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ABSTRACT

This report is on the characterization of active Ti center in heterogeneous Ziegler-Natta catalysts by Soft X-ray 
Emission Spectrometry (SXES). Since titanium in the catalyst has various chemical bonds, it is important to 

grasp the chemical bond state. The outermost shell electrons are very important for understanding the chemical 
bond state. SXES is the only method that can easily observe outermost shell electrons with current analytical 
instruments. Here, a co-milled solid of MgCl2, TiCl4, and phthalate was used as a catalyst precursor, and three 
types of catalysts with significantly different catalytic activity levels were synthesized by changing the subsequent 
preparation process. The correlation between catalytic activity and the signal shape of Lα,β emission, which is the 
outermost shell electron of Ti in SXES analysis, was investigated. Lα,β emission was detected as broad signal. It 
could be observed that the high active catalyst had a relatively strong signal intensity at the high energy side. The 
shape changes were also checked when the catalyst solids were treated by triethylaluminum. By this treatment, the 
relative intensity of the high energy side signal enhanced further, suggesting that the triethylaluminum treatment 
induced the elimination of inactive Ti from the catalyst solid. By comparing with the solid 13C-NMR analyses data 
of the Ziegler-Natta catalyst described in our previous report, the high energy side signal of Ti Lα,β in SXES results 
implies the relationship with the NMR results for carbonyl function. Polyolefins J (202 4) 11: 115-124
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INTRODUCTION

It is well known that the Ziegler-Natta catalyst is used 
for the polymerization of olefins such as ethylene and 
propylene. The basic configuration of this catalyst is to 
use a Ti chloride component as the main catalyst and 
alkyl aluminum as the co-catalyst. Ti is activated by 
alkyl aluminum to form an active species. The fierce 
development research has been conducted to improve 
the performance of the catalyst.

The magnesium chloride-supported catalyst shows 
dramatically higher activity than the initial titanium 

trichloride catalyst. Taking advantage of this ultra-high 
activity, it has now become the mainstream catalyst 
for the industrial manufacturing of polyethylene and 
polypropylene [1-5]. In addition, in the production of 
polypropylene, the high stereo regularity of polymer is 
another essential requirement, and in order to realize it, 
the development of electron donating compounds that 
coexist in the catalytic system has also progressed. 

In parallel with such industrial production 
technological innovation, basic research has been 
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conducted to understand the factors of high 
performance. For example, we were able to see 
the electron characteristics of titanium atom in an 
ethylene polymerization catalyst for the first time in 
the world by using high-field solid-state NMR [6]. 
The catalyst was simple as a configuration in which 
TiCl4 was supported on MgCl2. It was observed that 
the NMR signal of Ti shifted toward to the high 
magnetic field direction, suggesting that the high 
catalytic activity shall appear when the electron 
density of Ti is high. On the other hand, unfortunately, 
a solid-state NMR spectrum could not obtain in a 
catalyst for polypropylene polymerization containing 
an electron donor. The reasons for this are considered 
to be as follows. That is, since the titanium element 
is a quadrupole nucleus, the electric field gradient 
in the material is overwhelmingly larger than other 
interactions in a structure without symmetry. Therefore, 
in nuclei with quadrupole moments, the relaxation 
time is shortened because the relaxation is almost 
dominated by the quadrupole nuclear interaction. 
When the electron donor is unevenly coordinated on 
magnesium chloride, the relaxation time is shortened 
to 1 second or less because it has a structure without 
symmetry. As the relaxation time becomes shorter, the 
waveform suffers from an oscillating phenomenon 
(acoustic ringing) due to the resonance of the NMR 
pulse (radio wave), and this effect makes observation 
difficult [7-9]. Thus, since it has been difficult to 
directly observe the electronic state of Ti for propylene 
polymerization catalysts at the level of analytical 
technology, analysis focusing on organic electron 
donating compounds coexisting in catalysts that are 
easy to track has been conducted. Here, infrared 
spectroscopy, thermal analysis, or solid-state NMR 
analysis have been performed. Based on the analytical 
results, a structure in which titanium and electron 
donors in the catalyst are individually supported on 
magnesium chloride has been proposed [10-31]. This 
strongly suggests that the electronic state of the active 
titanium species is affected by the support magnesium 
chloride in the propylene polymerization catalyst as 
well as the ethylene polymerization catalyst. In fact, 
based on kinetic studies, the relationship between 
charge density and polymerization activity of active 
Ti has been discussed [11,12,14]. In addition, studies 
have been conducted to infer the structure of the 
active species on the surface of MgCl2. For example, 
quantum chemical calculations have been performed 
using a model in which Ti halide is bonded to the 
surface defects of various crystal planes of MgCl2 

