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Description

[0001] Aqueous emulsions of N-methylol acrylamide - vinyl acetate polymers are widely used in formulating wood
adhesives wherein bond strength, fast setting, colorless glue lines and ease of application are desired. Protective col-
loids are often added to stabilize the emulsions against gelling during storage and to improve water resistance. For
these purposes, 88% hydrolyzed polyvinyl alcohol is the most commonly used protective colloid. It is generally agreed
that as the degree of hydrolysis of the polyvinyl alcohol increases above 88% its ability to perform as an effective pro-
tective colloid decreases leading to lower mechanical stability of the final latex. This problem is accentuated by the pres-
ence of water soluble resins such as resorcinol-formaldehyde, urea-formaldehyde, melamine-formaldehyde, or phenol-
formaldehyde resins and trimethylol phenol oligomer or with fusion aids, such as tetrahydrofurfuryl alcohol or ethylene
glycol diacetate which are generally added to improve water resistance and other properties of these adhesives. These
pre-formulated adhesives may then be catalyzed with various acidic metal salts as is known in the art. These adhesive
systems are described, for example, in US-A-3,301,809; 3,563,851; 3,433,701; 3,041,301; 4,474,915 and 4,687,809.
[0002] While such formulated vinyl acetate based adhesives provide adequate water resistance for plywood and fin-
ger jointed lumber constructions tested at room temperature, under vacuum-pressure soaks and in boiling water these
vinyl acetate adhesives do not meet ASTM standards for exterior lumber, especially ASTM D-3110 for edge glued lum-
ber in general. This is illustrated by the requirements for these tests on lumber, as well as the values obtained using
conventional formulated crosslinked polyvinyl acetate adhesives (PVA) on pine presented in the table below.

[0003] We have now found that superior water resistant emulsions for use in woodworking adhesives may be pre-
pared from a polyvinyl alcohol stabilized vinyl acetate based N-methylol acrylamide polymer emulsion, said polymer
containing 0.1 to 6% by weight of polymer solids of N-methylol acrylamide and up to 40% by weight of a copolymeriz-
able comonomer selected from the group consisting of vinyl esters other than vinyl acetate, alkyl esters of acrylic and
methacrylic acid, substituted and unsubstituted mono- and dialkyl esters of alpha, beta unsaturated dicarboxylic acids
and alpha, beta-unsaturated carboxylic acids, the polymer being polymerized at a pH of 2 to 7 in the presence of at least
3% by weight of the emulsion solids of a protective colloid system which consists of 1.5 to 2.5% by weight of 88% hydro-
lyzed polyvinyl alcohol and 1 to 4% by weight of 95-99.5% hydrolyzed polyvinyl alcohol, the emulsion polymer being for-
mulated with at least one member selected from the group consisting of resorcinol formaldehyde, urea formaldehyde,
melamine formaldehyde, phenol formaldehyde, trimethylol phenol oligomer, tetrahydrofurfuryl alcohol, ethylene glycol
diacetate and ethylene glycol monoethyl ether acetate.
[0004] Most of the resultant formulated adhesives pass not only the finger jointed lumber requirements but also the
ASTM D-3110 requirements for edge glued lumber.
[0005] The vinyl esters other than vinylacetate include vinyl formate, vinyl propionate, vinyl butyrate, vinyl isobutyrate,
vinyl valerate, vinyl 2-ethyl-hexanoate, vinyl isooctanoate, vinyl nonoate, vinyl decanoate, vinyl pivalate and vinyl versa-
tate. The alkyl esters of acrylic and methacrylic acid include for example methyl acrylate, methyl methacrylate, ethyl acr-
ylate and ethyl methacrylate. The substituted or unsubstituted mono and dialkyl esters of alpha, beta-unsaturated
dicarboxylic acids include for example the substituted and unsubstituted mono and dibutyl, mono and diethyl maleate
esters as well as the corresponding fumarates, itaconates and citraconates.
[0006] N-methylol acrylamide is, as stated above, present as a postcrosslinking agent in an amount of 0.1 to 6% by

