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conventional strong liquid'acid catalysts, such as hydrofluoric or
.sulphuric acids. 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
15 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 environment-
ally more acceptable.
Processes have been proposed to overcome these problems by
20 using.solid acids as catalysts. However paraffin olefin
condensation yields both desired alkylate and undesired
oligomerisation product. When catalyzing alkylation with solid
acids it has been found that the selectivity for alkylate over
oligomerisation product is less than that obtained with liquid
25 acids. Moreover oligomerisation products are thought to cause the
| observed progressive deactivation of the catalyst. Regeneration
techniques are known for removing hydrocarbonaceous deposits from
solid catalysts and restoring catalyst activity. Nevertheless using
known regeneration techniques for exaﬁple raising the catalyst to

30 elevated temperatures and oxidising the deposits, the alkylation
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which selectively yields highly branched alkylate at an acceptable
rate for prolonged periods on stream. It has now surprisingly been
discovered that by operation of a solid acid catalyzed alkylation
process at a high extent of external circulation of liquid reactor

20 content the rate of catalyst deactivation may be significantly
decreased. Furthermore it has surprisingly been discovered that by
such operation particularly beneficial selectivity for highly
branched paraffins is achieved for the duration of the catalyst
activity.

25 By the use of this process it has been discovered that the
alkylation activity of a zeolite beta-type catalyst may be
substantially improved.

Accordingly the present invention provides a process for
upgrading a paraffinic feedstock comprising:

30 a) supplying the feedstock and an olefins-containing stream at a
paraffin to olefin ratio greater than 2 v/v to a reactor containing
a zeolite-beta catalyst and
b) removing the upgraded product wherein the process is operated

at an olefin conversion of at least 90 mol% in an external
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Reference herein by the term alkylate is to a mixed

condensation product of paraffin with olefin(s), and by the term

oligomerisation product is to a condensation product of a plurality

of olefin molecules. Alkylate is characterised by az higher motor
octane number (MON) than oligomerisation product. Typically
alkylate comprisiﬁg highly branched paraffins with 5 to 12 carbon
atoms has a’MON of 86 or above, 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,

External circulation of liquid reactor content as herein
claimed and described refers to a portion of liquid reactor content
isolated from the remainder of fhe liquid reactor content and
transported via transport means such as for example conduit means
to re-enter the reactor. An extermal circulation means may be
external to the reactor but wholly or partially surrounded by the
reactor for substantially all or part of its length, for example as
a conduit means across the reactor comprised of a reactor inmer
wall or integral with the reactor outer wall. A high extent of
external circulation of liquid reactor content is suitably attained

in known reactor types such as for example solid phase fixed bed
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upgraded product and the rate of external circulation. Suitable
means are used to divide off a portion of upgraded product for

20 circulation. Such means preferably are of high throughput capacity
and are physical separation means. Therefore conveniently upgraded
product for external circulation may be drawn from the reactor

" effluent in which case a T-junction with regulated flow may be -

included in the reactor outlet.

25 The process may be carried out in a single reactor but is

advantageously carried out in a plurality of reactors

intercommunicating in series as a cascade. A cascade of reactors

may be housed in a single unit or in separated units. Increased

capacity may be achieved by operation of a cascade of reactors in
30 parallel. The conditions according to the process of the invention

may be attained in other known reactor types.

Volumetric flow rates are determined in the reactor effluent
and external recycle by known techniques for example: by use of a
rotameter, or by establishing the capacity of the recycle pump and

35 the setting of the regulating flow valve to measure flow rate; by
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the feedstock inlet by known neans. A particul ar advantage of the
ention is the use of upgraded productsfor external 15 circulation
hout the need for an internedi ate al kyl ate separation stage.
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closed in The process is advantagecusly operated at an olefin space
'velocity at which at least 90 mol% olefin conversion is obtained.
Olefin space velocity is defined as the weightlof olefin introduced
into the reactor per unit time per unit weight of catalyst in the

