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Box No. 1 Basis of the report
1. With regard to the language, this report is based on:
the international application in the language in which it was filed.
D a translation of the international application into which is the language of a

translation furnished for the purposes of:
D international search (Rules 12.3(a) and 23.1(b))
D publication of the international application (Rule 12.4(a))
D international preliminary examination (Rules 55.2(a) and/or 55.3(a) and (b))

2. Withregard to the elements of the international application, this report is based on (replacement sheets which have been furnished
to the receiving Office in response to an invitation under Article 14 are referred to in this report as “originally filed” and are
not annexed to this report):

D the international application as originally filed/furnished, or

the description:

pages as originally filed/furnished.
pages* 1-24, 17 received by this Authority on 16 February 2021 (16.02.2021)

the claims:

Nos. 1-11 as originally filed/furnished.
Nos.* as amended (together with any statement) under Article 19
Nos.* received by this Authority on

the drawings:

pages 1-2 as originally filed/furnished.
pages* received by this Authority on
pages* received by this Authority on

D a sequence listing - see Supplemental Box Relating to Sequence Listing.

3. D The amendments have resulted in the cancellation of:

the description, pages

[l
D the claims, Nos.
[l
]

the drawings, sheets/figs

the sequence listing (specify):

4. D This report has been established as if (some of) the amendments annexed to this report and listed below had not been made,
since either they are considered to go beyond the disclosure as filed, or they were not accompanied by a letter indicating the
basis for the amendments in the application as filed, as indicated in the Supplemental Box (Rules 70.2(c) and (c-bis)):

the description, pages

the claims, Nos.

the drawings, sheets/figs

the sequence listing (specify):

z 000

5. []

is report has been established:

taking into account the rectification of an obvious mistake authorized by or notified to this Authority under Rule 91
(Rules 66.1(d-bis) and 70.2(e)).

without taking into account the rectification of an obvious mistake authorized by or notified to this Authority under
Rule 91(Rules 66.4bis and 70.2(e)).

6. With regard to top-up searches (Rules 66.1ter and 70.2(f)):
A top-up search was carried out by this Authority on 17 June 2021 (17.06.2021)
D Additional relevant documents have been discovered during the top-up search.

O O

D No top-up search was carried out by this Authority because it would serve no useful purpose.

7. D Supplementary international search report(s) from Authority(ies) has/
have been received and taken into account in establishing this report (Rule 455is.8(b) and (c)).

* If item 4 applies, some or all of those sheets may be marked “superseded.”
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Reasoned statement under Article 35(2) with regard to novelty, inventive step and industrial applicability;

Box No.V citations and explanations supporting such statement

1. Statement

Novelty (N) Claims 1-11 YES
Claims None NO

Inventive step (IS) Claims None YES
Claims 1-11 NO

Industrial applicability (IA) Claims 1-11 YES
Claims None NO

2. Citations and explanations (Rule 70.7)

Claims 1 - 4, 6, and 8 -11 lack an inventive step under PCT Article 33(3) as being obvious over US
2018/0194889 to Evonik Degussa GmbH for the reasons detailed in the Written Opinion of 17 September
2020.

Claims 5 and 7 lack an inventive step under PCT Article 33(3) as being obvious over US 2018/0194889
to Evonik Degussa GmbH in view of WO 2019/050970 Huntsman Petrochemical LLC for the reasons
detailed in the Written Opinion of 17 September 2020.

Claims 1 - 11 meet the criteria set out in PCT Article 33(4), and thus have industrial applicability because
the subject matter claimed can be made or used in industry.

Form PCT/IPEA/409 (Box No. V) (January 2015)
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LETTER ACCOMPANYING DEMAND FOR INTERNATIONAL PRELMINARY
EXAMINATION UNDER ARTICLE 31 OF THE PATENT COOPERATION TREATY

Applicant hereby submits substitute replacement sheets fof the written description of
PCT/US2020/041897 under PCT Article 34, Specifically, Applicant submits that paragraph
[0072] has been amended to state “Figure 4° rathef than “Figure 3". It is obvious from the
context of paragraph [(072] and looking at the figures that Applicant meant to refer to Figure
4 in this paragraph. Additionally, paragraph [0011] has been updated to include descriptions
of Figures 2, 3, and 4, which were inadvertently left out. Such descriptions are supported by
the application (e.g., paragraphs [0071] — [0073]) and the figures themselves. As such, no new
matter has been added. Replacement sheets of the entire written description have been
included due to the content on each page shifting after the additions to paragraph [0011] on
page 3. Applicant respectfully requests enfrance of the amendmenis submitfted herewith.

Respectfully Submitted,
/Lewis D. Craft/

lLewis D. Craft

Reg. No. 71,445

Huntsman Petroachemical LLC

10003 Woodloch Forest Drive

The Woodlands, TX 77380

Telephone No.: 281-719-4553
Attorney for Applicant
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ACID-BLOCKED PYRROLIDINE CATALYSTS
FOR POLYURETHANE FOAM
CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims priority to U.S. Provisional Patent Application
62/875,629 filed July 18, 2019. The noted application is incorporated herein by

reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not applicable.

FIELD

[0003] The present disclosure generally relates to acid-blocked pyrrotidine catalysts for
use in the production of flexible and rigid polyurethane foam and other polyurethane

materials.

BACKGROUND

[0004] Polyurcthane foams are widely known and used in a variety of applications,
such as in the automotive and housing industry. These foams are produced by the
reaction of a polyisocyanate with a polyol in the presence of various additives. One
such additive is an amine catalyst which is used to accelerate bIowing. (the reaction of
water with polyisocyanate to generate COz) and gelling (the reaction of a polyol with
polyisocyanate).

[0005] Disadvantages in using conventional amine catalysts (for example,
bisdimethylaminoethylether) in polyurethane foam production include: the occurrence
of safety and toxicity problems due to their high vé()]atiiity, resulting in airhorne vapors

thought to contribute to glaucopsia, also known as blue haze or halovision, which is a
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temporary disturbance for vision clarity; fogging of automotive windshields due to
automotive interior foams produced from these catalysts; and malodorous properties.
[0006] In addition, many amine catalysts are also unstable with certain blowing agents,
and in particular with the newer, low glabaluwarming-potentia_l (GWP) halogenated
olefin blowing agents such as trans-1-chloro-3,3,3-trifluoropropene (known as
1233zd(E)) or cis-1,1,1 ,3,3,3~hexaﬂuor0~2~bu‘£en€= {(known as 1366mzz(Z)) due to their
activated double bonds which can react with the amines. Various attempts have been
made to improve the shelf life of blends containing amines and halogenated olefin
blowing agents without affecting their ability to catalyzg polyurethane foam
formulation at a reasonable rate. Most of these e;ttemp’{s center around using amines
that are deactivated in one way or another (e.g. sterically hindered or bonded with
electron withdrawing groups) or by including additives to prevent their reaction with
the halogenated olefin blowing agent (see, e.g.,: U810023681,. US20150266994A1,
US20160130416A1, 1UUS9550854, U89556303B2, US10308783B2, US9868837B2,
US20190177465A1). However, such attempts have vet to achieve blends that have
shelf-life stability and catalytic activity that is comparable to blends containing amines
and standard non-halogenated blowing agents.

[0007] Thus, there is a continuing need for the development of new amine catalysts for
use in producing rigid or flexible polyurethane foam and other polyurethane materials
which may be combined with the newer, low global-warming-potential (GWP)
halogenated olefin blowing agents above to form§ a blend having accept.able catalytic

activity and an improved shelf life over the current conventional amine catalysts.
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SUMMARY

[0008] The present disclosure provides a polyurcthane formulation comprising an acid-
blocked pyrrolidine catalyst, a halogenated oleﬁn_ compound, a _compound containing
an isocyanate functional group and an active hydr:o gen-containing compound.
[0009] According to another embodiment, there is; provided a catalyst package for use
in, for example but without limitation, forming a polyurethane material comprising an
acid-blocked pyrrolidine catalyst and a halogenated olefin compound.
[0010] In yet another embodiment, there is provided a method of forming a
polyurethane material comprising contacting a compound containing an isocyanate
functional group, an active hydrogen-containing compound and optional auxiliary
components in the presence of an acid-blocked pyrrolidine ca;talyst and a halogenated
olefin compound. : |

BRIEF DESCRIPTION OF TﬂE DRAWINGS
f0011] Figure 1 depicts the tack free times pre- and post-storage at 50°C for
polyurethane foams produced using acid-blocked industry standard catalysts as well as
the inventive acid-blocked pyrrolidine catalysts. Figure 2 depicts the stability of the
polyurethane foam produced using the inventive acid-blocked pyrrolidine catalysts is
good, with only a small drift in reactivity after aging the formulation for 6 wecks at
50°C. Figure 3 illustrates that the drift (i.e., the change in-cream"-fime and string gel) of
the polyurethane foam produced using the inventive acid-blocked pyrrolidine catalysts
was not greater than 60% after 6 weeks of 50°C storage, thereby demonstrating the
unexpectedly superior stability of the presently claimed acid blocked catalysts as a

polyurethane catalyst. Figure 4 illustrates that the drift of the polyurethane foam
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produced using the comparative catalyst was as high as 260% after 6 weeks of storage

at 50°C.,

DETAILED DESCRIPTION

[0012] The following terms shall have the following meanings: .

[0013] The term "comprising" and derivatives thgreof are not intended to exclude the
presence of any additional component, step or priocedure, whéfher or not the same is
disclosed herein. In order to avoid any doubt, all compositions claimed herein through
use of the term "comprising" may include any additional additive or compound, unless
stated to the contrary. In contrast, the term, "consisting esscﬁtiaily of" if appearing
herein, exclides from the scope of any succeedingirecitation any other component, step
or procedure, except those that are not essential to operability and the term "consisting
of", if used, excludes any component, step or procedure not spgciﬁcally_delineated or
fisted. 'The term "or", unless stated otherwise, refers to the Iisted members individually
as well as in any combination. | |

[0014] The articles "a" and "an" are used herein to: refer to one or to more than one (i.c.
to at least one) of the grammatical objects of the article. By way of example, "a catalyst”
means one catalyst or more than one catalyst. The phrases "in one embodiment”,
"according to onc cmbodiment” and the like generally mean 'the particular feature,
structure, or characieristic following the phrase is included in at least one embodiment
of the present disclosurc, and may be included in more than one embodiment of the
present disclosure. Importantly, such phrases do not necessarily refer to the same aspect.
If the specification states a component or feature "may”, "can", "could”, or "might" be
included or have a characteristic, that particular co}nponent or feature is not required to

be included or have the characteristic.
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[0015] The term “about” as used herein can allow for a degree of variability in a value
or range, for example, it may be within 10%, within 5%, or within 1% of a stated value
or of a stated limit of a range.

10016} Values expressed in a range format should be interpreted in a flexible manner
to include not only the numerical values expliciﬂy:recited as the limits of the range, but
to also include all of the individual numerical values or sub-ranges encompassed within
that range as if each numerical value and sub-range is explicitly recited. For example,
a range such as [rom 1 to 6, should be considered to have specifically disclosed sub-
ranges, such as, from 1 to 3, from 2 to 4, from 3 to 6, etc., as well as individual numbers
within that range, lor example, 1, 2, 3, 4, 5, anci 6. This applies regardless of the
breadth of the range.

f0017] The terms “preferred” and “preferably™ refer to embodiments that may afford
certain benefits, under certain circumstances. However, other embodiments may also
be preferred, under the same or other circumslancés. Furthermore, the recilation of one
or more preferred embodiments does not imply that other embodiments are not useful,
and is not intended to exclude other embodiments from the scope of the present
disclosure.

[0018] The term “substantially free” refers to a compeosition. in which a particular
compound or moiety is present in an amount that has no material effect on the
composition, Tn some embodiments, “substantially free” may refer to a composition in
which the particular compound or moiety is prescﬁt in the composition in an amount of
Iess than 2% by weight, or less than 1% by weight, or less than 6.5% by weight, or less

than 0.1% by weight, or less than 0.05% by weight, or even less than 0.01% by weight
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based on the total weight of the composition, or that no amount of that particular
compound or moiety is present in the respective composition.
[0019] Where substituent groups are specified by their conventional chemical formula,
writien from left to right, they equally encompass the chemically identical substituents
that would result from writing the structure from right to left, for example, -CH20- is
equivalent to -OCHz-. |
[6020] The term “alkyl” refers to straight chain or hranrched chain saturated
hydrocarbon groups having from | to 10 carbon étoms. In soﬁle embodiments, alkyl
substituents may be lower alkyl groups. The term “lower” refers to alkyl groups having
from 1 to 6 carbon atoms. Examples of “lower alkyl groups” include, but are not limited
to, methyl, ethyl, n-propyl, i-propyl, butyl, and pentyl groups.
[0021] The term “halogenated colefin” refers to aﬁ olefin con@bund or moiety which
may include fluorine, chlorine, bromine or iodine. |
[0022] The term “optional” or “optionally” means that the sﬁbsequently described
event or circumstance may or may not occur, and that the description includes instances
where said event or circumstance occurs and instances where it does not.
[0023] The present disclosure is generally directed to novel acid-blockéd pyrrolidine
catalysts and their use in polyurethane formulations which may include a compound
containing an isocyanate functional group, an active hydrogen-containing compound
and a halogenated olefin compound as a blowing agent. The present disclosure is also
directed to rigid or flexible polyurethane foam or other polyurethane material made
from a formulation comprising an acid-blocked pyrrolidine catalyst as described herein,
a compound containing an isocyanate functional group, an active hydrogen-containing

compound and a halogenated olefin compound as a blowing agent. The term
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“polyurethane” as used herein, is understood to encompass pure polyurethane,
polyurcthanc polyurca, and pure polyurea. It has been sumrisingiy found combining a
halogenated olefin compound blowing agent with-an acid-blocked pyrrolidine catalyst
according to the present disclosure, in place of a substantial portion of, or in place of
all of, conventional amine catalysts, leads to a blend having improved shelf-life stability
and catalytic activity.

[0024] According to one embodiment, the acid-blocked pyrrolidine catalyst is one or

more catalysts represented by at least one of formula (1)

A H
+
N\—H——(CHz)x X

A 1)

or formula (2)
H,

N— (CHg)r—N

A @

where x is an integer from 1 to 10 and A is an ion-of an acidic-cémpound, wherein the
acidic compound has a formula (OH)-R-(COOH)m where R is hydrogen, an alkyl,
alkenyl, cycloaliphatic, aromatic, or alkylaromatic group, n and m are integers between
0 and 3 with the proviso that n+m>1 and when n=1 and m=0, R is aromatic or
alkylaromatic, |

[0025] According to onc embodiment, X is.an integer from 1toQorTto8or1to7or
1to6orlto5orlto4d. Inone particular embodiment, x is 2, 3 or 4. In another

embodiment, X is an integer such that the (CHz)x group is a lower alkyl group.
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[0026] According to another embodiment of the present disclosﬁre, each A has from 1
to 10 carbon atoms and A is an ion of a carboxylic acid, a dicarboxylic acid, a
tricarboxylic acid, a phenolic acid, a substituted phenolic acid or a hydroxy substituted
derivative thereof.

[0027] Examples of R alkyl groups include, but ?are not limited to, methyl, ethyl, n-
propyl, iso-propyl, propyl, butyl, iso-butyl, phenyl, ethylenyl, n-amyl, n-decyl or 2
ethylhexyl. While the aforementioned alkyl groups may comprise two available
substitution sites, it is contemplated that additional hydrogens on the hydrocarbon could
be replaced with further carboxy! and/or hydroxyl groups.

[0028] Particular compounds that may be used a:s component A include, but are not
limited te, a hydroxyl-carboxylic acid, a di-carboxylic acid, formic acid, acetic acid,
malonic acid, glutaric acid, maleic acid, glycolic acid, lactic acid, 2-hydroxybutyric
acid, citric acid, AGS acid, phenol, cresol, hydroquinone, or combinations thercof.
AGS acid is a mixture of dicarboxylic acids (i.c., adipic acid, glutaric acid, and succinic
acid) that is obtained as a by-produci of the oxidation of cyclohexanol and/or
cyclohexanone in the adipic acid manufacturing process. Suitable AGS acid that may
be used as component A include RHODIACID® acid (available from Solvay S.A.),
DIBASIC acid (available from Invista S.a.r.lj, FLEXATRAC™-AGS-200 acid
(available from Ascend Performance Materials LLC), and glutaric acid, technical grade
(AGS) (available from Lanxess A.G.).

[0029] In one embodiment, the acid-blocked pyrrolidine catal},%sts of formula (1) and
(2) may be prepared in situ in the polyurethane formulation by adding the pyrrolidine

and compound having a formula (OH)»-R-(COOH)m separately to the polyurethane
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formulation, while in other embodiments, the acid-blocked pyrroliding catalysts above
may be preparcd prior to addition to the polyurcthane formulation.
[0030] According to another embodiment, the acid-blocked pyrrolidine catalysts of

formula (1) or (2) may be combined with a pyrrolidine catalyst Iﬁaving the formula (3)

to form a catalyst mixture.

P
N
(3)

[0031] The pyrrolidine catalyst having the formula (3) may be §0mbined with the acid-
blocked pyrrolidine catalysts of formula (1) or (25 (or (1) and (é)) in amounts ranging
from about 0.1% by weight to about 99.9% by weight, based on the total weight of the
catalyst mixture. In another embodiment, the pyrrolidine catalyst having the formula
(3) may be combined with the acid-blocked pyrrolidine catalysts of formula (1) or (2)
{or (1) and (2)) in amounts ranging from about 1% by weight to about 90% by weight,
or from about 10% by weight to about 80% by weight, or from about 20% by weight to
about 70% by weight or from about 30% by weight to about 60% by weight or from
about 40% by weight to about 50% by weight, based on the total weight of the catalyst
mixture.

