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1 ‘ . Descri ption ' H GH EFFI CI ENCY
PERVANENT Al R FI LTER Cross-Reference to Related Application

Thi's apply6ag/iBesis a conplete application.and a PCT/US97/18482
continuation-in-part application to U S. Provisional Appl i cation
Serial No: 60/028,786 filed Cctober 18, 5 1996. Techni ca

Backgr ound The present invention relates to filters cleanable

by washing or vacuunming or the like for inlet air heating and air
conditioning systens used in residentialy or 10 commerci al buil dings
and, nore particularly, this invention relates to an electrostatic
filter for such systens having an extended service life.

Background Art ' Inlet air |Iters for heating and air

conditioning 15 systems have beeP§3FURE¥Y decades. The inlet air or
primary filter was origj @ﬁl | ? iﬁEﬂE t e heating coils
and mechani cal devicesggg ﬁgb?gﬁgﬁﬁ ohg ﬁgaﬁggng§Tg¥%borne
particles. Asdthe har .l lated.A. halgd particles on human heal th
becanme known renove this particulate
matter from This application is a complete application and a '
continuation-in-part application to U.S. Provisional

Application Sexrial No: 60/028,786 f£iled October 18,

5 199s6.

Technical Backgrouhd

The present invention relates to filters cleanable
by washing or vacuuming or the like for inlet air heating
and air conditioning systems used in residential or

10 commercial buildings and, more particularly, this
invention relates to an electrostatic filter for such

systems having an extended service life.

Background Art

Inlet air filters for héating and.air conditioning
15 systems have been ip use for decades. The inlet aif or
primary filter was originally intended to protect the
heating coils ‘and mechanical devices such as fans from
damage by airborne particles. As the harmful effect of
inhaled particles on human health became known, inlet air
20 filters were designed remove this particulate matter from
the air.

The most popular prior art configuration is a thin,



the air. The nost popul ar prior art configuration is a.thin,
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2 rectangul ar, disposable filter.. The filter contains

fibergl a‘ﬁa,gg%;gsgal ~hair, fibrous foamor polyneric nedi a per/usonrs4sd um num
mesh encased in a cardboard or plastic frane. Prior art filters can
conpri sed pol yester panels, 5 uret hane foam or | atex coated ani nal

hair. Recently, prior art filteRs containing static or passive
el ectrostatic nmedi a have becone avail abl e. Mbst residenti al

resi stance speectanguilens r&i@posable fijterti|t&he tHlhEse &PULRIE=

pressure drop _of no_nore 10 than 0.22 inches of water. for an aif, flow
rate of 300 Eibergdasspernifaltair THElRKRYES SRAT &% RAMEF oM R cal
~prior art air filters tested using ASHRAE 52.1-1992 is . 2Q% or | ess.
The ASHRAE ef9¥ (2 ByBiRYm legh) gnaapset 1gr 2 car&b‘&% ‘?%iPa{'I"’}%F’a‘i/%irlaé‘tﬁ ‘e
filters foll ows;

15 , , A

Ar ea or Vedi &ET10T Faffer f4ppgrs can  compgiged, Eé’e#’gskﬁmé’aﬁ—eﬁsd ENCY
Fi bergl ass Thro 4.0 - . . .

9. § uﬁg%l\'xAgXe foam O "latex,goabed agim PHR4ir ﬁ_g:?%_té{tg?,at Ic

(Passi ve ectrostatic

0,
00 0 priog, w0 e SRS ¥ B or s,
electrostatic media have become available.
Most residential resistance specifications require
air filters to have an initial pressure drop of no more
10 than 0.22 inches of water for an air flow rate of 300
feet per minute. The dust spot efficiency for typical
prior art air filters tested using ASHRAE 52.1-1992 is
20% or less. The ASHRAE efficiencies of four types of

~ commercially available filters follows:

15 ' TABLE 1
Area of Media
Filter Type Sqguare Feet ASHRAE EFFICIENCY
Fiberglass Throwaway 4.0 <20%
Electrostatic (Passive) 4.0 20%
20 Electrostatic (Fibers) Up to 8.9 30%
Pleated Polyester Blend . Up to 6.9 25%

When these filters are first placed in use across an

air stream, they have a very low filtering efficiency.

'~ Typically, the exhaust of dust spot efficiency is about

25 8%. However, as dust particies are collected, the dust
collection efficiency cén increase to approximately'zo%.

At this point, the filter is ready to-be replaced. Prior

art filters are usually difficult to clean since the dust



air stream they have a very low filtering efficiency. Typically, the
exhaust or dust spot efficiency is about 25 8% However, as dust '

particles are collected, the dust collection efficiency can increase

t 0 appr owigasiekes 20% At this point, the filter is recmiysirasise

repl aced. Prior art filters are usually difficult to clean since the
dust WO 98/ 17368 PCT/ US97/ 18482
3 particles beconme enbedded in the 3media. Anot her current
concern is the regognition that par- . ticles, below 10 m crons are not
filtered by tRBYERFLESs becomgyepbeddeddmide Mefide therefore inhal ed

iI'nto a human 5 | ung.  Fi brous -particles such as asbestos,and fi bergl ass
are known to caus T §OP R SORCETD 1fpthechrregpltion tRQE pany,

Lprers Tor Nesting A4 ELILRN Mo po SYELERRARES WheVSlHs
I f el st ati | i 4 hin. thi f
2yers, of el 815! 8 bne e Tt 06T (RLAPEH Lot ADRNAIL S, rRNGRCT

efficiengly cigaged FigyoiY aP@iEf@!aagﬁghdas asbest%&%ﬁ%@&vu&f'ﬁé){%ieggsls

| nvention It has been discovered In accor

invention thajyréhgnanal e PicANY 0BES Prat bRy a3 s8h588M Most &dS&d$t the
particle capture efficiency, the life of the filter between cleaning

and the diffigpléy cdigl eBilitrs for t heatiihgerandheafr! tedndftidieing
I-nvention causes a non- '

systems are not very efficient in capturing these small

particles. Filters containing layers of electrostatic

10 media perform better within this range of particles but

these filters also become clogged. Since they cannot be

efficiently cleaned they must be replaced.

Disclosure of the.Invention
It has been discovered in accordance with the
15 invention that the angle of approach of the air stream
effects the pérticle capture efficiency, the life of the
filter between cleaning and the difficulty of cleaning
the filter. The filter of the invention causes a non-
perpendicular. path of air flow resulting £from the
20 corrugated or pleated configuration of the novel air
filter. Because of the corrugated configuration, more
surface area exists than with a standard, flat, prior art
air filter. The increased surface area of the novel
filter also .results in a lower pressure drop than
.25 experienced with prior art electrostatic air filters.
The filter has significantly longer ¥life between

cleanings and it is very easy to clean. The novel air



per pendi cul ar path of air flowresulting fromthe 20 corrugated or

pl'eated configuration of the novel air filter. Because:of the
corrugated configuration, nore .surface area exists than with a

st andar dyyd bgpi7aesdr i Or art air filter. The increasetp@tuérnsssar ea of
t he novel filter also results in a |ower pressure drop than- 25
experienced with prior art electrostatic air filters. The filter has
significantly longer |ife between cdeanings and it is very easy to
cl ean. The novel air WO 98/ 17368 .

