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Distinctive Viscoelastic Behavior of Branched Polyethylene Melts

Tokio Fujiki
Noriaki Emura

Masaru Uemura

Distinctive viscoelatic behavior of branched polyethylene melts were investigated by using two low-density

polyethylenes and their sheared samples.

These two polyethylenes were different from each other in the

degree of branching, the moleculer weight and the molecular weight distribution.

However, they showed similarities in their melt flow index. The effect of molecular parametrers, especially

long-chain branching, on viscoelastic properties in the molten state was also considered.
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TABLE 1 Processing Conditions of the Extrusion Shearing and Change of the Extrusion Speed

and Melt Flow Index

Pass fre-

Temp., °C
Sample

quency I Cy® Cyb
0 _ .
1 121 | 165
2 | 123 | 165

|

I 3 1 165
4 |24 | 165
5 ‘ 125 [ 165

0 } — "
1 E 125 175
, ! 2 . 125 174
| H ; 3 125 | 174
! 4 125 173
! | 5 125 173

S ML i 3
a Cylinder No. 1.
b Cylinder No. 2.
¢ Screen pack, 80/100/80 mesh.

Thrh 1.1g/10 min, 0.917 g/mf, 3L DF 341
1.3g/10min, 0.924 g/mf TH 5,
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G VS IR LOZ R L D S 2 E AR LT,
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Db &Tfripbhic, BRI, MPHGEE,
Himo ML %R 11,
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CCT WIORPOREHSERE, An, kS IOEET
BESE, Aw, (IR Y 25 L VoIS & elution
volume &@@Eﬁ?ﬁﬁh ’C?k?ﬂ?brohto ¢7L~., ﬁﬂ%

| H-5 | 2200 | 19000

Resin i Screw

Extrusmn Melt |

- press.° ! speed, | speed, ' |

Die kg/cm2 ‘ rpm g/mm | index |

— - b 1.35 |

160 | 100 49 159 | 137 |
160 100 54 ' 176 1.38

160 | 100 | 55 ' 187 ' 1.41 |
60 | 100 | s 0 187 |
160 ; 100 i 55 | 185 | 1.43

— = t — | 1.05 |

160 | 104 % 3 0 122 | 1.14 |
160 | 104 | 44 | 163 | 1.4
160 J | s |10 | 1w
160 104 (60 | o217 |

160 J 104 | '

60 | 221 1.32

TABLE 2 Extended Chain Length and Methyl
Group Content of Original and Sheared

Samples
: i |
! Sample \ A,2A ! AurA Au/A, Cl_ll(%oc !
Lo | 1 | st a1 |
L-1 | 1270 © 3870 | 3.1 | 23
L2 | 170 | 380 | 3.3 |
. L-3 . 1290 | 3780 @ 2.9 24
| L-5 | 1240 | 4070 | 3.3 25
| H-0 | 1920 | 18400 | 9.6 ’ 34
H-1 2060 [ 18400 ’ 8.9 35
| H-2 2030 | 17600 | 8.7 [ 34
| H-3 | 1960 | 18800 ‘ 9.5 34|
8.5

35 |

|

a Number-average extended chain length obtained
from GPC data.

b Weight-average extended chain length obtained
from GPC data.
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Fig. 1 Nommnalized GPC elution curves for H-0
(—0O—) and H-5 (—-—x— —).
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Fig. 2 Normalized GPC elution curves for L-0

(—=O—) and L-5 (— —x— —).
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Fig. 3 2,,/C ratios vs. concentration plots for
H-0 (A), H-5, (A) L-0 () and L-5
(@) in Tetralin at 135°C,
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Fig. 4 Effect of extrusion shearing on melt flow
index.
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Fig. 5 Shear stress dependencies of melt vis-
cosity at 190°C for H-0 (@ before; O
after) and H-5, before and after capillary
end corrections, (A before, A after) and
for L-0, (&) and L-5 (D)) before cor-
rections. Curves before corrections were
obtained using flat die of L/R ratio of20.
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Fig. 6 Shear rate vs. applied pressure plots for
H-0 (solid lines) and H-5 (dashed lines)

at 190°C.
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Fig. 7 Capillary and correction vs. shear rate for
H-0 and H-5 at 190°C.
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TABLE 3 Effect of Extrusion Shearing on Optical Properties of Blown Film

| Total haze, %

Internal haze, %

External haze, % Gloss, %

Sample T - ey —————— —— =
| Measured | Ratio  Measured | Ratio ' Measured | Ratio Measured Ratio |
= . = LN _ J - 5 & - = e I
L -0 5 3.4 | 1.00 . 080 | 1.00 | 2.60 1.00 ¢+ 12.3 ' 1.00 |

L -1 f 3.3 0.97 ' 0.71 0.89 2.69 1.00 13.3 1.00

L -2 3.2 0.94 ©  0.67 0.84 2.53 0.97 12.7 1.03
L -3 ; 2.7 0.79 +  0.63 0.79 2.07 | 0.80 12.6 1.02 I

L-5 2.5 0.74 |  0.63 0.79 187 | 072 | 128 | 1.04

H-0 | 16.0 | 1.00 ;074 | 1.00 | 15.3 i 1.00 6.5 | 1.00
H-1 129 081 . 0.5 | 0.8 123 | 081 | 7.6 1.17 |

; H -2 . 70 061 0 050 | 0.68 | 920 | 0.60 ; 8.5 f 1.31

H -3 . 6 | 048 | 048 | 0.65 | 7.12 0.47 ( 9.4 | 1.45

H-5 | 2 0.33 g 0.45 | 0.61 j 4.75 0.31 | 10.6 | 1.63
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Fig. 9 Variation in transparency of blown film of Samples H and L by extrusion shearing.
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Variation in extrusion swelling and
surface roughness of extruded rods
by extrusion shearing.
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Fig. 11 Effect of extrusion shearing on extrusion

swelling of extrudates.
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