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50 The reasons for such limitations of catalyst are obvious from the following experiments. -

(1) Relationship between mean pore diamete_r and catalytic activity.

Dehydration of isopropanol was performed using a y-alumina catalyst, with its mean pore diameter

55 rangrng from 31 to 190A, under. the following reaction conditions. The results are shown in Table A and Fig.
1. Fig 1 is a diagram showmg the ‘conversion of isopropanol as a function of the mean pore diameter of the
catalyst.
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across whi ch pores are centrally dstributed. on average as Well as tne

wi dth of distribution -of-the pore dianeter. The nean pore dianeter and th
standard deviation (err) which nmeans the width of distribution of the pore
di aneter are herein considered tEﬁD &g e&léi valent to the pore distribution, = /
provi ded that the pore distributfon3(%%% Bt atistic distribution. 40 The
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obvious fromthe follow ng experinents (1) Relationship between nmean pore
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inJable A and Fijg.31l] Fig 1 gs a diagram show ggg t he convefsion of =

i sopropanol as a fugpction of #he mean|pore diangjger of the catalyst. 3
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(mol 9% 1 ' 3T 86.8 2 _ 40
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when t he Ror,e di anet er exceeded 150A.
Y {2) Relationship between Naz O contents and catalytic activity.

Dehydration of'isopropanof was performed using y-alumina catalysts having different Na2O contents as
shown below, under the following reaction conditions. The results are shown in Table B and Fig. 2.

Reaction conditions

isopropanol: LHSV = 30 hr!

s pressure: one atmosphere
catalyst layer temp.:  260°C
contact time: 2 seconds ;

|

Catalyst f

80 y-alumina 3
mean pore diameter:  59A :

on: 13A 4

total pore volume: . 0.56 cclg (on dry basis) '

55 specific surface area: 267 m?/g (on dry basis)




: he basis of the above reasons, nean.pore, diameter of the [err]-alumina
fatal yst to be used is set up to 1 50A or below. Also, nean pore dianeter
o6f the [err]-aluni na catalyst to B® ¢'$R%Bohpiset up to 30A or above, because
preparation of [err]-alumna with mean pore di aneter being less than 30A is
quite difficult to be achieved by neans of the current alum na preparation
technique. 35 (2) Relationship betweentdorerr] contents and catal ytic
acti-vity. Dehydration of isopropanol was perforned using [err]-alumna
J'ysts having di {Tgrgn NEWD_D ngler the
foll ow ng reaction :ef.-t?éq rNak% %”\tg&q%’“ Rk SAOW%P'E' e B and Fig. 2.
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13A total pore vol ufre? | 0.56 %55/ (on|dry basi s%@.pecific surface area:
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as car box®gh- ¢ aci ds such as acetic acid, formic acid, and oxalic acid. The

. paki ng nmay B& eatvel wad brigin B3s alﬁ’é%{l‘qdwg?"lel*f@d difgtimg. éen %{tf"%{"af\e??bfé?% it pEed@p the oo

t 0 700 Cca;alb(stafpli, dqlgydr%_tlop @HI&QHI’ °é.t“??d§ @rr@adlly takés place if the acid has a high acidity, but

with the disadvantage that undesirable polymerization of the resulting propylene is simultaneously induced
. such that the polymer is adsorbed to the catalyst which immediately lose its activity. However, the y-
& % alumina catalyst having physical properties within the abgve-defined ranges accordmg lo:the., present o
' invention does not experience a loss of activity by the above-mentioned mechanism.

Further, the y-alumina catalyst used hersin can be regenerated. even if its catalytic. activity lowers.
Regeneration may be carried out by burning off carbonaceous deposits in the presence of air, for example.
The temperaturer at which used catalysts are heated for regeneration is preferably in the range of from 300
1o 600° C, more preferably from 400 to 550°C. '

in the practice of the invention, dehydration of isopropanol is preferably carried out in the following

. conditions. The reaction temperature is in the range of from 150 to 500°C, more preferably from 180 to
400°C. The reaction pressure may be reduced, atmospheric or increased pressure. it is preferred to keep
the reaction system under gas phase conditions. The feed of isopropanol to the reactor is in the range of
from 0.1 to 20 hr™1, more preferably 0.5 to 10 hr~! in fiquid hourly space velocity (LHSV).

In order that the propylene resuiting from the reaction immediately exit the reaction system, a gaseous
substance inert to dehydration may be introduced in admixture with the reactant. Such gas carriers include
water, nitrogen, carbon dioxide, helium, argon, methane, ethane, propane, and butane, for example. The
gaseous substances may encompass those substances which are liquid prior to entry to the reactor, but
become gaseous under the reaction conditions. Examples of such gas-forming substances include aliphatic
hydrocarbons such as pentane, hexane, heptane, cyclopentane, cyciohexane, and aromatic hydrocarbons
such as benzene, toluene, xylene, ethylbenzene, and cumene.

The gaseous substance is admitted into the reactor along with isopropanoi in such a proportion that
about 0.05 to about 10 mol of the gaseous substance is present per mol of isopropanol. Excess use of the
gaseous substance is not recommended for economy in that a large amount of inert gas should be
separated from the reaction product which is a mixture of propylene and water and recycled to the reactor,
requiring increased costs for separation and recycle.
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~ The catal'yst usedherein may be I n elther powder or [ [

"Spherical [err]-alumna catal ysts are preferred, especially in the form of
spheres having a sphere size of up to 1/10, nore preferably 1/10 to 1/100
‘of the dianeter of a cylindrical reactor which is |ocaded with a | ayer of
the catal yst. Such spherical cakR0yF8803Be effective in preventing :
di vagation and back-m xi ng of reactant and product gases through t he

react or, here y nta n the conver si on of i sopr opanol gfh and t he
salect i VI tr'{'éf° t'°"ﬂ%e %1 écft d ﬂ%’é E‘idﬁe“h'%?g a
mar ke dIs>)rste % pﬁlg ZE ,ﬁz'% alys rr]‘xed E]be %te
f { e ven ion ropy roduc fee o an n g '
cat al ys ° % & I ace
~if the %&éﬂ% ?i) gE}%F‘o ﬁgﬁ QQ@&L e d | $a \;'a%ta e ?x' qé desT'r abl e

pol ymeri zati on of t e resu I ng propylene S srnultaneously |nduced such
that t hepehgeRfa=«3 2adsqbed to the catalyst which imediately lose its
activity. However, the [err]- 35 al um na catal yst havi ng physi cal

~ propey tuteminM R moehef adepiepancld i Fo8 Cholrd Wibhr; FCGOKEI 63 Eddsthrlt Caghil €GB E1082

" i nvent | patmiegendhat is exipapdrane 6f e kasigst Gfjerds 'KV P tisya yictioh presduayie -ate ntis eaed
-mechani arafe rdfio pqualetp 3.14:haad | erana}mtaloum paalysakgdr yred cross eectierapsverse anthb direction

r egenerdfledotésppmpandlin ¢ catal ytic. activity |owers. Regeneration may be:
carri ed oltthippmbedimgnh dheofefalystaften sapreferalsly detho &irp of a gylintiécalpihie dayackaviod thai r