20 reactor. A suitable olefin space velocity may lie in the range 0.01
to 10 kg/kg.h. Nevertheless operating conditions may be selected as
required whereby olefin space velocity is increased above the
optimum for ease of operation at sacrifice of some cacélyst life.
Catalyst life may be defined as the catalyst age at: which

25 deactivation is substantially complete. Catalyst age is defined as
weight olefin supplied to the reactor per unit catalyst weight in
the reactor, this being calculated as the product of olefin space

velocity and time on stream. It has been found that the process of

the invention may be operated at high catalyst ages before
30 deactivation of the catalyst takes place. Operation beyond a
catalyst life of 7 kg/kg and up to lives of the order of 15 kg/kg
has been attained. ) ‘
As a further advantage of the invention, operation at high
olefin conversion levels in a reactor with extermal circulation

35 according to the invention results in high alkylate yields
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20 desired, suitably of a feedstock comprising isobutane,
2-methylbutane, 2,3-dimethylbutane, 3-methylhexane or
2,4-dimethylhexane, most preferably a paraffinic feedstock
comprising iso-paraffins having 4 or 5 carbon atoms. Suitable
feedstocks for the process of the invention include iso-paraffin

25 containing fractions of oil conversion products such as naphtha
fractions, and refined iso-paraffin feedstock; such as refined
iso-butane. As hereinabove mentioned, it is convenient to isolate

the iso-paraffin content of the effluent stream of liquid reactor

products, for re-use as feedstock.

30 The olefins-containing stream is suitably in the form of a
lower olefin containing hydrocarbon which may optionally contain
additional non-olefinic hydrocarbons. Suitably the
olefins-containing stream comprises ethene, propene, iso- or l- or
2-(cis or trans) butene or pentene optionally diluted for example

35 with propane, iso-butane, n-butane or pentanes. The process of the
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catalyst a.nd nozzles known for dispers:.on of feed in stlrred tank

reactors and fixed catalyst beds. A cascade of reactors for example
a multiple bed reactor may be operated by withdrawal of contents
20 below a reactor for external circulation to previous reactors.
The alkylation reaction is preferably carried out at a
temperature less than 150 °C, more preferably between 60 and
120 °C. Reaction pressure may be between 1 and 40 atmospheres.
Suitably the. pressure is above the vapour pressure of the reactor
25 contents sc as to maintain the reaction in the liquid phase.
Preferred paraffin to olefin ratio is in excess of 5 v/v, more
preferably in the range of 10 to 30 v/v, most preferably in the
range of 15 to 30 v/v. A low paraffin to olefin ratio suitably
within the range 2 to 10 v/v favours the formation of higher
30 alkylates, such as isoparaffins containing 12 carbon atoms.
Preferred olefin conversion substantially throughout the
reactor is at least 95 mol$%, more preferably at least 98 mol%, more
preferably at least 99 mols, such as for example 99.5, 99.8 or
99.9 mols. Most preferably olefin conversion is substantially

35 cm“ﬂemh ig:sdmtmﬂidﬂy 100%.




| owdr ol efin contai ni ng hydrocarbon which may optionally contain

addift.i onal non-ol efinic hydrocarbons. Suitably the ol efi ns-cont ai ni ng
strdam conpri ses et hene, propene, iso- or 1- or 2-(cis or trans)

but gne or pentene optionally diluted fotr gxanple 35 wi th propane,

| so-jbut ane, n-butane or pentanes. The process of the

-7- . i nvenPreferably SUkésdoy sy Bpedupll 6¢bdlRAWIN e Ex6ént offl Ui d

catgl ytic rackin i t, . MIIBE et herification unit qr _ap.olefin

i sorferi zati on*Ri- é? Lt °fg?1e uér%aﬁfa fhe™® g%‘(‘: o refasq:egttg]r negoijp in

sucll a mannermere prefeFably gumatesl than tPafowendmpde If théierapge alSyse 160t h

ol effin feed. JH LB Yoreferablyfn tREAQLe ! do &b 2. charged with paraffinic
I of Ti