[0032] According to some embodiments, the acid-blocked pyrrolidine catalysts of
formula (1) and/or (2} (and optionally the pyrrolidine catalyst of the formula (3)) may
be used alone in forming the polyurcthanc foam or matcerial. In still other ecmbodiments,
the catalysts above may be combined with an amine catalyst containing at least one

tertiary amine group and/or a non-amine catalyst in forming the polyurcthanc foam or

10
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material. In embodiments in which the acid-blocked pyrrolidine catalysts (1) and/or (2)
are combined with an amine catalyst containing at least one tertiary amine group and/or
a non-amine catalyst, the weight ratio of the acid-blocked pyrrolidine catalysts of
formula (1) and/or (2) to the amine catalyst containing at least one amine group and/or
the non-amine catalyst is at least 1:1, and in some embodiments, at least 1.5:1 and in
still other embodiments at least 2:1 and in furthell" embodiments at least 5:1, while in
still further embodiments at least 10:1. In still otﬁer embodiments, the weight ratio of
the acid-blocked pyrrolidine catalyst of formula (1) and/or (2) to the amine catalyst
containing at least one amine group and/or the non-amine catalyst is from 0.1:99.9 to
99.9:0.1, and in sfill other embodiments from 1:99 to 99:1, and in still other
embodiments from 5:95 to 95:5, and in further embodiments from 10:90 to 90:10, while
in still further embodiments [rom 25:75 (o 75:25,

[0033] Representative amine catalysts containing at least one tertiary group include,
but are not limited to, bis-(2-dimethylaminoethyl)ether (JEFFCAT® ZE-20 catalyst),
N,N,N’~t1'imethyl-N’-hydroxyethylbisarninoethyletlzher (JEFFCAT® ZF-10 catalyst),
N-(3-dimethylaminopropyl)-IN,N-diisopropanolamine (JEFFCAT® DPA catalyst),
N,N-dimethylethanolamine (JEFFCAT® DMEA catalyst); triethylene diamine
(JEFFCAT® TEDA catalyst), blends of N,N-dimethylethanolamine ethylene diamine
(such as JEFFCAT® TD-20 catalyst), N,N-dimethylcyclohexylamine (JEITCAT®
DMCHA  catalyst), benzyldimethylamine (JEFFCAT® BDMA  catalyst),
pentamethyldiethylenetriamine (JEFFCAT® PMDETA catalyst), N,N,N',N"N"-
pentamethyldipropylenctriamine  (JEFFCAT®  7R-40  catalyst), N,N-bis(3-
dimethylaminopropyl)-N-isopropanolamine (J’EFF CAT® ZR-50 catalyst), N'-(3-

(dimethylamino)propyl-N,N-dimethyl-1,3-propanediamine (JEFFCAT® 7-130

11
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catalyst), 2-(2-dimethylaminoethoxy)ethanol (JEFFCAT@ ZR-70 catalyst), N,N,N-
trimethylaminoethyl-ethanolamine (JEFFCAT® Z-110 catalyst), N-ethylmorpholine
(JEFFCAT® NEM catalyst), N-methylmorpholine (JEFFCAT® NMM catalyst), 4-
methoxyethylmorpholine, N,N'dimethylipiperzine (JEFFCAT® DMP catalyst), 2,2'-
dimorpholinodiethylether (JEFFCAT® DI;/IDEE catalyst), 1,3,5-tris(3-
(dimethylamino)propyl)-hexahydro-s-triazine  (JEFFCAT® TR-90 catalyst), 1-
propanamine, 3-(2-(dimethylamino)ethoxy), substituted imi.dézoles such as 1,2-
dimethlyimidazol and E—methyl-2-hydmxyethylimidazole, N,N'-dimethylpiperazines
or Dbis-substituted piperazines such aminoéethylpiperazine, NN/, N'-trimethyl
aminoethylpiperazine or bis-(N-methyl piperazine)urea, N-methylpyrrolidines and
substituted methylpyrrolidines such as 2-aminoethyl-N-methylpyrrolidine or bis-(N-
methylpyrrolidine)ethyl urea, 3-dimethylaminopmpyl'amine, N,N,N"N"-
tetramethyldipropylenetriamine, ten’methylguamdine, 1,2-big~diisopropanol. Other
examples of amine catalysts include N—alkylmorpﬂoiines, such as N-methylmorpholine,
N-cthylmorpheline, N-butylmorpholine and dimorpholinodiethylether, N,N'-
dimethylaminoethanol, N,N-dimethylamino ethoxyethanol, bis-
(dimethylaminopropyl)-amino-2-propanof, bis—(difnethylamino)-2-p1'0panol, bis-(N,N-
dimethylamino)ethylethcr; NN, N'-trimethyl-N'hydroxycthyl-bis-(aminocthylether,
N,N-dimethyl amino ethyl-N'-methyl Amino ethanol and
tetramethyliminobispropylamine. The aforementioned JEFFCAT® catalysts arc
available from Huntsman Petrochemical LLC, The Woodlands, Texas.

[0034] Other amine catalysts which may be used in the present disclosure may be found
in Appendix D in “Dow Polyurethanes Flexible Foams” by ngrington et al. at pages

D.1-D.23 (1997), which is incorporated herein by reference. Purther examples may be
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found in “JEFFCAT® Amine Catalysts for the Polyurethane fndustry” version JCT-
0910 which ig incorporated herein by reference.
[0035T The non-amine catalyst is a compound (or mixture thereof) having catalytic
activity for the reaction of an isocyanate group \:Nith a polyql or water, but is not a
compound falling within the description of the amine catalyst ébove. Examples of such
additional non-amine catalysts include, for example:

tertiary phosphines, such as trialkylphosphines and dialkylbenzylphosphines;

chelates of various metals, such as those which .can be obtained from
acetylacetone, benzoylacetone, trifluoroacetyl acetone, ethyl alcetoacetate and the like,
with metals such as Be, Mg, Zn, Cd, Pd, Ti, Zr, Sn, As, Bi, Cr, Mo, Mn, Fe, Co and Ni;

metal carboxylates such as potassium acetate and sodium acetate;

acidic metal salts of strong acids, such ias ferric chloride, stannic chloride,
stannous chloride, antimony trichloride, bismuth nitrate and bismuth chloride;

strong bases, such as alkali and alkaline earth metal hydroxides, alkoxides and
phenoxides;

alcoholates and phenolates of various metals, such as Ti(OR®)4, Sn(OR®%)4and
Al(OR®); where R%is alkyl or aryl, and the reaction products of the alcoholates with
carboxylic acids, beta-diketones and 2-(IN,N-dialkylamino) alcohols;

alkaline earth metal, Bi, Pb, Sn or Al carboxylate salts; and tetravalent tin
compounds, and tri- or pentavalent bismuth, antiﬁony or arseriiﬁ compounds.
[0036] The acid-blocked pyrrolidine catalysts of formula (1) and/or (2} may be used in
a catalytically effective amount to catalyzc the rcaction between a compound containing
an isocvanate functional group and an aclive hydrogen-containing compound for

making rigid or flexible polyurethane foam or other polyurethanc materials. A
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catalytically effective amount of the acid blocked pyrrolidine catalysts of formula (1)
and/or {2) may rangc from about 0.01-15 parts: per 100 parts of active hydrogen-
containing compound, and in some embodiments. from about 0.05-12.5 parts per 100
parts of active hydrogen-containing compound, and in even further embodiments from
about 0.1-7.5 parts per 100 parts of active hydrogen-containing compound, and yet in
even further embodiments from about 0.5-5 parts per 100 pal;ts of active hydrogen-
confaining compound. |

[0037] In one embodiment, the compound containing an isocyanate functional group is
a polyisocyanate and/or an isocyanate-terminated prepolymer,

[0038] Polyisocyanates include those represented by the general formula Q(NCO),
where a is a number from 2-3, such as 2-3 and Q is an aliphétic hydrecarbon group
containing 2-18 carbon atoms, a cycloaliphatic hydrocarbon group containing 5-10
carbon atoms, an araliphatic hydrocarbon group containing 8-13 carbon atoms, or an
aromatic hydrocarbon group containing 6-15 carbon atoms.

[0039] Examples of polyisocyanates include, but are not“ limited to, ecthylene
diisocyanate; 1,4-tetramethylene diisocyanate; 1,6-hexamethylene diisocyanate; 1,12-
dodecane diisocyanate; cyclobutane-1,3-diisocyanate; cyciohexane—l,?a- and 1,4-
diisocyanate, and mixtures of these isomers; isophorone diisolcyanate; 2,4- and 2,6-
hexahydrotoluene diisocyanate and mixtures of these isomers; dicyclohexylmethane-
4. 4'-diisocyanate (hydrogenated MDI, or HMDI); 1,3- and 1,4-phenylene diisocyanate;
24- and 2,6-toluene diisocyanate and mixtures of these isomers (TDI);
diphenylmethane-2,4'-and/or -4,4'-diisocyanate (MDI}; naphthylene-1,5-diisocyanate;
triphenylmcthanc-4,4',4"-triisocyanate; polyphcnyl-poiymethylene-poiyisocyﬂnatcs of

the type which may be obtained by condensing aniline with formaldehyde, followed by
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phosgenation (crude MDI); norbornane diisocyanates; m- and p-isocyanatophenyl
sulfonylisocyanates; perchlorinated aryl polyisocyanates; meodified polyisocyanates
containing carbodiimide groups, urethane groups, allophnate groups, isocyanuratc
groups, urea groups, or biruret groups; polyisocyanates obtained by telomerization
reactions; polyisocyanates containing ester groufps; and polyisocyanates containing
polymeric fatty acid groups. Those skilled in the art will recognize that it is also
possible to use mixtures of the polyisocyanates described above.

[0040] Isocyanate-terminated prepolymers may also be employed in the preparation of
the polyurethane. Isocyanate-terminated prepolymers may be prepared by reacting an
excess of polyisocyanate or mixture thereof with a minor amount of an active-hydrogen
containing compound as determined by the well-known Zerewitinoff test,

[0041] In another embodiment, the active hydrogen-containing compound is a polyol.
Polyols suitable for use in the present disclosure include, b.ut are not limited to,
polyalkylene ether polyols, polyester polyols, polyﬁwr polyols, a non-flammable polyol
such as a phosphorus-containing polyol or a halogen-containing polyol. Such polyols
may be used alone or in suitable combination as a mixture.

[0042] Polyalkylene cther polyols include poly(alkylene oxide) polymers such as
poly(ethylene oxide) and polypropylene oxide) pofymers and copolymers with terminal
hydroxyl groups derived from polyhydric compounds, including diols and triols; for
cxample, cthylene glycol, propylene glycol, 1,3-butane diol, 1,4-butane diol, 1,6-
hexane diol, neopentyl glycol, diethylene glycol, dipropylene glycol, pentaerythritol,
glyccrol, diglyccrol, trimethylol propane, and similar low molecular weight polyols.
[0043] Polyester polyols include, but are not limited to, those produced by reacting a

dicarboxylic acid with an cxccess of a diol, for cxample, adipic acid with ethylene glycol
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or butanediol, or reaction of a lactone with an excess of a diol such as caprolactone with
propylene glycol.

[0044] In addition to polyalkylene ether polyols and polyester polyols, polymer polyols
are also suitable for use in the present discloéure. Polymer polvols ’are used in
polyurethane materials to increase resistance to deformation, for example, to improve
the load-bearing propertics of the foam or material, Examples of polymer pelyols
include, but are not limited to, graft polyols or polyurea modified polyaols (Polyharnstoff
Dispersion polyols). Graft polyols comprise a triol in which vinyl monomers are graft
copolymerized. Suitable vinyl monomers include, for example, styrene, or acrylonitrile,
A polyurea modified polyol is a polyol containing a polyurea diSpersion formed by the
reaction of a diamine and a diisocyanate in the presence of a polyol.. A variant of
polyurea modified polyols are polyisocyanate poly addition (PIPA) polyols, which are
formed by the in situ reaction of an isocyanate and an alkanolamine in a polyol.

10045] The non-flammable polyol may, for example, be a phosphorus-containing
polyol obtainable by adding an alkylene oxide to a phosphofic acid compound. A
halogen-containing polyol may, for example, be those obtainable by ring-opening
polymerization of epichlorohydrin or trichlorobutylene oxide.

[0046] The polyurethane formulation may also contain one or more halogenated olefin
compounds that serve as a blowing agent. The halogenated olefin compound comprises
at least one haloalkene (e.g, fluoroalkene or ch101’;)ﬂuoroaikene) comprising from 3 to
4 carbon atoms and at least one carbon-carbon doﬁbie bond. Suitable compounds may
include hydrohaloolefins such as trifluoropropenes, tetra;ﬂum'opropenes {e.g.,
tetrafluoropropene (1234)), pentafluoropropenes {(e.g., pentaﬂuoropropene (1225)),

chlorotrifloropropenes (e.g., chlorotrifloropropene (1233)), chlorodifluoropropenes,
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chlorotrifluoropropencs,  chlorotetrafluoropropenes, hexéﬂuorobutenes (e.g.,
hexafluorobutene (1336)), or combinations thereof. In certain embodiments, the
tetrafluoropropenc, pentafluoropropene, and/or chlorotrifloropropene compounds have
no more than one fluorine or chlorine substituent connected to the terminal carbon atom
of the unsaturated carbon chain (e.g., 1,3,3,3-tetrafluoropropene (1234ze); 1,1,3,3-
tetrafluoropropene, 1,2,3,3,3-pentafluoropropene (1225ye), 1,1,1-trifluoropropene,
1,2,3,3,3-pentafluorepropene, 1,1,1,3,3-pentafluoropropene (1225zc), 1,1,2.3,3-
pentafluoropropene (1225yc), (Z)- 1,1, 1,2,3-pentafluoropropene (1225yez), 1-chloro-
3 ,3,3-trifluoropropene (1233zd), 1,1,1 ,4,4,4-hexaﬂuorobut~é-ene (1336mzzm), or
combinations thereotf).

[0047] Other blowing agents that may be used in combination with the halogenated
olefin  compounds  described above include air, nitrogen, carbon dioxide,
hydrofluorocarbons ("HFCs"), alkanes, alkenes, mono-carboxylic acid salts, ketones,
ethers, or combinations thereof., Suitable HFCs include 1,1-difluoroethane (HFC-
152a), 1,1,1,2-tetrafluoroethane (HFC-134a), pentlaﬂuoroethane (HFC-125), 1,1,1,3,3-
pentafluoropropane (HFC-245fa), 1,1,1,3,3-pentaflurobutane (HFC-365mfc) or
combinations thereof. Suitable alkanes and alkenes include n-butane, n-pentane,
isopentane, cyclopentane, l-peniene, or combinations thereol. Suitable mono-
carboxylic acid salts include methyl formate, .ethyl formate, methyl acetate, or
combinations thereof. Suitable ketones and ethers include acetone, dimethyl ether, or
combinations thercof.

[0048] In addition, the polyurethane formulation may optionally include one or more
auxiliary components. Examples of auxiliary con&ponents include, but are not limited

to, cell stabilizers, surfactants, chain extenders, pigments, fillers, flame retardants,
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thermally expandable microspheres, water, thickening agents, smoke suppressants,
reinforcements, antioxidants, UV stabilizers, a.ntistatic agents, infrared radiation
absorbers, dyes, mold releasc agents, antifungal agents, biocides or any combination
thereof.

[0049] Cell stabilizers may include, for examj;;le, silicon surfactants or anionic
surfactants. Examples of suitable silicon surfactants include, but are not limited to,
polyalkylsiloxane, polyoxyalkylene polyol-modified dimethylpolysiloxane, alkylene
glycol-moditied dimethylpolysiloxane, or any combination thercof.

[0050] Suitable surfactants (or surface-active agents) include emulsifiers and foam
stabilizers, such as silicone surfactants known in tﬁe art, for example, polysiloxanes, as
well as various amine salts of fatty acids, such as diethylamine oleate or diethanolamine
stearate, as well as sodium salts of ricinoleic acids.

[0051] Examples of chain extenders include, but are not Iimited. ‘:[0, compounds having
hydroxyl or amino functional groups, such as glycéis, amines, diols, and water, Further
non-limiting examples of chain extenders include ethylene glycoi, prapylene glycol,
1,4-butanediol, 1,3-butanediol, 1,5-pentanediol, 1,6-hexanediol, 1,10-decanediol, 1,12-
dodecanediol, ethoxylated hydroquinone, 1,4-cyclohexanediol, N-methylethanolamine,
N-methylisopropanolamine, 4-aminocyclo-hexanol, 1,2-diaminoethane, or any mixture
thereof.

[0052] Pigments may be used to color code the polyurethane materials during
manufacture, to identify product grade, or to conceal yellowing. Pigments may include
any suitable organic or inorganic pigments. For example, organic pigments or colorants

include, but are not limited to, azo/diazo dyes, phthalocyanines, dioxazines, or carbon
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black. Examples of inorganic pigments include, but are not limited to, titanium dioxide,
iron oxides or chromium oxide.

[0053] Fillers may be used to increase the density and load bearing properties of
polyurcthane foam or material. Suitable fillers in.clude, but are not limited to, barium
sulfate, carbon black or calcium carbonate.

[0054] Flame retardants can be used to reduce flammability. For example, such flame
retardants include, but are not limited to, chlorinated phosphate esters, chlorinated
paraffing or melamine powders.

[0055] Thermally expandable microspheres include those containing a (cyclo)aliphatic
hydrocarbon.  Such microspheres are generally dry, unexpanded or partially
unexpanded microspheres consisting of small spherical particles with an average
diameter of typically 10 to 15 micron. The Spheré is formed of a gas proof polymeric
shell {e.g. consisting of acrylonitrile or PVDC), encapsulating a minute drop of a
(cyclo)aliphatic hydrocarbon, e.g. liquid isobutane. When these microspheres are
subjected to heat at an elevated temperature level (e.g. 150°C .to 200°C) sufficient to
soften the thermoplastic shell and to volatilize the (cyclo)aliphatic hydrocarbon
encapsulated therein, the resultant gas expands the shell and increases the volume of
the microspheres. When cxpanded, the microspheres have a diameter 3.5 to 4 times
their original diameter as a consequence of which their expanded volume is about 50 to
60 times greater than their initial volumc in the unexpanded state. Examples of such
microspheres are the EXPANCEL®-DU microspheres which are marketed by AKZO
Nobel Industries of Sweden.

[0056] The methods for producing a polyurethane material from a polyurethane

formulation according to the present disclosure are well known to those skilled in the
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art and can be found in, for example, U.S. Pat. Nos. 5,420,170, 5,648,447, 6,107,359,
6,552,100, 6,737.471 and 6,790,872, thc contents of which are hereby incorporated by
reference. Various types of polyurethane materials can be made, such as rigid foams,
flexible foams, semi-flexible foams, microcellular elastomers, backings for textiles,
spray elastomers, cast elastomers, polyurethane-isocyanurate foams, reaction injection
molded polymers, structural reaction injection molded polymers and the like.

