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DEHYDROGENATI ON CATALYST The present invention rel ates general’l

to a method and associ ated apparatus for greatly extending
of a:catalyst bed used in the catal ytic dehydrogenati on of

hydr ocarbons while maintaining a very high | evel of conversi
hi gh level of selectivity and without the need to interrupt
process. BACKGROUND OF THE | NVENTI ON It is known
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to styrene.

The prior art teaches a variety of different dehydrogenation

catal ysts and process paraneters, each having different advantages and

di sadvant ages. | nThgpr&em! invéntion Rélites g@ietally ad ch@ahddndid Bsuciaéd appha@ofol S
ordinarily nust be nade between | evel of conversion and | evel of
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ectivity, 1.e., a higher percentage of. undesired
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cost-effective to obtain both high |Ievels of conversion and high | evel s of

selectivity,

if possible. ' Catalyst life, and the rel ated cost

factors, is another inportant process paraneter in these dehydrogenation
reactions. Fiﬂe%K@li@UWOﬁ‘ﬁfélWﬁﬂ%t o the catalyst itself. Although

It is known in the art that an alkviaromatic hydrocarbon can be catalytically
dehydrogenated to form an alkenylaromatic hydrocarbon, such as in the conversion of
ethy_lbenzene to styréne. The prior art teaches a vanety of different dehydrogenation
catalysts and process para.méf;ers, each having different advantages and disadvantages. In
general, the pr;ior art teaches that certain tradeoffs ordinarily must be made between level
of conversion and level of selectivity, between level of conversion and catalyst life, and so
forth. For ez:&a_mple, the disadvantage of obtaining a higher degree of dehydrogenation of
the alkylaromatic in some processes may be a lower level of selectivity, i.e., a higher
percentage of undesired dehydrogenation byproducts. Obviously, it is most advantageous
and cost-effective to obtain both high levels of conversion and high levels of selectivity, if
possible. | |

Catal_yst life, and the related cost factors, is another important process parameter in
these dehydrogenation reactions. First are the costs related to the catalyst itself. Although
the unit cost of the catalyst may not be great, because of the large amounts of catalyst
required as well as the cost of disposing of used, contaminated catalyst in an environmentally
acceptable w.ay.. the life of the catalyst and the ability to regenerate used catalyst are critical

elements in a commercial dehydrogenation process. Second are the costs related to shutting



the unit cost of the catalyst nmay not be great, because of the |arge
amounts of catalyst required as well as the cost of disposing of used,
contam nated catalyst in an environnentally acceptable way, the life of
the catalyst and the ability to regenerat@ used catal yst are critical
elenents in a commercial dehydrogenation process. Second are the costs
related to sﬁgwp.aﬂgge perhaps multistage, dehydrogenation reactor, operating at temperatures on the 2
down a | arge, perhaps multistage, dehydrogenation reactor, operating at

t enper at ur es opder oHE00°E} ireerderf to RUDGIIEPIRGE or iregenerdigithe eatalyst best. Ingdllision tothe
regenerate the catalyst bed. In addition to the obvious |abor costs, there
are al so 't he obvigis laborcgsts sthere apmalsthe sapitah cdstscofdgving sxpensivé équipment offdineany
|l ength of time. Heat | osses add still further costs to this catalyst

repl acenment dor anydgagte ofitimon Heag posseSfadd\stilh fuptheen teasts & this ¢akatyso ceplicemémercost
of lost production during the shutdown period. . Thus, on the one
hand, it is peghemtiedsttm @DHeven geearasighificinck iis the dstt of lost prbducdom daring eiad,
normal catal yst degeneration during use tends to reduce the |evel of

conver si on, tshaedowepaiodof selectivity, or both, resulting in an undesirable
| oss of process efficiency. Various possible explanations for the typical

degener ati on of derwss agteahe hind; &t is lpyeférfeddo maRkimirzs eatalpst ¢ifd. OBt on thel diker
literature. These include carbonization of catalyst surfaces, physical

br eakdown of Hah#, dofhslrcatalyist ddgendritiont duting usd tehdscroaadude Ykt isvel lop 8snvedsion, the
catalization pronoters, and others. Depending on the catalystrand the

vari ous procQé&el BPdefsdB¥igs, or bétﬁere&ilu@ﬁﬁn(ﬂndéshasle los'BE ProddsS BHficicAy. OVE§dus
mechani sms not yet identified, may be at work Al t hough the prior

art teaches \Gediglb expitahieStof aie :?mr&gafefaﬁan upadh %@ahﬁsﬁ ctilystObdlelg e
restore tenporarily and only partially the catal yst ef fectiveness, these
met hods are found in the literature. These include carbonization of catalyst surfaces, physical
. breakdown of the interstitial structures of the catalysts, loss of catalization promoters, and
others. Depending on the catalyst and the various process parameters, one or more of these
mechanisms, <;r other mechanisms not yet identified, may be at work.

Although the prior art teaches various meth_ods for regenerating used catalyst in
order to resior’e temporarily and only partially the catalyst’s effectiveness, these methods
generally involve stopping the dehydrogenation, shutting down the dehydrogenation reactor
or, in some cases, removing the catalyst for external regeneration. Furthermore, the process
impact of such periodic catalyst regeneration is an undesirable saw-tooth pattern of output:
levels of conversion and selectivity start out refatively high but slowly and continuously
deteriorate until .th_e point where the catalyst is regenerated to restore a relatively high level
of conversion and selectivity. But, immediately thereafter; catalyst effectiveness begins again
to c_iétcriorate. As a result, it is not possible uiilizirig’ conventional catalyst regeneration
methods to achieve substantially steady-state process conditions at high levels -of conversion

and selectivity.

For example, German Patentschrift Nos. DD 298 353, DD 298 354, DD 298 355,



general ly invol ve stopping the dehydrogenation, shutting down the
dehydrogenation reactor or, in sonme cases, renoving the catalyst for
external regeneration. Furthernore, the process inpact of such periodic
catal yst regeneration is an undesirable 3awtooth pattern of output:
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regenerated to restore a relatively high level of conversion and
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again to deteriorate. As a result, it is not possible utilizing
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st eam et hyl benzene feedstream (2) followed by a heat treatnent step; and
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vaporizing KOH or Klerr]Cqerr]). None of these patents, however, teach or
suggest i N gpdntidndadbave/St regenerati on wit hout process interruption. The
process of these German patents would be costly, cunbersone, and result in

the kind of undeﬂmﬁl&{eep:fo@%tfﬁgtzbmiok@mmm&paﬁﬂr fdyeitBating or stabilizinkUS

the prior art fails to di scl ose any method for either regenerating or
Steady- ot ar ARy BEbla bllall Bl TR B HISSERMAL KR ane
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| ~ process interruption. These and other problems with and limitations of the prio;' art are
overcome w1th tﬁc catalyst regenerating and/or stabilizing method and apparatus of this

invention.

OBJECTS OF THE INVENTION

Accordingtly, it is a principal object of this invention to provide a method of and
apparatus for regenerating and/or stabilizing a dehydrogenation catalyst.

It is alsé an object of this invention to provide a method of and apparatus for

regenerating a dehydrogenation catalyst in situ.

Another, more specific object of this invention. is to provide a method of and
apparatus for continuously or intermittently regeﬁeratir.tz a dehydrogenation catalyst without
process interruption and so as to maintain substantially steady-state reaction conditions at
high levels of conversion and selectivity over extended time periods.
| Still a further object of this invention is to provide an improved method for

dehydrogenating ethylbenzene to styrene in the presence of a catalyst containing iron and one



process interruption. These and other problenms with and limtations of the
prior art are overcone with the catal yst regenerating and/or stabilizing
nmet hod and apparatus of this invention. OBJECTS OF THE | NVENTI ON
Accordingly, it is a principal object of #his invention to provide a nethod
of and apparatus for regenerating and/or stabilizing a dehydrogenation

cat al yst. or more alkali mesl edmwuads. obj ect of this invention to provide a
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respect to each of the others and to the apparatus exemplified in the following detailed

disclosure, and the scope of the application of which will be indicated in the claims.

SUMMARY OF THE INVENTION

The .déhydrogenation catalyst regeqeration and/or stabilization method of this
invention compns&s the steps of continually, that is either continuously or intermittently,
adding to a reactant feedstream an effective amount of an alkali metal compound during
continuation of the dehydrogenation process. The method of this invention may also include
the step of gradﬁally iﬁcrming the reaction zone temperature. The method of this invention
can be utilized, for example in the catalytic dehydrogénation of ethylbenzene to styrene, to
achieve substantially steady-state reaction conditions at high levels of conversion and

selectivity.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a schematic representation of one embodiment of the method and apparatus

of this invention.



O her objects of the invention will in part be obvious and wll in part
appear hereinafter. The invention accordingly conprises the nethods,
processes, and apparatus involving the several steps and the relation and
order of one or nore of such steps with rsespect to each of the others and
to the apparatus exenplified in the follow ng detailed disclosure, and the
scope of the appl iKigt2 illusahtes\lipedfervéd methed amicissatiagd dppatatue f@l Aidying out the
SUMVARY OF THE | NVENTI ON The dehydrogenati on catal yst regeneration
and/ or st abi lalkatitmedl combba wflitiohisep af mhie hivewmtonconpri ses t he steps of
continually, that is either continuously or intermttently, adding to a
react ant feedst r eaFipadillabhraed dnabtemativerhethdd and asdokiated appataals foocanimgod yhé NY
continuation of the dehydrogenation process. The nethod of this invention
may al so i nclaliédi méthilecompoindodddisiondivepl df this ivestivml Nng t he reacti on zone
tenperature. The nethod of this invention can be utilized, for exanple in
the catal yti c dehydrogenati on of ethyl benzene to styrene, to achieve
substantially steady-state reaction conditions at high | evels of conversion

and sel ecti VDEYAILED DESQRIPTIORSOR PREFERRID EMBOBIMANYS Fig. 1
is a schematic representati on of one enbodi nent of the nethod and apparat us

of thIS i nventi on.

