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ABSTRACT

new highly active supported vanadium-magnesium catalyst (VMC) has been studied in a-olefin (1-butene,
A 1-hexene)/ ethylene copolymerization in the presence of hydrogen. Data on the effect of a-olefin/ethylene

ratio in copolymerization on the content of branchings in copolymers, kinetic profile, copolymer yield,
molecular weight and molecular weight distribution of copolymers have been obtained. It was found that both
a-olefins are effective chain transfer agents in the ethylene-a-olefins copolymerization. The copolymerization
ability of VMC is much higher than that of the well-known titanium-magnesium catalysts. It was found that the
use of optimal conditions of ethylene/a-olefin polymerization on the VMC catalyst makes it possible to obtain
copolymers with a high yield (10-16 kg gcat! cat for 2 h) and broad and bimodal MWD. Data on the branchings
distribution in copolymers prepared with VMC catalyst have been obtained via fractionation of copolymers on the
fractions with narrow polydispersity (M /M, = 2). Quite a uniform distribution of branchings over fractions with
different molecular weights was found in distinction to inhomogeneous distribution of branchings in copolymers
produced over the well-known supported titanium-magnesium catalyst. Polyolefins J (2019) 6: 117-126

Keywords: Polyethylene (PE); supported vanadium-magnesium catalyst; molecular weight distribution; effect of comonomer;
reactivity ratio.

INTRODUCTION

The supported titanium-magnesium catalyst (TMC)
of Ziegler-Natta type with a titanium active center is
well known in the world production of polyolefins. The
polyethylene (PE) obtained using this catalyst has a nar-
row molecular weight distribution (MWD = 4-8) [1].
It is very important to control MWD and short chain
branching (SCB) distribution for high density polyeth-
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ylene (HDPE) intended for pipe applications [2, 3]. A
general method to produce polyethylene with broad/
bimodal MWD and SCB over titanium-magnesium
catalyst is the use of tandem reactors with different po-
lymerization conditions. The nature of the active com-
ponent may exert a considerable effect on the molecu-
lar weight characteristics of PE and ethylene-a-olefin
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copolymers [1-16]. Supported vanadium-magnesium
catalysts (VMC) containing vanadium chloride as the
active component supported on MgCl, differ consid-
erably from TMCs regarding the regulation of molec-
ular structure of PE and copolymers of ethylene with
a-olefin[1,7-16]. First of all, unlike TMCs, VMCs
make it possible to produce PE with a broad MWD in
one polymerization reactor [8-16]. However, the main
problem in application of vanadium-magnesium cata-
lysts for the production of polyethylenes with broad
MWD is their deactivation in the presence of hydro-
gen as the polymer chain regulator.

Recently, we have developed a new modification of
highly active vanadium-magnesium catalyst with the
improved morphology for ethylene slurry polymeriza-
tion [17]. Data on the homopolymerization of ethyl-
ene over these highly active VMCs and the proper-
ties of polyethylene produced have been presented in
ref. [17]. It was shown that the indicated vanadium-
magnesium catalyst (VMC, the vanadium content of 3
wt%) is highly active in ethylene homopolymerization
in the presence of hydrogen. This ensures the yield of
polyethylene from 9 to 15 kg gcat'! for two hours of
polymerization at 80°C, PC, = 9 bar and PH, = 0.3-1.0
bar, with TIBA as a co-catalyst with controllable mo-
lecular weight. In addition, the new VMC, similar to
previous modifications of vanadium-magnesium cata-
lyst [13,16], had a very high hydrogen response and
provided an effective control of PE molecular weight.
The 5 vol% concentration of hydrogen in ethylene po-
lymerization reactor makes it possible to obtain poly-
mers with the molecular weights required for extru-
sion PE grades (M = (250-350)x10° gmol™) [17]. The
produced PEs have broader bimodal molecular weight
distributions (M /M, = 15.0-33.0) [16, 17].

It is known that polymers with broad MWD can be
used to produce pipes and high-strength films by ex-
trusion. In the industrial production, physicomechani-
cal properties of extrusion polyethylene grades are
always improved by the addition of comonomers (for
example, 1-butene or 1-hexene) during ethylene po-
lymerization. Therewith, it is very important to control
the comonomer distribution in the produced polymer.