PCT/ US97/ 1848£ilter’s efficiency for removing particulatg mafter is
efficiency for renoving particulate matter is; al so an i nprovenent
over the prioll§q an lmprovemenﬁu?%ﬁﬁrﬁﬂﬁaRﬁquu?quent|on i s to prOV|de
an upstreanu§?SS|ve electrgstghlc la er dlsposed upon_a

media |ayer wher HP=9 af | Fptien &6 rﬁﬁﬁyégeoraﬁleated

configurati On#ﬂot |I%car eaﬁgsg_}l_l’ge lec%ro&ggfgelgygg V&H%ﬁé&@au&% fo,a flat

surfaced air enbodr nent I gur a “Bhs*can be

utilized gmw&ll't%crorwﬂae 1ROV SlnefOiE ity Hifyedd afollowing are

exanpl.es. Two Lay ment . Afilter media w

conpri sed of fclol%@ruga%fecﬁdwﬁié&tgat Ebhﬁhgék‘ﬁﬁléﬁ to ind¥dyeSt{106rnylON

hel d together wi th binder, preferably ~an acrylic therno setting

bi nder. The fighir@adediaal whedScomseregtes & FoacnBheraakdvhighrcapesapt ure

I n excess of 80%
: A number of embodiment configurations can be

utilized which incorporate my novel concept. The
10 following are examples.
Two Layer Embodiment. A filter media will be

comprised of fibers of a plastic material such as
polyester or nylon held together with binder, preferably
an acrylic thermo setting binder. The filter media is
15 gelected from material which can capture in excess of 80%
of particulate matter of 10 micron or léss in size. The
filter media layer is preferably made from polyester
having 6-15 Denier fibers, an acrylic zxesin binder
preferably containing an antimicrobial agent. The media
20 may contain a curable resin such as a thermosetting,
light cured or watef activated resin. The resin may be
dispersed thréughout the media as applied as stripes to
the media at locations corresponding to the tops of the
pleats, before or after pleating; preferably after
25 pleating. The resin is then cured to a rigid state to
hold the pleats in shape. Such a thermal-set filter
media, in combination with a passive electrostatic layer

can be corrugated without the need of metallic grills to



of particulate matter of 10 micron or less in size. The filter nedia
| ayer is. pfeferably made from pol yester havi ng 6-15 Denier fibers, an
acrylic resin binder preferably containing an antim crobi al agent.

The nedi y contain a curable resin such as a therp@geidrigg:

| i ght cu?%ﬁﬁgﬁsﬁg?er activated resin. The resin may be di spersed

t hr oughout the nedia as applied as stripes to the nmedia at | ocations
corresponding to the tops of the pl®ats, before or after pleating,
preferably after 25 pleating. The resin is then cured to arigid state
to hol dmaliatglisat thien etremegateducthapet.her e sdesfiveder passivenedi a,
I m conbination with a passive electrostatic |ayer can be corrugated
wi t hout the nedgctiromdiadliq c lgiey scae . be desppibegAl17868 a netting

PCT/ US97/ 18482 ) . 5 mai_ntai n the
corrugat ed shBpseriapne Fbei pLachulsrabic layer Mg o bpds ErpRyBedéan be
described as a nettin terial. The electrostatic, |layer nmay be nade
(rom media  2uch 38 ROLP TRy br iRy S Tt e CHaOn R | BHLY S EBPIEbRbonal €.
5 More preferably, the elgctrostati.c |l ayer is e from LNET
RE0404. 15P, - aPBRSIHAS AT RN 1 chbEx e petacatid Ty 38, madeiaF EPBun,

Dol avere Of Euilipienndibdlie o HISA (4 Lponld bednstabled

with the el ectros ng upstream I Mént ,

e Ut11 1 ged {00 STT SR L ey sl D ARTeaP et SeFay phefther 1fizagg, oot @
_ yer to
one another.the adgdEileaal wyuld Be $8608Uled with the electrostatic
. layer facing upstream. In this embodiment, stitching,
10 stapling, thermal welding, adhesives or other means could
be utilized to attach the filter media and electrostatic
.layer to one another. Additionally, a second
electrostatic layer may be disposed on the downstream
side of the filter media to increase the filter’s
15 efficiency.
Five Layer Embodiment. In this configuration,
either side of the filter can be placed upstream.
This embodiment has a central filter media layer
from the same material as described above although it is
20 not required to have a thermal-setting property.
Disposed on either side of the central layer is a
paséive electrostatic layer of the same material
described earlier. Disposed on the outward facing
surface of each electrostatic layer is a grill, suitably
25 formed of expanded metal. The grill is preferably made
from metal. Most preferable, the grill is made from a
non-coxrrosive material sﬁch as aluminum. A non-metallic

material may also be utilized as a grill. The purpose of



el ectrostatic |ayer may be di sposed on the downstream side of the

filter nedia to increase the filter's 15 efficiency. - "Five
Layer Enbodi nent. In this configuration, either side of the filter
can be plasqthARst ream "~ This enbodi ment has a Gégsdnbisht er
medi a | ayer fromthe same nmaterial as descri bed above although it is
20 not required to have a thernmal -setting property. ' Di sposed on
either side of the central layer is a 6 passive electrostatic |ayer of
the sane materi al descri bed earlier. Di sposed on the outward

faci ng e apelldf iendlo prevtides matefolrmpble watieginlll whight wbly 25
formed of expanded netal. The grill is preferably made from netal
Most pr ef er ablagusaehe the | Eilsepadeoneemeprrugatemon- &6 r oeinsadat eital such
as alum num A non-netallic material may also be utilized as a grill.

The purpose ofcorrugatedyshape 7368he grill layers is required when a
PCT/ US97/ 18482 . \ .. ., .6, - the grill is to
provi de a def F&fdIEHafdritar BddR Wia psed whichywidl henf FpeFetBrRe
corrugated, tqQ maintain its corrugat ed shape. The grill layers is
requi r ed en%é) 2 ik RS ent filter media is used which will tend to

T 5o ® W TPy acrenpro 8" beinErdl SR ERoL et (1

configurationayers RAE 2RGS0 2RES: ol ESrPRESELA! cOREPGISAP DA NESE
having angled surfaces, the material comprisihg these
layers have a resilient property which would attempt

10. return to a flat configuration as soon as the forming
tool was releésed.from the surface. A further aspect of
this invention.is a method of forming flat media into an
angled surface in a manner té prevent it from returning
to its orxriginal configuration.

15 In one alternative of the five layer embodiment, the
electrostatic media is placéd between sheets of expanded
metal screen or grill. The edge of at least one screen
is wrapped over the opposing edge to lock the assembly
together and restrain the media from expanding and

20 returning to its original shape.

In a second alternative of the five layer
embodiment, the electrostatic media layers, the central
‘layer and the outside grills are stitched to each other.

In a third alternative of the five layer embodiment,

25 a reSpeétive grill and electrostatic layer are adhesively
bonded to one aﬁother. During the assembly proéess, a
central layer is disposed between two layers of laminated

grill and electrostatic media.



| ayers have a resilient property which would attenpt 10 return to a flat

configuration as soon as the formng : tool was rel eased fromthe
surface. A further aspect of this. invention is a nmethod of formng
flat nmedigokidsgsan angl ed surface in a manner to pr@¥@Risetiseds om
returning to its original configuration. 15 I n one
alternative of the five |l ayer enbodi nent, the el ectrostatic nedia is
pl aced between sheets of expanded metal screen or grill. The edge of
at | east one screen i s wapped over the opposing edge to | ock the
assenbl y t Ofe¢ herihhdmagsbe aéasihy wadhedfr oBitkpandidg erfidth20
returning to its original shape. In a second alternative of the

five layer grillemeodifrest dovRetepampravided Hegligrill drayen He &betral
| ayer and the outside grills _are stitched to each other. | ..In a
third alter n@Ut@ddst 1@yesi vl Bp&r Peppodigepveredsthag ilsEbet prdldri| |
and el ectrostatic | ayer are bonded .t,0o one .another. _During

dhesi vel

the assenbly*§r oE88s .1§>ned_ geE@ﬁ?Palg}P%y&lq?W.sst&%‘éﬁ BECeERERBLI ayer s
gETjagb /aggéfyersfﬁééﬂe§H¥LE%§§t£gsﬁggactge H%d7the grif¥)ggﬁéggﬁﬁu
be easily wa i the Ld t _ 1| y t m
provi ded t heigﬁ%ﬁ% ayejri,hlig' 311%; e aéiag[asz}%eq‘% afgf. ot\r?%%ﬁglg%e{ﬁﬁg

di scover ed thalyshf e Whiddney of the RaSHLAPNEL, bEl UGB LBRoCkeGLI OS at i
and central 5l lIayers, aéﬁggf%e may be used to bond ?ﬁ% gr?IF to both