T for exdnfitse. and peatiak tsknesy. Thefeediel isgRioednole 8 resgtonicyreaseonding tofdlis indhef rgnge

r egeffer AfPBP-1i 13 2p et drosmprylerbly PAdo 1 ifrglein davig havry Saee YPciel-HEVInTiedeaction -
pr ef er P ?“f"i)%'ﬂﬁﬁ?a'{yd" hér'%e of pm Pfé“ PALG pEfeiply(fiom 1840 GnThedeasiMir at i on

ey b Prelger ?“ PrEssUIReahensh JOR FPgeten Tt B?Pé"d he |

T e‘a}cf?pqr (ﬂ% e'P% f‘ﬁf d&'Fr from c . er -f!l-bley'

o r0m_,018.9 0 § r ch # ﬁ & anib:;?q §1 e va é.gfréga ctor g%lx wg;?) is a’cor i
i ncr easgg. Qi ° o gt f Eit E d.faﬁ&f P 0d T

rg éu le 9§t g iR rth% £l 9as
- phase 0 EAoPrE'%d cﬁ% ns tﬁé?ﬂfegﬁé‘ é?a( | BxP b Nindrd ﬁe!a%“ge of
 10m 0..ch cbiycrgonidF I r('idanol R B, 36 Bir P pVordon'd1 ebbrcandT c%rns (o sh RlUrdy ROUT 1 Y’
space VRbdplidnytnd reactiéh 16 W& rebBtdh temipBrafdfediél B Rcrb R84 bil thd 8acfiflc® B Suhi§
r eacts Odhd iyRIHE Elbvated r¥actin thmpel@urds@RE briPicrSas8 iditioR cBRBEIEdLSs FoHBAGRIA GRiubdaert t o
dehydr aguki randrigid RE plop\ighe e Rlid @lsox@alcy tHer atalpbtiife. Flier, GaGHA RictorsTutikde §RS
carri errangeralidwi@ectand brl produttigasey @6) be @k died Gi i irahtor toarbtard rashyairagja) tendig toane,
et hane, foppr opabeprodwad. but ane, for exanple. The gaseous substances may
enconpass Thevesntor ssutob triticat osthaninvenfipnaané miay el salbctsd ifrom tiage esattery ceromeniheusedimct or |
but #rectbindyng z0f esgction.uad @xampive a rtebgiier feesiorooydbe: vseth bavirxa fixsid cbod of calalysh layer
gas- for\rhef?g‘ t@m@swheess pa?eedubreugalthepmivstdamynraa@w isisepdions geda fred pechiysiae,
hexane, 'e?FéDg Fashieyen af spb !SF'cﬂq@B‘(%{rQéa'“saﬁEFefﬁf'%ﬁf‘? @%Vd%@éﬁ%‘bﬁ@ such
_..as, benzB#ed® reestrcellam‘ewaf%yr %‘?’f"@wa'%ta P%\e‘ﬁgé%‘ flogyigy pf?(?ﬁé‘hé‘ pn*'ﬁ@mg&g%nso
' stibst ant#vptara ge rea Otg Wi t a sopr opano ' n su

pr op65rt ls Oﬁln% e y efp |en r:Br s ra arﬁia'ixed bed rea %{bé

r sent on heat in a anner, S I@ hea chan emul S not
S trc aco r@iﬁ where éatayt Iagfr i %rdgd'ﬂ?n Hlﬁra ﬁ\égﬁt

I’ ecomreg)y s) a@ Jaflélgd ]OI FE) no hw uI Qa%to$
Separ at eOR]b& ﬁ@«ﬁérbu&fibreﬂé ugsprwaro@ ad & @onﬁﬁcﬁd%ﬁu& a%%t{ oRiBrdlirid
‘Wat egp %Qudh%ﬁly&%ybnortﬂa& ckPagh Wth thb S5ty <t lald td Hoe tRASRElsORRES for separ at ion
and recyclhgo udetul is altitPutbiRa@Rchakgb rddaRr MHeRHES Sludifty &ifiein Feadtiom tub&yerd @MAged
cont i NUA Ystap@B6 anara: hebiink Enetill@ i§ FREIIutsIdS tHarteeer b Ihyatid madifich usedita@n dugd
~ syst em beowot @il omvinbditen aalp@vmigtire 8 NaNGsSdnd KMNOg). Altexatvelycd diacs henind @ade dnagieh a
' gr anul aused abesdity 8 teactiom tube & r@eigddcin k echcipnifoaicersush thaf thée teectiom tubetsidiextly peatsdy | ene
is prodeyoestndsf ghstaddiersy | sopr.opanol in gas state through a catal yst |ayer of
the y- al uin thrapragticejeffthenmvgntiph.olpbydrationaof dspbropareliicthe catalyst tavar is helieyad mipligy the '
di r ect i B§pFess thqtneﬁeeerm%u'aeofﬂseprswplsr ate frem fthel mebile PR igURA qutph surfees ¢ soligher ei n
M is nffast 91’1"“% %J)'?'Up%&muﬂ’w"t tign andpihomio. therinner ?“Ff@eg%sca*é'&ﬂé?t’a&ﬁt
equal t*5’°p9 st g E@P‘““‘Ps i"%‘s?i’“’tp e pw posorhed fopatve é‘feé °H8¢ | ayer
in [é”rr yﬁﬂ‘tﬂféﬁi‘?@?&? {QIF ﬁ'?y(!f’"fe ﬁ"da %“ e‘:'i 'E'gft‘ﬁé“'%‘rg £pres ?g’f’l “Beequal

e 0 YS! the 0 It
to 3. 14 Igydr[ £10f| opr%)ano %ds((’t)gniat e éxlerna sron rﬁi u%ra (2% usion: ﬁ' eaore
tr ansvetrhg ¢ate Qf 9dr onl; t Fsep%iaéfrs é?rYl\{c:Q\ 'inggpsreg %9%9 o] a ¥~ Jmna catalyst having a
specific pore size distribution closely refated 1o the external diffusion and intra-pore diffusion of gaseous
85 isopropanol molecules in the catalyst layer. The rate of dehydration is further promoted by feeding
isopropanol through the solid catalyst layer so that the reaction factor (MxRxT)/(3.6xPxxxr?) is at least 1,
~ that is, equation (l) is met, thereby increasing the diffusion rate.
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¥on this-enbodiment, the catalyst layer.is preferably in the formof a

~éylindrical thin layer having the radius r and an axial thickness. The feed

sof isopropanol to the reactor (corresponding to M is in the range 15 of
fromO0.1 to 20 [err], nore pref%r,aobé%ag B¢t 0 10 hr-[err] in liquid hourly
‘'space velocity (LHSV) The reaction terrperature T is usually in the range
of from 150 to 500 C, preferably from 180 to 400 C. The reaction pressure P

.may be r edus pdpylenb BRBEARNE bicbesd bf thé) FEBSES bBielSES W B AlilhP we britibR ufiRaieh boNn
“sySstem shaslotb RF@idactabdey thulcaituiios Sfergas adetbas By-s6dudl fbrin@d . praphdng pRenll OpET

