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(57) ABSTRACT 

This invention concerns a process for the manufacture of a 
press molded material, comprising applying diisocyanate, 
polyol, and catalyst to a Wood material, Wherein the catalyst 
is a tertiary amine-carboxylic acid salt that is blocked at 
room temperature and becomes unblocked at an elevated 
temperature, and heating the resulting mixture to a tempera 
ture effective to unblock the salt to produce unblocked 
tertiary amine. The press molded material can be an orien 
tated strand board (OSB). 
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PROCESS OF MAKING PRESS MOLDED 
MATERIALS USING HEAT ACTIVATED 

TERTIARY AMINE URETHANE CATALYSTS 

[0001] This application claims priority to US. provisional 
application Ser. No. 60/466,990, ?led May 1, 2003. 

BACKGROUND OF INVENTION 

[0002] This invention pertains to a process for making 
press molded materials such as orientated strand boards 
using a heat activated urethane catalyst that are formed from 
a tertiary amine-carboxylic acid salt, Where the carboxylic 
acid and tertiary amine are selected such that the compound 
unblocks at a given temperature. 

[0003] Urethane is frequently polymeriZed through use of 
a catalyst such as a tertiary amine. The inventors have 
recogniZed that a need exists for such a heat activated 
catalyst in the production of press molded materials such as 
orientated strand boards. 

SUMMARY OF INVENTION 

[0004] The present invention provides a solution to one or 
more of the disadvantages and de?ciencies described above. 

[0005] In one broad respect, this invention is a process for 
the manufacture of a press molded material, comprising: 
applying such as by spraying diisocyanate, polyol, and a 
catalyst to a Wood material, Wherein the catalyst is a tertiary 
amine-carboxylic acid salt that is blocked at room tempera 
ture and becomes unblocked at an elevated temperature, and 
heating (for example While under pressure so as to form a 
press molded material) the resulting mixture to a tempera 
ture effective to unblock the salt to produce unblocked 
tertiary amine. 

[0006] In another broad respect, this invention is a method 
useful for the production of orientated strand boards, com 
prising: applying such as by spraying a urethane composi 
tion on Wood chips, applying such as by spraying a tertiary 
amine:carboxylic acid salt catalyst on the Wood chips, 
compressing the chips, heating the compressed chips so that 
at least a portion of the salt catalyst unblocks to thereby 
initiate polymeriZation of the urethane composition. The 
urethane and salt may be sprayed separately or simultaneous 
in admixture. 

[0007] In another broad respect, this invention is a com 
posite formed of Wood chips and the polymeriZation product 
of a urethane composition and tertiary amine: carboxylic 
acid salt that unblocks at a temperature of at least 135° C. 

[0008] This invention employs a heat activated urethane 
catalyst Which comprises a tertiary amine-carboxylic acid 
salt. This salt is blocked and inactive at room temperature, 
but becomes unblocked at an elevated temperature (it is heat 
activated). By unblocked it is meant that the tertiary amine 
becomes a free, neutral compound and is not present as a salt 
of the carboxylic acid. By elevated temperature it is meant, 
for example, a temperature above about 110° C., or above 
about 125° C., or above about 135° C., or higher. In general, 
the salt becomes unblocked at a temperature above 135° C. 
In the acid salt, the tertiary amine may be N,N-dimethylcy 
clohexylamine, pentamethyldiethlenetriamine, N,N-dim 
ethyl-2(2-aminoethyoxy)ethanol, pentamehyldipropylen 
etriamine, tetramethyldipropylenetriamine, 
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dimethylaminoethoxyethanol, N,N,N‘-trimethylaminoethyl 
ethanolamine, 2-(dimethylamino)-ethanol, or a combination 
thereof; the tertiary amine may be dimethylaminoethoxy 
ethanol, N,N,N‘-trimethylaminoethyl-ethanolamine, 2-(dim 
ethylamino)-ethanol, or a combination thereof; the carboxy 
lic acid may contain less than 30 carbons; the carboxylic 
acid may be oxalic acid, salicylic acid, or a combination 
thereof; the amine may be N,N-dimethyl-2-(2-aminoethoxy 
)ethanol, the carboxylic acid is oxalic acid, and are present 
in a mole ratio of about 1:1; the mole ratio of tertiary amine 
to carboxylic acid may be less than 2:1; the mole ratio of 
tertiary amine to carboxylic acid may be less than about 1.5; 
the mole ratio of tertiary amine to carboxylic acid may be 
from about 0.9:1 to about 1.1; the acid salt may produce a 
carbonyl absorbance of at 1730-1680 cm'1 of at least 0.5 
above 135° C.; or any combination thereof. 