[19,20,25-27,30,31]. Recently, an attempt has been 
made to identify the crystal backbone around the Ti 
species, which may exist on the surface of MgCl2, by 
predicting the X-ray Absorption Near Edge Structure 
(NEXAFS) spectral from the DFT calculation of 
the model structure of the surface-active species. 
Besides, the calculation results were compared with 
the actual measured signal [26,28,30]. It has been 
confirmed that there is a species in the catalyst solid 
in which the mono-metallic Ti4+ species is supported 
on the (001) crystal plane of surface defect of MgCl2. 
Furthermore, by activation with organoaluminum, Ti 
is reduced to trivalent, and it has been reported that 
at least Ti3+ species having an alkyl group are active 
for ethylene polymerization. This is excellent example 
of how advances in spectroscopic instruments 
have contributed greatly to the understanding of 
polymerization catalytically active species. 

On the other hand, the actual MgCl2-supported 
catalyst has an easy change in performance such as 
activity depending on the preparation method and 
preparation conditions. Furthermore, it is very obvious 
that the active species in the catalyst are heterogeneous. 
The clear evidence on the heterogeneity of the active 
sites is the broad molecular weight distribution of 
the produced polymer. If this heterogeneity can be 
understood as the distribution of the properties of 
Ti species in the catalyst, we will be able to further 
approach the essence of the active species.

In recent years, Soft X-ray Emission Spectrometry 
(SXES) has been developed [32-38]. Since this 
technique has an energy resolution of more than 
two orders of magnitude higher than Energy 
Dispersive X-ray Spectrometry (EDS), it is easy to 
obtain information on element-specific outermost 
shell electrons [39] and chemical bonding states. 
In fact, when we analyzed the titanium element 
in the magnesium chloride-supported propylene 
polymerization catalyst using SXES, we succeeded 
to observe the tendency of Ti Lα,β emission and the 
relation with their catalytic activity. Furthermore, 
when compared with the charge density parameter of 
carbonyl function based on NMR data and the catalytic 
performance, it could be found the correlation, which 
the spectral polarization to higher energy side signal 
of Lα,β emission spectra of Ti seemed to provide the 
high active catalyst site [40,41].

In this study, SXES analysis of conventional 
titanium trichloride catalysts was performed and 
compared with the results of magnesium chloride 
supported catalysts reported earlier. In addition, SXES 
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analysis of activated Ti species was also attempted by 
using magnesium chloride supported catalysts after 
the contact with alkyl aluminum.

EXPERIMENTAL 

MgCl2 supported catalyst solid preparations 
Catalyst A (Cat. A) 
632 mmol of MgCl2 (surface area determined by BET 
method was 11 m2/g), 36 mmol of TiCl4, and 49 mmol 
of di n-butyl phthalate (DBP) were introduced to a 
stainless vibration mill pot in which 50 balls of 25 
mmφ were charged. 48 h co-grinding was performed 
at room temperature. 30 g of the co-grinding solid 
was transferred to a 300 cm3 volume glass flask fitted 
with mechanical agitation. The solid was washed 
with n-heptane at 40°C until free TiCl4 had actually 
disappeared. (Ti content in washing solvent was 
monitored by ordinary calorimetry analysis.) Solid 
catalyst was obtained after drying under vacuum. Ti 
content of the catalyst was 2.5 wt.%.

