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PROCESS FOR THE CONVERSI ON OF A FEEDSTOCK COWPRI SI NG LI NEAR
Q:EFI NS The present invention relates to a process for the conversion
of a feedstock conprising linear olefins into a product enriched in
branched ol efins. It is foreseen that-enwronmental |egislation wll

bri ng about changes in gasoline manufacturing. It is expected that the
concentration of |lead anti-knock additives is to be reduced, whi 6632a8&N
the required octane quality nore difficult to attain. Conponents which are
suitable for inproving the octane quality of gasoline are certain branched
ethers, e.g. nethyl te®ROOBSSHKCR iﬂBKQONWHKEEONIQFLk RERRSTOGRt such
ethers can be formed by cont actddm;ﬂ)fmqgi] ﬁ met hanol in the
presence of a suitable acidic catalyst, such as s onlc resins,
phosphoric acid nodified kiesel guhr, S|I|ca/alun1na and acid zeolites.

The object of the phes setteiinvahtion TR B M PrdeSHMESE StHE

m~branched ol efi ns usefy he pr ctlon of branched, et hers :
' feedst ock conpFP&V sl’1°ﬁ’eé:}ft e’r‘l’gs IR Y | Hb%ﬁro‘?:'e?£+%sgéﬂ’é?ally

i nvol ves a conhlp&bﬁmmtohnnmﬂhﬂd(mn;bruﬂchhdmpkﬁﬁﬁnﬁuizapion, di neri zation
and cracking. Thi s geqns Aialddh 9304 Alovidloanli e diasiy o B apefied

ol efins are producé 'S0 a certain anoun
bring about changes in gasoline manufacturing. It is

. expected that the concentration of lead anti-knock
additives is to be reduced, which makes the required
octane quality more difficult to attain. Components which
are suitable for improving the octane quality of gasoline
are certain branched ethers, e.g. methyl tertiary butyl
ether (MTBE). It is known that such ethers can be formed
by contacting branched olefins with methanol in the
presence of a suitable acidic catalyst, such as sulphonic
resins, phosphoric acid modified kieselguhr,
silica/alumina and acid zeolites.

The object of the present invention is to obtain a
product comprising branched olefins useful in the
production of branched ethers, from a feedstock
comprising linear olefins. Conversion of linear olefins
generally involves a combination of operations including
polymerization, dimerization and cracking. This means
that in general not only the desired branched olefins are
produced, but also a certain amount of, less desirable,
heavier hydrocarbons.

In European patent specification 026 041 a process is
described in which a mixed oiefin feed is converted into

ran olafiniC'product enriched with C4 and Cg olefins

- compriéing blefin isomers, which process comprises
) contactlng ‘the feed with an acid crystalline zeolite
"catalyst characterlzed by a pore opening of at least



heavi er “hydr ocar bons. I n European patent specification 026 041 a
process is described in which a mxed olefin feed is converted into an
olefinic product enriched with CJerr] and CJerr] olefins conprising olefin
i somers, which process conprises contacting the feed with an acid
crystalline zeolite catal yst characterized 20y a pore openi ng of at | east
-2- 5x10[err] m a_silicato alumna ratio of at | east 12 and a constraint
i ndex within tﬁxlﬂaﬁ&emof alstidit?2 &b aduwnlisfa rabries ff atbdlaast). B2 tmndamd a

temperat ure beLugen: 204l SHALE WIENIA0 S ey I QPSS LAUTHES

woul d seemto bée critical ove S tenperature range t ere i's

a reduced sel eprespuyef beloHe OolPebry iadsher §amef@m DetwrernprdI4riCd

catal yst of thgnhdesgpi bed @ﬁ@clsféceé@reerﬁﬁéraehra t«emar Qb!éinet%f p2o0 [err]C
a large amount of relatively heavy hydrocarhbons is produced It has now

surprisingly beEhtiGahd 2Rk indeedyd O itemRpIa ties IANGS L be
converted intoig @r 9ddabeansegbe¢1mtl§r mhe;daeplom‘em dlsomrers e.isrmpart i al

mounts of ungBSH an| 5Re BESARERAE €3 o e Ok (115, AT FRRR RSN o

t ect onet al | 05|Moreovehavangaatempeanartucxﬁeoff |3c50:|"¢saaﬂ.argeuamua,t iofe. a

ferrierite cry?%%tﬂ,%gﬂﬁt (FVXSHSIBF§ GPohd g_sog#d&%&beqfl y advant ageous as

it operates w grea ormat ranched ol efins than
wi th the known pro&tsbas now surprlslngly been found that a feedstock

comprising linear olefins can be converted into a product
enriched in branched olefins at an olefin partial
pressure of less than or equal to 0.5 bar without
formation of large amounts of undesirable side-products,
by contacting the feedstock with a tectometallosilicate
having a certain specific crystal structure, i.e. a
ferrierite crystal structure. Such process is
particularly advantageous as it operates with greater
selectivity to formation of branched olefins than with
the known process.-

Further, it has been found that the tectometallo-
silicate according to the present invention is relatively
stable in the present process, i.e. its catalytic
activity does not substantially change during a
relatively long time.

