This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Selective Polymerization from Olefin Mixtures
G. Heublein®; H. Hartung®; M. Helbig®; D. Stadermann®
* Department of Chemistry, Friedrich Schiller University, Jena, German Democratic Republic

To cite this Article Heublein, G. , Hartung, H. , Helbig, M. and Stadermann, D.(1982) 'Selective Polymerization from Olefin
Mixtures', Journal of Macromolecular Science, Part A, 17: 5, 821 — 845

To link to this Article: DOI: 10.1080/00222338208063275
URL: http://dx.doi.org/10.1080/00222338208063275

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi |l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/00222338208063275
http://www.informaworld.com/terms-and-conditions-of-access.pdf

07:39 25 January 2011

Downl oaded At:

J. MACROMOL. SCL-CHEM., A17(5), pp. 821-845 (1982)

Selective Polymerization from Olefin Mixtures

G. HEUBLEIN, H. HARTUNG, M. HELBIG, and D, STADERMANN

Department of Chemistry
Friedrich Schiller University
6900-Jena, German Democratic Republic

INTRODUCTION

For inorganic as well as for organic reactions the necessary raw
materials in general are mixtures of different components, Different
separation processes are needed before proceeding to the reactions
resulting in the wished for transformation product. The development
of new chemical procedures for obtaining energy or raw materials
and their use without getting by-products or products without economi-
cal profit require new methods in chemical research.

One way is the reactive separation of one or two components from
a raw material mixture, This method shows some advantages because
separation methods need energy and time, with increasing expendi-
tures for the production of intermediates or final products,

In the natural sciences one finds many examples where many
elementary processes with high regio- or stereoselectivity take place
from raw materials without pre-separation of the reacting components.
Unfortunately, such processes in technical use are rare in conse-
quence of the small volume-time ratio of such reactions.

During the last years this supposition, particularly for organic
or metal-organic reactions, has been changed and the steering of
the reactivity-selectivity-ratio remarkably improved. A deeper
understanding of the nature of the elementary steps within chemical
reactions and investigations of their quantitative description favors
the development of a reaction theory | 1]. I recent years new methods
for multicomponent analysis have been created and several techniques
for ultrafast spectroscopy or dielectric field relaxation methods have
opened the way for modeling the course of the reaction and have
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shown the possibilities for variation of the properties of products
with technical application.

In polymer chemistry the successful work of Kennedy [ 2] on so-
called "ionic engineering' can be mentioned as one example.
Oligomerization or cyclooligomerization of butadiene, depending
on the Ni complex-triphenylphosphane ratio, might be ancther ex-
ample [ 3] of this trend. Manifold examples in this connection are
known from modern synthetic organic chemistry [4].

Besides various general reactions such as oxidation, hydrogenation,
addition, and complex formation, polymerization reactions might be
helpful for the reactive separation of olefins or diolefins which are
components, for example, of technical pyrolysis fractions. Selective
polymerization should have the additional advantage, compared with
the other reactions mentioned above, that it is easy to separate the
polymer products from the unreacting components,

1. SUPPOSITIONS FOR SELECTIVE
POLYMERIZATION

The term ''selective polymerization" was mentioned in the chemi-
cal literature more than 30 years ago and particularly refers to the
dimerization of isobutene from a technical butene fraction [5].

Using industrial common Lewis acids (e.g., AlCls), the process
will not be selective either with reference to the formation of only
one dimer or relative to the only reaction of isobutene. Under these
conditions butene-1 will also react and different products are formed
by fast isomerization reactions via intermediary carbenium ions,

The formation of polymers from mixtures of polymerizable monomers
has never been stated except in the patent literature, and real evi-
dence for the polymerization of only one component from a mixture

is wanting,

According to Ref. 6, the formation of polybutadiene with 94% 1,4-
structure has been reported by direct polymerization from a tech-
nical Cs fraction using cobalt naphthenate and diethylaluminum-
chloride as a catalyst. If isobutene is removed from a Cs4 fraction,
the butadiene is polymerized from the remaining fraction with the
help of triisobutylaluminum and TiCls [7]. The aspects of reaction
steering were shown in the investigations of Abed and Varadi [ 8]
where, by variations in the composition of the mixed initiator from a
C4 fraction polybutadiene, copolymers and mixtures of different poly-
mers were obtained. The emulsion polymerization of butadiene from
2[1 (]Z'4 fraction by hydrated CoF2 and RhCls has also been reported

9].

The formation of high molecular polyisobutene is normally per-
formed from pure isobutene. Low molecular weight products were
also obtained from butene fractions [ 10]. Vybihal [ 11] reported on
dimer and trimer formation in addition to the codimer of isobutene and
butene-1 when a butene fraction containing 40 mass-% of isobutene is
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treated with a cation-exchange resin (sulfonated styrene-divinyl ben-
zene copolymerﬁ. Polymerization reactions of isobutene from a butene
fraction [ 12, 13] or of butene-1 by Ziegler-Natta catalysts [14] or
copolymerization reactions by use of Cs+ mixtures [ 15-17] have been
claimed in the patent literature but without details on yields, selec-
tivities, or structural data on the products.

