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G == 1000 WA 100,000 Pa.s

.‘1

s
<!

3

VS

A% (Intrinsic viscosity)7} Wolx Al A},
=

al

1.1 WA 2.0 dL/g¥ 4= i, <
A% (Intrinsic viscosity, dl/g)9} G AGHALE(zero shear viscosity, Pa.s)9 #AE

™

A= (zero shear viscosity, Pa.s)ZL

A

=

=

=

& Aoz 74

% (zero shear viscosity, Pa.s)
)

3|
A=

493.53e20754Ml >y > 101.55e%589301
E]—

11167618917 > o > 66.45¢2 7184

obrt, 4719l A

[+ 2]
T 20 =

(4 1]
4
Al Hl

s
<!
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% (zero shear viscosity, Pa.s,

+ol

ol g5
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=

=
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chain branch index, LCBI)
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Hhe4)

3

2~
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18

S
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a2~ 2d(Cross

o

EEE@_I
S /=
=

Fol,
o A9 73t

5
=

A8k (curve fitting)
Z]

a= 4.818

0.15 WA 0.400]31,
A&

o

=

L

ek

298.52,

7IHto 2 k
i

=

=

=

Newtonian plateau”} €4z A

o] ¥

L

gt
EE

ke]

3|
A=

(Long chain branch index, LCBI)
A

L
L

-
It

T(melt complex viscosity, M )]

A A

(zero shear viscosity, Pa.s)
A=

z}rﬂ]— ]

-8 E4] 574 1] (Rheometer ) &

A oEAA FA o

(/@)

L
L

L
o

(1/a)
0

g ol A
frolct.

1]
3ol A

L
=13
=
L

[1+ (w/wo) "]

AelM e && =

A)
=1

=R
pin
H
=

0.1 WA 500 rad/s ®H$9
0.1 WA 500 rad/sHHY <
A3} (Shear thinning) 7} A 25

SHA| =]

(4 4]

[<)

0.20WA] 0.400]tc}.

o

(%)

1719 2 49 & a2~ 29l(Cross model )2 FHE
A4
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T

N

T
a.
Mo
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w

(JJIO;

[e)
n: Power—law flow behavior index (0<n<1)
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[Indenyl(cyclopentadienyl)1ZrCl,
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AlE= A SFE Az 1.
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[0159]

[0160]

[0161]

[0162]

[0163]

[0164]

[0165]

[0166]

[0167]

[0168]

[0169]

[0170]

[0171]

[0172]

[0173]

[0174]

[0175]

[0176]

[0177]

SE50dl 10-1773722

oldl(5 g, 0.043 mol)S X150 mL)oll Hol tfe F83] o5 -30 T7HA YAA 7 F slrkg o] 2 50
22 F(n-BuLi) AHE-N(17 ml, 0.043 mol)S HH3F] "WomFa AJ2ollA] 12A3F F<F witsiict. 2
A Hdegds FEdHR Aqyety AAuAE TR A2A F Ad HEG(FE 99%2] FE)S A

ol

r‘

d 2 E5H(1.05 g, 8.53 mmol) £ &Nl CpZrCls(2.24 g, 8.53 mmol)S OHIZE(30 mL)ell HH3] <l
o2 30 CT7HA] WZAAHTE. o] dHZ &do AHZ(15 mL)ol] %2 Udl ZFERS HH3] Hojrmdl & 244]
7+ ko] [Indenyl(cyclopentadienyl)1ZrCly (558 97%) AATh. <1714 Cpi= cyclopentadienyl &Jv|3g+c}.

AidEzA 35 AFRd 2. [2-methyl benzeindenyl (cyclopentadienyl)] ZrCl,

2-methylbenzeindene& /\]-%—5}0% 2| Z o 13} =3k W o7 [2-methy] benzeindenyl
(cyclopentadienyl)1ZrCl, (578 95%) LA},

Aid 224 35 AFe 3. [2-phenyl benzeindenyl (tetramethylcyclopentadienyl)]ZrCl,

2-methylbenzeindene 3} tetrametylcyclopentadiene% AFgste] Al x| 13 HU3 WPHo® [2-phenyl
benzeindenyl (tetramethylcyclopentadienyl)]lZrCl, (&: 93%) LAT}.

