¢
-1 * 159159* *@0001* 5 Deal um nated catal yst carrier, process for Bes
producing the catalyst carrier and process for hydrating C2 or C3 olefins
with water in nce of a catalyst which consists this catalyst

carrier |np m@@@lmmﬁ@h acid. 10 ained is a deal um nated catal yst

carrier, produci ng the catalyst carrier and a process for

hydr ati ng C2 or”@ﬁWbleflns wth water in the presence of a catalyst which
conprises this catalyst carrier im pregnated with acid. 15 It is known

that olefins of |ow nolecular mass which are linear or have only few
branches can mmwﬁ to al cohols by a reaction with steamin the gas
phase under WWMMWWMW|on of high tenperatures and pres 20 sures. O
significance for J|g scale is therein the synthesis of ethanol from

et hene and of |sopropanol from propene. The production of these al cohols

t akes pl in he,ores nce o{ acidic catalgsts wherein usu ally a

catal yst arr ¢ C P 3RbLEY i cRFecess Lol RrQHEVEERTe materi a

i's used, whi chhbasabeeysi NPsEegicnaked Mtéée@§05890ﬁy&r§€ng cespectively.

The material of the catalyst carrrer is usually build up_of pure silicic
acid |ike f0r9é§ﬂ§§&E3ﬂ$£m+E%£%élln the presencé of a catalyst which

consists this catalyst carrier impregnated with acid.

10 Claimed is a dealuminated catalyst carrier, a process
. for producing the catalyst carrier and a process for
hydrating C; or C; olefins with water in the presence of
a catalyst which comprises this catalyst carrier im-

pregnated with acid.
15

It is known that olefins of low molecular mass which
are linear or have only few branches can be converted
to alcohols by a reaction with steam in the gas phase
under the application of high temperatures and pres-

20 sures. Of significance for large scale is therein the
synthesis of ethanol from ethene and of isopropanol

‘ from propene. The production of these alcohols takes

place in the presence of acidic catalysts, wherein usu-
ally a catalyst carrier consisting of an alumosilicate

25 and a silicate material is used, which has been impreg-

nated with phosphoric acid, respectively.

The material of the catalyst carrier is usually build
up of pure silicic acid like for example silica gel

30 (Us 2,579,601) or consists of silicic acid with a vary-
ing amount of alumina (US Patent No. 3,311,568) and

consists of pure layer-lattice silicates (sheet-



30 (US 2,579,601) or consists of silicic acid with a vary- ing anmount of
alumna (US Patent No. 3,311,568) and gggsists of pure layer-lattice
siticates (sheet -2 structure silicates), for exanple those containing
nontnorillonite (DE 29 08 491), respectively. Apart fromthese phosphoric

aci d- cont ai ni S | er al zeoljthic materials are used (EP
0 323 269 Bl)ggFggﬁﬁég %%%gfggééia|§% seﬁgﬂgf?O#hgiﬁnﬁ?gtﬁ??}n%on phosphat e
(GB 00 55 34)motumtotrihdbonfibe C¢BErP2er88whbth, arespasetlvenysilicic acid 10
in the formof silica gel exclusively the nechanical hardness is
guestionabl e over a longer hold up tine. Al um ni um cont ai ni ng cat al yst
carriers or those con- sisting of only alum na show a noticeably higher

long- term stapitityrobuthébeyphayphbheci aveaseodt sadvagt agealpst hat
alum nium.s | eached out_.fromthe catalgst carrier durlngEthe hédration

reaction due TOTTHer®f fatfCofeOphbiphoPREeatrdS TRe BFedi ARBNP eddd up in

the succeed- 269 BPpasat HEESrascPAOE! ¥a601l yblt e Sedi MeptatioRs1En, s for m of
al um ni um phosphate. These aggaratuses thereby 20 are gradually bl ocked.

In DE 1 156 792" aPhpraekatei §C8elerPbeddtf or reducing the  al unini um content
of the lattice-layer silicate by re action with hydrochloric acid. However,
even after in- 25 tensive washing with hydrochloric acid the carrier ma-

terial still shows the presence of approximately 1 to 2 by weight of
al umi ni um Until now for carriers which are based on silicic acid

10 in the form of silica gel exclusively the mechanical
hardness is questionable over a longer hold up time.

‘ Aluminium containing catalyst carriers or those con-
sisting of only alumina show a noticeably higher long-
term stability, but they have the immense disadvantage

15 that aluminium is leached out from the catalyst carrier
during the hydration reaction due to the effect of
phosphoric acid. The aluminium ends up in the succeed-
ing apparatuess as poorly soluble sedimentations in
form of aluminium phosphate. These apparatuses thereby

20 are gradually blocked.

In DE 1 156 772 a process is described for reducing the

' aluminium content of the lattice-layer silicate by re-
action with hydrochloric acid. However, even after in-

25 tensive washing with hydrochloric acid the carrier ma-

terial still shows the presence of approximately 1 to 2

Q

% by weight of aluminium.

In EP 0 578 441 Bl by using a pelletised silicate car-
30 rier based on aerosil (Degussa) which does not contain
aluminium a certain long-term stability is achieved.

Starting material for the production of aerosil is the




In EP O 578 441 Bl by using a pelletised silicate car- 30 rier based on
aerosil -(Degussa) which does not containzalum niuma certain |ong-term
stability is achieved. Starting material for the production of aerosil is
the -3 relatively expensive silicon tetrachlorid. Since nmate- rials based

on lattice-layef,si{d Cat&spe St asi MDA (OFEALONLL £y f O eXanple,-are

natural raw materials which can be excavated fromrel evant deposits in the
5 earth, theseldlbyeoaedbyh olt blvemtarr oveliprtdet i sech &3 Ineate carriers

according to . 1 C ficl t i.n The present
invention is éégggﬁéﬁgggmffgo% %ﬁ?%%’f%%%-ﬁﬁﬁn%%%%%ﬁvg%%%%%?%g process for
t he hydrati orwhofclCxamdoe3e ot ®¥d thed Wi tdm waet ke vamt tdep s esence Ofiea cat al yst

whi ch conpri ses cat,al yst, carrjer nated with acid a i n_which the
catal yst car r‘?aelf'ta}h’a:‘t%e“;T/%nk(f:]a\?léerérrrl1 % ‘grjgélf?gtasé‘é%n%?%% %\ée}bo%%fg?rel%%%

si mul t aneousl yilheatld deachd ng acdondiad und nt luen ekewhdrgi ¢ hef Ayt edticpn
reaction 1is as little as possible. Surprisingly it has been found that a
deal uni nat ed © eﬁ@ﬁ;&%dEﬁﬁfﬁ%rp%%%%%son mai nl'y al unmi ni um cont ai ni ng 20

| attice-layer silicates with a nontnorillonite struc- ture, an alum nium
content of less than 0.3% by weight have a high long-termstability, and
that during the process of hydrating C2 or C3 olefins wth water in the

presence of é?@%l%ﬁi@ﬁnVWﬂQY@ ohpR | 5L At A yislhte dareb b 19k LT egnat ed
With acidg by €ardyiddothi ¢t Py¥&E&ss for the hydration of C, and

C3; olefins with water in the presence of a catalyst
‘ which comprises a catalyst carrier impregnated with
acid and in which the catalyst carrier has a long term
stability as high as possible and simultaneously the
15 leaching out of aluminium during the hydration reaction

is as little as possible.