In this paper the term "selective polymerization' means the only
reaction of one component from a mixture of olefins or the binary
copolymerization of two components of the mixture. From a kinetic
view the term 'selectivity'' has several meanings which are differ-
ent in their temporal reaction probabilities. The ratio of these prob-
abilities depends on whether only one component polymerizes from
a mixture of monomers or binary copolymerization takes place., On
the basis of the "first-order model" for the propagation reaction or
the crossed propagation reaction of the binary copolymerization
[18-20], the following differences of velocity result:

ki

""“M]_@ + M1 N“Ml—-M1®
Kz

~MP My — -~ M -MD
Rz,

"NMz@ + M, "NMz—Mle
.kzz

M 4 Mz —————— A~ M -MD

In principle, this equation system may be extended to more than
two monomers (M,, M,, ..., M_), and for selectivity of the polym-
1”72 n

erization the findings can be paraphrased as follows [ 21]:

1. (k21, k1) > (kiz, kaz)
The polymerization of M, is dominant. This corresponds to
real selective polymerization and we denote this case as
"homoselective.”

2. (ki1, k22) > (kiz, kz1)
This corresponds to a mixture of two polymers, or under
appropriate conditions (living chain ends) block copolymeriza-
tion occurs. This case is denoted by "'block-co-selective."

3. (k21, ki2) > (ky1, kaz)
In this case, alternating copolymerization will be preferred.
We denote it as "alternating-co-selective,"

4. (k11 = K2 ); (kzz = kzl)
Under these conditions one would expect random copolymeriza-
tion, and the system is called ""'random-co-selective,”
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Besides the selectivity of the propagation reaction, for special
reasons of reaction steering one can also reach a selective initiation
of M; if there is a gradation within the relative reactivity of the
monomers (e.g., isobutene and butene-1 with cationic initiators;
[ki(M)l # ki(MZ)] ). The same is true for selective chain termination

or chain transfer reactions [ 2, 22].

With better information on the different reactivities of monomers
and their growing abilities which affect the elementary steps by varia-
tion of the reaction conditions, a semiempirical reaction control for
selective polymerization should, in principle, be possible. Favorable
conditions can be paraphrased as follows:

1, The reactivities of monomers show remarkable differences due
to initiators which prefer anionic, cationic, coordinative, or
radical mechanisms.

2. Monomers which polymerize via the same mechanism show
strong differences in their relative reactivities.

3. Initiation, propagation, or chain limiting reactions are influ-
enced by "external parameters' which are not structure condi-
tioned. This means the variation of the concentration ratio
of the reactants, the variation. of initiators or coinitiators, the
influence of the relative reactivity by addition of donors or
acceptors, the influence of solvents, the temperature, homogeneity
or heterogeneity of the reaction system, and its temporal change.

Items 2 and 3 particularly favor ionic and coordinative reaction
mechanisms for selective polymerization,

For a better understanding of selective polymerization, some gen-
eral advantages of ionic polymerizations should be emphasized:

1, Some monomers are only (vinyl monomers with high 7 -donor
capacity; e.g., iscbutene} or primarily (e.g., obtaining special
microstructures in the case of diene polymerizations) polym-
erizable via ionic mechanism.

2, At suitable reaction conditions via ionic or coordinative mech-
anisms, the formation of stereoregulated polymers is possible
whereas this does not occur with the less selective radical
chain formation reaction.

3. For special application fields of polymers (e.g., microelec-
tronics, optics, polymeric drugs) the molecular weight distri-
bution should be rather narrow. This might be realized by ionic
mechanisms but is less probable by radical reactions.

4, Cyclic mono- and diolefins contained in pyrolysis fractions
react in most cases of ionic polymerization via exocyclic
double bonds whereas the endocyclic double bonds remain
unreacted. This supports subsequent processes, e.g., vulcani-
zation or other analogous polymer reactions.
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FIG. 1. Time-dependent selective polymerization of butadiene
(BD) from a Cq4 fraction by gas chromatography. itiator: CsHoLi
(7.5 X 10 mol/L), Solvent: THF. Temperature: 20°C.

5. The combination of different properties by co- and terpolym-
erization or grafting should be controlled much easier for
ionic polymerization than for radical reactions.

Altogether it should not be overlooked that ionic polymerization
needs a high level of technical effort, it should be used only when

outstanding product qualities are needed which are not available by
other methods,

2, RESULTS AND DISCUSSION

2.1 Homoselective Systems

From the polymerizable monomers of a technical Cs fraction [23],
only butadiene reacts via an anionic mechanism. By using suitable
anionic initiators (naphthalene-Na, butyl-Li, modified Li-organic
compounds, etc.) we obtained complete separation of butadiene from
a Cq fraction at room temperature in 60 min, Figure 1 shows GC-
followed butadiene polymerization with the initiator butyl-Li. The
C4 fraction was dissolved in THF. The samples for GC detection
\[ver]e taken at constant pressure from the gas phase over the solution

24|,
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TABLE 1. GC Detected C-H Acidic Components of a Technical Cs
Fraction

Components Concentration
Acetylene 9.0 ppm 0.1 X 107 mol/L
Propadiene 0.20% 2.2x10°% "
Propine 0.23% 2.6 x 1072
Butadiene-1,2 608 ppm 6.9x 107% "
Butine-1 618.7 ppm 6.9x107% "
Butine-2 22.0 ppm 0.25x 107
Vinyl acetylene 2749.6 ppm 3.1x 1072
Pentadiene 7.0 ppm 0.8x10°* "
8314.3 ppm 0.0931 mol/L

It is known that Li-organic initiators in unpolar solvents show very
low efficiencies [25] due to metalating side reactions and the forma-
tion of inactive associated species. By using C. fraction dissolved in
unpolar solvents or liquefied without a solvent, the initiating efficiency
rises more than 100% compared with pure butadiene, The high effi-
ciency is most likely due to the strong 7 -donor capacity of the mono-
olefins which partially solvate the Li-organic compounds and reduces
their association tendency.