‘The method of this invention broadly comprises regenerating and/or §tabilizing the
activity of a dehydrogenation catalyst used in the catalytic dehydrogenation of an
alkylaromatic hydrocarbon to obtain a specific desired alkenylaromatic hydrocarbon. Such
dehydrogcnatioh catalysts are well known in the art and are commercially available. In
general, such catat  dehydrogenation processes are carried out at temperatures ranging
from about 400°C to abéut 700_"C, and preferably between about 500°C to 700°C, by
contacting ; preheated feedstream, containing a mixture of the alkylaromatic hydrocarbon.
and steam, with a particular dehyd;ogenation cawaiyst. The process can be carried out in
single or multistage reactors haviné fixed catalyst beds or in fluidized beds. The choice of
starting alkylaromat'ic hydrocarbon, dehydrogenation catalyst, reaction temperature and
proportion of aikylaromatic hydrocarbon to steam in the feedstream will affect, in part, tﬁe
resulting alkenylaromatic hydrocarbon as well as the efficiency and selectivity of the
CONnversion process. |

In particular, using the aforementioned process, ethylbenzene is converted to styrene

" by comtact with a dehydrogenation catalyst containing .iron 'and at least one alkali metal
compound. For example, the éthylbenzene-to-styrene convcrsion can be advantageously
cax:ricd out at reaction temperatures ranging from about 500°C to about 700°C, preferably
from ﬁbout 5SO°C to about 650°C, and at reaction pressures ranging from about 3 to about

20 psia, preferably from about 5 to about 9 psia. The steam-to-hyvdrocarbon ratio in the



Fig. 2 illustrates a preferred method and associ ated apparatus for carrying
out the alkali metal conpound addition step of this invention.

Fig. 3 illustrates an alternative method and associ at ed apparatus for
carrying out the alkali metal conpound aédition step of this invention.
DETAI LED DESCRI PTI ON OF PREFERRED ENMBCDI MENTS The method of this
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processes are carried out at tenperatures ranging fromabout 400[err]Cto
about 700[ er rkilograms @f pthizlbenzahd perthounpas kilopramxofs@@lystr r ] C t o 700[err] C, by
contacting a preheated feedstream containing a mxture of the

al kyl aromat i ¢ hydrBeginmingn thea ediylbenzang-towiyrenea cqnyetsion upracessl etigid feste reatalysn,
catal yst. The process can be carried out in single or multistage reactors
havi ng fi xed foldwihy starthpdthereris typidally ianlinidal dosdidoningperioll dastieg difom sHoar Bi4sg

al kyl aromati ¢ hydrocarbon, dehydrogenation catalyst, reaction tenperature
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will affect, in part, the resulting alkenylaromatic hydrocarbon as well as
t he ef fi ci encjaring dhe Bliit tconditioniny périvd, thzoswesalisievsd op tarvefsion of ethylbenzend
particul ar, using the aforenentioned process, ethyl benzene is *converted to

styrene by sifiBieatight\idop off 1ol Gyt BERTLrh6lB % didethy Vel @B BiyRdnd sélectiviep tnighd  at
| east one al kali netal conpound. For exanple, the ethyl benzene-to-styrene
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rangi ng from about 500[err]C to about 700[err]C, preferably
dehydrogenation processes, the level of catalyst activity continues to fall albeit at slower
rates than durmg the initial conditioning period. In a multi-stage reactor, the level of
conversion of ethylbenzene to styrene in each stage might drop by about one-third, for
example, frdn;'about 30-36 mole % to about 20-24 mole %, during the initial conditioning
period, and then continue to drop at a slower rate thereafter. The end of the initial
condition_ing'period in this process generally can be identified by those skilled in the art as
the point at which the siope of the line plotting conversion level over time flattens out. As
noted previously, the prior art has suggested a number of possible explanations for the
gradual deterioration of catalyst activity, but no single mechanism seems to fully account for
ihis phenomenon.

Whatever the explanation, the continued process deterioration beyond the initial
conditioning period leads to a number of problems and disadvantages. First, the efficiency
of the conversion process _is reduced. Unreacted ethylbenzene must be ‘separatcd from the
other componci_u:s of the output stream for recycling. Styrene must similarly be separated

from the unreacted ethylbenzene as well as from other reaction products. Second, instead

of a relatively uniform output stream having relatively constant ratios of styrene,



from about 550[err]C to about 650[err]C, and at reaction pressures-ranging
fromabout 3 to about 20 psia. preferably fromabout 5 to about 9 psia.
The steamto-hydrocarbon ratio in the :

6 reactant feedstreammy range froma ratio of about 0.6:1 to about 3:1
steamto ethyl benzene by weight, preferably a ratio of about 1.0:1 to
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deterioration of catalyst _ activity, but ng single nechanismseens to fully
account for the rateof reaction in order to offset the continuing deterioration of catalyst activity. But,

.there are relatively narrow limits : :he utility of this tempetamrc-raising technique. In
particular, above a certain temperature, the mechanical temperature limit of the catalyst or
the equipment is approached. Beyond this point, further temperature increases lead to
degradation of the catalyst’s physical structure and degradation of cquipmenf integrity. As
the aforedescltibed limit is approached, therefore, the process would have to be shut down
and the catalyst either replaced or regenerated by conventional means. Although this
temperature—raiéing technique extends catalyst life somewhat and can be utilized (for
example, through continuous or small, frequent reaction temperature increases) to maintain
relatively constant conversion of ethylbenzene for a limited period of time, by itself i£ is of
limited utility for the reasons stated.

By contrast, the method of this invention is capable of restoring z.md/or stabilizing
the activity of the catalyst and consequently extending the life of the catalyst far beyond what
can be achieved with c_onvcmional processes. More particularly, the method of this
invention is cap;ablc of rcstori-ng the activity of the dehydrogenation catalyst to substantially

the same high levels of conversion and selectivity as those established at the end of the initial



t hi s phenonenon. What ever the expl anation, the continued process
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i ncrease the ramountodf acalkali owstal compeind sufficidnt Je tregeneraico stabitigé,qg enhance the
deterioration of catalyst activity. But, there are relatively narrow
limts t he utactivityyofahe déhydrogenatien edtalyst-andihereby t¢ esstone epdeto taintaipchigh kewelar |
above a certain tenperature, the nmechanical tenperature [imt of the

catal yst or of conversion and selectivity. The term “"maintain® as used herein is intended to be

construed to mean “to keep in a state of repair, efficiency or validitj_(; to preserve from
failure or decline over a protracted period of tir;le, e.g. .for max.ly months or years." The
me;hod is .of particular utility in connectipn with regenerating andfor stabilizing a
dehydrogenation catalyst containing"iron and at least one alkali metal compound. Such
dehydrogenation catalysts are well. kﬁown in the art and some of those that are available
commercially include: the S6-20, S6-21 and S6-30 series from BASF Corporation; the C—'
105, C-015, C-025 and c-das series from Criterion Catalyst Company, L.P.; and the G-64
anc'l G-84 series (including catalyst G-84C used in Examples 1-4 hereinafter) from United
Catalysts, Inc. These catalysts typically contain 40-80% Fe,0;, 5-30% K,0, and other
promoters. All of such and similar catalysts are considered within the scope: of this
invention.

The method of this invention can be used in connection with the catalytic
dehydrogenation of virtually any -alkylaromatic hydrocarbon to a corresponding
alkenylaromatic hydrocarbon. The appropriate combination of alkylarorfmtic hydrocarbon,
catalyst and reaction conditions in order to obtain a particular desired alkenylaromatic

hydrocarbon is generally well known in the art and. in any event, would be a matter of
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amount of an alkali metal compound is added continuﬂly,,that- i.e; either continuously or
intermittently, to feedstream 2 by alkali metal supply means 46. Alternatively, the alkali
metal compound can be added to feedstream 1. Feedstreams 1 and 2, including any alkali
metal compound, are combined into reactant stream 3 and directed to the inlet of the first
reactor stage 50, which is loaded with a suitable dehydrogenation catalyst. Alternatively,
_ the alkali mctal compound can be added after feedstreams | and 2 have bcﬁn combined into
reactant stream 3 prior to first reactor stage 50. Partial éonvcrsion of the alkylaromatic
hydrocarbon, for example ethylbenzene to styrene, occurs in reactor stage 50.
The partially converted reactant stream or exit stream 4 emerging from reactor 'stagc
50 is then passed through a reheater 52 to restore the-héat lost in reactor stage 50 and to
-réééiablish the optimum reaction temperature. Additional alkali metal compound from alkali
metal supply means 66 is added continually, that is either #ontinuous‘ly or intermittently, 1o
the partially converted reactant stream 5 emerging froﬁ the reheater 52 before reactant
stream S is directed to the inlet of second reactor stage 54. Alternatively, additional alkali

metal compound can be added to the partially converied reactant stream 4 coming from



anount of an al kali metal conpound sufficient to regenerate, stabilize, or
enhance the activity of the dehydrogenation catalyst and thereby to
restore and to nmaintain high levels of ggnversion and selectivity. The
term"maintain" as used herein is intended to be construed to nean "to

keep in a st@h®oObageiPbdrore & ek ARCHRerWR! | Riddt stafe BY RSBLY Rabd PRy 4
failure or decline over a protracted period of tine, e.g. for nmany nonths

or years." ThableRichEbdefaRh Ralyki. CeliAkier Wohbdrdi¥n bNE UNGRLIMAR Werdbarbon
regenerating and/or stabilizing a dehydrogenation catalyst contalrning iron
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utility in '

the outlets of any one or more of the reactor stages, such as monitoring means 42 and 62
associated respectively with reactant streams 4 and 6. The monitoring means may also
advantageously be coupled to activating means, such as electrical wires 44 and 64
respectively, for signalling and activating alkali metal compound supply means, such as
pump or injection means 46 and 66 respectively, located upstream from the subject reactor
stage, namely reactor stages 50 and 54 respectively.

