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·GAepBASE PRQDUC'IJON OFPOLYDJENES 

This application is a_ continuation-in-part application of 
prior U.S. application Serial No. 284, 797 filed August 2, 1994. 

Fjeld oftbe Imrentjmi 
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 a rare earth metal 
catalyst. 

Baplgpm1pd ofthebmmtjm 

Polydienes 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 bullt or mass processes for the polymerization 
of butadiene are known in the art to be suitable for producing 
polybutadiene with a big~ 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 iil 
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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polymers provided a means. for producing P()l~ers with a drastic 
reduction in capital investment expense and dramatic savings in 
energy usage as compared· to other then conventional polymerization 
processes. 

In a conventional gas fluidized bed process a gaseous 
stream containing one or more monomers is passed into a fluidized 
bed reactor contain;ng. a bed of growing polymer particles in a 
polymerization 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The desired· polymer product·is withdrawn from the polymerization 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, substantial heat is generated· in the polymerization zone 
which must b~ remov.ed to prevent the polymer particles from 
overheating and ·fusing together. This is accomplished by 
continuously removing unreacted hot gases from the polymerization 
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 h~at 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 con:dition. The production of 

_polymer in ·a stirred bed reactor is very similar, differing 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 production is 
very well known in the art as shown, for example, by the disclosure 

• 
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appearing in United States Patent Nos. 4,379,758; 4,383,095 and 
4,876,320, which are incorporated· herein by reference. 

The production of polymeric substances in gas phase 
stirred reactors is also well known in the art as exemplified by the 
process and equipment descriptions appearing in United States 
Patent No. 3,256,263. 

More recently, in U.S. Patent Nos. 4,994,534 and 
5;304588, it has been taught that sticky polymers, including 
polybutadiene rubbers, can be produced in a fluidized bed reactor in 
the presence of a catalyst in a. polymerization reaction above the 
softening temperatures of the sticky polymers in the presence 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 cataly8ts, 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 may contain dienes. EP 0 647 657 Al 
discloses supported rare earth catalysts for gas phase polymerization 
of conjugated dienes. 

· For many years it was erroneously believed that to allow 
liquid of ~Y kind to enter into the polymerization region of a gas 
phase reactor would fuevitably lead to agglomeration of resin 
particles, .formation of large polymer chunks and ultimately 
~omplete' reactor shut-down. This concerri 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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copolymers. These higher alpha olefins have relatively high 

condensation temperatures. Due to the app.rehension that liquid 

monomers in the polymerization zone would lead to agglomeration, 

chnnldng and ultimately shut down the ·reactor, production rates, 

which depend upon· the rate •t 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 safely above the condensation temperature of 

the .highest boiling monomer present in the cycle gas stream. 

Even in the ease of polymerization reactions •conducted 

in stirred reactors, care was-exercised to.maintain-the resin bed 

temperature above the condensation temperature of the recycle gas 

stream components. 
To maximize heat removal it was. not unusual to spray 

or inject 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 procedure are found in United States Patent Nos. 3,254,070; 

3,300,457; 3,652,527 and4,0l2,573. 

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 prod~ces a two.:phase gas-liquid mixture in 

,. U· .. ,._.,...T! ,--- ............ "!" , ...... ILi'" 26) 
' ·'"·"-. 1' ',.I._ .. , .•. ,... "°'' -
V '-'"-"I ... tr..: • &. "-'• I•-• \1 . ._. ii. 



W096/04323 PCT/US95/09827 

-5-

temperature equilibrium with each other so that the liquid contained 
in the gas stream does not immediately flash into vapor. Instead a 
substantially greater amount of cooling takes place because the total 

mass of both gas and liquid enters the polymerization zone at a 
substantially lower temperature than previously thought possible. 
This process led to substantial improvements in the yield of polymers 
produced in the gas phase, especially where comonomers which 
condense at relatively low temperatures are used. This procedure, 
commonly referred to as "condensing mode" operation, is described 
in detail in United States Patent Nos. 4,543,399 and 4,588,790 which 
are incorporated by reference. In condensing mode operation the 
two-phase gas-liquid mixture entering the polymerization zone is 
heated quite rapidly and is completely vaporized within very short 

' . 

distance after entry into the polymerization zone. Even in the largest 
commercial reactors, all' liqliid has been vaporized and the 
temperatlire of the then totally gaseous cycle gas stream raised 
substantially by the exothermic nature of the polymerization reaction 
soon after entry into the polymerization zone. The ability to operat.e a 
gas phase reactor in con~ensing mode was believed possible due to 
the rapid heating of the ~wo-phase gas liquid stream entering the 
reactor coupled with efficient constant back mixing of the fluidized 
bed leaving no liquid present in the polymer bed more than a short 
distance above the entry level of the two-phase gas-liquid recycle 
stream. 

