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ABSTRACT: Ethylene–1-dodecene copolymers were syn-
thesized with novel low-Ti-loading (0.8 wt %) Ziegler–Natta
catalysts prepared by a one-pot balling method. 13C-NMR
was applied for the quantitative determination of the compo-
sites and microstructures of the resultant ethylene–1-dode-
cene copolymers. The results showed that (1) the ethylene–1-
dodecene copolymers obtained from both the MgCl2-sup-
ported low-Ti-loading Ziegler–Natta catalyst and the MgCl2/
SiO2-bisupported low-Ti-loading Ziegler–Natta catalyst at a
0.6M 1-dodecene concentration had high levels of 1-dodecene

and (2) most of the 1-dodecene units were separated by ethyl-
ene units in the copolymer chains obtained from the MgCl2-
supported low-Ti-loading Ziegler–Natta catalyst, whereas
there were some continuous 1-dodecene repeat units in the
copolymer chain obtained from the MgCl2/SiO2-bisupported
low-Ti-loading Ziegler–Natta catalyst. � 2007 Wiley Periodi-
cals, Inc. J Appl Polym Sci 104: 1200–1204, 2007
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INTRODUCTION

Research on the copolymerization of ethylene and other
high olefins is becoming one of the most active research
fields.1–4 Through copolymerization, polymers with dif-
ferent structures and significant properties can be
obtained.5–8 The difference in the microstructures of eth-
ylene–1-dodecene (E–D) copolymers greatly affects the
properties of the obtained copolymers.9–11 Recently, we
developed a novel one-pot balling method for preparing
novel Ziegler–Natta (Z–N) catalysts.12–16 This study
focuses on E–D copolymerizations catalyzed by low-Ti-
loading catalysts [MgCl2-supported low-Ti-loading
Ziegler–Natta (M Z–N) and MgCl2/SiO2-bisupported
low-Ti-loading Ziegler–Natta (M/S Z–N) catalysts] to
determine the effect of this kind of catalyst on the com-
position and structure of the resultant copolymer.

EXPERIMENTAL

Materials

Anhydrous MgCl2 was used as received. SiO2 was cal-
cinated at 6008C for 4 h and then cooled slowly under

a nitrogen flow. Hexane was refluxed over a Na–K
alloy before use. AlEt3 was obtained commercially and
used as a cocatalyst without further purification.
Petroleum ether was dried over 4-Å molecular sieves
before use. Polymerization-grade ethylene was further
purified by passage through two columns of preacti-
vated 4-Å molecular sieves. Extra-pure-grade (99.99%)
nitrogen was dried by passage through two columns
of preactivated 4-Å molecular sieves to remove the re-
sidual moisture and oxygen. 1-Dodecene was pur-
chased from Aldrich, purified by the addition of so-
dium, and kept under a dry nitrogen atmosphere.

Preparation of the low-Ti-loading Z–N catalysts

The procedure for preparing the M/S Z–N catalyst
was divided into three stages (Fig. 1): grinding a mix-
ture of MgCl2 with SiO2, grinding the mixture after
the addition of a TiCl4 solution in hexane, and grind-
ing after the removal of hexane. All manipulations
were carried out under a dry, oxygen-free nitrogen
atmosphere.

The route for preparing the M Z–N catalyst was
the same as that for the M/S Z–N catalyst, except
that only MgCl2 was ground in the first stage.

Copolymerization procedure

Ethylene and 1-dodecene copolymerizations were car-
ried out in a 100-mL, three-necked glass reactor equi-
pped with a magnetic stirrer. The required amounts of
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petroleum ether, 1-dodecene, AlEt3, and the catalyst
were introduced sequentially. Ethylene was continu-
ously supplied to keep the pressure at 1 atm, and the
ethylene consumption was detected and recorded
online by a monitoring system. The copolymerization
reactions were quenched after 0.5 h, and the products
were precipitated by the addition of acidified alcohol.
The resultant copolymers were washed with alcohol,
filtered, and dried in vacuo to a constant weight.

Copolymer characterization

13C-NMR spectra of the resultant polymers were
recorded on a Bruker DMX-500 at 908C. The ethylene
and 1-dodecene copolymer solutions were uniformly
prepared (10 wt %) in o-dichlorobenzene-d4.

