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SHQCK. RESI STANT-HL.GH EEEI CI ENCY._VACUUM — CLEANER
FI LTER BAG 5 Background and Field of Invention The
present invention relates to a vacuum cl eaner bag as well as a nethod

of produci ng,ga3egum cl eaner bag. 10 Convent acuum
cl eaner bagstﬂ%ve been constructed of- paper. Paper SQHQ%%%Vg cost

and general ly acceptable for renoving amd hol di ng the | ar ge

particles picked up by a vacuum cl eaner. However, vacuum cl eaners
have becone nore effective at picking up 15 fine particles and paper
bags are typically quite I nefficient at renoving these fine-type
particles from t he vacuum cl eaner air stream These fine particles
tend to remain in the air sg e paper bag
sidewalls with the exiting a??eg}ea.xééfkf) 5|gnF?Hcaﬁ¥ aﬁ%ﬂ%@s of i ndoor
fine respirable particul at e pol CREANBR EILIERIBAGt 0 reduce t he anpunt
of fine garticulate discharged fromthe vacuum cl eaner bag

sidewal s, it has been proposed to enploy a_nonwoven fibrous filter
Iayer I n forn1ng t PAC KG) € gf . Patent No. 4,589, 894

proposes a filter |ayerridigiresent invention relates to a vacuum cleaner
bag as well as a method of producing a vacuum cleaner

bag.

10 Conventionally, vacuum cleaner bags have been
constructed of paper. Paper bags are low cost and
generally acceptable for removing and holding the large
particles picked up by a vacuum cleaner. However,
vacuum cleaners have become more effective at picking up

15 fine particles and paper bags are typically quite
inefficient at removing these fine-type particles from
the vacuum cleaner air stream. These fine particles
tend to remain in the air stream and are passed through
the paper bag sidewalls with the exiting air creating

20 significant amounts of indoor finé respirable
particulate pollution. In order to reduce the amount of
fine particulate discharged from the vacuum cleaner bag
sidewalls, it has been proposed to employ a nonwoven
fibrous filter layer in forming the vacuum cleaner bag.

25 U.s. Patent No. 4,589,894 proposes a filter layer that
comprises a web of random synthetic polymeric
microfibers, less than 10 microns in diameter on
average. This filter layer web has a specific range of
basis weights and air permeability. Further, in order

30 to protect this relatiwvely fragile filter layer, the
filter layer is sandwiched between two more resilient
outer nonwoven layers, for example, spun bond nonwoven
webs.

SUBSTITUTE SHEET (RULE 26)



conprises a web of random synthetic polyneric m crofibers, |ess than
10 mcrons in dianmeter -efp—— average. Thi s—fitter—layer web has .a.

speci fic range of basis weights and air perneability. Further, in

or der 30 to protect this relatively fragile filter layer, the

filter |ayeyplogsfmagdw ched between two nore resilient PW ? woven

| ayers, for exanple, spun bond nonwoven webs. 8@ 878
PCT/ uS96/ 04146 —2- -2- . S.

Patent No. 4,917,942 al so addresses the probl em of providing a vacuum
cl eaner bag W|th | nproyed . Patenfc ﬁ{,raalgf-, e§fd R/NFY S%%t %H&e
particles. The filter terial cohprises a mcro er we

synt heti c 5 poP}‘ﬁbll§W\/ﬁfc§r%bdha§ Hevaceim mq@@dmwm dmproved
support web. The @1%9%'1:965 &@h&eﬁé@r.ﬂ&&ﬁ& 'ﬂq'}lé:?)artlcle%l e &h ekilt\é@ ch

provides a filter nedia having high capture efficiency for fine
subni cron partlcI@§tﬁFﬂﬁlac°mPrls¢§mPﬁ@h%%ﬁﬁkPQﬁ(ﬂ?b °ﬁu§¥nthetlpbllomﬁng

the above two Sippb@d?ﬂ%&saﬁﬁlbhsweﬁaﬁ&‘@tbeen difR&:110 B red tang 5, 306, 534
in the nane of Bosses. e crlbe a di sposabl e vacuum

aj ent d
cl eaner bag SPPPPE HﬁPerlﬁPemm+eﬁ°%f§ isgghargedhto d8fY¥Rses a
m crof i ber web anelacsuppsyt whaygkrprovikdes he f:BB:ébr nd ipatastingt hdgh

mi crofiber filter hg¢bel 8780biGhAYILS: fine smvr% USRS

patent there is no
low pressure drop.

10 Following the above two approaches are U.S. Patent
Nos. 5,080,702 and 5,306,534 in the name of Bosses. The
‘702 patent describes a disposable vacuum cleaner bag
filter material which, like the 'B94 patent, comprises a
microfiber web and a support layer. Like the ‘894

15 pétent, the microfiber filter layer is not charged,
however, unlike the ‘894 patent there is no inner
support web. Like the ‘942 patent, no inner support
layer is described as needed, however, unlike the ‘942
patent the filter web is not described as being.charged.

.20 The patent examples exemplify that the melt blown
microfiber web liner does not clog as rapidly as a
standard cellulose (paper-like) liner. The examples
also tested for resistance to tearing of the seams and
of the paper when the filter was folded or flexed.

25 The 5,306,534 patent describes a charged filter
web, which is attached to a textile fabric to form a
reusable vacuum cleaner bag with high filter efficiency.
The electret filter web material is a charged melt blown
microfiber web {like the ‘942 patent) placed between two

30 outer support layers {like the ‘894 patent), for
example, described as spun bond materials. The charged
melt blown microfiber filter web layer{s) and spunbond
layers are pattern bonded together.
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support web. Like the '942 patent, no inner support | ayer is
deser+-bed as -reeded—however, unrHHe—t+he-—0942—— patent the filter web
I's not described as being charged 20 The patent exanples exenplify that

the nelt bl own m crofi ber web Iiner does not clog as rapidly as a
standard ceyvbyésses (paper-like) liner. The exanples ggﬁ ?g for
resistance to tearing of the seans and of the paper when t | ter
was fol ded or fl exed. 25 The 5, 306, 534 patent descri bes a charged
filter web, which is attached to a textile fabric to forma

reusabl e vacuum cl eancpeiaguli Babloh 0987201l iCKpssen) dTBErShES! T el

filter web material is a c arge
' 942 patent) pl ac@dVBstumerleaner Eﬁﬁcnﬁﬁﬁhéﬂbﬁﬁﬁﬁqkbvérén(plﬁe Pr&engos

patent), for NogXanphe, odgschhberl £5 Sruvidwnd vt ar isek$m 1B9ethanged
mel t- blown mcrofiber filter web |ayer(s) and spunbond | ayérs are
pattern bonded todBfn&@ce opposite the vacuum cleaner hose inlet to _g3.

PCT Publicati o W\pr3%idiSigetVoic Rossesonlessdiditmee agama@uma}cgéeaaﬁa
bag, such as descri 942 h i,s OV|ded

bed
with a scrimlayeP? 5?1caestﬁgdf€§% gbﬁ%sltigglﬁ§k3§b&ﬁﬁFEIéﬁngpnﬂﬁge Pnl et
to 5 provide spethei €idbeaslaper conky aat etlog aracstunl elganeanbag engdarticl es

and the like. Th%e%ﬁr'g&hﬁ!ffyiﬁgbﬂﬁﬁﬁ?%ééhr;nq1:he filter layer only at

t he vacuum cl eaner
Also commercially available is -an industrial dust

10 bag having an inner layer of a melt blown web (about 20
gm/m?) that is bonded only to the periphery of the bag.
This bag is used as a copy machines toner particle bag
and has an outer composite filter layer as described in
U.S. Patent No. 4,917,942, above.

