:e3eNL6TN uR-1 4 Cctober 2002 5 Deal um nated catal yst carrier, process
for producing the catalyst carrier and-process for hydrating C2 or C3
olefjns with water in the presence of a catalyst which consists this
catalyst carrier inpregnated with acid. 10 Clained is a Peelqunat

. er 2
catalyst carrier, a process for producing the catalyst carrier and a
process for hydrating CZ or C3 olefins with water in the presence of a

catalyst vvhlc%w s this catal yst carrier impregnated with acid. 15

is knomﬂ“W@ s of | ow nol ecul ar nmass mhl I|near or have
onIy fewb
u

an be converted to al cohols by fth steamin

the gas phase uné” the application of high tenperat res 20 sures.

O significance for large scale is therein the synthesﬁ@mvf ethanol from

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

t akes pl ace bp the presence E_aeldlc catal sts mh%reln usuall a catal yst
A4 e Droce I .

carrier cons i s used,

whi ch has beemd mmeg@@tte@ammrprawpmrdc@samf@,r mgrsjmecttm\gelcy ofhe; mat eri al
of the catal yst |s usual |y lUIId up of p%re SI|I |ctaC|c [i ke for

exanpl e sili¢ca 579760 PLESREICE g Satad ith a
varying a”DU&bn%Esﬁdﬂﬂmﬂﬁ &u$a8®@anaNQle% 3%%&%@%bt%@deQ%Sb%h@ of pure
| ayer-latticé silTicates (sheet -2 4 Cctober 2002 structure srr1cates)

for exanple those containing nontnorillonite (DE 29 08 491), respectively.
Apart from these phosphoric acid-containing catalyst 5 carriers, also

ool i (1 g Malcaridsn AP sk ILRR 328 203198 Qfandilay, acifieesat al yst s
| i ke for exanple zircon phosphate (GB 00
or producing the catalyst carrler 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-



Untitl now for carriers which are based on silicic acid 10 in the form of
silica gel exclusively the nechani cal haydness is questionable over a
| onger hold up time. Al um niumcontaining catalyst carriers or those con

sisting of only alum na show a noticeably higher |ongter tahilit ut
they have the inmense dsiﬁ%dvﬂet esgeds;LS that gl ur{: niumis {ne(gccﬁp%aeroga%érjom
the catal yst CArtier during 3 1e Hy drdt i s G S FE€ G 1 HE %f f ect  of
phosphori c aeichtmihel ldlamiivd wdEerds 08 491 )t,he peerddidlg, .appar at uess as
poorly sol uble sedinentations in formof alum nium phosphate. These
apparatuses thereby 20 are gradually blocked. In DE 1 |56 772 a process is
descri bed for reducing the alum niumcontent of the lattice-layer silicate

by re action apdhr dmoaiiyd galrﬁﬁj[:d)o \ \eelrd—c%\fﬁcraﬁ'trg’ dft A densi ve
washing with hydrochloric acid the carrier material still shows the
presence of &FPioHdiTat e1hpol 8P L Pl Gustadiarigfl salang Magd (E5P ©P 32378 441 Bl
by using a p tdise idd Al j Itgaése . I l{igeéﬁ 1) which
does not con?jadigﬁ Halls)u%]ﬁfliduﬂnrfé}t ;eaeﬁqgli?tg Cfdotﬁ%l-termqsﬁq{a%b?ﬁr??%as ac iL%\S/LZd.
Starting materdralPhaiphate pt@Hft ivn ) aerosil is the -3 4 October 2002
relatively expensive silicon tetrachlorid. Since mate rials based on

| attice-layer silicates, such as nont norillonite for exanple, are natural
raw materi als which can be excavated fromrel evant deposits in the 5 earth,
'these have dimtobvirous fadvardages oy erhipsl lsatd Sedbez] |drcatid igdra iserisd

accordi ng,to .the.econom c efficiency of the hydrati process. The present
i nventi o%oi S 1bnagcehcf5 opno%}%leogrsojb]llecn% o(%le i Tt ql‘ﬁlivr?glyaﬁcq%cg}?ocﬁ]%c ocess for
t he hydrati orhaofdr@s sanics Cred teffarmeb M tdvematerl dmydheqirdesgnagingf. a cat al yst
whi ch corrprifé,ﬁsa a. catal yst carrier inpregnated with acid and in which the

catal yst car FHefHEY YR HENE SEHYTY S HYH & %1% ™4nd

si mul t aneouslsi dthimd Sot eachy nglowinofstedwind nidtmeBaE NG Hikghdy draatg-on
reaction is as Iittlei)@;jﬂf')% i ble. Surprisingly it has peen found that a
deal umi nat ed &S/ YerPHasetr b a difF AMRAH urteat@niafs 20
lattice-hayertisdd i LRireSn Wirk hi & TEUEHE | dlONf dein SEHAIdAH Ry AN @ biidd um
content of |less than 0.30 by weight have a high long-termstability, and

that during tHEFHrdcess by A TRACAG B dAefiiis sfhertdtler in the
presence of K ySsic Wi Ld. crprd 5esid GrtaldStufain 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



25 rier inpregnated with acid, by carrying out the hydration reaction using
a deal um nated catal yst carrier accordi_rg to at |east one of the clains 1
to 22, no or only very small anounts of alum niumare washed out of the
catal yst carrier. 30 Subject of the present invention is therﬁgore &2

deal um nat ed ¢ataliysh \CatEak (9aSed10R ARk Rk o2k BLALUTEOREAT (TG -

| attice-layer silicat a nont nori tober 02°nite
structure wi trhads dlagechioumlestticrt-lafyelresd ltilkaned., 3 sachy awemght-~ Preferred

forms of the_cat.al yst. . an f roc re described in the sub-clainms. 5
Furt her subj5@%l@#%Pﬁg%pgggeﬁkgﬁﬁgght%%% %3%5r6 0885 "P5PIERE Sr educt i on of
t he al um ni umhdaht erh bk @&xcatva tleystt roar red e walnitc kleporptissas mhien! y

alum niumcontaining,lattice-layer_ silicates with a montnorillqnite
structur2$ Wit gﬁgsgaP§W§éF CQPWFQPSi?d%@nﬁﬁgﬁppgﬁﬁapg&Lﬁtﬂﬁeﬁhosphoric
acid - treatedihydret kerrdldrs alcodridampenat whe efcdpeieer k8@ ian¢,300 C and
an partial water vapour pressure O 4 t0O 80 barabsolute - washed
subsequent | y O theaRYSGaH QI PLOCESSr neutral 15 solution at a tenperature
of between 20 and 100 C, and - afterwardsrinsed with water until the
washi ng wat er becones neutral. 20 Furthernore subject of the present
invention is a process for the hydration of CZ or C3 olefins with water in
t he presence Tofe ®reseaty SO VEmdEL oMoy eEeda apattaley Probden of ifipdegnat ed

