-1- - PROCESS FOR THE PRODUCTI ON OF HI GH CETANE VALLE
THE PRODUCT THEREOF This invention relates to a process
productian of hydrocarbon |ubricants and hi gh cetane val

fuels fromnear linear alpha olefins derived frominexpews+ve AT
by enmpl oying the internediate production ofomear linear internal olefin
ol i goners. 10 The present invention provides a process for the

co- production of lubricant range hydrocarbons and aromatics-free
hydrocarbon fuel having high cetane number, conprising: (a) contacting a
f eedstream conprising | ower 15 0 [ QEons W th
surface-deactivated, acidic, ned e netallosilicate
catal yst particles under olig~' R 7 2 a product
stream conprising aromatics-free, slightly branched internal ol efin

oli gomers is 20 PrAdUC S vehPlod ¥a13EEL " 1 prBceERBES ALY LMY ene,

with production of hydrocarbon lubricants and high cetane
value hydrocarbon fuels from near linear alpha olefins
derived from inexpensive lower alkenes by employing
the intermediate production . of near linear internal
olefin oligomers.

_The present invention provides a process for the

| co-production of lubricant rahge hydrocarbons and
aromatics-free hydrocarbon fuel having high cetane
number, comprising:

5

10

(a) contacting a feedstream comprising lower
olefinic hydrocarbons with surface-deactivated,
acidic, medium pore, shape selective metallosilicate
catalyst particles under oligomerization conditions
whereby a product stream comprising aromatics-free,
slightly branched internal olefin oligomers is
produced; |

(b) contacting the oligomers and ethylene with
metathesis catalyst in a.reaction zone under

15

20

metathesis conditions whereby the internal olefin
oligomers are converted to reaction product comprising
slightly branched alpha;olefin oligomers and
unconverted oligomers;

(c) contacting step (b) metathesis reaction
product with reduced valence state Group VIB metal
catalyst on porous support under oligomerization
conditions and recovering a reaction product
containing a 177°- 343°C (177°-343°C) fuel boiling
range portion and a 343°C (650°F+) lubricant range
portion; _

(d) separating and hydrogenating step (c) fuel
boiling range portion whereby a hydrocarbon fuel
having cetane number between 50 and 75 and no
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nmet at’hesi s catalyst in a.reaction zone under netathesis conditions whereby
the internal olefin oligonmers are converted to reacti opproduct conpri-sing
25 ., slightly branched al pha-ol efin oligoners and| upgogMert eds BEEN
oligoners; (c) contacting step (b) netathesis reaction pr odmﬁp,‘wtm} r edugied
val ence state Group VIB netal catal yst on pg@raQus suppor—eraeT

ol i goneri zati on 30 conditions and recovering a reaction product
containing a 177[err]- 343[err] C (177[err]-343[err] C fuel boiling range
portion and a 343[err]C + 650[err]F+) lubricant range portion; (d)

separating and hydro enatlng ste fuel boiling range portion whereby a
hydr ocar bon fuel ha 8?aﬁ%‘ﬁ%ﬁ&8% dpet ween 50 and 75 and no

REPLACEMENT SHEET -2- affbeapresents ipveutibenl. fukithepr peeviidésh\aepiriooass$ ur t her
provi des a process for the production of hydrocarbon fuels having high
cetane value, comprising: contacting a feedstream
comprising lower olefinic hydrocarbons with surface-
deactivated acidic, medium pore, shape selective
5 metallosilicate catalyst particles under
oligomerization conditions whereby a product stream
comprising aromatics—free near linear olefinic
oligomers is produced; hydrogenating at least a
portion of the product stream and recovering a 177° -

10 343°C (350°-650°F) fuel boiling range fraction having
a cetane value between 50 and 75, no aromatics and
less than 0.5 weight % naphthenes.

In the processes known in the art for catalytic
conversion of olefins to heavier hydrocarbons by

15 catalytic oligomerization using a medium pore shape

' selective acid crystalline zeolite, such as ZSM-5 type
catalyst, process conditions can be varied to favor
the formation of hydrocarbons of varying molecular
weight. At moderate temperature and relatively high

20 pressure, the conversion conditions favor c10+

" aliphatic product. Lower olefinic feedstocks
containing C,-Cg alkenes_may be converted. A typical.
reactive feedstock consigts essentially of c3-c6 mono-
olefins, with varying amounts of nonreactive paraffins

25 and the like being_acceptable components.

U.S. Patent Nos. 4,520,221, 4,568,786 and
4,658,079 to C. S. H. Chen et al, disclose further
advances in zeoclite catalyzed olefin oligomerization.
These patents disclose processes for the oligomeri-

30 zation of light, or lower, olefins using zeolite
catalyst such as 2ZSM-5. The oligomers so produced are
near linear in structure and contain internal olefin
unsaturation. These unique olefinic oligomers are
produced by surface deactivation of the ZSM-5 type
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and t'he product thereof for the production of hydrocarbon fuels having high
cetane val ue, conprising: contacting.a feedstream conpr Iy FOWET QL&@”?
hydrecarbons with surface- deactivated acidic, nediun1p:f@ﬁ ﬁﬁgﬁ%j&gi@bTw ’
metal 'osilicate catal yst particles under oligonerizatiofp_condi Refa T

a product stream conprising aromatics-free near linear olefinic oligoners

i s produced; hydrogenating at |east a porti®o? Of the product stream a novel
product having 177[err]- A 343[err]C (350[err]-650[err]F) fuel boiling
range fraction having a cetane val ue between 50 and 75, no aromatics and

| ess than 0.5 wei ght % naphthenes. In the processes known in the art for
catal ytic conver si oncf¥al19isefl bpSpiérreaduent Wil C FuR@AGelYeHaAli¥ihg

ol i goneri zati on usi a glleumgotgse eithem?&J, e 'aé.e ggjvgdgralst al line
zeolite, such as ZS %‘y cBt ySt, process con i Prons can be varied to
favor the formation PATthrplerdy bespfudf meansy|tr) nrsrazgl &iigktighbrapched
noder at e t enper at ur ehigby elaEinid \hyldirgbapivess firom hexpenyive ilower

conditions favor C:+blefins, particularly propylene.

In U.S. Patent No. 4,962,249, near linear higher
5 olefinic hydrocarbons produced by the oligomerization

of lower olefins using surface-deactivated zeolite

catalyst are converted to a mixture comprising

slightly branched and linear higher alpha olefins.

These alpha olefins are oligomerized to lubricant
10 grade hydrocarbons in contact with cationic, Ziegler

or coordination catalyst. Oligomerization of the
aforementioned alpha olefins using reduced valence
state Group VIB metal oxide catalyst on porous support
provides a hydrocarbon lubricant with a viscosity

15 index of greater than 130 at 100°C. Olefin metathesis
with ethene, as described in 0Olefin Metathesis by K.

J. Ivin, published by Academic Press, Chapter 5, is
applied to the internal olefinic oligomers of Chen et
al to provide a route to the alpha olefins suitable

20 for the production of synthetic lubricants, utilizing
the process described in U.S. Patent Nos. 4,827,064
and 4,827,073 to M. Wu. The lubricants recovered
comprise the 650°F+ (343°C+) fraction of the
oligomerization reaction preoduct.

25 It has been found that the 177° - 343°C (350°-
650°F) portion of the product from the ocligomerization
of light olefin with surface-deactivated shape
selective medium pore zeclite catalyst particles
comprises olefinic hydrocarbons having unigue and

30 desirable structures as precursors for high cetane
value clean fuels where, in this invention, the term
clean fuels relates particularly to the absence of
aromatics in the fuel. These oligomers are near

35 This Sheet Has Been Rerlaced
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10 aliphatic product. Lower ol efinic feedstocks containing [err] al kenes
may be converted. A typical reactive feedstock consists essentially of
[err} nmono- olefins, with varying anounts of nonreactive paraffins and the
| i ke being acceptabl e conponents. U S. Patent Nos. 4,520,221, 4,568,786 and
4,658,079 to C S.. H Chen et .al, disclose fyrther advances in zeolite
catal yzed ol efin oligonerization. These patents di scl ose processes for the
ol igoneri- zation of light, or lower, olefins using zeolite catal yst such
as ZSM5. The oligoners so produced are near |linear in structure and

contain internal olefln unsaturation. These unique olefinic oligoners are
produced by surfaceldBOR¥E i StEHCERTY pad APty MO aromatifyst Agja
pretreatnment with aresmltcefcldowingilnidiggeaseion they preaaes @dtageen et al

provide a particul avhydis tlatuddBasg 4y BSCPRhEn dHdat Rigbghed i gher

olefinic h dr ocar bon om L. nexpensi ve
y ief{nig hydrocarbons from surface-deactivated

Zeolite~catalyzed oligomerization of light olefins are
subjected to ethene metathesis to alpha olefins and
cligomerization following the process of in U.S.
Patent No. 4;962,249, the overall process reaction
product comprises a mixture of a 343°C+ (650;F+)
portion comprising high VI lubricant and a 177° -
343°C (350°-650°F) portion comprising high cetane

10 clean fuels precursor. Hydrogenation of the 177°-

343°C (350°~650°F) portion provides an aromaticg-free

fuel with a cetane value between 50-75. Accordingly,
the combined process results in the co-production of
high cetane clean fuels and high VI synthetic
lubricant.

Figure 1 is a graph of the GC results of the (A)

propylene cligomers of Example IV.

Figure 2 is a graph of the GC results of the (B)

propylene oligomers of Example IV.

20 The olefin oligomers.used as starting material in
the presgnt invention are prepared from CJ-C5 olefins
according to the methods presented by Chen et al in
the aforementioned patenfs cited and N. Page and L.
Young in U.S. Patent No. 4,855,527. Shape-selective

25 oligomerlzatlon, as it applies to conversion of c -C
olefins over ZsSM-5, is known to produce higher olefins
up to c30 and higher. Reaction conditions favoring
higher molecular weight products are low temperature
-(200°-260°C), elevated pressure (about 2000 kPa or

30 greater) and long contact. times (less than 1 WHSV).
The reaction under these conditions proceeds through
the acid catalyzed steps of oligomerization,
isomerization-cracking to a mixture of intermediate
carbon number olefins, and interpolymerization to give

15
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ol efi'ns, particularly propylene. In US. Patent No. 4,962,249, near |inear
hi gher ol efi nic hydrocarbons produced by the oligonerization of |ower

ol ef tns using surface-deactivated zeolite catalyst are converted to a

m xture conprising slightly branched and |inear higher al pha olefins. These
al pha olefins are oligonerized to |ubricant-5greade hydrocarbons in contact
with cationic, Ziegler or coordination catalyst. Oigonerization of the

af or ement i oned al pha ol efins using reduced val ence state Group VIB netal

oxi de catal yst on porous support provi des a hydrocarbon lubricant with a

Pl ease sbe i th ot hareranebls bdiilidl praNGt ddntaiify MptateeRsis |
efin esi s

attached J. Ivin, pBifReTSed bhe FIARNRL. SEPRR © égiégtg Egpe %é%ﬂﬁXFFﬁd to the

i nternal ol efinic olnprseeshapé ﬁhhﬂnéweaconatqmemﬂenatheute to the al pha

olefins suitable f Oéoﬁf!%iﬁ’aQQHﬁtb@rlﬁfgesﬁBIMlé‘s | WeebGABikg fdd khéi ng t he,
process descri bed i %J Pg%eg% No g C?E!Bfé and 4,827,073 to M Wi. The
& rr

| ubri cants recovere [err]CH) fraction of the
ol i goneri zati on reacti orfhsr 6539?"8513‘*1"9-

5 oligomerization/polymerization catalysts preferred for
use herein to prepare the olefin oligomers used as
starting material in the invention include the
crystalline aluminosilicate zecolites having a silica
to alumina molar ratio of at least 12, a constraint