15 - The above patents, all primarily address overall
filter efficiency, particularly with respect to fine
particles of a vacuum cleaner bag under normal-type
operating conditions where a steady low concentration
stream of particulates are being discharged into the

20 bag. The present invention is directed at providing a
filter bag with good fine particle removal efficiency
over an extended period of time without filter blinding,
which also has superior fine particle removal efficiency
under shock loading conditions. Shock loading conditions

25 occur when high concentrations of particles are
discharged into the vacuum cleaner bag over a short
period of time, such as where a vacuum cleaner is used
to pick up a large pile of dust or debris. The
invention is also concerned with providing a wacuum

30 cleaner bag which displays a long service life without
significant reduction in air flow or increase in
pressure drop.
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seans sinplifying manufacturing. Al so commercially available is an
i ndustrial dust 10 bag—-hawvi ng an-i-naner |ayer..of—a-nelt bl owmnm web .(about 20
g nfERR]) that is bonded only to the periphery of the bag. This bag is
used as a copy machines toner particle bag and has an outer conposite

filter |ayeyorgasiggcribed in U. S. Patent No. 419171942?é§¢¥§?ﬁ*§y

The above patents all primarily address overall filter
particularly with respect to fine particles of a vacuum cl eaner bag
under nornal -type operating conditions where a steady | ow concentration

stream of particug Sr rgfb€i£@&&U§§gﬁ$ped into the 20 bag. The present
i nvention is dire filter bag with good fine particle

renoval efficiency Rohigh aef B ity vyeenvnadcdeanenef il tdmwbad i | t er

bl i ndi ng, whi s§ﬁ§§' I Jds r fjciency
under shock | oadi %gsg%)f\' ???g?is. léo?k"%‘_ic}glgi Egégﬁgﬁ%&;%&’%%%{gira when
hi gh concentrati ofdléerphapivate campositejhavinggetl least tone \adqudmigteaner

bag over a shogt The Beltef Dimind® conpositeB8hSrfs¥gcuum cleaner is used
to pick up a large pile_ of dust or debris. Th i nvention is alsq

The .
concerned with providifiy a FAIRIHBEURAEINLAYBEGOHin® PRRREHIMALETialong
service life without b) signileasthioneedhairiged fibobusffDledy liay@rease in

pressure drop. containing electrets, and
c) an inner diffusion layer which is
10 substantially unbonded to said filter layer,
the diffusion layer having an air permeability
of at least 50 m*/min/m?, a tensile strength of
at least about 0.1 kg/cm and formed of fibers
having an effective fiber diameter of at least

15 about 10 um,

Brief Description of the Drawings :

Fig. 1 is a cut away cross-sectiocnal view of the
filter material used to form the invention vacuum
20 cleaner bag. )
Fig. 2 is a top elevational view of the invention
vacuum cleaner filter bag with a partial cut away.
Fig. 3 is a enlarged cross-sectional view of an
edge region of the invention wvacuum cleaner filtef bag.
25 Fig. 4 is a graph of filter bag performance versus
time for a constant fine particle challenge.

Description of the Preferred Embodiments
Fig. 1 represents a cross-section of the composite

30 material used to form the wvacuum cleaner bag of the
invention. Outer layer'12 is a support layer primarily
for protection of the inner nonwoven fibrous filter
layer 13. The inner nonwoven filter layer 13 is
comprised of a nonwoven web of charged electret

35 containing fibers, which can be any suitable open
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Summary of the Invention A high efficiency vacuum cl eaner filter

bag- reS|st—&n-t-—t-e-—shg<;k~Loadl_ng_Ls_png_ded_comar|S|ng a filter

| am nate conposite having at |east one air inlet. 5 The filter |amnate

conposite conpri ses: a) an outer support |ayer of a porous
material, woegza8780) at | east one charged fibrous filter Jgﬁg
containing electrets, and c) an i nner diffusion | P44 i s
10 substantially unbonded to said f| lter |ayer,

the diffusion |ayer having an air per meabi | i ty of at | east 50

mMerr]/mn/nferr] | east about O.

Si | e str 0
kg/ cm and f or ned o?g?wﬁg of c.gnarged HARSTS -an TBEY éétlFﬁé Y’PBeFOHF-‘én%? er
of at |east 15 formed ofibihe é;ﬂiterﬂ:]l:m:.llated Bhaebe@eﬁbéﬁél Qés@hﬁ&?

Dr awi ngs | ona VI ew

filter material use%g?oéféé%w %éilnve i vacdu%? Fﬁﬁng aﬁﬁﬁg

Fig. 2 is a top el éfhersnean \b%viqxfmqmentwmmoonoven vebubgn coneertidhal er
bag with a partg al mésths ARy - optlonally Hdined itd @ Eﬂ*)gégegnﬁ $§§H§e§&&9nal

vi ew of an edge r&gl on of the I nvention vacuum C

Fig. 4 is a graph %‘F $E10sefhihdtor Rateaty ¥oesus, 230, 8pfe f@rman@otﬂseant

fine particle chalbebtge. support QeSgIr Atad.on of the Preferred Enbodi ments
erial_used to

ol e Thcoim o Sane SUEFR s Whe B Bl rol L e 14" Ein e
support Iayer prlraumé;m bloﬁnnmnuxuﬁﬂusromo&hobbﬁ WwEDBL sHERVDY i £4 16 Suis
;Ihgﬁ&oven meb of arged t$§?moveg17|5%§r wgygﬂ cgnlge jo;gg {éﬁfd of
support layer during web formation as disclosed in that
patent, or subsequently joined to a support web in any
conventional manner to form the outer support layer 12
The melt blown nonwoven web is charged after it is
15 formed, however, it has been proposed to charge the
microfibers while they are being formed and prior to the
microfibers being collected as a web. The melt blown
nonwoven webs are typically formed by the process taught
in Wente, Van A., “Superfine Thermoplastic Fibers” in
20 Industrial Engineering Chemistry, volume 48, pages 1342
et seq., (1856), or Report No. 4364 of the Naval
Research Laboratories, published May 25, 1954, entitled
“"Manufacture of Superfine Organic Fibers” by Wente, Van
A., Boone, C. D. and Feluharty, E. L., which fibers are
'25 collected in a random fashion, such as on a perforated
screen cylinder or directly onto a support web or in the
manner described in PCT Application No. WO 95/05232
(between two corotating drum collectors rotating at
different speeds creating a flat surface and a
30 undulating surface)}. The collected material can then
subsequently be consolidated, if needed, and charged,
such as in the manner described in U.S. Patent No.
4,215,682. Alternative charging methods for the filter
web layer to form electrets include the methods
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35 containing fibers, which can be any suitable open

-5- nonwoven web_of charged fibers. The filter web could be __.
formed of the split fibrillated charged fibers described in U S

Rei ssue Patent No. 30, 782. These charged fibers can be forned into a

nonwoven weh £ﬁ@ventional 5 neans and optionally joinqg %@ a
supporting sg?¥%1such as disclosed in U S. Patent No. 5 ) X
form ng the outer support |ayer 12. Al ternatively, the

-6-

nonwoven filter |ayer 13 can be a melt blown m crofiber nonwoven web,

h di scl d 917,,9 h dt
2 upport 1 a8 CatPEAGTheD T or bRt NP i 5edas: Rx: Aapo2, B S et
or subsequentl|y | 8CHedppdicabippdid. Vit 957 C&H01. conventional manner to
T k" SUPROT Ltk Elndes, soonusd P orbbOl BONBISTUE A .

charged after it is 15
m crofi bers whil egeReyaily 5@rm@pfqﬁrﬂaﬁk§ﬂiqmq polymerksecapabiecobf bebng

peing col lect &gl agnaryel. o ToFedd le MLt prof@RNaKSN WRDRCRE1YYPI cally

formed by the process taught Van ., Supertine rmopl astic

Fibers' in 20 InHB%V??%FIEﬁglPR%Y??EFQ&ﬂ%ﬁﬁ?tPV Y?UPG#§'4B°lﬁa§§§r§3§9d
et seq., (1956), eneRepRétatl.sdBesbd, e fdaveld are gswg&sbykéaegﬁtorles

EPELLEPegyNS£nEg 125?ﬂ—me£ﬁyi-penten rgga%% %%%r onat grf gcglganlc

polymers are free of additives that tend to discharge

10 electret properties. Generally, the filter layer should
have a permeability of at least about 2 m%/min/m?,
preferably at least 10 m*/min/m® up to about 400
m’/min/m?’. The basis weight of the filter layer 13 is
generally 10 to 200 g/m’. If higher filtration efficiency

15 is required, two or more filter layers may be used.

The nonwoven filter layer can also include additive
particles or fibers which can be incorporated .4in known
manners such as disclosed in U.S. Patent Nos. 3,971,373
or 4,429,001, For example, if odor removal is desired,

20 sorbent particulates and fibers could be included in the
nonwoven filter layer web.

The composite material forming the vacuum cléaner
bag sidewalls is further provided with an inner
diffusion layer 14, which is substantially unbonded to

25 the filter layer 13 except at the periphery of the
vacuum filter bag 20 along a seam 25.

