an inorganic metal oxide or hydroxide as catalyst for a number of
general organic reactions including inter alia the hydration of olefins. Amongst the

25  supports disclosed in this publication are alumina,




‘process for olefin hydration using a heteropolyacid catal yst supported on

activated carbon. Furthernore, US-A-2608534 describes a
het er opol yaci d supported on a maj or anount of an inorganic netal
oxi de or hydroxide as catal yst for a nunber of . general organic

reactions including inter alia the hydration of olefins. Anongst the 25
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controlled acti
which involve the recycle of the un-reacted olefin back to the hydration reactor.

Thus, there has been no disclosure hitherto of any specific heteropolyacid salt as a
catalyst in a continuous specific process for the hydration of olefins to the
25  corresponding alcohols which mitigates the above problems.

It has now been found that the process can be improved by using specific
salts of heteropolyacids as catalyst which have controlled activity and further
improved by using specific process conditions.

Accordingly, the present invention is a continuous process for the hydration

30 of olefins with water in the vapour phase to the corresponding alcohol in the
presence of a heteropolyacid salt as catalyst said process including the recycle of
un-reacted olefin back to the hydration reaction characterised in that the
heteropolyacid salt is a salt of silicotungstic acid or phosphotungstic acid which is
soluble in a polar solvent below 40°C wherein the metal in the salt is an alkali metal

35  or an alkaline earth metal.
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“i.mproved by using specific process conditions. Accordingly, the
present invention is a continuous process for the hydration of olefins
with water in the vapour phase to the correspondi ng al cohol in the
presence of a heteropolyacid salt as catal yst said process including the
recycle of un-reacted olefin back to the hydration reaction characterised
in that the hetergpolyacid salt is_a nono- or di Potassiunlsalt of
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wet ness t echni (patalysa sysidra)is saitabheptepared by impregnating the support with a solution

of a salt of the heteropolyacid which is prepared in turn by dissolving the

heteropolyacid salt in a solvent such as eg an alcohol or distilled water. The

20  support is then added to the solution so formed. The support is suitably left to
soak in the solution of the heteropolyacid salt for a duration of several hours, with
periodic manual stirring, after which time it is suitably filtered using a Buchner
funnel in order to remove any excess acid salt. Other impregnation techniques
such as the incipient wetness technique can also be used.

25 The wet catalyst thus formed is then suitably placed in an oven at elevated
temperature for several hours to dry, after which time it is allowed to cool to
ambient temperature in a desiccator. The weight of the catalyst on drying, the
weight of the support used and the weight of the acid on support was obtained by
deducting the latter from the former from which the catalyst loading in g/litre was

30 determined. This catalyst system (measured by weight) was then used in the olefin
hydration process.

The degree of hydration of the heteropolyacid may 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

35  oxidation state of the metals in the salts of the heteropolyacids, ie the actual
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‘The wet catalyst thus forned is then suitably placed in an oven at el evated
tenperature for several hours to dry, after which tine it is allowed to
cool to anmbient tenperature in a desiccator. The wei ght of the catalyst on
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carried out at a temperature in the range from its dew point to 350°C, and

20  preferably from 200-300°C; the hydration of propylene to isopropanol is suitably
carried out at a temperature in the range from its dew point to 300°C, and is
preferably from 150-250°C.

The olefins to be hydrated are suitably ethylene or propylene and the

.

corresponding alcohols formed are suitably ethanol and isopropanol respectively.

25  These olefins may be used pure or as a mixture of olefins to generate a
corresponding mixture of alcohols. Thus mixed hydrocarbon feedstocks 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

30  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
hydration reaction is believed to occur between such dissolved reactants. Ethers
corresponding to the olefin are formed as by-products during the reaction. The
process is further improved and optimised by recycling the un-reacted olefin, if

35  desired after removal of undesirable impurities therefrom, back to the reactor.



