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1  Introduction

In discontinuous polyurethane (PU) process-
ing, demoulding of the cured components is 
a decisive process step, which, among other 
process parameters, determines the prod-
uct quality. According to the current state of 
the art, an adequate selection of the release 
agent used is decisive for non-destructive 
demoulding of PU parts. Both external and 
internal release agents are used and, more 
rarely, thermoplastic inserts [1 – 3]. The sys-
tems ensure not only easy and non-destruc-
tive demoulding but also enable a high sur-
face quality and increase process reliability, 
which guarantees a trouble-free process 
flow. However, these benefits are offset by 
various ecological and economic drawbacks. 
Non-permanent release agent films lose their 
effectiveness after just a few demoulding 
processes and must be reapplied [3]. In ad-
dition, upon film removal the release agent 

remains deposited on the component sur-
face and contributes to a so-called mould 
build-up, a mixture of PU with release agent 
residues. This deposit accumulates on the 
mould surface over several component 
cycles and makes regular cleaning of the 
mould necessary, which is costly, time-con-
suming and energy-intensive [4]. In the pro-
duction of high-quality components from vi-
sual surface applications mould cleaning is 
particularly frequent in order to ensure opti-
cally high-quality finishes.

On this basis, release agent-free demoulding 
with permanent release coatings represents 
a promising alternative to conventional de-
moulding technologies, because non-
destructive and smooth component removal 
can be implemented permanently without the 
need for additional application or cleaning 
intervals. In an IGF joint research project that 
was successfully completed in July 2020 the 
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Dry demoulding – practical demonstration  
of a mould coating with long service life

Sustainable thinking and acting is a constant driver of innovation in the polyurethane processing industry and is inherently applied in the 
development and implementation of future-oriented material and process technologies. Understandably, new technologies can succeed 
when they do not represent a step backwards in terms of robustness, flexibility and cost-effectiveness. In a German IGF cooperation 
(Industrial Collective Research) project at the Institute for Plastics Processing (IKV), Aachen, and the Fraunhofer Institute for Manufacturing 
Technology and Advanced Materials (IFAM), Bremen, the pilot plant readiness of a permanent release coating on a steel mould has now 
been demonstrated by consecutively demoulding more than 1,200 PU parts at constant low forces.

 Tab. 1: Release behaviour of PU systems with different catalysts in ten consecutive demouldings

C. Hopmann, P. Surray, D. Schneider, P. Bitomsky,  
M. Noeske, K. Vissing
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release behaviour of a plasma polymer re-
lease coating for PU processing developed 
at Fraunhofer IFAM was investigated, primar-
ily assessing impacts of the curing catalyst 
used in the PU system.

A first set of project results focusing on de-
moulding behaviour and a mould technology 
adapted to release agent free production of 
PU parts was presented in a previous issue 
of this magazine [5]. It was highlighted that 
organic amine catalysts are highly compati-
ble with the release coating in terms of low 
release forces. In contrast, the interim re-
sults using the example of dibutyltin dilaurate 
(DBTL) raised the question of whether the 
new mould coating under consideration is 
generally incompatible with tin-containing 
and possibly other organometallic catalysts. 
Based on the presented project contents, 
this article deals with validating further cata-
lysts with regard to a positive demoulding 
behaviour and with establishing a laboratory 
method to qualify the compatibility with the 
mould coating. Moreover, durability of the 
latter using three commercial PU systems in 
a production-related mould technology 
adapted for this purpose was investigated. 
In addition to the required demoulding forc-
es, the detailed forming of microstructured 
mould surfaces was used as a quality crite-
rion for permanently good demoulding.

2  Experimental

2.1  �Influence of organometallic cata-
lysts on the demoulding behaviour 

In order to classify the previously mentioned 
incompatibility of DBTL with the permanent 
release coating, additional organometallic cat-
alysts were investigated (tab. 1). The select-
ed organometallic tin catalysts vary in their 
activity upon driving the curing reaction that 
yields the finished PU system. This graded 
performance is interesting with regard to a 
possibly differential interaction with the re-
lease coating. In order to clarify whether other 
organometallic catalysts prove to be incom-
patible, the scope of testing was extended to 
include bismuth, zirconium, aluminium and 
potassium catalysts.

Laboratory-scale detachment 
tests involving PU systems 
with the different additives 
were carried out by adding 
one of the catalysts to a cat-
alyst-free basic PU system 
for completing the formula-
tion. The composition of the 
formulations is shown in 
table 2.

