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CO2-SEQUESTERING FORMED BUILDING 
MATERALS 

CROSS-REFERENCE 

0001 Pursuant to 35 U.S.C. S 119 (e), this application 
claims the benefit of U.S. Provisional Patent Application No. 
61/110,489, filed 31 Oct. 2008, titled “CO-Sequestering 
Formed Building Materials”; U.S. Provisional Patent Appli 
cation No. 61/149,610, filed 3 Feb. 2009, titled “CO-Seques 
tering Formed Building Materials”; U.S. Provisional Patent 
Application No. 61/246,042, filed 25 Sep. 2009, titled “CO 
Sequestering Formed Building Materials’; and U.S. Provi 
sional Patent Application No. 61/101,631, filed 30 Sep. 2008, 
titled “CO. Sequestration.” each of which is incorporated 
herein by reference. 

BACKGROUND 

0002 Carbon dioxide (CO) emissions have been identi 
fied as a major contributor to the phenomenon of global 
warming and ocean acidification. CO is a by-product of 
combustion and it creates operational, economic, and envi 
ronmental problems. It is expected that elevated atmospheric 
concentrations of CO and other greenhouse gases will facili 
tate greater storage of heat within the atmosphere leading to 
enhanced surface temperatures and rapid climate change. 
CO has also been interacting with the oceans driving down 
the pH toward 8.0. CO monitoring has shown atmospheric 
CO has risen from approximately 280 parts per million 
(ppm) in the 1950s to approximately 380 ppm today, and is 
expect to exceed 400 ppm in the next decade. The impact of 
climate change will likely be economically expensive and 
environmentally hazardous. Reducing potential risks of cli 
mate change will require sequestration of CO. 

SUMMARY 

0003. In some embodiments, the invention provides a 
method for producing a formed building material comprising 
producing a CO2-sequestering component from divalent cat 
ions and a gaseous waste stream comprising CO, and form 
ing a building material comprising the CO2-sequestering 
component, wherein the formed building material comprises 
5% to 90% (w/w) CO-sequestering component. In some 
embodiments, the formed building material comprises 5% to 
75% (w/w) CO-sequestering component. In some embodi 
ments, the formed building material comprises 5% to 50% 
(w/w) CO2-sequestering component. In some embodiments, 
the formed building material comprises 5% to 50% (w/w) 
CO-sequestering component. The CO-sequestering com 
ponent of the formed building material comprises carbonates. 
In some embodiments, the gaseous waste stream further com 
prises NOx, SOX, VOCs, particulates, mercury, or a combi 
nation thereof. As such, in some embodiments the CO-se 
questering component further comprises co-products of 
NOx, SOX, VOCs, particulates, mercury, or a combination 
thereof resulting from conditions used to convert carbon 
dioxide to carbonates. In some embodiments, the formed 
building material has a carbon footprint that is neutral or 
negative. In some embodiments, the formed building material 
has a carbon footprint that is neutral. In some embodiments, 
the formed building material has a carbon footprint that is 
negative. Water for forming the formed building material may 
be provided by the CO2-sequestering component. In some 
embodiments, the CO2-sequestering component provides at 
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least 50% of the water for forming the formed building mate 
rial. Due to the high albedo of the formed building material, 
the formed building material may continuously reduce car 
bon emission via reduced lighting demands. 
0004. In some embodiments, the invention also provides a 
formed building material produced by any of the preceding 
methods. In some embodiments, the formed building material 
is a brick, a block, a tile, a cement board, a conduit, a beam, a 
basin, a column, drywall, fiber-cement siding, a slab, an 
acoustic barrier, or insulation. 
0005. In some embodiments, the invention also provides a 
formed building material comprising a CO2-sequestering 
component, wherein the formed building material comprises 
5% to 90% (w/w) CO-sequestering component. In some 
embodiments, the formed building material comprises 5% to 
75% (w/w) CO-sequestering component. In some embodi 
ments, the formed building material comprises 5% to 50% 
(w/w) CO-sequestering component. In some embodiments, 
the formed building material comprises 5% to 50% (w/w) 
CO2-sequestering component. The CO-sequestering com 
ponent of the building material comprises carbonates. In 
Some embodiments, the CO-sequestering component further 
comprises carbonate co-products from NOx, SOX, VOCs, 
particulates, mercury, or a combination thereof. In some 
embodiments, the CO2-sequestering component further com 
prises co-products from SOX. In some embodiments, the 
CO2-sequestering component further comprises co-products 
from mercury. The formed building material may be a brick, 
a block, a tile, a cement board, a conduit, a beam, a basin, a 
column, drywall, fiber-cement siding, a slab, an acoustic bar 
rier, or insulation. In some embodiments, the formed building 
material is a brick or block. In some embodiments, the brick 
or block has a compressive strength of 5 to 100 MPa. In some 
embodiments, the formed building material is a tile. In some 
embodiments, the tile has a compressive strength of 5 to 75 
MPa. In some embodiments, the formed building material is 
a slab. In some embodiments, the slab has a compressive 
strength of 10 to 100 MPa. 
0006. In some embodiments, the invention also provides a 
formed building material comprising a CO2-sequestering 
component. In some embodiments, the CO-sequestering 
component is a carbonate compound composition. In some 
embodiments, the carbonate compound composition com 
prises a precipitation material from an alkaline earth metal 
containing water. In some embodiments, the alkaline earth 
metal-containing water comprises CO derived from an 
industrial waste stream. In some embodiments, the CO 
sequestering component is a cementitious component. In 
Some embodiments, the formed building material is a brick, a 
board, a conduit, a beam, a basin, a column, drywall, a tile, 
fiber siding, a slab, an acoustic barrier, or insulation. 
0007. In some embodiments, the invention also provides a 
method of producing a formed building material, the method 
comprising obtaining a CO2-sequestering component and 
producing a formed building material comprising the CO 
sequestering component. In some embodiments, the CO 
sequestering component is a carbonate compound composi 
tion. In some embodiments, the carbonate compound 
composition comprises a precipitation material from an alka 
line earth metal-containing water. In some embodiments, the 
alkaline earth metal-containing water comprises CO derived 
from an industrial waste stream. In some embodiments, the 
CO2-sequestering component is a cementitious component. 
In some embodiments, the formed building material is a 
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brick, a board, a conduit, a beam, a basin, a column, drywall, 
a tile, fiber siding, a slab, an acoustic barrier, or insulation. 
0008. In some embodiments, the invention also provides a 
method of fabricating a built structure, the method compris 
ing employing a formed building material comprising a CO 
sequestering component. In some embodiments, the CO 
sequestering component is a carbonate compound 
composition. In some embodiments, the carbonate com 
pound composition comprises a precipitation material from 
an alkaline earth metal-containing water. In some embodi 
ments, the alkaline earth metal-containing water comprises 
CO2 derived from an industrial waste stream. In some 
embodiments, the CO2-sequestering component is a cemen 
titious component. In some embodiments, the formed build 
ing material is a brick, a board, a conduit, a beam, a basin, a 
column, drywall, a tile, fiber siding, a slab, an acoustic barrier, 
or insulation. 
0009. In some embodiments, the invention also provides a 
method of sequestering carbon dioxide, the method compris 
ing precipitating a CO2-sequestering carbonate compound 
composition from an alkaline earth metal-containing water 
and fabricating a formed building material comprising the 
CO-sequestering carbonate compound composition. In 
Some embodiments, the alkaline earth metal-containing 
water is contacted to an industrial waste stream prior to the 
precipitating step. 

DRAWINGS 

0010. The novel features of the invention are set forth with 
particularity in the appended claims. A better understanding 
of the features and advantages of the invention will be 
obtained by reference to the following detailed description 
that sets forth illustrative embodiments, in which the prin 
ciples of the invention are utilized, and the accompanying 
drawings of which: 
0011 FIG. 1 provides a schematic of a CO-sequestering 
component production process according to an embodiment 
of the invention. 
0012 FIG.2 provides an X-ray diffraction (XRD) spec 
trum for precipitation material produced in Example 1. 
0013 FIG. 3 provides scanning electron microscope 
(“SEM) images of the precipitation material produced in 
Example 1. 

DESCRIPTION 

0014 CO-sequestering formed building materials are 
provided. The building materials of the invention include a 
component (e.g., a CO2-sequestering component), which 
comprises carbonates, bicarbonates, or a combination 
thereof. Additional aspects of the invention include methods 
of making and using the CO2-sequestering formed building 
materials. 

0015. Before the invention is described in greater detail, it 
is to be understood that the invention is not limited to particu 
lar embodiments described herein as such embodiments may 
vary. It is also to be understood that the terminology used 
herein is for the purpose of describing particular embodi 
ments only, and is not intended to be limiting, since the scope 
of the invention will be limited only by the appended claims. 
Unless defined otherwise, all technical and scientific terms 
used herein have the same meaning as commonly understood 
by one of ordinary skill in the art to which this invention 
belongs. 
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0016. Where a range of values is provided, it is understood 
that each intervening value, to the tenth of the unit of the lower 
limit unless the context clearly dictates otherwise, between 
the upper and lower limit of that range and any other stated or 
intervening value in that stated range, is encompassed within 
the invention. The upper and lower limits of these smaller 
ranges may independently be included in the Smaller ranges 
and are also encompassed within the invention, Subject to any 
specifically excluded limit in the stated range. Where the 
stated range includes one or both of the limits, ranges exclud 
ing either or both of those included limits are also included in 
the invention. 
0017 Certain ranges are presented herein with numerical 
values being preceded by the term “about.” The term “about 
is used herein to provide literal support for the exact number 
that it precedes, as well as a number that is near to or approxi 
mately the number that the term precedes. In determining 
whether a number is near to or approximately a specifically 
recited number, the near or approximating unrecited number 
may be a number, which, in the context in which it is pre 
sented, provides the Substantial equivalent of the specifically 
recited number. 
0018 All publications, patents, and patent applications 
cited in this specification are incorporated herein by reference 
to the same extent as if each individual publication, patent, or 
patent application were specifically and individually indi 
cated to be incorporated by reference. Furthermore, each 
cited publication, patent, or patent application is incorporated 
herein by reference to disclose and describe the subject matter 
in connection with which the publications are cited. The 
citation of any publication is for its disclosure prior to the 
filing date and should not be construed as an admission that 
the invention described herein is not entitled to antedate such 
publication by virtue of prior invention. Further, the dates of 
publication provided might be different from the actual pub 
lication dates, which may need to be independently con 
firmed. 
0019. It is noted that, as used herein and in the appended 
claims, the singular forms “a”, “an', and “the include plural 
references unless the context clearly dictates otherwise. It is 
further noted that the claims may be drafted to exclude any 
optional element. As such, this statement is intended to serve 
as antecedent basis for use of Such exclusive terminology as 
“solely.” “only' and the like in connection with the recitation 
of claim elements, or use of a “negative' limitation. 
0020. As will be apparent to those of skill in the art upon 
reading this disclosure, each of the individual embodiments 
described and illustrated herein has discrete components and 
features which may be readily separated from or combined 
with the features of any of the other several embodiments 
without departing from the scope or spirit of the invention. 
Any recited method can be carried out in the order of events 
recited or in any other order, which is logically possible. 
Although any methods and materials similar or equivalent to 
those described herein may also be used in the practice or 
testing of the invention, representative illustrative methods 
and materials are now described. 

CO-Sequestering Formed Building Materials 

0021. In some embodiments, the invention provides CO 
sequestering formed building materials, which formed build 
ing materials comprise carbon derived from a fuel used by 
humans, e.g., carbon having a fossil fuel origin. For example, 
CO2-sequestering formed building materials according to 
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aspects of the invention contain carbon that was released in 
the form of CO from the combustion of fuel. In certain 
embodiments, the carbon sequestered in a composition of the 
invention (e.g., CO-sequestering composition) is in the form 
of a carbonate compound. Therefore, in certain embodiments, 
CO-sequestering formed building materials according to 
aspects of the Subject invention contain carbonate compounds 
where at least part of the carbon in the carbonate compounds 
is derived from a fuel used by humans, e.g., a fossil fuel. As 
Such, production of formed building materials of the inven 
tion results in the placement of CO into a storage stable form, 
e.g., a component of the built environment, i.e., a man-made 
structure, Such as a building, wall, road, etc. As such, produc 
tion of the CO2-sequestering formed building materials of the 
invention results in the prevention of CO gas from entering 
the atmosphere. 
0022. Building materials of the invention include a car 
bonate/bicarbonate component (e.g., CO2-sequestering com 
ponent). Such components store a significant amount of CO. 
in a storage-stable format. Such that CO gas is not readily 
produced from the product and released into the atmosphere. 
In certain embodiments, the carbonate/bicarbonate compo 
nents (e.g., CO2-sequestering components) can store 50 tons 
or more of CO., such as 100 tons or more of CO., including 
250 tons or more of CO., for instance 500 tons or more of 
CO, such as 750 tons or more of CO., including 900 tons or 
more of CO for every 1000 tons of building material of the 
invention. In certain embodiments, the carbonate/bicarbonate 
components (e.g., CO2-sequestering components) of the 
building materials comprise about 5% or more of CO, such 
as about 10% or more of CO., including about 25% or more 
of CO., for instance about 50% or more of CO., such as about 
75% or more of CO., including about 90% or more of CO., 
e.g., present as one or more carbonate compounds. 
0023 The carbonate/bicarbonate components (e.g., CO 
sequestering components) of the invention may include one 
or more carbonate compounds. The amount of carbonate in 
the carbonate/bicarbonate component (e.g., CO-sequester 
ing component), as determined by, for example, coulometry 
using the protocol described in coulometric titration, is 40% 
or higher, such as 70% or higher, including 80% or higher. In 
Some embodiments, where the Mg source is a mafic mineral 
(described in U.S. patent application Ser. No. 12/501,217, 
filed 10 Jul. 2009, and U.S. Provisional Patent Application 
No. 61/079,790, filed 10 Jul. 2008, each of which is incorpo 
rated herein by reference) or an ash (described in U.S. appli 
cation Ser. No. 12/486,692, filed 17 Jun. 2009, and U.S. 
Provisional Application Ser. No. 61/073,319, filed 17 Jun. 
2008, each of which is incorporated herein by reference), the 
resultant product may be a composition containing silica as 
well as carbonate. In these embodiments, the carbonate con 
tent of the product may be as low as 10%. 
0024. The building materials of the invention provide for 
long-term storage of CO in a manner Such that CO is 
sequestered (i.e., fixed) in the building material, where the 
sequestered CO does not become part of the atmosphere. 
When the building material is maintained under conditions 
conventional for its intended use, the building material keeps 
sequestered CO2 fixed for extended periods of time (e.g., 1 
year or longer, 5 years or longer, 10 years or longer, 25 years 
or longer, 50 years or longer, 100 years or longer, 250 years or 
longer, 1000 years or longer, 10,000 years or longer, 1,000, 
000 years or longer, or even 100,000,000 years or longer) 
without significant, if any, release of the CO from the build 
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ing material. With respect to the CO2-sequestering building 
materials, when they are employed in their intended use and 
over their lifetime, the amount of degradation, if any, as 
measured in terms of CO gas release from the product will 
not exceed 5% per year, and in certain embodiments will not 
exceed 1% per year. Indeed, CO-sequestering building 
materials provided by the invention do not release more than 
1%. 5%, or 10% of its total CO when exposed to normal 
conditions of temperature and moisture, including rainfall of 
normal pH, for its intended use, for at least 1, 2, 5, 10, or 20 
years, or for more than 20 years, for example, for more than 
100 years. In some embodiments the composition does not 
release more than 1% of its total CO, when exposed to normal 
conditions of temperature and moisture, including rainfall of 
normal pH, for its intended use, for at least 1 year. In some 
embodiments the composition does not release more than 5% 
of its total CO when exposed to normal conditions oftem 
perature and moisture, including rainfall of normal pH, for its 
intended use, for at least 1 year. In some embodiments the 
composition does not release more than 10% of its total CO 
when exposed to normal conditions oftemperature and mois 
ture, including rainfall of normal pH, for its intended use, for 
at least 1 year. In some embodiments the composition does 
not release more than 1% of its total CO when exposed to 
normal conditions of temperature and moisture, including 
rainfall of normal pH, for its intended use, for at least 10 
years. In some embodiments the composition does not release 
more than 1% of its total CO when exposed to normal con 
ditions of temperature and moisture, including rainfall of 
normal pH, for its intended use, for at least 100 years. In some 
embodiments the composition does not release more than 1% 
of its total CO, when exposed to normal conditions oftem 
perature and moisture, including rainfall of normal pH, for its 
intended use, for at least 1000 years. 
0025. Any suitable surrogate marker or test that is reason 
ably able to predict such stability may be used. For example, 
an accelerated test comprising conditions of elevated tem 
perature and/or moderate to more extreme pH conditions is 
reasonably able to indicate stability over extended periods of 
time. For example, depending on the intended use and envi 
ronment of the composition, a sample of the composition may 
be exposed to 50, 75,90, 100, 120, or 150° C. for 1, 2, 5, 25, 
50, 100, 200, or 500 days at between 10% and 50% relative 
humidity, and a loss less than 1%. 2%. 3%, 4%. 5%, 10%, 
20%, 30%, or 50% of its carbon may be considered sufficient 
evidence of stability of materials of the invention for a given 
period (e.g., 1, 10, 100, 1000, or more than 1000 years). 
0026 CO content of the material may be monitored by 
any suitable method (e.g., coulometry). Other conditions may 
be adjusted as appropriate, including pH, pressure, UV radia 
tion, and the like, again depending on the intended or likely 
environment. It will be appreciated that any suitable condi 
tions may be used that one of skill in the art would reasonably 
conclude indicate the requisite stability over the indicated 
time period. In addition, if accepted chemical knowledge 
indicates that the composition would have the requisite sta 
bility for the indicated period this may be used as well, in 
addition to or in place of actual measurements. For example, 
Some carbonate compounds that may be part of a composition 
of the invention (e.g., in a given polymorphic form) may be 
well-known geologically and known to have withstood nor 
mal weather for decades, centuries, or even millennia, with 
out appreciable breakdown, and so have the requisite stabil 
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0027. The carbonate compounds of the CO-sequestering 
components are metastable carbonate compounds that are 
precipitated from a solution of divalent cations, such as a 
saltwater, as described in greater detail below. The carbonate 
compound compositions of the invention include precipitated 
crystalline and/or amorphous carbonate compounds. Specific 
carbonate minerals of interest include, but are not limited to: 
calcium carbonate minerals, magnesium carbonate minerals, 
and calcium magnesium carbonate minerals. Calcium car 
bonate minerals of interest include, but are not limited to: 
calcite (CaCO), aragonite (CaCO), waterite (CaCO), ikaite 
(CaCO.6H2O), and amorphous calcium carbonate (CaCO. 
nH2O). Magnesium carbonate minerals of interest include, 
but are not limited to: magnesite (MgCO), barringtonite 
(MgCO2H2O), nesquehonite (MgCO.3H2O), lanfordite 
(MgCO.5H2O), and amorphous magnesium calcium car 
bonate (MgCOnH2O). Calcium magnesium carbonate min 
erals of interest include, but are not limited to dolomite 
(CaMgCO), huntite (CaMg(CO)), and sergeevite 
(CaM(CO).H2O). In certain embodiments, non-car 
bonate compounds like brucite (Mg(OH)) may also form in 
combination with the minerals listed above. As indicated 
above, the compounds of the carbonate compound composi 
tions are metastable carbonate compounds (and may include 
one or more metastable hydroxide compounds) that are more 
stable in saltwater than in freshwater, Such that upon contact 
with fresh water of any pH they dissolve and re-precipitate 
into other fresh water stable compounds, e.g., minerals such 
as low-Mg calcite. 
0028. The carbonate/bicarbonate components (e.g., CO 
sequestering components) of the invention are derived from, 
e.g., precipitated from, an aqueous solution of divalent cat 
ions (as described in greater detail below). As the carbonate/ 
bicarbonate components (e.g., CO2-sequestering compo 
nents) are precipitated from water, they will include one or 
more components that are present in the water from which 
they are derived. For example, where the aqueous solution of 
divalent cations is saltwater, the CO-sequestering product 
(e.g., precipitation material) will include one or more com 
pounds found in the saltwater source. These compounds iden 
tify the Solid precipitations of the compositions that come 
from the saltwater source, where these identifying compo 
nents and the amounts thereof are collectively referred to 
herein as a saltwater source identifier. For example, if the 
saltwater source is seawater, identifying compounds that may 
be present in precipitation material include, but are not lim 
ited to: chloride, Sodium, Sulfur, potassium, bromide, silicon, 
strontium, and the like. Any such source-identifying or 
“marker' elements are generally present in Small amounts, 
e.g., in amounts of 20,000 ppm or less, such as amounts of 
2000 ppm or less. In certain embodiments, the “marker' 
compound is strontium, which may be incorporated into, for 
example, an aragonite lattice, and make up 10,000 ppm or 
less, ranging in certain embodiments from 3 to 10,000 ppm, 
such as from 5 to 5000 ppm, including 5 to 1000 ppm, e.g., 5 
to 500 ppm, including 5 to 100 ppm. Another “marker com 
pound of interest is magnesium, which may be present in 
amounts of up to 20% mole substitution for calcium in car 
bonate compounds. The saltwater source identifier of the 
compositions may vary depending on the particular saltwater 
Source employed to produce the saltwater-derived carbonate 
composition. Also of interest are isotopic markers that iden 
tify the water source. 
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0029 Depending on the particular building material or 
product, the amount of carbonate/bicarbonate component 
(e.g., CO2-sequestering component) that is present in the 
building material may vary. In some instances, the amount of 
the carbonate/bicarbonate component (e.g., CO2-sequester 
ing component) in the building material ranges from 5 to 
100% (w/w), such as 5 to 90% (w/w), including 5 to 75% 
(w/w), 5 to 50% (w/w), 5 to 25% (w/w), and 5 to 10% (w/w). 
0030 The building materials of the invention may be 
viewed as low-carbon footprint building materials. Low-car 
bon footprint building materials have a reduced carbon foot 
print as compared to corresponding building materials that 
lack the carbonate/bicarbonate component (e.g., CO-se 
questering component). Using any convenient carbon foot 
print calculator, the magnitude of carbon footprint reduction 
of the building materials of the invention as compared to 
corresponding building materials that lack the carbonate/bi 
carbonate component (e.g., CO-sequestering component) 
may be 5% or more, such as 10% or more, including 25%, 
50%, 75% or even 100% or more. In certain embodiments, the 
low-carbon footprint building materials of the invention are 
carbon neutral, in that they have substantially no, if any, 
calculated carbon footprint, e.g., as determined using any 
convenient carbon footprint calculator that is relevant for a 
particular building material of interest. Carbon neutral build 
ing materials of the invention include those compositions that 
exhibit a carbon footprint of 50 lbs CO/cuyd material or less, 
such as 10 lbs CO/cu yd material or less, including 5 lbs 
CO/cuyd material or less, where in certain embodiments the 
carbon neutral materials have 0 or negative lbs CO/cu yd 
material. Such as negative 1 or more, e.g., negative 3 or more 
lbs CO/cu yd material. In come instances, the low carbon 
footprint materials have a significantly negative carbon foot 
print, e.g., -100 or more lbs CO/cu yd or less. 
0031 CO2-sequestering components (i.e., precipitation 
material comprising carbonates, bicarbonates, or a combina 
tion thereof) of the invention comprise CO, that otherwise 
would have been released into the atmosphere, most of which 
results from burning fossil fuels, which fuels are of plant 
origin. As such, CO-sequestering components of the inven 
tion, which comprise one or more synthetic carbonates 
derived from industrial CO, reflect the relative carbon iso 
tope composition (Ö'C) of the fossil fuel (e.g., coal, oil, 
natural gas, or flue gas) from which the industrial CO (from 
combustion of the fossil fuel) was derived. The relative car 
bon isotope composition (8'C) value with units of%0 (per 
mille) is a measure of the ratio of the concentration of two 
stable isotopes of carbon, namely °C and 'C, relative to a 
standard of fossilized belemnite (the PDB standard). 