Surprisingly it has been found that a dealuminated
catalyst carrier based on mainly aluminium-containing
20 lattice-layer silicates with a montmorillonite struc-
ture, an aluminium content of less than 0.3% by weight
have a high long-term stability, and that during the
process of hydrating C; or C; olefins with water in the
‘. presence of a catalyst which comprises a catalyst car-
25 rier impregnated with acid, by carrying out the hydra-
tion reaction using a dealuminated catalyst carrier ac-
cording to at least one of the claims 1 to 22, no or
only very small amounts of aluminium are washed out of

the catalyst carrier.
30

Subject of the present invention is therefore a dealu-
minated catalyst carrier based on mainly aluminium-

containing lattice-layer silicates with a montmorillo-



tion reaction using a dealum nated catal yst carrier ac- cording to at | east
one of the clains 1 to 22, no or only very small anpunts of alum nium are
washed out of the catalyst carrier. 30 Subject of the present invention is
therefore a dealu- mnated catal yst carrier based on mainly alum nium
containing | a{ficest ayerusd |4 cat esn Wilnen MRt EOKidA0 of Dhie shancture

wi th an alum niumcontent of less than 0.3 %by weight. Preferred forns of
the catal yst @ndl ofby t¥Rl PhrloceBscHrer R sk Tt nthhecaml ¢3ti #8d &L Furt her
subj ect of the, Preseidss YROAOCE Sodd PIRCESS sd9lcidang eduction of the

al um nium content” of a cata- |lyst carrier which conprises mainly alum nium
containing lattice-layer silicates with a nontnorillo- nite structure,

wherein the catal yst carrier is 10 - inpregnat ed wi th phosphoric acid -
treated hydroth I t t b 160 and an
parti al te?kL v‘gtb%%ﬁfr yu@ies%% ec(%rpl?lr'éI #fg%%t‘%af% e agd%gél)gs%%sequent |y

W th an aci dlﬁorbtalsechua:l‘emmacbf ﬂﬁesmmlmnumtcmtmmemﬁtalrea‘oa’i bet ween

20 and 100 C, d - afterv\@bdirl nsed.V\ét M f ti Inthe washi ng wat er
becones neutrJaY 2P Futthef hbre Uy et dmthe %r% Eht"tWVention is a proc-
ess for the hyaﬁtﬁ*@éimm@fl&tme@apéefi;iﬂslmt@smﬂem & Mmontmorillo-

nite structure, wherein the catalyst carrier is
10 - 1impregnated with phosphoric acid
- treated hydrothermally at a temperature of between
160 and 300 °C and an partial water vapour pressure
‘ of 4 to 80 barapsolute
- washed subsequently with an acidic, basic or neutral
15 solution at a temperature of between 20 and 100 °C,
and
- afterwardsrinsed with water until the washing water

becomes neutral.

20 Furthermore subject of the present invention is a proc-
ess for the hydration of C; or C; olefins with water in
the presence of a catalyst that comprises a catalyst

. carrier impregnated with acid according to at least one

of the claims 1 to 22.

25 The terms hydration and hydration reaction refer, for
the purposes of this invention, to the reaction of wa-

ter with a carbon-carbon double bond.

The terms dealuminating and dealuminated catalyst car-
30 rier, respectively refer for the purposes of this in-

vention to the process of reducing the aluminium con-

tent and a catalyst carrier with a reduced aluminium

content.



t he presence of a catalyst that conprises a catalyst carrier inpregnated
W th aci'd according to at |least one of_the clainms 1 to 22. 25 The terns
hydrati on and hydration reaction refer, for the purposes of this
invention, to the reaction of wa- ter with a carbon-carbon doubl e bond. The
terms deal um nating and deal um nated catal yst car- 30 rier, respectively
refer for the purposes of this in vention to the process of reducing the

al umi ni um Coggyt@ﬂr ao&@tﬁ%eéfgér&@éééegcm&@gr@g id Al 0l ym

content. -5 carrying out t ocess according’to the invention a
cat al yst carra eracalyde prodicedoahiled prodased wnickal silpesedndn

subsequent | v Lreated. | A1 seslayetn sl Licpogales o Lhat sy g notf peabl y

reduced al uminium content conpared t©0 a ca carrier has not
been treé&t edcatceny dimgt tloas ha snonvesdh oy, réducapd tel afiithen cadueed

al um ni um cont ent tgetéong-ter s%abilit% of .thqﬁcatal¥ﬁ$ has been

mai nt ai ned. ByPTRING a“Cat ar st - 40" cattTeF” abehr it t°t &S nventi on
during the priocessed adsooating di agthos t hiventvent i Dn §©rté hef hyisks at i on of
C2 or C3 olefiqi mﬂ%h wat er, the amount of aLuniniun1 | eachi ng out during
the hydrati onf $EAeRF of- FRLHOET cRAR LB Y reoficEdRI THeR™ £ 2wk 11 hisvl @bl e

al umi ni um conpEuNEst 4By Sif ehps oskiee dngiiit Nnddie By diaihenareaeii gy which in
conventional processes |lower the hold up tine of the succeeding
appar at usfs, SUCH % SR exehangetyts pynvention during the process

also according to this invention for the hydration of
C, or Cz olefins with water, the amount of aluminium
' leaching out during the hydration reaction is noticea-
bly reduced. Thus fewer insoluble aluminium compounds
15 are produced during the hydration reaction, which in
conventional processes lower the hold up time of the
succeeding apparatuses, such as heat exchangers, by

blocking the pipes or the areas of heat exchange.

20 The dealuminized catalyst carrier according to this in-
vention with an éluminium content of less than 0.3 % by
weight contains mainly aluminium-containing lattice-
layer silicates. In particular preferred the dealu-

. minized catalyst carrier according to this invention

25 has an aluminium content of less than 0.03 % by weight.
The aluminium-containing lattice-layer silicates are
preferably smectites and have preferably montmorillo-
nite structures. Lattice~layer silicates which exhibit
mainly aluminium-containing lattice-layer silicates

30 with montmorillonite structures are for example the
bentonites. Apart from the montmorillonites, bentonites
can contain other components for example mica, illite,

crystobalite and zeolite.



bl ocki ng the pipes or the areas of heat exchange. 20 The deal um ni zed

catal yst carrier according to this in- vgntion with an alum ni um content of
| ess than 0.3 % by weight contains mainly alum niumcontaining |attice-
llayer silicates. In particular preferred the dealu- mnized catalyst

carrier accorﬂi\@tiﬂ% trﬁﬁ‘@eti‘é’finﬁéﬁr‘t}?@ PESd @k ARG Al g Lot ot ©f L ess
than 0.03 % by wei he al um niumcontaining |attice-layer silicates

are prefer abﬁye%mﬁ’@lt%lsn%n"ep have Pregetadn @ roriomientsonat t@'s2ruct ures.
Lattice-layer s 4'&@5@?&’@'1{3& exhidbiecs ”@éé‘éé’ Sl U U Ue g onf @i 090G -

| attice- Iayer silicates 30 wth nontnorillonite structures are for exanple
the bentonitesngartréatord t het hore noryed oni tesatdentonites can contain
ot her conponents for exanple mca, illite, crystobalite and zeolite. -6
Starting Baterial for the production of a catalyst car- rier according to
the invention are conventional cata- |lyst carriers for exanpl es based on
cal ci ned and Ms@ahue‘rmiyedirceateljy$1at¢ameié1aymccsﬁdim@tm t1bi Shen-

deal um ni zed cat al yst rrier ccordl ng to t vention with an
al umi ni um conf@Ht* %’? "I”e@% Fhah ﬁ“ﬁn%f%yco%?r&no{f g]ree For iy q{meisﬁ ﬂ?ﬁén 0. 03
% by wei ght, v@ﬁ@dtﬁ@r@ﬁfﬁkﬂﬁll&ﬁ@lﬂﬁﬂrﬁl@fﬂ?ﬁ%tb}ﬁeﬂéﬁg&fp‘t{ Shdseates with a

10 m)ntm)rlllomte structure can be ebyl regnatin t he catal yst
carrier with Hhdsphat HEHL " pr BFier Hbt ]15(‘)3’?16 %81%%%%‘1”9% Phosphori ¢

aci d, inlpartm&ﬂﬂﬁwrlllonlte structure can be made by impregnating
the catalyst carrier with phosphoric acid preferably a
10 to 90 & by weight phosphoric acid, in particular
. preferred a phosphoric acid of 50 to 60 % by weight so
that the catalyst carrier contains between 5 and 60 %,
15 preferably between 30 and 40 % phosphoric acid, fol-
lowed by hydrothermal treatment at a temperature of be-
tween 160 and 300 °C, preferably at a temperature of
between 220 and 260 °C and a partial water vapour pres-
sure of between 4 and 80 barasciutes preferably at a
20 partial water vapour pressure of between 16 and 25 bar-
absolute, fOllowed by washing with an acidic, basic or
neutral solution, preferably an acidic or neutral solu-
tion, in particular with water, hydrochloric acid or
' water containing 0 to 30 parts concentrated hydrochlo-
25 ric acid at a temperature of between 20 and 100 °C,
preferably of between 70 and 90 °C and afterwards rins-
ing the catalyst carrier until the washing water has

become neutral.