Finger-Jointed

Room Temp. Pressure Soaks Boils

Typical PVA (Pine) 316.5 kg/cm2 (4498 psi),
96% WF

168.9 kg/cm2 (2400 psi),
68% WF

154.8 kg/cm2 (2200 psi), 60%
WF

Requirements 140.7 kg/cm2 (2000 psi),
60% WF

112.6 kg/cm2 (1600 psi),
50% WF

112.6 kg/cm2 (1600 psi), 50%
WF

Edge Glued

Typical PVA (Pine) 98.5 kg/cm2 (1411 psi), 97%
WF

19.4 kg/cm2 (275 psi), 20%
WF

21.1 kg/cm2 (300 psi), 15%
WF

Requirements 47.7 kg/cm2 (678 psi), 60%
WF

39.7 kg/cm2 (565 psi), 50%
WF

39,7 kg/cm2 (565 psi), 50%
WF WF = % wood failure or %
wood tear
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weight of polymer solids. While N-methylol acrylamide is the most commonly available monomer, other crosslinking
agents such as N-ethanol acrylamide, N-propanol acrylamide, N-methylol methacrylamide, N-ethanol acrylamide, N-
propanol acrylamide, N-methylol maleamide, N-methylol maleamic acid, N-methylol maleamic acid esters; the N-alkylol
amides of the vinyl aromatic acids, such as N-methylol-p-vinylbenzamide; also N-(alkoxymethyl) acrylates and meth-
acrylates, where the alkyl group has from 1-8 carbon atoms, such as N-(methoxymethyl) acrylamide, N-(butoxymethyl)
acrylamide, N-(methoxymethyl) methacrylamide, N-(butoxymethyl) allyl carbamate and N-(methoxymethyl) allyl car-
bamate, and mixtures of these monomers with allyl carbamate, acrylamide or methacrylamide may also be used.