Wi th act foacoaili-d drini RAS AR Ahe AL did2De 23 THE Lerms
hydration and hydration reaction refer, for the purposes of this invention,
to the reactiConodeihaseritint Nabetaibohheapbeaetdeabbé boadtaTmett er ns

deal um nat i ng,ang, deAHTRA o LALAINY LAY, G- JeRRR ey refer for
the purposes of this I'n vention to the process of "‘reducing the al uni nium
content and aciat aingstircariicdy tlia Ivat aletiic ek riigm diasmac dngntterm - 5
stability as high as possible and simultaneously the
15 1leaching 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-



4 Cctober 2002 By carrying out the process according to the invention a
catal yst carrier can be produced which_i;s based on cal ci ned and
subsequently treated |l attice-layer sili 5 sates, that has a noticeably
reduced al um ni um content conpared to a catalyst carrier mhigh has_not been
L eat ed accopdiing 9. s o AT LANa1LsSALLe BhLhe Ledletd Yty A
content, the Tong-termstability of the catal yst has been mai ntai ned. By
usi ng a cat aloyst %10 ycawerigirt .adoerfdimrgdt dotrhiss cifnvémet ican adysithgntdhe fpr ocess
al so according to this inventjon for fhe hydration lof. C2 or C3 olefins with
wat er, the afdint SR UM MR g lodt “daPng €& nydr ati on reacti on
is noticeably reduced. Thus fewer insoluble alum nium conpounds 15 are
produced during the hydration reaction, which in conventional processes

| ower the_hold up tine of the succeedi ng apparatuses, such as heat
exchanger$, BPHEkiHP I ﬂf;s) COPHATE "y dAY EB 10atl Sefc RARGESS20 The
deal uni ni zed At alnestr GRIJY i@n AECTAHE RY ui@ rikinS dontet OF Wi tdatan al unmi ni um
content of less than 0.3 % by wei ght contains _mainly alum nium containing

| atticel ayer 13195 adsieq Whogh i COPHL SEfeféirdy eHEMEEHWNT ni zed cat al yst
carrier accordifio, it ddrirsd il [ 2% a4 AU UMM 16§ | ess
than 0.03 % by wei ght.” The al um niumcontaining lattice-layer silicates are
preferably smedtd tsdsr i ey enrsriay dbley aadmtliisyt |9agwiites $tsr uct ur es.
Lattice-Layer sili i gheexhi hi ] um ni um cont ai ni ng
Iattice-hgyer s?#Fgg%gétgg &FF E%g%ﬁgg?%?o%F?% structures are for exanple
t he bentonites. tApatedf hydrohbenpal hprat| antemperbbutenofebetaaesont ai n

ot her conponent o] X l e~mica, Il ]i r j n Lre. -6 4
COct ober 2002 Stggpiéagngggrigrgﬁgrabhéé%?% gc%?%ﬁPg¥éég%gt§F§§§L%%rrier
according to thefi Avent BOnbare.selarwenti onal catal yst carriers for exanples
based on cal ci ned_an - eat L ce- er silica . 5 The
dealuninized"bayﬁﬁggg %gggggﬁggéggrhﬁgg gg %ﬁ?éighvéggfgngﬁj?ﬁuéggéluninium
content 0b | esssbhaniBn3a% bytempghtfupeecbérhbtyebrsg0t Aad 0003°0, by

wei ght, based on inly alumniumrich lattice-layer silicates with a 10
nDntnDriIIoniteaQE?ucture can be nmade by inpregnating the catalyst carrier
wi t h phosphori c a&tedwarakeiabkey aitl tvat89 anbylwehghtvaphosgheateracid, in
particul ar preferred a phosphoric acid of 50 to 60 o by weight so that the
cat al yst carriePeESWFéiﬁ§u6§F&een 5 and 60 % 15 preferably between 30 and
40 o phosphoric acid, followed by hydrothermal treatnent at a tenperature
of between 160 and 300 C, preferably at a tenperature of between 220 and
260 C and a partial water vapour pressure of between 4 and 80 barabsol ute.
pref er abPy atFareHaRE® oFURREY Yapdif RFeRitl slbfeek k™ 16 RERF 25

bar absol utes £941 pyedchy NESPANDoM &5 @N ACIdi 61eBafkCw@EnnREtERl 150l ution,
preferably an acidic or neutral solution, in particular with water,

hydrochl ori c s dPBeSRERroEoht &R PR S tReBOCPIRESSDrRRefR ¥R hydr ochl o
25 sic acid at,friEPPenstssRafly belveesc 29 20ch AP &t pref erably Ofe between
70 and 90 C and afterwards rinsing the catalyst carrier until the washing
wat er has becefetheugtalms3d %Pe&gnple of howto carry out the process
according to the invention for reducing the alum niumcontent of a catalyst
carrier 25 deBkei betmpehpdratienoand| hygxahion heeprbtersrofer hef or esent
I nvention to {:Qéspﬁ?ﬁggég'of tﬁi@iﬁ@@ﬁtggﬁ,z Q" thderL £OULLA OFr OfaLhe
al um nium content™of a cata |yst carrier I ch conprises nostly al umi ni um
cont ai ni ng | atekceithyarcarbppacasbenndevklal boéadti ces | ayer silicates such
as, for exanple, nontnorillonite or bentonite containing catalyst carriers
can be used. The catal yst carriers have preferably the form of spherical
shapes, such as for exanple balls, |enses,

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.



