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1
GEOPOLYMER MORTAR AND METHOD

BACKGROUND

Corrosion and deterioration of concrete pipes, manholes,
wet wells, chambers, tunnels, diversion boxes, pump stations,
drop structure reservoirs and treatment basins due to sulfuric
acid attack is a major concern associated with wastewater
conveyance and treatment facilities. Traditional cementitious
materials such as Portland cement are inexpensive, but do not
offer longevity under wastewater conveyance and treatment
conditions. Concrete pipes are chemically attacked when sub-
jected to acids with pH values of 6.5 or lower for extended
periods of time. The pH in sewer lines can reach values of 2 or
3, and in some extreme cases 0.5. The highly acidic environ-
ment in sewer pipe lines and wastewater treatment facilities
significantly reduces the life of these buried structures, caus-
ing significant financial losses.

Efforts have been made to address issues with concrete and
brick surfaces in wastewater collection and treatment systems
such as susceptibility to corrosion, cracking, and lack of
long-term durability in harsh environments. For example,
additives have been added to Portland cement in an effort to
enhance the corrosion resistance of the Portland cement.
Attempted additives include silica fume, fly ash, and blast
furnace slag. These additives react with Ca(OH), present in
cement paste to produce C—S—H, which enhances the resis-
tance of the hardened cement paste in environments with pH
values above 4.5. Another example of an attempted method of
protecting concrete surfaces is the addition of a thin layer of
chemically resistant material (e.g., polyurethane, polyurea,
epoxy, mortar epoxy, high alumina cement, or asphalt) on the
inner surface of concrete pipes or other concrete surfaces.
Difficulties with the addition of these thin layers include
issues with ensuring adequate bonds between a spray-on
coating and the host concrete surface, formation of pinholes
that allow sulfuric acid and/or bacteria to penetrate the coat-
ing and destroy the bond between the coating and the host
concrete surface, ensuring proper coverage at joints of con-
crete pipes, and construction related damage to the coating
during installation. Also, both of these efforts significantly
increased costs of construction and operation.

Geopolymers are inorganic alumino-silicate amorphous
polymers formed by chemical reactions under highly alkaline
conditions between an active pozzolanic material, such as fly
ash or metakaolin, and an activator solution (e.g., a mixture of
sodium hydroxide and an alkaline silicate such as sodium
silicate or potassium silicate). Polymeric chains form when a
pozzolanic material comes in contact with an alkaline activa-
tor solution. The geopolymer net consists of SiO, and AlO,
tetrahedra linked together by shared oxygen atoms. Inside the
cavities of the geopolymer net, positive ions (e.g., Na*, K*,
Li*, Ca®*, Ba®*, NH,*, and H,0") should be present to bal-
ance the negative charge of AI’* so that the aluminum atom
can be linked to four oxygen atoms. The following is the
empirical formula for geopolymer polysialates:

M,,(—(8i0;),—AlO,),. wH0,

where M is any of the above-mentioned cations, n is the
degree of polymerization, zis 1, 2, or 3 indicating the type of
geopolymer formed, and w is the number of associated water
molecules. For z=1, the net will be of the polysialate type. For
7=2, the net will be a poly(sialate-siloxo) type. For z=3, the
net will be a poly(sialate-disiloxo) type.

Geopolymers exhibit excellent compressive resistance (up
to 120 MPa) and rapid strength gain, with 95% of their ulti-
mate strength achieved in as little as three days under proper

20

25

40

45

60

65

2

curing conditions. Geopolymers also exhibit low vulnerabil-
ity to chemical attacks, and are practically inert to attack by
sulfate salts because they are not based on calcium silicate.
Because they are composed of an alkaline silicate net,
geopolymers are also inert to alkali-aggregate reaction, which
is a common concern with Portland cement.