Both the outer support layer 12 and the inner
diffusion layer 14 can be formed of a nonwoven or woven
fibrous material. Preferably., for ease of

30 manufacturing, cost, and performance the outer support
layer 12 and the inner diffusion layer 14 are nonwoven
fibrous web materials formed at least in part from hea;-
sealable or weldable thermoplastic fibers. Examples of
such materials include spunbond webs, spunlace webs and

35 consolidated carded and “Rando” webs. However, even if
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A, Boone, C. D. and Feluharty, E. L., which fibers are 25 <collected in a
+andem-f ashi on, such—as—en—a perﬂe+afed—————ee+een cyl i nder -er—et+ectty—

onto a support web or in the manner described in PCT Application No. WO
95/ 05232 (between two corotating drumcollectors rotating at

different speegssssecating a flat surface and a 30 undul at igegafdédase) -

The collected material can then subsequent|ly be consolidated, If

needed, and char ged, such as in the mannér- described in U S. Patent No.
4,215,682. Alternative charging nethods for the filter web | ayer to

formelectrets indeste deha1ketBessc bonding is used to form the edge seam
S. Paten Nos. 375,.718 or 4,592,815 or

-6- descri bed
Aol i cation Ko, B ang:Facuan ClebRot fAgy Yne SURSETSNEORE AONGGVBRES
filter layer are not msahkylyowelde@ﬁ - skl Ale i€ mitmr srchpahl efof

ol year bonat es. - pdtyariraes, SAEEGEEon PLARRH 1 P und IR Furker 2qBnfatare®
preferred are polygmdppbaaable A@o$q¢hbrmnénduqaansapesrtonayer 12 can
pol ycarbonat es, WhLh pnon HQL¥D1§£§15’%en ;?cﬁ‘cms %’zﬁp‘u\éeﬁa PQ‘Ea&enEuéﬁdas

di scharge 10 electret properties I''ter Tayer
have a perneabil it P3P FERLP, aBbRAER 2°1Fr[‘é’r¢ ]llkiﬁen/ mMerr], preferably

at least 10 nferr]/mi n/c;@be&ahyp ﬁse a@@@@r pport Mhagek] Api Rk eRitea The

basi s wei ght of the fllter ax
nly by the ecessity that it has a .strength sufficient

10 to resist tearing in ordinary use. Further, the outer
support layer should generally have an air permeability
of at least about 50 m*/min/m’, preferably at least 100
m’/min/m’ up to about 500 m*/min/m? or more. The basis
weight of the outer support layer 12 is generally 10 to
15 100 g/n’.

The outer support layer 12 can be either bonded or
non-bonded to the filter layer 13 with the exqeption of
the seam 25 area. However, if the outer support layer
is bonded to the filter layer 13, it is done so in a

20 manner that will not significantly decrease the open
area of the filter web. Acceptable bonding methods
include adhesives, spot ultrasonic welding or heat
bonding or the like. Generally, the bonded area should
be no more than 20% of the filter cross-sectional area,

25 generally less than 10%.

The -diffusion layer 14 should have an air
permeability of generally at least about 50 m*/min/m’,
preferably 100 m*/min/m? but less than 1000 m’/min/m?,
most preferably from 100 m*/min/m’ to 700 m*/min/m®. If

30 the permeability is more than about 1000 m’/min/m?, the
diffusion layexr is too open to act as an initial barrier
to the high velocity particles entering the bag, which
adversely affects the shock loading efficiency of the
bag. The diffusion layer 14 generally has a basis

35 weight of from about 10 to 100 g/m’, preferably 15 to 40
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generally 10 to 200 g/merr]. If higher filtration efficiency 15 is

required, two or nore f++er—layers nay be used— The nonwoven ..
fi-lter layer can also include additive particles or fibers which can be
i ncorporated in known manners such as disclosed in U S. Patent Nos.
3,971,373 w 429, 001. For exanple, if odor renoval i .red 20

sor bent part?gﬁFg?%s and fibers could be included in the %“gﬁ%ﬁﬁﬁaéﬁ
filter layer web. The conposite matgyjal formng the vacuum

cl eaner bag sidewalls is further provided with an inner di ffusion

atthe periphery 8 Tiho T eI Rasp Eifiaile’ Sagill dus SXooP!
Both the outer sufgdinedajsrthe examphes) merat leagitf abobnOL 20ekgddmecan be

formed of a nonwoyeRrakalB@yelt 1ea§£b£555krﬁﬂfgiﬁalcmere&ﬁéa?kﬁe Loéfegég of
30 manufacturing, cost, and performance the outér support fayer and
the inner diffusi 6APPRySitiusien hayepehruld havs apsefEpchiver £aberf or ned

at least in pagt GhageReslor ar SERLAMLSLGN MPYAAD! 8yt RERIRPLAFELG JADTS.

Exanpl es of such materral s include spunbon bs, spunlaCe” Webs Bnd 35
consol i dat ed car dédyeng imghude spiomchend wehsn off thermoplastic fibers

- 7- heat or HhﬁrééﬂQBQiQQBQanaaiéhd“W§£§(§JEW’ggtggiﬁggﬁo§§§@1cardéﬁ
t he vacuum cl eaner bag, the_outer support [ayer nee
webs of polyolefin Re.g., polypropylene) staple fibers.
The invention wvacuum cleaner filter bag 20 can be
10 formed by any suitable method, as long as the inner
diffusion layer 14 is substantially unattached to the
charged electret filter layer 13 throughout the entire
surface of the filter bag. Generally, as shown in Fig.
2, the inner diffusion layer 24 is only joined to the
15 filter layer 23 along the periphery of the vacuum
cleaner filter bag at seam 25 and around the attachment
collar 27 (not shown). The seam 25 joins two 'filter
composites 11 forming vacuum bag 20 with an inner open
area 26 for capture of particulate. Collar 27 provides
20 access into the inner open area 26. Generally, the seam
25 can be formed by any conventional means, heat sealing
or ultrasonic sealing are preferred, however, other
conventional methods such as adhesives can be employed.
Sewing is not preferred as a seam formed in this manner
25 is likely to leak. The attachment collar 27 can be of
any conventional design. The attachment collar forms an
inlet 28, which accommodates the vacuum cleaner dust
feed conduit.
A method for producing the disposable filter bag
30 comprises placing two air permeable layers, forming the
support layer and the diffusion layer, on either face of
an air permeable filter material containing synthetic
thermoplastic fibers and welding or adhering the at
least three layers along a continuous peripheral edge
35 1line to form an edge seam. Prior to forming the edge
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not necessarily be heat-sealable if either or both of t he i nner

dtfusion | ayer 14 -ane—t+he—H | t e—tayrer—t3—are—b—heat seal h,

t he outer support |ayer 12 can be a non heat-seal abl e, porous fibrous
material, such as a paper, scrim cloth or the Ilike.

Ceneral |y, <yip¢B8sgr support layer 12 is limited only b ssity
that it has a strength sufficient 10 to resist tearing in o?ﬁ?&g?@s§§é.
Further, the outer support |ayer shoul d ggnerally have an air
perneability of at |east about 50 n{err]/nin/n[err] preferably at

| east 100 ™ erdddnlfi WrTiglel UBehPndout r d1.Qr dore.
The basis wei gbt of tnhe Ol%erBe Qng QH z %&lgsﬂg%]{e}édjﬁ/ O t°15
100 g/ n{err]. e fi fﬁée§u$@r3§§9§othelﬁy tey bagn bRuirihdmmormnded or

non-bonded 10 the dir peirmedite ddtbkhlst fafdf oOf Pidlirile AdBEACUNLY B o

area. However, if the outer ort layer 'S

13, it is done so JaPiBaied nﬁﬁngget hae %/\P fommta ﬁ‘g"iﬁlﬂ%é?ﬁgy decrease the
open area bf the filter web. Acceptable bonding methods i ncl ude
adhesi ves, spot ultrasoni L0g, oL bondhno or t.he Like.
CGeneral ly, the bonded are#8 : : & BEHES NS i | ter
cross-sectional area, 25sgemesabfyvhessmtémwaﬂéBﬁfllters of £HE3§$QH€ﬁﬁ on

| 14 shoul d h | t | t 50
wtorr] /o nterr] 2hoeRtiBh vere, BEGEEARN LhindindnH ) HeciSaY A1¥es,s
nmerr]/mn/nferr] web maﬁrsgtlabrba’e;am § bashs WoigHteraq /40 rghnf[néur]‘rhe 700

”[err]/”1n/nfﬁﬁr]fllkEr3QeEQew€?é”@f@?éftﬂbﬂébdngfa&Aﬁﬂh b 100%uter
nferr]/mn/nferr] usion layer 1s too open to act- as an initia
barri er to thEURPGRtveRBEF19E pa%tb@re% ReRBINARY keme Ispyn Wionch fabric
adversel y affect shhhﬁznghackréﬁﬁér NSeBhéalSi BNGY ¥ AW m3/miRAR?

