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1 Avention relatesito a process for upgrading a paraffinic feedstock. Mre
Sp.C|f|caIIy the invention relates to a process for alkylation of a
par.affinic feedstock by the condensation of paraffins with olefins. The
prodacti on of highly branched hydrocarborslsach as trinethyl pentane is
inportant by virtue of their use as gasoline blending conponents of high
gctafie nunber. Traditional production of highly branched hydr Fc&38hSIN by
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e catalyst to

catal ysts to r 88t P8 ca?al st ac
evat ed Traditional productlon of 1ghly ranched hydrocarbons is

by condensation of isobutane with light olefins, usually
butenes but sometimes mixtures of propene, butenes and
possibly pentenes using large quantities of conventional
strong liquid acid catalysts, such as hydrofluoric or
sulphuric acid. An emulsion of immiscible acid and
hydrocarbon is agitated to emulsify the catalyst and
reactant and refrigerated to control the highly
exothermic reaction. By fine control of a complex
interrelation of process variables high quality alkylate
production may be maintained. The acid is recycled after
use. It is desirable to use a process which is less
hazardous and toxic and environmentally more acceptable.
Processes have been proposed to overcome these |
problems by using solid acids as catalysts. However
paraffin olefin condensation yields both desired alkylate

and undesired oligomerisation product. When catalysing
alkylation with solid acids it has been found that
hydrocarbonaceous deposit formation causes progressive
deactivation of the catalyst. Regeneration techniques are
however known for removal of hydrocafbonaceous deposits
from solid catalysts to restore catalyst activity
typically by raising the catalyst to elevated




-2- tenperatures and oxidising the deposits. Neverthel ess rapid
~_.deactivation of the solid acid catal ysts conpared with |iquid aci
~.catalysts is a disadvantage. There is a need for PTHI§NSHRETNHASIBEEN \
.;acceptable 5 paraffin/- olefin alkylation procepss whiggh gepectively
yields highly branched al kyl ate at an aceeptabl e | peri ods
on stream and which allows flexibility in termof the olefin enployed.
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' beta catalyst and subsequently removing the upgraded

product wherein the processes are operated at high olefin
conversion in respectively internal and external
circulation reactors having respectively a high variance
in residence time distribution of liquid reactor conténts
and a high extent of external circulation of liquid
reactor contents. It has been found that under these
conditions alkylation products are obtained for a
catalyst lifetime considerably greater than that using
known solid acid catalysed processes although at a lower
rate of production of alkylate in comparison with
techniques using liquid acids. '

Whilst the use of regeneration techniques to restore
catalyst activity in a cyclic_é_%&lation process may
increase the rate of alkylate fgfﬁation averaged over the

reaction-regeneration cycle, s? lard techniques for

regeneration of hydrocarbon coﬁ rsion catalysts such as

burning of hydrocarbonaceous  its in air would cause
ain zeolitic catalysts

catalyst, making an

irreversible dealumination of ¢
such as the preferred zeolite

alkylation process using zeolité béta containing catalyst

an economically unattractive option. In J. Catalysis 124
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i'rrevefsible deal umination of certain zeolitic catalysts such as the
-:preferred zeolite beta catal yst, nmaking an al kyl ati on process using zeolite
i ntalnlng catal yst 35 .an econon1ca||y unattractive option. In J.

- 3- (1990)° 217-223 it is shown t hat the thernmal stability

s:poor: during a five hour period at 500 [err]C the
1 rﬁlr?|9l9ﬁn atlamZ?@Br dtti ¢s showa fthakewdiek theomeds et adiidnityi cdht | y

zaalllr&@r eR%a idrtihg YRS oectaa@%g@[ﬁ- Qrligpted ghum na,

in an.irretrievable | oss.of t atlon act|V|ty of
eﬂﬁ&?@&@e§eFW§Fa$Péﬁaﬂ§dPP@#beﬂﬁFGPQ @eé Hvieq @31t or

':'ém?u 'eg bﬁ)@a°catgéY§1%1é6ﬁ -0b- aLﬁmiﬁﬂuﬂeateﬁmglce#ﬁgaiégoge
n und tnat .condensati Qn paraf.fins w

TRA SRR (RPRRGERE il Rant, eeconinisd by 40
enarepsedumtmhe afmopnddodt oaltlahlealira laicobirgii natleeic alvntivnaly

%ﬁl%&”@%%%b%@ %%%E%Eelheki 4 %%%%H%vggﬁkggtﬁ e”gy%hgh ext I ene

ous eved i nTa manner e
%Mé@éﬂon agid vdgnpoifsithgl gepddier.oThd st Hadilptese thlatt hi s

€3bRhaue tepgeirbeubel 2eehhdlgnel TRy Q%g%ﬁ%%%% i3hed el O
fulhéistbglty even at extrene tenperatures apparently wi t hout

of - ££9 Fearatretysitsn a&er odt 4imatedy bepghy tihe present
provi desIa hasln@waQ@p&isﬁﬁ@l?abéentE@@hHYtHBﬂrééhaﬁnéatlon

fc feedgt fo ar dln the a tIVI of .aged cataly

ng. theggtgégag?qnf @&3@ l%ée@??b R 3ﬁb¥8 Ve fsing a sbiid

A acid catalysed alkylatlon process achieving an acceptable
*uf;rate of production of product alkylate at high

?facceptab:_
..using a cdat.
5;hydrocar

- selectivity by using a catalyst comprising zeolite beta
'e_crystals wherein removal of hydrocarbonaceous deposits is
"Tachieved in a manner effective at non-extreme

©  temperatures. Moreover it has surprisingly been found
that by use of this regeneration'technique, zeolite beta
:ﬁ1fcatalyst may be regenerated to substantially full

- activity even at extreme temperatures apparently without
occuirence of framework deaiumination effects.

_ Accordingly the present invention provides a cyclic

- process for catalytically upgrading a paraffinic
feedstock and for upgrading the activity of aged catalyst
Qe-_COmprising the steps a) of supplying feedstock and olefin
at a paraffin to olefin ratio greater than 5 v/v to a

| Efreadtor containing a solid acid;éatalyst and removing

effluent comprising upgraded prj_uct and b) of exposing

the catalyst to a hydrogenatingf edium and removing a

hydrocarbonaceous effluent wher:?n the catalyst comprises
zeolite beta crystals.

