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THIXOTROPIC WOOD BINDER COMPOSITIONS
BACKGROUND OF THE INVENTION
This mventlon relates to a process for producing wood composrte

material by combrnmg wood partlcles with a thixotropic binder
composition. Suitable ‘l'thOtl'Oplc.. binder compositions comprising: 1)(2) a
polyisocyanate, preferably a polyme'thylene-poly(phenylisocyanate) or
1)b) a semiQprepolymer ofa pdlyisocyanate, preferably a semi- ,
prepolymer of polymethylene poly(phenylisocyanate); and 2) a thixotropic
agent which is selected from the group consisting' of: (a) a mineral
species, (b) a rheological species, (c) an adduct of (i) a polyisocyanate or -
a semi-prepolymer thereof, with (ii) a substituted aromatic amine andlor- :
(iii) a fatty amine, and (d) mixtures thereof. '
Composrte materials such as oriented stand board, partlcle board
and flake board are generally produced by blendmg or spraymg
comminuted ngnocellulose materials such as wood flakes, wood fibers,
wood particles, wood wafers, strips or strarids 'pieoes of w'ood or other -
comminuted Ilgnocellulose materials with a binder composltlon while the-
commrnuted materials are blended by tumbllng or agitating them in a

" blender or like apparatus. After blending sufficiently to form a uniform

mixture, the materials are formed into a loose mat, which is oompresséd
between heated platens or plates to set the binder and bond the flakes,
strands, strips, pieces, etc., together in densified form. Conventional
processes are generally carried out at temperatures of from about 120 to
225°C in the presence of \_/aryihg' amounts of steam, gerierated by
fibration of entrained moisture from the wood or lignocellulose materials.
These processes also generally require that the moisture content of the
llgnocellulose material be between about 2 and about 20% by welght
before it is blended with the blnder
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' formulatlon versatlllty with respect to cure temperature and rate, excellent '
. structural propertles, the ability to bond with Ilgnocellulosw materials |
havmg hlgh water contents and no formaldehyde emissions. The
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- Plywood production is accomplished by roll coating; knife coating,.
curtain _coating_,_; or spraying_ a.binder composition onto veneer surfaces. A
plurality of veneers are then laid-up to form sheets of required thickness.
The mats or sheets are then placed in a heated" press and compressed to
effect consolidation and curing of the matenals mto a board.

Binder composltlons whlch have been used in maklng such

" composrte wood products mclude phenol formaldehyde resins, urea

formaldehyde resins and lsocyanates See, for example, James B.

Wllson 's paper entitled, “Isocyanate Adheswes as Binders’ for Composntlon

Board” which was presented at the symposlum "Wood Adhesuves -

. .Research Appllcatlons and Needs held in Madrson Wlsconsm on
. September 23-25, 1980, in which the advantages and drsadvantages of
~ each of these different types of binders are discussed.

lsocyanate blnders are oommercsally desrrable because they have
low water absorptlon, hlgh adheslve and cohesnve strength ﬂexrbrlrty in-

D dlsadvantages of Isocyanates are difficulty in processlng due to their hlgh
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reactrvlty, adhesion to platens lack of cold tack, high cost and the need -
for special storage. U.S. Patent 3,870,665 and German Offenlegungs-
schrift No 2,109,686 dlsclose the use of polylsocyanates (and catalysts
therefor) in the manufacture of plywood, fiberboard, compression molded
articles, as well as various technical advantages when used as binders.
it is known to treat cellulosrc materials with polymethylene

poly(phenyl lsocyanates) (heremafter polymenc MDI") to improve the
_st__rength of the product. Typically, such treatment lnyo_lve_s applying the

- isocyanate to the material and allowing the isocyanate to cure, either by
' application of heat and pressure (see, e.g., U.S. Patents 3,666,593,

5,008,359, 5,140,086, 5,143,768, and 5,204,176) or at room temperature
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(see, e.g., U.S. Patents 4,617,223 and 5,332,458). While it is possible to. -
allow the polymeric MDI to cure under ambient conditions, residual
isocyanate groups remain on the treated products for weeks or even::
months in some instances. Itis also known to utilize toluylene
diisocyanate for such purposes.

isocyanate prepolymers are ameng the preferred isocyanate

‘materials which have been used in binder compositions to solve various
. processing problems, particularly adhesion to press. platens and high.

reactivity. U.S. Patent 4,100,328, for example, discloses isocyanate-
terminated prepolymers which improve product release from a mold. U.S.:

Patent 4,609,513 also discloses. a process in which an isocyanate-

terminated prepolymer binder is used to improve product release. A binder-
composition in which a particular type of isocyanate prepolymer is used to
improve adhesiveness at room temperature is disclosed in U.S. Patent
5,179,143. . . o
A major processing difficulty encountered with isocyanate bindersis . .
the rapid reaction of the isocyanate with water present in the

-lignocellulosic material and any water present in the binder composition- . - .7

itself. One method for minimizing this difficulty is to use only
lignocellulosic materials having a low moisture content (i.e., a moisture
content of from about 3 to about 8%). This fow moisture content is
generally achieved by drying the cellulosic raw material to reduce the -
moisture content. Such drying is, however, expensive and hasa
significant effect upon the economics of the process. Use of materials
having low moisture contents is also disadvantageous because panels
made from the dried composite material tend to absorb moisture and swell -
when used in humid environments.

Ancther approach to resolving the moisture and isocyanate
reactivity problem is disclosed in U.S. Patent 4,546,039. In this disclosed
process, lignocellulose-containing raw materials having a moisture content
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bf-'up to 20% are coated with a prepolymer based on a diphenyimethane -

~diisocyanate (MD1) mixture. . This prepolymer.has a fl_je_e_'isocyanate;grqup. .

S 'con_tent_of--about 15 to-about 33.6% by weight and a viscosity of from 120 -
10 1000 mPa-s at 25°C.. This prepolymer is prepared by reacting (1) about

0.05 to about 0.5 hydroxyl equivalents of a polyol. having a functionality of

. from 2 to' 8 and a molecular weight of from about 62 to about 2000 with (2)
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_one-equivalent of a polyisocyanate mixture containing (a) from O to about
" 50% by weight of polyphenyi polymethylene polyisocyanate and-(b) abouf. -.
- 50 to about 100% by weight isomer mixture of dipheny_lmeﬂ':ari_e'. .

diisocyanate -'oo_ntair_lin- 10 to 75% by weight of 2,4'-isomer and 25 t0 90%

by weight of 4,4"-isomer. , _

- -U.S. Patent 5,002,713 discloses a method for compression -mblding
articles from lignocellulosic materials having moisture contents of at least.
15%, generally from 15 to 40%. In this disclosed method, a catalyst is
applied to the lignocellulosic material. A water resistant binder is then

~applied to the lignocellulose with catalyst and the coated materials are
then cbt‘npm‘ssio’n shaped at a temperature of less thar_x 400°F to form the .