The monitoring means can be adapted through conventional technology to send a
signal to the alkali metal compound supply means whcncvc_r the exit stream from the subject
reactor stage falls below a predetermined level of conversion or selectivity, which indicates
degradation of catalyst activity in the reactor stage. Upon activation by the signal from the
associated monitoring means, the alkali metal compound sdbply means would begin to supply
alkali metal compoundﬂft a predetermined rate 10 the associated feedstream or reactant
stream. For cxéuﬁplc. on signal from monitoring means 42 that the conversion or selectvity
in first reactor stage 50 had .droppcd below a certain level, pump means 46 would begin o
supply alkali mct;l_ compouﬁd to {eedstream 2. The apparatus can be designed on activaxio.:r__w_ '

10 continue supplyving alkali meial compound for a predetermined period of time or uatl.



connection wth regenerating and/or stabilizing a dehydrogenati on catal yst

I n the process of converting ethyl benzene to styrene. Fig. 1is a
flowmchart that schematically illustrates one enbodi nent of the nethod of
this invention wherein an al kali netal codpound is added to an incom ng
feedstreamas well as to the partially converted reactant stream passing
bet ween t he samges sighalafrom| the assbeigted moairaringr meaft tsigoalg thaf oatalysirgotivias inothe

di scussing Fig. 1, the ternms "feedstream and "partially converted

react ant str esutjecareactosstagethas hednirestoredita thy dpsired activitaidevst. ages i n t he
conversion process. elsewhere in this description these terns are

consi der ed generi c Aand alterha&ive va thgeatomated, interhittgnt additiomsystemndgsdribed aboveain 1
may be the feed of al kylaromatic hydrocarbon, for exanple ethyl benzene,
and i ncom ng fseisdwithinthe &opm9f this invemimto sentisuvosiy addprédetermined amouattsf of atkieli e
amount of an al kali netal conmpound is added continually, that is either
conti nuously metal comipound td the tdspectivofebdseremns eraracRnbstreaink,airj alraptasively, U@k
means 46. Alternatively, the alkali ™ netal conpound can be added to

f eedstream 1. alksibhstal soapdurid inptledéterthined ambung and yt prédeserminedrintervale OTiiomagl,

are conbined into reactant stream 3 and directed to the inlet of the first
react or st ageb®tombiledokith Sontiadls Gr \ntérittent tiohitdring of @hy dr MY Ridt@ stapaleRity St .
Alternatively, the alkali metal conpound can be added after feedstreans |
and 2 have begfeaf®/mUipdf digh$bfcataly@ndéppatiaticn iRy redctpr stige, in@ardsi forSincressay! e
stage 50. Partial conversion of the alkylaromatic hydrocarbon, for exanple
et hyl benzene idditsonysreieli meéailédinpolind R34 felistiehrd @2 réddtant stream upstrdaie froml the al | y
converted reactant streamor exit stream4 enmerging fromreactor stage 50
i s then passeshbjdsf RYE6r fagectifHeaharhally fetivasd. O The lintfeaktdoratel T dddition of alkhIP!
stage 50 and to reestablish the optinmumreaction tenperature. Additional

al kali netal geEPMpduad & 1Rl AL limitkPhédod Vi Bifle YnfIPRE desied bﬁal?ﬁci@&'viry level
continually, that is either continuously or intermttently, to thé

partial ly conyeeksies bRasd fidhn 64 mSdilined SIRE HbviChifHepPid e reheater 52 before
reactant stream5 is directed to the inlet of Second reactor stage 54.

Alternati vel y, addiyl 9Geendil iuskiRietb s5AHMAYaARallone fiRbkel TakldR anc

partially converted reactant stream 4 com ng
associated apparatus for adding alkali metal compound to a feedstream or a reactant stream

in accordance with this invention. Conduit 10 in Fig. 2 contains and directs stream 12 in
the direction of a reactor stage containing dehydrogenation catalyst as illustrated by the
arrows. Stream 12 may represent, for example, feedstreams 1 or 2, the combined reactant
stream 3, or partially converted reactant streams 4 and 5 as shown in Fig. 1. Alkali metal
campouz.xd is added continually, that is either continuously or intermittently, to stream 12 in
the form of aqueous solution 22 deiivered through injection means 24 at the outlet end of an
injection tube 20 fitted through an aperture in the wall of conduit 10. Stream 14,
downstream from the outlet end of injection tube 20, represents a feedstream or a reactant
stream that has been mixed with alkali metal oompouhd in accordance with this invention.

Fig. 3 schematically illustrates an alternative method and associated apparatus for
adding alkali metal compound to a feedstream or a reactant stream in accordance with this

invention. Conduit 10 in Fig. 3 contains and directs stream 12 in the direction of a reactor



10 reactor stage 50 before it enters the reheater 52. Reactor stage 54 is
al so | oaded with a suitable dehydrogenation catalyst. Further conversion
of the al kyl aromatic hydrocarbon occurd2in reactor stage 54. It will be
apparent to those skilled in the art that additional downstreamreactor
st ages, sucimgasomainingrddhyirogenfuinm dahalyst asgiyustaad by lieades sl khd a4 s8irkahli e
catalyst, nmay be utilized to obtain still further conversion of the

al kyl ar omatingy tepatsent fobaampleddeaiditramns dfor 2 thakombirddatactaniesan op phha
reactant streamin accordance with the nethod of this invention may ge
advant ageousinyeredpleayaa streimse érand dives shiowal in Fig. § haCoandait t10r fusth&g@Finet Rna
mul ti-stage reactor. As shown in Fig. 1, the apparatus of this

i nventi on naijacantwasstizaPEn opéryvapoctomttaunicaion twith teglowgatsofsaEaniDD kidédpatiet he
chem cal conposition of the exit streans com ng from the outlets of any
one or nDr eofadetairigy Jotidr Piquil ages., Alkdimasl ¢oaipolu@l ini0solie dn $iqdid st iSRd
associ ated respectively with reactant streans 4 and 6. The nonitoring neans

may al so  aghiibésade e ihk Jntdteor@a o vesdel 130, tedugh Béeid 30, B8 G graGuidly vasordleamlir i cal
wires 44 and 64 respectively, for signalling and activating alkali netal

conpound SU@BuYe FHRAS passitisttm, RS itictedi B} @€ biroRs MBI Sveddl 30.d Sé@am 14,
respectively, located upstreamfromthe subject reactor stage, nanely

react or st agfénsRCanfiOmIAsseERN e&irések ¥ feedstream or a rehBint BB Gk 1A bERARSdaN be
adapt ed t hrough conventional technology to send a signal to the alkali

metal CconpOowRe afdi Rleval BBAPSunANA BERIantd Wit itiid in¥édig@M fr om t he subj ect
reactor stage falls below a predeterm ned | evel of conversion or

sel ectivity. whi ¢fe iafidii GRS contiRURIRh] R Qb Aihe 36t i¥! h¥inbd of fiis
reactor stage. Upon activation by the signal from °the
invention include all non-halogen sources of alkali metal ions. As used in connection with
this invention, the term "alkali métal” is meant o include, but without limitation thefeto,
~_potassium, sodium, lithix;m and other less-common members of the group LA metals of the
periodic table, such as rubidium and cesium. Cost considerations will ordinarily dictate the
choice of a potassium 6r sodium compound, however. For some applications, members of
the group IIA metals of the periodic table (e.g. magnesium, calcium, and so forth) may also
have utility. Selection of an appropriate alkali metal compound is considered a mater of
routine experimentation. In connection with the dehydrogenation of ethylbenzene to styrene,
the preferred alkali metal compounds are potassium compounds, more particularly one or
more compounds selected from the group consisting of potassium oxide, potassium
hydroxide, and potassium carbonate. It is also within the scope of this irivention to use
mixtures of two or more alkali metal compounds. Because halogen ions, such as chloride,
have typically been found l;) poison the dehydrogenation catalyél. alkali metal compounds
such as potassium chloride should generally be #voidéd. ' |

