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Related US, Application Data the board or tube. The duct board or tube is preferably 
rendered Water-repellent at the air stream surface by incor 

Division of application No. 09/789,063, ?led on Feb. porating a hydrophobic agent into the adhesive used to 
20, 2001. adhere the second layer to the ?rst layer. 
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MOISTURE REPELLENT AIR DUCT PRODUCTS 

FIELD OF THE INVENTION 

[0001] The present invention relates in general to building 
materials products and, in particular, to moisture-resistant 
?brous air duct products and methods for making same. 

BACKGROUND OF THE INVENTION 

[0002] Ducts and conduits are used to convey air in 
building heating, ventilation and air conditioning (HVAC) 
systems. In many applications, especially in commercial and 
industrial construction, the ducts are lined With ?exible 
thermal and sound insulating material. The lining enhances 
the thermal ef?ciency of the duct Work and reduces noise 
associated With movement of air therethrough. Duct liner 
may comprise any suitable organic material or inorganic 
material, e.g., mineral ?bers such as ?ber glass insulation or 
the like. Typical ?ber glass duct liners, for example, are 
constructed as ?ber glass mats having densities of about 1.5 
to 3 pounds per cubic foot (pcf) and thicknesses of about 0.5 
to 2 inches. To prevent ?ber erosion due to air ?oW, the 
insulation may include a coating of on its inner or “air 
stream” surface. The air stream surface of the insulation is 
the surface that conveys air through the duct and is opposite 
the surface that contacts the duct sheet metal in the ?nal duct 
assembly. The coating also serves to protect the insulation 
during brush and/or vacuum cleaning of the interior of the 
duct. Examples of duct liners having coatings on their inner 
surfaces are provided in US. Pat. Nos. 3,861,425 and 
4,101,700. Several coated insulation duct liners are mar 
keted under the trade designations ToughGard® by Certain 
Teed Corp. of Valley Forge, Pa., Aero?ex® and Aeromat® 
by OWens Corning Fiberglas Corp. of Toledo, Ohio., Per 
macote®, and PolycousticTM by Johns Manville Corp. of 
Denver, Colo. 

[0003] Other insulated HVAC systems use ducts either 
fabricated from or lined With rigid duct boards or tubes. Duct 
boards are rigid members formed from resin-bonded mineral 
?bers and Whose air stream surfaces may also be provided 
With protective coatings. Duct boards typically have densi 
ties of about 3 to 6 pounds per cubic foot (pcf) and 
thicknesses of betWeen about 0.5 to 2 inches. Coated and 
uncoated duct boards are marketed under a variety of trade 
designations from the aforementioned manufacturers of duct 
liners. Whether provided on duct liners or duct boards, 
dedicated Water-resistant coatings add to the cost and com 
plexity of manufacturing these products. 

[0004] It is Well knoWn that microorganisms Will groW in 
an environment Where moisture and nutrients are present 
and that many species of microorganisms have a negative 
impact on indoor air quality (IAQ). If liquid Water leaks into 
air duct insulation, the Water may collect and stagnate in the 
insulation and support the groWth of microorganisms. 

[0005] To address the problem of microorganism groWth 
in HVAC systems, US. Pat. Nos. 5,314,719; 5,37 9,806; 
5,487,412 and 5,783,268 disclose providing antimicrobial 
agents on or in the air-conveying surfaces of impermeable 
duct liners and/or duct boards. HoWever, these patents offer 
no insight into effective Ways of preventing Water that enters 
duct Work from collecting and stagnating in the duct insu 
lation material and causing microbe formation therein. Addi 
tionally, antimicrobial agents have very limited Zones of 

Jan. 9, 2003 

effectiveness. That is, they tend to prevent microbe forma 
tion only in their immediate vicinity. U.S. Pat. No. 5,314, 
719, for example, describes a Zone of antifungal inhibition 
of about one millimeter. Typical duct liners and duct boards 
have insulation thicknesses ranging from about one-half to 
tWo inches. In these products, such a limited Zone of 
inhibition Would be essentially useless in preventing micro 
organism formation caused by duct insulation that becomes 
saturated by Water entering through the exterior Walls and 
seams of the duct. 

