se3e(, Lx&T(”j[ 0 9 MAR 2004 1 A process for the manufacture of n-al kanes
from m ner al and a catalyst for performng the process 5 The
subj'ect natter‘mmm le tion is a process for the nanufachg{ﬁ f

n- al kanes from fractions and fractions fromther éﬁ?&ﬁ

catal ytic conver5|dﬁ“&Pants cont ai ning cyclic alkanes, al kenes, cyclic

al kenes and/or aromatic conpounds as welll as a new catal yst for 10
perform ng the process. In the past fem/years the speci fications for

mneral oils and fUglpricess Hfeo 0 : alkahesf or exanpl e,

| ead- cont ai ni ng adm xture ar e no_Io ger tg be ntsS|bI- as anti-knock
conpounds. This nakes it =etr ¥ . Li-amir- e s of notor fuels to

nmake avail abl e nodifi Qdcat@qw$d@h§%ﬂ&%ﬂ1& 't'heh%e%t ane nunbers and
a sufficient knock resistance of the fuel. account of the changes in the
processes, today 20 fuels having a sonmewhat hi gher content of aromatic
conpounds ar gqu; r e I

cont ent s§of %}oma |j’caé%céjonrt[?)éoicutn ’lfqaéhé %ﬁ%fé"ﬁ {éj és%ggér:%‘gf% fge:;%%l ng on
the type (eln@nuﬁ@charésqﬁenyalkan@@rdammtmmnanamrnmﬁtﬁmuuﬂimnsnamm 25
Lhal 1S Per kool bl endl dichecBholiaP WbV XELIELC) Lol dabaniegh L Lut ur @
to fix limting values concentTations 6 orati e "Coipoln uel s.
As a result c¢dretaimssy (msc]afc @ldweateisG ediqeoesdscgotiicadl kate30adads ot ng
conpounds are ere d. o satlsf t hese s ficatpons have
to have a ré%ﬁé%ﬁp§Fea%$%$8§§8Fe a8 I%ﬁE} f?ﬁal bolF¥ ngCPb % %¥S%nd£?ﬁduced
cont ent $0 of péefonainyevhkel paodesther aromatic conmpounds. 0 9 MAR 200 2
Such fuels are to have a content of aromatic conpounds of 35 o by vol. or

| ess. These specifications can only be attained if large 5 anmounts of the

aronati c CONMPOUIKIS put eﬁ@maym% ftole epeicidient iahkphati ki #OFRDUSLSSs Or
boosters e.g. nethyl tert. butyl ether (MIBE). |In accordance with _the

previ ous prl%@dfuﬁuQ%sl§a¥?pé#¥FWec§ﬁ@g@@brt@otﬁﬁbd%ﬁée$%e¢§aﬁvchf@ﬁ
aliphatic cogpawpds, The eoRMai¥fing admixtures are no longer

15 permissible as anti-knock compounds. This makes it

necessary for the manufacturers of motor fuels to make
available modified processes which result in higher
octane numbers and a sufficient knock resistance of the
fuel. On account of the changes in the processes, today
20 fuels having a somewhat higher content of aromatic
compounds are manufactured, so that the present fuels
generally have contents of aromatic compounds of up to 60
% by wvolume or more, depending on the type (e.q.
normal/super) . In Germany the maximum benzol content

25 that is permissible at present is 5 % by volume.

It is 1intended in future to fix 1limiting wvalues for
concentrations of aromatic compounds in fuels. As a
result the emissions of aromatic compounds and radical-
30 forming compounds are to be reduced. Fuels which satisfy
these specifications have to have a reduced steam
pressure, a lower final boiling point and reduced

contents of olefins, benzol and other aromatic compounds.
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10 aromatic conpounds in the fuel was previously the neans of the choice in
order to be able to achieve the necessary octane nunbers w thout addi ng

| ead. Therefore in future there will be a considerabl e boosterl $¥Ru2Bt i on
for the manufacture of fuel. However, the 15 pernmanent purchase of boosters
al so signifies a significant econom c disadvantage for the fuel

manuf acturer. On account of the reducti@n in the content of aromatic 20
conpounds in fuels, fractions rich in aromati ¢ conpounds have to be

suppl i ed forSuhnéwelse aréheonhanepaocententt &iropsmdtorc tdgpyuedisctdon of

et hyl ene an% ropyl ene is the thermal cracking of naphtha in olefin plants.
During this 5fdb s Pyt vy (heavy) petrol rich in olefins 25 and
aromatic compounds inter alia is produced. In the past this was adm xed as

a hi gh-oct ag@ constituent to the notor fuel. Wth the introduction of the
new fuel spddiSSiSatPsts i@ tdoM®entcads QRoat Pe cobpdimesd ik t H@nas or f uel

i's to be | i mniRtht 50 olhat n¥RYS HRA 1 S O Ut i 30 éyeplé(xé%%é%ol Ls

(heavy) petrol for another use with high value creation. 2004 3
Various pro@Bséaligit  abiphatiaccoreogndsorpyeddstans esg-~almediasl from

mneral oil Jdgacti epg whi ghpeont ?EESB%%JCI ic ki%gg%%g%l onRtd,c GQupounds

are known fromthe pricor art. 5 Thu S 5,8 es ‘a process for
t he manuf actPevigiusl pphari srtudlts i texkpovwelve oatenteati aws pofodarammat i ¢

conpounds a ovwar..bok Li i I e ess hi gh- boi |
napht ha con{fg’lrﬁlgl s\éggr?ve!rlbe?}%ﬁis%b{}foﬁeo@ﬁa‘nd o@ﬁgr ?(grb %’?%f ﬁrﬁ
deri vatilves aamhattie compenindst ioy dhiec fueipowsdp Hess icondivdertab| yna=atiiced.
For the manuyfacture .hese,fuel _constituents e naphthg fractiqn is
firstly subj%e%t té%let ogg“’}%?%r ob%na?’f%%rvitao a%‘?yd?bggnaﬁgorﬁ‘%b]tea‘@stt%% or der
to convert teeemsargt octihec aumends wdlthaiuteddiugy V=@ .cyaHaraddene
conpounds. FEor tgig hédr enation.f not nal hydraﬁen tiog catal yst is used,
whi ch pref erdbl y-B8bRESi n Sl Bt tenPiged f r GRATERECHRALPNUMRSREF such
as, for exangresunptaidmufivor pahbagianr actilienidm £Edpdi UBowes@iymad
|r|m|ﬂ1ﬁ1hese 20 netals are situated on an inorganic oxide carrier which
a

preferabl y ESTEANEN L BREMAPEM B8 dePORFERESt hdfRIr o§EBREF bASt héd

sel ective | sa-qarefdddt syrddasdmid s REISvEtdde @ sgpond digact igp st age.
For 25 this an isoparaffin synthesis catalyst is used, which may, for

exanpl e, cofsidtfasitureseolite of the type MOR FAU, LTL, MAZ, MEL, MFI, MIW
and Beta. In this case the zeolites MOR, FAU, MAZ and Beta are preferred.
Such zeolite types are known fromthe prior art and are 30 described in the
fol | owi ng p&lerdcepert f PEathensqUS U, aB83iBsBhandousent 8, S0bnaNGR] , US

e A N e e
have to be supplied for a new use. The main process in
Europe for the production of ethylene and propylene is
the thermal cracking of naphtha in olefin plants. During
this process a pyrolysis (heavy) petrol rich in olefins

25 and aromatic compounds inter alia 1s produced. In the
past this was admixed as a high-octane constituent to the
motor fuel. With the introduction of the new fuel
specifications the content of aromatic compounds in the
motor fuel is to be limited, so that ways were sought to

30 supply the pyrolysis (heavy) petrol for another use with

high value creation.



