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ABSTRAC " Ethylene polymerizations using highly active Ziegler-Natta catalyst were car-
ried out w th various polymerization modes in a batch slurry reactor. The influences of basic
properties( molecular weight, molecular weight distribution, and density) for polymers accord-
ing to pc ymerization parameters(hydrogen/ethylene mole ratio, temperature, pressure,
comonome - content) in a single polymerization were investigated. Molecular weight was gov-
erned by l ydrogen concentration and density was controlled by comonomer content. From
these resul s, correlative equation between the molecular weight and hydrogen concentration
was derive 1, and another correlative equation between density and comonomer content based
on MI=1. was obtained. Parallel and cascade polymerizations with two reactors were car-
ried out t¢ obtain polyethylene having bimodal molecular weight distribution. Polyethylene
with bimoc al molecular weight distribution was obtained by controlling blend ratio and basic
properties >f polymers which are formed in each reactor with using correlative equations for
single poly merization mode. A cascade polymerization mode in obtaining bimodal molecular
weight dis ribution was more effective than a parallel polymerization mode. The reason is
that a cas:ade polymerization mode shows homogeneity of polymers and good productivity
for polyme r with low molecular weight. To evaluate characteristics of processibility for poly-
mers obtai ied in single, parallel and cascade polymerizations, the behaviors of the melts were
investigate 1 by capillary rheometer. Melting properties have been related with molecular
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weight ind molecular weight distribution of polymers.
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(Ernest Haage, 21, 4L.)& 143l Fig. 19 $% 7ol 2 FelE FYstT FERUE Aol
AN2"E TR T 3719 FEE AAS T 4 AdHsle] 2tzt BEEE Y F, 1d ¥vgr|e &
2 gds] &A1 ghg7)el 1L &4 (n-34h) Y g 2o g olFate] 1A Ht awkE 3t
g AH$xm, Tiso) 9 2Z9 (TEAL)E F9i5hod A SHE g $838 B9 T o1 Hdxsho
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F4E 25atmEr FUF F U] HA o oM FEE AT F 2t WETIE SR E olE
Bag A& FUAA 247 28-S AAIEAT g3 2% whgUlolE EME IR FJeA ¥
g7 g Ao Yty Q4" nEAE o, FHz (74, A5, 25, AH)E thAl BAsH
Azdld 24& F Yo g AAEINch HAS T A55IA 19
298w FYHE DA 7179 SE, ants 20 uhe7io] FqlEl GeggS £3sled BRE Al
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A gl=n],? Zweitaring=? 1A YA A A a8X|$ =X. ASTM D1238q] wie} 190 TollA
WEEE 853113, Floyds? ogal, zggad 2.16 kgo| dtF3tollAl LAAZE Well orifice (B
o] £3g F¢A -ruiF 22AY AL nelst 2.09 mm, ¥°] 8mm)E F&] YEF strand9] FA|
Nitrogen—

Ethylene— ——m %

Propylene
Hydrogen
™

2nd Reactor

Fig. 1. The apparat s for polymerization of batch polymerization system.

( TM: Trap of moisti re, TO: Trap of oxygen, PR :Press. regulator, M:Moter, TC: Temp. controller,
PG : Press. gauge, M °C:Mass flow controller, CV:Control valve, NV Needle valve, AT: Agitator,
AD/DA : Analogue-: igital converter, GC:Gas chromatography, PC:Personal computer, H:Heater).
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Table 1. Charact :ristics of Molecular Weight and Molecular Weight Distribution with Various Polymerization Con-

ditions
Div Tem». C Plyarogen Piotal Ti conc. Al/Ti M M MM
‘ atm atm  |mmol/L-hexane| mole ratio " Y "
1 8! 2.5 5 0.075 150 17,460 151,830 8.7
2 8) 2.5 6 0.075 150 21,320 | 184,990 8.6
3 8 2.5 8 0.075 150 26,950 | 211,000 7.8
4 8 2.5 7 0.075 100 25,960 ; 213,170 8.2
5 8 2.5 7 0.075 125 25,950 | 211,520 8.2
6 8 2.5 7 0.075 150 25,880 | 209,620 8.1
7 8!t 2.5 7 0.075 175 25,110 197,460 7.9
8 8n 2.5 7 0.075 200 29,270 | 223,580 7.6
9 8 2.5 7 0.075 150 66,090 | 356,400 5.4
10 7i 2.5 7 0.075 150 42,810 | 260,080 6.1
11 8 2.5 7 0.075 150 23,140 161,450 7.0
12 9i 2.5 7 0.075 150 18,880 | 151,930 8.0
13 12 15 30 0.01 150 8,575 32,383 3.8
14 17 25 30 0.01 150 3,675 18,642 5.1
15 7 0 6 0.01 150 . 378,640 11,223,750 3.3
16 6! 0 6 0.01 150 467,200 1,500,210 3.2
17 61 0 5.5 0.01 150 585,740 | 1,607,470 2.7
18 61 ! 0 6.5 0.01 150 560,940 | 1,651,530 2.9
19 6 ]‘ 0 7 0.01 150 665,590 | 1,660,130 2.5
£ HAE37] $37] MI=0. 015°] oRAE 77 20, FUARE FollA Fart B4l AujEd TS
65, 100, 200 m:sh2 EF3led MIE 3 ZF FeAE ¥ T Utk

