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(54) A METHOD FOR A CURING CYCLE OF AN INORGANIC THERMOSET RESIN

(57) An aspect of the present description is a method
for a curing cycle of an inorganic thermoset resin, the
method comprising:
(a) adding a hardener in a concentration of 20% by weight
of the resin to said inorganic thermoset resin and
(b) curing the resin at a temperature of 80ºC during at
least 60 minutes.

Another aspect of the present description is an inor-
ganic thermoset resin comprising a hardener in a con-
centration of 20% by weight of the resin.

A further aspect of the present description is a vehicle
interior panel comprising a composite comprising a com-
posite matrix of a natural fibre set within the inorganic
thermoset resin of an aspect of the present description.

The features, functions, and advantages that have
been discussed can be achieved independently in vari-
ous embodiments or may be combined in yet other em-
bodiments further details of which can be seen with ref-
erence to the following description and drawings.
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Description

FIELD

[0001] This description relates to methods for curing an inorganic thermoset resin using a short curing cycle. Particularly,
this description relates to a method for curing an inorganic thermoset resin by adding a hardener to the resin and curing
the resin at a selected temperature.

BACKGROUND

[0002] A geopolymer is an inorganic thermoset resin. This inorganic thermoset resin is essentially a mineral chemical
compound consisting of repeating units, for example silico-oxide (-Si-O-Si-O-), silico-aluminate (-Si-O-AI-O-), ferro-silico-
aluminate (-Fe-O-Si-O-Al-O-) or alumino-phosphate (-Al-O-P-O-), created through a process of geopolymerization.
[0003] Inorganic thermoset resins can be used for obtaining composite products. Different composite products can
be obtained from inorganic thermoset resins. For example, vehicle interior panels can be obtained from geopolymeric
resins. Aircraft, trains, automobiles, ships, and other vehicles may incorporate interior panels made from geopolymeric
resins.
[0004] Inorganic thermoset resins have an outstanding fire performance.
[0005] Inorganic thermoset resins require hours (for example 2 hours) to cure at temperatures of about 80ºC.
[0006] It is possible to improve the curing process by reducing the curing time.
[0007] EP 2894136 A1 discloses a method of manufacturing an aircraft interior panel comprising a core sandwiched
between first and second skins, wherein both skins are formed from a thermosetting resin composition comprising 15
wt.% of aluminium phosphate or copper phosphate as hardener, an anti-shrinkage additive and natural fibre.

DESCRIPTION

[0008] The present description provides a method for curing an inorganic thermoset resin, the method comprising:

(a) adding a hardener in a concentration from 18 to 30% by weight of the resin to said inorganic thermoset resin and
(b) curing the resin at a temperature from 110 to 120ºC.

[0009] The technical effect associated to the distinguishing features of the present description with respect to the state
of the art is a reduction in curing time.
[0010] The problem in view of the state of the art can be defined as the provision of a method for curing an inorganic
thermoset resin with a reduced curing time compared to the state of the art.
[0011] The examples show that if the resin contains hardener at 15% by weight of the resin, at 80ºC, more than 60
minutes are needed for curing the resin.
[0012] It the concentration of hardener is increased to 20% by weight of the resin, the curing cycle time at 80ºC is
reduced to more than 30 minutes, which is very far from a curing cycle time of 8 minutes.
[0013] If the resin contains hardener in the range of 18-30% by weight of the resin in combination to a curing cycle at
a temperature in the range of 110 to 120ºC, then, surprisingly, the curing cycle time is drastically reduced to 8 minutes.
The examples show that, surprisingly, if the resin and the temperature are in these ranges, the polycondensation reaction
is carried out, which accounts for the improved kinetics obtained with the features of the curing cycle of the present
description.
[0014] The reduced curing time enables producing goods made of this resin at a production rate for 1 good/less than
10 minutes.
[0015] The curing cycle in less than 10 minutes allows the production of sustainable sidewall panels at industrial scale.
The method of the present description enables production rates of 1 panel/less than 10 minutes. The method is feasible
for aerospace industry.
[0016] An aspect of the present description is a method for a curing cycle of an inorganic thermoset resin, the method
comprising:

(a) adding a hardener in a concentration from 18 to 30% by weight of the resin to said inorganic thermoset resin and
(b) curing the resin at a temperature from 110 to 120ºC.

