
The foam used in rebonded foam product is documented by our supplier as 100% recycled.  This 
content is a mix of post-consumer and pre-consumer content, that which cannot be identified as it 
changes from batch to batch, therefore, in the calculations the lesser value: pre-consumer.

 Only 50% of this weight may count towards the recycled content value of the product in accordance 
with the  US Green Building Council LEED   guidelines for New Construction/Schools MR credit 4.1 and 
4.2:

 “Use materials with recycled content such that the sum of post-consumer recycled content plus one-
half the pre-consumer content constitutes at least 10% [20% for MR 4.2] (based on cost) of the total 
value of the materials in the project.”

Neither the supplier, nor we could claim, however, that the entire products weight is recycled because 
the adhesive used to bind the foam is a virgin material.  Our supplier felt it was an trade secret, and 
would not disclose the exact percentage of glue to foam ratio.  To create an accurate percentage,  4 
patents for the material have been referenced, with an average binder amount of 13% of total product 
by weight.   Because percentages fluctuate from batch to batch, we found this to be the most accurate 
way of determining the average percentage for any rebonded foam product.

Attached also, is the letter from the manufacturer stating 100% recycled foam content.  We feel that 
armed with this specific documentation, and a written explanation during the submittal process, that 
this material can be successfully atributed to MR credits 4.1 and 4.2: Recycled Content.

Rebonded Foam Documentation
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A method for making antimicrobial rebonded carpet pad includes mixing zinc pyrithione with a polyol to form an antimicrobial polyol mixture concentrate,
blending the antimicrobial polyol mixture concentrate with a binder stream, mixing the binder with foam particles and curing the binder. The percentage of zinc
pyrithione mixed with the polyol and the addition ratio of the antimicrobial polyol mixture concentrate with the binder stream are selected to provide an overall
concentration of zinc pyrithione in the binder of at least about 7500 ppm. The particles and binder are cured into a block and sliced to form carpet pad.
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Claims:
What we claim as our invention is:

1. A method for making rebonded carpet pad, comprising: mixing zinc pyrithione with a polyol to form an antimicrobial polyol mixture concentrate, blending
the antimicrobial polyol mixture concentrate with a binder stream, and selecting a percentage of zinc pyrithione mixed with the polyol and an addition ratio of
the antimicrobial polyol mixture concentrate with the binder stream to provide an overall concentration of zinc pyrithione in the binder of at least about 7500
ppm.

2. The method for making rebonded carpet pad according to claim 1, further comprising: mixing zinc pyrithione with a triol polyol to a 20% strength
antimicrobial polyol mixture concentrate, and blending the 20% strength antimicrobial polyol mixture concentrate with a binder stream at at least a 3.90%
addition level.

3. The method according to claim 2, further comprising blending the 20% strength antimicrobial polyol mixture concentrate with a binder stream at a 3.90% to
6.5% addition level.

4. The method according to claim 1, further comprising: mixing the binder with foam particles.

5. The method according to claim 4, wherein the ratio of binder to foam particles is about 1:10 and results in an overall concentration of zinc pyrithione in the
carpet pad of at least about 750 ppm.

6. The method according to claim 4, further comprising shaping the mixture of binder and foam particles into a block, curing the binder and slicing the block to
form carpet pad.

7. The method according to claim 6, further comprising laminating a film to at least one side of the carpet pad.

8. The method according to claim 7, wherein the film comprises an effective amount of an anti-microbial compound.

9. A carpet underlay made by the method of claim 6.

10. A carpet underlay made by the method of claim 7.

Description:

CROSS-REFERENCE TO RELATED APPLICATIONS
This is a Divisional Application of U.S. patent application Ser. No. 10/840,309, filed May 6, 2004, entitled “Anti-Microbial Carpet Underlay and Method of
Making,” which claims the benefit under 35 U.S.C. §119 of U.S. provisional application Ser. No. 60/506,688 filed Sep. 26, 2003 and entitled “Anti-Microbial
Carpet Pad and Method of Making,” both of which are hereby incorporated herein by reference for all purposes.

FIELD OF THE INVENTION
This invention relates to antimicrobial rebond ed carpet underlay and more particularly to a method of making such underlay by mixing an anti-microbial agent
in binder used to make the rebond ed carpet underlay.

BACKGROUND OF THE INVENTION
Carpet, especially wall-to-wall carpet, is normally installed with an underlay, often in the form of a foam pad or cushion. Moisture, dirt, food particles, and
other debris tend to filter through the carpet to the pad. These conditions provide a breeding ground for various bacteria and mold that may produce undesirable
odors, cause degradation of the carpet and/or pad, and/or contribute to a poor indoor air quality environment for occupants of the premises.

A typical carpet pad consists of ground polyurethane foam particles of a specific size range that are rebond ed back together to form a continuous foam pad of
various densities and thickness. Typically, carpet pad ranges in density from four to eight pounds per cubic foot. Rebond ed pad is made from recycled
polyurethane foam, typically from scraps of foam reclaimed from padding used in furniture, bedding, and automobile seating. The scraps are often of different
sizes and colors. The rebond ed foam is produced by grinding or chopping the scraps, mixing the chopped scraps with a binder, curing the binder, and slicing the
resulting block of rebond ed foam particles into a desired pad thickness. The binder may typically form ten percent of the weight of the final rebond ed pad.
Various films or webs may be bonded to one or both sides of the pad for various purposes.

SUMMARY OF THE INVENTION
A method of making antimicrobial rebond ed carpet pad includes mixing zinc pyrithione with a polyol to form an antimicrobial polyol mixture concentrate, and
blending the antimicrobial polyol mixture concentrate with a binder stream used to make rebond ed carpet pad.

