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THiXOTROPiC WOOD BINDER COMPOSITIONS 

BACKGROUND OF THE INvENTION 
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This invention relates to a process for producing wood composite 

material by combining wood particles with a thixotropic binder 

composition. Suitable thixotropic binder compositions comprising: 1)(a) a 

polyisocyanate, preferably a polymethylene poly(phenylisocyanate) or 

5 1 )(b) a semi-prepolymer of a polyisocyanate. preferably a semi­

prepolymer of polymethylene poly(phenylisocyanate ); and 2l a thixotropic 

agent which is selected from the group consisting of: (a) a mineral 

species, (b) a rheological species, (c) an adduct of Q) a polyisocyanate or 

a senii-prepolymer thereof, with (ii) a substituted aromatic amine and/or· 

10 (iii) a fatty amine, and (d) mixtures thereof. 

Composite materials such as oriented stand board, particle board 

and flake board are generally produced by blending or spraying 

comminuted lignocellulose materials such as wood flakes, wood fibers, 

wood particles, wood wafers, strips or strands, pieces of wood or other 

15 comminuted lignocellulose materials with. a binder composition while the · 

comminuted materials are blended by tumbling 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 compressed 

between heated platens or plates to set the binder and bond the flakes, 

20 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 varying amounts of steam, generated by 

libration of entrained moisture from the wood or lignocellulose materials. 

These processes also generally require that the moisture content of the 

25 lignocellulose material be between about 2 and about 20% by weight, 

before it is blended with the binder. 

. ; . . 
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Plywood production ·;s accomplished by roll coating, knife coating, 

curtain coating, or spraying a. binder composition onto veneer surfaces. A 

plurality of veneers ar~ .then laid-up to form sheets of required thickness. 

The mats or sheets are then placed in a heated press and compressed to 

5 effect consolidation c:inq curing of the materials into. a board. 

. ~inder compositions which have been used in making such 

composite wood products include phenol formaldehyde resins, urea 

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

Wilson's paper entitled, "Isocyanate Adhesives as Binders·for Composition 

1 o Board• which was presented at the symposium 'Wood Adhesives -

Research. Applications and Needs" held in Madison, Wisconsin on 

September 23-25, 1980, in which the advantages and disadvantages of ... 

. each of these different types 'of binders. are discussed. . 

Isocyanate binders are commercially desirable because they have 

15 ·· low water absorpti9n, higti .a~~esive ~nd CC)hesive. t;t~ngth, flexibility ira . 
. . 

formulation, versatility with respect to cure temperature and rate, excellent 

structural properties, the .ability to f;>ond with liQ.nocellulosic materials 

having high water contents, and no formaldehyde emissions. The 

... disadvantages of lsocyanates are difficulty in pro«;essing due to .their high . 

20 reactivity •. adhe~ion to pl~telis, lack of cold tack, high oo~t and the need · 

for special storage. U.S. Patent 3,870.665 and German Offenlegungs­

schrift No. 2, 109,686 disclose t!ie use of polyisocyanates (and catalysts 
. . . . 

therefor) in the manufacture of plywood, fiberboard. compression molded 

articles, as well as various technical advantages when used as binders. 

25 It is known to treat cellulosic materials with polymethylene 
. . 

poly(phenyl isocyanates) (hereinafter •polymeric MDln) to improve the 

strengt~ of the product. Typically, such treatment inyolves applying the 

isocyanate to the material and allowing the isocyanate to cure, either by 

application of heat and pressure (see, e.g.~ u~s. Pater:its 3,666,593, 

30 5,008,359, 5, 140,086, 5,143,768, and 5,204, 1.76) or at room temperature 
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(see, e.·g., U.S; Patents 4,617,223 and 5;332,458)~ While it is possible0 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~ It ·is also known to utilize· toluylene 

5 diisocyanate for such purposes. 

Isocyanate prepolymers are. among 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-

10 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 

15 5, 179.143. 

A major processing difficulty encountered with isocyanate binders is . 

the rapid reaction of the isocyanate with water present in the 

lignocellulosic material and any water present in the binder composition 

itself. One. method for minimizing this difficulty is to use only 

20 lignocellulosic materials having a low moisture content (Le., a moisture 

content of from about 3 to about 8%). This low moisture content is 

generally achieved by drying tt:ae cellulosic raw material to reduce the 

moisture content. Such drying is, however, expensive and has a 

significant effect upon the economics of the process. Use of materials 

25 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. 

Another approach to resolving the moisture and isocyanate 

reactivity problem is disclosed in U.S. Patent 4,546,039. In ·this disclosed 

30 process, lignocellulose-containlng raw materials having a moisture content 



W000/39185 PCT/US99/30283 

-4-

ofup to 20% are.coated with a prepolymer based·on. a diphenylmeth.ane 

diisocyanate (MDI) mixture •. This prepolymer.hasa free isocyanate group . 

content ofabout 15 to·about 33.6% byweight and a viscosity of from 120 

to 1000 mPa·s at 25°C. This prepolym.er is prepared by reacting (1) about 

5 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-~o ~bout 2000 with (2) 

. one eq~ivalent of a polyisocyanate mixture containing (a} from O to about. 

56% by weight of polyphenyl polymethyiene poJyisocyanate and (b) about .. 

50 to about 100% by weight isomer mixture of diphenylmethane 

10 ·diisocyanate containing 10 to 75% by weight of2;.41-isorner and 25 to 90% 

by weight of 4,4'-isomer~ 

U.S. Patent 5,002,713 discloses a method for compression molding 

articles from lignocellulosic materials having moisture contents of at least. 