: The grill however, may only be disposed between both

may

layers on the upstream side. Testing has shown that
10 while the air flow tends to force the electrostatic layer
into the grill ana central layer on the upstream side, on
the downstream side air flow tends to displace the
electrostatic layer away from the central layer.
Therefore, it is preferred to position the grill layer as
15 the outside layer on the dowﬁstream side.

My novel air filter; may be made into any size.
However, as the size of the filter increases, it is
preferred that the gauge of the grill'layers increase.
Because of the resilient tendency of the central.layer
20 material as described earlier, the larger the air filter,
heavier gauge material is required to maintain the
filter’s corrugated shape especially in the central

surface area of the filter. |
~ Another feature of the invention is the use of two
25 sheets of expanded metal. The prior art used expanded
metal grills only for cleanable, washable metal'filters.
In the invention the expanded metal layers are bent into

an angled form at the same time as the electrostatic



| ayers. This has the advantage of overcomng the resilient

tendency of the central |ayer to becone flat. The grill however, nay
only be di sposed between both | ayers on the upstream side. Testing
has shown that 10 while the air flowtends to force th atic
layer  WOAT] the grill and central layer on the _upst?%éé:t}rﬁﬁgéfgggzon

the downstream side air flow tends to displace the el ectrostatic

| ayer away from the central layer. g Therefore, it is preferred
to position the grill layer as 15 the outside | ayer on the downstream

si de. nedM aRdekedtkalli Nbgertay M el NLYy@&PY préfent the
However, as the size of the filter increases, it is preferred that

t he gauge of tdwgled! |leleyersstacieaswedia andecasseral thayeesi Eremt
tendency of the central layer 20 material as described earlier, the

| arger the airrdtidtming to a Hdab efoxauge That metall ilayerpi hadet wemmi nt ai n
the - filter's corrugated shape especially in the central surface
area of the fiwide openings andahbinestiandarehieh tdre ot eentaibute ke use
of two 25 sheets of expanded netal. The prior art used expanded

netal gri¥ls GIABLYBING| QAEbliElesadfdbl @4fs aldof | pPEr scontribute t ke

I nvention the expanded . tabg%a ers are bent into an angl ed form at

the same tine REEFHF @I TR Rt e compositeiesya v3pg )
PCTIUSOT 10052 e £iLtaronf o invencion 1s bpesnar[§hasHed 88717

capture particles. It can be cleaned by shaking and/or

by washing. The media has low pressure drop and high

10 efficiency for the range of particles experienced with

| the inlet air. Because it can be cleaned and reused, my

invention can be considered a permanent filter.

These and many other features anal attendant

advantages of the invention will become apparent as the

15 invention becomes better understood by reference to the

following' detailed description when eonsidered in

conjunction with the accompanying drawings.

Brief Description of the Drawings

Figure 1 is cross sectional view of a multilayer

20 filter media folded or pleeted to increase eurface area
to 160% of the flat media;
Figure 2 1is another cross section of the filter of
" Figure 1, shown in service;

Figure 3 1is a -schefnatic graph showing filter
25 efficiency;

Figure 4 is a graph showing the efficiency of folded

electrostatic filters of the invention in the 0.3 to 10



angl ed el ectrostatic nedia and central |ayer from returning to a flat

form The netal |ayers have very Wi de openings and thin strands

whi ch do not contribute to 5 capturing particles but also do not
c_ontri b 69?]&'%_68 _pressure dr op of the conposite nedi APETIUSIT/18482 The
filter of the invention is optinmally angled to capture particles. It
can be cl eaned by shaki ng and/ or by washi ng. The nedia has | ow
pressure drop and high 10 efficiency #or the range of particles
experienced with the inlet air. Because it can be cleaned and reused,
ny - i nvemitdion ceand®; consi dered a pernmanent filter. These
and many other features and attendant advantages of the invention

wi |l become apparBhagusg Bhds 85 Iraphy hOWBH Dot baELerclngér £lédd by
reference to the . _fallow ng detailed descrigﬁion when considered in
conj unct i on \AYFRIAE Sethhfingers in the Mo Eanae Feasbgh of

t he Draw ngs 1S, cross sectional view of a multilayer 20

Figure 1
filter medi a W¥lsedit ?ﬁé%u%ﬁPQ%F+ﬁ%§éase surface area’ to 160% of

ofe MatsIeel Pigure. 6 Al Colnbialla! Uebut 0 Sone (ufBathehlie e |1 o1

of Figure 1 | N serviCe; a scC

graph showi ng.d Ide1 2 15LE I fl@IEYair filrer, Fioure 4 is a graph
showi ng the efficiency of ?o ded el'ectrostatic filters of the
invention in the fi3ut8 #0is a schematic view of one embodiment of
.the novel 5 layef media air filter after securing the
ends;
10 Figure 8 is an end view in elevation of the roller
.for corrugating the media in one embodiment of the
invention;
Figure 9 is a schematic view of an embodiment of a
continuous system for forming the filter media of the
15 invention; and
Figure 10 is a schematic view of another eﬁbodiment

of a continuous system for forming filter media of the

invention.

Detailed Degcription of the Invention

20 The passive electrostatic filter contains a core
layer of a bendable material, from 0.05 to 0.45 inches
in thickness selected from polymeric foam or a high loft
fibrous polymeric materiél such as air laid polyester
fibers having a density of from 0.5 to 5 ounces per

25 square yard (OPSY). The fibers are resin bonded by a
resin such as an acrylic resin or point bonded or needle

bonded. In a preferred embodiment the central or core
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9 m cron range; Figure 5 is a graph show ng the efficiency
of flat comercial electrostatic filters in the same range tested
under t hewi?df'ﬁﬁ&”di tions; -5 - Figure 6 is a schemat ipgrrisovyigab2 one
enbodi nent the novel 5 layer nmedia air filter; Fi gure 7
Is a schematic view of one enbodi nent of ~the novel 5 layer nedia air
filter after securing the ends; 1010 Figure 8 is an end view in
el evation of the roller for corrugating the nedia in one enbodi nent

of the i Aeyeti obg comprised ¢f gar etigeymal sefermateriabw of Thhs

enbodi nent of a continuous systemfor formng the filter pedia of the-
15 inventionmageFial removesrimpfle 96 jthey EEHEHEP-PE ViR of-hgntiver

enmbodi nent of a continyqus systemfor formng filter rredla of_ the
Cnvention,  Streapu: LYPIFMYcAERLEBAtROFHRE | tRETGRRing Particled

passi ve el ectr n?‘StatIC f.ilter %ﬁtglons .a_caore | ayer of a bendabl e
mat eri al, front8Vo5S% §1FSHs ¥ miCTONS- hj ckness sel ected from

poLyer ¢ of oam of anl QRoliale capelLUS RERYGECECHIB! SLL 8l el 20 21 1

| ai d pol yéster érs havin ensi OUNces per

25 square yagd cOankeq BYe Aty of QR4 ROURAsthtic polfifdd! Such

as an acryllc resin or poi
material on each side of the core material. The material

can be woven or non woven. More preferably, passive

electrostatic materials are used whiéh become charged as

.10 air flows past the polymers that tend to havé natural

static charges. -These are preferred since the available

active electrostatic fibrous materials produce an

undesirably high pressure drop as a filtration media and

are not cleanable. The passive material is usually

15  formed by casting, extrusion or weaving from a polymer of

a nonsaturated alkene monomer having 2-8 carbon atoms.