In copending European patent application
No. 0 501 577 a process is disclosed for converting a
feedstock comprising linear olefins into a product
enriched in branched olefins at an olefin partial
pressure of more than 0.5 bar.

The present invention relates to a process for the
conversion of a feedstock comprising linear olefins into
a product enriched in branched olefins, which process
comprises contacting the feedstock with a tecto-
metallosilicate having a ferrierite crystal structure, at



FZrther, it has been found that the tectonetallo- silicate according to the

present invention is relatively stable in the present process, i.e. its
catalytic activity does not substantially change during a relatively |ong
tinme. I n copendi ng European patent application No. 0 501 577 a process

I's disclosed for converting a feedstock comprd sing linear olefins into a
product enriched in branched olefins at an olefin partial pressure of nore
than 0.5 bar. a teiﬁberaltaxenbeitme@mt 1160 rapldates0 °g, aapr otefinf parttial

[ branched ol BFPRECERn Bt LAPBSRER A bR (B rat MR s ¥a24E§’%o W th

a tecto- netal tosalli paesshae o £5f@ﬁmher|te crystal structure

-3 aTB‘é”EEE%HJe‘EFEF’LB‘é‘ﬂ&c]&% "1’1%@14%0 d %rer&]xgebﬁ’té)' ef 'n

parti al ressure o han or ar and a maxi mum
t ot al pressures§ru2$u§&rt° be employed ln'ﬂh@1@?&Qﬁﬁ§xﬂﬁ(ihQ|R%ﬁ%?WEV|ng a

ferrierite 1nventlon§t heel Un i%e Reymin®died 1y ﬂéﬁ&)ﬁﬂ@%ﬁeé’)‘ the

pr esent ntion, has in atant

hydr ogen forn1BMdR°9§9 PFFré@thﬁaéhf*¥§%¥ﬁé% éﬁﬁ?&? contalgﬁ

| east the d-spati heasti thandsspadlings Sdn RAogdtdom)owis set forth beldwbl e
1. -spacing in Angstromis the value of the

i nt erpl anar spé%iﬁaggg ghe crystal and is calculated from
The d-spacing in Angstrom is the value of the

interplanar spacing of the crystal and is calculated from
the measured theta (Bragg angle) by using the Bragg
equation. The relative intensity of the diffraction peak
corresponding to each d-spacing is given as a value:

w (weak), m (medium), s (strong) or vs (very strong),
determined relative to the intensity of the main

,4*€g52 diffraction peak.
ﬁ Table 1: X-ray diffraction pattern of ferrierite

d Relative intensity

N*"w‘;} 11.3 + 0.3 w-m

“<?EY 2.5 * 0.1 S~VSs
f""‘d‘l"'“. 7.08 + 0.04 m
"“‘Sd"“*"w/ 6.96 + 0.04 n
/  3.98 £ 0.02 m-s
[ 3.76 £ 0.02 . m

/ 3.54 + 0.02 ' m-s

3.47 + 0,02 m-s

3.13 + 0,02 w-m

3.05 + 0,02 w-m

Examples of_tectometallosilicates having a ferrierite
structure are ferrierite, FU-9, ISI-6, Nu-23, ZsSM-21,



the measured theta (Bragg angle) by using the Bragg equat i on.

The rel ative intensity of the diffraction peak correspondlng to
each d-spacing is given as a val ue: Ml( ettt S
(strong) or vs (very strong), det erm ned @g %éﬂfe” 3‘4&@
intensity of the main diffraction peal. - HfﬁbﬁbEﬂL X- rjay
diffraction pattern of ferrierite d

Rel ative interBSM435 and 2SM-38. THé4.BecOofietallosilicates whick wa® be
0.1 employed,ségﬁtain silicon ahd%8ne%n%4mo from the group "
6.96 0.04 o 3298 8°65

ms congigeing @P iron, gallium and ajpminium. In gepexal,p. 02
”‘5 . tﬁ%‘%%ﬁébﬁé%ﬁ}lOSlllcate will ﬁhﬁnly contain siditdn @né¥