Most important for high initiator efficiency, and with that a com-
plete conversion of butadiene, is the purification of crude Cs fractions.
In Table 1 are listed the GC-detected C—H acidic components of a
technical Cs fraction,

The sum of C-H acidic compounds shows the same order as the
concentration of the initiator normally used. To avoid a remarkable
loss of active initiator, we used the combination of molecular sieve
"Zeosorb 4 A,'" diethylaluminum ethoxide, and Li-butyl for purifica-
tion. The known methods of selective hydrogenation would be pre-
ferred for technical processes [26]. From purified C; fractions we
have realized a homoselective polymerization of butadiene with com-
plete conversion by using different anionic or coordinative initiators
[27]. The results are compiled in Table 2,

The time of reaction in order to get high conversions, or the molecu-
lar weights of the polymers as well as their microstructures, are
nearly identical with the results of polymerizing pure butadiene in the
solvents (cf. Table 2). In the same way as is valid for the polymeriza-
tion of pure butadiene, the microstructure of the polymer changes
depending on the nature of the initiator, the solvent, or the reaction
temperature,
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TABLE 2. IR Speciroscopical Detected Distribution of Microstructure
for the Polymerization of Butadiene-1,3 from Cs Fraction

Microstructure
distribution (%)
Tempera-
ture 1,4- 1,4-
Initiator Solvent °o) 1,2- trans- cis-
Naphthaline-Na THF 20 50-60 40-50 -
Butyl-Li THF 20 80 20 -
Butyl-Li Hexane 20 10 55 35
V[ CsH2(CHs)s)s*1.25  Benzene 20 30 35 35
THF
V[CsHACHs)sk*1.25  Benzene 20 10 15 75
THF/AlBrs
V] CsH2(CHs)sJa /
AlBrs:
Al:V ratio =3 Benzene 27 - 55 45
Al:V ratio = 6 Benzene 27 - 67 33
Al:V ratio = 10 Benzene 45 - 100 -
LizCr z(CGH5)6'1.5 Benzene 20 80 20 -
THF

From the main components of the C; fraction, isobutene is the
only monomer which can be polymerized via a cationic mechan-
ism, With that, one has the possibility for selective polymerization
of isobutene from the remaining fraction, which often is named the
"butene fraction,’’ by means of cationic initiators (Bronsted acids,
Lewis acids). Evidently the cationic polymerization requires more
effort than the anionic butadiene polymerization because butene-1 is
a cationic polymerizing monomer and the trans- or cis-butene-2
shows isomerization or competition reactions in strong electrophilic
media,

For oligomerization of isobutene from the butene fraction, in addi-
tion to specially prepared zeolites, solid complexes formed from
metal sulfates (Me = Al, Mg, Ca, V) and sulfuric acid were used [ 28].

The oligomerization was carried out from the gas phase at 20 to
100°C as well as from the liquefied butene fraction. Both reaction
conditions predominantly yield dimers and trimers of isobutene.
Conversion of isobutene and the homoselectivity have a strong depend-
ence on the temperature of reaction and the amount of initiator used,
as seen in Table 3.
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TABLE 3. Gas-Phase Oligomerization of Isobutene from Butene
Fraction Depending on Temperature and the Amount of hitiator

Amount of Remaining content (%)
Temperature initiator
°C) (g) Isobutene Butene-1

Initiator: MgS0./Ha80./H=0

25 3.0 32 100
50 1.5 45 100
50 3.0 20 90
75 3.0 25 70
98 1.5 25 65
98 3.0 18 40
Initiator: VOS0:/H2804/H20
25 1.5 100 100
25 3.0 80 100
50 1.5 80 100
50 3.0 55 90
75 1.5 80 100
75 3.0 25 100
98 1.5 75 100
98 3.0 18 60

GC analysis does not allow separate determination of isobutene and
trans-butene-2, thus the data in Table 3 obtained at 98°C mean a com-
plete isobutene conversion. Whereas the MgSO, initiator (Table 3)
forms nearly 50% dimers besides low amounts of codimer with butene-1
(increasing with an increase of temperature or concentration of the
initiator) and 45 to 50% trimers, the VOSO, initiator shows higher
homoselectivity, whereas in the temperature range 25 to 50°C about
80% dimers and 15 to 20% trimers are formed, The GC-detected ratio
of the two dimers, 2,4,4-trimethyl-1-pentene and 2,4,4- trimethyl-2-
pentene, was 4:1, corresponding to the data published by Kennedy [29]
for the dimerization of pure isobutene. The isobutene conversion was
very important for the exclusion of butadiene traces which are present
in technical butene fractions after extractive separation of butadiene
from the C, fraction. Figure 2 shows how the GC-detected isobutene
conversion depends on different amounts of butadiene, The retarding



07:39 25 January 2011

Downl oaded At:

Isobutene Conversion (%)

SELECTIVE POLYMERIZATION FROM OLEFIN MIXTURES 829

o
o
o
|
p-4

®

o
]

v
/

Isobutene Conversion (%)

T 1 1 1 i 1 T

1 T T T T 1 T T T
3I0 60 90120 150 180 210 240 270 30 30 150 210 270
Time [min] Time [min]

FIG. 2. Effect of butadiene on the conversion of isobutene oligomer-
ization from olefin mixtures. Temperature: 50°C, (A) Initiator:
MgS04/H280,/H20, (B) Initiator: VOSO:/H280:/H20. Composition
of the mixtures: (- -) 55 mL isobutene, 25 mL butene-1, 20 mL n-
butane; (—) 100 mL butene fraction (1 to 2% butadiene); (- *) 95 mL

" butene fraction, 5 mL butadiene; (%) 100 mL C, - fraction (35%

butadiene),

effect of butadiene seems to be due to proton transfer because non-
propagating species are formed [ 30],

In order to realize selective polymerization of isobutene leading
to high molecular weights, Lewis acids must be used for initiation
instead of Bronsted acids. Strong Lewis acids (e.g., AlCls) show high
cationic activity but a smaller homoselectivity relative to isobutene
polymerization. We found suitable initiators for selective isobutene
polymerization by using Lewis acid mixtures (TiCle/AlBrz, SbCls/
AlBrs). They were also used by Marek and co-workers [ 31, 32] for
polymerization of pure isobutene. High molecular weights ( > 100,000)
require superpurification procedures of the butene fraction, whereas
the C—-H acidic components mentioned in Table 1 must be excluded,
as well as traces of butadiene.