.One type of material is woven polyproleéne netting

having a thickness from 0.01 to 0.10'inches, usually from

0.02 to 0.06 inches. The yarn diameter Cén be from 1-35

20 denier, preferably from 5-20 denier. The ratio of warp

to £ill yarn is ffom 1.2/1 to 3/1 and the netting is

woven in a manner to resemble a honeyéomb structure. A

commercially available material is a honeycomb weave

"netting of 8 mil thick polypropylene fibers available in

.25 thicknesses of 0.03 and'd.os inches. The yarn count is
51 warp and 32 fill. |

The outside grill 'layef does not <contribute to

filtering but is present to hold the angled media after



bonded. In a preferred enbodi nent the central or core WO 98/ 17368

PGT/ US97/ 18482 - 10 | ayer is
conprised of a thermal set nmaterial. Thi s mat eri al renoves nost of
t he part i egi/Bgom the air stream typically at |eaptT/888h18is2t he

I ncom ng particles havi ng si zes up to 10 m crons. 5 The
particle capture efficiency of the core nateri al I s enhanced by

pl acing a layer of electrostatic polynmeril mat erial on each side of
the core material. The materi al can_be_woven or non woven, Mor e

r
preferably, pa§shgg been fogmed:roBgaire Fhtel P¥FE MRt ReqjcaRRRhebREONE
charged as 10 , air flo past the po rs that tend to have nat.ural
static charge??l?ﬁésgaﬁﬁﬁgbrgFEFrearsi%%ggfﬂﬁéav VFipge the a%i?WV£Y

el ectrostatic_fibraous rial s _produce an . - undesira hi gh pressure
drop as a fi |PF8FFS&'WENZ#€-%§% SRSEt & W ela%]an%\f)l' ©0 %r'ﬁ'é:kpgksi{‘/%
material is UYL Y%, 15 ofBreﬂgd aC3¢ ' g i%XttEc’:‘c?'%ﬂ%%r VEaVliIg h5PM a
pol ymer of a nonsafurated al'’kené nonomeér having 2-8 carbon atons.

One |ypesol NBLehbde bt WMEHABOHY WPMILAG ARIdIdGn ite HEM Ohdpe.

t hi ckness from 0 0.10 1 nChes, usually from 0.02 to

The yarn di anﬁ&?anaéa beeta®Mdud® =29 st ebr PathRLAlkY hsPPhg 29
denier. The ratio of warp to fill yarnis from1l.2/1 to 3/1 and the

netting is thickfAees i NfRowanreroi® reagenbbe2a hopryhesh stpactorms A
commercially available material is a honeyconb weave netting of 8 mil
t hi ck pol ypr opgtén€atkcbeidyavai thbl Eilter of the invention. The most
- preferable gage thickness is dependent upon the size of
.10 the air filter. Larger air filters will require a more
| sturdy or heavier gage grill. The expanded metal grill
should have open area of at least 70%. Open area can be
provided by thin strands from 0.01 to 0.18 in thickness
expanded to rectangular or parallelogram openings having
15 an area of at least 0.5 square inches.
In the design of the filter of the invention, the
following five methods of capturing particles were

considered in providing a £filter having the optimum

combination of high efficiency with the lowest possible

- 20 resistance:
1. Straining or screening
2. Interception
3. Impaction or impingement
4. Diffusion effects
25 5. Electrostatic attraction
EXAMPLE 1

The exterior layers on either side of the air filter



25 t hi cknesses of 0.03 and 0.05 inches. The yarn count is 51 warp

and 32 fill. The outside grill layer does not contributé to
filtering but is present to hold the angled medi a after WO 98/ 17368
PCT/ US9 g o 83368 11 . pcargsdias4sdeen '
formed. Again, the |ayer nust be capabl e of bei ng easily bent or
deforned during the assenbly . process. |If the sheet of material is
too thick it is difficult to bend2and if it is too thin, it is not

5 capabl e of holding the 3 layer_nedia in its bent shape. anded
netal such ameﬁl@elam Cﬁ?"ﬂ?ﬁ i gigpanded all%‘?ﬁ%e‘%%‘”%’o% tblelio fo
0.25 inches, perfo sati sfactori in . the fil of the

i nvention. TReSfoKE 0. °4°[ﬁ494ﬁ%ﬂﬂ 41?%&&%% 3% p%hﬂ%ﬁt 086n t he

f 10 h fil I
Sturdy or heaﬁcaeesggggﬁarrwtarmi%f;%ﬁ%%w%sei SRR o R
open -area of at éﬁ%%tf%?c %eseqefégérgggapﬁ%d %%Vefg égﬁ?cgﬁtthégcﬁtrands

from0.01 to 0.1 S expan rectan

paral | elogr argx oq:gslg?gkn 8mP§§‘.s@Fi_eaof)f Paﬁ.yb%fﬁzlgn@ SHEEE gnynches.

In the design o e fi nvention | om ng fTve

met hods of C%&W&igwa péhibﬁhé§s\/\%rfeo 03 ikeNss depgdpi BnRr A X Ngadnfil ter
havi ng the optinum conbi nati on of hi gh efficiency with the | owest
possi ble 20g3ianRHeHAN6L: 8 mil, a weight of 3 oz/yard and a yarn

count of 51 warp yarns per inch and 32 £fill yarns per

inch.

10 The center layer disposed between the electrostatic
layers is a stiff, high 1loft polyester having the
following properties:

Weight (ounces per square yard): 4.5+/- 10%

Gauge (inches): 0.25+/- 5%
15 Fiber Content: - Polyester
: (6 & 15 Denier)
Binder Type: Acrylic Latex
(solids 38%)
'Porosity (cfm/Ftsq.@0.5WG) : 740cfm
20 Color: White
Texture: Stiff/Lofty

Antimicrobial: Aegis
: or Equiliuent

The effect of the angle of the media to particle

25 capture efficiency was tested by placing a flat panel of
thelS—layer filter media of Example 1 across an air steam
flowing at 300 feet per ﬁinute (FPM). ‘Particles at
different sizes were counted with a Hiac/Rayco laser
"particle counter both before and after the filter to

30 .establish efficiencies at different micron sizes. The
angle of the filter.corrﬁgation was changed in 10 degree

increments from 0 degrees (flat) to 90 degrees.