2Q preferably from 200-300[err]C, the hydration of propylene to

| sopropanol is suitably carried out at a tenperature in the range
fromits dew point to 300C, and is preferably from 150-250[err]C.
The olefins to be hydrated are suitably ethylene or. propyl ene and the
correspondi ng al cohols forned are suitably ethanol and isopropanol
respectively. 25 These ol efins nay be used pure ,or as a m xture of
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0. 25-0. 45. 2The

The hydration reaction is carried out at a pressure ranging from 1000-
25000 KPa. Within this range, the hydration of ethylene is suitably carried out at a
pressure from 3000 to 10000 KPa, whereas the hydration of propylene is suitably
carried out at a pressure from 2000-7600 KPa.,

25 The activity of the catalyst system was measured by monitoring the total
amount of alcohol, ether and un-reacted olefin produced over a one-hour period at
standard test conditions (specified in the Examples below).

Alcohol and ether production was measured by gas chromatography (see
below), whereas un-reacted olefin was metered using a wet-type positive

30 displacement flow meter.

Thus, it has now been found that by using the specific catalyst system
described herein it is possible not only to increase the space-time-yield (hereafter
"STY") and selectivity of the process but also to prolong the life of the
catalyst/support thereby reducing the frequency with which the catalyst/support is

35  changed or replaced on a plant.



‘velocity of water vapour/olefin mxture passing through the reactor is
subject to 15 slight variations dependi ng upon whet her the reactant

olefin is ethylene or propyl ene. For instance, in the case of
et hyl ene, the space velocity of the m xture t hereof with water vapour
is suitably fromO0.010 to 0.100, preferably fromO0.020 to 0. 050 grans

per mnute per cnB of the catalyst system In the case of a m xture of
propyl ene and vvaterThﬁanmsmlx inverticyia fathee fllwsirated ivdthonefererise yo the follewihgom 0. 0
10-0. 100, 20 ﬁ rably fromO0.02-0.07 g/mn/cnB of the catal yst system
The hydration Feaction is carried out at a pressure ranging from 1000-
25000 KPa. W tEXAMBPLE 1t ange, the hydration of ethylene is suitably carried

out at a G Prabdify 3000 to 10000 KPa, whereas the hydration of
propyl ene is sﬂ%ﬁ_@‘_' arried_oqut at a pressure from 2000-7600 KPa.
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Operation:
In a plant utilising recycled (un-reacted) ethylene the gaseous product

20  exiting the reactor was cooled to 20°C in a high pressure cooler before passing to a
high pressure gas-liquid separator for separating the water-rich and ethylene-rich
phases. The water-rich phase, which contained a major proportion of the product
ethanol and also by-product diethylether and acetaldehyde, was passed through a
control valve to a collection pot at ambient pressure. The ethylene-rich stream

25  from the gas-liquid separator was then passed to the bottom of the water wash
tower where it met a countercurrent stream of water which stripped the majority of
the remaining ethanol from the gaseous stream flowing upwards. The purified
gaseous stream, which was predominantly ethylene, but contained in the region of
90mg/1 of diethylether, 5Smg/l of acetaldehyde and less than 0.5mg of ethanol per

30 litre of gas (as measured at normal temperatures and pressures), was then passed to
the recycle machine for feeding back to the reactor. The flow of water into the
wash tower was in the region of 1300ml/hr and the level in the tower was
maintained by a level control system and liquid off-take control valve. The liquid
exiting the wash tower is mixed with the liquid product from the gas-liquid

35  separator and contained the ethanol product of the plant.



sl owt'y added, with stirring, to the acid solution. The container was rinsed

three times with distilled water (50m, total volune added 150m ) and
the washings 10 were added to the acid solution. (The quantity of KHCGO3
was chosen so as to provi de one nol ar equi val ent of potassium per

nol e of 12-tungstosilicic acid.xHerr]O0 di ssolved in the solution).
The solution was stirred for 15 mnutes after the evol uti on of
Cp[err] had ¢opemfbnsThen G ace57 silica (1.2 1), an essentially pure
silica carrjer étggg?y 8% W sili cai, was added ,and al] O\;@ggt o0 soak for
24 hours. Aft&nejlireo shipcid kadipgd al g4), anareparediin &¥appled,@H0¥8, Was ut i on
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gase 11 qui d seroh G e IENE Eosiiie ot LDBR A eattSr Blet aarstel
phases. The waheleraticivapfa82, wadhitowerwatenflowdaie wasj 1300ml/hprunhingrat tfe t he

