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FIBER CEMENT BUILDING MATERIALS
WITH LOW DENSITY ADDITIVES

Background of the Invention

Field of the invention

This invention relates to building materials and methods for making the same, and mere particularly to the

addition of low density additives (LDA) into cementitious cellulose fiber-reinforced building materials.

v Description of the Related Art

Fiber-reinforced cement (FRCY p@ﬁducts such as water-resistant building sheets have been used for building
since 1895. In recent histo}y r'éi.r'l'fbrciﬁg? fibers used in such products have included not only asbestos fibers, but also
cellulose fibers -(sée Australian Patent No. 515151}, metal fibers, glqss fibers and other natural and synthetic fibers.
Typically, the density of such building sheets is from about 1.2-1.7 gicm’, the variation in density typically being
achievable by compression and dewatering of the fiber cement slurries used in manufacture and by varying the amount
of fiber used. At these densities, the cement based matrix has few voids, which results in lower water absorption
which has usually been considered necessary for good durability performance of cement matrices.

The densities of fiber cement described above mean the products are heavier than timber based products of
equal dimension and have reduced workability. Workability encompasses the ease with which the board is handled and
installed. Therefore, fiber cement building products are more difficult to cut, machine and nail than timber and timber
based products. In this regard, the density of natural timber sheets typically ranges from about 0.7-0.9 glcrri3 for dry
hardwoods and from about 0.38-0.6 g/cm® for dry softwoods. Thus, a density-modified fiber cement material with
density similar to timber may be expected to improve workability and enable lighter, more nailable, easier to cut and
easier to machine products to be manufactured. However, this would have to be achieved while retaining the
durability, fire resistant, rot proof and water resistant properties of fiber cement if the density maodified fiber cement is
to be used in the same range of applications.

Prior art describes how lightweight inorganic powders can be added as density modifiers in cement or fiber-
reinforced cement materials. Low density additives for FRC products are defined as having a loose bulk density of
about 0.8 glcm?® {about 50 Ibs./cu.ft.) or less. The typical low density additives (LDA) used include low bulk density
calcium silicate hydrates (CSH), expanded polystyrene beads (EPS), expanded vermiculite, expanded perlite, expanded
shale, and expanded clay. The density modification of cement-based materials with such inorganic particles is
primarily achieved by introducing porosity into the material. Typically, the pore spaces are filled with water when the
material is submerged in water or exposed to rain for a length of time. This causes these materials to have poorer wet
to dry dimensional stability (moisture resistance), a higher saturated mass, and poor freeze-thaw resistance.

Accordingly, there is a need for a lightweight FRC building material and method for manufacturing the same
with improved wet to dry dimensional stability over that of typical density modified products. Secondly, the

lightweight building material should maintain similar wet to dry dimensional stability as that of FRC products without
-1-
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density modifiers if the density modified material is to be used in the same range of applications. In addition, it is
highly preferred in some applications that the material also have a low saturated mass, good freeze-thaw resistance,
and high temperature dimensional stabifity. Finally, it is also desirable to have a FRC building product where lower
ranges of densities closer to that of timber and timber based products can be achieved with improved durability.

Summary of the Invention

Two low density additives have been evaluated that have properties more desirable to FRC building materials
than typical low density additives. These two low density additives are volcanic ash and hollow ceramic microspheres.
One embodiment of the invention includes the addition of volcanic ash (VA) into an FRC building material. A second
embodiment comprises the addition of hollow ceramic microspheres (microspheres) into the FRC building material. A
third embodiment incorporates the blending of microspheres with voicanic ash and/or other typical low density
additives into the FRC building material. The third embodiment with the blend of microspheres and VA andjor other
low density additives may be more preferable than the first embodiment with the introduction of volcanic ash by itself.
The second embodiment with the addition of microspheres by themselves may be more preferable than either the first
or third embodiments as described above, depending on the properties being considered for a particular application.

Compared to current FRC products, one advantage of the first embodiment with volcanic ash is that it
provides the product with low densities and improved workability at an economical price, as well as improved
dimensional stability over that of typical low density additives.

The second embodiment encompasses the addition of microspheres in fiber-cement products. Compared to
current FRC products, the benefits of adding microspheres include the low density and improved workability of the
product without increased moisture expansion or freeze-thaw degradation associated with the addition of lightweight
inorganic materials to FRC mixes. Moreover, the addition of microspheres provides improved thermal dimensional
stability for FRC material.

The third embodiment relates to the addition of microspheres in combination with VA and/or other typical low
density additives in FRC material. Blending microspheres with other low density additives is advantageous because
lower density FRC products can be achieved with less weight percent addition (as compared to microspheres only) due
to the lower densities of VA and other typical LDA relative to microspheres. This also enables fiber cement products to
achieve lower density ranges to further improve workability, while microspheres minimize the adverse effects typical
jow density additives have on wet-to-dry dimensional stability and overall durability.

Thus, in one aspect of the present invention, a building material is provided comprising a fiber-reinforced
cement formulation and a low density additive incorporated into the formulation. The addition of the low density
additive to the formulation lowers the density of the building material as compared to a building material having an
equivalent fiber-reinforced cement formulation without the low density additive, while at the same time the building
material with the low density additive has less than about a 20% increase in moisture expansion as compared to a
building material having an equivalent fiber-reinforced cement formulation without the low density additive. More

preferably, the addition of the low density additive to the formulation lowers the density of the building material as
2.
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compared to a building material having an equivalent fiber-reinforced cement formulation without the low density
additive, while at the same time the low density additive either maintains or decreases the moisture expansion of the
building material as compared to a building material having an equivalent fiber-reinforced cement formulation without
the low density additive. The density of the building material is preferably about 1.2 glem® or less.

In another aspect of the present invention, a building material formulation is provided to form a building
product. The formulation comprises a hydraulic binder, an aggregate, fibers and volcanic ash. In one embodiment, the
volcanic ash improves the workability and lowers the density of the final building product by more than about 10% as
compared to a building product made from an equivalent formulation without volcanic ash. In another embodiment, the
formulation with volcanic ash has a negligible difference in the moisture expansion of the final product whereby the
product either maintains or increases moisture expansion by less than about 20% as compared to a building product
made from an equivalent formulation without volcanic ash. For the degree of density modification achieved, this
moisture movement increase is surprisingly low. With nominally the same formulation ingredients, it has been found
that the differences in moisture expansion for volcanic ash formulations exist. Such differences are primarily due to
fluctuations in the surface area of raw materials.

in another aspect of the present invention, a method of forming a low density building material is provided.
Hydraulic binder, aggregate, volcanic ash and water are mixed to create a slurry. The slurry is processed into a green
shaped article. The green shaped article is cured to form the low density building material. In one embodiment, the
article is cured by autoclaving. In another embodiment, the low density building material formed has a density of about
1.2 glem?® or less, and a moisture expansion of about 0.17% or less.

