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Abstract: Recently, studies on the development of flexible electronic devices by combining flexible materials and a
conductor have been actively performed as interest in wearable devices. Especially, carbon nanotubes (CNT) or graphene
coating have been used to construct a circuit to induce improvement in flexibility and rigidity. Various technologies have
been developed in the surface coating of conductive materials, which are key to the manufacture of flexible electronic
devices. Surface coating products with 3D coating and micro-patterns have been proposed through electrospinning,
electrification, and 3D printing technologies. As a result of this advanced surface coating technology, there is a growing
interest in manufacturing gradient conductive surfaces. Gradient surfaces have the advantage that they are adapted to apply
a gentle change or to inspect optimum conditions in a particular region by imparting continuously changing propetties.
In this study, we propose a manufacturing technique to produce a continuous gradient conductive surface by combining
a partial stretching of elastomer and a conductive material coating, and introduce experimental results to confirm its
performance.
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Fig. 1 Schematic diagrams of elastomer coating technology for
continuous gradient conductive surface.
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Table 2 Results of silicone templates.

Position PO ‘ P1 ‘ P2 ‘ P3
Initial length (mm) 62.5
Stretched length (mm) 75.0 | 68.75 | 7125 | 73.75
Stretched ratio (%) 20 10 14 18
Initial coating density (iig/mm?®) 3.98
Final coating density (ig/mm’)| 4.78 4.38 4.54 4.70
Density variation ratio (%) 20 10 14 18
Resistance before release (€2) | 709 473 436 483
Resistance after release () | 670 360 301 311
Resistance variation ratio (%) | -5.5 239 | -31.0 | 356
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A study on the measurement of melt viscosity at the range of high shear rate
during injection molding
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Abstract: In this study, a mold for measuring melt viscosity was fabricated with a slit of 10 mm in width, 0.5 mm in
thickness and 200 mm in length. Two pressure sensors was installed in the slit to measure the viscosity of melt resin
during injection molding. four different grades of PETG were used and the viscosity was measured in the injection
molding machine with a screw diameter of 40 mm by setting the melt temperature to 220, 240, 260 ° C, and the
injection speed of 10, 20, 30, 40 mmy/s. The viscosity was calculated by the shear stress and shear rate, respectively, using
the pressures measured at the pressure sensors during injection molding and the injection flow rate. The result showed
that all four PETGs has a tendency of decreasing viscosity with increasing melt temperature and shear rate. This tendency
was confirmed to be similar to that of PETG measured by general rheometer and the measured values were similar.
Therefore, when the viscosity of the melt resin is measured with the injection rheometer, it was confirmed that reliable
results of similar tendencies and levels as those of actual resins can be obtained at the range of high shear rate.

Key Words: High shear rate, Injection molding, Slit die, Mold, Viscosity
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Fig. 3 Scheme of slit cavity

Measurement point of pressure

200.0 mm(L)

Flow direction

Fig. 4 Measurement point of melt pressure
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Table 1 Injection molding conditions for measurement of viscosity

Conditions Value Unit Note
Melt temperature | 220, 240, 260 | C
Mold temperature| 220, 240, 260 | C % Heater control
Injection velocity | 10, 20, 30, 40 | mnvs 40 mm of screw

diamter

Packing pressure/
time
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Table 2 Measured viscosity of PN100 using injection rheometer
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Fig. 9 Measured viscosity vs shear rate graph of PN40O

Table 4 Measured viscosity of GN400 using injection rheometer

Injection Viscosity Injection Viscosity
. Shear rate [Pa*s] : Shear rate [Pa*s]
velocity velocity
"y [1/s] - - - .y [1/5] . . .
[mm/s] 20C | 240C | 260°C [mm/s] 20C | 240C | 260°C
10 30,15929 | 3696 | 3636 | 39.64 10 30,159.29 | 37.89 | 36.75 | 39.80
20 60,31836 | 22.18 | 1991 | 21.03 20 60,318.36 | 20.59 | 1876 | 20.57
30 9047787 | 1468 | 1252 | 1331 30 90,477.87 | 1171 | 1253 | 13.46
40 120,63720 | 1040 | 926 | 10.03 40 120,637.20 | 630 | 875 | 10.14
1E+02 1E+02
—0—220°C —0—220°C
—0—240°C —0—240°C
—0—260°C &) —0—260°C
~
~
z "8 z
£ 1E+01 g £ 1E-01 g
& g o
2 2
S =
1E+00 1E+00
1E+04 1E+05 1E+06 1E+04 1E+05 1E+06

Shear rate (s’)

Fig. 8 Measured viscosity vs shear rate graph of PN100

Table 3 Measured viscosity of PN40O using injection rheometer

Shear rate (s™)
Fig. 10 Measured viscosity vs shear rate graph of GN400

Table 5 Measured viscosity of GN401 using injection rheometer

Injection Viscosity Injection Viscosity

elocity Shear rate [Pa*s] ot Shear rate [Pa*s]

s [1/s] - - - oo [1/s]

s 220°C | 240C | 260C [mm/s] 220°C | 240C | 260C

10 30,159.29 48.38 39.51 - 10 30,159.29 35.50 36.71 39.72
20 60,318.36 25.86 22.55 - 20 60,318.36 15.32 18.72 20.16
30 90,477.87 11.81 13.72 - 30 90,477.87 11.17 12.73 13.60
40 120,637.20 9.81 10.91 - 40 120,637.20 8.32 9.12 9.77
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