0 9 MAR 2004 4 3,702,886 [MFI] and US 3,832,449 [MIW, US 3,308,069/ Re 28
341 and US 5,095,169 [Beta]). The easily volatilised products of

i soparaffin synthesis 5 are separated, and the not easily vol aid MR 2004
content is supplied to a ring opening stage. For the ring opening a
non-acid catalyst is used, which consists of Pt, Pd, Ru, Rh, Gs, Ir or

m xtures thereof on an inorganic oxide 8nd/or a zeolite, but preferably 0.9
o by weight Pt and 10 0.8 K on theta-al um ni um oxi de. Non-acid, w de-pore,
i.e. not shaperbsehecproecgeesi fos, theeiranalflartrew idfe rgn-ares lisedhaed
zeolites. The, pr cts_of. the ring_openi e ain suppljed for selective
i soparaffin %@%T%@g?lie.s 155" tﬂén%Fg es%{'gl %ﬁé&l nﬁen?ﬁgghco‘?@ﬁa{‘ﬂént s are
manuf act ur eccyyl ird red kepess REdaNd rogapacatbinposyas hesé Sknowrer £m highl y
branched i so-al kanes are to be produced as far as possible, wthout

reduci ng t hTEhoA hunber in conparison with the charged hydrocarbon. The

octane 29 nunber of the product is to be as high as possible. Methyl
cycl opent ane,  which can nore easily be subjected to ring opening reactions

than al kanesth#% WSid 831ng 3%t AeSCuibesi 8 Brecerabfyr kel manufaciune | al
hydrocar bon. o £25 MRH#10928% AL alap deask !é&%&ﬁf&&&&&%ﬁ%%&&@?& for

napht hene, whereby a fraction is brought into contact
net al - cont ai $ATRPEESIGSE aHie I Rial g iR tum ofn ritihamiasess tht ures

thereof. The,fdraqdan GPHA 9 i 2 ! i
pent ane and il'sdr 30 clonvrgft ﬂﬁ%ﬁﬁ%@%ﬁ%&%ﬁg%ﬁm@% ?l% o; éétljtugl east
10 % C1¥0 paranidi wshsin hiaopareffini tdewivattitemsand. X ha heostkattiafty

bei ng defi ne . 0 C 0 .paraffi i.eld to_%.caontent w,th 0 ring
openi ng. The (‘r?‘%lc(gss |5F%Hri§% I\}%g %gglfrlg}éﬁgrbtc‘{ rr%&dgtcefiérrpe\r,\g?ﬁr g_slh%f 150
to 400 C in nammufacserce of hyleogenfuel acdémdtal tpsmissurehof fhghocdd00
psig. The c: t used pr.eferably.contains iridium ruthenium$S and

rhodi um as ?r%’?%ér{éﬁ%lﬁsf’ﬁt %ré‘ﬁ:ts .lyZé%‘}qjtee%t%é:iE?l Bo §9§§g§nﬁ(§&f)§si‘f1§ Sructure
with only, ahjerogehattent cesadpdtaia vatdeshape el wRotd Wharerdmeth @s

catal yoi5. R I% L assd e geoll e g, TpLel UL oS, prs] o7 @bl ¥

For this hydrogenation a normal hydrogenation catalyst is
used, which preferably contains metal percentages from
the platinum group such as, for example, platinum,
palladium, ruthenium, rhodium, osmium and iridium. These
20 metals are situated on an inorganic oxide carrier which

preferably consists of aluminium oxide.

After the hydrogenation the selective iso-paraffin
synthesis is performed in a second reaction stage. For
25 this an isoparaffin synthesis catalyst is used, which
may, for example, consist of a zeolite of the type MOR,
FAU, LTL, MAZ, MEL, MFI, MTW and Beta. In this case the
zeolites MOR, FAU, MAZ and Beta are pfeferred. Such
zeolite types are known from the prior art and are
30 described in the following patent specifications (US
4,083,886 and US 4,826,801 [MOR], US 3,130,007 and US
4,401,556 [FAU], US 3,216,789 and US 4,503,023 [LTL], US
4,241,036 and US 5,192,727 [MAZ], US 3,709,979 [MEL], US



H gh-grade diesel or aviation turbine fuels are to be produced with the
process by ring narroming fromthe six ring to the five ring with
subsequent ring opening at the nmetal. Wth this process too, n8 3 Mok 2004 on
of the carbon 15 nunber takes place in conparison the charging hydrocarbon.
The manufacture of higher al kanes is desired. The product consequently has
a higher boiling range. The product is & so to have the highest possible
cetane nunber.. . 20 Butyl cyclohexane is preferably used as the initial
hydr ocar bon.3, U5, 338, 7@RI andntiSUS, 83183239 4desporivie ayg i N3 OPLIG NIRES

process for ic oun cycl oal | phatic conpounds as well as an
i sonerisati o%{%]tce %‘g?{g? g‘l ?%%ng% Zgﬁﬁﬁmds. The fraction used for this
process conprises C6-cycloparaffins or benzol. The process is performed in
at | east tV\gq reactors which are connected 30 one behind the other. A
zeolite cat alffst®dmilsh Vl%la&ﬂgrla?eéh RERBICT R R | biPRBFRIF 1 HnsyRReRis esul t
in aringy opefd Nhd=S0y ai iHp t fd4st LOFs 1 Thesf i Ngs: keact or
i s operated under.pr eacti on dgﬁdﬂltﬁ oﬁr}gC V\eléhéi[ssclhl %ﬁlﬁl%@% ﬁ%ﬁ?%@ml about
an i soneri saAYRML Bedt ke al rpRat PPeadRpostdge -A Hicwuridte onklg zepsn irg

catalyst Wi th gphabceanshirhyeals «f Q01 ton20n %Ry 4k hto-f)ip%zgz;]? as a

catalyst for the first reactiron zone (ring opening reaction ites 5
havi ng a corfir &t Onddr ofr IR grutess sthere e avh aan tihreozeobtid esxiddi s

catalyst is 0 [ | ni [ eferahl y a zeolite of_ the beta
or Y type wt g%%rées%%ﬁéﬁgggngpgl bgrggggr%tb?‘é'nso'c?f °pl)6ayt iWneulnc-iM‘Aﬁptal?lrhgi1 ni um
oxi de cbht aithithgKplaat | hoetasalisednasma coeitdd yst Nbd -Bari d, hev sde-ameira gact i on

stage, the is rjsatj.qn. T pose of. t.he process i.s the reductjon of
aronatic cor%p’%t}ﬁd{soscﬁr#h%%eel sglag[ne?flgl%epazﬁqlt]uqeasr’ t%e%a’?ﬁpja%tﬁ%fbtfe all”

hi gh- oct ane gzz ai$éd get zeblfites.t h&har preiducteomoutts dindyogémin@peni ng
with bifunctional zeolite catalysts with subsequent i sonerisation. The
manuf act ur e ias%aa*rka%%%pque%rg?ﬁr?%\%?cﬁlV%dbg?PﬁﬁagflPh@yﬁépﬁﬁﬁsnunber

al so does not take place. 20 The processes of the prior art convert the

aromati¢_or cycloaliphatic conpounds generally either into isoal kanes or
hi gher g% CSB%I Kahes BFgcﬁﬁﬁdEgé&Ph?ﬁlﬁhi ORNEESE | FBBIH AR sidFR t he

nunmber of CamiﬁﬁféﬁﬁﬁﬁedSbﬁhaﬂﬂédopening and isoparaffin synthesis,
whereby highly branched iso-alkanes are to be produced as

far as possible, without reducing the carbon number in
comparison with the charged hydrocarbon. The octane

20 number of the product is to be as high as possible.

' Methyl cyclopentane, which can more easily be subjected

to ring opening reactions than alkanes with six ring

structure, is preferably used as the initial hydrocai‘bon.

25 WO 97/09288 Al also describes a ring opening prbcess for
naphthene, whereby a fraction is brought into contact
with a metal-containing catalyst which contains iridium
or ruthenium or mixtures thereof. The fraction contains
20 % by weight n-butyl cyclohexane in pentane and is

30 converted to a substance mixture consisting of at least
10 & C,y, paraffins with a selectivity of at least 0.2, the
selectivity being defined as % content C,, paraffin yield

to % content with C,, ring opening. The process is



hardly at all or is only slightly reduced in conparison 25 with the initial
conpounds. The technical object to the process according to the invention
is therefore to nake avail able a process for processing m ner P ﬁﬂt 004
fractions rich in aromatic 30 conpounds, in which the cyclic ka g
obtained after the hydrogenation of the aromatic conpounds are converted to
n- al kanes of a chain length which as fag as possible is |l ess than that of

t he charged carbons. Q9 MAR 2004 7 This technical object is achieved by

means of a peadesmetiontt bempanafacesirer afs-ta) kanescl 1 M wd NeFdderRid
fractions and fractions fromthernal or catalytic conversion plants

cont ai ni ng hydrgaehend 4 l@é’rﬁ BFeRIUIES "gﬁ KRnes P Bsigomati c
conmpounds, which is characterised by the foll owi ng steps. The m neral oi
fraction is onvertgd by a zeolite catalyst with a spaciousness index SI <