cuboids, cylinders or also irregular forns, in particulO |lar preferred they
have the shape of balls. The spheri cal gshapes have preferably an average
dianeter of 1 to 10 mm nost preferred a diameter of 4 to 6 nm For the
reduction of the alum niumcontent in the cata 15 lyst carrier it is

i npregnated with acid, treated hydrothermally, subsequen I%FRﬂ$§Hé&h5Hﬁ
afterwards rinsed. The catalyst carrier is inpregnated wth acid, prefera20
bl y phosphori i.d.l:n 0 r r .ect .ac rdi he
rvent Lon. APT0CEA 40 5% By SwsTohE “ohossher e ae d. o hgr SbrSE%8 o 60 06
by wei ght phesphotrilysécicdrird ersedn Aft grobeiced whpcegnat bdsetlhencat al yst
carrier should,show a t phor.i cihd. of. 5 25 to 60,% by wei ght,
preferably 36a%8128d%$8§”%g£§ﬁ%5e§??§r%gggge h%aggﬁgﬁyééyggr %é% is treated
hydr ot hergral kntedndehatch@alsy dr oichtdorab 1gomdidiiceds aflhaihatin eenkayer 30
silicate material, |jike for %x2gple nnntnnrihLogi%e changgs into

cri st obal i t e SPIRETES & Gr &L PAEISARYiILGG tHeCRi ORASpBPEsPeERat were
previously presefied diczappealg. tbhithiroriphenegiosal 1ehapges of sheucture can
-e4 Cctober 2002 clearly be seen by the BET surface, the pore vol unme and
the distri butic6y Pé%@%%“.CQHFEQF'hi@ﬁoﬂﬁ@ﬂﬁﬁ@rmeééﬁpéﬁlédn&ﬁtions t he
so-cal l ed "opeR' LA &t telutRe i iaithainked. B9 Hednet Recark 1keat ment  of
the catal yst carrier contain ing lattice-layer Silicates can be carried out
at t enpet@t uces rdfe Th SGRESHIPE0 Tanh ¢ E60 1 vignddiona dyaincalt hfgaPEPCEgSour
pressure of hatween 4 RNhHLEPaARS AN 119 RS ehabhy dhetwean 220 and 260
C and a partial water vapour pressure of between 16 and 25 barabsol ute.

Af t er hydr ot ler fiil Ct reke ¥iieh caa e ysttharaneint ohashsginviuth a basic,
actdic or neyldalnise) WO AIef i MR Al dehdic dbcheutral

solution and in particular prefierred th hydrochloric acid, with water
cont ai ni ng 0kly 3Gdmads dincerfigwited naedrddld erliveiadiveh eomgiounds neut r al

aqueous lutj.on.  The washi e YA rri.er. is rEi out at a

t enper at E?e o] r%bém%%ﬁi meenm"g[gm%c]}r{%o&%@r%&%%‘eﬁeﬁldfqﬁe ’V\ggﬁc%qgnd 90 C.

After said wastnveg ttilvenadatrad ocsts s rlicave e arhebdnalicnsgd tinteh ofattére unti|l t he

washi ng wat er used(gglrinse Qﬁgones qutral. 25 .The qgta%%%t %9rrier t hen
en

5 1S 5t et e ucd‘. fsar?(?a(f g /aél,g préf erabl y between

has a cumnul atséﬁ:cpo
0.6 and 0.7 MYarkithe treegsipes resitttaroeaasf dihdezat alxedtangar.ri er shoul d be
of at least 10 NNmm preferably at |least 30 20 N mm

20 The dealuminized catalyst carrier according to this in-
vention with an aluminium 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.



-n_'4 Cctober 2002 In a specific enbodi mnent of the process according to the
invention, the hydrothernmal treatnment afg_the catalyst carrier inpregnated
with acid, which contains 5 to 60 o by wei ght phosphoric acid, preferably
30 to 40 5 o by weight takes place by use as a catalyst in a %/dr &%1
reaction of GZ. G QleliiS1 F N SIBALLRY ohNe rCat ALY SR Ra Tl
preferably a 10 to 90 % by wei ght phosphoric acid, nost pre erreél a 30 to
60 % by wei ghtieirs agsedding ber ithg thivenky@nagiren convantéanedr chitlaed wit h
catal yst pref bl - ular. r I, ohefi d rin | ar. _ratio of
bet ween 0.1 &ﬁfrg%o.cé,&ﬁ%g%erfg)gl f‘?%gn \%gesnlb .ng %ﬁd%ﬁ?ﬁ&?& Fgléjg%é%.serhe

ol efin to bequesad land telad etb ladttercet-d alyerused iaeeeisnt r oduced i nto t he
react or gaseous or liquid, preferably gaseous. For evaporating the water
and heatifg both reagents to reaction tenperature, respectively it nmay be
beneficial to introduce both reagents into the reactor over a vaporisation
or 20 thernogthat de@tundlniesdds ecttadly,s tWaiaghr iles heabed ithe e thaactiinen
tenperature electrically or by way .of heat carriers which leads into the
reactor. Thevﬁw&ﬂﬁ%ﬁ&m%% CELENE SoditFSod 5 Weeh 31®Yand 100
| n/min/lcat - wEReHY,did fAfY Baclieds ithaganr.iosd s0uly aleiyndS LRAERRS djur e of
bet ween 160 and 300 and an absolute pressure of between 20 and 200 bar.
The hydr at i offégf lgt R iy Wt Haird ok tdaeriledy ssuts Idsrdesowi tht aa
tenperatyse forfigioraan RAQ and 26Q G ARG AARSAULS, RERYIYHE et ween 60

and 80 bar. 30 The exit of the reactor can prferably be connected to a
cool er whi ch Wend@tsdy sdutcama afajrortht phersphies isulserid ing@fegeidonent s and

makes them aceessy K@ of G Wit Al lrggm:?fs‘%ﬁﬁﬁji@ Ay, eXH & ighidd ative

seperati on. -10 4 Cctober 2 ' controlling the activity and
sel ectivity cfraflerrad & yHrosatiar ayst egnaledonitth Tadivd wel ghdn sse

advant ageous i analy 38 A8 4 AL, Ol e REASKA SThed @nalysts can

be carried out gas togra 0 Increase the lifetine of 'the
cat al yst1bs ipredtuaaitlagdmbywaean add ante 4eitd phespghothiclaaih datlal yst
carrier has been | npregn [ nt0 .the .reactaor. continuously or

