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Table 2,1 Comparison of LLDPE with LDPE and HDPE?»

Comparison Comparison
Property with LDPE  with HDPE
Tensile Strength Higher Lower
Elongation Higher Higher
Impact Resistance Better Similar
ESCR Better Same
Heat Resistance 15°C Higher Lower
Processability More Difficult Easier
Haze Worse Better
Gloss Worse Better
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T B2 L (Table 2., 58BR) Bamobh T3 MN,. Hite 2oy AERF
My rvmErAvhikzsFry—a—F Vv 24 Vv HEBEGTHa-F VLT 4V
OBBIZIIVERB _EHKEABELLE, oLy, 7Fr—-—12aR) <—,
BIZ7oelryraRfR)<—ZBWTR, t=2VBBIVEr=)F UM -H#H
FEOWTROBHEELE, LELEBDL, 4-R2AFARVFr-1aRY <
—RBWTRRELALEY=YVFUVR_ZEFEFRIRBE S ok, ThbHD
BEEF. XN (4)., (5) RE3HEHEB A v L ra=y PBERRY
T—HEBIEDIBBEBIVFVWSE, 4 -2 FARVFr-—1az=vy bOBE
CRIBEAEEIORNI L ETT,

Figure 2, 1 0Kk, EEBFPOaE / ~—GRLATESHLOEE2
Y. HTERSPHGFORELLTOGPCRESAMwW  Mnfiid=a €/ <v—4
BEomE LbizRLE, F—/ 7 —MBILIIEGZIWWTIR, £ R H#
Ve —DHFRDHACEEEL25Z2ATFLELTREGERNDOE/ v — D HLH
HEXCHMBEEAMEIORY K (AEEEBFERCEHBDELK SO Y —
) REZHLHAT W3, Table2, 3WERLELISISECHFEAFTRLBTIAEAREY
< — O FTEEF. BER-THY, bLE/ ~—OBEEIDIFREHSAI
%@%%ifw%&%d\§%%Kﬁﬁéﬁ97—ﬂ§@%m&8%&ﬁ%

FhEHDIEMw, / MnERd&E<R3LEZOLND, LLARMBL, Table 2,
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Table 2.4 The Average Number of Terminal Double
Bond Per Unit Polymer Chain*

* (Calculated from the number of the terminal double

bond by IR and M» by GPC, nd ; negligibly detected

Total of
Comonomer o R. T:r?rlir?él ,
Na Contents ~ R-CH=CH, [>C=CH, oot
> (mol95) Bond
l — 0.64 nd 0.2‘5
2 Propylene 2.3 0.42 0.18 0.
3 Propzlene 4.3 0.40 0.27 0.67
4 Propylene 6.8 0.31 0.36 0.67
5 Butene-1 2.4 0.51 0.05 0.56
6 Butene-1 3.5 0.54 0.08 0.62
7 Butene-1 5.6 0.49 0.09 0.58
8 4-MP-1 2.5 0.55 nd 0.55
9 4-MP-1 3.9 0.52 nd 0.52
10 4-MP-1 4.8 0.50 nd 0.50
Table 2.5
By deactivation
Cat*-CH, -CH~P -—3» Cat~CH_-CH~p . see (L)
2 é 2 é

By transfer with aluminum alkyl

Cat*-CH,-CH~P + AlR! -—» Cat*-R' + R!-Al-CH_-CH-P caw (2)
2 7 3 2 2 1
R R
By transfer with hydrogen

Cat*—CHZ-gH-p + H, —>» Cat*-H + CH ~CH-p ees  (3)
R

2 3 IS

By transfer with hydride B-~elimination

=('I—P e (4)

Cat*-CH —(FH-—P —> Cat*-H + CH
2 R 2 R

By transfer with monomer

Cat*-CH_ ~CH-P + CH,=CH —% Cat*~CH_-CH. + CH_=C-P - (5)
2 1 2 9 2 12 2 7
R R R R
Cat* : active center, Cat : deactivated center, P : polymer chain

