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Light Weight Gypsum Fiber Panel Suitable for Use as Roof Cover Board

CROSS-REFERENCE TO RELATED APPLICATIONS

[001] This claims the benefit of US provisional patent application no.

62/242,388 filed October 16, 201 5 , incorporated herein by reference.

FIELD OF THE INVENTION

[002] The present invention provides a gypsum fiber based board suitable as

entry level roof cover board. The product in this invention is a gypsum fiber based

roofing panels. The invention also provides a stucco-less formulation for an improved

perlite-fiber board. The stucco-less perlite board comprising particles of expanded

perlite, cellulose fiber, and starch.

BACKGROUND OF THE INVENTION

[003] The roofing systems for commercial and industrial building roofs with

low-slope roof decks typically include one or more layers of a low-density roofing

insulation, a layer of roofing cover boards that overlie the low-density roofing

insulation layer(s), and a waterproofing membrane that overlies the layer of cover

boards. The layer(s) of low-density insulation, such as a low-density polymer-based

foam insulation, if not protected, can be partially crushed or otherwise damaged from

worker traffic over the insulation, the placement of heavy objects on the insulation,

the weather, and other causes commonly encountered in roofing construction. The

layer of roofing cover boards that overlies the one or more layers of low-density

insulation, protects the more fragile low density insulation from damage, acts as a

fire barrier, provides a suitable substrate for the attachment of the overlying

waterproofing membrane, and augments the insulating function of the low-density

insulation. The uppermost waterproofing membrane layer overlying the cover board

layer protects the underlying cover board and insulation layers from moisture and

other adverse climatic conditions. Normally, these three components (the low-density

insulation boards, the roofing cover boards, and the waterproofing membrane) of the

roofing system are separately manufactured and separately and successively

applied to the low-slope roof deck.



[004] Thus, roof cover board is typically used on top of roof insulation to

provide a rigid, smooth top surface for the application of the membrane. It will protect

the insulation from damages of foot traffic and give wind uplifting resistance and

additional insulation to the roofing system. The application of cover board over

mechanically attached insulation will also offer three other distinct advantages - ( 1 ) it

reduces the shank length of the fastener, (2) it insulates the fastener/eliminating

energy loss/possible thermal bridging at fasteners and insulation joints, and (3) it

eliminates protrusions to the membrane surface from backed-out fasteners created

by thermal contraction stress. The use of roof cover boards has become a standard

method to enhance overall roof system performance for all low-slope roof systems.

[005] Roof cover board currently on the market can be roughly divided into

two categories - premium roof cover board and economical/entry level roof cover

board. Premium roof cover board includes glass mat faced gypsum board (such as

United States Gypsum Company's glass mat faced SECUROCK and Georgia

Pacific's DENSDECK products) and fiber reinforced gypsum (such as United States

Gypsum Company's gypsum-fiber SECUROCK, also known as "GF SECUROCK").

Entry level roof boards are primarily limited to wood fiber boards and perlite boards.

[006] Premium roof cover board provides an excellent substrate for all types

of conventional low-slope roofing membranes, particularly in fully adhered

assemblies. The material is durable and provides superior impact and puncture

resistance. However, this kind of cover board is normally heavy and expensive.

Entry level roof cover board, on the other hand, does not have the quality of premium

roof cover board, but is light weight and more affordable. Many builders and

contractors prefer to use entry level roof cover board over premium roof board

because of these two advantages. This is especially true for re-roofing applications.

[007] Premium roof cover board includes glass mat faced gypsum board

(such as USG's glass mat faced SECUROCK and Georgia Pacific's DENSDECK

products) and fiber reinforced gypsum (such as USG's gypsum-fiber Securock).

Entry level roof board includes primarily wood fiber board and Perlite Board. There is

currently no gypsum fiber based light weight entry level roof cover board on the

market.

[008] US patents 3,988,1 99, 4,126,512, 5,749,954, and 6,149,831 described

formulations and manufacturing processes to make perlite boards. However, these



formulations all have asphalt/bituminous material in them, either as internal additive

or coating material to impart binding or water repellant properties to the perlite board.

Asphalt is a highly combustible material and will significantly reduce the fire

performance of the perlite board. In addition, Newsprint was used in the formulations

to impart flexural strength. Newsprint (also known as "News") is normally made with

mechanical pulp or semi-mechanical pulp which has stiff and short cellulose fibers.

Post-consumer Newsprint also contained a significant amount of ink which will work

as a filler to lower the strength of the perlite board. Lastly, the amounts of starch

used in these formulations are less than 5% of the total weight of solid materials in

the formulation. This will result in a perlite board which is relatively weaker.

[009] Gypsum fiber products, such as USG's GF SECUROCK, could be

considered a heavy weight material. It is made using gypsum and cellulose fibers.

SUMMARY OF THE INVENTION

[010] The present inventors note in contrast to the compositions of the

above-listed patents flexural strength achieved through the use of short fibered

Newsprint will be significantly less than what can be achieved if a longer fiber paper

source, such as OCC or DLK is employed.

[01 1] It was found surprisingly that, by incorporating perlite and starch into a

gypsum fiber cover board, a light weight gypsum based entry level roof board can be

made with desirable properties that are comparable with organic wood fiber roof

board.

[012] In a first embodiment the board of the present invention is stucco

based. The stucco based board is made from a mixture of the following ingredients,

in wt. % on a water fee basis:

[013] 30-60% stucco, preferably 30-50%

[014] 20-50% perlite,

[015] 10-30% cellulose fiber, preferably recycled cellulose fiber,

[016] 3-20% starch; and

[017] siloxane.

[018] Preferably the board is made from a mixture of 30-50% stucco; 20-50%

perlite; 15-30% cellulose fiber; 8-20% starch; and 0.2 to 2% siloxane.



[019] More preferably the board is made from a mixture of 40-50% stucco,

20-35% perlite, 20-30% cellulose fiber and 5-1 5% starch, as well as 0.2 to 2%

siloxane. Preferably the cellulose fiber is recycled cellulose fiber, most preferably

recycled cardboard because this provides good strength and low cost.

[020] The product of the first embodiment is made using a wet forming

process in which all the components mentioned above are mixed in water to form a

furnish. The furnish with a consistency of 5-1 5% will be dewatered on a moving wire

to form a pad and then be pressed to further remove water and achieve desired

thickness and surface smoothness. Thus formed green board will be given some

time for the stucco to set and then dried in kiln. Comparing with wood fiber board and

Perlite Board, the gypsum fiber based entry level roof board of the first embodiment

of the present invention has a more robust feel and improved fire performance.

[021] The thickness of the product of the first embodiment can be between

1/4" and 1", with a preferred thickness of 1/2". For a 1/2' thick product, the board

weight can be between 500 and 900 Ibs/MSF (pounds/thousand square feet).