This paper presents new kinetic data on the a-olefin/
ethylene copolymerization over new highly active va-
nadium—magnesium catalysts and the molecular struc-
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ture of copolymers produced with different a-olefins
(1-hexene or 1-butene). The comonomer reactivity
ratios of a-olefin/ethylene copolymerization (r,) have
been calculated. The effect of comonomer and its con-
centration on the homogeneity of ethylene-1-butene
and ethylene-1-hexene copolymers produced with
vanadium-magnesium catalysts was elucidated.

EXPERIMENTAL

Catalyst preparation

A supported vanadium-magnesium catalyst (VMC)
was prepared by deposition of VCI, on highly dis-
persed MgCl,, which was synthesized according to
ref. [17], at room temperature, reacting for 1 h (V/Mg
molar ratio = 0.065, 60°C), followed by washing with
heptane. The catalyst contains 3.0 wt% of vanadium,
15.7 wt% of magnesium and 1.1 wt% of aluminum.

Polymerization

Polymerization of ethylene or ethylene—a-olefin (1-bu-
tene or 1-hexene) slurry was carried out in a 1 L stain-
less steel reactor. The reactor was equipped with an
external heating jacket and an internal cooling coil to
maintain the polymerization temperature. It was also
equipped with a magnetic coupled stirrer with vari-
able stirring speed. A pressure sensor was used to keep
the polymerization pressure by a controlling ethylene
valve; also, a temperature sensor was used to keep
the polymerization temperature by controlling heat
and cool water valve. The polymerization conditions
were as follows: heptane was used as a solvent (0.25
L); polymerization temperature was 80°C; ethylene
or ethylene-1-butene mixture (2-8 vol% of 1-butene)
polymerization pressure was 4-9 bar; in some experi-
ments hydrogen or 1-hexene was charged into the re-
actor at the beginning of the polymerization; TIBA
(triisobutyl-aluminum) was used as a co-catalyst (4.8
mmol L). The reaction time was 15-120 min.

Measurements

The vanadium, aluminum and magnesium concentra-
tions in the catalyst were determined by ES-ICP (Op-
tima 5300DV spectrometer). MWD measurements
were carried out using a high-temperature gel perme-
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ation chromatography (GPC) PL 220 system equipped
with RI and DV detectors in 1,2,4-trichlorobenzene at
a flow rate of 1 mL-min at 160°C. The polymers were
analyzed using a set of Olexis columns. The instru-
ment was calibrated using polyethylene and polysty-
rene standards with narrow MWD.

Polymer separation into fractions with narrow MWD
was performed using a Polymer Char PREP mc 2 frac-
tionation station. A sample (1 g) was dissolved in a defi-
nite volume of xylene for 2 h. A calculated amount of
2-(2-butoxyethoxy)-ethanol was then added to the poly-
mer solution to cause partial precipitation of the polymer.

The total volume of the liquid (xylene and
2-(2-butoxyethoxy)-ethanol) was always 180 mL.
A hot polymer solution was filtered into a collecting
flask. The precipitated polymer was dissolved in a
new portion of xylene. The hot polymer solution was
filtered into a precipitation-dissolution procedure was
repeated to obtain 5-6 fractions with narrow MWD.
The last fraction was washed with pure xylene. The
comonomer content in copolymers and fractions was
determined by infrared spectroscopy (IRS) and 13C
nuclear magnetic resonance (NMR), as described ear-
lier [18,19]. Melting temperature and crystallinity of
the polymer were determined by means of differential
scanning calorimetry (DSC) using NETSCH DSC 204
F1 equipment, according to ASTM D 3418-82 proce-
dure. The melting point and enthalpy (AH) were mea-
sured using the second melting data.

RESULTS AND DISCUSSION

Effect of a-olefin and polymerization ti-me on the
properties of ethylene-1-hexene and ethylene-1-bu-
tene copolymers produced with VMCs

Table 1 and Figure 1 present data on copolymerization
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Figure 1. Kinetic curves of ethylene homopolymerization
(curve 1) and ethylene/1-hexene copolymerization under
different polymerization conditions (curves 2-4) over VMC
with Al(i-Bu), as a co-catalyst (the number of curves cor-
responds to runs indicated in Table 1).

of ethylene with 1-hexene (the molar ratio [C,J/[C,]
= 0.29 in heptane) over the VMC upon variation of
polymerization time (runs 2 and 3). Runs of copoly-
merization ethylene with 1-hexene are compared with
the runs of ethylene homopolymerization on VMC
(Table 1, run 1; Figure 1, curve 1). Figure 1 shows the
kinetic curves of ethylene homopolymerization (curve
1) and ethylene/1-hexene copolymerization (curves 2,
3) over the VMC in the presence of hydrogen.