In an embodiment, the percentage of zinc pyrithione mixed with the polyol and the addition ratio of the antimicrobial polyol mixture concentrate with the
binder stream are selected to provide an overall concentration of zinc pyrithione in the binder of at least about 7500 ppm.

In one embodiment, an antimicrobial carpet underlay comprises a rebond ed pad comprising particles of foam joined together with a binder prepared according
the described method.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a cross sectional view of a carpet underlay according to one embodiment of the present invention.

FIG. 2 is a block diagram of a binder mixing system used in making rebond ed pad for testing the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
FIG. 1 is a cross sectional illustration of an antimicrobial carpet underlay 10 which may be made according to one embodiment of the present invention. The
underlay 10 includes a rebond ed pad portion 12 including a number of small pieces of foam 14 bonded together by binder 16. The foam pieces 14 may
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typically be ground or chopped scraps of polyurethane foam used in making furniture. The underlay 10 may also include a film 18 bonded to at least one
surface of the pad 12, in this case the upper surface of the pad 12. The film 18 is typically preferred to facilitate laying carpet on top of the underlay 10 and for
resisting the flow of fluids into the pad 12, e.g. when fluids are spilled on carpet installed over the pad 12. A film 18 may also be laminated to the lower side of
the pad 12 if desired. In the present invention, the carpet underlay 10 is resistant to the growth of bacteria and mold on and within the underlay 10. This
antimicrobial resistance is achieved by adding an effective amount of an antimicrobial compound to the pad 12 and/or to the film 18, as described in more detail
below.

In one embodiment, an effective biocide, or antimicrobial, compound known as zinc pyrithione (e.g. the material sold under the trademark ZINC OMADINE by
Arch Chemicals Inc.) is incorporated into rebond ed carpet pad 12 by the following method. The chemical name for this compound is Bis(1-hydroxy-
2(1H)-pyridinethionato-O,S)-(T-4)Zinc. The zinc pyrithione in powdered form is mixed with a triol polyol of a molecular weight typically ranging from 3000 to
3500 to form a 20% strength antimicrobial/polyol mixture concentrate. Then, the 20% antimicrobial/polyol mixture concentrate is added to a binder stream at a
3.90% to 6.50% addition level to render a zinc pyrithione concentration of between 7500 to 12500 ppm in the binder 16. The antimicrobial/polyol mixture
concentrate and binder stream are preferably held at between about 90 and about 100 degrees F. during mixing and use. The binder 16 is typically composed of
⅓ aromatic oil, ⅓ triol polyol, and ⅓ polymeric MDI. The binder is added to ground foam particles, mixed together, compressed, injected with steam, and dried
in the form of a large block of rebond ed foam particles. The block is then sliced into thicknesses suitable for carpet pad, e.g. three-eighth to five-eighth inch, to
produce the rebond ed foam pad 12. The binder to ground foam weight ratio is approximately 1:10. The final concentration of Zinc Pyrithione in the rebond ed
pad 12 is therefore from about 750 ppm to about 1250 ppm.

If desired, the particular concentration of zinc pyrithione in the antimicrobial/polyol mixture concentrate may be selected to be more or less than the 20%
concentration used in this embodiment. The addition level of the antimicrobial/polyol mixture concentrate in the binder 16 may then be adjusted to achieve a
zinc pyrithione concentration of at least about 7500 ppm and preferably between about 7500 to about 12500 ppm in the binder 16.

If desired, a binder 16 to ground foam weight ratio of more or less than 1:10 may be used. If other ratios are used, the particular concentration of zinc pyrithione
in the antimicrobial/polyol mixture concentrate and/or the addition level of the antimicrobial/polyol mixture concentrate in the binder 16 may then be adjusted
to achieve a final concentration of Zinc Pyrithione in the rebond ed pad 12 from about 750 ppm to about 1250 ppm.

FIG. 2 illustrates a mixing system used in making binder 16 for testing the present invention. A method for making binder 16 will be described with reference to
FIG. 2. A mix tank 20 included a thirty-gallon drum and a vortex type mixer. Eighty pounds of polyol and twenty pounds of powdered zinc pyrithione were
placed in tank 20 and mixed for at least three hours. A transfer pump 22 was used to pump the mixture from mix tank 20 to a run tank 24, which also includes a
vortex mixer. The antimicrobial/polyol mixture concentrate in the run tank 24 was mixed constantly during production. If the mixer is turned off for any
significant period of time, it should be restarted at least two hours prior to use in production of rebond ed pad 12.

During production of rebond ed pad 12, a variable speed Watson Marlow pump 26 was used to flow the antimicrobial/polyol mixture concentrate from the run
tank 24 at a controllable rate. The rate is controlled by a control panel 28 and a variable frequency drive 30. The discharge side of pump 26 is connected to the
vacuum side of a binder pump 32. A tank 34 of binder also has an outlet connected to the vacuum side of a binder pump 32. The discharge side of pump 32 is
connected to a static mixer 36. The outlet 38 of mixer 36 is coupled to a blender where polyurethane particles 14 are mixed with binder 16 to produce the
finished rebond ed polyurethane pad 12.

During the operation of the system of FIG. 2, it is preferred that the antimicrobial/polyol mixture concentrate in the mix tank 20 and run tank 24 be maintained
at a temperature of between about 90 and about 100 degrees F. during mixing and production operations. Likewise, the binder tank 34 is preferable maintained
within the same temperature range.