10 index of about 1 to 12 and acid cracking activity of
about 50-300. Representative of the ZSM-5 type
Zeolites are ZSM-5, ZSM-11l, ZSM-12, ZSM-23, ZISM-35 and
ZSM-38. 2SM-5 is disclosed and claimed in U.S. Patent
No. 3,702,886 and U.S. Patent No. Re. 29,948; ZSM-1ll

15 is disclosed and claimed in U.S. Patent No. 3,709,979.
Also, see U.S. Patent Nos. 3,832,449 for ZsM-12:
4,076,842 for 2SM-23:; 4,016,245 for ZSM-35 and
4,046,839 for ZSM-38. A suitable shape selective
medium pore catalyst for fixed bed is a small crystal

20 H-ZSM-5 zeolite (silica:alumina ratio =70:1) with
alumina binder in the form of cylindrical extrudates
of about 1-5mm. Unless otherwise stated in this
description, the catalyét shall consist essentially of
ZSM-s; which has a crystallite size of about 0.02 to

25 0.05 micron, or ZSM-23. Other pentasil catalysts
which may be used in one or more reactor stages
include a variety of medium pore siliceous material
disclosed in U.S. Patent Nos. 4,414,423 and 4,417,088,

The acid catalysts are deactivated by pre-

30 treatment with a surface-neutralizing base, as
disclosed by Chen et al and Page et al in the
aforementioned patents. Surface deactivation is
carried out using bulky or sterically hindered bases,
typically those comprising trialkyl substituted
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It has been found that the 177[err] - 343[err]C (350- 650[err]F) portion of
the product fromthe oligonerization of light olefin with
surface-deacti vat ed shape sel ective nedium pore zeolite catal yst particles
conprises ol efinic hydrocarbons having uni que and desirable structures as
precursors for high cetane value clean fuelsgwhere, in this invention, the
termclean fuels relates particularly to the absence of aronmatics in the
fuel. These oligoners are near wherein the reference to G oup VIB netal
is the group containing Cr, Mo and Wwhich corresponds to G oup VIB of the
Periodi c Tabl e published in the handhook of Chem stry and Physics, CRC
Press, 61st editionPYiiffeBgg These hinderpd hases bavh vers %&%}Fﬁﬂntain no

aromatics. As a reactess ftol kbei intdryyadiogeretstructioey pf othe ccatallgse,
leaving the pores active sites for near linear
oligomerization. However, active surface sites which -
are not constrained, as pores are, to low branching
oligomerization are neutralized.

Considering propylene oligomerization for
purposes of illustration, the olefinic
oligomerization-polymerization products include C ot
substantially linear aliphatic hydrocarbons. The ZSM-

5 catalytic path for propylene feed provides a long

10 chain with approximately one to two lower alky; (e.g.,
methyl) substituents per 12 carbon atoms in the
straight chain.

When propylene or butene are oligomerized
according to processes described herein, a unique
mixture of liquid hydrocarbon products are formed.
More particularly, this mixture of hydrocarbons may
comprise at least 95% by weight of mono-oclefin
oligomers of the empirical formula:

(Cnflan)n
where n is 3 or 4 and m is an integer from 1 to
approximately 10, the mono-oclefin oligomers comprising
at least 20% by weight of olefins having at least 12
carbon atoms. Those olefins having at least 12 carbon
atoms have an average of from 0.80 to 2.50 methyl side
groups per carbon chain. The olefin side groups are
predominantly methyl.

15

20

25

It will be understood that methyl side groups are
methyl groups which occupy positions other than the
terminal positions of the first and last (i.e., alpha
and omega) carbon atoms of the longest carbon chain.
This longest carbon chain is also referred tso herein
as the carbon backbone chain of the oclefin. 'he

average number of methyl side groups for the c12

30

35



val ues between 50 and 75. Wen the near |inear ol efinic hydrocarbons from
surface-deactivated zeolite-catal yzed ol igonerization o -nﬂ§% t%%ﬁlsyﬁhq j

subj ected to ethene netathesis to al pha olefins and 5 REBLACE
ol igonerization followi ng the process of in U S Patent|No. 4 @Ey‘%ﬁa
overal | process reaction product conprises= alntxture of a 343[err]C&
(650[ err] F+) portion conprising high VI lubricant and a 177[err] -
343[err] C (350[err]-650[err]F) portion conprising high cetane 10 -

cl ean fuels precursor. Hydrogenation of the 177 - -343[err]C

(350[err]-650[err] bheP®hd iy Woﬂtﬁtﬂ?@ iy ¥afgBtveenid atef wahqaid$h a cetane
val ue between 50-75. A g%ﬂ% t he conbi ned process results in the
e

co- producti on of hl&ﬁ C ean fuels and high VI synthetic 15
lubricant. Figure 1 is aThespieligonars @@y deuseparited dnta) fpaskianane
ol i gonmers of Exanpl @yl ¥Yontémtiichad iSs€illatiienokeplifation.eswhea of the (B)

propyl ene Ollgonersp Iﬁ??ﬁﬂ@”f% %Yi g&hrlzed. olefin F¥addid EncgﬁéfgggiFs used”

as starting naterlal Fesent I nvention are re ared from
ol efins according t &b °¥%’?‘f% nypRes A% FAFPORHRRORS ‘Eﬁn P/ obtained:
5 6, 9,.12, 15, 18 and 21. When butene is oligomerized,

olefin fractions centaining the following numbers of
carbon atoms may be obtained: 8, 12, 16, 20, 24 and
2B. It is also possible to ocligomerize a mixture of
propylene and butene and to obtain a mixture of’
10 oligomers having at least 6 carbon atoms.
Page and Young (allowed Application Serial No.
105,438, filed October 7, 1987) described these new
clefins as multi-component mixtures of propylene

oligomers having relatively few branching methyl

15 groups on the carbon backbone. As an example of
branching, the dodecene fraction prepared from
propylene and HZSM-23 [ZSM23-~dodecenes] typically has
1.3 methyl branches. This can be reduced to 1.0 or
less by varying reaction conditions.

-20 Olefi etathesis
The metathesis of the slightly branched olefinic

hydrocarbons resulting from the olefin oligomerization
operation is carried out to provide alpha olefins in a
primary reaction which can be thought of as comprising

25 the breaking of two unsaturated bonds between first
and second carbon atoms and between third and forth
carbon atoms, respectively, and the equilibrium
formation of two new alpha olefinic bonds in different
molecules as illustrated in the following formulas

30 employing ethylene as the feed alpha olefin:
1) from trisubstituted olefins

VAVAVAVAVAVA N it /\/\/\/ MIRTVAVAVAN
/NVVVVN ====> /N/VVVV + /W
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the aforenmentioned patents cited and N. Page and L. Young in U.S. Patent
No. 4, 855,527. Shape-sel ective 25
conversion of [err]

products are |l ow tenperature (200[err]-260LegrlC,

2000 kPa or

ol igonerization, as it applies to

ol efins over ZSM5, is known to produce higher ol efins
up to C30 and higher. Reaction conditions favoring higher nol ecul ar wei ght

steps of oligonerization, isonmerization-cracking to a m xture of

I nt ermedi ate carbon nunber ol efin nd i.nterpolynerization to give 35
a continuous boilind)p SEECSL%'?ﬂﬁtZFH?ﬁ% %ﬁ‘&@%r bon numbers. The channel
system of ZSM 5 type cat ANSM Y Vi¥gdse shape>sel/ddN ve todSNANALs on t he

el evat ed pressure (about
greater) and long contact tinmes (less than 1 WHSV).
The reaction under these conditions proceeds through the acid catal yzed

5

configuration of |arge nph\ggm ag\/8Ccountd-ng f on/thg/diffa/pges with ot her

catal ysts.

10

15

20

25

30

35

VAVAVAVAVAVAN e A VA VAVAVAVAN

The equilibrium is displaced to the right in the
presence of excess ethylene.

The reaction produces linear alpha olefins,
branched alpha olefins and vihylidene olefins. The
structure and molecular weight of the product olefins
depend on the structure of the starting oligomers.

For olefins of carbon number C, which have undergone
the metathesis with ethylene, the product olefins have
an average molecular weight, on a molar bhasis, of
cn/2+1. Trisubstituted olefins account for a major
share of olefins in the slightly branched olefin
oligomers. Where these trisubstituted olefins are
iscolefinic they account for a major share, as well,
of the methyl branching in the olefin oligomer. Their
reaction in metathesis with ethylene produces an alpha
olefin and a vinylidenic olefin, as already shown.
Further, it is known that vinylidene olefins are
unreactive in reduced chromium oxide catalyzed and
Ziegler catalyst catalyzed ocligomerization.
Accordingly, the olefin metathesis reaction of
slightly branched olefin described here produces a
mixture of olefins where only a portion, alpha
olefins, are oligomerizable with Ziegler or chromium
catalyst to higher lubricant grade hydrocarbon
oligomers. A large portion of the methyl branching in
the starting olefins is effectively removed from
inclusion in higher oligomers produced by coordination
catalyst by conversion to vinylidene structures
through metathesis with ethylene.

In general any of the C,_g alpha olefins can be
reacted with the oligomerization product effluent in
the metathesis operation herein. Some specific



The shape-sel ective 5 ol i goneri zati on/ pol ynmeri zati on catal ysts
preferred for use herein to prepare the olefin oligoners used as starting
materital in the invention include the crystalline alum nosilicate zeolites
having a silica to alumna nolar ratio of at |east 12, a constraint 10

i ndex of about 1 to 12 and acid cracking acgiyity of about 50-300.
Representative of the ZSM5 type zeolites are ZSM5, ZSM 11, ZSM 12,

ZSM 23, ZSM 35 and ZSM 38. ZSM5 is disclosed and clainmed in U S. Patent
No. 3,702,886 and U. S. Patent No. Re. 29, 948; ZSM 11 15 i s di sclosed

and clainmed in U S. Patent No. 3,709,979.. Also, Pat ent Nos.
3,832, 449 for ZSM ﬁ‘,“&iﬁ%?fsfz‘#‘o %‘:ﬂw%nﬁsoi%ef Y{8re7SM 35 and
4,046,839 for ZSM 3Boprlewei diibatehepel-pensenev el thediens, pbrecteaeal yst for

fi?_ed b%i |1 )s a fgala}ndcwst%ike(’i@mn ;t%yl'f{nzs%%iﬁéfbirééu i cat al gmt na f
ratl1 o = Wi a umg%ég r f:g yes Oﬁg}% of eII; 8?189?%6.)( rudat es O_.

about 1-5mm Unl ess ot he se § eScCri ¢cat al yst
shal | consi st esserftiefipynegathegis aml%’ﬁ-tﬁaéya“%’rWleél EptEhssi ze of  about
0.02 to 25 : (retathesioconverZ S didre@hber MapntoZsichesataltuiyst

5 have been reported in the prior art. Preferably, the
catalyst is one of molybdenum, tungsten, or rhenium
oxide deposited on a support of silica, alumina,
silica~alumina or aluminum phosphate. An additional
metal oxide, e.g., a rare earth metal oxide, can also

10 be present as is known. Prior to its use, the
catalyst is activated by calcination carried out in a
conventional manner. .A particularly suitable catalyst
is molybdenum oxide supported on a mixture of

" amorphous precipitated silica and colloidal silica. A

15 preferred catalyst is rhenium oxide on alumina. Cco-
catalysts, including tetraalkyl tin, are useful. A
particularly preferred catalyst is rhenium oxide on
gamma-alumina plus tetramethyl tin co-catalyst.

Suitable conditions for the metathesis reaction

20 include a pressure of from 50-35000 KPa, a temperature
of from 0°C to about 500°C, and space velocities of
from 1 to about 300 WHSV based on the nature of the

- metathesis catalyst. Although the activity of the
catalyst is suitable within the broad ranges mentioned

25 above, increased activity is generally found when the
pressure is from 700 to about 3500 KPa, the
temperature range is from 20°-100°C, and the WHSV is
from 0.5 to about 1000. The process can be carried
out either in the presence or absence of a diluent.