feedst ock. An externa circulation iquid reactor contents is fed

bacH to Phe freshPreferred apgratingapingsd oh cdelim mRacCoMeiACHE g nsindam i s
subs]§?yent I {Ofrom 0.CD o Immgaky.tan'ﬂr?ﬁ;aaﬁi)t ai—&uve:.m aoas gedriviglacbAdhly
pardffinic eedst o t an_ol efin space vel ocity_suc t conversion
i s mai nf%ﬂ%éd&?ﬁ°e§§e$§/lfﬁ‘h9’6°%i’%gefﬁ§hf %é&‘%t%ﬁ?( %’ng'{)dqgﬁ(ﬁ'hst ream
may fadvant ageous| Fhéerobhesgady \ddxantqgeonnsily by aplerarddedy paplscdtdbn of
exanple in cr - ' ;0 . fa N I rge t he
readt or _nmay agié}%ﬁ%g\gg&g%é %?%%‘ltoéeg?drr-épg’\?&é%?bfsoge?ﬁeoﬁﬁ%#mqigmn charge at
the |si t é%0f i Reqhwdaees sainssyrsRastively, Bpkiivartablpodmanic andistmdcf or use in

al kyll ati on r egéde19NBort!Thd GoRY ¥ QAR Nedeol idtesdltcted profddsdbiSimetBes N0Z2l €5
kno f or dlsPerS|on of feed in stirred tank reactors and fi xed

cat dl yst bedsI® & BERieIgad APeration Ps g PRcaRp(of the inveptign the o ped
reaqtor may beligpateatoddaliryedittidigavgdradio det moiisorddd and @hdityadaesact or for

extgrnal circylation t.o. pLevious reactor The al tion
reaqtion is pr"e%etét%%tf)lw;}%éatrhﬁ &8 00 apeaaéimnal Ef’L'('a’F'r'f)sesr gf‘*ﬁar earfeegésg t%ﬁaann 150
[err]] C, lhore pivsheediiprpcisst wertrodOsystdm. Real 4ia@ sajutiahs REathd on pressure

may jbe bet weepyvb,2P4 8.8 ITREMR186r are automatically fed back to a process

implementation system and implemented in order to ensure the

process parameters remain within operating constraints. Beneficial
results may be obtained by maintaining process parameters such as

20 volumetric flow rétes, temperature and olefin space velocity within
predetermined constraints.

A zeolite-beta catalyst used in the process of the invention
may be any catalyst which conforms to the structural classification

~ of a zeolite-beta, suitably as in Newman, Treacy et al.,
25 Proc. R. Soc. London Ser. A 420, 375, (1988).

The zeolitic catalyst is suitably present on a support. For
examplé the catalyst suitably further comprises a refractory oxide
that serves as binder material such as alumina, silica-alumina,
magnesia, titania, zirconia and mixtures thereof. Alumina is

30 specially preferred. The weight ratio of refractory oxide and
zeolite suitably ranges from 10:90 to 90:10, preferably from 50:50
to 15:85. The catalyst is used in the form of pellets, which are
preferably in the range of 0.1 to 1 mm. Suitably the pellets
comprise crystals of zeolite-beta ha#ing a size of 200 to

35 2000 Angstrom, preferably of 200 to 1000 Angstrom. Advantageous




Sui't §bly the pressure is above the vapour pressure of the reactor 25
contgnts so as to maintain the reaction in the |iquid phase.

Rreferred paraffin to olefin ratio is in excess of 5 v/v, nore _
preferably in the range of 10 to 30 v/v, gymost preferably in the range
of 1% to 30 v/v. A low paraffin to olefin ratio sui tably within the

range 2 to 10ca£aaytsavauﬁisie)henaomasipmneé Aepabn3tre thétleby! An@sveSUCh as
i sopfraffins gonttr#nl n &ar bon at(i)ﬁs Pr ef £ d ol efin
conversi on su mf”ﬁ SuBtsyred g known techniqygs Ful Yeast 95 ol %

