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(57) Abstract: The present invention relates to a catalyst for olefin
polymerization. Specifically, the present invention relates to a hy-
brid catalyst comprising different types of transition metal com-
pounds, the catalyst capable of preparing an olefin-based polymer,
particularly, a linear low-density polyethylene, having excellent
processability and excellent impact strength and haze.
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EMERE EFoERERE Eo|AREHEE EYIRILRE,
EYRERE & & F o, EguEddFug, ETdYFulg ¥
Egol AR dFu ol upgA s, o] & A g E = A& oy

[90] 9 3ea 308 A EE ISR o2 EYoEdr YL HEHH YR E,
EdREdryLHEDGdRE Edudd R U ED A E,
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EIzaddr Y FHEGAHEE EYuEAd T Y ZHED(p-EE)EE,
EfdEd Ty HEd (o, p-tHEdDHRE EREAdRYSHE(p
EEREvE ) RE EYEd R U HEH(p
CEEREZAEN YRR EYPEYFYUSHESGNHEREEZ IR E,
NN-tledold 2 Y ZHE e d B &
NN-toEold gy e ESHAE S 225 d 22

Hogddr Y-S Eg el S 224 E%,Eaﬂ] EAEFHEGIADEE,
EfudEAIgHERGHdRE EgoEdd TR HEGH DL T,
EfRddrUHEGH IS T w, EYUESE Y HESH YT 5
EfzaddryFHEGA YT g, EYuE YT U HED(p
-EEHE T, EYZEE SR YU HER p-2E)EF ,

EF/]Oﬂ SR UZHED o, p-tHE o DS T, ETFE G Y ZE EeK

EgdEEadEddd g, EYuE g U EHES(p

EF/] 22 e )7,

EE]E%%‘?:LEHEEﬂEﬂﬂﬂ 22IdLd 7,

NN-tle g obd 2] Y - E bl d 471 47,

NN-tle g obd 2] U & e Ecfall eF & 2 2 9 d 471 7,

tol g g w5 el Ectslele Edb ol d &5,

EgudEAIgHEdGH IS T ]ﬁ,EE}ﬂ]%E*E B Eo}dl d & 4,
EIaddrYFHENR p-)EE, EYAES T URHE D o,p
e RE E ?%%EHEEHEEHP-EE]aiiﬂ]%ﬂ]‘é)EL
EQAdR YR HEN p-ECER2 YY) R E,
AR Y HEGHAE S22 dRE & 5 5

v A &k A A o A, & Arg o] A oo WE A FHE f“ﬂt%xﬂ
Aolad: 3=, A2 #ola & 33 E = o] 25 BA8E 9A S
T Utk vtEA S =, = U T8 Sl Al dola S 3heh=, A2

] 1=
Aol 198 U 250 GBS BF YXohs GAS U £HE 5 Aot
o), { A= E¥lol I EFA VS Rokis BALS LI F glom,

Hhe A oAl A of TRo] Fito] Al AH, WA o] £ 3 E B A Y5
AEAI G 2= 2ol AL E 5 ek el e, ¥Al = Aelvh, FFv 2
Ah i AobR A E o R R E AEE s ol st 23 glu,
AR o, meel A 71 Aelsh Ael kg R, 2 e shuk Ao}
ol w2 AL S 91, o] 52 B A & Nas0,K €O 5, BaSO ., 2
Mg(NO ), 5] L8k, wbel, atel, B A2l A8 343 4 ok w8,
OEL W, Al ool B, G kv 5 XYY S5 gk ohul, B

2 AT = A oW, ALY A2 Aol 3 BB} 25 HFEL

1%
HA® 5 Q3 Aol 53] A A gz,

AA L. i

209 FTE Solo] AR 5 Q= Aol FE SR WEE 25)
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o & Sof, 2 dA dEA =l Tadal -3, -Ad, 4o e -,
1-3AL 1-g |, -8 e Al - d Al -5 Al -l Ed Al BB
1-FALE Al 5D 5 QAL SE A A= oA A S8 AA GEFAE
120 23881 s 3k o) A 258 o)A} &t 53 A 4= gl

