28 .FEB 2006 ' WD 03/ 020668 PCT/ GB02/ 03752 A Process for the Proggckigngmgf
' Tri pt ane Wh@sRsReEnt i nvention relates to an inproved process for the
product i on o? triptane. Triptane, or 2,2, 3-trinethyl but afRCT/GEB0%03752
Hydrocarbon that is useful in the productl on of unl eaded notor and

avi ati on gasoline (see WO 98/22556 and 5 WO 99/49003). Its highly branched
structure nmakes it particularly useful for enhancing the Mitor Cctane
Nunber (MON) of fu ious nmethods for the production of triptane are
known. For exarrpﬂ@' g% may be produced by reacting a hydrocarbon

‘f eedst ock, such ,"WMth an isonerisation catalyst (US 3 766 286
and GB 0024888. 0, published as WO 02/31089). 10 Typically, naphtha

f eedst ocks conprise non-cyclic paraffins, as well as cyclic hydrocarbons
such as napht henes and aromatic corrpounds Under the reaction conditions,

non-cyclic paraffins in the naphtha feedstock readily isonerise into highly

branched hydroc as triptane. It has been found that cyclic
conmpounds are nmumi@ﬂ Wﬂm side-reactions and are 15 hence less likely to
be converted int red triptane product. According to the present

i nvention, there is prow ded a process for the production of triptane,

sai d . process conprising: providing a hydrocarbon feedstock conprising at
| east 1 vol % of at |east one cyclic hydrocarbon conpr.ising a C5 and/ or C6

ring; 20 pre-treating the ByfLocar rplfog]e 81L0F by contacting the

hydr ocar bon feedst ock W‘Fg_a—m?%m——l—n'rﬁe—ggé%@%e of hydrogen, under

condi ti ons silhe aisisentfinventich eelatey & an ingpevédygrot s fbr the peidulhisn 6§ C! i C

hydrocar%gqﬁ?and 128 F EB 2006 WO 03/020668 PCT/ GBBZ/ 03752 1 soneri sing
t

t he pre- %d feedstock by contacting the pre treat ed feedstock with an
Isorrerlsatlorrneaahaldfsztzs%ﬂw@uﬁ%an% isrd rqfyct stream The
hydr ocar bon f eedst ock nay be a hydrocar on strea |ng it he range of

production of unleaded motor and aviation gasoline (see WO 98/22556 and
5 WO 99/49003) Its highly branched structure makes it particularly useful for enhancing
the Motor Octane Number (MON) of fuels.

Various methods for the production of triptane are known. For example, triptane
may be produced by reacting a hydrocarbon feedstock, such as naphtha, with an
isomerisation catalyst (US 3 766 286 and GBl002.'4888.0, published as WO 02/31089).

10 Typically, naphtha feedstocks comprise non-cyclic paraffins, as well as cyclic
hydrocarbons such as naphthenes and aromatic compounds. Under the reaction |
~ conditions, non-cyclic paraffins in the naphtha feedstock feadily isomerise into highly
branched hydrocarbens, such as triptane. ;
It has been found that cyclic compounds are m'ere prone to side-reactions and are
15 hence less likely to be converted into the desired triptane product.

According to the present inire'ntioﬁ, there is provided a process for the production
of triptane, said process comprising:

providing a hydrocarbon feedstock comprising at least 1 vol % of at least one
cychc hydrocarbon comprising a Cs and/or Cg ring;

20 pre-treating the hydrocarbon feedstock by contacting.the' hydrocarbon.fe_edstock
with a catalyst in the presence of hydrogen, under conditions suitable for selectively

opening the ring of the cyclic hydrocarbon; and



50 to 110 C. Preferably, the hydrocarbon streamhas a boiling ra g FEHB ﬁﬂs
ta 105C,. 5 nore preferably 75 to 100C. The hydrocarbon stream rr;g be an
al kyl ate_stream or preferably, a naphtha stream WMore preferably, the -
napht ha &Qgﬁ%&@ a naphtha stream conprising at |east 3®CHGBY2/03752
preferably, at least 50 wt % for exanple, 60 to 90 wt % of C,

hydr ocar bons. The hydrocarbon feedstock conprises at least 1 vol % of at

| east one cyisbmerisif) the pry-dreated feaistooR biy Rgntactihy e Gretresied FéddgtoclPhather abl y,
t he hydrocarbon feedstock conprises 2 to 6Q vol % nore preferably, 5 to
40 vol 94N BRECHERtIONFAR st ihprpduegy triptang-cppaining product esgm.one cyclic

