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Description

BACKGROUND

1. Technical Field

[0001] The present technology pertains generally to
devices and methods of sealing an enclosure, and more
particularly to a remote sealing process that uses aero-
solized sealant particles to simultaneously measure, find,
and seal leaks in an enclosure (e.g. building envelope
shell) in a cost effective manner.

2. Background

[0002] The building shell or envelope is the boundary
between the conditioned interior of a building and the
outdoors. Building shells are often very leaky, causing
unintended flows of air between conditioned and uncon-
ditioned spaces that result in additional loads for the heat-
ing and air conditioning equipment to address, or in the
case of larger buildings, causing leakage between zones
whose pressure or flow is desired to be controlled (e.g.
maintaining negative or positive pressure in hospital or
laboratory rooms, or maintaining positive pressurization
of commercial buildings in general, or reducing sound or
air transport between apartments). The leakage of air
into and out of a single-family home can account for 30%
or more of the heating and cooling costs of the home. It
has been estimated that houses built in the 1990’s can
have as much as 180 square inches of leakage area for
a 1500 square foot home. A tight building envelope can
also reduce the infiltration of outdoor pollutants, dust, al-
lergens moisture and noise into the home. Proper sealing
of the building envelope can therefore improve energy
efficiency as well as maintain a more consistent level of
comfort in the home or other building.
[0003] A significant effort has been made to reduce the
leaks in building shells through current construction prac-
tices, but the problem remains one of excess labor costs,
constant vigilance, and quality control issues. It is cur-
rently very difficult to locate and seal leaks within an en-
closure. Existing technologies require manual location
and sealing of the leaks. Gaps in seams and joints be-
tween walls, ceilings and windows or other structures
may not be readily apparent. Gaps between walls or ceil-
ings and electrical boxes, switch boxes and ceiling fix-
tures and other openings may be covered with a surface
plate but still leak air and heat.
[0004] Various methods (e.g. smoke and sound) have
been tried in the past for locating air leakage paths but
it is still very difficult to cost-effectively identify the location
of leaks within an enclosure. In multifamily buildings, us-
ing guarded fan-pressurization techniques can only de-
termine the bulk leakage through a wall. Infrared ther-
mography has also been used to identify leaks for manual
repair in order to maintain air barrier continuity.
[0005] Smoke dispensers are routinely used to assist

in the visual identification of air leaks by the observation
of the movement of the smoke into or out of a seam or
gap indicating a leak. Leaks that have been identified are
then manually sealed with some material such as caulk,
foam or other type of barrier. However, this approach to
the identification of air leaks in structures may result in
difficulty identifying small fissures or gaps in seams or
joints where the flow of air is too slow to visibly influence
the smoke, and remains time and labor intensive.
[0006] There are various other enclosures that have
similar problems with locating and sealing small leaks.
Some examples of these include airplane fuselages,
building air handlers, heat exchangers, etc.
[0007] Accordingly, there is a need for a method for
identifying and automatically sealing air leaks in seams
and joints, ceiling and wall perforations to improve the
air barrier of homes, larger buildings, or other enclosures.
The present technology satisfies this need as well as
others and is generally an improvement in the art.
[0008] From the prior art document US 5,980,984 is
known. This document discloses a method and device
for producing and delivering an aerosol for remote seal-
ing and coating, and relates to sealing leaks from the
inside of enclosures or applying an even coating to the
inside surface of those enclosures remotely by means of
injecting an aerosol into the enclosure to be sealed.

BRIEF SUMMARY

[0009] The technology described herein provides
methods for sealing and/or marking leaks in enclosures
of buildings or any enclosed structure (e.g. airplane fu-
selages, HVAC air handlers, heat exchangers, inflated
structures or inflated displays). The methods will allow
leaks to be located and sealed remotely and automati-
cally, due to the preferential deposition of particles at the
leak sites. In one embodiment, the preferential deposition
of particles at leak sites is used to seal the leaks, and in
some cases, to mark the leaks so as to indicate the site
of the leak. Marked leak sites can then receive a coating
of a second sealant to strengthen the seal created by the
adhered particles.
[0010] The present methods can be used in a variety
of settings to create or supplement the air barrier or shell
of an enclosed building space such as homes, offices,
apartment buildings, warehouses and hotels. The meth-
ods can also be used to seal specialized enclosures such
as clean rooms, semi-conductor fabrication rooms and
laboratories, hospital rooms, or manufacturing rooms
that require tightly sealed enclosures to avoid the spread
of or entry of contamination. The methods can also be
used to identify and seal air leaks in heat exchangers,
air handlers, inflated structures or displays, airplanes or
similar enclosures.
[0011] The methods create a pressure differential
across an enclosure and use a fog of aerosolized sealant
compositions within or surrounding the enclosure to seal
any seams or joints that leak and allow a flow of fog
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through the leak.
[0012] The invention is defined by the subject-matter
of independent method claim 1. Preferred embodiments
of the invention are defined by the dependent claims.
[0013] One preferred aspect includes the use of air at-
omization, potentially using compressed air to displace
the sealant through the atomization nozzles. Another em-
bodiment uses airless atomization to create the sealant
particles. Another embodiment uses a multipoint injec-
tion system designed to minimize sealant waste. By pres-
surizing the enclosure with particles that remain reason-
ably suspended in the air/gas stream until they encounter
a leak, the sealant particles can attach to the edges of
the leak site as well as to other sealant particles and form
a seal. An auxiliary aspect of the technology is the com-
bination of preferential deposition at leaks, with the use
of a sealant material that can be detected either from the
inside or the outside of the enclosure.
[0014] The sealant particles preferably remain sus-
pended as a fog or mist in the enclosure without a carrier
gas or bulk air flow within the enclosure. However, in one
embodiment oscillating fans are used to assist in keeping
the particles suspended and to make the indoor-air par-
ticle distribution more uniform. Flows of outside air into
the enclosure are often used to assist with creating the
pressure differential across the enclosure, and to assist
with particle dispersion.
[0015] In one aspect, the sealant composition can have
a marker or indicator material for marking the location
and size of the leak. If the leak is too large to be fully
sealed by the sealant particles, the marked leak site can
be manually sealed with caulk or some other form of seal-
ant. The method also allows the leaks to be clearly dis-
tinguished, due to the deposition of identifiable particles
at the leak sites.
[0016] The particle size, particle tackiness, and particle
concentration are important factors for the process. The
methods use a fog of aerosolized sealant particles within
a specific size range that have a specific "tackiness re-
tention" time or "temporal profile of tackiness" so the tack
range of the outer surface of the particles diminishes over
time.
[0017] The sealant compositions that form the fog may
be a sealant and optionally at least one solvent and an
indicator or marker material. The tack range of particle
surfaces can be modulated by controlling the relative hu-
midity, temperature and particle residence time within
the enclosure as well as by particle size and particle com-
position.
[0018] In one aspect, the particles of the proper size
range retain their tackiness at least until they reach the
leak sites, such that a substantial majority of the particles
remain suspended and tacky until the point that they en-
counter leaks. Moreover, in one embodiment, the pres-
sure is maintained within the proper range such that a
substantial fraction of the particles reaching the leaks
leave the airstream and deposit on the leak walls or on
other deposited particles as the airstream exits through