desired composite article. The catalyst is a tertiary amine, an

L - organometallic catalyst or.a mixture thersof.’ The bindgt_.may bea -

20 hydrophobic isocyanate such as any of the polymeric diphenylmethane -+

diisocyanates, m- and p-phenylene diisocyanates, chiorophenylene
diisocyanates, toluene diisocyanates, toluene triisocyanates, triphenyl-
methane triisocyanates, diphenylether-2,4,4'-friisocyanate and polyphenol
polyisocyanates. . The catalyst is included to ensure that the isocyanate/-
water reaction is not slowed to such an extent that the pressing time
'necessary to produce the molded product is significantly increased.
Pressing of wafer board, oriented strand board, and parallel strand
lumber using steam injection and a conventional binder sucr{ as a urea-
formaldehyde resin or a polymeric diphenylmethane diisocyanate (PMDI)
is known. Examples of such known pressing processes are disclosed in

PCT/US99/30283



10

15

20

25

30

WO 00/39185 ‘ it i PCT/US99/30283

-5~

U.S. Patents 4,684,489; 4,393,019; 4,850,849; and 4,517,147. These -
processes Yield a product having satisfactory physical properties if the
binder is completely cured. -~ - o :

_ The completeness of bi_nder cure may, of course, be determined by
destructive testing of samples which have been permitted to cure for - .
varying amounts of time under the process conditions. The cure time to
be used during the production process is determined on the basis of the
sample which had completely cured in the least amount of time. The
disadvantages of this method are readily apparent. Valuable productis,

destroyed in the testing. Further, any variation in wood composition, . ... . .

extent of binder dispersion on the wood patticles, etc. or processing
conditions which would affect the rate of binder cure are not taken iﬁto .o
consideration in the above-described method.

Binding compositions comprising urea extended polyisocyanates
derived from a combination of a polyisocyanate and urea which is in
solution with water, and the process for preparing the binding

compositions is disclosed in U.S. Patent 5,128,407. This referencealso .. ... . .~

describes a process for preparing a composite material from comminuted.- - -
particles or veneers of a lignocellulose material comprising coating the .. ... ...
particles or veneers with these binding compositions.

A process for producing compression molded articles of
lignocellulose type materials by use of an organic polyisocyanate
compound as a binder is disclosed by U.S. Patent 5,744,079. The binders
comprise (A) an organic polyisocyanate such as, for example, MDi or
PMDI, (B) an aqueous emulsion of a wax having a melting point ranging
from 50°C to 160°C, (C) an organic phosphate ester derivative, and (D)
optionally, water. - '

The large scale industrial manufacture of composite materials -
which are bonded exclusively with polyisocyanates have previously been
limited. The use of some of the polyisocyanates, particularly the better
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performing isocyanates, such as polymeric MDI, has been limited by their
cost. Because of the cost constraints, the level of use of these expensive -
isocyanates is kept low fora given material. One approach to the use of
levels of these isocyanates has involved chain extending the isocyanate
with inexpensive extenders. - - ' '

- It has been known that organic polyisocyanate resins have

~ excellent adhesion _p’ro_perties and workability as the adhesive for thermo-

compression molded articles such as particle boards and medium-quality

- fiber boards produced from a lignocellulose type material such as wood

- chips, wood fibers, and the articles exhibit excellent physical properties. -
'_ However, the excellenf -adhesivqn_ess‘ of the organic polyisocyanate resins
_ causes disadvantage in that the compression molded article adheres

firmly to the contacting metal surface of the heatlng plate in a continuous .

or batch thermo-compression process. - .. o
- . To solve the disadvantages . of the undeslred adhesxon tothe

and a mineral wax is sprayed onto the lignqcelluloseltype material prior fo
thermo-compression molding. Japanese Patent laid open application No.
4-232004 discloses a method of thermo-compression molding of a -
lignocellulose type material by addition of a neutral ortho-phosphate ester
as a compatibilizing agent, the wax and the polyisocyanate.'

Another property that low viscosity organic polyisocyanate resins
have is their tendency to quickly penetrate into the surface of the wood
particles. Penetrated resin is not as effective as resins that sit on the
surface of the wood particles towards promoting adhesion of the particles
to each other: Higher viscosity resins penetrate less quickly than low
viscosity ones. A simple and common method used in the coatings and -
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adhesives industries to-control _:_v'isoos'ity is to add a thixotrope to the resin
compositions. . , o

A process for the preparatlon of- axr-drymg, thixotropic binders.
containing free isocyanate groups is described in U.S. Patent 4,719,278.
These are prepared by reacting selected prepolymers or semi--
prepolymers containing free isocyanate groups with selected aromatic
diamines. Suitable prepolymers or semi-prepolymers are those containing.
free isocyanate groups and having an isocyanéte- content of about 0.5to -

20% by weight. Suitable aromatic diamines are those compounds which - . -

have at least one alkyl substituent in the ortho position to each amino . --
group. The NCO:NH, equivalent ratio is about 0.5:1 to 50:1 based on the -
isocyanate groups of the isocyanate component and the amino groubs, of -
the aromatic diamine, provided that the equivalent ratio of isocyanate
groups to amino groups is at least 10:1.

U.S. Patent 4,692,479 describes the use of thnxotropu: additives to
polymeric MDI for the purpose of improving mixing of the low viscosity
polyisocyanate with much higher viscosity phenolic resins. These _
compositions have very high viscosities of about 30,000 to 40,000 cps and .

are subsequently used as binders for foundry cores but are too viscous for . -

use as wood binders.

U.S. Patents 5,459,185 and 5,668,222 both describe the
usefulness of thixotropes in. moisture curing polyurethane adhesives.
Here, the principle is to use gelling agents or incompatible mixtures to -
provide thixotropic properties to the polyurethane compositions. Again,
very high viscosities of greater than 30,000 cps are required for the-
adhesives. .

It is the purpose of this invention to utilize small amounts of
thixotropes to reduce penetration of the PMDI resin into the wood particles
prior to forming wood composites. The viscosity must remain low enough -
so that the resin can be spray applied. Also, the addition of these
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materials must not detract from the structural properties of the formed.
composites. Reducing the amount of penetration of resin into the wood
particles reduces the amount of water that comes into contact with the
reactive isocyanate grou'psprior to preséing.- Thus, the 'yvorkable open

time of the resin coated particles can be increased even in the presence

of higher moisture content in the wood particles.
‘SUMMARY OF THE INVENTION -
- This invention relates to a process for the production of wood
composite materials:.comprising A) combining wood particles with a
thixotropic binder composition, and B) molding or-compressing the

- combination of wood particles and thixotropic binder composition formed -
~-in A). Suitable thixotropic binder compositions to be combined with the
- wood particles in step A) comprise: '-

-1) - apolyisocyanate component selected from the group consisting of: -

(a) a polymethylene poly(phenylisocyanate) component having
- .- an NCOQ group’content of 'a'bdut 30 to 33%. preferably a
- polymethylene poly(phenylisocyanate) having a viscosity'of oo
-+ less than about 2,000 cps at 20°'C,- and most preferably a -
polymethylenie poly(phenylisocyanate) having a functionality.
of about 2.1 to about 3.5; an NCO group content of from
. about 30% to about 33%, and a monomer content of from
about 30% to about 90% by weight, wherein the content of
- the monomer comprises from up to about 5% by weight of
the 2,2-isomer, from about 1% to about 20% by weight of
.- the 2,4-isomer, and from about 25% to about 65% by weight -
of the 4,4'-isomer, based on the entire weight of the
polyisocyanate; '
and ) '
(b) - a semi-prepolymer of a polymethylene poly(phenyliso-
- cyanate) having an-NCO group content of about 25 to 33%,

