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-My review- Development of olefin polymerization catalysts 

 

Graduate School of Science and Engineering, Division of Material Science 
Hideki Kurokawa 

 
 
Abstract 

New olefin polymerization/oligomerization catalysts were developed by immobilizing metal 
complexes on layered clay minerals such as montmorillonite and fluorotetrasilicic mica. In the initial 
research stage, group 4 metallocene complex supported on acid-treated montmorillonite was prepared 
and tested in ethylene polymerization. The supported metallocene catalyst showed high catalytic 
activity and afforded polyethylene derived from a single-site catalyst. 

In the second stage, novel heterogeneous catalysts were developed by reacting a bi - or tri-dentate 
ligand and a late transition metal ion-exchanged mica (Fe3+-mica and Ni2+-mica). Those catalysts 
were readily activated by conventional alkyl aluminum compounds such as triethyl aluminum and 
triisobutyl aluminum, showing highly high catalytic activity for ethylene polymerization and 
oligomerization. 

In the final stage, hybrid ethylene polymerization catalysts consisting of two metal complexes with 
different specific properties were developed to improve melt processability by controlling PE 's 
molecular weight distribution (MWD). Those catalysts were capable of controlling PE's MWD by 
adjusting the ratio of the supported metal complexes.  
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Fig. 2 Typical Kaminsky catalyst 
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Fig.3 Structure of clay minerals 
Montmorillonite (Na, Ca0.5)0.33(Al1.67Mg0.33)Si4O10(OH)2 
Fluorotetrasilicic mica Na(Mg2.5)Si4O10F2 
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Fig. 4 Image of the active-sites of multi-site and single-site catalysts 
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Fig.6 Preparation of montmorillonite-supported metallocene catalyst 
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Fig.5 Gas-phase ethylene polymerization  

process (UnipoleTM) 4) 
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Fig.9 Ethylene polymerization using 
PBI/Fe3+-mica catalysts with TIBA 
at 60 and 0.2 MPa for 1 h.

Fig.8 Schematic preparation route of bis(imino)pyridineiron(III) complex immobilized into 
fluorotetrasilicic mica interlayer.
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Fig.10 XRD profiles and FT-IR spectra of PBI/Fe3+-mica catalysts. 
PBI/Fe-mica catalysts prepared in (a) CH3CN, (b) n-C4H9OH, or (c) 
toluene with PBI ligand and Fe3+-mica.   
Profile (d) was obtained by measuring Fe3+-mica treated with only CH3CN.  
Profiles (e) and (f) show the IR-spectra of PBI-Fe2+ complex and PBI  
ligand, respectively.  
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Fig.11 Typical catalysts immobilizing late transition-metal 
complexes into fluorotetrasilicic mica interlayer.10-19)

Fig.12 13C-NMR spectra of PEs 
obtained by DAB/Ni-mica catalyst

Fig.13 One-pot preparation method 
consisting of Ni2+-mont and appropriate 
ketone and aniline.
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Table 1 Ethylene oligomerization using
L/Co2+-mica catalysts *1

L L/Co Tp

/℃
Activity Selectivity /%

Solid C4-C20

1 850 50 <10 - -
2 850 50 23 0 c.a.100
3 400 50 20 0 c.a.100
4 400 50 <10 - -
5 400 50 <10 - -
6 400 50 800 2.0 98.0
6 400 70 553 14.7 85.3
7 850 50 <10 - -
8 400 50 <10 - -

*1 Reaction conditions: PC2 = 0.7 MPa, cat. = 10 mg, 
TEA/Co =300.

Fig.15 Schulz-Flory plot of obtained 
products by L6/Co2+-mica catalyst.

Fig 15 Schulz Flory plot of obtaine

Fig. 14 Preparation of PBI/Co2+-mica catalysts.
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PBI hybrid  
PE Mn 3.6 104 Mw/Mn 10.5 DAB/Ni2+-mica

hybrid PE Mn 5.3 104 Mw/Mn

5.7 2 PE  
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Table 2 Activity of prepared hybrid and related catalysts *1 
Catalyst 

L/Mn+-mica 
Ligand 

PBI : DAB 
Activity 

 
Tm 
/℃ 

Mn Mw/Mn 

  PBI/Fe3+-mica 100 : 0 1,780 136 2.2 18.2 
  DAB/Ni2+-mica 0 : 1000 250 125 11.1 2.7 
  D P/Ni2+, 

Fe3+-mica 
50 : 500 650 136 2.7 13.9 

  D P/Ni2+, 
Fe3+-mica 

30 : 500 490 134 3.6 10.6 

D P/Ni2+, 
Fe3+-mica 

50 : 1000 310 134 5.3 5.7 

*1 Tp = 40 ℃, PC2 = 0.7 MPa, Activity /g-PE g-cat-1 h-1, TEA = 0.2 mmol. 
 