the leak.
[0019] The leak marking aspect of this technology in-
cludes particles employed to exhibit some characteristic
that makes the leak detectable either from inside or out-
side of the enclosure. For example, the indicator can in-
clude the use of fluorescing particles that can indicate
the leak size and location using a UV or light source and
visual or camera inspection from inside or outside of the
enclosure. Alternatively, the deposited particles can pro-
duce an emission, or have a unique atomic signature that
makes their location observable from inside or outside
the enclosure, e.g. by detection of electromagnetic radi-
ation, or MRI.
[0020] In another embodiment, the pressure differen-
tial between the inside and the outside of the enclosure
is monitored and tracked to provide feedback on the
progress of the sealing process and/or to evaluate wheth-
er there are large leaks that are not going to seal, or if
there are large leaks that are going to seal but need a
comparatively longer exposure time to seal.
[0021] According to one aspect of the technology, a
not claimed method is provided for automatically sealing
or stemming the leaks in building air barriers or reliably
identifying the leaks for manual sealing or other remedial
action.
[0022] Another aspect of the technology is to provide
a not claimed method for sealing leaky building enve-
lopes with a fog of sealant particles that have a tack range
that diminishes over time.
[0023] According to another aspect of the technology,
a not claimed method for sealing building enclosures is
provided using a multipoint injection system designed to
minimize sealing time and sealant waste.
[0024] Another aspect of the technology is where the
sealing conditions are controlled by manipulating particle
size, particle composition, enclosure humidity, tempera-
ture and/or sealant or air flow rate.
[0025] A further aspect of the present technology is to
provide a not claimed method for sealing leaks in building
shells that is reliable, simple and inexpensive to imple-
ment.
[0026] Further objects and aspects of the technology
will be brought out in the following portions of the spec-
ification, wherein the detailed description is for the pur-
pose of fully disclosing preferred aspects of the technol-
ogy without placing limitations thereon.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS

[0027] The technology described herein will be more
fully understood by reference to the following drawing
which is for illustrative purposes only:
FIG. 1 is a schematic flow diagram of a method of sealing
leaks in an air barrier of an enclosure according to one
embodiment of the technology.
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DETAILED DESCRIPTION

[0028] Referring more specifically to the drawings, for
illustrative purposes, embodiments of the apparatus and
methods for sealing leaks in the air barrier of structures
using atomized sealant compositions of the technology
described herein are described generally in FIG. 1. It will
be appreciated that the methods may vary as to the spe-
cific steps and sequence and the apparatus may vary as
to structural details without departing from the basic con-
cepts as disclosed herein. The method steps are merely
exemplary of the order that these steps may occur. The
steps may occur in any order that is desired, such that it
still performs the goals of the claimed technology.
[0029] Turning now to FIG. 1, a flow diagram of one
embodiment of a method 10 for sealing the air barrier of
a structure is set forth. At block 20 of method 10, the
sealant composition is selected and acquired. The seal-
ant composition may be a sealant material alone or can
be mixed with one or more solvents. The sealant com-
positions that are formulated may also include one or
more types of marker or indicator materials that can be
used to identify the location of a leak.
[0030] Suitable sealants can be atomized and the at-
omized sealant particles can adhere to the edges of a
leak and to each other to form a seal. Preferred sealants
include various compounds that can either have good
elongation properties after drying and/or can provide rigid
solid seals that can have structural properties. One ex-
ample of sealants that work well is water-based acrylic
polymer sealants. Other additives include white mineral
oil, amorphous silica and titanium dioxide, each 1.0-5.0%
by weight.
[0031] The sealant composition that is formulated at
block 20 may optionally include one or more solvents that
can facilitate the aerosolization process and produce
sealant particles of a desired size or within a range of
sizes. The selection of the optional solvents that are avail-
able for use will be influenced by the sealant that is se-
lected and on its volatility. This selection of sealants and
solvents also allows temporal control over the tack range
of the aerosolized sealant particles. Some examples of
sealant modifications that have been shown to increase
the duration of tackiness include the addition of acetone
or p-chlorobenzotrifluride, or the use of an acrylic polymer
that has no rheological fillers.
[0032] Tackiness at the time of contact of the particles
at the leak site can be described by the adhesive and
cohesive properties of the sealant. These properties can
be regulated to have desired characteristics at a certain
distance from or time from leaving the aerosol injector.
For example, the tack range timeframe can be increased
or decreased with the proper selection of at least one
solvent to go along with the sealant material that is se-
lected. Control over tackiness versus time can also be
exerted, in part, by controlling the humidity and temper-
ature during the injection period so as to control the evap-
oration of the solvent from the sealant.