[022] The density of the board of the first embodiment is between 12 and 22

lbs/ft3, with a preferred density between 15 and 19 lbs/ft3. The product for the first

embodiment has a Modulus of Rupture (MOR) of at least 150 psi and a compressive

strength of at least 100 psi.

[023] In a second embodiment the present invention provides a stucco-free

formulation for an improved perlite-fiber board with the following attributes:

[024] A fiber perlite board which comprises, in wt. % :

[025] 30-60% perlite,

[026] 30-60% cellulose fiber, preferably recycled cellulose fiber, and

[027] 5-25% starch.

[028] The fiber perlite board having an absence of stucco.

[029] Preferably the perlite-fiber board contains 45-55% perlite, 30-60%

recycled cellulose fiber and 8-12% starch.

[030] The perlite-fiber board having a thickness of 0.25-1 inch, typically 1/2

inch. The perlite board comprising particles of expanded perlite, recycled cellulose

fiber, and starch.



[031] The board of the second embodiment has a board weight between 400

and 750 Ibs/MSF, with a preferred board weight between 450 and 600 Ibs/MSF.

[032] The density of the board of the second embodiment is between 10 and

17 lbs/ft3, with a preferred density between 11 and 14 lbs/ft3. The product for the

second embodiment has a MOR of at least 150 psi and a compressive strength of at

least 90 psi.

[033] The product for the second embodiment is made using a wet forming

process in which all the components mentioned above are mixed in water to form a

furnish. The furnish with a consistency of 3-1 0% will be dewatered on a moving wire

to form a pad and then be pressed to further remove water and achieve desired

thickness and surface smoothness. Thus formed green board then dried in kiln. In

the present description all composition percentages and ratios are by weight unless

otherwise indicated.

[034] DEFINITIONS

[035] As used herein, the term "pulp" refers to fibers from natural sources

such as woody and non-woody plants. Woody plants include, for example,

deciduous and coniferous trees. Non-woody plants include, for example, cotton, flax,

esparto grass, milkweed, straw, jute hemp, and bagasse.

[036] As used herein, the term "average fiber length" refers to a weighted

average length (also known as length weighted length) of pulp fibers determined

utilizing an optical fiber analyzer such as, for example, a Kajaani fiber analyzer

model No. FS-1 00 or FS-200 available from Kajaani Oy Electronics, Kajaani, Finland

or another manufacturer such as OpTest Equipment Inc. According to the test

procedure, a pulp sample is treated with a macerating liquid to ensure that no fiber

bundles or shives are present. Each pulp sample is disintegrated into hot water and

diluted to an approximately 0.001 % solution. Individual test samples are drawn in

approximately 50 to 100 ml portions from the dilute solution when tested using the

standard Kajaani fiber analysis test procedure. The weighted average fiber length

may be expressed by the following equation:



wherein,

k=maximum fiber length x , =fiber length

n , =number of fibers having length x , ; and

n=total number of fibers measured.

As used herein, the term "low-average fiber length pulp" refers to pulp that contains

a significant amount of short fibers and non-fiber particles. Many secondary wood

fiber pulps may be considered low average fiber length pulps; however, the quality of

the secondary wood fiber pulp will depend on the quality of the recycled fibers and

the type and amount of previous processing. Low-average fiber length pulps may

have an average fiber length of less than about 1.2 mm as determined by an optical

fiber analyzer such as, for example, a Kajaani fiber analyzer model No. FS-100 or

FS-200 (Kajaani Oy Electronics, Kajaani, Finland) or optical fiber analyzer made by

another manufacturer. For example, low average fiber length pulps may have an

average fiber length ranging from about 0.7 to 1.2 mm. Exemplary low average fiber

length pulps include virgin hardwood pulp, and secondary fiber pulp from sources

such as, for example, office waste, newsprint, and paperboard scrap.

[037] As used herein, the term "high-average fiber length pulp" refers to pulp

that contains a relatively small amount of short fibers and non-fiber particles. High-

average fiber length pulp is typically formed from certain non-secondary (i.e., virgin)

fibers. Secondary fiber pulp that has been screened may also have a high-average

fiber length. High-average fiber length pulps typically have an average fiber length of

greater than about 1.5 mm as determined by an optical fiber analyzer such as, for

example, a Kajaani fiber analyzer model No. FS-1 00 or FS-200 (Kajaani Oy

Electronics, Kajaani, Finland) or optical fiber analyzer made by another

manufacturer. For example, a high-average fiber length pulp may have an average

fiber length from about 1.5 mm to about 6 mm. Exemplary high-average fiber length

pulps that are wood fiber pulps include, for example, bleached and unbleached virgin

softwood fiber pulps.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[038] Compositions

[039] In a first embodiment the board is stucco based.



[040] Gypsum fiber products, such as USG's GF SECUROCK, could be

considered a heavy weight material. It is made using gypsum and cellulose fibers. It

was found surprisingly that by incorporating perlite and starch into a gypsum fiber

cover board, a light weight gypsum based entry level roof board can be made with

desirable properties that are comparable with organic wood fiber roof board.

[041] A . First Embodiment

[042] In a first embodiment the board is stucco based. The stucco based

board made from a mixture of the following ingredients, in wt. % on a water free

basis:

[043] 30-60% stucco (calcium sulfate hemihydrate), preferably 30-50%

[044] 20-50% perlite,

[045] 10-30% cellulose fiber, preferably recycled cellulose fiber,

[046] 3-20% starch, and

[047] siloxane.

[048] Preferably the board contains 30-50% stucco; 20-50% perlite; 15-30%

cellulose fiber; 8-20% starch; and 0.2 to 2% siloxane. More preferably the board

contains 40-50% stucco, 20-35% perlite, 20-30% cellulose fiber and 5-15% starch,

and 0.2 to 2% siloxane.

[049] The preferred cellulose fiber is recycle OCC (old corrugated container)

or DLK (double lined kraft) which has relatively long fiber, for example about 1-4 mm,

to provide better flexural strength. Thus, it is understood in the art to generally be

longer than that in newsprint.

[050] The preferred perlite is expanded perlite with a density between 2 and

20 lbs/ft3 can be used, but the preferred density is between 5-12 lbs/ft3.

[051] Any kind of starch, such as corn, wheat, tapioca, etc., or synthetic latex

binder can be used as a binding material, but corn starch is preferred because of it is

readily available and relative low on price.

[052] Siloxane, together with a catalyst, such as magnesium oxide, can

be used to give the product water resistance. Other additives or processing aids,

such as accelerator, retarder and retention polymer, may also be used during the

manufacturing process. A surface coating is optional to give some improved surface

properties to the product. The manufacturing cost of such a product of the present



invention will be significantly lower than that of typical heavy weight gypsum fiber

products.

