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U S. Patent No. 4,309,386, to Pir s are coated with a
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U S Patent ‘f%icaﬁy,Qféésefafﬁtérs combine an active material, such as a catalytic material

(e.g., TiO,, V,0O5, WO,, AlLO;, MNO,, zeolites, and transition metal compounds | -
and their oxides) and/or reactive material (e.g., sodium hydroxide, etc.) within a
matrix. As the fluid passes over or through the matrix, target species within the
20 | fluid will react with active sites of the active material to convert the target
species to a more desirable by- or end-product, and therefore remove the
iarget species from the fluid stream. The term “active site,” as used herein,
describes a location on the active material where interaction with a target

species occurs. Examples of such include:

25 Targetspecies  Active Material Resulting Product(s)
NO,, NH, | TiO,, V,05, WO, N, + H,0
co ALO,, Pt ' co,
Dioxin/Furan - TiO,, V,0;, WO, CO,, HCI, H,0
0, MnO, 0,
30 CO, Na(OH) ' Na,CO,

Examples of previous attempts to produce a catalytic filter device
include those set forth in U. S. Patent No. 4,220,633 and U.S. Patent No.
4,309,386, to Piréh, where filter bags are coated with a suitable catalyét to
facilitate the catalytic reduction process of NO,. In U. S. Patent No. 5,051,391,
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~problemw th virtuall ever%/ previ ous active fil eV| ce, and éspem ally
for catalytic £r3420466, JP 4-219124 and U.S. Patent Nos. 4,220,633 and 4, 309 ,386), the

filters are capable of collecting substantial amounts of dust, such as that

generated in a combustion process. Conventionally, after short collection times

(on the order of minutes to hours), a layer of collected dust on the dirty side of
25 the filter material increases the pressure drop across the filter, and the filter has

- to be cleaned (in many cases in situ). During this cleaning cycle (e.g., a high
energy air impulse system, a shaker system, a reverse air system, etc.), the
outer dust layer falls off and a new filtration cycle can begin. During the
operational process, two main problems can occur, namely chemical

30 deterioration and mechanical deterioration.

' With chemical deterioration, the chemical function of the filter can be
rendered useless due to contamination, which is a serious problem with
vmually every previous active filter device, and especially for catalytic filter

~ devices. Although, by definition, catalysts are not consumed during the
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20 active particles during operation. The active particles in many instances are not
attached strongly enough to the host fibers to withstand the rigors of normal
operation. The active particles fall out of the filter, thereby not only diminishing
filter effectiveness, but also contaminating the clean fluid stream.
- With resbect to mechanical deterioration, the mechanical function of the
25 filter can deterieraté by abrasion of the filter fibers during operation or by
penetration and _<_:oII'ection_of dust contaminates in the filter. Another
mechanical failure is due to dus_t particle break-through which occurs with
certain of the filters in the art cited above. This phenomenon can be observed
especially during the cleaning cycles in which particles slowly migrate through
30 and out of the filter medium due to rigorous filter cleaning.
Further, the mechanical function can be hindered when high active
particle loadings of the substrate increase the pressure drop of the filter

excessively and/or the filter material becomes too stiff to be handled.
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which are not adjacent the thin filmare Kept 30 fromflakin
: product are not mechanically attached to the fibers of the filter matenal The
20  zeta potential difference of the catalyst particles to the polymeric fibers is relied
upon for the attachment mechanism. Attrition of the catalyst particles is
described in the document. "
Japanese Patent Application No. 10-230119, assigned to ABB Co., Ltd.
is directed to a filter material formed by immersing fibers to be formed into a
25 filter cloth in a liquid catalyst, drying the catalyst, moliding the fibers into a filter
cloth and applying a ethylene tetrafiuoride resin continuous porous thin film to
the filter cloth. The ethylene tetrafluoride resin film is relied upon to keep the
catalyst from flaking off of the filter cloth. However, no mention is made as to
how catalyst particles in regions which are not adjacent the thin film are kept
30 from flaking off.
The only commercial filter material available to date which offers
combined particulate and target species removal is taught in U. S. Patent No.
5,620,669, described earlier. This filter combines the concept of catalyst

particle protection by a microporous membrane and the incorporation of
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20 it is yet another purpose of the present invention to provide a method of
‘manufacturing an improved active filter material which has minimal effect on
the activity of the active material contained within the filter material.
ltis yet' another purpose of the present invention to provide an improved
active filter material that is easily and inexpensively manufactured.
25 : These and other purposes of the present invention will become evident

based upon a review of the following specification.

SUMMARY OF THE INVENTION
The preseht invention is an improved active filter material for use in
30  removing target species found in a fluid stream. Removal can occur due to
chemical reaction or catalytic reaction. In the case of active filter materials
which operate through catalytic reactions, undesirable subsfanc_:es, such as
NO,, are converted into acceptable end-products, such as water and N,,
leaving the active filter unchanged throughout the reaction. The present
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expanded PTFE. As used herein, the term upol ynmer adhesi ve" shall include
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was surprlé art oro
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particles in tBaitdblé pelymapadieeiies imildePTRE FEF, IMWIPEIHMWWIRR, RFA Ve
particles. Mreover, it was further 20 surprisingly found that |am nati ng a
protective m CPHESFEUE/Q"Qﬁ ‘to the substrate using polyner adhesive did

not decreagg appr ecw&sxéuw}%.rwfouha thaebmdha%cmt ;ba/rﬁcm@wttmﬁlaq&orow
inportant feature of the active filter material of the present invention

is that it protvlateihieugbithe Hgg af one AIAneRPRRlYIMSH aﬁh?ﬁ"%ﬁﬁ"'laﬂﬂ"ﬁﬁ?@sadhem on
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20  surprisingly found that Iammatmg a protective microporous layer to the

substrate using polymer adhesive did not decrease appreciably the activity of
the active particles. _
An important feature of the active filter materiél of the présent invention
is that it provides high strength in combination with the intimate adhesion of the
25  active particles to the filter material via the polymer adhesive. These attributes
make the filter material ideal for use in demanding environments, such as with
shaker bag; reverse air, or pulse-jet filter cieaning assembilies. In the preferred
embo_diment where the porous substrate comprises woven or non-woven
. expanded PTFE fibers, since expanded PTFE fiber material is quite strong and
30 fesistant to abrasion, it can readily withstand the ﬂexing and rigorous handling
of filter cleaning systems.
_ E In addition, the filter material has excellent reactivity with the target
: Speciés in the fluids. The path of the fluid passing through the filter is tortuous
because minimal or no straight pores exist in the substrate, thus allowing good
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20 protective microporous layers against aqueous liquid-based contaminants. in

cases in which a microporous expanded PTFE membrane is used on the
upstream side of the filter, filter cleaning methods such as shaker, reverse air,
and back-pulse, become especially effective for cleaning the filter because the
: dust will readily separate from the membrane surface due to its low surface
- 25 energy. The enhanced cleanability allows enhanced filter life.

For some applications, it may also be useful to include more than one
microporous layer, or even additional porous substrate filter layers, with or
without a filler of other material, to provide additional levels of filtration. In such
an embodiment, many more design parameters in the overall active fiiter

30 material construction can be gained. By varying the number of layers, the
location of the layers (e.g., upstream, within or downstream of the porous
substrate) and the compositions of the layers, the filter materials can be made
with varying properties, depending on the requirements of the desired

application for the active filter material,
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20 distribution and proximity, active particle size, active particle shape, and active

particle surface area.

