WD 03/ 020668 PCT/ GB02/ 03752 A Process for the Production of Triptane The
present invention relates to an inproved process for the production of

tri ptane.worispr@ee, or 2,2, 3-trimethyl butane, is a hydrocacheBoibats2i s
useful in the production of unleaded notor and avi ation gasoline (see WO
98/ 22556 and 5 WD 99/49003). Its highly branched structure makes it
particularly useful for enhancing the Mdtor Octane Nunmber (MON) of fuels.
Vari ous nethods for the production of triptane are known. For exanpl e,
triptane nmay be produced by reacting a hydrocarbon feedstock, such as
naphtha, with an isonerisation catalyst (US 3 766 286 and GB 0024888. 0,
publ i shed as WD 02/31089). 10 Typically, naphtha feedstocks conprise
non-cyclic paraffins, as well as cyclic hydrocarbons such as napht henes
and aromati c conpounds. Under the reaction conditions, non-cyclic
paraffins in the naphtha feedstock readily isomerise into highly branched
hydr ocar bons, such as triptane. It has been found that cyclic conpounds are
nore prone to side-reactions and are 15 hence less likely to be converted
into the desired triptane product. According to the present invention,
there is provided a process for the production of triptane, said process
conprising: providing a hydrocarbon feedstock conprising at least 1 vol %
of at least one cyclic hydrocarbon conprising a C5 and/or C6 ring; 20
pre-treating the hydrocarbon feedstock by contactlng t he hydrocarbon
feedstock w th a catal ysa Hrocess (e S angen, under conditions
suitable for .sel ectivel the ring,of th clic ocar bon; and 1
WD 03/ 020668 &%&%é%ofreﬂe&?% Prﬁiig‘tlffé"’?ffgof 88f°é16‘°'f{ ?f‘gt ock by
cont act i ngpk ﬁ@ pre-treated feedstock with an isonerisation catalyst to
produce a tr| t ane-cont ai ni n product stream The hydrocarbon feedstock
maybe a hydr obdpthisn 052284 yibwiang, i 3 hedrpeageen Gt isyeefpbingthe C.

Preferabl géq to 105C, 5
nor e pref %&ﬁ) ﬁ%@%ﬁ%ﬂuﬁ%ﬁ@%ﬂ%rOCgﬁgﬁ&%é%QﬂQﬁ?ﬁ%ﬁs éﬁ al kyl ate
strean OWO 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 GB 0024888.0, published as WO 02/31089).

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

According to the present invention, 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
cyclic hydrocarbon comprising a Cs and/or Cs ring;

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

opening the rihg of the cyclic hydrocarbon; and



preferably, a naphtha stream Mre preferably, the naphtha streamis a
napht ha stream conprising at least 30 wt % preferably, at |least 50 wt %
for exanpiwe, 0366 90 wt % of C7 hydrocarbons. The hydroeamrhaBo2iogmsdst ock
conprises at least 1 vol % of at |east one cyclic 10 hydrocarbon having a
C5 and/or C6 ring. Preferably, the hydrocarbon feedstock conprises 2 to 60
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than 3 carbon atons. napht henes are present, they may be saturated or

unsat ur at@ere prefefably Blto 10901 Mhaagdiocarpoi stecabn may BO an alldytate stteans or nor e
preferably, 6 to 12 carbon atoms, fqr __exanple, 6 to. 8 carbon atons.
Speci fi ¢ BrEmhlne napbibagecan.c Mopepekuably ie Rihthostrspm 1§ 3dPaila stepthet hyl
cycl opent I et 0 a - g to O G OpENt ane
and 1, 3-%ﬁrperfsﬁﬁgatéiag\l%%g?oéﬁgé)f;grxgllly h@ﬁ%y?ﬁ%%ﬁtfgrne,a yéc]?(sgh%gag‘)é,/prgrgt hyl
cycl ohexa@ehydtosmetbdng] cycl ohexane, ethyl cycl ohexane and n-pentyl

cycl ohexane. Preferably, the naphthene content he hydrocar.bon feedst ock
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conpri ses preferably, 15 to ""25 wt % net hyl cycl ohexane. The
napht ha feaegsisesR toré§ val %pmotapefesably pob dRephite and moge pretarably, Mytod),