R, R' : alkyl groups or hydrogen
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Table 3.1 Activity of vanadium catalyst in ethylene homopolymerizatipn

Catalyst systems Activities (g-polymer/mmol-V)
VOCL3-Et3Al/CHCly 2100
VOCl3/ (n-CgHl17) jAl-Et3A1/CHC13 11100

. Polymerization conditions ; 170 °C for 40 min under 25 kg/cm2G of total
pressure, 2.1 mmol of hydrogen, 0.0l mmol of v, 0.4 mmol EtjAl and 0.2
mmol of CHCl3 in 1 I of cyclohexane

yle 3.2 Copolymerization of ethylene with a-olefin

wn No. Supplied comonomers Hy Polymer Activities (nl] Comonomer Mw/Mn  Mn Note
yields contents
(mol) (mmol)  (g) (g-polymer/mmol-V or Ti)(dl/g) (mol%) (1073)
1 - 2.1 110.5 11100 1,64 - 2.25 33.0  V-CAT.
2 Propylene 0.38 2.1 139.5 1400 1.30 3.1 2.27  24.0 V-CAT.
3 Propylene 0.63 2.1 146.2 1500 1.16 4.2 2.29  19.9  V-CAT.
4 Butene-1 0.32 2.1 174.2 1700 1.37 2.1 2.33  25.7  V-CAT.
5 Butene-1 0.53 2.1  108.0 1100 1.23 3.1 2.52 18.5  V-CAT.
6 Butene-1 1.05 2.1 33.8 340 0.81 7.4 3.00 9.8  V-CAT.
7 4-MP-1  0.79 2.1 57.5 580 1.21 2.1 3.00  15.8  V-CAT.
8 4-Mp-1  1.57 2.1 28.3 280 0.92 4.3 3.25  10.9  V-CAT.
9 4-MP-1  2.36 2.1 21.0 210 0.86 5.3 5.83 5.3  V-CAT.
10 4-MP-1  0.79 0 38.7 390 3.75 1.5 4.81  51.3 V-CAT.
11 4-MP-1  1.57 0 21.1 210 3.87 3.1 7.36  37.0 V-CAT.
12 4-MP-1  2.36 0 16.4 160 3.88 4.8 8.87  35.2 V-CAT.
13 - 14 84.4 16900 1.97 - 4.30  22.8 Ti-CAT.
14 Propylene 0.50 0 74.0 14800 2.33 2.5 6.61  18.8  Ti-CTAT.
15 Propylene 0.50 5 75.7 15100 2.14 2.2 6.23  17.7 Ti-CAT.
16 propylene 0.50, 11 77.0 15400 i 2.3 's;34 15.1 Ti-CAT.
17 Propylene 0.88 0 72.6 14500 1.93 4.6 6.73  14.2  Ti-CAT.
18 Propylene 0.88 5 74.8 15000 1.70 4.3 5.81  13.8 Ti-CAT.
19 4-Mp-1  1.57 14 78.0 15600 1.79 2.5 4.35  19.7 Ti-CAT.

Polymerization conditions ; 170 °C for 40 min under 25 kg/cﬁEG of total pressure, (Run 1) 0.01 mmol of V,
0.4 mnol of Et;2l and 0.2 mmol of CHClj, (Run 2 to 12) 0.1 mmol of V, 2.0 mmol of Et3Al and 1.0 mmol of
CACl3, (Run 13 to 19) 0.005 mmol of Ti and 0.4 mmol of Et3Al in 1 I of a mixture of cyclohexane and comon
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Toble 3.4