pr oduct a%ﬂ}ﬁﬂggms&gwgééﬁ%?g@g/emg(g?)et hyl et her and acet al dehyde,

was passed throug a collection pot at anbient
pressure. The et hyl Ehefollowingperfoama®s wasfachievedia thepilotipdant Hy thecatalyss of was
t hen pass t t : YRFR- g re it met a
count er cu(r%'(raen?a ’Esdt?l?pég?ﬁ %tﬁ m\/\oginé&rdﬁ\%r%l 'h.??t'ri pégl?t%et#%lﬁgﬂzyﬁ‘f t he
remai ni ng et haasgtaldahyde, 020 HRY ceslpstivity m&ﬁm@ﬁwlﬁgﬂmxﬁy isdeéingd as: theed

gaseous streaniplyrei ¥MBRs Bf _@tﬂgﬁh@@&%ﬁe&wmm to HaltoaPRbRS BEEthyRné he
regi on of | of, diethylether, 5ng/l of acetal dehyde ahd | ess

90g(?/
than 0.5ny of AMWsHed tqRiodudds). |jtre of gas (as nmeasured at nor mal _
tenperatures aﬂdmpﬁﬁﬁ%lfl‘@ﬁ)not HeRrdine b e ymedtién . the recycle machine
for feeding back to,the reactor. .The f.laow.0 fV\@tger i.nt o ghe .wash
tower was $h the refPGHPEFMASoRARietPutin gmilaefashion to that ohEx3rapie 1, hutdn a
mai nt ai ned by plahtewhérechatini-cdacted etigdena s nbtitecycled badkatlseherattopls nosr ve. The
liquid Xi t.in he.wash t.ower i jxed . wi.th the |Liquid product from
t he gas-1iqui dgesggbecgst sgatg E?veaq?ﬁn Bfﬂ@ﬁégrf&f Rigrt operaiing ‘%P ?ftf(%?“d' Mg he
pl ant . 50ml of catalyst similar to that of Example 1 under isothermal cdénditions scaled by

a factor of 20 for comparison with the catalyst scale of Example 1.

20 Reactor inlet pressure was 4825KPa; reactor inlet temperature was
235.0°C; ethylene flow rate was 1440g/hr and reactor inlet water:ethylene mole
ratio was 0.30.
The following performance was achieved in the pilot plant by the catalyst of
this comparative test; ethanol productivity, 97STY; diethylether, 163 STY;
25  acetaldehyde, 7.2STY; selectivity to ethanol, 31.6% (selectivity defined as above).
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Condi'ti ons: One litre of catalyst (acid loading 151 g/l), as prepared
i n Exanpl e 1 above, was | oaded into the reactor. After the plant was
started-up ethylene was introduced and conditions were adjusted to
target and stabilised. Reactor inlet pressure was .5 6980KPa; react or
inlet tenperature was 225. 1C; reactor exit tenperature was -

245.6[err]C, ethylene recycle flow rate was 15009/ hr; reactor inlet
wat er : et hyl ene nole rati o was 0.387; wash. tower-water fTow rate was
1300m / hr running at the anbi ent tenperature ref.
20-30[err] Q). The foll ow ng perfor ﬁ\ﬂg!‘@ “m“ in the
pilot plant by the catal yst of 10 Exanpl e 1; uctM/l ty, 163.5