di sconti nuoug%/wepdr e yeﬁgbqaéoecgioen n|1‘-"nluotus aypmeﬂ%e azicciad r{ceénrﬁa e'bre‘;“‘stl&ln]:[er &fﬁ%eed— into
the reactor ftareeaxdngl earby 301 €at,i grefmldnput oofteagiakathich dfs

introduced intg the r tor made dependent on the results of the
anal ysi s of {l??gtvﬁﬁﬁrfl | B mg%ar% § épabrfn“taﬁew rloerre VEP N Sited ener gy
rel eased fromule seandtiveen as avel 18adhefesyl prageaspuntadfaacid to be

i nt roduc can be carried out by automation._ After th ydr ot her nal

t r eat ment “of Q%tjcagfaW@% LR r‘?léersso@/moe‘?%&)etf%%erhglé a&;ﬁfﬁﬁaﬁ_n a
hydration reagidoR, fFbeloesdi biyngaanidgwivibhwihchcilieccabakystogarrier has
been inpregnated i s renpved by washing wth water, until the shi ng wat er
becomes neut Tt BEL AT BHC 1Y (AR (e b bl DO 4 e SHLal yot
carrier is washed, Wi hpartbesiXar agith cate nedydtoaoldti®mcig eferably with

an acidic or neutral solutjon and in particular preferably with
hydrochl ori c YR SRRIFRIRARS i L RRE HLN TP B iR ty Sl T at ed

hydro 3026hl ofi€e @6idl £ 2 Fanbd Pt @ERIeOIHSOIEA 000 Jhe £df atyst carrier
can be washed at_a tenperature of between 20 and 100 C, preferably at a
t enper at ur e Proferaely 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 is described below, without limiting

the process of the present invention to this example.



70 and 90 C -11 4 Cctober 2002 After the washing the catal yst carrier
can be rinsed with water until the washisng water beconmes neutral. 5 In the
case of catalyst carriers which by being used as catalysts in a hydration
reaction have been hydrothermally treated, it may be advan ous, er
fREresT sl

. .. . . (0] I
reduci ng the alum niumcontent in the catalyst carrier, ean

catal yst carrier by burning off possible carbon 10 conpounds attached at

bet ween 300 g} 1,00 G QR eiAblohSeBER 450 A 500 G BaLf uar i at i ons

of the process according to this invention result In a treated catal yst
carrier wth lyste cEs dgcedhdlamanmymices emtst Ithe tundatiedh-cat al yst carriers

have an average .di.aneter, of .bef\ 1 and 10 mm_ pref ergbl.y hawever of
bet ween 4 ané%(?tr%hnlﬁge ]Tao ta cep\(l)"t{raa vrolsﬁgﬁqagceﬁetcmemé“ner(?.l‘zﬁar}(? .lé:erﬂ/g,

preferably batawean s3.16 catek0.shiad /ax, T presslres mesitsicaridd aafittey the 20

treatnment of the catalyst carrier. is at least 10 Nmm preferably 20 N nm
The anount oforaﬁlfrﬂtr‘ﬁrlﬁﬁq FEHE S é‘t?t(?aﬁyﬁtyé’tard:&reﬁsel’%%”i P9 ¢¢€%-han 0.3 %
by wei ght, preferabla)ljasscdhares Ghve hromeigily 2helmeata yst carriers

produced by the process according.to this invention wi.th reduced al um nium
content can b¥ i rsqarﬁfsprc?d‘%aiac?n I S{RAG Lalffe daaSist carriers

produced by thgPrifessy Gyt ngr t0 ddiisrddmentd o id,h & reduced, -
al um nium content can 30 according to the invention be used for the

hydr at i ohCof 1@ RrEried e ndig shrRhe hidddifce Tre SriwE! vst
whi ch consi sts, TRl e Ofh &£ 81l BstatSByf Tdiflave rakfe 4iGHQRET A002 dJ eat ed

according to the invention having been inpreg ndated with acid. Preferably
t he catal yst Iarmm.emast imggiepiradd wignaeiens afcid, tpréefer.abl y phosphoric
acid. The quantity of phos phoric acid shoul be between 5 and 60 % by

wei ght, preferably between 30 and 400 by weight to obtain the maxi num
catalytic activity of the inpregnated catalyst carrier. For inpregnating
t he catal yst Bar rihg medegfueon of the aluminium content in the cata-

15 lyst carrier it is impregnated with acid, treated hy-
drothermally, subsequently washed and afterwards

rinsed.

The catalyst carrier is impregnated with acid, prefera-
20 bly phosphoric 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



i

10 ous phosphoric acid solution which contains a phosphoric acid quantity
of between 10 to 90 a by weight, prefergbly between 50 and 60 o by wei ght
is used. The acidic catalyst thus produced is filled in a reactor,
preferably a tubul ar reactor. The reactor IS operated 15, i ot er Idﬁ or
non- |sothernalIgglgrggeggghyPksgkge%gg Xr? cagh?e hgg% éi% gég gnlcally
or by way of arriers. e reactor I's con uousl
dlscontlnUOU$h¢,dZ@tmnbhedabIpfcpnrbnmadihy deeh hydrbeagemai water and CZ