Y donapon, Tk och{oh RENLOKK £y bb Rilyaflabbh su(HARAAREIRMR LBt oY PP

present incl nes and aromati C conpounds. may be
substi t ub@do 1T0C.eReefigrhisly, the hiydmickpon strtzsh bhsiebbdibinh earigedfb0tte 165945 car bon
atons, preferably, 1 carbon atons, nore preferably having 3 or |ess

to 4
carboh = BIGBHRL eﬁﬁ%blbfﬂéttg AP e Biin hydracarbey steeam mpyhe an alyirtmsteaonor Waer e

napht hen p # nsat.ur.at e Preferred
napht henggef%éa ’r%gé}%@ﬂa{ Sontegﬁlycar 5 ng%?%%}g ,tgén‘g%él?%ar%’fe alﬁlaﬁapgth? 8&332“car bon
atons, foompesnagnl leastB80twa %3, prafcbably,alt tuast 5 0SREY, forexampla) 66 %o PO &t YL B

cycl opent.ane, nethyl 20 cycl opentane, dinethyl cycl opentane (e.g.

1, 1-di nepﬁyb’@r%?rbﬁ%t ane, 1, 2-dinmethyl cyclopentane and 1, 3-di nethyl

cycl opent an ]9{&?}: o c xane,

di et hyl cym%gi&a}ééérﬁ%rfﬁggﬁ%c 0 er%%éﬂgﬁ%qn%%ﬁ @%ﬁ%&%ﬁ%%é%gﬁe_.

Pr ef 83 abhydrotdrBomhphihf e U andiot €ptingf Prdferablyd thedaidbsavarbeefdedsask is 0 to 60
w % - nore preferably, 25 to 5 % ,and nost preferably, 30 to 40 wt %
o ros BR800 Yo BRATe R ETeb G (A KON MELEOT RIS ISES000 1 o 35
w % pr geNel o0 : i N ht ha feedst ock
Ty al S0 Sbloam e leadibnl Syl oA Mfindd €l ARFHFCEripd 1 EyBRE " U

cycl openhudiecdrbons thit may be ptesént 1zohadearaphtheBeshintedrbmbtic cympopeist Saeh (e. 9. 2

t 10 wt 99 t t,. 1 A [ 6 to 20 b
b oms, | pPanEps e B Raotr PRy e et e Ko § nol udo.
benzene, chBby 8fdehs, Piet@itly) 1 RENZHBE atoﬁisb%br@éx@?&ﬁlﬂy%ﬁ?igggg?%g%ﬁg c:aﬁd%ene-

Preferably, the aromatic content of "the hydrocarbon s .0to 10
wt % nopensrast eneds pyeferably diagingtlessothand garhowatopsef erred 2 2 8 F E B 2006
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to 5 wt p
naphthenes comprise 6 to 20 carbon atoms, more preferably, 6 to 12 carbon atoms, for

example, 6 fo 8 carbon atoms. Specific examples include cyclopentane, methyi
20 éyclopentane, dimethyl cyclopentane (e.g. 1,1-dimethylcyclopentane, 1, 2-dimethyl '
~ cyclopentane and 1, 3-dimethyl cyclopentane), ethyl cyclopentane, cyclohexane, methyl
cyclohexane, dimethyl cyclohexane, ethyl cyclohexane aﬂd_n—pentyl cyclohexane.
Preferably, the naphthene content of the hydrocarbon feedstock is 0 to 60.wt %,
more preferably, 25 to 50 wt %, and most preferably, 30 to 40 wt %. In a most
25  preferred embodiment, the naphtha feedstocl; comprises 10 to 35 wt %, preferably, 15 to
25 wt % methy] cyclohexane. The naphtha feedstock may also comprise cyclohexane
(e.g. 1 to 5 wt %), 1,1-dimethy] cyclopentane (e.g. 1 to 5 wt %) .and/or 1, 3-dimethyl
cyclopentane ( e.g. 2 to 10 wt %). | .
Where ardmatics are present, they may comprise 6 to 20 carbon atoms, preferably,
30 7 to 12 carbon atoms. Specific éxamples include benzene, toluene, dixﬁethyl benzene,
ethyl benzene and n-butyl benzene. Preferably, the aromatic content of the 'hydroéar‘bon

feedstock is 0 to 10 wt %, more preferably, 1 to 5 wt %. In a most preferred



benzene and/or toluene. In a preferred enbodi nent, the feedstock 6orgs pes
+bot h nap\wcﬂg &@ nd aromatics. 5 The remai nder of the hydrocarbon

f eedst ock {/) tf)%pri se non-cyclic paraffins. Such paraffiB¢d"6B9/®B82m 1 to
99 vol % of the overall hydrocarbon feedstock. Preferably, such paraffins
format least 30 vol % for exanple, 50 to 80 vol % nore - preferably, 60
to 80 volemypdimenthdhtpanhirafepdriogkernganrisek 0 tahevirorpreferatily, hta 2t Phs may