" choi ce by th] cuthenePoradesk finds WCdecielsiry dppizatioal le Erésenteim@htion tohsliite®ra part of the

- ( MKRXT) beed Ipfocess dartvol@ddy firktecasiertidg thp raedtene ardd igopropatdh endr therg@n@stting trersopdpdnol 10,

- propyd einte wenylehe thedubh dpterdration sortag cas e wiioje, facaatie rig) corsered dpapaylerer teigis aa

"~ solid caetitgmaterabiprtho pypthesieofraumeneoin afitando delmpdr tie camene forocessranyenrdisot akes

. pl ace. (s B oepisg aprifatiprsastasipring enaterid (Rt e @emerpion ohrolvelfs. t he val ue of

(MKRxT)/[errlis less than 1, then the rate of dehydration of isopropanol,

t hat |sE percent conversion of isopropanol becones |ow. Then in order

to adtonpl desired reaction rate, the reaction tenperature nust be

‘i ncreased éé?’"‘t' F@%\Br??ef't gntgp a'BL?P’F‘E beloye0y way 9 NS E| evat ed reacti on

t enper a not only increase formation of by-products resulting in
reducedEMn %1 and yi-el d of propylene, but woul d al so reduce the cat al yst

- life. 75 Fur tAhféical Eug{ﬁ&t dfdr éf%fatngg stéé%ﬁ@& &n tnm? dlafhB8 ot @!‘)h ﬁ(\ ('t g;éﬁ)t ﬁ@g Jeﬁ ﬁiof

product s@ase St dfproRimalf @kceRltak S Whs lbatied WRIRSD AT of b, Al 5 ical
tend| ngp.t,ﬁbnfegrm nore by- products The reactor is not cr|t| cal to t

yvention and nay be selected fromthose reactors comonly used in 30 this

' type of Gargraslintine cafalyst exanpl e, a tubular reactor nay be used having a fixed

bed ef catalyst layer wierein the reactant gas i's passed through the

- catal yst Imyremomdtar@ammmal direction, and a fixed bed systemreactor having

a sol i d ‘catapdaydsdevintiog &r) 18fA spherical catal yst grains is preferred. The flow

of the redetknors gume: @8 cfe vertical ly upward or. downward al though the down

flow is prigedfies C?ﬁ;?@/ﬁﬁr ng hopping of the catalyst grains. 35

Si ncé& dehy¥#mtizeodi'oMeshsopr opanol is a substantial endothermic reaction, it

i s necessdy ItVt 'ébH‘prP’I .reaction heat In an efficient manner. For adiabatic

fixed bed pﬁ % i ntermedi ate heat-exchange multi- stage adiabatic

reactor -i £pL % Wherei n the catal yst layer-is divided into plural

staggs an 'ﬁﬂso i exchangers (or heat sources) are provided between

adj oi ni ng & 2%0 Anot her useful reactor is“a self heat- exchange type

reactor \Mﬁﬁg tég,ag,gcahﬁ%%gln%%r opanol gas i.s conducted through a conduit

ext endi ng ¢4 post,h,r@H,ng i@ catal'yst layer for heat exchange with the catal yst

|-l ayer to head: olheryGigh yst l'ayer. Also useful is a nulti-tube heat- exchange

"reacCtor V\/rmzemmsoxabypbd@hal ity of thin reaction tubes:are arranged in

_j uxt aposi tFes: @od By vt | ng medi um i s passed outside the tubes. The heating
I um us gehlumia®d.resreywddgnt hot oil or nolten salt (a mxture of [err] and

[err]. Al tisopmpenpiwek Yed igo the réctor fmpalits tog ar £ 8o rete ofrfélymide (LHSV 3geT) athaopaetion a

r eact i ofemperpiurejok3208¢ end/epfesspre gf 10adicindB. Tha igpsdiceid suxtiie rdmathe teaetorrbotiam wasn t ube

is di4 eeqpplyte%m & Hquigsreagion W%t'f?sanéfa 978 Srogent-itdfes 8 hoprsthiad ppasert sitgecheo ftart ple

i nvent i Actoy tﬂv'érqaetwn 61"‘“1’% 3A8 BYodrdh WP‘ﬁé’e'c’a’F%tl ?’aqedl?éﬁ’y ﬁ@uﬁéP‘i Yied to

fol | ow BRe %’rt%e:tga%"“tto % d‘%’géﬂm ngﬁpf prodys éFﬂWe d? t he
b | 1 r n, JiRgle n

thr Lujhﬁ"’g&v? AN TR A R R %‘ﬁr i %neyltr rai ne
- through'| ’%&% B, Steéjthfatf Mé 'c%erﬁ.&t‘gf 88}?@3@ alfP I Gb &t Jhnd e?&’LP%@@? he @S L hen
- adsor bed, { Qe %th‘?ou&oh EustiBnst st "Wwhere de atio kes pl ace.

Propyl ene and water thus formed mgrate through por es by reverse diffusion
~and .| eave t r ns to go back to the nobile

- phaseg Yt |§§tzﬁg{§€b ?‘W atfcgte%ydrgaﬁggl ofS i sogr opanol largely depends

“~on the externa{nogégfgglpgb&wpdr{glr Frdudteddieirtuangt. tiherefore, the rate of
._dehydratlon of isopropanol is significantly increased by usigg

~[err]-alum na catal yst having a specific pore size distribution closely
.related to the™@kedrffl isPP¥CRAMN: HRE BAT AP3Sr E18Lf f usi on of gaseous 55

i soprs®panol nol ecules in the catal yst l'ayer. The rate of dehydration is

. further pronoted by feeding isopropanol through the solid catalyst |ayer so
. that the reaction factor (MKRxT)/[err] is at least 1, that is, equation (I)
sis met, thereby increasing the diffusion rate. 6
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benef|C| aI to the industry for efficient utillzatlon O
by-product under the current situation where the acetone by- product forned '
in preparing phenol by the curiene process finds a decreasing application.
The present invention constitutes a part of the overall process involving -
first converting the acetone intdR@&8f &8Pl and then converting the

i sopropanol 5 into propyl ene through dehydration so that as a whole,
acetone is co verted |#o ropylene, that is a starting material for the
synthesi s of TUMEME: § %%‘gt‘ff%\h 9% REAPYIEDE T the cumene process,

propyl ene al so fj

prom:sj a cation as g starting materlal for the%'
preparation of p%? %I%Flrhgol’% L&pﬁ%‘%éirﬂﬂreém&ﬁ‘ Fl’fé‘epresent invention

are gisven bel ow by wWay of —Tttustratton—Exanpte—+—3t5——A vekt 188l tubul ar
reactor of staimbbss GfEEéoﬂﬂﬁdpaﬁg:Bl’kéa’Wd Pexingt @imé5.4 nm (1 inch) and
a length of 500 mm at approximately a central zone was | oaded with 20 m of
[err]-alumina having the followi ng physical properties. Ganma-al unina

cat al yst 20 Rexeeporrieidimf @romfensst=andard deviation [err] Total pore
vol un¥. 0. 66 cc/g Specific surface area: 275 [err]/g 25 Grain size:
8-14 mesh Aci di®9 %ﬁs?af|mn’b¥sn$mq@qqd 6?98? u0139tmq/g pKa [err] 4.8:

