wO 2009/085645 A2 |10 00 OO0 O 0 0 I

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
9 July 2009 (09.07.2009)

‘ﬂ[l A0 O 0

(10) International Publication Number

WO 2009/085645 A2

(51) International Patent Classification:
BOID 46/52 (2006.01) BOID 29/07 (2006.01)
BO1D 27/06 (2006.01)

(21) International Application Number:
PCT/US2008/086518

(22) International Filing Date:
12 December 2008 (12.12.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
61/016,086 21 December 2007 (21.12.2007) US
(71) Applicant (for all designated States except US): 3M IN-
NOVATIVE PROPERTIES COMPANY [US/US]; 3M
Center, Post Office Box 33427, Saint Paul, MN 55133-

3427 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): DUFFY, Dean, R.
[US/US]; 3M Center, Post Office Box 33427, Saint Paul,
MN 55133-3427 (US). SNIDER, Kenneth, J. [US/US];
3M Center, Post Office Box 33427, Saint Paul, MN
55133-3427 (US). WANG, Wenli [CN/US]; 3M Center,
Post Office Box 33427, Saint Paul, MN 55133-3427 (US).
WYLIE, Ronald L., Jr. [US/US]; 3M Center, Post Office
Box 33427, Saint Paul, MN 55133-3427 (US).

Agents: MEDVED, Aleksander et al.; 3M Center, Office
of Intellectual Property Counsel, Post Office Box 33427,
Saint Paul, MN 55133-3427 (US).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,

[Continued on next page]

(54) Title: JOINED FILTER MEDIA PLEAT PACKS

42a

50

Fig. 1

(57) Abstract: A joined filter media pleat
pack assembly.

42b




WO 2009/085645 A2 {000 00RO 00 00 0O

RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, 17, NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,

TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

ZwW. Declarations under Rule 4.17:

— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— asto the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
7ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Published:

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, —  without international search report and to be republished
FR, GB, GR,HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, upon receipt of that report



10

15

20

25

30

WO 2009/085645 PCT/US2008/086518

JOINED FILTER MEDIA PLEAT PACKS
Background

[001] Particulate matter in air is often undesirable (for example, irritating to breathe, or
interferes with the performance of equipment). Therefore, there is a need to remove some
or all of the particulate matter from air and gas streams over extended periods of time. For
example, HVAC (heating, ventilation and air conditioning) air, aircraft cabin ventilation,
clean room ventilation, air to engines for motorized vehicles, or to power generation
equipment, gas streams directed to gas turbines, and air streams to various combustion
furnaces often include particulate material that needs to be constantly filtered or otherwise

removed.

[002] Efficiency is the propensity of filter media to trap, rather than pass, particulates.
Typically, larger particles are captured at a higher efficiency than smaller particles, and
several particle sizes may be used in a test of efficiency. In some applications, it may be
desirable to remove small particles at a high efficiency. Filter media are placed in an air
or gas stream and restrict the flow of that stream to some extent. This is usually measured
as a pressure drop across the filter (from the upstream to the downstream side). It may be
desirable to have a low pressure drop across the filter media. For example, lower pressure
drop may result in less energy usage to operate an HVAC system. Typically, initial
pressure drop (that is, the pressure drop of clean filter media) is used to determine the
pressure drop performance of a filter media. Generally speaking, as the filter media
efficiency increases, the pressure drop increases. Filter media may be designed to

optimize performance in view of the efficiency/pressure drop trade-off.

[003] There is a continuing need for additional filter designs that provide desired or

improved filtering efficiencies and initial pressure drop.

Summary

[004] In one aspect, the present disclosure provides a joined filter media pleat pack
assembly comprising at least two (for example, in some embodiments at least three, four,
five, six, seven, or even at least eight) filter media pleat packs. Each filter media pleat

pack has a longitudinal axis, and comprises a plurality of longitudinal pleats having folds.
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Each pleat comprises a root and a crown. Each filter media pleat pack has a thickness and
two terminal edges oriented perpendicular to the folds of the pleats. The longitudinal axis
of each filter media pleat pack is positioned in a substantially non-parallel orientation with
respect to the longitudinal axis of each adjacent filter media pleat pack. At least one
terminal edge of each filter media pleat pack is assembled in a seam with the terminal
edge of an adjacent filter media pleat pack, wherein at least one of:

(a) the seam comprises structure wherein the pleats of one filter media pleat pack
are interleaved with the pleats of an adjacent filter media pleat pack, wherein the crown of
cach pleat in one filter media pleat pack is nested with a corresponding crown of an
adjacent filter media pleat pack, and wherein the root of ecach pleat in one filter media
pleat pack is nested with a corresponding root of an adjacent filter media pleat pack, and
wherein the crowns of each pleat in one pleat pack overlaps the crowns of each pleat in an
adjacent filter media pleat pack, or

(b) the seam comprises structure wherein at least a portion of the terminal edges of
adjacent filter media pleat packs are mitered at complimentary angles and assembled in
mating relation.