Catalyst B (Cat. B)
20 g of Cat. A and 200 mL of toluene were charged into 
a 300 cm3 volume glass flask fitted with mechanical 
agitation. Under agitation, the slurry was heated 
to 90°C and kept for 5min. The solution phase was 
separated out by decantation at 90°C. Successively, 
the solid part was washed with n-heptane at 40°C 
until toluene solvent was sufficiently exchanged by 
heptane. Solid catalyst was obtained after drying under 
vacuum. Ti content of the catalyst was 1.3 wt.%. 

Catalyst C (Cat. C)
10 g Cat. B, 20 mL of TiCl4, and 80 mL of toluene 
were introduced into a 300 cm3 volume glass flask 
fitted with mechanical agitation. Under agitation, 
the slurry was heated to 100°C and kept for 120min. 
The solution phase was separated out by decantation 
at 100°C. Successively, the solid part was washed 
with n-heptane at 40°C until extracted TiCl4 content 
reached zero. Solid catalyst was obtained after drying 
under vacuum. Ti content of the catalyst was 2.1 wt.%.

Reference sample preparation
Alkyl aluminum (triethylaluminum) treatment of 
MgCl2 supported catalyst
Cat. A, B, and C were treated by triethylaluminum, 
respectively, to use SXES characterization.10 g of 
each catalyst and 100 mL of n-heptane were added to a 

three-mouth flask provided with a nitrogen-substituted 
agitator. After stirring in the flask and confirming that 
the catalyst was uniformly dispersed, 5 times the molar 
ratio of titanium, triethylaluminum was added to the 
catalyst. After addition, treatment was performed at 
room temperature for 1 hour. Finally, after washing 
with n-heptane, the catalyst that became black was 
vacuum-dried. 

The catalytic activity of each triethylaluminum 
treated solid was immediately evaluated just after 
the solid preparation. The polymerization procedure 
was shown in the following session. And in order to 
avoid the alternation / deactivation of the solid, the 
remaining samples were stored at -20°C until to use 
for SXES characterization.

Hereafter, the triethylaluminum treated solids are 
described as Cat. A (Al), Cat. B (Al), and Cat. C (Al), 
respectively.

TiCl4 DBP complex
A 1000 cm3 three-necked flask was used for the 
reaction by connecting mechanical agitation and a 
dropping funnel. 200 mL of n-heptane and 0.5mol 
of DBP were charged to the flask and the solution 
was heated at 40°C. To the solution, 0.5mol of TiCl4 
was added dropwise slowly. After the completion of 
TiCl4 addition, the reaction continued at 40°C for 2 h. 
The precipitated solid was washed with n-heptane. A 
yellowish powder was obtained by vacuum drying. The 
powder composition was determined as TiCl4:DBP = 
1:1.09 based on Ti content measurement.

MgCl2/TiCl4 co-grinding catalyst 
632 mmol of MgCl2 (surface area determined by BET 
method was 11 m2/g), and 36 mmol of TiCl4 were 
introduced into a stainless vibration mill pot in which 
50 balls of 25 mmφ were charged. 48 h co-grinding 
was performed at room temperature. 10 g of the co-
grinding solid was transferred to a 300 cm3 volume 
glass flask fitted with mechanical agitation. The solid 
was washed with n-heptane at 40°C. A solid catalyst 
was obtained after drying under vacuum. Ti content of 
the catalyst was 4.3 wt.%.