One can see that the rate of ethylene/1-hexene co-
polymerization at the beginning of reaction is higher
than that of ethylene homopolymerization (compare
runs 1 and 2, 3). A higher ethylene/a-olefin copoly-
merization rate as compared to that of ethylene ho-
mopolymerization was observed upon copolymer-
ization with a-olefins of different composition over
metallocene and post-metallocene catalysts [20-28],
titanium—magnesium and different modifications of
vanadium-magnesium catalysts [16,28-35]. Activ-
ity of the VMC in ethylene homopolymerization in-

Table 1. Effect of a-olefin and polymerization duration on the ethylene-a-olefin copolymer properties.

[Ca)/[C,], Pol. - Activity, M - [C.]
No Pg;t"" F::f_’ a-olefin (mol)2 time, leeI_:;I, kg g’ h" 103, 1(3(;*03)& in polymer, ;I'é 3/(

(heptane) min 99 bar’ g mol” mol% °
1 4 0.2 - - 60 2.6 0.8 500 1.6 - 1374 52
2 4 0.2 C, 0.29 20 1.3 1.0 230 55 0.78 1304 | 45
3 4 0.2 C, 0.29 60 24 0.6 250 4.6 0.60 131.8| 48
4 9 0.5 C, 0.25 120 15.9 0.9 330 35 0.38 135.0 | 49
5@ 8 0.4 C, 0.12 20 3.2 1.2 270 3.8 0.44 133.5| 46
6@ 8 0.4 C, 0.12 60 71 0.9 230 5.1 0.62 133.0| 46

Polymerization conditions: heptanes (250 mL), 80°C, TIBA as co-catalyst (4.8 mmol L). (a)[C,] in the C,/C, mixture = 2.4 mol%
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creased during first 20 min and then became stable
while high initial activity in ethylene/l-hexene co-
polymerization gradually decreased (Figure 1). After
60 min of polymerization over the VMC, the rates of
homo- and co-polymerization became almost close, as
can be seen on Figure 1. Total yield of polymers are
close (Table 1) due to different activity in the begin-
ning of reactions in ethylene homopolymerization and
ethylene/1-hexene copolymerization.

According to the data obtained, ca. 10 wt% of
1-hexene is incorporated into the polymer chain after
20 minutes of reaction. This is accompanied by the
formation of branched polymer (5.5 CH,/1000 C) hav-
ing a lower melting point and a smaller crystallinity as
compared to homopolymer (Table 1, runs 1 and 2). As
seen in Table 1, ethylene homopolymer produced in
run 1 contained 1.6 CH,-groups on 1000 C. According
to the earlier obtained data [17, 18], methyl branches
can form due to isomerization of the polymer chain
during ethylene polymerization on VMC in the pres-
ence of hydrogen (the number of such branches in-
creases with the hydrogen concentration). Taking into
account the methyl branches of the homopolymer, we
have counted the content of butyl branching in a copo-
lymer produced upon ethylene copolymerization with
1-hexene in the presence of hydrogen (runs 2-4).

When polymerization time is increased from 20 to
60 minutes, a ca. 10% conversion of 1-hexene to poly-
mer is retained (Table 1, run 2 and 3). In the process,
the amount of branches (the content of comonomer)
decreases, whereas crystallinity and melting point of
the polyethylene product obtained over the VMC (Ta-
ble 1, runs 2 and 3) increase.

According to the literature, in polymerization on
TMC the comonomer content decreases at a longer
polymerization time [31, 32]. It means that the effi-
cient insertion of 1-hexene into the polymer chain oc-
curs only at the beginning of the reaction, when the
polymer layer may form on the catalyst particles with
a high fraction of amorphous regions. As density of
the polymer layer around catalyst particles increases
during polymerization, the diffusion limitation for
1-hexene may increase, thus hindering its insertion
into the polymer chain and decreasing the probability
of transfer of the polymer chain with this comonomer.

One can see in Table 1 that the introduction of
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1-hexene into polymerization medium at [C J/[C,] =
0.29 molar (in heptane) also decreases by a factor of~
2 the molecular weight (M ) of copolymer relative to
Mw of homopolymer (Table 1, compare runs 1 and
2, 3). It was demonstrated earlier [28-30] that upon
ethylene/1-hexene copolymerization over a supported
titanium—magnesium catalyst 1-hexene is an effec-
tive chain transfer agent and the molecular weight of
the polymer decreases in its presence. According to
the data presented in Table 1, 1-hexene is an effec-
tive chain transfer agent also upon ethylene-1-hexene
copolymerization over the VMC in the presence of
hydrogen.

