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Druckexenpl ar The present invention relates to a process for the hydration
*of olefins . using a catal yst system conprising phosphoric acid supported on
synthetic silica. Hydration of olefins such as ethylene or propylene to the
5 correspondi ng al cohols by hydration thereof in the vapour phase using a
phosphoric acid catal yst deposited on a silliceous support is well known.
Nunerous prior art publications described such a procedur easac$iddi(py t hose
di scl osed in GB-A- 1570650, US- A-4808559, GB-A- 1371905, US-A-4038211,
US- A-4012452, GB- A- 1476534, (GB-A-1306141, US- 10 A-3996338 and
CAN- A- 844004. I n each of these prior publications, the nature of the
siliceous support used is defined by various paraneters including the pore
vol une, the surface area, the crush strength and the purity of the support.
However, none of these docunents identify the precise conbination of
physical parameters of—the 15 support for maxim sing the performance of
t he suphiosticetdiasBéed Ryidced US- A- 5086031 on t he ot her hand descri bes pressed
part s..of I produced silicon dioxide of high crush strength and
t he use ﬂ alyst in the ethylene hydration nethod. However, this
docunent "does I'scl ose the use of such pressed parts as a 20 suppor t

for a catalyst in a vapour phase Erocess for the hydration of ol efins under

specific conditions. It has y carefully controlling
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porosity, RuLi and crush.stren it is.possible to improve the
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i nvent i on omssenyhebtesslica. hydrating olef ins to the correspondi ng al cohol s
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supported on a | ceous support c sed 1nt
5 corresponding alcohols by hydration thereof in the vapour phase using

a phosphoric acid catalyst 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-
10 A-3996338 and CAN-A-844004. In each of these prior'publications, the
" nature of the siliceous support used is defined by various 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 physical parameters of the
15 support for maximising the performance of the supported catalyst.
. US-A-5086031 on the other hand describes pressed parts of
pyrogenically produced silicon dioxide of high crush strength and the
use thereof as catalyst in the ethylene hydration method. However,
this document does not disclose the use of such pressed parts as a

20 support for a catalyst in a vapour phase process for the hydration of
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5 the nole ratio of water to olefin passing through the reactor is
*in the range from 0. 15-0. 50, b. the space velocity of the water/olefin
m xture is fromO0.010 to 0.100 g/mn/[err] of the catal yst system c.

t he phosphoric acid concentration is from5 to 55% w w based on 10 the
total weight of the catal yst system d. the siliceous support is a
silica havi ng aAquordiidly, ofheapréssast irre8tiny gs androgessy Epmdwdratiag strength

of at |eashiepsda g Al RN ABnA1AELL0RoRE A che3RbadR U W cBraryer! he

olefin hydration reaction IS carried out at a ténperature 15 from

170- 300[ er§yBsten mpmprising; phospierid apld satalyet oPBaTted oB @ Fiéiqaue r angi ng
from 2000-supf8P0 dfRPactbR€ssd ¢hitimet 0 be hydrated are suitably ethylene or
propyl ene and the cog esgondi n‘g al cohol. s_forned are SUif'Aafg{e?,/ et hanol , n- 20
propandl dhd i sOi5r BREhEPE TR SiettieFelS 21ef 3 RARFTE ERF VR S FRYFSGEL in the

vapour phaiseinithebobiye feomloeisimnsand water are in the vapour phase over

the catal yst syste . I rti eac, s, reactant
i oh - 5ol veetioy ippd BelonibBE B ace /RBLY offufle SEHLARGCL
bel i eved t®108cu/mipiemdeof thechatilysb|syste®5 reactants. FEthers

correspondi,ng el BRodphBiid Rcdd ©ohfidRde fch Y- £RmO6 UL §541Wi/leNshdelCon
reaction. The catalyst systemused is phosphoric acid inpregnated on a

si | i c&%supgir FotalTriiaht) L FheysAfaryst $Y&tR™ably in the form of pellets or

bea]gs O[) | at.e g|ﬂbubﬂide81;]§%§?oﬂﬁ‘ibr@ sdlpad hheimy 8i gorebety 38 a@?ezsﬁ?) 7 mm

preferably to, 6 The silica support use as _a _porosity of .at | east

15 i 1o, "ot WS §Pen UEeO, e 7ipenveh SFon Joare ot 6o TVARY Tho

catal yst hagpusityr n§hatsleastgiohsof/wat | east 5.5 Kg force, suitably at |least 6

Kg force, ref ahablyecl K, Har 66, 30010 PLELAAOLY: brSa KubOLbGre ThE cT USh
e ase n

st rengt hs quot are on average of that determ or each set
of 501Beadsryl HIWuPRL Corpngd 2

£. the reaction is carried out at a pressure ranging from 2000-
24000 Kpa.

The olefins to be hydrated are suitably ethylene or propylene
and the corresponding alcohols formed are suitably ethanol, n-

20 propanol and isopropanol respectively. 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 sma;l proportion of each
gaseous reactant which dissolves in the catalyst system. The
hydration reaction is believed to occur between such dissolved

25 reactants. Ethers corresponding to the olefin are formed as by-
products during the reaction.

