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(57) ABSTRACT 

A process for making a ?brous product using a binder based 
on a formaldehyde-containing resin and especially for mak 
ing ?berglass insulation products, and to the ?brous products 
themselves, Wherein the ?brous product has a backing sheet 
af?xed thereto and the backing sheet is coated or impreg 
nated With a formaldehyde scavenger composition, With the 
result that the ?brous products exhibit a reduced level of 
formaldehyde emission. 
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REDUCING FORMALDEHYDE EMISSIONS 
FROM FIBERGLASS INSULATION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims all the bene?ts, as a Con 
tinuation-In-Part application, of US. application Ser. No. 
11/478,980, ?led on Jun. 30, 2006, the entire contents of 
Which are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a method (and a 
related product con?guration) for reducing formaldehyde 
emissions from articles prepared using formaldehyde-con 
taining resins and relates especially to a method for reducing 
formaldehyde emissions from ?berglass products, such as 
?berglass insulation. 

BACKGROUND OF THE INVENTION 

[0003] Formaldehyde-based resins or formaldehyde-con 
taining resins, such as urea-formaldehyde (UF) resins, phe 
nol-formaldehyde (PF) resins, including PF resins extended 
With urea (PFU) and melamine-formaldehyde (MF) resins 
?nd Widespread use as adhesives and bonding agents for 
making a Wide variety of products. 
[0004] For example, PF and PUF resins in particular have 
been the mainstays of ?berglass insulation binder technol 
ogy over the past several years. Such resins are inexpensive 
and provide cured ?berglass insulation products With excel 
lent physical properties. 
[0005] Fiberglass insulation, used generally in an uncom 
pressed mat or blanket form, provides heat insulation for 
roof and Wall structures in residential and commercial 
buildings, and is used in a compressed form as insulation for 
pipes and other conduits and also is used in a variety of other 
molded forms. 
[0006] Such ?berglass insulation products are easy to 
install and provide an economical and effective insulating 
barrier to reduce heat loss through the roof and Wall struc 
tures of buildings and through the surface of pipes and other 
conduits or containers used to contain hot or cold ?uids and 
other materials. 
[0007] Fiberglass insulation mats and blankets often are 
shipped in a compressed, rolled form to facilitate transpor 
tation and reduce costs. When such compressed bundles of 
?berglass are used at a job site, it is important that the 
compressed ?berglass product recover a substantial amount 
of it pre-compressed thickness. If not, the product will suffer 
a decrease is its thermal insulation and sound attenuation 
properties. Fiberglass insulation made With PF and PFU 
resins is able to recover most of its pre-compressed thick 
ness, thus contributing to the Wide acceptance of these resins 
as binders in this application. 
[0008] The ability of these formaldehyde-based resins to 
provide the necessary performance bene?ts at a reduced cost 
relative to other adhesive technologies has thus made form 
aldehyde-based resins, including UF, PF and PUF resins, 
popular in a variety of products that ?nd their Way into 
commercial and residential uses. 

[0009] One of the draWbacks of using these resins, both 
for making insulation and for other consumer products, 
hoWever, is the potential for formaldehyde emissions from 
the ?nished article. It has long been observed that gaseous 
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formaldehyde is released from such articles, some of Which 
is attributable to unreacted formaldehyde in the cured resin 
binder and some of Which is attributable to degradation or 
decomposition products generated over time under acidic 
conditions, elevated temperatures, and/or high humidity. 
[0010] Thus, there is a continuing need for neW methods 
for reducing formaldehyde emission in products produced 
using formaldehyde-based or formaldehyde-containing res 
1ns. 

[0011] One of the common forms of conventional ?ber 
glass insulation is an elongated mat or blanket of uniform 
Width and thickness, having a backing sheet, possibly of a 
vapor impervious material, adhesively secured to one side 
surface of the mat or blanket. This mat or blanket often is 
formed in a continuous process by compressing the ?ber 
glass mat or blanket against an adhesively coated surface of 
the backing sheet material. Such a method is an economical 
and an ef?cient means of forming a conventional ?berglass 
insulation product that is easy to handle and install. The 
present invention takes advantage of this conventional prod 
uct con?guration to produce ?berglass insulation products 
having a reduced tendency to emit formaldehyde into the 
environment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 schematically illustrates a typical Way of 
making a Wide variety of ?berglass insulation products, 
Which can be modi?ed in accordance With the present 
invention to have a reduced tendency to emit formaldehyde. 
[0013] FIG. 2 illustrates a ?berglass insulation product of 
the present invention, shoWn is a cross-sectional vieW, taken 
along line 2----2 of FIG. 3. 
[0014] FIG. 3 is a schematic illustration of an apparatus 
and process for forming a ?berglass insulation product of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0015] The present invention is directed to methods for 
reducing the amount of formaldehyde emitted into the 
surrounding environment by a product made With, or oth 
erWise containing a formaldehyde-containing resin binder. 
[0016] The invention is directed speci?cally to methods 
for reducing the amount of formaldehyde emitted into the 
surrounding environment by ?berglass insulation products 
made using a formaldehyde-containing resin binder. 
[0017] According to one aspect of the invention, the 
?berglass insulation is provided With a backing sheet, 
Wherein the backing sheet is coated or impregnated With an 
effective amount of a formaldehyde-scavenging composi 
tion placed in mass transfer contact With the formaldehyde 
emitting ?berglass insulation. The presence of the formal 
dehyde scavenger-coated or impregnated backing sheet 
serves to trap formaldehyde, preferably through a covalent 
interaction, that is emitted by the ?berglass insulation and 
this trapping reduces the level of formaldehyde emitted from 
the insulation. 
[0018] As used herein, the phrase “formaldehyde-contain 
ing resin” or “formaldehyde-based resin” means a resinous, 
thermosetting composition made from a molar excess of 
formaldehyde and one or more formaldehyde-reactive 
monomers such as phenol, urea, acetone, melamine and the 
like. Such resins typically contain free, i.e., unreacted form 
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aldehyde, and exhibit formaldehyde emissions both during 
their cure and in the absence of an effective treatment, 
following their cure. Such resins are Well known to those 
skilled in the art and do not require a detailed description. 
Such resins are commercially available from resin suppliers 
such as Georgia-Paci?c Resins, Inc. 
[0019] One formaldehyde-containing resin commonly 
used in connection With the manufacture of a Wide variety of 
products including ?berglass insulation is made by reacting 
a molar excess of formaldehyde With phenol in the presence 
of an alkaline catalyst such as sodium hydroxide. Before this 
resin is used for making ?berglass insulation, it is commonly 
premixed With urea and the urea is alloWed to react With 
residual formaldehyde, such as for 4-16 hours, before a 
binder is prepared for making the ?berglass insulation. 
[0020] As used herein, “curing, cured” and similar terms 
are intended to embrace the structural and/or morphological 
change Which occurs to an aqueous binder of a formalde 
hyde-containing resin, such as, for example, by covalent 
chemical reaction (crosslinking), ionic interaction or clus 
tering, improved adhesion to the substrate, phase transfor 
mation or inversion, and hydrogen bonding When the resin 
is dried and heated to an infusible condition. 
[0021] The terms “applied,” “coated” and “impregnated” 
are used throughout the application to characteriZe the 
physical relationship betWeen the formaldehyde scavenger 
composition and the backing sheet or other substrate on to 
Which the formaldehyde scavenger composition is applied 
and retained. The terms “coating” and “coated” are more apt 
terms to describe the form of the formaldehyde scavenger 
composition When applied on to impervious backing sheets 
or substrates. The terms “impregnating” and “impregnate” 
are more apt terms to describe the form of the formaldehyde 
scavenger composition When applied onto permeable or 
porous backing sheets or substrates into Which the compo 
sition can saturate. Applicants intend such phrases as 
“applying a formaldehyde scavenger composition to a back 
ing sheet,” “application of a formaldehyde scavenger com 
position to a backing sheet” and “a backing sheet carries a 
formaldehyde scavenger composition” to embrace both of 
these physical forms. 
[0022] The term “cured binder” means the cured formal 
dehyde-containing resin. 
[0023] By “reduced tendency to emit formaldehyde” and 
related phrases are meant that a product, such as ?berglass 
insulation, exhibits a loWer level of formaldehyde emission 
than the product Would have exhibited if made With the same 
binder but in the absence of the formaldehyde scavenging 
technique, such as a method of the present invention. 
[0024] As used herein, “aqueous” means Water and mix 
tures composed substantially of Water. 
[0025] As used throughout the speci?cation and claims, 
the terms “mat,” “batt” and “blanket” are used someWhat 
interchangeably to embrace a variety of ?brous substrates of 
a range of thicknesses and densities, made by entangling 
short ?bers, long continuous ?bers and mixtures thereof. 
Particularly preferred are mats, batts, or blankets made using 
heat resistant ?bers. 
[0026] In a ?rst aspect, the present invention is directed to 
a method for reducing the amount of formaldehyde that is 
emitted into the surrounding environment from a ?berglass 
insulation product manufactured using a formaldehyde-con 
taining resin binder. A key feature of the method is the 
application of i.e., the coating or impregnating of, a form 
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aldehyde scavenger composition, often applied as an aque 
ous mixture comprising a formaldehyde scavenger, onto or 
into a substrate suitable for use as a ?berglass insulation 

