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2 This applicationis a conti'nuat i on-i-n-part application of prior U S.
appl i cation Serial No. 284,797 fil'éd August 2, 1994. Field of the

| nventi on . This invention rel at es to a process for

pr oduci ng pol ydienes in a gas phase reactor. Mre particularly, the

i nvention relates to a process for maki ng pol ybutadi ene and

pol yi soprene in a gas phase fluidiged bed reactor in the presence of a
rare earth netal catal yst. Pol ydi enes such as

pol ybut adi ene and polylsoprene have been manufactured for nmany years
by sol ution pol ymeri zgj Y- ad < < bhEReg oF  bul k

pol ymeri zation proce ' oruttom and bul k or nass
processes for the polynerlzatlon of butadlene are known in the art to

be suitable for producThig application is a continuation-in-part application of
prior U.S. application Serial No. 284,797 filed August 2, 1994.

Field of the I "

* This invention relates to a process for producing
polydienes in a gas phase reactor. More particularly, the invention
relates to a process for making polybutadiene and polyisoprene in a
gas phase fluidized bed reactor in the presence of arare earth metal
catalyst.

Polyd1enes such as polybutadiene and polyisoprene have
been manufactured for many years by solution polymerization and
more recently by mass or bulk polymerization processes. Various
catalytic solution and bulk or mass processes for the polymerization
of butadiene are known in the art to be suitable for producing
polybutadiene with a high content of 1,4-cis units, which is
particularly suited for the manufacture of tires, belting, and other
molded or extruded rubber or elastomer articles. -

' In solution polymerization butadiene is polymerized in
an inert solvent or diluent which does not enter into the structure of
or adversely affect, the resulting polymer. Such solvents are usually
aliphatic, aromatic and cycloaliphatic hydrocarbons such as
pentane, hexane, heptane, benzene, toluene, cyclohexane and the
like. In bulk polymerizations, the reaction medium is essentially

.solventless, and the monomer is employed as a diluent.

_ ' The discovery of gas-phase fluidized bed and stirred
reactor processes for the production of polymers, especially polyolefin
polymers, made it possible to produce a wide variety of new polymers
with highly desirable and improved properties. These gas-phase
processes, especially the gas fluidized bed process for producing such
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pol ybut adi ene with a high content of 1,4-cis units, which is

parti cul swoyecug23 ed for the manuf acture of ti res, belting, pErrdsssiober
nol ded or extruded rubber or el astoner articles. In

sol ution polynerization butadiene is polynerized in an inert solvent
or diluent which does not enter into the structure of or adversely
affect, the resulting polyner. Such solvents are usually al i phati c,
aromati c and cycl oal i phatic hydrocarbons such as pent ane, hexane,
- heptane, benzene, toluene, cyclohexane gnd the like. In bulk
pol yneri zations, the reaction nediumis essentially sol vent | ess, and
t he nononer is enpl oyed as a di-l uent. The di scovery of

o adbot i on o W B Tl o Pm"i‘f"??#’“ﬂ&%ﬁ%er driphe®,

possible to E#‘Teéf-?egﬁ exponss Apduiramatic sgyimgstingh| y

. desirabl e angnérgh @sups 48 enapared to dtiesrctlzis ciiventional pol’jxﬁéﬁ%ﬁﬁ%n

‘especi al ly the‘ggs fIU|d|zed bed process for produ0|ng such WO 96/ 04323
-2-. - polyners
provi ded a neans for pimduwonygntiohahgas finidized Mdapmcess a gaseous

stream containing one or more monomers is passed into a fluidized
bed reactor containing a bed of growing polymer parhcles ina
polymenzatmn zone, while continuously or intermittently
introducing a polymerization catalyst into the polymerization zone.
The desired polymer product is withdrawn from the polymerization
zone, degassed, stabilized and packaged for shipment, all by well
known techniques. Because the polymerization reaction is
exothermic, substantlal heat is generated in the polymerization zone
which must be removed to prevent the polymer particles from
overheating and fusing together. This is accomphshed by
continuously removing unreacted hot gases from the polymenzainon
zone and replacing them with cooler gases. The hot gases removed
from the polymerization zone are compressed, cooled in a heat
‘exchanger, supplemented by additional amounts of monomer to
replace monomer polymerized and removed from the reaction zone
and then recycled into the bottom of the reactor. Cooling of the
recycled gases is accomplished in one or more heat exchanger
stages. The sequence of compression and cooling is a matter of
design choice but it is usually preferable to provide for compression of
the hot gases prior to cooling. The rate of gas flow into and through
the reactor is maintained at a level such that the bed of polymer
particles is maintained in a fluidized condition. The production of

.polymer in-a stirred bed reactor is very similar, d1ﬂ'enng primarily
in the use of mechanical stirring means to assist in maintaining the
polymer bed in a fluidized condition.

Conventional gas phase fluidized bed resin productxon is

very well known in the art as shown, for example, by the disclosure
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‘reduction in capital investnent expense and dramatic savings in ener gy
usage aswWommsatl t o ot her then conventional polynerizati ORPCT/USI5I09BEESSES.
<l n a conventional gas fluidized bed process a gaseous st ream cont ai ni ng
one or nore nononers is passed into a fluidized - .bed reactor containing
a bed of growi ng pelyner particles in a pol ynmeri zati on zone, while
continuously or intermttently I ntroduci ng a polynerization catal yst
into the pol ynerization zone. The desired pol ymer product is wthdrawn
fromthe polynerization zone, degas@ed, stabilized and packaged for

shi pment, all by well known techni ques. Because the polynerization
reaction is exotherm c, substantial heat is generated in the

pol %/_melri za]'Ei@ppaaringinUuihéd:Sththtenf tmye,@?ﬂzasr;qwh_ ,098'8ngo! yer hed b
particles fr vepheating an . Q er. This is acconplished by
cont i nuousl yqlt%e7n615'\?'/|26r)fg$hlr§eéﬁ&fiﬁgﬁg‘gz&%ﬁyfﬁ@ﬁﬂﬁr%ri zati on zone
and repl aci ng t hem wi t Thecprtogductioneof. polyrmeric sybstances im\gas phasef r om t he

pol yirer | zat | GrAddfesthSrs i3 H1EE Wl knbRE ikt aft di°Ekemplifigl £
suppl enment edg%oqasgdl t* onal anmoupts of  nonomer to rgp ace oner

pol yneri zed eqwipsent descrintions,appearing in Jueited Htatesycl ed i nto
t he bott om oPatémst Nes3,266,26800! i ng of the recycl ed -gases is

conpr bsst on and cool | e ToORRHy RS Pheens Mok, 40 538 od™ % Sl 1y
~ preferabl e t §:34588dit has besrnpaughti thatsticky palymens;tinghsdingpri or to
mi nt Q?heghiggf*ﬁ‘é@%ﬁ%i‘ﬁb?#’l&%ﬁ%@%g%&‘??%? fuidided B Rl by
mai nt ai ned i fPQPFEIFNGE PR %ﬁﬁfsﬂ’%rﬂpmﬁﬂm regetiom abovesthe/ner in a
stirred bed seffehing temnperayuresiof tie sticly polyiGerd’in'EHd pesence of an
inert particulate material. The sticky polymers produced in the gas
phase process are granular having a mixture of rubber and inert
material with a core containing a majority of rubber while the shell
contains a majority of inert material. Further, U.S. Patent No. |
5,317,036 discloses gas phase polymerization processes which utilize
- unsupported, soluble catalysts, such as, for example, transition
metal coordination catalysts. The catalysts are introduced into the
reactor, such as a fluidized bed, as a solution. The polyolefins
produced by the process niay contain dienes. EP 0 647 657 Al
discloses supported rare earth catalysts for gas phase polymerization
of conjugated dienes. o | -
 For many years it was erroneously believed that to allow
liquid of any kind to enter into the polymerization region of a gas
phase reactor would inevitably lead to agglomeration of resin
particles, formation of large polymer chunks and ultimately
complete reactor shut-down. This concern caused gas phase
_polymer producers to carefully avoid cooling the recycle gas stream
entering the reactor to a temperature below the condensation
temperature of any of the monomers employed in the polymerization
reaction. - | - | |
- Comonomers such as hexene-1, 4-methyl-pentene, and
octene-1, are particularly valuable for producing ethylene .
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In the use of nmechanical stirring nmeans to assist in maintaining the

pol ymer wiepskssesa f | ui di zed condition. Carorusesmosg7 gas
phase fiuidized bed resin production is very well known in the art as
shown, for exanple, by the disclosure WO 96/ 04323
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appearing in United States Pat ent Nos. 4,379, 758; 4,383,095 and '
4,876,320, which are incorporated herein by reference. The
production of polyneric substances in.gas phase stirred reactors is

al so well known in the art as exenplified by the process and equi prent
descriptions appearing In United States Pat ent No. 3, 256, 263.

More recentloy S. ThédeShightle alp Ha%?éﬁﬁ@ﬁaaacfelauveuj 1&9&588 it has been
taught that sP pol I ncl u qm but adi rs, can be
produced in canﬂmw%gﬁeeeﬁr oﬂ"fen the a g?ﬁﬁ’ﬁpg%ﬁéa atalyst in a
pol ymer i zat iraonéraess hothepolymeiication zomeenld'quadetmagglomemtnm the sticky
D Ymers b SulBRSAE AR Qefthatlly shut AoV theFehbtor] BHGHEGH bales, T U1 kY
which depend upon the rate at which heat is removed from the
polymerization zone, were severely constrained by the perceived need
to maintain the temperature of the cycle gas stream entering the
_reactor at temperature gafely above the condensation temperature of
the highest boiling monomer present in the cycle gas stream.
Even in the case of polymerization reactions conducted ‘
in stirred reactors, care was exercised to _m‘ai_ntain-the resin bed
temperature above the condensation temperature of the recycle gas
stream components. : o
. - To maximize heat removal 1t was. not unusual to spray
or m;ect liquid into or onto the polymer bed where it would
immediately flash into a gaseous state by exposure to the hotter
recycle gas stream. A limited amount of additional cooling was
achieved by this technique by the Joules-Thompson effect but without
~ ever cooling the recycle gas stream to a level where condensation
might occur. This approach typically involved the laborious and
energy wasting approach of separately cooling a portion of the cycle
gas stream to obtain liquid monomer for storage and subsequent
separate introduction into or onto the polymerization bed. Examples
of this prodedure are found in United States Patent Nos. 3,254,070;
3,300,457, 3,652,527 and 4,012,573.
It was discovered later, contrary to the long held belief
that the presence of liquid in the cycle gas stream would lead to
agglomeration and reactor shut-down, that it is indeed possible to
‘ cool the entire cycle gas stream to a temperature where condensation
of significant amounts of monomer would occur without the expected
dire results when these liquids were introduced into the reactor in
temperature equilibrium with the recycle gas stream. Cooling the
entire cycle gas stream produces a two-phase gas-liquid mixture in
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‘phase process are granul ar having a mxture of rubber and inert
mat er i alwoloslpgzzscore containing a majority of rubber whil eedimesssiossy
.contains a majority of inert material. Further, U S. Patent No.
5,317,036 di scl oses gas phase pol ynerization processes which utilize

unsupported, soluble catalysts, such as, for exanple, transition nmet al
coordi nation catal ysts. The catalysts are introduced into the react or,
such as a fluidized bed, as a solution. The pol yol efins produced by
the process may contain dienes. EP 0 64y.657 Al di scl oses supported
rare earth catalysts for gas phase pol ynerization of conj ugat ed

di enes. For many years it was erroneously believed that to
al | ow tieSitetabhre Bfuilibpflirh Grith! dich r%h&hﬂﬁ'th@lﬂdtﬁ&tdoﬁﬂmh‘éa' on of a

gas phase react or. woul,d i new t abl a I orrera f resin
particles, fBthe s sieam does d¥ tﬁi&ghﬁﬁ l stead a 8 conpl ete
react or shutstﬂxstanniﬂysgreatm‘eamountmfecbojmg tHMeplace beq:misenthe totablucers to

carefully a&g Pg& %gagcgﬁ it léhtgﬁétﬁé Pﬁ.@eﬂ?&u&% an t he reactor to

a tenperature i on ure of any of the
mononer s enpyubséantially lewes tymperatunedhan prevaeuglyitbaught posslble

Conpnoners SPEfs c@@é@.&etolsulfktﬁﬁhhll im??@&éiﬁéntsaiﬁhdthe yield® of poBmiers' €

particularly % uagl in tlh &8 ‘é%é ngs eclalll Where co\m\%x?o%gzés?’% ich

PCT/ US95/ 0og2Fpdn phase, especially
condense at relatlvely low temperatures are used. This procedure,
commmly referred to as “condensing mode" operation, is described
in detail in United States Patent Nos. 4,543,399 and 4,588,790 which
are mcorporated by reference. In condensmg mode operation the
two-phase gas-hqmd mixture entering the polymerization zone is
heated qu1te rapldly and is completely vaponzed within very short
distance after entry into the polymenzatlon zone. Even in the largest
commercial reactors, all liquid has been vaponzed and the
temperature of the then totally gaseous cycle gas stream raised
' substantxally by the exothermic nature of the polymerization reaction
soon after entry into the polymerization zone. The ability to operate a
gas phase reactor in conclensing mode was believed possible due to
the rapid heating of the two-phase gas liquid stream entering the
reactor coupled with efficient constant back mixing of the fluidized
bed leavmg no liquid present in the polymer bed more than a short
distance above the entry level of the two-phase gas-hqmd recycle
stream '

' 'We have now found that liquid monomer may be present
throughout the entire polymer bed prov1ded that the liquid monomer
present in the bed is adsorbed on or absorbed in solid particulate

-matter present in the bed, such as the polymer being produced or
ﬂmdlzatlon a1ds present in the bed 80 long as there is no substantial
amount of free hqmd monomer. This discovery makes it possible to
produce polymers in a gas phase reactor with the use of monomers
having condensation temperatures much higher than the
temperatures at which conventional polyolefins are produced in gas

IIU—
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-4- copol ynmers. These hi gher al pha ol efins have relatively high :

condensaW®? eratures. Due to the apprehension that. | iREKUSISN09827
nononers in the polynerization zone would | ead to aggl onerati on,
chunking and ultimtely shut down the reactor, production rates, which 7
depend upon the rate at which heat is renoved fromthe pol yneri zati on
zone, were severely constrained by the perceived need to maintain the
tenperature of the cycle gas streamentering the react or at
tenperature safely above the condensat & t enper at ure of t he hi ghest

- boi l'ing nonomer present in the cycle gas stream Even in
the case of polynerization reactions conducted in stirred reactors,

care was exephasegeactorni Angther wayrofviewing this diseavery isithatkitdsove t he
condensat | on sigGpaEIbY f Soddt SAAGHHer? vt readily biRIAAMIEONCN! S

Tto or ot o BHPIER fck- b&ﬂﬁ?@sg ee Sorthal Heling.PeRF o nch into o
gaseous st at e4.1590b3npasgasephase; reactae under conditionsyati whg!hsthé ream A linmted
anount of ad %%& F‘ﬁ%ﬂ by t he
Joul es- Thorrpg%é\ﬂ@liﬁlagﬁﬁg&lﬁ edtobe BEgeg\/egl\r‘;%céo%qu#gl;a e recycle’gas
streamto a RKehadbgga rm'mbhbelmﬁd EasnP prosessesfar s approach

typi cal l'y i nppbdednghisolimes vitls sentb oranofeuherﬂmmrs havipP16wds Of

separ at.el y COOltlergte cbn ensait o(llc térpue:ergaltures were impractical because the
amount of polymer produced per catalyst parucle was too low at all
monomer concentrations that had oondensatxon temperatures below
the temperature in the polymenzatlon zone. The dlscovery of this
invention now makes 1t econom1cally practlcal to produce polymer
with monomers at concentrauons where they have condensation
temperatures hlgher than the temperature in the polymenzauon
zone, such that hqmd monomer is present throughout the entire
polymer bed provided that the liquid monomer present in the bed is
adsorbed on or absorbed in solid particulate matter, the polymer bed,
and/or the formmg polymer product present in the polymerization

- zone of the reactor. This invention makes possible the gas phase

production. of classes of polymers which prevaously were thought not
capable of productlon in a continuous gas phase process.

Another benefit of the mventmn is that operatmn w1th
monomer present as hqmd dissolved in the polymer gives a greater
concentration of monomer at the active catalyst site than operation
with monomer not dissolved, i.e., present only in the gas phase. This
should maximize the productlwty of the catalyst for making polymer.
Still another benefit of the invention is that heat transfer within the
.polymer particles should be improved due to removal of heat by
monomer evaporation. This should lead to more uniform polymer
particle temperatures, more uniform polymer propertles, less
polymer fouling, and poss1bly 1mproved polymer morphology than
operation with monomer not dissolved, i.e., present only in the gas -
phase.
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gas streamto obtain Iiquid monomer for storage and subsequent

separ at e wobgiogst i on into or onto the pol ymerization bed. pRTAREI5kH8s2
~of this procedure are found in United States Pat ent Nos. 3,254, 070;

3,300, 457; 3,652,527 and 4,012, 573. ' -~ It 'was discovered

| ater, contrary to-the Iong hel d bel i ef: that the presence of liquid
I n the cycle gas streamwuld lead to aggl oneration and reactor
shut-down, that it is indeed possible to cool the entire cycle gas
streamto a tenperature where condensati@n of significant amounts of
nmononer woul d occur wit hout the expected - dire results when these
liquids were introduced into the reactor in tenperature equilibrium
with the recycle gas stream Cooling the entire cycle gas stream

produces a tw&- Ehase gﬁll 'ﬁui dl.m' xture .in. WO 96/ 04323

PCT/ US95/ 0982 . : - 5-

tenperature equil i bri univetpresent imtentiors provides ahprocespfot produzinged

in the gas st ggmqu I ad a

substanti al | yb at er annur#diﬁqgﬁéﬁ#ggt@ Fgco\é caudgié e total

mass of both galymaerizatiom veseql kayng e ppymy ‘PFEFNZQII |29nezlmdel‘at a
polymenzatlon reaction conditions, which process comprises:

(i) introducing butadiene or isoprene
monomer in_to said polymerization zone containing a bed of growing
polymer particles in the presence of an inert particulate material and
optmna]ly at least one inert gas;

(ii) continuously or intermittently introducing
a polymerization catalyst containing a rare earth metal component, a
co-catalyst, and optionally a promoter into said polymerization zone;

(iii) continuously or intermittently withdrawing
polybutad1ene or polyisoprene product from said polymenzatlon zone;
and )

. (iv) withdrawing unreacted butadiene or
isoprene from said polymerization zone, compressing and cooling
said butadiene or isoprene and said inert gas when present, while
maintaining the temperature within said polymerization zone below
the dew point of the monomer present in said polymerization zone.

" Granular particles and articles produced using such
partlcles are also prov1ded

B » En . e lc o EII D ° :
A fluidized bed reaction system which is particularly
. suited to the productmn of polybutadiene and polyisoprene is
) 'ﬂlustrated 1n the drawing.

Wh1le not hmlted to any partlcular type or kind of
polymenzatlon reaction, this invention is particularly well suited to
olefin polymerization reactions mvolvmg homopolymerization and
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substantially lower tenperature than previously thought possible. Thi s
process wedénas2subst | n the yield of pdECIMESYS/O9827

e A=

e

produced in the gas p s SéngUMIBEE ere cononorers which condense
at relatively lowte er at [ited-*8~& used|| Thi s procedure, comonl y
referred to as "condensl ng node" operation, is described in detail in
United States Patent Nos. 4,543,399 and 4,588, 790 whi ch are

i ncorporated by reference. In condensing node operation the t wo- phase
gas-liquid mixture entering the pol ymei—zation zone is heated quite
rapidly and is conpletely vaporized within very short di stance after
entry into the polynerization zone. Even in the |argest conmmer ci al

reactors, aldopblquénizthm of eelatively highi beiling be readily confensable e of the

t hen tot aI I ?ﬁgﬁ ?@& Ang" substantially by the
exot herm c )r% ure g? ﬁéﬁe dFIéIFZlgtI ﬁ ég%b on_. ~ soonafter entry into
t he pol ynerization. ZOM P&tréadﬂy condgnsablrase reactor in

condensi ng fReRoMeSs & ame@raﬁaargﬁﬂgw polymerifiticiPréhdtfilsd N9 of the
t wo- phase gas I@%&.ﬂg reamentering the reactor coupled wth

ef ficient cA¥St P08 xi ng of the fluidized - bed | eaving no liquid
present in the pol ynerA bed higher mioleculasweight alphdidlefins sughas: t he ent ry

| evel of th h Céggr
have now four?hgﬁﬁ&( ﬂﬁ&ewg irfo’%%“rre é‘ﬁé’ T a%%{tﬁg thr oughout the
entire polyner bed pr@n dedliengs S‘Pﬂéaﬁl mmwlcy ohgxenmnt. in the bed

i s adsor bed digyddépéritadidify] butadiened i%af)i'én‘é,”e%hyhdene noPbérdlend’ AREN I N the
bed, such a%QSHﬁﬁﬁOl ymer being produced or fluidization aids present

in the bed g as there is no substantial amount of free I|qU|d
nmononer. This discoverG. nalpelar vinydswohomers such apacrylomitridé,ymers in a gas

phase react gpqjpkd Qcitdhé'stﬂfse v‘?ﬁyf‘?éﬁ%ﬂ?é Sacrylate esters, methacrylate esters,
vinyl trialkyl silanes and the like.

These higher boﬂmg or readﬂy condensable monomers
can be homopolymerized in accordance with this invention with the
use of an inert gas as the gaseous component of the two phase gas-
liquid mixture cycled through the reactor. Suitable inert materials
for this purpose include nitrogen, argon, and saturated
hydrocarbons which remain gaseous at a temperature below the
temperature selected to be maintained in the polymerization zone.

| The higher boiling or readily condensable monomers
can also be copolymerized with one or more lower boiling monomers
such as ethylene, propylene and butene, as well as other higher
boiling monomers such as those mentioned above, the only
requirement being that there be a sufficient difference in the
condensation temperatures of the hlgher bo:hng or readﬂy
condensable monomer and at least one lower boiling monomer or
mert substance as will allow enough gas to be present in the cycle gas
stream to permit practical, steady state, continuous operauon

In accordance with our invention the higher boiling or
readily condensable monomers can be directly introduced into the
polymerization zone or carried into the polymerization zone as with
the recycle gas stream or a combination of both. In a preferred
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“ havi ng condensation tenperatures nuch higher than the t enperatures at

whi ch cowoaslogszsal pol yol efins are produced in gas WO ¥ rO<38827

. PCT/ US95/ 09827 : -6- phase
“reactors. Another way of view ng this di:scovery is that S now
possi bl e to produce polynmers using readi | y condensabl e nononers (e.d.,
1, 3-but adi ene, having a nornmal boiling point of -4.5[err]C) in a gas
phase reactor under conditions at which the nononer woul d be expected
to be present as a liquid. Furthernores9- it had been previously

bel i eved that gas phase processes for producing polyners with some or
all of the nononmers having low to noder at e condensati on tenperatures

wer e i npract émbbdiment tie téraperaturarmithin eiudopd;lymnzummaaﬂeﬁsr cat al yst

E’Z‘Lééﬁ'sﬁt.“ﬁﬁ%aiﬂnﬁéﬂgﬁ%@&kﬁ nd@BQ?'Fﬁé‘?%%% b £ HREOB e 2at i on

zone. The di&s®yvds3-butadiane or isoprened pressntiinveaidinadymerizatiomzang.| v
practical tophadusée eribdRhent the\vohmm(@gs tem;feeaaﬁra 'irekfl®, Wher e

ey e o ) comcem i Gt Sadd SR mba b zre Bes Guch® " 1"
that essentially no hqmd is present in said polymerization zone that
is not adsorbed on or absorbed in solid particulate matter.
Alternatively, the conditions within said polymerization zone are
maintained such that a portion of the monomer in the polymerization

- zone is a liquid that is not absorbed in the solid particulate matter.