[0006] Moisture impermeable coatings, if applied to the 
airstream surface of air duct insulation products, inhibit 
ingress of Water into the insulation and attendant microor 
ganism formation therein. U.S. Pat. No. 3,861,425 discusses 
the notion of providing HVAC ducts either composed of or 
lined With ?brous glass insulation media such as batts, mats, 
boards or the like With such coatings. While certain coatings 
may provide the bene?ts of ?ber erosion protection and 
moisture resistance, they add to the cost and complexity of 
the products and their methods of manufacture. Coatings 
applied to the air stream surface of ?brous insulation prod 
ucts may be applied to those products after their formation. 
This requires application of the coating to the previously 
formed insulation product by brush, roller, sprayer or by 
some other means or method and thereafter alloWing the 
coating to cure or dry. This post-formation coating step may 
prolong the time required to manufacture the insulation 
product and, Whether performed manually or automatically, 
must be carefully monitored in order to assure uniformity in 
application of the coating. 

[0007] As an alternative to coated duct liners and duct 
boards, at least CertainTeed Corp. and Knauf Fiber Glass 
GmbH offer duct liners or duct boards having glass ?ber 
insulation covered With a layer of non-Woven facing mate 
rial Which de?nes the air stream surface of those products. 
The facing material produces a durable surface that protects 
the air duct from ?ber erosion. 

[0008] Many HVAC systems do not expose their insula 
tion air ducts to signi?cant ?ber erosion because they 
operate at loW air velocities. Hence, they do not need 
insulation products having protective coatings or facing 
material coverings. Indeed, the aforementioned manufactur 
ers of insulation products offer several uncoated duct liners 
and duct boards for these sorts of HVAC duct Work instal 
lations. HoWever, both uncoated ?brous insulation HVAC 
duct products and similar products that are covered With 
facing material possess limited inherent moisture resistance. 
Consequently, they are susceptible to microorganism forma 
tion in the event they become Wet. 

[0009] An advantage exists, therefore, for Water- resistant 
?brous air duct insulation products, as Well as simple and 
economical methods for making such products. 

SUMMARY OF THE INVENTION 

[0010] The present invention provides Water-resistant 
?brous air duct insulation products and methods for making 
such products. Although the principles of the invention may 
be adapted to unfaced duct liners, duct boards and duct 
tubes, according to a presently preferred embodiment the 
invention provides a duct board or tube comprising a ?rst 
layer of resin-bonded glass ?ber mat having a second layer 
of durable, preferably non-Woven, facing material adhered 
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thereto, wherein the facing material de?nes the air stream 
surface for the board or tube. The duct board or tube is 
preferably rendered Water-repellent by incorporating a 
hydrophobic agent into the adhesive used to adhere the 
second layer to the ?rst layer. In this Way, liquid Water in the 
interior of the duct Will be repelled from entering the 
insulation, thereby reducing the likelihood of microbial 
groWth in the insulation. 

[0011] Other details, objects and advantages of the present 
invention Will become apparent as the folloWing description 
of the presently preferred embodiments and presently pre 
ferred methods of practicing the invention proceeds. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The invention Will become more readily apparent 
from the folloWing description of preferred embodiments 
thereof shoWn, by Way of eXample only, in the accompany 
ing draWings Wherein: 

[0013] FIG. 1 is an exploded vieW of an insulated air duct 
product constructed according to the present invention; and 

[0014] FIG. 2 is a schematic vieW of an apparatus for 
manufacturing a duct board in accordance With the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0015] Referring to FIG. 1, there is shoWn a segment of an 
insulated air duct product 10 in accordance With the present 
invention. Product 10 may be a rigid duct board or tube 
comprising a ?rst layer 12 of mineral ?bers such as glass 
?bers, refractory ?bers or mineral Wool ?bers bonded by a 
suitable resin and a second layer 14 of durable, preferably 
non-Woven, organic or inorganic facing material adhered 
thereto by adhesive 16, Wherein the facing material de?nes 
the air stream surface for the board or tube. Binders that may 
be used to bind the ?bers of layer 12 may include, Without 
limitation, the phenolic binders disclosed in US. Pat. Nos. 
5,300,562 and 5,473,012, the disclosure of Which are incor 
porated herein by reference. Product 10 may have a density 
of about 3 to 6 pounds per cubic foot (pcf) and a thickness 
of betWeen about 0.5 to 2 inches. The thickness and density 
of insulation layer 12 Will be dictated by the levels of 
acoustic and/or thermal insulation that are desired or nec 
essary for a particular building installation. The duct board 
or tube is preferably rendered Water-repellent by incorpo 
rating a hydrophobic agent into adhesive 16. In this Way, 
liquid Water or other aqueous liquids in the interior of the 
duct Will be repelled from entering the insulation layer 12, 
thereby reducing the likelihood of microbial groWth in the 
insulation. Preferably, a foil/scrim/paper or other suitable 
vapor retarder layer 18 is adhered or otherWise af?Xed to the 
face of insulation layer 12 opposite the facing layer 14 to 
prevent moisture from entering the insulation from the 
ambient environment. 

