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LOW EMBODIED ENERGY WALLBOARDS AND METHODS
OF MAKING SAME

[0001] This application claims the benefit of priority to U.S. Provisional Patent Application

Serial No. 60/988,744 filed on November 16, 2007 and U.S. Patent Application Serial No.

12/060,196 filed on March 31, 2008 each of which applications is incorporated herein in its

entirety by reference.

FIELD OF INVENTION

[0002] The present invention relates to new compositions of wallboard cores and the

processes for fabricating such cores. More particularly, the invention provides cores and

processes which reduce the energy required to manufacture wallboards when compared to the

energy required to manufacture traditional gypsum wallboards.

BACKGROUND OF INVENTION

[0003] Gypsum wallboard is used in the construction of residential and commercial buildings

to form interior walls and ceilings and also exterior walls in certain situations. Because it is

relatively easy to install and requires minimal finishing, gypsum wallboard is the preferred

material to be used for this purpose in constructing homes and offices.

[0004] Gypsum wallboard consists of a hardened gypsum-containing core surfaced with

paper or other fibrous material suitable for receiving a coating such as paint. It is common to

manufacture gypsum wallboard by placing an aqueous core slurry comprised predominantly of

calcined gypsum between two sheets of paper thereby forming a sandwich structure. Various

types of cover paper or similar functioning member are known in the art. The aqueous gypsum

core slurry is required to set or harden by rehydration of the calcined gypsum, usually followed

by heat treatment in a dryer to remove excess water. After the gypsum slurry has set (i.e.,

reacted with water present in the aqueous slurry) and dried, the formed sheet is cut into required

sizes. Methods for the production of gypsum wallboard are well known in the art.
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initially includes premixing dry ingredients in a high-speed, continuous mixing apparatus. The

dry ingredients often include calcium sulfate hemihydrate (stucco), an accelerator, and an

antidesiccant (e.g., starch). The dry ingredients are mixed together with a "wet" (aqueous)

portion of the core composition in a mixer apparatus. The wet portion can include a first

component that includes a mixture of water, paper pulp, and, optionally, one or more fluidity-

increasing agents, and a set retarder. The paper pulp solution provides a major portion of the

water that forms the gypsum slurry of the core composition. A second wet component can

include a mixture of the aforementioned strengthening agent, foam, and other conventional

additives, if desired. Together, the aforementioned dry and wet portions comprise the aqueous

gypsum slurry that eventually forms a gypsum wallboard core.

[0006] The major ingredient of the gypsum wallboard core is calcium sulfate hemihydrate,

commonly referred to as "calcined gypsum," "stucco," or "plaster of Paris." Stucco has a

number of desirable physical properties including, but not limited to, fire resistance, thermal and

hydrometric dimensional stability, compressive strength, and neutral pH. Typically, stucco is

prepared by drying, grinding, and calcining natural gypsum rock (i.e., calcium sulfate dihydrate).

The drying step in the manufacture of stucco includes passing crude gypsum rock through a

rotary kiln to remove any moisture present in the rock from rain or snow, for example. The dried

rock then is ground to a desired fineness. The dried, fine-ground gypsum can be referred to as

"land plaster" regardless of its intended use. The land plaster is used as feed for calcination

processes for conversion to stucco.

[0007] The calcination (or dehydration) step in the manufacture of stucco is performed by

heating the land plaster which yields calcium sulfate hemihydrate (stucco) and water vapor. This

calcination process step is performed in a "calciner," of which there are several types known by

those of skill in the art. The calcining process itself is energy intensive. Several methods have
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United States Patent No. 5,954,497, which is incorporated by reference herein.

[0008] Calcined gypsum reacts directly with water and can "set" when mixed with water in

the proper ratios.

[0009] During the conventional manufacture of gypsum board, gypsum slurry is deposited

upon a moving paper (or fiberglass matt) substrate. The gypsum slurry may consist of several

additives to reduce weight and add other properties. The moving paper or substrate itself is

supported on a long moving belt. A second paper substrate is then applied on top of the slurry to

constitute the second face of the gypsum board and the sandwich is passed through a forming

station, which determines the width and thickness of the gypsum board. In such a continuous

operation the gypsum slurry begins to set after passing through the forming station. When

sufficient setting has occurred the board is cut into commercially acceptable lengths and then

passed into a board dryer. Thereafter the board is trimmed if desired, taped, bundled, shipped,

and stored prior to sale.

[0010] The majority of gypsum wallboard is sold in sheets that are four feet wide and eight

feet long. The thicknesses of the sheets vary from one-quarter inch to one inch depending upon

the particular grade and application, with a thickness of 1/2 inch or 5/8 inch being common. A

variety of sheet sizes and thicknesses of gypsum wallboard are produced for various

applications. Such boards are easy to use and can be conveniently scored and snapped to break

them in relatively clean lines.