Synthesis conditions of titanium trichloride catalyst 
150 mL of n-heptane and 40 mL of titanium 
tetrachloride were added to a three-mouth flask with 
an internal volume of 1000 mL that was sufficiently 
nitrogen substituted. The liquid temperature was kept 
at 0°C, and a mixture of 150 mL of n-heptane and 45 
mL of di-ethyl aluminum chloride was added dropwise 
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for 4 hours. After completion of dropping, stirring was 
performed at the same temperature for 30 minutes, 
then the internal temperature was raised to 65°C. for 1 
hour, and then stirred for 1 hour. 150 mL of n-heptane 
at 40°C was added and washed three times. Finally, a 
catalyst was obtained by heat treatment drying at 65°C 
for 1 hour. 

Propene polymerization procedure
Propene polymerization conditions with MgCl2 
supported catalyst 
2liter autoclave bulk polymerization, Al/Ti= 500, 
Al/Donor= 10, Ti= 0.00264 mmol, External donor = 
CMDMSi, H2 = 1.5 NL, Liquid propylene=1.4 L, Pre-
polymerization=20°C- 5min., Main polymerization = 
70°C- 60 min.

The triethylaluminum treated solids were also 
evaluated by propylene polymerization tests under the 
equivalent conditions above. 

Propene polymerization conditions with titanium 
trichloride catalyst
500 mL of n-heptane was added to a stainless-steel 
autoclave with an internal volume of 2000 mL, 
then the temperature was raised to 70°C, and after 
introducing 0.8 g of the above catalyst and 0.8 g 
of diethyl aluminum chloride, polymerization was 
performed for 2 hours while supplying under a 
pressure of propylene partial pressure of 0.4 MPa. 
After 2 hours, the propylene supply was stopped, the 
pressure was returned to normal pressure, ethanol was 
added into the autoclave and stirred for 30 minutes. In 
order to quench the catalyst in the obtained powder, 
it was washed with 1 liter glass hydrochloric acid 
and ethanol containing a stir bar for 30 minutes, then 
washed with distilled water until the solvent became 
neutral, and finally dried under reduced pressure to 
obtain a solid polymer. 

Characterization of catalysts
SXES 
X-ray spectral analysis was performed by using SS-
94040SXSER (SXES-ER) manufactured by JEOL Ltd.

In order to check the resolution sensitivity of SXES, 
MgCl2-supported TiCl4 catalyst was evaluated and 
compared by SXES and EDS. The details of the 
instruments used were as follows; SXES measurement 
was performed with JS300N of SXES-ER installed 
in the SEM machine (JSM-7200F manufactured by 
JEOL Ltd.) under the conditions of the accelerating 
voltage:5 kV, probe current:20 nA, exposure time:30 

seconds, and accumulation:20. 
SXES measurement of TiCl3 catalyst was conducted 

with JS300N of SXES-ER installed in the EPMA 
machine (JXA-iHP200F manufactured by JEOL Ltd.) 
under the conditions of the accelerating voltage; 5 kV, 
probe current; 100 nA, exposure time; 60 seconds, and 
accumulation; 10 times.

The entire preparation process was carried out under 
an inert nitrogen atmosphere.

RESULTS AND DISCUSSION 

In the Ziegler-Natta catalyst, it is essential to use 
organoaluminum for the formation of active Ti 
species. For example, in a MgCl2-supported catalyst 
prepared with TiCl4, the tetravalent Ti is reduced by 
adding organoaluminum, and some part of trivalent 
Ti species generated work as the polymerization 
active centers [13]. To check the fundamentals of the 
effect of organoaluminum on the supported catalyst 
characteristic change, we first confirmed the titanium 
content in the catalyst before and after contact with 
triethylaluminum. The test results are shown in Table 1. 
The titanium content in the MgCl2 supported catalysts 
decreased by the contact with triethylaluminum as the 
general manner. This is thought to be caused by the 
removal of titanium elements, which interact weakly 
with MgCl2 surface, by a strong reducing power of 
triethylaluminum.

This result gave us the attractive expectation 
to challenge SXES analysis of the catalyst solid 
treated by organoaluminum, since the influence of 

Table 1. Results of catalyst solid characterizations and 
propylene polymerization tests.