The catalyst system used is phosphoric acid impregnated on a
silica support. The silica support is suitably in the form of
pellets or beads or are globular in shape having a particle diameter

30 of 2 to 7 mm, preferably 4 to 6 mm. The silica support used has a
porosity of at least 0.8 ml/g, suitably at least 0.85 ml/g preferably
at least 0.9 ml/g. The catalyst has a crush strength of at least 5.5
Kg forcé, suitably at least 6 Kg force, preferably 7 Kg force and
more preferably 7.5 Kg force. The crush strengths quoted are based

35 on average of that determined for each set of 50 beads/globules on a
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3 CHATTILLON tester which neasures the minimumforce necessary to crush a
particle between parallel plates. The hul k density of the support is
suitably at |east 380 g/l, preferably at |east 440 g/l. The support
suitably has an average pore radius (prior to use) 5 of 10 to 500
Angstrons, preferably an average pore radius of 30 to 100 Angstrons. In
order to JHATEVELOYptestem peichomensyres thhemigiiinieg foropperesdfaxy e dresist 99%

W W purity, gaeidie boRideh!pHa1dde ph§§e°s t haf Ml&’vd%sﬁ:k}' E@Q:'h)é sgpert han
0. 60% w w and preferably l'ess than O 30% w w. 10 he silica support

used is nost sbi""eafbéﬁ’aﬂf yeasts R0 Hedli cpﬁﬁqu%’%tleBEﬁe%tt%Gs%/]pr oduced by the so
call ed "sol - geltn epew guldamgr hﬁsra(cdaoéwyesp&fe kadils (el {4 asexanpl es

f h het i t de S t d b
pel & ot FsarflonSofe AR RSO (Bstoetinnas avpbeee bore radhis F) 14 45uppor t s

used her eirochangstxogs eat capacity to absorb phosphoric acid catalyst. The

o LS e S e S LR 0T U PRl | BIETSLIG WliodupRef 1 o

aqueous solution o ori c aci ere an aqueous so ut
phosphor i catadeesti 99Uy, Pirityui tealbhy ioonritiins Fneohesks than 285w iW.w of

phosphori Gy aghshy BESS ®haR! 0. 649 w/uf awgféﬁbﬁé%wé VEhan TS ok "R/ EINaL ed
support is then dried before use to formthe catal yst s%/e;tem and has a

concertfrati on ofPepRbLROPTRPOIE| HefatymREE fﬂrﬁﬁ‘i"‘?hil}i & sypieakic pftidfi&rabl y from
20 to 48%uuishbas @flosd prbaudeat nir ahel g:htcamied heox-gbdd Wibcsasbepy the

hydration 1 i Qn rr| cing the catalyst 25 systemin a
react or, § FPHG the r%é‘gg‘t or %%c tlﬁe%‘aﬁ‘gg sﬁﬁ’g %ttgf st ®8yVsPemto the
reaction tsewpemst mneludﬁh%unmralliost 3%@/3@éthsp¢ﬂé&t'e%httienepﬁ depwid®ure from
170 to 300Gedene aypon the end product desired. For instance, if the

end product |s et hano from et hyl ene, the catalyst systemis suitably
heat ed5f r om 225heosHgFRef PO BY) useﬁr*@?é%‘&l?laye & GHEI3 GaRBO{Er ¥q abaerke

pref er abl phbeohBrd35a Ao bsEd1lyst . @het a2y fteishaidaniy abb&RAdPRAGUCE 'S

npropanol, of L.sg,PLopanol, LLompLopyl eng, L1 oL XSl HSLElmLhS, fT 120!V

acid. Where an aqueous solution of phosphoric acid is used, it
suitably contains from 15 to 75% w/w of phosphoric acid, preferably
20 from 30 to 55% w/w. The impregnated support is then dried before use
to form the catalyst system and has a concentration of phosphoric
acid ranging from 5 to 55% w/w, preferably from 20 to 48%w/w based on
the total weight of the catalyst system.
The hydration reaction is carried out by placing the catalyst
25 system in a reactor, sealing'the reactor and then heating the
' catalyst system to the reaction temperature. The catalyst system is
heated to a temperature from 170 to 300°C depending upon the end
product desired. For instance, if the end product is ethanol from
ethylene, the catalyst system is suitably heated from 225 to 280°C,
30 preferably from 230-260°C, more preferably from 235-245°C. On the
other hand, if the end product is n-propanol or iso-propancl from
propylene, the catalyst system is suitably heated from 180-225°C,
preferably from 185-205°C. When the catalyst system has attained the
desired temperature a charge of the olefin and water in the vapour

35 state is passed through the reactor. The mole ratio of water to
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_preferably from 185-205[err]. When the catal yst system has attained the

+ desired tenperature a charge of the olefin and water in the vapour 35

state is passed through the reactor. 4“I'he nole ratio of water to 3 4
ol efin passing through the reactor is in the range fromO0.15 to 0. 50,
preferably fromO0.25 to 0.45, nore preferably from 0. 30-0. 40. The space
vel ocity ofefimterssiagdiridedtetthe reagten ésps Shagranae drgh 113E FedbfBr is

subj ect 't 9 SHel-Gity, \éé&h aLhens Ge&enﬁlbpruma teheh ¢.R6-6.40.7 €agleant ol efin
is ethylene or propylene. For instance, in e case of et h% egg, t he
[ ly

space vel BRdqeyVRHOcERE qf YRtATe VARRMFARYSLAPL H“%‘t"eer PRERSr thoug from
0. 010 to feakdBr i¥ elmyahl ¥o fsll@@h@ vQQﬂattlenQ cﬁﬁéhd}lhgnﬁm ﬂ&rthﬁrmnee per cnB