[053] Comparing with other entry level roof boards on the market, this stucco

based light weight roof cover board provides improved rigidity, fire resistance and

dimensional stability.

[054] The product of the first embodiment is made using a wet forming

process in which all the components mentioned above are mixed in water to form a

furnish. The furnish with a consistency of 5-1 5% will be dewatered on a moving wire

to form a pad and then be pressed to further remove water and achieve desired

thickness and surface smoothness. Thus formed green board will be given some

time for the stucco to set and then dried in kiln. Comparing with wood fiber board and

Perlite Board, the gypsum fiber based entry level roof board has a more robust feel

and improved fire performance.

[055] The thickness of the product can be between 1/4" and 1" , with a

preferred thickness of 1/2". For a 1/2' thick product, the board weight can be

between 500 and 900 Ibs/MSF.

[056] The density of the board of the first embodiment is between 12 and 22

lbs/ft3, with a preferred density between 15 and 19 lbs/ft3. The product for the first

embodiment has a MOR of at least 150 psi and a compressive strength of at least

100 psi with a preferred MOR range of 180-300 psi and a preferred compressive

strength range of 120-150 psi.

[057] Thus, the board of the first embodiment is made from a mixture of the

ingredients listed in TABLE 1. Each "Preferred" range is individually a preferred

range for the invention. Thus, preferably any "Preferred" range can be independently

substituted for a corresponding "Useable range".

[058] TABLE 1 (amounts in wt. % on a water free basis)



Siloxane suitable amount to 0.2 to 2 0.4 to 1

provide water resistance

Ground gypsum (calcium 0.1-2.0% 0.2-1 .0% 0.3-0.8%

sulfate dihydrate) * *

magnesium oxide 0-2.0% 0.1-1 .0% 0.2-0.5%

Optional ingredients 0-1 .0% 0-0.5% 0-0.4%

*The optional ingredients include accelerators, such as potassium sulfate or

aluminum sulfate and other additives such as retarders, retention polymers, biocides,

fungicides, waterproofing agents, and the like. The optional ingredients are further

discussed elsewhere in this specification.

* * ground gypsum typically comprises particles having particle sizes of 2 to 200

microns, typically the mean particle size is 10 to 40 microns, preferably the mean

particle size is 20 to 35 microns.

[059] The invention can have an absence of any of these optional elements.

[060] The board of the first embodiment has the properties listed in TABLE 2 .

Each "Preferred" range is individually a preferred range for the invention. Thus,

preferably any "Preferred" range can be independently substituted for a

corresponding "Useable range".

[061] TABLE 2 - Board Properties

[062] Comparing with other entry level roof boards on the market, this stucco

based light weight roof cover board provides improved rigidity, fire resistance and

dimensional stability.



[063] B. Second Embodiment - perlite-fiber board

[064] In a second embodiment the present invention provides a stucco-less

formulation for an improved perlite-fiber board with the following attributes:

[065] A perlite-fiber board which comprises, in wt. % :

[066] 30-60% perlite (preferably 45-55%),

[067] 30-60% recycled cellulose fiber (preferably 35-45%),

[068] 5-25% starch (preferably 8-12%), and

[069] siloxane.

[070] The perlite-fiber board preferably has an absence of stucco.

[071] The perlite-fiber board has a thickness of 0.25-1 inch, typically 1/2 inch

and comprises particles of expanded perlite, recycled cellulose fiber, and starch.

[072] For the second embodiment the preferred cellulose fiber is recycle

OCC (old corrugated container) or DLK (double lined kraft) which has relatively long

fiber to provide better flexural strength. The preferred perlite is expanded perlite with

a density between 2 and 20 lbs/ft3 can be used, but the preferred density is between

5-12 lbs/ft3. Any kind of starch, such as corn, wheat, tapioca, etc., or synthetic latex

binder can be used as a binding material, but corn starch is preferred because of it is

readily available and relative low on price. Siloxane, together with a catalyst, such as

magnesium oxide, can be used to give the product water resistance. Other additives

or processing aids, such as accelerator, retarder and retention polymer, may also be

used during the manufacturing process. A surface coating is optional to give some

improved surface properties to the product.

[073] Preferably the perlite-fiber board contains 45-55% perlite, 30-60%

recycled cellulose fiber and 8-12% starch.

[074] The thickness of the perlite-fiber board can be between 1/4" and 1" ,

with a preferred thickness of 1/2". For a 1/2' thick product, the board weight can be

between 400 and 750 Ibs/MSF, with a preferred board weight between 450 and 600

Ibs/MSF.

[075] The density of the perlite-fiber board is between 10 and 17 lbs/ft3, with

a preferred density between 11 and 14 lbs/ft3. The perlite-fiber board has a MOR of

at least 150 psi and a compressive strength of at least 90 psi.

[076] The perlite-fiber board for the second embodiment is made using a wet

forming process in which all the components mentioned above are mixed in water to



form a furnish. The furnish with a consistency of 3-1 0% will be dewatered on a

moving wire to form a pad and then be pressed to further remove water and achieve

desired thickness and surface smoothness. Thus formed green board will be dried in

kiln.

[077] Thus, the perlite-fiber board of the second embodiment is made from a

mixture of the ingredients listed in TABLE 3 . Each "Preferred" range is individually a

preferred range for the invention. Thus, preferably any "Preferred" range can be

independently substituted for a corresponding "Useable range".

[078] TABLE 3 (amounts in wt. % on a water free basis)

[079] The invention can have an absence of any of these optional elements.

[080] Thus, the board of the second embodiment has the properties listed in

TABLE 4 . Each "Preferred" range is individually a preferred range for the invention.

Thus, preferably any "Preferred" range can be independently substituted for a

corresponding "Useable range".

[081] TABLE 4 - Board Properties



[082] The product weight and manufacturing cost of such a product of the

second embodiment will be significantly lower than that of typical heavy weight

gypsum fiber products.

[083] Stucco

[084] Stucco is known in the art as calcium sulfate hemihydrate.

[085] The panel of the first embodiment comprises stucco. However, the

panel of the second embodiment has an absence of stucco.

[086] Perlite

[087] An ingredient of the compositions of the invention (of both the first and

second embodiments) is a perlite.

[088] The perlite of the first and second embodiments is preferably expanded

perlite with a density between 2 and 20 lbs/ft3, but the preferred perlite density is

between 5-12 lbs/ft3.

[089] Expanded perlite is preferred for its low cost and performance. The

expanded perlite provides porosity and "loft" in the final product, which enhances

acoustical properties.