We have· now found that liquid monomer may be present 
throughout ·the entire polymer bed provided 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 
fluidization aids present in the bed, so long as there is no substantial 
amount of free. liquid monomer. This discovery makes it possible to 
produce polyiners 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 

::u"'""T"•":"• ........ I""·· ...... - .. ~." E "'6. ) 
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phase reactors. Another way of viewing this pisc()v~ry is that it is 
now possible to produce pplymers using readily condensable 
monomers (e.g., 1,3-butadiene, having a normal boiling.point of 
-4.5°C) in a gas phase ~~ctor Under co~di~ons at which the 
monomer woul~ be ~ed .to be .present as a liquid~ Furthermore, 
it had been previously believed that gas phase processes for 
producing. polymers with some or ·au .of the monomers having low to 

moderate condensation ~mperatures were impractical because the 
amount of polymer produced per catalyst particle was too low at all 
monomer concentrations that had condensation temperatures below 
the temperature in the polymerization zone.· The discovery of this 

invention now makes i~ economically practical to produce polymer 
with monomers at.concentrations where they have condensation 

·. . .•, . . . . 

temperatures higher than the temperature in the polymerization 
zone, such that liquid 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 forming polymer product pre$ent in the polymerization 

zone of the reactor. This iitvention makes possible the g~s phase 
prod~ction .. of classes of _polYJl)ers which previously were thought not 

- . . . 

capable of production in a continuous gas p~se process. 
Another benefit of the invention is that. operation with 

monomer present as liquid 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 pJ,"oductivity 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 properties, less 
polymer fouling, and p~ssibly improved polymer morphology than 
operation with monomer not dissolved, i.e., ~resent only in the gas 

phase. 

Su8SiiTuTE SHEET (RULE 26) 
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Summgnr of the Jpyeption 

The present invention provides a process for producing 
polybutadiene or polyisoprene in a· stirred bed or gas fluidized 
polymerization vessel having a polymerization zone under 
polymerization reaction oonditions, which process comprises: 

(i) introducing butadiene or isoprene 
monomer into said polymerization zone containing a. bed of growing 
polymer particles in the presence of an inert particulate material and 
optionally 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 
polybutadiene or polyisoprene product from said polymerization zone; 
and 

(iv) withdrawing unreacted butadiene or 
isoprene from said polymerization zone, compressing and cooling 
said butadiene or isop~e 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 
particles are also provided. 

BrietDescdption of tbeDrawipg 
·· A fluidized bed reaction system which is particularly 

. suited ·to the production of polybutadiene and polyisoprene is 
~ illustrated in the drawing. 

DeP,flMDeS;rintion Of'Ibelnyention 
··. · While not limited to any particular type or kind of 

polyinerizationreaction, this invention. is particularly well suited to 
olefin polymerization reactions involving homt>polymerization and 

.. , .. ,...-,--. : ... ,.. .... , ·i-i-T (DLJ' t: 26) .JvO.:>' i : i_; I : vi":i..!:.. • -. L .. 
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copolymerization of relatively high boiling or readily condensable 
monomers such as butadiene and isoprene. 

Examples of higher boiling or readily condensable 
monomers capable of undergoiD.g olefinic polymerization reactions 
are the following: 

A. higher. molecular weight alpha olefins such as 
decene-1, dodecene-1, isobutylene, styrene and the like. 

B. dienes such as hexadiene, vinyl cyclohexene, 
dicyclopentadiene, butadiene, isoprene, ethylidene norbornene and 
the like. 

C. polar vinyl monomers such as acrylonitrile~ 
maleic acid esters, vinyl acetate, acrylate esters, methacrylate esters, 
vinyl trialkyl silanes and the like. 

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. Suit.able inert materials 
for this purpose include nitrogen, argon, and saturated 
hydrocarbons which remain gaseous at a temperature below the 
temperature selected to ~e maintained ~ the polymerization zone. 