In Fig. 3 is shown isobutene polymerization from a butene fraction
obtained with a TiCls/AlBrs mixture in hexane as solvent. The non-
reacting portion of the butanes serves as an internal standard for GC
analysis. While the isobutene/butanes ratio decreases with time, the
butene -1/butanes ratio remains constant, corresponding to the homo-
selectivity of the system [ 33].

Figure 4 shows that the optimized yields of precipitable polyiso-
butene (PIB) require a nearly 60:1 ratio of the two-component initiator
TiCls/AlBrs.

As is to be expected [ 34], the yield of PIB, the molecular weight,
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FIG. 3. Time-dependent selective polymerization of isobufene
from the butene fraction by gas chromatography. hitiator: TiCls/
AlBr: (60:1; total concentration 1073 mol/L). Solvent: Hexane.
Temperature: 20°C.

and the MW distribution (MWD) are affected by the temperature and
the initiator concentration, therefore suitable variations of the reac-
tion conditions allow the yield of products with special properties
[35]. Figure 5 visualizes the dependence of precipitable PIB yield
on temperature and initiator conceniration.

The PIB were also analyzed by H-NMR spectroscopy with refer-
ence to butene-1 participation in the polymerization. With increasing
temperature as well as increasing concentration of the initiator, the
homoselectivity decreases, but we have never found more than 10%
butene-1 participation, even under unfavorable conditions. The effect
of the initiator concentration on the molecular weight is shown in
Fig, 6. The difference between the two curves represents the un-
homogeneity [U=(MW/Mn) - 1] of the polymer. The value of U in-

creases with increasing concentration.

In line with the known decrease of molecular weight in cationic
polymerization due to increasing the temperature of the reaction,
this effect has also been found for selective polymerization. High
molecular weight PIB (Mn > 20,000) was only obtained below -50°C.

As is to be expected, with increasing temperature the MWD curves
are broadened and the maximum changes to low molecular weights.
In a series of papers, Italian workers reported successful isobutene
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FIG. 4. Effect of Ti:Al ratio on the conversion of isobutene using
TiCls/AlBrs for the selective polymerization from the butene frac-
tion. [AlBrs] =4 X 107" mol/L. [Isobutene] = 40 vol%. Temperature:
-78°C. Time of reaction: 120 min.

polymerization to obtain high molecular weights by using two com-
ponent initiators (alkylaluminums/organic electron acceptors) [ 36-
41], Wefoundthese initiators also to be suitable for the selective
polymerization of isobutene from the butene fraction, for we obtained
relative high molecular weight PIB (depending on temperature) and
complete conversion within a short reaction time. Figure 7 shows
the results obtained with EtzAlCl/tetracyanonaphthoquinone (TCNNQ)
as the initiator.

In addition to GC detection of homoselective polymerization (Fig. 7),
NMR spectroscopic analysis of the products also showed that butene-1,
within experimental error, did not take part in the reaction.

Both types of initiators (TiCls/AlBrs and Et»AlC1/TCNNQ) show a
similarity due to their ability to stabilize anions by complex forma-
tion with acceptors [ 42, 43]. In earlier papers the authors [ 42-44]
proposed "acceptor-stabilized' counterions which have a lower
nucleophilicity. Thus the propagation reaction in cationic polymeri-
zation is favored in comparison with chain limiting or other compet-
ing reactions, The formation of stabilized counterions may be ex~
plained by the following scheme:
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FIG. 5. Dependence of yield of selective isobutene polymerization
from the butene fraction as a function of temperature and the initiator
concentration (TiCls:AlBrs =60:1),
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)
+ [ ALEt2C1X ] wovenernnn - TCNNQ

where X is OH or halogen.

After the separation of butadiene via an anionic mechanism and iso-
butene via a cationic mechanism, the principle of reactive separation
by selective polymerization reactions can be extended to butene-1,
Using strong Lewis acids (e.g., AICls in dichloroethane) as initiators,
butene-1 was polymerized from the remaining butene fractiorlxg but only
low molecular weight products were obtained., Accéording to “C-NMR-
spectroscopic data recently published [45], the structures of these
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FIG. 6. Efifect of initiator concentration on the average molecular
weight of polyisobutenes, with TiCls/AlBrs (100:1) as the initiator.
Reaction conditions as in Fig. 4.

products were found to be strongly unhomogeneous, On the other hand,
selective butene-1 polymerization could be realized with the help of
heterogeneous Ziegler-Natta initiators. High yields were obtained with
y-TiCla/AlEts at 70° C, carried out in an autoclave, without additional
solvent. In the case of a butene-1/TiCls ratio of 800:1, the polymers
show 75% isotactic structures after extraction with ether. I sum,

the polymerizable components of a C, fraction have been polymerized
stepwise by changing the mechanism of the polymerization reaction.
The unreacting olefins and alkanes might be used for alkylation,
oxidation, or some other reactions,
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Monomer Composition (%)

Time [min] —»

FIG. 7. GC analysis of selective isobutene polymerization from
the butene fractlon with the initiator AlEtzCI/TCNNQ (177 x 1072
mol/L/6.83 X 10™° mol/L) in CH2Cl> at -50°C. (1) Isobutene, (2)
butene-1, (3) n-butane, (4) isobutane, (5) trans-butene-2, (6) cis-
butene-2.

