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A catalyst was developed for the preparation of high cis polybutadiene consisting of ‘didymium’
versatate —aluminium alkyl halide —magnesium dialkyl. By altering the order of component addition and
using neodymium versatate, the catalyst activity and ¢/s content of the polymer were both increased. The
aluminium alky! halide could be replaced by mixtures of aluminium trialkyl plus silicon halides or organic
halides. Various additives were tried in order to reduce polymer molecular weight and to alter the

molecular weight distribution.
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INTRODUCTION

The first use of rare earth catalysts for high cis poly-
butadiene was published in 1963! by Von Dohlen. In the
following year Chinese work was reported?, which has
been extended continuously to the present day and
includes polymerization of isoprene®, acetylene* and the
use of different cocatalysts. A rare earth catalyst has also
been used to polymerize 2,4-hexadiene’, although in this
case mainly trans units were formed. The original Chinese
two component catalyst consisting of rare earth tri-
chlorides and aluminium trialkyl was improved by Throc-
kmorton® who used two and three component catalysts
based on cerium. Much of the more recent work seems to
stem from the very high (up to 99%) cis contents obtained
in butadiene polymerization using uranium allyl cat-
alysts’. The problem of radioactivity in these systems led
to a reinvestigation of the rare earths. A useful chronologi-
cal list of rare earth catalyst references prior to 1980 was
given by Bruzzone®. Mazzei® and Witte'© reported very
similar catalysts involving rare earth alkoxides or carbo-
xylates, in conjunction with aluminjum alkyls and alum-
inium alkyl halides, which produced polybutadienes of
98-99% cis content in high yield at economic catalyst
levels. Chinese work'! on the whole range of rare earths
has shown that high catalyst activity is confined to the
consecutive elements cerium, neodymium and pra-
seodymium and to gadolinium. Most current catalysts of
commercial value are based on neodymium for reasons of
activity and economy.

As discussed in Part 1 of this series of papers*?2, initial
experiments showed that a rare earth versatate-MgBu,
catalyst modified with Al,Et,Cl, could be used to obtain
high cis polybutadiene. This paper is concerned with the
properties and development of that catalyst.

EXPERIMENTAL

The main experimental details were reported in Part 112,
Neodymium versatate was prepared from hydrated neo-
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dymium chloride by the method used for ‘didymium’
versatate. After drying the solid versatate in vacuo, it was
extracted with hexane to form an 02M hazy, viscous
solution. After a few days a white precipitate had formed,
the solution viscosity had dropped considerably and the
neodymium concentration was 0.18 M. A sample of this
solution, after filtration, was diluted in hexane and used in
the present work.

Silicon halides were purified by distillation. Organic
halides were dried over fresh calcium oxide, redistilled
under dry nitrogen and stored over 3A molecular sieves.
Other additives for molecular weight control were dried
and purified by standard methods.

Viscosity average molecular weights were calculated
from intrinsic viscosities using the Mark-Houwink equa-
tion with K=3.24 x 107 and a=0.7 for the high cis
polymers**. Intrinsic viscosities (1.V.s) were carried out on
0.1%; solutions of polymer in toluene at 30°C.

RESULTS AND DISCUSSION

By adding increasing amounts of aluminium ethyl sesqui-
chloride, to a standard trans polymerization catalyst
consisting of didymium versatate and magnesium dibutyl
it was possible to change gradually from a trans micro-
structure to cis. Unfortunately the intermediate stages
were of no practical use as conversions were very low.
Conversion to cis polymer was >90%; using the levels of
rare earth required for satisfactory trans polymerization,
with Didym:Mg:Al ratios of 0.1:1:1.

The first experiments were carried out with the three
catalyst components added to butadiene in hexane so-
lution in the order indicated above, i.e. rare earth
compound first. Since the versatates scemed relatively
inert and unlikely to react with butadiene or system
impurities, this order of addition was retained for several
sets of experiments. However, it was later found that by
adding the aluminium alkyl halide before the rare earth
compound, a considerable increase in activity could be
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Table T Miscellaneous experiments