nor ef pr ef er abkyaresmibeimt ¢ D& tiroh Wicoddodpy, or tmcﬂ:hessalshyfaaie heast 99 nol %
suchjas for ey ls 0 t ef ly olefin
conversion |s su s't%gn’?g'éfl?t? a§5de5rcnbed r"%?‘g“g ﬂngpé% Z/Q%n |aI figgofgo%
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extelnal circuhatpe®n fael, i shdiaded QACHGE. Ce¥uleRBE Sardl @ﬁa@&siﬁaﬂoﬁom nmor e
pref grably greater than 60 for exanple in the range 75 to and
nmost | pr ef er abP¥- 7 ¢ P - ‘range 80 to 120. 5 Preferred operatl ng

rangps of ol efin Ppagsrabiy et yrocass wdethe inveddiof {s Gpedated Osied/ k9. N,

prefgrably fr

nost
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vari abl e am ¢ and st

sel et ed proceEdlopgingghereatalyst age priop tef gedtdvapiorats dhslky eatdisr ocess
of the inventiédlitBebeta catalyly Iy eamhﬁégh%dsrbulbbn@sélpﬁﬁéﬂhleo?rdc%sm tored

d lity dat h t dat
are [0 10 antls invensip FE LR ALEEE EBRS JF ASeR AR LB, 1 ol ut i ons. of
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15 increased rate of productlon of alkylate Although the acid
strength of sites can be determined as such, it is convenient to
‘use known techniques for comparing catalyst acid site strengths as
given for example in relation to zeolite catalysts in "Introduction
to Zeolite Science and Practice", wvan Bekkum, Flanigen, Jansen,

20 Elsevier 1991 at pages 268 to 278.

It may be desired to increase the potential catalyst life
prior to use by increasing the availability of acid sites at which
reaction may take place. Suitably the catalyst may be treated to
increase the acid site density by techniques known in the art. The

25 zeolitic catalyst may be treated for example with alkali wash such
as sodium hydroxide to redistribute the alumina within the
catalyst, decreesing the silica-alumina lattice ratio.
Alternatively, a high alumina content zeolite-beta may be
synthesised for use.

30 By the process of the invention it is possible to operate at
an acceptable selectivity, i.e. obtaining an acceptable alkylate
yield for the duration of the time on stream. By this means the
catalyst alkylation activity is upheld throughout partial
deactivation and until full deactivation of all sites has occurred,

35 at which point olefin breakthrough is observed. Breakthrough is




ced process controller are automatically fed back to a process

ment ati on system and i nplenented in order to ensure the process
ters remain within operating constraints. Beneficial results

e obtained by maintaining process.pg aneters such as 20 vol unetric
rates, tenperature and ol efin space velocity within

termni neobmaﬁidraamt fndicated by gas éhrof@tdgrBpiet Bekdd &by dheused in the
ss of thgln ention ¥m aOd%icatal%/ WhICh cor}gorm;tothe
tural clBEEFHTLEE bipe on strggm AC unsld wPgat Lhak P EBPSF 15251 Newran

y et al .pro@éct reRpbms aRsocSeted Iwdnllihe Serid ﬁ&go?f 3he, c{thIPSY .and
eolitic ,gsa}lg{:y&ttehgeds%ta@ rdfeent on a support. For exanpl e
atalyst suitably further grprlses a refractory oxide t hat

s a3 bi nder Regeerayiosyeh tés HATARY Tia ma¥ bej esLrdeAriUtaby techniquggnesi a,

ia, ziroewa anadngl a&tm&s deb&rnaf- hy‘alruéaﬁsanae?eoag depoSPECiIFRbh Yacid
rred. The weight _ratio & refractor% oxi de zeolite suitably

s from 19:568° (38029 XL PR rASLYFAEAT 56 Sgeva“d tempenatuge intho
catal yst i s usggensriicheataisphexe . pHid @thes\ahd»f:hharmventlon pseferably in the

ran of 0.1 iy rystal s of
zeolgpt e-bet a %%&%ﬁmésggzéamfl&fag% Q%ggcel ECBQ&SOCT%%W%&?%# preferably of
200 ko 1800 Aﬁggpgmiop‘mt byy@uester than the deactivation rate. Hence

-9- Caéé%h){:?&ue%%ﬁifdht Yn@ddsé Hheardehbricidh fideai RI, 8E64 her eby
achijeved. Crystal size may be neasured by known t'echni ques suitably
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15 multiple fixed bed downflow reactor may be operated as desired in

reaction or in regeneration mode. Fresh or regenerated catalyst may

.be continuously added to an independent reactor or each of a

cascade of reactors simultaneously with continuous catalyst

withdrawal from the reactor and the withdrawn catalyst passed to a.
20 regeneration reactor.