[0007] Olefinically unsaturated acids may also be employed in either stage of the polymerization to improve adhesion
and to contribute additional heat resistance. These acids include the alkenoic acids having from 3 to 6 carbon atoms,
such as acrylic acid, methacrylic acid, crotonic acid; alkenedioic acids having from 3 to 6 carbon atoms, e.g., itaconic
acid, maleic acid or fumaric acid or mixtures thereof in amounts sufficient to provide up to 4 percent, preferably 0.5 to
2.5 percent, by weight of the polymer solid.
[0008] In addition to the vinyl acetate and optional monomers described previously, other pre-crosslinking and/or post-
crosslinking monomers may optionally be present in the polymer
[0009] In addition, certain copolymerizable monomers which assist in the stability of the copolymer emulsion, e.g.,
vinyl sulfonic acid and 2-acrylamido-2-methylpropane sulfonic acid are preferably used herein as later stabilizers. These
stabilizers are added in amounts of from 0.2 to 3% by weight of the solid of the monomer mixture.
[0010] Conventional batch, semi-batch or continuous emulsion polymerization procedures may be utilized herein.
[0011] Suitable as polymerization catalysts are the water-soluble free-radical-formers generally used in emulsion
polymerization, such as hydrogen peroxide, sodium persulfate, potassium persulfate and ammonium persulfate, as well
as tert-butyl hydroperoxide, in amounts of between 0.01 and 3% by weight, preferably 0.01 and 1% by weight based on
the total amount of the emulsion solids. They can be used alone or together with reducing agents such as sodium for-
maldehydesulfoxylate, ferrous salts, sodium dithionite, sodium hydrogen sulfite, sodium sulfite, sodium thiosulfate, as
redox catalysts in amounts of 0.01 to 3% by weight, preferably 0.01 to 1% by weight, based on the total amount of the
emulsion solid.
[0012] The free-radical-formers can be charged with the protective colloid or be added during the polymerization in
doses.
[0013] The polymerization is carried out, as stated above, at a pH of between 2 and 7, preferably between 3 and 5.
In order to maintain the pH range, it may be useful to work in the presence of customary buffer systems, for example,
in the presence of alkali metal acetates, alkali metal carbonates, alkali metal phosphates. Polymerization regulators,
like mercaptans, aldehydes, chloroform, ethylene chloride and trichloroethylene, can also be added in some cases.
[0014] The polymerization is carried out using conventional methods but employing, as the protective colloid, 1.5 to
2.5% by weight, preferably 2 to 2.5%, of 88% hydrolyzed polyvinyl alcohol and 1 to 4% by weight, preferably 2 to 3% of
the 95-99.5% hydrolyzed polyvinyl alcohol, the total of the two types of alcohols comprising at least 3% by weight of the
emulsion solids. This specific range of the two different grades of polyvinyl alcohol, as opposed to the average degree
of hydrolysis of the two alcohols, has been found necessary in order to insure adequate water resistance without sac-
rificing the stability of the emulsion. The molecular weight of the polyvinyl alcohol has not been found to be critical to
the invention and low, medium, or high viscosity grades may therefore be added depending upon the viscosity desired
for the end product.
[0015] The polyvinyl alcohol may be added, in its entirety, to the initial charge in the polymerization zone or a portion
of the emulsifier, e.g., from 25 to 90 percent thereof, can be added continuously or intermittently during polymerization.
[0016] The polymerization reaction is generally continued until the residual vinyl acetate monomer content is below
1%. The completed reaction product is then allowed to cool to about room temperature, while sealed from the atmos-
phere.
[0017] The emulsions may be used in any conventional woodworking adhesive compositions and is as stated above,
formulated with additives selected from the group consisting of resorcinol formaldehyde, urea formaldehyde, melamine
formaldehyde, phenol formaldehyde trimethylol phenol oligomer, prepared by means of any conventional phenolalde-
hyde condensation reaction which may be added in an amount of 1 to 20%, by weight, based on total emulsion, prefer-
ably 3 to 10%, by weight, tetrahydrofurfuryl alcohol, ethylene glycol diacetate, and ethylene glycol monoethyl ether
acetate as taught in US-A4,474,915 which may be added in an amount of 1 to 7% by weight of the polymer solids.
[0018] The addition of acidic, metal salt curing agents may also be desired in order to accelerate the cure of the for-
mulated adhesive. The preferred curing agents for use herein comprise para-toluene sulfonic acid and acidic, metal
salts selected from the group consisting of chromic nitrate, chromic perchlorate, aluminum nitrate, aluminum chloride
and zinc nitrate. The proportion of acidic, metal salt curing agent which is added will depend upon the rate of cure which
is desired in the final product but a practical range has been found to be from 0.003 to 0.12 gram equivalents of curing
agent (anhydrous basis) for each 100 grams of the total weight of the adhesive.
[0019] If tetrahydrofurfuryl alcohol, ethylene glycol diacetate and ethylene glycol monoethyl ether acetate are used in
the formulation, it may also be desirable to add cross-linking inhibitors such as are described in US-A-4,085,074 and
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re-issued as US-E- Re No. 30,576. Typical inhibitors include ammonia, alkyl amines (e.g., triethyl amine), and alkylol
amines (e.g., triethanol amine and N-methylethanol amine). When used, they are added ordinarily in amounts such that
the mole ratio of the inhibitor to curing agent ranges from 0.1 to 1.7. They may be added to the vessel at the end of the
polymerization reaction or they may be post added prior to, or with, the curing agent. Their addition improves the stor-
age stability of the adhesives.

[0020] In preparing the adhesive compositions of this invention, it is merely necessary first to combine, by mixing, the
aqueous emulsion polymer with the additive(s).
[0021] The following examples illustrate the use of a vinyl acetate homopolymer based emulsion polymer prepared in
a protective colloid such as polyvinyl alcohol (PVOH) and containing 3% by weight of N-methylol acrylamide (NMA), as
a wood working adhesive.
[0022] The examples are given to illustrate the present invention, but it will be understood that they are intended to
be illustrative only and not limitative of the invention. In the examples, all parts are by weight and all temperatures in
degrees Celsius unless otherwise noted.
[0023] In evaluating the various polyvinyl alcohols as a means of improving the performance of a woodworking adhe-
sive, the emulsion was compared with a commonly used wood working adhesive, whose performance properties and
technical values are well known. This standard or control (Example 1) comprises a protective colloid (88% hydrolyzed
medium viscosity polyvinyl alcohol) stabilized latex of vinyl acetate homopolymer incorporating the cross-linking mono-
mer NMA. The emulsion polymers containing higher hydrolyzed polyvinyl alcohols such as 95% or 98% hydrolyzed pol-
yvinyl alcohol were made by replacing part of the 88% polyvinyl alcohol on a weight equivalent basis.