C3 ol ef h I th h fed
"nt o the 1 eaBfbh oPe (RIS Rl S AGPAR {HAEI 6B bePUEEnSor I La 6%,

preferably b@&weamtalhédand 0.5 . The nolar ratio can be adjusted by using
25 for exanple a mass flowreter. Both reagents can be introduced into the
reactor l4quid or gaseous, preferably gaseous. For evaporating the water
and heating both reagents to reaction tenperature respectively it nmay be
beneficial te@Jniodua1betl fiaraents ithto chhe1r8actalk r3@ roO¥ehtain-
vaporisation or thernostat-controlled section, which is heated to the
reaction tenp@catlats iceedeviedalsiyl icAtey way bF Keariedr pér 8t Tha-
tenperature ijf,Lhe S RAGHOL, ANk HNE oS BREr %b'ér @c%hﬁe‘ﬁh'acgaEQQa&e%e”t s flow
into the reactor should be between 160 and C. Oct ober 2002 For
t he hydrat i or¥ere &@PCOGF @ﬁe@ﬁWéﬁeCﬁob§¢W§ﬁ@l4 ehe Bénperatsureed n the reactor
and the {gnp I i t S ofd i nt Ke .- is
preferab#y b?%%ggﬁ%%%;Qﬁ %ﬁgé(gﬁ%hgﬁ%?g?sugégwﬁ ?hga%ggggo%%%g 5in the
range of bet wegow20 paed 206 (o digdolagne 1 opraide 2ablbpraatween 60 and 80

bar absoi ute. The exit of the reactor is preferably connected to a cool er,
whi ch can condense out the majority of the com 10 ponents and nake these
accessible to further reprocessing. To control the activity and selectivity
of the acid Unﬁmﬂgm@dﬂbunﬁﬁﬁ@mntnﬁaﬂMGﬂt thte ©amab@smemﬁtmaballmo anal yse

t he Outf|0MlOf he re orb'Thls anal ysis can e Ci rri,ed out for
exampl & gas SErTb Ry 0 S A Dife A O i oSSt 1t i s
advalnt agesus ehfa}ﬂ%ﬂ V\tlgﬂl aai diciprief ergbie)&tﬁmswaﬂﬁjt(ioﬁmladld virt pawt ch It he
catal yst carrier has been i egnated, . in 20 the reactor continuously or
di scont i nuousqlfulr?rref@?ea‘%vr%{)r’rgitﬁhgwsq IfcidE ican e Ma Sduced into
the reactor feyntexaile Okd MEeddas cﬂiﬁ:e%mlﬂttecpmy&li‘rldﬂ:HMMﬂft iseid
introduced into the reactor can be nmade dependent on the results of the

anal ysi's of tHe Out't IovRe Bt t‘?’fﬁl%lsdr%ly"stﬂé)rbf e "GRG Snd hehe

det erm nati onJ@sildd nes @munt; Hfcachibd ole dihtd Lardhe g4 ed out
by automation. Figure 1 and Figure 2 show the rate of_ consu t|on of 30

et hene aRf tHe'gen &brandrif i dn FreharaRlly ikptawsand e &0 e reacti on

time by using differently treated catalyst carriers wthout limting the
process according to this invention to these results. n

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.



-19°4 Cctober 2002 Figure 1 In figure 1 the rate of consunption of ethene
during a hydration reaction is shown independence of the reac 5 tion tine.
The data from four experinments are shown. The neasurenents represented by
circles refer to the rate of consunption of ethene rel atjve t rea2c&d' on
?zg%’frof 2
o

time when a new caaloist EAIRLEOR Aniag Lhe a.oinal, oY
al um niumis used. e data of the rate of 10 consunption of “ethene
represent ed khesquarees: ircgsultthef hymndiheersdr itesadinetperfi niwrt sawhi-ch wer e

carried out uysjng taly carrier, wi.th a reduced alum niumcontent. 15
Figure 2 In %ygs’tr}r eC%ZtCrt%ﬁg rlgripé:e%naft%rdrrﬁqﬁ%ln “of %6t I’@ &% §OR5Rd % @ hydrati on
reaction in dep&tdends ofeitdht dacipharitd meiids sheerablsy dat ad rdem f our

experiments are shown. The nmeasurenents represente circles refer to the
rate 20 01% f G %é’t Rt re}:téﬂgfrfoIpliTaeqeatt%Yvélsteg arseé‘ctciagﬁqt%’isr\?e Whén Y new

catal yst car rdreft icontriautigr et @i girngl er@eis of et Uit agRd simged. The
data of the rate of formation of ethanol represented by squares refer

result from thfeEad&liesd RS IFFSHET AR vdr & @Y ife®Yolte g 25 ing a
catal yst caridifspMdii@ dadiceh A WHSHUMRLON et ol R RY eReSRidggording to
the present invention is described by the exanpl es bel ow wi't hout™ bei ng
limted to 30-% Hegdexanpl es. -15 4 Cctober 2002 Exanple 1: The synthesis
of ethanol with an untreated catal yst carrier The experinent took place in
a pilot pPant whose core 5 part contains an isothernally operated tubular
reactor of 1,000 mmin |ength and 48 nm di aneter. The reagents water and

et hene are i Mynidu ddvisthydnat iandiiora geactow dgdlieshtviidh ertalyst

thernDStat‘qugéfgféﬁhy 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
lp/min/lecse. 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.



section, which is electrically heated to the reaction 10 tenperature. The
water is introduced liquidly through a;?gﬂp, whil e ethene is taken froma
130 bar steel flask. The introduction of a mxture of ethene . water at a
molar ratio of 0.3 . 1 is controlled by a nass flow netey. 15 The it of
the reactor is connected to a cool er which condenses out® tH& %wéagf(ﬁ
the subcritical conponents, mainly ethanol, water and diethylether, the
rest is dive%led to thﬁl@%St%h%asc hos vglﬁnetric flo isfzg nmeasured by a
gas- meter. APB&r £OBF TR Lids 89 aS ity Hda o rgﬁéﬁc518§§gs§ i i'§ a gas

chr omat ogr aphatiheski guird iprodmptregane cal sotanakysedtbyagadechteaat-ogr aphy.
The synthesis of ethanol accordi t% t he %resent eganQS pl e was neasured
at a tenperatGPECYF 3802383 N&eatg%e§ SuPEtEf oY ohalr 6 SFGEECTThE NSt andar d
test conddti @H%l?%@ss@ﬁﬁa'bies%@rirﬂeﬁaléhQ by fhe eatahusbgdspdywas an un
treated new catalyst carrier, the KA-1 of Sudchem e AG "The properties of
the carrier are summari sed in Table 30 2. Conversion and selectivity val ues
reached at the start of the experinment are included in Table 2. -16 4
Cctober 2002170 ;det @icng Hehq j3liindl Wh ¢eRt eak a9k skthg sCatabyshncaLri er
this was anal ysed with an atom c em ssion spectronmeter before the start of

an exper i mengeohse tat @Adc tée siieh sidédr mWhehethes 6 bady san cgadeti vel y
coupl ed 'S pl ag/ma alom; pElgnalce SHER QR %rea@k%}ggﬁ)et i%moéx%%}aqe by 1 SA