Cat Level Conv. Trans Cis Vinyl
Order of Addition Ratio Time mM Nd/100g % % % %
Didym : Mg : Al Et3Cl3 01:1:02 16 h 0.26 458 96.9 1.2 19
o " “ 01:1:04 " " 13.7 81.2 16.4 24
” " " 01:1:08 " 329 143 84.4 1.3
" " " 01:1:10 ! " 876 9.0 90.4 0.6
" " 01:1:15 96.3 6.0 93.1 09
Nd : Mg : AIEtCi, 0.1 :1 :075 16 h 0.26 98.3 4.7 94,7 0.6
AIEtCl, : Nd : Mg 0.75:0.1:1 ' " 99.1 34 96.1 05
Didym : Mg : AIEt,ClI 0.1:1 15 45 min 0.09 1.4 16 979 0.5
AIEt,;Cl : Didym : Mg 16:01:10 " " 338 18 97.7 05
Nd : Mg : AIEt,ClI 01:1 :15 " ! 26.5 1.7 978 05
AIEt,Cl : Nd : Mg 15:01:10 v " 78.9 15 98.1 04
Temperature = 50°C
Table 2 Effect of catalyst concentration
Concentration Temperature % Intrinsic
mM Nd/100g Bd °c) Conversion viscosity Trans Cis Vinyl
0.26 50° 100 58 36 96.1 03
0.13 " 97.1 6.1 1.6 98.0 04
0.09 " 978 7.8 1.3 98.4 03
0.07 " 98.3 6.7 20 975 05
0.05 " 99.4 7.0 1.5 98.0 05
0.04 " 848 6.8 0.7 98.8 05
0.03 " 75.3 6.8 0.7 98.8 05
0.09 20° 98.2 6.1 1.2 98.5 0.3
Table 3 Aluminium alkyl variation
Temper- Level
ature mM Conv. Trans Cis Vinyl
Catalyst Addition Order Ratio °c) Nd/100g % % % % Comment
AlEt,Cl + NdV3 + MgBu, 15:1 :10 50° 0.09 97.1 1.6 98.0 04 Hazy, stable
yellow solution
AlEt,Cl + NdV3 + MgBu, 15:1 :10 20° 0.09 98.2 1.2 98.5 0.3 "
AIEtCI; + NdV3 + MgBu, 75:1 :10 50° 0.09 98.6 1.2 984 04
AIEtCl; + NdV3 + MgBu, 75:1 :10 20‘; 0.09 98.6 0.6 99.0 04 "
AlyEt3Cl3 + NdV3 + MgBu, 10:1 :10 50 0.09 979 1.2 98.1 0.7 '
Al Et3Ci3 + NdV3 + MgBu, 10:1 :10 20° 0.09 96.2 09 98.6 05 "
NdV3 + MgBu; + AIEt,ClI 1:10:14 50° 0.26 89.8 8.0 914 06 Hazy, stable
yellow
NdV3 + MgBu, + AIEt,Ci 1:10:19 50° 0.26 56.9 10.7 88.3 1.0 White pptin 1-2
mins,
NdV3 + MgBuj + AIEt,Cl 1:10:22 50° 0.26 50.0 84 91.1 05 "’
NdV3; + MgBuj + AIEtCI, 1:10:85 50° 0.26 69.8 4.7 94.7 06 "
NdV3 + MgBu, + AIEtCl, 1:10:75 50° 0.26 98.3 4.2 95.0 038 Hazy, yellow.
NdV3 + MgBu, + AIEtCly 1:10:6.2 50° 0.26 98.8 5.0 942 08 "

(Polymerization time = 16 h)

obtained. In addition it was realized that didymium, with
a constitution of approximately 72%; Nd, 20%, La and 8%,
contained one component, lanthanum, which had been
found'” to be some 80 less active in cis polymerization
than neodymium or praseodymium. Changing to neo-
dymium versatate as rare earth compound gave a further
increase both in catalytic activity and in cis content of the
polymer. At maximum, it was now possible to get nearly
1009, conversion to 985, cis polymer with 0.05mM
Nd/100 g butadiene. Some typical experiments are sum-
marized in Tables ! and 2. The direct comparisons
between didymium and neodymium were only run for

45 min in order to show up rate differences. Although
aluminium ethyl sesquichloride had been used initially,
other aluminium alkyl chlorides were equally effective at
the correct ratio. Experiments were made with the
original order of addition in which the ratios of AIEtCl, or
AlEt,Cl were varied against constant neodymium ver-
satate and magnesium dibutyl concentrations (Table 3).
There was little to choose between the alkyls under
optimum conditions for each, with regard to conversion
or cis content of the polymer. At too low a ratio of Al:Nd,
cis content and conversion were reduced while at too high
a ratio the catalyst partly or completely precipitated from
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Table 4