backing sheet. The formaldehyde scavenger-coated or 
impregnated substrate is then used as a backing sheet for the 
?berglass insulation product. 
[0027] In another aspect, the present invention provides a 
?berglass insulation product that comprises a non-Woven 
association or agglomeration of ?bers, typically heat resis 
tant (e.g., glass) ?bers, bonded together at a variety of 
densities With a cured formaldehyde-containing resin and 
having a substrate (e.g., backing sheet) positioned adjacent 
to the bonded ?bers, Wherein the substrate (e.g., backing 
sheet) is coated or impregnated With an amount of a form 
aldehyde scavenger composition suf?cient to reduce the 
amount of formaldehyde emitted from the mat. 

[0028] This ?rst aspect of the invention Will noW be 
described With reference to FIG. 1, Which schematically 
illustrates a common glass ?ber production system 10 that 
produces a Wide variety of ?berglass insulation products that 
can bene?t from the present invention. 

[0029] In this illustrated embodiment, the raW materials 
for glass ?ber formation are blended in a blender 12 and fed 
from there into a molten glass ?ber production system 14. 
Thereafter, ?ber attenuation generally is performed by cen 
trifuging molten glass though spinners 16 or by ?uid jets 
(not shoWn) to form discontinuous glass ?bers of relatively 
small dimensions. Using the spinner system 16, the molten 
glass is extruded through openings While air and/or other 
gases (gas/ air attenuation 18) are bloWn onto the ?bers. This 
process forms discontinuous glass ?bers, and such systems 
are conventional and knoWn to those skilled in the art. 

[0030] After glass ?ber formation, a curable formalde 
hyde-containing binder is generally formulated as a liquid 
and is applied usually by spraying or fogging (sprayer 20) 
onto the hot glass ?bers emerging from the ?ber attenuation 
mechanism and the binder coated glass ?bers are passed 
through a ?ber distribution forming hood 22 for collection 
on a perforated conveyor belt 24. Gas and/or air bloWing on 
the coated ?bers in the ?ber distribution forming hood 22 
and on the conveyor belt 24 help dry the binder on the ?bers 
and bind ?bers together to form a glass ?ber mat or blanket. 

[0031] The dynamics of the binder application is such that 
much of the Water in the binder is evaporated as the hot 
?bers are cooled by contact With the aqueous binder. The 
resin binder then becomes tacky holding the mass of ?bers 
together as the resin begins to set. The ?bers are collected on 
a conveyor belt 24 in a generally haphaZard manner to form 
a non-Woven mat. The depth (thickness) of the ?bers form 
ing the mat is determined by the speed of ?ber formation and 
the speed of the conveyor belt 24. The air or gas ?oWing 
through the assembly is exhausted to the atmosphere via 
exhaust system 26 (if necessary, after appropriate ?ltering or 
other treatment). 
[0032] After leaving the ?ber distribution forming hood 
22, the binder-coated (or “resinated”) uncured glass ?ber 
mat may be moved to various of?ine production steps or 
systems, as illustrated by path 28 in FIG. 1. For example, 
prior to curing, the glass ?ber mat may be formed into pipe 
sections (uncovered 30 or covered 32), or otherWise molded 
into a desired shape 34. Curing of the binder can take place 
after the offline activities illustrated doWnstream from path 
28 or coincident With the various shaping steps. 
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[0033] As another alternative, after leaving the ?ber dis 
tribution forming hood 22, the binder-coated uncured glass 
?ber mat material may be moved along path 36 to a curing 
oven 38. While a hugger belt type curing oven 38 is 
illustrated as an example in FIG. 1, curing also may take 
place in a mold or in any other appropriate curing device, 
Without departing from the invention. After curing, the glass 
?ber mat may be further processed in any appropriate 
manner. For example, as illustrated in FIG. 1, various 
machining operations may take place at machining station 
40, such as cutting, trimming, etc., and excess or non-used 
glass ?bers (e. g., from a cutting or trimming operation) may 
be recycled back to the ?ber distribution forming hood 22 
along recycle line 42. Further processing may include glass 
?ber mat slab stacking 44 (e.g., for high density molded 
glass ?ber products), mechanical rolling 46 (e.g., for loW 
density glass ?ber insulation products), or rolling and 
vacuum reducing 48 for distribution of compressed rolls of 
building insulation. Still another alternative is to subdivide, 
e.g., by cutting, the insulation batts into small pieces of an 
appropriate siZe (e.g., cubes of approx l/2"><1/2"><1/2") to use 
as bloWing Wool that can be bloWn for instance into attic 
spaces to insulate a home. (Blowing Wool generally has 
tWice the formaldehyde emissions compared to standard batt 
products) 
[0034] The formaldehyde-containing resin binder compo 
sition, after it is applied to the glass ?bers, is heated to effect 
drying and curing. In the embodiment illustrated in FIG. 1, 
after the initial portion of this heating (primarily drying) 
Which occurs as a result of the transfer of heat from the hot 
?bers to the aqueous binder applied to the ?bers (as the 
recently formed hot glass ?bers are cooled by the aqueous 
binder), the mat can be passed through an oven 38. The 
duration and temperature of the heating in the oven will 
affect the rate of drying, processability and handleability, 
degree of curing and property development of the resulting 
?brous mat. The curing temperatures are usually Within the 
range from 50 to 300° C., and preferably Within the range 
from 90 to 230° C. and the curing time Will usually be 
someWhere betWeen 3 seconds to about 15 minutes. Of 
course, other temperatures and times can be used depending 
upon particular binder formulations and the present inven 
tion is not limited to any speci?c set of conditions. 
[0035] After processing, the uncured and/or cured glass 
?ber products may be moved to an appropriate location for 
storage, shipment, or other use, as generally illustrated by 
paths 50 and 52. 
[0036] These ?brous products can be formed as relatively 
thin products of about 1/s to 1A inch or they can be formed 
as thick mats of 6 to 8 inches or even more. Depending on 

formation conditions, the density of the products also can be 
varied from relatively ?ulfy loW density products (e.g., Wall 
insulation or bloWing Wool) to higher densities of 6 to 10 
pounds per cubic foot or higher (e.g., pipe insulation), as is 
Well understood by those skilled in the art. 
[0037] Continuous ?bers also may be employed in the 
form of mats or blankets fabricated by sWirling the endless 
?laments or strands of continuous ?bers, or they may be 
chopped or cut to shorter lengths for mat, batt or blanket 
formation. 

[0038] In ?berglass insulation products, heat resistant 
?bers generally are bonded together into an integral struc 
ture With an aqueous curable binder, typically an aqueous 
formaldehyde-containing resin. One particularly common 

Jan. 3, 2008 

resin Within the group of formaldehyde-containing resins is 
the heat curable, i.e., thermosetting, resin systems of the 
phenol-formaldehyde (PF) type. Included Within this group 
also are PF resins that have been modi?ed by the addition of 
urea (PFU resins). These resins are typically synthesiZed in 
an aqueous reaction medium under alkaline reaction condi 
tions, generally established using an alkali metal hydroxide 
and especially sodium hydroxide. In making these resins, 
phenol is reacted With a molar excess of formaldehyde, 
normally to a very loW level of residual phenol. In the case 
of PFU resins, an amount of urea basically in an amount 
suf?cient to react With the residual formaldehyde is subse 
quently added and is reacted, typically for about 4 to 16 
hours. 

