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Polyolefin such as polypropylene and polyethylene produced with Ziegler-Natta catalysts is one of
the largest markets. Research about the nature of Ziegler-Natta catalysts is ongoing because of the
industrial importance for development of new grades of PP. MgCl,-supported Ziegler-Natta
catalysts consist of TiCly, MgCl,, donors, triethylaluminum and H,. Active sites of Ziegler-Natta
catalysts are generally expressed by Ti species situated in an octahedral symmetry as a result of
adsorption on unsaturated MgCl, surfaces. Donors interact with the Ti species in a non-bonded
manner through co-adsorption on MgCl, surfaces. The catalytic nature of Ti species can be
switched even during the elongation of one polymer chain due to ligand removal or exchange.
These molecular-level understanding of surface events have been gradually established as a result of
huge knowledge. However, there is still limited understanding of the nature of Ziegler-Natta
catalysts because their surfaces are (more or less) chemically and structurally heterogeneous. The
heterogeneity has inhibited the direct characterization of active sites, the evaluation of the catalytic
performance of each active site, and the understanding of molecular-level behaviors of the catalysts.
One of the helpful ways to address problems of the multisite nature is to employ using model
catalysts which can reduce heterogeneity. The object of this dissertation is to develop novel
Ziegler-Natta model catalysts which are useful to clarify active site natures.

In Chapter 2, polymerization properties and active site formation of various MgCl,-supported
titanocene catalysts were systematically investigated. Cp,TiCly—x (x = 2-0) was immobilized on
MgCl, by physical co-grinding or by chemical treatment with triethylaluminum (TEA). The
obtained catalysts are designated as CpsTiCly—/MgCl,(P and C). Propylene polymerizations were
conducted in the presence of TEA or modified methylaluminoxane (MMAO). Cp,TiCl,/MgCly(P,




C) and CpTiCl;/MgClIy(C) produced mostly atactic PP in the presence of MMAO, similarly to the
unsupported titanocene. On the other hand, the usage of TEA led to relatively isotactic PP,
irrespectively of the employed precursors, indicating the active site nature quite similar to that of
TiCly/MgCl,. The supported titanocene catalysts offered both titanocene-type and
Ziegler-Natta-type active sites natures according to the details of the preparation and the activation
procedures. The observed dual active site natures were plausibly correlated with the valence and
charge states of the Ti center. Novel dual active site natures which can be switched by the kind of
activator were obtained. Molecular weight distribution became narrow with increase in the number
of Cp ligands. However, active sites nature of MgCl,-spported titanocene catalysts was more or
less heterogeneous due to surface structure of MgCl, support.

In Chapter 3, in order to synthesis active MgCl, surface having homogeneous structure, MgCl,
film was prepared by donor-induced surface reconstruction under ultra-high vacuum condition.
MgCl, deposited on single-crystal metal substrates was always exposed the (001) surface
irrespective of their surface symmetry, which does not allow the adsorption of donors under usual
UHYV conditions. MgCl,-donor adducts are formed when MgCl, film is exposed to the vapor of a
donor at a nearly saturated vapor pressure. While the desorption of a donor at a mild temperature
leaves coordinative vacancies for MgCl, film, the introduction of a donor readily reconstruct the film
structure into equilibrated one at a given environment (temperature, pressure). Thus, MgCl,
structure is highly flexible in the presence of coordinating molecules, which seems to kinetically
accelerate the reconstruction of MgCl,. Moreover, a synthetic route for active MgCl, surfaces has
been established by donor-induced reconstruction in UHV experiments. Obtained MgCl, film is a
promising precursor toward the preparation of realistic Ziegler-Natta model surfaces in UHV.

The results in this study are remarkably important for development of useful model catalyst. The
knowledge obtained in this study will contribute to the further development of the MgCl,-supported

Ziegler-Natta catalysts and the unique materials with improved properties.

BXEBEORKREOES

R 7 EL PP ERY =F LUPE)ZFLETHRI A LT ¢ I EN T SRR %
AL, FEZETHRIEM T LS RNT U ADRBVMENTH D72, F OAEFERITAE 2 BN L TV
%o -, TEMITIZ 9% EORY 7 u v L U R —F Ziegler-Natta filt itz k. » THLE S
TW5, Z OfEDOTENESITZ ORHENIARTH D MgCl, OF EMEE, Ti MO ECIREE, Ti fl
Offif. Ti fEL N — & OMAEEMR EITRESh, 50 - BENICAY—THY | &
WCEATICET D70, IHMEAEE & 2 ORE L OMBIIREZH O N E o TR, DT
W, ARIEFARIE £ 7 X EA IS U A AR MO KBII A B OB - BIRICAHTH 5,

ARG T, TETER & RO BLE D & RE—PE AR L 727 VA X 2 REt &2 17720,



Ziegler-Natta fill it O Rtk 2RI 5720 DR 2G5 Z L 2 B L LTz,

FJ°, IEPEAETBEAR & L C Titanocene $H1A % FHV N, ARBEFASEUG 5 L IEMHALAI 2 2 (b ST m
VL UCEAREE RE Lo, Fo. RIS B O R b [FIRFIC G LT, A
& LT, MgCl, #1F Titanocene filiEEIZ 35T, 5 1E L IEMALAI O FIEN AR T 2 1EME RIS
KE B, ¥ Titanocene il & [FIER 70 FESTARFF FBEADTEME A & FHEF TiCl, il & RIER 72 A
VERERANEVERDTER LGS Z & &2m L, S 6IZ, B 7% A 7 % Titanocene 14 2 15 1M ARl
BARE LTHWD Z & T, EEHRO Ti OBENIHE S, HEEAOTRE—MERNEHTE 52
EERAGME LT,

WIZ, REEEN DT L TE—7 MgCl, 232 2 &3 ale/e it |22 25 2 7z
*ﬁ?’f’i’ﬁfoﬁoto WEOWETIX, R E LT TiCL, OWAE I3 L TARTEMEZ MgClL(001)FE i L
GBI o T2, B RESAR Mg 2 W T TiCl, 2% & S5 2 & TET /U3 575
SINT&7z, L, Ok iI%fﬁﬁﬂiﬁi& ERELSERDZLDOTHHoT, £V I%fﬁﬁﬁ
BTN T Ul 2 FHEL9 5 72 0121%, MgCly TRPER T 2 1BV AL MEN H 5, AL
MgCle {E M2 & R T-BlAI A5 5 ﬁ“é Cu(110) R E R F—: LTV P2 WA Z k“(
RSN — 72 MgCle iEMEEm AT L, MgCle & R —DOHEMEMAEZHLNCTDHZ &%
ATz, BEEZE FICBWTHEMNR Cu(110) FIZZFE L7z MgCla 1 EATE 72 (00 D) % & M L7,
B UL oW R MgCla BE< 72512 LAt THI L . MeCls & £ U0 D HRIZIE I
RELEKGFETHZENWABN LR oT, Fio, MgCLOODIZE ) o 2l S5 2 & Cffi

EELEEDH LTI LT,

A b AR SCCE, 1EMEAS LOMEROMBLE N DR S T-ET V&2 W TR 217725 2
LT XY | Ziegler-Natta il fiE OIEVE G & & ORMEZ AT 2720 DA M2 2152 Z L1
B Lz,

Z IS DL Ziegler-Natta filt il o> 5 72 2 PERE D[] _E0# B Ziegler-Natta filtiE o0 BHAS D 7= 9 D Ik

WA IR EHES L eV D LB oD, Ko T L (T VT At AU R) OF
frim & LTHoflifiEd 5 6 o Lo T,