Compound Ti(b)

(wt.%)

 SXES(c)

Results HE/
(LE+HE)(d)

Activity(e)

g-PP/g-
catalyst

HI (f)

%

Cat.A
Cat.B
Cat.c
Cat.A(Al)(a)

Cat.B(Al)(a)

Cat.C(Al)(a)

TiCl3

2.5
1.3
2.1
0.5
0.2
0.4
23

0.357
0.365
0.377
0.368
0.380
0.386
2.680

6,000
13,000
26,900
5,650
12,500
24,200

50

95.8
96.0
96.9
95.7
95.9
96.7
85.0

(a)Triethylaluminum contact.
(b)Determined by UV.
(c)SXES: Soft X-ray Emission Spectrometry.
(d)HE: High Energy (455.1eV to 470.0eV),LE: Low Energy (438.0eV to 
455.0eV)
(e)Bulk Polymerization.
(f)Heptane Insoluble.
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noise derived from inert Ti shall be reduced, and the 
electronic information of the active Ti species may be 
more emphasized and observed. 

Figure 1 shows the SXES measurement results of 
Cat. C before and after contact with triethylaluminum.
In both charts, several signals were observed 
from 370.0 eV to 490.0 eV energy ranges. Signal 
assignment is shown in the diagram before contact 
with triethylaluminum. It could be able to observe 
Ti Lℓ, and Ti Lα,β (influenced with the outermost 
shell electrons of titanium) signals, and Mg Kα (3rd 
order) in the MgCl2-supported catalyst. The schematic 
diagram of X-ray transitions is illustrated in Figure 2.

Lℓ -emission originates from the transition between 
L3 and M1. Since M1 shell of Ti is a closed shell, 

Ti-Lℓ emission does not have the chemical bonding 
information. On the other hand, Lα,β emissions 
originate from the transition between L2,3 and M4,5. In 
the case of Ti, the M4,5 shell is not fully occupied by the 
electrons and is the outermost shell (parts of valence 
bands). In NEXAFS and Valence-to-core X-ray 
emission spectroscopy (vtc-XES) analyses reported 
in the prior arts [25,26,30,31], Ti(2p) binding states 
and the transition state of Ti-Kβ'' and Kβ2,5 (the X-ray 
is generated from valence band; N2(4p1/2), N4(4d3/2), 
M4 (3d5/2) and N3(4p3/2), M5 (3d5/2) to core K(1s) were 
tracked. In our report, Ti-L was used to observe the 
transition state from the valence band; M4,5 (3d5/2, 3/2) 
to L2,3(2p1/2. 2p3/2). In this case, K(s) and L2,3 (2p1/2. 
2p3/2) are relatively stable and sharp energy. However, 
the valence band is more sensitive for the chemical 
bonding of solid states than the inner shell energy such 

as K (1s) and L2,3(2p1/2, 2p3/2).
Based on these considerations, we analyzed the Ti 

Lα,β emissions. Regarding Mg Kα (3rd order) shown 
in Figure 3, this is known as higher order X-rays, 
which observed at 3 times wavelength (1/3 times 
energy) of 1st order X-ray. That is, Mg Kα (1st order) 
is 1253.6 eV (Figurer 1), but the spectrum is also 
visible at around 418 eV which is Mg-Kα (3rd order).

As mentioned above, we have described the signal 
assignments appearing in the SXES measurement chart 
of MgCl2-supported catalysts and the effectiveness 
of using Ti Lα,β emissions for evaluation of Ti's 
outermost shell electrons. In order to obtain even more 
quantitative information, a method for evaluating Ti 
Lα,β emission signals will be further described.

In previous reports, we have analyzed the ratio of 

Figure 1. Ti Lℓ and Lα,β emission SXES spectra of 
MgCl2-supported catalyst, (a) before contact with 
triethylaluminum,(b) after contact with triethylaluminum.

Figure 2. Schematic diagram of characteristic X-ray 
emission and detection.