[0039] Another common class of formaldehyde-contain 
ing resins often used as a binder in making thin ?ber 
products is the thermosetting urea-formaldehyde (UF) res 
ins. UF resins also are reacted (produced) under alkaline 
conditions. UF resins used in binder formulations for mak 
ing ?ber products, such as air ?lters Which may be about one 
inch thick, also are commonly cured under acid conditions 
using a latent acid catalyst such as triethylamine sulfate. 

[0040] Such formaldehyde-containing resins binders pro 
vide a strong bond betWeen ?bers, With suf?cient elasticity 
and thickness-recovery to permit reasonable shipping and 
in-service deformation of the ?brous products, such as 
?berglass insulation. 
[0041] As shoWn by the various options in FIG. 1, the 
glass ?ber mat may be compressed and shaped into a variety 
of different products, Whether it is passed through a curing 
oven 38 or otherWise processed. 

[0042] As noted, the drying and curing functions may be 
carried out in tWo or more distinct steps, if desired. For 
example, the binder may ?rst be heated at a temperature and 
for a time suf?cient to substantially dry but not to substan 
tially cure the binder composition and then heated for a 
second time at a higher temperature and/or for a longer 
period of time to effect curing (thermosetting). Such a 
preliminary “drying” procedure, generally referred to as 
“B-staging”, may be used to provide binder-treated product, 
for example, in roll form, Which may at a later stage be 
cured, With or Without forming or molding into a particular 
con?guration, concurrent With the curing process. This 
makes it possible, for example, to produce binder-impreg 
nated semifabricates Which can be molded and cured else 
Where. 

[0043] In accordance With the present invention, the ?ber 
glass insulation product, Whether a high density molded 
product (such as duct board used in constructing HVAV 
ducts), a roll of ?berglass insulation destined for use in 
insulating the Walls of building structures, or a pipe insula 
tion, is provided With a backing sheet that carries a form 
aldehyde scavenger composition. 
[0044] FIG. 2 illustrates, in cross-section taken along line 
2---2 of FIG. 3, a sheet of ?berglass insulation 10 con 
structed according to the present invention by af?xing a 
backing sheet 12 to a ?berglass mat or blanket 11 made With 
a formaldehyde-containing resin binder. In this embodiment, 
the ?berglass mat or blanket 11 has a rectangular cross 
section With an upper surface 14, a loWer surface 16 and 
opposed parallel side surfaces 17. The ?berglass blanket 11 
can be of almost any Width so as to be compatible With the 
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structure to Which it is applied, and its thickness, for 
residential applications, usually Will be betWeen 3 to 16 
inches. 
[0045] In accordance With the present invention, the back 
ing sheet 12 can be any of a Wide variety of suitable 
materials for forming a ?at, often ?exible, support layer, ?lm 
or foil, including for example paper, cardboard, plastic (such 
as Mylar, polyethylene or polyvinyl chloride), metal (such as 
aluminum) and other similar materials. The sheet is gener 
ally ?exible, but has a sufficient degree of inherent sti?fness 
so as to provide the ?berglass mat or blanket 11 With 
stability. In many cases the sheet is made from a plastic or 
metal ?lm to make it vapor impervious. The backing sheet 
12 often has an adhesively coated inner surface 18 for 
attaching it to the ?berglass mat or blanket 11, a back surface 
19 and opposed parallel side edges 20 and 21. The back 
surface 19 of the backing sheet 12 can be covered With one 
or more additional layers of facing material if desired, such 
as a heavy gauge paper, particularly in those embodiments 
Where a thin foil is used for an inner layer of backing sheet 
12. 

[0046] Indeed, the backing sheet can have a single ply 
construction, or can have a multi ply construction. The 
backing sheet can be made from a single material or can be 
made from a mixture of the various substrate materials as, 
for example, identi?ed above. 
[0047] The backing sheet 12 has a Width dependent on the 
Width of the ?berglass mat or blanket 11. Preferably, the side 
edges 20 and 21 of the backing sheet 12 extend outWardly 
a small distance beyond the side surfaces 17 of the ?berglass 
mat or blanket 11 to form tabs of the backing material Which 
facilitate installation. The ?berglass mat or blanket 11 can be 
installed in roof or Wall structures of various types of 
buildings to provide an insulation barrier for such structures, 
With the tabs of the backing sheet being attached to studs or 
other parts of the building structure. 
[0048] In order to reduce the emission of formaldehyde 
from the ?berglass mat or blanket 11, the backing sheet 12 
carries a formaldehyde scavenger composition. When using 
an impervious backing sheet material, the formaldehyde 
scavenger composition is coated on the inner surface 18 of 
the backing sheet. For porous backing sheets, the formal 
dehyde scavenger composition can either be coated on the 
inner surface 18, or can be impregnated though the thickness 
of the backing sheet 12. In this Way, the formaldehyde 
scavenger composition is in a mass transfer relationship With 
the formaldehyde as it is emitted from the mat or blanket 12. 
While FIG. 2 shoWs a backing sheet situated on only one 
side of the mat or blanket 11, it is of course Within the spirit 
of the present invention to provide a backing sheet on both 
sides of the mat or blanket 11. 

[0049] Referring noW to FIG. 3, one process for af?xing 
the backing material of the present invention to a ?berglass 
insulation mat or blanket is schematically illustrated. 
[0050] As illustrated in FIG. 3, a sheet of backing material 
12 is advanced along its length from a supply, typically 
provided as a roll of the material (not shoWn), in the 
direction indicated by arroW A. The backing sheet material 
passes over an adhesive applicator 25 that engages a surface 
of the backing sheet and applies an adhesive material to a 
surface 18 of the backing sheet. In embodiments Where the 
backing sheet does not already carry a formaldehyde scav 
enger composition, the adhesive composition 41 in adhesive 
reservoir 38 may also contains a formaldehyde scavenger, so 
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that both an adhesive for af?xing the backing sheet 12 to the 
?berglass mat or blanket 11 and a formaldehyde scavenger 
are simultaneously applied to the backing sheet 12. Alter 
natively, there could be a separate step Where the formal 
dehyde scavenger is applied to the backing sheet 12, such as 
by use of a sprayer, before it engages the ?berglass mat or 
blanket 11. 