The catalyst employed in the polymerization zone is a

rare earth metal catalyst. The practice of this invention is not limited
to any particular class of rare earth metal catalyst. Rare earth
catalysts that have been previously employed in slurry, solution, or
bulk polymerizations of higher boiling or readily condensable

monomers (e.g., butadiene and isoprene) can be utilized in this
invention.  The rare earth metal ¢atalysts employed in the process of
this invention can have a metal component, a co-catalyst, and
optionally a promoter. Preferably, a promoter is not employed in the
catalyst of the polymerization process of this invention. The metal
component can be a rare earth compound or a mixture of two or more
rare earth metal compounds. In general, the rare earth metal
component of the catalyst can be soluble or insoluble, supported or

| unsupported, or spray dried in either the presence or absence of a

filler. Alternatively, the catalyst can be introduced to the

polymerization zone in the form of a prepolymer usmg techniques
known to those gkilled in the art.

When the metal component is supported, typ1ca1
supports can include, for example, silica, carbon black, porous
crosslinked polystyrene, porous crosslinked polypropylene, alumina,
~ or magnesium chloride support materials. Of these support |

materials, carbon black and silica, and mixtures of carbon black and
silica are preferred. A typical silica or alumina support is a solid,

-
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zone, such that l[iquid nononer is present throughout the entire
pol ymer ‘wexbemn4sasi ded that the |iquid nmonomer present in tHECTAESDSI09827
adsor bed on or absor beg=a=setid=—partie ate matter, the polynmer bed,

and/ or the formng pol} . S SHEEDJ:IAS@E@bt in the poI ynmeri zati on zone
of the reactor. This ijvent iRGFLAGESS pos§i bl e the gas phase ‘producti on
of cl asses- of pol yner s—w Y Were thought not capabl e of
production in a continuous gas phase process. Anot her
benefit of the invention is that operatl®n with mononer present as
l'iquid dissolved in the polyner gives a greater concentration of
nononmer at the active catalyst site than operation W t h nononer not

di ssol ved, i particuladecpdroms materialhessgntiafllydnert tthtke polymetigationraxi ni ze

beneti ¢ of 1 R6lS %é/géin%é] rfﬁ‘?‘ﬁﬁ hEpE Bt il sipe PBbou 401,

particles shéopbowe2d preferablyaboub 80 ta abont, 100 mlcrmraer
evapor ati on. sﬁfﬁa&e&b@ﬂbﬁak@ﬁbttmmmrméa&mﬁlwand preferablycat

el G Rt b g
not di ssol vedbout 200 Angstroms anid ghileast abopt 208 Angstroifis 96/ 04323
PCT/ US95/ 098 &enerally, the amount of support used is that which will provide

about 0.1 to about 1.0 millimole of rare earth x_netal per gram of

support. In a preferred embodiment, two types of carbon black are

- used as support. DARCO G-60 (pH of water extract = 5) is used as dry
powder having a surface area of 505 square meters per gram,
average particle size of 100 microns, and porosity of 1.0 to 1.5 cubic
centimeter per gram. NORIT A (pH of water extract = 9 - II) used as
a dry powder has a surface area of 720 square meters per gram,
average particle size of 45 to 80 microns. .

Any compound, organic or morgamc, of a metal chosen
from those of Group IIIB of the Periodic System having an atomic
number of between 57 and 103 can be employed herein. Examples of
rare earth metal compounds are compounds of cerium, lanthanujn,
praseodymium, gadolinium and neodymium. Of these compounds,
carboxylates, alcoholates, acetylacetonates, halides (including ether
and alcohol complexes of neodymium trichloride), and allyl
derivatives of the metals are preferred. Neodymium compounds are
the most preferred. Illustrative neodymium compounds can include -
neodymium naphthenate, neodymium octanoate, neodymium
octoate, neodymium trichloride, neodymium trichloride complexes
formed with tetrahydrofuran (e.g., NdC13(THF)2) and ethanol (e.g.,
(NACI3(EtOH)3), neodymium 2,2_-diethylhe5:_anoate, neodymium 2-
ethylhexoate, neodymium 2-ethyloctoate, neodymium 2,2-diethyl
heptanoate, allyl neodymium dichloride, bis-allyl neodymium -
chloride, and tris-allyl neodymium. Neodymium neodecanoate,
octanoate, or versatate give particularly good results.
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fluidized pol ymeri zati o

-7- The present |nvent|on provi des a process for
produci n§vo 96/043gb| ybut adi ene pe—i-n.a stirred Ppe¥usos/om37
Vﬁ@ghEEEIIaMAQ@L_ENp Dl yeri zation zone under

[ | ons REMLACEDpPr ocegs conpri ses:

' FoRFoPer into said pol ynerization

pol ymeri zati on reaction condi
(i) introducing butadiene or

zone containing a bed of grow ng pol ynmer particles in the presence of
an inert particulate material and optionally at |east one inert gas;
“(ii1) continuously or intermttently in¢lbducing a polynerization
catal yst containing a rare earth nmetal conponent, a co-catal yst, and

optionally a pronoter into said polynerization zone;

(iii) continuousl ﬁ‘hdcatalﬁtrmbdﬂarbxand tidatalysty consistist! alamiaking Rkpr

(oA ALY G i 8 il

pol yneri zati on zo@ky uminum halides cazo erﬁgcompolmdlhamngaﬂleefwnnﬂa
Itz(r)rgreregteuﬁgdvffmtglg-n S )HG Wk 0) %mlggl on onge%ﬂ alkyl b Ejfllctiglllat ol nt of the
mononer pr es &iPMSE §‘§?% éﬁ’?ﬂ&f‘hi%@e’ o:mne, or 1odme, amtpaamll

particles and er almixtur@nﬁdom@dundsriga\angtthe formupas A[lR{gag)xQQnﬂ AlR3
provided. . wherein R, X, and g are the same as above.

Examples of halogen containing modifiers and cocatalysts are
diethylaluminum chloride; ethylaluminum sesquichloride; di-n-
butylaluminum chloride; diisobutylaluminum chloride;
methylaluminum sesquichloride; isobutylaluminum sesquichloride;
dimethylaluminum chloride; di-n-propylaluminum chloride;
methylaluminum dichloride; and isobutylaluminum .dichloride.
Diethylaluminum chloride (DEAC) and dnsobutylalummum chloride
(DIBAC) are most preferred.

The trialkylaluminums can be a hydrocarbyl as follows:
triisobutylaluminum, trihexylaluminum, di-isobutylhexyaluminum,
isobutyl dihexyl-aluminum, trimethylaluminum, triethylaluminum
(TEAL), tripropylaluminum, triisopropylaluminum, tri-n-
butylaluminum, trioctylaluminum, tridecylaluminum, and
tridodecylaluminum (including partially hydrolyzed derivatives of these
aluminum compounds also known as aluminoxanes).

' Preferred co-catalysts that can be employed with rare

- earth metal compounds include triethylaluminum (TEAL),
triisobutylaluminum (TIBA), trihexylaluminum (THAL),
methylaluminoxane (MAO), modified methylaluminoxane (MMAQ),
trimethylaluminum (TMA), a dialkyl aluminum hydride or a

. mixture of a dialkyl aluminum hydride and a trialkyl aluminum.

When MAO or MMAO is employed as the co-catalyst, it

may be one of the following: (a) branched or cyclic oligomeric
poly(hydrocarbylaluminum oxide)s which contain’ repeating units of
the general formula -(AI(R™)O)-, where R" is hydrogen, an alkyl
radical containing from 1 to about 12 carbon atoms, or an aryl radical

\
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Brief Description of the Draw ng ' A fluidized bed reaction
system WiwW@he®82particul arly . suited to the producti oPCHUSISN9827

pol ybut adi ene and pol yi soprene is illustrated in the draw ng.
Detai |l ed Description O The Invention While not limted
to any particular type or kind of pol ymeri zation reaction, this

I nvention is particularly well suited to ol efin polynerization
reactions invol ving honopol yneri zati on and D 17226-3

-8- copolynerization of relatively hi gﬂ\zboi ling or readily condensable
nononers such as but adi ene and i soprene. Exanpl es of higher boiling or
readi |y condensabl e nnnoners capabl e of underg0|ng ol efinic polynerization
reactions ar esucheas a|substitigted or unsubstituted phanyher naphthyli groupe(ht al pha

ol efi ns such 1amdd§awef the @eﬂeﬁﬂ@rﬂnﬂa wemmﬁm wihieré (A 918

! B. dienes s u%mn?cs L@%)ﬁg %Ir %}ons d’ de BPe of Ebstrachng an alkyl,

- halogen, or hydrogen from the __metal component of the catalyst, B is
boron, and R*isa substituted aromatic hydrocarbon, preferably a

perﬂuorophenyl radical; and (c) boron alkyls of the general formula
BR*3, where R* is as defined above.

: - Aluminoxanes are well known in the art and comprise
oligomeric linear alkyl alummoxanes represented by the formula:

R™ - Al-O- 'AIR'mz

R"l

and oligomeric cyclic alkyl aluminoxanes of the formula:

-Al-O-

v Rm p

wherein g is 1 to 40, preferably 10 to 20; p is 3 to 40, preferably 3 to0 20;
and R" is an alkyl group containing 1 to 12 carbon atoms, preferably
methyl or an aryl radical such as a subsﬁtutgd or unsubstituted
phenyl or naphthyl radical. Modified methylaluminoxane is formed
by substituting 20-80 wt% of the methyl grbups with a Cg to Ci12
group, preferably thh isobutyl groups, using techniques known to
those skilled in the art.
Promoters that can be used with rare earth metal

compounds include Lewis acids such as BC13, AlCl3,
ethylalummum dichloride, ethylaluminum sequichloride,



" di cycl opent adi ene, butadi ene, isoprene or ethylidene norbornene
C. pol awowismgs2snononers such as a > T aciRCHU$9%09827vi ny |
acetate, acrylate esters, nethacrylE%E”%%H%ﬁ%Hb$BﬁENy trial kyl silanes

" These higher boiling or readily condensaBFBLABEBmers ffan be honopol yneri zed
I n accordance with this invention wmth the GSé of amTnert gas as the
gaseous conponent of the two phase gas- |iquid m xture cycled through the
reactor. Suitable inert materials for this purpose include nitrogen, argon,
and .sat urat ed hydrocarbons whi ch remard8gaseous at. a tenperature bel ow t he
tenperature selected to be maintained in the pol ynerization zone.
The higher boiling or readily condensabl e nononers can al so be
copol yner i zediethylaluminwm chioridepand dthier ialkylhradicsl derivatives oft hyl ene,
propyl ene a o : - Qb Ly Bers such as
t hose rrentio@gggg@fpgﬁ%ﬁﬂ#%%%gn%ggﬁggé)ﬁg%g?ﬂi ere be a
sufficient difference in the condensation tenperatures of the higher
boi ling or readily condenB&bl e nonomer and at |east one | ower boiling
nmononer or inert substanck as will allow enough gas to be present in the
cycle gas streamto peguig¢_pgactical, steady state, continuous operation
I n accordance with our.i;gention the higher boiling or readily condensabl e

nmononers can be directly fptroduced into the polynerization zone or carried
into the polynerization ne as wth the recycle gas streamor a :
conbi nation of both. In a preferred ' -

in which X is C1 or Br, R is H, alkyl, aryl, alkylaryl, chloro or bromo
alkyl, alkoxy or epoxy; R’ is alkyl, aryl, H, Cl or Br; R" is alkyl, aryl,
chloro or bromo alkyl, chloro or brome aryl, vinyl, Cl or Br;orR' +R"
is oxygen, or 'saturated or unsaturated cycloalkyl. If R=R'=H, then
R" is only of aromatic nature. The alkyl radicals can be either
saturated or unsaturated, linear or branched, and contain from 1 to
18 carbon atoms. _ | o

| Typical examples of organohalide derivatives which can
be used as catalytic components of the present invention are benzoyl,
propionyl, benzyl, benzylidene or tertiary butyl chlorides or bromides,
methyl chloroformate or bromoformate, chlorodiphenylniethane or
chlorotriphenylmethane, and the like.

~ The catalyst can be prepared by mixing the support

material, the metal component, cocatalyst, optional promoter in any
order in an inert solvent or diluent. In general the metal component
can be impregnated on a support by well known means such as by
dissolving the metal compound in a solvent or diluent such asa
hydrocarbon or ether (including aliphatic, cycloaliphatic or aromatic
compounds such as péntahe’, isopentane, hexane, cyclohexane,

. benzene, toluene, and tetrahjrdrofur!an) in the presence of the support
material and then removing the solvent or diluent by evaporation
such as under reduced pressure. Alternatively, the rare earth metal
component can be dissolved in a solvent or diluent such as a
hydrocarbon or tetrahydrofuran and spray dried to generate a well-
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enbodi ment the tenperature within said pol ymerl zation zone is

mai nt ai ned bel ow t he condensation tenperature of the nmonomer (e.0.,
1, 3-but adi ene or isoprene) present in said polynerization zone. In

anot her enbodi nent the conditions (e.g., tenperature, pressure,
nmononer (s) -concentration) within said poI yneri zation zone are such
that essentially no liquid is present-il#-said pol ymerization zone that
I s not adsorbed on or absorbed in solid particulate matter.
Alternatively, the conditions within said polynerization zone are

mai nt ai ned sshapedmntalyspgn'ecmonﬂaavlmg distlena no silideeom othereinorganien

zone is a |iguiqd dBadnd Eéu.@&)sorbed in the solid particulate matter.

The catal yst enpl oye |n e pol lon.zone is a- rare earth netal

catal yst. The practi ce prefesred mgn.ng icatelygt of this; o any

Phat have. bS?ﬁéﬁ“a*v‘.“Sﬁ‘émmmﬁ%ﬁhg(f?ﬁ“?s‘“"s%ﬁ Saffidh black CF1R, VS!S

:)o?yrrer i zat |%’r@05€ #eigﬁppﬁé ‘glr ﬁﬂb Q'El‘he metal ;noners

(e.g., butadiontaining conmmmde)Theraﬂ:wnt of metdl lmprcgmated on theention. The

gg;}ehggret R orE@ﬁﬁ‘lﬂﬁ%? b@%@%&éﬂ?ﬁ% a dti‘G xﬂf:%?fééta‘.lyst An drhdid "Vention

alkyl alummum compound may be addead]pnor, during or
subsequent to the impregnation step, either in a hydrocarbon or
oxygenated solvent such as THF. The catalyst may be isolated as a
dry solid or used as a slurry ina dlluent The catalyst may also be
prepared without a support by s1mple contact of the metal with the
alkyl aluminum compound to form a solutlon or slurry which is fed
directly to the reactor. The Al to metal ratio i in the catalyst
preparation step may vary between 0.5 to 5. 0. The polymenzatmn
metal may be used without aluminum treatment when an
organohalide promoter or aluminum alkyl halide is also fed to the
reactor with the cocatalyst. When MAO is used as the cocatalyst no
halide source is required.

A preferred procedure for making the rare earth

catalyst of the invention comprises the sequential steps of (A) treating
a silica support carbon black support, or mixture of the two support
materials with a mono- or di- ethyl alummum chlonde or a mixture
of the two chlorides in a hydrocarbon solvent thereby forming a
slurry; (B) adding the rare earth compound (eg.,a neodym;um
compound) and (C) removing the hydrocarbon solvent or diluent.
Catalysts which are preferred in the process ‘of this invention are (I)
a neodymmm neodecanoate, neodymmm octoate, or neodymxum '
“versatate as the metal component and an orgamc alkyl aluminum
compound such as diethyl aluminum’ chloride to form the catalyst in
a diluent such as n-hexane or cyclohexane and (I) a neodymium
carboxylate or alcoholate such as neodymmm neodecanoate
neodymium octoate, or neodymium versatate as the metal component




aoptional ly a promoter. Preferably, a pronmoter is not enployed in the

cat al yst waoerdas23pol yneri zati on process of this invention. BOBUSSS/827
_conmponent can be a rare earth compound or . -Mre of tvvo or nore

rare earth netal compounds. - I n general, thg frales T 1 ete==) . conponent
of the catal yst can be sol uble or insolubl:, supéz" q o unsupported,
or spray dried in either the presence or au~;--;_n__;_j1__ij | er

Al ternatively, the catalyst can be introduced to the pot-ynmeri zati on
zone in the formof a prepol ynmer using ggchni ques known to those
skilled in the art. When the netal conponent is
supported, typical . supports can include, for exanple S|I|ca car bon

bl ack, poroufs im: Preg&méeldmmaw disspIvifig the Heévdymsi
pol ypr opyl e”ﬁ‘Hﬁ d%gm%,goﬁggﬁ%eﬁlgﬁtcgﬁogﬁr '@ﬁgﬁgxéo Egglrjlrg!ssofoc

t hese suppor
carbon bl ackadded to a h:udmcaebtm ée grhémeéosolutmymommmnglam or al unina

por b cut e P SUEIRFR e ek et pomil of S SdrrObOR, 1 1

used as a dr§olpent rfﬁ@ ?Fﬁmrwﬂéacﬂoﬂatdmtlo to 250

mcrons and pelettudafrom 8e geoﬂi%oﬂmeﬁﬁg%f &sobutyl aluminum hydride
(DIBAH), trusobutylalumnum, or a mixture of diisobutyl aluminum
hydride and t_msobutylalummum (TIBA). 'I_‘hese catalysts are
preferred because they have little or no induction period and remain
catalytically active for a long period of time. The catalyst I above can
be fed directly to the reactor. Still another catalyst can be prepared by
forming a reaction mixture by (i) contactmg a neodymium compound
selected from the group consisting of a neodymium carboxylate, a
neodymmm_ alcoholate and a neodymium acetylacetonate with a
mono-ethyl aluminum dichloride, a di-ethyl aluminum chloride or a
mixture of the mono- and di-ethyl aluminum chloride (i) deposxtuig
the mixture on a silica support in the presence of a solvent to form a
slurry and (iii) removmg said solvent and adding a co-catalyst
selected from the group cpnustmg of (i) dialkyl aluminum hydride,
(ii) a trialkyl aluminum, (iii) a mixture of a dialkyl aluminum
hydride and a trialkyl aluminum, (iv) methylaluminoxane, (v)
modJﬁed methylalummoxane, (vi) and mixtures thereof.

' Fluidization aids employed in the invention can be inert

particulate materials which are chemically inert to the reaction.
Examples of such fluidization aids include carbon black, silica, clays
and other like materials such as tale, Organic polymeric materials
can also be employed asa fluidization aid. Carbon blacks and silicas
.are the preferred ﬂmd1zatlon aids W1th carbon black being the most
preferred. The carbon black materials employed have a primary
- particle size of about 10 to 100 nanometers and an average size of
aggregate (pnmary structure) of about 0.1 to about 10 microns. The
speclﬁc surface area of the carbon black is about 30 to 1,500 m2/gm
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surface area of at |east 200 square neters per gramand preferably at |east
250 SQUAWO 964328 S re size of at |east 10CTAHRISMNI3Hs and
preferably at le General ly, the anount of support used
is that which wl O mllinmole of rare earth netal per
gram of support. . odi nent, "'two types of carbon bl ack are
used as support. DARCO G- 60 (pH of ‘water extract 5) is used as dry powder
having a surface area of 505 square metlgrs per gram average particle size
of 100 nicrons, and por03|ty of 1.0 t6*®°5 cubic centimeter per gram NORI T
A (pH of water extract 9 - 11) used as a dry powder has a surface area of

720 square neters per gram average p SI ze o 80, mcrons.
Any conpoundcandtheeaxbosrblpelk digplays a &Sﬁé’gﬁbﬁ?fR%@)f G oup

Icglangf et hleoﬁg,éit?grgmgggomm@;amfteomc nurrbter of bet \Sﬁgn 57 and 103

;:ﬁrrpoundgpofy;erl um _ &cfi g%mgﬁﬁé&ﬁngﬁ%e ‘ié‘gla 31um o
ese conpoumy m,ma:lypanqdla hmit nanometers veragel i des

(1ncluding %ﬂé?pgag%ee?a@m mp%efo ﬁﬁa%a§dymam Wg@%bf’e) and al |yl

derivatives of ar e pre erre um co nds, are the nost
preferred. |agglemesatescof siliea, Ghﬁ‘é é&‘W’Eﬁiea‘

napht henat e, exﬁ Hlme%h &eurmadwwﬂubowaoeo ameQdemraﬂ:rachl ori de,

NG Lo %ﬁvhf»ptsr ealaie BoRET apbabih gﬁa&i'i@&fy P e%mgneodym am
2, 2-di et hyl hexanoat e, @hylsywrhmhmbetm exediiaccondangl $oitheniaventign oct oat e,
neodyni um 2, 2zl £h WVkrLPHAARAL Bizer Houb 0 18 HBbGH 0 nbbkol al a2l 1Yl

neodym i specific surface area of about 3 to 30 m2/gm They exhibit 011
absorptlon of about. 20 to about 100 gms per 100 gms.

Orgamc polymeric substances which can be used
mclude polymers and copolymers of ethylene, propylene, butene, and
other alpha olefins and polystyrene, in granular or powder form.
These orgamc polymeric materials have an average particle size
ranging from about 0.01 to 100 microns, preferably 0.01 to 10 microns.

In general, the amount of ﬂmdxzatmn aid utilized
generally depends on the type of matenal utnhzed and the type of
polybutadiene or polymoprene produced. When utilizing carbon black
or silica as the fluidization aid, they can be employed in amounts of
about 0.3% to about 80% by weight, preferably about 5% to about 60%,
and most preferably about 10% to about 45%, based on the weight of
the final product (polybutadlene or polysioprene) produced When
clays or talcs are employed as the fluidization aid, the amount can
range from about 0.3% to about 80% based on the weight of the final
product, preferably about 12% to 75% by welght Organic polymenc
materials are used in amounts of about 0.1% to about 50% by weight,
“preferably about 0.1% to about 10% based on the weight of the final

' polymer product produced.
" The ﬂuidization aid can be introduced into the reactor at
or near the top of the reactor, at the bottom of the reactor, or to the
recycle line directed into the bottom of the reactor. Preferably, the
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‘chloride,

and tris-allyl neodym um Neodym um neodecanoate, octanoate,
ver sat at sveoeesagmrticul arly good results.

.AMENDED SHEET D-17226-3 = - 11-

catal yst nodifiers and co-catal ysts con i 4{1S °‘
al um num conpounds®'such as th
can be a conpound having the formula ALR(3-a

trial kyl

.J
i

PCT/US95/09827

or

The

farmwgm\al kyl  halides and
CED Al kyl al umi num hal i des
neach-Ris

i ndependently al kyl having 1 to 14 carbon atons; meach X-I s independently

chl ori ne,

brom ne, or iodine; and a issIor 2 or a mxture of conpounds
having the fornulas AlLR(3-a)[err]a and ALR3 wherein R X, and a are the

sane as above.

fluidization aid is introduced at or near the top of the reactor or above
the fluidized bed. It is preferred to treat the fluidization aid prior to
entry into the reactor to remove traces of moisture and oxygen. This
can be accomplished by purging the material with nitrogen gas and
heating by conventional procedures. The fluidization aid can be
added separately or combined with oné or more butadiene
monomers, or with a soluble unsupported catalyst Preferably, the
fluidization aid is added separately.

A fluidized bed reaction system which is particularly
suited to production of polymeric materials i in accordance with the
present invention is illustrated in the drawing. With reference
thereto, the reactor 10 cons1sts of a reaction zone 12 and a velomty
reduction zone 14. :

In general, the height to diameter ratio of the reaction
zone can vary in the range of about 2.7:1 to about 4.6:1. The range, of
course, can vary to larger or smaller ratios and depends upon the
desired production capacity. The cross-sectional area of the velocity
reduction zone 14 is typically within the range of about 2.6 to about 2.8
multiplied by the cross-sectional area of the reaction zone 12.

The reaction zone 12 includes a bed of growing polymer
particles, formed polymer particles and a minor amount of catalyst
particles fluidized by the continuous flow of polymerizable and
modifying gaseous components in the form of make-up feed and
recycle fluid through the reaction zone. To maintain a viable
fluidized bed, the superficial gas velocity through the bed must
exceed the minimum flow required for fluidization, and preferably is
at least 0.1 ft./sec above minimum flow. Ordinarily, the superficial

_gas velocity does not exceed 5. 0 ft./sec and usually no more than 2.5

ft./sec is sufficient.