atlf a
di ffusion | ayer 1% gﬁnerall g §Dba5| s, 35 wei ght of from about 10 to 100
g/m, preferably a gm/m‘ (spun bond available from Don &

Low, Scotland, UK) or to a paper substrate commercially
15 available. The unbonded inner diffusive layer was a
polypropylene spun bond fabric having a Frazier
permeability of 625 m’}/min/m? and a basis weight of (0.5
oz/yd?) 17 gm/m’ (Celestra available from Fiberweb North
America Inc.). The filtration performance of these
20 electret filter laminate constructions having a
diffusive inner layer was compared to known vacuum
cleaner bag constructions. The comparative bags
(summarized in Table 2 below) included: a commercial
paper filter vacuum bag with a melt blown filter layer
25 (Comparative A}; uncharged melt blown (MB) filter media
vacuum cleaner bag constructions having bonded and
unbonded outer support substrates (30 gm/m?’ spun bond
polypropylene available from Don & Low, Scotland, UK)
and a bonded inner diffusion layer (17 gm/m? Celestra)
30 (Comparatives D and E}; supported electret charged bags
{same support layer as for the uncharged filter web)
without an inner layer, with a bonded inner diffusion
layer of 17 gm/m’ Celestra, with a cellulose unbonded
inner diffusion layer and a unbonded spun bond (17 gm/m’
35 Celestra) inner diffusion layer on only one face of the
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g/nferr]. The diffusion layer has ‘a tensile strength (as defined in the
exanpl es) -of at | east —-abett—0-10 kg/cm preferably at | east—about 0.15

kg/cm The fibers of the i nner diffusion layer should have an effective
fiber 5 dianeter of at |east about 10 [err]m Suitable diffusion

| ayers i ncl Wéfes bond webs of thernoplastic fibers || dat ed

carded webs suchﬂgg poi nt bonded carded webs of polyoleflﬁ&%gagf%

pol ypropyl ene) staple fibers. The iqywention vacuum cl eaner filter

bag 20 can be 10 fornmed by any suitable nethod, as |long as the inner

di ffusion |ayer 14.i u 1 all nattached tq the charged el ectret
filter layer 13 tﬁ?gé\dﬁog?&?ﬁ%r Zl#ﬁcfré:o%\pargﬁ chﬁ?‘p}ﬁﬁ By I(f'e?Fb%qu G,
CGeneral ly, as showmesprckiyely). 2, the inner diffusion layer 24 is only
joined to the 15 filter layer 23 along the periphery of the vacuum
cleaner filter bag at seam 25 and around the attachnent collar 27 (not

shown). The seam 25 joins two filter conposites 11 form ng vacuum bag
20 with an inner open area 26 foehe@kiboading Testi cul ate. Collar 27

D5 can be fornbd by anghEcHUET B AREa T enSHbISEERTrEp 3 imbtatad 1Mo o
sealing are prefeseedictovests imotdlaring a commentiabhy aedimdlsieuch as
e e 5o SELBARLiR) vad MeihelohaP L CLLEY, b AEET LA
any conventional Waskygn. cleanen.: fitmed withl thef best filter bag, was
placed in a controlled environment chamber which allowed
10 determinations on particles penetrating the filter bags
by a utilizing a particle counter {LASAIR Model 1002
available from Particle Measuring Systems, Inc. Denver,
CO) and an air velocity meter (Model 8350 available from
TSI Inc., St. Paul, MN).

15 For a shock loading test of the filter bag’s
ability to withstand abrasion and rapid loading, the
challenge dust was a cement-sand mixed dust of SAKRETE™
Sand Mix available from Sakrete, Inc., which was fed at
a rate of 120 gm/sec into the hose attachment of the

20 vacuum cleaner which passed through a sealed aperture in
the environmental chamber wall. The total dust load per
test was 350 gms. Particle emission counts in the
exhaust from the vacuum cleaner were measured
continuously for 2 nminutes. The results of these

25 evaluations are summarized in Tables 1 and 2. The
Emission Reduction data uses Comparative B as the
comparison melt blown without an inner diffusion layer.
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inl et 28, which accommpdat es the vacuum cl eaner dust

pr oducig—thedits posabte—+fit+ter—bag—30

A nethod for

ai-r perneabl e |ayers, formng the

feed conduit.
conpri-ses—placing . fwo._
| ayer and the diffusion

support
cont ai ni ng

| ayer, on either face of an air perneable filter materi al

synthetic wosémagnopl astic fibers and wel ding or adhering she at | east
three |l ayers along a conti nuous perlpheral edge 35 line to Msdge
seam Prior to formng the edge - 1-

- 9- seam an inlet opening is provided allowing the air to be
filtered to enter the filtpr bag. Furthernorg, an air perneabl e
outernost |ayer of.a texti & fabrip can be | am nated to the bag to
forma durable bag. 5 D9 Exanpl es }1- 3 and Conparati ve Exanpl es
A-G A series of cegum c] eaner filfers of the present

i nvention were prepared us}hg mel t

havi ng a basi s wei ght of g E%er

bonded or unbonded to an eg =
spun bond fabric havi & Fryzi
mMerr]/mn/nferr] and a »w Basis
avai l abl e from Don & [BbwWE Scat
comercially 15 avail abl g9 %he un
+ op
(23
[+
£
o
= —
3 |2 8
o s (¢}
S 8 8
: © 8
[3) v
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T
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bl own elegtret filter web materi al
r]. The 1 filter webs were either
sﬁpporm fayer of either a pol ypropyl ene
ier pernmeqbility of 204

wei ght of 30 gm nferr] (spun bond

| and, UK)jJor to a paper substrate

bonded i nper diffusive |ayer was a

182,130
140,709

#2050558 from Sears.

paper/MB electret' /spun bond?
Basis weight 17 gm/m® (1/2 oz) Celestra.

Comparative A paper/MB electret /none!
Vacuum Cleaner bag Kenmore

Example 1
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pol ypr opyl ene spun bond fabric having a Frazier perneability of 625
nerr]/mnfmerr] and abasts—wei ght of (0.5——oz/yd[err]3—+F-gm i e+ ]
(Cel estra avail able from Fi berweb North Anerica Inc.). The filtration
performance of these 20 electret filter |lam nate constructions having a

di ffusive woggns2emyer was conpared to known vacuum cl e%sgaﬁm
constructions. The conparative bags (summari zed in Table 2 belo

i ncl uded: a conmerci al paper filter vactl@2xbag with a nelt blown filter
| ayer 25 (Conparative A); uncharged nelt blowmn (MB) filter nedia

vacuum cl egner bag con'sh%l&'xi'ﬁ&] &aamzl”%m ldﬂiaaﬂlﬁ Tablélnboaéﬂéné’ile'fﬁe f
support substrate 0 err],.spun bon P ropyl ene ayail able from
Don & Low, Scot | aﬁ}éé&ge {Hn%ﬁ"l(fhﬁd’(ﬁﬁ’@d YR °%i ¥gﬁsgéﬂs?ﬁ§e+n‘(i’7t1°“

gnm nferr] Cel estreas 3dblé¢ CompentadriceetHe Fidtptisnpporiedestgcéres charged
bags (sane s s. | t.he uncharg filter.web wi t hout
an i nner | ayer, WEW%A%J@% ‘?aﬁr’]‘zé’?{ (ﬁ%rogaag %gnﬁhyé?{;b?nlz?“% nReTS

Cel estra, wt a teadingseondiduesd with a mitudef bsfbnel ayedrlange a
unbonded spun bondafdifcggd nerr] 35 Celestra) inner diffusion layer on only

one face of the -10- vacuum
cl eaner bag (conparative Exanples B, C, F and G respectively).
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Shock Loadi ng Test 5 The assenbl ed bags were subjected to sinulated
- service tests involving a connmercrarty avaitable - resToentTal -
vacuum cl eaner as the test apparatus. The vacuum cl eaner, fitted with
the test filter bag, was placed in a controlled environnent chamnber

whi ch al | oW 94/82878let er mi nati ons on particles penetrating tiernisskbsigs bags

by a utilizing a particle counter (LASAhjR Model 1002 avail able from
Particle Measuring Systens, Inc. Denver, CO and an air velocity meter
(Model 8350 avail able from TSI Inc., St. Paul, MN). 15 For a
shock | oading test of th¢ filter bag' s ablllty to mnthstand4abra5|on

and rapid | oading, the Qha | en dust was a cenent-sand ni xdd dugt of
SAKRETE[ err] Sand M gaﬁplﬁabl from Sakrete, Inc., which s fegd at
a rate of 120 gm sec int §igt B Hose Jattachment of the 20 vacuumlgl eager
which passed through a s et EpeLture in t he environnent al gpa er
wall. The total dust |oa tfest was 350 gns. Particle emjssi
counts in the exhaus ngthg wacyum cleaner were neasgred| o
continuously for 2 ninut Jults of Thede 257 evaFudti ong<ar
summarized in Tabless 1 a Emi ssi on Reduction data JSes
o f
1)

Baka s

I
p
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_|ﬂ
13y
854, 8

q,

&9
@,
)

Conparative B as thd sorf nelt bl own w thout an inner
| ayer. [err]

o

compaggdngng

withou® irm

Emigsioh Reduc

(0.1-10 microns)
67,814
65, 907
64,378
60,276
59,299
58,616
39,916
35,123

Emissions
g to U.S, Patent No.