[0011] The process to manufacture gypsum wallboard is by some accounts over 100 years

old. It was developed at a time when energy was plentiful and cheap, and greenhouse gas issues

were unknown. This is an important consideration. While gypsum wallboard technology has

improved over the years to include fire resistance as an attribute of certain wallboards, and

gypsum wallboard testing has been standardized (such as in the American Society of Testing and
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manufacturing steps, and the majority of wallboard is still made from calcined gypsum.

[0012] As shown in Figure 1, which depicts the major steps in a typical process to

manufacture gypsum wallboard, gypsum wallboard requires significant energy to produce. The

term "embodied energy" used herein may be defined as the total energy required to produce a

product from the raw materials stage through delivery of finished product. As shown in Figure

1, three of the illustrated steps (Step 102: drying gypsum, Step 103: calcining gypsum, Step 106:

drying the boards) in the manufacture of gypsum wallboard require considerable energy. Thus

the embodied energy of gypsum, and the resultant greenhouse gasses emitted from its

manufacture, are very high. However few other building materials exist today to replace gypsum

wallboard.

[0013] Energy is used throughout the gypsum process. After the gypsum rock is pulled from

the ground it must be dried, typically in a rotary or flash dryer. Then it must be crushed and then

calcined (though crushing often comes before drying). All of these processes require significant

energy just to prepare the gypsum for use in the manufacturing process. After it has been

calcined, it is then mixed typically with water to form a slurry which begins to set, after which

the boards (cut from the set slurry) are dried in large board driers for about 40 to 60 minutes to

evaporate the residual water, using significant energy. Often up to one pound ( 1 Ib) per square

foot of water needs to be dried back out of the gypsum board prior to packing. Thus, it would be

highly desirable to reduce the total embodied energy of gypsum wallboard, thus reducing energy

costs and greenhouse gasses.

[0014] Greenhouse gasses, particularly CO2, are produced from the burning of fossil fuels

and also as a result of calcining certain materials. Thus the gypsum manufacturing process

generates significant amounts of greenhouse gasses due to the requirements of the process.

[0015] According to the National Institute of Standards and Technology (NIST - US

Department of Commerce), specifically NISTIR 6916, the manufacture of gypsum wallboard
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approximately 15 pounds, this equates to over 600,000 BTU' s per board total embodied energy.

Other sources suggest that embodied energy is much less than 600,000 BTU's per board, and in

a very recently built plant may be closer to 100,000 BTU per 5/8 inch thick board. Still, this is

quite significant. It has been estimated that embodied energy constitutes over 30% of the cost of

manufacture. As energy costs increase, and if carbon taxes are enacted, the cost of

manufacturing wallboard from calcined gypsum will continue to go up directly with the cost of

energy. Moreover, material producers carry the responsibility to find less-energy dependent

alternatives for widely used products as part of a global initiative to combat climate change.

[0016] The use of energy in the manufacture of gypsum wallboard has been estimated to be

1% or more of all industrial energy usage (in BTU's) in the US. With 30 to 40 billion square

feet of wallboard used each year in the US, some 200 trillion BTU' s may be consumed in the

manufacture of same. And as such, more than 25 billion pounds of greenhouse gasses are

released into the atmosphere through the burning of fossil fuels to support the heat intensive

processes, thus harming the environment and contributing to global climate change.

[0017] As mentioned above, the main ingredient in gypsum wallboard is calcium sulfate

hemihydrate (calcium sulfate dehydrate before calcination), which on average is 90-99% of the

wallboard core. Calcium sulfate dehydrate or raw gypsum rock is mined directly from the

earth's crust, requiring mining, crushing and transportation energy. Additionally, increasing

environmental concerns call for responsible manufacturing through use of any post-industrial

waste in place of virgin resources such as mined gypsum rock. Recyclable by-products exist in

many manufacturing industries such as coal-generated electricity, various metal purification

processes, expanded perlite production and cement and lime kilns to name a few. An important

aspect of lowering embodied energy is the incorporation of post-industrial waste into the

wallboard core, which reduces energy usage associated with land-filling and disposing of these

unwanted materials.
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gypsum board, increasing its strength, or making minor reductions in energy use. For example,

in United States Patent No. 6,699,426, a method is described which uses additives in gypsum

board to reduce the drying time and thus reduce energy usage at the drying stage. These attempts

generally explicitly assume the use of calcined gypsum (either natural or synthetic), since

gypsum wallboard manufacturers would find that redesigning the materials and mining

procedures from scratch would potentially throw away billions of dollars of infrastructure and

know-how, and render their gypsum mines worthless.

[0019] Therefore, given concerns about climate change, it would be desirable to manufacture

wallboard which requires dramatically less energy usage during manufacturing. There is a need

also for substantially reducing or eliminating energy intensive calcining and drying steps which

are common to gypsum wallboard manufacturing.

SUMMARY OF INVENTION

[0020] The invention provides wallboard compositions and their methods of manufacture.

Various aspects of the invention described herein may be applied to the particular applications

set forth below or for a variety of other kinds of materials. It shall be understood that different

aspects of the invention can be appreciated individually, collectively or in combination with each

other.