The amount of alkali metal compound to be added to 2 feedstream or reactant stream

in accordance with this invention may vary depending upon the catalvst, the alkylaromatic



associ ated nonitoring neans, the alkali netal conpound supply neans woul d
begin to supply alkali netal conpound at a predetermned rate to the
associ ated feedstream or reactant streahd For exanple. on signal from
monitoring nmeans 42 that the conversion or selectivity in first reactor
st age 50 hadiydrosprbeal thelrawion @eaditiann and v alkglumpralneamsudd isdfll dnbergictivd 0
supply al kali netal conpound to feedstream 2. The apparatus can be desi gned
on acti vat i gmoutigor ameffertiec sauppf wddigormbk alkiali metah corogonuad undhé e¢ac@nt stream
predeterm ned period of time or until. “anot her signal fromthe
associ at ed rspfficient iongrin@anighdegiadfsontentiocakiakblpgtvitg chn bé deteintinddlts roatily ect
reactor stage has been restored to the desired activity |evel. As
an al t er nat iexperimertdiion audrderad eptimizasystam parfonhameeldin genarak \icha edefothd Bad
above, it is also within the scope of this invention to continuously add
pr edet er m neatt effectivetamnonht aflthendlkali metabtommmubcontprises friva abewt®01 tovabout 100
feedstreans or reactant streans, or, alternatively, to add alkali netal
conmpound i n gafeYg el ofetkza metitampondd pér niillibdpaks 6 thefbabtiittrdah prefEhibsy May
be conbined with continuous or intermttent nonitoring of one or nore

reactor stageombdéut 0SIONGabdut 10/parts by @Bigh bn avdrige\ovir 4l epradivhii tichd FraM¥.
reactor stage, neans for increasing the addition of alkali netal conpound

to a feedstrgaepredenta@al timb Frafmb 26 WRAIRG iR @REhS tHapridl of Ttk BGring RAh MigrSt age
can be manual ly activated. The increased rate of addition of alkali netal

conpound canewds $f0donPerbibibAdesblaRaVityOste Fhaididifdd withoul fdriher SRR6SESE MBPnyei

activity level 1is restored or else it can be nmaintained at the new, higher

rate. compbiugh. R i$ 5166 Wikih @R dipé bf MBARNASN ioNvaBp ERMAMunObEALAT megt ai |

one preferred nethod and associated apparatus for adding al kali netal
conpound t 0 RnfBRAS I BRMean® skt IRBE tiftle 6 ¥roreNordoC RLARIAT %Etgnfnﬂ {fdtetn

I nvention. Congw t 10 in Fig. 2 contains and directs stream
- performance.

| The alkali metal compound may be added to the reactant stream either continuously
or intermittently. and, if intermittently, at regular or irregular. intervals. Whether the alkali
metal compound is added continuously or intermittently, th;: amounts added and, in the case
of intermittent additions, the intervals selected, should be such to insure addition of an
effective amount sufficient to restore or to maintain the desired high levels of conversion and
selectivity. In gencra;l, such amounts wiu comprise from about 0.01 to about 100 parts
weight of alkali metal compound per million parts of the reactant stream on average over a
representative time frame.

The addition of the alkali metal compound to the reactant stream may be
accomplished in a number of ways. One such addition method is to add the alkali metal
compound in dry, solid, powdered form to a reactant stream. Alternativeiy, a solid lump
of or a vessel containing the atkali meral compouﬁd i.n solid, liquid or solution form, can be
placed in the path of the heated reactant stream and allowed to gradually vaporii't_:_imo the

passing stream, 2s illustrated in Fig. 3. Anoth2r and particularly preferred addition method



the direction of a reactor stage containing dehydrogenation catal yst as
Illustrated by the arrows. Stream 12 may represent, for exanple,
feedstreans 1 or 2, the conbined reactant stream 3, or partially converted
reactant streanms 4 and 5 as showmn in Fig. 1. A kali netal compound is
added continually, that is either continuoushy or intermttently, to stream
12 in the form of aqueous solution 22 delivered through injection neans 24

at the outl et enﬂ_@fadarlhe Hﬁl@%&a@%ﬁxﬁ&ﬁd%ﬂ the ?o?ﬁ%ftahrﬁu&hs INAREDkd! b Gedcbint
the wall of conduit 10. Stream 14, downstream fromthe outl et end of

i nj ection tube ZQreaﬂxel?&reééﬂx?a& & deBGHRE 286V iR cofhebGRACHM Fig. 2L I BARhie G eal8t

been m xed with al kaf! metal compound in accordance with this invention.
Fig. 3 schematic l:l“néir{d%éa{lfi‘ﬁ %mﬂtéﬁeg%ag%%&heaiawmﬁ&m%amg 1, the
apparatus for adding al kal i tal conpound to a feedstream or a reacCtant
streamin accor dapgfn'H | coh@%. ih Q0 ' bidtibh & A
and directs stream 15%%@&@% re t%’h%fg@%@%ﬁe&*ﬂngﬁ ﬂlﬁo&%ﬂ; y
12 stage contaigi r Qe : : L4 | Uschs d:he &

12 and 14. Strea?né qupge?r%yéar epr egéé%??pl&géﬂe%g%%?‘g?hioeé?gl{l%ggﬂng%m})‘pﬁﬁgﬁy
combi ned reactanj_ . qgg]'lg”. [ ' 3%&9; [ e

5 as shown in Fi {é’.’ijtf;‘ n uf&%&{rﬁﬁo%‘le?‘adlg#l n@ghgtgo% | acen ve's?g?l %SQ%
open vapor comupicati P . t . Of
et ai ning sol i SRRk b Saporl oAl thecd chBdind nd ifecf BB in e
liquid state is fe‘g?’!ia% necessary to the interior 34 of vessel 30, through
feed 32, so as t&* b} 'y vaporize and diffuse into the passing stream
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practice of this invention.

Ct

EXAMPLE 1

Steam and ethylbenzene at a2 molar ratio of 12 to 1 and a rate of 825 grams/hr was
introduced into a reactor constructed with one inch schedule 40 stainless steel pipe and was
heated in an 8-zone electrical oven. A total of 390 grams of a catalyst designated as G-84C
and manufactured by United Catalysts, Inc., was loaded in the reactor in four sections. The
reactor was packed with inert alumina balis on top of the first catalyst zone, between catalyst
zones, and below the fourth zone. The reaction mixture entered the reactor at a temperature
of 250°C and was preheated to 598°C as it entered into the first catalyst section. The
average temperature of the four catalytic sections was kept within 1°C of 594°C. The
reactor outlet was maintained at atmospheric pressure. Deactivation of catalyst was observed
berween 854 and 1298 hours on-stream time as shown in Table 1 below. The styrene
selectivity increased slightly during this period due to decline in ethylbenzene conversion.
At 1310 hours, the test unit was shut down and a stainless steel container loaded with 5.4

grams of ACS grade KOH was placed on top of the alumina. After the reactor was



invention include all non-hal ogen sources of alkali netal ions. As used in
connection wwth this invention, the term"alkali netal" is nmeant to

i nclude, but without limtation thereto,l5 potassium sodium 1|ithium and
ot her | ess-comon nmenbers of the group A netals of the periodic table,
such as r ubirciamel anhatiesiouin of G vaporisddcbentiuoosts and wis tosughniand ohegdi Gt €
the choice of a potassium or sodi um conpound, however. For sone

appl i cat i onsatalyardyahs raatior fdaé sgeanmup The fempetaairs andhe toreaiparwadiontondd suche- 9.
magnesi um calcium and so forth) may also have utility. Selection of an
appropri at e timt KQOH vapl giresswayeas requivalere ao sbale 1Seppna (byaiveighit) of totalofsbd Nerpe
experinentation. In connection with the dehydrogenati on of ethyl benzene to
styrene. t haiviyahdscedviat dfahd canbysaieredognd uniksprovezohiudasly betve O IRINES
nore particularly one or nore conpounds selected fromthe group consisting
of pot assi unsehaies. TeicaaRsiamivioydienendined sistile MAbar 2. 3Ipereantdpe painds hifter! S
also within the scope of this invention to use mxtures of two or nore

al kal i et alin condeaiadmd HRAADICpdIcdnage PoinB Eighes Lif Rty@neCleefiVitle thanlGo¥sie
typically been found to poi son the dehydrogenation catal yst. al kali netal

. conpounds  sddifiorsf OHAYR 1482 BHUrE thl@hfbagtid coRresicH wWith ROFEY R twas 4.4
The anpunt of alkali nmetal conpound to be added to a feedstream or reactant

stream i n ﬁa&alejgi%% Highdt chd hdt RWESHId Bive BB MR sHRRAM M (HRORad fBE
e a )

catal yst. Kyl aromati c :
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itself. An efféctive anpbunt or an effective rate of addition of

met al  conpOYAEdvRy Wit KCIREIRMEn wis 09PSRrcefitdhd mt@ﬁghér PR A B KSR iRy ! S

of conversion and selectivity can be determ ned by routine experinentation

| norder {0 caRbldd fin 23 P BRGHA aﬁﬁ%zcde%o%ﬂ%ﬁée.rgp

o | that12R5H ound t hat
an effective ahount of the alkali netal conpound co "r'irhgte‘"s' Prgﬁqﬁg{iout 0.01
to about 100 - S .