BRIEF DESCRIPTION OF THE DRAWINGS

The operation of the present invention should become apparent from

25 thefollowing description when considered in conjunction with the
accompanying drawings, in which: _

Figure 1 is a photograph of the cross-sectional view of the filter material
through an optical microscope showing catalyst particles attached by polymer
adhesive to a fiber from the felt, enlarged 50 times;

30 Figure 2 is a scanning electron micrograph of active particles attached
by polymer adhesive to the fiber of the substrate, an ePTFE felt, enlarged 1500
times;

Figure 3 is a schematic representation showing the polymer adhesive
tethering and adhering between the active particle and the substrate;



Figure 1 is a photograph of the cross-sectional view of the filter material
t hr ough @ O0bPR2B&£al ni croscope showi ng catal yst particles PLTUNC 7 y
polymer adhesive to a fiber fromthe felt, enlarged 50 tinmes; 30 Figure 2

Is a scanning el ectron m crograph of actgi ve particles attached by pol yner

adhesive to the fiber of, the substrate, “an ePTFE felt . .enl arged 1500

times; Figure 3 isF'S”%'é'r?&tq“E"}ag]b‘? §‘§'1§5933 reRreS IR, Ry tﬁ%ﬁ?'ﬁﬁ\e?adhesi ve
t et her i ng, and, adlReiiBfeRth¥aaVepaRtichs ahd Melabsiratee. and the substrate; WO~
01/ 21284 PCT/?JSOO/ 25776 9 Fi aur'e 4-is an alternative scherﬁ\?
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of how the p%? esive tethers the active particles and the
substrate;s 5 Fi gur Bigbre Sisa sidelvewicrasscsastienal sehanatigireprepentationeof one
representation pf .on enbodi o i o aterial of the
present i :nven?"ing?l‘?'mlgﬁ'g?ﬁaé‘ %q}"és’rﬁlai14 rtng%e@g\?vﬁ\tg rﬁggsséng !arhltglﬁt(')drfgl schemati c
representation of Figoriéisra leplview cress-sedtional sebematic fepresentation ef i al of the

present invention; Figure .7 .is a. side view cross-sect.ional schematic

r epr esent at i oANAIRETEM qu'm%nt:éﬁﬁai’ ﬁgﬁ“’eetlﬂrﬁf)ma#éﬁf of{)lﬁegﬁasge{ 'P\’/eé%f’ﬁ ter material
of the present invegpltdnis a SildvieRcresssettibital titematidaepriesentatiarsef-stilbct i onal
schematic representations of other enbodinents of an active

filter. mai@ri anotaer emkodimentaan activediier Braters gﬁh@ PEesent IQVentign: vi ew

cross-sectional schpiiRls Eantf 8 afefsidd AewarsREEclonal $6hemiitich measures NOx
conversion efficienCy and Figure 9A shows the detail of the filter

mat eri al sanplepresentations of other erabaslimentsofjan active fitaematesiat of the,pieseph v:  and
Figure 10 is ?J\tﬂﬁr\/i ew .cross-sectional schematic of the equipnment used
to determ ne E‘é{ ticfe |l oss. 20 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
present invention Figusn9isepside viewnrossysectipnal scheraatisraf glreacipr assembly il ter,
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the fl ui d;. and - o _
Figure 10 is a side view cross-sectional schematic of the equipment
used to determine particle loss.
20 Lo _ R
DETAILED DESCRIPTION OF THE INVENTION
The present invention is an improved active filter material. With this
filter, pollutant gas components, or “target species,” such as dioxins, furans,
NO,, CO, and the like, can be removed from a fiuid stream (i.e., catalyzed or
25  otherwise reacted). in addition, particulates which may be present in the fluid
streém can be collected with high efficiencies and, thus, do not interfere with
the performance éf the active particles in the filter. As well, the active filter
material is eﬁectiVe in removing dust particles from the fluid stream exiting the
filter. '
30 The filter of the present invention comprises active particles attached to
the substrate by means of a polymer adhesive: -On at least one side of, or
within, the substfate is a microporous layer which filters out particulates, such

as fly ash and the like, from the liquid stream.
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ways in ch dhesive may hold the active particles to the
substrat e% e. Sﬁlg@laglrsggghggTFE felt, or the like). In Figure 3, a particle

14 is attached to Figuresidomidhare sw'emﬁtiareﬁremtatmstof)MdEtteynametWa‘ybe (i.e.,
a single partl d Lve,. di rS|o

adhesi ve 16a. vgtblir;i&? poﬂﬁ‘n\éggﬁg%g%axﬁn %ﬁe&ﬂ"f l?sbt h% at e 10 by
smlal | pol yner @dfefibroes sPTFE fit, dtﬁihe lika)Stlthliglﬁe 304 ﬁaﬂtlalbelﬂdgéttbél?éiﬂf)' ne smal |
pol yneric stra on the order ew nicrons or less in

di aneter). Theﬁﬁﬁuﬁﬁ@efgﬁyﬁa‘i}sm'%ﬁﬁw Qﬁ’f"g? fic@ singlg pagice femthe on
primary panji Cbayrhﬁﬁamhe@fsp&Mdfpol%ﬂﬂé@he%%% FFiglive @ &oﬁ)&%ws a side
cross-sectional ﬂger spective view of an active filter Tmateri al

conprising a pPAtged I“\?gaFQﬁf’e‘P t'?%s“t?ﬁﬁraﬁt“%b)éﬁﬁéﬂipﬂ'ﬁﬁﬁf éd’?ﬁswecﬁimgﬁﬁﬁb
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enbodi ment, the nenbrane 22 is | ocated on 'the upstream si
substrate 24, afrefemypicrans o legsdn giamesen).( dhe sitings H6lomay (optionaliyosigieateed by

arrows from a dispersion primary particle 16a such as shown in Figure 4a.

20 Figure 5 shows a side cross-sectional perspective view of an active filter
material 20 comprising a protective layer 22, in this embodiment a microporous
membrane, attached to an impregnated porous substrate 24. In this preferred
embodiment, the membrane 22 is located on the upstream side of the
substrate 24, whereby the fluid stream (direction of flow represented by arrows

25 .in figure), including elements 26 (e.g., dust particles and pollutants) to be
filtered, first contacts the membrane 22. To protect the active particles within
the substrate 24 from contamination (such as from dust or other material
blocking active sites), in the configuration shown, the microporous layer is
laminated to the impregnated substrate. Dust particles and adsorbed pollutants

30  which may be present on these dust particles are blocked by the microporous
layer, thus preventing contact with the active particles attached to the porous
substrate. This protective layer provides significantly improved protection of
the active filter material and longer effective life as compared to a filter without
a microporous layer.
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permt inpregnation of active particles and adhesiye into the . .
porous st ddct fagner. gy p °';9&F§PE§'@EQ 'slﬂm‘f"g fﬂgo %@[@rﬁ’o&? sﬁﬁ:‘? Rg™hy aspect
rati o and thugmpraghatibnsof ativdkeaticids atmmolyiﬁei' adhphee intathespuiowsostrustiner i cal
powders. A slurry of active ngartlc and \E’) $/ Eﬂ?dhe tve fI'o%/s unai ded ..
or aided by nEynaamiclas” g mransa mate ﬂ‘é'"%a b8 Réi?{ 10 '%lfﬁn'g?? fe. The
-amount of pol yigRds, A8 Ehy e héncﬁhétﬁ&ibn—@hehb@boﬁvberseAslunsylbfactwent adhesi.ve
to hold the partlcles to. tﬂ
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so that there is sufficient adhesive to hold the particles to the substrate, but

only a minimal amount of adhesive covers the surface of the active catalyst
particles, théreby maximizing the reactivity of the active particles. Alternatively,
the active particles and polymer adhesive may be incorporated into the

25  substrate during formation of the porous substrate structure, such as by mixing
the substrate component, active pa‘rticles and polymer adhesive to form a
coherent porous structure. As a further alternative, the active particles may be
added to the substrate before or after the polymer adhesive is incorporated
within the porous substrate. o '

30 The impréghated substrate is then provided with at least one

| " microporous layer, such as a microporous membrane, within the porous

substrate, on the'downstream side of the substrate, or most preferably on the
upstream side.  This protective layer may be attached, either continuously or

discontinuously, such as by means of lamination, welding, sewing, tacking,

T
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such as adsorbents, et
20  addition to the actlve partlcles depending on the desired result, it may be
desirable to include other optional particles, such as adsorbents, etc., in the
devices of the present invention.
_ The active particles are included in the filter in an amount that will
provude a wide range, such as up to 70% by weight, or higher, and preferably
25  10% to 30% by weight, in the substrate in relation to the final composite
material (not including air content).

Active particles suitable for the present invention tend to be small, i.e.,
ordinarily less than 40 microns in size. The preferred size depends on the pore
size of the substrate used and on the activity to size relationship of the active

30 particle used.

