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injected into line 7, being ad- 1ing at a tenperature in exces f" about
343[ er ] m xed therein with the total reactor effluent, C_or
371[err]C. may be recycled to extinction andﬂLbe&earPer“s;, tted to
separation such wthin the process. t hat thﬂﬂ@ﬁﬁﬁﬂﬁa ﬁzjaaso bed and
________ - phase,

r enoved In any event the hydrogen entering Y 5 mA&hPh\?
whil e the hydrogen through |ine 31, and conbiﬁkﬁg:ﬁf

sulfide and |ight paraffinic hydrocarbons are drocarbons in Ilne 24, is an

amount.. .o 10\ VRN & -1 o V7 =T TN o wgé§QQu&uQn@§eﬁand«Lhe&n@rn&l#y~mab@ubwi78
to about normal liters per | i qui d hydrocarbons are separat el
recoverep liter of these |liquid hydrocarbons. The re- t hr ough I|Z?
10. i qoreqqbyr.o SUIting mxture enters heater 29 whereinlit

10

15
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METAL COMPLEX COMPOUNDS,
PROCESS FOR PREPARATION AND METHCD OF USE

This Lr/cvb¢on relates to compositions of
matiter which are useful as catalysts, to a method for
preparing these catalysts and to a method of using these
catalysts for polymerizing addition polymerizable

nononmers.

In EP-A-0277004 there are disclosed certain
bis(eyclopentadienyl) metal compounds formed by reacting
a2 bis(cyclopentadienyl) metal complex with salts of
Bronsted acids containing a noncoordinating compatible
anion. The reference discloses the fact that such
complexes are usefully employed as catalysts in the

polymerization of olefins.

Despite the utility of the catalysts disclosad

o]

in tne above prior art references it is desirable ©
produce even more efficient and useful catalysts for
addition polymerizations. In particuf%r the present
investigations have led to certain improvéd metal
complex containing compounds that are highly active &s
polymerization catalysts an¢ desirably allow for the
polymerization of a wide variety of monomers and

mixtures of monomers. e

i~
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10 The normally liquid hydrocarbons in line is raised to the desired

tenmperature within 75 10 are adm xed with the effluent fromh 0-

t he .range of about 260[err]C. to about 510[err]C. , CraCklﬂgﬁT or

26, or at least with the total and usually at IeasL»JB#ertqggx$e%E‘ han

t he anmount of the normally |iquid conponents ﬁeqperaﬁﬁr%gﬁgj t al
char ge passing of this effluent, as hereinaft des ==Tn through
the line 5 to reactor 6. The heated 15 line 11 an §S therewith into
fractionator mxture fromheater 29 is passed through 80 12.
Fractionator 12 is operated at any suit- |ine 30 into hydrocracking
reactor 26. This abl e conditions of pressure and/or tenpera-

reaction zone is maintained under an im ture which result in the

renoval of |ight par- posed pressure within the range of from

affinic hydrocarbons (Cerr] to (Jerrg-through the about 6.8 to about 204
at nospheres, and has 20 line 13, the heavier, normally liquid hydra-

di sposed therein, a suitable hydrocracking 85 car bons, i ncluding
butanes, being renoved agdraliigt tMYnehydideh@r Snfdn@mbi hnceat ad Yty i n re-

from fracti onat Ofr 2 LB LUBNLI S o1 1B 36! 10D 2008 R DY Dei ng

nitrogen-sensitiyv i onat or Fractionator 15

whi ch cont ai ns at°TIPEEETCRFREA BT MY PR ForpBRLex contaifgrEafHY 4 "Eenter wel |
16 bel ow whi ch t¢Rrregpendiaiete edief fornulae netals of Groups VI-A

5 CpMX, A~
wherein:

Cp is a single qs—cyclopentadienyl or QS—

substituted cyclopentadienyl group optionally covalently

10
bonded to M through a substituent;
M Is a metal of Group 3-10 or the Lanthanide
Series of the Periodic Table bound in an q5 bonding mode
15 to the cyclepentadienyl or substituted cyclopentadienyl
group;
X each occurrence is hydride or a moiety
selected from halo, alkyl, aryl, silyl, germyl, aryloxy,
20 alkoxy, amide, siloxy, and combinations thereof (e.g.

haloalkyl, haloaryl, halosilyl, alkaryl, aralikyl,

silylalkyl, aryloxyaryl, alkyoxyalkyl, amidoalkyl,

amidoaryl, etc.) having up to 20 non-hydrogen atoms, and

neu%ral Lewis base ligands having up to 20 non-hydrogen
25 atoms or optionally one X together with Cp forms a

metallocycle with M;
n is 1 or 2 depending on the valence of M: and

30 AT is a noncoordinating, compatible anion of a

Bronsted acid salt.

Such compounds are usefully employed in
coordination type polymerization processes to prepare
polymers for molding, fiim, sheet, extrusion {oaming and
other applications. The .compounds may also be utilized
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25 hydrocarbons enter via line 14. Fraction- and VIII of the Periodic
Tabl e, and ni xtures 90 ator 15 is operated under conditions of tem

thereof. The hydr ocarbon charge i s passed perature and pLg§
that the gasoline fromheater 29 through line 30 into gg%hﬁ?“ g BT
range hydrocarbons, including but- cracking reacto ﬁﬁmﬁ&hﬁk| hqglqrng
space anes, are renoved through line 17, contgk

the range of f

=3 T hi
rom about 1.0 30 ing less than 1.0

nitro- to about 15.0. 95 genous conpounds
Hydr ocar bons boiling It is preferred that the total effluent from
within the mddle-distillate boiling range, hydrocracking reactor 26 i

passed t hrough

n

The aforesald

S

containing less than 5.0. ppm of nitrogen, |ine 27

containing punp 28, into the line 11 are renoved via line 21 froma
poi nt above and then is conmingled wéth the normally 35 center wel
16. Any residual nitrogenous |iquid hydrocarbons in line 10, thereafter
100 conmpounds, entering fractionator 15 via line passing through

line 11 into frattiydnag@ratiln reactionsldcadipytrienonvstitherref nohemi th t he

hydro- \Were
boi li ng range
about 343[err]
hydr ocr acki ng

5

10

20

30

desddsediaNPMBYLEsesNOr mal |y gaseous car bons havi ng
in excess of conponents nmay first be separated fromthe

to 371[ @ﬁé]cgrpoﬂAHsought}lé %eeg'grt 1;|vererj1 | U@ﬁ bf rom
rpeaCt Oed 2b/ co"lb'nmg‘

a) at least one first component which is a
mono(ecyclopentadienyl) derivative of a metal of Group 3~
10 or the Lanthanide Series of the Periodic Table of the
Elements containing at least one substituent which will
combine with the cation of a second component (described
hereinafter) which first component is capable of forming
& cation formally having a coordination number that is

cne less than its valence,

b) and at least one second component which is a
salt of a Bronsted acid and a& noncoordinating,
compatible anion in an inert, aprotic solvent and

recovering, if desired, the resulting product.

More particularly the noncoordinating,
compatible anion of the Bronsted acid salt may comprise
2 single coordination complex comprising & charge—
bearing metal or metalloid core, which aniocn is both
bulky and non-nucleophilic. The recitation "metalloid",
as used herein, inecludes non-metals such as boron,
phosphorus and the like which exhibit semi-metbtallic

characteristics.

All reference to the Periodic Table of the
Elements herein shall refer to the Periodic Table of the
Elements, published and copyrighted by CRC Press, Inc.,
1889. Also, any reference to a2 Group or Groups shall be
to the CGroup or Groups as reflected in this Periodic
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40 has been found that the residual nitrogenous described further bel ow,
and in such case at 105 conpounds are largely contained in the
| east the normal Iy liquid conponents of the heavy fraction
above the m ddl e-dis- effluent from hydrocracking reactOLféﬁﬁargg~5€nN

tiliate boiling range. The mddle-distillate passed‘g hd&é iik.:
boi li ng range hydrocarbons in line 21 are, Fromth oreﬁel foue
description of the em 45 at least in part, passéd_t-hr =6U§ﬁ Ilne 24,
con- bodinent illustrated in the acconpanying 110 tam ng val ve 25,

into heater 29. This stream drawing, it is readily seen that the present
of middle-distillate hydr ocarbons may be ad- process is, in effect, a

t wo- st age” process for m xed with the heavi er hydrocarbons from
produci ng hydrocarbons boiling within the fractionator 15 via lines
18 and 20, and is gasoline boiling ratge, with built-in flexibil- 50
further adm xed wth hydrogen entering ity for the purpose of producing

i ncreased 115 through line 31. If so desired, a portion of vyields
of m ddl e-distillasle d@dithiendlemnge ¥ing the 1UpPAthersmeddfe- di still ate

boi l'ing range hydkeeding ¢@#b@car bons. Various nodifications may be

bons may be renoved to storage through made to the illustrated enbodi nent
W t hot'f[ line 22, contal }K‘ér‘%@nVau}/c r’%?ﬁ tation "noncogtefplart ing fromthe
i nvention.

For ex%npg, 'compatible anion™ means an anion which either
5 does not coordinate to the monocyclopentadienyl or
substituted monocyclopentadienyl group containing cation
or which is only weakly coordinated to said cation
thereby remaining suf f1c1enbly labile to be displaced by
a neutral Lewis base. A noncoordinating, compatible
10 anion specifically refers to a compatible anion which
when functioning as a charge balancing anion in the
catalyst system of this invention does nct transfer an
anionic substituent or fragment thereof to said cation
= thereby forming a neutral four coordinate metallocenec
and a neutral metal byproduct. "Compatible anions" are
anions which are not degraded to neutrality when the
initially formed complex decomposes and¢ are
noninterfering with de sired subsequent polymerization or

20 other uses of the complex.

Monocyclopentadienyl and substituted mono-
cyclopentadienyl groups for use according to the present

invention preferably are depicted by the formula:

25
R! nn
: \
R 1 R 1
30
R ]
wherein:
R' each occurrence is hydrogen or a molety
selected from halogen, zlkyl, aryl, haloalkyl, alkoxy,
This Sheet Has Been Replaced
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55 In those instances where the residual nitro- the separating means
enconpassed within 120 genous conpound concentration_ i é
separator 8, may be conmbined with fraction heav] s hy ac bgns
leaving line 18 is ator 12, whereby a somewhat dif£ ré/L%f&OMb
greater than about 5.0 parts per million, it patt ﬁvandna' aiaFu§/§at up
results. It is is not desired to subject the §age¢%b conver -
evi dent, however, that such a flow pattern 60 SF6H in hydr ocr acki ng
reactor 26, and in such wll nerely acconplish the sanme object re- 125
case these-hydrocarbons are preferably re- suiting fromthe indicated flow
pattern. An noved fromline 18 to line 3 through valve essential
feature of the process of the present 19, to conbine with the
original hydrocarbon invention involves the two-stage reactor sys-
charge in line 1 and the hydrogen in 45-ne 2. tem whereby the liquid
effluent streans from 65 In this latter nethod, the hydrocarbons
boil - each individual stage, or reaction zone, are 130

aryloxy, silyl groups, and combinations thereof of up to

20 non-hydrogen atoms, or two or more R' groups together

form a fused ring system; and

R" is R' or a group that is covalently bonded

to M of the formula: -Z-Y-, wherein

w

Z is a divalent moiety comprising oxygen,
boron, or a member of Group 14 of the
Periodic Table of the Elements; and

10
Y is a linking group covalently bonded to
¢ the metal comprising nitrogen, phosphorus,
oxygen or sulfur, or optionally Z and Y
together form a fused ring systenm.
15
In one embodiment of the invention each of R'
and R" is methyl.
In a highly preferrec¢ embodiment R" is
20
fed 9
—(LR Z)p
Y '__ 72y
P R
25
wherein:
E each occurrence is carben, siliecon, or
germaniun;
30

p is an integer from 1 to U;
¥' is nitrogen or phosphorous; and
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934, 382 5 conbired
then subjected to the separa- be dependent upon the various physquk?h
tion as enbodied within fractionator 12 and cheni cal characteglst@cs
the particular hy- side-cut fractionator 15. The first, stagegt ﬁL

charge being processed. In any utilizing clean-u .ﬁéattor 6,
effects substan- event, the reactor will be naintaineg=at a tially
conpl ete destruction of the nitro- tenperature substantially in the range
of 70 genous conpounds, as well as sul furous fron1260[err]C to
538[ ert).C. .and. under-.an. i-m—- womeassns o COITPOLLNES . CORE B-REA—WI-t-Ri-A—t-he——

char ge poﬁed pressure generally mﬁthln t he range of st ock
consisting entirely or at least largely from6.8 to 204 atnospheres. High
pres- % of hydrocarbons boiling in excess of the sures in this
range appear to favor the de- 1@ -gasol i ne boiling range. Through the

careful structive renoval of nitrogenous conpounds, 75

sel ection of both catal yst and operating con- as well as the conversion of
those hydnocar- R” each occurrence is alkyl, aryl, silyl or a
combination thereof (e.g. alkaryl, aralkyl, silylalkyl,

etc.) having up to 10 carbon or silicon atoms.

Highly preferred compositions according to the

invention correspond to the formula:

wn

10 \

wherein:
15
M is zirconium or titanium;
Cp¥ is a cyclopentadienyl or substituted
cyclopentadienyl group bound in an q5 bonding mode to M;
20 Z is SiR*p, CR*2, SiR¥»Sir*p, CR¥2CR¥2,

CR¥=CR*, CR*2SiR*2, or GeR*s;

Y is a nitrogen or phosphorus containing group
conresponding to the formula -N(R”)- or -P{R")-
25  yherein:
R* each occurrence is hydrogen or z moietsy
selected from alkyl, aryl, silyi, nalogenated
alkyl, halogenated aryl groups and combinations
30 thereof having up fto 20 non-hydrogen atoms,
R™ 1is Ci-10 2lkyl or Cg_qg aryl, or
two or more R* groups or one or wmore i*
groups and R” together form a fused ring system

of up to 30 non-hydrogen atoms;
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ditions, there will be effected, in clean-up re- bons boiling at a
tenperature in excess of ~actor 6, a substantial degree of
conversion about 371[err]C. and are, therefore, preferred; \
wher eby the heavi er hydrocarbons, notably thus, the first reacthp ROfe IS
preferably 15 those boiling above about 371f[err]C., ,araﬁeﬁn-
operated under an inposed pressure within 80 verw dﬁ&
boi I'i ng hydrocarbons with- the range of from about 80 o abont=
out experiencing a substantial production of atnospher. il e the

hydr ocar bon charge the light paraffinic hydrocarbons, nethane,
stock will{contact the particular catalyst em ethane, and
propane. Since the catalyst in ployed at a liquid hourly space velocity
20 clean-up reactor 6 is selected for its nitro- generally within the

range of about 0.5 to 85 gen-insensitivity, the rapid
deactivation of about 10.0, a |ower range of liquid hourly such
catal yst, .otherw se resulting when hy- space velocity will be enployed,
that is, dr oy gakl mpeyncenasi te ogpe-cabitydinpng .chdkge . about 0.5
to about 3.0, incthosaokfisifamgeso 20 carbons; Stocks, is not experienced.
wher e the ‘heavy hydrocarbon charge is -con- 25 The process of the

present invention is taminates by 4® atively large quantities of 90
nost advant ageously applied to feed stocks- nitrogenous conpounds. The

catal yst di 55 A- is a noncoordinating, compatible anion of a

Bronsted acid salt.