RESULTS AND DISCUSSION

In our previous works,12–16 we have found that it is
effective to control the Ti loadings of catalysts pre-
pared by a one-pot ball-milling method.

As the surface structures of MgCl2 are different
from those of SiO2, some of the Mg component will
probably react chemically with the surface hydroxyls
of SiO2 during ball milling:17

Therefore, the surface structures of the M/S Z–N
catalyst may be more complicated than those of the
M Z–N catalyst (see Fig. 2).

Both the MgCl2-supported and MgCl2/SiO2-bisup-
ported Z–N catalysts have high copolymerization
activities and significant comonomer effects, as

shown in Table I. The catalytic activity is maximum
at a polymerization temperature of 508C or so. A
possible reason for the maximum activity is as fol-
lows. With an increase in the polymerization temper-
ature, the polymerization rate constant increases,
and thus the catalytic activity increases. However,
with an increase in the polymerization temperature,
the solubility of the ethylene monomer in petroleum
ether decreases, and this causes the reduction of the
catalytic activity. Figures 3 and 4 show the kinetic cur-
ves of the consumed ethylene in E–D copolymeriza-
tion catalyzed by the M Z–N and M/S Z–N catalysts,
respectively. Figure 5 shows the 13C-NMR spectra of
the E–D copolymers obtained from the low-Ti-loading
(0.8 wt %) Z–N catalyst at a 1-dodecene concentration
of 0.6 mol/L. The complete chemical-shift assignments
encompassing all possible arrangements of ethylene
and 1-dodecene in the E–D copolymers were calcu-
lated with the Grant–Paul formulation18,19 and com-
pared with those obtained from the 13C-NMR spectra
of the E–D copolymers synthesized by the low-Ti-load-
ing Z–N catalyst; they are all shown in Table II.

Table III lists the triad, dyad, and monad distri-
butions in the E–D copolymers obtained with the
M Z–N and M/S Z–N catalysts. Table IV shows the
average sequence lengths for ethylene (nE) and 1-
dodecene (nD) and the reactivity ratios for ethylene
(rE) and 1-dodecene (rD) calculated from 13C-NMR
sequence data. The contents of 1-dodecene in both
E–D copolymer chains were high and reached 16.7
and 17.8%, respectively; the contents of the [DD]
dyads and [DDD] dyads (triads) in the E–D copoly-
mers prepared with the M/S Z–N catalyst were
higher than the contents in the copolymers pre-
pared with the M Z–N catalyst, indicating that
there were more continuous 1-dodecene repeat

Figure 2 Plausible structures of active centers in the supported Z–N catalysts.

Figure 1 Preparation of the M/S Z–N catalyst with the one-pot ball-milling method.
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units in the chains of the copolymers obtained with
the M/S Z–N catalyst, and there were more iso-
lated 1-dodecene units in the chains of the copoly-
mers obtained with the M Z–N catalyst. It is rea-
sonable to assign this difference to the difference
between the active centers in the M Z–N catalyst
and M/S Z–N catalyst.

CONCLUSIONS

Novel MgCl2-supported and MgCl2/SiO2-bisup-
ported Z–N catalysts with low Ti loadings were pre-
pared with a new one-pot preparation route. With
these catalysts, ethylene and 1-dodecene were copo-
lymerized with high activity and with an evident
comonomer effect, and the resultant copolymers had
high contents of 1-dodecene.

Complete chemical-shift assignments encompass-
ing all possible arrangements of ethylene and 1-
dodecene in the E–D copolymers were calculated
with the Grant–Paul formulation and obtained from
the 13C-NMR spectra of the E–D copolymers synthe-
sized by the low-Ti-loading Z–N catalysts. According

Figure 3 Kinetic curves of E–D copolymerizations cata-
lyzed by the M Z–N catalyst (polymerization conditions:
temperature ¼ 508C; [Ti] ¼ 1 mmol/L; [Al]/[Ti] ¼ 200). Rp

is the rate of polymerization, and t is the time. [Color fig-
ure can be viewed in the online issue, which is available at
www.interscience.wiley.com.]