PCT/US99/30283
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. preferably a semi-prepolymer of a polymethylene
poly(phenylisocyanate) having a urethane group content of
- -about 0.5 to 6% and.a viscosity of less than about 2,000-cps
at 20°C, and being prepared by reacting a polymethylene
poly(phenylisocyanate) with polyols or by blending a
polymethylene poly(phenylisocyanate) with prepolymers
“from monomeric methylene bis(phenyl-isocyanate);
and _
2) a thixotropic agent selected from the group consisting of:
(a) amineral species,
-{b) arheological additive, :
{(c)  an adduct containing terminal NCO groups:and urea gi'oups,
which comprises the reaction product of -
. (1) apolyisocyanate or a semi-prepolymer of a
polyisocyanate, -
and - ' . T
(2) acompound selected from the group consisting of (i)
a substituted aromatic diamine, (ji) a fatty amine, and
- (iii) a polyamine based on a fatty acid;:
‘and '

(d)  mixtures thereof. _

Suitable thixotropic agents for the present invention are added to
the polyisocyanate component 1) above in an amount such that the
viscosity of the resultant thixotropic binder composition is less than' 1,000
cps (preferably 250 to 750 cps, most preferably 250 to 500 cps) at high
shear (i.e., > 50 rpm), in a weight ratio of component 2) to component 1) of
from 0.001:1 to 0.1:1, preferably from 0.002:1 to 0.05:1, and most
preferably from 0.005:1 to 0.02:1. -

In accordance with the present inverition, wood particles are.
combined with from 1 to 25%, preferably 2 to 10%, most preferably 3 to
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8% by weight; based on the total weight of the wood composite, of the
thixotropic binder compositions as described above. - - - :
In a preferred embodiment of the present mventton the thixotropic
binder composmon additionally comprises: '
5 3) up to 20% by weight, based on the total weight of the thlxotroplc
binder composition, of a high boiling solvent. '
DETAILED DESCRIPTION OF THE INVENTION
As used herein, the term high shear with respect to the thixtropic
agent means that the viscosity was determined at least 50 rpm, preferably
10 - from at least 50 to 100 rpm, at a temperature of 25°C.: .
Polymeric MDI as used herein, refers to the three-ring and/or higher

ring products derived by the phosgenation of amhne—formaldehyde

. condensation products. - L .
~Suitable polyisocyanates to.be used as component 1) ofthe
15 - compositions in the present invention include (a) those polymethylene :
. poly(phenylisocyanate) blends having a NCO group content of about 30%. - -
to 33% by weight, and preferably having.a viscosity of less than about
2,000 cps at 20°C;:and (b) semi-prepolymers of polymethylene.
- poly(phenylisocyanate) having an-NCO group content of about 25 to 33%.
20 - These semi-prepolymers have a urethane group content of about 0.5 to
6% and a viscosity of less than about 2,000 cps at 20°C. It is preferred
- that the polymethylene poly(phenylisocyanate) blends and semi-
o o * prepolymiers of the present invention have a viscosity of from about 20 to
about 400 cps at 20°C, and most preferably of from about 40 to about 250
25 cpsat20°C. : ' o
The polyisocyanates of the present invention have a functionality of
from about 2.1 to about 3.5, preferably 2.3 to 3.0 and most preferably of
2.6 to 2.8, and an NCO group content of about 30% to about 33%,
preferably about 30.5% to about 32.5%, and a'mo'nome'r content of from
30 about 30% to about 90% by weight, preferably from about 40% to about
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70%, wherein-the content of monomer comprises up to about 5% by
weight of the 2,2"-isomer, from about 1 to about 20% by weight of the 2,4'--
isomer, and from about 25 to about 65% by weight of the 4,4'-isomer, |
based: on the entire weight of the polyisocyanate. The polymeric MDI-
content of these isocyanates varies from about 10 to about 70% by
weight, preferably from about 30% to about 60% by weight based on the
entire weight of the polyssocyanate

A preferred polymethylene poly(phenylisocyanate) blend has a

functionality of from 2.2 to 2.4, an NCO group content of from about 31.2: -

to about 32.8% by weight, and a monomer content of from about556% to

about 80%, wherein the content of monomer comprises no morethan = . =~

about 3% by weight of the 2,2-isomer, from about 15% to about 20% by . -
weight of the 2,4'-isomer and from about 40% to about 55% by weight of -~ -

the 4,4-isomer, based on the entire weight of the polyisocyanate. This- .~ - .
polyisocyanate blend comprises from about 20 to about 45% by weight,. - .-

‘based on the entire weight of the polyisocyanate, of polymeric MDL.
. Most preferred polyisocyanates include, for example,
polymethyle_ne poly(phenylisocyanate) blends having an average -

functionality of from about 2.5 to about 3.0, preferably about 2.6 to about -
2.8, an NCO group content of about 30 to 32% by weight, and a monomer - - ...

content of from about 40 to 50% by weight, wherein the content of
monomer comprises no more than about 1% by weight of the 2,2'-isomer, -
from about 2 to about 10% by weight of the 2,4'-isomer and from about 35
to about 45% by weight of the 4,4"-isomer, based on the entire weight of
the polyisocyanate. This isocyanate blend comprises from about 50 to
about 60% by weight, based on the entire weight of the polyisocyanate, of .
polymeric MDI.

Suitable polyisocyanates for component 1)(a) of the present
invention also include, for example, mixtures of polyisocyanate blends as -
described above with adducts of MDI including, for example, allophanates
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of MDI as described 'i_n_, for example, U.S. Patents:5,319,053, 5,319,054
and 5,440,003, the disclosures of which are herein incorporated by.
reference, and carbodiimides of MDI as described in, for example, U.S.
Patents 2,853,473, 2,941,966, 3,152,162, 4,088,665, 4,294,719 and

- 4,244,855, the disclosures of which are herein incorporated by reference.

- Suitable semi-prepolymers of polymethylene pbly(phenyl-

- isocyanate) to be used as component 1)(b) of the present:invention .
- include those semi-prepolymers having an NCO group content of 25 to -

30% by weight. These semi-prepolymers have a urethane group
concentration of about 0.5 to 6% and a viscosity of less than about 2,000  : -

- . cps at20°C. Typically, suitable semi-prepolymers can-be prepared by

- reacting a:polymethylene poly(phenylisocyanate) with a polyol, or by

15
- - herein incorporated by reference. -

.- blending the polymethylene poly(phenylisocyanate) with a prepolymer of
.monomeric methylene bis(phenylisocyanate)-as described in, for example,

U.S. Patents 5,462,766 and 5,714,562, the disclosures of which are.

It is also possible to prepare suitable semi-prepolymers from a .

. mixture of monomeric and polymeric MDI-and'an isocyanate-reactive = .

25 .