0.08 neq/ g pKa - . rl x3160 O
Integrated aci dmé]l@gltéfy PRSI n y basis): [err]: 0.2%
by WEI ght 35 S Q2: 01% Yo by wel: g%t [err]utd 8’ Si'gégby wei ght

[err]al um na: 99. 75% by wei ght Isopropanol was fed into the reactor fromits;

tep,at a flowrate of 60 m/hr (LHSV 3 hr[err]) at a reaction tenperature
of [err]Exgggesazgaressure of 10 kg-f/[err]. The gas/liquid m xture fromthe
react or pottomwas 40 separated into a liquid'reaction mxture and a- gas

o6 R (B

produgt . V\hﬁrbr&em&%xm P33S Rile Jdne(;tge El arrlt’ot ntO isoATaa I I% I he
react i ORerffeidivd Rerd e S '?':}IP '\'?é
anount s r@gﬁw%&ema"@and 1 or%ﬁl '?Ler'e/) hr. Tré nr'ga %9 RNt ﬁ'fhex%nd

t he gas product were anal yzed by gas chronmat og raphy for the eval uati on of
i sopropanol dehydration; finding an isopropanol conversion rate of 98.4%

and aspropyl ene yield of 98.0% The by-product was 0.4% of -acetone. The gas!

- product was propylene with a 45 purity of 99.5% It is to be noted that the
conver si on -of isopropanol and the selectivity and yield of propylene are
cal cul ated by the foll ow ng equati ons. Percent conversion of isopropanol =
50 n%Les - of isopropanol reacted per unit tine

40

50

55
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jQO noles of isopropanol fed per.unit.. tine 55 7 EP 0 379 803 B1
P&rcent selectivity of propyl’ene = noles of propyl ene produced per unit
tigme 100 nol es of _isopropanol reacted per unit time Percent yield of
propyl ene = 10 nol es of propyl ene Fdﬁﬁ@é@3ﬁﬁr unit time x 100 nol es of

i sopropanol fed per unit time Exanples 2-5 20 The procedure of Exanple
1:was repeated except that the anmount of isopropanol fed and the reaction
tenperature were changed as reportwed in Table 1. The results are shown in
Table 1 together with the results DfgExanple 1. 25 30 35 40 45 50 55 8

EP O 379 803 Bl 5 [err] 10 [err] & ®err] o 0 25 O [err [err] [err] [err]
30 5 : = . '

.1

M N N
o O O

--Amount
0.4

10

98.0
99.3
89.0
96.3
94

15

Propyléne

A
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conversion (%) yield (%)
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“s5 Example 6

The procedure of Example 1 was repeated except that the catalyst was changed to Qy-alumina having
the following physical properties and isopropano! was fed at a flow rate of 40 mi/hr.
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[err] 40° EP 0 379 803 Bl Gammm- al um na catal yst Mean pore di arreter
A standard deviation [err] 5 ° . _Total pore volune: 0.82 cc/g Specific
surface area: 225 n2/g Gain size; 719A8 g?slh Acidity distribution: pKa -
[err] 6.8 0.22 meg/g 10 'pKa%r 38T 0. 04 meq/g pka [err] 3.3: 0.02
meq/g pKa [err] 1.5: O Integrated aC|d gquantity: 0.22 neq/g Conposition
(dry bastghma-difminacatdyer rr]: 0.17% by weight Si G2: 0.06% by wei ght Fe203: 3
0.02 % by weight Jerr]-akum na: 99.75% by wei ght The results of reaction .'-z‘
akg; 20 Mekis g6 cigraere 120&nver si on:. 99. 8% Propyl ene yiel d: 99.5% Exanple 7 !
25 The spnaetdbviatenof,) Bdanpl e 6 was repeated except that the reaction :
terrpersaturé’oma&reohamgmtcdgwo C. The results show an i sopropanol
conver si on Seécit®4ud6 e 226 pYopyl ene yiel d of 78.8% Conparative Exanple 1
30 The Gringizedbriiemesh Exanpl e 1 was repeated except that the catalyst was:
changed t o Aridisptitidsiione havi ng the fol | owi ng physical properties and .
|sopropanolp%§sf%@?’%ﬁq’9a flowrate of 40 m/hr through the catalyst at a
tenpet’“aturé?Kf)F- 4§e9qg]meqﬂ- nordenite catal yst Mean pore diameter:[err] Total
pore vol um’? 3 §340. d?eggGral n size: 8:14 mesh Acidity distribution: 40

u /0g22NIaX) mum acidity: pKa = -5.6 Integrated acid -
quantlty n d P65t 8n (dry -basis): Na2G 0.01% by wei ght 45 *
Si2:: tum na: 2. 5% by wei ght The results of reaction
inclu ed alg,d s(pcgg:,,o ht conversion of 96.8% and-a propyl ene yield of 70.8%
The 1i qui ngz@gcddzagbwéq fre contained 1.4 grams of |ow propylene polyners
in oily formumieed siiyiwe@t Propyl ene contai ned nunerous inpurities
|ncI udi Nng 1RS RaURE of rBdchaid: and propane, and had a puri ty of

20 Isopropanol conversion: 99.8% o
Propylene yieid: 99.5%

pKa [err]

Example 7

25 - The procedure of Example 6 was repeated except that the reaction temperature was changed to
290 ° C. The results show an isopropanol conversion of 84.8% and a propylene yield of 78.8%.

Comparative Example 1

30 The procedure of Example 1 was repeated except that the catalyst was changed to H-mordenite having
the following physical properties and isopropanol was fed at a flow rate of 40 ml/hr through the catalyst ata
temperature of 250°C.

H-mordenite catalyst
B o P PO AN
“# " Mean pore diameter: 7 A
Total pore volume: 0.42 cc/g
(o Grain size: 8-14 mesh
e Acidity distribution:
40 pKa £ -5.6: 2.07 meqg/g
Maximum acidity: pKa = -5.6
Integrated acid quantity: 2.07 meq/g
Composition (dry basis):
Na20: 0.01% by weight
45 Si02: 97.5% by weight
alumina:2.5% by weight ..
The results of reaction included an isépropanol conversion of 96.8% and a propylene yield of 70.8%.
The liquid reaction mixture contained 1.4 grams of low propylene polymers in oily form. The resulting
propylene contained numerous impurities including methane, ethane, and propane, and had a purity of
50 98.5%.

oo, P S e -

Examples 8-10

Propylene was prepared by dehydrating isopropanol by substantially the same procedure as in !