[0021] In accordance with one aspect of the present invention, new methods of

manufacturing novel wallboards are provided. These structures may be described as low

embodied energy wallboards that can provide ecological solutions to the ever growing demand

for sustainable building and construction materials. The resulting novel and ecological

wallboards provided in accordance with this aspect of the invention can replace gypsum

wallboards (referred to as gypsum boards or plaster boards) or water-resistant cement boards in

most applications. While the new methods described herein may be in conjunction with the
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manufacture other building materials such as roof tiles, deck tiles, floor tiles, sheathing, cement

boards, masonry blocks, and other similar building materials.

[0022] In one embodiment of the invention, a wallboard may comprise at least two post-

industrial waste products, said post-industrial waste products comprising at least two waste

products selected from the group consisting of steel slag, blast furnace slag, metal purification

slag, expanded perlite by-product, lime kiln dust, or cement kiln dust. The wallboard may also

include the addition of at least one pH modifier.

[0023] In another preferable embodiment, the wallboard comprises at least one post-

industrial waste product, said post-industrial waste product comprising at least one waste product

selected from the group consisting of steel slag, blast furnace slag, metal purification slag,

expanded perlite by-product, lime kiln dust, or cement kiln dust, and also the addition of at least

one pH modifier.

[0024] Another preferable embodiment of the invention provides substantially gypsum free

wallboards or by-product wallboards. Such wallboards may be formed from post-industrial

waste compositions or by-products described herein. While certain raw or starting materials for

the wallboards may contain relatively low amounts of gypsum, the final mixtures and wallboard

end products may contain no detectable amounts of gypsum. Other embodiments may include

less than approximately 1% gypsum content which may vary depending on the accuracy and

resolution of measurement apparatus based on X-ray diffraction (XRD) and other techniques.

[0025] In each of the embodiments of this invention, fly ash can be added to the post-

industrial waste products if desired. Typically, the fly ash will be less than fifty percent (50%) by

weight of the total constituents in the wallboard.

[0026] Wallboards and other building materials provided in accordance with this invention

are fabricated with a significant reduction in the embodied energy associated with the wallboards
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environment.

[0027] Other goals and advantages of the invention will be further appreciated and

understood when considered in conjunction with the following description and accompanying

drawings. While the following description may contain specific details describing particular

embodiments of the invention, this should not be construed as limitations to the scope of the

invention but rather as an exemplification of preferable embodiments. For each aspect of the

invention, many variations are possible as suggested herein that are known to those of ordinary

skill in the art. A variety of changes and modifications can be made within the scope of the

invention without departing from the spirit thereof.

[0028] This invention will be fully understood in light of the following detailed description

taken together with the drawings.

INCORPORATION BY REFERENCE

[0029] All publications, patents, and patent applications mentioned in this specification are

herein incorporated by reference to the same extent as if each individual publication, patent, or

patent application was specifically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Figure 1 shows certain standard gypsum drywall manufacturing steps, specifically

those which consume substantial amounts of energy.

[0031] Figure 2 shows an overview of the steps to manufacture low embodied energy

wallboards provided in accordance with the invention which require little energy or substantially

less energy in comparison to traditional gypsum drywall.



[0032] The following detailed description of embodiments of the invention is illustrative

only and not limiting. Other embodiments will be obvious to those skilled in the art in view of

this description.

[0033] The novel processes as described herein for manufacturing wallboard and/or other

building materials eliminate the most energy intensive prior art processes and materials in the

manufacture of gypsum wallboard or other building materials such as gypsum mining, drying,

calcining, and board or finished product drying. These new processes allow wallboard and other

building materials to be formed from post-industrial waste materials and non-calcined materials

which are plentiful and safe and which can react naturally to form a strong board that is also fire

resistant. Wallboard may be produced to meet both interior and exterior requirements. Other

building materials of different shapes may also be produced for use in constructing buildings or

infrastructure using these same methods. Preferable embodiments of the invention are generally

described below in the context of wallboard. But it should be understood that the processes

described can also be modified to fabricate other building materials and thus the following

descriptions are not limiting.

[0034] A preferable embodiment of the invention provides low embodied energy wallboards

containing a core containing greater than 50% post-industrial waste, and a pH modifier. In

preferred embodiments, the amount of post-industrial waste will be much higher than 50%

noting that the energy savings increase as recycled material content approaches 100%. Post-

industrial waste may include or be derived from: type C fly ash (FAC), type F fly ash,

uncategorized fly ash, steel slag, blast furnace slag (BFS), other metal purification slag,

expanded perlite by-product, flu gas desulphurization, lime kiln dust (LKD), cement kiln dust or

any combination thereof. However, as the recycled waste content increases, it is preferred that

the type C fly ash content be kept below 50%, because higher concentrations of fly ash may

degrade the physical properties required of wallboard applications. A variety of one or more pH
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limited to the following: oxides, hydroxides, carbonates, silicates or aluminates; calcium oxide,

magnesium oxide, potassium hydroxide, sodium hydroxide, calcium hydroxide, calcium

carbonate, potassium carbonate, sodium carbonate, sodium sesquicarbonate, sodium silicate,

calcium silicate, magnesium silicate or calcium aluminate.