Al A QA Aol A, & AA F3A = AN AT C,p LIS A
T FEEAY 7 Jdon, ddd g - o] T FFEA It
vhgbzl sk, o] E 2 A §hE = A& ol YT

o] Z5-, ol & el o] 3t 55 W A] 99.9 F3%Q] o] upeA3kar, 90 A1 99.9
FTH% Aol = v At} G- AA FEEA Q] g2 0.1 WA 45
S%H%7}F vt 2 star, 0.1 WA 10 $3H%< Aol vl vz sfv}

2t 1
= .
Bowkhg o] JhA| oo whE WA FIA =, ol E B0 Af- S Z(free
radical), %] - (cationic), Bl 9] (coordination), Z; ¥} (condensation), 7 7Haddition)
o TSl ol FIE Yo, ol ERE A EHE = A2 ol T
]

A G A A A, SR A FEAE /1Y N, S Sy EE

= o]
sole] SH B0 Axd 5 Yok SUAA FAT GO ST Ei=
selel PP AR E 49 AT 5 i Sulel o 24, A, P,
Ak, sk, o7k g

R ol= 9 ol A A2 Csp A F H3lra £l

=
H 5 =
A g2 S et Sl Y ERE R S REAG S A
o
=

il =
AR N e BE L Sl L ol ol EFE 5L E S 3lon) oER
A= AL oh e,

2

b o] A of o) wh2 el WA F A= (1) AR H(Mw/Mn)el] o] 3
ek 232715 WA 20, (2) D57F0.910 A 0.930 g/en, (3) 2.16 kg 3H5 0.2
190°Co Al =4 Al 8§ A 4=(melt index) 7} 0.5 WA] 2.0 g/10%, 2 (4) E& A5
H|(MFR; MI ,, /M1 , s)7} 20 W #] 308 73t}

vt &t =, S A A S A o THEARA S (Mw/Mn)ol] o] 3 2k X716
WAL 15 = At e A 447 Bl 0y W2 BAE HEE HE L
SHEA FFATE -7 A S YE Y, o 2R dolx = d 59
ARSI R RS A =
el FA FFA = LE7F0.910 WA 0.930 g/len B9 A E Z ol @l
FA ol ), v A A =, &l A S3A o D E7F0.915 WA 0.925 g/en
H Wl A5, o] S

kel
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A A= ol e gl ol th e Ao, A s A= 1-8 Al 9]
shekel] ofdll 2dE = Q) ol 5 S0, dlE fllof] Ul gt Lub- &7 ol
A eHE WEE ol a1, Sk &9 gl Be S U wolxit
upehA, SdlAA FA T2l ol gl gegol] tiet Ao gk
ZATFo RN P Y et UE S 2= SYFA =FAS AxT
Atk

ok o] S| A 5 3A3= ASTM D1238°l] 2] 71 &F] 2.16 kg 35 2
190°Cell A 24 Al &8 A 9*(melt index)7} 0.5 WA 2.0 g/10%-°] T},
v A s A =, T A S 9 2.16 kg SHF S = 190°Ce)| A i?é Al
|8 AF7H0.5 A 1.5 g/10%-9] ® ot &dHA 54 o 85457} o]
HA WY A9, SdAA SA Y 7HEA T o] ZRE dojA| = ‘Euﬂ 71 Al A

HH o -JZ—Q'}\] = ‘F }%Iq'

9 Sel A A FA 3= ASTM D12380l & 7181] 21.6 kg 352 & 190°Ce] A
ZAE E8X5E 216 kg 85 2= 190°C M 54 H 8-8A 7= e ghmelt
flow ratio; MFR)®] 20 W #] 300]t}. vl & A 31 A 3=, <-¢| A A =314 2] MFRo] 22
WA 269 Helelth, &l A A T3 o] MFRe] 91 H & Hd -5, 773
7He e YEhH, 53] E2& HE Az A ettt

oo A oo W A T A= TEE T LA Mw) Ol 50,000
WA 250,000 g/mole ! 5= AT}, vE 2 &H A=, T & o ARl 70,000 WA
O Al

150,000 g/moled = vt AV A, THFF o LA A 31
A2 vFE “18 9] (gel permeation chromatography; GPC)E- o] 838} &3 155
Ze| e 7| Eo] #4k kot WA FA Y THEH AT WX
o ™, o] 27H Al xH = BE9 V[ A4 &40 453 4 Ak
g o A o o)) whE =l WA S A= H A Y 21 2~ (BOCD index)7F
0 WA 3.04 = )
oA 7| A, Bl A4 T ?l‘i]li% =84 9] 5= (main chain)°l] £ J+= A 52
WA 671 o] whaf A 7F AT A o & a1 WA A el Arbut ol
A=A & YEtl = H otk vl A Y] Q1 710 o] slo]H B A4 T
T2 FFA 7L ol 0BT AW v A T 2] FRHAI e H 5 QdT
GPC-FTIR | & o|-&3ato] T4 o ¥4, wA% #3 ¢ WA S
Ao A& o 245 5= gli=t], H| QA ] Q8 1= FE