55 Example 1. Isopropanol was fed at a flow rate of 40 mbhr. (LHVS 2 hr~) through the same catalyst as used

in Example 1 at a temperature of 320°C and a pressure as reported in Table 2. The results are shown in
Table 2.
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.98.5% Exanpl es 8-10 Propyl ene was.prepared by dehydrating isopropanol
substantially the sane procedure as in. 55 Exanple 1. |sopropanol was
d at a flow rate of 40 m fhEP Q¥N83BIn[err]) through the same catal yst
S used in Exanmle 1 at a tenperature of 320 C and a pressure as reported
Table 2. The results are shownJr 'Eabl e 2. 10 EP 0 379 803 Bl Table 2

ehydration of isopropanol under varylng pressure 5
) kg/ o) | seBr-epanRel—coRver-si-on /QA DJ'_np\ll ene \J[I ol-d CV() Exan‘p| e 8

ALY T OOt ToT \

93. QPehydration of isopropanol undeg yarﬁngg.x e O

Pregﬁlreik@ﬁam l@opmanol conve?siimp 1elfr5p57y!ene yield (%) 100

Exanpte—2—the—procedure—of fApre J. peat ed

: atjal yst vvaé ch hnged t o %§9al uni na havi n 515 t he] fol | owi ng
E.? | 0e afl sjo panol was €d at a flow rat® of 4D ni/hr _
-1 hr ough t r-g&e;\ mogp eA?‘mp ature n1f0 320 _C. __Ghnmmna-2a ﬁ’n na tal yst Mean
" porne di anmeter: 190 A standard devi ati on [err] Total pore volunme: 0.43 cc/g

- Specific surface area: 205 n2/g Gain size: 8-14 mesh 25 Maxi mum
aci di Egmpargfiye Example ) | nt egr ated acid quantity: 0.14 neq/g Oorr'po‘sition (dry
"basis): Na20O 2.7% by weight. St Q2: 0.06% by wei ght 30 [err]: 0.02% by

vvel ght EPﬁ‘? P;Fceéﬂ"ﬂﬁf Femgle 1owas;reRsath exgeRL the the catalyt vas ghanged de wialyfing fisingded an
9%%‘\@% ?R?H'e?)?"d&?prf%"%lﬁ‘@s fod 5t & RN '@ et A By thepuastie salglysEgtanpl e 11
35 Byte BY" YR e procedure of Exanple 1, continuous reaction was carried
out f 1 en period while the armunt of isopropanol fed was kept. at
8amrﬁ‘ i ?Q [1hr. At the point of 200 hour reaction, an analysis
d fdad S0P q gonver5| on of 99.5% and a propylene yield of 99.3%
The reag{aﬁ&mm§,o qr continued. At the point of 500 hour reaction, an
anal ysi srot'a.ryamq.u,agougea opanol conversion of 99.3% 40 and a propyl ene yield
of 909. O%pecmbemfagmea[mqﬁzygon ti me had exceeded 500 hours, the catal yst was
t aken owgfaiodizet et m&actor, finding that it was sonmewhat grey col ored. The
caksal ysivavimem aegipnmaad ed by heating in an electric oven at a tenperature of
[err] f oOtegBtedacid guaniiin@®.1éateahyst resunmed substantially the sanme white col or
as pri oComposiise(dryPags)cat al yst was again |loaded in the reactor, and

dehydr ateh28% byseghtopanol was carried out under the 45 sane conditions as
i n ExanplOe: 0108%Tyewefgbs yl t s | ncI uded an i sopropanol conversion, of 98.3% and
a % e203: 0.02% by weight : : ‘
y-alumina:97.22% by weight
The results of reaction included an isopropanol conversion of 64.1% and a propy(ene yield of 54.2%.

Example 11

s . By following the procedure of Example 1, continuous reaction ‘was carried out for an extended period
while the amount of isopropanol fed was kept at a flow rate of 40 mi/hr. At the point of 200 hour reactlon an” T
: analysis showed an isopropanol conversion of 99.5% and a propylene yield of 99.3%. The reaction was
o further continued. At the point of 500 hour reaction, an analysis showed an isopropanol conversion of 89.3%
40 and a propylene yield of 99.0%.
When the reaction time had exceeded 500 hours, the catalyst was taken out of the reactor, finding that
it was somewhat grey colored. The catalyst was regenerated by heating in an electric oven at a temperature
of 500° C for 3 hours. The catalyst resumed substantially the same white color as prior to use.
The catalyst was again loaded in the reactor, and dehydration of isopropanol was carried out under the
45 same conditions as in Example 1. The results included an isopropanocl conversnon of 98.3% and a

propylene yleld of 98.0%.

Examples 12-13 and Comparative Examples 3-5

50 A dual tube reactor was used. A reactor or inner tube of SUS 321 stainless steel having an inner
diameter of 26.4 mm (1 inch) and a length of 2 m was charged with spherical y-alumina grains having a
diameter of 2 to 3 mm and the following physical properties in the amount reported in Table 3 to form a

solid catalyst layer.

§5 Gamma-alumina Catalyst

Mean pore diameter: 58 A
standard deviation (s,) 13 A
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propylene yreld o .
A dual tube reactor vvas used. ‘A.reactor or inner tube of SUS 321 stainl esst
steel having an inner diapmeter of 25.4 mm (1 inch) and a length of 2 mwa
charged with spherical [err]-alum na grains having a dianeter of 2 to 3 mm
and the foll ow ng physical propeepPigesrigazigie anount reported in Table 3 to
forma solid catal yst |ayer. 55 Gamma-al um na Catal yst Mean pore di aneter

58 A standard deviation [err] 11 EP 0 379 803 Bl Total pore volume: 0.52

<C/ g Speci TP PO plupe 042849 254 n@/g Pore diameter: 2-3 nmm 0 Acidity

distributi PPc'f'Ss“”acea'?ﬂ(%s“['%fgr] 6.8: 0.32 meq/g pKa [err] 4.8: 0.10 meq/g |

pKa [err] 309 diapets EP(T"b%a[err] 1.5: 0 neq/g pKa [err] -3.0: 0 nmeqg/g 10

Integrated 1 's@ y 0.32 nmeqg/g Conposition (dry basis): [err]: O 2%
by wei ght ,ea[g 80 0 ?Pby weight [err]: 0.06% by wei gh 15 [err]-al um na::

bal ance GI pl aced on the catalyst layer to forma gasifying _
l'ayer, aegggtg,,gga,gl nner tube. The inner tube was inserted into an outer
t ube of S Boh@vbyy an inner diameter of 81.1 mmand a length of 2 m

The apnul ag @ggec.@@.jam@mabh{gq/gnner and outer tubes was filled with alum na:g

powder as @oh@aition @4 ibks®): A porous sintered netal filmwas attached to the
bott om of Nh®: oR%ey weighe, conpl eting the dual 20 tube reactor. Wth this
dual tube Feeagtome%myaegst upri ght, nitrogen gas was bl own upward fromthe
bot t om i nt SiCk:lodEeHMYNelgh Space through the sintered netal filmto keep the
al um a powseminlidatencaedi umih a flui dized state such that a uniform

t enper atGQase bgddstwerehpieded on Weescatalyhl laxsede rer datilving feyerr eompenrgt 4n iofer tube Tvel i d
cat al ystinnealybs wasrinspitas intp, proputar (ibe of SYS 323 havieg andaret diamera sf Telimme aidradengtitof t he
t\eHper at2u‘?"e %?nél‘“h‘?’e%%?r etwaon dhe B0Pr|aRd PUIBI IS wissitied witaalehinaeaydersas a heat
conti nu dRpSjugp- eﬂffmt'%s'f'tﬂéd 1"1? P'E?rquraﬁ?ﬁ"?‘t? tt"b'EP“P'BIOf the geter tebe. complatings the qual