[0057] A non-limiting example of a general flexible polyurethane foam formulation
having a 15-150 kg/m® density (e.g. automotive seating) containing the acid-bjocked

pyrrolidine catalyst of formula (1) and (2) may comprise the following components in

parts by weight (pbw):

Flexible Foam Formulation pbw
Polyol 20-100
Surfactant 0.3-3
Blowing Agent 1-6
Crosslinker 0-3
Acid-blocked pyrrolidine catalyst | 0.2-2.5
Isocyanate Index . 70-115

[0058] A non-limiting example of a general rigid polyurethane foam formulation
having a 15-70 kg/m? density containing the acid-blocked pyrrolidine catalyst of

formula (1) or (2) may comprise the following components in parts by weight (pbw):

Rigid Foam Formulation Pbw
Polyol 100
Surfactant 1-3
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Blowing Agent 20-40

Water 0-3

Acid-blocked pyrrolidine catalyst | 0.5-3:

Isocyanate Index 80-400

[0059] The amount of the compound containing an isocyanate functional group is not
limited, but will generally be within those ranges known to oné skilled in the art, An
exemplary range given above is indicated by 1'cf§1'cncc to Isocyanate Index which is
defined as the number of equivalents of isocyanate divided by the total number of
equivalents of active hydrogen, multiplied by 100.

[0060] Thus, in yvet another embodiment, the present disclosure provides a method for
producing a polyurethane material which comprises confacting the compound
containing an isocyanate functional group, an active hydrogen-containing compound,
halogenated olefin and optional auxiliary components in the presence of the acid-
blocked pyrrolidine catalysts according to the present disclosure.

[0061] In one particular embodiment, the polyurethane material is a rigid or flexible
foam prepared by bringing together at least one polyol and at least one polyisocyanate
in the presence of the acid-blocked pyrrolidine catalyst of formula (1) and/or (2) and
halogenated clefin compound to form a reaction mixture and subjecting the reaction
mixture to conditions sufficient to cause the polyol to react with the polyisocyanate.
The polyol, polyisocyanate, acid-blocked pyrrolidine catalyst and halogenated olefin
compound may be heated prior to mixing them aﬁd forming the 1'eacf.ion mixture. In
other embodiments, the polyol, polyisocyanate, acid-blocked pyrrolidine catalyst and

halogenated olelin compound are mixed at ambient temperature- (for e.g. from about

21




PCT/US20/41897 19 January 2021 (19.01.2021)
International Application Number: US2020041897
submitted wRCBAHSAE Y PBER Ghied 16 Jan 5021
SUBSTITUTE REPLACEMENT SHEETS
OF THE WRITTEN DESCRIPTION

15°-40°C) and heat may be applied to the reaction mixture, but in some embodiments,
applying heat may not be necessary. The polyurcthanc foam ma,y be made in a free rise
(slabstock) process in which the foam is free to rise under minimal or no vertical
constraints. Alternatively, molded foam may be made by introducing the reaction
mixture in a closed mold and allowing it to foam within the mold. The particular polyol
and polyisocyanate are selected with the desired characteristics of the resulting foam.
Other auxiliary components useful in making polyurethane foams, such as those
described above, may also be included to produce‘a particular type of foam.

[0062] According to another embodiment, a polyurethane material may be produced in
a one-step process in which an A-side reactant is reacted with a B~side reactant. The A-
side reactant may comprise a polyisocyanate while the B-side reactant may comprise a
polyol, the acid-blocked pyrrolidine catalyst and halogenated olefin compound. In
some embodiments, the A-side and/or B-side may also oplionally contain other
auxiliary components such as those described above.

[0063] The peolyurethane materials produced may be used in a variety of applications,
such as, a precoat; a backing material for carpet; bgﬂding composites; insulation; spray
foam insulation; applications requiring use of impingement mix spray guns;
urethane/urea hybrid elastomers; vehicle interior and extetior parts such as bed liners,
dashboards, door panels, and steering wheels; ﬂegible foams (such as furniture foams
and vehicle component foams); integral skin foams; rigid spray foams; rigid pour-in-
place foams; coatings; adhesives; seaiants;. filament Winding;. and other polyurethane
composite, foams, clastomers, resins, and reaction injection molding (RIM)

applications
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[0064] The present disclosure will now be further described with reference to the
tfollowing non-limiting examples.
Examples

Example 1.

[0065] Polyurethane foams were made from MDI and polyol resin blends (as set forth
in Table 1), wherein the Catalyst in the polyol 1'e§in blends was selected from various
state of the art amine catalysts (JEFFCAT® ZF—iO, ZF-20, ZfIlO, Z-130, ZR-70, as
desctibed earlier, which have been mixed with glutaric acia or formic acid) or an
example of the inventive acid-blocked pyrrolidine catalyst as set forth herein (“XP
CAT™), which is represented by a mixture of catalysts of formulas 1 and 2 with both
formulas having x = 4. In one sample of XP CAT; A (as represented in formulas 1 and
2) is an ion of formic acid. In a second sample of XP CAT, A (as represented in

formulas 1 and 2) is an ion of glutaric acid.

Table 1

TEROL® 649 40.84
JEFFOL® R-425-X 14.78
JEFFOL® S(-522 7.88
Flame retardant A 6.80
Flame retardant B 11.00
Silicone surfactant 1.00
‘Water . 1.70
Catalyst 5.00
Blowing agent 11.00
Total 100.00

[0066] As noted, Table 1 shows the components of the polyol resin blends. TEROL®
649 polyol is a modified aromatic polyester polyol, JEFFOL® R-425-X polyether

polycl is an amine-based polyether polyol. JEFFOL® SG-522 polyol is a sucrose-
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based polyol. JEFFOL® polyether polyol products and TEROL® aromatic polyester
polyol products are commercially available from I[Iuntsman Corporation (The
Woodlands, Texas). Flame retardant A was a tetrabromophthalate diol, commercially
available as PHT4-Diol™ reactive halogenated ﬁame retardant from LANXESS AG
(Cologne, Germany). Flame retardant B. was é chlorinated phosphate ester. The
silicone surfactant used was Dabco® DC-193 silicone surfactant which is commercially
available from Evonik Industries AG (Essen, Germany). The blowing agent used was
a halogenated olefinic blowing agent manufactured by Honeywell Corporation under
the name SOLSTICE® 1.BA blowing agent.

[0067] Following a procedure such as that of ASTM D7487-18, the foams were mixed
vigorously for 4 seconds in a cup using 50g of polyol resin blend and 50g MDI and
then the foam profile was measured using a stopwatch. The “tack-free time” of the
foams, as they were formed, was measured initially and after 6 weeks of storage as an
indicator of the stability of the system, the results!for which afe presented in Iigure 1,
A polyol blend that is unstable will inherently produce foams with slower tack-free
times as the blowing agent and/or catalysts are deactivated by reacting together. As is
evident from Figure 1, the blends containing thg inventive acid-blocked pyrrolidine
catalyst (“XP CAT”) were much more stable thaﬁ the mixtures of the state of the art
catalysts and formic or glutaric acid. This was uncxpcctcd,r since the pyrrolidinyl
nitrogen of the XP CAT has a similar or higher pKa to that of the aminomethyl moieties
of standard catalysts (Table 2) and amines with highcr pKa valucs arc expected to be
more reactive with halogenated olefinic blowing agents. In fact, given the high

nucleophilicity of the pyrrolidinyl group that has been experifnentally mcasurcd by

Mayr et. al. (/. Org. Chem. 2007, 72, 3679-3688), it is completely unexpected that these
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inventive compounds would be more stable with the halogenated olefinic blowing

agents than their linear alkylamino analogues.

Table 2

Amine pka ref

JEFFCAT® ZF-20 9.12:0.28 1
PMDETA 9.1 3
LXP CAT 10.840.20 1
dimethyleyclohexylamine | 10.1 4
JEFFCAT® Z-130 10.4+0.19 1
JEFFCAT® ZR-70 9.1 3
N-methylpyrrolidine 10.46 2
JEFFCAT ® 7Z-110 9.18 5

—

Calculated using Advanced Chemistry Development (ACD/Labs) Software V11.02 (©
1694-2019 ACD/Labs)

2 CRC Iandbook of Chemistry and Physics

3 US9051442

4 I. Org. Chem.1961, 26, 3, 779-782

5 J. Chem. Eng. Data 2016, 61, 247254
Example 2

[0068] Many acid-blocked amine catalysts are not compatible in the presence of
halogenated olcfinic blowing agents when stored with metal co-catalysts that are
commonly used in polyurethane spray foam, typic}aliy forming solid precipitates in the
polyol resin blend and inhibiting foam rcactivity. The formulation from Table 1 was
used to evaluate polyurethane foams, wherein the Catalyst in Table 1 comprised XP
CAT and formic acid with and without a bismuth co-catalyst. Following a procedure
such as that of ASTM D7487-18, the cream time and string gel times were measured
for polyurethane foams produced immediately after blending such formulations (with
and without bismuth) and again after s such formulations were aged for 6 weeks at 50

°C (both with and without bismuth) . In the systenis with bismuth, BiCat® 8842 from
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Shepherd chemical was used at 0.5 wt% based on the total weight of the formulation in
Table 1.
[0069] The cream time and string gel time measurements were taken following a
procedure such as that of ASTM 1D7487-18.
[0070] Figure 2 shows that with and without bismuth, the stability of the polyurethane
foam is good, with only a small drift in reactivity after aging the formulation for 6
weeks at 50°C.
Example 3:
[0071] Using the same procedure as in Example 1, the storage étability of the XP CAT
in combination with various acids (i.e., formic acid, 2-ethylhexanoic acid, glutaric acid,
citric acid, and malic acid) as the “A” in formulas.l and 2 was evaluated by measuring
the change in cream time and string gel for polyurethane formulations prepared using
polyol blends of the XP CAT and acids (as set forth in Table 1) shortly afier preparing
the polyol blends and also afier aging the polyol b_lends for 6 weeks at 50 °C. As seen
in Figure 3, the drift (i.e., the change in cream time and string gel) was not greater than
60% after 6 weeks of 50°C storage. This demonstrates the unexpectedly superior
stability of the presently claimed acid blocked catalysts as a polyurethane catalyst for
systems using halogenated olefinic blowing agents.
Example 4;
[0072] Using the same procedure as in Example 1, the storage stability of a comparative
catalyst, JEFFCAT® LE-30, in combination with various acids (i.e., formic acid, lactic
acid, 2-ethylhexanoic acid, propionic acid, and acctic acid) was cvaluated by measuring
the change in cream time and string gel for polyurethane folmﬁlations prepared uging

polyol blends of the XP CAT and acids as the Catalyst (as set forth in Tabic 1) shortly
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after preparing the polyol blends and also after aging the polyol blends for 6 weeks at
50 °C. As seen in Figure 4, the drift was as high as 260% after 6 weeks of storage at
50°C. This further demonstrates the unexpectedly superior stability of the presently

claimed acid blocked catalysts as a polyurethane catalyst for systems using halogenated

olefinic blowing agents as compared with current state of the art catalysts.
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ACID-BLOCKED PYRROLIDINE CATALYSTS
FOR POLYURETHANE FOAM
CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims priority to U.S. Provisional Patent Application
62/875,629 filed July 18, 2019. The noted application is incorporated herein by

reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not applicable.

FIELD
[0003] The present disclosure generally relates to acid-blocked pyrrolidine catalysts for
use in the production of flexible and rigid polyurethane foam and other polyurethane

materials.

BACKGROUND

[0004] Polyurethane foams are widely known and used in a variety of applications,
such as in the automotive and housing industry. These foams are produced by the
reaction of a polyisocyanate with a polyol in the presence of various additives. One
such additive is an amine catalyst which is used to accelerate blowing (the reaction of
water with polyisocyanate to generate CO») and gelling (the reaction of a polyol with
polyisocyanate).

[0005] Disadvantages in using conventional amine catalysts (for example,
bisdimethylaminoethylether) in polyurethane foam production include: the occurrence
of safety and toxicity problems due to their high volatility, resulting in airborne vapors

thought to contribute to glaucopsia, also known as blue haze or halovision, which is a
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temporary disturbance for vision clarity; fogging of automotive windshields due to
automotive interior foams produced from these catalysts; and malodorous properties.
[0006] In addition, many amine catalysts are also unstable with certain blowing agents,
and in particular with the newer, low global-warming-potential (GWP) halogenated
olefin blowing agents such as trans-1-chloro-3,3,3-trifluoropropene (known as
1233zd(E)) or cis-1,1,1,3,3,3-hexafluoro-2-butene (known as 1366mzz(Z)) due to their
activated double bonds which can react with the amines. Various attempts have been
made to improve the shelf life of blends containing amines and halogenated olefin
blowing agents without affecting their ability to catalyze polyurethane foam
formulation at a reasonable rate. Most of these attempts center around using amines
that are deactivated in one way or another (e.g. sterically hindered or bonded with
electron withdrawing groups) or by including additives to prevent their reaction with
the halogenated olefin blowing agent (see, e.g., US10023681, US20150266994A1,
US20160130416A1, US9550854, US9556303B2, US10308783B2, US9868837B2,
US20190177465A1). However, such attempts have yet to achieve blends that have
shelf-life stability and catalytic activity that is comparable to blends containing amines
and standard non-halogenated blowing agents.

[0007] Thus, there is a continuing need for the development of new amine catalysts for
use in producing rigid or flexible polyurethane foam and other polyurethane materials
which may be combined with the newer, low global-warming-potential (GWP)
halogenated olefin blowing agents above to form a blend having acceptable catalytic

activity and an improved shelf life over the current conventional amine catalysts.
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SUMMARY

[0008] The present disclosure provides a polyurethane formulation comprising an acid-
blocked pyrrolidine catalyst, a halogenated olefin compound, a compound containing
an isocyanate functional group and an active hydrogen-containing compound.
[0009] According to another embodiment, there is provided a catalyst package for use
in, for example but without limitation, forming a polyurethane material comprising an
acid-blocked pyrrolidine catalyst and a halogenated olefin compound.
[0010] In yet another embodiment, there is provided a method of forming a
polyurethane material comprising contacting a compound containing an isocyanate
functional group, an active hydrogen-containing compound and optional auxiliary
components in the presence of an acid-blocked pyrrolidine catalyst and a halogenated
olefin compound.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Figure 1 depicts the tack free times pre- and post-storage at 50°C for
polyurethane foams produced using acid-blocked industry standard catalysts as well as
the inventive acid-blocked pyrrolidine catalysts. Figure 2 depicts the stability of the
polyurethane foam produced using the inventive acid-blocked pyrrolidine catalysts is
good, with only a small drift in reactivity after aging the formulation for 6 weeks at
50°C. Figure 3 illustrates that the drift (i.e., the change in cream time and string gel) of
the polyurethane foam produced using the inventive acid-blocked pyrrolidine catalysts
was not greater than 60% after 6 weeks of 50°C storage, thereby demonstrating the
unexpectedly superior stability of the presently claimed acid blocked catalysts as a
polyurethane catalyst. Figure 4 illustrates that the drift of the polyurethane foam
produced using the comparative catalyst was as high as 260% after 6 weeks of storage

at 50°C.
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DETAILED DESCRIPTION
[0012] The following terms shall have the following meanings:
[0013] The term "comprising" and derivatives thereof are not intended to exclude the
presence of any additional component, step or procedure, whether or not the same is
disclosed herein. In order to avoid any doubt, all compositions claimed herein through
use of the term "comprising" may include any additional additive or compound, unless
stated to the contrary. In contrast, the term, "consisting essentially of" if appearing
herein, excludes from the scope of any succeeding recitation any other component, step
or procedure, except those that are not essential to operability and the term "consisting
of", if used, excludes any component, step or procedure not specifically delineated or
listed. The term "or", unless stated otherwise, refers to the listed members individually
as well as in any combination.
[0014] The articles "a" and "an" are used herein to refer to one or to more than one (i.e.
to at least one) of the grammatical objects of the article. By way of example, "a catalyst"
means one catalyst or more than one catalyst. The phrases "in one embodiment",
"according to one embodiment" and the like generally mean the particular feature,
structure, or characteristic following the phrase is included in at least one embodiment
of the present disclosure, and may be included in more than one embodiment of the
present disclosure. Importantly, such phrases do not necessarily refer to the same aspect.
If the specification states a component or feature "may", "can", "could", or "might" be
included or have a characteristic, that particular component or feature is not required to
be included or have the characteristic.
[0015] The term “about” as used herein can allow for a degree of variability in a value
or range, for example, it may be within 10%, within 5%, or within 1% of a stated value

or of a stated limit of a range.
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[0016] Values expressed in a range format should be interpreted in a flexible manner
to include not only the numerical values explicitly recited as the limits of the range, but
to also include all of the individual numerical values or sub-ranges encompassed within
that range as if each numerical value and sub-range is explicitly recited. For example,
a range such as from 1 to 6, should be considered to have specifically disclosed sub-
ranges, such as, from 1 to 3, from 2 to 4, from 3 to 6, etc., as well as individual numbers
within that range, for example, 1, 2, 3, 4, 5, and 6. This applies regardless of the
breadth of the range.

[0017] The terms “preferred” and “preferably” refer to embodiments that may afford
certain benefits, under certain circumstances. However, other embodiments may also
be preferred, under the same or other circumstances. Furthermore, the recitation of one
or more preferred embodiments does not imply that other embodiments are not useful,
and is not intended to exclude other embodiments from the scope of the present
disclosure.

[0018] The term “substantially free” refers to a composition in which a particular
compound or moiety is present in an amount that has no material effect on the
composition. In some embodiments, “substantially free” may refer to a composition in
which the particular compound or moiety is present in the composition in an amount of
less than 2% by weight, or less than 1% by weight, or less than 0.5% by weight, or less
than 0.1% by weight, or less than 0.05% by weight, or even less than 0.01% by weight
based on the total weight of the composition, or that no amount of that particular
compound or moiety is present in the respective composition.

[0019] Where substituent groups are specified by their conventional chemical formula,

written from left to right, they equally encompass the chemically identical substituents
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that would result from writing the structure from right to left, for example, -CH>O- is
equivalent to -OCHa>-.

[0020] The term “alkyl” refers to straight chain or branched chain saturated
hydrocarbon groups having from 1 to 10 carbon atoms. In some embodiments, alkyl
substituents may be lower alkyl groups. The term “lower” refers to alkyl groups having
from 1 to 6 carbon atoms. Examples of “lower alkyl groups” include, but are not limited
to, methyl, ethyl, n-propyl, i-propyl, butyl, and pentyl groups.

[0021] The term “halogenated olefin” refers to an olefin compound or moiety which
may include fluorine, chlorine, bromine or iodine.