1

¢

d

ﬁd
ot
©
©
o,
do

rs; o
)

o

H
AHEMw) S 7] =0 2 F-AEE B ¥ (MWD) 29 30%(3 60%) 1 ol A ¢4
A o] g9l 71/1,0000) = S48k of el =8hA] 12 ALEE 4= QlT
G2k 1]

Hl @A T 1e 2~ = (a1 +-2} |
A A A A o] il A
H QAT T2 5 2h= S5

weel s oL WA E A ol v X9 & ?ﬂ@%x}(m rnolecular)'aT ] ol

A o
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14
EAsto 2 A7 3 FALE o EAS M 4= 9
[125] ok o] LA oo u}E L H A FEA = 10,0007) BT A %XM
sleko] 0.01 WA 0.170Y 4= it}
[126] A FAT HAA A e Tl 2o A= 7 o) de] §AasE e

7FAl(branch) & 21| sHy, 2.5 3
52 oA LSS A9 A4 A
}

[127] Al 4= S5 Aol el Wl E3h-& A9l F= =24 aas fde]

Zpeho] 2370 Aol A310] %l
A5 &Y A A 9 A4 S (intrinsic viscosity) 7} Sol A FE, AME
2ol B35t SHA 7el A 7 Ad o] swobxItt

[128] -k ol| A = A F3A 9] A4 1‘%7(]1—: & (Macromolecules, Vol. 33, No.
29, pp. 7481-7488 (2000))°ll 71 Al HH S & A3k 4= 9l o)

[129] Anton Parr®] MCR702E ©] &3} &4 ¥ &35 5% (complex viscosity) & 53l
WA EMWD)EEE 3| ste] 1 H o 9] A (maximum peak) 4= F SFal
3D-GPCE 53 MWD#k2] & tl(maximum) #k= F5te], 71 ¥ & 258 g3
A AEE debgttl T1ov[go] 1 u|RkolH A EA] g2 00l ar(olw WA 2
la), 1 & Z3sPH ol TA 2 1be] ALLghe 3 g

[130]  [¥AIA 1a]

[131] LCB  _ GPCHE _ .
10'c  F=zma ’
[132]  [¥A12] 1b]
USRI Les - GPCTA s 10 GPC TR
10 C Hd= O3 HE Oo=
[134] g o] A oo whE =l A A S A= 887 S (melt strength) 7}
-3ttt
[135] Y HA A5 B2 EE(flown film) 2 2 A 8317 A&l &8 A9
3715 Tt AFE& AT W Al xE = FEo] oA 4] a1 &
frA et 548 & b Aol ghar gttt o] & P A &8t o) T o
ATt
[136] AT &8 T A3 AU sEAS EE2olv AN L& &
oo el Avl= A& st b o] LA SEA e B9 AL
WA Aol vy EA7F A o2 gol EAStaL, 3k T A Faf ol
WA & o] Q7] Wikl & § 8 EE ek 5 8
[137] Bk o] RA| of o] w2 22| A 7| T &A= 3 (frequency, rad/s) ol wHE
54 A 5 (complex index, Pa-s)9| TLH 2 & ofeff =8H2] 29] 99 = (power law)E
Y& vl ¢, ghol 0.3 WA 0201t
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[159]
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[161]

[162]
[163]

[164]
[165]

[166]

7 .

| A1 H Q1 AT el ol A, &b o] FE 2 | ol =7} 8% o &, vk A sk Al= 7%
ol s}, ] nighAl 8kl = 6.5% ©l 8ol

ok, 2 e e HeE A 7 650 g o4, vhHE A 8 A= 700 g ©14,
ol uhstA 5hA] = 800 g o] 3ol .