TABLE 1

On-Stream
Time (houss) 854 874 1283 1298 1476 1506 1535 1563 1620 1622

KOH (ppm) 0 0 0 0 5 5 5 5 b 5

Overall

Conversion

(mole %) 61.7 61.7 59.3 59.2 60.9 61.5 614 61.5 61.5 61.6

Overall

Selectivity : . -

(mole %) 96.6 96.7 96.9 96.7 96.9 970 970 97.0 97.1 97.1
EXAMPLE 2

A second reactor constructed and loaded similar to that described in example | was
loaded with 32.5 grams of G-84C catalyst in the top zone. The reactor was operated at
average temperatures between 594 and 612°C, steam-to-ethylbenzene ratio between 9 and

12, at an outlet pressure of 14.7 psia between 0 and 3341 hours. The ethylbenzene feed rate



parts by wei ght of alkaline metal conmpound per mllion parts of the
reactant stream preferably from about 0.10 to about 10 parts by weight,
on average over a representative time frl#dme. A representative tinme frane
as used herein nmeans that period of tinme during which high |evels of
conver si on @reigbedtabd fun wis kopethessame af Hat inngxatmpigt!. f Deachieationddithe @p Bfe -

al kali nmetal conpound. It is also within the scope of this invention to
vary the ancaglystgfas abseated bevteat 17220and d 888 héurs, takh showmaio tTable telovanwiiiéahe t | ME
to restore or to maintain opti num system performance. The al kal
met al conpoumd wasykeprewrlidddCtof SORECr dhe tseam-te-eihplaenzend fado vesriRimmlauspy or
intermttently and, if intermttently, at regular or irregular intervals.
Whet her t he33dikwlis, theainitl waschpaleomd and a supkelttaennthicuatiosked loaading of KIOH tkent | Y,
t he ambunts added and, in the case of intermttent additions, the

i nterval s sillset ed withhatuintirivptisgutile reagtiom swascinstaltéd tupstreaof ofathe redcfor Ghlied/ €
anopunt sufficient to restore or to maintain the desired high | evel s of
conver si on Afier ths @hie &as véstayted) the gipr@nebatalgss chntimnel wtdeactivhe WHIETH WsCkepf OM
about 0.01 to about 100 parts weight of alkali netal conmpound per mllion
parts of theith@ariast 623°Ceanbl)aVvEicaganpioadthyibentap rakewhabi e thd PRch ame.
The addition of the alkali nmetal conpound to the reactant stream nay be
acconpl i shedutien peesstiderdas 1917 pay sAt 338¢ hows)790dhrhd SMACS ghad KOH was 3skded he

al kali metal conpound in dry , solid, powlered formto a reactant stream

Al ternat i velnfo the séstkiiedtel Wil thRfreRRfiowaARSREMPEA Tho s@riiclRr fldsataturd®ha!

conpound in solid, liquid or solution form can be pl aced in the path of
the heated eaa@lisdito Sildwe skt Aot OMROH & @Hpafiieadontinub@dlP ahd Be ibiduEhl Rt
passing stream as illustrated in Fig. 3. Another and particularly

preferred adgldc QRaTehRQSt by the reaction mixture. The vapor pressure of KOH at such
‘temperature was equivalent to about 9 ppm (by weight) of total feed. The ethylbenzene
.conversion in the to;.v zone improved rapidly from 5.1% to 12.3% in 103 hours while the
zone was kept wifhin 1°C of 622°C, then increased gradually to 12.9% in 176 hours, and
remained at such high level for 630 hours. This example illustrates that the catalyst which
is immediately exposed to the feedstream is most susceptible to deactivation and also

received the greatest benefit from the method of this invention.

Table 2

Oa-stream :
Time 1722 1800 1888 3347 3418 3473 . 3504 3584 3760 4132 4390
(rours) _ :

KOH 0 o o0 0 0 o 9 9 9 9 <
{(ppm)

Top Zone
Conversion
{mole%) 9.4 8.9 8.3 6.0 5.6 5.1 6.9 12.3 12.9 12.8 129




14 is to add the alkali nmetal conpound in the form of an aqueous sol ution
into a reactant stream for exanple as described above in connection with
Fig. 2. Because of ease of handling and the ability to automate the
process, as described in connection with Fig. 1, the addition of alkal
met al conpound in the formof an aqueous sblution will probably nornally

be the preferred conmmercial application of this invention. Still another
addition nethod is to inject the al kalEXAMPRE 3conpound in a liquid form
into the reactant stream Still another addition nmethod is to pre-vaporize
the al kali netal cohipoeagoradescribes ércéxamiple 2/eporuniuntibthe KOH irethe tseperheater sasn
The nmethod of this invention will be better understood by reference to the
foll owi ng exaieplees. e dudattpresatra, andtiecseanrto-ethiylbestena tatio evene then adjdsted ® 6ot
limting of the scope or practice of this invention.

EXAMPLE 1 psia and 8t lomolag respedrivgly b ahe eopezond tepperatueer wasdkieptowidfin 12C vbb622°@nd a
rate of 825 grans/hr was introduced into a reactor constructed with one

i nch schedul e Ageirgt of theasp zofiecedtalyst (weas abskrvagsbetveent47d1 iand $0223 hawrs evhile the

el ectrical oven. A total of 390 grans of a catalyst designated as G 84C
and manuf act urstytedyseldeivigovasdbatipiating. Av5022 howits, danddifichal 0.90 REanisSAKIOH was)
four sections. The reactor was packed with inert alumna balls on top of
the first catabjied ime R supethsiie? And Beduérheate? Cipranis trab edrrolied® divels KOH
zone. The reaction mxture entered the reactor at a tenperature of

250[ err] C and vapér gresitieaigaifalem 1666t atq:ﬁhi(weigberoe@bmrféa. TR thp béie coRverivnbt
e

section. The average tenperature of four catalytic sections was kept

within 1[err] venplp $9M ®2% 11 4% in DL RIS thKidbRlzedRSabEBd 11 6% F60arPdxtended
atmospheric pressure. Deactivation of catalyst was observed between 854
and 1298 hour $e684 of higRWhile fhe 38p S ¥iyrerk seillifitylinh?bvd. frohl164 3L 06/ 1%, as

shown in Table 3 below.

Table 3

On-stream
Time 4731 4925 5022 5026 5034 5046 5062 5114 5159 5204
{hours)

XOH O 0 0 2 2 2 2 2 2 2
(ppm)

Top Zone
Conversion
{mole%) 11.0 9.6 9.2 10.1 11.1 114 11.0 11.1 11 11.0

Top Zone
Selectivity
(mole%) 95.0 94.8 94.8 94.5 95.1 96.4 96.7 96.9 96.8 96.7

EXAMPLE 4
In example 3, the average temperature of the four catalyst zones was kept within 1°C
of 613°C. The reactor outlet pressure was 6 psia, and the steam-to-ethylbenzene ratio was

8:1 molar. The overall conversion decreased from 70.4% to 69.3% between 4728 and 5019



selectivity increased slightly during this period due to decline in

et hyl benzene conversion. At 1310 hours, the test unit was shut down and a
stainless steel container |loaded with 58 granms of ACS grade KOH was

pl aced on top of the alum na. After the reactor was

15 restar u8ks tRfcrERd scBEHAUBHChOSE IKOH WaNBided £ ATHR Ve LNURHEAY sARG VIR S, R Ought
into contact with catalyst by the reactor feed stream The tenperature at

the cont ai RAbIWRD6BIR] Al GO Wab loddbdind@el SupRRdaeP 2 1Y RoM@SthE QVEMRl ent
to about 5 ppm (by weight) of total feed. The .activity and selectivity of

the catal ygbhnwedich inreidd badilyFoRY6D.S QM0 4 Qi o/daPLiniEeRaihei SR8 thar R0
hours. The catal yst activity then renai ned stable at about 2.3 percentage
poi nts hi gh&kl subSeqR@INE Fihk Sty real Se1eB0ky rethaihied SEHIE RISEUPT RO periBl FNET clen
styrene selectivity than before addition of KOH At 1642 hours, the

et hyl benzengne augiviy (s YbseReK@Hh RGiicbARMIGS 4.4 percentage points higher
than what it would have been at the sane on-streamtine had the catalyst
deactivated at the sane rate as before the introduction of KOH The styrene
selectivity with KOH addition was 0.4 percentage points higher than that

wi t hout KOH when conpared with data at conparabl e et hyl benzene conversion

(e.g., that at 854 hours). TABLE
I On- Stream Ti me (hours) 854 874 1283 1298 1476 1506

1535 1563 1620 1642 KOH (ppm 0 0 0 0 5

5 5 5 5 5



Overall Conversion (nole % 61.7 61.7 59.3 59.2 60.9 61.5

61.4 61.5 61.5 61.6 Overall Selectivity (nole % 96. 6 96. 7
96. 9 96. 7 96. 9 97.0 97.0 97.0 42 97.1 97.1
EXAMPLE 2 A second reactor constructed and | oaded simlar to that

described in exanple 1 was |oaded wthy,g2:5 granms of G 84C catalyst in the
top zone. The reactor was operated at average tenperatures between 594 and
612[err] C. stea i 9~ :

pressure of (Cl]é?;mf? psi a between 0 and 3341 hours. The ethyl benzene feed rate
16 throughgti ru S t S as,t hatjin mpl.e. 1. activation
of the top ‘{;“ﬁ ‘})?gt al%égfl V\‘%gpobgsogfve%et §V\%"Ln 50%52 gﬁg 1§§6§ ho{%)?‘s, as
shown in Tabhle 2 helow while the zone was kept within 1 [err]C of
597[err] C. The steamto-ethyl benzene ratio was 12 nolar. At 3341 hours,
the unit wagoghutt dow?® and & superheater, ®hich2all o®ed | @ading of KOH into
it later on@®mir hout interrupting the reaction, was installed upstream of
the reactor inlet. After the unit was restarted, the top zone catal yst
conti nued t "gjggi%}i vate while it was kept within 1[err]C of 622[err]C
.(Fabl e 2). .Eb‘i’e%% hgam tygyet hylbengene gagi o9s Gp.andqghe pgact gl s outl et
pressure was 14.7 psia. At 3481 hours, 7.0 grans of ACS grade KOH was

| oaded i nt @vicdie superheater while the reaction was uninterrupted. The
super heat er Stiegtiywer ature was controlled to allow small anount,s of KOH to

vapori ze cofftdafigae| y %id b¥-rolsht Phio %69 969 9695 969  97.0

The foregoing examples illustrate that the method of this invention is effective in
restoring the activity of a pa:tial.Iy deactivated catalyst and in stéb_ilizing the conversion of
ethylbenzene to styrene at a high level, while simultaneously maintaining or improving the
selectivity to styrene.

