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I ncl udi ng the so-called red, yellow and black forns. Yellowiron
oxide is usually geothite, which is the common form of hydr at ed
iron oxide, FeOOH. Black iron oxide is magnetite, Fe304. The red
formis the anhydrous form of 10 I ron oxi de known as hematite, Fe2C3.
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drive of { LARGE  PANRLALE R G GGRIAT L0 (AT P, SFORERD

the resulting particles are typlcally aci cul ar or needl e shape.
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conmposeg of al phidésosre found in a variety of forms 1nclud1ng the :

so-called red, yellow, and black forms. Yellow iron
oxide is usually geothite, which is the common form of
hydrated iron oxide, FeOOH. Black iron oxide is
magnetite, Fe304. The red form is the anhydrous form of
10 iron oxide known as hematite, Fe03. The red form is
typically prepared by calcining the yellow form to drive
off water. When the red form is prepared in this manner,
the resulting particles are typically acicular or needle
shape. Acicular hydrated iron oxide can also be produced
15 by direct precipitation. U.S. Patent No. 3,364,277 and
3,703,593 teach the use of iron oxide to prepare
hydrocarbon dehydrogenation catalysts.
The form, particulate structure, and other physical
characteristics assumed by an iron oxide composition can
20 affect the physical or chemical properties of the
resulting catalyst. These properties are often
manifested in catalyst performance as selectivity and
activity enhancements or inhibitions. Broadly speaking,
the selectivity of a catalyst is its ability to produce a
25 particular product from among two or more possible
reaction products. The activity of a catalyst is its
overall ability to convert reactants to products.
Ordinarily, an improvement in catalyst selectivity
corresponds rather directly with a worsening of catalyst
30 activity and vice versa.
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PHBr 99¥CRoB14 greatly benefit from a catalyst which did
not exhibit this trade off between activity and
selectivity when changes in one or the other parameter
are sought. |
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The instant 1nventlon presents a method for improving (

the catalytlc activity of an iron oxide catalyst without
introducing a correspondlng loss in selectivity.

In one ‘aspect of this invention the dehydrogenatlon
catalyst comprises large iron oxide particles, hav1ng a
median longest dimension of between 2 and 10 micrometer,
and espec1ally between 2 and 6 micrometer. ,

In another aspect of this invention a process for
preparing iron oxlde_dehydrogentatlon catalyst is
presented in which an iron~containing compound having
large particles of iron oxide is combined with a
potassium containing cbmpound and water, this mixture is
then formed into a'pellet, and the pellet is calcined.

In yet'another aspect of this invention, a process
for the preparation of styrene from ethylbenzene is
presented. In this procese, ethylbenzene is contacted
with steam and a dehydrogenation catalyst having large
particles of iron oxide. _

In yet another aspect of this 1nventlon iron oxide
dehydrogenatlon catalyst activity is improved by
increasing the particle size of the iron oxide used
therein. _ _

This invention relates to a process for the
preparation of a compound having the general formula:



10 particul ar product from anong two or nore possible reaction
products. The activity of a catalyst is its overall ability to
convert rea™eIf(®W¥o products. Ordinarily, an inpro 36
catal yst selectivity corresponds rather directly with a worsening
of catalyst 15 activity and vice versa. WD 96/ 18594
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rel ati onship between selectivity and activity presents difficulties
because one seeking higherzcatalyst activity must generally plan on
conducting nore numerous R or nore involved separations since an
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oxi de catal yst I ntroduci ng a corresponding loss In
selectivity. 15 In one aspect of this invention the
dehydr ogenati on catal?ét conprises large iron oxide particles,
havi ng a o
Rq=—C—CH3 _ : Formula II
H

wherein R; and Ry have the same meaning as in formula I.
5 . In this prqcess a mixture comprising a compound of
formula II and super-heated steam is contacted at
elevated temperature with a catalyst domprising iron
oxide and potassium oxide which has been prepared by
combining an iron-containing compound and a potassium-

10 containing compound to form a pellet, followed by
calcination, wherein in preparing the catalyst there was
used as at least part of the iron-containing compound
from about 10 percent to about 100 percent by weight,
basis Fez03, of iron oxide comprising enlarged particles.