It may be desirable to convert branched alkylate further to
other products. Accordingly the process of the invention may
include a feed line to a further process umit.

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

25 EXAMPLE 1

A single fixed bed reactor with one external recycle
containing zeolite-beta catalyst having pellet size of 0.1 mm and a
silica to alumina ratio of 12.7, was charged with liquid iscbutane
feedstock. The reactor and contents were heated and the reaction

30 temperature maintained between 80 and 90C. Introduction of
isobutane was maintained as liquid reactor contents were drawn off
from below the bed and a part thereof externally circulated to the
reactor at an extent of recycle of 100. 2-Butene was continuously
added with isobutane feedstock at a paraffin to olefin ratio of

35 30 v/v and an olefin space velocity of 0.08 kg/kg.h. Alkylate was




pp. 54f-557. Preferably .t he process of the invention is operated
wth a highly acidic zeolite-beta catalyst. The acid site density may
be 10 determned by titration for exanple with butylam ne, or by NWVR or
IR techniques. A high acid site density _npy be beneficial in

prol ongi ng the catal yst age prior to deactivation. A highly acidic

zeol i t ¢-beta cpictlugsl 5y 160 U8REAIO0EY chiBretSE6h Whs [FHRaPEOCRSS 99 mols
the inyention at hi g?sol efi sgg%q velgcities_resultin i ncr eased

in 15
rate of producti%nS8Pstnkd? Ehoudhet FRFvuAET gre sivengin dabte, lobelgw es
can be}]det er m negbuzsd saveln, twa sampldapveriieds ait030 and 6QUkeukanennsdre&lni ques

for cotparing SalAlyeliAChbedhle ol LANALDR AT of 8 ki) o example in

relatign to zeolite .catalysts in "l uction Zeolite Science and
Practi ¢e"> van BekR&pdd pEavhegepsensipbion papgffiniE|Coe\RuodudD¥as smeasaget 268

to 278 as 200ktby R¥i St d8J1gdh!t O increase the potential catalyst
life prior to use by increasing the availability of acid sites at
whi ch reaction may take place. Suitably the catal yst may be treated
to increase the acid site densaBnE Dy techni ques known in the art. The
25 veoliticycatalyst be treated for examle wth al kali wash such
as sodjum hydr%]f(ol a‘th?s)Dtragaldstargi%alﬂ“lpzi?%@eﬁ{%dﬁs‘l'n 'f’# t he cat al yst,
decreaping the silica-alunmna B@ttice rati@h Alternatively, a high
al um na content_zeolite-heta may he synt hesi sed for use. 30
By the] process of the invention it is possible to operate at an
accept abl e sel EMGi ty, i.e. obt ai ni ng an acceptabl e al kyl ate yield
for the duraticsyosk the time omstream By tshis nmeans the cat al yst
al kyl af i on act{'&%/)c&% is upheld t_pr oughout parti al deactivati on and
until full deactiVation of all Sites has océurred, 35 at whi ch point
ol efi n{ br eakt heg8/fghr i s observedl2 Breakthrouw$h is
- 10 - C9+/C5+ _2 _1
+ +
100 100

TMP/C8 78 72

TMP is trimethylpentanes

Yields are given as % of total yield in percent of C5+ or C8 as
10 indicated. '
! COMPARATIVE EXAMPLE

Example 1 was repeated except that no external recycle was

used. Since the catalyst deactivated very rapidly no alkylate was

detected in the reactor effluent.




