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Abstract: The rheological properties of polypropylenes were measured using offline rheometers (a rotational rheometer
and a capillary rtheometer) and compared with those measured using an inline rheometer (injection molding rheometer).
Shear viscosities from both offline and inline rheometers were similar in the high shear-rate region, but a remarkable dif-
ference was found in the low shear-rate region. Experiments and numerical simulations with Spiral and Flat molds were
conducted to validate rheological properties of polypropylenes (PPs) measured from both rheometers. Comprehensively,
the numerical simulation considering offline rheological data accurately predicted the actual injection-molded products
in comparison to the case considering inline rheological data. Additionally, the effect of thermal conditions such as tran-
sition temperature and cooling water temperature on the flowability of molten PPs was investigated using spiral and flat
molds. It is found that faster solidification of PPs decreased their flowability in Spiral mold and increased the maximum
injection pressure in the Flat mold.
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Table 1. Process Conditions for Injection Molding Simulations
of PPs

Conditions Spiral mold  Flat mold
Set temperature Cylinder 220 230
0 Mold 50 60
Tnjection Filling 10 20
time Cooling 17 20
©) Ejection 5 5
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Figure 1. Schematic geometries of (a) spiral mold; (b) flat mold
with 3-dimensional mesh configurations. 3D elements for spiral and
flat molds are 265,762 and 499,872 respectively.

28 CAD S/Wel UG NX(Siemens, 5 Y)S o] &3}
Figure 101412} 722 spiral mold$} flat moldel] thet =3 -
ZE A5, Hypermesh(Altair, U]=)Z 3%} meshE
A ZE g F4 548 & Rigshr] 98 539 |9
7 gR1E FESIATE Table 19 71A1E A 20& &
= A7 20 Agst] A RS st

21 o E9

Figure 201 3|43 2 =A FQ0E=E 200, 220, 240 °C
oA S48 AW5649} AZ564 PPL] &5 FHEA A
A2} Cross-WLF Bde &Jst 3]7] 4] A5 A TA
sttt 25, A9dE 9 ATEEE 7INEe =2 ¢ Cross-
WLF 2de] 77] uj7j <= Tables 29} 3¢l 2+t 7141813
t}. Figure 200141 50| Cross-WLF 229l fittingst A 3}7}
Rl HonHE 4% FHEES & wgslal e
RIS = Ut

Figure 3°I& 200°Ce] &% %7 slol|A o=gjel & o1z}
ol FlerEE =43 = Ho|EE Cross-WLF ZEZ 3]
A FAE Ao} vt 7 PP B, TS E 49

Zan, A)4748 A 15, 20233

10*

pA—A-A A 4

-
<

0
L]
B
210
‘@
o
o
0
S0
e
m
o !
% ..[ | = 200

WF| o 220|

| » 240°c|
1n-| Il 1 | Il
10" 10" 10" 10° 10° 10
Shear rate (1/s)
(a)

10*

0
[}
-
2
(]
[=]
(5]
2
>
e
]
@
5 ol | = 200
| & 220°C|
A 2m°c.
1u-| il 1 1 L
10" 10° 10' 10° 10° 10
Shear rate (1/s)
(b)

Figure 2. Shear viscosities measured by off-line rheometers (rota-
tional and capillary rheometers) and regression curves by Cross-
WLF model for (a) AW564; (b) AZ564 PPs.