15 The iron oxide may comprise acicular, micaceous, or other
configuration of iron oxide particles. The invention also
relates to improved catalysts.

R in formula II may represent a phenyl group
carrying one or more methyl groups as substitutes.

20 Preferably, Ri is an unsubstituted phenyl group and Ry is
a hydrogen or a methyl group. Very good results have
been obtained with ethylbenzene as the starting compound.
The alkanes of formula II preferably have between 2 to
20 carbon atoms per molecule. It is even more preferred

25 that they have between 3 to 8 carbon atoms such as in the
case of n-butane and 2-methylbutane. The alkenes of
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2-methylbutane via ter.-amylenes intoP@EEEEQﬁkQ§036“
Preferred compounds which can be produced according
to this process are butadiene,'alphé methyl styrene, and
styrene. The use of the instant catalyst to convert
ethylbenzene to styrene is particularly advantageous in
that it is highly active and displays good selectivity.
A non-oxidative dehydrogenétion'is a dehydrogenation
whereby no molecular oxygen is added. This is the'type
of dehydrogenation which occurs according to the process

of this invention.

The term “seiectivity" as used herein is the amount
of compound of formula II that has been converted into
compound of formula I divided by the total amount of
compound of formula II that has been converted times 100.
In the instant specification selectivities are typically
measured at a standard rate of conversion of compound of
formula II. For example, as used herein S7q¢ refers to
the molar selectivity of ethylbenzene to styrene at a 70%
molar conversion of ethylbenzene. The activity of a
catalyst is inversely related to temperature. The more
active the catalyst, the lower is the temperature that
will be needed to obtain the same rate of conversion.
Activities utilized in the instant specification are
typically related to a given rate of conversion. For
example, T7g refers to the temperature at which a 70%
molar conversion of ethylbenzene occurs.

The dehydrogenation process 'is suitably carried out
using a molar ratio of steam to compound of formula II in
the range of from 2 to 20 and preferably of from 5 to 13.

arge
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starting compound. p, .01 T0E BhEARES,QLa" OLHIE ALk SE e A Ve NS e,
pellets, tablets, spheres, pills, saddles, trilobes,
tetralobes and the like. The catalyst generally
comprises 5 to 20 percent by weight of potassium oxide,

15 from zero to 10 percent by weight of oxides of one or
more promoter metals selected from the group consisting
of Sc¢, ¥, La, rare earth, Mo, W, Ca, Mg, V, Cr, Co, Ni,
Mn, Cu, Zn, Cd, Al, Sn, Bi, and mixtures thereof and the
balance of Fey03. Preferred promotor metals are selected

20 from the group consisting of Ca, Mg, Mb, W, Ce, Cr, and
mixtures thereof. The term "oxide" as used herein
encompasses not only the single oxides, such as ferric
oxide, but also mixtures of oxides such as spinels ‘and
ferrites as well as binary and other oxide mixtures.

25 Under reaction conditions these oxides may be present in
paft in the form of oxidic compounds such as carbonates
and bicarbonates.

The catalysts of this invention are compounded in a
variety of ways. Primarily, however, they are prepared

30 by admixing iron-containing and potassium-containing
compounds which are oxides or which convert to oxides
upon calcining, forming this mixture into catalyst-sized
particles and calcining at elevated temperature to form a
durable particle. Promotor metal-containing compounds

35 which are oxides or which also decompose to oxides upon
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mul ber-mixercofippuegamplépr aunbxtudevodedxbgeshe total anount of

hydroxides/carbonates, etc., of iron, potassium and one
or more optional promotor metals, adding a small amount
of water, and extruding the paste to form small pellets,
which are then dried at about 100 °C to about 300 °C and
calcined at temperatures above 500 °C, préférably between
700 °C. and about 1000 °C. - Another method is to dissolve
the components together, or to make a slurry and spray
dry the resultant material to form a powder, calcine the
powder into oxides, and then add sufficient water to form
a paste to be subsequently extruded into pellets. The
pellets can then be dried and calcined. Another method
involves precipitation of those materials which are
precipitatable such as iron, as' the resultant hydroxides,
partially dewatering the resultant preCipitate, adding
soluble salts, for example, of potassium and promotor
metals like calcium and magnesium, and then subsequently
eXtruding, drying and calcining the ext:udate.' A pellet
mill or pellet press can be used to form pellets. A
preferred method is to first dry mix the powdered
components and then mix/mull these components with

sufficient water to provide an extrudatable mass. After.

