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SYSTEMS AND METHODS FOR TREATING A SURFACE
OF A COKE PLANT

CROSS REFERENCE TO RELATED APPLICATION(S)

[0001] The present application claims priority to U.S. Provisional Patent
Application No. 62/786,096, titled “SYSTEMS AND METHODS FOR TREATING A
SURFACE OF A COKE PLANT,” filed December 28, 2018; U.S. Provisional Patent
Application No. 62/785,728, titled “GASEOUS TRACER LEAK DETECTION,” filed
December 28, 2018; U.S. Provisional Patent Application No. 62/786,157, titled “COKE
PLANT TUNNEL REPAIR AND FLEXIBLE JOINTS,” filed December 28, 2018; and U.S.
Provisional Patent Application No. 62/786,194, titled “COKE PLANT TUNNEL REPAIR
AND ANCHOR DISTRIBUTION,” filed December 28, 2018; the disclosures of which are

hereby incorporated by reference in their entireties.

TECHNICAL FIELD

[0002] The present technology generally relates to systems for coking coal, and in

particular to systems and methods for reducing leaks in a system for coking coal.

BACKGROUND

[0003] Coke is a solid carbon fuel and carbon source used to melt and reduce iron
ore in the production of steel. Coking ovens have been used for many years to convert
coal into metallurgical coke. In one process, coke is produced by batch feeding
pulverized coal to an oven that is sealed and heated to very high temperatures for 24
to 48 hours under closely-controlled atmospheric conditions. During the coking
process, the finely crushed coal devolatilizes and forms a fused mass of coke having a
predetermined porosity and strength. Because the production of coke is a batch

process, multiple coke ovens are operated simultaneously.

[0004] One style of coke plants includes Horizontal Heat Recovery (HHR) ovens,
which have a unique environmental advantage over chemical byproduct ovens based
upon a relative operating atmospheric pressure condition inside the oven. HHR ovens
operate under negative pressure, whereas chemical byproduct ovens operate at a

slightly positive atmospheric pressure. Both oven types are typically constructed of
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refractory bricks and other materials in which creating a generally airtight environment
can be a challenge because small cracks can form in these structures, thereby allowing
air to leak in or out of the oven. Cracks may also form in structures fluidly coupled to
the ovens, exacerbating the challenge of creating an airtight environment. In coke plants
operating under a negative pressure, such cracks may permit uncontrolled air to leak
into the system, thereby affecting the overall functionality of the coke plant. And in coke
plants operating under a positive pressure, such cracks may permit gases to escape
from the plant before being treated, thereby making it more difficult to control the coking

conditions and increasing the environmental footprint of the coke plant.

[0005] In either system, repairing the ovens and associated structures can be
challenging. The ovens are typically not allowed to drop below a thermally-volume-
stable temperature (i.e., the temperature above which silica is generally volume-stable
and does not expand or contract). Moreover, any material used for repair must be

suitable to withstand the coking environment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is an isometric, partial cut-away view of a portion of a horizontal heat
recovery coke plant configured in accordance with select embodiments of the present

technology.

[0007] FIG. 2 is an isometric, partial cut away view of a sole flue configured in

accordance with select embodiments of the present technology.

[0008] FIGS. 3A-C are front views of a sole flue configured in accordance with

one embodiment of the present technology.

[0009] FIG. 4A is a front view of a sole flue configured in accordance with another

embodiment of the present technology.
[0010] FIG. 4B is a cross sectional side view of the sole flue depicted in FIG. 4A.

[0011] FIG. 5A is front view of a sole flue configured in accordance with another

embodiment of the present technology.
[0012] FIG. 5B is a cross sectional side view of the sole flue depicted in FIG. 5A.

[0013] FIG. 6A is front view of a sole flue configured in accordance with another

embodiment of the present technology.
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[0014] FIG. 6B is a cross sectional side view of the sole flue depicted in FIG. 6A.

[0015] FIGS. 7A-B are front views of a sole flue configured in accordance with

one embodiment of the present technology.
[0016] FIG. 7C is a cross sectional side view of the sole flue depicted in FIG. 7B.

[0017] FIGS. 8A-B are front views of a sole flue configured in accordance with

another embodiment of the present technology.

[0018] FIG. 9A is a top and side plan view of a portion of a common tunnel of the

coke plant of FIG. 1.

[0019] FIG. 9B is a longitudinal cross-sectional view of the portion of the common
tunnel of FIG. 9A, and depicts a patch at least partially sealing a crack extending through
a portion of the common tunnel and configured in accordance with select embodiments

of the present technology.

[0020] FIG. 10 is a flow diagram of a method of reducing an airflow through one
or more cracks in a surface of a system for coking coal in accordance with select

embodiments of the present technology.

[0021] FIG. 11 is a flow diagram of a method of controlling uncontrolled air in a
system for coking coal in accordance with select embodiments of the present

technology.

[0022] FIG. 12 is a flow diagram of a method of patching a leak in a coke plant in

accordance with select embodiments of the present technology.

DETAILED DESCRIPTION

[0023] Several embodiments of the present technology are directed to systems
and methods for repairing a surface of a coke plant. In particular, cracks and/or leaks
may form in various surfaces that can adversely affect the coke making process and/or
the environmental footprint of the coke plant by allowing gases to leak into or out of
various structures of the coke plant in an uncontrolled manner. Accordingly, in some
embodiments, the present technology provides a patch or seal to at least partially
reduce a flow of gas and/or air through a crack or other leak. The patch and/or seal can
comprise a substance that can withstand the high-temperatures within the coking

environment. In addition, select embodiments of the present technology include a patch
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or seal that is gunable, flexible, and/or impermeable. For example, the patch can be
applied as a flowable substance that is configured to harden once applied. Alternatively,
the patch can be applied as a flowable first substance, and a second substance can
subsequently or simultaneously be applied to harden the flowable first substance over
the crack/leak. As will be described in greater detail below, gunable, flexible, and/or
impermeable substances provide various advantages when fixing/sealing cracks or

other leaks.

[0024] In some embodiments, the present technology includes fixing a surface of
a coke plant in a system for coking coal under a negative pressure. The system may
have a plurality of coke ovens, a plurality of heat recovery steam generators, and a
common tunnel fluidly coupled to the plurality of coke ovens and the plurality of heat
recovery steam generators. Due to a variety of reasons, a surface of the system may
have one or more cracks that permit an airflow between an external environment and
an interior of the system. This may be problematic, for example, because it can make
it more difficult to maintain a negative pressure inside the system, can make it more
difficult to maintain a suitable temperature for coking coal, and can adversely affect the
quality of coke produced by the system. Accordingly, the present technology provides
systems and methods for reducing an airflow through one or more cracks in the system.
For example, several embodiments of the present technology include a high
temperature substance deployed within or over the one or more cracks, thereby
reducing an airflow through the one or more cracks when the system is operating under

a negative pressure.

[0025] Specific details of several embodiments of the disclosed technology are
described below with reference to particular, representative configurations. The
disclosed technology can be practiced in accordance with coke making systems having
other suitable configurations. Specific details describing structures or processes that
are well-known and often associated with coke making systems but that can
unnecessarily obscure some significant aspects of the present technology are not set
forth in the following description for clarity. Moreover, although the following disclosure
sets forth some embodiments of the different aspects of the disclosed technology, some
embodiments of the technology can have configurations and/or components different

than those described in this section. As such, the present technology can include some
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embodiments with additional elements and/or without several of the elements described

below with reference to FIGS. 1-12.

