
Polyolefins Journal, Vol. 11, No. 4 (2024)
IPPI DOI: 10.22063/poj.2024.35573.1333

The influence of magnesium dichloride as support on 
molecular weights of the polyethylenes produced by 

Ziegler-Natta catalys t 

Tatiana B. Mikenas*, Alexander V. Shloma, Vladimir  A. Zakharov*, Mikhail A. Matsko  

Boreskov Ins titute of Catalysis SB RAS, pr. Akademika Lavrentieva, 5, 630090 Novosibirsk, Russia 

Received: 11 October 2024, Accepted: 2 November 2024

ABS TRACT

The paper presents data on the effect exerted by magnesium dichloride in Ziegler-Natta catalys ts on the activity 
and molecular weight of polyethylene (PE) produced by ethylene polymerization in the absence or presence of 

hydrogen. It was found that ethylene polymerization in the absence of hydrogen over titanium-magnesium catalys ts 
(TMCs) with different ratio of titanium chloride and magnesium dichloride (Ti/Mg = 0.5 and 0.07), oxidation 
s tate of titanium (TiCl3 or TiCl4) and s tructural characteris tics of the catalys ts leads to the formation of PE with 
a close molecular weight. At the same time, PE obtained over a δ-TiCl3 catalys t has a much (threefold) higher 
molecular weight. The introduction of hydrogen during polymerization for decreasing the molecular weight of 
PE is accompanied by a sharp drop in activity of the δ-TiCl3 catalys t, in dis tinction to the highly active supported 
TMC containing 3 wt. % Ti. Data about the effect of hydrogen content during polymerization on the molecular 
weight of PE were used to calculate the ratio of rate cons tants for polymer chain transfer with hydrogen (Ktr

H) 
and polymer chain propagation reaction (Кр). This value was close for TMCs of different composition containing 
magnesium dichloride. In the case of δ-TiCl3, the Ktr

H/Кр value was approximately two times lower compared to 
TMCs. Polyolefins J (2024) 11: 235-242
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INTRODUCTION

Supported Ziegler-type catalys ts with the composition 
TiCl4/MgCl2+AlR3 are widely used in large-tonnage 
production of polyolefins. More than 50% of different 
grades of high density polyethylene (HDPE) and linear 
low density PE (LLDPE) are obtained over titanium-
magnesium catalys ts (TMCs) [1-5]. 

The elucidation of relations between composition 
and s tructure of advanced Ziegler-Natta catalys ts and 
molecular weight characteris tics of polyethylene and 
copolymers of ethylene with a-olefins produced over 

these catalys ts is an important fundamental and applied 
problem.

The “activated” magnesium chloride (δ-MgCl2) 
support with a high specific surface area and disordered 
crys tal s tructure is the main component of advanced 
supported Ti-Mg catalys ts. The main function of MgCl2 
in TMCs is to enhance the activity of a Ziegler-type 
catalys t by increasing the number of active sites [6-10], 
and to form the polymer particles with the specified 
morphology [11-14]. The literature provides limited 
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data concerning the effect of magnesium chloride in 
TMC on the molecular weight of produced PE. Earlier 
it was noted that TMCs produce PE with a lower 
medium-viscosity molecular weight (Mv) compared 
to the polymer obtained over a conventional Ziegler-
Natta catalys t (TiCl3) [9]. However, the literature 
provides no data on the effect exerted by this support 
on the molecular weight characteris tics of the produced 
polyethylene and sensitivity of Ziegler-Natta catalys ts 
to hydrogen as a polymer chain transfer agent.

In this work, we s tudied the effect of magnesium 
dichloride as a component of Ziegler-Natta catalys ts on 
their activity in ethylene polymerization and molecular 
weight characteris tics of polyethylene obtained in the 
absence and presence of hydrogen. Two variants of 
titanium-magnesium catalys ts were used in the s tudy: 
TMC-M containing TiCl3 as the active component at 
the ratio MgCl2/TiCl3 = 2, and TMC containing TiCl4 
anchored on the δ-MgCl2 support with the composition 
0.07TiCl4/MgCl2. The δ-TiCl3 sample has been used 
as a Ziegler-Natta catalys t not containing magnesium 
dichloride.