20 and a nodi E@LREYEEnYERY RESLRIeR 1y contpinphd middusyerusmensume duri ng
the reactionnss 2hbaidl0 Bar . mprgierabhy 0 bar tigulay!ly
preferably 50 to 70 6ar and qﬁite pa??#c%?g¥%§F%refeﬁgﬁﬂéj%%gbgﬁg e
reaction tePOSSASH edj sfauhasbteso ripeiefee abiitBoonly 580 Rwandau te 15

particul arl a 40 Thech . cat al yst V) is 0.1 to
20 h-1, pre%%t%f% 0%515[?0 %98 hg%tan?%é{%sg%]l%r ly&égre %%abf‘lﬁe .3%% 1.9

h'1 and qui tc@bgdmtsted ar 3£ pEEReBabI is 1n66dh-ds TEeeldye,i cthydmetarlbons are

converted by {f1§& ;505 Si%%%ﬁﬂ??gﬁfgﬁz’gé p%%%ké}lar 20, et hane, propane and

n- but ane. Conmpounds $e t1T B substi t ut ed or
non-subkXituted benzol, toluol, xylol, methyl cyclohexane are preferably

used as cyclj.c.al S 25 argmat i.c .conpounds, In _a preferred enbodi nent
t he percent ggléhogi%%h%% n&a?%:’;ljhegrvﬁml t ‘éﬁélﬁﬁd% o ATE2 PN Behe
reaction predoduces HithotRe Yrbyewsi pht ripgeheradhy ngd fArend@ H% ks wei ght,
30 and the percentagg of.c¥cloalkanes in the reaction product is < 0.2 % by
wei ght, wheréBy Fﬁe _SnFéﬂ 5+n%r%h5?i%ﬁhﬁﬁﬁﬁﬁﬂﬁk?%%glﬂﬁ?qlﬁﬁké§5éam1n
conparison trettle i withathpsogbsStess too, no reduction of the carbon
15 number takes place in comparison the charging
hydrocarbon. The manufacture of higher alkanes is
desired. The product consequently has a higher boiling
range. The product is also to have the highest possible
cetane_numberﬁﬁﬂ; NN
20 R :.':'-".""\' .o
Butyl cyclohexane 1is preferably used as the initial
hydrocarbon. '

US 5,334,792 and US 5,831,139 describe a ring opening
25 process for aromatic compounds and cycloaliphatic
compounds as well as an isomerisation process for
aliphatic compounds. The fraction used for this process
comprises C4~cycloparaffins or benzol. The process is
performed in at least two reactors which are connected
30 one behind the other. A zeolite catalyst which is
operated under reaction conditions which result in a ring
opening is contained in the first reactor. The following

reactor is operated under reaction conditions which bring



0 9 MAR 200 8 The process according to the invention is characterised in
that it converts aronmatic conpounds predom nantly into 5 n-al kanes having a
| ower carbon nunber than the initial substances. Thus n-al kane$,9 8AR @S

et hane, propane and n-butane, are predom nantly produced. These conpounds
can be used in steamcrackers and converted with high yields to the target
products propyl ene and et hyl ene. 10 Anogher advantage is that the propyl ene
yield in the steamcrackers is increased by the high quantity of propane.
The process dduist ogrnd senddisadssi bbFi tyeofaliflatenci sgmpbenysel d o
structures i eam cr ckeroﬁéjrn a |larger range than is possible according

n st , :
to the prioP CLilo 28908 Hhafysfe RAt Y RAnPhst Yy @hver si on

plants are moroml ty hmdr%)gs?aw@q@ﬁh&.airs upskaear r§aééi:§i'y§£ag%r ltr}he anot her
reaction st%g,e these mineral oil fractions are then subjected to the
process spedi¥i¥d B§2201PRe ZOREent gy atReR hed cserespondi ng Fecll ke

conpounds angypiducedonst rasnPashgak! )SfaEL%OogOﬁ%ihs@ %\gteo u%eerc{ QN e
hydrogenati on step and the process specified by the invention in a
react or. Hovd@adriteisn t Aihdscgasalysshdal dsed fior ethe haing fopdnjidrgygeimation is

general ly peyd Fg% | owe r r h e nuf act ure of. . the
n- al kanes a c%}ﬁl ng Jt?% tﬁe %?%;g%%% g(%flt ﬁ%’h% n\alkgen c{'11on(sgﬂT;1§ereyé)ree 6Je]rtf r mance
in a reactorcdrrgamyidineg weatehe peoperations 30fn phetintmt regizon of the
reactor isr I 50C.and | he.outlet. region at roughly 400C The

cat al yst ché—’%}gﬂ&r@u g)grle%ctc ?“—‘%ﬁgﬁg agf?gl cb%t‘??ﬁfgt% iy #%rom a

known hildr odenattiten satald steadtidve prags, athie t Dsom®r Ds MARR004 9 t he
catal yst for the process according to the invention. Such a tenperature
control and arrangenent of the catalyst allows the utilisation of the

hydr ogenat i @hdegairpsseucedtHer prgcbyer agerakl erdJurtAdielof G healt the gas
up 5 to the te erza[ur,e requjred for the n-paraffin formation. In the other
case the hyd?%%’ﬁl Srithebtetfat s ipr BaGtdguRad thep@agiudsigared afo avoi d

an over heat izng igfh-a® a%)S baFa @R nt Péérgﬁﬁﬁ%mtﬁlé her Gl Hompkfh ks avoi d
as far possi bl e the fornmation of by-products in the case of the

conver si‘on &Y FHECRREGIRG ¥itdakd fogtdionady zadnidle cat@psiifdsitthese are
suppl i ed i n gi@)stiguedly ;G rGaRdiildon ele ]&gﬁg@{' I ught to
hydr ogenati gn ts%trcrjper at ur eh%i rgc%;illtd_ni n f@gn?%g# 15t Ileeoibef;l(r}t%l%r}%éé{r%? Thi s
preferably tidk@refezeedpy A %Pﬁgc%i/hohot),f e eerIgo Iy drudmratadd prasdsct i n
the hot cirg¥atd QR 1REESs. This procedure allows a very precise
tenperature control, produces short residence tines at the tenperature
required for the hydrogenation 20 and in addition results in a dilution

For m by tpr odast & A HESE oS Enshoor o s ax b oAREFEokie, a8Be il ed ror
this. cycloaliphatic compounds generally either into isoalkanes
or higher Cs-C; alkanes are produced, in which case in
both conversions the number of carbon atoms is changed
hardly at all or is_only slightly reduced in comparison

25 with the initial compounds.

The technical object to the procéss according to the
invention is therefore to make available a process for
processing mineral oil fractions rich in aromatic
30 compounds, in which the cyclic alkanes obtained after the
hydrogenation of the aromatic compounds are converted to
n-alkanes of a chain length which as far as possible is

less than that of the charged carbons.



25 The mneral oil fractions rich in aromatic conpounds that are used for

t he hydrogenation contain roughly 80 to 95 by wei ght aromati c conpounds and
1,70 20 o by weight olefin conpounds. During hydrogenation thds® MMRe2004
converted al nost conpletely into cyclic aliphatic 30 compounds. Wth the
process according to the invention it is possible to convert these
fractions of up to 95 % by 0 9 MAR Z~%, 10 weight containing cyclic

al kanes into C2 C4 n-al kanes. In this case the formation of aromatic

conmpounds, Whiich eahnical dbpbet 1eMpenabueasbyl meav@l ¢gd.a P Lyy ent of
i soal kanes d cycl oal kanes is also very low. 5 A zeolite catalyst is used
as the catalyst f tﬁ@“b’r%’@é%’srespébﬁ fiTeR PSR iTRASht iMerE s Gids

a
spaci ousnesEriard@ons <) afcher 1ogsfi edomonshbaBl | rdex Ga R 1;"bi-c These
i ndex values are current _parameters 10 by which the zeolites car:iY e

char act eri sEPPVEFSHASs PeepEst Gt EH | §YRdd€e talbangd; t ledienes, Ernst

and R KumalcyARR . 2Gaetles 2AndIRAL, 2204l %’bgr%]o]foﬁﬂ M80%n M; J el en,
P. A, Jacobs, yJ. Wit kanp, Zeolites 4 (1984, Q%S- 1 i € ter msc'hzeoﬁsl te" is

here' defi néfaracatesissditiedthes disld euing c3tgms ous material . It incl udes
in particular not only zeolites with the chem cal conposition of

al um nosilicates, but of any chem cal conposition, thus e.g. also

al um nophosfAp#t eniparrd4) oisi | foaat Lon nd phosphetreed SBPO)a galdldsid i cat es

etc. 20 Wer iti rial s whose spaci ness index Sl or
modi fi ed cor?gt%r%%s’%tjc ?’%géxgcgﬁ’g%ﬁm’?%g? e %\/@ﬁﬁ%@ﬁéﬂf Pafys Hred
catal ystds f oonstergimir eissdeacc0Iti mglt o The hpdedyiean preeeluirce My in its
H form bel o e preferrged | ysts. This catal yst is described by 25
way of exarr%?% %%aéglf#?bi, 58%.3 %ﬁ@a&%%ﬂ iXE® ea]faaﬁ]%tiqlﬁot 7 P& or di ng
to the i nvepgintn atdradiey uspdefierablyy 150 i tsoH f7or mpdr €. anlit heuti id  havi ng
been nodi fi g}d gi.thla get al Eavi ng a g%ﬁﬁt]%dr\?ﬁ'?nati ng action. Equally the
i nvention cSRtairs-2&o¥| PEe %F%?g&g h wet®e E8af WSPEX Fypdiegenat ed
active netalisbyl s@ans of5@ny, mpiredd.rabfl yt heggatd) yshowes npgyf 'q%Cit‘@ th a
nmet al hl%vi n% a hydrogrenati ng action, the 0. 9 MI4R 11
- particularly preferably 400°C. The charging of the
catalyst (WHSV) is 0.1 to 20 h™, preferably 0.5 to 3.0 h-
and particularly preferably 1.3 to 1.9 h-! and quite
particularly preferably 1.66 h™*. The cyclic hydrocarbons
are converted by the process to n-alkanes, in particular

20 ethane, propane and n-butane.