15%; generally from 15 to 40%. In this disclosed method, a catalyst is 

15 applied to the lignocellulosic material. A water resistant binder is then 

applied to the lignocellulose with catalyst and the. coated materials are 

then compression shaped at a temperature of less than 400°F to form the 

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

... • ·. · .. :. ·organo~e:tallic ,catalyst or .a· i)'lbrtur~ thereot · The binder .may be Cl 

· ·20 . hydrophobic isocyanate such as a'ny of the polymeric diphenylmethane 

diisocyanates, m~ and p-phenylene diisocyanates, chtorophenylene 

diisocyanates, toluene diisocy~nates, toluene triisocyanates, triphenyl­

methane triisocyanates, diphenylether-2,4,4'-triisocyanate and polyphenol 

polyisocyanates •. The catalyst is included to ensure that the isocyanate/-

25 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 such as a urea­

formaldehyde resin or a· polymeric diphenylmethane diisocyanate (PMDI} 

30 is known. Examples of such known pressing processes are disclosed in 
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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. 

. The completeness of binder cure may, of course, be determined by 

5 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 ar.e readily apparent. Valuable product is, 

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

extent of binder dispersion on the wood particles, etc. or processing 

conditions which would affect the rate of binder cure are not taken into 

consideration in the above-described method. 

Binding compositions comprising urea extended polyisocyanates 

15 derived from a combination ofa 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 reference also. 

describes a process for preparing a composite material from comminuted 

particles or veneers of a Hgnocellulos~.material comprising coating the , . 

20 particles or veneers with these binding compositions. 

A process for producing compression molded artides 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 

25 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 

30 limited. The use of some of the polyisocyanates, particularly the better 
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performing isocyanates, such as polymericMDl,!has been limited·bytheir 

cost. Because of the cost. constraints, the level of use of these expensive . 

isocyanates is kept low for a given material. One approach to the use of 

levels of these isocyan~es has involved chain extending the isocyanate 

5 with inexpensive extenders. · 

It has been known that organic polyisocyanate resins have 

excellent adhesion properties and workability as the. adhesive.for thermo­

compression mqlded articles such as particle boards and medium-quality 

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

1 O . chips, wood fibers, and the articles exhibit excellent physical properties. · . 

However, the excellent adhesiv~ness of the organic polyisocyanate i:esins 

causes disadvantage in that the compression. molded article adheres 

firmly to the contacting metal surface of the heating plate in a continuous 

or batch thermo-compression proqess •.. 

15 . To solVe the disadvantages of the undesired adhesion to the 
• • . • .1 . . •• '..... :·:=·· . ·. . 

.. heating plate,·it is requ!~d tllat a ~eleas.ing age11t is preliminarily sprayed 

Qnto the heating plate s1,1rface to,,~,:m a rel~sing l~yer. Japanese Patent 

Publication No. 3-2132.1 dh~_ctoses. a meijlod differentfrom the external . · 

releasing agent spray, in whicha.mixtur,e of an o.rganic polyisocyanate 

20 and a mineral wax is sprayed onto the lignocellulose. type material prior to 

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. 

25 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 wo~ particles towards promoting adhesion of the particles 

to each other; Higher viscositY resins penetrate less·quickly than low 

30 viscosity ones. A simple and common method used in the coatings and 
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adhesives industries -to control viscosity is to add a thixotrope to the resin 

compositions. 

A process ·for the preparation of air-drying, thixotropic binders 

containing free. isocyanate groups is described -in U.S. Patent 4,719,278. 

5 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 isocyanate content of about 0.5 to 

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

1 O have at least one alkyl substituent in the ortho position to each amino 

group. The NCO:NH2 equivalent ratio is about 0.5:1to50:1 based on the·. 

isocyanate groups of the isocyanate component and the amino groups_ of 

the aromatic diamine, provided that the equivalent ratio of isocyanate . 

groups to amino groups is at least 10:1. 

15 u~s. Patent 4,692,479 describes the use of thixotropic 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 . 

20 use as wood binders. 

U.S. Patents 5,459, 185 and 5,668,222 both describe the 

usefulness ofthixotropes in.mo~re curing polyurethane adhesives. 

Here, the principle is to use gelling agents or incompatible mixtures to 

provide thixotropic properties to the polyurethane compositions. Again, 

25 very high viscosities of greaterthan 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 

30 so that the resin can be sprayapplied. 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 ofresin into the wood 

particles reduces the amountof water that comes into contact with the 

reactive isocyanate groups ·prior to pressing~ Thus, the workable open 

5 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 

· · ;., 1 O thixotropic binder composition, and B) molding oN:c>mpressing the 

combination of wood particles and thixotropic binder composition fo~ 

in A).-. Suitable thixotropic binder compositions to· be oombined with the , 

wood particles in ·step A) comprise:· ·· 

. 1) · a polyisocyanate component selected ftom the group consisting of: 

15 (a) a polymethylene poly(phenylisocyanate) component having 

.·. , · an NCO group'content of about 30 to 33%~ preferably a 

20 

25 

30 

polymethylene:.poly(phenyllsocyanate) having a viscosity of 

· .. · less than about 2;000 cp~ at 20°c, and· most preferably a 

polymethylene poly(phenylisocyanate) having a functionality 

and 

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 aboµt 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; 

(b) ·. a semi-prepolymer of a polymethylene poly(phenyliso­

cyanate) having an NCO group content of about 25 to 33%, 
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preferably a semi-prepolymer of a polymethylene 

poly(phenylisocyanate) having a urethane group content of 

about o~s to 6% and a viscosity of less than about 2,0QQ,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 ); 

2) a thixotropic agent selected from the group consisting of: 

10 (a) a mineral species, 

15 

(b) a rheological additive, 

(c) an adduct containing terminal NCO groups, and urea groups, 

which comprises the reaction product of. 