[090] Perlite is a form of glassy rock, similar to obsidian with the capacity to

expand greatly on heating. Perlite generally contains 65-75 wt % S 1O2, 10-20 wt %

AI2O3, 2-5 wt % H2O, and smaller amounts of sodium, potassium, iron and calcium

oxides. Expanded perlite denotes any glass rock and more particularly a volcanic

glass that has been expanded suddenly or "popped" while being heated rapidly. This

"popping" generally occurs when the grains of crushed perlite are heated to the

temperatures of incipient fusion. The water contained in the particles is converted

into steam and the crushed particles expand to form light, fluffy, cellular particles.

Volume increases of the particles of at least ten fold are common. Expanded perlite

is generally characterized by a system of concentric, spheroidal cracks, which are

called perlite structure. Different types of perlite are characterized by variations in the

composition of the glass affecting properties such as softening point, type and



degree of expansion, size of the bubbles and wall thickness between them, and

porosity of the product.

[091] In the conventional process of preparing expanded perlite, the perlite

ore is first ground to a fine size. The perlite is expanded by introducing the finely

ground perlite ore into the heated air of a perlite expander. Typically the expander

heats the air to about 1750° F. The finely ground perlite is carried by the heated air

which heats the perlite and causes it to pop like popcorn to form the expanded perlite

having a density of about 3 to 10 pounds per cubic foot. When expanded perlite is

placed in contact with water, the water penetrates the cracks and fissures and enters

into the air filled cavities of the perlite, thereby causing the perlite to retain large

amounts of water within the expanded perlite particles.

[092] Using the relatively high density perlite, i.e., a perlite which has been

expanded to a density of over 7 or 8 pounds per cubic foot (versus the normal range

of 3 to 5 pounds per cubic foot), lowers the water needed to form a suitable slurry.

See, U.S. Pat. No. 5,91 1,81 8 to Baig. The aqueous slurry with less water requires

less dewatering, and produces a base mat having less water retained by the perlite.

The resulting product has improved compressive resistance and maintained fire

ratings, as defined by ASTM Test No. E 1 19 . The base mat having a lower water

content can be dried faster which allows the entire water felting line to be run at

higher speed.

[093] High density perlite is also beneficial when manufacturing fire rated

ceiling tiles which must meet a minimum density. However, when the density of the

expanded perlite exceeds about 20 pounds per cubic foot, the perlite does not

produce as much "loft" or bulk in the final product. As a result, the density of the final

product may be too high to maintain the low thermal conductivity required to pass the

ASTM E 1 19 fire endurance test.

[094] Prior to use, the expanded perlite is optionally at least partially coated

with a coating. Preferred coatings include silicon coatings and polymeric coatings.

The coatings are applied to the expanded perlite using any practical coating method.

Spraying is the preferred method of applying the coating. While not wishing to be

bound by theory, it is believed the coating limits water absorption by reducing the

amount of water that enters the interior of the aggregate particles. When less water



is absorbed, less energy is required to drive off this excess water, reducing the kiln

temperature or the residence time of the product in the kiln.

[095] Cellulose Fiber

[096] A major component in the compositions of this invention (both the first

and the second embodiment) is the recycled cellulose fiber (also known in the art as

recycled cellulosic fibers), which serves to provide both wet strength (i.e., the

strength of the wet mat prior to drying) and dry strength. The cellulose fiber may also

function as a binder and may help to retain fines.

[097] Cellulose fibers can be obtained from the bark, wood or leaves of

plants, or from a plant-based material. Besides cellulose, these fibers are compound

of hemicellulose and lignin, and different percentages of these components are

responsible for different mechanical properties observed.

[098] The cellulose fiber is virgin cellulose fiber and/or recycled cellulose

fiber.

[099] The term virgin cellulose fiber means cellulose fibers which have not

been recycled from a consumer product. In contrast, recycled cellulose fiber is the

fiber obtained by slashing formed consumer paper products into individual fibers.

[0100] Recycled paper is sorted into categories, such as Old News Paper

(ONP, also known as Newsprint), Old Magazine (OMG), Mixed Office Waste

(MOW), and Old Corrugated Containers (OCC). Newsprint and magazine paper

are often Thermomechanical pulp (TMP) or a mixture of TMP and kraft pulp with

the addition of fillers and, in the case of magazine paper, clay coating. Office

paper, on the other hand, may be made entirely of kraft pulp. Corrugated

paperboard, used for shipping containers and similar products, consists of

softwood kraft pulp that has often not been brightened or bleached for liner and

recycle pulp for medium. It often contains sizing and strength additives to improve

its durability, and it may or may not have printing on its surfaces, although it does

contain adhesives that hold the layers of facing and corrugation together.

[0101] Preferably the cellulose fiber is from corrugated container board (also

known as Old Corrugated Container, OCC) or double lined kraft (DLK). Typically in

the process of the invention the dry OCC is first slashed in a hydropulper in water at



about 2-6%, typically 4%, consistency and the pulp obtained is then mixed with other

components of the formulation to make the Entry Level Roof board.

[0102] Corrugated refers to those boxes where the materials is made from

three separate layers of paper, two liners and a corrugated or wavy layer

sandwiched between them. Thus, corrugated containers have an inner layer of liner

board, an outer layer of liner board, and a corrugated layer which is a fluted medium

between the two layers of liner board. Thus, the four main components of "old

corrugated container" (OCC) pulps are unbleached softwood kraft pulp (mainly from

the linerboard), semi-chemical hardwood pulp (from the fluted medium), starch (as

an adhesive), and water (often 8% or more). The starch added in the present

invention does not include the starch natively present in OCC.

[0103] OCC covers all corrugated cardboard boxes. In particular, the

corrugated containers are printed or unprinted, flattened or compacted corrugated

containers made of two sheets of linerboard sandwiching a layer of fluting to make

what is commonly referred to as a cardboard box. OCC is corrugated containers

having liners of either test liner, jute, or kraft. OCC does not include waxed

cardboard (commonly produced from boxes), paper board (flat rigid paper from

beverage, cereal, tissue or other boxes). Wax-containing corrugated boxes (for fruits,

chickens, etc.) should be separated from the incoming supply to avoid

contamination. Softwood kraft of the liners have longer fibers than the high-yield

hardwood fibers from the corrugated layers of boxes.

[0104] DLK (Double Lined Kraft) consists of clean sorted unprinted corrugated

cardboard cartons, boxes, sheet or trimmings, and must be Kraft or jute liner content.

It may not contain staples or tape, hot melt (or non-water soluble) glues or any

foreign materials. It consists of new corrugated cuttings having liners of either test

liner, jute, or kraft. Treated medium or liners, insoluble adhesives, butt rolls, slabbed

or hogged medium, are not acceptable in this grade.

[0105] The compositions of the invention, as well as the slurry of the process

for making the roof cover boards of the invention, preferably has 0% of the cellulose

fiber provided by paper sludge obtained from pulp and paper processing waste.