mulling, the mixture is extruded, dried and calcined.
Generally, after the COmponents'have_béen'formeﬂ into
a catalyst particle, the particle is calcined at elevated
temperature to form a durable particle. The calcining
temperature will be greater than about 500 °C, preferably

B
[
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a statistical distribution of particle sizes.

Catalyst compositions comprised of such iron oxide
particles typically are about 6 °C more active than are
catalyst compositions having the same chemical structure

15 and formulation but 1/4 the iron oxide particle size.
Furthermore, the inéreased activity is not accompanied by
a decrease in selectivity. Thus, one can enhance the
performance of iron oxide catalyst compositions by
increasing the particle size of the iron oxide used

20 therein. _

Large particle iron oxides useful in this invention
are most readily formulated from iron oxide derived from
scrap iron via dehydration of a yellow a-FeOOCH
intermediate. This method is known in the art as the

25 Penniman method as it is expressed in U.S.
Patent 1,368,748. One skilled in the art will readily
appreciate that iron oxide particle size is adjusted
through the precipitation time in the process.

The catalysts of this invention may also comprise any

30 other iron compound, and can include yellow, black, and
red iron oxides. Preferably, this includes an iron
oxide-providing compound selected from the group
consisting of geothite, hematite, magnetite, maghemite,
lepidocrocite and mixtures thereof.



t hat the process be carrred out using a liquid hourly

space vel ocit

(LHSV) in the range of fromO0.1 to 5.0 I'/1/hr, usin f or exanpl e,
t ubul ar P4l i ow 10 ~ reactor. The c?ﬁg"éﬁ:lyyf’s"%y be
used in the formof, for exanple, pellets, tablets, spheres, pills,
saddl es, tril obes, tetral obes and the |ike. The catal yst generally
conprises 5 to 20 percent by wei ght of8poetassi um oxi de, 15 fromzero
to 10 percent by wei ght of oxides of one or nore pronoter netals

sel ected fromGHalysip tomikated according Q¢ this Linvengkorarth, M, W
Ca, M), V.gdderdry Nhsplay a M‘?hé}' medha ofé di¥imeBir 8"15@ an xt ur es

t her eof and t he bal anc Fe2 Preferred pr onot o
sel ect ed APTIST BOXLfn YRS %’Eo‘f’%l ¢ fAtALYSES W ‘lr:%

m Xt ures tm&r;&nfed Tarecémding oo del i ssinmsatt i ei rt[‘yplcall

netals are

axg ®t o, and
e anepiases not

only the gj as r 0 - tures of
oxr‘rydes su d}% spr ne érs Qﬁb) a}& gér%' T zazso\%%r?oq%s éLJ)lrtn ) am ot her
oxi de mi xt?&(bsnm,zand PQJrﬁle‘fohém | BV e ARk thedirieamheskb O )¢ e/sg n%@d be
present ingz21 cm /R;art pretderddren o1 Psd BmpeNiROLEKS 18died Mpgar bonat es

and bi car ate e cat sts of thls I nvention are
corrpoundeg"?r}r’{' 250 nm,apq e%%,%‘r SHRLAASY rﬁﬂ/'\iﬁr)]e‘r Stihey are
pr epar ed aibmposmcm:hnhavng MPIE- gmataamlttgararﬂﬁq)ama.smmm aini ng

ca croﬁrng; m&% h| s m ucrl\e%]*&{to%ggrglrﬁ c%%stfy%%s dlamete Ls't I cl es and

cal ci ni ng BRaSY tréd ﬁr@rﬁ@@%q}i ©f APt rﬁtaandard

Pr onot or rwxeé ~Fined Ni ) G AN Sy Fhe meﬁMBdifbfirl‘ES‘I%'Sifa%derdm' ch also{

deconpose t og% dgezs upon

QarﬁR4|cle

The invention will be further described by the

15 following nonlimiting examples:
EXAMPLES
Catalyst Preparation

In each of these examples, Penniman Red Iron Oxide

(from Bayer AG, Germany) was used in catalyst

20 formulation. This iron oxide is an a~FeOOH derived from
scrap metal via dehydration of a yellow a-Fe(OCH)

intermediate. Iron oxide particle size was regulated in

accordance with U.S. Patent 1,368,748.