Illustrative, but not limiting examples of
monocyclopentadienyl metal components (first compcnents)
which may be used in the preparation of the compounds of
this invention are derivatives of titanium, zirconium,

hafnium, chromium, lanthanum, etc. Preferred compcnents

10

are titanium or zirccnium compounds. Examples of
suitable monocyclopentadienyl metal compounds are

15 hydrocarbyl-substituted monocyclopentadienyl metal
compounds such as eyclopentadienylzirconium trimethyl,
cyclopentadienylzirconium triethyl, cyclopentadienyl-
zirconium tripropyl, cyclopentadienyltitanium trimethyl,
cyclopentadienyltitanium triphenyl, cyclopentadienyl-

20 scandium bis(p-tolyl), cyclopentadienylchromium 2,%4-
pentadienyl, pentamethylcyclopentadienylyttrium
bis(bistrimethylsilylmethyl), pentamethylecyclo-
pentadienylscandium bis(bistrimethylsilylmethyl),

25 pentamethylcyclopentadienyllanthanum bis{bistrimethyl-

silylmethyl), etec.; hydrocarbyloxy substituted compounds

such as cyclopentadienyltitanium triisocpropexide

byl

cyclopentadienylzirconium triphenoxide, etc.; halo
substituted compounds such as cyclopentadienylzirconium

30 trichloride, indenyltitanium trichloride,
pentamethylcyclopentadienylhafnium trichloride,
cyclopentadienylyttrium dichloride, ete.; and cempounds
comprising mixtures of substituents such as
cyclopentadienyltitanium isopropoxide dimethyl,
pentamethyleyclopentadienylzirconium methyl cdichloride,
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whi ch are derived frompetroleum particu- posed within this first

reaction zone serves | arly those stocks conmonly consi as
a dual function; that is, the catalyst is non- bei

than mddle-distillate fractions. sensitive to the prese g&«% Bst ntlal
guan- 30 Such stocks include gas oil fracthggff/ggﬁmgqmj/ of
bot h ni trogenous conpounds and 95 vacuumggag OLf% ricating
oils, and white sulfurous conpounds, while at the same t oi

stocks, as well as the high-boiling bot- it is capa@;eyﬁT effecting both
t he destructive tons recovered fromvarious catalytic crack-
renoval thereof and al so the conversion of i ng operations.
Therefore, although the those hydrocarbons boiling at a tenperature
35 charge¢ stock to the present process may have in excess of about
343[err] ¢ or 371[err]C. A cat- 100 -8- an initial boiling point of
about 204[err]C. to alyst conprising conparatively |arge quan-
about 232[err]C. and an end boiling point of tities of nolybdenum
cal cul ated as thgcebpentadienyllanthaholehb38] esbp@posidbi ditert-the process
gffo][dts ‘\Aﬁﬁnt %@p%ta%d(%mnétﬁwlxﬁbéfcmwﬁienyl> 1,2- additional
enefits en prQcess as very
efficient éﬁ&ﬁ“@%P%ﬁhx%?ﬂﬁﬁgeggﬁsfﬁéq%aJ¥£r“ Dué%l ?%gﬁéf§€% in carrying
out the desired moSEY bkt oY FAPRERFId 1Ry L) -1, 2 etha“edﬁp’éﬁétr“”ilﬁfltl al boiling
poi nts, that is,diehléhrie,f (msthyneatdd)dnestagehynsarticul arly prefer-

5 cyclopentadienyl)-1,2-ethanediylzirconium dichloride,
(methylamido)(tetramethyl-né-cyclopentadienyl)-1,2-
ethanediyltitanium dichloride, (ethylamido)(tetramethyl-
n5-cyclopentadienyl)-methylenetitanium dichloro, (tert-

10 butylamido)dibenzyl(tetramethyl-nS-cyclopentadienyl)

silanezirconium dibenzyl, (benzylamido)dimethyl-
tetramethyl-nd%-cyclopentadienyl)silanebtitaniun

dichloride, (pheqylohosphido)dimethyl(*etramethyl—qﬁ—

cyclopentadienyl)silanezirconium dibenzyl, and the like.

-

i

The last enumerated compounds of the abcve list
are illustrative of compounds containing covalent bonds
between the metal atom and substituents of the
cyclopentadienyl ring. Preferred substituents are those

20 which are capable of o-bonding to the metal atom. Such
components are readily prepared by combining the
corresponding metal chloride with a dilithium salt of
the substituted cyclcpentadienyl group such as a
cyclopentadienyl-alkanediyl, cyclopentadienyl-silane

25 amide, or cyclopentadienyl-phosphide compound. The
reaction is conducted in an inert ligquid such as
tetrahydrofuran, Cg_qg alkanes, toluene, etc. utilizing

conventicnal synthetic procedures.

30

Compounds useful as a second component in the

preparation of the compounds of this invention will

2]
O
.y

comprise a cation, which is a Bronsted acid capable
donating a proton, and a compatible noncoordinating
anion. Preferred anions are those containing a sin
coordination complex comprising a charre—benrﬁ.g metal

This Sheet Has Been

i mm i

(]
i

C-38,2564A-F -



order of about 343[err]C to about 371[err]C red catal ytic conposite,
for utilization in this I'n further describing the proce \of
the first reaction zone, conprises fron1 about pre .
invention, and the various linmtations 4.0% to about 45, %yxmélghtfof
nol y- 45 i nposed thereupon, the entlre process Jﬁﬁ¢r ruﬁﬁ”
utilizes alumna as the carrier 110 be di id rmto,
separate, distinct material. It is preferred to utilh fna

stages in the interest of sinplicity and clarity. in t he*absence of ot her
refractory inorganic The first stage conprises a suitable
reaction} oxide material, such as silica, zirconia, nmag- zone,
a separatfi ng zone, and/or a fraction- nesia, titania, thoria and boria.

Al t hough 50 ator, and these are utilized in such a manner, these
refractony inorganic oxides nmay be 1159- and under such
conditions as to result in the enployed in relatively mnor quantities,

W th substantially conplete renoval of nitro- respect to the
amount of al um re, mptafleid core which ani@enGUsepaYlvely flargas conpounds from

E:Egr Zblstfoglczt \Ang:'b@lﬁ)h)ancﬁ‘g?dite S2% 400 118k At ¢Qb actlve cata]msﬂydr?ﬁgr bgn car
55 bgth gasollnep60|$ 3 Hréﬁggphgdrogar%ﬁﬁéaﬁié ﬁrl%%émgé%ég to |%paff
excessi ve cracki¥hgch i@ Yormed when fgdtee | Coa*ﬁéln?ﬁ'fcfd%e diespirehte@dhydr ocar -
activi tyitC)tI1eS@aﬂeﬂq¢sb wilflhba $UfFikiestlyr @akile to be displaced

: by olefinic, diolefinic and acetylenically unsaturated

substrates or other neutral Lewis bases such as ethers,

ﬁ nitriles and the like. Suitable metals include, but are

H not limited to, aluminum, gold, platinum and the like,

: 10 Suitable metalloids include, but are not limited to,

i boron, phosphorus, silicon and the like. Compounds

containing anions which comprise coordination complexes
containing a single metal or metalloid atom are, of
course,; well known and many, particularly such compounds

15 containing a singie boron atom in the anion portion, are
available commercially. In light of this, salts
conlaining anions comprising a coordination complex
contalning a single boron atom are preferred.

20 Preferably the second component useful in the
preparation of the catalysts of this invention may be
represented by the following general formula:

25 ' (L-H) [A)”
wherein:
L is a neutral Lewis base;
30 (L-H)* is a Bronsted acid; and
A is a compatible, noncoordinating anion.
More preferably A" corresponds to the formula:

{M'm*Qn}—
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bons which serve as the greater proportion tion zone, such that those
hydr ocar bons boi I - of the charge stock to the second s age of

ing in excess of about 343[err]C. or 371[err]C. th re
process. The heavy hydrocarbon would be subjected to non- s fééﬁfﬁe \
cracki ng charge stock contam nated by nltrogenousf'yufh pr ction
of an excessive quantity of 125 conpoundsfaﬁhéfxaﬁ’ ure with
the hydro- |[light paraffinic hydrocarbons. 6\&J ﬂ*;// gen and
heating -to the desired operating anounts of nlckgg nagEF from about 0.2%
tenperature. is contacted with the nitrogen to ab g;fﬁo 096 or like
quantitiesf of cobalt I nsensitive catalyst in the first reaction
zone, and/jor iron may be enpl oyed in conbi na- 65 the precise
operating jconditions of which will tion with the relatively |arger anounts
of 130 -10-

wherein:

m 1s an integer from 1 to T;

n is an integer from 2 to 8;

\n

M' is a metal or metalloid selected from Groups
5-15 of the Periodiec Table of the Elements; and

Q each occurrence is Hydride or a moiety
selected from dialkylamido, halide, alkoxide, aryloxide,

e s e b

10
hydrocarbyl, and substituted-hydrocarbyl radicals of up
to 20 carbons with the proviso that in not more than one
occurrence is Q halide.

5 Second components comprising boron which are
particularly useful in the preparation of catalysts of
this invention may be represented by the following
general formula:

[L-H}* (BQy)”
20
wherein:
L is a neutral Lewis base;
25 (L-H]* is a Bronsted acid;
B is boron in a valence state of 3; and
Q is as préviously defined.
30 Illustrative, but not limiting, examples of

boron compounds which may be used as a second component
in the preparation of the improved catalysts of this
invention are trialkyl-substituted ammonium salbs such
as triethylammonium tetraphenylborate, tripropylammonium
tetraphenylborate, tri(n-butyl)ammonium tetraphenyl-

Al e
i
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934, 382 nmol ybdenum

6
The catal ytic

sone residuel nitrogenous conpounds. The

conposite, for utilization in normally liquid hydrocarbons are,. ref ore,
the first reaction zone, nmay be manufactured further distilled ] a
side-cut fractionator in any suitable manner . P ;ﬁi?cu/a ly ad-
under such.conditions as will yield a heart- - hod

6@f
BF, ﬁrpmf out 70

enpl oying an inpregnat- cut boiling within the r

ing technique. Thus, where the catalyst is 204[erk]C tg/aﬁout 343[err] C.,
whi ch heart - cut to contain both nickel ahQ;ﬁb ybdenum the
fraction f§s substantially conpletely free of net hod of preparation

i nvolves first formpg nitrogenous conpounds. Those hydrocar -
an aqueou$ solution of water-soluble com bons which boil bel ow about

P

204[err] C] and pounds of the desired mdtlal s, such for ex- which include

t he gasol {ne boiling range by- 75 anple as nickel nitrate or
ni ckel cafbonate, drocarbons produced in the second-stage of and ammonni a

nol ybdat ej or nol odate acirdmetHylenpseisente praieessiylaveateanoved from t he

: tributylammonium tetrakis-pentafluorophenylborate,

? tripropylammonium tetrakis-2,4-dimethylphenylborate,
fributylammonium tetrakis-3,5-dimethylphenylborate,
triethylammonium tetrakis-(3,5-di-trifluoromethyl-

5 phenyl)borate and the like. Also suitable are

N,N-dialkyl anilinium salts such as N,N-dimethyl-

anilinium tetraphenylborate, N,N-diethylanilinium

tetraphenylborate, N,N-2,4,6-pentamethylanilinium
tetraphenylborate and the like; dialkyl ammonium salts
such as di-(i-propyl)ammonium tetrakis-
pentafluorophenylborate, dicyclohexylammonium tetra-
phenylborate and the like; and triaryl phosphonium salts
such as triphenylphosphonium tetraphenylborate,

15 tri(methylphenyl)phosphonium tetrakis-pentaflucrophenyl-
borate, tri(dimethylphenyl)phosphonium tetrapnenylborate

and the like.

52 VT,

K W et

It should be noted that the foregoing list is
20 not intended to be exhaustive and other boron cbmpounds
that would be useful as well as useful components
containing other metals or metalloids will be readily
apparent from the foregoing general formula and examples

to those skilled in the art.

In general, and while most first components
identified above may be conmbined with most second
components identified above to produce an active olefin

: polymerization catalyst, it is important to continued

g 30 polymerization operations that either the metal cation
; initizlly formed from the first ccmponent or a
decomposition product thereof be a relatively stable
catalyst. It is also important that the anion of the
second compound be stable to hydrolysis when an ammonium
salt is used, Further, it is important that the acidity
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The alum na particles, serving as the carrier upper portion of the

side-cut fractionator, material, are comm ngled with the agueous
and may be transnmitted to storage pending 15 sol uti ons, and
subsequently are dried at a further use either as charge to a.
re- 80 tenperature of about 93[err]C The drledJmmﬁgﬁﬁ
unit, or as gasoline blending com p03|te/
oxidized in an ponents. The m nor quantity of re

oxi di zi ng atnosphere such as air, at an ele- tr

renoved in that hy- vated tenperature a&;iﬁ about 593[err]C
to drocarbpn fraction boiling above about 343[err] 20 about
927[err]C.} and for a period of fromabout C., fromthe bottom portion of

t he side-cut 85 2 to about 8 hours or nore.

fracti onatjor. The gaseou$2-ammoni a and hydr ogen sul - The
second stage of the present process is fide, resulting fromthe
destructive renoval designed to convert the now nitrogen-free

of ni trogénous anf 91d EEEEUS coRpFHIARAS. lﬁxff!ﬁ&ﬁiﬂt@ gisdtiihkate thei | i ng range

hydr ocar bdns first, %5 f;&ﬁlfl\:&?elt tl;lgalg e'd%g ?xloe}gg %[a%srf‘gapved fI‘O(I’)nt ;Ihe

t oget her, %lf so desired

reaction zone ef r?l éﬁ?e}%’ Eiﬁ¥%ﬁ¥ eﬂﬁ§aﬁyﬂWﬂﬂéFb8ﬁs%ffé8n1b0|Ilng
in excess; be SUffHﬁkﬁﬂﬁ’tOFiﬁcléxé#ﬁﬂ éhet trededt ptotepf xR ey of about

343[err] Cy t o abOertta3vlhetral)l€eend Rb@phiyds are resistant to reaction
5 with all but the strongest Bronsted acids and thus are

not suitable as first components to form the catalysts
of this invention with all second components. Most
preferred monocyclopentadienyl metal compounds are those
which can be hydrolyzed by aqueous solutions.

T ey S L AU et AT i

10
With respect to the combination of first (metal
containing) component to second component to form a
catalyst of this invention, it should be noted that the
15 two components that are combined for preparation of the

active catalyst must be selected so as to avoid transfer
of a fragment of the anion, particularly an aryl group,
or a fluorine or hydrogen atom to the metal cation,
thereby forming a catalytically inactive species. This
20 could be done by sterie hindrance, resulting from
substitutions on the cyclopentadienyl carbon atoms as
well as substitutions on the aromatic carbon atoms of
the anion. It follows that first components comprising
_ perhydrocarbyl-substituted cyclopentadienyl radicals
25 could be effectively used with a broader range of second
compounds than could first components comprising
unsubstituted cyclopentadienyl radicals. As the amount
and size of the substitutions on the cyclopentadienyl

radicals are reduced, however, more effective catalysts

30
are obtained with second compounds containing anions
which are more resistant to degradation, such as those
with substituents on the ortho positions of the phenyl
rings. Another means of rendering the anion more

resistant to degradation is afforded by fluorine

This Sheet Has Been Repl
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and thereafter sub- drocarbons which boil within

t he gasoline jected to separation such that the amoni a

boiling range. Wile it has been stated 30 is absorbed within the
wat er - phase. O, the above that the mddle-distillate b0|I|ng e 95
reaction zone effluent may be passed charge stock for=

be adm xed with water,

t ot al

second- st age reaction into a separation zorLefvéO{,mfs cur ntly
to a zone 26 contains |ess than about 5.0 parts ,//Y\\;v m,{jv

absor bent whereby the ammonia, hy- per mllion of’ Qu@roge' conpounds,

it is drogen sul fide, and ot her gaseouw preferred that
the fractifonati on system be 35 ents are ef Ively renoved
therefrom In operated at conditions which result in a 100

addition o the renoval of hydrogen _ggl_fi de mddle-distillate boiling
range hydfocarbon and ammonia, it IS desired that the small m xture
containing | ess than about 1 part anount of |ight paraffinic

hydr ocar bbns, é | lion of nitrogen, and still nore pre- :
met hane, gt hanéu At i PAnESPRaEN It AR F use- Persdplytidnessn tign about 0.3
ppm of nj trogépion. Fluoro-#@bshitutatiheratseveses concid imaps tinent,he first re-

In any evient, whensddeibyd 0easdaNsabge |dMNGiddb components. action zone,
is also rem)ved from the efflu- above about 343[err]C. to 371f[err]C

contain suffi- In gener@il . tﬂ?‘%"a@ﬁ@§% chhe S epapAtdangyzone may com
ci ent reg' dual c@rhtg*‘rﬂg@n% %8P Mgt i3 suitable solvent at a
temperature within the range from about -100°C to about
300°C. The catalyst may be used to polymerize a-olefins
and/or acetylenically unsaturated monomers having from 2
to about 18 carbon atoms and/or diolefins having from 4
10 to about 18 carbon atoms either alone or in combination.
The catalyst may also be used to polymerize a-olefins,
aiolefins an/or acetylenically unsaturated monomers in
combination with other unsaturated monomers. In a
preferred embodiment the catalysts are employed to
prepare copolymers of mixtures of vinyl aromatic
; monomers with olefins other than a vinyl aromatic
: monomer, specifically copolymers of styrene with
: ethylene or propylene. In general, the polymerization
g 20 may be accomplished at conditions well known in the
prior art. It will, of course, be appreciated that the
catalyst system will form insitu if the components
thereof are added direectly to the polymerization process
and a suitable solvent or diluent, including condensed

