2186880 PROCESS FOR BULK POLYMERI ZI NG BUTADI ENE Background of the Invention
Many tywes of polynerization processes are used in 5 t he preparation of
synthetic polyners. For exanple, the polynerization of a nongner into a
pol yner can be conducted in a nunber of_gdifferent types of r d_t8@1880
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incorporated to stabilize the suspension formed. All -
suspension ponlymerization processes use some type of
surfactant to keep the monomer globules dispersed
during the reaction in order to avoid coalescence and ¢
20 agglomeration of the polvmer. Not only does the '
suspension stabilizer affect the particle size and
shape, but also the clarity, transpérency, and
film-forming properties of the resultant polymer. A
variety of dispersing agents including watef-insoluble,
25 - finely divided, inorganic materials and organic

——

materials, depending upon the monomer to be
. polymerized, have been used as dispersing agents.
Thus, for example, talc, barium, calcium, and magnesium
carbonates, silicates, phosphates and sulfates, as well
30 as poly(vinylalcohol), salts of styrene-maleic
anhydride copolymers, vinyl acetate-maleic anhydride
copolymers, starch, gelatin, pectin, alginates, methyl
cellulose, carboxymethyl cellulose, bentonite,
limestone and alumina have been used as suspending
35 agents. A major advantage of suspension polymerization
is that the polymeric products are obtained in the form



-2- of small beads which are easily filtered, washed, and dried. For
reasons of cost and unreactivity, water is a nuch nore desirable diluent
and heat-transfer nediumthan nost organic solvents. 5 However, in
certain polynerization processes, for exanple, the preparation of very high
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15 droplets of the monomer, the aqueous phase containing
the dissolved initiator and the colloidal particles of
monomer-swollen polymer. While the emulsicn
polymerization process has the economic advantage of

N\ using water as the emulsion base, not all

20 polymerization processes can tolerate the presénce of
water. Such is the case with the polymerization of
butadiene into very high cis-1,4-polybutadiene using
nickel catalyst systems. In order to recover dry
polymers which are prepared by emulsion polymerization,

25 it is, of course, necessary to coagulate the rubber

— from the latex. Coagulation is generally accomplished
by addiﬁg a combination of salt and acid to the latex.
This results in the formation of waste water which can
present environmental problems.

30 In solution polymerization, an organic solvent is -
used which is capable'of dissolving the monomer, the
polymer, and the polymerization catalyst or initiator.
Inasmuch as the polymer is soluble in the organic
solvent which is used, there is a tendency for the

35 viscosity of the solution to increase as the molecular

weight of the polymer increases. If this continues



-3- oyer a period of tine, the solution becones too vi-scous to handle in
conventional polynerization reaction systens unless the solids content is
limted to a lowlevel. In comrercial polynerization processes, it is 5
desirable to obtain a pol ynerizati on-Aass which has a high concentration of
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15 large amount of expensive energy.

In nonaqueous dispersion polymerizations, an
organic medium is utilized which is a very poor solvent
for the polymer being produced. A dispersing agent is
utilized in the organic medium in order to disperse the

20 polymer being formed throughout the medium. The
dispersing agents (dispersion stabilizers) which are
utilized in such nonadueous dispersion polymerizations
are generally polymeric materials which can be block
copolymers, random copolymers, or homopolymers.

25 Nonaqueous dispersion polymerizations are described in
detail in U.S. Patent 4,098,980 and U.S. Patent
4,452,960. Nonaqueous dispersion polymerization
processes offer several distinct advantages over
solution polymerizations and emulsion polymerizations

B

30 including improved heat transfer, higher polymer
concentrations in the reaction medium, increased
production cépacity, and energy savings.

Bulk polymerization is the direct conversion of
liquid monomers to polymer. Such bulk polymerizations

35 are generally carried out by the addition of an
initiator to a simple homogeneous system contéining one



35 are generally carried out by the addition of an initiator to a

si npl e honbgeneous system cont ai ni ng one -4- or nore nononers. The

pol ymers produced in such bul k polynerizations can be but are not
necessarily soluble in their own nononers which are in effect utilized as
the reaction nedi um For exanpl e, polyi§§5rene Is 5 fairly soluble in
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15 reactions is that it is difficult to control the
reaction temperature during polymerization. In fact,
“attempts to bulk polymerize many types of monomers have
~ resulted in the reaction getting totally out of
U control. Due to this difficulty, bulk polymerization
20 has not been widely utilized in the commercial
preparation of synthetic rubbers. |
The concept of preparing synthetic rubbers by bulk
polymerization is not new. It has been known for many
years that diene monomers can be polymerized into
25 synthetic rubbers in the absence of a solvent. 1In
o/ fact, the Germans and Russians synthesized
' polybutadiene and polydimethylbutadiene in bulk during
o World War II using alkali metal catalysts in a batch
. process. Polybutadiene has also been prepared by the
* 30 addition of catalysts to small polymerization bottles
containing butadiene monomer. Due to the highly
exothermic nature of such bulk polymerizations, it is
not at all uncommon for the polymerization bottles
being utilized in these small scale bulk polymeri-
35 zations to explode. Because such bulk polymerization
reactions are eéessentially uncontrollable, polymer



not at all uncommon for the polynerization bottles being utilized in these
smal | scal e bul k polyneri- 35 zations to explode. Because such bulk
poﬁynerlzatlon reactions are essentially uncontroll able, polyner -5-
uniformty is very poor, gel formation-gs frequently a problem and

mol ecul ar wei ght control is very difficult. For these reasons, the bul k
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15 also requires additional treatment and equipment, all
of which further increase the cost of the rubber. The
purification of solvents being recycled'can also be
very expensive and there is alﬁays the danger that the
solvent may still retain impufities.which will poison

20 the polymerizétion catalyst. For example, benzene and
toluene can form arene complexes with the catalyst
which inhibit polymerization rates and which can result
in the formation of polymers having lower molecular
weights.

25 It has been proposed to control bulk
polymerizations by employing a device for cooling the .
reaction zone by controlled evaporation of and removal
of a portion of the liquid reactant from the reaction
zone. This technique is sometimes referred to as

30 autoréfrigeration. A description of employing | .
autorefrigeration in bulk polymerization appears in
U.S. Patent 3,458,490. In a technique disclosed
therein, a solution of polybutadiene in butadiene
monomer was prepared in a solution polymerization type

35 of reactor which was spirally agitated. However, only
35 percent of. the butadiene monomer charged was



autorefrigeration in bulk polynerization appears in U S. Patent 3,458, 490.
In a technique disclosed therein, a solution of polybutadi ene in butadi ene

mononer was prepared in a solution polynerization type 35 of reactor
which was spirally agitated. However, only 35 percent of the butadiene
monomer charged was -6- converted to poPymer. Steam stripping was
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enpl oyed to renove unreagted nngoner frgnlghe 80L¥butadiene r?ducé gorned.
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to control foan pegmb¥edafcenbeddi mobloferPromt tRe70]1¥b0tatdienet prbduqte
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Sar@/m crostruct g‘eécégrhiaéha temperature 1n the range o to .
A lithium containing catalyst is utilized in the

15 process described therein with the Mooney viscosity of
the resulting polymer increasing'with polymerization
time.

—/ Summary of the Invention

20 It has been unexpectedly found that a nickel
.catalyst system can be utilized in a process for
continuousiy bulk polymerizing 1l,3-butadiene monomer to
high conversions on a large scale basis into high
cis-1,4-polybutadiene having a uniform molecular

25 weight. In high cis-1,4-polybutadiene at least 857 of

— the butadiene repeat units in the polymer have the
cis-1,4-isomeric structure. The high cis-1,4-poly-
butadiene produced by this process has also been
determined to have the same microstructure as high

30 cis-1,4-polybutadiene produced with nickel catalyst
systems in solution polymerizations. This method for
bulk polymerizing 1,3-butadiene into high cis-1,4-poly-
butadiene in a continuous process comprises:

(1) charging said 1,3-butadiene; a catalyst system

35 comprising (a) an organocaluminum compound, (b) a
soluble nickel cohtaining_compound, and (c) a fluorine
containing compound; into a reaction zone;



30 ci s-1, 4- pol ybut adi ene produced with nickel catalyst systens in

sol ution polynerizations. This nethod for bul k polynerizing 1, 3-butadi ene
into high cis-1,4-poly- butadi ene Ln7q_continuous process conprises: (1)
charging said 1, 3-butadiene; a catal yst system 35 conprjsing (a) an

or ganoal um num conpound, (b) a sol ubl e nickel containing conpound, and (c)
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1,3-butadiene monomer and a catalyst system comprising
(a) an organoaluminum compound, (b) a nickel containing
compound, and (c¢) a fluorine containing compound; at a
sufficient rate and with sufficient mixing for the
1,3-butadiene to polymerize into high cis-1,4-polybuta-
diene to a conversion of at least 60 percent with
the liquid 1,3-butadiene providing sufficient
evaporative cooling to maintain the reaction medium at

a temperature within the range of 10°C to 130°C; and

" continuously withdrawing said high cis-1,4-polybutadiene from said
substantially solventless reaction medium.  In’

order to reduce the molecular weight of the high
cis-1,4-polybutadiene being synthesized, such bulk | v
polymerizations are normally conducted in the presence

of at least one molecular weight regulator selected >
from the group consisting of a-olefin, cis-2-butene,
trans-2-butene, allene, 1,4-pentadiene, 1,5-hexadiene,
1,6-heptadiene, 4-vinyl-l-cyclohexene, .
1,2,4-trivinylcyclohexene, l-trans-4-hexadiene, and
hydrogen. _

By utilizing the bulk polymerization process of the
present invention, numerous distinct and highly
beneficial advantages are realized. For instance, very
rapid polymerizations are experienced by practicing the
process of the subject invention. More specifically,
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"pseudo- | T'Ving" cata suc S rar ear can ?ynerrze
but adi ene in buIFQlﬁmerahhehlpgouabetpﬁeyﬁeuélﬁQVMngrn%P@%H$§?nGerghts

whi ch are dependﬁateEHQartbelgﬁeyeeﬁhone és§1@9naﬁdt FEctﬁ@Qll e like. The
use of such living 20 sts,is al so und esr cause t he high

molegul ar wei ght PP8P§FEe - prghbﬁeﬂsatgoceaﬁgé§t to ymerlzatlons

which are carried out using 11v1ng catalysts, such as
15 butyl lithium, or "pseudo-living" catalysts, such as
rare earth metals, which can polymerize butadiene in
bulk, but which produce polymers having molecular
weights which are.dependent upon the conversion,
7 ~ residence time, and the like. The use of such living
20 catalysts is also undesirable because the high
'molecular weight polymer produced also causes
processing difficulties, such as plugging the bulk
polymerization reactor. All of these problems are
overcome by using the technique of the present
25 invention, since polybutadienes of any desired
N\ molecular weight can be prepared while realizing very
high conversions of up to 100 percent. Thus, it is
possible to make polymers for specific applications
requiring distinctly different molecular weights by
30 simply modifying the process of the subject invention
without limiting conversions.

The subject process also offers the distinct
advantage of only requiring a minimal amount of
butadiene monomer to be in the reaction_zone. The

35 reactors utilized require only a minimal amount of
maintenance since they are of a self-cleaning design.



processing difficulties, such as plugging the bul k polynerization reactor.
Al] of these problens are overcone by using the technique of the present 25
i nvention, since polybutadi enes of any desired nol ecul ar wei ght can be
prepared while realizing very high conv8rsions of up to 100 percent. Thus,
it is possible to make polyners for specific applications requiring

di stinctly di ABdiehonadlycuhar steaghssrippldog is sieqpliyedodiof yiemgviehe

process of Ngoauphte! or PURAL! ABeBrilu! frbll th0 pbIYEEIRRe The Subject
process al so SPrers the distinct advantage of only requiring a mninm

anmount of but REPEHEerpRdREL Bodp¥olatiddzersextsydegneanThe gsed toreactors
utilized requiefoQel ¥n9 BirBhfBC AEREREalk FAl RheNz0bBe Beinghpydare of a
sel f-cl gani ng de5|gn. . 2 9- Addltlgnallé; ng ste nlstéLpﬁ|ng is required
to renove vol BPFP¥ES, iR L1BbBLePEatRer Faft: HBATO I EERaB18Re produced .si nce
a devol ati |l i zebnogkrsidas can be usedined:,emhee amduner gfnivolagtidei als in the.
rubber bei ng made. .5 Fbgﬁ¥ers hﬁ Iightnof-the.faék t ha buItra-high -
conver si ons c858881§tF8FR88, heSHFOuAC BPTOBFAri M8 Saﬁp- 85npounds, such .
as nononer, iprbodaecedbier mpniduadedni anyi casel. | Thasy isagsef cdorsei,s, of
course, beca”ﬁgckﬁﬁerﬁﬁgtkQQc%EQhUEbuiﬁﬂ h§eﬁ“§§t§ bls#bh¥il91 :

sol ventl ess and w1 _contain no_nore than about 10% organi c conpounds which
are sol@ents solventlesghardswild. gengginaapremorensban apentt 387t ot al

vei ght of thecokganticoRofipdunds WRiGBShreagsivenes’ Fagt itae ARghUM Wil |
contain |l ess than_ 4% by mglggt.solve ts f,or theg#? gggh,

ci s- 1, 4- pol ybGtaaite 4sPELYPIERGIPRS  nBaSEA, UROD LthegtrtapeWeigbd Bfscription
of the Inventiche Bekediencmedianer Tanmbstpelkypesr ithedreacetoy hiediusO

cis-l,4-p0|yb%&iQi%ggtggg E%Egthagr4%DB§ weight solvents for the o/
15 high cis-1,4-polybutadiene or virtually no solvents at
~ all. |

Detailed Description of the Invention

Butadiene monomer can be polymerized to very high
20 cis-1,4-polybutadiene (95 percent or more |
cis-1,4-isomeric butadiene units) in a continuous bulk
polymeriiation process using a three-component nickel
catalyst system. This three-component nickel catalyst
system includes an organoaluminum compound, a soluble
25 nickel containing compound, and a fluorine containing
compound. | _ \;
The organocaluminum compound that can be utilized
has the structural formula: |

30 /’Rl_ ' -
Al-Rz
\‘R3
in which R1 is_seiected from the group consisting of
35 alkyl groups (including cycloalkyl), aryl groups,
alkaryl groups, arylalkyl groups, alkoxy groups,



cis-1,4-isoneric butadiene units) in a continuous bul k polynerization

process using a three-conponent nickel catalyst system This

t hr eer conponent ni ckel catal yst systemincludes an organoal um num conpound,

a soluble 25 ni ckel containi ng corrpounﬂ¥ and a fluorine containing

conpound. The organoal um num conpound that**¢an be utilized has t he

structural for ERR] ich [err IS cted framth

consi sting of gg’yadr g{ﬁt’k)ﬂn %’é’s“ﬂ[errcl i 'ﬁiiﬁb 1'%/Is)cﬁ' Ms,

al karyl groups, teylgddap @rmips;lrfg loctk ya Ideydu [Ex0up s (h&rclmdimggen and

fluorine; [err] an f bei S ed f e cQ s f aIkyI

groups (i ncl udi rf’a' qgflq%é%ll&fl )aq%rl %reogirPOUsz Itl?&rﬁg[ ljpsé:‘LPd cflﬂ%x}l%

groups. Sone r e@rEsyps®.at |Sxmee>mnme@@rma@«gammnﬁemmﬁs orgamﬁmum t hat

can be utigized & I : hydri de,
lﬂ?ﬁ?ﬁ? 2?hé¥‘HHﬂ“HE;ﬁHiHﬁ%%d‘Hré1dl 1i§ﬂﬁﬂl

di - n- butyI alun1n di | sobut un1nun1hy ri 1eny al um num
hydri de, ~di-p-td¥ iR TRFeRYde qﬂj qﬂﬂﬂhﬁﬁ?’ phenyl

et E;ZL a: um num Hfmdfmgﬁm tdnmer&hsrbmﬁ@nyl |a1QinLﬂﬁ1ﬁgfﬁ d yardrdede, d:ﬁyﬁéﬂl Wi

e al um num hydri de al.unm.num ri -t o],

i sopropyl al uni 3@’&% ]é’llurﬁlrﬂi’}ﬁm% ‘%eniiﬂ%%zﬁrlopyl
al Em ngm hydri dgslmxhemdrndmprmmﬂylalauhymmmnm hyﬂxatdy,l al um num 15
et hoxi €, iiso um _num X di Y. net |

trimet hyI I umi Hﬁ#‘fl‘r |netqﬁﬂpy L?' d@di%u l'R'rér%&pdr wnr’rhli[?r% % ri | sopr opyl
al um num  tri - n-ddominw dydiine .t rpﬂt@dmlt W Eﬂmhuﬂ;ummmﬁtxdrlaimm num

trihexyl alumn d1V1CHd 1 31ym de lf HiAR num
tri phenyl a|UWIw%n t#%-l-to alunlnum trlggh;VIH%H%xﬁuwn et hy
di phenyl al uni n@humdrgg Wdrﬁ-dc%l e UninREORthya Ay dn s nand

benzyl isopropyl aluminum hydrlde, dlethylalumlnum
15 ethoxide, diisobutylaluminum ethoxide, dipropylaluminum
methoxide, trimethyl aluminum, triethyl aluminum,
tri-n-propyl aluminum, triisopropyl-aluminum,
tri-n-butyl aluminum, triisobutyl aluminum, tripentyl
w aluminum, trihexyl aluminum, tricyclohexyl aluminum,
20 trioctyl aluminum, triphenyl aluminum, tri-p-tolyl
aluminum, tribenzyl aluminum, ethyl diphenyl aluminum,
ethyl di-p-tolyl aluminum, ethyl dibenzyl aluminum,
diethyl phenyl aluminum, diethyl p-tolyl aluminum,
diethyl benzyl aluminum and other triorganoaluminum
25 compounds. The preferred organcaluminum compounds
% include triethyl aluminum (TEAL); tri-n-propyl
aluminum, triisobutyl aluminum (TIBAL), trihexyl
_': ' aluminum, diisobutyl aluminum hydride (DIBA-H), and
diethyl aluminum fluoride.
30 The component of the catalyst which contains nickel
 can be any soluble organonickel compound. These
soluble nickel compounds are normally compounds of
nickel with a mono-dentate or bi-dentate organic
ligands containing up to 20 carbon atoms. A ligand is
35 an ion or molecule bound to and considered bonded to a
metal atom or ion. Mono-dentate means having one



di et hyl phenyl alum num diethyl p-tolyl alum num diethyl benzyl alum num
and other triorganoal um num 25 conpounds. The preferred organoal um num
conpounds include triethyl aluninum (TEAL), tri-n-propyl alum num
triisobutyl aIun1nun1(T|BAL) tri hexyl ilun1nun1 di i sobutyl al um num

hydri de (DI BA-H), and diethyl al uni nuittruoride. 30 The conponent

f th I whi ch ke l,ubl i ckel
conpound. TrEasLtapiorBPRiERerhEbRySaMALERPcoRoF RAFHIREERyBARAS of ni ckel
with a nono- dbnhatheomebaldmayabe fogmedc | Bjaddntatet meansghapihg 20
o on 2t oMbeyb bbgdBiohd Froughtnioh BouHPLRE bE BOURAiH-and CONS! Cored

bonded to om or neans position
t hr ough whi chondsawéth thecwmetdlnmay benformedn tﬁhenﬁeum Haolublelr ned.