The porous substrate may be any material which maintains the integrity
of the filter and is the matrix to which the particles and microporous layer(s) are
attached. Suitable examples include woven and non-woven fabrics, sheets or
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3 nter i ng. ondribaleBi WARR IR G e BT B forl BB R e, 1 o

menbrane; or eMEBLARG evetrrwbqrrmbbmsasohe partieulahly preférredl Sarbiesubstrdisor non 5

woven. It should be appreciated th the pore size of the ePTFE may be

varied dranmatdReawoye el“HT‘?F’Q‘Pfé‘?SGB@PJF Eifiershavingn densitsof 3Mto 90 gi ng
fromless tha arﬂs E@r ke sQUEFEd aﬁ@aﬁpa?n?é‘arbﬂwofm%qﬂhﬁ.h%whgnerm&i ferred

por ous substr a nonwoven felt nade of’ needl ed ePTFE ers having a
density of1030@at196900 granms per neter squared and air perneability of 9 to

26 mmn at 12 mm yy ed'odrrfeﬁre of-'iﬁgp%ﬁfﬁﬁ\{erﬁ’lgﬁ%ﬁid ?héjgtn.%c%‘r gPr esent

I nvention binds the str tac he active particles
to the subst r aogetiserd ltmtaphemme(achvd particles toctbé subsirate and:carn, \optibrafier to t he

nglp;tegtn?;ﬁiugragtﬁ ; &eetﬁgt [u'%g e‘? t‘?ﬁlﬁ%&% Efq'{'y%ene \B/‘?%Sy%ﬁ%ﬁ%?‘e’fﬂﬁb) hi gh
nol ecul ar wei giahesﬂﬁésyiaelbdé poiyte(rhMMﬁﬂnylevhe(FE FE) sfluotdetiolera propgegit is 1
The. ot coubar TBEFL bR olgtdah W bolytny st Bhad ¥ BhaR e Rogibodat, | EFA)“her--e
pol yvi nyl i demwe‘dmm AllidrrdAgreaten a‘ndrligl'i mmeculafwéugwmiymmfe rAMRNIE
20 et hyl eng. ( BFpihers BeaipATRITt R | CHESTE R g ReteD - TP ORcte PV por olis
polyv_myhdene fluoride (PVDF); a terpolymer of tetrafluoroethylene,
hexaﬂucropro'pylene'énd v.inylidéne'ﬂuoride (THV); and polychloro trifluoro
20 ethylene (CFE). The composition of the polymer adhesive and the porous
substrate may be the same or it may be different. |
The polymer adhesive can be slurried with the active particles before
penetrating into the substrate or it can be added to the substrate prior to the
active particles, or after the active particles. The polymer adhesive is then fixed
25  so-as to attach the particles to the porous substrate.’ As used herein, the term
“fixed,” or “fixing,” is intended to refer to drying to remove volatiles, heating,
curing or melt-_ﬂowihg. The content of the polymer adhesive solids in the final
composite can be from 1 to 90% by weight, and preferably 5 to 10% by weight.
It was surprisingly found that a microporous layer could be laminated or
30 otherwise attached to the active layer withouf affecting the activity of the active
particles. As mentioned earlier herein, proper selection and combination of the
substrate, polymer adhesive, particles, and microporous layer is essential to
maintaining functionality. Examples of suitable microporous layers include, but
are not limited to, microporous ePTFE membranes, other polymeric (organic or




substr at the same or it may be different. The pol ypef, g,%ve can
be slurrl%g(gg%/(f‘?g“the active particles before penetrating |nto t

substrate or it can be added to the substrate prior to the actlve
particles, or after the active particlesqqThe poliyner adhesive is then

fixed 25 SO asinbfyafich ffehndrfosd il Bl Ermbibtdhs PRILE WheribiBALs, disgmmitridised

herein, the term fixing," 1s intended to refer to drying
remove vol ati | E@mbln%ﬁﬂsb ﬂ@ﬂ otheumnﬂgown peveven roalerials, ansopanedfears. t he

polymer adhesive SOE qurgé llfe?wt%rmﬁ oftﬁﬁ[ﬂ%b{ﬂv&ﬁﬂnl?\%vé'éﬂ'&rl to 90% by

wei ght, and prefera was surprisingly found that a
m cr opor ous | apenmeahutybftwldaahﬁ) rlamlmh at12t3{mwateegauge. adinahwhight ofo t he

ment | oned chr | PEREIY 100 dho W il lifoss SasPdnGmvat 1 f06° ™

substrate, pol ymer adhesive, partlcl es, and m croporous | ayer |s essenti al
to maintaining functionalijty Ies of suitable mcro orous éers

i ncl ude, but are n&igure ﬁFFW?(‘PP Pﬁ'ﬁ?%‘&?&[@sépwah‘é'% ALY '"QS’L"H
POl yrter | ¢ (0f Ol a00Gchlaeld flr ag 90 R othP BiEIC SR A4S cafbbiy g2 ©)

menbr anes, ti-1ayer ranes, fil nmenbr.anes, asymmetric nbr anes,
and ot her non- #haé ehown infigwe 5rra'|fl't§rm&rQP°"w$da!ﬁ5@ﬂ ig pravided amshe Umféﬁamred

filter i al EW? of at

| east O. 1 ﬁ%gggiégﬁdg&%?%dd’éwgmﬁ P aE@I\%?/\ea{]a ﬂ'is{o appréx’foxrratel y 100
to 3000 g/ n2, sobstemtd M4,0Mhicrsis adfacamcs sammdnrablgegﬁamdﬂayetee having akEtivgur e 6
shows a top persetl nal vi lindrical filter 30,
such as a filté&PR '5% o¥?mﬁ£er?q gﬁ §u¥>s§é¥leg] gaéy?tﬁnlﬂgg i"BPlreg%tg& lity to
that shown in Ey@ﬂs&wﬁm a khied wpeboaawetmrﬁcwemd Rﬁcﬂm prmmgumohlm
upstreamto sideéI i ct ed gythe egttlono arrowg of a first

i npr egnat ed poPBEF at"é%\b ?P"é’f’\ge &S %ﬂr@ﬁg? ltefqin Al ﬁ'Ea'b” fil of RisAteGnat ed

| ayer 36 hgyi n@opfiguratn. particles of a different function than substrate
24, and yet a third inpregnated layer 38 with a third type of active
particle and functi &%ShoWndn thesmbasimentsh Figwe 6t Fé’%"ﬁﬁpﬁe\ﬁﬁl"}ﬂ%’@ BPvi ded as

a_cartridge filgs]ond t?p@bfil’ﬁ’lf/e BBnIHBPéﬁi’érWtr@rsameﬂﬁﬁé%r lrlédjﬁég}ft hfyarat i on. As

shown in the enmbodi nent Figure 6, It is possible to include rnore than
one type of acffheee ﬂ@lﬂ@ﬁfﬁ I?é!,ef(éi eanchavereitherthe same) of different subisteale acent

| ayers.  These adi g€ Nbebehtitigloh the YesietY RinBlidr i {daRe 28RS d&atdHs drer ent

substrate
20 given system, two or more types of active particles can be added either to the

same substrate or to adjacent substrate layers that are of the same or different
composition. For example, catalyst particles and reactive particles can be
incorporated in the same substrate to perform two different functions. In
another example, the active particles can be in different layers, e.g., the
25 reactive particles in a polyurethane open cell foam and in an adjacent layer the
catalyst in an ePTFE felt. These examples can be further varied by using
different polymer adhesives, which may be chosen depending on the desired
performance (temperature, activity, etc.) of the filter.
It should be appreciated that there are numerous permutations of filter
30 . materials that can be made in accordance with the present invention. Among
the combinations of material contemplated by the present invention are: (1)
providing on the upstream side, within or on the downstream side at least one
-microporous layer, such as one or more layers of ePTFE membrane; (2)

providing active particles of differing compositions within a given porous



materi al s. Depending on the desired function and space consi derations of a
20 gi verwepstR8d two or nore types. of active particles P&THO0EIIed eit her
to the sane substrate or to adjacent substrate |ayers that are of the sane
or different conposition. For exanple, catalyst particles and reactive
particles can be incorporated in _the sa®e substrate to performtwo