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

polyisocyanate, · 

and 

(2) a compound selected from the group consisting of (i) 

a substituted aromatic diamine, (ii) a fatty amine, and 

(iii) a polyamine based on a fatty acid; 

20 and 

(d) mixtures thereof. 

Suitable thixotropic ag~nts 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 

25 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 0.001:1to0.1:1, preferably from 0.002:1to0.05:1, and most 

preferably from 0.005:1to0.02:1. 

In accordance with the present invention, wood particles are 

30 combined with from 1to25%, preferably 2to10%, most preferably 3 to 
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8% by weight; based. ori the total weight of the wood composite, of the 

thixotropic binder compositions as described above. · · · 

In a preferred embodiment of the present invention, the thixotropic 

binder composition ·additionally comprises: 

5 3} up to 20% by weight, based on the total weight of the thixotropic 

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 aniline-formaldehyde 

condensation products. ··.. .. . · · 

· · · · · . Suitable polyisocyanates to. be used as.component 1) of the 

15 .. · compositions in the .presentinvention 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) sem~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 at20°c. It is preferred 

that the polymethylene poly(pl)enylisocyanate) blends and semi• 

prepolymers 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 cps at 20°C. 

The polyisocyanates of the present invention have a functionality of 

from about 2.1 to about 3.5, preferab1y·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· monomer content of from 

30 about 30% to about 90% by weight, preferably from about40% 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· 

5 content of these· isocyanates varies from about 1 O to about 70% by 
. . ' 

weight. preferably from about 30% to about 60% by weight, based on the 

entire weight of the polyisocyanate. · 

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, 

1 O to about 32.8% by weight, and a monomer content of from about:55% to· · · 

about 80%, wherein the content of monomer comprises no more than 

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.o/o to about 55% by weight of,_ -

the 4,4'-isomer, based on the entire-weight of the polyisocyanate. This-.·· 

15 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, 

polymethylene poly(phenylisocyanate) blends having an average 

functionality of from about 2.5 to about 3.0, preferably about 2.6 to about : 

20 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 th~n 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 

25 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 

30 described above with adducts of MDI including, for example, allophanates 

.· ... 
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of MDI as described in, 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 

5 · 4,244;855, the disclosures of which are herein incorporated by reference. 

Suitable. semi-prepolymers· of polymethylene poly(phenyl­

isocyanate) to be used as component 1 )(b) :of the presentinvention 

include those semi~prepolymers having an NCO group content of 25 to 
30% by weighL These semi-prepolymers have a· urethane group 

1 O concentration.of about 0.5 to 6% and a viscosity of less than about 2,000 

cps at.20°C. Typically, suitable semi-prepolY11_1ers can·be prepared by 

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

blending the polymethylene poly(phenylisocyanate l with a prepolymer of 

. monomeric methylene bis(phenylisocyanate) as described in, for example, 

15 U.S. Pcatents 5,4621766 and 5,714,562, the disclosures of which are 

, herein incorporated by reference~ . .,,. 
,. " 

:,. . . · It is also ·possible to prepare ~uitable semi•prepolymers from a . 

. · mixture of monomeric and polymeric MDI and:an isocyanate-reactive 

·.material having at least one hydroxyl.group·and a molecularweightof 

20 from about 62 to about 6,000. These isocyanate-terminated prepolymers 

are formed by.reacting a polyisocyanate mixture and an isocyanate­

reactive compound having fro~ 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 

25 . 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 ofthe techniques known in the art. The isomer content ofthe 

30 diphenylmethane diisocyanate may be brought within the required ranges, 
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if necessary, by techniques which are 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. 

5 . 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. 

1 O 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 most 

preferably from about 2 to about4. hydroxyl groups and a ·molecular weight 

of from about 62 to about 8,000, preferably from about 100 to about 5,000, 

15 most preferably from about 100 to about 2,000. Any of the known 

isocyanate-reactive materials ·having at least 1 hydroxyl group satisfying 

these criteria may be used. Suitable isocyanate-reactive materials indude 

but are ·not limited to any of the known polyesters and polyethers. 

Polyesters which may be used to produce the· prepolymers of the 

20 present invention include the reaction products of polyhydric (preferably 

dihydrfc) alcohols with polybasic (preferably dibasic) carboxylic acids, 

polycarboxylic acid anhydride~ 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 

25 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, ·. 

30 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 

5 ester. Specific examples of suitable alcohols are 1 ;2~propylene glycol, 

1,3-propylene glycol, 1,4-butylene glycol, 2,3~butylene glycol, 1,6-

hexanediol, 1,8-octanediol, neopentyl 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, 

1 O quinitol, mannitol, 1,4-cyclohexanedimethylol, sorbitol, formitol, methyl 

15 

20 

· glycoside, diethylene glycol,. triethylene glycol, tetraethylene glycol, higher 

polyethylene.glycols, dipropylene glycol, higher polypropylene glycols, 

dibutylene glycol,and :higher polybutylene glycols. The polyester may 

contain terminal carboxYI groups or a small portion of monofunctional 

ester capped functionalities .. · Polyesters of lactones (e.g., e-caprolactone) . 

or of dihydroxy carboxylic acids (e.g;, m-hydroxy caproic acid) may also be 

used. 