AlgE A 338 AZ 4. [fluorenyl (cyclopentadienyl)]ZrCl,

Fluorene I cyclopentadienes AF&3le] A Fd 13 Hd3 HwH o=z [2-phenyl benzeindenyl

(tetramethylcyclopentadienyl)]ZrCl, (=&: 92%) AUt}.
Az g2 4 3gE AZFq 5. Me,Si{2-methyl-4-(1-naphthyl) }.ZrCl,

Az 51: = FFE AX

2-methyl-4-bromo indene (2 g, 1 eq), Pd(PPhs)s (553 mg, 0.05 eq), 1-NaphB(OH), (2.14 g, 1.3 eq)g THF,
MeOH &(4:1, 40 ml)ol ¥ & degassing?d K038 (2.0 M, 3.3 eq) & oA U3 & 80 TolA
12717 S¢F 3% wwkslo] 2-methyl-4-(1-naphthyl)indene ¥ t}h. 2-methyl-4-(1-naphthyl)indenes =%
50 mloll ¥ n-BuLi (7.8 mL, 1.1 eq, 1.6 M in Hexane)S -30 TolX HH3] A3 F s M3 2
o2 &9 12 AFF T wyrett, AHE TAE St HexanelZ M S & ZF shollA x| 2-
methyl-4-(1-naphthyl)indenyl lithium < LA},

2-methyl-4-(1-naphthyl)indenyl lithium (1.88g, 2eq) &5l 13 mL, THF, 3 mLell SiMe,Cl,(462 mg, 1 eq)E
=30 CollA HH3] H7IsE & =5 A48 28 55 CTolA] 12A)17F E<F wwksked Dimethylbis{2-methyl-4-
(1-naphthyl)indenyl)}silane 1.97g(97%) <<it}.

Az 5-2: A2 HEzA IJFgE AZ

Az 5-1 3= (0.4 g, 1 eq)= THF(tetrahydro furan) 15mlo] Y3l n-BuLi (1.32mL 2.2eq, 1.6M in
Hexane)& -30 CollA x4x4ol WM ¥ LmE AAME Aeom S 12A4%F Fet stol T E4
(Dilithium salt)S W= 3 U8 EHFADilithium salt) €38 &hd ZrCl1,(435 mg, 1 eq)—% A3 sk

5 12A7HEer wRksth, RFow gujE  A|ASIL, THF, MCE  AHstY]  Me,Si{2-methyl-4-(1-
naphthyl) }oZrClyS AATHSTE 94%) LA},

Az g2 4 FIFE AZXd 6. Me,Si{2-methyl-4-(2-naphthyl) }.ZrCl,

Azd 6-1: gtz FFE A=

2-methyl-7-(2-naphthyl)indeneg ©]-&3}o] #A|Zd] 5-13 2L WHOZ A F3}e] Dimethylbis{2-methyl-4-(2-
naphthyl) indenyl)}silane (5&: 51%) <Ac}.

AZd 6-2: A2 HE=EA 3FE AR

Az 6-1 3}AEL o] &slo] AFe 5-29F L WHOoT Ne,Si{2-methyl-4-(2-naphthyl) },ZrCl,& AYTHSF



[0178]

[0179]

[0180]

[0181]

[0182]

[0183]

[0184]

[0185]

[0186]
[0187]

[0188]

[0189]

[0190]

[0191]

[0192]

[0193]

[0194]

[0195]

[0196]

SES4d 10-1773722

& 90%) .