30 A example of how to carry out the process according to
the invention for reducing the aluminium content of a
catalyst carrier 1s described below, without limiting

the process of the present invention to this example.



preferred a phosphoric acid of 50 to 60 % by weight so that the catal yst
carrier -contains between 5 and 60 % 15 -preferably between 30 and 40 %
phosphoric acid, fol- |owed by hydrothernmal treatnent at a tenperature of
be- tween 160 and 300 C, preferably at a tenperature of between 220 and
260 C and a partial water vapour pres- sure of between 4 and 80

barabsol ute, preferably at a 20 partial water vapour pressure of between 16

and 25 bar- ahsolutes-dpldoned by t‘:’@é"ﬁﬂ%i’%)}ﬁ"}n%@@éﬂ Cof RASLLL Or neutral

solution, preferably an acidic or neutral solu- tion, in particular with
wat er, hydr ochy % | R BEI K ofh i gt @miohtes et Ly tol B0ipeums concent r at ed

hydrochl o 25 t4i i t f. e 1 . preferably
dbte A th@ly 2 { Somer Aty & Of; betue %@ﬁ%lys hfticd

of between 70 and 90 C and afterwar rins- ing carrier until
t he washi Ag wWetwer haisl idrtohesh@utasd . @0 axanp) enaftrimom tlomcarey out the

process accordj 1 i ti f duci ng the al um nium content of a
catal yst car rolq'ler |r¥stoodqels%er6i(lbctga“é€%le‘+%\?@ %E{]&% |5 LT Y cfaf‘fér}b(? otES: of the
present inveritieorcdtmiyits eoanpdes havdqrrd feraeductiont ofm tde al um ni um

content of a cata-.lyst_.carrier ich c rises nmostly al um nium

cont ai ni ng | attice- a\é@esrhaspfefSl’ca L\lé\és}l caoﬁ‘r’n'fgcfr%eaffanll%]tet istiaeuss'l ;]féfs%si'l i cat es
such as, for exsnpls, ophtmmeid |@nidleso orr et tesment aidiggr cadal yst
carriers gan be used Théa tat al yst cta}{)e;i rs hav égareferabl y the form of
spher i calUshapts PEUSH 2 19105t & il §wrs 111s. The spheri-

cal shapes have preferably an average diameter of 1 to

10 mm, most preferred a diameter of 4 to 6 mm.

For the reduction of the aluminium content in the cata-
15 1lyst carrier it is impregnated with acid, treated hy-
drothermally, subsequently washed and afterwards

rinsed.

The catalyst carrier is impregnated with acid, prefera-
20 bly phospheoric acid in order to produce the effect ac-
cording to the invention. A 10 to 90 % by weight phos-
phoric’acid, preferably a 50 to 60 % by weight phospho-
‘ ric acid is used. After being impregnated, the catalyst
carrier should show an amount of phosphoric acid of 5
25 to 60 % by weight, preferably 30 to 40 % by weight. Af-
terwards the catalyst carrier is treated hydrother-

mally.

Under the hydrothermal conditions the lattice-layer

30 silicate material, like for example montmorillonite
changes into cristobalite-like structures. Accompanying
the micropores, that were previously present, disap-

pear. This morphological changes in structure can



cuboi ds, cylinders or also irregular forns, in particu 10 lar preferred
~they have the shape of balls. The spherig-cal shapes have preferably an
average diameter of 1 to 10 mm nost preferred a dianmeter of 4 to 6 nm O
For the reduction of the alum niumcontent in the cata- 15 |yst carrier it

i's i npregnat egd) s £ hy aisé dse & €8y eehbys gt of her gal | ythéupéﬁél%ﬁﬂlﬁ{e“@ﬁaed and
afterwards rinsed, The catalyst carrier is inpregnated with acid, prefera-
20 bly phospho?® cdhet &P at bPHet t BOPE oblr@el t Hénds f eeydpetiverdahgreo t he

i nvention. A 90,9 ; wel ght . phos- (> id, preferably a 50 to 60
% by wei ght p%\%éipﬁg)-@?ri/%pg%éioﬁéigﬂisgﬁc%\??%é b"e?%% i g?%gsﬁ%ﬁg%?“f%sé
catal yst cargferastinedshow an amount of phosphoric acid of 5 25 to 60 %
by weight, preferably 30 to 40 % by weight. Af- terwards the catal yst
carrier i 9 treated hydrother- mally. Under the hydrothermal conditions the
| attice-layer 30 silicate material, |like for exanple nontnorillonite
changes i nto Rydstobatnake-trketmenticolirgse dotcahpanycagride &b et OPOF es,
that were previ es dj sap-_.pear._ Thi s norphol ogi cal changes in
structure canllﬂtgultsz%%%%% %%;%reeénlgjgc?tﬁees@n G ,lefqllue Yor&" Viotlime and
the distributparmsoirgore! radiveetnted dydrdsherabinder AcGHd o £onglhtions
t he so-calleqx;pggg"lpore structurgslD are attained,
pour pressure o etween 4 and 80 barapsoluter
10 preferably between 220 and 260 °C and a partial water

vapour pressure of between 16 and 25 barapsciute-

After hydrothermal treatment the catalyst carrier is
washed with a basic, acidic or neutral solution, pref-
15 erably with an acidic or neutral solution and in par-
ticular preferred with hydrochloric acid; with water
containing O to 30 parts concentrated hydrochloric acid
or with a neutral aqueous solution. The washing of the
catalyst carrier is carried out at a temperature of be-

20 tween 20 and 100 °C, preferably between 70 and 90 °C.

After said washing the catalyst carrier can be rinsed
. with water until the washing water used to rinse be-

comes neutral.
25

The catalyst carrier then has a cumulated pore volume

of between 0.2 and 0.9 ml/g, preferably between 0.6 and

0.7 ml/g. The pressure resistance of the catalyst car-

rier should be of at least 10 N/mm, preferably at least
30 20 N/mm.



5 Hydrothernal treatnent of the catalyst carrier contain- ing lattice-Ilayer
.silicates can be carried out at tem pergqtures of between 160 and 300 C
under a partial wa- ter vapour pressure of between 4 and 80 barabsolute. 10
preferably between 220 and 260 C and a partial water vapour pressure of

bet veen 16 ang 25 harabeal sl 486 YOk OUlerglods et Enta e eatal yst

carrier is washed with a basic, acidic or neutra ution, 15 erably
with an aci dittheorimanridnsdihig ifrdzethe mmphrtredtowdrr of efles regtad t h

hydrochl oric [d, - Wt wat ing. 0.t0,3 s.concentrat ed
hydr ochl ori c ligéltg cécl)!r J\'/hxﬁ th rgﬁgrnee tra er}bqltr}%bua}séls%’l mk?%énﬁ e %%%i ?\% of the
catal yst carrtieré( 3 day risidhloutplatsphaenperaitdir eood £ daeat20y t 3 etro 240 and 100

C, preferably en ./ fter said washing the catalyst carrier
canpbe ri %seé’ bo\elrg ﬁel\u%}ftgr%s??p%%@m%%msneg Water® ts"glcysi T ise’be- cones
neutral . 25 Tmtcairalnestcttiarn ief CGher R3soaefinul afed papecynhuieg of

bet ween 0. 2 d 0.9 [ ref er abl etween 0.6 and 0.7 m/g.. The
pressure resi eanccaetagpfy%%ecp%ralfjaﬁﬁlsgyecjgeﬁa %rd shbuity %%%t)fb%t&qje%kﬁ 10

N mm prefer ailosmiotgasiciB0 s iNprafedrdd 4 specd fae ehpdidmitt of the
process accoridsi n@setc?

