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Microcellular foaming utilizing highly pressurized physical blowing agent (PBA)
is widely employed for the injection molding of lightweight, high-dimensional-
quality parts. The cell foaming behavior is important for the quality of foam

injection-molded parts, and the physical condition of the PBA provides crucial
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conditions.

information on cell growth. In this study, the pressure-temperature (PT) history
of melt elements is directly compared with the phase diagram of the PBA to
propose a novel method that analyzes the simulation results of microcellular
injection molding. The PT history of particle tracers from different final positions
exhibited unique profiles, particularly in relation to the thickness and flow length
directions. Each PT history can be directly correlated to the phase change of the
PBA and is useful for understanding positional differences in cell growth
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Core

®o A\ ®o @®: ME finally located skin and center
\ Sei= = Z ®@: ME finally located skin and EOF
©) " ®: ME finally located core and EOF
. @: ME finally located core and center
Gate
Skin

@: Pressure decrease due to ME reaching
to flow front
(filling pressure > ambient pressure)

®: Pressure increase due to increasing
flow length from the fixed ME and
advancing flow front
(ambient pressure > filling pressure)

Pec A\ ©: Pressure decrease due to end of filling
A stage and polymer melt shrinkage
Patrm L (filling pressure - critical pressure)

@: Slow pressure decrease driven by
shrinkage and resisted by foaming
cell expansion
(critical pressure > ambient pressure)

Tmelt

©: Temperature drop due to contract
with mold surface
(melt temperature > mold temperature)

®: Slow temperature decrease due to
the distance from mold surface and ME
in thickness direction

Tmold

Fig. 1 Expected history of pressure and temperature of melt element injected into the cavity during physical microcellular foaming
injection molding.
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A-B: Filling (isothermal)
B-C: VP switchover (isothermal)

1 bar

) C-D: Packing (isobaric)
o 1.001 D-E: Cooling (isochoric) 330 bar
g E-F: Shrinking (isobaric)
~ F-G: Shrinking (isobaric)
g 0.96- after ejection : 550 bar
= :
g :
s 092 a
.g G ,
3- O 88 ; :Tlejectlon . ETmeln
0 Tamww 100 200 300

Temperature (°C)

Fig. 2 Typical pressure and temperature history explanation of
injection molding on pvT diagram. (Note: T = melt
temperature, Tejecion = €jection temperature, T,m, = ambient
temperature)

27 94 BEQAEZHVP switchover) BAE 522 (isothermal
pressurizing), EYTHAE S8 7 (isobaric cooling), & U
EA P 7 (isochoric cooling), 0]& $A|9] 22 =
FH AR olgt A oA A

r

21 o Awelx] Rets $AHo| k. w3t
a9 Qe o ol@ig HxHoR PBAS] ARl ARl
oh$ ofditt wWekA, B SAHE slasy] FelME e WAl

particle tracingS -3t} Particle tracingoA] ZAIEE= &
Al 84 AlEH oM &84A] FUF DRHIA 944
oF 3 AlZtoll whet sHHTE] U] Thkst QIR 2 o]%Fdh= ol%E5t
o ZF QAR a2 W3} o|go] 2AHT

HIAE A EY0]AS 915t0] Moldex3D (CoreTech System
Co., Ltd., Taiwan)e} Zu|AEE AFEAE 34 mEo] AMREIS]
th. iAol = 100 x 40 x 2 mm (0] x £ x T7)2] T} 7
HIE]ol] H(fan) Al°|EZ &FPA7F FYUE &= 7HHg oA meo]
AREEIQITE. AFEAd Y AlEO1RA 9] w4 7)o Thgh Ao
FL= AAlst7] Sfsto] A WFez FRI £ wHE YA
SHITE AFE/dY AlEEolHoM §59 Mol 2 sHulE
FHEY 42 o4 Q48 IYTE vix|5fof stug, o]E 9ot
o] Boundary Layer Mesh (BLM) §4& ARSIt AT g

o] & WAlst= ¥W 9| Boundary Layer®] mesh: & 2270 &

Table 1 Characteristic points of nitrogen

Characteristic point Pressure (bar) Temperature (°C)
Critical point 34.1 -147
Melting point 1.0 -210
Boiling point 1.0 -196
Triple point 0.125 -210
1000 - , :
SC
—~ 1001 !
- S I R O
=
O 10 - Inject.lon 4
5 S molding
éa G pT range
5 1 | -
-
o
0.1 . . ;
-300 -150 O 150 300

Temperature (°C)

Fig. 3 Phase diagram of nitrogen, N, defined by characteristic
points and pressure(p) and temperature(T) range of
injection molding. (Note: S =Solid state, L= Liquid
state, G = Gas state, SC = Supercritical state, m = melting
point, b= boiling point, t= triple point, ¢ = critical point,
p = pressure, T = temperature)
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A0l 7 Fig. 4(e)¢t Zo] A=
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Particle tracer
release time

(s)