2.2, Coselective Systems

Extending this concept, new products with special properties are
obtainable by selective copolymerization.

By use of the three component initiator Al(i- Bu)s/Iz/TiCls to inves-
tigate the copolymerization of cyclopentadiene and monomers of a Cq
fraction, the results listed in Table 4 were obtained.

Although with this initiator system no correct coselectivity of both
dienes has been realized, the last column in Table 4 shows a remark-
able decrease of the isobutene or butene-1 participation. These find-
ings might be due to the low concentration of the stronger Lewis acid
TiCls and, with that, a decrease of the '"cationic activity" of the
initiator system. The copolymerization of cyclopentadiene and buta-
diene seems to be favored via a ""more coordinative'' mechanism.

More significant results were obtained by investigating the copolym-
erization of a-methylstyrene and isobutene from a butadiene-free
butene fraction. Suitable initiators were the two-component systems
mentioned in Section 2,1 (AlBrs/TiCls and Et:AlC1/TCNNQ) as well as
different syncatalytic systems (EtzAlCl/t-BuCl and Et»AIC1/Clz)
reported by Kennedy and co-workers [ 22, 29, 34, 46, 47]. Table 5
lists yields, molecular weights, and copolymer compositions obtained
using the TiCls/AlBrs (60:1) system in the range from -30 to -78°C,

The composition of the copolymer changes with variations in the
temperature and/or the initiator concentration, The amount of iscbutene



07:39 25 January 2011

Downl oaded At:

SELECTIVE POLYMERIZATION FROM OLEFIN MIXTURES 835

TABLE 4, Copolymerization of Cyclopentadlene with Monomers from
a C. Fraction Using Al(i- Bu)s/Iz/TiCls Initiator®

Monomer conversion (mol%) at the initiator ratio of

Monomers 11:5:11 16.5:7,5:16.5 22:10:22 22:10:5.5
Isobutene 57.6 61.9 54,3 10.0
Butadiene-1,3 37.6 33.0 32.0 24,8
Butene-1 33.0 38.5 31,0 14,0
Total yield 4800 4870 4560 3340

(mg)

Expenmental conditions: 6 g C4 fraction (9.6 mL); cyclopenta-
diene, 2.64 g = 0.8 mol/L; solvent, benzene (40.4 mL), temperature
= 10°C; time = 120 min; A1(1 Bu)s:I2:TiCls =6.4 X 107> mol/L:2.

8 X 10~ mol/L:6.4 X 10~* mol/L, adequate to 11:5:11,

in the copolymer increases,with increasing reactivity, but the raw
product becomes more and more soluble in hexane, which suggests
increasing homopolymerization with the formation of longer isobutene
block sequences in the copolymer, Similarly, the molecular weight
decreases with increasing reactivity and inhomogeneity grows in the
same direction (Table 5). GC analysis of the remaining butene frac-
tion shows that butene-1 does not take part in the reaction under the
conditions investigated.

Using the different types of initiators shown in Table 6, despite
their higher reactivity, the molecular weights are in the same range
or somewhat higher compared with the TiCls/AlBrs system, and the
solubility of the copolymers in hexane is very low.

From an H-NMR spectroscopic comparison of the copolymers
(Tables 5 and 6), it is concluded that the products initiated with
TiCls/AlBrs show a higher amount IB triades whereas in the case of
initiation with Et2A1Cl/t- BuCl the mixed triades IB/a-MeS increases
[48]. The change of the coselectivity (compare k> and k2, in Sec-
tion 1) as well as the relative high molecular weights lead to the con-
clusion that the particularities of the syncatalytic systems (Table 6)
cannot only be explained by the difference in initiation compared with
conventional Lewis acids. Obviously, thermodynamic stabilization of
the counterions is favored, as mentioned in Section 2.1, and so is prop-
agation of the crossed propagation reaction. In both cases (Tables 5
and 6) the participation of butene-1 was excluded by GC analysis.

For the selective copolymerization of butene-1 with other mono-
mers, good results were obtained via a coordinate mechanism, Using
the classical Ziegler-Natta initiator TiCls/Et2AlCl, selective copolym-
erization between norbornene and butene-1 was obtained. The reactions
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FIG. 8. GC detected conversion of Cq-olefins for the selective co-
polymerization of butene-1 (B-1) with norbornene (N), using TiCls /
AlEt-Cl initiator in heptane at 80°C. (A) Using the isobutene-free
fraction, (B) Using the butene fraction with 40 vol% isobutene,
Concentrations for A: [B- 1] = 1.22 mol/L, ¢ +t - [B- 2] =0.73
mol/L, [ N] = 4,73 mol/L, [initiator] = 20.0 mmol/L. Concentrations
for B: [B- 1] =0.48 mol/L, ¢ +t =[B- 2] = 0.10 mol/L, [N] =
4,73 mol/L, [initiator] = 20,0 mmol/L.

were carried out in an autoclave at 80°C. Figure 8 shows the remark-
able effect of isobutene on coselectivity.

Whereas with an isobutene-free fraction the system behaves co-
selectively and there are no participation or isomerization reactions
of the two butene-2s according to GC analysis (Part A in Fig. 8), the
coselectivity decreases if isobutene is present (Part B in Fig, 8).