SUMMARY OF A SELECTED EMBODIMENT
OF INVENTION

A geopolymer mortar formed by mixing about 34% to
about 46% by weight pozzolanic material, about 34% to
about 46% by weight silicon oxide source, and about 15% to
about 20% by weight alkaline activator solution, and about
0.3% to about 2.5% by weight copper ion source. The poz-
zolanic material may be fly ash or metakaolin. The silicon
oxide source may be sand. The alkaline activator solution
may be composed of a liquid sodium silicate and a sodium
hydroxide solution. The geopolymer mortar may be applied
to concrete or brick surfaces, and may serve as a corrosion
resistant barrier. The copper ion source may provide a bacte-
ricidal property to the geopolymer mortar. The geopolymer
mortar may have a suitable viscosity for spray application.
The geopolymer mortar may be formed by further mixing in
one or more additives including, but not limited to, surfac-
tants, thermal spheres, colloidal silicas, adhesion primers,
and fibers.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates experimental results for the compressive
strength of geopolymer samples formed with various poz-
zolanic materials as well as Portland cement samples over a
twenty-eight day period.

FIG. 2 illustrates experimental results for remaining com-
pressive strength of geopolymer samples formed with various
pozzolanic materials as well as Portland cement samples over
an eight-week corrosion resistance test period.

FIG. 3 illustrates experimental results for mass loss in
geopolymer samples formed with various pozzolanic mate-
rials as well as Portland cement samples over an eight-week
corrosion resistance test period.

DETAILED DESCRIPTION OF THE SELECTED
EMBODIMENTS

The geopolymer coating is a mixture of a pozzolanic mate-
rial, an alkaline activator solution, a silicon oxide source, and
a copper ion source. The pozzolanic material may be class C
fly ash, class F fly ash, metakaolin, or any other pozzolanic
materials compliant with ASTM C618 and capable of form-
ing a corrosion-resistant and chemically-resistant geopoly-
mer when mixed with an alkaline activator solution. The
alkaline activator solution may be a mixture of an alkaline
silicate and a sodium hydroxide solution or a mixture of an
alkaline silicate and a potassium hydroxide solution. The
alkaline silicate may be sodium silicate or potassium silicate.

Initial experimental tests were performed on geopolymer
samples prepared with each of three pozzolanic materials,
namely class C fly ash, class F fly ash, and metakaolin. A
copper ion source was not included in these initial geopoly-
mer samples. The same tests were performed on Portland
cement samples for comparison. The geopolymer samples
prepared with class F fly ash exhibited good early compres-
sive strength and high corrosion resistance to sulfuric acid.
Geopolymer samples formed with class C fly ash displayed
high compressive strength at an early stage. Geopolymer
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samples formed with all three pozzolanic materials resulted
in higher early compressive strength than samples formed
with Portland cement. FIG. 1 illustrates experimental results
for the compressive strength over twenty-eight days of
geopolymer samples formed with each of the pozzolanic
materials as compared to a Portland cement-silica fume mix-
ture.

Experimental corrosion resistance tests were performed on
the geopolymer samples prepared with the above three poz-
zolanic materials and Portland cement samples. The geopoly-
mer samples and the Portland cement samples were exposed
to a sulfuric acid solution having a pH of 0.6 for eight weeks.
Accelerated corrosion resistance tests provide information
about the durability of construction materials used in waste-
water related infrastructure. The remaining percentage of
each sample’s initial compressive strength and the mass loss
were measured at one week intervals. Geopolymer samples
formed with class F fly ash retained the highest percentage
(approximately 90%) of its original compressive strength and
lost the smallest percentage (approximately 8%) of its mass
over the corrosion resistance test period. It was also deter-
mined that class F fly ash provided a longer setting time,
which is a critical constructability parameter for rehabilita-
tion projects. Geopolymer samples prepared with class C and
class F fly ash displayed retained higher percentages of their
initial compressive strength than samples prepared with Port-
land cement. Geopolymer samples prepared with all three
pozzolanic materials result in less mass loss than in samples
prepared with Portland cement. FIG. 2 illustrates the remain-
ing percentage of each type of sample’s compressive strength
over the eight-week corrosion resistance test period. FIG. 3
illustrates the mass loss for each type of sample over the
eight-week corrosion resistance test period.