[0051] The backing sheet 12 is advanced around a pair of 
guide rollers 44 and 46 Which reorient the backing sheet 12 
such that the adhesively coated surface of the backing sheet 
(and the surface that carries the formaldehyde scavenger 
composition) 18 faces upWardly toWards a ?berglass mat or 
blanket 11, Which is advanced along its length from another 
supply, roll 45, onto the adhesively coated surface 18 of the 
backing sheet 12 so that the backing sheet 12 and blanket or 
mat 11 become adhesively attached. 
[0052] The ?berglass mat or blanket supply roll 45 rests on 
feed rolls 47, and the mat or blanket material 11 advances 
along its length feeding a substantially continuous length of 
?berglass mat or blanket material 11 into contact With the 
adhesively coated surface 18 of the backing sheet 12. A 
blanket guide roller 48, about Which the ?berglass blanket 11 
passes, is positioned parallel to upper guide roller 46, 
betWeen upper guide roller 46 and the ?berglass blanket feed 
rollers 47. The blanket guide roller 48 guides the ?berglass 
blanket 11 into contact With the adhesively coated surface 18 
(and the surface that carries the formaldehyde scavenger 
composition) of the backing sheet 12 as indicated at 49. 
[0053] In an alternative embodiment for making ?berglass 
insulation products, the process could be arranged to deposit 
the formaldehyde-containing resin binder-treated ?bers into 
a mold area through Which a continuous sheet of backing 
material, such as paper or foil, Which carries a formaldehyde 
scavenger composition, can be passed at any desired speed. 
The resin-treated insulation ?bers can be deposited directly 
onto the backing material to any desired thickness. As the 
backing material continuously moves from the mold area it 
can pass through a drying oven to speed the setting of the 
adhesive. After passing from the drying oven the continuous 
strip of insulation can be rolled into a desired con?guration 
for shipping or storage. 
[0054] Suitable formaldehyde scavengers for use in the 
present invention, such as for preparing the formaldehyde 
scavenger composition used to coat or impregnate a backing 
sheet, for example, by using an aqueous mixture of the 
formaldehyde scavenger, include singly or in combination 
such materials as urea ((H2N)2C=O) loW ratio melamine 
resins, i.e., melamine-formaldehyde resins made With a 
molar excess of melamine, sodium bisul?te, sodium met 
abisul?te, other alkali metal and alkaline earth metal 
bisul?tes, sodium sul?te, ammonium bisul?te, ammonium 
sul?te, resorcinol, polyacrylamide, acrylamide, methacryla 
mide, melamine, biuret (HN[(H2N)C=O]2), triuret 
(N [(H2N)C=O]3), biurea ([N(H2N)C=O:]2), polyurea, 
acid salts of aniline, aromatic amines, aliphatic amines, 
diethylene triamine, triethylene tetramine, tetraethylene pen 
tamine, other polyamines and their salts, ammonia, polya 
midoamines, amino acids, aromatic amino acids such as 
glycine, p-amino benZoic acid, ammonium bicarbonate, 
ammonium carbonate, polyethylneamines, sodium sulfa 
mate, ammonium sulfamate, methane sulfonamide, succin 
imide, dicyandiamide (NCNH(H2N)C=NH), sulfur com 
pounds With valence state other than +6, ammonium sul?te, 
proteins (for example: soy, animal and plant proteins), an 
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aminopolysaccharide, such as chitosan, thiourea ((H2N) 
2C=S), guanidine((H2N)2C=NH), sodium salts of taurine, 
sulfanilic acid, disodium salt of glutamic acid, Zeolites, 
permanganate and similar materials. 
[0055] Depending on the particular embodiment, certain 
scavengers Will likely exhibit more effective treatment. 
Optimal selection of a particular scavenger can generally be 
accomplished using routine experimentation. Particularly 
preferred formaldehyde scavengers are tetraethylene pen 
tamine and sodium bisul?te (and the related material sodium 
metabisul?te). 
[0056] An aqueous mixture of a formaldehyde scavenger 
(or formaldehyde scavengers) is prepared simply by mixing 
the scavenger (or scavengers) With Water. The concentration 
of formaldehyde scavenger in the aqueous mixture can vary 
Within Wide limits (and is usually in?uenced by the aqueous 
solubility or miscibility of the scavenger), provided the 
amount does not interfere With the technique chosen for 
applying the aqueous mixture to the backing sheet material. 
Application of a formaldehyde scavenger composition is 
generally accomplished by one of a variety of conventional 
coating techniques such as, for example, air or airless 
spraying, padding, saturating, roll coating, curtain coating 
and other similar techniques. The present invention is not to 
be limited to the speci?c Way in Which the formaldehyde 
scavenger is applied onto the backing sheet material or 
another substrate. 

[0057] Usually, When using an aqueous mixture, it con 
tains from as little as 0.01% by Weight to as much 99% by 
Weight or more of the formaldehyde scavenger, depending in 
many cases on the aqueous solubility or miscibility of the 
particular scavenger. Obviously, if the scavenger is used in 
a neat form, such as may be the case When using tetraeth 
ylene pentamine, Which is a liquid at ambient conditions, the 
formaldehyde scavenger composition may be 100% scav 
enger. Thus, the present invention is not limited to any 
speci?c level of scavenger Whether supplied as an aqueous 
scavenger mixture, or not. 
[0058] The speci?c technique used to apply a formalde 
hyde scavenger composition to the backing sheet material, 
such as paper) cardboard, fabric, glass mat, plastic, metal or 
a similar foil or ?lm material, can be similar to those 
techniques that are commonly employed in papermaking 
operations to apply a siZing composition to the surface of a 
paper product. Depending on the particular scavenger being 
used) either a neat scavenger in a liquid form, or more 
usually an aqueous formaldehyde scavenger composition, 
may be applied to a surface of the backing sheet using a siZe 
press, by maintaining a puddle of the formaldehyde scav 
enger composition though nip rolls, or by ?ooding a surface 
of the backing sheet material With the assistance of a doctor 
knife blade. For example, a Web of backing sheet material 
can be conducted through the nip of a roller-coater apparatus 
(various con?gurations are available), Where the scavenger 
is applied. Alternatively, the formaldehyde scavenger com 
position may be sprayed onto the Web of the backing sheet 
or can be applied by dipping the backing sheet into an 
aqueous composition of the formaldehyde scavenger, or by 
using one of the Wide variety of conventional coating 
techniques knoWn to those skilled in the art. Backing sheet 
material that is treated With a scavenger, such as an aqueous 
mixture of a scavenger, is then dried as needed at an elevated 
temperature to produce a backing sheet carrying the scav 
enger composition. 
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[0059] The nature of the backing sheet in?uences Whether 
the backing sheet material is coated or impregnated With the 
formaldehyde scavenger composition. Non-porous or imper 
meable backing sheets Will receive only a surface coating of 
the formaldehyde scavenger composition. In contrast, 
porous substrates Will tend to be impregnated at least 
partially through the thickness of the backing sheet depend 
ing upon the porosity of the substrate and the rheological 
property of the formaldehyde scavenger composition. For 
example if a paper or cardboard material is used as the 
backing sheet material, the formaldehyde scavenger com 
position might also be added at the Wet end of the paper 
making process itself. In this Way the total thickness of the 
backing sheet material can be impregnated With the form 
aldehyde scavenger composition. 
[0060] Application of the formaldehyde scavenger to the 
backing sheet can be accomplished either as a post-produc 
tion operation of making the backing sheet or as a portion of 
the backing sheet production process itself. The present 
invention is not limited to the Way in Which the formalde 
hyde scavenger composition is applied onto, or impregnated 
into, the backing sheet material. 
[0061] The formaldehyde scavenging composition is 
applied onto or impregnated into the backing sheet material 
in an amount such as to provide an effective amount of the 
formaldehyde scavenger composition for trapping or remov 
ing formaldehyde emitted from the ?berglass insulation 
product. Preferably, the formaldehyde scavenger composi 
tion is applied in an amount of about 0.1 Wt. % to about 200 
Wt. % (on a dry basis) based on the Weight of the backing 
sheet material. Usually, the level is about 1 Wt. % to about 
70 Wt. %, and most often from about 2 Wt. % to about 50 Wt. 
%. 

[0062] A key advantage of the present invention is that 
because the application of the formaldehyde scavenger is 
independent of and not commingled With the formaldehyde 
containing resin binder, the level of addition of the scaven 
ger does not adversely impact the tensile properties of the 
cured binder essential for obtaining a ?brous mat With 
acceptable physical properties. As shoWn in the folloWing 
examples, including high levels of the formaldehyde scav 
enger directly in the binder formulation (internal scavenger), 
as taught in the prior art, not only fails to adequately reduce 
the tendency of the cured product to emit formaldehyde but 
also disadvantageously reduces the tensile properties of the 
cured product. 
[0063] Even though the formaldehyde scavenger is not 
intimately associated With the formaldehyde-containing 
resin binder, applicants have observed that placing the 
scavenger in a mass transfer relationship With the ?ber mat 
on the backing sheet of the mat, provides su?icient contact 
betWeen the scavenger and the formaldehyde emitted by the 
mat to reduce the amount of formaldehyde released into the 
environment. Indeed, in experiments they have conducted 
applicants have observed a reduction in formaldehyde emis 
sion to a non-detectable level. 

[0064] In some cases the formaldehyde scavenger may be 
a solid that can be melted to produce a molten liquid and the 
present invention contemplates applying such a molten form 
of the formaldehyde scavenger to the backing sheet material. 
In the case of a molten liquid, the scavenger can be sprayed 
or dripped on to the backing sheet substrate. In the case of 
a solid form of the scavenger, the scavenger also can be 
applied as small particles that either can be retained Within 
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the porosity of a porous backing sheet material such as paper 
(such as When a ?ller is commonly added during the 
preparation of paper), or can be affixed With the separate 
application of an adhesive to the surface of the backing sheet 
material (much like the attachment of abrasive particles to a 
backing sheet When preparing sand paper). Preferably, a 
non-formaldehyde-containing adhesive binder is used for 
affixing such solid particles as a surface coating on the 
backing sheet substrate. 
[0065] Particles that pass through a 3 Mesh screen (Tyler 
Screen designation) but are retained by a 100 mesh screen 
generally should be suitable for such uses. Other suitable 
particle sizes to use, depending on the speci?c embodiment 
contemplated, Will be apparent to those skilled in the art. The 
particles can be mixed With a binder formulation or can be 
sprinkled onto a backing sheet substrate coated With the Wet 
binder formulation. Alternatively, the scavenger could be 
loaded onto an inert carrier material, such as by coating or 
absorbing the scavenger, for example using an aqueous 
solution, onto sepiolite, activated carbon, activated carbon 
?bers, zeolite, activated alumina, vermiculite, diatomaceous 
earth, perlite particles or cellulose ?bers, With the scavenger 
loaded inert material then being applied to the backing sheet 
substrate. 