2

spun bond - 30 gm/m’ basis weight.
ilter prepared according to U.S. Patent No. 4,5

TABLE 2
Vacuum Cleaner Blown Microfibrous Electret Bag Constructi
Shock Loading Test
Construction(support layer/filter Particle Count
Microfibrous vacuum filter prepared according to Van Rossen PCT WO 93/21812.
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-12- The particle em ssion data in Table 1 denonstrate t hat the
lnner. diffusive |ayer—of .the present_invention—_was able tao _enhance the
filtration efficiency of a conventi onal vacuum cl eaner bag construction
under shock 5 | oading conditions with a mxture of fine and | arge

particles. woos3zsrs - L3 [err]

PCT/US96/04146

-14~

The data of Table 2 demonstrates that the
combination of supported filter laminates of electret
filter media with an unbonded (/} spun bond inner

5 diffusion layer provide superior performance by reducing
the particle emissions by greater than 40 percent to up
to about 50 percent for a preferred thermoplastic heat
sealable spun-bond inner diffusion layer under shock
loading conditions. Example 3 demonstrated that

10 preferably, both the support layer and the spun bond
inner diffusion layer are unbonded to the filter layer.

Visual Analysis

A visual evaluation of a wvacuum bag’s ability to

15 withstand particle leakage and resultant staining of the
exterior layer was performed uéing a visual analysis
system comprising a video camera RS 170 displéying 640 x
480 pixels, for imaging, combined with scanning/digital
computation device - Power Vision 60 available from

20 Acuity Inc., Nashua, NH. The vacuum bag constructions
subjected to the cement dust shock loading test were
scanned over a standard viewing area on the exterior
surface of the vacuum cleaner bag opposite the vacuum
cleaner air inlet to measure a corresponding gray scale.

25 A threshold gray scale value of 75 was determined by
visual inspection. The densitometry scan of the tested
exterior surface calculated the percent of viewed
particle staining area by assessing the number of pixels
with a reading less than the established 75 gray scale.

30 The results are presented in Table 3.
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-14- The data of Table 2 denmpnstrates that the combi nati on
ef—supported filter lamnates of medi a—w-th—ar—unbonded
({) spun bond inner 5 diffusion |ayer provide superior performance by

reduci ng the particle em ssions by greater than 40 percent to up to
about 50 pege9 ﬁgﬁ) a preferred thernopl astic heat se éyﬁ - bond
I nner diffusion layer under shock | oadi ng condi tions. E&anp o

denonstrated that 10 preferably, both the supgort |layer and the spun bond

i nner diffusion |ayer are unbonded to the filter |ayer.

Vi sual Anal ysis A visual eval uatd}g0f3 @ vacuumbag's ability to
15 withstand particle |eakage and resultant 'staining of the exterior

| ayer was performed usiVacunnyGlesnegn BlpwnsMicrofikreus dmatrstngag vi deo
camera RS 170 displ aying 640 x 480 @in& Mactlidnsi M™gi ng, conbined with
scanni ng/ di gi t al conput ati on device - Power Vision 60 avail able from 20
Acuity Inc., Nashua, NH. The vacGHSFG&QeQOH§FFﬁ%t@%ﬁ%¥515 subjected to the
cement dust shocKggsdk CAve 19 IMeca:

area on the exterior surface of the vacuun1c|eaner bag op 03|te t he
vacuum cleaner air inlet to nmeasure a correspondi ng gray ale. 25 A
threshol d gray S%WM@EU 1) VT Suarspnspecton.
The densitonetry scan he tested exterior surface cal culated the

per cent of vi ewed B Pﬁ&r i cle staining aréﬁ’by assessi ng t heAunber of

pi xel s w th aExemgileg3l ess than the estggli shed 75 gray ssale. 30 The
results are prgsen;ed—»n—labLe 3

This visual analysis demonstrates that the unbonded
spun bond inner diffusion layer significantly reduced
the area of dust particle staining after the shock
loading test compared to a similar construction without

10 the spun bond inner diffusion layer.

Low Concentration Dust Particle Loading’Test
Examples 2 and 3 and comparative Examples B, D and
E were also subjected to a low concentration dust
15 particle loading test. This test, which utilizes the
environmental chamber enclosed vacuum cleaner test

system described previously utilizing residential vacuum
cleaner Electrolux Model 4460, available from Electrolux
UK, was fitted with test filter bag samples and the

20 challenge dust was a fine cement dust Type 1A available
from LEHIGH Portland Cement. The challenge dust was
presented at a feeding rate of 1 gm/min for a period of
2 minutes. The particle emissions from the exhaust were
measured continuously for 5 minutes. Data on particle

25 count versus loading from the evaluations are presented
in graphic format in Fig. 4, wherein the particle count
penetrating the bag construction is plotted on the Y-
axis (in units of total counts per 6 seconds) and time,
in seconds, is plotted along the X-axis.
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-15- TABLE 3 Vacuum Cl eaner Bl own

M crofi brous El ectret Bag—— ~——Constructi-ons—
Digitized Visual Analysis Sanpl e Aver age G ay Scale

St ai ned Area

Conmparative 74 50 Exanpl e

83 Wb 962878 Exanpl e 3 g2 PET’“S""‘""“ 31 5
This visual analysis denonstrates that the unhonded spun bond i nner

di ffusion |layer significantly reduced the area of dust particle

staining after the sho | gadi t s o] simlar
construction w thout 18&%‘% %Eﬁﬁa@gna%l ggg%?ggéon@ a@%?g."%lt for the
Low Concentrati on panstid¥e tendlss ioasdidug fesbackground, Exadesn Xeaid 2@dand
conpar ati ve Exanpl.es I bj.ec I
concentration dust"?llgJla tf)l'gtért é% alpgg %hgt gsg%ﬁ#hég {:gngi&vﬁ c"ﬁygutf IVI I zes

t he envi ronrrentrattrmmﬂ:t;brimIt@geaammleﬁeane-ﬁﬂw from iimem

descri bed previgous [ [ I c er
Model 4460, ava| I a‘%#ué% réodmzé é{ﬁ f%i%n ch t\Gé thHhte ?ﬁffﬁm@t h ﬁeft% %Il(i}letge(r

bag sanpl es and t Hehixh repnesente %P%écééf FHQCEE%%¥1%S‘?°%%Q‘

avai | abl e from the test filter materials, show a dramatic change

in slope, indicative of the large number of particles
passing through the filter media. As introduction of

10 challenge dust into the vacuum system continued the
downstream particle count established a plateau and
gradually decreased to a level similar to the background
after the particle challenge ceased. Vacuum cleaner
bags with the an electret filtration layer demonstrated

15 significantly better performance in comparison to the
non-electret filter layer constructions. This data
demonstrates that the non-electret filter media
(comparative Examples D and E) allows a significantly
higher level of particle penetration through the filter

20 media.