Bi -dengat e nﬁafarbaﬁbnﬂoiwﬂig xeéﬂ”SuEHaQEﬂE mehgﬂffosgheﬂheeﬁ coordi nate

bonds with e_netal may b he term "sol efers to
sol ubility i BobUeB8Bene nonomer and inert solvents. Generally, any nickel *#

salt or nickel CGBhétalmy,Ohﬁﬁnhicnéldsﬁmﬁtatnhﬂakéloﬂbntalniné to 20
car bon atons nma as the soluble nic 0

taln
conpound. ZPéBréggﬁtéPP5318%ﬁﬁp EQM squEIE° k%FrEBﬂtﬁFﬂ?ﬁg
conpounds |nnhydbenempébybdnasathe sotubleanttked, contthingpht henat e,

ni cke poctan cke o] 1,S( r ) nicke
nlcke* paln1gg@éouﬁackeFOEEeggg?gggggaE?rg éﬁgﬁ&légegk gégﬁkﬂg ni ckel
sal i cal dehydsicked( cpotapoingdremppundekénclude(vicke Ibenlaogue) et hyl ene
di i mne nickg k&!cheeeatadlﬁmukemlﬁkﬁhtaéaaeé 'ni@kéF[SsELn35£¥l nickel),
bis([err] cycl oocta- 1 |ene # ég L a g
trifluoroaceRheke! ﬁﬁﬁ ﬁPéR@F et PASARDE vyl dipximedsvickaleonponent U
contai ni ng nhekReli patmitakel, fidkkel stearate, nickel
15 acetylacetonate, nickel salicaldehyde,
bis(cyclopentadiene) nickel, bis(salicylaldehyde)
ethylene diimine nickel, cyclopentadienyl-nickel
nitrosyl, bis(f% -allyl nickel),
bis (7 cycloocta~-1,5-diene), bis(® -allyl nickel <
20 trifluoroacetate), and nickel tetracarbonyl. The

o/

preferred component containing nickel is a nickel salt
of a carboxylic acid or an organic complex compound of
nickel. Nickel naphthenate, nickel octanoate, and
nickel neodecanoate are highly preferred soluble nickel
25 containing compounds. Nickel 2-ethylhexanocate, which
is commonly referred to as nickel octanoate (NiOct) is o’
the soluble nickel containing compound which is most
commonly used due to economic factors. p
The fluorine containing compound utilized in the
30 catalyst system is generally hydrogen fluoride or boron
trifluoride.. If hydrogen fluoride is utilized, it can
be in the gaseous or liquid state. 1It, of course,
should be anhydrous and as pure as possible. The
hydrogen fluoride can be dissolved in an inert solvent,
35 and thus, can be handled and charged into the reaction
zone as a liquid solution. Optionally, butadiene



of a carboxylic acid or an organi c conpl ex conpound of nickel. N ckel

napht henat e, ni ckel octanoate, and ni ckel neodecanoate are highly preferred
sol ubl e ni ckel 25 cont ai ni ng .conpounds. N ckel 2-ethyl hexanoate, which
is comonly referred to as nickel octanoate (N Cct) is the sol uble nickel
cont ai ni ng conpound whi ch i s nost connnnF}ZUsed due to economc factors

The fluorine containing conpound ﬁtl|lzed | the130 ﬁatahy sten1|s
general |y hydr oBeRomegocade bEr Utdidzed, 28 t8e §01VeRthyd ﬁP ke i s

gtl|lﬁeg it ca&ngquu@ hugygagegngfewl#kqum@bumwyi- Ihndof course, should
e anhydrous an ur.e as_possi e 0g
di ssol ved in anaFﬁar y@gp&gﬁ%ongs ¥o aﬁ&aP%ﬂ ?%Hz§§%h§%§|%%ﬂ§%§ €char ged

into the reacti arezeoavenianti goldesdisut i on. Cptlonally, but adi ene -12-

ronomer ogn be ut || g0 g e APIER! 0o REhoARRNERIE R ite 1Yt ogn

al karyl -, “aryl al kyl - rocar ons exanmpl e enze
tol uene are conbeneam&oywlb@mpﬁ E?lfluorldthelﬂoﬁbﬁuﬂ@'ﬂhﬁﬂ' conponent

of the catalyst 4 %§ gmg@ tgg dgyyy*@ It should al so be
anhydf ous and as pure as p033|bl he | uori de d/or oron

trifluoride can al s@hge hydnogesq fiu €%§Fé1 &Fas 10
the fluorine conBgNg WA as lzwﬂrrpagmsf ot canyllyste s sarubub aon

trifluoride compl ex can r eadi .be made with co aln an
at om or r]ghl cal Gh§ ?ﬁ- rﬁ:ya&lnﬁn&&oﬁrg’oéﬁnedﬁt ?@&sl#}t%é g‘? fgﬁ‘é’%
el ectrons with ijgsaresf lamt ibdberoor thdrfdandidd wonipdexess can r@aq:dands
capabl e of such,assaocj ati. r t o d priles
and water. The lP@théi agcso?n eor\nfgfssadﬁ ne%cabn% lﬁlea?grmﬁ %Iﬁ% l\r/%;ngerel n
R «and R are sehhtadd ifsr mgalvelegrqﬁjpimgstqlrﬂytrons to or sharing
electrons with hydrogen fluoride or boron trifluoride.
15 Compounds capable of such associating are ethers,
alcohols, ketones, esters, nitriles and water.
The ketone subclass can be defined by the formula

U | 0

]
20 R'-C-R

wherein R' and R are selected from the group consisting
of alkyl radicals, cycloalkyl radicals, aryl radicals,
alkaryl radicals, and arylalkyl radicals containing

25 from 1 to about 30 carbon atoms; and wherein R' and R

~ can be the same or different. These ketones represent

a class of compounds which have a carbon atom attached
by a double bond to oxygen. Some representative
examples of ketones that are useful in the preparation

30 of the ketone-hydrogen fluoride complexes or boron
trifluoride complexes of this invention include
dimethyl ketone, methylethyl ketone, dibutyl ketone,
methyl isobutyl ketone, ethyl octyl ketone,
2,4-pentanedione, butyl cycloheptanone, acetophenone,

35 amylphenyl ketone, butylphenyl ketone, benzophenone,
phenyltolyl ketone, quinone and the like. The



of al kyl radicals, cycloal kyl radicals, aryl radicals, alkaryl radicals,
and aryl al kyl radicals containing 25 from1l to about 30 carbon atons;
and wherein R and R can be the sane or different. These ketones represent
a class of conpounds which have a carbdmB-at om attached by a double bond to
oxygen. Sone representative exanples of ketones that are useful in the
preparation E}ﬁ'eferma‘d et dre o rthdty drasg dve fuaest itwe ﬁmmplizhﬂas or bor on

trifluoride VAT
met hyl et hyl ﬁ< one e,gmg{]t%ﬁu ifetone é 3}| %Ho% etone et hy 1:C)&"(':tyl
ket one, 2, 4- pm fAnattigie campaunds, ﬁéﬁ@n@mm digrlkyl
any| phenyl k é?ﬁl-?n sbtaﬂlvmﬁwlad@ida{@ 1§eﬁmmrmenyltol yl ket one,
gui none_ and t ke The %gg_ referr ket ones that .can be used to .
formthe ketone W&ﬁd@’eﬁf‘f ity %ﬁwmg’fé‘?ﬁi”?w Y. ddon
trifluoride cfyf@iIKRON wHire iRvsspterernts d]ﬂeﬂdig&dﬁﬂs Kedyrrlasa Xy Whi ch
acetone i s nost efer d b
represent ed kﬁF ﬁ%ﬂ?%ear agﬁ %’Itgdé)nst I%ﬂafagfl%yﬁlgsgr%l%ﬁ oal kyl
groups, aryl tg'rarmpmntadimnw ty a3 Grodehdy latpmeaips 'Rheatnmmi;bam up @
about 30 car bot%l q,grga C%ﬁl%&% éadr}:c?‘ £ HHD to a

y a

nitrogen atom tri presentati v Ut not xhaust Ive

of thehitriltripieibend ar @%’e&&ﬁnﬁaw@e h}m yefhiexhaustine ohrkhe | e,

benzoni tril e @i tyidEladipd Aot itriBe, Hitkydghitkele The preferred
hydr ogen quorlde n|tr|Ie c q;lex or_horon tyif)uoride 15 nitrile

conpl ex is tRETXARBHSH Yy t 15 FH & or the boron
trifluoride %gz:ﬂéde&@mﬂex .ankhethod chilad . sUlted gase ferr dd def| ned by
wh

;?; f(r);g:JLZI ‘ré“;‘&ﬁr Sen‘t%}ﬁaér(% aﬂhif%’g%?b&y&l d‘?}{?’% Con gﬁlnlsng ~
f rom aldout J.HIIEﬁinncdmpkgxtxﬁ1the hydrogen fluoride benzonitrile
complex or the boron trifluoride benzonitrile complex.
The alcohol subclass can be defined by the formula
ROH where R represents alkyl radicals, cycloalkyl
radicals, aryl radicals, alkaryl radicals, or arylalkyl QJ
20 radicals containing from about 1 to about 30 carbon
atoms. These alcohols represent a class of compounds
which have a carbon atom attached by a single bond to
oxygen which is in turn attached to a hydrogen by a
single bond. Representative but not exhaustive of the
25 alcohols useful in the preparation of hydrogen fluoride
complexes and boron trifluoride complexes are methanol, <
ethanol, n-propanol, isopropanol, phenol, benzyl
alcohol, cyclohexanol, butanol, hexanol and pentanol.
The preferred hydrogen fluoride-alcohol complex or
30 boron trifluoride alcohol complex is hydrogen fluoride .
phenolate complex or boron trifluoride phenolate
complex.
The ether subclass can be defined by the formula
R'OR where R and R' represent alkyl radicals,
35 cycloalkyl radicals, aryl radicals, alkaryl radicals,

and arylalkyl radicals containing from about 1 to about



atons. These al cohols represent a class of conpounds which have a carbon
atom attached by a single bond to oxygen which is in turn attached to a
hydrogen by a single bond. Representative but not exhaustive of the 25

al cohol s useful in the preparation of hydr gen fluoride conpl exes and boron
trifluoride conpl exes are nethanol, ethano n- propanol , i sopropanol,

phenol , benzyl al cohol., cyclohexano but noI gxanol ent anol . The
preferred hydrogé SETROT REYPEHH e%%ﬁ%l xa?ﬂ g may %% qwgt§?$?u%Fide
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to about 5 -14-530,Cg4 b@é‘t?&%of@?&ﬁ' ”f&éﬁ‘doF diGyaké, t MPhégee or

d|55|n1lar The R may al so be Joined throu a co n carbo bond to forma
cyclic ether mﬁtﬁthﬁése¥%ﬁ¥e%&9§eﬁ oLEFY & ? s jahichy ?ﬁ% TRl c

structure 5 S#EBoRSat &hs a&i&dﬁmwaﬁy émglreomoxdds)xwean Jkr;ag@net hers
rephesent a cl ass_of cggggun n_at ons.af.t achqg q¥

singl e bonds to &R°Bxy %f%ﬁ?ta?&XFrﬁ&ﬁn%ﬁFv%Q%ﬁ?s bYe Shathe i §¢ t he
et hers usef ul |nuséﬁubrﬁmath&|prepﬂrahEOMydfogha EYdmmgeheﬂInorldeoanexes

b fl t or
0 et ﬁ;ﬁ“& | Thuog gﬂfy&ggher %Pan BEe10PTL Oo fe%é@%ﬁ%hfé er
tetrahydrofuran 1mmeebi@n arehdige tb&he¢thexhyd1gﬁhm Ie@hﬁér dibwenky

ether and the lik E% edhe pgﬁ;gréggeg5 diisOYP6PPENethéps | de- et her conpl exes
or boron trifluori

et ey at e, hydrog@ﬁt$¥€%¢$égggh%tféff%?Lér2 géo n%ﬁeﬁoé#?ﬁ%gbﬁtq%?ﬁhﬁ§l
etherate, boron ¢¢hétUodiBénzyl ether and the like. The preferred
15 hydrogen fluoride-ether complexes or boron
trifluoride-ether complexes are hydrogen fluoride
diethyl etherate, hydrogen fluoride dibutyl etherate,

boron trifluoride diethyl etherate, boron trifluoride

— dibutyl etherate complexes.
20 The ester subclass can be defined by the formula
0o ‘
fl
R'-C-0-R
25 wherein R and R' are selected from the group consisting
- of alkyl radicals, cycloalkyl radicals, aryl radicals,

_ alkaryl radicals and arylalkyl radicals containing from

- . 1l to about 20 carbon atoms. The esters contain a

: carbon atom attached by a double bond to an oxygen atom

30 as indicated. Representative but not exhaustive of
such esters are ethyl benzoate, amyl benzoate, phenyl
acetate, phenyl benzoate and other esters conforming to
the formula above. The preferred hydrogen
fluoride-ester complex is hydrogen fluoride ethyl

35 benzoate complex. The preferred boron
trifluoride-ester édmplex is boron trifluoride ethyl
benzoate complex.



di butyl etherate conpl exes. 20 The ester subclass can be defined by
the formula [ERR] 25 wherein R and R are selected fromthe group

consi sting of alkyl radicals, cycloal kyl radicals, aryl radicals, alkaryl
radi cals and aryl al kyl radicals contai-nisag from 1 to about 20 carbon atons.
The esters contain a-carbon atom attached by a double bond to an oxygen
atom 30 as i MiieC a2bomplexBepods chiat iinwettionotarex duallilye of such esters

hyl b \ I | . \ . d
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an et her, an al cohol or anitrile.., This shoyld be done in"
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di ssollde t he tieygheargdmriel berdinge marintiad nesinsite Kioom dgaperiatuxesui t abl e
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m xi ng woul d to drssolve conpl exing agent 1n a solvent and
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fluoride or g%%%%e%rhgt%%%l%%'ﬁyying would be to dissolve the _ s
15 - complexing agent in a solvent and simply bubble gaseous

hydrogen fluoride or boron trifluoride through the
system until all of the complexing agent is reacted
with the hydrogen fluoride or boron trifluoride. The
concentrations can be determined by weight gain or

20 chemical titration.

The three component catalyst system utilized can be
preformed. If the catalyst system is preformed, it
will maintain a high level of activity over a long
period of time. The utilization of such a preformed

25 catalyst system also results in the formation of a
uniform polymeric product. Such preformed catalyst - o/
systems are prepared in the presence of one or more
preforming agents selected from the group consisting of
monoolefins, nonconjugated diolefins, conjugated

30 diolefins, cyclic nonconjugated multiolefins, .
acetylenic hydrocarbons, triolefins, vinyl ethers and
aromatic nitriles.

Some representative examples of olefins that can be
used as the preforming agent in the preparation of

35- stabilized catalysts are trans-2-butene, mixed cis- and
trans-2-pentene, and cis-2-pentene. Some nonconjugated



concentrations can be determined by weight gain or 20 chem cal
titration. The three conponent catal yst systemutilized can be preforned.

If the catal yst systemis preforned, it will maintain a high | evel of
activity over a long period of tinme. The utilization of such a preforned 25
catal yst systemalso results in the fornatl®n of a uni form pol yneric

product. Such prefar cat al yst systens re pr red, in the presence of
one or nore pref %ngl% %ts"eﬁrbcheedl?q it W%‘?M’-%r&%‘i?%gﬁ’iﬁ

monool ef i nts dnoruimgl yg!fneéicachiérfé,: rb,,s-qmph dm@mb 301, 7t-oétét]!féﬂé18,arfd/f| ic
nonconj ugat e i ns,, acetyl enic rocar I e ins, viny

et hers and aro% Olrfﬁ?er'l I el% @#lfﬂ“raetp]r e‘?('garﬁﬂ Sf ol efins that
can be used as tﬂmqmejtrganerg mglmmolefiﬁsa qhaatpaaan i boan uxfecBEn.ncludﬁ abilized

g?tsalzy;te?]t%;]g ' oiTe. "ﬁénconj U ai{grgeed 5 5569 36(}%1}&?&?]5@%@%[ can %e used as

pref or mi ng agent’%s- &k |Q;¥QL1 lene Somes nppnespntative exampleaf and

the like. Represg‘dma;tl W&%ﬁor@%&wmm&%&ﬂ 48ldHel ef i ns that
can B¢ used include.’5 cl oocta xellge . 9-cycl qdqdecatriene, and
Frming, HEST @k

4-vinyl cycl oheXRSifE eé'ée'ofe \AGeHLene,
hydro;:ar bons \r/]\h:z#bm@md:)e IWMé,hGQ-mafwﬁn Nal -agenine) &mtbt;ményl g
acetyl en et hyl_ acetyl ene, Nt yne octyne, an
phenyl 8[0 acaeci ]Kéé’ t T oﬁOelﬁféI{r?%ﬁ halfa a#}beb%s"g epr ef orm ng
agent include 1 m:efdmmtg iagent ]ir&;lﬁldﬂaplaiﬁ-d‘rs;aﬂ:i},rﬁa,oct atriene,
S-nmethyl -1, 3, 6-he J{eetg_ea@g%d{;ne 1 ':4“6 éasent ative exanpl es of

substituted conjdbaie ol efins that ca e used |nclude

1, Acdi phenyl buttmetsiy l myrldrhapratzigne antbhithe dhidkel., 6-Some

representative examples of substituted conjugated
15 diolefins that can be used include 1,4-diphenyl
butadiene, myrcene (7-methyl-3-methylene-1,6-
octadiene), and the like. Ethyl vinyl ether and
isobutyl vinyl ether are representative examples of

“ ' alkyl vinyl ethers that can be used as the preforming

20 agent. A representative example of an aromatic ritrile
that can be used is benzonitrile. Some representative
examples of conjugated diolefins that can be used
include 1,3-butadiene, isoprene, and 1,3-pentadiene.
The preferred preforming-agent is 1,3-butadiene.

25 A method of preparing the preformed catalyst so
that it will be highly active and relatively chemically
stable is to add the organoaluminum compound and the
preforming agent to the solvent medium before they come

' into contact with the nickel compound. The nickel

30 compound is then added to the solution and then the
fluoride compound is added to the solution. As an
alternative, the preforming agent and the nickel
compound may be mixed, followed by the addition of the
organoaluminum compound'and then the fluoride compound.

35 Other orders of addition may be used but they generally
produce less satisfactory results.



octadiene), and the like. Ethyl vinyl ether and isobutyl vinyl ether are
representative exanples of alkyl vinyl ethers that can be used as the
préforning 20" agent. A representative exanple of an aromatic nitrile
that can be used is benzonitrile. Sone sepresentative exanpl es of
conjugated diolefins that can be used include 1, 3-butadi ene, isoprene, and
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they general |y JFhS: & sabé’é’cq ok 44 gﬁpor ddmes; the c%’ﬁenﬁﬁ%rﬁ of
pr ef or ni ng agemclws'l.ed ﬂ&xqorp&ffeﬂeﬁrtdﬂe mlﬂleﬁh)ﬁiildfﬁzf Brefidrihg hgemnge of o

about 0.001 t nt, t of nonomer to be pol ynerized.
Expressed as mﬁg Hé% H?(ﬁ ftnﬁnqﬂ;gyﬂl * agent to nickel conpound, the
amount 18 pr ef or nilig s&g e flompwahtcahaliyst s fheaver ea‘atrai:yrlg.cst&ntmﬁrtybe Wi t hin

the range of ghmids rat f. nig
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Pl e [orr] S8 b dieseaste Bivies &?@ medicaselyst

15 greatly. _

In order to properly stabilize the catalyst, the
preforming agent must be present before the
organoaluminum compodnd has an opportunity to react
with either the nickel compound or the fluoride

20 compound. If the catalyst system is preformed without
the presence of at least a small amount of preforming
agent, the chemical effect of the organocaluminum upon
the nickel compound or the fluoride compound is such
that the catalytic activity of the catalyst is greatly

25 lessened and shortly thereafter rendered inactive. 1In
the presence of at least a small amount of preforming v
agent, the catalytic or shelf life of the catalyst is
gréatly improved over the system without any preforming
agent present. _

30 _ The three component nickel catalyst system used in .
the present invention can also be premixed. Such
premixed catalyst systems are prepared in the presence
of one or more polymeric catalyst stabilizers. The
polymeric catalyst stabilizer can be in the form of a

35 liquid polymer, a polymer cement, or a polymer
solution. Polymeric catalyst stabilizers are generally



15 greatly. In order to properly stabilize the catalyst, the preformng
agent nust be present before the organoal um num conpound has an opportunity
to react with either the nickel compound or the fluoride 20 conpound.

If the catal yst systemis prefornmed without the presence of at |east a
smal | ampunt of preformng agent, the chedBcal effect of the organoal um num
upon the nickel conpound or the fluoride cqQnmpound is such that the

catal ytic activhepopplymersaef| geningagedadiones or cppoi¥Wedsafd shortly

thereafter_re”débﬁ?uéﬂﬁéaiMQenekaiBB Btgsenes ahdahmetB§3t sabskrthiragount
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catal yst stabilezemptes b€ conjugatednidéne mépomersiqhad penyber, a

pol ymer cement, ,pfy ZQQ'XHE§a§QLtheeh POLYRBELE eatalyst stabibizers are

of con d” diéne y

genéral |y honopol yner s ugat e bnes or _copolyners of conj ugated
di'enes with styieabydandsarrape,shb3rPutadieneyr BhRETY+RBCdi ene nononers

used in the prepagatbRRd9EneQ! YBLhepeatakiel, 3{3bbktadienagrnally contain

fromb5 4 to aﬁgﬁt 1$,carb09 gtgns. Sone rgpreseEtﬁtive exgnpl es of

conj ugat &8 di end: foRE¥BRLCPRat 2e ARPEREGEIFPG eq2r A~ REKAAGSRECAD Ol yireri c

catal yst stabil lz8rRonadiuore.i sapsenéncludelduaadi ene, pi peryl ene,

1, 3- hexadi ene, 1, 3- hept ad| :3-QcCt gdihe - - Lene,

2,4-heptadiene,}23288§F§§Vgﬁ§tgéagﬁg3-%bgagﬁgﬁégykl%égiﬁgﬁgggghgfe.