Exarrpl es of tkWHREHMoFreEerakRlKavthg geq;ggqngg@hl@sa.llcate is 1§t|tﬁ'@ture
are ferrieriteaydtddon|fdrf. MNoctome¥SMddilicates which have shown an

especially high stability, are tectometallosilicates
having a relatively high silicon aluminium to molar
ratio, e.g. a silicon to aluminium atomic ratio of more
than 10, preferably more than 15. A process for preparing
tectometallosilicate which can be suitably applied in the
process of the present invention is described in European
patent specification No. 012 473. The tectometallo-
silicate can be used as such. However, often it is
economically more attractive to use it in combination
with a binder. Binders which can suitably be applied are
amorphous reffactory oxides such as alumina, silica or
silica/alumina.

The tectometallosilicate may be surface moderated, by
deactivation or removal of some or all surface acid sites
at the external surface by techniques known in the art.
Suitable techniques include those disclosed in S. Bhatia,
"Zeolite Catalysis: Principles and Applications", CRC
Press, Boca Raton (Florida), 1990. For example the
catalyst may be treated with ethylenediamine tetraacetic
acid (EDTA) as disclosed in D.W. Breck, "Zeolite

.Molecular Sieves - Structure, Chemistry and Use" John
Wiley & Sons, New York 1974. The catalyst may optionally
be used in the form of crystals having a low ratio of
crystal surface area to pore surface area.

The feedstock which is to be used in the present
invention comprises linear olefins, suitably linear
olefins containing between 4 and 10 carbon atoms. Higher
olefins, e.g. olefins comprising up to 20 carbon atoms,
and/or lowef olefins, e.g. ethene and/or propene, can be
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ZSM 35 and ZSM 38. The tectonetal |l osilicates which can be enpl oyed, contain
silicon and one or nore fromthe group consisting of iron, gallium and
akfuminium In general, the tectonetallosilicate will mainly contain silicon
and alum nium Preferably, the tectonetallosilicate is in the hydrogen
form Tectonmetallosilicates which have shown-an especially high stability,
are tectonetallosilicates having a relatively high silicon alumniumto

mol ar ratio, epﬁesént‘l ihceRet Qeébﬂlﬁb&ﬂcunl-ld'&;ﬁ@rcoa%tfllﬁsotdﬂlrcﬁ fdhan 10,
preferably nor e ctonetallosb cat e n%y have a

silicon to aIuﬁ?ﬁ?ﬁﬁ?aﬁSnPEeﬁﬁPFolgfpﬁEFeO% hiﬁ pgodugt, optath
preparing tectnee?alédstbltHEecmhvehsdan BeepU|Sahtpbappﬁeaﬂstmdkxaﬁummess

of Jthe present h0vent 0o §deRe’ bREdeht BUGARRINPILEN,yERRELIGA | on No.

012 473. The téc € can b ver, often it
i s econoni cal |gtngaESaaSrabt:amaedomssattalwmgoma@éstmano\ni tteanbi nder .

Bi nder s whi ch £2BcR¥hbAP5HIPELARD! kAU FeBARBLRNCHD LBIEAAIY Mididles such

as alunina, silica, or Flcaﬁb?un1n t ect onget a |icate may be
surface noder aPL8fing GQEEFFO&FgoPe§WeP§nﬂvéPdoﬁ §8/FPOBr adiomSsyr f ace -aci d
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(EDTA) as disc B ite Mol ecular Sieves - Structure,
Chem stry and {géfﬂg nb£b¥$ 5@8 8en%3ﬁgw York 1974. The catal yst may

optionally be usedFeﬁdﬁheckérﬁODtaénysgaBKCﬁ§$lPgrafﬁénﬁrﬁﬁwb of crystal

surface area t@oﬂ@éﬁléﬂﬁiﬁcﬁeab8§sed ovéhe ahesdalrenls/ k%&ffhé”D be used in
t he present invention congrlses I near olefins, suitably lIinear olefins

cont ai ni ng bet $8RATAting ElEaPSbﬁraF8n§°nMP§ﬁéPn'

Surprisingly it has also been found that in a
conversion process using the tectometallosilicate of the
present invention it is possible to recycle to the
conversion step substantially all the unconverted linear
olefin fraction of the product due to the low level of
butane by product in the conversion step. Processes using
for example ZSM-5 as catalyst should include a bleed
stream in a recycle to the conversion step for control of
butane level. In such processes the fraction of the
recycle bled is sufficiently high that unconverted
olefins in the bleed may not economically be isolated and
returned to the conversion unit..