Fine Dust Challenge

Comparative Examplés B, D and E and Examples 2 and

3 were also tested as flat filter media webs using a

25 test duct arrangement. The media was exposed to a PTI
Fine Dust challenge at a constant face velocity of 10
cm/s. This test is specifically designed to evaluate
performance of vacuum cleaner bag constructions to a low
concentration particle challenge simulating normal

30 carpet and upholstery vacuuming. Particle
concentrations upstream and downstream from the filter
media were measured simultaneously by two particle
counters and the particle penetration was calculated by
the test system HIAC/ROYCO FE 80 available from Pacific
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from LEH GH Portland Cenent. The chal |l enge dust was presented at a
feeding rate of 1 gmarA—o+ a pert ' es. Theparticle

em ssions fromthe exhaust were measured continuously for 5 m nutes.
Data on particle 25 count versus loading fromthe evaluations are
presented wogkmeegsaphic format in Fig. 4, wherein the partjgle ,%&g{}%
penetrating the bag construction is plotted on the Y- axi's fl its of
total counts per 6 seconds) and tine, i nygeconds, is plotted al ong the
X- axi s. - 16- After a
steady state condigld; ; ac t ; ard.i .SSl.0ns due to
background, had bggﬁgﬁgékggédﬁgxeyﬁéﬁéFtéﬁ?ﬁ%&?ﬂag%gﬁgﬁhgg %ﬂéns of

chal enge dust wa¥arylapg.rogheecresnles b these avalaatdonsysrem fromtine

5 equal 60 secondpre@entea fWorgbietg. period. The curves, whi ch
represent the particle concentration downstream ~fromthe test filter
materials, show a dranmati c change I n slope, indicative of the |arge
nunber of particles passi ng through the filter nedia. As introduction
of 10 challenge dust into the vacuum systEBIEO@t i nued t he downstream
particle count establishe atea .gradual | reased to a | eve
simlar to the backgro%chnﬁ\ @éfetagxfgt ﬁgggngng%P%ﬁ?\X%g@ge%%ﬁ%te 3% /acuum
cl eaner bags with the an el ectret fGdnstatiationsyer denonstrated

Performance to Fine Partic;s Challenge

Sample Particle Penetration
(%)

Comparative B 4.19

Comparative D 28.8

Comparative E 29.9

Example 2 - 3.38

Example 3 3.83

10
The above data demonstrate that under a fine dust
challenge, a charged electret filtration media
(comparative Example B, Example 2 and Example 3)
significantly increases the fine particle capture
15 efficiency of a vacuum bag filter construction.

Fine Dust Holding Capacity

In a further test, assembled vacuum cleaner bags

were subjected to a simulated in-service environment

20 involving a commercially available residential vacuum
cleaner as the test apparétus. The vacuum bags of
dimension 24.4 cm by 39.6 cm had an effective filtration
inner surface area of 1900 cm’ accounting for the weld,
inlet collar and aperture. Different basis weights of

25 spun bond inner diffusion layers were employed for
Examples 2, 4 and 5. Examples 4 and 5 are in all other
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15 significantly better performance in conparison to the non- el ectret
filter |ayer construct+ers—Fhi s data denonst+rates that the
non-electret filter nedia (conparative Exanples D and E) allows a
significantly hi gher | evel of particle penetration through the filter
20 nedi a. Fi ne Dust Chal |l enge

Conpar atlvewlgxarrp es B, D and E and Exanples 2 and 3 vvechrm"f’gm"t%sted
as flat filter nmedia webs using a 25 test dygt arrangenent. The nedia was
exposed to a PTI Fine Dust challenge at a constant face velocity of 10

cnis. This test isp ifd Cif?:{én\{:l‘?:%i' BeExBﬂpfé’ 3 Ualgge yadiQhd ergﬁﬂt%?, of

vacuum cl eaner bag C nstructlons concentration particle
chal | enge si nul at | hE st eitho@ t@§ltp§ﬂ-1§ﬁ§ batolwaemlagesudm 8g. Particle

concentrations UPSESRABIAA @m%hﬁaﬁtf EREILEE td Ifeile partTRdedcHBhE
measured sinmul tane US|%h¥§$ two par counters ané’t he partlcle

penetration was c quns °ftﬁ@etE§Ft§?%ﬁeRﬁWQQQBHQSFCGhFEuQB

avai |l abl e fromsPactdst filter bags. The challenge dust utilized waslfrom
Scientific, HAC %Y&Pi[)léldes 8%” A%Inle\:/ceers §?ri ngﬂsisting of a 2:1 by weight
mixture of silica sand and laboratory talcum. The
mixture of dust particles was injected into the vacuum
cleaner at a feed rate of 60 grams/minute with a total
10 dust load of 1000 grams. The air flow through the
vacuum cleaner system was monitored continuously as a
function of dust loading volume. The mass of dust
loading of the vacuum cleaner bag was determined after a
20% reduction and a 30% reduction of the initial air
15 fiow. This is a general determination of filter capacity
and useful life. The results of these evaluations are
presented in Table 5.
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Maryl and. The results of these evaluations are presented in Table 4.

5 TABLE 4———-—Maeuum C eaner—Blowd—— —————
M crofi brous Electret Bag Constructions
Performance to Fine Particle Challenge Sanpl e

Particle P 0N 0
Conparative ber3te 4.19 Conparat i vé’@"s’m‘g‘?

28.8 Conparative E —19- 29.9 Exanpl e 2

3.38 Exampl e 3 3.83 10 The above
data denonstrate that under a fine dust T igi | enge, a charged el ectret
filtration nedia (conpar ative Exanpl e QP npl e 2 and Exanpl e 3)
significantly increases theFineeDpattHoldinmgCaparilty @hfaldiemgey of a vacuum
bag filter construction. Fi ne Dust Hol ding Capacity
In a further test, assenbled vacuum cl eaner bags were subjected to a
si‘mul ated in-servi ce eSumpdagent BDffusion Vi AEtarcan2OrCi al AYtayaal 308 €
residential vacuum cl eaner as theg st appar . The vacu bags of

di mension 24.4 cm by 39.6 cm had anﬂ%¥%§ctive fifiéglion i A& surface

area of 1900 cnierr] accounting for{a/mé)wel d, Reducitibet col | Bedastion

aperture. Different basis weights of Dust Dust
Holding Holding
{gms) "’ (gms)
Comparative B none 200 270
Example 2 17 320 440
Example 4 34 420 €620
Example 5 68 460 630
5 This daﬁa demonstrates that the vacuum cleaner bag

constructions that contain the inventive diffusive layer
and electret filter layer have a significantly higher
loading capacity for fine dust compared to the electret
filter layer alone while maintaining a high air volume

10 flow. In this regard, the invention bag would have a
significantly longer useful life, while also providing a
high particle capture efficiency combined with better
shock loading for improved overall vacuum cleaner
performance.

15 In summary, Tables 1, 2 and 3 demonstrate the high
effectiveness of the diffusive layer with the electret
layer to reduce particle emissions when subjected to
shock loading. Also, as shown in Table 4 and Fig. 4,
the electret filter material is important in reducing

20 particle emissions due to a low concentration challenge
as would be found in normal carpet cleaning. Table 5
demonstrates improved dust holding capacity of a wvacuum
filter bag by adding a diffusion layer.
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25 spun bond inner diffusion layers were enployed for Examples 2, 4
and 5. Exanples 4 and 5—a~e—n all other -

- 18- respects identical to Exanple 2. The vacuum cl eaner, fitted
with a test filter bag, was placed in a control |l ed environnment chanber
to make par un determ nations of the particle ration

t hr ough tr‘@ﬂ?%kﬁg@? filter bags. The chall enge dust utillgﬁgﬁéﬂgmf

ASTM F 608-89, Annexes Al, consisting of a 933-by wei ght m xt ure of
silica sand and | aboratory talcum The m xture of dust particles was

I njected into the vacuun1gﬁiﬂﬁiggngrlfiiﬁhfggaﬁgkgkqvgfEggﬁgﬁgnﬁLginute W th
a total 10 dust |oad of vacuum
cl eaner system was nmonipt QE?@e?OBPGHEH@y%e rer £ilftéd! '«fé@e%r%ﬁ&ehoagl ng

vol ume. The mass of dust oadi ng o vacuum cl eaner bag was
determined after &ere Exgmplegudr?orxesRit Sthap,the)yabondess ioneTinitial air

15 flow. This isq3 rgeaebal 139&9%@«'16&9{5&1‘1;6'1&&&1&& { Yond and usef ul
life. The results of these_evaluations are res ted in Table
poclypropylene, nylon and PET, s we as a carded
polypropylene web. Also included was an unbonded inner
diffusion layer of 20 gm/m® melt blown polypropylene.
These bags were then tested for shock loading as per
Examples 1-3 and comparative Examples A-G. Also tested
10 was the change in air flow through the bag (comparing
the beginning and end air flow for each bag). The
testing equipment was cleaned and recalibrated prior to
this series of testing. The results show that various
spun bond inner diffusion layers and also a carded web
15 provided superior particle emission reductions, as
reported for the 17 gm/m" spun bond unbonded inner
diffusion layers in Examples 1-3 in Table 2 (é.g.,
particle emission reductions of greater than 40 percent
under shock loading conditions). The Emisson reduction
20 for Examples 6-11 and Comparative'I are relative to
Comparative H. The Table 6 data also shows that the
flow reduction was superior for the example vacuum
cleaner filter bags (Examples 6-11) as compared to the
comparative Example I vacuum cleaner bag which used an
25 inner diffusion layer of melt blown polypropylene. Also
included in Table 6 is a bag quality factor, which is
the percent emission reduction value divided by the
percent flow reduction during the test. For the
invention bags the quality factor is generally at least
30 2.0 and preferably at least 2.3.
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-19- TABLE 5 Fi ne Dust