[0026] As used herein, the term “crack” refers to any feature that allows or could
allow air to flow between a first environment and a second environment. For example,
although a crack may fluidly connect the first environment and the second environment,
it does not have to do so. Rather, a crack can also refer to any fracture or fissure that
does not fluidly connect the first environment and the second environment, but could
eventually extend to do so. Likewise, “crack” can encompass other splits that form
leaks, such as those that can occur at connective joints. Accordingly, the use of the
term “crack” is not limited to a structure having a split or crevice extending fully through
it, but rather is intended to broadly encompass any feature that can cause a leak or a

potential leak, unless the context clearly dictates otherwise.

[0027] Reference throughout this specification to relative terms such as, for
example, "approximately" and "about" are used herein to mean the stated value plus or
minus 10%. For example, the term “about 100" refers to a range from 90 to 110,

inclusive.

[0028] Referring to FIG. 1, a coke plant 100 is illustrated which produces coke
from coal in a reducing environment. In general, the coke plant 100 comprises at least
one oven 101, along with heat recovery steam generators and an air quality control
system (e.g. an exhaust or flue gas desulfurization system) both of which are positioned
fluidly downstream from the ovens and both of which are fluidly connected to the ovens
by suitable ducts. According to aspects of the disclosure, the coke plant can include a
heat recovery or a non-heat recovery coke oven, or a horizontal heat recovery or
horizontal non-recovery coke oven. The coke plant 100 preferably includes a plurality
of ovens 101 and a common tunnel 102 that is fluidly connected to each of the ovens
101 with uptake ducts 103. A cooled gas duct transports the cooled gas from the heat
recovery steam generators to the flue gas desulfurization system. Fluidly connected
and further downstream are a baghouse for collecting particulates, at least one draft fan
for controlling air pressure within the system, and a main gas stack for exhausting
cooled, treated exhaust to the environment. Steam lines interconnect the heat recovery

steam generators and a cogeneration plant so that the recovered heat can be utilized.
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The coke plant 100 can also be fluidly connected to a bypass exhaust stack 104 that

can be used to vent hot exhaust gasses to the atmosphere in emergency situations.

[0029] FIG. 1 illustrates four ovens 101 with sections cut away for clarity. Each
oven 101 comprises an oven chamber 110 preferably defined by a floor 111, a front
door 114, a rear door 115 preferably opposite the front door 114, two sidewalls 112
extending upwardly from the floor 111 intermediate the front 114 and rear 115 doors,
and a crown 113 which forms the top surface of the oven chamber 110. Controlling air
flow and pressure inside the oven 101 can be critical to the efficient operation of the
coking cycle and therefore the oven 101 includes one or more air inlets 119 that allow
air into the oven 101. Each air inlet 119 includes an air damper which can be positioned
at any number of positions between fully open and fully closed to vary the amount of
primary air flow into the oven 101. In the illustrated embodiment, the oven 101 includes
an air inlet 119 coupled to the front door 114, which is configured to control air flow into
the oven chamber 110, and an air inlet 119 coupled to a sole flue 118 positioned
beneath the floor 111 of the oven 101. Alternatively, the one or more air inlets 119 are
formed through the crown 113 and/or in the uptake ducts 103. In operation, volatile
gases emitted from the coal positioned inside the oven chamber 110 collect in the crown
113 and are drawn downstream in the overall system into downcomer channels 117
formed in one or both sidewalls 112. The downcomer channels 117 fluidly connect the
oven chamber 110 with the sole flue 118. The sole flue 118 can have a plurality of
dividing walls 118a that form a circuitous (e.g., serpentine) path through the sole flue
118 beneath the floor 111. Volatile gases emitted from the coal can be combusted in
the sole flue 118 as they flow through the circuitous path beneath the floor 111, thereby
generating heat to support the reduction of coal into coke. The downcomer channels
117 are fluidly connected to uptake channels 116 formed in one or both sidewalls 112.
The air inlet 119 coupled to the sole flue 118 can fluidly connect the sole flue 118 to the
atmosphere and can be used to control combustion within the sole flue 118. The oven
101 can also include a platform 105 adjacent to the front door 114 that a worker can

stand and walk on to access the front door and the oven chamber 110.

[0030] In operation, coke is produced in the ovens 101 by first loading coal into
the oven chamber 110, heating the coal in an oxygen depleted environment, driving off
the volatile fraction of coal and then oxidizing the volatiles within the oven 101 to capture

and utilize the heat given off. The coal volatiles are oxidized within the ovens over a
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48-hour coking cycle and release heat to regeneratively drive the carbonization of the
coal to coke. The coking cycle begins when the front door 114 is opened and coal is
charged onto the floor 111. The coal on the floor 111 is known as the coal bed. Heat
from the oven (due to the previous coking cycle) starts the carbonization cycle.
Preferably, no additional fuel other than that produced by the coking process is used.
Roughly half of the total heat transfer to the coal bed is radiated down onto the top
surface of the coal bed from the luminous flame and radiant oven crown 113. The
remaining half of the heat is transferred to the coal bed by conduction from the floor
111, which is convectively heated from the volatilization of gases in the sole flue 118.
In this way, a carbonization process "wave" of plastic flow of the coal particles and
formation of high strength cohesive coke proceeds from both the top and bottom
boundaries of the coal bed at the same rate, preferably meeting at the center of the coal
bed after about 45-48 hours.

[0031] The floor 111, the sidewalls 112, and the crown 113 are typically formed
from ceramic bricks (e.g., refractory bricks) capable of withstanding high temperatures
and that typically retain heat for an extended period. In some embodiments, the bricks
may be formed from a ceramic material that includes silica and/or alumina. The
sidewalls 112 can include bricks stacked together in an alternating arrangement and
the crown 113 can include bricks arranged in an arch. However, these bricks can be
brittle and can sometimes break or crack. For example, striking the bricks (e.g., with a
forklift or other machinery, with a tool, etc.) can cause the bricks to fracture. In addition,
the bricks can sometimes break due to internal stresses caused by thermal expansion
and contraction as the bricks are repeatedly heated and cooled over a prolonged period.
The bricks can also break due to differences in temperature between opposing sides of
the brick, which can result in internal stresses forming due to the temperature gradient.
For example, in the illustrated embodiment, some of the bricks that form the sidewalls
112 can be positioned between the oven chamber 110 and the uptake and downcomer
channels 116 and 117 and the differences in temperature between the air in the oven
chamber 110 and the air in the uptake and downcomer channels 116 and 117 can
sometimes result in these bricks cracking. Other surfaces in the system may also be
susceptible to cracking. For example, a surface of the sole flue 118 may also crack or
otherwise break due to a variety of reasons described herein. Such cracks may be

particularly troublesome to the operation of the system because they may fluidly
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connect the external environment and the interior of the system. Because the system
is configured to operate under a negative pressure and does not include a device
configured to control airflow through the cracks, such cracks can allow uncontrolled air

to flow into the system.