25 - - .
monomer, 13 used in said polymerization process. It is,

l
i
H
&

however, preferred to form the catalyst in a separate
step in a suitable solvent prior to adding the same to
the polymerization step. While the catalysts may not
contain pyrophoric species, the catalysts' components
are sensitive to both moisture and oxygen and should be
handled and transferred in an inert atmosphere such as

30

nitrogen, argon or helium,

As indicated supra, the improved catalyst of

~

the present invention will, preferably, be prepared in a
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prise a |lowtenperature flash chanber sult, upon their supply to the
second- st age whereby the ammonia and |ight paraffinic
réaction stage, in a total nitrogen concentra- 45 hyq
renmoved as a gas phase. tion entering hydrocracking reactqg??@gﬁl
As illustrated in the drawi ng, these |ight par- excessfdgx5”6 PR.
hydr ocar bons wi | | affinic hydrocarbons—aIQng“@k@ e norm
be. recycled through valve 19 and line 3 to ﬁ&?ﬁg ) liquid

hydr ocar bons, may be passed into conbine with tfe or 'ﬁal hydr ocar bon

a fractionatng colum, whereby the |ight charge, t he pur pose of

renovi ngit he ex- paraffinic hydrocarbons are renoved from
cessive quantity of nitrogenous conpounds 115 - the system This
| atter thod has the added In such_g,situation, for the purpose of main-
advant age. of being sufficiently erX|bIe to taining virtually
steady-state operation wth- function as a debutani zer or
depentangzer in the hydrocracking reactors 26 greate

where suéh a pr SEEEfg PethnRRTRE bos spbegnte éﬁ%ﬂﬁBFtléHlB?ble

m ddl e- dﬁstlll atelwgintls pe ¢irlgents include ab§y &Hirttheesobramtst kignnet hod
permts ﬁhe Si Mh-thec@ssed dritr osde LBESur %@CEéMnZQHEh the t aneous

fractlonatlon of . x f f ins. |do¥l h nidat the total
hydr o- b iﬁﬁEQé L%ﬁﬁ%ﬁ J;P('mrea(’:({(}r\i {0 rgd%V%%ﬁE #ﬁlﬁ car bon
the SHRBHRITRGE

charge t a.tWQ9ﬁm55 ‘e Suitable solvents 1nclude,
are not necessarily limited to, straight and branched-

chain hydrocarbons such as isobutane, butane, pentane,
hexane, heptane, octane and the like; cyelic and
alicyclic hydrocarbons such eyclohexane, cycloheptane,

st SRV 2 PTG T

10 methyleyclohexane, methyleyclcheptane and the like and

EIRRES

aromatic and alkyl-substituted aromatic compounds such

e LR

as benzene, toluene, xylene and the like. Suitable
solvents also include liquid olefins which may act as

YRS

monomers or comonomers including ethylene, propylene,

15  butadiene, cyclopentene, }-hexane, 3-methyl-l-pentene,
Y-methyl-1-pentene, 1,4-hexadiene, l1-octene, 1-decene,
styrene, and the like.

While the inventors do not wish to be bound by
20 any particular theory, it is believed that when the two
components used to prepare the improved catalysts of the
present invention are combined in a suitable solvent or
diluent, all or part of the cation of the second
component (the acidic proton) combines with one of the
substituents (X) on the first component. As a result a
neutral compound, XH is liberated, which neutral
compound either remains in solution or is iiberated as a
gas. In this regard, it should be noted that if X in
i 30 the‘first component is hydride, hydrogen gas may be
liberated. Similarly, if X is a methyl radical, methane
may be liberated as a gas. If X is alkoxide an alcohol

S M As il s - e

results, etc.

While still not wishing.to be bound by any

A L e

particular theory, it is also believed that as one of

et
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paraffinic hydrocarbons therefromafter the nmay contain up to about 5.0

ppm of nitro- renoval of ammonia fromthe effluent frpm
gen, it is to great advantage to utilize certain 60 the TWrst
stage of the process. catal yti c conmposites ther.ein. $h& are
nost 125 Regardl ess of the particular s ﬁmﬂeu1ng\efJ I ve

for the mld hydrocracking of the ln%fkgémm@@w
resulting normally niddle-distillate charge stoc) \ t
li qui d hydrocarbons, now boiling within the these\e idGal nitrogenous

conmpounds, but range of about 38[err]C~to about 371[err]C. or
are not detrinentally affected thereby. As 65 hi gher, and
contai ni hg butanes, -will contain an illustration, alumna is a good

ni trogen; 130 ' -15-

934, 382

the first component substituents is liberated, the

: noncoordinating anion originally contained in the second
y component used in the catalyst preparation balances the
charge of either the metal cation formed from the first
j component, or a decomposition product thereof. The
metal cation and noncoordinating anion will remain so
combined until the catalyst is contacted with one or
more olefins, diolefins and/or acetylenically
unsaturated monomers either alone or in combination with
one or more other monomers or another neutral Lewis
base. As indicated supra, the anion contained in the
second compound must be sufficiently labile to permit

10

rapid displacement by an monomer to facilitate
polymerization.

15
The chemical reactions which occur in forming

the catalysts of this invention may, when a preferred,

boron containing compound is used as the second

component, be represented by reference to the general
20 formula set forth herein as follows:

CpMX,,q1 + [L-HI*[BQy)~ — [CPMXn)*[BQyl~ + X-H + L

wherein Cp, M, X, n and Q have the previously identified

25 meanings.

In general the stability and rate of formation
of the products in the foregoing reaction equatiocus,
particularly the metal cation, will vary depending upon

30 the choice of the solvent, the acidity of the [L-H]*
selected, the particular L, the anion, the temperature
at which the reaction is completed and the particular
nmonocyclopentadienyl derivative of the metal selected,
Generally, the initially formed ion-pair will be an

active polymerization catalyst and will polymerize

t
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renmover when it contains relatively mnor retaining the droplets in said
oil bath until quantities of silica (approxmately 12% by
the sane set into firm hydrogel spheroids; wei ght) . Likew se,
silicais a good hydro- this particular method, commonly. g

cracking catalyst when it contains a relatively the OLI-dﬁép

thod, is

described in detail in ’ 5 small quantity of. &Vd; n owever, in
and U S. Patent No. 2,620, 314, |ssued to Jang 70, Qh,i f, is not a
good nitrogen renover. In Hoekstra. is unﬁiwstcwé“’ at the fore-

a simlar, mnner, the netallic conponents .gohng ription, in regard to
t he prepa}a- of the catal yst disp d within the second tion
of alumi na particles, is applicable to reaction zone wll
exhibit symlar propensi- the preparq;Lon of the carrier material em 10
ties. For? exanple as indicated in regard ployed in the manufacture of the
catalytlc 75 to the first reaction zone, nolybdenumis a
conposite which is utilized in the first re- good ni trogen

remover, but is qretef¥isat fvelefinacandoncebkenirally RESHEHITEFS silica may be
active ag a hydmoopaecks reg tbér jydnegenani esmbipaepat @dthnotary suit abl e

manner, C%ne et RRdomers. In some @§£@§ ygﬁi)weveCh the atibes: hardi nickel is a

bei ng tO C(Nﬂﬂ n%%% V\@'t‘mll hé%%%p%gg to yleld an active polymerization

catalyst.

% As indicated supra, most first compounds

{ identified above will combine with most second compounds
identified above to produce an active catalyst,
particularly an active polymerization catalyst. The
actual active catalyst species is not, however, always
sufficiently stable as to permit its separation and
subsequent identification. Moreover, and while many of
the initial metal cations formed are relatively stable,
it has become apparent that the initially formed metal
cation frequently decomposes into one or more other

10

15
catalytically active species.

. In general, catalysts according to the present
invention can be selected so as to produce polymer
products that .will be free of certain trace metals
generally found in polymers produced with Ziegler-Natta

20

type catalysts containing cocatalysts such as aluminum

or magnesium based compounds. The polymer products
25 produced with the catalyst of this invention should have
a broader range of applications than polymers produced
with more conventional Ziegler-Natta type catalysts
comprising a metal alkyl, such as an aluminum alkyl, or
an aluminoxane. The catalysts may be employed as
homogeneous catalysts or supported on the surface of a

30
suitable support such as alumina or silica.
In a most preferred embodiment of the present
invention Cp is pentamethylecyclopentadiene, M is
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15 good hydrogenati on catal yst, but does not eral acid under conditions
whi ch precipitate 80 possess a relatively high degree of

activity a silica hydrogel. The silica hydrogel is sub- in
and of itself, in regard to the renoval of sequently washed. mfthg ter
containing a ni trogenous conpounds. Catal ytic: cogpbs- mal |
anount of suitable electrolyte for the ites mhlebacpapr at

| east one metallic purpose of renoving sodi um i ons="ITEL B 20

conponent sel ected from G oups VI-A and fractory Xﬁﬁe”“
prepared 85 VII1 of the Periodic Tablek -ﬁaing chrom in a
manner anal ogous to that outlined above A um mol ybdenum
tungsten, {iron, cobalt, wth reference to the alum na.
ni ckel, pa&lladium platinum rutheniu r ho- The cracki ng catal yst
conponent ¢ of the dium oSmTum iridium and m xtures of two
catal yst tor the second reaction stage of the 25 or nore
i ncl udi ng; nickel - ol ybdenum  present process conprises at |east two re-
90 g bi od bm cdnir griraen ium, nol sbdenurd dlsa€i numlky¥ aot ory i norganic
oxi des, apd suchaBkdx@fE, and A is tetralkakhtdd16kebpradyy b,
nnlybdenuh1 posite may be prepared in any suitable man-
pal | adi un?e chromi um pl ath Wmurﬁhérorﬂr'é%rréﬁeﬁmb%ln}%lhngohesgi’@il%ts%

Vi

successi or copre- . pal Oegm%“fe Ogecn‘mgreepgg}nlcgekrp la- cipitation

met hods. !n the separate
particularly ethylene or propylene, most preferably

ethylene, at a temperature within the range from 0°C to
200°C, preferably 25°C to 100°C and at a pressure within
the range from atmospheric to 1000 psig (7MPa)
preferably 15 to 500 psig (0.1 - 3.5 MPa). 1In a most

ST

R,

B L LN T SRRV

10 pr%ferred embodiment of the present invention, the
catalyst will be used either to homopolymerize ethylene
or to copolymerize ethylene with a C3-Cg a-olefin
(including styrene) thereby yielding an copolymer. In

15 both the preferred and most preferred embodiments, the

monomers will be maintained at polymerization conditions
for a nominal holding time within the range from about 1
to about 60 minutes and the catalyst will be used at a
concentration within the range from about 10~7T to about

20 10~ ! moles per mole of monomer.

Having thus broadly described the present
invention it is believed that the same will become even
more apparent by reference to the following examples.

25 It will be appreciated, however, that the examples are
presented solely for the purpose of illustration and
should not be construed as limiting the invention.

Example 1

30
Pentamethylcyclopentadienyltitanium isopropoxide

g dimethyl and triethylammonium tetrakis-pentafluoroc
phenyl borate

IR ST B e e L .,

In a drybox, at room temperature, 33 mg of
pentamethylcyclopentadienyltitaniumisopropoxide dimethyl

VR AN WIS e ey, o,
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30 dium and a conposite of silica and from ation nethod, the oxides are
precipitated 9 about 10%to about 90% by wei ght of al u-

separately and then mxed, preferably in the mna, constitute
hydr ocr acki ng cat al yst s, for wet state. When successive precipit
use in the second stage of the process of the net hg,ds are enpt oye lent e
first oxide is pre- present invention, wWhich have “‘._,‘(?é’[ at
cipitated in the manner set forth above, and '!'z 35 hjsﬁhf*a"' .
regard to the conversion of wet slurry, either vmthbttts—ﬂaﬁ'm —wash-

hydrocarbg,gs boiling wwthin the mddle-dis- ing, is conposited with a salt

of the ot tillate boiling range, which activity is sub-
conponent .y Precipitation of the oxide of stantially unaffected
even by the relatively the latter is ﬁffected by the addition of a

m nor quantities of nitrogen, |ess t HaR “about suitable al kaline or acidic
mat eri al tothe 40 5.0 parts per mllion.

resul ting =s| urry- The conposite which re- 105
synt heti cal | y- priéaELERrisBF e DakPr & mmekps ks wiaycemdnener i éd‘“[and f or med
into the of benzwatecandlthef opsulttiaht zadlivanon vasheipetitaldysitof t he

desired Shape andbep mi zeneMhan ri hex Cay\astopper‘ an ad%?@&ndjost@g&e whi ch
carrier material, 239 Ag%: Jld/S ST Q¥sdid) ¢ Spf2cued fagshyen one

sesses hydrocrackl Ng. Prop pé ns| ?o S nd al u
and/ or SI|I C? ddition funnel was charged wit 80 mg 1 mmoles)

: of triethylammonium tetrakis-pentafluorophenylborate

' ([HNEt3]*[B(CgF5)y]7). The addition funnel was stoppered
and the apparatus was attached to a vacuum line. The
benzene was removed from the flask under vacuum, and 75
mL of fresh benzene was distilled into the flask at
~78°C under vacuum. After warming to room temperature,
the solution was blanketed with 1 atmosphere (0.1 MPa)
of ethylene. The solid ({HNEt3]+(B(C6F5)u]” was added at
room temperature and the sclution was observed to turn

15 yellow. After 20 minutes the solution was black and a
precipitate of polyethylene was observed. After ocne

10

hour, the polymer was precipitated with methanol,
collected, washed with methanol and dried in a vacuum
oven overnight to yield 0.49 g of polymer.

20
Example 2
Pentamethylecyclopentadienyltitaniumtrimethyl and
triethylammoniumtetrakis-pentafluorophenyl borate
25

The reaction conditions of Example 1 were
substantially repeated utilizing pentamethylcyclo-
pentadienyltitaniumtrimethyl and triethylammonium
tetrakis-pentafluorophenyl borate. The reaction was

30 conducted in toluene at room temperature for about 10
hrs. Methane gas and ammonia byproducts were observed.
After heating to about Y5°C for one hour the toluene
solvent was removed under vacuum leaving a black sclid.
The sclid was washed three times with petroleum ether
and dried under reduced pressure. The recovered product
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45 made in any suitable manner including sep- alumna, and zirconia, they
are preferentially 10 arate, successive or coprecipitation

met hods. manufactured by conmingling an acid such For exanpl e,
al um na may be prepared by as hydrochloric or sulfuric acid, wth es h_com
addi ng a reagent such as ammoni um hydrox- nercial water I,a;‘;sﬁ uT;fQ@N \
conditions to pre- i de or ammoni um car bpn&t::é’ gg a\’,‘s"aﬁ
cipitate silica, washing the precipitate with “ ra‘&tfm’m‘m"s
al um num chl oride, alu- acidulated water or other feans ,i“”"
m num nitrate, or alum num acetate, in an sodiumi Ala;s:/comn ngling with an
al um numjanount to form al um num hydroxi de. Alu- salt such as al um num

chl oride,} and/ or some mnumchloride is generally preferred as the

sui tabl e zirconiumsalt, and either adgl1 ng a alum numsalt to be
enpl oyedl not only for basic precipit %t such as ammoni um hydr ox-

conveni erfce i n subsequent washing and fil- 1ide to precipitate alumna

and/ or ziirconia, 120 tering procedures, but also, it appears to

or forming the deas rdanbidiee oy 'de desired Pentamethlgfifvfé‘lPPl@”t?e‘st resul ts.

The resuliti ng preényiltsitaniuougimdthelt tretrani s deacapbsirbpoenydf t he

ate is, dpon drym&tecwmr Enssi B0 eabU iR to SRlyheds d B8 GASGMBY permt.