Compounds selected from the group consisting of

substituted or non-substituted benzol, toluol, xylol,

methyl cyclohexane are preferably used as cyclic alkanes
25 or aromatic compounds.

In a preferred embodiment the percentage of the n-alkanes
without methane and without H, in the reaction product is
50 to 95 % by weight, preferably_66 to-90 % by weight,

30 and the percentage of cycloalkanes in the reaction
product 1is < 0.2 % by weight, whereby the content of
aromatic compounds is not increased in comparison to the
initial product.



metal content noves between 0.0001 and 5 o by weight, preferably between
0.001 and 2 o by weight. The netals are preferably chosen fromthe group
consisting of Pd, Rh, Ru, Ir, Gs, Cu, Co, Ni, Pt, Fe, Zn, Ga, (.9, mMARD20W V.
5 A netal content of 0.01 % by weight is conpletely preferably preferred.
Furthernore the use of a shape-selective zeolite catalyst 10 is preferred.
This means that the catalyst is chosen 80 that the zeolite pores and the
size of the reactand nol ecul es have the same order of nagnitude.. This
results in a larger proportion of n-al kanes in conparison to the slightly
awkwar dl y shaped isoal kanes in the product 15 m xture. Mreover, the
formation of precursors for the formation of aromatic conpounds and coke,

whi ch resul tthd prRiedysicaeaginyatbothel snpea¥eBheds £8@liade%e Middy
faujasite structure, as are used to sonme extent in the prior art,

deacti vate. FFa&uFEkF9nHﬁHtﬁr%rQ%%Ph%t%ﬁmBR¥F4§)Rﬁﬁdgmﬂﬂﬁntlxﬂmmﬁg > 20.

The cat & yStn—'a&]@r@@ﬁ?éﬂ%éJS@dléﬁeftéa’fb&@rﬁhmbarcgﬁtahav\}l] tq.nql%tl%ll]ySts of
the prior art, the catalyst thus has very acid centres as we

the ring opéﬁhﬁ&a@ﬁ§§le RUscNa2d&eareps e 8UChadlsi BFhanehy drepeackiang t o
products wi thidHeer £88 beeeaém@rraheﬁ_ tﬁﬁ’bdd&é&‘e chaeged J&A{E)%% bO” As

a result the proportlon of " n- al kanes |"ower car bon nunber
product is §edathy Pﬁ@ﬂedSEdStQ@mlﬁgaﬂkeraevekprQmwerﬁedhwlphomagm

i thout et A1 Coit ent | ST T aid Vel ERERR e AR AP dnatny Bshounts

W t hout metdl conten _ Ofpounds
are foﬂ@bd.AﬂuihgnraGVanEageidmstEhpEraﬂuHepnbpyheﬁe q&kﬂkysiﬁ ithe

t herefore sIr y VAR 200 12 10 th ft alysts with
corresponding Q%#/ﬁe?gﬁg Snte%tl RYGERE %jgg} ngﬁgg ?a?réiYn6’ntron is
a catal yst fooorartde ninaf @arbceesoftnmaldmees i ooh8i pesahibaillithr aat i ons

containing ¢ oal kanes .and/ or omat i c_conpounds, This catal yst consists
of a zeolité%%%ﬁ$Q§ gﬁhéﬁgﬁéﬁ%%§§|%%5§cB?r $NoBtEAl STAGHCEPedcénst r ai nt

index Cl* >lhrgefteraagal yahncost pbas gl d. A rdind th aHy pMicthtart .
prefer y 10 0.01 o by weight of a netal selected fromthe group

consi st ng of Pd, Rh, Ru, Ir, GCs, Cu, Co, lii, Pt, Fe, Zn, G, In, Mo, W V

or WlXtUreSTﬁhﬁﬁﬁﬂﬁergﬁeoﬂat&Eﬁ%&lb%spQﬁ?ef@@&ﬁl@ngeekbﬁed%%v%&%l%F
structural %%pe such as, for _exanple, ZSM5, described in US 3, 702,886. The

15 cat al yst D3PBLEr 3Py NEXMEL Y] ﬁymr@gﬁnﬁéreﬁi\ ithane apaityeamadeacdiing to t he
i nvention cargpe di Stﬂrﬂgﬂh%lﬂﬁ@rfrP@é@?f&hOLﬁaﬁé‘n?H@sée%iﬁ&gﬂ dppsts by

the fact that it only possesses ver ow net conte
fractions are then subjected to the process specified by
20 the invention and the corresponding n-alkane compounds

are produced.

It is basically also possible to perform the
hydrogenation step and the process specified by the
25 invention in a reactor. However, in this case it should
be noted that the hydrogenation is generally performed at
lower temperatures than the manufacture of the n-alkanes
according to the process of the invention. Therefore
performance in a reactor is possible when the temperature
30 in the inlet region of the reactor is roughly 250°C and
in the outlet region at roughly 400°C. The catalyst
charge in the reactor then has to be eontinuously changed

from a known hydrogenation catalyst of the prior art to



20 Nor nal | y catal ysts are divided into nonofunctional and bifunctional

catal ysts. Mnofunctional catalysts contain as their catal ytq §8W{W2®gti ve
constituents only acid centres but no metal. Bifunctional catalysts are on
the other hand characterised by the fact that they have both 25 acid
centres as well as a hydrogenat ed/ dehydrogenated active constituent,
typically 0.2 to 2 o by weight of hydrogenated active precious netals. In
contrast to the nonofunctional and bifunctional 30 catal ysts, the catal ysts
accordi ng t aheheaitelgati forateedpsbicegsi shed oy nighe o atie tiaierddiey have

t hese hydro ted active nmetals only in traces of 0.0001 to 0.1 by

wei ght . The%@%@‘reath PRSI Es &O%Féﬁ 6“06 RER BSOS cffal &1 are
essenti al | y cdebayginalllbyst bheagt Ul Teat {1 &5, of e i/ rttha fIMEHRIat t he
nmetal content is hawgver, sufficient to hydrogenate to sonme extent aromatic

conmpounds f BFREHCPH PREIRBaRYERRIGRAEHRN 3k} P1RdaH rtexs heats tdieefaas éhpounds.

As a resul t toheneatahpstad@ast F¥ghipsdi SoBl & NEGUEat s M s ur t her
advantage in the use of the catalysts according to the invention. Figure 1

shows the vafi &DPoRENFR FREEpEREURYdreseratHeen itpaty tdeperidemmodnrache net al
content withaRd/ 579 5q¢35abysta. tibeakeaet i op to%%g:&@a%ﬁ_gggtméo_c&%e wher eby

the catal ysts were activated at a tenperature of har gi ng (VWHSV)
was 0. 71 h- BYsteh@nde féuehsedrgands ddwaatallyFfromthe results it can be
seen that the 15 catal yst wi thout palladium (left-hand colum) as a typical
nonof uncti onal catalyst results in a yield of nal kanes, ethane, propane,

n- but arl® and@onazblkdnaswial as po4sdbles the%foBasitdes iofaldyapadarut stet hane,

aromati ¢ compo c a owever, al so_formed 20 during the
reaction. The ca% al gg % )ré(ilt ﬁ@%i gﬁﬁi’ﬁgégogoﬁnﬁt%tﬁg?ﬁé% Sﬁ‘dﬁa@}ﬁ of
0.19 o by weiogltaipdhnigadanomasia tggmmahnds f undidsenabhreat @hpystiederier no
aromatic co nd 25.cycl oal kanes e produced during the reaction,
but insteadq}%g:égg?’egé(r c%ﬂ%ége%orb(#l = k?ﬁés.flﬁl‘ﬁﬁogﬁﬂﬁglﬂl t%gn-oé’l anes is
65.5 a. Thebmbddhe tol hytirshenstibe tenpdistwd Ridratigl wet 3daymg a
nmet al q nt ent of O.gl ) b% wei ght , mrj%gqg the reaction virtually no
aromati'¢ corpSufid8“and"cytPBal kared BF THet, LakeP tHECH OYd IRl kanes
i's considerahl y hotQ 9 appdady hydrogenated product in the hot

circulation process. This procedure allows a very

precise temperature control, produces short residence

times at the temperature required for the hydrogenation

20 and in addition results in a dilution effect of the
constituents in the charging stream which have a tendency
to form by-products. A heat exchanger or similar devices

are not required for this.