30 Diluents comprising paraffinic and-cycloparaffinic
hydrocarbons can be employed. Suitable diluents are,
for example, propane, cyclchexanes, methylcyclohexane,
normal pentane, normal hexane, isoctane, dodecane, and
the like, or mixtures thereof, including prizarily

35



whi ch may be used in one or nore reactor stages include a variety of nmedium
pore siliceous material disclosed in U S. Patent Nos. 4,414,423 and
4,417,088. The acid catalysts are deactivated by pre- 30 t r eat nent
with a surface-neutralizing base, as disclosed by Chen et al and Page et al
in the aforenentioned patents. Surface deactPvation is carried out using
bul ky or sterically hindered bases, typically those conprising trialkyl
substituted 35 pyri di nes. These hi ndered bases have very |inmted access
to the internal pore structure of the catalyst, |eaving the pores active
sites for near |ineghogbl @RS tdrd cybOvpaRitrinat hxeinginipaee s2tes which
are not - constrai ned, as_pores are lgoq_elcgwebra&%hhgguglll{gﬁ{g;{lidzggi on are
neutralized. 5 carbon atgER PHe NG propyl ene OfI QOMer | zati on for
purposes of illustraohoeactive snder hhe sPRdbMAans, afi bRe FRaRtPPz atTén

products include [erdehction can also be carried out in a single unit or a ‘.
battery of units employing the same or a different
catalyst. _

5 The amount of alpha-olefin employed in the
metathesis conversion can vary widely and will depend
in part on the degree of unsaturation in the higher
olefin feed which can be readily quantified employing
known techniques, e.g., bromine number. Generally,

10 the alpha-olefin, particularly, will be present in
stoichiometric excess of the amount theoretically .
required but can be substantially less than this. The
amount of alpha olefin should be an amount sufficient
to suppress the self-metathesis reaction which can

15 occur between two molecules of the near linear olefin
feedstock. When ethylene is used as the alpha olefin
that amount is typically about a two to five molar
excess. If desired, excess alpha-olefin can be
separated from the metathesis product effluent and

20 recycled to this stage.

It has been discovered that in the metathesis
reaction between the near linear higher oclefins and
ethylene trisubstituted olefins, the ethylene
trisubstituted olefins are less active than

25 disubstituted olefins. The conversion of
disubstituted olefins proceeds effectively at ambient
temperature (23°C) in the presence of a co-catalyst
sn(CH,),, or at 75°=100°C in the absence of a co~-
catalyst Sn(CH3)4. Trisubstituted olefins, i.e.,

30 those containing isoolefin groups, are not converted
in the absence of a co=-catalyst Sn(CH3)4~even at
elevated temperature (75°C). Optionally, -this
relationship can be readily utilized to reduce the
extent of trisubstituted olefin metathesis to produce

35



substantially linear aliphatic hydrocarbons. The ZSM 5 catal ytic path for
propyl ene feed provides a |long 10 chain with approximately one to
two lower alkyl (e.g., methyl) substituents per 12 carbon atons in the
strai ght chain. Wen propylene or butene are oligonerized according to
processes described herein, a unique 15 __;, __mxture of liquid

hydr ocarbon products are forned. Mre particularly, this m xture of

hydr ocarbons nay conprise at |east 95% by wei ght of nono-ol efin oligomners
of the enpirical formula: [err] 20 where nis 3 or 4 and mis an
integer from1 to approximately 10, the nono-olefin oligoners conprising at
| east 20% by wei ghtVigyléfene plefips nip favogaef BxedomiBBRtEY ons. Those

ol efi ns having at |dasbst2tutsd elesinmetarhesds ity aghybénd rram 0. 80 to
2.50 methyl side 2% pggquee a ﬁuggeggﬁs.car bon chain. The olefin side groups
are predomnantly methyl. Tt wll be underi.tood that nmeth si de,groups are

|
met hyl groups whi ch occdp§ PO oRETRAIRP tﬁﬁﬁf‘f’ﬁ'&nﬁef"?ﬁ"ﬁ%“ﬁ&ﬁ' i ons of "

the first and | ast qﬁchipnajqﬁugear-linear propylene oligomers with
ethylene is to produce alpha olefins. The alpha
5  olefins so produced are complex mixtures contéining
two types of structures. One type is linear, but
contains both even and odd number carbons, and a
mixture of different molecular weights. The other is
near-linear with one or two methyl branches, and also
10 contain both even and odd number carbons, and a
mixture of different molecular weights. Alpha-~
olefins are known to be polymerizable by chromium
catalysis to produce high VI lubricants.
Alpha Olefin Oligomerization
15 The olefins used to prepare lubes and high cetane
value fuels products herein are from the co-~metathesis
reactions between propylene oligomers and ethylene.
The lubes and fuel products were prepared by using
activated Cr (3%) on silica catalyst as described in
20 the previously cited U.S.. Patents tc M. Wu. The low
branch ratio lubes comprise the 343°C+ (650°+)
fraction of the oligomerization product recovered
preferably by distillation.
The near linear alpha olefins oligomerized in
28 this invention to provide high VI lubricant are
characterized as having branching confined
predominantly to the pendant alkyl group of the
oligomer lubricant moclecule. While it is known and
taught in the cited Wu patents that branching in the
30 backbone of the lubricant molecule-adversely effects
VI, high VI lubes can be prepared from slightly
branched alpha oclefins by reduced chromiun-catalysis
if those branches are restricted predominantly to the
pendant alkyl group of the oligomer molecule.
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30 and onega) carbon atons of the | ongest carbon chain. This | ongest
carbon chain is also referred to herein as the carbon backbone chain of the
ol efin. The average nunber of nethyl side groups for the [err] 35 -7 -

ol efins may conprise any range within the range of 0.80 to 2.50 These
~oligoners may be separated into fractions_by, conventional distillation
separation. When propylene is oligonerized, olefin fractions containing the
fol |l owi ng nunber of carbon atons can be obtained: 6, 9, 12, 15, 18 and 21.
When butane is oligonerized, olefin fractions containing the foll ow ng
nunbers of carbon atons nmay be obtained: 8, 12, 16, 20, 24 and 28. It is

al so possible to oligonmerize Bigh Getpge Jfalfie, ERLLROGHRPIF L ane and to
obtain a m xture of 10 The 3430t+ g@sBrEB+hdubeg desteiitsdd @boes haie abens.

Paae and Young (al lﬁi‘ﬁﬂld%akliiEﬁltiﬁncseféﬁ’M- products in 3 steps:

(1) shape selective oligomerization of lower .-
olefins (e.g., propylene) to higher.near-linear
internal olefins:;

5 (2) co-metathesis reaction of the near-linear
olefins with ethylene to l-olefins; and

(3) polymerization of the resulting alpha olefins
by chromium catalysis to high VI lubes and 650°F-
products. '

10 The 177°~343°C (350°-650°'F) portion of the 343°C-
(650°F-) products have unique and desirable structures
as precursors for high cetane clean fuels. They
contain both the initial near-linear oligomers
unconverted in step 2 and vinylidene olefins formed in

15 : step 2 but not polymerized by Cr catalysis in step 3.
After hydrogenation, these products exhibit high
cetane numbers as determined by a reliablie H NMR
method and low temperature ignition behavior. Cetane
number was also determined on several samples by ASTM

20 method.

The 177°-343°C (350°-650°'F) fraction of the near-
linear internal olefins obtained in step 1 is also a
precursor of high cetane clean fuels. The present
fuel precursors contain a significant portion of

25 vinylidene olefins as well as near-linear internal
clefins. After hydrogenation, the fuels contain
paraffins with 1 to 2 methyl side chains per main
chain, derived from the near-linear internal olefins.
A significant portion will have only one methyi side

30 chain on number 2 carbon atom of the main chain, as
derived from the vinylidene olefins. There are no
aromatics present in either fuel derived from near
linear internal olefins from zeolite catalyzed
oligomerization of lower olefins or from reduced

35



105, 438, filed October 7, 1987) described these new ol efins as _
mul ti-conponent m xtures of propylene oligonmers having relatively few .
branchi ng nmethyl 15 groups on the carbon backbongl tRssaf-EXABRHEENO
branchi ng, the dodecene fraction prepared from propyl eng| and H&pM.d&n
(ZSMe3-dodecenes] typically has 1.3 nethyl.bfanches. Thils=e 5E
1.0 or less by varying reaction conditions. 20 A efi
Met at hesi s The netathesis of the slightly branched ol efinic hydrocarbons
resulting fromthe olefin oligonerization operation is carried out to
provi de al pha olefins in a prinary reagtion whi¢ch can be thought of as
conprising 25 ChYqRMI, SARFHVAY CLRBORRISIZRLEAR oOF FRBR BLEFkRh fi r st
and second car bon atsrerosivded ef e rthiehiforegoichgl stebs f ot .t h Af&ebon at ons,

respectively, and thgafsydnacRbh e caBIS Mavel ch¥end Simtldiaa rahgidgni ¢ bonds
in different nol ecules ?F} il Izgtrat d.in th% ﬁ)’l kg%n%forrmlsf 3
enpl oyi ng et hyl ene &5} I8 8¢ al FhaSPEFHIE OB EPA{W ed ol efi'ns
[err] 35 from NMR analysis.

The following Examples illustrate the process of
the present invention for the production of high

cetane value clean fuels.
Example I
Near-linear internal olefins are prepared by
oligomerization of propylene in a continuous stirred
tank reactor (CSTR) using surface-deactivated 2ZSM-23
as the catalyst at 200°C, 900 psig and 0.3 weight -
hourly space velocity (WHSV) in a single pass. The

10

conversion of propylene is 91%. The product oligomers
contain 21.4% of internal olefins having a carbon
number equal to or less than ¢,y and 78.6% of internal
olefins having a carbon number equal to or greater
than c12'
The Cll
distillation. For the co-metathesis reaction with
ethylene, the c,,+ olefins are purified by percolating
through activated alumina followed by treating with
Zeolite 13X and Catalyst R3-11 (Chemical Dynamics
Corporation). Activated Re207/A1203 containing 12% Re-
and Sn (CHs)4 at 1:1 mole ratio are used as co-
25 catalysts. The co-metathesis reaction is carried out
in a 750 ml Parr reactor equipped with two gas inlets
and a sampling dip tube with filter at its tip. A
catalyst addition device with a door at its bottom,
which could be opened by applying a pressure, is '
attached to a gas inlet under the reactor cap above

18

- olefins are removed by fractional

20

30
the reaction mixture. In a glove box, 75 grams of the
purifigd oligomers is charged into the Parr reactor.
The catalyst device is detached from the reactor cap
and 6 grams of the activated Re207/-A1203 are weighed
35
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-8- 2) fromdisubstituted olefins [err] The equilibriumis displaced to the
right in the presence of excess ethylene. 5 The reaction
produces |inear al pha ol efins, branched al pha ol efins and vi nylidene

ol efins. The structure and nol ecul ar wei ght of the product ol efins depend
on the structure of the starting oligonmers. For olefins of carbon nunber
[err] which have undergone 10 t he metéthesis with ethylene, the
product ol efins have an average nol ecul ar weight, on a nolar basis, of
[err]. Trisubstituted ol efins account for a major share of olefins in the
slightly branched ol efin oligonmers. Were these trisubstituted olefins are

15 i sool ef i niints fene aeedtey frae sn(eH.gr, Sbaéfrlr@%d’\@.hEo &fe the
met hyl branchi ng |nc£ J#yt Fp%égl Ets égﬂdfégﬁafﬁ glgg&athe5|s W th
n

et hyl ene produces an_a N an a V|‘g' eni ¢ ® r eady
shown. ertaln that the catalyst is evenly wet. The

-catalyst device is reattached and the Parr reactor is .
Closed. The reactor is then taken out of the glove
box and assembled in the laboratory. Two hundred psi
ethylene is introduced into the reactor through one
gas inlet, and while stirring, the rest of the
ethylene (a total of 800 psi) is introduced through
the other gas inlet to which the catalyst device is
attached. The pressure pushes the door open and the
catalyst is carried into the reaction mixture by the
incoming ethylene. The reaction mixture is kept at
the ambient temperature (25°C). Liquid samples are
withdrawn periodically and analyzed by GC. The
reaction takes about 24 hours to reach equilibrium at-
which time 80% of the oligomers are co-metathesized.
The excess ethylene is discharged and the reactor
while still closed is carried back to the glove box
where the product is discharged and used directly for
reduced Cr'/sio2 catalyzed polymerization according to
the previously cited process of M. Wu. Fifty grams of
the liquid product and 4 grams of activated Cr/sio2
(3% Cr) are charged into a 450 ml Parr reactor. The
reactor is closed, taken out of the glove box and
assembled in the laboratory for polymerization. The
temperature is raised to 110°C and kept there for 24
hours. The reactor is cooled down and opened. The
~ catalyst is filtered off by suction and the water-

white product is hydrogenated over Pd/C at S0°C and
distilled in vacuum to obtain the following products:
650+°F lube:

Yield: 54.1%, Viscosity at 100°C: 50cS; VI: 164:;
480°-650‘F diesel fuel: .