Figure 3. Schematic illustration of Mg-K emission 3rd order 
by dispersion formula of diffraction grating. 
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the peak heights of 452.0 eV on the low energy side 
and 458.0 eV on the high energy side. The signals 
appearing in the energy region from 420.0 eV to 490.0 
eV, in which Ti Lα,β are included, should be divided 
into two energy area as representatives of low energy 
and high energy. 

Therefore, the next step is to set the thresholds. To 
determine the separation point of X-ray energy two 
materials, 48h co-grinded products of MgCl2 and 
TiCl4 and TiCl4/DBP complexes were used [40,41]. 
SXES measurements of these two materials. The 
SXES spectrum is shown in Figure 4.

In TiCl4/DBP complex that show little polymerization 
activity, the SXES signal on the low-energy side is 
strongly expressed. We have reported that the electron 
density of Ti in the TiCl4/DBP complex should be 
reduced by the ionic characteristics between Ti and 
COOR interaction [11,24,27,29,40]. Accordingly, the 
SXES signal of low energy region is implied to the Ti 
species having relatively low activity.

On the other hand, the polymerization activity of 
MgCl2 and TiCl4 48h co-grinded product is enough 
high and the SXES signal on the relatively high energy 
side is greatly displayed. Considering the relationship 
between the polymerization activity and the X-ray 
energy in SXES, we decided to classify the signal 
intensity area between 438.0 eV and 455.0 eV as low 
energy and between 455.1 eV and 470.0 eV as high 
energy, respectively. 

Using the analysis method described above, SXES 
analysis was performed on three MgCl2-supported 
catalysts (Cat. A, B, and C) and TiCl3 catalysts for 
comparison. Table 1 summarizes the evaluation results 
of SXES and propylene polymerization. In addition, 
the SXES spectra are shown in Figures 5 to 9.

As shown in Table 1, the LE/HE ratio value of TiCl3 

catalyst was quite higher than that of MgCl2 supported 
catalysts. The relatively large number of LE/HE of 
TiCl3 catalyst. Figure 5 is the comparison of SXES 
charts of TiCl3 and MgCl2 supported one (Cat. C). 
It could be confirmed that MgCl2-supported catalyst 
showed the strong signal at high energy side.

The effect of triethylaluminum treatment of MgCl2 
supported catalyst on SXES signal change was 
investigated. As shown in Table 1, it was found that 
the ratio of the high-energy side increased when 
the catalyst contacted with triethylaluminum. This 
behavior was seemed to be universal among the three 
kinds of catalyst. Since the triethylaluminum treatment 
of catalyst eliminates the inert (weakly supported) 
Ti atoms from MgCl2 surface (Table 1), the smaller 
values of LE/HE after triethylaluminum treatments in 
Table 1 strongly indicate that the active Ti shows the 
polarization of higher energy side of Ti Lα,β in SXES. 
This may be due to interactions with other elements 
in the vicinity, which may have altered the electronic 

Figure 4. Determining base values for SXES spectra:(a) TiCl4 
DBP complexes, (b) MgCl2/TiCl4 48h co-grinded catalyst.

Figure 5. Ti Lα,β emission SXES spectra of TiCl3 catalyst 
and after triethylaluminum Cat.C type catalyst by SXES:(a) 
TiCl3 catalyst,(b) Cat.C Type catalyst.

Figure 6. Ti Lα,β emission SXES spectra in MgCl2-supported 
catalyst before and after triethylaluminum contact.(Red) 
Cat. A type catalyst, (Blue) Cat. B type catalyst, (Black) Cat. 
C type catalyst.
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structure of Ti. 
From the polymerization activity data listed in Table 

1, it should be noted that the catalytic activity was almost 
maintained even after triethylaluminum treatment. 
This clearly indicates that the heptane washing of the 
triethylaluminium treatment of the solid is effective 
to remove the remaining free triethylaluminium to 
minimize the chemical alternation of the solid such as 

over-reduction of Ti. 
Also, low temperature storage of the triethylaluminum 

treated solid should avoid thermal decomposition of 
the solid. It should be ensured that the SXES results 
of the triethylaluminum treated solids strongly reflect 
the nature of the active titanium species on the sliding 
surface.