The alkaline activator solution may include a sodium
hydroxide solution having a concentration within the range of
6 M to 14 M and sodium silicate having a SiO,/Na,O weight
ratio within the range of 2.0 to 3.5. The alkaline activator
solution may have a sodium silicate to sodium hydroxide
weight ratio within the range of 1 to 3. Experimental tests
were also performed on geopolymer samples prepared with
differing alkaline activator solution parameters, namely, dif-
ferent types of sodium silicates, differing sodium hydroxide
concentrations, and differing sodium silicate to sodium
hydroxide weight ratios. The tests evaluated the effects of
each of these variations on the compressive strength, flow,
and corrosion resistance (measured by the remaining percent-
age of the initial compressive strength and mass loss). The
compressive strength was tested using the ASTM C-109 stan-
dard test method. The flow of the samples was tested using the
ASTM C-1437 standard test method. The mass loss of the
samples was tested using the ASTM C-267 standard test
method.

The sodium silicate types tested were sodium silicates sold
by PQ Corporation under the names D™ sodium silicate, N®
sodium silicate, and Star™ sodium silicate. D™ sodium sili-
cate has a SiO,/Na,O weight ratio of 2.00. N® sodium sili-
cate has a SiO,/Na,O weight ratio of 3.22. Star™ sodium
silicate has a Si0,/Na,O weight ratio of 2.50. The test results
indicated that geopolymer samples prepared with activator
solutions containing D™ sodium silicate showed higher com-
pressive strength. The compressive strength of the geopoly-
mer samples formed with activator solutions having D™
sodium silicate was nearly double the compressive strength of
geopolymer samples prepared with N® sodium silicate and
Star™ sodium silicate. D™ sodium silicate significantly hin-
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dered flow, while geopolymer samples made using N®
sodium silicate and Star™ sodium silicate exhibited superior
flow characteristics.

The sodium hydroxide concentrations tested were 6 M, 10
M, and 14 M. The compressive strength was found to be
directly related, and nearly directly proportional, to the
molarity of the sodium hydroxide solution. The geopolymer
samples prepared with the 14 M sodium hydroxide solution
displayed higher compressive strength than the geopolymer
samples prepared with the 10 M and 6 M sodium hydroxide
solutions. The concentration of sodium hydroxide in the alka-
line activator solution was found to be inversely related to the
tendency of the geopolymer samples to flow. The 14 M
sodium hydroxide solution resulted in a geopolymer sample
displaying lower flowability than the 10 M and 6 M sodium
hydroxide solutions, following a nearly linear trend.

The sodium silicate to sodium hydroxide weight ratios
tested were 1, 2, and 3. The sodium silicate to sodium hydrox-
ide weight ratio was found to have a relatively minor effect on
compressive strength, with geopolymer samples made with
weight ratios of 2 and 3 exhibiting lower compressive
strength values than geopolymer samples made with weight
ratios of 1. There was a linear relationship between the
sodium silicate to sodium hydroxide weight ratio and the
flowability of the geopolymer. The geopolymer samples
made with weight ratios of 1 were more viscous and thus less
flowable than geopolymer samples made with weight ratios
of 2 and 3, following a linear trend.

The geopolymer coating may be formed by mixing com-
ponents including about 35% to about 45% by weight poz-
zolanic material, about 35% to about 45% by weight silicon
oxide source, about 15% to about 20% by weight alkaline
activator solution, and about 0.3% to about 2.5% by weight
copper ion source. The pozzolanic material may be fly ash and
the silicon oxide source may be sand. The fly ash may have a
combined SiO, and Al,O; content of at least 50% by weight,
a Si0,/Al,0, weight ratio of about 1.5 to about 3, and a CaO
content in the range of about 1% to about 2.5% by weight. The
pozzolanic material having these parameters may be pre-
dominantly class C fly ash or class F fly ash. The sand may be
microsilica sand or river sand. The alkaline activator solution
in the geopolymer coating may be made with sodium silicate
having a SiO,/Na,O weight ratio in the range of about 3.1 to
about 3.3 and a sodium hydroxide solution having a molarity
in the range of 10 M to 12.5 M. The alkaline activator solution
may have a sodium silicate to sodium hydroxide weight ratio
in the range of about 1.3 to about 1.7. The viscosity of the
alkaline activator solution may be less than 200 centipoise
(cP).