- Itis essential thht the bed always contain particles to
prevent the formation of localized "hot spots” and to entrap and
distribute catalyst throughout the reaction zone. On start up, the
reactor is usually charged with a bed of particulate polymer

\
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Exanpl es of hal ogen containing nodifiers and cocatal ysts are
di et hy| wioseioaszh chl.ori de; ethyl al umi num sesqui chl oride; RCTAUSIOIal umi num

chloride; dii sobutyl al um ori de;: met hyl al um num sesqui chl ori de;
i sobut yl al um g di met hyl al umi num chl ori de;
di - n- propy! al ﬂfﬁlﬁm&ﬁﬂ ‘g‘\ = nf#t hyl al uni num di chl ori de; and

| sobut yl al umjihum t hyl al um num chl ori de (DEAC) and

di i sobutyl al oride (DI BAC) are nost preferred. The

trial kyl al uni nums can be a hydrocar byl 1815 follows: trii sobut yl al um num
trihexylal um num di-isobutyl hexyal um num isobutyl dihexyl-alum num
trinmethylalum num triethylal umnum (TEAL), tripropyl al um num-

trii sopr opypartiglesuPuch marhdwabmmmmm ta the polymer to
tridecylal upg potthed B théy Meﬁdhﬂ‘éﬂéhmu%éﬂ@ﬂ&ﬁﬂ ﬂ?e' aﬁély hydr ol yzed

derivatives hese a n undg akso kno m anes) .

Preferred cm@ﬁrﬁmﬂﬁ%ﬁ g‘g.o a m\%}ﬁﬁ* Hﬁét conpounds

i nclude tri ptdddot] LEventﬁaHYEAMdizedl hmbof desredrpnlyme{erﬁﬁcles

tri hexyl al UL, | umi noxane (MAO), nodified

met hyl al um n e%%wl‘é?hyl al um num éTI\/A) a di al kyl  al um num

hydride or a m xt ur e Afpartially Y RTEERTSHR COEROSita0K Y| al uni num

Wien MAO or gf§ile bdaﬁal?ﬁ?h@&&ﬁl%ﬁemﬂdﬁ@d%dailsygfefembl y'Btoréd fepre of the
ranche

oxi de) s ‘whi SAFVIRS R ReresRBin 16 nilef AlaRephof § &adabich s Hheek Bt = 1) o)
where R'" i stdnydrmaeanalaauehlasl nitrogernbr avgomi ning from1 to 12 car bon
atonms, or an aryl r adFﬁﬁLiJzatmn is achieved by a high rate of fluid recycle to ‘
' and through the bed, typically on the order of about 50 to about 150

times the rate of feed of make-up fluid. The fluidized bed has the

genei'al appearance of a dense mass of individually moving particles

as created by the percolation of gas through the bed. The pressure

drop through the bed is equal to or slightly greater than the weight of

the bed divided by the cross-sectional area. It is thus dependent on

the geometry of the reactor.

Make-up fluid can be fed to the bed at point 18. The
composition of the mak_e-up stream is determined by a gas analyzer
21. The gas analyzer _dete'rm'ines_: the composition of the recycle
stream and the composition of the make-up stream is adjusted
accordingly to maintain an essentially steady state gaseous

" composition within the reaction zone.

The gas analyzer is a conventmnal gas analyzer which
operates i m a conventional manner to determine the recycle stream
composition to facilitate maintaining the ratios of feed stream
components. Such equipment is commercially available from a wide
variety of sources. The gas analyzer 21 is typically positioned to
receive gas from a sampling point located between the velocity
reduction zone 14 and heat exchanger 24.

' The higher boiling or readﬂy condensable monomers
can be mtroduced into the polymerization zone in various ways
including direct injection through a nozzle (not sh_own in the

—_—
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a substituted or unsubstituted phenyl or naphthyl group; (b) ionic
"salts of the general fornmula [A+][BR*4[err]], where-Alerr] is a-

cationic Lewis or -Bronsted acid capabl e of abstracting an al kyl,

hal ogen, or hydrogen fromthe nmetal conponent of the catalyst, Bis

boron, and R* is a substituted aronatic hydrocarbon, preferably a

perfl uorophenyl radical; and (c) boron18i-kyl s of the general formula

BR*3, where R* is as defined above. Al um noxanes are wel |
known in the art and conprise oli gorrerl c linear alkyl alum noxanes
represent ed dsawing) intonthiecbed or by spraying onto the top of the bed thrdughrh

and ol i gomer §, 6,4y GhotCsttwiy) pdtitibha®uPoes thE belS whitH W4y aid in
eliminating some carryover of fines by the cycle gas stream. If the
rate of monomer feed is relatively small, heavier monomers can be
introduced into the polymerization zone simply by suspension in the
cycle gas stream entering the bottom of the reactor.

To ensure complete fluidization, the recycle stream and,
where desired, part of the make-up stream are returned through
recycle line 22 to the reactor at point 26 below the bed. There is
preferably a gas distributor plate 28 above the point of return to aid in
fluidizing the bed.  In passing through the bed, the recycle stream
absorbs the heat of reaction generated by the polymerization reaction.

The portion of the fluidizing stream which has not
reacted in the bed is removed from the polymerization zone,
preferably by passing it into velocity reduction zone 14 above the bed
where entrained particles can drop back into the bed.

The recycle stream is compressed in a compressor 30
and then passed through a heat exchange zone where heat is
removed before it is returned to the bed. The heat exchange zone is
typically a heat exchanger 24 which can be of the horizontal or
vertical type. If desired, several heat exchangers can be employed to
lower the temperature of the cycle gas stream in stages. It is also
possible to locate the compressor downstream from the heat
exchanger or at an intermediate point between several heat
exchangers. After cooling, the recycle stream is returned to the
reactor at its base 26 and to the fluidized bed through gas distributor
plate 28. A gas deflector 32 can be installed at the inlet to the reactor

to prevent contained polymer particles from settling out,
agglomerating into a solid mass, and to prevent liquid accumulation
at the bottom of the reactor, as well to facilitate easy transitions
between processes which contain liguid in the cycle gas stream and
those which do not and vice versa. Illustrative of gas deflectors

nup:-r-— rer e A rem e ﬂ! 11-26)
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wherein s is 1 to 40, preferably 10 to 20; is 3 to 40,

pr ef er abwo 26/043220; - and R'" is an al kyl group contai nPOpyU$9s/098372
carbon atons, preferably met hyl or an aryl radical such as a
substituted or unsubstituted phenyl or naphthyl radical. Mdified

met hyl al um noxar
groups With a C[eﬂ'HP%'@‘-
usi ng t echni quegl_knowHEFb
Pronoters that can be used witihr rare e@0t-h nmetal

i8S BEEN |

roup, referably with i sobutyl
CED' 1 ho g p, p y y

e skilled in the art.

substituting 20-80 w % of the nethyl

gr oups,

"~ conpounds i ncl ude

Lewi s acids such as BO[err], Ald[err], et hyl al um num di chl ori de,
et hyl al um num sequi chl ori de, D 17226-3
13- di et hyleshitﬁbmmmhis)puﬂmseaedhehbparaﬂdsydemwh UsS.iPaentes of

No. 4,933,149.

The selected temperature of the bed is mamtamed at an
essentially constant temperature under steady state conditions by
constantly removing the heat of reaction. No noticeable temperature

" gradient appears to exist within the upper portion of the bed. A -

temperature gradient can exist in the bottom of the bed in a layer of
about 6 to 12 inches, between the temperature of the inlet fluid and
the temperature of the remainder of the bed. -

Good gas distribution plays an important role in the .
operatmn of the reactor. The fluidized bed contains growing and
formed particulate polymer particles, as well as catalyst particles.
As the polymer ip'arﬁcl'és are hot and possibly active, they must be
prevented from settling, for if a'quiescent mass is allowed to exist,
any active catalyst contained therein may continue to react and cause
fusion. Diffusing recycle fluid through the bed at a rate sufficient to
maintain fluidization throughout the bed is, therefore, important.

' Gas distribution plate 28 is:a preferred means for
achieving good gas distribution and may be a screen, slotted plate,
perforated plate, a plate of the bubble-cap type and the like. The
elements of the plate may all be stationary, or the plate may be of the
mobile type disclosed in U.S. Patent No. 3,298,792. Whatever its
design, it must diffuse the recycle fluid through the particles at the
base of the bed to keep the bed in a fluidized condition, and also serve
to support a quiescent bed of resin particles when the reactor is not in
operation. . .
The preferred type of gas distributor plate 28 is metal
a.nd has holes distributed across its surface. The holes are normally
" of a diameter of about 1/2 inch. The holes extend through the plate.
Over each hole there is positioned a triangular angle iron identified
as 36 which is mounted on plate 28. The angle irons serve to
distribute the flow of fluid along the surface of the plate so as to avoid

'\
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t hese conpounds. Organohalide derivatives of the fornula R
WO 96/63383 X | R' in which X is O or pBrroshsngszt
.alkyl, aryl, alkylaryl, chloro or bro : =0 epoxy; R is
al kyl , aryI, H d or Br; R' is alkyl rono al kyl, chloro
or bromo aryl, vinyl, O or Br; or R [l saturated or
unsaturated cycloalkyl. If RER =H, then R' is only omati.c nature. The
al kyl radicals can be either saturated or unsaturated, |inear or branched,
and contain from1 to 18 carbon atons.-21- Typi cal exanpl es of
organohal i de derivatives which can be used as catal ytic conponents of the
present invention are benzoyl, propionyl, benzyl, benzylidene or tertiary

tc)lﬁlt ;(;Ir Oglh:oﬁrelndeavgnanﬂxmsdﬁsohtrisl ﬂnladﬂihomﬂmyrpﬁeemtﬁﬁpﬂ@méﬂme%c% alyst can
be prepared giy E ° %%%g%% Péliﬁggﬁ%e;ﬁ%&@%gtﬂgflal conponent,

cocatal yst, opti onal pAaubil mer&ﬁq emﬂyﬁmmmdsmbedl | uent .
I'n general tpeedaritdn tH Ryl yswell

SP?nQnPESEihsggpegaaﬁl}'o%/‘éfgeAfgbml Fons he QEttglﬂ W ampﬁ'gm ea%ycl oaI | phatic
or aromatic emchamgeals24;intwhichpeasedthe activatenimiyebe fekiito. theyrecplexane,
system from dispenser 38 through line 40.
In the practice of this invention operating temperatures
can extend over a range of from about -100°C to about 150°C with
temperatures rangmg from about 20°C to about 120°C being
preferred.

The fluid-bed reactor can be operated at pressures up to
about 1000 psi and preferably at a pressure of from about 100 psi to
about 600 psi. Operation at higher pressures favors heat transfer as
an increase in pressure increases the unit volume heat capamty of
the gas.

- The partially or totally activated precursor composition
(e.g., neodymium with an alkyl halide) and/or catalyst (hereinafter
collectively referred to as catalyst) is injected into the bed at a point 42
which is aboVe distributor plate 28. Preferably, the catalyst is injected
at a point in the bed where good mixing with polymer particles
occurs. Injecting the catalyst at a point above the distribution plate
provides for satisfactory operation of a fluidized bed polymerization
reactor. Injection directly into the fluidized bed aids in distributing
the catalyst uniformly throughout the bed and tends to avoid the
_formation of localized spots of high 'catalyst concentration which can
cause "hot spots” to form. Injection of the catalyst into the reactor
.above the bed can result in excessive catalyst carryover into the
recycle line where polymerization can occur leading to pluggmg of
t.he hne and heat exchanger.

- For a supported catalyst, it can be injected into the
reactor by various techniques. It is preferred, however, to
continuously feed the catalyst into the reactor utilizing a catalyst -

This Sheet Has Been Rer
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benzene, toluene, and tetrahydrofuran) in the presence of the support

- mat eri al vwodenddey renoving the saolvent or diluent by evaposetriusosgpaghn as
under reduced pressurg TA@gpgﬁtngIBgENte rare earth netal conponent can

be dissolved in a sol vent oRggt hdept such as a hydr ocar bon or
t et rahydrof uran and spray=tdried—to—genrerate a well - WO 96/ 04323
PCT/ US95/ 09827 -14- shaped
catal yst precursor having little or no silica or other inorganic sol i ds
. content, if desired. A2-eferred nethod for naking the
+ catalyst of this I nvention involves inpregnating a silica support, a
carbon bl ack support, or a m xed support of the two with a rare earth
met al cofésdlenlasghsdosml,llecg i't'hH SrPatentdNo. V79 7l2prlﬁg-r‘aéﬂilygt t he

ngfnoabmcggrrp{%gg%rwm d‘lﬁﬁﬂ' Wﬁgﬁ SE ?mtg t he Ayl
i mpr egnat i ondigclgsed éntUrSF Pﬂﬁe@ﬂﬁ rady ety &Seoialent such
as THF. The p@ ahyg2rentitied woeémosq:@nmnmy Pa?ﬁblb‘t‘:ﬂfwﬂ? 8dring 2 slurry
in adiluent 3 e(:t‘.lcoant gf’ éﬁcky”%lyanllgzgs, Bled March 31, 1995. Both references '
are incorporated herein by reference. The catalyst is preferably fed
into the reactor at a point 20 to 40 percent of the reactor diameter
away from the reactor wall and at a height of about 5 to about 30
percent of the hexght of thebed.
A gas which is inert to the catalyst such as nitrogen or
argon, is preferably used to carry the catalyst into the bed. _
_ The rate of polymer production in the bed depends on the
rate of catalyst injection and the concentration of monomer(s) in the
reactor. The production rate is conveniently controlled by simply
adjusting the rate of catalyst injection.
Suumznurdhange1ntherameofcaﬂﬂystnuednmnvnﬂ
change the reaction rate and thus the rate at which heat is generated
" in the bed, the temperature of the recycle stream entering the reactor
is adjusted upwards and downwards to accommodate any change in
the rate of heat generation. This ensures the maintenance of an
essentially constant temperature in the bed. Complete _
instrumentation of both the fluidized bed and the recycle stream
cooling system is, of course, useful to detect any temperature change
in the bed so as to enable either the operator or a conventi_onal
automatic control system to make a suitable adjustment in the
temperature of the recycle stream.
Under a given set of operating condltlons, the ﬂmdlzed
bed is maintained at essentially a constant height by withdrawing a
portion of the bed as product at the rate of formation of the particulate
polymer product. Since the rate of heat generation is directly related
to the rate of product formation, a measurement of the temperature
rise of the fluid across the reactor (the difference between inlet fluid
| temperature and exit fluid temperature) is indicative of the rate of

. E\‘\
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prepared without a support by sinple contact of the nmetal with the

al kyl alwagsmeas2zonpound to forma solution or slurry whi chpefus®aihes27
.directly to the reactor. The Al to netal ratio in the catalyst

preparation step may vary between 0.5 to 5.0. The pol ynerization nmet al
may be used wi thout alum num'treatment when an ~ -organohalide pronoter or
al um num al kyl halide is also fed to the reactor wwth the cocatal yst.
Whien MAO i s used as the cocatal yst no hal i de source is required.

A preferred procedure for making the r-23e earth catal yst of the

I nvention conprises the sequential steps of (A) treating a silica
support, carbon bl ack support, or mxture of the two support materi al s
with a nono- puhajﬂarpbhyherafmahlamumamﬂmdmﬂmﬂglfnoaﬂ the two

chl or 1 des | i gglg g 1 Bl VB iloeapi, o1 U1V (B) adding

the rare earth conpou neo compoun and (C) renoving
t he hydrocarbon sol ven c‘@ﬁ%l’?b’memr@du@;rﬁom eferred in

t hedpr ocess rdactdy 10 Ilﬁ@désﬁabl%rmd bi-eferablé to epurAte MGRPHS g
neodyiT um 0ohiARes oBf ASRENE WA eia VELREkRLEI ob 1, Pl CO”%OQﬁPEr L de to
form tdhe cat BUIRErous) ways lmomhlte esart to mccomiplishrhisr Oxye;bﬁéﬁn?eagaﬁggt (el 1)
neodym um ocLpgt e o i 4 b aAngs. ZFE“%E%HWQM%#%HW
D 17226- 3 r 10. atpomt44andenterpro uct

valve 48, which may be a ball valve which is designed to have

minimum restriction to flow when opened. Positioned above and

below product discharge tank 46 are conventional valves 50, 52 with

the latter being adapted to provide passage of product into product

surge tank 54. Product surge tank 54 has venting means illustrated

by line 56 and gas entry means illustrated by line 58. Also positioned

at the base of product surge tank 54, is a discharge valve 60 which - -

when in the open position discharges product for conveying to

storage. Valve 50 when in the open position releases fluid to surge

tank 62. Fluid from surge tank 62 is directed through a filter

absorber 64 and thence through a compressor 66 and into recycle line

22 through line 68. ' :

In a typical mode of operation, va.lve 48 is open and

valves 50, 52 are in & closed position. Product and fluid enter product

discharge tank 46. Valve 48 closes and the product is allowed to settle

in product discharge tank 46.  Valve 50 is then opened permitting

fluid to flow from product discharge tank 46 to surge tank 62 from

which it is continually compressed back into recycle line 22. Valve 50

is then closed and valve 52 is opened and any product in product

- discharge tank 46 flows into product surge tank 54. Valve 52 is then

closed. The product is purged with inert gas, preferably nitrogen,

which enters product surge tank 54 through line 58 and is vented

through line 56. Product is then discharged from product surge tank

54 through valve 60 and conveyed through line 20 to storage.
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-15- is inpregnated on silica by dissolving the neodym um conpound in THF,

addi ng sy dgigus2d ol | oned by sol vent renoval. The dry sol i dpCHUsSSsh9s27 0 a

hydr ocarbon (e.g. hexane) solution containing an al kyl al um num chl ori de

wi th subsequent renoval of the hydrocarbon solvent. These catalysts are fed

to the reactor with a co-catalyst selected.fromthe group consisting of

dii sobutyl alum num hydride (DI BAH), triisobutylalumnum or a mxture of

- diisobutyl alum num hydride and trii sobutyl al umi num (TI BA). These catal ysts
are preferred because they have |ittl«4or no induction period and renain

catalytically active for a long period of time. The catal yst | above can be

fed directly to the reactor. Still -another catalyst can be prepared by

. forni ng a reaction m Thehfarkiculdn tintingaequegees of thelyalwemisonpound sel ected
fromthe gro Cansi S 20

al cohol at e ﬁﬁg’n%ﬁﬁébecé/hy % %ﬁ"g}t@\é}? %ﬁ%an%lge. dqrum num

di chl ori de, mchanemellknm Mereaver, thwdwessantheekemno- and

di -et hyl al ME}&MF n?@ﬂyié tparticleéd by tire t¥edi 6£2 Support
in the presgﬁ%e of .a bti or g Slger\P/lﬁﬁipc{hg | I sem%w ng said

sol vent; an8asBeriegics vadyes A “consi'sting of (i)
di al-kyl al uni num hydr Adethér pi-eﬁrte"d préductadischarge s;(stem) which xhaye of a

5, SR ok A e B g <1 o

Fl ui di zat | onopanﬂmgrﬁﬁS:Memhapﬂecahﬂan Reherts6G. Asonsan filed JUlY 28,
1981, Ser. No. 287,815 and entitled "Fluidized Bed Discharge System"

(now U.S. Patent No. 4,621,952). Such a system employs at least one ‘
(parallel) pair of tanks comprising a settling tank and a transfer tank
arranged in series and having the separated gas phase returned
from the top of the settling tank to a point in the reactor near the top
of the fluidized bed. Such alternative preferred product discharge
system obviates the need for a recompression, lines 64, 66, 68, as
shown in the system of the drawing.

The fluidized-bed reactor is equipped with an adequate
venting system (not shown) to allow venting the bed during start up -
and shut down. The reactor does not require the use of stirring
and/or wall scraping. The recycle line 22 and the elements therein
(compressor 30, heat exchanger 24) should be smooth surfaced and
devoid of unnecessary obstructions so as not to impede the flow of
recycle fluid or entrained particles. :

' IMlustrative of the polymers whlch can be produced in
accordance with the invention are the following:

.Polyisoprene

Polystyrene:

Polybutadiene

SBR (polymer of butadiene copolymenzed with

styrene)

ABS (polymer of acrylomtnle, butadxene and

styrene)

.u
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"part lculate materials which are chemcally inert to the reaction. Exanples
of such fwoieen4328i on ai ds i nclude carbon bl ack, silica, cl @cTnessiogssiner

i ke mterials such as talc. O ganifc+Q@l 1 C T Tial's can al so be

enpl oyed as a fluidization aid. Can bgﬁ&b%%%rg’g'ﬁngkgll cas are the preferred-
fluidization aids with carbon- bl ack-being st _prieferred. The carbon

bl ack materials enployed have a primmary particle size of from110 to 100
nanonet ers and an average size of aggregate (primary structure) of fromO.1
to 10 mcrons. The specific surface ar@§-of the carbon black is from30 to

- —
fo. Sm—

1,500 nR/gm D 17226-3 - 16- and the
carbon bl ack displays a dibutyl phthalate (DBP) absorption of from80 to
350 cc/ 100 grams.  Nitrile (polythér 6fbutdiliehie eopolytncriztdowesh ar e anor phous

and have a primary p% '!cl.glf_ifi)ze of from5 to 50 nanoneters and an

aver age size of aggr (éﬁr%m % omo0.1 to 10 nicrons. The average size of
aggl omerates of sili caButylf(polynger of ispbutylene copolymerizdd with enpl oyed
have a specific surfacgespéife)of from 50 to 500 n2/gmand a

di butyl pht hal ate (DBP) sorption qf from 100 to 400 cc/100 grans.
Cl ays which can be eang Gm _Hgﬁﬁhlflﬁnﬁ capelymenized,with
: ~ propylene)

EPDM (polymer of ethylene copolymerized with
propylene and a diene such as hexadiene,

- dicyclopentadiene, or ethylidene norbornene)
Neoprene (polychloroprene)
Silicone (polydimethyl siloxane)
Copolymer of ethylene and vinyltrimethoxy silane
Copolymer of ethylene and one or more of .
acryonitrile, maleic acid esters, vinyl acetate,
acrylic and methacrylic acid esters and the like.

When it is desired to produce polymers or copolymers
using one or more monomers which are all relatively high boiling or
readily condensable and which form liquids under the temperature
and pressure conditions which are preferred for gas phase fluidized
bed production in accordance with the invention, it is preferable to
employ an inert substance which will remain gaseous under the
conditions selected for polymerization in the fluidized bed. Suitable
for this purpose are inert gases such as nitrogen, argon, neon,
krypton and the like. - Also useful are saturated hydrocarbons such
as ethane, propane, butane and the like, as well as halogen
substituted alkanes such as freon. Other materials which remain

* gaseous under the desired conditions, such as carbon dioxide,
provided they are essentially inert and do not affect catalyst
performance, can also be employed.

Nitrogen, because of its physical properties and
relatively low cost is a preferred medium for the manufacture of
polymers from higher boiling or readily condensable monomers such

This Sheet Has Been Replaced
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have an average particle size of from0.01 to 10 mcrons and a specific
surface ¥Q@¥MB2¥rom 3r£ nR/gm_They exhibit oil absBEPUSHINBIT 20
|

to 100 gns per 100 gms.[ THIS SHEET Has BReR@fli ¢ pol yneric substances which can
be used i ncl ude pol yners am@pgg@@ yners of ethyl ene, propyl ene, butene,
and ot her al pha ol efi in granular or powder form
These organic polyneric materials have an average particle size rangi ng
fromO0.01 to 100 mcrons, preferably 0.01 to 10 mi crons. In
general , the anount of fluidization ai ¢ 28t 1 i zed "general ly depends on the
type of material utilized and the type of pol ybut adi ene or pol yi soprene
produced. When utilizing carbon black _or silica_as the fluidization aid,
they can be eaq)smreae; vinyhaeatic acid,f agwlanitle, meduglacrylateght , preferably

]{5% to 60%  Aiath: epflatéand th@"/ﬁk@ %@@%ﬁ& o] éthaﬁwt | of  the
e s et saed LoD U e En i,
0. 03/%bt O\/\gi()%h't]mgr@n:r%lgbd wei ght of t he fi i nal pr oduct , pr ef 5r ?ts)l g 12°0A) &Oo/ :
Zg 050?32) by \g/]vel ) pre g y- r&ﬂl@g %f %)fgas %Pgﬁ‘?%%&v\g% he fi n(;I
pol ymer pr odu e m%ﬂd polymer agglomeratmgx ean, bgiused; ipnthe prackicenf
i ntroduced i ngor {riVRNERAC! Alusttative bf Bedde ﬁe'&&nidiibs%etﬂlﬁ xﬂ!th £ the
bot t om of the r ﬁh#rﬁﬁgcﬁg&méd& rev'e%%a ioenczte I nto e ottom of
t he reactor. P gglomeration, as

_descnbed in U.S. Patent Nos. 4,994,534 and 5,200,477; the addition of

negative charge generating chemicals to balance positive voltages or ‘

the addition of positive charge generating chemicals to neutralize

negative voltage potentials as described in U.S. Patent No. 4,803,251.