[0066] To accelerate the scavenging action of the backing 
sheet it is preferable to place the ?berglass insulation into a 
substantially hermetically sealed package (as shoWn beloW, 
Ziplock®-type storage bags are used in the examples). In 
particular, the ?berglass insulation product provided With a 
backing sheet, Wherein the backing sheet is coated or 
impregnated With an effective amount of a formaldehyde 
scavenging composition, preferably is packaged in a Way to 
isolate the product from the environment. The product can 
be suitably isolated by encasing it in a sealed plastic ?lm, by 
placing it in a plastic bag, by Wrapping it With a similar 
packaging material, or by another similar technique. In this 
Way, the mass transfer process that takes place as formal 
dehyde is emitted and captured by the scavenger is opti 
mized and/or accelerated. 

[0067] The formaldehyde scavenger composition used in 
connection With the present invention may, in addition to the 
formaldehyde scavenger itself, contain one or more addi 
tives to provide desired characteristics to the composition. 
Suitable additives include, but are not limited to, dyes and 
pigments, humectants or moisturizers, preservatives, anti 
microbial agents, corrosion inhibitors, surfactants or Wetting 
agents, pH buffers, viscosity control agents, mutual solvents 
and combinations thereof. Use of any particular additive, or 
any speci?c combination of additives, Will depend on the 
actual formaldehyde scavenger selected and the particular 
Way in Which the composition is to be employed. Consid 
erations in?uencing the preparation of a suitable formalde 
hyde scavenger composition are Well Within the skill of the 
art. 

[0068] For example, there is some indication that the 
performance of the formaldehyde scavenger applied in 
accordance With the present invention may be improved by 
the presence of a moisturizer or humectant. The moisturizer 
or humectant could simply be the humidity available in the 
ambient environment, or may be a polyol, or any other 
liquid, preferably a loW volatility liquid, added a part of a 
formaldehyde scavenger composition, For example, the 
moisturizer could simply be Water added as part of an 
aqueous solution of a formaldehyde scavenger, a polyol, 
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such as glycerine, propylene glycol, trimethylol propane, or 
diethylene glycol, a polymine, an amine salt, calcium chlo 
ride and other deliquescent materials, polyacrylamides and 
other super absorbent materials, starch or other liquid. Such 
as loW volatility liquids, may be applied as part of the 
formaldehyde scavenger composition to a backing sheet or 
another substrate. In cases Where the scavenger is applied as 
an aqueous solution and dried, applicants suspect that 
residual moisture in the dried scavenger coating, enhanced 
by the presence of a polyol, or other moisturize, may assist 
the formaldehyde-reducing performance of the scavenger. 
[0069] Applicants have also observed that When using 
sodium bisul?te as a scavenger for ?berglass insulation 
made With PFU resin binder that the sodium bisul?te scav 
enger has an ameliorating effect on color development 
observed in the mat. In particular, mats having a cured PFU 
resin binder typically develop What can be characterized as 
a dark or dingy yelloW color. When such mats are treated 
With a sodium bisul?te scavenger, the yelloW color becomes 
lighter or more muted as the level of treatment increases. 
One bene?t of this effect is it become easier to color the mat 
a different color (such as pink or blue) by supplying a dye 
or pigment as part of the manufacturing process. Less 
treatment may be needed to color the more lightly colored 
mats produced When using the formaldehyde scavenger 
treatment of the present invention. 
[0070] Fibrous products made in accordance With the 
present invention may be used for applications such as, for 
example, insulation batts, bloWing Wool, rolls, molded parts, 
as reinforcing mat for roo?ng, ?ooring, or gypsum applica 
tions, as air ?lters, as roving, as microglass-based substrate 
for printed circuit boards or battery separators, as ?lter 
stock, as tape stock, and as reinforcement scrim in cemen 
titious and non-cementitious coatings for masonry. 
[0071] As recognized by those skilled in the art, not all 
?berglass products are provided With backing sheets. Fiber 
glass products that may lack a backing sheet include loW 
density rolled ?berglass insulation, bloWing Wool, some pipe 
insulation products and certain molded insulation products 
to name a feW. Fortunately, such products that are made With 
formaldehyde-containing resins can still bene?t from the 
improved method of reducing formaldehyde emissions 
developed by the present inventors and described in the 
present application. 
[0072] As demonstrated in the folloWing examples, appli 
cants have discovered that by placing a formaldehyde scav 
enger and especially a substrate, Which carries a formalde 
hyde scavenging composition, e.g., Which is coated With, 
impregnated With or otherWise contains a formaldehyde 
scavenging composition, into a hermetically sealed package 
(Ziplock®-type storage bags Were used in the examples) 
along With the ?berglass insulation product, one can obtain 
a signi?cant reduction in the level of formaldehyde emis 
sions from the product. That same principle can be applied 
to other ?berglass products made With a formaldehyde 
containing resin binder, Which are not provided With a 
backing sheet. 
[0073] In particular, in order to implement the technique 
of the present invention is this context, ?berglass products, 
made With a formaldehyde-containing resin, are packaged in 
a Way to isolate the products from the environment. The 
products can be suitably isolated by encasing them in a 
sealed plastic ?lm, by placing them in a plastic hag, or by 
Wrapping them With a similar packaging material. Other 
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Ways of encasing the product so as to isolate it from the 
environment Will be apparent to those skilled in the art. The 
goal is to encase the formaldehyde-emitting product in a 
substantially airtight package. By “substantially airtight” is 
meant that the formaldehyde-emitting product is isolated 
from the environment in a Way to restrict access into and 
egress out from the package. Placed inside the sealed 
package, along With the ?berglass insulation product, is a 
formaldehyde scavenger, easily supplied by using a sub 
strate carrying a formaldehyde scavenger composition. 
[0074] The substrate for use in this embodiment of the 
invention can take many forms and according to the broadest 
aspects of the present invention, the form of the substrate is 
not to be limited. For example, in addition to using a 
formaldehyde scavenger in a neat form, it is also contem 
plated that the scavenger can be introduced by using a paper 
saturated With a formaldehyde scavenger composition, by 
using a vial or porous packet containing a formaldehyde 
scavenging composition, for example, a solid form of a 
formaldehyde scavenger composition that is freely available 
to the isolated atmosphere of the package, and by using 
many other con?gurations. In an alternative embodiment, 
instead of placing What might be considered a separate 
substrate carrying the formaldehyde scavenger composition 
inside the package, the inner surface of the packaging 
material itself, i.e., the surface of the package exposed to the 
interior space of the package Would itself carry, e.g., Would 
be coated or impregnated With a formaldehyde scavenger 
composition. Thus, in this embodiment, the inner surface of 
the packaging itself comprises a substrate carrying a form 
aldehyde scavenger and may be provides as a plastic ?lm 
coated With a formaldehyde scavenging composition, or a 
metal foil coated With a formaldehyde scavenging compo 
sition. Still other Ways of introducing the formaldehyde 
scavenger inside the packaging Will be apparent to those 
skilled in the art and the present invention is not to be limited 
to any speci?c technique. 
[0075] Though such con?gurations, the formaldehyde 
scavenger composition is placed in a mass transfer relation 
ship With the ?berglass insulation product and these tWo 
components are isolated in a substantially airtight manner 
from the ambient environment. Once in this mass transfer 
relationship and isolated from the external environments 
there is suf?cient contact betWeen the scavenger and the 
formaldehyde emitted by the product to reduce the amount 
of formaldehyde released into the environment from the 
product. 
[0076] This embodiment of the invention also is illustrated 
in the folloWing examples. 
[0077] It Will be understood that While the invention has 
been described in conjunction With speci?c embodiments 
thereof, the foregoing description and folloWing examples 
are intended to illustrate, but not limit the scope of the 
invention. Other aspects, advantages and modi?cations Will 
be apparent to those skilled in the art to Which the invention 
pertains, and these aspects and modi?cations are Within the 
scope of the invention. 