condi_‘t"l ier- \Wi‘ “"P %% W‘Fﬁ Wgﬁi@:”}?gé"e\grﬂ‘e
t higed "Hot t
e Lepds .%m o el Py e PR S0 S

reaction ﬁe ¥ ? alﬂgiﬁed th%pe ngl??aéé/u{’e rgp E%'\ af%bl% erS% qgrﬁp hy to
det er gi '?:‘Sntﬁt st TRHB! fe cthr Pcm/ itS tp ) a&iEi‘% deP % that th h Gdol N
i sopr opqmatxrﬁ@ BMSES) Qdight REVINE GdARe 368G il YdoleY3. 3 gxgaf‘q nv*ﬁtr@ efifh %Lna&@ o
The 1 esybdefor BdtBmSHa9 dkbataldd Tiddh Bqudt redcioftRixfhre a0 a gas product. The liquid reaction mixture

and the gas product were analyzed by gas chromatography to determine the amounts of propylene and
. other by-products, from which the isopropano! conversion, propylene selectivity and vield were calculated.

30 The results are shown in Table 3.
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) ‘EP 0 379 803 Bl [err] [err] [err].10 [err] [err] > [err] 15 [err]
err] 14 “« Jerr] 25 [err] [err] O [err] [err] [err]
Uflerr] [err] [err] [err] [err] 13 EP 0 379 803
TabI e 4 (I\/kaT)/(B 6xF>xwxr2) EP ol#am®0s ®4Ur e ensuring i sopropanol
onversion [err] 99%5 0.1

0.2 [err] 0.5

1.1 [err] 2.1

10 As seen fromTable 4, an igopr@pgnap conversion of 99% or higher
an be acconplished at a relativel yv|owAtenperature of 290 * C insofar as
¢ eaction factor (I\/kaT)/[err] ¢s hloqher t han unltgy In comhercial practice.
f i Sopropanol dehy:draatlon cntNIS ef er«red cﬂo& econony arﬁj hi gh purity of
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Table 4 shows combinations of the temperature and the value of reaction factor (MxRxT)[(g.ﬁxnyxrz)
55 which ensure an isopropanol conversion of 99% or higher as picked up from the data of Table 3.
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“need to recycl e the unreact ed- |sopropanol to the reactor This is becauses
an extra equi pnment. i s necessary for the recycle of unreacted isopropanol -
and its operation adds to the cost. Since mnor amounts of inpurities are

-recycled to the reactor al ong wigphg §Resodgieact ed i sopropanol, such
I mpurities build up to reduce the propylene purity. It is thus desirabl e
froman industrial aspect to convert isopropanol into propylene at a ;
wconversion rate of at |east 99% 20 Tabled4The fact that the tenperature whic
\h‘3ures a maxi num conversion rate of at |east 99%is as low as [err]is
advant ageous | W)@.dﬁ!’ﬂﬂrz)t ereﬁaérﬁbrh'%ﬁsumg%J%pﬁtatcbr%@rs&)ﬁ)i gk |ext ended !
perlod of time e T ZrRgT e botr Uc Hor—SHee—the Henper at ures :
whi cff ensure a|maxi muf converbion rate of at®9'€st 99% when tHe reaction
factor (MRXT) [err]h valueg of 0.5 and 1:0 e [err] and [grr], catalyst
life tests werg¢ carri out fpr about 1,500 s at the tenpgqratures of
[err] (under the condiiions of Conparative Iggoa.rg)le 5) and 290 |C (under the;
condifions of Substarttab—toss—ogfaet i vri-ty—3-4s
denonstrated by a conver5| on reduction from99%to 90% was. observed in the
former cadé se from Takleyh. an isopragpno! sopassianfof 89% prjtigher Gap e assreplished at A refatiel at t e

case as'londsreReEAte @80 yinsafapasreactianifasior MRHDAR SR wldphigposhenundzo, At the end |

A1

of the cat"élc?lg'f“”?'i"f%acf'@s?f 's°pf‘ﬁ@"'°l:3 hjé%’?f‘ St We?’éfe{r hef?ﬂ?m‘bf‘"d( Pen P\é‘é‘bf’for s,

fi ndis P‘PH\&%" ‘h@ WJP& CHPHRATOR & Y°‘ %r th
For mer SR STl i | "ﬁ\@&s@ﬁ b ﬁeedgé of |

th J
t h e pr ei%}]%ﬁan iﬁ?tﬁ eratlon agzssgo the %oéxt@ h nce mi:g\rg 3}"{;0%‘: : 3 Fe(a tr?es are rec %g Qns i gher
ut

%&Jtr lal/ & Xct @d%vén”i %ErBf il pr y ne htl
tO pr OV i 11 zat 1 on acet one 'S a y pro UCt I n pl’ eparl ng
phenat by Th %cwmmeﬁﬁaﬁﬁé %mcrbans&wy%;mmg SNEsiaFRlWR Gt bddt Byol RORNGPANOI

and t hepooSs BNY Qkvahtaghbold B haMaMiRPRE Qhtaly R thigh) I LRI 8Neh bilenbédPeripll @F BmaMile

sel ect i ininyzimCamofl bbl@siticd. $ifR Y BHEIdturésWHiAtehsfe a hBEmine SahvdrsiciCraRloppyédeNe | S
usef ul @@ tWhen SoarbdcichgfattOra@ixBuiT)/(3feRrxrpt) Gaa valkey of BI5I MIdS1.10AEA0 CC 3 29n00poUNds
and pol yadiyaf life Bsts Whe cprieds@n tor abautasod boursi as the fenge@ttes k310 SC (unddr theabnuitionsCl ai NE
1.. .Y pofaoeparatve rExgnmpSirand §o0 Capybrethee canditiqns o6 PiE 18). 4 sehstaatfal Ideshof detisityi ng

| sopr opasdsmonsyaiethby prewesigerediction flom98e-ta PUirivarcobsarrad|iythe foyhdr c#seiwbilesonlycy

al kal i giight| lessiohactidty s plaserye i tths| l@usqasea@%ebynw‘ghx a gnvgreign rpdugtian fiomeB9%| ess
t han 10% % fethglend off the patalyshlife jasty. tpcatalysts. veop Bke e @?‘3‘% fingingothat theet g