EXPERIMENTAL 

Synthesis of supports and catalys ts 
Synthesis of nonsolvated solid butylmagnesium 
chloride (BuMgCl)
Solid non-solvated BuMgCl was obtained by reacting 
metallic powdered magnesium with n-butyl chloride 
in heptane. A 0.5 L dry glass reactor purged with argon 
was loaded with 4.8 g magnesium and 0.1 g iodine; 
after heating the reactor to 75°C, 1.5 ml n-butyl 
chloride was introduced. Upon initiation, the reaction 
mixture was cooled to 50°C and 100 ml of n-heptane 
was added; 19.4 ml of n-butyl chloride in 100 ml of 
heptane (n-BuCl/Mg = 1.0 (mol)) was introduced at 
68-70°С for 2.5 hours. After that, the mixture was 
held at 70°С for 1 hour. A suspension of the obtained 
product (solid butyl magnesium chloride) was cooled 
to room temperature and used to synthesize S-1 
support and TMC-M catalys t.

Synthesis of S-1support
The S-1 support was obtained by the chlorination of solid 
butylmagnesium chloride with phenyltrichlorosilane 
(PhSiCl3). A BuMgCl suspension in heptane was 
loaded in the glass thermos tatted reactor equipped with 
a magnetic s tirrer. PhSiCl3 was uniformly added to the 
mixture (PhSiCl3:BuMgCl = 3:1 (mol)) for an hour 

at 60°C. The mixture was then held at a temperature 
of 90°С for an hour. After that, the mother liquor was 
removed from the reactor and the support was washed 
with heptane three times at 50°С. The support contained 
20 wt.% magnesium and 1.1 wt.% Si. 

Synthesis of TMC-M catalys t 
The TMC-M catalys t was synthesized by interacting 
the BuMgCl suspension in heptane with TiCl4. A TiCl4 
solution in heptane was added to the suspension of 
BuMgCl in heptane (BuMgCl:TiCl4 = 1:1 (mol)) at 
55°С for an hour. The mixture was held at 60°С for an 
hour. The mother liquor was removed from the reactor 
and the obtained catalys t was washed with heptane at 
50°С. The catalys t had the composition TiCl3

•2MgCl2.

Synthesis of TMC-1 catalys t
The TMC-1 catalys t was synthesized by treating the 
support (S-1) with titanium tetrachloride (the molar 
ratio Ti/Mg = 1) at 60°С for an hour. The resulting 
catalys t was washed with heptane at 50°С. TMC-
1 catalys t contained 3 wt.% titanium, 21 wt.% 
magnesium and 0.55 wt.% Si. 

Polymerization 
Polymerization was carried out in a 1 L s tainless s teel 
reactor at ethylene pressure 0.4 MPa, with AlEt3 as 
cocatalys t (1.3 mmol L-1), temperature 80°C, heptane 
as a solvent, for 1 hour. Content of hydrogen at 
polymerization is noted in Table 3 and Figs. 3 and 4.

Measurements 
The titanium and magnesium concentrations in the 
catalys t were measured by AES-ICP on an Optima 
5300 DV spectrometer. 

MWD measurements of polymers prepared in 
the presence of hydrogen were carried out using a 
high-temperature gel permeation chromatography 
(GPC) PL 220 sys tem in 1,2,4-trichlorobenzene at 
temperature of 160°С. 

Intrinsic viscosity of high molecular weight 
polyethylene prepared in the absence of hydrogen 
was es timated according to ISO 1628. The obtained 
intrinsic viscosity of polyethylene was used to 
calculate the average molecular weight by the 
Margolies equation (1): 

Mv = 5.37 × 104 η1.49       (1)

where Мv is the average molecular weight, g/mol; and 
η is the intrinsic viscosity, dL/g 
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X-ray diffraction analysis (XRD) of the samples was 
carried out on a Bruker D8 diffractometer using a Cu 
Kα source (λ = 1.54184 Å). 

The average particle size (D50) of the supports and 
catalys ts were determined on a Mas tersizer 2000 
ins trument. 

The specific surface area and pore s tructure of 
the samples were analyzed using low-temperature 
nitrogen adsorption on a Autosorb-6B-Kr ins trument. 
ESR spectra of the samples were recorded at a 
temperature of 77 K on a Bruker ER200D spectrometer. 

RESULTS AND DISCUSSION

Composition and s tructure of the supports and 
catalys ts
Table 1 lis ts data on the composition, specific surface 
area and particle size of the magnesium-containing 
presupport (butylmagnesium chloride), support, and 
titanium-magnesium catalys ts synthesized using the 
indicated supports (exps. 1 and 2, 3 and 4), as well 
as the Ziegler-Natta catalys t sample (δ-TiCl4, exp. 5).  