10

During this hydration in a reactor filled with catalyst
preferably a tubular reactor olefin and water in a mo-
. lar ratio of between 0.1 and 0.8, preferably between
0.15 and 0.5 are reacted. The olefin to be used and the
15 water to be used are introduced into the reactor gase-
ous or liquid, preferably gaseous. For evaporating the
water and heating both reagents to reaction tempera-
ture, respectively it may be beneficial to introduce
both reagents into the reactor over a vaporisation or
20 thermostat-controlled section, which is heated to the
reaction temperature electrically or by way of heat
carriers which leads into the reactor. The gas hourly
space velocity (GHSV) should be between 10 and 100
. l,/min/lcat. The hydration reaction is carried out at a
25 temperature of between 160 and 300 °C and an absolute
pressure of between 20 and 200 bar. The hydration of
ethene to ethanol is carried out preferably at a tem-
perature of between 220 and 260 °C and an absolute

pressure of between 60 and 80 bar.
30

The exit of the reactor can prferably be connected to a
cooler which condenses out the majority of the sub-
critical components and makes them accessible to fur-

ther reprocesing for example distillative seperation.



the invention, the hydrothermal treatnent of the cata- |yst carrier

i npregnated with acid, which contains 5130 60 % by wei ght phosphoric acid,
preferably 30 to 40 5 % by wei ght takes place by use as a catalyst in a hy-
dration reaction of C2 or C3 olefins. For inpregnating the catalyst
carrier preferably a 10 to 90 % by wei ght phosphoric acid, nost preferred
a 30 to 60 % by weight is used. 10 During this hydration in a reactor

filled with casal aéﬁtrom%@r@i%ya@twpg agn&eégigét%?{yn andywater in a
no lar ratio of between 0.1 and 0.8, preterably between “0.15 and 0.5 are

reacted. The ®RealvStoCREriSEdimpEeghetedswihbercid be asedbaradiatroduced
into the reacw%egééew%ngiygéqehg tl%eé&{é%% 8f3€985re§§£o§va@8éat' ng
eat enpera- ture;

the water and ng both teagents to reaction

respectivély anahnylipecpeneticinried outrbyduges bbtbmaeageapsyinto the
reactor over a vaporisation or 20 thernostat-controlled section, which is
heated to the reaction tenperature electrically or by way of heat

carriers which leads into the reactor. The gas hourly space velocity
(GHSV) shoul dibeibeterea e ahdf400me |l of niné | catalfbe hydiathionaneastion is

bressure of BUTOBER 20 dhat B00BHD! TRE HGAHALT B oF B RBRE T - bthanol | s

pressure of 5%?meen o and
carried out[n&ﬂemeémylmpregm&nedpetmturEh@fr@@&@@ﬁncaﬁﬂlﬂﬁﬂugﬁp &and an
abSO|Utelopr%§f§gg%€QH£§ﬁs ?”p?gnggbfy ggﬁtinuously. The acid can

be introduced into the reactor for example by injec-
. tion. The amount of acid which is introduced into the

reactor can be made dependent on the results of the

analysis of the outflow. Both the analysis of the afore

15 mentioned energy released from the reaction, as well as
the resulting amount of acid to be introduced can be

carried out by automation.

After the hydrothermal treatment of the catalyst car-
20 rier by being used as a catalyst in a hydration reac-
tion, the remaining acid with which the catalyst car-
rier has been impregnated is removed by washing with

" water until the washing water becomes neutral.

25 After the removal of the remaining acid the catalyst
carrier is washed with a basic, acidic or neutral solu-
tion, preferably with an acidic or neutral solution and
in particular preferably with hydrochloric acid, with
water which contains 0 to 30 parts concentrated hydro-

30 chloric acid or a neutral aqueous solution. The cata-
lyst carrier can be washed at a temperature of between
20 and 100 °C, preferably at a temperature of between
70 and 90 °C.



30 The exit of the reactor can prferably be connected to a cooler which
.condenses out the majority of the sub- _gniti cal conponents and nakes them
accessible to fur- ther reprocesing for exanple distillative seperation.
-10 O For controlling the activity and selectivity of the catalyst
carrier inpregnated wwth acid it can be advan- tageous to anal yse the the
outflow of the reactor. The 5 analysis can be carried out by gas

chr omat ogr aphys+ 0 ﬂ&cr%@i%eﬂé f@éﬂ'{gg the cat aéélgt%%zr%gese%gvant a-

geous to add the acid, wth ich the yst carrier

i mpr egnat ed, Witlo deer aatiol duntwasiousd ywatren oeligoontiewosl y preferably
continuously. The acid can be introduced into the reactor for exanple by
injec- tion. The anobunt of acid which is introduced into the reactor can
be nmade dependent on the results of the analysis of the outflow Both the
anal ysi s 6f the @Hforeadd aentdtonkeds energyierd edsiech flowbd heg nesed i a5, as

well as the resultj cid to be introduced can be  carried out
by automati on.® %?%rﬂ?ﬁ%%%%ﬁ%} TS G et hYe gtfeetrh %dg’i%trkﬁleslf“ car -
rier by beingnaisked taseat edt altystay rba dyhmtd@rousacartd ®Onzediei i@mai ni ng

B v DREAL ALY oS TSN O BER L RLSIRRL ST LS LEIDYed BY

of the catalyst carrier by burning off possible carbon
10 compounds attached at between 300 and 1,000 °C, pref-
erably between 450 and 500 °C.

Both variations of the process according to this inven-
tion result in a treated catalyst carrier with a re-

15 duced aluminium content. The treated catalyst carriers
have an average diameter of between 1 and 10 mm, pref-
erably however of between 4 and 6 mm. The total pore
volume is between 0.2 and 0.9 ml/g, preferably between
0.6 and 0.7 ml/g. The pressure resistance after the

20 treatment of the catalyst carrier is at least 10 N/mm,
preferably 20 N/mm. The amount of aluminium in the
treated catalyst carriers is less than 0.3 % by weight,

. preferably less than 0.03 % by weight.

25 The catalyst carriers produced by the process according
to this invention with reduced aluminium content can be

used for the production of catalysts.

The catalyst carriers produced by the process according

to this invention with a reduced aluminium content can
30 according to the invention be used for the hydration of

C, or C3 olefins with water in the presence of a cata-

lyst, which consists mainly of a catalyst carrier



water until the washing water beconmes neutral. 25 After the renoval of the
remai ning acid the catalyst «carrier isjgwashed wwth a basic, acidic or

neutral solu- tion, preferably with an acidic or neutral solution and in
particul ar preferably with hydrochloric acid, with water which contains 0

to 30 parts concaidd at@shiyiHe 39 atd oferdCi sh Ha v NPUldal wb t
ure oO etween

solution. The cata- |yst carrier can be washed at a tenperat

20 and 100 CNahes evidbl &t a tenperature of between 70 and 90 C. -11
After the washing the catalyst carrier can be rinsed wth water until the
washi ng wat er becones neutral. 5 In the case of catalyst carriers which by
being used as <catalysts in a hydration reaction have been hydrother- mally
treated, it rine iz addvantreyesusslwuft erarsiduciimg intdeealamidiwimicont ent i n

the catal yst caryri 0 . cat al yst...carrier. hy burning off
possi bl e %:gar ﬁocflid’l’o%(r:roen%)egruandl?;kﬁoa%i%ela{aabcgtc\}//\)eeTnhesdbu aanntdlq{y, (ﬁﬁr) %&pr ef -
erably bet wegrhot5E amd b0ha@l Bothetwardratd sl of0 ttheéoyprotiegst according to
this inven- tion.r 3 e | yst carrier, with a re 15 duced
al uni ni um conten ?reaﬁi tﬂréejca eetd{ ?&q aﬂqi/(gslf(%’a?bﬁ S IV a??maw age” di anet er
of between 1 maendnith nytgingfi-c ercthiwithovelverheofinyetampent «H and H.yam  The
total pore volune iseEbetV\.een 0.2 .and QC.9 n1/tgal pretferabl,y between 0.6 and
Ciatalys

0.7 m/g. Th&Prestur € PesiMHHE E% carrfer an aque-

10 ous phosphoric acid solution which contains a phospho-
ric acid guantity of between 10 to 90 % by weight,
preferably between 50 and 60 % by weight is used. The

‘ acidic catalyst thus produced is filled in a reactor,
preferably a tubular reactor. The reactor is operated

15 isothermally or non-isothermally, preferably isother-
mally and can be heated electronically or by way of

heat carriers.