[0033] The characteristics of the aerosolized sealant
particles that are produced will also be influenced by the
percentage of sealant to solvent or sealant-indicator to
solvent that is present in the final sealant composition.
The preferred sealant compositions have roughly 20%
to roughly 25% solids. In another embodiment, the seal-
ant composition has between approximately 10% to ap-
proximately 35% solids. However, if the atomizer that is
used is capable of creating small particles, the sealant
composition can be up to approximately 70% solids, or
if very small particles are desired as little as approximate-
ly 5% solids.
[0034] The sealant composition may also include an
indicator or marker material that will allow visualization
or detection of the sealant material that has been depos-
ited and the size and location of the leaks. For example,
the indicator material that is part of the sealant compo-
sition is one that can be observed visually, such as a
colored dye, solid or fiber. The indicator material can also
be observable by exposure to infra-red or ultra-violet light
such as with phosphorescent or fluorescent materials.
Alternatively, the deposited particles can produce an
emission, or have a unique atomic signature that makes
their location observable from inside or outside of the
enclosure such as by detection of electromagnetic radi-
ation, or MRI.
[0035] A building structure to be sealed can be treated
room by room or as an entire structure. The sealing proc-
ess begins by securing points of access for pressuriza-
tion or depressurization equipment, such as doors, win-
dows or other intentional openings at block 30 of FIG. 1.
[0036] In addition, certain building components, such
as openable windows or air-conditioning system vents,
are isolated from exposure to aerosols using a substan-
tially air-impermeable barrier such as tape or plastic
sheets The purpose of securing windows and doors with
a tape barrier is to avoid sealing parts of the structure
that will be opened regularly. Furthermore, large open-
ings such as rough openings for windows or doors can
be blocked temporarily with rigid materials or materials
that can withstand the required pressure differentials to
allow the creation of a pressure differential between the
outside and the inside of the building or room. In addition,
finished floors or rugs, countertops and other horizontal
surfaces that should not be exposed to sealant are cov-
ered to protect them from sealant particles that can settle
out by gravity.
[0037] Once the points of access to the structure are
secured at block 30, the enclosure to be treated is pres-
surized to create a pressure differential at block 40. The
preferred pressure differential across the enclosure is
within a specific range of between approximately 10 Pa
and approximately 1000 Pa. A pressure differential be-
tween approximately 25 Pa and approximately 200 Pa
is also preferred and a pressure differential between ap-
proximately 50 Pa and approximately 150 Pa is particu-
larly preferred.
[0038] In one aspect, a fan that has an airflow that can
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be tracked and/or controlled is preferably used to pres-
surize the enclosure. The fan can be a calibrated fan,
such that the flow rate at any given time during the proc-
ess can be monitored and regulated. For example, the
fan can be controlled so as to maintain a fixed flow that
is independent of pressure. The fan can also be control-
led to maintain a fixed pressure differential across the
enclosure over time. The control of the pressure within
the enclosure at block 40 can also be accomplished with
several fans or supplemented with other types of air
sources such as compressed air.
[0039] A fog or mist of aerosolized sealant composition
particles is generated at block 50 of FIG. 1 and dispersed
into the interior of the enclosure. The aerosol fog can be
generated from a single source or with multiple sources
or dispensers in different rooms. In one embodiment, the
fog is generated with nozzles with multiple orifices. In
one embodiment, the fog of sealant particles are gener-
ated near interior surface joints in the interior of the en-
closure using independent injectors. In another aspect,
the sealant particles are distributed in the air stream as-
sociated with a distribution fan. Independent injectors can
also use the pressurization fan or independent mixing
fans to disperse aerosols in the enclosure. Independent
injectors can also use compressed air nozzles or airless
nozzles to disperse aerosols in the enclosure.
[0040] In another aspect, the particles are generated
outside of the enclosure and then introduced to the inside
of the enclosure. In another aspect, the particles are gen-
erated outside the enclosure and then sucked into the
enclosure by depressurizing the enclosure relative to the
space in which the particles are generated to introduce
them into the interior of the enclosure.
[0041] Air and liquid flow rate through the nozzles can
also be used to adjust the size of the particles forming
the fog. If particles are too big, then they will fall to the
ground and will not engage the leaks. If the aerosol par-
ticles are too small, the particles will go through the leaks
with the air stream and not form a seal. Sealing can be
performed with polydisperse aerosols with a particle size
range from approximately 2 microns to approximately 20
microns in diameter. However, a fog with aerosol parti-
cles that have a mean particle diameter between about
4 microns to about 8 microns is particularly preferred.
However, the aerosol fog particles generally reduce in
size after formation as the solvents evaporate, with the
size derivative depending on the rate of evaporation, and
therefore environmental conditions.
[0042] The sealant particles are formed to have an out-
er surface that has a tack that diminishes over time. By
definition, tack is the propensity of a material to adhere
instantaneously to a surface with a bond of measurable
strength when it is brought in contact with the surface
with very light pressure. Tack range is defined as the
period of time that the particle surface has a tack bond
state that will adhere to leak surfaces and other particles
to form a seal.
[0043] The surface properties of the aerosol particles