It is sometimes desirable to include laminating film 18 on one or both surfaces of carpet pad 12. For example, such a film 18 may facilitate laying and stretching
of carpet by allowing the carpet to slide easily on top of the pad 12 and avoiding undesirable movement or buckling of the pad 12. The film may also prevent
fluids spilled on carpet from penetrating into the pad 12. In one embodiment of the present invention, an antimicrobial laminating film 18 is laminated onto one
or both surfaces of a carpet pad. The carpet pad may or may not include an antimicrobial compound as disclosed above.

The anti-microbial laminating film 18 of this embodiment inhibits the growth of certain bacteria and fungus when used in combination with prime polyurethane
foam pad or rebond ed polyurethane foam pad 12 as carpet underlay. The anti-microbial film may be thermally laminated to the top and/or bottom surfaces of
prime polyurethane foam pad or re-bonded polyurethane flexible foam pad 12 where it acts as a barrier to inhibit the growth of microbes that accumulate on the
surfaces of carpet underlay. This film 18 may also inhibit the growth of microorganisms in other products where this film can be used as a lamination barrier.

In this embodiment, a 0.45 to 0.50 mil monolayer blown film 18 includes between 500 and 1500 ppm of the antimicrobial compound zinc pyrithione (e.g. the
material sold under the trademark ZINC OMADINE by Arch Chemicals Inc.). The chemical name for this compound is Bis(1-hydroxy-2(1H)-pyridinethionato-
O,S)-(T-4)Zinc. The zinc pyrithione powder is incorporated at 10% by weight into a LLDPE, linear low density polyethylene, resin concentrate supplied by
PolyChem Alloy, Inc. under the trademark POLYSEPT 554Z. The chemical description of the resin concentrate is Mercaptopyridine-N-oxide in
Polypropylene. This resin concentrate has a specific melt index of 20 grams/10 mins. and 0.93 density. About 1% to about 3% by weight of this concentrate is
then blended with a LLDPE/Copolymer resin mixture. Due to thermal breakdown of zinc pyrithione during processing of the film, the initial 10% concentration
of zinc pyrithione in the concentrate may be effectively reduced to less than 6%. After mixing with the resin mixture and processing it into a film, the net
effective concentration of zinc pyrithione in the processed film is about 500 ppm to 1500 ppm. Suitable copolymer resins may be EVA, EMA, or EMM. The
copolymer resin consists of approximately 60-70% by weight of the total mixture. The remaining mixture is 30-40% LLDPE by weight, including the 1-3%
LLDPE concentrate treated with zinc pyrithione. The blended resins may then be extruded at between 450 and 550 degrees F. with a blow up ratio, i.e. bubble
diameter to die diameter, of between 1.8 and 2.5:1. It is preferred that the extrusion temperature be kept below 500 degrees F. to minimize thermal breakdown
of the zinc pyrithione.

It is apparent that zinc pyrithione powder may be incorporated at more or less than 10% by weight into the resin concentrate. If other addition levels are
selected, the percentage of the concentrate blended with the LLDPE/Copolymer resin mixture may be adjusted to achieve a net effective concentration of zinc
pyrithione in the processed film of from about 500 ppm to 1500 ppm.

The anti-microbial treated film may be thermally laminated (e.g. at about 250-450 degrees F., 0.5 sec dwell time) to one or both sides of a prime polyurethane
foam pad or rebond ed pad 12 which may typically be from about three-eighth inch to about five-eighth inch thick or other desired thickness. Other laminating
methods may be used if desired, e.g. by use of an adhesive. The anti-microbial film may be laminated to an anti-microbial treated pad or non-anti-microbial
treated pad. The anti-microbial film may also be laminated to another anti-microbial treated or untreated film for lamination to anti-microbial treated pad or
non-anti-microbial treated pad.

Biocidal effectiveness of the rebond ed carpet pad 12 and/or film 18 according the present invention may be determined by measuring inhibition of growth of
bacterial and/or fungus using AATCC (American Association of Textile Chemists and Colorists) 174, ASTM E2180-1, and ASTM D 3273 test protocols
compared to non-treated control standards. The AATCC 174 protocol was developed for determining the antimicrobial activity of new carpet materials.

A number of specimens of carpet underlay 10 were made by methods described above, with various concentrations of zinc pyrithione in the binder 16 and film
18 for testing to determine levels that provide an effective antimicrobial effect. The specimens included a film 18 on one side as illustrated in FIG. 1. This
allowed testing of the foam side of the specimens to indicate antimicrobial effect of the pad 12 without film 18 and testing of the film side to indicate
antimicrobial effect of the pad 12 with film 18. The AATCC 174 test method provides for testing both unwashed and washed samples. Washed samples were
treated according to the AATCC 138 protocol. The test results are summarized as follows.

The AATCC 174 test method includes three parts. Part I is a qualitative test for antibacterial activity. Test specimens are placed into contact with a nutrient
agar which has been streaked with a bacterial culture. The specimens are then incubated. After incubation, a clear area of interrupted growth underneath and
along the sides of the test specimen indicates antibacterial activity of the specimen. Standard strains of bacteria are used, with Staphylococcus aureus and
Klebsiella pneumoniae being the representative organisms.

In the AATCC 174, Part I tests various washed and unwashed specimens were tested. An unwashed foam side specimen with 751 ppm of zinc pyrithione
passed the test with a one millimeter zone of inhibition for Klebsiella pneumoniae and a two millimeter zone of inhibition for Staphylococcus aureus. All
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unwashed and washed foam side specimens with a concentration of 1096 ppm or more of zinc pyrithione inhibited the growth of Klebsiella pneumoniae from
underneath and along the sides of the specimen.

The AATCC 174, Part II test provides a quantitative procedure for the evaluation of the degree of antibacterial activity. Test specimens are inoculated with the
test microorganisms. After incubation, the bacteria are eluted from specimens by shaking in 100 milliliters of liquid. The number of bacteria present in the liquid
is determined and the percent reduction produced by the specimen is calculated.