[0106] The compositions of the invention, as well as the slurry of the process

for making the roof cover boards of the invention, preferably has 0% of the cellulose

fiber provided by newsprint. Newsprint is from recycled newspapers. Thus, the



present compositions preferably have an absence of newsprint. The present

inventors theorize flexural strength and MOR achieved through the use of short

fibered Newsprint will be significantly less than what can be achieved if a longer fiber

paper source, such as OCC or DLK.

[0107] The cellulose fibers of the present invention are different from the wood

fibers of US patent 8936855 to Kimuro et al. US 8936855, discloses "chipping wood

into wood chips using a crusher or the like, steaming the obtained wood chips, and

fibrillating the steamed chips using a refiner pulper. The wood fibers may also

contain wood fibers in the form of fibers obtained through steaming and fibrillating of

scrap wood from scrap wood fiber boards." The wood fiber in US 8936855 is actually

tiny wood chips which have almost all the lignin, hemicelluloses and other minor

components of unprocessed wood in it. The fibers are stiff and will break under load.

In contrast, the cellulose fiber used in the present invention are virgin or preferably

recycled fiber chemically treated to remove the majority of the lignin from the wood

fiber starting material. As a result the cellulose fibers are is soft and pliable.

[0108] Preferably the weighted average fiber length of the cellulose fibers of

the present invention is greater than 1.4 mm, more preferably greater than 1.5 mm,

furthermore preferably greater than 1.6 mm, most preferably 1.6 to 6 mm, and most

preferably OCC having a weighted average fiber length of 1.6 to 2.5 mm. Also,

preferably the fibers have a mean length of greater than 0.5 mm.

[0109] Starch

[01 10] Any kind of starch, such as corn, wheat, tapioca, etc, or synthetic latex

binder can be used as a binding material of both the first and second embodiments.

Corn starch is the preferred binder. Preferably the binder is solely corn starch. Corn

starch is readily available and relative low in price.

[01 11] The starch can be either pre-gelled (cooked) or an acid-modified starch

or The starch can be not pre-gelled. Not-pre-gelled starch is preferred.

[01 12] Preferably the binder has an absence of latex. Preferably the binder

has an absence of polyamine epichlorohydrin resins.

[01 13] Suitable examples of pregelatinized starch include, but are not limited

to, PCF 1000 Starch, commercially available from Lauhoff Grain Company and

AMERIKOR 8 18 and HQM PREGEL starches, both commercially available from



Archer Daniels Midland Company, starches such as USG95 (United States Gypsum

Company, Chicago, Illinois).

[01 14] Siloxane

[01 15] Siloxane, together with a catalyst, such as magnesium oxide, will

be used to give the product (of both the first and second embodiments) water

resistance.

[01 16] Siloxanes will be used for imparting water resistance to the finished

product. When siloxanes are employed, catalysts, such as alkaline earth oxides and

hydroxides, will also be employed alkaline earth oxides and hydroxides are known

to accelerate the curing reaction of siloxane in a stucco slurry. For example,

magnesium oxide ("MgO") is known to catalyze siloxane reactions.

[01 17] Other additives or processing aids

[01 18] Other additives or processing aids, such as accelerator, retarder and

retention polymer, may also be used during the manufacturing process for the panels

of the first and second embodiments of the invention. A surface coating may also be

optionally included to give some improved surface properties to the product for both

the first and second embodiments. Typical surface coatings for both the first and

second embodiments of the invention are polyacrylics or polyacrylates.

[01 19] Other potential additives to the panels of the first and second

embodiments of the invention are biocides to reduce growth of mold, mildew or fungi.

The biocide can be added to the panel surface or throughout the panel composition.

Examples of biocides include boric acid, pyrithione salts and copper salts. Pyrithione

is known by several names, including 2-mercaptopyridine-N-oxide; 2-pyridinethiol-1 -

oxide (CAS Registry No. 1121 -31-9); 1-hydroxypyridine-2-thione and 1 hydroxy-

2(1 H)-pyridinethione (CAS Registry No. 1121 -30-8). The sodium derivative

(C5H4NOSNa), known as sodium pyrithione (CAS Registry No. 381 1-73-2), is one

embodiment of this salt that is particularly useful. Pyrithione salts are commercially

available from Arch Chemicals, Inc. of Norwalk, Conn., such as Sodium OMADINE

or Zinc OMADINE.

[0120] Preferably there is an absence of asphalt or any other bituminous

material. Bitumen is a black or dark-colored (solid, semi-solid, viscous), amorphous,



cementitious material that can be found in different forms, such as rock asphalt,

natural bitumen, tar and bitumen derived from oil, which is referred to as petroleum

bitumen.

[0121] Preferably for both the first and second embodiments there is less than

5% polymer, more preferably there is an absence of polymer. The polymer is any

polymer material, e.g., polyacrylates, polyacrylics, latexes, polyacrylamide,

polyethylene, polypropylene, polybutylene, polystyrene, polyisocyanurate,

polyurethane, polystyrene, or phenolic material or a material made of a blend of

these materials.

[0122] Preferably for both the first and second embodiments there is an

absence of phenolic resin.

[0123] Preferably for both the first and second embodiments there is an

absence of polyacrylamide resin.

[0124] Preferably for both the first and second embodiments there is an

absence of polyacrylic resin.

[0125] Preferably for both the first and second embodiments there is an

absence of latex.

[0126] As used herein, the phrase "antimicrobial" or "antimicrobial agent"

refers to a composition or moiety that can prevent the growth of Escherichia coli

(ATCC # 11229), Staphylococcus aureus (ATCC #6538) (both bacteria), and/or

Candida albicans (ATCC # 10231 ) (yeast). For example, in some embodiments, kill

rates of microbes can be determined according to ASTM No. E2149-01 , which is

entitled "Determining the Antimicrobial Activity of Immobilized Antimicrobial Agents

Under Dynamic Contact Conditions".

[0127] Accelerators

[0128] The first embodiment of the present invention may employ small

amounts of accelerators (set accelerating agents). Accelerators, such as HRA (heat

resistance accelerator) may be added to the composition to control the setting

characteristics of the green (i.e., uncured) material of the first embodiment of the

invention comprising stucco. Typical non-limiting additives include accelerators for

calcium sulfate hemihydrate such as potash (potassium sulfate) and alum (alumimim

sulfate). Another accelerator, known as wet gypsum accelerator or WGA, is also a



preferred accelerator. A description of the use of and a method for making wet

gypsum accelerator are disclosed in U.S. Pat. No. 6,409,825, herein incorporated by

reference. This accelerator includes at least one additive selected from the group

consisting of an organic phosphonic compound, a phosphate-containing compound

or mixtures thereof. This particular accelerator exhibits substantial longevity and

maintains its effectiveness over time such that the wet gypsum accelerator can be

made, stored, and even transported over long distances prior to use. The wet

gypsum accelerator is used in amounts ranging from about 5 to about 80 pounds per

thousand square feet (24.3 to 390 g/m2) of board product.

