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Microcellular Foam Injection Molding

The Microcellular Foam Injection Molding is based on the control of
supercritical fluid (PBA) during the injection molding cycle to create millions of
micron-sized voids in thermoplastics.

MuCell® is most well known commercial microcellular foaming injection process
registered and marketed by Trexel, Inc.

MuCell is a registered trademark of Trexel, Inc.
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Microcellular Foaming Process L

Three major steps: (1) formation of a uniform polymer-gas solution;
(2) cell nucleation;
(3) cell growth and shaping

@ thermodynamics

introduction mixing/diffusion diffusion instability

Two Materials Two-phase Two-phase Single-phase Microcellular
mixture mixture mixture Foam

Reproduced from US iatent No.5,158,986



Principle ‘

Three major steps:

2 Near surface -

(1) formation of a uniform
polymer-gas solution;

(2) cell nucleation;

(3) cell growth and shaping
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Foaming Fundamentals

* Cell Nucleation
— Formation of cell site driven by the pressure drop
— Related to the “cell number density”

« Cell Growth
— Cell growth on cell site driven by the gas diffusion
— Related to the “cell size”
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Motivation and Objectives
True 3D approach to provide more accurate micro-structure fluid flow information.

Predict cell number density and cell size by considering the cell nucleation and cell
growth simultaneously.

Consider the interaction between cell development and melt flow during molding.

Consider the effect of cell structure to the part warpage.
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Fundamental Theory R
and CAE Method v
Bubble

Polymer
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Theory of Cell Growth and | |
Bubble Pressure

Radius over time

dR R/ 2y
& = (P=Fe~ %) )

where R is the bubble radius, 5 the viscosity, Pp the bubble pressure,
P the ambient pressure, and y the surface tension.

R
Bubble pressure and cell concentration aub
Han and Yoo (1981) stated that Polymer
d 6D(RgT)(cox — CRIR
E(PDRB’): g . Coo : R) —
2/R® (PpR® — PpoR3
—1+4{1+
\.}?gT Coo — CR

where the assumed concentration profile:
Cog —C (1 r—R )2
Coo —CR 5

and ¢ is the concentration boundary thickness.




Theory of Cell Nucleation

Nucleation model

1/2 3
2y ' 16my°F 2
Jit) = f; (—’ ) exp | — — : Npc(t)
0 TIM\v/NA P 3kBT(C(t)/kH — P(‘(t))z o

— fO and F are fitting parameters of bubble nucleation rate equation
— nucleation commences when the bubble nucleation rate
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" Output of Molex3D MuCell® Simulation L

Cell radius distribution (typically 5-100 microns)
— Skin (as small as better)

— Core

Cell number density distribution (typically,107 -10° [cells/cm?3]
— Skin (as less as better)

— Core
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Microstructure Near Surface
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Microstructure Near Core
http://www.forestprod.org/composites09pilla.pdf /



http://www.forestprod.org/composites09pilla.pdf
http://www.greenoptimistic.com/2011/04/09/mucell-technology-ford-vehicles/

Output of Moldex3D MuCell®
Simulation

* Foaming quality: Micro cell sizes

Filling_Cell Size Isp-Value=  0.003 um Filling_cCell Size Shicingat 0.000X+ 1.000%v+ 0.0007= -4.350
%100  [um] %100  [um]
—epm 117,378 —pn 117378 .
I 109.553 I 100.553
H 101.728 H 101.728
H 93.903 H 93.903
- g6.078 I 86.078
I 78.253 I 78.253
L 70.428 I 70.428 b
L| 62.603 I 62.603
H 54778 H 54.778 »
L 16.953 H 46.953
L 30,128 H 39.128
L 31.303 EM1 H 31.303 Em1
L >3.478 23.478
15.653 15.653
7.828 7.828 »
- Tin?éDE gOF Ti"l']éuEEOF
Moldex E

Moldex s
55 Eun 1:01543-3d-1.mfe/FET_IVPETE40E_ 1. mtFonl_Z01Z0a01_Wolell_Connecta.pro

I\, f R Q0032 ~ 117 Avg: 586 wm (1s50-1/aiue=000323), Ep=272 705 Ec=0 Em=0 =Prism Lay
1.52 New run for virthal malding tria 0.0 10.0 mm

i [rrrrrTT

405 Ang: Q0023 ~ 117 Avg: 586 um Ep=273,705 Ec=0 Em=0 =Frlsm Layver{=

kiZ
55 Eun 1:01543%-3d-1.mfe/PET_IVMPETE4OE_1ntRuonl 20120801 _nCell Connecto.pra
I\, 1_32New run for virtnal molding triai 0.0 10.0 mm