The higher boiling or readily condensable monomers 
can al.so 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 
~ondensable 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 il;lvention 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 

"113~-·..-· ·-.- ""' .... --(""I' 'LE 26) .. ; ' ~.' ,. I;' ......... ""''""": r· .. v.- ..,,1 . .._,.1:...,_,- •• .__,. \\,; 
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embodiment the temperature within said polymerization zone is 
maintained below the condensation temperature of the monomer 
(e.g., 1,3-butadiene or isoprene) present in said· polymerization zone. 
In another embodiment the conditions (e.g., temperature, pressure, 
~onomer(s) concentration) within said polymerization zone are such 
that essentially no liquid is present in said polymerization zone that 
is not adsorbed on or absorbed in solid particulate matter. 
Alternatively, the ~oriditions within said polymerization zone are 
maiiltained 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 catal:Yst. 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 catalysts 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 using techniques 
known to those skilled in the art. 

When the metal component is supported, typical 

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 alum;na support is a solid, 

C'LJ!:'iSTi-'; i-:-- ~·•!""·er 1RUL'" 26) '"' t:· I I u 1 I: .... !"1:1.. \ "\ . !: 
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particulate, porous material essentially inert to the polymerization. 
It is us~ as a dry po'Wder having an average particle si.ze of about 10 
to about 250 mi~ns and preferably about 30 to about 100 microns; a 
surface area of at l~st 200 square meters per gram and preferably at 
least about 250 square Diet.ere per gram; and a pore size of at least 
about 100 AngstrQms and preferably at least about 200 Angstroms. 
Generally, the amount of support used is that .which will provide 
about 0.1 to al)out 1.0 mi11imole 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 extrac~t= 5) is used as dry ( 

powder having a surfaee area of 505 square meters per gram, 

average particle. size of 100 lllicrons,_ and porosity of l.O to 1.5 cubic 
centime~r per gram. NORIT A (pH of w11ter extract =. 9 - ll) used as 
a dry powder has· a surface are11 of .720 _square meters per gram, 

average particle size of 45 to 80 microns. 
_Any ~mpound, organic or inorganic, of a metal chosen 

from those of Grc>up IIIB- of the· Periodic System having an atomic 
number of betwe~n 57 and 103 ~-be employed herein. Examples of 
rare earth metal .compounds are compounds of cerium., lanthanum, 
praseodymium., gadoli~Um and neodymium. Of these compounds, 
carboxylates, alcohola~s, acetylacetonat~s, 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., 

"cN dCl3(EtOH)3), neodymium 2,2-diethylhe:xanoate, 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. 

SUBSTITUTE SH::ET (RULE 26) 
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The catalyst modifiers and co-catalysts consist of aluminum alkyl 
halides and trialkyl aluminum compounds such as the following: 

Alkylaluminum halides can be a compound having the formula 
AIR(a-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 AIRca-a)Xa and AIR3 
wherein R, X, and a 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 diisobutylaluminum chloride 
(DIBAC) are most preferred. 

The trialkylaluminums can be a hydrocarbyl as follows: 
triisobutylaluminum, trihexylaluminum, di-isobutylhexyaluminum, 
isobutyl dihex:yl-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 C:MAO), modified methylaluminoxane (~0), 
~ethylaluminum (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 -(Al(R"')O)-, where R"' is hydrogen, an alkyl 
radical containing from 1 to about 12 carbon atoms, or an aryl radical 

s:.r:srrn.JTE SHEET (RULE 26) 
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such as a substituted or unsubstituted phenyl or naphthyl group; (b) 

ionic salts of the general formula [A+][BR* 4-], where A+ is a 

cationic Lewis or Bronsted acid capable of abstracting .. an alkyl, 
halogen, or hydrogen from. the metal compo~ent of the catalyst, B is 
boron, and R* is a 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 aluminoxanes represented by the formula: 

AIR"'2 

s 

and oligomeric cyclic alkyl aluminoxanes of the formula: 

-Al-0-

1 
R"' p 

wherein a is 1 to 40, preferably 10 to 20; ll is 3 to 40, preferably 3 to 20; 
and R"' is an alkyl group containing 1 to 12 carbon atoms, preferably 
methyl or an aryl radical such as a substituted or unsubstituted 
phenyl or naphthyl radical. Modified methylaluminoxane is formed 
by substituting 20-80 wt% of the methyl groups with a C2 to C12 

group, preferably with isobutyl groups, using techniques known to 

those skilled in the art. 
Promoters tlult can be used with rare earth metal 

compounds include Lewis acids such as BCl3, A1Cl3, 

ethylaluminum dichloride, ethylaluminum sequi~oride, 

.-· 

( 
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diethylaluminum chloride, and other alkyl radical derivatives of 
these compounds. Organohalide derivatives of the formula 

R' 
I 

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, Cl or 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, ·and the like. 

