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Abstract—The spinning instabilities of polypropylene (PP) and polyethylene (PE) blends were studied. The
relations between the draw resonance and the rheological properties and the morphologies of the blends were
investigated. The elongational viscosities were measured with a spinline rheometer and a photo sensor was
used for on-line measurements of the diameter variations in the melt spinning process. The period of draw
resonance were analyzed by Fourier transform. The experimental results showed that critical draw ratio was
lowered and the period of draw resonance increased as the PP content increased. The experimental and the
theoretical critical draw ratios, which were calculated from the formula of Shah and Pearson and/or the formula
of Fisher and Denn using the rheological properties at steady state, showed a great difference. The molecular
orientation of the thinner part of the fiber was greater than that of the thicker part. And the molecular orienta-
tion increased as the PP content increased.
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Table 1. Grade and properties of PP and LDPE used for this experiment

Grade MI (g/min) Density (g/cc) MP (T) Mn Mw
PP 5016H 15.0 0.90 164 37,000 225,000
LDPE 5321 3.0 0.92 104 21,000 151,000
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Table 2. Experimental conditions of the elongational

flow

Specification Operating conditions
Piston speed (mm/min) 5, 10, 20
Take-off speed (m/min) 5, 75, 10, 125
Temperature (C) 180, 190, 200
Die diameter (mm) 1 (L/D=10)

Reservoir diameter (mm) 9.55
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Fig. 1. Schematic diagram for experimental spinning
apparatus.
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(a) front view, (b) side view.
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Fig. 3. Flow chart of data processing for the draw
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Table 3. Consistency and power-law index of shear viscosity

PP% 100 90 70 50 30 10 0
n 0.422 0.406 0.401 0.417 0424 0.417 0415
Ks 6111 6468 6751 6768 6981 7845 8329
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Fig. 4. Shear viscosity and shear rate relation of
the PP/PE blends at 200TC.
O PP/PE 0/100, o PP/PE 10/90, O PP/PE
30/70, @ PP/PE 50/50, a PP/PE 70/30, ®
PP/PE 90/10, <& PP/PE 100/0.
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Fig. 5. G’ and n* vs. © for various blends at 180C.
O PP/PE 100/0, ~ PP/PE 70/30, O PP/PE
50/50, @ PP/PE 30/70, a PP/PE 0/100.
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Fig. 6. G’ and n* vs. o for various blends at 200C .
O PP/PE 100/0, ~ PP/PE 70/30, O PP/PE
50/50, @ PP/PE 30/70, a PP/PE 0/100.
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nds at 200C.
O PP/PE 100/0, ~ PP/PE 70/30, O PP/PE
50/50, @ PP/PE 30/70, a PP/PE 0/100.

A}

3.1.2. HME28{z} Die Swell

Fig. 7 200C o 4] A|8¥ & Fig 82 PPs} PE&
2R YASHE AT Aok HAsHL
A7t S5k e} AR 9lew, PP &
o] WEHF LE7F £L5F YAlgH o] Hopa)
=8

Fig. 9= dH4X 10m/minell4] PP &kl



Zelzzgd/Eeegd ERES S5t oA A @

10
4
° 4
. :
. : H H "
. : .
. . .
L]
® 4 . . e . ° ° o g
[ N " s A o3
o * o s 4 o o
§ - ] A
4 o a
& o a B °
@ L a o
© P a
E b
S |°3-.
=z
2
10 L
w0 10° 1w’
Shear rate (1/s)

Fig. 8. Normal stress vs. shear rate for PP and PE
at various temperatures.
O PP 180T, o PP 190T, O PP 200T, @
PE 180C, a PE 190T, m PE 200C.