[0009] The heat activated catalyst may be prepared by 
reacting a tertiary amine With a carboxylic acid to form the 
tertiary amine-carboxylic acid salts. In this process effective 
types and amounts of carboxylic acid and a tertiary amine 
are reacted to form a tertiary amine:carboxylic acid salt, 
Wherein the carboxylic acid and tertiary amine are selected 
such that the salt for example unblocks at a temperature 
above about 110° C., or above about 125° C., or above about 
135° C., or higher. Thus the carboxylic acid and tertiary 
amine are selected, and provided in amounts, such that the 
resulting salt unblocks at a temperature above about 110° C., 
or above about 125° C., or above about 135° C., or a given 
higher temperature. In this process, the tertiary amine may 
be N,N-dimethylcyclohexylamine, pentamethyldiethlenetri 
amine, N,N-dimethyl-2(2-aminoethyoxy)ethanol, pentam 
ehyldipropylenetriamine, tetramethyldipropylenetriamine, 
dimethylaminoethoxyethanol, N,N,N‘-trimethylaminoethyl 
ethanolamine, 2-(dimethylamino)-ethanol, or a combination 
thereof; the tertiary amine may be dimethylaminoethoxy 
ethanol, N,N,N‘-trimethylaminoethyl-ethanolamine, 2-(dim 
ethylamino)-ethanol, or a combination thereof; the carboxy 
lic acid may contain less than 30 carbons; the carboxylic 
acid may be oxalic acid, salicylic acid, or a combination 
thereof; the amine may be N,N-dimethyl-2-(2-aminoethoxy 
)ethanol, the carboxylic acid is oxalic acid, and are present 
in a mole ratio of about 1:1; the mole ratio of tertiary amine 
to carboxylic acid may be less than 2:1; the mole ratio of 
tertiary amine to carboxylic acid may be less than about 1.5; 
the mole ratio of tertiary amine to carboxylic acid may be 
from about 0.9:1 to about 1.1; the acid salt may produce a 
carbonyl absorbance of at 1730-1680 cm'1 of at least 0.5 
above 135° C.; or any combination thereof. 

[0010] The heat activated catalyst may be used to make 
polyurethane by combining a diisocyanate, a polyol, and a 
catalyst, Wherein the catalyst the catalyst is a tertiary amine 
carboxylic acid salt that becomes unblocked above 135° C., 
and heating the resulting composition to unblock the salt to 
thereby polymeriZe the composition to form a polyurethane 
composition. 

[0011] In the practice of this invention, the tertiary amine 
may be N,N-dimethylcyclohexylamine, pentamethyldiethle 
netriamine, N,N-dimethyl-2(2-aminoethyoxy)ethanol, pen 
tamehyldipropylenetriamine, tetramethyldipropylenetri 
amine, dimethylaminoethoxyethanol, N,N,N‘ 
trimethylaminoethyl-ethanolamine, 2-(dimethylamino) 
ethanol, or a combination thereof; the tertiary amine may be 
dimethylaminoethoxyethanol, N,N,N‘-trimethylaminoethyl 
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ethanolamine, 2-(dimethylamino)-ethanol, or a combination 
thereof; the carboxylic acid may contain less than 30 car 
bons; the carboxylic acid may be oxalic acid, salicylic acid, 
or a combination thereof; the amine may be N,N-dimethyl 
2-(2-aminoethoxy)ethanol, the carboxylic acid is oxalic 
acid, and are present in a mole ratio of about 1:1; the mole 
ratio of tertiary amine to carboxylic acid may be less than 
2:1; the mole ratio of tertiary amine to carboxylic acid may 
be less than about 1.5; the mole ratio of tertiary amine to 
carboxylic acid may be from about 0.9:1 to about 1.1; the 
acid salt may produce for example a carbonyl absorbance of 
at 1730-1680 cm'1 of at least 0.5 above 135° C.; the 
diisocyanate may be an aliphatic, cycloaliphatic, aromatic, 
heterocyclic diisocyanate, or combination thereof; the diiso 
cyanate may be naphthalene bis (4-phenyl isocyanate), 4,4‘ 
diphenylmethane diisocyanate, 1,3- and 1,4-phenylene 
diisocyanate, toluene 2,4- and 2,6-diisocyanate, diphenyl 
methane 2,4‘- or 4,4‘-diisocyanate, mixtures thereof or oli 
gomers thereof or mixtures of oligomers the polyol may 
have tWo to eight hydroxyl groups; the diisocyanate and 
polyol may be employed so as to provide a NCO/OH ratio 
of from 1.1:1 to 10:1; or any combination thereof. 

[0012] This invention has a number of advantages. For 
example, the tertiary amine-carboxylic acid salt of this 
invention is blocked and stable at room temperature and 
becomes unblocked. Advantageously, the unblocking occurs 
generally at a temperature above about 110° C., or above 
about 125° C., or above about 135° C., or at higher given 
temperatures. 

[0013] In general, unblocking can be observed using Fou 
rier transform infrared (FTIR) spectroscopy. Unblocking is 
generally indicated by a carbonyl absorbance at 1730-1680 
cm'1 of at least 0.5 above 135° C., and in another embodi 
ment at least 0.5 above 150° C. The catalyst becomes active 
When it is unblocked, Whereby polymeriZation of the ure 
thane precursors commences. 

[0014] Surprisingly, the catalyst employed in the practice 
of this invention shoWs little or no activity at room tem 
perature but becomes active at elevated temperature. The 
activation temperature can be controlled by choice of the 
amine and carboxylic acid. An additional surprising result is 
the 1:1 mole ratio of N,N-dimethyl-2-(2-aminoethoxy)etha 
nol:oxalic acid gave this property While the 2:1 mole ratio of 
these components did not. N,N-dimethyl-2-(2-aminoethoxy 
)ethanol is available commercially under the name JEFF 
CAT ZR-70. In one embodiment, the mole ratio of tertiary 
amine to carboxylic acid is less than 2:1, in another embodi 
ment is less than about 1.5, and in another embodiment is 
less than about 1.1. In one embodiment, the mole ratio of 
tertiary amine to carboxylic acid is from about 0.9:1 to about 
1.1, and in another embodiment is about 1:1. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 shoWs the difference in isocyanate absor 
bances betWeen a catalyZed, unblocked system and a non 
catalyZed system as per example 2. 

[0016] FIG. 2 shoWs the difference in carbonyl absor 
bances betWeen a catalyZed, unblocked system and a non 
catalyZed system as per example 2. 