The use of optimal conditions of ethylene polymer-
ization in the presence of 1-hexene and hydrogen on
the VMC (Table 1, run 4) makes it possible to obtain
copolymer with a high yield (15.9 kg gcat™). The pro-
duced copolymer has broad bimodal molecular weight
distributions (Table 1, Figure 2, M /M = 14) and char-
acterized by optimal particle size for slurry polymer-
ization process (250 microns), narrow particle size
distribution (SPAN = 0.68) and high bulk density (390
g/L). Data on activity of the VMC and characteristics
of polymer samples produced over VMC during the
ethylene-1-butene polymerization with different po-
lymerization times are shown in Table 1 (runs 5 and 6)
and Figure 3. The kinetic curves of ethylene-1-butene
copolymerization in the presence of hydrogen (Figure
3) resemble the kinetic curves of ethylene-1-hexene
copolymerization (Figure 1): the maximum rate of the
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Figure 2. Molecular-weight distribution of PEH copolymer
obtained with VMC in ethylene-1-hexene copolymerization
in the presence of hydrogen (run 4 in Table 1, polydispersity
(M /M) =14).
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Figure 3. Kinetic curves of ethylene/1-butene copolymeriza-
tion over VMC at different polymerization times (the number
of curves corresponds to runs indicated in Table 1).

reaction is reached in the initial period of polymer-
ization for 5 min with a subsequent decrease in the
polymerization rate. However, similar to copolymer-
ization in the presence of 1-hexene (Table 1, run 4),
a longer time of C,/C, copolymerization on the VMC
would allow reaching the required high yields of the
polymer. The use of 1-butene instead of 1-hexene at
lower molar ratios of comonomer to ethylene (0.12
instead of 0.29) under similar polymerization condi-
tions (H,/C,) makes it possible to produce ethylene-
1-butene copolymers with similar a-olefin content and
molecular weight (compare data of runs 3 and 6 in Ta-
ble 1). These data indicate that, 1-butene insertion into
the polymer chain is more efficient than that of 1-hex-
ene. In distinction to ethylene-1-hexene copolymers
(PEH), the amount of branching in ethylene-1-butene
copolymers (PEB) (the content of CH,/1000 C) does
not decrease with increasing the polymerization time
(Table 1, runs 5, 6). Ethylene-1-butene copolymers, as
seen in Figure 4, have a broad bimodal MWD (M /M
=9.2-9.6).

Figure 4. Molecular-weight distribution of PEB copolymers
produced with VMC in the ethylene-1-butene copolymeriza-
tion (runs 5 and 6 in Table 1, polydispersity (M /M, ) equal to
9.6 and 9.2, respectively).

Effect of Co/C, molar ratio on characteristics of
copolymers produced with vanadium-magnesium
catalysts

Tables 2 and 3 and Figure 5 illustrate the effect of
the monomer concentration on the kinetic curves of
a-olefin/ethylene polymerization and characteristics
of ethylene-1-butene and ethylene-1-hexene copoly-
mers produced with vanadium-magnesium catalysts.
An increase in the concentration of 1-butene in the gas
mixture is accompanied also by changes in the shape
of kinetic curves (Figure 5). The acceleration period
of copolymerization reaction decreases with increas-
ing the concentration of 1-butene: from 12 min for
1-butene concentration of 2.2 mol% to 6 min for 1-bu-
tene concentration of 4-6 mol%. However, the effect
of 1-butene concentration on the polymer yield for 1
hour is virtually absent.

As seen in Table 2, adding of 1-butene (2.2 mol%)
during the ethylene polymerization in the presence of
hydrogen decreases the molecular weight of the poly-
mer from 450-10° (run 1, ethylene homopolymer, 1.7
CH,/1000 C) to 330-10° (run 2, PEB) g mol ™. So, 1-bu-

Table 2. Effect of 1-butene concentration on the characteristics of ethylene-1-butene copolymers.