It is of interest that under suitable conditions selective copolym-
erizations of butene-1 with other vinyl-type monomers were obtained
via a radical mechanism. Japanese workers [49] studied the radical
copolymerization of VAc with different pure Cs olefins. They found
the following sequence of decreasing reactivity: butene-1 >>> isobutene
> trans-butene-2 = cis-butene-2.

In our experiments, selective copolymerization of butene-1 with
VAc was only obtained using an isobutene-free fraction, Otherwise,
due to high termination or transfer reactions of isobutene, only
oligomers were formed, Data for the selective copolymerization of
butene- 1 with VAc prepared using diisopropyl peroxidicarbonate
(DIPP) are given in Table 7. The 2-butenes remain unreacted.
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TABLE 7. Selective Copolymerization of Butene-1 (B-1) with Vinyl
Acetate (VAc) from Isobutene-Free Butene Fraction (time of reaction
= 6 h, temperature = 60°C)

Content of
VAc B-1° in the d
[DIPP]? vield® copolymer My
B-1 (vol%) (%) (mol%) X 107°
0.95 0.1 2.8 23 1,0
1.5 0.1 4,3 17 1.3
2.6 0.1 8.3 9 5.8
4.0 0.1 11.5 10 21.9
5.85 0.1 15.8 12 19.5
12,4 0.1 31.4 5 30.7
4.0 0.025 2.4 0 -
4,0 0.050 5.8 13 24,5
4.0 0.1 11.5 10 21.9
4.0 0.15 19.8 11 20.2
4,0 0.25 27.9 10 16.5
4.0 0.5 48,2 13 7.4

ApIpP = diisopropyl peroxydicarbonate.
bDue to the total amounts of B-1 and VAc.
CDetected by H-NMR spectroscopy.
dpetected by osmometry.

3. GRAFTING BY SELECTIVE POLYMERIZATION

Kennedy and co-workers studied in detail the formation of graft
copolymers onto chlorinated polymers using weak Lewis acids (alkyl-
aluminum compounds), whereas by the use of strong Lewis acids the
grafting efficiency has been found to be rather poor [50, 51]. We
have applied this method for grafting of butadiene and isobutene onto
chlorinated polymers [ 52-55] with olefin mixtures taken as the
sources of the graft component. In the case of butadiene the micro-
structure of the grafted chains had a preference for the 1,4 connec-
tion; there was also a small amount of the 1,2 structure (Table 8).
Bythe use ofa two-component initiator consisting of Etz2AlCl and
complex compounds with Co or Ni, increasing graft yields were
obtained and the cis-1,4 microstructure of the grafted chains increased
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TABLE 8, Stereospecificity of Butadiene-1,3 Grafting onto Chlori-
nated Polycyelopentadiene (CPCPD) (solvent, chlorobenzene; buta-

diene-1,3 amount, 20 g/L; Cl content of the CPCPD =~ 46.3 mass%;

time of reaction, 60 min)

Microstructure
distribution (%)
Tempera- hitiator Grafting
ture concentration efficiency 1,4- 1,4-
(°c) (mol/L) %) cis trans  1,2-
-20 AlEt2C1 = 3 X 1072 53 51 45 4
-10 AlEt.Cl = 3 x 1072 55 71 27 2
25 AlEt2Cl = 3x 1072 56 83 16 1
-20 AlEt2Cl =3x10°%/ 81 91 4 5
[ Co(salicyl-
aldehyde-
imine)z] =
2.7 X 1073
-20 AlEt:Cl =4%x 1072/ 80 90 6 4
[ Colacetyl-
acetonategz] =
3.2 X 10~
-20 AlEt,Cl = 5,25 X 1072/ 83 87 10 3
[ Co(acetyl-
acetonate)s] = 3.4
% 1073

up to 90%. As an example, Table 8 shows the results of butadiene
grafting onto chlorinated polycyclopentadiene [55]. These grafted
products are rubberlike in behavior, By using a purified Cs fraction
instead of pure butadiene, selective graft copolymerization led to the
same microstructure, only the total yield as well as the grafting
efficiency were slightly reduced.

Grafting of isobutene onto chlorinated polymers with Et2AlCl re-
quires higher initiator concentrations as well as higher temperatures
[56, 57]. Therefore we used different alkylaluminums with stronger
Lewis acidities (EtAIClz, EtsAl-Cls, AlCls) as initiators for grafting
onto chlorinated polycyclopentadiene or different types of chlorinated
PVC (Cl content 40 to 63%). Dichloromethane was the solvent; in
some cases (EtsAl»Cls) cyclohexane was used. Graft reactions initi-
ated with EtAlCl: or AlClz were unsatisfactory, independent of the
use of pure isobutene or a purified butene fraction for the experiments.
Only with EtsAl:Cls were graft products obtained (between 15 to 25%
grafting efficiency; see Table 9}, besides a remarkable amount of PIB.
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TABLE 9. Grafting of Iscbutene from Butene Fraction onto Chlori-
nated Polycyclopentadiene (CPCPD) in CH2Clz at -15°C. (Butene
fraction, 20 mL (40% isobutene); time, 60 min; CPCPD (45 mass%
Cl) =5 g in 200 mL solvent)

Concentration Total  Graft Grafting

of initiator yield product efficiency
Initiator (mol/L) (g) (g) (%)
EtsAl,Cls2 0.01 6.0 1.0 16.6
EtAlC1-2 0.01 5.2 0.2 3.8
EtsAl,ClsP 0.01 6.5° 1.5 23.1
AlBrs 0.01 7.1 2.1 29.5
SnCls 0,01 6.8 1.8 26.4
TiCls/AlBrs (60:1) 0.01 8.7 3.7 42,5

3Carried out with pure isobutene (10 g IB, 5 g CPCPD, 100 mL
CH:Cl2) at -20°C.
bsolyent cyclohexane; other conditions same as footnote a.