[0022] The term “optional” or “optionally” means that the subsequently described
event or circumstance may or may not occur, and that the description includes instances
where said event or circumstance occurs and instances where it does not.

[0023] The present disclosure is generally directed to novel acid-blocked pyrrolidine
catalysts and their use in polyurethane formulations which may include a compound
containing an isocyanate functional group, an active hydrogen-containing compound
and a halogenated olefin compound as a blowing agent. The present disclosure is also
directed to rigid or flexible polyurethane foam or other polyurethane material made
from a formulation comprising an acid-blocked pyrrolidine catalyst as described herein,
a compound containing an isocyanate functional group, an active hydrogen-containing
compound and a halogenated olefin compound as a blowing agent. The term
“polyurethane” as used herein, is understood to encompass pure polyurethane,
polyurethane polyurea, and pure polyurea. It has been surprisingly found combining a
halogenated olefin compound blowing agent with an acid-blocked pyrrolidine catalyst

according to the present disclosure, in place of a substantial portion of, or in place of
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all of, conventional amine catalysts, leads to a blend having improved shelf-life stability
and catalytic activity.
[0024] According to one embodiment, the acid-blocked pyrrolidine catalyst is one or

more catalysts represented by at least one of formula (1)

A~ H
';r-\H— (CH2)X——;\ )
ey
or formula (2)
H
N— (CHz)x-—+
A )

where x is an integer from 1 to 10 and A is an ion of an acidic compound, wherein the
acidic compound has a formula (OH),-R-(COOH)n where R is hydrogen, an alkyl,
alkenyl, cycloaliphatic, aromatic, or alkylaromatic group, n and m are integers between
0 and 3 with the proviso that n+tm>1 and when n=1 and m=0, R is aromatic or
alkylaromatic.

[0025] According to one embodiment, x is an integer from 1 to9 or 1 to8 or 1 to 7 or
l1to6orltoS5orlto4d4 In one particular embodiment, x is 2, 3 or 4. In another
embodiment, x is an integer such that the (CH>)x group is a lower alkyl group.

[0026] According to another embodiment of the present disclosure, each A has from 1
to 10 carbon atoms and A is an ion of a carboxylic acid, a dicarboxylic acid, a
tricarboxylic acid, a phenolic acid, a substituted phenolic acid or a hydroxy substituted

derivative thereof.
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[0027] Examples of R alkyl groups include, but are not limited to, methyl, ethyl, n-
propyl, iso-propyl, propyl, butyl, iso-butyl, phenyl, ethylenyl, n-amyl, n-decyl or 2
ethylhexyl. While the aforementioned alkyl groups may comprise two available
substitution sites, it is contemplated that additional hydrogens on the hydrocarbon could
be replaced with further carboxyl and/or hydroxyl groups.

[0028] Particular compounds that may be used as component A include, but are not
limited to, a hydroxyl-carboxylic acid, a di-carboxylic acid, formic acid, acetic acid,
malonic acid, glutaric acid, maleic acid, glycolic acid, lactic acid, 2-hydroxybutyric
acid, citric acid, AGS acid, phenol, cresol, hydroquinone, or combinations thereof.
AGS acid is a mixture of dicarboxylic acids (i.e., adipic acid, glutaric acid, and succinic
acid) that is obtained as a by-product of the oxidation of cyclohexanol and/or
cyclohexanone in the adipic acid manufacturing process. Suitable AGS acid that may
be used as component A include RHODIACID® acid (available from Solvay S.A.),
DIBASIC acid (available from Invista S.arl), FLEXATRAC™-AGS-200 acid
(available from Ascend Performance Materials LL.C), and glutaric acid, technical grade
(AGS) (available from Lanxess A.G.).

[0029] In one embodiment, the acid-blocked pyrrolidine catalysts of formula (1) and
(2) may be prepared in situ in the polyurethane formulation by adding the pyrrolidine
and compound having a formula (OH),-R-(COOH)n separately to the polyurethane
formulation, while in other embodiments, the acid-blocked pyrrolidine catalysts above
may be prepared prior to addition to the polyurethane formulation.

[0030] According to another embodiment, the acid-blocked pyrrolidine catalysts of
formula (1) or (2) may be combined with a pyrrolidine catalyst having the formula (3)

to form a catalyst mixture.
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/\/\/ N
N

3)
[0031] The pyrrolidine catalyst having the formula (3) may be combined with the acid-
blocked pyrrolidine catalysts of formula (1) or (2) (or (1) and (2)) in amounts ranging
from about 0.1% by weight to about 99.9% by weight, based on the total weight of the
catalyst mixture. In another embodiment, the pyrrolidine catalyst having the formula
(3) may be combined with the acid-blocked pyrrolidine catalysts of formula (1) or (2)
(or (1) and (2)) in amounts ranging from about 1% by weight to about 90% by weight,
or from about 10% by weight to about 80% by weight, or from about 20% by weight to
about 70% by weight or from about 30% by weight to about 60% by weight or from
about 40% by weight to about 50% by weight, based on the total weight of the catalyst
mixture.
[0032] According to some embodiments, the acid-blocked pyrrolidine catalysts of
formula (1) and/or (2) (and optionally the pyrrolidine catalyst of the formula (3)) may
be used alone in forming the polyurethane foam or material. In still other embodiments,
the catalysts above may be combined with an amine catalyst containing at least one
tertiary amine group and/or a non-amine catalyst in forming the polyurethane foam or
material. In embodiments in which the acid-blocked pyrrolidine catalysts (1) and/or (2)
are combined with an amine catalyst containing at least one tertiary amine group and/or
a non-amine catalyst, the weight ratio of the acid-blocked pyrrolidine catalysts of
formula (1) and/or (2) to the amine catalyst containing at least one amine group and/or
the non-amine catalyst is at least 1:1, and in some embodiments, at least 1.5:1 and in
still other embodiments at least 2:1 and in further embodiments at least 5:1, while in

still further embodiments at least 10:1. In still other embodiments, the weight ratio of
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the acid-blocked pyrrolidine catalyst of formula (1) and/or (2) to the amine catalyst
containing at least one amine group and/or the non-amine catalyst is from 0.1:99.9 to
999:0.1, and in still other embodiments from 1:99 to 99:1, and in still other
embodiments from 5:95 to 95:5, and in further embodiments from 10:90 to 90:10, while
in still further embodiments from 25:75 to 75:25.

[0033] Representative amine catalysts containing at least one tertiary group include,
but are not limited to, bis-(2-dimethylaminoethyl)ether (JEFFCAT® ZF-20 catalyst),
N,N,N'-trimethyl-N'-hydroxyethylbisaminoethylether (JEFFCAT® ZF-10 catalyst),
N-(3-dimethylaminopropyl)-N,N-diisopropanolamine (JEFFCAT® DPA catalyst),
N,N-dimethylethanolamine (JEFFCAT® DMEA catalyst), triethylene diamine
(JEFFCAT® TEDA catalyst), blends of N,N-dimethylethanolamine ethylene diamine
(such as JEFFCAT® TD-20 catalyst), N,N-dimethylcyclohexylamine (JEFFCAT®
DMCHA  catalyst), benzyldimethylamine (JEFFCAT® BDMA  catalyst),
pentamethyldiethylenetriamine (JEFFCAT® PMDETA catalyst), N,NN',N"N"-
pentamethyldipropylenetriamine  (JEFFCAT®  ZR-40  catalyst), N,N-bis(3-
dimethylaminopropyl)-N-isopropanolamine (JEFFCAT® ZR-50 catalyst), N'-(3-
(dimethylamino)propyl-N,N-dimethyl-1,3-propanediamine (JEFFCAT®  Z-130
catalyst), 2-(2-dimethylaminoethoxy)ethanol (JEFFCAT® ZR-70 catalyst), N,N,N-
trimethylaminoethyl-ethanolamine (JEFFCAT® Z-110 catalyst), N-ethylmorpholine
(JEFFCAT® NEM catalyst), N-methylmorpholine (JEFFCAT® NMM catalyst), 4-
methoxyethylmorpholine, N N'dimethylpiperzine (JEFFCAT® DMP catalyst), 2,2'-
dimorpholinodiethylether (JEFFCAT® DMDEE catalyst), 1,3,5-tris(3-
(dimethylamino)propyl)-hexahydro-s-triazine (JEFFCAT® TR-90 catalyst), 1-
propanamine, 3-(2-(dimethylamino)ethoxy), substituted imidazoles such as 1,2-

dimethlyimidazol and 1-methyl-2-hydroxyethylimidazole, N,N'-dimethylpiperazines
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or bis-substituted piperazines such aminoethylpiperazine, N,N',N’-trimethyl
aminoethylpiperazine or bis-(N-methyl piperazine)urea, N-methylpyrrolidines and
substituted methylpyrrolidines such as 2-aminoethyl-N-methylpyrrolidine or bis-(IN-
methylpyrrolidine)ethyl urea, 3-dimethylaminopropylamine, N,N,N"N"-
tetramethyldipropylenetriamine, tetramethylguanidine, 1,2-bis-diisopropanol. Other
examples of amine catalysts include N-alkylmorpholines, such as N-methylmorpholine,
N-ethylmorpholine, N-butylmorpholine and dimorpholinodiethylether, N N'-
dimethylaminoethanol, N,N-dimethylamino ethoxyethanol, bis-
(dimethylaminopropyl)-amino-2-propanol, bis-(dimethylamino)-2-propanol, bis-(IN,N-
dimethylamino)ethylether; N,N,N'-trimethyl-N'hydroxyethyl-bis-(aminoethyl)ether,
N,N-dimethyl amino ethyl-N'-methyl amino ethanol and
tetramethyliminobispropylamine. The aforementioned JEFFCAT® catalysts are
available from Huntsman Petrochemical LLC, The Woodlands, Texas.

[0034] Other amine catalysts which may be used in the present disclosure may be found
in Appendix D in “Dow Polyurethanes Flexible Foams” by Herrington et al. at pages
D.1-D.23 (1997), which is incorporated herein by reference. Further examples may be
found in “JEFFCAT® Amine Catalysts for the Polyurethane Industry” version JCT-
0910 which is incorporated herein by reference.

[0035] The non-amine catalyst is a compound (or mixture thereof) having catalytic
activity for the reaction of an isocyanate group with a polyol or water, but is not a
compound falling within the description of the amine catalyst above. Examples of such
additional non-amine catalysts include, for example:

tertiary phosphines, such as trialkylphosphines and dialkylbenzylphosphines;
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chelates of various metals, such as those which can be obtained from
acetylacetone, benzoylacetone, trifluoroacetyl acetone, ethyl acetoacetate and the like,
with metals such as Be, Mg, Zn, Cd, Pd, Ti, Zr, Sn, As, Bi, Cr, Mo, Mn, Fe, Co and Ni;

metal carboxylates such as potassium acetate and sodium acetate;

acidic metal salts of strong acids, such as ferric chloride, stannic chloride,
stannous chloride, antimony trichloride, bismuth nitrate and bismuth chloride;

strong bases, such as alkali and alkaline earth metal hydroxides, alkoxides and
phenoxides;

alcoholates and phenolates of various metals, such as Ti(OR®)4, Sn(OR®)4and
AI(ORS®); where R®is alkyl or aryl, and the reaction products of the alcoholates with
carboxylic acids, beta-diketones and 2-(N,N-dialkylamino) alcohols;

alkaline earth metal, Bi, Pb, Sn or Al carboxylate salts; and tetravalent tin
compounds, and tri- or pentavalent bismuth, antimony or arsenic compounds.
[0036] The acid-blocked pyrrolidine catalysts of formula (1) and/or (2) may be used in
a catalytically effective amount to catalyze the reaction between a compound containing
an isocyanate functional group and an active hydrogen-containing compound for
making rigid or flexible polyurethane foam or other polyurethane materials. A
catalytically effective amount of the acid blocked pyrrolidine catalysts of formula (1)
and/or (2) may range from about 0.01-15 parts per 100 parts of active hydrogen-
containing compound, and in some embodiments from about 0.05-12.5 parts per 100
parts of active hydrogen-containing compound, and in even further embodiments from
about 0.1-7.5 parts per 100 parts of active hydrogen-containing compound, and yet in
even further embodiments from about 0.5-5 parts per 100 parts of active hydrogen-

containing compound.
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[0037] In one embodiment, the compound containing an isocyanate functional group is
a polyisocyanate and/or an isocyanate-terminated prepolymer.

[0038] Polyisocyanates include those represented by the general formula Q(NCO),
where a is a number from 2-5, such as 2-3 and Q is an aliphatic hydrocarbon group
containing 2-18 carbon atoms, a cycloaliphatic hydrocarbon group containing 5-10
carbon atoms, an araliphatic hydrocarbon group containing 8-13 carbon atoms, or an
aromatic hydrocarbon group containing 6-15 carbon atoms.

[0039] Examples of polyisocyanates include, but are not limited to, ethylene
diisocyanate; 1,4-tetramethylene diisocyanate; 1,6-hexamethylene diisocyanate; 1,12-
dodecane diisocyanate; cyclobutane-1,3-diisocyanate; cyclohexane-1,3- and 1,4-
diisocyanate, and mixtures of these isomers; isophorone diisocyanate; 2,4- and 2,6-
hexahydrotoluene diisocyanate and mixtures of these isomers; dicyclohexylmethane-
4,4'-diisocyanate (hydrogenated MDI, or HMDI); 1,3- and 1,4-phenylene diisocyanate;
24- and 2,6-toluene diisocyanate and mixtures of these isomers (TDI);
diphenylmethane-2,4'-and/or -4,4'-diisocyanate (MDI); naphthylene-1,5-diisocyanate;
triphenylmethane-4,4' 4"-triisocyanate; polyphenyl-polymethylene-polyisocyanates of
the type which may be obtained by condensing aniline with formaldehyde, followed by
phosgenation (crude MDI); norbornane diisocyanates, m- and p-isocyanatophenyl
sulfonylisocyanates; perchlorinated aryl polyisocyanates;, modified polyisocyanates
containing carbodiimide groups, urethane groups, allophnate groups, isocyanurate
groups, urea groups, or biruret groups; polyisocyanates obtained by telomerization
reactions; polyisocyanates containing ester groups; and polyisocyanates containing
polymeric fatty acid groups. Those skilled in the art will recognize that it is also

possible to use mixtures of the polyisocyanates described above.
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[0040] Isocyanate-terminated prepolymers may also be employed in the preparation of
the polyurethane. Isocyanate-terminated prepolymers may be prepared by reacting an
excess of polyisocyanate or mixture thereof with a minor amount of an active-hydrogen
containing compound as determined by the well-known Zerewitinoff test.

[0041] In another embodiment, the active hydrogen-containing compound is a polyol.
Polyols suitable for use in the present disclosure include, but are not limited to,
polyalkylene ether polyols, polyester polyols, polymer polyols, a non-flammable polyol
such as a phosphorus-containing polyol or a halogen-containing polyol. Such polyols
may be used alone or in suitable combination as a mixture.

[0042] Polyalkylene ether polyols include poly(alkylene oxide) polymers such as
poly(ethylene oxide) and polypropylene oxide) polymers and copolymers with terminal
hydroxyl groups derived from polyhydric compounds, including diols and triols; for
example, ethylene glycol, propylene glycol, 1,3-butane diol, 1,4-butane diol, 1,6-
hexane diol, neopentyl glycol, diethylene glycol, dipropylene glycol, pentaerythritol,
glycerol, diglycerol, trimethylol propane, and similar low molecular weight polyols.
[0043] Polyester polyols include, but are not limited to, those produced by reacting a
dicarboxylic acid with an excess of a diol, for example, adipic acid with ethylene glycol
or butanediol, or reaction of a lactone with an excess of a diol such as caprolactone with
propylene glycol.

[0044] In addition to polyalkylene ether polyols and polyester polyols, polymer polyols
are also suitable for use in the present disclosure. Polymer polyols are used in
polyurethane materials to increase resistance to deformation, for example, to improve
the load-bearing properties of the foam or material. Examples of polymer polyols
include, but are not limited to, graft polyols or polyurea modified polyols (Polyharnstoff

Dispersion polyols). Graft polyols comprise a triol in which vinyl monomers are graft
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copolymerized. Suitable vinyl monomers include, for example, styrene, or acrylonitrile.
A polyurea modified polyol is a polyol containing a polyurea dispersion formed by the
reaction of a diamine and a diisocyanate in the presence of a polyol. A variant of
polyurea modified polyols are polyisocyanate poly addition (PIPA) polyols, which are
formed by the in situ reaction of an isocyanate and an alkanolamine in a polyol.

[0045] The non-flammable polyol may, for example, be a phosphorus-containing
polyol obtainable by adding an alkylene oxide to a phosphoric acid compound. A
halogen-containing polyol may, for example, be those obtainable by ring-opening
polymerization of epichlorohydrin or trichlorobutylene oxide.

[0046] The polyurethane formulation may also contain one or more halogenated olefin
compounds that serve as ablowing agent. The halogenated olefin compound comprises
at least one haloalkene (e.g, fluoroalkene or chlorofluoroalkene) comprising from 3 to
4 carbon atoms and at least one carbon-carbon double bond. Suitable compounds may
include hydrohaloolefins such as trifluoropropenes, tetrafluoropropenes (e.g.,
tetrafluoropropene (1234)), pentafluoropropenes (e.g., pentafluoropropene (1225)),
chlorotrifloropropenes (e.g., chlorotrifloropropene (1233)), chlorodifluoropropenes,
chlorotrifluoropropenes,  chlorotetrafluoropropenes,  hexafluorobutenes (e.g,
hexafluorobutene (1336)), or combinations thereof. In certain embodiments, the
tetrafluoropropene, pentafluoropropene, and/or chlorotrifloropropene compounds have
no more than one fluorine or chlorine substituent connected to the terminal carbon atom
of the unsaturated carbon chain (e.g., 1,3,3,3-tetrafluoropropene (1234ze); 1,1,3,3-
tetrafluoropropene, 1,2,3,3,3-pentaflucropropene (1225ye), 1,1,1-trifluoropropene,
1,2,3,3,3-pentafluoropropene, 1,1,1,3,3-pentafluoropropene (1225z¢), 1,1,2,3,3-

pentafluoropropene (1225yc), (Z)- 1,1, 1,2,3-pentafluoropropene (1225yez), 1-chloro-
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3 ,3,3-trifluoropropene (1233zd), 1,1,1 ,4,4,4-hexafluorobut-2-ene (1336mzzm), or
combinations thereof).