of the catal st S t he case o t

Capours Fenckate Siebinde StRAes ok RinPAnRy | e, Snftahl OR) FAE RS VAt
pr ef er abl y£ farbpldhe) 2l BPacy veldaitd of thaenizhwrd pherepfsvith water hydrati on
reaction | %@r# Sil1 Dl A RLP S S L A01G000 L EALRB0 o 248B0cgPa. W Lhi

this rangé ati o of ethy eng 1's suitably carried out at a pressure
from 30000t@019mexmer mh@*téasellsm Qfh Ehey\FRERYNSEnEGTESPr opyPetR® i s suitably

carried ogigeabsa RRESAY 8 PPy ZHA0an DGRt dPIapddic id isphde/ velodiity cat al yst
system was neasured by nonitori n% t he total %ngf()f ak%:rohgl7 et her and
ar

unr eat® edi®|¥LEFPLT b’EiJﬁ’édf’ERFbP Aet 0o uPrSFEF o 04 t est
condi t i ong/mingem3T k! ﬂ;@ﬁapﬁ@@t?a;iéﬁlem bel ow), once a steady state had been

reached in the |Io .ant . coho db
gas chromat ogrgtg y é’é%nmn 3 Ak: é"ar%%i h’% %ﬁg%‘%soga‘%qﬁ%% §1\l/J\/Lgreag

unr eact edzamei:omuo\mastaet ew:e:@msmg %@nwetthwpﬁdmsm iofeethvdgheciEnent fl ow
meter (exg t%l]yvdagbiedg‘oge1atwdﬁxlesg}4¥:)frorggooo to 10000 ¥B4Y whBRt ant and

unexpected eature of present invention which distinguishes it over the
convekk i obkg hggfqglygtof propylene is suitably carried out at a pressure from

2000-7600 KPa.
The activity of the catalyst system was measured by monitoring
the total amount of alcohol, ether and unreacted olefin produced over
a one-hour period at standard test conditions (see Table on page 7
20 below), once a steady state had been reached in the pilot plant.
Alcohol and ether production was measured by gas chromatography
using a Perkin Elmer Sigma 4B GC (see below), whereas unreacted
olefin was metered using a wet-type positive displacement flow meter
{ex Alex Wright & Co, Model DM3F).

25 A very important and unexpected feature of the present
invention which distinguishes it over the conventional catalyst
systems for hydration of olefins is that the siliceous support used
retains its relatively high initial crush strength even after
prolonged use which extends to the total life of the catalyst system.

30 In fact, in some instances (see eg Table 1 below), the crush strength
of the support has been shown to increase after use rather than
decrease as is the case, and 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 the conventional

35 supports is the same as or greater than the supports now used. 1In
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,syst'ens for hydration of olefins is that the siliceous support used retains
its relatively high initial crush strength even after prolonged use which
extends to the total |life of the catalyst system 30 In fact, in sone

i nstances (see eg Table 1 below), the crush strength of the support has
been shown to increase after use rather than decrease as is the case, and
as woul d Bdeespaenedetnpf (plafin dydvatitnorests seqppded ousfwithethe | i ca gel type
used hit thaEQJ%s-EhE§sﬂe%|st% ciafed S WiSthe B8 dHdl Lhdh SEdalgei L8N 0! h of the
conventi onal Supports is the sane as or greater t he supports now
used. | nngted gvea Feﬁ‘te satalypt otueten Wd‘i’%&ni oh atese® fearevaxd out with

the catal M%bo%beﬂ&&owﬁl AbhBdst NndsbaiaRehtichhe Hnusd gehref@ah was noted
even after the C \58 J?/stem had been on stream for over 1500-2000 hours.
n

In confrad¥eress SsnEeiT; PTal gerenghR &tter APOPBMP %A% ForE° | ose
their crush stfeangtlkezabirefedabmgt tﬁé)(l—:.‘t‘eOomaué Suppori neadnambeclienag timgduci ng

the life %f Ht}?sn Fe&%;nt]ﬂ e cat fceﬁ% al‘ystI sgﬁé s L0 be

repl aced fTe yst Sy ow use any B of
activity |ss'8'eme npy wposaum éqsa)fofc@srtlwntxomtm &p| depesisionuphsarben t hout

any loss Qf {fes sgii%uﬁtéﬂgi'p witfout an dy loss WS icd e 18R &Q@h&\ﬁpn found that

by using the specific support describ herein it is possible not only t

i ncred8e the sp&ee- titnkas yow| bpephEoungr tat bR Mping dgthe; preqifde 8PPRER al so to
pL ol ong t faeséﬂbeﬁqfleztega waeqsassag:eé 2By crzﬂglu&; Rgcidigef £1R0WBaACL tindh Whi ch

t he support, anged_of ced on a sent

i nvention |"§i$u(?‘fiﬁ% BeF ) R gt d HF BFef gg‘h(,a&s? Fq RECYBE gﬁ’lﬁ ﬁég‘l’:'xarrpl es:
Exanpl e 1ofPriedsoppmrt thedebiparmiupinglithe fvequendyi With phivit tha pappoent

(repr esentlggclgﬁgggeore%g%ﬁ%gg &{Qﬁgfat.n' L. Fig 1) and the follow ng procedure

was used ‘m xture of water and ethyl ene (6895
KPa, t3000 psi Jhre»rsert |inKentisasiefuyther ihlwwtgated 31@8(¥Hf$rq9ceo‘ﬁﬁper l i ned

the following Examples:

This was a pilot plant experiment (represented by the enclosed
schematic Fig 1) and the following procedure was used:

20 A 0.30 : 1 molar mixture of water and ethylene (6895 KPa, (1000
psig) 240°C) was passed down through a 5.08cm I D copper lined
stainless steel reactor containing 1000 cc zone of hydration catalyst
system. Water was fed to the reactor by a diaphragm metering pump

" from a small calibrated glass tank (TK2 in Fig 1), whereas the

25 ethylene (>99.9% v/v) was fed to the reactor by a compressor
operating at 6998.4 KPa (1015 psig). The inlet flow of ethylene to
the pilot plant was measured uging an orifice plate and was
controlled using a pneumatic flow control valve. Both streams passed
through an electrically heated feed vaporiser prior to entering the

30 reactor. The temperature in the reactor was measured by four radial
thermocouples spaced equidistantly in the zone containing the
catalyst system, and the reactor wall heaters were sgt to give a 20°C
temperature gradient across the reactor. This imposed exotherm was

used to simulate an adiabatic commercial process.
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Stai'nl ess steel reactor containing 1000 cc zone of hydration catalyst

- system Water was fed to the reactor byg a di aphragm nmetering punp froma
smal| calibrated glass tank (TK2 in Fig 1), whereas the 25 et hyl ene
(>99.9% v/v) was fed to the reactor by a conpressor operating at 6998.4 KPa
(1015 psig). The inlet flow of ethylene to the pilot plant was neasured

usi ng an ori fi cEheleffduentdvem the meagtdvag diheg rasgad khaeigh &l eeplegnt r ol

val ve. Bot ihd herigh passiRde tdUpabatbran MledetticCahins Read adpf @Rd1ysBOr i ser
prior to entering the 30 reactor. The tenperature in tﬂe reactor was

neasur ed bYY fEEEAT (LFAFLRT t hBrHEEBEDHICEshAp g8eRF dGtdrRe afthPs9inakfe zone
cont ai Ni Ngaidthylediiry Skass ¥Rére Femowtd Efdn ERE&PI ofVdhe dwakidy BRfsughet tO

give a 20[err] tenperature adient acrosg the reactor. Thjs inposed

Oot her'n vADIUSEEF ORI TP ahe RirBRa e MoPRUL PUFB ocheral *° e

ef fl uent fhrleed hes rtheuttakends theh speaskiad sywutengh The crapladéningnd banweidhi gh
pressure s ator., T | t a raci ng. A
m xture of"hot. %rgstélse %%t Qh?f%ﬁe&%‘%%ano a%gl%%ﬂﬁi %t%%lgg&%%fﬁ%r\gsg% en renoved
fromthe tegkenf ofhdysepaise qrontreldedhbis the seppratoy’ e Jenid dlevehl wadt 0 a

vent and nRiLlcbictkat fiNrrs Astlbtig B} eed was then taken to a GC sanpling
system The renaining |iqui dqdphase In the separator (water, ethanol and a

trace ¥ ether) g FereReBid pihe LIt PEANCF oY% QoD PEERR WEHt or ' S
liquid | evisdur aaeingashiuk tofd ede iqasTiitaseSethdehfraktliond ®f ethanol 4@ a test

period, the. |iqui roduct was, col.l.ected ov 0 hour .during which tine
Phe gas praisrhRlocheR S8 udane e o euie b O PO, a8 Bl Bt | Cau 1y
measur ed byelGR) evitytis emimi ¢he (t=ee dreliod)theAtiquié preduct wiake test period
the |1 aui doqingdued c483 43! | AR! #6k ) OBabiSOul §8° Ainddza WtlfrelPade @
standard v%{iurre, and 15 kﬁ%ﬂ %'igr\a:tll)'segl b‘;l/l(G%.a The trota_ ambunt. of et hanol
and dilét hythepharalyiesd e 8Ci n THActaYadranoynijafppihaned andnfdgthyhetharount s

found in thedubeyiid ekl ngds iRN8SRAy the sum of the amounts found in the
liquid and gas phases.
The GC analyses referred to above for ethanol and diethylether
were carried out on a Perkin Elmer Sigma 4B GC, operated at 90°C.

20 The GC columns used were of 4m x 2mm ID stainless steel, packed with
20% polyethylene glycol 1540 on Chromosorb® W (60-85 BS mesh), with
separate columns being used for gas and liquid analyses. Gas samples
were analysed automatically every 15 minutes under computer control,
whereas liquid samples were collected and then manually injected into

25 the GC using tert-butyl alcohol as an internal standard. In both
cases the resulting chromatographs were then integrated by computer
and the concentrations of ethanol and diethylether present in each
sample was calculated.

The standard test conditions used during pilot plant evaluation

30 ' of the catalyst systems of the present invention are tabulated below.
These conditions were such that the pilot plant simulated precisely
the conditions typically used by commercial units to achieve a

maximum production rate.
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The °GC anal yses referred to above for ethanol and diethylether were carried
-out on a Perkin Elmer Sigma 4B GC, operated at 90[err]. 20 The GC col unms
used were of 4m x 2mm I D stai nl ess steel packed with 20% pol yet hyl ene

gl ycol 1540 on Chronosorb[err] W (60-85 BS mesh), with separate col ums
being used for gas and liquid anal yses. Gas sanples were anal ysed
automatically every 15 m nut sSANPRRR TESISONIRITIONNt r ol , whereas liquid