= g o] A oo 2 BE o] Al 58] AlRE A e, &
g ol Sohz Vlmaobel A E WS AR 5 ATk ol E B0, 2 49
A e SR T RAE R EE AL, E A, ANE Y
SOl TAARN AR VhEst] ASA Y ZEdd AE S AT 5
et o] Told B2 AF A Yol 7HE A stk
g AdAE AT I

ols, Al el o} vl Lol & Fato] ¥ S B 7 A A o2 At o,
obel el AA o= & & A Alshy] 9l A HolH, & g o] W97t
ol SR B A H = AL oyt

Alze] 1

sPCIAMW Tyl 9] BhekA A-19] dol & BgtE s A Al A 8ol
ARE-8ESLaL, 9 88hA] B-19] Alolw & 3 ghE & MCNAMW Tl ske] F=7t
A ¥4 glol AFE-sh it

91 51512 A-1 3h§HE 2.7387 g3 9] 31812 B- 1&?;}%33741& SR
ol A wl " g w ]H%’&(MAO) 10 TF %2 &7l & 991.69 g7 ZFHAlVZr
=150)3Fo] 1A} &<t 2ol A arkat it 6&5, Eaﬂ(xpzztoz) 250 g &
hlacdiy ?%‘ﬂﬂ, AR B0 500 mE 7Hete] £l o] &, A et
e elol dolu& 2tehe oS skl 75°Ce] Lol A 3AI7E &3k
aksklTh HA 7 B Hul g F7<lE o 83he] 33] Al FH 832 60°C

=7
AFo A 309 Fok AZAA AfFEE 90 el £4 9A F] 355 0%
g

Az 2

9 3}eta] A-19] 3}5HE 1.8310 g2t 9 3}8H4] B-1 318 5.0754 g & A3

Al 2] 8Fari= Al 2ol 13} A3 9y ;cz:;i d TA £ 356 g&

ol

o 8t B-1 832 8.5302 g & W50 =2 ARG A2 Al 9l shali=E Al 139
SA YH R @A S 359 g& 55T



WO 2020/080745 PCT/KR2019/013321

[167]

[168]

[169]
[170]

[171]
[172]

[173]
[174]

[175]

[176]

[177]
[178]
[179]

[180
[181
[182
[183

— e e

17
F&T 71 W37 E o] &t Az 1o A Dozl EA] TA] FHuf o] FA)
shol] o & all/1-3 Al 353 A& Al s Th #H-37] W o] 25+ 80~90°C H =
FrASHA AL, ol Al 1-3 Al L] of] FAE HIbsto] AlxE = o & dl/1-8 4l
TsHAe] THEE =248
o]oJ A, 40 mm 2 7 9] 225, 75 mm A 7 9] t}o] W 2 mm t}o] Y& Zh=
Q=7 o A 80 rprn9] iifﬂ,— 4= | & F=35ar, 2.09

T2 oﬂaﬂﬂ/l &l Al Z%?f}x
5 A8

Al X 01 2

Ao 204 Qo A WA Su| & AFESF A S A 9] sFar= A Ao 13
FUg it o 2 o el dl/1-3 A FFJHAE A 28T o] o A, A Ao 13}
FAshH o7 A3 ste] A 50 o] 2E2 AT

H] 2l |

A 2o 34 o FA| Sl & AL A& A Ll ar= A Ao 13} Fd g
b o 7 o el dl/1-8 Al 3= & A F8t Tt oo A, A Ao 13} Tt
WhH o 2 Adgste] T4 50 me] BE& AT

H]3ila] 2

G g2 A S 2 AlzE A v ALY AE A E e
' A(MI1810HN) = AF-&31S1 T o] X & A Ao 13} gdst o=
A&zt 77 50 mme] 25 LA

AATe] 13 2 L B ale] 1ol A HEg-7] ] old@lle] oFe 2 AUt = s
714 2] =] o] v 272 ol # 1o e A} g}
[3E1]

of &l &l 1-3) /o) € 2l =) =ail]
S (bar) =H[(%) EH](%) 4] (gPE/gCat-h
r)

2N 1 13.9 1.02 1.45 4,500
Al A] o 2 13.1 1.34 0.63 4,870
H] 34 1 13.2 0.99 0.76 6,500

Al 8] o

ol

M

A Ao D H]ate] o] =2 D HEo] BA]S oo} 2 L V]
wrekA] S48 lvh 1 AR E o % 2 F 3 39 7 YER LT

(1) 88 A <=(melt index)

ASTM D1238¢l] 2] A5t 2.16 kgl dh5 2.2 190°Cll Al SA43F3 T}

(2) &8 A <=1] (melt flow ratio; MFR)