1, 1-di net hyl cyclopentane (e.qg. 1.to,5 W 9% .and/ or .1  3:dimethyl

cycl opent ¥ e/°Pg?‘tgl?gsgOP%cwgﬁyg%?erg?‘@n%?(QﬁP%§%répggpﬁé’gié%t, t hey may
conpri se Byd:GcatGbrz dhAAh enPhEfgE s itheneSthdarbalie coapb@its 2SS -
Speci fic exanpl es include benzene, tol uene, dinmethyl benzene, ethyl

benzene asmmppunds yiay e wulesticutedfer enaaipley withrdkod subsiityeatscmvingnt todt t he
h O oF R ol SS5uab eelt SBS A RASTATES BhR Bth,  @
f eedst ockatepRRAH RSt Prete@aty Wavilg less @heBalthon abrho 2 Wt % benzene and/ or
toluene. Where naphthenes are present, they may be saturated or unsaturated. Preferred
naphthenes comprise 6 to 20 carbon atoms, more preferably, 6 to 12 carbon atoms, for
example, 6 to 8 carbon atoms. Specific examples include cyclopentane, methyi
20  cyclopentane, 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 and 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 feedstock comprises 10 to 35 wt %, preferably, 15 to
25 wt % methyl cyclohexane. The naphtha feedstock may also comprise cyclohexane
(e.g. 1 to 5 wt %), 1,1-dimethyl cyclopentane (e.g. 1 to 5 wt %) and/or 1, 3-dimethyl
cyclopentane ( e.g. 2 to 10 wt %). ‘
Where aromatics are present, they may comprise 6 to 20 carbon atoms, preferably,
30  7to 12 carbon atoms. Specific éxamples include benzene, toluene, diméthyl benzene,

ethyl benzene and n-butyl benzene. Preferably, the aromatic content of the hydrocarbon

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



In a preferred enbodi nent, the feedstock conprises both napht henes and
aromatics. 5 The renai nder of the hydrocarbon feedstock may conprise

non- cycl iwopasnafehg ns. Such paraffins may form1 to 99 volPCxGH20b®s20ver al |
hydr ocar bon feedstock. Preferably, such paraffins format |east 30 vol %
for exanple, 50 to 80 vol % nore preferably, 60 to 80 vol %of the
hydrocar bél?b &%@ﬁtt ﬂﬁiﬁapﬁtﬁs FRAOEY 6hSrife8 0ab &iviAS. ¥ferdtay @ b A9t 20 carbon
atons, prefe 'y, 6 to carbon atons, and nore preferably, 6 to 8 10
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pent ane, zZofRtikyl hexane, 3 met hyl hexane, 3-ethyl pentane, n-heptane,
di et hyl hexane, and neth heptane. In a pr ef erred enbodi nent, the
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of C7 hydggsarbans. nadodh 11096 ARURQN A RarBr LTS hydr ocar bon.

Exanpl es ydr ocar t may be prese I SO- pent ane.
Exanpl es Blfef@@blyysﬂlbbparraﬁhfﬁohhat lenm B Olvel mé@mthpregﬁﬂdemvm&)hmbrepent ane,
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C7; 20 to 40 vol % napht henes, and vol % aromatics. In the
pre- tr eat hevanest-eyl pmainhym}hwamdadnnﬁtbiéd@ﬁmamémthﬁ heptae-wi t h a cat al yst
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structures. exanpl e, any nethyl cycl ohexane Present in 3
and/or Cg hydrocarbon Examples of Cs hydrocarbons that may be present include iso-

pentane. Examples of Cg hydrocarbons that may be present include 3-methyl pentane,
n-hexane, cyclohexane and benzene. Examples 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-dimethyl pentane, 2-methyl
hexane, 3-methyl hexane, 3-ethyl pentane, n-heptane, methyl cyclohexane and toluene.
Examples of Cs hydrocarbons that may be present include dimethyl hexane, and methyl
heptane. The hydrocarbon feedstock may comprise:

25 to 40 vol % n-heptane;
25 10 to 28 vol % of a mono-branched Cy;
5 to 15 vol % of a di-branched C;
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 hydrogen. Under the reéction conditions, at least some of the Cs and/or

Cs ring structures present in the hydrocarbon feedstock are selectively opened to form

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



WO 03/ 020668 PCT/ GB02/ 03752 the hydrocarbon feedstock is preferably
converted to 2, 4 dinethyl pentane. Such ring opening reactions have the
ef fect ofwpadoeiésgy t he nunber of ring structures in the RgarGRIA0OBBA

f eedstock, whilst preferably, avoiding significant de- al kylation of any
pendant substituents on the ring. Thus, in preferred enbodi ments of 5 the
| nvent i Onthetﬂgf@fcfcafb%n%%foémé ﬁ%fdaﬂ?c@ﬂ@ﬁ@@fﬂ@u @hetfyl bBRage/Cl i ¢ conpound.
The selectivity of the ring-formng reaction’is prefyerably at | east 10%
preferably, a$udhgingtopsoingieactions bavertpé effecs@f regugigg dhe mnnlz@mfnmgn to the

ring- openl react esc d ,ahqv ) addi t.i o hydr ogen
or aser ansiss BbEBuiSeabhn FEeRS Sl RLE T ol kfPeftgs 10

rearr angeﬁ'ﬂtglaubﬁ@ﬁﬁﬂ}oﬁtﬁldalﬂ@hbﬁitﬁéﬂ@i én th@rmgbarme rg pperfe@ecn&mbdsulmfaﬁtsfoeedst ock
is preferably hydrogenated under the reaction conditions to form
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metal functron uncti o metal fun e perforned
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netal s i ncI ude Fe, and her

these, Rh, |rhlaaﬁ!éltm tarﬂée B%Pm%reawoq %Sﬁaw.aém%mfx rﬁﬁ 413@10 The
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an Si/Mr %E)l'ﬂﬁOlﬁId Bhy {h%ﬁ%ta “3 neWN gy fofudd fop eﬁ&mbl@aﬁneﬂ%ﬂ%eﬁﬂaﬁmm sel ected
fromA , G, Zn . Preferably A, and'the Si/Al ratio of

the zeolitic Srmtaé:ﬂct xangﬂoselang tasalysts wlta@bgzﬂw é@taéf\lf}ﬁlélﬂ and aglacidigl i ti c
n US 4.714 ECR--4 nmat rlals 879 103

t |
(Eer - 5o fichigp| TREhcb Gudoy Rt penbrSitied iR de FRPM R iouot 712 500
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(ZSM -20 material s) Analrcggues of such_zeolites my al so be errpl oyed such
as EMC-1 andnmnmres thaneotn QftthpseeRh.dr ang Ry re pisferred, Iijs pagiculasly prefoned) ) |

CLrer cran ool b LaPLAHS ) P i 2Lpy IS8 UEARD s PEL2,
is an 30 @NI‘}G,&noﬂM}jrﬁhrably 0t0s to 8lveti %addfrrmsnpﬂa&salﬂn 04 taywdi%.f racti on pattern
that | nCl udes f Q gCld function may be provided by a zeolitic material. Such zeolitic materials
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 selected from Al, Ga, B, Zn, Re and Cr. Preferably, M is Al, and the Si/Al
ratio of the zeolitic material is at least 60. Examples of preferred zéolitic 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 5 116 590 (ECR — 35 materials), US 3 415 736
(ZSM-3 materials), 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 below. 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



figures in the table below. The material has a mcroporous surface area of
| TQ 6 (as determ ned by the N2 adsorption desorption nethod) of at | east
400n2/ g, wod3ameext er nal 4 WO 03/ 020668 PCT/ GB02/ 03752 suwcCrask»2asma (al so
determ ned by the N2 adsorption desorption nethod) of at |east 350n2/g.