10032. As such, the 8'C value of the synthetic carbonate 
containing precipitation material (e.g., CO-sequestering 
component) serves as a fingerprint for a CO gas source, 
especially CO, released from burning fossil fuel. The 8'C 
value may vary from Source to source (i.e., fossil fuel Source), 
but the 8'C value for carbonate/bicarbonate components 
(e.g., CO-sequestering components) of the invention gener 
ally, but not necessarily, ranges between -9%0 to -35%0. In 
some embodiments, the ÖC value for the synthetic carbon 
ate-containing precipitation material is between -1960 and 
-50%0, between -5%0 and -40%0, between -5%0 and -35%0, 
between -7%0 and -40%0, between -7%0 and -35%0, between 
-9%0 and -40%0, or between -9%0 and -35%0. In some 
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embodiments, the 8'C value for the synthetic carbonate 
containing precipitation material is less than (i.e., more nega 
tive than) -3%0, -5%0, -6%0, -7%0, -8%0, -9%0, -10%0, 
- 11%0, -12%0, -13%0, -14%0, -15%0, -1.6%0, -17%0, -18%0, 
-19%0, -20%0, -21%0, -22%0, -23%0, -24%0, -25%0, -26%0, 
-27%0, -28%0, -29%0, -30%0, -31%0, -3.2%0, -33%0, -34%0, 
-35%0, -36%0, -37%0, -38%0, -39%0,-40%0,-41%0,-42%0, 
-43%0,-44%0, or -45%0, wherein the more negative the 8'C 
value, the more rich the synthetic carbonate-containing pre 
cipitation materialis in C. Any suitable method may be used 
for measuring the 8'C value, methods including, but not 
limited to, mass spectrometry or off-axis integrated-cavity 
output spectroscopy (off-axis ICOS). 
0033. In some embodiments, the invention provides a 
formed building material Such as a roadway material, a brick, 
a block, a board (e.g., cement board), a conduit, a beam, a 
basin, a column, a tile, a fiber-siding product (e.g., fiber 
cement siding), a slab, an acoustic barrier, dry-wall, or insu 
lation or combinations thereof containing a component com 
prising carbonates or bicarbonates or combinations thereof 
where the carbon in the carbonates orbicarbonates has a 6'C 
value less than -5%0. In some embodiments, the Ö'C value 
for the formed building material is between -1%0 and -50%0, 
between -5%0 and -40%0, between -5%0 and -35%0, between 
-7%0 and -40%0, between -7%0 and -35%0, between -9%0 
and -40%0, or between -9%0 and -35%0. In some embodi 
ments, the 8'C value for the formed building material is less 
than (i.e., more negative than) -3%0, -5%0,-6%0, -7%0, -8%0, 
-9%0, -10%0, -11%0, -12%0, -13%0, -14%0, -15%0, -1.6%0, 
-17%0, -18%0, -19%0, -20%0, -21%0, -22%0, -23%0, -24%0, 
-25%0, -26%0, -27%0, -28%0, -29%0, -30%0, -31%0, -3.2%0, 
-33%0, -34%0, -35%0, -36%0, -37%0, -38%0, -39%0,-40%0, 
-41%0, -42%0, -43%0, -44%0, or -45%0, wherein the more 
negative the Ö'C value, the more rich the synthetic carbon 
ate-containing composition is in C. 
0034. The formed building materials of the invention may 
vary greatly, which formed building materials comprise 
materials shaped (e.g., molded, cast, cut, or otherwise pro 
duced) into man-made structures with defined physical 
shape, i.e., configuration. Formed building materials are dis 
tinct from amorphous building materials (e.g., powder, paste, 
slurry, etc.) that do not have a defined and stable shape, but 
instead conform to the container in which they are held, e.g., 
a bag or other container. Formed building materials of the 
invention are also distinct from irregularly or imprecisely 
formed materials (e.g., aggregate, bulk forms for disposal, 
etc.) in that formed building materials are produced according 
to specifications that allow for use of formed building mate 
rials in, for example, buildings. Formed building materials of 
the invention may be prepared in accordance with traditional 
manufacturing protocols for Such structures, with the excep 
tion that an amount of carbonate/bicarbonate component 
(e.g., CO-sequestering component) of the invention is 
employed. The portion of components replaced with the car 
bonate/bicarbonate component (e.g., CO2-sequestering com 
ponent) may vary, and in certain instances is 5% by weight or 
more, including 10% by weight or more, 25% by weight or 
more, 50% by weight or more, 75% by weight or more, 90% 
by weight or more, or even 100% by weight. In producing the 
formed building materials, an amount of the carbonate/bicar 
bonate component (e.g., CO2-sequestering component) may 
be combined with water and other additional components, 
which may include, but are not limited to clay, shale, soft 
slate, calcium silicate, quarried Stone, Portland cement, fly 
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ash, slag cement, aggregate (e.g., blast furnace slag, bottom 
ash, gravel, limestone, granite, sand, etc.), silica fume and 
poZZolans. Illustrative formed building materials according 
to certain embodiments of the invention are reviewed in 
greater detail below. However, the below review of formed 
building materials is not limiting on the invention, and is 
provided solely to further describe various exemplary 
embodiments of CO2-sequestering formed building materi 
als. 

0035 Masonry units are formed building materials used in 
the construction of load-bearing and non-load-bearing struc 
tures that are generally assembled using mortar, grout, and the 
like. Exemplary masonry units of the invention include 
bricks, blocks, and tiles. Bricks and blocks of the invention 
are polygonal structures possessing linear dimensions. Bricks 
of the invention are masonry units with dimensions (mm) not 
exceeding 337.5x225x112.5 (lengthxwidth:xheight). Any 
unit with dimensions (mm) between 337.5x225x112.5 to 
2000x1000x500 (length}xwidth:Xdepth) is termed a “block.” 
Structural units with dimensions (mm) exceeding 
2000x1000x500 (length}xwidth:Xdepth) are termed “slabs.” 
Tiles refer to masonry units that possess the same dimensions 
as bricks or blocks, but may vary considerably in shape, i.e., 
may not be polygonal (e.g., hacienda-style roof tiles). 
0036. One type of masonry unit provided by the invention 

is a brick, which refers to a structural unit of material used in 
masonry construction, generally laid using mortar. Bricks of 
the invention are masonry units with dimensions (mm) not 
exceeding 337.5x225x112.5 (length)xwidth:Xheight). In some 
embodiments, the bricks may have lengths ranging from 175 
to 300 mm, such as 200 to 250 mm, including 200 to 230 mm: 
widths ranging from 75 to 150 mm, such as 100 to 120 mm. 
including 100 to 110 mm; and heights ranging from 50 to 90 
mm, such as 50 to 80mm, including 55 to 75mm Bricks of the 
invention may vary ingrade, class, color, texture, size, weight 
and can be solid, cellular, perforated, frogged, or hollow. 
Bricks of the invention may include but are not limited to 
building brick, facing brick, load bearing brick, engineering 
brick, thin veneer brick, paving brick, glazed brick, firebox 
brick, chemical resistant brick, sewer and manhole brick, 
industrial floor brick, etc. The bricks may also vary in frost 
resistance (i.e., frost resistant, moderately frost resistant or 
non frost resistant), which relates to the durability of bricks in 
conditions where exposure to water may result in different 
levels of freezing and thawing. Frost resistant bricks are 
durable in conditions of constant exposure to water and freez 
ing and thawing. Moderately frost resistant bricks are durable 
in conditions of sporadic exposure to water and freezing and 
thawing. Non-frost resistant bricks are not durable in condi 
tions of exposure to water and freezing and thawing. These 
bricks are suitable only for internal use and are liable to 
damage by freezing and thawing except when protected by an 
impermeable cladding during construction. Bricks of the 
invention may also vary in soluble salt content (i.e., low or 
normal). Percentage by mass of soluble ions in bricks with a 
low soluble salt content does not exceed 0.03% magnesium, 
0.03% potassium, 0.03% sodium, and 0.5% sulfate. Percent 
age by mass of soluble ions in bricks with a normal salt 
content does not exceed 0.25% of magnesium, potassium, 
and Sodium in total and Sulfate content does not exceed 1.6%. 
The bricks of the invention may vary considerably in physical 
and mechanical properties. The compressive strength of 
bricks of the invention may range, in certain instances, from 
5 to 100 megapascals (MPa), including 20-40 MPa. The flex 
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ural strength of bricks of the invention may vary, ranging from 
0.5 to 10 MPa, including 2 to 7 MPa, such as 2 to 5 MPa. The 
maximum water absorption of bricks of the invention may 
vary, ranging from 5 to 25%, including 10 to 15%. Bricks of 
the invention may also undergo moisture movement (expan 
sion or contraction) due to the absorption or loss of water to its 
environment. The dimensional stability (i.e., linear shrinkage 
or expansion) due to moisture movement may vary, in certain 
instances ranging from 0.001 to 0.2%, including 0.05 to 
0.1%. In some embodiments, the bricks of the invention may 
be used for paving a road. Bricks used to pave areas exposed 
to heavy traffic (e.g., pedestrian, vehicular, etc.) may have an 
abrasion resistance index ranging from 0.1 to 0.5, including 
0.2 to 0.4, such as 0.3. In addition, bricks of the invention may 
have a volume abrasion loss ranging from 1.0 to 4.0 cm/cm, 
including 1.5 to 2.5 cm/cm, such as 2.0 cm/cm. The 
CO-sequestering building material composition of the 
invention may be molded, extruded, or sculpted into the 
desired shape and size to form a brick. The shaped composi 
tion is then dried and further hardened by hydraulic pressure, 
autoclave or fired in a kiln attemperatures ranging between 
900 to 1200° C., such as 900° to 1100° C. and including 
1OOOO C. 