Ratio of components Ratio of Conv. Intrinsic Trans Cis Vinyl

Al : Nd : Mg Al : Mg % viscosity % % % Comment

225:1:150 15:1 93.0 5.7 55 939 06 Lumps formed

18.7:1:125 165:1 934 5.6 4.4 949 0.7 initially later

dispersed

15.0:1:100 15:1 978 78 13 984 03 Normal

113:1:75 156:1 919 59 1.9 976 05 Clearer, nearly
75:1:50 15:1 89.7 88 1.1 985 04 colourless
38:1:25 156:1 19 - 1.2 98.1 0.7 -

Al : Nd : Mg Al : Nd Conv. intrinsic

viscosity Trans Cis  Viny! Comment

19:1:75 15:1 988 55 15 982 03 Normal
15:1:6.3 15:1 9983 6.2 1.2 984 04 Normal
15:1:3.2 15:1 47 - - — Partial ppt
16:1:25 15:1 0.7 - — — Complete
15:1:13 15: 1 Trace - - - precipitation

50°C for 16 h. [Nd] = 0.09 mM/100g Bd. Al Alkyl = AlEt,Cl.
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Figure 1 Nd=0.09 mM/100g Bd AIEt,Cl : NdV; : MgBu,=
15 :1 :10. Temperature=20°C

solution as a white flocculent solid although some cata-
lytic activity was still retained. At the correct ratio the
catalyst components added to the butadiene/hexane
mixture formed a yellowish, cloudy, but stable system.
Initially the cloudiness and white precipitate were attri-
buted to formation of insoluble MgCl, but later experi-
ments showed that under conditions where hexane sol-
vent resulted in cloudiness, toluene as solvent produced
perfectly clear solutions and it may be that the solid is a
magnesium complex of the type Mg[AIR, X, _,],. The
results in Table 3 show that it is not the Al:Nd ratio which
is critical but the Cl:Nd ratio with an optimum value
between 12:1 to 17:1. The three aluminium alkyl halides
have been compared directly using the best order of
addition at a ratio of CI:Nd of 15:1 (Cl:Mg=1.5:1). There
is a marginal increase in cis content with decrease in
polymerization temperature and an increase in cis also
occurs with decrease in catalyst concentration (Table 2).

Apart from varying the aluminium alkyl and its
concentration with respect to neodymium, it is also
possible to change other ratios advantageously to give a
reduction in total metal alkyl required, whilst still retain-
ing high activity and cis content. Some results from
experiments on this theme are recorded in Table 4 where
two components have been varied together against the
third, or one has been varied against the other two (the

154 POLYMER, 1985, Vol 26, January

effect of changing Al,Et,Cl; ratio with respect to fixed
Nd:Mg ratio was given in the upper half of Table 1).

Itis apparent that altering the total alkyl with respect to
neodymium either up or down is not beneficial and
confirms the previous comment that the chloride to
neodymium ratio is crucial. However, the amount of
magnesium alkyl can be reduced substantially if the
aluminium level is kept constant. Using aluminium
diethyl chloride, the normal Al:Mg:Nd ratio of 15:10:1
can be changed to 15:6:1 without affecting conversion, cis
content or molecular weight, thus reducing magnesium
alkyl usage by nearly 50%,. Below this level the catalyst
rapidly becomes unstable confirming that the magnesium
alkyl is a necessary component and that the aluminium to
magnesium ratio is also important in the formation of
stable catalyst mixtures.

A very surprising feature of the polymerizations was
that the solutions became quite viscous within 2-3 min of
adding the catalyst, even at low catalyst concentrations.
The behaviour was quite unlike that shown by other rare
earth catalyst systems, e.g. Nd butoxide — AIEtCl, -
AIBu,H®. At first this was attributed to extremely rapid
rates of polymerization but there was no corresponding
large exotherm. When rate experiments were carried out,
the overall time to 100% conversion was found to be
similar to that obtained with other high cis catalysts.
Unlike the latter, however, which showed S-shaped curves
for conversion versus time, the magnesium based systems
showed little, if any, slow induction period (Figure ). The
data are scattered as a result of working with high
viscosity unstirred solutions but, like the trans polymeri-
zations, the cis polymerizations showed first order de-
pendency on monomer (Figure 2) in the later stages of
polymerization. However, in the early stages, the plot
followed a different curve.