[0035] Different Applications and Use of Post-Industrial Waste Like Materials

[0036] Several U.S. Patents have described the use of some of the aforementioned post-

industrial waste in the development of cementitious applications. It shall be understood that any

of the waste components disclosed in the following patents, which are incorporated by reference

in their entirety, may be utilized with various aspects of the invention herein. For example, U.S.

Patent No. 5,435,843 discusses a cement composed of type C fly ash and an alkali metal

activator for mortar and concrete applications. U.S. Patent No. 4,997,484 requires the same with

the addition of citric acid hi both patents there is no mention of wallboard applications or

consideration of post-industrial wastes other than type C fly ash. U.S. Patent No. 5,714,003

expands the scope to use any sub-bitumous fly ash, and requires potassium carbonate, citric acid

and retarding agent for general cement applications, but again contains no mention of wallboard

applications. U.S. Patent No. 5,084,102 considers another post-industrial waste, blast furnace

slag, as an ingredient for a ready-to-use dry powder that when combined with water can be used

in concrete constructions, products or parts. For the most part, concrete applications do not align

with wallboard applications due to the impossibility or lack of necessity for wallboard to include

large or small aggregate due to weight limitations and practical considerations.

[0037] Furthermore, U.S. Patent No. 3,700,470 describes a similar mixture of a ceramic

filler, specifically powder station fly ash, blast furnace slag, pumice, red mud waste or sand

fines, along with a powdered metal to make solid shapes, which could expand to wallboard-type

applications. However this patent includes the additional requirement of an aqueous sodium

silicate and heat to cure. As mentioned above, the wallboards provided in accordance with the
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heat. Moreover, low embodied energy wallboards provided herein preferably exclude sodium

silicate due to the fact that a manufacturing process which includes such materials release carbon

dioxide (a green house gas) by combining sodium carbonate and silicon dioxide.

[0038] While cement boards have been described in the prior art using both Portland cement

and using, in part, calcined magnesia (such as in U.S. Patent No. 4,003,752), these boards have

several important differences in comparison to wallboards including weight, processing and

score/snap capability. These boards are not manufactured using a naturally occurring exothermic

reaction.

[0039] U.S. Patent No. 6,7 16,293 describes a wallboard comprised of 60%-66% fly ash,

without requiring other post-industrial waste products. Such wallboards however could be too

heavy compared to standard wallboards available today, and may not meet all of the

requirements of standard wallboard. Because the low embodied energy wallboards provided in

accordance with the invention contain a much higher total percentage of recycled content

(typically about >85% by weight), the amount of fly ash which can be accommodated is much

less, typically less than approximately 50%, and often less than approximately 30%. It has been

found that keeping fly ash content to less than approximately 30%, and in some embodiments

approximately 0%, while combining the post-industrial waste materials used in the manufacture

of the wallboard, can achieve an optimum property in new wallboards provided herein. That is,

with substantially zero percent (0%) by weight fly ash in a wallboard, the expansion of the

wallboard due to changes in the properties of the post-industrial waste in the wallboard as a

function of time is no more than approximately one tenth of one percent (0.1%.)

[0040] Some properties of the low embodied energy wallboards provided in accordance with

the invention can be modified with an increased loading of fly ash. This can be shown below in

accordance with ASTM testing methods. For example, as the fly ash (fly ash Type C, FAC /
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and compressive strength may become optimal or more preferable for certain applications.
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FAC Loading
% % % % %

FAC 10.00 20.00 30.00 40.00 50.00
BFS 53.23 47.32 4 1 .40 35.49 29.57
LKD 2 1 .09 18.75 16.40 14.06 11.72
pH Modifier 15.68 13.94 12.20 10.45 8.71

[0041] Some properties of other low embodied energy wallboards provided in accordance

with other embodiments of the invention can be modified with an increased loading of slag (blast

furnace slag). For example, as the slag (BFS / Baltimore, MD) content approaches 0%, the edge

hardness, core hardness, flexural strength and compressive strength may become optimal or

more preferable for certain applications.
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Slag Loading 1 2 3 4 5
% % % % %

BFS 10.00 20.00 30.00 40.00 50.48
LKD 36.35 32.31 28.27 24.23 20.00
pH Modifier 27.03 24.02 21.02 18.02 14.87
FAC 26.63 23.67 20.71 17.75 14.65

[0042] Furthermore, U.S. Patent No. 6,391,398 describes wallboard containing expanded

perlite and synthetic binder. The perlite mentioned should not to be confused with perlite b y

product, a waste produced during the production of such expanded perlite. Due to the high

temperatures perlite rock endures in order to expand to the light-weight perlite product as

mentioned in this patent, the disclosed wallboard uses the perlite by-product, a much smaller

particle size perlite, which is considered not useful and would otherwise be disposed of in a

landfill.
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[0044] In making low embodied energy wallboard in accordance with the invention, it may

be preferable to combine powdered post-industrial waste along with other powdered additives.