The catalyst can be prepared ~Y 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 oi:i 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 aromatic 

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 ~ be dissolved in a solvent or diluent such as a 
hydrocarbon or tetrahydrofuran and spray dried to generate a well-
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shaped catalyst precursor having little or no silica or other inorganic 

solids cont.ent, if desired. 
A preferred method for making the catalyst of this 

invention involves impregnating a silica support, a carbon black 
support, or a mixed support of the two with a rare earth metal 

containing compound. The amount of me~ impregnated on the 
support can range between 0.1and1.0 mole/g catalyst. An organic 
alkyl aluminum compound may be added prior, 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 u8ed as a slurry in a diluent. The catalyst may also be 
prepared without a support by simple contact of the· metal with the 

alkyl aluminum compound to form a solution or slurry which is fed 
directly tO the ·reactor. Th~ Al to metal ratio bi the catalyst 

preparation step may vary between 0.5 t~ 5.0. The polymerization 

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 -~omprises the sequential steps of (A) treating 

a silica support, carbon blaclt support, or mixture of the two support 

materials with a mono- or di- ethyl alumiilum chlotjde or a mixture 
of the two chlorides in a hydrocarbon solvent thereby forming a 
slurry; (B) adding the rare earth compound (e~g., a neodymium 

compound); and (C) removing the hydrocarbon solvent or diluent. 

~atalysts which are preferred in the process of this invention are (I) 

a neodymimn neodecanoate, neodymium octoate, or neodymium 

versatate as the metal component, and an _organic alkyl aluminum 
compound such as diethyl aluminum· chi'oride to form the catalyst in 

a diluent such as n-hexane or cyclohexane and (II) a neodymium 

carboxylate or alcoholate such as neodymium neodecanoate, 

neodymium octoate, or neodymium versatate as the metal component 

,.,, ·~ ... -·-· ,-- .~. 1 .... T , .... U' E ... ) . .,,. ! 1 1 • • r I ' ~ • ... L. J- K' rJ-
1.o-.J ,.J Ji I; v;::. '°'' i::... ~· L. "o 
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is impregnated on silica by dissolving the neodymium compound in 
THF, adding silica, followed 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 ·arid 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 ot 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 ai1d (iii) removing said solvent; and adding a co-catalyst 
selected from the group ~onsisting 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. 

Fluidization aids employed in the invention can be inert 
particulate materials which are cheriiically 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 tluidization aid. Carbon blacks and silicas 

. are the preferred fluidf~ation aids With carbon black being the most 
preferred. The carbon black ·materi'als employed have a primary 

· particle size of about 10 to 100 nanometers and an average size of 
aggregate (primary structure) of about 0.1toabout10 microns. The 
·specific surface area of the carbon black is about 30 to 1,500 m.2/gm 
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and the carbon black displays a dibutylphthalate (DBP) absorption of 

about 80 to about 350 cc/100 gram.S. 

· Silicas which can be employed are amorphous and have 

a primary particle size of abou~ 5 .to. 50 nanometers and an average 

size of aggregate of about 0.1 to 10 microns. The average size of 
. , . . . . . . 

agglomerates of silica is about 2 to about 120 microns. The silicas 
• ' I • • ' 

employed have a specific surface area of about 50 to 500 m2/gm and a 

dibutylphthalate (DBP) absorption of about 100 to 400. CctlOO grams. 

Clays which can be employed according to the inven~on 

have an average particle size 9fabout 0.01toabout10 microns and a 

specific surface area of about 3 to 30 m2/gm. ·They exhibit oil 

absorption of about.20 to about 100 gms per 100 gms. 

Organic polymeric substances which can _be used 

include polYIJJ.ers and copolymers o~ 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 about 0.01 to 100 mierons, 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 
. · .. 