Preferred. polyesters are prepared from 01ixtures of phthalic; 

isophthalic and terephthalic acids with ethylene glycol, diethylene glycol 

and higher polyethylene glycols. The materials are often obtained in the 

recycling process for plastic bottles. 

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 

· 25 addition of an epoxide to starter components containing reactive hydrogen 

atoms such as,water,.alcohols;.ammonia oramines. 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. 

30 Specific examples of suitable starter components include: ethylene 
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glycol,· 1,3-propylene g1ycol. 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 dlamine, and· sucrose. The starter component 

5 may be used alone or in admixture with other starter components. 

Preferred polyethers are pelypropylene oxide adducts started on 

an amine such as ammonia, ethylene diamine, and substituted­

ethanolamines. 

The polyisocyanate mixture and isocyanate-reactive material used 

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

quantities such thatthe ratio of equivalents of hydroxyl groups to . · .. · ... · 

isocyanate groups is from about 0.001 :1 to about0.20:1, preferably from 

about 0.004 to about 0.1 :1, most preferably from about 0.005 to about · 

. 0.02. 

15 The· semi•prepolymers of the present invention may be prepared by 

reacting the polyisocyanate mixture and hydroxyl compound at 

temperatures of from about 1 O 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 ·. Other materials which may optionally be .used in the production of -

the semi-prepolymers of the present invention include polycarbonates, 

ester carbonates and ether carponates containing isocyanate-reactive 

hydrogen atoms. 

The semi:..prepolymers of the present Invention are characterized.by 

25 a viscosity of less than 2,000 cps at20°C, preferably a viscosity of less 

than 1,000 cps at20°C. These prepolymers also have an NCO (i.e., 

isocyanate group) c~ntent 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 

'·. :: .: 
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of about 27 to '3t%, a urethane group content of about 1 to ·about 4%, and 

a viscosity 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 rheological additive, (c) an adductcontaining 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, 

(ii) a fatty·amine, and (iii)' a polyamine based on a fatty acid, and (d) 

1 o · miXtures thereof. 

. 15 

Suitable ·mineral species to be used as component 2)(a) in ·the 

present invention include; forexample, organophilicdays such as, for 

example, kaolin~ bentonite, calcium sulfonates, and surface modified 

organophilic clays, etc., ,silica such as siJica gel, fumed silica, precipitated 

silica, and surface treatec:t.silicas, colloidal particles such as· calcium and 

barium carbonates· and acetates;.xonotlite fibers such as, for example,. 

microhized ·synthetic calcium·silicate crystals,. etc.··· · 

Suitable rheological additiVes to be us~ as thixotropic agents, 

component 2)(b), in the present invention include,.for example, polyesters, 

.· 20 · polyamines; and/orpolyester amines prepared from fatty acids. such as, 

for example, dimer acids or hydrogenated dimer acids, esters derived from 

fatty acids such as; for examp!e, 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 include, but are 

25 not limited to, compounds such as hydrogenated castoroil-polyamide 

oligomers, ·polyesters prepared from castor oil and fatty acids, polyamides 

prepared from diamines and polymeric fatty acids, polyoxyalkylene­

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 coca mine,' polyester amides prepared from ester.:.amides and 

ricinoleic acid. 

It ·is also within the· scope. of the present invention to use certain. 

adducts, component 2)(c}, as thixotropic agents. These adducts (c} · 

5 contain·ten'ninal 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 substituentin the ortho · · 

10 position to each amino group, (ii) a fatty amine and (iii) 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 

quantities of components are such that the NCO:NH2 equivalent ratio, of 

2)(c)(1) to 2)(c)(2), is from about 50:1to200:1. 

15 · Suitable polyisocyanates and semi-prepolymers thereof for the 

preparation of suitable·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 

polymethylene poly(phenylisocyanates), the semi-prepolymers having·an · 

20 NCO group content of 25 to 33%. 

For the preparation of the isocyanate semi-prepolymers, ·the 

starting polyisocyanates· and p~lyhydroxyl 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 · 

25 about 27 to 31 o/o by weight. This reaction is carried out in known manner, 

generally within a temperature range of about 0°C to 250"'C. Reaction 

products containing free isocyanate groups and urethane groups are 

obtained. These products are accompanied by unreacted starting 

polyisocyanates depending on the amount of excess polyisocyanate used 

30 into the reaction. 
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Suitable substituted arom~ic qi~mi11~ to be used: as compone.nt 

2)(c)(2)(i) in preparing the addu~:a~:thethJxotropic agent in the process -
. ~ . . . . : 

according to the· invention incluc:l~-~m·Y i:U'()m~tic diamines having at least 
.·... . . 

one alkyl substituent in.the orthq 'p91:?iti9n I<? ·each amjn~ group, in 

5 particular, diamines having atle~ston~ ~lkyl substituept in the ortho 

position to .the -first amino group and <2 ~l~y' $Ubstituents .each with 1 to 4; 
. . 

preferably 1 to 3 carbon atoms in the ortt,io position to the second amino 

group. Those which have an ethyl,· n-:ProPYI, and/or isopropyl ,substituent in 
. . .. . . . 
. . ' . . 

at least one ortho position to each am,ino group and optionally methyl 

10 substituents in otherortho positiqns tp ih~ amino gro1,1ps are particularly 
. •.: '· - . .. . 

preferred. The following are example~ 9f such diamin.~: 2,4-diamino­

. mesitylene, 1 ;3,5-triethy~2;4-diar,iipo~~nzene, 1,3,5-~riisopropyl-2,4-
. . . 

diaminobenzene, 1-methyl-3,5-di~y~ .. 2A-diaminobeniene, 1-methyl-3,5:"' 

· diethyl-2,6-diaminobenzene, mJ~UfeS ()f ttieJasttwo mentioned diamines;, 
~ ·. . . . 