have 4 t 10) ns, preferably, 6 to 10 carbon atons, and nore
pref er abfajc/r,?zegg?%&@p?gieg’%r bon atons. Exanples of non-cyclic al kanes that may

be present i i peféraddsiadiment)tHelfdeist@t-cdaiprRBsbotB naFhthddesRaat ane,
n- hexane, 2, 2- dinethyl pentane, 2, 4-dinethyl pentane, 3, 3-dinethyl
pentane, 3WMAIH; ret hyl pent ane, 2-nmethyl hexane, 3-nmethyl hexane, 3-ethyl

pentage, - NpL A i TENDIyBRXRNE AGTERIY Lo BRI NS, ol B Pt T o

enbodi nent ocar bon “feedstock s a na strea Pising a
maj or pr pol pareffinsfmd7folmdr o W1 196 of therndemliydoscacbomufetdsddek, a C5, C6

d/ d : I f hydr b t hat ‘b t
"l ude. PEgHBn P E S st HgLivo L BOD ™ RGO FAYOL: Froes ont
i ncl ude 081 %% : DN : es of
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C7 hydrocCarbons that may present I nclude 2, pent arie;
4- di met hybveré it 20hearb@y atdmdj prsfdrghlypett Hhearbdn atbms2éhdhinoet preferable) Opent ane,
1, 3-dinethyl cl apent ane,. 2, - 3-di ngt hyl . pent ape, 2-nethyl . hexane,
3" oty 1 chn AP, TR oot F T B e P presejan Blesdiiockng
t ol uene. indRX@YBb-PentBie, @&n&hg‘rgmé&pﬂ%emﬁat 2BYdiRRH BefRte, 20 -'dﬁ%,%thgi met hyl

g
hexane, .and nethgl. hept ane. The hydrocarbon f eedstock may conpri s 25 to
40 vol YPANtaBYBadelimethylpentanerd, 3rdimefhipfpeatangndmntlyd diexaneC3:metbyt o 15 vol %

of a di-Rr hed,,CY; t | .- %.napht henes, apd,. 0 to 5 vol %
aronmat i cls?] ?)?4}‘%’ ?%Eah%P%Iﬁg?eé_ﬁfh%%ﬁ%‘g’s@%(}hﬁﬁngd?]bdclg hDeRIEREs t ock s
contacted W tia preférted ansbodiment thetHyardvagonrfesdstdckly 8 hagitia stier the
reaction conditions, at |east sone- of the C5 and/or ring structures

preséht CAMPHENE ARy eLPIepertioadd {7dwiraspdoss) andta misioy amounteef 8 Gs,fGar m | i near
O coear  MagR L, BOBbb&LGE (EKAh{HEE 1 CERIaSKABR mafiiy BE bibben N ALGERE"®
pentane. Examples of Cg hydrocarbons that may be present include 3-methyl pentane,
n-hexane, cyclohexane and benzene. E;camples of C; hydrocarbons that may be present
include 2, 2- dimethyl pentane, 2, 4-dimethyl pentane, 3; 3-dimethyl pentane, 1,1~
20  dimethyl cyclopentane, 1, 3-dimethyl] cyclopentane, 2,'3—dimcthyl pentane,. 2-methyl
hexane, 3-methyl hexane, 3-ethyl pentane, n-heptane, methyl cyclohexane and toluéne.
Examples of Cg hydrbcarbons that may be present include dimethyl hexané‘, and methyl
heptane. The hydrocarbon feedstock may comprise: | ;
251040 vol % n-heptane; ‘
25 10 to 28 vol % of a mono-branched Cy;
5to 15 vol % of a di-branched Cy;
20 to 40 vol % naphthenes, and
0 to 5 vol % aromatics. .
In the pre-treatment step, the hydrocarbon feedstock is contacted with a catalyst in
30 the presence of hydrdgen. Under the ree-\ction conditions, at least some of the Cs and/or
Ce ring structures present in the hydrocarbon feedstock are se]ec-ti.vely opened to form

linear or branched aliphatic structures. For example, any methyl cyclohéxane present in