[0017] FIG. 3 shoWs the differences in isocyanate absor 
bances for catalysts A, C, F, G, no catalyst, and JEFFCATTM 
ZR-70 as per example 2. 
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[0018] FIG. 4 shoWs the difference in carbonyl absor 
bances for catalysts A, C, F, G, no catalyst, and JEFFCA TM 
ZR-70 as per example 2. 

[0019] FIG. 5 shoWs the isocyanate absorbances for cata 
lysts A, D, H, J, S, no catalyst, and JEFFCATTM ZR-70 as 
described in the examples. 

[0020] FIG. 6 shoWs the carbonyl absorbances for cata 
lysts A, D, H, J, S, no catalyst, and JEFFCATTM ZR-70 as 
described in the examples. 

[0021] FIG. 7 shoWs the difference in isocyanate absor 
bances for catalysts prepared from 1:1 mole ratio versus a 
mole ratio of 2:1 of tertiary amine to carboxylic acid. 

[0022] FIG. 8 shoWs the difference in carbonyl absor 
bances for catalysts prepared from 1:1 mole ratio versus a 
mole ratio of 2:1 of tertiary amine to carboxylic acid. 

[0023] FIGS. 9 and 11 shoW the isocyanate absorbances 
for certain catalysts Which did not unblock. 

[0024] FIGS. 10 and 12 shoW the carbonyl absorbances 
for certain catalysts Which did not unblock. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] The tertiary amine-carboxylic acid salts of this 
invention can be prepared from a variety of starting com 
pounds. The salts are made by contacting a tertiary amine 
With a carboxylic acid, typically in an aqueous mixture. The 
salts may be isolated and puri?ed using standard techniques 
Well knoWn to one of skill in the art. The salts are used as 
heat activated catalysts for urethanes. 

[0026] In general, the application of this technology in 
polyurethane involves heating a mixture of an isocyanate 
and some form of a hydroxyl type material in the presence 
of the blocked tertiary amine-carboxylic acid salt to a 
temperature such that the salt becomes unblocked, With the 
catalyst thereby becoming activated. The temperature at 
Which the catalyst becomes unblocked may vary depending 
on the speci?c amine/acid salt at issue. 

[0027] The tertiary amines used in the practice of this 
invention are selected such that the tertiary amine selected in 
combination With a given carboxylic acid is blocked at room 
temperature and becomes unblocked at elevated tempera 
ture, such as above about 110° C. and in one embodiment 
above about 125° C., and in another embodiment above 
about 135° C. In one embodiment, the catalyst may provide 
a carbonyl absorbance at 1730-1680 cm-1 of at least 0.5 
above 135° C. as measured in admixture With polyurethane 
precursors such as described. These tertiary amines may be 
referred to as effective tertiary amines, in the context of this 
invention. Tertiary amines can be readily determined as to 
Whether in combination With a given carboxylic acid the 
tertiary amine is an effective tertiary amine through routine 
experimentation, as by forming the salt, combining the salt 
With polyurethane precursors, exposing the resulting com 
position to heat and determining Whether the catalyst salt 
becomes unblocked above a given temperature such as 
above about 135° C. As such, certain tertiary amines may 
Work With a given carboxylic acid but not With other 
carboxylic acids. In general, the effective tertiary amines 
contain less than 30 carbon atoms, and are aliphatic amines 
Which may optionally include additional functionality such 
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as one or more ether and/or one or more alcohol groups. 

Representative examples of such tertiary amines include but 
are not limited to N,N-dimethylcyclohexylamine (Which can 
be referred to as “DMCHA”), pentamethyldiethlenetriamine 
(Which can be referred to as “PMDETA”), N,N-dimethyl 
2(2-aminoethyoxy)ethanol (Which can be referred to as 
“DMDGA”), pentamehyldipropylenetriamine (currently 
available commercially from Huntsman under the trade 
name ZR40), tetramethyldipropylenetriamine (currently 
available commercially from Huntsman under the trade 
name ZR-50B), dimethylaminoethoxyethanol, N,N,N‘-trim 
ethylaminoethyl-ethanolamine, 2-(dimethylamino)-ethanol, 
and combinations thereof. In one embodiment, the tertiary 
amine is dimethylaminoethoxyethanol, N,N,N‘-trimethy 
laminoethyl-ethanolamine, 2-(dimethylamino)-ethanol, or a 
combination thereof 

[0028] The carboxylic acids used in the practice of this 
invention are selected such that the carboxylic acid selected 
in combination With a given tertiary amine is blocked at 
room temperature and becomes unblocked at elevated tem 
perature, such as above about 110° C., or above about 125° 
C., or above about 135° C., or higher, and may provide for 
example a carbonyl absorbance at 1730-1680 cm'1 of at 
least 0.5 above 135° C. These carboxylic acids may be 
referred to as effective carboxylic acids, in the context of this 
invention. As such, certain carboxylic acids may Work With 
a given tertiary amine but not With other tertiary amines. 
Carboxylic acids can be readily determined as to Whether in 
combination With a given tertiary amine the carboxylic acid 
is an effective carboxylic acid through routine experimen 
tation, as by forming the salt, combining the salt With 
polyurethane precursors, exposing the resulting composition 
to heat and determining Whether the catalyst salt becomes 
unblocked above about 110° C., or above about 125° C., or 
above about 135° C., or higher. In general, the effective 
carboxylic acids contain less than 30 carbons, and may 
optionally include additional functionality such as one or 
more ether and/or one or more alcohol groups. Representa 
tive examples of such carboxylic acids include but are not 
limited to oxalic acid, salicylic acid, and combinations 
thereof. 