A2vE=Z4 3gE A= 7. (Me.Si(2-methyl-4-phenyl indenyl).ZrCl,)

Az 7-1: A= IFE A=
2-methyl-4-bromo indene(2 g, 1 eq) (7 g, 1 eq), Ni(dppp)Cl»(363 mg, 0.02 eq)S Ether (100 mL)ol YL 0
CollA PhMgBr 3.0 M in ether(13.3 g, 1.05 eq) 1A B¢k HUlslt}h, 255 MA3 42025 Tz &Y

£ 50 ColA 12A17F &< 7/ wpkstt;, ¥hg FZ24 & §99& Ice bathol & % IN HCl AHE7ME 31 pH 4
A GETh, BEEZUV|RE §U715S FES F NgS0AEE st S AlATE. dFeta &ulE AXSe] 2-

methyl-4-(phenyl)indene(58&: 97%)2 A+t}. 2-methyl-4-(phenyl)indenesS o]&3te] Axd 5-13 =3k
o g Me,Si (2-methyl-4-pheny! indenyl ), Az (& 95%) . o] 7] A dppp& 1,3-

Bis(diphenylphosphino)propanes 2]n| gk},
Azd 7-2: A2 AGZA FFE A=
Me,Si(2-methyl-4-phenylindene), & ©o]&3fo] o]&3}o] A Fo| 529 FU3 WHOZE Me,Si(2-methyl-4-

phenyl indenyl):ZrCl, & A|Z3FA (& 90%) .

4 23/ dgzA S Az 8

AL 9 AvREA SEET 2E09 LT ESAM0)S BY] FO £E Er bad wgaw B4
Qolenz, RE AYe Felwwx, 92 HAYE ol gl Aaxd sl ARSIt 0L BA Fv)
Wg 71 AlF el ol g AL 110 TolA 3 AIzk ol AxaUA WgIlE AAF olFol AFL ol g3

Zd 1 3}IE 282 g, Axd 72 FHIE 3.46 9 o 10 wt%h HELFHFSAHMAO)
0 o

2 2)S 7HlF L 1AIZE 53t Aol A watsigltl. A 7HXP02402) 300 g& RS
of Fst &, AAE EF< 900 mL & WHE7]ol ZFst wwksklth. 1AIZE Fetke] wnk wAE SR &,
715 whkstEA] AldEzAl sgtE, AzvgzA sigE 9 dEdFuESsA &3 98 Bk
$71E 60 TRl 524171 3, 2417 Bob wnHksk

2.389 g Alxd 2 &, Az 7-2 3E 4.387 g AMES AS AQetale Alxd 89 wUg W oR
A% 59T},

4 =92 wWgzA S A

BN

d 10

2.712 g9 Alxd 3 FFE, Az 6-2 33FE 3.046 g AMES AS AQetiie Alxd 89 wUg WHoR
A% 59T},

4 X dgzA 9 Ax4d 11

2.662 g Alxd 4 FFE, Az 5-2 3FE 3.712 g AMEE AS AQtale Alxd 89 wUg Mo R
Az 59T},

A 1

471 Azd 8olA dojzl A Hx wWERA FvE fluidized bed gas process@< FH7|o Fdste] 29
I FHAE Azt TEFAEE 1-FAES ARG, ¥37] olddll o2 15 bar, Fi/AEE =4
=0.084 %, 3 2% 80 ~ 90 TE FAFT).

A 2

A7) Azd 9ol Aol EA @x WEzA ZulE fluidized bed gas processAs FF7)o FYdte] &1
¥ FHAE Axsdtt. FEFARE 1-9AS AREelar, vhE7] olddl e 14.4 bar, Fa/dEd =
H]E= 0,101 %, 53 2%+ 80 ~ 90 T A8 Th.

_29_



[0197]

[0198]

[0199]

[0200]

[0201]

[0202]

[0203]

[0204]

[0205]

[0206]

[0207]

[0208]

[0209]

[0210]

[0211]

[0212]

[0213]

[0214]

[0215]

[0216]

[0217]

[0218]

[0219]

[0220]

[0221]

SSS0dl 10-1773722

A7) A Zo 1004 Do A 2A] wEd2ZA ZvlE fluidized bed gas process@E £ 7)o FYsle] 29
sholth., AR E -34S ARSI, RHS7] olddl ofHS 14.7 bar, FA/AEA =

A FHAE Az 5
H]= 0.123 %, T <%% 80 ~ 90 CT= A8t}
AAl 4

gz A ZviE fluidized bed gas process@E Fg7]o] F&te] 24
- AS ARgsIRa, whe7] olEdll e 15 bar, FA/oE# B