2, i met hyl but 2d3edémephgldlndthgptadienexadi dndimethyl-1,3-octadiene

2, 3-dimethyl -1, 35 hept 3dyeRechg131980RbHY 1 énd- @RHARERB8res thereof.

| 15 Some representative examples of polymeric catalyst

stabilizers include polyisoprene, polybutadiene,
polypiperylene, copolymers of butadiene and styrene,

copolymers of butadiene and a-methylstyrene, copolymers

-~ . of isoprene and styrene, copolymers of isoprene and
20 a-methylstyrene, copolymers of piperylene and styrene,
copolymers of piperylene and a-methylstyrene,
copolymers of 2,3-dimethyl-1,3-butadiene and styrene,
copolymers of 2,3-dimethyl butadiene and
o-methylstyrene, copolymers of butadiene and
9 25 vinyltoluene, copolymers of 2,3-dimethyl-1,3-butadiene

and vinyltoluene, copolymers of butadiene and
B-methylstyrene, and copolymers of piperylene and
g-methylstyrene. _ |
In'order to properly stabilize the catalyst system
30 ~ by this premixing technique, the polymeric catalyst
stabilizer must be present before the organocaluminum
compound has an opportunity to react with either the
nickel compound or the fluorine containing compound.
If the catalyst system is premixed without the presence
35 of at least a small amount of polymeric catalyst
stabilizer, the chemical effect of the organoaluminum



and 2, 3-di net hyl -1, 3-nonadi ene and m xtures thereof. 15 Sone
representative exanples of polyneric catalyst stabilizers include
pol yi soprene, pol ybut adi ene, pol ypi peryl ene, copol yners of butadi ene and
styrene, copolyners of butadi ene and [ et'9~ net hyl styrene, copol yners of
| soprene and styrene, copolyners of isoprene and 20 .
[err] - met hyl stopmpoend apoiny ridves ndfckei lpeopipovndiray sthe diaoidml yners of
pi peryl ene an AR S TSR P i activity of th
2, 3-di net hyl - %Ob%g%‘%néidrﬁ‘eshn)eé and styrene, copo itrrler sacofl-v21, g d? met heyl
but adi ene and catraditnn SREtERe 1 EFRait dassenahdnchesharr by
vinyltol uene, IS Qndered ifRidbilvel, 3-Tttd St e/igW 4ol uene,
copol ynmers of _but adi ene d [err]-nethylstyrene, and _copol r.S, Of
pi peryl ehe and-gast & rﬁﬁ‘i‘ﬂ{}l s%‘iﬂ”é{fe.m% riy‘i}'ry&é‘“tco Gt 91'{/) %’%/ ']tsl'rzzeer’t he
catal yst syst aelRe3Qatalytid hicr wialifiligd edhnilpiecatdiley gl syetréne imat al yst
stabilizer nust be .present before t or 0 ] as an 7
opportunity t EHeHGY FMRF BTG eOrV%rng: fi c%e ?ﬁoﬁ?%%ﬂori ne .
cont ai ni ng comudymeerid ddm lgetalstsabishisteampregerdhi xed wi t hout t he [
presence 35 of eﬁ.ﬁ# ' %@;ﬁt f MBS St vyt

t he cﬁgﬁ%ggi ec%ggiqg%h% e gfﬁisr%% ¥

stabilizer, anoal’'um num -19-" conpound upon

the ni dikl comgxatsm gro i |owidd dapuishly aatire t3nd Tkl tic

activity of tha,&GAlAMS} SOEBRNi$S & add YeHee soxgath £eh Bk tdompgdigidarl t er
rendered inactive. In the presence of snmal | anunt of

pol ymeri ¢ cat HS the (R HET: CERGRE c%&ﬁi“;f% "ﬂ?A %f&??%ug}? X he catal yst
systemis gredidfiortemute askgatsa vnel ranec anysduand vadores)tirstry qued taver i ¢
Cavel v S AR ey Ul LA AL A e oot v
stabl e 1% to asshmpdimdrigartdwenmdded conpdhgpolymer cement solution.
Alternatively, the nickel compound can be mixed with
the polymér cement first, followed by the addition of
the organocaluminum compound. Then the fluorine
containing compound is added to the polymer cement
20 solution. This is not intended to preclude other
orders or methods of catalyst addition, but it is
emphasized that the polymer stabilizer must be present
before the organoaluminum compound has a chance to
react with either the nickel containing compound or the
25 fluorine contaihing compound.
The amount of polymeric catalyst stabilizer used to <
premix the catalyst system can be within the range of
about 0.01 to 3 weight percent of the total amount
—~monomer to be polymerized. Expressed as a weight ratio
30 of polymeric catalyst stabilizer to nickel, the amount .
of polymeric catalyst stabilizer present during the
premixing step can be within the range of about 2 to
2000 times the concentration of nickel. The preferred
weight ratio of poiymeric catalyst stabilizer to nickel
35 is from about 4:1 to about 300:1., Even though such
premixed cataljst systems show catalytic activity



to the polynmer cenent solution and m x thoroughly before the organoal um num
conpound cones into contact with the nickel containing conpound. The ni ckel
15 : conmpound is then added to the pol yner cenent sol ution.

Al ternatively, the nickel conpound can be jixed with the pol yner cenent
first, followed by the addition of the of&g%baluninun1conpound Then t he
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in nore uniformlater. The butadiene monomer containing the

15 organocaluminum compound and the nickel containing
compound is then charged into the reaction zone being
used for the polymerization with the fluorine
containing compound being charged into the reaction
zone separately. Normally, the organocaluminum compound

20 énd the nickel contaiﬁing compound are charged into the
reaction zone soon after being mixed into the butadiene
monomer. In most cases, the organoaluminum compound
and the nickel containing compound are charged into the
reaction zone within 60 seconds after being mixed in

25 the butadiene monomer. It will generally be desirable

' to utilize organoaluminum compounds and nickel
containing compounds which have been dissolved in a
suitable solvent.
' The three component nickel catalyst systems
30 . utilized in the practice of the present invention have
~ activity over a wide range of catalyst concentrations

and catalyst component ratios. The three catalyst
components interact to form the active catalyst system.
As a result, the optimum concentration for any one

35 component is very dependent upon the concentrations of

- each of the other two catalyst components.



10 control of the polynerization and the polyneric product. In such a
"nodified in situ" techni que, the organoal um num conpound i s added to neat
1, 3- but adi ene nononer with the nickel containing conpound being added

| at er. The but adi ene nononer contai ni ngpthe 15 or ganoal um num conpound
and the nickel containing conpound is then charged into the reaction zone
Eel ng u?]ed fg"urt&tféﬁdﬁémwlfﬂé qbwﬁériiecitd:rwim mﬁﬁl@v{éhlﬂ gonpound

ei ng charge o the reaction zone separate e
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conpounds whi ave een dissolved in a SUIt$. e solvent. The three
conponent ni dIthamickel Sontaining compgun z‘%‘h#f‘t the ¥anrge L of the
present invergggn have agi3u teoover a 300l appeh ofhe aidle Statio of o/

concentration atal st _component ratios. The three catal st, conponent s
Interact to f%??nn{ild‘ép \férbﬁ % %W%‘fﬂd& att?%s?ﬁg &6 I mum

concerik0 atlomdMammng)rmotﬁfinund vangingfrom very cﬂepﬁn]dem upon the
concentratioqa% 4\ Pghén£5{et £61 8¢ Ysie C LS. -21-
|1e ynerlz

Furt hernore ron w |l occur over a wde range of catal yst
concentrallcnﬁpn#ﬁinxnscﬁpmﬂqnndnﬁﬁ theioxgaroplwpinun ccompoundie pol yner

bei ng synt hesizfd f 6F i al ned oyes. R f@| at | velyonprromé preféAPgg.  Bulk

pol ynmeri zations an be C%@f out ut| i e ratlo of. the O/
or ganoal uni nd# ke t rﬂ?ﬁﬁﬂo rﬁPQRﬁHRénﬁPvﬁhﬁln the range
of 15 nickel contaln1ng compound ranges from 2:1 to

80:1, the preferred mole ratio of the fluorine
containing compound to the nickel containing compound

ranges from 3:1 to 100:1, and the preferred
‘mole ratio of the fluorine containing compound to the W
20 organoaluminum compound ranges from 0 0.7:1 to

7:1. The concentration of the catalyst system
utilized in the reaction zone depends upon factors such
as purity, the reaction rate desired, the
polymerization temperature utilized, the reactor

25 design, and other factors.

The three component nickel catalyst system is _ o/
continuously charged into the reaction zone utilized in
carrying out the bulk polymerization at a rate
sufficient to maintain the desired catalyst

30 concentration. The three catalyst components can be
charged into. the reaction zone "in situ", or as has
been previously described, as a preformed or premixed
catalyst system. In order to facilitate charging the
catalyst components into the reaction zone "in situ"

35 they can be dissolved in a small amount of an inert
organic solvent or butadiene monomer. Preformed and



from 0.3:1to 300:1; with the nole ratio of the fluorine .
cont ai ni ng conpound to the organoni ckel 10 cont ai ni ng conpound rangi ng
from 0.5:1 to 200:1 and with the nole ratio of the fluorine
cont ai ni ng conpound to the organoal um num conpound rangi ng from 0.4:1
to 10:1. The preferred nole ratio? of the organoal um num conpound
to the 15 ni ckel contai ni ng conpound” gﬁges from 2:1 to 80:1,
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mai ntai n the deghee@atalFsys comPonentsoandnthen daterThetshaseanat al yst
conponents can be ch%{gg .Hnto the reaction zone "in situ", or as has been
previ ously desc &R IeLs °F pref ormed or preni xed catal yst system |In order

to facilitate chargiOng tore moxeampdiecudapomedighti meguliasorsacanoplsonbe” i n
situ" 35 th i I i S Rl 0 n or gani c
sol vent &P but a .gﬁ@ﬂﬁgﬁgﬁgﬁiﬂﬁ%gggrE€§°5ﬁ§e f%?%gﬁbgr%gﬁfeg gg%glyst
systems will, omodeeudar aeighdy regudiatemsy shich gapobecpsednipedudesi ng
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an\gy| extended rubber s heing e., Ln such 5 applications,,t.he
processing oi | mplﬁmﬁﬁﬂﬂaﬂiqmsségsgs3'%uta iene monomer which’Utilize

nickel catalyst systems, such as those disclosed in

15 U.S. Patent 4,383,097 and South African Patents
83/2555, 83/2557 and 83/2558, which are incorporated
herein by reference. These molecular weight regulators

\J are selected from the group consisting of a-olefins,
cis-2-butene, trans-2-butene, allene, 1,4-pentadiene,
20 '1,5-hexadiene, 1,6-heptadiene,

1,2, 4-trivinylcyclohexene, l-trans-4-hexadiene, and
4-vinyl-1-cyclohexene. The a-olefins that can be
utilized generally contain from 2 to 10 carbon
atoms. Some representative examples of a-olefins that

N\ 25 can be utilized for this purpose include ethylene,

propylene, l-butene, l-pentene, and l-hexene. l-butene

N is a preferred molecular weight regulator. This is

' because it has a boiling point of -6.3°C which is very
close to the boiling point of 1,3-butadiene (-4.5°C)

30 and because it is effective as a molecular weight
regulator at low concentrations and is not a poison to
the polymerization catalyst even if its concentration
increascs markedly.

The amount of molecular weight regulator that needs

35 to be employed varies with the type of molecular weight
regulator being utilized, with the catalyst system,



two purposes since it initially acts as a solvent for the catalyst
conponents and then later acts as an extender oil. One or nore nol ecul ar
melght regul ators can al so be 10 continuously charged into the reaction
zone. The nol ecul ar wei ght regul ators sgch can be used include those
which are known to be useful in solution polynerizations of 1,3-butadiene
nonomer whi chwittH itk Poikelerdaialin terffeituraiClamb wigseckd scl osed in
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15 nevertheless suppress molecular weights to the same
degree as do more typical molecular weight regulators
at higher concentrations. More specifically, allene
will suppress the molecular weight of the polymer being
synthesized in the bulk polymerization when utilized at W
20 concentrations as low as 0.005 phm (parts per hundred
parts of monomer). Generally, the molecular weight
regulator will be utilized at a concentration ranging
between about 0.005 phm and 20 phm. It will normally
be preferred for the molecular weight regulator to be
25 utilized at a concentration of 0.1 phm to 15 phm with
the most preferred concentration being between 1 phm o’
and 10 phm.
The molecular weight regulator is continuously
charged into the reaction zone at a rate sufficient to )
30 maintain the desired concentration of the molecular N
weight regulator in the reaction zone. Even though the
molecular weight regulator is not consumed in the
polymerization reaction, a certain amount of molecular
weight regulator will need to be continuously added to
35. compensate for losses. The total quantity of the
1,3-butadiene monomer, the catalyst system, and the



polynmer is desired, then a relatively small amount of 5 nmol ecul ar
wei ght regulator is required. On the other hand, in order to reduce
nol ecul ar wei ghts substantially, relatively |arger amounts of the nol ecul ar
wei ght regulator will be utilized. Gener aI_IZ\r/a_ greater amounts of the
ed

nol ecul ar wei ght 10 regul ator are requi when the catal yst system
being utilized cqontsain [ f i r. talyst l.ch
cont ai ns boron tgl{l}ll%félrﬁ'lagig"eé%%{r%er#e Qhe% ergtclﬂv%% glgiu a(r:thme/eirgﬁiatcmn

regul ators, for ecneplpemlunsite tinen i agsantiellonshe gamentasatthens and
will 15 nevewcﬁ? PGS -0 U Ao MA@ it WASIRBRMIGH RE as

do nore typical wei g regul ators at hi gher_concentrations. Mre
specifically, alltf 1839tiQpHEs ‘fltfé‘%lré'tﬁﬂ d%m\ﬁei@nfttlé‘fe-t he pol yner

bei ng synt hgsi zed : n e %éao&gnﬁihwmfé Zay ldbhéﬁ?ﬁfbddédd'ﬂri%cﬁ faZQIay so)
copcentrations as low as 0. m (parts per hundre arts of nononer).
General |y, the ndi%edifl H*NE té)"r"bsd{ﬁpr%ﬁ ABHAAHLBE R illqpszé't?%e%s' T

concentration rargillg dlefovdan cdnetrr b iphra arehridd pihat Wil Ijrowideal |y
be preéeferred for the nmolecul ar | gh e ; utis at a
concentration of %;ﬁeﬂf}ﬁne{oor %?%ﬁm&vﬁ%ﬁ %ﬁn‘%‘i{‘% eei)eorzlﬁé1 ctgnf:n{eénlt rad‘Llnon
bei ng between 1 phrempexatypremwitisndihe esc tigyroneRfl finam jabout

conti nuousjy charged i ¢ Qidif rERPLE ON I 1B, & iddhs Wdd Girtisgot g

mai ntain the desired concentration of the pol'ecul ar \C\Hﬁiﬂgg%e reqgul ator 1n the

reaction zone. Eheéh higludh ¢ He frpdcthiutaddansiiram iR ZMesuned
in the pol yneri za}ion s€aGid Rided GErdhd Hedpito OftHe | ecdd thilonved (Y.
Iregul ator will need t{g been cont) nuou@%/r Sﬂ}de to 35 . Cé)r‘r'&e%‘sate f or
osses. The total quhm9aSEYY SHeE UL ex erie SFEHARGS Emaand
system and the of -2 1wl endersawightcaregid adewigred gail dantto tpmovide
reaction 15 a good reaction zone. The screws and/or paddles within
the extruder reactor provide agitation for the
1,3-butadiene monomer, the catalyst system, and the
molecular weight regulator utilized in the
— polymerization. The screws also provide a means for
20 transporting the polybutadiene produced from the
reaction zone. Paddles can also be designed to push
the polybutadiene being produced from the reaction
zone. A means for evaporative cooling is required
since it has been determined that a cooling jacket
25 around the reaction zone is insufficient for heat
— control. -The means for evaporative cooling can simply
be one or more reflux columns. The condensate formed
- in the process of providing evaporative cooling can be
allowed to simply return into the reaction zone, or it
30 can be removed for purification and recycle. However,
it will normally not be necessary to purify the
condensate. Thus, at least a major portion of the
condensate will generally be allowed to reflux back
into the reaction zone. _'
.35 Evaporative cooling is a very effective means of
temperature control since the energy required to



zone per unit time is essentially the sanme as the quantity of high

ci s-1, 4-pol ybut adi ene withdrawn fromthe reaction zone within that unit of

tine. 5 The reaction zone is constructed in such a way so as to

provide constant agitation to its contents. It will also be constructed in

a manner that will provide a neans for~ §§Tficient evaporative cooling to
rea tlon zone of from about 10 [err]
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C}S ﬁ 4- pol yhed Bfigene Itoirstb]bsoeacéebﬁ-iemﬁelatihgbeemﬁékudﬁéelhn t he desi ]gn
of the reaction c rugder | Wi t means o
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nol ecul ar wei ator utl i on Bcrews al so 3
provi de a medF@ ¢€F940t° astﬂ%ﬁ%ﬁ%ftlagr@héopolybutaueehegQSOGnced fromthe

reaction ZC"“hlE?@E@ﬁScﬁﬁ”bé|§@1Dﬂzd&5t6n@6n£90PU§ﬁet ?ePQﬁ¥PU&f9hfﬂe bei ng
produced fromthe reaction zone ans for eva€ tTve coo o/

in
requi red si ncERf tTRASTHARNZORE &Y 1?h5Yr% EORFTALS | ERecfmoun € of ar ound
the reaction evmpbrstimeuébobiﬁgttﬁwt WEhl coeur 0l . THEepressaré or

conpert o°r SFEERTY B0 PLIBLIGE 5 RRE 911 10" be LEthtka Phe BnrTRlLedn be
al lowed to suwmtlymeawmgeatthat\ealbmsuﬁwzme 1p3-butddiene withbe
renmoved for F%Héf#&ééﬁe nggnéegycgg ¥e{easétﬂﬁkﬁengigaiéy not be

necessary to puri ensat e ey or fon of the
condensat e mn$¥a§%n%¢%I¢? HeVaPPHwed to reflux back into the reaction zong/

35 Evaporetive DRpbrtsnt Sfé\r VEhY PéACELbN CzHKENE Ohet €MPEr AL UT €
contr0155| ncedéspfgr?eng £ re‘gw rt(:al'lat provides for self-cleaning.
Such designs generally utilize a self-wiping action to
clean the sides of the reactor, the paddles, and the
extruder screws. Reactor/extruders that are equipped
with multiple rotating shafts (screws and/or paddles) b
20 can be designed to be self-cleaning. Reactor/extruders
which are equipped with intermeshing, co-rotating
twin-screws provide such a self-cleaning action and can
be designed so as to have a self-cleaning effect of
90Z or more. For that reason, they are
25 an excellent choice for utilization in the bulk
polymerizations of the present invention. Such ~
reactor/extruders which are equipped with twin-screws
also provide adequate agitation for the reactants as |
well as an excellent means for transporting the
30 polybutadiene produced from the reaction zone.

The reaction zone will also be designed so as to
provide an appropriate residence time. It will, of
course, be édvantageous to minimize residence times in
order to maximize throughput. However, it will

35 normally not be desirable to decrease residence times
to the extent that it causes a drop in conversion of



-25- - vaporize the liquid butadiene i's very substantial (99.8 cal/g). It is
also a self-reqgulating tenperature control system since as tenperatures get
higher, there will be nore evaporation, and thus, nore cooling. This 5

is the reason that evaporative cooling is %netines referred to as
autorefrigeration. An inert gas or nitrogék®Can be utilized to control the
pressurhe within the reaction ione mhi&$ in %urn contrgls the.annunh of
evaporat i ve cool PRGOPRE: tQi PPLEEEE:. IPROprdmel, regddence, time will
reacti on zone W karyotwvichuthe, tiypecolft calithdy¢sti beingautdiddeedhat Fakl ows for
the 1, 3-but adi en Lthin t .eacti ne t A L.n.b . i quid
state and as a vgsg%?gF?’ig%i%%oﬁ%gggbigr%Phgagggg §O§ﬁ§5%§rtgggéh?§ce

desi gned in a wayimest ipr thedreatcsiopelzbnel dnncagesSwberécthgncagadyssl |y
utilize a sel f-wgRi acti e £3| f akhe.ie .t he

paddl es, a?d thes@???&dgkkgg?%%sﬁ&ggg§%§rfgyg?gggrgEtEg% gggsgﬁﬂkpped W th

mul tipl e rotati ngonkaindngs cPBROURAILBANpAEJREsin2gases wharBe "§d6WEKEd t O

be sel f-cl eani ngcatB29aier 4%t Ged2ized)i Clitas@120HopRAY1Y b8 pBE8EBRENI NY,
co-notating tw n-screws %rOV|d§ such g selt-clggnlnasaitlon and, can be

desi gned so as t &§%h3$dUstsELFLCLRSHR KImES 4B tBE §68F6AOROFENCFBY t hat
reason, they arecdntrolidangextel rate altowhdchothet pblyburadienet beihgl k

pol ymeri zaty ons of t.h rgse ' L.an u r [extruders tch are
equi pped a#%h thﬁP§8§§@%?§|?%aB§§§?§89a é&@a?geagggégﬁSﬁ %8§gfhe1ﬁ2§§fants
as wel |l as an exobelenedetesminedothatanwepyr shoytt fesddence pimpbupvfdliens
produced from { Ngp,6a90 Bnkeas. HRCHECaatiaRaeede i1l hadhtdifgadgayoned so
as to provide an appropriate residence tine. |t Wi ; of course, be

advant ageous to rthaitnithe egounsned freesburadigpe menamermiRethRr oughput .
However, it will r3@actionNgbf@l k¥nndle Repteaicr ablerioldaciesse.r erFpgence

times to the extent that i caus adropinc ersion o
15 t%e ?%ence tQme utg gze gn tLe reaction

example, res
zone will generally be from 15 seconds to
15 minutes with a residence time of 30 seconds to
10 minutes being used in most cases. It is
N\ generaily preferred for the residence time in the
20 reaction zone to be within the range of 1 minute to 5
minutes. '

Since the bulk polymerization reaction is carried
out under pressures greater than those outside of the
reactor, it is normally desirable to design the

25 reaction zone in a manner that will cause the
\«f polybutadiene exiting the reaction zone to plug the
exit so as to'prevent unpolymerized butadiene monomer
. from escaping. Alternatively, a mechanical apparatus,
| such as a restrictor valve; can be utilized to keep the
30 reactants (butadiene monomer and molecular weight
regulator) from escaping out of the reaction zone.
Such a mechanical device can also be helpful during the
start-up of the bulk polymerization process. During
start-up, it'is also possible to plug the exit of such
35 extruder reactors with polybutadiene or some other
suitable elastomeric material in order to hold back the
reactants until enough bulk polymerized polybutadiene
is generated to accomplish this purpose.