Reference herein to hydrocaf_onaceous deposits is to
compounds or radicals formed du: hg the catalysed

condensation of paraffin with oimfin(s), which compounds



at a paraffin to olefin ratio greater than 5 v/v to a reactor containing a
solid acid catal yst and renoving effluent conprising upgraded product and
b) of exposing the catalyst to a hydrogenating nedi umand renoving a
hydr ocar bonaceous effluent wherein the catal yst conprises zeolite beta
crystals. Reference herein to hydrocarboradkeous deposits is to conpounds or
radi.cal s formed during the catal ysed condensation of paraffin with
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h|ghly branche paraffins wt to 12 carbon atoms has a MON of 86 or
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hydr_ocar bons tyéjc;rffelrlglatoifonl\/%\éoo ucl,tesc;sf tg]aarnaPPin fv?:Lrth alrgo%m(rs and by
the term oligomerisation product is meant a condensation
product of a plurality of olefin molecules. Alkylate is
characterised by a higher motor octane number (MON) than
oligomerisation product. Typically alkylate comprising
highly branched paraffins with 5 to 12 carbon atoms has a
MON of 86 or more, for example in the range 90 to 94
whilst a corresponding oligomerisation product may
comprise a mixture of paraffinic or olefinic hydrocarbons
typically of MON of less than 85, for example in the
range 80 to 82. Moreover, both high and low quality
alkylate are characterized by a lower sensitivity, i.e.
difference in MON and RON values, than that of
oligomerisate. |

Reference herein to hydrogenation medium is to a

medium which achieves transfer .of hydrogen to the
catalytic environment such thét'a hydrocarbonaceous
effluent is obtained derived from the hydrocarbonaceous
deposit. Without wishing to be llmlted to a particular
theory it would appear that a;medlum which does not
effectively achieve transfer éf hydrogen to the catalytic

\§ufficient or substantially

environment would result in in

no effluent being obtained deni#éd from the hydro-
carbonaceous deposit. InSuffiéiént effluent may be



range '80 to 82. Mirreover, both high and low quality al kylate are
characterized by a |ower sensitivity, i.e. difference in MON and RON

val ues, than that of oligonerisate. Reference herein to hydrogenation
mediumis to a nmedi um which achi eves transfer of hydrogen to the catal ytic
envi ronment such that a hydrocarbonaceous &ffluent is obtained derived from
t he hydrocarbonaceous deposit. Wthout wishing to be limted to a
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preferably CO”BSkﬁein'8@8&08@535?5&d Ygr 9cgibens r4eL! ¥8dthermal
degradation of deposits in step b). The efficiency of the
hydrogenation step may be determined from the composition
of the hydrocarbonaceous effluent of step b) which
preferably comprises lower saturated hydrocarbons derived
from hydrogenated fragments of hydrocarbonaceous
deposits. The hydrogenating medium suitably comprises a
hydrogenating fluid which may be gaseous or liquid and
suitably operates together with a hydrogenating function
such as a hydrogenating metal component for example a
Group VIII metal function which may be chemically
associated with the solid acid alkylation catalyst, for
example by ion exchange, admixed with the catalyst as
separate particles on a suitable carrier or which may be
brought into physical association with the catalyst for
the duration of the deposits removal step. Preferably a
hydrogenating metal function selected from platinum,
palladium and nickel is incopriated in the catalyst.

Preferably the hydrogenating fluid comprises

hydrogen, most preferably in gaseous form, optionally in
admixture with an inert gaségus or liquid diluent or
reactive hydrocarbon, for example with a gaseous lower
alkane such as butane or_with'ééreactive aromatic such as
toluene, benzene or 1ight féf6ﬁhate, in a ratio of 99:1



from hydrogenated fragnents of hydrocarbonaceous deposits. The
“hydrogenating nmedi um sui tably conprises a hydrogenating fluid which may be
gaseous or liquid and suitably operates together with a hydrogenating
f.uncti-on such as a hydrogenating nmetal conponent for exanple a Group VIII
met.al function which may be chemically asséctated with the solid acid

al kylatiron catal yst, for exanple by ion exchange, adnm xed with the catal yst
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out” i n any suik Or or reactor tion. Operation in
S or slurry phase is preferred. The process may be operated

in batchwise or continuous manner. Multiple reactors may
be operated in series with respect to paraffinic feed and
effluent lines, using split feed of olefin to each
individual reactor, for improved alkylate quality.
Preferably the process is operated in continuous manner

. advantageously enabling continuous production of

alkylate. For example multiple fixed or slurry phase
reactors may be operated with parallel feed and effluent
lines and out of phase with respect to the cyclic process
such as in a swing bed system whereby step a) of the
process is in operation in at least one of the catalyst
beds at any given time. Alternatively a slurry phase
reactor may be operated continually in step a) of the
process for example by use of a continuous regeneration
system whereby a proportion of catalyst is continuously
or periodically withdrawn from the slurry reactor to a
separate vessel for operation of step b) and returned to
the slurry reactor for operation of step a).

A portion of“effluent"comprisinq unreacted feedstock
and alkylate from step a) may be retained in the system
and recycled. Preferably effluents from steps a) and b)
are combined and distilled whereby substantially only



reactor or reactor configuration. Operation in fixed bed or slurry phase is

preferred. The process may be operated in batchw se or continuous manner.