0037 Another type of masonry unit provided by the inven 
tion is blocks, (e.g., concrete, cement, foundation, etc.). 
Blocks are distinct from bricks based on their structural 
dimensions. Specifically, blocks exceed the dimensions (mm) 
of 337.5x225x112.5 (length}xwidth:Xheight). Blocks of the 
invention may vary in color, texture, size, and weight and can 
be solid, cellular, and hollow or employ insulation (e.g., 
expanded polystyrene foam) in the block void volume. 
Blocks of the invention may be load-bearing, non-load-bear 
ing or veneer (i.e., decorative) blocks. In some embodiments, 
the blocks may have lengths ranging from 300 to 500 mm. 
such as 350 to 450 mm, widths ranging from 150 to 250 mm, 
such as 180 to 215 mm and heights ranging from 100 to 250 
mm, such as 150 to 200 mm. The blocks of the invention may 
also vary in faceshell thickness. In some instances, the blocks 
may have faceshell thicknesses ranging from 15 to 40 mm, 
including 20 to 30 mm, such as 25 mm. The blocks may also 
vary in web thickness. In some embodiments, the blocks may 
have web thicknesses ranging from 15 to 30mm, including 15 
to 25 mm, such as 20 mm. The blocks of the invention may 
vary considerably in physical and mechanical properties. The 
compressive strength of blocks of the invention may vary, in 
certain instances ranging from 5 to 100 MPa, including 15 to 
75 MPa, such as 20 to 40 MPa. The flexural strength of blocks 
of the invention may also vary, ranging from 0.5 to 15 MPa, 
including 2 to 10 MPa, such as 4 to 6 MPa. The maximum 
water absorption of the blocks of the invention may vary, 
ranging from 7 to 20% by weight including 8 to 15%, such as 
9 to 11%. Blocks of the invention may also undergo moisture 
movement (expansion or contraction) due to the absorption or 
loss of water to its environment. Blocks of the invention may 
be Type I moisture-controlled units or Type II non-moisture 
controlled units. The dimensional stability (i.e., linear shrink 
age) of the blocks of the invention may vary depending on 
their intended use and/or geographical location of use, in 
certain instances ranging from 0.02 to 0.15%, such as 0.03 to 
0.05%. The CO-sequestering building material composition 
of the invention may be molded, extruded, or sculpted into the 
desired shape and size to form a block. The shaped compo 
sition may be further compacted by roller compaction, 
hydraulic pressure, vibrational compaction, or resonant 
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shock compaction. In some instances, the resultant composi 
tion may also be foamed using mechanically or chemically 
introduced gases prior to being shaped or while the compo 
sition is setting in order to form a lightweight concrete block. 
The composition is further cured in an environment with a 
controlled temperature and humidity. 
0038 Another type of building material provided by the 
invention is a tile. Tiles of the invention refer to non-load 
bearing building materials that are commonly employed on 
roofs and to pave exterior and interior floors of commercial 
and residential structures. Some examples where tiles of the 
invention may be employed include, but are not limited to, the 
roofs of commercial and residential buildings, decorative 
patios, bathrooms, saunas, kitchens, building foyer, drive 
ways, pool decks, porches, walkways, Sidewalks, and the like. 
Tiles may take on many forms depending on their intended 
use and/or intended geographical location of use, varying in 
shape, size, weight, and may be solid, webbed, cellular or 
hollow. Tiles of the invention may vary in dimension, e.g., 
lengths ranging from 100 to 1000 mm, including 250 to 500 
mm, such as 250 to 300 mm; widths ranging from 50 to 1000 
mm, including 100 to 250 mm, such as 125 to 175 mm; and 
thickness ranging from 10 to 30 mm, including 15 to 25 mm, 
such as 15 to 20 mm. The compressive strengths of tiles of the 
invention may also vary, in certain instances ranging from 5 to 
75 MPa, including 15 to 40 MPa, such as 25 MPa. The flexural 
strength of tiles of the invention may vary, ranging from 0.5 to 
7.5 MPa, including 2 to 5 MPa, such as 2.5 MPa. The maxi 
mum water absorption of tiles of the invention may also vary, 
in certain instances ranging from 5 to 15%, including 7 to 
12%. Tiles of the invention may also undergo moisture move 
ment (expansion or contraction) due to the absorption or loss 
of water to its environment. The dimensional stability (i.e., 
linear shrinkage or expansion) due to moisture movement 
may vary, in certain instances ranging from 0.001 to 0.25%, 
including 0.025 to 0.075%, such as 0.05%. Tiles used to pave 
areas exposed to heavy traffic (e.g., pedestrian, vehicular, 
etc.) may have an abrasion resistance index that may vary 
considerably, ranging from 0.1 to 0.5, including 0.25. In 
addition, tiles may have a Volume abrasion loss ranging from 
1.0 to 4.0 cm/cm, including 1.5 to 3.0 cm/cm, such as 2.7 
cm/cm. Tiles may be polygonal, circular or take on any 
other desired shape. As such, the CO-sequestering building 
material composition of the invention may be molded or cast 
into the desired tile shape and size. The shaped composition 
may be further compacted by roller compaction, hydraulic 
pressure, vibrational compaction, or resonant shock compac 
tion. The resultant composition may also be poured out into 
sheets or a roller may be used to form sheets of a desired 
thickness. The sheets are then cut to the desired dimensions of 
the tiles. In some instances, the resultant composition may 
also be foamed using mechanically or chemically introduced 
gases prior to being shaped or while the composition is setting 
in order to form a lightweight tile. The shaped composition is 
then allowed to set and further cured in an environment with 
a controlled temperature and humidity. Tiles may be further 
polished, colored, textured, shot blasted, inlaid with decora 
tive components and the like. 
0039 Construction panels are formed building materials 
employed in a broad sense to refer to any non-load-bearing 
structural element that are characterized such that their length 
and width are substantially greater than their thickness. 
Exemplary construction panels of the invention include 
cement boards, fiber-cement sidings, and drywall. Construc 
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tion panels are polygonal structures with dimensions that vary 
greatly depending on their intended use. The dimensions of 
construction panels may range from 50 to 500 cm in length, 
including 100 to 300 cm, such as 250 cm; width ranging from 
25 to 200 cm, including 75 to 150 cm, such as 100 cm; 
thickness ranging from 5 to 25 mm, including 7 to 20 mm, 
including 10 to 15 mm Cement boards comprise construction 
panels conventionally prepared as a combination of cement 
and fiberglass and possess additional fiberglass reinforce 
ment at both faces of the board. Fiber-cement sidings com 
prise construction panels conventionally prepared as a com 
bination of cement, aggregate, interwoven cellulose, and/or 
polymeric fibers and possess a texture and flexibility that 
resembles wood. Drywall comprises construction panels con 
ventionally prepared from gypsum plaster (i.e., semi-hydrous 
form of calcium Sulfate), fibers (glass or paper) and is sand 
wiched between two sheets of outer material, e.g., paper or 
fiberglass mats. 
0040. One type of construction panel provided by the 
invention is cement board. They are formed building materi 
als where in Some embodiments, are used as backerboards for 
ceramics that may be employed behind bathroom tiles, 
kitchen counters, backsplashes, etc. and may have lengths 
ranging from 100 to 200 cm, such as 125 to 175 cm, e.g., 150 
to 160 cm; a breadth ranging from 75 to 100 cm, such as 80 to 
100 cm, e.g., 90 to 95 cm, and a thickness ranging from 5 to 
25 mm, e.g., 5 to 15 mm, including 5 to 10 mm Cement boards 
of the invention may vary in physical and mechanical prop 
erties. In some embodiments, the flexural strength may vary, 
ranging between 1 to 7.5 MPa, including 2 to 6 MPa, such as 
5 MPa. The compressive strengths may also vary, ranging 
from 5 to 50 MPa, including 10 to 30 MPa, such as 15 to 20 
MPa. In some embodiments of the invention, cement boards 
may be employed in environments having extensive exposure 
to moisture (e.g., commercial saunas). The maximum water 
absorption of the cement boards of the invention may vary, 
ranging from 5 to 15% by weight, including 8 to 10%, such as 
9%. Cement boards of the invention may also undergo mois 
ture movement (expansion or contraction) due to the absorp 
tion or loss of water to its environment. The dimensional 
stability (i.e., linear shrinkage or expansion) due to moisture 
movement may vary, in certain instances ranging from 0.035 
to 0.1%, including 0.04 to 0.08%, such as 0.05 to 0.06%. The 
CO-sequestering building composition of the invention may 
be used to produce the desired shape and size to form a 
cement board. In addition, a variety of further components 
may be added to the cement boards which include but are not 
limited to: plasticizers, foaming agents, accelerators, retard 
ers and air entrainment additives. The CO2-sequestering 
building material composition is then poured out into sheet 
molds or a roller may be used to form sheets of a desired 
thickness. The shaped composition may be further compacted 
by roller compaction, hydraulic pressure, vibrational com 
paction, or resonant shock compaction. The sheets are then 
cut to the desired dimensions of the cement boards. In some 
instances, the resultant composition may also be foamed 
using mechanically or chemically introduced gases prior to 
being shaped or while the composition is setting in order to 
form a lightweight cement board. The shaped composition is 
then allowed to set and further cured in an environment with 
a controlled temperature and humidity. The cement boards of 
the invention then may be covered in a fiberglass mat on both 
faces of the board. Where desired, the cement boards of the 
current invention may also be prepared using chemical 
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admixtures such that they possess increased fire, water, and 
frost resistance as well as resistance to damage by bio-deg 
radation and corrosion. The cement board of the current 
invention may also be combined with components such as 
dispersed glass fibers, which may impart improved durability, 
increased flexural strength, and a smoother Surface. 
0041 Another type of construction panel provided by the 
invention is fiber-cement siding. Fiber-cement sidings of the 
invention are formed building materials used to cover the 
exterior or roofs of buildings and include, but are not limited 
to building sheets, roof panels, ceiling panels, eternits, and the 
like. They may also find use as a substitute for timber fascias 
and barge boards in high fire areas. Fiber-cement sidings may 
have dimensions that vary, ranging from 200 to 400 cm in 
length, e.g., 250 cm and 50 to 150 cm in width, e.g., 100 cm 
and a thickness ranging from 4 to 20 mm, e.g., 5 to 15 mm, 
including 10 mm Fiber-cement sidings of the invention may 
possess physical and mechanical properties that vary. In some 
embodiments, the flexural strength may range between 0.5 to 
5 MPa, including 1 to 3 MPa, such as 2 MPa. The compressive 
strengths may also vary, in some instances ranging from 2 to 
25 MPa, including 10 to 15 MPa, such as 10 to 12 MPa. In 
Some embodiments of the invention, fiber-cement sidings 
may be employed on buildings that are Subject to varying 
weather conditions, in Some embodiments ranging from 
extremely arid to wet (i.e., low to high levels of humidity). 
Accordingly, the maximum water absorption of the fiber 
cement sidings of the invention may vary, ranging from 10 to 
25% by mass, including 10 to 20%, such as 12 to 15%. The 
dimensional stability (i.e., linear shrinkage or expansion) due 
to moisture movement may vary, in certain instances ranging 
from 0.05 to 0.1%, including 0.07 to 0.09%. The CO-seques 
tering building composition of the invention may be used to 
produce the desired shape and size to form a fiber-cement 
siding. In addition, a variety of further components may be 
added to the fiber-cement sidings which include but are not 
limited to: cellulose fibers, plasticizers, foaming agents, 
accelerators, retarders and air entrainment additives. The 
CO2-sequestering building material composition is then 
poured into sheet molds or a roller is used to form sheets of a 
desired thickness. The shaped composition may be further 
compacted by roller compaction, hydraulic pressure, vibra 
tional compaction, or resonant shock compaction. The sheets 
are then cut to the desired dimensions of the fiber-cement 
sidings. In some instances, the resultant composition may 
also be foamed using mechanically or chemically introduced 
gases prior to being shaped or while the composition is setting 
in order to formalightweight fiber-cement siding. The shaped 
composition is then allowed to set and further cured in an 
environment with a controlled temperature and humidity. The 
fiber-cement sidings of the invention may then be covered 
with a polymeric film, enamel or paint. Where desired, the 
fiber-cement sidings of the current invention may also be 
prepared using chemical admixtures such that they possess 
increased fire, water, and frost resistance as well as resistance 
to damage by bio-degradation and corrosion. 
0042 Another type of construction panel provided by the 
invention is drywall. The term drywall refers to the commonly 
manufactured building material that is used to finish construc 
tion of interior walls and ceilings. In certain instances, dry 
wall building materials are panels that are made of a paper 
liner wrapped around an inner core. The inner core of drywall 
of the invention will include at least Some amount of a car 
bonate/bicarbonate component (e.g., CO2-sequestering com 
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ponent) of the invention. The dimensions of the drywall build 
ing materials of the invention may vary, in certain instances 
ranging from 100 to 200 cm, such as 125 to 175 cm, e.g., 150 
to 160 cm in length; ranging from 75 to 100 cm, such as 80 to 
100 cm, e.g., 90 to 95 cm in breadth, and ranging from 5 to 50 
mm, e.g., 5 to 30 mm, including 10 to 25 mm in thickness. 
Drywall provided by the invention may possess physical and 
mechanical properties that vary considerably, and may 
depend upon the amount of the conventional constituents of 
drywall preparation that are replaced with the carbonate com 
pound composition (e.g., CO-sequestering composition). 
The flexural and compressive strengths of drywall provided 
by the invention are generally larger than conventional dry 
wall prepared with gypsum plaster, which is known to be a 
Soft construction material. In some embodiments, the flexural 
strength may range between 0.1 to 3 MPa, including 0.5 to 2 
MPa, such as 1.5 MPa. The compressive strengths may also 
vary, in some instances ranging from 1 to 20 MPa, including 
5 to 15 MPa, such as 8 to 10 MPa. The maximum water 
absorption of drywall of the invention may vary, ranging from 
2 to 10% by mass, including 4 to 8%, such as 5%. In certain 
embodiments, the inner core will be analogous to a conven 
tional drywall core which is made primarily from gypsum 
plaster (the semi-hydrous form of calcium sulfate (CaSO. 
/2H2O), with at least a portion of the gypsum component 
replaced with the carbonate/bicarbonate component (e.g., 
CO-sequestering component). In addition, the core may 
include a variety of further components, such as but not 
limited to: fibers (e.g., paper and/or fiberglass), plasticizers, 
foaming agents, accelerators, e.g., potash, retarders, e.g., 
EDTA or other chelators, various additives that increase mil 
dew and fire resistance (e.g., fiberglass or Vermiculite), and 
water. The portion of components replaced with the carbon 
ate/bicarbonate component (e.g., CO2-sequestering compo 
nent) may vary, and in certain instances is 5% by weight or 
more, including 10% by weight or more, 25% by weight or 
more, 50% by weight or more, 75% by weight or more, 90% 
by weight or more, or even 100% by weight. In producing the 
drywall, the core components may be combined and the 
resultant composition sandwiched between two sheets of 
outer material, e.g., heavy paper or fiberglass mats. When the 
core sets and is dried in a large drying chamber, the sandwich 
becomes rigid and strong enough for use as a building mate 
rial. 

0043. Another building material provided by the invention 
is a conduit. Conduits are tubes or analogous structures con 
figured to convey a gas or liquid, from one location to another. 
Conduits of the current invention can include any of a number 
of different structures used in the conveyance of a liquid or 
gas that include, but are not limited to pipes, culverts, box 
culverts, drainage channels and portals, inlet structures, 
intake towers, gate wells, outlet structures, and the like. Con 
duits of the invention may vary considerably in shape, which 
is generally determined by hydraulic design and installation 
conditions. Shapes of conduits of the current invention may 
include, but are not limited to circular, rectangular, oblong, 
horseshoe, square, etc. Multiple cell configurations of con 
duits are also possible. Conduit design may vary depending 
on its intended use. As such, conduits of the invention may 
have dimensions that vary considerably. Conduits may have 
outer diameters which range in length from 5 to 500 cm or 
longer, such as 10 to 300 cm, e.g., 25 to 250 cm. The wall 
thicknesses may vary considerably, ranging in certain 
instances from 0.5 to 25 cm or thicker, such as 1 to 15 cm, e.g., 
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1 to 10 cm. In certain embodiments, conduits of the current 
invention may be designed in order to Support high internal 
pressure from water flow within the conduit. In yet other 
embodiments, conduits of the invention may be designed to 
Support high external loadings (e.g., earth loads, Surface Sur 
charge loads, vehicle loads, external hydrostatic pressures, 
etc.). Accordingly, the compressive strength of the walls of 
conduits of the invention may also vary, depending on the size 
and intended use of the conduit, in Some instances ranging, 
from 5 to 75 MPa, such as 10 to 50 MPa, e.g., 15 to 40 MPa. 
Where desired, the conduits may be employed with various 
coatings or liners (e.g., polymeric), and may be configured for 
easy joining with each other to produce long conveyance 
structures made up of multiple conduits of the invention. In 
producing conduits of the invention, the CO2-sequestering 
building material composition is poured into a mold in order 
to form the desired conduit shape and size. The shaped com 
position may be further compacted by roller compaction, 
hydraulic pressure, vibrational compaction, or resonant 
shock compaction. In some instances, the resultant composi 
tion may also be foamed using mechanically or chemically 
introduced gases prior to being shaped or while the compo 
sition is setting in order to form a lightweight conduit struc 
ture. The shaped composition is further allowed to set and is 
cured in an environment with a controlled temperature and 
humidity. In addition, the conduits of the invention may 
include a variety of further components, such as but not 
limited to: plasticizers, foaming agents, accelerators, retard 
ers and air entrainment additives. Where desired, the further 
components may include chemical admixtures such that the 
conduits of the invention possess increased resistance to dam 
age by bio-degradation, frost, water, fire and corrosion. In 
Some embodiments, the conduits of the invention may 
employ structural Support components such as, but not lim 
ited to, cables, wires and mesh composed of steel, polymeric 
materials, ductile iron, aluminum or plastic. 
0044 Another building material provided by the invention 

is basins. The term basin may include any configured con 
tainer used to hold a liquid, Such as water. As such, a basin 
may include, but is not limited to structures such as wells, 
collection boxes, sanitary manholes, septic tanks, catch 
basins, grease traps/separators, storm drain collection reser 
Voirs, etc. Basins may vary in shape, size, and Volume capac 
ity. Basins may be rectangular, circular, spherical, or any 
other shape depending on its intended use. In some embodi 
ments, basins may possess a greater width than depth, becom 
ing smaller toward the bottom. The dimensions of the basin 
may vary depending on the intended use of the structure (e.g., 
from holding a few gallons of liquid to several hundred or 
several thousand or more gallons of liquid). The wall thick 
nesses may vary considerably, ranging in certain instances 
from 0.5 to 25 cm or thicker, such as 1 to 15 cm, e.g., 1 to 10 
cm. Accordingly, the compressive strength may also vary 
considerably, depending on the size and intended use of the 
basin, in some instances ranging, from 5 to 60 MPa, Such as 
10 to 50 MPa, e.g., 15 to 40 MPa. In some embodiments, the 
basin may be designed to Support high external loadings (e.g., 
earth loads, Surface Surcharge loads, vehicle loads, etc.). In 
certain other embodiments, the basins may be employed with 
various coatings or liners (e.g., polymeric), and may be con 
figured so that they may be combined with conveyance ele 
ments (e.g., drainage pipe). In other embodiments, basins of 
the invention may be configured so that they may be con 
nected to other basins so that they may form a connected 
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series of basins. In producing basins of the invention, the 
CO-sequestering building material composition may be 
poured into a mold to form the desired basin shape and size. 
The shaped composition may be further compacted by roller 
compaction, hydraulic pressure, vibrational compaction, or 
resonant shock compaction. The basins may also be prepared 
by pouring the composition into sheet molds and the basins 
further assembled by combining the sheets together to form 
basins with varying dimensions (e.g., polygonal basins, 
rhomboidal basins, etc.). In some instances, the resultant 
composition may also be foamed using mechanically or 
chemically introduced gases prior to being shaped or while 
the composition is setting in order to form a lightweight basin 
structure. The shaped composition is further allowed to set 
and is cured in an environment with a controlled temperature 
and humidity. In addition, the basins of the invention may 
include a variety of further components, such as but not 
limited to: plasticizers, foaming agents, accelerators, retard 
ers and air entrainment additives. Where desired, the further 
components may include chemical admixtures Such that the 
basins of the invention possess increased resistance to dam 
age by bio-degradation, frost, water, fire and corrosion. In 
Some embodiments, the basins of the invention may employ 
structural Support components such as, but not limited to 
cables, wires and mesh composed of steel, polymeric mate 
rials, ductile iron, aluminum or plastic. 
0045 Another building material provided by the invention 

