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New SilaNe-TermiNaTed PolyeTherS 

Tear-Resistant and  
Highly Elastic Formulations
For bonded joints and coatings under high dynamic loads, polyurethane systems are generally the technology 
of choice. Silane crosslinking can now also be used for these types of applications, thanks to a new class of 
modified silane-terminated polyethers. 

Lidia Miszke, Lars Zander

Silane-terminated polymers have 
been used as binders for seal-
ants, adhesives, and coatings 

for over 30 years due to many reasons. 
They can, for example, be formulated in-
to one-component, isocyanate-free prod-
ucts where, due to their low viscosity, 
solvents can be excluded. It is benefi-
cial that the products cure without bub-
ble formation even under unfavorable 

weather conditions. Nowadays, many 
wood-flooring adhesives are based on si-
lane-terminated polymers, as are sever-
al assembly adhesives and exterior wa-
terproofing systems. In these kinds of 
applications, the elasticity of the cured 
materials and their wide adhesion pro-
file are of particular importance. 

Applications in which bonded joints 
or waterproofing membranes are ex-
posed to high dynamic loads still remain 
the domain of polyurethane technolo-

gy. A large proportion of the adhesives 
used in the automotive or white goods 
industry are for example polyurethane-
based, including waterproofing mem-
branes for roofs, balconies, and patios. 
After curing, all of these industrial ad-
hesives and coatings are highly elastic 
and have high tear and tensile strength. 
Minor damage as encountered in prac-
tice when exposed to extreme loads does 
not lead to the complete deterioration of 
the layer. 

A new class of silane-terminated pol-
yethers (Geniosil XT) yields, for the first 
time, binders that can be formulated, by 
silane crosslinking, to shear-resistant 
materials of high tensile strength which 
are both highly elastic and extremely 
tear resistant (Figure 1). 

Alpha- and Gamma- 
Silane-Terminated Polyethers 
All commercially available silane-
modified polymers contain alkoxysilyl 
groups and are thus able to crosslink in 
the presence of moisture /1/. They dif-
fer in their organic structure, notably 
the manner the silyl groups are linked 
to the polymer backbone and the dis-
tance between the silyl groups and the 
backbone. In the case of silane-termi-
nated polyethers (Geniosil STP-E), the 
silyl groups are coupled to the ends of 
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Figure 1: The bending test clearly illustrates the high flexibility of adhesives now possible 
using WACKER’s new range of silane terminated polyethers.
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the polyether backbone via an alky-
lene unit and a urethane group (Fig-
ure 2). The alkylene unit can either be 
a methylene group, in which case it is 
an α-silane-terminated polyether, or a 
propylene group, in which case it is a 
γ-silane-terminated polyether.

The length of the alkylene unit in-
fluences the reactivity of the alkoxysilyl 
groups toward moisture /2, 3/. Formula-
tions of α-silane-terminated polyethers 
cure rapidly without needing a tin cat-
alyst; the presence of a catalytic prima-
ry amino compound will suffice to kick 
off the catalytic reaction. In the case of 
γ-silane-terminated polyethers, howev-
er, a tin catalyst or a strong base such 
as 1,8-diazabicyclo[5.4.0]undec-7-ene 
(DBU) is always required.

Both types of silane-terminated  
polyethers have specific advantages. 
γ-Silane technology yields products 
that feature particularly high elastic re-
covery. In the case of α-silane technolo-
gy, the wide formulation latitude is very 
much in the forefront by virtue of the 
fact that formulations require no tin cat-
alyst. This allows the use of ester-based 
plasticizers, for example, since in the ab-
sence of the tin catalyst there is no risk 
of ester hydrolysis. There is also a posi-
tive impact on the shelf life of the formu-
lations. Furthermore, the absence of or-
ganotin compounds is equally beneficial 
for environmental and health reasons.

Modification of  
Silane-Terminated Polyethers
The STP-E polyethers that have been 
available since 2005 can achieve tensile 
strength values of up to 3 N/mm² and 
elongation-at-break data of up to around 
600 %. These polymers thus meet elas-
tic bonding and sealing requirements. 
However, it is by no means possible to 
formulate exceptionally hard or tear-re-
sistant adhesives using standard STP-E 
grades. To obtain these properties, new 
silane-terminated polymers had to be 
developed. 