-26- nonomer to polymer. The optimal residence tinme will vary with the type
of, catalyst being utilized. For instance, it i's possible to nmaintain
shorter residence times in the reaction zone in cases where the catalyst 5
systemutilizes hydrogen fluoride as i4%741 uorine containing conpound 't han
it is in cases where "slower” catalysts are utilized. It will normally be
possi bl e to adj uSinesitlsngoliybwesadiendeaiagstp mdmm iy cont roI ling the

rate at whi Cr}ss@%ﬁ()%l%ﬂﬁtaaqbgﬂed 31?%&9:1]301, ]ﬁ]g{ ¥ OdI%%]r]t}; ?rgs ed from

the reaction Zone een erm ned ce tines
of less than pGsiibie & dwanapaxt il Horam ithe rmarmalmedzcamj with the

amount of freg IR | r ggm% gg%E at a very
| ow | evel . Foréﬂgéyaeggégﬁ} théﬁfgngdeﬁgg é%XELHI |zed11'q"e € reaction .
zone wid | gerfemMAans oy mghing t q@@é&ffmdlt@q ormad from tthey

residence ti Fedftion zone3WiSEC Qs md10 gi%énx"é&méaa' ngmﬁe% A0St cases.
It is generaHa& referred for the.residence tinme int 20 reaction

zone to be wi% a8t tUfhdeRS #ﬂ%uﬁr@qs@‘?%%taess° HQh 9% bul k
pol yneri zati mugpmrsmm dfs prdiymend firtdm wtterrqxcﬁsmﬂ esorl efiigh tiw|n t hosQs

?g;i{ ?gnszoE]i} asf rrannéglht]hﬁ}émd’mdnﬁ’u%?tt{@bé oq Lﬁdte%tg‘ne%ﬁct%? t he
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react ildh zon@lﬂ‘aqﬂw tHeeandt provge che nms)me'rg zat it adi ene
mononer fromrpe%ceasrg i S 186 b r{:gﬁ@(@éﬁﬂé: o BRAR. such as a
restrictor valve ble uti I I zed to akee t he 30ad reacét:gant S (but adi ene
mononer andlﬂﬂqgﬂﬂ fray Hihe gRackinn QQQﬁnescaplng out of the reaction

zone. Such a neclm cntdaMidiss Qﬁﬂl@p&ﬂ}ﬂ%ﬂl@idﬁﬂdm Q‘Eddiﬂ)ﬂé‘fﬁs%@ 1}51 up of
t he bul k polngélzathégpr %iﬁt Durl start.- Lﬁ; %ﬁg ossible to iy
pl ug the exitt § Jde I&é’fé’[ i adTe &gy sorre
ot her 15 least three distinct zones. These zones are the feed
zone, the reaction zone, and the transpbrt zone. The
1,3-butadiene monomer and the nickel catalyst system
'being used are generally charged into the feed zone.
The feed zone normally contains two or more co-rotating <
20 screws which quickly push the monomer and catalyst into
the reaction zone. Thus, only a minimal amount of
polymerization takes place in the feed zone. The
polymerization is substantially completed in the
reaction zone. The reaction zone contains screws,
25 paddles, or some other type of agitators that will
provide mixing and expose the polymerizing material to O/
evaporative cooling. Co-rotating agitators having a
lens-shaped cross sectional design have been found to
be good for this purpose. The reaction zone is
30 normally designed so as to be a neutral pumping region
or so as to provide only a minimal amount of pumping
action which pushes the polybutadiene being synthesized
from the reaction zone into the transport zone. The
transport region is designed to pull the polymer
35 produced from the reaction zone. Co-rotation multiple
screws are very effective for thié_purpose.



suitabl e elastoneric material in order to hold back the reactants until
enough bul k pol yneri zed pol ybut adi ene is generated to acconplish this

pur pose. -27- Since the pol ybutadi ene being produced is essentially a
solid material, it will normally not be possible to transport it fromthe
reaction zone with standard centrifugal pefs. In very sinplistic terns, 5
a neans for pushing the pol ybutadi ene forned fromthe reaction zone wll
normal |y be requiredThéhéentsnﬁuusohulhspoipmarﬁnausoﬁoreacauspuSEdngaa
sol ution or suspg p fro ! ased on
a pulling or punp ﬁéigﬁa?iy €$XE$%%n£ g%%gﬁafg@ %bﬂ@ rn@%%gh% grl
provi de the k|ndzonepyshdﬁglaneﬂohonéeng§h9 PﬂlﬁbUEGdignerbﬁspsrt the

pol~ybut adi ene prﬂPH&ﬁéearEfbﬁhEhéeéféhQﬁoien?e 168, conti pyoggshul k
pol ymeri zati on rgggiors used in the ract t hi |nv tion wll

norjral |y cént ai ndgsigne nl%a@?“?ﬁ?e%°dF FFnE e¥gnd€ no ESE Bi%xia8are the
feed zone, dtPﬁ rﬂﬂﬁblﬁHeZﬁﬁSns?ﬂﬂtt?egibﬁnspﬂrkigghé s&h@wﬂwarbytﬁdlsne
nononer an e pic st _system ng_u are en y

i nt o\r'he feed zoﬂ% Eﬁﬁe8 gggfgﬁezﬂﬁfnal$§ng8nfﬁfﬁ§ tfio 8 mgﬁf?gtatlng
20 screws whishthei dksghange zomejpohvtnks andadvant;geoustpoihe aeaction
zone. Thus, only, nLHHLdS”QU %I P+§n€5l Qlﬁﬁgfs pb@ﬁg |Puﬂggrfeed

zone. The ponneV|za ion TS sub he T éacti on zohe.
The reacti®n zonechemhcalss sucbmss éﬁthXIQQHESesCBDrOﬁoﬁeuESQealsqpbeof

agitators that “éhheBrQB'gﬁe”bélﬁﬂuéﬁﬂiéﬁaoiﬁ tﬁs aﬂéxﬁsfgélﬂsnaater'a' to

evaporative cooling. Co-rotating agitators $ a |l ens- CI 0SS
sectional design havAspBas ﬁﬂdp9b“5§ gB8s. fB etﬁngﬁﬁ?BBE% w#ﬁgi?eﬁh?lon
zone_is 30 npeget iyndgenhenes ﬁegaSatedbbyaeveybfatxvunabanlﬁgglOn or so
as to provide On|¥t€1g12 gg%gé”? n%ro 8658t "Y0°Cc to about 130°C.

15 Normally, however, it is preferred to utilize a

temperature within the range of 20°C to 100°C. The
most preferred temperature for carrying out the bulk
polymerization reaction is 35°C to 85°C.
_ Flow rates into and out of the reaction zone are
20 adjusted so as to attain a monomer conversion of at
least . 60 percent. It is normally preferred to
attain a conversion of at least 80 percent-with
conversion in excess of 90 percent being most
preferred.
25  As the polybutadlene is exiting the reaction zone,
‘it can be desirable to add shortstops, antidegradants,
- and/or other conventional rubber chemicals to it in the
, _ discharge zone. Mixing such rubber chemicals into the
: ' ~ polybutadiene can be facilitated'by first dissolving
30 them in a processing oil or mineral oil if an oil
extended polybutadiene is being prepared. Rosin acids
and tall oils (abietic acids) are generally soluble in
processing or mineral oils and function as shortstops.
" In cases where tread rubber is being prepared, from
35 1l to 10 weight percent of the processing
0il can be mixed into the bulk polymerized



action which pushes the pol ybutadi ene being synthesized fromthe reaction
zone into the transport zone. The transport region is designed to pull the
pdlyner 35 produced fromthe reaction zone. Co-rotation multiple
screws are very effective for this purppse. -28- The continuous bul k
pol ymeri zation reactor used can optionally contain a discharge zone. The
di schar ge zonpolyb@eadg@md t ol akbthheipons ybhérdi ehe bebbgrpbefiiged from

the ranspor tuigdl o, e plSyPhe0e8a in BPSLOMRELLSRIUBRNEL SPubfial there

is no back m ort € screw’ well in
t he di schar geabout. 1 &n&epeheeetuefn@ maneraixonb cantgenerablmrbe zone,

| s an advagaaggousRoLny Shelll Gh h8eqllice al6lhebEPekpehlitngOl YIEr

O her rubber ~slic t1 oxidants, can of course al so be-
added t® the @bly%@@ab?eﬂéd¢ﬁ teefarilibete thacPragesasobeen pointed out,

the tenperat uggsi-ibiPih etﬁéaéé!si)ﬁeaoﬁﬁbbérr@ﬂéﬂn@&&ﬂsbihﬁaﬁgﬁééﬁI ve .
cool i ng MAthI rom .ab err o ab mal |y,

however, it ﬁngggkgﬁa@beﬁ?rll B ﬁL?%ﬁpg ¥ &r aﬁﬁ%hﬂﬁ ?Eét}ﬁﬁg%%bf [err]
to [err]. Theanpsbceseingreﬂ minpeadtoid &oe baingi added{ fhewbllk L

pol yer| 2at| oRoL8aF1) 8! 3498648835 ¢ 6| QU4 B 8myiLonaRd ot of the

reaction zone™3 S0 as to-attarn a RoRomer conversion of
at | ea$b coeﬁopetcegtscrews|snnerdarlyopxesgreeddequateamnxangonversuon

of at least 8f,QelepNty %gﬁrgengﬁamenbéntm&s& rgoeﬁerﬁs& bei ng nost

preferred. 25 g but adi ene 1s_exit e reaction zone, it
can be desiraBising afdthaopist ko 5h?|6§§?5§ﬁﬂt§°nﬁnd/or ot her

conventional rubbgfrepephéabalkOopblymBribeddpet gehagnexlﬁ/éalaﬁesuch
rubber cher cal s 1082 §0%.POLYRY L NS S80aDF LEChbLETAEDLTLES
di ssol vi ng
15 This can normally be accomplished by repetitively
subjecting the polybutadiene to elevated temperatures
and reduced pressures. This devolatilization process
can be continued for as many cycles as are required to
reduce the volatile materials in the polybutadiene to ;J
20 acceptable levels. However, devolatilization is not
required unless unacceptably high levels of residual
butadiene or other volatile materials are present in
the polybutadiene. Thus, in cases where monomer
conversions approach 100 percent and where less than
25 100 ppm (parts per million) of volatile organic
compounds are present, devolatilization may not be ),
required. However, it will normally be desirable to
reduce the amount of volatile organic compounds present ..
to less than 10 ppm. A chemical means for reducing the ‘
30 level of volatile compounds present can, of course, be. -
used in addition to or in place of a devolatilizer.
This invention is illustrated by the following
examples which are merely for the purpose of
illustration and are not to be regarded as limiting the
35 scope of the invention or the manner in which it can be
practiced. Unless specifically indicated otherwise,
parts and percentages are given by weight.



30 themin a processing oil or mneral oil if an oil extended

pol ybut adi ene is being prepared. Rosin acids and tall oils (abietic acids)
are generally soluble in processing or mneral oils and function as
shortstops. In cases where tread rubber is Belng prepared, from 35

l1to 10 wei ght percent of the proce§ ing oil can be mxed into the
bul k pol yneri zed - but adiene, I n si.tuations re.the r bber
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devol atilization may not be required. However, it will .normally be
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Examples 1-5

A series of experiments were conducted to
polymerize neat 1l,3-butadiene in a List reactor
utilizing aliquots of a preformed and aged catalyst.

20 - In these experiments, 47.5 g of dry, liquid l-butene
'~ was charged as a molecular weight regulator into a 2.5
liter horizontal, cylindrical, steel reactor. Then 900
g of dry 1,3-butadiene monomer was added and the
solution of butadiene and l-butene was heated to 50°C
25 and a pressure of 70 psig (3.8 x 10° Pa). Later 93 ml
| of the catalyst was syringed into a metal cylinder and
then bombed into the reactor. This reactor was a
laboratory kneading reactor. Agitation was provided by
radial disk shaped elements, which are attached to a
30 rotating horizontal shaft, and which are equipped with
mixing and kneading bars. Two rows of two stationary
counter-paddles are attached to the inside wall of the
cylinder in the areas not wiped by the mixing and
kneading bars. The counter-paddles are set so as to
35 scrape and clean the agitator shaft and its disk shaped
elements. The interaction of the rotating disks and



{educe the anmpbunt of volatile organic conpounds present to |l ess than 10
ppm A chem cal neans for reducing the 30 | evel of volatile conmpounds
present can, of course, be used in addition to or in place of a

devol atilizer. This invention is illustgpted by the follow ng exanples
which are nmerely for the purpose of |Ilustrat|on and are not to be regarded

as limting t h t e n ch it can
be practlced $¥?%ﬁgs speg??€%2§?§ ?% %§€ %9@?% MF§%G§€§r hé %§@h

percent ages reading ad pixing of -V%§9@U§nb¢1xmﬁﬁlﬁﬁdlar wei ght can
be designatedcifalps#F MMd dlét'éﬂ é@'tlﬁé Opoyyﬁéﬁswiyh(aﬂf)powaéfem

viscosity, Mon | scosi nu r aver age, nol ecul ar "wei and

wei ght averag%t%’rt’cﬁ?’é‘? V\%‘?%h’i‘t @gg]sa@e tlm?np’é'?l‘él‘ll%w%ﬁfh%{%@(’&

di lute Sol utiof vaQﬁStilesuréaeeﬁeternlned in 0.1to 0.5 melght percent

t ol uene solutlons r re. deter sing a
large rotor, a ond %‘n%’ﬁé "lf mup |1¥réé§g%§ éyf:t%&e’ﬁn hf,t%e?{t?ﬁ |‘ﬂbt ifre at
[err]. The nuﬂb@ngadldflﬂt plate throughrtiye centexl af whlqmta; hi@lmrted wer e
det or i ned ust gode it 265 fEcHaiTn P8 he ARcndd Ofs Ohe PEELE ~

chromat ograph 1 nstrument_ wt ynmer s sso oro orn1 15
Exanpl es 1-5 $hakg; esA ozl %&%eﬂl%@%t%rm%¥ﬁec&h@%%t@@v@bspﬁh?n@th&é neat

1,3- lbul@dl eneehd @fLﬂﬁé EPPLA@ET UtlTlhélzﬂQxﬁhthﬂ f %r@éll @%9&&%& fod aged
RN NI gl N D W A e
cylindrical, saebhumepetatmerided Sébperatude yid, 200U Adi BHErsONONRE Was
added and t heqpgl kL oel i) éﬁFerﬁ%@”ﬁ‘%ﬂ“‘f‘#e“ & vie i byt o
was syringed pni@rat¢minﬂtnqtlm@e¢h@hmulk polymerization.
15 A cylindrical tube containing a cooling coil was
mounted vertically on top of the reactor cylinder.
Butadiene and other monomers or desired hydrocarbons
are added to the reactor by "bombing" them through a
valve and a line entering the bottom of this column and o/
20 into the top of the reactor. The catalyst subsequently
was charged through this same line. The coolant was
toluene which was chilled in a dry ice-acetone bath and
then circulated through the cooling coil. Monomers and
other hydrocarbon vapors were condensed and flow back
25 into the reactor from the cooling column. The reactor
pressure (and simultaneously, the reactor temperature) o/
was controlled within plus or minus 2 psig (1.4 x 10

Pa) of the desired pressure by manually adjusting the
pumping rate of the coolant flow. In this series of
30 experiments pressure was maintained at 70 psig (3.8 x
10° Pa) by manually controlling the flow of coolant
through the reflux cooling coil.
A second line also enters near the bottom of the
condensing (reflux) column and into the top of the
35 reactor. Polymer stabilizers (stopping agent and
antioxidant) are bombed into the reactor when it is
desired to terminate the polymerization.



t hen bonbed into the reactor. This reactor was a | aboratory kneadi ng
reactor. Agitation was provided by radial disk shaped el enents, which are
attached to a 30 rotating horizontal shaft, and which are equi pped with
m xi ng and kneadi ng bars. Two rows of two stationary counter-paddles are
attached to the inside wall of the cylindé24n the areas not wi ped by the

m xi ng and kneadi ng bars. The counter-paddl es are set so as to 35

scrape and cl ean the atfischtaorgesipomt avidh tas wlsle dtagpdees dratallethdn
interaction of thg fb%d;%duﬂ%fd r‘}{? At ror ap&mmmmﬁdg tdhd he

count er - paddl es provi kneadi ng and m xi ng of the VISCOUS pol ymer
and catal yst, arfharging &f t‘fmé’ P LRt sy 92 % %|%t1§{rhlﬁ defora8 aind at

the sane tine pr@av&g@* farfd /e ibit ddiene Qitilizdetall £Fhateso @imsand of
t he hori zaontal |s sealed with a flanged flat plate through the

center of ich %ﬂlve mechanismis attached to the agitator
shaft. A glass pl at e\ qfraﬁdmegi adsr ex0\onpdrten intrtiackell) catalgrat ca‘ystﬂam

li nd Th t] t 3 |
Cor e P or el PRAGES AR A Ml Y ehdgbr SIS e’
is an electric hesitghty peadestt arbundutene ardddre th Irbunddiene or to
initiating the t?#ﬂr{%rﬂﬁl ynﬁfﬂcezq}f&bruﬁe% catal ﬁt“‘v?é/é g xadd P

contalnlqﬂha coo |ng col | was ‘nounted vertic

y on 1o t react or
cyl i nder .1®But adishax At 6 &rih e e xangre st 4% & %claé%@rél%lémad#ed to
the reactor by "PCB’dBﬁIQadiéTﬁé“irhW%ea, Vil 3/ g &l & 15hesdRitelo®f he

bottom of this colu Jnto the t the.re The cat Iyst
subsequent |y wast %“EWH&B’P} ihihexang Oﬁ%'gi gt &Mt SQI 1R
whiich was chill efidkel sftyanarteaciat drexdred h amdl 33k g raful at ed t hr ough the

cool ing coi | Mynaners, apd, - SHAPAIARIL 48P dial © condensed and f1ow

15 nitrogen-flushed weigh tank. Thus, the solution formed
contained 0.72 moles of 1,3-butadiene, 1.20 moles of
triethylaluminum, 0.06 moles of nickel octanoate, and
1.68 moles of boron trifluoride. Approximately 800 ml

~ of this catalyst suspension was transferred into a
20 nitrogen-flushed, narrow mouth bottle which was sealed
with a rubber liner and a perforated metal cap. The
preformed catalyst was allowed to stand at room
temperature (24°C) for five days prior to using any of
it. This aging period results in the production of a
U 25 higher molecular weight polymer than is produced when a

freshly preformed catalyst is utilized. In this series
of experiments, polymerization times were varied '
between 6 minutes and 20 minutes. The polymerization
time utilized in each of the 5 experiments run is shown

30 in Table I. The monomer conversion (yield), dilute
solution viscosity (DSV) of the polybutadiene produced,
the Mooney viscosity of the polybutadiene and the
molecular weight of the polybutadiene were determined
and are shown in Table I. |

35



25 into the reactor fromthe cooling colum.  The reactor pressure (and
si mul taneously, the reactor tenperature) was controlled within plus or
m'nus 2 psig (1.4 x [err] Pa) of the desired pressure by nmanual |y adjusting
the punping rate of the coolant flow. Lyg3this series of 30 experinments
pressure was nmaintained at 70 psig (3.8 x [err] Pa) by manually controlling
the fl ow of coolant through the refl uRABDBlIIng coil. A second |ine also
enters near the bottomof the condensing (reflux) colum and into the top
of the 35 reactor. Polyner stabilizers (stopping agent and
anti oxi dant) are bonmbedPobymetie reactor when itMobendpsireMolectkani nate

the pol ynerization di schar ge W e S beep-3
installed in the botton1o% %ﬁ% react or tgﬂégfn1?ggé°¥f£¥ agé—ghgﬁgkng of .

any sol%¥ents,Examplest Timeuthin. aditelds ﬂ_ﬁaavenﬂh__and/oMnbutadene
utilized as a flush to rinse 5 out the reactor. A preforned three

conponent ni ckel _cat al yst s stenlmai 2rep gg and charged into .the reactor *
along with 5 meibht percent®of 1-bu 2fhe ahd4€he 1, Zbutadzéﬁe nnﬁ%ﬁer The
preformed catal ygt was prepared by 39% 4chargi ngo85, 4682890f hpgane, 244

g of a 16% solutj,on of 1, 3-Qutadien n hex g of 5% s tion of
triethylanininunﬁln hexane B35.3 nga 18/320Iuti€ﬁ of n?éé 2% noate in
hexanel0and 333.4 g of borbﬁtrifluoBZﬂe dbbﬁéylethEQate i 8% a 1378

ni trogen-fl ushed melgh tan Thus, I I on med c ai ne 72
nol es of 1, 3- butadlene gg nol es o% tri fg§lalu%§%un1 Oggé nnlg%QOf

ni ckel octanoate and 1. 68 nol es of boron trifluoride. Approximtely 800 n

of this catalyst &ysesﬁSbend&@érﬁ.iﬁaafsfaﬁd'rame 2, Mooneyni trogen-flushed,
narrow nouth bottle which was sef mi a_rubber liner and, a perforated_/
metal cap. Thglscosities were re at1ve y constant at conversions

15 above about 307. Dilute solution v1scos1t1es were
relatlvely constant at both low and relatlvely high
conversions, as were molecular weights. These results
show that the nickel catalyst system in combination
with l-butene as a molecular weight modifier produces W

20 high cis-1,4-polybutadiene having relatively constant
molecular weight (Mooney viscosity of 102 + 4) at
conversions of greater than about 30 percent.