1. Strai ning or screening

| npacti o or

PCT/ US97/ 1848

I-npi-ngenment
El ectrostatic attraction
ei ther iogkgnodest he air filter

2

2. I nterception 3.
4. Diffusion effects 25 5.
EXAMPLE 1 . The exterior |ayers on
‘WD 98/ 17368 PCT/US97/18482 '
12 medi a are

conpri sed of expanded al um num having a thick

and strand thickness of about 0.04

were 1.5 x 0.75 inches.
exterior |ayer i

adj acent each

5

The

13j nches.

ness of 0.040 inches

The rectangul ar openi ngs
assive electrostatic layers
sed of polypropylene netting

having a thickness of Q 03 jinch pd f£ill varn s of 8
ml, a wig of 3 oz/yard andzﬁnﬁﬁg EFFICf of 51 warp yarns per inch
and 32 fill {yarns per i nc The center Iayer dISp sed
bet ween t he £ =St |# T UII o POt er
havi ng t he folfl conang|prooeer i . mémght (cunZes| pa0 .&qufr e
yard): 4.54 - 10% Galige (inghes): : 0} 25+/ - 5§6 15
Fi ber Csnt ernt ANGLE | Micron | Micron Micrdeg| e dieron Micron | Micron
(6 & 15 Denifer) Bi ndef Type: Acrvlic Latex
i ) .
(solids 38% prar |1.025|4.025| 22.0 | 48.0 | 62.45 | 67.72
“ 10° 1.4 5.6 34.0 53.0 65.7 69.2
200 | 1.6 | 5.5 | 34.0 | 66.0 80.2 | 83.0
30° 1.6 5.8 27.0 64.0 74.8 77.6
10 40° 1.7 6.7 27.0 65.0 73.8 80.9
50¢° 1.6 8.6 28.0 64.0 74 .3 81.7
60° 1.775 ] 6.15 29.25 68.75 76.48 84 .58
70° 1.875 | 5.55 28.5 66.0 “75.15 85.85
80° 2.9 5.9 22.0 51.0 64.6 80.9
15 “ 90° 1.0 5.25 21.0 49.0 60.9 71.8
The experiment indicates that the optimum

efficiencies are with the filter at an angle to the

incoming air from 20-75 degrees, preferably from 40 to 60

degrees.
20 The angled surface supplies an increase in
efficiency. The resistance to air flow can be lowered by

increasing the surface area of the filter suitably by

alternate bending of.thé panel to form 6pposed angled



Porosity (cfm Ftsq. @. 5W5) : 740cfm 20 Col or:

Wi te Text ur e: Stiff/Lofty

Antim crobial : Aegi s

or Equil] The effect of -the angle of the mi@q?u ticle
25 cap ur%hg'ﬁsi ciency was tested by placing a flat panel o §9(?m%ithe
5-1ayer filter nedia of Exanple 1 across an air steam fl owi ng at 300
feet per mnute (FPM. Particles at 14 di fferent sizes were counted
with a Hi ac/Rayco | aser particle counter both before and after the
filter to 30surdsicas. shMebti ciiites gpedaftéersdnt lavcedfisiieesy Ine
angle of the filter corrugation was changed in 10 degree I ncrenent s

from 0 degreestiiizmipa 8lopedegtbbsenough dust\prggicigggare captured.

PCT/ US97/ 18482 . ) ) . - 13 . L.

TABLE 2 As the filter fills witprpargeprppeFirées, its efficiency (g 3
0.5 1.0 3.0 . 5.0 10.0, 5 QNGLE M éron M cr.on M cron
Mcron McrdR GARY@Ring small marriclefsthatoman depgsit ipg ghe

62. 45 7.72 e 10[lerrll. 4 5.6 4.Q, .- ..53. 65, 7 69. 2
Soterr] 1% TgepiratoryobYbtbifporedags, rhe g1t ol a gipedrikog

>. 8 27.0 iniggagly' c;%'t%re sh&18 paqu:i-cles 4'1.% %!’rﬁﬂz]oJed b}ﬁ 'a?ddin§7' 0

65.0 73.8
electrostatic media to the filter, especially when the

filter is positioned at an angle greater than 10 degrees
or less than 80 degrees to the incoming air.

10 Referring now to Figure 1, increased area and angled
surface are both provided by corrugating the media 10 to
form folds 12 having élternating upper and lower outer
curved ends 14, 16 and opposed angled walls 18, 20.  The
ratio of the length of the sum of the two angled surfaces

15 ig at least- 1.2 to 2.5 times the length of the distance
between adjacent curved ends and preferably ffom 1.4 fo

- 2.0. The.joinder.24 of the inner walls can form a
radius. |
Referring now to'Figure 2,.as the incoming air 11

20 contacts the folded media 16, the air will diffuse across
the slanted wall surfaces 18, 20. The air will search
for the path.of least resistance to pass through the
filter 10. In the: beginning, the path of least
resistance will be the slanted wall surfaces 18,20 rather

25 ﬁhan at the inner ends 26. As shown in Figure 2, the
particles 30, espéciallylthqse having larger diameters,
will begin to collect at_the bottom of the fold.

The air flowing to the bottom of the fold will be



50[err]1.6 8.6  28.0 64.0 74.3  81.7 - 60[err] 1. 775

6. 15 29.25 -+ 68.75 76.48 84.58 70[err]1.875 5.55 28.5
66. 0 75.15 85.85 80[err]2.9 5.9 22.0 51.0 64. 6
The  experi nment i ndi cat es t hat the optinum efficiencies are
with the filter at an angle to the I ncomng air from20-75 degrees,
preferably from40 to 60 degrees. 1X ‘The angled surface
supplies an increase in efficiency. The resistance to air flow
can be | over edigfilected changidonglitdeddmersdonar eaThe tHEY f | ICBEEYIHS abl y
by al ternat e bendi ng, of. the panel to form_oppqsed anglc;1

98/ 17368 smaller partlculate matter gradu lﬁi?ﬂ e angled

14 surfa S ,at e_at effl C b :

st rai ni ng anrYE1 |}8 n%% ggf?rclgg aW@ ﬁpwﬁﬁg &tome logdeghe

i et 2 RACH, o S @%M&efsa%g
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efficiency for collecting suB micron sized particles. |
The same mechanism will occur on the side walls as the
bottoms of the folds load with dust..

10 211l of the mechanisms of filtration are enhanced.
Straining. and electrostatic deposition become more
effective due to increased dwell time. The deflection of
the air increases the- turbulencé of the air flow
enhancing impaction and interception of both large and

15 small particles. Diffusional mechanisms are always in
effect capturing sub-micron particles.

Thé distance between adjacent outer ends 14 and 16
controls the tbickness of the filter. The final filter
assembly including the outside border £frame ‘has a

20 thickness from 0.5 to 4 inches, usually about .75 inch

thick.
EXPERIMENTS

Five filters about 2 feet wide and one inch thick
prepared in accordance with Example 1. Each were tested

25 for dust collécting efficiency in the 0.3 micron to 10.0
‘micron range from an air steam flowing at 30b feet per
minute. The air temperature was 70.2°F and the relative

humidity was 55%. Testing was by the laser counting



or less than 80 degrees to the incomng air. 10 Referring now to
Figure 1, increased area and angl ed surface are both provided by
corrugating the nedia 10 to formfolds 12 having alternating upper
and Iomg&ogy Hes curved ends 14, 116 and opposed angl pgrxgéiashS, 20.
The ratio of the length of the sumof the two angled surfaces 15

is at least 1.2 to 2.5 tines the length of the distance bet ween

adj acent curved ends and preferably fromé.4 to 2. 0. The j oi nder 24
of the inner walls can form a radi us. Referring now to
Figure 2, as Blys tienc prievg. calisl yl Besg@ribesbnt act s the fol ded nedia 10, the
air will diffuse across the slanted wall surfaces 18," 20. The air

will search The test ﬁﬁ@uﬁﬁﬁhaGﬁ laga Fiold@sisst ance to pass through the
filter 10. In the inning, the path of |[east resi stance
will be the sﬂanﬁ%%ﬂgkﬂqe diftsece dumbery I at her §%5° than at the inner ends
26. As shown in FqGureieLon he particles Specially those having
| ar ger di®aneters, 0. will begin to collect at botton1of t he fold.