In another aspect of the present invention, a building material formulation comprises a hydraulic binder, an
aggregate, fibers and hollow ceramic microspheres. The final building material has a density of about 1.2 glem® or
less. In one embodiment, about 4.1%-15% cellulose fibers are provided in the formulation. In one preferred
embodiment, the microspheres lower the density of the final building product by more than about 15%, even more
preferably more than about 30%, as compared to a building product made from an equivalent formulation without
microspheres. In another embodiment, the microspheres decrease the moisture expansion of the final product as
compared to a building product made from an equivalent formulation without microspheres, preferably by more than
about 5%, more preferably by more than about 10%. In one preferred embodimeﬁt, a combination of microspheres
with other additional low density additives such as volcanic ash andjor low bulk density CSH are provided in the
formulation.

In another aspect of the present invention, a method of forming a low density building material, comprising
mixing hydraulic binder, aggregate, fibers, hollow ceramic microspheres and water to create a slurry. The slurry is
processed into a green shaped article. The green shaped article is cured to form the low density building material. The
resulting building material has a density of about 1.2 glcm® or less. In one embodiment, more than about 4% fibers are
mixed to create the slurry. In another embodiment, the article is cured by autoclaving.

Brief Description of the Drawings
3-
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FIGURE 1 is a graph of MIP pore size distribution for a Hatschek manufactured board with and without
hollow ceramic microspheres after freeze-thaw testing.

FIGURE 2 is a graph of BET pore size distribution for a Hatschek manufactured board with and without
hollow ceramic microspheres after freeze-thaw testing.

FIGURE 3 is an SEM photograph illustrating a Hatschek manufactured board with 10 wt.% hollow ceramic
microspheres showing no degradation after 147 freeze-thaw cycles.

FIGURE 4 is a graph illustrating the relationship between low density additive addition, density and strength.

Detailed Description of the Preferred Embodiments

The preferred embodiments of the present invention describe a fiber-reinforced cement building material
incorporating at least one of two low density additives, hollow ceramic microspheres and/or volcanic ash. It will be
appreciated that these additives may be used not only for the types of building materials described herein (i.e., fiber-
reinforced materials), but may be used for other building materials as well. In addition, various combinations of
microspheres and/or volcanic ash with other density medifiers are also contemplated to lower the density and improve
the overall performance of the building material. Furthermore, other low density additives similar to hollow ceramic
microspheres and volcanic ash that achieve the properties of lowering density while maintaining or decreasing moisture
expansion of the final product, as well as improving workability, durability and other properties (as discussed below),
are also contemplated as being within the scope of this invention.

1. First Embodiment - Velcanic Ash

In a first embodiment, this invention relates to the addition of volcanic ash into cementitious cellulose fiber
reinforced building materials. Volcanic ash is also commonly referred to as “airborne perlite”, “pumice” or “pumicsite”.
Volcanic ash is typically a natural glass derived from the magma of volcanoes during an eruption. Volcanic ash is a
refatively lightweight sand sediment formed by the cooling of high temperature magma, giving rise to a material
comprising about 30 wt.% crystalline minerals and 70 wt.% amorphous volcanic ash glass. It has a typical bulk
density of about 25-75 Ibs.Jcu.ft. Usually this velcanic ash is expanded with the introduction of heat to change the
morphology and achieve a lighter material with a typical bulk density ranging from about 2-25 Ibs./cu.ft. Expanded
volcanic ash can have a wide range of particle sizes from less than about 10 microns up te about 425 microns, with
median particles sizes ranging between about 20 to 100 microns. The chemical composition primarily consists of silica
{Si0,), alumina (Al,0,), and potassium oxides (K,0).

Volcanic ash or expanded velcanic ash is available through suppliers such as Tufflite Inc. of Phoenix, AZ;
California Industrial Minerals of Friant, CA; US Pumice of Chatsworth, CA; Amcor Precast of Idaho Falls, ID; Hess
Pumice Products of Malad City, ID; Kansas Minerals Inc. of Mankato, KS; Calvert Corporation of Nerton, KS; Copar
Pumice Company of Espancla, NM; C.R. Minerals of Santa Fe, NM; Utility Block of Alburquergue NM; and Cascade
Pumice of Bend, OR.

One preferred formulation of the first embodiment of the present invention comprises a hydraulic binder,

aggregate, fiber, volcanic ash and additives. The hydraulic binder is preferably Portland cement but can also be, but is
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not limited to, high alumina cement, lime, ground granulated blast furnace slag cement and gypsum plasters or
mixtures thereof. The aggregate is preferably ground silica sand but can also be, but is not limited to, amorphous
silica, diatomaceous earth, rice hull ash, blast furnace slag, granulated slag, steel slag, mineral oxides, mineral
hydroxides, clays, magnasite or dolomite, polymeric beads, metal oxides and hydroxides, or mixtures thereof. The fiber
is preferably cellulose wood pulp but can also be, but is not fimited to, ceramic fiber, glass fiber, mineral wool, steel
fiber, and synthetic polymer fibers such as polyamides, polyester, polypropylene, polymethylpentene, polyacrylonitrile,
polyacrylamide, viscose, nylon, PVC, PVA, rayon, glass ceramic, carbon or any mixtures thereof. The additives can
include, but are not limited to, silica fume, geothermal silica, fire retardant, thickeners, pigments, colorants,
plasticisers, dispersants, foaming agents, flocculating agents, water-proofing agents, organic density modifiers,
aluminum powder, kaolin, alumina trihydrate, mica, metakaolin, calcium carbonate, wollastonite, polymeric resin
emulsions, or mixtures thereof.

Volcanic ash can be used in a variety of building products all having different proportions of hydraulic binder,
aggregate, volcanic ash and additives to obtain optimal properties for a particular application (e.g., siding, roofing, trim,
soffit, backerboard for tiie underfay, etc.). It will be appreciated that the percentage of voicanic ash may be varied
depending on the desired application. One preferred composition may include about 5%-80% Portland cement, about
0%-80% silica, about 4.1%-15% cellulose, about 0%-10% additives and about 2%-50% volcanic ash. One particular

example of a typical formulation with volcanic ash is as follows:

Portland Cement (binder) 28%

Silica (aggregate) 54%
Cellulose (fiber) 7%

Metal Hydroxide (additive) 4%

Volcanic Ash {LDA) 7%.

Preferably, the cement and silica have a fineness index of about 200 to 450 m?kg. The fineness index for both
cement and silica is tested in accordance with ASTM C204-96a.
The material may be formed into a green shaped article from a waterborne mixture or slurry by a number of

conventional processes as would be known to one of skill in the art, such as the:

o Hatschek sheet process;
. Mazza pipe process;

. Magnani process;

. Injection molding;

J Extrusion;

. Hand lay-up;

o Molding;

. Casting;

. Filter pressing;
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. Flow on machine, roll forming, etc.
with or without post pressing. The processing steps and parameters used to achieve the final product using a
Hatschek process are described in Australian Patent No. 515151,

The material is preferably pre-cured for up to 80 hours, most preferably 24 hours or less, to establish the
formulation to set. The material is then air-cured {approximately 28 days) or more preferably, autoclaved at an
elevated temperature and pressure in a steam saturated environment at 120 to 180°C for 3 to 30 hours, most
preferably 24 hours or less. The length and time chosen for curing is dependent on the formulation, the manufacturing
process, and the form of the article.