of the fog can be controlled with the selection of sealant
composition, including the presence and concentration
of solvents, the range of particle sizes that are produced,
and the relative humidity and temperature within the in-
terior of the enclosure or the surrounding zone if the en-
closure is being depressurized. By selecting the param-
eters of the process elements carefully, it is possible to
temporally control the tack of the aerosol particles to have
a desired approximate tack duration. Aerosol particles
essentially have a "tackiness" lifespan and the particles
will no longer adhere to surfaces or to each other after a
period of time. Therefore, flow control of the aerosol par-
ticles and the temporal control over the tack of the parti-
cles will allow control over the time when the particles
will stick to a leak and when the particles will not stick.
[0044] Therefore, the tack range of the fog that is gen-
erated can be adapted to the conditions of the particular
structure to be treated. The selected sealant particles will
retain surface tackiness for long enough to seal the leaks
with a seal of adequate strength but not create a seal
whose strength is limited by poor cohesion between par-
ticles.
[0045] After a period of time, the seal formed from seal-
ant particles will also lose its residual tackiness so that
the seal cannot be peeled off or collect dust. In addition,
airborne aerosol particles that have not participated in
the sealing of the leaks will not leave a tacky residue on
floors and other surfaces.
[0046] The preferred amount of time for the particles
to remain in a tacky state is on the order of approximately
one minute to approximately 24 hours for a newly con-
structed home. The high end of this range is appropriate
for a newly constructed building (or any other enclosure
that is insensitive to tack time). The low end of this range
is appropriate for any other enclosure that is sensitive to
tack time (e.g. an inflatable structure or display). Howev-
er, approximately 5 minutes to approximately 1 hour is
particularly preferred for an existing building.
[0047] One way to control tackiness versus time is to
add a solvent with lower volatility, such that it will not dry
out completely for the particle sizes of interest over the
time and distance scales of interest. This can be done
with sealants that are principally water based (i.e. even
when water is the principal solvent). This can also be
done with solvents that evaporate more slowly from the
small blobs of sealant.
[0048] Essentially, the drying process treats the seal-
ant particles as little balls or blobs that have a certain
saturated vapor pressure of water and other solvents at
their surface. If the solvent is evaporated too quickly, the
particles look like Styrofoam when they reach the leak
as opposed to sticky particles that coalesce to form a
nice continuous seal.
[0049] Controlling the environment in the enclosure
being sealed can also impact tackiness versus time and
particle flow distance. The selection of the appropriate
humidity and temperature may depend upon particle
size, with larger particles taking longer to lose their tack-
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iness but not travelling as far as smaller particles.
[0050] Relative humidity in the enclosure during injec-
tion can be controlled by sensing the %RH and then reg-
ulating the sealant flow rate during injection in the enclo-
sure or heating/cooling the air in the enclosure. For ex-
ample, tackiness versus time can be controlled by con-
trolling the humidity and temperature during the injection
period so as to control evaporation of solvent from the
sealant. This is most effective for water-based sealants.
[0051] The preferred relative humidity in the enclosure
or in the external atomization space is controlled to be
within the range of approximately 65% RH and approxi-
mately 95% RH. Optionally, the relative temperature in
the enclosure or external atomization space is controlled
to be within the range of approximately 30°F (272.0389
K (Kelvins)) and approximately 110°F (316.4833 (Kel-
vins)). Control of the temperature impacts the relative
humidity and therefore the evaporation rate. In another
aspect, the dew point, absolute humidity or the partial
pressure are controlled instead of the relative humidity.
[0052] At block 60 of FIG. 1, the sealant particles ad-
here to the surface edges of the leaks and to other sealant
particles to form a seal. Because a differential pressure
has been created across the enclosure, the pressurized
interior air will flow out of any leaks in the air barrier of
the structures through seams, joints and any other en-
closure openings. The aerosol particles in the fog are
entrained in the flow moving out through the leaks.
[0053] Since the aerosol particles are sufficiently small
to be responsive to the low pressure differential, they
move with the air at low acceleration rates and are drawn
to the leaks with the air. However, the higher acceleration
rates associated with the accelerated flow created by the
pressure differential maintained across the leaks causes
the particles to leave the streamlines near the leak, there-
by impacting and adhering to the surfaces of the leak
edges and to other particles previously deposited, grad-
ually building up to form a seal.
[0054] The size of the pressure differential will impact
the shape and look, as well as the strength of the seals
that are produced. Higher pressures produce higher ve-
locities and accelerations of particles that will result in
the deposition of sealant on surfaces surrounding the
leak. Higher pressure will allow more sealant to adhere
on and around the leak site which could improve the du-
rability of the seal. At very low pressures, the velocities
and accelerations can be too low to cause the particles
to leave the air streamlines and impact the leak edges.
[0055] The time for the aerosol particles to reach a leak
can be controlled by the placement of injectors within the
enclosure. Normally, the particles can remain suspended
without a carrier air or gas flow within the enclosure. How-
ever, in one aspect, the time for particles to reach a leak
can be shortened by adding mixing devices or fans in the
enclosure. These fans assist in moving sealant aerosol
particles of the fog in proximity to the joints and other
openings in the enclosure that need to be sealed and to
be entrained in the air flow produced by the pressure