is a beam, which, in a broad sense, refers to a horizontal 
load-bearing structure possessing large flexural and compres 
sive strengths. Beams may be rectangular cross-shaped, 
C-channel, L-section edge beams, 1-beams, spandrel beams, 
H-beams, possess an inverted T-design, etc. Beams of the 
invention may also be horizontal load-bearing units, which 
include, but are not limited to joists, lintels, archways and 
cantilevers. Beams generally have a much longer length than 
their longest cross-sectional dimension, where the length of 
the beam may be 5-fold or more, 10-fold or more, 25-fold or 
more, longer than the longest cross-sectional dimension. 
Beams of the invention may vary in their mechanical and 
physical properties. For example, unreinforced concrete 
beams may possess flexural capacities that vary, ranging from 
2 to 25 MPa, including 5 to 15 MPa, such as 7 to 12 MPa and 
compressive strengths that range from 10 to 75 MPa, includ 
ing 20 to 60 MPa, such as 40 MPa. Structurally reinforced 
concrete beams of the invention may possess considerably 
larger flexural capacities, ranging from 15 to 75 MPa, includ 
ing as 25 to 50 MPa, such as 30 to 40 MPa and compressive 
strengths that range from 35 to 150 MPa, including 50 to 125 
MPa, such as 75 to 100 MPa. The beams of the invention may 
be internal or external, and may be symmetrically loaded or 
asymmetrically loaded. In some embodiments, beams may be 
composite, wherein it acts compositely with other structural 
units by the introduction of appropriate interface shear 
mechanisms. In other embodiments, beams may be non-com 
posite, wherein it utilizes the properties of the basic beam 
alone. In producing beams of the invention, the CO2-seques 
tering building material composition may be poured into a 
beam mold or cast around a correlated Steel reinforcing beam 
structure (e.g., steel rebar). In some embodiments, the steel 
reinforcement is pretensioned prior to casting the composi 
tion around the steel framework. In other embodiments, 
beams of the invention may be cast with a steel reinforcing 
cage that is mechanically anchored to the concrete beam. The 
beams of the invention may also employ additional structural 
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Support components such as, but not limited to cables, wires 
and mesh composed of steel, ductile iron, polymeric fibers, 
aluminum or plastic. The structural Support components may 
be employed parallel, perpendicular, or at Some other angle to 
the carried load. The molded or casted composition may be 
further compacted by roller compaction, hydraulic pressure, 
vibrational compaction, or resonant shock compaction. The 
composition is further allowed to set and is cured in an envi 
ronment with a controlled temperature and humidity. In addi 
tion, the beams of the invention may include a variety of 
further components, such as but not limited to: plasticizers, 
foaming agents, accelerators, retarders and air entrainment 
additives. Where desired, the further components may 
include chemical admixtures such that the beams of the 
invention possess increased resistance to damage by bio 
degradation, frost, water, fire and corrosion. 
0046. Another building material provided by the invention 

is a column, which, in a broad sense, refers to a vertical 
load-bearing structure that carries loads chiefly through axial 
compression and includes structural elements such as com 
pression members. Other vertical compression members of 
the invention may include, but are not limited to pillars, piers, 
pedestals, or posts. Columns of the invention may be rigid, 
upright Supports, composed of relatively few pieces. Col 
umns may also be decorative pillars having a cylindrical or 
polygonal, Smooth or fluted, tapered or straight shaft with a 
capital and usually a base, among other configurations. The 
capital and base of the column may have a similar shape as the 
column or may be different. Any combination of shapes for 
the capital and base on a column are possible. Polygonal 
columns of the invention possess a width that is not more than 
four times its thickness. Columns of the invention may be 
constructed Such that they are solid, hollow (e.g., decorative 
columns), reinforcement filled, or any combination thereof. 
Columns of the invention can be short columns (i.e., columns 
where strength is governed by construction components and 
the geometry of its cross section) or slender columns (i.e., 
cross-sectional dimensions that are less than 5 times its 
length). The dimensions of the column may vary greatly 
depending on the intended use of the structure, e.g., from 
being less than a single story high, to several stories high or 
more, and having a corresponding width. Columns of the 
invention may vary in their mechanical and physical proper 
ties. Properties such as compressive and flexural strengths 
may vary depending on the design and intended use of the 
column. For example, unreinforced concrete columns may 
possess flexural strengths that range from 2 to 20 MPa, 
including 5 to 15 MPa, such as 7 to 12 MPa and compressive 
strengths that range from 10 to 100 MPa, including 25 to 75 
MPa, such as 50 MPa. Structurally reinforced concrete col 
umns of the invention may possess considerably larger flex 
ural strengths, ranging from 15 to 50 MPa, including 20 to 40 
MPa, such as 25 to 35 MPa and compressive strengths that 
range from 25 to 200 MPa, including 50 to 150 MPa, such as 
75 to 125 MPa. In some embodiments, columns may be 
composite, wherein it may act compositely with other struc 
tural units by the introduction of interfacial shear mecha 
nisms. In other embodiments, columns may be non-compos 
ite, wherein it utilizes the properties of the basic column 
alone. In producing columns of the invention, the CO-se 
questering building material composition may be poured into 
a column form or cast around a correlated Steel reinforcing 
column structure (e.g., steel rebar). In some embodiments, the 
steel reinforcement is pretensioned prior to casting the com 
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position around the steel framework. In other embodiments, 
columns of the invention may be cast with a steel reinforcing 
cage that is mechanically anchored to the concrete column. 
The columns of the invention may also employ additional 
structural Support components such as, but not limited to 
cables, wires and mesh composed of steel, ductile iron, poly 
meric fibers, aluminum or plastic. The structural Support 
components may be employed parallel, perpendicular, or at 
some other angle to the carried load. The molded or casted 
composition may be further compacted by roller compaction, 
hydraulic pressure, vibrational compaction, or resonant 
shock compaction. The composition is further allowed to set 
and is cured in an environment with a controlled temperature 
and humidity. In addition, the columns of the invention may 
include a variety of additional components, such as but not 
limited to: plasticizers, foaming agents, accelerators, retard 
ers and air entrainment additives. Where desired, these addi 
tional components may include chemical admixtures Such 
that the columns of the invention possess increased resistance 
to damage by bio-degradation, frost, water, fire and corrosion. 
0047 Another building material provided by the invention 

is a concrete slab. Concrete slabs are those building materials 
used in the construction of prefabricated foundations, floors 
and wall panels. In some instances, a concrete slab may be 
employed as a floor unit. (e.g., hollow plank unit or double tee 
design) In other instances, a precast concrete slab may be a 
shallow precast plank used as a foundation for in-situ con 
crete formwork. Wall panels are, in a broad sense, vertical 
load-bearing members of a building that are polygonal and 
possess a width that is more that four times its thickness. 
Precast concrete foundation, floors and wall panels may vary 
considerably in dimension depending on the intended use of 
the precast concrete slab (e.g., one or two storey building). As 
Such, precast concrete slabs may have dimensions which 
range from 1 to 10 m in length or longer, including 3 to 8 m, 
such as 5 to 6 m; height that ranges from 1 to 10 m or taller, 
including 4 to 10 m, such as 4 to 5 m; and a thickness that may 
range from 0.005 to 0.25 m or thicker, including 0.1 to 0.2 m 
such as 0.1 to 0.15 m. Formed building materials of the 
invention Such as slabs, and structures made therefrom, may 
be thicker than corresponding structures that lack carbonate/ 
bicarbonate components (e.g., CO2-sequestering compo 
nents) of the invention. In addition, structures made from 
amorphous building materials comprising carbonate/bicar 
bonate components (e.g., CO2-sequestering components) of 
the invention may be thicker than corresponding structures 
that lack the carbonate/bicarbonate components (e.g., CO 
sequestering components). Such increased thickness directly 
relates to increased carbonate/bicarbonate component (e.g., 
CO-sequestering component) content. In some embodi 
ments, thickness of formed building materials or related 
structures is increased by 1.5 fold or more, 2-fold or more, or 
5-fold or more. Concrete slabs of the invention may vary in 
their mechanical and physical properties depending on their 
intended use. For example, a prefabricated slab that is 
employed in a floor unit may possess larger flexural strengths 
and lesser compressive strengths than a slab that is employed 
as a load-bearing wall. For example, unreinforced concrete 
slabs may possess flexural strengths that vary, ranging from 2 
to 25 MPa, including 5 to 15 MPa, such as 7 to 12 MPa and 
compressive strengths that range from 10 to 100 MPa, includ 
ing 25 to 75 MPa, such as 50 MPa. Structurally reinforced 
concrete slabs of the invention may possess considerably 
larger flexural strengths, ranging from 15 to 50 MPa, includ 
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ing 20 to 40 MPa, such as 25 to 35 MPa and compressive 
strengths that range from 25 to 200 MPa, including 50 to 150 
MPa, such as 75 to 125 MPa. In producing concrete slabs of 
the invention, the CO-sequestering building material com 
position may be poured into a slab mold or cast around a 
correlated Steel reinforcing structure (e.g., Steel rebar). In 
Some embodiments, the steel reinforcement is pretensioned 
prior to casting the composition around the steel framework. 
In other embodiments, slabs of the invention may be cast with 
a steel reinforcing cage that is mechanically anchored to the 
concrete slab. In some embodiments, the concrete slabs of the 
invention may improve its structural capacity by casting a 
second, Supportive concrete layer that is mechanically 
anchored to the previously precast concrete slab. The slabs of 
the invention may also employ additional structural Support 
components such as, but not limited to cables, wires and mesh 
composed of steel, ductile iron, polymeric fibers, aluminum 
or plastic. The structural Support components may be 
employed parallel, perpendicular, or at Some other angle to 
the carried load. The molded or casted composition may be 
further compacted by roller compaction, hydraulic pressure, 
vibrational compaction, or resonant shock compaction. The 
composition is further allowed to set and is cured in an envi 
ronment with a controlled temperature and humidity. In addi 
tion, the slabs of the invention may include a variety of further 
components, such as but not limited to: plasticizers, foaming 
agents, accelerators, retarders and air entrainment additives. 
Where desired, the further components may include chemical 
admixtures such that the slabs of the invention possess 
increased resistance to damage by bio-degradation, frost, 
water, fire and corrosion. 
0048. Another building material provided by the invention 

is an acoustic barrier, which refers to a structure used as a 
barrier for the attenuation or absorption of sound. As such, an 
acoustic barrier may include, but is not limited to structures 
Such as acoustical panels, reflective barriers, absorptive bar 
riers, reactive barriers, etc. Acoustic barriers of the invention 
may widely vary in size and shape. Acoustic barriers may be 
polygonal, circular, or any other shape depending on its 
intended use. Acoustic barrier may be employed in the attenu 
ation of sound from highways, roadways, bridges, industrial 
facilities, power plants, loading docks, public transportation 
stations, military facilities, gun ranges, housing complexes, 
entertainment venues (e.g., stadiums, concert halls) and the 
like. Acoustic barriers may also be employed for Sound insu 
lation for the interior of homes, music studios, movie theaters, 
classrooms, etc. The acoustic barriers of the invention may 
have dimensions that vary greatly depending on its intended 
use, ranging from 0.5 to 10 m in length or longer, e.g., 5 m and 
0.1 to 10 m in height/width or wider, e.g., 5 m and a thickness 
ranging from 10 to 100 cm, or thicker e.g., 25 to 50 cm, 
including 40 cm. Where desired, the acoustic barrier may be 
employed with various coatings or liners (e.g., polymeric), 
and may be configured for easy joining with each other or 
pillars separating additional acoustic barriers to produce long 
acoustic barrier structures made up of multiple acoustic bar 
riers of the invention. In some embodiments, acoustic barriers 
of the invention may employ sound absorptive material (e.g., 
wood shavings, textile fibers, glass wool, rock wool, poly 
meric foam, Vermiculite, etc.) in addition to a structurally 
reinforcing framework. In some embodiments, acoustic bar 
riers of the invention may be used as noise-reduction barriers 
in an outdoor environment (e.g., along a highway, near an 
airport, etc.) and may be employed with structural Support 
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components (e.g., columns, posts, beams, etc.). In producing 
acoustic barriers of the invention, the CO-sequestering 
building material composition is poured into a mold to form 
the desired acoustic barrier shape and size. Also the compo 
sition may be poured out into a sheet mold or a roller may be 
used to form sheets of a desired thickness. The shaped com 
position may be further compacted by roller compaction, 
hydraulic pressure, vibrational compaction, or resonant 
shock compaction. The sheets are then cut to the desired 
dimensions of the acoustic barriers. In some instances, the 
resultant composition may also be foamed using mechani 
cally or chemically introduced gases prior to being shaped or 
while the composition is setting in order to formalightweight 
acoustic panel structure. The shaped composition is further 
allowed to set and is cured in an environment with a con 
trolled temperature and humidity. In addition, the acoustic 
barriers of the invention may include a variety of further 
components, such as but not limited to: plasticizers, foaming 
agents, accelerators, retarders and air entrainment additives. 
Where desired, the further components may include chemical 
admixtures Such that they possess increased resistance to 
damage by bio-degradation, frost, water, fire and corrosion. 
In some embodiments, the acoustic barriers of the invention 
may employ structural Support components such as, but not 
limited to cables, wires and mesh composed of steel, ductile 
iron, polymeric fibers, aluminum or plastic. 
0049. Another building material provided by the invention 

is an insulation material, which refers to a material used to 
attenuate or inhibit the conduction of heat. Insulation may 
also include those materials that reduce or inhibit radiant 
transmission of heat. Insulation material of the invention may 
consist of one or more of the following constituents: a cemen 
titious forming material, a dispersing agent, an air entraining 
agent, inert densifying particulate, a mixture of ionic and 
non-ionic Surfactants, plasticizers, accelerators, lightweight 
aggregate, organic and inorganic binding agents and glass 
particles. In certain embodiments of the invention, an amount 
of cementitious forming material may be replaced by the 
above described component (e.g., CO-sequestering compo 
nent) where it may be 1% by weight or more, such as 3% by 
weight or more, including 5% by weight or more, such as 25% 
by weight or more, 50% by weight or more, etc. Binding 
compositions for the insulation material of the invention 
include a component selected from the group consisting of 
carbides, Gypsum powder, Blakite, nitrides, calcium carbon 
ate, oxides, titanates, Sulfides, Zinc selenide, Zinc telluride, 
inorganic siloxane compound and their mixtures thereof. In 
certain embodiments of the invention, an amount of the bind 
ing composition may be replaced by the above described 
component (e.g., CO2-sequestering component) and may be 
1% by weight or more, such as 3% by weight or more, includ 
ing 5% by weight or more, such as 25% by weight or more, 
50% by weight or more, etc. Where desired, insulation mate 
rial of the invention may also be prepared using a chemical 
admixture or any other convenient protocol Such that they are 
resistant to damage by termites, insects, bacteria, fungus. etc. 
Insulation materials of the invention may be prepared using 
any convenient protocol Such that they are freeze? thaw, rain 
and fire resistant. Insulation material of the invention may be 
prepared in accordance with traditional manufacturing pro 
tocols for Such materials, with the exception that an amount of 
carbonate/bicarbonate component (e.g., CO2-sequestering 
component) of the invention is employed. In producing the 
insulation materials of the invention, an amount of the car 
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bonate/bicarbonate component (e.g., CO2-sequestering com 
ponent) may be combined with water and other components 
of the insulation material, which may include, but are not 
limited to a dispersing agent, an air entraining agent, inert 
densifying particulate, a mixture of ionic and non-ionic Sur 
factants, plasticizers, accelerators, lightweight aggregate, 
organic and inorganic binding agents and glass particles. The 
resultant insulation material may then be molded into the 
desired shape (e.g., wall panel) or poured into the Void space 
of concrete masonry units, flooring units, roof decks or cast 
around pipes, conduits and basins. 