[0047] Other blowing agents that may be used in combination with the halogenated
olefin compounds described above include air, nitrogen, carbon dioxide,
hydrofluorocarbons ("HFCs"), alkanes, alkenes, mono-carboxylic acid salts, ketones,
ethers, or combinations thereof. Suitable HFCs include 1,1-difluoroethane (HFC-
152a), 1,1,1 2-tetrafluoroethane (HFC-134a), pentafluoroethane (HFC-125), 1,1,1,3,3-
pentafluoropropane (HFC-245fa), 1,1,1,3,3-pentaflurobutane (HFC-365mfc) or
combinations thereof. Suitable alkanes and alkenes include n-butane, n-pentane,
isopentane, cyclopentane, 1-pentene, or combinations thereof. Suitable mono-
carboxylic acid salts include methyl formate, ethyl formate, methyl acetate, or
combinations thereof. Suitable ketones and ethers include acetone, dimethyl ether, or
combinations thereof.

[0048] In addition, the polyurethane formulation may optionally include one or more
auxiliary components. Examples of auxiliary components include, but are not limited
to, cell stabilizers, surfactants, chain extenders, pigments, fillers, flame retardants,
thermally expandable microspheres, water, thickening agents, smoke suppressants,
reinforcements, antioxidants, UV stabilizers, antistatic agents, infrared radiation
absorbers, dyes, mold release agents, antifungal agents, biocides or any combination
thereof.

[0049] Cell stabilizers may include, for example, silicon surfactants or anionic
surfactants. Examples of suitable silicon surfactants include, but are not limited to,
polyalkylsiloxane, polyoxyalkylene polyol-modified dimethylpolysiloxane, alkylene

glycol-modified dimethylpolysiloxane, or any combination thereof.
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[0050] Suitable surfactants (or surface-active agents) include emulsifiers and foam
stabilizers, such as silicone surfactants known in the art, for example, polysiloxanes, as
well as various amine salts of fatty acids, such as diethylamine oleate or diethanolamine
stearate, as well as sodium salts of ricinoleic acids.

[0051] Examples of chain extenders include, but are not limited to, compounds having
hydroxyl or amino functional groups, such as glycols, amines, diols, and water. Further
non-limiting examples of chain extenders include ethylene glycol, propylene glycol,
1,4-butanediol, 1,3-butanediol, 1,5-pentanediol, 1,6-hexanediol, 1,10-decanediol, 1,12-
dodecanediol, ethoxylated hydroquinone, 1,4-cyclohexanediol, N-methylethanolamine,
N-methylisopropanolamine, 4-aminocyclo-hexanol, 1,2-diaminoethane, or any mixture
thereof.

[0052] Pigments may be used to color code the polyurethane materials during
manufacture, to identify product grade, or to conceal yellowing. Pigments may include
any suitable organic or inorganic pigments. For example, organic pigments or colorants
include, but are not limited to, azo/diazo dyes, phthalocyanines, dioxazines, or carbon
black. Examples of inorganic pigments include, but are not limited to, titanium dioxide,
iron oxides or chromium oxide.

[0053] Fillers may be used to increase the density and load bearing properties of
polyurethane foam or material. Suitable fillers include, but are not limited to, barium
sulfate, carbon black or calcium carbonate.

[0054] Flame retardants can be used to reduce flammability. For example, such flame
retardants include, but are not limited to, chlorinated phosphate esters, chlorinated
paraffins or melamine powders.

[0055] Thermally expandable microspheres include those containing a (cyclo)aliphatic

hydrocarbon.  Such microspheres are generally dry, unexpanded or partially
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unexpanded microspheres consisting of small spherical particles with an average
diameter of typically 10 to 15 micron. The sphere is formed of a gas proof polymeric
shell (e.g. consisting of acrylonitrile or PVDC), encapsulating a minute drop of a
(cyclo)aliphatic hydrocarbon, e.g. liquid isobutane. When these microspheres are
subjected to heat at an elevated temperature level (e.g. 150°C to 200°C) sufficient to
soften the thermoplastic shell and to volatilize the (cyclo)aliphatic hydrocarbon
encapsulated therein, the resultant gas expands the shell and increases the volume of
the microspheres. When expanded, the microspheres have a diameter 3.5 to 4 times
their original diameter as a consequence of which their expanded volume is about 50 to
60 times greater than their initial volume in the unexpanded state. Examples of such
microspheres are the EXPANCEL®-DU microspheres which are marketed by AKZO
Nobel Industries of Sweden.

[0056] The methods for producing a polyurethane material from a polyurethane
formulation according to the present disclosure are well known to those skilled in the
art and can be found in, for example, U.S. Pat. Nos. 5,420,170, 5,648,447, 6,107,359,
6,552,100, 6,737,471 and 6,790,872, the contents of which are hereby incorporated by
reference. Various types of polyurethane materials can be made, such as rigid foams,
flexible foams, semi-flexible foams, microcellular elastomers, backings for textiles,
spray elastomers, cast elastomers, polyurethane-isocyanurate foams, reaction injection
molded polymers, structural reaction injection molded polymers and the like.

[0057] A non-limiting example of a general flexible polyurethane foam formulation
having a 15-150 kg/m? density (e.g. automotive seating) containing the acid-blocked
pyrrolidine catalyst of formula (1) and (2) may comprise the following components in

parts by weight (pbw):

Flexible Foam Formulation pbw
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Polyol 20-100
Surfactant 0.3-3
Blowing Agent 1-6
Crosslinker 0-3

Acid-blocked pyrrolidine catalyst | 0.2-2.5

Isocyanate Index 70-115

[0058] A non-limiting example of a general rigid polyurethane foam formulation
having a 15-70 kg/m’ density containing the acid-blocked pyrrolidine catalyst of

formula (1) or (2) may comprise the following components in parts by weight (pbw):

Rigid Foam Formulation Pbw
Polyol 100
Surfactant 1-3
Blowing Agent 20-40
Water 0-3
Acid-blocked pyrrolidine catalyst | 0.5-3
Isocyanate Index 80-400

[0059] The amount of the compound containing an isocyanate functional group is not
limited, but will generally be within those ranges known to one skilled in the art. An
exemplary range given above is indicated by reference to Isocyanate Index which is
defined as the number of equivalents of isocyanate divided by the total number of
equivalents of active hydrogen, multiplied by 100.

[0060] Thus, in yet another embodiment, the present disclosure provides a method for

producing a polyurethane material which comprises contacting the compound
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containing an isocyanate functional group, an active hydrogen-containing compound,
halogenated olefin and optional auxiliary components in the presence of the acid-
blocked pyrrolidine catalysts according to the present disclosure.

[0061] In one particular embodiment, the polyurethane material is a rigid or flexible
foam prepared by bringing together at least one polyol and at least one polyisocyanate
in the presence of the acid-blocked pyrrolidine catalyst of formula (1) and/or (2) and
halogenated olefin compound to form a reaction mixture and subjecting the reaction
mixture to conditions sufficient to cause the polyol to react with the polyisocyanate.
The polyol, polyisocyanate, acid-blocked pyrrolidine catalyst and halogenated olefin
compound may be heated prior to mixing them and forming the reaction mixture. In
other embodiments, the polyol, polyisocyanate, acid-blocked pyrrolidine catalyst and
halogenated olefin compound are mixed at ambient temperature (for e.g. from about
15°-40°C) and heat may be applied to the reaction mixture, but in some embodiments,
applying heat may not be necessary. The polyurethane foam may be made in a free rise
(slabstock) process in which the foam is free to rise under minimal or no vertical
constraints. Alternatively, molded foam may be made by introducing the reaction
mixture in a closed mold and allowing it to foam within the mold. The particular polyol
and polyisocyanate are selected with the desired characteristics of the resulting foam.
Other auxiliary components useful in making polyurethane foams, such as those
described above, may also be included to produce a particular type of foam.

[0062] According to another embodiment, a polyurethane material may be produced in
a one-step process in which an A-side reactant is reacted with a B-side reactant. The A-
side reactant may comprise a polyisocyanate while the B-side reactant may comprise a

polyol, the acid-blocked pyrrolidine catalyst and halogenated olefin compound. In
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some embodiments, the A-side and/or B-side may also optionally contain other
auxiliary components such as those described above.
[0063] The polyurethane materials produced may be used in a variety of applications,
such as, a precoat; a backing material for carpet; building composites; insulation; spray
foam insulation; applications requiring use of impingement mix spray guns;
urethane/urea hybrid elastomers; vehicle interior and exterior parts such as bed liners,
dashboards, door panels, and steering wheels; flexible foams (such as furniture foams
and vehicle component foams);, integral skin foams; rigid spray foams; rigid pour-in-
place foams; coatings; adhesives; sealants; filament winding; and other polyurethane
composite, foams, elastomers, resins, and reaction injection molding (RIM)
applications
[0064] The present disclosure will now be further described with reference to the
following non-limiting examples.

Examples
Example 1.
[0065] Polyurethane foams were made from MDI and polyol resin blends (as set forth
in Table 1), wherein the Catalyst in the polyol resin blends was selected from various
state of the art amine catalysts JEFFCAT® ZF-10, ZF-20, Z-110, Z-130, ZR-70, as
described earlier, which have been mixed with glutaric acid or formic acid) or an
example of the inventive acid-blocked pyrrolidine catalyst as set forth herein (“XP
CAT”), which is represented by a mixture of catalysts of formulas 1 and 2 with both
formulas having x = 4. In one sample of XP CAT, A (as represented in formulas 1 and
2) is an ion of formic acid. In a second sample of XP CAT, A (as represented in

formulas 1 and 2) is an ion of glutaric acid.
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Table 1
TEROL® 649 40.84
JEFFOL® R-425-X 1478
JEFFOL® SG-522 7.88
Flame retardant A 6.80
Flame retardant B 11.00
Silicone surfactant 1.00
Water 1.70
Catalyst 5.00
Blowing agent 11.00
Total 100.00

[0066] As noted, Table 1 shows the components of the polyol resin blends. TEROL®
649 polyol is a modified aromatic polyester polyol. JEFFOL® R-425-X polyether
polyol is an amine-based polyether polyol. JEFFOL® SG-522 polyol is a sucrose-
based polyol. JEFFOL® polyether polyol products and TEROL® aromatic polyester
polyol products are commercially available from Huntsman Corporation (The
Woodlands, Texas). Flame retardant A was a tetrabromophthalate diol, commercially
available as PHT4-Diol™ reactive halogenated flame retardant from LANXESS AG
(Cologne, Germany). Flame retardant B was a chlorinated phosphate ester. The
silicone surfactant used was Dabco® DC-193 silicone surfactant which is commercially
available from Evonik Industries AG (Essen, Germany). The blowing agent used was
a halogenated olefinic blowing agent manufactured by Honeywell Corporation under
the name SOLSTICE® LBA blowing agent.

[0067] Following a procedure such as that of ASTM D7487-18, the foams were mixed
vigorously for 4 seconds in a cup using 50g of polyol resin blend and 50g MDI and
then the foam profile was measured using a stopwatch. The “tack-free time” of the
foams, as they were formed, was measured initially and after 6 weeks of storage as an

indicator of the stability of the system, the results for which are presented in Figure 1.
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A polyol blend that is unstable will inherently produce foams with slower tack-free
times as the blowing agent and/or catalysts are deactivated by reacting together. As is
evident from Figure 1, the blends containing the inventive acid-blocked pyrrolidine
catalyst (“XP CAT”) were much more stable than the mixtures of the state of the art
catalysts and formic or glutaric acid. This was unexpected, since the pyrrolidinyl
nitrogen of the XP CAT has a similar or higher pKa to that of the aminomethyl moieties
of standard catalysts (Table 2) and amines with higher pKa values are expected to be
more reactive with halogenated olefinic blowing agents. In fact, given the high
nucleophilicity of the pyrrolidinyl group that has been experimentally measured by
Mayr et. al. (J. Org. Chem. 2007, 72, 3679-3688), it is completely unexpected that these
inventive compounds would be more stable with the halogenated olefinic blowing

agents than their linear alkylamino analogues.

Table 2

Amine pKa ref

JEFFCAT® ZF-20 9.12+0.28 1
PMDETA 9.1 3
1. XP CAT 10.8+0.20 1
dimethylcyclohexylamine | 10.1 4
JEFFCAT® 7Z-130 104+0.19 1
JEFFCAT® ZR-70 9.1 3
N-methylpyrrolidine 10.46 2
JEFFCAT ® Z-110 9.18 5

1 Calculated using Advanced Chemistry Development (ACD/Labs) Software V11.02 (©

1994-2019 ACD/Labs)

2 CRC Handbook of Chemistry and Physics

3 US9051442

4 J. Org. Chem.1961, 26, 3, 779-782

5 J. Chem. Eng. Data 2016, 61, 247254
Example 2

[0068] Many acid-blocked amine catalysts are not compatible in the presence of

halogenated olefinic blowing agents when stored with metal co-catalysts that are
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commonly used in polyurethane spray foam, typically forming solid precipitates in the
polyol resin blend and inhibiting foam reactivity. The formulation from Table 1 was
used to evaluate polyurethane foams, wherein the Catalyst in Table 1 comprised XP
CAT and formic acid with and without a bismuth co-catalyst. Following a procedure
such as that of ASTM D7487-18, the cream time and string gel times were measured
for polyurethane foams produced immediately after blending such formulations (with
and without bismuth) and again after s such formulations were aged for 6 weeks at 50
°C (both with and without bismuth) . In the systems with bismuth, BiCat® 8842 from
Shepherd chemical was used at 0.5 wt% based on the total weight of the formulation in
Table 1.

[0069] The cream time and string gel time measurements were taken following a
procedure such as that of ASTM D7487-18.

[0070] Figure 2 shows that with and without bismuth, the stability of the polyurethane
foam is good, with only a small drift in reactivity after aging the formulation for 6
weeks at 50°C.

Example 3:

[0071] Using the same procedure as in Example 1, the storage stability of the XP CAT
in combination with various acids (i.e., formic acid, 2-ethylhexanoic acid, glutaric acid,
citric acid, and malic acid) as the “A” in formulas 1 and 2 was evaluated by measuring
the change in cream time and string gel for polyurethane formulations prepared using
polyol blends of the XP CAT and acids (as set forth in Table 1) shortly after preparing
the polyol blends and also after aging the polyol blends for 6 weeks at 50 °C. As seen
in Figure 3, the drift (i.e., the change in cream time and string gel) was not greater than

60% after 6 weeks of 50°C storage. This demonstrates the unexpectedly superior
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stability of the presently claimed acid blocked catalysts as a polyurethane catalyst for
systems using halogenated olefinic blowing agents.

Example 4:

[0072] Using the same procedure as in Example 1, the storage stability of a comparative
catalyst, JEFFCAT® LE-30, in combination with various acids (i.e., formic acid, lactic
acid, 2-ethylhexanoic acid, propionic acid, and acetic acid) was evaluated by measuring
the change in cream time and string gel for polyurethane formulations prepared using
polyol blends of the XP CAT and acids as the Catalyst (as set forth in Table 1) shortly
after preparing the polyol blends and also after aging the polyol blends for 6 weeks at
50 °C. As seen in Figure 4, the drift was as high as 260% after 6 weeks of storage at
50°C. This further demonstrates the unexpectedly superior stability of the presently
claimed acid blocked catalysts as a polyurethane catalyst for systems using halogenated

olefinic blowing agents as compared with current state of the art catalysts.
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Recuadro I. Base de este informe

1. Por lo que respecta al idioma, este informe se ha establecido sobre la base:

de la solicitud internacional en el idioma en el cual se presentd
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los fines de:
J busqueda internacional (segin Normas 12.3.(a) y 23.1.(b))
[J publicacién de la solicitud internacional (segin Norma 12.4.(a))
[J examen preliminar internacional (segin Normas 55.2.(a) y/o 55.3.(a) y (b))

, que es el de una traduccion proporcionada a

2. Por lo que respecta a los elementos* de la solicitud internacional, esta opinion se ha establecido sobre la base de
(las hojas de reemplazo que hayan sido enviadas a la Oficina Receptora en respuesta a un requerimiento segtn el
Articulo 14 se las denomina en este informe como "inicialmente presentadas" y no se anexan al informe):

I la solicitud internacional tal y como fue inicialmente presentada/enviada
la descripcion:

paginas , tal como se presentaron/enviaron inicialmente
paginas* _1-24,17 recibidas por esta Administracion en fecha 16 de febrero de 2021 (16.02.2021)
paginas* recibidas por esta Administracién en fecha

las reivindicaciones:
numeros 1-11 tal como se presentaron/enviaron inicialmente

numeros* , modificadas (acompafiadas de una declaracion) segun el Articulo 19
numeros* recibidas por esta Administracién en fecha

los dibujos: paginas , tal como se presentaron/enviaron inicialmente
paginas * 1-2 recibidas por esta Administracién en fecha

Paginas * recibidas por esta Administracion en fecha
[ una lista de secuencias - ver Recuadro Suplementario relativo a listas de secuencias

3. [ Las modificaciones ha ocasionado la anulacion de:
[ la descripcion, paginas
[ las reivindicaciones, Nos. __
[ los dibujos, hojas/fig.
[ la lista de secuencias (precisar):

4. [J Esta opinidn se ha establecido como si (algunas de) las modificaciones listadas mas abajo no se hubieran realizado
ya que, o bien se considera que van mas alld de la divulgacién de la invencion tal como fue presentada, o bien no
se acompaniaron de una carta indicando la base para las modificaciones en la solicitud tal y como se presentd,

como se indica en el Recuadro Suplementario (Norma 70.2.(c) y (c-bis)).
[J la descripcion, paginas

[ las reivindicaciones, Nos.

[ los dibujos, hojas/fig.

[ la lista de secuencias (precisar):

5. [J Esta opinidn se ha establecido:
[ tomando en consideracidn la rectificacién de un error evidente autorizado por o notificado a esta
Administracion segiin la Norma 91 (Normas 66.1.(d-bis) y 70.2.(e)).
[ sin tomar en consideracion la rectificacion de un error evidente autorizado por o notificado a esta
Administracion segin la Norma 91 (Normas 66.4bis y 70.2.(e)).

6. Por lo que respecta a las busquedas complementarias (Normas 66.1ter y 70.2.(f):
esta Administracion ha realizado una busqueda complementaria el 17 de junio de 2021 (17.06.2021)
[0 se han recuperado documentos adicionales durante la buisqueda complementaria
[0 esta Administracion no ha realizado busqueda complementaria por considerar que no seria de utilidad.