WO 03/ 020668 PCT/ GB02/ 03752 the hydrocarbon feedstock is preferaldl8 FEB 2006
converted to 2, 4 dinethyl pentane. Such ring opening reactions have the
ef fect of reducing the nunber of ring structures in the hydrocarbon )

f eedst ok 03820668t pref erably, avoiding significant de- alBEHGBRAITE any
pendant substituents on the ring. Thus, in preferred enbodi nents of 5 the
I nvention, there is substantially no fragnentation of the cyclic conpound.
The sel QLFé h}\/drBé’argtf)n fé&@stbél@ﬁ refefibigcdriafitd W2, Sdiffetiye pahlageat | east 10%
preferab | east % for exanple, 80 to 99 % In addition to the

ri ng- openi nd}upbaogrwnnldggwtlb@ﬁh%é%eff?ﬂ*@féerdéiﬁlnﬁt QBMPPI rgrE hydrogen

across unsat ur at CH

rearrang%‘ﬁ’ﬁ?r’f railg%g%dﬁ rfég§s§oc %ﬂ%ﬁ:ﬁ% E%Ogdrig mrﬁ e feedstock .
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cycl ohexane. This cyclic r’%& und_may then b elned uce, for '

exanpl e, theinfienhgn, ‘b@ﬁt‘%ﬂ’é’m‘m RO, fip ?r?tﬁt@mb%’gtﬁfaﬁgc CHEAT tain both a '

metal fu tik BRferdbS ATBia8 1020NSTkepabIyE 18t p@r f or med
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met al s i % kardgample, BOfo ¥ %.Co, Rh, Ir, N, and m xtures thereof. O

these, Rh, Ir and Ru are preferred r articul arI ref er.red

anount of ne@e@lddér?ﬁltew%wa%’?a?trm%C@iciac?ofﬁ’w AOLYy ?Fé‘i—%‘bﬂf, 0.02

to o Wth &ogegmr r@s%%ta@téﬁ%&dgécéﬁs 3TN n¥byadsh BasdcoRy Qﬁi‘%ﬂ%@' y, .00.1to 1
% unction may be provided by a zeolitic rraterral Such

zeol 10 Crdmhﬂganedm reazﬁomdenexsnpleoa}redbmemmpm it the fpedstack iglescri bed
above. Pref er

the zeo terial avi ng
an S 1 M PRETBHYoEaHE S espaleh sarrisos % SafeyeRteRi, T BEaedt, 08
fromAl, &3 oﬁ’xdr;ﬁ‘ytﬂgﬁ berrd Sled” B pogned) or, exiiripte, AlmethptpéreneSi / Al - ratio of
t he zeolrtrc mat er’l al ? | east 60. Exanples of preferred zeolitic
materi al s arSuld:@é@mnmgenmg ctalysty mnte@lbnteRﬂ%alri%ﬁl‘érqna%d)an 9811g 379 103

ECR - 3 ter S - .2 5 116 590
EECR SSutRbE T gﬁtal Elé“cé‘ﬁf%a%é’@é{}%g%?m% alr@fe,%’@%‘%’?t%9a72 983" (ZSM
- 20 {@it e ghs VIO HEd10 Buable iGreus W1H esdtals Q&ludml% Rlus OspEosRp) Iy Pdsuch as
EMC- 1 an? I\l/§C 2 (Del prat ﬂp et al, zeolites, 10, 546 552@ %&%@d Q her
exanpl es and nsmeatsh@etz%db these, Rh E@Péi@ 3Th Prederae dl%Pﬂrflﬁula 2
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30 oxi de, has an X-ray d raction pattern that
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20 - may be employed to support the metals described above. Preferably, the zeolitic

material is of the faujastic type having an Si/M ratio of at least 30, wherein M is at least
one element selectcd from Al, Ga, B, Zn, Re and Cr. Preferably, M is Al, and the Si/Al
ratio of the zeolitic matenal is at least 60. Examples of preferred zeohtlc materials are
described in US 4 714 601 (ECR-4 materials), US 4 879 103 (ECR — 30 materials), US
25 4931267 (ECR — 32 materials), US 5116 590 (ECR — 35 materials), US 3 415 736
(ZSM-3 tflaterials), and US 3 972 983 (ZSM —20 materials). Analogues of such zeolites
may also be employed, such as EMC-1 and EMC-2 (Delpratop et al, zeolites, 10, p 546
—552 (1990)). Other examples of suitable zeolitic materials include mordenite, Y, beta,
MCMs, clay, montmorrelite materials, and ITQ-6 materials. An ITQ-6 material is an
30  oxide, which in its calcined form has an X-ray diffraction pattern that includes the
figures in the table ;t)elow. The material has a microporous surface area of ITQ-6 (as

determined by the N, adsorption desorption method) of at least 400m?/g, and an external



