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Crystalline Polyesterpolyol

The present invention refers to a crystalline polyesterpolyol which is obtained by reaction of at least one
diol with at least one primary hydroxy group and at least one secondary hydroxy group with a saturated
aliphatic dicarboxylic acid comprising a carbon chain of at least 12 carbon atoms. The invention further
relates to an adhesive composition containing the polyesterpolyol, in particular a polyurethane adhesive

composition.

Polyester having terminal hydroxy groups, so-called polyesterpolyols, are popular building blocks in
chemical synthesis, in particular in the production of adhesives and coatings. Polyesterpolyols are
known to be stable and can be easily modified, making them the ideal reagent to be used as
prepolymeric components in reactive adhesive systems. In particular, crystalline polyesters are often
employed in adhesives due to their advantageous influence of the properties of the later product, in

particular with regard to strength and elongation.

EP 1 149 850 refers to crystalline polyesterpolyols used in hot-melt adhesives that comprise a crystalline
polyesterpolyol having a number average molecular weight of 1500 to 15000 and which is obtainable
from a polybasic carboxylic acid component and an aliphatic hydrocarbon component comprising 1,10-
decandiol and/or 1,12-dodecandiol, wherein the polyesterpolyol has a crystallinity of 50%.

US 2017/0204309 discloses a method for preparing polyester hot melt adhesives with high viscosity and
locally sensitive viscosity-temperature properties, including the steps of i) subjecting terephthalic acid,
isophthalic acid, dodecanedioic acid, adipic acid, butanediol, dipropylene glycol and hexane diol to an
esterification reaction in the presence of tetrabutyl titanate serving as catalyst and ii) adding an
antioxidant to a product resulting from step i) to conduct a polycondensation reaction under reduced
pressure to obtain the high-viscosity hot melt adhesive which has a melting point of 130 to 135 °C and

a partially sensitive viscosity-temperature property.

The crystalline polyesterpolyols described in the prior art suffer from the drawback that they have high
melting points, making them only suitable for high-temperature applications such as hot melt adhesives.
However, the application of such adhesives is limited due to the required high application temperatures
which makes them unsuitable for the production of temperature-sensitive materials or in temperature-
sensitive processes. In orderto benefit from the advantageous properties of crystalline polyesterpolyols
it would therefore be desirable to be able to employ crystalline polyesterpolyols in other systems as well.
It is therefore the object of the present invention to provide polyesterpolyols which can be used in liquid
systems at ambient temperature applications such as polyurethane adhesives, in particular two

component polyurethane adhesives.

It was surprisingly found that the above object is solved by a polyesterpolyol which is obtained from a

reaction mixture comprising a diol and a saturated aliphatic dicarboxylic acid.

A first object of the present invention is therefore a polyesterpolyol which is obtained from a reaction

mixture comprising
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a) at least one diol with at least one primary hydroxy group and at least one secondary hydroxy

group; and

b) at least one saturated aliphatic dicarboxylic acid having a carbon chain of at least 12 carbon

atoms.

The expression "carbon chain" used in connection to the dicarboxylic acid refers to the linear carbon
chain separating the two carboxylic acid groups, the chain being terminated by a carboxylic acid group
on each end with the carbon of the carboxylic acid group being the start and end point, respectively, for

determining the number of carbon atoms in the carbon chain.

The molecular weight of the components comprised in the reaction mixture is determined according to

standard procedure, for example by GPC or end group titration (OH value determination).

It was surprisingly found that the inventive polyesterpolyols are crystalline while at the same time having
a low melting point, making them especially suitable for temperature-sensitive applications. In a
preferred embodiment, the inventive polyesterpolyol has a crystalline morphology at ambient
temperatures and below. Ambient temperature as used in the present invention refers to a temperature
of 23 to 25 °C at a pressure of 1000 to 1020 hPa.

A polyesterpolyol exhibiting a crystalline morphology as used in the present invention refers to a
polyesterpolyol wherein the majority of the polymer chains are at least partially aligned. The morphology
of the polyesterpolyol may, for example, be determined by DSC, wherein the crystallinity is usually
expressed by defined melting and crystallization peaks in the diagram. In contrast thereto, amorphous

materials are characterized by the absence of defined peaks in the DSC diagram.

