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Abstract: In this study, flexible poly(ethylene-fer-1-hexene-fer-divinylbenzene) was prepared using four types of metal-
locene catalysts (rac-Et(Ind),ZrCl,, rac-SiMe,(Ind),ZrCl,, rac-SiMe,(2-Me-Ind),ZrCl,, (CsMes)TiCl,[0-2,6-Pry(CeHs)])
and two types of borate catalysts (trityl tetrakisborate and dimethylanilinium tetrakisborate). The yield, catalytic activity,
molecular weight, structure, composition, and thermal properties of the terpolymers prepared using the various catalysts and
cocatalyst systems were evaluated. Epoxidation of the terpolymers was successfully performed and this transformation was

studied by '"H NMR and FTIR.

Keywords: metallocene, borate, terpolymer, catalyst activity, epoxidation

Introduction

HE2A = Holg&olu Holas =7 aghEol
Al 223 o d (Cyclopentadienyl, Cp)7] 5| 2|Zt=7} bl
AT =R YRtF o2 MER] 125 Yetdoh &
/32l Ziegler-Natta 1= X o] F< JF o] 4o
2 gt Wk, Y4 HE2A Sule RES
Aol g&o] Tl 7t 5 2 5% 84= Ued=
A7 o] QQth. S, Ziegler-Natta Z1fl= tho] Ao &
Aotz BHAE, HF2A Sl 4 12 E A= SE0]
2o SEA A7 @Y S9HE IS e E48F
o] FYT EA4& Uehd 5 A Frh o= Qlste] EAFF
I 2 SEAU FLe 2 IFFAE AT 5+
on, 182 W FHFA FHFS 2= F-Esict?

19508 o] W&t =Z Al &1 2] biscyclopentadienyl zirconium
dichloride (Cp,TiCl,)7} Triethylaluminium (Et;Al)4 Diethyl-
aluminium chloride (ELAICI) ZZ ]9} 3t &3 H F3o] 7}
Saicka B E gl o™ 4 19801 Kaminsky$}t Sinne= Cp,ZrCl,
7} 2= ¢l methyl aluminoxane (MAO)YE ARE3lo] o &l
3 2@ 9 A, B Eu) BHEs} ehdohn Has
il

HE2A S E o] 83 F5H AT TE A HE S
W BAE, SEAY 2 9 24, J
< ATl ot HEEHoIgoY, dutAe

ol
=

Corresponding author E-mail: dhkim@kitech.re kr

=z Ol SFA, Al 22 8 E, &
il 52 o83 o|dFFEA T Aok T C.

v} Q1o ™, poly(ethylene-ter-propylene-zer-divinylbenzene):
poly(ethylene-fer-1-octene-ter-divinylbenzene)yZ A|Zsle] &
W BHE W B4 B4 BEE 52 wstgch. B,
AA358A9]  divinylbenzene (DVB) B2 vinyl7] ol
styrenesr graft A| NMR¥} SEM 245 o] &% 72 &4
< el

B34 B e UL O I mEAjeke] g Aol @
o]Z]7] wjZo] DVBe} 22 W3S dFA Y vinyl?Hs71E
o] &3to] 7]548E Folstr|e st=t, olet &2 WETIE
epoxyl} hydroxy, amine 522 2|gksto] 318t F7HA =4 9
284S SHAZI71= gt SHAIRE, bulkystE A 2709 &
5715 Ad DVBE =% AF 29 Ad358AY &
AL o dol=rt #a1 ofFrhal LA glon, 53] S
of £50] ujz} Aol AE Urepeh g wp gloy

2 dFoA e gt 22 Mg =Al Zuli/BorateA| 35
o A A"S 85t IA7IE M WS dEAE 2
35t 74 poly(ethylene-zer-1-hexene-ter-divinylbenzene y& §t
Aetlar, S A= ALFSTEAY 2 2 24, 24
Ste, A, B R E 55 vkl E3, o8 7t
A HgzA So/FSu A2 23 F e d SR
7 7P =& AEESEAE e E DVB | v
of| AFAISE A=t M2 71548 HLssTA S &4
7HsdE Elskitt

ol

il



Preparation of Flexible Terpolymers using Various Metallocene Catalyst/Borate Cocatalyst System and their Epoxidation 287

Experimental
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Figure 1. Synthetic procedures of the terpolymers.
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Table 1. Summarization of Results of the Terpolymerization
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1 Cl 04 0.8 0.2 5.53 6632 144 47 3.0 83.3 16.3 04
2 C2 0.4 0.8 0.2 1.66 1992 137 44 3.1 81.3 17.7 1.1
3 C3 0.4 0.8 0.2 3.85 4624 125 37 33 82.0 17.4 0.6
4 C4 0.4 0.8 0.2 6.33 96 - - - 50.8 40.8 8.4

“Polymerization conditions: catalyst =
"Divinylbenzene.
°Kg of polymer/(mol of catalyst-h).
dDetermined by gel permeation chromatography.
*Determined by gel "HNMR.

2.5 umol, Bfcatalyst = 1.5, Al/catalyst = 500, 50°C, 500 rpm, and 20 min.
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Figure 2. The changes of the catalytic activity and molecular
weight of the terpolymers according to various types of catalysts.
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Figure 3. Wide-angle X-ray scattering data for (a) Run No. 1, (b)
Run No. 2, (c) Run No. 3, and (d) Run No. 4.
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Figure 4. Terpolymerization procedures of ethylene

and 1-hexene with DVB using 2 kinds of cocatalysts.
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Table 2. Results of the Terpolymerization with Different Cocatalysts
Yield
activity®
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8568

139

Bl

6 B2

5
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*Polymerization conditions: catalyst = 2.5 umol, B/Zr = 2.0, Al/Zr =500, 50C, 500 rpm, and 20 min.

"Divinylbenzene.
°Kg of polymer/(mol of catalyst-h).
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Figure 7(a)e]l Yehd viel ZHo] 4.8 ppmof| A g3t 4HLF
SEA vinyl7] 935 BIEHE T, Figure 7(b)o A& 2.3 (b)
ppmt 3.0 ppm Akl A epoxy”| o]l 3dH= CH$} CH, ¥ \ (\/
27} Figure 7()2 H]@ate] o] TA AR AL s |
ek, I
Figure 82] IR spectra 4] Z 3}, 1638, 990 2 910 cm™ 1}
el Al A-AZF A vinyl7]ol| Sjg3H= peak 7F ER1 =]
Q3L(Figure 7(a)), A FAI2 223 A-3FHA = 1260}
870 cm™' THFTioll A epoxy ring®] AEFFel g w7}
TAEA o]RA2 2 CI1B2 2F0 2 AT LTS HA

o] Wk vinyl7] 7} epoxyZ] 2 A 02 A|gE AL el

(2)

Transmittance (%)

(b)

a 1800 1600 1400 1200 1000 800 600
Wavenumber (cm™)
Figure 8. IR spectra of the terpolymers: (a) poly(ethylene-ter-1-
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