In a conversion process using the tectometallo-
silicate of the present invention a bleed stream in the
recycle to conversion step may be passed for example to a
butane/butene extractive distillation unit and the olefin
fraction returned to the conversion unit. Alternatively
the distillation unit may be omitted, nevertheless
incurring low wastage of linear olefins since the
fraction of the recycle bled is significantly less than
with processes using ZSM-5. |



olefins, e.g. olefins conprising up to 20 carbon atons, and/or | ower
olefins, e.g. ethene and/or propene, can be .

-5-  present in the feedstock. Hi gher olefins could for exanple be present
if part of the product obtained is recycled to the conversion step.

Sui tabl e feedstocks for the process of thegpresent invention are
hydrocarbon streanms as obtained in catalytic cracking or steam cracking.
Suitably, the feedst qeds ardreovgr ilseeh i feandotkétna conversiny broeess 4

and 8 carbon atons. Preferred f | | Lpga Is t ai ni
2"or 5. car bon S AR Lo cEone EERPOSE PefPRTERGE: LREALOATEIBASTOR | 1 RO
paraffins. Partdid ipresentobhyentbernyiehdsugbiblt hnssahutpast k¥sproduct

Feedst ocks cONLlfity PreveoRagibedn FBna0aYeALCEAEY cBAdRRIGAR orer an
ol efins/ paraffins separating unit prior to conv§[5|on. S%r%%&s%ggly it
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sufficiently tprgduditobiaimedrcoprises at least 20 % by weight of
branched olefins, based on the amount of olefins present
in the feedstock; preferably, the product obtained
comprises at least 30 % by weight of branched olefins.
Further, it is preferred in a process according to the
present invention, to produce only a small amount of
heavier hydrocarbons such as aromatics. Preferably, a
product is obtained comprising less than 10 % by weight
of aromatics based on the total amount of liquid product,
i.e. product which is in the liquid state under normal
conditions; most preferably, the product comprises less
than 5 % by weight of aromatics.

The product obtained can be suitably used for the
production of highly branched ethers. Before the product
is used in such ether producing proceés, it is preferred
to separate off a heavy fraction from the product
obtained, and to recycle at least part of this heavy
fraction to the conversion step. The heavy fraction
suitably comprises hydrocarbons containing at least 5
carbon atoms. The product remaining after the heavy
fraction is separatéd off, is contacted with a lower
alcohol in the presence of a suitable acidic catalyst. In
this process step mainly branched olefins react. The
branched ethers produced are removed, and the remaining
hydrocarbon mixture rich in linear olefins can be
recycled to the conversion step.



olefins in the bleed may not economically be isolated and returned to the
conversion unit. In a conversion process using the tectonetall o-
siklicate of the present invention a bleed streamin the recycle to
conversion step nmay be passed for exanple to a butane/butene extractive
distillation unit and the olefin fractior returned to the conversion unit.
Alternatively the distillation unit may be omtted, neverthel ess incurring
| ow wast age of |irerocesefconditiorsthkithacanobeotulibebilgcpppd llgdyd i s
significantly n, W e ' ° ;

To T b2 S3ri g8t "L LilpBE AEAES R RERE £31 A 450, 2ce on olefin,

t ect onret al | osiPaxhial pressune ebndiessotibanf orheappdsént Oi.Hvdan @ndsizel ds

still less bUtr@éb?iﬂ?&npf&E'é']?t%wé‘guPédo?rQSi gHel ypRaeR rieunpridren t he
conditions of the_co endln%mauro ean patent appljcation 501 577,

p . 0
The product olffRHEELERS { HeMBELERs3 BFmPﬁEaBPEEePFtWﬁ@Bngi%&n and 434 cked in
branched ol ef imsre R PETEraOIVEHELRESAOBOD AhdVUBY, °C} fSradxampageous to

produce as nuch branch ol efi as~ possi bl e, jtably..the product
obt ai ned corrp?t?%lte)"ge%? ?g%s?ngogéfo) b)F v%r?% e o?l‘f%la‘hc%%%tb?gfPﬁ??sﬁﬁgeafon
t he anobunt of hdbfeas Prekecandi O.b0ebaredmostkprpfefrabdlyl betmweenprladuct

obt ai ned conpkhﬁfsoas ﬁggst 30 % by wei ght of branched ol efins. Further, it

is preferred in a p?ocess'accordin% to the present invention, to produce
only a small anourfhefinvention will now be further elucidated with the

aid of the following examples.
Example 1 S

Commercially available ferrierite ex Toyo Soda, which
ferrierite was in the ammonium form and had a silicon to
aluminium atomic ratio of 9, was pressed, crushed and
sieved to obtain a 30-80 mesh size fraction. The
particles thus obtained were calcined for 2 hours at
540 °C.