The SI|IG“1 nown Zl U{grn%aggrtl les.may.take the. form of

nder L UG ymérization cond ons
al uni na- Zj r coni a crac onent  ray’
5 Example 3

P Y a2 ot

(Tert-butylamido)dimethyl(tetramethyl-no-
cyclopentadienyl)silanetitaniumdimethyl and
triethylenammoniumtetrakis-pentafluorophenyl borate

10
A 25 mL flask was charged with 275 mg of (tert-

butylamido)(dimethyl)(n°-tetramethyleyclopenta-
-dienyl)silanetitanium dichloride, €.75 mmol) and
attached to a small frit. The frit was evacuated and 15
15 mL of diethyl ether was vacuum transferred into the
flask. At -78°C, 1.1 mL of MeLi (1.4 M in hexane, 1.5H
mmol, 2.05 equiv) was added through the sidearm valve
using a syringe. No color change was noted. After 5
minutes, the bath was removed and the solution allowed
20 to wafg to room temperature. After 1 h. the solution
was dark green and opaque. The diethyl ether was
stripped off and replaced with 10 mL of hexane. The
solution was stirred at 25°C for 10 min and then
25 filtered. The solid was reduced to about 2 mL, the
solution cooled to -78°C, and the frit ccld-flipped to
collect a dark olive solid. After drying under reduced
pressure for 30 min, the solid (tert-butylamido)di-
methyl(tetramethyl—qS—cyclopentadienyl)silanetitanium
30 dimethyl was isolated (138 mg, 56 percent).

Polymerization

A 100 mL three-neck flask was charged with 32
mg (98 pmol) of (tert-butylamido)dimethyl{tetramethyl-

-ns—cyclopentadienyl)silanetitanium dimethyl. The flask

R
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any desired shape such as spheres, pills, or be fornmed by adding the
al um num and/ or 125 extrudates. A particularly preferred form of
zi‘rconi‘'um salts together or separately. O her alumna is the
sphere, and these spheres may cracking conponents may be prepar
be continuously manufactured by passing simlar manner.

droplets of an alum na hydrosol into an oil The cat actpve
metal li c conpon- bat h nmai ntai ned at an el ev 9 13 ent of
the catal yst disposed within the second 130 o %@ﬁﬁyéf’

934, 382, A =

i ) “.‘- /

-20-~

YT e

was equipped with a stopper, vacuum line adapter, and a
solids addition funnel.

The addition funnel was charged
with 77 mg of [HNEt3]+[B(C6F5)u]- and stoppered. The
flask was evacuated and 50 mL of benzene was distilled
onto the solid. The solution was warmed to 25°C and
blanketed with 1 atm. (0.1 MPa) of ethylene. The solid
[HNEt3]+[B(C6F5)u]— was then added resulting in a yellow
solution. After one hour, the viscous, yellow solution
was still taking up ethylene. The resulting gelatinous
10 mixture was quenched with methanol to give a white
precipitate. The material was filtered, washed twice

P e ML R Y SR i R R Y F R AR B

PR

with methanol, and dried in a vacuum over to give 0.56 g
of polyethylene,

15

20

25

30

]

o
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reaction zone, is then conposited with the catalyst, the Goup VI-A netal,
such as aforenentloned cracking conponent. The chrom um pplybdenum
or tungsten, active netallic conponents are general | y=

o ML o, 50 2 R

melg ht of the toted &ats tata | yst. Wien an |roﬁ“3@b§raﬁb‘

al yst and nmay be incorporated with the G oup V1a suc iron, cobalt, or
ni ckel , cracki ng conponent in any suitable nat IS enployed inthis
catalyst,;it is present in 1 npregnati ng technlques may be advant- -—an

anount of §f rom about 0.2% to about ageously enpl oyed by first fofhlng
an 10. 0%jby weight, while, if a noble netal 10 aqueous sol ution of &
wat er - sol ybl e com such as for exanpl e pl ati num palladium or 75

pound of dhe desired nmetal such as fof ex- iridium is enployed, it is
anpl e platinumchloride, palladiumchloride, anpunt

present il an

Wi t hin thé range of from about 0.1% ni ckel nitrate, ammoni a nol ybdate,
noly- to ébout 5.0% and preferably between 0.1% bdi ¢ acid,
chloroplatinic acid, or chloropal- and 2.0% by weight of the total

cat al yst. 3 15 ladic acid, and commngling the solution Wen the netallic

conponent;of t he catalyst 80

Z”Z

TIRAT Mt s

CLmwmst —

1. A monocyclopentadienyl or substituted
monocyclopentadienyl metal complex containing compound

R R o T s

i corresponding to the formula:
CpMX,* A~
whe}ein:

Cp is a single qs-cyclopentadienyl or ns-
substituted cyclopentadienyl group optionally covalently
10 bonded to M»ﬁprough a substituent;
M is a-fetal of Groups 3-10 or the Lanthanide
Series df:ﬁhe Pe%f@@ichiable bound in an n5 bonding mode
to theiqycldpentadiehylhbpmsubstituted cyclopentadienyl
group; e i Y
15 43 EEh ,'.',-Z_ N
X each.ébéprrenéé is hydride or a moiety
selected from haldyqa;kyl, aryl, silyl, germyl, aryloxy,
alkoxy, amide, silok&, and combinations thereof having
up to 20 non-hydrogen atoms, and neutral Lewis base
20 ligands having up to 20 non-hydrogen atoms; or
optionally one X together with Cp forms a metallocycle
with M of up tc 20 non-hydrogen atoms;

5 n is 1 or 2 depending on the valence of M; and
5

P o
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with the cracking conmponent
both a Goup

and a Group Ve : A

cetloidal contaihn netals of the above groups in a
suspensi ons of the desired metal weight ratio of fron1abog;; )
aboﬁ ml":"ﬂr netal hydroxides, netal oxides, TE s B0 04
VI | ﬂmﬂ ent 85 metal sul fi &€~ Were th S soffi
to the Grdup™I SA metal lic conponent. Ex- not wat er-§oLt
tenperature em anples of netal conponents in particularl | oyed,
ot her suitable solvents such as asennongunﬁab$eueate@w%ﬁsb%bﬁﬂdfﬁl?zétlon

wi thin the " hol s orgetheks, admYy shec Utilized. The final second reaction
zone are the following: 25 catalytic conposite, after all of the catalytic
6.0% by weight of nickel and Q,2R0.da¥o as cCofpanentGaanel prasentn
therein, is dried for ht _of bden Q% by wei ght of a period
of from about 2 to abodt %gﬁéa s(pﬁkﬁkq% ?g}mxﬁ wei ght of palladium 6.0%
or nore, and subsequently oxidized in an by melght of nickel and 0.2% by

ina steam of t he second stage consi sts of

wei ght of oxi dizi ng at nosphere such a8'air, at an ele- palladium 6.0%
by wei ght of nickel and 30 vated tenperature—of from about 593[err]C to
0. 2% by wei ght of platinum 95 o
R’ !
10 R
wherein: 1

R' each occurrence is hydrogen or a moiety
selected from halogen, alkyl, aryl, haloalkyl, alkoxy,

15
aryloxy, silyl groups, and combinations thereof of up to
20 non-hydrogen atoms, or two or more R' groups together
form a fused ring system; and
20 R" is R' or a group that is covalently bonded
to M of the formula: ~Z-Y-, wherein
7 is a divalent moiety comprising oxygen,
boron, or a member of Group 14 of the
25 Periodic Table of the Elements; and
5
¥ is a linking group covalently bonded to
the metal comprising nitrogen, phosphorus,
oxygen or sulfur, or optionally Z and Y
30 together form a fused ring system.

3. A compound as claimed in Claim 2, wherein

RY is:

C-38,256A-F -22~
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about 927[err}€. and for a period of from about The catal yst enpl oyed in

the second sta 1 to about 8 hours or nore. Followng this he
. process of theimgmuwﬂupﬂmg is pre- hi gh-t enper at ur e_6%] dat i\on
procedure, the wi thin the reaction zon A5 po “Cat allyst
i's reduced fpr a period ranging from a fixed bed. @?@Héﬂﬁ
characteristzcs of 35 about [err] hour to about 1Kﬁ0ur?a&” era- the
charge to thg¢ second reaction stage, the 100 tuh A7 t he range of
from about 3‘1[err]C operating cond|t|0n§ within the/ action zone to
about 538C.,fand in the presence of hy- ?e relatively mld. Therefore,
t he operatlng drogen. Where desired, the catalyst nay be tenperature

at which thet catalyst i s main- reduced in situ, that is, by placing the
cat - taIHEdeAthln t he second reaction zone, may 40 alyst within the
second reactkon zone, and b@gﬁb J east about 28[err]C. less than the tem

105 subtectlng the sane to\ ﬁ i nposed hydrogen perature enployed in
the first refctlon zone. pu gefbf the systemat a tenperature of It
is not unusu@l, in the process of the pre- about 316[err]C

sent inventi@n to operate the second reac- As herei nbefore set

forth, it is% pre{ermﬁgreghon zone at a tenperature which is as nuch 45
that the catalys within the second reaction as 83[err]C. |ower than the

tenperature W thin 110 E each occurrence is carbon, silicon, or

% germanium;
& 10 p is an integer from 1 to Y;
%
g Y' is nitrogen or phosphorous; and
g -
g R each occurrence is alkyl, aryl, silyl or a
g combination thereof 4 5
% 15 -etes¥ having up to 10 carbon or silicon atoms.
% 4, A compound as claimed in Claim 2, where R
% and R" are methyl.
\ 20 5. A compound as claimed in any one of the
£ preceding claims, wherein M is titanium or zirconium.
! :
% 6. A compound as claimed in Claim 5
-% corresponding to the formula:
i 25 '
i
{ .
3 Z —
1 - !
cp* — us A-
. \
¥
& 0
= 3 (X)n
C~38,256A-F T
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zone conprises._at least two refractory in- the first reaction zone. In
addition, in view organi ¢ oxides, preferably alumna and of the

nat ure of therm'mj ﬁ ond re- silica. Wen silica and
alumna are e MIHM t"m!ﬁe rate of liquid charge thereto pl oyed
in conb1 nat i on, tfie Fatfers will be may be substantially |arger”]

of the § 50 present generally with an amount of from charge ?A@B‘t
reacti or§ zone and is usu- 115 about 10%to about ‘byﬂ.. i

ally inghe range of fromabout 1.0 to about "“\nﬁt‘*”" xampl es

bel ow, éxcellent re- 15.0 liquid howy-y space ve oYtl tyﬁ%tot al _
sults have been achieved through the utiliza- eff u romthe second !
reacti org zone, nay tion of the conposites of 88% by wei ght of be .
passed t.’ a sui thal%l lnh| gh- pressure, |ow 55 silica and 12% by wei ght of:
al um na, and t grafure separatl on zone fromwhich a 120 of 75% by

wei ght ﬂ silica and 2 %b)él %{ ?199,? dighy gRs streamis wthdrawn and
wei ght ai al um na;, cata the recycl ed to supply at least a .
portion pf the dreactlon st age, and t h.the utiliz-

hydr ogerg whi ch i s adm %d f‘hcytcﬁgpfntaadqahyﬁo ng.& et Féé] conposi te of 88%
of hy@k@@aﬁb’@rﬁiléﬁh}f @é%?cﬂﬂ%‘“d %é“nﬁ?n‘hqnldy“" BFeafuttina and 12%

of silicain the | | quid_hydrocarbons, containing the light 125
Z is SiR¥ 2, CR* 2, SiR* ZSLR 2, CR"2CR"2,

CR*=CR¥, CR*2SiR*2, or GeR¥s;

s e DRy, 5 i
e RIS R R R

Y is a nitrogen or phosphorus containing group
; 10 corresponding to the formula ~-N(R”)- or -P{(R")-
: wherein:

R* each occurrence is hydrogen or a moiety
ﬁ selected from alkyl, aryl, silyl, halogenated

b

alkyl, halogenated aryl groups and combinations
thereof having up to 20 non-hydrogen atoms,

R™ 1is Cy_.qqg alkyl or Cg_qg aryl, or

two or more R¥ groups or one or more R*
groups and R”” together form a fused ring system
of up to 30 non-hydrogen atoms;

X each occurrence is halo, or an alkyl, aryl,
alkoxy, or aryloxy group of up to 20 carbons;

n is 1 or 2; and

A- is a noncoordinating, compatible anion of a
Bronsted acid salt.

7. A compound as claimed in any one of the
preceding claims, wherein X is Cq-y alkyl or alkoxy.

8. A compound as claimed in any one of the
preceding claims, wherein n is 2.

s

R R B
PRSI ER TS

B

i
e

s
i A4 b o

s
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onent s

catal yst of the first reactjon“stage. VWhil e paraifinic hydrocarbons
posed

(Cferr]} to Jerr]) and but - the total quantity of netallic co
of anes, are conb umm“l ﬁumllmal ly liquid the cataly i
resulting fromthe sepapaf?@gﬁﬁﬁ

within the second
action zone |$ wi thi*n the'rahge of from about neag;fggpb L hi n_the
first reactioh 65 0.1% to about 20.0% by wei ght xé@éﬁLgLa to
thereafter repDve therefron1those 130 \
934, 382 i -25- 9@’4/,//
hydr ocar bons b0|I|ng mnthln the gasoline ther illustrate the process of
the present in- boi I i ng range.

essenti al

vention, and §o indicate the beneflts to b? any. one of g
feature of the present invén. * SHPBFERFS fi BT LRt PPF 2Ati"6R t her eof .
preceding claims, wherein A is tetrakis- -pentafluoro-

phenyl borate.

k]

o

§ 10. A process for preparing a compound as
i claimed in Claim 1; comprising contacting a first

5 component corresponding to the formula CpMX ,, wherein

Cp, M, X and n are as defined in Claim 1 with a second

component corresponding to the formula [L-H]*[A]” wherein

. is a neutral Lewis base and A is as defined in Claim 1

in an inert, aprotiec solvent.

Rt S e o Y e

10

11. A process as claimed in Claim 10, wherein

the second component corresponds to the formula
IIL—HTWBQA— wherein L is a neutral Lewis base and Q
independently each occurrence is selected from hydride,
dialkylamido, halide, alkoxide, aryloxide, hydrocarbyl,
substituted hydrocarbyl and organometalloid of up to 20
carbons, with the proviso that in not more than one

- R R RIS

15

R

R TR L e TR

gcecurrence is Q halide.

20
11 wherein Q

12. A process according to Claim

each occurrence is pentafluorophenyl.

13. A process as claimed in Claim 12, wherein

25 the first component is a pentamethylecyclopentadienyl
titanium dialkoxide or a pentamethylcyclopentadieny]
titanium dialkyl having from 1 to 4 carbons on the
alkoxide or alkyl group and the second component is a

trialkylammonium tetrakis-pentafluorophenyl borate.

IR 35 e T R Y

R RN

S

AT,

30
14. The use of a compound as claimed in any one
of Claims 1 to 9 as an additicn polymerization catalyst.

I R DT

Aw

C-38,256A-F -25-~
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tion is the systemof the two distinct inte- EXAMVPLE | 5
This exanple illustrates

grated stages in whi c” cess is

the process of the 70 m mﬂrﬂ"ﬂ Iﬁg%ffect ed. Through the utilizatio

the pro- pregent-invehtifn tas na to a hydrocar- \g’cé‘s-
greater concen- bon charge boi I))M%( eﬁf'rel '

of the presen§ i nvention,
tration of hydrocarbons boiling within. H’reo E@f’
Stillate

above the gasi

range, and al tﬁmst conpl etely gasol i ne an“% Ao,

boi l'ing rangej in excess of the middl e-dir&t+late boili nM 10 are

pr oduced fronﬁthose hydr ocar bons which range. The char Was a vacuum gas

oil 75 boil in excess of the mddle-distillate boiling

obt ai ned fro”; a Wom ng- W\ast E@@%l@f&d%tolymemzatlon proE@élQQ‘ojr'Furt her nor e,
greater concentratign n ropertie

of gasoline bpili nggr apa%qﬁ %3) ’gr? ccmtac% §ETW{%I g ,LJ}% wﬁ&
distillation data aP‘élyme“zable m°“°meﬁrsodh@'éd‘ FPB?ﬁ’t“ﬁéé‘é“ i ddI e- d| stl |l ate
boil - those zdet er npelathebyza HieonASTP iyst haetier addition polierpgatyisamge

hydr ocar bons Mh' ch bavathers, char‘acterlzed in that the tABligsk is a

produced in the fi réémpmseasofdew 18CE55 one oYAGUINE AT §) L- PROPERTI ES
Specific Gavity at

i ng

The overal l elgfféct 'S subst ant | a reduc i on
15. 6lerr]C g hB. LN rodHR0t Y1 0 ndd GRtcRARARS | fefie iy dr ocar -
Disti IIatloni, [err] C

9 said monomer is an olefin, diolefin or acetylenic

compound.

10 17. A process as claimed in Claim 16, wherein

ethylene is homopolymerized or copolymerized with a C3-
Cg alpha-olefin. “

18. A process as claimed in any one of Claims

15 15 to 17, wherein the catalyst is formed insifu.