The copper ion source may be a copper salt. When mixed
with other components of the geopolymer coating, the copper
salt may provide copper ions which serve as replacement
cations for the missing charge for some aluminum sites in the
geopolymer structure. The copper replacement cations pro-
vide a bactericidal property to the copper-substituted
geopolymer coating. Suitable copper salts for use in the
geopolymer coating include, but are not limited to, CuSO,,
Cu,0, Cu(NO,),, and Cu(NO,),.3H,0. For example, the
geopolymer coating may include copper (II) sulfate in an
amount of about 0.825% to about 4.125% of the dry weight of
the pozzolanic material. In another embodiment, the geopoly-
mer coating may include copper (II) nitrate in an amount of
about 1.25% to about 6.52% of the dry weight of the poz-
zolanic material. Other potential copper salts include, but are
not limited to, Cu,S, CuS, CuCO,.Cu(OH),, and Cu(OH),.

Experimental tests were performed to determine which of
Cu,0, CuSO,, and Cu(NO;.3H,0) was the most appropriate
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copper ion source for the formation of copper-substituted
geopolymer coatings. X-ray diffraction tests were performed
on samples to evaluate the presence of unreacted salts or
oxides. Test results indicated the complete dissolution of the
copper salts into the mixture, but the CuO remained unre-
acted. EDS-SEM tests were conducted on a 50% CuSO,
sample. The EDS-SEM test results indicated a higher con-
centration of copper ions on the amorphous (geopolymerized
material) portion of the matrix indicating a strong likelihood
of cation replacement within the geopolymer molecule. A
Scanning Transmission Electron Microscope (STEM) analy-
sis of the geopolymer coating material revealed that the glass
(crystalline) material examined did not contain dispersed
crystalline copper-bearing material. This further supports the
notion that the copper, at least partially, is in the amorphous
phase as a cation replacement within the geopolymer mol-
ecule.

The geopolymer coating may further include one or more
additives to enhance the geopolymer coating viscosity and/or
reduce surface tension. These additives may include, but are
not limited to, super plasticizers, water reducers, retardant
admixtures, and surfactants. In one embodiment, surfactants
may be mixed in with the other components to enhance
geopolymer viscosity and surface tension. For example, a
saturated Vinsol resin sold commercially under the name “Air
Plus” by Fritz Pak™ may be mixed in with the other compo-
nents when preparing the geopolymer coating in the amount
of at least 0.03% by weight, and more preferably in the range
of about 0.1% to about 0.2% by weight. Alternatively, other
wood resin salt surfactants or synthetic detergent surfactants
may be mixed into the geopolymer coating. The viscosity of
the geopolymer coating may be within the range of about
10,000 to about 75,000 cP, and more preferably within the
range of about 25,000 to about 50,000 cP.

Anti-sagging agents may also be mixed in with the other
components to form the geopolymer coating. For example, a
colloidal silica, sodium carboxymethyl cellulose-based fill-
ers, or similar cellulose-based additives may be added in the
formation of the geopolymer coating. The amount of any
anti-sagging agent included may depend upon the desired
thickness of the geopolymer coating. The geopolymer coat-
ing may have a flowability per ASTM C1437 of about 80% to
about 100%.

Other additives may be included in the geopolymer coat-
ing. For example, fibers (e.g., fiber glass, polypropylene,
polyvinyl alcohol, carbon fibers and similar filler materials)
may be mixed in when preparing the geopolymer coating to
enhance flexural strength and to aid in controlling surface
cracks in the geopolymer coating. The amount of fibers added
may be in an amount in the range of about 0.01% to about 5%
of the dry weight of the pozzolanic material, and more pref-
erably, in the range of about 0.01% to about 1% of the dry
weight of the pozzolanic material. Alternatively, the amount
of fibers may be 0.0004% to about 0.4% by weight of the
mixture. Also, a primer (e.g., X48) may be mixed in when
preparing the geopolymer coating to improve adhesion
between the applied geopolymer coating and the host surface.
Thermal capsules or microspheres may be included in the
geopolymer coating to accelerate the curing process. A set-
ting retardant such as boric acid may also be included in the
geopolymer coating.