differential across the leaks.
[0056] At block 70 of FIG. 1, an optional second or third
fog of aerosol particles of different materials or different
sized particles can be created and introduced into the
interior of the enclosure. It can be seen that a variety of
materials with a variety of characteristics can be aero-
solized sequentially to create a single fog or sequential
fogs that are used to fill leaks. Thus, the sealing can be
accomplished with a two-step or three-step process, for
example, with fogs of particles of differential character-
istics.
[0057] In one aspect, a first fog of particles that retain
their tackiness until some period after they reach the leak
is created, followed by particles that do not need to be
tacky, potentially followed by another fog of tacky parti-
cles at the end. In another embodiment, a fog of a first
type of sealant particles of a larger size range is intro-
duced and followed after a period of time with a fog of a
second sealant with particles of a smaller size range to
complete the seal. In another embodiment, single fog
that is produced with nozzles producing different sized
aerosol particles so that the leaks are exposed to parti-
cles of a range of sizes and the seal is ultimately formed
from different sized particles.
[0058] At block 80 of FIG. 1, the pressure differential
across the entire enclosure or specific seams can be
monitored to determine whether there are leaks that are
too large to seal. Monitoring of the pressure differential
of the enclosure over time can also provide an indication
of the effectiveness of the sealing process and whether
additional time or an increase in pressure is needed or
if further treatment is unnecessary.
[0059] In one aspect, the pressure differential is mon-
itored and computer software is used to compute the
amount of leakage in real time for the sealing process,
based on the measured pressure differential across the
enclosure and the flow through the pressurization fan.
Software equations can calculate the size of leak as a
function of pressure and flow.
[0060] In another aspect, pressure differential monitor-
ing can allow an overall leakage target to be set. When
the target is reached, the process can be manually or
automatically stopped. Monitoring of the pressure differ-
ential will also avoid the excessive production and intro-
duction of sealant aerosols into the enclosure resulting
in unnecessary cost.
[0061] Graphing of leakage flow versus time allows the
determination of the presence of large leaks. When the
sealing rate (derivative) drops off, then a large leak is
indicated. If the amount of leakage versus time flat lines,
then a large leak that is not going to seal is indicated.
[0062] The technology described herein may be better
understood with reference to the accompanying exam-
ples, which are intended for purposes of illustration only
and should not be construed as in any sense limiting the
scope of the invention described herein as defined in the
claims appended hereto.
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Example 1

[0063] In order to demonstrate the operational princi-
ples of the apparatus and sealing methods, an enclosure
with 8 ft x 8 ft x 4 ft (2.4 m by 2.4 m by 1.2 m) dimensions
with 12-inch by 12-inch (30 cm by 30 cm) leak panels
distributed at various locations around the shell of the
enclosure was constructed for laboratory testing. The ap-
proximate size of each leak in a panel was 0.1 to 0.12
inch X 10 inch X 0.125 inch (2.5 to 3 mm by 25 cm by 3
mm) (H X W X D) and there were six leaks on each leak
panel. The height and width of each leak (0.125 to 0.12
inch (2.5 to 3 mm)) was meant to be representative of a
typical leak in a building shell, but the depth (0.125 inch
(3 mm)) was much shorter than what is expected to be
found in buildings. The total measured leakage for all
panels was approximately 41 square inches (260 cm2)
of open leakage area. A 14-inch (36 cm) diameter hole
was also used as the injection site to introduce the sealant
fog near the top of the enclosure.
[0064] The performance of the remote sealing technol-
ogy was evaluated using three primary metrics: 1) the
time needed to seal the enclosure, 2) particle deposition
inside the enclosure, and 3) the uniformity of sealant dep-
osition at the leaks. The parameters evaluated included
the pressure inside the enclosure, the flow rate of sealant
injected, and the size of the particles injected.
[0065] The aerosol generating apparatus included in-
strumentation for measuring differential pressure be-
tween the enclosure and ambient, as well as for meas-
uring the air flow, thereby facilitating continuous monitor-
ing of leakage area during the sealing process.
[0066] The leakage area was computed using the fol-
lowing equations:

whereQ is the measured airflow rate, ELAref is the effec-
tive leakage area, ΔP is the pressure measured across
the leak, ΔPref is a reference pressure (chosen to be 25
Pascals), p is the air density, n is the flow exponent (typ-
ically 0.5 for an orifice), and is the leakage area. The
ELAref of a leak is the area of a sharp-edged orifice that
at some reference pressure that will produce the same
flow as the leak at that pressure. It has also been shown
experimentally and theoretically that the ELA is related
to the actual area of an orifice by a factor of 0.6.
[0067] The performance of each test was evaluated
using leakage versus time profiles, as well as analyses
of sealant use efficiency quantified by the mass balance
of sealant materials (i.e. fraction on floor, in leaks, on