di fferent funsubstrate ; (3) constycting a Bikerwthemultiple layers ofrgsens substiateg 8 be in
different -1ay - . ' aact i artigles i . .o hane open .’
cell foam and%l;ezsaéﬁe gﬁ?‘ﬁ%ﬂﬁﬁ"&{/‘%ﬁ%é%(@g?%'saéféldﬁn‘ ns'ggél‘@g‘?éel t. These

exanpl es can Iparticler¢cdnpositian, polyrbsr adhiesiye compesitian)tetpol ynmer adhesi ves, which
may be chosen dependi ng. Hesired. : er : , activity,
etc.) of the fil te?.ggul"??%ﬁg‘&gg sg% &éé)%r seeccﬁg'ﬁ;elgfe% e@‘%&rﬁ{em%@&mrgmr ous
permut ati oBs @fedent in@éntioRO The nticiopbrous fayer 22iis previdedion the upstreamiaidee wi th -
the present invention. Agong the canbinations  of terial contenplated by
the present i rﬁ%ﬁ’ﬁﬂ"gﬁd ngﬁa%@wss]lgf B_\?/'F%Pﬂ@uﬁﬁuﬁﬂ?t%gg't%%sﬁdga&?"ﬁt hin or
on the downst isgadRdSpcibusSuDsRARIIE0 hesElaBiveNaysty tah by of diffékepbsatsstriatee or nore
| ayers of ePTFE nenbrane; (2) .providing active particles of differing

conpositions wolymen aghesive: And aelveraisiest the cambination gEwnichsuitgthe 5 sypstrat e
(3) constr u%HeElﬁ’ch lichktignr Wi th nultiple layers of porous substrates of
the same or difrering conpositions (i.e., porous |ayer conposition, active
particle aonpositi dmopepaiculatidiprefsried aransimentiofthe present invegigne a7 shows a-
si de cross-secgf;ional , view pf a.fi. . el - : Lnvention..
The m cropor o@berl 'H%l%Pg?%Wf"%dp‘)"?‘ (5%/"{ %Eggﬁggﬁbgéﬁlﬁé&ﬁ %%%ﬁégggﬁféggﬁaﬁpi cted by
the arrows) ofgaged,iotisdr targetapecies artd periicubates frnrndive fleid stiparodingrein. Foecond

porous substrate 36., These active | -C bhe of., diff nt. strate, .
pol ymer adhesiRatancgnfy 5'51?‘%\\;'@‘9I@aﬁﬂﬁﬁ%ﬁqéﬁ'ﬁzh@b@%mgjﬂ Bﬂﬁgﬁ%t%\ﬂﬁgﬁ’ suits the
speci fic' appl iN@y, bAdNH, will readilycbepmotiifiediings HYO pneNe irr thd pesseade obnt of the -
present invention, a filter nay be provided which is particularly suited -
for use inStr®¥9¥Yy pollutant gases, other target species, and

particul ates from tesuré Bishews bistierbiiesedtional vigw of dittien Giker hatesalpf oyi ng a -
catal yst of Ti 2, V203, and W3, pallutants oégsyo, afqz and NH3 wiJ |
readi |y be nodhe Pregentinventiony | RAMRDSES A MHEORAULAYRY o@g%g%@q_m igure 8
shows a side GhOBSoREShbMAR 24/ & YesdndARRIdpRFous lhjer Ro@losstedl Of - the =

present invention. It conprises a mcroporous |ayer 22 | ocated upstream of.
downstream of the porous substrate 24. '

20 Figure 8A shows a further embodiment in which a micrbporous layer 22

is provided within the porous substrate 24
_Figure 9 is a schematic representation of a reactor system which was

used to measure NO, reduction of filters made in accordance with the present
invention. Chemical reactivity was tested in this vertical flow reactor system 40,

25  with a filter sample sampling area measuring 4.5 x 4.5 inch (11.4 x 11.4 cm)
square. The syste'm' 40 consisted of three sections: the gas supply, reactor,
and analyzer. The gas inlet manifold 44 supplied four different gases for NO,
reaction: nitric oxide (from BOC Company of Riverton, NJ, 20% NO in
nitrogen, less thah_- 2000 ppm of other nitrogen oxides), ammonia (from BOC

30 Company, 20% ammonia in hitrogen), high purity nitrogen from a nitrogen
generator (Whatman, Haverhill, MA, Model # 75-78, operating pressure 100
psi, nitrogen purity > 99.5%), and air from an on-site compressed air supply
(moisture removed through a dryer, hydrocarbons removed by'a on-line active

carbon bed). The flow rate of each gas was controlled by a mass flow

HRE



t he poro rate 24. A second m croporous |layer 29 is
domstre?aj‘&lozlg}}ﬁ? porous substrate 24. 20 Figure 8A shows a ?%5776

enbodi ment in which a microporous |ayer 22 is provided wthi n t he porous
substrate 24 Figure 9 is a schematic reprf?ent ati-@gn:-of a reactor system
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the present inventio emca

- f'l ow react or smwm stainless steel thbing masslaaﬁ)tcectxm\npﬂeawg gasaylindeataring 4.5
X 4.5 inch (11.4 x 11.4 cn} | uare The system 40 consisted of three
sections: the dﬁ%"ﬁ? BPV 553 and anal yzer. The gas inlet manifold 44
suppl i ed four di ffer‘ﬁiﬂreﬁd&ﬁﬁssl‘eﬁibly\@nssstémcatéemﬂon A8 to prehext e gas (®m BOC

Conmpany of Riverton 20% NO i n nitrogen, t han m of , ot her
ni trogen OX|5de§)'pe%\4ﬂﬂ9H|"hle(‘9€holﬁ'B€i‘9 3'99%@% %S@G%rﬁﬁz?dg?@geﬁﬂﬂdt FBgen)
high purity ni tr&Q&SPb&dﬂB T8 HiFst ‘Hgl?Bf thG%{e%i 8éctiola3ivwa hedtly S%Héétin ,
Model # 75-78, operating pressure 100 ps nitrogen purity > 99.5%, and

air from an on-tape ¢6.cwhigh wes eanteglied bug;&empeqa#uewnﬁr@'er mveniol hr ough a

dryer, hydrocar e nwﬂ | ow rate
of each gas wasg)ég‘%ﬁf'{bgfqyﬂ' %M#%?g) ?‘nw | lhégynﬁ%ﬁ%%%?g‘%{ théOO’ 25776
16 controller (Qcon&hhlﬂetthamﬁeat sdctibla¥B iwalstheafed by Ahnisdcetd7, whefelthe( not

shown) . Qjarter i nch st ai was used to connect each gas

o s oYt Hempattur X heBfitg mit Whs chatIPd by Bizecat s st ed of a

section 43 to psoplemér (OifolMode #ESOJPETRE hedting rafe waN90°C/mih. i nch out si de
dianeter, '/z inch inside dianeter) and the reactor body 45. The first

hal f of the prcPeustean ofdhe H@hﬁﬁ@ﬂﬁeﬁ'%‘%y’aﬁé‘%ﬁ T%ﬁmfpaﬂ)é‘*ﬁGTh?vFﬁa&Fvavas
controlled by %L{@Wﬁ Ma&e sm&.mgé §feef,QﬁH% Qmp@ﬁbmmums iddatedV0del  #

E5CJ), and the ating rate was second of the preheat
section 43 was bﬂwequumer@ndmd@lvw 45er¥§be°ftthﬁafemtqf @nﬂbﬁﬁt Eihetcumf heatl ng

rate was COL},Ie %L%gpgyhé?f &Wg@fﬁ%ﬁh\éﬁsw&o&ﬁf $L¥2r5 |§19irh§urﬁrl i s e ct on

E5CJ). The ating rate Downstream
- 43 was t he r eachattonbefthe 4pperiialf of dechasly habahmeﬂsionmmthwﬁmm squares s

et uonS, e APB l Gondfn' B 0§ o AR cr RS s [
45a had di nensi4imshes. 'BméSdnbgenQnoﬁs fantiie Isweahadf ofithe body 45b were identical,
simply reversed. A sample holder 48 (4.5 x 4.5 x 0.125 inch, stainless steel)

20 was located between the upper body and the lower body. Figure 9A shows the
configuration of the sample 42 in the sample holder 48. Particularly; a PTFE
gasket 49 (4.5 x 4.5 x 0.125 inch) was set on top of the sample holder 48, and
the sample 42 was sandwiched between gasket 49 and another PTFE gasket
50, as shown. The lower body 45b was connected to a gas flow meter (not

25 shown) which measured the flow rate of the gas. The upper and lower bodies
45a, 45b were heated by temperature controliers (not shown) where the
heating rate was 10°C/min. The gas temperature of each of the inlet gas and
the outlet gas were controlled to be within 2°C of one another. Gas sampling
ports 52 and 53, above and below the sample 42, respectively, were provided

30 to measure the inlet and outlet gas concentrations to determine conversion
efficiency. Exhaust 55 was provided to vent residual gas.