[0017] In the present description, the term "inorganic thermoset resin" include, but are not limited to silico-oxide (-Si-
O-Si-O-) resins, silico-aluminate (-Si-O-Al-O-) resins, ferro-silico-aluminate (-Fe-O-Si-O-Al-O-) resins or alumino-phos-
phate (-Al-O-P-O-) resins.
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[0018] In this aspect of the present description, the inorganic thermoset resin is preferably a silico-aluminate resin.
Said silico-aluminate resin is of the type -Si-O-Al-O-.
[0019] In this aspect of the present description, curing time is from 5 to 20 minutes. Preferably, said curing time is
from 5 to 10 minutes. More preferably, said curing time is from 7 to 8 minutes.
[0020] In the first aspect of the present description, the concentration of said hardener in step (a) is preferably from
18 to 25% by weight of the resin. More preferably, the concentration of said hardener in step (a) is from 19 to 24% by
weight of the resin or from 20 to 23% by weight of the resin.
[0021] In the first aspect of the present description, the temperature in step (b) is preferably from 112 to 118 ºC. More
preferably, the temperature in step (b) is from 114 to 116ºC.
[0022] In a further aspect of the present description, the hardener, compatible with inorganic thermoset resins is
selected from the group consisting of aluminium phosphate, copper phosphate, and mixtures thereof.
[0023] In a further aspect of the present description, an anti-shrinkage additive is added in step (a) to said inorganic
thermoset resin. In an example of this aspect of the present description, said anti-shrinkage additive is aluminium silicate
or metakaolin.
[0024] In a further aspect of the present description, the inorganic thermoset resin comprises halloysite nanotubes
(Al2Si2O5(OH)4). Halloysite nanotubes may be added in replacement of an anti-shrinkage additive. Inorganic thermoset
resins comprising halloysite nanotubes don’t shrink during the resin curing.
[0025] In a further aspect of the present description, a natural fibre is added in step (a) to said inorganic thermoset
resin. In an example of this aspect of the present description, said natural fibre is selected from the group consisting of
flax, jute, hemp and sisal. In another example of this aspect of the present description, said natural fibre comprises a
flame retardant. Said flame retardant is selected from the group consisting of disodium octaborate tetrahydrate
(Na2B8O13·4H2O), phosphate nano-particles and nanographene. Preferably, the flame retardants are compatible with
flax fibers.
[0026] In a further aspect of the present description, a flame retardant is added in step (a) to said aluminium silicate
inorganic thermoset resin. In an example of this aspect of the present description, said flame retardant is selected from
the group consisting of disodium octaborate tetrahydrate (Na2B8O13·4H2O), phosphate nano-particles and nanogra-
phene.
[0027] Another aspect of the present description is an inorganic thermoset resin comprising a hardener in a concen-
tration from 18 to 30% by weight of the resin.
[0028] A further aspect of the present description, wherein the hardener is selected from the group consisting of
aluminium phosphate, copper phosphate, and mixtures thereof. The hardener forms a chemical bond between the
inorganic thermoset resin (polymerization) during the curing process.
[0029] In a further aspect, the inorganic thermoset resin of the present description comprises an anti-shrinkage additive.
Preferably, said anti-shrinkage additive is aluminium silicate or metakaolin.
[0030] Another aspect of the present description is a vehicle interior panel comprising a composite comprising a
composite matrix of a natural fibre set within the inorganic thermoset resin of the second aspect of the present description.
[0031] A further aspect of the present description, wherein said natural fibre is selected from the group consisting of
flax, jute, hemp and sisal.
[0032] A further aspect i of the present description, wherein said natural fibre comprises a flame retardant. Preferably,
said flame retardant is selected from the group consisting of disodium octaborate tetrahydrate (Na2B8O13·4H2O), phos-
phate nano-particles and nanographene. These examples have flame retardance-mechanisms compatible with natural
fibers.
[0033] A further aspect of the present description, wherein said vehicle is selected from the group consisting of aircraft,
train, automobile, and ship.

BRIEF DESCRIPTION OF THE FIGURES

[0034]

Figure 1. DSC analysis of the geopolymeric resin. Weight results.

Figure 2. DSC analysis of the geopolymeric resin. Heat flow results.