15 4,6-dimethyl-2 .. ethyl-1 ;3-diamino~~rti~p~. 3,5,3' ;5';.tetn;l~thyl-4,4' -diamino- · .. ·· 

diphenylmethane, 3,5,3· ,5· .. tetraif?ppropyl-4;4'-diaminodiphenylmethane, .. 
' .· ' :· ' 

3,5-diethyl .. 3\5'-diisopropy14,4' -:-tfiarnino~iphenylmethane, 1 .. t-butyl-3,5-

dimethyl-2,4-diaminobenzenes; 1 .. t-q~l-~.~~imethyl~2.6-diaminoben­

zenes and. mixtures thereof with .-t,.m~thyl~.5-diethyl'."2,6-diaminobenzene 

20 which generally contain up to ab(.)ut ~5cYo ~y weight, based on the total 

. mixture of the 2,6-isomer are ~ftic::ularty preferred as $lrting component 

2)(c)(2)(i) according to the invention.··· 

Suitable fatty amines to be USE!d at; component ?)(c)(2)(ii) in the 

present invention for preparing a~du~ 2)(q)(2) include but are not limited 

25 to, for example, aliphatic orcycloaliph~tic,~mines containing from 12 to 

30 carbon atoms, preferably from 1 a· to 24 carbon atoms, or mixtures 

thereof. Examples of such fatty ~~ine,s i11clude docosylamine, 

eicosylamine and N,N-bis(2-ethyth~xyl)amine. Also included are the 

products .obtained by saponification and subsequent amination of various 
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natural oils includiritj·,·:eut not limited to, for example:~co~bnutoil, palm oil 

and the like. 

Suitable polyamines·based'on fatty adds to be used ·as ··component 

2)(c)(2)(iii) in preparing· the adducts for the present invention includes, for 

5 example, 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 C12•18 fatty acid, dimerized C36-64 fatty 

acid (mainly from oleic and linoleic acids), soybean oil, tall-oil, linseed-oil, · • · 

1 O castor-oil, and their dimers, with polyamines such as dipropylenetriamine · .. 

and hexamethylenediamine, and especially ethylenediamine· and its . 

derivatives, diethylenetriamine; triethylene-tetraamine; and tetraethy­

lenepentamine. Also included are dimer acid•based amine-terminated . 

polyamides including reaction products incorporating portions of mono-, 

15 such as octanoic acid, stearic acid, or C4-12 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 

20 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., compone~t 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 

25 component 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 polyamine·based on a fatty acid is 

about 50:1to200:1, preferably about 100:1to150:1. 

The degree to which the binder.composition-is rendered thixotropic 

30 depends mainly on the proportion of reaction products con~ining urea 
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groups as obtained by the reactiQn Qf comp1;ment 1) with component.2) •. 

The quantity of individu~l starting m~terials required for producing the 

desired thixotropic effect can therefo~ be readily dete1111ined by a few 

preliminary tests. · · 

5 The process of preparing t~e$e:thixotropic agents described above 

for th~ 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 EIS aromatic hydrocarbon processing 

oils, petroleum hydrocarbons, xylene, toluene or mixtures of such 

10 . solvents. More preferably, solvents 0are present in an amount of from 

about 5%-toabout20% by weight, bas;ed on the totalweightofthe 

thixotropic binder composition. ltis preferred-that solvents have high · 

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

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

15 · incorporated by reference~ It is ·preferred that solvents have a flash point · 

greater than 120°c. Thus; :solvents and other extenders, for example, 

propylene carbonate, ~romatic ·hydrocarbons,. and linseed oil derivatives 

are preferred. ·.~ : 

Known catalysts tor·accelerating the isocyanate addition reaction 

. . 20 may in. principle be used in forming these thixotropic agents. Suitable 

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

dilaurate or tin(ll) octoate. Othe~ catalysts are described in "Kunstoff 

Handbuch",Volume VII, published by Becker and Braun, Carl Hanser 

Verlag, Munich, 1983 on pages 92-98. The Gatalysts are used, if at all, in a 

25 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/or aux;liary agents .which may be 

included in the thixotropic binding compositions of the present invention 

include, for example, wax emulsions or ~lack wax for reduced water 

30 absorption, preservatives; surface active additives, e.g., emulsifiers and 
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stabilizers, mold rele~se agents such as, for example; zinc 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 · 

5 shear mixers known to those. skilled ·in the art. In-line or continuous mixing 

deviqes 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 mole~Jar weight, as determined by end-group analysis. 

10 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 

15 noted, all temperatures are degrees Celsius and all parts and percentages 

are parts by weight and percentages by weight, respectively . 

. EXAMPLES 

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

present invention: 

20 Isocyanate A: a polymeric MDI blend having a viscosity of about 200 .. 

mPa•s, and an isocyanate content of about 31.5% 

(Mondur®~41) 

25 

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 !!;ample was measured at varying 

temperatures, while maintaining ~- C()n~n~ spindle speed of 1 rpm. 

Viscosity was also measured.at varyin9 !;Peeds while m~intaining a 

5 constant 25°C temperature. Table 1 shows data for Jsocyanate A 

visco$ity at .1 rpm versus temperature, T~ble 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 

versus spindle speed. --

- ': 10 

- -Table 1. Temperature-vs. Viscosity-forlsocyanateAat t rpm 

Temperature {°C) .'--·-·· - Viscositv CmPa s} 
19 410 

--- 25 - 250 
··48·- - - ·:: 

74 25 
98 13 

.· .. ('. . '.· : .. · ... 