[0029] Polyurethane is a Well knoWn polymer Which, in 
general, is made by reacting diisocyanate, polyol, and the 
catalyst. Anumber of different kinds of polyurethanes can be 
produced depending on the nature of the polyol used and 
degree of cross-linking achieved, for example. If the poly 
urethane is a foam, a suitable bloWing agent should be 
included, such as Water as is knoWn in the art. Polyurethane 
foams generally have a higher amount of cross-linking. 
Aliphatic, cycloaliphatic, aromatic, and heterocyclic diiso 
cyanates can be used as starting materials, Which in general 
may contain up to about 20 carbon atoms. Representative 
examples of such diisocyanates include but are not limited 
to naphthalene bis (4-phenyl isocyanate), 4,4‘-diphenyl 
methane diisocyanate, 1,3- and 1,4-phenylene diisocyanate, 
toluene 2,4- and 2,6-diisocyanate (TDI), diphenylmethane 
2,4‘- or 4,4‘-diisocyanate (MDI), and mixtures and/or oligo 
mers (prepolymers) thereof. If a prepolymer is employed, its 
molecular Weight is typically about 300 to 2000. Such a 
prepolymer is typically made by reacting a polyol With an 
excess amount of diisocyanate. 

[0030] The polyol can be any conventional or specialty 
polyol used in the polyurethane ?eld. Typically, the polyol 
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has tWo to eight hydroxyl groups. In one embodiment, the 
polyol has a molecular Weight of from 400 to 10,000, in 
some instances from 600 to 5,000. The polyols can include 
polyesters, polyethers, polythioethers, polyacetals, polycar 
bonates, and polyester amides containing tWo to eight 
hydroxyl groups, and in some instances tWo to four hydroxyl 
groups. 

[0031] In general, the diisocyanate and polyol are 
employed so as to provide a NCO/OH ratio of from 1.1:1 to 
10:1, typically 1.5:1 to 5:1. 

[0032] For polyurethane formed from the heat activated 
salt catalyst of this invention, the polyurethane is made by 
?rst combining the polyurethane precursors (diisocyanate, 
polyol, catalyst, and any other additives such as a bloWing 
agent if foam is desired). Advantageously, the salt catalyst of 
this invention does not initiate polyurethane formation at 
room temperature. Next, the precursor composition is heated 
to unblock the salt, Whereby the unblocked tertiary amine 
catalyst initiates polyurethane formation. 

[0033] The polyurethane compositions according to the 
invention may be applied as one or more layers to substrates 
by knoWn methods such as spraying, brush coating, immer 
sion or ?ooding or by means of rollers or doctor applicators. 
Asubstrate to be coated may be treated With suitable primers 
before the process according to the invention is carried out. 
The process according to the invention is suitable for the 
formation of coatings on any substrates, e.g., metals, plas 
tics, Wood or glass. The polyurethane compositions may also 
be used to form articles per se. 

[0034] The amine/carboxylic acid salt of this invention 
can be used as a catalyst for polyurethane in the production 
of structural product based on Wood materials. A represen 
tative example of such a structural product is an orientated 
strand board (OSB), Which may be described as an engi 
neered, mat-formed panel product made of strands, ?akes, or 
Wafers sliced from Wood logs that is bonded With a poly 
urethane binder under heat and pressure. The Wood materials 
that can be employed in the practice of this invention may 
vary Widely. Representative examples of such Wood mate 
rials include but are not limited to Wood, bark, cork, bagasse, 
straW, ?ax, bamboo, alfa grass, rice husks, sisal, and coconut 
?bers. The material may be present in the form of granules, 
chips, ?bers, or ?our. The materials may have an intrinsic 
Water content of 0 to 35 percent by Weight, frequently from 
5 to 25 percent by Weight. The Wood material is typically 
mixed With the polyurethane precursors (i.e., the diisocyan 
ate, polyol, and catalyst) so as to provide a ?nal composition 
that contains from about 1 to about 50, more typically 1 to 
15 percent by Weight, of the polyurethane precursors. Typi 
cally, the Wood material is sprayed With these materials to 
effect mixing, as is knoWn to one of skill in the art. An 
advantage of this invention is that the catalyst has essentially 
no catalytic effect until heat activated above an elevated 
temperature such as above about 110° C., above about 125° 
C., or above about 135° C. The polyurethane so formed 
serves as a binder for the Wood material to hold the compress 
molded product together. 

[0035] When sprayed, the catalyst may be sprayed in 
admixture With Water or one or more organic solvents. For 

example, ethylene carbonate, propylene carbonate, or mix 
tures thereof can be employed as a solvent so that applica 
tion of the catalyst. In general, an organic solvent should not 
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react With the diisocyanate or polyol, evaporate readily, and 
be compliant With environmental regulations for a given end 
use. Additional representative classes of organic solvents 
that can be employed include but are not limited to aprotic 
organic solvents capable of solubiliZing the components, 
such as esters including ethyl acetate, propyl acetate, and 
butyl acetate, ethers, hydrocarbons, ketones, amides, and so 
on. Additional examples of suitable solvents include xylene, 
methyl isobutyl ketone, methoxypropyl acetate, N-methyl 
pyrrolidone, Solvesso solvent, petroleum hydrocarbons, iso 
butanol, butyl glycol, chlorobenZenes and mixtures of such 
solvents. 