Yield: 20.5%, NMR estimated cetane number 68: no'

aromatics

10

15

20

25

30

35



Furthér, it is known that vinylidene olefins are 20 unreactive in
reduced chrom um oxi de catal yzed and Ziegler catal yst catal yzed

ol i gomreri zation. Accordingly, the olefin netathesis reaction of slightly
branched ol efin described here produces a m xture of olefins where only a
portion, alpha 25 olefins, are oligonﬁrizable wi th Ziegler or
chrom um cat al yst to higher |ubricant grad'é1 ydrocar bon ol i gomers. A |arge
portion of the methyl branching in the starting olefins is effectively '
removed frominclusion in higher oligoners produced by coordination 30
catal yst by conversion to vinylidene structures through netathesis with

et hyl ene. I n general anyrgfitiiba pehaviioax: phBS or X45r8 " Carfle = 8ast®Lawi th t he
ol i gonmeri zati on product effd uepbgiged;ne netathesis operation herein. Sone

specific 35 -5 exgupl 65,9 Ukl Q1R ghelins are ethylene

Yield: 15.0%. -
<350°F: Yield: 10.4%.
Example II.

5 In this example the same starting propylene
oligomers are used in the co-metathesis reaction with
ethylene and under the same experimental conditions as
in Example I. The co-metathesis conversion is 75%
based on the propylene cligomers. In the Cr/sio2

10 catalyzed polymerization step, 72.5 grams of olefins
and 4 grams of Cr/Si0, (3% Cr) are used. The
polymerization is carried out at 110°C for 116 hours.
After hydrogenation over Pd/C at 50°C and distillation
in vacuum the following products are cbtained:

15 343°C+ (650°F+) lube:

Yield: 47.6%:
Viscosity at 100°C; 35 cS:
VI: 159;
249°-343°C (480°-650°F) diesel fuel:

20 Yield: 24.5%

NMR estimated cetane number: 71; no aromatics

Ignition behavior: TS5 = 244.7°C; T10 = 235.7°C;

T20 = 229.7°C: '
177°-249°C (350°-480°F) kerosene/jet fuel:

25 Yield: 15.9%:
<177°C (<350°'F):

Yield: 12.0%;
Example III
Near-linear internal olefins are prepared by

30 oligomerization of propylene in a continuous stirred
tank reactor (CSTR) with <Cl2 olefins recycled to
extinction at 210°C and 0.3 WHSV. The conversion of
propylene is 90%. ' The product oligomers which are
near~linear internal olefins are subjected to co-
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propyl ene, 1-butene, 1-pentene, 1-hexene, 1l-octene, and the |like with

et hyl ene being preferred. Any of the catalysts heretofore enployed in
olefin metathesis are suitably utilized in the netathesis conversion
herein. Many of these catal yst have been reported in the prior art.
Preferably, the catalyst is one of nolybdengm--tungsten, or rhenium oxide
deposited on a support of silica, alumna, silica-alumna or alum num
phosphate. An additional netal oxide, e.g., arare earth netal oxide, can
al so 10 be present as is known. Prior to its use, the catalyst is

activated by calci ' Fja in.a vgghi ! r

particul arly sui tabrﬁ%tghgg?g%s‘iﬁlqsg I:’yeg'gerggﬁ?om :qjs%g%xéor eg'ogﬁéab I Xture
of anor phous preci ROLYPEEIZ3139R, CARRLYESA BY dSF/ 3495 43, the j3pme manney of or r ed
catal yst is rheni umsodederived |innExanpleC3d. chftdy Hysirogenatidmngndet r aal kyl

tin, are useful. Aq3akhheatdd Y tReeFANIng bRl arehebtdineaxi de on
gamma- al um na pl us t4§t-5a-w?é£'8"lr+h' p co-catalyst. Suitable conditions for the
met at hesi s reacti ot 20°F I'nc ¥ a pressure of from 50-35000 KPa, a
tenmperature of from O[ err]3elt:aBbeR¥500[ err] C, and space velocities of

5 Viscosity at_lOO'C: 44.7 ¢S,
VI: 153;
249°-343°C (480°-650°F) diesel fuel:
Yield: 25.4%; |
177°-249°C (350°-480°F) kerosene/jet fuel:
Yield: 13.8%
NMR estimated cetane number: 56; no aromatics
Ignition behavior: TS = 251.4°'C, T1l0 =
237.4°C;
T20=231.0°C;
<177°C (<350°F):
Yield: 5.6%
A further embodiment of the instant invention
comprises the discovery that the <343°C- (<650°F-)
fraction of near-linear paraffins recovered from the

10

15

oligomerization of lower .olefins using surface-
deactivated zeolite as catalyst, as taught in the
cited references of Chen and Page, contain after
hydrogenation diesel and kerosene boiling range
aromatics~free fuels that exhibit high cetane values.
Near-linear oligomers after hydrogenation yield .
slightly methyl branched paraffins which yield
superior autoignition and low temperature performance
properties desired in diesel fuels. 1In addition the
high H/C ratio in these fuels lead to reduced
particulate emissions when burned in diesel engines.

These embodiments of the present invention are
illustrated in the following Example.

20

25
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from1l to about 300 WHSV based on the nature of the netathesis catalyst.

Al t hough the activity of the catalyst is suitable within the broad ranges
ment i ened 25 above, increased activity is generally found when the
pressure is from 700 to about 3500 KPa, the tenperature range is from
20[err]-100[err]C, and the WHSV is from 0.5 _to about 1000. The process can
be carried out either in the presence or abdénte of a diluent. 30

Di | uents conprising paraffinic and cycl oparaffinic hydrocarbons can be
enpl oyed. Suitable diluents are, for exanple, propane, cycl ohexanes,

met hyl cycl ohexane, normal pentane, normal hexane, isoctane, dodecane, and
the like, or mxtures thereof, incl Bkamgplprf¥arily 35 -10 -

those-paraffins and cycl pparinbhpssbey itie HRridreht ©aEBREs &IOS per
nol ecul e. The di | uent shguld gg nonreactlégegnd%ké&hgrgondltlogsbof t he
of a

reaction. The react FoRE¥ai al%d9B8 tartied out im a singre unit of
using as the catalyst ZSM-23 surface~deactivated by ..

2,4,6-collidine.
One batch (A) is prepared in a semi-continuous stirred-
5 tank reactor without recycle. The oligomerization is -
carried out at 200°C, 1000 psig with propylene fed on
demand. The composition is shown in Table 1 and
" Figure 1. The other batch (B) is prepared in twin
fixed-bed reactors and with recycle of the <C,, olefin
10 oligomers (3:1 liquid) to extinction. The conditions
are 230°C, 1000 psig, and WHSV of 0.2. The
ccmpositions are shown in Table II and Figure 2.
The oligomers are fractionated under a reduced
pressure using a ASTM D-2892 still to boiling point
15 ranges close to number 1 fuel (B.P.: 177°-249°C (350'-'
480°F) and diesel fuel (B.P.: 249°-343°C (480°-650'F).
The fractions are hydrogenated at 150°C using Ni on
Kiselgel until no more hydrogen is taken up. The lack
of olefin content of the final products is established
20 by NMR. Cetane number, API gravity, freezing point
are determined by the respective ASTM methods.

25
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battery of units enploying the sane or a different catalyst. 5

The anpunt of al pha-olefin enployed in the netathesis conversion can vary
wi dely and will depend in part on the degree of unsaturation in the higher
ol efin feed which can be readily quantified enploying known techni ques,
e.g., brom ne nunber. Cenerally, 10 t he al pha-olefin, particularly,
will be present in stoichionetric excess ofl& e anobunt theoretically
required but can be substantially less than this. The anount of al pha

ol efin shoul d be an anount sufficient to suppress the self-netathesis
reacti on which can 15 occur T@8LRe®n two nol ecul es of the near I|inear

ol efin feedstock. When et hpkhopermE viedomers vpaeedpEm ol efin that anmount is

typically about a two to five ) esired, excess al pha-olefin
can be separated fromthe mstgl %%s?%gg%ﬁ(ﬁ Ic%??l uent and 20 -

recycled to this stage. It has bed®)di scovered that in the netathesis
reacti on between thEXPERIMENTABacONDIONSOl efi ns and et hyl ene trisubstituted

ol efins, the ethylene trd&g%gic; ut egsilef i fieare8 ¥H85 AW, lsLeoif{ine

Feed: Propylene, fed on demand
5 Temperature: 200°C
Pressure: 1000 psig
COMPOSITION
Component = Wt.%
C6 43.0
10 C9 25.2
C12 14.8
Cis 9.6
C18 3.9
Coq and higher 3.4
15 BRANCHING
Component Isomer we.
C9 Di-Me 18.8
Mono-Me 72.4
Normal 8.9
20 Me/Cyq 1.19
C12 Di-Me 22.9
Mono-Me 69.4
Normal 7.7
Me/c12 1.27
28 C15 Di-Me 18.7
Mono-Me 74.1
Normal 7.3
Me/C, o 1.21
30

35



25 ) di substituted ol efins. The conversion of disubstituted ol efins
proceeds effectively at anbient tenperature (23[err]C) in the presence of a
co-catalyst Sn(CH3)4, or at 75[err]-100[err]C in the absence of a co-
catalyst [err]. Trisubstituted olefins, i.e., 30 t hose cont ai ni ng

i sool efin groups, are not converted in the d4Bsence of a co-catal yst
Sn(CH3)4 even at elevated tenperature (75[err]C). Optionally, this

rel ationship can be readily utilized to reduce the extent of trisubstituted
olefin metathesis to produce 35 vinyl i dene ol efins in favor of

predom nantly di substituted ol efin nmepagfigsts Wth ethyl ene to produce

al pha ol efins. The primary purpggge;fgngeaigﬁﬁﬂégé(Fgéngég.hesis reactions of
near -1 i near propyl ene oligoners -wWih ethylene 1's to produce al pha ol efins.