Examples 6-15

- 25
This group of experiments was conducted in order to \_)

investigate the effect of addiﬁg increasing amounts of
l-butene to the 1,3-butadiene being polymerized with
the Mooney viscosity and the DSV of the polymers ;

30 prepared being measured. The reactor and the general o
procedure described in Examples 1-5 was utilized in
this series of experiments, except that the amount of
molecular weight regulator utilized was varied as well
as polymerizatibn times. In fact, no molecular weight

35 regulator was utilized in Examples 6-10. 1l-butene was
charged into the reactor in Examples 7-15 as a



prefornmed catal yst was allowed to stand at roomtenperature [err] for five
days prior to using any of it. This aging period results in the production
of a 25 hi gher nol ecul ar wei ght polynmer than is produced when a freshly
prefornmed catalyst is utilized. In this series of experinents,

pol ynmeri zation tines were varied between 63déi-nutes and 20 minutes. The
polynmeri zation tinme utilized in each of the 5 experinents run is shown 30
in Table |. Themedreowdarcweighdi seguliagion) indithgt eamoymgsi shownsddsity
(DSV) of the polggﬁqu&qre produced, the Money viscosity of the

pol ybut adi ene and the nol'ecul ar wei ght of the pol ybut adi ene were-det er ni ned
and are shown in Tabll® |thizs groupzg: FKQEElpePGﬁyﬁgPP; 940 g of

'Vb@nely Mol eCU'lQB—bQitiainenel /was bombiedV,intd thesiiigt Weactdrefior 2ach

EX Ti , mn. Yi -4 My 1 6
12§:p 2_22| g%%n. hgf%esilygfgfégfmed cagglfgl Was3f&FP3E?f7bef°regg
259 789 3 each n in a d@% ai4k-free, 108 ml gl2ss bottde 10

4 16 529% . . . 17 .. 20

64%\— 3. 98 1o§°“ta1%z‘§’§ E )si‘(?flAsm%%gr?tﬁ'ec %et gFrJr'\n%e%a?‘r o ?é’k?llé‘%l . NMooney
vi scosi ties wer e thelretios 4y 3 atst@ift- Oaig)c ofv bexiames 155 ml o P8 ghoof 30%
Di lute sol ution Wi SCoRidddents & ./l iofelay (GO ALl dROE | ow and

rel atively high conversions, as we&&wﬂglecular weigqp%. ;aﬁs% re ultigshow
that the niCkel daigtpstladpsiapg | i A& hexaResh - uidnetag §-doMecul ar
wei ght nodi fier poditcRm AF nickiilghcianchte piigut)adine pentavieng and
relatively const

conversions of gr e:[‘;‘t g‘}ql ?C' %a;%%#p%l&gg%&ﬁﬁy@%% tet)séiglf%’%dz 4
. dibutyletherate (BF3‘Bu20). These catalyst components
were agitated with the magnetic bar, and the bottles
15 were placed in a beaker of ice water for a few minutes
to keep the temperature at about 20°C to 30°C while the
NiOct and BF3'Bu20 solutions were being injected into a
nitrogen-flushed metal cylinder fitted with a ball
valve at each end. The preformed catalyst suspensions
20 were bombed into the reactor containing the butadiene
monomer which had already been heated to 50°C and a
pressure of 70 psig (3.8 x 105 Pa).
'The polymerizations were continued until only solid
polybutadiene (actually polymer swollen with some
25 butadiene monomer) was observed. The polymerizations
were terminated by bombing in 6.75 g of resin acid and
6.75 g of dibutyl-para-cresol. Mixing was continued
for ten minutes and then the polymer was devolatilized.
The results are summarized in Table II which shows that
30 as the amount of l-butene charged was increased, both
the Mooney viscosity of DSV declined.



25 This group of experiments was conducted in order to investigate the

ef fect of adding increasing anmounts of 1-butene to the 1, 3-butadi ene being
pol ynerized with the Money viscosity and the DSV of the polynmers 30
prepared being neasured. The reactor-3gd the general procedure described
in Exanples 1-5 was utilized in this series of experinents, except that the
anount of nol ecul ar wei ght regul at @ABLIE ITTzed was varied as well as

pol ymeri zation tinmes. JIn fact, ecul ar wei ght 3 regul ator was
utilized in Exanpl es 61'% eng %@@“ﬁf& charged int 34‘%%“- ¥ eactor in
Exanpl es 7-15 as a Chh@ga&ﬂecubatnnngﬂn regulaﬁhmqasnmw agunt s shown

ib(r;ngggl eni 135 : ! IS gfeq:ét%tofa ex&ggﬁreml% aborgleq_égp g M- ﬁl %I ene was )

cat al st was prepared before each run in a dry, air- free 118 m glass
bottl e containighg a srral lp magnetic stiyring barz,jy addlmg thergtoay 24.3 nl .
(16.0 g) of hexane Ri (0.95 g) of 1,3-but i’7 m  of 0.5 M
sol ution of 107 trlet IaIumnum('ﬁEAL) n , Z5 m %% 0.1 ™M
sol uti on of nigkel octangate (N Cct) I8 pentane5%,nd 9.9 M of4.45.5 M
solution of boron triflugyide dibutyl,gfherate [ ] . these catg] yst
conponent s merépagitated ith the magnetic banéﬂgmltﬂéhﬁottleéﬁg5 wer e
placdd in a bedker of icd water for &% ew mnutdl to Kekh the d.dberature
at about [err] to [err] whyle the N and solqutd ons rH bei ng
injected into 1nrtrogen ushed rretgojcylrndergrt Livath aV%%q'l val ve at
each end. The 1g ef or med Q:aﬁ al yst suspehsi ons 209% vver&a5 bombeéd Stht o t he
reactor contaiyy ng the Qutgadi ene nongyer which dygd al rgady been jheat ed to
f 7 P
[err] and a prleassure o] Olpsrg (3. 8ﬁ[err] 67)72 61 2 42

15 15 8.0 24 71% 46 2.07

ND = not done
catalyst charge - Bd/TEAL/NiOct/BFS'BuZO =
1.5/0.2/0.015/0.4 mmhgm or 0.055 phm -
20
As can readily be seen, the molecular weight

regulator utilized in Examples 7-15 effectively reduced

the molecular weight of the polybutadiene produced in

its presence. In fact, this series of experiments
25 clearly shows that molecular weight can be regulated by

the presence of l-butene without limiting conversions. v,

Examples 16-22 .
This group of experiments was conducted in the

30 reactor described in Examples 1-5. The polymerlzatlons
conducted in this series of experiments were terminated
after different short intervals of time in order to
prepare polymers at different degrees of conversion
while utilizing a nickel catalyst system. The object

35 of this group of experiments was to illustrate that a
nickel catalyst produces polymers having a relatively



The pol ynerizations were continued until only solid pol ybutadi ene (actually
pol ymer swollen with sonme 25 but adi ene nononer) was observed. The

pol yneri zations were term nated by bonmbing in 6.75 g of resin acid and 6. 75
g of dibutyl-para-cresol. Mxing was continued for ten mnutes and then the

pol ymer was devol atilized. The results are3umrari zed in Table |11 which
shows that 30 as the anount of 1-butene charged was increased, both the
Mboney Vi scosi t yuref £ @8V mielé¢uwlbai welglgs-ovewlE widd -mngecof querl -
Mooney Charged, 9%:0 V'sc03|ty DSV, Example Weight %
Time, mn. YIE?%P6 %h dl /g 0 3 43%
100 4.23 7 In esgch of these e*per1ment@hggunsio%00 g ofy doyg

0 - 18 13quid PP¥butadPene moﬂoﬂérgwere char%?d into the 18

60% 125 W10 10 2 70% 122
3.67 11 3 Irgactor Thejgpmperatqug&n tQ35reacto§'Qgsi§a1se tos g
22" 49%  50°8p and @héopﬁé%sure wad . Maintained ab070 psig 6998 x

62 2.42 14 5 2.42.15

.1
5 o g0 10° Pall;Freshly prdfprmed gatdlyste wefe Prepatefcnd
cat al yst charge ad®ed TEALthe Ot ddiene moromés. LoD, @aﬁMOrWnnnﬁﬁheor 0. 055

phm 20 As can read%?¥zg?ss§gpucé§@?égé ¥mﬁ£@¥ gﬂu#f§%% zed in

Exanpl es 7-15 ef $8 y re ecu ar wel ut adi ene
produced 1 its @aEBedlcb-Ommcs‘-a(:llstmll; bettbes gvhish ceonEaine 5a

g' ga” y shows thﬁ%gﬂ@&&%é‘irmgf’saﬁaﬂybfnjeseiﬁgeelh@yféhﬁoﬂﬁgence of

- but ene wi t hout t1ng conver |on3

components in the order listed: (1) 14 ml (9.3 g) of

o/ hexane, (2) 12 ml of a 20.57 solution of butadiene in
hexane, (3) 10.1 ml of a 0.5 molar solution of

15 triethylaluminum in hexane, (4) 3.4 ml of a 0.1 molar
solution of nickel octanoate in pentane, and (5) 16.9
ml of a 0.5 molar solution of boron trifluoride’
dibutyletherate in hexane. The catalyst components
were stirred in the capped bottles with the magnetic

20 bar and the-temperature was controlled at between about
20°C and 30°C while adding the nickel octanoate and
boron trifluoride- dibutyletherate components by setting
the bottles containing the preformed catalyst in ice

. water on a magnetic stirrer. 45 ml of the preformed

25 catalyst were injected by syringe into a metal bomb.
The fresh preformed catalysts were bombed into the
reactor utilizing nitrogen pressure within 5 to 15
minutes after their preparation.

The intended catalyst charges were 2.62 mmhgm

30 (millimoles per 100 grams of monomer) of butadiene
monomer, 0.45 mmhgm of triethylaluminum, 0.03 mmhgm of
n1cke1 octanoate, and 0.75 mmhgm of boron trifluoride’
dlbutyletherate. This was 0.115 phm (parts per hundred

_ parts of monomer) of TEAL, NiOct, and BF3.

35 ~ Polymerization started almost immediately after

addition of the catalysts to the reactor. The pressure



Exanpl es 16-22 Thi s group of experinents was conducted in the 30

reactor described in Exanples 1-5. The pol.ynerizations conducted in this
seéries of experinments were termnated after different short intervals of
time in order to prepare polyners at dlfferent degrees of conversion while
utilizing a nickel catal yst system Th Obj ect 35 of this group of
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in the reactor s raised to Q%ﬁyiﬁéf was n%égtaégfd at 70
psig (3.8 x [Féte ofaroolants Lh@@éﬁ&' ar eaignd added.
t o t he sbut adicondefgedTirapd: ra&%@'lbliit&dfgih@ GOndmett ander_cycded q¢ in dry
nitrogen-flushed,and 10 . c%@fd 4-ounce (118 m) bottles which contained
a magnetic sttPr sy TEACEHP™ FO8E-i ng the fol | owi ng conponents in the order *
LI ftgd (1) 14 mI‘h@QpZ%)ng)neg‘.h.zlwwmf w(e&)e I:Emium‘teial ?@ BWJnf gt igon of o
ut adi ene in 0 |
triethylalum F}%‘ eiq%hhexartl:%=l “3‘5‘? 1? Z%g 0? %r r%%llér a%%dﬁta’ln n60f75n| ckel

oct anoat e i ngpedt aﬂnbutarrldp(a@a-pe'e@om doissaplcvad ol 200sg ofi ddquiidbor on
triflyeride gmlmle%féﬁ%%eﬂu& heiter B ﬁ&ﬁlgés gfm YRS vere stirred
he te

in the capped hottles wth the _nagnetic 20 rrperature was
control | ed aPoddbutadisnsudoretV) minptes.r | The resaddsngt k&isi ckel

octanoat e angrupoft eixipleudieth sdidrel whowneial CablepaIgnt s by setting the
bottles containing the preforned catalyst in ice water on a nagnetic

stirrer. 45 m of the prefornmed 25 catal yst were injected by syringe
into a netal bonb. TABLE III
15.
Polymeri- Molecular
zation Mooney Weight
Time, 7% Con- Viscosity DSV, X 103
Example min. version ML-4 dl/g Mn Mw H.I. L
20 16 2.25 13 95 3.26 205 646 3.2
17 1.5 18 102 3.04 174 631 3.8
18 3 36 98 3.18 178 618 3.5
19 6 60.5 115 3.55 190 729 3.8
20 3 63.5 124 3.41 198 654 3.3
25 21 6 71 114 3.59 216 744 3.5
22 30 92.5 125 3.24 163 576 3.5 o/

Polymer molecular weight increased sharply until a
conversion of 13% was attained, and perhaps gradually
30 until a conversion of about 407 was attained. As can
be seen, at conversions from about 40% to 907, the
molecular weight remained almost uniform, with Mooney
viscosities being 120 + 5. These results illustrate
that the nickel catalyst system with its chain transfer
35 mechanism produces polybutadiene which has a relatively
constant or uniform molecular weight above a conversion



The fresh preformed catal ysts were bonbed into the reactor utilizing
nitrogen pressure within 5 to 15 mnutes after their preparation. The

i nt ended cat al yst charges were 2.62 mrhgm 30 (mllinoles per 100 grans
of nonomer) of butadi ene nononmer, 0.45 mrhgm of triethylalum num O0.03
mrhgm of ni ckel octanoate, and 0.75 mrhgm3&- boron trifluoride

di butyl etherate. This was 0.115 phm_ (parts per hundred parts of, mononer) of
TEAL, N Cct, andevedrof wproxmatelicn e persensn sthe POlymesss

imedi ately af t gjo13¢0H16Oedighith doed! aJoxtstﬁmtr@atsféevﬁwreqrth&he pressure
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S

zone. The pon Terni nated onbiImng a sol ution containing
6.75 g-of wood mpediybutadd esmed Prepayest o nm@ﬂe-mmngnmmanﬁs wiezeolalsd i n

200 g of liquid i e re&(‘e} Foui e
pol ybut adi ene f#qfourtﬁln Ergfsj EP%erJ rg%tﬂm% "of q'{ngfgusp rég-xllterra}ﬂr?etfir%tﬁsdqare
shown in Tabl e Mmfrarsmg)E analysdspysimg ja Nicolet X Spectro-

'\D/glvecul ar éatEl(O Photometer £¥R0RQ¢h of the p b@ittaldllems P fred IﬂnSCOS| ty
a ver
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102 3.04 ah#t 153 2-pcybitadieche. 3.18 178
618 3.5 19 6 60. 5 115 3.55 190 729 3.8 20 3
63.5 124 3.41 198 654 3.3
W, Examples 23-27

The effect of adding increasing amounts of l-butene
15 as a molecular weight regulator upon the Mooney
viscosity of polybutadienés prepared in the reactor
described in Examples 1-5 while using a preformed
nickel catalyst system was investigated in this series
of experiments. The polymerization procedure utilized
20 was very similar to the one described in Examples 6-15.
' In the procedures used in this series of experiments,
900 g of 1,3-butadiene monomer plus either 6, 8, or
about 107 of l-butene, as is shown in column 2 of Table
1V, were charged into the reactor and then heated to a
25 temperature of 50°C and a pressure of 70 psig (3.8 x
N~ 10° Pa).
' The preformed catalysts utilized in this series of
experiments were charged into the List reactor
_apprbximétely 30 minutes after their preparation.
30 These preformed catalysts were prepared'in capped
118 ml bottles with mixing provided by a magnetic
stirring bar. The catalyst components were injected
with a syringe in the following order: (1)
1,3-butadiene in hexane, (2) a 25 weight percent (0.87
35 molar) solution of triisobutylaluminum (TIBAL) in
hexane, (3) either a 0.05 or a 0.1 molar solution of



25 21 6 71 114 3.59 216 744 3.5 22 30

. 92.5 125 3.24 163 576 3.5 Polyner nolecul ar weight increased
sharply until a conversion of 13% was attai ned, and perhaps gradually 30
until a conversion of about 40% was agpai ned. As can be seen, at
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"pseuBlol i vi agoutafabsumbgm of SYEBA, i about| 02885 m@hgmnofr N§Octgture of -
t he poIybutgﬂ?ﬁggé$Fr§?§rﬁﬂh' beeap - gyperi ments were al so-very uniform
e

For exanpl e, R (Fouri&r Transforf infrared) analysis using a Ni col 6t
20 SX Spectro- PRBtEREUEFSTOF EREA BETiRE P6I §BDERAMERES PFepared in 10

Exanpl es 17rapdr2edeneTaB%eCIV- 1, s, cafo beapeadily, sagfl, l1&& the o
1, 2- pol ybut adi ene. ngnglgs 23-27 The effect of. adglng | nCcreasi ng anounts
of 1-but ene2@8unt ofIzbhpene PLesGRF ERCFERBLY e oFRELBAROREE Mooney
vischBity ofripebyhtiedi efieshpr pphymdrsnpraparedcwaredteswerbed i n _Exanpl es
1-5 while using a preforned nickel catalyst systemwas investigated in this
series of experinments. The polynerization procedure utilized 20 was
very simlar to the one described TABEEa#¥l es 6-15. In the procedures used
in this series of experinents, 900 g of 1, 3-butadi ene nononmer plus either
6, 8, or about 10% of 1-butene, ag is shown in colum 2 of Table IV, we(g

charged into the reactor and thenPRt¥P88iro a Mooney
15 Concentration zation ‘Viscosity DSV,
Example of l-butene Time, min. Yield ML-4 dl/g
23 6% 8 61% 114 3.45
24 8% 9 67.52 101 ~ 3.14
25 8% - 13 45% 99 3.30 w
20 26 107 25 707 75  3.10
27 9.9% 21 927 63 ND

ND - not done'

"~ 25 Examples 28-33
This group of experiments was performed ufilizing W/

the reactor described in examples 1-5. In this group
of experiments, 67 l-butene was added to 900 g of dry
1,3-butadiene which was polymerized in each of the

30 runs. Nickel catalysts were-prepared separately for
each run. These preformed catalysts were prepared by
adding and mixing the following components in a 4-ounce
(118 ml) capped bottle: (1) 18.7 ml of hexane, (2)
13.3 ml of a 20.5 weight percent-solution of

35 - 1,3-butadiene in hexane, (3) 9.2 ml of a 0.87 molar
solution of triisobutylaluminum in hexane, (4 4.0 ml



25 tenperature of [err] and a pressure of 70 psig (3.8 x [err] Pa). The
preformed catalysts utilized in this series of experinents were charged
into the List reactor approximately 30 minutes after their preparation. 30
These prefornmed catal ysts were prepared in capped 118 nl bottles with

m xing provided by a magnetic stirring bar40The catal yst conponents were
injected with a s e in the fol] ow ng order (1) 1,3-butadienge in
hexane, (2) a ZSOéBPg ¢ 0pemedbar #olupien of nhﬁkﬁl>°§5ﬁﬁ?ﬁ5ﬂ #n hexane,

triisobutylalum ghe (3)BAL) 7i n1hegaael. 48)melhhe§o§uelaﬁ 6f Ry8rdgen! ar

sol ution of . a hex

sol ution of HF [g?PfrFﬁehgkﬁﬁtyfﬁgéfﬁﬁgﬁafﬁ 863&8 phﬁ$8?etﬁ?ga£§?ﬁfyst
system was utiliwedet allowedate shangofgneabeati b8shoufbeatalafP@stosggeéem
by cpared 111 2o, chena?8ih QuBPe e ehal Bk, valgul, Bnd YO o
experi ments are repgtoedcontaabinglnhe ls3chhtbél¢3adan9 tebutene ahe
amount of 1-butegge eresefi bQE5§g§€d1e§Q§ MePg¥d WHas 0. Kssﬁﬁﬁ%%'éf of the

pol ywers prepared mere ower merT - e
Concentration -3hBAbp 0.012 mmhgm Qf N BQng apd\/1. Zxmwher ofHE: %ﬁg@ne

Time-,- mn. Yiehds, thb-4mountll 68 ddtalyst (TEBAL, NiOct, ané HF) 61%
114~ S.fg 24 i14s g@b . g 1v.0. 227.&/6 101 3.14 25
8% 13utilized yag, approxigately 054235phm. o 10%
25 70% The ma®nlOaPiable in tBi8%group of eRperiments H280
63 ND ND - n don 8- hi s
group of expering Qﬂ?sseggggg? SrﬂgdcoPVFrsiOB (or pol?%&gyhféng yﬁélg

W which is reported in column 4 of Table V). Each

_ polymerization in this series of experiments was

15 ‘intentionally terminated by bombing in the stabilizer

solution of resin acid and dibutyl-para-cresol in
- liquid butadiene. The results of this series of
experiments are reported in Table V and illustrate that
e the nickel catalyst system utilized produces

20 polybutadienes in the presence of l-butene which have
relatively uniform or consistent Mooney viscosities of
102 4+ 5 over a wide range of conversions.