Since the catalysts are differently active, the 
proportions added for completing the basic 
PU system vary. In preliminary tests, they are 
determined in accordance with the thread-pull-
ing time in order to raise the reactivity of the 
formulations to a comparable level. The target 
time lies between one and three minutes. The 
determined catalyst portions are usually add-
ed to the polyol component and premixed at 
room temperature. In contrast, the zirconium 
catalyst is added to the polyisocyanate com-
ponent. Subsequently, hardener and resin are 
mixed at room temperature and then poured 
onto a release-coated glass plate (4 x 8 cm2) 
the temperature of which was adjusted to ap-
prox. 80 °C using a heating plate. Figure 1 
shows a test setup designed for this purpose. 
In addition to the release-coated glass plate, 
this setup comprises a loosely mounted rub-
ber profile that serves as a frame and, having 
a height of 5 mm, defines the maximum sam-
ple volume.

After a dwell time of 10 min, the hardened PU 
specimen is manually separated from the 
coated glass. The force required for this de-
tachment is subjectively evaluated and classi-
fied following a score that ranges from "(1), 
very easily detaching" to "(6), not removable". 
Casting, curing, detachment and evaluation 
are repeated ten times on the same re-
lease-coated glass surface, unless the test 
specimen has turned out not to be removable. 
To ensure that a poor peel-off result is not due 
to insufficient curing going along with a signif-
icant surface stickiness of the test specimen, 
the degree of curing is monitored by infrared 
(IR) vibration spectroscopy. If necessary, the 
test series must be repeated at longer dwell 
times or higher interface temperatures until a 
sufficiently high reactive conversion is 
achieved. For each test series and catalyst, a 
maximum of ten PU test specimens and the 
corresponding release-coated glass sample 
are available for further surface analytical in-

Ingredient Parts by weight Remark

Baygal K55 100.00 polypropylene glycol 
(trifunctional polyol)

Sylosiv A 300 4.00 zeolite (drying agent)

Catalyst 0.03 to 5.9

Desmodur VP 20RE10 86.30 aromatic polyisocyanate 
(MDI-based)

 Tab. 2: Basic PU system for testing the suitability of different catalysts 

 Fig. 1: Test setup for manual evaluation of catalyst influence on PU demoulding behaviour
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vestigations with regard to different surface 
species using X-ray photoelectron spectrosco-
py (XPS). Table 1 shows the results of the 
individual test series, which include up to ten 
separation steps. 

In addition to dibutyltin dilaurate (DBTL), all 
other tin catalysts also show a negative sep-
aration behaviour going along with a high 
effort for releasing the cured PU part. The 
results also correlate with the detection of 
tin species on the corresponding interface 
surfaces by surface analytical XPS investiga-
tions. However, a general incompatibility of 
organometallic catalysts with the interface is 
not observed, especially since a catalyst 
system comprising bismuth and zinc com-
pounds did not show any negative effect. 
Positive separation results were also ob-
tained with an aluminium catalyst, while the 
potassium types described above repeated-
ly showed an indifferent behaviour. The mo-
lecular cause for this finding has not yet 
been clarified. 

The interaction of a mould surface with tin cat-
alysts, on the other hand, could exemplarily be 
elucidated for DBTL by performing submer-
sion tests of release-coated glass substrates 
in solutions of the catalyst. The tin species 
detected later on adhered to the coated glass 
in the form of stoichiometric chemisorbates 
and could not be removed by solvent ex-
traction. The differentiation between physical 
and chemical interaction is relevant, because 
chemisorbates bond tightly to surfaces and 
make them resistant to cleaning. In case of 
immobilised PU catalysts, they form undesir-
able back bonds towards the PU material and 
cause an adhesion-promoting effect. The rea-
son for the surface bonding is considered to 
be a specific interaction between tin catalysts 
and silanol (Si-OH) groups, which are present 

to a small extent within the release layer [6]. 
By comparison with the tin coverage obtained 
when immersing surfaces with a defined and 
high silanol content, such as quartz glass, the 
binding via silanol groups could be estab-
lished. In contrast to the low surface concen-
tration of 0.05 atomic percent (at %) tin de-
tected on the release layer, the chemisorption 
of 0.48 at % tin on quartz glass is significantly 
higher. The presented results help to improve 
the understanding of the different catalyst in-
fluences on the release behaviour from the 
coating. On this basis, we infer that further 
optimizing the release coating may prospec-
tively facilitate that even tin-organic systems 
can be easily demoulded permanently.