Like the trans and other rare earth high cis catalysts,
molecular weight of the polymer increased linearly
(Figure 3) with conversion to over 70% indicating
the presence of live chain ends. However, the broad
distribution (>5) and the fact that the line does not
extrapolate to zero indicate that this is not strictly a living
polymer system. Peak molecular weight at 60% con-
version was over one million indicating a low level of
chain termination but interestingly molecular weights of
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Figure 2 Nd=0.09 mM/100g Bd AlEt,CI : NdV; :MgBu,=
15 :1:10. Temperature=20"C

300000 were recorded within 5 min of adding the last
catalyst component.

The work on cis polymerization catalysts was started
by chance when a Lewis acid, Al,Et,Cl,, was added in an
attempt to modify the microstructure of polymer ob-
tained with the basic MgBu,-rare earth catalyst. Experi-
ments were carried out with other Lewis acids to see if
they had the same effect and whether the extra alkyl
groups were necessary. PCl; and POCI; caused for-
mation of white precipitates and did not yield active
catalysts ecither as replacements for aluminium alkyl
halide or in combination with aluminium trialkyl. SiCl,,
MeSiCl; and TiCl, all proved capable of polymerizing
butadiene, in the presence of MgBu, and didymium
versatate, to low conversion and reasonably high cis
content although TiCl, was reduced in situ to TiCl; and
formed a high proportion of gel. CCl,, as a halogenated
Group IV compound with no acidic properties and no
alkyl group gave similar results. All these catalysts gave
considerable improvement in conversion when AlBu, was
added as a fourth catalyst component (Table 5). In all cases
it was necessary to use at least 0.26 mM Nd/100 g Bd.

Although it is likely that both CCl,/AlBu; and
SiCl,/AlBu, combinations would have given better re-
sults if they had been more fully investigated, the initial
results with MeSiCl; suggested that this was the most
promising candidate for further experiments. The results
in Table 6 show that high conversion of butadiene was