Test Resuits
Density & Workability

The addition of volcanic ash in fiber cement materials lowers density and improves overall workability
properties at an economical price while reducing the moisture expansion observed with that of typical low density
additives. Products with volcanic ash are lighter, and therefore easier to handle, nail, and score and snap to the
desired dimensions. Formulations with volcanic ash also reduce edge cracking or crumbling (if any} when the board is
nailed close to the edge (e.g., 3/8-3/4"). Tables 1 and 2 below illustrate FRC fermulations and test results for these

formulations, more particularly demonstrating the advantages of adding volcanic ash to lower density and improve

workability.
Table 1- Formulations for Table 2 Test Results
Formula Portland |  Silica Cellulose Metal  Expanded
Identification Cement el ~ Hydroxide | Volcanic Ash
Hydraulic e |
Binder Aggregate | Fiber A:ﬂdlffva_
B 28.7 60.3 7.0 4.0
K 28.7 52.8 7.0 4.0 7.5
Table 2- Comparison of Properties With and Without Volcanic Ash

Test Method . | FormulationK' |

1L " VolcanicAsh |
0.D. Density
(glem’) 1.11 1.34
Nail Penetration® (Equilibrium conditions)’
mm. of nail in material 454 33.0
50 mm (2in.) = length of nail
Standard Deviation 1.1 1.0

' 7.5 wt. % of the aggregate from the control, Formulation B, has been displaced
by 7.5% Volcanic Ash for Formulation K.
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2 Equilbrium  conditions - samples are conditioned in a controlled atmosphereof 73+4°F
and 50x5%  humidity. Refer to text below for definition and description of nail

penetration test.
3 Refer to text below for definition and description of nail penetration test.

Table 2 above compares test results of 10" x 10 filter pressed prototype boards with and without volcanic
ash. Prototype boards are produced by mixing the desired formulation with a Hobart Mixer to form a homogenous
slurry. The slurry is then compressed between two steel dewatering plates at 3500 psi for one minute with a Wabash
Press (model # PC-75-4TM) to form a monolithic sheet. The slurry is supported with steel wire mesh screens (30 to
40 US mesh) placed underneath and on top of the slurry mix within the steel frame mold. The monlithic sheet is then
pre-cured for a minimum of about 12 hours and autoclaved at an elevated temperature and pressure in a steam
saturated environment at 150 °C for about 12 hours.

In Table 2, Formulation K with 7.5 wt.% volcanic ash lowers the density by about 17% from 1.34 g/lem’ to
1.11 g/em® when compared to an equivalent formulation, Formulation B, the control formulation without volcanic ash.
An equivalent formulation is herein defined as one in which the preferred LDA (e.g., volcanic ash) is displaced by an
equivalent percentage of binder, aggregate andjor additives, and more preferably is displaced by an equivalent
percentage of aggregate. This lowered density also improves the nailability, or ease of driving a nail into the board.
Testing showed an increase in nail penetration from 33.0 mm to 45.4 mm, where 50 mm represents the length of the
nail and therefore the maximum nail penetration attainable. Nail penetration testing consists of nailing a layered stack
of board using a Paslode Impuise” cordless framing hardware gun (positive placement) to ensure consistent nailing
pressure. The layered stack typically comprises % - %" thick board stacked to a height greater than the length of the
nail (2 in. or 50 mm). Senco 6d galvanized clipped head nails (part #GC21AABN) were used.

Thus, in one embodiment, as compared to a typical building sheet having a density of about 1.3 glcm?, the
building material formulation described above results in a final product having a density of less than about 1.2 glem’.
More preferably, the addition of volcanic ash to the building material formulation can preferably be adjusted to give a
final product density of about 1.2 glcm® or less, or about a 10% or more reduction in density as compared to an
equivalent formulation without volcanic ash. It is further contemplated that larger additions of volcanic ash will
further lower the density of the building preduct.

Wet-Dry Dimensional Stability

Cured fiber cement formulations with conventional density modifiers have increased moisture expansion and
increased moisture absorption on a percentage weight increase basis compared to FRC formulations with no LDA. One
advantage of the first embodiment over prior art is that the addition of volcanic ash attains the desired density and
workability with less moisture expansion than other conventional low density additives when introduced on a similar
weight percent basis. Wet-dry dimensional stability is desired in building products for quality and durability of the
installed product, especially in exterior applications subject to severe climatic changes. Good dimensional stability

minimizes any gaps that may open between sheets or lengths of building panel or plank. Good dimensional stability

-7-
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also reduces the likelihood of sheet cracking due to developed stress between the dimensionally changing panel or
plank and the supporting framework that the product is fastened.

Tables 3 and 4 below illustrate FRC formulations and test results for these formulations, more particularly
demonstrating the advantages of adding volcanic ash to lower density while minimizing moisture expansion typical of

other low density additives added on an equivalent weight basis.

Table 3- Formulations for Table 4 Test Results

Formula Portiand Silica Cellulose Metal Expanded | Expanded
Identification Cement Hydroxide: | Volcanic Perlite
Ash ;
"‘é‘i';::'r"’ Aggregate |  Fiber Additive LDA LDA
B 28.7 60.3 7.0 4.0
K 28.7 52.8 7.0 4.0 7.5
L 28.7 55.3 7.0 4.0 5.0
Table 4- Moisture Expansion' Comparison of Volcanic Ash & Perlite.
Formulation Description -.0.D. Moisture % Moisture.
' Density Expansion xpansion Increase from
: {glem®) % . Contral -
B? Control- No LDA 1.33 0.18 + 0.02
K 7.5% VA 1.11 0.17 + 0.02 -6.5
L 5% Perlite 1.22 0.22 + 0.02 22.2

! Moisture expansion is the change in product length from saturated te oven dry conditions. The % change
moisture expansion eguation is:
Length;,;,,

Length

—Length,,

x100.
Sfinal

2 Throughout this description of the preferred embodiments Formulation B is used for the control. However, as no
one sample incorporating Fermulation B is used for all of the tests, nominal differences may be found in the test
results for any one sample.

¥ 75 wt. % of the aggregate from the
by 7.5% Volcanic Ash for Formulation K.

control, Formulation B, has been displaced

Table 4 above displays test results of 107 x 10" filter-pressed prototype boards comparing formulations with
7.5 wt.% volcanic ash and 5.0% perlite (Harborlite 2000 from Harborlite Corp.), a typical low density additive.
Formulation L with 5.0% perlite has a 22.2% increase in moisture expansion from the control whereas Formulation K
with 7.5% volcanic ash actually shows a decrease of more than about 5% in moisture expansion from the control.