STY; diethylether, 7.02 STY; acet al dehyde, 0 60 STY; selectivity to
et hanol, 94.6% (selectivity is defined as: the ratio of the noles of
et hyl ene converted to ethanol to the total noles of ethylene

converted to products). Conparative Test not according to the

i nventi on: An experinment, carried out in simlar fashion to
that of Exanple 1, but in a pl ant where the un-reacted ethyl ene was
not recycled back to the reactor is now descri bed. The data have been
produced in a plant operating a reactor containing 50mM of catal yst
simlar to that of Exanple 1 under isothernmal conditions scaled by a

factor of 20 f {a rﬁé)rrparl son with the catal yst scale of Exanple 1. 20
Reactor inlet pressure was 4825KPa; reactor inlet tenperature was
235.0[err] C, etlhyl eAccohtinyousprecesnfor thedltysleationanflefing otithy watar imtthe vapour

wat er: et hyl enegl‘iﬂ%k?o the ¢ é)rregﬁ’&ri] hgl r'ﬂQhe Pregence ofa hgteé1 Ufa {gff)éait%‘é"' ng

per f ormance waS achi eve this

conpar ati ve t eg#talystsaidRipcess wh@ma/ths yecyglmfvn-raav&dwlp@m toths STY; 25
acet al dehyde, Ky&gﬂa&x re‘égﬂécﬁpéﬂa)/dciéﬁséﬁnfmﬁﬁﬂé’ heteroboftids@lt @64 néial Yaldstf | ned as

above). s1 icotungstic acid or phosphotungstic acid which is soluble in a polar solvent

below 40°C and the metal in the salt is an alkali metal or an alkaline earth metal.
2. A process as claimed in claim 1, wherein the catalyst has no more than four
moles of alkali metal cation, or two moles of alkaline earth metal cation, per mole
of heteropolyacid.

10 3. A process as claimed in claim 1 or claim 2 wherein the catalyst is a mono-
or di-potassium salt.
4. A process as claimed in any preceding claim wherein the catalyst is
supported on a siliceous support.
5. A process as claimed in any preceding claim wherein the olefin hydration

15  reaction is carried out by passing the olefin to be hydrated and water over the
catalyst in a mole ratio of 0.1-3.0, and at a gas hourly space velocity (GHSV) of
0.010 to 0.25 g/min/em3.
6. A process as claimed in claim 4 or claim 5 wherein the catalyst

concentration is from 5 to 60% w/w based on the total weight of the supported
20  catalyst.

7. A process as claimed in any preceding claim wherein the olefin hydration
reaction is carried out at a temperature from 150-350°C.
8. A process as claimed in any preceding claim, wherein the olefin comprises
ethylene, propylene or a mixture thereof.
25 9. A process as claimed in claim 8, wherein the olefin comprises ethylene and
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7 " C ai ns: s process for the hydration of olefins
with water in the H“}I‘H“M'gﬂ‘l{ﬁm‘he correspondi ng al cohol in the presence
of a heteropolyaci d«sa¢t las*a eatal yst said process including the recycle
of un-reacted olefin back to the hydration reaction characterised in that

t he heteropolyaC|d salt is a nono- or di- potassiumsalt of silicotungstic

aci d or phosphthedydeation reastion isdagtied eutsibh terperatnrecofj2603008G] vent bel ow
40[err] C. 2. 14\ PraGHesestas ahﬁﬁéaﬁg clafin 2' @hépem]th%ﬁeﬁﬁ 'cemheges(f)%@}ll

supported on a si_li.ceous sup ocess as 1 or
2 wherein the Bleéwﬁfatmdﬁwpmﬁ %m¢t5mta§emmratu&pfdé@ -150°@assi ng the
olefin to be hydrated and water over the catalyst in a nole ratio of
0.1-3.0, and at a gas hourly space velocity (GHSV) of 0.010 to 0.25
g/nin/cn{eﬁ?]. 4 A process as clained in claim2 or claim3 wherein the
catal yst concentration is from5 to 60% w w based on the total weight of

t he supported catal yst. 5. A process as clained in any preceding claim
wherein the olefin hydration reaction is carried out at a tenperature from
150-350[err]C. 6 . A process as clained in any preceding claim wherein
the olefin conprises ethylene, propylene or a mxture thereof. 7 . A

process as clainmed in claim®6, wherein the olefin conprises ethylene and
the hydrati®n reaction is carried out at a tenperature of 200-300[err]C. 8.
A process as clained in claim®6, wherein the olefin conprises propyl ene and
the hydration reaction is carried out at a tenperature of 1 50-250[err]C.
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