"TABLE V
25 . '
-/ - - Concen- Polymeri- Mooney
tration of =zation - Viscosity
Example 1l-butene Time, min. Yield ML-4 Mn x 10'3

28 6.0% 10 20% 100 241

30 29 6.17 - 8 377 102 298
30 6.1% 20 607 104 283
31 5.8 20 682 107 295
32 6.0% 20 747 105 216
33 5.9% 25 907 97 286

35



the reactor described in exanples 1-5. In this group of experinents, 6%

1- but ene was added-to 900 g of dry 1, 3-butadi ene which was pol ynerized in
each--of the 30 runs. Nickel catalysts were prepared separately for
each run. These preforned catal ysts werg prepared by adding and m xing the
foll ow ng conponents in a 4-ounce (118 #I capped bottle: (1) 18.7 m of
hexane, -(2) 13.3 m of a 20.5 meiggkgﬁqr%egfgggLnion of 35

1, 3- but adi ene in hexane, (3) 9.2 | ar sol ution of
trl|sobutylalunlnmhus1gn§u@n@f experimenits wasigonguctedi 6B msmparzol ution
of ni ckel oct QA )ﬂba'ﬂl[ﬂil ane FAbr Yo 4110dFratle VIEARIIYs W1 ON Of

hydr ogen fl uori et herate 1 n hexane. These catal ysts were all owed
to stand for @b’@tenp@mg@daw{léer P&l@&a@@@ymwﬂam cat@liyistyer e

L butens ot | 0] e eat e Lovel Ch 0 s A8 et T BAL
utene at [ef e catal eve arge S

0. 012" mhgm o INEPET LIRIEE. Pam TR éfrqiﬁlpem FrRIET ogRR ?ﬁaﬁﬁe% -
catal yst (T| Blind Ndappied Srdurce 1((230 mlt inarzedr wisi thead bottdieciwhi@hl123

phm The main varlable in_t [ rcent age ot/
conver si on (o &51 (? gng yie d%%h%%rééﬁ’ teal\ﬁ?\c"lcl?ﬁ%]%ﬁl € of Table
V). Each pol yrferhlmmnm dompomentse Widh slyrdnges nmttheyfolidwing

i ntent iy gpal Iy Jdfd¥ nat@g @Ql tﬁg_rrtyfngld rlg‘. rgeg{%t gh._l 'p@ce%&l W1 Qﬁ:l? troq5| n

acid an dlbutyl para-cre %UI results hi's
series of expdutagieneydn hexane 'ﬂaﬁﬂ alyofh@ |35 raighte perpenthe

ni ckel cat ?I {%To]i%&{ndﬂ Idlllzéawtrl cmﬁﬁlraﬁn h%dﬂtﬂé/tilﬁ &Qm?as It@%he
presence o uten re vely u ornlqr consi s oney
vi scosities ofﬁl(?zna' Wﬂrjo 3%&1 % r@:o oI A§od Wpismm W

octanoate 1n.hexane, and (4) 5 ml of a 25 weight
15 percent solution of ethylaluminum dichloride in hexane,.
The catalyst éomponents in the bottle were stirred
continuously with the aid of a magnetic stirrer while
slowly adding the neodymium octanoate and the
ethylaluminum dichloride. Since the solution formed o/
20 became warm while adding the neodymium octanoate, the
bottle was placed in a beaker of ice water sitting on
the magnetic stirrer in order to control the
temperature between about 20°C and 30°C while adding
the neodymium octanoate and the ethylaluminum
25 dichloride. The preformed solution prepared was
allowed to "age" while standing at room temperature for o’/
over two weeks (384 hours).
The 1,3-butadiene was polymerized in the reactor ..
using a procedure very similar to the one described in
30 Examples 1-5. Thus, the reactor was warmed to 50°C and
a pressure of about 70 psig (3.8 x 105 Pa). Then, 31
ml of the aged preformed neodymium catalyst system was
charged into the List reactor. No molecular weight
regulator was utilized in Examples 34 and 35. However,
35 11.2 weight percent of l-butene, based upon the total
amount of unsaturated hydrocarbons present, was



Concen-- Pol yneri - Mooney tration of zation
Vi scosity Exanple 1-butene Tinme, mn. Yield M.- 4 M x [err] 28

6. 0% 10 20% 100 241 30 29 6. 1% 8
37% 102 298 30 ~6.1% 20 60% 104 283 31
5. 8% 20 68% 107 299,82 6. 0% 20

- 74% 105 216 33 5. 9% 25 90% 97 - 286 35

-41- Exanpl es 34134 ibed a3 Glmodfecerdzar ivedghe weguiertirc tisd Exampdiep $6a-
tive exanples i 3. Lf%ooté‘%el Ié Létstqaqﬁtgl ff r%é’cf 1568 e\g@hrtbfart%ee%%ntﬁr ed

whil e using neo he neodym um’syst em
utilized in thi stl‘g.rsmg:rmfp e»ﬁoeaxnmm@s mmlemhated d:cybe about

ni 1 ogen- f1 ushed afduRpaE GriotA:oAYL bl dnuil HRHE AU 12 9 e

cont ai ned a nagnetlc st rrlng ar by uﬁiecthg t follomnn conponents
with syrirges | maafymism QQtanoase, a &S‘Qq’ﬁ efh YR lmigupei ght
percent sol uti orgigdh iyt ene in hexane, (2) 120 n1 of a 25 wei ght percent
solution of diisobutylal um num hydride in hexane, of a 10.7

wei ght percent sol utny &*'cﬂﬂ% eFheripanty tﬁ@eﬁ?@‘“&?ﬂf"@ﬁ W8 of a
Zﬁ wei ghlt 15  mearadani cﬁﬁiuﬂoldred)fauatﬂmmlmrﬁﬁmrh}dludﬂuromng tihaxane.

The catal yst co nent r t he
aid of a magnetlr{'cn,a %ﬁ‘et Qﬁ ﬁ&ﬁ:oﬁfél{ htg’%ne%hmﬁ] yia\rel%{]{}:él and

t he et hylX um nwnrd:leﬁdefdlm e\&pmtnmg doitiadiene otamir zamd lethddane warm
whi | e adding th%%{mw&wa&& ééﬁwt'gw@sr&tﬁ%d din chieaker of

ice water sittin e nagnetic stirrer in order to control
t enper at ure bet \mféhll?a futeRaniments [ane |summardzadiiny Takledddyni um
octigpoate and the ethylal um num '

TABLE VI
15 | | Mooney
Concentration Polymerization Viscosity
Example' of l-butene Time, min. Yield ML-4
34 0% 5 607 27
~ 35 0% 13 897 62
20 36 11.27 18 807 74
The polymerization rate observed in Example 36,
which was conducted in the presence of l-butene, was
observed to be somewhat lower than the rate of
U 25 polymerization obtained in Examples 34 and 35. For

this reason, the polymerization in Example 36 was
allowed to continue for a total of 18 minutes before it
was terminated. The polymerizations in this series of -

. experiments were intentionally terminated after the

30 specified polymerization times by adding 7 ml of
2,4,6-tris-(dimethylaminomethyl)phenol and 6.75 g of
dibutyl-para-cresol, which were dissolved in 200 g of
liquid butadiene plus 5 ml of isopropanol.

This group of experiments illustrates that the

35 molecular weight (Mooney viscosity) of the polymer

attained while using neodymium catalyst systems is a



25  dichloride. The preformed solution prepared was allowed to "age"

whi |l e standing at roomtenperature for over two weeks (384 hours). The

1, 3- but adi ene was pol ynerized in the reactor using a procedure very simlar

to the one described in 30 Exarrples4 . Thus, the reactor was warned

to [err] and a pressure of about 70 psig .8 x [err] Pa) Then, 31 m of

t he aged pref neod m t al yst ystenlmas char Ipto the Li st

oactor. No mitBEHER R e ARSHOR OF RRDVRRALCRo At ok SR o Ofd 35.

However , 35 thell:oz.ymrg.htaqummenfrmfs Jl—shutoa‘im:odrmd i Woritiasito ity

anount of unsg S Wiy tai | ] as a

nol ecul ar wei gh&kaé%i%gl%%%’l%%& “ﬁ‘ tcﬁh\é{%}nﬁ?rﬁ %c?'STCk gt ﬁéétﬁq C“ﬁarged I n

each of the r§ystiemst ¢ st@eomasfempmamm wincea|theiat eset 0 be about . -

2.6 mhgm of didstaliat yiAla Ho Y Havig & d}'ﬁw rm Ne0dymi um
$ 8 or | nﬁh

oct anoate, and 135 mrhgm of ethylalun1num this group of
experi ments, FW& &FG%& Lok, d® mptcsependent aponetiie + [err] by

com‘él roll Id nght ltzfacwgi a;ﬁgle‘ hailAg edr om:a @ W'l'lrll(i:s(i:g"altl?‘gm ch 183
condensed t he a ut adi and, | et e back into t
reactor. The F&fu 3r&ﬁ& e&fp 4&5%%9 rized in Table
VI . TABLE VI b@lymerlzatlons while using a neodymium catalyst system Mooney

Concentypat | On&arﬁgglty%'liﬁ%ﬁ% or regulEe ity (R Midicigdl of PUeNe

Time, mn. 60%

27 35 l-bggene. Thus, it i3 not posgifle to prepare polysérs

11. 2% havih® the sameS%@leculé‘l' g g Ry te'c‘i!l’la."r‘%z‘:e %% erved in
Exanpl e 36, i.ch conduct ed fn t he resence of ut ene, served
to be somewha 1P6ﬁ£$“$ﬁ8ﬁ @ﬁedgglgqﬁnt conversion 1evels while using gj

neodymium (or other rare earth) catalyst systems in
15 continuous polymerizations of neat 1,3-butadiene. It
is very important to have the ability to prepare such
polymers so that they will have uniform or consistent
processibility and physical properties. This is a
unique advantage which can be attained by utilizing the A
20 nickel catalyst system of the present invention since
high conversions can be attained while using it and at
the same time molecular weights can be regulated by
using a molecular weight regulator such as l-butene.

25 Examples 37-39
' This group of experiments was performed using the o/

reactor described in Examples 1-5. The polymerization
temperature for these experiments was 60°C. The
preformed catalysts used were prepared in a manner

30 similar to that described in Examples 28-33, except
that a higher catalyst level was charged in this group
of experiments. The catalyst level utilized in this
group of experiments was 0.80 mmhgm of TIBAL, 0.02
mmhgm of NiOct and 2.0 mmhgm of HF *Bu,0. '

35 The primary or most significant difference in the
conditions utilized in this set of experiments was that



25 pol yneri zati on obtained*in Exanples 34 and 35. For this reason, the
pol yneri zation in Exanple 36 was allowed to continue for a total of 18
mnutes before it was term nated. The polynerizations in this series of
experinments were intentionally termnated after the 30 specified

pol yneri zation tines by adding 7 m of =-44-

2,4,6-tris-(di nethyl gm nonef.hyl)phenol and 6,75 ‘g of dibutyl-para-cresol,
whi ch were di srsr"!(ile've]‘d%lrllrlf’“‘Zt()"éit monameF Mﬁ%ﬁjiléh%xﬁmﬁ-es w#s inedpr opanol .
This group of ecbyeahilyentistililesd patien _tﬁwfjcﬁm_ jdg it iﬁiﬁ&%ﬂe@r wel tghlt t.
(Mooney vi scosi f.th I r.attaine Ile.usin eodym catal ys
systens is a Iléla)ﬁ%ﬁ‘ungal%g)ﬁygﬁlat%e cggé>lngaé:o&ra@m;e'a§\ag.r¥sd1§d Aur at i on
of ~t he pol yner iszapilen ofThibd s duteldicme lsraveiaie&brﬂhaastiﬂ @dﬂ#ﬁdﬁ.ﬁed :
pol ymeri zati on ' 1 s _ QQ%Q! t t of st he presen
I nyenti o?si nlce%%é:ic?%&sde ﬁgﬂe otfhrq'e?u]] S iln &é%fnx?rﬁ%hggllﬁlr‘f&?&ﬁn@_ atively
uni f or m nol eculddimerdi-ghExampdies $/handiSfewearer copouctied pdiilieringat i on
time utilized CBaeionid diliasi ¥oethdie fakid irExpaptRUaYdicgne ir oduced
in bwk polynmerizations while usin afneo?_tm um cataly téﬁz{ystem 0~
cannot be | overd@tothee hintadiens, Edtlivodigtilled: and comeined is not
possi ble to praﬁamaaﬂdbymbrbuha&ﬂemdﬂﬂim@&nelnDIFcukzrlmelght and gnlgcular
wei ght gigstributiog.at different: conversion | evel s while using neodym um
(or othgp§rare earﬁﬁ% 5%@5#3§t%§yg%@ﬁs%ﬁ9uf5° CXPERITTESEs 3361 yner i zat i ons
of neat 1, 3-buisahmanrd zed tini §abdey Vilifpor Thiet chomblima&_ibheofbﬂl—lbhy:eh_ebplr epare
such pol yners t hat, . Y WM i ’ n t, Rgocessibility
and physi cal p%QSeBtPéb?qTﬁi§?k§?§%%ﬁﬁ%u%8% f%ﬁtgge%%%hﬁﬁecgg be attained
by wyilizing tmespdted ip ekedgndddicpat Jpweaiingf ofhsher modeculavent i on
si nce high conﬁa&ghQnigcanMb@F@?t%ﬁ%%éstyl%fU%snge&%uénésathEﬁ wage tine
nnleculi% WEIgoL%agggd %o&e%ﬂeap%Qyﬁérs prepared in the presence of

-only l-butene as a chain transfer agent. Perhaps there

is a synergistic effect that 4-vinyl-l-cyclohexene has

on l-butene as a molecular weight regulator.

e
20  TABLE VII
| Polymeri-
'1-butene zation | Mooney DSV,
Example wt 7 Time, min. Conversion Viscoéity dl/g
25 37 6.1 16.0 69 98 5.02
~ 38 6.2 6.5 46 98 4.3
39 6.0 5.5 71.5 65 2.75
. Examples 40-45
! 30 Butadiene monomer was dried by passing it as a
vapor through a column of calcium sulfate. 100 g of
- butadiene were charged into each of a series of six:
dry, nitrogen-flushed, narrow mouthed, quart (about 960
ml) bottles which contained a magnetic stirring bar.
35 The bottles were sealed with a rubber gasket and a

perforated metal crown cap. Liquid l1-butene was



usi ng.a nol ecul ar wei ght regul ator such as 1-butene. 25

Exanpl es 37-39 This group of experinents was perforned using the reactor
described in Exanples 1-5. The polynerization tenperature for these
experinments was [err]. The preformed catgg.ysts used were prepared in a
manner 30 simlar to that described in Exanples 28-33, except that a

hi 1g:ghfar ;:a]t al ysimJIee}teld moulgafg:w irubibleirs g;arstk!#t (ifntt@ﬂt@fé lliiitta?dieﬂée f
catalys eve | [ er.i. ment s was gm o
TIBAL, 0.02 mﬁ‘ﬁé&h‘efz E?%Ex%‘% c?%'fq&%%:ﬁo ':?‘g t°?§°°k The
primary or nnsmoymgnpﬁ“dahmn@mhf@hangad nnEMee@mmdmwumietﬁslhn&ﬂédrlthls
set of experi RNty \ase %té:olu (f”i‘aab]l eSViYiadi ene nononer used in

I'S

Exanpl e 39 was not freshl rror to c larging it into the reactor.-
Vapor pRase chr on&?’@gr“&‘mﬂeccéﬁél Lysits C@F‘P&wﬁﬁl wezte t1mJ§dnﬁChd:he'twgl'eveal ed

that it contaithed rabber 3ioiers3B30 tham'gh h\twvhre%h@ac 3 ] Nowshut adi ene |
i ons

di mer). Exanpl 7 .and 3 mere co uct ed ,ut |Z|ng con S|n1Iar to
t hose used in (éjaibpls mg9 3 arh drethaledaminuny dns hexamesti| | ed
and cont ai nedsuhuttliahl,y (29 lﬂuBadﬂemff dithier :hOO 05 m soltilo®sSft s ]9f t hieg
group of exper| I r|z n TabI The conbi nation o
1- but ene and Elflﬁ |-?t§§% eX&n qﬁ &eﬁ@ éﬁﬁléHB eX20& &4 n 4
si gni f il®ant Idﬁér@n@ ol oife amfl.dc ol #olwtiight otfo barkmotei flueeddet y of 65
versus 98 whi bt:ai e th ol d_in the

% b3y 1ttherat® Eﬁ %%ﬂtaﬂ ?h% chite %t%eﬁﬁa§

presence of on “butene as ain transfer agent Chere is a
synergistic ebpééte@h&Pr$-§hﬁ¥Pn13@@cl x 88& Has aokSPChwater bath

nol ecul ar WEIthv@eﬁuh&hﬂétléostlrrer Stlrr1n§ stopped af tt2BaboYl!
Pol ymeri - 1- bﬂ%emlnutes %ue to high viscosity. %%ere 1§¥t1a11y
15 appeared to be small insoluble solid particles of
~ polymer in the monomer (two phases), but viscosity
increased rather fapidly, and there may have been only
a single phase. Bgtédiene apparently diffused rapidly
through the polymer to the catalyst. A solid mass of <
20 polymer which was swollen somewhat with unreacted
monomer was present after one hour of polymerization.
There were a few (3-10) ml of liquid at the top of the
solid polymer. 20 ml of hexane cdntaining 5 weight/
volume percent resin acid and 2,6-di-tert-butyl-para-
25 cresol was injected into the polymers made in Examples
42, 43 and 45 after one hour and into the other three o
polymers (Examples 40, 41 and 44) after two hours in
order to terminate the polymerizations. The polymers .
were dried in air under a vacuum to remove any )
30 unpolymerized butadiene, the l-butene, the hexane, and *
the pentane. Polymer yields, as well as indications of
polymer molecular weight (Mooney viscosity and DSV),
are presented in Table VIII.



Exanple- wt % Time, nin. Conversion Viscosity dl/g 25 37

6.1 . 16.0 69 98 . 5 02 38 6.2 6.5
46 - 98 4.3 39 6.0 71.5 = 65
2. 75 Exanpl es 40-45 30 But adi ene ngnoner was dried by passing it as
a vapor through a colum of cal ciumsul farg8®~ 100 g of butadi ene were

charged into each of a series of six d | en-fl ushed, narrow nout hed,
quart (about 960 m) bottles which coniéﬁhgd&iigagnetic stirring bar. 35

The bottles were sealed with a rubber gasket and a perforated netal crown
cap. Liquid 1-butene was -45- injected through the rubber gasket into
t he but adi ene nononmer using a syringe fitted with a stopcock. The anount of
1-butene charged i nto each-butehe is | i st edMpanepre seBSEd col Geh,of Table

VIITI. ee t ne n ed the
¢ ubber *lindrs pyPRfmbleccutibhtyal 93ERENCOLSURIEy) NHEFEC Wb IEAKOZ |

trlethylalunrnunrlﬁ hexane Qolutlon ?9) 0.3 Aidof e|t 4 a 0.85 nrsolutlon
of nickel octanoatgjor nlckglynaphthaggte in hggane, apd9l0 ¢ (3) 0.6
of &-0.5 m sol ution _of borag rlfluor ge dibut etheraée in pea;ane. The
contents of these Béttl es shaken’dnd t hen in Perr] ter bath
above a magnetic sgi3rrer. Sbi.bring st@8pped aft &2 about 216 ni nufes due to

hi gh viscosity: Th re initigllky 15 appearegast 0 be | ingoluble solid
partlcles?ﬁf pol y in theg noner (PRO phase59 but 2?2 osrt§ i ncreased
rather rapidly, andSthere nmBy 4have be@k only a38ingl e Bh&se. BOt adi ene
apparently diffused rapidly through the polyner to the catalyst. A solid
mass of 20 pol ymer which was swol |l en sonmewhat with unreacted nononer
was_pr esent af t e¥ieddshobtadnedopyuningz eheohournhefeppdymerirakien- veren of

liquid at the top,0Bo%N%s. 89-95Z which were obtained after two hours.
15 The degree of conversion in this range did not affect

either the Mooney viscosities or the dilute solution
viscosities (compare the results of Example 41 with
Example 42 and the results of Example 44 with Example
~ 45), and the polymers were essentially gel-free. On
20 the other hand, both measures of viscosity declined
' with increasing amounts of l-butene charged.