2.2  �Mould technology and pilot plant 
runs

Based on the initial laboratory tests, the use 
of permanent release coatings was validated 
for approved PU systems under process-relat-
ed conditions. The main objective was to char-

acterize the durability of the coating for exem-
plary commercial PU systems. In order to 
demonstrate the release agent-free compo-
nent production for a variety of PU applica-
tions, a PU clear coat, a compact casting 
system and a water-blown flexible foam formu-
lation were selected. For the investigations, 
the commercially used catalysis of the sys-
tems was used and is shown in table 3. 

For the investigations, a mould adapted to 
the requirements of release agent-free com-
ponent production was used [5]. The mould 
is characterized by an opening mechanism 
that provides a peel geometry and reduces 
reduces the demoulding stress on the com-
ponent and coating. All components contact-
ing PU, including the employed profile seal, 

were supplied with the plasma polymer coat-
ing before the tests were started. An ex-
changeable insert cantered in the upper half 
of the mould allows different surface struc-
tures to be tested. In addition to a coarse 
leather texture with a maximum structure 
height of 250 µm, which is in demand for 
automotive applications, a fine and regular 
mesh structure was used. The mesh struc-
ture consists of a uniform arrangement of 
homogeneous pins with a pin diameter of 
250 µm and a height of 125 µm. The cen-
tres of consecutive pins are 250 µm apart 
(fig. 3). On the base of an unstructured with-
drawable insert, the durable integrity of the 
coating surface was monitored by micro-
scopic examinations. The surface analyses 
were carried out with a laser scanning micro-
scope (LSM). Figure 2 shows the inserts 
used and their position in the upper half of 
the mould.

For the systematic evaluation of the durabil-
ity of the release coating, which was flexibly 
contacted with approved compatible PU sys-
tems, and for the analysis of the surface 
structures, PU plates with a thickness of 
2 mm were produced from both the clear 
coat and the compact casting system and 
then demoulded. While the mould insert was 
exchanged at a time after performing addi-
tional 100 demouldings for being inspected 
the surrounding mould surface was not 
changed during the overall demoulding se-
ries. For the production of flexible foam 
plates, the height of the mould cavity was 
increased to 10 mm by replacing the base 
plate. At a time after having realized another 
50 demouldings, two test specimens with an 
area of 10 x 10 cm2 were removed from the 
PU-plates. Using these test specimens, the 
component surfaces were examined by 
means of LSM at the position of the mould 
insert and at an adjacent, unstructured posi-
tion. For all samples, three images were 
taken at 200-fold magnification in an area of 
500 x 705 µm2. The use of a coordinate 
system ensures that the images were always 
taken in the same surface region. Compari-
son among the LSM images obtained in the 
course of the demoulding test series is de-
vised to identify potential microscopic mate-
rial build-up caused by local failure of the 

 Tab. 3 Overview of commercial PU systems used in pilot plant runs

Material Supplier Application Catalyst base

Clear coat Votteler Lackfabrik GmbH 
& Co. KG

RIM-coating of wooden and 
plastic parts Approved bismuth system [tab. 2]

Casting system Plixxent GmbH &  
Co. KG

Non-cellular RIM-applications 
(e.g. furniture) Approved amine system [5]

Flexible foam  
(waterblown) Rühl Purometer GmbH Sound-insulating PU-compo-

nents Approved amine system [5]
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release coating function and leading to a 
topographic change of the surfaces. In this 
way, the service life of the coating can be 
recorded systematically and traceably.

2.3 � Application of the mould coating 
under industrial conditions 

During the demoulding runs in the project, a 
total of 1,200 plates were produced with a 
single coating. Initially, 500 plates were made 
with the clear coat PU formulation, then 

500 plates with the compact casting system 
and finally 200 parts with the flexible foam 
system. During and after the 1,200 demould-
ings, no perceivable reduction of the release 
performance was observed based on the de-
moulding behaviour. Subsequently, the analy-

ses for the two compact PU systems are dis-
cussed. The surfaces of the flexible foam 
plates are not considered further at this point 
because their properties are strongly influ-
enced by the pin structure due to the thin 
foam skin and the findings are therefore not 
comparable with those of the compact sys-
tems. 