The geopolymer coating may be formed by first preparing
the activator solution. A sodium hydroxide solution having a
molarity within the range of about 10 M to about 12.5 M may
be prepared. For example, one liter of a 12.5 M sodium
hydroxide solution may be prepared by dissolving 500 g of
sodium hydroxide pellets in water to make one liter of solu-
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tion. The solution may be allowed to cool to room tempera-
ture before use. Next, a powder surfactant may be partially
suspended in water to assure its even distribution in the mix-
ture. An amount of suspended surfactant equal to approxi-
mately 0.1% to about 0.2% by weight of the resultant
geopolymer coating may be immediately added to an amount
of sodium silicate in a mixer to reduce its surface tension. A
conventional mortar mixer may be used. The sodium silicate
may have a Si0,/Na,O weight ratio of about 3.1 to about 3.3.
The sodium silicate and the sodium hydroxide may then be
added together to the mixer in a sodium silicate to sodium
hydroxide weight ratio of about 1.3 to about 1.7.

An amount of fly ash may be added to the mixer containing
the activator solution. The fly ash may be added in an amount
such that the geopolymer coating is about 35% to about 45%
by weight of fly ash and about 15% to about 20% by weight
activator solution. To form a copper-substituted geopolymer
coating, a copper salt may be premixed with the fly ash before
adding the fly ash to the mixer. The fly ash may be mixed with
the activator solution for at least 30 seconds or until no dry
material is observed. An amount of sand may then be added to
the mixer evenly for another period of at least 30 seconds. The
sand may be added to the mixer in an amount such that the
geopolymer coating is about 35% to about 45% by weight
sand. Alternatively, equal parts of sand and fly ash may be
added to the mixer. Mixing must continue until all compo-
nents are fully mixed into a paste. Additional fly ash or water
may be added until a substantially homogeneous paste is
formed with a viscosity of about 25,000 cP to about 50,000
cP. An anti-sagging agent, such as colloidal silica, may then
be added.

The geopolymer coating may be poured and fed into a
pump and sprayer. Spray application may be conducted in a
manner similar to the application of Portland cement-based
grout. Spraying may be continued until the desired thickness
of the geopolymer coating is achieved on the parent surface.
In apreferred embodiment, thickness of up to one inch may be
achieved in a single application. If the required thickness
requires the application of multiple coats, the geopolymer
coating may be allowed to dry before application of subse-
quent coats in order to avoid sagging.

The geopolymer surface may be finished using a conven-
tional stainless steel trowel, or any other tool capable of
finishing a cementitious material. After finishing, the
geopolymer coating may be allowed to air-cure at ambient
temperature for twenty-four hours before steam curing or
may be subjected to accelerated curing using steam to yield
satisfactory performance of the geopolymer coating. Steam
curing may be accomplished with a portable steam generator
unit or any other boiler. The geopolymer coating may be
steam cured at 100° C. for a period of up to twenty-four hours
in order to achieve a higher level of geopolymerization. More
preferably, the geopolymer coating may be steam cured for a
period of about eight hours. Geopolymer coatings containing
thermal microcapsules may cure at an accelerated pace.