Development work led to the con-
cept of end-group modification, which 
is illustrated schematically in Figure 3. 
Here, the polymers were optimized so 
as to have both a low viscosity as well 
as a high number of crosslinkable silyl 
groups per unit volume. In general, the 
silane end groups are modified using 
organosilicon intermediates developed 
specifically with this in mind. 

The first α-silane-terminated poly-
ether to be modified in this way was 
launched on the market in 2012 with 
the designation Geniosil XB 502. Silane 
crosslinking could now also be used for 
high-strength structural bonding /4/. In 
this case, silane modifiers that provide 
the end groups with methyl-dominated 
units were selected for the modification. 
Crosslinking yields a close-meshed, rig-
id network of siloxane and polyether seg-
ments. Formulations based on this hy-

brid polymer cure to form thermosets 
with low elongation-at-break values. 

To broaden the application potential, 
the next step was to try to develop si-
lane-terminated polyethers that achieve 
not only high strength values, but also 
demonstrate high elasticity. Here, it be-
came clear that varying the organosil-
icon intermediate from a methyl-domi-
nated structure to a phenyl-dominated 
one alters the mechanical properties of 
the cured silane-terminated polyether 
significantly. 

Exceptionally High Tear Strength
With these findings, two new silane-
terminated polyether grades were de-
veloped. One of the grades is based on 
α-silane technology (Geniosil XT 50), 
the other on γ-silane technology (Geni-
osil XT 55). Both are colorless, transpar-
ent liquids that are easy to process due 

Figure 2: Structure of an α-dimethoxysilane-terminated polyether. The terminal 
silyl groups (silane end groups) are each connected to the polyether backbone 
via a methylene group (red) and a urethane group. The N atom attachment of the 
urethane groups is at α to the Si atom of the end group in each case.
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Figure 3: Schematic representation of the end-group modification concept. By 
selecting different silane modifiers, the properties of the polymer can be varied. 
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to their low viscosity (500 mPa·s and 
1,200 mPa·s) without the added need 
for solvent.

Tests on the cured new grades show 
that, while the altered end-group mod-
ifiers see a reduction in the cohesive 
strength compared to Geniosil XB 502, 
the elongation at break has increased 
considerably (Table 1). What is more 

striking and unusual for silane-modified 
polymers is the exceptionally high tear 
strength that the two new grades can 
achieve. The tear strength of the cured 
unfilled grades is – at the most extreme 
– a factor of almost 7 greater than for a 
silane-terminated polymer such as Geni-
osil STP-E10 (40 N/mm as opposed to 6 
N/mm) and is thus in the range of poly-

urethane systems. To capture this spe-
cial feature in the product name, the two 
new polymers have been designated XT 
(for extra tear resistant).

Furthermore, blending of the new 
polymers is decisive for the end prop-
erties of the cured sealant or adhesive. 
Figure 4 illustrates the properties of the 
new self-reinforcing polymers with da-
ta on mechanics of various blends that 
were cured using an aminosilane as the 
catalyst. The elongation at break initial-
ly increases with increasing amounts of 
STP-E, then reaches a peak, drops again 
and reaches a second peak with the ad-
dition of more STP-E. At the peaks, the 
elongation at break clearly exceeds the 
values achievable when using the new 
pure grades only.

The position of the two peaks de-
pends greatly on the formulation and 
cannot be generalized, but must always 
be determined experimentally. In the 
lab, elongation-at-break values of almost 
300 % were measured with tear strength 
of over 35 N/mm. If the XT grades are to 
be used, a ratio of of 3:1 is a good start 
for formulation optimization.

As to the mechanical properties of 
the cured polymers, no notable differ-
ence could be determined between the α 
and the γ versions. Selection depends on 
the application. The use of a catalyst can 
be one criteria, for example. For coat-
ings, it often makes sense to use a tin-
free catalyst and hence use the α grade 
to avoid yellowing. Very good elastic re-
covery, on the other hand, is easier to 
achieve with the γ grade. 

