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I
n the MuCell process, the melt, loaded
with a physical blowing agent, foams
after injection into the mold cavity.

This allows the raw material consump-

tion and part weight to be reduced while
improving the part properties in many
cases [1–8]. Compared to unfoamed in-
jection molding, the use of this process
minimizes warpage and the probability of
sink marks.

There are additional advantages in
process control, part design and machine
dimensions. In general, smaller injection
molding machines with low clamping
force can be used, since the MuCell
process does not require holding pressure
from the screw. Foaming causes an “in-

ternal” holding pressure [1], which gen-
erates a homogenous pressure profile in
the entire part. The magnitude of this
pressure can be adjusted within limits and
is usually lower than in standard injection
molding. Due to the lower opening forces
in the mold, the clamping force is ulti-
mately lower.

There are also two less well-known
benefits of MuCell. The lower viscosity
of the plastic melt offers either new de-
sign options, since the flow paths can be
longer [1, 5, 6], or the possibility of re-
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ducing the melt temperature and there-
by shortening the cycle time [1, 3]. Ex-
ploiting this potential requires a thor-
ough understanding of the MuCell
process.

Gas Supply – Supercritical but
Quite Simple

Physical foaming by means of MuCell
technology is based on developments
made at the Massachusetts Institute of
Technology (MIT), Boston, USA, and is
marketed by Trexel. Engel Austria GmbH,
Schwertberg, Austria, offers systems for
the MuCell process from a single suppli-
er under the name “Engel foammelt.”The
advantage for the user is that foaming is
also integrated into the injection mold-
ing machine control and can be con-
trolled and monitored via the machine
display.

The gas (N2 or CO2) is added in a su-
percritical state, i.e. as a supercritical flu-
id (SCF) (box p. 27), and, for this purpose,
transferred to the gas supply unit at a
pressure level of about 440 bar. By means
of pressure controllers 1 and 2 and a cal-
ibrated mass flow element, a constant
mass throughput is generated at a defined
pressure difference (Fig. 1). The quantity of
the throughput is the result of the desired
gas content in the plastic melt and the
gassing time during metering. Once the
mass throughput has been set, it remains
constant throughout the cycle.

The gas feed to the melt is performed
by means of an injector. When the melt is
not being injected with gas, the injector
is closed, but the throttle valve is opened
so that the gas returns via a bypass. In this
phase, the pressure controller 3 regulates
the operating pressure that is directly
present at the closed injector.

In order to introduce gas into the melt,
the injector is opened until the desired gas
content has been reached (“gas introduc-
tion”). In this phase, the throttle valve to
the bypass is closed. When the injector is
opened, the operating pressure falls spon-
taneously. In the process, the operating
pressure adjusts to match the melt pres-
sure directly below the injector. The lat-
ter is measured and called “pressure at in-
jector 1.”

Generating a One-phase
Gas/Polymer Solution

The MuCell process requires a special
plastication unit. The screw, with a typi-
cal length/diameter ratio of 24 to 25, is
constructed from:

� a plastication zone (feed, compression,
metering zone),

� a rear non-return valve,which prevents
the gas-loaded melt from passing into
the plastication zone and foaming
there,

� a mixing zone for homogenization of
the supercritical fluid in the melt,

� a front non-return valve with shorter
stroke.

The injector is mounted on the melt
cylinder directly in front of the rear non-
return valve (in the flow direction). Af-
ter the supercritical fluid has entered the
mixing zone of the screw, it is finely dis-
persed by shearing and mixing process-
es and by diffusion in the melt. A single-
phase supercritical fluid/polymer solu-
tion is established at the latest in front of
the screw tip. To maintain this state, the

melt must be kept under pressure dur-
ing the entire cycle. This is made possi-
ble, even with the safety gate open, by
means of a patented solution by Engel
[9]. An interruption of the “active back
pressure control” would result in a pres-
sure drop and therefore foaming in the
melt cylinder.

The process can be analyzed into a se-
quence of defined single steps (Fig. 2). Af-
ter injection, the screw is at the front po-
sition with both non-return valves closed.
Then the metering process starts. The
melt is transported forwards, and as a re-
sult the two non-return valves (A) open.
After a constant pressure is established be-
low the injector, the gas injection can
start. During opening of the injector, the
delivery pressure adjusts to the pressure
in the melt cylinder. The supercritical

Fig. 1. The MuCell gas injection unit is integrated into the injection molding machine control system.
The system flow diagram of the gas supply unit is shown in the machine display. This integration
simplifies the application and increases the process reliability (figures: Engel)

Fig. 2. The workflow for the MuCell process, A: Start of metering; B: Start of gas injection; 
C: End of metering; D: Start of injection
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fluid is then transported at constant
throughput into the melt (B).

When the set metering stroke has been
reached, plastication is terminated. As no
more material is transported, the pressure
in the plastication zone of the screw falls.
The resulting pressure difference between
the mixing zone and metering zone clos-
es the rear non-return valve (C). Depend-
ing on the geometrical design, wear and
the process settings, leakage of the melt
can now occur at the non-return valve.
Consequently, the pressure below the in-
jector falls. To a certain extent, this pres-
sure drop is normal and has no effect on
the process quality.