30

_material having at least one hydroxyl group and a molecular weight of -

from about 62 to about 6,000. These isocyanate-terminated prepolymers
are formed by reacting a polyisocyanate mixture and an isocyanate- -
reactive compound having from about 1 to about 8 hydroxyl groups and a
molecular weight of from about 62 to about 6,000 in amounts such that the

. ratio of equivalents of hydroxyl groups to isocyanate groups is from about

0.001:1 to about 0.20:1, preferably from about 0.004:1 to about 0.1:1.
The polyisocyanate mixture must be a mixture of polymeric MDI and a
mixture of MDI isomers. : : '

The. polyisocyanate mixture may be produced in accordance with
any of the techniques known in the art. The isomer content of the
diphenylmethane diisocyanate may be brought within the required ranges,
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if necessary, by techniques which ar.e well known in the art. One
technique for changing isomer. content is to add monomeric MDI to a
mixture of MDI containing an amount of polymeric MDI which is higher .
than desired.

- Polymeric isocyanates prepared from residues of the toluene
diisocyanate production process may optionally be included in the. binder
composition of the present invention. Such residues are described, for
example, in U.S: Patent 5,349,082, the disclosure of which is herein -
incorporated by reference.

The isocyanate-reactive compound which is used to produce the
semi-prepolymers of the present invention must have at least one hydroxyl.
group, preferably from about 2 to about 8 hydroxyl groups, and mosf
preferably from about 2 to about 4 hydroxyl groups and a molecular weight
of from about 62 to about 8,000, preferably from about 100 to-about 5,000,
most preferably from about 100 to about 2,000. Any of the known
isotyanate-reactive materials having at least 1 hydroxyl group satisfying
these criteria may be used. Suitable isocyanate-reactive materials include -
but are not limited to any of the known polyesters and polyethers.

Polyesters which may be used to produce the prepolymers of the
present invention include the reaction products of polyhydric (preferably
dihydric) alcohols with polybasic (preferably dibasic) carboxylic acids,
polycarboxylic acid anhydrides or polycarboxylic acid esters of lower
alcohols. The polycarboxylic acid may be aliphatic, cycloaliphatic, -
aromatic and/or heterocyclic and may optionally be substituted (e.g.; by -
halogen atoms) and/or unsaturated. Specific examples of suitable
carboxylic acids and their derivatives are succinic acid, glutaric acid,
adipic acid, suberic acid, azelaic acid, sebacic acid, phthalic acid,
isophthalic acid, terephthalic acid, trimellitic acid, phthalic acid anhydride,
tetrahydrophthalic acid anhydride, hexahydrophthalic acid anhydride,
tetrachlorophthalic acid anhydride, endomethylene tetrahydrophthalic acid
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anhydride, glutaric.acid anhydride, maleic acid, maleic acid anhydride,
fumaric acid anhydride, dimerized and trimerized unsaturated fatty acids
(optionally in admixture with monomeric unsaturated fatty acids such as
oleic acid), terephthalic acid dimethyl! ester and terephthalic acid-bis-glycol
ester. Specific examples of suitable aicohols are 1,2-propylene glycol,
1,3-propylene glycol, 1,4-butylene glycol, 2.3ebuty|ené glycol.' 1,6-
hexanediol, 1,8-octanediol, neopenty! glycol, 1,4-bis-hydroxymethyl
cyclohexane, 2-methyl-1,3-propanediol, glycerol, trimethylol propane,
1,2,6-hexanetriol, 1,2,4-butanetriol, trimethylol ethane,-pentaerythritol,
quinitol, mannitol, 1,4-cyclohexanedimethylol, sorbitdl, formitol, methyl

'glycoside, diethylene glycol, triethylene glycol, tetraethylene glycol, higher -

polyethylene glycols, dipropylene glycol, higher. polypropylene giycols,
dibutylene glycol.and higher polybutylene glycols. The pdlyester may
contain terminal carboxyl groups or a small portion of monofunctional _
ester capped functionalities. ' Polyesters of laétones- (e.g., e-caprolactone) .
or of dihydroxy carboxylic acids (e.g:, o-hydroxy caproic acid) may also be-
used. . I
Preferred polyesters are:prepared from mixtures of phthalic; -
isophthalic and terephthalic acids with ethylene glycol, diethylene giycol -
and higher polyethylene glycols. The materials are often obtained in the
recycling process for plastic bottles. : o
‘Polyethers which may be used to produce the prepolymers of the
present invention may be produced, for example, by polymerizing -.
epoxides themselves in the presence of a Lewis acid catalyst or by the -
addition of an epoxide to starter components containing reactive hydrogen
atoms such as water, alcohols, ammonia or amines. Epoxides which may
be used include ethylene oxide, propylene oxide, butylene oxide,
tetrahydrofuran, styrene oxide and epichlorohydrin. Ethylene oxide,
propylene oxide and combinations thereof are particularly preferred.
Specific examples of suitable starter components include: ethylene
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glycol, 1,3-propylene g-lycol,_ 1,2-propylene glycol, trimethylol propane,.
glycerol, sorbitol, 4,4'-dihydroxy. diphenyl propane, aniline, ethanolamine, -
substituted ethanolamines such as methyl ethanolamine and methyl
diethanolamine, ethylene diamine, and sucrose. The starter component. -
may be used alone or in admixture with other starter components.

- Preferred polyethers are polypropylene oxide adducts started on
an amine such as ammonia; ethylene diamine, and substituted
ethanolamines. - |

The polyisocyanate mixture and isocyanate-reactive material used

to produce the semi-prepolymers of the present invention are each used in .

quantities such that the ratio of equivalents of hydroxyl groups to
isocyanate groups is from about 0.001:1 to about 0.20:1, preferably from .
about 0.004 to about 0.1:1, most preferably from about 0.005 to about - -

~0.02.

- - The semi-prepolymers of the present invention may be prepared by
reacting the polyisocyanate mixture and hydroxyl compound at
temperatures of from about 10 to about 250°C, preferably from about 60 -
to about 120°C for a period of from about 1 to about 1500 minutes,

" - preferably from about 30 to about 200 minutes.

20
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- Other materials which may optionally be used in the production of -
the semi-prepolymers of the present invention include polycarbonates,
ester carbonates and ether carbonates containing isocyanate-reactive
hydrogen atoms.

The semi-prepolymers of the present invention are characterized by
a viscosity of less than 2,000 cps at 20°C, preferably a viscosity of less.
than 1,000 cps at 20°C. These prepolymers also have an NCO (i.e.,
isocyanate group) content of from about 25 to about 33%.