Thus, the addition of volcanic ash provides better dimensional stability than typical density modifiers at
equivalent or lower weight percent additions. This allows volcanic ash to achieve lower densities and better

workability properties with equivalent or higher additions of volcanic ash relative to conventional low density additives.
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More preferably, the addition of volcanic ash can be adjusted to show a negligible difference in moisture
expansion as compared to an equivalent formulation without volcanic ash. In one embodiment, the volcanic ash
preferably will increase the moisture expansion of the final product by less than about 20% compared to a building
product formed from an equivalent formulation without volcanic ash, and will more preferably decrease the moisture
expansion of the final product. In one preferred embodiment, the moisture expansion of a building product made from a
formulation having volcanic ash is about 0.17% or less.

2. Second Embodiment - Hollow Ceramic Microspheres

A second embodiment of this invention encompasses the addition of hollow ceramic microspheres into
cementitious cellulose fiber-reinforced building materials. This second embodiment with holiow ceramic microspheres
may be preferred over the first embodiment including volcanic ash because the addition of microspheres in FRC
materials has even better moistu;e resistance coupled with other durability advantages, including freeze-thaw
resistance, and thermal dimensional stahility. It will be appreciated that the preferred embodiments for the second
embodiment are not limited to these types of microspheres or building materials. Thus, other types of fillers and
building materials are also contemplated.

Microspheres can be natural, synthetic or a by-product. The material can be crystalline but is more typically
amorphous or glass. One preferred type of microspheres are hollow ceramic microspheres commonly known as
cenospheres. Cenospheres are a coal ash by-product that is typically separated from fly ash by a floatation process
where the spheres float to the surface of water from clarifiers, ponds or lakes. The microspheres are available, for
example, under the names Extendospheres’, Recyclospheres® and Zeeospheres®, and are available from suppliers such
as PQ Corporation of Chattanooga, Tennessee; Zeelan industries Inc./J3M of St. Paul, Minnesota; Sphere Service, Inc.
of Oak Ridge, Tennessee; and Advanced Cement Technologies (A.C.T.) of Blaine, Washington.

The microspheres have typical particle sizes ranging from about 12 to 300 microns, with median particle
sizes ranging about 80 to 120 microns. These sizes can, of course, vary between samples. The preferred
microspheres typically contain about 62-65% silica (Si0,), about 23-26% alumina (Al,0,) and about 3.0 to 4.0% iron
oxides (Fe,0,). When introduced into a building material, the microspheres introduce pores in the material that may not
readily fill with water, which is advantageous to the material because of a lower saturated mass, improved wet to dry
dimensional stability and improved freeze-thaw resistance.

One preferred formulation of the second embodiment comprises a hydraulic binder, aggregate, fiber, hollow
ceramic microspheres and additives. It will be appreciated that the various components of the preferred formulation
for the second embodiment can include any of the aforementioned materials listed for each component in the first
embodiment. The material may also be produced by a number of conventional processes and curing conditions as listed
and described in the first embodiment. If applicable, the preferences of the raw materials, processes, steps or
conditions are similar to that of the first embodiment.

The microspheres can be used in a variety of building products all having different proportions of hydraulic

binder, aggregate, microspheres and additives to obtain optimal properties for a particular application {e.g., siding,
-9
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roofing, trim, soffit, backerboard for tile underfay, etc.). One preferred composition may include about 5%-80%
Portland cement, about 0%-80% silica, about 4.1%-15% cellulose, about 0%-10% additives and about 2%-90%

microspheres. One particular example of a typical formulation with microspheres is as follows:

Portland Cement {binder) 28.7%

Silica (aggregate) 50.3%
Cellulose {fiber) 7%

Metal Hydroxide (additive) 4%
Microspheres (LDA) 10%.

It will be appreciated that the percentage of microspheres may be varied depending on the desired
application. For instance, high addition percentages (up to about 90 wt.%) of microspheres may be suitable for
building materials and systems that require some type of fire resistance rating. The high addition of microspheres
provides the material with low thermal shrinkage.

Test Results
Density

Lowering the density with microspheres improves the overall workability of thicker products without
compromising the advantages fiber cement products offer with regard to durability (i.e., dimensional stability) and
structural integrity. These attributes are particularly advantageous for product thicknesses above about three eighths
of an inch (> 3/8"). The products with microspheres are lighter and therefore easier to handle. Secondly, products
with microspheres are easier to nail and score | snap to the desired dimension. Furthermore, microsphere formulations
reduce edge cracking or crumbling (if any} when the board is nailed close to the edge (e.g., 3/8-5/8").

Tables 5 and 6 below display formulations and test results for FRC formulations, more particularly
illustrating the advantages of adding microspheres to a formulation to improve density and workability.

Table 5- Formulations for Table 6 Test Results

“Formula | Portland | Sil Colioss | Wl | Wicrosphres
Identification - | Cement e
e Hydraulic e ]
Bijdor. | oorepate | Fiber |
B 28.7 60.3 7.0 .
A 28.7 50.3 7.0 4.0 10.0
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Table 6 - Comparison of Properties With and Without Microspheres

Test Method Formulation A' Formulation B
10% Microspheres _ Control
' S ~ NolDA
Density
(Equilibrium Conditions)’
{glem®) 1.16 1.39

Nail Penetration
{Equilibrium conditions)

mm. of nail in material 47.0 31.7
50 mm {2 in.) = length of nail
standard deviation 0.9 1.4

'10% microspheres in Formulation A replace 10% of the aggregate in the
control, Formulation B.

2Equilibrium conditions- samples are conditioned in a controlled

atmosphere of 73+ 4°F and 50+ 5% humidity.

Table 6 displays test results of 3' x 5’ Hatschek manufactured board for Formulations A and B. Formulation
A with 10 wt.% microspheres reduces the density by about 15% from 1.39 glem® to 1.16 glcm® when compared to an
equivalent formulation without microspheres (Formulation B). In addition, the ease of driving a nail into the board is
improved. Testing revealed an increase in nail penetration from 31.7 mm to 47.0 mm, where 50 mm represents the
length of the nail and the maximum nail penetration attainable.

Overall, testing of prototypes and products produced from trials has revealed about a 15% decrease in
density for every 10% addition of microspheres and significant improvements in nailing. Thus, the addition of
microspheres may advantageously be used to reduce the density of FRC building material by more than about 15%,
even more preferably more than about 30%, as compared to an equivalent formulation without microspheres. The
present inventors contemplate that with the addition of microspheres, the density of the material can be reduced to
about 0.9 g/cm?® (see Table 10 below), and more preferably, even as low as about 0.5 glem’.

Wet-Dry Dimensional Stability

As stated earlier, cured fiber cement formulations with conventional density modifiers have increased
moisture expansion and increased moisture absorption on a percentage weight increase basis. One advantage of the
preferred embodiments over prior art is that the addition of microspheres to reduce density does not increase moisture
expansion from wet to dry. This is useful for a number of reasons previously mentioned in the first embodiment.