LR Y e . ettt
ST TN ﬂ"‘*"&w‘ﬁgs:'ﬂ%?’iﬁﬁﬁﬁ

20

25

30

RN ARSI RATAS. Vv Bt
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bons ot herw se resulting fromthe non-sel ec- Initial Boiling Point

310
383

467 1
493
532

25 the aromati c hydrocarbons which boil wt

90’

at Zfi[err]C.

conpopent s. % Bott ons 2

Furth{rnDre the process of the present in- Total MN_efOgen, ppm :
1300 | vention results in a gasoline boiling range Sul fur, Vélghtf
% 2.58 30 hydrocarbon product substantially free The

cat al ist enployed in the first reaction 95 from unsaturated
hydrOCﬂrbons and is zone conprised 2.0% by weight of nickel

therefbre, suited as charge stock to a cat- and 22.5 % by weight of
nDbed num cal -

10

15

20

This Sheet Has Been Repl

20 tive, one-stage hydrocracklng of hydrocar- 10%

b bons boH

S the Fact that the utilization of
present invention effects a preservation

in the gasol-epe boiling ra /; n'
0 abla\ ot

ABSTRACT

METAL COMPLEX COMPOUNDS,
PROCESS FOR PREPARATION AND METHOD OF USE

A monocyclopentadienyl or substituted
monocyclopentadienyl metal complex containing compound
useful as an addition polymerization catalyst
corresponds to the formula:

Cprn+A“
wherein:

Cp is a single qs—cyclopentadienyl or ns—
substituted cyclopentadienyl group optionally covalently
bonded to M through a substituent; .

M is a metal of Group 3-10 or the Lanthanide
Series of the Periodic Table bound in an n° bonding mode
to the cyclopentadienyl or substituted cyclopentadienyl
groupj;

X each occurrence is hydride or a moiety
selected from halo, alkyl, aryl, silyl, germyl, aryloxy,
alkoxy, amide, siloxy, and combinations therecof having
up to 20 non-hydrogen atoms, neutral Lewis base ligands
having up to 20 non-hydrogen atoms; or optionally one X
together with Cp forms a metallocycle of up to 20 non-
hydrogen atoms with M;

n is 1 or 2 depending on the valence of M; and

A™ is a noncoordinating, compatible anion of a
Bronsted acid salt.

C-38,256A-F -27-
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) . . . qessio-d e’
alytic reformng unit for the purpose of fur- culated as the elenent -

theof. "The cat - ther raising the octaine rating th

al yst was prepared utilizing a single inpreg- ',wﬂﬂ:35ffﬁr

utilization of the process of the nating technique | |ﬂhﬂUAF

al u- present invention, a hydrocarbon har na spher.es -
(prepared in accordance with ' st ock, havhngwa borLng:ﬁa & i n
excess of the oil-drop nmethod as descrjbed in U S = about
343[err]C. to 371[err]C., may be substahti- Patent No. 2,620,314, issued
to James Hoek- ally conmpletely converted into hydrocarbons
stra), and a single inpregnating solution con- 40 boiling within
the gasoline boiling range, not- taining nickel nitrate hexahydrate
(24 105 w t hstanding the presence of exceedingly weight parts
of nickel) and nolybdic acid - - | arge quantities of nitrogenous
conmpounds, (30.0 wei ght ipd#rts of nolybdenym. The : and wi t hout

t he usual high yield Ioss due to catalyst was’ di sfosed in a reaction zone
the formation of an excessive quantity of ® mai ntai#ed under an inposed
pressure of 45 |ighy paraffinic hygrocarbohs.and also with- 102

at nospheres, and an inlet tenperature : ... oat experiencing the
catal yst deactivation en- thereto of 410[err]C The liquid charge was
countered in a single-stage hydrocracklng””ﬂreated at arate of 0.5 liquid

hourly space

METAL COMPLEX COMPOUNDS,
PROCESS FOR PREPARATION AND METHOD OF USE

This 1nvent¢on relates to compositions of
matter which are useful as catalysts, to a method for
preparing these catalysts and to a method of using these
catalysts for polymerizing addition polymerizable

monomers.

In EP-A-0277004 there are disclosed certain
bié(cyclopentadienyl) metal compounds formed by reacting
a bis(cyclopentadienyl) metal complex with salts of
Bronsted acids containing a noncoordinating compatible
anion. The reference discloses the fact that such
complexes are usefully employed as catalysts in the

polymerization of olefins.

Despite the utility of the catalysts disclesed
in the above prior art references it is desirable to
produce even more efficient and useful catalysts for
addition polymerizations. In particular the pressnt
investigations have led to certain improved metal
complex containing compounds that are highly active as
polymerization catalysts anc¢ desirably allow for the
polymerization of z wide variety of monomers and

mixtures of monomers.



kY

treatnment of such oils as are used as charge velocity, and was conbi ned

w t h hydrogen in the present process. ,W,::$> an
‘anmount of 1068 normal liters per liter 50 Mheﬂwefﬂgeghﬁé t e
present process in a of the oil charge. Foll ow ng ggggw%ﬁar1qq

conti nuous manner, it is preferred to utilize re %3dro n
sul fide and the each catalyst as a flxed\bgg th;ﬁe%ﬁéctlve

| i ght paraffinic hydrocarbons (Clerr] 4»-Cerr]) Qb@ﬂﬁéﬁﬁflon zone, as
illustrated in the acconi- normally liquid product effluent of the re-
panyi ng drawi ng. The m xtures of hydro- action zone was fractionated in a

mul ti-plate 55 <carbons and hydrogen are continuously
distillation colum Atooyidéhg touther acesens. ibh2@ntion therehasgedw to the

reaction zon : i utane to 82C
downwar d fIoﬁ?ﬂ?%ﬁg?%%&%%?&af%%%@féﬁwfrac E%‘ﬁl)aecg 82[err]C. to
204[err] C. fm@mlqpaa)ntadienyl et e eluspIexd, cmm@,aralrr@ peemEeledt her in

up- a 204[ e .G ( distillate) frac- war d
flow or radlé% §5bnd%ﬁ%%ﬁ% éﬁmaé%éﬁﬂﬁé tion, and (4) a bottbns fraction
cont ai ni ng t|ve reaqllon zones. Alternatlvely, the oper- those

hydr ocar bons boi l'i ng CelfX@ Aenperature 125 ation may be effected
as a noving-bed type, in excess of 343[er]C 1In regard to the guan-

or a suspensghdyigfpe of operation in which tity of residual nitrogenous
conpounds con-

Cp is & single qs—cyclopentadienyl ar qs-
sut-stituted cyclopentadienyl group optionally covalently
bonnded to M through a substituent;

-

M is a metal of Group 3-10 or the Lanthanide
Series of the Periodic Table bound in an n5 bonding mode
to the cyclopentadienyl or substituted cyclopentadienyl
group;

X each occurrence is hydride or a moiety
selected from halo, alkyl, aryl, silyl, germyl, aryloxy,
alkoxy, amide, siloxy, and combinations thereof (e.g.
haioalkyl, haloaryl, halosilyl, alkaryl, aralkyl,
silylalkyl, arylokxyaryl, alkyoxyalkyl, amidoalkyl,
amidoaryl, etc.) having up to 20 non-hydrogen atoms, and
neutral Lewis base ligands having up to 20 non-hydrogen
atoms or optionally one X together with Cp forms a

metzllocyele with M;

n is 1 or 2 depending on the valence of M; anc

AT is a noncoordinating, compatible aznion of =z
Bronsted acid salt.

Such compounds are usefully employed in
coordination type polymerization processes to prepare

PR
.

Polymers for molding, film, sheet, extrusion foamin

(111

other zpplications. The. compounds may zalso be utilized



the catalyst and hydrocarbons are passed as tained wthin= S
a slurry through the Lespeﬁl¢%ﬁ¥r

fractions, reference is
zone. ~ again made to the acconpanying draw ng ..ffﬁi__ _ W ng
exanples are given to fur- The total normally Iqutdﬁ‘ Br bF flu-
130 934, 382 . ent, follow ng separation %o REYVVE. 1610
grans of water gl ass (28@6by wei ght noni a and | ) ffinic
hydrocarbons, that of Sigerr]) with 3220 cc. Of\N%Eészigglng t her e-
is, the streamindicated in the drawing as to 400 cc. of hydrochloric
acid, plus an ad- passi ng through line 14, contained approxim ditional

800 cc of water. The resulting acid-
in hydrogenation reactions, catalytic cracklng and other

industrial processes.

The compounds of the present invention can be
preparsd by combining:

-~

a) at least one first component which is a
mono(cyclopentadienyl) derivative of a metal of Group 3-
10 or the Lanthanide Series of the Periodic Table of the
Elements containing at least one substituent which will
combine with the cation of a second component {(described
hereinafter) which first component is capable of forming

& cation formally having a coordination number that is

"~ one less than its valence,

-~

b) and at least one second component which is z
salt of a Bronsted acid and a noncoordinating,
compatible anion in an inert, aprotic solvent and
recovering, if desired, the resulting product.

More particularly the noncoordinating,
compatible anion of the Bronsted acid salt may comprise
a single coordination complex comprising a charge—
bearing metal or metalloid core, which anion is both
bulky and non-nucleophilic. The recitation "metalloid"”,
as used herein, includes non-metals such as boron, -
phosphorus and the like which exhibit semi-metallic

characteristics.

All reference to the Periodic Tzble of the
Elements herein shall refer to the Periodic Table of
Elements, published and copyrighted by CRC Press, Inc.,
1989. Also, any reference to a Group or Groups shall be
to the Group or Groups as reflected in this Periodic

the



5 ately 18 parts per mllion of total nitrogen. silica hydrosol was then
added to 1580 cc. 70 Foll owi ng fractionation, in side-cut fraction-
an al um num sul fate sol ution, ‘having a ator 15, the total pitre
content of the specific gravity of 1.28, and prepaped { T omment $8
boi I i ng range hydrocarbons, those iron-free, hydra%éﬂ““f?ﬁg
Ccrys- havi ng an end poi nt of about 204[err]C, m%s ¥8a B sO>T|
al uni na-silica hydrosol 10 effectively M1, that of |t W& niddie=distT

was then conmingled, with vigorous stirring, 75  Frac

of

Taction, indicated in
line 21 of the drawing, wth 1280 cc. of an aqueous solution of am

cont ai ned | essp t, r er. mlljon ni- L, um hydr oxi de contai ni ng

640 cc. of a Sra@o%eﬂfrpeah%feé’?q tes%%a&%%nlgﬂta?ﬁsg%i 2 28% by

wei ght sol ut i oremiferdmggraupkhe ated as being in line 18, contained

approx- resulting hydrogel was filtered, reslurried in 15 imately 40 parts
nd dpied. The. dried 80

Shoul d be noted that apar1semts fhe PaerEre raflfnals ot et ad (o
several washi Agting,scoaamt iwlieclandont"aimesnshahyariarambdes efdrtdeadur es,
be com i ndeSsted 'S SeRaIveEese Fhe Bt e Ry T e
mi ddl e- di sti | FHPELEEHERAOMOBARY CThpestibddrayflr groupnpositadniag tarttiter
dried or which is only weakly coordinated to said cation
thereby remaining sufficiently labile to be displaced by
a neutrzl Lewis base. A noncoordinating, compatible
anion specifically refers to a compatible anion which
when functioning as a charge balancing znion in the
catalyst system of this invention does not transfer an
anionic substituent or fragment thereof to said cation
thereby forming a neutral four coordinate metallocene
and a neutral metal byproduct. "Compatible anions" are
s anions which are not degraded to neutrality when the
initially formed complex decomposes and are
noninterfering with desired subsequent polymerization or

other uses of the complex.

Monocyclopentadienyl and substituted mono- _
cyclopentadienyl groups for use according to the present
invention preferably are depicted by the formula:

R' RH

R !
wherein:

RE' each occurrence is hydrogen or a moiety

selscted from halogen, zlkyl, aryl, halocalkyl, zlkoxy,



20 ployed as the oil charge to the second reac- at a tenperature of
149[err]C., ground into a 85 tion stage of the present process

| east to fine powder, and fornmed into 3.2 M x 3. 2
ni trogenous conpound nmcylindrical pills. The pi]ls- mergﬂs B S 3
of the resultant oil charge does not jected to a hig ﬂ%&gn%; s
cal ci nati on pro- exceed about 5.0 parts per "I| he

an atnosphere of air for a period 25 product insped h@msﬂpekiﬁrned upon t he
of 3 hours and a tenperature of 649C. An-90 varfﬁﬂ%ff?hctlons are
indicated in the follow inpregnating solution was then prepared by

ing Table Il. di ssol ving 60.0 grans of nickel
nitrate hexa- TABLE I . hydrate in
water, and furEhar o utiad e BEOUPS; FﬂgPﬁe?Péﬂaéﬁ°ﬁﬁ0§@€f§°£Ré§ up to
resul ti ng sol uBDononehgdoagenoatomkl,i brrt ¢éws 30 more R' gryfpsUlbgASherl
wth water. A gra t de- 5 Fraction*,

scri bed a|un]n§QgP|?C§L§§5 kQH %éEsm 8 [err]C. range 83-204
204-343[ err] 343[err]+ pregnated W th the resul ting inpregnating Vol une
% is R' or a goloupi ¢haitn is rcovatliend 1yt damddd er . The

dried of tJojabe uh@zfgrmula47 Q-Y—, widrfin catalyst was subsequently

calcined at an ele.
Z is a divalent moiety comprising oxygen,
boron, or a member of Group 14 of the
Periodic Table of the Elements; and

Y is a linking group covalently bonded to
the metal comprising nitrogen, phosphorus,
oxygen or sulfur, or optionally Z and Y
together form a fused ring system.

In one embodiment of the invention each of R'
and R" is methyl. ’

In a highly preferred embodiment R" is

\ ;
Y —_ R’”
/

wherein:

E each occurrence is carbon, silicon, or

germanium;
p is an integer from 1 to 4;

1 . . . ) :
Y' is nitrogen or phosphorous; and



35 Specific vated tenperature of 649C
This catal yst 100 Gavity, at

di sposed within the reaction zone, as a 15. 6[err]C,,
0.8373 fixed-bed, and nuintained under an inposed . «—A
pressure of 102 atnDspheres During the ti o e

processing of the mddle-distillate charge 40 Ianla'_ .
stock, the inlet tenperature to the reactor 105 \‘rmBOLLbﬁg‘ nt 116

219 354 was nmintained at a | evelgof 327[ernkg/’The 10% 138
242 377 charge stock was introduced to the reaction 30%

156 261 391 zone.at a rate equivalent to 3.0 liquid hourly
50% 160 ,277 : 407 space vel ocity, and was adm xed

wi th hydro- 90% €38R occurrdide is alWP3, aggD, islaylaﬂbuat of 534

?ﬁé”ﬁh'iﬁiﬁéﬁ%wﬁsfﬁ RS ED 1 o B pabori ikt SEn1abldg o

zone effluent s%s. sepavangdup ot@r 00| derbofysr silidypes foms -
drogen-rich gas stream which was recycl ed - ysis, Vol. %

to combine with the nigggﬁlgiBPE%E?PgdCQQ&ESSitionS according to the

invention correspond to the formula:

Cp* —_ M/: A=

wherein:
M is zirconium or titanium;

Cp* is a cyclopentadienyl or substituted
cyclopentadienyl group bound in an nd bonding mode to M;

Z is SiR*p, CR¥,, SiR¥2SiR*», CR¥2CR¥*>
CR*¥=CR*, CR¥2SiR¥*2, or GeR¥y;

Y is a niﬁrogen or phosphorus containing group
corresponding to the formula -N(R””)- or -P(R"7)-;
wherein:

R* each occurrence is hydrogen or z moiety

selected from alkyl, aryl, silyl, halogenated

alkyl, halogenated aryl groups and combinations
thereof having up to 20 non-hydrogen atoms,

R™ is Cq-10 2lkyl or Cg_qg aryl, or

two or more R¥ groups or one or more R¥
groups and R”” together'form a fused ring systen
of up to 30 non-hydrogen ztoms;



Paraffins 41 - - stock. The remaining/liquid
s

hydr ocar bons, Napht henes 51 - - |nchdf
par af fi ni ¢ hydrocarbons. A efins 1

(CJerr] to (Jerr]) were subjected to fractionation in~ j
- almmmow,nmu-mmedwhr

7
Li ght Parafflnlc Fwdrocarbons (Cerr] to derr]) thi resuIIs
fractionation are indic- 55 Yield was 272% by wei g ‘D%@d/f/
C. fraction W& 3.0 vol. %