Example 2 _

544 g silica gel was combined with a solution of 54 ¢
sodium hydroxide in 1000 g water and the resulting '
mixture was homogenized. A second solution comprising
61.4 g aluminium sulphate (Al;(SO4)3.18 H20), 256 ¢
sodium sulphate and 1000 g water was added under
stirring. Finally, 218 g pyridine dissolved in 1152 g
water were admixed giving a reaction gel of the |
composition (on a molar basis)

93.5 Si0y . 1 Aly03 . 7.4 NayO . 19.6 NapSOg4 . -

30 pyridine . 1938 Hy0. This reaction gel was kept at

150 °C for a period of 75 hours until a crystalline
compound was obtained. After synthesis the crystalline
compound produced was separated from the reaction mixture
by filtration, water washed and dried at 120 °C.

The dried compound was calcined at 500 °C, cooled
down and ion exchanged such that the compound is brought



heavi er hydr ocar bons such as aromatics. Preferably, a product is obtained
conprising less than 10 % by wei ght of aromatics based on the total anount

of liquid product, i.e. product which is in the liquid state under normal
conditions; nost preferably, the product conprises |less than 5 % by wei ght
of aromati cs. The product obtained canhge suitably used for the

production of highly branched ethers. Before the product is used in such
et her produci ngnptheeatmmonii uis forral. emtml dal iz paraadhwwctofdas éwateact i on

fraction Lo t hEreBnsBroram sy Hid tharh B Blindly \ e Y,
hydr ocar bons cbaﬂaf©|m@dasubaaqueﬁttmrbehcanedsatTﬁ@OpFGduct renalnlng
after the heavy fraghi g%?ﬁc%eg%r %Ex gfnftéxéssisc s”“iiee&x‘ﬁd{r{]é Wlray

al cohol in the presenc a suita I C cata yst. In ocess step
mai nly br anche@lngﬂpﬁéoﬁe%’t beriessendiaddy dearriepitaudde Selieom e,

and e reMal na amAHILAC ALeRN Tgitike s Tound P dse 6T ns can be
recycl e (0] e COo rsion s
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Process conditi ons®®APER ETR
bet ween 150 aniin¥efitfenr the Feraliehiteppowddlr Wass presgdd,] eaushed arid

condi t1 ons” congh P89, PO REERK roe oBsebin 255 & ehth Fract Brirore © 0o
preferably betBsampde03and 450 [err] C, for exanple
Commercially available ZSM-5, CBV 3020 ex Conteka,
was pressed, crushed and sieved in order.to obtain
particles having a 30-80 mesh size fraction. The
particles thus obtained were calcined for 2 hours at
540 °C.
Example 4
A feedstock as described in Table 2, is contacted
with ferrierite and ZSM-5, prepared as described in
Examples 1 and 3, respectively. The process is carried
out at a temperature of 350 °C, an olefin partial
pressure of 0.3 and 0.4 bar respectively, a weight hourly
space velocity of 2 kg/kg/hour and a total pressure of
1.1 to 1.4 baxr. The products obtained after 50 hours on-
stream are described in Table 3, in % by welght of
product obtained.

Table 2: Feedstock properties

n-butene (% by weight) 99.42
iso~-butene (% by weight) 0.44
butane (% by weight) 0.14




bet ween 320 and 430 [err]C and an olefin partial pressure of between 0.01

and 0.50 bar, nost preferably between 0.1 and 0.5 bar. The i nvention
wkl 1 now be further elucidated with the aid of the foll ow ng exanpl es.
Exanple 1 Commercially available ferrierite ex Toyo Soda, which

ferrierite was in the amoni um form and kag a silicon to alum niumatomc
ratio of 9, was pressed, crushed and sieved to obtain a 30-80 nesh size
fraction. The particles thus debliee3: wProduttciolethirmed?2 hours at 540
[err]C. Exanple 2 544 ¢ S|I|ca gel was conblned mnth a solutlon of 54 g
sodi um hydr oxi e i e regeni zed.
A second sol ution conprising 61.4 g alunlnlumsﬁatﬂkﬂsi
(Alferr](SOerr])3.18 Herr]OQ, 256 g sodium sul phate and 1000 g water was
added under st ter
wer e adm xed gi ving a reactlonF%§¥l%¥1 ®e conposition (on%SMm? ar basis)
93.5 Sigerr] . 1 Aferr]Jerr{olefid ﬁEtI:EiéiO 19.6 fwilefid $de€1d1. - 30
pyridine . 1938 Herr]QO This reactlon kept at 150 err C for a
period of 75 hours until a cryRt&ffEhe @0 Y was oRZH e b2
synthesis the crystalline conpound produced mas separ at ed fron1the reaction

m xture by f||t$€$%§ge wat er washed and dried at 120 [err] The dried
conmpound was ca 3t 500 [err]C, cooled down and ion exchanged such
t hat the conpou@r-Cs pavaffins 0.00 0.11
ethene 0.00 0.58
propane 0.00 9.58
propene 0.61 1.38
butane 0.82 26.31
n-butene ' 56.32 0.85
iso-butene 40.85 0.85
Cg*t 1.4 60.28
Example 5