25 The mineral oil fractions rich in aromatic compounds: that
are used for the hydrogenation contain roughly 80 to 95
% by weight aromatic compounds and l'to 20 % by weight
olefin compounds. During hydrogenation these are
converted almost completely into cyclic aliphatic

30 compounds.

With the process according to the invention it is

possible to convert these fractions of up to 95 % by



14 higher at 78.7 o than the n-alkane yield with the nnnofunchupp@héﬁgd
bi functional catalysts. By purposeful coking, e.g. by nethyl cyc ne
toldol 5 or 2-methyl naphthalene, it is possible to increase further the
yield of n-alkanes with the catalyst. The followi ng Table 1 shows the
conposition of the mxture, in o by weight, that is obtained during the 10
conversion of nethyl cyclohexane with 0001 Pd/H ZSM5 at 400 C and WHSV of
0.71 and 1.66 h-1. Fromthe table it can be seen that during the conversion
of net hyl cydighéxaowatadndngr c¥0l¥%cbylienght imtal &alesnddl lsards as Bt hane,

ropane and .i3-.hut ar r y 0 MAR 20Q 15 S 10 15 20 Table 1 -
WS/ e 10, 71 .l%usnggggne‘%.‘%sgg%‘%%ﬁgﬁe1‘1‘%3@1“6’. opaRBB?URE8n. IGH-Hut ane1s.
0314. 23n- pertcneds GXl. 18ghdrexoaefe 030uDds 504 Bub e ddd82 13 i sentait ane3. 15
4. 74i so- hexaneQ. 230..45i so- hept ane0. 000. 03cycl opent ane0. 060. 13C6- cycl oal kane
0. 010. 02C, - &fcl'cAl ﬁfd?%%i%‘&%‘?%n@.%bwo‘i%&z%%: 010. 07t ol uol 0. 0
90. 35Ca saromati ¢ conpoundsO. 12 .0.55C9 aromati c conmpounds0. 050. 24 25 In
relation to _the kgomm bi functional catalysts the manufacture of the

catal yst acdor dPRgHE t RRERhVERt ibh LS$eCondfddiidh gasrdysdr BATaddwunt of
the | ow pregrasedet dpsdtfM . by the invention. This has a

spaciousness index SI < 20 and a modified constraint
index CI* > 1. These index values are current parameters
10 by which the zeolites can be characterised. In this
respect reference is made to J. Weitkamp, S. Ernst and R.
Kumar, Appl. Catal. 27 (1986, 207-210) and J.A. Martens,
M. Tielen, P.A. Jacobs, J. Weitkamp, Zeolites 4 (1984,

98-107). The term “zeolite” is here' defined in the
15 widest sense as microporous material. It includes in
particular not only zeolites with the chemical

composition of aluminosilicates, but of any chemical

composition, thus e.g. also aluminophoshpates (AlPO,),

silicoalumino phosphates (SAPO), gallosilicates etc.
20 Whereas all zeolitic materials-whosé spaciousness index

SI or modified constraint index CI* fall in the above-

mentioned range are catalysts for the process according

to the invention, zeolite ZSM-5 in its H form bélongs to
_ the preferred catalysts. This catalyst is described by
25 way of example in US 3,702,886.

The =zeolite <catalyst in the form according to the
invention can be wused directly in its H-form, i.e.
without it having been modified with a metal having a
30 hydrogenating action. Equally the invention contains
zeolite catalysts which were charged with a hydrogenated
active metal by means of any method. If the catalyst was

modified with a metal having a hydrogenating action, the



30 Another inportant factor for the quality of the catalyst is the shape
selectivity. The follow ng Table 2 shows the results of the conversion of
met hyl cycl ohexane at 400C and 6 MPa with zeolite catal ysts s MAR%]W ni ng
0 9 MAR 20p4 16 5 10 15 20 25 30 35 precious netals and having varylng pore
geonetry. Zeolite Y is a wide-pore zeolite with large pore dianmeter and

| arge cavities. Ankwardly shaped i soal kgnes and coke can easily be forned
with its Hshape. The ratio of the yield of n-alkanes to the yield of

i soal kanes ietedl aténvedyt umbaresunaddwear th. 0005 kyige 50fs zBQl iwled ghtn_

alk./Yi-alk. = 1.1 . .Furt her npr strong deactivation is to be noted
(conver si onPa @F@é@?lﬂﬁﬁwggﬂ1 Tépf}%%dlgo%opycﬂﬁégpgkonTQﬁtéptﬁlﬁours

runni ng timgrenlpgreffefaply abh8sdnCamvar dan Pfoupet byhs C¥ELRGeyvaneqy th
zeolites of varying_pore dinensions at 400C and 6 MPa

zeol i t eH zZSEh22 RUZSHFsHOZEMPY 2 HESpoli e sBfst dffil- Em0-GRa- dnroMR 1% 32- R 3-d
12- R(porse(0.55 x 0.44)(0.56 x 0.53(0.59 x 0.55)(0.74)di amet er/ nnm andsuper
cage: 0.55 x 0.51)d=1.3 nm, | /n" 1391958 _

. 2. 5VHSV/ h' 20. megat30cenbenX, of 1/0-28. 3%00BY. weight is completely

6100Xe, ,/ X, ~% dao: / ~0 . 94 . 31.10 . 5Yn-e~k.3" [/ ~15
. prereiytl Y potho0n

97 0 . 75 I ao- e~kana /~5. 322. 039. 643. BYeyeloal k.3 /
~1.10 .11. 71. 3Yasommtic eonp.3/%). 02.93.27.1Yn-bu3 / Yl-bu3l. O10 . 7

Vo 1031, 6FOTEHb Yot palafe B E e i eheories sasad it e /2
hour rufni ndst pmefer@ed. Nt ARiZ0G¢ahd that the catalyst is chosen so
that the zeolite pores and the size of the reactand
molecules have the same order of magnitude.. This results
in a larger proportion of n-alkanes in.comparison to the
slightly awkwardly shaped isoalkanes in the product
15 mixture. Moreover, the formation of precursors for the
formation of aromatic compounds and coke, which results
in catalyst deactivation, is prevented. Zeolites with
faujasite structure, as are used to some extent in the
prior art, deactivate very quickly and are characterised
20 :by CI* <1 ahdeIﬁgﬁéé}**The catalyst is preferably used
in its H-form. In contrast to catalysts of the prior
art, the catalyst thus has very acid centres, which as
well as the ring opening enable an acid-catalysed
cracking or hydrocracking to products with a lower carbon
25 number than in the charged hydrocarbon. As a result the
proportion of n-alkanes with lower carbon number in the

product is greatly increased.