walls, and lost through leaks). The independent variables
investigated included the average particle size (control-
led by sealant dilution), the enclosure pressure control
and the sealant injection rate. The dependent variables
that were used to quantify performance included the seal-
ing rate, the sealing uniformity (comparison of the amount
of sealant deposited on panels in different locations), and
the sealant use efficiency (fraction that settled on the
floor and other surfaces, versus deposited in leaks).
[0068] All tests successfully sealed the enclosure to
nearly zero leakage in less than 30 minutes. The leakage
profiles indicated that the sealant injection rate had a
significant impact on sealing time, whereas controlling
the pressure inside the enclosure had a less significant
impact. Tests performed at a 25 cc/min injection rate at
various pressures all sealed the enclosure in 13-15 min-
utes, whereas injecting sealant at 100 cc/min sealed the
enclosure in six minutes. Reducing sealant particle size
by diluting the sealant with water also significantly ex-
tended the sealing time. This is due to the reduced solid
sealant injection rate associated with diluting without ad-
justing the pump rate. In the test with diluted sealant, the
enclosure sealed in approximately 28 minutes.
[0069] The sealant deposition pattern was shown to
be a quick indication of the sealant deposition efficiency.
Sealant deposition patterns were observed during three
different tests, a) a high-pressure test with 100 cc/min
sealant injection rate, b) a high-pressure test with 25
cc/min sealant injection rate, and c) a test at 25 cc/min
sealant injection rate, but with the pressure differential
controlled to maintain 50 Pa. The largest spread of seal-
ant around the leak was seen in the high-pressure test
at 100 cc/min, and this spread decreased when the seal-
ant injection rate was reduced, and when the pressure
differential was maintained at 50 Pa. These results sug-
gest that excess deposition is reduced, producing clean-
er seals, when the sealant flow rate is reduced (which
produces smaller particles), and when the building en-
closure pressure differential is reduced (which reduces
velocities around the entrance to the leaks). The reduc-
tion in excess deposition may be due to the size of the
particles created by the nozzle used for these experi-
ments, and the lower velocities around the leaks at lower
pressures. In terms of spatial uniformity in the lab tests,
there was only a 1-2% variation in the mass of sealant
deposited between any of the leak panels distributed
around the enclosure at any given sealant flow, suggest-
ing very good particle distribution and sealing uniformity
for all of the lab tests that were performed.
[0070] Typical pressure profiles inside the enclosure
were observed for tests with no pressure control, and
tests controlled at 100 Pa and 50 Pa. The pressure was
regulated by a calibrated fan that controlled the airflow
delivered to the test enclosure. Three operating pres-
sures were studied in the small-scale tests: 1) no pres-
sure control (which effectively allows the fan curve to
control the injection flow), 2) manual flow control to main-
tain a 100 Pascal pressure differential, and 3) manual
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flow control to maintain a 50 Pascal pressure differential.
[0071] The sealant distributions showed how pressure
control affected the sealing process. There was a clear
trend showing that lower enclosure pressure leads to less
sealant deposited in and around the leaks, more sealant
depositing on the floor, less sealant depositing on the
walls and ceiling, and more sealant getting blown through
the leaks. Although much of the injected sealant was
blown through the leaks, it is expected that the geometry
of leaks in typical buildings will be different than in the
test enclosure. The typical building leaks that can be
sealed with this process are found at the joints and seams
between building materials that are much deeper than
the leaks tested in the lab enclosure. The longer flow
path of typical leaks in buildings is expected to reduce
the amount of sealant that is blown through the leaks
and, therefore, improve the efficiency of the sealant ap-
plication process.

Example 2

[0072] To further demonstrate the operational princi-
ples of the apparatus and sealing methods, field testing
in the dry-wall phase of construction and on an empty
existing home was conducted. Based upon the laboratory
and field test results, aerosol particles can be employed
to seal leaks in building envelopes.
[0073] The initial full-scale tests of the aerosol-based
sealing technology were performed using the existing
aerosol duct sealing technology that was tested in the
laboratory experiments described in Example 1. Later
full-scale tests used a multiple aerosol injection points
with airless atomization and compressed air or fans to
disperse sealant fog into the structures. However, a car-
rier gas was not required.
[0074] Access points in the rooms to be tested, such
as windows, doors and duct openings, were secured with
a substantially airtight barrier such as tap or plastic sheets
so that a pressure differential could be established in the
structure and so that the access points would not be
sealed by the process.
[0075] The first full-scale tests demonstrated a lack of
sealant transport to adjoining rooms which required that
the atomization nozzle be moved from room to room. The
aerosol injection system that is capable of multiple injec-
tion points allowed nozzles to be distributed throughout
the building both expediting the sealing process and elim-
inating the need to enter the building while applying the
aerosol.
[0076] The lab tests suggest that lower sealant injec-
tion rates result in cleaner seals that may be due to small-
er particles created by the lab-test nozzle at lower sealant
injection rates. The tests also suggest that a smaller pres-
sure differential across the leaks creates an even cleaner
seal, most likely due to lower approach velocities of the
particles to the leaks.
[0077] In the field, in both the new construction and
existing home applications, the process was able to seal

at least 50% of the leakage observed prior to injection
within a reasonable amount of time. Leaks that were
sealed during the field testing included leaks at sill plates
and electrical boxes.
[0078] The field tests of the sealing process also
showed that the floors did not need to be prepped in new-
construction applications. However, the tests also
showed that particular care needs to be taken in existing
homes, even if they are empty of contents at the time of
sealing (e.g. protecting carpeted stairways from more
than just particle settling).

Claims

1. A method of sealing leaks in an enclosure, the meth-
od comprising:

(a) securing (30) points of access to the interior
of an enclosure with substantially airtight barri-
ers;
(b) generating (40) a pressure differential be-
tween the interior and exterior of the enclosure;
(c) creating (50) a fog of particles of a sealant in
the interior of the enclosure, said particles hav-
ing an outer surface with a tack that diminishes
over time:
(d) said sealant particles having a temporally
controlled tack, controlling the tack of said seal-
ant particles by controlling the temperature and
humidity of the environment surrounding a
source of sealant particles; and controlling the
particle size of the sealant particles; and
(e) adhering (60) sealant particles from fog flow-
ing out of enclosure leaks to surfaces adjacent
to leaks and to other particles to form a seal;
(f) wherein sealant particles that do not form a
seal will not adhere to interior surfaces of the
enclosure or to other particles after a period of
time.

2. The method of claim 1, further comprising:
formulating a sealant composition of a sealant and
at least one solvent; and aerosolizing the sealant
composition to produce a fog of sealant particles.

3. The method of claim 2, wherein said solvent is se-
lected from the group of solvents consisting of water,
of acetone and p-chlorobenzotrifluoride.

4. The method of claim 2, wherein said sealant com-
position comprises a composition of approximately
5% to approximately 70% solids to solution for aer-
osolization.