[0032] FIG. 2 is an isometric, partially cut away view of the sole flue 200. The sole
flue 200 may include a surface 202 (e.g., a floor) positioned on top of a corrugated metal
sheet 206, which in turn may be positioned on a plurality of beams 208. The sole flue
200 can also include one or more walls 210 extending generally upward to support the
oven (not shown). In some embodiments, the sole flue 200 can also include one or
more dividing walls (e.g., dividing walls 118a) that create a serpentine gas flow path
through the sole flue 200 (see, e.g., FIG. 1). In some embodiments, the surface 202
may be a castable slab of refractory material. For example, the surface may comprise,
silica, alumina, and/or other suitable materials. Regardless of the material, one or more
cracks 204 may form in the surface 202. In some embodiments, the one or more cracks
may extend from a first external facing edge of the surface 202 to a second internal
facing edge of the surface 202, thereby fluidly connecting the external environment to
the negatively pressured sole flue 200. Because the system operates under a negative
pressure, air from the external environment may be drawn into or otherwise enter the
sole flue 200 through the one or more cracks 204. This may be problematic, for
example, because it can make it more challenging to maintain a negative pressure
inside the system, make it challenging to maintain a suitable temperature for coking

coal, and/or adversely affect the quality of coke produced by the system.

[0033] FIG. 3Ais afront view of a sole flue 300. The sole flue 300 can be generally
similar to the sole flue 200. As illustrated, the sole flue 300 includes a surface 302 (e.g.,
a floor) and two walls 310. The walls 310 can be side walls or dividing walls, as
described above with respect to FIGS. 1 and 2. The surface 302 may have one or more
cracks 304. The cracks 304 may fluidly connect an external environment with the
interior of the sole flue 300, thereby allowing external air to leak into (or out of) the
system. In other embodiments, the cracks 304 do not extend fully through the surface
302 but nevertheless can be patched or otherwise treated. The cracks 304 may form
in a variety of patterns throughout the surface 302. For example, the cracks 304 may
be located only in a first region of the surface 302, while a second region of the surface

302 remains without cracks. In other examples, the cracks 304 may form across
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generally the entire surface 302. The cracks 304 may also form in two regions: a first
region having a higher density of cracks and a second region having a lower density of

cracks.

[0034] FIGS. 3B and 3C illustrate a patch applied over the surface 302 (e.g., a
castable slab) and configured in accordance with embodiments of the present
technology. More specifically, a substance 320 is applied over the surface 302 having
the one or more cracks 304. The substance 320 acts as a patch and/or seal to reduce
airflow through the one or more cracks 304. In FIG. 3B, the substance 320 is shown as
applied over the surface 302, with one corner of the substance 320 rolled back to show
the one or more cracks 304 that are covered when the substance 320 is fully deployed.
FIG. 3C illustrates the substance 320 fully deployed over the one or more cracks 304.
As depicted in FIG. 3C, the substance 320 may generally cover the entire surface 302
(e.g., extending between walls 310). In other embodiments, however, the substance
320 only covers a portion of the surface 302. For example, where there is a single
region of the surface 302 that has cracks, the substance 320 may be applied over that
single region, while uncracked regions do not get covered with the substance 320. In
embodiments where an edge of the substance 320 extends to a wall 310 extending
from the surface 302, the edge of the substance 320 may optionally be sealed to the
wall 310. For example, if the substance 320 extends between two walls 310, a first
edge of the substance 320 may be sealed to the first wall 310, and a second edge of
the substance 320 may be sealed to a second wall 310. This may further reduce an
airflow through the one or more cracks 304 and/or anchor the patch in place. In some
embodiments, the substance 320 comprises a material that at least partially binds to

the surface 302 to anchor the patch in place.

[0035] The substance 320 may be any high temperature substance (e.g., a
refractory material suitable for use in high-temperature environments) configured to at
least partially reduce an airflow through the one or more cracks 304 when installed over
or within the one or more cracks 304. The substance 320 may at least partially seal the
one or more cracks 304, may seal the one or more cracks 304, may otherwise block
airflow through the one or more cracks 304, and/or may reduce a pressure differential
through the one or more cracks 304, thereby reducing the amount of air flowing into the
sole flue 300. For example, the substance 320 may reduce gas or air flow through the

cracks 304 by 90% or more, 80% or more, 70% or more, 60% or more, 50% or more,
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etc. The substance 320 may be partially impermeable and/or impermeable to at least
partially block airflow through the cracks 304 and/or change a pressure differential
through the crack 304. In some embodiments, the substance 320 is flexible or at least
partially flexible. By being flexible or at least partially flexible, the substance 320 may
retain its sealing effect even if the crack 304 spreads and/or the surface 302 shifts. As
previously noted, the substance 320 may also be suitable for use in high temperatures.
By being suitable for high temperatures, the substance 320 can retain its properties in
the coking environment. For example, in some embodiments, the substance 320 is
suitable for use in temperatures of 100 degrees Celsius or higher, 500 degrees Celsius

or higher, 1,000 degrees Celsius or higher, and/or 1,500 degrees Celsius or higher.

[0036] Accordingly, the substance 320 may comprise a variety of materials. For
example, the substance 320 may be a high temperature ceramic material, such as a
high temperature ceramic paper, a high temperature ceramic blanket, a high
temperature ceramic spray, or a flowable ceramic. Suitable high temperature ceramics
include a ceramic material configured to reduce the airflow through the one or more
cracks when applied over or within the cracks. Suitable ceramics include, but are not
limited to, alumina silicate wool blankets, papers, and sprays such as Kaowool®,
Cerablanket®, Cerachem®, Cerachrome®, and Fiberfrax®. The high temperature
substance may also be a flowable polymer, a high temperature polymer, a silica
material, a fiberglass material, a dust configured to coagulate, a vapor configured to
coagulate, insulated furnace brick, a fibrous material, a flexible coating, a hard coating,
a sealant, and/or any other suitable substance and/or combinations thereof. Yet other
suitable materials include polycrystalline fiber blankets and low biopersistent fiber

blankets.

[0037] The substance 320 may be applied to the surface 302 through any suitable
means. For example, the substance 320 can be gunned (e.g., sprayed), casted,
painted, poured, rolled, or otherwise applied to the surface 302. For example, in some
embodiments, the substance 320 is a high temperature ceramic blanket or paper that
can be rolled over or otherwise applied to a surface having one or more cracks. In other
embodiments, the substance 320 is a liquid material, flowable material, dust, vapor,

spray, or the like, and may be gunned into or over the one or more cracks 304.
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[0038] The substance 320 may be applied from either side of the crack (e.g., from
the external facing side of the crack or the internal facing side of the crack). For
example, the substance 320 can be applied from underneath the surface 302 (not
shown), such as from underneath air space beams supporting the sole flue 300 (e.g.,
air space beams 208 in FIG. 2) or from outside an oven crown (e.g., crown 113 in FIG.
1). Without wishing to be bound by theory, it is expected that applying the patch from
an external facing surface of the sole flue 300, such as between the air space beams,
enables the use of various flexible and impermeable materials (e.g., polymer sealants)
that could not otherwise be used within the sole flue 300 because of the high
temperatures found within the sole flue 300. In some embodiments, when applying the
substance 320 from the external facing side of the crack in a moveable form (e.g.,
gaseous, vaporized, liquified, etc.), the substance 320 will be drawn into the crack via
the negative pressure differential between the external environment and the internal
system. Once in the cracks, the substance 320 can harden or otherwise coagulate,
thereby sealing the cracks and/or reducing the airflow through the cracks. Moreover,
any of the materials that are suitable for use as substance 320 and described herein
may be applied on or from the external facing side, on or from the internal facing side,
or on or from both the external and internal facing side. As can be appreciated by one
skilled in the art, the material of the substance can be based at least in part on the
location of the cracks, the desire to have an internal or external patch, and the method
of applying the substance 320 (e.g., gunning, spraying, rolling, etc.). For example, if a
user wishes to gun the substance 320 over the surface 302, the user may select a
flowable material. If a user wishes to roll the substance 320 over the surface 302, the
user may select a paper or blanket-like material. In some embodiments, the specific

substance can also dictate how and where the patch is applied.