In some embodiments, the seam further comprises at least one side band member. T In
some embodiments, the seam further comprises adhesive disposed between adjacent
mitered filter media pleat packs.

[005] In some embodiments, the joined filter media pleat pack assembly comprises at
least two seams, wherein at least one seam comprises structure wherein the pleats of one
filter media pleat pack are interleaved with the pleats of an adjacent filter media pleat
pack, wherein the crown of each pleat in one filter media pleat pack is nested with a
corresponding crown of an adjacent filter media pleat pack, and wherein the root of each
pleat in one filter media pleat pack is nested with a corresponding root of an adjacent filter
media pleat pack, and wherein the crowns of each pleat in one filter media pleat pack
overlaps the crowns of each pleat in an adjacent filter media pleat pack, and wherein at
least one seam comprises structure, wherein terminal edges of adjacent filter media pleat
packs are mitered at complimentary angles and assembled in mating relation.

[006] In some embodiments, the joined filter media pleat pack assembly further

comprises a frame member positioned over the seam of each filter media pleat pack. In
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some embodiments, each seam is potted in an adhesive material (for example, a hot melt
adhesive).

[007] A pair of nested or mitered pleat packs provides a scam that has a dimension
perpendicular to the seam length that is less than the corresponding dimension from a
seam that is formed with conventional seams. As a consequence, it is possible to seal
nested or mitered pleat packs into a filter frame with frame openings that are larger, and

this filter (frame plus filter media) may have improved pressure drop performance.

Brief Description of the Drawings

[008] FIG. 1 is a partial perspective view of a terminal end of joined filter media pleat
pack described herein.

[009] FIG. 2 is a partial end view of a pleat from FIG. 1.

[0010] FIG. 3 is a partial top view of two joined filter media pleat packs from FIG. 1.
[0011] FIG. 4 is a partial top view of a seam of a pleat from FIG. 1 potted in an adhesive
material.

[0012] FIG. 5 is a partial perspective view of a terminal end of another joined filter media
pleat pack described herein.

[0013] FIG. 6 is a partial end view of a pleat from FIG. 5.

[0014] FIG. 7 is a partial top view of a two joined filter media pleat packs from FIG. 5.
[0015] FIG. 8 is a partial top view of a seam of a pleat from FIG. 5 potted in an adhesive
material.

[0016] FIG. 9 is a partial top view of another embodiment of two joined filter media pleat
packs described herein.

[0017] FIG. 10 is a partial top view of yet another embodiment of two joined filter media
pleat packs described herein.

[0018] FIG. 11 is a perspective view of a filter comprising a filter frame and joined filter

media pleat packs described herein.

Detailed Description
[0019] Referring to FIGS. 1-4, exemplary joined filter media pleat pack assembly 10 is
shown. Joined filter media pleat pack assembly 10 comprises filter media pleat packs 20a,

20b, each filter media pleat pack 20a, 20b having a longitudinal axis 30a, 30b and
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comprising a plurality of longitudinal pleats 40a, 40b having folds 42a, 42b. Each pleat
comprises a root (as shown for pleat pack 20a, root 44a, and, for pleat pack 20b, root 44b)
and a crown (as shown for pleat pack 20a, crown 46a, and for pleat pack 20b, root 46b).
Each filter media pleat pack has a thickness 22a, 22b and terminal edges 24a, 25a, 24b,
25b oriented perpendicular to folds 42a. The longitudinal axis of each filter media pleat
pack is positioned in a substantially non-parallel orientation with respect to the
longitudinal axis of each adjacent filter media pleat pack, wherein at least one terminal
edge of cach filter media pleat pack is assembled in a seam 50 with terminal edge of an
adjacent filter media pleat pack. Seam 50 comprises structure wherein the pleats of one
filter media pleat pack are interleaved with the pleats of an adjacent filter media pleat
pack, wherein a crown (for example, 44a) of each pleat in one pleat pack (for example,
20a) is nested with a corresponding crown (for example, 46a) of an adjacent filter media
pleat pack (for example, 20b), and wherein the root (for example, 46a) of cach pleat in one
filter media pleat pack (for example, 20a) is nested with a corresponding root (for
example, 46b) of an adjacent filter media pleat pack (for example, 20b), and wherein the
crowns (for example, 44a) of each pleat in one filter media pleat pack overlaps the crowns
(for example, 44b) of each pleat in an adjacent filter media pleat pack along the length of
seam 50. Each seam 50 is optionally potted in adhesive material 60 (for example, a hot
melt adhesive) to filter frame 58. It is generally desirable to have sufficient adhesive
material 60 to substantially seal the filter frame 58 to the pleat packs 20a, 20b, so that
when in use for example, in an air duct, air cannot leak around the pleat packs and
particulates are removed by the filter media.

