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Background of the Invention
Field of the Invention

The present invention relates to binders comprising urea-formaldehyde resins which
contain high levels of buffering salts and use of the buffering salts to speéd cure of the urea-
formaldehyde resins.

Background Discussi. ;

A buffered system is one in which little or no change in pH occurs with the addition
of small quantities of an acid or base. When added to a system, buffer-inducing materials
(e.g., potassium phosphates, sodium acetate), tend to buffer systems over a fairly specific
pH range. The pH range over which the system is buffered will vary, depending on the type
of buffering material employed. Some buffer-inducing materials buffer over more than one
specific pH range. For example, potassium phosphates buffer over the pH ranges 1 to 3, 6
to 8 and 11 to 13. Thus. when dipotassium phosphate is added to a UF resin, the resin
exhibits a relatively strong resistance to a change in pH with addition of acid or base in the
pH ranges from about 1 to 3, 6 to 8 and 11 to 13. Outside of these ranges of buffering
action, the pH can be changed with the addition of small quantities of acid or base. Other
salts are considered as being "neutral." These types of salts do not induce a buffer when

added to aqueous systems. Examples of these are sodium chloride, sodium sulfate, potassium

chloride, and magnesium chloride. In general, neutral salts are made from the combination
of a strong acid with a strong base, whereas buffering salts are made from the combination
of a weak acid and a strong base, or alternately, a weak base and a strong acid.
Urea-formaldehyde (UF) adhesive resins are employed in a wide range of wood
bonding systems. These include hot-press particleboard, medium-density fiberboard, and
plywood applications, among others. Urea-formaldehyde resins are often referred to as
thermosets, which rely upon heat to obtain adequate cure in a reasonable period of time. It
is well understood that UFs may be cured at ambient temperatures by catalysis with free
acid. In practical uses, a combination of a moderate increase in acidity and elevated
temperatures is generally employed to achieve cure. To make particleboard, it is common
to rely upon the acidity inherent in the wood furnish to provide reduced pH for cure, the pH
normally varying from about pH 4-6.5, depending on the wood species. UF resins are only

storage stable at pH’s above 7.0. Thus, resins generally contain small, e.g., 0 to 0.3 weight
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for plywood applications wherein intimate mixing of the resin and wood is not achieved and
therefore minimal pH drop is experienced by the resin. Latent catalysts commonly employed
include amine-acid salts, such as NH,Cl and (NH,),SOy4, which react with free formaldehyde
generated during cure, and subsequently release free acid. Other non-buffering inorganic
salts are also used to enhance cure speed. Examples of these include MgCl,, MgSO,, NaCl
and Na,S80;. The exact mechanism by which these salts enhance cure speed in UF adhesive
systems is not presently known, and may vary depending upon the salt.

As mentioned, except in certain circumstances, particleboard resins are generally
made so that they exhibit a low degree of resistance to a drop in pH, i.e., they are generally
low buffered so that with intimate mixing of the resin with wood surfaces, a sufficient drop
in pH for speedy cure of the glue will occur, Usually, only a minimal amount of buffering
is employed to enhance storage life of the UF resin. This small amount of buffering prevents
the pH of the resin from dropping below about 7.5 during storage. There are instances in
which buffering salts are employed so that cure of the resin is prevented until such time that
the formed mat of resin plus wood reaches the hot press. This is at times necessary because,
after blending the resin with wood furnish, a significant amount of time may pass before the
resin-treated furnish mixture reaches the pressing station. Since the wood furnish is almost
always warm due to previous drying procedures, and many times the manufacturing plant
itself is very wﬁrm, the acidity of the resin may increase and begin curing before
consolidation for the mat in the press, which can result in reduced board properties.
Therefore, it has been the practice to employe the use of buffering agents to slow the cure
of the resin by retarding the drop in pH in cases wherein precure may occur as described
above. It is commonly believed and accepted that buffering-type salts included in

| particleboard resins will only slow their cure. Thus, only the least amount of buffering salts
necessary to prevent precure are employed. In plywood applications, buffers are again
usually kept to a minimum because latent catalysts must be employed to overcome the buffer
in order to reduce the adhesive pH significantly below pH 7.0 to promote cure.

Generally speaking, it is an advantage to impart faster cure to UF resins. The time
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required during the pressing stage is usually the deciding factor which limits the total possible
production in most wood composite panel manufacturing processes. Therefore, any catalyst
which can speed cure, i.e., which will impart improved performance properties at shorter
press times, is desired. Shortening the press time by only a few seconds can result in
considerable increases in profits to board manufacturers.

An increasing problem in the use of UF resins faced by panel producers during the
past 10 to 15 years has been ih_e requirement for lower formaldehyde-emitting panel products.
To meet this demand for lower fuming products, resin producers have moved to resins with
lower F/U molar ratios. In general, lower-fuming resins result in reduced board properties,
due to a lower extent of cure. Also, the resins tend to be slower curing than the higher mole
ratio, higher fuming, more reactive resins of the past. Because of this, new catalyst systems
which might improve board properties (especially at short press times), while maintaining
equivalent formaldehyde emission potential, would have a large economic benefit for board
producers. Equally, board manufacturer’s total plant emissions of formaldehyde and other
volatile organic compounds (VOCs) which arise during pressing, board cooling, and at other
locations in the various manufacturing steps have recently become an important factor that
may limit plant production. It is critical that board manufacturers are able to either reduce
stack emissions by using lower fuming resins, or by increasing production (with the same
total stack emission level) by employing faster curing resins which exhibit equivalent or
lower formaldehyde fuming potential.

The book by B. Meyer, “Urea-Formaldehyde Resins" (Addison-Wesley Publishing
Company, 1979) reviews UF resin chemistry patent and journal literature from the turn of
the century up to about 1979. Meyer’s book covers the use of UF resins in the manufacture
of cast polymer glasses and as wood adhesives. Meyer points out that the traditional use of
buffers in UF resins has been that of pH control. On page 112 he notes that in cold set
wood adhesive applications where high acid conteats are required for cure, buffers may be
used to prevent the pH of the acid catalyzed system from going loo fow. Overly low pH
would result in degradation of the glued joint. On page 169 he points out that all
particleboard UF resins are buffered to some degree, but the level may be controlled to
prevent pH changes when necessary or advantageous. USP 3,335,113 to Dundon (column
2, lines 45-55) indicates the same type of considerations must be made in the use of UF resin
for textiles. USP 1,460,606 to Ripper points out the retarding of cure and the rate of
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v manufacture as taught by USP 1,737,918; 1,791,062; 1,952,598; 2,015,806; 2,647,212; and
2,729,616, and also more recently in USP 3,637,562 and 4,139,507. It must be realized that
in the early part of this century, measurement of pH was difficult task, and therefore buffer
systems were employed so that pH monitoring was not necessary. This is particularly
important for UF reactions since the rates of reactions are critically dependent upon pH. In
no instance are buffers referred to as cure catalysts, but rather, where applicable in these
patents, it is found necessary that free acid or acid generating salts are employed to overcome
buffers to achieve adequate cure. In no case is it suggested that the presence of such
neutralized buffers result in enhanced cure speed of any sort. For example, USP 1,952,598
to Luther discloses buffers are inert materials, and take no part in the UF reaction process
other than as pH control agents.

The use of buffering-type salts have also been employed in the use of UF resin for
high nitrogen fertilizers. In these instances buffers are used either as a source of potassium
and phosphorus for fertilizers (3,479,175) or for pH control during manufacture of the low
condensed resin (4,781,749 and 4,895,983). Cure is not usually a consideration for fertilizer
resins, but in USP 4,244,727 low levels of buffering are employed during manufacture of
a UF resin fertilizer. This is analogous to the traditional requirements for minimal buffering
to achieve cure in wood technology adhesive applications.

There are two reactions involved in reacting urea and formaldehyde resins: an
waddition™ reaction and a "condensation" reaction. these reactions are discussed in detail
elsewhere in present specification. However, it is noted that buffer salts are known to
accelerate the addition reaction between urea and formaldehyde to form methylolureas
according to De Jong and De Jonge, Recueil Trav. Chim., 71, p.p. 643-660 (1952). The
condensation reaction, which leads to polymer growth, high molecular weight and cure, has
been explicitly reported to not be affected by Buffering agents as taught by De Jong and De
Jonge, Recueil Trav. Chim., 72, p.p. 139-156 (1953).

Objects of the Invention
An object of the present invention is to provide an improved urea-formaldehyde

binder composition comprising high levels of buffer curing catalyst that avoids the
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apparent from the following detailed description and appended claims.
Summary of the Invention

The present invention provides a new type of catalyst system for UF resins for
binding fibrous substrate. Specifically, the catalyst system comprises an aqueous solution
of a buffering salt (preferably a phosphate), adjusted to a pH of about 8.5 to about 2.0. The
pH selected will depend on the buffer range of the salts employed and how the salts will be
used. Preferably, the pH ranges from about 6 to about 3.5. The present invention also
provides a method wherein the catalyst solution is combined with 1e UF resin just prior to
blending with fibrous substrate to be bound, e.g., the wood furnish in particleboard
manufacture, The level of salt employed is about 0.05 to about 15% as a function of total
liquid resin weight . The buffering salt solution most preferably includes an acid to achieve
a pH in the lower half or below a buffering range of the buffering salt solution.

It is surprising to employ a buffering salt such as dipotassium phosphate as a catalyst
for particleboard resins because such salts are thought to only slow cure. It is important to
pre-adjust the pH of the aqueous buffer-catalyst solution significantly into or below its
buffering range, to both activate the catalytic effect, and to minimize or eliminate the salt’s
buffering action. The buffering salts act as exceptionally effective cure cataiysts when they
are partially or wholly neutralized as in the present invention. It is not necessary to
completely neutralize the buffering action of the salts since some reduction in pH could be
achieved through the use of high acid wood or additional acid catalysts.

Moreover, the buffering salt is preferably post-added to the UF resin, so the buffering
salt is not present during resin manufacture or storage. Advantageously, the invention
provides the use of the buffering salt (preferably a phosphate) as a UF resin catalyst to
achieve fast cure speed without increasing formaldehyde emissions during manufacture of
particleboards or other bound materials.

Detailed Description of the Preferred Embodiments
The present invention provides an effective binder composition and binding method

which achieves fast strong cure of urea-formaldehyde (UF) resins with minimal residual free
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The binder composition is a mixture of a first aqueous solution comprising UF resin

and a second aqueous solution comprising at least one acidified buffering salt. This first
aqueous solution is a conventional aqueous solution of UF resin. The second aqueous
solution contains acidified buffering salt for catalyzing cure of the resin. The buffering salt
has been acidified so the second solution has a pH of about 2.0 to about 8.5. Preferably
employed is a pH of about 3.5 to about 6, more preferably about 4 to about 6 and most
preferably about 4 to about 5. These preferred ranges are especially suitable for phosphate
buffers. If desired, co-catalysts may also be present as discussed below.

Typically, the acidified second aqueous solution has been acidified sufficiently by
acids, such as formic, sulfuric, acetic, hydrochloric, citric, phosphoric, or nitric acids, so
the pH of the acidified aqueous solution is below or in a lower half of at Jeast one buffering
range of at least one of the buffering salt catalysts. In the preferred embodiment, the pH of
the acidified aqueous catalyst sotution is in the lower quarter or, more preferably, below the
pH of a buffering salt in the solution such that the buffering salt no longer buffers the
solution.

Preferably, the acidified aqueous solution of buffering salt catalyst is blended with the
UF resin just prior to application of the resin onto the substrate, e.g., wood surfaces. The
amount of the buffering salt and the final pH of the catalyst system wou.d depend on the type
of material, e.g., wood, being bound and the resin being employed. For wood particleboard
manufacture, the pH should preferably be below the buffer range for the salts so as to not
induce a buffer into the resin in the expected curing pH ranges.

The Buffering Salts

Dipotassium phosphate is only one of many buffering salts which will work as a UF
curing catalyst. In general, any salt or salt combination which would normally induce a
buffer into the resin when added, will work. For example, it is possible to prepare a catalyst
solution using mono-, di- or tri- potassium phosphate, or alternately, to prepare a catalyst
solution by charging the appropriate amount of potassium hydroxide and phosphoric acid
separately to form the phosphate buffer in site. Other types of buffering salts which will
work include, but are not limited to, salts of alkaline hydroxides and relatively weak
inorganic and organic acids such as sodium acetate, sodium formate, sodium citrates, mono-,

di- or tri- sodium phosphates, mono-, di or tri- potassium phosphates, borates, e.g., borax,
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about 3.

The Urea Formaldehyde Resin

The urea formaldehyde (UF) resins for which the buffering salts of the present
invention are applicable include a wide range of urea-formaldehyde binder systems such as
those employed in particleboard, medium density fiberboard (MDF), plywood and glass mat,
or any other industrial UF adhesive resin application. It is applicable to modified UF resins
including melamine-modified, ammonia-modified UF resins and phenol-modified UF resins,
or other modified UF or MUF (melamine urea formaldehyde) resins, as long as the cure of
the system relies either primarily or even partially upon the cure speed o f the UF or MUF
portion of the resin system. The buffering salt will catalyze curing of resin in cold-press
applications as well as the hot pressing or heat-cured applications listed above.

Normally, the UF resin is sold to a customer as an aqueous solution containing water,
urea, formaldehyde and conventional ingredients. Conventional ingredients include pH
modifiers, employed during resin manufacture, such as formic acid, sulfuric acid, sodium
hydroxide and/or amines. Moreover, ammonia and melamine are common co-reactants with
urea and formaldehyde.

The urea formaldehyde (UF) resins, whose cure is catalyzed by the pre-acidified
aqueous solutions of buffering salts are conventional UF resins known in the art. The resins
have a urea to formaldehyde molar ratio of about 0.33 to about 1,67:1. Preferably, the
resins have a U:F molar ratio of about 0.62-1.67:1.

Generally, the U:F mole ratio at the beginning of resin manufacture ranges from
about 0.4 to about 0.6:1. The mixture of urea and formaldehyde is first adjusted to a mildly
alkaline pH via addition of sodium hydroxide or amine, such as triethanol amine, or
ammonia and allowed to react at a pH from about 7.0 to about 8.5. Generally, this mixture
of urea and formaldehyde is allowed to react at temperatures from about 140 to about 212°F.
During this time, the formation of "addition products” of urea and formaldehyde occur.
Addition products include mono-, di- and tri- methylolureas. After a short period of time,

the pH of the solution is generally reduced to below 7.0 to initiate a "condensation” reaction.
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Then urea may be added to, and thoroughly mixed with the UF resinous material to lower
the free formaldehyde and fuming potential of the resin. Common final U:F mole ratios are
about 0.62 to about 1.67:1. For particleboard manufacture, preferred final U:F mole ratios
are about 0.7 to about 1.1:1 and a very typical final U:F mole ratio is about 0.9:1. This
manufacturing method results in the UF resin having a free urea content of about 0 to about
40 weight percent, preferably about 10 to about 30 weight percent, and a free formaldehyde
content of 0 to 2 weight percent. To complete the cure of such a UF resin, further

condensation reaction is induced by reducing the pH to below 7.0.

Additional Ingredients

The aqueous buffering salt solution may also include non-buffering salts. Such salts
include but are not limited to co-catalysts such as salts already known to be employed as cure
catalysts for UF resins, including the neutral saits, e.g., sodium chloride, sodium sulfate,
magnesium chloride, or magnesium sulfate, and various acid forming salts, i.e., latent
catalysts, such as ammonium sulfate, ammonium formate, ammonium phosphate, ammonium
acetate and/or ammonium chloride.

The effectiveness of such additional salts will ultimately depend upon the quantity and

type of buffering salt catalyst employed.
Method of Making and Using the Buffering Salt Catalyst-containing Resin

An aqueous solution of buffering salt is made by mixing a sufficient amount of one

or more buffering salts with water to obtain an aqueous solution comprising about 0.5 to

- about 50 weight percent buffering salt and about 50 to about 95.5 weight percent water.