Preparation of CO2-Sequestering Building Materials 

0050 Aspects of the invention include methods of prepar 
ing CO-sequestering building materials. CO-sequestering 
building materials may be prepared by first producing a car 
bonate/bicarbonate component (e.g., CO-sequestering com 
ponent i.e., precipitation material) and then preparing the 
building material from the carbonate/bicarbonate component 
(e.g., CO-sequestering component). The carbonate/bicar 
bonate component (e.g., CO2-sequestering component) of 
CO-sequestering building materials (e.g., formed building 
materials) may be produced from a source of CO, a source of 
proton-removing agents (and/or methods of effecting proton 
removal), and a source of divalent cations, each of which 
materials are described in further detail immediately below. 
0051 Carbon Dioxide 
0.052 Methods of the invention include contacting a vol 
ume of an aqueous solution of divalent cations with a source 
of CO, then Subjecting the resultant solution to conditions 
that facilitate precipitation. Methods of the invention further 
include contacting a Volume of an aqueous Solution of diva 
lent cations with a source of CO while Subjecting the aque 
ous solution to conditions that facilitate precipitation. There 
may be sufficient carbon dioxide in the divalent cation-con 
taining solution to precipitate significant amounts of carbon 
ate-containing precipitation material (e.g., from seawater); 
however, additional carbon dioxide is generally used. The 
source of CO may be any convenient CO, source. The CO, 
Source may be a gas, a liquid, a solid (e.g., dry ice), a Super 
critical fluid, or CO, dissolved in a liquid. In some embodi 
ments, the CO2 source is a gaseous CO source. The gaseous 
stream may be substantially pure CO or comprise multiple 
components that include CO and one or more additional 
gases and/or other Substances such as ash and other particu 
lates. In some embodiments, the gaseous CO source is a 
waste gas stream (i.e., a by-product of an active process of the 
industrial plant) such as exhaust from an industrial plant. The 
nature of the industrial plant may vary, the industrial plants 
including, but not limited to, powerplants, chemical process 
ing plants, mechanical processing plants, refineries, cement 
plants, steel plants, and other industrial plants that produce 
CO as a by-product of fuel combustion or another processing 
step (such as calcination by a cement plant). 
0053 Waste gas streams comprising CO include both 
reducing (e.g., Syngas, shifted Syngas, natural gas, hydrogen 
and the like) and oxidizing condition streams (e.g., flue gases 
from combustion). Particular waste gas streams that may be 
convenient for the invention include oxygen-containing com 
bustion industrial plant flue gas (e.g., from coal or another 
carbon-based fuel with little or no pretreatment of the flue 
gas), turbo charged boiler product gas, coal gasification prod 
uct gas, shifted coal gasification product gas, anaerobic 
digester product gas, wellhead natural gas stream, reformed 
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natural gas or methane hydrates, and the like. Combustion gas 
from any convenient source may be used in methods and 
systems of the invention. In some embodiments, combustion 
gases in post-combustion effluent stacks of industrial plants 
Such as power plants, cement plants, and coal processing 
plants is used. 
0054 Thus, the waste streams may be produced from a 
variety of different types of industrial plants. Suitable waste 
streams for the invention include waste streams produced by 
industrial plants that combust fossil fuels (e.g., coal, oil, natu 
ral gas) and anthropogenic fuel products of naturally occur 
ring organic fuel deposits (e.g., tar sands, heavy oil, oil shale, 
etc.). In some embodiments, a waste stream suitable for sys 
tems and methods of the invention is sourced from a coal-fired 
power plant, such as a pulverized coal power plant, a Super 
critical coal power plant, a mass burn coal power plant, a 
fluidized bed coal power plant; in some embodiments, the 
waste stream is sourced from gas or oil-fired boiler and steam 
turbine power plants, gas or oil-fired boiler simple cycle gas 
turbine power plants, or gas or oil-fired boiler combined cycle 
gas turbine power plants. In some embodiments, waste 
streams produced by power plants that combust syngas (i.e., 
gas that is produced by the gasification of organic matter, for 
example, coal, biomass, etc.)are used. In some embodiments, 
waste streams from integrated gasification combined cycle 
(IGCC) plants are used. In some embodiments, waste streams 
produced by Heat Recovery Steam Generator (HRSG) plants 
are used in accordance with systems and methods of the 
invention. 

0055 Waste streams produced by cement plants are also 
suitable for systems and methods of the invention. Cement 
plant waste streams include waste streams from both wet 
process and dry process plants, which plants may employ 
shaft kilns or rotary kilns, and may include pre-calciners. 
These industrial plants may each burn a single fuel, or may 
burn two or more fuels sequentially or simultaneously. Other 
industrial plants such as Smelters and refineries are also useful 
Sources of waste streams that include carbon dioxide. 

0056 Industrial waste gas streams may contain carbon 
dioxide as the primary non-air derived component, or may, 
especially in the case of coal-fired power plants, contain 
additional components such as nitrogen oxides (NOx), Sulfur 
oxides (SOX), and one or more additional gases. Additional 
gases and other components may include CO, mercury and 
other heavy metals, and dust particles (e.g., from calcining 
and combustion processes). Additional components in the gas 
stream may also include halides such as hydrogen chloride 
and hydrogen fluoride; particulate matter Such as fly ash, 
dusts, and metals including arsenic, beryllium, boron, cad 
mium, chromium, chromium VI, cobalt, lead, manganese, 
mercury, molybdenum, selenium, strontium, thallium, and 
Vanadium; and organics such as hydrocarbons, dioxins, and 
PAH compounds. Suitable gaseous waste streams that may be 
treated have, in some embodiments, CO present in amounts 
of 200 ppm to 1,000,000 ppm, such as 200,000 ppm to 1000 
ppm, including 200,000 ppm to 2000 ppm, for example 180, 
000 ppm to 2000 ppm, or 180,000 ppm to 5000 ppm, also 
including 180,000 ppm to 10,000 ppm. The waste streams, 
particularly various waste streams of combustion gas, may 
include one or more additional components, for example, 
water, NOx (mononitrogen oxides: NO and NO), SOX 
(monosulfur oxides: SO, SO and SO), VOC (volatile 
organic compounds), heavy metals such as mercury, and par 
ticulate matter (particles of solid or liquid Suspended in a gas). 
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Flue gas temperature may also vary. In some embodiments, 
the temperature of the flue gas comprising CO is from 0°C. 
to 2000° C., such as from 60° C. to 700° C., and including 
100° C. to 400° C. 

0057. In some embodiments, one or more additional com 
ponents or co-products (i.e., products produced from other 
starting materials e.g., SOX, NOX, etc. under the same con 
ditions employed to convert CO into carbonates) are precipi 
tated or trapped in precipitation material formed by contact 
ing the waste gas stream comprising these additional 
components with an aqueous solution comprising divalent 
cations (e.g., alkaline earth metal ions such as Ca" and 
Mg"). Sulfates, sulfites, and the like of calcium and/or mag 
nesium may be precipitated or trapped in precipitation mate 
rial (further comprising calcium and/or magnesium carbon 
ates) produced from waste gas streams comprising SOX (e.g., 
SO). Magnesium and calcium may react to form MgSO4, 
CaSO4, respectively, as well as other magnesium-containing 
and calcium-containing compounds (e.g., Sulfites), effec 
tively removing Sulfur from the flue gas stream without a 
desulfurization step such as flue gas desulfurization (“FGD). 
In addition, CaCO, MgCOs, and related compounds may be 
formed without additional release of CO. In instances where 
the aqueous solution of divalent cations contains high levels 
of sulfur compounds (e.g., Sulfate), the aqueous solution may 
be enriched with calcium and magnesium so that calcium and 
magnesium are available to form carbonate compounds after, 
or in addition to, formation of CaSO, MgSO, and related 
compounds. In some embodiments, a desulfurization step 
may be staged to coincide with precipitation of carbonate 
containing precipitation material, or the desulfurization step 
may be staged to occur before precipitation. In some embodi 
ments, multiple reaction products (e.g., MgCO, CaCO, 
CaSO4, mixtures of the foregoing, and the like) are collected 
at different stages, while in other embodiments a single reac 
tion product (e.g., precipitation material comprising carbon 
ates, sulfates, etc.) is collected. In step with these embodi 
ments, other components, such as heavy metals (e.g., 
mercury, mercury salts, mercury-containing compounds), 
may be trapped in the carbonate-containing precipitation 
material or may precipitate separately. 
0.058 A portion of the gaseous waste stream (i.e., not the 
entire gaseous waste stream) from an industrial plant may be 
used to produce precipitation material. In these embodiments, 
the portion of the gaseous waste stream that is employed in 
precipitation of precipitation material may be 75% or less, 
such as 60% or less, and including 50% and less of the 
gaseous waste stream. In yet other embodiments, Substan 
tially (e.g., 80% or more) the entire gaseous waste stream 
produced by the industrial plant is employed in precipitation 
of precipitation material. In these embodiments, 80% or 
more, such as 90% or more, including 95% or more, up to 
100% of the gaseous waste stream (e.g., flue gas) generated 
by the source may be employed for precipitation of precipi 
tation material. 

0059 Although industrial waste gas offers a relatively 
concentrated Source of combustion gases, methods and sys 
tems of the invention are also applicable to removing com 
bustion gas components from less concentrated Sources (e.g., 
atmospheric air), which contains a much lower concentration 
of pollutants than, for example, flue gas. Thus, in some 
embodiments, methods and systems encompass decreasing 
the concentration of pollutants in atmospheric airby produc 
ing a stable precipitation material. In these cases, the concen 
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tration of pollutants, e.g., CO, in a portion of atmospheric air 
may be decreased by 10% or more, 20% or more, 30% or 
more, 40% or more, 50% or more, 60% or more, 70% or more, 
80% or more, 90% or more, 95% or more, 99% or more, 
99.9% or more, or 99.99%. Such decreases in atmospheric 
pollutants may be accomplished with yields as described 
herein, or with higher or lower yields, and may be accom 
plished in one precipitation step or in a series of precipitation 
steps. 
0060 Divalent Cations 
0061 Methods of the invention include contacting a vol 
ume of an aqueous solution of divalent cations with a source 
of CO and Subjecting the resultant Solution to conditions that 
facilitate precipitation. In some embodiments, a Volume of an 
aqueous solution of divalent cations is contacted with a 
Source of CO while Subjecting the aqueous solution to con 
ditions that facilitate precipitation. Divalent cations may 
come from any of a number of different divalent cation 
Sources depending upon availability at a particular location. 
Such sources include industrial wastes, seawater, brines, hard 
waters, rocks and minerals (e.g., lime, periclase, material 
comprising metal silicates such as serpentine and olivine), 
and any other Suitable source. 
0062. In some locations, industrial waste streams from 
various industrial processes provide for convenient sources of 
divalent cations (as well as in Some cases other materials 
useful in the process, e.g., metal hydroxide). Such waste 
streams include, but are not limited to, mining wastes; fossil 
fuel burning ash (e.g., combustion ash such as fly ash, bottom 
ash, boiler slag); slag (e.g. iron slag, phosphorous slag); 
cement kiln waste; oil refinery/petrochemical refinery waste 
(e.g. oil field and methane seam brines); coal seam wastes 
(e.g. gas production brines and coal seam brine); paper pro 
cessing waste; water softening waste brine (e.g., ion 
exchange effluent); silicon processing wastes; agricultural 
waste; metal finishing waste; high pH textile waste; and caus 
tic sludge. Fossil fuel burning ash, cement kiln dust, and slag, 
collectively waste sources of metal oxides, further described 
in U.S. patent application Ser. No. 12/486.692, filed 17 Jun. 
2009, the disclosure of which is incorporated herein in its 
entirety. Any of the divalent cations sources described herein 
may be mixed and matched for the purpose of practicing the 
invention. For example, material comprising metal silicates 
(e.g. serpentine, olivine), which are further described in U.S. 
patent application Ser. No. 12/501,217, filed 10 Jul. 2009, 
which application is herein incorporated by reference, may be 
combined with any of the sources of divalent cations 
described herein for the purpose of practicing the invention. 
0063. In some locations, a convenient source of divalent 
cations for preparation of a carbonate/bicarbonate component 
(e.g., CO-sequestering component) of the invention is water 
(e.g., an aqueous solution comprising divalent cations such as 
seawater or Surface brine), which may vary depending upon 
the particular location at which the invention is practiced. 
Suitable aqueous solutions of divalent cations that may be 
used include Solutions comprising one or more divalent cat 
ions, e.g., alkaline earth metal cations such as Ca" and Mg". 
In some embodiments, the aqueous source of divalent cations 
comprises alkaline earth metal cations. In some embodi 
ments, the alkaline earth metal cations include calcium, mag 
nesium, or a mixture thereof. In some embodiments, the 
aqueous solution of divalent cations comprises calcium in 
amounts ranging from 50 to 50,000 ppm, 50 to 40,000 ppm, 
50 to 20,000 ppm, 100 to 10,000 ppm, 200 to 5000 ppm, or 
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400 to 1000ppm. In some embodiments, the aqueous solution 
of divalent cations comprises magnesium in amounts ranging 
from 50 to 40,000 ppm, 50 to 20,000 ppm, 100 to 10,000 ppm, 
200 to 10,000 ppm, 500 to 5000 ppm, or 500 to 2500 ppm. In 
some embodiments, where Ca" and Mg" are both present, 
the ratio of Ca" to Mg" (i.e., Ca:Mg") in the aqueous 
solution of divalent cations is between 1:1 and 1:2.5; 1:2.5 
and 1:5; 1:5 and 1:10; 1:10 and 1:25; 1:25 and 1:50: 1:50 and 
1:100; 1:100 and 1:150; 1:150 and 1:200; 1:200 and 1:250; 
1:250 and 1:500; 1:500 and 1:1000, or a range thereof. For 
example, in some embodiments, the ratio of Ca" to Mg" in 
the aqueous Solution of divalent cations is between 1:1 and 
1:10; 1:5 and 1:25; 1:10 and 1:50: 1:25 and 1:100: 1:50 and 
1:500; or 1:100 and 1:1000. In some embodiments, the ratio 
of Mg" to Ca" (i.e., Mg":Ca") in the aqueous solution of 
divalent cations is between 1:1 and 1:2.5; 1:2.5 and 1:5; 1:5 
and 1:10; 1:10 and 1:25; 1:25 and 1:50: 1:50 and 1:100; 1:100 
and 1:150; 1:150 and 1:200; 1:200 and 1:250; 1:250 and 
1:500; 1:500 and 1:1000, or a range thereof. For example, in 
some embodiments, the ratio of Mg" to Ca" in the aqueous 
solution of divalent cations is between 1:1 and 1:10; 1:5 and 
1:25; 1:10 and 1:50: 1:25 and 1:100: 1:50 and 1:500; or 1:100 
and 1:1000. 

0064. The aqueous solution of divalent cations may com 
prise divalent cations derived from freshwater, brackish 
water, Seawater, or brine (e.g., naturally occurring brines or 
anthropogenic brines such as geothermal plant wastewaters, 
desalination plant waste waters), as well as other salines 
having a salinity that is greater than that of freshwater, any of 
which may be naturally occurring oranthropogenic. Brackish 
water is water that is saltier than freshwater, but not as salty as 
seawater. Brackish water has a salinity ranging from about 0.5 
to about 35 ppt (parts per thousand). Seawater is water from a 
sea, an ocean, or any other saline body of water that has a 
salinity ranging from about 35 to about 50 ppt. Brine is water 
saturated or nearly saturated with salt. Brine has a salinity that 
is about 50 ppt or greater. In some embodiments, the water 
source from which divalent cations are derived is a mineral 
rich (e.g., calcium-rich and/or magnesium-rich) freshwater 
Source. In some embodiments, the water source from which 
divalent cations are derived is a naturally occurring saltwater 
Source selected from a sea, an ocean, a lake, a Swamp, an 
estuary, a lagoon, a surface brine, a deep brine, an alkaline 
lake, an inland sea, or the like. In some embodiments, the 
water source from which divalent cation are derived is an 
anthropogenic brine selected from a geothermal plant waste 
water or a desalination wastewater. 

0065 Freshwater is often a convenient source of divalent 
cations (e.g., cations of alkaline earth metals such as Ca" and 
Mg"). Any of a number of suitable freshwater sources may 
be used, including freshwater Sources ranging from Sources 
relatively free of minerals to sources relatively rich in miner 
als. Mineral-rich freshwater sources may be naturally occur 
ring, including any of a number of hard water sources, lakes, 
or inland seas. Some mineral-rich freshwater Sources such as 
alkaline lakes or inland seas (e.g., Lake Van in Turkey) also 
provide a source of pH-modifying agents. Mineral-rich fresh 
water sources may also be anthropogenic. For example, a 
mineral-poor (soft) water may be contacted with a source of 
divalent cations such as alkaline earth metal cations (e.g., 
Ca", Mg, etc.) to produce a mineral-rich water that is suit 
able for methods and systems described herein. Divalent cat 
ions or precursors thereof (e.g. salts, minerals) may be added 
to freshwater (or any other type of water described herein) 
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using any convenient protocol (e.g., addition of Solids, Sus 
pensions, or Solutions). In some embodiments, divalent cat 
ions selected from Ca" and Mg", are added to freshwater. In 
Some embodiments, monovalent cations selected from Na+ 
and K+ are added to freshwater. In some embodiments, fresh 
water comprising Ca" is combined with combustion ash 
(e.g., fly ash, bottom ash, boiler slag), or products or pro 
cessed forms thereof, yielding a solution comprising calcium 
and magnesium cations. 
0066. In some embodiments, an aqueous solution of diva 
lent cations may be obtained from an industrial plant that is 
also providing a combustion gas stream. For example, in 
water-cooled industrial plants, such as seawater-cooled 
industrial plants, water that has been used by an industrial 
plant for cooling may then be used as water for producing 
precipitation material. If desired, the water may be cooled 
prior to entering a precipitation system of the invention. Such 
approaches may be employed, for example, with once 
through cooling systems. For example, a city or agricultural 
water Supply may be employed as a once-through cooling 
system for an industrial plant. Water from the industrial plant 
may then be employed for producing precipitation material, 
wherein output water has a reduced hardness and greater 
purity. 
0067 Proton-Removing Agents and Methods for Effect 
ing Proton Removal 
0068 Methods of the invention include contacting a vol 
ume of an aqueous solution of divalent cations with a source 
ofCO, (to dissolve CO.) and subjecting the resultant solution 
to conditions that facilitate precipitation. In some embodi 
ments, a Volume of an aqueous solution of divalent cations is 
contacted with a source of CO (to dissolve CO) while sub 
jecting the aqueous solution to conditions that facilitate pre 
cipitation. The dissolution of CO into the aqueous solution of 
divalent cations produces carbonic acid, a species in equilib 
rium with both bicarbonate and carbonate. In order to produce 
carbonate-containing precipitation material, protons are 
removed from various species (e.g. carbonic acid, bicarbon 
ate, hydronium, etc.) in the divalent cation-containing solu 
tion to shift the equilibrium toward carbonate. As protons are 
removed, more CO. goes into solution. In some embodi 
ments, proton-removing agents and/or methods are used 
while contacting a divalent cation-containing aqueous solu 
tion with CO to increase CO absorption in one phase of the 
precipitation reaction, wherein the pH may remain constant, 
increase, or even decrease, followed by a rapid removal of 
protons (e.g., by addition of a base) to cause rapid precipita 
tion of carbonate-containing precipitation material. Protons 
may be removed from the various species (e.g. carbonic acid, 
bicarbonate, hydronium, etc.) by any convenient approach, 
including, but not limited to use of naturally occurring pro 
ton-removing agents, use of microorganisms and fungi, use of 
synthetic chemical proton-removing agents, recovery of 
man-made waste streams, and using electrochemical means. 
0069 Naturally occurring proton-removing agents 
encompass any proton-removing agents that can be found in 
the wider environment that may create or have a basic local 
environment. Some embodiments provide for naturally 
occurring proton-removing agents including minerals that 
create basic environments upon addition to solution. Such 
minerals include, but are not limited to, lime (CaO); periclase 
(MgO); iron hydroxide minerals (e.g., goethite and limonite); 
and Volcanic ash. Methods for digestion of such minerals and 
rocks comprising Such minerals are provided herein. Some 
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embodiments provide for using naturally alkaline bodies of 
water as naturally occurring proton-removing agents. 
Examples of naturally alkaline bodies of water include, but 
are not limited to Surface water sources (e.g. alkaline lakes 
Such as Mono Lake in California) and ground water Sources 
(e.g. basic aquifers such as the deep geologic alkaline aqui 
fers located at Searles Lake in California). Other embodi 
ments provide for use of deposits from dried alkaline bodies 
of water such as the crust along Lake Natron in Africa's Great 
Rift Valley. In some embodiments, organisms that excrete 
basic molecules or solutions in their normal metabolism are 
used as proton-removing agents. Examples of such organisms 
are fungi that produce alkaline protease (e.g., the deep-sea 
fungus Aspergillus ustus with an optimal pH of 9) and bacte 
ria that create alkaline molecules (e.g., cyanobacteria Such as 
Lyngbya sp. from the Atlin wetland in British Columbia, 
which increases pH from a byproduct of photosynthesis). In 
Some embodiments, organisms are used to produce proton 
removing agents, wherein the organisms (e.g., Bacillus pas 
teurii, which hydrolyzes urea to ammonia) metabolize a con 
taminant (e.g. urea) to produce proton-removing agents or 
Solutions comprising proton-removing agents (e.g., ammo 
nia, ammonium hydroxide). In some embodiments, organ 
isms are cultured separately from the precipitation reaction 
mixture, wherein proton-removing agents or solution com 
prising proton-removing agents are used for addition to the 
precipitation reaction mixture. In some embodiments, natu 
rally occurring or manufactured enzymes are used in combi 
nation with proton-removing agents to invoke precipitation of 
precipitation material. Carbonic anhydrase, which is an 
enzyme produced by plants and animals, accelerates trans 
formation of carbonic acid to bicarbonate in aqueous solu 
tion. As such, carbonic anhydrase may be used to enhance 
dissolution of CO and accelerate precipitation of precipita 
tion material. 