Hol di ng Capacity Chal |_enge Sanpl es Diffusion __After _a 20%
After a 30% Layer FI ow Fl ow
(g/merr]) Reducti on Reducti on :
Dust Dust Hol di n
Hol ding ~ WO9632878 (grs) PCLUR96/04146
Conparative B none 200 -21- 270 Exanpl e 2
17 320 440 Exanpl e 4 34 420
620 Exanpl e 5 68 460 630 5
This data denonstrates that the vacuum cl eaner bag constructions that
contain the inventive diffusive |ayer and electret filter layer have a
significantly hi gheé.u | oadi ng capacity for fine dust conpared to the
el ectret filter} er alone whil e @ai ntaiwi ng arhi gh a&r vol uge 16
flow In this reg othe thvention kg wouldl haveqa &l gni figant Ny
| onger useful life, | e aiso providing a hi gh particle capture
ef ficiency conbined with better shock | oading for inproved overall
vacuum cl eaner & erf§ mahce . 15 In summary, Tables 1, 2 and 3
denonstrate thejhi 5 3 effectiveness of the diffusive layer with the
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SUBSTITUTE SHEET (RULE 26)



| ayer to reduce particle enissions when subjected to shock | oadi ng.

Al so, as shown in Table-4-and Fi g4, the_electret filter material is

i mportant in reducing 20 particle em ssions due to a | ow concentration
chal | enge as would be found in normal carpet cleaning. Table 5
denDnstrateﬁ,' ed dust hol ding capacity of a vacuum fllter bag by
adding a di ffusién layer. TUS96/04146 5 )
Exanpl es 6-11 and Conparative Exanple H 8, A series of vacuum
cleaner filters FEE:QOE 52835 ©Fadum fll‘@repééigﬂgesaécgrc?ﬁfpﬁo tdwg the
unbonded i nner paten®i NbUSUPR1T 9SS, Was Va0 Qph/in® BAE] Q?,ﬂ

pol ypropyl ene, baydor godghk? 5ggf@ehh1§§§afcarded pol¥propynigf mef

Al so included wa n,unbonded .i nn i ffusion |ayer of 20 g err

melt bl own pol yp?8p9f”3néu d %Lﬂ’fé‘sg"ﬁé@?% 8¢ Pt ested for shock | oading
as per SxafpReemdy® @29 s5;00B0aGYNe H@@@kﬁigﬂt%o%@t&?@ﬁ@d 10 waes
the change in aetphth#1bbeoyBRTS NeaRiiid {1 HFoM Beemay Bec DEGHIMI ng and end
air flow for e#tkkbag). THhe testing equi pment was’ cl eaned and

recali brated p;lor to this series of testing. The results show t hat
vari ous ﬂ ggﬁ traner g#PFUEP YPTepylene myvadilable fxpmcEikesvel
provi ded super 'QF PLEER RS 0P ITRARVIIAE, S6- reported for the 17

gm nferr] spun®bgadesppanded 1i/2N8L polypropylene available from
Fiberweb North America, Inc., Simpsonville, SC.

¢ Cerex™ - 1/2 oz nylon available from Cerex Advanced

Fabrics, L.P., Cantonement, FL.
7

Reemay™ 2011, 28.3 gm/m?, available from Reemay Inc.,
15 0ld Hickory, TN.

® Point bonded polypropylene carded web with a basis

wezght of 31 gm/m’.

Table 7 reports the Effective Fiber Diameter (EFD),
20 Permeability (P} and Tensile strength for the inner
diffusion layers reported in Table 6. The effective
fiber diameter is measured by (1) measuring the pressure
drop across the filter web; (2) measuring the solidity of
the media, or the fractional volume of fibers in the web;
25 {3) measuring the thickness of the filter web; and (4)
calculating the effective diameter as follows:

64uULa’3(1456aZ)

where p is the viscosity of the fluid, U is the air
30 wvelocity, L is the thickness of the filter web, o is the
solidity of the filter web, and AP is the pressure drop

across the filter web.

The tensile strength is measured by measuring the
crossweb and downweb tensile strength (according to ASTM
35 F 430-75 {using ASTM - D828)) the two tensiles were
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diffusion layers in Exanples 1-3 in Table 2 (e.g., particle em ssion
+eduettons of great e—than-40 pereert—urder—shock | oadtng—ecordt+rons)y—
The Emi sson reduction 20 for Exanples 6-11 and Conparative | are relative
to Conparative H The Table 6 data al so shows that the flow
reduction ggq ior for the exanple vacuum cl eaner f¢

(Exanpl es Téﬂggiconpared to the conparati ve Exanple vacuun1c|eaner

bag which used an 25 inner diffusion | aygg~-of nelt bl own pol ypropyl ene.

Al so i ncl udiad igl ikablaadd the 8 bagequabttyafceﬁtﬂds,yﬂ@i@kaiéompositﬁbe _
per cent en155|0@)reduct|on valu$ |V|ded by the percent flow reduction
during the t edt Bnti on bags the quality factor is generally

aleast 30 2.0 i?%‘) Pre b ambabir i Eokag; Bearurtd ddserdipg Lo AS™

Patent No. 4, 33042, MB - 40 gminferr] basis weight; spun bond - 30
gminferr] basis weight. [err] 20 g/nferr] nelt bl own pol ypropyl ene web.
5 [err] RBemmy[err] 2275, 25.4 g/nferr] basis weight polyethyl ene
terphthal ate (PET), avail able fron1Ree@§Lfém%, ad Hi ckory, TN

Diffusion Layer Properties

Material Tensile EFD, pm P,
Strength, m’/min/m?
kg/cm

20 gm BMF 0.03 5.9 42

1/2 oz Celestra 0.18 23.2 625

Carded PP 6.25 17.4 166

Reemay 2275 0.37 25.7 452

Reemay 2011 0.4 23.4 581

1/2 oz Cerex 0.3 20.8 6717

1 oz Celestra 0.57 18.3 185:

Cellulose tissue 0.46 20 124

Tensile= JCrossWebTensile* DownWebTensile

SUBSTITUTE SHEET (RULE 26)



[err] Celestra[er pyl ene avail abl e from Fi berweb North
Anerica, Inc. H “ “ nﬂ Eﬂl O—Jerr] Celestralerr] - 1/2 oz

polypropylene av mnn * Fi berweb North America, Inc.
Si mpsonvi |l | e, [err] Cerex[err] - 1/2 oz nylon available from Cerex

Advanced L. P., Cant onenent . [err] Reemay[err] 2011,
28.3 gm rr[err({ %gl | abl e from Reemay | ncE& 15 AdH ckorf"xl;”ﬁ"’]’““[err]
Poi nt bonded pol ypropyl ene carded web with a basis wei ght of 31
gmnierr]. Claims: Table 7 reports the Effective Fiber D aneter (EFD)
20 Perneability (P) and Tensile strength for the inner di ffusion
| ayers reported in Table 6. The effective fiber dianmeter is neasured by
(1) neasuring the pkessuk evacuundruipaaerroﬁltée bad t eesistiaynt( 2-)0 ek i Ng
the solidity o r n ers in the

), Cloadind odf dinle ege! ERFELLM AU Rl dd b

web; 25 (3) neasuring I CKness o er web;
cal cul atingt h§°’é‘f‘?‘éc~"t1?% W%rﬁétléﬁrabaﬂohﬂﬁmq at lgast Jone a;Lr \Mmé.ree [err]
is the viscosi ayfmlﬁ&rqnéa{dg dn Yali® tchStaEhtéP 1ei\’n?iJ9at°€é @odﬁ]ds%tltelh%nd

|

t hi ckness of the Illter web err] is ter web,
and [err]P is the!$Ats SR & f°rmi&§r §§§dt ﬁ??lf’f%@eﬁr\é@mlnate The
t ensi : e st rengcdnnprssim(?mrrd satdgdsteknBag heaid f(H@Sﬁ/ﬁbexarl%ﬂ(Px%‘)é‘;b H
tensile stren 0 t.0 .ASTM 35 F 430-75 (using ASTM - D828 t he
two tensiles mé§¥éé§§ié éé%%rlsln gi

10 a) an outer support layer of a porous material,

b) at least one charged fibrous filter layer

containing electrets, and
c) an inner diffusion layer which is unbonded to
said filter layer except at the at least one
15 ' seam, the diffusion layer having an air
permeability of at least 50m’/min/m?, a tensile
strength of at least about 0.1 kg/cm, and
formed of fibers having an effective fiber

diameter of at least about 10 um.