Table 2. Spindle-Speed vs. Vist»sity"fOr Isocyanate A at 25°C 

- Soeed lr'Pm) . ; ....... .. · . 
Viscositv {mPa·s) 

1 -· 252 
2. 250 
5 

. ' 248 
10' 247 
50 243 
100 241 

15 Table 3. Spindle Speed vs. Viscosity for 0.875% Thixotrope A/99.125% 
Isocyanate A mixture at 25°C · 

Soeed (rpm) Viscositv (mPa·s) 
1 •368· 
2 358 
5 346 
10 336 
50 315 
100 307 
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Sample Preparation: The wood was first submerged in liquid 

nitrogen and razor cut into pieces measuring 5 cm x 1 cm x 1 mm. This 

was done to minimize pore closure· during the cutting- process, and was 

5 ·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 Isocyanate A and Thixotrope A (in varying amounts: see Table, below} 

.were prepared by introduction of the components under low shear (250-

10 500 rpm) using an IKA Labs Eurostar Digivisc mechanical stirrer. The 

samples were padded under nitrogen and sealed with Parafilm after ea~h 

exposure to atmosphere. 

Wicking: The wood strips were vertically suspended from an analytical · 

15 . balance in a closed chamber on a Cahri 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 

20 mm into the various isocyanate/thixotrope samples, and the weight (in mg) 

of the uptaken material was recorded approximately every second; The 

sample was allowed to sit undi~rbed 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 

25 the exception of Isocyanate A (the control), which was wicked twelve 

times, and the 99% Isocyanate AJ1 % Thixotrope A sample, which was 

wicked eight times. Values reported in Table 4 are the average values in 

each case. 
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Table 4: Absorbance vs. Amoun! otTh~xo~pe. 

Example# ·Viscosity in · · o~n§ity ·at · Average Raje of Average 
(% Aerosil mPa·s · 25,°C · AbsorbancE:f after Height of 
in sample) (25°C, 1 _(gtmt> 20 miri ·· · '' Sample (mm) 

roml .. lmllsec/mnr)ll · 
1 (0;0<Y'> 252· 1.235 a~4ox10·1 25.00 
2 (0.250) 271 1.235 4.7sx10·1 4.75 
3 . (0.500) 288 . 1~226 ·.·· 4~ao:x10-1 • . 3.75 
4 (0.750) 317 1.235 3.asx:10·1 2.25 
5 {Q.875) 368 1~238 3.50 x10·1 3.50 
6 (1.000) 432 . 1~2$0 . · · 3~ao xto'-7 4.63 
7 {1.500)- 543 .· 1;237 · 4.57xtP~1 3.50 
8 (3.000) 740 1.225 4.20 x10-r 3.50 

:•":.' .,·. ·' -~ ...•. ~ : .. 

Notes: ·· . . .··. : . '.. : 
" Isocyanate A. neat as controL ! . 

5 a Calculated using Poiseume·s· Law (Peoples; s. A.~ Proc~ West 
Pharmacol. Soc;. 15:161-165 {197~)) .. · · 

;' ··.; ; ·/ 

From data li~~e~Jn Table ~i:. it ~as ~etennined that compared to 
· ·· . · · · · · : ·· · · , r : . ·· : · · · · .:· .. . : ~ ~ · ~ . . ... · ~ , . : · : . . _: • .. ; , 

Isocyanate A alone, samples C()O~inJng 1)1ixotrope A slow the rate of 

1 O uptake of the thix~tr~p~c bind~r by th~:,~o<?d. .· .. . . . ·. 
• : '• ·, ·,·.' I • .• ;, •: '.; ·: '::j • '!" .: ... 

Examples 9-15: . . .. 

Wood Composite Board Stugies .. 

The following addition~! componen~ ~e~used in Emmples 9-15 of this 
. . . .•.. i ·, . ., . 

application_: 

15 Solvent A: an aromatic pe.froleum distillate sold under the name 

. Viplex~ 8S5; ~~~mercially ayailable from Crowley 

Amine A: 

. 20 

Thixotrope B: 

:_. .·· . . . ·' . 

. Chemical Corpo~tion, Inc. (New York, New York). 
,· . . . . . . . ; .· .... 

a fatty. acid amjdoam!11e commercially available under 

.the name Ve~~rniq® .. 140 from H~nkel Corporation 
:. .. . .. .. ·.: . . :· t. . ... · . : · ... 

(~nkakee, IL)~ 
. : . '· ·. 

an organically.!'Tlodifi~ hectorite clay commercially 

available under the name Bentone® Gel CAO from 

Rheox, Inc. (H!ghtstmvn, NJ). 
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:~a balcium sulfonate compound -C8'mmercially available 

under the name. lrcogel® 903 from Lubrizol 

Corporation (Wickliffe, OH). 

Particle Board Furnish:.· mixed h~rdwood wood particles containing 

5 · 6-7% moisture obtained as "surface' fine 

furnish" obtained from Allegheny Particleboard 

·(Pitts~urgh, PA). 

10 

15 

OSB· Fumish: 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% w/w. 

Example 10: Isocyanate A. 99.125%·byweight, and Thixotrope A, 

0.875% by weight, mixture added at 5% w/w to . 

particleboard furnish 

Example 11 (control): Isocyanate A, 80% by weight, and Solvent A, 

20% by weight, mixture added to particleboard 

fumish at 5% wlw. 