Antistat substances may also be added en‘.her contmuously or

intermittently to prevent or neutrahze static charge generation.

The granular polybutadiene and/or polyisoprene

elastomers of this invention can be compounded alone or in

combination with other elastomers; e.g., natural rubber, styrene-

butadiene rubber, (halo)butyl rubber, ethylene-propylene-diene

rubber; reinforcing fillers, e.g. carbon black, silica; processing aids;

~antidegradants; and vulcanizing agents using equipment and

methods well known to those skilled in the art. It is believed that in

such compounds, the initially granular form of the polybutadiene or

polyisoprene permits more intimate mixing with the other

elastomer(s), than would be achievable with conventional

polybutadiene or polyisoprene in solid bale form. It is generally

desirable that elastomer blends be intimately mixed in order to

optimize the mechanical properties of the vulcanizate. Furthermore,

if the inert particulate material of this invention, used to maintain

granularity during and after the polymerization process, also

happens to be a reinforcing filler for the compound (e.g., carbon

black), then a further benefit may be realized in the form of a shorter

mixing time required to disperse the filler in the compound. Thisis

because the filler, which normally would have to first be -

B ——




'D-17226- 3 - 17 - fluidization aid is
introducmd;gﬂum near the top of the reactor or above the PCTUSYSO982Ded. |t
is preferred to treat the fluidization al d prior to entry into the reactor
to renove traces of noisture:and oxygen." This can be acconplished by
purging the material with nitrogen gas and heating by conventi onal :
procedures. The fluidization aid can be added separately or conbined with
one or nore butadi ene nononmers, or with a sol uble unsupported catal yst.
Preferably, the fluidization aid is add@@-separately. A
fluidized bed reaction systemwhich is particularly suited to production of
polyneric materials in accordance with the present invention is illustrated
in the draw ndeaggléherstedriarthe 'mlilnngtprocekebeﬁmeﬁt)coﬂld be dispersed,fina

o S AR e 38 BN oty 1" 50

'on zone can vary in the range of
about 2.7:1 tdeagglomeratpdiandidispensgd. of course, can vary to larger or

smal l er ratios and depemﬁ%meﬁct&ﬁnﬂeﬁnaeq:repaﬁbd:frm grapadaEy. The
OSSO e e Ll o0t Bt s bR L
of the reactiasefabas cothponents of pneumitic tu'es;t iRor examaple? asriskmbsen a bed of
Or o0 19, POV Y et P in RS B ARMPrtS?id YA BRodilidh 8 8 FhaBTOUN O
automobile tire, specially formulated elastomeric compounds can be
extruded through a die to produce strip stock for the tread, sidewall,
and bead filler components of the tire, or to produce sheet stock for
the air retention innerliner. Other specially formulated elastomeric
compounds can be calendered onto textile or steel cord fabric to -
produce cord-reinforced sheet stock for the carcass and
circumferential belt components of the tire. The "green" or -
unvulcanized tire is built by assembling the various components
(except circumferential belt and tread) on the surface of a cylindrical
drum, radially expanding and axially compressing the assembly to
produce a toroidal shape, then placing the belt and tread components
in position around the circumference of the toroid. Finally, the green
tire is vulcanized by inflating with high pressure steam against the
inner surface of a closed, heated aluminum mold. In the early stage
of the vulcanization process, when the various elastomeric
compounds are still soft and flowable, the pressure of the tire against
the inner surface of the mold produces the final precise shape, tread
pattern, sidewall lettering and decorative markings. Later in the -
vulcanization process, heat-activated crosslinking reactions take
_place within the various elastomeric compounds so that when the
mold is finally opened each compound has undergone crosslinking to
a degree that is essentially optlmum for the intended purpose.
When used as a constituent of tire compounds, granular
polyb‘utadiene of this invention particularly imparts abrasion
resistance, fatigue cracking resistance, low heat generation, and low
rolling resistance. Granular polyisoprene of this invention

-
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particles fluidized by the continuous flow of polynerizable and nodifying.
gaseous wosganzht s in the form of nake-up feed and recycl BCTAUSIMIBI ough

t he reaction zone. _ e fluidized bed, the superficial gas
velocity through th Shie , he m ninmum flow required for
fluidization, and.pjlefer AGED: ledlst 0.03 nmsec(0.1 ft./sec)above

mnimumflow. Odinarily, the superficial gas velocity does not exceed 1.5
nmsec (5.0 ft/sec)and usually no nore than 0.75 nisec (2.5 ft./sec)is
sufficient. It is essential8that the bed al ways contain
particles to prevent the formation of |ocalized "hot spots" and to entrap .
and distribute catal yst throughout the reaction zone. On start up, the

reactor is usamidularlysimpartsibuildingdaclsfanshgréan strengtin) winich
AVENDED SHEER cilitat&tlid ptflding and handling of the green tire, and tear and 18-

cut resistance. The granular, free-flowing polybutadiene and
polyisoprene produced in the gas phase process of the present
invention can also be employed in other molded and extruded articles
using techniques known to those skilled in the art. . |
The following examples are provided to illustrate our
invention. S

: To a gas-phase stirred bed reactor that was maintained
at a constant temperature of 60°C, 3.8 pounds of dried carbon black
powder were added to act as a fluidization aid. To this was added
0.055 1bs TIBA, i.e. triisobutylaluminum. Then was added 1.86 Ibs of
1,3-butadiene and sufficient nitrogen to bring the total reactor

~ pressure to 315 psia. A small feed of supported catalyst consisting of
neodymium neodecanoate on DEAC-treated silica was begun.
Simultaneously, a small feed of 10 wt% triisobutylaluminum co-
catalyst solution in isopentane was begun. Feed was adjusted to give
a 7:1 molar ratio of ANd. During a 2.8 hour polymerization
reaction, a total of 6.93 lbs of additional butadiene were fed in order to
replace butadiene that was polymerized or vented. A small vent
stream leaving the reactor removed a total of 0.95 lbs butadiene
during the polymerization. At the end of the polymerization, the

~ catalyst and co-catalyst feeds were stopped. The reactor was
depressurized, and the reactor contents purged free of residual
butadiene using nitrogen. The polymer was discharged from the
reactor. The product did not contain any lumps that would indicate

" agglomeration had occurred. To the contrary, the product was a
free-flowing, fine, granular powder. The reactor was opened and
cleaned to ensure that all product was recovered. The total weight of
solid product that was recovered was adjusted for the carbon black
that had been initially charged. The remainder (5.35 1bs) was the
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‘particles. Such particles may be identical in nature to the polyner to be
formed oW 4328y be different. When different, they are RCT/vS950982Wi t h
.the desired fornmed pol yner partic 2 e first product. Eventually, a
fluidized bed of desired polyner } ' Rty the start-up bed.

A partially or totally activated d on and-or catal yst used
in the fluidized bed is preferabl ' | fe in a reservoir 16
under a bl anket of a gas which is |nert tod material, such as

ni trogen or argon. Fl ui di 2@9i~on i s achieved by a hi gh rate of
fluid recycle to and through the bed, typically on the order of 50 to 150
times the rate of feed of nake-up fluid. The fluidized bed has the general
appear ance ofaraountiefbutadiené polyiner formbg during the batilc hed whickcr eat ed by

e gt A i Sl 1

Cross- sectlorﬁa rgactm'anéar eact or .
Make-up fl ui etocamﬂmdmtmahwes)afmaénelﬁavém@eﬁmm of the
make- up streﬁm IS determ ned b¥’ﬂ as a a.Iy ]ﬁgﬂbo as anal yzer

det er m nes t HE® reagtor s no$iEeam; i on of the

make- up streahhere;mnhthxmcbenmﬁ%lhglofhﬂadmn&tmommmﬁﬁtlﬂﬂhe st eady
state gaseou e L Qn gas
anal yzer is e %g%gﬁ wntaegi"ia&r'#él’Pl ‘ziearg% {eq;rg 0 Woén%%?«?éﬁ{il onal
manner to det ‘fﬁbl%eliﬁ%m &@@Fé’&ﬂmnﬁb@ﬂ maStdemssumzed and

mai ntai ni ng tthe dodteRts pargeded stream
The reactor volume is 6.7 liters (or 2.18 cubic feet). At
60°C the vapor pressure of 1,3-butadiene is 103 psia. The mass of
butadiene present in the reactor as a gas at saturation would thus be
1.88 Ibs. Of the total of 2.49 1bs of unpolymerized butadiene that was
shown to be present in the reactor at shutdown, at most 1.88 Ibs could
have been in the vapor phase and the rest (0.61 Ibs) must have been
present in a condensed phase, for example, dissolved in the polymer.
Thus the reactor was being operated at a temperature below the
condensation temperature of the monomer present. The 0.61 lbs of
liquid monomer combined with the 5.35 Ibs of polymer amounts to
11.4 Ibs of condensed butadiene monomer per 100 lbs of polybutadiene.
Yet, the presence of this liquid monomer in the gas-phase reactor did
not cause agglomeration of the polymer. |
Properties of the above product are as follows:

Carbon black N-650 by analysis: 41%;

Average particle size by sieve analysis: 0.025

inches;

Neodymium in polymer: 490 ppm;

Reduced viscosity: 7.6 dl/g;

Cis 1-4: 97.6%

' Examples 2-7 were conducted as in Example 1, but with

the changes indicated in the tables.

~

)

nitrogen purged ﬂask was charged 12 32 grams of a hexane solutlon
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conponents. Such equipnent is commercially available froma wide variety of
sources.wbveng®es anal yzer 21 is typically positioned to r RCIUSISH27from a
sanpling point |ocated between the velocity reduction zone 14 and heat

exchanger 24. The hi gher boiling or readily condensabl e
nmononmers can be introduced into the polynerization zone in various ways

I ncl udi ng direct injection through a nozzle (not shown in the WO

96/ 04323 PCT/ US95/ 09827
-19- drawing) into the bed or. by -@8@-aying onto the top of the hed

t hrough a nozzl e (not shown) positioned above the bed, which may aid
in elimnating sone carryover of fines by the cycle gas stream If the

rate of nonongf n&&d%ﬁnhﬁn nilodetaredate (BRIWL% Nd in blexanep "Tothisaae

Cycl o gas. st r added BpBRL Y Hedher Ny ABE ﬂ?’h@ﬁﬁ&dﬁsﬁ OB o LEM o
ensure conpl eE42AICH (i.0eg AYN); Ehe mixture was shirredhcharged tosger e desired,

t of th viidédd : 22 to th
| ngct gr L epg?h{fs %‘z%e eeﬂj&% éFTﬁfd]féd‘f@wreactor a8 @ Sdlatione o the

snorted Catalyst Preparation fo ample 3. Toa 500
"mL dry mtrogen purged ﬂask was 'added 78.15 grams of silica (600°C
activation) and 250 mL dry hexane. Slowly, 40 mL of 1.5M Et2A1Cl
was added and the mixture was stirred for 60 _ininutes at room
temperature. The solution was cooled and 117 grams of a hexane
- solution of neodymium versatate (4.9 wt% Nd) was added slowly. The
mixture was stirred for 30 minutes and then the solvent was removed
. under vacuum.
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'preferably_a gas distributor plate 28 above ‘the point of return to aid in
fluidizi wgodémgsped. | n passing through the bed, the recycl pcyhiso$H§9s27
.absorbs the heat of reaction g c o] yneri zation reaction.
The portion of the fluidizing gt &M WH cHHEEENJ reacted in the bed
I's renoved fromthe pol ynerizatlion z%ﬁEEACED preaferably by passing it into
vel ocity reduction zone 14 above the bed where entrained particles can
drop back into the bed. The recycle streamis conpressed
in a conpressor 30 and t hen passedggbrough a heat exchange zone where
heat is renoved before it is returned to the bed. The heat exchange
zone i s typically a heat exchanger 24 which can be of the horizontal
or ~ vertical type. If desired, several heat exchangers can be enpl oyed
to | overgpk ANIPTOERGy.at ure §f the cyclge gas stregmin staggs. It is also
possi bl e to |PrRODUCTE CONPPOETBU-dowWpgIBY f 1 Oppt RETNeat pOLYB@_(cPanger

Af t

or at an internedi ate poi ntTABIEREN squEeatTADmNgxchqu er
cooling, the " CATAIN®SBLITCaM TS recarneg to e regerorar—rts—base 26

and to the fIDEWAIES bed through gas distributor pl ate 28. A gas
defl ector 32 can be installed at the inlet to the reactor to prevent
cont ai ned polGQatalysparti cl d¥eddymiunet Neodgmbu, Neodyntiggh 0MNvodiimigm Nt 0 a
solid nass, and to preventndodees-d acvensataié bmn versatate ot h@aebddchom of t he
reactor, as well to-facilineateirasy DE#GitiondDEAC- bet waeatepmocesses
which contain liquid in tHezepel e gatrestedsilican taeated silicaoDEA®Y ch do not

and vice versa. Illustrative of gas deflectors treated silica
Cocatalyst 10% TIBAin 10% TIBA in 1:3DIBAH: 10% DIBAH
isopentane  isopentane TIBA in in _
isopentane  isopentane

PROCESS

CONDITIONS

Reaction Temp. 50 60 60 60
(°C)

Monomer part. 63 63 63
pressure (psia) : _ -

Polymer 6.8 58 64 45
produced (1b) : _

Reaction time 5hr - 2bhr30min 2hri15min 3hr

PRODUCT

ANALYSIS

% Carbon Black 42 41 41 42
N-650 analysis '

Avg. particle 0.076 0.017 0.018 0.013
size by sieve
analysis (inch) : '

Cocatalyst 21 7 9.5 1
/Catalyst Feed .
ratio*

-Nd content in 132 288 18 415

_ polymer (ppm)

Reduced 12.8 103 76 _ 49
Viscosity (dV/g) '

Mooney visco- R
sity (est. gum ) :
ML(1+4@
100°C) o - '

% cis-1,4 99.1 74 96.2 ' 97

* molar ratio of Al to rare earth metal in continuous feeds
-_—
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D 17226-3 -20 - suitable for this
pur pose WOd32dppar at us described in U S. Patent No. 4, 9FKTIUPSN9827 The
sel ected tenperature of the bdd 2
t enperature under steady stat§ EHWIbEEInsAbyg ggntantly renovi ng the heat
of reaction. No noticeabl e teliper at BLELgcagl ent @ppears to exist within the
upper portion of the bed. A te =€ can exist in the bottom of .
the bed in a layer of 15 to 30 cn(6 to 12 i nches) between the tenperature
of the inlet fluid and the tenperature-3-the renmi nder of the bed.
Good gas distribution plays an inportant role in the operation of the
reactor. The fluidized bed contains growing and forned particul ate pol yner
particles, as well as_catal yst partlcles As the polymer particles are hot
and possibly N@y nust_ 8or if a
gui escent ma QU owed to BQred therein

n fluidization throughout the bed is,

may conti nue
'rrent to maintai
Gas di strlbutlon pI ate 28 is a preferred

bed at a rat -%.

means for ac Qood ga dlstrlbutlo d S reen slotted

pl at e, p’erfo:aﬁa&gl ate, a 7 @;@’B |ke. The
ver

t herefore, i
el enents of the plate may a ongy; Dof the
aten dNo é%@:‘e?

nobi |l e type disclosed in U
Cocatalyst . 10% DIBAHin 10% DIBAHin 10% TIBA in
isopentane_ isopentane isopentane ‘

rough the

PROCESS _
CONDITIONS

Reaction 60 60 65
Temperature (°C)

Monomer partial 63 63 35
pressure (psia) '

Pt()llby)mer produced 5 4

Reaction time 1 hr 45 min 1 hr 35 min 4

PRODUCT
ANALYSIS

% Carbon Black 36 - 39 : 40
N-650 by analysis
Average particle  0.027 0.030
size by sieve
analysis (inch)
Cocatalyst 28 2
[Catalyst :
Feed ratio* .
Neodymium 150 . 200
content in the '
polymer (ppm)
"Reduced Viscosity 4.2 37
- (dVg)
Mooney viscosity 62 K 3
(est. gum )
ML (1 + 4 @ 100°C)
% cis-1,4 95.5 95.6

* molar ratio of Al to rare earth metal in continuous feeds
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fdesign, it nmust diffuse the recycle fluid through the particles at the base
of the bow0®9604328p the bed in a I di zed condltlon -and alpeT/Uses/ueR2Y O
.support a qui escent bed of resi Tes—whea=the reactor is not in

oper ati on. : The prd erre-;"’@' distributor plate 28 is
metal and has hol es distri but ed=a ¢.. The holes are normally
of a dianeter of about 1.25 cm (about 1/ —JThe hol es extend through
the plate. Over each hole there is positioned a triangular angle iron
identified as 36 which is nounted on pl-@#3e 28. The angle irons serve to
distribute the flow of fluid along the surface of the plate so as to avoid
D 17226-3 -21- st agnant zones of
solids. In addition they prevent theEhnhnﬂﬂﬂfron1 fl ow ng through t he

LTI 0 S o1 i i
conmpound Feaction $3§telﬂr%§ ?%1 doghrte; 1% OPWtﬁd astdesaribed m&ow
downst r eam f r tyipioiice mﬁ\mﬁnewrherpowm@b i6 pr6daéed andey thor My be fed
into the recyg] Ill%wxﬁési'tegc”ﬁgﬁ Conditi %65038 i ou%fs elrlagl?re gnd 120 psia
total reactor pressure. The partial pressure of the butadiene
monomer inside the reactor is 96 psia. The partial pressure of
nitrogen is 24 psia. The catalyst system employed in this Example is
neodymium neodecanoate supported on DEAC-treated silica with
triisobutylaluminum as co-catalyst. Catalyst and co-catalysf feeds
are adjusted to give a 60:1 molar ratio of Al to Nd. At steady state the
monomer is fed into the reaction system at the rate of 46.2 Ib/h. Dried
N-650 carbon black is fed to the reactor at the rate of 20 1b/h.
Butadiene monomer leaves the reactor at 13 Ib/h in vent streams.
The production rate is 30 Ib/h of polymer after adjusting for the
carbon black content. The product has a Mooney viscosity ML (1 + 4
@ 100°C) of 55. Other conditions are shown for Example 9 in the
table. '

At steady state a total of 46.2 Ib/h butadiene is being fed to
the reactor and a total of 43 Ib/h is accounted for leaving the reactor
as gas in a vent stream or as polymer. The difference of 3.2 1b/h must
be unreacted liquid butadiene monomer in the polymer leaving the
reactor. Since the polymer discharged is identical with the polymer
in the bed, the polymer in the bed must contain the same proportion
of iquid monomer, i.e. there must be 11.9 lbs of dissolved hqmd
‘monomer in the 112 lbs polymer bed.

‘ The reactor volume is 55 ft3. At the partial pressure of
96 psia, there are 44.4 lbs of butadiene in the reactor gas-phase. The
‘total unpolymerized butadiene in the reactor is thus 56.3 lbs (=44 .4 +
11.9). If all of this butadiene were in the gas phase of this reactor at
once it would have a partial pressure of 125 psia and its condenation.
- temperature would be 69°C. Therefore the reactor at 60°C is being
-operated below the condensation temperature of the monomer

\
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In the practice of this invention operatlng t enper at ures can extend over
a range b 96/04323 - 100[ er r sth  t enper at ur EETABAYING f r om
20[err]C to 120[err]C b r-rgussgggfe!AS@EENT e fluid-bed reactor can be
operated at pressures upjto 68&@{]&.%0( 1000 psi) and preferably at a
pressure of from 689 t 0434k 600 psi). Operation at higher
pressures favors heat transfer as an increase in pressure increases the
unit volunme heat capacity of t he gas. The partially or
totally activated precursor conpositiomn4-(e.g., neodymiumwith an al kyl
hal i de) and/or catalyst (hereinafter - collectively referred to as
catalyst) is injected into the bed at a point 42 whi ch i s above

di stributor presentin thérptilgmdﬁgatmﬂmowt Hurthermore, tbe tprdsencet ofa point in
t he bed wher nj ecting the
catal yst at ﬂvﬁa ove e d| stgg%B?Pgé\%%{;tsgdoeg%%\gl g’géfor

sati sfactoryagﬁ lomerationoof the polyaneed bed pol ynerization react or.
"Injection directly into the fluidized bed aids in distributing t he

catal yst uniformy throughout the b% ana tﬁds to avoid the for mat i on of
| ocal i zed spots of high catal yst co n which can- cause "hot
spots" to form |nject Inmnothéhexample pthe pracess of theinventiombbe e t he bed

pol yror zat @a%ﬁﬁ%%%‘ﬁ?q?"@%“ﬁ%“? o e Etbel TR altple pIESRE A0S, "' °

uggl%tg
exchanger. the catalyst is neqdymium ifed ﬁta SP}ut‘%ub expRected into

the  react orrHaetae povis fupahsd @tesls _dri this exagfler ed, however, to
continuously feed the catalyst into the reactor utilizing a catalyst
In an example of the process of the invention a fluidized
bed reaction system as described above, is operated as described below
to produce polyisopréne. The polymer is produced under the
following reaction conditions: 65°C reactor temperature and 100 psia
total reactor pressure. The partial pressure of the isoprene monomer

inside the reactor is 30 psia. The partial pressure of nitrogen is 70
psia. The catalyst system employed in this Example is neodymium
neodecanoate supported on DEAC-treated silica with
triisobutylaluminum as co-catalyst. Catalyst and co-catalyst feeds
are adjusted to give a 60:1 molar ratio of Al to Nd. At steady state the
monomer is fed into the reaction system at the rate of 35.4 Ib/h. Dried
N-650 carbon black is fed to the reactor at the rate of 20 lb/h. Isoprene
monomer leaves the reactor at 2 Ib/h in vent streams. The production
rate is 30 lb/h of polymer after adjusting for the carbon black content.
The product has a Mooney viscosity ML (1 + 4 @ 100°C) of 55. Other

. conditions are shown for Example 11 in the table.

' At steady state a total of 35.4 Ib/h isoprene is being fed to
the reactor and a total of 32 1b/h is accounted for leaving the reactor
as gas in a vent stream or as polymer. The difference of 3.4 Ib/h must
be unreacted liquid isoprene monomer in the polymer leaving the
reactor. Since the polymer discharged is identical with the polymer
in the bed, the polymer in the bed must contain the same proportion

-
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D 17226-3 -22- feeder as disclosed,
e.g., inWO%BPZR ent No. 3,779,712. For a catal yst in sol uPCsAISs/09827 d, or
:slurry form it is typically int _ in US. Patent No.
5,317,036 to Brady et al. and U. § 2, entitled ' Process
for Controlllng Particle Gowth Sticky  Polymers,'
filed March 31, 1995. Both references are i ncor porated herein by reference.
The catalyst is preferably fed into the reactor at a point 20 to 40 percent
of the reactor dianmeter away fromthe re8ctor wall and at a height of 5 to
30 percent of the height of the bed.: A gas which is inert to
the catal yst, such as nitrogen or argon, is preferably used to carry the
Eaél aljyst ijnt oof ]iquhbﬂmnon%er, i.e. there st b 4207 lbsébﬁ/ﬁngomaq;@ﬁaon in ]'Ehe
ed depends o e i on. and the concentration o
nonomer ('s) ‘#eb rea g}'% 1@@@#@%&@% raée I s conveniently controlled
by sinply adJ usting t heThewreactior yelumeds 55ftac Atothe partial pressureE‘mmce any
change in the3pysta %eP@h?él?tZIH%l(ﬁ‘iEb né'ihl the %é’s efate and
s

Feoycl e st reatfiehtie o plymetieed inoBrene f‘éﬁiﬂirm” : “els?yim ”per .01 e
accormpdat e aig. 7c)hdﬂgli ofthis isoprene were in the gas phase of this reactor at

once it would have a partial pressure of 54.5 psia and its

condensation temperature would be 80°C. Therefore the reactor at

65°C is being operated below the condensation temperature of the

monomer present in the polymerization zone. Furthermore, the

presence of this liquid monomer in the gas-phase reactor does not

cause agglomeration of the polymer.