4 2 8 F EB 2006 Surface area (also determi ned by the N2 adsorptci'rg)r\:E 2006
desorption nethod) of at |east 350n2/g, 1TQ 6 materials are des |bec§3 I'n
detail in PCT/GB99/02567, which is incorporated herein by reference. Table.
5d (Angstrons)1/10*100 9.50i/-0.19f 7.10+/-0.14f 6.62+/-0.13m5.68+/.0.11d
103.97 +/. 0.08f 3.73 +/= 0.07f 3.53+/-0.07nf 3.16+/-0.06m 15 In this table
the letters stand for the followng : f = strong 40 -60% relative intensity
nf= very strong 60 - 100% relative intensity in = nedium20 - 40%relative
i ntensity 20sutiface meollsd deter¥od ' intensity The pr treatnent step is
preferably canried ﬁ@t at 150 tg}%&?‘ﬁ" &‘@"S?s&&@f’am%hod)aﬁatz@stto 3500C.
Pressures of OM'& 3 Sgnaterials wre dessriseDio dp&ilgjpcmmgpgywhgchgqto 151. 7
barg (100 tdn&ﬁﬂﬁm&shﬁéinb?wﬁﬂéf preferably, 6.9 to 103’4 barg (100 to
1500 psig) may 25 be enployed. The hydrocarbon feedstock may be passed over
the catalyst-at a'liquid ,ﬁ%hﬂ’ -l y space velocity of U/l te 10, preferably,

. 0.5 to 535LHSV (h'd'()\ngg'tfb,ﬂaef erred qu ixment, the hydrogen treat gas rate
0 r

0 nm8 of hydrogen per in of. hydrocarbon reactant,

is mai ntained at
preferably, 100 ?386278”??8 of hydrogenfper nB8 of hydrocarbon reactant. 30

Ring opening reagflpen.@re descri bedcin general in WO 97/09288, WO .
97/ 09290 and US %ggi’énl. Once pre-treated, the hydrocarbon feedstock is

contacted with af Pi sat i on m
P 5.68 +/. 0.11 _ ' d
10 . 397+#.008 = ¢
' 3.73 +/-0.07 £
3.53 +/- 0.07 ' mf
3.16 +/- 0.06 m

15 Inthis tabje the letters stand for the following :-

. f=strong 40 -60% relative intensity
| mf= very strong 60 - 100% relative intensity
. m=medium 20 - 40% relative intensity
20 d=weak 0-20% relative intensity

The pre-treatment step is preferably carried out at 150 to 400°C, more prefersbly,
225 t0 350°C. Pressures of 010 208.6 barg (0 to 3000 psig), preferably, 6.9 to 151.7
| barg ( 100 to 2200 psig), and more prgfexjably. 6.9 to 103.4 barg (100 to 1500 psig) may.
25  beemployed. The hydrocarbon f_eedstoc]'c_ may be passed over the cafalyst at a liquid |
‘hourly space velocity of 0.1 to 10, prefersbly, 0.5 to 5 LHSV ). In a-ﬁréfeﬁ?d |
_embodiment, the hydrogen treat gas ratc is maintained af 60 to 2000 m* of hydrogen per
.3 . l ’
in” of hydrocarbon reactant, preferably, 100 to 600 m® of hydrogen per m>of |
~ hydrocarbon reactant. ' ' :
30 Ring opening reactions are described in general m WO 97/09288, WO 97/09290
and US 5 763 73], ' - S
Once pre-treated, the hydrocarbon feedstock is ccmtﬁcled With an isomerisation
catalyst to produce a triptane-containing product stream, |




catal.yst to produce 'a triptane-containing product stream 2 8 F2B BEBWI®,
WO 03/ 020665 PCT/ GB02/ 03752 The i sonerisation catal yst enployed is ]
preferably a superacid. Suitable superacids include Lewi s acids of the

f or nul aWﬁ,"?’,OZ%ﬁﬁre Mis an el ement selected from Goup 1SV/6PR20Y82,5ng 16 -
of the Periodic Table, Xis a halogen,. and n.is an integer of 3 to 6.
Preferably, Mis selected from G oups 13 and, 15 of the Periodic Table. Mre
5 pref er abl y Thgisognesisation eaiglysfemploysd is prefesiably a speragidefSatitabley, is F or O .