[0129] CSA (climate stable accelerator) set accelerator comprises 95%

calcium sulfate dihydrate co-ground with 5% sugar and heated to 250° F. (121 ° C.)

to caramelize the sugar. CSA is available from USG Corporation, and is made

according to U.S. Pat. No. 3,573,947, herein incorporated by reference. Potassium

sulfate is another preferred accelerator. HRA is calcium sulfate dihydrate freshly

ground with sugar at a ratio of about 5 to 25 pounds of sugar per 100 pounds of

calcium sulfate dihydrate. It is further described in U.S. Pat. No. 2,078,199, herein

incorporated by reference. Both of these are preferred accelerators.

[0130] Retarders

[0131] Use of set retarders as a component in the compositions of the first

embodiment of the invention is particularly helpful in situations where the initial

setting speed of the gypsum-based products is high. Retarders, such as

VERSENEX 80 made by Dow Chemicals, may be added to the composition to

control the setting characteristics of the green (i.e., uncured) material of the first

embodiment of the invention comprising stucco. Without the addition of retarders, the

stucco may set on the surfaces of the forming equipment and cause production

issue.

[0132] The primary function of a retarder in the composition is to keep the

slurry mixture from stiffening too rapidly.

[0133] Retention Polymers

[0134] Preferred retention polymers of both the first and second embodiments

of the invention are selected from polyacrylamide based retention aids, such as



NALCO 7128 OPTIMER. A retention polymer is a long chain polymer, normally a

polyacrylamide, which can help fine particles in the formulation to retain in the final

products.

[01 35] Manufacturing Processes

[0136] The stucco-containing board product of the first embodiment may be

manufactured using a wet forming process in which all the components mentioned

above are mixed in water to form a slurry furnish. The furnish may have a

consistency of 5-1 5% and may be dewatered on a moving wire to form a pad. Then

the pad may be pressed to further remove water and achieve a desired thickness

and surface smoothness. The pad may be cut into appropriate lengths to form

uncured roof cover boards, also known as green board. Generally, the board is cut

into large master panels (normally 12'x24') for ease of production. The master panel

is further cut into the size (normally 4'χ4', 4'x8' or 3'x5') of final products after being

dried. The green board may be given time for the stucco to set and then dried in kiln

as known in the art.

[01 37] The method of manufacturing a roof cover board of the first embodiment, uses

a wet forming process comprising:

mixing a composition containing stucco (the hemihydrate), perlite, cellulose

fiber, starch and water to form a slurry furnish;

depositing the slurry onto a moving wire;

dewatering the slurry to form a pad;

optionally, pressing the pad to further remove water and to achieve a

desired thickness and surface smoothness;

cutting the pad to form uncured roof cover boards;

allowing the uncured boards to set; and

drying the set boards in a kiln.

[0138] The stucco-free board product of the second embodiment is made

using a wet forming process in which all the components mentioned above are

mixed in water to form a furnish. The furnish for the stucco free panel with a

consistency of 3-1 0% will be dewatered on a moving wire to form a pad and then be

pressed to further remove water and achieve desired thickness and surface

smoothness and then dried in kiln.



[0139] The method of manufacturing a roof cover board of the second

embodiment, uses a wet forming process comprising:

mixing all the perlite, recycled fiber, and starch in water to form a

furnish with a consistency of 3-1 0%,

dewatering the furnish on a moving wire to form a pad,

optionally pressing the pad to further remove water and achieve

desired thickness and surface smoothness to form green board,

cutting the green board; and

drying the cut green board in a kiln.

[0140] The following specific examples further illustrate the above described

first and second embodiments of the invention. Unless specified to the contrary, all

amounts are expressed as parts by weight on a dry solids total weight basis. Also,

unless specified to the contrary, all amounts are expressed as percent are in weight

percent. These examples are for illustration only and are not to be construed as

limitations on this disclosure.

[0141] EXAMPLES

[0142] A . Examples of the First Embodiment Boards with Stucco

[0143] Example 1A

[0144] Sample boards were made, and the properties of the boards are shown

in TABLE IA below. Samples of commercially available wood fiber board and perlite

board, as well as United States Gypsum Company's premium gypsum fiber

SECUROCK roof board, were also included in the table for comparison.

[0145] For this example, ½ inch gypsum fiber based entry level roof board

was made in the lab on a Tappi Former using stucco, HRA (heat resistant

accelerator), perlite, corn starch, and paper fiber. Three different kinds of stucco

were tried, CKS (continuous kittle stucco) beta stucco, FST beta stucco (kettle beta

stucco modified in a fluidized bed stucco treatment chamber) and B-base alpha

stucco. Paper fiber was recycled fiber generated in the lab from corrugated box

board. Prescribed amounts of paper fiber (4% pulp) and water were put in a 5-gallon

bucket and agitation using a lab mixer at 70 RPM was started. Premixed stucco,

HRA (a fixed 2% based on the weight of stucco), perlite and starch were then added

to the pulp slurry in the bucket and the agitation continued for a total of 60 seconds.

When applicable, siloxane emulsion, made using a WARING blender at high speed,



was added to the mixture in the bucket 20 seconds before the end of agitation.

Whenever siloxane is used, a powder magnesium oxide (MgO) at the MgO/siloxane

ratio of 0.5 was also added to the powder mixture of stucco-HRA-perlite-starch

mentioned above. NALCO OPITIMER 7 128 flocculant at the concentration of 0 .1%

and dosage of 0.2 Ibs/MSF was added to the mixture 10 seconds before the end of

mixing to achieve better retention of the materials and more even distribution of

perlite in the final product. The siloxane in the examples was methyl hydrogen

siloxane. At the end of agitation, furnish in the bucket was poured into the TAPPI

Former and water is removed to make a 14.75"x14.75" lab board. After vacuuming

and pressing, the board was left on bench for 30 minutes for the stucco to set. The

set board was then dried in oven and tested.



[0146] TABLE IA. TAPPI Boards Made in Example 1A



[0147] TABLE l-A shows the prototype boards A3-A9 had better compressive

strength than both Wood Fiber board and Perlite Board on market. The flexural

strength/MOR of the prototype lab boards are better that of Perlite Board, but not as

good as that of board. ASTM C473 was followed for MOR/flexural peak load, except

the specimen supports are spaced 10 inch, instead of 14 inch as specified in the

ASTM C473. The width of the specimen was 6 inch, instead of 12 inch).

Compressive strength was tested according to ASTM C209. 2 hour water abs. is 2 hr

water absorption according to ASTM C473.

[0148] Example 2A

[0149] An experiment was carried out to investigate whether better MOR can

be achieved with increased fiber percentage in the formulation. Procedures

described in Example 1 were followed and FST stucco was used to make all the

boards. The results from this investigation are summarized in TABLE Il-A.

