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Abstract: Polyethylene has been prepared via metallocene catalysts [(TMDS)Cpal ZrCly, 1, and [(2—
Bu) 2:Cp2] ZrCl, 2, in the presence of hydrogen as a chain transfer reagent. Increase of hydrogen flow to
the polymerization reactor resulted in the drop of catalytic activity, reduction of molecular weight of
polyethylene, getting narrow of molecular weight distribution of polyethylene, and melting point of the
polyethylene wax. It should be noticed that it was possible to control molecular weight down to 1500 and
melting temperature to 60 C of polyethylene wax using the catalyst 1 that has been developed by
authors as well as the catalyst 2 from Exxon.
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ME BE AP B LS AAste] AARS7] stelr 5
gw g om, i MSAAE 7|8 A CaSOs AHS SHAIA
= AAS & ARgsIglen, 53 kil Tt Aok SEE
2 Glove box(Mbraun—Unilab) % Schlenk lineclx] ®H¥3to] A}
4313} Aol AREE 21<l tetrahydrofuran (THF), diethyl
ether, 8} E54l, ARkE YEFY wlxdl=0= S/ $of AL
2319 01, dichloro methane< CaHz
Zirconinum V) chloride (Aldrich Co. USA:ZrCly), sodium cyclo—
pentadienide (2.0 M solution in THF, Aldrich Co. USA:CpNa),

FRstol ALg3telc

1,3—dichloro—1,1,3,3—tetramethyldisiloxane (97%) 2 © o}
AR k1 ARSIt Sodium hydride (60% dispersion in
mineral oil, Aldrich Co.)&= 3:EC 2 mineral oillE AIASH $ AR
STk Foel o] &% Ful & v 1 #3319 W ulE Azt
o] AbgalgiaL!” Eul| 13} vlwslr] skl ARgE Evli= Exxon
ZmQl [(n~Bu)2Cpal ZrCly (Aldrich Co. USA) & AL &
stof] ARE-¥l Tl methyl aluminoxane (type 4, 4.1 wt% Al
in toluene, Albemarle Co. USA) 2 AM-3I] o, F3to] AMS-E
g dll (1% 99.99 %, MS £33} 45 oxy—purge
columnE FHAA AREBIGloH, FEAE A=t o] 8% gl
HehE} GAHHC) S EE A §lol ARS3ISIT) 71AIF &
FAE B3l Hasth oks sSick RkE T Aol IR
(JASCO FT/ IR—5300), NMR (Bruker DPX—300 FT—NMR),
DSC (Perkin—Elmer/Pyris 6) 2} GPC (Waters 150C), Ther—
mogravimetry (TA Instrument Inc.,U.S.A/TGA 2050) & Al&-3}
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Aol FAIl S242] Al (0, 44.5, 92. 5, 150, 227 mlL/min)
o] Age] w} Hkg7of| x|&H 0w FlEnh T 70 T
[ALl/[Zr]8)7} 50002 Wolli= 42 AR 9, 49 53
©] 92.5 mL/min oJalelAi= Fo] XY= Fek S| /o)
Seto R o] 7hs3AINE B e i el TEA AV

o] frgo] 227 mL/min®] gt FA| B/do] {etow
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At A7te] At & wWEke-S WES7|ol| Yol T3 TRAIFY,
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WE THAE sl WETE 5 50 TR Z4dslo] 244
B AZAIZ) Fof| A FAE St A A
9 S FEE olfslo] SRS T8It Ke—polymer/
mol—Zr - hr - atm).

e 2M. F3A1e] §58 DSC(differential scanning
calorimeter, DSC, Perkin—Elmer/Pyris 6) & ©]&3}o] A 715
slold] S8tk 54 21& AEE O ColA] 1+ B9 A4
71 %ol 10 C/min %52 200 C7F] 7F4EE ol 200 CellA]
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Polymer (Korea), Vol. 32, No. 6, 2008



568 AAG - 44 - FIE - w7

Table 1. Results of Ethylene Polymerization by the Catalyst 1*

[AL/[Zr] 7,(C)" Solvent fydogen Aoy, 7 () My (X107 MM,

0 10.01 136 10.71 2.87

44.5 8.43 123 0.62 2.22

5000 70 Toluene 92.5 3.80 117 0.50 1.94
150 2.94 104 0.29 1.66

227 1.90 61 0.28 1.39

0 8.89 135 11.37 2.90

44.5 7.43 125 0.75 2.44

3000 70 Toluene 92.5 4.64 120 0.42 2.04
150 2.00 105 0.28 1.76

227 1.64 101 0.23 1.61

44.5 9.71 125 0.83 2.54

5000 60 Toluene 92.5 8.60 121 0.54 2.22
150 7.24 115 0.32 1.83

227 3.94 113 0.30 1.82

445 8.54 126 0.85 2.76

5000 70 Chlorobenzene 92.5 7.10 119 0.42 2.03
150 5.57 102 0.37 2.22

227 3.81 101 0.29 1.93

“Polymerization condition : Ethylene flow=295 mL/min, Solvent=Toluene, Reaction time=2 hour, [catalyst] =3.5X107° mol/L. *7;(*C) =
polymerization temperature. ‘Activity =Kg—Polymer/mol. of [Zr] « h - atm.