Multiple reactors nmay be operated in series with respect to paraffinic feed

and effluent lines, using split feed of olefin to each individual reactor,

for inproved al kylate quality. Preferably tthe process is operated in

conti nuous manner advantageously enabling continuous production of
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catalyst. A sample of continuously withdrawn effluent or

of the hydrogenating vessel fluid contents is
conveniently monitored for indication of progress of

step b). For example hydrogenating fluid in the sample
may be monitored whereby a diminished consumption of
hydrogenating fluid in a reactor vessel operated in
regeneration mode, or in a regeneration vessel having
batchwise introduction of catalyst to be regenerated, or
a constant consumption of hydrogenating fluid in a
regeneration vessel having continuous introduction of
catalyst to be regenerated and of hydrogenating fluid,
indicates that hydrogenation is diminished or complete to
the extent possible under the prevailing conditions.
Analagously hydrocarbonaceous effluent component may be
monitored for a decrease in production. Suitable
techniques for monitoring effluent composition are known
in the art and include gas chromatographic separation
techniques in combination with fiame ionisation detection
techniques. -

A suitable flow rate or resi@ence time of hydro-
genating fluid may be determinea”to attain a desired rate
of hydrogenation, taking 1nto con51deratlon i.a
concentration or partial pressure of available hydrogen



or as-'a chemcal product the latter case is preferred. Introduction of
hydr ogenating fluid may be continuous or batchwi se with continuous or

bat chwi se wi thdrawal of effluent, the rate or volunme of introduction being
selected to attain a desired residence period during which hydrogenating
fluid is in contact with the catal yst. A-s&nple of continuously w thdrawn
effluent or of the hydrogenating vessel fluid contents is conveniently
noni tored for imdikathyirogepabyngstleidsang nIturerard appheenyyabienat i ng
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which point olefin breakthrough is observed. Hence for
the duration of time on stream it would appear that
hydrocarbonaceous deposits remain associated with the
acid sites of the catalyst and are not detected in the
product. In order to maintain a higher production rate
averaged over a process cycle it may be advantageous to
operate to a minimum production rate corresponding to
partial deactivation of catalyst in combination with a
high frequency of deposit removal step b). Rate of
alkylate production per weight of catalyst averaged over
one full reaction cycle may conveniently be calculated as
the product of olefin space velocity, time on stream in
step a) and yield of alkylate on olefin, as a function of
combined time of one full cycle. Yield of alkylate at
effective olefin conversion is taken for this purpose to
be 200 %. | |

A preferred operation of the process of the invention

is in the preparation of highly_bianched paraffins
containing 5 to 12 carbon atoms,ﬁpteferably containing

5,6,7,8,9 or 12 carbon atoms, mogyipreferably trimethyl-
butane, -pentanes or -hexanes. Thé?process may be applied
in the upgrading of a.paraffinici@égdstock comprising

iso-paraffins having from 4 to 8F§érbon atoms as desired,



of hydrogenating function, tenperature to which the deactivated catalyst is
subjected in step b), nature of catal yst conposition, for exanple the
concentration of zeolite crystals in the catalyst and the extent of zeolite
deactivation on conpletion of each step a). By the process of the invention
'it’is possible to operate at an acceptabteSconversion, i.e. obtaining an
acceptabl e al kylate yield for the duration of the tine on stream It would
appear that theuttaklysef adkfieedsbockcconmprising ubsebutame ougtmethphrti al
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product of ol ef¢hirgdceseepacaffint feedsbocks caech nastepfinedntisgrel d of
al kyl ate on olgftimeas a function of conbined tine of one full cycle. Yield

of al kyl ate at effective olefin conversion is taken for this purpose to be
200° % A pref err edRHRERTIRE FORIRIDIRE BT AN t T2 F 3RV FIRPTESEH 2 he

preparation of 1dui:ghl ¢y1&f f chesit fbu bhd | RgdEGGA Bbdh Ngh Bl omdY 6t Dona L 9ns,
preferably containiqg

Priretyl” burcoeta 8 sadneidnds etz fel il Hidiacd™ion LS SR Y in (e
upgradi ng of atlparaiéfins ¢ertsinikgcoopeani conpsbsearatiens, hpwopenéy om 4
to 8 carbon atfgg—aérdf5i6fd2—(cis or trans) butene or pentene or

mixtures thereof optionally diluted for example with

propane, iso-butane, n-butane or pentanes. In a further

advantage of the present invention, it is found that the

process may be operated with such mixed olefin streams

and with pentene streams, whereby refinery fractions may

be employed directly as feedstocks, despite the more

rapid catalyst deactivation with such feeds by virtue of

the case of regeneration according to the present

invention. The process of the invention may suitably be

operated downstream of a fluid catalytic cracking unit,
an MTBE etherification unit an olefin isomerisation unit
or an olefin dimerisation unit.

Preferably step a) is conducted in such a manner as
to control initial contact of the catalyst with olefin
feed. Suitably the reactor is first charged with
paraffinic feedstock until full saturation. Internal or
external circulation may advantageously be operated as
described in copending European patent application
numbers 92201015 and 92201016 for high dilution of olefin
which is continuously and quantitatively charged at a
paraffin to olefin ratio greater than 5 to the reactor at



-9- suitably of a feedstock conprising isobutane, 2-nethyl- butane,
2,.3-di met hyl but ane, 3-nethyl hexane or 2, 4- dinmethyl hexane, nost preferably
a paraffinic feedstock conprising iso-paraffins having 4 or 5 carbon atons.
Sui tabl e feedstocks for the process of the invention include

| so-paraffin-containing fractions of oil-cbOversion products such as
napht ha fractions, and refined. iso-paraffin feedstocks such as refined iso-
butane. The ol &f REcaRtahle. it esftirempans teddlocidonpSuidatd d oisfiol efl n

containing hydispricd ek ludiafy Y SR ARl YR IAAY W08l iy 9, pfiNi C

hydr ocar bons. SU|tabI zéhe ol efins contalnlng strean1co rrses e
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t ther advant a & of sent |nvent|on it 1s found
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pent ene streans, mﬁi‘@lrettyatrsmmm ﬂnoactst@ps afTH)tobStGmi)[beddlt & rr@gdnfoggzs ]
feedstocks, despi id Uil A DA SRl M P Y

virtue of the case ener ati on accor ion. The
process of thel@fdm iien Gegpinateshior Be @p@rtazh@al dowas theeginldinen f | ui d

catal ytic cracldpegatid indba¥EBE A RRHF1IEHY N ved top%'}a@eg

| someri sation unit, an qlefin dlnerlsatlon un|t Prefera ep a) i's
conducted in s&&E ?’r?é tg‘s &5t the GYaLl ico Rracessy- aééltlél%/st

with olefin feadky?nlalttealeln)txtaiiexerdea@i vhe Telaictslr oraneed iW tridmdafed,f I#3iC

feedstock unt"xéﬁﬁle?%&“t%&mlnathghe%%%bly of parafflnlc feedstock and
drying the reactor or bed at elevated temperature and/or
reduced pressure, or by continuing supply of hydro-
carbonaceous feedstock as purge'for remaining alkylate in
the reactor whereafter the supply of hydrocarbonaceous
feedstock is also terminated. The catalyst is then
contacted with hydrogenating medium, for example by
feeding hydrogenating fluid continuously with optional
recycle or for a period to attain a desired partial
pressure in the reactor as above described.