COMPARATIVE EXAMPLE 1 

[0078] To simulate the manufacture of ?berglass insula 
tion, batts Were prepared in the laboratory as folloWs. A roll 
of 1 inch thick, un-bonded, ?berglass Was obtained from 
Resolute Manufacturing and divided into individual sheets 
Weighing about 30 grams. Individual un-bonded ?berglass 

Jan. 3, 2008 

sheets Were placed in a tray. A formaldehyde-containing 
binder Was placed into a reservoir and air Was used to 
aspirate the binder into a ?ne mist. The mist Was draWn 
through each individual batt using an air exhaust hood. This 
technique caused ?ne binder droplets to be deposited onto 
and into the batt. In each experiment, approximately eight 
grams of binder Was deposited onto each sample of the glass 
batt. Following binder application, the batt Was next cured in 
a forced air oven for tWo minutes at 4250 F. (2180 C.) to cure 
the binder. After curing, the batt Was transferred to a 
Ziplock®-type storage bag until the sample could be tested 
using a consistent technique (emissions Were collected using 
20 mls of 1% NaOH in an impinger With the air ?oW into the 
impinger set at 1.0 l/min. and the impinger solutions Were 
tested for formaldehyde emissions using a standard chro 
motropic acid method) in a dynamic micro chamber (DMC) 
to test its formaldehyde emission characteristic. A DMC is 
described in Georgia-Paci?c Resins, Inc. U.S. Pat. Nos. 
5,286,363 and 5,395,494. 
[0079] TWo batt samples Were prepared (tWo replicates) 
for each of the experiments and testing examined tWo 
different treatment scenarios. In all cases, the binder Was 
formulated from an aqueous phenol-formaldehyde resin that 
is commercially available from Georgia-Paci?c Resins, Inc. 
as resin 209G47. The aqueous resin Was mixed With a 40% 
by Weight aqueous solution of urea in an amount of 1 part 
urea solution per approximately 7 parts aqueous resin. The 
mixture Was alloWed to “pre-react” overnight at room tem 
perature before the binder Was applied to the batts. Shortly 
before application to the batts, 1 part by Weight of an 
aqueous ammonium sulfate solution (20% by Weight ammo 
nium sulfate), as a cure accelerator or catalyst, Was added 
per approximately 2 parts by Weight of the binder to com 
plete the base binder formulation. 
[0080] In the Control experiment, only the above-formu 
lated binder Was applied to the ?berglass batt. In a Com 
parative experiment, a formaldehyde scavenger (sodium 
bisul?te) also Was added to the above-formulated binder and 
Was dissolved in the binder shortly before the binder Was 
applied to the batts. The scavenger Was added to the binder 
in an amount of 1 part scavenger (sodium bisul?te) per 
approximately 17.6 parts of the aqueous resin used in the 
binder (this corresponds to 1 part scavenger per approxi 
mately 9 parts phenol-formaldehyde resin solids). 
[0081] The raW results of each of the tWo replicates 
obtained from the DMC testing for each experiment, the 
average results and the levels of reduction in for aldehyde 
emission are reported in Table 1 beloW. The internal scav 
enger provided a modest improvement in the formaldehyde 
emission characteristic of the ?berglass product. 

TABLE 1 

Formaldehyde Emission Results 
ppm Formaldehyde 

EXPERIMENT Control Comparative 

Replicate 1 0.190 0.174 
Replicate 2 0.182 0.168 
Average 0.186 0.171 
% Reduction i 8.1 

from Control 
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COMPARATIVE EXAMPLE 2 

[0082] The tensile strengths (dry and hot/Wet) of glass mat 
hand sheets bonded using a typical phenol-formaldehyde 
resin binder Was compared to hand sheets prepared With 
binders having sodium bisul?te, as a formaldehyde scaven 
ger, added to the resin to assess the impact on tensile 
properties of an internal scavenger. 

[0083] Binders Were formulated from an aqueous phenol 
formaldehyde resin that is commercially available from 
Georgia-Paci?c Resins, Inc. as resin 209G56. The aqueous 
resin ?rst Was mixed With a 40% by Weight aqueous solution 
of urea in an amount of 1 part urea solution per approxi 
mately 1.8 parts aqueous resin. The mixture Was alloWed to 
“pre-react” overnight at room temperature to yield a pre 
mix. Shortly before application to a glass mat, 1 part by 
Weight of aqueous ammonia (28% by Weight ammonia); and 
5 parts by Weight of an aqueous ammonium sulfate solution 
(20% by Weight ammonium sulfate), as a cure accelerator or 
catalyst, Were added per approximately 38 parts by Weight 
of the pre-mix to complete the base binder formulation. 

[0084] In addition to testing the tensile properties of the 
base binder formulation (designated the Control), tWo binder 
formulations also Were prepared for testing one having an 
additional 5% by Weight of sodium bisul?te added as a 
formaldehyde scavenger (designated Comparative A) and 
the other having an additional 50% by Weight of sodium 
bisul?te added (designated Comparative B), both as a per 
centage of binder solids (de?ned as resin solids plus urea 

solids). 
[0085] Various amounts of Water Were added to these 
binder formulations to yield a binder With the same amount 
of total binder solids (20% solids as resin and urea solids). 
In particular, 1.78 parts Water per part of premix Was added 
to the Control, 1.76 parts Water per part premix Was added 
to complete the binder of Comparative A, and 1.55 parts 
Water per part premix Was added to complete the binder of 
Comparative B. 
[0086] Hand sheets Were prepared by soaking the mats in 
the formulated binders and vacuuming excess resin binder 
off the mat. Following application of the various binders, 
each sample Was cured in a forced air oven for tWo minutes 
at 401° F. (2050 C.) to cure the binders. 

[0087] Tensile strengths (dry and hot/Wet) of hand sheets 
prepared using the various techniques (Control, Compara 
tive A, and Comparative B) Were determined. Dry tensile 
strengths of the mats Were measured by subjecting samples 
of each hand sheet to breaking in a tensile tester (QC-1000 
Materials Tester by the ThWing Albert Instrument Co.). 
Hot/Wet tensile strengths of the mats Were measured by 
initially soaking the hand sheets in 185° F. (85° C.) Water for 
10 minutes folloWed by breaking them in a tensile tester 
(QC-1000 Materials Tester by the ThWing Albert Instrument 
Co.) While the samples Were still hot and Wet. Fourteen (14) 
breaks for each sample Were measured and the average of 
the breaking strengths Was determined. 
[0088] The testing results are presented in Table 2. As 
shoWn, by using an internal scavenger, in the manner of 
Comparative A and Comparative B, increasing the level of 
added scavenger results in a degradation in tensile strength 
as compared to the Control Example. 
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TABLE 2 

Hand Sheet Tensile Test Results 
lbs tensile strength 

EXPERIMENT Control Comparative A Comparative B 

Ave. Dry Tensile 59.24 55.18 41.76 
Ave. Hot/Wet Tensile 39.68 40.28 22.85 

EXAMPLE 3 

[0089] A fresh bag of unfaced R-13 insulation, bearing 
product code 1685, Was obtained from Knauf Fiberglass. 
This insulation product Was prepared using a PUF resin 
binder. The insulation Was cut into pieces of 8" by 20" and 
the pieces Were immediately stored in individual Ziplock® 
type storage bags. 
[0090] Blotter paper samples, 12" by 12", Were obtained 
from Georgia-Paci?c’s paper group and Were treated by 
saturating them With various solutions of sodium bisul?te 
and then dried in an oven. TWo samples Were impregnated 
With an aqueous solution of 33.3% by Weight sodium 
bisul?te and then dried for one minute at 70° C. One sample 
contained 21.2 g of the treatment composition after drying 
(Sample A) and the other one contained 20.0 g (Sample B). 
TWo other samples Were impregnated With a 1:1 by Weight 
mixture of glycerine and an aqueous solution of 33.3% by 
Weight sodium bisul?te and then dried for four minutes at 
105° C. One sample contained 39.9 g of the treatment 
composition after drying (Sample C) and the other one 
contained 40.8 g (Sample D). 
[0091] After the blotter samples Were prepared, each of 
them Was cut in half to make tWo 6" by 12" pieces per 
sample and then each blotter paper sample Was transferred 
to a Ziplock®-type storage bag containing the R-13 samples. 
The samples Were held for 72 hours at ambient conditions 
and then tested using the DMC protocol referenced in 
Comparative Example 1. 
[0092] Product formaldehyde emission results are pre 
sented beloW in Table 3. For the controls, an untreated piece 
of blotter paper Was placed in the bag With the insulation 
sample. The reported results are the averages obtained from 
all of the samples tested at a particular condition. 