These additives include agents or compounds for retarding, accelerating or modifying pH.

Moreover, reactionary or adhesive components can be also added or mixed together at the start

of a particular manufacturing process or processes selected to be used to form the low embodied

energy wallboard or wallboards herein. Prior to the addition of liquids, such as water, this mix

of powders may be referred to or called the "dry mix."

[0045] The resulting low embodied energy wallboard products herein may depend on the

naturally occurring remaining composition of industrial processing of mined raw materials to

form a self-hardening (exothermic) reaction. When harnessed effectively, hydration will initiate

a self-hardening reaction within these "waste" materials. Because low embodied energy

wallboards may incorporate by-products that are not manufactured for specific chemical

composition or further industrial use, each source can have a unique makeup when compared to

other sources of the same material. Thus it is preferable or often times necessary to optimize

with the specific chemical composition of each unique source for the best or desired combination

of waste materials in wallboard end products.

[0046] The typical compositions of considered post-industrial waste materials follow,

however these ranges are not representative of all waste material sources that may be considered

useful in the low embodied energy wallboards:
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Fly Ash Type F



Blast Furnace Slag

Steel Slag
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Lime Kiln Dust



Cement Kiln Dust

[0047] Exothermic Reactions and Related Factors

[0048] In the processes of this invention, an exothermic reaction between the primary

wallboard components (e.g., post-industrial waste combination, pH modifiers and water)

naturally generates heat. As a result, a series of chemical reactions can be initiated to form

cementitious components within the recycled material. The exothermic reactions discussed here

can use many of kinds of pH modifiers or pH modifying agents, which are well known in the

industry as well as the minerals from which they are derived. Such pH modifying agents include

calcium oxide, magnesium oxide, potassium hydroxide, sodium hydroxide, calcium hydroxide,

calcium carbonate, potassium carbonate, sodium carbonate, sodium sesquicarbonate (natural

Trona ore), sodium silicate, calcium silicate, magnesium silicate or calcium aluminate to name a

few.
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many factors including the total composition of slurry, the fillers in the slurry, the amount of

water or other liquids in the slurry, the addition of a water reduction agent or the addition of a

retarder or accelerator. Retarders can be added to slow down a reaction and may include any one

or more of the following: boric acid, borax, sodium tripolyphosphate, sodium sulfonate, citric

acid and many other commercial retardants common to the industry. Accelerators can be added

to speed up the reaction and can include any one or more of the following materials such as

sodium carbonate, potassium carbonate, potassium hydroxide, aluminum hydroxide, sodium

hydroxide, calcium hydroxide, calcium chloride, calcium oxide, calcium nitrate, potassium

nitrate, sodium trimetaphosphate, calcium formate, triethanolamine, Portland cement and other

commercial accelerators common to the industry. Ideally one should avoid the addition of

Portland cement due to its high embodied energy. Water reducers, sometimes called dispersants,

are liquid additives that may inhibit flocking of particles so that good particle distribution can be

obtained without making additional water necessary. Water reducing agents are also well known

in the industry, and examples include polysaccharides, lignosulfonates, napthlenesulfonates and

polycarboxylates. These and other factors or additives may control or otherwise affect the

reaction time for the exothermic reactions resulting from the manufacturing of building materials

provided herein.

[0050] Figure 2 is a basic flow diagram illustrating methods of manufacturing wallboards

provided in accordance with another aspect of the invention. The simplicity of some these

process can be appreciated in that Figure 2 shows two steps: Step 201 - mixing the dry mix with

water; and Step 202 - forming the wallboards from the slurry. The wallboards can either be

formed in molds or formed using a conveyor system of the type used to form gypsum wallboards

and then cut to the desired size as more fully described in many of the references identified

above.



s s own in e process o igure , w i e a s urry starts t ickening quickly, an

exothermic reaction can proceed to heat the slurry, and eventually the slurry sets into a hard

mass. Typically maximum temperatures during the exothermic reaction of 35°C to 55°C have

been observed depending on content and size of mix. The resulting hardness can also be

controlled by the amount of naturally occurring fillers found in the post-industrial waste, and can

vary from extremely hard and strong to soft (but dry) and easy to break. Other parameters such

as set time, strength required to remove the boards from molds or from a continuous slurry line,

can be varied from twenty (20) seconds to days, depending on the additives or fillers. For

instance, boric acid can extend a set time from seconds to hours where powdered boric acid is

added to the binder in a range of 0% (seconds) to 4% (hours). While a set time of twenty (20)

seconds can lead to extreme productivity, the slurry may begin to set too soon for high quality

manufacturing, and thus the set time should be adjusted to a longer period of time typically by

adding boric acid or other applicable retarder. Other additives and factors described elsewhere

herein can be utilized to control or manipulate set times.