Use in Industrial Adhesives 
To demonstrate the suitability of the 
XT grades as binder components in ad-
hesives, a sample formulation with a 
γ-STP-E as the base polymer was se-
lected. The aim was to obtain an adhe-
sive with good elastic recovery, as is to 
be expected with formulations based on 
γ-silane-terminated polyethers. Accord-
ingly, a blend containing Geniosil STP-

Formulation, concentrations in % (relative to the overall polymer content) 

Geniosil XB 502 75 – –

Geniosil XT 50 – 75 –

Geniosil XT 55 – 75 

Geniosil STP-E 10 25 25 25 

Aminopropyltrimethoxysilane (Geniosil GF 96) 2.5 2.5 2.5 

Dioctyltin dilaurate – – 0,2 

Mechanical Properties

Elongation at break in % 
DIN 53504 (ASTM D412) 

50 275 220

Tensile strength in N/mm² 
DIN 53504 (ASTM D412)

12 6.7 6.3

Shore hardness 
DIN 53505-A-87

D 35 A 80 A 75 

Tear strength in N/mm
DIN ISO 34-1 C (ASTM D624 B) 

20 35 37 

Table 1: Basic formulations and mechanical properties of the cured materials. (Quelle: Wacker 
Chemie AG)

Figure 4: Rough schematic curve display of elongation at break depending on 
STP-E content in Geniosil XT / STP-E blends.
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E 35 as the base with Geniosil XT 55 as 
an additive was screened. Additional-
ly the plasticizer type was varied to es-
tablish its impact on properties. The re-
sultant tests included a formulation de-
scribed as SMP I (Table 2) containing a 
polypropylene glycol, SMP II a trimel-
litate and SMP III an acrylate. Table 3 

demonstrates the influence of the plasti-
cizer on the mechanical properties. The 
results stem from a benchmark test in 
which three formulations based on si-
lane-modified polymers (SMP) were 
compared with three commercially 
available industrial polyurethane adhe-
sives (PU I, PU II and PU III).

SMP and polyurethane technologies 
yield comparable mechanical properties. 
While the SMP formulations do not quite 
attain the same level of tensile strength 

as the polyurethane-based adhesives, 
they clearly outperform them in terms 
of elongation at break. Such extremely 
high elongation values are particular-
ly advantageous for bonded joints that 
are repeatedly exposed to high dynam-
ic loads, as is the case for road and rail 
vehicles or white goods.

The adhesion profile of SMP formu-
lations are superior to those of the pol-
yurethane-based products (Table 4). De-
pending on the formulation – for exam-

Formulation 

Components % by Mass

A Geniosil XT 55 14

PPG 2000 14.8

Vinyltrimethoxysilane (Geniosil XL 10) 2

B Hakuenka CCR S10 46.5

C Geniosil STP-E 35 21

Tinuvin B 75 0.5

Dibutyltin dilaurate (TIB KAT 216) 0.2

N-(2-aminoethyl)-3-aminopropyltrimethoxysilane (Geniosil GF 91) 1

Procedure

Prepare A. Mix in B, followed by the components of C in the given order.

Table 2: Test formulation SMP I. This silane-terminated-polyether-based formulation is a guide 
formulation for a highly elastic, tear-resistant adhesive. (Quelle: Wacker Chemie AG)

Properties Reference Products Test Formulations

PU I PU II PU III SMP I SMP II SMP III

Skin-over time in minutes 57 36 38 95 68 134

Elongation at break in % 583 305 404 713 328 587

Modulus of elasticity at 100 %  
elongation (E100) in N/mm²

1.1 3.4 2.2 1.7 2.3 1.9

Tensile strength in N/mm²  
(DIN 53504, S1 test specimen)

3.2 9.1 8 5.4 4 3.9

Hardness, Shore A 42 60 51 56 62 59

Tear strength in N/mm  
(DIN ISO 34-1 C)

15.7 21.9 32.5 31 15 28

Elastic recovery in %  
DIN EN ISO 7389 – aluminum

95 Not 
deter-
mined

Not 
deter-
mined

76 84 73

Table 3: Properties of Geniosil XT 55 adhesive formulations compared to the properties of com-
mercially available polyurethane-based industrial adhesives. (Quelle: Wacker Chemie AG)
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ple on the plasticizer used – they adhere 
to many common materials without the 
need for priming. Unlike conventional 
polyurethane adhesives, they achieve 
adhesion to aluminum-magnesium al-
loys, copper, beech, polymethyl meth-
acrylates and polycarbonate without 
primer. 