The Table lists the physical characteristics of the

25 catalysts and the approximate particle size of the iron

oxide particles used to form the catalysts. 1In

each

case, the iron oxide was mixed with salts of promoters

and water which was mixed in a muller-mixer. The
resulting compositions were pelletized, dried at 170 °C
30 for 1 hour, and calcined for 1 hour at 825 °C 105 ml of
water were used for each kg of solids. The promoter
salts included K»CO3, CeCO3, CaCO3, (NH4)1oWi2041°5H20

and were added so that the following quantities
promoter were attained (expressed as mmole of

of

35 promoter/mole of Fes03): 516 K, 66 Ce, 22 W, 36 Ca.
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calcining the %ﬁk&gp%%&alyéQe%o convert 70% of the ethylbenzene feed to
products and S7g is the molar selectivity to product
15 styrene. Catalyst testing results are also shown in the
Table.

This example, as demonstrated by the results listed
in the Table, shows that catalysts made from iron oxide
having large particlé dimensions demonstrate improved

20 activity in dehydrogenation reactions without noticeable
effect on reaction selectivity. The results also show
that greater catalyst made according to this invention
which display larger MPDs exhibit enhanced activity

without a loss in selectivity.
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PCT/ E _ - (- .
about 3863?&{??] C | SRPEM UL | B uEE 'Clilpé)lrﬁ ngiedian | Agt,,q pﬁ@ﬁes will
generplly be neutjrBdre.g. [Mensngg®reaor | Vol. Poxiedi z| Bgg su*E7gs xygen
or preferably airlgjze /e ni2, Oxrder \idi ngj ¢e hat is
used |n the 5 prepgﬁgtﬁ%n ofﬁﬁLéQ?nﬁtan?ggata yst ? gﬁ acterl ed by
its eplarged partficle sizel ‘It i§ prefefred thatetREse| enl ar ged
i ron pxides are gynthesized so that particle A siges aref at | ejast
quadr led Oyer tjnose I CT o er ginar Sed| €.,5 redin the
art o EPBPaokeni do o0 daas o12:33 Jodba pRel ol etd e ha. (i
r ef er pQompt 011 aSStallkuiacal1dm§tr'b06£5n aBopart 608.3i 298, 2
Catal Vebnporpes [ on. §OTPIT o Of 154eh 119808 [ 9815 [o0cP3 FHETSS
Comp. IV 1 11.25 [2.39 |.2213 |2761 |602.7 |94.2
Comp. V 1 1.37 {1.81 .1796 2574 600.6 [94.3
Comp. VI 1 1.36 1.33 .1660 [ 2867 603,2 95.1 ‘
VII 2 1.35 2.13 .1780 | 2618 599.4 | 95.0
VIII 2 1.35 1.86 .1818 | 2929 598.2 | 95.0
IX 2 1.39 |1.67 [.1685 |2955 |597.4 {95.3

From this Example it appears that catalysts prepared
from iron oxide particles having a median size of
2 micrometer have a greater activity than smaller
particle size catalysts.



cat al yst conpositions having the same chem cal ~-structure 15 and
formul ation but 1/4 the iron oxide particle si ze. Furthernore, the
I ncreased awo9s/18§94i s not acconpani ed by - . a decrease PCI/BRISOSU36Vi t Y.
Thus, one can enhance the per fornmance ‘of" iron oxide catal yst
conpositions by _ increasing the particle size of the iron oxide used
20 t herei n. Large particle iron oxi
I nvent ion are nost .readily for fulldi ed fromi rTHISOHERT IS BEEN'

' e.