In accordance with the present invention, it is preferred that the
semi-prepolymers used as component 1)(b) have an NCO group content

PCT/US99/30283
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of about 27 to 31%; a urethane group content of-about 1 to about 4%, and
- aviscosity of less than about 1,000 cps at 20°C. -
Suitable thixotropic-agents to be used as component 2) in the
present invention are selected from the group consisting of (a) a mineral
5 species, (b)a rheologibal additive, (c) an adduct containing terminal NCO -
groups and urea groups, and which comprises the reaction product of (1)
a polyisocyanate or a semi-prepolymer thereof, with (2) a compound
selected from the group consisting of (i) a substituted aromatic diamine, .
(il) a fatty-amine, and (jii) a polyamine based on a fatty acid, and (d)
410 mixtures thereof. S ST
-Suitable mineral species to be used as component 2)(a) in the
- present invention include; for example, organophilic clays such as, fbr
example, kaolin, bentonite, calcium sulfonates, and surface modified -
- organophilic clays, etc., silica such as silica gel, fumed silica, precipitated .
- 16 - silica, and surface treated silicas, colloidal particles such as calcium and.
" barium carbonates and acetates; xonotlite fibers such as, for example,
micronized synthetic calcium silicate crystals, etc. - -
Suitable rheological additives to be used as thixotropic agents,
component 2)(b), in the present invention include, for example, polyesters,
-20 - polyamines; and/or polyester amines prepared from faﬁy acids such as,
for example, dimer acids or hydrogenated dimer acids,-ésters derived from
fatty acids such as, for example, castor oil, fatty acid amide amines,
known to those skilled in the art. Some examples of suitable rheological
additives for the thixotropic agent of the present invention inciude, but are

25 not limited to, compounds such as hydrogenated castor oil-polyamide
oligomers, polyesters prepared from castor oil and fatty acids, polyamides
: prepared from diamines and polymeric fatty acids, polyoxyalkylene-_
B polyamides based on amine-terminated polyesters and tall oil fatty acid
and/or fatty acid dimer, polyester amides prepared from polymeric fatty
30 acids, polyester amides prepared from ethoxylated amines, for example,
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ethoxylated cocamine, polyester amides prepared from-ester-amides and
ricinoleic acid. ' o I '

Itis also within the scope. of the present invention to use certain.
adducts, component 2)(c), as thixotropic agents. These adducts (c)-
contain terminal NCO groups and urea groups. Suitable adducts comprise
the reaction product of (1) a polymethylene poly(phenylisocyanate) or a

‘semi-prepolymer thereof, having an NCO group content of about 25 to

33% by weight, with (2) a compound selected from the group consisting of
(i) an aromatic diamine having at least one alkyl substituent in the ortho- -
position to each amino group, (ii) a fatty amine and (jii) a polyamine based
on a fatty acid. It is preferred that these are adducts of a polyisocyanate or
semi-prepolymer thereof with a polyamine based on a fatty acid. The
quantitie’s of components are such that the NCO:NH, equivalent ratio, of -~ -
2)(c)1) to 2)(c)(2), is from about 50:1 to 200:1. :

- Suitable polyisocyanates and semi-prepolymers thereof for the
preparation of suitabie adducts to be used as component 2)(c) in the
present invention include polymethylene poly(phenylisocyanates) having .
an NCO 'group content of 30 to 33% and semi-prepolymers of ) L
pblymethylene poly(phenylisocyanates), the semi-prepolymers having-an -
NCO group content of 25 to 33%. . o

- For the preparation of the isocyanate éemi-prepolymers, the
starting polyisocyanates and polyhydroxyl compounds exemplified above
are reacted together in such quantities that the resulting semi-prepolymers -
have ‘an isocyanate content of about 25 to 33% by weight, preferably -
about 27 to 31% by weight. This reaction is carried out in known manner,
generally within a temperature range of about 0°C fo 250°C. Reaction
products containing free isbcyanate groups and uretharie groups are
obtained. These products are accompanied by unreacted starting:
polyisocyanates depending on the amount of excess polyisocyanate used
into the reaction.
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 Suitable substituted aromatic diamines to be used:-as component -
2)(c)2)(i) in preparing the adducts as the thgxotroplc agent in the process -
according to the invention mclude any aromatlc diamines having at least
one alkyl substituent i in. the ortho posntlon to: each am;no group,in .-
particular, diamines havmg at Ieast one aIkyI substltuent in the ortho
position to the first amino group and 2 alkyl substttuents each with 1 to 4,
preferably 1 to 3: carbon atoms i II'I the ortho posmon to the second amino
group. Those which have an ethyl n-_p;_'.gpyl_ and/or isopropyl substituent in
at least one ortho position to .eaeh:arﬁino"grpup and o_ptibnally methyl
substituents in other‘drtho positions to the amino groups are particularly

- - preferred. The followmg are examples of such diamines: 2, 4-d|ammo-

15

- mesityiene,- 1,3 5-tnethyl-2 4~d|am|nobenzene, 1.3 5—tmsopropyl-2 4-

diaminobenzene, 1-methyl-3, 5-d|ethyl—2 4-d|am|nobenzene, 1-methyl-3,5-

- diethyl-2, 6-d|ammobenzene. mixtures of the fast two mentioned diamines,

4,6-dimethyl-2-ethyl-1, 3-d|amlnobenzene 3,5,3, 5‘-tetraethyl-4 4’-diamino-
diphenyimethane, 3,5,3".%’ tetralsopropyl-4 4‘-d|ammod|phenylmethane, -

* .. 3,5-diethyl-3",5'-diisopropyl-4, 4'rq!amgnpdsp.henylmethahe 1-t-butyl-3,5-

20
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-dimethyi-2,4-diaminobenzenes, 1-t-'- utyl-s 5~dim'ethyl-2'6-diaminoben—

zenes and mixtures thereof with- 1-methyl-3 5-dnethyl-2 6-d|ammobenzene

-which generally contain-up to about 35% by weight, based on the total
_ mixture of the 2,6-isomer are partucularly preferred as startlng component

2)(0)(2)(1) according to the mventton e
Suitable fatty amines to be. used as component 2)(c)(2)(u) in the
present invention for preparing a__gdugts 2)(:_:)_(2) |ncluq_e but are not limited

" to, for example, aliphatic or. cycloatiphatic"amines containing from 12 to

30 carbon:atoms, preferably from 18 to 24 carbon atoms or mixtures
thereof. Examples of such fatty ammes include docosylamme
eicosylamine and N N-bts(z-ethylhexyl)amme Also mc!uded are the _
products obtained by sapomﬁcatgon a_n_d spbsequent amination of various
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natural oils in'cludif%' But not limited to, for exampléf%éabbnut'oil, palm oil
and the like. ' ' ' ' '
Suitable polyamines based on fatty acids to be used as component
2){(c)(2)iii) in preparing the adducts for the present invention includes, for
exampie, any amine functional polyamidoamines based on fatty acid
and/or fatty amines with number average molecular weights of less than-

-about 500. These include, but are not limited to those compounds which

are reaction products prepared from C,,.,, fatty acid, dimerized Caqs; fatty
acid (mainly from oleic and linoleic acids), soybean oil, tall-oil, linseed-oil, -
castor-oil, and their dimers, with polyamines such as dipropylenetriamine .

-and hexamethylenediamine, and especially ethylenediamine and its”
~ derivatives, diethylenetriamine, triethylene-tetraamine; and tetraethy-

tenepentamine. Also included are dimer acid-based amine-terminated .
polyamidés including reaction products incorporating portions of mono-,
such as octanoic acid, stearic acid, or C,.,, aliphatic dicarboxylic acids; -

such as, adipic acid, sebacic acid and azelaic acid. Also included are -
polyamidoamines containing at least a portion of polyoxyalkylene diamine,
such as Jeffamine D-2000 optionally with other polyamines. In the

- process according to the invention, thixotropic binder compositions can be

prepared not only by adding the thixotropic agent to the polyisocyanate, -
but also by generating the thixotropic adduct 2)(c) in situ in the
polyisocyanate, i.e., component 1), as described above. These -
components are used in such proportions that the equivalent ratio of
isocyanate groups in the polyisocyanates or semi-prepolymers of
compon.ent 1) according to the invention, based on polyisocyanate
mixtures of the diphenylmethane series, to amine groups in the substituted

- aromatic diamine, fatty amine or in the polyaminebased on a fatty acid is

about 50:1 to 200:1, preferably about 100:1 to 150:1. _
The degree to which the binder composition is rendered thixotropic
depends mainly on the proportion of reaction products containing urea -
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groups as obtained by the reaction: of component 1) with component 2).
The quantity of mdmdual starting materials requnred for producmg the
desired thixotropic effect can ther_e_f._ore :be readily determined by a few
preliminary tests. - x : .