Ao = fluidized bed gas process@< F37|o] FRPsle] 27
it FHdEAEE - AHESISlal, whe 7] odel bR 15.2 bar, Fa/dEd =

# SFAE Az

HE= 0.137 %, 58 %% 80 ~ 90 TE At

A 6

A7) Az 1004 o EA Gx wWE 2 M ZufE fluidized bed gas processd T 7] FUste] 24

AT, THEAEE 1-AAS AFESI AL, HREY] oddl 4Ee 14.9 bar, FA&/dEd F

A 7

A7) Az 1104 Ao EA Gx wWE=2Z 4 ZufE fluidized bed gas processds T 7)o FUste] 24
W Z3AE AzsAr. THEgRE -AANS AFESg, vrey] d el otEe 14.8 bar, FA/dgd B
HlE 0.152 %, 5% 5= 80 ~ 90 C&E FA gt

Hl e 1

A AF HDPE 7303(SK 5&3sh) & AF&-313it).

Hl3e] 12 ASTM D15050] W& WE7}b 0.9523 g/em o)L, ASTM D1238¢] we &84 2.1 ¢/10min ©]

Al HDPE ME2500(LG3}eH) S AH&-8F3iTt.

Hl 2o 23= ASTM D15059 w& LX7} 0.9538 g/cm3 o], ASTM D1238e] m& &FAFMD+ 2.1 g/10min ©]

A% HDPE CO10A(3SlEE)E AE-3)SIT).

H 3] 3 ASTM D15059] W& WE7b 0.9556 g/em ©] 3L, ASTM D1238¢] we &-g¢44(M)= 2.4 g/10min ©]
.

H|

£

4

A}

2l
]
S

A& HDPE 7390(3t3tAIm| )& AL-&3F3iT).

Hlald] 4= ASTM D1505¢] uwh2 =7} 0.9532 g/cm3 o], ASTM D1238e] m& &FAF(MD+= 4.2 g/10min ©]

e

=9

|

/\01—

£

e 5
415 HDPE M850(th &3k AF&-3H3itt.

Hlae]] 5% ASTM D15059 wE& LX=7F 0.9642 g/cmg o], ASTM D1238¢] w& &FA5(MI)E 4.9 g/10min ©]

_30_



[0222]

[0223]

[0224]

[0225]

[0226]

[0227]

[0228]

[0229]

[0230]

[0231]

[0232]

[0233]

[0234]

[0235]

[0236]

[0237]

[0238]

[0239]

[0240]

[0241]

[0242]

[0243]
[0244]
[0245]

[0246]

[0247]

[0248]

SSS0dl 10-1773722
ot
H]

A}

e 6
3

Al HDPE 2200] (SHIAIMZH) S AHE-sk3ltt.
Hlae] 6& ASTM D1505e] whe Wrb 0.9582 g/em o3, ASTM D1238¢] w2 §§%4(M)E 5.1 g/10min ]
.

I

}Z;]'

29

A 7
SAE ME6000(LGE}I3H) S AFg-3H3i ).

H 3o 7 ASTM D15050] wWe w7t 0.9621 g/em ©]3L, ASTM D1238¢] wWe &-g44(M)= 5.8 ¢/10min ©]

n

A% HDPE 7210(SK &3+stsh & AM&skolth.
H)ite] 8& ASTM D1505¢] e W7l 0.9579 g/em o], ASTM D1238e] W& &8A5MDE 6.1 g/10min ©|
.

vl 9

& A HDPE M680(TH 31 S AH8-3F3A T,

Hlalel] 9% ASTM D15050] wh& UE7}F 0.9562 g/cm3 o], ASTM D1238¢] w2 &gX5(ME 6.9 g/10min ©]

Hl 2 e]] 10 ASTM D1505¢] w2 L7} 0.9592 g/cm3 ©]al, ASTM D1238e] w& &FA|F(M+= 7.2 g/10min ©]
o}

Hlaef 11
A HDPE 2210] CGREIAMI) & A8k

Wlate] 118 ASTH D1505el wh& W=7} 0.9580 g/en’ oL, AST DI238e] W §-&40M)%= 8.0 g/10nin o]

o},

vl 12
%

A}

A% ME8000(LGS}H) & AH&-3ISI T},

Hl 2o 12+ ASTM D1505¢] w2 L7} 0.9592 g/cm3 ©]al, ASTM D1238e] w& &-§A|5(MI)+= 8.0 g/10min ©]
.