Ni2+ ,   Fe3+

Ni2+, Fe3+-mica D→P/Ni2+, Fe3+-mica
(hybrid catalyst)

 
Fig.16 Preparation of hybrid ethylene polymerization catalyst  



- 16 -

136 HDPE DAB/Ni2+-mica
PE 125 hybrid PE

PE
T = 2 ℃ Hybrid PE Mn Mw/Mn

2 PE DSC
2 PE PE

PE 2
PE

20) Hybrid PE Fe PE
PE Ni

PE
PE

GPC Fig. 17
(A), (B)
PE GPC (C) hybrid

PE GPC (D) 
GPC

GPC
(C) (D)

hybrid PE 2
PE

(A) (B)

(A) 64 %
(B) 36 %

PBI/Fe3+-mica DAB/Ni2+-mica hybrid
PE

PBI/Fe3+-mica 4 nBuCp)2ZrCl2 BCZ
hybrid Fig.18 4

0.0

0.2

0.4

0.6

0.8

1.0

2 3 4 5 6 7 8

dw
/d

(lo
gM

)

Log M

(A) PBI/Fe2+-mica

(B) DAB/Ni2+-mica

(C) hybrid,  

(D) convo.

Fig. 17 GPC profiles of Pes obtained by hybrid 
and related catalysts
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Table 3 hybrid
Fe3+-H+mont BCZ BCZ/Fe3+-H+mont C2
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Table 3 Activity of prepared hybrid and related catalysts *1

Catalyst
PBI

/Fe3+
BCZ

Loadin
g

1-hexene
/mol L-1

Yield
/g

Tm

/℃
Mn

/104
Mw/Mn

BCZ
/Fe3+-H+mont

- 33.7
0 1.56 136 12.6 2.2

0.80 1.36 123 4.3 2.2

PBI
/Fe3+-H+mont

50 -
0 0.969 137 4.6 8.8

0.80 0.589 136 3.8 6.7

BCZ/PBI
/Fe3+-H+mont

50 38.4
0 1.09 136 7.3 5.8

0.80 0.832 133 4.7 6.2
*1 Tp = 50 ℃, PC2 = 0.7 MPa, cat loading = 4.0 mg, sol. (n-hexane) = 50 ml, Time 

= 1 h, PBI/Fe3+ = contact ratio in preparation, BCZ loading = amount of 
supported BCZ determined by XRF.

Fig.19 DSC profiles of formed 

Fig.20 GPC profiles of PEs obtained by hybrid 
and elated catalysts.
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Synthesis, crystal growth and evaluation of Li-containing silicate scintillator 

 

Graduate School of Science and Engineering 
KODAMA Shohei 

 
 
Abstract 

Novel inorganic neutron scintillators with high heat durability and chemical stability are required 
to replace 3He gas detectors. Several inorganic materials, such as Eu:LiCaAlF6 and Ce:Cs2LiYCl6, have 
already been developed; however, the chemical stability of such fluoride or chloride compounds is low, 
which limits their use. Our group has studied Li-containing silicate phosphors. In this report, the 
synthesis, crystal growth by the flux method, and luminescent properties of lanthanide ion-doped 
Li2CaSiO4 are discussed. Eu, Sm and Yb doped Li2CaSiO4 specimens were synthesized in a deoxidized 
atmosphere, and Eu:Li2CaSiO4 exhibited the highest luminescent intensity. Non-doped Li2CaSiO4, 
Ce:Li2CaSiO4, and Eu:Li2CaSiO4 single-crystalline specimens were successfully obtained using a LiF-
LiCl eutectic flux. In addition, as a further material exploration, the results of the thermal analysis for 
Li2SrSiO4 and Li2MoO4 are indicated in the latter part of this report.  
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