The titanium-magnesium catalys t TMC-M (exp. 
2, Table 1) was synthesized by the interaction of a 
solid magnesium-containing presupport with the 
composition MgBu2

•MgCl2 (exp. 1, Table 1) and 
titanium tetrachloride. In this case, the catalys t is 
formed via the interaction of TiCl4 with magnesium 
dibutyl in the MgBu2

•MgCl2 presupport to form 
titanium trichloride in a combination with magnesium 
dichloride at the molar ratio MgCl2/TiCl3 ≅  2.

Evidently, a considerable part of titanium trichloride 
in this sample resides in the bulk of the catalys t 
particles, similar to the δ-TiCl3 catalys t containing 
23.5 wt.% Ti (exp. 5, Table 1).

The ESR data obtained for TMC-M and δ-TiCl3 
catalys ts (exps. 2 and 5, Table 1) are illus trated in 
Figure 1.

The ESR spectrum of the δ-TiCl3 catalys t contains 

virtually no signals of Ti3+ ions in the region of q = 1.8 - 
2.0 (Figure 1, spectrum 1), which are usually observed 
in supported titanium-magnesium catalys ts with the 
composition TiCl4/MgCl2 after their interaction with 
aluminum trialkyl [15, 16]. These signals are attributed 
to isolated mononuclear Ti3+ compounds formed on the 
surface of δ-MgCl2 support [16]. At the same time, a 
signal with q = 1.9 is observed in the ESR spectrum of 
TMC-M catalys t with the composition TiCl3

•2MgCl2 
(Figure 1, spectrum 2), which corresponds to Ti3+ ions. 
The intensity of this signal indicates that the sample 
contains paramagnetic Ti3+ ions in the amount of 5.1 
± 0.1 μmol/g cat, which cons titutes 3.4 % of the total 
titanium content in the TMC-M catalys t. This result 
tes tifies that the presence of magnesium dichloride in 
TMC-M catalys t with the composition TiCl3

•2MgCl2 
leads to the formation of isolated mononuclear TiCl3 
compounds due to the presence of MgCl2 in the 
second coordination sphere for a part of Ti3+ ions in 
this catalys t.

The δ-MgCl2 support (exp. 3, Table 1) was obtained 
by the interaction of solid magnesium-containing 
presupport with the composition MgBu2

•MgCl2 (exp. 
1, Table 1) with phenyltrichlorosilane. This support 

Table 1. Data on the composition, average particle size and surface area of supports and catalys ts.

Exp. No. Sample
Composition of samples D50

(1)

μm
SBET
m2/g

 Oxidation s tate
 of titanium in the

catalys tTi, wt.% Mg, wt.% Composition

1
2
3
4
5

Presupport “BuMgCl”
Catalys t TMC-M
Support δ-MgCl2
Catalys t TMC-1
Catalys t δ-TiCl3

─
12.4

─
3.0

23.5

21.9
11.5
20.0
21.0

─

MgBu2•MgCl2
TiCl3•2MgCl2
MgCl2(Si)(2)

0.07TiCl4•MgCl2 (Si)(3)

δ-TiCl3

─
16.2
13.8
10.4
12.5

─
136
129
183
162

─
Ti3+

─
Ti4+

Ti3+

(1)Average particle size. (2) Content of Si, 1.1 wt.%. (3) Content of Si, 0.55 wt.%.

Figure 1. ESR spectra (77 K) for samples δ-TiCl3 (spectrum 
1) and TMC-M catalys t with the composition TiCl3•2MgCl2 
(spectrum 2).
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has quite a high specific surface area (129 m2/g) and 
contains a minor amount of silicon compounds (1.1 
wt.% Si). The supported titanium-magnesium catalys t 
TMC-1, which was obtained by the treatment of this 
support with titanium tetrachloride, has a high specific 
surface area (183 m2/g) and contains 3.0 wt.% Ti in the 
form of TiCl4 compounds anchored on the δ-MgCl2 
surface.

The crys tal s tructure of the support and catalys t 
samples lis ted in Table 1 was examined by XRD. 
Figure 2 displays diffraction patterns of these samples. 