EXAMPLE 1 (CONTROL)

[0024] The standard polyvinyl alcohol stabilized vinyl acetate emulsion homopolymer containing N-methylol acryla-
mide was prepared as a control according to the following:
[0025] A 2-liter glass reactor equipped with heating/cooling jackets, variable stirrer and means of metering monomer
and initiator was employed. To the 2-L reactor was charged 175.0 g (of a 10% w/w solution in water) of medium viscos-
ity, 88% hydrolyzed polyvinyl alcohol, 0.10 g sodium acetate, 0.50 g (of a 1% w/w solution in water) ferrous sulfate solu-
tion, 0.5 g sodium formaldehyde sulfoxylate, 1.25 g of Lanolubric< (a coconut fatty acid defoamer), and 150 g of water.
The pH was adjusted to 5.2 with phosphoric acid. After purging with nitrogen, 75 g of vinyl acetate was charged to the
reactor.
[0026] The polymerization was then initiated at 60°C by metering in a solution of 1.00 g of ammonium persulfate in
35 g of water and 0.59 g of sodium formaldehyde sulfoxylate in 35 g of water at a rate of 6 mL/hour. The reaction tem-
perature was allowed to raise to 74°C. At this temperature, the catalyst solution addition rate was increased to 8
mL/hour.
[0027] Concurrently added with the initiator at 74°C over a period of 3 hours were 425 g of vinyl acetate and 31.25 g
of N-methylol acrylamide (48% w/w solution in water), both monomers preemulsified with 1.67 g (of a 80% w/w solution
in water) sodium salt of a dialkyl sulfosuccinate, 7.5 g (of a 70% w/w solution in water) alkyl aryl polyethylene oxide (30
moles ethylene oxide), 25 g (of a 10% w/w solution in water) of medium viscosity, 88% hydrolyzed polyvinyl alcohol, 3.5
g of 10% ammonium hydroxide solution and 100 g of water. On completion of addition of the preemulsified monomer
mixture, the catalyst addition was continued for another half hour to ensure completion of reaction. The characteristics
of the latex obtained are shown in Table 1.

EXAMPLE 2

[0028] Using the general procedure described in Example 1, an adhesive was prepared by replacing 100g of the 10%
aqueous solution of 88% hydrolyzed, medium viscosity PVOH with a 10% aqueous solution of 98% hydrolyzed, medium
viscosity PVOH. The characteristics of the latex are shown in Table 1.

EXAMPLE 3

[0029] Using the general procedure described in Example 1, an adhesive was prepared by replacing 100 g of the 10%
aqueous solution of 88% hydrolyzed, medium viscosity PVOH with 200 g of a 7.5% aqueous solution of 98% hydro-
lyzed, medium viscosity PVOH. The initial charge of water was decreased from 150 g to 56 g. The characteristics of the
latex are shown in Table 1.

EXAMPLE 4 (Comparative)

[0030] Using the general procedure described in Example 1, an adhesive was prepared by replacing 150 g of the 10%
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solution of 88% hydrolyzed, medium viscosity PVOH with 200 g of a 7.5% aqueous solution of 98% hydrolyzed, medium
viscosity PVOH. The initial charge of water was decreased from 150 g to 90 g. The characteristics of the latex are
shown in Table 1.

EXAMPLE 5 (Comparative)

[0031] Using the general procedure described in Example 1, an adhesive was prepared by replacing 50 g of the 10%
aqueous solution of 88% hydrolyzed, medium viscosity PVOH with 133 g of a 7.5% aqueous solution of 98% hydro-
lyzed, medium viscosity PVOH. The initial charge of water was decreased from 150 g to 75 g. The characteristics of the
latex are shown in Table 1.

EXAMPLE 6 (Comparative)

[0032] Using the general procedure described in Example 1, an adhesive was prepared by replacing 50 g of the 10%
aqueous solution of 88% hydrolyzed, medium viscosity PVOH from the initial charge with 200 g of a 7.5% aqueous solu-
tion of 98% hydrolyzed, medium viscosity PVOH. The amount of water added was decreased from a total of 250 g to
110 g. The characteristics of the latex are shown in Table 1.

EXAMPLE 7

[0033] Using the general procedure described in Example 1, an adhesive was prepared by replacing 100 g of the 10%
aqueous solution of 88% hydrolyzed, medium viscosity PVOH with 133 g of a 7.5% aqueous solution of 98% hydro-
lyzed, medium viscosity PVOH and 67 g of a 7.5% aqueous solution of 98% hydrolyzed, low viscosity PVOH. The initial
charge of water was decreased from 150 g to 56 g. The characteristics of the latex are shown in Table 1.