Then, sufficient acid is added to the aqueous solution to provide the aqueous solution with

‘a pH of about 2.0 to about 8.5, preferably about 3.5 to about 6, more preferably about 4 to

about 6 and most preferably about 4 to about 5. The pH is below or in the lower half of at

Jeast one buffering range of at least one buffering salt in the solution. Preferably, the pH

is below or in the lower quarter of at least one buffering range of at least one buffering salt
in the solution. '

It is preferred that the majority of the acid required to neutralize the buffer induced

by the buffering salt is added to the aqueous solution of buffering salt before the buffering
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buffering salt catalyst based on total weight per resin (including water). Preferably, the
binder contains about 0.5 to about 10 weight percent buffering salt catalyst, more preferably,
about 0.5 to about 5 weight percent buffering salt catalyst, or most preferably, about 0.5 to
about 3.0 weight percent buffering salt catalyst based on total weight of resin.

The level of buffering salt catalyst can be varied over a wide range, depending on the
application, type of resin employed, and type of buffering salt empioyed. The total may also
be dependent upon the pH range in which the salt employed induces a buffer. The upper
range of concentration for some salts may be limited by their solubility. The upper range
may also be limited in cases where high levels of buffering salts might increase formaldehyde
emissions of panel products. If a negative impact is otherwise not observed, conventional
formaldehyde scavengers may be employed.

The aqueous acidified solution is mixed with the UF resin, just prior to mixing the
UF resin with a substrate, e.g., wood for particleboard manufacture. The mixing occurs at
a temperature of from about 60 to about 100°F depending on conditions in the board
manufacturing facility. The UF resin and aqueous acidified buffering salt solution are mixed
instantaneously or for up to about 120 minutes to make the binder, depending on equipment
and conditions in the board manufacturing facility. Then the binder is mixed with the
substrate, e.g., wood. Typically, the mixing of the aqueous catalyst solution and UF resin
occurs just prior to mixing the resulting binder with the substrate because the resin binder
characteristics may change rapidly. After the binder and substrate are mixed, the substrate
is processed to its final form, e.g., wood particleboard.

The pH of the catalyst solution ideally should be low enough that the buffer effect of
the salt has effectively been neutralized. This would assure that little or no buffer is retained
by the resin which would retard a further drop in pH, unless this is otherwise desired. In
this way, the pH of the resin will be reduced easily in the press (which forms the boards)
into the cure range of UF resins by either the natural acidification by the wood surfaces, or
by the use of small quantities of other latent acid generating catalysts. 1f the pH of the
buffering salt catalyst is not adjusted below its pH buffering range, additional free acid or
acid generating salts may have to be added to achieve fast cure.

It is possible for the catalyst system to contain a buffering salt such that it buffers the



buffers to achi eve adequate cure. In no case is it suggested t hat the
presence of such neutralized buffers result in enhanceg -
sort. For exanpler —USP“T_952'598‘—— Lut her di scl oses b
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consideration for fertilizer resins, butlgn USP 4,244,727 |ow | evel s of
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Rather than mixing the buffering salt catalyst and UF resin to make the binder just

prior to application onto the wood, the UF resin may be mixed at an earlier time with the
catalyst. In some cases, this type of system might require subsequent acidification by adding
latent catalyst, free acid, or acid generating salts to the binder in order to obtain adequate
cure. _
The resin anc buffering salt catalyst mixture is typically sprayed onto the substrate,
e.g., the plywood sheets or wood furnish, and this mixture is then pressed to form plywgod
or particleboard, respectively. Particleboard composition typically ranges from about 5to
about 12 weight percent resin solids and about 95 to about 88 weight percent furnish.
Examples
The following Examples illustrate the effectiveness of the present invention. In the
Examples, homogeneous particleboards were made using standard nominal 60% solids, the
particleboard resin has a U:F mole ratio of about 0.9:1. In all examples (except those with
control resins) the resin was combined with aqueous catalyst solution just prior to blending
with furnish. Panels were also made using a control resin which contained no catalyst. In
each case the resin or resin plus catalyst was sprayed onto the furnish in the normal manner
for particleboard manufacture. The particleboard manufacturing parameters are generally as
follows:
Target 46 Ib/ft? panel density, 5/8 in thickness, homogeneous lay up
6.5% resin solids treatment
9.5% mat moisture content
350°C platen temperature for pressing
Press time includes 60 sec. close and 20 sec. decompression
Resins were made by reacting a mixture having a urea:formaldehyde mole ratio of
about 0.48:1 to form a resinous mixture, and then adding more urea
" to result in a resin having a urea:formaldehyde mole ratio of about
0.9:1.

Furnish:Douglas Fir/Pine mixture



el sewhere in present specification. However, it is noted that buffer salts

are known to accelerate the addition reaction between ur W ‘|
to form nethyl ol ureas according to De Jong and De Jonge, REGISHHEET, /S BEEN i
Chim, 71, p.p. 643”13‘60‘1@57) "The condensation reaction, whi BEPFRGER to ;.
pol ymer growth hi g gﬂ it and cure, has been 1—:xp| TCItTy '

reported to not' be a ering agents as taught by De Jong and De
Jonge, Recueil Trav. 139-156 (1953). njects of the

| nventi on dlsadva ctF of the prior art. Another object of
t he present invention |s to prOV|de al method for rapid curing of

ur ea- f or mal dehyde resin. 11

Examples 1-4
Following the above manufacturing parameters, the particleboards of Examples 1-4

were made with no pH adjustment of catalyst solution or resin mixes and employed the
materials listed in the following TABLE I.

TABLE I

-Resin 59.83 weight percent N.V. (non-volatiles)
-K,HPO, (DPP) added at 0.91 weight percent of total resin
-Ammonium sulfate (ASS) added at 0.73 weight percent of total resin

40% AS/
50% DPP/ 50% | 60% v-ater
Example | Binder Mix | Resin (g) | water soln. (g) soln. (g) Water (g)
1 Control 395.4 0 0 53.9
2 0.91 weight 395.4 - 7.2 0 46.7
percent DPP
3 0.91% 395.4 7.2 7.2 39.5
DPP+
0.73%AS
4 0.73% AS 395.4 0 7.2 46.7

The resin and DPP and/or AS were mixed at ambient temperature. Then the water
listed in the last column of TABLE I was added to adjust the moisture content of the "mat"
(i.e., board precursor) to about 9.5%. Then the mixture was let stand for about 1-2 minutes
and sprayed on the furnish.

Board results are given in TABLE II below. Dry shear results indicated that only
those resins containihg ammonium sulfate (AS) accelerated cure. By 4.5 minutes press time,
all salt containing resins had begun to degrade, while the control still increased in strength.
The combination of dipotassium phosphate (DPP) and AS exhibited the fastest cure, and may
have already been degrading by the earliest press time of 3 minutes. DPP by itself did not
accelerate cure. This is probably because the addition of the DPP solution induced a fairly
strong buffer from the pH range of about 6 to 8. In Examples 1-4, no pH adjustment of the
DPP catalyst solution was made. In the following examples, the solution was pre-adjusted
to pH 4.0 to remove the buffer effect. Pressure cooked shear decreased when AS was
present. The DPP catalyst did not appear to affect pressure cooked shear. The presence of

DPP caused minor or no increase in formaldehyde emissions. But the fastest curing system
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preferably i ncI udes an leve a pHin the ower half or below a
buffering yange of the buffering sal trAiﬁ‘éJhl on.
Pressure
Press Dry Cooked | Desiccator | Board
Time Shear IB Shear Emissions | Density
Example Resin (min)! (psi)? (psi)? (ug/ml)® | leh
1 Control 3 346 224 0.62 46.6
3.75 424 234 - 46.9
4.5 429 258 0.61 46.5
2 0.91% 3 347 209 0.79 46.9
DPP 3.75 423 263 “eue 46.7
4.5 386 245 0.65 . 46.8
3 0.91% 3 416 192 0.55 46.9
DPP+ 3.75 402 201 - 46.6
0.73% AS 4.5 379 214 0.37 47.2
4 0.73% AS 388 199 0.34 47.3
3.75 430 180 — 47.2
4.5 379 197 0.31 47.3
! Press time is the length of time to apply heat and pressure to cure the resin.
2 Dry and pressure cooked shears are measures of particleboard internal bond. The
dry and pressure cooked shear lests are described by W.F. Lehmann, Qutline of a Fast
Durability Test for UF and PF Adhesives in Composite Materials, Proceedings, 20th
International Particleboard/Composite Materials Symposium, Washington State
University (1986).
3 Desiceator Value is a measure of formaldehyde emissions from particleboard. The
Desiccator Value is measured according to ASTM Standard Test Method D5582-94,
Annual Book of ASTM Standards (1994), with the minor change of shortemng the
conditioning of specimens to only 2-3 days.
Examples 5-7

Following the above manufacturing parameters, the particleboards of Examples 5-7
were made. The U:F ratio of the resin during its initial preparation was about 0.48:1 and
its final U:F ratio was about 0.9:1. However, just prior to blending with the furnish, the
aqueous resin (other than the control resin) was combined with a sufficient quantity of

aqueous catalyst solution having a pH pre-adjusted to 4.0. The materials listed in TABLE
III were employed.



It is surprising to enploy a buffering salt such as di potassi um phosphate
as a catal yst for partlcl eboard resins because such s }"ﬁﬁ EITW@QE {o
f

only sl ow cure. rs*Trrportant to pre-adjust the pH

buf f er - cat al yst s ghegcq{ggga lwafht ly into or bel ow £ ge,

to both activate t fect and to nininize or elininate the
salt's buffering ac eri ng salts act as exceptionally effective
cure catalysts vvhen rt|aI Ty or wholly neutralized as in the
present invention. | S not necessary to conpletely neutralize the

buffering action of the salts since some reduction in pH could be achieved
through the use of high acid wood or adgstional acid catalysts. Moreover,
the buffering salt is preferably post-added to the UF resin, so the

buffering salt 1S not present aurin [ nufacture or storage.
Advant a eousl y, the invention provi %Eéﬁmlﬁge of the buffering salt

(prefera ph yst to achieve fast cure spegd
wi t hout 'ﬁfﬂ qp ﬁéﬂ Volile %&rl n nuf act lfl P
particl e dga Bf utior as %l @{Fm efore diftition 35 'fillaf cOhcentration.

- o pH adjustment of control resin 0 mder mix prior to blender apphcatlon

-DPP added at 1.0 weight percent of total resin.
-Ammonium sulfate (AS) added at 0.5 weight percent of total resin.

10% DPP/
90% water
soln. 20% AS/80%
Example { Binder Mix | Resin (g) (pH 4.0) (g} | water soln. (g) | Water (g)
5 Control 396 0 -0 56.8
6 1.0% DPP 396 40 ' 0 16.8
7 1.0% DPP+ 396 40 10 6.8
0.5% AS

The resin and DPP and/or AS were mixed at ambient temperature. Then the water
listed in the last column of TABLE HII was added to adjust the moisture content of the mat
to about 9.5%. Then the mixture was let stand for about 1-2 minutes and sprayed onto the
furnish.

The DPP catalyst solution was pre-adjusted to pH 4.0 before adding it to the resin
mixes. This removed any buffer influence the catalyst solution may have imparted in
Examples 1-4. Though mix pHs were not recorded, resin containing DPP was probably
about pH 6.0, while the control was approximately pH 7.5. Since the control resin was low
buffered, this difference in initial pH should have had little impact on pH drop into the
expected cure range of pH 4-6 induced by the wood. Board data is given in TABLE IV.
The combined catalyst mix (DPP-+AS) attained close to full cure by 2.25 minutes, the
shortest press time. Control boards never achieved the dry strength of either DPP by itself,
nor the DPP/AS combination, at any press time. Pressure cooked shear results suggest no
impact of DPP alone. The combination of DPP+AS caused Jower shear values at press
times greater than 2.5 minutes. DPP induced little or no increase in desiccator emissions
over the control. The combined catalyst mix, as before, resulted in significantly lower

emissions at all press times.
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Det ai | ed Description of the Preferred Enbodi nents The present
provides an effective binder conposition and binding oWt ch—achreves
fast strong cure of urea-fornmal dehyde (UF) resins with nT SR =TS BRFN
free 6 fornal dehyde. The binder conposition is a niyture BEPEAGFPst |
aqueous solution conprising UF resin and a second aqueoUs solution
conprising at |least one acidified buffering salt. This first aqueous
solution is a conventional aqueous solution of UF resin. The second aqueous
solution contains acidified buffering salt for catalyzing cure of the

The buffering salt has been acidified so the second solution has a

i nvention

resin..-
pH of about 2.0 to about 8.5. Preferably
14
TABLE IV
Pressure
Press Dry Cooked | Desiccator | Board
Time Shear IB Shear Emissions | Density
Example Resin (min)? (psh? (psi)? (ug/ml)? (bVeh
5 - Control 2,25 258 206 - 43,3
2.5 300 212 0.69 45.2
2,75 319 250 . - 45.0
3 330 226 0.73 45.7
35 343 235 e 45.9
4 397 277 0.58 45.8 _
6" 1% DPP 2.25 336 224 - 44,1
2.5 375 233 0.85 45.2
2.75 382 213 ~—- 45.8
3 420 254 0.69 45.5
s 433 272 - 46.2
4 421 230 0.68 46.6
7 1% DPP+ 2.25 450 229 e 45.5
0.5% AS |. 2.5 454 . 225 0.57 46.1
2.75 466 200 e 46.8
3 472 179 0.55 45.9
3.5 431 198 e 46.4
4 445 210 0.47 46.5
Footnotes - See TABLE I

Exampjcs 8-12

i?ollowing the above manufacturing parameters, the particleboards of Examples 8-12
were made. Just prior to blending with the furnish, the resi: (other than the control resin)
was combined with a sufficient quantity of aqueous catalyst solution having a pH pre-adjusted
to 4.0. The materials listed in TABLE V were employed.

Sheet Has Been Reraced
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enployed is a pH of .about 3.5 to about 6, nore preferably about 4 to about
6 .and nost preferably about 4 to about 5. These preferred.t 0_LANges affoc—
especially suitable for phosphate buffers. If desired, Qgﬁ§§m§¢wagsemam

al so be present as di scussed-below—Typi-eatt+y—the aCIdlfleﬂESQAOED aqueﬁus
sol uti-on has been acidified suff|C|entIy by aC|ds sudh—as=f

sul furic, acetic, hydrochlori orlc or n|tr|c aC|ds so the
pH of the acidified aqueous s i wor in a lower half of at

| east one buffering range of the buffering salt catalysts.
In the preferred enbodi nent, the pH of the aci di fi ed agueous cat al yst
solution is in the |lower quarter or, nore preferably, below the pH of a
buffering salt in the solution such that the buffering salt no |onger
buffers the solution. Preferably, the agkdified aqueous sol ution of
buffering salt catalyst is blended with the UF resin just prior to

applicatiornf of the resin onto the Sublfﬁ é@%’ e.g., wood surfaces. The
anmount of thhe—buffer Lng salt and the nH of 1‘ he (‘B_LHLVQT QyST em und
depend on tjhRediy 58.69 weight percent non-volatiles.
-DPP solution adjusted to pH 4.0 (H;PO,) prior to dilution to final concentration.
-No pH adjustment of control resin or resin mixes prior to blender application.
-DPP added at 1.0 weight percent of total resin.
-AS added at 0.5% of total resin.
-Sodium sulfate (SS) added at 0.5 weight percent of total resin.
12%
DPP/88% 20% 20%
water soln. {| AS/80% | SS/80%
Binder (pH 4.0) Water Water
Examplie Mix Resin (g) (2) soln. (g) | soln. (g} | Water (g)
8 Control 396.3 0 0 0 43.7
9 1.0% 396.3 33.3 0 0 10.4
DPP
10 1.0% 396.3 333 10 . 0 0.4
DPP+
0.5% AS
11 0.5 AS 396.3 0 10 0 33.7
12 1.0% 396.3 33.3 0 10 0.4
DPP+
0.5% S8

The resin and DPP and/or AS and/or SS were mixed as aqueous solutions at ambient
temperature. Then the water of the last column of TABLE V was added to adjust the
moisture content of the mat to about 9.5%. Then the mixture was let stand for about 1 to
about 2 minutes before being sprayed onto the furnish.