[0020] Referring to FIGS. 5-8, exemplary joined filter media pleat pack assembly 110 is
shown. Joined filter media pleat pack assembly 110 comprises filter media pleat packs
120a, 120b. Each filter media pleat pack 120a, 120b having a longitudinal axis 130a, 130b
and comprises a plurality of longitudinal pleats 140a, 140b having folds 142a, 142b. Each
pleat comprises a root 144a and a crown 146a. Each pleat optional comprises side band
222 (for example, a hot melt adhesive) of the pleat pack to provide additional stability to
the pleat pack during pleating and subsequent manufacturing step. Although not shown, in
some embodiments, it may be desirable to have the side band extend to cover the root(s) to
case nesting of the pleat packs to provide improved sealing between pleat packs. Each

filter media pleat pack has a thickness 122a, 122b and terminal edges 124a, 125a, 124b,
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125b oriented perpendicular to folds 142a, 142b. The longitudinal axis of each filter
media pleat pack is positioned in a substantially non-parallel orientation with respect to the
longitudinal axis of each adjacent filter media pleat pack, wherein at least one terminal
edge of each filter media pleat pack is assembled in a seam 150 with terminal edge of an
adjacent filter media pleat pack. Seam 150 comprises structure wherein at least a portion
of the terminal edges of adjacent filter media pleat packs are mitered 125a, 125b at
complimentary angles @,, @, and assembled in mating relation. Optionally each seam 150
is potted in adhesive material 160 (for example, a hot melt adhesive) to filter frame 158. It
is generally desirable to have sufficient adhesive material 160 to substantially seal the
filter frame 158 to the pleat packs 120a, 120b, so that when in use, for example, in an air
duct air cannot leak around the pleat packs and particulates are removed by the filter
media.

[0021] Referring to FIGS. 2 and 3, optionally, a pleat pack may comprise side band of
material 224a, 224b (for example, a hot melt adhesive) along terminal edges 25a, 25b
(although optionally or alternatively could be present on 24a, 24b) of the pleat pack to
provide additional stability to the pleat pack during pleating and subsequent manufacturing
steps. Side bands 224a, 224b (which are not depicted in FIG. 1 because they would
obscure the view of the rest of the structure) may provide part or all of the sealing of pleat
pack seam 50. Alternatively, for example, side band 224a, 224b may provide all or part or
all of a location for the placement of additional materials, including adhesives and other
flexible, formed materials (for example, non-woven materials) to seal seam 50.

[0022] Optionally, portion of filters 1120a, 1120b may be mitered as shown in FIG. 9,
which also shows optional side bands 1224a, 1224b along terminal ends 1125a, 1125b
(although optionally or alternatively could be present on 1124a, 1124b), optional adhesive
material 1230, optional potting adhesive 1160 and optional filter frame 1158. Side band
222a s also depicted in FIG. 6.