No [C,H,] in gas [CJIC,] Yield, kg | M -10 /M (CH,)/ (CH,) [CHl, T, X, r@
phase, mol% | (heptane), mol mol 9. g mol” " | 1000C | 1000C mol% °c % 1

1 0 0 4.0 450 - 1.7 0 0 137.4 53

2 2.2 0.20 5.2 330 16 7.2 6.5 1.3 129.7 43 18.0

3 3.8 0.35 54 280 13 11.0 9.3 1.9 127.4 38 ’

4 5.8 0.53 5.6 200 11 16.5 14.8 3.0 126.2 37
Polymerization conditions: heptane (250 mL), P(C,+C,) = 6 bar, PH, = 0.3 bar, 80°C, TIBA as a co-catalyst (4.8 mmol L"), for 1 h.
(a) comonomer reactivity ratio
Polyolefins Journal, Vol. 6, No. 2 (2019) 121
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Figure 5. Kinetic curves of ethylene-1-butene copolymer-

ization with different C,/C, molar ratios over the VMC. Po-

lymerization conditions are indicated in Table 2.

tene, similar to 1-hexene, is an effective chain transfer
agent upon ethylene-1-butene copolymerization over
the VMC in the presence of hydrogen. Therewith, as
the concentration of 1-butene in the reaction mixture
increases from ca. 2 to 6 mol%, molecular weight
of the polymer continues to decrease from 33010°
to 200°10° g mol”!, the amount of branches increases
from 7.2 to 16.5 CH,/1000 C and, accordingly, the
polymer melting point and crystallinity decrease. For
the most branched polymer obtained at the 1-butene
concentration of ca. 6 mol%, Tm, is equal to 126°C,
and X, to 37 % (Table 2, run 4).

The known simplified copolymerization equation
[10] (1), which interrelates the concentration of co-
monomer (a-olefin) in the reaction medium and its
content in the copolymer, was used to estimate the co-
monomer reactivity ratio (r,) at copolymerization of
1-butene with ethylene over VMC catalyst. The con-
tribution of methyl branches formed in C,/C, copoly-
mer during polymerization over VMC in the presence
of hydrogen was taken into account. Data presented in
Table 2 were used for calculation of the rl value.

(a-olefin/C,H,) (polymer) = 1/r, ([a-olefin]/ [C,H,] (heptane) (1)

The r1 value is 18.0 for ethylene-1-butene copolymer-
ization with VMC in the presence of hydrogen. The
copolymerization ability of 1-hexene with ethylene on
VMC in the presence of hydrogen for a shorter polym-
erization time was also estimated. No more than 15 g
of copolymer was produced in order to obtain 1-hex-
ene conversion not higher than 15-20 % (to maintain
a constant concentration of 1-hexene in the reaction
medium).

The PEH samples produced at different C /C, ratios
had different amount of branches (the content of co-
monomer) and thermophysical characteristics (melt-
ing point and crystallinity). Data that were used to
calculate the comonomer reactivity ratio r, are listed
in Table 3. The r, value is 36.0 for copolymerization
of ethylene with 1-hexene over VMC.

According to the data obtained, the efficiency of
1-hexene insertion into the polymer chain (r,=36) is
approximately two times lower as compared to 1-bu-
tene (r, = 18). Close data on comparative copolymer-
ization ability of 1-butene and 1-hexene were obtained
earlier for the previous modifications of VMC [10] in
C,/C, and C/C, copolymerization at 70°C (r,=12 and
25, respectively, copolymerization without hydrogen).
Data obtained in our work and previous work [10] in-
dicate the higher copolymerizing ability of vanadium-
magnesium catalysts in comparison with titanium-
magnesium catalysts.

Data on the branching distribution in ethylene-
1-butene and ethylene-1-hexene copolymers pro-
duced with vanadium-magnesium catalysts

Copolymers with different content of 1-butene (Table
2, runs 2-4) and 1-hexene (Table 3, runs 1-3), which
were produced in Ca/C, copolymerization in the pres-

Table 3. Effect of 1-hexene concentration on the characteristics of ethylene-1-hexene copolymers.

No | [CHVICH,] | HC,ratio (vol) |  Yield, M0, | ™ (CH) | (CHY | ICH,L | | oo X |
(heptane) in gas phase | kg/g_,'h’ g mol” "l 1000C | 1000C | mol% & % U

1 0 0.050 6.0 450 - 1.7 0 0 137.4 51

20 0.36 0.056 18.1 230 33.0 7.3 5.6 1.1 129.5 46 36.0

3 0.53 0.067 7.4 210 17.5 9.6 7.9 1.6 128.5 44

4 1.1 0.050 6.6 140 13.0 15.0 13.3 2.7 112.6/124.9 35

Polymerization conditions: heptane (250 mL), 80°C, PC,H, = 6 bar, TIBA as a co-catalyst (4.8 mmol L"), for 10-20 min.