7. O El(los) informe(s) de busqueda internacional suplementario(s) emitido(s) por la(s) Administracion(es)
ha(n) sido recibido(s) y tomados(s) en consideracion para establecer esta opinién (Norma

45bis.8.(b) y (c)).

* Si se utiliza el punto 4, algunas o todas estas pdginas pueden llevar el sello de “sustituida”.

Declaracion motivada segun el Articulo 35.(2) sobre la novedad, el nivel inventivo y la aplicacion

Recuadro V. . . . .. ..
industrial; citas y explicaciones en apoyo de esta declaracion

1. Declaracion

Novedad (N) Reivindicaciones 1-11 Si
Reivindicaciones Ninguna No
Nivel inventivo (NI) Reivindicaciones 1-11 Si
Reivindicaciones Ninguna No
Aplicacién industrial (Al) Reivindicaciones 1-11 Si
Reivindicaciones Ninguna No

2. Citas y explicaciones (Norma 70.7):

Las reivindicaciones 1-4, 6 y 8 carecen de nivel inventivo de conformidad con el articulo 33(3) del
PCT ya que son obvias sobre el documento US2018/0194889, Evonik Degussa GmbH con
fundamento en las razones detallas en el Concepto Escrito del 17 de septiembre de 2020.

Las reivindicaciones 5 y 7 carecen de nivel inventivo de conformidad con el articulo 33(3) ya que son
obvias sobre el documento US 2018/0194889, Evonik Degussa GmbH en vista del documento WO
2019/050970 Huntsman Petrochemical LLC con fundamento en las razones detallas en el Concepto
Escrito del 17 de septiembre de 2020.

Las reivindicaciones 1-11 cumplen con los criterios establecidos en el articulo 33(4) del PCT, por lo
que cuentan con aplicacidn industrial debido a que el objeto reivindicado se puede hacer o utilizar en
la industria.

Formulario PCT/IPEA/409 (Recuadro No. V) (enero 2015)
PCT/US20/41897 19 de enero de 2021 (19.01.2021)



Numero de solicitud internacional: US2020041897
Comunicacion con modificaciones adjuntas segun el articulo 34
enviada con la Demanda para IPEA, con fecha 19 de enero de 2021
Enviado electronicamente el: 19 de enero de 2021 PATENTE
EN LA OFICINA INTERNACIONAL DE LA OMPI

Numero de Solicitud Internacional: PCT/US2020/041897
Fecha de Presentacion Internacional: 14 de julio de 2020

Solicitante: Huntsman Petrochemical LLC

Inventores: DiAnne Pham, Matthew T. Meredith y Robert A. Grisby

Titulo: Catalistas de Pirrolidina bloqueado por un 4cido para
espuma de poliuretano

Expediente No.: 81872

Via ePCT

COMUNICACION ADJUNTA A LA DEMANDA PARA EL EXAMEN PRELIMINAR
INTERNACIONAL DE CONFORMIDAD CON EL ARTICULO 31 DEL TRATADO DE
COOPERACION EN MATERIA DE PATENTES

El solicitante por medio del presente documento hace envio de las hojas de reemplazo sustitutas para
la descripcion escrita del documento PCT/US2020/041897 de conformidad con el articulo 34 del
PCT. Especificamente, el solicitante indica que el parrafo [0072] se ha modificado para que muestre
la “Figura 4” en lugar de la “Figura 3”. Es evidente a partir del contexto del parrafo [0072], y mirando
las figuras a las que el solicitante quiso referirse a la Figura 4 en este parrafo. Ademas, el parrafo
[0011] ha sido actualizado de manera que incluye las descripciones de las Figuras 2, 3 y 4, que fueron
involuntariamente excluidas. Estas descripciones estan sustentadas en la solicitud (por ejemplo, en
los parrafos [0071]-[0073] y en las propias figuras. Asi, no se ha afiadido ninguna materia nueva. Se
han incluido hojas de reemplazo de la descripcion escrita completa debido a que el contenido de cada
pagina cambio después de las adiciones al parrafo [0011] en la pagina 3. El solicitante solicita
respetuosamente la entrada de las modificaciones aqui presentadas.

Respetuosamente,

/Lewis D. Craft/

Lewis D. Craft

Reg. No. 71.445

Huntsman Petrochemical LLC
10003 Woodloch Forest Drive
The Woodlands, TX 77380
Teléfono No.: 281-719-4553
Apoderado del Solicitante
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HOJAS MODIFICADAS
DE LA DESCRIPCION ESCRITA

CATALIZADORES DE PIRROLIDINA BLOQUEADOS CON ACIDO
PARA ESPUMA DE POLIURETANO
REFERENCIA CRUZADA A LA SOLICITUD RELACIONADA
[0001] La presente solicitud reivindica prioridad de la solicitud de patente provisional
de EE.UU. No 62/875,629 presentada el 18 de julio de 2019. La solicitud indicada se

incorpora aqui por referencia.

DECLARACION SOBRE
INVESTIGACION O DESARROLLO PATROCINADO FEDERALMENTE

[0002] No aplica.

CAMPO DE LA INVENCION

[0003] La presente divulgacion se relaciona en general con catalizadores de pirrolidina
bloqueados con acido para su uso en la produccion de espuma de poliuretano rigida y

flexible y otros materiales de poliuretano.

ANTECEDENTES

[0004] Las espumas de poliuretano son ampliamente conocidas y utilizadas en una
variedad de aplicaciones, como en la industria automotriz y de viviendas. Estas
espumas se producen por reaccion de un poliisocianato con un poliol en presencia de
varios aditivos. Uno de estos aditivos es un catalizador de amina que se utiliza para
acelerar la expansion (la reaccion del agua con poliisocianato para generar COz) y la
gelificacion (la reaccion de un poliol con poliisocianato).

[0005] Las desventajas del uso de catalizadores de amina convencionales (por ejemplo,
bisdimetilaminoetiléter) en la produccién de espuma de poliuretano incluyen: la

aparicion de problemas de seguridad y toxicidad debido a su alta volatilidad, lo que
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genera vapores en el aire que se piensa contribuyen a la glaucopsia, también conocida
como neblina azul o halovision, que es una perturbacion temporal para la claridad de la
vision; empafamiento de parabrisas de automoviles debido a espumas interiores de
automoviles producidas a partir de estos catalizadores; y propiedades malolientes.
[0006] Ademas, muchos catalizadores de amina también son inestables con ciertos
agentes de expansion y, en particular, con los nuevos agentes de expansion de olefinas
halogenadas de bajo potencial de calentamiento global (GWP) como el trans-1-cloro-
3,3,3-trifluoropropeno (conocido como 1233zd(E)) o cis-1,1,1,3,3,3-hexafluoro-2-
buteno (conocido como 1366mzz(Z)) debido a sus dobles enlaces activados que pueden
reaccionar con las aminas. Se han realizado varios intentos para mejorar la vida util de
las mezclas que contienen aminas y los agentes de expansion de olefinas halogenadas
sin afectar su capacidad para catalizar la formulacion de espuma de poliuretano a una
proporcion razonable. La mayoria de estos intentos se centran en el uso de aminas que
estan desactivadas de una forma u otra (por ejemplo, obstaculizadas estéricamente o
unidas con grupos atractores de electrones) o mediante la inclusion de aditivos para
evitar su reaccion con el agente de expansion de olefina halogenada (véase, por ejemplo,
US10023681, US20150266994A1, US20160130416A1, US9550854, US9556303B2,
US10308783B2, US9868837B2, US20190177465A1). Sin embargo, tales intentos atin
tienen que lograr mezclas que tengan estabilidad de vida 1til y actividad catalitica que
sea comparable a las mezclas que contienen aminas y agentes de expansion no
halogenados estandar.

[0007] Por lo tanto, existe una necesidad continua para el desarrollo de nuevos
catalizadores de amina para su uso en la produccion de espuma de poliuretano rigida o
flexible y otros materiales de poliuretano que pueden combinarse con los nuevos

agentes de expansion de olefina halogenada de bajo potencial de calentamiento global
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(GWP) antes mencionados para formar una mezcla que tenga una actividad catalitica
aceptable y una vida util mejorada con respecto a los catalizadores de amina
convencionales en la actualidad.
RESUMEN DE LA INVENCION

[0008] La presente descripcion proporciona una formulacién de poliuretano que
comprende un catalizador de pirrolidina bloqueado con acido, un compuesto de olefina
halogenada, un compuesto que contiene un grupo isocianato funcional y un compuesto
que contiene hidrégeno activo.
[0009] Segun otra realizacion, se proporciona un paquete catalizador para usar, por
ejemplo, pero no se limita, en la formacion de un material de poliuretano que
comprende un catalizador de pirrolidina bloqueado con acido y un compuesto de olefina
halogenada.
[0010] En otra realizacidon, se proporciona un método para formar un material de
poliuretano que comprende poner en contacto un compuesto que contiene un grupo
isocianato funcional, un compuesto que contiene hidrégeno activo y componentes
auxiliares opcionales en presencia de un catalizador de pirrolidina bloqueado con acido
y un compuesto de olefina halogenada.

BREVE DESCRIPCION DE LOS DIBUJOS
[0011] La Figura 1 muestra los tiempos libres de adhesion antes y después del
almacenamiento a 50° C para espumas de poliuretano producidas con el uso de
catalizadores bloqueados con acido de estandar comun, asi como los catalizadores de
pirrolidina bloqueados con acido de la invencion. La Figura 2 muestra que la estabilidad
de la espuma de poliuretano producida con el uso de los catalizadores de pirrolidina
bloqueados con acido de la invencidn es buena, con solo una pequefia variacion en la

reactividad después de envejecer la formulacion durante 6 semanas a 50° C. La Figura
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3 ilustra que la variacion (es decir, el cambio en el tiempo de formacién de crema y
gelificacion hilada) de la espuma de poliuretano producida con el uso de los
catalizadores de pirrolidina bloqueados con acido de la invencion no fue superior al 60 %
después de 6 semanas de almacenamiento a 50° C, lo que demuestra la estabilidad
inesperadamente superior de los catalizadores bloqueados con acido que se reivindican
actualmente como un catalizador de poliuretano. La Figura 4 ilustra que la variacion de
la espuma de poliuretano producida con el uso del catalizador comparativo fue de hasta

un 260 % después de 6 semanas de almacenamiento a 50° C.

DESCRIPCION DETALLADA

[0012] Los siguientes términos tendran los siguientes significados:

[0013] EI término “que comprende” y sus derivados no pretenden excluir la presencia
de ningiin componente, paso o procedimiento adicional, se divulgue o no en el presente
documento. Con el fin de evitar cualquier duda, todas las composiciones reivindicadas
en el presente documento mediante el uso del término “que comprende” pueden incluir
cualquier aditivo o compuesto adicional, a menos que se indique lo contrario. En
contraste, el término “que consiste esencialmente en” si aparece aqui, excluye del
alcance de cualquier recitacion subsiguiente cualquier otro componente, paso o
procedimiento, excepto aquellos que no son esenciales para la operatividad y el término
“que consiste en”, si se usa, excluye cualquier componente, paso o procedimiento que
no esté especificamente delineado o listado. El término “o0”, a menos que se indique lo
contrario, se refiere a los elementos enumerados de manera individual, asi como en
cualquier combinacion.

[0014] Los articulos “un” y “una” se utilizan en este documento para hacer referencia

auno o mas de uno (es decir, al menos uno) de los objetos gramaticales del articulo. A

modo de ejemplo, “un catalizador” significa un catalizador o mas de un catalizador.
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Las frases “en una realizacion”, “segin una realizacion” y similares generalmente
significan que la caracteristica, estructura o caracteristica particular que sigue a la frase
estd incluida en al menos una realizacion de la presente divulgacion y puede estar
incluida en mas de una realizacion de la presente divulgacion. Es importante destacar
que estas frases no necesariamente se refieren al mismo aspecto. Si la especificacion
establece que un componente o caracteristica “puede” o “podria” estar incluido o tener
una caracteristica, no es necesario que ese componente o caracteristica en particular
esté incluido o tenga la caracteristica.

[0015] EI término “aproximadamente” como se usa en este documento puede permitir
un grado de variabilidad en un valor o rango, por ejemplo, puede estar dentro del 10 %,
dentro del 5 % o dentro del 1 % de un valor establecido o de un limite establecido de
un rango.

[0016] Los valores expresados en un formato de rango deben interpretarse de manera
flexible para incluir no solo los valores numéricos expresados explicitamente como los
limites del rango, sino también para incluir todos los valores numéricos individuales o
subrangos incluidos dentro de ese rango como si cada valor numérico y subrango se
recitara explicitamente. Por ejemplo, un rango como de 1 a 6, debe considerarse que
tiene subrangos especificamente descritos, como, de 1 a 3, de 2 a 4, de 3 a 6, etc., asi
como numeros individuales dentro de ese rango, por ejemplo, 1, 2, 3,4, 5y 6. Esto se
aplica independientemente de la amplitud del rango.

[0017] Los términos “preferido” y “preferiblemente” se refieren a realizaciones que
pueden proporcionar ciertos beneficios, bajo ciertas circunstancias. Sin embargo,
también se pueden preferir otras realizaciones, bajo la misma u otras circunstancias.

Ademas, la enumeracion de una o mas realizaciones preferidas no implica que otras
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realizaciones no sean 1utiles y no pretende excluir otras realizaciones del alcance de la
presente divulgacion.

[0018] El término “sustancialmente libre” se refiere a una composicion en la que un
compuesto o fraccidon particular estd presente en una cantidad que no tiene ningin
efecto material sobre la composicion. En algunas realizaciones, “sustancialmente libre”
puede referirse a una composicion en la que el compuesto o fraccion particular esta
presente en la composicion en una cantidad de menos del 2 % en peso, o menos del 1 %
en peso, o menos del 0,5 % en peso, o menos del 0,1 % en peso, o menos del 0,05 % en
peso, o incluso menos del 0,01 % en peso con base en el peso total de la composicion,
0 que no hay ninguna cantidad de ese compuesto o fraccion particular presente en la
respectiva composicion.

[0019] Cuando los grupos sustituyentes se especifican mediante su formula quimica
convencional, escrita de izquierda a derecha, abarcan igualmente los sustituyentes
quimicamente idénticos que resultarian de escribir la estructura de derecha a izquierda,
por ejemplo, -CH>0O- es equivalente a -OCHa-.

[0020] EI término “alquilo” se refiere a grupos hidrocarbonados saturados de cadena
lineal o cadena ramificada que tienen de 1 a 10 atomos de carbono. En algunas
realizaciones, los sustituyentes alquilo pueden ser grupos alquilo inferiores. El término
“inferior” se refiere a grupos alquilo que tienen de 1 a 6 4&tomos de carbono. Ejemplos
de “grupos alquilo inferiores” incluyen, entre otros, grupos metilo, etilo, n-propilo, i-
propilo, butilo y pentilo.

[0021] El término “olefina halogenada” se refiere a un compuesto o una fraccion de

olefina que puede incluir flior, cloro, bromo o yodo.
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[0022] El término “opcional” u “opcionalmente” significa que el evento o circunstancia
descrito posteriormente puede ocurrir o no, y que la descripcion incluye casos en los
que dicho evento o circunstancia ocurre y casos en los que no.

[0023] La presente descripcion se refiere generalmente a nuevos catalizadores de
pirrolidina bloqueados con acido y su uso en formulaciones de poliuretano que pueden
incluir un compuesto que contiene un grupo isocianato funcional, un compuesto que
contiene hidrogeno activo y un compuesto de olefina halogenada como agente de
expansion. La presente divulgacion también estd dirigida a la espuma de poliuretano
rigida o flexible u otro material de poliuretano elaborado a partir de una formulacion
que comprende un catalizador de pirrolidina bloqueado con 4acido como se describe en
el presente documento, un compuesto que contiene un grupo isocianato funcional, un
compuesto que contiene hidrogeno activo y un compuesto de olefina halogenada como
agente de expansion. Se entiende que el término “poliuretano” como se usa en el
presente documento abarca poliuretano puro, poliuretano poliurea y poliurea pura.
Sorprendentemente, se ha descubierto que la combinacion de un agente de expansion
de un compuesto de olefina halogenada con un catalizador de pirrolidina bloqueado con
acido segln la presente divulgacion, en lugar de una parte sustancial o en lugar de todos
los catalizadores de amina convencionales, conduce a una mezcla que tiene estabilidad
de vida util y actividad catalitica.

[0024] Segun una realizacion, el catalizador de pirrolidina bloqueado con acido es uno

0 mas catalizadores representados por al menos uno de la formula (1)

A H
+
Ni_ (CH,); +N
H A

(1

o la formula (2)
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donde x es un numero entero de 1 a 10 y A es un ion de un compuesto acido, en donde
el compuesto acido tiene una formula (OH),-R-(COOH)m donde R es hidrogeno, un
alquilo, alquenilo, un grupo cicloalifatico, aromatico o alquilaromatico, n y m son
numeros enteros entre 0 y 3 con la condiciéon de que ntm>1 y cuando n=1 y m=0, R
sea aromatico o alquilaromatico.

[0025] Segun una realizacion, x es un nimero enterode 1 a9odela8odela7ode
la6bodela5Sodela4. Enunarealizacion particular, x es 2,3 04. En otra realizacion,
x es un numero entero de modo que el grupo (CH2)x es un grupo alquilo inferior.
[0026] Segun otra realizacion de la presente divulgacion, cada A tiene de 1 a 10 atomos
de carbono y A es un ion de un acido carboxilico, un acido dicarboxilico, un acido
tricarboxilico, un acido fenodlico, un acido fendlico sustituido o su derivado sustituido
con hidroxi.

[0027] Ejemplos de grupos alquilo R incluyen, entre otros, metilo, etilo, n-propilo, iso-
propilo, propilo, butilo, iso-butilo, fenilo, etilenilo, n-amilo, n-decilo o 2-etilhexilo. Si
bien los grupos alquilo antes mencionados pueden comprender dos sitios de sustitucion
disponibles, se contempla que los hidrogenos adicionales en el hidrocarburo podrian
reemplazarse con grupos carboxilo y/o hidroxilo adicionales.