In prefer . ' . ' | ' 0] | I ghest

val ency SSP g%gc@\ﬂ?ﬁﬂ{ﬁ sse?éelg% ggth%g?ﬁgﬁg}g%%%%&? n aa%ge?néﬁl?g ]écft?(gd

enbodi merfromGrotye13,rive b5 iand 16 ofithelReniodic Bable) ¥ & anlidgenPiref @ fsahl Mtegbhe Lewi s
acid is enployed i ination with Bropsted acid for. .10 exanple Hai
(wherei n (g%itg -%%{%ﬁé@&i\ﬁ 413 ﬁ%ﬁ%&?m O8P%H Elr,’éjﬁ‘ P#‘ihﬁ(?reﬁﬁé‘tcﬁe@h@s dYipeni ¢
acid and/ ' cetd oG r ut. t

i some?i szﬂ? Iéfg%db%}é%?{/??gﬁ ﬁz;%}é@ﬁ%&c@llf-ﬁr éﬁ’% agﬁ%r%%%gw A .F gim) Igrgfe?rgfl I 0 of

Br onst ed eadiodirhent$ efithe imeindionaM is cpapipyefl imits highett vaRndy statelwih tHer ef er abl vy,

abilto 1l:1 | ar ratjio i.s enployed. .Th mount of the catal yst enpl oyed
with ref éF@ﬁ@g%f’%gFﬂ'e&bﬂ%éﬁ’ ag{%ﬁﬁ%ﬁ%@@ﬁp@;@&pxﬁ&ﬁ%@aem@, Hhge from
about 0. QtidQ sb@0 parts by weight of the catalyst per part by weight of

hydr ocar bon. Preferably, t he anount of cat al %/'st enployed is 1 to 10 parts
by wei ght of Prefarabbyathe Lewisperd ipamplaypd weregrhbination withlayBhoosted bad forThe

I LY Qi .a_dil d |t i . ad bed
on a 1850 Patneliohseife p adRecth Hifbsnftiuf ndo bRttt laRic ont rmy

be used "tdaat aridfor tHAGbroadslicd iR PreReredeasinbes of Siithbld Rt eridaiofRh@lyitopt i mum
results, the diluents may. be pre treated to renove catal yst poi sons such

as wat er g HSSLERRFs and ShBotid sThernolenmtipiof Bronstedacidio Hewigagtdcannc| ude

sul furyl LOf | X .59 f1upr Ak car bons
and m xt ur%.@ée%r%r&faé:é*%# g‘ﬁé ) ?éléfé{éa%?yﬁg |Su§f°ng'?%’ﬁ‘ cﬁ%éh%‘ﬁ&(?yg%ﬁg% sul phuric’
aci d, tridnomme ofitielvandst binpliyed adibdrefenehct e tHel thial albermd hydfcaben vbel used

as diluents. 25 The diluent : catalyst volune ratio can range from about
50: 1 160 may mrge frgmeaboul B10) to PR partyby wetghd ofthe prialwshipen Bast bywgight of
alternati , [ ] i | N Mo rt.
Ay sl | (Sekafon, TREICRRIENAE B o e FIOSE 1 ST e el B e
cat al yst thepaielyst fee pastdytweiphtodiié bydrosarbdthe support nmay be. pre-treated,
such as by heatin 30 chem cal ftreatment. or coati.n ftore

ve
Substant | al | y PSSR BV RS E] a4 PR HgHc. & plited SBlution or adsorbed ona.
solid support. With regard to the diluted catalyst, any diluent may be used that is inert’

20  under the reaction conditions. To obtain optimum results, the diluents may be pre-
treated to remove catalyst poisons such as water, unsaturated compounds and the like.
Typical diluents include sulfuryl chloride ﬂ:-‘noride, sulfuryl fluoride, fluorinated -
hydrocarbons and mixtures thereof. Protic ;acids including ﬂuoroéulfuﬁc acid, sulphuric
acid, trifluoromethanesulfonic acid and the like, themselves, can be used as diluents.

25  The diluent : catalyst volume rétio’ can range from about 50:1 to 1:1 and, preferably,
from 10:1to0 2:1. -

The catalyst may alternatively be incorporated with a suitable solid carrier or
support. Any solid catalyst support may be used that is substantially inert to the catalyst
under the reaction conditions. The support may be pre-treated, such as by heating,

30 chemical treatment or coating, to remove substantiaily all water and/or hydroxylic sites
that might be present. Active supports may be rendered inert by coating them with an

inert material such as antimony trifluoride or aluminium trifluoride. Suitable solid



that .m ght be present. Active supports may be rendered inert byZCB.OﬁFB%ﬁDB
-t hem wi t-mﬁ&/@g&rt mat eri al such as antinony trifluoride %@ﬁall%%m ni .
trifluoride. Sultable: solid 6 WD 03/020668 2 8 FEB 2006 ¥ §37183752
supports include fluoride-treated or coated resins such as sul fonated

cation e . iqs.. flLuori.de-treated acidic al ci.des such as al um na
andl'al um?(n ?Pﬁq?énéi“??,ﬂé’ﬁ‘ge‘ g’f’{?b of 8%?’%‘?5‘??’@5%%’]%@ n%‘?é\?é@"&é@ﬁ%&e a a