Jobin Y. The results of "the analysis are shown in . e 2: The
synt hesi 80 of déisitamdlinmiaus lan nnstfegatdy POngligueasliver Thige agigeciament was
repeated in e, NAY. - ri i qngl 4 Thi s .ti.ne_an

unt r eat ed ca:blagl ﬁg}atr%ar ri eQ?S'Ltn%g)t t?i]ad %I%%gggy@éeen X%éné&ef t(%l)rystlhgré%at al ysi s of
15 a hydrat i arioreadhieoranicsingnplfoyped d "whlicdthc drsr iiert' rodégaeidn infte $haendar d t est
conditions shown . in Table 1 arge relevant. The .results .of t xperiment as
wel | as the YSAOH&T & g}e tn}?ed%caezﬂefs SrtatH e SHVén Olqﬁ t%ﬁ’& e 2. 20
The experi nmerinalas irepsattet icutifiowsabtlayhas adedersdiked i thexafplre 1 This
time an treated catal yst carri.er that_ had  al ready heen used faqr _the

cat al ysi S0of MEMiYART GGG (50 A LBy S T TOLP T & 'S TAgditn the

st andar d t esttHondiduldisigs awurith ofakic dl & & almrattucEie deesiled s of the
experinment as well as th roperties og the catalyst carrier are given in
Tabl e As can & qqﬁ;%ﬁnﬁ§£HQQRﬁ9q1ﬁ'Table 2, the specific surface of
the inpregnated catal yst carrier decreases after the catal yst has been used
only once. Simlarly the alum niumcontent is reduced to approximately 1/4

of
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.



25 tts original value by the single use as catal yst. The renaining
t he original

out during the hydration reaction. This alumniumfornms the insoluble

sedi ment ati ons whi ch hinders the reprocessing steps. 30

anount of alum niumin thglygtreated new carrier are

3/ 4 of
eached

-17 4 Cct obher

2002 Exanpl e 3: The synthesis of ethanol with a treated bt A% The
experinment was carried out in the sane way as described in Exanple
catal yst car

cont ent

i nventi on.
rel evant.

had

1. As

rier an.already. us ol d.carrier _was enployed whose al um ni um
ool S

Tr &dc &8 BV 1Y clor i 1S (HE FFodedS St

hi s

Agdith tiae est amdarld tthestwactnidid ivene rl®eshomay ineutakile 1 are
The results of the ex perinent as well as the properties
catal yst carrier are also given in Table 2. The deactivation of the

of the

catalyst carrier with, as well 15 as without, a reduced al um ni um cont ent

are representred dHe Relde oW o @nd Jdagules 2 wATHC Y BR isREM SdPpmsTabl e 2

the alum nium content of a catalyst carrier is reduced to l'ess than 0.03 %

by 20 wei ght dfalysdis Ag e Wl ey iT@aqti arhdigyicodeed duebicditiFto this
Lnvention. ThiA AU IR LSaNR, i GRhRGHDRAIT b Al NEAANS

spectroneter . '
30 N mm suf f itdiee gl ung rguar arrdeerjood Itdvey-aadrany2s: steadsiilan,y tof qltemrcat al yst

/m suf fitgicerl o ot : ey iy tof al
2 i um CorPert S 6K Ve T Bee Thart 31 B3 0 by ety T he Camvar

use pressure resistance of the treated old car’r

em ssi on
ier is

si on of

et hyl enel@nd adreqrrelsd ajft Bthesd endie thsdn rEhiarst g céhwparmatto an
untreated, u

Cct ober

2002

15

20

25

30

r%%saebqpé?%:%'e%n Cﬁdia‘?{d (5dyawd:arri er') and to an un -

rea carrier, respectively, even slightly in

18 4

Both variations of the process according to this inven-

tion result in a treated catalyst carrier with a re-
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
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.

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

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



creased in the present exanple. As can be seen fromFigure 1 and Figure 2
reducing the 5 al um nium content accordifng to the process of the in vention
has no influence on the rate of consunption of ethene nor on the rate of

formation of ethanol. -19 4 Cctober 2002 Standard exp%icgcgtpt a%‘rrpezro%
condi ti onsPr Rar r,al uet | Is I r 35% frature of
the reactor ?g%?ﬁgrﬁ?§§8§¢ﬁ§v§?_g§%|ﬁﬁﬁ?ﬁ}lﬁga ﬁa?ég %eephéﬁ 9. 0.3 nol
nol carri er noater wakKAati@Sudchem e) Table 1: The standard experi nent al
conditions used in all experinents. -20 4 Cctober 2002 PropertyNew

CarrierUntreated OldTreated A d(inpregnated car-CarrierCarrierrier)force
wi t hst ood20 NV mda0 N mmB0 N nmspec. surface (BET)20 m/g4 m/g3

nl/ gcunul at e¢rp@eea¥al- @hé whialdy4tnohagdi4 rmikgumpAt eantentitd @rp. w. 0. 31
0 b.w< 0,03 o, b.wSi content25 o b.w. 25 % b.w. 24 o b.w H2P04 content35 o
b. w. 36 %b. was59% BriferRedy PROsEverigt il -08hgstantdfty of phos-

experi ment volyae-ti gR iy 8hd - belbletatdehr 56 ahad/do~at Ky (i@ ht,
g/l ~at/hr(ethanol) at startof experinent Table 2: A conparison of the
properties oPrederghlyebefyesnoflc ang Wof oar Medodtuded obtaincttdiger 2002

ess than 0 To0 B G S S & T o ol B e T cates
whi ch cont ai aalrd emi-niFiem By ededltumon &hiengapedysds carrier an aque-
10 ous phosphoric acid solution which contains a phospho-
ric acid quantity 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.



