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Fujo] sdol7tx] o)2A = Polyethylene(PE) 3
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@2, 1985'd3°) Kaminsky<} Brintzinger:=> C, symme-
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2# 1. History of metallocene catalysts.
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2. Ethylene-based Polymers

Polyethylenee] @A AlAl A4ta-e A7F 30009 tonol
olzx YEd, 1Y HHZ FEH o AzxH<=
LDPE$} Ziegler-Natta Zvjjo] 2|3} A=+ LLDPE 3
HDPEZ 4% < it} 99 single site catalyst 2}ils
88)& metallocene Zrjjo)] 2)3] Alz¢ LLDPEE 13 2
oA B $ q1%o] Fh9 heterogeneous Ziegler-Natta
Zuld| 23 LLDPE°] v|&) F-& Ex& ¥¥e e o
3} comonomer distributiong zril e ol e
gAjo] T3] 2 FAHNA PEARE BEAL A=
Zo] @ comonomer X7} ¥l&3}7] wiEo|th, olde
WzH o2 supported Fule] ¢ HARH AAQAT
59 olfz gAo] vE &Y EC] A8 (multisite
catalyst) ®2}2F B¥7} B3 comonomer?] X% 43
A YTt

2.1 Metallocene-based LLDPE

1991 ExxonAl= Baton Rouge, LousianaolA] meta-
llocene &uj& AR, 15000 ton/year 7¥2.¢] high pres-
sure processol 2% plantE 7FE3}7) AlAEt o o)X

Heterogeneous Catalyst (Ti/Mg)

Metallocene Catalyst
(szZfClz/ MAO)

2@ 2. Structural distributions in LLDPE,

AEXoetn 7= A 57 35 19949 6Y

oA A4+=]= LLDPE (ethylene-butene, hexene copoly-
mer) & Exactebe AEH o2 A4 538} o] 4
A= Fgle) LLDPE vjs] 3% @ ZA%rt -3
heat seal @ =7} 1 hexane extractableo] 2}, Z7]9]
AAEL BEAFE 227 F2H4 2w &2 883x9
O shear sensitivity2 <13 71840l ol ot bi-
modal3} 502 71gAo] @A) /fHE AFo] Lhe ]
o}

ExxonAl= packaging film, medical application, po-
wer cable insulation & A3 232 % 9] Exact resing
Wi gk, B3] o) LLDPEAES 7R3 A
kink-mark7} A 2540 2(flexible tube, blood bag
5) ARREHX] 2319 =t] metalloceneZofjo]] o3k AJF-2>
ol BA|E dste] PVCE AT F S Ao V)
EEREERIER

AR A= Mitsubishi PetrochemicalA}7} Exxond] &
wjE licensedle] 7|E2] high pressure planto]l4] LL-
DPE<9] AL HES}IL )ow, Mitsui PetrochemicalA}
= Exxon3} gas phase processE 75l A¢plant
AAE A8sta ¢k, Mitsui PetrochemicalAl4] pilot
planto] 4] gas phase polymerizationeol] 2j&] A)z¥ LL-
DPE¥ Extgl] @Agle] 7o) 22 H%2] comonomer
contentS 2 12 I 494 E 4 9lh® dxo
3t §H2] ¥3}Eo] heterogeneous Zvio) 23 LL-
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8 3. The quality of LLDPE with metatlocene catalyst.7
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28 5. Impact strength vs. density of LLDPE.10
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32| 7. Melt tension vs. melt index.?

A= ghg 2 JTH IR 5). 10 o)shre B9 Ajole
metallocene Zuflof 29]3 Adojx)&= LLDPE: lamella®l
FAZE gk o] 22 tie moleculeEo] FYSHA BX o]
e 59 AFTRL U R 71U"E Aoz AR
th 713 T8 69} 37 7914 B 5 gikol(#3) IA
70/d=]o] shear sensitivity9} melt tensiono] high pres-
sure LDPE®] YA% Axo) ojl=m g} ?