0.22, 0.019, 0.0 .6, 00130g UERIT) o) 3 A

-2 Spitz5-2]¥ AFAFHS} o] 1A Yzt 27
7b Sl we kAo STl 7IdstAY ®
£ ARAFA e ngzte] $3 WE

2380,

Fig. 304 % &/clgale) w7}

217} 5AY 3ol FHFA Yol

o]7—]§

27hekol weh
Miz Zeae] o) BAIgle) 71871 e Ao
b AdHos 2748, FReEe Sa/dga ]

27Vl

o} Mle 2ol e A3 Bt 184 85 T,
C, 1wt%o] #+-9} 80C, C, 2wt%2]
Fa/o”He] £ ule] mE M7} A FARE gt
e, ol = A ACA 22, Bl wE

Sz 2ol ol dFA o) H2F

2ol Aoz FHdt

Bfole

=7t A} 27l o

w3t Fig. 3o4 MIZ} 100014 uloll= 2%
PR
o e MIo) Zge A9 shtel dog Fu st

FagAe g Sol Mol
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ol APAI2RE] MIg} 40 ARdAE
ohSt 2ol vebd 4 A

logMI= A : log (H,/C;H)+ B

7|14 A, BE AR 3UEA g8, Suies,
25, 48 9 A W dFold Fujsx
0.02 mmol/L, £¥2% 85 €9 au2Folre A=
2.8614, B=0.3229] A%, 2o%% 0.02 mmol/
L, 282% 85°C, IHFA 1 wt% el 2wt% 2
Tz 2o A= A= 25876, 2.6387, B= 0.6685,
0.7222 AP YL}

Y E. Fig. 4(a)llA 3¢ EAF (MD & Ze=
Aol FUFHAY o] Frtehd S o
L7} wold e & 4= 9, Fig. 4 (b)olA Mz}
1d W& 7|Eog MY F7 ot 9 FHAS
TEEE 25 dE#HApE 9A4% 718718 JER
o, 3 FPANE Ve FEEA = T T
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Fig. 2. Molecul ir weight distribution curves of the
polyethylene ac zording to various polymerization con-
ditions (Polyme rization conditions and results are
shown as Table 1, division no. 1~12).

o] =7\t we} WEHEAS 71 &7t AFE &

9\)\

P o

(v

Zz| #2049 A23 19963 3¢

webd e F2 FOFA FFH EXFA o
& ARE L, EAFe FEFA T AR 9
& Aojgoz Wreh Mo ZABANL g3} 2
%t

Density = Dvi=1+ C+ D - logMI

371N Du-ie MI=19 we) d=e¥ C, De
5, fEela A &3l Tl os A==
A2 Fig. 4 (b)o)A] 85 C, 6atm2] 3258 3
So= Dwy-,=0.9659, C=1.3799x10"7 D=
0.00359931, C, 2wt% ] 5] Ftole Du-
=0.9495, C=0.6978x 1078, D=0.00582] AYPXE
Bt

ZAlol w2 SXIZREE. dutgo g Fjdgd
o) RAFRIE 3<M,/M,<200%, 8<M,/M,<
108] ¥H9le F2 oA 544 BASEL, MJ/M,>
10 o] by, BAE= ol o3 Ao @t

T3 nRAE 5y, dxoeg st RAFE
¥E2 zAsl= yl = CR (controlled rheology)
o] A&t

Table 13} Fig. 29 1, 2, 3, 694 ©&kd] 5%
7} gobdel met ExEE I FoRle RS vE
g 4 9ot B dFdMe #4a4E 18ty 9%
A FEE WA Yoz A 9FA/Fa
27} Hglste] B oz 283 Aer & F 3l
oh. o7)A Far Gl Bldld gzt Yot
Berger 53 o] FAFEE EAFEEC 9¥
& mAA e Ao AZAEUG. 2 vhE G9FA
Fr} ol AAoR Fulsks WolHoR
Meyer 591 BuAY Zvlesrl Z4add =it
AR T} Fole Ao sAst AT