Ferrierite samples prepared as described in
Example 2, are contacted at a temperature of 350 °C, an
olefin partial pressure of 0.3 bar and 1.1 bar
respectively, a weight hourly space velocity of
2 kg/kg/hour and a total pressure of 1.1 to 1.4 bar with
the feedstock as described in Table 2. The products
obtained after 480 hours on-stream are described in
Table 4.



8- in the amoniumform The solid product was separated fromthe |iquid
by filtration, water washed, dried at 120 [err] C and subsequently cal ci ned

at 500 [err]C The product of the synthesis was determ ned by X-ray
diffraction to be essentially ferrierite. The silicon to al um nium atomc
ratio was found to be 36. Bef ore enptoygent in the process of the

present invention the ferrierite powder was pressed, crushed and sieved in
order to obtain a 30-80 nesh fTaisléod: Pxadnte 8btain€dmmercially avail able
ZSM5, CBV 3020 ex Conteka, was pressed, crushed and sieved in order to
obtain particles having a 30-80 nesh size fraction. The particles thus
obt ai ned were Tarcined Tor Z nours at 540 [err]C. Exanple 4 A Teedst ock
as described in Table 2, is contacted w rkhef b 5, prepared
as described in Exanples 1 and 3, respg%%?gg yﬁbgﬁgagr%gg§§§?% carried-out
at a tenperature of 350 [err]C, an ol e %ﬁFtiaI pressure bilobarand 0.4
bar respecti vely—a—wet-ght—hotrty—space—vetoctty—of—2—kgrkgr-hour—and-a

total pressure of 1.1 to 1.4 bar. The prodycts obtained after. 50 hours on-
stream are descriTea Pﬁr?éSFBSB, in @6b@'&§ @bQQ

i ght of product i ned.
Tabl e 2: Feedste@tkepeoperties 0.00 n-butene (% by &we@ht)
99. 42 i SQ-butene (% by wei ght 0.44 but ane (%
by wei ght) propgne , 8.60 0.03
propene 0.48 0.94
butane 0.47 1.31
n-butene 50.30 41.37
iso-butene 47.95 40.43
Cg* 0.8 15.9
Example 6

Ferrierite prepared as described in Example 1, is
contacted at temperatures of 350 °C and 300 °C, an olefin
partial pressure of 0.3 bar, a weight hourly space
velocity of 2 kg/kg/hour and a total pressure of 1.1 to
1.4 bar with the feedstock as described in Table 2. The
products obtained after 50 hours on stream are described
in Table 5.



2'g- Tabl e 3: Product obtained

Cat al yst Ferrierite ZSM 5

(ol efin partial (olefin partial pressure 0.3 bar)
pressure 0.4 bar) hydr ogen - 0. 06
Clerr]-Cerr] paraffins 0. 00 - 11 - 0.11 ethene

0.00 0. 58 propane 0. 00

9.58 propene Tableé515: Product obtained 1.38 butane

0.82 26.31 n-butene 56. 32

0.85 1iso-butene 40. 85 0.85 (err]+

1.4 60. 28 Exanpl e 5Temper@tyr& jte sanpl es prepared

as described in Exanple 2, are contactygg ag¢ a tenperaggpecof 350 [err]C, an
olefin partial pressure of 0.3 bar and 1.1 bar respectively, a weight
hourLy space velocity of

C1-C2 paraffins 0.00 0.00
ethene 0.00 0.00
propane 0.00 0.00
propene 0.61 0.98
butane 0.82 1.40
n-butene 56.32 64.63
iso-butene 40.85 30.89

Cgt | 1.4 . 2.1




2 kg/ kg/ hour and a total pressure of 1.1 to 1.4 bar with the feedstock as
described in Table 2. The products obtained after 480 heurs._on-streamare

descri bed in-Table 4, - 1@3ayidm

Tabl e 4: Product obtai ned . ' iy ;
pressure  This Sheet Has Been Replaced 0.3 bar 12 - Imlaaggggrjg_ﬁ SHHL
Cerr]-Cerr]- mmﬂnl HHHH m) 0.00 0.00 ethene