[0016] Referring to FIG. 2, as is conventional, insulation 
layer 12 may be made in a forming station 20 by melt 
spinning molten material, such as glass, into ?ne ?bers, and 
spraying a binder, such as a phenolic resin binder in an 
aqueous carrier, onto the ?bers, and collecting the ?bers as 
a Web on a conveyor. The Web is then passed through a 
conventional curing oven or other means for curing and 
compressing the Web to a desired thickness after the Web 
eXits the forming station. 
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[0017] In the process of the present invention, a continu 
ous Web of facing layer 14 is dispensed from a roll 22 and 
is applied to one surface of insulation layer 12 prior to curing 
of the binder in the insulation. Prior to adhering the facing 
layer 14 to the insulation layer 12, an adhesive is applied to 
either or both of the facing layer 14 and the insulation layer 
12. According to a presently preferred arrangement, adhe 
sive is continuously applied to the underside of facing layer 
14 via an applicator roll 24 rotatably supported in a pan 26 
or similar receptacle Which contains adhesive appropriate 
for securely adhering layers 12,14 to one another folloWing 
curing. It Will be understood that adhesive may be applied to 
either or both of layers 12,14 by other means such as 
spraying or brushing. Although not limited thereto, a pre 
ferred adhesive is a phenolic resin having generally the same 
or similar composition as the binder that is used to bind the 
?bers in insulation layer 12. HoWever, phenolic resin adhe 
sives have limited hydrophobicity. As a consequence, if an 
unmodi?ed phenolic resin adhesive Were used to adhere the 
?rst and second layers 12 and 14, the resultant product 10 
Would be susceptible to absorbing Water and serving as a 
host for microorganism formation if the facing layer Were to 
become eXposed to moisture. 

[0018] Accordingly, the adhesive used to attach layer 14 to 
layer 12 preferably includes at least one hydrophobic agent 
such as silicone, oil, ?uorocarbon, Waxes or the like in an 
effective amount sufficient to render the product essentially 
impermeable to Water and resistant to aqueous solutions 
containing moderate quantities of solvent. Effective amounts 
of hydrophobic agent may range in a ratio of about 1:20 to 
1:200, and more preferably about 1:40, hydrophobic agent to 
binder. Acommercially available hydrophobic agent suitable 
for these purposes is DC 347 silicone emulsion manufac 
tured by DoW Corning Corporation of Midland, Mich. 

[0019] The layers 12,14 may travel at any desired syn 
chronous speed and the applicator roll 24 may be rotated at 
any speed sufficient to thoroughly apply the adhesive to the 
underside of the moving facing layer Web 14. Acceptable 
results have been demonstrated at a moving layer speeds of 
about 80 feet per minute coupled With applicator roll 24 
rotation speeds of about 3-20 rpm. A placement means 28 
such as an idler roller or the like may be used to facilitate 
placement of the layer 14 on layer 12. Product 10 is then 
passed by an unillustrated conveyor to a curing oven 30. 
While in the oven, layers 12,14 are simultaneously heated in 
order to cure the binder and adhesive 16. Preferably, layers 
12,14 are held together by unillustrated heated platens or the 
like under suf?cient pressure to compress the facing layer 14 
against the insulation layer 12. Heating the tWo layers under 
compression securely bonds the facing layer 14 to the 
thermal insulation layer 12. Vapor retarder layer 18 (not 
shoWn in FIG. 2) may be applied to the surface of insulation 
layer 12 opposite facing layer 14 after the insulation board 
eXits the curing oven. 

[0020] Moreover, although illustrated herein as it Would 
appear When manufactured as a planar duct board, product 
10 may also be formed into a tubular shape by any suitable 
techniques knoWn in the art Whereby the product may 
alternatively be constructed and function as an insulated 
duct tube or tubular duct liner. 