possible, to give polymer with a reasonable cis content
although higher cis could be obtained at lower conversion
using lower catalyst levels. The experiments with AlBu,H
were tried because the hydride group might have pro-
duced lower molecular weight polymer via the Al-H bond
or through exchange of groups with MeSiCl;. Changing
the order of addition of catalyst components had virtually
no effect on polymerization, i.e. the polymerization still
required a high level of catalyst for good conversion.
Unlike the trans catalyst system, the cis catalyst
produced polybutadiene with a high molecular weight
and broad distribution, which although suitable for
compounding into an oil extended rubber did not give
satisfactory processing as a straight tyre rubber. The
material as produced in bottles by laboratory techniques
was a tough rubbery lump to which it was difficult to add
antioxidant or to kill off easily with methanol. Three
mechanisms were possible for the high molecular weights
obtained. (1) Lack of chain transfer which might be
overcome by adding one of the known transfer agents.
(2) Very slow initiation, resulting in a broad range of
molecular weights. In this connection ‘seeding’ techniques
were considered, i.e. formation of a low molecular weight
polybutadiene using a normal concentration of catalyst
and a small weight (~0.5 g) of butadiene monomer, with
addition of the remaining butadiene after completion of
the initial reaction. Using the catalyst neodymium ver-
satate — AlEtCl, — AlBuj;, which suffered from the same
molecular weight problem, seeding did not help and
indeed the seed polymer itself had a remarkably wide
distribution with molecular weight ranging from about
10000 to over one million and M, /M, =22!(3) A variety
of different types of catalyst centre might be present,
capable of different rates of polymerization. This kind of
situation has been considered responsible!? for the nar-
row distribution of syndiotactic polypropylene at —78°C
compared to formation of broad molecular weight isotac-
tic polymer produced at greater than —20°C with the
catalyst VCI,—AlEt,Cl. With the present catalyst it might
help to use rare earth compounds with only one possible
active site on an atom instead of three, e.g. (cp),NdCl or
(cp),Nd versatate instead of Nd(versatate),. It could also
be, since the initiating system in hexane is cloudy, that
some of the molecular weight broadening is due to the
formation of a partly heterogeneous catalyst. Certainly at
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Figure 3 Nd=0.09 mM/100g Bd AlEt,Cl : NdV; : MgBu,=
15 :1:10. Temperature=20°C
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Table 5
% Trans Cis Vinyl
Halide Didym. vers. : Mg : AlBuj : halide conversion |V % % %
01 :1 :1.2:075 775 281 5.8 93.4 08
01 :1 :12:09 77.2 284 5.8 935 0.7
01 :1 :12:1.05 80.9 237 5.6 93.7 0.7
01 :1 $1.2:12 77.2 3.20 74 919 0.7
MeSiCl3
01 :175: 0:1.75 19.0 - 4.2 95.3 05
01 :175: 0:0.75% 15.1 - 926 59 15
01 :0 :20:1 494 - 134 86.2 04
0.05:0 20:004 119 — 10.2 879 19
01 :1 : 0:1 0.6 - 5.5 856 8.7
0.1 :1 : 0:05 5.3 - 6.0 925 15
SiClg 01 :1 $1.2:1 53.3 1.92 98 896 06
01 :1 :1.2:15 40.2 5.67 34 96.0 06
01 :1 :12:2 38.9 5.78 1.6 97.7 0.7
01 :1 0:1 45 - 96 885 1.7
ccl 01 :1 0:05 34 - 385 58.8 27
4
0.1 :1 : 0:028 223 - 943 36 2.0
01 :1 :1.2:1 28.1 - 145 841 14
{Soluble portion)
01 :1 0:1 47.7 - 271 714 15
TiClg 01 :1 0:05 38.0 - 355 52.2 123
01 :1 0:025 9.3 - 15.0 30.7 54 .1
01 :1 1:1 87.2 — 53.0 320 148
50°C for 16 h. [Nd] = 0.26 mM/100g Bd.
Table 6 Use of MeSiCl3
Levet mMNd  Conv. Intrinsic Trans Cis Vinyl
Catalyst Ratio per 100g Bd % viscosity % % %
AlBug + MeSiCl3 + NdV3 + MgBu, 125: 7: 1:10 0.26 716 1.75 275 716 09
" " " " 125: 9: 1:10 0.26 86.4 2.36 13.4 86.4 0.2
! " " " 125:11: 1:10 0.26 875 247 12.2 875 03
" ' " ' 125:13: 1:10 0.26 90.1 281 9.6 90.1 0.3
" " ' 125:15: 1:10 0.26 89.4 252 10.2 89.4 04
! " ! " 125:17: 1:10 0.26 90.6 2.65 9.0 906 04
" " ! ! 125:20: 1:10 0.26 96.5 3.41 6.7 928 05
‘! " ' ' 125:22: 1:10 0.26 975 284 7.4 92.1 05
NdVj3 + MgBuj + AlBuj + MeSiCi3 1:10:125: 13 0.26 83.6 3.89 5.8 93.9 0.3
" " " " 1:10:125:17 0.26 87.3 3.44 5.3 942 05
AlBu,H + MeSiCly + NdV3 + MgBu, 125:13: 1:10 0.26 98.0 3.18 49 949 0.2
" " " " 125:13: 1:10 0.26 98.2 2.95 4.7 95.0 03
AlBujz + MeSiCl3 + NdV3 + MgBu, 125:20: 1:10 0.18 789 - 6.0 936 04
" " " " 125:20: 1:10 0.09 38.7 - 4,0 95.7 03
AlBusH + MeSiClz + NdV3 + MgBu,  125:15: 1:10 0.18 72.0 - 2.7 97.0 03
" " " " 125:15: 1:10 0.09 35.1 - 2.1 975 04
NdV3 + MgBu, + AlBujz + MeSiCl3 1:10:125:15 0.18 80.9 - 20 97.6 04
" z " " 1:10:125:15 0.09 427 - 19 978 03

Temperature = 50°C. 0.26 mM levels run for 16 h, lower levels for

high ratios of aluminium alkyl halide to neodymium
where catalyst precipitation occurred, some polymer was
associated with the precipitate and some with the clear
solution.