The air flowing tgshe bottomof the fold will bﬁ563 . WD 98/17368

PCT/ US97/ 18482 ) defl ected changi ng

its direction d@ f@te fyi;gy @%mber 5 smaller particul ate matter

'graduallyflovvs' me&% wal I's 18, 20,0f 4he fold. The walls
wi || beggme | oade mnth smal | dust and SLmn4n§r@n sized particles.
The oo 83.92 %
10.0 94.28 %
3. Complete filter number 3
0.3 micron 6.7 %
15 0.5 15.7 %
5.0 . 85.6 %
10.0 ' ’ 90.89 %
4. Complete filter number 4
0.3 micron _ 6.8 %
20 0.5 ' . 14.6 %
5.0 . 88.6 %
10.0 93.51 %
5. Complete filter number 5
0.3 micron 7.3 %
25 0.5 13.4 %
5.0 84.9 %
-10.0 92.66 %

The resistance was 0.15 W.G. and the average of the

5 tests are tabled below as well as the average

30 efficiency of a typical flat commercial. electrostatic
filter wherein the resistance was 0.20 W.G. or 33%

greater.



5 | arger particles which travel at a higher velocity and inertia
will collect at- the bottomincreasing the efficiency for collecting
sub mcron sized particles. . The same mechanismw || occur on the side
wal | s aswdesri7368 bottons of the folds |oad with dust. 1BCTAUS7/18482| of

the mechani sns of filtration are enhanced.
el ectrostatic deposition becone nore
dwel | tinme. The deflection of

Straining and
effective due to increased
the atf increases the turbul ence of

the air flow
15 small particles.

The—di-st-

capturing sub-gm-cron—parti-cles-
outer ends 14 |JandRARTICLE SEZHEtr
dssenblPiigusnldi ng

filter
thi ckness from 0.5 to 4 inches,

| ROYER ARRCEKRBTERO
heEBRI CTENCYol#br
sual Iy about .75

enhanci ng i npaction and interception of both |arge and
Di ffusi onal mechanisns are always in

‘ef f ect
ance—-belwean—adascgnt

f tBRIOR|ART AIRe fli nal
f rane EELIER 20

c EFFICIENGY ci&)

EXPERI MENTS glge Tlrtﬁié about62§reet w de and ong bnch thr gk
prepared in adcordance Wwth Fxample. 1. Fach were tested 257" for dustf
coll ecting effliciency ppsthe 0.3|micron 19.40.0 m crog.4ange frgm an
air steam fl o 6 at—306—feet pet rrate—Hrer—at— 'tcnpcn attte—was
70.2[err]F and the relatPve huni di 85-%as 55%| Testi®$ -Was by tHe

| aser countin 98/ 17368

PCT/ US97/ 18483 10" 93.-6 46 syst'ém previ qusl y
descri bed.

Figure 4 is a graphical representation'of”the.above
reéﬁlts for my novel air filter design. Figure 5 depicts
10 the results for a flat prior art air.filter.

Iﬁ qomparing my nqvel air filter design to the prior
art, at the 0.30 micron-range the average amount of
'particles observed by the laser upstream of.the filter is
750,0d0 particles per minute. -~ A _prior art filter
15 efficiency of 2.8% would permit more than 729,000
particles per minute to pass through. The radial pleat

having an efficiency of 6.80% would permit 30,000 fewer
particles per minute.

The particle size that has the largest filtration

20 efficiency difference is ét one micron. Foxr this size,

an upstream lasex*observed:approximately 12,000 particles

per minute. With the prior art filter having a 22%

efficiency, more than 92,360 particles per minute would

pase through the filter. Héwever, my novel filter design

25 ' has an approximate efficiency of 37% for filtering omne

micron sized particles and would permit less than 7,560

particles per minuté to pass through my filter design.



The test

results are as follows: 1. Conplete filter nunber 1
0.3 mcron 6 8% 5 0.5 ' ’
12. 3% 5.0 86.4 % 10.0
7.2 %10 14.3 % 5.0
83.92 % _10. 0 ' 94.28 % 3. Conmplete
filter nunmber 3 0.3 nicron 18 6.7 % 15 0.5
15.7 % 85.6 % . 10.0
90.89 % 4. c@ﬂnﬁ eradial t pReatiniRy qorrugated aere, Fik%emm has an
6.8 % 20 0. 14.6 9 5..0
88.6 % incqgaed surface area over the Eg;g{ Gir flatS.flé(Frﬁﬂ-ete
. . - 7 0 :
EgIZe&)nunber ?ts5eese ofckfzggfﬁgncan be attg&?g;gﬁ tg'ghé)¥iﬁ§qfs 0.5
92.66 %

5 tests are ta%l?l%ilggl ow as We
typical flLat
was 0.20 WG

PCT/ US97/ 184821 5 arger dust holdln%Qcapac1ty and will last longer PARUWE:E
NOVEL Al R FILTER PRI OR ART- Al (

FI LTER

10

15

20

25

56 1801310883196 18 WG B hOSEBHEL A8 oo e

€ avera I enc

QuEELcLak R LLOSHRAE e | (11465 phPEElniie hevestance

% greater.

cleaning. As the filter collects dust, the filter ef-
ficiency will increase.
Another aspect of the invention is in the

fabrication of the filters. As previously discussed, one

- embodiment is a five layer assembly 100 as shown in

Figure 6. The central layer 102 is a thin, behdable foam
or high loft polyester layer. The central layer 102 is
covered with layers 104, 106 of the passive electrostatic
netting. The outer open mesh expanded metal layer
grills 108, and 110 complete the stack. One grill layer,
either 108 or 110 is slightly longer at 114 and 116 by
1/8 to 1/2 inch on each side.

'The longer length of one grill layer folds over the
ends of the corrugations and extends over and forms a
mechanical bond 130 with the upper expanded metal layer
108. The locked flat aSéembly 132 prevents the folds
from returning to flat cbndition. After corrugation, the

filter is completed by securing a U-shaped metal channel,

not shown, such as aluminum, to the four edges of the

folded assembly. An adhesive, preferably water-based,
can be applied to the U-shaped channel to.-further secure

the filter in place thereby preventing the corrugated

Sl ZE -

M cron) FFI CI ENCY (%



. EFFI CI ENCY (% 0.3 6.8 2.8 5
0.5 ’ : 14. 1 4.4 : 5.0 feplaced.- 85.9
83.7 10.0 . 93.6 - 91.3
Fi gure 4wioosp7sggaphi cal representation-of the above FEgusdrasdsar ny
novel air filter design. Figure 5 depicts 10 the results for a flat
prior art air filter. In conparing ny novel air filter design to
the prior art, at the 0.30 micron rkhge the average anount of
partlcl es observed b the lIaser upstreamof the filter is 750, 000
particles per Fohdselromargrpsping: tofp fdat P\S’ndléflfqrblaé%ﬁl%]fc’d%@m
would permit pore tha 729, 000 particles per mnute to pass
through. The r&gPa) theehrame. havi ng an efficiency of 6.80% woul d permit

30, 000 fewer rticles per e partlcle Si t hat
has the |argest fi FE%&FF&HQ 2 galé‘ff erli:'c"xg“ldfeff¢,§r'en-cE § s TRLL5RS %f

particlos. °! contﬂ%?nut§fﬁ*§%¥kkaﬁ>§e°%?%§?§??t B R W00
effici ency, nmojL, ngy?’%e?@t? +ﬁ|ﬁ§e pﬁrﬂ@ézjglel"ﬂé’f c*:he rolP@Psli(WaPUQh

the filter. However ter design has an approxi mat e
efficiency of ézs/eéﬂéefaﬁéfflagfﬁﬁ@mnt to ESER T il dHF LA Rl ESi Anchawul d

-permt less than 7,560 particles per . mnute to pass through my filter
desi gn med¥ 98¢ 1¥BE88bottom of a fold. The sharp, pointed tops
PCT/ US97/ 18482 - 18

126 of the forming members 122 form the inner pointed

ends of the 5-layer folded assembly.
10 .The filter assembly of the invention is suitable for
- replacement of filters used for filtering incoming air
supplied to residential heating and air conditioning
systems. The filters usually have a thickness from 0.5
inch to 3 inches, typically 1 to 2 inches and are
15 rectangular usually having a width of 1 to 3 feet and a

length of 1 to 3 feet.