For transition from step a) to step b) of a process
operated with use of a slurry reactor and continuous
catalyst regeneration, catalyst is periodically or
continuously withdrawn from the feactor vessel and passed
to a separate vessel in which hydrogenating fluid is
periodically or continuously 1ntroduced and effluent
withdrawn accordingly. Removal oﬁ entrained effluent from

step a) may be effected within ;fé hydrogenation vessel

by drying at elevated temperature:and/or reduced pressure
or by subjecting catalyst prior po hydrogenation with a
non-olefinic hydrocarbonaceous pﬁrge for removal of
entrained alkylation effluent. In a continuous withdrawal
process, the purge may be carrlfd;out in a separate



external circul ati on may advant ageously be operated as described in
copendi ng European patent application nunbers 92201015 and 92201016 for
high dilution of olefin which is continuously and quantitatively charged at
a paraffin to olefin ratio greater than 5 to the reactor at - 10 - an
acceptabl e ol efin space velocity. Suitableiplefin space velocity is such
that conversion is maintained in excess of 90 nol % The feed m xture may
advant ageous| y ViesseHamyaie i rtck ipaers iman et dlorsti rar dobeed holichpeyeiatni dror
exanple via a Rldysdhity of inlet ports. For transition fromstep a) to step
b) in a reactor or bed operated in batchw se process, the supply of olefin

is terninated or | FoFwinepeat of dheedatichwd sepevalde prosess,| dlhesuppl yi ng
a bed operat ed sy @:g’i@t i e i ife s e i g %ég!d e?fc%%? mi' ni ng
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al kylate entrain t he reactor or bed 1s renov or exanp e

termnating suBf 00 SatRinA td ot s ttdvek Cart@ lyisirn ghereatdms d?h%r bed at
el evat ed terrpersanpqnﬂg( @rﬁi/x@xmﬁedﬁ&@fﬂ%ﬁ&ﬁtﬂéédsﬁfodw anentdlfinRg igipply of

hydr o- b urge far ni ng_al kylate in the
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or for a period to attaln esired par pressure m the as
above descri be§arEded Pé’ﬁsﬁtni &n SERghadee yessedo Piox P Gﬁtalrmlé@ess

operated with uaeaQ&SQ &bummk ety .and conti nuous catal yst regeneration,

i i tinuously withdrawn fromthe reactor vessel
;ﬁéaLézgehs perlodh%al 1%r %eSQre t% operate with qhternal or

external circulation for example as described in
copending Eurcpean patent application numbers 92201015
and 92201016, the extent thereof may be selected
according to the desired frequency and extent of removal
of hydrocarbonaceous deposit. A high degree of
circulation promotes a greater catalyst lifetime or a low
frequency of removal of hydrocarbonaceous deposit.

It may be desirable to convert alkylate further to
other products. Accordingly the process of the invention
may be operated with use of a feed line for introducing
alkylate to a further process unit.

Step a) of the process of the invention may
conveniently be carried out at a temperature less than
150 °C, for example at 60 to 100 °C, preferably at 70 to
80 °C, for example at 75 °C. Reactor pressure may be
between 1 and 40 bar, preferably between 10 and 30 bar.
Suitably reactor pressure is just greater than the vapour
pressure of the paraffin so as to maintain the reaction
in the liquid phase.

Paraffin to olefin ratio is suitably in excess of
5 v/v, preferably in'tﬁe}range of 10 to 50 v/v, more
preferably in the raﬁgéfof 12 to 30 v/v. A low paraffin
to olefin ratio suitabﬁy within the range 5 to 10 v/v



to a separate vessel in which hydrogenating fluid is periodically or
continuously introduced and effluent w thdrawn accordingly. Renpval of
entrained effluent fromstep a) may be effected within the hydrogenation
vessel by drying at elevated tenperature and/or reduced pressure or by

subj ecting catalyst prior to hydrogenatienigith a non-olefinic

hydrocar bonaceous purge for renoval of entrained alkylation effluent. In a
conti nuous w t Héwvanals p:im:efs:a;naﬂi@mwfgeajrmeﬂ)@wrdt@t,owﬁdmlza% separ at e f
vessel prior t gqﬁgy : ta .t ydr. n n vessel_. .For repeat o
t he batcr:)hwi se gy_c icag%c}ggs?,&ﬁaékgﬁl%ﬁférg%%a%ﬁomsc’ é’ee(fsattdtq{l jat
recommenced fotighh@arad fia & @lefion usftitdse feacainss tthenfommsttion tdfe

ot bad. | For o e e R T eact or
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carried out in a s?maﬁ&tgedew@@fimrbQMVb&sﬁﬁhyﬁ?i@ﬁ QQ%%EV$F ?@gﬁbemore
i roul ation 1 oPeebatdY, et dedat I o1 B B hea Y ok dast 99
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catal yst |ifetim® SHPELeRNirddqud®&F -of renpval of hydrocar bonaceous
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' to 5.0 kg/kg.hr most preferably from 0.2 to 1.0 kg/kg.hr.

Step b) of the process of the invention may
conveniently be carried out at a temperature and a
pressure equal to or greater than that for step a).
Whilst use of same témperature and pressure conditions
minimises the period for interchange between steps, it is
found that the rate of deposit removal increases with
increase in temperature and hydrogenating medium
pressure, hence at relatively extreme temperature and
pressure a relatively long period for interchange between
steps may be partially or completely compensated by a
relatively short period for deposit removal.

Suitably step b) is carried out at a temperature of
greater than 80 °C, preferably greater than 150 °C, more
preferably from 200 to 550 °C. Suitably hydrogenating gas
is maintained at a partial pressure of 1 to 100 bar, more
preferably of 3 to 50 bar, most preferably 5 to 20 bar.