The process of preparing these thixotropic agents described above
for the present invention is preferably carried-out at room temperature, -
with up to 20% by weight of a suitable inert, preferably apolar or only
slightly polar lacquer solvents such as aromatic hydrocarbon processing
oils, petroleum hydrocarbons, xylene, toluene or mixtures of such

. solvents. More preferably, solvents: are-present in an amount of from -

about 5% to about: 20% by welght based on the total welght of the
thixotropic binder composition. it is preferred. that solvents have hlgh

~boiling points and low flammability and toxicity as described in, for

example, U.S. Patent 5,140,856, the disclosure of which i is herein

“ incorporated by referénce. It is: preferred that solvents have a flash point-

greater than 120°C. Thus, solvents and other extenders, for example,

" - propylene carbonate; aromatrc hydrocarbons, and linseed oil derivatives

20
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“are preferred.

Known catalysts for acceleratlng the isocyanate addition reaction
may in principle be used in forming these thlxotropsc agents. Suitable -

- catalysts for this purpose include tin compounds such as-dibutyl tin

dilaurate or tin(ll) octoate. Other catalysts are described in “Kunstoff
Handbuch”, Volume VI, published by Becker and Braun; Carl Hanser
Veriag, Munich, 1983 on pages 92-98. The catalysts are used, ifat all, ina
quantity of about 0.001 to 10% by weight, preferably. about 0.002 to 0.1% - -
by weight, based on the total quantity of reactants. ' -
Other optional additives and/for aux?liary'agents which may be
included in the thixotropic binding domoositiOns of the present invention
include, for example, wax emuisions or slack wax for reduced water
absorption, preservatives, surface active additives, e.g., emulsifiers and
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stabilizers, mold rel se agents such as, for exampfgfi'%iinc stearate, and.
other soaps, etc.

In general, the isocyanate component 1) and the thixotropic agent
2) are mixed by normal batch mixing processes using low shear or high -
shear mixers known to those skilled in the art. In-line or continuous mixing
devices including, for example, pin mixers, static mixers., etc. are also
suitable for the presently claimed invention.

As used herein, the term molecular weight refers to the number
average molecular weight, as determined by end-group analysis.

The following examples further illustrate details for the process of
this invention. The invention, which is set forth.in the foregoing disclosure,
is not to be limited either in spirit or scope by these examples. Those-
skilled in the art will readily understand that known variations of the
conditions of the following procedures can be used. Unless otherwise
noted, all temperatures are degrees Celsius and all parts and percentages
are parts by weight and percentages by weight, resbe‘ctively.

- EXAMPLES | |

The following components were used in Examples 1-8 of the

present invention: : - : ,
‘Isocyanate A: a polymeric MDI blend having a viscosity of about 200 . - -

mPa:s, and an isocyanate content of about 31.5%
(Mondur®541)

Thixotrope A: a fumed silica, commercially available from DeGussa
Corporation (Dublin, OH) under the name Aerosil® |
R202.

The wood pieces used were strands of aspen wood with similar grain
patterns. These strands measured 12 in x 12 in x 1 mm. The wood binder
comprised Isocyanate A and Thixotrope A.
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Absorbance Study Methods: _

" Viscosity: - The viscosity of each sample was measured at varying
temperatures, while maintaining e_.epnetent spindle speed of 1 rpm.
Viscosity was also measured at varying epeeds while maintaining a

5 constant 25°C temperature. Table 1 sho.w,_s.-_'d.'ata for Isocyanate A
viscosity at 1. rpm versus te_mpera:tur_e,'TabI_e 2 shows data for Isocyanate.
A viscosity at 25°C versus spindle- speed and Table 3 shows data for
- 0.875% Thixotrope A/99.125% Isocyanate A mixture viscosity:at 25°C

" Speed (rpm) Vlsco3|ty (mPa s)
4 . 368 - .
2 . 358
5 . 346
10 336
! 50 315
100 307

"~ Table 2. Spmdle Speed vs. Vnsoosuty for Isocyanate Aat25°C

- versus spindle speed. -
- ‘Table 1. Temperature vs. Viscosity for. Isocyanate A at 1 pm-.
Temperature (°C) - | :.-Viscosity (mPas)
__19 410
25 - 250
74 . .} .25

- Speed (rpm) V‘scoslty (mPa s)
1 252 .
2. 250
— 5 _ To48
10 . 247
50 243
241

100

15 Table 3. Spmdle Speed vs. Vlscosrty for 0. 875% Thlxotrope A199 125%
Isocyanate A mixture at 25°C :
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Sample Preparaﬁo'h': - The wood was first submerged in liquid . .
nitrogen an_djrazbf cut into pieces me_astiring. 5cmx1cmx 1 mm. This
‘was done to minimize pore'closure- during the 6utting process, and was.
determined to be the best cutting method by examination with a scanning
electron microscope (SEM). The wood was then heated in a drying oven -

- to drive off inherent moisture, and stored in a plastic ziploc bag. Samples

of_lsocyanate A and Thixotrope A (in varying amounts: see Table, below)
‘were prepared by introduction of thé COmponents under low shear (250-
500 rpm) using an IKA Labs Eurostar Digivisc mechanical stirrer. The =
samples were padded under nitrogen and sealed with Parafilm after each
exposure to atmosphere. ' |

Wicking: The wood strips were vertically suspended from an analyﬁc_:al-_ '

. balance in a closed chamber on a'_C'ahn Dynamic Contact Angle Analyzer

(model DCA-312). The chamber was purged under nitrogen to minimize
moisture in the samples. Nitrogen pressure in the chamber was kept
constant at 1 atmosphere, and variation in temperature was monitored, =
with the variation ranging from 19 to 28°C. The wood was submerged 4

mm into the various isocyanételthixotrope samples, and the weight inmg) -
of the uptaken material was recorded approximately every second: The
sample was allowed to sit undisturbed for twenty minutes. After each-
wicking trial was completed, the height of sample uptake on the wood was .
measured with a millimeter ruler. Each sample was wicked four times with
the exception of Isocyanate A (the control), which was wicked twelve

times, and the 99% Isocyanate A/1% Thixotrope A sample, which was

wicked eight times. Values repprted in Table 4 are the average values in
each ca_se; |
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Table 4: Absorbance vs. AmountofThlxotrope _
Example # | Viscosity in | Density at | Average Rate of | - Average
(% Aerosil - mPas | .25°C Absorbance after | Height of
in sample) | (25°C 1 (g/ml) 20min Sample (mm)
e pm (mllseclmm’L _
1 (0,00 | 252 | 1 235 . 6.40x107 25, 00
2 (0.250 271 1235 | 4.75x107 4.75
3 .(0500) | 288 1 1226 |- 4:80x107 - | - 3.75.
4 (0.750) 317 | 1236 | . 365x107 2.25
5 (0.875) 368 1.238 3.50 x107 350
6 _(1.000) | ~ 432 11230 [ 360x10" | 463
7 {(1.500) | 543 . | 1:237 . - 457x107 |  3.50
8 (3.000) | 740 1.225 4.20 x107 3.50
Notes: : U
A lsocyanate A neat as control
8 - Calculated using Poiseuilie’s. Law (Peoples. S. A Proc. West.