Since certain cha.nges may be made in the above-described apparatuses and processes
without departing from the scope of the invention herein involved, it is intended that all
matter contained in the above description shall be interpreted in an illustrative and not in a
limiting sense.

Having described the invention, what we claim is:



contact with catalyst by the reaction mxture. The vapor pressure of KOH at
such tenpérature was equivalent to about 9 ppm (by weight) of total feed.

The et hyl bQﬂﬁsﬁb@tHaGQEb\i(Rﬁ;ﬁicQJ‘ in the top zone inproved rapidly from5.1 %to

12.3%in 10 zone was kept within 1] el rm@ ShE wa
then increas ﬂ i gh
| evel for exarrpl e iMd8trates that t he h _ifs

0 12.9%in 176 hours, and re¢nmin
i mmedi atel y exposed to the feedstreamis nost susceptible to deactivation
and al so received the greatest benefiArMgomthe nethod of this invention.
Table 2 On-stream Ti me 1722 1800 1888 3347 3418 3473 3504
3584 3760 4132 4390 (hours) KOH O 0 0 0 0
0 91. 9 A prpcess ForppnFatIdptiondlPonvePBYSRtiNG| e@n 9. 4

8.9 8. ZikxyPafomatPc6® hyadrdcarfol 14td L& 9 alkerylarbhatic

17 The .r eact or

descri bed BYAEQSATPen - by, Aixeching| sgid @"N\ﬁafﬂ’éagﬁﬁem@ﬁ osATReN
depl et ed. afi® ostéemh pirssura apdatherst eamthdndniyy| dehyedreogeatatdomere t hen

adj ust ed tg?tg :Hp%%gr €gd0?€,%g§%gr C]D%S;‘RSSH v%h% sT:@%s Q.zone tenperature

was kept w
(a) forming a mixed reactant stream consisting of

said alkylaromatic hydrocarbon, steam, and an effective
amount of an alkali metal compound eguivalent to a
continuous addition of 0.01 to 100 parts per million by
weight of alkali metal compound relative to the weight of
the total alkylaromatic hydrocarbon and steam directed

into the reactor; and

(b) bringing said mixed reactant stream into contact
with a dehydrogenation catalyst consisting of iron oxide
catalyst promoted with alkali metal while continuing said
catalytic conversion beyond an initial catalyst
conditioning period of 3-45 days, said effective amount
of alkali metal compound being sufficient to maintain
substantially constant levels of conversion of
alkylaromatic hydrocarbon and selectivity of
alkenylaromatic hydrocarbon beyond said catalyst
conditioning period.

2. A process as claimed in claim 1, characterised in
that said alkylaromatic hydrocarbon is ethylbenzene and
said alkenylaromatic hydrocarbon is styrene.

3. A process as claimed in claim 1 or 2,
characterised in that said alkali metal compound is a
potassium or sodium compound.

4. A process as claimed in claim 3, characterised in
that said sodium or potassium compound is selected from
sodium hydroxide, potassium hydroxide, sodium oxide,

Hllllll IHIH lllﬂ Hlll H llll



Ageing of the top zone catal yst was observed between 4731 and 5022 hours
while the styrene selectivity was deteriorating. At 5022 hours, an
additional 1.90 grans of KOH was |oaded into the superheater and the
super heater tenperature was controlled to give a KOH vapor pressure

equi val ent to about 2 ppm (weight)_of;total feed. The top zone conversion
went up from9.2%to 11.4%in 24 hours, then stabilized at about 11.0% for
an extended period of tine while the top zone styrene selectivity inproved
from 94. atnI6LI8Y, oxddeshemardium Tabkrbosakbel, opotassium carbonate,

Table 3 or QsheadN dhdBeor4731 4925 5022 5026 5034 5046 5062
5114 5159 5204 (hours) KOH O 0 _ 0 2 2

2 2 2 2 2 (ppm) Top Zone Conversion (mole% 11.0
9.6 9.82 10.A prbkeks &% 4claihel idl.any pretedihyy Oclddm,Zone

SeleCtig%$§fgg¥é¥@sé§i{% éﬁa@ sa?é'glka?f'éeta?5c$mpoﬁﬁgﬁ&EEg§dZd 96.9In

96. 8 .

exanpl e 3n Y avrbgl (ReWReredrEOBR- t he four catal yst zones was kept
within 1[err]C of 613 [err]C. The reactor outlet pressure was 6 psia, and
the steamto-ethyl benzene ratio et al

8:1 | . Th i
decrease®*fr om 78* PXRIFBRLS g/%ﬁ%eﬁn4%§aéﬂﬁ 3§1§¥ams 1°887Z, > °"

characterised in that said alkali metal compound in a
solid or  liquid state is placed in the flow path of a
feedstream to said reactor.

7. A process as claimed in any one of claims 1 to 4,
characterised in that said alkali metal compound is added

in the form of an agueous solution.

8. A process as claimed in any one of claims 1 to 4,
characterised in that said alkali metal compound is added

as a vapor.

9. A process as claimed in any one of claims 1 to 4,
characterised in that said alkali metal compound is added
as a liquid.

10. A process as claimed in any preceding claim,
characterised in that said contact between said mixed
stream and said dehydrogenation catalyst is carried out
at substantially constant reaction temperature.

11. A process as claimed in any one of claims 1 to 9,
further comprising the step of periodically increasing
the reaction temperature.

12. - A process as claimed in any preceding clainm,

characterised in that said catalyst consists of 40-80%
Fe203 and 5"30% K20.

s



18 hours before the second batch of KOH was | oaded. The overall styrene
selectivity was stable at 96.9% After KOH was | oaded into the superheater

at 5022 hours, the overall conversion increased steadily from69.3 to
70.4% in two days and remnai ned above that high |evel subsequently. The
styrene selectivity remai ned stabl e aiz 96.9%in this period, i.e., the

sane selectivity was observed at a hi gher conversion.

Tabl e 4 On-stream Time 4728 4860 4932 5019 5031 5047 5071
5121 51 5217 ( r8cedi

s oh . b (DRke Klietaghed gn.oapy griceding laigy 7o
70.1 69cnara§9eglse@9181 theg: Baiq@ all?@ﬂ@!cal 7epmpouryd) -'55 Tided |

Sel ectivi gy (40/€Ps96.Reastordhm 26n3istI8g9 of IGsteam 9&d fo % 96.9
96. 9 97.0
second feedstream of steam and alkali metal compound, and
said second feedstream is <combined with a third
feedstream consisting of said alkylaromatic hydrocarbon

to form said mixed reactant strean.

14. A process as claimed in any one of claims 1 to
12, characterised in that said alkali metal compound is
added to a first feedstream consisting of said
alkylaromatic hydrocarbon to form a second feedstream of
alkylaromatic hydrocarbon and alkali metal compound, and
said second feedstream is combined with a third
feedstream consisting of steam to form said mixed

reactant stream.

15. A process as claimed in any one of claims 1 to
12, characterised in that said alkali metal compound is
added to a feedstream consisting of said alkylaromatic
hydrocarbon and steam to form said mixed reactant stream.

16. A procéss as claimed in any one of claims 1 to
12, characterised in that said alkali metal compound is
added to the effluent stream from an upstream reactor,
said effluent stream consisting of alkylaromatic
hydrocarbon, steam, and dehydrogenation products, to form
said mixed reactant stream, and said mixed reactant
stream is brought into contact with said dehydrogenation
catalyst in a downstream reactor.

17. A method of regenerating and stabilising the
activity of a dehydrogenation catalyst, consisting of
iron oxide catalyst promoted with alkali metal, used in
the catalytic dehydrogenation of an alkylaromatic
hydrocarbon in a reactor containing said catalyst to

P



The foregoing exanples illustrate that the nmethod of this invention is
effective in restoring the activity of a partially deactivated catal yst
and in stabilizing the conversion of ethyl benzene to styrene at a high

| evel , while sinultaneously maintaining or inproving the selectivity to
styrene. Since certain change®3 may be nade in the above-descri bed
appar at uses and processes wthout departing fromthe scope of the

i nvention kp inyolv LSl de bon Mt LG5 gCOP AR i n the
above desc??%??%n'gﬁhlIggge#%%éggbg%g%i:¥i§¥§?#%éﬁ?htivelandq%ot In a
limting sepBprising the giepsgodescribed the invention, what we claimis:

- 20- 1. A procgaaihgr rageneratingeeastrahabi | icenta inigigdehyglrygenation
catal yst used in catalyfically converting an al kyl aromatic hydrocarbon into
an al kenyl%}%?Femﬁga\éocgﬁ’gﬁ?cﬁfbﬁnr e@H n&r}?ﬁ L&y 2Rt i ’ﬁyd’r’bcar bon
and steamalkald rmethdr copoundyg tssidehgdrfegéisei ormoandd ydeimai d
process co, LS) he st ; ). 5 3f.or m ' a nt

St roam cortrEFouent &5 ARG ip o suetarsRaddy Lo e MR He

ef fecti ve oabahyshf eeneexaiennmnd ERIRHHE AN vacenfors a2 canidetlious

addi ti on ofefcfdntOstPBaRdr hgper mllion by weight of alkali metal
conpound rel ative ' f the total aIkyL%%onatic hydr ocar bon and

éo th%.melght.g

steam directed i nt @ FRECABGc1BR1dyixed  stream " ingp; (51 LHAFTM xed
reactant swhihen cohbvinebhgctsaidh eatiebytliogearmtvensbon alysyorwdnsrst i ng of
I ron oxi de; S e it.h.al kal i .al ey i ng said

catal ytic %:rg#/gégi %ﬁgég%ﬁdggﬁdﬁ%l{%ﬂg%dc5{%13’& \Mc?or?diﬂ‘fsloorg}ﬁ ng period of 3-45
days, said effective anmount of alkali netal conpound being sufficient to

hmaijnt ai nbsy@.st gnt izlal Jn%‘_cﬁ_@&staélflbllb&\i@dls i dlt%!'i‘ﬁﬁﬁ.sii O%r@rl)a%ﬂ@ﬂﬁéﬁﬁtﬂ c
ydrocarboy and sefectiyily of alkenyl aromatic hydr Feyoy 'and 5-30%

K50.