One can see that the diffraction patterns of all the 
magnesium-containing samples, particularly the 
MgBu2

•MgCl2 presupport (exp. 1, Table 1), contain 2q 
diffraction peaks in the region of 15°, 29-35° and 50°, 
which characterize the layered s tructure of MgCl2. 
The presence of a broad halo in the region of 2q = 
29-35° indicates the turbos tratic disorder of Cl-Mg-
Cl layers in these samples, which is typical of the 
activated δ-MgCl2 [11]. The diffraction pattern of the 
δ-TiCl3 sample (sample 5 in Figure 2) also tes tifies to 
the disordered layered s tructure of this sample, as a 
result of which a part of reflections in the region of 2q 

= 29-35° does not show up.
Table 2 lis ts data on the interlayer dis tances and 

microcrys tallite sizes calculated from the diffraction 
patterns shown in Figure 2. For all the samples of 
microcrys tallites, the size along magnesium dichloride 
layers <D110˃ is in the range from 10 to 12 nm. The 
size of microcrys tallites perpendicular to magnesium 
dichloride layers <D001˃ is much smaller, being 
equal to 1.3 nm for sample (2) and 3.9 nm for sample 
(3). The size of microcrys tallites in this direction 
decreases from 2.1 to 1.3 nm (samples 1 and 2) and 
from 3.9 to 3.2 nm (samples 3 and 4) upon interaction 
of supports (samples 1 and 3) with TiCl4 leading to the 
formation of titanium-magnesium catalys ts (samples 2 
and 4). Note that the 1.3 nm value for TMC-M catalys t 
(sample 3) corresponds to the presence of three Cl-
Mg-Cl layers in the crys tallites of this catalys t, while 
the 3.2 nm value corresponds to the presence of 
seven Cl-Mg-Cl layers in the crys tallites of TMC-1 
catalys t. The greater size of crys tallites in the δ-MgCl2 
support (sample 3, Table 2) along the 001 direction 
ensures a larger surface fraction of the lateral faces 
of MgCl2 crys tallites with respect to the total surface 
of the crys tallites. Accordingly, this allows increasing 
the amount of TiCl4 anchored on the δ-MgCl2 surface 
due to the interaction with fourfold and fivefold 
coordinated magnesium ions residing on the lateral 
faces of δ-MgCl2 crys tallites.

Ethylene polymerization over TMC-M, TMC-1 
and δ-TiCl3 catalys ts and data on the molecular 
weight characteris tics of produced polyethylene 
Data on the activity of catalys ts with different 
composition during ethylene polymerization in the 
absence or presence of hydrogen, molecular weight 
and polydispersity (Mw/Mn values) of the produced 
polyethylene are presented in Table 3 and Figure 3.

Activity of the catalys ts increases in passing from the 
Ziegler-Natta catalys t δ-TiCl3 to titanium-magnesium 
catalys ts TMC-M and TMC-1 (exps. 1, 5 and 9, Table 
3). Mos t pronounced (by a factor of 4-16) is an increase 
in the activity per unit weight of titanium (kg/g Ti). The 
introduction of hydrogen as a polymer chain transfer 
agent leads to a subs tantial decrease in activity during 
polymerization over δ-TiCl3 and TMC-M catalys ts. 
At the same time, in the case of polymerization over 
supported TMC-1 catalys t, only a minor decrease 
in activity upon hydrogen introduction is observed 
(Figure 3). As a result, the activity of TMC-1 catalys t 
(kg/g Ti) during polymerization in the presence 
of hydrogen increases 35-fold in comparison with 

Figure 2. Diffraction patterns of support and catalys t 
samples lis ted in Table 1 (the numbers of diffraction patterns 
correspond to the numbers in Table 1).

Table 2. X-ray data on the interlayer dis tance and crys tallite 
size of δ-MgCl2 in the supports and catalys t samples lis ted 
in Table 1.

No.  Composition of
samples

d003
(1)

A0
<D001˃(2)

nm
<D110˃(3)

nm
1
2

3
4

MgBu2•MgCl2
 Catalys t TMC-M
TiCl3•2MgCl2
Support δ-MgCl2
Catalys t TMC-1

6.2
6.4

5.9
6.0

2.1
1.3

3.9
3.2

12.0
11.2

10.4
10.0

 (1)Interlayer dis tance.
(2)Average crys tallite size perpendicular to Cl-Mg-Cl layers.
(3)Average crys tallite size along Cl-Mg-Cl layers.
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δ-TiCl3 catalys t (exps. 3 and 11, Table 3). As shown 
in [17], a decrease in activity of titanium-magnesium 
catalys ts upon hydrogen introduction is the reversible 
process associated with the reversible adsorption 
of dialkylaluminum hydride, which is formed in the 
reaction medium in the presence of hydrogen on the 
active sites or their precursors in titanium-magnesium 
catalys ts.