R1Z2.0Bet= [110.1115:11:06-08-04-2012 S.0
RAZ2 0Bets [110.1] 15:09:57-06-04-2012 2.0



Output of Moldex3D MuCell®

Simulation

* Foaming quality: Micro cell density distribution

Filling_Cell Density
®104  [1icc]

—pu 281.251
I 262.501

H 243.751

Iso-Value = 19.041 1/cc

H 225.001
H 206.251
I 187.501
H 168.751
H 150.002
H 131.2562
H 112.502
H 93.752

m
z

H 75.002

H 96.252
37.502
18.752

—- = 0002
Time = EQOF f
Maldex

EMZ
55 Run 1:01343-3d-1.mfe/FET_IWPETE40R_1.mtrRunl_20120801_kuCell Connecto.pro
L -0 Ang: 79 ~ 2 87Te+006 Avg: 7 E6e+003 {/Aoc (fso-lfalue=718), Ep=273 703 Ec=0 Em=0 =Frsn

1532 New run for virksal molding trig) 0.0 10.0 mm

RAZ.0Beta [110.1]15:12:12-08-04-2012 5.0

i —-I 281.251

" — = 02
Time = EOF f
Moaoldex

Filling_Cell Density Slicing at  0.000X+ 1.000¥+ 0.000Z= -4.350
x104 [1ice]

»
262.501

H 243.751

H 225.001

H 206.251

H 187.501

H 168.751 ¥
H 150.002

H 131.252 *
H 112.502

H 03.752

H 75.002 M1

56.252
37.502
18.752 ¥

EMZ
55 ERun 1:01543-3d-1.1mfe/FET_IWVIPETEA0R_1.mtrBunl_Z0120a01_NWuoCell Connecto.pro
405 Rng: 19~ 2 8Te+006 Avg. 7.EGe+003 f/Ac, Ep=273 703 Ec=0 Em=0 =Frsm Layer-1=
1 32New run for virtnal molding trig) 0.a 10.0 mm

F
RAZ.0Beta [(110.1] 15:12:42-08-04-2012 S0
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Moldex3D MuCell®:

Step by Step Tutorial




 Create a New Project
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Choose type as “Microcellular injection molding” when creating a new project

New Project

Project name:  R1lDemo

Project location: D:\Parallel_Folder

Solver type: [BD Solid Model Solver

(7 Step 3 of 5 : Application Type Setting [R11Demo] ===

Application Type Sefting
Application: Microcellular injection molding i
[ ] Please select the application you want to simulate by the
project:
R General e Tradional injection molding (for thermoplastics)
Purpose: Case Study - Gas-assisted injection molding
S — Water-assisted injection molding
3 LIDMIC -
acurity leve Reactive injection molding
Study for: Encapsulation
Study by: MoldexaD User Injection-compression molding
Co-infection molding
Engineer: Moldexsb @ Microcelular injection mokiing
Project Application Field
Summary of the project G |
eneral -
ok |[ concel | @ Back ®> Next x Cancel M Einish

Simple Mode

Classic Mode
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Process Settings (1)

In filling/packing setting, users can shut off nozzle by checking the box “Nozzle is shut

off”. This action can skip packing process and avoid reverse flow of melt during
foaming.

B Moldex3 Process Wizard

Project Seftings Filling/Packing Sealtings |f-.1'-r.:r.rr-ihxl.‘-.r Settngs | Cooling Settings | Summary [
Filling setting

Filing time : 01 sec

Elow rate profie (1).. |

Injection pressuse profile (1)...
VP switch-over

|By volume(%) filed -JI as 98

ng
7! Nozzle is Shut off
Packing time = 0

Packing pressure rafers to ond of filling pressure

Melt Terapesatun 221

Mol Tempensoms 125

| Advanced Sefting. . |

| <Back || Next> || Cancel




- Process Settings (2)

Microcellular settings

— three settings shown below: Foaming duration time, Start foaming setting, and
Initial Gas concentration.