In the AATCC 174, Part II tests, washed foam side specimens containing 751 and 1096 ppm of zinc pyrithione provided a 90% reduction in the numbers of
both Staphylococcus aureus and Klebsiella pneumoniae. In all unwashed and washed film and foam side specimens containing a concentration of 500 ppm or
more of zinc pyrithione in the film and 1096 ppm of zinc pyrithione in the pad, there was a reduction of at least 66% in Staphylococcus aureus with an average
reduction of 92%.

The AATCC 174, Part III protocol provides a qualitative test for antifungal activity. Specimens are subjected to the growth of a common fungus, Aspergillus
niger, on Sabouraud Dextrose agar. Prewet specimens are inoculated and incubated at 28 degrees C. for seven days. Specimens are then assessed for growth of
the fungus.

In the AATCC 174, Part III tests, washed and unwashed foam side samples with a concentration of 1096 ppm of zinc pyrithione in the pad produced no
observable fungus growth. No growth was observed on washed and unwashed film side samples when the concentration of zinc pyrithione in the film was 1500
ppm or greater.

Inhibitory mold activity was also tested by the ASTM E2180-01 test method. Good inhibitory activity for Aspergillus niger was observed when film side
specimens had a total minimum combined concentration of 1600 ppm of zinc pyrithione. The total combined concentration is the sum of the concentration in
the pad 12 of a specimen and the concentration in the film 18 of the specimen. The tests indicate that a minimum of 500 ppm may be preferred in the film 18,
with a preferred complement minimum of 1100 ppm in the pad 12. Alternatively, a minimum concentration of 750 ppm may be preferred in the pad 12 with a
preferred complement minimum of 850 ppm in the film 18. Good results were achieved for some, but not all, specimens with a total combined concentration of
1251 ppm, i.e. 751 ppm in the pad 12 and 500 ppm in the film 18. Therefore, the preferred minimum combined concentration is about 1600 ppm.

Mold susceptibility tests were also performed under the ASTM D3273 test method. No Aspergillus niger mold colonization was observed on film 18 side
specimens when the specimens had a total minimum combined concentration of about 1600 ppm zinc pyrithione. The tests indicate that a minimum of 500 ppm
may be preferred in the film 18, with a preferred complement minimum of 1100 ppm in the pad 12. Alternatively, a minimum concentration of 750 ppm may be
preferred in the pad 12 with a preferred complement minimum of 850 ppm in the film 18.

The above described tests indicate that an effective antimicrobial carpet underlay 10 can be made by incorporating 7500 to 12500 ppm of zinc pyrithione into
binder used to bind foam particles to make rebond ed carpet pad. The net concentration in the foam pad 12 is from 750 to 1250 ppm of zinc pyrithione when
the binder to foam weight is 1:10. If different ratios of binder to foam are used, it is preferred to adjust the concentration in the binder stream to achieve at least
about 750 ppm of zinc pyrithione in the final foam pad 12.

The tests also indicate that an effective antimicrobial film can be made by incorporating 500 to 1500 ppm of zinc pyrithione in the film 18. As noted above, the
initial concentration is preferably adjusted to account for thermal degradation which occurs during film processing. Thus, the initial ten percent concentration of
zinc pyrithione in the resin concentrate may be reduced to an effective five to six percent after processing.

The tests also show that when both a foam pad 12 and a film 18 including a biocide are combined to form a carpet underlay, lower concentrations of zinc
pyrithione may be used than may be necessary if only the pad 12 or the film 18 contains the biocide. In general, in a carpet underlay having a biocide treated
pad 12, but an untreated film 18, the pad 12 preferably has a biocide concentration near the upper end of the range tested, e.g. at least about 1100 to 1250 ppm
of zinc pyrithione. For an underlay having an untreated pad 12, and a treated film 18, the film 18 preferably has a biocide concentration near the upper end of
the range tested, e.g. at least about 1100 to 1500 ppm of zinc pyrithione. When both the pad 12 and film 18 are treated, it is preferred that the combined
concentrations for foam pad 12 and film 18 be at least about 1600 ppm.

In the above disclosure, the concentrations of biocide in the foam pad 12 and film 18 have been discussed in terms of ranges having a lower limit and an upper
limit. It is apparent that it is preferred to include concentrations at or above the lower limits to achieve an effective antimicrobial activity in the products. That
is, concentrations above the ranges tested should also be effective. Concentrations should be kept below a level at which the biocide may affect the mechanical
integrity of the product. Since the biocide is a relatively high cost part of the product, normal practice should be to avoid using more of the biocide than is
needed to achieve effective biocidal or antimicrobial activity.

The particular choice of an effective amount of the biocide also depends upon the particular application in which the carpet pad will be used. In some
applications, there is a requirement that carpet products exhibit effective antimicrobial activity after being washed. For those applications, it may be desirable to
use a concentration at or near the upper limits of the ranges given above. In the tests reported above, the specimens at the upper ends of the ranges provided
effective antimicrobial activity after washing. If the application does not require washing, a lower concentration of biocide provides an effective biocidal
activity.

In the above description of making the rebond ed foam pad 12, zinc pyrithione was initially mixed in powder form with a polyol. The resulting mixture is
basically a suspension of particles in a liquid. As noted in the description of FIG. 2, it is desirable to continuously operate a mixer in run tank 24 to insure that
the zinc pyrithione remains uniformly mixed with the polyol. It may be desirable to first dissolve the zinc pyrithione in a fluid which is miscible with a polyol.
Such a process is described in U.S. Pat. No. 5,114,984 issued to Branch et al. on May 19, 1992. In that patent, a pyrithione salt is dissolved in an alkanolamine
which is miscible with a polyol, which the Branch patent indicates may then be used to make an antimicrobially effective polyurethane. Such a solution of zinc
pyrithione in polyol may also be suitable for mixing with the binder described above for use in the present invention.