The reactor is fed continuously or discontinuously,

20 preferably continuously, with the reagents water and C,
or C; olefin. The ratio of water to olefin with which
the reagents are fed into the reactor is adjusted at a
molar ratio of between 0.1 to 0.8, preferably between

" 0.15 and 0.5 . The molar ratio can be adjusted by using

25 for example a mass flowmeter. Both reagents can be in-
troduced into the reactor liquid or gaseous, preferably
gaseous. For evaporating the water and heating both re-
agents to reaction temperature respectively it may be
beneficial to introduce both reagents into the reactor

30 over a vaporisation or thermostat-controlled section,
which is heated to the reaction temperature electri-
cally or by way of heat carriers. The temperature in
the reactor and the temperature with which the reagents

flow into the reactor should be between 160 and 300 °C.




20 treatnent of the catalyst carrier is at least 10 Nmm preferably 20

- Nmm The anmount of aluminiumin the treated catalyst carriers is |ess
than 0.3 % by weight, preferably [ess than 0.03 % by weight. 25 The

catal yst carriers produced by the process according to this invention with

reduced alunlFbuntﬁ@nh9a&a%aenb%eae%ggnfB% EﬁﬁeQEOQBCEkR af Cgba'ySts The
catal yst carriers produced process accordin ACs i ivéntion with

a reduced al uRPRPERPEBREEAD gﬁﬁ Séaéé@érdhdgth@ th&pEMHEHKEOW1bB used for
t he hydrati ony,pt r [ e _presenc
wRf chC2he rggg@hgg @§o%‘ﬁhtgakﬁé L0 aEQEE %PeBF8§e£883Vd|ng to

l'yst, which consists mainly of a catalyst carrier
t he |nvent|onbﬁ§VEﬁ§ Bé@nanﬁpZéQ ﬁat@dempthsaurd iRr efier abhytbheigat al yst

carrier is i e t tQhea i b phosphoric acid. The
quant ity of phoscenodnde, O BeraeRh 20, Bh e ah TSk drercores b it

preferably bebhgeheB@eandocd0eny8debghiyst.abtain the maxi mum catal ytic
activity of the inpregnated catalyst carrier. For inpregnating the

catal yst carrier an aque 10 ous phosphoric acid solution which contains a
phospho- ric acid quantity of between 10 to 90 % by weight, preferably

bet ween 50 anBh&0efibyofietiyht réscusedis Theeraghii¢ cahabystqt bys,produced
is filled in a rﬁactor referabl% a tubul ar reactor. The reactor is
operated 15 iS3Phef mafPichr CABNCPROERE? narF ythorer épably ¢Eothercomal |y and

can be heat edoehect s omhdahtYe Ofhd¥e Wa¥cO®$sible to further reprocess-

ing.

. To control the activity and selectivity of the acid im-
pregnated catalyst carrier, it can be beneficial to
analyse the outflow of the reactor. This analysis can

15 Dbe carried out by for example gas chromatography.

To increase the lifetime of the catalyst it is advanta-
geous to add the acid, preferably phosphoric acid, with
which the catalyst carrier has been impregnated, into
20 the reactor continuously or discontinuously, preferably
continuously. The acid can be introduced into the reac-
tor for example by injection. The amount of acid which
. is introduced into the reactor can be made dependent on
the results of the analysis of the outflow. Both the
25 analysis of the outflow and the determination resulting
amount of acid to be introduced can be carried out by

automation.

Figure 1 and Figure 2 show the rate of consumption of
30 ethene and the rate of formation of ethanol in depend-

ence of the reaction time by using differently treated

catalyst carriers without limiting the process accord-

ing to this invention to these results.



heat “carriers. The reactor is fed continuously or discontinuously, 20
preferably continuously, with the reagensys water and C2 or C3 ol efin. The
ratio of water to olefin with which the reagents are fed into the reactor
is adjusted at a nolar ratio of between 0.1 to 0.8, preferably between
0.15 and 0.5 . The nolar ratio can be adjusted by using 25 for exanple a
mass flowneter. Both reagents can be in troduced into the reactor liquid or
gaseous, preferably 1 gaseous. For evaporating the water and heating both
re- agents to reaction tenperature respectively it nmay be beneficial to

{Rer noStat - cont rol Tl Seottor - ah oh | ROal e 0 1he 7 kaatt om'd mer at ur o

thernostat-contr ed section, which is heated to t
el ectri- cal lydbratbyomaseatt heatlsashdwr sin Theperehperataf ethe rede-react or

and the tenp re: Wt [ aﬁgggs w into the reactor should
be bet wee% 12%1655&1”&%3(%6&40, 2”%11 i‘%:‘%cﬁ y ra?%%énroj\'r%ééac Slo%r%fsré?"ﬁ%he to

et hanol , the Thenpsratneeents thepresoitoed dnd ¢iweetenpesdtirteo witidr  whi ch
t he reagents ow | nt ol eferably, between 220 and, 260 C.

The pressure L|f‘4nt? hdef]rée)oa%%lg?gtle%% %fn %S%kgér}%n@eglbao%/l‘beet PO~ HHY 2HEF

bar absol ut e, vpref ex arewl ga thet weee e H0r snd Bth thairahspltie dhegaxdt of the

reactor is preﬂgrqﬁh{ %Qﬂﬂﬁftﬁﬂnto a _c ohﬁi,(ﬁgicqyfaqécondense out the
majority o ponent’s an SSi rther
ty of tHE¥Em%o TS e’ niiE t Heke ey B P furdh
reprocesso i ngnsumption of ethene represented by squares result
from three series of experiments which were carried out

using a catalyst carrier with a reduced aluminium con-

. tent.

15 Figure 2

In figure 2 the rate of formation of ethanol during in
a hydration reaction in dependence of the reaction time
is shown. The data from four experiments are shown. The
measurements represented by circles refer to the rate
20 of formation of ethanol relative to reaction time when
a new catalyst carrier containing the original amount
of aluminium is used. The data of the rate of formation
" of ethanol represented by squares refer result from
three series of experiments which were carried out us-
25 1ing a catalyst carrier with a reduced aluminium con-

tent.

The process according to the present invention is de-
scribed by the examples below without being limited to

30 these examples.



To control the activity and selectivity of the acid im pregnated catal yst
carrier, it can be beneficial to analysesthe outflow of the reactor. This
anal ysis can 15 be carried out by for exanple gas chromatography. To

increase the lifetinme of the catalyst it is advanta- geous to add the acid,

preferably phasphpieclacirde wiyhbhewhbchbrt Bengabal ystncahr LgE rRas heen

I npr egnat ed, in%o 20 the reactor continuously or discontinuously,
preferably cGAFFhUSGsFYTTFAE acid can be introduced into the reac- tor for
exanpl e by injection. The anpbunt of acid which is introduced into the
reactor can be nmade dependent on the results of the analysis of the
outflow. Both the 25 analysis of the outflow and the determ nation
resulting anblfite¥PeacRaNtotpeki Rtpr6dutrdacahlbe phantedhose byre

automati on, Hrgufe-dnand,Ei gur consunption_of 30
et hene and th% rate ofgfggngﬁigﬁggggg¥%22§I5?%§ag%%ngu§ﬁggrofe?ﬁ °feaction
time by using8itfePenmmyinréaneth sadafi§smmcdianetsrwi thout liniting the
process accord- ing to this invention to these results. -14 Figure 1 In

figure 1 the Thterofgenhsurptéonand ethene auvei gt sodbyddaiheos tgaction is

O CPEPIERCE, ObyLbeal 62600s LLONALT OF - (he, data, TLom Lon gxper ! ments

are shown. The neasurenents represente ci FETRe-P RGP E rate of
consunpti on ofeetheme velalhi ve ¢becenttabhytha®ted to the reaction

10 temperature. The water is introduced liquidly through a

pump, while ethene is taken from a 130 bar steel flask.
“ The introduction of a mixture of ethene : water at a
molar ratio of 0.3 : 1 is controlled by a mass flow-

meter.
15

The exit of the reactor is connected to a cooler which
condenses out the majority of the subcritical compo-
nents, mainly ethanol, water and diethylether, the rest
is diverted to the waste gas whose volumetric flow is
20 measured by a gas-meter. A part of the waste gas is fed
through a bypass into a gas chromatograph. The liquid

products are also analysed by gas chromatography.