Figure 5 13C-NMR spectra of E–D copolymers synthesized
with (a) the M Z–N catalyst and (b) the M/S Z–N catalyst
(polymerization conditions: temperature ¼ 508C; time
¼ 30 min; [Ti] ¼ 1.0 mmol/L; [Al] / [Ti] ¼ 200; [1-Dodecene]
¼ 0.6 mol/L).

Figure 4 Kinetic curves of E–D copolymerizations cata-
lyzed by the M/S Z–N catalyst (polymerization conditions:
temperature ¼ 508C; [Ti] ¼ 1 mmol/L; [Al] / [Ti] ¼ 200).
Rp is the rate of polymerization, and t is the time. [Color
figure can be viewed in the online issue, which is available
at www.interscience.wiley.com.]

TABLE I
Activity of E–D Copolymerizations Catalyzed by the M

Z–N and M/S Z–N Catalysts

1-Dodecene
(mol/L)

Temperature
(8C)

Activity (103 g of
polymer/g of Ti h)

M Z–N
catalyst

M/S Z–N
catalyst

0.0 50 7.4 5.2
0.1 50 10.8 7.4
0.2 50 14.6 8.5
0.4 50 18.4 9.4
0.6 50 24.4 10.9
0.2 40 — 7.6
0.2 60 — 6.6

Polymerization conditions: time¼ 30 min; [Ti] ¼ 1.0 mmol/
L; [Al] / [Ti]¼ 200.
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TABLE II
Chemical-Shift Assignments in the 13C-NMR Spectra of the E–D Copolymers

Region Carbon Sequence

Chemical shift

13C-NMR Calculation

A aa DDDD 40.94 41.50
aa DDDE 40.44 41.08
aa EDDE 39.76 40.66

B CH EDE 37.87 36.47
C ag DDED 35.47 35.97

10B DDD 35.47 35.83
ag EDED 35.20 35.55
adþ DDEE 35.20 35.55
10B DDE 34.70 35.41
adþ EDEE 34.21 35.03
10B EDE 34.21 34.99
CH DDE 33.15 34.40
CH DDD 32.05 32.33
3B EDE þ DDE þ DDD 32.05 32.23

D gg DEED 30.90 31.04
gdþ DEEE 30.37 30.62
8B EDE þ DDE þ DDD 30.37 30.58
7B EDE þ DDE þ DDD 30.37 30.27

dþdþ (EEE)n 29.87 30.20
6B EDE þ DDE þ DDD 29.87 30.16
5B EDE þ DDE þ DDD 29.475 30.05
4B EDE þ DDE þ DDD 29.475 29.74

E 9B DDD 27.14 28.31
bdþ DDEE 27.07 28.24
9B DDE 27.07 28.20
bdþ EDEE 26.90 28.13
9B EDE 26.90 28.09

F bb DDEDD 24.25 26.28
bb DDEDE 24.25 26.17
bb EDEDE 24.25 26.06

G 2B EDE þ DDE þ DDD 22.76 22.83
H 1B EDE þ DDE þ DDD 14.01 13.74

TABLE III
Triad, Dyad, and Monad Distributions of the E–D Copolymers

Sample EEE EED EDE EDD DED DDD EE ED DD E D

a 56.5 23.3 12.3 2.4 5.0 0.4 68.2 30.2 1.6 83.3 16.7
b 60.6 19.8 7.9 2.2 4.5 5.0 70.5 23.4 6.1 82.2 17.8

Sample a was prepared with the M Z–N catalyst; sample b was prepared with the M/S Z–N catalyst. For the polymer-
ization conditions, see Figure 5.
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to the triad distribution, dyad distribution, and mo-
nad distribution, it could be presumed that the 1-
dodecene unit was isolated basically in the copoly-
mer chains synthesized by the M Z–N catalyst,
whereas more continuous 1-dodecene repeat units
existed in the copolymer synthesized by the M/S
Z–N catalyst. It is reasonable to assign this difference
to the difference between the active centers in the M
Z–N catalyst and M/S Z–N catalyst.
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TABLE IV
Average Sequence Lengths and Reactivity Ratios for the

E–D Copolymers

Sample nE nD rE rD rErD

a 5.5 1.1 33.4 0.0072 0.24
b 7.0 1.5 44.6 0.035 1.56

Sample a was prepared with the M Z–N catalyst; sample
b was prepared with the M/S Z–N catalyst. For the poly-
merization conditions, see Figure 5.
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