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Abstract: The rheological measurement of polypropylene (PP) has been performed using a rheometer, an intrinsic vis-
cometer, and an MI machine to predict the molecular weight and the molecular weight distribution. Also, GPC has been
used for the determination of the molecular structure. The distribution broadness parameter using modified Carreau model
has been used to make the correlation between the rheological parameter and the molecular structure instead of the rheo-
logical PI (polydispersity index) which is determined from the cross of modulus from the dynamic oscillatory mea-
surement. Even though the rheological PI is useful to determine the molecular weight distribution of the PP using
controlled rheology, which has narrow and uniform molecular weight distribution, but not suitable to determine the
molecular weight distribution of the PP made from direct polymerization which has broad and various molecular weight
distribution. However the distribution broadness parameter which determined from the index of the shear thinning of the
PP melt well predicts the molecular weight distribution of PP.
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(torque)ZHE] H4 € E (complex modulus), G*(w)E 2%
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Figure 1. Dependence of [77] on M, of PP.
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Table 1. Characterizations of PP Samples
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Figure 2. Correlation of [77] and MI of PP.

#HOE F718 4 vk MI S840 e BAHE o)&
sto] A-gES ALK 2.16 kg skl el A8
< 1.95x10° dyne/cm?® ©] L, M9]- Aok mole] HA|2L 2
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Figure 39 MI2} GPColM S48 BExlekate] JAdA S
YERN LS. Minoshima®l Ottani®]® A= A 37131

Sample MI IV(dL/g) M, M, M, MM, M,/M,
PP1 2.4 2.84 68200 464600 1682000 6.812 3.620
PP2 4.0 2.30 66300 366100 1198000 5.522 3.272
PP3 6.0 1.74 53000 342900 1209000 6.470 3.526
PP4 8.0 1.96 53000 304600 1022000 5.747 3.355
PP5 12.0 1.82 47400 251400 721300 5.304 2.869
PP6 15.0 1.61 45200 245900 793900 5.440 3.229
PP7 27.0 1.59 52100 258500 838700 4.962 3.244
PP8 32.0 1.48 69700 200200 457000 2.872 2.283
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Figure 3. Correlation of M,, and MI for PP.
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52 AR AOZ GAY BEES GEN BB Uehbd 388 e 8 £ 9l B S0 9o
TslaL o] g g BAFAE (S AAsH Hh 54 A% 2 7P gl mE AT wEel EuAe BiAdY 99
of oJgt A3} F 7P de] AFSEHIL e A& Cox-Merz! 2 golx7] wj&o] AdZ AHE dE& T vk
HEOR o]gAomE WA W AukEn JYoM vt olg|gk A2 FAE S5 fls] MIE 7o sl
ol 52 A% A}t B A2 (steady shear test) 2 PPolA G Ehgl Ful £7] APS Fal A9 Al i
Table 2. Strain Range of Linear Viscoelastic Region
Sample MI 0.05(w) 0.1(w) 0.5(w) 1(w) 50(w) 100(w)

PP1 2.4 20-50 6-40 2-20 0.8-10 0.7-10

PP2 4.0 30-50 20-50 5-20 0.6-20 0.5-10

PP3 6.0 60-80 20-60 8-20 0.7-20 0.4-20

PP4 8.0 40-60 30-60 4-30 1-20 0.5-10

PP5 12.0 N/A 40-60 4-40 2-10 1-10

PP6 15.0 N/A N/A 20-40 10-30 2-10 0.6-10

PP7 27.0 N/A N/A

PP8 32.0 N/A N/A 30-60 20-40 2-10 1-10

*N/A stands for not applicable because of the low torque limit.

Zan, #3848 A63, 20143
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Table 3. Strain Conditions for Frequency Sweep Experiment of PP with Various MIs
Sample Mi o.oszof.(z)rS(w) o.osyj)(ﬁ(w) 0.135.0;(@) 0.5 zﬂo.g(w) 1.0 tfg(r)(w) 50 - g(s)f)(w)

PP1 2.4 30 30 15 15 10 5

PP2 4.0 35 35 25 25 10 5

PP3 6.0 50 50 30 30 15 10

PP4 8.0 N/A 50 40 40 20 10

PP5 12.0 N/A N/A 45 30 20 10

PP6 15.0 N/A N/A 50 30 20 10

PP7 27.0 N/A N/A 50 30 25 10

PP8 32.0 N/A N/A 60 40 30 10
A7) 98l ot 22 AS TSk WA 72 MIER S gk 278 70 10% A= Fa AFS s1d <47}
AEE AR & T ()0l HE Y Jed 1Y 99 0.1 rad/s o|3te] 739 71717} 24 + e 7HE @2 E=
< ZAA3lo] Table 20 YERRSITE. Table 20] #2752 Ho} ZoR| AL, 100 rad/s o1/Fe] i FYGox = H1AE
2 M| i T £7] AYS & wjo] WyE =18 E Hed doo= "Hojxa Fekst et AlF e sl
AN 1 AFE Table 39 YERIRILE ©]& E8sh= W o] oj&z-o] St
Ho MI=2.5 A5 PP A|89] AL F3771 0.03~0.1 rad/s o] o g =4E {1 48 Table 40 H7lstint
FGollM = HEES 30%, 0.1~1.0rad/s FHoME HIE Table 40 YePd gHEol thsi 2zt A9, PR= Zeichner
KR Z

S 15%, 1.0-50rad/s2] PN = HIES 10%, L)AL

50250 rad/s G HFolM= HEES 5%= Folr 23S s

Yo JoelM Fet e AE 4T 5 Ak
Figure 49l PP1ol| tjsliA] olefst b oz =43t A4=

YERNSATE. Figure 4004 & = l5o] W Fup
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Figure 4. Frequency sweep result of PP1 with various strain %.
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Table 4. Rheological Characterization of PP
Sample PI W, no(El) ¥ (El) n(El) 10(Ca) 7(Ca) a(Ca) n(Ca)
PP1 4.52 10.64 192460 0.60 1.61 269390 0.36 0.35 0.18
PP2 4.19 22.94 94696 1.25 1.59 112750 0.21 0.40 0.22
PP3 435 32.85 65198 1.63 1.59 76147 0.15 0.40 0.23
PP4 4.39 43.03 49429 2.12 1.58 56522 0.14 0.42 0.25
PP5 4.15 64.78 32776 3.66 1.58 36463 0.10 0.44 0.28
PP6 422 90.47 23825 4.60 1.57 26059 0.08 0.44 0.29
PP7 421 131.21 16917 6.05 1.56 17902 0.08 0.47 0.34
PP8 3.37 240.80 8168 21.13 1.84 7995 0.56 0.71 0.46

PI: Rheological PI. @.: Crossover frequency determined from the frequency sweep test. 77(El): Zero shear viscosity using Ellis model. J, (El):
Transition shear rate using Ellis model. n(El): Power law index using Ellis model. 74(Ca): Zero shear viscosity using modified Carreau model.
7(Ca): Characteristic relaxation time using modified Carreau model. a(Ca): Distribution broadness parameter using modified Carreau model. #(Ca):
Power law index using modified Carreau model.
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Figure S. Flow curve of PPS.
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Figure 6. Correlation of o, at 200 °C and M, of PP.
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Figure 7. Correlation of M,/M, or M,/M, and rheological PI at
200 °C for PP.
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Figure 8. Zero shear viscosity-molecular weight relationship for at
200 °C.
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Figure 9. Correlation of @, and 7, (calculated from modified Car-
reau model) at 200 °C for PP.
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Figure 10. Complex viscosity curves of PP2 with experimental
result and calculation from modified Carreau model.
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