Figure 3. DSC analysis of the geopolymeric resin. Derivative heat flow results.
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EXAMPLES

Example 1. Differential Scanning Calorimetry (DSC) analysis of the geopolymeric resin

[0035] A Differential Scanning Calorimetry (DSC) analysis of the geopolymeric resin (an inorganic thermoset resin, a
silico-aluminate inorganic thermoset resin of the -Si-O-Al-O- type comprising 20% wt. of hardener (aluminium phosphate
20% by weight of the resin). The results (with the same resin sample) are provided in Figures 1, 2 and 3. The DSC
results showed that the polymerization reaction between the hardener and the resin occurred in the 112-116ºC range.
[0036] The main processes and the type of reactions that occur during the DSC analysis are summarized in Table 1
(below).

[0037] The DSC analysis allows concluding that the polymerization of the geopolymeric resin comprises three proc-
esses taking place at different temperatures.

- At about 55 ºC, non-chemically bonded water is released.
- At about 68 ºC, gels in the geopolymeric resin are reorganized (gel formation step).
- In the 112 ºC-116ºC range, the resin and the hardener polycondensates (polycondensation reaction between the

hardener and the resin)

[0038] At 116ºC the overall mass loss is about 10 % by weight of the resin.

Example 2. Preparation of a geopolymeric resin

[0039] The geopolymeric resin is obtained by mixing a silico-aluminate inorganic thermoset resin of the -Si-O-Al-O-
type with a hardener (aluminium phosphate 20% by weight of the resin). An anti-shrinkage additive (metakaolin, 5% by
weight with respect of the resin) is added to the resin.
[0040] A single step curing cycle of 115ºC during 8 min was carried out.

Example 3. Tests

[0041] The result of the curing cycle of Example 2, which is according to the description, is shown in the last row of
Table 2.
[0042] Several comparative test were carried out, not according to the description, in order to show the surprising
effect achieved by the present description.
[0043] These tests are summarized in Table 2.
[0044] If the resin contains hardener at 15% by weight of the resin, at 80ºC and 60 minutes curing cycle, the resin is
not cured. More than 60 minutes are needed for curing the resin.
[0045] If the resin contains hardener at 15% by weight of the resin, and a cycle of 80ºC 15 minutes + 110ºC 15 minutes
is used, the resin is cured.
[0046] If the resin contains hardener at 20% by weight of the resin, at 80ºC and 30 minutes curing cycle, the resin is
not cured. More than 30 minutes are needed for curing the resin.
[0047] Surprisingly, if the resin contains hardener at 20% by weight of the resin, and the temperature is 115ºC, the
curing cycle is drastically reduced to 8 minutes.

Table 1. Summary of the DSC analysis of the geopolymeric resin.

Type of process Temperature range (ºC) Type of reaction

Endothermic 55 Water evaporation

Exothermic 68 Gel formation

Exothermic 112-116 Polycondensation reaction
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Example 4. Boilling Water Tests (BWTs) on the geopolymeric resin

[0048] The Boiling water test (BWT) is a test procedure known by the skilled person that determines whether a
thermoset inorganic resin has undergone a correct polymerization and, therefore, if it has properly cured. The appropriate
polymerization of the resin is crucial for the applicability of the resin so it could also be considered as a screening test
before fine tuning any process development for inorganic thermoset resins.
[0049] The test consists of introducing small pieces of the cured resin in boiled water during 20 minutes. There are
two possible scenarios:

- The samples of the cured resin do not suffer deformation or degradation after the boiling water tests, indicating the
correct polymerization of the resin. In this case, the resin passes the Boiling water test, showing that the resin has
properly cured.

- The samples of cured resin suffer deformation or disintegration after (or before) the 20 min boiling water test,
indicating that the resin has not polymerized. In this case the resin fails the BWT, showing that the resin has not
properly cured.

[0050] To provide an accurate estimation of whether the samples suffer deformation and/or disintegration during such
test, the diameter of the small pieces of cured resin samples subjected to the test are measured before and after the
BWTs. This allows measuring any possible variation that the diameter of the cured samples could suffer at a millimeter
scale.

Boiling water test results:

[0051] Samples of the of the geopolymeric resin as disclosed in Example 2 were subjected to the BWTs in order to
assess if the resin had properly polymerized. The resin successfully passed the BWTs since the cured resin samples
show diameter resilience and no shape deformation after being inmersed in boiling water. These results showed that
the resin has polymerized correctly.

