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TBIE, DORBUS IR SR A R P o AR 4R SE 96 I B MR EREBCR T, R TR TR Hig,
THE B BET AL IR T, 456 Cross-WLF AU XK BE AT A2 1E o FHAZ IR AT 5 10 KG 2 4040 2t
T E A, IR SRR IS IR IS 0 BEAT LIS IR IE U7 VA I A B A

1 SERF
1.1 JER 5

A 58 K F 3 [H Malvern 2 @) 42 77 [ Rosand RH-7 Y UK ) B 40 4 7 A8 A%, B K # i N 50kN,
PR R B4 N 15mm, 5 R £ H0RE FE N+0.1°C. 5256 FH B £ Kistler 2 &) 2E 7= ) 6193A BYE ¥
LR A, WEIAI EAN Imm, REUEHN 4~10ms, BN 0~400°C. S H B 8% 1 & 405
O 42N 500pum, KRN 16, FMHEEE Ra0.25um. MKy KE A LA & 472 1) T30S A
KW (Polypropylene, PP) , MM 1EA 2140 Tab.1 Frs.

Tab.1 Material temperature characteristics and pretreatment parameters

Melting Processing Drying
Decomposition Drying
Materials Manufacturer Brand temperature( temperature  temperature(
temperature(°C) time(h)
C) GO C)
Dalian
PP T30S 142 300 160~240 70 1
Petrochemical

1.2 SZBITE

2 i
i

2 0T

1.Rheometer barrel

; . . N\
2.Cap111ary‘dle N i 10.Right feed
3.Left feed hopper die holder /(E hopper die holder
4.Gasket 9.Micro temperature sensor

5.Left base ’7 77777777 T ‘

6.Fixed sleeve

Fig. 1 Schematic diagram of the experimental setup
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Fig. 2 Temperature field of steady flow in pipeline
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true  — eXp [_ 1( true— ) + 1(_measure— ))] (15)
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Fig. 3 Schematic diagram of the three-dimensional axisymmetric meshing model of the 0.5 mm capillary die
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i S A, A3 B AR K S B Tab.2 fiw

Tab. 2 Relevant parameters about the Cross-WLF model before and after PP viscosity correction

Parameters Uncorrected Amended
n 0.2335 0.2218

Di/Pa-s 2.91x10"3 3.35x1013
A1/K 36.065 34.832
As/K 51.6 52.5
Ta/K 383.15 383.15
kw/m-K 0.142 0.142
Cp/J kg1 K! 2800 2800
p/kg-m 775.12 775.12

P B 40 AR A0 (1 3R S IR A R A, B s IE P ISR E AR SRR B, %ﬁ*ﬁﬁﬁﬁﬁﬁ‘]
oM, NI S NE e E, B O AE RS &M, N Navier 1 5 @ 15 K 6 18 15 14
BET I R R 07, e BB W45 40 0.24, EEm [ 2 Blvy, = 0, B8 BIWI AR 45 18 A i 2641 9

= ( =) - |7t 21)
Arb: —IEHAEREMAL VI Yy, Pas  —UARCEREIIIAL M D) IR L, m/s:  —BEMHI) D) i

W, mis; —MERE; —EBARE
Bt = =04

—=—=0 (22)

= =0 = (23)

2.3 IR E 5 B ) F 0k B KRS 1 R ORI B e

F 08 Tab.1 255 1) PP M KL, A KA AN 16, EHAAEN 500um {5 L # I BYIE DM, 7F
N EE AR BE 43 53 24 220°C . 240°CHT 260°C, Y 36 [l 24 1000~ 10000s 1) % 14 T #E AT L5,
BYYIRG FE 5 8y V)l 22 it 48 o Fig.4 Fios . [A) b, fEV1E 2638 Bl A 3000~ 10000s (1) %44, W15
(1) PP 2R & W) RS AR A [F) N VIR B2 1R H 11 IR T il 26 G0 Fig.5 s .
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90r —— Inlet temperature 220°C
—O— Inlet temperature 240°C
—4— Inlet temperature 260°C
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Fig. 4 Shear viscosity values for different inlet temperatures
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Fig. 5 Outlet temperature rise curves for different inlet temperatures
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Fig. 6 Outlet wall temperature rise curves with different inlet temperatures
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Fig. 7 Comparison of measured viscosity with corrected viscosity
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Fig. 8 Numerical simulation of pressure distribution
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Fig. 9 Comparison between the pressure before and after viscosity correction and the measured pressure at
different inlet temperatures: (a) =220 °C; (b) =240 °C; (c¢) =260 °C
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Characterizing the True Rheological Behavior of Microscale Polymer

Melts Based on the Average Temperature Rise Method of Viscous
Dissipation

Mengyuan Zhao, Bin Xu, Lin Cheng, Xiaoyu An

(Key Laboratory of Manufacturing Process Testing Technology, Southwest University of Science and

Technology, Mianyang 621010, China)

ABSTRACT: Aiming at the problem that the high shear rate during micro-injection molding leads to

a rise in melt temperature due to viscous dissipation, which further affects the accuracy of viscosity

measurement, in this paper an average-value method based on measuring temperature rise from

viscous dissipation to correct the measured viscosity was proposed, so as to obtain the real
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rheological properties of polymer melts at the microscale. A twin-bore capillary rheometer was used
to measure the viscosity and viscous dissipation temperature rise of polypropylene (PP) at different
shear rates in a capillary die with a diameter of 500 pum. The viscosity was corrected, and the
numerical simulation was compared with the experimental pressure for verification. The results show
that the simulated pressure based on the corrected melt viscosity is closer to the experimental
pressure. At the three inlet temperatures of 220 °C, 240 °C and 260 °C, the average relative error
between the corrected simulated pressure and the experimental pressure is 2.83%, with a maximum
local error of 4.82%; the average relative error of the uncorrected simulated pressure is 9.24%, with a
maximum local error of 15.81%.
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