EXAMPLE 8

[0034] Using the general procedure described in Example 1, an adhesive was prepared by replacing 100 g of the 10%
aqueous solution of 88% hydrolyzed, medium viscosity PVOH with 200 g of a 7.5% aqueous solution of 98% hydro-
lyzed, medium viscosity PVOH. The initial charge of water was decreased from 150 g to 75 g. The characteristics of the
latex are shown in Table 1.

EXAMPLE 9

[0035] Using the general procedure described in Example 1, the test batch was prepared by replacing 100g of the
10% aqueous solution of 88% hydrolyzed, medium viscosity PVOH by a 10% aqueous solution of 98% hydrolyzed,
medium viscosity PVOH. In addition, 15% of the vinyl acetate was replaced by vinyl pivalate (VP). The characteristics
of the latex are shown in Table 1.

EXAMPLE 10

[0036] Using the general procedure described in Example 1, the test batch was prepared by replacing 100g of the
aqueous solution of 88% hydrolyzed, medium viscosity PVOH by a 10% aqueous solution of 98% hydrolyzed, medium
viscosity PVOH. In addition, 7.5% of the vinyl acetate was replaced by vinyl pivalate (VP). The characteristics of the
latex are shown in Table 1.

EXAMPLE 11

[0037] Using the general procedure described in Example 1, the test batch was prepared by replacing 100g of the
10% aqueous solution of 88% hydrolyzed, medium viscosity PVOH by a 10% aqueous solution of 98% hydrolyzed,
medium viscosity PVOH. In addition, 7.5% of the vinyl acetate was replaced by vinyl versatate (VV-10). The character-
istics of the latex are shown in Table 1.
[0038] In some cases a series of emulsions were prepared to show the reproducibility of the emulsion properties. In
Tables 1 and 2, these emulsions series are designated alphabetically.
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TEST METHODS:

Formulation:

[0039] Woodworking adhesives were formulated from the adhesive emulsions of Examples 1-11 as follows:

A - Latex base (Control/Test batch) = 94.0
B - Phenolic Resin = 6.0
C - Aluminum chloride solution (20% w/w) = 5.0

[0040] The latex base 'A' was first mixed with 'B' to form a smooth dispersion. This mixture was allowed to age over-
night; then the cure accelerator 'C' was mixed in for 30 minutes.

TESTING:

[0041] Using the above standard formulated adhesives, the performance of the adhesives was evaluated using the
ASTM D-3110 Exterior Edge Glue test methods. In this test, wood pine edge glue constructions were made via a radio
frequency press after applying the adhesive at 8 wet mils thickness. After a 7-day cure at room temperature, these con-
structions were exposed to three types of tests as follows:

1. Room Temperature Testing:

[0042] Blocks are broken via a compression shear at room temperature. The results of the test are shown in Table 2.

2. Pressure Soaks:

[0043] Blocks are placed in a pressure vessel and submerged at room temperature water. A vacuum of 8633 kg/m2

(25 inches of Hg) is then drawn on the samples for 30 minutes followed by 5.3 kg/cm2 (75 psi) of water pressure for 30
minutes. The samples are then removed and broken via the compression shear while the samples are still wet.
[0044] The results of the test are shown in Table 2.

3. Boils:

[0045] Blocks are placed in boiling water for 4 hours followed by over drying at 62.8°C (145°F) for 20 hours. The sam-
ples are then placed back in boiling water for 4 hours, followed by soaking in room temperature water for 1 hour and
finally broken via compression shear while still wet.
[0046] The results of the test are shown in Table 2.
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[0047] Table 2 shows the performance of the adhesives under all 3 test exposure conditions. It should be noted that
the "BOILS" test is more severe than the "PRESSURE SOAKS" test, which in turn is more severe than the "ROOM
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TEMPERATURE" test. In addition, it is important to note that the "percent wood tear" is an excellent indicator of the dif-
ferences in the performance of the various adhesives. It should be noted that there is a degree of variability between
samples tested using the procedures described above. This variability is due, in part, to the individual wood samples
tested, with greater variation in results observed in tests, as here, where pine was used as the wood substrate.