Accelerated aging tests show that 
SMP formulations must always be sta-
bilized against UV- and temperature-
induced oxidative degeneration in order 
to obtain durable products. The choice 
of stabilizer and the amount used de-
pend on the end use /5/. A blend of var-
ious stabilizers, as contained in Tinu-
vin B 75, can maintain the mechanical 

properties of the test formulations in Ta-
ble 3 at an average level of around 60 % 
of their initial values after 2,000 h in a 
QUV-A test. 

Overall, the test results prove that 
the two new silane-terminated poly-
ethers allow the formulation of adhe-
sives which are at least a technically 
comparable alternative to polyurethane-
based industrial adhesives. They are su-
perior to the isocyanate-crosslinked sys-
tems in two particular aspects. On the 
one hand, due to their low viscosity, they 
are easier to handle even at lower tem-
peratures, and, on the other, their good 
adhesion profile provides greater relia-
bility in bonding. 

Use in Coatings 
Polyurethane technology also dominates 
liquid coating materials as used to wa-
terproof roofs, patios and balconies. The 
products cure to form solid materials 
that adhere well to the substrate and 
yield a joint- and seam-less waterproof 
membrane. As a rule, a nonwoven pol-
yester fabric is incorporated during the 
application of the liquid waterproofing 
system to reinforce the membrane. If pa-
tios and roofs are to be sealed to retain 
their original appearance, transparent 
coatings are essential. 

For some years now, silane-terminat-
ed polyethers have been used as bind-
ers in liquid waterproofing systems. 

Substrate Reference Products Test Formulations

PU I PU II PU III SMP I SMP II SMP III

A B A B A B A B A B A B

AlMg1 – – – – – + – + + + – –

AlMg, anodized – – – – – – – – + + – –

Copper – – – – – – + – + + + o

Zinc + + – – – – + + + + – –

Stainless steel – – – – – – + – + + – –

Steel, DC 04 + o – – – – o – + + – –

Steel, DC 05, 
galvanized 

+ + + + + o + + + + + +

Steel, DP 600 o + – – – – o + – + – +

French concrete o o – – – – – – – – – –

Glass + + + + + + + + + + + +

Tiles – + – – + + + + + + + +

Beech + – – – – – + – + – + –

PMMA – – – – – – – – – – + +

PMMA, filled – – – – – – – – – – + +

ABS – – – – – – – – – – – –

Flexible PVC – – – – – – o o – – – +

Rigid PVC  
(transparent, Simona)

–
+

– – – – – – – – – –

Polycarbonate – + + – – – – – + + + +

PS – – – – – – – – – – + +

Table 4: Adhesion to various substrates. Comparison of the SMP test formulations with commercially available polyurethane-based industrial adhe-
sives (PU). The A columns give the adhesion after two weeks of dry storage, the B columns after two weeks of dry storage followed by two weeks of 
storage in water. The measurements were taken at room temperature. The color markings in the table specify the type of removal (green: cohesive, 
yellow: partially cohesive, and white: adhesive). (Quelle: Wacker Chemie AG)
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With the appropriate formulation, ETAG-
005-compliant long-lasting waterproof-
ing membrane products with good adhe-
sion can be manufactured /6/. However, 
the silane-terminated polyethers known 
to date were unable to yield transparent 

products, as these do not exhibit the re-
quired mechanical strength. 

The new silane-terminated poly-
ethers alter the situation in several re-
spects, as illustrated in a benchmark 
test using the α grade (Table 5, Figure 5). 