While the present invention has been disclosed in terms of specific structures, chemical compositions and mixtures, and methods of making carpet underlay, it
is apparent that various changes and substitutions of materials and steps may be made within the scope of the present invention as defined by the appended
claims.

 
Previous Patent: Ultrathin flexible sheet and method for manufacturing same

Next Patent: Porous coatings on adsorbent materials
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Rebond polyurethane foams can be prepared by
coating shredded polyurethane foam with a
prepolymer binder formulation which includes toluene
diisocyanate distillation bottoms, compressing the
binder coated foam, and the curing the binder with
steam. The toluene diisocyanate distillation bottoms
can be used in place of more expensive prepolymer
formulation components such as toluene diisocyanate
or methylene diphenyldiisocyanate. The toluene
diisocyanate distillation bottoms can also improve
elongation and tear resistance properties of the
resultant rebond foams prepared therewith.
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Claims:
What is claimed is:

1. An isocyanate prepolymer formulation useful for preparing a binder comprising:

(A) methylene diphenyldiisocyanate or polymethylene polyphenyl polyisocyanate;
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(B) toluene diisocyanate distillation bottoms; and

(C) an active hydrogen containing material.

2. The formulation of claim 1 wherein the formulation additionally includes toluene diisocyanate.

3. The formulation of claim 1 wherein the active hydrogen containing material is difunctional.

4. The formulation of claim 1 wherein the toluene diisocyanate bottoms contain from about 5 to about 40 percent toluene diisocyanate monomer.

5. The formulation of claim 4 wherein the toluene diisocyanate bottoms contain from about 20 to about 30 percent toluene diisocyanate monomer.

6. The formulation of claim 4 wherein the weight percent of toluene diisocyanate bottoms is from about 10 to about 50 percent of the total weight of isocyanate group containing materials.

7. The formulation of claim 6 wherein the weight percent of toluene diisocyanate bottoms is from about 15 to about 30 percent of the total weight of isocyanate group containing materials.

8. The formulation of claim 1 wherein the active hydrogen containing material is a base polyol.

Description:

BACKGROUND OF THE INVENTION

The present invention relates to compositions of rebond foam. The present invention particularly relates to flexible polyurethane rebond foam compositions.

Polymer foams, particularly flexible polymer foams, can be fabricated into objects having useful shapes. For example, flexible foams can be molded or machined into shapes useful for preparing
automobile seats, bedding, and the like. Flexible foams can be used in carpet and furniture production as well as in the manufacture of toys and the like.

However, in processes for preparing shaped polymer foams, waste foam can be produced. The waste foam can be from the fabricating process and represent the area/volume of the foam removed
from the starting block stock to form the shaped foam object. Or, the waste foam can be just the off-specification products which are occasionally produced in some fabricating processes.

Whatever its source, waste foam production is usually undesirable. The waste foam can represent materials which must be discarded and not sold. In some areas, landfill space has become scarce
and the cost of disposing of waste foam has become very high.

There have been efforts to re-use waste foam production, particularly waste and scrap from the production of flexible foams. Flexible polyurethane foam scrap can be chopped and then coated with
a binder consisting of a polyisocyanate prepolymer having isocyanate functionality, and a catalyst. The coated, chopped foam is compressed and then treated with steam to cure the binder to form a
rebond foam sheet or other shape.

In another process for using flexible polyurethane foam waste, the flexible foam waste is cryogenically ground and blended back into the formulation used to prepare it. The ground flexible foam
can be used at a level of about 20 percent within the polyol component of the polyurethane foam formulation.

However, preparing materials including waste foam is not always trouble free. The resultant materials may have inferior physical properties. Or the materials so produced can have imperfect finishes
which will not permit its use in external and visible applications.

SUMMARY OF THE INVENTION

In one aspect, the present invention is a method for preparing a flexible polyurethane rebond foam comprising a first step of applying a binder prepared from a formulation including (A) methylene
diphenyldiisocyanate or polymethylene polyphenyl polyisocyanate; (B) toluene diisocyanate distillation bottoms; and (C) an active hydrogen containing material; to a shredded flexible polyurethane
foam and a second step of compressing the coated foam in the presence of steam for a period of time sufficient to bind the shredded foam.

In another aspect, the present invention is a flexible polyurethane foam comprising a foam prepared by a two step method having a first step of admixing shredded flexible polyurethane foam and a
binder prepared from a formulation including (A) methylene diphenyldiisocyanate or polymethylene polyphenyl polyisocyanate; (B) toluene diisocyanate distillation bottoms; and (C) an active
hydrogen containing material; and a second step of compressing the coated foam in the presence of steam for a period of time sufficient to bind the shredded foam.

In yet another aspect, the present invention is an isocyanate prepolymer formulation useful as a binder comprising (A) methylene diphenyldiisocyanate or polymethylene polyphenyl polyisocyanate;
(B) toluene diisocyanate distillation bottoms; and (C) an active hydrogen containing material.

Another aspect the present invention is, in a method of preparing a flexible rebond polyurethane foam by coating shredded flexible polyurethane foam with a polyisocyanate prepolymer binder and
compressing the foam in the presence of steam to cure the binder, the improvement comprising preparing the binder from a formulation including toluene diisocyanate distillation bottoms.