- Pharmacol. Soc. 15:161-165 (1972))

.. - From data llsted in Table 4 1t was determmed that compared o
Isocyanate A alone samples contalmng Thlxotrope A slow the rate of
uptake of the thlxotroplc bmder by . e_wood o

Examples 9-15 , :
Wood Composnte Board Studles R
The following addmonal components were used in Examples 9-15 of thls

appllcatlon‘: _ y _
Solvent A: o .an aromatlc petroleum dnstlllate sold under the name
o I,_Vnplex® 885 commercnally avallable from Crowley '
L ”Chemlcal Corporatlon Inc. (New’ York New York).
Amine A: . a fatty acid amldoamlne commercnally available under

the name Versamnd@ 140 from Henkel Corporatuon
- _(Kankakee u.) -
Thixotrope B: an orgamcally modlf' ed hectonte clay commercnally
_ayarlable under the name Bentone® Gel CAO from
Rheox, Inc. (nghtstoyvn, NJ).



10

15

20

25

WO 0039185 -

-25.

Thixotrogé C: .;'-%g;%alcium*sulfonate compound -é@?ﬁmercially available
~under the:name. Ircogel® 903 from Lubrizol
Corporation (Wickliffe, OH).
Particle Board Furnish:.  mixed hardwood wood particles cbntaining
' '6-7% moisture obtained as "surface: fine
- furnish” obtained from Allegheny Particleboard
. - (Pittsburgh, PA). .
OSB: Furnish: strands of aspen wood measuring about 6.in x

6 in x.1-mm with similar grain patterns.

As listed in Table 5, the examples are described as follows:

Example 9 (control): Isocyanate A, added to particleboard fumish at
_ - 5% wiw . _ _
Example 10: - |socyanate A, 99.125% by weight, and Thixotrope A,
o 0.875% by weight, mixture added at 5% wiw to -
particleboard furnish

Example 11 (control): Isocyanate A, 80% by weight, and Solvent A,
20% by weight, mixture added to particleboard -
furnish at 5% w/w.
Example 12: ‘Isocyanate A/Amine A, 79.2%/0.8% by weight
(respectively) and Solvent A, 20% by weight mixture
added to particleboard furnish at 5% w/w.

‘Example 13: Isocyanate A, 97% by weight, and Thixotrope B, 3%
by weight, mixture added to OSB fumish at 5% wiw.
Example 14: Isocyanate A, 97% by weight, and Thixotrope C, 3%

by weight, mixture added to OSB furnish at 5% wiw.
Example 15 (control): .Isocyanate A, 5% w/w on OSB furnish.

PCT/US99/30283
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The composites were: prepared by the followmg procedures
Procedure for: Pneparatton of Thlxotroprc Bmder (lsocyanate and

thixotrope only) .
Preparation of binder for the various systems of thts invention -

followed the same method only dlffenng in the components used from
Examples 1-8, as noted in Table 4. lsocyanate A was added toa 16 oz.
glass container, which was placed under an IKA Labs’ Eurostar Digivisc
variable speed mechamcal stlrrer-_. T-he stirrer was sta_l__'tecl, set at a speed

- of 1000 rpm, while the various thix::tropes were slowly' 'ad'ded The

thixotropic binder compos:tlons were allowed to mix for ten minutes, after

" - which the materials were visually determmed to be homogeneous

15"

20

25
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Procedure for Preparation of Dilu_l_:e,d- Binder (isocyanate and solvent)

Isocyanate A was placed |ntoa 16 oz. glass ooniainer, and an IKA
Labs Eurostar Digivisc variable s'peed-mech'anical stirrer'-_llvas placed into
the isocyanate. Solverit A was added whiile the stirrer Was stirring (at _
1000 rpm), and the mixture was allowed to stir for 10 mmutes The mixed
binder was visually determmed to be. homogeneous -

Procedure for Preparatlon of Dlluted Thlxotroplc Bmder (1socyanatelamlne
thixotropic binder with added solvent) o
Binder including Isocyanate A, Solvent A, and Amme Awas

prepared by placing the isocyanate intoa 16 oz. glass container, into
which was placed an IKA Labs E_UFostar Digivisc variable speed
mechanical stirer. The stirer was started, setat a spe_ed of 1000 rpm,
and Solvent A was slowly added. The sample was allowed to mix for ten
‘minutes, after which the materia_l."w.as:_ visually determined to be
homogeneous. The sample was-allowed to sit for 30 'rrllnutes, to allow for
release of any air trapped in the mixing of isocyanate and solvent. The
sample was again placed underthe IKA Labs stirrer, and the speed set to
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2000 rpm: Additioni 6F Amine A was then performed_ver a five-minute
period to form the thixotropic binder in situ. Sample was stirred for an
additional ten minutes, after which it was visually determined to be
homogeneous.

The following procedure - was used for preparation of composite:
board panels using the various. binder systems described above:
Procedure for Preparation of Particleboard Panels:

Particleboard fumnish was placed in a stainless steel bowt (for-use in
a KitchenAid KSM30 mixer). The stainless bowl was transferred to the .
KitchenAid mixer and the binder mixture was added in a continuous -
dropwise addition, over a period of five minutes, with:the mixer mnniﬁg at-
its lowest speed setting. The furnish was mixed for an additional 10
minutes. The resin-coated furnish was then placed in an eight inch by -
eight inch form. The form was then 'placed in a PHI Hydraulic Press (PW- - -
22 Series), and pressed at 350°F for four and one half minutes.

Procedure for Preparation of Oriented Strandboard (OSB) Panels:

Oriented strandboard fumnish is sifted through a screen to remov.e'
undersized and irregular strands and then weighed into two 30-galion -
plastic containers, and placed in a Coil Manufacturing Systems Rotary
blender. Isocyanate binder is weighed into a holding container in the

blender, as is Casco-wax (aqueous dispersion of slack wax available from .

Borden Chemical, Inc.). Isocyanate is added as per the examples below,
and wax in all cases is added at 0.5% w/w, based on the total weight of
the composite, to the OSB fumish. After starting rotation of the blender,
the isocyanate and wax are evenly distributed on the furnish for a period:
of ten to fifteen minutes using a rotating bell spraying device. The resin
and wax-coated strands are then replaced into the 30-gallon containers,
for transfer to a form. The strands are then evenly distributed by hand into

PCT/US99/30283
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a form in a preset weight amount to obtain the desired 40 pcf density. The
form is then removed from the distributed Sirénds, which now form a mat.
During this time, the press, a 'Newmén- HYdré—Pre_ss Model HP-188, is
heated to working temperature, a_hq a bu_rst of steam is sent through the .
heated platens-of the press to reﬁlcjve a'}n'y,. built-up wétéf in the lines. The
mat is placed between two metal plétens;: ahd transferred to the press.
Probes are then inserted into 'thé‘ prépré.ssed mat to measure internal
temperature and internal pres_sur,-gf.-.;_'l'h'e:' board is then pressed under 100
psi steam pressure with 600 psi pressure on the mat for 2.5 minutes,
resulting in the finished 1.5 inch thick board. - ' '

Resultant boards were tested for Internal Bond Strength and -
Thickness Swell in accordance wnthASTM rh_ethod D1037 “Evaluating
Properties of Wood-Base Fiber a'ndj Particle Panel Materials”.