[0036] The mixture of Wood product and polymeric pre 
cursors are then typically compacted in a mold. Next the 
compacted mixture is exposed to rapid heating so that at 
least a portion of the compacted mixture achieves a tem 
perature above about 135° C., for example, often under 
pressure up to 3 atmospheres, though atmospheric and 
reduced pressure may also be used. The temperature of the 
heat applied to the compacted material to be treated is 
typically up to 180° C. to 200° C., though higher and loWer 
temperatures can be used. Typically a temperature gradient 
develops over the molded product, With temperatures above 
135° C. in at least a portion of the product, thereby initiating 
unblocking of the salt and thus initiating curing of the 
polyurethane. 

[0037] Other materials useful in the reaction may include 
surfactants, polyols, Water, Wood products, plastasiZers, 
mold release agents, and ?ame retardants, as Well as other 
common polyurethane additives. 

[0038] For example, an ultraviolet stabiliZer can be 
employed in the practice of this invention. Such ultraviolet 
stabiliZers may include a sterically hindered piperidine 
derivative, such as an alkyl substituted hydroxy piperidine 
derivative. In one embodiment, the ultraviolet stabiliZer 
includes the reaction product of an ester of a carboxylic acid 
and to alkyl substituted hydroxy piperidines. In one embodi 
ment, the ultraviolet stabiliZer is bis-(1, 2, 2, 6, 6-tetram 
ethyl-4-piperidinyl) sebacate, knoWn as TINUVINTM 765 
and commercially available from Ciba-Geigy. 

[0039] An UV absorber can be used in the instant inven 
tion, and may generally include a substituted benZotriaZole, 
such as a phenyl substituted benZotriaZole. In one embodi 
ment, the UV stabiliZer is a hydroxyl, alkyl substituted 
benZotriaZole. In another embodiment, the UV stabiliZer is 
2-(2‘-hydroxy-3‘,5‘-di-tert-amylphenyl)benZotriaZole, 
knoWn as TINUVINTM and commercially available from 
Ciba-Geigy. 

[0040] An antioxidant may be used in the instant invention 
such as a substituted, sterically hindered phenol, such as a 
substituted ester of hydroxyhydrocinnamic acid. In one 
embodiment, the antioxidant element is a 3,5-dialkyl ester of 
hydroxyhydrocinnamic acid, and another embodiment is 
octadecyl 3,5-di-tert-butyl-4-hydroxyhydrocinnamate, 
knoWn as IRGANOXTM 1076 and commercially available 
from Ciba-Geigy. 

[0041] The amount of additive incorporated in the poly 
urethane depends on several factors, including the desired 
stability of the polyurethane, so the amount of additive can 
be adjusted according to the intended use of the polyure 
thane. Generally, a useful amount of additive in the poly 
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urethane can be an amount of up to about 5 percent by 
Weight, and in one embodiment is in an amount of from 
about 0.5 to about 3 percent by Weight. 

[0042] The folloWing examples are illustrative of this 
invention and are not intended to limit the scope of the 
invention or claims hereto. Unless otherWise denoted all 
percentages are by Weight. Example 1 describes the synthe 
sis of various acid blocked amine catalysts. Example 2 
illustrates the effectiveness of these derivatives over the 
control material. The control material, catalyst G, is the 
material described in US. Pat. No. 6,007,649. 

EXAMPLE 1 

Preparation of Catalysts 

[0043] The general procedures for these three examples 
are as folloWs. To a reactor containing a stirrer bar, carboxy 
lic acid and Water (Which is optional in the practice of this 
invention) Were added then stirred for 10 minutes. The 
tertiary amine Was then added sloWly over a thirty-minute 
period With stirring. The mixture Was then stirred for an 
additional 10 minutes. 

Mole ratio Water, 
Catalyst Acid Amine amine/acid Wt % 

A Oxalic .IEFFCAT ZR-70 1.0 20 
B (comparison) Oxalic JEFFCAT ZR-7O 2.0 20 

Oxalic .IEFFCAT DMEA 1.0 20 
D Oxalic .IEFFCAT Z-110 1.0 20 
F (comparison) Malonic JEFFCAT ZR-70 2.0 20 
G (comparison) Malonic JEFFCAT DMEA 1.0 20 

Salicylic .IEFFCAT ZR-70 1.0 0 
I Salicylic .IEFFCAT DMEA 1.0 20 
.I Salicylic .IEFFCAT Z-110 1.0 20 
K (comparison) Adipic JEFFCAT ZR-70 1.0 20 
L (comparison) Adipic JEFFCAT Z-110 1.0 20 
M (comparison) Succinic JEFFCAT ZR-70 0.63 20 
N (comparison) Maleic JEFFCAT ZR-70 1.0 27 
O (comparison) Oxalic JEFFCAT DPA 1.0 20 
P (comparison) Lactic JEFFCAT ZR-70 1.0 7 
Q (comparison) Oxalic JEFFCAT ZF-20 1.0 20 
R (comparison) Formic JEFFCAT ZR-70 1.0 1 

[0044] JEFFCAT ZR-70: dimethylaminoethoxyethanol 
(Which may also be referred to as N,N-dimethyl-2-(2 
aminoethoxy)ethanol) 

[0045] JEFFCAT Z-110: N,N,N‘-trimethylaminoethyl 
ethanolamine 

[0046] JEFFCAT DMEA: ethanol, 2-(dimethy 
lamino)—(Which may also be referred to as dimethyl 
ethanolamine) 

[0047] JEFFCAT ZF-20: 2,2‘-oxybis(N,N-dimethyl 
ethanamine) 