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 (polybutadiene 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 weight. Organic polymeric 

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 

, ,_ ·-1-·• ,.;..._ ., '·--- ''""';I• - ,,~} 
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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 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 particlilarly 
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 
exceed the minimum flow required for fluidization, and preferably is 
~t least 0.1 ft./sec above minfmum flow. Ordinarily, the superficial 

_gas velocity does not exceed 5.0 ft./sec and usually no more than 2.5 
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 wiih a bed of particUlate polymer 

c-1!-'"'-·r·1 ... ,. .,..,, ·--- '"'' ··,... ,...,., o;J.,., .. :-.._, I ! j I' •-,r.<,..,- j "<· ': I'" "0\ &.t-•• 0 v•-\..if~1 ... _, \ilV--6.o J 
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particles. Such particles may be identical ~ nature t.o the polymer t.o 
be formed or they ~Y be. different. When different, they are 
withdrawn with the desired formed polJ1DSr particles as the first 
product.. Eventually, a fluidized bed of desired polymer particles 

supplants the start-up bed. . 
A partially or t.otally activated precurs_or composition 

and-or catalyst used in the fluidized bed is preferably st.ored for 
service in a reservoir 16 under a blanket of a gas which is inert t.o the 
stored material, such as .nitrogen or argon. 

Fluidization is achieved by a high rate of fluid recycle t.o 
and through the bed, typically .on the order of about 50 to about 150 
times the rate of feed ofmake-up fluid. The fluidized bed has the 

general appearance of a dense mass of individually_ m~ving 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.c:an be fed t.o the bed at point 18. The 

composition of the make-up stream is determined by a gas analyzer 
21. The gas analyzer determines the compositi()n of the recycle 
stream and the composition of the make-up stream is adjusted 
accordingly to main1;ain an essentially steady ~tate 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 he~i; 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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drawing) into the bed or by spraying onto the top of the bed through a 
nozzle (not shown) positioned above the bed, which may aid in 
eJ;minating 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 ~tream entering the bottom of the reactor. 

To ensure complete fluidization, the recycle stream and, 
where desired, part of the make-up stream are retum.ed 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 retum.ed to the bed. The heat exchange zone is 
typically a heat excbang~r 24 which can be of the horizontal or 
vertical type. If desired, several heat ex~angers 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 atan intermediate poilit.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 liquid in the cycle gas stream and 
those which do not and vice versa. 'mustrative of gas deflectors 
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suitable for this purpose is the apparatus described in U.S. Patent 
No. 4,933,149. 

The selected temperature of the bed is maintained at an 
essentially constant temperature under steady state conditions by · 

co11stantly removing the h.eat 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 
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, tb,ey 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 ~f 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 holes distributed across its surface. The holes are normally 

of a diameter of about 112 inch. The holes extend· through the plate. 

Over each hole there is positioned a triangular angle iron identified 

as 36 which is molinted 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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stagnant zones of solids. In addition they prevent the.polymer from 
fl.owing through the holes. when the bed is settled. 

Any fluid inert to the catalyst and reactants can also· be 
present in the recycle stream. An activator compound, if utilized, is 
preferably added to the reaction system downstream from heat 
exchanger 24, in which case the activator may be fed into the recycle 
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 ranging 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 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 occlir 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 . 
continuously feed the catalyst into the reactor utilizing a catalyst 
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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 reftll'eJlCe. The. catalyst.is preferably fed 
into the reactor at a point 20 to 40 percent of the reactor diamet.er 
away from the reactor wall and at a height of about 5 to about 80 

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 pqlymer production in the bed depends on the 

rate of catalyst injection and the concentration of mon9mer(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 ~ccommodate any. change in 
the rate of heat generaU:on. 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 prociuct 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~e temperature 
rise of the fluid across the reactor (the difference between inlet fluid 
temperature and exit fluid temperature) ~ indicative of the rate of 
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particular polymer formation at a constant fluid velocity if no or 
negligible vaporizable ·liquid is present in the inlet fluid. 

On discharge of particulate polymer product from 
reactor 10, it is desirable and preferable to separate fluid from the 
product and to return the fluid to the recycle line 22. There are 
numerous ways known to the art to accomplish this.. One preferred 
system is shown in the drawings. Thus, fluid and product leave 
reactor 10 at point 44 and enter product discharge tank 46 through 
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 discharge~ 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, valve 48 is open and 
valves 50, 52 are in a 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 
~s 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. 

SUBSTlTUTE SHEET (RULE 26) 
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· The particular timing sequence of the valves is 

accomplished by the use. of conventional programmable controllers 

which are well known in the art. Moreover, the valves can be kept 

substantially free of agglomerated particles by directing a stream of 

gas periodi~y through the valves and back to the reactor .. 