[0039] Without wishing to be bound by theory, it is expected that the patches
described herein can, in some embodiments, be applied without interrupting operation
of the coke plant (i.e., without taking the coke plant “offline”). In particular, because the
various patches described herein can be applied in high temperatures, the present
technology enables a user to gun or otherwise apply a patch to one or more cracks
during the coking process (e.g., using a water-cooled lance and/or a long pipe inserted
into the desired chamber). Not having to take the coke plant offline to repair the

cracks/leaks may, among other things, lower the cost of repairing cracks or leaks, avoid
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a disruption in coke production, and/or avoid causing damage to the ovens by avoiding
a temperature drop below a thermally-volume-stable value. In other embodiments, one
or more ovens may be taken offline while the remainder of the ovens remain online (i.e.,
operational). In some embodiments, the patches described herein are applied to a
surface at an operational temperature. In some embodiments, the patches described
herein are applied while keeping a temperature within one or more regions of the coke
plant (e.g., within the coke ovens and/or sole flue) 100 degrees Celsius or higher, 500
degrees Celsius or higher, 1,000 degrees Celsius or higher, 1,200 degrees Celsius or
higher, and/or 1,500 degrees Celsius or higher. In yet other embodiments, the patches
described herein can be applied to a coke plant during the initial construction of the

plant.

[0040] Some embodiments of the present technology further include treating the
substance 320 with a rigidizer and/or sealant. When applied, the rigidizer may reduce
the permeability of the substance 320, thereby reducing the airflow through the one or
more cracks. For example, if the substance 320 is Kaowool®, a Kaowool® rigidizer
may be applied to decrease the permeability of the substance 320. The rigidizer can
be applied separately from the substance 320 or concurrent with the substance 320. In
some embodiments, the rigidizer is mixed with the substance 320 before the substance
320 is applied over the one or more cracks 304. In addition to or in lieu of the rigidizer,
some embodiments of the present technology further include applying a refractory

sealant coat over the substance 320.

[0041] Accordingly, the high temperature substance may also be a layered
material. For example, the high temperature substance may include two, three, four, or
more layers. The layers may comprise the same or different substance, or a
combination of the same and/or different substances. Each layer may comprise, for
example, a high temperature ceramic paper, a high temperature ceramic blanket, a high
temperature ceramic spray, a flowable ceramic, a flowable polymer, a high temperature
polymer, a silica material, a dust configured to coagulate, a vapor configured to
coagulate, insulated furnace brick, a fibrous material, a flexible coating, a hard coating,
a sealant, or any other suitable substance and/or combinations thereof. For example,
in one embodiment having two layers, the first layer (e.g., the layer in apposition with
the cracked surface) is a flexible high temperature ceramic blanket, high temperature

ceramic paper, or a high temperature ceramic spray, and the second layer is insulated
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furnace brick. In another embodiment, the first layer is a gunable flexible substance,
and the second layer is a hard coating that can act as a refractory sealant. In some
embodiments, the various layers are combined into a unitary layered material before
being deployed over the cracked surface. In other embodiments, single layers may be
sequentially deployed, such that a first substance is deployed over the cracked surface
and a second substance is subsequently deployed over the first substance. FIGS. 4A—
7C, described below, depict various configurations of a layered high temperature cover.
One skilled in the art will recognize a variety of potential configurations of layering based
on the disclosures herein. Such configurations are within the scope of the present

technology.

[0042] FIGS. 4A and 4B illustrate an embodiment of the present technology
including a sole flue 400, a surface 402, a high temperature patch 420, and one or more
cracks 404 extending beneath the high temperature patch 420. FIG. 4A is an isometric
view of the sole flue 400 with a partial cut away view of the high temperature patch 420,
and FIG. 4B is a cross-sectional view of the sole flue 400 with the high temperature
patch 420. As depicted, the high temperature patch 420 includes a first layer or
substance 422 in apposition with the surface 402, and a second layer or substance 424
positioned on the first layer 422, such that the first layer 422 is in between the surface
402 and the second layer 424. The high temperature patch 420 is shown in a partial
cut away view to illustrate that the first layer 422 is underneath the second layer 424
(e.g., between the surface 402 and the second layer 424). However, the first layer 422
may extend to completely cover the cracks 404, and the second layer 424 may extend
to cover all of the first layer 422. While depicted as discrete layers, the first substance
422 and the second substance 424 do not necessarily form discrete layers in some
embodiments. Rather, in some embodiments, the first substance 422 and the second

substance 424 can mix together to form the patch 420.

[0043] As discussed above, the first layer 422 and the second layer 424 may be
the same or different material. Each layer may comprise, for example, a high
temperature ceramic paper, a high temperature ceramic blanket, a high temperature
ceramic spray, a flowable ceramic, a flowable polymer, a high temperature polymer, a
silica material, a dust configured to coagulate, a vapor configured to coagulate,
insulated furnace brick, a fiborous material, a flexible coating, a hard coating, a sealant,

or any other suitable substance and/or combinations thereof. For example, in one
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embodiment, the first layer 422 is a high temperature ceramic material and the second
layer 526 is insulated furnace brick. In some embodiments, the first layer 422 is a
flexible layer and the second layer 526 is a hard coating or rigid layer. For example, the
first layer 422 can be a Kaowool® mixture that is gunned over the surface 402. The
second layer 424 can be brick and/or a rigidizer that is subsequently applied over the
first layer 422.

[0044] FIGS. 5A and 5B illustrate another embodiment of the present technology
including a sole flue 500, a surface 502, one or more cracks 504 in the surface, and a
high temperature patch 520 applied over the one or more cracks. FIG. 5A is an
isometric view of the sole flue 500 with a partial cut away view of the high temperature
patch 520, and FIG. 5B is a cross-sectional view of the sole flue 500 with the high
temperature patch 520. As depicted, the high temperature patch 520 includes a first
layer or substance 522 in apposition with the surface 502, a second layer or substance
524 positioned on top of the first layer 522, and a third layer or substance 526 positioned
on top of the second layer 524, such that the second layer 524 is between the first layer
522 and the third layer 526. The high temperature patch 520 is shown in a partial cut
away view to illustrate that the first layer 522 is underneath the second layer 524, and
that the second layer 524 is underneath the third layer 526. However, in certain
embodiments, the third layer 526 and second layer 524 will extend to the front edge of
the first layer 522, such that the first layer 522, second layer 524, and third layer 526
cover generally the same surface area of the surface 502. In other embodiments, the
first layer 522, second layer 524, and third layer 526 may be overlapping but staggered,
such that the first layer 522, second layer 524, and third layer 526 cover overlapping

but different surface areas of the surface 502.