TABLE 10. Iscbutene Grafting onto Polyphenyl Vinyl Ether (PPhVE)

Conversion
of
Time comonomer
Comonomer Initiator (h) (%) Comments
Isobutene SnCls 1 36.1 87% PIB?
Butene fraction SnCl. 1 10,7 45% PIB
(40% isobutene)
Isobutene Chloranil 4 12,3 15% PIB
Isobutene EtAl (1X 4 4.1 40% unsolubleP
107* mol/L)
Iscbutene EtsAl (5 X 4 5.3 48% unsoluble
107 mol/L)
Isobutene EtzAl (1X 4 9.1 64% unsoluble
10"%2 mol/L)

ApIB = polyisobutene, extracted with pentane from the graft
product,
bProduct insoluble in organic solvents.
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Grafting efficiencies obtained with EtsAl:Cls in cyclohexane solvent
at -20°C increased (up to 60%) when the initiator was slowly dropped
into the reacting system. Even the grafted products were soluble

in HCCls and showed a higher thermal stability, in general. They
were more or less colored (light brown to ochre).

More successful were the experiments using conventional but
relatively weak Lewis acids. Table 9 shows the results of selective
isobutene grafting onto chlorinated polycyclopentadiene. As reported
in Sections 2,1 and 2.2, again the mixture of the two Lewis acids
TiCls and AlBrs showed the highest grafting efficiency and correct
homoselectivity due to isobutene, detected by GC. Nevertheless,

PIB was also formed by chain transfer.

Similar results have been observed by grafting of isobutene onto
polyphenyl vinylether (PPhVE) using weak Lewis acids or organic
7 -acceptors as initiators for the intermediate formation of carbenium
ions at the backbone [58]:

K
w(IJH—CHw + Acc —EDA | o CH-CHa~ S
O N 6 BEETYTTYTTITS » ACC
| |
Ph Ph

|
~~CH—CHz ~~ + [Ph-O ----—Acc]e

%3]
~~CH-CHz ~~+ IB —=~~ CH —CH> '\)ﬁ + PhOH + Acc

[ Ph-O - Accl® PIB

The results with isobutene (pure or from butene fraction) using
different types of initiators (SnCl., EtsAl, chloranil) in CHz2Cl: sol-
vent are compiled in Table 10,

By extraction with pentane, the graft polymers prepared with
SnCly show relatively high amounts of PIB. These were decreased
by using 7 -acceptors, but could not be suppressed. According to
Table 10, EfsAl, which cannot initiate cationic polymerization, is
operative for grafting. Increasing the initiator concentration increases
the grafting efficiency [ 58] but formation of insoluble products also
increases.

4, SUMMARY

Mainly by the use of technécal C. fractions {butene fractions), the
reactive separations of olefins by seleclive polymerization reactions
have been described. The general suppositions for the realization of
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homo- or coselective systems have been reported, and the particu-~
lar aptitude of ionic or coordinative chain propagation mechan-
isms has been emphasized. The complete utilization of a Cs fraction
was shown, changing step by step the nature of the mechanism or the
relative reactivity of different monomers within one mechanism. Ex-
amples for variation of product properties were shown by controlling
the microstructure, the molecular weights or MWD, or the composi-
tion of the copolymers. The palette of new products has been extended
by selective copolymerization of Cs olefins with monomers from
higher pyrolysis fractions or by selective grafting when olefin mixtures
as monomer sources were used.

ACKNOWLEDGMENTS

The authors express their gratitude to Dr W, Kiimpfel, Dr R.
Wondraczek, H, Meissner, and W. Miiller for experimental work and
helpful discussions,

REFERENCES

[1] G. Heublein, Mitt. BL. Chem. Ges. DDR, 24, 185 (1977).

[2] J. P. Kennedy, Main Lecture at the 5th International Symposium
on Cationic and Other Ionic Polymerization, held at Kyoto,
Japan, April 15-18, 1980; To Be Published in Polymer J., 12(9).

] F. Brille, P. Heimbach, J. Kluth, and H. Schenkluhn, Angew.
Chem., 91, 428 (1979).

] D.Seebach, Ibid., 91, 259 (1979).

| p. C. Weinert and G. Egloff, Pet. Process., 3, 585 (1948);
W. Sapper, Erdoel Kohle, 4, 550 (1951).

% Belgian Patent 551,851 (1956).

]

T. Kovacheva and S, Georgiev, God, Vissh, Khim,-Tekhnol. Inst,
Sofia, 21, 193 (1973).

Y. M. Abed and J. Varadi, Kinetics and Mechanism of Poly-
reactions, JUPAC-International Symposium on Macromolecular
Chemistry, Budapest, Prepr., 2, 255 (1969).

S. Georgiev, T. Kovacheva, and P. Atanasov, God, Vissh. Khim.-

]

Tekhnol. Inst. Sofia, 21, 215 (1973).

[10] Cosden Oil & Chemical Co., Hydrocarbon Process., 48, 224
]
]

(1969).

J. Vybihal, Sb, Pr. Vyzk, Chem. Vyuzitti Uhli, Dehtu Ropy, p. 43
(1972).

DL-WP 109,226 (October 20, 1974); W. Nette, F. Richter, K.
Bindernagel, K. Wenzel, H,-J. Wiesner, K, Wehner, J, Welker,
W. Schneider, and E. Lobedan.