By means of the comparably fine mesh struc-
ture, the limits of the impression behaviour 
are investigated using the permanent release 

coating. The comparison of the insert with the 
texture of an exemplary PU component spec-
imen after 200 demouldings shows that the 
pin structure is reproduced in the micrometer 
range (fig. 3). The moulded pins show a sim-
ilar geometry compared to the insert struc-

ture with a pin diameter of 250 µm. With the 
mould filling strategy applied, sinks result on 
the upper side of the pins with a depth of  
30 µm to 50 µm. The shape of this reproduc-
ible sink pattern can be controlled by varying 
the cavity pressure, which allows the haptic 
impression to be adjusted. Similar results 
were obtained for the comparably coarse 
leather structure. The structure was repro-
ducibly moulded in detail over 200 demould-
ings. In the course of the investigations, no 
change in the release behaviour was ob-
served here either. The performed investiga-
tions show that both coarse structures with 
haptic features and fine structures with a pin 
diameter of 250 µm can be permanently re-
produced by means of a permanent release 
coating. Thus, a transfer to large-scale tech-
nical applications is feasible.

The structured mould inserts were ex-
changed at regular intervals, so that a quan-
titative analysis of the durability of the re-
lease coating was carried out by comparing 
the unstructured mould surface with the cor-
responding surfaces of 20 PU components 
in the course of 1,000 demouldings. As a 
comparative parameter for monitoring the 
durability, the root mean squared roughness 
Rq providing the average amplitude in height 
direction was chosen. The development of 
the surface roughness of the PU components 
in the course of 1,000 demouldings com-
pared to the pristine mould surface is shown 
in figure 4.

The dashed characteristic line at Rq =  
1.16 µm in figure 4 indicates the root mean 
squared roughness of the smoothened un-
structured mould insert after its coating. As 
can be seen from the graph, the Rq rough-
ness value is always close to the dashed char-
acteristic line for all measured component 
samples and corresponds to the roughness of 
the pristine mould surface. Furthermore, the 
roughness does not increase during the de-
moulding tests, while an increase would indi-
cate microscopic material residues on the 
mould surface. It is concluded that, as already 
observed on the macroscopic level, there is 
no failure of the release coating on the micro-
scopic level neither. For assessing the influ-
ence of the flexible foam system on the re-

 Fig. 2: Upper mould section (left) and different microstructured mould inserts (right)

 Fig. 3: �Photo, detailed view and LSM image of a mould insert and a demoulded component sample with  
a fine-mesh surface structure
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lease coating as well all foam plates were 
produced with the unstructured insert and the 
mould surface was examined at the end of the 
tests. No material residues whatever were 
detected and the average roughness did not 
change significantly with a value of 1.19 µm. 

2.4  �Economic and ecologic factors of 
an industrial mould coating

Permanent release coatings have been inves-
tigated in polyurethane processing for many 
years. Permanent solutions and the elimination 
of release agents allow a significant increase 
in process efficiency. For instance, expendi-
tures like regular release agent applications, 
both mould and component cleaning or even 
safety devices for emission control when us-
ing release agents become obsolete. In this 
way, all pillars making up a sustainable pro-
cess are covered and fortified. The elimination 
of energy-intensive cleaning steps supports a 
significant reduction of CO2 emissions. 

One example of use is the production of 
damping parts from a PU flexible foam on a 
rotary machine with ten moulds and a 
high-pressure dosing unit. The annual output 
is 160,000 parts with a cycle time of 450 s. 
The release agent formulation consumed per 
component amounts to 125 g. The costs for 
the release agent are 2.88 EUR/kg. Approxi-
mately 15 s are required for the application of 
release agent. The treated surface must then 

be ventilated for 60 s so that the solvents 
present in the formulation can evaporate. Due 
to the resulting build-up on the mould surface, 
the moulds are thoroughly cleaned with dry ice 
in intervals of four to five days. The costs for 
the cleaning agent and cleaning staff are 
16.23 EUR/mould. 