E= Moldex3D Process Wizard
Project Settmgs] Filling/Packing Settings Microcellular Settings | Cooling Settings Summary]
Foaming Setting

Foaming duration time : 10 sec

Start foaming by
Volume filled v|as 95 %

Initial Gas Concentration

(Gas dosage amount ~| 05 wt %

Capture ][ Option H Help [ < Back ][ Next > ” Cancel




Process Settings (3)

Foaming duration time
— specify the holding time (sec) after filling to simulate the foaming process, which includes
cell growth and solidification.

Start foaming by (Control shot size)

— If “Nozzle is shut off” is selected, nozzle is shut off at this starting time. Users can define
the starting time in terms of Volume filled (%) or Pre-injected volume (cm”3) as below.

Start foaming by

Volume filled vas a5 %
. . Vol filled A
Initial Gas Concentration Pre-Injecied volume

— define the initial gas concentration in terms of Gas dosage amount (wt %) or Gas
saturation pressure (MPa) as below.

Initial Gas Concentration

Gas dosage amount 0.5 wt %

(Gas dosage amount
Gas saturation pressure

-V,
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- Computation Parameters (1)

Click the “Advanced Options for filling/packing solver” button in Fill/Pack tab to input the

param eters
C] Computation Parameter @ Advanced Options for Filling/Packing Solver
& Fill/Pack & Cooling | &4 Crystallinity | &) Warpage | B Sl Fiber Parameter] Venting Microcellular | iy
Solver : [Enhanced—P 'l
(@) Standard analysis Gas type |N2 > }
*East analysis Bubble growth model - [Han and Yoo |
[ Customize
Wiscons heating Mon-isothermal Material Properties
Stabilized calculation Mon-Newrtonian flow Polymer molecular weight : 410000 a/mol

Compressible flow
Gas diffusion coefficient : 8.07e-005 cmA2/s

Gravitational force 1 cmfsec™s

Example : (0,0, -980 ) for z-gravity Gas solubility parameter . 4e-011 mol/(cm?3Pa)

bR ¥: 0 2: 0 Surface tension : 0.000178 N/ecm
- Multiple time steps output setting : Niiclaution Persndiats
+ Filling/Packing : 3
[ 1 Estimate required cooling time v Correction factor {0 . 9e-023
Ul Run fiber orientation analysis Correction factor F © 0.001
Solver acceleration
+ [ Particle Tracer Threshold of bubble(Jt) : 0.1 1/emAr3s
Default
)y
I Advanced... ‘ [ Defanlt ]
OK ] ‘ Cancel

[ oK ] ’ Cancel ]




- Computation Parameters (2)

_— A A
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Four settings: Gas type, Bubble growth model, Material properties and Nucleation

parameters.

‘Advanced Options for Filling/Packing Solver

Fiber Parameter| Venting Microcellular |

Gas type . |N2 v

Bubble growth model : [Hen and Yoo v]

Material Properties

Polymer molecular weight : 410000  g/mol

Gas diffusion coefficient :

Gas solubility parameter | 4e-011

Surface tension : 0.000178 N/em

Nucleation Parameters

8.07e-005 cmh2/s

mol/(cm”3Pa)

>

N\

Correction factor 10 . 9e-023
Correction factor F ; 0.001
Threshold of bubble(Jt) : 0.1 1/emh3s
Default
OK ] | Cancel

Gas type - |N2 ¢
Bubble growth model : C0Q2
Others

o

Han and Yoo -

Han and Yoo h

Payvar
Shafi

Pnhrmor maolacnlar wainh

Bubble growth model :

Material Properties

nl




Gating Location Effect | \

Melt front animation

Moldex3D Moldex3D

Filing _Meit Front Tine Mok Fromt ot 14506 sec Filing_Meit Front Time Mok Front ol D.286 sec
*100  [sec] x10-1 [sec]
14535 - 2863

13.566
hriar
11628

Ru - )4 m—ﬂ:m_;w.um I::n'!Jf‘F ITI"ANFF CEM240_1 reta'SrasdiFiants_S pro 12 Ru [lx'k%m_sm&'ﬂxm rafe/FP_ TITANERC "M--U 1 matr/Sroail ate. 5 300
__J 14550' TEntwnoad Soo, £pe 00 Ecel) EM=D <Hama ~J (0 295 500) (Ertaroed SO, Ep=25 000 EceQ EMmd <Haxa>
-..m-n A nﬂmﬁ-ﬂ ™ wwn - M “"mm" ]
A1100ms |004| 1043700223011 oo A1100ss 100 4] 1105220022201 oo