Table 7 below displays test results of 3’ x 5" Hatschek manufactured board with and without microspheres.
Formulation A with 10% microspheres maintains, or more preferably reduces moisture expansion from that of

Formulation B without microspheres. Formulations A and B are in Table 5 above.
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Table 7 - Comparison of Moisture Expansion With and Without Microspheres

Test Method Formulation A' Formulation B

10% Microspheres Control
: |~ NolDA

Density

(Equilibrium Conditions)’

{g/em’) 1.16 1.39

Moisture Expansion

% Change 0.15 + 0.02 0.16 + 0.02

' 10% microspheres in Formulation A replace 10% of the aggregate in the
control, Fermulation B.
5 2 Equilibrium  conditions -  samples are  conditioned in a  controlled
atmosphere of 73+4°F and 50+5% humidity.

Tables 8-10 below display formulations and test results for 10" x 10" filter pressed prototype boards comparing
microspheres with conventional density modifiers that do increase moisture expansion. Conventional density modifiers

10 include low bulk density calcium silicate hydrate (CSH), and expanded polystyrene, vermiculite, perlite, shale or clay.

Table 8- Formulations for Tables 9 and 10 Test Results

Formula Portland Silica - |- Cellulose Metal | Micro- | Low Bulk | Expanded
Identification Cement v Hydroxide | spheres | Density | Perlite
Hydraulic | Aggre- | o | Additive | LDA | LDA DA
Binder gate: | : e , St
B 28.7 60.3 7.0 40
C 35.2 52.8 8.0 4.0
D 26.8 40.2 8.0 25.0
E 26.8 40.2 8.0 25.0
F 28.7 55.3 7.0 40 5.0
15 Table 9 data below displays a conventional low density additive, low bulk density CSH (Silasorb from Celite

Corp.), at a 5% load that increases moisture expansion from that of the control, Formulation B.

Table 9- Moisture Expansion of Low Bulk Density CSH

~ Formula Description quilibrium Density'|  Moisture Expansion %

. Identification e : gleny~ | o e
B Control 1.4 0.162 + 0.02
F 5.0% low bulk density CSH 1.27 0.188 + 0.02

' Equilibrium conditions- samples are conditioned in a controlled atmosphere of
73+4°F and 50 £5% humidity
20 25% low bulk density CSH in Formulation F replaces 5% of the aggregate in the
control, Formulation B.
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Table 10 below compares two formulations with the same base formula, one with 25 wt.% microspheres
and the other with 25 wt.% perlite {Aztec XX from Aztec Perlite). Both the perlite and microsphere formulations
decrease the density of control Formulation C from 1.3 g/em® to around 0.9 glem®, but moisture expansion increases

with the perlite formulation and decreases with the microsphere formulation.

Table 10- Moisture Expansion Comparison of Microspheres & Perlite.

Formulation Description quilibrium Density’ Moisture Expansion %
' (glem’) LR :
C Control 1.31 0.230 + 0.02
D 25% Microspheres 0.90 0.202 + 0.02
E 25% Perlite 0.89 0.275 £ 0.02

! Equilibrium conditions- samples are conditioned in a controlled atmosphere of
73+4°F and 50+ 5% humidity
2For formulations D and E, microspheres displace both the aggregate and
hyrdaulic binder in the control, formulation C.
Thus, the addition of microspheres to the fiber cement formulation has the effect of maintaining or reducing
moisture expansion of the final product. Preferably, the addition of microspheres can be adjusted te reduce the
moisture expansion by about 5%, more preferably by about 10% or more, as compared to a similar formulation without

microspheres.

Freeze-Thaw Resistance

Freeze-thaw resistance refers to a material’s resistance to damage when exposed to repeated cycles of
freezing and thawing. For instance, concrete can be damaged by frost, and especially by repeated cycles of freezing
and thawing. Damage usually begins with flaking at the surface, and gradually extends inward, though deep cracks
may occur. Damage associated with freezing generally does not occur unless a sufficient quantity of water is present
in the pores, and is minimal in dense concrete of low water-to-cement ratio and low permeability.

Similar to high density concrete, freeze-thaw damage is minimal in high-density fiber cement. In the preferred
embodiments, the addition of microspheres into a FRC formulation produces a lower density cured product that
maintains freeze-thaw resistance, unlike prior art where density modifiers added to the formulation reduce a material’s
freeze-thaw resistance.

FIGURES 1 and 2 display pore size distribution graphs of 3’ x 5’ Hatschek manufactured board using MIP
{mercury intrusion porosimetry) and BET (Brunauer, Emmett and Teller) methods. There is less change in pore size
distribution for Formulation A with 10 wt.% microspheres after 147 freeze-thaw cycles than Formulation B without
microspheres after 126 cycles. This demonstrates the microsphere formulation’s resistance to structural change
typical of freeze-thaw damage. To further support the microsphere formulation’s resistance to freeze-thaw damage,
FIGURE 3 displays a SEM (scanning electron microscope} picture of a Hatschek manufactured board (3" x 5°) with 10
wt. % microspheres showing no signs of degradation after 147 freeze-thaw cycles whereas other wood cement

composites would typically have degradation at this stage.
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Freeze-thaw testing of FIGURE 3 was performed in accordance with ASTM (American Standard Test
Method) C666A titled “Standard Test Method for Resistance of Concrete to Rapid Freezing and Thawing.” This test
method has two different procedures, A or B. Procedure A was followed, meaning samples were submerged in water
for both rapid freezing and thawing as opposed to rapid freezing in air and rapid thawing in water (procedure B).
Samples are periodically removed from freeze-thaw cycling and visually inspected for degradation such as cracking,
moisture expansion, sponginess/wetting throughout the sample, and overall structural integrity. Samples are moved
from freeze-thaw cycling when the degree of degradation is such that the sample does not hold together and would
therefore not be functional as a building product.

High Temperature Dimensional Stability

Reducing a building material's thermal shrinkage prevents high temperature stresses and strains from
occurring on building components. This improved thermal- dimensional stability allows building components in building
fires to maintain a shield to fire without cracking, falling apart and allowing fire to spread quickly.

Tables 11 and 12 below display FRC formulations and test results for 10" x 10" filter-pressed prototype
boards, more particularly illustrating the advantages of adding microspheres to a formulation to improve high

temperature dimensional stability.

Table 11- Fermulations for Tabie 12 Test Results

‘Formula Portland Silica Cellulose “Metal Micro- Low Bulk:
identification | Cement Hydroxide | spheres | = Density CSH
H;l:;ﬂdl;:lc | Aggregate Fiber ; Addltwe | IDA | : lQAf ,_fzi‘
A 28.7 50.3 7.0 40 10.0
B 28.7 60.3 7.0 40
F 28.7 55.3 7.0 4.0 5.0
G 28.7 50.3 7.0 40 10.0
H 28.7 40.3 7.0 4.0 20.00
Table 12-
Thermal Shrinkage Comparison of Microspheres & Low Bulk Density CSH
~ Formulation " Description Equilibrium |  Thermal Shrin
e e iDemsid o
: . , fgem®) |
B Control 1.41 3.07
F 5.0% low bulk density CSH 1.21 7.27
G* 10.0% low bulk density CSH 1.15 8.09
A’ 10.0% microspheres 1.15 4.41
H? 20.0% microspheres 1.01 4.21

! Refer to text below for description of thermal shrinkage test.
2 Equilibrium conditions- samples are conditioned in a controlled atmosphere of
73+4°F and 50+5% humidity.
3The percent LDA in formutations F, G, A & H replace an equivalent percent of
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aggregate in the control, Formulation B.