scrap ir n of "a yellow [err]-FeO
This net ﬂ“"lml Irml he art as the 25 Penni S

expressed* n¢ Patent 1,368,748. One skilled in the art wll

from

readily appreC|ate that ironCoki Belp¥r8icle size is adjusted
through the precipitation tine in the process. The catal ysts of
this invention nmay al so conprise any 30 ot her iron conpound, and can

i ncl ude yel | ol bfagRhygrggenation F%831Y6ﬁ SPRELS Ingr k¥R Afides hi s
i ncl udes an i uaaractenzeaxnﬂetnathﬂengrsﬁnmuad pﬁeﬁm@ fliowve taie group

consisting_of g%ﬁ:;? gggg?ﬁéégnflognggk énHE )é@g&%;rometer.

Iepldocr00|te
PCT/ EP95/ 05038. The catalyst ofachaymtd wm:n@iratmeabmnohxﬁgieo this

inventbon particles have a median longest dimension between 2 and

| 6 micrometer.

3. The catalyst of claim 1 or 2 further comprising one
or more catalyst modifiers.
4. The catalyst of claim 3 wherein said modifiers are

10 selected from the group consisting of K, Ce, Sc, Y, La,
rare earth, Mo, W W, Ca, Mg, V, Cr, Co, Ni, Mn, Cu, Zn,
Cd, Al, Sn, Bi and mixtures thereof.

5. The catalyst of any one of claims 1-4 wherein said
iron oxide is comprised of hematite

15 6. A process for preparing an iron oxide dehydrogenation

| catalyst comprising:

selecting an iron-containing compound comprising
large particles having a median longest dimension between
2 and 10 p of iron oxide,

20 combining said iron-containing compound with a .
potassium-containing compound and water to form a
mixture,

forming said mixture into a pellet, and
calcining said pellet.

25 7. The process of claim 6 wherein the iron containing
particles have a medium longest dimension between 2 and

6 micrometer.
8. The process of claim 7 further comprising the step of
combining said iron oxide with one or more modifiers.

30 7. The process of claim 6 wherein said modifiers are
selected from the group consisting of K, Ce, Sc, Y, La,

Sheet Has Been Replaced

T i




general ly display a higher i e—tiamendr and a - larger pore
vol ume than do the catal ysts Y0 prepared according to
this invewidsnesesTypically, ng ore Ui aneters (heDEpewsosset ween
220 nanoneter (nm and and pore volunes (PV) are between

.160 cnferr]/g and [err] .221 cm:
catal yst conpositi ons have MPDs - 12 hetween 250 nma m ﬂ “ H“l
preferred-catalyst ".."% conpositions have MPDs greater*t an 260 nm

used 10 - raréhéaughpuﬁot hwswspesai, f Mgat voncr, medi, anipoma, dicanetzer, is

measur ed b th hod f T, a r 284-92,. and pore vol urfe |
s neasur eddh R% SHor RS 08 NLFHAREE Hoeyest! D- 4284- 92. |
The i nvent Pen EM PrOQeSSufohethdeBCﬁpbédtbynt hé sSyrene byl tdei ng

nonlimti ”HoﬁXBQPESElve deh drgmkgc?n of ethy@ﬁ%ﬁ&!ﬁ% Ebﬁ%%&@tlh%
I n each of ese exa enni man Red | ron from Bayer AG

id

Ger Rany) mﬁQnE's‘GHlPﬁ EEP}J{I?EPZEGe and shLeafl afi 8R. el?F{P§eFiron oxide is an

[err](oge_l)OOHeﬁlpéraedrérWth a d_ehyaceganagtah \zaaaldgbydaetb@ﬂmb aloyel ljow

a- Fe i pt Lates Iron oxide particle size was regulated in
ap¥. foe, 88 FLRERE 1 36

accor dance 8, 748. The Table lists the
physi cal characteristics of the 25 catal ysts and the approxi nate
particle size of the iron oxi de particles used to formthe