With the start of the injection process,
the screw moves axially forwards. Due to
the injection pressure in front of the
screw, a pressure different builds up at the
front non-return valve, which, apart from

friction mechanism between its outer sur-
face and the melt cylinder, also leads to
the non-return valve closing (D). In the
cavity, a pressure drop initiates the foam-
ing process. The typical integral structure

with a non-foam skin and foamed core
develops [2].

Keeping the Entire Process 
in View

To monitor the MuCell process, the con-
trol of the Engel injection molding ma-
chines records the time variation of pa-
rameters during the injection cycle. The
operating pressure of the gas supply unit
and pressure below the injector are par-
ticularly significant here. These two pa-
rameters provide information about the
quality and reproducibility of the super-
critical fluid mixing behavior, and about
the closing behavior of the front and rear
non-return valves (Fig. 3).

In the process data log, which records
process characteristics for each cycle in-
stead of the curve profiles, deviations of
the operating pressure or metering time,
for example, can provide information

about a change in the process. For exam-
ple,viscosity changes of the material, fluc-
tuations in material drying and leaks in
the gas injection system can be identified.
To meet the quality requirements for

175

150

125

100

75

bar

Time

MeteringInjection

Pr
es

su
re

Pressure in front of screw tip
Melt pressure under the injector
Supercritical fluid operating pressure before the injector 

1

42
3

Δp
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modern production, an integrated pres-
sure or system test offers the possibility of
ascertaining and logging the perfect op-
eration of the gas supply unit.

New Design Options and the
Effect of the “Internal” Holding
Pressure

The dissolved gas reduces the viscosity of
the melt, as is shown by the example of
an unfilled polypropylene (Fig. 4). At
225°C melt temperature and a gas con-
tent of 1.6 %, the viscosity falls by 10 %
– and consequently also the filling pres-
sure. This effect can be utilized to fill parts
with longer flow paths or lower wall thick-
nesses. Alternatively, the melt tempera-
ture can be lowered to reduce the cooling

time. Thus, the temperature of a melt
charged with 1.6 % gas can be reduced by
15°C to reach the original viscosity of the
non-gassed melt.

The pressure gradients that inevitably
occur in conventional injection molding
between the gate and end of the flow path
are often the cause of non-uniform
shrinkage and therefore warpage in the
part. In the manufacture of laptop covers
of unfilled polypropylene, in standard in-
jection molding, on the one hand, differ-
ent pressure levels were measured close to
and remote from the gate. In the MuCell
process, on the other hand, the holding
pressure does not first need to be trans-
mitted via long flow paths, but is already
“included” in the melt and acts uniform-
ly over the entire part (Fig. 5). This circum-

stance can also be used, contrary to the
rule of thumb, to produce ribs of the same
thickness as the part without sink marks.
Elimination of the external holding pres-
sure reduces the maximum cavity pres-
sure, so that the clamping force in the in-

jection molding of the laptop covers
could be reduced by 35 %.

Determining the Optimum 
Gas Content

It has been confirmed in many examples
that admixing a supercritical fluid obtains
positive effects. The question now arises
of whether these effects can be increased
ever further by increasing the gas content.
Figure 6 shows the maximum injection
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Above a critical pressure and a critical tem-
perature, gas is in the “supercritical state“.
This is the case for nitrogen (N2) above
34 bar and -147°C and carbon dioxide (CO2)
above 71 bar and 31°C. In the supercritical
state, the properties change. The fluids
show a behavior that is characteristic of
both gases and liquids. High density and
high solvent power – typical of liquids –
are coupled with low viscosity and high dif-
fusion coefficients, commonly considered
features of gases. This state of matter
therefore offers the ideal conditions for
homogenization and dissolution of the
physical blowing agent in the plastic melt.

Supercritical Fluids!
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pressure required in the production of
laptop covers with different gas contents.
Additionally, the corresponding foam
structures across the cross-section of the
parts are illustrated. First, the injection
pressure falls with increasing gas content
until a plateau is established at 1.6 %,
which defines the maximum soluble gas
content.

The microsections make clear how the
foam structure is continually refined and
therefore improved up to a supercritical
fluid content of 1.6 %. The reason for this
is that, with the gas concentration, the nu-
cleation rate also increases. That means
that a large number of small cells devel-
ops. However, a further increase in the gas
content leads to a sudden increase in de-
fects caused by undissolved gas. SEM
analyses make the difference in size be-
tween a fine-celled foam structure and
such defects visible (Fig. 7). The optimum
gas content varies from application to ap-
plication and can be experimentally de-
termined (analogously to Fig. 6). Here,
the best foam structure is validated by
light microscopy analyses.

Summary

In an age of lightweight construction,
MuCell technology is by no means an un-
common process any more, and is in-
creasingly being used for innovative ap-
plications. Foam injection molding of-
fers advantages in process engineering,
machine dimensioning and part design.
Exploiting the full potential requires fun-
damental knowledge about the process.
For example, the gas content has a direct
influence on the foam structure, and
therefore on the part properties. The ide-
al gas content for a particular application
can be defined by interpreting pressure
curves and micrographs of the foam
structure. �
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Fig. 7. If the gas content is increased after reaching the point with the optimum microfoam structure (left), defects occur – large circular pores are 
formed (right)
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