The process may advantageously be operated by
monitoring of composition of effluents from steps a) and
b) using known means for example as hereinbefore
described whereby feed rates and feed lines are adapted
in response to multivariable constraint control of a
selected operating parameter. In a preferred operation of



al kytate to a further process unit. Step a) of the process of the invention
may conveniently be carried out at a tenperature |ess than 150 [err]C, for
exanple at 60 to 100 [err]C, preferably at 70 to 80 [err]C, for exanple at
75 [err]C. Reactor pressure may be between 1 and 40 bar, preferably between
10 and 30 bar. Suitably reactor pressure il18 just greater than the vapour
pressure of the paraffin so as to maintain the reaction in the liquid
phase. Paraffithe Poreess ohtthei inventbonythe ekEbuents sre/monpteredabl y

in the range Qiuﬁ£h?cb§@E3f¥®n”9ﬁ§ é%ﬁ%@%ﬁ@idn'ﬂeé@ﬁné@nﬂ@dofolgnt0 30 v/v.
A low paraffin efin ratio suita e range to 10 V/éel
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Zeolites 8 (1988) 46-53. The zeolite is suitably calcined
before use, for example at 550 °C for 2 hours. The
silicon-to-aluminium ratio of the calcined material may
be selected as appropriate. The zeolite may be ion
exchanged for example

with ammonium nitrate to give the hydrogen form and
optionally calcined to promote acidity.

In a preferred embodiment of the invention the
zeolite is further ion exchanged with a hydrogenating
metal component as above defined, preferably platinum,
palladium or nickel, in an amount of 0.005 - 10 %wt on
zeolite, preferably 0.01-1 %wt, more preferably
0.05-0.5 %wt, and subsequently calcined. Preferably the
zeolite is subject to reducing conditions prior to use to
render the hydrogenating metal component in metal form.
Ion exchange with metal components has been found to
promote hydrogenation and is of particular advantage with
use of relatively extreme temperature in step b).

The zeolite may be employed directly or further
combined with a support. For example the zeolite may be
present in combination with a refractory oxide that
serves as binder material such as silica, alumina,
silica-alumina, magnesia, titania, zirconia and mixtures
thereof. The weight ratio of refractory oxide and zeolite



m ninisés the period for interchange between steps, it is found tHat the
rate of deposit renoval increases wth increase in tenperature and

hydr ogenati ng medi um pressure, hence at relatively extreme tenperature and
pressure a relatively long period for interchange between steps nay be
partially or conpletely conpensated by a Adlatively short period for
deposi-t renoval. Suitably step b) is carried out at a tenperature of

greater than So[tahlC ram@rser%mry ¥t a1 grgeraldy nbFem pp@i 20 abl y
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cracking, alkylation of aromatlcs, reformlng, methanol to

olefin conversion and toluene disproportionation.

Accordingly there is provided according to a further
embodiment of the present invention a process for
upgrading the activity of deactivated hydrocarbon
conversion catalyst comprising exposing the catalyst to a
hydrogenating medium and removing a hydrocarbonaceous
effluent wherein the catalyst comprises zeolite beta
crystals.

This process is of particular advantage in view of
the broad temperature range of application which be
employed. Suitably temperatures may be employed ranging
up to 550 °C and greater. The advantage of operation at
higher temperatures with corresponding higher rate of
hydrogenation and rapid availability of reactivated
catalyst, is found to be available since the zeolite beta
in the catalyst appears not to be irreversibly
deteriorated at high temperatures under the hydrogenating
conditions of this process. Accordingly the process is of
particular advantage when operated at temperatures of
250 °C and greater.

The process is now illustrated by way of non~limiting
example.



bef ore’ use, for exanple at 550 [err]C for 2 hours. The silicon-to-alum nium
ratio of the calcined material nmay be selected as appropriate. The zeolite

may be ion exchanged for exanple with ammoniumnitrate to give the hydrogen
formand optionally calcined to pronote acidity. In a preferred enbodi nent -
of the invention the zeolite is further +obhSexchanged wth a hydrogenating

nmet al conponent as above defined, preferably platinum palladiumor nickel,
in an amount oEXBMBOE 1 10 9% on zeolite, preferably 0.01-1 %M, nore

preferably 0.05-0. @a%@&ys%nﬂ Sehipequsnlyl aQQEGhﬁﬁdsuBb%E%%@bb%hE%%l@%@ ite

is subject to reducing conditions prior o use to render rogenating
met al conponeng % aPTeRRked §5184c hekga ok ampoRil ugo k. 6%%%&%95h§§ Been
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present in confiront the &uqnld,rUhsheﬁomythxd@eomhaedswﬁmgx,aﬁdmedﬁand
material such é%l%hhb&aata's%@i‘ aq? £t ! Qcﬁ?ﬁ‘lzgml i‘ﬁ‘ {5‘8%?«1 Lhiapi a.

zirconia and m xtures thereof % ractory oxi e and
zeolite - 1@rle§uap§bp;alpaﬁgésa1tr &501.: §9f1°é” QohmrSpré"h@r S donohos0: 50
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I t th o] conbi atlo optlonally extruded and finally
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limted to appekchange with smepndhmasilteatien dhki vadalyistnwwnsha camadyed

in ConbinatiOnwW%thQEh%%thQWﬂadium by ion-exchange with an aqueous
solution of palladium tetraamine chloride and finally
calcined at 450 °C for 2 hours.
EXAMPLE 2