The flexible polyurethane rebond foam of the present invention can have higher tear resistance and elongation than conventional rebond foam. Additionally, the rebond foams of the present
invention are prepared with a binder formulation including toluene diisocyanate distillation bottoms, a material generally considered to be a waste material. Desirably, the TDI bottoms can be used
to replace more costly materials such as MDI and TDI found in conventional binders thereby reducing binder cost.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In one embodiment, the present invention is a method for preparing flexible polyurethane rebond foam. In this method, shredded flexible polyurethane foam is coated with a binder. The shredded
foam can be of any size which is compatible with equipment available to coat the foam. However, preferably, the foam is shredded into pieces having dimensions of from about 0.1 to about 5 cm,
more preferably of from about 0.25 to about 7.5 cm, and even more preferably of from about 0.63 to about 1.27 cm.

The binder of the present invention can be applied in any way known to those skilled in the art of preparing rebond foam to be useful for applying a binder to shredded foam. For example, if the
binder is merely sprayed upon bulk shredded foam, the shredded foam can be tumbled to insure a uniform coating of all surface areas of the foam. In the alternative, the foam can be suspended in a
column of air and the binder applied either in a stream or as an aerosol. However the binder is applied, it is applied in an amount of at least 5 percent, preferably at least 7 percent, and even more
preferably at least 8 percent of the total weight of the shredded foam and binder prepolymer.

The binder of the present invention is prepared from a formulation including (A) methylene diphenyldiisocyanate (MDI) or polymethylene polyphenyl polyisocyanate (PMDI); (B) toluene
diisocyanate distillation bottoms (TDI bottoms); (C) an active hydrogen containing material; and, optionally (D) toluene diisocyanate (TDI). The binder is, in fact, a prepolymer, with the admixture
retaining isocyanate functionality. The exact ratio of materials to be used to prepare the binder of the present invention will vary depending upon the desired properties of the binder. For example, if
a specific binder viscosity is desired, then the ratio of isocyanate and active hydrogen containing components will vary depending upon what materials are chosen for the binder formulation.

Generally, in the art of preparing prepolymers, the formulation for a prepolymer is determined based on the desired residual isocyanate group concentration. Care must be taken in preparing
isocyanate prepolymers because if the ratio of equivalents of isocyanate groups to active hydrogen groups is too close to 1:1, a solid rather than a liquid can be formed. As a rule of thumb,
prepolymers based on difunctional precursors should have a residual isocyanate group concentration of at least 2 percent. Prepolymers based on trifunctional precursors should have a residual
isocyanate group concentration of at least 10 percent.

The amount active hydrogen group containing material and prepolymer required to prepare a prepolymer can be calculated using the formula:

Step I

A=NCO--eq. wt.+AH--eq. wt.

Step II
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B=42.02/NCO--eq. wt.

Step III

X=(Z(A+X))/B

wherein NCO--eq. wt. is the equivalent weight of the isocyanate component, AH--eq. wt. is the equivalent weight of the active hydrogen material, Z is the decimal percentage (i.e., 10 percent=0.1
decimal percent) of residual isocyanate groups desired in the prepolymer, and X is the amount of isocyanate component to be added in excess of 1:1 stoichiometry to prepare a prepolymer having Z
residual isocyanate groups. For example, to prepare a prepolymer having 15 percent residual isocyanate groups from a 1,000 equivalent weight polyol and a 140 equivalent weight isocyanate:

A=140+1,000=1,140

B=42.02/140=0.3001

X=((0.15(1,140+X))/0.3001=1,392

1,392 parts plus 140 parts isocyanate would be required for each 1,000 parts polyol.

The binder formulation of the present invention includes both TDI bottoms and either MDI or PMDI. TDI bottoms are a byproduct of commercial TDI production. It is known to prepare toluene
diisocyanates by the phosgenation of toluene diamine. Typical processes for the phosgenation of amines can be found in U.S. Pat. Nos. 2,680,127; 2,822,373 and 3,781,320. In the phosgenation of
toluene amines to form toluene diisocyanates, the product diisocyanate is generally distilled from the reaction mixture in which it is prepared. At the conclusion of the distillation, the reaction
mixture normally contains a quantity of high boiling residue. Such residue generally comprises polymeric materials such as alpha, omega-isocyanatobiurets, polycarbodiimides, diisocyanato
carbodiimides, polyuretidinediones, isocyanurates and various other isocyanate adducts. Since this residue is seldom commercially useful, it is usually disposed of.

The TDI bottoms also contain some residual TDI monomer. Generally, the range of TDI monomer in TDI bottoms will vary from about 5 to 40 percent. However, for the purposes of the present
invention, the TDI bottoms will preferably contain from about 20 to about 30 percent TDI monomer. The TDI bottoms can be as produced from the TDI production unit if they are sufficiently
reactive to form the prepolymer or they can be viscosity stabilized and/or higher reactivity TDI bottoms. For example, the TDI bottoms useful with the present invention can be those prepared by
the method of co-pending U.S. patent application Ser. No. 07/647,328 or by the method of U.S. Pat. No. 4,904,704.

The ratio of TDI bottoms to MDI or PMDI will vary with the desired viscosity of the prepolymer. However, for both economical and performance purposes, the prepolymer formulation will include
as much of the TDI bottoms as can be easily handled during production of the prepolymer. The TDI bottoms, normally considered a waste or low value product, can be used with the present
invention in place of some of the MDI or TDI found in conventional formulations. The TDI bottoms serve to both increase elongation and tear resistance and to replace an expensive prepolymer
formulation component with a less expensive prepolymer formulation component. Therefore, the weight percent of TDI bottoms of the total weight of isocyanate group containing materials can be
from about 1 to 99, but is preferably from about 10 to about 50, and even more preferably from about 15 to about 30.