Example12
In another example of the process of the invention the
polymerization is conducted as described in Example 11 except that
the catalyst is neodymium neodecanoate fed as a solution in hexane.
The table gives further details on this example.

en Replaced
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the rate of heat generation. This ensures the maintenance of an essentially
const ant Wioesspp@323t ure in the bed. Conplete instrunmentation RET/bsaseIsATE
flui di zed bed and the regycle-streamreoor g systemis, of course, useful
to detect any tenperaturf ghaspEETmHASRBERE] so as to enabl e either the
- operator or a conventiong autBEﬁM\eEQontr systemto nake a suitable

adj ustnment in the tenper &= e recycle stream Under a
gi ven set of operating conditions, the fiuidized bed is naintained at
essentially a constant height by withdra8 g a portion of the bed as
product at the rate of formation of the particul ate pol yner product. Since
the rate of heat generation is directly related to the rate of product
formati on, a neasurenent of the tenperature rise of the fluid across the
react or (the HEXAMPEENODet wveen g nl et fluild tenperatire and exilg fluid
tenperature) PRODUCTati ve ofPQE¥BUate POLYBU-WO POLY2SQ3 POLYISO-
PCT/ US95/ 09827 : : TADIENE TADIENE PRENE - 23- PRENE
particul ar po-mnatlon at .a constant fluid velocity /1T no or
negl i gi bl e vaG)NDEDIONS: qU| dis present inthe inlet fluid.

a g ]

Temperature (°C) a0 60 _ & &

Total Pressure 120 120 ‘100 ' 100
(psia) ' : o

Superficial 176 175 N v/ 175
Velocity (ft/s)

Production Rate 0 0 - - 30 30
(b/h) | o | {

Total Reactor 5 &5 5 55

" Volume (#t3) | |

Reaction Zone 75 I A1 - 7.5 _ 75
Volume (ft3)

Bed Height (ft) 70 7.0 7.0 - 70

Bed Diameter (ft) 117 - 117 1.17 1.17

Bed Weight (1bs) 112 112 12 112

CYCLE GAS

- COMPOSITION

(MOLE %):
Ng 2 2 7 70
Butadiene 8 80 - -
Isoprene - - 30 30

CATALYST: Nd Neode- NdNeode- NdNeode- Nd Neode-
canoate on canoate in canoate on canoate in

DEAC- hexane DEAC- hexane
treated treated silica
silica
" CO-CATALYST: - TIBA TIBA TIBA TIBA
Monomer Feed '
Rate (1b/h)
Butadiene 462 462 - -
Isoprene - - 354 354
. Monomer Vent 13 13 2 2
Rate (1b/hr)
POLYMER
COMPOSITION
(wt%): _
Butadiene 100 100 - -
Isoprene - - 100 100

Tlm Sheet Has B
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"On discharge of particulate poly
desi r ablwoaei0d433B ef er abl e to sepa
.return the fluid to the recycle i
to the art to acconplish this. ystemis shown in the
drawi ngs. Thus, fluid and product | eave 10 at point 44 and

ent er tank 46 through val ve 48, which may be a ball
vaI ve V\H Hm IU ﬁnto have - mninmumrestriction to flow when

r_product from reactor 10, it is

PCTMAIS/09833 t 0

nunmer ous ways known

ened. Pos¢titoned abowe and bel ow3@roduct di scharge tank 46 are
conventlonal val ves 50,52 with the latter being adapted to provide
passage of product into product surge tank 54. Product surge tank 54
has venting nmeans illustrated by line 56 and gas entry neans
illustrated gﬁnggﬁ§ﬁ§% Al so positioned at the base of product surge
tank 54, is val ve 60 which when in the open position
di scharges product -for conveying to st or age. Val ve 50 when in the open

directed throu hafllter cethrqu h a conpressor

66 and into r WPB’?‘P%E“‘SWQ %@*Fm Polymerization vessel | o

-typi cal node lﬁvmgeu olyatierizative a@&elmdmepolgmbnzatmmlrdm&ﬂ 52 are in a
cl osed positiogn.

Bro d . fl roduct - discharge tank 46.
Val ve 48 cl oscé? Wﬂn h@vtbd&g é’#s c‘i‘%’ ‘to settle i n product
di scharge tank 46. Valve 50 {ik t Hatraguning hyiadiene eryisoprene uid to flow

from product SE4E tz%ﬁg &gﬁ,m% b S
continually c%bﬁﬁgi}gggt?)%@ ?Qlytxﬂ? ecyc I ne 22 7 e5((!)\/&‘%{1(” S 4 Euen '
cl'osed and vaPU¥Fmer P%"@s%sn &rﬁ?ﬁ}mﬁr AR inerk qﬁ‘%ﬁ ge tank
46 flows i nt copticuhlD} atldspe oherilseftigasdial ve 52 is then . cI osed The
product is purged wth inert,gas, piel Gl YortntéQftlently introducing
a polymenzatmn catalyst containing a rare earth metal component, a
co-catalyst, and optionally a promoter into said polymerization zone;
(iii) continuously or intermittently withdrawing
polybutadiene or polyisoprene product from said polymerization zone; -
and

position releases fluigto S&%Q‘:ﬁfortﬂk é&f blybitadigRegy 9¢ tank 62 is

(iv) withdrawing unreacted butadiene or
isoprene from said polymerization zone, compressing and cooling
said butadiene or isoprehe and said inert gas when present, while
maintaining the temperature within said polymerization zone below
the dew point of the monomer present in said polymerization zone.

2. The process according to Claim 1 wherein the
temperature within said polymerization zone is maintained below
the condensation temperature of the monomer present in said
_polymerization zone.

3. The process according to Claim 1 wherein the
conditions within said polymerization zone are such that essentially
no liquid is present in the said polymerization zone that is not
adsorbed on or absorbed in solid particulate matter.

is Sheet Has Been Replaced .
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whi ch enters product surge tank 54 through line 58 and is vented

t hr ough wom®endsds Product | FTtrer—di=se] d from product PoTOrssess7 54
t hrough val ve 60 and conve 20 to storage. WD 96/ 04323
PCT/ US95/ 09827 - 24-

The particular timng sequence oOf: akvesl]i s acconpl i shed by the use
of ¢ mmn“mmnambl e controllers whi ch are well known in the
art. ﬂmm | ves can be kept substantially free of

aggl orrer &t et gart’i clfes by directing a-88-eam of gas periodically

t hrough the val ves and back to the reactor. Anot her
preferred product discharge system which may be alternatively enpl oyed

is that disclosed and 4J ai n"FHe iprotdss of Claimpt wherein/the cpalitidns2pp! i cation

E Ui di zed pEAUBH YR olpBriztiiindhne are shiH thatB 1o 4 BAHGR 3RS oo’
a system enpmp@mrxs@ahqutdwﬂlat is ngt prb,ec; inpthe Sdidpanhculaherprl sing a

settling tanfgpgk.a transfer tank . arranged in series and having the
separated gas phase returned ' '

5.  The process of Claim 1 wherem said inert
partlculate material is selected from the group consisting of carbon
black, silica, talc, clay and mixtures thereof.

6. The process of Claim 5§ whereiﬁ said inert ‘
particulate material is carbon black, silica or a mixture thereof.

_ 7.  The process of Claim 1 wherein the rare earth
metal component is a compound selected from the gi-oup consisting
of cerium, lanthanum, praseodymium, gadolinium,_ neodymium,
and a mixture thereof.

8. The process of Claim 7 wherein a co-catalyst is
selected from the group consisting. of triethylaluminum,
triisobutylaluminum, tnhexylalummum, methylalumnoxane,
modified methylaluminoxane, trimethylaluminum, a
dialkylaluminum hydride, a mixture of a dialkylaluminum hydride
and a trialkylaluminum, and mixtures thereof; and optionally a
promoter having the formula

R’
|
- R—C—-X
.. | /
R"
in wh1ch X is Cl or Br, R is H, alkyl, aryl alkylaryl, chloro or bromo
alkyl, alkoxy or epoxy; R'is alkyl, aryl, H, Cl or Br; R" is alkyl, aryl,
chloro or bromo alkyl, chloro or bromo aryl, vinyl, Cl or Br; or R' + R"
is oxygen, or saturated or unsaturated cycloalkyl.

Sheet Has Been Replaced . SUBST\TUTE SHEET (RULE 26)
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“fromthe top of the settling tank to a point in the reactor near the top
of the fWO/04328 bed. Such alternative preferred product dpeThmpyens27

. Ssyst viates the need for ar 64, 66, 68, as
shothhe dr awi R"'ELP‘:L‘ 5 BEEN “The fl ui di zed- bed
reacmﬂm Ml pped h an adeq at e A\%‘HI ng dystem (not shown) to

allo during start- up and shut down. The reactor does

not require gf stirring and/or wall scraping. The recycle line
22 and the el emefits*therein (conpr88sor 30, heat exchanger 24) shoul d

be snoot h surfaced-and devoi d of unnecessary obstructi.ons so as not to
| npede the fl ow of recycle fluid or entrained particles.

I'lustrative of the polyners which can be produced | n accordance wth

the invention are the fgpllo sopr e
Pol ystyrene. 2 E,Bfocgs§ ggcéﬁlén 7 where1 ra:pe a"%BR (pol yner
of but adi ene 8t catalystda a/mrnpound containing neodystiynene)

ABS (pol ymer of acrylonitrile, butadi ene and styrene)

D-17226- 3 10. The process of Claim 7 wherein the rare earth

metal catalyst is a neodymium carboxylate, a neodymium alcoholate,
a neodymium halide, or a neodymium acetylacetonate.

11. The process of Claim 9 wherein the compound
conta:mng neodymium is selected from the group consisting of
neodymium neodecanoate, neodymium octoate, neodymium
versatate, and mixtures thereof.

12. The process according to Claim 1 wherein said
process is conducted in the presence of an agent or device for
controlling the level of static in said reactor.

13. The process according to Claim 1 wherein the
static voltage in said reactor is maintained essentially neutral.

. 14. The process according to Claim 1 wherein said
inert gas is nitrogen.

15. The process of Claim 1 wherein butadJene or
isoprene are introduced continuously.

_ 16. The process of Claim 1 wherein the inert
particulate material is carbon black or silica and the catalyst is

(A) areaction mixture formed by (i) contacting
a neodymium compound selected from the group consisting of a
neodymium carboxylate, a neodymium alcoholate and a neodymium
acetylacetonate with a mono-ethyl aluminum dichloride, a di-ethyl
aluminum chloride or a mixture of the mono- and di-ethyl
/

eet Has Been Re‘laced '
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-25 - Nitrile (polymer of butadiene copolynerized with

acryl oniywweé 064323 Butyl (polynmer of isobutylene PEBEISHI8ELed with
i soprene) . EPR (pol yner of ethyl ene copol ynerized with

propyl ene) EPDM ( pol yner of et hyl ene copOIynerized W th

propyl ene and a di.ene such as hexadi g uueycuopentaalene or
et hyl i dene nor bor nene) Neoprene (pol

Silicone (poIE o ]‘ pﬂ ma‘ e and

vi nyl tri met hojy @?%Fﬁ?AaA%w Copol ymer of mﬁ or nore of
acryonitrile , vinyl acetate, acryllc and
met hacrylic acid esters and the |ike. When it is desired to

produce polynmers or copolymers using one or nore nononers which are al
relatively high boiling or NOBaQUAKENCINRTCONCORSEDERATYONCh form | i quids under
the tenperature and pressure cConFORi THE PURROSBSec preferred for gas phase
fluidi zed bed producti on i rOBEAGNTERNARIONALL PROCESSING i on, it is preferable
to enploy an inert substance which will remain gaseous under the conditions
-selected for polynerization in the fluidized bed. Suitable for this purpose
are inert gases such as nitrogen, -argon, neon or krypton. Also useful are
sat urat ed hydrocarbons such : . :

This Sheet-Has Been Replaced
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‘as et hane, propane or butane as well as hal ogen substituted al kanes such as
freon. Gylpeod®dser i al s which remain gaseous under the desw&%w b7 ONS,
0

;such as carbon di oxi de, provided the'"f=€~- ssential ert ‘an not
Ni t rogen,

af fect catalyst performance, ican al sj b#S&nt Cnyed;, ,_L

because of its physical properties aﬁ*&ﬂe:tsylow gost is a preferred

et IR 55T ==t o el

-26 - as styrénet Vnyl acetic acid, Agrylonitrile, nethylacrylate or
met hyl met hacryl ate: Al kanes such as et hane and propane which remai n gaseous

at relatively low tenperatures are also preferred. Convent i onal
techni ques for the prevention of fouling of the reactor and pol yner :
aggl oneration can be ug@d ip the pr.actfloé of _o i pvention. Illustrative of
these techniques are t i dRrocessofFlaim, 1 W&hﬂ%ﬂﬂlcul ate matter

to prevent apgiticalaté nviterial isleasbionbblhckrorsibica Baidethe ditalyst i894, 534 and
5,200, 477; the addition of prathﬁa%%Wg?ﬁegbym% %g(l)l%u;oabal ance

positive vol t ages or
neodymium carboxylate or a neodymium alcoholate in a solvent, (ii)

‘adding silica, (iii) removing said solvent of (i) to obtain a dry solid, (iv)
adding said dry solid to a solution containing an alkylaluminum
chloride and a solvent, and (v) removing the solvent of (iv), which
solvents of (i) and (iv) can be the same or different; and .

: (B) a co-catalyst selected from the group
consisting of (i) a dialkyl aluminum hydride, (ii) a trialkyl
aluminum, (iii) a mixture of a dialkyl aluminum hydride and a
trialkyl aluminum, (iv) methylaluminoxane, (v) a modified
methylaluminoxane, and (vi) mixtures thereof. .

21. The process of Claim 20 wherein the reaction
mixture is formed by contacting neodymium carboxylate with diethyl
aluminum chloride; and the co-catalyst is diisobutyl aluminum
hydride or diisobutyl aluminum 'hydride and triisobutyl aluminum.

22. The process of Claim 1 wherein the inert
particulate material is carbon black or silica and the catalyst is
(A) a reaction mixture formed by combining a
neodymium compound selected from the group consisting of a
neodymium carboxylate, a neodymium alcoholate, and a neodymium
acetylacetonate with an organic alummum halide compound in the
presence of a solvent; and
. (B)  a co-catalyst selected from the group
consisting of (i) a dialkyl aluminum hydride, (ii) a trialkyl
aluminum, (iii) a mixture of a dialkyl aluminum hydride and a
trialkyl aluminum, (iv) methylaluminoxane, (v) a modified
methylaluminoxane, and (vi) mixtures thereof.

This Sheet Has Been Re;
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the addition of positive charge generating chemcals to neutralize negative
vol t age woeed3a3 s as described in U S. Patent No. 4,803, 2BdT/USsswesimt
subst ances may al so be added, either continuously or intermttently to
prevent or neutralize static chal EF oo : The granul ar

pol ybut adi ene and/or —pul yi sopreng WIS SHEREHASBERMIlls i nvention can be

conp conbi nat i gn wi tREDMED el astjoners, e.g., natural
rubbeH W]@"@G"Elﬂﬂ‘El ene rubber, (haro)butyl. rubber,

et hyl ene-pr apy ne rubber; reinfeférng fillers, e.g. carbon bl ack,
silica; processing aids; antidegradants; and vul canizing agents using
equi prent and net hods vveII known to those skilled in the art. It is

believed that in such @:pomﬂﬂnﬂ;pr@ﬂeesmﬁﬂlaumzﬂ e‘machnh t he

pol ybut adi en sy ie: ot her -
el astorrer(s)emﬁ;talﬁgv%u %& C va el%lbta onvent |°?§1§ | ybut E@ene or
pol yi sopr ene ?IH@H“F’EI G ¢ b?rﬂ' £¥ane of & EKJNGEN ec%%ﬁﬂl!ﬁ ast oner
bl ends be i ntigrdiisvbyityl alkaninuro iiride op diisobatyltdlaninuhs hiydMdeanger ti es

of ‘the vul ca |z.at§ Furthernore, if the inert particulate material of this
I nvention, us ??Q CR P anul arity during and after the pol yrrerlzatlon

process, also happens to. be a relnforC|ng f|IIer for the conpound (e.q.
carbon black), then a fay th p6&delst d%@éi‘d 8 {&3; a

shorter mxing t r UI the fil |n eco . This
i s because t ‘P@Fﬁ R?HeHBPgrﬁﬁg a:aza, %%ﬂlvmqsw

-O

25. The process accofding to Claim 1 wherein the
polymerization catalyst is introduced as a prepolymer into said .
polymerization.

26. The procéss of Claim 1 wherein thc _
polymerization catalyst introduced to the polymenzatmn Zone is a
liquid, a solution, or a slurry.

27. A granular partlcle of polybutadlene or
polylsoprene prepared in accordance with Claim 1.

‘ 28. A granular particle of polybutadiene or
polyisoprene.

29. A tire produced from the polybutadiene or
polyisoprene of Claim 1.

30. A tire produced from granular particles of
'polybutadiene__ or polyisoprene.

31. A molded article produced from the polybutadiene
or polyisoprene of Claim 1.

\
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D

:deagglmean process bef LA be di spersed, in
this case enters the process—already substantially

deaggl g&m I rsed - El ast omeri ¢ conpounds
pr epar J, ﬂﬂf pol ybut adi ene and pol yi soprene or m xtures
thereof, are parti cul

useful as conponents of pneumatic tires.

in

For exanple, as is known to thostd&killed in the tire maki ng arts,
the production of a radial autonobile tire, speC| ally formul at ed
el ast oneri ¢ conpounds can be ext ruded throu a die to produce strip
stock for the tread, sPdewaty molded arficle produ g&m @napulamt s of the

tire, or to paseticles of pobybiitiadiénd 6F polyisoprefie. a| r retention innerliner.
Q her specially fornulated el astoneric
33. An extruded article produced from the
polybutadiene or polyisoprene of Claim 1.

34. An extruded article produced from granular
particles of polybutadiene or polyisoprene.

35. A method for making a rare earth metal catalyst
of Claim 1 which comprises: (i) impregnating a silica support, a
carbon black support or a mixed support thereof with a rare earth ,
metal containing compound and an organic alkyl aluminum or alkyl
aluminum halide compound in a solvent to form a slurry; and (ii)
removing said solvent.

36. A method for making a rare earth catalyst of
Claim 35 which comprises the sequential steps of:

' (i) treating a silica support, carbon black support,
or mixed support thereof with diethyl aluminum chloride in a solvent
forming a slurry;

(ii) adding a neodymium compound;
(iii) removing said solvent.

37. A method for making a rare earth metal catalyst
of Claim 1 which comprises: (i) impregnating a silica support, a
t;arbo'n black support, or a mixed support thereof with a rare earth
metal containing compound in a solvent to form a slurry; (i)
‘removing said solvent to obtain a dry solid; (iii) contacting said dry
solid with an organic alkyl aluminum, alkyl aluminum hélide, or
mixture thereof in a solvent to form a slurry; and @iv) removing said
solvent.

This Sheet Has Been Rei
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conpounds ca

produce WO 9%/04320forced sheet stock for the carcass and

ci rcunf erent

exce t circ
| HEEHELR D =5
shape, ‘t hen pl acing the belt and tread conponents

n be cal endered onto textile or steel cord fabric to

The "green" or

vari ous conponents

he surface of a cylindr
sing the assenbly to

ial belt conponents of the—ti
Lre—is buill[frhy §3sariAs BEEN
unferenti al eIt apgptaesd) on

PCT/US95/09827

i cal

|n p03|t|on afouhd the circunference of4dhe toroid. Fi nally, the green
tire is vulcanized by inflating with high pressure steam agai nst the

i nner surfac

e of a closed, heated alumnumnold. In the early stage

of the vul cani zation pBScesAmdhhoﬂfthemahng)lasraiJemﬁhma'tﬂyst'of co

are still so
i nner surfac
pattern, sid
vul cani zati o
place wi thin
Is finally o
degree that

When used as

of this inve

cracking res
resi st ance.

re agai nst
e o %h m% prgﬁgsegﬁgﬁg&{l&ﬁ%l of ge shape, tread
ewal | | etteri ng(i}AmpregRating aesiliga Wrt pr@ccarbonthilack
Suppéetonith 4 adbdpaiititnédiipstad thialkilvent Q@Téﬁﬁ s ﬁg—kﬁ

pénidviééﬁuio%@ﬁ%ﬁsﬁ%%@ St 5L Pt

sehéssent lally optimum for the intended purpose.

an ¢hloride dn @ég@ﬁaﬁterfonarmslw and- rolling
Granul ar pol yi s@py éhoving &iid solwerittdfaiii), whibh k6RBitdf

(1) and (iii) can be the same or different.

39. The method of Claim 35 wherein the rare earth
containing compound is neodymium neodecanoate or neodymium
versatate, the organic alkyl aluminum compound is diethyl
aluminum chloride, and the solvent is n-hexane or cyclohexane.

40. A catalyst system comprising:
(A) areaction mixture formed by reacting a
neodymium carboxylate with a mono- or di- ethyl aluminum

npounds
t he

nol d
a

chloride, depositing the mixture on a silica support in the presence of -

a hydrocarbon having 3 to 6 carbon atoms forming a slurry, and
removing said hydrocarbon; and

| (B)  a co-catalyst selected from the group
consisting of diisobutyl aluminum hydride, triisobutyl aluminum,

-and a mixture thereof.

41. A catalyst system comprising: - :
(A) areaction mixture formed by treating a -

" silica support with a mono- or di- ethyl aluminum chloride, adding a

neodymium carboxylate in the presence of a solvent to form a slurry,

and removing said hydrocarbon; and

___;___———————“~‘*“"
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+-28 - particularly inparts building tack and green strength, which
facilit gphgofuzzpui | di ng and handling of the green tire, aPCTGESAS0MT cut
. resistance. The granul ar, free-flow ng pol ybutadi ene and pol

" produced in the gas phase process of the present invention can al so be

enpl oyed i n other .nol ded and- extruded articl es using tﬁ“ﬂ"ﬁﬂ“
those skilled in the art. = . 4OThe.foll owi ng‘ “m! i ded
to illustrate our invention. . To a gas-phase dtifPrell bed
reactor that was nmaintained at a constant tenperature of 60[err]C 1.71
Kg(3.8 pounds)of dried carbon black powder were added to act as a
fluidization aid. To this was added 0.025 Kg (0-055 I bs)TIBA, i.e.
triisobutylalum num Then was added 0.84 Kg (1.86 |bs) of 1, 3-butadiene and
sufficient nitrogen to bringgd eakek ANTECONSIDERSSLONS t0 [err] (315 psia).
A smal | feed of supported catal ysgor ofge ShueEpsEs neodym um neodecanoat e on
DEAC-treated silica was beggypr ISHTERNATTIONAL PROCESSING feed of 10 wt %
triisobutylal um num co- catal yst solution in isopentane was begun. Feed was
adjusted to give a 7:1 nolar ratio of Al:Nd. During a 2.8 hour

pol ymeri zation reaction, a total of 3.12 Kg(6.93 |bs)of additional

but adi ene were fed in order to replace butadi ene that was polynerized or

vented. A small vent stream | eaving the reactor renoved a total of 0.43 Kg
(0.95 | bs) butadi ene



during the FO nerization. At the end of the polynerization, the catalyst
.and co-c ﬁﬁgg 2¥% eeds were stopped., The reactor was depr esBEKPS250982nd t he
:reactor contents purged free of residual butadiene using nitrogen. The

pol yner was di scharged fromthe reactor. The product did not contain any

| unps that woul d i ndi cate aggl omerati on had occurred. To the contrary, the
product was a free-flow ng, fine, granular powder. The reactor was..opened
and cl eaned to ensure that all product wahl recovered. The total weight of
solid product that was recovered was adjuste for the carbon black that had
been initially charged. The rermainder [err] (5.35 Ibs) was the

D 17226-3 2T - of

but adi ene pol yner formed during tH batch and which was presdgnt in the
reactor when it was shut down. Sipke a total 3.95 kg of [8.79 | bs(= 6.93
+ 1. 86)] of butadi ene were chap4 Qe reactor and a total Jof 2.84
Kg(6.30 Ibs (= 5.35 + 0.95)] qf i been accounted fo | eavi ng
the reactor as pol yner and i fous vent stream t hgre nust have
been 1.12 Kg(2.49 |bs)of butddi ene nonder present in the redctor when
pol ynmeri zation was termnateq. . mer woul d have been fenoved from
the reactor when it was depr dg

inert Gos




the contents p 9‘?%6—3 _ ~ The reactor volunme is 61.7 liters (or
2.18 cubic feeﬁ'. 60[err] C-the vapor pressure of 1,3-butadiene is 810
kPa(108 psia) Thenass of butadi-ene present in the reactor as a-gas at
satwrati‘on woul d thus be 0.85 Kg(1.88 1bs). O the total o -1.12.Kg (2.49

| bs) of unpol yneri zed but adi ene that was shown to be present in the
reactor at shutdown, at nost 0.85 Kg (1. gd1 bs) coul d have been in the
vapor phase and the rest 0.27 Kg(0.61 |Ibs) nmust have been present in a
condensed phase, for exanple, dissolyed.,in the polyner, hus t.he reactor
was bei ng operﬁ?mymerﬁ%@ﬁ)@ﬁl&meiﬂég@lbﬁgmg °€d‘#&éﬂ§(&ﬁ°§“§ﬁn§%erature
of the nonorer nidresiAeks suéle af - Mrtadiée @hd fxeprénel i qui d nonomer conbi ned
with the 2.40 Kg(5.35 Ib of _.pol r,amunts to 5. Ki 4 s) of ,
condensed but adi ene mnomsﬁ&‘fg&oﬁlﬁgﬁ Wh&u&%&ﬁ@i’e Yet, the

presence of thnsonomersicapablewf umdérgoing ol efimivepolymérization reactiohs cause

aggl onerati on .. Properties of the above
product are asg?%lttlﬂgmfggb*ﬁé' . Car bon bl ack N-650 by
anal ysis: 41% A.  higher molg ewgighti alphasplefinsysuch-ge
anal ysis: 0. 02@ecene-1, dodecene-1, isobutylér&]R§rene pnd-thelikd.