[0048] As the results presented in Table 2 show, there are no significant differences in the room temperature test
results between the Control batch (Ex#1) and the batches prepared in accordance with the present invention. However,
the test results indicate that the adhesives are all high performance adhesives.
[0049] Significant differences were observed between the control and the test samples in the pressure soaks test. In
that test, the control sample (Ex#1) exhibited a shear strength of 36.5 kg/cm2 (522 psi) and a wood tear of only 17%,
whereas, when 2 pphm of the 88% PVOH was replaced by 98% M PVOH (Ex#2), the shear strength increased to 48.7
kg/cm2 (695 psi) (a 26% increase) and the wood tear increased by a magnitude of 3 to 68.4% (average).
[0050] Increasing the level of 98% M PVOH from 2 pphm to 3 pphm (Ex#3) also exhibited 64% wood tear. Addition of
an extra 1 pphm of 98% L PVOH (Ex#7) to the recipe of Ex#2 also resulted in excellent performance of 44.1 kg/cm2

(630 psi) shear and 58% wood tear. Replacing the 98% M PVOH by 95% M PVOH (in Ex#8) also resulted in excellent
performance. Hence, Ex # 2, 3, 7 and 8 exhibit excellent water resistance compared to the control.
[0051] Increasing the level of 88% PVOH leads to a decrease in water resistance. Thus, in the case of Ex#5, increas-
ing the 88% PVOH to 3 pphm resulted in a decrease in wood tear from 68% (Ex#2) to 27%. However, no significant
decrease in the shear strength values are observed. In Ex#6, addition of an extra 1 pphm of 98% M PVOH to Ex#5 only
marginally improved the water resistance, indicating the higher levels of 88% PVOH is detrimental towards water resist-
ance. Further, the use of only 1 pphm of 88% PVOH gave not only poor mechanical stability but also low pressure soak
values.
[0052] The above results show that the incorporation of PVOH whose degree of hydrolysis is higher than 88% leads
to a significant improvement in water resistance. Conversely, the presence of 88% PVOH leads to a decrease in water
resistance.
[0053] As discussed above, the boils test is the most severe test. The test results presented in Table 2 clearly show
that the incorporation of polyvinyl alcohol whose degree of hydrolysis is greater than 88%, results in a very significant
increase in not only the water resistance but also the heat resistance. This is reflected in the shear strength and wood
tear values of the test samples when compared to the control sample (Ex#1).
[0054] The control sample (Ex#1) exhibited a shear strength of only 2.7 kg/m2 (39 psi) and a wood tear of only 3%.
In addition, 4 out of 10 wood block specimens used for the test fell apart during the boiling cycles indicating very poor
heat and water resistance.
[0055] In contrast, incorporation of polyvinyl alcohol whose degree of hydrolysis is greater than 88%, exhibited shear
strength values ranging from 24.5 - 42 kg/cm2 (350 - 600 psi) and a wood tear of over 50%. These values indicate excel-
lent heat and water resistance, thus proving to be superior wood working adhesives.
[0056] Furthermore, as in the previous test (pressure soaks), Ex#5 exhibited a decrease in performance (compared
to Ex#2) which is attributed to the increase in the level of 88% PVOH in the latex. Again, an improvement is observed
when the level of 98% M PVOH is also increased.
[0057] Hence, the common factor that contributes to significant improvements in both the water resistance as well as
the heat resistance, is the incorporation of polyvinyl alcohol specific proportions of whose degree of hydrolysis 95-
99.5%.
[0058] Examples 9, 10, 11 show that vinyl acetate may be substituted with other vinyl esters such as vinyl pivalate
(VP) or vinyl versatate (VV-10) in the mixed degree of hydrolysis system without detracting from their improved proper-
ties as a wood adhesive.