[0023] Alternatively, for example, optional material 2156 may be positioned between
mitered terminal edges 2125a, 2125b of adjacent filter media pleat packs 2120a, 21200,
and optionally adhesive material 2159a, 2159b may be used in combination with material
2156 or without material 2156 to form a seal at seam 2150. Material 2156 may be, for

example, porous or non-porous plastic, metal, non-woven materials, films, and scrims.
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[0024] In some embodiments, the joined filter media pleat pack assembly comprises at
least two (in some embodiments, at least three, four, five, six, or even at least seven)
seams, wherein at least one (in some embodiments, at least three, four, five, six, or even at
least seven) seam comprises structure wherein the pleats of one (in some embodiments, at
least two, three, four, five, six, seven, or even at least eight) filter media pleat pack are
interleaved with the pleats of an adjacent filter media pleat pack, wherein the crown of
cach pleat in one filter media pleat pack is nested with a corresponding crown of an
adjacent filter media pleat pack, and wherein the root of ecach pleat in one filter media
pleat pack is nested with a corresponding root of an adjacent filter media pleat pack, and
wherein the crowns of each pleat in one filter media pleat pack overlaps the crowns of
cach pleat in an adjacent filter media pleat pack; and wherein at least one (in some
embodiments, two, three, four, five, six, or even at least seven) seam comprises structure,
wherein terminal edges of adjacent filter media pleat packs are mitered at complimentary
angles and assembled in mating relation.

[0025] In some embodiments, the pleats of one filter media pleat pack overlap the pleats
of an adjacent filter media pleat pack in a range from 10% to 99% (in some embodiments,
20% to 99%, 30% to 99%, 40% to 99%, or even from 50% to 99%) of the thickness of
cach filter media pleat pack, although overlaps outside of these range may also be useful.
[0026] In some embodiments, the seam comprises structure wherein at least a portion of
the terminal edges of adjacent filter media pleat packs are mitered at complimentary
angles and assembled in mating relation. In some embodiments, the seam further
comprises at least one side band member positioned between the mitered terminal edges of
adjacent filter media pleat packs. Typically, the complimentary angles are in a range from
15° to 45° (in some embodiments, in a range from 15° to 60°, or even, 10° to 75°), although
angles outside of these range may also be useful. In some embodiments, portions of the
terminal edges of adjacent filter media pleat packs are mitered at complimentary angles
and assembled in mating relation (see, for example, FIG. 9).

[0027] Filter frames may be constructed, for example, of polymer resins, metals, or
combinations thereof, and may include injection-molded, extruded or converted parts or
any combination thereof. Other materials, such as non-woven materials, spunbonded
materials and scrims, may also useful, for example, for portions of the frame. Techniques

for forming of filter media into suitable configurations, such as pleats of various pleat
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depths and pleat spacings, are known in the art. Methods of making filter assemblies by
assembling filter frame components and filter media in various configurations are also
known to those skilled in the art. Further, in some embodiments, a desirable filter frame
may be as described in U.S. application having Serial No. 61/016,096 (Attorney Docket
No. 63921US002), filed the same date as the instant application.

[0028] It may be desirable to seal or pot filter media to filter frame members to reduce or
prevent the flow of gas (for example, air) around the filter media. In some embodiments,
adhesives (for example, hot melt adhesives, curable adhesives (for example, two-part
urcthanes)) may be used for this purpose.

[0029] Typically, an even number of filter media pleat packs is used (for example, two,
four, six, or eight, etc.). Typically, a filter media pleat pack has a thickness in a range
from 1 cm to 10 cm (in some embodiments, in a range from 2 cm to 6 cm), although
thicknesses outside of these range may also be useful.

[0030] Filter media may be made of materials known in the art for such purpose, including
fiberglass, synthetics (polymers), natural fibers, and combinations thercof. Filter media of
various efficiencies, including composite filter media comprising two materials of two
efficiencies (for example, a fine fiber and a coarse fiber), are known in the art. Filter
media efficiencies may be measured, for example, by standard methods (for example,
American Society of Heating, Refrigerating and Air Conditioning Engineers (ASHRAE)
52.2-1999 test standard “Method of Testing General Ventilation Air-Cleaning Devices for
Removal Efficiency by Particle Size”).

[0031] In some embodiments, it may be desirable to optimize filter performance,
particularly pressure drop, by selection of nesting parameters (for example, the amount of
overlap) or by selection of mitering parameters (for example, the amount of pleat pack
removed by mitering or the miter angle). It may be desirable to adjust the overlap in the
nested filters taking into account the thickness of the filter media. It also may be desirable

to adjust frame dimensions, for example, by mitering or nesting overlap.

