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A wide range of epoxy resins are molded to produce composite components for various applications. 

Release agents are generally used to facilitate the removal of the component from the mold. The 

work presented in this paper shows differences between release agents and resin during a RTM pro-

cess. Adhesive properties of release agents in interaction with the resin are analyzed, with respect to 

pressure and temperature. It was found that the reaction of epoxy resin results indifferent breakaway 

forces from mould surfacesdepending on used agents. 
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INTRODUCTION

Epoxy resin isone of the most important poly-
mers, with applications in such fields asstructural 
adhesives, surface coatings, composite materi-
als and electronic devices and so on [03]. The in-
terest in epoxy resins is related to their attractive 
characteristics, including small shrinkage during 
curing, good adhesion to substrates and electri-
cal and mechanical resistance [13]. Moreover, 
epoxy resins have good thermal, dimensional, 
as well as electrical stability and, chemical resis-
tance.[03,05].Epoxy composites market is very 
fast evolving particularly for the high- perfor-
mance composites. This is characteristic in the 
automotive industry for short cycle time as chal-
lenge for mass production [16]. The resin transfer 
molding (RTM) process is one of the widely used 
manufacturing process of composite structures in 
the industry of transport (e.g. automotive) and air-
craft [16]. Lately that process has more attention 
in industry of many advantages [02].The material 
cost with RTM is much lower than with prepreg 
technology. It creates a compromise in comparison 
of manual lamination, autoclave molding and RTM 
process in terms of requirements, productivity and 
quality [10]. The typical RTM process cycle con-
sists of four phases:

The 1st phase is preform manufacturing 
which produces the fiber reinforcement in 

•

the shape of the finished part.

The 2nd phase is mold filling during which 
resin in injected into the cavity of a mold con-
taining the preplaced preform.

The 3rd phase is resin curing which may start 
during or after the second phase.

The 4th phase is demolding which occurs af-
ter the curing reaction comes to completion 
and the part solidifies [01]. 

One of the important points of resin compositesis 
to select release agents properly according to in-
teractions between resin and both mold surfaces 
and fibers. Most often these components are ei-
ther mixtures of esters, waxes, zinc and calcium 
stearates or fluorocarbon and silicon complexes 
[09]. Polymeric components are molded to par-
ticular shapes and release agents are used to fa-
cilitate removal of the component from the mold 
[15]. The agent creates a very low surface energy 
coating on a substrate, which allows the shaped 
material to be released quickly and easy.Applied 
release agent causes elimination or reduction of 
adhesion on the surface of the mold, which is of-
ten difficult to achieve [14,17]. A well preparation 
and precise application of these products dur-
ing manufacturing process is very important. It 
takes time to prepare a clean surface of the mold 
faultlessly and the right amount of agent has to 
be applied. To be effective, the surface must be 
cleaned thoroughly to remove all traces of oils, 

•

•
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,waxes or other impurities [04]. Release agents 
can be divided into two groups: external- prod-
ucts which are applied on the mold surface; 
and internal- which are combined with the resin 
system. Application of external release agentsis 
critical in ensuring their optimal performance. It 
can be applied by hand or using spray equip-
ment. Traditional agents with problems that have 
already been resolved like safety concerns due 
to environmental and health issues have led to 
new alternative water-based products. The ma-
jor disadvantage of the water-based release 
agents is a long time of evaporation and it is rec-
ommended to use them with heated molds. The 
recent alternative is to use a semi- permanent 
release agent [12], which are reactive resin so-
lutions designed to cross- link and cure on the 
mold, providing inert release films[11,12].

Internal release agents are combined with the 
resin prior to molding. The agent is dissolved in 
the mixed resin. The time to apply an external 
agent on the surface compared to an internal 
agent is eliminated from the production process. 
One main advantage of this type of release 
agents is robustness of processfor high volume 
manufacturing[12].

This paper presents the differences between 
the impact of the external and internal release 

agents on the epoxy resins of the molding poly-
mer. In practice,there are no suitable toolswhich 
can effectively classify effects of release agents. 
Moreover, the influence of release agents on ad-
hesion between mold surface and epoxy resin is 
investigated. The aim of this work was to identify 
suitable release agents for epoxy resins.  

EXPERIMENTAL

Materials used

A standard epoxy resin of bisphenol- A (epichlor-
hydrin) type, suitable for construction and indus-
try, with an average molecular weight of 700, 
supplied by Sika®,was used. The hardener 3- 
aminomethyl- 3, 5, 5- trimethylcyclohexylamine, 
2- piperazin- 1- ylethylamine, was modified by 
weightin a ratio of 100 to 24.

All release agents used in this paper are charac-
terized in Table 1.

Preparation

All samples were prepared by mixing a formula-
tion of resin and hardener.

External release agent was applied to mold sur-
face at room temperature. The mold was covered 
by triple coating layer of an external agent. Before 

Producer/ Provider Products

External release agent

Axel Plastics Research Laboratories
Ins (www.axelplastics.com)

XTEND 19RBU®- semi- permanent releases.

Chem- Trend
(www.chemtrend.com)

Mold Sealer S-31® and Treil Part 310®-semi- per-
manent release agents.

Hacotech
(www.hacotech.com)

Hacowax T1®- external release agent.

Henkel
(www.henkelna.com)

Frekote 55 NC®, Frekote 700 NC® and Frekote 
770®- semi- permanent release agents.

KVS Eckert & Woelk
(www.kvsewo.de)

EWOmold 3721® and VP 094491®- external re-
lease agents.