The synthesis of ethanol according to the present exam-
25 ple was measured at a temperature of 240 °C and a pres-

sure of 70 barapsciute. The standard test conditions are

summarised in Table 1. The catalyst used was an un-

treated new catalyst carrier, the KA-1 of Siidchemie AG.

The properties of the carrier are summarised in Table
30 2. Conversion and selectivity values reached at the

start of the experiment are included in Table 2.



when' a new catal yst carrier containing the original anount of aluminiumis
used. The data of the rate of 10 consumptg-on of ethene represented by
squares result fromthree series of experiments which were carried out
using a catalyst carrier with a reduced alum niumcon- tent. 15 Figure 2 In
figure 2 the T@t&e@érrﬁpﬁémﬁh@napum%mﬂ%o%éwgof N L@ \?é{éé é@r‘cé?ac“ on
in dependence of the reaction time is shown. The data rom

experi ments afeeBHowhS The apehiseenehl @@p@*@@eme@nbysmmchescrefer to
the rate 20 of (dse@ii0orOfctRANOLFEI3EI Y8 L9, éfﬁﬁéﬁ@n FhLe, Mhgn. @ new
catal yst carrier containing the original anmount alumniumi1s used. The
data of the r%ﬁ@womﬁwtwewr&mwwemesredmcem‘b@/lngmemde;gr
result frgq S o) u S ing a
cat al yst car ré%ﬁ\?\nat %Iﬁ\?% %ﬁ%&fﬁﬁ%%%%@e&@cﬁ% ogeés%yaccor di ng
to the pr esennadmvkemtl@zh Jab ge- YscTh@ederlt@eoﬁxtarﬁmlmab@d;Dw aéhout bei ng
limted to S éhese es. -15 Exanple 1: The synthesis of ethanol with
an untreated “ca alyst carri'er The experinment took place in a pilot plant
whose core 5 part contains an isothermally operated tubul ar reactor of
1,000 mMmin length and 48 nm di aneter. The reagents water and et hene are

IntrOducedllE££%g$% 2: The synthesis of ethanol with an untreated

10 old carrier

" ' The experiment was repeated in the same way as de-
scribed in Example 1. This time an untreated catalyst
carrier that had already been used for the catalysis of

15 a hydration reaction 1is employed ('old carrier').
Again the standard test conditions shown in Table 1 are
relevant. The results of the experiment as well as the

properties of the catalyst carrier are given in Table

2.
20
As can be seen from the values in Table 2, the specific
surface of the impregnated catalyst carrier decreases
" after the catalyst has been used only once. Similarly

the aluminium content is reduced to approximately % of
25 its original value by the single use as catalyst. The
remaining % of the original amount of aluminium in the
untreated new carrier are leached out during the hydra-
tion reaction. This aluminium forms the insoluble sedi-

mentations which hinders the reprocessing steps.

30



reactor over a vaporisation or thernostat-controlled section, which is

. electrically heated to the reaction 10 tjenperature. The water is introduced
liquidly through a punp, while ethene is taken froma 130 bar steel fl ask.
The introduction of a m xture of ethene : water at a nolar ratio of 0.3 :
1is controlled by a mass flow neter. 15 The exit of the reactor is
connected to a cooler which condenses out the majority of the subcritical

compo- nents, pamiply sihenol synehesiandediehhybethery Lhe, Leply Lgqdiverted
to the waste gas whose volunetric flowis 20 rreasure}& y a gas-neter. A
part of the wadtelghs is fed through a bypass into a gas chromat ograph.
The liquid products are al so anal ysed by gas chronat ography. 0 The

synt hesi s of ethanol according to the present exam 25 ple was neasured at
a tenperature of 240 C and a pres sure of 70 barabsolute. The standard test
condi ti ons arBhe semip@F i Bert | wa Tabher led Thiet ci atlyst sasedwavasa@ndan- treat ed

new catal yst gcar{ji el it e Khs1. 0 chem G __The properties of the
carrier are sunnar?sed%in %@E%% gosgg %%%%§¥€#o%aﬁﬁﬂﬁge? c?i@???yvalues
reached at thesedtakd @odrther experemehdyed evhaes useshnimi Jabdenent 16 To
determ ne theg, 1 of the catalyst car- rier this was anal ysed
with an at onmi ca{J‘C!leLnl%ggsegl5 g%%%%%gr‘%ﬁf offe Eétfm%rgf o e T ar® Ofc P expet i nent .
The atomic of this invention. Again the standard test conditions

10 shown in Table 1 are relevant. The results of the ex-

periment as well as the properties of the catalyst car-

. rier are also given in Table 2.

The deactivation of the catalyst carrier with, as well
15 as without, a reduced aluminium content are represented

in both Figure 1 and Figure 2.

As can be seen from Table 2 the aluminium content of a
catalyst carrier is reduced to less than 0.03 &% by
20 weight by treating the old carrier in the process ac-
cording to this invention. This value represents the
detection limit of the atomic emission spectrometer
. used. The pressure resistance of the treated old car-
rier is 30 N/mm sufficient to gquarantee good long-term

25 stability of the catalyst carrier.

In spite of treating the catalyst carrier and reducing
its aluminium content to a value less than 0.03 % by
weight, the conversion of ethylene and the yield of

30 ethanol both remained good compared to an untreated,

unused catalyst carrier ('new carrier') and to an un-



em ssion spectroneter used was an inductively coupled 5 plasnma atom c

. em ssion spectroneter (ICP-AES) JY 38+ —ymde by | SA Jobin Y. The results of
the analysis are shown in Table 2. Exanple 2: The synthesis of ethanol
with an untreated 10 old carrier The experinent was repeated in the sane
way as de- sctibgtedinoEyappkeidr, Thespbifkvanyuntieat ed; gatalysh- carrier
that had already been used for the catalysis of 15 a hydration reaction is
enpl oyed (' ol 8¥eaFffet™) the pgaPRePhe¥@BAdArd test conditions shown in
Table 1 are relevant. The results of the experinent as well as the
properties of the catalyst carrier are given in Table 2. 20 As can be seen
fromthe values in Table 2, the specific surface of the inpregnated

catal yst carrfercaecheasesn &fesriifiereal ahpdt Fhasrbe2nrededingl yhence.
Simlarlycg th AT nt .j C roximately, 14.of 25 its
ori gi nal 5%Iu%lg@yg%ghs?%g?gﬁﬁs%cgéréggglggtgﬁ%ﬁéPog% i%?néh?,ﬁnaf t he
ori gi nal anouvienoionl uas nhaninhludece uon r elat edanevo £ acoh eampt oheaghed out
during the hy - 1 reaciyon is-alum nium forns the jnsol uble sedi-
ment ati ons mh?%ﬁe%%n@%?sgﬁh%hgeﬁ?g%eégi %r@?tb%? %% S§RaRQhmpl e 3: The
synthesis of ethanol with a treated old «carrier



5 The experinment was carried out
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The standard experimental conditions used in all experi-



5 al uni ni um cont ent according to the process of the in vention has no
. i'nfluence on the rate of consunption of-2@thene nor on the rate of
formation of ethanol. 0 -19 0 Table 1. The standard experi nental

conditions used in all experi nents.