sanpl es W@Eand then manual |y |Qbﬁgﬁﬁ§u¢nto 25 the GC using
tert-butyl cohol as an internal standard. In both cases the resulting
chr omat 0grRERRECE\EFESTHEN i nt egrat ed by comfBPRXPAnPRPTGhcent rati ons of
et hanol amgadtet hylet lrenpgratasnt(°c)n each saapl e was cal cul ated. The
standagpd te co i duking pil ot ant eval uation 30 of the

cat al yét ;Ryé &R ﬁg#étﬁg err%gglﬁ LHF? ention a?é t abul at ed bel ow. These

condi ti on§tMI@esap¢cet Melodibe pil ot pl ant seé4rilgdl eshtgheci sely the

condi ti onswa{._gplsti,ggéx,eligg T‘py .commer ci al unpj&. 40 ACARLEVE @ Mmaxi mum
production rate. STANDARD TEST CONDI T P SS VARI ABLE

CONDI TI ON¥aRe® ¢t EFhﬁreéssfﬂFrl@ Ratio 0.30 6895 KPa (1000 psi Q)
React or | @ﬂ 8b Teﬁggdl%u&e b ) 30843 5 Reactor Exit

Tenper at ureeé% 260 Et hyl ene Space Vel ocity 1442
g/ | c&P/ At FUBpREe VR oci ty Degussa 350)80g/| cat/hr Water

Et hyl ene Ml e Ratl o] 0. 30 [ er r (Pelllebdskidngexusid@ppanit

300g/1 10 Si | | or S 50 (Pelletised
Aer osi | 26'6? sﬁ?@ su porgt satgﬁ f thet cs:atoafly?‘f'ngygté S 3%%%% é’f segt of the
present i rdveention ‘E&?@dlll rtlllhllsxamhqﬂiaé thed foHeowing Ipé)w;x:gilphym cal

characteristics:
15
CHARACTERISTICS DEGUSSA 350
Pore vol ml/g 0.82
ml/1l cat vol 400
Bulk Density g/l 488

Crush strength Kg

Fresh support 7
Fresh Catalyst System _ 8.5
Used Catalyst System 15

Attrition % w/w
Fresh support --

Fresh Catalyst System . <l%

Mean Pore radius Fresh

support (Angstroms) 77

Mean Pore Radius Fresh

Catalyst System 79

(Angstroms)
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15 CHARACTERI STI CS DEGUSSA 350 Pore vol
4Q0 Bul k Density g/l
7 Fresh Catal yst

15 Attrition %

Char’acteristics:
+0.82 nm/l cat vol
488 Crush strength Kg Fresh support

System 8.5 Used Catal yst System

m/g

w w Fresh

support

Fresh Cat al yst

<1% Mean Pore radius Fresh support (Angstromns)

orts now used .
8L e HRdaTd thd RtrRdaFds

st sSystens

in the catalé

Hhionh shey

System

: 77 Mean Pore
Radi us Fr eﬁﬂ gﬁféﬂtygi’ &Sgﬁ‘épific supports now used 7191 élﬁpg:ﬁg£%) sistems The

effect of the specific su

hydr ati on ¥ Shefyagatioge

space-ti neansvel h thd Ygpaek- €irdapndigalery) Sof ABhimcl BREGUSSA 350

for the
in "t he

Cat al yst System Cat al yst System Support No. 1
No. 2 ACid 362 308 Loading(g/!)
Bul k Density 488. 3 TABLROI 796 (g/l) Pore
Vol une 0. 83 0. 87 (unused) 0. 86 (unused)
DEGUSSA 350 Fresh Catalyst System Catalyst System
Support No.l No.2
Acid - 362 308
Loading (g/1)
Bulk Density 488.3 851 796
(g/1)
Pore Volume 0.83 0.87 (unused) 0.86 (unused)
(Hy0,ml/g) 0.81 (used) 0.78 (used)
Attrition (%w/w) 0.30 0.12 0.75
Crush strength 7.2 8.8 (unused) 7.9 (unused)
(Kg) 9.4 (used - 15.1 (used - 15
3days) days)
Ethanol STY - 108 102
(e/L/H)

The above results show that the use of a support of relatively
10 high crush strength and superior pore volume gives rise to a higher
space-time-yield of ethanél than the conventional catalyst systems
based on silica gel supports for olefin hydration under comparable
process conditions. -
Using the same method as in the process described above but by
15 varying the reaction conditions as shown under 'NOTES' under each
Table to test the effect of water : ethylene mole ratios (see Table
2 beloﬁ), the effect of relative flow rates (see Table 3 below), the
effect of reaction pressure (see Table 4 below) and the effect of
reaction témperature on the yield of the alcohol, the following

20 results were obtained.
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lerr],n/qg) 0.81 (used) 0. 78 (used)

CAttrition (%W w) 0. 30 - g 0.12 0.75 Crush
strength 7.2 8.8 (unused) 7.9 (unused) (Kg)
9.4 (used - 15.1 (used - 15 3days) days) Et hanol STY
108 102 (G L/H) The above results show that the use of a

support of relativel y 10 h| gh crusm%ngt h and super| or pore vol une
gives rise tgrmk i 0 tdiapot HvbBRIrol tional
catal yst systens based on sili ca gel supports for ol efin hydr ati on under

conpar abl e—p+ecess—cgrei-ti-ors—s mgﬁ*he—s-a-ﬁ:e—n%{—hed—a-s-?-n—:-he—pr-ecess
descri bed atguecjmt ByEtHanyRIStvnl E&EBex geet ijoNEEWAEht i Ohwasrad@vn Junder