| TQ 6 materials are described in detail in PCT/GB99/ 02567, which is

i hcor por a i : . *100 9.50
+- 0.19 %‘ﬁ%’.c%‘te%/@sgﬁiﬁﬁﬁﬁ’%gng"f/g%ﬁfg‘pflﬁgf dgs.o +S‘¥létgg&i))1°ﬁda/t 00,47 0 08
f 3. 73+/ 38087 f IT@-6aRaterials @re0ieseribed 3n d@ait in POTAEBIHO2B 7} whichiis t abl e t he
|l etters stand for the followng :- f = strong 40 -60% relative intensity nf
= very st MSAPosHed harppdyefefi¥e intensity in = medium 20 - 40%rel ati ve
intensity 20 d = weak 0 Tu8@%relative intensity The pre-treatnent step is
preferably carried out at 150 to 400C, nore preferably, at 225 to 350C.
Pressufes of 0di(Ango@womssi g, pref eddbfip0 100 to 2200 psig, and nore
preferably, 10géltpo ﬂ@?g psig may be frrpl oyed. The hydrocarbon feedstock may
be 25 passed o TheRat al yst at a Tiquidhourly space velocity of 0.1 to
10, preferably719.H5-094 5 LHSV (h-1)f In n-a preferred enbodi nent, the
hydrogen treat gas rate is maintained at 60 to 2000 n8 of hydrogen per n8
of hydrocar bon6f6@at't &8, preferably, ™00 to 600 n8 of hydrogen per n8 of

hydr ocarbon re t i ng opening rgactions are described in general in WO
671 06585, IO 69180508 1 50 anduss ras7is.

10 3.97 +/- 0.08 f
3.73 +-0.07 f
3.53 +/- 0.07 mf
. 3.164/-0.06 | m

15  Inthis table the letters stand for the following :-

= 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 4005C, more preferabiy,
at 225 to 350°C. Pressures of 0 to 3000 psig, preferably, 100 to 2200 psig, and more
preferably, 100 to 1500 psig méy be employed. The hydrocarbon feedstock may be

25  passed over the catalyst at a liquid hourly space velocity of 0.1 to 10, prefefably, 0.5 to
5LHSV (b™). In-a preferred embodiment, the hydrogen treat gas rate is maintained at
60 to 2000 m’ of hydrogen per m’ of hydrocarbon reactant, preferably, 100 to 600 m’ of
hydrogen per m’ of hydrocarbon reactant.

Ring opening reactions are described in general in WO 97/09288, WO 97/09290

30 and US 5763 731.
Once pre-treated, the hydrocarbon feedstock is contacted with an isomerisation

catalyst to produce a triptane-containing product stream.



Once pre-treated, the hydrocarbon feedstock is contacted with an

i sonerisation catalyst to produce a triptane-containing product stream. 5
WO 03/ 020w633Pwht&B02/ 03752 The isonerisation catal yst emrpraBsd/03752
preferably a superacid. Suitable superacids include Lewis acids of the
formula MX,, where Mis an el enent selected from Goup 13, 14, 15 and 16

of the Peri odirge &ahletisattinScathl s bRGRYed 1s§ﬁ‘€lfefhb'l§5a peltiE9Stitab® 3 to 6.
Preferably, Mis selected from G oups 1 of the Periodic Table. Mre

5 pref er asPperagigly iscloge Lewireaeidscofthe 10rmuBMEs, wheraMiispnefanetiisglected F or O .