During operation, the sampled gas was analyzed in the gas analysis
section, which consisted of a gas conditioning system, an NO analyzer
(Siemens, Alpharetta, GA, Mode! # Ultramat 5E), and an oxygen analyzer



bottom of the upper half of the body had dinensions of 4.5 by 4.5 inch
square, w2284 di st ance between the top and bottom of tPMEI/UNPESTI6al f of
the body was 4 inches. The dinensions for the | ower half of the body 45b
were identical, sinply reversed. A sanple holder 48.(4.5 x 4.5 x 0.125

i nch, stainless steel Rnpzo was | ocated belfween the upper body and the | ower
body. Figure JRiemenssModel # Ukyamat2i/e,). Jrriasto enteringthe gasconditioning sanpl e
hol der 48. Parg, ch) was
set on top of %yhfe‘eﬂ*s gﬁrrr%% gteﬂso&aiarg ﬂggléﬁgﬁguﬂﬁﬁééglgsé U%bglé%mc@ cénit%g&ma hed

bet ween gasketthrt@ literd ofiphasphericRatiE(arhs Keto reamveammmvfrom‘rtheglasv\er body 45b
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e outl e as _wer

Th t t f d
Comt Lol b o ey ierS SEGas Wefe SrawBitie AT G898 apaivse: nt gBE LT 508d 53

above and bel %stdl‘rﬁwﬁmltﬁéH@anb@&&eﬁhuﬂﬁ{ébusl?ﬁ%tmq@\én@%i ygéh t 0 measure
the inlet and outl et gas-concentrations to er:m ne conver Si on

efficiency. BanglgersyerasalinsatedipHactoisampiegas @epsiiementas. During operati on,
Lhe sampl ed gas vasriatghoTed shbrhdig BesBRBINPISaubRR Bica WheRkueenS, ot o0

of a gas conditioning system an ‘NO ahal yzer Sie etta, GA
Model # U 10r amartidiedoss ahmeaherepw‘@mrawtmnhm The euLisrentOsedBOREL5776 17

(Si enens \ i oni ng
system three% ?aerbjélégog gas%flélgﬁgu sﬂ?lrtgé hg%s%qg%ﬁéd Q%B SPV#Nﬁ é:ont ai ned
three liters 0f72ﬁbd$awirrgrthefalowmlg(habic:coﬂr)pohentseﬂuste:oﬂenﬁmﬁcaﬂlhlclmm the gas - -
stream The thre as e_.then ed: i.nt.o as ndi tioni ng
5 system for rﬁ?f‘%"lﬁdtetﬁﬁﬁ Iﬁ"?@%@aﬁ'm°yf'9‘§f% %ﬂs?qaégegéggam L@ﬁe\)ﬁetded i nto
two parts: tvwhanhifolds% megampmmecdémemnmtfmrtélenem;@em amatagﬁd and one
liter of glgls z@ﬁ&h{%ﬁ@%ﬁé%éi{]@aa%a a%/zer S b E_'eﬁus %tr Both go and .
oxygen analy i gure
10;is a SChenFHIérﬁerﬁtQWe%ﬂé&dﬁfbtﬁltérﬁﬁg@@ll'owmﬁremfgﬂietpipé@ﬁﬁdlﬂﬁ reaQ:fpartlcl e
| oss of the filters of the pres I .nvention. The equi pnent used to test
i 18 FRmeE

for particle ItBQE'SM‘t%WTdPIp!HQQE e Jpéiseﬂ)%{é"%lﬁ’gé’a WWSRASnafi |, Part
No. 6- 17273, fblﬁ)ﬁs”gbdéé%rééé'u}é)ﬂ\ﬂ%m Bsi SOUROAR Blich of bLSH sédhlSsiliy 60

whi ch contained the filter el ements 62, airflow inlet 63 and di scharge 65,
and pul se j et intgauel pa]rawaf30$ﬂ@r@aumﬂ$ﬂewpeae@a5§@| O3S Bulse PR el enents 62

ina3x. 3209r | fameter of one inch; pulse pipe height of 5 inch above tube sheet, airflow of

200-2000 cublc feet per minute at 10 inch water gauge The filter cages on -

which the filter: pags were atta_c_hed were 60 inch Iangth bottom load cages
(Flex-kleen Ré:séa__rch - Cottf_ell Flex-kleen Corpbration, Itasca iL). The
differentialiacrgi:s_::s; the tube sheet was negative.:- 3

25 The corﬁﬁination of the four components of the active filter material of
the present ihvéhtion, nam'ely the active particles;-'polymer-adhesive, substrate,

and microporbus"layer can be applied in a broad range of applications, as

shown in the examples provided below. The actlve filter material may be
incorporated mto filter bags, fi f iter panels such as ﬂat or pleated flat filter

30 panels, or plaat_ad ‘or unpleated filter cartridges, depending on the desired
application. One field where this 'invention may haVe particular benefit is in
industrial ﬂuid_ﬁ gas cleaning of emissions from _staii_bnary sources. However, it

is contemplatac:!_'_that?the present invention may be utilized in virtually any



15 with three pul se pipes 68 cleaning three elenents each. In this test,
three eM@BHZE84ere used for filter bags,.all on differeRCHUFNESHPpes,
and the rest of the elenents were plugged:: The pul se jet cleaning
paranmeters were as follows: pulse pressq e of 40 and 80 psi, pulse

duration of 0.05 second, pulse interval 'Ber row of? econds,  pul se pipe
hol e of size ofiygtio Pgsaf&"a@%aaﬁ'%ﬂm *@rg%ﬁee?'?ﬁ@%%aﬁf@t%ﬁ% hei gﬁt IOof
5 inch above t phRtig\Giomebdrhbifdtiod) in 2AGd 308 GsBeGrabRet per minute at 10

inch water gauge. The filter cages on which.the Filter bags were attached
were 60 inch | engt hWitheutdrtendiag te it she sqapeef thedursert dvgntion, theot t r el |

Fl ex- kl een Cor ' ; ! o : \ t ube
sheet was negaP?%/@élégg'?"lf’hg%%%r‘?{)'wls&ag%ﬁc%?‘ é'; %’ggﬁgmﬁbgﬁ?pé%z%tesﬁ%% t he
active filter emduesedal of the present invention, nanely the active
particles, polynmer adhesive, substrate, and m croporous'layer, can be
applied in a broad: range of applications, as shown in the exanples

provi ded bel owgxXAMPLEC1 i ve filter material may be incorporated into filter

bags, filter panels, such as fl or pleated flat fjlter 30 panels, or
pl eated or unpl eat e® fitPT W@%"@L‘?fﬁ{"? RERSENt IRVSIUAR; SAPRIISING 2 Weight Rescent

appl i cation. Oggtafys€hdiacte nfatéritii WBighNHdreeht PR ntR wahesid asd/b8welppbelf it is
in industrial fluid gas cleaning of em ssions from stationary sources.