[0052] Many different configurations of materials may be provided in accordance with this

invention. Such materials may result in improved strength, hardness, score/snap capability,

paper adhesion, thermal resistance, weight and fire resistance. The resulting post-industrial

waste mixtures herein can be compatible with many different additives including cornstarch,

wheat starch, tapioca starch, potato starch, synthetic starch, naturally-occurring minerals,

ceramic microspheres, foam, fibers and other low-embodied energy materials. Uncalcined

gypsum may also be used as a filler but is not required to form a cementitious wallboard core.

By carefully choosing low-energy, plentiful, biodegradable materials as additives, such as those

listed above, preferable wallboards can be manufactured that begin to take on the characteristics

of gypsum wallboard. These characteristics (weight, structural strength so as to be able to be

carried, the ability to be scored and then broken along the score line, the ability to resist fire, and

the ability to be nailed or otherwise attached to other materials such as studs) are important to the



mar e p ace an are require o ma e e pro uc a commercia success as a gypsum wal oar

replacement.

[0053] Cornstarch (made from corn endosperm), wheat starch (by-product of wheat gluten

production), tapioca starch (extracted from tapioca plant roots), and potato starch (extracted from

potato plant roots) are plentiful and non toxic and can enhance paper adhesion. Synthetic

starches are polysaccharides (sugar based polymers) that may be substituted for a similar

polymer adhesive such as polyvinyl alcohol. Ceramic microspheres can reduce the weight of

materials as well as increase thermal and fire resistance of the wallboards that incorporate these

materials. Biofibers (i.e. biodegradable plant-based fibers) are used for tensile and fiexural

strengthening in this embodiment; however other fibers, such as cellulose, glass or recycled-

materials, may also be used. The use of specialized fibers in cement boards is disclosed in U.S.

Patent No. 6,676,744 (incorporated by reference herein) and is well known to those practicing

the art.

[0054] While preferable embodiments of the invention are described by way of the following

examples, it will be obvious to those skilled in the art that such embodiments are for illustrative

purposes. Numerous variations, changes, and substitutions will occur to those skilled in the art

without departing from the scope of the invention. It shall be understood that different aspects of

these examples can be appreciated separately, collectively or in combination with each other or

other embodiments of the invention described herein.

Example 1

[0055] In one embodiment of the present invention, a dry mix of powders is prepared by

mixing ground blast furnace slag, kiln dust, fly ash, pH modifier, accelerator and fibers to form

the dry mix. Then, water containing a liquid dispersant is added to the dry mix followed by the

addition of generated foam resulting in the following materials by approximate weight in

percentages:



Kiln Dust 21.8%

Fly Ash Type C 14.9%

pH Modifier 11.8%

Accelerator 1.1%

Fibers 0.2%

Foamer 0.3%

Water Reducer 0.1%

[0056] Slag, kiln dust and fly ash type C combine for a total post-industrial waste content of

86.4% and the self-reacting hardening process begins, which in this case is started by the pH

modifier, powdered sodium sesquicarbonate which is derived from natural trona ore. Water,

equivalent to 46.2% of the above materials by weight, is added to form a slurry or generate foam.

Along with the foam, the unreacted components materials form a filler in the slurry. The fibers

add flexural strength to the core when the slurry has hardened. For increasing the output of

production machinery, aluminum hydroxide is an accelerator used to speed up the exothermic

reaction and thus speed up the setting of the slurry. Mixers of many varieties may be used, such

as a pin mixer or continuous mixer, provided the mix can be quickly removed from the mixer

prior to hardening.

[0057] The foam is premixed separately with water (typically in a foam generator) in a

concentration of one-tenth of one percent (0.1%) to 5% foamer agent (a soap or surfactant) by

weight to the combination of foamer and water, depending on the desired elasticity. In the above

embodiment (Example 1) twenty-five hundredths of one percent (0.25%) foamer agent by weight

of the resulting combination of water and foamer is used. The gypsum wallboard industry

typically uses two-tenths of one percent (0.2%) foamer agent by weight. The resulting foam is

added to the wet mix and as shown in Example 1 above. In this example, the foam is nine

percent (9%) by weight of the total weight of the entire mix. The amount of foam depends on

the desired density and strength of the hardened core, with .1%-15% foam by weight being

optimal.
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5,240,639, U.S. Pat. No. 5,158,612, U.S. Pat. No. 4,678,515, U.S. Pat. No. 4,618,380 and U.S.

Pat. No. 4,156,615, which are incorporated by reference herein. The use of such agents is well

known to those manufacturing gypsum wallboard and other cementitious products.

[0059] The slurry may be poured onto a paper facing, which can be wrapped around the

sides as in a standard gypsum process. However, versions may be made with or without paper

on one or both sides.