Example 46
A reactor/extruder unit containing two parallel

25 agitator shafts arranged in an over/under fashion was
utilized in this experiment. Both égitators were 4 in.
(10.2 cm) in diameter and were anchored by a pair of
tapered thrust bearings and entered the reactor through
hydraulically pressured 0il seals. The 32 in. (81 cm)
30 and 48 in. (122 em) long shafts were made of four
" regions. The first region was an 8 in. (20 cm) long
transport region with tight deep flights at the rear of
each agitator which efficiently conveys material
downstream, away from the oil seal face toward the
35 reaction zone. The second region was a 21 in. (53 cm)
long reaction zone which allows for plug transport.



solid ol yner.

20 m of hexane containing 5 weirght/ vol ume percent resin

acid and 2,6-di-tert-butyl-para- 25 cresol was injected into the

pol ymers nade

i n Exanpl es 42, 43 and 45 after one hour and into the other

three polynmers (Exanples 40, 41 and 44)-gfier two hours in order to

term nate the

pol ynmeri zations. The polyners were dried in air under a

vacuum t o renuitei fingedfion wak pedmpEséad eslf b2l adi Bnen ., t (2. 94 bedeneidd he

hexane, and t

ol scul ar el RCEMoRY S SRS 1§ i eatie Srach nadi €t ReRerLdn, 1T

-46- TABLE VI |lbeingyafffset 15° fromkmmeyprecéning paditle. 5 ThlsExaane

wei ght @6 Y|e
4.1

79 5 77
10 44
74 33

pol ymeri zati o

Idjasl\érgcr,‘;éédﬁ’ts dil.rg% g‘@é&@% % 68° s:znélé) helix on ggchz 7 )

agitargr along sthe length ef the 2Bpoin. (5353 cm) 2.6 0

react?io'i-l zone. Sfhe third “4egion vwhfch &a 8. 4 .
10" Yi el ds, obt ai n d dur%ng oﬁ%pﬁ%ur 8 sehe

rF‘Wé}%P"ﬂF FPRE LOFAINRY i Bt af heldi ‘é!*)c e1=°'i&vo hour s.

15 The dediesplof W&Imgﬁtlhlﬁrmﬁbﬂté@td@éf 1ymésd her the \o

Mooney Vi scos
of Exanple 41
45), ard t he
bot h nmeasures

't {iTe Beadirest Ay ek e, 1E5EFLon Fone aathe drmthol e
pregimer sivisrte astshtasl 4 ydmhairm zdie Zdz')as com;kms)émedf hand

fg ﬁ?ﬁps Yiflecd r g @570%1 o) but ene
charged. Exanple A rle%cﬁrgr/e%(?%dam)t unlrgcg%fiétrpm n \r)\é@g) aéla%q' 55
agi tator shaf tdisahanggedereavidierg whrkl eassingl ight |\21'etk:h washi s

exper i ment .

Rotdy agi ! afeorms e dedp) (Tifid Siflgid shAdptigds and were .

anchored by aJDaI r of O

15

20

25

30

35

tached directly to the lower of the agitator shafts.
The top agitator shaft extended through the transport
region, the reaction zone, and the transport zone; but
did not extend into the discharge zone.

The. reactor/extruder was designed'so that the

agitators would wipe polymer from the reactor walls and ;;
the other agitator. The reactor itself is housed by a
two-compartment jacket and a third jacket encompasses
the single discharge screw. The two reactor jacket
segments were coupled and connected to a refrigerant
coolant/steam heat exchanger which allowed for
temperature control between 25°F (-4°C) and 250°F
(121°C). This capacity was only used for heating W/
during start-up and cooling during shut-down. The
single screw jacket was linked directly to a
refrigerant supply and only had cooling capabilities.
Some cooling was required during operation to remove -
the heat which resulted from the mechanical work input
by the single discharge screw in the dlscharge zone.
The reaction zone had a volume of 6 liters, _
approximately 4 liters of which served as actual
working volume to allow for a 2 liter vapor space in
the reactor. The unit was driven by a variable speed



t apered -t hrust bearings and entered the reactor through hydraulically
pressured oil seals. The 32 in. (81 cm 30 and 48 in. (122 cm long
shafts were nmade of four regions. The first region was an 8 in. (20 cm

| ong transport region w.th tight *deep flights at the rear of each agitator
which efficiently conveys material downst Fé8m away fromthe oil seal face
toward the 35 reacti on zone. . The second region was a 21 in. (53 cm

| ong reaction zohelshidsAvel Powsereer byl ag 10r hessepower moxpr.ThPowewct i on

was composed of @lay falsh moﬁ§t54e9”%1thﬁnpiﬂdhiﬁekﬁﬁ%g ﬁﬂ%@ra S&ﬁEt Wi th
each paddl e orientation bein fset éS rom,¢t he prec Thi s

design results |ﬁr&V§rHE§aFaPéP;F efn élﬂéFP%Soﬁr@Hc 5er t&g?SQtSPmalong
the length of thalzholu@h the. deetipn' @&CK‘:h@ndZ.@&ﬁarg"éther ebarseauen whi ch

acted as the tran % zone_contal ped_a sh g g nb ng deeply
grooved fl Pght. Qﬁ§ﬁoyﬁédn9hénﬁ5fﬁﬁ§rlﬂe H§°Bg BB G2 trom the
reaction zone. TheaﬂdueﬁhatOspeed:egreatnhlthaacﬂédr@m a Ehecmatgenamne was

conprised of a Skgﬁh%rﬁﬁ w&éom@nﬁg%rkﬁnﬁ WﬁthpéinEB ggoﬂha@?% 23 cm

di scharge screw | oW sI'n
deep. This singl vesctow waghathatneaoupﬂsstmyun@eﬂhéluahew1@h the agitator

shafts. 15 o iBatBrdhcatabrolalt soxt angadgehiraualal bt thananer!

region, the reactjon zone t ranspor not extend into
the di schdPge zoﬁéanzﬁearléavﬁér Fex: exgEn ﬁaspa@§ﬁgﬁedteobﬁhatpnﬂﬁersel tators

woul d wi pe pol ynar mts.e%htlhalr aaqtl%awalel waghNdné@alled!t B¢ ehBeendJbEathe.
The reactor itself, ﬁé oused %ﬂo rtnent Cket ang a,third jacket

enconpasses t he §Fﬁ§ r&FsEﬁBFgéo PSF £euke: PEegnent s

weng_coupl ed andth@nmedhddotocampébteggraﬂbsedolant/stean1heat exchanger
which allowed for 25, oyt QURBLARHES 0EORhEeOreBRtNEFaxe2hdes hhe@ Fnl €7 1]
15 this experiment was its reflux cooling capacity which
- was capable of removing the 622 BTU of heat generated
per'pound of polybutadiene produced (18.7 kcal/mole).
This cooling capacity was provided by a reflux system
which consisted of a vertical condenser mounted
20 directly above the reaction zone. Its design allowed
for vapors to be condensed and returned to the reaction
zone at a rate equivalent to their generation.
The catalyst used in this experiment was preformed
in an agitated 30 gallon (114 liter) tank. Each of the
25 catalyst components were weighed and transported to the
tank in metal cylinders. The tank was pre-filled with
about 60 pounds (27.2 kg) of dry toluene and each of
the catalyst components were charged into the tank in
the following order: 1,3-butadiene (as the preforming
30 agent), triethylaluminum, nickel octanoate, and boron
trifluoride. After all of the catalyst components were
added more toluene was added in order to bring the
final concentration of active catalyst components in
toluene_té 27 by weight. The mole ratio of
35 butadiene/TEAL/NiOct/BF4 Et,0 was 25/9.6/1.0/8.3.
Agitation was maintained in the tank containing the



Lerr]. This capacity was only used for heating during start-up and cooling
during shut-down. The single screw jacket was linked directly to a
refrigerant supply and only had cooling capabilities. 30 Some cool i ng
was required during operation to renovesghe feat which resulted fromthe
mechani cal work input by the single discharge scfrew in the di scharge zone.
The rgaction aaFalbad golakion dﬁrﬁngibat&lranpm?kbﬁ&belPu&ihgtth& of which
served as actual, 35 . rking V.ol al L ow .f o i ter _vapor space
in the reacto?gl?ﬁepﬁﬁFngaghgrFégkﬂgstggvgf#gﬁpe%§5§e§he cgﬁgiygglt drive
powered by a w@shbeiwgoweednot dhe Penedydtawasasgednifoor esrew 24 an in-1ine
watt neter. ri s;ca I delivering from29 rpmto 230 rpm )
al t hough the gggfgnbgﬁo?ﬁelgig% a?sgkécreM/was such 5 that there was no.
i ncreas® in throughpurees$9§V9ytr§ er;wgsatisegednsmgkingehighan 70 rpm The

internal tenpgigtyre-pa3yboRiadeend ah HOWbnREhBbasapbeBResde r@actor with
t her nocoupl es nount ed A gauge fitted

f Egh MAtH tgs regcbor |nher|or wal | s.
at the die 10averageapdeld POWBASt &P - dxKBddBRTpPOYELPE B8aBe nonitored. A
mechani cal balll, 3vButadiene eohthliadngt 1L5& ¢rbutenehwadi eohaigaously SO

that the exit grifice.coul e throttled _or ,compl et gly,cl osed. key
conponent of Fﬁ@r58§c98$ egP?uasgcgegéeFﬁrEéer”E°Fh?é B?BEFPneﬁﬁemas its
ref | uxl@ool i ngatapysitt guspevisions prepaved whsr eharged tihtéo62ReBTeedf heat
generated per ,BRund e0tnaorkaltad/eqe -uaduaed bl Byvlrsed LiRkehe T6S
cool ing capacity was provide y a reflux systemwhi clf consisted 6f a
vertical condpryadsné@nt’/8dkgd per hppscsPyashéPeProvideasni dntepded |ts
dfsign ?||0WEQaEQ&y¥%F@h?ﬁg9 haveqndgnaedsa&ﬂhg&tanqFALQ bhgzr?ﬁﬁghon zone
oxper | ment e\?\glg%ghggsp:n%&d 7.0 SRReh0EO8r, 18 7Y Y c6ea] Cachlyse
15 charge of 0.246 phm. The polymerization temperature

maintained in the reaction zone was 69 + 2°C,

The polymer production rate was constant, but
mechanically limited to approximateiy 12 1bs. (5.4 kg)
per hour. It was estimated that there was an 11-14 <

20 min. residence time in the reactor/ extruder.
Notwithstanding this very short reaction period, the
solids content of the extruded'product ranged from
71-79%. This corresponded to a monomer conversion of
87-977. A headspace analysis of a typical extrudate

25 revealed that toluene, the catalyst carrier, comprised
587 of the hYdrocarbon in the sample, hexane, the W
shortstop and antioxidant carrier, 327, and butadiene,
only 8%7. Steam stripping, and therefore dewatering and
drying of the polymer, and drying of any unreacted

30 monomer were not necessary. The small amount of
residual hydrocarbon in the polymer was removed by
passing it through an extruder/devolatilizer.

Polybutadiene of constant quality was produced at a
steady rate. Table IX illustrates that a polymer

35 having a Mooney viscosity of 56 was produced with a
standard deviation of only 3.9. Similarly, an 11.54



in an agitated 30 gallon (114 liter) tank. Each of the 25 cat al yst
conpbnent’s were wei ghed and transported to the tank in netal cylinders. The
tank was pre-filled with about 60 pounds (27.2 kg) of dry toluene and each
of the catal yst conponents were charged into the tank in the foll ow ng
order: 1, 3-butadiene (as the preformng 30730~ agent), triethylal um num
ni ckel octanoate,,.and boron trifluoride. After all of the catalyst
conmponents wer e a]ch:lecp%rlémf’f)l%?fgu%’éjs°%d’a%ﬁeiW%r%n'ﬁ%"’Pﬁ rf'b‘-%/theaf(?-rfhﬁ
concentration of Hs}iper cidwmt ystamdapdndersation ol UBe dDlwle hyolwtidyi. The
mole ratio of 35 _. _ bufadiepel,T i Ilerr S 9.6/,1.0/8. 3.
Agi tation was nai \ﬁ}sa‘f(ﬁse]dgfnofhéh%é%%% a+§ n%;m??\q@lagsi%’- lété'f a‘f’%l%ta]'“
sokution during ceexyystnsibkeentp, averaginge2 add neltpera ositamdairdiuri ng t he
period thatsthe cady ¥sioNeseb§i g, used. The catal yst was aged for over 24
hours before it was used. 5 The reactor/extruder was used in nmaking
hi gh ci s-1, 4-pol ybut adi ene in a conti nuous process. An average of 13 pounds
(5.9 kg) per hour of neat 1, 3-butadiene pogtgimng 1.5% 1- but ene was
contvnuously charged into theﬁ%ﬁ@;t [ truder-.tor 25 hours. The 10
cat al yst suspensi on prepared ] : e of the
reactor/extruder at an average rate of 1.6 pounds (0.73 kg) per hour so as
to provid n intend yst charge |lev f 1. pmhgm Qf,. TEAL, 0. 12
mrhgm of ﬁ*%&:t and 1%@% of [err] for 5}11 al é@éﬂ-yst éé‘:‘._ (idlge of
0.246 phm The pxtoduwetien i Rate ebldefhur e D&i 6l ai N2 38 t HEl r¥act ik S one
was 69 + [err]. 1gu%éﬁ)gqm%$f%?dy%;ion rate was constant, buf 4rechanically
1 S.

limted to approxi mately 5.4 kg) per hour. It was estimated that

thege was an 11- Gptmlyst Level r@hmbnce tind-4h t hel r¥act orf- 2t r b3
Not wi t hstandi ng tdhér vdp HOFd1 M @stek) ON peroogh thep 86  1.30 0.27

15 Antioxidant Level (phr) 0.81 1.98 1.19 0.23
Mean Reactor Temp. (°F) 149.0 161.2 155.6 -
Reactor Pressure (psig) 106.0 114.0 111.7 -

Screw Speed (rpm) 62 68 68 -
i Residence Time (min.) 10.7 13.6  12.0  0.55
20 Butadiene Conversion (1) 87.3 97.3 92.3 -
PRODUCT MIN. MAX. AVE. 4dn
Mooney Viscosity 46.0 65.0 56.0 3.9
DSV 2.68 3.09 2.85 0.12
| 25 Gel (7) 0.85 4.04 2.21 0.96
- ML/DSV 17.2 21.1  19.7 -

" §n = standard deviation

30 During 25 hours of operation, 265 1lbs. of high
cis~1,4-polybutadiene were produced with no steam
consumption whatsoever. The physical properties of the
pblymer produced were equivalent to those of
polybutadiene made. in solution utilizing the same

35 catalyst. Mechanically, the power consumption of the
reactor/extruder was directly related to both the



solids content of the extruded product ranged from 71-79% This
corresponded to a nononer conversion of 87-97% A headspace anal ysis of a
typi cal extrudate 25 reveal ed that toluene, the catal yst carrier,
conprised 58% of the hydrocarbon in thesganpl'e, hexane, the shortstop and
antioxidant carrier, 32% and butadiene, only 8% Steam stripping, and

therefore devg%@awg *élcsi VEPUand the Wbdﬁfioﬁnﬂa%%’i NgeOh ARyeunreacted
30 nonone ego necagsgr%@) The" snal | _anount f resj dua

hydr ocar bon i®f t hb- Iiy‘ﬁ%r s rBEbVRer RoWRsEPR g2 Polvpetighaving a
extrgder/devm@éﬁéj-zeisc&@iw%ﬁdsense &t @o%lﬁv‘rmtsavﬁaétl{evm,pﬂQ@luced at a
steady rate.

Table 1 X i]lustrates,that a polyne 5 ., havi ng a Mooney

Vi Scosi Uy of BRAGEQTIPHTNSE WERd 0, afeired dobi 3¢ D KLLPUBHES- 3. o
Simlarfy, arTHils¥ate edfrespongdertdoarwerbdimpudnof ateughby n@i30ai ned
with a 0.45 | r i afi dilu o i viscosity
of the pol ynel?i]\h&a%géggﬁé%g% aﬁggvg%‘gx?&mgfs g?%ﬁ%ﬁfyéﬁo%@}it%ﬁ%,ggveragi ng
2.85 with a speskiadxia® for theitendrovsepower MABOE. | X CONTI NUOUS OPERATI ON
SUMMARY 10 PROCESS M N. MAX. AVE. [err] -
Production Rate (I b/hr) 10, 60 12. 38 11.54 Q.45 Butene-1 Level (%

: While certgin| yRpregcrtathyejembodimentssgnd 0. 34 0.26

0.03 Shertstofet&£VEs 1PRE)been showh6or tHe SPurpode 39f iDlddtddting
Ant i oxi dant Level : Mean Reactor™ Tenp.

eh 1ghrl)l .. 0.81, - 1,98 . ]1?19 . 0. 23

lerr]  149. 0 thegaresent cinyéntion, it gill Be ARREERE (1R £105406. 0
114.0 111. 7skilled in Schisv &pterh{tpvdrious changés and 68 68
- Resid Ti . £ 7 . 0 . But adi
conver si on (ASEEETAkong qan e mage thérein ‘g fhopr aépabing 7Y 1T
MAX. AVE. l’OlPeﬂH gcope of the invention. E



Nboney~ViSCoSity~‘-:33f;%¥*“46r0'" 65.0 - 56.0 '3.7 \/ : L
208 309 285 01225 Gl (% l!lﬁillulﬂllljﬂl!lglilllll.-

[err]n = standard deviation 30 ° During 25 hours of operation, 265

| bs. of high cis-1,4-pol ybut adi ene megs produced with no steam consunption
what soever. The physical properties of“the pol ynmer produced were equival ent
to those of pol ybutadi ene nade in solution utilizing the sane 35

catal yst. N@chgﬂkéig%y, t he power consunption of the reactor/extruder was
directly relate th the -51- product viscosity and the production
rate. At a rate of 11.54 |Ibs. (5.2 kg) per hour for a polyner having a
Maoney vi scosity of 56.5 at aggi en solids level, the reactor/extruder used

dh average of 3.5 kilewatdsmethod fqnhuliipolymerizingisl(I-butedieneput of

roughl'y 0.30 Kil pyebthighr 1921, HOpoTyMit 0 enerin 4 CONVIMEISa o precksslr aw
for the ten hors%&gmei gntor. Vhi'l'e certain representative enbodi nents and
10 . detai | s hSYBPHERH&hown for the purpose of illustrating the present

inveption, it will b¢lpppeherging sabdel s3+huradienéis catalyst systews
scope of the | nvERiPEhETRE “ThL i "BamoltGhihh dRBoRREN (NN T O 1 hE
pol yneri zi ng 1, 3sblublie entckel ccontpining iIcompmindutand efe) ia Sluerdineuous
process conprisi agnehinifg3EShPouta] dard 35 PULEMH ENbne WSALAIYSE GBI
regulator selected from the group consisting of
a-olefins, cis-2-butene, trans-2-butene, allene,

\—/ 1,4-pentadiene, 1,5-hexadiene, 1,6-heptadiene,
4-vinyl-l-cyclohexene, 1,2,4-trivinylcyclohexene,
l-trans-4-hexadiene, 4-vinylcyclohexene and hydrogen
into a reaction zone; '

(2) allowing said 1,3-butadiene to polymerize into
high cis-1,4-polybutadiene to a conversion of at least

60 percent while utilizing conditions under which

there is sufficient evaporative cooling in said
reaction zone to maintain a temperature within the
range of 10°C to 130°C; and _

(3) continuously withdrawing said high
cis-1,4-polybutadiene from said reaction zone.