[0150] Comparing Samples A12 - A16, the percentages of paper fiber in the

formulations were increased gradually from 10% to 30%. The percentages of perlite

and stucco were also reduced accordingly to keep board weight the same. It can be

seen in TABLE Il-A that the general trend is that the flexural strength/MOR of the

board increased with the increase of paper fiber percentage in the formulation.

[0151] TABLE ll-A. Tappi Boards Made in Example 2

[0152] Example 3A



[0153] In this example, the effect of stucco amount on different properties of

the board was studied. The amount of stucco in each board was increased gradually,

but the amounts of other materials in the formulations were kept the same.

Therefore, the board weight also increased with the increased amount of stucco in

each board. Procedures described in Example 1A were followed and FST stucco

was used to make all the boards. The results from this investigation are summarized

in TABLE lll-A. Hygrometric expansion and thermal transmission of the TAPPI

boards made in this round of experiment were also measured.

[0154] TABLE lll-A. TAPPI Boards Made in Example 3A



[0155] The flexural strength and compressive strength increased gradually

with the increased usage of stucco in the board.

[0156] For hygrometric expansion, it can be seen the general trend is the

higher the amount of stucco used in the formulation, the lower is the expansion,

meaning stucco is able to improve the dimensional stability of the board. The

Hygrometric Coefficient of Expansion is expressed in "Inches Per Inch Per Percent

Of Relative Humidity". Hygrometric expansion Measurement was done on 3"x12"

samples. Two metal buttons with small female cone shaped hole in the center were

first glued on the sample with epoxy glue. The two buttons were approximately 10

inch apart. After the epoxy resin has fully set, the samples were left in a conditioned

chamber to balance moisture and temperature at 70° F and 50 RH (relative humidity)

for two days. The distance between the two buttons was then measured using a

digital gauge. The digital gauge also has a male cone shaped button on both ends

and can be put into the female cone shaped holes on the buttons glued onto the

samples. The relative humidity of the conditioned chamber was then reset to 90 RH

and the temperature was kept at 50° F. The distance of the two buttons on the

sample was re-measured after 3 days at the new relative humidity. The change in

distance of the two buttons on the sample is considered as the hygrometric

expansion and the result is expressed as the expansion in inch for each inch of

sample length and each 1% change in relative humidity.

[0157] For thermal transmission (an indication of fire performance), the

general trend is the that the higher the amount of stucco used in the formulation, the

longer is the time needed to increase the temperature of unexposed side of the

board from 40°C to 200°C, indicating stucco will help improve the fire performance of

the board. From the thermal transmission data, it can be expected that the fire

performance of Entry level roof board, with the use of stucco in formulation, would be

significantly better than that of Wood Fiber board and Perlite Board. Thermal

expansion was tested according to ASTM C 1795.

[0158] Example 4A

[0159] As discussed earlier, the use of stucco in the formulation will improve

dimensional stability, fire performance, and is helpful for strength. On the other hand,

the use of large amount of starch in the formulation for strength improvement will

negatively affect the mold resistance of the board. Thus, there is a possibility a



relatively large amount of stucco may be desired in the formulation for a better

product within the category of Entry level roof board. If so, the board weight would

have to be heavier. In this example, experiments were conducted targeting a heavier

board weight of 800 Ibs/MSF. Different percentages of paper fiber, perlite and stucco

were used to find an combination with the best overall properties. Two starch usage

levels, 8 Ibs/MSF and 5 Ibs/MSF were used.

[0160] Procedures described in Example 1A were followed and FST stucco

was used to make all the boards. A corn starch different from the one used in the

previous examples was used in the experiments of Example 4A.

[0161] TABLE IV-A. TAPPI Boards Made in Example 4

[0162] TABLE IV-A shows for 800 Ibs/MSF board, both the flexural

strength/MOR and compressive strength of the boards were very good. 25% paper

fiber, 20% perlite and 47% stucco (A46) was a good combination to achieve good

strength. Both the flexural strength/MOR and compressive strength at this

combination were better than that of Wood Fiber board and Perlite Board. When the

usage of starch was reduced from 8 wt.% - to 5 wt.%, both flexural strength and

compressive strength of the board were reduced remarkably.



[0163] B. Examples of Perlite-Fiber Board of the Second Embodiment

Without Stucco

[0164] Example B

[0165] Using ingredients listed in TABLE l-B, ½" perlite-fiber board was made

in the lab on a TAPPI Former using perlite, corn starch, and paper fiber from

corrugated container board. Prescribed amounts of paper fiber (4% pulp) and water

were put in a 5-gallon bucket and agitation using a lab mixer at 70 RPM was started.

Premixed perlite and starch were then added to the pulp slurry in the bucket and the

agitation continued for a total of 60 seconds. When applicable, siloxane emulsion,

made using a WARING blender at high speed, was added to the mixture in the

bucket 20 seconds before the end of agitation. Whenever siloxane is used, a powder

magnesium oxide (MgO) at the MgO/siloxane ratio of 0.5 was also added to the

powder mixture of perlite and starch mentioned above. NALCO 7128 flocculent at

the concentration of 0.1 % and dosage of 0.2 Ibs/MSF was added to the mixture 10

seconds before the end of mixing to achieve better retention of the materials and

more even distribution of perlite in the final product. At the end of agitation, furnish in

the bucket was poured into the TAPPI Former and water is removed to make a

14.75"x14.75" lab board. After vacuuming and pressing, the board was left on bench

for 30 minutes for the stucco to set. The set board was then dried in an oven and

tested.

[0166] TABLE l-B. TAPPI Boards Made in Example 1



[0167] TABLE l-B shows the prototype boards A 10 and A 11 showed good

flexural strength (MOR) and compressive strength at 25% starch usage level. Also,

it shows increasing cellulose fiber increased flexural strength

[0168] Example 2B

[0169] This Experiment was carried out to investigate whether good strength

can still be achieved at 20% starch usage level. The board weights were also

adjusted. Procedures described in Example 1B were followed. The amounts of the

ingredients and the results from this investigation are summarized in TABLE Il-B .

[0170] TABLE ll-B. TAPPI Boards Made in Example 2B

[0171] Comparing TABLES l-B and ll-B shows even at reduced starch levels

increasing cellulose fiber increased flexural strength.

[0172] Example 3B

[0173] In this example, the amount of starch in each board was increased

gradually, but the amounts of other materials in the formulations were kept pretty

close. Therefore, the board weight also increased with the increased amount of

starch in each board. Procedures described in Example 1B were followed. The

amounts of the ingredients and the results from this investigation are summarized in

TABLE 1MB. Hygrometric expansion and thermal transmission of the TAPPI boards

made in this round of experiment were also measured.