The DPP solution was adjusted to pH 4.0 prior to addition to the resin mixes. Board
data is given in TABLE VI, Dry shear data indicates the catalyst combination of DPP+AS
outperformed all others at all but the longest press time. This was also the only mix that
made board at 1.83 minutes. The performance of the DPP and AS catalyzed resins were
about equal, both faster than the control, but not as fast as the DPP-+AS catalyst mix. The
DPP+SS catalyst mix never improved much beyond the low values exhibited at the short
press time. Pressure cooked .shear performance of the DPP+AS catalyst mix was poor.
Ammonium sulfate and DPP alone were better than the control at short press cycles, but
Jower than the control at longer press times, Desiccator emissions showed trends similar to



of material, e.g., wood, being bound and the resin being enpl oyed. For wood
particl eboard manuf act ure—the -pHshoul d preferably be Fer .
r‘ange for the salts so as tgQ nat é dRGGe@ buf fer into hEHIBEHIGET A HEE™ |
expect ed curing pH range¥is i Salts Di pot asdli um pREBRAGER is i
only one of many bufferiné H i1l work as a curing catalyst.
I n general:, any salt or sal i whi ch woul d normal ly induce a
buffer int'o the resin when added, will work. For exanple, it is possible to
prepare a catal yst solution using nono-, di- or tri- potassium phosphate,
or alternately, to prepare a catalyst solution by charging the appropriate
anount of potassium hydroxi de and phospt‘i%ri c acid separately to formthe
phosphate buffer in site. Qther types of "buffering salts which will work
ncl ude, it iR BRafBles! 17 Rl OAS SAbASY Fbd Rell LnliSorty Wittt IPP rédifited in litde
rel ativel'y weak 1 nbrganic and organic zm ds such as sodium acetate, sodium
f or mat e, of adiindreaset inadnsissiompono-, di- or tri- sodi um phosphates, nono-, di

or tri- potassium phosphates, borates, e g _ barax
TABLE IV
Pressure
Press Dry Cooked | Desiccator | Board
Binder Time Shear IB Shear Emissions | Density
Example Mix (min)! (psi)2 (psi)? (ug/mi) (bl/ch)
8 Control 2 blow ——— -— ——
2.25 309 208 0.61 43.8
3 428 278 0.66 45.0
4 483 290 0.61 45.9
9 1% DPP 2 309 195 0.78 43.6
2.25 . 410 246 0.68 45.5
3 434 255 0.68 46.0
4 442 239 0.51 46.0
10 1% DPP+ 1.75 blow —— ——— -——-
0.5% AS 1.83 343 146 0.60 43.9
2 395 183 0.62 44.8
2.25 437 198 0.52 45.2
3 467 197 0.56 46.2
4 437 206 0.43 46.4
11 0.5% AS 2 72 216 0.48 44.7
2.25 308 240 0.43 45.5
3 426 256 0.47 45.9
4 433 262 0.36 46.2
12 1% DPP+ 2 230 142 0.83 43.1
0.5% SS 2.25 370 225 0.69 45.0
3 388 222 0.76 45.6
4 402 247 0.55 46.3
Footnotes - See TABLE 11

Examples 13-16

Folldwing the above-manufacturing parameters, the particleboards of Examples 13-16
were made. Just prior to blending with the furnish, the resin (other than the control resin)
was combined with a sufficient quantity of aqueous catalyst solution having a pH pre-adjusted
to 5.75. The materials listed in TABLE VI were employed.
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various buffering salt catalysts have different buffgrTug QHETGathS BB
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"TABLE VII

-Resin 59.20% non-volatiles.

-DPP solution adjusted to pH 4.0 (H;PO,) prior to dilution to final concentration.
-Control resin A not pH adjusted prior to blending

-Control resin B, DPP and NaCl mixes were adjusted to pH 5.75 prior to blending.
~-DPP and NaCl added at 1.0% of total resin.

12% DPP/88% 12%
water soln. (pH NaCl/88%
Example | Binder Mix | Resin (g) 4.0 () water soln, (g) | Water (g)
13 Control A 399.7 0 0 86.5
14 1.0% DPP 399.7 33 _ 0 53.5
(pH 5.75)
15 Control B 499.6 0 0 108.1
(pH 5.75) '
16 1.0% NaCl 499.6 0 41.3 66.9
(pH 5.75)

The resin and DPP or NaCl were mixes at ambient temperature. Then the water of
the last column of TABLE VII was added to adjust the moisture content of the "mat" to
about 9.5%. Then the mixture was let stand for about 1 to about 2 minutes before being

sprayed onto the furnish.
Except for a series of boards with Control A, the resins were all adjusted to pH 5.75

prior to blending. This was the final pH of the resin plus DPP mix. Example 16 employs
a resin containing 1% sodium chloride, adjusted to pH 5.75. Sodium chloride is a commonly
émplcyed catalyst for resins in particleboard manufacture.

Board data is given in TABLE VIII. No desiccator emission tests were run. The
DPP catalyzed resin showed faster cure. There was very little difference among any of the
resins after 2.25 minutes press time. The fact that the cure speeds of the two control resins

were equivalent indicates the initial pH of the mix had no impact on dry shear strength

development. Pressure cooked shears indicate the DPP and NaCl containing boards suffered

slightly in comparison to the control panels.



those enpl oyed in_parti.cl eboard, medi um density fiberboard (MDF),

and gl ass nat, or any other industrial UF adhesive resip-apptiecatFon. It is
applicable to mmghédtﬁah i‘ s includi ng el ani ne- MowifE SeEET HAS Bl -
ammoni a- nodi fi e Bj\ﬁs\ phenol - nodi fi ed UF regjns, &EPbABEP nodified
UF or MJF (nela | dehyde) resins, as |or the
systemreljes e| pr| marily or even partlal l'y upon the cure speed o f
the UF or MJF portlon of the resin system The buffering salt will catalyze
curing of resin in cold-press applications as well as the hot pressing or
heat - cured applications |isted above. Nornmally, the UF resin is sold to a
custoner as an aqueous sol ution contai ni wat er, urea, formal dehyde and
conventional ingredients. Conventional ityredients include pH nodifiers,
enpl oyed duri ' ; ' - j i4ql,
sodi um hydroXi de and/ or am nes. Mr epABLE MMbni a and nel anm ne are cgnmon
Cco- r eact ant s pwtirureg—anmd—formgtdetyde T Theurear formatdefiyde—(0F)— esi ns,
whose cure i ¢ catalyzgd by the gre-acidified Pressure
Press Dry Cooked Board
Time Shear IB Shear Density
Example Resin (min)! (psi)? (psi)? (bl/ch)
13 Control A 2 145 100 42.3
2.25 276 200 44.8
2.75 311 192 46.0
3.25 328 215 46.8
14 1% DPP 2 195 107 43.6
(pH 5.75) 2.25 285 171 45.5
2,75 306 188 46.1
3.25 314 190 47.1
15 Control B 2 127 93 42.6
(pH 5.75) 2.25 275 190 5.0
2.75 265 211 46.1
3.25 317 212 46.6
16 1% NaCl 2 147 93 43.1
(pH 5.75) 2.25 270 163 44.8
2.75 289 185 6.0
3.25 314 209 46.9
Footnotes - See TABLE II

In Examples 6-7 and 9-12, the buffering salt catalyst resin was at a lower pH than the
control just prior to resin addition to the furnish. This is because the aqueous salt catalyst
solution is at a pH of 4.0 so that, when added to the resin, a pH of about 5.7 resulted. The
pH of the control resins in Examples 1, 5 and 8 were not adjusted to this lower pH. This
is because it is generally assumed that the pH of the wood furnish controls cure pH. In
contrast, the pH of the resins of Examples 14 and 16, as well as the control resin of Example
15, were reduced to pH 5.75 prior to application to the wood furnish.

The data of TABLE VI indicate that it is not the initial resin pH prior to resin
application to the wood furnish which causes the acceleration in cure by the buffering salt
catalyst. Additionally, the buffering salt catalyst outperformed the pH adjusted system
containing sodium chloride. The phosphate buffering employed in Example 14 does not
buffer in the presumed cure range of particleboard resins during panel production (pH 4.0-

6.0 is the natural pH of most wood/water mixtures). In the current examples, pH control
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aqueous solutions of buffering salts are conventional UF resins known in
the art. The resins have a urea to formal dehyde nol at-=tatio-—of-about 0.33

t'o about 1.67:1. Preferably, the resins have a U F ITans SREED HAR mout
0.62-1.67:1. Cenerally, the U F nole ratio at the beggi nni REFRAOEESI N o
manuf acture ranges from about 0.4 to about 0.6:1. Th i -and

formal dehyde is first adjusted to a mldly alkaline pH via addition of

sodi um hydroxi de or anine, such as triethanol anine, or amonia and al | owed
to react at a pH fromabout 7.0 to about 8.5. Cenerally, this m xture of
urea and formal dehyde is allowed to react at tenperatures from about 140 to

about [err]. During this tinme, the for i on of "addition products” of urea
and for nal dehyde occur. Addition products include nono-, di- and tri-
met hyl ol ur et t}% @Qa{armsﬁ’r? bF QgcéPéraﬁbﬁresxnéemle%‘\hfférxﬁghﬁltSé}h yed dic not
generally re d to be Otoinitiate a "condensation" reaction.

buffer i m the pH range of cure.

Example 17

This experiment was conducted to illustrate how buffering salts other than dipotassium
phosphate will also catalyze the cure of UF resins. The 100°C boiling water gel test isa
method commeonly employed in the wood adhesives industry to help predict the cure speed
of resins. This test records the time required for gelation of the adhesive when placed in an
aluminum cup and then subjected to 100°C boiling water. For this Example, the test was
conducted by adding 10 milliliters of a 12% aqueous salt solution to 120 grams resin (10
milliliters of water for the control). This resulted in a binder containing resin and about 1%
salt based on total weight of resin, the same as in the particleboard examples above. The
resin plus salt was then adjusted to pH 4.0 using the appropriate acid for each buffering salt
tested for Sample 1 through 13. For instance, acetic acid was used to adjust the pH of the
resin containing sodium acetate. Phosphoric acid was used for the sodium formate containing
sample. Phosphoric acid was employed to adjust the pH of the control and all neutral, or
non-buffering salts tested as samples 1 through 6. The resin employed was a 1:1 U:F mole
ratio particleboard type resin. All gel times reported are the average of two separate gel

times, except for the control, which is an average of 8 tests. The results are reported by
TABLE X. |
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8 TEe andensation reaction transforns the aforenentioned nethylolureas to
methy oligoners, ultimately resulting in polyneric h
ol ecul ar wei ght. At the conpletion of the polyner nﬁ%ﬁéﬁﬁ%ﬁ;?j gt%F '
resinous material is neutralized. Then urea may beugggggrnawwaﬁd—+hgroughly
m xed with the UF resinous material to | ower the free fornmal dehyde and

fum ng potential of the resin. Common final U F nole ratios are about 0.62
to about 1.67:1. For particleboard manufacture, preferred final U F nole
ratios are about 0.7 to about 1.1:1 and a very typical- final UF nole
ratio is about 0.9:1. This manufacturing nmethod results in the UF resin
having a free urea content of about O tggabout 40 wei ght percent,

preferably about 10 to about 30 wei ght rcent, and a free formal dehyde
content of 0 to 2 weirght—perecent—Fo—eoenptete—the—eure—of—stuch a UF resin,

further condensationfreaction is indiBLByXreducing the pHjo below 7.0.
SAMPLES SALT MINUTES

1 Control (10ml water) 16.8
Neutral Salts

2 Potassium chloride 15.1

3 Sodium sulfate 12.3

4 Sodium chloride 17.5

5 Magnesium chloride 15.1

6 Magnesium sulfate 13.2
Buffering Salts

7 Dipotassium phosphate 4.6

8 Tripotassium phosphate 4.2

9 Disodium phosphate 4.2

10 Monosodium phosphate 53

11 Sodium acetate 3.5

12 Sodium formate 3.9

13 Trisodium citrate 3.3

These results show the catalytic influence of all buffering salts when used in this
manner. Even though several of the tested neutral salts are commonly employed as UF resin
catalysts, none accelerated cure as did the buffering salts.

While specific embodiments of the method and apparatus aspects of the invention have
been shown and described, it should be apparent that many modifications can be made thereto
without departing from the spirit and scope of the invention. Accordingly, the invention is
not limited by the foregoing description, but is only limited by the scope of the claims

appended hereto.

e
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Addi tional Ingredients The aqueous buffering salt solution may also include
non-buffering salts. Such salts include but are Rett a-co=cat al ysts
such as salts already known to be enpl oyed as cu eTgmakggrtasAsBmEENF resins,
i nchudi ng t Abis SleettHagBeck RhdiGeq € 0. . SOdi um chl ori de, sodEREAGEDS at e,

magnesi um chi esium sul fate, and varsFesss=aerg—fFormng-salts,
I.e., latent ! h as ammoni um sul fate, anmoni um f or mat e,

anmoni um phosphat €, m acet at e and/ or anmmoni um chl ori de. The

ef fectiveness of such additional salts will ultimtely depend upon the
quantity and type of buffering salt catalyst enployed. Method of Making and
Using the Buffering Salt Catalyst-contaiji ng Resin An aqueous sol ution of

puffering salt | &&E&;ﬁéﬂ o oo ar o an saveous ot ut Con” ST IV IlllLlLlIII

0.5 to abouf 50 welght percent buffering salt_and about 50%to ©abbut”
wei ght per centl. wat ekbmder composition comprising a mixture of:

98.5"

a first aqueous solution comprising at least one buffering salt catalyst, the first

aqueous solution having a pH of about 2 to about 8.5; and

a second aqueous solution of urea and formaldehyde resin having a urea:

formaldehyde molar ratio ranging from about 0.33 to about 1.67:1;

wherein the amount of the at least one buffering salt in the mixture equals about 0.05

to about 15 percent of the weight of the second aqueous solution, and about 0 to about 2

weight percent of the second aqueous solution is free formaldehyde.

2. The binder composition of Claim 1, the first aqueous ‘solution further

comprising an acid and the second aqueous solution comprising about 0 to about 40 weight

percent of free urea.

3. The binder composition of Claim I, the first aqueous solution having a pH of

about 3.5 to about 6.

4, The binder composition of Claim I, wherein the pH of the first aqueous

solution is about 4 to about 5.

5. The binder composition of Claim 1, wherein the buffering salt catalyst

comprises a member of the group consisting of monopotassium phosphate, dipotassium
phosphate, tripotassium phosphate, monosodium phosphate, disodium phosphate, trisodium
phosphate, sodium acetate, sodium citrate, borates, phthalates, bicarbonates and mixtures

thereof.

6. The binder composition of Claim 1, wherein the urea:formaldehyde molar ratio
is about 0.62 to about 1.67 :1 and the second aqueous solution contains about 10 to about

30 weight percent free urea.

7. The binder composition of Claim 1, further comprising a member of the group

consisting of wood furnish for particleboard manufacture, fiber for medium density



Then, sufficient acid is added to the aqueous solution to provide the
aqueous solution with a pH of about 2.0 to about 8.5, preferably-abeus 3.5
t'o about 6, nore preferabl y about 4 to about 6 and m?ﬁis ggr,@qe;q,a@lafgab:ut 4

to about 5. The pH Tlﬁsmeétmmamkwlabdﬂe | ower hal f of | ggptAcee buffgring
range of at |east on in the solutlca__p.:ef@tabdzyzﬁ%pHis
bel ow or i'n the | owe Ieast one buffering range of at Ieast
one buffering salt e solutron. is preferred that the ngjority of”

the acid required to neutralize the buffer i nduced by the b
added to the aqueous sol ution of buf f eri ng salt before the MI[M"'E“W
salt is added to the resin. Adding stroag acids directly to &

causes undesirabl e

fiberboard, wood veneer for plywood manufacture, and fiberglass for glass mat.