[0032] Advantages and embodiments of this invention are further illustrated by the
following examples, but the particular materials and amounts thereof recited in these
examples, as well as other conditions and details, should not be construed to unduly limit

this invention. All parts and percentages are by weight unless otherwise indicated.
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EXAMPLES

Filter Media Webs
Web 1

[0033] Web 1 was prepared as follows. A polypropylene based melt blown microfiber
(BMF) web was prepared using a melt blowing process generally as described in Wente,

"Superfine Thermoplastic Fibers,” in Industrial Engineering Chemistry, Vol. 48, pages

1342 et seq (1956). The extruder had ten temperature control zones that were maintained
at 400°F (204°C), 455°F (235°C), 495°F (257°C), 535°F (279°C), 550°F (288°C), 565°F
(296°C), 590°F (310°C), 605°F (318°C), 610°F (321°C) and 620°F (327°C), respectively.
The flow tube connecting the extruder to the die was maintained at 575°F (302°C). The
BMF dic was maintained at 600°F (316°C). The primary air was maintained at 610 °F
(321°C), and 3.6 psi (24.8 kilopascals (kPa)) with a 0.076 cm gap width. Polypropylene
resin was delivered from the BMF die. The resulting web was collected on a perforated
rotating drum collector positioned 13.0 inches (33 c¢cm) from the collector. The collector
drum was connected to a vacuum system which could be optionally turned on or off while
collecting the BMF web, thereby allowing a higher solidity web to be prepared when a
vacuum was applied to the collector drum.

[0034] The BMF web was charged using a hydroocharging process substantially as
described in U. S. Pat. No. 5,496,507 (Angadjivand et al.), using a water pressure of about
690 kPa.

[0035] The resulting web (that is, Web 1) was 0.58 mm thick, and had a basis weight of
29 g/m” with fibers having an effective diameter of 9.5 micrometers. Web efficiency was
70% and pressure drop was 1.6 mm H,0 when a circular web sample of 100 cm” test area
was tested using an automatic filter testing machine (Type 8130; obtained from TSI,

Incorporated, Minneapolis, MN) with a dioctylphthalate (DOP) acrosol at 85 liter/min.

Web 2
[0036] Electrostatically charged, fibrillated, coarse polypropylene fibers having a basis
weight of 40 g/m” ultrasonically bonded to a polypropylene scrim having a basis weight

10 g/m? were prepared as follows.
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[0037] Electrostatically charged fibrillated, coarse polypropylene fibers were prepared as
described in Example 1 of U. S. Pat. No. Re. 30782 (van Turnhout). A 45 micrometer
thick, 5 cm wide isotactic polypropylene film was stretched to a ratio of 1:6 over a block
(see Example 1 of Re. 30780 (van Turnhout)) heated to 110° C, followed by a second
stretching over a plate (again see Example 1 of Re. 30780 (van Turnhout)) heater to 130°C
at a stretching ratio of 1:1.5. The transport velocity of film during stretching was 12.2
m/min. During the second stretching, the film was charged by passing it between corona
wires connected to -3.2 KV and a top plate at +3 KV. The distance from the corona wires
to the plate was 5 mm.

[0038] The resulting film was fibrillated with a 60 row needle roller having needles 500
micrometer apart. The charged fibrillate was spread to about 45 cm and wound up on a
roller into a mass with a thickness of 3 mm. The fibrillated fibers had typical average
dimensions of 10 by 40 micrometers in a cross-sectional view. The basis weight of the
fibrillated fibers was about 40 g/m”. The thickness of Web 2 was about 1.1 mm. Next, the
fibrillated fibers and a scrim layer with a basis weight of 10 g/m* were ultrasonically
joined as described in Example 2 of U. S. Pat. Publication No. 2004/0011204 (Both),
utilizing equipment as described therein with a rotating drum with protrusions. About 2%
of the area of the resulting web had ultrasonically bonded spots generally dispersed across
the major surfaces of the web of size 0.81 mm x 0.81 mm. The number of spots per cm’
was about 2.3. The electrostatic charge on the resulting ultrasonically joined web was

about 50nC/cm?.

Pleated Filter Media
[0039] Pleated filter media were prepared from Web 1 and Web 2 as follows: The web

(Web 1 or Web 2) was laminated onto a spunbonded polyester scrim having a basis weight
90 g/m” (obtained under the trade designation “568/90” (also referred to as J-90) from
Johns-Manville, Denver, CO), using laminating adhesive (available under the trade
designation “3M SUPER 77 MULTIPURPOSE ADHESIVE” from 3M Company, St. Paul
MN).