[0060] The exothermic reaction will begin almost immediately after removal from the mixer

and continue for several hours, absorbing a portion of the water into the reaction. Boards can be

cut and removed in less than thirty (30) minutes, and often less than five (5) minutes depending

on requirements and handling equipment available. All of the water has not yet been used in the

reaction, and some absorption of the water will continue for many hours. Within twenty-four to

forty-eight (24-48) hours, the majority of water has been absorbed, with evaporation occurring as

well. When paper facing is used, it is recommended that the boards be left to individually dry

for 24 hours so as to reduce the possibility of mold forming on the paper. This can be

accomplished on racks or spacers at room temperature with no heat required. Drying time may

be faster at higher temperatures and slower at lower temperatures above freezing. Temperatures

above 800F were tested but not considered since the design targets a low energy process.

Residual drying will continue to increase at higher temperatures, however it is not beneficial to

apply heat (above room temperature) due to the need of the exothermic reaction to utilize the

water that would thus be evaporated too quickly. While the exothermic reaction will occur

below freezing, the residual water will be frozen within the core until the temperature rises above

freezing.

[0061] The resulting boards (finished product) may have strength characteristics similar to or

greater than the strength characteristics of gypsum wallboards, and can be easily scored and

snapped in the field. High density boards which are often used for tile backing and exterior
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this invention such as low weight, satisfactory score and snap characteristics, and paper facing.

Example 2

[0062] In another embodiment, the same amounts of dry powders and liquids as in Example

1 are mixed together in the same proportions, but the amount of accelerator added is doubled. In

this case, the reaction occurs much more rapidly such that the boards may be cut and removed in

under 2 minutes.

Slag 49.25%

Kiln Dust 21.55%

Fly Ash Type C 14.74%

pH Modifier 11.67%

Accelerator 2.20%

Fibers 0.20%

Foamer 0.30%

Water Reducer 0.10%

Example 3

[0063] In another embodiment, the same proportions of materials as in Example 1 are mixed

together, but the foam is substituted with ceramic microspheres, which are hollow spheres

derived from fly ash. This produces a board of increased strength and weight. This board

utilizes even more recycled materials and thus may cater even more to national environmental

building rating systems such as LEED, developed by the United States Green Building Council.

Slag 49.80%

Kiln Dust 21.80%

Fly Ash Type C 14.90%

pH Modifier 11.80%

Accelerator 1.10%



ers .

Microspheres 0.30%

Water Reducer 0.10%

Example 4

[0064] In another embodiment, a board is made for exterior use (which may be a substitute

for cement board or high density gypsum board) by removing the foam, and thus in the core of

the to-be-formed wallboard. The fiber reinforcement is also doubled to offer more

environmental resistance and flexural strength. This gives to the resulting low embodied energy

wallboard additional strength and water resistance. In addition, in this embodiment, no paper

facing or wrap is used because the wallboard will be exposed to the environment. The

ingredients of this embodiment are as follows:

Slag 49.95%

Kiln Dust 21.87%

Fly Ash Type C 14.94%

pH Modifier 11.84%

Accelerator 1.10%

Fibers 0.20%

Water Reducer 0.10%

[0065] Water, equivalent to 46.2% of the above materials by weight, is then added to form a

slurry.

[0066] The processing of the slurry may occur using several different techniques depending

on a number of factors such as quantity of boards required, manufacturing space and familiarity

with the process by the current engineering staff. The normal gypsum slurry method using a

conveyor system, which is a continuous long line that wraps the slurry in paper, is one

acceptable method for fabricating the low embodied energy wallboards of this invention. This

process is well known to those skilled in manufacturing gypsum wallboard. Also the Hatscheck
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manufacture the wallboards of this invention, specifically those that do not require paper facing

or backing, and is well known to those skilled in the art of cement board manufacturing.

Additional water is required to thin the slurry when the Hatscheck method is used because the

manufacturing equipment used often requires a lower viscosity slurry. Alternatively as another

manufacturing method, the slurry may be poured into pre-sized molds and allowed to set. Each

board can then be removed from the mold, which can be reused.

[0067] Also, due to the inherent strength that can be achieved with a higher reactionary

waste material composition to waste-based filler ratio, other cementitious objects can be formed

which can be used in construction or potentially other fields. These objects may not be in the

form of panels but could be in the form of any cementitious objects normally made using

Portland cement. Such objects can be poured and dry quickly, setting within a few minutes

either in molds or on site.