(a) comonomer reactivity ratio
(b) ethylene pressure of 9 bar
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Figure 6. Effect of comonomer (1-butene or 1-hexene) in ethylene copolymers with 1-butene and 1-hexene having different
contents of comonomer, which were produced over VMC, on its distribution between fractions with different molecular weights.

ence of hydrogen over VMC, were divided according
to molecular weight into 5-6 fractions with M /M <
2. Comonomer content in the total copolymers and
individual fractions with different molecular weights
was determined by IR and *C NMR (for low-molec-
ular fractions).

Data on the distribution of 1-butene (ethyl groups)
and 1-hexene (butyl groups) in copolymers are dis-
played on Figure 6. One can see that at ca. 1.0 mol%
content of comonomer in the polymer, a very uniform
distribution of 1-hexene over the fractions with dif-
ferent molecular weights is observed for the PEH co-
polymer. For the PEB copolymer, the concentration
of 1-butene increases from low-molecular fractions
to high-molecular ones. It should be noted that such
distribution of branching is preferable for commercial
polyethylene polymers obtained on TMC by the po-
lymerization scheme with two-tandem reactors.

An increase in comonomer content in the copo-
lymers produced over VMC to ca. 2 mol% leads to
such a uniform distribution of comonomer in PEH
and PEB for all fractions of the copolymer. In contrast
to copolymers produced over VMC catalyst, for the
copolymer produced over TMC there is a heavy con-
centration of branching in the lowest MW (amounts
of butyl branching in the first and last fractions dif-
fer approximately five-fold) [32,35]. TCM produces
polymers with a narrower MWD but it contains highly
heterogeneous centers regarding comonomer reactiv-
ity ratios [35].

For the comonomer content of ca. 3 mol%, the dis-
tribution of butyl branches is retained in the case of

Polyolefins Journal, Vol. 6, No. 2 (2019)

PEH but somewhat changes for PEB: low-molecular
fractions become more saturated with ethyl branches

CONCLUSIONS

The new highly active supported vanadium-magne-
sium catalyst has been studied in a-olefin (1-butene,
1-hexene)/ethylene copolymerization. It was found
that the introduction of comonomer (1-butene, 1-hex-
ene) at a molar ratio 0.2-0.5 in ethylene polymeriza-
tion over VMC in the presence of hydrogen leads to
the unstable kinetic curve: high polymerization rate at
the beginning of reaction gradually decreases. The use
of optimal conditions of ethylene/a-olefin polymeriza-
tion in the presence of hydrogen on the VMC makes
it possible to obtain the branching copolymer with a
high yield (ca. 16 kg g_ ' for 2 h).

The effect of copolymerization time over VMC on the
insertion of a-olefin into the copolymer was studied.
It was found that in the case of 1-hexene, comonomer
content in the copolymer depends on polymerization
time: it decreases at a longer polymerization time. Un-
like ethylene-1-hexene copolymers (PEH), the degree
of branching (the content of CH,/1000C) for ethylene-
1-butene copolymers (PEB) does not decrease with in-
creasing the polymerization time. A constant feeding
of the C,/C, gas mixture makes it possible to obtain
PEB with a close composition in each polymerization
time point.

Adding of 1-butene or 1-hexene in the ethylene polym-
erization over the VMC in hydrogen presence leads to
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a decrease in molecular weight of the copolymer in
comparison with ethylene homopolymer. So, a-olefins
are effective chain transfer agents in the ethylene-a-
olefins copolymerization.

The use of 1-butene instead of 1-hexene at close Co/
C, molar ratios and similar polymerization conditions
increases the degree of branching and decreases the
polymer melting point. It was found that efficiency of
1-hexene insertion into the polymer chain is approxi-
mately two times lower as compared to 1-butene: co-
monomer reactivity ratios (r,) are equal to 36 and 18
(80°C) for 1-hexene and 1-butene, respectively. The
copolymerization ability of the new modification of
VMC (VC) is on a level with the earlier developed
vanadium-containing catalyst and strongly exceeds
that of TMC [10].

It was found that the VMC produces copolymers that,
similar to ethylene homopolymers have broad and
bimodal MWD. Data on the branchings distribution
in copolymers prepared with VMC were obtained via
fractionation of copolymers into the fractions with
narrow polydispersity (M /M = 2). Quite a uniform
distribution of branchings over fractions with different
molecular weights was found, in contrast to inhomo-
geneous distribution of branchings in copolymers pro-
duced over the well-known supported TMC [32, 35].
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