TABLE 3 

Formaldehyde Emission Results 
(ppb Formaldehyde) 

R-13 Controls 40 
Aq. Sodium Bisul?te Non—detectable* 
Aq. Sodium Bisul?te/Glycerine Non—detectable* 

*Less than 2 ppb 

EXAMPLE 4 

[0093] Using the fresh unfaced R-13 insulation of 
Example 3, the loss on ignition (LOI) value of the samples 
Was estimated at 5% by Weight. The 8" by 20" pieces of the 
R-13 insulation Weighed, on average, about 110 g. Thus, the 
organic fraction of each sample, at a 5% LOI, Was about 5.5 
g. 
[0094] Blotter paper samples, 6" by 6", Were obtained 
from Georgia-Paci?c’s paper group and Were treated by 
saturating them With various solutions of sodium bisul?te 
and then dried in an oven at 40° C. for one minute. TWo 
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samples Were impregnated With an aqueous solution of 
0.55% by Weight sodium bisul?te and then dried (Samples 
A1 and A2), tWo samples Were impregnated With an aqueous 
solution of 5.5% by Weight sodium bisul?te and then dried 
(Sample B1 and B2) and tWo sample Were impregnated With 
an aqueous solution of 33.3% by Weight sodium bisul?te and 
then dried (Samples C1 and C2). Sample A1 retained 8.1 g 
of the treatment composition after drying, While Sample A2 
retained 7.8 g. Sample B1 retained 8.2 g of the treatment 
composition after drying, While Sample B2 retained 9.3 g. 
Finally, Sample C1 retained 9.7 g of the treatment compo 
sition after drying, While Sample C2 retained 10.6 g. 
[0095] After the blotter samples Were prepared, each of 
them Was transferred to a Ziplock®-type storage bag con 
taining the R-13 samples. The samples Were held overnight 
at ambient conditions and then tested the next morning using 
the DMC protocol referenced in Comparative Example 1. 
The samples from duplicate bags Were placed into the DMC 
together (simultaneously). 
[0096] Product formaldehyde emission results are pre 
sented beloW in Table 4. For the Control, untreated pieces of 
blotter paper (Samples X1 and X2) Were saturated With 10.0 
g (Sample X1) and 9.8 g (Sample X2) of Water and dried in 
the same manner as the treated paper. Sample X1 retained 
7.6 g of the Water after drying, While Sample X2 retained 7.4 
g. 

TABLE 4 

Formaldehyde Emission Results 
(ppb Formaldehyde) 

R-13 Controls 50.4 
0.55% Aq. Sodium Bisul?te 70.4 
5.5% Aq. Sodium Bisul?te 19 0 

33.3% Aq. Sodium Bisul?te Non-detectable 

EXAMPLE 5 

[0097] This example illustrates one embodiment of the 
present invention in Which a formaldehyde-emitting prod 
uct, in this case a commercially available ?berglass insula 
tion product (duct board) obtained from Knauf Fiberglass, is 
encased in a substantially air-tight package With a substrate 
carrying a formaldehyde scavenger composition. The sub 
strate comprises a disposable sodium bisul?te treated blotter 
paper. 

[0098] A fresh box of Knauf duct board Was obtained 
directly from Knauf Fiberglass. Four pieces of the duct 
board measuring 8"><20" Were cut and placed inside tWo 
Mylar® bags. TWo pieces of the duct board Were placed into 
each bag. Blotter papers Were placed both outside of and 
betWeen the pieces of duct board in alternating layers in the 
bag and then the bags Were sealed. 

[0099] For the control sample, blotter paper Was used 
Without any treatment. For the formaldehyde scavenger 
treated sample, the sheets of blotter paper Were prepared by 
spraying the paper With a total of approximately 115 grams 
of a 33.3% sodium bisul?te solution per piece of duct board 
(for a total of about 230 grams of the 33.3% by Weight 
sodium bisul?te solution onto all of the blotter papers added 
into the bags). The treated blotter paper Was dried in an oven 
for 4 minutes at 1050 C. before it Was placed into the bags 
With the samples. 
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[0100] The sheets of the treated blotter paper Were placed 
immediately into the Mylar® bag With the pieces of insu 
lation and the bag Was sealed. The samples Were alloWed to 
sit in the sealed bags for 72 hours at ambient conditions. 
FolloWing this, the insulation Was removed from the sealed 
bags and Was tested Without the scavenger-treated blotter 
paper in the DMC (Dynamic Micro Chamber) for formal 
dehyde emissions. Emissions Were collected using 20 mls of 
1% NaOH in the impinger. Air ?oW into the impinger 
solution Was set at 1.0 liters/minute. Air ?oW rate inside the 
DMC Was set at 1.5 liters/minute. lmpinger solutions Were 
tested for formaldehyde emissions using the standard chro 
motropic acid method. 
[0101] The product formaldehyde emissions Were mea 
sured immediately upon removal from the Mylar® bag. The 
control sample exhibited a formaldehyde emission level of 
49.8 ppb; While the formaldehyde scavenger-treated sample 
exhibited a formaldehyde emission level of 12.3 ppb, a 
reduction of over 75%. 

EXAMPLE 6 

[0102] This example illustrates another embodiment of the 
present invention in Which a formaldehyde-emitting prod 
uct, in this case a commercially available R-19 unfaced 
?berglass insulation blanket product obtained from Knauf 
Fiberglass, is encased in a substantially air-tight package 
With a substrate carrying a formaldehyde scavenger compo 
sition. The substrate comprises a disposable sodium bisul?te 
treated blotter paper. 
[0103] A fresh bag of Knauf R-19 insulation, unfaced, 
Product Code 1825, marked 509 6 B62 Was obtained directly 
from Knauf Fiberglass. An entire batt Was rolled as tightly 
as possible and put into a Mylar® bag that Was approxi 
mately 23" Wide><30" high. TWo pieces (sheets) of 12"><12" 
blotter paper Were placed inside the bag. The sheets of paper 
Were placed betWeen the outside of the rolled batt and the 
inside Wall of the Mylar® bag and then the bags Were sealed. 
[0104] For the control sample, sheets of the blotter paper 
Were used Without any treatment. For the formaldehyde 
scavenger-treated sample, the sheets of blotter paper Were 
prepared by spraying With 39.2 grams and 36.1 grams 
respectively of a 33.3% sodium bisul?te solution. Each of 
the treated paper sheets Were dried in an oven for 4 minutes 
at 1050 C. The treated papers Were placed immediately into 
the Mylar® bag With the compressed ?berglass insulation 
batt and the bag Was sealed. 
[0105] The samples Were retained in the sealed bags for 72 
hours at ambient conditions. The insulation Was removed 
from the sealed back and then promptly testediWithout the 
scavenger-treated paperiin the DMC (Dynamic Micro 
Chamber) for formaldehyde emissions. Emissions Were col 
lected using 20 mls of 1% NaOH in the impinger. Air ?oW 
into the impinger solution Was set at 1.0 liters/minute. Air 
?oW rate inside the DMC Was set at 1.5 liters/minute. 
lmpinger solutions Were tested for formaldehyde emissions 
using the standard chromotropic acid method. 
[0106] The product formaldehyde emissions Were mea 
sured immediately upon removal from the Mylar® bag. The 
control sample exhibited a formaldehyde emission level of 
55.5 ppb; While the formaldehyde scavenger-treated sample 
exhibited a formaldehyde emission level of 2.2 ppb, a 
reduction of over 95%. 
[0107] The present invention has been described With 
reference to speci?c embodiments. HoWever, this applica 
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tion is intended to cover those changes and substitutions that 
may be made by those skilled in the art Without departing 
from the spirit and the scope of the invention. Unless 
otherWise speci?cally indicated, all percentages are by 
Weight. Throughout the speci?cation and in the claims the 
term “about” is intended to encompass + or —5%. 

1. A process of producing a ?brous mat Wherein the 
?brous mat comprises a cured formaldehyde-containing 
resin binder and the ?brous mat has a backing sheet, the 
process comprising applying a formaldehyde-scavenger 
composition onto the backing sheet so that the formalde 
hyde-scavenger composition is in a mass transfer relation 
ship to the ?brous mat. 