However, it0 i percentsuppiratecwas fakricated ipthedasnner desarbpd belemy apd tha NOi zed in
virtually any 1Ll erdf6d %gﬁ%g@p{é,&%ﬂﬁﬁgg&@_ 18 filtration application
J et

where action upon a target species er catalysis, reaction or sone
conmbi nation) in a fAfellisshstratenmateridbefinegdied expinded RTREfilkard wag obtaidédri t t he

FEoPe. Sl oo, R B A P DT LA SRRl L oL ho
of the present 168Vegtwitihnan aippgrmesbility id2hezingt of B@6aainin at 42 ny Watears active
Subst 1 at e, Vias OAUBs [E-GPre A ASHESRIGH, U igef iRl h S wespiepRE NG
conversion of tbmpfisihg 63 mief & 20 percsnt byrwaiht pslymér ddhesive sbhitibat € materi al
e e e e o e s Shns T b ooy bt ™ Y 1
permeabi | ity i Bokd8 T120%§ DUPOAt, AMilminglon, BE), W87 N otakSsnized water and
50.75 g of catalyst (3% V,05 on TiO,, 0.5 micron average diameter, sold in
20 extrudate form as S096, CRI, Houston TX), which was magnetically stirred for
22 minutes.
The slurry was poured over a surface of the felt substrate material and
was uniformly distributed over the surface of the substrate by sliding with a
spatula. The substrate was then flipped over to expose its other surface, and
25 the procedure was repeated until all of the slurry was absorbed into the
substrate. The impregnated felt was then mounted on a pin frame and baked
at 220°C for 18 minutes. -
The filter material comprising the impregnated felt had a measured air
permeability of 4.2 m/min at 12 mm H,0O.
30 A layer of porous expanded PTFE membrane having a thickness of
approximately 10 microns with an air permeability ranging between 4.6 and 5.4
m/min at 12 mm water gauge was then faminated to the impregnated felt.
Particularly, the material was subject to heating above the melt temperature of
the FEP, and pressure was applied for between 10° and 10 seconds to permit



15 gauge (W L. CGore & Associates, Inc., Elkton, MD). A slurry was prepared
conpri si mp@R12A4 of a 29 percent by wei ght pol yner adhesi PET/HSINRESTTON
(fluorinated ethylene propyl ene (FEP) aqueous dispersion, diluted fromthat
sold as T120 by DuPont, WImngton, DE), 187 ml of de-lonized water and
50.75 g of catalyst (3% V205 on Ti 02, 0.%%nicron average dianeter, sold in
20 extrudate feoftening afdlesFERRNd pesuitbendinaof themembrapsstorthe inapregratey stirred

for 22 mnute !ﬂeftw #]ﬁf I ubstrate
materi al and %nlts-%ﬁﬁ r?%%rﬁﬁa%?@? ﬁt)éliﬁfei'add) %%r@?@gt%ﬁgﬁace &g) SiBstrate
by sliding w texpandeqbﬁ’ﬂ' EEanerfilbrane ahd thecfelt, angisart aieperirieapifitycbf dvem/mia atxpose
Its other surf ﬂe{25 the procedure was repeated until all of the
slurry was abs (93‘6'%% substrate. The inpregnated felt was then
nount edI on & pin fﬂiﬁﬁrmttrbakadedgh?glﬁcﬂﬁ;‘ incoFigure gmvwnwtoﬁhsashrdﬂweL | -
materi a corrprlsm el nat e t asured air perneapility
of 4.2 mnin abOi%o g cx- |Raytiqu g%dﬂghngwp%Wﬂ'S&qPﬁfFEamlPo?ane o
having a thi Ckﬂfe??né?énal aﬂa ammbxéaﬂrl%lermdémthvu g&keﬂomeﬁhe?@rd@%bl lity
rangi ng between 4.6 and mmn at mm wat er a was then [aninated

to the inpregnshawn rneﬁlgure Qﬁa?f!d tbaisample hql%m@?@“" aetel-ethe t o heati ng !
above the el ok GORFaR tf %ggé [Ion BontfciErs WEid B o ttieie WibaB ROIbGH) d1O"

between 10" and 10" 5 seconds to permt -------"-------- 284
PCT/ US00/ 267 760.295 mioutg pﬁgatalf/stt ami ﬂhEFPemwr was checkedbfod lealys afounddherenbr ane

to the inpregn h ood bond
strength bet vve%aﬂﬁﬂﬁgogig {%g[f% ‘E'f%cf% gtf&%% #o%ﬁﬁeaﬁ%ﬂgﬁga;{%g&?%er and an
ai r ‘per neabi | i tppepbody Endﬂomenbedy wdr2 setrto/2802C, mgeuchhad BeEeCt, or :
descri bed and sho was used t asu onverS|on
ETr e ancy  palempadive) YRSl e S tntiia ek T e Hbl BB te rri wes | 1 t o

m;tt erial \éfas pieﬁtgéﬁfbyl ﬂb\nﬁr’fyﬁmﬁﬁgéﬁ almdur?l stahe Eetttémﬂemg of 2187Cefot P Aburs| deTﬁs
shown in Figure t:he sampl e ho ed in e _reactor e .
nitrogen a a‘f‘ﬂe'ﬁﬁ§§a'f‘f"ﬁ\ﬂe@8ﬂw&f'mé¥"€"%@r&é@%ﬁ%‘“@%ﬁ'@% ?’%ce velocity |
of 10 0.-275 nBAdiRidhiatarifNGraltuthiéd of Bslcdritentrativnt oF 398 ppralteadedader | eaks
around the sanple holder. The tenperature controllers for the_heating

tape, furnace, Pprﬁﬁfeﬁmfﬁ%? %@romwe?xvssa&ff%@g)@m%bam N2 1eNQ40C, and

310C, ' and oxygen concentrations from the inlet gas and outlet gas were measured.

The measurer_ne_nts were stopped when the inlet and outlet concentrations read
20 from the. analyzékS'did not change for 10 minutés. - A reference sample was first

measured to ethre that the condition of the system had not changed. The NO,

conversion efficiency was 76.8%. This conversion efficiency is calculated as

.. Conversion efﬁc1ency (%) = 100 x (inlet concentration - outlet concentration)
25 o . inlet concentration.

Example 2
A filter bag, comprising 20 weight percent catalyst, 10 weight percent

polymer adhe_sn/,e and 70 weight percent substrate, was fabricated in the
30 manner describ_éd below, and the loss of the catalyst particles of the filter was
measured. :
Afelt suﬁst_rate material of needled expanded PTFE fibers having an
average air perfﬁea’bility. of 9 to 26 m/min at 12 mm water gauge (W. L. Gore &
Associates, Inc.'-) was sewn into a bag of diameter 8.5 inches, thickness 0.6

jor:



respectiyel V%en t he terrperature reached the set points, !#117@5[) e was
tested byv %&M g nitrogen and airf.at, the-sef. tenperature 0 E% H

hours. 15 After the sanpl e treatment with nitrogen, the mass fl ow
controllers for NO ammonia and N2'were ~hurned on to concentrati ons of 396

ppm for NO 40 I f ry, and the
bal ance N2. Th%cn%oq&&r?ygggﬁggﬁé%gﬁ%qﬁastlongfromq?r%ésl gg%r%as and outl et
gas were neasun:enhpnsﬁ@“hﬁamlnéaéﬂtpermtbywelgppmiymﬁeadhdwelsmlmlbnand out | et
concentrations ad 2 m t he anal npt.‘change m nut es.

ref erence sarrpl‘i‘"%'ﬁgtegi "erPeﬁ@{ﬁ %éﬂg‘iﬁ'@ W'?'Pr%&c[) Til;r%ow of the
system had not pupeRgedimingten NSE), 48298 ¢ fideldnielivtitemind W@oﬁ&éta%tl S

conversion efficiency is calcul ated as Cgnversion, efficiency (9 100 x

(inlet concént r(%%l\bﬁs on JiRa 85 misrricaverags dametes, soid Brextrydatefemias on.
Exanpl e 2 A i lgogg, ?‘3’3 Wge:gﬁgwmcmaw%eﬂmy Sfiiféd forinfdr¥ tan 90 vei ght

percent pol ymer ad 0 wei ght pércent substrate, was fabricated
in the 30 mannemingescri bed bel ow, and the | oss of the catal yst particles of

the F11ter vas Measye gl Al s o Bh bl iy AESEbA P20

PTFE fi bers having an ermea mn at 12 mm
wat er gauge ( Wsubstrafe matelial émtwas am&s’mly dlsmbutadsweleﬂm surface af tha of

di anet er 8. [ 21284, PCT, 00/ 6 20
Mehes. 1 et h su6stete RS e n yiraliBadhe faeta. AP gl s

conprising 144 twbég ingitle @ubandokght eide duy repeatilly. pme/mbeadém\repméwt i on
(fluorinated. eth ene éoro yl ene é EP%j aqﬁ]ez%lg dISp rsion, sold. as T120 by
DuPont, W | mi ng\8ial ghte siuigywas agsqiped, inte, sifgltee/ haﬂaprfsaat@é fiferos