[0048] JEFFCAT DPA: 2-propanol, 1,1‘-((3-(dimethy 
lamino)propyl)imino)bis 

EXAMPLE 2 

FTIR Analysis of the Reaction of the Catalyst and 
an Isocyanate Component 

[0049] The effect that these catalysts have on a PIR foam 
Was determined by using a REACTFTIR 1000 instrument 
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using a heated probe. The heated probe Was programmed to 
start at 70 C and hold at this temperature for 10 minutes. It 
Was ramped up to 180 C over a thirty-minute period. At this 
point, it Was held for 15 minutes at 180 C. Approximately 
574 FTIR spectra Were recorded during this time period 
from 800-4000 cm_1. The formulation used to test these 
catalyst consisted of a pre-blend of RUBINATE 1840 (70 
pbW), diisononylphthalate (20 pbW), and Tegostab B-8407, 
(7.0 pbW). Prior to placing several drops unto the FTIR 
probe, 0.6 pbW of Water and an appropriate amount of acid 
blocked catalyst, 1.73 mmole, Was mixed into the pre-blend. 
The amounts used are shoWn in the following Table. 
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catalyst but does not unblock at any particular temperature. 
There is a point Where formation of the carbonyl species 
sloWly increases, as shoWn in FIG. 4. 

[0053] An improvement is shoWn in FIGS. 3 and 4 by the 
delay of JEFFCAT DMEA and oxalic acid (catalyst C) and 
in particular at about 170° C. Where this derivative starts to 
accelerate the consumption of the isocyanate and the for 
mation of carbonyl species. The higher carbonyl absorbance 
of the JEFFCAT DMEA and oxalic acid shoWs that a higher 
concentration of the carbonyl species is formed from this 
catalyst. 

Catalst 1 2 3 4 5 6 7 8 10 11 12 13 14 15 16 

0.46 
0.37 

0.39 
0.49 

0.51 

(JEFFCAT 
ZR-70) 

wwowZZrW~momUow> O 0 O 

0.52 
0.41 

0.51 
031 

0.23 

[0050] The FIGS. shoW the effect that the catalysts have 
on either the isocyanate or carbonyl absorbance. Isocyanate 
absorbance Will decrease over time as the isocyanate is 
consumed. Carbonyl absorbance Will increase as the amount 
of carbonyl absorbing species increases in the reacting 
mixture. The graph of the temperature pro?le is also shoWn 
in all of these graphs. The right side of each graph shoWs the 
temperature scale. Inspection of some of the these graphs 
Will shoW that, at a certain temperature, either a sharp 
decrease in isocyanate absorbance, Which translates to using 
up the isocyanate quicker, or a sharp rise in carbonyl 
absorbance, Which translates to forming more carbonyl 
species. These carbonyl species are either from the reaction 
of the isocyanate and Water, isocyanate and polyol, or 
trimeriZation of the isocyanate into an isocyanurate material 
or any combination of these reactions. 

[0051] FIGS. 1 and 2 shoWs the difference in isocyanate 
and carbonyl absorbance betWeen a catalyZed (JEFFCAT 
ZR-70) or unblocked system and a non-catalyZed system. 
The catalyZed system reacts quicker than the uncatalyZed 
system. The catalyZed system is not blocked in any manner. 
For an ideal blocked catalyst, the isocyanate absorbance 
should closely folloW the uncatalyZed system but should 
accelerate at some point and start consuming isocyanate. 

[0052] The folloWing ?gures illustrate the improvement 
over the art, Which uses J EFFCAT DMEA and malonic acid 
(catalyst G). A delay is shoWn for this derivative but it never 
kicks in to accelerate the consumption of the isocyanate, 
FIG. 3. It does sloWly use up the isocyanate at a greater rate 
than the uncatalyZed system. It functions as a blocked 

[0054] A further improvement of this invention is illus 
trated by the catalyst composed of JEFFCAT ZR-70 and 
oxalic acid (catalyst A). Again, as With JEFFCAT DMEA 
and oxalic acid, there is a point at about 150° C. in the 
isocyanate absorbance Where JEFFCAT ZR-70 and oxalic 
acid accelerates the consumption of the isocyanate. This 
trend is also seen in the carbonyl absorbance. Surprisingly, 
the temperature of the conversion of the isocyanate and 
formation of carbonyl species occurs at a loWer temperature 
for JEFFCAT ZR-70 than JEFFCAT DMEA, that is, 150° C. 
versus 170° C. 

[0055] The uniqueness of the salt of JEFFCAT ZR-70 and 
oxalic acid is further illustrated by observing the isocyanate 
and carbonyl absorbencies pro?les of JEFFCAT ZR-70 and 
malonic acid (catalyst F) and compare it With the unblocked 
JEFFCAT ZR-70. They are practically identical. There is no 
delay for catalyst F like there is With catalyst A. 

[0056] Another surprising aspect of this invention is that 
JEFFCAT Z-110 also shoWs the unusual effect of blocking 
and then unblocking When a certain temperature is reached. 
This is shoWn in FIGS. 5 and 6. The temperature at Which 
the JEFFCAT Z-110+oxalic acid (catalyst D) becomes 
unblocked and starts to consume isocyanate at a faster rate 
is loWer than the salt of JEFFCAT ZR-70 and oxalic acid 
(catalyst A). 

[0057] Another acid that Was found to Work With these 
amine catalysts to block and then unblock at elevated 
temperatures is salicylic acid. Salts of JEFFCAT ZR-70 
(catalyst H) and JEFFCAT Z-110 (catalyst J) are also shoWn 
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in these ?gures. Close inspection of the ?rst 500 seconds 
With the salicylic acid derivative shoWs a quick isocyanate 
consumption folloWed by a someWhat ?at consumption of 
the isocyanate up until the catalyst becomes active or 
unblocks similar trend is seen in the isocyanurate absor 
bance. 