0070 Chemical agents for effecting proton removal gen 
erally refer to synthetic chemical agents that are produced in 
large quantities and are commercially available. For example, 
chemical agents for removing protons include, but are not 
limited to, hydroxides, organic bases, Super bases, oxides, 
ammonia, and carbonates. Hydroxides include chemical spe 
cies that provide hydroxide anions in solution, including, for 
example, sodium hydroxide (NaOH), potassium hydroxide 
(KOH), calcium hydroxide (Ca(OH)), or magnesium 
hydroxide (Mg(OH)2). Organic bases are carbon-containing 
molecules that are generally nitrogenous bases including pri 
mary amines Such as methylamine, secondary amines such as 
diisopropylamine, tertiary Such as diisopropylethylamine, 
aromatic amines such as aniline, heteroaromatics such as 
pyridine, imidazole, and benzimidazole, and various forms 
thereof. In some embodiments, an organic base selected from 
pyridine, methylamine, imidazole, benzimidazole, histidine, 
and a phophaZene is used to remove protons from various 
species (e.g., carbonic acid, bicarbonate, hydronium, etc.) for 
precipitation of precipitation material. In some embodiments, 
ammonia is used to raise pH to a level Sufficient to precipitate 
precipitation material from a solution of divalent cations and 
an industrial waste stream. Super bases Suitable for use as 
proton-removing agents include Sodium ethoxide, Sodium 
amide (NaNH), sodium hydride (NaH), butyl lithium, 
lithium diisopropylamide, lithium diethylamide, and lithium 
bis(trimethylsilyl)amide. Oxides including, for example, cal 
cium oxide (CaO), magnesium oxide (MgO), strontium oxide 
(SrO), beryllium oxide (BeO), and barium oxide (BaO) are 
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also Suitable proton-removing agents that may be used. Car 
bonates for use in the invention include, but are not limited to, 
Sodium carbonate. 

0071. In addition to comprising cations of interest and 
other Suitable metal forms, waste streams from various indus 
trial processes may provide proton-removing agents. Such 
waste streams include, but are not limited to, mining wastes; 
fossil fuel burning ash (e.g., combustion ash Such as fly ash, 
bottom ash, boiler slag); slag (e.g. iron slag, phosphorous 
slag); cement kiln waste; oil refinery/petrochemical refinery 
waste (e.g. oil field and methane seam brines); coal seam 
wastes (e.g. gas production brines and coal seam brine); paper 
processing waste; water softening waste brine (e.g., ion 
exchange effluent); silicon processing wastes; agricultural 
waste; metal finishing waste; high pH textile waste; and caus 
tic sludge. Mining wastes include any wastes from the extrac 
tion of metal or another precious or useful mineral from the 
earth. In some embodiments, wastes from mining are used to 
modify pH, wherein the waste is selected from red mud from 
the Bayer aluminum extraction process; waste from magne 
sium extraction from seawater (e.g., Mg(OH). Such as that 
found in Moss Landing, Calif); and wastes from mining 
processes involving leaching. For example, red mud may be 
used to modify pH as described in U.S. Provisional Patent 
Application No. 61/161,369, filed 18 Mar. 2009, which is 
incorporated herein by reference in its entirety. Fossil fuel 
burning ash, cement kiln dust, and slag, collectively waste 
sources of metal oxides, further described in U.S. patent 
application Ser. No. 12/486,692, filed 17 Jun. 2009, the dis 
closure of which is incorporated herein in its entirety, may be 
used in alone or in combination with other proton-removing 
agents to provide proton-removing agents for the invention. 
Agricultural waste, either through animal waste or excessive 
fertilizer use, may contain potassium hydroxide (KOH) or 
ammonia (NH) or both. As such, agricultural waste may be 
used in some embodiments of the invention as a proton 
removing agent. This agricultural waste is often collected in 
ponds, but it may also percolate down into aquifers, where it 
can be accessed and used. 

0072 Electrochemical methods are another means to 
remove protons from various species in a solution, either by 
removing protons from Solute (e.g., deprotonation of car 
bonic acid or bicarbonate) or from Solvent (e.g., deprotona 
tion of hydronium or water). Deprotonation of solvent may 
result, for example, if proton production from CO dissolu 
tion matches or exceeds electrochemical proton removal from 
Solute molecules. In some embodiments, low-voltage elec 
trochemical methods are used to remove protons, for 
example, as CO is dissolved in the precipitation reaction 
mixture or a precursor Solution to the precipitation reaction 
mixture (i.e., a Solution that may or may not contain divalent 
cations). In some embodiments, CO dissolved in an aqueous 
Solution that does not contain divalent cations is treated by a 
low-voltage electrochemical method to remove protons from 
carbonic acid, bicarbonate, hydronium, or any species or 
combination thereof resulting from the dissolution of CO. A 
low-voltage electrochemical method operates at an average 
voltage of 2, 1.9, 1.8, 1.7, or 1.6V or less, such as 1.5, 1.4, 1.3, 
1.2, 1.1 V or less, such as 1 V or less, such as 0.9 V or less, 0.8 
V or less, 0.7 V or less, 0.6 V or less, 0.5 V or less, 0.4V or 
less, 0.3 V or less, 0.2V or less, or 0.1 V or less. Low-voltage 
electrochemical methods that do not generate chlorine gas are 
convenient for use in systems and methods of the invention. 
Low-Voltage electrochemical methods to remove protons that 
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do not generate oxygen gas are also convenient for use in 
systems and methods of the invention. In some embodiments, 
low-voltage electrochemical methods generate hydrogen gas 
at the cathode and transport it to the anode where the hydro 
gen gas is converted to protons. Electrochemical methods that 
do not generate hydrogen gas may also be convenient. In 
Some instances, electrochemical methods to remove protons 
do not generate any gaseous by-byproduct. Electrochemical 
methods for effecting proton removal are further described in 
U.S. patent application Ser. No. 12/344,019, filed 24 Dec. 
2008; U.S. patent application Ser. No. 12/375,632, filed 23 
Dec. 2008: International Patent Application No. PCT/US08/ 
088,242, filed 23 Dec. 2008: International Patent Application 
No. PCT/US09/32301, filed 28 Jan. 2009; and International 
Patent Application No. PCT/US09/4851 1, filed 24 Jun. 2009, 
each of which are incorporated herein by reference in their 
entirety. 
0073. Alternatively, electrochemical methods may be 
used to produce caustic molecules (e.g., hydroxide) through, 
for example, the chlor-alkali process, or modification thereof. 
Electrodes (i.e., cathodes and anodes) may be present in the 
apparatus containing the divalent cation-containing aqueous 
solution or gaseous waste stream-charged (e.g., CO 
charged) solution, and a selective barrier, such as a mem 
brane, may separate the electrodes. Electrochemical systems 
and methods for removing protons may produce by-products 
(e.g., hydrogen) that may be harvested and used for other 
purposes. Additional electrochemical approaches that may be 
used in systems and methods of the invention include, but are 
not limited to, those described in U.S. Provisional Patent 
Application No. 61/081,299, filed 16 Jul. 2008, and U.S. 
Provisional Patent Application No. 61/091,729, the disclo 
sures of which are incorporated herein by reference. Combi 
nations of the above mentioned sources of proton-removing 
agents and methods for effecting proton removal may be 
employed. 
0074 Preparation of CO-Sequestering Components and 
Building Materials 
0075) A variety of different methods may be employed to 
prepare the CO2-sequestrating component of the invention 
from the source of CO., the source of divalent cations, and the 
Source of proton-removing agents. CO sequestration proto 
cols of interest include, but are not limited to, those disclosed 
in U.S. patent application Ser. Nos. 12/126,776, filed 23 May 
2008: 12/163,205, filed 27 Jun. 2008: 12/344,019, filed 24 
Dec. 2008; and 12/475,378, filed 29 May 2009, as well as 
U.S. Provisional Patent Application Ser. Nos. 61/017.405, 
filed 28 Dec. 2007: 61/017,419, filed 28 Dec. 2007: 61/057, 
173, filed 29 May 2008: 61/056,972, filed 29 May 2008: 
61/073,319, filed 17 Jun. 2008: 61/079,790, 10 Jul. 2008: 
61/081,299, filed 16 Jul. 2008: 61/082,766, filed 22 Jul. 2008: 
61/088,347, filed 13 Aug. 2008: 61/088,340, filed 12 Aug. 
2008: 61/101,629, filed 30 Sep. 2008; and 61/101,631, filed 
30 Sep. 2008; the disclosures of which are incorporated 
herein by reference. 
0076 CO-sequestering components of the invention 
include carbonate compositions that may be produced by 
precipitating a calcium and/or magnesium carbonate compo 
sition from a solution of divalent cations. The carbonate com 
pound compositions of the invention include precipitated 
crystalline and/or amorphous carbonate compounds. The car 
bonate compound compositions that make up the CO2-se 
questering components of the invention include metastable 
carbonate compounds that may be precipitated from a solu 
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tion of divalent cations, such as a saltwater, as described in 
greater detail below. For convenience, the invention herein is 
sometimes described interms of saltwater; however, it is to be 
understood that any source of water comprising divalent cat 
ions may be used. 
0077 Saltwater-derived carbonate compound composi 
tions of the invention (i.e., compositions derived from salt 
water and made up of one or more different carbonate crys 
talline and/or amorphous compounds with or without one or 
more hydroxide crystalline or amorphous compounds) are 
ones that are derived from a saltwater. As such, they are 
compositions that are obtained from a saltwater in Some man 
ner, e.g., by treating a Volume of a saltwater in a manner 
Sufficient to produce the desired carbonate compound com 
position from the initial volume of saltwater. The carbonate 
compound compositions of certain embodiments are pro 
duced by precipitation from a solution of divalent cations 
(e.g., a saltwater) that includes alkaline earth metal cations, 
Such as calcium and magnesium, etc., where such solutions of 
divalent cations may be collectively referred to as alkaline 
earth metal-containing waters. 
0078. The saltwater employed in methods may vary. As 
reviewed above, saltwater of interest include brackish water, 
seawater and brine, as well as other salines having a salinity 
that is greater than that of freshwater (which has a salinity of 
less than 5 ppt dissolved salts). In some embodiments, cal 
cium rich waters may be combined with magnesium silicate 
minerals, such as olivine or serpentine, in Solution that has 
become acidic due to the addition on carbon dioxide to form 
carbonic acid, which dissolves the magnesium silicate, lead 
ing to the formation of calcium magnesium silicate carbonate 
compounds as mentioned above. 
0079. In methods of producing the carbonate compound 
compositions of the invention, a Volume of water is subjected 
to carbonate compound precipitation conditions sufficient to 
produce a carbonate-containing precipitation material and a 
mother liquor (i.e., the part of the water that is left over after 
precipitation of the carbonate compound(s) from the saltwa 
ter). The resultant precipitation material and mother liquor 
collectively make up the carbonate compound compositions 
of the invention. Any convenient precipitation conditions 
may be employed, which conditions result in the production 
of a carbonate compound composition sequestration product. 
0080 Conditions that facilitate precipitation (i.e., precipi 
tation conditions) may vary. For example, the temperature of 
the water may be within a suitable range for the precipitation 
of the desired mineral to occur. In some embodiments, the 
temperature of the water may be in a range from 5 to 70° C. 
such as from 20 to 50° C. and including from 25 to 45° C. As 
Such, while a given set of precipitation conditions may have a 
temperature ranging from 0 to 100°C., the temperature of the 
water may have to be adjusted in certain embodiments to 
produce the desired precipitation material. 
0081. In normal seawater, 93% of the dissolved CO is in 
the form of bicarbonate ions (HCO) and 6% is in the form 
of carbonate ions (CO'). When calcium carbonate precipi 
tates from normal seawater, CO is released. In fresh water, 
above pH 10.33, greater than 90% of the carbonate is in the 
form of carbonate ion, and no CO is released during the 
precipitation of calcium carbonate. In Seawater this transition 
occurs at a slightly lower pH, closer to a pH of 9.7. While the 
pH of the water employed in methods may range from 5 to 14 
during a given precipitation process, in certain embodiments 
the pH is raised to alkaline levels in order to drive the pre 
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cipitation of carbonate compounds, as well as other com 
pounds, e.g., hydroxide compounds, as desired. In certain of 
these embodiments, the pH is raised to a level that minimizes 
if not eliminates CO production during precipitation, caus 
ing dissolved CO, e.g., in the form of carbonate and bicar 
bonate, to be trapped in the precipitation material. In these 
embodiments, the pH may be raised to 10 or higher, such as 11 
or higher. 
I0082. The pH of the water may be raised using any con 
Venient approach. In certain embodiments, a proton-remov 
ing agent is employed, where examples of Such agents 
include oxides, hydroxides (e.g., calcium oxide in fly ash, 
potassium hydroxide, sodium hydroxide, brucite (Mg(OH2). 
etc.), carbonates (e.g., sodium carbonate), and the like, many 
of which are described above. One such approach for raising 
the pH of the precipitation reaction mixture or precursor 
thereof (e.g., divalent cation-containing Solution) is to use the 
coal ash from a coal-fired power plant, which contains many 
oxides. Other coal processes, like the gasification of coal, to 
produce Syngas, also produce hydrogen gas and carbon mon 
oxide, and may serve as a source of hydroxide as well. Some 
naturally occurring minerals, such as serpentine, contain 
hydroxide and may be dissolved to yield a source of hydrox 
ide. The addition of serpentine also releases silica and mag 
nesium into the Solution, leading to the formation of silica 
containing precipitation material. The amount of proton 
removing agent that is added to the precipitation reaction 
mixture or precursor thereof will depend on the particular 
nature of the proton-removing agent and the volume of the 
precipitation reaction mixture or precursor thereof being 
modified, and will be sufficient to raise the pH of the precipi 
tation reaction mixture or precursor thereof to the desired pH. 
Alternatively, the pH of the precipitation reaction mixture or 
precursor thereof may be raised to the desired level by elec 
trochemical means as described above. Additional electro 
chemical methods may be used under certain conditions. For 
example, electrolysis may be employed, wherein the mercury 
cell process (also called the Castner-Kellner process); the 
diaphragm cell process, the membrane cell process, or some 
combination thereof is used. Where desired, byproducts of 
the hydrolysis product, e.g., H2, Sodium metal, etc. may be 
harvested and employed for other purposes, as desired. In yet 
other embodiments, the pH-elevating approach described in 
U.S. Provisional Patent Application Nos. 61/081,299, filed 16 
Jul. 2008, and 61/091,729, filed 25 Aug. 2008, may be 
employed, the disclosures of which are incorporated herein 
by reference. 
I0083. Additives other than pH-elevating agents may also 
be introduced into the water in order to influence the nature of 
the precipitation material that is produced. As such, certain 
embodiments of the methods include providing an additive in 
water before or during the time when the water is subjected to 
the precipitation conditions. Certain calcium carbonate poly 
morphs can be favored by trace amounts of certain additives. 
For example, Vaterite, a highly unstable polymorph of 
CaCO, which precipitates in a variety of different morpholo 
gies and converts rapidly to calcite, can be obtained at very 
high yields by including trace amounts of lanthanum as lan 
thanum chloride in a Supersaturated Solution of calcium car 
bonate. Other additives beside lanthanum that are of interest 
include, but are not limited to transition metals and the like. 
For instance, the addition of ferrous or ferric iron is known to 
favor the formation of disordered dolomite (protodolomite) 
where it would not form otherwise. 
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0084. The nature of the precipitation material can also be 
influenced by selection of appropriate majorion ratios. Major 
ion ratios also have considerable influence of polymorph 
formation. For example, as the magnesium:calcium ratio in 
the water increases, aragonite becomes the favored poly 
morph of calcium carbonate over low-magnesium calcite. At 
low magnesium:calcium ratios, low-magnesium calcite is the 
preferred polymorph. As such, a wide range of magnesium: 
calcium ratios can be employed, including, for example, 100: 
1, 50:1, 20:1, 10:1, 5:1, 2:1, 1:1, 1:2, 1:5, 1:10, 1:20, 1:50, 
1:100, or any of the ratios mentioned above. In certain 
embodiments, the magnesium:calcium ratio is determined by 
the Source of water employed in the precipitation process 
(e.g., seawater, brine, brackish water, freshwater), whereas in 
other embodiments, the magnesium:calcium ratio is adjusted 
to fall within a certain range. 
0085 Rate of precipitation also has a large effect on com 
pound phase formation. The most rapid precipitation can be 
achieved by seeding the solution with a desired phase. With 
out seeding, rapid precipitation can be achieved by rapidly 
increasing the pH of the seawater, which results in more 
amorphous constituents. When silica is present, the more 
rapid the reaction rate, the more silica is incorporated in the 
carbonate-containing precipitation material. The higher the 
pH is, the more rapid the precipitation is and the more amor 
phous the precipitation material. 
I0086 Accordingly, a set of precipitation conditions to pro 
duce a desired precipitation material from a solution of diva 
lent cations includes, in certain embodiments, the waters 
temperature and pH, and in some instances, the concentra 
tions of additives and ionic species in the water. Precipitation 
conditions may also include factors such as mixing rate, 
forms of agitation Such as ultrasonics, and the presence of 
seed crystals, catalysts, membranes, or Substrates. In some 
embodiments, precipitation conditions include Supersatu 
rated conditions, temperature, pH, and/or concentration gra 
dients, or cycling or changing any of these parameters. The 
protocols employed to prepare carbonate-containing precipi 
tation material according to the invention may be batch or 
continuous protocols. It will be appreciated that precipitation 
conditions may be different to produce a given precipitation 
material in a continuous flow system compared to a batch 
system. 
0087. In certain embodiments, the methods further 
include contacting the volume of water that is subjected to the 
mineral precipitation conditions with a source of CO. Con 
tact of the water with the source CO may occur before and/or 
during the time when the water is subjected to CO precipi 
tation conditions. Accordingly, embodiments of the invention 
include methods in which the volume of water is contacted 
with a source of CO prior to subjecting the volume of salt 
water to mineral precipitation conditions. Embodiments of 
the invention include methods in which the volume of salt 
water is contacted with a source of CO while the volume of 
saltwater is being Subjected to carbonate compound precipi 
tation conditions. Embodiments of the invention include 
methods in which the volume of water is contacted with a 
source of a CO, both prior to subjecting the volume of salt 
water to carbonate compound precipitation conditions and 
while the volume of saltwater is being subjected to carbonate 
compound precipitation conditions. In some embodiments, 
the same water may be cycled more than once, wherein a first 
cycle of precipitation removes primarily calcium carbonate 
and magnesium carbonate minerals, and leaves remaining 
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alkaline water to which other alkaline earth ion sources may 
be added, that can have more carbon dioxide cycled through 
it, precipitating more carbonate compounds. 
I0088. The source of CO that is contacted with the volume 
of saltwater in these embodiments may be any convenient 
CO source, and the contact protocol may be any convenient 
protocol. Where the CO is a gas, contact protocols of interest 
include, but are not limited to: direct contacting protocols, 
e.g., bubbling the gas through the Volume of saltwater, con 
current contacting means, i.e., contact between unidirection 
ally flowing gaseous and liquid phase streams, countercurrent 
means, i.e., contact between oppositely flowing gaseous and 
liquid phase streams, and the like. Thus, contact may be 
accomplished through use of infusers, bubblers, fluidic Ven 
turi reactor, sparger, gas filter, spray, tray, or packed column 
reactors, and the like, as may be convenient. For exemplary 
system and methods for contacting the solution of divalent 
cations with the source of CO2, see U.S. Provisional Patent 
Application Nos. 61/158,992, filed 10 Mar. 2009: 61/168, 
166, filed 9 Apr. 2009: 61/170,086, filed 16 Apr. 2009; 
61/178.475, filed 14 May 2009: 61/228,210, filed 24 Jul. 
2009: 61/230,042, filed 30 Jul. 2009; and 61/239,429, filed 2 
Sep. 2009, each of which is incorporated herein by reference. 
I0089. The above protocol results in the production of a 
slurry of a carbonate/bicarbonate precipitation material (e.g., 
CO-sequestering precipitation material) and a mother liquor. 
Where desired, the compositions made up of the precipitation 
material and the mother liquor may be stored for a period of 
time following precipitation and prior to further processing. 
For example, the composition may be stored for a period of 
time ranging from 1 to 1000 days or longer, such as 1 to 10 
days or longer, at a temperature ranging from 1 to 40°C. Such 
as 20 to 25°C 