H ﬂll

8. The binder composition of Claim 1, wherein the urea-formaldehyde resins are
selected from the group consisting of melamine-modified urea-formaldehyde resins,
ammonia-modified urea-formaldehyde resin, phenol-modified urea-formaldehyde resins and

unmodified urea-formaldehyde resins.

9. The binder composition of Claim 1, wherein the buffering salt is present in

an amount equal to 0.5 to about 5 weight percent of the second aqueous solution.

10.  The binder composition of Claim 1, further comprising at least one member
of the group consisting of sodium chloride, sodium sulfate, magnesium chloride, magnesium
sulfate, ammonium sulfate, ammonium formate, ammonium phosphate, ammonium acetate,

ammonium chloride and mixtures thereof.

11.  The binder composition of Claim 1, wherein the first aqueous solution further

comprises at least one member of the group consisting of ammonium sulfate and sodium

sulfate.

12.  The binder composition of Claim 1, wherein the buffering salt has a buffering

range and the pH of the first solution is below the buffering range.

13.  The binder composition of Claim 1, wherein the buffering salt has a buffering

range and the pH is in the lower half of the buffering range.

14.  The binder composition of Claim 1, wherein the buffering salt has at least one
buffering range and the pH of the first solution is outside any buffering range of the
buffering salt.

15. A method of achieving rapid cure of urea-formaldehyde resin comprising the
steps of:
mixing a first aqueous solution comprising at least one buffering salt, the first aqueous
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premature or |ocalized gelling. The binder contains about 0.05 to about 15
wei ght percent buffering sakt—catalyst-based-on tot aI wei ght per resin

(‘i ncl udi ng water). Preferabl Yy he binder contai nsgradaut--0.5 10 about 10
wei ght percent buffering salt caf ps Been Replacedhr of eff diig C}-@_:@ﬁ)l,l_t\mo about
5 weight percent bufferi ng sal 1 HI nost j eferwmc"‘ UiV 0.5 to
about 3.0, wei ght percent buff - | yst ~-'--—-~--_..-6.' el gt of

resin. The I evel of buffering salt catalyst can be vari-ed over a w de
range, depending on the application, type of resin enﬁl oyed, and type of

buffering salt enployed. The total may al so be depen mg EE"’" m’ﬂmr ange

in which the salt enployed induces a bnﬁ The upp
concentration for sonme salts may be I| ed by their sol abi 1 |ty *Thé upper

ot 1 el diebday Bie P oF st 4 BREBULS, Fidl a0 BBePLsotiior e ARigf, hiea

i mpact 'a%d%ﬁﬁﬁweﬁﬁier&%mqlﬂs@ﬁu‘émﬁ raﬁ@ @YQBbutO(lllaB td abowml HléMyldeo foan arlgrder; may
be enpl oyed. The aqueous acidified solution is mxed with the UF res
just prior towhergimghetamount of the at least one buffering salt in the first aqueous soiuuon

equals about 0.05 to about 15 weight percent of the weight of the second aqueous solution,

and about 0 to about 2 weight percent of the second aqueous solution is free formaldehyde.

16.  The method of Claim 15, further comprising including an acid in the first

aqueous solution, and including about 0 to about 40 weight percent of free urea in the second

aqueous solution.

17.  The method of Claim 15, further comprising adding sufficient acid to the first

aqueous solution to adjust the pH to at most a lower half of a buffering range of the

buffering salt.

18. The method of Claim 15, further comprising mixing the binder with a
substrate, wherein the first and second aqueous solutions are mixed to form the binder just

prior to mixing the binder with the substrate.

19.  The method of Claim 15, further comprising at least partially neutralizing a
buffer effect of the buffering salt by addition of an acid to the first aqueous solution prior to

mixing the first and second aqueous solutions.
20. The method of Claim 19, wherein the buffer effect is entirely neutralized.

21.  The method of Claim 15, wherein the pH of the first aqueous solution is about

3.5 to about 6.

22. The method of Claim 15, wherein the first aqueous solution comprises the
buffering salt in an amount equal to about 0.5 to about 5 weight percent of the second

aqueous solution.
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UF resin with a substrate, e.g., wood for particleboard manufacture. The
m xi ng occurs at a tenperature of from about 60 to [pboat—Fers}—_dependi ng on
conditions in the board manufacturing—facitity. The Uﬁlsr%fsﬂfﬁraﬂg BREHEOUS

acidified buffering salt soI ut i on X"?ag nst antianeou&EPLACEHOr up, to
about 120 minutes to make tH ﬁi’ m ng on equipmeEnt —are=cead ti ons

in the board manufacturing f he binder is mxed with the
substrate,r e.gr, wood. Typlc g of the aqueous catal yst
solution and UF resin occurs just prior to mxing the resulting binder with
the substrate because the resin binder characteristics may change rapidly.
After the binder and substrate are m xed, the substrate is processed to its
final form e.g., wood particl eboard. TR pH of the catal yst sol ution

ideal Iy shoul d be | ow enough that the buff ffect of
ef fectively b@dn ndiherasthodaf Ch%xrgiﬁfﬁmeﬁelagt ﬁf’éeatfl‘?éﬂi“glldF{’X‘fee'"BI‘“ﬁ%t‘%lfﬁb@Pt i s

retai nedghps ¢ Eheooﬁ?i dﬂ“] r’ghc‘{‘ bl & ?-]S]é?:rug sélu}xﬁﬁtcgﬁfauﬂré%ui 70 Rétabsiit! Zﬂ'ﬁﬁ/eiglﬂt S

i's otherW| Se desire hi's way, of the resin wll be reduced
easi |y i pefcest freeasea(whi ch forns the boards)

24.  The method of Claim 15, wherein the pH of the first aqueous solution is about

4 to about 5.

25.  The method of Claim 15, further comprising combining the binder with a
substrate selected from the group consisting of wood furnish for particleboard manufacture,

fiber for medium density fiberboard, wood veener for plywood, and fiberglass for glass mat.

26. The method of Claim 15, wherein the buffering salt comprises a member of
the group consisting of monopotassium phosphate, dipotassium phosphate, tripotassium
phosphate, monosodium phosphate, disodium phosphate, trisodium phosphate, sodium

acetate, sodium citrates, borates, phthalates, bicarbonates and mixtures thereof.

27.  The method of Claim 15, further comprising mixing a member of the group
consisting of sodium chloride, sodium sulfate, magnesium chloride, magnesium sulfate,
ammonium sulfate, ammonium formate, ammonium phosphate, ammonium acetate,

ammonium chloride and mixtures thereof with the first aqueous solution.

28.  The method of Claim 15, wherein the pH of the first aqueous solution is below

a buffering range of the buffering salt.

29.  The method of Claim 15, wherein the pH of the first aqueous solution is in

a lower half of a buffering range of the buffering salt.

30. The method of Claim 15, wherein the buffering salt has at least one buffering

range and the pH of the first solution is outside any buffermg range of the buffermg salt.

HlI\II\ \\\l\\ III\\ L
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into the cure range of UF resins by either the natural acidification by the
wood surfaces, or by the use of small quantities of other latent acid
generating catalysts. If the pH of the buffering Fyst=s=not

adj ust:ed bel ow its pH buffering range, additional} fitde SHEEA HAS BIEENI
generating salts may have to be added to achieve fast JFRLAQED | s pgssi bl e
for the catalyst systemto contain a buffering salt Such that rt butfers

t he REPLACEMENT SHEET 10 resin systemin the cure range required for UF
resins to cure. It is possible that the catal yst can be conprised of a
conbi nation of acidified buffering salts, that if not acidified would
normal ly buffer the resin in the sane orsdi fferent pH regions.

ABSTRACT OF THE DISCL RE
Disclosed is a binder composition for binding substrates such as wood furnish for
particleboard manufacture. The binder comprises a mixture of a first aqueous solution,
comprising a buffering salt catalyst and preferably an acid, with a second aqueous solution
comprising urea and formaldehyde. Methods of using the buffering salts as catalyst for

curing urea-formaldehyde resins are also disclosed.

"l



' ” ACEMENT o=
Rat her than nTX|nb the buffering salt catal yst and UF E@gln to nake the
binder just prior to application onto the wood, the UF
ai an earlier time with the catalyst. In sonme cases, thi Rﬁﬁbﬁséwﬁ§y g]‘
m ght require subsequent acidification by adding | atent jcatal yst 880
acid, or acid generating salts to the binder in order t 6@%@13 &d@
cure. The resin and buffering salt catalyst mxture is typrcalty sprayed
onto the substrate, e.g., the plywod sheets or wood furnish, and this
mxture is then pressed to form plywod or particleboard, respectively.
Particl eboard conposition typically ranges fromabout 5 to about 12 weight

percent resin solids and t bHeLpbrf ur ni sh.
Exanpl es The fol | ow ngw é%? ME’Pﬁ JOReEoRof the present
i nvention. In the Exanples tA ear ds wer e made usi ng

standard nom naI 68%sgl ds, the particleboard resin has a UF nole ratio
of about 0.&82 (except those with

Field of the Invention

The present invention relates to binders comprising urea-formaldehyde resins which

contain high levels of buffering salts and use of the buffering salts to speéd cure of the urea-
formaldehyde resins. -
Background Discussi: i

A buffered system is one in which Ilittle or no change in pH occurs with the addition
of small quantities of an acid or base. When added to a system, buffer-inducing materials
(e.g;, potassium phosphates, sodium acetate), tend to buffer systems over a fairly specific
pH range. The pH range over which the system is buffered will vary, depending on the type
of buffering material employed. Some buffer—in'ducing materials buffer over more than one
specific pH range. For example, potassium phosphates buffer over the pH ranges 1 to 3, 6
to 8 and 11 to 13. Thus. when dipotassium phosphate is added to a UF resin, the resin
exhibits a relatively strong resistance to a change in pH with addition of acid or base in the
pH ranges from about 1 to 3, 6 to 8 and 11 to 13. Outside of these ranges of buffering
action, the pH can be changed with the addition of small quantities of acid or base. Other
salts are considered as being "neutral.” These types of salts do not induce a buffer when
added to aqueous systems. Examples of these are sodium chloride, sodium sulfate, potassium
chloride, and magnesium chloride. In general, neutral salts are made from the combination
of a strong acid with a strong base, whereas buffering salts are made from the combination
of a weak acid and a strong base, or alternately, a weak base and a strong acid.

Urea-formaldehyde (UF) adhesive resins are employed in a wide range of wood
bonding systems. These include hot-press particleboard, medium-density fiberboard, and
plywood applications, among others. Urea-formaldehyde resins are often referred to as
thermosets, which rely upon heat to obtain adequate cure in a reasonable period of time. It
is well understood that UFs may be cured at ambient temperatures by catalysis with free
acid. In practical uses, a combination of a moderate increase in acidity and elevated
temperatures is generally employed to achieve cure. To make particleboard, it is common

to rely upon the acidity inherent in the wood furnish to provide reduced pH for cure, the pH

o e o



control resins) the resin was combined with aqueous cat REPLACEMENTi SHERst
pri or to blending with furnish. Panels were al so nade ' '
whi ch contained no catalyst. In each case the resin or
was sprayed onto the furnish in the normal manner for
manuf acture. The particl eboard manufacturing paraneter§
follows: Target 46 [err] panel density, 5/8 in thickne
up 6.5%resin solids treatnment 9.5% mat nopsture content [err] platen

tenperature for pressing Press tine includes 60 sec. close and 20 sec.

deconpr essi perceiets of\buffier so thatdeinhmalrresistancegtoa drioptinipdl isaxhibited by the resin when

ur ea: f or mal dehyd | e rrati o of about. 0.48:1 to f.qrm.a resinou I xture,
and then ad§Hh rpg) aﬂf‘é@‘"{‘%‘e@égﬁﬁ? with the, %qdnﬁﬂgg'f'néﬁ&? Y. ?%Pwﬁ%iﬁ‘éﬁ\fdgf
nol e ratio gle al@Yiself, may be added if faster cure speeds are required such as in core-layers which

heat more slowly in comparison to surfaces, or when using high pH woods, or in particular

for plywood applications wherein intimate mixing of the resin and wood is not achieved and
therefore minimal pH drop is experienced by the resin. Latent catalysts commonly employed
include amine-acid salts, such as NH,Cl and (NH,),SO,, which react with free formaldehyde
generated during cure, and subsequently release free acid. Other non-buffering inorganic
salts are also used (o enhance cure speed. Examples of these include MgCl,, MgSO,, NaCl
and Na,S0O,. The exact mechanism by which these salts enhance cure speed in UF adhesive
systems is not presently known, and may vary depending upon the salt.

As mentioned, except in certain circumstances, particleboard resins are generally
made so that they exhibit a low degree of resistance to a drop in pH, i.e., they are generally
Iow buffered so that with intimate mixing of the resin with wood surfaces, a sufficient drop
in pH for speedy cure of the glue will occur. Usually, only a minimal amount of buffering
is employed to enhance storage life of the UF resin. This small amount of buffering prevents
the pH of the resin from dropping below about 7.5 during storage. There are instances in
which buffering salts are employed so that cure of the resin is prevented until such time that
the formed mat of resin plus wood reaches the hot press. This is at times necessary because,
after blending the resin with wood furnish, a significant amount of time may pass before the
resin-treated furnish mixture reaches the pressing station. Since the wood furnish is almost
always warm due to previous drying procedures, and many times the manufacturing plant
itself is very Qarm, the acidity of the resin may increase and begin curing before
consolidation for the mat in the press, which can result in reduced board properties.
Therefore, it has been the practice to employe the use of buffering agents to slow the cure
of the resin by retarding the drop in pH in cases wherein precure may occur as described
above. It is commonly believed and accepted that buffering-type salts included in
particleboard resins will only slow their cure. Thus, only the least amount of buffering salts
necessary to prevent precure are employed. In plywood applications, buffers are again
usually kept to a minimum because latent catalysts must be employed to overcome the buffer
in order to reduce the adhesive pH significantly below pH 7.0 to promote cure.

Generally speaking, it is an advantage to impart faster cure to UF resins. The time
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0.9:1. Furnish:Douglas Fin/Pine mxture 11 Exanples 1-4 ' t
i i "EBLAGEYERT SFEET

above manufacturing paraneters, the particl eboards of Exa

made with no pH adjustnent of catalyst solution or resin m xes and errpl oyed

the materials listed in the follow ng TABLE |. TABLE | vfeST Evbs@ T
t

percent N.V. (non-volatiles) [err] (DPP) added at 0.91 wRERLAGEMENTHSTE

total resin
Dalg HDEC%SSG .....

3

required during the pressing stage is usually the deciding factor which timits the total possible
production in most wood composite panel manufacturing processes. Therefore, any catalyst
which can speed cure, i.e., which will impart improved performance properties at shorter
press times, is desired. Shortening the press time by only a few seconds can result in
considerable increases in profits to board manufacturers.

An increasing problem in the use of UF resins faced by panel producers during the
past 10 to 15 years has been the requirement for Jower formaldehyde-emitting panel products.
To meet this demand for lower fuming products, resin producers have moved to resins with
Jower F/U molar ratios. In general, lower-fuming resins result in reduced board properties,
due to a lower extent of cure. Also, the resins tend to be slower curing than the higher mole
ratio, higher fuming, more reactive resins of the past. Because of this, new catalyst systems
which might improve board properties (especially at short press times), while maintaining
equivalent formaldehyde emission potential, would have a large economic benefit for board
producers, Equally, board manufacturer’s total plant emissions of formaldehyde and other
volatile organic compounds (VOCs) which arise during pressing, board cooling, and at other
locations in the various manufacturing steps have recently become an important factor that
may limit plant production. It is critical that board manufacturers are able to either reduce
stack emissions by using lower fuming resins, or by increasing production (with the same
total stack emission level) by employing faster curing resins which exhibit equivalent or
lower formaldehyde fuming potential.