60-140 mesh size catalyst A was dried for 2 hours at
200 °C in air then loaded into a stirred autoclave
reactor. The reactor was pressure-tested with hydrogen at
room temperature, raised to a temperature of 250 °C and
maintained at 250 °C for 16 hours in a flow of hydrogen.
The reactor was brought to a temperature for

alkylation reaction maintained between 70 and 100 °C and
the reactor filled with isobutane to reaction pressure of
24 bar while stirring the reactor contents. On saturation
of the reactor with isobutane, an effluent stream was
withdrawn and with continuation of stirring of reactor
contents, the reactor was fed with a mixed 2-butene and
isobutane feedstock (paraffin-to-olefin ratio of 30 v/v)
at an olefin space velocity (osv) of 0.2 kg/kg.h. The
effluent withdrawn from the reactor was analysed on-line
by GLC and separated into an atmospheric liquid and a
vapour product. Reaction was continued until butene
breakthrough observed in the effluent, the reactor then
depressurized and feed switched to pure hydrogen gas. The
reactor was pressurized to 24 bar and temperature raised



processes for catalytic hydrocarbon conversion using a zeolite beta

catal yst wherein zeolite deactivation by deposit of hydrocarbonaceous

mat eri al takes place. Exanples of such applications which may be envi saged
i nclude isonerisation, hydrocracking, fluid catalytic cracking, alkylation
of aromatics, refornming, nmethanol to ol efi¥6 conversion and tol uene

di sproportionation. Accordingly there is provided according to_a further
enbodi ment of £AE prasBARratAPEntPoASA Eﬁog@ésl$dhow®@r%hn%@ ahBlagtedity of

defC}iv?tfd hyﬁyg@@géﬁnvagn!eastentﬁagabxétogon@hbﬁigaee%agékag was

catalys 0 a ogenat i i and renoyin rocar bonaceous
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is of particul aboadvdasegébed vpewatfiohh€obr the nekptastivnereangdonf
application mhgégeggegnployed. Sui tably tenperatures may be enpl oyed

ranging up to e€rrfC and greater. The advantage of operation at higher
tenperatures with Thereppoatinyg wWegheentinuedf faydPograiesowihdneapi d

avail ability obpcgaebvabed ¢al 8h¥alystSabeyddtiOoherakankablheivience the
zeolite beta in the catal yst aggears not to_be irreversibly deteriorated at
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Accordi ngly thegoptrpcras warebdpbetweehan.agvanbagadwoea wpekat.By ahe

meratir e, oL G20k geib: QA el it oREESOReRORR S i 200

pal | adi um suppdbbelC cand ethe t cegeneration time was varied between 4 and
24 hours. The life time of the catalyst during alkylation
(defined as the time during which the olefin conversion
is above 90%) is given in Table 1.

TABLE 1

Cycle |Alkylation OSV Regeneration
No. life-time time temperature
(kg/kg.h) (hours) | (hours) (deg. °C)

1 0.2 . 25 16 250

2 0.1 58 24 250

3 0.4 _ 10 8 450

4 0.2 26 8 350

5 0.4 9 60 250

6 0.2 27 |16 250

7 0.2 25 4 450

8 0.4 10 16 250

9 0.1 57

Typically alkylate of substantially uniform quality
was produced for each cycle throughout the life time of
the catalyst. The yield of essentially paraffinic C5+
product was greater than 190% by weight on olefins.
Analysis of the product is given in Table 2.



bet a"was prepared using tetraethyl anmoni um hydroxide as a tenplate
according to a recipe as described in Zeolites 8 (1988) 46-53. After
synthesis, the solids were separated fromthe liquid, washed with deionized
water, dried and calcined at 550 [err]C for 2 hours. The deioni zed water,
dried and calcined at 550 [err]C for 2 heuta3.-The silicon-to- alum nium
atomc ratio of the calcined miterial was 14.7. The zeolite was brought
into its acidi @adEmdy iMelysichafydhe tal kinatre produced ein Kycbat@l yst
was | oaded with1Qph Mty pal | adi um by ion-exchange with an aqueous sol ution
of palladiumtetraamne chloride and finally calcined at 450 [err]C for 2
hours. EXAMPLE 2 60-140 nesh size catalyst A was dried for 2 hours at 200

[err]Cin air thenaldadedtd nt ovydedld rigae)asraciawe reactor. The reactor was
pressure-tested mﬁ#&éﬁéyogen t roomtenperature, raised to a tenperature
of 250 [err]C and I Ined at” 250 [err]C for 16 hours in a flow of

hydr ogen. The reacC®/Cks brought to a tenperature for alkylation reaction
mai nt ai ned betweencﬁgc%nd 100 [err] C and the reactor filled with isobutane
to reaction pressure of 24 bar while stirring the reactor contents. On
saturation of the F84&5r with7Psobutane, an effluent stream was wi thdrawn
and wi th continuat iceg /@fs+stirrigng of reactor contents, the reactor was fed
with a m xed 2-butene and i sobutane feedstock (paraffin-to-olefin ratio of
30 v/v) at an olefin space velocity (osv) of 0.2 kg/kg.h. The effl uent

wi t hdrawn from t he Freac Exampde 2ndityded cQrar maahy tﬁ&@%lﬁ&a&ﬁaﬁ%é nt o

an at nospheric i qui \ r _praduct. Reaction was cqntinued unti
but ene breakthrxjgci e%t%%%(révg:(? %‘Eﬁ[ﬂhgc VI]‘SZé’nV",J~ Wt apRagenten

depressurized &ealuadaadiionciodd the maodﬂtpdfvme:rh ganldlresgactior was

pressurized togdghikasnRd ARIRAL3L U e Tai sed
EXAMPLE 3

Catalyst A was loaded into a fixed bed recycle

reactor and subjected to a flow of hydrogen at 450 °C and
atmospheric pressure for 2 hours. The reactor temperature
was lowered for alkylation reaction to about 85 °C and
the reactor filled with isobutane to reaction pressure of
28 bar. On saturation of the reactor with isobutane, an
effluent stream was withdrawn and recycled at a ratio of
100 v/v versus feed recycle. A mixture of 2-butene and
isobutane feedstock (paraffin-to-olefin ratio of 30 v/v)
was fed into the reactor at an olefin space velocity of
0.2 kg/kg.h with recycle of reactor effluent at a ratio
of 100. Reaction was continued until butene breakthrough
observed in the effluent, the reactor was depressurized
and feed switched to pure hydrogen gas. The reactor was
pressurized to 28 bar and temperature raised for
regeneration to 450 °C for 16 hours maintaining flow of
hydrogen feed to the reactor. Then the reactor was cooled
to the alkylation reaction temperature, feed switched to
isobutane and recycle commenced as above described for
repeat of the alkylation reaction.