5. The method of claim 1, further comprising controlling
the tack of said sealant particles with a solvent of
low volatility.
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6. The method of claim 1, wherein the relative humidity
is controlled to be within the range of approximately
65% RH and approximately 95% RH.

7. The method of claim 1, wherein the temperature is
controlled to be within the range of approximately
4.4°C and approximately 43.3°C.

8. The method of claim 1, wherein the sealant particles
have a mean particle diameter within the range of
approximately 2 microns to approximately 20 mi-
crons.

9. The method of claim 1, wherein the sealant particles
have a mean particle diameter within the range of
approximately 4 microns to approximately 8 microns.

10. The method of claim 1, wherein the pressure differ-
ential in the enclosure is maintained within the range
of approximately 10 Pa and approximately 1000 Pa.

11. The method of claim 1, further comprising monitoring
the pressure differential across the enclosure and
flow into the enclosure to determine the progress of
the sealing process.

12. The method of claim 1, further comprising:

formulating a sealant composition of at least one
solvent, a sealant and an indicator; and
aerosolizing the sealant composition to produce
said sealant particles.

13. The method of claim 12, wherein said indicator is
selected from the group consisting of colored dyes,
colored fibers, fluorescent dyes and phosphorescent
dyes, wherein the location of the seals in the enclo-
sure are identified by the indicator.

14. The method of claim 1, further comprising:

introducing (70) a second fog of particles into
the interior of the enclosure after the fog of seal-
ant particles, the second fog comprising a sec-
ond material;
wherein particles of the second material adhere
to the particles of sealant at a leak site.

Patentansprüche

1. Verfahren zum Abdichten undichter Stellen in einer
Einfassung, wobei das Verfahren folgendes um-
fasst:

(a) Sichern (30) von Zugangspunkten zu dem
Innenraum einer Einfassung mit im Wesentli-
chen luftdichten Barrieren;

(b) Erzeugen (40) eines Differenzdrucks zwi-
schen dem Innenraum und der äußeren Umge-
bung der Einfassung;
(c) Erzeugen (50) eines Nebels von Teilchen ei-
nes Dichtungsmittels in dem Innenraum der Ein-
fassung, wobei die Teilchen eine äußere Ober-
fläche mit einer im Laufe der Zeit abnehmenden
Klebrigkeit aufweisen;
(d) wobei die Dichtungsmittelteilchen eine zeit-
lich geregelte Klebrigkeit aufweisen, wobei die
Klebrigkeit der Dichtungsmittelteilchen geregelt
wird durch Regelung der Temperatur und der
Luftfeuchtigkeit der Umgebung, die eine Quelle
von Dichtungsmittelteilchen umgibt; und Regeln
der Teilchengröße der Dichtungsmittelteilchen;
und
(e) Haften (60) von Dichtungsmittelteilchen von
Nebel, der aus undichten Stellen der Einfassung
strömt, an Oberflächen, die an die undichten
Stellen angrenzen, sowie an andere Teilchen,
um eine Dichtung zu bilden;
(f) wobei Dichtungsmittelteilchen, die keine
Dichtung bilden, nach einer Zeit nicht an inneren
Oberflächen der Einfassung oder an anderen
Teilchen haften.

2. Verfahren nach Anspruch 1, das ferner folgendes
umfasst:
Formulieren einer Dichtungsmittelzusammenset-
zung aus einem Dichtungsmittel und mindestens ei-
nem Lösungsmittel; und Aerolisieren der Dichtungs-
mittelzusammensetzung, um einen Nebel aus Dich-
tungsmittelteilchen zu erzeugen.

3. Verfahren nach Anspruch 2, wobei das Lösungsmit-
tel ausgewählt ist aus der Gruppe von Lösungsmit-
teln, die Wasser, Aceton und p-Chlorbenzotrifluorid
umfasst.

4. Verfahren nach Anspruch 2, wobei die Dichtungs-
mittelzusammensetzung eine Zusammensetzung
aus ungefähr 5% bis ungefähr 70% Feststoffen zu
Lösung zur Aerolisierung umfasst.

5. Verfahren nach Anspruch 1, das ferner das Regeln
der Klebrigkeit der Dichtungsmittelteilchen mit ei-
nem Lösungsmittel mit geringer Flüchtigkeit um-
fasst.

6. Verfahren nach Anspruch 1, wobei die relative Luft-
feuchtigkeit so geregelt wird, dass sie in dem Bereich
von ungefähr 65% relativer Luftfeuchtigkeit bis un-
gefähr 95% relativer Luftfeuchtigkeit liegt.

7. Verfahren nach Anspruch 1, wobei die Temperatur
so geregelt wird, dass sie in dem Bereich von unge-
fähr 4,4 °C bis ungefähr 43,3 °C liegt.
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8. Verfahren nach Anspruch 1, wobei die Dichtungs-
mittelteilchen einen mittleren Teilchendurchmesser
in dem Bereich von ungefähr 2 Mikron bis ungefähr
20 Mikron liegt.

9. Verfahren nach Anspruch 1, wobei die Dichtungs-
mittelteilchen einen mittleren Teilchendurchmesser
in dem Bereich von ungefähr 4 Mikron bis ungefähr
8 Mikron liegt.

10. Verfahren nach Anspruch 1, wobei der Differenz-
druck in der Einfassung in dem Bereich von ungefähr
10 Pa bis ungefähr 1000 Pa gehalten wird.

11. Verfahren nach Anspruch 1, wobei dieses ferner das
Überwachen des Differenzdrucks über die Einfas-
sung sowie der Strömung in die Einfassung umfasst,
um den Fortschritt des Dichtungsprozesses zu be-
stimmen.