At lower load levels (e.g., about 10-20%), microspheres minimize the high temperature thermal shrinkage that
occurs when typical inorganic density modifiers are introduced in fiber-cement formulations. Table 12 displays results
of the percent thermal shrinkage obtained for Formulation A with 10 wt.% microspheres versus Formulation G with 10
wt.% low bulk density CSH (Silasorb from Celite Corp). Compared to the control {Formulation B), both formulations
reduce density from about 1.4 to 1.15 glem?®, but the formulation with low bulk density CSH has almost twice the
thermal shrinkage as the formulation with microspheres. Moreover, Fermulation H with 20.0 wt.% microspheres and a
density of about 1.0 g/cm® has over 40% less thermal shrinkage than Formulation F with only 5.0% low bulk density
CSH (Silasorb from Celite Corp.) and a higher density of about 1.2 glem?.

High temperature thermal shrinkages were determined using a Thermomechanical Analyzer (TMA). Samples
were cut to 10 by 25 mm with up to 12 mm thickness. The temperature of the saturated samples was ramped up at a
rate of 20° C/minute to 950° C and sample dimensions were measured with a macroexpansion probe. Thermal
shrinkage was taken as the overall dimensional change from 25° to 950° C, and reported as a percentage of total
initial length.

Another advantage of using microspheres in fiber-cement formulations is thermal shrinkage decreases as
microsphere additions increase. Thermal shrinkage with microspheres is inversely proportional to the weight percent
added, whereas thermal shrinkage with conventional density modifiers is directly proportional to the weight percent
added. Thus, formulations with higher additions of micrespheres (up to about 90 wt.%) have lower thermal shrinkage
than formulations with lower additions (up to about 20 wt.%).

Table 13 below provides formulations with high additions of microspheres and Table 14 provides the high
temperature thermal shrinkage results. Formulations | and J with 70 and 90 wt.% microsphere additions produce
thermal shrinkage results of about 2.7 and 1.1%, respectively. Thermal shrinkage for Formulations | and J were
determined by cutting samples approximately 10 x 10 x 40 mm long, oven drying, firing for one hour at 1000° C with a
muffle furnace, and allowing to cool te oven dry conditions. The percent thermal shrinkage wasdetermined by
measuring the overall difference in length from oven dry to 1000° C, and dividing by the initial oven dry length.

Table 13- Formulations For Table 14 Results

Formula .| Portland Silica | Cellulose | = Micro-
Identification | . Cement |  Fume | spheres.
Hydraulic : P ThE
Binder Aggregate | flber | LDA
| 26.2 29 0.9 70.0
J 8.7 1.0 0.3 90.0
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Table 14- Thermal Shrinkage of High-Addition Microsphere Formulations

Formula Thermal
Identification Shrinkage%
I 2.7
J 1.1

Thus, in an embodiment where 20% microspheres are used in the fiber cement formulation, the thermal
shrinkage of the final product as compared to an equivalent product made from a formulation without microspheres
increases by less than about 50%. As described above, with increasing percentages of microspheres, the percent
thermal shrinkage decreases, even to a point where, as compared to a product without microspheres, the final product
with microspheres exhibits a lower thermal shrinkage, preferably lower from about 10% to about 70%. More
particularly, the thermal shrinkage of the preduct with microspheres is preferably less than about 4%.

3. Third Embodiment - Microspheres and Other Additives

A third embodiment of this invention relates to the addition of hollow ceramic microspheres in combination
with volcanic ash andlor other low density additives in cementitious cellulose fiber-reinforced building materials.
Descriptions of volcanic ash and hollow ceramic microspheres are found in the detailed descriptions of the first and
second embodiments, respectively. The third embodiment with a blend of microspheres and low density additives may
be more preferable than the first embodiment with VA given FRC products can achieve a lower range of densities with
improved moisture resistance and durability properties. However, the second embodiment with the independent
addition of microspheres may be preferable to this third embodiment because of the superlative durability properties
offered by the independent addition of microspheres. The preference of the second embodiment to the third
embodiment is dependent on the relative importance of durability in a particular application.

Similar to the first and second embodiments, one preferred formulation of the third embodiment comprises of
a hydraulic binder, aggregate, fiber, hollow ceramic microspheres, low density additives and other additives. It will be
appreciated that the various components of the third embodiment can include any of the aforementioned materials
listed for each component in the first embodiment. The third embodiment may alse be produced by a number of
conventional processes and curing conditions as listed and described in the first embodiment. If applicable, the
preferences of the raw materials, processes, steps or conditions are similar to that of the first embodiment.

The blending of microspheres with VA and Jor fow density additives can be used in a variety of building
products all having different proportions of hydraulic binder, aggregate, low density additives, and other additives to
obtain optimal properties for the particular application (e.g., siding, roofing, trim, soffit, backerboard for tile underlay,
etc.). One preferred composition of the third embodiment could include about 5-80% Portland cement, about 0%-80%
silica, about 4.1%-15% cellulose, about 0%-10% additives and about 2%-80% microspheres and other typical LDA.
One particular example of a typical formulation with a biend of microspheres and a typical low density additive is as

follows:
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Portland Cement (binder)  28.7%

Silica (aggregate) 50.3%
Cellulose {fiber) 7%

Metal Hydroxide (additive) 4%
Microspheres (LDA) 10%
Volcanic Ash (LDA) 5%

It will be appreciated that the percentage of microspheres and other LDA’s including VA may be varied
depending on the desired application.
Test Results

Lower Densities with Durability

There are several advantages to blending microspheres with VA or other typical low density modifiers such
as low bulk density CSH, or expanded polystyrene beads, clay, vermiculite, perlite, and shale. One advantage is that
an equivalent or lower density can be achieved with less total weight percent addition (than microspheres only) given
the lower densities of VA and other typical LDA compared to microspheres. The lower addition rates with the blend
are more economical, and the microspheres minimize moisture expansion associated with the addition of typical
inorganic density modifiers. Another advantage to blending microspheres with other typical low density additives is
that FRC products can achieve lower density ranges and still maintain sufficient product strength for handling. Thus,
higher load levels (on a percent weight basis) of the combination of microspheres and other LDA can be added while
minimizing the adverse effects typical low density additives have on dimensional stability and overall durability.

The addition of low density additives in all of the embodiments described herein is not the only means of
reducing density in cement based formulations, however. Formulations consisting of cement and aggregate without
fiber or low density additives have densities typically ranging from about 1.8- 2.1 glem®. Adding fiber to cement
formulations is advantageous because fiber also lowers density in addition to providing strength and products suitable
for nailing. Densities for fiber cement formulations with greater than about 4 wt.% fiber typically range from about
1.2 to 1.4 glem®. It has been found that FRC formulations with about 4 wt.% or less fiber do not have sufficient
strength and ductility for installation. These FRC products are often too brittle and nailing produces cracks or
blowouts during installation. Alternatively, fiber additions greater than about 15 wt.% may in some applications be
undesirable because fiber in FRC formulations contributes to moisture expansion, increased permeability, and overall
compromises in durability.