A 5-layer filter assembly according to Figﬁre 9 and
Example 1 and a flat construction competitor’s filter

were tested by an independent test laboratory at a test

20 velocity of 300 feet per minute. Results follow:
\ | . | THIS SHEET HaAS Begy
This Sheet H, ' RE PLACEQ

Wi Iim
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The radial pleat or corrugated air filter has an i ncreased surface
area over the prior air flat filter. Its ease of cleaning cah be
attributed to the filters ability to let the dust collect between

t he fol dsw@@ﬂll‘(% enter the filter nmedia itself. Thechiushpisss ||
have ar ger dust hol di ng capacity and wll [ast |onger between -
cleanlng As the filter collects dust, the filter ef- ficiency wll
i ncrease. - Anot her aspect of 2the invention is in the 10
fabrication of the filters. As previously discussed, one enbodi nment
is a five layer assenbly 100 as shown i nTABLE Figure 6. The central layer
102 is a thin, bendable foa or_high loft polvester |aver. The
central |ayer 102 Pértlcle §9¥gred with layers é?ﬂl iﬁﬁcgf t he passi ve

el ectrostatic {15 The outer open nesﬁ expanded nmetal |gyer
grills 108, an 0—conp : e—t-he Ore—g ei-t-her108
or 110 is sllgrtly(MDm@@N)at 114 and 1CEMBRTITION 1/. ﬂmﬂ&mmTIONH1 on dach
si de. The | onger length pf one grill laye folds over the PO
ends of the co rug@té S;and extends OvVer—giid Tor s g T arjf bond
130 with the ugper” & g hded metal |pyer 108. tThe | 68X flat
assenbly 132 prlevents the folds fromreturninglto flat condition
After corrugatifon,othgi.o filter|is combeted by $ecurizig z U shapdd
metal channel, }} 25 not shown, such as alum num tofthe four edges oaﬁthe

f ol ded assenbl - VE, = cambe—afpl i ed
to the U-shaped cha -90 further kecur®2-7%  the {iltelr3-#%l ace tHereby
preventing thejfcorrugated

| 2.0/3.0 40.7% 73.1%

10 3.0/5.0 55.7% 83.9%

5.0/1.0 56.25% . 88.1%

~ The filter of the invention shows substantially

better capture eff1c1ency at all particle sizes. The
filter of the invention Wlll capture substantially all

15 particles that affect respiratory or allergic reactions.
It is to be realiZed that only preferred embodiments

of the invention have been described and that numerous
substitutions, modifications and alterations are
permissible without departing from the spirit and scope

20 of the invention as defined in the following claims.



19 folds fromreturning to a flat condition and di sl odgi ng from

the frane: . JM'B““EM"HHFM' to Figure 8, the rollers 120 contains

a plurality of offse _ g menbers 122 evenly 5 spaced on

the S“réﬁﬁsg%%ﬁsOf thé rbller "m20 a*di stance apart pekfdseiBRé to form .
radi us

a curve in the nedia at - the bottomof a fold. The sharp,

poi nted tops 126 of the form ng menbers 122 formthe i nnefplétat ed
ends 144 of the 5-1ayer folded asseably as best shown in Figures 9
and 10. 10 Figures 9 and 10 illustrate alternative nethods 150 and
250 respectfully, for assenbling i nvenCLaAMEO. Figure 9
illustrates electrostatic netting layers 104 and 106 di sposed on
opposi te sides of Ient rialldminzted gyrr filterjoomprisRagkers 138 partially
imerse into respective 15 adhesive baths 140 to apply a fil m of
adhesive 134 and 136 2 laygiorrhefiltiptigrrgedda and 106 respectful ly.

Expanded netal |aye[rs or %rills 108. and 110 are thereafter
posi tioned upon nettind| €Y 1021 an§LEGETPSSFEAS uIR]FOUS  SheqBiRg| m

| ayers 134 and_136.causjng the.netal layers to, be 20 __.adhgsjvely.attached
to each’respe@?%?glﬁiﬂé* 5§, Bpon eig%ﬁﬁﬂ?i§% ﬁgoﬁﬁégﬂfki%ﬁ?gé?nused
to corrugate i?geELve I ayer : assenbly 100, Rollers 120 are used to .
produce an aci ! interior angle 144 and a snoboth exterior curvature

142. Fi gure ' céig i r

having applied a film (])E}O da#h%%%%%%ﬁ% é%e%%e@ﬁe%é;aﬁ 1359g1trog€ach

si de. Expanded,igt @1 dc@wsist A0& ade+Patr 8ot M@ to form the outside
surface of the air filter; and

gsaid grills, said electrostatic layers and said

10 filtration layer having a corrugated configuration.

2. The laminated air filter of claim 1 wherein said
corrugated configuration forms adjacent -wall surfaces
where the angle between said adjacent wall surfaces is

between 20 to 75 degrees.

3. The laminated air filter of claim 1 wherein said

electrostatic layers are passive electrostatic layers.

4. The laminated air filter of claim 3 wherein said
passive electrostatic layers are selected from the group
consisting of polypropylene, polyester, nylon, and

polycarbonate.

\
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19A - posi tione r 202, the filmlayers 234 and

236 causin &he nmet and 210 to be adhesi vel y + attached to
cent ral'ﬁ'—ﬂpé‘% 202. I am ’ adhe5| ve 235 and 237 is applied
to the ag%%l Gsgssur f ace nmetal |ayer 20%cansko7igisdy '

rollers El ectrostatic - nettlng | ayers 204 and 206 are then
adhesively attached to netal |ayers 208 and 210 respectively. The
corrugation process is the sanme as22or that described for Figure 9.

The filter assenbly of the invention is suitable for 10 repl acenment of
filters used for Bi.l {The Agninadech@ix rfllter ofusdiaiad & vhexsiderfaid
heating and air_conditioning % ._..The filters usually have a

t hi ckness frofidtration mﬁﬁéﬁ lpyers a?néhééltQFﬁﬁﬂu%ﬁ%}c¥PQRY of iafches

and are ectangu%ar usuallﬁ haV|ng a_ w dt lof 1to 3 feet and a 15
length of 1 tbe3SkeBPs for 10 micxom piggd PPFF&F &Ssenbl y according to
Figure 9 and Exanple 1 and a flat construction conpetitor's filter

wer e tested by an independent test |aboratory at a test velocity

of ‘300 feet per m.nut R I £ 7 . .
PCT/ U897/ 18482 6. 'f'he féH&.Lgtéa ng filter of V@gﬁ{l ]1 %ﬁ]%reln said

deformable grills are comprised of aluminum.

7. The laminated air filter of claim l'wherein said

filter is stitched about its periphery.

This Sheet Has Been Reﬂ

8. A laminated air filter compriéing: “"m”"l"ml l,

a layer of filtration media;

disposed upon oné gide of said filtration layef
is a first layer of electrostatic porous sheeting
5 material and disposed on the other side of said
filtration layer is a first deformable grill;
disposed upon the outside surface of said first
layer of ele_ctrostatic porous sheeting material is a
second deformable grill;

10 disposed upon the outside surface of said first
deformable grill is a second 1éyer of electrostatic
porous sheeting material; and

said grills, said electrostatic layers and said

filtration layer having a corrugated configuration.