Metallocene Z0jE o]&3}o] LLDPEE A3] AjAkala
e & O A= Dow2A 1.8 AP0 2 cyclo-
pentadieny-amide ligand 2 9 Z ¥ titanium& o) & A}-4-3}
<] Free Port, Texasol| Q1= 57000 ton/year TF5.2] 2%
< 7% 2o kY Constrained Geometry Catalyst
Technology(CGCT) ka1 2] DowAle] &ul: cyclo-
pentadienyl ligand$} bridging groupS %3] F84%0
g A7) = donor ligand(amide) o] 9J3) metalo]
P88t o1A 912 short bridgingell ¢Js) YAMAoZ co-
mplex] dhdo] &Y YAAN7} Z olefin mono-
mero T £& WAL Vel 2 olgj3 E48 o)g
8] Dowi= LLDPES) long chain branchingg =3
om 1 A £ shear sensitivity$} melt strength S
7FEgo] 4% £AE 9E 5 Yo @k Dowd: zhd
129 75 533225 long chain branchingg zte=
TR Z4E 538 g5 B

¥ 137} 2 Dow metallocene Zulje] Tx9} §Ajo]
Ag Bazeh 12 Cp ligandE electron withdrawing3}A)|
WS LTS 8497 melt indexs ZAshe vhd Wxe
%7F3h= ¥} amido nitrogen?] X)&712 78 electron
withdrawing group®.2 w}E4E melt index, comono-
mer $F B o] adle Hozx FZ2EA 9 como-
nomer & metale] Az o) o3 Qg wh=rh=
RE & 5 Qo

Dows ethylene#} octene] 5% 3#Z(LLDPE) Affi-
nity(octene 10~20%) ¢} Engage(octene 20%o}’y) 2h=
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¥ 1. Catalysis Using Various Cp Derivatives?

Efficiency Density 2 Jeuw®  Epp”

g poly/g Ti g/mL Hz \' &P
Cs(CHz); 150,000 08850 101 1185 —149 \,/‘I‘Qg
CsHy 59000 09070 292 1195 — /&
Indenyl 31000 09179 082 1204 —128

All runs with 10umoles of catalyst, MAO, 1000mL solvent, 200mL
octene, 450 psig ethylene, 130C, 10 minutes run time.

@ C-H coupling constant for respective Ti methyl complexes.

5"Ti 3/4 couple, vs. SCE in 1,2-difluorobenzene.

H 2. Catalysis Using Various Amido Derivatives12

Efficiency  Density 2
g poly/g Ti__g/mL N e
tBu 150,000 0.8850 101 \Aa
CeHs 27,000  0.9087 6.37 4
4-F-CgH, 15,000 0.9400 2.90

All runs with 10pmoles of catalyst, MAO, 1000mL solvent, 200mL
octene, 450 psig ethylene, 130T, 10 minutes run time.

H 3. Status of Exxon and Dow on LLDPE by Metallocene Catal-
yst

Exxon Dow
Z wj) Metallocene Metallocene (CGCT)
Process High pressure Solution(Insite)
(Exxpol)
A ¥ LLDPE LLDPE
(Comonomer) |butene, hexene octene
FEAY Exact Affinity | Engage
A} 8141 7] 1991. 6 1993. 6
Plant site Baton Rouge Free Port
(LA) (TX)
Capacity t/y 15000 57000
(Expansion) | 30000~35000 110000
% Grades No. 20 Affinity 6 Engage 7
3051 PL-1840 CL-8001
4041 PL-1845 CL-8002
4042 PL-1880 EG-8100
4043 PL-1570 EG-8150
(Hads) PL-1650 EG-8200
PL-1030 EG-8500
LG-8005
9 % (g/em®) 0.878~0.900 0.902~0.935 0.864--0.880
Ml 1.0~100 1.0~35 5~35
£ = (¥ 4d, 95 HEEF, rubber,
£ #A A2 958 FA A2
7} z 0.55~1.08/1b | 0.55~104%/1b | 08~158/ib