- catalysts. In each case, the iron oxide was mxed with salts of
pronoters and water which was nmixed in a nuller-mxer. The
resul ting conpositions were peH-etized; dried at 170 [err] C 30 for 1
hour, and calcined for 1 ho haSSB%Q\I[ fateiC 105 m  of : wat er vvere[
used for each kg of soli d& sal ts included K2CGs3,
CeCC3, CaCCB, (NH4)10W 24 q‘ﬁ and were added so that the
follow ng quantities of :



pronot er werg.a LN (expressed as nmol e of 35 pronot er/ nol e of
Fe2@B): 5167K , 22 W 36 Ca. WD 96118594 L
PCT/ EP95/ 05036 -9 - T - . ‘catalyst
Testing Each of the catal ysts prepared as outlined above-were
used in the preparation of styrene from ethyl benzene under

I sot hermal conditions in a reactor designed tor 5 ‘conti nuous
operation. The conditions of the catal yst test were as foll ows:

reasured i n 11 irbe BPRCE PRRTIGHR PRKRERRERAFIokTTREASY Y tay BoGysd

a steamto .ethyl benzene nolar ratio of 10:1, and a reactor pressure

10 of 75 kPa. P o SLi resull '
terms of r7oThhe ipvenfion GRaveh (EC0MYEEH dia B foclhhll Mot !
gi ven catal yst tbheofieBreregenatipRectt AyAreazEhenseed to product s

and S70 is the nol aryggheskidet Yabed PESEYSEidbons arSt ¥ €EE. embBbPed Sis
testing results are ilso S [

own jn th Tabl e h
ol o, e ity eRepeornEhR Sofydrpgenanion St hydrocaEbens! o Txus
t hat catabysts negfédésoarer foundi fila a varietpauf nforwms genpaudingethe

di mensi ons demongyr aleLBPLONC 210w, aAG'bYALK EB-ASTY %08£03" 198
oxide is usually geothite, which is the common form of
hydrated iron oxide, FeOOH. Black iron oxide is
magnetite, Fe304. The red form is the anhydrous form of

10 iron oxide known as heﬁatite,'Fe203. The red form is
typically prepared by calcining the yellow form to drive
off water. When the réd form is prepared in this manner,
the résulting'particles are typically acicular or needle
shape. Acicular hydrated iron oxide can also be produced

15 by direct precipitation. U.S. Patent No. 3,364,277 and
3,703,593 teach the use of iron oxide to prepare
hydrocarbon dehydrogenation catalysts.

U.S. Patent No. 4,006,090 discloses hematite
particles having lengths of from 0.05 to 5 micrometer and

20 being physically composed of loose bundles of elongated
microcrystallites and chemically composed of alpha iron
oxide containing from 2 to 4 wt¥ of chemically bound
sulphate and from 0.003 to 0.02 wt% of chemically bound
lithium. These particles are stated to be readily

25 converted to gamma iron oxide of good magnetic properties
and to also have utility as pigments and catalysts.

U.S. Patent No. 4,139,497 discloses dehydrogenation
catalyst tablets, comprising the oxides of ironm,
potassium and chromium.

30 U.S. Patent No. 4,144,197 discloses dehydrogenation
catalysts comprising the oxides of iron, potassium,
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effect on reaction selectivity. The results al so show that greater

catal yst nmade according to this invention - whi ch display | arger MPDs
exhi bit enhanced activity without a loss in selectivity.: :
CLAI MS 1. A dehydrogenation catal yst conprising i ron oxi de
[err] characterized in that the icopgoxide particles have a

nmedi an | ongest di nensi on between 2 and 10 mi croneter. 2. The

catal yst of cl aivardadie einolyRidmon and/d2 tungstepyr idedliem lamée a medi an
Lgtnglefltstdg?eglsg??nﬁt%% mﬁgﬁf ur?%%‘t c%’fﬁ{rl S|cr¥br°g{ﬂ'%%8t o or rmrg cl?gl yst
nmodi fi ers. MheThpmmt gapdtiafladleaishriiomaesi rnshiot heodiphiysdsadre 10
i/gl e\%s\? gom@@}#%ﬁ%‘gﬁ@ é’\%é\ﬂrf&d b%e’ansﬁro\ﬁ d%éie comp§s1 lch %%rt h,
m xtures % her eofaffect the phys:Lcal or ‘chemical properties of the
. resulting catalyst. These properties are often
manifested in catalyst performance as selectivity and
activity enhancements or inhibitions. Broadly speaking,
the selectivity of a catalyst is its ability to produce a
10 particular product from among two or more possible
reaction products. The activity of a catalyst is its
overall ability to convert reactants to products.
Ordinarily, an improvement in catalyst selectivity
corresponds rather directly with a worsening of catalyst
15 activity and vice versa.
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5. The catal yst of any one of claims 1-4 wherein said - iron oxide is

