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Fig. 1. The molecular weight distribution
of blends.
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Table 1. Average molecular weight and distribution parameter of the samples.

Sample | ] M,x10-5% | I, x 1Q-5** [ M, X 10-5%% | BT, x 10-5%* | { M, | M, }*** | {#,] ], Y***
ss-1 | 1.990 2.10 — I — 1.0 1.0
SB-2 | 1.699 1.72 1.261 ‘ 1.583 1.800 1.26 1.14
SB-3 | 1.929 2.02 0.867 |  1.667 2.152 1.92 1.29
SL-4 1 1.735 1.77 0.708 | 1.672 2.163 2.36 1.29
SH-5 1.750 1.79 0.562 | 1.546 2.370 2.75 1.53
SS-6 0.862 1.07 — | — — 1.0 1.0
SS-7 2.953 .44 | — I — 1.0 1.0
SS-8 5.435 7.37 — — — 1.0 1.0
SB-9 1.775 1.72 0.584 1.722 3.412 2.95 1.98
0-1+ 2.012 2.13 — — — — —
BF-8 3.089 3.64 | — — — 1.0 1.0
AF-1 5.60 7.65 — — — 1.0 1.0
DF-6 | 5.13 6.85 — — — 1.0 1.0

* Calculated from []=1.10x10-* /7,

w» N, M.

_ 1
M, =

£’

1 Mw = Z:sz(Mz)a M,

w and Mz have been calculated from the molecular weight distribution, appeared in Fig. 1, according to

SM (M)

T IM (M)

where, f(M;), the weight fraction of the sample which has the molecular weight M; and polydispersity of the

fractions has been neglected.

*+* Parenthesis { } has been added in order to distinguish from the true value.

Original sample.
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Fig. 3. Plots of log 7, against shear stress r.
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Fig. 4. Plots of log(1/4 ,) against shear stress z.
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The plots of the fractions are approximately
linear and those of the blends deviate from the
linearlity in the range of 7>6X10°dyne/cm?.
7o obtained from the plots is the most reliable
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Fig. 5. Plots of 1/log 5, against shear stress 7.
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Table 2. Characteristic properties of polypropylene melt with different average and
distributions of molecular weight.

S Nogalj:rv;;?gan Zero shear( ;(t):’se:)s viscosity C?ttrlggsl ::1>e<ar Critiizlt :hear
N,p N from », | from 1/4y, | from 1/log . 10* dynejem® | D, X107 -sec”!

SS-1 2.50 2.52 2.8 2.56 2.33 — —
SB-2 2.48 2.47 1.25 1.09 0.70 — —
SB-3 2.46 2.43 0.91 0.75 05 | — -
SL-4 2.48 2.49 0.73 0.75 0.55 | — —
SH-5 2.43 2.33 0.68 0.56 0.70 — —

SS-6 — — — — — — —

SS-7 2.7 2.60 21.5 26.5 17.3 10.5 25.4
SS-8 2.85 2.72 135 151 89.6 14.0 11.0
SB-9 2.63 2.98 0.82 0.64 0.63 — —

0-1 3.30 2.44 6.7 4.45 3.16 — —
BF-8 2.54 2.54 24.0 12.8 7.06 9.42 10.3
AF-1 — — 4.80 — 213.2 12.3 2.89
DF-6 2.63 2.63 130 52.2 31.6 12.3 8.61

iX logn, & log M, & ORIz EABERIRIT 5.
OEFEFBI_RETROTHD L,

70 (poise)

In this case, (O), (&) correspond to the
fractions, (@), (a) to the blends.

Fig. 6. Relationships between zero shear stress
viscosity 7, and molecular weight M,, in which
7, has been calculated from the extrapolated
value of the plots to z=0 in Fig. 3 (represent-
ed as (O), (@))-and from that in Fig. 5 ((2),
(A)), respectively.
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7o’s in the plots have been obtained for the

sample M,=2.0x10%, by use of Fig. 6.

Parameters of MWD, {#,,/M,} have been
calculated from Fig. 1.