9. The laminated air filter of claim 8 wherein said
corrugated configuration forms adjacentrWall surfaces

where the angle between said adjacent wall surfaces is



TABLE Partmgﬁ e HBBeen & EFFICIENCY 5 (M CRON)

COWPETITION ' 1 NVE 6’ 3/0.5 0. E}{(pitr(m

e S,

1. 0/ 2. OWO 98/17368 42. 4% . 2.&%@7]18482

40. 7% - 73.1% ' 3 0/5.0 . 55. 7%

83. 9% 5.0/1.0 56. 2% 88. 1%

The filter of the invention shows subst#dtial |y better capture.
efficiency a %3 %f The filter of the invention wl|
capture subs aqyg e%ﬁﬁ??cles that affect respiratory or
allergic reactlons It is to be realized that only preferred
enbodi nent s of the i nvention have been described and that numerous

substitutions, qgglfTﬂéﬂléMEhatéH"éﬁfﬂff%E%&l3%§°1a$%fﬁeWhergﬁsrg%§ Lble

Wi t hout . departlng fromthe spiLrit scope
defined in tBee@ldaMatG Cl1&YE-s are passidle electrostatic layers. L. A

washabl e, air filter for filtering inl'et air to a heat i ng
and/ or air conditioning systemconprising an assenbly

formed of: ' a deformabl e, non- electrostatlc pad of
a high-loft, air11. ‘The laminatediglir febtérbendedaadl YI®rikerbiRers
havi ng a hlgh filtering efficiency for 10 mcron and | ess
particl es andahdvipagsdvehiedlemtsostatic layers are faaledcdd £Ho@. #hei Nches
and a density fromO0.5 to 5 ounces per yard, said pad

havi ng a fro8FoYRr FaBeighdng péapotvpfapplene, polyester, nylon, and a

| ayer of woven, porous, passive electrostatic fabric
polycarbonate.

12. The laminated air filter of claim 8 wherein said
filtration media layer has a filtering efficiency of at

least 80% for 10 micron and above sized particles

13. The laminated air filter of claim 8 wherein

said deformable grill is comprised of aluminum.

14. The laminated air filter of claim 8 wherein

said filter is stitched about its periphery.

15. An air filter comprising:
a deformable pad of filtration media;
a layer of electrostatic porous sheeting
matérial disposed on one side of said filtration media;
5 sald electrostatic layer and said deformable
filtration media having a corrugated configuration.
16. The air filter of claim 15. wherein said

deformable filtration media is comprised of a thermal
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di sposed on either svﬂﬁ m% t he pad having an inside surface in
i

cont act th sAi d sur ’ ﬂﬂ””"g an outsi de surface;
ontact the outside

a def or nebF&" net al

surfaceayobamﬂgsfabrlc and Sapé&rResisdy havi ng
a pleated configuration in which the angl e between

adj acent wall surfaces of the pleats is from20[err] to

75[err]. 2. An ai?4filter according to claim1l in
whi ch the passive, el ectrostatic fabric is a woven fabric
sel ected fronfEheiggonpterial. consi sting of a polyal kyl ene of
1-8 carton atons. 3. An air filter according to
claim2 in which the passive el ectrostatic fabric as a
woven net. . An a Lter cor |n to clal 21in
whi ch the passivel’: The air fgl&@%btfﬁét&hﬁ&mhogg es

pol ypropyl en |r rd| to claim4
in which theqa%egﬁgated Conflguratl%%&ﬁ?ém dg CL nes 01

inch to 0.1 iykdire the angle between saili aﬂh@%ﬁtbfﬂ\ifr sﬁ%%?yg' 5ng g

claim2 in which the polyneric ers are po &St ér.

7. An ml’fIﬁé&weéﬁcmgdt@g7$0d§é@éQ56 in which the bonding :
resin is an acrylic resin. 8. In the filter according

toclaim7 in which the filter has a periphery and further
including a stiff frame engagi ng said peri phery.

22 9. An air fiBterThecoadlrngfidteirai oE8 chawhi ch5sawHekeliher said

is stitched about said periphery. : : 10. Afilter accordi ng
to claim3 ielMrerrstatiqi sigfa passive electeosatimt dayak.is from
0.02 to 0.06 inches. : - 11. A filter according to claim 10
in which the woven net has a weave which appears to have a

honeyconb structu A filter agcording toclaim1l in

which the filter e ofpe air filter é%‘-'rluc&aéﬁby}sf UPeﬁeénnﬁéﬁénPﬁﬁﬁwel es of
at least 6.8 d..of nuf acturin

filter for fl%% CtrOStatlc layer lgnFA}egﬁ?g W@ agﬁgﬁPlﬁagﬁﬁﬁpanair
Concl 1 0Nl N9 6%/ HMpwopylons, poBEELS) &, LB jearbonate.

pl aci ng a sheet “of paSS|ve el'ectrostatic n t|n

pol yal kyl ene fibers in contact wth the surfaces of a non-

el ectrostatic pad of a high-loft, air laid, resin bonded, polyneric
fi bers having a td ckTiessafir ofi &b &0 Ol4bmi 15 hvidetee Bn 088SE ¥eht 881

0.5 to 5 ounces per yard and a high efficiency for 10 m cron or
| ess particl éd1lter media layer has a fillteating aflifdydenafy pdr auslemsal in

from

contact with the outer surfaces of the netting to form an
assenmbly; af@% for 10 micron and abqteeaizey swntizlssnbly to form pleats
in which the angle . between wall surfaces is from20[err] to
75lerr]. 14. A nethod according to claim13 in which the
passi ve ‘5 ctrosta% i netting._.is a woven fabric selected from
t he group 1. %s?éfl g 5P aCfo Y ERY fend it hem R Bke s,

15. A met hod a%(é?; gl'dn%l %tgrlo%ltrgt]idc': Il%y\@l C(ﬁspos SosnI ae side of said

deformable filtration media opposite from sald first

electrostatic layer.
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el ectrostati c woven LabL+£_ggns+sLs—ei—polypropylene 16.

A net hod according to claim15 in mhl h'the woven fabric has a
t hi ckness of from 0. Oamulm’"ﬂtﬂ]ll‘!“ 23 .

17. A Rpdbgehsegcordi sthi ch the pol ymeri pCT/US97/18482.
fibers are pol yester. 18. A nethod-aq&grd ng to clalm
17 in which the bonding resin is an acryli (

19. A method according to claim13 in w25h said filter has

a periphery and further including the step of encasing said

periphery in a nmetal frane. 20. A net hod accordl ng to
claim 19 further incl ud| ng the ste p of stitching said filter
about said periphefy. A met thod for construghing aipéd bLLEEFt BAVAZS nl et
air to an air candition , an heating s

per manent fi B eE1d&®or | E'Fﬁe;at h&3¥eEpaRt: @ q‘ayer of S¢ie Icnrosg:atﬁf:am ng a
vvashablefllt%r as, defined i cl%mllnthe path of the
inlet air; eting comprlslng n%f particles fromthe inlet air

into the filter \Y; t he
filter fromthe path o‘fl ? os:|ur11 e?ﬂe electrostatic sheeting 5588 Itﬁlgng t he

filter pad t dd PR fﬂf§ éﬂﬁ1 1nat and
reposi tioni ng tlﬁ:rg%/%fter in t e pat% the et al f
stream forming the surface area of said laminate into

a corrugated configuration.
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