' NOTES' yndet QTabI e(Gt est|the_ gffect |of, water : pthyl eng nolfe ratios
(see Tabl , -{—he—é%ek— m-eeé%bﬁe—ée bel ow) ,

the effedt ofo.zeacti dn pnessure [ seeribabl e 4 beilowptand|t heasd.faect [of

reactionijte ecajurejon ield of al oholi ége f bl | oy 20
resul tSH\\I;eI'gE’U.'bigal Teqr tlggl-rgl:;l_c }EFlé%-EctTlf} 9” ENE"%%_R}Q&H O ON
DRATI

OLEFI N @bb REACTI OM1PD: C2H4  62B9 handl SBY13% _FEt her $31

Et hyl ene Reagt o (G L/

Conver si or%zm‘.!“ﬂ Te%(:;) [%Pjr;%ﬂhg’ g%l a 1°adllgélyfb. %talyu sys{%?. ggs ¢/ 10.63%
250. 4 8. 352 2)11Be@ctor pressur@@: 26895 KPa (1000 33d4) 249.9 0.400
111. 2 62.9)  1met etByikdlsiow - 1,445/ NOTES: 1) | Phosphoric
acid loading in catal yst system = 6 GL 2) Reactor

pressure = 6895 KPa (Yet® rasvg)chs?geq HYé‘tlté’E’rﬁﬂl Bnpkey Fosft Tate 44 kg/ h 4)
Mol e rati o changed by altering water feed rate TABLE 3

TABLE 3
10
Relative Ethanol STY Ether STY Ethylene Av. Reactor
Flow Rate (¢/L/H) (¢/L/H) Conversion Temp °C
100.0% 113.0 108.7 10.34% 250.2
140.5% 143.4 102.8 8.15% 250.2
NOTES : 1) ©Phosphoric acid loading in catalyst system = 306 G/L
2) Reactor pressure = 6895 KPa (1000 psig)
3) 100% relative flows = standard test conditions
15
IABLE 4
EFFECT OF PROCESS PRESSURE ON OLEFIN HYDRATION REACTION
Process Ethanol STY Ether STY Ethylene Av. Reactor
Pressure (G/L/H) {(G/L/H) Conversion Temp °C
6885 KPa 108.8 102.7 10.08% 250.4
6205.5 KPa 105.6 98.6 9.66% 250.6
5516 KPa 100.7 91.6 9.17% 250.5
NOTES : 1) Phosphoric acid loading in catalyst system = 306 G/L
20 2) All other variables at standard test conditions
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J10-° EFFECT OF RELATI VE FLOW RATE ON OLEFI N HYDRATI ON REACTI ON
Rel ative Et hanol STY  Ether STY 4 Et hyl ene Av. Reactor Flow

Rat e (G L/H) (G L/H) Conver si on Tenp [err] 100. 0%
113.0 108. 7 10. 34% 250. 2 140. 5% 143. 4
102. 8 8. 15% 250. 2 NOTES: 1) Phosphoric acid loading in

catal yst system = 306 GL 2) Reactmsure = 6895 KPa (1000 psig) 3)

100% rel ati ve EFpus o2 Noigs) O Ao T OF PROCESS
PRESSURE ON OLEFI N HYDRATI O\I REACTI O\I Pr ocess Et hanol STY Et her STY
Et hyl ene 4'[\‘\"1. Dnar-f oF Dr eSS Lg!::"-: /HIJH

Conver si Qrreactor Talp: | BebBDr K Ethanoll@ﬂ[ 8 Bther sTY $O&tﬁylene 10. 08%
250. 4 62(Q5. 5 _KP 5.6,, 250. 6
5516 KPa ——@—Biréé—?——eﬂ‘&‘ Slost 6 (/175f .‘f’/%m . C{’n"iﬁ‘ﬁm NOTES:

1) Phosphoric24scid | padi ngés n cak al yB19.4yst ¢m 10305 GlL 20.44% - 2)
Al'l othenl vari es al sta rd test nditi gns TABL FFECT OF
PROCESS 'EN‘PEF\% RE—~GN aEF?‘i%?' D ik g” :af%é’au F?.?SF ,actor
Exit Ethanol BBY Ether S8 Ethyl ene. 7I'erm ([etx]p) Te8p ([err])

(G L/H G/ [ 6 - 4

107. 2 P 406 phéé{:ﬂ)é?{é agi'%é%gdlng in catibé éystem 3058&81‘9

9. 66% 235 2) 2551 other variall@s7at standardyiest conditiorm 8804 NOTES:

1) Phosphoric acid)l opghi@akdh ety %St SteBrreatl ifddia? crush 2)

All other variables at standard test conditions 3 Dat a taken after 45
days on stream initi aP*%5gER ‘E‘FP@‘?&TFha{ﬁ‘FEhﬁ?fd’@d° AEEPAHEPRG D R2ER r eam f or
72 days (1728 hrs) (1728 hrs)

10 Description of Equipment

All experiments to measure the performance of a catalyst system
based on Degussa 350 pelletised silica support for hydrating
propylene to isopropanol were carried out in a small copper lined
tubular reactor containing 50 ml of the catalyst system. Water and

15 propylene {> 929% vol/vol) were fed to this reacﬁor by metering pumps,
and passed through a preheater/vapouriser prior to'entering the
supported catalyst zone.