[0028] Compuestos particulares que se pueden usar como componente A incluyen,
entre otros, un acido hidroxicarboxilico, un acido dicarboxilico, acido férmico, acido
acético, acido malonico, acido glutarico, acido maleico, acido glicdlico, acido lactico,

acido 2-hidroxibutirico, acido citrico, acido AGS, fenol, cresol, hidroquinona o sus
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combinaciones. El acido AGS es una mezcla de acidos dicarboxilicos (es decir, acido
adipico, acido glutarico y acido succinico) que se obtiene como subproducto de la
oxidacion de ciclohexanol y/o ciclohexanona en el proceso de fabricacion del acido
adipico. El acido AGS adecuado que se puede usar como componente A incluye el
grado técnico del acido RHODIACID® (disponible de Solvay SA), acido DIBASIC
(disponible de Invista S.a.r.l), &cido FLEXATRAC™-AGS-200 (disponible de Ascend
Performance Materials LLC) y 4cido glutarico (AGS) (disponible de Lanxess A.G.).
[0029] En una realizacion, los catalizadores de pirrolidina bloqueados con acido de
formula (1) y (2) se pueden preparar in situ en la formulacion de poliuretano al anadir
por separado la pirrolidina y el compuesto que tiene una féormula (OH),-R-(COOH)i, a
la formulacion de poliuretano, mientras que en otras realizaciones, los catalizadores de
pirrolidina bloqueados con acido que se mencionan anteriormente pueden prepararse
antes de la adicion a la formulacion de poliuretano.

[0030] Segun otra realizacion, los catalizadores de pirrolidina bloqueados con acido de
la férmula (1) o (2) pueden combinarse con un catalizador de pirrolidina que tiene la

formula (3) para formar una mezcla de catalizadores.

/\/\/ N
N

3)
[0031] El catalizador de pirrolidina que tiene la formula (3) se puede combinar con los
catalizadores de pirrolidina bloqueados con acido de la formula (1) o (2) (o (1) y (2))
en cantidades que oscilan entre aproximadamente el 0,1 % en peso y aproximadamente
el 99,9 % en peso con base en el peso total de la mezcla de catalizadores. En otra

realizacion, el catalizador de pirrolidina que tiene la formula (3) se puede combinar con
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los catalizadores de pirrolidina bloqueados con acido de la formula (1) o (2) (o (1) y
(2)) en cantidades que oscilan entre aproximadamente 1 % en peso hasta
aproximadamente el 90 % en peso, o de aproximadamente 10 % en peso hasta
aproximadamente el 80 % en peso, o de aproximadamente 20 % en peso hasta
aproximadamente el 70 % en peso o de aproximadamente 30 % en peso hasta
aproximadamente el 60 % en peso o de aproximadamente 40 % en peso hasta
aproximadamente el 50 % en peso, con base en el peso total de la mezcla de
catalizadores.

[0032] Segun algunas realizaciones, los catalizadores de pirrolidina bloqueados con
acido de la formula (1) y/o (2) (y opcionalmente el catalizador de pirrolidina de la
formula (3)) pueden usarse solos para formar la espuma o el material de poliuretano.
En otras realizaciones, los catalizadores que se mencionan anteriormente se pueden
combinar con un catalizador de amina que contiene al menos un grupo de amina
terciaria y/o un catalizador no aminico para formar la espuma o el material de
poliuretano. En las realizaciones en las que los catalizadores de pirrolidina bloqueados
con acido (1) y/o (2) se combinan con un catalizador de amina que contiene al menos
un grupo de amina terciaria y/o un catalizador no aminico, la relacion en peso de los
catalizadores de pirrolidina bloqueados con acido de la formula (1) y/o (2) con el
catalizador de amina que contiene al menos un grupo de amina y/o el catalizador no
aminico es al menos 1:1, y en algunas realizaciones, al menos 1,5:1 y en otras
realizaciones al menos 2:1 y en realizaciones adicionales al menos 5:1, mientras que en
otras realizaciones al menos 10:1. En otras realizaciones, la relacion en peso del
catalizador de pirrolidina bloqueado con acido de la formula (1) y/o (2) con el
catalizador de amina que contiene al menos un grupo de amina y/o el catalizador no

aminico es de 0,1:99,9 a 99,9:0,1, y en otras realizaciones de 1:99 a 99:1, y en otras
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realizaciones de 5:95 a 95:5, y en otras realizaciones de 10:90 a 90:10, mientras que en
otras realizaciones de 25:75 a 75:25.

[0033] Catalizadores de amina representativos que contienen al menos un grupo
terciario incluyen, entre otros, bis-(2-dimetilaminoetil)éter (catalizador JEFFCAT®
ZF-20), N,N,N'-trimetil-N'-hidroxietilbisaminoetiléter (catalizador JEFFCAT® ZF-
10), N-(3-dimetilaminopropil)-N,N-diisopropanolamina (catalizador JEFFCAT®
DPA), N,N-dimetiletanolamina (catalizador JEFFCAT® DMEA), trietilendiamina
(catalizador JEFFCAT® TEDA), mezclas de N,N-dimetiletanolamina etilendiamina
(como catalizador JEFFCAT® TD-20), N,N-dimetilciclohexilamina (catalizador
JEFFCAT® DMCHA), benzildimetilamina (catalizador JEFFCAT® BDMA),
pentametildietilentriamina (catalizador JEFFCAT® PMDETA), N,N,N',N",N"-
pentametildipropilentriamina  (catalizador JEFFCAT®  ZR-40), N,N-bis(3-
dimetilaminopropil)-N-isopropanolamina (catalizador JEFFCAT® ZR-50), N'-(3-
(dimetilamino)propil-N,N-dimetil-1,3-propanediamina (catalizador JEFFCAT® Z-
130), 2-(2-dimetilaminoetoxi)etanol (catalizador JEFFCAT® ZR-70), N,N,N-
trimetilaminoetil-etanolamina (catalizador JEFFCAT® Z-110), N-etilmorfolina
(catalizador JEFFCAT® NEM), N-metilmorfolina (catalizador JEFFCAT® NMM), 4-
metoxietilmorfolina, N,N'dimetilpiperzina (catalizador JEFFCAT® DMP), 2,2'-
dimorfolinodietiléter (catalizador JEFFCAT® DMDEE), 1,3,5-tris(3-
(dimetilamino)propil)-hexahidro-s-triazina (catalizador JEFFCAT® TR-90), 1-
propanamina, 3-(2-(dimetilamino)etoxi), imidazoles sustituidos como 1,2-
dimetilimidazol y 1-metil-2-hidroxietilimidazol, N,N'-dimetilpiperazinas o piperazinas
bis-sustituidas como aminoetilpiperazina, N,N’,N’-trimetil aminoetilpiperazina o bis-
(N-metil piperazina)urea, N-metilpirrolidinas y metilpirrolidinas sustituidas como 2-

aminoetil-N-metilpirrolidina 0 bis-(N-metilpirrolidina)etil urea, 3-
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dimetilaminopropilamina, N,N,N" N"-tetrametildipropilentriamina,
tetrametilguanidina, 1,2-bis-diisopropanol. Otros ejemplos de catalizadores de amina
incluyen N-alquilmorfolinas, como N-metilmorfolina, N-etilmorfolina, N-

butilmorfolina y dimorfolinodietiléter, N,N'-dimetilaminoetanol, N,N-dimetilamino

etoxietanol, bis-(dimetilaminopropil)-amino-2-propanol,  bis-(dimetilamino)-2-
propanol, bis-(N,N-dimetilamino)etiléter; N,N,N'-trimetil-N'hidroxietil-bis-
(aminoetil )éter, N,N-dimetil amino etil-N'-metil amino etanol y

tetrametiliminobispropilamina. Los catalizadores JEFFCAT® que se mencionan
anteriormente estan disponibles de Huntsman Petrochemical LLC, The Woodlands,
Texas.
[0034] Otros catalizadores de amina que se pueden usar en la presente divulgacion se
pueden encontrar en el Apéndice D en “Dow Polyurethanes Flexible Foams” de
Herrington et al. en las paginas D.1-D.23 (1997), que se incorpora aqui por referencia.
Se pueden encontrar mas ejemplos en “JEFFCAT® Amine Catalysts for the
Polyurethane Industry” version JCT-0910 que se incorpora aqui por referencia.
[0035] El catalizador no aminico es un compuesto (o su mezcla) que tiene actividad
catalitica para la reaccion de un grupo isocianato con un poliol o agua, pero no es un
compuesto que caiga dentro de la descripcion del catalizador de amina que se menciona
anteriormente. Ejemplos de tales catalizadores no aminicos adicionales incluyen, por
ejemplo:
fosfinas terciarias, tales como trialquilfosfinas y dialquilbencilfosfinas;
quelatos de diversos metales, como los que se pueden obtener a partir de
acetilacetona, benzoilacetona, trifluoroacetilacetona, acetoacetato de etilo y similares,
con metales como Be, Mg, Zn, Cd, Pd, Ti, Zr, Sn, As, Bi, Cr, Mo, Mn, Fe, Co y Ni;

carboxilatos metalicos tales como acetato de potasio y acetato de sodio;
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sales de metales acidos de acidos fuertes, tales como cloruro férrico, cloruro
estannico, cloruro estannoso, tricloruro de antimonio, nitrato de bismuto y cloruro de
bismuto;

bases fuertes, tales como hidroxidos, alcoxidos y fenoxidos de metales alcalinos
y alcalinotérreos;

alcoholatos y fenolatos de varios metales, como Ti(OR®)s, Sn(OR®)4y AI(OR®);
donde R® es alquilo o arilo, y los productos de reaccion de los alcoholatos con 4cidos
carboxilicos, beta-dicetonas y alcoholes de 2- (N,N-dialquilamino);

sales de carboxilato de metales alcalinotérreos, Bi, Pb, Sn o Al; y compuestos
de estafio tetravalentes, y compuestos arsénicos, de antimonio o de bismuto tri o
pentavalentes.
[0036] Los catalizadores de pirrolidina bloqueados con acido de la formula (1) y/o (2)
pueden usarse en una cantidad cataliticamente eficaz para catalizar la reaccion entre un
compuesto que contiene un grupo isocianato funcional y un compuesto que contiene
hidrégeno activo para fabricar espuma de poliuretano rigida o flexible u otros
materiales de poliuretano. Una cantidad cataliticamente eficaz de los catalizadores de
pirrolidina bloqueados con acido de la formula (1) y/o (2) puede oscilar entre
aproximadamente 0,01-15 partes por 100 partes del compuesto que contiene hidrégeno
activo y, en algunas realizaciones, entre aproximadamente 0,05-12,5 partes por 100
partes del compuesto que contiene hidrogeno activo, e incluso en realizaciones
adicionales entre aproximadamente 0,1-7,5 partes por 100 partes del compuesto que
contiene hidrogeno activo, y en realizaciones adicionales entre aproximadamente 0,5-
5 partes por 100 partes del compuesto que contiene hidrogeno activo.
[0037] En una realizacion, el compuesto que contiene un grupo isocianato funcional es

un poliisocianato y/o un prepolimero terminado en isocianato.
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[0038] Los poliisocianatos incluyen aquellos representados por la formula general
Q(NCO), donde a es un numero de 2-5, como 2-3 y Q es un grupo hidrocarbonado
alifatico que contiene de 2-18 atomos de carbono, un grupo hidrocarbonado
cicloalifatico que contiene de 5-10 atomos de carbono, un grupo hidrocarbonado
aralifatico que contiene de 8-13 atomos de carbono o un grupo hidrocarbonado
aromatico que contiene de 6-15 dtomos de carbono.

[0039] Ejemplos de poliisocianatos incluyen, entre otros, diisocianato de etileno;
diisocianato de 1,4-tetrametileno; diisocianato de 1,6-hexametileno; diisocianato de
1,12-dodecano; ciclobutano-1,3-diisocianato; ciclohexano-1,3- y 1,4-diisocianato, y
mezclas de estos isdmeros; diisocianato de isoforona; diisocianato de 2.4- y 2,6-
hexahidrotolueno y mezclas de estos isomeros; diciclohexilmetano-4,4'-diisocianato
(MDI hidrogenado o HMDI); diisocianato de 1,3- y 1,4-fenileno; diisocianato de 2,4-
y 2,6-tolueno y mezclas de estos isomeros (TDI); difenilmetano-2,4'- y/o -4,4'-
diisocianato (MDI); naftaleno-1,5-diisocianato; trifenilmetano-4,4’,4"-triisocianato;
polifenil-polimetileno-poliisocianatos del tipo que puede obtenerse por condensacion
de anilina con formaldehido, seguido de fosgenacion (MDI crudo); diisocianatos de
norbornano; sulfonilisocianatos de m- y p-isocianatofenil; poliisocianatos de arilo
perclorados; poliisocianatos modificados que contienen grupos de carbodiimida,
grupos de uretano, grupos alofnatos, grupos de isocianurato, grupos de urea, o grupos
biruret; poliisocianatos obtenidos por reacciones de telomerizacion; poliisocianatos que
contienen grupos éster; y poliisocianatos que contienen grupos de acidos grasos
poliméricos. Los expertos en la materia reconoceran que también es posible utilizar
mezclas de los poliisocianatos que se describen anteriormente.

[0040] También se pueden emplear prepolimeros terminados en isocianato en la

preparacion del poliuretano. Los prepolimeros terminados en isocianato se pueden
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preparar al hacer reaccionar un exceso de poliisocianato o su mezcla con una cantidad
menor de un compuesto que contiene hidrogeno activo segun se determina mediante el
conocido ensayo de Zerewitinoff.

[0041] En otra realizacion, el compuesto que contiene hidrogeno activo es un poliol.
Los polioles adecuados para usar en la presente divulgacion incluyen, entre otros,
polioles de polialquilenéter, polioles de poliéster, polioles poliméricos, un poliol no
inflamable tal como un poliol que contiene fésforo o un poliol que contiene haldgeno.
Dichos polioles se pueden usar solos 0 en una combinacion adecuada como una mezcla.
[0042] Los polioles de polialquileno éter incluyen polimeros de poli(6xido de alquileno)
tales como polimeros y copolimeros de poli(6xido de etileno) y (6xido de polipropileno)
con grupos hidroxilo terminales derivados de compuestos polihidricos, incluidos dioles
y trioles; por ejemplo, etilenglicol, propilenglicol, 1,3-butanodiol, 1,4-butanodiol, 1,6-
hexanodiol, neopentilglicol, dietilenglicol, dipropilenglicol, pentaeritritol, glicerol,
diglicerol, trimetilolpropano y polioles de bajo peso molecular similares.

[0043] Los polioles poliéster incluyen, entre otros, los producidos por reaccion de un
acido dicarboxilico con un exceso de un diol, por ejemplo, acido adipico con
etilenglicol o butanodiol, o reaccion de una lactona con un exceso de un diol tal como
caprolactona con propilenglicol.

[0044] Ademas de los polioles polialquilen éter y polioles poliéster, los polioles
poliméricos también son adecuados para su uso en la presente divulgacion. Los polioles
poliméricos se utilizan en materiales de poliuretano para aumentar la resistencia a la
deformacion, por ejemplo, mejorar las propiedades de soporte de carga de la espuma o
el material. Ejemplos de polioles poliméricos incluyen, entre otros, polioles de injerto
o polioles modificados con poliurea (polioles de dispersion de Polyharnstoff). Los

polioles de injerto comprenden un triol en el que los monémeros de vinilo se
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copolimerizan por injerto. Los mondémeros de vinilo adecuados incluyen, por ejemplo,
estireno o acrilonitrilo. Un poliol modificado con poliurea es un poliol que contiene
una dispersion de poliurea formada por la reaccion de una diamina y un diisocianato en
presencia de un poliol. Una variante de los polioles modificados con poliurea son los
polioles de poliadicion de poliisocianato (PIPA), que se forman mediante la reaccion in
situ de un isocianato y una alcanolamina en un poliol.

[0045] El poliol no inflamable puede ser, por ejemplo, un poliol que contiene fosforo
que se puede obtener al afiadir un 6xido de alquileno a un compuesto de acido fosforico.
Un poliol que contiene halégeno puede ser, por ejemplo, aquel que se obtiene mediante
polimerizacion con apertura de anillo de epiclorhidrina u 6xido de triclorobutileno.
[0046] La formulacion de poliuretano también puede contener uno o mas compuestos
de olefina halogenada que sirven como agente de expansion. El compuesto de olefina
halogenada comprende al menos un haloalqueno (por ejemplo, fluoroalqueno o
clorofluoroalqueno) que comprende de 3 a 4 4&tomos de carbono y al menos un doble
enlace de carbono-carbono. Los compuestos adecuados pueden incluir
hidrohaloolefinas tales como trifluoropropenos, tetrafluoropropenos (por ejemplo,
tetrafluoropropeno (1234)), pentafluoropropenos (por ejemplo, pentafluoropropeno
(1225)), clorotrifloropropenos (por ejemplo, clorotrifluoropropeno (1233)),
clorodifluoropropenos, clorotrifluoropropenos, clorotetrafluoropropenos,
hexafluorobutenos (por ejemplo, hexafluorobuteno (1336)), o sus combinaciones. En
determinadas realizaciones, los compuestos de tetrafluoropropeno, pentafluoropropeno
y/o clorotrifluoropropeno no tienen mas de un sustituyente de fltior o cloro conectado
al atomo de carbono terminal de la cadena de carbono no saturada (por ejemplo, 1,3,3,3-
tetrafluoropropeno (1234ze); 1,1,3,3-tetrafluoropropeno, 1,2,3,3,3-pentafluoropropeno

(1225ye),  1,1,1-trifluoropropeno,  1,2,3,3,3-pentafluoropropeno, 1,1,1  ,3,3-
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pentafluoropropeno (1225zc), 1,1,2,3,3-pentafluoropropeno (1225yc), (2)- 1,1, 1,2,3-
pentafluoropropeno (1225yez), 1-cloro-3 , 3,3-trifluoropropeno (1233zd), 1,1,1,4,4,4-
hexafluorobut-2-eno (1336mzzm), o sus combinaciones).

[0047] Otros agentes de expansion que se pueden usar en combinacion con los
compuestos de olefina halogenada que se describen anteriormente incluyen aire,
nitrégeno, dioxido de carbono, hidrofluorocarbonos (“HFC”), alcanos, alquenos, sales
de acidos monocarboxilicos, cetonas, éteres o sus combinaciones. Los HFC adecuados
incluyen 1,1-difluoroetano (HFC-152a), 1,1,1,2-tetrafluoroetano (HFC-134a),
pentafluoroetano (HFC-125), 1,1,1,3,3-pentafluoropropano (HFC- 245fa), 1,1,1,3,3-
pentafluorobutano (HFC-365mfc) o sus combinaciones. Los alcanos y alquenos
adecuados incluyen n-butano, n-pentano, isopentano, ciclopentano, 1-penteno o sus
combinaciones. Las sales de acido monocarboxilico adecuadas incluyen formato de
metilo, formato de etilo, acetato de metilo o sus combinaciones. Las cetonas y éteres
adecuados incluyen acetona, dimetil éter o sus combinaciones.