0090 The slurry components are then separated. Embodi 
ments may include treatment of the mother liquor, where the 
mother liquor may or may not be present in the same compo 
sition as the product. For example, where the mother liquor is 
to be returned to the ocean, the mother liquor may be con 
tacted with a gaseous source of CO in a manner Sufficient to 
increase the concentration of carbonate ion present in the 
mother liquor. Contact may be conducted using any conve 
nient protocol. Such as those described above. In certain 
embodiments, the mother liquor has an alkaline pH, and 
contact with the CO2 source is carried out in a manner Suffi 
cient to reduce the pH to a range between 5 and 9, e.g., 6 and 
8.5, including 7.5 to 8.2. In certain embodiments, the treated 
brine may be contacted with a source of CO., e.g., as 
described above, to sequester further CO. For example, 
where the mother liquor is to be returned to the ocean, the 
mother liquor may be contacted with a gaseous source of CO. 
in a manner Sufficient to increase the concentration of car 
bonate ion present in the mother liquor. Contact may be 
conducted using any convenient protocol. Such as those 
described above. In certain embodiments, the mother liquor 
has an alkaline pH, and contact with the CO, source is carried 
out in a manner Sufficient to reduce the pH to a range between 
5 and 9, e.g., 6 and 8.5, including 7.5 to 8.2. 
0091. The resultant mother liquor of the reaction may be 
disposed of using any convenient protocol. In certain embodi 
ments, it may be sent to a tailings pond for disposal. In certain 
embodiments, it may be disposed of in a naturally occurring 
body of water, e.g., ocean, Sea, lake or river. In certain 
embodiments, the mother liquor is returned to the source of 
feed water for the methods of invention, e.g., an ocean or sea. 



US 2014/004 1553 A1 

Alternatively, the mother liquor may be further processed, 
e.g., Subjected to desalination protocols, as described further 
in U.S. application Ser. No. 12/163,205; the disclosure of 
which is herein incorporated by reference. 
0092. In certain embodiments, following production of 
the precipitation material (e.g., CO-sequestering compo 
nent), the resultant material is separated from the mother 
liquor to produce separated precipitation material (e.g., CO 
sequestering product). Separation of the precipitation mate 
rial (e.g., CO-sequestering component) may be achieved 
using any convenient approach, including a mechanical 
approach, e.g., where bulk excess water is drained from the 
precipitation material, e.g., either by gravity alone or with the 
addition of vacuum, mechanical pressing, by filtering the 
precipitation material from the mother liquor to produce a 
filtrate, etc. Separation of bulk water produces, in certain 
embodiments, a wet, dewatered precipitation material. 
0093. The resultant dewatered precipitation material may 
then be dried, as desired, to produce a dried product. Drying 
can be achieved by air drying the wet precipitation material. 
Where the wet precipitation material is air dried, air drying 
may be at room or elevated temperature. In yet another 
embodiment, the wet precipitation material is spray dried to 
dry the precipitation material, where the liquid containing the 
precipitation material is dried by feeding it through a hot gas 
(such as the gaseous waste stream from the powerplant), e.g., 
where the liquid feed is pumped through an atomizer into a 
main drying chamber and a hot gas is passed as a co-current 
or counter-current to the atomizer direction. Depending on 
the particular drying protocol of the system, the drying station 
may include a filtration element, freeze drying structure, 
spray drying structure, etc. Where desired, the dewatered 
precipitation material product may be washed before drying. 
The precipitation material may be washed with freshwater, 
e.g., to remove salts (such as NaCl) from the dewatered pre 
cipitation material. 
0094. In certain embodiments, the precipitation material is 
refined (i.e., processed) in Some manner prior to Subsequent 
use. Refinement may include a variety of different protocols. 
In certain embodiments, the product is Subjected to mechani 
cal refinement, e.g., grinding, in order to obtaina product with 
desired physical properties, e.g., particle size, etc. 
0095 FIG. 1 provides a schematic flow diagram of a pro 
cess for producing a carbonate/bicarbonate (e.g., CO-se 
questering component) according to an embodiment of the 
invention. In FIG. 1, saltwater from saltwater source 10 is 
Subjected to carbonate compound precipitation conditions at 
precipitation step 20. As reviewed above, saltwater refers to 
any of a number of different types of aqueous fluids other than 
freshwater, including brackish water, seawater and brine (in 
cluding man-made brines, e.g., geothermal plant wastewa 
ters, desalination waste waters, etc), as well as other salines 
having a salinity that is greater than that of freshwater. The 
saltwater Source from which the carbonate compound com 
position of the cements of the invention is derived may be a 
naturally occurring source, such as a sea, ocean, lake, Swamp, 
estuary, lagoon, etc., or a man-made source. 
0096. In certain embodiments, the water may be obtained 
from the power plant that is also providing the gaseous waste 
stream. For example, in water cooled power plants, such as 
seawater cooled power plants, water that has been employed 
by the power plant may then be sent to the precipitation 
system and employed as the water in the precipitation reac 
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tion. In certain of these embodiments, the water may be 
cooled prior to entering the precipitation reactor. 

(0097. In the embodiment depicted in FIG. 1, the water 
from saltwater source 10 is first charged with CO, to produce 
CO charged water, which CO is then subjected to carbonate 
compound precipitation conditions. As depicted in FIG. 1, a 
CO gaseous stream 30 is contacted with the water at precipi 
tation step 20. The provided gaseous stream 30 is contacted 
with a suitable water at precipitation step 20 to produce a CO 
charged water. By CO charged water is meant water that has 
had CO gas contacted with it, where CO molecules have 
combined with water molecules to produce, e.g., carbonic 
acid, bicarbonate and carbonate ion. Charging water in this 
step results in an increase in the CO content of the water, e.g., 
in the form of carbonic acid, bicarbonate and carbonate ion, 
and a concomitant decrease in the pCO of the waste stream 
that is contacted with the water. The CO charged water is 
acidic, having a pH of 6 or less, such as 5 or less and including 
4 or less. In certain embodiments, the concentration of CO of 
the gas that is used to charge the water is 10% or higher, 25% 
or higher, including 50% or higher, such as 75% or even 
higher. Contact protocols of interest include, but are not lim 
ited to: direct contacting protocols, e.g., bubbling the gas 
through the Volume of water, concurrent contacting means, 
i.e., contact between unidirectionally flowing gaseous and 
liquid phase streams, countercurrent means, i.e., contact 
between oppositely flowing gaseous and liquid phase 
streams, and the like. Thus, contact may be accomplished 
through use of infusers, bubblers, fluidic Venturi reactor, 
sparger, gas filter, spray, tray, or packed column reactors, and 
the like, as may be convenient. 
0098. At precipitation step 20, carbonate compounds, 
which may be amorphous or crystalline, are precipitated. 
Precipitation conditions of interest include those that change 
the physical environment of the water to produce the desired 
precipitation material. For example, the temperature of the 
water may be raised to an amount Suitable for precipitation of 
the desired carbonate compound(s) to occur. In Such embodi 
ments, the temperature of the water may be raised to a value 
from 5 to 70° C., such as from 20 to 50° C. and including from 
25 to 45° C. As such, while a given set of precipitation 
conditions may have a temperature ranging from 0 to 100°C., 
the temperature may be raised in certain embodiments to 
produce the desired precipitation material. In certain embodi 
ments, the temperature is raised using energy generated from 
low or Zero carbon dioxide emission Sources, e.g., Solar 
energy source, wind energy source, hydroelectric energy 
source, etc. While the pH of the water may range from 7 to 14 
during a given precipitation process, in certain embodiments 
the pH is raised to alkaline levels in order to drive the pre 
cipitation of carbonate compound as desired. In certain of 
these embodiments, the pH is raised to a level that minimizes 
if not eliminates CO gas generation production during pre 
cipitation. In these embodiments, the pH may be raised to 10 
or higher, such as 11 or higher. Where desired, the pH of the 
water is raised using any convenient approach. In certain 
embodiments, a pH-raising agent may be employed, where 
examples of Such agents include oxides, hydroxides (e.g., 
Sodium hydroxide, potassium hydroxide, brucite), carbonates 
(e.g. sodium carbonate) and the like. The amount of pH 
elevating agent that is added to the saltwater source will 
depend on the particular nature of the agent and the Volume of 
saltwater being modified, and will be sufficient to raise the pH 



US 2014/004 1553 A1 

of the saltwater source to the desired value. Alternatively, the 
pH of the saltwater source can be raised to the desired level by 
electrolysis of the water. 
0099 CO charging and carbonate compound precipita 
tion may occur in a continuous process or at separate steps. As 
Such, charging and precipitation may occur in the same reac 
tor of a system, e.g., as illustrated in FIG. 1 at step 20. 
according to certain embodiments of the invention. In yet 
other embodiments of the invention, these two steps may 
occur in separate reactors, such that the water is first charged 
with CO in a charging reactor and the resultant CO charged 
water is then Subjected to precipitation conditions in a sepa 
rate reactOr. 