It was surprisingly found that the inventive polyesterpolyol can be employed in systems which are liquid
at ambient temperatures, in particular room temperature, showing the advantageous properties usually
associated with polyesterpolyols which are solid at ambient temperatures, such as improved strength
and elongation of the later product.

Different processes for the production of crystalline polyesterpolyols are known to the person skilled in
the art. However, said crystalline polyesterpolyols usually have a melting or softening point well above
room temperature. It was surprisingly found that the melting point of the inventive polyesterpolyol may
be adapted by employing suitable diols. Polyesterpolyols which are liquid at ambient temperature and
show a high to degree of crystallization could especially be obtained from diols wherein at least one of
the hydroxy groups was sterically hindered with dicarboxylic acids having a carbon chain of at least 12

carbon atoms.

In a preferred embodiment, the at least one diol is selected from the group consisting of 1,2-propane

diol, 1,3-butane diol, 1,4-pentane diol, 1,5-hexane diol, 1,6-heptane diol and 1,7-octane diol.

It was surprisingly found that the melting point of the inventive polyesterpolyol may be adjusted
according to need by selecting suitable dicarboxylic acids. However, care should be taken that the

melting point of the polyesterpolyol is within a range suitable for applications at ambient temperatures.
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In a preferred embodiment, the at least one dicarboxylic acid therefore comprises a carbon chain of 12
to 24 carbon atoms, preferably 12 to 22 carbon atoms, in particular 12 to 18 carbon atoms. In an
especially preferred embodiment, the at least one dicarboxylic acid is selected from the group consisting
of 1,12-dodecanedioic acid, 1,14-tetradecanedioic acid, 1,16-hexadecanedioicacid and 1,18-

octadecanedioic acid as well as anhydrides, esters and chlorides derived from said acids.

In an especially preferred embodiment, the diols and dicarboxylic acids from which the inventive
polyesterpolyol is derived from are in turn derived from renewable sources. Generally, such compounds
obtained from renewable sources are referred to as “bio-based” compounds, in contrast to the common
petrol-based compounds.

The inventive polyesterpolyol is especially distinguished by its crystalline morphology while at the same
time exhibiting a low melting point. In contrast to crystalline polyesterpolyols according to the state of
the art which usually show high melting points above 80 °C, the inventive polyesterpolyols were found
to have melting points in low-temperature regions below 60 °C, allowing for more flexible applications in
a number of technical fields. In a preferred embodiment, the inventive polyesterpolyol has a melting
point of -30 to 50 °C, preferably -15 to 30 °C, determined by DSC with a heating rate of 10 K/min.

Within the course of the present invention it was further surprisingly found that a polyesterpolyol derived
from a reaction of a diol having a primary and a secondary hydroxy group with a dicarboxylic acid having
a carbon chain of 12 carbons recrystallized during melting. This crystallization behavior can be observed
by DSC as an exothermic crystallization peak which overlaps with the endothermic melting peak before
reaching the liquid state. The inventive polyesterpolyols show favorable melting properties which is
believed to be related to the recrystallization behavior. In a preferred embodiment, the inventive
polyesterpolyol is therefore derived from a reaction of a saturated aliphatic dicarboxylic acid having a
carbon chain of 12 carbons and a diol with at least one primary hydroxy group and at least one
secondary hydroxy group. In this regard, it was surprisingly found that the inventive polyesterpolyol is
especially suitable for the production of flexible films, in particular flexible films based on polyurethane

adhesive compositions.

In order to adjust the properties of the inventive polyesterpolyol, other components may be comprised
in the reaction mixture in addition to the at least one diol and the at least one dicarboxylic acid. It was
found to be of particular advantage, if the reaction mixture comprised further diols in addition to the at
least one diol. In a preferred embodiment, the reaction mixture therefore comprises additional diols,
preferably selected from the group consisting of 1,3-propane diol, diethylene glycol, NPG, ethylene

glycol, 1,4-butane diol and 1,6-hexane diol.