Cerr]-83[err] ated in Table |1
VOLUVETRI C

TABLE 111 To illustrate the second stage of the pro-

Yl ELDS FROM cess of the present invention, those hydro-

M DDLE- DI STI LLATE c#r babh bobhkngw&athbnhhhe radgglof a29d| ecik€xy,
Conmponent s* 1 Vb u@@gﬁe%g L9, On§43[err]C were charged to a
STot B dhesP '7.9 125 containing a

reaction zone
catal yst conprising 6.0% by Pentanes & Hexanes 15.3 wei ght of
ni ckel (cal cul ated as mhiésel eoeng} ahdptanes to 204 [err]C. 47. 2

and a conposite of 75@6by wei ght of silica 204[err]C and Heavier

39.5 d 25 %b | hi
FNdrocarggns (C[er¥] t%? Oi €$Hg6ggﬂlgg€lﬁk | GBmpatibl@NinfH aff 101 C

=Zronsted a01d salt
Illustrative, but not limiting examples of

monocyclopentadienyl metal components (first components)

which may be used in the preparation of the compounds of

this invention are derivatives of titanium, zirconium,

hzfnium, chromium, lanthanum, etc. Preferred components

are titanium or zirconium compounds. Examples of
suitzble monocyclopentadienyl metal compounds
hydrocarbyl-~substituted monocyclopentadienyl metzl
compounds such as cyclopentadienylzirconium trimethyl,
cyclopentadienylzirconium triethyl, cyclopentadienyl-
zirconium tripropyl, cyclopentadienyltitanium trimethyl,
cyclopentadienyltitanium triphenyl, cyclopentadienyl-
scandium bis(p-tolyl), cyclopentadienylchromium 2,%-
pentadienyl, pentamethylcyclopentadienylyttrium
bis(bistrimethylsilylmethyl), pentamethyleyclo-
pentadienylscandium bis(bistrimethylsilylmethyl),
pentamethyleyclopentadienyllanthanum bis(bistrimethyl-
silylrethyl), etec.; hydrocarbyloxy substituted ccmpcunds
such as cyclopentadienyltitanium triisopropoxide.
cyclopentadienylzirconium triphenoxide, etc.; hzlo
substituted compounds such as cyclopentadienylzircorium
trichloride, indenyltitanium trichloride,
pentamethyleyclopentadienylhafnium trichloride,
cyclopentadienylyttrium dichloride, etec.; and compounds
comprising mixtures of substituents such es
cvclonnntadienyititanium isopropoxide dimethyl,

-~ -

pentamethylcyclopentadleny121rcon1ur methyl dichloriZe,



65 al um na conposite was prepared by diluting Yield was 0.67%

130 =7 934, 382

11 The yields indicated in Table III arg 6d \\t her eof
into the clean-up reaction zone. The ) % quantyty of
m ddl e-di stillate being reminder of the reaction. Bf f | uent

charged, and it is noted that the |ight paraf- has d. |nto"”ﬂf'act|onator
wherein the |ight finic hydrocarbons- Besultlng Rhﬁfezﬁéﬁfmere paraffinic
¥+dal | y negligent, being

hydr ocar bons, nethane, ethane.
only 0.67% by and propane, were renoved and a stream of 70 weight of the

total charge. It is further normally |iquid hydrocarbons contai ning
cyclopentadienyllanthanum chloro isopropoxide, (tert-

butylamido)(tetramethyl-p5-cyclopentadienyl)=~1,2-
ethanediylzirconium dichloride, (tert-butylamido)(tetra-
methyl-q5-cyclopentadienyl)-1,2-etﬁanediyltitanium
dichloride, (methylamido)(tetramethyl-n5-
cyclopentadienyl)~1,2-ethanediylzirconium dichloride,
(methylamido)(tetramethyl-n5-cyclopentadienyl)-1,2-
ethanediyltitanium dichloride, (ethylamido)(tetramethyl-
nS-cyclopentadienyl)-methylenetitanium dichloro, (tert-
butylamido)dibenzyl(tetramethyl-n5-cyclopentadienyl)
silanezirconium dibenzyl, (benzylamido)dimethyl-
(tetramethyl-nd-cyclopentadienyl)silanetitanium
dichloride, (phenylphosphido)dimethyl(tetramethyl-ns-
cyclopentadienyl)silanezirconium dibenzyl, and the like.
The last enumerated compounds of the above list
are illustrative of compounds containing covalent bonds
between the metal atom and substituents of the
Preferred substituent; are those

cyclobentadienyl'ring.
Such

which are capable of o-bonding to the metal atom.
components are readily prepared by combining the
corresponding metal chloride with a dilithium salt of

-

the substituted cyclopentadienyl group such as a

cyclopentadienyl-alkanediyl, cyclopentadienyl-silane
amide, or cyclopentadienyl-phosphide compound.

reactlon is conducted in an inert liquid such as
utilizing

The

tetrahydrofuran, C5 10 alkanes, toluene, etc.
conventional synthetic procedures.

Compounds useful as a second component in the

preparation of the compounds of this invention will

comprise a cation, which is a Bronsted acid capzble of

donating a proton, and a compatible noncoordinating

Preferred anions are those containing z single
metal

anion,
coordination complex comprising a charge-bearing



ob- yi el d of hydrocarbons boiling within the gas-

was then subjected to oline boilin

the but- further fractionation to provide a butan sg@ 3

of hydrocarbons boil- fraction, a C[err]-hydrocar‘p on. haV|ng an 75

ing in the mddle-distillate boiling rang?; The g ‘nt.-of 46[err]C., a
C err]-hydrocarbon frac- atter fra &ion may be readily
recycled to tion (46C. to 82[err]C. ), a 82[err]C. -204[err]C. frac-
conbine with the original mddle-distillate tion, and those hydrocarbons

boiling in ex- ar. metalloid cor@hﬁmgéhSéQEBnW@§rﬁéyaﬁb€§2yhYQfQEarbons

cess of 204[err}C fectlvel recycled to_extinction.
The fraction bo ??%@y5b09%p§%%$eﬁ 1¥ahatinne thd" active catEMPLE 11
'tIth adm xed \r/]visﬂnedn?/gis OEE:TE I(h"cﬁn? aJSFguDltor Lclmti,hanlae Serllﬂg%ét.fﬁd@{]m' e I
illustrates t icabilit normal liter er liter of this oi
frac- wiPh l%ff?rﬂréé/%r"g'éeé'htt JE LRPAp R RAMP N & 2BAd
passed at a |i it reouirdry vsirialce)e sufficiently ldbidcs itan bdomﬂsp*nghda@dt ially

20 boi 11ng rangd, Sy T dhefesgsnd b Rctg TRt SR RatA% ned
at a pressure S%bstrates or otherwniesttradi IL&ewﬁnst Ibiars etsh & ushd dlse -edibdrid | at e
boi |- of 102 ahTRsAReeSnAendt 13 1bE MY ALY Clietals include, but are
not limited to, aluminum, gold, platinum and the like.
Suitable metalloids include, but are not limited to,
boron, phosphorus, silicon and the like. Compounds
containing anions which comprise coordination complexes
containing a single metal or metalloid atom are, of .
course, well known and many, particularly such compounds
containing a single boron atom in the anion portion, are
available commercially. In light of this, salts
containing anions comprising a coordination complex
containing a single boron atom are preferred.

Preferably the second component useful in the
preparation of the catalysts of this invention may be
represented by the following general formula:

. +
(L-H) [A]”
wherein:
L is a neutral Lewis base;
(L-H)* is a Bronsted acid; and
A is a compatible, noncoordinating anion.

More preferably A  corresponds to the formula:

[M ' m+Qn]-'-



-

I ng range. The charge stock was an East about 302[err]C The catal

di sposed within Texas kerosine having the propeeti shown
t hi s hydrocracking reaction zone conpri sed ,./Fﬁiihﬁ“f | owi ng
Table IV: 0. 4% by wei ght of palladlunv6' 083!

25 TABLE |V Wi t hi aicr fc ?Ssg%npogga

consi sting of 88% EAST TEXAS, KEROSM™NE-

by wei ght of silica and 12% by wei ght ofl0=~ %g}&e”;gy

PROPERTI ES al umina. The total reacirefzone effluent,
Specific Gavity at 15.6[err]C 0.8189 fromthe hydrocracking reactor,
was com ASTM di stillation, [err]C bi ned
with the effl UBRETELBM the first reaction 30 Initial Boiling
Poi nt 186 zone follow ng the renoval of amonia 95 10%

211 - therefrom and pm ais 9 tikgegeparabmon &b the 30%
222 | ight paraffinic hydrocarbons (dJerr] to err]).

50% % fV’arlgu% product I nspections and a
portion n is ggointeger from 0" 83 241 of the
resulting yields are given in the fol- 35 90%

258 | owi ng Table V. M' is a metal or metalloid %@Qected from Groups End
Poi nt 5-15 of the Peffodic Table of the Eleméitds ‘and

Q each occurrence is hydride or a moiety
selected from dialkylamido, halide, alkoxide, aryloxide,
hydrocarbyl, and substituted-~hydrocarbyl radicals of up
to 20 carbons with the proviso that in not more than one

occurrence is Q halide.

Second components comprising boron which are
particularly useful in the preparation of catalysts of
this invention may be represented by the following

general formula:
[L-H]* [BQyl~
wherein:
L is a neutral Lewis base;
[L-H]* is a Bronsted acid;
B is boron in a valence state of 3; and
Q is as pféviously defined.

Illustrative, but not limiting, examples of
boron compounds which may be used as a second component
in the preparation of the improved catalysts of this
invention are trialkyl-substituted ammonium salts such
as triethylammonium tetraphenylborate, tripropylammonium
tetraphenylborate, tri(n-butyl)ammonium tetraphenyl-



| NSPECTI ON OF PRODUCTS FROM

% at 204C. 5.0

% Bot t ons 0.8 KEROSI NE CHABg55?f7;

Total Nitrogen, ppm 3.6 Fraction, [err]lG=Tange®r

204+ 40 Sul fur, weight % =036 ,ce8pe fi

at - 105 Hydr ocar b@n®Fyq

15.6[err] C - 0.7678 0.7901 1

82.8 ASTM Distillation, [err]C -

Initial Boiling Point 99 213

0.4 10% 109 218 45 Aronmatics
16. 8 30% . 117 221 The
ker osene fractp8ﬁa®§§ 6ggggﬁhy&ﬁgqgnlu§o&§tra%p—t%%glborate),126 225
first or cleantwpbuéydrmmonione tedirakdisreenanl lup@ephenylborspe, 231

Cenperature of S5 B EP TeRiEhEan EE A1 g -2 4-cdfE nyrphenylboratl? o, 240

254 tribotyileagoniun hedregén-BnSadimetbiipbeny¥Boratend Point

contacted  byafbeS bR RRR AR, Pl kTT5(5) GRu -RRrLLEEnEEnpLL, ENC
phenyl)borate and the like. Also suitable are
N,N-dialkyl anilinium salts such as N,N-dimethyl-
anilinium tetraphenylborate, N,N-diethylanilinium
tetraphenylborate, N,N-2,4,6-pentamethylanilinium
tetraphenylborate and the likej; dialkyl ammonium salts
such as di-(i-propyl)ammonium tetrakis-.
pentafluorophenylborate, dicyclohexylammonium tetra-
phenylborate and the like; and triaryl phosphonium salts
such as triphenylphosphonium tetraphenylborate,
tri(methylphenyl)phosphonium tetrakis-pentafluorophenyl-
borate, tri(dimethylphenyl)phosphonium tetraphenylborate

and the like.

It should be noted that the foregoing list is
not intended to be exhaustive and other boron cbmpounds
that would be useful as well as useful components
containing other metals or metalloids will be readily
apparent from the foregoing general formula and examples

to those skilled in the art.

In general, and while most first components
identified above may be combined with most second
components identified above to produce an active olefin
polymerization catalyst, it is important to continued
polymerization operations that either the metal cation
initially formed from the first component or a
decomposition product thereof be a relatively stzble
catalyst. It is also important that the anion of the
second compound be stable to hydrolysis when an ammcniuz

salt is used. Further, it is important that the acidity



the catal yst disposed within the reaction Par af fi ns 37 zone

at a liquid hourly space velocity of 5.0. A efins NIL
The catal yst enployed in the clean-up reac- -Naphthenes _...===_"46
55 tion zone consisted of 3.2 M X 3.2 mm AWOHHtICS"/ gyt W 17
120 cylindrical alumna pills mhlch yer tane
Rat i ngs pregnated, utilizing a $1n $E§g§g§ B F-1
C ear 63. 9 solut2en, witly. \ /bb g T of cobal t
and F-1, + 3 cc. TEL. 83.1 6“0 ,by”melght of
nmol ybdenum cal cul at ed The portion of the I|qU|d product boiling

up to 82[err]C conS|sted of

10 as the elenents t hereof. Hydrogen sul fide,
33.3% by wei giaf 192 second componentarhepraiel £ bmiehydroriedt 1es et 9 ebdSed from
of butanes, 34 3%py Vi Y 0ft {de e t Pansfer‘ t he
total reactor effluent I n allﬁi %presesﬁeﬁfcﬁ&%% tb ht of%ﬁq?rr]

to

hydr ocar bons Converssdiat dhe ttﬁ?éltW&Yog}fn tthe ri@'fradcyf%ﬂ"&jl‘i% m‘(% [

82[err]C) Theocameifedt 19 FactiNtate the needed ﬁ%&ﬁbﬂ“tﬂﬂﬂiﬁégg[err]

hydrogen adm xed with the debutanlzed fraction to an end point
ker osi ne fractGe3itaim &ietad losenencosgeanidsn are nasd sfANE i T§ashionng

96.3 F-1 + 3cqit3@11 but the strongest Bronsted acids and thus are
not suitable as first components to form the catalysts
of this invention with all second components. Most
preferred monocyclopentadienyl metal compounds are those

which can be hydrolyzed by aqueous solutions.

With respect to the combination of first (metal
containing) component to second component to form a
catalyst of this invention, it should be noted that the
two components that are combined for preparation of the
active catalyst must be selected so as to avoid transfer
of a fragment of the anion, particularly an aryl group,
or a fluorine or hydrogen atom to the metal cation,
thereby forming a catalytically inactive species.
could be done by steric hindrance, resulting from
substitutions on the cyclopenﬁadienyl carbon atoms &s
well as substitutions on the aromatic carbon atoms of
the anion. It follows that first components comprising
perhydrocarbyl-substituted cyclopentadienyl radiczls
could be effectively used with a broader range of second
compounds than could first components comprising
unsubstituted cyclopentadienyl radicals. As the zmount
and size of the substitutions on the cyclopentadienyl
radicals are reduced, however, more effective catalysts
are obtained with second compounds containing anions
which are more resistant to degradation, such as those
with substituents on the ortho positions of the phenyl
rings. Another méans of rendering the anion more
resistant to degradation is afforded by fluorine

This



12

82[err]C

catalyst at a liquid
space velocity of 1.0. The light 5 t_ E@I

cycle oil was adm xed with hydrogen i A\ &R \ ~ch
as indicated anount of 356 norgg 1;’ﬁ/;s’//ﬁer liter of
i

zone. The

of this fraction,
in Table V, are such that this fraction is:

first reacti ogug9Betythen, esgeehm§ub&.@@1ﬁ;@&~osaa

oil,

second or

mai ntai ned at a pressure of 102 at nospheres,

range fraction boiling
to 204[err]C. was obtained in an charge stock;gﬁﬁ<a¢@
"\

anount of 53% by vol une, badgﬂ,ap@ﬁ t%“ hQﬁrly,

~Step in a suitable

934, 382 TEL.
The gasol i ne baiyl i ng

an inlet tenmperature of 399[err]C.,
chmggﬂr'$ﬁ€ (S L

\

reacti on zone
anion.

be used with a broader range of first components.