OXi d@o %Lﬂt‘[fé?’ n_dgpasiiacpg the-catalystaves fﬁbth%fmﬁ? ?96 |f‘1‘,“ aaq um na

and mjeégﬁe P pos tﬁ% %}th%?@ ey, § Hfrf i ?a Vi ng

and an : ' ' " v He haV| ng
I \ d 1 l t

Se\r/TF:'?I pCSr ptearﬁ.f grhﬁ gj n(\ﬁi% f#ﬁ IS ro;}an lnto Elgﬂ‘ ge p%ﬁ dcon\g %;; e 4 T

st at isst ;%\ invepticr g,i t'% ﬁﬁ% et “,Q,g ,,ar,)gg,lg vo 15 ocess

accordlngtoc alm ereln sal e?sr%?- umna is used |ntheformof a

al ystalmyer and-isopropanol . in a gaseous state is passed through the
catalyst layer in a direction so as to satisfy the follow ng equation:
( MKRXT) A.[ & prdceedor grbparifyg prSpylohecatiphdigitheOstepnsd b&ydraiingiisspppanplanibe plesghcpeaira hour
(ol fhr), sRiinsnat dalystanich Grsib alkali gepuatina tcomBisi@ 2t Idastaond ijegpighbdt,y-dlumirs, tass '
t enper at urteenaD%tyaveighit d kiljat and ay &r0.9% by weaigh of aP akali reptal exddst saiviy-gureinsceatalysi n
at m [ err]being aaveaiiy aides y-aliniing havjugd pifeovaBe oifromandl3 fo + 68 gs meatired by Harometsf t he
cat al yst |eqyetion ang an ipegraied ecid nyapily oF umio\Ad Bea/q en i cbagls. raad havisa 20T RSR of
EP 0,379 8Bgemnoffian Slol5 qm(wrr }59 Arwith a stardaygeyiaton (e 148 (ARPTY feRGiHP GFENol
conver Si Or{“{t@ﬂ? ]‘\) lpgeg) op a statistical calculation from pore- diampte| and pore volume.

err] 0.2
[ ] 2. A process according to claim 1 wherein said -yLlumml is used in the form of a catalyst layer and

isopropanol in a gaseous state is passed through the catalyst layer in a direction so as to satisfy the
following equation:

(MxBRXT)/(3.6xPxmxr?) 2 1 n

wherein M is the number of moles of isopropanol fed per hour (mol/hr),
- R is the gas constant equal to 0.082 1 atm/deg mol,
T is a temperature of the catalyst layer in °K,
P is a reaction pressure in atm, '
a is a circle ratio equal to 3.14, and
. r is a radius in cm of the catalyst layer in a cross section transverse to the direction of flow of
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e i

i-sopr opanol conversi on of 99%-or hi gher can be accompk-shed _at _a rPl at|v_
‘I ow.tenperature of 290 C insofar as reaction factor err

- higher than unity. In comrercial practice of |sopropaﬂw m
preferred for economy and hi gh grug 829/803fB1pr opyl ene to

of unreacted isopropanol to elimnate the need to recycle the unr eact ed
_isopropanol to the reactor. This is because an extra equi pnment i s necessalky

for the recycle of unreacted i soprop®®A and its operation adds to the
cost. Since nor anpunts of inpurities are recycled to the reactor al ong

unt 3

with the unre cmdxn),mm@pan[olmmwahe bﬁmmgl.gob@sa,bwoh@rswpﬂgg%r]educe t he
pronI ene pur [Ty —TT, TS TnuSgesTrapnte 1o [pTuustTTar—as ject to convert
| sopropanol ipto pr | ene at a conversi oniE tce of at |east 99% 20 The
fact that the|tenper@ture i ch ensures a dium conversion frate of at

| east 99% i s 53 lowas [err]lis advant ageouggd.rb mai ntai ning the catal yst

hi ghly active for arppxtendd per| od of ti rggo\@hl l'e mnimzing carbon
depgsition. Srr = At-ch—e r—m r-eerver sion rate:
of at Iegst 99% en t he reactlon facto I\/kaT Bé‘érrlc has val ues of 0.5

—

and 1.1 ay#° °'§P'|5F9€cft6lﬂ'at'¥%‘f abou

opang or,
1. 500 RoffEea gPT o2 Q%M s %' e B |
ercial prac |s D ra |on s pre erre or eCoNo Nin nt
Conpar gt LiE e 293? ﬁig ? ﬁﬁ@ Pl ‘éc %?QD
subst 40 Al | B3 febedlC .yas ORD Sl cobuy 10V 6 iy tt%ﬁttaon frdm
99% 1 GooQUaNBP SndORRS loliBsh bcds Sy SRSl Afostesty Yorifos T8 cn Ol

“act | VirdaboVaSnPIMhOhY BifledcfRd isBSiopanbil REh FidaRied BuidRRTY ?etdn@ttﬁéi Byiche BEHRY @liS1 ON
r educ thuniehifaB RRYad PddfidP asPict toh@n@dsdpfophdinabradylnd af 4 E@V&Q&t &te dr e
cat al yakoomer e taken.out of the reactors, finding that the anount of carbgn

dep85| t eThedact itHze the adnafleratiire Wach ¢hSres Olha:ﬁrhtﬂ'n Eaweraon @S at bast 0BG Briov ke

| at t er29ees &. ad¥éntageqsrialinvaiptadningt the calgst dighly Gctivefer g1 edandéd perive ot tima , while

pr opy Imérimiziog garben gepesiian.clince thertemmeoturespredivh lensure & ingplireym gonadrelen rafetdh aﬁeagher

sel ectIPbi ¥hentthearpapten tfpntor sMIRNTV@SHXPxmir) hae valuee f &sandbl 1ea't‘3(5519'r(b\¢mjé9q 6r

ut i i fate'wts ffedestsawase eawied o ferrrbpy 1500 hausiabiie temppitures ehHP T ¢ ngss thespndiions he

cumené ?’6‘@&'&9 Exgnele oh 9o 2901 (AR "&ec“é’f"i’ﬂ'ﬂé‘s an%’GmP'gd Br 6 piablage of @etyity

converaF "F'I‘Péedi ‘%’ﬁ?"ﬂgﬁ ’9‘1” 6 fr P Y"?F 9‘?? ff"“aﬁﬁ asgéthtec‘e'tv\ﬁ t

accor 't\aﬁté( ' ”ﬂd edeF’B et
lyen a the

e cas

the st ii n St'e ??l'h&, &ﬁ%
thgDos dO ofte Anp v;on ?o argl?r’ms 1.

T
A b o4 ﬁéf .&Js Lachag el ) 5 mt, soséts eow@@ttv ifsdto
lsoprqeme which id bsy ﬂt&een%pg ngfahe rwameﬁé A/est b wbm.t. hé'a e%%k
[err]1sabrutsanaaan@mean%m thd isdpRopariol %& zefmm 0 alcPdelobivil) ALGdBiRg tol tRS S than
0% b)Sre’éﬁit Ghbntid. THE lrdsGitng o Iehd ist Refll 2% MtarR) @ aanor BRpating ddrioudBg@lic OXi de,
sai’ll lcafpdunds! d@boipoietind. The/sirbseManvBflion isWEgrsdtyndadtiallvaiue] er r] - al um na having a
pKa value of from+ 3.3 to + 6.8 as neasured by Hamett's equation and an
i nt egiCeetimsl aci d quantity of up to 0.5 neq/g on dry basis, and having a nmean
pore 45 dianeter of from3 to 15 nm (30 to 150 A) with a standard
dev, atli oy Pfoease foripreperine Propyigne comprising theIstep@f dehygrating dsoprapang inhe presende ofie a
statisti 'CélFm'ﬁ%tF%YSét"“'@HsPr'%’rﬁ“jébvé'“@l"aﬁ@t%'ts'"%ﬁdeaﬁkﬁoé’ Rygreighiof valuminaplegic es s
accor di n#an Y% Pryeight of §iss. @ndhurstg 0§ ‘é’r gﬁt‘ﬁﬁﬁ‘ Héﬁ"ﬂ@%@@@h ‘fah”tﬂ'é“‘F“b ol a
cat al yst ‘1‘"& :ih&c“i‘"éé Y‘B‘ éﬁﬁﬂ'"glad’ '85‘ £ %Pe*?%%‘ﬁ%’%‘

cat al ystequﬁ r of {ro y '(t'y %{ upt E?)toég'r vidtion Pi%,m range of fa?@g?‘“ . ,
(M«RXT)% ?;% "Cond S'td %g %po 8 éggaﬁgzt mjeg&ranr)l ho'llj'] |