convieni ently indicated by gas chronatogr aphy. Hence fopt rati
of. tfj.me on streamit would appear that ol igonerisafTHiB SHEET H’pﬁ @&E@t
re ns associated with the acid sites of the cata yst REPLACED i s jnot

detected in the product.. 5. .. Reggperati on o¥=the—Taralryst may be
carrjyed out by techni ques known in the art for desorbing
hydrcar bona uﬂmmﬂtmﬂmr‘llﬂuom acid sites, such as oxi dat igyss
regenerati on erature in oxygen-rich atnosphere. The
process of thé ihvehtion’is characterised by increased efficiency in
casels in which the 10 regeneratiotirateM s greater than the deactivation
rate. Hence t echni ques which increase the regeneration rate may be

. of particul ar advantage in the process. Regener ati on nmay

be clarried odt cdreresforyperadingxamareifinic feedstopk goprrisinm cascade of
reagtors, for,) exasu@b%ﬁﬁecsu FARASRR Ashd anaoll.ﬁns b dinPhe sfcl:éﬁﬂabeéj

downff | ow r eact or e operated as_ desired reaction or
regdneration rmdé’ar#@gh tgrolefin farie eﬁfeé’é‘f%lltE?%’I 2nB v to a r"'Bé"‘l,"ontl nuousl y
addgd to an Indepﬁlﬁd&ﬂiiﬂgea&teﬁliﬁ-bé&chaﬁily&t and cascade of reactors _
si myl t aneous with contipuous_cata | fromthe reactor
and the Wi t hwa remﬁ?hrf%/s?ﬁe u§§§a£ B¥°&u56 Chara%geg %g?oﬁhar o525 or .

It may be desiraldrecess d.snmratéﬁ aucoedlafky catreerkslon érat deast ot her
proquct s. Accor digyGhy14 I8 & Qgesmadf ciéammv,ﬁma%@omm an LfGhUAgy a feed
ling to a further process unit rocess s now illusirated
by way of non-|i fi%tPFRRlegaFfpletion of hF_l)(AWP‘IEEcEPr content exprassechgFe fixed

bed reactor with one g ergal recycl e cont ai ning zeolite-beta

catal yst having pellet size of O. silicato alumna ratio
of 12.7, was charged With [Iiquid |°§oﬁﬁa§ﬁ’é “then 2 f eedst ock. The reactor and
cont_ents were heated angvt he reacti on 30 terrperature mai nt ai ned bet ween

80 and 90C. Int r%léggirp?vois t:]h? volhﬁglp#r om §tﬂhnf 8€tgcléa§nél qui d

reagtor_contents were d owt and a part thereof
externat® y ci r culodeding-sonprining strpw@nérm igrrhexyaiymepyicy eey%rmelof 100.
2- But ene was contdiri.gg}hs,_lmn flow rax@ded with isobutane feedstock at a

paraffin to oI efin ratio of 9 v/v and an_ ol efin space velocity of
0.08 kg/ kg. h2-Al %Ho&?%s \ﬁ&gordrng to claim 1 operated at olefin conversion of

at least 95 mols.

3. Process according to any of claims 1 and 2 characterised by an
15 extent of external circulation-as_ defined in claim 1 of greater

than 50.

4, Process according to any of claims 1 to 3 wherein the reactor

is first charged with paraffinic feedstock, an external circulation
of liquid reactor contents is then fed back to the fresh feed
20 stream and an olefins-containing stream is subsequently
continuously and quantitatively charged with the paraffinic
feedstock at an olefin space velocity such that conversion is
maintained in excess of 20 mols. '
5. Process according to any of claims 1 to 4 characterised by an
25 olefin space velocity in the range 0.01 to 10 kg/kg.h.
6. Process according to any of claims 1 to 5 characterised by a

paraffin to olefin ratio greater than 10 v/v.
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'prod

ed for loiuiﬁurs A efin conversion was gr eat eL_t han—98—xet-%—

i .e. Jsubstantia ’ ﬂmm‘mjresul ts are given i|THTRIBHEET WAS SREN
measured over t s at 30 and 60 hours on gEPQHED