0. 00 ropane 0. 00 T 6532 SIN
0. 03 propene : 0. 48 0.94 butane

0. 47 1.31 n-butene - 50. 30 _

41. 37 iso-butene 47.95 CLAIMS 40.43 (err]+

0.8 15.9 Exanpl e 6 Ferrierite prepared as described

in Exanple 1, is contacted at tenperatures of 350 [err]C and 300 [err]C, an
ol efin partiall pr @rasessiiar Fhrrconversipr Abud| e%ﬂ%EQCk comprisin

linear olefins into a product enriched in branched
olefins, which process comprises contacting the feedstock
with a tectometallosilicate having a ferrierite crystal
structure, at a temperature between 150 and 450 °C, an
olefin partial pressure of less than or equal to 0.5 bar
and a maximum total pressure of 25 bar.

2. Process according to claim 1, wherein the feedstock
comprises linear olefins containing between 4 and 10
carbon atoms.

3. Process according to claim 1 and/or 2, wherein the
process is carried out at a temperature between 290 and
450 °C and an olefin partial pressure of between 0.01 and
0.5 bar.

4. Process according to any one of the preceding claims,
wherein the product comprises at least 30 % by weight of
branched olefins, based on the amount of olefins present
in the feedstock. _

5. Process according to any one of the preceding claims,
wherein the product comprises less than 10 % by weight of
aromatics, based on the total amount of liquid product.
6. Process according to any one of the preceding claims,
wherein the tectometallosilicate has a to silicon
aluminium atomic ratio of more than 15.

7. Process according to claim 6 wherein the tecto-
metallosilicate has a silicon to aluminium atomic ratio
of more than 30.

8. Process according to any one of the preceding claims,
wherein the tectometallosilicate is in the hydrogen form.
9. Process according to any one of the preceding claims,
wherein the tectometallosilicate is surface-moderated.

R —————
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Velocity of 2 kg/kg/hour and a total pressure of 1.1 to 1.4 bar with the
f.eedst ock as described in Table 2. The products obtained after 50 hours on

stream are described in Table 5. Tabl e 5: Product
obt ai ned Tenper at ure

350 [err]C 300 [err]C C[err]-C[erqh par af fi ns 0. 00

0. 00 et hene 0. 00 propane

gﬁ?gne 10. @f@%d§§ﬂgﬂﬁbrdlng to any one oﬁ)ﬂﬂe preceding claffs,
56.32 wherq;p(§3qQ§y¥nﬁggﬁ;lon is separaggg EP from the 30. 89
Cerr]+ product obtalirkd, at least pax lof which heavy fraction

is optionally recycled to the conversion step.

11. Process according to claim 10, wherein the heavy
fraction comprises hydrocarbons containing at least 5
carbon atoms. '

12. Process according to any one of the preceding claims,
wherein substantially all of the unconverted linear
olefin fraction of the product is separated off and
recycled to the conversion step.

Cl17/T6532FF
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CLAI MS 1. Process for the conversion of a feedstock conpri si ng
linear olefins into a product enriched in branched ol efins, which process
conpri ses contacting the feedstock with a tectonetaIIOS|I|cate having a
ferrierite crystal structure, at a tenperature between 150 and 450 [err]C,
an olefin partial pressure of less than or equal to 0.5 bar and a maxi num
total pressure of 25 bar. 2. Process according to claim1, whef&BA SEN

f eedstock conprises |inear olefins containing between 4 and 10 carbon
atonms. 3. Process according to claim1 and/or 2, wherein the process is
carried out at a tenperature betwedn B BRI MY Terr]C and an olefin
partial pressure of between 0.01 and 0.5 bar. 4. Process according to any
one of the preceding clains, wherein the product conprises at |east 30 % by
wei ght of branched ol @Q@S%f%mtw\&%ﬁ}m‘ @Fﬁeﬁ ent in the
feedstock. 5. Process accordi poMrPRIESING SINEAR "eLErENe®di ng cl ai ms, wherein
t he product conprises less than 10 % by wei ght of aromatics, based on the
total anmount of liquid product. 6. Process according to any one of the
precedi ng cl ai N5, pwaRieRisn fidte tire icomtetdiani oL @ efémdstock comprising
alwﬁniwnato c rati rmre h n P r claimé6
wherein the t né’?eﬁ%fl&ﬁ Ill aa rﬁé"%‘@f Iélrg%n ﬁ?nllgir‘lﬁ%&g om' cratio
of nore than aaeflns, which process comprises contactlng the feedstock

with a tectometallosilicate having a ferrierite crystal
structure at an olefin partial pressure of less than or
equal to 0.5 bar.