Tension (gf)

3 15
-
. ° o ] - o a
2 - . = 130 a L
2¢ . H - s L]
a = 4
o H L A
8 A - % i Iy . a
1F . - ¢ 3
2 °
] & osl .
. °
. L]
5 s ) s " 07 " L s s
0 20 40 60 80 100 o 20 40 60 80 100

PP content (%) PP content (%)

Fig. 9. Take-up tension and die swell ratio vs. PP
content at various flow rates (Take-up speed:
10 m/min).
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Fig. 10. Elongational viscosity vs. elongation rate at
various blend ratios at 200C (Flow rate 0.
716 cc/min; V; 10 m/min).
O PP/PE 100/0, ~ PP/PE 90/10, O PP/PE
70/30, a PP/PE 30/70, m PP/PE 10/90, <&
PP/PE 0/100.

H& ol PP &HFe] WoldsE AR5l
23k o] ztolA A die swelle] # x| 7] wFe]r}.
AR L BEEag wpet & Wiy} lov, AdR-E3%
#HH = die swell> EEg]] ola} @2 zlo]E B
&t &, EEgo] F7slw Fig 73 8ol 4} 2
o] y§xl-&3He) Zr}sl=dl vlsh Fig. 94 B u}
o} el FYe 2 FrHEA 4] Wil die

swellE F2 EZT o5 A=t} ybdei| PP
dfeFe]l Sk WAgHe] Zolx|Agt AHE
zraastz] wgel die swelle] £E £ v|&
o= dgE HA ek

3.1.3. MEEE

Fig. 108 200C o4 7+ |24 =, Fig 113} 12
77} 180T 9} 200T o4 AlgH=E AFFH o}
A&z el AR ARA=e FAE 1 17
olt}, HR7] AAAEE PP Ffeo] BLFE,
T2t VeSS Fopxldh Xy AAAHEs}
A Ag qEve MRS T3 AR X
@9t AATK)E Table 4o elhliglch

LDPE7} A1A&% 0104 1 1/s2] #HjellA Al
A% 3Htension thickening) AL Hols 7L o
o AgAdel & dA)ska olcH14-16]. e ®
=i AFHAE vlod AAEE WHejeMe Al
Aetsl AFS BHoFe AdEAxEX gk Sh-

f

X

The Korean J. of Rheology, Vol. 4, No. 2, 1992



154 7194
106 108
0 v
g g
TSt 105k
] w W
= P =
4 . 104 s
e 100 10! 107! 100 10

Elongation rate (1/s)
{c) PP/PE 70/30

Elongation rate (1/s)
(a) PP/PE 100/0

108
w
L
e
w05}
w
“ M
4 .
10
107! 100 10!

Elongation rate (1/s)
(b) PP/PE 90/10

Fig. 11. Elongational viscosity vs. elongation rate at
various take-up speeds and flow rates for
the blends at 180T.

O 5 m/min-0.716 cc/min, o 10 m/min-0.716
cc/min, @ 5m/min-1.433 cc/min, & 10 m/
min-1.433 cc/min.

I/s9] W9l s
Laun 515, 16]% AlASE 104 10 1/s2] W
e 47t LTS BoAFh
a2, PPY AlRAATH gleixE= Ag
ARET Hel sloldm 7+ AP Aot
dko] eyttt Shroffe} Cancio[19]:
%%, Han®} Kim[20]< spinline rheometer&
ato] PP7} AlAutst AFg gohs 7S Ko
F<ic}. whd ol Patels} Bogue[ 211+ spinline rheo-
meterd A&t S ), o] AAESE W
Well4l PPe] AAAE7} AAEEo] e Z7)3h
tbx skt [dee} White[ 22]+ PP9] £5Fo) we}
AAE7E AAET s 47k FohslA ), oFk
Fe Ads Blvs AIAAE A A)skqdc
AH-El= PPe o7t Folshs Ad
®olck Chen 5[23]3% Han3} Kim[20]-& 1%
b2 ol el et o2 thel e

H

L

Hie Lo
op Jo rju o

[o4

Al
=
)