- 16 -- for regeneration to 250 [err]C for 16 hours while a flow of hydrogen
was fed to the reactor. Then the reactor was cooled to the al kylation
reaction tenperature and the above descri bed operation for the al kyl ati on
reacti on repeated. The operation was continued for 9 cycles with no
observed loss in catalyst activity over toh8etutive cycles. During these
cycles the olefin space velocity (osv) was varied between 0.1, 0.2 and 0.4

kg/ kg. h, the regenEPSEREAON:Wasr gontdnpes For &d ayelwsen Adkylate 468G [err] C
and the regenepabduited TO23 an7e RGN hME&RA 10WIesithe life tine

of the catalyst _during al kylation_ (defined the ti during which the
ol efi n conver sFERVFPESIHE greatedi Fhen ?%abile @1 supsdERtiad )y e

Al kyl ati on OSVcompletiegenerati on No. life-tinme time
tenperature (kg/kg.h) (hours) (hours) (deg. [err]C 1 0.2

25 16 250 2 0.1 58 24 250 3

0.4 10 8 450 4 0.2 : - 26 8

350 5 0.4 9 60 250 6 0.2 27

16 250 7 0.2 25 4 450 8 0.4

10 16 250 9 0.1 57 Typically al kyl ate of

substantially uniformquality was produced for each cycle throughout the
life time of the catalyst. The yield of essentially paraffinic C5+ product
was greater than 190% by wei ght on ol efins.



N

AnaFysis”of t he ﬁroduct IS given in Table 2. - 17 - Table 2 - Analysis

of the al Emmm m‘ujmnj%cym e 6 (Table 1) Alkylate Yield (%)
fraction R OO6ES + 5 C7/ G5+ 6 C8/ Cs5+ 79 C9+/ C5+
4 Fron1ExanﬁIe°2 it 1s clear - that the catal yst may be regenerated to ful
activity w thout apparent deal um nation-ofiot ke zeolite which would result

i n dimnished activity. EXAMPLE 3 Catalyst A was |oaded into a fixed bed
recycle reactor and subjected to a flow of hydrogen at 450 [ €Tré&8QnsiIN

at nospheric pressure for 2 hours. The reactor tenperature was | owered for
al kyl ation reaction to about 85 [err]C and the reactor filled with

i sobutane to reaction pressure of 28 ®ae Ach MR uration of the reactor with
i sobut ane, an effluent streamwas w thdrawn and recycled at a ratio of 100
v/iv versus feed re le. A mxture of 2-hutene-and isobutane feedstock
(paraffin-to- ot ef iﬁ?}lqc']a]t"’r PHCST \ﬁe% %z?b]f%ﬁlcf o tRI% $r2at an olefin
space vel oci t ypafaffhiky/ kepdstodh amd ywpgradingacheoractivientofit a ratio
of 100. Reacti [ [ 5. £ rgakt h_obsegr i 0. the
effluent, the C?é;aa(yc?i(s)‘f&)v\%&s '%%%%egé%r%"z@%%%‘&e@%s%m%‘%)‘g%e%)ot%f)p%lsépjr&ﬂ?%gen
gas. The reactfgedatogk candire¢letin 2L8 Raraffin chpcrbefin ratied for
regeneration to-AdQdf AL § of/dOediopr SedBE & AN ESE ALY £fs01id acid

catalyst and removing effluent cdmprising upgraded
product and b) of exposing the catalyst to a hydro-

genating medium and removing hydrocarbonaceous effluent
characterised in that the catalysf comprises zeolite beta
crystals. _

2. Process according to claim 1, wherein olefin
comprises propene iso- or 1- or 2-butenes or pentenes or
mixtures thereof.

3 Process according to claim 1 or 2, wherein the
hydrogenating medium comprises a hydrogenating fluid.

4. Process according to claim 3, wherein the hydro-
genating fluid is a gas maintained in step b) at a
partial pressure of 1 to 100, preferably 3 to 50, more
preferably 5 to 20 bar. |
5. Process according to claim.3,'wherein the
hydrogenating fluid is in admixture with an inert gaseous
or liquid diluent'or reactive hydrocarbon, for example
with a gaseous lower alkane such'gs butane or with a
reactive aromatic such as tolueneé;benzene or light
reformate, in a ratio of 99:1 t0'i399 v/v.

6. Process according to any of ciaims 3 to 5, wherein
the hydrogenating fluid compriseSihydrogen.

7. Process according to claim 1, ‘wherein the
hydrogenating medium additionally comprises a
hydrogenating function which is p#gferably a
hydrogenating metal component. =



' * .
hydfogen feed to the reactor. Then the reactor was cool ed to the al kyl ati on

reaction tenp ched to isobutane and recycle comenced as
above descri bgmn“mumum“[ he al kyl ati on reacti on. - 18 - Operation
was continued: for 5 (':ycr'ess A kyl ate was produced for 23 - 27 hours in each
cycle. Ctefin conversion was greater than299% i.e substantially conplete.

- 19 - T6580 SINCL Al MS 1. Cyclic process for catalytically
upgr adi ng a p&.af Buaeeseatoukinhdupgiaid ity t(Wwherskn vihe of deacti vat ed

catal yst- Comruﬁf&éﬁhecﬁigepﬁﬁatﬁnSé&amﬂg&fﬁﬁ’éééﬁfkc&%&éﬁé'n at a

paraffin:ito olefin ratio greater v/v to a_reactor containing a solid
aci d catal yst SGkPS %v‘??ﬂj‘léﬂﬁlﬁé’m bewpﬁ W prp RLRfetP ¥R oduct and b) of
ﬁxgom ngbt he @t almﬁ?éss mdu&&ngmt%mmlm?ndmﬁﬁl)m Nghe
ydr ocar:bonac e nt citerised in that.the cata onpri ses
reol i to beta dEoRedtie AHALS & pidself un Hn BT e ol er in
conpri ses prof¥5 so-1brivt, mréﬁmbhmo A1 pent efwts, grome xpxe Esrathky eof .
3 Process accqugjulgb 9 ﬁ?léﬂ lzé)cfl%c wWheggi n the hydrogenating nmedi um

ui d r

conprises, a hydrogenatin ocess according to claim3, wherein
t he hydro 10.: rocess according to any of.claims 1 to 9, wherein

step b) is carried out at a temperature greater than

80 °C, preferably greater than 150 °C, for example from
200 to 550 °C.