FEPos Al WD Aok M 20%0149] octeneg
FH4-3h= Dowe] polyolefin elastomers ZAA49] hard
blocke] amorphous phased] E#]3] glv FElE zta
2219 cable insulation, clear tubing, impact modifica-
tion, crosslinked molded and extruded goods 1&]1
thermoplastic calendered fabric coatings8 5] grade”}

IEAnEtn 71 A5 3% 19949 69

lch, Dowe ofrlo}zx]2dofl 204} ton/year TFE.9] plant
ARA S AEstugieh P

H 3] Exxon# Dow<] metallocene &ujj2] 7§t #3lo
v Aejslgdrl, Exxon# Dowe 242} cyclopentadienyl-
amide ligand T2 & 2H= oo #3F 5315 1990 139
Aol T ARk 1 AFIE FEn Yok 0T

2.2 Other Copolymers

Ethylene} a-olefin®] copolymer ©]2]o] = ethylene3}
cycloolefin @ styrene¥e] FZFA T Do T4lo] Ho}
A3 ded, 50mol% o]AY] G3h=
pseudo-random copolymerﬁ}16 ethylene-styrene alter-
nating copolymer’® = 7]®9] Zuj2E odg £ Ay
Hele] nBEAE ] AR o]FoX| 1L U}, Cyclic olefin
T} ethylene?] FZHA = FE40] $r3l & Tgs
zva glo] FEAlg L EPR9 A4S BHE sjgo] o
ZojA¢+=H vanadium Zv)E o] &3 Mitsuie] 3|7}
o 95014 Y’ A2 metallocene Foflol o) %
gATrl Bs) AaEa 9)om® Hoechsts} Mitsuis

cyclic olefin FZ Ao B FEMNEE 8k gioh
21

styrene &

3. Propylene-based Polymers

Metallocene Z7jol] 2J3] 912 4= 9+ polypropylene ]
ZH+ syndiotactic PP2 H|&3}o] high isotacticity & 2¢
= PP % hemiisotactic PP, stereoblock PP % Zgj9]
heterogeneous Fvl|2= o] oY +x9 A
g ¥3sla YrHaE 8).” FHAS) 72 T2 meta-
Hocene Z7vj2] symmetry 9} cocatalyst 712} 1l S350
o AAHAT}. o]% syndiotactic PP 2 high isotactic
PPoll s}l #jo] woli low Mitsui, Hoechst,
Fina 5ol o3 ¥& 587t 2951 glont o] A
Aol =il glAle g

3.1 Isotactic Polypropylene

C, symmetryE 7} rac-ethylenebis(indenyl)zirco-
nium dichlorides] 2J3}] ¥o}=|+= isotactic PP hetero-
geneous Ziegler-Nattaol] 2]3t & isotacticityS zhe
PPH} §Ho] wred o]AL regio misinsertion(2,1 2
1,3)o] 9J3t irregular unito] &A1) WEQ Aog o
AR}, a2l 9= ol2lg ¢ isotacticitye] BAE B
33 ek ? e} dimethylsilylbis(2, 4-dimethy! cy-
clopentadienyl) zirconium dichlorideo] ]3] QojZ iso-
tactic PP2] E412 heterogeneous ZFujjo)] €3} isotactic
PP9] B43} H|%:8 H=o]m® #H2 Hoechsto] o3 §
Zo] 161C, mmmm pentad E-&o] 99,1%¢9) isotactic
PP% bulky%}l naphthalene X|$7]Z zt= dimethylsilyl-
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33 8. Relationship of catalyst symmetry to PP stereostructure.2%

160+ ? MgCI,/TiCly-EtzAl
3
= 1501
£
o} 032
o
2 1401
2 130l Et(Ind),ZrCl,/MAO
1 (0.70) 1 1
100 a5 90 85

Isotacticity mm(%)