Table 3 lis ts also data on the molecular weight 
and polydispersity (Mw/Mn values) of the polymers 
obtained during ethylene polymerization over catalys ts 
with different composition in the presence and absence 
of hydrogen. The medium-viscosity molecular weight 
of polyethylene produced in the absence of hydrogen 
(the Mv value) has a very high value for each of the 
three catalys ts. One can see that this value sharply 
decreases in passing from the δ-TiCl3 catalys t (exp. 
1, Table 3, Mv = 5900 kg/mol) to titanium-magnesium 
catalys ts TMC-M and TMC-1 (exps. 5 and 9, Table 
3, Mv = 1900-2044 kg/mol). Note that the content of 
titanium in these catalys ts (the Ti/Mg ratio) and the 
oxidation s tate of titanium chloride (TiCl3 in the case 
of TMC-M and TiCl4 in the case of TMC-1) exert 
virtually no effect on the Mv value. 

The introduction of hydrogen during polymerization 
leads to a sharp decrease in the molecular weight 
of produced polyethylene for all three catalys ts. 
Therewith, molecular weights of the polymers 
obtained over titanium-magnesium catalys ts TMC-M 
and TMC-1 at the same hydrogen content have close 
values. It should be noted that the polymers formed over 
the supported catalys t TMC-1 (exps. 10-12, Table 3) 
have a slightly narrower molecular weight dis tribution 

(Mw/Mn = 3.9-4.4) compared to the polymers produced 
over TMC-M catalys t (Mw/Mn = 4.5-5.2, exps. 6-8, 
Table 3). This may result in slight differences in the 
molecular weight of polymers obtained over these 
catalys ts at a similar hydrogen content (for example, 
in exps. 6 and 10, Table 3). At the same time, it is 
seen that polydispersity of the polymers formed over 
TMC-M is close to that of polyethylene produced over 
δ-TiCl3. On both catalys ts, polymers with Mw/Mn = 
4.5-5.2 (exps. 2-4 and 6-8, Table 3) are formed.

Data of Table 3 show that at a quite high content of 
hydrogen in the reaction medium (20-50 % of hydrogen 
in the reactor gas phase) a sharp (by a factor of 10-24) 
decrease in the molecular weight of produced polyethylene 
is observed for all the catalys ts in comparison with the 
experiments without hydrogen. This result demons trates 
that under the indicated conditions the polymer chain 

Table 3. Data on the activity of catalys ts with different composition during ethylene polymerization, molecular weight of 
polyethylene produced, and effect of hydrogen on the molecular weight and molecular weight dis tribution of polyethylene.

Catalys t(1)  Exp. No. PH2, bar
PE yield(2) Mw,

kg/mol
Mn,

kg/mol Mw/Mnkg/g cat kg/g Ti

(5) δ-TiCl3

1
2
3
4

─
1
2
4

2.9
1.5
1.2
1.0

12.3
6.4
5.1
4.3

5900(3)

600
387
240

─
120
82
46

─
5.0
4.7
5.2

(2) TMC-M
(TiCl3

•2MgCl2)

5
6
7
8

─
1
2
3

6.5
3.9
3.3
3.1

52.4
31.5
26.6
25.0

1900(3)

266
180
140

─
59
35
27

─
4.5
5.2
5.2

(4) TMC-1
(0.07TiCl4

•MgCl2)

9
10
11
12

─
1
2
4

5.7
5.6
5.4
4.9

190
187
180
163

2044(3)

200
140
87

─
51
35
20

─
3.9
4.0
4.4

 (1) Catalys t numbers and data on the catalys t composition are lis ted in Table 1.
 (2) Polymerization at 80°C, ethylene pressure 4 bar, for 1 hour.
(3) Mv values calculated from data on the intrinsic viscosity of PE samples.

Figure 3. Data on the effect of hydrogen content on the 
activity of catalys ts lis ted in Table 3 (catalys t δ-TiCl3 (5) - ▪ -, 
catalys t TMC-M (2) - • -, catalys t TMC-1 (4) - ▲ -).
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transfer with hydrogen is the predominant transfer 
reaction. The results of experiments 2-4, 6-8 and 10-12 
(Table 3) can be used to calculate the ratio of reaction 
rate cons tants for chain transfer with hydrogen (Кtr

H) 
and polymer chain propagation (Кр) using the known 
equation (2) [18, 19-21]:

][
][11

42

2
0

 

HCk
Hk

PP p

H
rt

nn ×
×

=-        (2)

where nP  is the number-average degree of 
polymerization; and 0

nP  is the number-average degree 
of polymerization in the experiment without hydrogen. 
The linear dependence of (1/Pn-1/Pn

0) vs. [H2]/[C2H4], 
which was plotted using the Mn values for exps. 2-4, 
6-8 and 9-12 in Table 3, is displayed in Figure 4. 
These data were used to calculate the Ktr

H/Kp values, 
which were found to be close for TMCs of different 
composition (9-10-3). In the case of δ-TiCl3, the Ktr

H/
Кр ratio was approximately two times lower than for 
TMCs (3.9-10-3). 