[0045] As discussed above, the first layer 522, the second layer 524, and the third
layer 526 may be the same or different material. Each layer may comprise, for example,
a high temperature ceramic paper, a high temperature ceramic blanket, a high
temperature ceramic spray, a flowable ceramic, a flowable polymer, a high temperature
polymer, a silica material, a dust configured to coagulate, a vapor configured to
coagulate, insulated furnace brick, a fibrous material, a flexible coating, a hard coating,
a sealant, or any other suitable substance and/or combinations thereof. For example,
in one embodiment, the first layer 522 and the third layer 526 are a high temperature

ceramic blanket, and the second layer 524 is a silica material.
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[0046] FIGS. 6A and 6B illustrate another embodiment of the present technology
including a sole flue 600, a surface 602, one or more cracks 604 in the surface, and a
high temperature patch 620 applied over the one or more cracks. FIG. B6A is an
isometric view of the sole flue 600 with a partial cut away view of the high temperature
patch 620, and FIG. 6B is a cross-sectional view of the sole flue 600 with the high
temperature patch 620. As depicted, the high temperature patch 620 includes a first
layer or substance 622 in apposition with the surface 602, a second layer or substance
624 positioned on the first layer 622, a third layer or substance 626 positioned on the
second layer 624, and a fourth layer or substance 628 positioned on the third layer 626.
The high temperature patch 620 is shown in a partial cut away view to illustrate that the
first layer 622 is underneath the second layer 624, that the second layer 624 is
underneath the third layer 626, and that the third layer 626 is underneath the fourth
layer 628. However, in certain embodiments, the fourth layer 628, third layer 626, and
second layer 624 will extend to the front edge of the first layer 622, such that the first
layer 622, second layer 624, third layer 626, and fourth layer 628 cover generally the
same surface area of the surface 602. In other embodiments, the first layer 622, second
layer 624, third layer 626, and fourth layer 628 may be overlapping but staggered, such
that the first layer 622, second layer 624, third layer 626, and fourth layer 628 cover

overlapping but different surface areas of the surface 602.

[0047] As discussed above, the first layer 622, the second layer 624, the third layer
626, and the fourth layer 628 may be the same or different material. Each layer may
comprise, for example, a high temperature ceramic paper, a high temperature ceramic
blanket, a high temperature ceramic spray, a flowable ceramic, a flowable polymer, a
high temperature polymer, a silica material, a dust configured to coagulate, a vapor
configured to coagulate, insulated furnace brick, a fibrous material, a flexible coating, a

hard coating, a sealant, or any other suitable substance and/or combinations thereof.

[0048] FIGS. 7A-C illustrate yet another embodiment of the present technology.
In FIG. 7A, afirst substance 722 has been applied over a first region of the surface 702
having a high density of cracks. The first substance 722 may be any high temperature
substance disclosed herein and configured to reduce an airflow through the one or more
cracks. Pretreating the one or more cracks in the high-density region with a first
substance 724 may increase the reduction in airflow through the cracks when a second

substance 724 is applied over the first substance 722 722. In FIG. 7B, a second
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substance 724 has been applied over the first substance 722. Unlike the first substance
722, the second substance 724 covers the entire surface 702. The second substance
724 may be any high temperature substance disclosed herein and configured to reduce
an airflow through the one or more cracks. FIG. 7C is a cross-sectional view of the first
substance 722 and second substance 724, depicting that the first substance 722 may
extend underneath and along a length of the second substance 724. In some
embodiments, the first substance 722 is applied over the entire surface 702, and the
second substance 724 is applied only to the first region of the surface 702 having the

high density of cracks.

[0049] FIGS. 8A and 8B illustrate another embodiment of the present technology.
In FIGS. 8A and 8B, a plurality of dividers 812 extend upwardly from the surface 802,
dividing the sole flue 800 into several regions. The regions are fluidly connected and,
when the coke system is operating, direct flue gas in a serpentine route underneath the
coke oven. As illustrated in FIG. 8A, one or more cracks 804 may form between the
plurality of dividers 812. As described with respect to FIGS. 2—7 above, the cracks 804
may permit an airflow between an external environment and the sole flue 800.
Accordingly, FIG. 8B illustrates a substance 820 installed over the one or more cracks
804 and extending between two dividers 812. In some embodiments, the substance
820 may extend from one edge of a divider to a second edge of a divider. In other
embodiments, the substance 820 may just cover a region of the surface 302 having the
one or more cracks. The substance 820 may be any substance described above with
respect to FIGS. 3-7. For example, the substance 820 may be a high temperature
ceramic material, such as a high temperature ceramic paper, a high temperature
ceramic blanket, a high temperature ceramic spray, or a flowable ceramic. The
substance 820 may also be a flowable polymer, a high temperature polymer, a silica
material, a dust configured to coagulate, a vapor configured to coagulate, insulated
furnace brick, a fibrous material, a flexible coating, a hard coating, a sealant, or any
other suitable substance. Furthermore, the substance 820 may include two, three, four,
or more layers. Each layer may be the same or different substance. Each layer may
comprise, for example, a high temperature ceramic paper, a high temperature ceramic
blanket, a high temperature ceramic spray, a flowable ceramic, a flowable polymer, a

high temperature polymer, a silica material, a dust configured to coagulate, a vapor
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configured to coagulate, insulated furnace brick, a fibrous material, a flexible coating, a

hard coating, a sealant, or any other suitable substance and/or combinations thereof.

[0050] FIGS. 9A and 9B illustrate another application of embodiments of the
present technology. FIG. 9A is a top view and side view of portions of the common
tunnel 102, illustrated previously in FIG. 1. As illustrated, the common tunnel 102 is a
generally cylindrical duct have consecutive tunnel portions 931. The common tunnel
102 can further include one or more joints 932. The joints 932 can define interfaces
between consecutive tunnel portions 931. In some embodiments, one or more of the
joints are flexible joints 933. The flexible joints 933 can be configured to flex in response
to stresses on the tunnel 102. As used in this context, “flex” of the tunnel 102 includes
movement of adjacent tunnel portions 931 with respect to each other in an axial,
rotational, and/or bending manner. Despite this flexion, portions of the tunnel 102 may
still be susceptible to cracking or forming other leaks. In some embodiments, the
lengths of the tunnel portions 931 between the joints 932 is approximately ten to one
hundred feet. In some embodiments, the common tunnel 102 or other tunnel/conduit
includes a joint 932 or flexible joint 933 at a maximum of every fifteen feet, every twenty
feet, every thirty feet, every forty five feet, every sixty feet, every ninety feet, and/or
every one hundred feet. In some embodiments, one or more braces 934 can be used
to support the tunnel 102. The braces 934 can be positioned along the length of the
tunnel 102 under joints 932 and/or between joints 932. Certain aspects of the tunnel
902 can be generally similar to certain aspects of the common tunnels described in U.S.
Provisional Patent Application No. 62/786,157, the disclosure of which was previously

incorporated by reference herein.