[0058] The reaction of JEFFCAT ZR-70/oxalic acid Was 
done in a 1/1 mole ratio (catalyst A) and a 2/1 mole ratio 
(catalyst B). The 2/1 mole ratio Was not as effective at 
blocking or delaying the isocyanate consumption or isocya 
nurate formation as the 1/1 salt, as seen FIGS. 7 and 8. The 
2/1 mole ratio salt did not shoW any acceleration in isocy 
anate consumption as opposed to the 1/1 mole ratio salt, 
Which did. 

[0059] Other catalysts Which did not shoW any signs of 
blocking and unblocking, and thus are comparative 
examples, are shoWn in FIGS. 9-12. These examples further 
demonstrate the uniqueness of the catalysts of this invention. 

EXAMPLE 3 

Bonding Strength 
[0060] Cure rates for various catalyZed and un-catalyZed 
p-MDI binders Were determined using an automated bond 
ing evaluation system The ABES testing method 
enables the study of various adhesive and adherent vari 
ables. In the ABES device, small lap shear tests Were 
performed under controlled conditions of temperature, 
pressing load, and pressing time. Immediately after each 
bond is partially cured to the required level, it is tested to 
destruction in shear mode. Tensile load and pulling head 
movement (sample elongation) are monitored digitally dur 
ing the pulling, and strength (overlap area corrected peak 
shear load) is calculated. Optionally, bonds may be rapidly 
cooled after formation but before pulling. The p-MDI binder 
Was applied With a small paint brush to one side of the Wood 
veneer samples having the folloWing characteristics: 

[0061] 
L.) 

[0062] 

[0063] 

[0064] 

[0065] 

[0066] 

[0067] 

Species yelloW polar (Lirodena'ron tulipifera 

Sample thickness 0.7 mm 

Sample siZe 20><115 mm 

Sample overlap 5x20 mm 

Binder application 6-10 mg 

Catalyst carrier soy oil 

Catalyst in binder 1% 

[0068] After coating, the samples Were placed in the 
ABES device and pressing Was initiated. The development 
of bond strength (in NeWtons) as a function of pressing time 
Was determined for catalyZed and un-catalyZed binders. The 
results are shoWn in Table 1. 

TABLE 1 

RUBIINATE TM 

M (comparative 
Time (seconds) example) Catalyst A Catalyst C Catalyst D 

10 4 5 4 17 
20 20 40 18 48 
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TABLE 1-continued 

RUBIINAT E TM 

M (comparative 
Time (seconds) example) Catalyst A Catalyst C Catalyst D 

30 27 66 27 60 
40 36 89 35 84 
50 38 98 49 95 
60 40 98 50 96 
70 45 93 67 96 
80 45 96 75 Not tested 
90 50 105 75 Not tested 

[0069] In the table, all the data is in NeWtons. The data 
demonstrates that the catalysts of this invention shoW sur 
prisingly improved adhesive cure and rate of cure. 

EXAMPLE 4 

Life on Chip 

[0070] A test to determine the latency of the blocked 
catalyst of this invention Was developed and run. In this test, 
veneer samples Were coated With the catalyZed binder and 
placed in a temperature and humidity controlled (38 degrees 
Centigrade, 45 percent relative humidity) cabinet for 30 
minutes. These conditions simulate the dWell time that is 
required for blended ?akes in a typical OSB manufacturing 
process. In this test, for successful latency of the catalyZed 
binder, the cure curve should remain similar to the catalyZed 
control cure curves. The systems tested Were: (1) p-MDI 
control, (2) p-MDI and catalyst D and soy oil, (3) p-MDI and 
soy oil, (4) p-MDI and soy oil and catalyst D. The load 
measured in NeWtons Was measured at 20, 40, 60, and 150 
seconds. After 150 seconds, the trend lines for both the (1) 
p-MDI control and (3) p-MDI and soy oil Were about 50 
NeWtons. By contrast, the loads at 20, 40, and 60 seconds 
Were higher for both the (2) and (4) systems Were markedly 
higher, and With trend lines at 150 seconds of 165 NeWtons 
and 145 NeWtons, respectively. This data illustrates the 
latency of the catalysts of this invention. Latency Was 
demonstrated With this test, Which subjects coated samples 
to time, heat, and humidity before testing. The absence of a 
shift in this cure curve related to the stability of the catalyZed 
binder at processing conditions prior to pressing. 