During the development of the process according to the
30 invention it was ascertained that when using catalysts
without metal content at relatively high temperatures
aromatic compounds are formed. The optimal reaction

temperature of these catalysts is therefore slightly



Ratio of the conversion after 8 hr runni ng time to the conversion after 1/2

hr IKunni ng time Yield after 30 mn running tinme wthout nethane 5 The

zeolite ZSM 22 is a nmediumpore zeolite with an only one-di gengj | pore
08¢ BAF

system Therefore a high proportion of n-al kanes is forned H shape
(Yn_alk/Yi-alk. = 3.0). O course the pore systemis so narrow that the 10
educt net hyl cycl ohexane scarcely gai ng2access, i.e, pore diffusion is

obstructed. For this reason the conversion during the reaction is only 23
0. The t hr e@odierensiaonalhaiores syisé ecadbhlybesnmrdtimepetrespeaking 49 i deal |y
i es between hi pore systens of the zeolites ZSM 22 and Y. 15 Met hyl

cycl ohexane™Eaf e &STYF ti*f fuse into the zeolite so that a conversion of 100
0 i s observed. However the pores are sufficiently narrow so that the
formati on of amkmardlgjshaped i soal kanes and of coke is affected very

unf avour abl PRORRPENSHRIBRBrB3EEAT bYL t Hee fHYeRrHAn tife 2FateIStsif®F in t he

consi dersed ti ' S LOOfl g LRAS G n%t]_%@i,;- 00 %
and the rat ft?régfn%ﬁ]deﬁ%%tg{rdf %?%-%%Eﬁﬂ%g ngﬁ?gﬁﬁgﬁég iogci?). 2. lgjtnzséol ite

ZSM 12 in fsentrasispi giclpalippes podd o5 agparitigs compownes.i t §HASM 5, but
they are cl I : n -t-has f, :zeol j. Dol j b t. re
syst em of Zg%{tfgylﬁga%%g_ﬁa%%nggoﬁa?egﬁ&%&oy&%ﬁotﬁ ﬁ?\%ecq'l%gfrsélg%%aglggj, i ke
t hat of zeoloft €Iv,< f&r agl ch medsbhedi constZsSMht2intexr &i*o >ofl ,t Heheyi el d of

n- al kanes t Le . 301 sQahkKanes i Aad e substantd al |y smal | er
than with Zgﬁkgiyﬁgvégfjgéf’gggbi ﬁ {):Jggrga?? s@hllw? tthy tvﬁeelgg%tr’e%’sf:y%sftegrlrﬁ of zeolite
Y the pdre udtlenti dysuféighentdfy aametalt oselpcleVAR RO’ thé8 gquaaent a

rapi d reduct] .of .t he copversion_ by coke.forpgation int ti ri od
under consi gg?lragtllsgﬁ?gTﬂg EéOI ﬁfPé %%MgrSe(P?/’eséTﬁoté)%nll\{}l’a?ecan grea%'i’e for an
5 ideal zeolGa,e Im, tMe, cont ¥xoromidtataw eftié oeo £ Dependi kg ten yexperd ment al
condi tions, ev%re% ,fzD olite V\/(lose plcrzr% syﬁt m of fers | ess space than that of
zeolite Y, PTETEFgPLy) aszsglifg ef+ the MEStuqiddd!l fEA RUFR RS niti al
subst ances glod | eganplascemmi®, t lespariderysiemuy BhHv92]@szeol i tihe As has
al ready, been nenti ogned above, the process according to the invention may

al so beldper CELREY Stn P&ed ediddy hslis \in i hiirkRfehat i on of the charging
m xture 15 rich in aromatic conmpounds to cyclic al kanes occurs and then the

transformati on of these cycloal kanes to nal kanes with the sane catal yst .
In this prod®ss i¢2t3l¥fko pesonsliag o tee the catnrysiiieRcofdifng 39 the

i nventi on V"*@ﬁ%ttiﬂ‘éugghéh %lﬁ}B}neBTreQ'fiogl.@qyc D é&ﬁ?ae{ﬁiacte ?c%ﬂael%?sttQStﬁé % by

wei ght. The preferr metal 1s palladium ow ng Figure 2 ws t he
t ransf or mat ithe® Rctokhat witt RnUYZSRISTasPEsN yex Ypdldvadialralcsgrardrentss. 0. 19 o

ib%’ ‘(’:":Lg& gtgg%%%h@alﬁﬂdcaatﬁ%@é‘t LRET Y JEWY 5 O o 1nBRoBulict BoRmt Mgy 1 gure
bifunctional catalysts. Monofunctional catalysts contain
as their catalytiéally active constituents only acid
centres but no metal. Bifunctional catalysts are on the
other hand characterised by the fact that they have both
25 acid centres as well as a hydrogenated/dehydrogenated
active constituent, typically 0.2 to 2 % by weight of

hydrogenated active precious metals.

In contrast to the monofunctional and bifunctional
30 catalysts, the catalysts according to the invention are
distinguished by the fact that they have these
hydrogenated active metals only in traces of 0.0001 to

0.1 % by weight. Therefore the properties of the



25 during the transformation of toluol the proportion of the obtained

n-al kanes in the product streamis already 72.9 % by weight after a running
time of 30 mnutes. 24.9% by wei ght i-al kanes and 2.3 % by { ghiiaRRiDhane
are obtained. As the running tinme increases, the proportion 30 of n-al kanes
wi t hout nmet hane increases on account of a noderate coking of the catalyst.
In this case the pores of the catal yst 18re narrowed. The proportion of

nal kanes rises after a running tine of 600 mnutes to 77.9 p 9 MAR 200 19
by wei ght, tdagapreper tireneebehtfhkapedeaatniied hey rgichand d renheear,oduct

stream being reduced to 19.7 and 1.8 s _by wejght respectively. Th t ent
of cycl oa: kgﬁ‘eswgﬁﬁgarccﬁ?ﬁ’i cheﬁﬁﬁﬁﬁnds}:q% ?‘853&&0 %fl /é%% %‘%V%,Ff?n-rﬁg

foll owi ng Tahlfrizisdmws tdie © éha08 Oofot heohp dekite@tt heyreaamarsi on of
toluol with 0.01 Pd/H ZSM 5, which was activated at 300C, or 0.19
Pd/ H- ZSM 5, SRRRINADS we_reed i 1At the apeanpenewptnhther egdd GRILERFerPH ure of

400C ands a WSV i6f Rmbdinks, Thast able sshews Hehat cwiii/y ¢ e v dtigher  met al
contents an extensive transformation of the toluol fo ethane, propane and

nbut ane takds EIlsce regueeehy Whitehcdist éntfustt heromalvies teg & difp dled$19& nore

or less 0 %y MRl s AR € D230 Hdeoni Gt + 1Y,
wei ght 0. 010. 19net aneé% 82.99ef%g%e1f§06.51propane4.9657.54n-butane0.9916.4

6n- pent ane0. 050. 32i so- but anel. 2925. 62. i so- pent ane0. 180. 55i so- hexane0. 030. 00

cycl oal kaneQ. 430. 00benzeL 11,390,006 ot gl 61, 130, QAR ALAI G5 noq 41

conpounds16. aromat’i ¢ comnpoun 0 aromat1cC
conpountk0. @peittienqge g MAR 200G 2fleBaihice curttenrtespettht o Hd/ghta3M-coked

catalysts highen ydedl 95 18l DoBLK3BESL bk NONL LRI AN Wi AHY YRS W th
catalysts were activated at a temperature of 300°C. The
charging (WHSV) was 0.71 h-1. Methyl cyclohexane was
converted. From the results it can be seen that the
15 catalyst without palladium (left-hand column) as a
typical monofunctional catalyst results in a yield of n-
alkanes, ethane, propane, n-butane and n-alkane with n. >
4 of 66.0 %. Besides i-alkanes and methane, aromatic
compounds and cycloalkanes were however also formed

20 during the reaction.

The catalyst in the right-hand column with a metal
content of 0.19 % by weight palladium is a typical
bifunctional catalyst. Here no aromatic compounds and

25 cycloalkanes are produced during the reaction, but
instead larger percentages of i-alkanes. The yield of
the n-alkanes is 65.5 %.

The middle column shows the results with a catalyst
30 having a metal content of 0.01 % by weight. During the
reaction virtually no aromatic compounds and cycloalkanes

are formed, and the yield of n-alkanes is considerably



5 at the sane tinme clearly snaller yields of nethane, the process according
to the invention includes, both for the conversion of aromatic corrpounds as
wel I as for the conversion of cycloal kanes, the use of pre 'y coked
catal ysts, e.g. by nethyl cycl ohexane, toluol or 210 net hylmgﬁfﬁyh@ﬂ’ene
Streans rich in aromatic conpounds can be supplied for a new application
with the process according to the inveriidi on. After hydrogenation and ring
opening of the 15 fractions rich in aromatic conpounds, saturated liquid
gases renmi hlg\lsifdzchaar e7em7ne%1t I'qhaui ttenck for—aﬂkanpr odiicldonvdth etthd ene and
propyl ene. am nces which jn future is unsuited as
not or f uel ﬁ’?&l %sar%{/é?lgtrb ‘?ﬂ/a]tl‘f%a YeSin the steam 20
cracker, the quantity of t he normal steam cracker charge is reduced and the

i nci dence of pyrol ysis heavy petrol is_ avoided or at-|east reduced. The
fact that tRY PEEPEPefHACEPEASIri €nYi-n Lr Hitdivd 2y

suppl i ed foroxnew-ﬁgenw Cn ﬁ@hé)yeﬁ@el rl@eu@g peesepsad s hifiryade

constituents for the prod uéjlt§|on of ol efins proves to be a further advantage
of the procdsstiedortdienyitedd v inmakitares woth the qawlszm 21 Pat ent
Claims 1. A process for the manufacture of n-al kanes from5 mneral oil
fractions rich in aromatic conpounds containing 80 to 95 o by wei ght
aromati c coffpsundeldewingt oT2bles by weigta ¢hef i novpapbuads o®fpytﬁtﬂ ysi s

(heavy) vasqlibnis,-ehas gcteryseddihe (oLl owngstensq 10, thegneral ol
fraction i s convert'ed wit zeollte ca hav I Ng a spaci ousness |ndex
ST s 2010and G@mvachsﬁpadocfomtha’llntcquim@n’b with tmé)mzq)ﬁ'fbszﬁ}f-di ia 5 to

200 bar, i 5 tp 5 4the concentration (VWHSV) is
0.1' to 20 ﬁl‘of)t t%hg%g@r h)?fir n]ssé)ﬁ::e?‘ converted to nal kanes. 20 2.