In general, the catalyst can be prepared by
combining the two components in a suitable solvent at a
temperature within the range from about -100°C to about
300°C. The catalyst may be:used to polymerize a-olefins
and/or acetylenically unsaturated monomers having from 2
to about 18 carbon atoms and/or diolefins having from 4
to about 18 carbon atoms either alone or in combination.
The catalyst may also be used to polymerize a-olefins,
diolefins an/or acetylenically unsaturated monomers in
combination with other unsaturated monomers. In a
preferred embodiment the catalysts are employed to
prepare copolymers of mixtures of vinyl aromatic
monomers with olefins other than a vinyl aromatic
monomer, specifically copolymers of styrene with

ethylene or propylene. In general, the polymerization

may be accomplished at conditions well known in the

prior art. It will, of course, be appreciated that the

catalyst system will form insitu if the components
thereof are added directly to the polymerization process
and a suitable solvent or diluent, including condensed

monomer, is used in said polymerization process. It is,

however, preferred to form the catalyst in a separate
solvent prior to adding the same to

step. While the catalysts may not

the polymerization
species, the catalysts' components

contain pyrophoric
are sensitive to both moisture and oxygen and should be

handled and transferred in an inert atmosphere such as

nitrogen, argon or helium.

As indicated supra, the improved catalyst of

-~

the present invention will, preferably, be prepared in a

from

teristics

r to entering the
gyentiBhocenskAg in a

hydrocrackin
y ?UOPO-SUbStltUt°d stabilizing anions may, then,



catalytic reform ng process for the purpose maintained at a pressure of
102 at nospheres, 10 of increasing the octane ratings, or anti- _an

inl et tenperature of about 315[err]C. 75 knock characteLks%ftsfth reof
I't should be and the charge to this zone contacted the™’ /“A g

fraction is substantially com catalyst at a I|q§ h%
of pletely free fromol efinic hydrocarbons, A er

conbi ned with hydrogen in contains 17% by volunﬁ q&earahatPC hydro- an
amount of 534 normal liters per liter of 145 carbonst aﬁé“ﬁﬁ@bby vol ume of

naphthenic oil. The foregoi ng operating conditions, on 80 hydr ocar bons.
both reaction zones, were al so enpl oyed EXAVPLE II
Thi s exanple i IIustrates

when processing the Leduc |ight cycle oi
the appl i cabi | B&y t2blgs g@efiton @504 i6F Sedviests opr 8ddeestob- Suitgplene

present procesgpoliQshile B Wilakhe’ Sheibaknadyl b@mchBesohhahesaikhbght cycle

oil ap- 20 various_li cycle oils, boiling entlrel at .a ggear in the

fol | owi ng Tabl &nVERe gggor aF&nﬁBrQ?uPéefﬁle§§e§§lBFnPﬁe15a Bine b0|I|ng

TABLE VI | rﬁﬂﬂ?mnﬁﬂdabﬂbhl gkl Mléﬂlﬁé?e§§09éf§h§ ghddheetyl éMNBPECTYON OF

PRODUCTS FROM sti|late boiling r ndi vi dual LAEONA
LI GHT CYCLE Clt”sa uréL 3 monoﬁe?sg g gtable S0 vnﬁgé yncludecxg
are not necessarily limited to, straight and branched-

chain hydrocarbons such as isobutane, butane, pentane,
hexane, heptane, octane and the like; cyeclic and
alicyclie hydrocarbons such ecyclohexane, cycloheptane,
methyleyclohexane, methylecycloheptane and the like and
aromatic and alkyl-substituted aromatic compounds such
as benzene, toluene, xylene and the like. Suitable
solvents also include liquid olefins which may act as

monomers or comonomers including ethylene, propylene,
j-hexane, 3-methyl-l1-pentene,
1-decene,

butadiene, cyclopentene,
L-methyl-1-pentene, 1,Y4-hexadiene, l1-octene,

styrene, and the like.

While the inventors do not wish to be bound by
any particular theory, it is believed that when the two
components used to prepare the improved catalysts of the
present invention are combined in a suitable solvent or
diluent, 21l or pért of the cation of the second
component (the acidic proton) combines with one of the
substituents (X) on the first component. As 2 result a
neutral compound, XH is liberated, which neutral
compound either remains in solution or is liberated as =z
gas., In this regard, it should be noted that if X in
the first component is hydride, hydrogen gas may be
Similarly, if X is a methyl radical, methane
If X is alkoxide an alcohol

liberated.
may be liberated as a gas.

results, ete.

While still not wishing .to be bound by any
articular theory, it is glso bnlleved that as one of



charge stocks were separately processed in Fraction, [err]C. range

.82[err]-204[err] 204[err] + 25 accordance with the nEthOd3Q£SGFF
Specific Gavity at 15.6[err]C 0.7861 0.8222 9@:= EYam b 7 BREESN
charge stock was an Gkla- ASTM Distillation, [errq ¥ ght dycle
oil having a boiling range Initial BO|I|ng Poi n: _ 13 e of 1 npbm
232[err]C. to 315[err]C., and the othen5was 10% nate -8 229
a Leduc light cycle oil having a boiling 30% 120
241 30 range of 231[err]C. to 352[err]C. O her proper- 50%

133 254 95 ties of these light cycle oils are given in the 70%
151 270=ne forsoRaRpeIER esubstituents is liberated, thgo,

178 292 T,
- ordlnat A-EoM tained in fWd $VEdq
211 317 °1¢° G NS RS H74py contal Fydrocarbon Type

Anal ysi s, vo|f.3m@%nt usedcve_éf@ L@ﬂ:mmlm@aratwn balances gheffins

18 - oMrze of either the metal f% H%%mithecyﬁﬁS@S
NI L - Specific Gavity at err C. 8849 9%91
Napht henes ~29omporgent, or a ﬁecormmn}%rmn‘%ﬁu% hers f}f‘o e

Aromatics  zstal cation 3%d noncoordinating anion w1ll remain so
combined until the catalyst is contacted with one or
more olefins, diolefins and/or acetylenically
unsaturated monomers either alone or in combination with
one or more other monomers or another neutral Lewis
base. As indicated supra, the anion contained in the
second compound must be sufficiently labile to permit
rapid displacement by an monomer to facilitate

polymerization.

The chemical reactions which occur in forming
the catalysts of this invention may, when a preferred,
boron containing compound is used as the second
component, be represented by reference to the general
formula set forth herein as follows:

CpMXp,q + [L-HI*[BQyl~ — [CpMXnl*(BQyl~ + X-H + L

wherein Cp, M, X, n and Q have the previously identified

meanings.

In general the stability and rate of formation
of the products in the foregoing reaction equations,
particularly the metal cation, will vary depending upon
the choice of the solvent, the acidity of the [L-H]*
selected, the particular L, the anion, the temperature
at which the reaction is completed and the particular
monocyclopentadienyl derivative of the metal selected.
Generally, the initially formed ion-pair will be an
active polymerization catalyst and will polymerize



Initial Boiling Point 232 231 Cct ane Ratings 40 10%

251 257 F-1 d ear 70.7 - 105 =
261 277 F-1 + 3 cc. TEL 86.5 - 5G9, .+

270 291  The product fraction boiling up to 82feFT Gn’“'“‘ﬁgjﬁb !
280 307 contained 33.3% by wei ght butanes, %5@”1 A %ﬁgy e
293 327 by weight Clerr] hydrocarboh&-to 46[eﬂ ] and-4 ,/éEﬁa Poi nt
315 352 31. 2% by wei ght of C[err] and heavier &g;ig> 0 % at
204[err] C. 0 0 carbons (46[err] t&82[err]C.). %
Bott ons The benefjts afforded throyugh the
i Totca-rowﬂf@erﬁl%ﬁﬁms and mtyl%a%mwrﬁafiqrea&ﬁcgsem

utiliza-

‘ “V?“t hod 116 r“?ﬁ““ﬁ"’{“‘“t‘“e'&“‘#”ebl‘“e'vj??t‘*&%‘”ﬁyad“"" Tl
certai ne romthe data given in Table rocar al ysi s,
RS0 T e i AR T MM LSO 18 1t ) e At

vol .

Par af fi ns catlon Wil 4fecbmpose ﬁcarygeemﬁ\amgmms/reecpdnym@n&wﬂmmf
0. 7861 at gﬁfﬁbp nes 15.6[err]C is
extremely wel | 843 & For utiliza- a efins 3.7 5.4

tion as charge to a subsequent catalytic re-
As indicated supra, most first compounds

identified above will combine with most second compounds
identified above to produce an active catalyst,
particularly an active polymerization catalyst. The
actual active catalyst species is not, however, always
sufficiently stable as to permit its separation and
subsequent identification. Moreover, and while many of
the initial metal cations formed are relatively stable,
it has become apparent that the initially formed metal
cation frequently decomposes into one or more other

catalytically active species.

In general, catalysts according to the present
invention can be selected so as to produce polymer
products that .will be free of certain trace metals
generally found in polymers produced with Ziegler-Natta
type catalysts containing cocatalysts such as aluminum
or magnesium based compounds. The polymer products
produced with the catalyst of this invention should have
a broader range of applications than polymers produced
with more conventional Ziegler-Natta type catalysts
comprising a metal alkyl, such as an aluminum alkyl, or
an aluminoxane. The catalysts may be employed as
homogeneous catalysts or supported on the surface of a

suitable support such as alumina or silica.

In a2 most preferred embodiment of the present

invention Cp is pentamethylcyclqpentadiene, M is
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Aromatics 45.6 51.2 form ng process. O special
significance is 55 In regard to the Cklahona |ight cycle oil, the \fact
that this gasoline fraction contained 120 t he catalyngeﬁﬁEngﬁ n the
first or clean-up a total of 82% by vol unme of aromeiFC ng$m~$‘ reagti on -
zone conprised 2.4% by weight of cursors in the??ggﬁﬁ%f n gpRgnes yand

ar o- ni ckel , 6.4% by wei ght of nnlybdq um  andy ‘ *“ﬁ'»“’TaIIy no
ol efinic hydrocar- a conposite consisting of 8§%by MBtgﬁt ‘of bone, and
only 18% by vol unme of paraffinic 60 al um na and 12%@b¥’ﬂelght of silica.

The hydrocarbons. In addition, this partlcular 125 second or

hydr ocr acki ng reggghp@hzgpezfpgonlﬁ&achl?g gﬁ Etgg éﬂ elgik £l yp-high
egven in the

oct ane tai ned_a cat al yst consistin

absence of furthkkopide, anged ghs 6¢tbékl§dpaiﬂl@ﬁ aoe@nlp@rsyl ebrass
cessi ng. by weight of silica and 12% by wei ght of The operations
described in the fOregokﬁga65u?tH€P”?refE?r@He@ﬁbBBiheﬂﬁtiQHe28Q§a$@§t
exanples were rqgeate ég]goeiﬁg?fgéione or more C,-Cq a-olefins
2°-8
particularly ethylene or propylene, most preferably
ethylene, at a temperature within the range from 0°C to
200°C, preferably 25°C to 100°C and at a pressure within
the range from'étmospheric to 1000 psig (TMPa)
preferably 15 to 500 psig (0.1 - 3.5 MPa). 1In a most
preferred embodiment of the present invention, the
catalyst will be used either to homopolymerize ethylene
or to copolymerize ethylene with a C3-08 a-olefin
(including styrene) thereby yielding an copolymer. In
both the preferred and most preferred embodiments, the
monomers will be maintained at polymerization conditions
for a nominal holding time within the range from about -1
to about 60 minutes and the catalyst will be used at a
concentration within the range from about 107 to about

10-1 moles per mole of monomer.

Having thus broadly described the present
invention it is believed that the same will become even
more apparent by reference to the following examples.
It will be appreciated, however, that the examples are
presented solely for fhe'purpose of illustration and
should not be construed as limiting the invention.

Example 1

Pentamethylecyclopentadienyltitanium isopropoxide
dimethyl and triethylammonium tetrakis-pentafluoro

phenyl borate

: In a drybox, at room temperature, 33 mg of
f pentamethylcyclopentad1enylt1tan1umlsooropox1d° cimetnyl
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934, 382 charge stocks in order to obtain the rek
formation of ammonia fromsaid nitro- of pa@ﬂ@ﬁ
to severity of oper- genous conpounds, renoving thgﬁaﬁnnﬁmr* D5
obtain such a relationship, the fromthe effluentfqQ vaaid %Rr“,w'
zone, severity of the operation was |nd|cated$by spafating from
said effluent a |ight 5 varglng percent gaﬁ*off nversion to
hydro- normally liquid fraction haV|ng an end boil

carbons boiling bel ow 204[err]C. The follow ing point of from204[err] to
232[err]C. and al'so ing Table VII1 indicates the product

distri- Sepa(éangoLﬁﬂﬁk§ﬂé§)etb'Hénhm81E§§Vh§§ EbABined with 1 mL bution
le tion_ containing effluent conponents

sumary, for the kerosine g
boi | i ng of benzengj #8daf eVaeﬁuhﬁga§ splutignduedr RLRBHLEE 4RtBet ween

\ d’

the end boilifg2poi AL giné@kédlfgagk A stopper? §ﬁV§6theﬁff©ﬁetnéI0n
which resulted in 60% fraction and err]%? reactin E{ a£18f sai d
vacuum line, and a SOlld a dition funnel w re attac

75
The addition funnel was charged with 80 mg (0.10 mmoles)

of triethylammonium tetrakis-pentafluorophenylborate

([HNEt3]*[B(CgF5)y]7). The addition funnel was stoppered
The

and the apparatus was attached to a vacuum line.
and 75

benzene was removed from the flask under vacuum,
mL of fresh benzene was distilled into the flask at
-78°C under vacuum. After warming to room temperature,
the solution was blanketed with 1 atmosphere (0.1 MPa)
of ethylene. The solid ([HNEt3PTB(C6F5)q]’ was added at
room temperature and the solution was observed to turn

After 20 minutes the solution was black and a

yvellow.
After one

precipitate of polyethylene was observed.
hour, the polymer was precipitated with methanol,
collected, washed with methanol and dried in a vacuum

oven overnight to yield 0.49 g of polymer.

Example 2

Pentamethylcyeclopentadienyltitaniumtrimethyl and
triethylammoniumtetrakis-pentafluorophenyl borate

The reaction conditions of Example 1 were
substantially repeated utilizing pentamethylcyéio—
pentadienyltitaniumtrimethyl and triethylammonium
tetrakis-pentafluorophenyl borate. The reaction was
conducted in toluene at room temperature for about 10
hrs. Methane gas and ammonia byproducts were observed.
After heating to about 45°C for one hour the toluene
solvent was removed under vacuum leaving a black solid.

The solid was washed three times with petroleum ether

and dried under reduced pressure. The recovered product



by vol une conversion to hydrocarbons boil- heavier fraction in a_second
_reaction zone i ng bel ow 204[err]C., and w t hout .t '

recycle wth hydrogen in the presence of a nltrogen- ,,,,,,,,,, ’/@ - i thin
t he process. - sensitive hx/,ﬁé?a@kkhg cataly't and
com TABLE VI I ing at
| east the normally liquid portion -19- 15 PHKES@U 1 ON
SUMMARY of the effluent of said second reaction @-Sﬂf/

! a- Wo.- with the normally liquid port.bﬂ/of the efflu-

homa Leduc W Tex. ent of said first reaction zone prior to the

Char ge E“afeddendidiedons ehmcdesinebapentame Wiy key el opgmtatr act i on

t her ef r om dienyl- t1téﬁﬂﬂﬁ<d1methyf“¥é¥¥éﬁﬁ§1ﬂnnté?iu6¥ﬁb5%ﬁyl 2.

Process according to claim1, charac-

terized in that ﬁéenﬁ?ﬂﬁpemﬂytQ%aQﬂ9¥ﬁﬂ9%/EESPOlYmEFlZE an o¥g&ini bution

l'iquid conponeminsi=ef khdeineZfilegarlrs-Nd 4B ti ymerization conditd&s] to
first reaction zone and the second

Cerr].
reaction weight % 1.0 1.7 1.0 0.9 zone is
separ at ed |nto—§§#+;§%—¢raction havi ng Cerr] to

an end boiling point of from204[err] to

82[err]C.,
232[err] C. 25 (Tevohbubylamido)d8methbd (tettamethdd -n2-a second fraction

having an end Q?Eh ngngghggnyg)811anet1tan1umd1methyl and
triethylenammoniumtetrakis-pentafluorophenyl borate

A 25 mL flask was charged with 275 mg of (tert-
butylamido)(dimethyl) (°- ~tetramethyleyclopenta-
-dienyl)silanetitanium dichloride, 0.75 mmol) and
attached to a small frit. The frit was evacuated and 15
mL of diethyl ether was vacuum transferred into the
flask. At -78°C, 1.1 mL of MeLi (1.4 M in hexane, 1.54

. mmol, 2.05 equiv) was added through the sidearm valve
using a syringe. No color change was noted. After 5
minutgi, the bath was removed and the solution allowed
to warg to room temperature. After 1 h. the solution
was dark green and opaque. The diethyl ether was
stripped off and replaced with 10 mL of hexane. The
solution was stirred at 25°C for 10 min and then
filtered. The solid was reduced to about 2 mL, the
solution cooled to -78°C, and the frit cold-flipped to
collect a dark olive solid. After drying under reduced
pressure for 30 min, the solid (tert-butylamido)di-
methyl(tetramethyl—qS-cyclopentadienyl)silanetitanium
dimethyl was isolated (138 mg, 56 percent).