zeol i te, esigs, flujdesidated abitic ShulIaed REh 68 hRInSA %&ﬁﬂmhﬁfsilﬂfa&'a@a{ hdidl. any
sui tabl e manner, such as by conventional nethods including dry m Xi ng

co- pr eci predsRpbRolculaRpieRRach 8ha zeqlitorres. datjadiondie, supperteslppiystedacat al yst
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1:35. The isonerisation reaction may be carried ou T%9*%%oc:
Preferably, tWhen pezpported catelystisampleyeidsthe 3¢l rAvCof e TRwas &Si@taley. - 25

to 10C e por.e ref erab -15 to, 5C st_preferably, -10 to 0OC 15
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at | east frompl: ferably, at least 9% For exanple, the triptane
selectivit yc% .be bet%/lveen 9.and 6%‘ %of the initial 20 hydrocarbon
f eedst ock. i'PIBHE AN TR LR IRY PR GaR\rd o8k sl tOrio 188Yst Beaferablyethéescr i bed
i N gener aleadi®hBmpéatutisQ3948 88 Lsk a 31089) and US 3 766
286. 7 2 8 FEB 2006 WO 53?02@628@’5%#@%%%&% t(\%qaqg GYERTROTeA by ocess for
t he produntfemblyf13 td $iC meost peefataliypd03s oeQnpri si ng:
15 The contact time may be 0.01 to 150 hours, preferably, 0.05 to 50 hours, more
preferably, 0.08 to 24 hours, yet more preferabl_y, 0.1 to 15 hours, and most preferably,
4 to 6 hours.
Preferably, the triptane selectivity'is at least 7 %, more preferably, at least 9%.
For example, the tﬁptane selectivity may be between 9 and 60 % of the initial
20  hydrocarbon feedstock. '
Conditions for isomerising hydrocarbon feedstocks are described in general terms

in GB 0024888.0 (published as WO 02/31089) and US 3 766 286.



provi.di ng a *hydrocarbon feedstock conprising at least | vol % of 8afFEB 88t .
one cyclic hydrocarbon conprising a C5 and/or C6 ring; pre-treating the
hydrocar%rbsfoz&%tock by contacti ng the hydrocarbon feeds&,eg}ngog{‘Og\jlstzh a
catal yst inthe presence of hydrogen, under conditions suitable for
selectively opening the ring of the cyclic hydrocarbon; and isonerising
the pre-treated feedstock by contacting the pre-tr eated feedstock with an
i sonerisation catalyst to produce a triptane-containing product stream 2.
A process as clained in claiml in which the hydrocarbon feedstock is a 10
hydr ocarbon streamboiling in the range of 50 to 110 C. 3. A process as
claimed in claim2 in which the hydrocarbon streamis an al kylate stream
or a naphtha stream 4. A process as clained in claim3 in which the
napht ha stream-conprises at least 30 wt 9% preferably, at least 50 wt %
for exanple, 60 to 90 wt % of C7 hydrocarbons. 15 5. A process as cl ai ned
in any one of the preceding clainms in which the hydrocarbon feedstock
conprises 2 to 60 vol % nore preferably, 5 to 40 vol % and nore
preferably, 10 to 30 vol % of at |east one -cyclic hydrocarbon having a C5
and/or C6 ring. 6. A process as clainmed in any one of the preceding clains
in which the at | east one «cyclic hydrocarbon is sel ected from napht henes
and aromati c conpounds, optionally 20 substituted, for exanple, w th alkyl
substituents having | to 6 carbon atons, preferably, 1 to 4 carbon atons,
nor e pref@%ﬁggy having 3 or |less carbon atons and nost preferably having

| ess t han carbon atons. 8 2 8 FE B 2006 WO 03/ 020668 PCT/ GB02/ 03752 7. A
process abk Alpabdeesifornhepraidaetfon of tiplag) saiddspeadebhipyisidghe napht henes
conprise 6 to 20 carbon atons, nore preferably, 6 to 12 carbon atons, for
exanpl e, 6 t Previdingdiydrenashen fpdstedkecomsining ¥ leaskpyohdeofadenst ere 6 t o 20

carbon at .‘%h%ﬁ%%ﬁﬁ’?ﬁl‘ég%{’ﬁf%gaa an%rrl?%%%t, ons. 5 S. A process as clained

inclaim | st "one cycl1 ¢’ hydrocarbon is selected from
t he group consesichting the hydrdcatben tfesusiockblyfephtacting tednidaswarbahi feedsiydk