0100. Following production of the carbonate-containing 
precipitation material from the water, the resultant precipita 
tion material (i.e., resultant CO2-sequestering component of 
building materials) may be separated from Some or all the 
mother liquor to produce separated precipitation material, as 
illustrated at step 40 of FIG.1. Separation of the precipitation 
material may be achieved using any convenient approach, 
including a mechanical approach, e.g., where bulk excess 
water is drained from the precipitation material, e.g., either by 
gravity alone or with the addition of vacuum, mechanical 
pressing, by filtering the precipitation material from the 
mother liquor to produce a filtrate, etc. For exemplary system 
and methods for bulk water removal that may be used in the 
invention, see U.S. Provisional Patent Application Nos. 
61/158,992, filed 10 Mar. 2009: 61/168,166, filed 9 Apr. 
2009: 61/170,086, filed 16 Apr. 2009: 61/178.475, filed 14 
May 2009: 61/228,210, filed 24 Jul. 2009: 61/230,042, filed 
30 Jul. 2009; and 61/239,429, filed 2 Sep. 2009, each of which 
is incorporated herein by reference. Separation of bulk water 
produces a wet, dewatered precipitation material (i.e., dewa 
tered CO-sequestering component of building materials). 
0101 The resultant dewatered precipitation material may 
be used directly, or the resultant dewatered precipitation 
material may be further dried. In some embodiments, the 
resultant dewatered precipitation material is used directly. 
Directly using the resultant dewatered precipitation material 
is convenient in applications that require Some amount of 
water. In a non-limiting example, dewatered precipitation 
material may be mixed with ordinary Portland cement, 
wherein the dewatered precipitation material provides at least 
a portion of the water needed for hydration and placement of 
the cement mixture. In some embodiments, the dewatered 
precipitation material is more than 5% water, more than 10% 
water, more than 20% water, more than 30% water, more than 
50% water, more than 60% water, more than 70% water, more 
than 80% water, more than 90% water, or more than 95% 
water. In some embodiments, the dewatered precipitation 
material provides at least 5% of the water, at least 10% of the 
water, at least 20% of the water, at least 30% of the water, at 
least 40% of the water, at least 50% of the water, at least 60% 
of the water, at least 70% of the water, at least 80% of the 
water, at least 90% of the water, or at least 95% of the water 
needed for the application that the dewatered precipitation 
material is being used. In some embodiments, the dewatered 
precipitation material provides all of the water needed for the 
application that the dewatered precipitation material is being 
used. For example, the dewatered precipitation material may 
provide all of the water needed for hydration and placement 
of a cement mixture of dewatered precipitation material and 
ordinary Portland cement. For instance, precipitation mate 
rial may be dewatered such that the dewatered precipitation 
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material comprises nearly 70% water, such as 66.5% water. 
The slurry of precipitation material may then be mixed with 
ordinary Portland cement such that the resultant cement mix 
ture comprises 80% ordinary Portland cement and 20% pre 
cipitation material, wherein the water to cement (i.e., ordi 
nary Portland cement and precipitation material) ratio is 
about 40%. By controlling the amount of water that is 
removed from the precipitation material, the carbon footprint 
of the material (e.g., concrete, formed building material of the 
invention, etc.) being made from the precipitation material is 
being controlled as well, especially if the material requires 
water. With this in mind, the low, neutral, or negative carbon 
footprint of any of the product materials described herein may 
be further reduced by removing only as much water as needed 
from the precipitation material. 
0102. As described above, the resultant dewatered precipi 
tation material may also be dried to produce a product, as 
illustrated at step 60 of FIG. 1. Drying may be achieved by 
air-drying the filtrate. Where the filtrate is air dried, air-drying 
may beat room or elevated temperature. Dewatered precipi 
tation material may be air dried to produce a precipitation 
material that is less than 50% water, less than 40% water, less 
than 30% water, less than 20% water, less than 10% water, or 
less than 5% water. For example, dewatered precipitation 
material may be airdried to produce a precipitin material that 
is 30% or less water. Such precipitation material may be 
crushed with or without additional processing (e.g., high 
sheer mixing) and combined with other materials such as 
ordinary Portland cement to produce a cement mixture com 
prising a portion of the water needed for hydration and place 
ment of the cement mixture. Drying may also be achieved by 
spray drying the precipitation material, where the liquid con 
taining the precipitation material is dried by feeding it 
through a hot gas (such as the gaseous waste stream from the 
powerplant), e.g., where the liquid feed is pumped through an 
atomizer into a main drying chamber and a hot gas is passed 
as a co-current or counter-current to the atomizer direction. 
Depending on the particular drying protocol of the system, 
the drying station may include a filtration element, freeze 
drying structure, spray drying structure, etc. 
0103) Where desired, the dewatered precipitation material 
from the separation reactor 40 may be washed before drying, 
as illustrated at optional step 50 of FIG. 1. The precipitation 
material may be washed with freshwater, e.g., to remove salts 
(such as NaCl) from the dewatered precipitation material. 
Used wash water may be disposed of as convenient, e.g., by 
disposing of it in a tailings pond, etc. 
0104. At step 70, the dried precipitation material is option 
ally refined, e.g., to provide for desired physical characteris 
tics, such as particle size, Surface area, etc., or to add one or 
more components to the precipitation material. Such as 
admixtures, aggregate, Supplementary cementitious materi 
als, etc., to produce a final product 80. 
0105. In certain embodiments, a system is employed to 
perform the above methods. 
0106 Following production of the carbonate/bicarbonate 
component (e.g., CO2-sequestering component), for 
example, as described above, the carbonate/bicarbonate com 
ponent (e.g., CO-sequestering component) is then employed 
to produce a formed building material of the invention. 
Formed building materials of the invention may be prepared 
in accordance with traditional manufacturing protocols for 
Such structures, with the exception that an amount of carbon 
ate/bicarbonate (e.g., CO2-sequestering component) of the 
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invention is employed. The portion of components replaced 
with the carbonate/bicarbonate component (e.g., CO-se 
questering component) may vary, and in certain instances is 
5% by weight or more, including 10% by weight or more, 
25% by weight or more, 50% by weight or more, 75% by 
weight or more, 90% by weight or more, or even 100% by 
Weight. In producing the formed building materials, an 
amount of the carbonate/bicarbonate component (e.g., CO 
sequestering component) may be combined with water and 
other additional components, which may include, but are not 
limited to clay, shale, soft slate, calcium silicate, quarried 
Stone, Portland cement, fly ash, slag cement, aggregate (e.g., 
blast furnace slag, bottom ash, gravel, limestone, granite, 
Sand, etc.), silica fume, poZZolans, reinforcing materials, such 
as steal or polymeric structures, etc., and then shaped into the 
final desired building material structure. Fabrication proto 
cols may include extrusion, with or without heat of dry pow 
der, powder made into a paste with fresh water, slurry from 
reactor, etc. Also of interest are fabrication protocols that 
include the use of rollers, e.g., to make a sheet, or rollers with 
impressions to make shapes. In addition, compression mold 
ing fabrication protocols may find use, e.g., dry molding, 
adding some water and molding, followed in some instances 
with sintering, etc. Fabrication protocols may include adding 
water (with or without additional binders such as plastics, 
Portland cement, etc.) to a dry composition of the material 
(e.g., CO2-sequestering material), and casting the articles. 
Certain protocols may include heating the material to produce 
a foamed material via water turning into internal steam. Also 
of interest are protocols where amounts of the product (e.g., 
CO2-sequestering product) are maintained in an outdoor 
location so that they get rained on, recycling fresh water 
through the material to dissolve the metastable form and 
reprecipitate as a stable form, letting it stand in water for a 
time at room or elevated temp, and then producing the formed 
material from the set product. 
0107 Material that is not used to produce formed building 
materials may be used as amorphous building material. As 
with formed building materials, a substantial carbon reduc 
tion may result from using amorphous building material. For 
example, a substantial carbon reduction may result from com 
bining both the cement credit (i.e., the CO avoided) from 
offsetting the use of Portland cement and the quantity of 
sequestered carbon from fossil point sources. Each ton of 
material comprising a carbonate/bicarbonate component 
(e.g., CO2-sequestering component) of the invention may 
result in a CO reduction of up to 1 ton or more, such as 1.2 
tons or more, including 1.6 tons or more, for example 2 tons 
or more of CO2. Various binary, ternary, quaternary, etc. 
blends comprising a carbonate/bicarbonate (e.g., CO-se 
questering component) of the invention may result in such 
reductions. Whether for a formed or amorphous building 
material, the carbonate/bicarbonate component (e.g., CO 
sequestering component) may be employed as, for example, 
Supplementary cementitious material (SCM) in conjunction 
with fly ash, slag, and/or Portland cement to produce a 
blended cement with a low, neutral (i.e., zero), or negative 
carbon footprint. Such blended cement may also have a com 
pressive strength at or above 1,000 psi, including at or above 
2,000 psi, e.g., at or above, 2,500 psi in 28 days or less, e.g., 
14 days or less. As such, a blended cement of the invention 
with a low, neutral, or negative carbon footprint may produce 
quality concrete suitable for use in concrete pavement appli 
cations. 
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I0108. Also provided herein are low, neutral, and negative 
carbon footprint concrete mixes for use as an amorphous 
building material or in a formed building material. In some 
embodiments, low, neutral, or negative carbon footprint con 
crete mixes comprise a blended cement (e.g., CO-sequester 
ing Supplementary cementitious material (SCM) in conjunc 
tion with fly ash, slag, and/or Portland cement) and a CO 
sequestering aggregate (e.g., the aggregate being coarse 
aggregate; fine aggregate Such as Sand; etc.), which aggregate 
is prepared from a carbonate/bicarbonate component (e.g., 
CO2-sequestering component) of the invention in accordance 
with U.S. patent application Ser. No. 12/475,378, filed 29 
May 2009, which is incorporated herein by reference. Such 
compositions may include, for example, a fine aggregate 
(e.g., sand) that has a sequestered CO content of approxi 
mately 20% or more, e.g., 35% or more, including 50% or 
more. In some embodiments, the compressive strength of the 
concrete low, neutral, or negative carbon concrete is 2,500 psi 
or more at 28 days, e.g., 3000 psi or more, including 4,000 psi 
at 28 days. Some embodiments provide a carbon negative 
footprint concrete, which exhibits compressive strengths of 
4,000 psi at 28 days. Equal early strengths (i.e., at 28 days) 
allow for the use of low, neutral, or negative carbon footprint 
concrete without negatively affecting construction schedules. 
0109 Embodiments of the invention achieve a low, neu 

tral, or negative carbon footprint concrete, which not only 
meets the strength and early strength criteria (above), but also 
finishes like normal concrete. Blended cement-concrete com 
positions of the invention behave in a fashion similar to con 
Ventional Portland cement-concrete compositions enabling 
the invention to be used in similar places and for similar 
functions. In some embodiments, blended cement-concrete 
compositions may be used informed building materials of the 
invention. In some embodiments, blended cement-concrete 
compositions of the invention may be used for amorphous 
building material. For example, blended cement-concrete 
compositions may be placed into parking areas (e.g. a 5,000 
square foot parking lot). Blended cement-concrete composi 
tions, due to the higher albedo of such compositions, reduce 
carbon emissions via reduced lighting demands. This reduc 
tion of carbon emissions may occur over the lifetime of the 
blended cement-concrete compositions. For example, albedo 
and luminance measurements of low, neutral, or negative 
carbon footprint concrete parking areas compared to asphalt 
parking areas may be used to determine the difference in 
lighting needed and, thus, the level of carbon reduction that is 
possible due to the use of higher albedo concrete composi 
tions of the invention. Albedo tests of such compositions 
demonstrate urban heat island reduction abilities, e.g., by 
2-fold or more, 5-fold or more, 10-fold or more, 20-fold or 
OC. 

Utility 

0110 Building materials of the invention find use in a 
variety of different applications. Specific structures in which 
the building materials of the invention find use include, but 
are not limited to: buildings (both commercial and residen 
tial), infrastructure, e.g., walls, sound barriers, pipes, etc., and 
other man-made structures. 
I0111. The subject methods and systems find use in CO, 
sequestration, particularly via sequestration in the built envi 
ronment. Sequestering CO comprises removal or segrega 
tion of CO2 from the gaseous stream, such as a gaseous waste 
stream, and fixating it into a stable non-gaseous form so that 
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the CO cannot escape into the atmosphere. CO sequestra 
tion comprises the placement of CO into a storage stable 
form, e.g., a component of the built environment, Such as a 
building, road, dam, levee, foundation, etc. As such, seques 
tering of CO according to methods of the invention results in 
prevention of CO gas from entering the atmosphere and 
long-term storage of CO in a manner that CO does not 
become part of the atmosphere. By storage stable form is 
meant a form of matter that can be stored above ground or 
underwater under exposed conditions (i.e., open to the atmo 
sphere, underwater environment, etc.) without significant, if 
any, degradation for extended durations, e.g., 1 year or longer, 
5 years or longer, 10 years or longer, 25 years or longer, 50 
years or longer, 100 years or longer, assuming the building 
material of interest is maintained in its normal environment of 
its intended use. 

0112 The following examples are put forth so as to pro 
vide those of ordinary skill in the art with a complete disclo 
Sure and description of how to make and use the invention, 
and are not intended to limit the scope of what the inventors 
regard as their invention nor are they intended to represent 
that the experiments below are all or the only experiments 
performed. Efforts have been made to ensure accuracy with 
respect to numbers used (e.g. amounts, temperature, etc.) but 
Some experimental errors and deviations should be accounted 
for. 

EXAMPLES 

Example 1 

Preparation of Precipitation Material for Use as 
Supplementary Cementitious Material in Concrete 

0113 900 gallons of seawater was pumped at approxi 
mately 20 gallons per minute into a 1000-gallon tank with a 
covered headspace. Open access ports open for agitation, 
instrumentation, tank entry, and reagent addition were 
located on the top of the tank. An array of gas spargers was 
located in the bottom for sparging a carbon dioxide/air mix 
ture. Approximately 30% (v/v) of the gas mixture sparged 
through the reactor was carbon dioxide gas. The seawater was 
agitated with an overhead mixer as the gas was sparged into 
the tank at a total flow rate of 40-50 lpm. The initial seawater 
temperature ranged from 15 to 20°C. 
0114. An aqueous solution of 50% sodium hydroxide 
(w/w) was pumped into the agitated, sparging vessel to main 
tain a pH of approximately pH 9.0. An automatic controller to 
maintain the desired pH adjusted the flow rate of the sodium 
hydroxide. 
0115. After 12 kg of 50% sodium hydroxide was added to 
the agitated, sparging vessel, both the caustic addition and the 
carbon dioxide gas flow to the vessel were ceased. The air 
continued to be sparged into the vessel and agitation main 
tained until the gas lines were purged of carbon dioxide. The 
air sparging was then ceased, but agitation maintained to keep 
the slurry in Suspension. The final slurry temperature ranged 
from 15 to 25°C. 

0116. The resultant slurry was pumped to another covered 
tank with a conical bottom and outlet port at the bottom. The 
slurry was allowed to settle overnight. The Supernatant was 
decanted the next day, and the settled slurry vacuum filtered. 
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0117 The filter cake was re-suspended in fresh water to 
generate a pump able slurry for spray drying. The slurry was 
spray dried and the product collected from the spray dryer 
product collection cyclone. 
0118 X-ray fluorescence (XRF) (Table 1) and coulom 
etry (Table 2) data indicate that the precipitation material is 
mostly composed of calcium carbonate. 

TABLE 1 

XRF elemental analysis of precipitation material 

Na Mg Al Si S C K Ca Fe 

Weight 144 O27 O.22 O.24 O.14 152 O.O1 37.99 0.14 
% 

TABLE 2 

Percent CO2 content (coulometry 

% CO, 

Weight% 40.85 

0119) X-ray diffraction (XRD) analysis (FIG. 2) of the 
precipitation material indicates the presence of aragonite 
(CaCO) as the major phase, and halite (NaCl) as a minor 
component. 
0120 Scanning electron microscope (SEM) images of the 
precipitation material at 1000x (left) and 4000x (right) are 
provided as well (FIG. 3). 

Example 2 

Formed Materials 

I0121 A. Concrete Cylinder (or Post) 
I0122. A concrete cylinder was made from a batch of con 
crete prepared with spray-dried precipitation material Such as 
that described in Example 1. The precipitation material was 
used as a Supplementary cementitious replacement of Port 
land cement, replacing 17% by mass of the Portland cement. 
The batch was mixed in a small mixing drum using the fol 
lowing mix weights: 

Portland Cement 13.98 lbs 
Fly Ash 3.SS Ibs 
Aragonite precipitate 3.70 lbs 
Water 9.4 lbs 
Sand 45.74 lbs 
Small coarse aggregate 8.58 lbs 
Medium coarse aggregate 51.46 lbs 
Large coarse aggregate 8.58 lbs 

I0123 Cylinders measuring 4"x8" were formed according 
to ASTM C31. Each cylinder was consolidated in two equal 
layers and tamped 25 times each layer with a 3/8" rod. The 
cylinders were then finished with a concrete trowel and 
capped. The integrity of the cylinders allowed for cutting the 
cylinders into 0.75"-1.5" thick sections, which sections were 
then polished on both sides. 
0.124 B. Modified Concrete Tile 
0.125. A filter cake of precipitation material prepared as in 
Example 1 was spray dried to a moisture content of approxi 
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mately 4%. The spray-dried material was then dry blended 
with ordinary type-V Portland cement in a 4:1 ratio (ordinary 
Portland cement: spray-dried precipitation material) to obtain 
a total cementitious mixture. The total cementitious mixture 
was combined with fine aggregate, coarse aggregate, and 
water to form a concrete mixture. The products were mixed 
togetherina Small concrete mixing drum. The amounts added 
were as follows: 48.4 lb total cementitious (9.7 lb carbonate 
aragonite, 38.7 lb type-V Portland cement), 24.2 lb tap water, 
111 lb fine aggregate, and 136 lb coarse aggregate. The con 
crete mixture was removed from the mixing drum into a 
wheelbarrow. The concrete was then scooped from the wheel 
barrow into forms of the tile. The tile dimensions were 609.6 
mmx609.6 mmx88.9 mm, approximately three times thicker 
(i.e., “modified') than tiles described hereinabove. The con 
crete was consolidated into the forms using a 5/8" tamping rod 
to prevent bug-holes. The tile was screeded and smooth 
trowel finished. The following day, forms were removed 
yielding a modified concrete tile. 
0126 All examples and conditional language recited 
herein are principally intended to aid the reader in under 
standing the principles of the invention and the concepts 
contributed by the inventors to furthering the art, and are to be 
construed as being without limitation to Such specifically 
recited examples and conditions. Moreover, all statements 
herein reciting principles, aspects, and embodiments of the 
invention as well as specific examples thereof, are intended to 
encompass both structural and functional equivalents thereof. 
Additionally, it is intended that such equivalents include both 
currently known equivalents and equivalents developed in the 
future, i.e., any elements developed that perform the same 
function, regardless of structure. The scope of the invention, 
therefore, is not intended to be limited to the exemplary 
embodiments shown and described herein as such embodi 
ments are provided by way of example only. Indeed, numer 
ous variations, changes, and Substitutions may now occur to 
those skilled in the art without departing from the invention. 
It is intended that the following claims define the scope of the 
invention and that methods and structures within the scope of 
these claims and their equivalents be covered thereby. 

1-30. (canceled) 
31. A formed building material, comprising: a sequestered 

CO component, wherein the sequestered-CO component 
comprises at least 50% w/w calcium carbonate wherein the 
calcium carbonate comprises Vaterite, aragonite, or combina 
tions thereof, wherein the sequestered-CO component has a 
o'Cless than -15%, and wherein the formed building mate 
rial is a construction panel. 
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32. The formed building material of claim 31, wherein the 
construction panel is a cement board. 

33. The formed building material of claim 32, wherein the 
cement board has a flexural strength of between 1-7.5 MPa, 
compressive strength of between 5-50 MPa, or both. 

34. The formed building material of claim 32, wherein the 
cement board further comprises fiberglass. 

35. The formed building material of claim 31, wherein the 
construction panel is a drywall. 

36. The formed building material of claim 35, wherein the 
drywall has a flexural strength of between 0.1-3 MPa, com 
pressive strength of between 1-40 MPa, or both. 

37. The formed building material of claim 35, wherein the 
drywall further comprises paper, gypsum, fiberglass, or com 
binations thereof. 

38. The formed building material of claim 31, wherein the 
construction panel is a fiber-cement siding. 

39. The formed building material of claim 38, wherein the 
fiber-cement siding has a flexural strength of between 0.5-5 
MPa, compressive strength of between 2-25 MPa, or both. 

40. The formed building material of claim 31, wherein the 
formed building material has a compressive strength of 
between 5-100 MPa. 

41. The formed building material of claim 31, wherein the 
construction panel further comprises additional component 
selected from clay, shale, soft slate, calcium silicate, quarried 
stone, Portland cement, metakaolin, cement, aggregate, silica 
fume, poZZolan, and combinations thereof. 

42. The formed building material of claim 31, wherein the 
construction panel further comprises additive selected from 
anti-desiccant, plasticizer, fibrous material, accelerator, set 
retarder, foaming agent, air entrainment additive, mildew 
resistance agent, fire resistance agent, polyvinyl alcohol, and 
combinations thereof. 

43. The formed building material of claim 31, wherein the 
construction panel further comprises recycled material 
selected from fly ash, slag, cement kiln dust, and combina 
tions thereof. 

44. The formed building material of claim 31, wherein the 
calcium carbonate further comprises calcite. 

45. The formed building material of claim 31, wherein the 
sequestered-CO component further comprises co-products 
from NOx, SOX, VOCs, particulates, mercury, or combina 
tions thereof. 