[13] DT-OS 2,005,207 (August 19, 1971); A, Frese,




07:39 25 January 2011

Downl oaded At:

HEUBLEIN ET AL.

DT-0S 2,318,901 (November 7, 1974); A, Frese, W. Dittmann, and
W. Kilian.

U.S. Patent 3,985,822 (March 5, 1976); J. M. Watson.

U.S. Patent 3,929,747 (October 2, 1974); K. Kudo, J. Kitagawa,
and H. Kuribayashi.

DL-WP 125,412 (August 18, 1976); A. Simon, G. Sarosi, B.
Keszler, A, Toth, and M. Rethy.

H. Dostal, Monatsh. Chem., 69, 424 (1936).

F. R. Mayo and F. M. Lewis, J. Am, Chem. Soc., 66, 1595

(1944).
T. Alfrey, Jr., and G. Goldfinger, J. Chem. Phys., 12, 205 (1944).
G. Heublein and R. Wondraczek, J. Macromol. Sci,—Chem,,

In Press.

J. P. Kennedy and S. Rengachary, Adv, Polym, Sci,, 14, 1-48
(1974).

B. Schleppinghoff, Erdoel Kohle, 27, 240 (1974).

G. Heublein, D. Stadermann, H, Hartung, M. Helbig, and W,
Freitag, Chem. Techn. (Leipzig), 32, 26 (1980).

B. L. Erussalimsky and J. Krassnoselskaya, Makromol. Chem.,
123, 80 (1969).
M. Derrien, C. Brenner, J. Cosyne, and G. Leger, Hydrocarbon
Process., 58, 175 (1979); see also JFP News, No, 11 (March
1979).

G. Heublein, H. Hartung, M. Helbig, and D, Stadermann, Z. Chem.,
20, 317 (1980).

G. Heublein, D. Stadermann, and H, Hartung, Wiss. Z. Friedrich-
Schiller-Univ., Jena, Math,-Nat, R., 26, 845 (1977),

J. P, Kennedy, Cationic Polymerization of Olefins, A Critical
Inventory, Wiley, New York, 1975, pp. 87-91.

J. P. Kennedy and R. G. Squires, J. Macromol. Sci,—Chem.,
A-1(5), 805 (1967).
M, Chmelir and M, Marek, Collect, Czech. Chem, Commun., 32,
3047 (1967),
P, Schmidt, M. Chmelir, M. Marek, and B, Schneider, Ibid., 33,
1604 (1968), -
G. Heublein, Mitt. Bl. Chem. Ges. DDR, 27, 49 (1980),

J. P. Kennedy and P, D, Trivedi, Adv. Polym,. Sci,, 28, 144
(1978).

G. Heublein, Zum Ablauf Ionischer Polymerisationsreaktionen,
Akademie, Berlin, 1975,

A, Priola, S. Cesca, G. Ferraris, and M. Di Majna, Makromol.
Chem., 176, 2289 (1975).

P. Giusti, A, Priola, P. L. Magagnini, and P. Narducci, Ibid.,
176, 2303 (1975).

S. Cesca, P, Giusti, P, L. Magagnini, and A. Priola, Ibid,, 176,
2319 (1975).

S. Cesca, A, Priola, M. Bruzzone, G. Ferraris, and P. Giusti,
Ibid., 176, 2339 (1975).




07:39 25 January 2011

Downl oaded At:

SELECTIVE POLYMERIZATION FROM OLEFIN MIXTURES 845

[40] M. Di Maina, S. Cesca, P. Giusti, G. Ferraris, and P. L.
Magagnini, Ibid., 178, 2223 (1977).

[41] P. L. Magagnini, S. Cesca, P. Giusti, A, Priola, and M. Di
Maina, Ibid., 178, 2335 (1977).

[42] G. Heublein and R, Wondraczek, J. Polym. Sci., Polym. Symp.,
56, 359 (1976).

[43] T M. Panayotov and G, Heublein, J. Macromol. Sci.—Chem., All,
2065 (1977).

[44] G. Heublein, Acta Polym., 30, 67 (1979).

[45] C. Corno, G. Ferraris, A, Priola, and S, Cesca, Macromolecules,
12, 404 (1979).

[46 t(Iig'r;.z)Kennedy and J. K, Gillham, Adv. Polym, Sci., 10, 1-33

[47] J. P. Kennedy, J. Polym. Sci., Polym. Symp., 56, 1-11 (1976).

{48 R. W. Lenz, Makromol, Chem., 176, 945 (1975).

49| A, Shimizu, T. Otsu, and M. Imoto, Bull. Chem. Soc. Jpn., 38,

1532 (1965),

[50

[51] J. P. Kennedy, J. J. Charles, and D. L. Davidson, Ibid., 14(2),

974 (1973).

G. Heublein, W, Freitag, and H, J., Thiel, Faserforsch.-
Textiltech,, Z. Polymerforsch., 28, 505 (1977).

G. Heublein and W. Freitag, J. Prakt. Chem., 320, 725 (1978),
G. Heublein and W, Freitag, Ibid., 321, 544 (1979).

G. Heublein, W, Freitag, and W, Mock, Makromol. Chem., 181,
267 (1980), T
J. P. Kennedy and E. G, Melby, J. Org. Chem., 40, 1099 (1975),
J. P. Kennedy and P. D. Trivedi, Polym. Prepr., 17, 791 (1976).

]
]
]
]
]
]
|
% J. P. Kennedy and R. R. Smith, Polym. Prepr., 13(2), 710 (1972),
]
]
|
]
]
|
]

G. Heublein and R, Wondraczek, Acta Polym., In Press.

Accepted by editor March 12, 1981
Received for publication April 2, 1981