20 Example 12: Isocyanate A/Amine A, 79.2%/0.8% by weight · 

(respectively) and Solvent A, 20% by weight mixture 

added to p~rticleboard furnish at 5% w/w. 

Isocyanate A. 97% by weight, and Thixotrope 8, 3% 

by weight, mixture added to OSB furnish at 5% w/w. 

Isocyanate A, 97% by weight, and Thixotrope C, 3% 

.-Example 13: 

25 Example 14: 

by weight, mixture added to OSB furnish at 5% w/w. 

Example 15 (control): Isocyanate A, 5% w/w on OSB furnish. 
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The comp<>sites were prepared by the foJJowing p~cedures: · 

Procedure for Preparation of Thlxotropic Binder: (isocy§.nate and 

thixotrope only) 

Preparation of binder for tt:te various systems of t~is Invention 

.· 

5 followed the same method, only clifferin9 in the components used from 

Examples 1;.S, as noted in Table 4. Isocyanate Awas·added to a 16 oz. 

glass container, which was place~ under an IKA tabs ':i;:urostar Digivisc 

variable speed mechanical stirrer. -The stirrer Was started, set at a -speed 

of 1000 rpm, while the Various thb<otropes were slowly added. The 
·." . : . 

1 O thixotropic binder compositions were allowed to mix for ten minutes, after 

which the materials were-visually det~rmined to be ho~geneous. · .. ·. 

Procedure for Preparation of Diluted Binder (isocyanate and solvent) 

Isocyanate A was pl~ced intP ~ t6 ·oz. glass co'1ta;ner. and an IKA 

15 · Labs Eurostar Digivisc variable speect ·mechanical stirrer_ was placed into 

the isocyanate. Solvent A was added while the stirrer was stirring (at 
. . . 

1000 rpm), and the mixture was allowed to stir for 10 minutes. The mixed 

binder was visually determined to ~e homogeneous. 

20 Procedure for Preparation of Diluted Thixotropic:Binder (isocyanate/amine 

thixotropic binder with added solveritl 

Binder including Isocyanate A. Solvent A. and Amine A was 

prepared by placing the isocyanate into a 16 oz.·glassce>ntainer, into 

which was placed an IKA Labs Eurostar Digivisc variable speed 

25 mechanical stirrer. The stirrer was started, set at a speed of 1000 rpm, 

and Solvent A was slowly added. The sample was allowed to mix for ten 

minutes, after which the material was visually determined to be 

homogeneous. The sample was allowed to sit for 30 minutes, to allow for 

release of any air trapped in the mixing of isocyanate and solvent. The 

30 sample was again placed under the IKA Labs stirrer, and the speed set to 
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2000 rpm; Additiori 16f Amine A was then performed;.~'dver 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 fQllowing procedure·was used for preparation of composite· 

board panels using the various, bi~der systems described above: 

Procedure for Preparation of Particleboard Panels: 

Particleboard furnish was placed in a stainless steel bow~ (for use in 

1 o a KitchenAid KSM90 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 running at ... 

its lowest speed setting. The furnish was mixed for an additional 1 O 

minutes. The resin-coated furnish was then placed in an eight inch by · 

15 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 furnish is sifted through a screen to remove 

20 undersized and irregular strands and then weighed into two 30-gallon 

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, 

25 and wax in all cases is added at 0.5% w/w, based on the total weight of 

the composite, to the OSB furnish. 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, 

30 for transfer to a form. The strands are then evenly distributed by hand into 
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a form in a presetweight amount to obtain the desired 40 pcf density. The 

form is then removed from the di$tlibuted strands; which· now form a mat. 

During this time, the press, a New~an Hydra-Press Model HP-188, is 

heated to working temperature, an~ a bu~t of steam is sent through the . 

5 heated platens of the press to remove any built-up water in the lines. The 

mat is placed between two metal platens;• ~nd transferte!d to the press. 

Probes are then inserted ·into the p~pre$sed mat to measure internal 

temperature and internal pressu~~ The board is then pressed under 100 

psi steam pressure With 600 -psi pressure on the mat for 2.5 minutes, 

·. 10 resulting inthe·finished 1.5 inch thick board. 

Resultant boards were tested for Internal Bond Strength and 

Thickness Swell in accordance with ASTM method 01037 "Evaluating 

Properties of Wood-Base Fiber and Particle Panel Materials". 
, ... ; .· 

,• ' . 
. . · .· 



Table 5. Composite Board Properties. 

Example# Viscosity (mPa·s) 89ard Density 
(descriotion l at25°C, 1 mm locfl 
9 (~% Isocyanate A: 252 40 

con troll 
10 {Isocyanate 373 41 
A/0.875% Thixotrope A) 
11 . (Isocyanate Al 203 42 
20% Solvent A: control) 
12 (Isocyanate A/2% 975 42 
Amine A ~nd 20% 
Solvent Al 
13 (Isocyanate Al 3% 590 40 
Thixotmpe B) 
14 (Isocyanate Al 3% ~93 40 
Thlxotrooe Cl 
15 (5% Isocyanate A: 252 40 
control) 

Internal Bond Thickn9.~s Swell 
Strength Cosi) (%) 

'240. 1.0.s·· 

259 12 

2.28 13.6 

257 9~7 

124 6.7 

120 7.2 

128 5.3 
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\0 

:·.:-. 
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~ 
=· 
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~ 
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From data listed in Table ·f), it wa~ determined th,at compared to 

samples containing Isocyanate A aloi:ie. s~mples con~in,ing thixotropic 

binder have properties equal to prbetterthan thecontrc),1. In cases where 

the resin is diluted with solvent (~. 11 ), the addition ~nhe thixotrope 

5 (Ex. 12) actually improves:the prop~rties qfthecomposites formed 
. . . ·: .· '· 

therefrom, even to a point wherei~ the properties are better than those not 

containing thixotrope and a high~r level ofpolyisocyanate (Ex. 9). 