For the release agent-free process, the costs 
and process times for release agent applica-
tion and mould cleaning are eliminated. How-
ever, the economic efficiency of a release 
coating is largely determined by its lifetime 
varying from application to application. When 
a decrease in release performance is ob-
served, the moulds are disassembled and 
transported to a service provider for re-estab-

lishing the coating. Costs for transportation 
and coating are 4,490 EUR/mould and coat-
ing. Depreciation costs for equipment such as 
the dosing unit or moulds are identical for both 
production scenarios and are not considered 
any further in the subsequent comparing ex-
amination. A cleaning of the manufactured 
components from release agent residues, 
which in individual cases is necessary for sub-
sequent processes and cost-effective, was not 
considered here. Based on the data present-
ed, an economic comparison of the conven-
tional release agent-loaded process and its 
release agent-free alternative is made for 
three different reestablishment intervals cor-
responding to three lifetime scenarios sup-
posed for the mould coating. Figure 5 shows 
the process-related component costs as a 
function of the production quantities of one 
mould in the rotary machine.

For the PU production scenario under consid-
eration, the process-related component costs 
for the conventional process with release 
agent are slowly increasing from EUR 1.59 to 
EUR 1.65 due to the regular cleaning cycles 
for every 300 components produced. In con-
trast, the costs for the release agent-free 
process start from a high level and decrease 
asymptotically with increasing production 
quantities down to the limit of EUR 1.22 per 
part. The re-occurring costs for the mould 
coating lead to the formation of a sawtooth 
curve for the three reestablishment intervals 
under consideration. With increasing number 
of components produced with one coating the 

 Fig. 4: �Root mean squared roughness Rq of the unstructured mould surface and the component surfaces in the 
course of 1,000 demouldings 
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 Fig. 5: �Economical comparison of conventional and release agent-free PU production in an exemplary scenario
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respective costs drop significantly. In figure 
5, the break-even point is reached after 
10,000 demouldings for a re-coating interval 
of at least 20,000 parts for the considered 
production scenario (red curve). Even though 
the calculative component costs increase 
again following the first re-coating, the calcu-
lated threshold is not exceeded anymore. In 
addition, it should be highlighted that the re-
lease agent-free process allows a higher an-
nual output of 19,200 components per 
mould, compared to 16,200 components 
produced in the conventional production due 
to the increased process efficiency. The pro-
cess-related component costs are thereby 
reduced by 12 % to EUR 1.45. This favour-
able economic balance comes along with the 
indicated ecological and sanitary benefits. 

Nonetheless, in this exemplary scenario, at 
least 20,000 components must be reliably 
demoulded with a release coating in order to 
be used cost-effectively. Since a coating ser-
vice life of at least 1,200 demouldings has 
already been determined on a pilot plant 
scale, the coating is expected to have a suf-
ficient service life to enable sustainable PU 
production.

3  Conclusion and outlook

In the present work, pilot plant readiness was 
successfully demonstrated for a permanent 
release coating. A series comprising 1,200 
demouldings was carried out with different PU 
systems without observing any deterioration 
of the release properties. The release coating 
is as effective as on the first day, no wear and 
tear was observed. The previous approval and 
selection of a suitable catalyst system proved 
to be ground-breaking for this success, as 
laboratory tests have shown that the ade-
quately selected catalysts of the PU systems 
in particular are decisive for permanently good 
demoulding behaviour. A large number of dif-
ferent amines and organometallic catalysts 
are highly compatible with the release layer; 
they were approved by detachment tests in 

laboratory scale. However, a release of PU 
parts cured with organotin catalysts did not 
work, rather a negative release behaviour with 
high forces was observed. This is attributed to 
a specific interaction between the tin catalysts 
and trace amounts of silanol groups within the 
release coating of the mould in the pilot plant. 
The established understanding of this be-
haviour is an important prerequisite for the 
further optimization of the coating. 

Furthermore, the industrial relevance of the 
release layer performance was shown in com-
parison to conventional demoulding methods. 
In this context, especially the moulding of 
structured surfaces offers interesting applica-
tion perspectives. Coarse patterns as well as 
very fine microstructures down to the mi-
crometre range were reproducibly well imple-
mented. Based on the results, it is expected 
that even high-gloss surfaces can be perma-
nently reproduced in highest quality. Economic 
considerations implying miscellaneous indus-
trial examples show that a coating life of ten 
thousand to a few hundred thousand demould-
ings justifies industrial use.  

With the proof of long service life, low de-
moulding forces [7, 8] and versatile applica-
tion possibilities in PU processing, the founda-
tion has been laid for transferring release 
agent-free component manufacture to indus-
trial series production. The application of this 
new technology represents a substantial and 
sensible intervention in the production chain. 
This innovation requires a lot of trust and long-
term commitment from the companies, which 
is rewarded with economic, ecological and 
operational safety advantages promoting sus-
tainable production. 
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