The termination and chain transfer reactions

By deactivation

Cat*-CHy-CH-P —> Cat~CHp-CH-P cee (D)
R R
By transfer with alkyl aluminum
Cat*—CHz-EH—P + R3JAL —> Cat*-R’ .+ R)-Al-CH,-CH-P e (2)
By transfer with hydrogen
Cat*-CHpy-CH-P + Hy —> Cat*-H + CH3-CH-P N )
R R ,
By transfer with hydride f~elimination
Cat*-CHp-CH-P —2 Cat*-H + CH,=C-P e (4
R R H
Cat*-CH-CHy-P —> Cat*-H + _-C=C e (40
5 H- p
By transfer with monomer
Cat*-CHy~CH-P + CHp=CH —» Cat*-CHp-CHp + CHp=C-P ... (5)
R R R R
Cat*-CH-CH,-P + CHy=CH —3> Cat*-CH-CHj or Cat*-CHy-CH,
R R R H R
= = - . s '
+ C=C (5")

Cat* : active center, Cat : deactivated center, P : polymer chain
R, R’ : alkyl groups or hydrogen
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and trans-vinylene per unit

Total number of vinylidene
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Number of vinylidene per

unit polymer chain

Number of trans-vinylene per

unit polymer chain

Fig. 3.1 Relation between the total
number of vinylidené and trans-
vinylene bond and the number of

0.2} comonomer per unit chain of the

polymer by Vc catalyst.
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L 1 1
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Number of comonomer per
unit polymer chain
0.3 .
Fig, 3.2 Relation between the number
///,/15 of vinylidene bond and 4-MP-1 per
0.2k unit chain of the polymer by Vc
- O a catalyst.
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"Fig. 3.3 Relation between the numbex
of trans-vinylene bond and 4-MP-1l
per unit chain of the polymer by
vc catalyst.
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3.3. 453 #7
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ABZ LIV EDOERIRSH T IHMAZH LS &L K,

® Al1Etzg: TMPLoORRE

AlEtg L TMPE @ RS % CeDe-AFnyyu~’vaviEEd (-50C~50°C) B 2\,
500 MHz ' H-NMRTHRE&MFLE, R(DTFHENEZI > OR
AREFHETTRBRAINKZL 5T,

TMP + AlEty —- EtH +E tzA1-N (1)

F5, AWFT EISZAIEtzOXAFLUEDOLF I AN Y 7 FIZTMP/ALE A O »
51, 0R3l2h, 0. 46ppa o0, llppmic EREB MBI 7 3T 3L L BT,

TMP/AI=0CTNMRBEREL2 -50CTHH50CEFTEREIETHS

Y2z

%
Y FPBRERLEE s TeEHERF, AEtz3 i TMPE D2 7L vy 7 20 (R (

2) ) THEELTWBZ L%®275RT,

TMP + Al Ety — TMP - A1 Eta (2)

—J. EBROBHFIAEERB)DEISEREFTH I LBmohTWD,

CeHsCOOE t + A1Ets — CgHsCOCa2Hs

— CesHs (C2Hs) 20H (3)

EBRTWHEBRAIEt2 L ORBOEITICEIYV EBREOEDBELEZ B M, K
%#TTHTMPﬁMh4&®3V7Vy?R@%ffﬁﬂﬁﬁbfw%k%
x2bh 3B,

@ MgClo/TiClgy, TMPRBIUVAIETLtz;DRE

MgClz/TiCls, TMP B L OAEtzdD RIEZTMP/Ti=2.50> 525 IV/INE TD
. 50C., 30ninOEHFTFITofze TMPIREWTFHDOEHETFTTH 1wtk
LDFTULrEENAY. - I RTHEERMEBEPIZRIBRBER LT, E

BRECRABERER:2T--HBERIF., EB/ Ti=100F%#TiZBW T2,
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Table 5.4 Chemical shift of methylene of triethylaluminunm

Run No  THP/Al Heasurement Chemical Sift of Cll2

M/H Temperature(°C) ppm
1 0 50 0.46
2 0.2 50 0.26
3 0.4 50 0.21
4 1.0 50 0.11
5 " 10 0.11
6 " -30 0.10
7 " -50 0.11