The book by B. Meyer, "Urea-Formaldehyde Resins” (Addison-Wesley Publishing
Company, 1979) reviews UF resin chemistry patent and journal literature from the turn of
the century up to about 1979. Meyer’s book covers the use of UF resins in the manufacture
of cast polymer glasses and as wood adhesives. Meyer points out that the traditional use of
buffers in UF resins has been that of pH control. On page 112 he notes that in cold set
wood adhesive applications where high acid contents are required for cure, buffers may be
used to prevent the pH of the acid catalyzed system from going too low. Overly low pH
would result in degradation of the glued joint. On page 169 he points out that all
particleboard UF resins are buffered to some degree, but the level may be controlied to
prevent pH changes when necessary or advantageous. USP 3,335,113 to Dundon (column
2, lines 45-55) indicates the same type of considerations must be made in the use of UF resin
for textiles. USP 1,460,606 to Ripper points out the retarding of cure and the rate of



- Amoni um sul fate (ASS) added at 0.73 weight percent of t%Egﬁ-AQ@éEMT[%EﬁT
The resin and DPP and/or AS were m xed at anbient tenperature. Then the
water listed in the last colum of TABLE | was addedf oSt_the noLsyure
content of the "mat" (i.e., board precursor) to abouf BEBLACEENT SHEET

m xture was |let stand for about 1-2 mnutes and sprayed on hle inpN. |
Board results are given in TABLE Il below Dry shear r@%@l%i-"r-rqgc;g"t%d hat
only those resins containing amoni um sul fate (AS) accelrerated cure. By'4. 5
m nutes press tine, all salt containing resins had begun to degrade, while
the control still increased in strength. The conbi nation of di potassium
phosphate (DPP) and AS exhibited the fastegt cure, and may have al ready
been degrading by the earliest press time of 3 mnutes. DPP by itself did
not accel er pdzetiéns ¥y bulifiering geprisobabl y because the addition of the DPP

]sgl lé;iag& ;2 dli_céel,dlq? gIeg‘lfq%é?rj& 5.1% £ B ;;egihéfférot%nattmr}'gctgrl_el of) Fo??:ngrf gl%?s%y %up(stot goo%t
1940), buffers were commonly employed as pH modifiers and pH control agents during resin
manufacture as (aught by USP 1,737,918; 1,791,062; 1,952,598; 2,015,806; 2,647,212; and
2,729,616, and also more recently in USP 3,637,562 and 4,139,507. It must be realized that
in the early part of this century, measurement of pH was difficult task, and therefore buffer

systems were employed so that pH monitoring was not necessary. This is particularly
important for UF reactions since the rates of reactions are critically dependent upon pH. In
no instance are buffers referred to as cure catalysts, but rather, where applicable in these
patents, it is found necessary that free acid or acid generating salts are employed to overcome
buffers to achieve adequate cure. In no case is it suggested that the presence of such
neutralized buffers result in enhanced cure speed of any sort. For example, USP 1,952,598
to Luther discloses buffers are inert materials, and take no part in the UF reaction process
other than as pH control agents.

The use of buffering-type salts have also been employed in the use of UF resin for
high nitrogen fertilizers. In these instances buffers are used either as a source of potassium
and phosphorus for fertilizers (3,479,175) or for pH control during manufacture of the low
condensed resin (4,781,749 and 4,895,983). Cure is not usually a consideration for fertilizer
resins, but in USP 4,244,727 low levels of buffering are employed during manufacture of
a UF resin fertilizer. This is analogous to the traditional requirements for minimal buffering
to achieve cure in wood technology adhesive applications.

There are two reactions involved in reacting urea and formaldehyde resins: an
vaddition” reaction and a “"condensation” reaction. these reactions are discussed in detail
elsewhere in present specification. However, it is noted that buffer salts are known to
accelerate the addition reaction between urea and formaldehyde to form methylolureas
according to De Jong and De Jonge, Recueil Trav. Chim., 71, p.p. 643-660 (1952). The
coﬁdensation reaction, which leads to polymer growth, high molecular weight and cure, has
been explicitly reported to not be affected by Buffering agents as taught by De Jong and De
Jonge, Recueil Trav. Chim., 72, p.p. 139-156 (1953).

Objects of the Invention



DPP catal yst solution was nmade. In the follow ng exanpl es, ﬁ_ﬁrPéﬁgﬁMﬁNToSHﬁEE
pre-adjusted to pH 4.0 to renove the buffer effect. P s re COoKe
decreased when AS was present. The DPP catal yst di d ngt apptMENT SHEBE ||
pressure cooked shear. The presence of DPP caused m nfr_ or gogi in

f ormal dehyde em ssions. But the fastest cu%i ng syste Da?ﬂ?‘l('mmem 5

exhi bited | ower em ssions than the control” TABLE Il [err] Press Tine TS
the length Qb Q afd Bkibcli©Rhh Pigssure to cure the resin. 2 Dry and
pressure coo eg is}ﬁaegtgrs are neasures of particleboard internal bond. The
Another object of the present invention is to provide a method for rapid curing of

urea-formaldehyde resin.

Various other objects, advantages, and features of this invention will be readily
apparent from the following detailed deﬁcription and appended claims.
Summary of the Invention

The present invention provides a new type of catalyst system for UF resins for
binding fibrous substrate. Specifically, the catalyst system comprises an aqueous solution
of a buffering salt (preferably a phosphate}, adjusted to a pH of about 8.5 to about 2.0. The
pH selected will depend on the buffer range of the salts employed and how the salts will be
used. Preferably, the pH ranges from about 6 to about 3.5. The present invention also
provides a method wherein the catalyst solution is combined with 1e UF resin just prior to
blending with fibrous substrate to be bound, e.g., the wood furnish in particleboard
manufacture. The level of salt employed is about 0.05 to about 15% as a function of total
liquid resin weight . The buffering salt solution most preferably includes an acid to achieve
a pH in the lower half or below a buffering range of the buffering salt solution.

It is surprising to employ a buffering salt such as dipotassium phosphate as a catalyst
for particleboard resins because such salts are thought to only slow cure. It is important to
pre-adjust the pH of the aqueous buffer-catalyst solution significantly into or below its
buffering range, to both activate the catalytic effect, and to minimize or eliminate the salt’s
buffering action. The buffering salts act as exceptionally effective cure catalysts when they
are partially or wholly neutralized as in the present invention. It is not necessary to
completely neutralize the buffering action of the salts since some reduction in pH could be
achieved through the use of high acid wood or additional acid catalysts. _

Moreover, the buffering salt is preferably post-added to the UF resin, so the buffering
salt is not present during resin manufacture or storage. Advantageously, the invention
provides the use of the buffering salt (preferably a phosphate) as a UF resin catalyst to
achieve fast cure speed without increasing formaldehyde emissions during manufacture of
particleboards or other bound materials.

Detailed Description of the Preferred Embodiments
The present invention provides an effective binder composition and binding method

which achieves fast strong cure of urea-formaldehyde (UF) resins with minimal residual free



dry and pressure cooked shear tests are described by WF.
of ca ast Durability Test for UF and PF Adhesives in ConpgsREp;
Proceedi ngs, 20th International Particl eboard/ Conposite i
Synposi um Washington State University (1986). [err] Des
measure of formal dehyde em ssions from part gcl eboard. The=bBes
I s neasured according to ASTM St andard Test Met hod D5582- 94, Annua OOR
ASTM Standardbnjﬂﬁaq@¢ with the nlnor change of shortening the condltlonlng
of specinmens to o

manuf act uri ng par er% ‘%r cynﬁgosbtéqn[ ‘isé‘l 'BB‘(S“a’F(?g Fglfrs'égé’ﬁ%fsesgﬁg“’? Wé‘s’ﬁ’&cﬁp TeSif,

U'F ratio of ghdQ sfe@&d]aqiiébhﬁﬁblhﬁcﬁ\ 1:6111 risihg BY RAG' GHel RIUiNES batFéririg 9alt48T3maﬁﬂ;t
its final U F ratio was about O. wever, ] ust fprlor to bl ending
the furnish, 3gyRoUsFaldige ‘Fé‘sF‘PFVEB‘E%F aﬂvréWStSHBmeerﬂ rUF resig; n?hﬁa@cmﬂmds

with a suffighafibn Gbimihk beidffed buffering salt for catalyzing cure of the resin. The buffering salt
has been acidified so the second solution has a pH of about 2.0 to about 8.5. Preferably

........

employed is a pH of about 3.5 to about 6, more preferably about 4 to about 6 and most
preferably about 4 to about 5. These preferred ranges are especially suitable for phosphate
buffers. If desired, co-catalysts may also be present as discussed below.,

Typically, the acidified second aqueous solution has been acidified sufficiently by
acids, such as formic, sulfuric, acetic, hydrochloric, citric, phosphoric, or nitric acids, so
the pH of the acidified aqueous solution is below or in a lower half of at least one buffering
range of at least one of the buffering salt catalysts. In the preferred embodiment, the pH of
the acidified aqueous catalyst solution is in the lower quarter or, more preferably, below the
pH of a buffering salt in the solution such that the buffering salt no longer buffers the
solution.

Preferably, the acidified aqueous solution of buffering salt catalyst is blended with the
UF resin just prior to application of the resin onto the substrate, e.g., wood surfaces. The
amount of the buffering salt and the final pH of the catalyst system wou.d depend on the type _
of material, e.g., wood, being bound and the resin being employed. For wood particleboard
manufacture, the pH should preferably be below the buffer range for the salts so as to not
induce a buffer into the resin in the expected curing pH ranges.

The Buffering Salts

Dipotassium phosphate is only one of many buffering salts which will work as a UF
curing catalyst. In general, any salt or salt combination which would normally induce a
buffer into the resin when added, will work. For example, it is possible to prepare a catalyst
solution using mono-, di- or tri- potassium phosphate, or alternately, to prepare a catalyst
solution by charging the appropriate amount of potassium hydroxide and phosphoric acid
separately to form the phosphate buffer in site. Other types of buffering salts which will
work include, but are not limited to, salts of alkaline hydroxides and relatively weak
inorganic and organic acids such as sodium acetate, sodium formate, sodium citrates, mono-,

di- or tri- sodium phosphates, mono-, di or tri- potassium phosphates, borates, e.g., borax,



NT SHEET

aqueous catalyst solution having a pH pre-adjusted to 4.0. ﬂﬁg"ﬁgﬁgﬁ al s
listed in TABLE Il were enpl oyed. REPLACEMENT SHEE; um;
0

59.75 wei ght percent N.V. (non-vol atiles) -DPP catal yslf FET-ACEMENTISHERT

0.7 f NV £inal ion. - H
pH 4.0 [err] before dilution to final concentration a%oﬁﬁmt

control resin or. binder mx prior to blender applicati
ahates, %xcarbonates and mixtures thereof. The various buffering salt catalysts have

wei ght per cent of total resin. -Amoniumsdlfate (AS) a t1 °
per cent of t
dlfferent buffering ranges. For example, dipotassium phosphate has three buffering ranges
of about 1 to about 3, about 6 to about 8 and about 1 to about 13. Sodium acetate has a
buffering range of about 4 to about 6. Sodium formate has a buffering range of abc - 3 to
about 5.
he Ur aldehyde Resin

The urea formaldehyde (UF) resins for which the buffering salts of the present
invention are applicable include a wide range of urea-formaldehyde binder systems such as
those employed in particleboard, medium density fiberboard (MDF), plywood and glass mat,
or any other industrial UF adhesive resin application. It is applicable to modified UF resins
including melamine-modified, ammonia-modified UF resins and phenol-modified UF resins,
or other modified UF or MUF (melamine urea formaldehyde) resins, as long as the cure of
the system relies either primarily or even partially upon the cure speed o f the UF or MUF
portion of the resin system. The buffering salt will catalyze curing of resin in cold-press
applications as well as the hot pressing or heat-cured applications listed above.

Normally, the UF resin is sold to a customer as an aqueous solution containing water,
urea, formaldehyde and conventional ingredients. Conventional ingredients include pH
modifiers, employed during resin manufacture, such as formic acid, sulfuric acid, sodium
hydroxide and/or amines. Moreover, ammonia and melamine are common co-reactants with
urea and formaldehyde.

The urea formaldehyde (UF) resins, whose cure is catalyzed by the pre-acidified
aqueous solutions of buffering salts are conventional UF resins known in the art. The resins
have a urea to formaldehyde molar ratio of about 0.33 to about 1.67:1. Preferably, the
resins have a U:F molar ratio of about 0.62-1.67:1.

Generally, the U:F mole ratio at the beginning of resin manufacture ranges from
about 0.4 to about 0.6:1. The mixture of urea and formaldehyde is first adjusted to a mildly
alkaline pH via addition of sodium hydroxide or amine, such as triethanol amine, or
ammonia and allowed to react at a pH from about 7.0 to about 8.5. Generally, this mixture
of urea and formaldehyde is allowed to react at temperatures from about 140 to about 212°F.
During this time, the formation of “addition products” of urea and formaldehyde occur.
Addition products include mono-, di- and tri- methylolureas. After a short period of time,

the pH of the solution is generally reduced to below 7.0 to initiate a "condensation" reaction.
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Itself, about 0.62 to about 1.67:1. For particleboard manufacture, preferred final U:F mole ratios

are about 0.7 to about 1.1:1 and a very typical- final U:F mole ratio is about 0.9:1. This
manufacturing method results in the UF resin having a free urea content of about 0 to about
40 weight percent, preferably about 10 to about 30 weight percent, and a free formaldehyde
content of 0 to 2 weight percent. To complete the cure of such a UF resin, further
condensation reaction is induced by reducing the pH to below 7.0.
Additional Ingredients

The aqueous buffering salt solution may also include non-buffering salts. Such salts
include but are not limited to co-catalysts such as salts already known to be employed as cure
catalysts for UF resins, including the neutral salts, e.g., sodium chloride, sodium sulfate,
magnesium chloride, or magnesium sulfate, and various acid forming salts, i.e., latent
catalysts, such as ammonium sulfate, ammonium formate, ammonium phosphate, ammonium
acetate and/or ammonium chloride. '

The effectiveness of such additional salts will ultimately depend upon the quantity and
type of buffering salt catalyst employed.
Method of Making and Using the Buffering Salt Catalyst-containing Resin

An aqueous solution of buffering salt is made by mixing a sufficient amount of one
or more buffering salts with water to obtain an aqueous solution comprising about 0.5 to
about 50 weight percent buffering salt and about 50 to about 95.5 weight percent water.
Then, sufficient acid is added to the aqueous solution to provide the aqueous solution with
a pH of about 2.0 to about 8.5, preferably about 3.5 to about 6, more preferably about 4 to
about 6 and most preferably about 4 to about 5. The pH is below or in the lower half of at
least one buffering range of at least one buffering salt in the solution. Preferably, the pH
is below or in the lower quarter of at least one buffering range of at least one buffering salt
in the solution.

It is preferred that the majority of the acid required to neutralize the buffer induced

by the buffering salt is added to the aqueous solution of bu ffering salt before the buffering
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buffering salt catalyst based on total weight per resin (including water). Preferably, the

binder contains about 0.5 to about 10 weight percent buffering salt catalyst, more preferably,
about 0.5 to about 5 weight percent buffering salt catalyst, or most preferably, about 0.5 to
about 3.0 weight percent buffering salt catalyst based on total weight of resin.

The level of buffering salt catalyst can be varied over a wide range, depending on the
application, type of resin employed, and type of buffering salt employed. The total may also
be dependent upon the pH range in which the salt employed induces a buffer. The upper
range of concentration for some salts may be limited by their solubility. The upper range
may also be limited in cases where high levels of buffering salts might increase formaldehyde
emissions of panel products. If a negative impaét is otherwise not observed, conventional
formaldehyde scavengers may be employed.

The aqueous acidified solution is mixed with the UF resin, just prior to mixing the
UF resin with a substrate, e.g., wood for particleboard manufacture. The mixing occurs at
a temperature of from about 60 to about 100°F depending on conditions in the board
manufacturing facility. The UF resin and aqueous acidified buffering salt solution are mixed
instantaneously or for up to about 120 minutes to make the binder, depending on equipment
and conditions in the board manufacturing facility. Then the binder is mixed with the
substrate, e.g., wood. Typically, the mixing of the aqueous catalyst solution and UF resin
occurs just prior to mixing the resulting binder with the substrate because the resin binder
characteristics may change rapidly. After the binder and substrate are mixed, the substrate
is processed to its final form, e.g., wood particleboard.