The al pha 5 ol efins so pr oém%nafixﬂ‘é‘hﬁﬁ"e%eﬁp ®¥% es containing two
types of structures. One typaitﬁ'tdfyyaaecbuled To Extinction

(B)

EXPERIMENTAL CONDITIONS

3 Catalyst: ZSM-23 treated with 2,4,6-collidine
Feed: Propylene (60%) + Propane (40%)
WHSV: 0.2 based on propylene
Temperature: 230°C
10 Pressure: 1000 psig
Recycle: 3:1 liquid, to extinction
COMPOSITION
Component we.%
C6 2.7
15 : C9 4.9
C12 47.5
C15 26.4
C18 11.0
c21 and higher 7.2
20 BRANCHING .
Component Isomer — Wt.$%
Cisn Di-Me 55.2
Mono-Me 41.2
Normal 3.6
- Me/C, 1.79
Cis Di-Me -
Mono-Me -
Normal -
Ne/C, o 1.75
30

The yield and diesel properties from the two
propylene oligomers after hydrogenation are summarized
in Table ITII. It should be noted that propylene
oligomers (olefins) are the only products from the

35



contains both even and odd nunber carbons, and a mixture of different

nol ecul ar wei ghts. The other is near-linear wwth one or two nethyl
branches, and al so contain both even and odd nunber carbons, and a mxture
of different nol ecul ar weights. Al pha- olefins are knowmn to be

pol ymeri zabl e by chrom um catal ysis to pr GdéBe™ hi gh VI lubricants. A pha
A efin Aigonerization 15 The ol efins used to prepare | ubes and
hi gh cetane val ue fuels products herein are fromthe co-netathesis

reacti ons between propyl ene oligoners and ethyl ene. The | ubes and f uel
products were prepafbiddmenigatjonmuiorgssdami, (Bp veswelti dhecat al yst as

described in 20 hydtdiferiaiceui pr@dubetel héde Liaa‘iafl‘:‘aheet&zt&t%e% e | ow

1
branch rati o | ubes In% cti of "t he
ol i goneri zati on pr og%?itlisz%off/ggg Aé;r ef & %5?4 qg’%[ F& %f at?’ 8%l'h"é‘“‘near
| i near al pha ol ef i nSEo¥h®ydridr r2&%°G 358" -48 'F)t HirackhoRnts eesibivelyvi de ..
high VI lubricant aidemtiarizet esica, as bavafirdy aycbhelr ewlktarsk

br edort nant | y {0t heogerdante abkule £ GHPpRf £ A 0hT, GOPBE Haglr fgant

nmol ecule. While it is._kn
molecular ?ons. however, they show fragmentatlon which.

5

could be derived from C nf2n+2 parafflns. Only 0.4 wts%,
by total ion integration, could belong to CnH 2n
{olefins which were not completely hydrogenated or
cycloalkanes, otherwise known as naphthenes). The

10 249°-343°C (480°-650°F) fraction gave GC/MS results
which showed all peaks are positively identified as
an2n+2 paraffins by their molecular ions.
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~

taught” in the cited Wi patents that branching in the 30 backbone of

t he lubricant nol ecul e adversely effects VI, high VI |ubes can be prepared
fromslightly branched al pha olefins by reduced chrom umcatalysis if those
branches are restricted predom:nantly to the pendant al kyl group of the

ol i gomer nol ecule. 35 - 12 -. - Hi gh Catane Val ue Fuel Recovery The
343[err] C + (650[err]F+) |ubes! described2abeve are co- produced with
343[err] C (650[err]F-) productk in 3 steps: (1) shape selective

ol i goneri zation of |lower olef ins (e.g., propylene) to higher near-I|inear
internal olefins; 5 a (2) co-netathesis reaction of the

near-linear olefins with e hyll ene to 1-olefins; and (3) polynerization of
the resulting al pha ol efi s By chr0ﬂ10n1cataly5|s two #i gh VI | ubes and
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10 _ The 177[err]-343[err]C (350[err]-650[err]F) portion of the
343[err] C (650[err]F-) products have unique and desirable structures as
precursors for high cetane clean fuels. They contain both the initial
near-1linear oligomers unconverted in step 2 and vinylidene ol efins fornmed
in 15 step 2 but not polynerized by2@r-catalysis in step 3. After
hydrogenati on, these products exhibit high cetane nunbers as determ ned by
a reliable HNVR net hodT%cﬁqr(ﬁﬁ"ﬁé‘irp"é?aaipgﬁel?'b‘iﬁ‘%ﬁaﬁ?sbéﬁavﬁ’ﬁﬂr’-@é@%ne :
nunber was al so detdispovery dhatepareiculanplelsidly caSakke?0alue fuelset hod. The

177[err]-343[err] C drda0ber {douaRQLE {dd rebbet il Fo14BGingar - | | near

internal olef ins qQbtained in step 1 is_also %cﬁ.recursor of %h cet ane
clean fuels. The pra@ZRFeRIRAOR,PECHRS A3 Eont B ERRAFFHEMRE BBRti on of
25 vi nyl i derrd igbmeérigation\produnt nfapropensnusingesweface-efins. After
hydr ogenat ihO_n, tge cieuegﬁxfr&@éﬁ Qia&al@f‘éﬂfr!m&sm émdodeilsZnav&rwluni‘ e chains
per main chain, derjyved. from:t near:lin ' I olefins..
significant porti onde\?nrl ?‘lﬂ%ﬁ/re. sor] ?gﬁfe aﬁe?ﬁéﬁ srllg‘geﬂéo an‘jf‘s qf“@'l%?n on
number 2 carbon at GRESFLEFRy ridh Aschetirveds dBr¥iedisténsurelingnyli dene
ol efins. Tf’kere ar e €lement responsible for providing such surprisingly

: high cetane values in a clean fuel free of aromatics.
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aromatics present in either fuel derived fromnear |linear internal
fromzeolite catal yzed oligonerization of |ower ol efing == ,
-13- .chrom um cat al yzed ol i goneri zati on of al pha ol ef i s THESSHEDdWAS dBZENOS
the foregoing steps 1-3. After hydrogenation, the fuel 3 haveREELAfIE NnuUnbet s
ranging from50 to 75, as determ ned by ésgg/l met hod andFor TTom NVR
anal ysis. The followi ng Exanples illustraté& the process of the present

i nvention for the production of high cetane value clean fuels. Exanple |
Near-linear internal olefins are prepared by oligonerization of propylene
In a continuous stirred 10 tank reactor (CSTR) using
surface-deacti vat eELATMEP3 as the catal yst at 200[err]C, 900 psig and 0.3

wei ght hourly space vel o¢i tay/ prWEERS fior 8héi cgtprodastion E lubricant
range hydrocarbons and arcmatics-free hydrocarbon fuel
having high cetane number, comprising:

ol efins

1Ot tucet—

5 (a) contacting a feedstream comprising lower
olefinic hydrocarbons with surface-deactivated,
acidic, medium pore, shape selective metallosilicate
catalyst particles under oligomerization conditions
whereby a product stream comprising aromatics-free,

10 slightly branched intermal olefin oligomers is
produced; '

(b) contacting the oligomers and ethylene with
metathesis catalyst in a reaction zone under
metathesis conditions whereby the internal olefin

15 oligomers are converted to reaction product comprising
slightly branched alpha-olefin oligomers and
unconverted oligomers;

(c) contacting step (b) metathesis reaction
product with reduced valence state Group VIB metal

20 catalyst on porous support under oligomerization
conditions and recovering a reaction product
containing a 177°- 343°C (350°-650°F) fuel boiling
range portion and a 343°C (650°F+) lubricant range
portion:;

25 ) " (d) separating and hydrogenating step (c¢) fuel
boiling range portion whereby a hydrocarbon fuel
having cetane number between 50 and 75 and no
aromatics is produced.

2. The process of claim 1 wherein the lower
olefinic hydrocarbons comprise CZ-C4 l-alkenes.
3. The process of claim 2 wherein the
hydrocarbons comprise propene.
4. The process of claim 1 wherein the slightly
branched internal olefin oligomer portion comprise .
. hydrocarbons having about 1-2 methyl branches per 12

\
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conversion of propylene is 91% The product oligoners con
I nternal ol efins having a carbon 15 " nunber equal t
[err}. and 78.6% of internal ol efins having a carbon nunbe
greater than [err]. The Cl1- olefins are renoved by fractl S
distillation. For the co-netathesis reacti R with 20 et hyl ene, the
[err] + olefins are purified by percolating through activated al um na
followed by treating with Zeolite 13X and Catal yst R3-11 (Chenical Dynanics
Corporation). Activated [err] containing 12% Re and Sn [err] at 1:1 nole
ratio are used as co- catalysts. The co-netathesis reaction is carried out
in a 750 nl Parr reactof- edqlieppEacsis Rt G2 s Wiesein the esakpasi®y dip
tube with filter atcalt"aﬂiyét mnc&uaaée&Wraddemsdemmmm a door at its
bottom which coul ¢, ?ﬁ &/,l ng a pressure, is 30 attached
to a gas inlet under e reactor abo fhe reaction mxture. In a glove
box, 75 grams of the puftfiB BFP‘Q%%E ab‘haﬁ' JEFEPRT ol AHMIBET reactgr.
The cat al yst devi ceetgadbkyl Hda ﬁsm-tda&alm{ or cap and 6 grans of the

activated [err] are wei ghedrhe process of claim 5 wherein the catalyst
' comprises aluminum oxide supported rhenium oxide and
tetramethyl tin.
8. The process of claim 1 wherein the

metallosilicate catalyst includes surface-~deactivated
ZSM-5 or ZSM-23.

9. The process of claim 1 wherein step (c)
catalyst comprises CO~-reduced chromium oxide catalyst
on silica support.

10. The process of claim 1 including the further
steps of separating step (a) product stream to recover

+ oligomer portion and reacting the C..+ oligomer

11
in step (b).

11. A process for the production of hydrocarbon

11

fuels having high cetane value, comprising:
contacting a feedstream comprising lower olefinic
hydrocarbons with surface-deactivated acidic, medium
5 pore, shape selective metallosilicate catalyst
particles under oligomerization conditions whereby a
product stream comprising aromatics-free near linear
olefinic oligomers is produced:;
hydrogenating at least a portion of the
10 product stream and recovering a 177°® --343°C (350°-
650°F) fuel boiling range fraction having a cetane
value between'so and 75, no aromatics and less than
0.5 weight % naphthenes.
12. The process of claim 11 whereln the lower
olefinic hydrocarbons comprise cz-c4 1-a1kePes.
13. The process of claim 12 wherein the
hydrocarbons comprise propene.
14. The process of claim 11 wherein the

T | This Sheet Has Been Repl
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35 *-14- into the device.' The Sn(CHB)4 I's syringed int
device fromits solution in the oligomers neking certain thatii$ he cat ahy'sE;N
is evenly wet. The catal yst device is reattached and the rr rdaotigrciis

cl osed. The reactor is then taken out of the glove box and=assenbted i n the
| aboratory. Two hundred psi 5 et hyl,gne is introduced into the
reactor through one gas inlet, and while stirring, the rest of the ethylene

(a total of 800 psipeth$1bdilyicd¢ecdatdlyetglist fiermicecaegesivatedt z6:0-s0hi ch t he
catal yst device is at %?gh,?ﬂ The pressure pushes the door open and the 10

catalyst is carri edh e reaction m xture by the incom ng ethylene. The
reaction mixture i s kepk5atTheh®@ragesemt Féﬁb’ér‘aﬁllﬂh@rﬁ% e "eAfui d sanpl es

are w t hdrawn peri adineak! yléﬁdxmnalmérlsycﬁi’prﬁtehyéaocamnsakwrxmout 24
Egu:nit ;ghggﬁggdequ'éﬂot&@ Y03 afethyl branchedhpel ii WarBBHO &foddle ol i gomers are
16. A hydrocarbon fuel composition having high
. cetane value comprising the reaction product of a
process comprising the steps of:

(a) contacting a feedstream comprising lower

5 olefinic hydrocarbons with surface-deactivated,
acidic, medium pore, shape selective metallosilicate
catalyst particles under oligomerization conditions
whereby a product stream comprising aromatics-free,
slightly branched internal olefin oligomers is

10 produced;

(b) contacting the oligomers and ethylene with
metathesis catalyst in a reaction zone under
metathesis conditions whereby the internal olefin
oligomers are converted to reaction product comprising

15 slightly branched alpha-olefin oligomers and
unconverted oligomer:;

(c) contacting step (b) metathesis reaction
product with reduced valence state Group VIB metal
catalyst on porous support under oligomerization

20 conditions and recovering a reaction product
- containing a 177°-343°C (350°-650°F) fuel boiling
range portion and a 343°C+ (650°F+) lubricant range
porﬁion:

(d) separating and hydrogenating step (c) fuel

25 boiling range portion containing no aromatics and less
than 0.5 wt % naphthenes whereby a clean hydrocarbon
fuel having cetane number between 50 and 75 is
produced. '

17. The process of claim 16 wherein the lower
olefinic hydrocarbons comprise propene.

18. The process of claim 16 wherein the slightly
branched internal olefin oligomer portion comprise
hydrocarbons having about 1-2 methyl branches per 12

[

—_—
as Been Replaced

L LT T



The excess ethylene is discharged and the reactor while still closed is
carried back to the gl ove box where the product is discharged and used
directly for reduced [err] catal yzed pol ynerization according to 20

the previously cited process of M Wi. Fifty grans of the |iquid product
and 4 grans of activated [err] (3% Cr) are2gharged into a 450 m Parr
reactor. The reactor is closed, taken out of the glove box and assenbled in
the | aboratory for polynerization. The tenperature is raised to 110[err] C
and kept there for 24 hours. The reactor is cooled down and opened. The
catalyst is filtergghff aB¥msuction and the water- white product is
hydrogenat ed over Pd/C t 50 C and_distilled, in vacuumto_obtain the
fol | owi ng products: 1% #he %’g’!‘f' P8 PF F133Be 16 vi r}(5“’1’"”54":5% fuygtheysity at
100[ err] C. 50cS; vsteggaf AG@WG%@%@H@])FPUPM stream ¥ ategtovad. 5% NI\/R
estimated cetane nhln@er-h @8 igOfer RFRLLE Sandd reacting the C 11+ ©ligomer

in step (b).
20. A hydrocarbon fuel composition having high

cetane number, comprising: an aromatics-free mixture

of near-linear paraffinic hydrocarbons having a

boiling range between 177°-343°C (350°~650°F), cetane
5 number between S0 and 75 and containing less than 0.5

wt % naphthenes, the hydrocarbons containing about 1-2

methyl branches per 12 carbon atoms.

I



-15 -=lgnition behavior: T5 = 245.9[err]C, T10 = 236.8[err]C, T20 =
229.8[err]C, 350[err]-480[err]F kerosene/jet fuel: Yield: 15.0%
<350[,err]F: Yield: 10.4% Exanple Il. 5 Jfﬁfhls"exaﬁﬁfeglﬁe

sanme starting propylene oligoners are used in the ¢ r §'$§ﬁ re&ct1®n
with ethyl ené and under the sane experinental condit| ons a¥ ﬁ%%nnLe l.
The co-netat hesis conversion is 75% based on the propylene oligoners. In

the [err] 10 catal yzed pol ynerization step, 72.5 granms of ol efins
and 4 granms of [err] (3% Cr) are used. The polynerization is carried out at
110[err] C for 116 hours. After hydrogenati on over Pd/C at 50[err]C and
distillation in vacuumthe foll owi ng products are obtained: 15

343[err] C+ (650[err]F+) lube: Yield: 47.6% Viscosity at 100[err] {5 35 c$§;,
Vl: 159; '
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249[@rr]-343[err] C (480[err]-650[err]F) diesel fuel: 20 Toie spee L eLds
24.5% NVR estinated cetane nunber: 71; no aromatics Ignit'oﬁ*%gﬁgyi'wé’ﬁ¥@:;
244.7[err]C, T10 = 235.7[err]C, T20 = 229.7[err]C 177[ er|t] =249 rwi,. ‘

(350[err]-480[err]F) kerosene/jet fuel: 25 Yield: 15.9%
<177[err]C (<350[err]F): Yield: 12.0% Exanple Ill Near-I|inear internal
ol efins are prepared by 30 ol i goneri zati on of propylene in a

continuous stirred tank reactor (CSTR) with <Cl2 ol efins recycled to
extinction at 210[err]C and 0.3 WHSV. The conversion of propylene is 90%
The product oligonmers which are near-linear internal olefins are subjected

to co- 35 -- 16 -- netathesis with ethylene (80% conversion) followed by
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pol yieri zation catal yzed by. [err] in the same manner as described in
Exanple |. After hydrogenation and distillation, the foll ”ngp“rﬁﬁfts~
obtained: 343[err]C+ (650[err] F+) lube: Yield: 55.2% Visgosrty &at~ENT SHEET
100[err] C: 44.7 ¢S, VI: 153; 249[err]-343[err]C (480[err]650[ er A1F)JUN 4398 |
fuel: Yield: 25.4% 177[err]-249[err]C ( [err]-480[err] rosenes et |
fuel: 10 Yi el di 13.8% NVR esti mated cetame nunber: 56 Ho——
aromatics Ignition behavior: T5 = 251.4[err]C, T10 = 237.4[err]C,
T20=231.0[err]C, <177[err]C (<350[err]F): Yield: 5.6%A further enbodi nent
of the instant invention conprises the discovery that the <343[err] C
(<650[err]F-) fraction of near-linear paraffins recovered fromthe 20

ol i goneri zation of |ower olefins using surface- deactivated zeolite as
catal yst, as taught in the .
i
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ctEd references of Chen and Page, contain after hydrogena%ggg:gggﬁekxandxzzz-
kerosene boiling range aromatics-free fuels that exhibit highesgienesnT SHEET

hethyl bra Near-1inear oligoners after hydrogenation yield ivl i ght]
 JON.1985...

met hyl branched paraffins which yield superior autoignitio @ﬂg;ﬂg
tenperature performance properties desired in diesel fuels.iin=—addt

T—trre
T LA

high HCratio in these fuels |lead to reduced 30 particul ate
em ssi ons when burned in diesel engines. These enbodi nents of the present
invention are illustrated in the follow ng Exanple. 35 -17- Exanple 1V

For conparison, two different batches of propylene oligoners are used. Both
are prepared by using as the catal yst ZSM 23 surface-deactivated by
2,4,6-collidine. One batch (A) is prepared in a sem -continuous stirred
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a

5. ' tank reactor without recycle. The oligomerization is carrled out...
at 200[err]C, 1000 psig with propylene fed on demand. Theg&qr hOﬂukSeif
shown in Table 1 and Figure 1. The other batch (B) is pjjepare D g$@n1 006

fixed-bed reactors and with recycle of the <Cl2 ol efin
(3:1 liquid) to extinction. The COﬂdItIOﬂS_Qbe 230[ err
WHSV of 0.2. The conpositions are shown in Table Il and Figure 2. The
oligoners are fractionated under a reduced pressure using a ASTM D 2892
still to boiling point 15 ranges close to nunber 1 fuel (B.P.
177[err]-249[err]C (350[err]- 480[err]F) and dlesel fuel (B.P.: 249[err]
-343[err] C (480[err]-650F). The #acbhpusiarahigtogameted at 150[err] C
using N on Kiselgel until )i} DTANENVARUR aR@A 2ILBe | ack of olefin
content of the final products i%Mﬁ?ii ' REQF by NVR  Cetane

ggrﬁg(rj,s AEIS g(r)a\?/,ISt Y freeﬁ'xlzl.s :|.Bven‘t:1r:uL'xr (?c'e s g:-r'. nt1:o ea p:.%ctegg Eggpgt Ic\ég ASTM

5 production of hydrocarbon lubricants and high cetane
value hydrocarbon fuels from near linear alpha olefins
derived from inexpensive lower alkenes by employing

I
O
Fo
=
0.

.......................

the intermediate production of near linear internal
olefin oligomers.

The present invention provides a process for the
co-production of lubricant range hydrocarbons and

10

aromatics-free hydrocarbon fuel having high cetane
number, comprising:

(a) contacting a feedstream comprising lower
15 olefinic hydrocarbaons with surface-deactivated,
acidic, medium pore, shape selective metallosilicate
catalyst particles under oligomerizétion conditions
whereby a product stream comprising aromatics-free,
slightly branched intermal olefin oligomers is
20 produced;

(b) contactxng the ocligomers and ethylene with
metathesis catalyst in a.reaction zone under
- metathesis conditions whereby the internal olefin
cligomers are converted to reaction product comprising
slightly branched alpha;olefip oligomers and

unconverted oligomers;

25

- (c) contacting step (b) metathesis reaction
product with reduced valence state Group VIB metal
catalyst on porous support under oligomerization
conditions and recovering a reaction product
containing a 177°- 343°C (177°-343°C) fuel boiling
range portion and a 343°C+(650°F+) lubricant range
portion:
(d) separating and hydrogenating step (c) fuel

15 boiling'range portion Whereby a hydrocarbon fuel

having cetane number between 50 and 75 and no

3o



TABLE I -

PROPYLENE OLI GOVERS PREPARED SI NGLE PASS IN A
EXPERI MENTAL CONDI TI ONS Cat al yst:

ZSM 23 treated with

b

népbaceMENTIREET

|

Feed: Propyl ene, fed on demand Tenperature: 200[er] C Pressur n
1000 psig COVPCSI TI ON Conponent W.%[err] é&teOfQonfcmo t
[err] 25.2 [err] 14.8 Jerr] =G —%:JJ
3.9 [err] and higher - 3.4 15 BRANCHI NG Conponent | soner W .

% C9 D - e 18. 8 Mono- Me 72.4

10

18

20

25

30

35

olefins may comprise any range within the range of
0.80 to 2.50 '

These oligomers may be separated into fractions
by conventional daistillation separation. When

’"propylene is oligomerized, olefin fractions containing

the following number of carbon atoms can be obtained:

6, 9,.12, 15, 18 and 21. When butene is oligomerized,

olefin fractions containing the following numbers of
carbon atoms may be obtained: 8, 12, 16, 20, 24 and
28. It is also possible to oligomerize a mixture of
propylene and butene and to obtain a mixture of’
oligomers having at least 6 carbon atoms.

Page and Young éallogﬁg Application Serial No.
105,438, EEieE 5c%o§er'7‘“1§g7) described these new
olefins as multi-component mixtures of propylene
oligomers having relatively few branching methyl
groups on the carbon backbone. As an example of
branching, the dodecene fraction prepared from
propylene and HZSM-23 [ZSHZJ-dodecenes] typically has
1.3 methyl branches. This can be reduced to 1.0 or
less by varying reaction conditions.

Olefipn Metathesis
The metathesis of the slightly branched olefinic

hydrocarbons resulting from the olefin oligomerization .

operation is carried out to provide alpha olefins in a
primary reaction which can be thought of as comprising
the breaking of two unsaturated bonds between first

and second carbon atoms and between third and £o¥th fourth

carbon atoms, respectively, and the equilibrium
formation of two new alpha olefinic bonds in different
molecules as illustrated in the following formulas
employing ethylene as the feed alpha olefin:

1) from trisubstituted olefins

VAVAVAVAVAVANEEE s S AVAVAY RV AVAA
JAVAVAVAVAVANREE et SV AVAVAVAV SR B AA



Nor mal 8.9 20 | [err]

D - M 22.9 Mono- Me 69. 4 Nor mal 7.7 [err]

[err] D - Me 18. 7 Mono- Me 74. 1 Nor mal

1.21 30 35 TABLE II Propyl ene A igoners Prepared in T rDaFéX
Reactors Wth [err] = Recycled To Extinction (B) 5 . =

CONDI TI ONS Catal yst: ZSM 23 treated with 234, 6-col | i di ne

chromium catalyzed oligomerization of alpha olefins,
as produced from the foregoing steps 1-3. After
hydrogenation, the fuels have cetane numbers ranging
from'gg'to 75, as determined by ASTM method and/or ..
from NMR analysis.
The followinq.zxamples illustrate the process of
5 the present invention for the production of high
caetane value clean fuels. '
Example I
Near-linear in;ernal olefins are prepared by
oligomerization of propylene in a continuous stirred
tank reactor (CSTR) using surface-deactivated ZSM-23
as the catalyst at 200°C, 900 psig and 0.3 weight

10

hoﬁrly space velocity (WHSV) in a single pass. The
conversion of propylene is 91%. The product oligomers
contain 21.4% of intermnal olefins having a carbon
15 number equal to or less than C11 and 78.6% of internal
olefins having a carbon number equal to or greater
than Clz.
The C,,
distillation. For the co-metathesis reaction with

- olefins are removed by fractional

20 éthylene, the c12+ olefins are purified by percolating
through activated alumina followed by treating with
Zeolite 13X and Catalyst R3-11 (Chemical Dynamics
Corporation). Activated Re207/A_lzo3 containing 12% Re
and Sn (CH3)4

25 catalysts. The co-metathesis reaction is carried out

at 1l:1 mole ratio are used as co-

in a 750 ml Parr reactor equipped with two gas inlets
and a sampling dip tube with filter at its tip. A
catalyst addition device with a door at its bottom,
which could be opened by applying a pressure, is

3d attached to a gas inlet under the reactor cap above
the reaction mixture. In a glove box, 75 grams of the
purified oligomers is charged into the Parr reactor.
The catalyst device is detached from the reactor cap
and 6 grams of the activated Rezo7/-Aizoj are weighed

35



Feed: R Propyl ene (60% + Prop
Tenperature: 230[err]C 10
liquid, to extinction COVWOSITI

=20, 2 based on pr opyJ_ene
THIS BRHESS HIe: --.190@ psi e S
Conp@EMMPSED W . %CG

[err] 4.9 [err] €1 1] 2

11.0 [err] and higher 7.2 20 BRANCHI NG Conponent

[err] D - Me - 55.2 Mono- Me 41.2 JNor.nal . 3.