3
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BIabnlBBRD,

5.3 = BR
5.3.1 MgCla/TiClaphit o 58
AFULAMAEY FiT, WM (RF2 L AR, 15.8mme. 2.8kg) BLOMHE

b7 %0 h20g20vh. EH

1

NEHWTEREMBELEL. BEY2
Og® 200mlomBFhFFoFIEBEEBEL, 2HMEBLE EBhBL R
BlzXyovsyBL, FTHYIREIVEFLE, BEBIRFFBRE T Ong/g-cat
OT i 230,
5.3.2 HEE&
500mloF3AMIZIAR250mlIoFrre2gvnh, Yoy
THRWNEBE®RT S, 50°CT, AlEty 0.625mmol, FFIEERDEDB LU T i K
FHE TO,025mmol OEGHBERYZRANCEML, HET 3 0nin, Yot
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kL, BEKRAT ) —2KEOXY /- AP izHEAL, KXY = —2HEW
L7z,
5.3.3 RV <= — DRI
Yy 2 AV —tHEBELEAY, - IV - AT EFUEERELTERT
6 M HhitE 24TV, Cssol, CrsolB XY Crinsiz Al 7.
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gel column, o -¥ Jup~"vt 'y, 1 4 O CHE
Tm ; Perkin Elmer DSC 7, scanning speed -10°C/min . +10°C/min
m m {# ; HAEFHMFX—-100. pulse angle 45°,pulse repiti

tion 4 s,spectra width 1500Hz, the number of pulse 15000,
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data point 8 k, temperature 120°C .
solvent hexachlorobutadiene
5.3.4 & AR AR AR RO Kb
® AlEtz & TMPE @ RIS
AlEta 5 Ommol/l. TMP/AIEN O ~1, XA F N7 ¥ EHK.
RIGRES 0°C, REEEMH 3030&KM4TF. AMEtzg ETMPE ORE £ 1T » 12,
REBEEWE'H-NMRZAWTHKFLE, (MEXH4+ HABETFRGX -
50 0 (500Hz). pulse angle 45°, pulse repitition 5 s, spectra width
{0000Hz, the number of pulse 10~100.vdata point 64 k, internal refer
nce benzene, temperature 50°C)
@ MgClo/TiClg TMPE X UFAIEts D RIS
LYy )-OH S AWM FRAaPIRFHLT700m] 2EEAT S, ANEFE
LD bL, AlEt; é.35mmol‘ FREBEDO TMP E L UOMgCla/TiClaphig (K
FHRBETO, 33mg-FHF) £250CTHRACHEML, 30LHHBLE, 30
SH. BRI VEEREEIIR, ~¥ ¥ THFHARETEBLE, TMP
Bl FEINMBERIIZERELYRDE
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OMEIZ 72 > T2, MgClo/TiClaf i Rz W FH bTiClapi R ~1 0~
10O 0OfFmWERERE L,

I ROV EBEHAMERIRY RAFLLODT AV EZIF IV T v 2 AFME
LLTEI<HOLATWEIRMAFLF AL P U E D LIZL T,
Fig. 6. licmEoaMNLERY < —DI3C-NMRFx—rERLTL,
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BEAFALFAL D CHERERY v — HMEBR)—03 @B LUt

MLLLITCRUMBEZETEOALTLERY 7o Ly @whole polymer, #Hin-~7

%



Table 6,1 Styrene Polymerization Performance
with Various Catalyst Systems

Polyme:ization’conditionsa) Results
Catélyst system . Al/Ti Time p9lymer Activity I.I.b)
: vield.
(mol/mol) (min) () (a/mmolTi) (wt.\)
TiC-l3/l/3AlCl3 - AlEtZCl 2 30 3.7 0.37 51.9
TiCl3/1/3AlCl3 - AlEF3 2 30 7.0 1.5 85.6
TiC13/1/3AlC13_— AliBu3 8 120 1.1 0.48 83.6
TiCl3/l/3AlCl3 - 30 29.7 2.98 0
MgClz/'l‘iCl; - AlEtZCl 10 30 8.1 23.8 52.9
MgClz/TiCl4 - AlEt3 10 30 6.9 20.2 . 84.2
chlz/TiCl4 - AliBu3 20 30 11.6 68.2 92.9
MgClz/TiCl4 - 30 3.9 29.3 0