[0040] The laminated filter media were pleated using conventional pleating techniques to
a pleat depth (see 22a, 22b, 122a, 122b in FIGS. 3 and 7) of 2.54 c¢m, a pleat spacing of 5

mm. The pleated media was then cut into pleat packs of about 28 cm x 55 cm, with pleat
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packs roots and crowns running parallel to longitudinal axis 30a, 30b, 130a, 130b in FIGS.
3and 7.

Prototype filters

[0041] Prototype frames (400 in FIG. 11) were assembled from parts as follows.
Posterboard (heavy cardboard) was cut into trapezoids of having lengths of about length
50 cm and about 57 cm, and a depth about 28 cm (the shape and the dimensions of the
ends 450, 451 of a nominal 61 cm x 61 cm x 30 cm 4-V V-bank filter assembly were as
shown in FIG 11). Extruded polypropylene frame members 58, 158 in FIGS. 4 and 8§,
shown in greater detail as frame members 401a, 401b, 401c in FIG. 11 and also frame
members labeled 402a, 402b, 402¢, 402d in FIG. 11 were constructed in widths of 5.72
cm, 4.13 cm, and 3.18 cm. Eight filter media pleat packs were used in assembling each
prototype, with each set of adjacent pleat packs nested to the extent necessary so as to fit
within the front frame dimensions 411a, 411b, 411¢, and back frame dimensions 412a,
412b, 412¢, 412d. Front frame outer edges 420a, 420b were formed of extruded
polypropylene, and were of width 421a, 421b of 4.13 mm (1.625 inch). Frame members
were assembled and pleat packs sealed to the frame members using a hot melt adhesive
(obtained under the trade designation “BOSTIK HM 9041 from Bostik Adhesives,
Wauwatosa, WI).

Test for initial pressure drop of nominal 61 ¢cm x 61 cm x 30 ¢cm (24 inch x 24 inch x 12

inch) 4-V V-bank filter.

[0042] The filter prototypes were tested per American Society of Heating, Refrigerating
and Air-Conditioning Engineers (ASHRAE) 52.2-1999 test standard “Method of Testing
General Ventilation Air-Cleaning Devices for Removal Efficiency by Particle Size”.

[0043] A clean nominal 61 cm x 61 cm x 30 cm 4-V V-bank pleated filter was sealed to a
template and installed in a nominal 61 cm x 61 cm test duct. One pressure sensor
(obtained from MKS Instruments Inc., Andover, MA) was positioned with two taps
located in the test duct, one at the upstream side of the filter and one at the downstream
side to measure the initial pressure drop of the clean filter. Air flow supply from the
blower was set to 55.8 m’/minute (1970 ft.*/minute, CFM) with a laminar flow ¢lement

(obtained from Merriam Instruments, Cleveland, OH; Model 50MC2-6).

10
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[0044] The results of pleated filter media with Web 1 laminated to J-90 tested in the
prototype filter are shown in Table 1, below. The amount of nesting was adjusted to
achieve front frame width 411a, 411b, 411¢ and back frame width 412a, 412b, 412¢, 412d

as shown in FIG. 11, and is listed in Table 1, below.

Table 1
Back frame
Front frame width
Pleat spacing, width 412a,b,c,d, dP(cm
Filter media mm 411a.b.c, cm cm WC*)
Comp. A Web 1 +J90 5 5.72 5.72 0.53
1 Web 1 +J90 5 3.18 4.13 0.38

* WC = water column

Comparative Filter A was constructed in the same manner with non-nested, pleated filter
media with Web 1 laminated to J-90. The test results for this construction are shown in

Table 1, above.

[0045] The results of pleated filter media with Web 2 laminated to J-90 tested in the
prototype filter are shown in Table 2, below. The amount of nesting was adjusted to
achieve front frame width 411a, 411b, 411¢ and back frame width 412a, 412b, 412¢, 412d
as shown in FIG. 11 and listed in Table 2, below.

Table 2
Back frame
} Front frame ;

. . Pleat spacing, . width dP cm

Filter media mm width 412ab.c.d WC

— 411a,b,c, cm c,rn, T W)

Comp. B Web 2 +J90 5 572 572 0.58
2 Web 2 +J90 5 3.18 4.13 0.56

Comparative Filter B was constructed in the same manner with non-nested, pleated filter

media with Web 2 laminated to J-90. The results are shown in Table 2, above.

[0046] Prototype frames were assembled containing no filter media, with frame dimension
as shown in FIG. 11, where front frame dimensions 411a, 411b, 411¢ and back frame

dimensions 412a, 412b, 412¢, 412d were as shown in Table 3, below.