A process according to d a| m 1,
From the table it can be seen that during the conversion
of methyl cyclohexane to over 70 % by weight n-alkanes
15 such és ethane, propane and n-butane are produced.



- characterised in that the proportion of n-al kanes w thout nethane and
without H2 in the reaction product is 50 to 95 % by weight, preferably 66
to 90 % by wei ght, the proportion of cycloal kanes in the 25 reaction
product is < 0.2 % by weight and the content of aromatic conggugggghg
conparison to the initial product is not increased. 3. A proces rdi ng
to CQaim1l1l or 2, 30 characterised inqthat n-al kanes which are selected from
the group consisting of ethane, propane, nbutane are predom nantly
pr oduced. P g MAR 200 22 4. A process according to Clainms 1 to 3,
characterised in that ZSM5 in its Hformis used as the zeolite catal yst.

5 5. A‘prﬁih%% hccording to Caims | to 4, characterised in' that the H2
pressure is 40 to 80, preferably 50 to 70 bar. 6. A process according to
Claims 1 to 5, 10 characterised in that reaction tenperature is 300 to
500C. 7. lemgg-glc_gss accord| ng tlo C al ns 01_7&0 b, charfacterrtse 69 that tn
concent r g WHSA—S—+—0—15 S0 TV VAR B Q. bl
8. A\%rocé§§ma@cord|ng to Clalns to B. 6&haracterlsed in thkav4t he zeolijte
catal yst [qept.al ns 0.0001 to 5o melgp g0f hydrogenated g§5f§e netal 20
sel ect ed H+em-the—group—Rd—RH; HJ ; Cu.—LCo N ,
In, M, \Wwrepane m xtures thergof. 9. Aspn0cess accqrding t os@ @i s 1 to|8,

25 characgpgﬂéﬁg In that the Zeolite cggqbyst I'S STjapeserect ] ve and S
chosen sqQ—t-hat—t+he—zeoli-te—poHes e the san®’size

'
'l'

n—penta e 1.03 1.37
10 n-hexane _ : 0.03 0.04
iso-butane 13.82 13.84
iso-pentane 3.15 4.74
isq—hexane 0.23 0.l45
iso-heptane 0.00 0.03
15 cyclopentane 0.06 0.13
Cs—cycloalkane 0.. 01 0.02
C,~cycloalkane 0.11 0.03
Cs—cycloalkane 0.00 0.01
benzol 0.01 | 0.07
20.. | toluol 0.09 0.35
Cs aromatic compounds 0.12 0.55
C, aromatic compounds 0.05 0;24

25 In relation to the known bifunctional catalysts the
manufacture of the catalyst according to the invention is
considerably cheaper on account of the low precious metal

content.

30 Another important factor for the quality of the catalyst
is the shape selectivity. The following Table 2 shows
the results of the conversion of methyl cyclohexane at

400°C and 6 MPa with zeolite catalysts not containing



. 10. A process according to Clains 1 to 9, 30 characterised in that the
-mneral oil fractions or fractions from conversion plants are hydrogenat ed
i-n an upstreamredction stage. p 9 M- 2~~ 23 11. A process according to
A aim 10, characterised in that the hydrogenation and the rraplgf At Yigs of

t he n-al kanes take place in a reactor, whereby then the catalyst charging
takes 5 place so that first of all a comrercially avail abl e hydrogenati on
catal yst and then the zeolite cataly i s passed through and whereby the
tenperature of the reactor is raised from250C at the inlet to 400C at the
outl et. : pr ac di .q C aj characterised in that the
hydr ogenzlig?]ir%gnl%‘ﬁ% tlﬁggﬁgﬁuf gg?ur ggg?%tghe%ﬁ?aﬁj%gne}a?%kesg%%g%%rw th the
sane cat 4sFtiteh Ya ized widdrpore wkiodhtpowiesskarge Ipospadiastess i ndex Sl
< .20 an 1§ tr ai ' CL¥> 1 .and met al content of

hydr ogengat”g% ac qévg%rr\él%%%sgf %&’#‘E’ggﬁgx 5884 b?/o?la\}e]f%rﬁefs, HErepset he

hydr ogenatasd esctiilne beetfadrnex] seltdctiors fH-ghdde. groiw PokidRef Rthel 1, s,
Cu, , Ni , , Znh 0 Ga, In, W.V or nixtures_ thereof, 13. A

pr oce%gs éic%ﬁli ngft on_cfja%%ei t'5° 121!-‘\{[’)%ha¥3a%1r(gri&d 9P 1N he heat of
reacti on ndiiahivelpr addeedudabileg with ogrDat ikgd SofiSedoi@keheati ng 25
during the pgnufactyre of the p-al kanes. 14. catal yst for the manufacture
of n-al kaHes§* From i ngr)al EPFtBF5@9F8n§ AREORY L2IFNVIt R therkal or

catal yti peongerdi qraphaitis o £ £08t Hdh r30mened 03! Ei‘ﬁlgs 1%)fsod/ Pr aromatic
conpounds, conprising_a zeolite having a spaciousness I ndex Sl < 20 and a
nodi fi ed CONQTHM FHeR% Tihours ryprirgntime eatwl Y8t¥ls present inits H

f orm@nd cont ai ns p g MAR 2~4

Table 2 Conversion of methyl cyclohexane with zeolites
of varying pore dimensions at 400°C and 6 MPa
- 15 zeolite H-2ZSM-22 H-ZSM-5 H-2ZSM-12 H-Y
pore system 1-d 10-R 2-d 10-R, 1-d 12-R. 3-d 12-R
(pore (0.55 x 0.44) (0.56 x 0.53 (0.59 x 0.55) (0.74)
diameter/nm) and super cage:
0.55 x 0.51) d=1.3 nm
n,/n, 39 19 58 . 2.5
20 WHSV/h™? 0.71 0.73 0.71 0.92
X'/ % 23.3 100 99.6 100
Kon/ X2/ % 100 100 99.7 74.7
Yoethane'/ % 0.9 4.3 1.1 0.5
Yooare /% 15.9 70.7 53.9 47.3
25 Yigo-atkane’ / 3 5.3 22.0 39.6 43.8
chcloalk.a/% 1 . 1 0 . 1 1 . 7 1 . 3
Yozomatic conp./ % 0.0 2.9 3.2 7.1
Yood'/ Yin® 1.01 0.70 0.54 0.39
Yoaaw. Y/ Yimaie.? 3.00 3.21 1.36 1.08
30 Yo + Y0 1.03 1.61 0.61 0.47
Y c4+-tm-3
Conversion of methyl cyclohexane after 3z hour
35 running time




24 0.0001 to 0.1 o by weight of a netal selected fromthe group Pd, Rh, Ru,
lr, G, Cu, Co, N, Pt, Fe, In, Mo, W V. or mxtures thereof and wherein

t he catal yst possesses -extrenely acid centres for the 5 acid-cat Iﬁﬁed
cracki ng and hydrocracking. 15. A catalyst according to d ail'lrﬁi‘i‘%,3 b
characterised in that the zeolite is a zeolite of structural type M
(ZSM5). 10 16. A catalyst according tq7C ains 14 or 15, characterised in
that it is coked purposefully to increase the yield of the n-al kanes. 15

17. Use of a catahystb NN SidshveZE0bht£EhaYi fgha spagiagsnens itadex S s
20 and a nodified constraint index Cl* > 1, whereby the catal yst contains