Table 2. Parameter Values of Cross-WLF Model for AW564
Based on Rheological Properties from Off-line and In-line
Rheometers

Parameter Off-line In-line
(Measured) (Moldflow)
n 0.260 0.310
* (Pa) 28900 10900
D, (Pa) 6.19x10" 1.96x10"
D, (K) 263 263
D; (K/Pa) 0 1.31x107
A, 29.6 32.1
A4, (K) 51.6 51.6
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Table 3. Parameter Values of Cross-WLF Model for AZ564
Based on Rheological Properties from Off-line and In-line
Rheometers

Parameter Off-line In-line
(Measured) (Moldflow)
n 0.340 0.270
* (Pa) 9500 30900
D, (Pa) 1.65x10" 1.36x10"
D, (K) 263 263
D; (K/Pa) 0 0
A, 25.7 329
A4, (K) 51.6 51.6
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Figure 3. Regression curves of shear viscosity data at 200 °C for (a)
AWS564; (b) AZ564 PPs, according to measuring methods.
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Figure 4. Estimation of coefficients of Juncture Loss using AP, and
7, measured by capillary rheometer.

FolM A=7F =4 S = ATH(Figure 3(a)). AZ564 PP
e elgkel gl om|EollA =33}t zero-shear-rate % <Jol|x 2]
Axrt ezl HeovHE 7% A3} oiy], oF 1/44]
o8 A Hkrh g wEUSH Fko] HiFo® 7]
o, AAF AdEE Joola Hert e g 5=
ATk elglel FemEe] IMRS 33 AdE W (up
to 60000 s1) 2 4= WLl (up to 2000 bar)llH] =4S 2138
stEE Fallso] 3HE FQuEETE AH o=z Yt o]
o fgo] AA dele AddEE JdedMe] IMR 4 4
= A HorHE ST A3 i) AFEUE e
2 dkelr] oot webd, IMRS 24l HQr] e} 2]
AHoR o AUy (>200 sl FEI =S 24
sl =, s HLollA] Cross-WLF BE= 373
218 Zlegsjof R AL Fo = AREl| ojHT}

Juncture Loss 292 2§58 IEA7} AT NN &5
215 AZ o BASHE oFE AskE BAREE Wil o]
mdeo] AE AAsh] 98] ZAS FerHe LDE B
ale] Ae AE EUE log(P.)2} log(z,)2 Figure 49 =
A&t AWS64 PPE= 2528 d|olE|7} 72| ehy3l Mg
o] AFHR=099E VS F UAAT, AZ564 PP=(R*=
0.94) AW564 PP thH| FA|4 3} oFzke] AxprE 2Tt
o] AW564 PP7} AZ564 PP thH] =7} o} Al g
SHEZ S4H 9= Axe] dHapt Jo AT 5 U=
A% dolgE A7) WEo s FErt. =AH gFonE
2], IMRI PRPIAIR oFE 578 RS9IVt Ad9e] Her=
AE7t W& AFe] 45 54 dae] 2ot dud o=
A sl ),

7] eazeRl gl erE R S FHEdY] S 4
37| 918l AA ALE AE AHE HFRCE Table 29} 3¢]
717212 Cross-WLF 29 AGE o] &3k AE2AE 75 34
AF=S 7z} Figures 59 60l =A8I9TE PP AlE2] HE

Polym. Korea, Vol. 47, No. 1, 2023



104 154
i Numerical calculation
— Off-line In-line

h

(@) AWS564 E
S N
~

(b) AZ564 E |

Figure 5. Comparison between samples via the Spiral mold injec-
tion obtained from experiments and numerical simulations consid-
ering rheological data measured from off-line and in-line
rheometers for (a) AW564; (b) AZ564 PPs.
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Figure 6. Transient injection pressure profiles in the Flat mold
obtained by experiments and numerical simulations considering rhe-
ological data measured from off-line and in-line rheometers for (a)
AWS564; (b) AZ564 PPs.
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Figure 7. Heat flows along temperature under various cooling rates
of 5, 10, and 20 °C/min for (a) AW564; (b) AZ564 PPs.
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Figure 8. Flow length at Spiral mold and injection pressure at flat
mold depending on transition temperature for (a) AWS564; (b)
AZ564 PPs.
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Figure 9. Flow length at Spiral mold and injection pressure at Flat
mold under different cooling water temperatures for (a) AW564; (b)
AZ564 PPs.
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