22 9. Dependence of melting on isotacticity.23

bis(2-methyl-4-naphthylindenyl) zirconium dichloride &
w2 XSl A Z2HY D F 4= dimethyl silylbis(in-
denyl)zirconium dichloride®] ligand T2 ¥ 3lo| wja
isotactic PP9] §4 2 £z} W32 RoFed], < 104
Axo] Bxg s} dojde & & Yok ® ojx7 x
B7l0] e e Bade] wWshe 2,4 91X alkyl
groupol] ¥ Lewis acidity®] -4 W& b-hydride tra-
nsfero] 2]t chain terminationo] £0]1E59)7] wFolc},

204

R
¥ 4. Dependence of My, and m.p. on Ligand Structur826
R’ R” R m. p. M,
H H Me 141 60000
Me H Me 148 340000
Et H Me 145 370000
Me i-Pr Me 152 460000

E 5. Effect of Substituents on the Fluorene Ring??

MAO Tp Yield Activity LV. Ty rrrr
Metallocene (M@ () (0) (@ (@e/h) (dl/g) (©) (~)

PhyC(Cp. Flu)Zr

Clp 2 420 40 74 37,000 418 138 0.892
PhyC(Cp. 2,7-di-t-

Bu Flu)ZrCly 1 170 40 79 79,000 235 147
PhoC(Cp. 2,7-di-

TMS FlwZrCl, 2 320 40 78 39000 232 142

2 320 %20 39 19,000 2.71 147 0.935
PheC(Cp. Hs Flu)

ZrCly 2 410 60 202 101,000 0.69 ( ) 0.580

Polymn. condition : Liquid pool( % toluene, propylene pressure : 3
kg/cm?-G) Duration : 1h, Propylene(liquid) :
0.75 1(except *)

ol2igt AMHEL stereospecificity ¥mto] oji)z} Exjak
4 regiospecificity = Zvj ligand 9] Fx¥3ld] ols) =4
2 4 dgs HoFd

3.2 Syndiotactic Polypropylene

196213 A 204 vanadium ZFuj& AR2-3}od syndiotac-
tic PP7} Nattao] <ja] EAH ol#),% Cs symmetryZ
Zk= metallocene Z191 isopropylidene(cyclopentadie-
nyl-9-fluorenyl) zirconium dichlorideE AME-3F AFg o)A}
ol X]9] syndiotactic PP2] %32 198811 Ewenoll ]3] %)
Sog BEHNN! oF B =R 557} 299U
£3] Fina9} Mitsui Toatsux syndiotactic PP2] 7iuke]
qHE 51 ded, e FENLE St o 150
o719 E5E 293199 Finarle La Ported]1E co-
mmercial scale planto]x] %Aks} testol] AZsbFrhn 2
Z3g.? ' os= diphenylmethylene(cyclopentadie-
nyl-9-fluorenyl) zirconium dichloride®] fluorenyl ligand
T2 g 847 A% 2 syndiotacticity2] H3lE B
AFA o F 62 52| Sl 22019 MAOS
FEH-EL triisobutyl aluminium©o.2 Ao o
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I 6. Partial Replacement of MAO by Al(iBu)329