20
2. The vacuum cleaner filter bag of claim 1
wherein said filter layer comprises a meltblown nonwoven
filter layer.
25 3. The vacuum cleaner filter bag of claim 1

wherein said filter layer comprises a fibrillated fiber
nonwoven filter layer.

4, The vacuum cleaner filter bag of any of claims
30 1 through 3 wherein said filter layer has an air
permeability of from 2 to 400 m*/min/m°, a basis weight of
from 10 to 200 g/m° and is formed at least in part of heat
sealable thermoplastic fibers.

SUBSTITUTE SHEET (RULE 26)



- 23- g?lrfahglt Leﬂ!ﬂ"ﬂ”"mllﬂﬂmgmmm taken to yiel Slmgsﬁorrpom te  web

ASTM D737. Low s Table 7

D ffusion Layer Properties Mat eri al Tensil e EFD, [err]m
P Strengt h, e n{err]/n1n/ err

kg/cm 2078 RBRS 0. 03 255 42 % estra
0.18 23. 2 625 Carded PP 0.25 17. 4

166 Reemay 2275 5.  Thé.¥dcuum cleamddr Filter bag452 anyR@ﬁﬂ@Naﬁﬂil
0.4

677 1 oz CE§G§PF33gh 4 ﬁhgﬁeln]the iqﬁgquﬁffu51onlégyer til?%?ﬂ%% tissue

0. 46 20f a nonwovéR24fibrous web of thermoplastic fibers and has
an air permeability of from 100 m®/min/m? to 1000
. 5 m’/min/m?, the thermoplastic fibers are at least in part
heat sealable fibers and the diffusion layer fibrous web
has a basis weight of from 10 to 100 g/m®.

6. The vacuum cleaner filter bag of claim 5
10 wherein the diffusion layer fibrous web'is a spun bond
nonwoven web having a basis weight of from 10 to 40 g/m?,
an air permeability of from 100 to 700 m®/min/m? and a
tensile strength of at least about 0.15 kg/cm and the
fibers have an effective fiber diameter of at least about
15 15 pm.

7. The vacuum cleaner filter bag of any of claims

1 through 6 wherein said outer support layer comprises a

fibrous nonwoven web having an air permeability of from

20 50 to 500 m*/min/m’ and a basis wezght of from 10 to 100
g/m?,

8. The vacuum cleaner filter bag of any of claims
1 through 7 wherein said outer support layer is a spun
25 bond nonwoven web of thermoplastic heat sealable fibers.

9. The vacuum cleaner filter bag of any of claims
1 through 8 wherein said outer support layer is bonded to
said filter layer across the filter face.
30
10. The vacuum cleaner filter bag of any of claims
1 through 8 wherein said outer support layer is not
bonded to said filter layer across the filter face.

SUBSTITUTE SHEET (RULE 26)



Eggir]stant to shoc lm,”m,mgg,’kl npti si ng i' fMH@rC: m.l:gﬁ;og??e
5 .

formed into the*fikter ng at | east one air inlet defi ni ng
neans in said flat filter |am nate conposite and at | east one seam
form ng saigofdgatgri | ter | am nate coopgsite into said fi,l_gﬁg%ﬁ?’gfsal d
flat filter lamnate conposite conprising; 10
support |ayer of a orous mat eri al , b) at Ieast one char ged
fibrous filter lay The vacuum cleamesi fiidgeel bagrefsangnolf claims C)

an inner diffugi @l'i‘r&\g?}?lr%;\i}%é‘{blﬁ SaRPRAGACLI te lamln?ﬁe laye u3|agrnf Hter

| ayer except at the one | ayer
havi ng an ajr bonded along a Rﬁ#ﬁﬁﬁﬂ¥QM Spam. at | east 50nferr]/mn/nferr],
atensile strength of at |east about 0.1 kg/cm and

formed of flbers h %%Pgﬁﬁ’ effective fiber di ameter of at
| east about® 10 [er?ﬁ e vacuum cleaney,bagyefiudn¥| efinetaimstler bag of

claim1 through 11 wherein the inner diffusion layer reduces
shock loading particle emissions by at least 13 percent
compared to a similar bag without said inner diffusion
layer and the filter has a quality factor of at least
10 about 2.0.

13. The vacuum cleaner bag of any of claims 1
through 11 wherein the inner diffusion layer reduces
shock loading particle emissions by at least 40 percent

15 compared to a similar bag without said inner diffusion
layer and the filter has a quality factor of at least
about 2.0.
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wherein said filter |ayer conprises a neltbl own nonwoven filter layer.

25— 3. The—vacuoumcteaner—frt+ter—bagof~—Tttaim 1 wherer T sard
filter layer conprises a fibrillated fiber nonwoven filter |ayer.

4. The vacuum cl eaner filter bag of any of clainms 30 1 through 3 wherein
said filterwbaysigrdras an air pernmeability of from2 to S06/041
nerr]/mn/nferr], a basis weight of from10 to 200 g/ nferr] and S
formed at least in part of heat seal abl e thernopl astic fibers.

5. The vacuum cl eaner fllter bag of 142y of cl ains 1 tfyough 4
wherein the inner diffusj yer Is forned of a n?ﬁven fibrous web
of thernoplastic flbers?q an air perneap4lit# of from 100
nferr]/mn/nferr] to 10 r’r{err]/mn/r’r{err] theythernoplastic fibers

are at |east in par 7777 ag ATy VI 7 AT XI5

ffusion | ayer

fibrous web has TS

'-. O l == Ui UN erl’]
6. The vacuum cl eaR® i\\- N % (! *u -}?\ t 8 di f fusion
| ayer fibrous vvebls .-- DY ‘ =

115;.“




nonwoven web having a basis weight of from10 to 40 g/nferr], an air

permeabitity of fromI00—to 700 —nferri7rmm/mierri—and a tenstte

strength of at |east about 0.15 kg/cmand the fi bers have an effective
fi ber dianmeter of at |east about 15 15 [err]m 7. The vacuum
cl eaner filywghekimeg of any of clains 1 through 6 wherei Bcpriséhiddtdse’
support | ayer conprises a fi brous nonwoven web having an air
perneability of from20 50 to 500 nmferr]/mn/nerr] and a basis wei ght of
from10 to 100 g/merr]. 2/2 8. The vacuum cl eaner filter bag
of any of clains 1 through 7 wherein said outer support |ay a spun
25 bond nonwoven web of thernoplastic heat seal abl gpfflfers. © 9.
The vacuum cl eaner filter bag of any of clains ¥ tHPgough 8 ergin said
outer support layer is bonded to said filter |Zperfqcross the @mlter
face. 30 10. The vacuum cl eaner filter Agg ¢ rany of cla 1
through 8 wherein said outer support layer is ngl 4 fodnded to Eakg filter
| ayer across the filter face. ‘. ». T
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17. The vacuum cl eaner filter bag of any of clains 1 throu%;?}cé»hr her ei n
sad—eenpos+te- | am nat etayers are——>bonded-along-a peripheral 5
12. The vacuum cl eaner bag of any of clains 1 t hrough 11 wherRTMPhe
i nner diffusion |ayer reduces shock | oading particle em ssisém/P
| east 13 percent conpared to a simlar bag without said i g ffusion
| ayer and the f has a owalo it iERflaD brdPirTabrdaRRShonl 0  abo M
13. The vacuumcleaner bag of any of FEmspnphBurps ;through 11 wherein the
i nner _di FINGERNATIONASARPBICAJESN PUBLISHEDKUNIERITHE PATENT COOPERATIONIREANY (BET)
| east |1 merastioml Peleat Cizifis €d T0 a $1 m a0 o O |§ e A ts]
| ayer [andsydpepd4 | ter has a quality fqﬁt o‘?{)(l)"?‘"g?"‘r'eas on out Z.W.d b¢é§5§
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(57) Abstract

necessary bag seams (25) required for assembly of the filter bag.
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There is provided a vacuum cleaner bag (20) with high fine particle removal efficiency under normal and shock loading conditions,
shock loading comprising a short term challenge with high particle concentrations (e.g., when a vacuum js used to pick up a pile of debris).
The bag also exhibits high loading capacity without significant loss in pressure drop. The bag comprises an outer support layer (2), & fibrous
layer (13) that is charged to create electrets, and an inner diffusion layer (14) that is substantially unbonded to the filter layer, except at