19. A method as claimed in claim 17 or 18,
characterised in that said alkali metal compound is added
continuously to said feedstream.

20. A method as <claimed in c¢laim 17 or 18,
characterised in that said alkali metal compound is added
intermittently to said feedstream.

21. A method as claimed in any one of claims 17 to
21, characterised in that said effective amount of alkali
metal compound is eguivalent to a continuous addition of
0.01 to 100 parts per million by weight of alkali metal
compound relative to the ;Wéight of the total mixed
reactant stream.

22. A method as claimed in any one of claims 17 to
21, characterised in that said alkylaromatic hydrocarbon
is ethylbenzene and said alkenylaromatic hydrocarbon is
étyrene.

I



beyond said catal yst conditioning period. 2. A process as clained in
claim1, characterised in that said al kylaromatic hydrocarbon is

et hyl benzene and sai d -al kenyl aromati ¢ hydrocarbon is styrene. 3. A
process as claimed in claim1 or 2, characterised in that said al kali netal
conpound is a potassium or sodi um cenpaurd. 4. A process as clained in

claim 3, characterised in that said sodi umor potassium conpound is

sel ected from sodi i de, potassi um hydr oxi de, .so oxi.de,

- 21 - é:g’ssium xf“&g'gm ocﬁ%nf@ﬁ?ﬂSﬁat’é’, %}'aggfun?tia‘g%gg]a 19 or=i xt ur es
t her eof . 25, chardcpeniesd instbhii sedd ief faeriyee capunt cs:tfeuaﬁkall
characterigggain é&ﬁﬁoéﬁad §£kakhf?ﬁh&bn%@”&%“n%dihﬁ%¥#ﬂj1ébé¥§/ ool id,

powdered form process, as, clainmed in an one of clainms 1 to 4,

char act er |%%‘HV‘F1F15%%t %‘éﬁd sglefrivityl ThPRRE AR B¢ d AT i Afid state
I s pl aced thodde dstapldatedl at ferdstembmaifo shed imbcial . catélyst A :

process as of clains 1 to 4, characterised in that said
LT LB g 008 .

al kal i conpoun €d in.the formof an aqueous sol ution.
A process as claimed in any one of clains 1 to 4, characterised in that

said al kalggetal goppeHBd iass adfigima@d an/alY - one of claims 17 to
23, characterised in that said alkali metal compound is a
potassium or sodium compound.

25. A method as claimed in claim 24, characterised in
that said sodium or potassium compound is selected from
sodium hydroxide, potassium hydroxide, sodium oxide,
potassium oxide, sodium carbonate, potassium carbonate,
or mixtures thereof.

26. A method as claimed in any one of claims 17 to
25, characterised in that said alkali metal compound is
added in dry, solid form.

27. A method as claimed in any one of claims 17 to
25, characterised in that said alkali metal compound in a
solid or llquld state is placed in the flow path of sa1d
feedstream.

28. A method as claimed in any one of claims 17 to
25, characterised in that said alkali metal compound is
added in the form of an aqueous solution.

29. A method as claimed in any one of claims 17 to
25, characterised in that said alkali metal compound is
added as a vapor.

30. A method as claimed in any one of claims 17 to
25, characterised in that said alkali metal compound is

IIIIIIII 0 ) IIIII II IIIi



9. A"b'rc—)ggs-s as ¢ a'ar;r%d in any one of clains 1 to 4, characterised in
t hat sai dTki$ SheetHagReAEERETHound i s added as a |iquid. 10. A process
as clainmed |i | ng claim characterised in that said contact

bet ween sai and sai d dehydrogenation cat@af¥stSHiTTGHMS Bgm?ut
at substantially constant reaction te@@erature. 11. A REPCRSD as
claimed in any one of clains 1 to 9, further conpri si ng—the—step—o+
periodi cal JyylacLeagi g glj]ﬁ..r eaction tenperature. 12. A proces as
claimed in any precedi na claim characterised in that said catal yst
consists of 40-80% Fe[err]O[err] and 5-30% K[err]O.

- 22 - 1$. A Rreethdd ass CtaaiRda iih advy poreéedifngldiasn 17 to

characterised in_that said.alkali netal.co ' first

f cedst r eard bngggf?ﬁge5%s§fied?ﬂ ttcf’?%r%?’élgsggg%g%%édgg ﬁggﬁggfa ﬁ?%%%?ﬁ and

al kali netds$ coaspoded, ank sadtl sesdmtInduidsileansPrRstambi nEGAGELRNA t hird
feedstream consi s¢hPg. of said al kylaromatic hydrocarbon to formsaid m xed
react ant stream 14. A process as clained in any one of clains 1 to
12, characterised in that said alkali nmetal conpound is added to a first
;eegst reamz,](c:onlsi sjlii fgthol i@tijdlah{ﬁgaarj_md ﬁ}ekb?(_dra@ard]minisn iprgoa Zeco_ng
eedstrea a romatic racar bon,and al kal i tal ¢ un and sai
second frege(g'stréé;?%tq}esr c r%\p;/?é'(flqﬂththg t%{-‘?% feodstkgﬁg\gggﬁgrdl%?i ng of

steam t o fimewressingi kkd reactinh tempemature.

33. Apparatus for converting an alkylaromatic
hydrocarbon into an alkenylaromatic hydrocarbon
comprising in combination: at least one reaction chamber
comprising inlet and outlet means and loaded with a
dehydrogenation catalyst consisting of iron oxide
catalyst promoted with alkali metal; conduit means for
delivering to said inlet means of said reaction chamber a
mixed reactant stream consisting of the alkylaromatic
hydrocarbon, steam, and an effective amount of an alkali
metal compound sufficient to maintain substantially
constant levels of catalyst conversion and selectivity;
and alkali metal compound supply means for adding alkali
metal compound to said mixed reactant stream as needed to
substantially  maintain said 1levels of conversion and
selectivity without interrupting the conversion reaction.

34. Apparatus as claimed in claim 33, additionally
comprising monitoring means for monitoring the chemical
composition of the exit stream at said outlet means of
said reaction chamber.

35. Apparatus as claimed in claims 33 or 34,
additionally comprising activation means coupled to said
monitoring means and to said alkali metal compound supply
means for activating said alkali metal compound supply

* < L M H *



15. A process as clained in any one of clains 1 to 12, characterised.in
that said alkali netal conpound is added to a feedstream consisting of said
al kyl aromati ¢ hydrocarbon and steamto formsaid m xed reactant stream

16. A process as clained in any one of clains 1 to 12, characterised in
that said al kali netal compound is added-to the effluent stream from an
upstreamreactor, said effluent stream consisting of alkylaronatlc

hyd ba t d t duct
eactant St Ol TCERtE et BAEPAR TEAPLAR 1S BPBOGHELPA BUGHR: act
with sahjxnﬂgmhbg@mathan ctiad ybeveh afdawmmanﬁﬂnnegntselectivlty A

met hod  ofy, @%éé‘gbyaé‘ggré&é@éﬁn hBd ahBEnfctivily of a

dehydrogenat | on cat al yst I sting o I ron oxl de catal yst pronoted with
al kali metal, used in the catalytic dehydrogenation of an
al kyl aromerie‘ £ hydrxp@alb@ﬂuén ab r&dﬁhﬁédCOihﬁaidlidhgn§abd casal w&t t;s

20 o DR SO LAT UL o1 SRR e SRR SO0 (e

al kyl ar orraltaanShyJ@B oa;qlr-bomtmh mahegllye anount of an al kali met aI corrpound
said effective anobunt being sufficient to maintain substantially constant

| evel s of catal yst conversion and selectivity, to forma nm xed reactant
stream artf.- APDPRF3ENE| A§ SAPdMek i SRR¥aRPENQS EHafin®a33 okounhi | e

conti nui ngeAl eéheatatitdd i Nier StRatbeyond aﬂkaﬂli i aietcﬂt akpibound

COﬂdItIOﬂI\g} eriQd of 3-45 da tg?o gﬁtsa ai ned i cIa|m17

char act er iTEF 1 (IR "Bai*f cﬁtcé‘l"y?t SSon PPN 434004 %@f‘&r fFg F] and

5-30% K[ eradt@vity 1level of said catalyst drops below a
predetermined level.

38. Apparatus as claimed in any one of claims 33 to
37, characterised in that said catalyst consists of 40-
80% Fe203 and 5"30% Kzo.

39. Apparatus as claimed in any one of claims 33 to
38, comprising a plurality of said reaction chambers in
series and monitoring means associated with each said
reaction chamber.