Claims

1. A woodworking adhesive comprising a polyvinyl alcohol stabilized vinyl acetate based N-methylol acrylamide pol-
ymer emulsion, said polymer containing 0.1 to 6% by weight of polymer solids of N-methylol acrylamide and up to
40% by weight of a copolymerizable comonomer selected from the group consisting of vinyl esters other than vinyl
acetate, alkyl esters of acrylic and methacrylic acid, substituted and unsubstituted mono- and dialkyl esters of
alpha, beta unsaturated dicarboxylic acids and alpha, beta-unsaturated carboxylic acids, the polymer being polym-
erized at a pH of 2 to 7 in the presence of at least 3% by weight of the emulsion solids of a protective colloid system
which consists of 1.5 to 2.5% by weight of 88% hydrolyzed polyvinyl alcohol and 1 to 4% by weight of 95-99.5%
hydrolyzed polyvinyl alcohol, the emulsion polymer being formulated with at least one member selected from the
group consisting of resorcinol formaldehyde, urea formaldehyde, melamine formaldehyde, phenol formaldehyde,
trimethylol phenol oligomer, tetrahydrofurfuryl alcohol, ethylene glycol diacetate and ethylene glycol monoethyl
ether acetate.
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2. The woodworking adhesive of Claim 1 wherein there is also present an acidic, metal salt curing agent in an amount
of from 0.003 to 0.12 gram equivalents per 100 grams of the total weight of the adhesive.

3. The woodworking adhesive of Claim 1 wherein the resorcinol formaldehyde, urea formaldehyde, melamine formal-
dehyde, phenol formaldehyde or trimethylol phenol oligomer is present in an amount of 1 to 20% by weight, based
on total emulsion.

4. The woodworking adhesive of Claim 1 wherein the tetrahydrofurfuryl alcohol, ethylene glycol diacetate or ethylene
glycol monoethyl ether acetate is present in an amount of 1 to 7% by weight of the polymer solids.

5. The woodworking adhesive of Claim 4 additionally containing an acidic, metal salt curing agent and a cross linking
inhibitor selected from the group consisting of ammonia, triethyl amine, triethanol amine and N-methylethanol
amine in an amount such that the mole ratio of the crosslinking inhibitor to the curing agent ranges from 0.1 to 1.7.

6. The woodworking adhesive of Claim 1 wherein there is additionally present in the vinyl acetate polymer up to 4 per-
cent by weight of an alkenoic or alkenedioic acid having from 3 to 6 carbon atoms.

Patentansprüche

1. Holzverarbeitungsklebstoff, umfassend eine mit einem Polyvinylalkohol stabilisierte N-Methylolacrylamid-Polymer-
emulsion auf Vinylacetatbasis, wobei das Polymer 0,1 bis 6%, bezogen auf das Gewicht der Polymer-Feststoffe, N-
Methylolacrylamid und bis zu 40 Gew.-% eines copolymerisierbaren Comonomers enthält, ausgewählt aus der
Gruppe, bestehend aus von Vinylacetat verschiedenen Vinylestern, Alkylestern der Acryl- und Methacrylsäure,
substituierten und unsubstituierten Mono- und Dialkylestern α,β-ungesättigter Dicarbonsäuren und α,β-ungesättig-
ter Carbonsäuren, wobei das Polymer bei einem pH von 2 bis 7 in Gegenwart von mindestens 3%, bezogen auf
das Gewicht der Emulsions-Feststoffe, eines Schutzkolloid-Systems polymerisiert wird, das aus 1,5 bis 2,5 Gew.-
% eines zu 88% hydrolysierten Polyvinylalkohols und 1 bis 4 Gew.-% eines zu 95 bis 99,5% hydrolysierten Polyvi-
nylalkohols besteht, wobei das Emulsionspolymer mit mindestens einer Verbindung formuliert ist, die aus der
Gruppe ausgewählt ist, die aus Resorcinol-Formaldehyd, Harnstoff-Formaldehyd, Melamin-Formaldehyd, Phenol-
Formaldehyd, Trimethylolphenololigomer, Tetrahydrofurfurylalkohol, Ethylenglykoldiacetat und Ethylenglykolmo-
noethyletheracetat besteht.

2. Holzverarbeitungsklebstoff nach Anspruch 1, in welchem auch ein saures Metallsalz-Aushärtungsmittel in einer
Menge von 0,003 bis 0,12 g Äquivalenten pro 100 g Gesamtgewicht des Klebstoffes vorliegt.

3. Holzverarbeitungsklebstoff nach Anspruch 1, in welchem das Resorcinol-Formaldehyd, Harnstoff-Formaldehyd,
Melamin-Formaldehyd, Phenol-Formaldehyd oder Trimethylolphenololigomer in einer Menge von 1 bis 20 Gew.-%,
bezogen auf die gesamte Emulsion, vorliegt.