MDI and PMDI are commercially prepared by the phosgenation of mixtures of the methylene dianiline and corresponding methylene-bridged polyphenyl polyamines. PMDI contains from about 20
to about 85, preferably from about 30 to about 75, percent by weight of MDI; about 3 percent to about 30 percent byproducts and impurities; and the remainder closely related polyisocyanates of
higher molecular weight and functionality greater than about 2. TDI can be used in place of part of the MDI or PMDI, but use of TDI can decrease the improved physical properties of the present
invention. Use of TDI also can cause a two phase system in preparing the prepolymer which could increase handling problems. Therefore, TDI, when it is used in the prepolymer binder formulation
is preferably present at less than about 70 weight percent of the isocyanate group containing component.

The active hydrogen containing materials useful with the present invention are preferably any which can be used to prepare a flexible isocyanate based foam. Active hydrogen containing
compounds most commonly used in polyurethane production are those compounds having at least two hydroxyl groups. Those compounds are referred to herein as polyols. Representatives of
suitable polyols are generally known and are described in such publications as High Polymers, Vol. XVI, "Polyurethanes, Chemistry and Technology" by Saunders and Frisch, Interscience
Publishers, New York, Vol. I, pp. 32-42, 44-54 (1962) and Vol. II, pp. 5-6, 198-199 (1964); Organic Polymer Chemistry by K. J. Saunders, Chapman and Hall, London, pp. 323-325 (1973); and
Developments in Polyurethanes, Vol. I, J. M. Burst, ed., Applied Science Publishers, pp. 1-76 (1978).

Any active hydrogen containing compound can be used with the method of this invention. Examples of such materials include those selected from the following classes of compositions, alone or in
admixture: (a) alkylene oxide adducts of polyhydroxyalkanes; (b) alkylene oxide adducts of non-reducing sugars and sugar derivatives; (c) alkylene oxide adducts of phosphorus and polyphosphorus
acids; and (d) alkylene oxide adducts of polyphenols. Polyols of these types are referred to herein as "base polyols".

Examples of alkylene oxide adducts of polyhydroxyalkanes useful herein are adducts of ethylene glycol, propylene glycol, 1,3-dihydroxypropane, 1,4-dihydroxybutane, and 1,6-dihydroxyhexane,
glycerol, 1,2,4-trihydroxybutane, 1,2,6-trihydroxyhexane, 1,1,1-trimethylolethane, 1,1,1-trimethylolpropane, pentaerythritol, polycaprolactone, xylitol, arabitol, sorbitol, mannitol, and the like.
Preferred herein as alkylene oxide adducts of polyhydroxyalkanes are the ethylene oxide adducts of trihydroxyalkanes. Other useful adducts include ethylene diamine, glycerin, ammonia, 1,2,3,4-
tetrahydroxy butane, fructose, and sucrose.

Also useful with the present invention are poly(oxypropylene) glycols, triols, tetrols and hexols and any of these that are capped with ethylene oxide. These polyols also include
poly(oxypropyleneoxyethylene)polyols. The oxyethylene content should preferably comprise less than about 80 weight percent of the total and more preferably less than about 40 weight percent.
The ethylene oxide, when used, can be incorporated in any way along the polymer chain, for example, as internal blocks, terminal blocks, or randomly distributed blocks, or any combination
thereof.

Polyamines, amine-terminated polyols, polymercaptans and other isocyanate-reactive compounds are also suitable in the present invention. Polyisocyanate polyaddition active hydrogen containing
compounds (PIPA) are use with the present invention. PIPA compounds are typically the reaction products of TDI and triethanolamine. A method for preparing PIPA compounds can be found in,
for example, U.S. Pat. No. 4,374,209, issued to Rowlands.

Another class of polyols useful with the present invention are "copolymer polyols", which are base polyols containing stably dispersed polymers such as acrylonitrile-styrene copolymers. Production
of these copolymer polyols can be from reaction mixtures comprising a variety of other materials, including, for example, catalysts such as azobisisobutyronitrile; copolymer polyol stabilizers; and
chain transfer agents such as isopropanol.

Yet another class of useful polyols are the polyester polyols. Particularly polyester polyols having difunctionality are useful with the present invention. Examples of useful polyester polyols include,
for example, polybutanediol adipate and poly ε-caprolactone.

The polyols, polyamines and other active hydrogen containing materials of the present invention are preferably those which could be used to prepare a flexible isocyanate based foam. Such
polymers generally have a molecular weight of from about 1,000 to about 10,000, preferably from about 2,500 to about 5,000 and most preferably from about 3,000 to about 4,000. If the active
hydrogen containing material is a polyether, preferably it is a polyoxyalkylene polyether polyol wherein the oxides are propylene oxide and ethylene oxide and the ratio of propylene oxide to
ethylene oxide is from about 20:1 to 2:1. Preferably, the nominal functionality of the active hydrogen containing materials of the present invention is from 2 to 4 and more preferably from 2 to 3.

The MDI or PMDI, TDI bottoms and active hydrogen containing material are admixed to prepare a prepolymer which can be used as a binder for shredded polyurethane foam. Any method known
to those skilled in the art of preparing polyurethane prepolymers to be useful can be used to prepare the prepolymer of the present invention. Generally, the prepolymer can be prepared by admixing
the formulation and stirring it at ambient temperature for a convenient period, for example, overnight. Alternatively, the admixture can be heated to about 55° C. and stirred for about 1 hour.
Preferably, the admixture is stirred at ambient conditions overnight under an inert gas pad. Stirring should continue until most of the active hydrogens have reacted with the isocyanate groups. After
the prepolymer is prepared, it can be applied to shredded polyurethane foam.