Thus, the right balance of fiber must be advantageously determined for a FRC product, which is dependent
on the thickness and shape of the particular product. In one embodiment, fiber percentages of about 4.1% to 15% are
preferable. Low density additives are added to FRC formulations to provide additional reductions in density from that
of the fiber addition. However, in general, the higher the addition of LDA, the lower the strength properties of the FRC
product. Therefore, LDA additions are limited because FRC products should preferably maintain a minimum strength

for sufficient handfing and installation. The maximum LDA addition is dependent on a multitude of factors such as the
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LDA, the load level of the specific LDA, and the shape of the particular FRC product. The minimum strength required is

also dependent on the FRC product’s shape and thickness. FIGURE 4 displays a typical relationship of microsphere

wt.% additions te density and strength of 10" x 10 filter-pressed prototype boards.

Tables 15-17 below illustrate FRC formulations and test results of 10” x 10" filter-pressed prototype boards,
more particularly illustrating the advantages of blending microspheres with other low-density additives to achieve

lower density ranges and improve durability.

Table 15- Formulations for Tables 16 and 17

Formula Portland Silica Cellulose Metal Micro- Low Bulk
Identification Cement g - Hydroxide spheres Density CSH
"‘é‘:;:::'“ Aggregate | Fiber | Additive LDA LDA -
B 28.7 60.3 7.0 4.0
G 28.7 50.3 7.0 4.0 10.0
M 28.0 49.0 7.0 40 12.0
N 284 49.6 7.0 4.0 6.0 5.0
0 28.7 51.3 7.0 4.0 6.0 3.0

Table 16 compares the densities of Formulation M with 12 wt.% microspheres, Formulation 0 with a 9 wt.%
blend of microspheres and low bulk density CSH, and the control without low density additives. The low bulk density
CSH used in Formulation 0 is produced by James Hardie using a process with silica, lime and water that results in a
low bulk density material that is substantially CSH in tobermorite form. Further details are described in U.S. Patent
Application Serial No. 09/058,444 filed April 9, 1998, the entirety of which is hereby incorporated by reference.
Relative to the control, the decreases in density for Formulations M and O are not significantly different, but the total
addition of low density additives with the blend (Formulation 0) is 3% less than formulation M with only microspheres.
For Formulations M and 0, the subtle differences in wt.% of hydraulic binder and aggregate do not have an impact on

density properties.

Table 16- Density Comparisons

Formula | Descripion | 0.D.Density
dentification || (glm)
B Control- No LDA 1.31
M 12% Microspheres 1.09
0' 6% Microspheres 1.1
3% Low Bulk Density CSH

" The percent LDA in Formulations M and O replace an equivalent
percent of aggregate in the control with no LDA, Formulation B.
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Table 17 below displays test results of 10" x 10” filter-pressed prototype boards with four formulations
containing variances primarily only in additions of various low density additives, and a control without any low density
additives. Results show that Formulation M with 12 wt.% microspheres reduces density from that of the control from
1.35 glem® to 1.16 gicm®, but Formulation N with 11 wt.% addition of the microspheresfiow bulk density CSH
(Silasorb from Celite) blend lowers the density further to 1.10 glem®. Moreover, moisture expansion for Formulation N
with the 11 wt.% microspheresfiow bulk density CSH blend and the control without fow density additives is not
significantly different at 0.167 and 0.163%, respectively. In comparison, Formulation G with only 10 wt.% low bulk
density CSH provides about the same density as Formulation N's 11 wt.% blend, but with a notably higher moisture
expansion of 0.197%. The subtle wt.% differences of hydraulic binder and aggregate in the formulations do not have

an impact on denisty or moisture expansion properties.

Table 17 - Moisture Expansion Comparisons

Formula Description 1 0.D.Density | Moisture
Identification _ 1 (glemd) Expansion
R A ; ‘ . %'
B Control -No LDA 1.35 0.163 + 0.02
M 12% Microspheres 1.16 0.156 + 0.02
N 6% Microspheres 1.10 0.167 £ 0.02
5% Low Bulk Density CSH
G 10% Low Bulk Density CSH 1.12 0.197 £ 0.02

" The percent LDA in Formulations M, N and G primarily replace the aggregate in the control with no LDA, Formulation
B.

Conclusions

In general, it will be appreciated that the preferred embodiments of the present invention, more particularly, a
fiber-reinforced building material containing additives of volcanic ash, hollow ceramic microspheres, or a combination
of microspheres, volcanic ash and/or other additives, have several advantages over the prior art. These materials have
a low density compared to conventional fiber cement building products. This enables production of a thicker product
(e.g., 3/8” to 1.0") that is lighter and therefore easier to handle, cut, nail and install.

The materials also have improved wet-dry dimensional stability and the building material’s durability is
improved such that building panels do not excessively shrink and crack. Also, excessive gaps between panels or planks
do not open up after changes in humidity or from wet to dry seasons.

With respect to at least the formulations and building products incorporating hollow ceramic microspheres,
the materials’ freeze-thaw resistance is maintained at lower density, unlike most inorganic density modified fiber
cement materials. This gives these materials good du.rability in climates that experience frequent freezing and thawing
conditions.

These materials incorporating microspheresalso have improved fire resistance properties because of improved

thermal dimensional stability relative to typical low densityadditives. Thus, the materials are stable in building fires as
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a building component such that the material can maintain a shield te fire without cracking andfalling apart and
allowing fire to spread quickly.

The preferred embodiments have applicability to a number of building product applications, including but not
limited to building panels (interior and exterior), tile backer board {walls and floors), siding, soffit, trim, roofing, fencing
and decking. The embodiments illustrated and described above are provided merely as examples of certain preferred
embodiments of the present invention. Various changes and modifications can be made from the embodiments

presented herein by those skilled in the art without departure from the spirit and scope of the invention.
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WHAT IS CLAIMED IS:

1. A building material, comprising:

a fiber-reinforced cement formulation; and

a low density additive incorporated into the formulation, wherein the low density additive lowers
the density of the building material as compared to a building material having an equivalent fiber-reinforced
cement formulation without the low density additive, while at the same time the building material with the
low density additive has less than about a 20% increase in moisture expansion as compared to a building
material having an equivalent fiber-reinforced cement formulation without the low density additive;

wherein the density of the building material is about 1.2 g/cm® or less.

2. The building material of Claim 1, wherein the density of the building material is about 0.5 to 1.2
glem®.

3. The building material of Claim 1, wherein the density of the building material is about 0.9 to 1.1
glem?.

4, The building material of Claim 1, wherein the low density additive substantially maintains or

decreases the moisture expansion of the building material as compared to a building material having an equivalent fiber-
reinforced cement formulation without the low density additive.
5. The building material of Claim 1, wherein the median particle size of the low density additive is

between about 20 and 120 pm.