[0068] While each of aforementioned examples include type C fly ash as a component, an

additional advantage provided by the invention is that the all or some of the fly ash used can be

eliminated and replaced with slag or other waste materials to provide other alternate

embodiments. The quality of the resulting product can remain substantially the same as if the

product contained fly ash. This is shown below in accordance with ASTM testing methods. As

the lime kiln dust content (LKD / PA) increases, the edge hardness, core hardness, fiexural

strength and compressive strength can become optimal. Depending on source-specific chemical

compositions of each waste material, it can be preferred to substitute type C fly ash with lime

kiln dust in some of the low embodied energy wallboards provided herein.
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Compressive strength
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LKD Loading
% % % % %

LKD 10.00 20.00 30.00 40.00 50.00
BFS 56.79 50.48 44.17 37.86 3 1 .55
pH Modifier 16.73 14.87 13.01 11.15 9.29
FAC 16.50 14.67 12.84 11.00 9.17

[0069] It should be understood from the foregoing that, while particular implementations

have been illustrated and described, various modifications can be made thereto and are

contemplated herein. It is also not intended that the invention be limited by the specific

examples provided within the specification. While the invention has been described with

reference to the aforementioned specification, the descriptions and illustrations of the preferable

embodiments herein are not meant to be construed in a limiting sense. Furthermore, it shall be

understood that all aspects of the invention are not limited to the specific depictions,

configurations or relative proportions set forth herein which depend upon a variety of conditions

and variables. Various modifications in form and detail of the embodiments of the invention will

be apparent to a person skilled in the art. It is therefore contemplated that the invention shall

also cover any such modifications, variations and equivalents.



WHAT IS CLAIMED IS:

1. A wallboard comprising:

at least one post-industrial waste products selected from the group consisting of: steel

slag, blast furnace slag, metal purification slag, expanded perlite by-product, lime kiln dust,

cement kiln dust; and

at least one pH modifier.

2 . The wallboard of claim 1 wherein said pH modifier comprises one or more

materials selected from the group consisting of:

calcium oxide, magnesium oxide, potassium hydroxide, sodium hydroxide, calcium

hydroxide, calcium carbonate, potassium carbonate, sodium carbonate, sodium sesquicarbonate,

sodium silicate, calcium silicate, magnesium silicate or calcium aluminate.

3. The wallboard of claim 1 further comprising water.

4. The wallboard of claim 1 wherein the post- industrial waste comprises

approximately 60 percent (60%) or more of the total weight of the wallboard.

5. The wallboard of claim 1, further comprising fibers selected from the group

consisting of:

biofibers, nylon, fiberglass, cellulose and recycled petroleum waste.

6. The wallboard of claim 1 further comprising a filler of foam.

7. The wallboard of claim 1 further comprising less than fifty percent (50%) by

weight of fly ash.

8. The wallboard of claim 1 further comprising paper on one or both sides.



9. A wallboard comprising:

at least one paper outer layer covering a core containing at least one post-industrial waste

product, said post-industrial waste products selected from the group consisting of: fly ash, steel

slag, blast furnace slag, metal purification slag, expanded perlite by-product, lime kiln dust, and

cement kiln dust, and wherein the core has a fly-ash content that is less than 50% by weight;

water; and

at least one pH modifying agent.

10. The wallboard of claim 9 wherein said pH modifying agent comprises one or

more materials selected from the group consisting of:

calcium oxide, magnesium oxide, potassium hydroxide, sodium hydroxide, calcium

hydroxide, calcium carbonate, potassium carbonate, sodium carbonate, sodium sesquicarbonate,

sodium silicate, calcium silicate, magnesium silicate or calcium aluminate.

11. A low embodied energy wallboard comprising: a wallboard core having at least

5% lime kiln dust by weight.

12. The wallboard of claim 11 further comprising paper on one or both of said sides.

13. The wallboard of claim 11 further comprising a filler of foam.

14. The wallboard of claim 11 further comprising blast furnace slag.

15. The wallboard of claim 11 further comprising water and at least one pH

modifying agent selected from the following group:

calcium oxide, magnesium oxide, potassium hydroxide, sodium hydroxide, calcium

hydroxide, calcium carbonate, potassium carbonate, sodium carbonate, sodium sesquicarbonate,

sodium silicate, calcium silicate, magnesium silicate or calcium aluminate.



16. A method of fabricating a building material where fly-ash is less than 50% by

weight, comprising:

forming an initial slurry comprising at least one post-industrial waste products, said post-

industrial waste products being selected from the group consisting of fly ash, steel slag, blast

furnace slag, metal purification slag, expanded perlite by-product, lime kiln dust, cement kiln

dust;

adding to said initial slurry at least one pH modifier; wherein said pH modifier comprises

one or more ingredients selected from the group consisting of: calcium oxide, magnesium oxide,

potassium hydroxide, sodium hydroxide, calcium hydroxide, calcium carbonate, potassium

carbonate, sodium carbonate, sodium sesquicarbonate, sodium silicate, calcium silicate,

magnesium silicate or calcium aluminate;

adding water to said initial slurry; and

allowing the initial slurry to set.

17. The method of claim 16 further comprising a step of: cutting the set slurry to a

desired shape.

18. The method of claim 16 further comprising a step of: adding a retarder material to

the slurry to increase the time taken for the slurry to set.

19. The method of claim 16 further comprising a step of: adding an accelerator

material to the slurry to decrease the time taken for the slurry to set.

20. The method of claim 16 further comprising a step of: pouring the slurry into a

mold of desired shape.

21. A substantially gypsum free wallboard comprising:
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and fly ash; water and

a pH modifying agent.
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