and 13 3-WEh meriapRt Eye BRI YU DER AL e bl AUOHREERED et hy
cycl ohexagning the ring of the cyclic hydrocarbon; and e _
1somerising the pre-treated feedstock by contacting the pre-treated feedstock with
an isomerisation catalyst to produce a triptane-containing product stream.
2. A process as claimed in claim 1 in which the hydrocarbon feedstock is a
10 bydrocarbon stream boiling in the range of 50 to 110 °C. |
3. A process as claimed in claim 2 in which the hydrocarbon stream is an alkylate
stream, or a naphtha stream. .
4. A process as claimed in claim 3 in which the naphtha stream éo;npﬁses at Jeast 30 wt
%, preferably, at least 50 wt %, for example, 60 to 90 wt % of C7 hydrocarbons.
15 5. Aprocess as claimed in any one of the preceding claims in which the hydrocarbon
feedstock comprises 2 to 60 vo].%, more preferably, 5to 40 vol %, and more
preferably, 10 to 30 vol % of at least one cyclic hydrocarbon havin g a Cs and/or Cg ring.
6. A process as claimed in any one of the preceding claims in which the at least one
cyclic hydrocarbon is selected from naphthenes and aromatic compounds, optionally
20  substituted, for example, with alkyl substituents having 1 to 6 carbon atoms, preferably, .
1 to 4 carbon atoms, more preferably having 3 or less carbon atoms and most preferably

having less than 3 carbon atoms.
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di net-byl cycl ohexane, ethyl cycl ohexane, n-pentyl cycl ohexane, glgelpggrmos
"t ol uene, WJ(POJ?d H&tshyl benzene, ethyl benzene and n-butyl benzene. 9.

process as clarmed in claim1 in which the hydrocarbon feé’@gf(iﬁﬂ%/oé?ﬂ?prl ses
: 25 to 40 vol %n-heptane; 10 to 28 vol % of a nono-branched C7; 5 to 15
vol % of a di-branched C7; 15 20 to 40 vol % naphthenes, and O to 5 vol %
aromati cs’- &@rowswb@lé@@d&s climi riadvhich angpendzna, tbhﬁa;ﬂitﬁéi%d'c&ﬁ fkasms in

Whl ch th | cat al s both a netal function and an
et 2 O B e e a

function atsmpend ﬂrerm@inbtyc mptgmdzeoraﬁnﬁ 6 RF10 ¥RLGIRURL OI?F Eeqabcﬁéﬁyg | '

nmet aI preferabllg sel ected fromthe group consistlng
Rh, frd mi xtures thereof. 12. A process as claimed in cl al m 10

or ol & Mg ol BRI ALY (3 RIOY ded, Py 2 zeol i1Lo muertal.

13. A procias dafs clained in any one o ¥HRgarbpmisahi ch t he

i somer i saseleste Kﬁndzﬁgbmsmnsaﬁtmg@tﬁpwlapdndanelﬂ-}et 1 BYQE653RarRRS din
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Tabl e, X difethylayQgAtandNd e of .3 to 6. 15 A process as
claimed in ¢l a ﬁ% 1%%3 3 \/\Ll tH}l bie él\lgmd?ltse %%ﬁ%}le&a X SaCIoheXa88, conbi nat i on
with a Brdmsthaylicycdohexan® ethé)(l pydaiessng s- pﬁn&ylr@d}ohex@balbehﬂe‘éel tB]u‘QHéCh t he

o TSI Ao s Bl v
9. A process as claimed in claim 1 in which the hydrocarbon feedstock comprises :
25 t0 40 vol % n-heptane;
10 to 28 vol % of a mono—b;anched Cy
5 to 15 vol % of a di-branched Cy;
15 20 to 40 vol % naphthenes, and _
" 0to 5 vol % aromatics.
10. A process as claimed in any one of the preceding claims in which the |
ring-opening catalyst contains both a metal function and an acidic fanction.
11. A process as claimed in claim 10 in which the metal function is performed by using
20  aneffective amount of a Group VIII metal, preferably selected from the group
consisting of Fe, Ru, Os, Co, Rh, Ir, Ni, Pd, and mixtures thereof.
12. A process as claimed in claim 10 or claim 11 in which the acid function is provided
by a zeolitic material.
‘ 13. A process as claimed in any one of the preceding claims in which the isomerisation
25  catalyst is a superacid.
14. A process as claimed in claim 13 in which the superacid is a Lewis acid of the
formula MX,,, where M is an element selected from Group 13, 14, 15 and 16 of the
- Periodic Table, X is a halogen, and n is an integer of 3 to 6.
15. A process as claimed in claim 14 in which the Lewis acid is employed in
30  combination with a Bronsted acid. '
16. A process as claimed in claim 15 in which the Bronsted acid is FIX (wherein X is a

halogen), fluorosulfuric acid, trifluoromethanesulfonic acid and/or trifluoroacetic acid.