Two tin-free formulations were tested, 
one highly filled with aluminum hydrox-
ide and calcium carbonate and the oth-
er unfilled (XT 1 and XT 2, respective-
ly), both were processed without a non-
woven fabric. These test formulations 

Properties Reference Products Test Formulations

PUR 1, transparent, 
without nonwoven

PUR 2, filled, 
without nonwoven

PUR 3, filled,  
with nonwoven

XT 1, filled, 
without nonwoven

XT 2, unfilled, 
without nonwoven

Shore hardness D 32 A 60 D 20 D 45 D 36 

Elongation at break in % 280 240 40 60 250 

Tensile strength in N/mm² 7.7 2.6 8.1 9.5 8.8 

Tear strength  
(ASTM D 624 B-91) in N/mm 

26 18.2 68 41 50 

Skin-over time in minutes 120 85 Not determined 40 95 

Water uptake after  
28 h in %

Not determined Not determined Not determined < 0.5 < 0.5 

Viscosity in mPa·s 500 2500 Not determined 12 000 800 

Table 5: Comparison of the properties of liquid waterproofing systems based on Geniosil XT 50 (XT 1 and XT 2), processed without nonwovens, and 
commercially available polyurethane-based liquid waterproofing systems (PUR 1, PUR 2 and PUR 3). (Quelle: Wacker Chemie AG)

Figure 5: A Comparison of Polyurethane and GENIOSIL® Formulations
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corresponded to the second peak of the 
curve represented in Figure 4: they con-
tained Geniosil XT 50 as the main bind-
er and Geniosil STP-E 30 as an additive. 
A transparent liquid waterproofing sys-
tem based on an aliphatic polyurethane 
(PUR 1) and a filled poly urethane-based 
liquid waterproofing system served as 
reference products; both are commer-
cially available products. The latter was 
processed both without (PUR 2) and 
with (PUR 3) a nonwoven.

The test shows that unfilled α-grade 
formulations can yield transparent 
membranes that are not only highly elas-
tic (elongation at break: 250 %), but also 
have very high tear and tensile strength. 
With tear strengths of 50 N/mm, these 
kinds of coatings outperform commer-
cially available, transparent liquid wa-
terproofing systems based on aliphatic 
polyurethane. Unlike polyurethane sys-
tems, there is no risk of undesirable sec-
ondary reactions with water with such 
systems. They will cure in damp envi-
ronments, unhindered, with no bubble 

formation. Due to their low viscosity of 
800 mPa·s, the unfilled formulations are 
pourable or can be applied by brush and 
roller (Figure 6).

A comparison of the filled formula-
tions (PUR 2, PUR 3 and XT 1) shows 
that, even without nonwoven reinforce-
ment, highly filled formulations of the 
α grade attain comparable mechani-
cal properties as is the case where pol-
yurethane-based liquid waterproof-
ing systems are both filled and further 
strengthened with a nonwoven. 

For surface coating formulations, a 
light stabilizer – such as Tinuvin B 75 
– was determined necessary to achieve 
good aging resistance of the membranes; 
the concentrations to be used must be 
determined on a case-by-case basis.

Conclusion 
The new silane-crosslinking Geniosil XT 
binders can be used in formulations for 
adhesives and surface coatings which, 
when cured, exhibit elastic and me-
chanical properties that are at least on 

a par with those of commercially availa-
ble polyurethane-based products. They 
outperform polyurethane-based prod-
ucts especially in terms of adhesion pro-
file and handling.

It is now possible to benefit from the 
advantages of silane crosslinking in 
numerous applications hitherto closed 
to silane-terminated polymer use. The 
new polymers can now find application 
in formulations requiring high elastici-
ty, outstanding tear strength and exhib-
iting good adhesion profile – for indus-
trial adhesives exposed to high dynamic 
loads as well as for crackbridging coat-
ings used as waterproofing membranes 
in the construction industry.  ¢

Geniosil is a registered trademark of 
Wacker Chemie AG. Hakuenka is a reg-
istered trademark of Shiraishi-Omya 
 GmbH. Tinuvin is a registered trademark 
of BASF SE.
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Figure 6: Application of a transparent waterproofing membrane based on Geniosil XT 50.
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