The reaction mixture from which the inventive polyesterpolyol is derived may also comprise additional
acids, preferably in an amount of 0 to 20 mol-%, preferably 0 to 10 mol-%.The additional acids are
preferably selected from the group consisting of succinic acid, adipic acid, sebacic acid, azelaic acid,
isophthalic acid, orthophthalic acid, terephthalic acid, furan dicarboxylic acid, itaconic acid as well as

anhydrides, chlorides and ester derived from said acids. It was surprisingly found that the presence of
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the additional acids leads to an improvement in the mechanical strength of the final adhesive film

composition comprising the inventive polyesterpolyol.

In accordance with the later application, the reactivity of the inventive polyesterpolyol may also be
adjusted according to need. In a further preferred embodiment, the inventive polyesterpolyol therefore
has a hydroxyl value (OH value) of 5 to 150 mg KOH/g, 10 to 100 mg KOH/g. Hydroxyl value is a
measure of the content of free hydroxyl groups in a chemical substance, usually expressed in units of
the mass of potassium hydroxide (KOH) in milligrams equivalent to the hydroxyl content of one gram of
the chemical substance. The analytical method used to determine hydroxyl value traditionally involves
acetylation of the free hydroxyl groups of the substance with acetic anhydride in pyridine solvent. The

hydroxyl value can be determined according to DIN 53240.

The hydroxyl value of the inventive polyesterpolyol can, for example, be adjusted by the ratio of diol to
dicarboxylic acid in the reaction mixture. In a preferred embodiment, the molar ratio of the at least one
diol to the at least one dicarboxylic acid in the reaction mixture is 1.5:1 to 1:1, preferably 1.2:1 to 1:1.

It was surprisingly found that despite the high degree of crystallinity of the inventive polyesterpolyol, a
molecular weight of the inventive polyesterpolyol could be achievd within a range suitable for adhesive
applications. In a preferred embodiment, the inventive polyesterpolyol has an average molecular weight
Mn of 1000 to 25000 g/mol, preferably 2000 to 10000 g/mol, determined by GPC. The molecular weight

of the inventive polyesterpolyol can, in particular, be determined by GPC using THF as eluent.

The inventive polyesterpolyol is especially suitable for adhesive applications, in particular liquid systems.
The presence of the inventive polyesterpolyol in the adhesives allows benefitting from the advantageous
properties of crystalline polyesterpolyols without the need of having to melt the adhesive. Rather,
adhesives are obtainable which can be used and applied at ambient temperatures. A further object of

the present invention is therefore an adhesive comprising the polyesterpolyol according to the invention.

Due to the low melting point, the inventive polyesterpolyol exhibits a very positive energy efficiency and
may be applied in temperature-sensitive applications. However, in a preferred embodiment, the
inventive adhesive is preferably liquid at a temperature of 25 °C thereby eliminating the need for heating
and melting the adhesive before application. Also, difficulties due to recrystallization of the adhesive

after application and solidification during storage are avoided.

The inventive polyesterpolyol can be applied in a number of adhesive systems. Preferably, the inventive
adhesive is a polyurethane adhesive, in particular two-component polyurethane adhesive (2K system)
and one-component polyurethane adhesive (1K system).

A further object of the present invention is the use of the polyesterpolyol according to the invention in
adhesives and coatings. In a preferred embodiment, the inventive polyesterpolyol is used in
polyurethane adhesives.

The invention will be explained in more detail with reference to the following examples which by no
means are to be understood as limiting the scope or spirit of the invention.
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Examples:

The inventive polyesterpolyols were obtained by mixing the at least one diol and the at least one
dicarboxylic acid and heating the reaction mixture to a temperature of 140 to 240 °C. After completion
of the reaction, the mixture was allowed to cool to room temperature in an argon atmosphere and the

obtained polyesterpolyol was then analyzed by DSC using a heating rate of 10 K/min.

Figure 1 shows the DSC diagrams of a comparative polyesterpolyol obtained from a reaction mixture
comprising 1,4-pentane diol and a dicarboxylic acid with a C10 carbon chain. The amorphous character

of the polyesterpolyol can be clearly identified by the provided DSC.