5ol

2

2
U o o -

ek A4 A 2%, 1992

1

1

10° 108
W w
e -
LY <
105 E 05}
w w W
° i fE i
4 ) 104 L
e 100 10! 107! 100 10!
Elongation rate (1/s) Elongation rate (1/s)
(a) PP/PE 100/0 {e) PP/PE 30/70
108 108
£
> >
o hd
[ [
105 108 —
w w
= M 1
4 " 4 "
10 10
1071 100 10! 107t 100 10
Elongation rate (1/s}) Elongation rate (1/s)
(b) PP/PE 90/10 (H PP/PE 10/90
106 10e
@ @
4 g
103 = 05k
= e o o
104 L 4 L
1077 100 10! 0 100 0
Elongation rate (1/s) Elongation rate (1/s)
(c) PP/PE 70/30 (g) PP/PE 0/100
108
w
o
e
03¢
w M
=3 //
4 :
ot 100 10!

Elongation rate (1/s)
(d) PP/PE 50/50

Fig. 12. Elongational viscosity vs. elongation rate at
various take-up speeds and flow rates for
the blends at 200C.

O 5m/min-0.716 cc/min, & 10 m/min-0.716
cc/min, @ 5m/min-1433 cc/min, o 10 m/
min-1.433 cc/min.

BelFow, B AgeHE Eaeke] wel A%

Axze] o) 27k tpad el
3.2. AUBHe| Fr|gt FE
3.2.1. R



Zeizegd/Zdddd EFEY S5uatel Aol AT B AT 155
Table 4. Power-law and consistency index in the elongational flow at various spinning conditions
Spinning - FP% 90 70 50 30 10 0
conditions index
a) 0.716 q 121 1.26 1.26 1.30 1.25 1.29 1.37
b) 10
c) 200 K 19,300 33,100 41,500 67,500 48,700 70,700 97,800
a) 1433 q 1.34 1.33 - 1.33 - 1.35 1.35
b) 10
¢) 200 K 24,500 21,800 - 35,900 - 49,000 48.700
a) 0.716 q 1.28 — 1.28 - - - -
b) 10
c) 180 K 19,500 - 65,900 — - — -
a) flow rate[cc/min], b) take-up speed[m/min], c) temperature[C J.
(e)
'§ (d) 5
- ANANSASNANANNN] :
s g
3 5
s . (e s (e)
VA A VA e S Ve N
§ 3
o = (d)
s (6) 5
& NN NN AN M < (¢)
(a) MJ’L.\, (b)
N—WW\,I\MM—V R (2)
0 5 10 15 20 0 1 2 3
Time (sec) Frequency (1/sec)
Fig. 13. Fiber diameter variation spun at 200TC at Fig. 14. Frequency response of fiber diameter varia-
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(@) 4.2, (b) 8.13, (c) 9.73, (d) 11.54, (e) 15.47.
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Fig. 15. Effect of draw ratio on the Dpma/Duin value

and the period of draw resonance at various
blend ratios.
Spin length 10 cm; Die diameter 1 mm, L/D
4; Flow rate 2.30 cc/min; Isothermal 200C .
O PP/PE 100/0, ~ PP/PE 90/10, 011 PP/PE
70/30, ® PP/PE 50/50, o PP/PE 30/70, m
PP/PE 0/100.
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Fig. 16. Effect of draw ratio on the Dp./Dmin value

and the period of draw resonance at various
blend ratios.
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PP/PE 0/100.
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(@) PPPE 1000, thick (e} PP/PE 70:30, thick
3 d 0,

(b) PP/PE 1000, thin (f) PP/IPE 70/30, thin

(9) PPIPE 0/100

(c) PP/PE 90/10, thick

{d) PP/PE 90/10, thin

Fig. 19. Polarizing microphotographs of the thick
and thin fibers for the blends.
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Fig. 20. X-ray diffractographs of the thick and thin
fibers for the blends.
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Fig. 21. Conformational changes of polymer melts by
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