Although the invention ha~·been described in.~etilil in the foregoing 

for the purpose of illustration, it is to be understood ttuat such detail is 

1 o solely for that purpose and that variations can be mad~therein by those 
. ": ~ . 

skilled in the art without departinQ frc>m the spirit and sc0pe of the 
; .. 

invention except as it may be limited by the claims.· 
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.WHAT IS CLAIMErJJS: 

1. A process for the produdion of wood composite materials 

comprising: 

A) combining wood partides with··1 to 25% by weight. based on the 

5 total weight of the wood composite, of a thixotropic binder 

composition comprising: 

10 

1) an isocyanate component selected from the group consisting 

of: 

(a) a polymethylene poly(phenylisocyanate) having an 

NCO group content of about 30 to 33%, 

and 

(b) a seml-prepolymer of polymethylerie 

poly(phenylisocyanate) having an NCO group content 

of about 25 to 33%; 

15 and 

20 

2) a thixotropic agent seleded from the group consisting of: 

(a) a mineral species~ 

(b) a rheological addit1ve, 

(c} an adduct of 

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

polyisocyanate, 

with 

(2) a compound seleded from the group consisting 

of (i) a substituted aromatic diamine. (ii) a fatty 

25 amine, and (iii) a polyamine based on a fatty 

acid. 

and 

(d) mixtures thereof; 

wherein the weight ratio of component A)2) to component A)1) is 

30 from 0.001 :1 to 0.1 :1; 



11111111 1111111111111111111111 
W000/39185 · *. C ·· ~ M S * 

PCT/US99/30283 

- 32.; '' 

and 
' ' 

B) molding or compressing.~e combination formed Jn A). 

2. The process of Cl~im 1,: wherein the woq~: particles are •. 

combined with from2 to 10o/obyweight; ba~ed on the·,tqtal weight of the 

5 wood composite, of a thixotropic binder composition; , : ·. : 

· 3. The process of Cl~im 2, wherein the weight ratio of A)2) to 

A)1) is 0.002:1 to 0;0~:1. . , . · · '· 

4. The process of Claim 2, wherein the weigtlt ratio of A)2) to 

A)1) is o~oos:1 to 0.02:1. 

· 10 5. The process of Claim 1, wherein the wood·particles are 
: ; . 

combined with from 3 to 8% by weight, based on the 'ic>ta1 weight ofthe 

wood composite, of a. thixotropic binder corr-position~ J ·· · 
6. ·The process of Claim 1, wherein :said thixotropic binder 

composition·additionally comprises: ·. ·:' 

· · 15 3) up to 20% by weight, based on the total \Veight of the · 

thixotropicbinder eomposition,.of:at least one high boiling 

solvent. 

1~ The Proc:ess ofGlt:1im 1, :wherein s~id th~otropic binder 

composition has a viscosity ofless than 1,000 cps at high shear. 

20 8. The process of Claim 1,..wherein said·isocyanate component 

. A)1) has a viscosity Qf less than about 2,000 cps at 20~~ 

9. The process of C!aim 1, wherein A)1 )(b) 'said semi-

prepolymer has a urethane group content of 0.5 to 6~ •. 

10. The process of Claim 9, whereiffA)1)(Blsaid semi-

25 prepolymer comprises the reac:fion product of a polymt;!thylene 

poly{phenylisocyanate) with a polyol. 

11. The process of Claim 1 o. wherein said polyol comprises an 
' ' 

isocyanate-reactive material having at least one hydroxyl group and a 

molecular weight of from about 62 to about 6,000. 
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12. The pl'6cess ·of Claim 11, wherein ·the rtltib ·of equivalents of 

hydroxyl groups to isocyanate groups is from -about a·.001 :1 to about 

0.20:1. 

13. The process of Claim 1, wherein A)1)(a) said'polymethylene 

5 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 

1 O polyisocyanate. 

14. The process of Claim 1, wherein said polymethylene 

poly(phenylisocyanate} has an average functionality of from about 2.5 to 

about 3.0, an NCO group content of about 30 to 32%, and a monomer 

content of from about 40 to 50o/o by weight and which comprises no more. 

15 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:NH2 equivalent ratio is 

20 from about 50:1to200:1. 

16. The process of Claim 1, wherein 2)(c)(2}(i) said substituted 

aromatic diamines comprise arqmatic diamines having at least one alkyl 

substituent in the ortho position to each amino group. 

17. The process ofClaim 1, wherein 2)(c)(2)(ii) said fatty amines 

25 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 

30 weight of less than about 500. 



WO 00139185. 
'Jll1J m1~ llf n 111 n mm 

. s * PCT/US99/30283 

.. 34 .. 

19. The process of Claim 1, wherein said thixotropic agent 2)(c) 

is generated in situ in 1) said .isocy~nate component. 

20. The process of Claim 6. wherein 3) said solvent has a flash 

point of greater than 120°C. 

5 21. The process of Claim 6. wherein 3) said solvent is select~ 

from. the group. consisting of aromatic proce:tssing oils. propylene 

carbonate, aromatic hydrocarbons and linseed oil derivatives. 