Another preferred product discharge system which may 

be alternatively employed is that disclosed and claimed in the 

copencling U.S. patent application of Robert G. Aronson 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 rea.ctor. 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. T~e 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. 
illustrative of the polymers which can be produced in 

accordance with the invention are the following: 

Polyisoprene 
Polystyrene 
Polybutadiene 
SBR (polymer of butadiene copolymerized with 

styrene) 
ABS (polymer of acrylonitrile, butadiene and 

styrene) 

SUBSTITUTE SHEET (RULE 26) 
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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 vinyltrimethoxy silane 
Copolymer of ethylene and one or more of. 
acryoni1#}e, 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 ~hich are preferred for gas phase fluidized 
bed production in accord8nce 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 satUl"ated 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 
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as styrene, vinyl acetic. acid, acrylonitrile, methylacrylate, 
methylm.ethacrylate aild the like .. Alkanes such as ethane and 

propane which remain gaseous at relatively low teuiperatures are 
also preferred. 

Conventional techniques for the prevention of fouling of 
the reactor and polymer agglomeration can be used in the practice of 

our invention. mustr11tive of these techniques, at"e 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 poten~s .as described in U.S. Patent No. 4,803,251. 
Antistat substances may also be added, either contin~ously 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 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 polyisopreile in solid bale form. It is generally 
desirable· that elastomer blends be intimately mixed in order to 
optimize the mechanical properties of the vulcamzate. 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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deagglomerated in the udxing process before it could be dispersed, in 

this case enters the m;xing process already substantially 

deagglomerated and dispersed. · 
Elastomeric compounds prepared from granular 

polybutadiene and polyisoprene or miXtures thereof, are particularly 

useful as components of pneumatic tires. For example, as is known 

to those skilled in the tire making arts, in the production of a radial 

automobile ti.re, 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 circumferenc~ of the toroid. Finally, the green 

tire is vulcanized by inflating with high pressure steam against the 

inner surface of a closed, heated alumln.um mold. In the early stage 

of the vulcanization process, when the vari~us elastomeric 

compounds are still soft and tlowable, 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 crossJinldng to 
a degree that is essentially optimum for the intended purpose. 

When used as a constituent of tire compounds, granular 

polybutadiene of this invention particularly imparts ~brasion 

resistance, fatigue cracking resistance, low heat generation, and low 

rolling resistance. Granular polyisoprene of this invention 
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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. 

Epmplel 

To a gas-phase stirred bed reactor that was maintained 
at a constant temperature of60°C, 3.8 pounds of dried carbon black 
powder were added to act as a fluidization aid. To thi~ was added 
0.055 lbs TIBA, Le. triisobutylaluminum. Then was added 1.86 lbs 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 Al:~d. 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 lbs) was the 
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amount of butadiene polymer formed during the batch and which 
was present in the reactor when it was shut down. Since a total of 
8. 79 lbs (= 6.93 + 1.86) of butadiene were charged to the reactor and a 
total of 6.30 lbs(= 5.35 + 0.95) ofbutadiene have been accounted for 
leaving the reactor as polymer and in the continuous vent stream, 
there must have been 2.49 lbs of butadiene monomer present in the 
reactor when polymerization was terminated. This monomer would 
have been removed from the reactor when it was depressurized and 
the contents purged. 

The reactor volume is 61. 7 liters (or 2.18 cubic feet). At 
60°C the vapor pressure o_f 1,3-butadiene is 103 psia. The mass of 
butadiene present in the reactor as a gas at saturation would thus be 
1.88 lbs. Of the total of 2.49 lbs of unpolymerized butadiene that was 
shown to be present in the reactor at shutdown, at most 1.88 lbs 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 ~eactor 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 lbs of polymer amounts to 
11.4 lbs of condensed bu1;ildiene 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. 

Solution Catalyst Preparation for Example 2. Into a dry 
nitrogen purged flask was charged 12.32 grams of a hexane solution 
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of neodymium neodecanoate (5.4wt% Nd in hexane). To this was 

added 85 mL dry hexane. To this solution was added 3.0 mL of 1.5 M 
Et2A1Cl (l.Oeq Al/Nd). The unxture was stirred, charged to a 

pressurizable metal cylinder and fed to the reactor as a solution. 
Support.ed Cata}yst· Preparation for Example· 3. To a 500 · 

· mL dry nitrogen 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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EXAMPLE NO. 6 7 8 
PRODUCT: POLYBU- POLYBU- POLYISO-

TADIENE TADIENE PRENE 
CATALYST 
DETARS 

Catalyst Neodymium Neodymium Neodymium 
neodecanoate on neodecanoate on neodecanoate on 
·nEAC-treated DEAC-treated DEAC-treated 
silica silica silica 