Muench Chemie Internalional
(www.muench-chemie.com)

Mikon 705 MC®, Mikon 34+® and Mikon W 38+®- 
semi- permanent release agents.

Zyvax Inc
(www.zyvax.com)

Watershield® and Enviroshield ®- solvent- free 
semi- permanent release agents.

Internal release agent

WELA Handelsgesellschaft
(www.wela-handelsgesellschaft.de)

Additive G- 161® and Additive G- 161®- internal 
release agents.

E. and p. Wuertz & Co KG
(www.epwuertz.de)

PAT®657/ BW® and PAT®657/ BW- internal release 
agents.

Table 1: Characterisation of release agents.
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applying an external release agent the surface 
has been thoroughly cleaned (Figure 1a). The 
sealer sealedeffectively all micro porosityon the 
tool surface (Figure 1b). The release agent was 
applied as a smooth wet film over an area in ac-
cordance to the specific instructions (Figure 1c).

The internal release agents were mixed with ep-
oxy resin and hardener. The added amount of 
agents (1vol%, 2vol%, 3vol% and 5vol%) is re-
lated to the final mixture. For every test a 2 g sam-
ple was prepared. The samples were exposed at 
temperature of 80°C and pressure of 1MPa and 
were cured for 20 min. To facilitate the cleaning 
of the mold’s surface Surface Cleaner® and Mold 
Cleaner #3® were usedto clean surfaces after 

every test. The epoxy resin was applied on the 

molds surface (diameter 90 mm). The used mate-

rial was grinded steel (Figure 2b).

Testing method 

To test the external and internal release agent spe-

cial geometrywas designed and integrated in the 

testing machine (Figure 2a). Base design is similar 

to the approach of University of Bayreuth [09].

Tests were carried out on an universal testing 

machine model Instron 5567 under controlled 

atmosphere conditions (23°C ±2 K) and a cross-

head speed of 1 mm/min-1. Inside the mold, 

there were two heating elements (bottom and 

top) and one sensor PT100 in each plate to con-

trol temperature (Figure 2b).

Figure 1: Applying the release agent on the surface: a) cleaner, b) sealer and c) release agent [16].

Figure 2: An instruments a) Instron 5567 used for measurement, b) image of test stand in SolidWorks.
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All components were connected with the heating 
deviceas shown in (Figure 3).

Figure 3: The heating device for heating elements 

and sensors

The temperature accuracy between the mold sur-
faces was 80°C ± 2 K (Figure 4). The epoxy resin 
was applied, after mixing, to the bottom part. De-
fined distance between two mold surfaces was 
0.5 - 0.7 mm. After completing, the epoxy resin 
has to be separated from the mold surface.

Figure 4: Thermographic image of the heating sur-

faces

RESULTS AND DISCUSSION

The analysis allowed determination of influence 
both of the external and internal release agents 
on the behavior of a resin systemin automated in-
dustrial processing. The differences in demolding 
forces emphasize that chemistry (which is usu-
ally not ordinarily known), must be considered for 
each system. 

Figure 5: Breakaway force compared to different external and internal release agents
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Figure 6: Breakaway force with different concentration of % internal release agents

However, after the same time, the external re-
lease agent was not on the mold surface and the 
application process took time. Due to the impos-
sibility of preforming measurements, the fact that 
all applied coat were different, needs to be taken 
into consideration. The assessment show that the 
presented method does not allow obtaining repro-
ducible thickness of coatings.

It was proved that only one internal release agent 
PAT 554E with 5% of concentration is compa-
rable to external release agents. In can be ob-
served that Frekote 55 NC of 0,0045 MPa shows 
the low surface energy on a surface to compared 
Frekote 700 NC of 0,74 MPa.

The below-presented graph demonstrates that not 
every release agent is suitable for this epoxy resin.

Figure 5 presents different amount 1%, 2%, 3% 
and 5% of internal release agents. The higher % 
concentration is determined by producer. There 
is a clearly defined pattern to the graph, and this 
can be taken to mean that with higher amount 
of % is the lowest surface energy. Nevertheless, 
Fig. 6 shows that minimum and maximum con-
centration of release agent has a influence on 
the results. Moreover, the release agent PAT 554 
E of 5% presents the lowest energy on surface 

under force of 0,08 MPa. The release agent PAT 
554 E (1%, 3%, 5%) shows the best result com-
pared to G-161, G-161x and PAT 657 BW.

CONCLUSION

This paper presents the influence of the external 
and internal release agents on the breakaway 
force of the bisphenol- A (epichlorhydrin) epoxy 
resin. The results clearly show that it is impos-
sible to find an universal release agent for the 
epoxy resin. The difference between two release 
agents shows that only one of the external and 
internal release agent can create a very low 
surface energy on a substrate. It is shown that 
concentration of % internal release agent has 
a considerable impact on the results. With the 
rise of content of the internal release agent then 
decreases the value of force acting on the sur-
face. However, repetition of the same % content 
of the agent does not correspond to the compa-
rable result with the other agent. It depends on 
the chemical composition of substance, which 
is usually not given by manufacturer and on 
the chemical composition of resin with which it 
is used. Designation of external and internal re-
lease agent into existing reactive epoxy resin is 
an im portant step towards process automation.
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Future work will be focused on the testing of dif-
ferent adhesive agents using a wide range of 
surfaces, higher temperatures and comparison 
of the similar epoxy resin to the one presented 
in this paper.
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