[0051] FIG. 9B is a longitudinal cross-sectional view of the tunnel 102 taken along
the axis labeled 9B in FIG. 9A. As best illustrated in FIG. 9B, the tunnel 102 includes
elongated and/or tubular structural element 935 having an outer surface 937. An inner
surface of the structural element 935 defines a lumen 939 for receiving gases from the
ovens 101 and/or sole flue 118 via the uptake ducts 103 (FIG. 1). As illustrated, one or
more cracks 904 may form in the structural element 935. If the crack 904 extends
between the outer surface 937 and the inner lumen 939, the crack 904 may allow
ambient air to enter the tunnel 102 and/or gases to escape the tunnel. As described at
length herein, allowing air to flow into the system in an uncontrolled manner can, among

other things, adversely affect the coke making process. Accordingly, the present
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technology provides a substance 920 that can be applied as a patch to seal the crack
904. As described at length herein, the substance 920 can comprise a high temperature
substance configured to reduce an airflow through the crack 904. Although illustrated
as being applied on an internal facing surface of the tunnel 102, the substance 920 can
also be applied on the external facing surface 937 and/or can be gunned, sprayed, or
otherwise applied within the crack 904 itself. Additionally, although not shown, leaks
may also form at or adjacent to the joints 932. Accordingly, the substance 920 can be

applied at the joints 932 to reduce and/or prevent airflow through leaks at the joints 932.

[0052] The substance 920 may comprise a variety of materials (e.g., any of the
materials described above). For example, the substance 920 may be a high
temperature ceramic material, such as a high temperature ceramic paper, a high
temperature ceramic blanket, a high temperature ceramic spray, and/or a flowable
ceramic. Suitable high temperature ceramics include a ceramic material configured to
reduce the airflow through the one or more cracks when applied over or within the
cracks. Suitable ceramics include, but are not limited to, alumina silicate wool blankets,
papers, and sprays such as Kaowool®, Cerablanket®, Cerachem®, Cerachrome®, and
Fiberfrax®. The high temperature substance may also be a flowable polymer, a high
temperature polymer, a silica material, a dust configured to coagulate, a vapor
configured to coagulate, insulated furnace brick, a flexible coating, a fibrous material, a
hard coating, a sealant, and/or any other suitable substance, and/or combinations
thereof. Other suitable materials include polycrystalline fiber blankets and low
biopersistent fiber blankets. Additionally, substance 920 can be layered, as described
above with respect to FIGS. 4A-7C.

[0053] As can be appreciated from the above embodiments, a high temperature
substance or patch in accordance with the present technology may include a variety of
layers of varying compositions, and may be installed over a variety of regions on a
surface having one or more cracks. Therefore, the present technology is not limited to
the explicit combinations disclosed herein. Instead, one skilled in the art will recognize
from the disclosure herein that a variety of compositions may be utilized to build a

layered, high temperature patch in accordance with the present technology.

[0054] Moreover, from the above disclosure, one skilled in the art will recognize

the present technology may be employed to reduce airflow through a crack or leak in a
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variety of surfaces in a coke plant. For example, the present technology may be useful
for treating cracks or leaks located in a sole flue floor, in an oven crown, in a common
tunnel, in a heat recovery steam generator, on a charging/pushing ramp, and/or in any
location where a crack or leak could form. The patches described herein can be applied
on internal, external, and/or internal and external facing surfaces of the foregoing
structures. The above disclosure, therefore, does not limit the present technology to

deployment on surfaces explicitly discussed herein.

[0055] Additionally, although primarily described with respect to fixing cracks in
coke plants configured to operate under negative pressure relative to the external
environment, such as heat recovery coke plants, the present technology can be applied
to fix leaks in other types of coke plants including those configured to operate under
positive pressure, such as byproduct coke plants and the like. Reducing leaks in such
plants using the present technology may, among other advantages, (i) facilitate greater
control over the coke making process, (ii) allow the ovens to operate at a higher
temperature, and/or (iii) reduce the environmental footprint of the coke plant by reducing

the amount of untreated gases leaking out of the system.

[0056] The present technology may also be applied to patch leaks in systems other
than coke plants. In particular, the present technology can be used to patch leaks in
any system operating under negative pressure and/or high temperatures. For example,
the present technology can be used to patch leaks in process furnace systems,

combustion systems, pyro scrubber systems, and the like.

[0057] Likewise, the present technology may be employed to reduce airflow
through a crack or leak on any surface that undergoes thermal expansion and/or
thermal contraction. In such embodiments, the patching substance may be strategically
selected to have increased flexibility to account for the expansion and/or contraction.
In some embodiments, the surface is a metal surface, and the patching substance
provides a “metal coating” that prevents unwanted airflow through joints or other leaks
on the metal surface. In some embodiments, the substance applied as a patch over the
metal surface can optionally be secured in place. In other embodiments, the substance

applied as a patch is at least partially self-anchoring.

[0058] In some embodiments, the present technology can be used as a

preventative measure. For example, patches in accordance with the present
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technology can be applied over cracks that do not fully extend through a surface and
therefore do not permit gases to flow between two separate environments on either side
of the surface. In addition, patches may be applied to other areas, such as connective
joints, that may be prone to leakage. In some embodiments, the patches may be

applied during initial construction of a coke plant.

[0059] The present technology also includes methods for reducing an airflow
through one or more cracks and/or leaks in a surface of a system for coking coal. Select
aspects of several methods in accordance with the present technology are described
below with respect to FIGS. 10-12. However, as one skilled in the art will appreciate,
the present technology is not limited to the aspects explicitly described herein. Rather,
the present technology encompasses any method suitable for deploying the patches

described herein.

[0060] FIG. 10 is a flow chart of a method 1000 for reducing an airflow through
one or more cracks in a surface of a system configured to coke coal under a negative
pressure. The method 1000 can include identifying a first region of the coking system
having one or more cracks that permit an airflow into the system when the system is
under a negative pressure (process step 1002). The cracks may be identified in a
number of different manners. For example, the cracks may be identified by observing
that a coke oven in the system does not operate at a generally normal temperature
(e.g., itruns cooler than it should). This may indicate that uncontrolled air is leaking into
the system. The cracks may also be identified by observing a reduced level of control
over the amount of air entering the system. As previously discussed with respect to
FIG. 1, controlling air flow and pressure inside the coke oven can be important to the
efficient operation of the coking cycle and therefore the coke ovens may include one or
more air inlets that allow air into the coke ovens. Importantly, each air inlet includes an
air damper which can be positioned at any number of positions between fully open and
fully closed to vary the amount of primary air flow into the coke oven. When uncontrolled
air is flowing into the system through the cracks, control over the air entering the system
can be reduced. Yet another potential mechanism for identifying cracks is to use a
gaseous tracer leak detector test (e.g., a pulse tracer test) or a smoke bomb test.
Embodiments of a gaseous tracer leak detector test are described in the U.S.
Provisional Patent Application No. 62,785,728 titled “Gaseous Tracer Leak Detection’,

filed December 28, 2018, the disclosure of which was previously incorporated by
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reference herein. In a gaseous tracer leak detector test, a gaseous tracer is sprayed
over an external surface of the system that has potential leaks. The concentration of
the gaseous tracer is then measured inside the system at a location downstream of the
potential leak site. Any spike in the concentration of the gaseous tracer reading
indicates the gaseous tracer was drawn into the system through one or more cracks.
Likewise, a smoke bomb may be deployed, in which a user can visually observe smoke
or colored gas discharged near an external facing surface of the system to see if any of
the smoke or colored gas is drawn into the system. Yet another method of identifying
cracks is to examine coke cooked in the oven. Since a crack may reduce the operating
temperature and/or create an uneven temperature across the coke oven, the coke may
not be fully coked out and/or may be cooked unevenly. Moreover, some coke may stick
to the floor of the coke oven when being pushed out at the end of the coking cycle. Yet

another potential method of identifying cracks is to visually identify the cracks.