Pr ocess Par anet er Val ue t ot al

nol

N nmd0 N mmB

St andard experi nment al
reacti on pressure70 bar tenperature of the

condi ti ons

reactor 240C (isotherm GHSV21.3 In/mn/lcat water ethenel.0 : 0.3 nol
mat.grLakKA-1 (Sudchem ¢) - 20 _Prope New—Carrierntreated
O dTreated O d ?anr gnated car-Ca rN%VCg?FFé?Pr'ngr?GFég Wil ensfseazed Old
BET) 20 m/g4 m/g3 n2 /g cunmul at ed pore

vol-0.7 m/g
Si content 25

) GAREPgBhea Fatone A

b. w-@rsien, b,

V. - 0C0BY%i Brw.

(ethanol) at start

of experiment

content1l.3 %
Yibrw. 25 % b.w. 24 % b)w.
force withstood 20 N/mm 40 N/mm 30 N/mm
spec. surface (BET) 20 m/g 4 m*/g 3 m’/qg
cumulated pore vol- 0.7 ml/g 0.4 ml/g 0.4 ml/g
ume
Al content 1.3 % b.w 0.31 % b.w < 0.03 % b.w
Si content 25 % b.w 25 % b.w 24 % b.w
H,PO, content 35 % b.w 36 % b.w 35 % b.w
ethene turnover at 5 % 5 % 6 %
start of experiment
volume-time yield 77.4 g/lcac/hr|76.4 g/lcar/hr|79.8 g/1lcac/hr

Table 2: A comparison of the properties of the three types of

catalyst carriers used




H2PO4 content35 % b.w. 36 % b.w. 35 %b.w ethene turnover at5 5 %% 0 O

. start of experinent volune-time yield77.4 g/l~at/hr76.4 g/l,:at/hr79.8
g/10at/hr (ethanol) at start of experinent Table 2 A i : conpar son of
the properties of the three types of catalyst carriers used 0 -21 5
Clains: 1. Catalyst / catalyst carrier with an alum niumcon- tent of |ess
than 0.3 % by wei ght obtainable from _gaiLnly layer-lattice silicates which
contain alu- mniumby a dealum nating process. 10 2. Catalyst / catalyst
carrier according to claiml1l, wherein the said catalyst / catalyst carrier
has an al um nium content of |ess than 0.03 % by wei ght.

5 Claims:

1. Catalyst / catalyst carrier with an aluminium con-
tent of less than 0.3 % by weight obtainable from
mainly layer-lattice silicates which contain alu-

‘ minium by a dealuminating process.
10

2. Catalyst / catalyst carrier according to claim 1,
wherein the said catalyst / catalyst carrier has an

aluminium content of less than 0.03 % by weight.

15 3. Catalyst / catalyst carrier according to one of the
proceeding claims, wherein said layer-lattice sili-
cates used are smectite and / or have preferably

montmorillonite structures.

20 4. Catalyst / catalyst carrier according to one of the
proceeding claims, wherein said catalyst carrier
has a cumulative pore volume of between 0.2 and 0.9

ml/g.

25 5. Catalyst / catalyst carrier according to one of the
proceeding claims, wherein said catalyst / catalyst
carrier has a total pore volume of between 0.6 and
0.7 ml/g.



15 3. Catalyst / catalyst carrier according to one of the proceeding
claims, wherein said layer-lattice sili- cates used are snectite and / or
have preferably nontnorillonite structures. 20 4. Catal yst / catal yst
carrier according to one of the proceeding clainms, wherein said catalyst
carrier has a cunulative pore volunme of between 0.2 and 0.9 nml/g. 25 5.
Catal yst /. catalyst carrier according.izzJJne of the proceeding clains,
wherein said catal st / c?t carrier has a total pore volune of

bet ween 0.6 @nd € % Y$Fg/ <2 alBStCQ?éFygf pceardlipst teapneepfatber ding to

one of the procq@%@ge@iﬁ%n*élamgreme:?ém gg}a' Xﬁtcraﬁgg@t 2l ¥atay g%ft”er has

t he shape of a spheri cal 7. al yst cata t “carrrer according
to one of the p?%%%b@?n@aél%PﬁBSh@h@r@fnasapbecacaﬂybbdy catalyst carrier
has the shape of a ball. 8. Catalyst / catalyst carrier according to one of
t he 10 proceeding clainms, wherein said catalyst / catalyst «carrier has a
di aneter of between 1 and 10 mm 9. Catalyst / catalyst carrier according
to one ob the Falcrkhgy ctatabysthearrbesaadcoatishysto/ onat akyshe 15

h d 4 t / t al
gg;;:g; agio?dlﬁwgﬁé%ﬁég% % br%@%g%}%gsﬁfé ﬁ%tayﬁﬁ¥2(nc§ggégégtalyst /

cat al yst carrier has the shape of a ball.

8. Catalyst / catalyst carrier according to one of the
‘ 10 proceeding claims, wherein said catalyst / catalyst

carrier has a diameter of between 1 and 10 mm.

9. Catalyst / catalyst carrier according to one of the
proceeding claims, wherein said catalyst / catalyst

15 carrier has a diameter of between 4 and 6 mm.

10. Catalyst / catalyst carrier according to one of the
proceeding claims, wherein said catalyst / catalyst

carrier has a pressure resistance of at least 10

" 20 N/mm.

11. Catalyst / catalyst carrier according to one of the
proceeding claims, wherein said catalyst / catalyst
carrier has a pressure resistance of at least 20
25 N/mm.

12. Catalyst / catalyst carrier according to one of the
proceeding claims, wherein said catalyst / catalyst
carrier obtainable from lattice-layer silicates

30 containing aluminium by carrying out the following

steps:



carrier has a pressure resistance of at least 10 20 NNnmm 11. Catal yst /

. catalyst carrier according to one of the proceeding clains, wherein said
catalyst / catalyst <carrier has a pressure resistance of at |east 20 25
N nmm 12. Catalyst / catalyst carrier according to one of the proceeding
clainms, wherein said catalyst / catalyst carrier obtainable from

| attice-layer silicates 30 containing-284um ni um by carrying out the
followng steps: -23- inpregnating with an acid treating hydrothermally
washing with an aci di cIMRI'BE8#E1B¢ Wikkudrakcidol ution 5 as well as
optionally rinsing with water. 13. Catalyst / catalyst carrier according to
claim 12, wherein sai®redepng-hpdironpeegadtiyng with an acid conpri ses
inpregnating 10 with a mneral acid, in particular wth phosphoric acid.
14. Catal yst / catal ysfaghing evitlecan dioidio, omebofither &l abusri? to 13,
wherein said step 15 -sd&g tgy%( othermal treatnent takes place at a tenpera-
ture of between 160 and 30 and/or at an partial water vapour pressure

of bet“egn 4 and 80 bQ§§&WEll as optionally rinsing with water.

13. Catalyst / catalyst carrier according to claim 12,

wherein said step

‘. - of impregnating with an acid comprises impregnating
10 with a mineral acid, in particular with phosphoric
acid.

14. Catalyst / catalyst carrier according to one of the

claims 12 to 13, wherein said step

15 - of hydrothermal treatment takes place at a tempera-
ture of between 160 and 300 °C and/or at an partial

water vapour pressure of between 4 and 80 bar...

‘ 15. Catalyst / catalyst carrier according to one of the

20 claims 12 to 14, wherein said step

- of hydrothermal treatment takes place at a tempera-
ture of between 220 and 260 °C and / or at an par-
tial water vapour pressure of between 16 and 25

baraps, .
25

16. Catalyst / catalyst carrier according to one of the

claims 12 to 15, wherein said step

- of hydrothermal treatment takes place completely or
in part during the use of said catalyst / catalyst

30 carrier in a hydration reaction.