[err] 1.79 [err] : D - Me -- Mono-Me -- Normal --
CLAINS:

1. A process for the co-production of lubricant
range hydrocarbons and aromatics-free hydrocarbon fuel
having high cetane number, comprising: o c8

5 ) (a) contacting a feedstream comprisinigiag%ir_'
—ekefinie-hydrocarbons with surface-deactivated,
acidic, medium pore, shape selective metallosilicate
catalyst particles under oligomerization conditions
whereby a product stream comprising aromatics-free,

10 slightly branched internal olefin oligomers is
produced;
| (b) contacting the oligcmers and ethylene with
metatheéis catalyst in a reaction zone under
metathesis conditions whereby the internal olefin

15 oligomers are converted to reaction product comprising
slightly branched alpha-olefin cligomers and
unconverted oligomers:

(c) contacting step (b) metathesis reaction
product with reduced valence state Group VIB metal

20 catalyst on porous support under oligomerization
conditions and recovering a reaction product
containing a 177°- 343°C (350°-650°F) fuel boiling
range porticn and a 343’9:1650'F+) lubricant range
portion: '

25 (d) separating and hydrogenating step (c) fuel
boiling range portion whereby a hydrocarbon fuel
having cetane number between 50 and 75 and no
aromatics is produced.

2. The process of claim 1 wherein the lower
olefinic hydrocarbons comprise ¢,-C, l-alkenes.

3. The process of claim 2 wherein the
hydrocarboné comprise propene.

4, The process of claim 1 wherein the slightly
branched internal olefin oligomer portion comprise
hydrocarbons having about 1-2 methyl branches per 12
carbon-atoms.

e
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[er(] - 1.75 30 The yield and di —Hes—from t hgF—wo-propyleme -
ol i gomers after hydrogenation are SumFE r bIEEr HAS BABNe(| 1 | 1. HEPLQ‘W »d}ﬁber‘* S
not ed that propyl ene oligoners (ol E‘hl ns) REPEACEE onl y)iprogucts f2 gnpEDE g?@ -
- 20 - oligonerization process and," Fesurt, -t e hydr pdatated- pr@due '''''

have paraffinic structures only. Results of the GO M sho
than 96 wt % of the 177[err]-249[err]C (350[xr ] -480[err]F) fraction |s
positively identified as [err] paraffins by their nolecular ions and
fragmentation patterns; 3.0 wt % have no 5 nol ecul ar ions; however,
they show fragnmentation which. could be derived from[err] paraffins. Only

0.4 W% by total ion igtegmadi ceQQUAﬁj ¢13§| ang ‘;rgez[eq_;,r th%@gétggswl ch

wer e not conpl etely hydr ogenat € oal kanes, otherwi se known as
napht henes). The é§1 g includes supported oxidés of rhenium,

molybdenum or tungsten.

6. The process of claim 5 further including
tetraalkyl tin as co-catalyst.

" 7. The process of claim 5 wherein the catalyst
comprises aluminum oxide supported rhenium oxide and
tetramethyl tin.

8. The process of claim 1 where1n the
metallosilicate catalyst includes surface-~deactivated
ZSM-5 or ZSM-23. '

9. The process of claim 1 wherein step (c)
catalyst comprises CO-~reduced chromium oxide catalyst
on silica support.

10. The process of claim 1 including the further
steps of separating step (a) product stream to recover
a C11+ oligomer portion and reacting the c11+ oligomer
in step (b).

11. A process for the production of hydrocarbon

fuels having high cetane value, ccmnrisi% :
contacting a feedstream comprising %%ﬁgg:é;eééﬂée
hydrocarbons with surface4aeactivated acidic, medium
S pore, shape selective metallosilicate catalyst
particles under oligomerization conditions whereby a
product stream comprising aromatics~free near linear
olefinic oligomers is produced;
hydrogenating at least a portion of the
10 product stream and recovering a 177*' - 343°C (350°-
650°F) fuel boiling range fraction having a cetane
value between S0 and 75, no aromatics and less than
0.5 weight % napnthenes.”
12. The process of claim 11 wherein the lower.
olefinic hydrocarbons comprise CZ-C4 l-alkepes.
13. The process of claim 12 wherein the
hydrocarbens éomprise properne.
14. The process of claim 11 wherein the

aat LU i




100 .-

by their

249[ err] > F
results whi ch showed all peaks afjelt8SHENTelAL BE@M fied
nol ecul ar

-343[ err] C (48@pFerri=656ferrFA—¥racti o

, w}id A
| '{f&ffq* ‘523&1! a$-~r-ns
ions. 15 20 2§ 30 3BEPLAG - 22 -

The 20 e@FE
Exanple illustrates the surprising discovery that particu é¥¥® hi _oetane

value fuels free of aromatics are recoverable follow ng h

the 343 G- (650[err]F-) fraction of the oligpnerization product of propene

usi ng surface- deactivated catal yst. These oligonmers have a unique

10

15

20

25

metallosilicate catalyst is surface-deactivated ZSM-5
or ZSM-23.

15. The process of claim 11 wherein the near
linear olefinic oligomers comprise hydrocarbons having
about 1-2 methyl branches per 12 carbon atoms.

16. A hydrocarbon fuel composition having high
cetane value comprising the reaction product of a
process ccmprisihg the steps of:

(a) contacti ng a feedstream comprising lewes

“edefiznic hydrocarbons with surface~deactivated,
acidic, medium pore, shape selective metallosilicate
catalyst particles under oligomerization conditions
whereby a product stream comprising aromatics-free,
slightly branched internal olefin oligomers is
produced: :

(b) contacting the oligomers and ethylene with
metathesis catalyst in a reaction zone under
metathesis conditions whereby the internal olefin
ollqcmers are converted to reaction product comprising.
slightly branched alpha-olefin ollgomers and
unconverted oligomer;

(¢) contacting step (b) metathesis .reaction
product with reduced valence state Group VIB metal
catalyst on porous support under oligomerization

c8

"conditions and recovering a reaction product
containing a 177°-343°C (350°-550°F) fuel boiling
range portion and a 343°C+ (630°F+) lubricant range
portion:

(d) separating and hydrogenating step (c) fuel
beiling range porﬁion containing no aromatics and less
than 0.5 wt % naphthenes whereby a clean hydrocarben
fuel having cetane number between 50 and 75 is
produced.

17. The process of claim 16 wherein the lower
olefinic hydrocarbons comprise propene.

18. The process of claim 16 wherein the slightly
branched internal olefin oligomer portion comprise
hydrocarbons having about 1-2 methyl branches per 12

___________;_________-
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neak t¥near structure as shown by NVMR This unique strugture it js .
believed, is the distinguishing el ement responsible for |ps@smigin SN o] I
surprisingly high cetane values in a clean fuel free of aronﬁééﬁéf‘ib‘15
25 30 35 - 23 - CLAIMS: 1. A process for the co-prodligigont d fDEUb@Q@anaf
range hydrocarbons and aromati cs-free hydrocarbon fuel ' L gh Bt AN
nunber, conprising: 5- _ (a) contacting a feedstream conpri sing
| ower hydrocarbons with surface-deactivated, acidic, mediumpore, shape
selective nmetallosilicate catalyst particles under oligonerization
condi tions
PROCESS FOR THE PRODUCTION
QF "HIGH CETANE VALUE CLEAN FUELS.
.. AND THE PRODUCT THEREOF
ABSTRACT -

The 177°-343°'C (350°-650°F) portion of the
product- from the oligomerization of light olefin with
surface-deactivated shape selective medium pore

. Zeclite catalyst particles comprises olefinic

5* hydrocarbons having unique and desirable structures as
precursors for high cetane value clean fuels. These
oligomers.are near linear in-structure and contain no
aromatics. Following hydrogenation they produce
Cetane values between 50 and 75. When the near linear

10 olefinic hydrocarbons from surface-deactivated zeolite
catalyzed cligomerization of light olefins are
subjected to ethene metathesis to alpha olefins and
oligomerization following the process of U.S. Patent
No. 4,962,249, the overall process reaction product

15 comprises a mixture of a 343°C+ (650°F+) portion
comprising high VI lubricant and a 177°-343°C (350°-
650°F) portion comprising high cetane clean fuels
Precursor. Hydrogenation of the 177°-343°C (350° =~
650°F) portion provides an aromatics-free fuel with a

20 ‘cetane value between 50-70 containing less than 0.5
weight % naphthenes. The combined process results in
the co-production of high cetane clean fuels and high
VI synthetic lubricant.

25
FIGURE 1 IS SUGGESTED FOR PUBLICATION.
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wher eby a product stream conprising aromatics-free, 10 A i 1
branched internal olefin oligoners is produced; (h) contactﬁﬁQLﬂﬁEMnNTSHEt ;
oligomers and ethylene with netathesig catalyst in a reactjon zo u 1997 ’
met at hesi s condi ti ons whereby the internal olefin 15 - BmngHE{S T RFBrrriess g
converted to reaction product conprising slightly branched alpa=-ofrer it -
ol i goners and unconverted oligoners; (c) contacting step (b) netathesis
reaction product with reduced val ence state G oup VIB netal 20

catal yst arowatidcs slepprbdusdd. ol i goneri zati on conditions and recovering

a reaction progyct contaiping a lézlerg]-. 343 [ 50 -650[err]F) fuel
boi li ng range ¢ i = 3nY algxgréﬂP%oﬁﬂﬁﬁﬁégééi%ﬁé@ § 1% fportlon
25 for the(pbodupﬁianiog hgdrhmunmgnn apl i ng
and 75 and el SHERie s PuHEPIRNER | YRl O AREaBYERER OUL SR Ptk
| ower ol equnnrimgchowensolerﬁinlge hysingcarkaons: eith surface-
deactivated acidic, medium pore, shape selective
metallosilicate catalyst particles under §
oligomerization conditions whereby a product stream i
comprising aromatics-free near linear olefinic
oligomers is produced; hydrogenating at least a
~ portion of the product streﬂﬁiﬂﬁytg%gggiiﬂgﬂﬁ~l77' -
) 343°C (350°-650°F) fuel boiling range fractlén having
a cetane value between 50 and 75, no aromatics and
less than 0.5 weight % naphthenes.
In the processes known in the art for catalytic
conversion of olefins to heavier hydrocarbons by
. catalytic oligomerization using a medium pore shape
selective acid crystalline zeolite, such as ZSM-5 type
catalyst, process conditions can be varied to favor

the formation of hydrocarbons of varying molecular
weight. At moderate temperature and relatively high
pressure, the conversion conditions favor c1°+
aliphatic product. Lower olefinic feedstocks
containing C,-Cg alkenes may be converted. A typical
reactive feedstock consists essentially of c3-c6 mono-
olefins, with varying amounts of nonreactive paraffins
and the like being acceptable components.