In preferr, n | oyed.in its, highest
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enbodi mentof 8fto bh@réferablyt M)fs selebied i@t Sroupeil 8 ahd 1 SbFhe F%h@fiﬁr?ébhé{ Mbhe Lew s
acid is enployed in conmhination with a Bronsted acid for 10 exanple HX

(wher ePn W‘Pf?ahlyh%[ Bg®n)X 01y s o S Biatilcandgiraterably. fis Bor &]reflhﬁrﬁ@ﬁ?ﬂf oni c

somer | sat oo s ERE Fhi RN i R BERER Rty SUMARME. o o
Bronst ed aclected balbgen. sTlasi th canst prefhuged Embodimbnidf tROintehtdon] 11 Ldwief er abl y,

ab51to 1: mglp@r ratio is enployed. The anount of the catal yst enpl oyed
wi th refePEfdd the total anount of hydrocarbon used 15 may range from

about 0.01 topl3Q.p9! the L%lé’\ﬁ'dlgmen%lo%éaEinQ%@ 1¥fibn Rt 4 ohstBY a¥fRisght of
hydrocarbon.. Preferably, the anount catalyst enployed is 1 to 0 parts

by weil@ht egfmpled#X ¢whereinsX lt’p@halp@ﬂnﬂ ﬂ)}ormfghc agifl, trifleotopcktbamsidtimic The
cat al yst - dsor bed

on a sol |a81ydsaﬂ?§/6)6?rt‘€uc%fs"#‘? Fé‘&grg ?f%‘g?dn%@mpf‘ﬁt"é 1&%@%%9@3“3%@%8% nt may

be used t had HE©;F-8BF} ancﬂs)omrmiler ThéW@ole 2o ABreAed di@BSLewR aeft@hn opti mum
results, the diluents may dgre treated to renove catal yst poi sons such

as wat er, repgsdiam abad 2@dn59du§1 egmebly.hed: 1 itk ks mqiylpﬁa@gus elnploged. sThencl ude
sul furyl” il ant o Lok Ao LWL LHord e £ ool i By ocar bons

and m xture ereo phuri c

acid, 16ri fnha;qmgmﬁrdsmraesw (.0Niocl 0Aqiacts af dveﬁg)ﬂ; of tHeQatauﬁEﬁanaﬂe@ wéight dfe used
as d| | uents 25 The_diluent : catalyst volunme ratio can range from about

50: 1 to 1:hydiggerbop Breferablyythe amoypd Gifc‘?at_‘fﬂ)f%erzplpyedmel tod0ayts oy rregight of
al ter nati yel s fiGsBEOHPEY Aol 8 hBndasuibaR! e sol id carrier or

The catalyst may be used as the neat liquid, as a diluted solution or adsorbed on a

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 fluoride, sulfuryl fluoride, fluorinated
hydrocarbons and mixtures thereof. Protic acids including ﬂuorosulfuﬁc acid, sulphuric
acid, trifluoromethanesulfonic acid and the like, themselves, can be used as diluents.

25  The diluent : catalyst volume ratio can range from about 50:1 to 1:1 and, preferably,
from 10:1 to 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



support. Any solid catal yst support nmay be used that is substantially inert
to the catal yst wunder the reaction conditions. The support may be
pre-treatwo,03o2mh8 as by heating, 30 chem cal treatnent or PCOaiBRHI7TSLO
remove substantially all water and/or hydroxylic sites that m ght be
present. Active supports may be rendered inert by coating themw th an

i nert nmat enp@irtssndbdafuarite-t@iad drrdobied sitbauoh aablfinaied Batién Elcuandede.

Sui tabl e sol.id_6 V%) 03/ 0%06 8 PCT/ @02/ 03752 . supports include

fluori de- P dyoude-treated acidisshalsidss sishas alyming apd alyminesilinatasxatdasise
resins, fl I
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e.g. fauj éoslptwareﬂhe asuplptﬂbﬂ@mam,aduyhasbxcamnvebéonm mﬂmﬂd indhuding dsui tabl e
manner . such. as convgntl onal %hod i ncludin 5 m xi ng

co- predi pitatiEof é’f SCIPHB EY R BRE" AN orfe i d ﬁ@%ﬁ?ﬁ&?ﬁabﬁt Bat al yst
is  prepangshaldd by mireRatihpe sditibk a@a@dlﬁatécﬁﬁ%bbﬁ%&fia RHRIP Alubrid M&g% met al
fluoride such as antinony pentafluorid then wth a Bronsted acid such
as f I uor ogulimgny perieflupriderad thenswifipe Bretedaicil spsh ab Suermptifyradacid.he wei ght

rati o of the t suppor t efr 100t 1: 10 and
preferably, from. f%@béjﬂeaﬁ a%ag%tﬁe ﬁl/@}’%in?ﬁé,‘ﬁﬁaﬂ I%Ogﬁ}t 5"1%?‘8 %8 acid to
the supporstpporymapRgge fioain 10060110 add pRamsly, REAI LSRR 35 ThOW ht50 to