Neodym um i n pol ynmer: 49 m,. . . Reduc Vi scosity: 7.6
-l /g?/ POty %.ppodéeqeszl_sugy .agdgexag}ene, vmy‘i cyc Bos 2}/7
wer e conduct eddicyclopdntadidne, butadiens, t isoprenéjcethiylidens noxbotnémsigihd t he
t abl es. ﬁ'hfhkéé Sol ution Catal yst Preparation for Exanple 2. Into a

nitroge ]

dry rged fl ask was chargied 12. 32 grans of a hexane sol ution
polar vinyl monomers such as acrylogitﬁle,

maleic acid esters, vinyl acetate, acrylate esters, methacrylate esters,f’
vinyl trialkyl silanes fnd-theliled .

These higher boiling or readily condensable monomers
can be homopolymerized in accordance with this invention with the
use of an inert gas as the gaseous component of the two phase gas-
liquid mixture cycled through the reactor. Suitable inert materials
for this purpose include nitrogen, argon, and saturated
hydrocarbons which remain gaseous at a temperature below the
temperature sélected to be maintained in the polymerization zone.

The higher boiling or readily condensable monomers
can also be copolymerized with one or more lower boiling monomers
such as ethylene, propylene and butene, as well as other higher
boiling monomers such as those mentioned above, the only
requirement being that there be a sufficient difference in the
condensation temperatures of the higher boiling or readily
condensable monomer and at least one lower boiling monomer or
inert substance as will allow enough gas to be present in the cycle gas

" stream to permit practical, steady state, continuous operation.

In accordance with our invention the higher boiling or
readily condensable monomers can be directly introduced into the
polymerization zone or carried into the polymerization zone as with
the recycle gas stream or a combination of both. In a preferred

AMENDED SHEET
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-30 - 0117 6".aym um neodecanoate (5.4wt % Nd i-n hexane).: To this was
_added 85 mL dry hexane. To this solution was added 3.0 nL of 1 5-M
Et[err]AIC1 (1.0eq Al/Nd). The mixture was stirred, tharged: to-a
pressurizable netal cylinder and fed to the reactor as a sol ution.

Supported Catal yst Preparation for Exanpl®"3. To a 500 mL dry
nitrogen purged flask was added 78. 15 \glg\’lrans 8f ms_il:ccil (SE/IO(I;'E[e”]]CAI g
activation) a 50. L dry hexane., Sl o 4 o] err

was added ?amd Hﬂ'«%} %@Pul’@%ﬂé&%@ﬂi&sﬁ%n@éy Anext: tosthe pelamnzigon

t enper at ur ?' Thés aeéd:hscmdrft ?Gv@@i' Chvi aiﬂgvéi'égmi)gﬁﬁcﬁa $12& 3 fbewd The

mxture vas b BPRRUPEP SERhAn el retitaphimbenEan b BBRed 1

under vacuum surface area of at least 200 square meters per gram and preferably at
least Gboud 250 square meters per gram; and a pore size of at least
[3beud 100 Angstroms and preferably at least Abou 200 Angstroms.
Generally, the amount of support used is that which will provide
bboud 0.1 to §beus 1.0 millimole of rare earth metal per gram of
support. In a preferred embodiment, two types of carbon black are
used as support. DARCO G-60 (pH of water extract = 5) is used as dry
powder having a surface area of 505 square meters per gram,
average particle size of 100 microns, and porosity of 1.0 to 1.5 cubic
centimeter per gram. NORIT A (pH of water extract = 9 - 11) used as
a dry powder has a surface area of 720 square meters per gram,
average particle size of 45 to 80 microns.

Any compound, organic or inorganic, of a metal chosen .
from those of Group IIIB of the Periodic System having an atomic
number of between 57 and 103 can be employed herein. Examples of
rare earth metal compounds are compounds of cerium, lanthanum,
praseodymium, gadolinium and neodymium. Of these compounds,
carboxylates, alcoholates, acetylacetonates, halides (including ether
and alcohol complexes of neodymium trichloride), and allyl _
derivatives of the metals are preferred. Neodymium compounds are
the most preferred. Illustrative neodymium compounds can include
neodymium naphthenate, neodymium octanoate, neodymium
octoate, neodymium trichloride, neodymium trichloride complexes
formed with tetrahydrofuran (e.g., NdCl3(THF)2) and ethanol (e.g.,
(NdCl3(EtOH)3), neodymium 2,2-diethylhexanoate, neodymium 2-

* ethylhexoate, neodymium 2-ethyloctoate, neodymium 2,2-diethyl
heptanoate, allyl neodymium dichloride, bis-allyl neodymium
chloride, and tris-allyl neodymium. Neodymium neodecanoate,
octanoate, or versatate give particularly good results.

AMENDED SHEET
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3. 4D-17226-3 5 PRODUCT: POLYBU-  POLYBU- POLYBU-
POLYBUE. - TADI ENE TADI ENE TADI ENE - TADI ENE CATALYST
DETAI LS Cat al yst Neodynmi um Neodyni um Neodynmi-um Neodym um
neodeca-  versatate on versatate on neodeca- noate in
DEAC- DEAC- noate on -11- hexane treated
silica treated silica DEAC

treated silica * Cocatal yst 10% TIBA in 10% TIBA in 1: 3 DIBAH 10%

DI BAH The 3nedificyenaid ef-Ratalysfd condist of alumlinum alkyl

| sopentane | S RTHYe8 Hhd SaICO\lDIu-Eln%\Iompounds such as the following:

'—Alkylaluminu._m halides can be a compound having the formula
AIR(3-a)Xa wherein each R is independently alkyl having 1 to 14 carbon
atoms; each X is independently chlorine, bromine, or iodine; and a,is 1 or -
2 or a mixture of compounds having the formulas AIR(3-3)X5 and AIR3
wherein R, X, and g are the same as above.

Examples of halogen containing modifiers and cocatalysts are
diethylaluminum chloride; ethylaluminum sesquichloride; di-n-
butylaluminum chloride; diisobutylaluminum chloride;
methylaluminum sesquichloride; isobutylaluminum seg_quichloride;_
dimethylaluminum chloride; di-n-propylaluminum chloride;
methylaluminum dichloride; and isobutylaluminum dichloride. .
Diethylaluminum chloride (DEAC) and dnsobutylalummum chlonde
(DIBAC). are most preferred.

‘The trialkylaluminums can be a hydrocarbyl as follows:
triisobutylaluminum, trihexylaluminum, di-isobutylhexyaluminum,
isobutyl dihexyl-aluminum, trimethylaluminum, triethylaluminum
(TEAL), tripropylaluminum, triisopropylaluminum, tri-n-
butylaluminum, triectylaluminum, tridecylaluminum, and
tridodecylaluminum (including partially hydrolyzed derivatives of these
aluminum compounds also known as aluminoxanes).’

Preferred co-catalysts that can be employed with rare
earth metal compounds include triethylaluminum (TEAL),
triisobutylaluminum (TIBA), trihexylaluminum (THAL), _
methylaluminoxane (MAO), modified methylaluminoxane (MMAO),
trimethylaluminum (TMA), a dialkyl aluminum hydride or a

. mixture of a dialkyl aluminum hydride and a trialkyl aluminum.

When MAO or MMAO is employed as the co-catalyst, it
may be one of the following: (a) branched or cyclic oligomeric
poly(hydrocérbylaluminum oxide)s which contain repeating units of
1_:_he_genei'al formula -(AI(R"")O)-, where R™ is hydrogen, an alkyl
radical containing from 1 to fbeudl 12 carbon atoms, or an aryl radical

AMENDED SHEET



'Re'actio‘n Tenp. 50 60 60 60 ([err]C) Mononer

part.  535(63) p-17226-335(63) ". 535(63) 535(63) pressure -kPa(psia)
Pol ymeg_ 3.06(6. 8) 2.61(5.8) . 2.88(6.4) 2..02(4.5) produced
-kg(1lb) Reaction tine 5 hr ' 2 hr 30 min -2 hr-15 min "3, hr
PRODUCT ANALYSIS % Carbon Black 42 41 41 42
N-650 anal ysis Avg. particle 0.19(0.076)3.0.042(0. 017) 0. 045(0. 018)
0. 032(0.013) SI ze by sieve analysis -cn(i nch) Cocat al yst 21
7 : 11 /Catal yst Feed ratio* Nd content in 132
288 1 umin h@&! Sthi
10. 3 z%ethylal ‘#3 ISCO'SE.P :EEQE § E%one caldenvaﬁ%e@of
90 sity (est. ﬁ;e rempounds) (g atjde denvatlves ) the formula

R'

|

R—C—X
I
R"

in which X is Cl or Br, R is H, alkyl, aryl, alkylaryl, chloro or bromo
alkyl, alkoxy or epoxy; R' is alkyl, aryl, H, Cl or Br; R" is alkyl, aryl,
chloro or bromo alkyl, chloro or bromo 'aryl, vinyl, Clor Br;or R' + R"
is oxygen, or saturated or unsaturated cycloalkyl. If R=R'=H, then
R" is only of aromatic nature. The alkyl radicals can be either
saturated or unsaturated, linear or branched, and contain from 1 to
18 carbon atoms.

Typical examples of organohalide derivatives which can
be used as catalytic components of the present invention are benzoyl,
propionyl, benzyl, benzylidene or tertiary butyl chlorides or bromides,
methyl chloroformate or bromoformate, chlorodiphenylmethane or
chlorotriphenylmethane, faad-the-liked

The catalyst can be prepared by mixing the support
material, the metal component, cocatalyst, optional promoter in any -
order in an inert solvent or diluent. In general the metal component
can be impregnated on a support by well known means such as by
dissolving the metal compound in a solvent or diluent such as a
hydrocarbon or ether (including aliphatic, cycloaliphatic or arematic
compounds such as pentane, isopentane, hexane, cyclohexane,

" benzene, toluene, and tetrahydrofuran) in the presence of the support
material and then removing the solvent or diluent by evaporation
such as under reduced pressure. Alternatively, the rare earth metal
component can be dissolved in a solvent or diluent such as a
hydrocarbon or tetrahydrofuran and spray dried to generate a well-
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" %cis-1,4 99. 1 97 96. 2 97 * nolar ratio of

Al to rare eaDel¥226t3l in continuous feeds D-17226-3 o

. -32- ¢ EXAWPLE NO SR 7 ' © . .8 PRODUCT
POLYBU- POLYBU- - POLYI SO TADI ENE TADI ENE
PRENE CATALYST DETAILS Cat al yst Neodym um Neodym um

© Neodym um - -heodecanoat¥ on neodecanoate on neodecanoate
on DEAC-trieated DEAC-treated DEAC-treated
silica " silica s silica Cocatal yst 10% DIBAH in 10%

DI BAH in  10%g: ¢ghated on silica by dissolvingoiihésdymium ¢cRpONE@RE

| sopent ane PR@E%'E,Q: g s-rliiga\lsfollowed by solvent removal. The dry solid is
added to a hydrocarbon (e.g. hexane) solution containing an
alkylaluminum chloride with subsequent removal of the hydrocarbon
solvent. These catalysts are fed to the reactor with a co-catalyst
selected from the group consisting of diisobutyl aluminum hydride
(DIBAH), triisobutylaluminum, or a mixture of diisobutyl aluminum
hydride and triisobutylaluminum (TIBA). These catalysts are
preferred because they have little or no induction period and remain
catalytically active for a long period of time. The catalyst I above can
be fed directly to the reactor. Still another catalyst can be prepared by
forming a reaction mixture by (i) contacting a neodymium compound
selected from the group consisting of a neodymium carboxylate, a «

" neodymium alcoholate and a neodymium acetylacetonate with a
mono-ethyl aluminum dichloride, a di-ethyl aluminum chloride or a

. mixture of the mono- and di-ethyl aluminum chloride (ii) depositing -
the mixture on a silica support in the presence of a solvent to form a
slurry and (iii) removing said solvent; and adding a co-catalyst
selected from the group consisting of (i) dialkyl aluminum hydride,
(ii) a trialkyl aluminum, (iii) a mixture of a dialkyl aluminum
hydride and a trialkyl aluminum, (iv) methylaluminoxane, (v)
modified methylaluminoxane, (vi) and mixtures thereof.

Fluidjzation aids employed in the invention can be inert

particulate materials which are chemically inert to the reaction.
Examples of such fluidization aids include carbon black, silica, clays
and other like materials such as talc. Organic polymeric materials
can also be employed as a fluidization aid. Carbon blacks and silicas

_ are the preferred fluidization aids with carbon black being the most
preferred. The carbon black materials employed have a primary
particle size of ébe\g 10 to 100 nangmeters and an average size of
aggregate (primary structure) of 0.1 to fbewd 10 microns. The
specific surface area of the carbon black is Em 30 to 1,500 m2/gm
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f?eac_t I on 60 60 65 Tenperature ([err] Q)

Mononer parti aD-172869( 63) - 535(63) 342(35) pressure
- kPa( pc'si a) Polynmer produced 2.25(5) - 01.8(4) -kg (I b) Reaction
Stine 1 hrd5 mn 1 hr 35 min 4 PRODUCT ANALYSIS 9 Car bon
Bl ack 36 : 39 : "40 N-650 by anal ysis Average
particle 0.067(0.027) 0.075(0.030) siyg- by sieve analysis -cn(inch)
Cocat al yst 28 29 /Catal yst Feed ratio* Neodym um
150 ' ' 200 content in the polymer (ppm) Reduced Viscosity 4.2
20(7) (dl/ %) Mo thié eaFk0r Mack displays a dibutylphthalftet (DBPYhbdbrptibntoft @
Lerr] Q) 80 to Ghend350 ¢¢/100 grams.

Silicas which gﬁ}‘be employed are amorphous and have
a primary particle size of fboud 5 to 50 nanometers and an average
size of aggregate of 0.1 to 10 microns. The average size of

.agglomerates of silica is Ebtﬁ’j: 2 to fbeud 120 microns. The silicas
employed have a specific surface area of 50 to 500 m2/gm and a
- dibutylphthalate (DBP) absorption of 9100 to 400 cc/100 grams.
Clays which can be employed according to the invention
have an average particle sjze ofé'f:mo.()l to gbeu# 10 microns and a
specific surface, area of 23 to0 30 m2/gm. They exhibit oil
absorption of 6&:& 20 to @boud 100 gms per 100 gms. '

_ Organic polymeric substances which can be used .
include polymers and copolymers of ethylene, propylene, butene, and
other alpha olefins and polystyrene, in granular or powder form.
These organic polymeric materials have an average particle size
ranging from fbou) 0.01 to 100 microns, preferably 0.01 to 10 microns.

In general, the amount of fluidization aid utilized
generally depends on the type of material utilized and the type of
polybutadiene or polyisoprene produced. When utilizing carbon black
or,silica as the fluidization aid, they can be employed in amounts of
mﬂ% to@beu) 80% by weight, preferably €beud 5% to fbeus 60%,
and most preferably Gbex} 10% to Gbeud 45%, based on the weight of
the final product (polybutadiene or polysioprene) produced. When
clays or talcs are employed as the fluidization aid, the-amount can
range from gboud 0.3% to gboul 80% based on the weight of the final
product, preferably boud 12% to 75% by weight. Organic polymeric

. materials are used in amounts of @ﬂ':u’; 0.1% to gbeud 50% by weight,

. preferably gbeud 0.1% tofabeu} 10% based on the weight of the final

polymer product produced. _

~ The fluidization aid can be introduced into the reactor at
or near the top of the reactor, at the bottom of the reactor, or to the
recycle line directed into the bottom of the reactor. Preferably, the
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%crs 1,4 95.6 * nolar ratio of Al to rare earth

netal in conti rErdiﬁZzﬁ-Beds D-17226-3

-33- C In an exanple of the process of the |nven,t|on a
f1Uidized bed reaction system as descri bed above, is operat ed, as
described below to produce pol ybutadi ene. The polyner is produced under
t he followi ng reaction conditions: 60[en7]-C reactor tenperature and 907
kPa (120 psia) total reactor pressure. The partial pressure of the
but adi ene ' nononer inside the reactor is 762 kPa (96 psia). The parti al

pressure of _ ldidbgeion sidinkARdead sirmearTtits 653 of S réitShoeR BBW Y e

i1 on i th b EDE b, L tend T tepglOi bsfaipiiom avbior ac oyt

feeds are ad JemrSémtocthy reRctorSth femvve tracesiof- mbisblre an&ké?:gt en; gmﬁg)é '

(46,5 1 by . Dr o be pEerBLLRE by ifudaiAe BT BLSH AT Wil ifeobsh Eafinld 10 o

9kg/ h (20 | b/ hyeating, mpemnm@lrmroqedam; Dhe fluidizatiomaid can beg/ h (13

I'bfh) in vent siddedSeparately or combined with one or more butadiene
monomers, or with a soluble unsupported catalyst. Preferably, the
fluidization aid is added separately.

A fluidized bed reaction system which is particularly
suited to production of polymeric materials in accordance with the
present invention is illustrated in the drawing. . With reference
thereto, the reactor 10 consists of a reaction zone 12 and a velocity
reduction zone 14.

In general, the height to diameter ratio of the reaction
zone can vary in the range of about 2.7:1 to about 4.6:1. The range, of
course, can vary to larger or smaller ratios and depends upon the
desired production capacity. The cross-sectional area of the velocity
reduction zone 14 is typically within the range of about 2.6 to about 2.8
multiplied by the cross-sectional area of the reaction zone 12.

The reaction zone 12 includes a bed of growing polymer
particles, formed polymer particles and a minor amount of catalyst
particles fluidized by the continuous flow of polymerizable and
modifying gaseous components in the form of make-up feed and
recycle fluid through the reaction zone. To maintain a viable
fluidized bed, the superficial gas velocity through the bed must
eXc%q% e sexé'|_1mum flow required for fluidization, and preferably is
at leasti 1 ft. /sec)aboveJ mum flow. Ordinarily, the superﬁclal

. gas velocity does not exceedl 0 ft./sec)and usually no more tha.g
. ft./sec)is sufficient.

It is essential that the bed always contain particles to
prevent the formation of localized "hot spots" and to entrap and
distribute catalyst throughout the reaction zone. On start up, the
reactor is usually charged with a bed of particulate polymer

>

c

lsec.
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The productlon cige s 13.5 kg/h (30 I b/h) of polyner after adjusting for
t he car bon blb 226t ent . The product has a Mooney viscosity M (1 + 4
@100[érr]C) of 55. Qther conditions are' shown for Exanple 9 i.n the

t abl e. At steady state'a'total of 20.7-kg/h «(.46..2°1 b/ h)
but adiene is being fed to . the reactor and a total of 19.35 kg/h (43

| b/ h)is accounted for leaving the reactor-18as gas in a vent stream or as
polymer. The difference of 1.44 kg/h(3.2 |b/h) nust be unreacted liquid
but adi ene nmononer in the polyner |eaving the reactor. Since the polyner
di scharged i s iparfi¢leal Suchrpatiiclemmagebe idémti¢dlanheaturette thel polymerrtot he

bed t t | here nust be
5,35 kg <‘i°8b?l5§§%{ i?gﬁwqtﬁéiﬁﬂﬁbg%ﬁe%o%“%ﬁf tlﬁlrzst
| bs) pol ynmer be

nerr](55ft[er rPiod%tctI IBvdiitiially, arﬂmw@b@a of @ésirBd HolPmisgipakrtichiy e are

t ot al
inpol yer | zed LERCRIRRIE the stelvRBefor | o thus 903 KaLS6.3 Ibs (444 +
11.9]. If all of this but Adpm'waﬂgebr totaliyhacteatedprecueson bazg b@ﬁiSHnOf at
condensat Lon  Eiof cBRblyst sk g5 &fmﬁeﬁéﬁ%@y#ﬁ%mr at
60[err]C is bei fRYVicesiRen FL8RIVIOH! bﬁ/tmhbr@ of argasewhéchisinerdfto the
nmononer D- 14t6#6d material, such as nitrogen or argon. - 34-

Fluidization is achieved by a high rate of fluid recycle to
and through the bed, typically on the order of fbeud 50 to fberd 150
times the rate of feed of make-up fluid. The fluidized bed has the
general appearance of a dense mass of individually moving particles .
as created by the percolation of gas through the bed. The pressure
drop through the bed is equal to or shghtly greater than the weight of
the bed divided by the cross-sectional area. It is thus dependent on
the geometry of the reactor. |

Make-up fluid can be fed to the bed at point 18. The
composition of the make-up stream is determined by a gas analyzer
21. The gas analyzer determines the composition of the recycle
stream and the composition of the make-up stream is adjusted
accordingly to maintain an essentially steady state gaseous
composition within the reaction zone.

The gas analyzer is a conventional gas analyzer which
operates in a conventional manner to determine the recycle stream
composition to facilitate maintaining the ratios of feed stream
components. Such equipment is commercially available from a wide

_ variety of sources. The gas analyzer 21 is typically positioned to
receive gas from a sampling point located between the velocity
reduction zone 14 and heat exchanger 24.

The higher boiling or readily condensable monomers
can be introduced into the polymerization zone in various ways
including direct injection through a nozzle (not shown in the
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-5resent in the:BoHénerlzatlon zone. Furthernore, the presence of this

|  qui d nononer as phase reactor does not cause aggloneratlon of the
pol yrerk -Exanpl e 10 -1 n- anot her
exahpl e of the process of the |nvent|on the polynerization is conduct ed as
described in Exanple 9 except that the catal yst i s neodym um neodecanoate
fed as a solution in hexane. The table givZ®-further details on this

exanpl e. In an exanple of the process of the invention a
fluidized bed reaction system as descri bed above, is operated as descri bed

bel ow to pr oducmupmblylfbmthfmwrwﬁ ipdhgrappadratys deseitsed €. St Batdnl | owi ng
reaction condi tNgng: §51h9”] C reactor tenperature and 100 psia total
reactor pressure. arflalﬁfressure of the isoprene inside the reactor

307 kPa (30 psia). The palhe selested sempevaturetaf dherbedsiszagintminethabana) .