Co catalyst 10% DIBAHin 10%DIBAHin 10% TIBAin 
( isopentane isopentane isopentane 

PROCESS 
CO ND MONS 

Reaction El) ED 6Q 
Temperature {°C) 

Monomer partial 63 Em 35 
pressure (psia} 

Polymer produced 5 4 
(lb} 

Reaction time lhr45min lhr35min 4 

PRODIJC.r 
ANALYSIS 

% Carbon Black 36 39 40 
N-650 by analysis 

Average particle o.<m 0.030 
size by sieve 
analysis (inchl 

Cocatalyst 28 29 
/Catalyst 
Feed ratio* 

Neodymium 100 
content in the 
polymer (ppm} 

·Reduced Viscosity 4.2 a1 
(dl/g) 

Mooney viscosity 62 39 
(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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In an example of the process of the invention a fluidized 
bed reaction system as described above, is operated as described below 
to produce polybutadiene. The polymer is produced under the 
following reaction conditions: 60°C reactor temperature and 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-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 46.2 lb/h. Dried 
N-650 carbon black is fed to the reactor at the rate of 20 lblh. 
Butadiene monomer leaves the reactor at 13 lb/h in vent streams. 
The production rate is 30 lblh 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 lb/h butadiene is being fed to 
the reactor and a total of 43 lb/h is· accounted for leaving the reactor 
as gas in a vent stream or as polymer. The difference of 3.2 lb/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 liquid monomer, i.e. there must be 11.9 lbs of dissolved liquid 
monomer in the 112 lbs polymer bed. 

The reactor volume is 55 ft3 ~ At the partial pressure of 
, 96psia, there are 44.4 lbs ofbutadiene in the ~actor gas-phase. Th~ 

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 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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present in the polymerization zone. Furthermore, the presence of 

this liquid monomer in the gas-phase reactor does not cause 

agglomeration of the polymer. 

EnmpJelO 

In another example of the process of the invention the 

polymerization is conducted as described in Example 9 except that 

the catalyst is neodyDJ.ium neodecanoate fed as a solution in hexane. 

The table gives further details on this example. 

Examplell 

In an example of the process of t}le invention a fluidized 

bed reaction system as described.above, is operate~ as. described below 

to produce polyisoprime. 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 psi.a. 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 

monom~r is fed into the reaction system at the rate of 35.4 lb/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 lb/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 lb/h isoprene is being fed to 

the reactor and a total of 32 lb/h is accounte4 for leaving the reactor 

as gas in a vent stream or.as polymer. The difference of 3.4 lb/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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of liquid monomer, i.e. there must be 12. 7 lbs of dissolved liquid 
monomer in the 112 lbs polymer bed. 

The reactor volUJQ.e is 55 ft3. At the partial pressure of 
30 psia, there are 17 .2 lbs of isoprene in the reactor gas-phase. The 
totalunpolymerizedisoprene in the reactor is thus 29.9 lbs (=17.2 + 
12 .. 7). If all of this 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. 

Epmple12 

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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9 10 
POLYBU- POLYBU-
TADIENE TADIENE. 

11 
POLYISO-

PRENE 

Temperature (°C) 6) 6) El5 
Total Pressl1re 13) m 100 

(psia) 
Superficial 1.75. 1.75 1.75 

Velocity (ftls) 
Production Rate 3) 3) 3) 

(lblh) 
Total Reactor 55 55 55 

Volume (ft3) 
Reaction Zone 7IJ 7.5 7.5 

Volume (ftS) 
Bed Height (ft) _7.0 7.0 7.0 . 
Bed Diameter (ft) 1.17 1.17 1.17 
Bed Weight Obs) 112 112 112 

CYCLE GAS 
COMPOSITION 
(MOLE%): 

N2 m m 70 
Butadiene a> a> 
Isoprene ~ 3) 

CATALYST: NdNeode- NdNeode- NdNeode-
canoate on canoate in canoate on 
DEAC- hexane DEAC-
treated treated silica 
silica 

CO-CATALYST: TIBA TIBA TIBA 
Monomer Feed 

Rate Qb/h) 
Butadiene 46.2 46.2 
Isoprene 35.4 

Monomer Vent 13 13 2 
Rate (lb/hr) 

POLYMER 
COMPOSITION 
(wt'*'): 

Butadiene 100 100 
Isoprene 100 

Th1m1;1n;irmnr 
"' •:-. -.• .. ·- ......... _ .. ~ · , __ .,... ·M' If .- 4\ri) 
~u~~·· : ..... i:...: -.. .1i"'i~~ 1 {ril.-t..'= ~o 
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l2 
POLYISO-

