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Dissolution Mechanism of Physical Blowing Agent into the Polymer in

Low-Pressure Physical Foam Injection Molding Process (Part 1)
Effect of Molding Conditions on Physical Blowing Agent Concentration
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Synopsis

Microcellular foam injection molding processes using environmentally benign physical blowing agents, such as nitrogen
(N3) and carbon dioxide (COs), are gaining attention as one technology for reducing plastic wastes in the oceans and our
daily lives. In physical foam injection molding, the concentration of the blowing agent is critical to the quality of foamed
products, but the dissolution mechanism of the blowing agent into polymer remains unclear in any foam injection molding
machine, including the low-pressure physical foam injection molding machine (SOFIT®) that we developed recently. This
study investigated the dissolution mechanism of CO: in polypropylene (PP) in a low-pressure foam injection molding
machine using near-infrared spectroscopy. The results revealed that the CO: concentration in PP was affected by the
screw rotation speed, cooling time, pellet feed rate, back pressure, and barrel temperature. These variables changed the
specific surface area of the polymer in the screw zone where the polymer is partially filled (starved), and the pressure
gradient in the screw zone where the polymer is filled. The CO: concentration was found to vary in association with the
increase or decrease in the specific surface area of the polymer in the polymer-starvation zone and the pressure gradient
in the polymer-filling zone. It was also found that shear flow due to screw rotation causes surface renewal of the starved
polymer and promotes CO: dissolution. These findings can lead to determining appropriate molding conditions, screw
design improvement, and, finally, optimization of the process based on a numerical model.
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Fig.l Schematic cross-sectional view of surface renewal by
shear flow and pressure flow of molten polymer in screw
channel.
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Fig.2 Schematic cross-sectional view of the barrel and the
position of the pressure sensor.
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Table.l Molding conditions of the physical foam injection
molding machine.
Standard

Parameters L Conditions
conditions

Gas delivery pressure [MPa] 4 4
210:60, 190,200, 210,210,210, 210,210
210 220: 60, 190, 200, 220, 220, 220, 220, 220
2301 60, 190, 200, 230, 230, 230, 230, 230

Barrel temperature [°C]
from hopper to shut-offnozzle

Screw rotation speed [min'] 100 80, 100, 120, 140
N vt et 20 26,3140
Screw back pressure [MPa] 6 4,6,8,10,12
Metering period [mm] 45 45
Injection speed [mm/s] 20 20
Injection pressure [MPa] 30 30
Holding pressure [MPa] 30 30
Mold temperature [°C] 40 40
Cooling time [s] 20 20, 180, 360, 720
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Fig.3 Schematic and deployment diagram of second feed zone
of screw, and molten polymer in barrel.

Table.2 The parameters of polymer-starvation zone of screw.

Parameters Symbol Unit Dimensions
Screw diameter D, [m] 2.2%107?

Flight pitch ty [m] 2.2x10?

Flight width e [m] 22x10°

Flight height h [m] 4.6%107°
Flight clearance O¢ [m] 1.0x10*

Flight angle 0 [rad] 0.308
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Fig4 Effect of screw rotation speed of the injection molding
machine and polymer supply rate of the feeder on CO:
concentration and plasticizing capacity.
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Fig5 Effect of barrel temperature on CO: concentration and
plasticizing capacity.
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Fig6 Effect of specific surface area on CO: concentration of the
molten polymer in the polymer-starvation zone.
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Fig7 Effect of back pressure on CO: concentration and
plasticizing capacity.
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Table.3 Estimated pressure at the pressure sensor in the
second feed zone (polymer-filled zone) of the screw.

Conditions Regression equation

Back pressure 10 MPa Py, X 10° = 31.0L, + 3.04 (P, >4 X 106)

Back pressure 12 MPa Py, X 106 = 30.6L, + 4.89 (P, >4 X 10°)

40407 & Experimental 4.0E+07 O Caleulate screw rotation speed 100min!
= ) :
] 7 0 Calculate screw rotation speed 140min’!
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Fig.10 Relationship between back pressure, barrel temperature
and estimated pressure gradient in the barrel of
polymer-filling zone.
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Fig.1l Effect of pressure gradient and specific surface area on
CO: concentration.
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Fig.12 Effect of cooling time on CO: concentration and
plasticizing capacity.
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Table4 Calculation conditions of CO: concentration by Fick's
law of diffusion.

Parameters Symbol Unit Conditions
Cycle time feyele [s] Cooling time +20
Screw recovery time t, [s] 18
Diffusion coefficient D, [m?/s] 8.0x10° (at 190°C)%"
Solubility C' [g-CO,/g-polymer] 2.72x10? (at207°C, 4MPa)'?
Polymer width W, [m] 3.75%10%

Length of polymer-starvation

-1
zone (z-direction) Losary (m] 4.95x10

0.035 r

0.030

0.025 |
0.020 | }

0.015

Concentration [ g-CO,/g-polymer |

0.010 1 )
0 500 1000
Cooling time [ s ]

Fig.13 Comparison of CO2 concentration at estimated by Fick's
Law of diffusion and experimental values.
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