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Introduction

The key tachnology of the production of polyolefing iz a catalyst
technology. Az well lknown, n 1938, Ziegler and Natta
digcovered the catalyst systems that promote the polymerization of
olafing. This catalyst system i called “Ziagler-Natta catalyst™ which
haz been widely uzed to the commercial production of HDPE, LLDPE
and PP. On the other hand, since the dizcovery of homogzeneons
organcmetallic complex catalyst composed of zirconocene and
meathylalimoxane, many researchers hawve dewveloped metallocena
cafalysts.  Metallocene catalyst opens the new era of polyolefin
production and has been applied to the commercial production of
LLDFE PP, EPDM, and other Elastm ers.

In 1987, Bumitomo  Chemical
developed the new titanitm complex catalyst
(1) having bully thiobisphenoxy ligand
Although, infortunately, the catalytic activity
of this non-metallocene cafalyst 1z less than
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(?'s that of metallocene catalyst system, it oave
Cl polyolefing having exfremely high molecular
waight. To  improve the catalyst

1 performance, we developed novel catalyst,
PHENICS composed of the combination of

aroo rphons polyolefins
wwith high olecalar weight
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a cyclopentadienyl group to perform a high catalytic activity and a
bulley phenoxy group, which performs the production of high
moleaular weight polyolefin®
RL, On the other hand, we have developead
\Ti‘ ¥ geveral types of new cocatalyets” for olefin
Y

X 6 - polymerization with metallocene and non-
metallocene catalysts, which are composed of
water, CeFsiOH and MMAC

R? {isobutylm ethylalan oxane). Those
PHENICS cocatalysts can  drastically improve the

performance of metallocene catalysts, civing
higher polymerization activity and greater molecular weight of
resulting polymer. Recently, we developed the nowvel Bi-baged
cocatalyst  especially  efficient in PHENICS-catalyzed olefin
polymerization.

Results and discussion

PHENICS Catalysts

The dimethylsilylene- or isopropylidene- {(cyclopentadienyli(3-
tert-butyl-5-methyl-2-phenoxy) titantim dichloride® were used here.
The phenoxytitaninm catalyst synthesized was usually obtained as a
orange colored crystal. The stuchure of the catalysts was
determined by the Xray crystal sttuchwe analysis The
combination of NN-dimethylanilinium tetralcis(pentafluorophenyl)
borate and frifsobutylalumimun was mainly used as cocatalyst,
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Synthesis of Ethylene-1-Hexene Copolym ers

Table 1 shows the polymerization results in 0.4 L autoclave at
180 °C.  The polymerization activity of PHENICS iz higher than
well-known CGC catalyst.  And PHENICE showed the excellent
ability of comonomer incorporation into polymer chain The obtained
copolymer had ahigh molecular weight.  Inthe copolymerization of
ethylene and 1-hexene at 210 °C under the ethylene pressure of 150
Mpa for 1 min, the polymerization activity of 110 T-polymerfmolTi
was achieved. Thus we applied owr PHEMICS catalyst to the
commereial production of very low densty polyethylene (Plastmer) by
high-pressure ionic polymerization{HIP) process,

Table 1. Copolymerization of ethylene and 1-hexene
catalyzed by PHENICS catalyst at 180 °C

catalyst activity 1-hexens [n]
{legimol Ty {mol%s) {zfdL)

PHENICS 4400 71 1.1

CGo 2700 2.9 0.9

CGC= [Me;Si(Mey Cp) (N BWTICL;

conditions: ¢yclohexane; 185 mL, 1-hexene; 15 mL,
sthylene; 2.5 MPa, catalyat, 0.5 pmol, Al-Buy; 0.325 mmol;
[PENH(CH, )5 B(CsFs)al/Ti= 2.0 molimel; 180°C,; 2 min,

Synthesis of Fropylene- 1-Butene Copolymers.