catal yst 5 (3%p4aQmsefer] hihg infidé am&é@anewskmd&mearo%wmgeérﬂpératu%t rudate
formas S096, Houston TX), which was magnetically stirred for nore

than 5 ninut e§f°ﬁf¢1e7%mnqt§ﬁﬁa OxfoBminyies tdnGreaseRventemperatyra #o8ur f aces
f the felt t th
o efte ? ﬁ&bﬁéd‘é ‘a’ﬁ%?lmlﬁ\ﬁ S d"@'éﬁ‘é ?Ph%h‘ihé h%ég?k%ﬁetqrdéﬁﬁfe e

surface of the strate ﬁeat ed
material, and enditee bagswapgmlethg\ emerbag&hwrmvmm timel ltrwagmenwwqe out

repeatedly. The pr O%gtﬁagt\%ﬁsﬂ}%ﬁ B&Bh&de a?]&t' dit.yéq j%t g hdlReHsUes¥rithds

absor bed |nto t he substr e |npregn
and shown in Figure 10. The operational procedure used is described as

follows. Before the test began, the bags were installed as shown, the system
20 was cleaned to allow only negligible dust, and the post filter was cleaned so
that the pressure drop was less than 2.0 inch water gauge. Fan mode was set
to automatic, and the pressure drop across the tube sheet ranged from 1.5 to
3.0 inches of water. The cleaning mode was set at automatic, pulse on time
was 0.25 seconds and pulse off time was 2 seconds. The test was then begun.
25 A dust free air stream impinged the impregnated filter bag which was
tightly fit on a filter bag cage. The pulse pressure was regulated so that the
bag experienced pulses at 40 psi for about 47,400 pulses and then at 80 psi for
about 35,000 pulses, for a combined total of nearly 83,000 pulses. The weight
of the bag was measured four times, before pulsing, after about 13,600 pulses,
30  after about 47,400 puises, and when the test was complete. The bag after
~ testing appeared visually the same as when it started, i.e., clean with no signs
of wear. At no time was there any weight loss, which would indicate the loss of
catalyst particles.



bag was then hung inside an oven and baked under the follow ng tenperature
profil e: WADOMP84% es at 150C, 83 minutes to increase oven PEEHSIURSETG from
15 150C to 250C, and 7 mnutes at 250C after which the heat was turned off
and the bag was cooled in the oven 14.5 hours at which tinme it was renoved.
The bag was then put inside a pilot pul sél j et bag house as described and
shown in Fi gurExamplefhe operational procedure used is described as
follows. Before thep ﬁ?ﬁa e
system 20 was cl eang‘gﬁ{maa 036"%'& ehﬁﬂ%e?ﬁﬁﬁﬁhde@g&vgitgh{aﬂergé?th%ea%ttéspl I ter
was cl eaned soweight pernentipolysenadhesivepanthds weigbt pereentzubstratewasat er gauge.
Fan node was s Q essure. drop across the tube sheet
ranged from 1. %tbf's tegﬁbuﬁw?ﬁ#hngrggewg%@&@ he cl eani ng node was set at
automatic, pulse onAtnothoveﬂs:oﬂva’lﬁosﬁcammdmadn@ﬂlterepadfsi:bttra‘m (Parslatbr e
the

SO e e S iteC A Do e 12 . Fepbg S, 9 L
pul se pr essur ecursiing) il Gbtafed MebBiing 125 inkAds wpa{megcmb muhésemsc&t 40 psi-
for about 47,400 pul'ses and then at 80 psi for:- about 35,6000 pul ses, for a
conbi ned t ot aI al@ﬁ wneannsﬁ@esoeel%mvwspremred\saemnsm 82.0Bigeofligads. has neasur ed
four tinmes, gnt\%/l v?é@ﬂ go@fﬂé? LdRENE selhas Wt%fﬁﬁ?oet%rﬁf peEgabout

47, 400 pul ses t'est was conpl et'e testi ng
appear ed vnosuaaqqewaehspelsmnasoldmrDuP[ont,tirmeaom DE), 57&869aofdﬁ-lphized) signs -

of wear. At no S e the
| oss of catal Vé nx\?%é Qfad’a?a}giﬁ %& B@Pﬁ%i %’%ﬂg%l '&gé{éﬂpl e-3 An’
i npregnat ed f esdld imextrudate fbrmasrﬁogeltb@l I-IbmstmeTgmtamagehmompﬂla}mhpI 23
wei ght percent lﬁg ‘X’Hﬁh adhesj Vﬁ ailndt% wei ght percent substrate, was
fabricated in § Wap MALOEYFY 'rlS ‘'ow. 5 A hon-woven conventional air
cogdl tioni ngﬂ{)l I teeredubyu’?tawas qor(aiwwitmwrandmersiwnyrwamuurédbmlthédl lter:
pa part number 1773, of Hend was obt.ai ne
measuring ¥ 253‘i'rfﬂ,°ﬁé£ r?“'YqiléH'%éra%% §§cqs§“§ "ﬁ?lﬂ?k're‘i@a"hﬂ?r\’\ﬁ ghing 3. 76

g. Aslurry \’Va§u5%'frﬁte’i"fﬁi§ mwaﬁeae@se\%?alaﬁ@ foif uriforrl dlstRAi6ENt by wei ght
pol ynmer adhesive soI | ds E %etrafl uoroeﬁE%/I ene, PTFE, 10 aquequs

di spersion, sold by T q $aMple syas theshungsat r@ghéergpera@_re g guep i s

overnight. The sample was then dried at 140°C for 45 minutes and cooled to

125°C over 15 mmutes and removed from oven. The air permeability was
20  greater than that measurable on the equnpment wh:ch had a measurement limit
of 61 m/min at 12 mm water gauge. '

AR PERMEABl-'!..'ITYI _ Frazier Number Method
Air permeablllty was measured by clampmg a test sample in a gasketed
25 flanged fixture whuch provided a circular area of approxnmately 2.75 inches
diameter (6 square inches) for air flow measurement The upstream side of the
sample fixture was connected to a flow meter i |n Ilne with a source of dry
compressed anr The downstream side of the sample fixture was open to the
atmosphere. |
30 Testi'ngiwas accomplished by-applying a p'ressure of 12 mm (0.5
inches) of water to the upstream side of the sample and recording the flow rate
of the air passmg through the in-line flowmeter (a ball-ﬂoat rotameter).

fiu -



water and 9.5 g of catal yst (3%V205 on Ti Q2, 0.5 nicron average di anet er,
sol d in SXOOUZERBe' form as S096, CRI1, Houstoen.TX), and 2 ¢ Eﬁ-T’pg@ﬁs'b’ﬁyl

al cohol (1 PA) which was magnetically stirred. The substrate was sprayed
with I PA and the slurry was poured over t 15 surface of the pre wet
substrate. Excess slurr pour ed again gver the substrate. This was
repeat ed several ti nBQS'%Sra'%FﬁpPHFﬂf’H?eg'PFPB Bz | ”ﬂpérﬂti’tﬁhéﬁﬁﬁlﬂe\'f Ranmpl e was
then hung: it rami&h%{mmﬁk&u&ememﬂs%p@aﬁm_ -"ateigt%sm@mr% ¥iwsic t hen
dried at 140C for 15 m nutes.and cooled to 125C ¢ver 15 m nutes and
removed from oviset/mimie/square faoketsample it QEdnchesgyaten Rressuie:n t hat neasur abl e
on the equi pnent, which had a neasurenent limt of 61 mMimn at 12 mm wat er
gauge: AR PERVEABILITY - Frazier Nunber Method Air perneability was
measured by £l anpi ngV\&ule@atticela'rrprlnbodimeatayfﬁk@pmtenﬂﬁvérﬂiangavie beert ure which

nahes) f or ai r InPERR ARt SrosfBRY AT Vi pberk inish e Bro i Beiled 71 e

was connected t gudh ifilistations &id de%d:pmswmématmumraﬁ tieht thagegdmissed air.
The downstream side of the sanBI e fixture was oggn to the atnosphere. 30