0.0001 to 0.1 % BRewSCHNErSHioR Rdttar SeIfdctBMF Mm% e group Pd, Rh, Ru,

lr, O, Cu, 200, Nije1B aff®r 30 md @indihg Mime W V or mixtures thereof
for the manufacture of n-al kanes frommneral oil fractions rich in

aromati ¢ coffpoundd thomttameith@r80 to 95 % by wei ght aromatic compounds and 1
to 20 @%by wei ght ol efin conpounds or pyrolysis (heavy) gasoline. 25 18.
Use according to Claim17, characterised in that the zeolite is a zeolite
of structur ghet gpoliEe C£3BME3) 1s3@ fediusepaceorzdiodd tieo wditdi mnl ordry 18,

Ch et oL SR hagb b b 3o nl <BRladdhd 12 Ik HBoro R BT 2008
pur poseful | pft m~alkanes is formed with its H-shape (Yp.aik./Yi-aix. =
'3.0). Of course the pore system is so narrow that the
10 educt methyl cyclohexane scarcely gains access, i.e. pore
diffusion is obstructed. For this reason the conversion
during the reaction is only 23 %. The three-dimensional
pore system of the medium-pore zeolite ZSM ideally lies
between the pore systems of the zeolites ZSM-22 and Y.
15 Methyl cyclohexane can easily diffuse into the zeolite so
that a conversion of 100 % is observed. However the
pores are sufficiently narrow so that the formation of
awkwardly shaped isocalkanes and of coke is affected very
unfavourably, which 1is expressed by the fact that the
20 conversion in the considered time period of 8 hours
running time remains constant at 100 % and the ratio of

the yields of n-alkanes to i-alkanes is 3.2.

The zeolite ZSM-12 in fact has slightly larger pore
25 openings than zeolite ZSM-5, but they are clearly smaller
than those of zeolite Y; in addition the pore system of
ZsM-12 is one-dimensional and does not have large cages,
like that of zeolite Y, for which reason with H-ZSM-12
the ratio of the yield of n-alkanes to the yield of
30 isoalkanes is 1.4, i.e. substantially smaller than with
ZSM-5. Nevertheless in comparison with the pore system

of zeolite Y the pore system is sufficiently narrow to



increase the yield of the n-al kanes. .A A
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invention when the metal content of the catalyst is at

20 least 0.01 % by weight. The preferred metal is

palladium. The following Figure 2 shows the

transformation of toluol with H-ZSM-5 having a palladium

content of 0.19 % by weight at 400°C and a concentration

(WHSW) of 1.59 h-1. From this figure it can be seen that

25 during the transformation of toluol the proportion of the

obtained n-alkanes in the product stream is already 72.9

% by weight after a running time of 30 minutes. 24.9 %

by weight i-alkanes and 2.3 % by weight methane are

obtained. As the running time increases, the proportion

30 of n-alkanes without methane increases on account of a

moderate coking of the catalyst. 1In this case the pores

of the catalyst are narrowed. The proportion of n-

alkanes rises after a running time of 600 minutes to 77.9
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The following Table 3 shows the composition of the ¥
dufing the conversion of toluol with 0.01 Pd/H-ZSM-5,
which was activated at 300°C, or 0.19 Pd/H-ZSM-5, which
10 was activated at 400°C, with a reaction temperature of
400°C.and a WHSV of 0.7 h™. The table shows that with
slightly higher metal contents an extensive
transformation of the toluol to ethane, propane and n-
butane takes place, whereby the content of aromatic

_15' compounds is more or less 0 % by weight.

Table 3

Pd content/% by weight 0.01 0.19
20 methane 0.38 2.99
ethane 1.50 6.51
propane 4.96 47.54
n-butane 0.99 16.46
n-pentane 0.05 0.32
25 iso-butane 1.29 25.62
iso-pentane 0.18 ' 0.55
iso-hexane 0.03 0.00
cycloalkane 0.41 0.00
benzol _ 11.39 0.00
30 toluol 61.13 0.00
C, aromatic compounds 16.06 0.00
C, aromatic compounds 1.60 0.00
C,, aromatic compounds 0.03 0.00
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10% & ()- conversion of cycloalkanes, the use of previously coked

catalysts, e.g. by methyl cyclohexane, toluol or 2-
10 methylnaphthalene.

Streams rich in aromatic compounds can be supplied for a
new application with the process according to the
invention. After hydrogenation and ring opening of the

15 fractions rich in aromatic compounds, saturated liquid
gases remain, which are eminently suited for the
production of ethylene and propylene. By this a stream
of substances which in future is unsuited as motor fuel
constituents is revalorised by the charge in the steam

20 cracker, the quantity of the normal steam cracker charge
is reduced and the incidence of pyrolysis heavy petrol is
avoided or at least reduced.

The fact that the petrol fractions rich in aromatic
25 compounds can be supplied for new economic uses by their
being processed as high-grade constituents for the
production of olefins proves to be a further advantage of

the process according to the invention.

30
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Patent Claims

1. A process for the manufacture of n-alkanes from
5 mineral oil fractions rich in aromatic compdunds
' containing 80 to 95 % by weight aromatic compounds
and 1 to 20 % by weight olefin compounds or
pyrolysis (heavy) gasoline,
characterised by the following steps:
10
the mineral oil fraction is converted with a
zeolite catalyst having a spaciousness index SI
< 20 and a modified constraint index CI* > 1,
the H, pressuré is 5 to 200 bar,
15 . the temperature is 150 to 550°C,
the concentration (WHSV) is 0.1 to 20 h7l,
the cyclical hydrocarbons are converted to n-
alkanes.

20 2. A process according to Claim 1,
éharacterised in that the propértion cf n-alkanes
without methane and 'without H, in the reaction
product is 50 to 95 % by weight, preferably 66 to 90
% by weight, the proportion of cycloalkanes in the
25 reaction product is < 0.2 % by weight and the
. content of aromatic compounds in comparison to the

initial product is not increased.

3. A process according to Claim 1 or 2,
30 characterised in that n-alkanes which are selected
from the group consisting of ethane, propane, n-

butane are predominantiy produced.
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4, A process according to Claims 1 to 3,
characterised in that ZSM-5 in its H-form is used as

the zeolite catalyst.

5 5. A process according to Claims 1 to 4,
characterised in that the H, pressure is 40 to 80,

preferably 50 to 70 bar.

6. A process according to Claims 1 to 5,
10 characterised in that reaction temperature is 300 to
500°C.
7. A process according to Claims 1 to 6,

characterised in that the concentration (WHSV) is

15 0.5 to 3.0 h!, preferably 1.3 to 1.9 'h™

8. A process according to Claims 1 to 7,
characterised in that the zeolite catalyst contains

0.0001 to 5 % by weight of hydrogenated active metal

20 selected from the group Pd, Rh, Ru, Ir, Os, Cu, Co, . .
Ni, Pt, Fe, 2Zn, Ga, In, Mo, W, V or mixtures
thereof.

9. A process according to Claims 1 to 8,
25 characterised in that the zeolite catalyst is shape-

selective and is chosen so that the zeolite pores
and the reactant are the same size.

10. A process according to Claims 1 to 9,
30 characterised in that the mineral oil fractions or
fractions from conversion plants are hydrogenated in

~an upstream reaction stage.
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11. A process according to Claim 10,

characterised in thét the hydrogenation and the
manufacture of the n-alkanes take place in a
reactor, whereby then the catalyst charging takes

5 place so that first of all a commercially available
hydrogenation catalyst and then the zeolite catalyst
is passed through and whereby the temperature of the
reactor is raised'from-250°C at the inlet to 400°C
at the outlet.

10

12. A process according to Claim 10,

characterised in that Ithe hydrogenation and the
manufacture of the n—alkahes takes place with the
same catalyst on a zeolite base, which possésses a

15 spaciousness index SI < 20 and a modified constraint
index CI*> 1 and a metal content of hydrogenated
active metal of more than 0.01 % by weight, whereby
the hydrogenated active metal is selected from the
group P4, Rh, Ru, Ir, Os, Cu, Co, Ni, Pt, Fe, Zn,

20 Ga, In, Mo, Wﬁ V or mixtures thereof. o

13. A process according to Claims 1 to 12,
characterised in that the heat of reaction which is
produced during hydrogenation is used for heating

25 during the manufacture of the n-alkanes.

14. A catalyst for the manufacture of n-alkanes from
mineral oil fractions and fractions from thermal or
catalytic conversion plants, which contain

30 cycloalkanes and/or aromatic compounds, comprising
a zeolite having a spaciousness index SI < 20 and a
modified constraint index CI* > 1, wherein the

catalyst is present in its H form and contains
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18. Use according to Claim 17,
characterised in that the zeolite is a zeolite of

structural type MFI (ZSM-5).

30 19. Use according to Claim 17 or 18,
characterised in that the catalyst is present in its

H-form.
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