The pH of the catalyst solution ideally should be low enough that the buffer effect of
the salt has effectively been neutralized. This would assure that little or no buffer is retained
by the resin which would retard a further drop in pH, unless this is otherwise desired. In
this way, the pH of the resin will be reduced easily in the press (which forms the boards)
into the cure range of UF resins by either the natural acidification by the wood surfaces, or
by the use of small quantities of other latent acid generating catalysts. If the pH of the
buffering salt catalyst is not adjusted below its pH buffering range, additional free acid or
acid generating salts may have to be added to achieve fast cure.

It is possible for the catalyst system to contain a buffering salt such that it buffers the
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resin system in the cure range required for UF resins to cure. It is possible that the catalyst
can be.comprised of a combination of acidified buffering salts, that if not acidified would
normally buffer the resin in the same or different pH regions.

Rather than mixing the buffering salt catalyst and UF resin to make the binder just
prior to application onto the wood, the UF resin may be mixed at an earlier time with the
catalyst. In some cases, this type of system might require subsequent acidification by adding
latent catalyst, free acid, or acid generating salts to the binder in order to obtain adequate
cure. _

The resin anc buffering salt catalyst mixture is typically sprayed onto the substrate,
e.g., the plywood sheets or wood furnish, and this mixture is then pressed to form plywaod
or particleboard, respectively. Particleboard composition typically ranges from about 5to
about 12 weight percent resin solids and about 95 to about 88 weight percent furnish.
Examples

The following Examples illustrate the effectiveness of the present invention. In the
Examples, homogeneous particleboards were made using standard nominal 60% solids, the
particleboard resin has a U:F mole ratio of about 0.9:1. In all examples (except those with
control resins) the resin was combined with aqueous catalyst solution just prior to blending
with furnish. Panels were also made using a control resin which contained no catalyst. In
each case the resin or resin plus catalyst was sprayed onto the furnish in the normal manner
for particleboard manufacture. The particleboard manufacturing parameters are generally as
follows:

Target 46 1b/f panel density, 5/8 in thickness, homogeneous lay up

6.5% resin solids treatment '

9.5% mat moisture content

350°C platen temperature for pressing

Press time includes 60 sec. close and 20 sec. decompression

Resins were made by reacting a mixture having a urea:formaldehyde mole ratio of

about 0.48:1 to form a resinous mixture, and then adding more urea
to result in a resin having a urea:formaldehyde mole ratio of about
0.9:1.

Furnish:Douglas Fir/Pine mixture
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TABLE I

-Resin 59.83 weight percent N.V. (non-volatiles)
-K,HPO, (DPP) added at 0.91 weight percent of total resin
-Ammonium sulfate (ASS) added at 0.73 weight percent of total resin

: 40% AS/
50% DPP/ 50% 60% water
Example | Binder Mix | Resin (g) | water soln. (g) soln. (g) Water (g)
1 Control 395.4 0 0 53.9
2 0.91 weight 395.4 7.2 0 46.7
percent DPP
3 0.91% 395.4 7.2 7.2 39.5
DPP+
0.73%AS
4 0.73% AS 395.4 0 7.2 46.7

The resin and DPP and/or AS were mixed at ambient temperature. Then the water
listed in the last column of TABLE I was added to adjust the moisture content of the “mat"
(i.e., board precursor) to about 9.5%. Then the mixture was let stand for about 1-2 minutes
and sprayed on the furnish.

Board results are given in TABLE II below. Dry shear results indicated that only
those resins conniniﬁg ammonium sulfate (AS) accelerated cure. By 4.5 minutes press time,
all salt containing resins had begun to degrade, while the control still increased in strength.
The combination of dipotassium phosphate (DPP) and AS exhibited the fastest cure, and may
have already been degrading by the earliest press time of 3 minutes. DPP by itself did not
accelerate cure. This is probably because the addition of the DPP solution induced a fairly
strong buffer from the pH range of about 6 to 8. In Examples 1-4, no pH adjustment of the
DPP catalyst solution was made. In the following examples, the solution was pre-adjusted
to pH 4.0 to remove the buffer effect. Pressure cooked shear decreased when AS was
present. The DPP catalyst did not appear to affect pressure cooked shear. The presence of

DPP caused minor or no increase in formaldehyde emissions. But the fastest curing system
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TABLE II
Pressure
Press Dry Cooked | Desiccator | Board
Time | Shear IB Shear | Emissions | Density
Example Resin (min)! (psi)? (psi)? (ug/mb® | @Wch
1 Control 3 346 224 0.62 46.6
3.75 424 234 - 46.9
4.5 429 258 0.61 46.5
2 0.91% 3 347 209 0.79 46.9
DPP 3.75 423 263 - 46.7
4.5 386 245 0.65 . 46.8
3 0.91% 3 416 192 0.55 46.9
DPP+ 3.75 402 201 —-- 46.6
0.73% AS 4.5 379 214 0.37 47.2
4 0.73% AS 3 388 199 0.34 473
3.75 430 180 - 47.2
4.5 379 197 0.31 47.3

! Press time is the length of time to apply ‘heat and pressure to cure the resin.,

2 Dry and pressure cooked shears are measures of particleboard internal bond. The
dry and pressure cooked shear lests are described by W.F. Lehmann, Qutline of a Fast
Durability Test for UF and PF Adhesives in Composite Materials, Proceedings, 20th
International Particleboard/Composite Materials Symposium, Washington State
University (1986).

3 Desiccator Value is a measure of formaldehyde emissions from particleboard. The
Desiccator Value is measured according to ASTM Standard Test Method D5582-94,
Annuval Book of ASTM Standards (1994), with the minor change of shorlenmg the
conditioning of specimens to only 2-3 days.

Examples 5-7

Following the above manufacturing parameters, the particleboards of Examples 5-7
were made. The U:F ratio of the resin during its initial preparation was about 0.48:1 and
its final U:F ratio was about 0.9:1. However, just prior to blending with the furnish, the
aqueous resin (other than the control resin) was combined with a sufficient quantity of

aqueous catalyst solution having a pH pre-adjusted to 4.0. The materials listed in TABLE
111 were employed.
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TABLE IH

-Resin 59.75 weight percent N.V, (non-volatiles)

-DPP catalyst solution adjust to pH 4.0 (H3P04) before dilution to final concentration.
-No pH adjustment of control resin or binder mix prior to blender apphcanon

-DPP added at 1.0 weight percent of total resin.

-Ammonium sulfate (AS) added at 0.5 weight percent of total resin.

10% DPP/
90% water
soln. 20% AS/80%
Example { Binder Mix | Resin (g) { (pH 4.0) (g) | water soln. (g) | Water (g)
5 Control 396 0 ' - 0 56.8
6 1.0% DPP 396 40 ' 0 16.8
7 1.0% DPP+ 396 40 10 6.8
0.5% AS

The resin and DPP and/or AS were mixed at ambient temperature. Then the water
listed in the last column of TABLE III was added to adjust the moisture content of the mat
to about 9.5%. Then the mixture was let stand for about 1-2 minutes and sprayed onto the
furnish.

The DPP catalyst solution was pre-adjusted to pH 4.0 before adding it to the resin
mixes. This removed any buffer influence the catalyst solution may have imparted in
Examples 1-4. Though mix pHs were not recorded, resin containing DPP was probably
about pH 6.0, while the control was approximately pH 7.5. Since the control resin was low
buffered, this difference in initial pH should have had little impact on pH drop into the
expected cure range of pH 4-6 induced by the wood. Board data is given in TABLE IV.
The combined catalyst mix (DPP+AS) attained close to full cure by 2.25 minutes, the
shortest press time. Control boards never achieved the dry strength of either DPP by itself,
nor the DPP/AS combination, at any press time. Pressure cooked shéar results suggest no
impact of DPP alone. The combination of DPP+AS caused lower shear values at press
times greater than 2.5 minutes. DPP induced little or no increase in desiccator emissions
over the control. The combined catalyst mix, as before, resulted in significantly lower

emissions at all press times.
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5 Control 2,25 258 206 - 43.8
2.5 300 212 0.69 45.2
2.75 319 250 . - 45.0
3 330 226 073 | 45.7
35 343 235 - 45.9
4 397 277 0.58 45.8 |
6" 1% DPP 2,25 336 224 - 4.1
2.5 375 233 0.85 45.2
2.75 382 213 ———v 45.8
3 420 254 0.69 45.5
3.5 433 n w——— 46.2
4 421 230 0.68 46.6
7 1% DPP+ 2.25 450 229 —enn 45.5
0.5% AS |. 2.5 454 . 225 0.57 46.1
2.75 466 200 —ee 46.8
3 472 179 0.55 45.9
3.5 431 198 - 46.4
4 445 210 0.47 46.5
Footnotes - See TABLE IT

Exampics 8-12

f’ollowing the above manufacturing parameters, the particleboards of Examples 8-12
were made. Just prior to blending with the furnish, the resi (other than the control resin)
was combined with a sufficient quantity of aqueous catalyst solution having a pH pre-adjusted
to 4.0. The materials listed in TABLE V were employed.



18 TABLE VIII [err] In Exanples 6-7 and 9-12, the bufferi n&%%%c%ggﬁ ?&EET
resin was at a | ower pH than the control JUSt prior to rdgts 2
BﬁPbAcmmv %g@lﬁ

the furnish. This is because the aqueous salt catalyst sg
of 4.0 so that, wherm added to the resin, a pH of about 5. resutfq}ﬁcTpr
of the control resins in Exanples 1, 5 and 8 were not adjjjuBtted L

| ower pH. This is because it is generally suned t hat the pFor—the—woat::
furnish controls cure pH In contrast, the pH of the resins of Exanples 14

and 16, as wel{ as the control resin of m € 15, were reduced to pHi5. 75
prior to applifpatien—to—the wood furni s e data of TABIE VIl jndicgte
that it is not| {ResinisRie0ivedight pertent pdr-wildtis. t O resin
-DPP solution adjusted to pH 4.0 (H3P04) pnor to dilution to final concentration.
-No pH adjustment of control resin or resin mixes prior to blender application,
-DPP added at 1.0 weight percent of total resin.
-AS added at 0.5% of total resin.
-Sodium sulfate (SS) added at 0.5 weight percent of total resin.
12%
DPP/88% 20% 20%
water soln. | AS/80% | SS/80%
Binder (pH 4.0} Water Water
Example Mix Resin (g) (® soln. (g) | soln. (g} | Water (g)
8 Control 396.3 0 0 0 43.7
9 1.0% 396.3 33.3 0 0 10.4
DPP
10 1.0% 396.3 333 10 . 0 0.4
DPP+
0.5% AS
1 0.5AS | 13963 0 10 0 337
12 1.0% 396.3 33.3 0 10 0.4
DPP+
0.5% SS

The resin and DPP and/or AS and/or SS were mixed as aqueous solutions at ambient
temperature. Then the water of the last column of TABLE V was added to adjust the
moisture content of the mat to about 9.5%. Then the mixture was lct stand for about 1 to
about 2 minutes before being sprayed onto the furnish.

The DPP solution was adjusted to pH 4.0 prior to addition to the resin mixes. Board
data is given in TABLE VI. Dry shear data indicates the catalyst combination of DPP+AS
outperformed all others at all but the longest press time. This was also the only mix that
made board at 1.83 minutes. The performance of the DPP and AS catalyzed resins were
about equal, both faster than the control, but not as fast as the DPP+AS catalyst mix. The
DPP+SS catalyst mix never improved much beyond the low values exhibited at the short
press time. Pressure cooked .shcar performance of the DPP+AS catalyst mix was poor.
Ammonium sulfate and DPP alone were better than the control at short press cycles, but
lower than the control at longer press times. Desiccator emissions showed trends similar to
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di pot assi um TABLE IV
Pressure
Press Dry Cooked | Desiccator | Board
Binder Time Shear IB Shear Emissions | Density
Example Mix (min)? (psi)? (psi)? (ug/mD? ®l/ch)
8 Control 2 blow e —— —
2.25 309 208 0.61 43.8
3 428 278 0.66 45.0
4 483 290 0.61 45.9
9 1% DPP 2 309 195 0.78 43.6
2.25 . 410 246 0.68 45.5
3 434 255 0.68 46.0
4 442 239 0.51 46.0
10 1% DPP+ 1.75 blow -~ -— —
0.5% AS 1.83 343 146 0.60 43.9
2 395 183 0.62 44.8
2.25 437 198 0.52 45,2
3 467 197 0.56 46.2
4 437 206 0.43 46.4
11 0.5% AS 2 n 216 0.48 44.7
2.25 398 240 0.43 45.5
3 426 256 0.47 45.9
4 433 262 0.36 46.2
12 1% DPP+ 2 230 142 0.83 43.1
0.5% SS 2.25 370 225 0.69 45.0
3 388 222 0.76 45.6
4 402 247 0.55 46.3

Footnotes -~ See TABLE 11

Examples 13-16
Following the above-manufacturing parameters, the particleboards of Examples 13-16
were made. Just prior to blending with the furnish, the resin (other than the control resin)

was combined with a sufficient quantity of aqueous catalyst solution having a pH pre-adjusted
to 5.75. The materials listed in TABLE VII were employed.
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Example | Binder Mix | Resin (g) 4.0 (g) water soin. (g) | Water (g)
13 Control A 399.7 0 0 86.5
14 1.0% DPP 399.7 33 0 53.5
(pH 5.75)
15 Control B 499.6 0 0 108.1
(pH 5.75)
16 1.0% NaCl 499.6 0 41.3 66.9
(pH 5.75)

The resin and DPP or NaCl were mixes at ambient temperature. Then the water of
the last column of TABLE VII was added to adjust the moisture content of the "mat" to
about 9.5%. Then the mixture was let stand for about 1 to about 2 minutes before being
sprayed onto the furnish.

Except for a series of boards with Control A, the resins were all adjusted to pH 5.75
prior to blending. This was the final pH of the resin plus DPP mix. Example 16 employs
a resin containing 1% sodium chloride, adjusted to pH 5.75. Sodium chloride is a commonly
émployed catalyst for resins in particleboard manufacture.

