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Release agent-free: Release’**® technology
replaces silicone coating in wax injection molding

The wax injection molding process is used to produce models for investment
casting quickly and easily. For a non-destructive demolding of the wax parts,
silicone-based release agents have had to be used until now, which come along
with considerable disadvantages for man and product. In an AiF-funded
project, developers at Fraunhofer IFAM have succeeded in developing a release
agent-free release layer system that provides a sustainable permanent coating
on the tool. The so-called Release™*%® technology offers both technical and
economic advantages and will be presented at GIFA 2019 (Hall 13, Booth

A34).

The investment casting process is used when filigree structures or particularly high-
quality surfaces are required for the cast component being produced. The positive
model required for this is usually produced by wax injection molding. For this, molds
and mold inserts made of aluminum alloys, steel and brass are used. Liquid or pasty
wax is injected into the cavity of the metal mold to form the models. After the wax has
solidified, the mold is opened and the model is demolded. This process is fast,
inexpensive, established and suitable for series production.

However, release agents, typically silicone sprays, must be used to support the
demolding process. Without the use of release agents, a complete and non-destructive
demolding of the wax model from the mold according to the state of the art is not
possible. When release agents are used, however, the release agent is transferred to
the surface of the wax model during the demolding process and the so-called mold
build-up, a coating of release agent and wayx, is formed.

There are further disadvantages connected to the use of release agents: Regular costs
for cleaning the injection molds, the release of silicone aerosols, costs for washing off
the silicone adhesions from the wax pattern and quality defects in the surface of the
ceramic shells.
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Release agent-free wax injection molding by using a plasma polymer
release layer

The desire for a release agent-free process for the molding of wax castings has existed
on the part of investment casting companies for decades. In order to overcome the
above-mentioned technical and economic disadvantages, the AiF-funded project
18915N investigated the replacement of the release agents by a plasma polymer
Release™™ ® release layer developed by the Fraunhofer IFAM.

The functional layer used on the injection molds was produced by plasma-enhanced
chemical vapor deposition (PECVD). Prior to this, the injection molds were carefully
cleaned and arranged in the plasma chamber before the coating process, separated
into individual segments, so that all the surfaces that were to be coated were exposed.

Scientific results lead to safe process development

In order to solve the problem, it was necessary to look in detail into the solidification
and interfacial behavior of model waxes. One result was that the so-called adhesion
point necessarily had to be fall before separation process. The wax adhesion point is
the temperature at which the wax begins to adhere to the surface. A visible residue
develops and the release force increases noticeably. The adhesion point should not be
confused with the melting point or dropping point. The melting point/dropping point is
the temperature at which the wax liquefies and is usually well above the adhesion
point.

For a permanently successful separation process, it is also necessary that the interface
between the plasma coating and the wax is stable. Every material changes its
composition or its cross-linking behavior when it solidifies in contact with a surface.
This area is known as the interphase and can form different layer thicknesses, from a
few nanometers to micrometers.

For this reason, the scientists at Fraunhofer IFAM investigated the mechanical
properties of this interphase. Nanoindentation is used for this purpose. By
systematically adapting the test specimens to the measuring task, it is possible to
determine the modulus of elasticity near the interface (within the upper 50 nm) and to
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mechanical strength. Thus, the adhesion point and the surface E-modulus provide the
user with two new criteria for carrying out the wax injection molding process in a
manner appropriate for separation and for differentiating model waxes.

Based on the findings, process management and properties of the Release™**® coating,
it has been possible to develop a practical permanent coating for wax injection
molding. Investigations of the interface produced by this process showed excellent
adhesion to the metallic mold, high cohesion strength and low surface energy. Due to
the low layer thickness of < 2 um, the coating has no influence on the dimensional
accuracy of the injection molds. This makes it possible to apply the Release™® release
layer to both new and existing injection molds.

In addition to the important occupational health and safety for employees, who in
future will not have to be exposed to harmful and foreign substances through aerosols,
there are other advantages: Downtimes due to maintenance and cleaning of the
injection molding machine tools are minimized and release agents and cleaning agents
are economized. There is no need to clean the wax parts. There are no wetting
problems when applying the primary ceramic shell. The surface quality is improved and
scrap is reduced.

Project results and perspective

Release™™S® coatings enable an industrially applicable permanent coating for the wax
injection molding process. Within the AiF-funded project, this coating was not only
tested in laboratory trials at Fraunhofer IFAM, but also successfully tested by investment
casting foundries under industrial conditions on several injection molds. The range of
injection molds used (manual molds and automatic molds) stretched from simple to
highly complex geometries with loose parts and hydraulic slides with a wide variety of
release agent requirements. Within the scope of the project, one investment casting
foundry has already produced over 40,000 wax parts with an injection mold (geometry
of turbocharger wheels) manufactured completely free of release agents, without any
signs of wear on the interface.

In order to make full economic use of the clear advantages of the plasma polymer
interface in the investment foundries, further investigations are planned in follow-up
projects. In particular, downstream processes following wax model production are to
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wettability of the waxes without pre-cleaning during the application of the primary

ceramic shell, the targeted improvement of the wettability of the waxes by plasma

activation as well as long-term tests to prove the predicted and required lifetime of the

plasma interface (> 500,000 demoldings).

Project funding
Grant reference number: The project was funded by the BMWi and as an AiF-IGF
project No. 18915 N/1 in the Research Association Foundry Technology.

Further information
www.ifam.fraunhofer.de
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Release agent-free sprayed wax part and cast aluminium coil. © Fraunhofer IFAM
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