12. Verfahren nach Anspruch 1, wobei dieses ferner fol-
gendes umfasst:

Formulieren einer Dichtungsmittelzusammen-
setzung aus mindestens einem Lösungsmittel,
einem Dichtungsmittel und einem Indikator; und
Aerolisieren der Dichtungsmittelzusammenset-
zung, um die Dichtungsmittelteilchen zu erzeu-
gen.

13. Verfahren nach Anspruch 12, wobei der Indikator
ausgewählt ist aus der Gruppe bestehend aus ge-
färbten Farbstoffen, gefärbten Fasern, fluoreszie-
renden Farbstoffen und phosphoreszierenden Farb-
stoffen, wobei die Position der Dichtungen in der Ein-
fassung durch den Indikator identifiziert wird.

14. Verfahren nach Anspruch 1, ferner umfassend:

Einführen (70) eines zweiten Nebels von Teil-
chen in den Innenraum der Einfassung nach
dem Nebel von Dichtungsmittelteilchen, wobei
der zweite Nebel eine zweite Substanz umfasst;
wobei die Teilchen der zweiten Substanz an den
Teilchen des Dichtungsmittels an einer undich-
ten Stelle haften.

Revendications

1. Procédé pour assurer l’étanchéité dans une enve-
loppe, le procédé comprenant les étapes consistant
à :

(a) sécuriser (30) des points d’accès à l’intérieur
d’une enveloppe par des barrières sensiblement
étanches à l’air ;
(b) générer (40) une différence de pression entre

l’intérieur et l’extérieur de l’enveloppe ;
(c) créer (50) un brouillard de particules d’un
agent d’étanchéité à l’intérieur de l’enveloppe,
lesdites particules ayant une surface extérieure
dont le pouvoir collant diminue avec le temps ;
(d) lesdites particules d’agent d’étanchéité
ayant un pouvoir collant contrôlé dans le temps,
contrôler le pouvoir collant desdites particules
d’agent d’étanchéité en régulant la température
et l’humidité de l’environnement entourant une
source de particules d’agent d’étanchéité ; et
contrôler la taille des particules d’agent
d’étanchéité ; et
(e) faire coller (60) les particules d’agent d’étan-
chéité provenant du brouillard s’écoulant des
fuites de l’enveloppe vers les surfaces adj
acentes aux fuites et vers d’autres particules
pour former un joint ;
(f) les particules d’agent d’étanchéité qui ne for-
ment pas un joint ne collant pas aux surfaces
intérieures de l’enveloppe ou à d’autres particu-
les après un certain temps.

2. Procédé selon la revendication 1, comprenant en
outre les étapes consistant à :
formuler une composition d’agent d’étanchéité com-
posée d’un agent d’étanchéité et d’au moins un
solvant ; et pulvériser en aérosol la composition
d’agent d’étanchéité pour produire un brouillard de
particules d’agent d’étanchéité.

3. Procédé selon la revendication 2, ledit solvant étant
choisi dans le groupe de solvants constitué d’eau,
d’acétone et de p-chlorobenzotrifluorure.

4. Procédé selon la revendication 2, ladite composition
d’agent d’étanchéité comprenant une composition
d’environ 5 % à environ 70 % de solides en solution
pour la pulvérisation en aérosol.

5. Procédé selon la revendication 1, comprenant en
outre l’étape consistant à contrôler le pouvoir collant
desdites particules d’agent d’étanchéité avec un sol-
vant de faible volatilité.

6. Procédé selon la revendication 1, l’humidité relative
étant régulée pour être dans la plage comprise entre
environ 65 % HR et environ 95 % HR

7. Procédé selon la revendication 1, la température
étant régulée pour être dans la plage comprise entre
environ 4,4 °C et environ 43,3 °C.

8. Procédé selon la revendication 1, les particules
d’agent d’étanchéité ayant un diamètre de particule
moyen compris entre environ 2 microns et environ
20 microns.

17 18 



EP 3 122 476 B1

11

5

10

15

20

25

30

35

40

45

50

55

9. Procédé selon la revendication 1, les particules
d’agent d’étanchéité ayant un diamètre de particule
moyen compris entre environ 4 microns et environ
8 microns.

10. Procédé selon la revendication 1, la différence de
pression dans l’enveloppe étant maintenue dans la
plage comprise entre environ 10 Pa et environ 1000
Pa.

11. Procédé selon la revendication 1, comprenant en
outre l’étape consistant à surveiller la différence de
pression à travers l’enveloppe et l’écoulement dans
l’enveloppe pour déterminer la progression du pro-
cessus d’étanchéité.

12. Procédé selon la revendication 1, comprenant en
outre les étapes consistant à :

formuler une composition d’agent d’étanchéité
d’au moins un solvant, d’un agent d’étanchéité
et d’un indicateur ; et
pulvériser en aérosol la composition d’agent
d’étanchéité pour produire lesdites particules
d’agent d’étanchéité.

13. Procédé selon la revendication 12, ledit indicateur
étant choisi dans le groupe constitué par les colo-
rants colorés, les fibres colorées, les colorants fluo-
rescents et les colorants phosphorescents, l’empla-
cement des joints d’étanchéité dans l’enveloppe
étant identifié par l’indicateur.

14. Procédé selon la revendication 1, comprenant en
outre les étapes consistant à :

introduire (70) un second brouillard de particules
à l’intérieur de l’enveloppe après le brouillard de
particules d’agent d’étanchéité, le second
brouillard comprenant un second matériau ;
les particules du second matériau collant aux
particules de l’agent d’étanchéité à un endroit
de fuite.
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