The catal yst sysdsefitialy codfant'tdpardtad e&-%t?ﬁ?ﬁ)éfﬂﬂé"@oﬁﬂﬂ‘i‘@ﬁé‘ﬂ ate
supported on DEAC-%re ted sil,ica, W th tr |so uty um num as co-catal yst.

Cat al yst and co® ¥remayine the heat pfiregck "16ng| ngtlgga lefgmperatiure, of -
Al fo Nd. At stgmﬂyemtappeaﬂsetormwm rOpdrition 6BtHe el sxst em at

e R SR S fLAe e

at 0.9 kg/h(2l (6:to 28tineh hetweé’héhprtemperamreroftthelmleﬁhﬁdlaﬁdﬁ(30
MegheAf

| b/ h) of poly ﬁﬂh%-‘ébf {Q&elc?%mgi’ack content. The product
err 0

has a Mboney vi scosit )0l e 5. O her .
Good gas distribution plays an important role in the

operation of the reactor. The fluidized-bed contains growing and
formed particulate polymer particles, as well as catalyst particles.

As the polymer particles are hot and possibly active, they must be ‘
prevented from settling, for if a quiescent mass is allowed to exist,

any active catalyst contained therein may continue to react and cause
fusion. Diffusing recycle fluid through the bed at a rate sufficient to
maintain fluidization throughout the bed is, therefore, important.

Gas distribution plate 28 is a preferred means for
achieving good gas distribution and may be a screen, slotted plate,
perforated plate, a plate of the bubble-cap type and the like. The
elements of the plate may all be stationary, or the plate may be of the
mobile type disclosed in U.S. Patent No. 3,298,792. Whatever its
design, it must diffuse the recycle fluid through the particles at the
base of the bed to keep the bed in a fluidized condition, and also serve
to support a quiescent bed of resin particles when the reactor is not in
operation.

The preferred type of gas distributor plate 28 is metal
_and has hole dlstnggted across its surface. The holes are normally
ofa d1ameter ofabout 1/2 mcl) The holes extend through the plate.
Over each hole there is positioned a triangular angle iron identified
as 36 which is mounted on plate 28. The angle irons serve to
distribute the flow of fluid along the surface of the plate so as to avoid
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conditions are shown for Exanple 11 in the table. At steady
state a total oD-1%22638 kg/ h(35.4 Ib/h)isoprene is being fed to the reactor
and a tlotal of 14.4 kg/h(32Ib/h) is accounted for |eaving the actor as gas
in a vent streamor as polymer. The difference of '1.53 'kg/h (3. 41b/h) nmust
be unreacted Iiquid-isoprene nononmer in the polynmer |eaving the reactor.
Since the polyner discharged is identical-81th the polyner in the bed, the
polymer in the bed nust contain the sane proportion D 17226-3

- 35- of ' liquid nmonomer, i.e. there nmust be 5.71 kg(2.7 |bs)of dissolved .
liquid nonongtagnarithsnes.of dotids 1 In ddditiohythey mreveiib dhe palymer fimmne i s

are 774 kg 17. SoTHERIpuchbRBo ko AR Ied T P01l

unpol yneri zed |soprene |nAn3eﬂnuthrﬂitosthem§alr§ 43 dizgpotards can glsa ey +

12.7)]. If all ééﬂﬁd&ﬂ? AREaétivate ﬁuﬁiud&luﬁum@aoas at
once it would have_ a art essure of 476 kP psuﬁ_ 2:} ILts
condensati on t ePgeferal Yea to the geaction gystem ?76\5 qara e Aedt o

65[err]C is bei %ﬁcl@mgatw, DehieH basectiviactivdtion iy bededtinte tieé rédyele
T T qui o monsWeem e digbend A Biaiund ol 0T the  presence of

- In the practlce of this invention operating temperatures
can extend over a range of from &botd -100°C to Sbend 150°C with
temperatures ranging from Gboud 20°C to &beud 120°C being
preferred.

6340 KPa The fluid-bed reactor can be oper%i;fd at ,Er su;es up to
MGOO psi)and preferably at a pressure o fromében% 00psito «
&beud 600 ps1) Operation at higher pressures favors heat transfer as
an increase in pressure increases the unit volume heat capacity of
the gas. '

The partially or totally activated precursor composition
(e.g., neodymium with an alkyl halide) and/or catalyst (hereinafter
collectively referred to as catalyst) is injected into the bed at a point 42
which is above distributor plate 28. Preferably, the catalyst is injected
at a point in the bed where good mixing with polymer particles
occurs. Injecting the catalyst at a point above the distribution plate
provides for satisfactory operation of a fluidized bed polymerization
reactor. Injection directly into the fluidized bed aids in distributing
the catalyst uniformly throughout the bed and tends to avoid the
formation of localized spots of high catalyst concentration which can
cause "hot spots” to form. Injection of the catalyst into the reactor
above the bed can result in excessive catalyst carryover into the
recycle line where polymerization can occur leading to plugging of
the line and heat exchanger. |

For a supported catalyst, it can be injected into the
reactor by various techniques. It is preferred, however, to
éontinuously feed the catalyst into the reactor utilizing a catalyst
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cause aggl onerati on of the polyner. -
Exanpl e 12 D-17226-3 I n anot her exanpl e of the process of. the
inventiion the pol yneri zation is conducted as described in Exanple 11
except that -~ the catalyst is neodyni um neodecanoaté fed as a 'sol ution in
hexane. The table gives further details on this exanple.

-922.

feeder as disclosed, e.g., in U.S. Patent No. 3,779,712. For a catalyst
in solution, liquid, or slurry form, it is typically introduced as
disclosed in U.S. Patent No. 5,317,036 to Brady et al. and U.S. Serial
No. 414,522, entitled "Process for Controlling Particle Growth during
Production of Sticky Polymers," filed March 31, 1995. Both references
are incorporated herein by reference. The catalyst is preferably fed
into the reactor at a point 20 to 40 percent of the reactor diameter
away from the reactor wall and at a height ofgbewd 5 to fbeud 30
percent of the height of the bed.

A gas which is inert to the catalyst, such as nitrogen or
argon, is preferably used to carry the catalyst into the bed.

The rate of polymer production in the bed depends on the
rate of catalyst injection and the concentration of monomer(s) in the .
reactor. The production rate is conveniently controlled by simply
adjusting the rate of catalyst injection.

Since any change in the rate of catalyst injection will
change the reaction rate and thus the rate at which heat is generated
in the bed, the temperature of the recycle stream entering the reactor
is adjusted upwards and downwards to accommodate any change in
the rate of heat generation. This ensures the maintenance of an
essentially constant temperature in the bed. Complete
instrumentation of both the fluidized bed and the recycle stream _
cooling system is, of course, useful to detect any temperature change
in the bed so as to enable either the operator or a conventional
automatic control system to make a suitable adjustment in the
temperature of the recycle stream.

Under a given set of operating conditions, the fluidized

. bed is maintained at essentially a constant height by withdrawing a
. portion of the bed as product at the rate of formation of the particulate
polymer product. Since the rate of heat generation is directly related
to the rate of product formation, a measurement of the temperature
rise of the fluid across the reactor (the difference between inlet fluid
temperature and exit fluid temperature) is indicative of the rate of
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AVENDED SHEET
EXAVPLE NO

“TADI ENE
([err]C©
. 928(120)

D-17226-3 . | - 36-

D-17226-3 9 10 - 11 ". 12 PRODUCT:
POLYBU- POLYI SO PC]-_YI SO _ ! TADL ENE"*
PRENE ' PRENE REACTI ©N CO\IDI Tl G\IS Terrperat’ ur’e
60 - 60 65 ‘65 Tot al Pressure
928(120) 790(100) 799( 100)

Nitrile (polymer of butadiene copolymerized with
acrylonitrile)

Butyl (polymer of isobutylene copolymerized with
isoprene)

EPR (polymer of ethylene copolymerized with
propylene)

EPDM (polymer of ethylene copolymerized with
propylene and a diene such as hexadiene,
dicyclopentadiene, or ethylidene norbornene)
Neoprene (polychloroprene)

Silicone (polydimethyl siloxane)

Copolymer of ethylene and vmyltnmethoxy sﬂane
Copolymer of ethylene and one or more of .
acryonitrile, maleic acid esters, vinyl acetate,
acrylic and methacrylic acid esters and the like.

When it is desired to produce polymers or copolymers
using one or more monomers which are all relatively high boiling or
readily condensable and which form liquids under the temperature
and pressure conditions which are preferred for gas phase fluidized
bed production in accordance with the invention, it is preferable to
employ an inert substance which will remain gaseous under the
conditions selected for polymerization in the fluidized bed. Suitable
for this purpose are inert gases such as nitrogen, argon, neon,f’
krypton fand-the-1#s9. Also useful are saturated hydrocarbons such
as ethane, propane,ﬁiutane frd-thelikd as well as halogen
substituted alkanes such as freon. Other materials which remain
~ gaseous under the desired conditions, such as carbon dioxide,
provided they are essentially inert and do not affect catalyst
performance, can also be employed.

Nitrogen, because of its physical properties and
relatively low cost is a preferred medium for the manufacture of
polymers from higher boiling or readily condensable monomers such
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Superfici al 0. 53(1.75) 0.53(1.75) 0.53(1.75)  0.53(1.75)

Vel oci ty -ms(ﬂ-}l@% oduction Rate- 13.5 (30) 13. 5( 30) 13. 5(30)
13. 5(3b) -kg/ h (1 b/h) Total React-or - 1.54 (55) 1.54(55)- -

1. 54(55) 1.54(55) Volume -n{err]{(ft[err]) Reaction Zone -. 0,21 (7.5)
0.21(7.5) 0.21 (7.5) 0.21(7.5) Volune -nferr](ft[err]) Bed Hei ght
-m(ft) 2.1(7.0) 2.1(7.0) 2.1 (7205 2.1 (7.0) Bed Di aneter
-m(ft)0.35 (1.17) 0.35(1.17) 0.35(1.17) 0.35(1.17) Bed Wi ght -
kg(lbs) 50.4(112)  50.4(112) _ '50.4(112 ) 50.4 &1112) CYCL& GAS

COVPOSI TI ON ( MeeBtyyeneyvinyl acetic acid, acrylongiyile, methylacrylate,} 70
70 But adi ene - -

o oo methyl_m__eth.ﬁg'ylate End-&he—l-ﬁ@ Alka.nes13 Buch as ethane a?fbd CATALYST-
Nd Neode-  NdPReP@ie which nempip. gaseqysatrelatively low temperatures a5€at e on

canoate in c abstapeefeired.canoat e in : DEAC- hexane
DEAC- hexane . t r.eat e . .treated
Sl ca Cepveptiopal EatiliGEhs for the prevention of foulidg §f L2
TI BA TkBe reactoreand-pelynitat agglomerationyarBbe attiedria the praxticecf( 46. 2)

13.86(46.2) - our ifvention. Ilustrative of these techniques are the introduction of

finely divided particulate matter to prevent agglomeration, as
described in U.S. Patent Nos. 4,994,534 and 5,200,477; the addition of
negative charge generating chemicals to balance positive voltages or
the addition of positive charge generating chemicals to neutralize
negative voltage potentials as described in U.S. Patent No. 4,803,251.
Antistat substances may also be added, either continuously or
intermittently to prevent or neutralize static charge generation.

The granular polybutadiene and/or polyisoprene
elastomers of this invention can be compounded alone or in
combination with other elastomers, e.g., natural rubber, styrene-
butadiene rubber, (halo)butyl rubber, ethylene-propylene-diene
rubber; reinforcing fillers, e.g. carbon black, silica; processing aids;
antidegradants; and vulcanizing agents using equipment and
methods well known to those skilled in the art. It is believed that in
such compounds, the initia]ly granular form of the polybutadiene or
polyisoprene permits more intimate mixing with the other
elastomer(s), than would be achievable with conventional
polybutadiene or polyisoprene in solid bale form. It is generally
desirable that elastomer blends be intimately mixed in order to
optimize the mechanical properties of the vulcanizate. Furthermore,
if the inert particulate material of this invention, used to maintain

' granularity during and after the polymerization process, also
happens to be a reinforcing filler for the compound (e.g., carbon
black), then a further benefit may be realized in the form of a shorter

~ mixing time required to disperse the filler in the compound. This is
because the filler, which normally would have to first be
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1soprene - - T . 6(35. 4) 10. 6( 35. 4)

Mononer ‘Vent Dsl%263 3) 3.9: (13) 0.6(2) . : 0.6¢2) Rate
-kg/ Hﬁ b/ hr) POLYMER CC]VPOSI TI ON- (vvt% Butadiene . ; °°: 1G)O~ 1

0 -- -- | Ssoprene AT Yoo

100 100 - - 37-

CLAI V5. 1. A process for pr3§um ng pol ybut adi ene or

pol yi sopr ene iq a stirred bed or gas fluidized

particularly imparts building tack and green strength, which
facilitate the building and handling of the green tire, and tear and
cut resistance. The granular, free-flowing polybutadiene and
polyisoprene produced in the gas phase process of the present
invention can also be employed in other molded and extruded articles
using techniques known to those skilled in the art.
: ' The following examples are provided to illustrate our
invention.
- Example1
To a gas-phase Stlrf(-':ﬁ bed reactor that was maintained
at a constant temperature of 60°Cl":l 8 pounds)of dried carbon black
owder were added to act as a fluidization aid. To this was added
t@ 053 1bs)TIBA, i.e. triisobutylaluminum. Then was addegl}& lglé‘ibs) of
1, 3obuta2g_1§ne q,ud sufficient nitrogen to bring the total reactor
pressure tol@15 psﬁ. A small feed of supported catalyst consisting of .
neodymium neodecanoate on DEAC-treated silica was begun.
Simultaneously, a small feed of 10 wt% triisobutylaluminum co-
catalyst solution in isopentane was begun. Feed was adjusted to give
a 7:1 molar rahg é] Nd. During a 2.8 hour polymerization
reaction, a total ofG 9} Ibs)of additional butadiene were fed in order to
replace butadiene that was polymerized ory xy@t‘l A small vent
stream leaving the reactor removed a total o&).% lbé butadiene
during the polymerization. At the end of the polymerization, the
catalyst and co-catalyst feeds were stopped. The reactor was
depressurized, and the reactor contents purged free of residual
butadiene using nitrogen. The polymer was discharged from the
_ reactor. The product did not contain any lumps that would indicate
agglomeration had occurred. To the contrary, the product was a
free-flowing, fine, granular powder. The reactor was opened and
cleaned to ensure that all product was recovered. The total weight of
solid product that was recovered was adjusted fo tl}‘qcarbon black
that had been 1mt1a11y charged. The remainder ,{§ 35 Ibs) was the

L]
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5 pol ymeri zation vessel having a polynerization zone under_

pol erEI’J zati on D-832463n conditi ons, ~which process. cqQnpri ses: ,

,(|{ nfr oduci ng butadi ene or isoprene mononer ,into"gaid »

pol ymeri zati on zone containing a bed of 10 growi ng polymer partq-cl es in
the presence of an-inert particulate material and optionally at |east
one inert gas; (ii) conti2Buously or intermittently ,

i ntroduci ng a pol ymeri zati on cat al yst cont aining a rare earth netal
15 conponent’, a co-catalyst, and optionally a pronoter into said

pol yneri zat i on amoount of butadiene gdljinerdonmiedduring the batchrand kq
Wi t hdraw ng ZOn@%%ﬁgi@gﬂé%aﬁorﬂ?ﬁ?%’g&ﬁﬁﬂ QGWh! éﬁﬁ%"a

pol yreri zat i on[ aw ng unreac bu adl ene or

i soprene 6.930t 186 émteﬁlep@rme eed dp the spactos andg
said butadiene t@fal' (31 (@U%aﬂdg fbuﬂitﬁeﬂ@h&ve been dResESIRd fophi | €

dow ol nt | of ¢ NEATIBRCAHEr FSAFtor ap,molamer andsin A VIHBHPUA B, SHERE
2. “The processhaee muhtrlga\teab m911 itadiére mononsernpitesent én thehi n
Sresent 1 thels é?%rzﬁﬂgn% REAasion ﬁ#ﬁa%ﬁgﬁ?%%&a'* 5 8onbBiGsnoRld o,

_ have been remov from the reactor when it was depressunzed and

the contents purged.

_ The reactor volume is 61. 7 tegs (;or 2.18 cubic feet). At
60°C the vapor pressure of 1,3-butadiene 1§l&03 psid) The mass of
utad1ene present i in | eactor as a gas at saturation would thus be

f(1 8319 Of the total o hto IbgJof unpolymerized butagiens that was .
shown to be present in the reactor at sh%%d‘g:;vn, at mosﬁ .88 1bs)could
have been in the vapor phase and the rest}(0.61 lbs) must have been
present in a condensed phase, for example, dissolved in the polymer.

Thus the reactor was being operated at a temperature below the

condensation temperature of th%. onomer present. Thei(o 61 lbs)of

légild monomer combined with th @S 3% lbs) of polymer amounts to

] 1bs)of condensed butadiene monomer peﬂ fq 0 Ibs)of polybutadiene.

Yet, the presence of this liquid monomer in the gas-phase reactor did

not cause agglomeration of the polymer.

Properties of the above product are as follows:
Carbon black N-650 by analysis: 41%;
Average particle size by sieve analysis: 0.025
inches;
Neodymium in polymer: 490 ppm,;
Reduced viscosity: 7.6 dl/g;
Cis 1-4: 97.6%
Examples 2-7 were conducted as in Example 1, but with
the changes indicated in the tables.
Solution Catalyst Preparation for Example 2. Into a dry

mtrogen purged flask was charged 12.32 grams of a hexane solution

A
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absorbed in solid particulate matter. 3. The process of
Claim 1l wherei nDL17226-3 conditions.within the polynerization zone are

such ¢ - 38- that at! | east a portionof :the nonomet. is a
l'iquid that is not absorbed in t'he solid particulate matter. «s"
4. The process of €laim1l wherein said inert 5 particul ate material is
sel ected fromthe group consi sting 431 carbon black, silica, talc,
clay and m xtures thereof. : :
EXAMPLE NO. 2 3 4 5
PRODUCT: POLYBU- POLYBU- POLYBU- POLYBU-
TADIENE TADIENE TADIENE TADIENE
CATALYST '
DETAILS
Catalyst Neodymium Neodymium Neodymium Neodymium
neodeca- versatate on versatateon neodeca-
noate in DEAC- DEAC- noate on
hexane treated silica treated silica DEAC-
: treated silica
Cocatalyst 10% TIBAin 10% TIBAin 1:3 DIBAH: 10% DIBAH
isopentane  isopentane TIBA in in
: . isopentane  isopentane
PROCESS :
CONDITIONS ) ¢
Reaction Temp. &0 60 60 ' 60
(°C)
Monomer part. 535(63) 535(63) 535(63) 535(63)
pressure -kpPa(psia) .
Polymer 3.06(6.8) 2.61(5.8) 2.88(6.4) 2.02(4.5)
produced —kg(1b)
Reaction time 5 hr 2hr30min 2hr15min 3hr
PRODUCT
- ANALYSIS
% Carbon Black 42 ' 41 41 42
N-650 analysis :
Avg. particle 0.19(0.07¢) 0.042(0.017) 0.045(0.018) 0.032(0.013)
size by sieve
analysis -an(inch)
Cocatalyst 2 7 ' 9.5 1
/Catalyst Feed
ratio*
Nd content in 132 288 17 415
~ polymer (ppm)
Reduced - 128 10.3 76 49
. Viscosity (dl/g)
Mooney visco- ' 90
sity (est. gum )
ML(1+4@
100°C)
% cis-1,4 99.1 97 96.2 a7

* molar ratio of Al to rare earth metal in continuous feeds
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5.

car bon

The process of Caim4 wherein: sai-d inert 10
m xt'Wé thereof.
. is selected fromthe group;"

| ack,

siD-1%2268 a

of daihis wherein a co-catal yst
al umi nunj’ trii sobut yl al um num “a

consi sting of triethyl-
tri hexyl al um num

15
met hyl al um noxane,

met hyl al um num a di al kyl al um num hydri de-38-m xture
~di al kyl al umi num hydri de and a trial kyl al um num

and optionally a pronoter
[err]
aryl,

or

Br:

25
Rl

havi ng 20

the fornul a

particul ate materi al
- The ~ process

6.

nodi fi ed net hyl al um noxane,

of a

S

k]
»
30

tri-

and m xtures thereof;

in which Xis d or Br, Ris H alkyl, aryl, alkyl- 30
chl oro or EXAMPLE NO. al koxy 6r epoxy; R s alkyl 8 aryl, H d
is al BRODEGE ~chl or o BOLYBU- POLYBU- POLYISO-
TADIENE TADIENE PRENE
CATALYST
DETAILS
Catalyst Neodymium Neodymium Neodymium
neodecanoate on neodecanoate on neodecanoate on
DEAC-treated = DEAC-treated  DEAC-treated
silica silica silica
Cocatalyst 10% DIBAHin 10% DIBAHin 10% TIBA in
isopentane isopentane isopentane
PROCESS -
CONDITIONS
Reaction 60 60 65 .
Temperature (°C) :
Monomer partial  535(63) 535(63) - 342(35)
pressure -Kba(psi
Polymer produced 2.25(5) 1.8(4)
kg (1b) '
Reaction time 1hr 45 min . 1 hr 35 min 4
PRODUCT
ANALYSIS
% Carbon Black 36 B3] 40
N-650 by analysis )
Average particle  0.067(0.027) 0.075(0.03C)
size by sieve
analysis -an(inch)
Cocatalyst 28 2
[Catalyst
Feed ratio*
Neodymium - 150 200
content in the
polymer (ppm)
Reduced Viscosity 42 3.7
(dVg) '
. Mooney viscosity 62 9
(est. gum )
ML (1 + 4 @ 100°C)
% cis-1,4 95.5 95.6

* molar ratio of Al to rare earth metal in continuous feeds
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brorm al kyl, chloro or bromo aryl, vinyl, C or Br; or R + R is
oxygen, or sat I-37436-3r unsat ur at ed. cyclo- al kyI 35

- 39- - 7. The process of Claim<1 wherein the rare -+~ '. earth
net-al conponent is a compound of a rare éarth met al- sel ected, fTomt he
group consisting of- cerium | ant hanum praseodym um gadol i ni um
neodymumand a b5 m xture thereof. -33- 8. The process of claim
7 wherein the rare earth nmetal is neodym um

Example 9

In an example of the process of the invention a fluidized
bed Teaction system as described above, is operated as described below
to produce polybutadiene. The polymer is produced under t the o,
following reaction conditions: 60°C reactor temperature andj 20 psia)
total reactor pressure. Thea_g pressure of the butadiene
monomé)i'b ii‘;‘l‘_e the reactor i ps1a) The partial pressure of
nitrogen is{24 psia). The catalyst system employed in this Example is
neodymium neodecanoate supported on DEAC-treated silica with
triisobutylaluminum as co-catalyst. Catalyst and co-catalyst feeds
are adjusted to give a 60:1 molar ratio-of Al to Nd. i&t ste ly state the
monomer is fed into the reaction system at the rate of ﬁ_ lb/h) Dried
N-650 carbon black is fed to the reactor a%; ths rate &@b 1b/h),
Butadiene monomey le a8 the reactor at lb/h)m vent streams.