1: 35. -The isonerisation reaction may be carrled out at -50 to 100C:

Pr ef edfbl yatiq ¢fdhe Beepstadasid @ﬁb@ﬁweﬁénwan@fr@m 12518, torfotGanst, efeferablyy, - 25
to 10C, evgrp, MBpg, 1RGeferably, -15 to 5C nost preferably, -10 to 0C 15
The contact tine may be 0.01 to 150 hours, preferably, 0.05 to 50 hours,
more prefer ab?hmsoﬁleﬁgattdh rBﬁ’ctﬂtbﬁlﬂlﬁ@beMﬁmdﬂmﬁ aPL RS @ WDPE, Phofdrablg, dre hours,
and nost preferably, 4 to 6 hours. Preferably, the triptane sefectlwty IS
at | east '!ea%lomriﬂi@ep?rtélfegiﬁ abl tp, 238€, measpreB96bly,Fab tekefithlegen toee t ri pt ane

selectivit bet en 9 an % of t initial 20 hydr ocar bon
feedstockgﬁyt rmf’%é?’r@g{ag? i)Ong?cpr gcar bon feedstocks are described
in gengral terps ﬂt&l:t%e%@ £88.09 16 RSPhdE g S 3 766
286. 7 WO 03/ 020%%8 PCT/ GBOg/ 03752 Q%eﬁﬁbWOQ%%% I’Saﬂl(li)réJ

preferably, 0.08 to 24 hours, yet more preferably, 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 triptane 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.



Clainms : 1. A process for the production of triptane, said process
conprising: providing a hydrocarbon feedstock conprising at least | vol %
of at | eawD 0dneo66gycl i c hydrocarbon conprising a C5 and/ olPCTE&B2/08752
pre-treating the hydrocarbon feedstock by contacting the hydrocarbon
feedstock 5 with a catalyst in the presence of hydrogen, under conditions
suitable for selectively opening the ring of the cyclic hydrocarbon; and

i sonerising the pre-treated feedstock by contacting the pre-treated
feedstock with an isonerisation catalyst to produce a triptane-containing
product stream 2. A process as clained in claim1l in which the hydrocarbon
feedstock is a 10 hydrocarbon streamboiling in the range of 50 to 110 C
3. A process as clainmed in claim2 in which the hydrocarbon streamis an

al kylate stream or a naphtha stream 4. A process as clainmed in claim3
in which the naphtha stream conprises at least 30 w % preferably, at

|l east 50 wt % for exanple, 60 to 90 wt % of C7 hydrocarbons. 15 5. A
process as claimed in any one of the preceding clains in which the

hydr ocarbon feedstock conprises 2 to 60 vol % nore preferably, 5 to 40
vol % and nore preferably, 10 to 30 vol % of at |east one cyclic

hydr ocarbon 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 ¢ compounds, optionally 20 substituted,
for exanpl@aimsth al kyl substituents having 1 to 6 carbon atons,
preferably, to 4. carbon atons,. nore gﬁgferably having 3 or |ess carbon

|
at ons and o POt oF HigRrodyckion gl trintane, Y progeS £OBMRSEEons. 8 WD 03/ 020668