Table 5. Composite Board Properties.

Board Density

control)

Example # Viscosity (mPa-s) - internal Bond Thickness Swell
(description) at 25°C, 1 rpm (pcf) Strength (psi) (%) - '
9 (5% Isocyanate A: - 252 40 " 240 R 10.5
control) _ ' '

10 (Isocyanate 373 41 259 12
AJ0.875% Thixotrope A) S '

11 (Isocyanate A/ 203 42 228 13.6
20% Solvent A: control) » :

12 (Isocyanate A/2% 975 42 257 9.7
Amine A and 20% '

Solvent A) ' : :
13 (lsocyanate A/ 3% 590 40 124 6.7
Thixotrope B)

14 (Isocyanate A/ 3% 393 40 120 7.2
Thixotrope C) .

15 (5% Isocyanate A; 252 40 128 53

—Gz-
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From data listed in Table 5 it was determlned that compared to
samples containing Isocyanate A alone, samples oon mmg thixotropic
binder have properties equal to or better than the control In cases where
the resin is diluted with solvent (Ex 11) the addltlon of the thixotrope
(Ex. 12) actually improves: the propertles of the composltes formed
therefrom, even to a point whereln the propertles are: better than those not
containing thixotrope and a hlgher Ievel of polylsocyanate (Ex. 9).

Although the mventlon has been described in detall in the foregoing
for the purpose of allustratlon, iti |s to be understood that such detail is
solely for that purpose and that variatlons can be made therem by those
skilled in the art without departmg from the spmt and scope of the
invention except as it may be llmited by the claims :
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WHAT IS CLAIMEBIS:

1. Aprocess for the production of wood composite materials

‘comprising:. . - .

A)

combining wood particles with-1 to 25% by weight, based on the:
total weight of the wood composite, of a thixotropic binder
composition comprising:
1) an isocyanate component selected from the group consisting
- of:
(2) apolymethylene poly(phenylisocyanate) having an
NCO group content of about 30 to 33%,
and - '
(b) a semi-prepolymer of polymethylene
poly(phenylisocyanate) having an NCO group content
of about 25 to 33%; '
and ' ' _
2) a thixotropic agent selected from the group consisting of:
(@) amineral species, ‘
(b) arheological additive,
() an adductof

(1)  a polyisocyanate or a semi-prepolymer of a
polyisocyanate,

with _

(2) acompound selected from the group consisting
of (i) a substituted aromatic diamine, (ii) a fatty
amine, and (jii) a polyamine based on a fatty
acid, - '

and '

(d)  mixtures thereof;
wherein the weight ratio of component A)2) to component A)1) is
from 0.001:1 to 0.1:1;
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and .
B) molding or oompresslng the combrnatlon formed in A).

2. The process of Clalm 1 wherem the wood particles are -
combined with from: 2 to 10% by welght based on the total weight of the
wood composite, of a thlxotroplc binder composntnon

- 3. The process of Clarm 2 wherem the welght ratio of A)2) to
A)1)|s00021t00051 S T R
4, The process of Clalm 2 wherein the welght ratio of A)2) to

~ A)1) is 0.005:1 to 0.02:1.

.8, The process of Claim 1, wherein the wood particles are
combined with from 3 to 8% by wexght based on the total wenght of the '
wood composite, of a thixotropic binder composition. '

6. The process of Claim 1, wherein said thuxotropnc binder

composition- additionally compnses R A
3) upto 20% by weight, based on the total welght of the
_ thlxotropxc binder composmon, of at least one high boiling
soIvent. :
_ 7. The process of Clalm 1, wherem said thlxotropxc binder
compositlon has a vnscosnty of less than 1 000 cps at hlgh shear.
8.  The process of Claim 1 wherem said’ |socyanate component -
.A)1) has a viscosity of less than about 2 000 cps at 20°

9. The process of C!alm 1,-wherein A)1 )(b)_ said semi-
prepolymer has a urethane_ grodp. content of 0.5 to 6%.

10. - The process of Claim 9, wherein"A)‘l)(B)i said semi-
prepolymer comprlses the reaction product of a po!ymethylene
poly(phenylisocyanate) with a polyol R

11.  The process of Claim 10, wherein said- polyol comprises an
isocyanate-reactive material havu_ng at least one: hydroxyl group and a
molecular weight of from about 62 to about 6,000.
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42. The p?‘i‘%ﬁéss of Claim 11, wherein the rétib of equivalents of
hydroxyl groups to |socyanate groups is from about 0.001:1 to-about
0.20:1. ' : : :
13. The process of Claim 1, wherein A)1 )a) said: polymethylene
poly(phenylisocyanate) has a functionality of from about 2.1 to about 3.5,
and a monomer content of from about 30% to about 90% by weight and. -
which comprises up to about 5% by weight of the 2,2-isomer, from about:

1 to about 20% by weight of the 2,4'-isomer, and from about 25 to about
65% by weight of the 4,4'-isomer, based on the entire weight of the
polyisocyanate.

14.  The process of Claim 1, wherein said polymethylene
poly(phenylisocyanate) has an average functionality of from about2.5to -
about 3.0, an NCO group content of about 30 to 32%, and a monomer
content of from about 40 to 50% by weight and which comprises no more.
than about 1% by weight of the 2,2-isomer, from about 2 to about 10% by
weight of the 2,4'-isomer and from about 35 to 45% by weight of the 4,4'- -
isomer, based on the entire weight of the polyisocyanate.

15. The process of Claim 1, wherein components 2)(c)(1) and
2)(c)(2) are present in amounts such that the NCO:NH, equivalent ratio is-
from about 50:1 to 200:1. _

16.  The process of Claim 1, wherein 2)(c)(2)(i) said substituted
aromatic diamines comprise aromatic diamines having at least one alkyl
substituent in the ortho position to each amino group.

17. The process of Claim 1, wherein 2)(c)(2)(ii) said fatty amines
comprise aliphatic or cycloaliphatic amines containing from 12 to 30
carbon atoms.

18. The process of Claim 1, wherein 2)(c){(2)(iii) said polyamines
based on fatty acids include amine functional polyamidoamines based on
fatty acids and/or fatty amines and having number average molecular
weight of less than about 500.
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19.  The process of Claim 1, wherein said thixotropic agent 2)(c)
is generated in situ in 1) said isogy‘,__anaté component. . y
| 20. The process of Claim 6, wherein 3) said solvent has a flash
point of greater than 120°C. : |

21.  The process of Claim 6, wherein 3) said solvent is selected
from the group consisting of aroiﬁatic processing oils, propylene
carbonate, aromatic hydrocarbons and linseed oil derivatives.