The reactor was isothermally heated using a fluidised bath, the
temperature of which was controlled to within + 0.5°C. The pressure

20 of the process was measured at the inlet of the reactor, and was
controlled to within + 6.9 KPa (1 psig).

The gaseous product stream exiting the reactor was then dropped
in preassure to about ambient, condensed and degassed. The offgas was
then thoroughly scrubbed with water to remove any residual alcohol,

25 and the gas (mainly unreacted propylene) was then accurately metered
prior to being vented.

The activity of each catalyst system was assessed by collecting
the condensed product, plus all the scrubbing water, over a 10 hour

test period, and then analysing each stream for isopropanol and n-
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Exanpl e 2 (Production of n-Propanol & |Iso-propanol): 10 Description of
Equi prent Al experiments to neasure the performance of a catal yst system
based on Degussa 350 pelletised silica support for hydrating propylene to

i sopropanol were carried out in a small copper |ined tubul ar reactor
containing 50 m of the catalyst system \Water and 15 propylene (> 99%
vol / vol ) wweapenbkconbenthi sTheedotah phgdurtsien ofgegsinploohghdis#dsRly the ough a
preheat er LyaReuiies sic&{alofom S0tk mdm@atsum khehcsabingStazeene. The
reactor was isothermally heated using a fluidised bath, the tenperature of
whi ch was controlled towthin [err] 0.5C. The pressure 20 of the process
was neasu the reactor, and was controlled to within

[err] 6 9 KPa The seous r cf strea eX| eact or was
t hen dr opped |%hrpﬁ% g%ﬁl s‘fos 8Tﬁ w?tﬁ% gﬁgéé’on HEnged éﬁ énégigstré’d The

of f gas wase:ﬁolneﬂratﬁeotwglubyrmitubbédtmaehsmgted onrmbetﬂa:nylhe@ﬁdual

al cohol , ( C I ) was then accurately
nmet er ed pr| Tr tﬁggbtgpﬁpg&\?gﬁ %ﬁghgﬁ%ggg%t&?vwmgfﬂgé%ﬁ%at al yst system was
assessed K8) cobleateilygf shetemoanarhieh W&E‘%ﬂﬂm Midsis | suPPerEedPbbi ng wat er,
over a 10 hour gf &3 mBfino@h1aREe tdAANcsHRal ¥iTigNeh @El 1PaleRMoEOLed §ppr opanol
and n- 10 propanol content. The total production of each al cohol is

si mpl3P t he sum(®f Hugls)z| cohol found in the condensate and the scrubbi ng
water. Catg ysh cataleses sTeeetuednEwhlch phosphdyiecacidt 8 \ssppeteticors wer e t est ed

on the above e@%tp(?% 10%&%@ Susélr,5 cgehésuggéﬂ c}rlé%ﬂ‘gg {hese,supported on

synthetic sili Ppo t &4 °on"Convent r o nontnmorillonite: (a)
A catal yst sysbethophosgtioche piedd pirogive avi aridsleadiparafedsd e/t esh

montmori L gnitg and, cantaLiiNgadd p3ClsbokRal BOerbnddhodid k04 onto (ex

Huel st pelletised silica (Degussa 350), to give an acid loading of 181
g/l.
All catalyst systems were tested at a reactor inlet pressure of 3896
KPa (565 psig), at temperatures rangiﬁg from 185 to 200°C, and at a
water:olefin feed mole ratio of 0.30.
20

Reaction Temp. | Fresh Commercial | Resoaked Commercial | Catalyst System
(°c) Catalyst System | Catalyst System STY of Invention
| STY (G/L/H) (G/L/H) STY (G/L/H)
185 - 191.5 238.6
190 176.3 195.4 . 227.0
195 168.0 - -
Nl 200 179.5 190.9 208.5
“isllsiii°t|’i‘ii||3|i'|i"|‘ieﬁi°“
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(b)) A catalyst systemin which phosphoric acid is supported on
montnorillonite(ex Huel s) which has begn re-soaked in fresh orthophosphoric
acid to give an acid |loading of 180 g/l. (c) A cat al yst system nmade by
absor bi ng ort hophosphoric acid onto 15 pelletised silica (Degussa.
350), to give an acid |loading of 181 g/l. Al catalyst systens were tested
at a reactor inlet pressure of 3896 KPa (565 psig), at tenperatures rangi ng
from 185 tg) 20QL g ; A . B8 i1 i@f 20
Resul ts (A) ISCP'O'ANCL PRODUCTION FRONINCNTNDRILLCNITE AND SYNTHETIC

SI LI CA SUPP 2R SERLYEERCt i on Tenp. Fresh Comrercial Resoaked
Commercial Catalyst System ([err]) Cat al yst System Catal yst

(ng_/e'r_n') S:_gioeaci(:):{onl q;'\é%? t ! %esﬁm Co‘nmerc:.'a_tq Resoakejd_gion&\grual;l); Catalyst sé%l% 190
176. 3 (°Q) 19%. datalyst System 2g§tagyg_gfsystem | of Invpggign
- 200 s;y_@/idup | sty (e/u/e90-9 sty (g/n/m 408.5
12 (B) Propamot gductT O fiToNMT VOt noT 11 t ont ke _and synt neti|c
Silica S orte S5Catal ysts Reaction Terln EPed$f Conmeri al O&aked
Commer ci byst System g[flror] ) Cat adgyst System o 6gf al yst
System trveriom STy (& O H)| STY (G L H) STY
(GL/'H 185 195 __0.525 0- 356 : - 0.64Q 190
0.310 200 0-4996  o.sa5 0.941% 4&b . - 2.184 525

I ZUU U. 045 1. 506

2.194 Fhe results clearly show that ol efin hydration catal ysts supported on
synthetic silicagease1dknelda®1} RBoR M @RENd1dENN iydraticar Gatalysts

supported on synthetic silicas according to the p'rese'nt invention are
significantly more active for both isopropanol and ni-propanol

production than those supported on montmorillonite.