PCT/ GB02/ 03753 oviding ayfRabod TodisRLEB npisift & 1938 11v31 WhbE4 14 endently,
t he naphthenegn%o&g??sga6 tg f% carbonngg%n%, nnre‘%rgggggg%g, to 12
car bon at ayslic hydroebormpé@nprisinga €5 amd/xols rimg;ons and t he aromati c conpounds

compri se 6'L0,20, CARAN, B ME.BI BLELAbl LR I8, RN BRTRL D 8 A
I's sekectyith h EARNYSNE (B eRneoBFhylrbse, Bhdes ¥EhRREM ANGbleTBL fidctively
cycl opent ane, di net hyl
opening the ring of the cyclic hydrocarbon; and
isomerising 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 hydrocarbon stream boiling in the range of 50 to 110 °C.
3. Aprocess 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 comprises at least 30 wt
%, preferably, at least 50 wt %, for example, 60 to 90 wt % of C; hydrocarbons.
15 5. Aprocess as claimed in any one of the preceding claims in which the hydrocarbon
feedstock comprises 2 to 60 vol %, more preferably, 5 to 40 vol %, and more
preferably, 10 to 30 vol % of at least one cyclic hydrocarbon having 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.



cycl opentanes (e.g. 1,1-dinethylcyclopentane, 1, 2-dinmethyl cycl opentane
and 1, 3- dinethyl cyclopentane); ethyl cycl opentane, cycl ohexane, nethyl
cycl ohexawe,o03/ogliép®et hyl cycl ohexane, ethyl cycl ohexane, n- pemtGH02/03752

cycl ohexane, benzene, toluene, 10 di nethyl benzene, ethyl benzene and

n- butyl benzene. 9. A process as clainmed in claim1l in which the

hydr ocar b > { s . % R- X £.0. 28 vol %
o?‘/ a mno%réﬁgﬁgﬁoﬁg ﬁﬂg@éﬂoaﬁn \%If %&%ﬁ n(géggl:{(?%]Flgrl@ﬁg%&%§§&%8n§eog4o vol
% napht herte2( carbdn aﬁ)m@n@m/pﬂefe%tdy,(ﬁmt]iZo&rbolﬁhto:ﬁs,ﬁbﬂ@mlaﬁt@lgaiafmﬁll in any
one of the preceding clains in ich the ring-opening catalyst contains
both o GHLET g Al AR HCTEGHE 616 RD Crpon AopRoBedaabE. Tiontmod | n
claim 10 iyMkisedind he nmetal function is performed by using 20 an effective

amount of a Group VIII netal, preferably selected fromthe group
consi sbi ng- ok prasessRg,cladmed @oglaRh7 in whichithe Rdeastiok eickit hydwcatben éof . 12. A

| ai;ped j,n claimi0. | ai 1 i ich th id. fungtion is
b ovi ded pe B TR ko arrufe ofaBloRpret P SDebrrnar. iy one of
the precediys@pédt@icdge.gnl, MiibthlReclbs@n@icl 53 Hdibthyd2ySidbidil anlds, 3-

superacid. 14. A process as clained in claim13 i'n which the superacid is a
Lewi s aci dligethyheyclapspianelacthid cxsinpentans,icyclahednemethykeyicksdesanef r om G oup

13, 14, 15 L.adi b i hal ogen, and.n is an
i nt eger 01!‘% 1@9@811%&5%%}%, %tggfcée};s%g;hg)é&%f Jé_g)rer%@ .&ﬁkgﬂeé??ﬁ: 15“??{16%%}‘1:%61 he Lew s
aci d i19 enjiinothgbbdnaene3 Bthybimnzad andm-bhty hbezBfeonst ed aci d. 16. A process as

claimed in claim115 in which the Bronsted acid is HX (wherein Xis a
hal ogen), rbf ABF%&W 3 §aimed ) glaing | i Wish sl yiipeashor %ﬁé%owompaﬁw or

trifluoroacet hg 384 Yol %n-heptane;
10 to 28 vol % of a mono—b;anched Cy;
5 to 15 vol % of a di-branched C7;
15 20 to 40 vol % naphthenes, and
0 to 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 function.
11. A process as claimed in claim 10 in which the metal function is performed by using
20 an effective 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 HX (wherein X is a

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



