2o
nif)

X

BRI B EE~ 4 7209 T VDEFY v 7 LB

IS S AN BT S - I S S N i U
ok Bt IR

Development of thermally expandable microcapsules

and their mathematical models for polymer foaming

Kawaguchi, Yasuhiro*'/Ohshima, Masahiro*?/Tanida, Masahiro*"*/Ohishi, Tsutomu*’
/Tto, Akihiro*™'/Sawa, Takashi*’

A thermally expandable microcapsule with core-shell structure was newly developed for foam-
ing thermoplastic polymers. It can be utilized in the injection molding or extrusion processes of
the thermoplastic polymers typically operated at temperatures above 2007C, which the conven-
tional thermally expandable microcapsules could not be applied to. The core-shell structure con-
sists of polymer shell and hydrocarbon in core, which is used as a physical blowing agent. A
mathematical model was developed to describe the expansion behavior and it was used to find
key factors for controlling expandability of the capsule and to design the new capsule. The visual
observation of batch foaming experiments of an existing microcapsule and numerical simulation
calculations with the developed models elucidated that the rheological properties of the shell poly-
mer and permeability of blowing agent in the shell polymer are two of the important factors to be
tuned for developing the new capsule. For the new microcapsule, both the viscosity and perme-
ability of the polymer shell were controlled by optimizing the composition in the shell polymer.
Furthermore, in the final stage of developments, we investigated rheological properties, gas per-
meability, expandability of the newly developed microcapsule and the surface appearance of
foamed products injection-molded and extruded with the microcapsule. The new capsule could
achieve more than 30% density reduction while maintaining a smooth surface at PP foam injec-

tion molding and extrusion.

Key words . thermally expandable microcapsule, modeling, viscoelasticity, gas permeability, injec-

tion, extrusion
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Fig.5 Flow chart of simulation calculation

Table1 Physical property of blowing agents (hydrocarbon)

iso—Pentane n—Pentane iso—Octane

Molecular weight [kg/mol]
Density of liquid [kg/m?]
Density of gas [kg/m®]
Antoine a 1

Antoine a 2

Antoine a 3

0.07215 0.07215 0.11423
639. 45 626. 38 702.8
3.221 3.221 3.221

20. 5266 20.7261 20.5778

2348. 67 2477.07 2896. 28
—40.05 —39.94 —52.41

Table 2 Simulation condition—1

Factor

Numerical value

Interfacial tension[J/m?]
Radius of particle R,[m]
Radius of gas in core[m]
External pressure[Pa]
Polymer density [kg/m®]
Measured temperature[C]

Complex viscosity of shell polymer[Pa-s] n*=
Vapor pressure in core[kPa, 200TC]
Gas permeability coefficient [kg/m+s+Pa]
Mass transfer constant[kg/m*-s-Pa]

Thickness of shell[m]
Core weight[wt%]

0.018

1.80 E-05

1.10 E-05

101300

810 (room temperature)
initial 40 final 200

exp (24000/T-35. 925)
3256

5.00 E-19

1.00 E-05

5.60 E-06

28
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Table 3 Simulation condition—2

Mobilizing factor

Numerical value

Complex viscosity of shell polymer[Pa-s] |n*=0.0003*exp (8700/T)

Vapor pressure in core[kPa, 200C]

Gas permeability coefficient [kg/m*s-Pa]

Mass transfer constant[kg/m?+s-Pa]
Thickness of shell[m]
Core weight[wt%]

=0.03*exp (7000/T)

=exp (22482/T-35. 925)
3548, 3256, 549
1.0E-19, 5.0 E-19, 5.0E-18
1.0 E-05, 1.0E-06, 1.0E-07
3.20 E-06, 4.20 E-06, 5.20 E-06
24, 26, 28

Table4 Multivariate linear regression analysis — Effect of capsule design parameters on expansion behaivior —

Observation number - 27

Ts [R2=0.557623]

.. Standard t- p—
. Coefficient
Section error value value

Tmax [R2=0.524658]

Coefficient

Dmax [R 2=0.921482]

Standard t— p- .. Standard t— p-
Coefficient
error value value error value value

Intercept

Complex viscosity of
shell polymer [Pa-s]

Vapor pressure in
core[kPa]

Gas permeability co-
efficient[kg/m-s-Pal

Mass transfer con-
stant[kg/m*-s-Pa]

Thickness of shell[m]
Core weight[wt%]

—498832.2

=777777.8 13276772
0.1690821

1.14E-16 2.40E—-17 4.77 0.0001 1.01E-16 2.25E-17 4.5

—0.005806 0.004014 -1.45 0.1636 —0.003164 0.003756

1212604  -0.41 0.6852 —440440.4

=0.06 0.9539 1555555.6
2.886255 0.06 0.9539 0.1690821

129.82999 99.18702 1.31 0.2064 153.30797 92.80122 1.65 0.1141 45.646883 22.64754 2.02 0.0575

0.0002 -1.75E-17 5.48E—18 -3.19 0.0046

=0.84 0.4095 0.0014041 0.000917 1.53 0.1412

-1L.18E+18 2.44E+18 -0.48 0.633 -2.19E+18 2.28 E+18 -0.96 0.3484 -7.53E+18 5.57 E+17 -13.5 <.0001

1134535 -0.39 0.702 1227894.6 276876  4.43 0.0003

12421994 0.13 0.9016 8888888.9 3031508  2.93 0.0082
2.700434 0.06 0.9507 2.1980676 0.659023 3.34 0.0033
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Fig.7 Comparison of the complex viscosity for two
shell polymers
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Fig.8 Comparison of core blowing agent reduction
rate for two samples
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Fig.9 Comparison of expansion behaviors
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6.2 FHMEIER & ZDHER
O OGP I, e BRI & R O W TR 2
To7-.
1) HWHEARE  BEmEoOREARoOLLEZREL, UT
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HHARR = [ (o L E - 8k o i) /5180
DIE] X100

%3, LEEHT Alfa Mirage 82 H L 7-.
2) BIEMOFRMRE : B & SEM (H31) & )
i BgE L7,

BoN- g E MBSO E, HERE L K
REEBELEREZNFNEKS & 617K L7z, Sample
HUITOW TR EMEDMR S, S, #REEO R HTI2H
WL AR K OFMBL L DI 7.

—7, Sample #2 IZHEBERKL BB mOIELE D
WCRIFRFEREZRLTEY, FHHIZBWTIE 200C OB

Table 5 Density of PP foams of injection molding using thermally expandable microcapsules.

200° C 220° C
sample - 5 Density ) - 5 Density )
Density*[g/cm’] reduction[%] Appearance® Density*[g/cm’] reduction[%] Appearance
#1 0. 808 10.2 sink mark 0. 881 2.1 sink mark
#2 0.594 34.0 smooth 0.677 24.8 smooth

a . By electronic densimeter b : By visual check

3

The density of PP without microcapsules is 900 kg/m’

Table 6 Density of PP foams of extrusion using thermally expandable microcapsules.

200° C 220° C
sample . , Density ) . , Density )
Density*[g/cm?’] reduction[%] Appearance” Density*[g/cm?] reduction[%] Appearance
#1 0.620 31.1 rough 0.698 24.7 rough
#2 0.468 48.0 smooth 0.556 38.2 smooth

a . By electronic densimeter b . By visual check

The density of PP without microcapsules is 900 kg/m’
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Fig.10 Comparison of the appearance of PP extru-
sion moldings
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