In addition to shredded polyurethane foam, the prepolymer of the present invention can be used to bind other materials or mixtures of polyurethane foam and other materials. The present invention
is particularly useful for binding materials having isocyanate reactive moieties. For example, the present invention can be used to bind wood, paper, and inorganic materials such as sand, and the
like. A matrix consisting of paper and shredded foam can be prepared by the method of the present invention. Flexible foam containing urea groups, thiourethane groups, and the like, in addition to
or in place of polyurethane groups, can be used to prepare rebond foam pads by the method of the present invention. Unusual or specialty polyurethane foams can also be used with the present
invention. For example, filled foams can be used with the present invention.

Rebond foam is known to be useful for several purposes. The rebond foam of the present invention can be used for such applications as packing foam, filler for structural voids, absorbent medium
and the like. The rebond foams of the present invention, due to their superior properties and low cost, are particularly useful in carpet pad applications.

The following examples are provided to illustrate the present invention. The examples are not intended to limit the scope of the present invention and they should not be so interpreted. Amounts are
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in weight parts or weight percentages unless otherwise indicated.

EXAMPLE 1

A high reactivity TDI bottoms is prepared by heating 27.9 lb (12.65 kg) of TDI bottoms having about 25 percent free TDI to about 360° F. (183° C.) and admixing with a diglycidyl ether of
bisphenol A having an epoxy equivalent weight of about 181 by slowly pumping the epoxy material into the TDI bottoms with constant stirring over a period of about 30 minutes. After the last of
the epoxy material is added, the TDI bottoms and epoxy admixture is quickly cooled to about 122° F. (50° C.) and stored for three days. After the three day storage period, 18 parts of TDI bottoms
epoxy admixture is further admixed with 82 parts PMDI having a viscosity of about of about 42 cps (0.042 Ps s) to produce a TDI bottoms-PMDI solution having a viscosity of 200 cps (0.2 Pa s)
and an isocyanate equivalent weight of 137, referred to hereinafter as "TBPP".

A prepolymer is prepared by admixing 253.8 parts TBPP and 200 parts of a mixed propylene oxide and ethylene oxide polyether polyol having a nominal functionality of 3 and a molecular weight
of about 3,500. The polyol and TBPP are admixed and stirred overnight under a nitrogen pad. The resultant prepolymer has a residual isocyanate group concentration of 15.5 percent.

A rebond foam pad is prepared by placing 138.5 g scrap flexible polyurethane foam with dimensions of from about 1.0 to about 2.5 cm into a drum and then adding 12.85 grams prepolymer to the
drum. The drum is rotated for 5 minutes at 60 to 100 rpm. The prepolymer coated foam is removed from the drum and placed between 12.25 in (31.2 cm)×12.25 in (31.2 cm) perforated plates,
compressed to thickness of 1 inch (2.54 cm) and exposed to steam for five minutes. The resulting rebond foam pad is removed from the plates, dried at ambient conditions for one week, and tested
for physical properties. The physical properties are reported in the table below.

EXAMPLE 2

A rebond foam pad is prepared and tested substantially identically to that of Example 1 except that the prepolymer is prepared from a formulation including 165.63 parts of TBPP, 41.41 parts of
TDI, and 200 parts of a mixed propylene oxide and ethylene oxide polyether polyol having a nominal functionality of 3 and a molecular weight of about 3,500. The physical properties are reported
in the table below.

COMPARATIVE EXAMPLE 3

A rebond foam pad is prepared and tested substantially identically to that of Example 1 except that the prepolymer is prepared from a formulation including 56.0 parts PMDI having a nominal
viscosity of 200 cps (0.200 Pa s) and 200 parts of a mixed propylene oxide and ethylene oxide polyether polyol having a nominal functionality of 3 and a molecular weight of about 3,500. The
physical properties are reported in the table below.

COMPARATIVE EXAMPLE 4

A rebond foam pad is prepared and tested substantially identically to that of Example 1 except that the prepolymer is prepared from a formulation including 56.0 parts PMDI having a nominal
viscosity of 200 cps (0.200 Pa s), 10.2 parts TDI and 200 parts of a mixed propylene oxide and ethylene oxide polyether polyol having a nominal functionality of 3 and a molecular weight of about
3,500. The physical properties are reported in the table below.

COMPARATIVE EXAMPLE 5

A rebond foam pad is prepared and tested substantially identically to that of Example 1 except that the prepolymer is prepared from a formulation including 38.0 parts TDI and 200 parts of a mixed
propylene oxide and ethylene oxide polyether polyol having a nominal functionality of 3 and a molecular weight of about 3,500. The physical properties are reported in the table below.

TABLE
________________________________________________________ __________________
COMP. COMP. COMP. EXAMPLE EXAMPLE EXAMPLE EXAMPLE EXAMPLE 1 2 3* 4* 5*
________________________________________________________ __________________

DENSITY 1
3.87 3.93 3.88 3.79 3.79
lb/ft 3
(62.00)
(62.90)
(62.15)
(60.71)
(60.71)
(kg/m 3 )
ELONG- 47 52 19 25 41
ATION 2 %
TEAR 0.63 0.57 0.50 0.50 0.60
RESIS- (4.34) (3.93) (3.45) (3.45) (4.14)
TANCE 3
psi
(kPa)
________________________________________________________ __________________

*Not an example of the present invention. 1 ASTM D 357491 Standard Test for Flexible Cellular Materials Slab, Bonded, and Molded Urethane Foams; Test A 2 Id., Test E 3 Id., Test F
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