a) The other polymerization conditions; solvent : n-decane 200ml, styrene 50ml,
temp.:50°C.
b) Weight fractions insoluble in boiling methyl ethyl ketone
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Fig. 6.1 13¢c NMR Spectra of Polystyrene Produced With
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Table 6,2 Styrene and Propylene Homo-Polymerizations With
MgCly/TiCly~AlELy

Polymerization polymerization results
conditions?)
Monomer Temp. Time Activity I.1.

(°C) ' (min) (g/mmolTi) (wt.%)
Styrene 50 30 20.2 ‘ 84.2b)
Propylene 50 30 360 " 39.5¢)

a) The other polymerization conditions; Styrene polymeriza-

" tion was carried out in 200ml of n-decane and S50ml of sty-
rene. AlEt3( 1.0mmol) and MgCl /TiCl4(O.lmmol of Ti) were
added in the said order, and then the polymerization was
performed. Propylene polymerization was carried out under
ambient pressure in n-decane (500ml).

b) boiling methyl ethyl ketone insoluble part

c) boiling heptane insoluble part
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Table 6, 3 Results of the Styrene Polymerization With
MgCly/TiCl,~AlEt 33)

. : e tigs b) = —z¢) = . = c) an2 C)
Polvmerization Activity I.1. MnX10 Mw/Mn [W]1*10<
time
(sec.) (c/mmolTi) (wt.%) (g/mol) (mol/molTi)

5 2.9 3¢.¢8 6.26 7.30 1.84
10 3.2 55.9 5.95 11.5 3.01
15 5.6 46.4 7.66 §8.18 3.3¢@
20 6.5 50.7 5.95 .03 5.53
25 6.5 60.1 6.05 14.4 €.46
40 7.9 64.8 6.80 14.2 7.53
60 11.8 68.5 8.47 9.73 $.54

a) pPolymerization conditions; Temp.50°C, [Ti)=3.4mmol/£—styrene,‘solvent:
styrene 100ml, Al/Ti=25(mol/mol) ‘
b) Weight fractions insoluble in boiling methyl ethyl ketone
¢) Boiling methyl ethyl ketone insoluble part
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Table]8 Chemical shift of irregular peasks

Peak No. Chemical shift(ppm) Carbon species
obs. calcd.
1m 31.20 31.36 CH
2u 35.66 35,55 Ch2(a B)
3m 30.24 30.25 Cilz(a B)
4u 36,18 38.38 cH
5m 35.53 35.89 CH
6m 41.94 41.87 CHz
Tn 17.00 17.14 Chs
8 17.29 : 17. 83 CHs
Ir 31.00 31.32 CH
or 35,22 35. 09 CH2(a B)
3r - 32,18 32.12 Chz(ea B)
dr 38. 60 38.08 cH
5r 34.35 34.92 cH
6r 43.00 43.02 Cifz
Tr or 8r 14.66 15.34 CHs
8r or Tr  15.16 15. 12 CHs
8 30. 58 30. 96 CH
b 37.16 37.31 CHo(ax &)
c 27.39 27.61 CHe
¢ c¢” c C c ¢ c
| enlénlan 3n 2alin | I 6c 6rlar ar 2rdyr |
—¢—=C~C—C—C—C—C—C—=C—C— ~C—-C—C—C—C—C—C—C—C—C—
éer
C C C C

l | o bla I
—¢—C-C—C—C—-C—C~C—C—C-C—
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