Board data is given in TABLE VIII. No desiccator emission tests were run. The
DPP catalyzed resin showed faster cure. There was very little difference among any of the
resins after 2.25 minutes press time. The fact that the cure speeds of the two control resins
were equivaleht indicates the initial pH of the mix had no impact on dry shear strength
development. Pressure cooked shears indicate the DPP and NaCl containing boards suffered

slightly in comparison to the control panels.

d
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Press Dry Cooked Board
Time Shear 1B Shear Density
Example |  Resin (min)! | (psi)? (psiy? | (blicD
13 Control A 2 145 100 42.3
2.25 276 200 44 8
2.75 311 192 46.0
3.25 328 215 46.8
14 1% DPP 2 195 107 43.6
(pH 5.75) 2.25 285 171 45.5
2.75 306 188 46.1
3.25 314 190 47.1
15 Control B 2 127 93 42.6
(pH 5.75) 2.25 275 190 5.0
2.75 265 211 46.1
3.25 317 212 46.6
16 1% NaCl 2 147 93 43.1
' (pH 5.75) 2.25 270 163 448
2.75 289 185 6.0
3.25 314 209 46.9
Footnotes - See TABLE II

In Examples 6-7 and 9-12, the buffering salt catalyst resin was at a lower pH than the
control just prior to resin addition to the furnish. This is because the aqueous salt catalyst
solution is at a pH of 4.0 so that, when added to the resin, a pH of about 5.7 resulted. The
pH of the control resins in Examples 1, 5 and 8 were not adjusted to this lower pH. This
is because it is generally assumed that the pH of the wood furnish controls cure pH. In
contrast, the pH of the resins of Examples 14 and 16, as well as the control resin of Example
15, were reduced to pH 5.75 prior to application to the wood furnish. |

The data of TABLE VI:' indicate that it is not the initial resin pH prior to resin
application to the wood furnish which causes the acceleration in cure by the buffering salt
catalyst. Additionally, the buffering salt catalyst outperformed the pH adjusted system
containing sodium chloride. The phosphate buffering employed in Example 14 does not
buffer in the presumed cure range of particleboard resins during panel production (pH 4.0-

6.0 is the natural pH of most wood/water mixtures). In the current examples, pH control



not limted by the foregoing description, but is onl yREPMQ%M‘D S%Tscope
of the clains appended hereto. ALLOVNED CLAI M5 1. A=b I paskti-on
conprising a mixture of: a first aqueous sol ution conprif SEPYASEMERTSHERTE i
buffering salt catalyst, the first aqueous sol ution having a pli BE ahout
3.5 to about 8.5; and a second aqueous sol g ion conpri ﬂgteurle . ﬁ'

for mal dehyde resin having a urea: formal dehyde nolar r i f

about 0.7 tgs abdoiisly nbt thk, médhahBmof AReBRGION] sinl! BRUSufFRingtsall entysloRudi il hot
about 10 to about 40 wei ght percent of free urea; wherein the anount of the

at | east onduffer incthep sange of gurene i xt ure equal s about
Example 17

This experiment was conducted to illustrate how buffering salts other than dipotassium

phosphate will also catalyze the cure of UF resins. The 100°C boiling water gel test is a

method commonly employed in the wood adhesives industry to help predict the cure speed
of resins. This test records the time required for gelation of the adhesive when placed in an
aluminum cup and then subjected to 100°C boiling water. For this Example, the test was
conducted by adding 10 milliliters of a 12% aqueous salt solution to 120 grams resin (10
milliliters of water for the control). This resulted in a binder containing resin and about 1%
salt based on total weight of resin, the same as in the particleboard examples above. The
resin plus salt was then adjusted to pH 4.0 using the appropriate acid for each buffering salt
tested for Sample 1 through 13. For instance, acetic acid was used to adjust the pH of the
resin containing sodium acetate. Phosphoric acid was used for the sodium formate containing
sample. Phosphoric acid was employed to adjust the pH of the control and all neutral, or
non-buffering salts tested as samples 1 through 6. The resin employed was a 1:1 U:F mole
ratio particleboard type resin. All gel times reported are the average of two separate gel

times, except for the control, which is an average of 8 tests, The results are reported by

TABLE X.



0.05 to about 15 percent of the weight of the second aqueREB| ATH

ahout 0 to about 2 weight percent of the second aqueous s T
f or nal dehyde. 2. The bi nder conposition of aim1, tha ¥ Emﬁ%%ygﬁﬁ

solution further conprising an acid. 3. The bi nder com:olePg dg% _____
1, the first aqueous solution having a pH about 3.5 tollaB8br e A

The bi nder conposition of Claiml, wherein he pH of the fT TSt aqueous

solution is about 4 to gboot—5—5- Fhe—brder—conposttiromrgf d aim 1,
wherein the buffering Scl|t catal yst conABIdE Xa nenber of the |group
consi sting of nonopot asgi ate, di Ssium hate.. [tripotassium
phosphat e,g trisodi 5m ph( ?%E pdiuim ac%ie Qnd!o .@‘R , bgrat es,
pht hal at es, 1 Control (10ml water) 16.8
Neutral Salts
2 Potassium chloride 15.1
3 Sodium sulfate 12.3
4 Sodium chloride 17.5
5 Magnesium chloride 15.1
6 Magnesium sulfate 13.2
Buffering Salts
7 Dipotassium phosphate 4.6
8 Tripotassium phosphate 4.2
9 Disodium phosphate 4.2
10 Monosodium phosphate 5.3
11 Sodium acetate 35
12 Sodium formate 3.9
13 Trisodium citrate 33

These results show the catalytic influence of all buffering salts when used in this
manner. Even though several of the tested neutral salts are commonly employed as UF resin
catalysts, none accelerated cure as did the buffering salts.

While specific embodiments of the method and apparatus aspects of the invention have
been shown and described, it should be apparent that many modifications can be made thereto
without departing from the spirit and scope of the invention. Accordingly, the invention is
not limited by the foregoing description, but is only limited by the scope of the claims
appended hereto,



22 bi carbonates and m xt ures thereof 6. The bi nder pgmmﬂqm SHEECF aim

1,  wherei n#hkseshmm%@r ratro-rs—apeut 0.62 to about .67 @1
and the seco utlon C "5%%“—&?3&5{6’16 BEEN ¢ abo

percent free M he bi nd offfd4iAGEh of @l aim 1BEPM¢:EEENTSHEET
conprising a er the gr oup con5| st ngyof—wood f urnijsh for

particl eboard manuf act ure, fiber for nmediumdensity fi be boated,

V4o 6C, B8R
for plywood Wfl bergl ass for glass mat. 8. ;
conposition of dai mﬁhmﬁaﬁc?ﬂn e urea-fornal deh de reS| ns are sel ected

from the group cdnsis RPOSHHORCOmATISHEH MIFWEE 51 nal dehyde resi ns,

anmoni a- nodi fieg ﬂm&qizeﬂmcmﬁhmdemﬁ@ssmg aﬁf]&spbﬂécﬂuﬂ'éﬂﬁg fsaRCeatalyst, the first
urea-f or mal dehyde resin The bi nder conpasition of Caiml, Wwher ei n

the bufferi ﬁg"%%lﬁtsowélmb?’é%‘é&@ RH, o gbout 2 to about 8.5; and
a second aqueous solution of urea and formaldehyde resin having a urea:

formaldehyde molar ratio ranging from about 0.33 to about 1.67:1;
wherein the amount of the at least one buffering salt in the mixture equals about 0.05
to about 15 percent of the weight of the second aqueous solution, and about O to about 2

weight percent of the second aqueous solution is free formaldehyde.

2. The binder composition of Claim 1, the first aqueous ‘solution further
comprising an acid and the second aqueous solution comprising about 0 to about 40 weight

percent of free urea.

3. The binder composition of Claim 1, the first aqueous solution having a pH of
about 3.5 to about 6.

4, The binder composition of Claim 1, wherein the pH of the first aqueous

solution is about 4 to about 5.

5. The binder composition of Claim 1, wherein the buffering salt catalyst
comprises a member of the group consisting of monopotassium phosphate, dipotassium
phosphate, tripotassium phosphate, monosodium phosphate, disodium phosphate, trisodium
phosphate, sodium acetate, sodium citrate, borates, phthalates, bicarbonates and mixtures

thereof.
6. The binder composition of Claim I, wherein the urea:formaldehyde molar ratio
is about 0.62 to about 1.67 :1 and the second aqueous solution contains about 10 to about

30 weight percent free urea.

7. The binder composition of Claim 1, further comprising a member of the group

consisting of wood furnish for particleboard manufacture, fiber for medium density
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anount equal to Sto about 5 wei ght percent of the seBEHHA@EMEMD!SHEET

sol uti dfhsz{t&@tHaS ‘ﬁ er conposi o fur]
| east on e group colfshsbi: ng*éf*"‘szt)% i chl pritRACEMENTNSHEET -".
sul fate or| de, magmesi urmsuLNaF‘% m suI a}t n| i
formate, ammnl um phosphate, a PEQ ........
m xtures thereof. 23 11. - The binder conposition of u al m I, Wwhret

the first aguemardsaaodivenedrufor pwoodnpariusazturef addefiberglaseeforpise masi t he
group consisting of ammoni um sulfate and sodi umsul fate. 12. The bi nder
conposition of Claim1, wherein the buffering salt has a buffering range

and the pH of the fir Shebfdet tstiipdsRioADfQlainhg, Whdrtiathe Grea Fo@raldehyde resins are

selected from the group consisting of melamine-modified urea-formaldehyde resins,

ammonia-modified urea-formaldehyde resin, phenol-modified urea-formaldehyde resins and

unmodified urea-formaldehyde resins.

9. The binder composition of Claim 1, wherein the buffering salt is present in

an amount equal to 0.5 to about 5 weight percent of the second aqueous solution.

10.  The binder composition of Claim 1, further comprising at least one member
of the group consisting of sodium chloride, sodium sulfate, magnesium chloride, magnesium
sulfate, ammonium sulfate, ammonium formate, ammonium phosphate, ammonium acetate,

ammonium chloride and mixtures thereof.

11.  The binder composition of Claim 1, wherein the first aqueous solution further

comprises at least one member of the group consisting of ammonium sulfate and sodium

sulfate.

12.  The binder composition of Claim 1, wherein the buffering salt has a buffering

range and the pH of the first solution is below the buffering range.

13.  The binder composition of Claim 1, wherein the buffering salt has a buffering

range and the pH is in the lower half of the buffering range.

14.  The binder composition of Claim 1, wherein the buffering salt has at least one
buffering range and the pH of the first solution is outside any buffering range of the

buffering sait.
15. A method of achieving rapid cure of urea-formaldehyde resin comprising the

steps of:
mixing a first aqueous solution comprising at least one buffering salt, the first. aqueous

AT



13.  The ﬂlm%ﬂmg Lign of d aj erein the buff BEPhACEMENT BHEET

bqfferlngr |S|nth #mg/eg_;[i"_.q e! :
The bi nder B " m Claim1, LE M&%\l‘ iin mimdmwsﬁmstl
one bufferi e pH of t ' ionls out si de an |
buffering range of the buffering salt. 15.93 of mgdi.g |]nﬂ%{:a1§98
cure of urea- fornaldehyde resin conprising the steps of
aqlueous Sﬁl $olueion havipg & pHf abb%tl Ew3boor S bwith &sedogd aqhdous kdsletéén EEhprivinieonds
sol ution havin aboug 5 to a secon

ol Ut on coRpt Hamtehytie Fi & molar dalig @bt D33 o Sbombl 7 dp 1675 ubs
0.33 to about 1. %ﬂem%’@ﬁﬁbﬁhtt&fethﬁ%@&dt 6&&'89#&:@&#& hpnxecm@p V\% ug s@lﬁﬁb‘ﬁ
10 to about 40 weig ooercent of free urea, to form a_binder; erein

anount of t §guals ab%&t Sotecabeit 12 meight percent;of the weight of tmcrae@msaqs@omsobﬁxon,

and about 0 to about 2 weight percent of the second aqueous solution is free formaldehyde.

16.  The method of Claim 15, further comprising including an acid in the first

aqueous solution, and including about 0 to about 40 weight percent of free urea in the second

aqueous solution.

17.  The method of Claim 15, further comprising adding sufficient acid to the first

aqueous solution to adjust the pH to at most a lower half of a buffering range of the

buffering salt.

18.  The method of Claim 15, further comprising mixing the binder with a
substrate, wherein the first and second aqueous solutions are mixed to form the binder just

prior to mixing the binder with the substrate.

19.  The method of Claim 15, further comprising at least partially neutralizing a
buffer effect of the buffering salt by addition of an acid to the first aqueous solution prior to
mixing the first and second aqueous solutions.

20. The method of Claim 19, wherein the buffer effect is entirely neutralized.

21.  The method of Claim 15, wherein the pH of the first aqueous solution is about |

3.5 to about 6.

22.  The method of Claim 15, wherein the first aqueous solution comprises the
buffering salt in an amount equal to about 0.5 to about 5 weight percent of the second

aqueous solution.
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aqueous BiShte Bay BeewReplaced 24 abo ht péfFcent ot _the_secornd
agueous s e forrral :i hod OPEHAGHIIENT SHEET
further uding an ueotts_sol ut #oQEC

met hod of aim urther conp Sivipgisais e i ent] B¥PG- 0 the: ‘flTSt

aqueous sol ution to adj ust the pHto at a Iovver halT~of  a buffering

range of the buffari n@‘h%%éthodl&%laﬂ'%”ﬁfn&gﬂl t‘ﬂfzwggar Pi‘niféeh ydemhé18F ratio is about

conprising mxing the binder wt substrate el n e first and second
aqueous sol @ 6btesatout 1 fi7xkeand tefserondtaquedisrabition wgntaptsuabputt ) 1o abiowty 30 welght

percent free urea.

24.  The method of Claim 15, wherein the pH of the first aqueous solution is about
4 to about 5.

25. The method of Claim 15, further comprising combining the binder with a
substrate selected from the group consisting of wood furnish for particleboard manufacture,
fiber for medium density fiberboard, wood veener for plywood, and fiberglass for glass mat.

26.  The method of Claim 15, wherein the buffering salt comprises a member of
the group consisting of monopotassium phosphate, dipotassium phosphate, tripotassium
phosphate, monosodium phosphate, disodium phosphate, trisodium phosphate, sodium

acetate, sodium citrates, borates, phthalates, bicarbonates and mixtures thereof.

27.  The method of Claim 15, further comprising mixing a member of the group
consisting of sodium chioride, sodium suifate, magnesium chloride, magnesium sulfate,
ammonium sulfate, ammonium formate, ammonium phosphate, ammonium acetate,

ammonium chloride and mixtures thereof with the first aqueous solution.

28.  The method of Claim 15, wherein the pH of the first aqueous solution is below

a buffering range of the buffering salt.

29.  The method of Claim 15, wherein the pH of the first aqueous solution is in

a lower half of a buffering range of the buffering salt.

30. The method of Claim 15, wherein the buffering salt has at least one buffering
range and the pH of the first solution is outside any buffering range of the buffering salt.
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the binder with the substrate. 19. The nethod of O ai REFRACEMENTeSHEET

caonprising at least partially neutralizing a buffer effect of the buffering
salt by addition of an acid to the first aqueous solution prior to _mxing
the first and second aqueous sol utions. 20. The net hdgd iei n
the buffer effect is entirely neutralized. 21. The R?mé%%#ﬂgaa E‘é?e

wherein the pH of the first aqueous solufTon is about Pad t‘p]a _________ 25
22. The nmethod of Claim 15, wherein the first aquedus—solUiioh 6

t he buffering salt_AnNCAIALETIC COMPIRIZION ANBIMBETHO® FORt. 0 about 5 wei ght
percent of the seconGURIQGCUREA-FORMALDEHYDE RESIN
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ABSTRACT OF THE DISCLOSURE
Disclosed is a binder composition for binding substrates such as wood furnish for
particleboard manufacture. The binder comprises a mixture of a first aqueous solution,
comprising a buffering salt catalyst and preferably an acid, with a second aqueous solution
comprising urea and formaldehyde. Methods of using the buffering salts as catalyst for
curing urea-formaldehyde resins are also disclosed.



sol utic;n. 23. The nmethod of Claim 15, wherein the u

ca. for mal-delryade—hal ar
ratio is about 0.62 to about 1.67:1 and the second aq| QS ADEMENTHHEET
contai ns about 10 to about 30 wei ght percent free ureh; 24. od} of
G aim 15 wherein the pHof the first agyeous solutio ﬁea_b_q—b M ND.-abdlt
5. 25. The nethod of C aim 15, furthef“conprising c@abihi-pg=tHe =Ht1d

wth a substrate selected fromthe group consisting of wood furnish for
particl eboard manufacture, fiber for nediumdensity fiberboard, wood veener
for plywood, and fiberglass for glggoweb cE&psThe nmethod of daim 15,
wherein the buffering salt conpri t he group consisting of

nonopot assi um phosphat. I.pot assi um phosphat t rd pot assi um phosphat e,
sodi um acet at e?’ sodﬂﬁbﬁg%ﬁr%f’gpésé,mb%mé‘f@é‘fg apWPﬁié‘I'Cathes, bi car bonat es and

m xt ures thereof. 27.f_ The net th of Claim 15I further conprising mxing a
menber of the group? 1rst aqueous solution comprising at least one buffering salt catalyst, the first

aqueous solution having a pH of about 3.5 to about 8.5; and

a second aqueous solution comprising urea and formaldehyde resin having a urea:
formaldehyde molar rati<-) ranging from about 0.7 to about 1.67:1, wherein the second aqueous
solution comprises about 10 to about 40 weight percent of free urea;

wherein the amount of the at least one buffering salt in the mixwre equals about
0.05 to about 15 percent of the weight of the second aqueous solution, and about 0 to about 2

weight percent of the second aqueous solution is free formaldehyde.