conpri sed of Memdd epchd 6. A process for preparing an iron OXIde
dehydr ogenat ion cat al yst conpri si ng: Ll",lllﬁm m&wﬁm

i ron-cont ai ni ng: conpound conpri sing | arge p nedlan
| o[eeRTA BNIENT ¢ it ween 2 and 10 [err] of iroh oxide, ®

Copvnt vl ont ai ni ng conpound withja . potaSS|un}containing
cofrppund and wat er t forma m xture, form ng said

m kt yr @ § S€E€ Wypell et, and calcining said pellet. 25 7.
The process of clainm6 wherein the iron containing particles have a
medli um Tongest di menisi on between 2 and i crometer. 8. The
pr urther conprising t conbi ni ng said
iron oxide with one or nore nodifiers. 30 9. The process of claim®6

VC\A;er g:n ia' ﬁarmdl f | €l c?é’heydrogenati%% ‘%f%\tteaCiJsr@'E&x{becigiin:bofgﬂ}?io%ﬂdég,dr?’gﬂffefd#n
earth, M, WW Ghamagterizgd iop,that the igien Zxide partgfleg haig & and
m xtures thereof mediarf RIRFEHS dAeddoPaRaiadd on £id sty menerdivetdie.
2. The catalyst of claim 1 wherein the iron oxide
5 particles have a median longest dimension between 2 and
6 micrometer.
3. The catalyst of claim 1 or 2 further comprising one
or more catalyst modifiers.
4. The catalyst of claim 3 wherein said modifiers are
10 selected from the group consisting ofk/ Ce, Sc, Y, Lla,
rare earth, Mo, W W, Ca, Mg, V, Cr, Co, Ni, Mn, Cu, Zn,
Cd, Al, Sn, Bi and mixtures thereof.
5. The catalyst of any one of claims 1-4 wherein said
iron oxide is comprised of hematite

15 6. A process for preparing an iron oxide dehydrogenation

catalyst comprising:
selecting an iron-containing compound comprising
large particles having a median longest dimension between
2 and 10 p of iron oxide,

20 combining said iron-containing compound with a
potassium-containing compound and water to form a
mixture,

forming said mixture into a pellet, and
calcining said pellet.

25 7. The process of claim 6 wherein the iron containing
particles have a medium longest dimension between 2 and
6 micrometer.

8. The process of claim 7 further comprising the step of
combining said iron oxide with one or more modifiers.

30 9. 7. The process of claim 6 wherein said modifiers are
selected from the group consisting«:f)QjCe, Sc, Y, La,



ﬁon-oxidative dehydr ogenati on of ethyl benzene conprising-5—  -contacting

et hyl benzene and steam at an el evat ed tenperature with _
dehydr ogenation catal yst according to ~any one oum m!“;ﬁmw“”“\ o
WD 96/ 18594 : PCT/ EPOTH A S

- 12 - rare earth, Mo, WW Ca, My, V, O, Co, NI, M, Cu, Zn

Cd, A, Sn,Bi and m xtures thereof. -912 A process for the preparation
of styrene by the non-oxi dative dehydrogenati on of ethyl benzene
conprising 5  ragénte@dtingMevhi WenL@neMand Vst &&m §0/alie| Mpat &4, Zn,
tenperature witlrxg dghydmQoeiatane meitalkst tdegebd.ng to any one of

clains 1-5.
{o:9%. A process for the preparation of styrene by the

non-oxidative dehydrogenation of ethylbenzene comprising

5 contacting ethylbenzene and steam at’an elevated
temperature with a dehydrogenation catalyst according to
any one of claims 1-5. |