10 2. Catalyst / catalyst carrier according to claim1l, wherein the said
catalyst / catalyst carrier has an alupjfiumcontent of Iess than 0.03 o by
wei ght. 15 3. Catalyst / catalyst carrier according to one of the
proceeding clainms, wherein said |layer-lattice silicates soe%a re s Oc2ti te
and /' or have jrefger %S{g%a@%tnmye'alclt?% t%fSIe“cH%hg.r &2 e%?lanbl,v} Tyt e
catal yst carriér according to one of the proceedi ng clains, erein said
cat al yst car rtiesparas uaec uimultite weaptoe woldutmbeot ehgewaenr@. Ziahd 0.9 m/g.
25 5. Catalyst ./ .catal yst carri according to one of ,the proceedi ng

cl ai ms, wher gﬁﬁcglai%g]ecéftegl%?ﬁtsl E%rclét)t""all)?‘%to 5§|er ir&acﬁ8§ ast Btrglfeﬁéﬁgyvol ume of
between 0.6 aradwen 1A20g.and 2 60ct°chemh20@2es22ré. iGatakyskealteat alsyst
carrier a\gcor,di ng to one of_the proceedi n%cél ai ms, wherein said catal yst /
catal yst ear rifelfadaie Hapstorer ghélni 0V Bay abssiuzer @SR~ /

catal yst carigr ReGH M a0 Hartflg, proceedi ng clains, wherein said
catalyst / catalyst carrier has the shape of a ball. 8. Catalyst / catalyst
carrier according to one of the 10 proceeding cl ainms, wherein said catalyst
/| catalyst carrier has a dianeter of between 1 and 10 mm 9. Catal yst /
catal yst car i :GOrH Nne th I i | al s, erein said
catal yst / czﬂhgﬁf&igkcgﬁeit gfr has(ﬁfa ltc?i gnr%tf%%%%gyggto\%\é%ﬁ da\r?% 6§ mm 10.
Cat al yst / catcallest, ¢drirghercagc cordiange @ubnéhef mahe rptoceddithg coains,

wher ei n §gi)d|€/%qn£ﬁar{t{§1tar{€aﬁgﬁt@ %ﬁes%araréc%rss*l%ﬁea_t%r %%ﬁ:"yh%gr GRFRace of at

| east 10 yst catal yst carrier according to one of the
proceedi ng cligigrs, wherein said catalyst / catalyst carrier has a pressure
resi stance of at least 20 25 NNnmm 12. Catalyst / catalyst carrier

accor di ng t o Tinecwmfttdile fhrepcamrdivig v laaidrse lwodriaiin ys aifd that @loist im-cat al yst

carrier obtainable fromlattijgce-layer sil..cates,30.containing,al um nium by
carrying out RYEH19 ov(\n:antgals‘fsgtpsc:aryrlfr(xtl&bé:ranzt?ﬁz bentricidld 8

analyse the outflow of the reactor. This analysis can

15 be 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.



-23 = inpregnating with an acid - treating hydrothermally - washing with an
acidic, a basic or a neutral solution 5;4._as well as optionally rinsing
with water. 13. Catalyst / catalyst carrier according to cIa|n112 mhereln

said step - of inpregnating with an acid conprises inpregnati ng %@é
mneral acid, in particular with phosphoric acid. 14. Cafa?§seP9* cAt% yst

carrier according to one of the clains 12 to 13, wherein sald step 15 - of
hydr ot her nal tre %Eft takes place at a tenperature of between 160 and 300
C and/ or at an wat er vapour pressure of between 4 and 80 barabs.

15. Cat al yst tal rrler accprdin one o e 20 Ialns 12 to 14,
wher ei n sai d é'?e% ’)‘{? %y ot hakrm?t t 3 %H%)?l?rék é Pt %rée UL %nberat ure
of between 220yansit 260 ﬁea@ﬂlénots%hampﬁmtdi@gber\l@éﬁeV@DOUIﬁe pressur e of
bet ween 16 and, 25 par abs cat al ¥st carrler accordi ng

to one of %t hettPRi hid2 The: %ag%gf%rf‘nE%‘é?{de’éﬁf% WS 13T ot Y hral

tr eat ment tak@ﬁemhél@gu@@m@hegekap@ésent@@rbyd@it@geé hee tise ©6 si@ed catal yst
/| catalyst 30 carrier in a hé ration reaction, 4 Cctober 2002 -24 17.
Catal yst / cafab§setcarRferPhatedrat ngt Rengneebitive &P arercton ot wee

wherein said ghep @éWV@§Bangs£aéssﬁrpé@C@oﬁﬁaM&m@wffgmapet ween S 20
and 100 C. 18. Catal yst catal yst carrier according to one of the clains

12 to 17, wherepwnEap§ %l@%lnl@m hasHEag- tﬁk%sd®¢®c@fath%.r@ﬁ%e¢ﬁture of
bet ween 1Q 70c8ﬂ9uﬁ8t55n18f g@ﬁéﬁ¥sieér8§é Xét faéﬁug escf€§gi@g to one of

the clains 12 18, wherein said step - e ace with water,
wi t h hydrochl 615mwbra@| debieqi oA mperlr@@ntm Wilnghowene%apam@ ofit

concentrat ed G¥9ﬁ&°9'8£t819§£dcarrler 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 ing 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.



20. "Catal yst / catalyst carrier according to one of the clains 12 to 19,
wherein said step 20 - of rinsing takes;place until the washing water
beconmes neutral. 21. Process for producing a catalyst / catalyst carrier
.according to one of the clainms 1 to 11 by a process 25 which conp #@f the

steps accor dinlnbcl i ahal BynlAeke s20s %%haRBQC@é%hagaom BHRG e

wherein the catalyst / catalyst carrier is purif burning off ad

heri ng organp@t@éwﬁﬁncééﬁﬂéﬂnlng conmpounds at a 4 Cbtober 2002 -25
tenperature of between 300 and 1,000 C, before the steps according to one
of the clains 12 to 20 are applied. 5 23. Process of hydration of ol efins,
preferably CZ or C3 olefins, with water in the presence of at |east one
catal yst, whiltle b&p@mﬂmehmomm@kcaﬂabﬁsﬁhcat@ﬁyst paﬁhkemh@GQOKﬂmmg to one
of the C|§IHS 1 t nate ﬁ %HEFSS accordlng to

cl ai m 23, mh&?éincpﬁ aﬁ?ﬁr QgéFP& Y. °P§r@5FF|§H 5§29 &ctor - an
ol efin to wategr 1olo@r mmatiin0 ueslgady asided 8t aml oibekween 0.1 and 0.8 in the
reactor - has a gas hourly space velocity of 10 to 100 In/mn / lcat - said

catal yst contrienseadedntG0 wathy weidghi:heheacird, iardocdRced hethydhat i on
reaction of the olefins is carried oyt at a tenperature of betmeen 160 and