AWM B AR FE /M) 1,2,4—trichlorobenzene
o2 FIAE =<9 & GPC(gel permeation chromatography,
GPC, Waters 150 O) & ol83lo] ¥ 255 140 C= f+ahd
] 0.92 mL/minZ &5 S RHA SH3ck
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2} st AIS 7HAA] far vk Z7of| thekshA wskskelt)
|24 Fall 19] Aol Z2Fu) 1] 50007 T2 70 CollA]
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3] wie] RIS A AR oR TNk A A
© A9E 2Yslel 2498 WA Ao wi il R 2
o] ZATH= A2 A7k 2t BT Aeshe U5 vk
3t Zl=0] V)5S Bl oS HolFth FHAR 0] ke
AdEl= Eejeldre] Exlgo] dAsh hasslon, whe 22
of w2 A=k 4 AEe vEA UeRth 53] S0l 2000
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Table 2. Results of Ethylene Polymerization by the Catalyst 2“

[All/[Zr]  T,(C)*  Solvent ﬁi‘;ﬁﬁi? (Ax?glt%ﬂ 70 () My (x107Y Mo/ M

0 13.50 134 65.41 2.97

445 11.29 123 0.53 2.15

5000 70 Toluene 92.5 5.67 118 0.37 1.96
150 2.39 103 0.25 1.68

227 1.34 72 0.15 1.36

0 11.29 136 66.50 2.98

445 7.11 125 0.79 2.44

3000 70 Toluene 92.5 4.43 120 0.49 2.09
150 3.57 103 0.26 1.71

227 1.28 101 0.24 1.65

44.5 12.61 127 0.94 2.57

5000 60 Toluene 92.5 9.26 122 0.52 2.30
150 5.63 115 0.30 1.80

227 4.20 113 0.26 1.71

44.5 11.44 126 0.85 2.68

5000 70 Chlorobenzene 92.5 9.54 119 0.39 2.06
150 7.24 103 0.28 1.79

227 6.57 102 0.21 1.61

“Polymerization condition : Ethylene flow=295 mL/min, Solvent=Toluene, Reaction time=2 hour, [catalyst] =3.5X107° mol/L. *7,(C) =
Polymerization temperature. ‘Activity = Kg—Polymer/mol. of [Zr] - h + atm.

7} At Zr—H(Scheme 2, 1005 A5 Hrk AAE Zr—
H &8 oAl ol dalgshs 1 S os ARggct vbd vhoA]
shte] e SAFESEY A8 methylene ©ARE o]F3to]
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] it TAREe] Zhael Walshl ddntlo] Q1S o= Az
o7 EAlFe] FAstel wet AAE o] gRE A4
o= Fhaslo] 109k oPde] AkgellM 136 CT& HERIA oY 5
2A7FE AR EAkge] 3000 olske] Eeleldale §7o] 60—
70 CT7H) WobA A we gawME FE3) ARE 5 Qe
F7A Eeleldalo] AxEe o 5 AL STk HA 7o}
ole] W §e] At A HlERE WP Fe ofd o7
UEbd) ol Zejeldille] §lo] ©hA] ARl oJEsHA] o]
wEo® olaflatoirk. 74 fige] TS S T &
3, &8 (T o) FHashiA BARF EE(M/M) = 2.9 oA
1.5 FF0R 7hago] #E ek o] Avks FAE AREOlEAlR
AR 739 F3 Bdo] sk Nbd BARF EE T Sk
AATebE Akl Aol i ko) Zeh AE EA
Frersle] Al Sl AR Fulle] BAel dEE= 2l
= olaierk. vgmAl Fulz} GASAS 7R FHulE EREAE
T 3 el BE B A714 SAI B4l o 9wl
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oA ehsHA UAgtttal BI)= o9 okl Bt 7} Sl
WA o] 2017} 7129 Ziegler—Natta Zufloll Hlshd= AAskA 2+
Th= Zloftt. =48] EA) slel /3% Eejold o] B
I7F 2t 9 wloll AR Zeloldele] ExlER R )
ERTHEE 212 At vljgld 50 Sl dA Alele] 2714 A
2] B4 Aot At Al o) Fullerdile] 54 Ajolwrt &)
S5 Yuigit). &, 0] EAR Hulgdo) FujEdHe) 3 54
o] fARIIFeEN o]ZHE] APdE Zejeldule] ST fAlsIA
Zo7 olaety. Qoksbd 49 H3S 44.5 mL/min}tE 227
ml/min7H4] Z8gko2x] A== Eeledwe] EA1ekS 20000
A1 6000 0 243 = 3iglow, olul AVdE Zalogule] §
AL 60-70 T7HA] o1 ¥R BT 1.5 7] FobA +f
A3k Zjoflddl ko) Aol ¥ Aol ARG wiERAl Sujjo] A
go] 7Fsghs HoFlk