6. The building material of Claim 1, wherein the low density additive is volcanic ash.

7. The building material of Claim 6, wherein the formulation incerporates about 2-50% volcanic ash.

8. The building material of Claim 1, wherein the low density additive comprises hollow ceramic
microspheres.

9. The building material of Claim 8, wherein the formulation incorporates about 2-90% hollow ceramic
microspheres.

10. The building material of Claim 8, wherein the formulation further incorporates a second low density

additive in addition to the hollow ceramic microspheres.

1. The building material of Claim 10, wherein the second low density additive is volcanic ash.

12. The building material of Claim 10, wherein the second low density additive is calcium silicate
hydrate.

13. The building material of Claim 12, wherein the formulation incorporates up to about 30% low bulk

density calcium silicate hydrate.

14. The building material of Claim 1, wherein the formulation incorporates greater than about 4%
fibers.

15. The building material of Claim 14, wherein the formulation incorporates cellulose fibers.

16. A building material formulation used to form a building product, comprising:
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a hydraulic binder;

an aggregate;

fibers; and

volcanic ash.

The formulation of Claim 16, wherein the hydraulic binder is Portland cement.
The formulation of Ciaim 17, comprising about 5-80% Portland cement.

The formulation of Ciaim 16, wherein the aggregate comprises silica.

The formulation of Claim 19, comprising about 0-80% silica.

The formulation of Claim 16, wherein the fiber is cellulose wood pulp.

The formulation of Claim 21, comprising about 4.1-15% cellulose fibers.

The formulation of Claim 16, further comprising about 0-10% additives.

The formulation of Claim 16, comprising about 2-50% volcanic ash.

The formulation of Claim 16, wherein the volcanic ash is expanded veicanic ash.

The formulation of Claim 25, wherein the expanded volcanic ash has a bulk density of about 2-25

The formulation of Claim 25, wherein the expanded volcanic ash has a median particle size ranging

from about 20 to 100 micrens.

28.

The formulation of Claim 16, wherein the volcanic ash lowers the density of the final building

product by more than about 10% as compared to a building product made from an equivalent formulation without

volcanic ash.

29.

The formulation of Claim 16, wherein the volcanic ash increases the moisture expansion of the final

product by no more than about 20% as compared to a building product made from an equivalent formulation without

volcanic ash.

30.

31.

A method of forming a low density building material, comprising:

mixing hydraulic binder, aggregate, volcanic ash and water to create a slurry;
processing the slurry into a green shaped article; and

curing the green shaped article to form the low density building material.

The method of Claim 30, further comprising mixing fibers with the hydraulic binder, aggregate,

volcanic ash and water to create the slurry.

32.
33.

The method of Claim 30, wherein the fibers are cellulose.

The method of Claim 30, wherein greater than about 4% cellulose fibers are mixed with the

hydraulic binder, aggregate, volcanic ash and water.

34,

The method of Claim 30, further comprising mixing additives with the hydraulic binder, aggregate,

volcanic ash and water to create the slurry.
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35. The method of Claim 30, wherein the low density building material has a density of about 1.2
glem® or less.
36. The method of Claim 30, wherein the moisture expansion of the low density building material is
about 0.17% or less.
37. The method of Claim 30, wherein the article is cured by autoclaving.
38. A building material formulation used te form a building product, comprising:
a hydraulic binder;
an aggregate;
fibers; and
hollow ceramic microspheres;

wherein the final building material has a density of about 1.2 glcm® or less.

39. The formulation of Claim 38, wherein the hydraulic binder is Portland cement.
40. The formulation of Claim 39, comprising about 5 to 80% Portland cement.
41. The formulation of Claim 38, wherein the aggregate comprises silica.

42. The formulation of Claim 41, comprising about 0-80% sifica.

43. The formulation of Claim 38, further comprising about 0-10% additives.
44, The formulation of Claim 38, wherein the fiber is cellufose wood pulp

45, The formulation of Claim 44, comprising about 4.1-15% cellulose.

46. The formulation of Claim 38, wherein the microspheres are cenospheres.

47. The formulation of Claim 38, comprising about 5-30% microspheres.

48, The formulation of Claim 38, comprising up to about 90% microspheres.

49, The formulation of Claim 38, wherein the microspheres lower the density of the final building

product by more than about 15% as compared to a building product made from an equivalent formulation without
microspheres.

50. The formulation of Claim 38, wherein the microspheres lower the density of the final building
product by more than about 30% as compared to a building product made from an equivalent formulation without
microspheres.

51. The formulation of Claim 38, wherein the microspheres substantially maintain the moisture
expansion of the final product as compared to a building product made from an equivalent formulation without
microspheres.

b2. The formulation of Claim 38, wherein the microspheres decrease the moisture expansion of the
final product as compared to a building product made from an equivalent formulation without microspheres by more

than about 5%.
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53. The formulation of Claim 52, wherein the microspheres decrease the moisture expansion of the
final product as compared to a building product made from an eguivalent formulation without microspheres by more
than about 10%.

54, The formulation of Claim 38, wherein the microspheres increase the number of cycles that the final
product begins to visually degrade under freeze-thaw cycling as compared to a building product made from an
equivalent formulation without microspheres.

55. The formulation of Claim 38, wherein the microspheres decrease the change in pore size
distribution in the final product after undergoing a number of freeze-thaw cycles as compared to a building product
made from an equivalent formulation without microspheres.

56. The formulation of Claim 38, wherein the microspheres affect the thermal shrinkage of the final
product as compared to a building product made from an equivalent formulation without microspheres such that the
thermal shrinkage of the final product is less than about 50% greater that that of the building product without

microspheres.

57. The formulation of Claim 38, wherein the thermal shrinkage of the final product is between about
1% and 5%.

58. The formulation of Claim 38, further comprising voicanic ash.

59. The formulation of Claim 38, further comprising low bulk density calcium silicate hydrate.

60. A method of forming a low density building material, comprising:

mixing hydraulic binder, aggregate, fibers, hollow ceramic microspheres and water to create a
slurry;
processing the slurry into a green shaped article; and
curing the green shaped article to form the low density building material, the building material
having a density of about 1.2 gicm® or less.
61. The method of Claim 60, wherein the fibers are cellulose wood pulp.
62. The method of Claim 61, comprising mixing greater than about 4% of the fibers with the hydraulic
binder, aggregate, hollow ceramic microspheres and water to create the slurry.
63. The method of Claim 60, further comprising mixing additives with the hydraulic binder, aggregate,
fibers, hollow ceramic microspheres and water to create the slurry.
64. The method of Claim 60, further comprising mixing low density additives with the hydraulic binder,
aggregate, fibers, hollow ceramic microspheres and water to create the slurry.
65. The method of Claim 64, wherein the low density additives include calcium silicate hydrate.
66. The method of Claim 60, wherein the fow density building material has a density of between about
0.5 and 1.2 glem’®.
B7. The method of Claim 60, wherein the low density building material has a density of between about

0.9and 1.1 glem®.
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68. The method of Claim 60, wherein the article is cured by autoclaving.
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