Deactli vati on occurred at catalyst l'ife.aofs 8 kg/ kg. ———Yierad oi the
essentially paraffinic C5+ product was neasured as 200% by wei ght on
ol efiln. 7. Process accordl.ng to any of c1dABLE do 6 whichPa#dbet obtained at
ch‘?pclsl_l_ng per Io%%%é.c {? EX a caga]t.yst: llfeSin excest@/fC% kg/kg. 30h 4 60h
3 C7/ Cn Process according to any of clafes 1 to 7C8pa¥3ted in one or 82

79 C9+/&t of a cascade of reactors in serie7$

+ 100 TP/ C8
78 S 9. 7pProcess accyhingstq Gife rﬁmb@’rﬁian@se OT mOreviRAcHerariEegi ven
as %|of totaloperetel iR QAalesd rofeddratiyn ©8das 10 i ndi cat ed.

COVPA

\RATI VE E1>86.\|\/P£"1:'Eocess according to any of claims 1 to 9 carried out at a
temperature of less than 150 °C.
11. Process according to any of claims 1 to 10 wherein steady

10 state operation within volumetric flow rate, temperature and olefin

space velocity ranges as defined in the foregoing claims is

achieved by use of Advanced Process Control monitoring aikylate
gquality together with operational process data.
12. Process according to any of claims 1 to 11 wherein the zeolite
15 is in the form of crystals of size 200 to 2000 Angstrom.
13. Process according to any of claims 1 to 12 wherein the
-catalyst is in the.form of pellets of size 0.1 to 1 mm.
14, Process according to any of claims 1 to 13 wherein the
catalyst has been treated to increase the acid site density.
20 15. Upgraded paréffin whenever produced by a process according to
any of the claims 1 to 14.
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* Exanple 1 was repeated except that no external recycle was used.

Since the catal yst deactivated very rapidly no al kyl ate was detecte
im the reactor effluent. - 12
1. Process for upgrading a paraffinic.fgedstock conpr|3|ng a)

suppl ying the feedstock and an ol efi ns-contai ning streamat a

paraffin to.olefin ratio greater than 2 v/v to a reactor T 6536
containing a zeolite-beta catalyst and 5 b) renmoving the upgraded
product characterised in that the process is operated at an

ol efin conversion of at |east ABS TR NMTthat a part of the upgraded
product is circul ated 90 nmol % /in an external circul ation reactor
havi ng an extent of r nal C|rculat|on of uid reactor
content expressed as FPROCESS FOR' UPGRAP@ G 1A EARAFFLNIG \‘i'EEDST CK

of greater than 2 [err]v wherein [err]v is the volunetric flow
rate of feedstock and 10 ol efins-containing streamand [err]vc is

t he vol unetric -external circulation flow rate.

Process for upgrading a paraffinic feedstock comprising:
a) supplying the feedstock and an olefins-containing stream at a
paraffin to olefin ratio greater than 2 v/v to a reactor
~ containing a zeolite-beta catalyst and
b) removing the upgraded product wherein the process is operated
at an olefin conversion of at least 90 mol% in an extermal -
circulation reactor having an extent of extermal circulation
of liquid reactor content expressed as
gve + gv
of greater than 2
gv
wherein @v is the volumetric flow rate of feedstock and
oclefins-containing stream and @vc is the volumetric external
circulation flow rate, and upgraded products produced by the

process.

VM7 /T6536FF



2. Process according to claim1l operated at ol efin conversion of at

| east 95 nol % 3. Process according to any of clainms 1 and 2
characteri sed by an 15 extent of externalg Gircul atio | '
claim1 of greater t han 50. " 4. s“%rsaﬁ‘ééesé'gec%d?ﬁ?ﬁgdé%qgh%@%f
claims 1 to 3 wherein the reactor ig,first charged with paraffinic

f eedst ock, an external circul ation ? liquid reactor contents is then
fed back to t ml m_lﬁm stream and an ol efins-contai ni ng ggggam i s
subsequent |y nnlm mn If ly and quantitatively charged with The
paraffinic * feedst™ockR at an ol efin space velocity such that conversion
s - mai ntained in excess of 90 nd % A I M S 5. Process according to
any of clainms 1 to 4 characterised by an 25 ol efin space velocity in the
range 0.01 to 10 kgP/ kg. h. 6. Process according to any of clains 1 to
5 characteri sed- by Pxecess fopawgtedimst ® raraffinicafdedsgrekacenrnindmg 10 v/ v.