Polymerization

A 100 mL three-neck flask was charged with 32
mg (98 pmol) of (tert-butylamido)dimethyl{tetramethyl-
—ns-cyclopentadienyl)silanetitanium dimethyl. The flask



82[err]-204[err]C, of from343[err] to 371[err]C
and a third fraction vol . % 53 57 64 58
cont ai ni ng those hydrocarbons of said m x- : grr] C and
ture which boil above said second fraction, ﬁgﬁﬁa ier,
a stream of said second fraction is reacted % 40
40 40 40 w th hydrogen in the presenc E@f B\
Total Clerr] + gen- §en5|t|ve ca%a#y§t in said
second reaction Yield, \,/,ﬂgkw
zone, and at |east a portion of said thLQ@_fracl ------- vol . %
109 116 119 121 tion is subjected together with the hydrocar-
It is imediately noted that, in all four situ- bon oil charge to the
reaction wi th hydro- 35 ations, the production of the Iight
paraffinic gewas ¢deippedenceh o stheppér / ogeruimsenaet edeptéd, and a
hydrocarbons e 0 0 i - catalyst in the.first reaction
“Fo 1S FRILI ST « i dniion. bupray va33chBRasd
accor di ng to clwantrh 277 atar@f‘c [HNEt ]+[B(C Fg )I#]weiaght sforh e @ dt aIT}u;dﬂar ge to

the process. Opy hir C

greater S|gn|ficance 4E%ﬁéﬂéb4 %h|°€:§%5%F%% %égc%ﬁﬁ%ﬁlﬂgg wth
the stream of tamedo the SOll_d 40 Htaamtltdrema:wasarmddcac:e%ec \andmet ric
second fractionbg{ g sHRA Y AN SCULLEY ethylene. The solid

[HNEt3]*+[B(Cg4F5)y)- was then added resulting in a yellow
solution. After one hour, the viscous, yellow solution

was still taking up ethylene. The resulting gelatinous
mixture was quenched with methanol to give a white
precipitate. The material was filtered, washed twice
with methanol, and dried in a vacuum over to give 0.56 g
of polyethylene.



gain in regard to the total yield of butanes reaction zone contains |ess
t han 5 parts by and heavi er hydrocarbons. In the case of the

wei gh mllion parts by East Texas rosi ne

fract H“'l ﬂ“ﬁﬂ ﬂ”mmel d weight of said m xture and all of }/hﬁ’/ ekai n-
of but anes an eavi el hydrocarbons, includ- ing portlon/g%’sg i

fraction is com 45 ing thd%e boiling aDQV%’ﬁf*E

109.9 nmingled with the hydrocarbon oil charge 116 b?hg
volunetric percent. The highest volunetric being 1ntroduced},n£@”fﬁe first

reacti on zone. i ncrease was experlen Qﬂﬁmbeﬂ‘ﬁface55|ng

4. Process according to one of the clains /ﬁff t he heavy vacuum
gas oil, and anbunted to | to 3 characterized in that t he hydrocarbon
121% Thus, the applicability of the pro- oil charge is contacted with the
ni trogen-in- 50 oess of the present invention, while process-
sensiti.ve catalyst in the first reaction zone 115- i ng

t hose charge stocks boiling in excess of at a space velocity of fromO0.5
to 10 vol unes the gasoline boiling range, is readily ascer-
measured as liquid, per hour per volunme of tained. That the
present invention offers catalyst together with from 178 to 1425 nor-
particul ar advant ages when processing the mal liters of hydrogen per liter
of oil mea- 55 heavi er hydrocarbon feed stocks, as indic-

sured as I|qU|&;Lﬁﬁd“é$ a~tenperature in the 120

1. A monocyclopentadienyl or substituted
monocyclopentadienyl metal complex containing compound

corresponding to the formula:
CpMX,* A~
wherein:

Cp is a single q5-cyclopentadienyl or qs-
substituted cyclopentadienyl group optionally covalently
bonded to M through a substituents

M is a‘metal of Groups 3-10 or the Lanthanide
Series of’ the Perrod;c Table bound in an q5 bonding mode
to the cyclopentadlenyl or substltuted cyclopentadienyl

group, .. - ".-.‘. :,.~

X eachrébéurrenéé is hydride or a moiety
selected from haldy: alkyl, aryl, silyl, germyl, aryloxy,
alkoxy, amide, 31loxy, and combinations thereof having
up to 20 non~-hydrogen atoms, and neutral Lewis base
ligands having up to 20 non-hydrogen atoms; or
optionally one X together with Cp forms a metallocycle
with M of up to 20 non~hydrogen atoms;

n is 1 or 2 depending on the valence of M; and
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,and a pressur

ated by the Womng-Wst-Texas vacuum range of fron1260[%;;l 38[err]C.

gas oil, is clearly indicat e
from68 to ZOﬁ]’y"ﬁ#{’”),H”MHMd t he hy- /1//W-V5«'“I‘ VE LAl M
| S: - rocar bon strean1|ntrﬁﬂﬁqu\‘ t he--sgcond
1. Process for the catalytlc hydr ocr acki ng reac@rmﬂ Z0ReR I g, i
t he nitrogen- 60 of hydrocar bons whi h “ggésﬁTéacting a
sensitive catalyst therein at a space vel oci %y 12 ;f?’/ stream
of hydrocarbon oil charge boiling at of fréfm 1 td&%gfvolunes measured as
l'i quid, | east predom nantly above 204[err]C. and con- per
hour per volune of catal yst together tai ni ng nitrogenous
compounds in a first re- with fiSomn morgoerdir@zangoraemipat i bler @ndén fdeo-
action zone wi th hydr &gensted taked pyaasence of gen per liter of oil
measured as liquid, and 65 a nitrogen-insensitive

hydrorefining catalyst at a tanuesaigsuadi 4s lNQindNGe efafd oM 2608 ] 130

[err] Cp corresponds to the formula:

R! R"

wherein:

R' each occurrence is hydrogen or a moiety
selected from halogen, alkyl, aryl, haloalkyl, alkoxy,
aryloxy, silyl groups, and combinations thereof of up to
20 non-hydrogen atoms, or two or more R' groups together
form a fused ring system; and

R" is R' or a group that is covalently bonded
to M of the formula: ~-Z-Y~, wherein

Z is a divalent moiety comprising oxygen,
boron, or a member of Group 14 of the
Periodic Table of the Elements; and

5 Y is a linking group covalently bonded to

) the metal comprising nitrogen, phosphorus,
oxygen or sulfur, or optionally Z and Y
together form a fused ring system.

3. A compound as claimed in Claim 2, wherein
R" is:



14 934, 382 tp 510[ et

C. and a
pressuce of from68 to 204 to 25% by wei ght of al umi na. ,~QHL3@ bher es
1 rocess achTdrng to claim9, charac- 5. Process’ acﬁﬁrdl- to
C?M’ r| zed in that the catal yst contains, hetihe
a i'” he reaction of the hydro- 0.¢~ a\g&’? 0%@%' 7di um on
a suppor cbn carbons with hydrogen is ef f ect HII‘%% $5Ti ng
substantially of 88% by weight of 45 second one at a higher
space veloc- silica and 12% by wei ght of_gj_um na. \,/f”ty than in the
first reaction zone and at a 11. Process accordlng to one of the clains

t:enperature which is from28[err] to 83[err]C. 1to 10, characterized in
t hat a hydrocar bon

_(ER”IZ ) p

wherein:

E each occurrence is carbon, silicon, or

germaniums
p is an integer from 1 to Ui;
Y' is nitrogen or phosphorous; and

R” each occurrence is alkyl, aryl, silyl or a

combination thereof {fergr—allaryiy—araibyply—silyplatieply

-ete+> having up to 10 carbon or silicon atoms.

4. A compound as claimed in Claim 2, where R’
and R" are methyl.

i
5. A compound as claimed in any one of the
. preceding claims, wherein M is titanium or zirconium.

6. A compound as claimed in Claim §
corresponding to the formula:



e m et

| ower than the tenperature maintained in oil charge boiling b

204[914_]—%538[—&1*1(3“ 10 said first reaction zone. / and
cont ai ni amount of ni - 6. Procesy;é (ff‘ofb‘iﬁng to one
of the \m me\ m nants is contacted in the. 4/’, -|+:f$:;1to :

charac he re- presence of the Ix}y‘dj th,.t-/h‘ trogen-
action in the first reaction zone is effected i s‘é |ve"b,a~fal yst in the
first reaction-zone in the presence of a cata y &'ﬁ contains at a
space velocity of from0.5 to 3 voluzs 15 betwe\n/M and 45. 0% by wei ght

of moly- of oil, neasured as |iquid,“"per hour per 55 bdenum and
between 0.2 and 10.0% by volune of catalyst, a fraction having an ini-
wei ght of metal of the group of nickel and tial boiling point in the range
of from 204[ err¢ghereincobalt on a support consisting at |east pre- to

232[err]C., an end boiling point of not |ess dom nantly of alum na and
contai ning not than 343{seriréonivancr ainkhidgen content of | ess 20 nore
than 12% by wei ght of silica. than 1 part by weight per mllion parts
by 60 7. Pr ocessc@cqgrgji@gglob@tqaeenpﬁ &hgubyﬁitgb&_d of said fraction,

is separated from hg%tadrlegtla DByl doBn®:in Qﬂrﬂ@trfd' 1446 rﬂ’&ht haty the re-

C
m xture of the rYor corrponents e second reaction

zone is effected of t? . o \§?R’r2, ER"Z, esleaf*fl u&;u %,R*and a
CR*=CR*, CR*28iR*2, or GeR*5;

Y is a nitrogen or phosphorus containing group
corresponding to the formula -N(R”)- or -P(R")-;
wherein:

R¥* each occurrence is hydrogen or a moiety

selected from alkyl, aryl, silyl, halogenated

alkyl, halogenated aryl groups and combinations
thereof having up to 20 non-hydrogen atoms,

R™ is Ci1-10 alkyl‘or Cg-10 aryl, or

two or more R* groups or one or more R¥
groups and R™ together form a fused ring system
of up to 30 non~hydrogen atoms;

X each occurrence is halo, or an alkyl, aryl,
alkoxy, or aryloxy group of up to 20 carbons;

n is 1 or 2; and

A= is a noncoordinating, compatible anion of a
.Bronsted acid salt,

7. A compound as claimed in any one of the
preceding claims, wherein X is Cy-y alkyl or alkoxy.

8. A compound as claimed in any one of the
preceding claims, wherein n is 2.

Al



suppms the h bet ween 0.5 and
dr ocar m‘\ @ émw

SUpporﬂm /e
predom nant!| y* of silica and from12 to 20
reaction zone  _ by weight of alum na.
greater than one volune of oil, nea- 8. Proc fo claim 7,
charac- sured as liquid, per hour per vgsune of t @?0 | zed in that
the catal yst contains approx- nitrogen-sensitive cat//a’r’fst in said second

re- 70 i mtely 6% by wei ght of ni ckel on a support action zone.
consi sting substantially of 75% bX L Clal d n The y(%r gcracki ng
process substanti - si i ta "afg Ry, 9 gfit o’f AU R ally as

described with ref é?r@ﬁé@“lﬁncﬂ-héﬂsac&’he"em Agls Fredeelsswmegbréilyrgoro one of
the clains conmpanynegytrwosabg. 35 1 .to 6, characterized in that the

reaction in J. Y. & G W JOHNSQN, t he second reaction zone is
effected in the Fur. niAvg}-od-gygsegr prepBf BHENRCBoMfovmdcat al yst which
cont ai ns be- 4 5. 0% by wei ght
of a platinum clalgfeci_]ig Cﬂ QCJC +c9|8) ising co%\%??{‘m% % ?ﬂr‘ds

component correspondlng to the formula CpMX_ ,, wherein
Cp, M, X and n are as defined in Claim 1 w1th a second
component corresponding to the formula [L-H]*[A]” wherein
L is a neutral Lewis base and A is as defined in Claim 1
in an inert, aprotic solvent.

11. A process as claimed in Claim 10, wherein
the second component corresponds to the formula
(L-H]*[BQ,]” wherein L is a neutral Lewis base and Q
independently each occurrence is selected from hydride,
dialkylamido, halide, alkoxide, aryloxide, hydrocarbyl,
substituted hydrocarbyl and organometalloid of up to 20
carbons, with the broviso that in not more than one
occurrence is Q halide.

12. A process according to Claim 11 wherein Q
each occurrence is pentafluorophenyl.

13. A process as claimed in Claim 12, wherein
the first component is a pentamethylcyclopentadienyl
titanium dialkoxide or a pentamethylcyclopentadienyl
titanium dialkyl having from 1 to 4 carbons on the
alkoxide ar alkyl group and the second component is a
trialkylammonium tetrakis-pentafluorophenyl borate.

14. The use of a compound as claimed in any one
of Claims 1 to 9 as an addition polymerization catalyst.

This Sheet Has Been Re;ilaced
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15. An addition polymerization process for
preparing a polymer by contacting one or more addition
polymerizable monomers with a coordination
polymerization catalyst under addition polymerization
conditions, characterized in that the catalyst is a
compound as defined in any one of Claims 1 to 9.

16. A process as claimed in Claim 15 wherein
said monomer is an olefin, diolefin or acetylenic

compound.

_ 17. A process as claimed in Claim 16, wherein
ethylene is homopolymerized or copolymerized with a C3—
Cg alpha-olefin. . ” 3

18. A process as claimed in any one of Claims
15 to 17, wherein the catalyst is formed insitu.
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ABSTRACT

METAL COMPLEX COMPOUNDS,
PROCESS FOR PREPARATION AND METHOD OF USE

A monocyclopentadienyl or substituted
monocyclopentadienyl metal complex containing compound
useful as an addition polymerization catalyst
corresponds to the formula:

CpMXn+A‘
wherein:

Cp is a single qs-cyclopentadienyl or q5-
substituted eyeclopentadienyl group optionally covalently
bonded to M through a substituent; ]

M is a metal of Group 3-10 or the Lanthanide
Series of the Periodic Table bound in an q5 bonding mode
to the cyclopentadienyl or substituted cyclopentadienyl
group;

X each occurrence is hydride or a moiety
selected from halo, alkyl, aryl, silyl, germyl, aryloxy,
alkoxy, amide, siloxy, and combinations thereof having
up to 20 non-hydrogen atoms, neutral Lewis base ligands
having up to 20 non~hydrogen atoms; or optionally one X
together with Cp forms a metallocycle of up to 20 non-

hydrogen atoms with M;
n is 1 or 2 depending on the valence of M; and

A is a noncoordinating, compatible anion of a

Bronsted acid salt.
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9. A compound as claimed in any one of the preceding clauns, wherem A is tetrakis-
pentafluorophenyl borate. -

10. A process for preparing a compound as claimed in claim 1; comprising contacting
a first component corresponding to the formula CpMX, , ; wherein Cp, M, X and n are
as defined in claim 1 with a second component corresponding to the formula [L-H]+[A]"
wherein L is a neutral Lewis base and A is as defined in claim 1 in an inert, aprotic
solvent at a temperature from -100 to 300°C.

11. A process as claimed in claim 10, wherein the second component corresponds to
the formula [L-H]*[BQ4]- wherein L is a neutral Lewis base and Q independently each
occurrence is selected from hydride, dialkylamido, halide, alkoxide, aryloxide,
hydrocarbyl, substituted hydrocarbyl and organometalloid of up to 20 carbons, with the
provisio that in not more than one occurrence is Q halide.

12. A process according to claim 11 wherein Q each occurrence is pentafluorophenyl.
13. A process as claimed in claim 12, wherein the first component is a
pentamethylcyclopentadienyl titanium dialkoxide or a pentamethylcyclopentadienyl
titanium dialkyl having from 1 to 4 carbon on the alkoxide or alkyl group and the second
component is a trialylammonium tetrakis-pentafluoropehnyl borate.

14. The use of a compound as claimed in any one of claims 1 to 9 as an addition

polymerization catalyst.
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