11. Process according to any of claims 1 to 10, wherein
the reactor comprises a fixed beafOr slurry phase reactor
optionally employing external or internal circulation of
liquid reactor contents in step . a).

12. Process according to any of claims 1 to 11 carried
out in a plurality of reactors or reactor beds operated
with feed and effluent lines in_pafallel whereby step a)
and step b) are operated in antiphase in at.least two
beds.

13. Process according to any of claims 1 to 11 carried
out in a slurry reactor wherein catalyst is withdrawn
continuously or periodically from the reactor to a
separate vessel for operation of step b) and returned to
the reactor for operation of step a).

14. Hydrocarbonaceous product prepared by a process as
described in any one of claims 1 to 13.

15. Process for upgrading the activity of deactivated
hydrocarbon conversion catalyst compr1s1ng exposing the
catalyst to a hydrogenating medlum and removing a
hydrocarbonaceous effluent characterlsed in that the
catalyst comprises zeolite beta crystals.

V12/T6580FF




enating fluid is a gas nmaintained in step b) at a partial pressure of 1 to
100; preferably 3 to 50, nore preferably 5 te 20 bar. 5. Process according
to glaim3, wherein the hydrogenating fluid is. in adm xture with an inert
éaseous or -l'iquid diluent or reactive hydrocarbon, for exanple with a
gasgous | ower al kane such as butane or with a reactive aromatic such as
tol uene, benzene or light reformate, in a ratio of 99:1 to 1:99 v/v. 6.
Process according to any of clains"3 to 5, wherein the hydroggn§§93g§lﬂuid
conprises hydrogen. 7. Process according to claim1, wherein the
hydrogenating nedi um additional ly cp rises qu¥dfogenating function which
is preferablty a hydrogenating netal : - 20 - 8. Process
according to claim?7, wherein the hydrogenating function conprises a netal
conponent sel ected f oGk @@dﬁﬁﬁ n Ingitpi RIS
according to clajn17@§$k%#ﬁvggféin t eIEGE?b§3%£??H§H?L§%EQ§§is present in
an anount of 0.005 - 10 %, preferably 0.01 - 1 %uw, nore preferably 0.05

- 0.5 %t on zeol i¢dgc PRt prdfes T B6LSCa BEDPE AT § Cupdad@ing! @i ms 1 to 9,
wherein step gﬂls farrleg%g t . at. a t(grrp_erature‘ greater thaQ.8O %er%] C,
oroforably gr SRERETTRIC 150FPRFOTI anqr Lok JRPEad1 Rt 500 FOCEOtYePF] C 11
Process accor caged toabalyst compnbsingotiHé, stdips ean dfiesupptybngconpri ses a
fixed bed or s S e opj i | pyi e or interna
ci roul ation ortH1TFE0R el FTebhn oBf & BatdgEIE) 88! St HRRL

greater than 5 v/v to a reactor containing a solid acid

catalyst and removing effluent comprising upgraded

product and b) of exposing the catalyst to a

hydrogenating medium and removing a hydrocarbonaceous

effluent wherein the catalyst comprises zeolite beta

crystals.

V12/T6580FF




12. Process accordlng to any of claims 1. to 11 carried out in a plurality
of reactors or reactor beds operat'€d with fged, and effluent lines in
parald el whereby: p-a) and step b) are operated in antiphase in at |east
two béds. 13.. Process aecording to any of cl ai fisibstitutelshastr-r2@ Aprilt1998 a
skurry react or- wher 'n catalyst is wthdgawn continuously or periodically
fromthe reactor“to:a separate vessel fof operatlon of step b) and returned
to the reactort?@Pe¥ﬁﬁ#Qﬂﬁ éndodx gligring) thé deddlitac aNEPERARALS P 0dUCt

repared by a - N$e
| Igr ogess fo)r/ e p;;m : m‘:??%;fg;;‘% ggc‘?l vaﬁy é’gkgggﬁ%%ﬁ?&?aﬁﬁﬂverm on
catal’yst conptis £XPOSI S & Fyst 24 arog@mating medi um and
femoving a hydr Feadéoasnesd |ﬁqgnanchwmﬁrmmaamymédﬁttabh€ catal yst
conprlses QeolP Iﬁﬂn!«:bye!ﬂﬁEhlﬁ%l&kI@ﬁgﬁgﬁéess which selectivaly
_&highly branched alkylate at an acceptable rate for
prt onged -periods on stream, and which allows flexibility
; 1:0f the olefin employed. ',
- opend;ng European patent application numbers 92201015 (EP-
10 gA-Ss 98) - and 92201016 (EP-A-565197) disclose processes for
;fupgrj_“;g*a paraffinic feedstock comprxs;ng supplying feedstock
_;and olefi_ﬁat specified paraffin to olefin ratio to a reactor
;qot ain, g.-a solid acid catalyst, pretezably a Zeolite
1;§qt atalyst and subseqtently :emoving the upgraded
15-¥Pro _wherein the processes are operated at high olefin
jcon_ersion in respectively internal and external
;czrculation reactors having zespectivaly a high variance
tin re;idence time distribution of liquid reactor contents
ang igh extent of external cirzculation of liquid
2n_ireactu; contents. It has been found that under these
:{cond ions alkylation producis are obtaxned for a
-cat;lyst:lifetime congiderably greater ‘than that using
no Solid acid catalysed processes although at a lower
:rat ofvproduction of alkylate in comparlson with '
25 mtechn qugs using lzquid acids.
: j xlst the use of :eqeneration techniques to resto:e
:catm“yst activity in a cyclic alkylation process may
.gincrease the rate of alkylate formation averaged over the
reactionrreqeneration cycle, standard techniques for
30 reqeneration of hydrocarbeon conversion catalysts Such a
burning of . hydrocarbonaceous depcsits in air would cause
1rreversible dealumination of certain zeolitic catalysts
such . as the preferred zeolite beta catalyst, making an
alkylation ‘pProcess using zeolite beta ~containing catalyst
35 an economzcally unattractivae optxon FIn J. Catalysis 124
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