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Abstract—High activity ethylene polymerization catalysts have been prepared by the reaction of magnesium
chloride with titanium tetrachloride in tetrahydrofuran, followed by precipitation with excess n-hexane. The catalysts
are tested in ethylene polymerization in the presence of AlEt; in the slurry reactor. The yields of HDPE during 60 min.
polymerization at various polymerization conditions were obtained. The average molecular weight and molecular
weight distribution have been examined by GPC and viscometry.

Narrow molecular weight distributions of Q = 3-11 were obtained. The effects of the concentration of monomer, alu-
minum alkyls and hydrogen on molecular weight were investigated. The molecular weight of HDPE was found to be
inversely proportional to the square root of the partial pressure of hydrogen. The morphologies of HDPE were also

studied with SEM at various polymerization conditions.

1. M =

HDPE= 23 744
injection moldingell 7}
9 wire Azolx AHE-HLH1-3].

222 blow molding®}
To| eolx, Pipe film
HDPE & %=7}

206

0, 941-0, 967 g/cc & AL Aol A T 7127} A3
ARG} & 2 SEjofeaelt, o]AL 1 1
ol 4l Fasl 7hxl7 @i dxsb 0.910-0.940g/cc
ol LDPE®} +&5w, 19704 Fkll H2d A&
2ot 4l a-olefing comonomerZ A&l F3d



TiCl, /MgCly /THE Zejo] elaf F3d 7l

A4 Audx Zejoeld (LLDPE) s F83}2, 4,
5]. HDPE® F¥Zvl+= Standard Oilz} Phlllnps
a3 Ziegler-Natta (Z-N)2| 4| ez iﬂl T
o}, Z-N ZFo= 500 Zol deiziow, l°ﬂ~
Zrdo] ol zEF= FHoff F4 ARl Fejule 42
olu} ot Aol FAHE 7IH 2 n g AA= o} dln, o]
witoll A& A FAA A, wetad Zeiabal A
TS o7l Aol Fofe] A4S wAbAT]7] 9
2 A7t Adsle) 2ebr) 60 A Futel] 2RES}
ol 5
=l

b

2 a,g

AAT Hart GS AT o] & A 24]
b b, Ema 70 So) W 5
Aol e Felv] T4l 9 A5 45 et

W)-2 u-2-2% 9} Chain transfer
agent= *l—&% Fa Aol 3

oﬂ ute}l =
Ao}, x5 22 (MWD)& #n}u frofl uled
EX ogfa‘—; e Zlee okwd glon, *“*4—‘5:4
Qe AgE Faje] SAol uwel aA| %ahlth

Boor[4]¢} Karol[6]ol] 2lsi4] ®Bas|odch,

upebs] 2 ool AAAH osi4 THFE
electron donor® AHE3le| A" waA TiCl/
MzCl, £vi2] HDPE % &7lol| wh& 4893}, «
5, &, A= £ % Z29 morphology® =
Absldet,

2, A

o

21, Zojgty o Seus

500m/ A7 flasks ubg- 8712 ARE-5ha wuk

2 2
A4 HAE Al FRE Lol Folg P
o eA H3E kol BoIstel HES )

sl A= A4 gassiold zasidct, A -7
%ol ¥4 magnesium chlorided Y1 A=} 3ol
2 248k THFY 88 o4& 71sted 60CoA
qbslsA] Bl o] Lellof [Mg]/[Ti]=3e] &4l 7}
3} 60°CollA 1417} uHS-4A1# homogeneous solu-
tiong odo] Ar2ollA AAHA|Z] F ofslsle] A-Fs)
o4 AzA7l F A4l BIsi et w7l W
ol 4] aluminum alkylE® #434])A F¢Eojz ALE
3o, 3RS UxbAal A9k Semi-batch type
o} vRe7|olA slurry Aoz Fai=lgich, =g =22t
£ Wool7] 5o] 2ndl ¥uoff ddslo] gir},

2-2. HDPES| EM5H

207

2-2-1,

ASTM D1505°!1 u}2 density gradient columng-
~F&-3ted polymere] =5 FAH3l%r},

222, A¥s] Ws

100m/9) F8°] 73 cylinderel cylinderg &
2 %3 polymerg F F FAF FAsto] Foz
vhro] A sledch,

2-2-3, HEZ Aol o3} i ¥k

ASTM D16010] ute} 13540, 1°Coll 4 decalin®
Soilg ARg3ted slekEl Ubbelohde viscometers
intrinsic viscosity s 7ol Chiang[8]e] B3k &
SgAteke] HAA osle] I HAlEEE AlAleld
o},

())=2.3% 10~ Mn"* 1)

2-2-4, GPC 4

B B (MW) 3 £ £2 (MWD)E GPC
(gel permeation chromatography)el| 2lsle] £7
sloich, Water Associates model GPC-150C7} At
S5 9ict, &olZ%E trichlorobenzened AH&3l:
HMO0CE &, B4 gslo] 35
polystyrene A% AH&-318it), o]72 elution time
of el Fatake- o1 7] $Jgkaldl, PE+ monodisperse
& Al8E 7] og]7] dFol] B4 XF A2 Mn
o] &% polystyrene & 7}#|3L PE<t PS9| Q factorg
v|islo] PEe| Hxlaks F3 A8 PSS9 #xAjstez
£ A4kt

2-2-5, HDPE®| morphology

Polymer®] morphology+=

column® &%+

SEM (scanning elec-
tron microscope)ell 2ate] HAaeict, Gold ion
sputtering® & A]8& whg9lor], Jeo Ltd, model
JSM-T20°| AR8-=%ict,