2. The binder composition of Claim 1, the first aqueous solution further comprising

an acid.

3. The binder composition of Claim 1, the first aqueous solution having a pH of

about 3.5 to about 6.

4, The binder composition of Claim 1, wherein the pH of the first aqueous solution

is about 4 to about 5.

5. The binder composition of Claim 1, wherein the buffering salt catalyst comprises
a member of the group consisting of monopotassium phosphate, dipotassium phosphate,

tripotassium phosphate, trisodium phosphate, sodium acetate, sodium citrate, borates, phthalates,

g



consi sting of sodiumchloride,
magnesi um sul fate, ammoni um sul fate, amoni um fornate, apmg gag%,p%qgﬁ

amoni um acet ate, anmoni um
first aqueous solution. 28.

W t
' The nmethod_of C aim 15, whgrgin. §he mhe
first aqueous solution is below a buffeg?ng range of the;&ielh] N%B

29. The net hod of C aim 15,

sodi um sul fate, magnesi um.chlori de,

26 chloride and m xtures thereo

wherein the pH of the first agueous “sol ution

isin alower half of a buffering range of the buffering salt. 30. The
met hod of Claim 15, wherein the buffering salt has at |east one buffering

range anchiédiBoratds ahd trierfes tisdrecol ution is outside any buffering range of

the buffering salt.

6. The binder composition of Claim 1, wherein the urea:formaldehyde molar ratio

is about 0.62 to about 1.67 :1 and the second agueous solution contains about 10 to about 30

weight percent free urea.

7. The binder composition of Claim 1, further comprising 2 member of the group
consisting of wood furnish for particleboard manufacture, fiber for medium density fiberboard,

wood veneer for plywood manufacture, and fiberglass for glass mat.

8. The binder composition of Claim 1, wherein the urea-formaldehyde resins are
selected from the group ‘consisting of melamine-modified urea-formaldehyde resins, ammonia-

modified urea-formaldehyde resin, and pbenol-modified urea-formaldehyde resins.

9. The binder composition of Claim 1, wherein the buffering salt is present in an -

amount equal to 0.5 to about 5 weight percent of the second aqueous solution.

10.  The binder composition of Claim 1, further comprising at least one member of the
group consisting of sodium chloride, sodium suifate, magnesium chloride, magnesium sulfate,
ammonium sulfate, ammonium formate, ammonium phosphate, ammonium acetate, ammonium

chioride and mixtures thereof.
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31. The binder conposition of aim1, wherein the HukfprAgvieal SHEES
nore than one buffering range and the pH of the first {jsol ut{&n;ié:@?

the | ower half of one of the buffering ranges, or (ii)} Datbet. \Aﬂ& L MEast.
of the buffering ranges and not within ggy of the buf i -
The binder conposition of Claim1, wher&'n the buffering salt has nore than
one buffering range and the pH of the first solution is: (i) in the | ower
gquarter of one of the buffering ranges, or (ii) bel ow at | east one of the .
buf feri ng rangé&s. an@hebinder tdmposhioy offCliihe ] pwhéein g firfN@REous solution further

comprises at least one member of the group consisting of ammonium sulfate and sodium sulfate,

12.  The binder composition of Claim 1, wherein the buffering salt has a buffering

range and the pH of the first solution is below the buffering range.

13.  The binder composition of Claim 1, wherein the buffering salt has a buffering

range and the pH is in the lower half of the buffering range.

14.  The binder composition of Claim 1, wherein the buffering salt has at least one
buffering range and the pH of the first solution is outside any buffering range of the buffering
salt. |

15. A method of achieving rapid cure of urea-formaldehyde resin comprising the steps
of:
mixing a first aqueous solution comprising at least one buffering salt, the first
aqueous solution having a pH of about 3.5 to about 8.5, with a second aqueous solution
comprising urea and formaldehyde resin in a molar ratio of about 0.33 to about 1.67:1, wherein
the second aqueous solution comprising about 10 to about 40 weight percent of free urea, to form
a binder;
wherein the amount of the at least one buffering salt in the first aqueous solution

equals about 0.5 to about 15 weight percent of the weight of the second aqueous solution, and

I



27 33. The binder conposition of Claim1l, wherein the ur
nolar ratio is about 0.9 to about 1.67:1. 34.
Claim 1, wherein the buffering salt is present )

0.7 to about 5 weight percent of the sggond aqueous solution. 35. The

bi nder conposition of Caim1l, wherein“the buffering salt is present in an
anount equal to about 1 to about 5 weight percent of the second aqueous
solution. 36. The binder conposition of daim1l, wherein the urea and

f or mal dehyfigul & dbouS2 WgH: @REEMOIT the bt adibod LABASS fie® fRtafdeRget Ne
steps of: formng a reaction m xture having a urea:forml dehyde nole ratio
of about 0.4 to about 0.6:1, and reacting the reaction mxture at a pH from
about 7.0 to about 8.5 and a tenperature from about 140 to about [err] to

formaddit’ on Pisodudhs @l dr ebhib' 13 hHRRL ComptlsingMiludibd an I8 Wt ticst ARl

m xtures there

solution.

17.  The method of Claim 15, further compriéing adding sufficient acid to the first
aqueous solution to adjust the pH to at most a lower half of a buffering range of the buffering

salt.

18.  The method of Claim 15, further comprising mixing the binder with a -substra.tc,
wherein the first and second aqueous solutions are mixed to form the binder just prior to mixing
the binder with the substrate,

19.  The method of Claim 15, further comprising at least partially neutralizing a buffer
effect of the buffering salt by addition of an acid to the first aqﬁeous solution prior to mixing the
first and second aqueous solutions.

20.  The method of Claim 19, wherein the buffer effect is entirely neutralized.

21.  The method of Claim 15, wherein the pH of the first aqueous solution is about 3.5

to about 6.
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reducing the pH of the mixture to below 7.0 to initi §tges oee aLiken |
reaction to transformthe nethylol urea to nethyl enelil i nked oligoners
convert the oligoners to nethylene |inked polyners t Mémlﬂ..ﬁhﬁ..m ---- :
pol ymer-contai ning m xture; neutralizing the pol yner '
and adding urea to the neutralized pol r-containing mxture.
REPLACEMENT SHEET 28 37. The binder conposition of Caim 36, wherein the
process further conprises addi ng sodi um hydroxi de or amine to the m xture

of urea and fo;j_ral dﬁﬁygﬁt}ﬁ)@ Jfoémntt hl%, r\ﬁ?cgéihotﬂe nﬁétt Hﬁxféous solution comprises the

buffering salt in an amount equal to about 0.5 to about 5 weight percent of the second aqueous

solution.

23.  The method of Claim 15, wherein the urea:formaldehyde molar ratio is about 0.62
to about 1.67:1 and the second aqueous solution contains about 10 to about 30 weight percent

free urea.

24.  The method of Claim 15, wherein the pH of the first aqueous solution is about 4

to about 5.

25. The method of Claim 15, further comprising combining the binder with a substrate
selected from the group consisting of wood furnish for particleboard manmfacture, fiber for

medium density fiberboard, wood veener for plywood, and fiberglass for glass mat.

26.  The method of Claim 15, wherein the buffering salt comprises a member of the
group consisting of monopotassium phosphate, dipotassium phosphate, tripotassium phosphate,

sodium acetate, sodium citrates, borates, phthalates, bicarbonates and mixtures thereof.

27. .‘I‘he method of Claim 15, further comprising mixing a member of the group
copsisting of sodium chioride, sodium sulfate, magnesium chloride, magnesium sulfate,

ammonijum sulfate, ammonium formate, ammonium phosphate, ammonium acetate, ammonium
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38. The nmethod of O aim 15, further conprising makin
formal dehyde resin by: formng a reaction m xture havi
urea: formal dehyde nole ratio of about 0.4 to about O. p.T AR 199 .
reaction mxture and reacting the reaction m xture at

to about 8.5 and a tenperature from abo#® 140 to about [err] to form

addi tion products selected fromnono-, di- and tri- methylol urea and

m xtures thereof; reducing the pH of the mxture to below 7.0 to initiate a
condensat i ¢ ' arm the net hyl .ureas to nethylene Iinked
ol i gomers cggbé{dggﬁélg?}ﬁﬁ%e&%%ﬁ)egg Yo %%%%%F@H&g?‘i nked polyners to forma
pol ymer-contai ning m xture; neutralizing the polyner-containing m xture,
and adding urea to the neutralized polynmer-containing mxture. 39. The

met hod of O ain.38, further cogprising adding sodi um hydroxide or amne to
the mxture of “freal %&eﬂw&%@e %Mﬁﬁﬁefﬂ?a@%{%ﬁvevﬁsw@ﬂenmbelow

a buffering range of the buffering salt.

29.  The method of Claim 15, wherein the pH of the first aqueous solution is in a

lower half of a buffering range of the buffering salt.

30.  The method of Claim 15, wherein the buffering salt has at least one buffering

range and the pH of the first solution is outside any buffering range bf the buffering salt.

31.  The binder composition of Claim 1, wherein the buffeﬁng salt has more than one
buffering range and the pH of the first solution is:
@ in the lower hailf of one of the buffering ranges, or

(i)  below at least one of the buffering ranges and not within any of the

buffering ranges.

32.  The binder composition of Claim 1, wherein the buffering salt has more than one
buffering range and the pH of the first solution is:
@) in the lower quarter of one of the buffering ranges, or

(i) below at least one of the buffering ranges and not within any of the

buffering ranges.
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40.

bi nder

The met hod of C aim 15, wherein the buffering sia
buffering range and the pH of the first solution is:
hal f of one of the buffering ranges, or 29 (ii)

the buffering ranges and not within any _qf the buffe VaYaV=X-Iewavir e
conposition conprising a m xture2df: a first aqueous sol ution
conprising at |east one buffering salt catalyst, the first aqueous sol ution

having a pH of about 2 to about 8.5; and a second aqueous sol ution of urea
and f or mal dehyds. r eSihe binder ngnppsumauf Claim 1, wherem the urea-formaldehyde molar ratio

is about 0.9 to about 1.67:1.

34.  The binder composition of Claim 1, wherein the buffering salt is present in an

amount equal to about 0.7 to about 5 weight percent of the second aqueous solution.

35.  The binder composition of Claim 1, wherein the buffering salt is present in an

amount equal to about 1 to about 5 weight percent of the second aqueous solution.

36.  The binder composition of Claim 1, wherein the urea and formaldehyde resin is
the reaction product of a process comprising the steps of:
| forming a reaction mixture having a urea:formaldehyde mole ratio of about 0.4
to about 0.6:1, and reacting the reaction mixmre at a pH from about 7.0 to about 8.5 and a
temperature from about 140 to about 212°F to form addition products selected from mono-, di-
and tri- methylol urea and mixtures thereof;
reducing the pH of the mixture to bélowy 7.0 to initiate a condensation reaction to
transformm the methylol urea tq methylene linked oligomers and convert the oligomers to
methylene linked polymérs to form a polymer-containing mixture;
neutralizing the polymer-containing mixture, and

adding urea to the neutralized polymer-containing mixture.
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fo.r mal élehyde nolar ratio ranging fromabout 0.33 to L6721, wherein
the amount of the at I|east one buffering salt in the AExtAESE ut
0.05 to about 15 percent of the weight of the second@ aqueous s@f%&?g , j-and
about 0 to about 2 wei ght percent of thgssecond aqu omesblljman friee

f or mal dehyde, wherein the buffering sal f catal yst ctapeises-—a-npaber” t he
group consi sting of nonopotassi um phosphate, dipotassium

phosphat e, tri pof as SyHdpiiaP SdkYsfion L€ L Lo | . harat es,
pht hal at es, bi carbonates and 'm xtoﬁr es at e?’g&o}@& ﬁ?ﬁ%#}%ﬁr&gﬁﬁﬁﬁg i on
of Caim 39, L.t he B“;f i sall catal | S ected_fromthe group
consi sti ngc’%(’l)fxrrgh Er%golﬁ)(gitea&s}m um ptﬁods%%%x? e 8?35?%@ Gmﬁgé’ﬁﬁatpe{mﬁ&b&’ Pum
phosphat e, .sodi um acetate, sodiumcitrate, phthal ates, bicarbonates and

m xtures DP%¥of. 43. A nethod of achieving rapid cure of

urea-formal dehyde resin conprising the steps of: mxing a first aqueous
solution conprising at |east one buffering salt, the first

38.  The method of Claim 15, further comprising making the urea and formaldehyde

resin by:

forming a reaction mixture having a urea:formaldehyde mole ratio of about 0.4
to about 0.6:1, to form the reaction mixture and reacting the reac.:tion mixture at a pH from about
7.0 to about 8.5 and a temperature from about 140 to about 212°F to form addition products
selected from mono-, di- and tri- methylol urea and mixtures thereof:

reducing the pH of the mixmure to below 7.0 to initiate a condensation reaction to
transform the methylol ureas to methylene linked oligomers and convert the oligomers to
methylene linked polymers to form a polymer-comaiﬁing mixture;

neutralizing the polymer-containing mixture, and

adding urea to the neutralized polymer-containing mixture.

39.  The method of Claim 38, further comprising adding sodium hydroxide or amine

to the mixwure of urea and formaldehyde to form the reaction mixture.

40.  The method of Claim 15, wherein the buffering sait has more than one buffering

range and the pH of the first solution is:

§Y) in the lower balf of one of the buffering ranges, or
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30 aqueous sol ution having a pH of about 2 to about 5wt a
aquegus sol ution conprising urea and forml dehyde re REPhAﬁEwgf‘fi%%%qi ) of
about 0.33 to about 1.67:1, to forma binder; whereinjthe EanR 837t he ||at
| east one buffering salt in the first aggeous sol ut i oh Detfdls -about " U"DY to
about 15 wei ght percent of the weight of“the second agueous solution, and
about 0 to about 2 weight percent of the second aqueous solution is free
formal dehyde, wherein the buffering salt conprises a menber of the group
consi sting of nmonodo) asdielow phizaphaieeof tie (nfiasiag rangel AR Nt evithid RPLRASEL UM
phosphat e, sodium acetate, sodiumcitrates, borates, phthal ates,

bi car bonabefferingdramgext ur es t her eof.

41. A binder composition comprising a mixture of:

a first aqueous solution comprising at least one buffering salt catalyst, the first
aqueous solution having ; pH of about 2 to about 8.5; and

a second aqueous solution of urea and formaldehyde resin having a urea:
formaldehyde molar ratio ranging from about 0.33 to about 1.67:1;

wherein the amount of the at least one buffering salt in the mixture equals about
0.05 to about 15 percent of the weight of the second aqueous solution, and about 0 to abbixt 2
weight percent of the second aqueous solution is free formaldehyde, wherein the buffering salt
catalyst comprises a member of the group consisting of monopotassium phosphate, dipotassium
phosphate, wipotassium phosphate, sodium acetate, sodium citrate, borates, phthalates,

bicarbonates and mixtures thereof.

42.  The binder composition of Claim 39, wherein the buffering salt catalyst is selected
from the group consisting of monopotassium phosphate, dipotassium phosphate, tripotassium

phosphate, sodium acetate, sodium citrate, phthalates, bicarbonates and mixtures thereof.

43. A method of achieving rapid cure of urea-formaldehyde resin comprising the steps

of:

mixing a first aqueous solution comprising at least one buffering salt, the first
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aqueous solution having a pH of about 2 to about 8.5, with a second aqueous solution comprising
urea and formaldehyde resin in a molar ratio of about 0.33 to about 1.67:1, to form a binder;
wherein the amount of the at least one buffering salt in the first aqueous solution
equals about 0.05 to about 15 weight percent of the weight of the second aqueous solﬁtion, and
about 0 to about 2 weight percent of the second aqueous solution is free formal&chydc, wherein
the buffering salt comprises a member of the group consisting of monopotassium phosphate,
dipotassium phosphate, tripotassium phosphate, sodium acetate, sodium citrates, borates,

phthalates, bicarbonates and mixtures thereof.
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