- 13 - | 4) SBpPrETgE AL FLEMIGck ardNYn AUle€l i -UBnchihOnd sWRi&h spBY be
operated to a catalys XCess, 0 Process

_ t L eir1 f7k%/kﬁ. 8.
“according to any o2 EfETiTstd Y6°F SREFAUEEGAFT GRER §r /Y O 2 FSAESH a
cascade of reactor sonnaisenges zeobite-b&ta caPslyeessndaccording to claim8

wh [ ' I, ti
eérein oge or bSTDI’ %eﬁ:g‘?lcht ObRe %%g:éadteg %%o%ggga%%gaé r%Q%% 1é3£hartegl$ener ation

node. 10. " Process accor I s carried out at a

t enper at ure of Ies%ﬁgﬁ%ﬁéﬁ%%ﬂ%ﬂﬁp&gﬁ%%g\uc%ﬁ%‘{gffr%églte%@cw deagt t o any of
Ho S EA

claims 1 to 10 whergel external circulation reactor having an extent of

external circulation of liquid reactor content expressed as:

—
gve + gv
of greater than 2
av
wherein @v is the volumetric flow rate of feedstock and
10 olefins-containing stream and @vc is the volumetric external
circulacion flow rate.
2. Process according to claim 1 operated at olefin conversion of
at least 95 mols.
3. Process according to any of claims 1 and 2 characterised by an
15. extent of external circulation as defined in claim 1 of greater .
than 50.
4., Process according to any of claims 1 to 3 wherein the reactor
N is first charged with paraffinic feedstock, an external circulation

of liquid reactor contents is then fed back to the fresh feed
20 stream and an olefins-containing stream is subsequently

continuously and quantitatively charged with the paraffinic

feedstock at an olefin space velocity such that conversion is

maintained in excess of 90 mols.

5. Process according to any of claims 1 to 4 characterised by an
25 olefin space velocity in the range 0.01 to 10 kg/kg.h.
6. Process according to any of claims 1 to S characterised by a

paraffin to olefin ratio greater than 10 v/v.
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10 state operatg within vol umetric flow rate, tenperature and ol efin

space yelocity ran mmmu’ the foregoing clains is achi eved
moni t ori al kyl at e qual i
lron o g, s 10 AR 350, oy

by use of Advanced

t oget her with operational pfockss* data. &‘(‘ﬁ‘bﬁt
of claims 1 to 11 wherein the zeolite 15 S |n the formof crystals of
size 200 to 2000 [err]ngstrom 13. Erocess according to any of clains

1 to 12 wherein therocess a@éﬂr@LﬂgStco'&f thaeuﬂzgrlmtgfﬁ ReliLetauyObe size 0.1 to
1 mm 14. Proc ss accor y of cl é 51 to 13 erein the

catal yst has b‘épe%at? el 4 g éég"e heredt oo &dnsity. 20

VMF/ T6536FF 8. Process according to any of claims 1 to 7 operated in one or

more of a cascade of reactors in series.
5 9. Process according to claim 8 wherein one or more reactors are

operated in catalyst regeneration mode.
10. Process according to any of claims 1 to 9 carried out at a
temperature of less than 150 °C.
11. Process according to any of claims 1 to 10 wherein steady

10 state operation within volumetric flow rate, temperature and olefin
space velocity ranges as defined in the foregoing claims is
achieved by use of Advanced Process Control monitoring alkylate
quality together with operational process data.
12. Process according to any of claims 1 to 1l wherein the zeolite

15  is in the form of crystals of size 200 to 2000 Angstrom.
13. Process according to any of claims 1 to 12 wherein the
.catalyst is in the form of pellets of size 0.1 to 1 mm.
14. Process according to any of claims 1 to 13 wherein the

catalyst has been treated to increase the acid site densicty.
20
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