Fig. 7. Dependence of zero shear stress viscosity
7o on molecular weight distribution (MWD).
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SAEVEN R LHEN ETLT M, ISEMLY %
OB LBIRTEDNDL THD,

SAADP—REHZ OV T, FTVHEEICBIT S 72~
M, @f%#% Fig. 8 1277 %, T OEENHEMTBICL
B, HESTFER M (M/>M) T 3.4 RAho0
FhNVEZ D, TORFITTIMOB S TFHEICO
TR EDHR T B2, FFRESHO HBHRCR
BT, FOEENEMTS LBt S A Y RO
HREVENRI LT, BEOSFREFEEIVNEES
bolELXLNS, HTREKFMT Fig 8 CERDSA
L LTRLI, #REY =F v i@+ 5% Bagley?
507 — 5 LRBHIR L7z, Bagley biX, HRIHED
STREFEMHT 7D EEN M T DR, hali
Y, bHERTVEEUETRATRICEBRICRDE
BT3B, LA L, Vinogradov?® & DOEEDERE
BRI AU+ 0 SEERKO & &, RRMEEIT M
K%, Fig. 8 Tkeviz M/ & D L ORfk% Fig.
9 2T, logD L log M. kDRici: BB L
SIL, FOHEENKESRBIEE, M/ 3/hELz5.
EES D ERFERIT Vinogradov 6D Ex & XL T
WBEIIEAZB.

4.2 FEOF=a— bk

BRRY e L v D= — P UENAEVIER
B THL b7z, k=2 — b o HE0REER 6) X0
BNy 217 2 —#—L L THRDbENDN, FELIL
QXD abEiFE=a— D52 -5 -Thb
TEERRHLI. Thbb, aii=a— b U EHRETIR
a=0, JE= 2 — F UHEFRETIZ >0 L35, VE, N=



RY 7 v v BERO ERE B 5 (535)

M,

ldw" 100 00 1t 10 10*
Shear rate D (sec™!)

Fig. 9. Relationship between critical molecular
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deviate from 3.4 power law, and shear rate D.
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Both @ and Ngp have been calculated from the
several presumably assumed relationships between
7 and 7, which give the same value of 7, 10°
poise.

a seems more sensitive than Ngp in certain range.

Fig. 10. Relationship between two non-Newto-
nian parametera, @ and Ng,,.
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Fig. 12. Dependence of apparant non-Newtonian
parameter Ng, on molecular weight distribution.
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Fig. 13. Dependence of a on molecular weight
distribution (MWD).
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Fig. 14. Plots of critical shear stress 7, against
molecular weight M,.
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(@), the experimental value, corresponding to
shear rate D=10" sec™, (—), the theoretical curve
calculated from eq. (14), using the value of Young
modulus E fitted to experiment at one point ([3]
=3.1).

Fig. 15. Dependence of the parameter of Barus

effect, (dnqoz/do) on intrinsic viscosity [5] of

decalin solution at 135°C, where d,,;, the
maximam value of the diameter of the extrud-
ed filament, d,, the diameter of the die.

Table 3. Evaluation of elastic modulus E.

Sample $S-1 | SS7 = BF-8 | S5-8
M, x10-5 405 7.9 | 9.3 | 13.8
Ex10-5 |

dynefcm? | 4.17 | 4.27 | 4.76 | 5.50
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Capillary Flow of Polypropylene

III. Influence of Molecular Weight and Molecular Weight
Distribution on Flow Behavior

By Kenji Kamide*, Yoshihiko Inamoto* and Kunio Ohno*

Seven fractions of isotactic polypropylene ranging in molecular weight from 1.1x10°% to 7.7
X 10% and five blends with molecular weight of approximately 1.7 x10° were used to investi-
gate the melt flow behavior at 250°C through capillary. A non-newtonian parameter, N(=d
In p/dIn D) increases with increasing molecular weight and molecular weight distribution
(MWD), and another parameter proposed in this paper a (=d{1/In 5}/dIn z) strongly depends
upon MWD. The three methods of determining the zero-shear stress viscosity 7, were discuss-
ed. 7, from method 1 (plots of In1/45, vs. r) and method 2 (plots of Iny vs. 7) were less
precise than that from method 3 (linear plots of 1/Iny vs. 7) because of the curvature of the
former plots. The following equations were obtained between 7, and viscosity average
molecular weight M,, respectively

log 7o=—13.4+3.36 log M, from method 2
and
log 9o=—12.2+3.12log M, from method 3.

Melt viscosity of blends is usually smaller than that of the fractions having the same M,.
Irregular shapes of the extruded filaments appear at constant shear stress r,=~1X10°dyne/
cm? for the fractions irrespective of M,. r, for the blends is greater than that of the frac-
tions however. Dependence of Barus effect on molecular weight was well explained with
the theory proposed in the preceding paper.

* Textile Research Laboratory, Asahi Chemical Ind. Co. Ltd., (118, Ama, Takatsuki, Osaka)