40. Apparatus as claimed in claim 39, additionally
comprising alkali metal compound supply means associated
with each said reaction chamber, and activation means
coupled respectively to each said monitoring means and to
each said alkali metal compound supply means for
activating the associated alkali metal compound supply
-means on receipt of a signal from the associated
monitoring means indicating that said level of
conversion or selectivity has decreased by a
predetermined amount.

* ¢ L M § %



19. A nethod as clainmed in claim 17 or 18, characterised in that
said alkali netal conpound is added continuously to said feedstream 20.
A method as claimed in claim 17 or 18, characterised in that said
al kali metal conpound is added intermittently to said feedstream 21.

A nmethod as clainmed in any one of clainms 17 to 21, characterised in that
said effective amount of al kali netal,sconpound is equivalent to a
continuous addition of 0.01 to 100 parts per -imllion by weight of alkal
metal compound relative to the weight of the total m xed reactant stream
22. A nethod as clainmed in any opgsgRAcgiai ns 17 to 21, characterised in
that said al kyl aromatic hydrocarbon is ethyl benzene and said

al kenyl aromati ¢ hydrocarbon is styrene. -

24 - 23. REGETRAQTION ANIDAS TREILIZAAION ORDEMYDRGGERATION TRIALYST
characterised in that said effective amount of alkali netal compound is

sufficient to maintain |evels of conversion and selectivity substantially

the sanme as thm&ﬁémgsaaeédappb#&ugmréy‘en&mng @haﬁoabtamm@&talyst used
condi ti gni ng peri od. 24 A nmethod as clained. in any one ainmsg 17

to 23, dhad Eqgegation nok ﬁ&t‘/‘aé%fi“a'“%lﬂefé’r?cﬁ’r%‘?’}i‘l i sk i s SB&V%%'PBH? or
sodi um aRIRSIARSbn (1) ARd steard\(21BirE @8mbMealtaif ol fdedstban B 4nd 6&13%“&{3:%5&@%(1 in

(50). The ensuing product stream (4) is reheated in heater (52) to restore the heat lost
and passed as partially converted reactant stream (5) into second reactor (54) and leaves
as stream (6) comprising the dehydrogenation product. Restoration and/or stabilization of
catalyst is accomplished by an alkali metal compound which is fed into feedstream (2)
and/or product stream (5) via supply means {46 and 66), respectively. The amount of
alkali metal compound entering the reactor(s) is monitored by means (42 and 62) which
may in turn be coupled to activating means (44 and 64) to signal and activate the supply
means. This method and apparatus permit the restoration and/or stabilization of the

catalyst to be performed without interrupting the dehydrogenation reaction.

{figure 1)



that said*sodi um or potassi um conpound is selected from sodi um hydr oxi de,
pot assi-um hydr oxi de, sodi um oxi de, potassi um oxi de, sodi um car bonat e,

pot assi um car bonate, or m xtures thereof. 26. A nmethod as clainmed in
any one of clainms 17 to 25, charattérised in that said al kali netal
conpound is added in dry, solid form 27. A nmethod as clainmed in any

one of clains 17 to 25, characterised in that said alkali metal conpound in
a solid or liquid state is placed in the flow path of said feedstream

28. A nmethod as clainmed in any one of clainms 17 to 25, characterised in
t hat said'alkali met aL. .conmpound is added in the form of an aqueous

sol ution. 29. A ? hod as clai®@d in a one A cl ajns 17Ft ‘:‘1
charactedlsgd i & that /said akkal i_nstal cong%und id adde® as a Jgéﬁr. 30.
A method as ¢l afnmefl i n any %Ee af clains}l? ?o 25, chajafterised in that
said al kali 1 conpound— [ -25
- added astja |iqpid. 31. Ajnmethod ag c aiqu in apyjone of clains 17
to 30, terised~Tm that pai 0 cataftylic |dehydrogenatijon is carried out
at substantially constant reaftion tenperatyre. 32. Ajmethod as cl ai ned

in any gre—qf claipg 17 to 38 _further compfisin he e _of periodically
increasi\ﬂ;ﬁt o _r eftt : re. 66 | %éf
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33. Appar atus for regenerating and stabilizing the dehydregenatt-on——
catal yst used in converting an al kyl aromatic hydrocar bqﬁﬁﬁb}: EMENT SHEET
al kenyl aromati ¢ hydrocarbon conprising in conbination: {at™1 t

reaction chanber conprising inlet and outlet neans and
dehydr ogenati on catal yst consisting of iron oxide catal
al kali nmetal; conduit means for delivering@0t-o said inleg
reaction chanber a m xed reactant stream consisting of |{the al kylaromatic
hydrocarbon, steam and an effective anmount of an al kalT—Trerar—conpound
suf fi cient 1 oy mai NA3rBosstb fdrRlpAblaing i sebillzhielte eéhiirbgéndtioncamtatysti on
and selectivity; and alkali neta onpound supply neans contal ni ng “al kal i
met al conpoungsgdor inadcitalytichliyal conuerting c anp alindaromatiei chydreearberaditentan
stream as needed to substanti all intain said, |evels of. conyversion an

sel ectivity vilkepylaromatis Emﬁﬁqﬂsyéhmmiw P@S’i@'Pmﬁ"c h PW’hﬁﬂaS‘A‘?us
as claimed i | td3a RHUdr R deHydPodBNbAT EatElySE 28kid f process
nonitoring tkrlgetg%ﬁ‘emtéa? conp%s??iﬁgirwng#e exit 'stream at gai d outl et neans
of said react¢ompnddingiiee steps?. Apparatus as clained in clains 33 or 34,

additionally conprising activation neans coupled to said nonitoring neans
and to said alkali netal conpound supply neans for activating said al kali

met al conpound supghy : i isting of 48id al afif
recei pt of a si gna{g)frofr%@éq%an@metdoﬁar%anrtresgﬁgw r?8."‘°é'2'%"|’ g that said | evel

of conver si onhyiroearben] isteéan, langd dnceffectivd amoanipofdat alkalineetalncompound 36.
Apparatus as clained in clains 33, or characteri sed 'h,n t.hat Sﬂt%f

al kali metal mm@enﬂt%amn%gdgé%dﬁl 10,100 paes rer millign by weig
Sora ol ical | il "t SRS, Joimtv I e Wit of L ROk BRGErubaliel

the activity hydreearbopfandsstedm difdoted into thé ieastorfeidw  a

(b) bringing said mixed reactant stream into contact with a
dehydrogenation catalyst consisting of iron oxide catalyst promoted with alkali
metal while continuing said catalytic conversion beyond an initial catalyst
conditioning period of 3-45 days, said effective amount of alkali metal compound
being sufficient to maintain substantially constant levels of conversion of
alkylaromatic hydrocarbon and selectivity of alkenylaromatic hydrocarbon

beyond said catalyst conditioning period.

2. A process as claimed in claim 1, characterised in that said alkylaromatic

hydrocarbon is ethylbenzene and said alkenylaromatic hydrocarbon is styrene.

3. A process as claimed in claim 1 or 2, characterised in that said alkali

metal compound is a potassium or sodium compound.

4. A process as claimed in claim 3, characterised in that said sodium or potassium

compound is selected from sodium hydroxide, potassium hydroxide, sodium oxide,

iy Ao s




predeterm ned | evel. 38. Apparatus as clained in any aqne..f..clains 33
to 37, characterised in that said catal yst consists of 40-
Fe[err] err]
of claims 33 to 38, conprising a pl uralit\é of said reactio
series and nonitoring means associ ated wih

40. Apparatus as clained in claim39, additionally conpgi

and 5-30% Klerr]O.  39. Appar atus as cl a%neagiﬁi ENENT

(TR
|

ing al kal i

-each sai d react

£
=2

met al conpound supply neans associated with each said reagtion chanber,

and acti vat i caddesbassadiquidl ed respectively to each said noni

to each said alkali netal conpound supply neans for activating the
associ ated al kali netal conpound supply neans receipt of a signal

| evel of convérsion  or ﬁ%ﬁ%}éon%%ﬁbfaﬁhéeg?etgsed haﬁ?&t&;sed in that

pr edet er m necsaidneatdlytic dehydrogenatlon is carried out at substantially constant reaction

from the

asHOCI aA‘?ﬁetﬁBH'ésoélé

temperature.

32. A method as claimed in any one of claims 17 to 30, further comprising the

step of periodically increasing the reaction temperature.

33.  Apparatus for regenerating and stabilizing the dehydrogenation catalyst

used in converting an alkylaromatic hydrocarbon into an alkenylaromatic
hydrocarbon comprising in combination: at least one reaction chamber
comprising inlet and outlet means and loaded with a dehydrogenation catalyst
consisting of iron oxide catalyst promoted with alkali metal; conduit means for
delivering to said inlet means of said reaction chamber a mixed reactant stream
consisting of the alkylaromatic hydrocarbon, steam, and an effective amount of
an alkali metal compound sufficient to maintain substantially constant levels of

catalyst conversion and selectivity; and alkali metal compound supply means

containing _alkali metal compound for adding alkali metal compound to said
mixed reactant stream as needed to substantially maintain said levels of

conversion and selectivity without interrupting the conversion reaction.

34. Apparatus as claimed in claim 33, additionally comprising monitoring
means for monitoring the chemical composition of the exit stream at said outlet

means of said reaction chamber.

35. Apparatus as claimed in claims 33 or 34, additionally comprising
activation means coupled to said monitoring means and to said alkali metal

compound supply means for activating said alkali metal compound supply
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