Figures 2 and 3 show DSC diagrams of inventive polyesterpolyols which were obtained by reaction of
1,4-pentane diol with a dicarboxylic acid having a C12 and C14 carbon chain, respectively. The
unexpected crystalline morphology of each polyesterpolyol can be clearly depicted by the distinct

melting peaks in the DSC diagrams.

Figure 4 shows the DSC diagram of an inventive polyesterpolyol derived by reacting 1,3-butane diol
with a dicarboxylic acid having a C12 carbon chain. The unexpected polymorphous properties of the

polyesterpolyol is clearly expressed in the distinct crystallization peak during melting.

Figure 5 shows the DSC diagram of an inventive polyesterpolyol derived by reacting 1,2-propylene
glycol with a dicarboxylic acid having a C12 carbon chain. The polymorphous properties of the

polyesterpolyol is clearly expressed in the distinct crystallization peak during melting.

Figure 6 shows the DSC diagram of a comparative polyesterpolyol derived from the reaction of 1,4-
butane diol with a dicarboxylic acid having a C12 carbon chain. As can be clearly seen from the provided
diagram, the polyesterpolyol does not exhibit the polymorphous properties observed in connection with
the similar inventive polyesterpolyols obtained from the reaction of the same dicarboxylic acid with 1,3-

butane diol, 1,4-pentane diol and 1,2-propylene glycol, respectively.
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Crystalline Polyesterpolyol characterized in that the polyesterpolyol is obtained from a reaction

mixture comprising

a) at least one diol with at least one primary hydroxy group and at least one secondary

hydroxy group; and

b) at least one saturated aliphatic dicarboxylic acid having a carbon chain of at least 12

carbon atoms.

Polyesterpolyol according to claim 1 characterized in that the at least one diol is selected from
the group consisting of 1,2-propane diol, 1,3-butane diol, 1,4-pentane diol, 1,5-hexane diol, 1,6-

heptane diol and 1,7-octane diol.

Polyesterpolyol according to any of the forgoing claims characterized in that the at least one
dicarboxylic acid comprises a carbon chain of 12 to 24 carbon atoms, preferably 12 to 22 carbon

atoms, in particular 12 to 18 carbon atoms.

Polyesterpolyol according to any of the forgoing claims characterized in that the at least one
dicarboxylic acid is selected from the group consisting of 1,12-dodecanedioic acid, 1,14-
tetradecanedioic acid, 1,16-hexadecanedioicacid and 1,18-octadecanedioic acid as well as

anhydrides, esters and chlorides derived from said acids.

Polyesterpolyol according to any of the forgoing claims characterized in that the polyesterpolyol
has melting point of -30 to 50 °C, preferably -15 to 30 °C, determined by DSC with a heating

rate of 10K/min.

Polyesterpolyol according to any of the forgoing claims characterized in that reaction mixtures
comprises additional diols, preferably selected from the group consisting of 1,3-propane diol,

diethylene glycol, NPG, ethylene glycol, 1,4-butane diol and 1,6-hexane diol.

Polyesterpolyol according to any of the forgoing claims characterized in that the polyesterpolyol
has a hydroxyl value (OH value) of 5 to 150 mg KOH/g, preferably 10 to 100 mg KOH/qg,
determined according to DIN 53240.

Polyesterpolyol according to any of the forgoing claims characterized in that the reaction mixture
further comprises additional dicarboxylic acids, preferably selected from the group consisting of
succinic acid, adipic acid, sebacic acid, azelaic acid, isophthalic acid, orthophthalic acid,
terephthalic acid, furan dicarboxylic acid, itaconic acid as well as anhydrides, chlorides and ester

derived from said acids.

Polyesterpolyol according to any of the forgoing claims characterized in that the at least diol and
the at least one dicarboxylic acid are present in the reaction mixture in a molar ratio of 1.5:1 to
1:1, preferably 1.2:1 to 1:1.

Adhesive comprising a polyesterpolyol according to any of claims 1 to 9.

RECTIFIED SHEET (RULE 91) ISA/EP
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Adhesive according to claim 10 characterized in that the adhesive is liquid at a temperature of
25 °C.

Adhesive according to any of claims 9 to 11 characterized in that adhesive is a polyurethane
adhesive.