300 C and an 55P&d8F OV&F BetiR@Sr 156 t0G 60 therinssrtreors rod leg ocess

accordi ng to nre i@fn,t RA T A2 dte 1241 W SleRitl oS &icd t%l G eidth ophi ch the
catalyst / catalyst carrier is inpregnated is a 10 to 90 o by wei ght

phosphor 1€ adiedpe3e 026 e -Pridie $& tedc did it nosluges mizmidiye téineusdl @ aci d
wi th which tfgﬁngggt %erte lo tGrirR) M (G §rdid & M30 b%f_»; 4 +ehokar, 4002

pregnated is a to 60 o by wei ght phosphoric acid. rocess according
to one of th&hd dintsropiats 26,015 anpddiures gifd ediéiltealleyst W@ctmrauartsas to 60 0

of an 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 baraipseiute- The standard test conditions are

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

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

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

start of the experiment are included in Table 2.



acid, calculated as pure acid, in particular a mneral acid |ike phosphoric
acid. 28. Process according to one of the clains 23 to 27, 10 wherein the
hydrati on reaction for producing etha nol fromethane is carried out at a

tenperature of between 220 and 260 C and a pressure of Qthqgn 60§%ﬁ 80
bar . 15 29. Progess AeRar dhnota,one Al cbhe gLabes g2 La, 2y, WhgLeln t he
olefin used and“the Water Used are in troduced rnto the“réadtor gaseous

form 30. Predesstadeowdsngnhdyerd efithhanchabnmc28mties28n 2pewherein said
acid is introduce inEo t he rﬁact r duri t he course, of drati on
S

he h
Conoti on |31 T PREGECe PRERBRATE CoaEraPi 35, CAREFOIEEal H oPd PiLEd | o

phosphoric aehilss2bn33peltecess cacoerd hgst anati nbieast veng ebuphedcl ai ms 23
to 31, wherein said acid is injected into the reac for _continuqusly. - 27
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obt ai nabl e by bei Bgi Rgal 0L 160RL aghet heseatal yst theCahahyst scarki er _
according to one of the clains 1 to 20 and the catal yst catal yst carrier
produced 5 acberdi A§ TéPdfeZof the claims 21 to 22 with a nineral acid, in
particul ar phosphoric acid, respectively. 34. Catalyst for the hydration of
olefins to al cohols 10 according to claim 33 which contains 5 to 60 o by
wei ght acid, calculated as pure acid. 35. Catalyst / catalyst carrier
accor di ng t oExampdfe he Téleaisymthesd s20f whdesiod widhsaind vegtraleysd / cata 15

| yst caryjer S l.egast partly a cristobalitelike structure.
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scribed in Example 1. This time an untreated catalyst
carrier that had already been used for the catalysis of

15 a hydration reaction is 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
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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-
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Table 1:

ments.

The standard experimental conditions used in all experi-
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ethene turnover at 5 % 5 % 6 %
start of experiment
volume-time yield 77.4 g/leac/hr|76.4 g/leac/hr|79.8 g/lcar/hr
(ethanol) at start
of experiment

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

catal

yst carriers used




10! s’ %@ 109403 & () - THL09& ()-! L! 10%<& ()-]!~ LI 109 ()-]1 109%& ()-!~L@
109R2& () - d<<x=>+>, >- > >3>Uj @ 10! - 109 ()- 10 10 10&9 109%& ()-'t5

10%@8&' () -/ 10%& () - gs- 10%& () - 3>B>w>>?@@?j _@ 10! y10%& ()-S!' }LF
111007878& ()-'kLF t1100%& ()-&10%& ()- SLO%& ()- 9! 10%& () @MB‘ BB} < _@
10! !'ss-1 1090 J& ()--): 109%& () - &LO%& () - g y 10%&' ()-g!° FPET) Ty
1094 7& () - gBBhCDD DDDYDUV4 10! - 109& (,),- 109%& ()- 103J 1033
10JJ! x5! 10940J& () - 2109%& () - @L0%& () - % DDEEFFz[ 9uV4 10!!t y@
10% (& ()-L 1109 ()-!pL 1 1096%& ()-! @10% & ()-! @ 109%& () -
109 () - F- GxGpGHdI | zX6uV4
1011251 109& ()- St #! 1096KX& ()-z!} #! 109@&& ()-z! # 10947& ()-z109%& ()-'t y
@10% (& ()-1JJJIIIKKUSL 1!' 109%77& ()-!' 109 MIMVE ()->! 10%4] & () -, 10%4] & () -
10JJ 10JJ 10JJ!2s! 109%J& () - SKeLLEMEMN5CzX6uSL 1!!xsy s!10% | & ()-! ~sy
s110% | & ()-s9! 10%& ()-!ks9! 10% | & ()-!x SL! 10% | & ()-f! SL! 10% : & ()-f500
"PPPPPPPzodY: 1!!f-1004& ()- 104| 104] 104| 9*y::10%| & ()-M 3 10% | & ()-!3
1094242& ()-!xsy s!10% | & () - PPPGQ-QQQIEdY:

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.
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5 7. Catalyst / catalyst carrier according to one of the

proceeding claims, wherein said catalyst / catalyst

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:
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- as 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 B0 bargs..

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.
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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
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applied.

5 23. Process of hydration of olefins, preferably C, or
C3; 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.

10
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-
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27. Process according to one of the claims 23 to 26,
5 wherein said catalyst contains 5 to 60 $ of an
acid, calculated 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.

31. 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.
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33.

34.

35.

Catalyst for the hydration of olefins to alcohols
obtainable by bringing into contact the catalyst /
catalyst carrier according to one of the claims 1
to 20 and the catalyst / catalyst carrier produced
according to one of the claims 21 to 22 with a min-
eral acid, in particular phosphoric acid, respec-

tively.

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

weight acid, calculated as pure acid.

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

like structure.