11
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Table 3
Front frame width Back frame width
411a.b.c. cm 412ab.c.d. cm dF {om WC)
Comp. C 5.72 5.72 0.30
3 4.13 4.13 0.18
4 3.18 4.13 0.15
5 3.18 3.18 0.11

Comparative Prototype Frame C dimensions are those that would be used in a
conventional filter construction without nesting or mitering of the pleat packs, for pleat
packs of pleat depth 2.54 cm, allowing for the thickness of the frame, a small
manufacturing tolerance and two 2.54 cm pleat packs attached to the frame. Prototype
Frames 3, 4, and 5 had dimensions that would be used with varying degrees of nesting or
mitering, with 3.18 cm being about the smallest dimension that could be practically used
with fully nested pleat packs of pleat depth 2.54 cm, allowing for the thickness of the

frame and a small manufacturing tolerance.

[0047] Foreseeable modifications and alterations of this invention will be apparent to
those skilled in the art without departing from the scope and spirit of this invention. This
invention should not be restricted to the embodiments that are set forth in this application

for illustrative purposes.

12



10

15

20

25

30

WO 2009/085645 PCT/US2008/086518

What is claimed is:

1. A joined filter media pleat pack assembly comprising at least two filter media pleat
packs, each filter media pleat pack having a longitudinal axis and comprising a plurality of
longitudinal pleats having folds, wherein each pleat comprises a root and a crown, wherein
cach filter media pleat pack has a thickness and two terminal edges oriented perpendicular
to the folds of the pleats, wherein the longitudinal axis of each filter media pleat pack is
positioned in a substantially non-parallel orientation with respect to the longitudinal axis
of each adjacent filter media pleat pack, and wherein at least one terminal edge of each
filter media pleat pack is assembled in a seam with the terminal edge of an adjacent filter
media pleat pack, wherein at least one of:

(a) the seam comprises structure wherein the pleats of one filter media pleat pack
are interleaved with the pleats of an adjacent filter media pleat pack, wherein the crown of
cach pleat in one filter media pleat pack is nested with a corresponding crown of an
adjacent filter media pleat pack, and wherein the root of each pleat in one filter media
pleat pack is nested with a corresponding root of an adjacent filter media pleat pack, and
wherein the crowns of each pleat in one pleat pack overlaps the crowns of each pleat in an
adjacent filter media pleat pack, or

(b) the seam comprises structure wherein at least a portion of the terminal edges of
adjacent filter media pleat packs are mitered at complimentary angles and assembled in

mating relation.

2. The joined filter media pleat pack assembly of claim 1, wherein the seam further

comprises at least one side band member.

3. The joined filter media pleat pack assembly of claim 1, wherein the seam further

comprises adhesive disposed between adjacent mitered filter media pleat packs.

4. The joined filter media pleat pack assembly of claim 1 comprising at least two

seams;
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wherein at least one seam comprises structure wherein the pleats of one filter
media pleat pack are interleaved with the pleats of an adjacent filter media pleat pack,
wherein the crown of each pleat in one filter media pleat pack is nested with a
corresponding crown of an adjacent filter media pleat pack, and wherein the root of each
pleat in one filter media pleat pack is nested with a corresponding root of an adjacent filter
media pleat pack, and wherein the crowns of each pleat in one filter media pleat pack
overlaps the crowns of each pleat in an adjacent filter media pleat pack; and

wherein at least one seam comprises structure, wherein terminal edges of adjacent
filter media pleat packs are mitered at complimentary angles and assembled in mating

relation.

5. The joined filter media pleat pack assembly of any of claims 1 to 4, wherein the

complimentary angles are in a range from 10° to 75°.

6. The joined filter media pleat pack assembly of any of claims 1 to 4, wherein the
pleats of one filter media pleat pack overlap the pleats of an adjacent filter media pleat

pack in a range from 10% to 99% of the thickness of each filter media pleat pack.

7. The joined filter media pleat pack assembly of any of claims 1 to 6, further
comprising a frame member, wherein a frame member is positioned over the seam of each

filter media pleat pack.

8. The joined filter media pleat pack assembly of any of claims 1 to 7, wherein each

seam is potted in an adhesive material.

9. The joined filter media pleat pack assembly of claim 8, wherein the adhesive

material is a hot melt adhesive.
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10. A filter comprising a frame member and at least one joined filter media pleat pack

according to any of claims 1 to 9.
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