EXAMPLE 5 

Preparation of OSB Board 

[0071] Southern YelloW Pine Wood ?akes obtained from a 
commercial OSB mill Were spray atomiZed blended With 
p-MDI and catalyst in a rotary blender. The p-MDI and 
catalyst (1% catalyst solids dilution in Water or soy oil) Were 
sprayed separately in the blender. FolloWing blending, the 
panels Were formed into 18x18 inch mats and Were hot 
pressed at 400 F to 0.718 inches in thickness. The pressing 
cycles Were 6 and 12 seconds/mm thickness to compare 
under-cured panels (6 sec/mm) to fully cured panels (11 
sec/mm). FolloWing pressing, the panels Were removed from 
the press and the thickness Was measured to determine the 
degree of cure based on thickness spring back. A decrease in 
thickness indicates improved cure. As compared to control 
sample and a control sample using soy oil, the OSB boards 
made With three catalyst D systems (diluted in soy oil, 
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diluted in Water, and diluted in Water using mats aged at 105 
F for 30 minutes prior to pressing) showed improved cure, 
especially at 6 seconds. After six seconds, the control 
thickness Was about 0.77 mm and the control With soy oil 
Was about 0.8 mm. By contrast, the sample using soy/ 
catalyst D Was about 0.767 mm, the sample using Water/ 
catalyst D Was about 0.76, and the sample using Water/ 
catalyst D and aged Was about 0.737. After 12 seconds, the 
differences of thicknesses betWeen samples Were not as 
signi?cant. 
[0072] Further modi?cations and alternative embodiments 
of this invention Will be apparent to those skilled in the art 
in vieW of this description. Accordingly, this description is 
to be construed as illustrative only and is for the purpose of 
teaching those skilled in the art the manner of carrying out 
the invention. It is to be understood that the forms of the 
invention herein shoWn and described are to be taken as 
illustrative embodiments. Equivalent elements or materials 
may be substituted for those illustrated and described herein, 
and certain features of the invention may be utiliZed inde 
pendently of the use of other features, all as Would be 
apparent to one skilled in the art after having the bene?t of 
this description of the invention. 

What is claimed is: 
1. A process for the manufacture of a press molded 

material, comprising: 
applying diisocyanate, polyol, and catalyst to a Wood 

material, Wherein the catalyst is a tertiary amine-car 
boxylic acid salt that is blocked at room temperature 
and becomes unblocked at an elevated temperature, and 

heating the resulting mixture to a temperature effective to 
unblock the salt to produce unblocked tertiary amine. 

2. The process of claim 1 Wherein the tertiary amine is 
N,N-dimethylcyclohexylamine, pentamethyldiethlenetri 
amine, N,N-dimethyl-2(2-aminoethyoxy)ethanol, pentam 
ehyldipropylenetriamine, tetramethyldipropylenetriamine, 
dimethylaminoethoxyethanol, N,N,N‘-trimethylaminoethyl 
ethanolamine, 2-(dimethylamino)-ethanol, or a combination 
thereof. 

3. The process of claim 1 Wherein the tertiary amine is 
dimethylaminoethoxyethanol, N,N,N‘-trimethylaminoethyl 
ethanolamine, 2-(dimethylamino)-ethanol, or a combination 
thereof 

4. The process of claim 1 Wherein the carboxylic acid 
contains less than 30 carbons. 

5. The process of claim 1 Wherein the carboxylic acid is 
oxalic acid, salicylic acid, or a combination thereof. 

6. The process of claim 1 Wherein amine is N,N-dimethyl 
2-(2-aminoethoxy)ethanol, the carboxylic acid is oxalic 
acid, and are present in a mole ratio of about 1:1. 

7. The process of claim 1 Wherein the mole ratio of 
tertiary amine to carboxylic acid is less than 2:1. 

8. The process of claim 1 Wherein the mole ratio of 
tertiary amine to carboxylic acid is less than about 1.5. 
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9. The process of claim 1 Wherein the mole ratio of 
tertiary amine to carboxylic acid from about 0.911 to about 
1.1. 

10. The process of claim 1 Wherein the acid salt produces 
a carbonyl absorbance of at 1730-1680 cm-1 of at least 0.5 
above 135° C. 

11. The process of claim 1 Wherein the diisocyanate is an 
aliphatic, cycloaliphatic, aromatic, heterocyclic diisocyan 
ate, or combination thereof. 

12. The process of claim 1 Wherein the diisocyanate is 
naphthalene bis (4-phenyl isocyanate), 4,4‘-diphenyl 
methane diisocyanate, 1,3- and 1,4-phenylene diisocyanate, 
toluene 2,4- and 2,6-diisocyanate, diphenylmethane 2,4‘- or 
4,4‘-diisocyanate, mixtures thereof or oligomers thereof or 
mixtures of oligomers. 

13. The process of claim 1 Wherein the polyol has tWo to 
eight hydroxyl groups. 

14. The process of claim 1 Wherein the diisocyanate and 
polyol are employed so as to provide a NCO/OH ratio of 
from 1.111 to 10:1. 

15. The process of claim 1, Wherein the applying is 
performed by spraying. 

16. The process of claim 1, Wherein the mixture is heated 
under pressure. 

17. The process of claim 16, Wherein the pressure is up to 
3 atmospheres. 

18. The process of claim 1, Wherein the heating occurs at 
a temperature up to about 180 degrees Centigrade. 

19. The process of claim 1 Wherein the process produces 
an orientated strand board. 

20. The process of claim 1, Wherein the catalyst is added 
as a dispersion in a carrier liquid. 

21. The process of claim 20, Wherein the carrier liquid is 
Water, soy oil, or a combination thereof. 

22. The process of claim 21, Wherein about 1 part of 
catalyst is present per 99 parts of the diisocyanate and 
polyol. 

23. The process of claim 1, Wherein mixture contains 1 to 
15 percent by Weight of the diisocyanate, polyol, and 
catalyst. 

24. The process of claim 1, Wherein the heating occurs at 
a temperature of at least 110° C. 

25. The process of claim 1, Wherein the heating occurs at 
a temperature of at least 125° C. 

26. The process of claim 1, Wherein the heating occurs at 
a temperature of at least 135 degrees Centigrade. 

27. A product made by the process of claim 1. 
28. A composite formed of Wood chips and the polymer 

iZation product of a urethane composition and a tertiary 
amine-carboxylic acid salt that unblocks at a temperature of 
at least 135° C. 