Table 13} Fig. 29 9, 10, 11, 12014 FHLE
7} dolgell wet BAFRIE Folle BEFS Y
ehf =t Chiene® H8A FofA| ((CeHs),TiCl, -
(CH3),AICH 9] el oA 257} Woldd] o
2} A&l Hlsle] FANEEEY #A7 H A2
7] wj ol EXNFETIL FolAle A2 B
U MgCl, 2218 184 ErjAll & dralAe it
e AES Byt Table 13} Fig. 29 4, 5, 6,
7, 8ollA Al/Tie] 2u)7} gopdd wet EAFEE
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Fig. 3. Relationshi ) between melt index and mole ratio of H, /C;H, in the vapor phase at slurry polymerizations;

Polymerization cor ditions : Ti=0.02 mmol/L-hexane, Al/Ti= 200 mole ratio, time=2hr.
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Fig. 4. Density cor: ection for melt index.

= Fole A%<-
23 AYTie] 80 7}

266
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Table 29} Fig. 5, 60 UeRICE.

Table 204 H= vle} o] G2l single
1, 2= B2 M./M,<10 ©]3}9 31}7}» A A 5]
1, HEIEQ) parallel 12 1, 2t ¥kg7]2] BR
< 2Eletd 19 vEE719) A aEAH(MI=32.1)
o} 2t ¥Hg]9] A nEA (MI=0.07) = 4ol
3 g EXFEXE e HF At 44
He o 4 god. a8)3 parallel 185 Ml (19
He719] A4g M3 ML, (29 ¥Hg719) 44 MDD
Q] 27} aA] ¥ parallel 2 (M]; =12, MI,=0.03,
BR=5/5)c du¥ oz g3l HHsHE L&
2] BxlgREyEel Ao e G (MWD=877)&
UebRR oMIgh AMIZE HA8| 82 = Fo]
o] e MI9| @5§ ugebe 734y, 71AA
Ao Aol Roz Adso] HYPFFS EHJEY
e Y ez Hzdch

Fig. 5ollA] ¥ v}9} o] parallel 19] BRo] &
2}A e uw}e} high polymer tail =&

ks

low polymer
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Table 2. Effects of 2olymerization Mode on the Molecular Weight and Molecular Weight Distribution

. . Ii
Div Single | Sing 2 Bgara eBlRl BR T BR Parallel Casoade 1 Cascade 2 Cascade
1 2 1st | 2nd =2/8| =3/7| =4/6 | =5/5 2 1st | 2nd |Product| 1st | 2nd |Product| 3
Density 109535 [0.968 10.9696/0.9588[0.9612 10.9620 [0.9630 [0.9641 [0.9635 |0.9580 09512 |0.9556 0.9480 | 0.9585
M 081 (52 (321 [007 016 (035 j0o41 (095 (032 (780 0004 004 (35 |004 | 047 | 036
7 222 {161 [105 [361 (299 (276 [251 |224 [274  [060 303 [1.023 2400 | 275
7 162 (1010 ‘727|661 [791 [174 |47 |65 |156 130 420 | 345
NNl 263 (274 229 [141 363 [354 512|703 427 200 82 724
Mn 38082 |2206¢ (6200 94070 (16700 12260 (8810 |7530 28670 |2650 10501  [6100 24830 | 16740
Mw  |14139391628¢ 3 83170 (385590302560 [226260 240450 |218110 [251400 {10000 424368 [51580 295640 | 307341
Mo/Mn 620 738 134 41 |181 [184 273 [289 B77 |35 4041 |85 119 | 1834
100 t}.
w Fig. 6 (b) 43R o2 19 wg7]olA M, =
i\ 359 LEAE FHY & 2t ¥HE7IAN FEIHA
60 ; MI,=0.479] cascade 2& MI 7} A}t parallel 1
A\ (MI,=32, ML,=0.07, MI,=0.41, BR=4/6)3} %)
40 @ Aot}
07|14 Mle HA@L8 (r=197,600 dynes/cm?)
20 sto] @ Mo HEwe wulmsn AL, chain
. | r«—\\ branchingdl] &)5le] 7} So] Loy ¢ Qlo], ¥4Y
102 108 10*  10° 10* 10" 10 3k vlae 2287t Adovt §AF ML, E Zt= cascade

Fig. 5. Molecular

~veight distribution curves of poly-

ethylene according to blend ratio of Ist and 2nd reac-

tor in parallel
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