[0021] TABLE 1 depicts the liquid holdout characteristics 
of product 10 constructed in accordance With the present 
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invention versus those of a control specimen of unmodi?ed 
ToughGard® duct board from CertainTeed Corp. The prod 
ucts Were evaluated using a test similar to the International 
NonWoven & Disposables Association (INDA) standard test 
for alcohol repellency number IST 80.6-92 Whose purpose is 
to measure the resistance of nonWoven fabrics to Wetting 
and penetration by alcohol and alcohol/Water solutions. 
Alcohol repellency serves as a rough estimate of the surface 
energy or repellency of the test material surface. The Water 
and isopropanol solution holdout times are for 2 ml samples 
of deioniZed Water or deioniZed Water in a mixture With 
isopropanol in the indicated quantities. 

TABLE 1 

Isopropanol Solution 
Holdout Times 

Water Holdout hrs/mins 

Sample Identi?cation Time (hrs) 10% 20% 

ToughGard ® Control 2+ <1 hr 21 min 
Duct Board 
Modi?ed Product 10 2+ >1 hr 5-30 min 
ToughGard ® 
Duct Board (With 
DoW Corning ® 
DC 347 silicone) 

[0022] As TABLE 1 reveals, both the control and product 
10 exhibit Water holdout times of greater than 2 hours. 
Although not shoWn in TABLE 1, for aqueous isopropanol 
solutions having solvent concentrations of 30% by volume 
of solvent and higher, the liquid holdout times of both 
products are negligible. HoWever, the liquid holdout times of 
product 10 are considerably greater than those of the control 
With respect to the 10% and 20% isopropanol solutions. 

[0023] Although the invention has been described in detail 
for the purpose of illustration, it is to be understood that such 
detail is solely for the purpose and that variations can be 
made therein by those skilled in the art Without departing 
from the spirit and scope of the invention except as it may 
be limited by the claims. 

What is claimed is: 
1. An insulated air duct product comprising: 

a ?rst layer formed from ?brous material bound With a 
resin binder; and 

a facing layer adhered to a surface of said ?rst layer by an 
adhesive containing an effective amount of hydropho 
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bic agent to render the product essentially impermeable 
to Water and resistant to aqueous solutions not exceed 
ing about 20% by volume of isopropyl alcohol. 

2. The product of claim 1 Wherein said adhesive com 
prises said binder and said hydrophobic agent. 

3. The product of claim 2 Wherein said effective amount 
of hydrophobic agent is present in said adhesive in a ratio of 
about 1:20 to 1:200 hydrophobic agent to binder. 

4. The product of claim 1 Wherein said hydrophobic agent 
is selected from the group consisting of silicone, oil, ?uo 
rocarbon and Waxes. 

5. The product of claim 1 Wherein said ?rst layer is rigid. 
6. The product of claim 1 Wherein the product is a duct 

board. 
7. The product of claim 1 Wherein the product is a duct 

tube. 
8. Amethod for making an insulated air duct product, said 

method comprising the steps of: 

(a) providing a ?rst layer formed from ?brous material 
bound With a resin binder; and 

(b) adhering a facing layer to a surface of said ?rst layer 
by an adhesive containing an effective amount of 
hydrophobic agent to render the product essentially 
impermeable to Water and resistant to aqueous solvent 
solutions not exceeding about 20% by volume of 
solvent. 

9. The method of claim 8 Wherein said adhesive com 
prises said binder and said hydrophobic agent. 

10. The method of claim 9 Wherein said effective amount 
of hydrophobic agent is present in said adhesive in a ratio of 
about 1:20 to 1:200 hydrophobic agent to binder. 

11. The method of claim 8 Wherein said hydrophobic 
agent is silicone, oil, ?uorocarbon and Waxes. 

12. The method of claim 8 Wherein said ?rst layer is rigid. 
13. The method of claim 8 Wherein the product is a duct 

board. 
14. The method of claim 8 Wherein the product is a duct 

tube. 
15. A Water-repellent adhesive comprising: 

a curable resin; and 

a hydrophobic agent. 
16. The adhesive of claim 15 Wherein said effective 

amount of hydrophobic agent is present in said adhesive in 
a ratio of about 1:20 to 1:200 hydrophobic agent to resin. 

* * * * * 