[0061] The method 1000 continues by applying a first substance (e.g., a high
temperature ceramic substance) over at least the first region containing the one or more
cracks (process step 1004). As discussed above with respect to FIGS. 3-9, the ceramic
substance may take a variety of configurations and may comprise a variety of materials.
By applying the first high temperature ceramic substance, an airflow through the one or
more cracks is at least partially reduced. The method 1000 optionally continues by
applying a rigidizer to the first high temperature ceramic substance (process step 1006)
and/or applying a second substance over the first high temperature ceramic substance

(process step 1008).

[0062] FIG. 11 is a flow chart of a method 1100 for controlling uncontrolled air in a
system for coking coal. The method 1100 includes identifying one or more cracks in
the system for coking coal, wherein the one or more cracks permit an airflow between
an external environment and the system for coking coal (process step 1102). Any of
the techniques for identifying cracks described above with respect to FIG. 10, and any
other techniques suitable for detecting cracks in coking systems, may be utilized. The
method 1100 continues by applying a first substance to at least a first region of the
system for coking coal that has the one or more cracks (process step 1104). The first
substance may be flexible, and may be any substance identified above with respect to
FIGS. 3-9. For example, the first substance may be a high temperature ceramic paper,

a high temperature ceramic blanket, a high temperature ceramic spray, a flowable
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ceramic, a flowable polymer, a high temperature polymer, a silica material, a dust
configured to coagulate, a vapor configured to coagulate, or insulated furnace brick.
The first substance may also be a layered material comprising at least two layers,
wherein each layer comprises a high temperature ceramic paper, a high temperature
ceramic blanket, a high temperature ceramic spray, a flowable ceramic, a flowable
polymer, a high temperature polymer, a silica material, a dust, a vapor, insulated
furnace brick, a flexible coating, a fibrous material, a hard coating, a sealant, or any
other suitable substance, and/or combinations thereof. The method 1100 optionally
continues by applying a second substance over the first substance such that the first
substance is between the first region and the second substance, thereby further

reducing an airflow through the one or more cracks (process step 1106).

[0063] FIG. 12 is a flowchart of a method 1200 for repairing a surface of a coke
plant that has one or more leaks. The method 1200 begins by identifying a surface of
a coke plant that is leaking (process step 1202). In some embodiments, the surface
may be a surface that at least partially defines a chamber (e.g., a sole flue, an oven, a
tunnel, etc.). Any of the techniques for identifying cracks described above with respect
to FIG. 10, and any other techniques suitable for detecting cracks in coking systems,
may be utilized. The method 1200 continues by gunning a high temperature substance
over the leaking surface while the coke plant remains in operation (i.e. without taking
the coke plant offline) (process step 1204). Accordingly, the high temperature
substance may be applied to the surface when the ambient temperature surrounding
the surface (e.g., the temperature within the chamber) is 100 degrees Celsius or higher,
500 degrees Celsius or higher, 1,000 degrees Celsius or higher, and/or 1,500 degrees
Celsius or higher. As described in detail above, the substance can form a patch that at
least partially seals or otherwise reduces airflow through the leak. Optionally, a second
substance can be applied to the first substance, such as a rigidizer, a sealant, etc.
(process step 1206). The second substance may affect one or more properties of the
patch, such as making it less permeable. The patch can optionally be anchored to the
surface and/or one or more structures (e.g., walls) adjacent to the surface (process step
1208).

[0064] This disclosure is not intended to be exhaustive or to limit the present
technology to the precise forms disclosed herein. Although specific embodiments are

disclosed herein for illustrative purposes, various equivalent modifications are possible
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without deviating from the present technology, as those of ordinary skill in the art will
recognize. In some cases, well-known structures and functions have not been shown
or described in detail to avoid unnecessarily obscuring the description of the
embodiments of the present technology. Although steps of methods may be presented
herein in a particular order, alternative embodiments may perform the steps in a
different order. Similarly, certain aspects of the present technology disclosed in the
context of particular embodiments can be combined or eliminated in other
embodiments. Furthermore, while advantages associated with certain embodiments of
the present technology may have been disclosed in the context of those embodiments,
other embodiments of the present technology may have been disclosed in the context
of those embodiments, other embodiments can also exhibit such advantages, and not
all embodiments need necessarily exhibit such advantages or other advantages
disclosed herein to fall within the scope of the technology. Accordingly, the disclosure
and associated technology can encompass other embodiments not expressly shown or

described herein.

” 13
H

[0065] Throughout this disclosure, the singular terms “a,”, “an,” and “the” include
plural referents unless the context clearly indicates otherwise. Similarly, unless the
word “or” is expressly limited to mean only a single item exclusive from the other items
in reference to a list of two or more items, then the use of “or’ in such a list is to be
interpreted as including (a) any single item in the list, (b) all of the items in the list, or (c)
any combination of items in the list. Additionally, the term “comprising” is used
throughout to mean including at least the recited feature(s) such that any greater
number of the same feature and/or additional types of other features are not precluded.
Reference herein to “one embodiment,” “an embodiment,” or similar formulations means
that a particular feature, structure, operation, or characteristic described in connection
with the embodiment can be included in at least one embodiment of the present
technology. Thus, the appearances of such phrases or formulations herein are not
necessarily all referring to the same embodiment. Furthermore, various particular
features, structures, operations, or characteristics may be combined in any suitable

manner in one or more embodiments.
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CLAIMS
I/We claim:
1. A method of repairing a leak in a surface of a coke plant, the method
comprising:

applying a high temperature substance onto at least a portion of the surface that
includes the leak, wherein—
the high temperature substance at least partially forms a patch that
reduces the flow of gases through the leak, and
the high temperature substance is applied to the surface while the coke

plant is operating.

2. The method of claim 1 wherein applying the high temperature substance

comprises gunning the high temperature substance onto the portion of the surface.

3. The method of claim 1 wherein the surface at least partially defines a
chamber, and wherein the high temperature substance is applied while a temperature
within the chamber is at or above 100 degrees Celsius.

4. The method of claim 1 wherein the surface at least partially defines a
chamber, and wherein the high temperature substance is applied while a temperature

within the chamber is at or above 1200 degrees Celsius.

. The method of claim 1 wherein the high temperature substance comprises

a flowable material.

6. The method of claim 1 wherein the patch is at least partially flexible.

7. The method of claim 1, further comprising applying a rigidizer and/or

sealant to the high temperature substance.
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8. The method of claim 7 wherein applying the rigidizer and/or sealant

decreases the flexibility of the patch.

9. The method of claim 8 wherein applying the rigidizer and/or sealant

decreases the permeability of the patch.