4. Holzverarbeitungsklebstoff nach Anspruch 1, in welchem der Tetrahydrofurfurylalkohol, das Ethylenglykoldiacetat
oder Ethylenglykolmonoethyletheracetat in einer Menge von 1 bis 7 Gew.-% der Polymer-Feststoffe vorliegt.

5. Holzverarbeitungsklebstoff nach Anspruch 4, der zusätzlich ein saures Metallsalz-Aushärtungsmittel und einen
vernetzenden Inhibitor enthält, der aus der Gruppe ausgewählt ist, die besteht aus: Ammoniak, Triethylamin,
Triethanolamin und N-Methylethanolamin in einer solchen Menge, daß das Molverhältnis des vernetzenden Inhibi-
tors zum Aushärtungsmittel im Bereich von 0,1 bis 1,7 liegt.

6. Holzverarbeitungsklebstoff nach Anspruch 1, in welchem zusätzlich in dem Vinylacetatpolymer bis zu 4 Gew.-%
einer Alken- oder Alkendisäure mit 3 bis 6 Kohlenstoffatomen vorliegen.

Revendications

1. Adhésif pour le travail du bois, comprenant une émulsion d'un polymère de N-méthylolacrylamide à base d'acétate
de vinyle stabilisée avec de l'alcool polyvinylique, ledit polymère contenant 0,1 à 6 % en poids de matières solides
polymériques constituées de N-méthylolacrylamide et jusqu'à 40 % en poids d'un comonomère copolymérisable
choisi dans le groupe consistant en des esters vinyliques autres que l'acétate de vinyle, des esters alkyliques
d'acide acrylique et d'acide méthacrylique, des esters mono- et dialkyliques substitués et non substitués d'acides
dicarboxyliques alpha,bêta-insaturés et d'acides carboxyliques alpha, bêta-insaturés, le polymère étant polymérisé
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à un pH de 2 à 7 en présence d'au moins 3 % en poids des matières solides de l'émulsion d'un colloïde protecteur
qui consiste en 1,5 à 2,5 % en poids d'un alcool polyvinylique hydrolysé à 88 % et 1 à 4 % en poids d'un alcool
polyvinylique hydrolysé à 95-99,5 %, le polymère en émulsion étant formulé avec au moins un membre choisi dans
le groupe consistant en résorcinol-formaldéhyde, urée-formaldéhyde, mélamine-formaldéhyde, phénol-formaldé-
hyde, oligomère de triméthylol-phénol, alcool tétrahydrofurfurylique, diacétate d'éthylène-glycol et acétate d'éther
mono-éthylique d'éthylène-glycol.

2. Adhésif pour le travail du bois suivant la revendication 1, dans lequel est également présent un durcisseur consis-
tant en un sel métallique acide en une quantité de 0,003 a 0,12 équivalent-gramme pour 100 grammes du poids
total de l'adhésif.

3. Adhésif pour le travail du bois suivant la revendication 1, dans lequel le constituant résorcinol-formaldéhyde, urée-
formaldéhyde, mélamine-formaldéhyde, phénol-formaldéhyde ou oligomère de triméthylol-phénol est présent en
une quantité de 1 à 20 % en poids, sur la base de l'émulsion totale.

4. Adhésif pour le travail du bois suivant la revendication 1, dans lequel l'alcool tétrahydrofurfurylique, le diacétate
d'éthylène-glycol ou l'acétate d'éther mono-éthylique d'éthylène-glycol est présent en une quantité de 1 à 7 % en
poids des matières solides polymériques.

5. Adhésif pour le travail du bois suivant la revendication 4, contenant en outre un durcisseur consistant en un sel
métallique acide et un inhibiteur de réticulation choisi dans le groupe consistant en l'ammoniac, la triéthylamine, la
triéthanolamine et la N-méthyléthanolamine en une quantité telle que le rapport molaire de l'inhibiteur de réticula-
tion au durcisseur soit compris dans l'intervalle de 0,1 à 1,7.

6. Adhésif pour le travail du bois suivant la revendication 1, dans lequel est présente en outre dans le polymère d'acé-
tate de vinyle une quantité allant jusqu'à 4 % en poids d'un acide alcénoïque ou alcènedioïque ayant 3 à 6 atomes
de carbone.
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