2. A wethod of polymerizing 1.3~buﬁadiene monomer
into high cis-1,4-polybutadiene in a continuous

process comprising: coﬁtinuously charging

liquid 1,3-butadiene monomer into a substantially
solventless reaction medium comprised of unreacted
liquid 1,3-butadiene monomer and a catalyst system
comprising (a) an organoaluminum compound, (b) a nickel
containing coﬁpound, and (c) a fluorine containing
compound; at a sufficient rate and with sufficient



‘conprising (a) an organoal um num conpound, (b)-a Sotubtemitket——contai ni ng
conpound, and (c) a fluorine containing conpound; I

nol ecul ar wei ght regul ator selected fromthe groudmﬂ %NIEQ?!EHML
[err]-ol efins, cis-2-butene, trans-2-by ene, ‘al |l ene, Lpen ,

1, 5- hexadi ene, 1, 6-hept adi ene, 4-vinyT= 'cyclohexene

L2t e oo 3008 ReLaEh e e LAY e Sheggre o
pol yneri ze |¢is»1u@Hpmiybﬂ;ddpehqthadueanvensnonooﬁeaslbaast at |east 60

percent whi | gy Ydd LG 0% EORCLRS OF2qURGe ¥bGaalEhe bRopiing! ont

evapor ative I N sa react1on zonk™to nmaln ature within
t he range ofs¢§f191enm[ewa?oreﬁuve3yoebhnznQ@uga#nuﬁxmdthanngagaiqnhugh

cis-1,4-pol yhag f}%% iré’éﬂn &Qtﬁfé%i@ﬂlﬁoﬂﬁe Qangepofelb‘@é

polyner|2|ng 1 utadlene noner into high cis-1;4-polybutadi.ene in a .
cont i nuous e candbcpatimgoushinwi Hyirewing Mmqiﬁqluﬂ- 1, 3- but adi ene
mmmmrlMOﬁmﬂmaﬂ% saaanuﬁﬂmr 19965 1veRtTERE 1 HBCERER wedfish.Of

unreacted liquid,1, 3- €e_nonone |S|ng @ﬂ)
an or ganoal um nut corfpdB gﬁ ?b?s sB?Ekg}e oﬁ?a?i?#ﬁ i ﬁ%ﬁﬁﬁﬂh (c) a
fluori ne conteactioncoopeuis; int aareattoriextruder.and with suff|C|ent

-53- fﬁXlng for the 1, 3-butadieneto polynerize into high

cis-1 pol ybut adi ene to a conversion of at |east 60 percent with the
liquid 1,3-butadéene proethodgasuspeeifiedeinpolainyt wheredn saidaintain

the reactionys ‘ﬁﬁhﬁtcﬁg$6ﬂﬁérﬁhyr€h&ﬂééfﬁcéﬁfalaf e [err] to
[err]; and co%tlnuousTy W t aw ng said high cis 4- poly utadlene from
sai d substantlally sol vent | ess reactlon medi um 3. A nethod as specifigd/
-in claim1 wherein said R
71
R
3

wherein Rl is selected from the group consisting of

alkyl groups, aryl groups, alkaryl groups, arylalkyl o/
20 groups, alkoxy groups, hydrogen, and fluorine; and

wherein R, and"R3 can be the same or different and are

selected from the group consisting of alkyl groups,

aryl groups, alkaryl groups, and arylalkyl groups.

25 5. A method as specified in claim 4 wherein said
soluble organonickel compound is selected from the o/
group consisting of nickel salts and nickel containing )
organic acids containing from 1 to 20 *

carbon atoms.
30 '

6. A method as specified in claim 5 wherein said
fluorine containing compound is selected from the group
consisting of hydrogen fluoride, boron trifluoride,
hydrogen fluoride complexes, and boron trifluoride

35 complexes. '



reaction zone is i.n-a.reachor/extruder. 10 4. A ne{ﬁgahagﬁgﬁéETT“ﬁ‘Tn
claim1 wherein said organoal um num conpound has the E’”"B”m,m”"

[ERR] wherein [err] is sel'ected fromthe group consi ﬂ?

aryl groups, alkaryl groups, arylalkyl 20 gr oups, alkox y glfoups,*
hydrogen, and fluorine; and wherein [errt34and [err] can be the same or
different and are sglected fromthe group_consisting of alkyl groups, aryl
groups, alkaryl grolips, 4n@e thod agyfPeedfited im claim 6 whereinnsahdd as
specified in clmoTedulherweighei ﬁe%@lﬁ@bﬁ P8 JaRoRLskeEigOMPound is sel ected

fromthe group consisting of nickel salts and nickel containing organic
acids containing from ~1to 20 carbon atonms. 30 6. A net hod

as-specified in cl a8m 5 Almechod sas dspécbfiad t@néhéﬂ%ng ?Fﬁmmnﬁmg%fa .
selected dromt e or i de oron trifluoride,
hydr ogen Iuor'%ﬁigéﬁgggiggféﬁedg%%ron ?? g $ﬁg conpl exes.

-54- 7. A nethod as specified in cIa|n16 wherei n said nol ecul ar wei ght
regul ator is an [er ol gf S;.SP erein
sai d-5 mol ecul agf] \Aelﬁg:ht{]é]?té%t‘ﬂ%sf ﬁ%ﬁ%{? @ lé @f%{ﬁ,egl ‘bﬁb{%ﬁh@%ﬁ"’“
specified in clE8PRE AN Q| I8 i thin the at'%ﬁ@el%fvﬁqm nte hk0Q4hge of [err]
to [err]. 10 10. A nethod as specified I n Clain13 mherein sai d
reactor/gxtruder is @.sq&f cl.eanin react xIruqF a sel f-c| eaning
effect of at |east % H.le @HW Wﬁipeﬁﬁid

speci fied in clezeaetdr idwxterder hies a self -cleaning reactor/extruder

having a self-cleaning effect of at least 90
o percent. ' ' '

15 11, A method as specified in claim 10 wherein the
residence time in said reaction zone is from 15
seconds to 15 minutes. |

~ 12, A method:as.specified in claim 11 wherein said
20 1,3-butadiene is polymeriued into high cis-1,4-poly-

butadiene to a conversion of at least 80 percent.

13. A method as specified in claim 12 further
comprising a&ding a rubber chemical to the high
: 25 cis-1,4-polybutadiene after it is withdrawn from said
N reaction zone.

14. A method as specified in claim 13 wherein said
. rubber chemical is dissolved in a processing oil or a
30 ‘mineral oil.

15. A method as specified in claim 14 wherein said
rubber chemical is an antidegradant.

35 l16. A method as spec1f1ed in claim 14 wherein sald
rubber chemical is a shortstop



resi dence tine in said reaction zone is from - 15 seconds to

15 mnutes. 12. A method as specified in claim 11 Nﬂﬂuﬂml :lmlﬁglL

1, 3-butadi ene is polynmerized into high cis-1,4-polly ) S
conversion of at |east 80 percent. 135-A nethod as specified in claim12

further conprising adding a rubber chem cal to t.he high 25
ci s-1, 4- pol ybutbpi enfe métherd ids ispendifhidsdivim folenims &l 5l wheamgimrsazihe. 14. A

o pr ocedbrar it ey Bt Y7 b o wititn IR mniad P70,

claim 14 whiram 2 st d r ubbel0 ctathapulatamsan anti degradant. 35 16.
A nethod as specified in claim14 wherein said rubber chemcal is a .
short st op. -55- 17. A nethod as specified in claim15 wherein said J

mol edul ar wei ght8 ¢ edlimgtdiod asspasified dm claim ko whengin &3id 1o
10 carbon aj-yFefin is presért irA JEidGtbast e Udiet a claim 17 wherein .

said [err]-olefin is present,i aidr ti,on zone at a concentration of
0.1 phmto Q@ﬁﬁﬂﬁrﬁ@f‘m Nﬁ&%éﬁ'ﬁ%d%%cfﬂ% in claim18 wherein the 10
tenperature in said reaction zone is maintained within the range of [erry
to [err]. 20. met hQ peci fied. 4 | al m19% ' ad_d 3- but adi ene
I's polynerized Thto &i"g%ai?&éﬁﬁczﬁppeo‘f f-ﬂalé H @%au*%%w%%e’é‘ ctél)lh ersion in
excell of emmerature 2in sairktieattion pmarid sl naintained oritteirei n said
organoalunifﬁgnféﬁg?ngfiifoéiggiéﬁd@@zﬂ um num wherein said sol uble nickel
u 0

cont ai ni ng conpo IS selected fromthe group consisting of nickel
salts and ni ckel containing organic acids containing from 1to 20

carbon atons, apgl, Wigrfdthedish fdpedified in claim 19 wherein said
1,3-butadiene is polymerized into high cis-1,4-poly-

15 butadiene to a conversion in excess of 90 percent.

21. A method as specified in claim 20 wherein said
organocaluminum compound is a trialkylaluminum, wherein ,
said soluble nickel containing compound is selected <

20 from the group consisting of nickel salts and nickel
containing organic acids con;éining from 1 to
20 carbon atoms, and wherein said fluorine
containing compound is selected from the group
consisting of hydrogen fluoride, boron trifluofide,
25 hydrogen fluoride complexes, and boron trifluoride )
complexes. . ' W,

22. A method as specified in claim 21 wherein the

mole ratio of the organoaluminum compound to the

30 soluble nickel containing compound is within the range
of from 0.3:1 to 300:1; wherein the mole
ratio of the fluorine containing compound to the
soluble nickel containing_compdund'is within the range
of from 0.5:1 to 200:1; and wherein the

35 mole ratio of the fluorine containing to the

organoaluminum compound is within the range of from
0.4:1 to 10:1.



confaihihg'cohpound iS.séﬁected‘ffdn1thefgroup conéisting of .hydr ogen

fluoride, boron trifluoride, 25 - hydrogen fluoride conpléex
trifluoride conplexes. 22. 'A nmethod as specified in cl t he
mol e ratio of the or ganoal um num'conpound to the 30 mm m[fuMHm
contaj ni.ng conpound is wthin. the range of_from 3:4 two

300: 1° wherein the nmole ratio of the fILuanEecontalnlng conpound to the

sol ubl e ni ckel cont (of0) dis w e from

to  200:1; an?i}he%e' %é{]ﬁ:s speqﬁ@igﬂ qﬁ%‘“{ﬁg@ ﬂt\f(}'ﬁiﬁe said °

;:gnt ai ni ngotci) trwgsrgmhmmnunnwnmpmmghmt |&ehnectﬁudﬂﬁgllm rthugegrﬁurp;lrgmsgl al 1

organoalun1nun15%ﬁﬁ§%ﬁa§ﬁ% sele#gﬁ$§ia ?%L%r% @bg?éﬁiié num,

trlﬁthy:a:un1runqr:a?ohuﬁﬂizﬁn:znnnﬂunnihaxyladbmnyhnndudnﬁaqbuﬁfﬁ-l

trihexyl alsumi nugy rgﬁp ri a&" v:&n yl al um num
a ed In cI erein sa

fluoride s “speci f'i sol ubl e ni ckel
cont ai ni ng conpound is nickel octanoate. 10 25. A nethod as

speciied in clai m 2% whey eietHdE ara)ls@éeitﬁﬁdofld Rl a3 2P0 HHeFIHNs@IFound

21t o g o meken bnRhing capadnd fe kel artanaats
conmpound to the soluble 15 ni ckel contalnlng conmpound i s mnthln t he
range of dgom S L Lo, o A A ST £ A RS ling o
range of from mole untiqtqﬁ)thelongangalummnum|unmpmyn§p¢a-mmed in claim
12 further comprdgyif AU Idck M nidgd dHnfdund 1% FIRNIPEHE range
~ of from 2:1 to 80:1; wherein the mole ratio
of the fluorine containing compound to the soluble
15 nickel containing compound is within the range of from
3:1 to 100:1; and wherein the mole ratio of
thé fluorine containing compound to the orgahoaluminum
(% compound is within the range of from 0.7:1 to
7:1.
20 _
26. A method as specified in claim 12 further
comprising devolatilizing said high cis-1,4-polybuta-
diene after it has exited the reaction zone.

o 25 27. A method as specified in claim 14 wherein from
1 to 10 weight percent of said processing
- 0il or said mineral oil is mixed into the high
' cis-1,4-polybutadiene, based upon the weight of said
high cis-1,4-polybutadiene.
30 .

28. A method as specified in claim 24 wherein said
reaction zone is maintained at a temperature within the
range of 35°C to 85°C and wherein the residence time in
said reaction zone is from 30 seconds to 10

35 minutes.



diene after it has exited the reacti on zone. ATmettiod as

specified in claim1l4 wherein from1l to sai d
priocessing oil or said mineral oil is m Xxed |nto m‘]JImelmﬂﬂ""c’“l
ci s-1, 4- pol ybut adi ene, based upon the ght ’of sal

cis-1,4-polybutadiene 30 28. A nethod-ds specified in claim24 wherein

said reaction zo ey r.at une Wt f [err]
to 85C and wher ei @ P@?%gg]%% '%ltpe%itfr? sali %’é‘a?c]{% (}t'g zqglng:eﬁ %ﬁj

30 seconds tcshortstoromseleqnerdjtfe@m the Frowo conkimttingl ofs specified
in claim16 el . gt0 selected fromthe group consisting of
rosin acids \grzl’?it aﬁcslgsl sa%}% eall %1]'% - A nethod as specified in claim?2
wherein said organoal um num conpound has the structural formula [ ERR] .

Or oUps. a1 Kyl o e e
u y X .
fluorine; an@rggnoa Mempﬁun%ﬁﬁp sc%"g "laﬁe fs‘ﬁ%@ di fferent
and are selected fromthe group conS|st|ng of al kyl groups, aryl groups, -
al karyl groups, and arylal kyl groups;y wherein said sol ubl e organoni ckel
compound is selected fromthe group” ghn5|st|ng of nickel salts and nickel
20 cont ai ni ng organi c aci ds cddhﬁznrm from 1 to 20 carbon

at oms;;,and wherein said fluorine cOstdi ni ng compound is sel ected fromthe
group “consi sting of hydrogen fluoride3 boron trifluoride, hydrogen fluoride

conpl exes, and boron trifluoride 25 conpl exes. 31. A nethod as
s geflhf ed 1 n et TR Y Felddied o At gods @AY ag! B um conpound
alkyl groups, aryl groups, alkaryl groups, arylalkyl \‘/
groups, alkoxy groups, hydrogen, and fluorine; and
15 wherein R2 and R3 can be the same or different and are

selected from the group consisting of alkyl groups,
aryl groups, alkaryl groups, and arylalkyl groups;
wherein said soluble organonickel compound is selected
from the group consisting of nickel salts and nickel \d
20 containing organic acids containing from 1l to
20 carbon atoms; and wherein said fluorine
containing compound is selected from the group
cénsisting of hydrogen fluoride, boron trifluoride,
hydrogen fluoride complexes, and boron trifluoride
25 complexes.

31. A method as specified in claim 30 wherein the
mole ratio of the organocaluminum compound to the
soluble nickel containing compound is within the range

30 of from +0.3:1 to 300:1; wherein the mole
ratio of the fluorine containing compound to the
soluble nickel containing compound is within the range

of from ©0.5:1 to - 200:1; and wherein the
mole ratio of the fluorine containing to the
35 organoaluminum compound is within the range of from

0.4:1 to 10:1; wherein said temperature is



sol ubl e ni ckel containing conpound is within the range'30“‘~ﬂﬁ;444mn_____

0.3:1to 300: 1; wherein the nolesratio of the qu I ni ng
compound to the sol ubl e nickel containing compound is Eﬁ ﬂ”’ﬁuﬂf
from 0.5:1to ~200:1; *and wherein the nole rav|0c I ne
containing to the 35 organoalun1nun1aqnpound Is within the range of
from0.4:1 to 10: 1; wherein said tenmperature is -58- nmai ntai ned

Wi lt hin thedran?Wnt.?@ﬁh éd ﬁmnmm rk%ﬁaw"(l &:blmmteraxds t

pol yneri zed in Ci s- i ene, to a, conversj o eas

D00 e 5o A merHRRFEAS er SrieEadiang e ol mreriaed (e Blahor (e
or ganoal um num cﬁ@ohnﬂ-ﬁi@lyhetsd)ietté etmla:I@dnmmmlm Lol is within
the range of fr : 80:1; wherein the nole ratio 10

of the quorlnqugatalnlng conpound to the sol uble nickel containing
conpound i3 within the range of from3:1 to 100: 1; and wherein the

nole ratio of the fI ri ﬁg{q ﬂgggyg%Pi r

conmpound is wthin the r%ge 0 &; %%gs 7{€ ‘%fﬁl% ﬁﬁmﬁwﬂe
wherein sai d or ekl 1A% Hu E i ARBaRcalyminum compauntd &R dthe consi sting
of triethylal UméwmﬁIé ﬁ‘tél{@PYé&i dompoaidlt s &mfn iii"the range

tri hexyl al um num | sobut ylal nun1hy ri nd .di et h u um f l uori de;
wherei n said sol®b %“?ﬂ’ckel 20*1 tQont ai nldi% ﬁ ‘Ys&?e “Ergtee(}'aftr"tﬂn t he
group corBl sti ngHfthe ckbkorixpdt demd ining odmhpomtdlrmttﬂxe avlubleel

i a1, pol ybut A EREL reoneEiti SHPMAYs Wit Bd S55ped ¥, Btk

met hod as specified i 3claon 2 wherHt: baiand where:.n the mole ratio of

N the fluorine containing compound to the organocaluminum
compound is within the range of from 0.7:1 to
15 - 7:1; wherein said organoaluminum compound is

selected from the group consisting of triethylaluminum
tri-n-propylaluminum, triisobutylaluminum,
trihexylaluminum, diisobutylaluminum hydride, and
diethylaluminum fluoride; wherein said soluble nickel

20 containing compound is selected from the group
consisting of nickel naphthenate, nickel octanoate, and
nickel neodecanocate; and wherein said 1,3-butadiene is
polymerized into high cis-1,4-polybutadiene to a
conversion of at least 90%.

25 - _

33. A method as specified in claim 2 wherein said
polymerization is conducted in a reactor/extruder.

- 34, A method as specified in claim 33 further
30 comprising charging at least one molecular weight
‘regulator into said reaction medium.

35. A method as specified in claim 34 wherein said
molecular weight regulator is an a-olefin; wherein said
35 reaction medium is maintained at a temperature within
the range of 20°C to 100°C; and wherein said



Py R T -

polynerlzatlon IS conducted in a reaGtor/extruder 34. A nethod as
specified in claim33 further 30 conpri sing chargi ng

mol ecul ar wei ght regulator into said reaction nedl 'ﬁ ”ﬁ
il

od as
specified in claim34 wherein said nol ecul ar wei gh wum

[err]-olefin; wherein said 35 reacti mediumi s nmaln
tenperature within the range of [err] tdgﬁﬁrr] and wherein said -59-
1, 3- but adi ene i,s h..Ci Y e to a

conver si on of eg't qog)éggec@(éb%r erﬂ".1 rlﬁ%wgtig!bé‘g d‘lle’dé]ll?f’]tﬁ Taim 35
wherei n sai d 5butadiiegie dics-al conuendioradiferat ileastr BhipEreemnt.l, 4- pol y-

but adi ene having at |east 95%of its butadiene repeat units in the
cis-1,4-isomeric structure. 37. A nethod as specified in claim36 wherein

said 10 reacti 3 -medi mathad Asspesifdeddms alaim (35 whereinsaid

- e T D

L3

cis-1,4-ppl ybutagiheed.s -8, Ms dAend 9% weftg,umgﬁ% - K=Y wiﬁifyn said |

reactor/extrud r 1s,.a self cleanln r eact der"is
sel f-cl eani ng S’é’é@tddﬁ’& qﬁg’ 5954 éé:rﬁ hptadiane d-TeRﬁaﬂ east .

90 percent; whemrdits 43 cth[eerdﬂs-dl e'f-iirsdmrﬁrce%mdutﬁa.i d reaction medi unait
a concentration of 0.1 phmto 15 phm wherein said 1, 3-butadiene is

pol yneri zed into high 20 cis-1,4-polybutadiene to a conversion in
excess of 90 perceﬁﬂ wﬂem@ﬂhaﬂﬂa* rspectiifdedrdai whdim 36 nhaivedth ajaiad
tenperatjy e W 8 f [i.ne

cont ai ni lrﬁ{:; corrptl%luanr& IS se ecte %mk}s{]%o ?g&gg@g\m r|S§!g§l%of #&

fluoride, boro€izsl,4-poliyburadiene. hydrogen fluoride conpl exes, and bor on
trifluoride conpl exes; wherein said organoalun1nun1conpound is selected

fromthe group COH?;StI g of tztethylauTPie m, tri- p@ﬁpylalun1nun1 W

triisobutylal um numB«tr @Sh $he in ‘clalim wherein said
reactor/extruder is a self-cleaning reactor/extruder is

15 a self-cleaning reactor/extruder having a self;cleaning
effect of at least 90 percent; wherein said
a-olefin is present in said reaction medium at a
concentration of 0.1 phm to 15 phm; wherein said <
1,3-butadiene is polymerized into high

20 cis-1,4-polybutadiene to a conversion iﬁ excess of 90
percent; wherein said reaction medium is maintained at
a temperature within the range of 35°C to 85°C; wherein -
said fluorine containing compound is selected from the
group consisting of hydrogen fluoride, boron

25 trifluoride, hydrogen fluoride complexes, and boron \_)
trifluoride complexes; wherein said organocaluminum
compound is selected from the group consisting of
triethylaluminum, tri-n-propylaluminum,
triisobutylaluminum, trihexylaluminum,

30 diisobutylaluminum hydride, and diethylaluminum
fluoride; and wherein said soluble nickel containing
compound is selected from the group consisting of
nickel naphthenate, nickel octanoate. and nickel
neodecanoate. '

. y



30 diisobUtyIaIuninun1hydride, and di et hyl al um num fl uori de; and
wher ei n sai d sol ubl e nickel containing cenpound is seteeted-fromthe group
consi sting of nickel naphtHhenate, nickel octanoate, agﬁ ni ckel

neodecanoat e. -60- 39. A nethod as specified in u!muummu”w 5,

substantially as described in.respect of any of the f
9-11, 13-15, 19-22, 23, 24, 26, 27, 30-3L, and 39-46. 40. lPoI bdt atli ene
ggoduced by a met hod of pol y- meri zati 6n°Rs specified in any of claims 1 to
39. A method as specified in c¢laim 1 or 2,
» substantially as described in respect of any of the
foregoing ExamplesS¢, 9-11, 13-15, 19-22, 23, 24, 26,
- 27, 30-37, and 39-46.
o S 40. Polybutadiene produced by a method of poly-
merization as specified in any of claims 1 to 39.

U;