The attempts to alter molecular weights and distri-
bution reported here were concerned with the addition of
various potential chain transfer agents. While the work
was in progress, similar work was reported'* in which
ethanol, dihydronaphthalene, chloroform, diethyaniline,
triphenylmethane, octanoic acid, allyl iodide and diallyl
ether were unsuccessfully tried. Molecular weight in-
creased or decreased but in all cases the conversions were
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48 h.

reduced. This behaviour is generally smilar to that
experienced with high cis polybutadiene catalysts based
on nickel'®-1¢ although in those cases the unmodified
molecular weights were much lower than with rare earth
catalysts. The results with additives detailed in Table 7
show a similar trend. Hydrocarbon additives had very
little effect while the more reactive compounds reduced
conversion. Of the additives tried, 1,2 butadiene is a
known controller of gel in lithium butyl polymerization'’
and has been patented!® as a modifier for Ziegler
catalysis. Zinc diethyl has been used as a replacement for
hydrogen to modify polyethylene and EP copolymer
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Table 7
- Propylene level % Intrinsic Trans Cis Vinyl
Modifier on Bd conversion viscosity % % %
Propylene added 0 97.3 5.97 1.9 97.6 05
before catalyst 500 ppm 959 6.98 1.9 97.3 0.8
1000 ppm 95.3 7.28 26 96.7 0.7
1500 ppm 945 7.03 20 975 05
2000 ppm 92.0 7.39 3.2 95.5 1.3
% Intrinsic Trans Cis Vinyl
Modifier 1,2Bdon 1, 3 Bd conversion viscosity % % %
1,2 Butadiene 0 959 6.46 23 97.3 05
added before 500 ppm 95.6 6.36 31 96.3 06
catalyst 1000 ppm 96.2 6.34 26 96.7 0.7
2000 ppm 96.1 6.56 2.3 97.1 06
Mole ratio Zn % Intrinsic Trans Cis Vinyl
Modifier to Nd conversion viscosity % % %
ZnEt, added after 0:1 98.7 5.63 - - -
aluminium but 1:1 99.4 5.04 1.2 98.5 03
before Nd 3:1 98.8 6.51 14 98.2 04
5:1 98.2 5.73 1.3 98.0 0.7
10:1 98.2 5.82 20 97.4 06
16: 1 98.1 6.72 14 98.0 0.6
% Intrinsic Trans Cis Vinyl
Modifier 0, on Bd conversion viscosity % % %
Oxygen added 0 ppm 98.6 - - - -
before catalyst 500 ppm 6.1 — - - -
750 ppm 0 - - - -
1000 ppm 0 - - - —
1500 ppm 0 - - - -
Hexadiene on % Intrinsic Trans Cis Vinyl
Modifier Bd conversion viscosity % % %
1,5 Hexadiene 600 ppm 98.7 6.71 2.1 97.4 05
added before 1200 ppm 98.3 6.87 26 96.7 0.7
catalyst 2400 ppm 98.7 6.43 2.2 97.1 0.7
4800 ppm 98.2 0.71 2.7 96.7 0.6
9600 ppm 98.0 6.96 23 97.1 06
12000 ppm 98.1 6.64 2.3 97.3 04
Mole ratio ETCA % Intrinsic Trans Cis Vinyl
Modifier to Nd conversion viscosity % % %
Ethyl trichloracetate 0:1 100 6.17 - — —
added after Al and 1:1 98.8 6.25 1.0 98.5 05
before Nd. 3:1 395 8.27 1.3 98.1 06
5:1 34 7.10 1.2 98 3 05
Mole ratio BuOH % Intrinsic Trans Cis Vinyl
Modifier to Nd conversion viscosity % % %
n-Butanol modifier 0:1 98.7 5.80 — — -
added after all 1:1 100.0 5.67 1.3 98.1 06
catalyst components 25:1 97.7 6.14 1.3 98.0 0.7
5:1 97.5 5.26 1.1 98.4 05
75:1 95.4 4,00 1.1 98.3 06
10:1 48.3 7.51 1.0 98.5 05
n-Butanol modifier 1:1 99.3 5.80 20 975 05
added after Nd and 25:1 99.4 468 19 97.7 04
before Mg 5:1 98.7 5.22 1.0 98.5 05
75:1 99.3 5.82 1.0 98.6 0.4
10:1 94.7 7.62 09 98.5 06
Time: 16 h [Nd] =0.09 mM/100g Bd.  Temp.=50°C.

molecular weights and ethyl trichloroacetate has been
used for the same purpose!®2°. a-w dienes have recently
been claimed?! as modifiers for nickel catalysed high cis
polybutadiene with 1,5-hexadiene as the most effective
compound exemplified. Finally oxygen and alcohols have

been tried in, and claimed as, successful modifiers for
various types of hydrocarbon polymerization.