( | / h ) A base on ﬁstatls l? ca cu rom n {ame f al

is a tzenp%ro@ U Reflind BE ﬁla%’?‘ha\lvﬁé%n éa?dvettua\ R [sqrstd in tﬁ’e koPm 3¢ 5 RBGH L AR eP LRSS Ur ©
in atm ol f RgdshdutsBite’i@bhsfecCibadn thé catalyst layd il a lirdcBorPsol RUYb Watisty heCM OF |
the cat aﬂomtngeamgn in a cross section transverse to the direction of fl ow

of S

[

(MxRXT)(3.6xPxaxr?) 2 1 (1)}

T e e - -

wherein M is the number of moles of isopropanol fed per hour (mol/hr),
R is the gas constant equal to 0.082 1 atm.deg mol,
T is a temperature of the catalyst layer in °K, .
P is a reaction pressure in atm,
= is a circle ratio equal to 3.14, and
r is a radius in cm of the catalyst layer in a cross section transverse to the direction of flow of
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Ebr epar ed by reacting a benzene and propyl ene to for

. EP 0 379 803 B1 : 1111111111111111111111111 I sopr opanol .
A process according to claim'l-or 2 wherein sa%d—y—‘arkum‘n‘a’c’ét’él—ygt has

pore vol ume of at least 0.4 cc/g on dry basis. rdi ng
0 any one of the pr ecedi ng cl'gpym7eigesBin said is ﬁ‘”ﬁjm mmﬁ
sacetone by
he cunene process and converting the acetone into |sopropanol and t he
ropyl ensoppemper ed fromthe isopropanol is used as. a starting material for

h‘e"—‘currene process. 10 PatentansprUche 1. Verfahren zur Herstell| ung von
y| &n Auifcasssaseridie te claimut @ Aereetifar it BiRVEISHS P SYBrAWIHY I oppt 04

_._Anvvesenhé‘F’S °’é?’M€§S'Sy Al um ni unoxi d Kat al ysators, wel cher e| n al kal i ar nmes

YA e %cér&&so” om%w waof”d ”We‘r’e? BTt %%e" RO Gow ¢
"eines Al l?‘élr?i% 19 "Ze'bega@ 5\5’?'9"3 °rm p bosang eV 0

’ saur es y 10 tﬁe aceé)ne |n ' isopropanol nem t Von)ﬂl3 0V1§§§ééaras %C hV\ﬁCh
a | genessen ;
© durgh na' sp@iéel C uhg, und ei ner |nt egrierten Sauremange bis zu 0.5 ;

. nmeq g éntggﬁigﬁgbay s und einemmttleren. Porendurchnmesser von 3 bis 15 -

“nm (30 bis 1

O A) mt einer Standardabwei chung (n) im Bereich von 1 bis 4

nm ( 104, bivgrizARn zur HéGrekdhg REZ PEYIEnATaseinBasie Shitdes DemahetonBen apprpmgl aUS
¢ Porendur ahnassshek eirésdy-KommiveHid Kealy3atars, wéRhéradnt sialigyeess Sluninigpexicist, dmfagtadur ch
- gekennzeisgdingindes@as 80 Gibve %eg-AmiAoNid) iwerigex iad 10NGévor IBiligiumdipxid und bis zu 0.5

Kat al ys atGeiw s« Bihashilkatirestaliexiibet wolsi rdibses vehlugrans fruxid Kgalysdtas sghweghasaoes dviuaivi-di e .
Kat al ysatumosd Isi mihinérmpiGi Wert voR Xt hisr@)8. demesbrpesiuesh distHammelds Slgichuaga el @ingro| gende .
Gh.&J chungtegf&te( NBEReMYnge DiscrerBE QRYP pgt [Trockgnhgsiszynd eainpry Midpyen. RepRdyrchmesse ]
Mol zahl  wemn3 Psdprep@hbip 15&Ramibsiner Sedssabweirge hl i Bareich OB PP {10 BiSdeut et ,
R 20 e nd0 &xkezenrs @ufipiner gatistsehen 69'8'8‘2“"2 a&% ?ﬁf@égjcfw&ﬁssq B’id Porggvolumen.  * 1 ei ne
Tenper at ur der Kat aI satorschl C st druck inatm
i st., *2 Ve@?hf?"lge@ gF k n |h assq%aes 7-Alummtumo orm i cm der _
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sod et ape de d6s e isatreranasiroes §tapropano| .en presen-. ce d'un.catalyseur a

R

bases de y-al um ne qui est ‘une al um ne*a fai bl e t eneur en netaux al calins,
‘cont en&ntVerahransiemdssnspreah 1 d%ld%’émh gokpRfARichaet. ?I%seﬂ“éA'ﬂi’C%”@?f"dp e e
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cat al yseur ' '
' y 4, Verfahreaagse%ésdseel om Jewgkergehen ]-Ans%%ghey da%u mgg(%nnzgéhggteéggp&eses Isopro-

40 panol durch Reaktion von Benzol und Propylen, um Phenol und Aceton zu bilden, mittels des
Cumolverfahren hergestelit ' wurde, und umwandeln des Acetons in Isopropanel, und dass das Propylen o
hergestelit aus Isopropanol als Ausgangsmaterial flir das Cumolverfahren verwendet wird.

Revendications

1. Procédé de préparation du propyléne, comprenant I'étape de déshydratation d'isopropanol, en présen-
ce d'un catalyseur 3 base de y-alumine qui est une y-alumine 4 faible teneur en métaux alcalins,
contenant au moins 90% en poids de y-alumine, moins de 10% en poids de silice et jusqu 'a 0,5% en .
poids d'un oxyde de métal alcalin, ledit catalyseur & base de y-alumine étant une y-alumine faiblement

50 acide, ayant une valeur de pK, de +3,3 3 6,8, cette valeur étant déterminée par I'équation de

Hammett, et une quantité d'acide totale atteignant au plus 0,5 meg/g 4 I'état sec et ayant un diamétre

de pore moyen de 3 & 15 nm (30 3 150 A), I'écart type (5,) étant de 1 & 4 nm (10 & 40 A), ces

donndes étant basées sur un calcul statistique effectué 2 partir du diamétre de pore et du volume de
pore.

55
2. Procédé selon la revendication 1, dans lequel on utilise ladite y-alumine sous la forme d'une couche de

catalyseur, et on fait passer de I'isopropanone 2 I'état gazeux a travers la couche de catalyseur, dans
des conditions telles que soit satisfaite I'équation suivante :
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