1.0
— 0.8
@ Skin, near Gate —
Particle tracers
released att=0.3-04 s — 0.6
@ Core, Center (t) @ Core, near Gate
Particle tracers
released att=0.7s released att=0.8s
04
0.2
0.0

released att=0.4-0.5s

released att=0.5-0.6 s

Fig. 4 Positions and traces of melt elements (particle tracers) during cavity filling in microcellular injection molding at beginning
of cavity filling, approx. (a) 20%, (b) 40%, middle of cavity filling, approx. (c) 60%, (d) 80%, end of filling stage (EOF),
approx. (e) 95%, and (f) complete of cavity filling by foam cell expansion.
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a (b)
@ 90 , , 5240
= | : Skin, near Gate a5 Slow cooling at core
3 : | —— Skin, Center > \
<5 601! | ——Skin, near EOF | 5 180-
5 ! ; Core, Center ®
| : - )
3 304 ! ! Core, near Gate @ 1204 Fast cooling
@ ' z = at skin
& : £
1 (<}]
0 o :, '— 60 T T
0: 6 0 2 4 6
. Tme(s) v Time (s)
(©) 90 - Filling sitage ed  TTTeeel
Cavity Filling §Remalnlng cavity filling Pressure holding
1 i by cell expansion by cell expansion potential
: ) (6)
@ i | End offilling stage E‘Ot mC:I"e Unﬂfd volume
o i and short shot ut cell growth pressure
= 60 - ME position fixed and = Pressure drop => Pressure holding
© Flow front advancing at entire cavity volume
2 i > Pressure increase = Compensating shrinkage
£ @ (5) Y
) - Expanding foam cells Advancing flow front
7] ) . fills remaining volume reaches EOF position
o 30 - ME reaching = Pressure hold at > Pressure increase
o flow front Gate and center at EOF position
> Pressure & Ambient pressure —_—
4 decrease

at EOF position
\*

=

Fig. 5 (a) Pressure and (c) temperature history of melt elements (particle tracers) located at various locations in flow length and
thickness direction. (c) Specific pressure history especially for filling and cell expansion with explanations. (Note: This
pressure and temperature histories were extracted from the particle tracers only in the cavity, excluding gate and sprue)

A

3.2 885X 24

B840 249 1l st 9ol £ ol

9] sioj5o] 557

SeR=3

AR5 Bk,

2 2z E 2 ol

32 9kA] Fig. 19

274

A ol sk GARISICE Fig St 8847 249 H% =2
S0l whe et LxEoleol uaoltt,
8-°¢x1 247} $EAIIA o5 3to]

88 $49%50] o} %
ool 3% BEtE

>
T o
27102 olEsit A2,

94

J5el



Journal of the Korean Society of Manufacturing Technology Engineers 34:5 (2025) 269~279

SETA 249 2 H7IU7HA a7t S71sh= olge
eIt} (c.f, Fig. 5(a)). YA cAs ti=, o'B“/I\"Z] 47 4
AP ZojFE Bl fFeATRE olEdol w2k Yol i
qt}. 3 o] FpAl 249 T =Y HXM A&l 7I7hE
E, JUGACIA &g &E0A AAZRE FE5ATTAY §
A7t Z7lstz qigo] thl 271t 4 F7he SHT
A 8714 olRolHhL, 1 A% F

/\7]201] _4_6_7\-10§ Elﬂw]. &5

o8

ﬂl

mi-infinite solid®] ZHZA|2] 7:]]1?1% g ZApst
1% U/l 2% =R 10-15C £ 2xolt). Fig. S(b)olA
I 8822 Q40 2wyt st | s AR o3 Tl

[¢] o’B“l‘
22w & 77~80°CE A 5% 2%% 65°CEY 10~15°C =
2 2=o|th,

3E =9 A7 AF TojRel 8§57 840 B {EA
S7HA] o%g5kA] Zat7] wiizel| ko] th7|Y7HA] ZHASHA] e
tHe.f, Fig. 5(a)). £3] A0|E QlLo] FojRo] HEHo7 vt
She &84 84% 7PE Ugol AlulEld FY=HER, 3 Al

Aol sl S 2R &
2o Qreio] B £4%
H5HoR AF soliol] AXsH He 884
| vle] oS 138 £x2 2wy} 7HASHc.f, Fig. 5(b)). 2o
3% ERo=RH A2t W] ujiol, B A2t Lol
£7} L2)7] mpolch, webA, 571 Wae] B fiAn u
©7} 9AE0] iz Alo] AFsly] o We A7 olgrt
2, FojRo] ek utmAlo] AL 77} AAY M2 ¥
¥ 7RsAol e,
(EEEEEE
Fig. 5(c)= &35, 74]01—
I(cavity filling)e}, WrZAMQ] 2§02 QI
%% (remaining cavity filling by cell

SEAYIY $EA7t 1 8] o
QAR Bt}

8844 8AE A7)

2

1N
Jﬁ

ol

d 30 rlo o% rif
lo
11:1

1 z]- O o
zhe 1‘51—__

R

A d

=}

Fu9
expansion), 183 €3 o]% 7u]E] WLl 8-A] =+ (pressure
holding by cell expansion potential)ollA19] Aro]gt 9jz]of|A 2]

FABlE Elo] WatE Uehdch 449l AWe ofdel 7t
1) gl AE %%# 247t fEAG $ ol E3IHA
885719 READAA F5A FobgoR UsiA Y
o) 7ttt
2) o 844 49| X7} A7IEZ o|Esto] TAFCHA,
AR 9= Mo g olslo] Q&7 g7}t Z713to] waba] oE
o] F7I3ttt.

275

Phase diagram of PBA (N,) and PT history of melt elements during FIM
1000

3—=—N2 phasef Injection molding

Sprue

100 o i Superecritical

H 1(SC)
Q 1 [ epiieiee
@ i
S 104 Solid | Liquid
n E| Gas
0
]
S
o 141 m
i ME release time (s)
0.188 0.386 0.557 0.737
t 0.282 0.465 0.647 0.829

0.1 T T T — T T T
-250 -200 -150 -100 100 150 200

Temperature (°C)
Fig. 6 Pressure and temperature history of melt elements (particle
tracers) on phase diagram of N, as physical blowing agent
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