Gating from thick area Gating from thin area
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Comparisons of Simulation and
0.2 wt% N, SCF dissolved in PP

Experiment of Position A




Comparisons of Simulation and
Experiment of Position B

0.2 wt% N, SCF dissolved in PP
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~ Solid Shot Warpage | {

Production — solid shot Moldex3D — Solid shot

Moidex 0

Solid Shot - mm

4 % 242 (84.04mm)



Mucell Warpage - 0.5 wt%

Production - Mucell

-

G Z 0.5%) %8 % 20 4% (88.02mm)

gEii.

BEEEEEEEREGEE

Moidex-D_

0.5wt% - mm



Siivii=/\

DIGIMAT 5.0 — Moldex3D Mucell
> FEA Workflow for Mucell part
[ Measurements ] Structural analysis StI’UCtUI’a|
performance
ofe Cui"es _} evaluation

stress

Material Model —_—

Volume fraction

a

0.005 0.01 0.015 0.02 0.025 003 0035 0.04 0.045 0.05 0.085 006 0065 0.07

strain

Mapping [ Moldex3D / Mucell ]

- Structural mesh Data on processing mesh

© copyright e-Xstream engineering 2012



~ Comparison (X10)

Solid MuCell

Wapage _Total Displacsment

*100 ) Wasr page_Total Displacerment
= 1445 %101 gmmi
1078 “m
0350
1011
1872
0.943
7594
0876 7216
S0 658
0741 6460
0.67¢ 6082
0.607 5704
0538 5326
072 4548
8405 4570
0337 w192
3814
0.270
3436
0.203 g
— 0135
Moldex
Moldex > 180 Run 4:2.0feFF. TATFRFKION 1 /R 1Dereo_MuCe08 o
2 rofe PP TARIFRPEIONS 1 xete/R1100mo_BM.po ‘h; » .n g 0306 ~0 573 Avwg 0032 mvn (Scake 10 00, Total £ 00, Ep=007 410 Ec=201 Em=0 (Fas\cop) <AvepSLi>

c o a2
20 ooy of fun

> 180 Run 32
'h = 8 Rng 0130~ 143 avg 0718 rom (Scade 10.00.T040. 1 008, Ep=087.418 £c=20) Em=0 (FaRC00D ML=
?}. g WALINEN02) 18 S a2 am 2002

RSO0 21 1R 40 240812 2012 120
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Application example: L
Warpage improvement |

N2/PS
(Gas:0.5wt%))

Filling time 0.70 sec
| T el 190 °C

e T o 60 °C

ez SO Volume filled 90%

‘L\/: &. ‘e Y 7 l =




Melt Front Animation of
Microcellular Molded Part

Moldex3D Moldex3D
Fing_Mok Front Time Fing_Moh Front Time
w107 |sec) *10 -1 |sec]
697 6947
6484 6484
6021 021
5558 5558
{ so94 o sens
4831 4801
1160 1168
205 Lros
3242 { 3262
210 210
2316 2316
1859 1843
1390 1390
a2’ as2?
asse aase
o0 o
55 55
A~ 8 A~ .8
an an
" 18 RadlE T |
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Foam Properties of | |

Microcellular Molded Part L
Cell Density of Microcellular Size Distribution
(~1.3 x107 [cells/cm?3]) (<45 pm)
Moldex3D Moldex3D
A con

16,402
7,001
- - n o0
JI_ i L 0
o0 %0
1.90 180
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" Dimensional Stability - X Displacement L

<0.1 mm -0.2 ~ 0.2 mm

Moldex3D Moldex3D
Warpage X Dsplacerment Wargrage X Otsplacsmwnt
10 g

~~um 4197

| '
P hERE B ETERERE S

=
=

E

10 x

Y
i
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Conclusion

This study presents the 3D simulation capability of predicting dynamic behavior for
microcellular injection molding process.

Good quantitative agreement between simulation and experimental results are found.

In the industrial application, simulation results meet the criteria of prediction capability
for application on microcellular injection molding product.

R12 Support eDesign
R13 Support MuCell + “Injection Expansion” (Core-Back)
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Interested? Talk to us:

Moldex3D
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Fabien BUCHY
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68500 GUEBWILLER

Tel: +33 389 82 45 64
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