3. @3 o 1

3-1. HOPES| &8

6025t TH¥A|A 42> HDPE? 482 titanium
1g & doid polymerd] FAIZ FAdch ¢
= o] wE 89 #HIE Fig, 19 b,
Ze o4 of?] datav HHFALS HEZ Ao
o}, 57 Z718el wel 70CAA = 4§l Frtesh
=

o

150l Zhtaboich, AR Eolot 70C ol dollA]
$ols A AR FES Aol wHE Fole] B4

o zhasloll 480l Ztaab Wk, ST AF

HWAHAK KONGHAK Vol. 27, No. 2, April 1989



208

160
140 -

s N
(=1 (=3
T T
<]

Yield (kg PE/g Ti-hr)
®
S

60
40
20
0 1 1 I L
40 50 60 70 80 90

Temperature (°C)

Fig. 1. Yields of polymerization at different poly-
merization temperatures (Polymerization
condition: P02H =150 psi, PH2=50 psi,
and Al/Ti=170).

7ol k& 489 W3S Fig, 2ol viehlgich, ol
9| gto] Zrito] ulz} Eo] AFHog FHehE
2 + 9}, Cocatalyst®] F5ol ufl Fo Hil=
Fig. 3ol Yehiigich, Al/Ti¢] w7t Z71gkl afe} of

Lo Rl gl Frhehd 2 ol M At

=

160
140
]
120
=
£ 9
=100
x
& golf
"] ! °
<3
= 60| o
o
ol
40 |
20¢
4] 1 1 e 1
0 50 100 150 200 250
Pc,u, (psi)

Fig. 2. Yields of polymerization at different ethy-
lene pressures (Polymerization condition:
T=70°C, PH2= 50 psi, and Al/Ti=170).
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Fig. 3. Yields of polymerization at different Al/
Ti ratios (Polymerization condition: T =
70°C, PCzﬂ4= 150 psi, and Py, =50 psi).
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Fig. 4. Yields of polymerization at different hy-
drogen pressures (Polymerization condi-
tion: T=80°C, P02H4= 150 psi,and AlTi=
170).
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Table 1. Densities and bulk densities of HDPE at
various polymerization conditions

Conditions of polymerization Density Bulk
T(°C) PCZH 4 AlVTi Pﬂz (g/cc) density
(psi) (psi) (g/cc)

Effect of 50 150 170 50 0.940 0.203
Temperature 60 150 170 50 0.946 0.216
70 150 170 50 0951 0.220
80 150 170 50 0.948 0.242
Effect of 70 31 170 50 0950 0.206
ethylene 70 80 170 50 0952 0.226
pressure 70 150 170 50 0.951 0.220
70 250 170 50 0.952 0.214
Effect of 70 150 85 50 0.949 0.222
AlVTirato 70 150 170 50 0.951 0.220
70 150 255 50 0.938 0.222
70 150 340 50 0.937 0.206
Effect of 80 150 170 25 0.948 0.220
Hppressure 80 150 170 50 0.951 0.220
80 150 170 80 0.940 0.229
80 150 170 120 0.938 0.221
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Fig. 5. Calibration of average molecule weight

measured by viscometry with respect to
that measured by GPC.
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Table 2. Comparison of MW measured by viscometry with MW by GPC

Conditions of polymerization viscometry GPC
T(°C) Pc,,(psi) AlUTi Py, (psi) Mn Mn Mw Mw/Mn
70 80 170 50 249 83,000 26,000 173,000 6.59
40 150 170 50 5.08 199,000 70,000 708,000 10.08
70 150 170 31 3.34 119,000 41,000 265,000 6.47
80 150 170 50 2.61 88,000 25,000 156,000 6.16
80 150 170 120 1.44 42,000 14,000 51,000 3.64
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T=70°C, Pg,u, =150 psi, and P"2=50
psi).
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1.2 HDPE morphology ¢t & dFolA &
polymer & morphology 7t A2 ®lxddl °l&
MgCL./TiCl,/AlEt, =li<} Mg (OC,Hs),/TiCl,/
AlEt, Zv7} A2 v]5=g 42 7kx17] dEolth

2Es Zejolgale Extek +£ Y e A7 213

ANAAHA osiA g4= MgCl/TiCl,/AlEt; %
g AHEalel oldadl FUUSE ATE AHE 2
spl cheat e,

1, 3L 482 2% 70CoA o e 2

R

. 42 Al/TiZE 718kl atel Fotsbetzt
200 o|Ato] sjwi ZhAghct,

3, +HF Sk Mno 26l 78 ka/kp, Kerw/
kp 3 Kenwy/kp SOl A7 4,03X107%, 7.7X1074,
4,8x 10502 a7t
4, 2| Hpo] &5 ExleRE isln B
B BI e FolAn], $HXEs} LS5 xR B2
= gojzA} BAleke Fr)gie},

5. 2 Zol+:= polydispersity 7} 3-112 £ 2zl
FEE 7IAA et

6. F8-2%7} 40°Cal 7% pore volumee| #R|z
Agdee] A T2V G TE2E ARG e
A2l gtEe] Arlw F-EEs} 70-80CE Foksid
& (worm-like) =+ globule Fele 7% 7pxlt},
40| Halo] =2 A chain transfer $-57} 2o}
A worm-like FH]e] 2% 71x]A] Hrel,

o
o
EN

e

# A

2 ATE gslel o) A4S AT Aoke AH
GPC #4% 3l & (F)Hh&53Ist ethylened 33}
of & (7)ol ZAE =Y, £ AT 1986
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