Ag summarized in Table 2, when propylene and 1-butene were
copolymerized In toluene, owr phenoxytitaniom catalyet zave
amorphous copolymer having hich moelecular weight and narow
molecular weight distribution in good catalytic activity compared with
typical metallocene catalyst systems, The molecular weight of the
copolymer obtained with our PHENICS was three to ten times higher
than those obtained with hafhocene catalysts which zawe high
molecular weight LLDPE. Although ethylene-bridzed haffiocene
catalyst gave relatively high molecular weight, this catalyst system
cave copolymer having melting temperatire which means that the
copolymer has stereoregularity.

Table 2. Copolymerization of Propylene and 1- Butene with
various metallocene catalysts®

polymer properties
catalyat activity® Myx10* Te(*C) Tm (*C)
PHENICS 33000 103 -1 n.d.
CpaHFCL 120 10 -10 nd.
CpaZrCly 1300 2 -1 n.d.
Et{Ind);HiCla B00 40 1 76

® polyrm. terop., 30 °C; pressure, atmospheric, e, 0.5 hr,
solvert, toluere; monormer feed, CoHg/CqHy=8/1 (Léarin ),
co-satal yet, Al(i-Bus)/Phy CB(CgFgly

® kg polyrrer/mel retal

Copolymerization of ethylene with various non-a-olefin
I ONOMErs
The PHENICS catalyst iz also active to the copolymerization of

atso ‘o
ST content = 0~ 58 mol ¥4
107 iy = S0~ T
awo o N'Boontem =0 ~ 83 molts
PHENICS 10 Ay = 260 ~ 320
=25~ 186 °C
NB
ato'c polyethylene- co-Loprens)

IF content = 0 ~ 40 molts
14 unlt = 97 ~ 9844

12 or3dunli=2 ~3%%
cls-14 : wans1,4= 50 :50
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ethylene and several vinyl comonomers such as atyrene, norbornan,
and conjugated dienas.®

The ethylens-styrene copolymer having almost alternating
stracture iz thus obtained, The copolymer containing 83 mol% of
norbornen with high molecular weight iz also synthesized in good
yiald,

Novel cocatalyst for PHENICS catalysts.

Bi  cocatalyst was prepared by the reaction of
{BI{OCFsuitolnene) 3,° with H,O at 20 °C under an argon atmosphere,

Az shown in Table 4, the Bi cocatalyst activates PHENICS o
produce ethylene/1-hexene copolymer with comparative activity and
higher molecular weight than that with [PINH{CH;),] [B(CsFs4] at
180 °C. The activity dependz on the H,CO/Bi ratio and shows the
maximum &t the ratio of 1/1 as shown in Figmre 1. °F NMR analvais
of the Bi cocatalyst revealed that the cocatalyst is a mixtire of several
specles and the structure wvaries with the HoOVBi ratio. The Bi
cocatalyst i alzo capable of increasing the molecular weight of
polypropylens obtained at 180 °C when combined with PHENICS.
The astereoregularity of the polymer iz atactic. The tacticity of the
resalting polymer iz absolately the same as one polymerized using
[FhNH(CHz)2 J[B(CeFs)a].

Table 3. Copalymerization of ethylene and 1-hexene with PHNICS

and Bi cocatyst
cocaralys adivity M, AM/AL, B
(kgfrrel TH) (107 (1/1000C)
Bi Cocatalys® 240 155 18 22
PRNHCHELIBCH)?  swo0 72 21 31

Chditicre: tolvene 185 rl; 1-hevene 15 ml; eftylens 2.5 MP
pelyron tivee 2 oivg tenp 180°C PHEMICS catdyst 05 o, AliBu}, 0.3 rend,
) Bi Cocatalyet 013 roeocd. ) [PRIMECH L J[B(CE 3] 3.0 rorvel.
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Figurel. Ethylene/l-hexene copolymerization

Conclusions

We have developed high performance phenoxytitaniom catalyst
PHEMICS for olefin polymerization.  PHEMICS showed extremely
high activity toward olefin polymerization and high ability of
comonomer incorporation to give several copolymers having high
molecular weight and narr ow molecular weizght distribution.

PHENICS also has excellent ability to produce olefin-non-olefin
copolymera such az ethylene-styrens copolymer and ethylene-
conjugated diene copolymer.

Non-group 13 elements bazed Bi cocatalyst has been developed,
which iz efficiert to increase the molecular weight of the polymer
produced with PHENICS.
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