10. A system for coking coal, comprising:

at least one oven, at least one sole flue, and at least one tunnel, wherein at least
one surface of the at least one oven, the at least one sole flue, and/or the
at least one tunnel has one or more leaks; and

a patch covering the one or more leaks to reduce an airflow therethrough, the
patch including a substance that is at least partially flexible and is

configured to withstand temperatures of at least 100 degrees Celsius.

11.  The system of claim 10 wherein the substance is a high temperature
ceramic paper, a high temperature ceramic blanket, a high temperature ceramic spray,
a flowable ceramic, a flowable polymer, a high temperature polymer, a silica material,
a dust configured to coagulate, a vapor configured to coagulate, or insulated furnace
brick.

12.  The system of claim 10 wherein the patch comprises at least two layers,
and wherein each layer comprises a high temperature ceramic paper, a high
temperature ceramic blanket, a high temperature ceramic spray, a flowable ceramic, a
flowable polymer, a high temperature polymer, a silica material, a dust configured to
coagulate, a vapor configured to coagulate, insulated furnace brick, a flexible coating,

an inflexible coating, and/or a sealant.

13.  The system of claim 10 wherein the patch has a first outer layer, a second
outer layer, and an inner layer between the first and second outer layer, and wherein
the first outer layer and second outer layer comprise a ceramic material and the inner

layer comprises silica.
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14.  The system of claim 10 wherein the substance is a ceramic material, the

patch further comprising insulated furnace brick positioned over the ceramic material.

15. The system of clam 10, further comprising a rigidizer configured to

decrease a permeability of the substance to increase the sealant effect of the patch.

16.  The system of claim 10 wherein the patch is impermeable.

17. The system of claim 10 wherein the patch is suitable for use in a

temperature of 1200 degrees Celsius.

18. The system of claim 10 wherein the patch is sealed to the surface or a

structure adjacent to the surface.

19. The system of claim 10 wherein the substance is a first substance, the
patch further comprising a second substance positioned over the first substance such
that the first substance is between the surface and the second substance, wherein the
combined first and second substances are together less permeable than the first

substance by itself.

20. The system of claim 19 wherein the patch further comprises a third
substance positioned over the second substance, such that the second substance is

between the first substance and the third substance.

21. The system of claim 20 wherein the first substance, the second
substance, and the third substance together define the patch, and wherein the patch is

impermeable and semi-flexible.
22. The system of claim 20, wherein the first substance, the second

substance, and the third substance are removably adhered to each other to form the

patch before being positioned over the one or more cracks.
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23. A method of repairing a surface of a coke plant configured to operate
under a negative pressure and having an oven chamber and a sole flue, the method
comprising:

identifying a portion of a surface of the coke plant having one or more cracks,

wherein the one or more cracks create an uncontrolled airflow into the
sole flue and/or coke oven; and

applying a high temperature ceramic substance over at least the portion of the

surface having the one or more cracks,

wherein applying the high temperature ceramic substance at least partially

reduces the airflow through the one or more cracks.

24. The method of claim 23 wherein the first high temperature ceramic
substance is a high temperature ceramic paper, a high temperature ceramic blanket, a

high temperature flowable ceramic, or a high temperature ceramic spray.

25.  The method of claim 23 wherein applying the first ceramic substance

comprises spraying the first region with a high temperature ceramic spray.

26. The method of claim 23 wherein the high temperature ceramic substance
includes a plurality of layers, and wherein one of the layers includes a flowable polymer,
a high temperature polymer, a silica material, a dust configured to coagulate, a vapor

configured to coagulate, or insulated furnace brick.

27. The method of claim 23, further comprising treating the high temperature
ceramic substance with a rigidizer, wherein the rigidizer decreases the flexibility and/or

permeability of the high temperature ceramic substance.

28.  The method of claim 23 wherein the high temperature ceramic substance
is a first substance, the method further comprising applying a second substance over
the first substance such that the first substance is between the surface and the second
substance, wherein the second substance is a high temperature ceramic paper, a high

temperature ceramic blanket, a high temperature ceramic spray, a flowable ceramic, a
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flowable polymer, a high temperature polymer, a silica material, a dust configured to

coagulate, a vapor configured to coagulate, insulated furnace brick, or a sealant.

29.  The method of claim 23 wherein the one or more cracks are identified by
(i) observing that the coke oven does not operate at a generally normal temperature, (ii)
observing a reduced level of control over the amount of air entering the coke oven, (iii)
visually identifying the one or more cracks, (iv) using a gaseous tracer leak detector
test, (v) using a smoke bomb test, and/or (vi) observing that the coke cooked in the

oven is not fully coked out.

30. The method of claim 23 wherein applying the high temperature ceramic
substance comprises applying the high temperature ceramic substance without taking

the coke oven offline.

31. A method of controlling uncontrolled air in a system for coking coal, the
method comprising:

identifying one or more cracks in the system for coking coal, wherein the one or
more cracks permit an airflow between an external environment and a
structure within the system for coking coal; and

applying a first substance to at least a first region of the system for coking coal
having the one or more cracks, wherein the first substance is at least
partially flexible;

wherein applying the first substance to the system for coking coal at least partially

reduces the airflow through the one or more cracks.

32. The method of claim 31 wherein applying the first substance reduces a

pressure differential through the one or more cracks.

33.  The method of claim 31 wherein the first substance is a high temperature
ceramic paper, a high temperature ceramic blanket, a high temperature ceramic spray,
a flowable ceramic, a flowable polymer, a high temperature polymer, a silica material,
a dust configured to coagulate, a vapor configured to coagulate, or insulated furnace
brick.
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34. The method of claim 31 wherein the first substance is a layered material
comprising at least two layers, wherein each layer comprises a high temperature
ceramic paper, a high temperature ceramic blanket, a high temperature ceramic spray,
a flowable ceramic, a flowable polymer, a high temperature polymer, a silica material,
a dust, a vapor, or insulated furnace brick, a flexible coating, a hard coating, and/or a

sealant.

35. The method of claim 31 wherein the first substance is at least partially

permeable.

36. The method of claim 31, further comprising applying a rigidizer to the first

substance.

37. A system for coking coal, comprising:

at least one oven having a first surface;

at least one sole flue having a second surface;

at least one tunnel having a third surface; and

a patch covering at least a portion of the first surface, the second surface, and/or
the third surface, wherein the patch is at least partially flexible, is at least
partially impermeable, and is configured to withstand temperatures of at

least 100 degrees Celsius.

38. The system of claim 37 wherein the patch includes a high temperature
ceramic paper, a high temperature ceramic blanket, a high temperature ceramic spray,
a flowable ceramic, a flowable polymer, a high temperature polymer, a silica material,
a dust configured to coagulate, a vapor configured to coagulate, and/or insulated

furnace brick.

39. The system of claim 37 wherein the patch comprises at least two layers,
and wherein each layer comprises a high temperature ceramic paper, a high
temperature ceramic blanket, a high temperature ceramic spray, a flowable ceramic, a

flowable polymer, a high temperature polymer, a silica material, a dust configured to
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coagulate, a vapor configured to coagulate, insulated furnace brick, a flexible coating,

an inflexible coating, and/or a sealant.

40. The system of claim 37, wherein the patch is applied during construction

of the system for coking coal.
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