Sz 53 IiHow wgRAls o] 88t TRelx] Fash
FR2AL x=u|] oF Wk k- W Gufolu) B AL 37}
2] o] Eejolldill 8] Alxe] nAE Jis AR

ZZ=u| 2= MAO (methylaluminoxane) = ARg-3191 0 Znfje}
Hlwsked 3000812l 5000812 S Assisict 2Fvle] o]
3000°14 50000 F7Fgell wheh 91 4] el] Atgle]
O S5 o] S7Flon S7MIES A4 dotrh 25|
9] ofo] F7Fel whet o] Sk S UHARl FlolH,
B A Ay} Faoke] FRlo] 2EM7E Sl njxe dnkEgl
ZAEe WMSA7|A] S8k 210 =ewrh 259 o] Srkehd
AdEE EAre] EARgo] FAslgle) dlEA Faf 19] g i
Qo] glS woll= ZFwe] oko] 300004 50000 F7lshd
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mL/ minelX= 259 o] Sk whe} Exkgo] 75000014
620022 7EAsIle). SRl SaaTlsge] AXE oljst HEd
o] Y] ok= A7 R E siglek 2Fulvt A= JEko s
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3000 wof] WA Zelodul ekne] BExleRe 23003 2400
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22 18003 1500012041, 8782 60 T2 72 CL 0|73 24}
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AFe] el e Aol sAlZA Fast 2FuE Pl
2 AR 9l B} golsl AlFE 4 Qe Kol Flo]
o} olgfgt Aol A MAO2] H} A7) & Flo= o]
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HEzAl 8l [(TMDS)Cpol ZrCly o8l [(n—Bu)oCpa] ZrCly FviE o] &8 1549 Eejod &2 Ax 571

A3t <7 olde] whe2 ) ek

HES-o] fulE E5<lolA chlorobenzene &2 v F35hs 21
Y8t §l= chlorobenzenes ARESIGE wlell YR = 71
Z sk a2 oISt B3] 0] T4l S7Fel ulet
EFdlelxd= Fue] o] AAsAl HAsISit dl2A AR
< 44.5 mL/min®lq 227 mL/min®.% S7HA714A Fujje] 22
Za) 12] 7% 8.4394 1.90 Kg—polymer/mol of Zr.h.atmO =
4 49 Ak, el 29] 79 11.299014 1.34 Kg—polymer/
mol of Zr. h. atm 2 8.4ulu} 743193t} SFA%E chlorobenzene®]|
M= 53 20 Sl 12 8.54014 3.81 Kg—polymer/mol
of Zrhatm® 2.29] 743la Evj] 2= 11.44°04 6.57 Kg—
polymer/mol of Zrh.atm@ 1.79] 7143k= dlof] 15t} o7 4=
49) F9JRo] W REgE7ieA S/3-841 chlorobenzene©] %
o] BdE FARTIE Hlell uie g oR AR < Qe
oft] 53] fvlje] Msle) wet AlxsE Zejdddl €0 #af

g2 sk Holx| 2l QIS Q3 Aot 3 /A Hg
el Z1& chlorobenzene?] ARgold AAdE Zejoda &40
Fo] EF¢lolM Az EANCE Hri= Zlolth 5/3-8velA
2] o] BdEE A Fulje] o] goles v I
Fo7] W= Ar ) ErPysiar ool SAE 7kl Fallg
J-e] 5738l Bvlle] S/97e] g akg-o R QbgslELt o]

3 PYSh= 7 7] SHel Fe] DS AT el 7
g = ik e Pk S W eoF Bt v A
&8t = 9lom g AAR W7ol 90 45 SV &
e 7R A Slish EaEA S48 ol S4E 7t
2 GEE FR He ol S/3-8ulel Sl 2491
& 2R o @Al nlEl] ol Fole] Azt HolA A
Ak A7) HolRl 01252 AEeA nx|E JiFeo] 7hasle] th
g 2] wigIe} o)Fo] Kot wEA F&FCE o] F 71K aje] 2
g FAdgvleME EAo) TR Hi= Aol % H2 A
9] S7VE W EARFS ZEjelldile 4& 4 glont Sule] &4
AAE FEFslolof sARE S 8E ARERoEMN o]u ALl &
gy HaadE wkEe 4 Qlvke Holrk

Z01x9| &3} & Aelids 7 FR HEgEA SHE AR
At S 12 tetramethylsiloxane T2 F719] cyclopen—
tadienyle] 14¥ U=2] ansa—metalloceneo|H, 2 A-2l0)A
FAE T FHo] A7 E-oln, ) 2= Exxon FUE A7
=AEA AR oA Fuflo]n] ofw] o] 7H4] 23S 7kl
ZEjelldd F5TA Aol FYHI e Sufolth 2 AT-AelA
NS Zaf) 12 o[ el Solx] 742 ol AW AlZE= it
2pe] Bajgo] vk obS 7)1 Ik whebd 242 F9J8l]
Zgeldall oA AlxskeE vlole 23 Sz Friee] 2 A¥
o ARgEl Zlot}, T 3PE vt e8] 2l 4 jlo] o
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