Mechanical characteristics of a geopolymer coating having
the following characteristics were measured: approximately
equal amounts by weight of fly ash and sand, an alkaline
activator solution to fly ash ratio of about 0.45, a sodium
silicate to sodium hydroxide weight ratio of about 1.5, a
surfactant in the amount of about 0.375% of the weight of the
fly ash, and a copper salt in the amount of about 0.825% to
about 6.25% of the weight of the fly ash. Table 1 shows
mechanical characteristics of this copper-substituted
geopolymer material once hardened.
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TABLE 1

TEST ASTM VALUE
Compressive Strength (cubes) C-109
24 hours 6121 psi

3 days 6475 psi

7 days 6960 psi
28 days 7010 psi
Compressive Strength (cylinders), 24 hours ~ C-78 5338 psi
Flexural Strength (24 hours) C-580 876 psi
Tensile Strength (24 hours) C-307 385 psi
Young’s Modulus C-469 1717 psi
Poisson Ratio C-469 0.16
Corrosion Resistance C-267
Remaining compressive strength 70%
Mass loss 12.7%
Absorption after immersion C-642 4.75%
Volume of permeable voids C-642 12.30%
Air content C-231 14%
Abrasion resistance C-774 533.5
Bond Strength D-4541 1400
Initial Viscosity (paste) — 43,000 cPoise
Viscosity after 30 minutes — 20,000 cPoise
Pot Life C-403 less than 3 hours

In an alternate embodiment, the geopolymer coating may
be formed by mixing components including about 34% to
about 46% by weight pozzolanic material, about 34% to
about 46% by weight silicon oxide source, about 15% to
about 20% by weight alkaline activator solution, and about
0.3% to about 2.5% by weight copper ion source. The poz-
zolanic material may be fly ash and the silicon oxide source
may be sand. The fly ash may have a combined SiO, and
Al,O; content of at least 50% by weight, a Si0,/A1,0, weight
ratio in the range of about 1.5 to about 3, and a CaO content
of less than about 10% by weight, and more preferably less
than about 5% by weight. The alkaline activator solution in
the geopolymer coating may include an 8 M to 14 M NaOH
solution and sodium silicate with a Si0,/Na,O weight ratio in
the range of about 2.8 to about 3.5, and a sodium silicate to
sodium hydroxide weight ratio in the range of about 1.0 to
about 2.0. The viscosity of the geopolymer coating may be in
the range of about 5,000 to about 100,000 centipoise (cP), and
more preferably in the range of about 10,000 to about 75,000
cP. The flowability of the geopolymer coating (as per ASTM
C1437) may be in the range of about 40% to about 150%. The
geopolymer coating may further include at least about 0.03%
by weight surfactant. The surfactant may include a salt of
wood resin or a synthetic detergent. A method of protecting a
surface may include applying to the surface this geopolymer
coating.

In another alternate embodiment, the method of forming
the geopolymer paste may include providing an activator
solution including an 8 M to 14 M NaOH solution having
sodium silicate with a SiO,/Na,O weight ratio in the range of
about 2.8 to about 3.5 and a sodium silicate to sodium hydrox-
ide weight ratio in the range of about 1.2 to about 1.8. The
activator solution may form about 15% to about 20% by
weight of the geopolymer paste. The method may also
include mixing with the activator solution an aggregate which
may form about 34% to about 46% by weight of the geopoly-
mer paste. The fly ash may be mixed with the activator solu-
tion, and the fly ash may form about 34% to about 46% by
weight of the geopolymer paste. The mixing may continue
until a substantially homogenous paste is achieved. The vis-
cosity of the geopolymer paste may be in the range of about
5,000 and about 100,000 centipoise (cP), and more preferably
in the range of about 10,000 to about 75,000 cP. A surfactant
may be added to the activator solution, and the surfactant may
form at least 0.03% by weight of the geopolymer paste. The
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method may further include spraying the geopolymer paste
onto a structure exposed to waste water while the geopolymer
paste maintains a viscosity in the range of about 5,000 to
about 100,000 cP, and more preferably in the range of about
10,000 to about 75,000 cP.