PRENE 

El5 
100 

1.75 

3) 
( 

55 

7.5 

7.0 
1.17 
112 

70 

3) 

NdNeode-
canoate in 
hexane 

TIBA 

35.4 
2 

100 



W096/04323 
THIS SHEET HAS BEEN 

REPLACED 

PCI'/US95/09827 

111111111111111111111111111111 
* C L M S *· -37-

WE CLAIM; 

1. A process for producing polybutadiene or 
polyisoprene in a stirred bed or gas fluidized 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 growing 
polymer particles in the presence of an inert particulate material and 
optionally 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 
polybutadiene or polyisoprene product from said polymerization 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. 

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 . 

... --... -· \ ~· ,.. ,...o"') 
- ~ ~---·: :···; (' ~- -'-· i 'y,"' ... t:. t. 
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The process of Claim 1 wherein the conditions 
within the polymerization zone are such that at least a portion of the 
monomer is a liquid that is not absorbed in the solid particulate 
matter. 

5. The process of Claim 1 where~_said inert 
particulate material is selected from the group consisting of carbon 
black, silica, talc, clay and mixtures thereof. 

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

7. The process of Claim 1 wherein th~ rare earth 
metal component is a compound selected· from the group 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, ~exylaluminum, methylaluminoxane, 
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' 
I 

R-C-X 
I 
R" 

" 

in which Xis 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. 
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The process of Claim 7 wherein the rare earth 
metal catalyst is a compound containing neodymium. 

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 
containing 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 butadiene or 
isoprene are introduced continuously. 

16. The process of Claim 1 wherein the inert 
~ particulate material is carbon black or silica and the cat8Iyst 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 
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20. 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 
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 cont.ainjng 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 dialk.yl 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 alll;minum hydri~e 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 carboxyl&te, a neodymium alcoholate, and a· neodymium 
acetylacetonate with an organic aluminum 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 
aluminlim, (iii) a mixture of a dialk.yl aluminum hydride and a 
trialkyl aluminum, (iv) methylaluminoxane, (v) a modified 
methylaluminoxane, and (vi) mixtures thereof . 
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23. The process of Claim 22 wherein the reaction 
mixture is formed by combining n~odymium carboxylate with diethyl 
aluminum chloride in n-hexane or. cyclohexane; and the co-catalyst 
is diisobutyl aluminum hydride or diisobutyl aluminum hydride and 
triisobutyl aluminum. 

24. The process according to Claim 1 wherein the rare 
earth metal component of the polymerlzation catalyst is spray dried. 

25. The process according tC> Claim 1 wherein the 
polymerization catalyst is introduced as a prepolymer into said 
polymerization. 

26. The process of Claim 1 wherein the 
polymerization catalyst introduced to the polymerization zone is a 
liquid, a solution, or a slurry. 

27. A granular particle of polybutacliene or 
polyisoprene 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 

polybutacliene. or polyisoprene. 

31. A molded article produced from the polybutacliene 

or polyisoprene of Claim 1. 

iitiiiifiifif . 
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32. A molded article produced from granular 
particles of polybutadiene or polyisoprene. 

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 al~num 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 whieh comprises: (i) impregnating a silica support, a 
carbon black support, or· a mixed support thereof with a rare earth 
metal containing compound in a solvent to form. a slurry; (ii) 
'removing said solvent to obtain a dry solid; (iii) contacting said dry 
solid with an organic ·alkyl aluminum, alkyl aluminum halide, or 
mixture thereof in a solvent to form a slurry; and (iv) removing said 
solvent. 
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38. A method· for making a rare earth catalyst. of 
Claim 37 which comprises the sequential steps of 

(i) impregnating a silica support or a carbon black 
support with a neodymium compound in a solvent to form a slurry; 

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

(iii) contacting said dry solid with diethyl 
aluminum chloride in a solvent to form a sluny; and ·· 

(iv) removing said solvent of (iii), which solvent of 
(i) 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) a reaction mixture formed by reacting a 

neodymium. carboxylate with a mono- or di- ethyl aluminum. 
chloride, depositing the ~ure 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) a reaction mixture formed by treating a· 

silica support with a mono-· or di- ethyl aluminum chloride, adding a 
neodym.itim carboxylate in the presence of a solvent to form a slurry, 
and. removing. said hydrocarbon; arid 

( 
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