C17/T6532FF
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8. Process ac!: d-f”(’ﬁ:ftb‘mag"i her of ;‘.t“he p-rec;edl ng cl ai ns, wherein tHfiesu® - 4d
tectonetallo§|e»e§ e{Wf *tﬁ%‘ﬁy@nmgem"torn1 9. Process accordlng to any ' -
one of the pre Qi

ﬁ@é”hheﬁemm d¢he. tectonetaII05|I|cate S

sur f ace- noderiat ed‘*’B‘ ""{ ‘paged.... to i o Substitute sBeet - 28 Julyot@ss
accordj ng tolany one of the precedlng clal ,_Wherein a heavy fraction is
separ at ed of fi_fr omthé”m’cmuﬁ*t gm(u ned, aj |east part of which heavy

fraction i s optE@P3E RndCEEH-aY t e 4 Olb $i BPeadds Bﬁ%ﬁséag be

according to clalg110 WhE%%In t he heary raction coq§£|s€ dr ocar bons
contaFning at FBRILYEd.aFOBY L 1eor mnd ane R% JReF g FBmaﬁyeoﬁ€°8P t he
pr ecedi ng cIalasnswh&aagnofUhsb@nt@ﬁﬂh&&ﬁlan& d hemimi@ny el hegehienaal

Cbeverst oottt 2Bng! celoletd Todsd A AL Ui AT ESS¥ELR10168] ana

alumlnlum Preferably, the tectometallosilicate is in the
hydrogen Lorm._Tgctometall051llcates which have shown an
- especially high stability, are tectometallosilicates
having a relatively high silicon aluminium to molar
ratio, e.g. a silicon to aluminium atomic ratio of more

than 10, preferably more than 15. The
tectometallosilicate may have a -silicon to aluminium
L/; atomic ratio of more than 30. A process for preparing

tectometa1105111cate whlch can be suitably applled in the
process of the present invention is described in European
patent specification No. 012 473. The tectometallo-
silicate can be used as such. However, often it is
economically more attractive to use it in combination
with a binder. Binders which can suitablv be applied are
amorphous refractory oxides such as alumina, silica or
silica/alumina.

The tectQmetallosilicate may be surface moderated, by
deactivation or removal of some or all surface acid sites
at the external surface by techniques known in the art.
Suitable techniques include those disclosed in S. Bhatia,

L "Zeolite Catalysis: Principles and Applications”, CRC |
Press, Boca Raton (Florida), 1990. For example the
catalyst may be treated with ethylenediamine tetraacetic
acid (EDTA) as disclosed in D.W. Breck, "Zeolite
Molecular Sieves - Structure, Chemistry and Use" John
Wiley & Sons, New York 1974. The catalyst may optionally
be used in the form of crystals having a low ratio of
crystal surface area to pore surface area. |

The feedstock which is to be used in the present
invention comprises linear olefins, suitably linear
olefins containing between 4 and 10 carbon atoms. Higher
olefins, e.g. olefins comprising up to 20 carbon atoms,
and/or lower olefins, e.g. ethene and/or propene, can be

This is the repl‘aéemerﬂ sheet
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CLAIMS

1. Process for the conversion of a feedstock comprising
linear olefins into a product enriched in branched

-olefins, which process comprises contacting the feedstock

with a tectometallosilicate having a ferrierite crystal

_structure, at a temperature between 150 and 450 °C, an

olefin partial pressure of less than or equal to 0.5 bar
and a maximum total pressure of 25 bar.

2. Process according to claim 1, wherein the feedstock
comprises linear olefins containing between 4_and 10
carbon atoms. '

3., Process according to claim 1 and/or 2, wherein the
process is carried out at a temperature between 290 and
450 °C and an olefin partial pressure of between 0.01 and
0.5 bar.

4. Process according to any one of the preceding claims,
wherein the product comprises at .least 30 %.by weight of
branched olefins, based on the amount of olefins present
in the feedstock. _ , _
5. Process according té any one of the preceding claims,
wherein the product comprises less than 10 % by weight of
aromatics, based on the total amount of liquid product.
6. Process according to any one of the preceding claims,
wherein the tectometallosilicate has a silicon to
aluminium atomic ratio of more than 15.

7. Process according to claim 6 wherein the tecto-
metallosilicate has a silicon to aluminium atomic ratio
of more than 30.

8. Process according to any one of the preceding claims,
wherein the tectometallosilicate is in the hydrogen form.
9. Process according to any one of the preceding claims,
wherein the tectometallosilicate is surface—modérated.
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