15. Catalyst / catalyst carrier according to one of the 20 clains 12 to
. 14, wherein said step - of hydrothernal treatnent takes place at a tenpera
ture of between 220 and 260 C and / or at an par- tial water vapour
pressure of between 16 and 25 barabs. . 25 16. Catalyst / catalyst carrier
according to one of the clains 12 to 15, wherein said step of hydrothernal
treatnent takes place conpletely or if2g¢art during the use of said catal yst
/| catalyst 30 carrier in a hydration reaction. -24 17. Catalyst / catalyst
carrier according to one of the clainms 12 to 16, wherein said step - of

washi ng takegz C er ature of between 5 20 and 100 C. 18.
Catalyst / c é% Fler EiiﬁﬁﬁrﬁF%E#%%ea%ﬁorﬁbngctaiqsel@ftbhé?,

wherein said steflaind Mastd ND6 | alkesrd RCE& B4 @t%gnperature of between 10
70 and 90 C. 19. Catalyst / catal yst carrler according to one of the

claims 12 ta 18,0MRe{dHim kes ce with water,
° The Ak e;Ple?ce conta‘pnl nguf)et(g%% FPHATER of

with hydrochlo- 15 ric acid or with water
concent r at ed hyé#bém4N¥Qpad?d 20. Catalyst / catalyst carrier according

to one of the

18. Catalyst / catalyst carrier according to one of the

claims 12 to 17, wherein said step

- of washing takes place at a temperature of between
’ 10 70 and 90 °C.

19. Catalyst / catalyst carrier according to one of the

claims 12 to 18, wherein said step

- of washing takes place with water, with hydrochlo-
15 ric acid or with water containing 0 to 30 parts of

concentrated hydrochloric acid.

20. Catalyst / catalyst carrier according to one of the

claims 12 to 19, wherein said step

20 - of rinsing takes place until the washing water be-

comes neutral.

21. Process for producing a catalyst / catalyst carrier
according to one of the claims 1 to 11 by a process
25 which comprises the steps according to the claims
12 to 20.

22. Process according to claim 21, wherein the catalyst
/ catalyst carrier is purified by burning off ad-

30 hering organic carbon-containing compounds at a




claims 12 to 19, wherein said step 20 - of rinsing takes place until the

. washi ng water be cones neutral. 21. Process for producing a catalyst /
catalyst carrier according to one of the clains 1 to 11 by a process 25
whi ch conprises the steps according to the clains 12 to 20. 22. Process
according to claim 21, wherein the catabyst / catalyst carrier is purified
by burning off ad 30 hering organic carbon-containing conpounds at a -25
tenperature of between 300 and 1,000 C, before the steps according to one
of the clainms 12F¢BPS¥RLrEe appPeercen 8093angr 888 8€, hpdrfatrieomn hef

ol efins, preferablaps2@or&Bn €6 Hse éé"ftPhgﬁéﬁéihgcg?:@;?%%%. of at

| east one catalyst, which is made froma cata Tyst carrier
according to oneR#1i%@ clains 1 to 20 inpregnated with acid. 10 24.
Process according to claim 23, wherein the hydra- tion reaction is carried
out in a reactor an olefin to water nolar ratio is adjusted to 15 between
0.1 and 0.8 in the reactor has a gas hourly space velocity of 10 to 100
In/mn/l éat 23. Process of hydration of olefins, preferably C, or

C; olefins, with water in the presence of at least
one catalyst, which is made from a cata-
lyst/catalyst carrier according to one of the

claims 1 to 20 impregnated with acid.

® v
24. Process according to claim 23, wherein the hydra-

tion reaction
- is carried out in a reactor

- an olefin to water molar ratio is adjusted to

15 between 0.1 and 0.8 in the reactor

- has a gas hourly space velocity of 10 to 100

ln/min/lcat

- said catalyst contains 5 to 60 % by weight of

acid, and

. 20 - the hydration reaction of the olefins is car-
ried out at a temperature of between 160 and
300 °C and an pressure of between 20 and 200

barapsolute -

25 25. Process according to one of the claims 23 to 24,
wherein said acid with which the catalyst / cata-
lyst carrier is impregnated is a 10 to 90 % by

weight phosphoric acid.

30 26. Process according to claim 25, wherein said acid

with which the catalyst / catalyst carrier is im-



- said catalyst contains 5 to 60 % by weight of acid, and 20 - the
hydrati obn reaction of the olefins is car- ried out at a tenperature of

bet ween 160 and 300 C and an pressure of between 20 and 200 barabsol ute
25 25. Process according to one of the clainms 23 to 24, wherein said acid
with which the catalyst / cata- lyst carrier is inpregnated is a 10 to 90 %
by weight phosphoric acid. 30 26. Pr oces according to claim25, wherein
said acid wth which the catalyst / catalyst carrier is im-26 pregnated
is a 50 to 60 %RARFIRA iR bﬁo%p%%r?% 6@ct ddy 27ei@hbcelsspbonidi ng to one of
the clains 23 tq38. 5 wherein said catalyst contains 5 to 60 % of an
acid, calculated as pure acid, in particular a mn- eral acid |like
phosphoric acid. 28. Process according to one of the clains 23 to 27, 10
wherein the hydration reaction for producing etha nol fromethene is

carried out xaf f ween 220 .and 260 C and a pressure of

bet ween 60 an'daP 0 gar.aatlgcgrg&rﬁ gtﬁées%neac% rtol?%gcf%l’&?le?gft?h 6claims 23 to
28, whePein thehsimfim amsietl eath et vaderaitsed afe 60-3 tepdgged into the
reactor in gase%&ﬁcﬂogglculated as pure acid, in particular a min-

eral acid like phosphoric acid.

28. Process according to one of the claims 23 to 27,
‘. 10 wherein the hydration reaction for producing etha-
nol from ethene is carried out at a temperature of
between 220 and 260 °C and a pressure of between 60
and 80 bar.

15 29. Process according to one of the claims 23 to 28,
wherein the olefin used and the water used are in-

troduced into the reactor in gaseous form.

30. Process according to one of the claims 23 to 29,
‘ 20 wherein said acid is introduced into the reactor

during the course of the hydration reaction.

31l. Process according to claim 30, wherein said acid

used is phosphoric acid.
25

32. Process according to at least one of the claims 23
to 31, wherein said acid is injected into the reac-

tor continuously.



30. Process according to one of the clainms 23 to 29, 20 wherein said acid
is introduced into the reactor during the course of the hydration
reaction. 31. Process according to claim 30, wherein said acid used is
phosphoric acid. 25 32. Process according to at | east one of the clains 23
to-31, wherein said acid is injected inte_the reac- tor continuously. -27
33. Catalyst for the hydratlon of oleflns to al cohol s obtainable by

bri ngi ng |nt93co tac the cat st [ catalyst carrier according to one of
the clai ms t%%rc IE}%@r?t%‘é@a@%‘?l@ﬁi@ﬁeFOpiibﬁgbeéISS

accordi ng tO Oneokﬁlfairliwbllé akb};ﬂﬁbﬁﬂ-néﬂncgzlx‘{‘téhcé‘nﬁégt @lrlé‘l Ld
particul ar phosphoric aC|d respec- tively. 34. Catalyst r Yﬁe ﬁydration

of olefins to alcdHot%sSt 1??%’&%%?&?@0¥%1%gat@n %emmfchheoﬁlaims 5 to 60 %
by weight acid,tcadcWmd e@h@scépggpygy jo s V\%é a(lhé(ls]g ér ﬁXSt carrier
ere

accordi ncé; to one of the clains 1 to 20, e sald y%ij / cata
a

15 lyst earrier aRECEAINGEAR g t9F *\'all%rq:banmallil etoI22<ewstm ustrufe- O
eral acid, in particular phosphoric acid, respec-
tively.

34. Catalyst for the hydration of olefins to alcohols
10 according to claim 33 which contains 5 to 60 % by

" weight acid, calculated as pure acid.

35. Catalyst / catalyst carrier according to one of the
claims 1 to 20, wherein the said catalyst / cata-
15 lyst carrier has at least partly a cristobalite-

like structure.