The production rate i %qlb/h)of polymer after adJustmg for the
carbon black content. The product has a Mooney viscosity ML (1 + 4
@ 100°C) of 55. Other conditions are shown for Example 9 in the
table. 20 ka|k

At steady st? total 0@6 2 Ib/h)butadiene is being fed to

 the reactor and a total o @1s accounted for leavmg ttf fEactor
as gas in a vent streani or as polymer. The dxﬂ'erence of(3.2 Ib/h)must
be unreacted liquid butadiene monomer in the polymer leavmg the
reactor. Since the polymer discharged is identical with the polymer
in the bed, the polymer in the be contain the same proportion
of liquid mogomg‘i i.e. there must bel@.l 9 1bs) of dissolved hqmd
monomer in the @12 lbs)polyme bed,
AL2KPa The igtor volume 19455 ﬂ'.'?) At the partial pressure of
1(96 psig) there ar 4 lbs)of butadiene in the reacgor gas-phase. The
total unpolymenzed butadiene in the reactor is tiu%‘G 31bs (=44.4 +
11. 9} If all of this butadiene were in Eﬂe £33 phase of this reactor at
once it would have a partial pressure of|(125 psia)and its condensation
temperature would be 69°C. Therefore the reactor at 60°C is being
operated below the condensation temperature of the monomer
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10 9. The process of Caim8 wherein the conpound of
neodyi?"um is sd)-aT2263from t he groUp -consi sting of a neodyni um
carbotyl ate, a neodym um al cohol ate, :a neodym um har ide or a -
neovdym um acet yl acet onat e. 15 ° ' 10. The process: of O .ai'm-9 wherein
t he conmpound -of neodymumis selected fromthe group consisting of
neodym-um neodecanoat e, neodym um oct oat e34reodym um versatate, and
m xtures thereof. 20 11. The process according to Caim1l

-wher ei n ' said process is conducted in the presence of an agent

grz de¥ ihce for gmebémtin it bbliydxa&@an@ﬁ z8ha! IExumneﬁﬁbﬁle the px{és@ﬁéé ;atf 25
e proce co rei tatic voltage in
sai d reactor 3‘&&3@ Pﬁfﬁ%ﬂl er m g%%g pj\ rﬁgﬁfqradoes not ¢a 13. The

process accordlaglii'meﬁmmnfthquéymeﬁ.o sal d inert gas is nitrogen.

Example 10
In another example of the process of the invention the
polymerization is conducted as described in Example 9 except that
the catalyst is neodymium neodecanoate fed as a solution in hexane.
The table gives further details on this example.

In an example of the process of the invention a fluidized
bed reaction system as described above, is operated as described below.
to produce polyisoprene. The polymer is produced under the
following reaction conditions: 65°C reactor temperature and 100 psia
total reactor presgure. ) 1 The partial pressure of the isoprene 1? oxper .
inside the reactor 14(30 psia), The partial pressure of nitrogen i
psw) The catalyst system employed in this Example is neodymmm
neodecanoate supported on DEAC-treated silica with
triisobutylaluminum as co-catalyst. Catalyst and co-catalyst feeds
are adjusted to give a 60:1 molar ratio of Al to Nd. 1‘54: Eeqﬁg_y state the
monomer is fed into the reaction system at the ra Ky 35.4 lb/h) Dried
N-650 carbon black is fed to the reactor at the rate 01(20 1b/h), Isoprene
mono leaves the reactor a !K lb@m vent streams. The production
rate is 0 lb/h) of polymer after adjusting for the carbon black content.
The product has a Mooney viscosity ML (1 + 4 @ 100°C) of 55. Other
conditions are shown for Example 11 Eythe table.

At steady s tz 2 total ofj85.4 Ib/h)isoprene is being fed to
the reactor and a tota.lr % 1b/h)is accounted for leavm% e {faactor
as gas in a vent stream or as polymer. The difference of{3.4 lb/@ must
be unreacted liquid isoprene monomer in the polymer leaving the
reactor. Since the polymer discharged is identical with the polymer
in the bed, the polymer in the bed must contain the same proportion
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"14. The process of Claim1 wherein butadiene or | soprene are

i ntroduced copyjruses!y. . 240:
.Caifi1 vvherelﬁﬁ the inert

sidica’and the

by (i) contacting-a 5 neodym um conpound sel ected fromthe group

consi sting

di -
t he

et hyl

of a neodym um carboxygst e, a neodym um al cohol ate and
a neodym um acetyl acetonate with a nono- et hyI al um num di chl ori de,
alum hum chl oride or a mxture ¢ of the nmono- and di- et hyl

al um num ChL?éﬁQﬁE{edh%g o@%{, 1%elﬂﬁ§11etffxﬁ%ttb%ﬁ%r r%’ dgé]s("?‘l’ﬁhhﬁ?d support in

monomer in the}{112 1bs)pol ymer | be

263 W actor volume i 55 ﬂ:%l At the partial pressure of
180 psia) there areh

2 Ibs)of isoprene in the reactor gas-phase. The
total unpolymerized isoprene in the reactor is thé?g; 9lbs (=17.2 +
12. 7)} If all of this isoprene were in t}}%,géﬁ phase of this reactor at
once it would have a partial pressure og54 5 psig) and its
condensation temperature would be 80°C. Therefore the reactor at
65°C is being operated below the condensation temperature of the
monomer present in the polymerization zone. Furthermore, the
presence of this liquid monomer in the gas-phase reactor does not
cause agglomeration of the polymer.

Example 12

In another example of the process of the invention the
polymerization is conducted as described in Example 11 except that
the catalyst is neodymium neodecanoate fed as a solution in hexane.
The table gives further details on this example.
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*renoving said
group:

trial kyl
a trialkyl

al um num (iv)
met hyl al um noxane, .

sol vent; and

(B) a co-catal yst sel ected fromthe

“met'hyl al um noxane,
(vi) and m xtures thereof.

process of C aim15 wherein the reacti on-36-
reacting neodym um car boxyl at e

t he co-catal yst

al um num

IS di i sobutyl

hydride and triisobutyl

process of C aEKAMELEBNO. the i®ert

bl ack or sili cERQDIUERe

m Xture forne

with diethyl

POL¥BUyst PQLYBU-

al um num

cBnk;'ﬂ?@G-l&ﬁg of (i) di al” kyl al um num hydri de, ;
alumnum (iii) a mxture 6f a dial kyl

(i) a:.l5

~at uni numihydri de and

25

“(v) rodi fied
20

16.
m xture is formed by
| al um num chl ori de;
al um num hydri de or diisobutyl

The

and

17. The
0particul alk materi all2i s carbon

POLYISQy aRQIXESIQN
i d by (i) treati nEA@IEQlﬁ TADIENES ypp BRENG
al um num.di chl BEMH‘IO a di - et hyl

al umi num chl oride or a mxture of
CONDEIIONS:t hyl al umi num chloride in the presence of a

t he nopno-

solvent to forma slurry

fromthe grouplempeiasay f a @& neaod
al cohol at o, andote] Pressure  928(120) IR 955100
~kPa i
Supe 0.53(1.75 0.53(1.75) 0.53(1.75)
Velocity -ny/s(ft/s) - '
Production Rate 13.5 (30) 13.5( 30) 13.5(30)
-k/h (Ib/h)
Total Reactor 1.54 (59) 1.54(55) 1.54(55)
Volume -m3(£53) - .
Reaction Zone 0.21(7.5) 0.21(7.5) 0.21 (75)
Volume -m3(£t3)
Bed Height -m(f€ 2.1(7.0) 2.1(7.0) 2.1 (70)
Bed Diameter -m(ft)0.3501.17) 0.35(1.19 0.35(1.17)
Bed Weight ky(lbs) 50.4(112) 50.4( 112) 50.4(112 )
CYCLE GAS
COMPOSITION
(MOLE %):
Ng 20 2 70
Butadiene 0 80 -
Isoprene - - 0
CATALYST: Nd Neode- Nd Neode- Nd Neode-
canoate on canoate in canoate on
DEAC- hexane DEAC-
treated treated silica
silica
CO-CATALYST: TIBA TIBA TIBA
Monomer Feed
Rate -kg/h(lb/h)
Butadiene .  13.86 (46.2) 13.86(46.2) -
Isoprene . - - 10.6(35.4)
Monomer Vent 3.9 (13) 3.9 (13) 0.6(2)
" Rate -kg/h{lb/hr)
POLYMER
COMPOSITION
(wi%):
.. Butadiene 100 100 -
Isoprene - - 100
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0.53(1.75)
13.5(30
1.54(55)
0.21(75)

2.1 (70)
0.35( 1.17)
50.4 (112)

70
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Nd Neode-
canoate in
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10.6(35.4)

0.6(2)
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341- __,_,_——ﬂeedyﬁfunratetylacetonate and (iii) renoving said

| vent; an co-catal yst- sel ected fromthe gr@up

s U = o i G0 o9

trial kyl alun1nun1 (1v) . nmet hyl at8#-noxane, (v) a nodified :

nmet hyl al um noxane, and (vi) m xtures thereof. 10 18. The
process of Claim 17 wherein the reaction m xture is formed by using
neodym um car boxyl ate and di et hyl al um num chloride; and the -
co-catalyst is di i sobutyl al um num hydride or diisobutyl alum num
hydri de and trqﬁﬁiﬂﬁﬂ al um num 15 19. The process of daim1l
wherein the inert

1. A process for producing polybutadiene or

polyisoprene in a stirred bed or gas fluidized

5 polymerization vessel having a polymerization zone
under polymerization reaction conditions, which
process comprises:

(i) introducing butadiene or isoprene monomer
into said polymerization zone containing a bed of

10 growing polymer particles in the presence of an inert
particulate material and option%lly at least one inert
gas;

(ii) continuously or intermittently introducing a
polymerization catalyst containing a rare earth metal

15 component, a co-catalyst, and optionally a promoter
into said polymerization zone;

(iii) continuously or intermittently withdrawing
polybutadiene or polyisoprene product from said
polymerization zone; and

20 (iv) withdrawing unreacted butadiene or isoprene
from said polymerization zone, compressing and cooling
said butadiene or isoprene and said inert gas when
present, while maintaining the temperature within said

_ polymerization zone below the dew point of the monomer
25 present in said polymerization zone.

2. The process according to Claim 1 wherein the
"conditions within said polymerization zone are such
~ that essentially no liquid is present in the said
30 polymerization zone that is not adsorbed on or
absorbed in solid particulate matter.

3. The process of Claim 1 wherein the
conditions within the polymerization zone are such
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bartic bon black or silica and the catalyst is

: a reaction mxture formed by (i) dlssoIV|ng a 20 neodym um

Acarboxyl "mﬂ“ﬂ n!ﬂﬂur1alcoholate ina-. sol vent, (iiﬁ addi ng
silica, i d ‘solvent of (i) to obtain’a dry solid,
(iv) addlng said dry solid to a sdBation containing an aIkyIaIun1num
chloride and a solvent, and (v) renoving the solvent 25 of (iv), which
solvents of (i) and (iv) can be the sanme or different; and

(B) a co-catalyst selected fromthe group consisting of (i) a dialkyl

al um num hydri I trialkyl alumnu |) 2 m ture of a
T2 i P 0 2 B e
met hyl al um nox ro ] s grarticula rm xtures
t her eof . 20. The process of Claim 19 wherein the reaction 35

m xture is formed by contacting neodyni um carboxyl at e,
4. The process of Claim 1 wherein said inert

5 particulate material is selected from the group
consisting of carbon black, silica, tale, clay and
mixtures thereof.

5. The process of Claim 4 wherein said inert
10 particulate material is carbon black, silica or a

mixture thereof.

6. The process of Claim 5 wherein a co-catalyst °
is selected from the group consisting of -triethyl-

15 aluminum, triisobutylaluminum, trihexylaluminum,
methylaluminoxane, modified methylaluminoxane, tri-
methylaluminum, a dialkylaluminum hydride, a mixture
of a dialkylaluminum hydride and a trialkylaluminum,
and mixtures thereof; and optionally a promoter having

20 the formula
R!
|
R—C—-X
25 _ |
Rl'

- in which X is Cl or Br, R is H, alkyl, aryl, alkyl-

30 aryl, chloro or bromo alkyl, alkoxy or epoxy; R’ is
alkyl, aryl, H, Cl or Br; R is alkyl, aryl, chloro or
bromo alkyl, chloro or bromo aryl, vinyl, Cl or Br; or
R’ + R" is oxygen, or saturated or unsaturated cyclo-
alkyl.

35
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“42- with diethyl alumnumchloride; and the co-catalyst is
di i sobutyl alum num hydride or ‘diri:sobutyl;alumnum . hydride and

triisobut “E : 21.  The: ‘process  of*Cl aim 1 :wherein the
I nert m‘“m‘mmm terial i's carbon ‘bl ack or silica and ‘the

catalyst is ¢ ('A) a reaction-gigture formed by combining a
neodym um conpound sel ected fromthe group consisting 10 of a neodyni um
car boxyl ate, a neodym um al cohol at e, and a neodym um acet yl acet onat e
wi th an organic al um num hal i de conpound in the presence of a
sol vent; and (B) a co-catalyst selected fromthe group 15
conS|st|ng of (i) a’di al Rpe proaesanpfiy@iadm 1(Whprgin the rarg| kyl

al um num  (iiigapeRipbtat eémﬁoﬂéﬂikfé a compéhﬁ&‘ﬁ!”hhfﬁkéd&aéﬁﬂ a
trial kyl alum num al um noxane, a modified

( i e
‘met hyl al uni nox3gEal selecﬁﬂﬁ fV?? gb%tﬁ?%EPtﬁ8P§3%t126 of cerium, 7 The
process of C alantHanim| cpraséedymian| ogadolinium, neodymium and a

5 mixture thereof.

8. The proéess of claim 7 wherein the rare
earth metal is neodymium.

10 9. The process of Claim 8 wherein the compound
of neodymium is selected from Ehe group consisting of -
a neodymium carboxylate, a neodymium alcoholate, a
neodymium halide or a neodeium acetylacetonate.

15 10. The process of Claim 9 wherein the compound

| of neodymium is selected from the group consisting of

neodymium neodecanocate, neodymium octoate, neodymium
versatate, and mixtures thereof.

20 11. The process according to Claim 1 wherein
said process is conducted in the presence of an agent
or device for controlling the level of static in said
reactor.

25 12. The process according to Claim 1 wherein the
static voltage in said reactor is maintained

essentially neutral.

- 13. The process according to Claim 1 wherein
30 said inert gas is nitrogen.

14. The process of Claim 1 wherein butadiene or
isoprene are introduced continuously.
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m xture is forned by conbi ni ng neoedyni um car boxyl at e

alumnum chloride in n-hexane or. cyclo- - < hexane; and t-he Goe-cat al yst
hydri de or diisobutyl alun1nph1hydfide and
“I“I“““Imr num 23. " The process according t6°Claim1

dIISO
tr||s
wher e

cat al yst
wherein the
cat al yst

neat
-43-

At

|s spray dri ed.

Is introduced into the polynerization zone as 35

# fare earth netal conpodent of the pol ynerization 30

rare earth netal component of the polynerization

liquid, a soluigon or_a slurr

10

15

20

25

30

35

The process "Sf claim 1 wherein the inert
particulate material is carbon black or silica and the
catalyst is )

(A) a reaction mixture formed by (i) contacting a
neodymium compound selected from the group consisting
of a neodymium carboxylate, a neodymium alcoholate and
a neodymium acetylacetonate with a mono-ethyl aluminum
dichloride, a di-ethyl aluminum chloride or a mixture
of the mono- and di-ethyl aluminum chloride (ii)
depositing the mixture on a s;lica support in the
presence of a solvent to form a slurry and (iii)
removing said solvent; and

(B) a co-catalyst selected from the group
consisting of (i) dialkyl aluminum hydride, (ii) a
trialkyl aluminum, (iii) a mixture of a dialkyl
aluminum hydride and a trialkyl aluminum, (iv)
methylaluminoxane, (v) modified methylaluminoxane,
(vi) and mixtures thereof.

16. The process of Claim 15 wherein the reaction
mixture is formed by reacting neodymium carboxylate
with diethyl aluminum chloride; and the co-catalyst is
diisobutyl aluminum hydride or diisobutyl aluminum
hydride and triisobutyl aluminum.

17. The process of Claim 1 wherein the inert
particulate material is carbon black or silica and the

-catalyst is

(A) a reaction mixture formed by (i) treating a
silica support with a mono-ethyl aluminum dichloride,
a di-ethyl aluminum chloride or a mixture of the mono-
and di-ethyl aluminum chloride in the presence of a
solvent to form a slurry, (ii) adding a neodymium
compound selected from the group consisting of a
neodymium carboxylate, a neodymium alcoholate, and a
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24. The process according to Claim1

a



25. Agranutar—particte—of pol ybut adi ene or pol yi soprene -optionally

pr epar | W th + the process of Claiml. - 5--_ 26.
At reﬂ ﬂam “ ;'Iﬂmanul ar particles of pol ybut adi ene o¥
pol yi s L nul ar particles are optionally prepared in

accordance with the process of Ct4lm 1. 10 27. A nol ded
article produced from granul ar particles of polybutadi ene or
pol yi soprene, which granul ar particles are optionally prepared in

~accordance with the process of aiml. 15 28. An extruded
ol yi soprene. - MaBLa 3% acerandi. e’ LA TR L oy 1
accordance w t soflengr;oamsls of Cl aim 1. 20 29. A polynerization
gatalyﬁt conprisingka) a co-cata&§kﬂwgéié3¥éa1fPQﬁ“tHE”E?yHH“ sel ect ed
rom the consisting of (i) a dialkyl aluminum hydride, (ii) a
5 trialkyl aluminum, (iii) a mixture of a dialkyl

aluminum hydride and a trialkyl aluminum, (iv)

methylaluminoxane, (v) a modified methylaluminoxane,

and (vi) mixtures thereof.

10 18. The process of Claim 17 wherein the reaction
mixture is formed by using neoéymium carboxylate and
diethyl aluminum chloride; and the co-catalyst is
diisobutyl aluminum hydride or diisobutyl aluminum
hydride and triisobutyl aluminum. |

15 _

19. The process of Claim 1 wherein the inert
. particulate material is carbon black or silica and the
catalyst is
(A) a reaction mixture formed by (i) dissolving a

20 neodymium carboxylate or a neodymium alcoholate in a
solvent, (ii) adding silica, (iii) removing said
solvent of (i) to obtain a dry solid, (iv) adding said
dry solid to a solution containing an alkylaluminum
chloride and a solvent, and (v) removing the solvent

25 of (iv), which solvents of (i) and (iv) can be the
same or different; and : |

(B) a co-catalyst selected from the group
- consisting of (i) a dialkyl aluminum hydride, (ii) a
- trialkyl aluminum, (iii) a mixture of a dialkyl

30 aluminum hydride and a trialkyl aluminum, (iv)
methylaluminoxane, (v) a modified methylaluminoxane,
and (vi) mixtures thereof.

20. The process of Claim 19 wherein the reaction
35 mixture is formed by contacting neodymium carboxylate

AMENDED SHEET



group consisting of (1) a reaction mxture forned by treating a
silica support, a carbon black support or-a m. xed suppont t her eof

Wth a al um num chl ori de, addlng a neodynlum

‘car bOXng{mmﬁ I“““ﬁmmulﬁr esence of a solvent to forma slurry, and
renovi ng the Soltvefit dr {2) a reacti on-#2xture forned by di ssolving a
neodymi um car boxylate in a first sol vent, adding silica or carbon

bl ack, and renoving 30 the solvent to obtain a dry solid, contacting the

dry solid with a solution containing a nono- or di- ethyl

al um ni um chl or i sol vent. .. and. renp cond

sol vent; and With' 'dictnyl Aluminum o E%QﬁY<§ﬂé;§hﬁ %ﬂﬂ?ﬁﬁ Y ot t he

group c ondl issabngk yof aiumnﬂnﬁ;ﬂydﬁiﬂernrndﬁabahhxylralumﬂnmwl
hydride and triiscbutyl aluminum.

5 21. The process of Claim 1 wherein the inert
particulate material is carbon black or silica and the
catalyst is

(A) a reaction mixture formed by combining a
neodynmium compound selected from the group consisting

10 of a neodymium carboxylate, a neodymium alcoholate,
and a neodymium acetylacetonaéé with an organic
aluminum halide compound in the'presence of a solvent;
and

(B) a co-catalyst selected from the group

15 consisting of (i) a dialkyl aluminum hydride, (ii) a
trialkyl aluminum, (iii) a mixture of a dialkyl
aluminum hydride and a trialkyl aluminum, (iv)
methylaluminoxane, (v) a modified methylaluminoxane,
and (vi) mixtures thereof.

20 , '

22. The process of Claim 21 wherein the reaction
mixture is formed by combining neodymium carboxylate
with diethyl aluminum chloride in n-hexane or cyclo-
hexane; and the co-catalyst is diisobutyl aluminum

25 hydride or diisqbutyl aluminum hydride and triisobutyl
aluminum.

23. The process according to Claim 1 wherein the
- rare earth metal component of the polymerization
30 catalyst is spray dried.

24. The process according to Claim 1 wherein the
rare earth metal component of the polymerization
catalyst is introduced into the polymerization zone as

35 a prepolymer, a neat liquid, a solution, or a slurry.
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aIuniﬁﬂﬁr—andﬁiﬁﬁiﬁTﬁ?TThereof. 5 30. A polynerization

catal ys Claim?29 wherein the rare earth copnponent is

,prepar i“gm !&r“laquential steps of:’ : (1) " tReating a
ear

lica on* bl ack support, or m xed support théereof with
dlethyl 10 alun1nun1chloride in a sdent to forma slurry;
(ii) adding a neodym um carboxyl ate to the slurry; and
(iii) renoving the sol vent. 15 31. A pol ynerization catal yst
as claimedin - Caim29 wherein the rare earth conponent is prepared

of acarbon - bPackAodRRBFYaE: PATEIRb8ag: BRTZAREARIERESo a firat 20

sol vent to forpedyibaprene optionally(prreparedoinngcthedancet withvent of
(i) to oghglﬁrgcggg 3@Ib§F . (iii1) contacting said dry solid
ori

wi th di et hyl l'um ni um c e in a second solvent to forma 25
slurry; and : (iv) renoving the second solvent of (iii),

wherein tge first sgbyeat t@te(proatidelhersfiC§Pnular particles of
polybutadiene or polyisoprene, which granular
particles are optionally prepared in accordance with
the process of Claim 1.

10 27. A molded article produced from granular
particles of polybutadiene or Eblyisopréne, which
granular particles are optionally prepared in
accordance with the process of Claim 1.

15 28. An extruded article produced from granular
particles of polybutadiene or polyisoprene, which
. granular particles are optionally prepared in
accordance with the process of Claim 1.

20 - 29. A polymerization catalyst comprising:

(A) rare earth metal component selected from the
group conéisting of (1) a reaction mixture formed by
treating a silica support, a carbon black support or a
mixed support thereof with a mono- or di-ethyl

25 aluminum chloride, adding a neodymium carboxylate in
the presence of.a solvent to form a slurry, and
removing the solvent or (2) a reaction mixture formed

- by dissolving a neodymium carboxylate in a first
- solvent, adding silica or carbon black, and removing

30 the solvent to obtain a dry solid, contacting the dry
solid with a solution containing a mono- or di-ethyl
aluminium chloride in a second solvent, and removing
the second solvent; and
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*solvent of (iii) may be the same or different. 30 32.- A
polynerization catalyst as clained in . claim29 wherein the neodym um
carboxyl yn1un1neodecanoate or neodyn1un1versatate t he
organic Elm” H““““Il“ﬁ npound i s diet h | al um num chloride, and the
solvent 18 nthexaMe &r &tycl ohexane. 35744= WD 96/04323

PCT/ US95/ 09827 45 _

NOT TAKEN | NTO CONSI DERATI ON FOR THE PURPOSES

OF | NTERNATI ONAL PROCESSI NG
(B) a co-catalyst selected from the group
consisting of diisobutyl aluminum hydride, triisobutyl
aluminum, and a mixture thereof.

5 30. A polymerization catalyst as claimed in
Claim 29 wherein the rare earth component is prepared
by the sequential steps of:

(i) treating a silica support carbon black
support, or mixed support thereof with diethyl
10 aluminum chloride in a solvent to form a slurry;
(ii) adding a neodymlum carboxylate to the
slurry; and
(iii) removing the solvent.

15 31. A polymerization catalyst as claimed in
Claim 29 wherein the rare earth component is prepared
by the sequential steps of

(1) impregnating a silica support or a carbon
black support with a neodymium carboxylate in a first

20 solvent to form a slurry;

(ii) removing the first solvent of (i) to
obtain a dry solid;

(iii) contacting said dry solid with diethyl
aluminium chloride in a second solvent to form a

25 slurry; and _

(iv) removing the second solvent of (iii),
wherein the first solvent of (i) and the second
- solvent of (iii) may be the same or different.

30 32. A polymerization catalyst as claimed in
claim 29 wherein the neodymium carboxylate is
neodymium neodecanoate or neodymlum versatate, the

organic alkyl aluminum compound ig dlethy_¥alum1num

chloride, and the solvent is n-hexane or cyclohexane.
35
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