<%/\ = H >
1) IEE ASTM D1505 o wa} =4 r).
2) MI, MFI 2 MFR

|FFEA M= 2.16 kg 3}l A 108712] eF&ako]ar,

o},

MFI= 21.6 kg9] shsolA 1087t EFola, 54 % 190 ColA ASTM 1238 o whg} SA = .

|\

A L5 190 CeollA ASTM 1238 ] wa} A= ¢

MFR-S MI®} MFI9] B], = MFI/MIE Yiebditt.
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[0249]

[0250]

[0251]

[0252]

[0253]

[0254]

[0255]

[0256]

[0257]

SSS0d 10-1773722

3) GHATHE(zero shear viscosity, ™ )2 TAAFS] ARES FHEASAHANZ =SHH F3(frequency)ll
& EAAE(complex viscosity)d] #s 22~ R (Cross model)S E3to] I A3 (curve fitting) F
s AT
4) A5 HE=(Intrinsic viscosity, [T DE 1501628-3° whg} A= SAc).
1o E AAd 1 WA 79 F32AS £2 YERJY
F 1
odan ¢+ Fa/dEd Zn)(%) 1-Al /ol g =l Zuj A
(bar) =H (%) (gPE/gCat)
AAd 1 15.0 0.084 0.128 4800
AA 2 14.4 0.101 0.161 4900
A 3 14.7 0.123 0.131 4800
AA 4 4 15.0 0.125 0.157 5100
A 5 15.2 0.137 0.154 5000
AA4 6 14.9 0.136 0.147 5100
A 7 14.8 0.152 0.152 5200
3l7] % 204 E Aw3 BEASA datas JEFAT.
F 2
1A=, MI MER LCBI
(g/cms) (g/10min) CFAEAA %)
AA4 1 0.9542 1.1 56.1 0.309
AA 2 0.9582 1.6 46.9 0.248
A 3 0.9572 2.5 43.6 0.325
AA 4 4 0.9563 2.6 42.7 0.315
A 5 0.9562 6.3 40.5 0.278
A 6 0.9534 6.9 39.7 0.374
AA A 7 0.9560 8.5 37.0 0.315
v 1 0.9523 2.1 37.4 0.029
vl ae] 2 0.9538 2.1 28.5 0.073
Hlale] 3 0.9556 2.4 28.5 0.064
H)ale] 4 0.9532 4.2 26.1 0.075
vl 5 0.9642 4.9 34.9 0.111
Hl3ld] 6 0.9582 5.1 32.6 0.042
vl 7 0.9621 5.8 30.1 0.078
Hl 3] 8 0.9579 6.1 35.4 0.111
Hlale] 9 0.9562 6.9 30.4 0.051
Hlad 10 0.9592 7.2 27.8 0.143
Hlaref 11 0.9580 8.0 27.6 0.001
Hlad 12 0.9592 8.0 28.5 0.054
sleha] 22 RAFE A2dERA SFHES vtz JHE 2ta Yo Ev) FAHS BEsta v SA4H
o299 FHFA HAIAHS §olgtA st FHFA HYol - EAS Ze 54 Y. Eg FitEvt
M2 AAE A g FEQ vvE] Fxo HlE] Su] &g Ho] kAl Hof nEAFES FAse 54S

7Hxe

e set 22 wadE AgRA SRS une
|

g 2 AT A5 B UF vol FAFelA %aa
SRAGAIL U el AA Aol et BAldel 9l

ATt
F 20 uEhd mps} gro], E ool Aijdo] mE EA wA mgEAl FvlE o] &sto] Axd ndE Z
gl A= fFARE M SRS 7 S SEoEd A 1 WA 12)e HlE E2 FHEAAR
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