ASTM D 1238°] &] 7| 8}o] 2.16 kg9 8l 21.6 kgl 3t5 S = 190°Cel| A 247}
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|5AFE SABAL 2 B[(MI /Ml 05 T3 T

(3) & X (density)

ASTM D1505¢°] 2 A3t &7 8k3l Tt

4) A R AR S

A%y 3 2rbE 18)ks]-of EE| olo] 2H(GPC-FTIR)S o] &3] 4319t}

(5) Bl 2 A t] 219 2(BOCD index)

AF3} A 2 ahE 12} -of L E| o} o] &(GPC-FTIR)S o] &34 &7 3k3lt),

(6) &3} +A(LCB) 7=+

MCR702(Anton Parr) & ©]-83}o] 54 ¥ 34 S (complex viscosity)E & 3l
WA EMWD)EES 3 "’ she] 7 H o 9] 2 (maximum peak) #h-2 F 8L,
3D-GPCE &3 MWD#L 2| # th(maximum) gt-& F ko], L B &2 5FH 9
A 1a¢} 165 o835t FH A& 83tk

(7) ool 2 54 A S

MCR702(Anton Parr)E ©]-&3F] 190°Cell A 0.1~500 rad/s2] Fab= H Y 2
5%°] W& (strain) 271 & =2 ZA 80T

@) & 7he H hE st

75 mm® t}o], 2 mm tho] o] BE 7FF7| o)A 40 mmd 2~ FE o] &35l
E2&(blown)B 53 AL8FGITE 25F 4532 80 rpm, B2 1] (blow-up
ratio; BUR):= 22 1A 8to] 50 um 779 A&5& 7Faahgi o, 7L o of
EetE S48kl

9) 931& A7 = (B-type)

ASTM D1790°] 2] A&t &7 8k3l ).

(10) & &) ¥l &%= = 3Z (Elemendorf) 1 2 7% 5

ASTM D1922¢] o] A &te] E & 9] 7] A 3 MD) 3 % %3H(TD)ell A
A sk

(1) A=

ASTM D882¢l| &| Asto] EF9o] 7| Al WMD)} & W3HTD) =
A sk

(12) 3] o] Z(haze)

ASTM D1003¢°] o] 7|sto] B2 HE 9 do]=E 5483

N

Ot
2

)Jl
Ot
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[3%2]
TA A e Al 1 | Aol 2 | Hlale] 1 | H]ule] 2
MI g/10%- 0.9 1.0 0.9 1.1
MFR - 22 26 19 16
ik g/em 0.920 0.920 0.919 0.919
Mn g/mole 13,700 7,100 36,700 41,900
Mw g/mole 116,000 | 100,300 | 113,500 109,700
MWD - 8.5 14.0 3.1 2.6
BOCD index - 0.29 0.50 0.14 0.16
LCD 7} < 7}/1,000C 0.04 0.05 0.05 0
CV index(c ») - -0.26447 | -0.28252 | -0.24333 | -0.20848
At &3} # == - 10.88 12.6 9.10 6.51
o= st A 26.0 24.5 27.5 28.5
[3%3]
TA A w4 | AA T | A2 | Blale] 1 | H]ale] 2
I R AR g 800 >1,000 510 650
Ayl == | MD g 320 420 490 490
EAGLE | 1p G 820 910 900 700
A= MD | kg/cr 430 450 390 510
TD | kg/en 500 570 460 520
glol= % 4.9 6.1 10.2 12.2
E2,3% 5 1 WA 30 2RE F1y] = upe) o], B kg of Al A] o of A]
Az &4 G2 oo EAlstel it WA FHA = A L2
WAL, 51 WA A ol whaf WA 7 AT A o2 Wol EAleh, g A &
Zka1 Qlek ol 9 e T2 A ER o7 8, U WA A 2 7FEA o]
-3t Wk ol gl vlald o] S| A FHAZRE Alx2H FEol 1]
SotsAdnet 42 7IAH =4 R ol 2 35ty 54 o] sttt
414 o1 875 4
upeba, 2 g o] hA| o o) whE T4 @A FHul = 7k Ad o] -Fekal
AL B g o] Z(haze)7t 7% LHTA THAE AT 5 J2H, o
U AR Az = EE5S 2EYA] 28, o3 48, g,
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