In yet another embodiment, the method of forming the
geopolymer paste may include providing an activator solu-
tion including a 10 M to 12.5 M NaOH solution having
sodium silicate with a Si0,/Na,O weight ratio in the range of
about 3.1 to about 3.3 and a sodium silicate to sodium hydrox-
ide weight ratio in the range of about 1.3 to about 1.7. The
activator solution may form about 15% to about 20% by
weight of the geopolymer paste. The method may also
include mixing with the activator solution an aggregate which
may form about 35% to about 45% by weight of the geopoly-
mer paste. The fly ash may be mixed with the activator solu-
tion, and the fly ash may form about 35% to about 45% by
weight of the geopolymer paste. The mixing may continue
until a substantially homogenous paste is achieved. The vis-
cosity of the geopolymer paste may be in the range of about
25,000 and about 50,000 centipoise (cP). A surfactant may be
added to the activator solution, and the surfactant may form
about 0.1% to about 0.2% by weight of the geopolymer paste.
The method may further include spraying the geopolymer
paste onto a structure exposed to waste water while the
geopolymer paste maintains a viscosity in the range of about
25,000 to about 50,000 cP.

The various embodiments of the geopolymer coating offer
high corrosion resistance, bactericidal properties, low costs
of production, and rapid and easy application. The geopoly-
mer coating may have enhanced viscosity and surface tension
suitable for its application as a mortar coating using manual or
mechanical means.

The geopolymer coating may be used as a protective coat-
ing for the rehabilitation and reconstruction of concrete or
brick surfaces of structures used for the transportation, stor-
age, and treatment of wastewater streams from municipal and
industrial sources including, but not limited to, pipes, man-
holes, wet wells, chambers, tunnels, diversion boxes, pump
stations, drop structures, reservoirs, clarifiers, and primary
and secondary retention and treatment basins. The geopoly-
mer coating may also be used as a coating for tunnels and
mine shafts where acidic conditions are the main source of
deterioration of the supporting structures. The geopolymer
coating may be applied using conventional techniques for
cementitious linings including, but not limited to, spraying,
pumping, flooding, and trowelling.

The embodiments shown in the drawings and described
above are exemplary of numerous embodiments that may be
made within the scope of the appended claims. It is contem-
plated that numerous other configurations may be used, and
the material of each component may be selected from numer-
ous materials other than those specifically disclosed. In short,
it is the applicant’s intention that the scope of the patent
issuing herefrom will be limited only by the scope of the
appended claims.

The invention claimed is:
1. A composition of matter formed by the mixing of the
components comprising:

(a) about 35% to about 45% by weight fly ash;

(b) about 35% to about 45% by weight sand,

(c) about 15% to about 20% by weight alkaline activator
solution;

(d) about 0.3% to about 2.5% by weight copper ion source;
and

(e) about 0% to about 2.2% by weight fibers.
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2. The composition of matter according to claim 1, wherein
the fly ash is predominantly class C or class F fly ash.

3. The composition of matter according to claim 2, wherein
a combined SiO, and Al,O; content of the fly ash is at least
50% by weight, a Si0,:Al,0; ratio is about 1.5 to about 3, and
a CaO content of the fly ash is about 1% to about 2.5% by
weight.

4. The composition of matter according to claim 1, wherein
the activator solution comprises a 10 M to 12.5 M NaOH
solution including sodium silicate with a SiO,/Na,O weight
ratio of about 3.1 to about 3.3 and a sodium silicate to sodium
hydroxide weight ratio of about 1.3 to about 1.7.

5. The composition of matter according to claim 1, wherein
the viscosity of the composition is about 25,000 to about
50,000 centipoise (cP).

6. The composition of matter according to claim 5, wherein
the composition further comprises an anti-sagging agent and
has a flowability as per ASTM C1437 of about 80% to about
100%.

7. The composition of matter according to claim 1, wherein
the copper ion source is at least one of CuSO,, Cu,O,
Cu(NO,;),, and Cu(NO,),.3H,0.

8. The composition of matter according to claim 1, wherein
the copper ion source is at least one of Cu,S, CuS, CuCO;.Cu
(OH),, and Cu(OH),.

9. The composition of matter according to claim 1, further
comprising about 0.1% to about 0.2% by weight surfactant.

10. The composition of matter according to claim 9,
wherein the surfactant comprises a vinsol resin surfactant.

#* * * # %
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