. MAO AliBug Duration Yield Acitivity Tm LV
Zirconocene ™) mgp  m  (mim) ®  ggh © @iy
Me,C(Cp. Flu)ZrCly 2.0 400 0 20 84 127 143 127
1.0 53 72 60 2.0 2 1.35
Me,C(Cp. 2,7-di-t-Bu Flu)ZrCly 30 640 0 17 *403 497 149 0.95
1.0 11 72 60 13 13 151 0.01
1.0 53 18 60 56 56 151 091
1.0 53 72 60 78 78 150 0.98
1.0 21 72 18 65 215 150 097
PhyC(Cp. Flu)ZrCly ) 2.0 420 0 60 74 37 140 4.18
1.0 53 72 60 40 40 148 4.67
Polymn. condition : Liquid propylene 0.65 1(except for * : 3.01) temperature 40T
¥ 7. Mechanical Properties of the Blended Materials®®
SPH1002 SPG150 SPG151 SPG152 SPG153 SPG154 SPGI155 IPP PP
SPP(MI=10) 100 80 70 60 80 70 60
IPP(homo ; MI=8) 20 30 40 *100
IPP(random ; MI=8) 20 30 40 **100
Tensile Yield Str.(kg/cm?) 160 176 216 230 164 174 185 368 255
Elongation(%) 443 509 450 456 566 600 616 618 >500
DuPont Impact Str. 23C(kg - cm(1/2"D)) 103 65 50 50 220 105 75 2 234
—10Tt (kg * cm(1/2'D)) <15 - - - - - - - -
Izod Impact Str. 23C (kg * cm/cm) NB NB 10.8 7.5 NB NB NB 35 12
—10C (kg - cm/cm) 2.3 2.3 2.2 2.1 22 2.2 21 - 1.6
Flexural Modulus(kg/cm?) 5400 7100 8200 9600 6200 7100 7000 16400 7600
Strength(kg/cm?) 201 272 308 350 242 273 269 501 276
Rockwell Hardness(R) 74 85 92 96 83 85 85 109 85
Vicat Softening T.(C) 111 115 118 120 111 113 113 153 124
Heat Deflection T.(C) 82 75 83 91 72 76 80 112 81
Gloss(%) >100 >100 >100 95 >100 >100 >100 88 89
Transmittance (%) 91 88 75 66 90 82 74 82 84
Haze(%) 32 13 27 41 5 13 25 88 57
Remarks *IPP(homo ; MI=4), **IPP(random : MI=1.5), NB : do not break
89 §AYL Bz ® Hardness
Syndiotactic PP¢] Tge 2~5C= isotactic PP9} ®]s=
3t AR} 2717} Ho} Fago] Holuhm Aol el Transparency
o] WFAgo] Foh, 2y P} SRS LS 2
AxQ] tacticityE 3zt isotactic PP H]3)] (a3 Stiffness
10). Syndiotactic PP2] =9 ARs&Te 71344e] &
Aoz AAFHe| gi=d], < Mitusi Toatsut= syndio-
tactic PP9} isotactic PP copolymer(C, content : 4,9%)
¢] blend& F3td 71539 EAE A ctar wdxst
%t} 2 Syndiotactic PP} isotactic PP} 80 : 20 E§& Impact
2 DSCol| &]g+ ZALol| X (cooling) syndiotactic PPel] o]t Metallocene Resistance

31}9] exothermic peakqle](69C) #& HI oW 160T
oA 3HA)7ko] A )3}l % phase contrast microcope 2%
phase separationg #2¥ 4 It Frh o] blend ]
AL W ARrs} TP el 71Ee] 7717
o} 7F2ZA0R J1To] hsEle] Bud AJ2AHEL o
< F len FHAo] Hojwt blown filme] AZRT 7V

IFXaEtn 7ls A58 335 19949 6Y

Syndiotactic PP

(23°C)

]
0

]

Conventional iPP
Metallocene PP

27 10. Properties of syndiotactic PP.
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gltka g}, Syndiotactic PP isotactic PPE= olal9)
9 calendering’= 7Fs3ld PVCele] AAL 718 Ao
2 qFata it

4. R3¢

Kaminskyojl2]&] metallocene-MAO Zuj7} 9FAE %]
15%30] At A metallocener] o] AL E e
7H58E Holzkal glom geiM dFE Exxon, Dow,
Fina, Mitsui, Hoechst ©]9]o] % BP+ magnesium chlo-
ride supported metallocene catalyst® ARE-3F gas pro-
cess®] 7|-g, Mobil ultra strength ethylene-hexene
copolymere] 7/N¥4-g HH3= 5 2L XS] metallo-
cene Zw7/ L& =3stuglrt. Metallocene Eufo] o))
AZHE polyolefin?] 7|&A g e HFEw B M9
< o At Qe 7)e AT g o]
Aol polyolefinityto] ojje} A Zapre Aol ot
S 0d Ao dAEr),
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