Use of a polyesterpolyol according to any of claims 1 to 9 in adhesives.

Use according to claim 13 in polyurethane adhesives.

RECTIFIED SHEET (RULE 91) ISA/EP



WO 2020/200714 PCT/EP2020/057024
1/3

Figures
+0.4
0.3
o
"g 0.2
= 01
3]
N
w 0.0
E
i -0.1
E 0.2
'Y 03
[44]
@D
L 04
=-0.5
=100 =50 0 50 100 150 200
Exoup Temperature T (°C)
Figure 1
1.5
S 1.0
= f
S [
T 05 “g
N
g
5 00
<
g 05
[T
3
r -1.0
-1.5
-100 -50 0 80 100 150 200
Exo up T{°C)
Figure 2

SUBSTITUTE SHEET (RULE 26)



WO 2020/200714

2/3

PCT/EP2020/057024

1.5

1.0

0.5

0.0

-1.0

Heat Flow (Normalized) (W/g)

-1.5

-2.0
-100
Exo up

] 50 100
Temperature T (°C)

Figure 3

150

200

2.0

1.5

1.0

0.5

0.0

Heat Flow (Normalized) (W/g)

-1.0

U e

-1.5

-100
Exo up

0 50 100
Temperature T (°C)

Figure 4

SUBSTITUTE SHEET (RULE 26)

150

200



WO 2020/200714 PCT/EP2020/057024

3/3

20

1.5

1.0 l‘v’

A

0.0 C‘%\

Heat Fiow (Normalized) (W/g)

-1.0

-15

-100 -50 50 100 150
Exo up T(°C)

Figure 5

200

3
5 2 ‘
s /
3 1 /"
N
g
5 0 < \
£ —
3 1
L
5
T -2
-3
-100 -50 0 50 100 150
Exo up Temperature 7 (°C)

Figure 6

SUBSTITUTE SHEET (RULE 26)

200



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2020/057024

A. CLASSIFICATION OF SUBJECT MATTER

INV. C08G18/42 C08G63/16 C09J167/02 C09J175/06
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Co8G CO9J

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X EP 0 484 761 Al (BAYER AG [DE]) 1-15
13 May 1992 (1992-05-13)
examples A-4

A US 2010/105831 Al (BRENNER GABRIELE [DE] 1-15
ET AL) 29 April 2010 (2010-04-29)
example A

A US 10 246 617 B2 (EVONIK DEGUSSA GMBH 1-15
[DE]) 2 April 2019 (2019-04-02)
example 1

D Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other

. e "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified)

considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

27 March 2020 08/04/2020

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, -
Fax: (+31-70) 340-3016 Bezard, Stephane

Form PCT/ISA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2020/057024
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 0484761 Al 13-05-1992 CA 2054888 Al 08-05-1992
DE 4035280 Al 14-05-1992
EP 0484761 Al 13-05-1992
us 5162457 A 10-11-1992

US 2010105831 Al 29-04-2010 AT 528371 T 15-10-2011
CA 2688711 Al 22-01-2009
CN 101348702 A 21-01-2009
DE 102007033651 Al 22-01-2009
EP 2167600 A2 31-03-2010
JP 5730015 B2 03-06-2015
JP 2010533748 A 28-10-2010
KR 20100049541 A 12-05-2010
TW 200923042 A 01-06-2009
US 2010105831 Al 29-04-2010
WO 2009010324 A2 22-01-2009

US 10246617 B2 02-04-2019 BR 112017017880 A2 17-07-2018
CN 107406743 A 28-11-2017
EP 3265532 Al 10-01-2018
ES 2720001 T3 17-07-2019
JP 6648369 B2 14-02-2020
JP 2018512472 A 17-05-2018
KR 20170125387 A 14-11-2017
PL 3265532 T3 31-07-2019
TR 201905236 T4 21-05-2019
TW 201638284 A 01-11-2016
US 2018030320 Al 01-02-2018
WO 2016139146 Al 09-09-2016

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - claims
	Page 8 - claims
	Page 9 - drawings
	Page 10 - drawings
	Page 11 - drawings
	Page 12 - wo-search-report
	Page 13 - wo-search-report