The data obtained demons trate that the introduction 
of MgCl2 in the Ziegler-type catalys t enhances its 
efficiency in controlling the molecular weight of 
polyethylene by hydrogen.

CONCLUSION

Data on the composition and s tructure of two variants 
of titanium-magnesium catalys ts with different content 
of magnesium dichloride and titanium chloride were 
acquired: (1) the TMC-M catalys t containing titanium 
trichloride at the molar ratio MgCl2/TiCl3 = 2, and 

(2) the TMC-1 catalys t containing TiCl4 anchored on 
the δ-MgCl2 support at the molar ratio TiCl4/MgCl2 
= 0.07. Both catalys ts have close sizes of δ-MgCl2 
microcrys tallites (10-11 nm) along Cl-Mg-Cl layers, 
but considerably differ in the size of microcrys tallites 
perpendicular to Cl-Mg-Cl layers (1.3 nm for TMC-M 
and 3.2 nm for TMC-1). 

The δ-TiCl3 catalys t does not contain mononuclear 
Ti3+ compounds that can be identified by ESR. 
Meanwhile, such compounds are observed in the 
ESR spectrum of TiCl3

•2MgCl2 catalys t (TMC-M). 
However, their amount is not large and cons titutes 
only 3.4 % of the total titanium content in this catalys t. 

The activity of titanium-magnesium catalys ts during 
ethylene polymerization calculated per unit weight 
of titanium s trongly exceeds the activity of δ-TiCl3 
catalys t. Therewith, the maximum activity (190 kg/g 
Ti) is observed for the TMC-1 catalys t, which contains 
TiCl4 compounds anchored on the surface of δ-MgCl2 
support. It should be noted that the activity of δ-TiCl3 
and TiCl3

•2MgCl2 catalys ts, in dis tinction to TMC-1 
catalys t, decreases considerably upon polymerization 
in the presence of hydrogen as the chain transfer agent, 
and the difference in activity of TMC-1 and δ-TiCl3 
catalys ts during polymerization in the presence of 
hydrogen becomes even more pronounced.

Ethylene polymerization over δ-TiCl3 catalys t in 
the absence of hydrogen leads to the formation of 
polyethylene with a super-high molecular weight 
(Mv=5900 kg/mol). The presence of MgCl2 in the 
composition of TMC-M and TMC-1 catalys ts 
produces a sharp decrease in the molecular weight 
of polyethylene to 1900-2040 kg/mol. Therewith, the 
molecular weight of polyethylene does not depend 
on the ratio of magnesium dichloride and titanium 
chloride or the oxidation s tate of titanium in the initial 
titanium-magnesium catalys t.

The introduction of hydrogen during polymerization 
leads to a sharp (by a factor of 10 – 24) decrease in 
the molecular weight of polyethylene obtained over 
all three catalys ts depending on the hydrogen content. 
Therewith, polydispersity of the polymers produced 
over δ-TiCl3 and TiCl3

•2MgCl2 catalys ts has close 
values (Mw/Mn = 4.5-5.2). Polymers formed over the 
supported catalys t TMC-1 have a narrower molecular 
weight dis tribution (Mw/Mn = 3.9-4.4).

Data about the effect of hydrogen content on the 
molecular weight of polyethylene were used to 
calculate the ratio of rate cons tants for chain transfer 
with hydrogen (Ktr

H) and polymer chain propagation 
(Kp) reactions. The obtained value is close for TMCs 

Figure 4. Dependences of the (1/Pn – 1/Pn
0) values on the 

[H2]/[C2H4] ratios in heptane obtained during polymerization 
of ethylene on various Ti-containing Ziegler-type catalys ts 
(polymerization conditions in Table 3).



Mikenas T.B. et al.

241Polyolefins Journal, Vol. 11, No. 4 (2024)

IPPI

of different composition and equal to 9-10-3. In the case 
of δ-TiCl3, the Ktr

H/Кр ratio is approximately two times 
lower compared to the value for TMCs (3.9-10-3). 
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