Figure 10 is the parts of the catalytic activity against 
HE/(HE+LE) values obtained by SXES measurements 
by using the data listed in Table 1.

As mentioned before, the activity level was almost 
unchanged by triethylaluminum treatment. But HE/
(HE+LE) value was clearly sifted toward the higher range. 

Considering the reduction of Ti content by 
triethylaluminum treatment shown in Table 1, it can be 
concluded that the SXES results of triethylaluminum 
treated solid provide the important spectroscopic 
information of active Ti atoms.

This phenomenon is consistent with the unders-
tanding reported in the prior arts  [6,11,13,17,40,41,42].

We reported on the electron density and activity 
of Ti using high-field solid-state NMR, and in this 
case, the polymerization activity also improves as the 
electron density of Ti increases. In this case, it was 
concluded that the electron density of Ti increased 
due to the flow of electrons from Mg to Ti, which was 
consistent with the DFT calculation results [6,27]. 
In the case of SXES, as in NMR [6,17,18,29], the 
electrons flow from Mg to Ti via Cl takes place due 
to low electronegativity of Mg, resulting in the high 
electron density of Ti. The high electron density of 
active Ti shall be lower the energy level of coordinated 
monomer by the strong back donation from d-electron 

Figure 7. Ti Lα,β emission SXES spectra of Cat. A by SXES: 
(a) before triethylaluminum, (b) after triethylaluminum.

Figure 8. Ti Lα,β emission SXES spectra of Cat. B by SXES: 
(a) before triethylaluminum, (b) after triethylaluminum.

Figure 9. Ti Lα,β emission SXES spectra of Cat. C by SXES. 
(a) before triethylaluminum, (b) after triethylaluminum.

Figure 10. Relationships between HE/(HE+LE) values 
determined by SXES and propylene polymerization activity, 
(Blue) before triethylaluminum treatment, (Red) after 
triethylaluminum treatment.
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of Ti to π* orbital to coordinated olefin monomer. 
The stable monomer adsorption drops the activation 
energy of successive monomer insertion step in the 
coordination polymerization mechanism [11,40].

In conclusion, the Ti-Lα,β SXES analysis of 
triethylaluminum activated MgCl2 supported TiCl4 
catalysts conducted in the present work could obtain 
the chemical bonding state of Ti in the catalyst, 
which is likely to overcome the previous hypothesis 
to understand the high activity of MgCl2 supported 
Ziegler-Natta catalyst.

CONCLUSION  

The state of the outermost shell electrons of Ti atoms 
in propylene polymerization catalysts was analyzed 
using a small SXES instrument developed by JEOL. 
Although the resolution was not necessarily high, the 
difference in catalytic activity could be confirmed as 
a difference in spectra. That is, the catalytic activity 
was correlated with the intensity ratio between low 
and high signals of Ti in SXES measurement. Besides, 
in the case of the strong intensity of high energy side 
signal, it showed high catalytic activity.

Triethylaluminum treatment of MgCl2 supported 
catalyst induced the Ti element extraction from the 
solid, resulting in relatively increased intensity of the 
strong energy signal.

Considering the solid 13C-NMR analyses data of 
the Ziegler-Natta catalyst described in our previous 
report, the polarization of high energy side signal of 
Ti Lα,β in SXES results appears to correlate with the 
NMR results for the carbonyl function[6,17,29]. 

The validity of this work results shall be ensured in 
detail with high-resolution SXES using a synchrotron. 
In addition, the effects of the polymerization 
conditions such as temperature and external donor 
(stereospecificity control reagent of polypropylene) 
addition on the active Ti properties shall need to be 
examined by SXES for deeper understanding of the 
working state of the catalyst.
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