[0048] Ademas, la formulacion de poliuretano puede incluir opcionalmente uno o mas
componentes auxiliares. Ejemplos de componentes auxiliares incluyen, entre otros,
estabilizadores celulares, tensioactivos, extensores de cadena, pigmentos, rellenos,
retardantes de llama, microesferas térmicamente expandibles, agua, agentes espesantes,
supresores de humo, refuerzos, antioxidantes, estabilizadores UV, agentes antiestaticos,
absorbedores de radiacion infrarroja, colorantes, agentes de desmoldeo, agentes
antifungicos, biocidas o cualquiera de sus combinaciones.

[0049] Los estabilizadores celulares pueden incluir, por ejemplo, tensioactivos de
silicio o tensioactivos anionicos. Ejemplos de tensioactivos de silicio adecuados

incluyen, entre otros, polialquilsiloxano, dimetilpolisiloxano modificado con
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polioxialquilen poliol, dimetilpolisiloxano modificado con alquilen glicol o cualquiera
de sus combinaciones.

[0050] Los tensioactivos (o agentes tensoactivos) adecuados incluyen emulsionantes y
estabilizadores de espuma, como tensioactivos de silicona conocidos en el arte, por
ejemplo, polisiloxanos, asi como diversas sales de amina de acidos grasos, como oleato
de dietilamina o estearato de dietanolamina, asi como sales de sodio de acidos
ricinoleicos.

[0051] Ejemplos de extensores de cadena incluyen, entre otros, compuestos que tienen
grupos funcionales de hidroxilo o amino, tales como glicoles, aminas, dioles y agua.
Otros ejemplos no limitantes de extensores de cadena incluyen etilenglicol,
propilenglicol, 1,4-butanodiol, 1,3-butanodiol, 1,5-pentanodiol, 1,6-hexanodiol, 1,10-
decanodiol, 1,12-dodecanodiol, hidroquinona etoxilada, 1,4-ciclohexanodiol, N-
metiletanolamina, N-metilisopropanolamina, 4-aminociclo-hexanol, 1,2-diaminoetano
o cualquiera de sus mezclas.

[0052] Los pigmentos se pueden usar para codificar por color los materiales de
poliuretano durante la fabricacion, para identificar el grado del producto o para ocultar
el amarillamiento. Los pigmentos pueden incluir cualquier pigmento organico o
inorganico adecuado. Por ejemplo, los pigmentos o colorantes organicos incluyen,
entre otros, colorantes azo/diazo, ftalocianinas, dioxazinas o negro carbon. Ejemplos
de pigmentos inorganicos incluyen, entre otros, didoxido de titanio, 6xidos de hierro u
oxido de cromo.

[0053] Los rellenos se pueden usar para aumentar la densidad y las propiedades de
soporte de carga de la espuma o el material de poliuretano. Los rellenos adecuados

incluyen, entre otros, sulfato de bario, negro carbon o carbonato de calcio.
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[0054] Los retardantes de llama se pueden utilizar para reducir la inflamabilidad. Por
ejemplo, tales retardadores de llama incluyen, entre otros, ésteres de fosfato clorado,
parafinas cloradas o polvos de melamina.

[0055] Las microesferas expandibles térmicamente incluyen aquellas que contienen un
hidrocarburo (ciclo)alifatico. Tales microesferas son generalmente microesferas secas,
no expandidas o parcialmente no expandidas que consisten en pequefias particulas
esféricas con un diametro promedio normalmente de 10 a 15 micras. La esfera esta
formada por una cubierta polimérica a prueba de gases (por ejemplo, que consiste en
acrilonitrilo o PVDC), que encapsula una gota diminuta de un hidrocarburo
(ciclo)alifatico, por ejemplo, isobutano liquido. Cuando estas microesferas se someten
a calor a un nivel elevado de temperatura (por ejemplo, de 150° C a 200° C) suficiente
para ablandar la cubierta termopléstica y volatilizar el hidrocarburo (ciclo)alifatico
encapsulado en ellas, el gas resultante expande la cubierta y aumenta el volumen de las
microesferas. Cuando estan expandidas, las microesferas tienen un diametro de 3,5 a
4 veces su diametro original como consecuencia de lo cual su volumen expandido es
aproximadamente 50 a 60 veces mayor que su volumen inicial en estado no expandido.
Ejemplos de dichas microesferas son las microesferas EXPANCEL®-DU
comercializadas por AKZO Nobel Industries de Suecia.

[0056] Los métodos para producir un material de poliuretano a partir de una
formulacion de poliuretano seglin la presente divulgacion son bien conocidos por los
expertos en la materia y pueden encontrarse, por ejemplo, en las patentes de EE.UU.
No. 5.420.170, 5.648.447, 6.107.359, 6.552.100, 6.737.471 y 6.790.872, cuyo
contenido se incorpora aqui por referencia. Se pueden fabricar varios tipos de
materiales de poliuretano, como espumas rigidas, espumas flexibles, espumas

semiflexibles, elastdmeros microcelulares, respaldos para textiles, elastdmeros en
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aerosol, elastomeros fundidos, espumas de poliuretano-isocianurato, polimeros
moldeados por inyeccion de reaccion, polimeros moldeados por inyeccion de reaccion
estructural y similares.

[0057] Un ejemplo no limitante de una formulacion general de espuma de poliuretano
flexible que tiene una densidad de 15-150 kg/m? (por ejemplo, asientos de automoviles)
que contiene el catalizador de pirrolidina bloqueado con acido de la formula (1) y (2)

puede comprender los siguientes componentes en partes por peso (pbw):

Formulacion de espuma flexible pbw
Poliol 20-100
Tensioactivos 0,3-3
Agente de expansion 1-6
Reticulante 0-3
Catalizador de pirrolidina bloqueado con acido | 0,2-2,5
indice de isocianato 70-115

[0058] Un ejemplo no limitante de una formulacion general de espuma de poliuretano
rigida que tiene una densidad de 15-70 kg/m® que contiene el catalizador de pirrolidina
bloqueado con 4cido de la formula (1) o (2) puede comprender los siguientes

componentes en partes por peso (pbw):

Formulacion de espuma rigida Pbw
Poliol 100
Tensoactivos 1-3
Agente de expansion 20-40
Agua 0-3
Catalizador de pirrolidina bloqueado con acido | 0,5-3
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Indice de isocianato 80-400

[0059] La cantidad del compuesto que contiene un grupo isocianato funcional no esta
limitada, pero generalmente estara dentro de los rangos conocidos por los expertos en
la materia. Un rango de ejemplo que se proporciona anteriormente se indica con
referencia al indice de isocianato que se define como el numero de equivalentes de
isocianato dividido por el namero total de equivalentes de hidrégeno activo,
multiplicado por 100.

[0060] Por lo tanto, en otra realizacion, la presente divulgacion proporciona un método
para producir un material de poliuretano que comprende poner en contacto el
compuesto que contiene un grupo isocianato funcional, un compuesto que contiene
hidrogeno activo, olefina halogenada y componentes auxiliares opcionales en presencia
de catalizadores de pirrolidina bloqueados con acido segun la presente divulgacion.
[0061] En una realizacion particular, el material de poliuretano es una espuma rigida o
flexible preparada al juntar al menos un poliol y al menos un poliisocianato en presencia
del catalizador de pirrolidina bloqueado con acido de la formula (1) y/o (2) y el
compuesto de olefina halogenada para formar una mezcla de reaccion y someter la
mezcla de reaccion a condiciones suficientes para hacer que el poliol reaccione con el
poliisocianato. El poliol, el poliisocianato, el catalizador de pirrolidina bloqueado con
acido y el compuesto de olefina halogenada se pueden calentar antes de mezclarlos y
formar la mezcla de reaccion. En otras realizaciones, el poliol, el poliisocianato, el
catalizador de pirrolidina bloqueado con acido y el compuesto de olefina halogenada se
mezclan a temperatura ambiente (por ejemplo, entre aproximadamente 15° C y 40° C)
y se puede aplicar calor a la mezcla de reaccion, pero en algunas realizaciones, puede

que no sea necesario aplicar calor. La espuma de poliuretano puede fabricarse en un
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proceso de elevacion libre (slabstock) en el que la espuma puede ascender libremente
con restricciones verticales minimas o nulas. Alternativamente, la espuma moldeada
se puede fabricar al introducir la mezcla de reaccidon en un molde cerrado y al dejar que
forme espuma dentro del molde. EI poliol y el poliisocianato particulares se
seleccionan con las caracteristicas deseadas de la espuma resultante. También se
pueden incluir otros componentes auxiliares utiles en la fabricacion de espumas de
poliuretano, como los descritos anteriormente, para producir un tipo particular de
espuma.

[0062] Segun otra realizacion, se puede producir un material de poliuretano en un
proceso de un solo paso en el que un reactivo del lado A se hace reaccionar con un
reactivo del lado B. El reactivo del lado A puede comprender un poliisocianato,
mientras que el reactivo del lado B puede comprender un poliol, el catalizador de
pirrolidina bloqueado con acido y el compuesto de olefina halogenada. En algunas
realizaciones, el lado A y/o el lado B también pueden contener opcionalmente otros
componentes auxiliares como los descritos anteriormente.

[0063] Los materiales de poliuretano producidos se pueden usar en una variedad de
aplicaciones, como una precapa; un material de respaldo para alfombras; mezclas para
construccion; aislamiento; aislamiento de espuma en aerosol; aplicaciones que
requieren el uso de pistolas pulverizadoras de mezcla por impacto; elastomeros hibridos
de uretano/urea; partes interiores y exteriores de vehiculos tales como plataformas de
carga, tableros, paneles de puertas y volantes; espumas flexibles (tales como espumas
para muebles y espumas para componentes de vehiculos); espumas de piel integral;
espumas rigidas en aerosol; espumas rigidas para verter en el lugar; revestimientos;
adhesivos; selladores; devanado de filamentos; y otras aplicaciones de mezclas de

poliuretano, espumas, elastomeros, resinas y moldeo por inyeccion de reaccion (RIM)
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[0064] La presente divulgacion se describira ahora con mas detalle con referencia a los
siguientes ejemplos no limitantes.
Ejemplos

Ejemplo 1.

[0065] Las espumas de poliuretano se fabricaron a partir de MDI y mezclas de resina
de poliol (como se establece en la Tabla 1), en donde el catalizador en las mezclas de
resina de poliol se seleccion6 de varios catalizadores de amina del estado de la técnica
(JEFFCAT® ZF-10, ZF-20, Z- 110, Z-130, ZR-70, como se describi6é anteriormente,
que se han mezclado con acido glutarico o acido formico) o un ejemplo del catalizador
de pirrolidina bloqueado con acido de la invencién como se establece en el presente
documento (“XP CAT”), que se representa mediante una mezcla de catalizadores de las
formulas 1 y 2 en donde ambas formulas poseen x =4. En una muestra de XP CAT, A
(como se representa en las formulas 1 y 2) es un ion de acido formico. En una segunda

muestra de XP CAT, A (como se representa en las formulas 1 y 2) es un ion de acido

glutarico.
Tabla 1

Componente Porcentaje
TEROL® 649 40,84
JEFFOL® R-425-X 14,78
JEFFOL® SG-522 7,88
Retardante de llama A 6,80
Retardante de llama B 11,00
Tensioactivo de silicona 1,00
Agua 1,70
Catalizador 5,00
Agente de expansion 11,00
Total 100,00

[0066] Como se indica, la Tabla 1 muestra los componentes de las mezclas de resinas

de polioles. El poliol TEROL® 649 es un poliol modificado de poliéster aromatico. El
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poliol de poliéter JEFFOL® R-425-X es un poliol de poliéter a base de amina. El poliol
JEFFOL® SG-522 es un poliol a base de sacarosa. Los productos de poliol de poliéter
JEFFOL® y los productos de poliol de poliéster aromaticos TEROL® estan disponibles
en el comercio en Huntsman Corporation (The Woodlands, Texas). El retardante de
llama A era un diol de tetrabromoftalato, disponible en el comercio como retardante de
llama halogenado reactivo PHT4-Diol™ de LANXESS AG (Colonia, Alemania). El
retardante de llama B era un éster de fosfato clorado. El tensioactivo de silicona
utilizado fue el tensioactivo de silicona Dabco® DC-193 que esta disponible en el
comercio en Evonik Industries AG (Essen, Alemania). El agente de expansion utilizado
fue un agente de expansion olefinico halogenado fabricado por Honeywell Corporation
con el nombre de agente de expansion SOLSTICE® LBA.

[0067] Siguiendo un procedimiento como el de la norma ASTM D7487-18, las
espumas se mezclaron vigorosamente durante 4 segundos en una taza usando 50 g de
mezcla de resina de poliol y 50 g de MDI y luego se midio6 el perfil de la espuma con
el uso de un cronéometro. El “tiempo libre de adhesion” de las espumas, tal como se
indicador de la estabilidad del sistema, cuyos resultados se presentan en la Figura 1.
Una mezcla de polioles que es inestable producira inherentemente espumas con tiempos
libres de adhesion més lentos a medida que el agente de expansion y/o los catalizadores
se desactivan al reaccionar juntos. Como se evidencia en la Figura 1, las mezclas que
contenian el catalizador de pirrolidina bloqueado con acido (“XP CAT”) de la
invencion eran mucho mas estables que las mezclas de catalizadores del estado de la
técnica y el acido formico o glutarico. Esto fue inesperado, ya que el nitrégeno de
pirrolidinilo del XP CAT tiene un pKa similar o superior al de las fracciones de

aminometilo de los catalizadores estandar (Tabla 2) y se espera que las aminas con
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valores de pKa maés altos sean mas reactivas con los agentes de expansion olefinicos
halogenados. De hecho, dada la alta nucleofilicidad del grupo de pirrolidinilo que fue
medida experimentalmente por Mayr et. Alabama. (J. Org. Chem. 2007, 72, 3679-3688),
es completamente inesperado que estos compuestos de la invencion sean mas estables

con los agentes de expansion olefinicos halogenados que sus andlogos de alquilamino

lineales.
Tabla 2
Amina pKa ref
JEFFCAT® ZF-20 9,12 +£0,28 1
PMDETA 9,1 3
1,XP CAT 10,8 £0,20 1
dimetilciclohexilamina 10,1 4
JEFFCAT® Z-130 10.4+0.19 1
JEFFCAT® ZR-70 9,1 3
N-metilpirrolidina 10,46 2
JEFFCAT ® Z-110 9,18 5
1 Calculado con el software de Advanced Chemistry Development (ACD/Labs) V11.02
(© 1994-2019 ACD/Labs)
2 CRC Manual de quimica y fisica
3 US9051442
4 J. Org. Chem.1961, 26, 3, 779-782
5 J. Chem. Eng. Data 2016, 61, 247-254
Ejemplo 2

[0068] Muchos catalizadores de amina bloqueados con acido no son compatibles en
presencia de agentes de expansion olefinicos halogenados cuando se almacenan con
cocatalizadores metalicos que se usan comunmente en la espuma de poliuretano en
aerosol, que normalmente forman precipitados solidos en la mezcla de resina de poliol
e inhiben la reactividad de la espuma. Se us6 la formulacion de la Tabla 1 para evaluar
las espumas de poliuretano, en donde el catalizador de la Tabla 1 comprendia XP CAT
y acido férmico con y sin un cocatalizador de bismuto. Siguiendo un procedimiento

como el de la norma ASTM D7487-18, se midieron el tiempo de formacion de crema
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y el tiempo de gelificacion hilada de las espumas de poliuretano producidas
inmediatamente después de mezclar dichas formulaciones (con y sin bismuto) y
nuevamente después de que dichas formulaciones se envejecieran durante 6 semanas a
50° C (con y sin bismuto). En los sistemas con bismuto, se utilizé BiCat® 8842 de
Shepherd Chemical al 0,5 % en peso con respecto al peso total de la formulacion de la
Tabla 1.

[0069] Las mediciones del tiempo de formacion de crema y del tiempo de gelificacion
hilada se tomaron al seguir un procedimiento como el de la norma ASTM D7487-18.
[0070] La Figura 2 muestra que con y sin bismuto, la estabilidad de la espuma de
poliuretano es buena, con solo una pequefia variacion en la reactividad después de
envejecer la formulacion durante 6 semanas a 50° C.

Ejemplo 3:

[0071] Con el uso del mismo procedimiento que en el Ejemplo 1, se evaluo la
estabilidad de almacenamiento del XP CAT en combinacion con varios acidos (es decir,
acido formico, acido 2-etilhexanoico, acido glutarico, acido citrico y acido malico)
como la “A” en las formulas 1 y 2 al medir el cambio en el tiempo de formacion de
crema y gelificacion hilada para formulaciones de poliuretano preparadas con el uso de
mezclas de polioles de XP CAT y acidos (como se establece en la Tabla 1) poco después
de la preparacion de las mezclas de polioles y también después del envejecimiento de
las mezclas de polioles durante 6 semanas a 50° C. Como se ve en la Figura 3, la
variacion (es decir, el cambio en el tiempo de formacion de crema y gelificacion hilada)
no fue superior al 60 % después de 6 semanas de almacenamiento a 50° C. Esto
demuestra la estabilidad inesperadamente superior de los catalizadores bloqueados con
acido actualmente reivindicados como catalizador de poliuretano para sistemas que

utilizan agentes de expansion olefinicos halogenados.
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Ejemplo 4:

[0072] Con el uso del mismo procedimiento que en el Ejemplo 1, se evalu6 la
estabilidad de almacenamiento de un catalizador comparativo, JEFFCAT® LE-30, en
combinacion con varios acidos (es decir, acido formico, acido lactico, acido 2-
etilhexanoico, acido propionico y acido acético) al medir el cambio en el tiempo de
formacion de crema y gelificacion hilada para formulaciones de poliuretano preparadas
con el uso de mezclas de polioles de XP CAT y acidos como catalizador (como se
establece en la Tabla 1) poco después de la preparacion de las mezclas de polioles y
también después del envejecimiento de las mezclas de polioles durante 6 semanas a 50°
C. Como se ve en la Figura 4, la variacion fue tan alta como 260 % después de 6
semanas de almacenamiento a 50° C. Esto demuestra ademdas la estabilidad
inesperadamente superior de los catalizadores bloqueados con acido actualmente
reivindicados como catalizador de poliuretano para sistemas que usan agentes de
expansion olefinicos halogenados en comparacion con los catalizadores actuales del

estado de la técnica.