L 3
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significantly nore active for both isopropanol and n-propanol production

t han those supported on nontnorillonite. 10 15 20 25 12 13 CLAI M5 1.

A process for hydrating olefins to the correspondi ng al cohols in the
presence of a catal yst system conprising phosphoric acid catal yst supported
on a siliceous support characterised in that a. the nole ratio of water
to ol efin passing through the reactor 5 is in the range f¢am 813%620. 50, b.
the space velocity of the water/olefin mxture is fromO0.010 to 0.100
g/mn/cnB of the catalyst system c. t he phosphoric acid concentration
iIs fromb5 to 55% w w based on the total weight of the catal yst system 10
d. the siliceous support is a silica having a porosity of at l|least 0.8
m /g and an average crush strength of at least 5.5 Kg and having a purity
of at least 99% w w, e. the olefin hydration reaction is carried out at
a tenperature from 170-300[err], and 15 f. the reaction is carried out
at a pressure ranging from 2000- 24000 Kpa. 2. A process according to
Claim1 wherein the nole ratio of olefin to water passing through the
reactor is in the range from 0. 25-0.45. 3. A process according to O aim
1 or 2 wherein the space vel ocit+y—26———of—water/ol efin m xture when the

olefinis ethylene is in the ra ] =0 050 g/mn/cnB of the
catal yst system 4. A procesHiMWﬂﬁlﬂlelﬁ'ai m 1l or 2 wherein the
space velocity R

CLAIMS: .

1. A process for hydrating olefins to the corresponding alcohols

in the presence of a catalyst system comprising phosphoric acid

catalyst supported on a siliceous support characterised in that

a. the mole ratio of water to olefin passing through the reactor

5 is in the range from 0.15-0.50,

b. the space velocity of the water/olefin mixture is from 0.010 to

0.100 g/min/cm® of the catalyst system,

c. the phosphoric acid concentration is from 5 to 55% w/w based on

the total weight of the catalyst system,

10 d. the siliceous support is a silica having a porosity of at least

0.8 ml/g and an average crush strength of at least 5.5 Kg and having

a purity of at least 99% w/w,

e. the olefin hydration reaction is carried out at a temperature

from 170-300°C, and '

is - f£. the reaction is carried out at a pressure ranging from 2000-
24000 Kpa.
2. A process according to Claim 1 wherein the mole ratio of olefin

to water passing through the reactor is in the range from 0.25-0.45.

3. A process according to Claim 1 or 2 wherein the space velocity
20 of water/olefin mixture when the olefin is ethylene is in the range

from 0.020-0.050 g/min/cm3 of the catalyst system.

4. A process according to Claim 1 or 2 wherein the space velocity

of water/olefin mixture when the olefin is propylene is in the range

from 0.020-0.070 g/min/cm3 of the catalyst system.

25 5. A process according to any one of the preceding Claims wherein
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.of -water/olefin mxture when the olefin is propylene is in the range from

©0.020-0.070 g/mn/cnB of the catal ystigystem 25 5. A process
according to any one of the preceding C ains wherein 14 the phosphoric
acid concentration Is 20-48% w w based on the total weight of the catalyst

system 6. process .accordi ng to any one of the precedi ng C.ains
wherei n t e ?P??Rf’(%h% A pRARCepEIEt 1o, GE0RD AR 0T/ vaParssh O thegBotal g 5 7.
A processweigher 6l mget&tamyswlgsﬁm t he preceding C ains wherein the

siliceous ¢ SUPPQI L ocgss %chrdei q__e cr usogesg ggt h Ofd:.n E ai%ts the::% force. 8.
A process ®accor ARG 10 SRy one of “Phemgrge st s Vhar el AR
sili ceoustlmppbxqeonasswnpm |has@ pofogdigysof hanlé}ts@O%w /4.0 9. A

proce cor f C 4 at al yst
syste?n';sl ?hea%?ﬁ?g&a@t&g%ﬁuﬁigﬁ%?lngfgégltggopgef or tghe h%gpg%%}%ﬁﬁof

et hyl ene the 8iHifieoRs ABPPFOMRT T 2V AL F-UBBr SHIFBIHY Rf a2t &ﬁaﬁ)‘f oK8pyl ene to
| SO- propagydce. 10. A process according to any one of the preceding O ainms

wher ei n 185 tlge olefin_h atlon reaction _js carr ed8t at ressure
From 30001 0 ThEBE°RE “FRURLERCOREY o) & b FERE SO0 0847500 Kpa
when the tHeebihidepuprappobendas 20npdbiti@s3&E less than 0. 60% w/w.
10 9. A process according to any one of the preceding Claims wherein
the catalyst system is heated to -a temperature from 225-280°C for the
hydration of ethylene to ethanol and from 180-225°C for the hydration
of propylene to iso-propanol.
10. A process according to any one of the preceding Claims wherein
15 the olefin hydration reaction is carried out at a pressure from 3000
to 10000 Kpa when the olefin is ethylene and from 2000-7600 KPa when

the olefin is propylene.
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