U.S. Patent Nos. 4,520,221, 4,568,786 and
4,658,079 to C. S. H. Chen et al, disclose further
advances in zeolite catalyzed olefin oligomerization.
These patents disclose processes for the ocligomeri-
zation of light, or lower, olefins using zeolite
catalyst such as ZSM-5. The oligomers so produced are
near linear in structure and contain internal olefin
unsaturation. These unique olefinzc oligomers are
produced by surface deactivation of the ZSM-5 type



3.‘Thehprocéss of claim 2 wherein the hydrocarbons conprise . hes e
process of claim1 wherein the slightly branched internal ol EOTRET Shm e

Tl
portion conprise hydrocarbons havi ng=8bout 1-2 nethyl branchy |
carbon at ons. - 24 - 5. The process of claim1 wherein tHh S SO !
catal yst includes supported oxi des of rhenium nolybdenum or TUngstenm b- ‘
The process of claimb5 further including tetraal kyl tin as co-cataF?gtApﬁ.Em?
The process of. claim5 wherein the catal yst copprises al um, nym oxi de
supportedQQﬁéilﬁﬁCRYdBrﬁﬁﬁeFEFP&FeV&ﬁgt§r§“¥£? EnﬁPBEég;z f9claim 1

wherei n t ad@! aAn@sSprbeéassesabtl rvhen i e prowidgeadeact i vated ZSM 5 or
ZSM 23. 9'pa¥‘§18£f§§f$ gfse%tlx I:Te%n\gh %roe'pr}:esggaezpe (é:iightly branched

higher olefinic hydrocarbons from inexpensive lower

olefins, particularly propylene.

In U.S. Patent No. 4,962,249, near linear higher
olefinic hydrocarbons produced by the oligomerization
of lower olefins using surface~deactivated zeolite
catalyst are converted to a mixture comprising
slightly branched and linear higher alpha olefins.

These alpha olefins are oligomerized to lubricant

grade hydrocarbons in contact with cationic, Ziegler

or coordination catalyst. Oligomerization of the

aforementioned alpha olefins using reduced valence

state Group VIB metal oxide catalyst on porous support

provides a hydrocarbon lubricant with a viscosity

index of greater than 130 at 100°C, ; Olefin metathesis / please see
with ethene, as described in Qlefin Metathesis by K. attached
J. Ivin, published by Academic Press, Chapter S, is
applied to the internal olefinic oligomers of Chen et
al to provide a route to the alpha olefins suitable
for the production of synthetic lubricants, utilizing
the process described in U.S. Patent Nos. 4,827,064
and 4,827,073 to M. Wu. The lubricants recovered
comprise the 650°F+ (34§'C+) fraction of the
aligomerization reaction product. _

It has been found that the 177* - 343°C (350°~
650°F) portion of the product from the oligomerization
of light olefin with surface-deactivated shape
selective medium pore zeolite catalyst particles
comprises olefinic hydrocarbons having unique and
desirable structures as precursors for high cetane
value clean fuels where, in this invention, the term
clean fuels relates particularly to the absence of
aromatics in the fuel. These cligomers are near



catal yst conprises CO reduced chrom um oxi de catal yst on
10: The process of claim1 including the further steps of
(a) product streamto recover a [err] oligomer portion an heact UQAPRe1997
[err] oligoner in step (b). 11. A process for the productijp lryd‘ro_,a[__t_)"gﬂ”_j
fuel s having high cetane value, conprising: contacting a feedstream
conprising | ower hydrocarbons with surface-deactivated acidic, medium 5
pore, shape selective netallosilicate catalyst particles under '
oligo r| zation conditions whereby a product stream conprising

ar omat|ilc gilferein tharrafierenge 89 Gropp V13| Fg'@iﬂfei% the groygetaining: ogenating at

| east |a p‘Eﬁ*tF‘br'P"éf"t °§(F°1'1'35P°“ $ JouEFoun VLB of the Peeinddei Table 177 -
343[erfr] @ ed iyt bP‘BF’ebe@H‘”Iiﬁbq ang FroEietsi OFC Pa6P%y a cetane

val ue jbet én i%d §°‘ Blaromatics and | ess than 0.5 weight napht henes.
-12. The process of claim11l wherein the | ower ol efinic hydrocarbons’

conprise [err] 1-al kenes. 13. The process of claim 12 wherein the




hydrocarbons conprise propene. 14. The process of claim
25 - metallosilicate catalyst is surface-deactivated ZSM|bREPLESEMEST SHEET

The process of claim 11l wherei'n the near |inear ol efinic foligomeg
Retatonbl. 40N 0/,

hydr ocar bons havi ng about 1-2 nethyl branches per 12 car
hydrocarbon fuel conposition having high cetane val ue conprising the
reaction product of a process conprising tRe_steps of: (a) contacting a,

f eedstream conprising |lower 5 hydr ocarbons with surface-deacti vated,
acidic, nedium pore, shape selective netallosilicate catalyst particles
under ol igonerization conditions whereby a product stream conprising
aromati cs-free, inthIy branched internal olefin oligonmers is 10

produced; (b) cont g the oligonmers and ethylene with
1. A process for the co-production of lubricant

range hydrocarbons and aromatics-free hydrocarbon fuel

having high cetane number, comprising: g oletinic,
5 (a) contacting a feedstream comprLSLng'%Es%é?L'-Ja——"

etrefinie hydrocarbons with surface-deactivated,

acidic, medium pore, shape selective metallosilicate

catalyst particles under oligomerization conditions

whereby a product stream comprising aromatics-free,

10 slightly branched internal olefin ocligomers is
produced;

(b) contacting the oligcmers and ethylene with
metathesis catalyst in a reaction zone under
metathesis conditions whereby the intarnal olefin

- 15 oligomers are converted to reaction product -comprising
slightly branched alpha-olefin oligomers and '
unconverted ocligomers:

(c) contacting step (b) metathesis reaction
product with reduced valence state Group VIB metal

20 . catalyst on porous support under aligomerization
conditidﬁs and recovering a‘reacticn praduct
containing a 177°- 343°C (350°-550°'F) fuel boiling
range portion and a 343°C+(650°F+) lubricant range
portion;

25 (d) separating and hydrogenating step (c) fuel
boiling range portion whereby a hydrocarbon fuel
having cetane number between 50 and 75 and no
aromatics is produced.

2. The process of claim 1 wherein the lower
olefinic hydrocarbons comprise c,-C, l-alkenes.

3. The process of claim 2 wherein the
hydrocarbons comprise propene.

4. The process of claim 1 wherein the slightly
branched internal olefin oligomer portion comprise
hydrocarbons having about 1-2 methyl branches per 12
carbon-atoms. '
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met at hesi s catal yst in a reaction zone under netathesi s feendttons—whereby,
t-he i-hternal olefin oligomers are converted to reacti on||pRERLAIEMBNDESHEEN]:!:
15 slightly branched al pha-ol efin oligoners and u wconvert,g)d Agwe rl
(c) contacting step (b) metathesis reaction product wtli Paduced.val. “
state G oup VIB netal catalyst on porous support under OFFgoREFFZatFarZg:s
conditions and recovering a reaction praduygt —containing a .
177[err]-343[err] C (350[err]-650[err]F) fuel boiling range portion and a
343[err] C+ (650[err]F+) lubricant range portion; (d) separating and
hydrogenating step (c) fuel 25 boi li ng.range portion containing no
aromatics and |ess thag-0.p W %ogggh%keréqgi\n/‘m rwgll;%eg clLean I ggar bon fuel
havi ng cetane nunber béfween G°5h i§ produced. 27 ﬁ'he proceri of

clai m 16 wherei n tfRE3LEREr ingladen; sunnartedapribies ednprea®r opene. 18. The
process of clai m lfolybeesum dheuagsegtl y branched internal ol efin oligomner

portion conprise hydrogar bafs haukdg &Puihsh-2 ARIAKL Pranghey per 12 -
tetraalkyl tin as co-catalyst. -
7. The process of claim 5 wherein the catalyst

comprises aluminum oxide supported rhenium oxide and
tetramethyl tin.

8. The process of claim 1 wherein the
metallosilicate catalyst includes surface-deactivated
Z8M~5 or ZSM=-23.

9. The process of claim 1 wherein step (c)
catalyst comprises CO-reduced chromium oxide catalyst
on silica support.

10. The process of claim 1 including the further
steps of separating step (a) product stream to recover
a cll+ oligomer portion and reacting the C..+ oligomer
in step (b).

11l. A process for the production of hydrocarbon
fuels hivinq high cetane va}ue, comnrising:cﬂe ‘nic,
contacting a feedstream camprising éewee—e&§§§2§5
hydrocarbons with surﬁace4&eactivated acidic, medium

11

5 pore, shape selective metallosilicate catalyst
particles under oligomerization conditions whereby a
product stream comprising aromatics-free near linear
olefinic oligomers is produced; ’

hydrogenating at least a portion of the
10 product stream and recovering a 177° - 343°C (350°-

650°F) fuel boiling range fraction having a cetane
value between S0 and 75, no aromatics and less than
0.5 weight % napnchenes:”

12. The process of claim 11 wherein the lower
olefinic hydrocarbons comprise C,=Cy 1-alkeyes.

13. The process of claim 12 wherein the
hydrocarbons comprise propene.

14. The process of claim 11 wherein the

-



- 26 - carbon atons. 19. The process of claim 16 incl udi he—fturt-hetome—r
steps ‘of -separating step (a) product streamto recover a || QREPLACERIENTSREET {

portion and reacting the [err] + oligoner in step (b). 2 A hy qlgp}?qgg
fuel conposition having high cetane nunber, conprising: Dateanat.i.c
m xture of near-linear paraffinic hydrocarbons having a FH
between 177[err]-343[err] C (350[err] -65Q[_§8r1 F), cetane 5 nunber
bet ween 50 and 75 and containing |l ess than 0.5 wt % napht henes, the
hydr ocar bons cont ametalicidtitate Zatalpyt D¢ aurizage pdeacdtd vazelozsMHS0TS.

or ZSM~23.

15. The process of claim 11 wherein the near
linear olefinic ocligomers comprise hydrocarbans having
about 1-2 methyl branches per 12 carbon atoms.

16. A hydrocarbon fuel composition having high
cetane value comprising the reaction product of a

-n

rocess comprisi by s .
P prising the steps of . . o C8 o?ffﬂb
(a) contacting a feedstream comprising lewes
5 -etefimte~hydrocarbons with surface-deactivated,

acidic, medium pore, shape selective metallosilicate
catalyst particles under oligomerization conditions
whereby a product stream comprising aromatics-free,
slightly branched internal olefin oligomers is

10 produced:;

(b) contacting the oligomers and ethylene with
metathesis catalyst in a reaction zone under
metathesis conditions whereby the intermal olefin
oligomers are converted to reaction product comprising

15 slightly branched alpha-olefin oligomers and
unconverted oligomer:

(c) contacting sten (b) metatheszs reaction
product w1th reduced valence state Group VIEB metal
catalyst on porous support under cligomerization

20 conditions and recovering a reaction product
cantaining a 177°-343°C (350°-550°'F) fuel boiling
range portion and a 343°C+ (650°F+) lubricant range
portion; '

(d) separating and hydrogenating step (¢} fuel

25 boiling range portion containing no aromatics and less
than 0.5 wt % naphthenes whereby a clean hydrocarbon
fuel having cetane number between S50 and 75 is
produced.

'17. The process of claim 16 wherein the lower
olefinic hydrocarbons comprise propene.

18. The process of claim 1§ wherein the slightly
branched internal olefin oligomer portion comprise
hydrocarbons having about 1-2 methyl branches per 12

-
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