2. The process of claim 1 Wherein the formaldehyde 
scavenger composition is applied to the backing sheet as a 
liquid. 

3. The process of claim 2 Wherein the liquid is an aqueous 
mixture of a formaldehyde-scavenger. 

4. The process of claim 1 Wherein a neat form of the 
formaldehyde scavenger is applied to the backing sheet. 

5. The process of claim 4 Wherein the formaldehyde 
scavenger composition comprises solid particles of a form 
aldehyde scavenger. 

6. The process of claim 5 Wherein the formaldehyde 
scavenger is loaded onto solid particles of an inert carrier. 

7. The process of claim 1 Wherein the formaldehyde 
scavenger composition comprises a formaldehyde scavenger 
selected from the group consisting of urea, loW mole ratio 
melamine resins, sodium bisul?te, sodium metabisul?te, 
sodium sul?te, sodium sulfamate, ammonium sulfamate, an 
acid aniline salt, ammonium bisul?te, ammonium sul?te, 
methane sulfonamide, succinimide, resorcinol, polyacryla 
mide, acrylamide, methacrylamide, melamine, diethylene 
triamine and its salts, triethylene tetraamine and its salts, 
tetraethylene pentamine and its salts, biuret, triuret, biurea, 
polyurea, aromatic amines, aliphatic amines, ammonia, 
polyamidoamines, ammonium bicarbonate, ammonium car 
bonate, polyethyleneamines, polyamines, dicyandiamide, a 
sodium salt of taurine, sulfanilic acid, sulfur compounds 
With valence state other than +6, ammonium sul?te, diso 
dium salt of glutamic acid, an amino acid, a protein, an 
aromatic amino acid, an aminopolysaccharide, p-amino ben 
Zoic acid, thiourea, guanadine, Zeolites and permanganate. 

8. The process of claim 1 Wherein the formaldehyde 
scavenger is selected from the group consisting of tetraeth 
ylene pentamine, sodium bisul?te, and sodium metabisul?te. 

9. The process of claim 1 Wherein the formaldehyde 
scavenger is sodium bisul?te. 

10. The process of claim 1 Wherein the formaldehyde 
scavenger composition comprises betWeen 0.1 and 200% by 
Weight of the backing sheet. 

11. A ?brous mat produced by the process of claim 1, 2, 
3, 4, 5, 6, 7, 8, 9 or 10. 

12. A ?brous mat having ?bers bonded to one another 
With a binder comprising a cured formaldehyde-containing 
resin and having a backing sheet adjacent the ?brous mat, 
Wherein the backing sheet carries a formaldehyde scavenger 
composition in a mass transfer relationship to the ?brous 
mat and in an amount sufficient to reduce formaldehyde 
emissions from the ?brous mat. 

13. The ?brous mat of claim 11 wherein the formaldehyde 
scavenger composition comprises a formaldehyde scavenger 
selected from the group consisting of urea, loW mole ratio 
melamine resins, sodium bisul?te, sodium metabisul?te, 
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sodium sul?te, sodium sulfamate, ammonium sulfamate, an 
acid aniline salt, ammonium bisul?te, ammonium sul?te, 
methane sulfonamide, succinimide, resorcinol, polyacryla 
mide, acrylamide, methacrylamide, melamine, diethylene 
triamine and its salts, triethylene tetraamine and its salts, 
tetraethylene pentamine and its salts, biuret, triuret, biurea, 
polyurea, aromatic amines, aliphatic amines, ammonia, 
polyamidoamines, ammonium bicarbonate, ammonium car 
bonate, polyethyleneamines, polyamines, dicyandiamide, a 
sodium salt of taurine, sulfanilic acid, sulfur compounds 
With valence state other than +6, ammonium sul?te, diso 
dium salt of glutamic acid, an amino acid, a protein, an 
aromatic amino acid, an aminopolysaccharide, p-amino ben 
Zoic acid, thiourea, guanidine, Zeolites and permanganate. 

14. The ?brous mat of claim 12 Wherein the formaldehyde 
scavenger is selected from the group consisting of tetraeth 
ylene pentamine, sodium bisul?te, and sodium metabisul?te. 

15. The ?brous mat of claim 12 Wherein the formaldehyde 
scavenger is sodium bisul?te. 

16. The ?brous mat of claim 15 Wherein the formaldehyde 
scavenger composition is present as solid particles. 

17. The ?brous mat of claim 16 Wherein the solid particles 
comprise the formaldehyde scavenger composition loaded 
onto an inter carrier. 

18. The ?brous mat of claim 12 Wherein the formaldehyde 
scavenger composition comprises betWeen 0.1 and 200% by 
Weight of the backing sheet. 

19. The ?brous mat of claim 12 Wherein the backing sheet 
comprises a sheet of paper. 

20. The ?brous mat of claim 12 Wherein the backing sheet 
comprises a ?lm of plastic. 

21. The ?brous mat of claim 12 Wherein the backing sheet 
comprises a metal foil. 

22. The ?brous mat of claim 12 Wherein the backing sheet 
comprises a glass mat. 

23. The ?brous mat of claim 12 Wherein the backing sheet 
comprises a fabric. 

24. A backing sheet for a ?berglass insulation product 
comprising a substrate in sheet form carrying a formalde 
hyde scavenger composition. 

25. The backing sheet of claim 24 Wherein the formalde 
hyde scavenger composition comprises a formaldehyde 
scavenger selected from the group consisting of urea, loW 
mole ratio melamine resins, sodium bisul?te, sodium met 
abisul?te, sodium sul?te, sodium sulfamate, ammonium 
sulfamate, an acid aniline salt, ammonium bisul?te, ammo 
nium bisu?te, methane sulfonamide, succinimide, resorci 
nol, polyacrylamide, acrylamide, methacrylamide, 
melamine, diethylene triamine and its salts, triethylene tet 
raamine and its salts, tetraethylene pentamine and its salts, 
biuret, triuret, biurea, polyurea, aromatic amines, aliphatic 
amines, ammonia, polyamidoamines, ammonium bicarbon 
ate, ammonium carbonate, polyethyleneamines, 
polyamines, dicyandiamide, a sodium salt of taurine, sulfa 
nilic acid, sulfur compounds With valence state other than 
+6, ammonium sul?te, disodium salt of glutamic acid, an 
amino acid, a protein, an aromatic amino acid, an aminop 
olysaccharide, p-amino benZoic acid, thiourea, guanadine, 
Zeolites and permanganate. 

26. The backing sheet of claim 25 wherein the formalde 
hyde scavenger is selected from the group consisting of 
tetraethylene pentamine, sodium bisul?te, and sodium met 
abisul?te. 
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27. The backing sheet of claim 25 Wherein the formalde 
hyde scavenger is sodium bisul?te. 

28. The backing sheet of claim 24 Wherein the formalde 
hyde scavenger composition comprises betWeen 0.1 and 
200% by Weight of the backing sheet. 

29. The backing sheet of claim 24 Wherein the substrate 
is selected from the group consisting of a sheet of paper, a 
glass mat, a fabric, a ?lm of plastic, a metal foil and 
combinations thereof. 

30. A process of reducing the level of formaldehyde 
emission from a ?brous mat in Which the ?brous mat 
comprises a cured formaldehyde-containing resin binder, the 
process comprising isolating the ?brous mat With a formal 
dehyde-scavenger such that the formaldehyde-scavenger is 
in a mass transfer relationship With the ?brous mat. 

31. The process of claim 30 Wherein the formaldehyde 
scavenger is provided as a formaldehyde scavenger compo 
sition carried by a substrate. 
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32. The process of claim 31 Wherein the formaldehyde 
scavenger composition comprises a formaldehyde scavenger 
selected from the group consisting of tetraethylene pentam 
ine, sodium bisul?te, and sodium metabisul?te. 

33. The process of claim 31 Wherein the substrate carrying 
the formaldehyde scavenger composition is selected from 
the group consisting of a paper saturated With a formalde 
hyde scavenger composition, a vial containing a formalde 
hyde scavenging composition, a porous packet containing a 
formaldehyde scavenging composition, a plastic ?lm coated 
With a formaldehyde scavenging composition and a metal 
foil coated With a formaldehyde scavenging composition. 

34. The process of claims 30 Wherein the ?brous mat is 
isolated by encasing the ?brous mat in a substantially 
airtight package. 