With regard to the more active additives, zinc dialkyl
has no effect at all and since it is so similar to magnesium
alkyl it probably acts simply as an extra source of alkyl

POLYMER, 1985, Vol 26, January 157



Butadiene polymerization with a rare earth compound: 2: D. K. Jenkins

Table 8 Modification with toluene

Catalyst % wiw Intrinsic
{0.09 mM Nd/100g toluene % viscosity toluene Trans Cis Vinyl
Bd) on hexane conversion at 30°C % % %
AIEL,Cl + NdV4
+ MgBu, 0 979 6.22 21 97.2 0.7
15:1:10 25 98.8 6.61 27 96.9 04
16 h at 50°C 5.0 974 6.04 26 96.9 05
10.0 974 6.53 20 97.7 0.3
20.0 98.6 5.44 2.1 975 04
100.0 98.1 3.58 2.2 973 05

[Nd] = 0.09 mM/100g Bd. Temp.=50°C.

groups in the system. In ethylene or ethylene~propylene
polymerization ETCA and similar chlorinated esters are
thought to react by reoxidizing reduced vanadium species
by adding a chloride ligand to divalent vanadium before
realkylation. In rare earth systems there is little chance of
metal compound reduction and the results suggest that
ETCA is destroying active centres. Oxygen reacts to form
alkoxides from the metal alkyls of Mg and Aland thus has
probably destroyed the catalyst at the relatively low levels
used. Butanol also reacts with metal alkyls to form
alkoxides but the highest level used in the experiments
was sufficient to react with approximately only one metal
alkyl bond and therefore catalytic activity was retained.
The two orders of addition were designed to allow the
butanol to react (a) with the aluminium before addition of
the magnesium or (b) with either or both of the aluminium
and magnesium alkyls. Although the lack of effect at these
levels is surprising, rare earth catalysts are known in
which the rare earth compound is activated by an
alcohol??,

A JS.R. patent?? describes the use of toluene as an
effective modifier for a typical rare earth high cis catalyst
with a claim for reduction of Mooney viscosity from 134
with no toluene present, to 21 in 100% toluene. Experi-
ments with the magnesium based catalyst (Table 8) show
that toluene only has a marked effect when used as total
solvent for the polymerization but even then the resulting
molecular weight was still high (M, from intrinsic visco-
sity ~580000). Hydrocarbons with a more acidic hy-
drogen might have been more effective but Ph,CH!? was
shown to increase molecular weight and decrease con-
version in a similar system, although the J.S.R. Patent23
claims that xylene, dihydronaphthalene and mesitylene
are effective in lowering Mooney viscosity whilst retaining
100% conversion. With the present catalyst 1,2 dihydro-
naphthalene decreased conversion and increased mole-
cular weight but the effect was only noticeable at high
concentrations of additive. As noted previously, when the
catalyst components were mixed with toluene in the
presence of butadiene a clear yellow solution was ob-
tained, in contrast to the cloudy product in hexane.

THF had no effect on the microstructure of polybu-
tadiene prepared with the trans catalyst (c.f. Part 1), THF
also had little effect on the catalyst Nd versatate-
AIEtCl,—-AlBu,H at ratios up to THF:Nd of 10:1 al-
though an increase in molecular weight and some gel
formation accompanied by a reduction in conversion was

1568 POLYMER, 1985, Vol 26, January

noted at the highest ratio used. The cis content remained
between 98 and 999 It was surprising in view of the latter
result that the magnesium based high cis catalyst was
converted to a catalyst producing a moderate yield of high
trans butadiene when THF was added at a THF-Nd ratio
of 10:1. The effect was only noticeable when using the
‘standard’ Nd:Mg ratio of 0.1:1 and CI:Nd of 15:1. With
more aluminium alkyl halide the catalyst produced high
cis polymer. It appears that the Lewis base, THF, and the
Lewis acid react together at a molar ratio of 1:1 leaving
the two other catalyst components MgBu, and Nd
versatate unaffected in their ability to produce trans
polymer.
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