Table 2. Comparative tests

Curing cycle time Hardener (% in wt.) Temperature (ºC) Curing state

120 minutes 10% 80ºC Uncured

15% Cured

20% Cured

25% Cured

90 minutes 10% 80ºC Uncured

15% Cured

20% Cured

25% Cured

60 minutes 10% 80ºC Uncured

15% Uncured

20% Cured

25% Cured

30 minutes 10% Uncured

15% Uncured

20% Uncured

25% Uncured

15 minutes + 15 minutes 15% 80ºC 15 minutes + 110ºC 15 minutes Cured

8 minutes 20% 115 ºC Cured
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Example 5. Rheological study of the geopolymeric resin

[0052] A rheological study of the resin as disclosed in Example 2 was performed. The results are compared to the
results obtained with a resin with a hardener (aluminium phosphate) concentration of 15% (not according to the descrip-
tion, but for comparison).
[0053] The results, shown in Table 3, show that the viscosity obtained for the resin comprising 20% by weight of the
hardener is similar to the viscosity obtained for the resin comprising 15% by weight of hardener.

Example 6. Preparation of a product comprising a geopolymeric resin and a natural fibre treated with a flame retardant

[0054] The product comprises an inorganic thermoset resin (a silico-aluminate inorganic thermoset resin of the -Si-
O-Al-O- type) and a natural fibre treated with a flame retardant.
[0055] The resin comprises a hardener (aluminium phosphate 20% by weight of the resin) and an anti-shrinkage
additive (metakaolin, 5% by weight with respect of the resin).
[0056] The natural fibre in this example is flax treated with the flame retardant disodium octaborate tetrahydrate
(Na2B8O13·4H2O).
[0057] After mixing all the components of the product a single step curing cycle of 115ºC during 8 min was carried out.

Claims

1. A method for a curing cycle of an inorganic thermoset resin, the method comprising:

(a) adding a hardener in a concentration of 20% by weight of the resin to said inorganic thermoset resin; and
(b) curing the resin at a temperature of 80ºC during at least 60 minutes.

2. The method according to claim 1, wherein the hardener is selected from the group consisting of aluminium phosphate,
copper phosphate, and mixtures thereof.

3. The method according to claim 1 or 2, wherein an anti-shrinkage additive is added in step (a) to said inorganic
thermoset resin.

4. The method according to claim 3, wherein said anti-shrinkage additive is aluminium silicate or metakaolin.

5. The method according to any of claims 1 to 4, wherein a natural fibre is added in step (a) to said inorganic thermoset
resin.

6. The method according to any claim 5, wherein said natural fibre is selected from the group consisting of flax, jute,
hemp, and sisal.

7. The method according to claim 5 or 6, wherein said natural fibre comprises a flame retardant.

8. The method according to any one of claims 1 to 7, wherein a flame retardant is added in step (a) to said inorganic
thermoset resin.

9. The method according to claim 7 or claim 8, wherein said flame retardant is selected from the group consisting of
disodium octaborate tetrahydrate (Na2B8O13·4H2O), phosphate nano-particles, and nanographene.

10. An inorganic thermoset resin, comprising a hardener in a concentration of 20% by weight of the resin.

11. The inorganic thermoset resin according to claim 10, wherein the hardener is selected from the group consisting of

Table 3: Rheological studies (at 150 rpm and 8 rpm) of geopolymeric resin.

Amount of hardener Viscosity at 150 rpm (21ºC) Viscosity at 8 rpm (21ºC)

15% wt. resin 0.34 Pa*s 1.04 Pa*s

20% wt. resin 0.25 Pa*s 0.44 Pa*s
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aluminium phosphate, copper phosphate and mixtures thereof.

12. The inorganic thermoset resin according to claim 10 or 11, comprising an anti-shrinkage additive.

13. A vehicle interior panel, comprising a composite comprising a composite matrix of a natural fibre set within an
inorganic thermoset resin according to any one of claims 10 to 12.

14. The vehicle interior panel according to claim 13, wherein said natural fibre comprises a flame retardant.

15. The vehicle interior panel according to claim 13 or 14, wherein said vehicle is selected from the group consisting of
aircraft, train, automobile, and ship.
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