[0174] TABLE lll-B. TAPPI Boards Made in Example 3B

[0175] Both the flexural strength and compressive strength increased

significantly with the increased usage of starch in the board. The higher the starch

usage, the higher the production cost. For this reason, too much starch is not

preferred, even though it can give better strength. The present invention seeks a

balance of properties and cost.

[0176] Example 4B

[0177] Lighter weight perlite-fiber board was made in this round of experiment.

Procedures described in Example 1A were followed. The amounts of the ingredients

and the results from this investigation are summarized in TABLE IVB.



[0178] TABLE IV-B. TAPPI Boards Made in Example 4B

[0179] It can be seen in TABLE IV-B that at light board weight, both the

flexural strength/MOR and compressive strength of the boards were still good.

[0180] C. Examples Comparing OCC and Newsprint

[0181] Example 1C

[0182] Applicants did fiber analysis on both OCC and Newsprint pulps using a

Fiber Quality Analyzer made by OpTest Equipment Inc. The result are shown in

TABLE V-A:

[0183] TABLE V-A

[0184] As discussed earlier, Applicants believe OCC with relatively longer

fibers will perform better than Newsprint with relatively shorter fibers. To test this ½

inch stucco-containing and stucco less Entry Level Roof boards were made in lab on

a Tappi Former using OCC and Newsprint fibers respectively of TABLE V-A

following the procedures specified in Example 2A and Example 1B.



[0185] The testing results of the boards are shown in TABLE V-B. It can be

seen in the TABLE V-B that for both stucco containing and stucco less boards,

significantly higher MORs were achieved when longer fibered OCC was used in the

formulation.

[0186] TABLE V-B

[0187] Example 1D

[0188] The inventors furthermore discovered using longer OCC or DLK fiber

will not only result in better final product strength, but also higher green strength.

Green strength is the strength before the board is being dried in kiln and the board is

still wet (also called wet strength sometimes). At this moment in processing, the

starch in the board has not been cooked and therefore provides little binding force.

Board with weak green strength may break during transition from former to kiln and

inside the kiln during drying. This unlikely to be a problem with stucco containing

panel because the stucco will set when the panel is still set and provide enough

strength.

[0189] The inventors tested whether the use of OCC, instead of Newsprint,

will be able to achieve better green strength for stucco less board. In this test, ½ inch

stucco less Entry Level Roof boards were made in lab on a Tappi Former using OCC

and Newsprint fibers respectively of TABLE V-A following the procedures specified in

Example 1B. After the board was formed, vacuumed and pressed, four pieces of



3"x5" samples were cut off from the green board using a band saw. The tensile

strength of the samples was then tested on an INSTRON machine at 15 psi the

clamp pressure, 2 inch distance, 8 in/min speed, and 5 mm/s2 acceleration. The

results are expressed as the maximum load and given in the TABLE V-C.

[0190] TABLE V-C

[0191] TABLE V-C shows the green strength of the wet board made with OCC

is remarkably better than that made with Newsprint.

[0192] Although we have described the preferred embodiments for

implementing our invention, it will be understood by those skilled in the art to which

this disclosure is directed that modifications and additions may be made to our

invention without departing from its scope.



I Claim:

1. A roof cover board made from a mixture of, on a water free basis, in wt. % :

30-60% stucco;

20-50% perlite;

10-30% cellulose fiber;

3-20% starch; and

siloxane.

2 . The board of claim 1, wherein the mixture comprises

30-50% stucco;

20-50% perlite;

15-30% cellulose fiber;

8-20% starch; and

0.2 to 2% siloxane, wherein the cellulose fiber comprises recycled cellulose fiber,

wherein the recycled cellulose fiber comprises corrugated container board (OCC)

or double lined kraft (DLK) and the expanded perlite has a density between 2 and

20 lbs/ft3, wherein the perlite comprises particles of expanded perlite, and

wherein the starch is corn starch, wherein the board has an absence of newsprint

and the weighted average fiber length of the cellulose fibers is greater than 1.4

mm.

3 . The board of claim 1, wherein the board has an absence of bituminous material.

4 . The board of claim 2 , wherein the board contains 40-50% stucco, 20-35% perlite,

20-30% cellulose fiber, 8-1 5% starch, and 0.4 to 1% siloxane, wherein the board

has a density between 12 and 22 lbs/ft3, an MOR of at least 150 psi, and a

compressive strength of at least 100 psi.

5 . A method of manufacturing the roof cover board of claim 1, the method

comprising:

mixing a composition containing stucco (the hemihydrate), perlite, cellulose fiber,

starch and water to form a slurry furnish;

depositing the slurry onto a moving wire;

dewatering the slurry to form a pad;

optionally, pressing the pad to further remove water and to achieve a desired

thickness and surface smoothness;

cutting the pad to form uncured roof cover boards;



allowing the uncured boards to set; and

drying the set boards in a kiln.

6 . A roof cover board made from a mixture of, on a water free basis, in wt. % :

30-60% perlite,

30-60% recycled fiber,

5-25% starch, and

siloxane;

having an absence of gypsum,

having an absence of bituminous material,

having an absence of newsprint, and

containing less than 5% polymer.

7 . The fiber perlite board of claim 6 , wherein the board contains 45-55% perlite, 35-

recycled cellulose fiber, 8-12% starch, and 0.2 to 2% siloxane, wherein the perlite

comprises particles of expanded perlite, wherein the recycled fiber comprises

recycled cellulose fiber, wherein the recycled cellulose fiber comprising

corrugated container board (OCC) or double lined kraft (DLK), the expanded

perlite has a density between 2 and 20 lbs/ft3, wherein the starch is corn starch,

wherein the board has an absence of newsprint and the weighted average fiber

length of the cellulose fibers is greater than 1.4 mm.

8 . The fiber perlite board of claim 6 , comprising siloxane as a water repellant and

magnesium oxide as a catalyst.

9 . The fiber perlite board of claim 6 , having a thickness of 0.25-1 inch, having a

MOR of at least 150 psi, and a compressive strength of at least 90 psi, having

weight between 400 and 750 Ibs/MSF, and density of the board is between 10

and 17 lbs/ft

10 .A method of manufacturing a roof cover board of claim 6 , using a wet forming

process comprising

mixing all the perlite, recycled fiber, and starch in water to form a furnish with a

consistency of 3-1 0%,

dewatering the furnish on a moving wire to form a pad,

optionally pressing the pad to further remove water and achieve desired

thickness and surface smoothness to form green board,

cutting the green board; and



drying the cut green board in a kiln.
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A stucco-based roof cover board made from a mi xture of, on a
water free basi s , i n wt. -%: 30-60% stucco; 20-50% perl i te;
10-30% cel l ul ose f i ber; 3-20% starch ; and
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f i ber, and starch i n water t o form a furni sh wi t h a
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