Testing was accBgificatinas may bejnegrpatpted and.embedied ps part phthecpresent nches) of
water to the upﬁ,tvéﬁ&mvﬁtm}ethgfscgpgofsmg%@m{bddé,%or ding the flowrate of
the air passing through the in-line flowreter (a ball-float rotanmeter).
film WD 01/21284 PCT/US00/ 25776 22 Results are reported in terns of
"~ Frazier Nunmber which is air flowin cubic nmeter/mni/square neter of
sanple at 12 nmm Water pressure or in cubic feet/mnute/square foot of
sanple at 0.5 inches water pressure. 5 Wile particular enbodi nents of the
present invention have been illustrated and described herein, the present
i nvention should not be limted to such illustrations and' descri ptions. It
shoul d be apparent that changes and nodifications may be incorporated and
enbodi ed as part of the present invention within the scope of the
followi ng clainms. WO 01/21284 PCT/ US00/ 25776 23 .The invention clained
i's:




is 1. An article conprising: a porous substrate having actjv rticles
adhered MO8\t ace of said substrate by a pol yner ad?ét’Pg@{zg7 er eby |
the particles are tethered by the 5 adhesive which conprises (a) strings of
pol ymer, and (b) dispersion prinmary polz r particles. 2. The article of
claim1l1, wherein th?hv\ﬁﬁl%?{tﬁn i&ggkses conprise catalyst particles. 3. The
article of claim1, wheréin the active particlé&s. conprise reactive 10
particles. is 4. TheAarartiod eoroprisingai m 1, wherein the active particles

conprise particles of nore than pne conposition. 5.  The.article of ¢laimi,
Wherei n the active aprveeubstEleBReg S8 Patclet adkeredl 5% putap ofped de. 15
6. The arti cl esgtfstratetiyna polymbradtesivepiviergby HeRjariibisre tetheRidbyithes at :
| east one material selected fromthe group consisting of FEP, PTFE, HWMWMPE

and HWW PP, 5 pradhesiygwhich gempyisesfa) strings—f polymer.and (bx dispersign Primapkr ei n t he

at | east one ggﬁgmgrwaég.ate conprises at |east one of a woven, a
non-woven, a rane, an-open-celled 20 foam Sintered particul ates, a

fi brous/ parti cul at e2n&heerticle of stairn Jnwharein 1ba activerparticies comprigecatalystcl e of -
claim1l1, wher e")é]_ﬁa?%d porous substrate conprises nultiple porous |ayers,
each [ ayer having (he sanme conposition. 9. The article of claim1, wherein
sai d porous subst r aB.eTheagiciessd slaim 12whéieirsthe potiviearticdlgecompriseatattivast one -
second porous Ia.qr said at | east one second porous |layer having a
conposi ti of? di ?"?'ﬁ?@%t fromthe conposition of the first porous layer. 10.
The article of claim The ahicleasfriaiai1fdwhereiithe 20ial paitices eorpiseqsartiolss ti pl e -
porous | ayers, each |ayer incorporating active particles of a different 30
conposi tion. 19 magdhan eReeAMRASHON,i m 1, further conprising at | east one
mi croporous | ayer. 51%he AHRleatlcisith 4, Wherinthgadive plifEI&l Borhpiseat | east one.

m croporous layer is attached to at |east a portion of the porous
subst r at e. vanadium oxide on titanium oxide. _

15 6. The article of claim 1, wherein said polymer adhesive comprises at
‘least one material selected from the group consisting of FEP, PTFE, HMW-PE
and HMW-PP, PFA, PVDF, THV and CFE. |
7. The arﬁc_le of claim 1, wherein the at least one porous substrate
comprises at least one of a woven, a non-woven, a membrane, an open-celled
20 foam, sintered particulates, a fibrous/particulate network, and combinations
thereof.'
8. The article of claim 1, wherein said porous substrate comprises
multiple porous layers, each layer having the same composition.

9. The article of claim 1, wherein said porous substrate comprises a
25 first porous layer and at least one second porous layer, said at least one
second porous layer having a composition different from the composition of the
first porous layer. _ |
10. The 'artide of claim 1, wherein said porous substrate éompﬁses
multiple porous layers, each layer incorporating active particles of a different
30 composition.
11. The article of claim 1, further comprising at least one microporous
layer.
12. The article of claim 11, wherein the at least one microporous layer

is attached to at least a portion of the porous substrate.




..b Y W 01121284 PCT/ US00/ 25776 24 13. The article of clai erein
the m crm? l ayer is lamnated. to the. porous substra?’gfrmfﬁ&z#ﬁg
article of claim11l, wherein the mcroporous |layer is attached to at |east
a portion of the porous substrate by at Igast one of welding, sewing, 5

I
tacki ng and cl anpin [ . A itroptssGhvbr b o por ous
| ayer includes act ?%J'ggraﬂ}% g@%"ﬁeﬁé%fegﬁ{.h@fﬁ%mgrt | gﬁ%ﬁg?ﬂ%ﬁéﬁ}aﬁq&gl

wher ein sai d ato theguirousnstibstrateopor ous | ayer conpgises expanded PTFE

onst one i ot opor dfe TragEe vt {, iherslf Fehluilers Brslor I fukbed &

substrate. 18. affeastd portibe obthe polauissubitratelbgratieastibnd elagélding ssewing, he at
| east one mcroporous layers is within the porous substrate. 19. The

article of &l aﬁ?ﬁkm_,af\ﬁtféﬁ' PIR%-at | east one of the at |east one 15
M croporous | ayers itg qheldifoilonihsity BRWHekehe R michboRslisdEperindhsdesat €. 20.

The article of claim 17, further conprising at |east one mcroporous |ayer
on the downst r @ativesparticles thergin.por ous substrate. 21. The article of claim 11

in the formof a filgfer . : Cls ' ' of a
pl eated cartridge. ! 0gg.aag%%gfa?%ﬁﬁg%@ﬁ%&%a‘iﬁs{;\%ﬁ@wﬁﬁ% lggéﬂ | at
filter panel. cBhprides expaaded BTFEsmwmbrape.f|l ui d stream conprising: at | east
one porous substrate._c risin t. | rous | r.of .naon-woven
needIOed exg8nded PTFE: %eﬁr@"%gvﬁﬂ@ ‘Eﬁ?"g]e%}%aggﬁti eech'i%ﬂ@?%% °ﬁ8 t he
ggrous !alyer byniarobbt:méilﬁs%id oﬁtth?!:légs’tewfﬁﬂzhbﬁnﬁ HordUd) substrate, Wher eby th?
particles are tethere t - esin which conprises (a) strings o
FEP and (b) di spers"isoﬁrhﬁr?"ﬁ‘ﬁ? 9&*@5‘ b{ﬂ”‘fﬁ'\eé?'ﬁé 'eaﬁtcf"ﬁ°flﬂé%§“‘("'%%é’"ﬁi Cr opor ous

| ayer conpri si ngicpbaid ety switiinthe pbroussbsiatd. on the upstream side of
t he porous substrate. 25." The filter of claim 24, wherein the catalyst

particles conmprise a& iwWe artige olslainr Ll wherein ableastene afike gt lgass oPensi st i ng
of Pt, Pd, Au, on3hé dowASRAN &de P &1 S adi um oxi de,
on parti cl e@ Serﬁglapggpufs%y%rf‘{?g roug consi stieng g}?ﬁ?{rﬁ ani Sir‘r‘?%xi des,
al um num oxi des, si |20@aTI1gmti¢z@9? ¢laim 17, further comprising at least one microporous

layer on the downstream side of the porous substrate.
21. The article of claim 11 in the form of a filter bag.
22. The article of claim 11 in the form of a pleated cartridge.
20 23. The article of claim 11 in the form of a flat filter panel.
24. A filter for use in a fluid stream comprising:
at least one porous substrate comprising at least one porous layer of
non-woven needled expanded PTFE fibers having catalyst particles adhered to
the porous layer by a fluorinated ethylene propylene (FEP) resin, whereby the
25 particles are tethered by the FEP resin which comprises (a) strings of FEP and
(b) dispersion primary FEP particles; and
at least one microporous layer comprising expanded PTFE membrane
mounted on the upstream side of the porous substrate.
25. The filter of claim 24, wherein the catalyst particles comprise active
30 surfaces selected from the group consisting of Pt, Pd, Au, Rh, Fe, Cu, Al, and
compounds thereof, and vanadium oxide, on particles selected from the group
consisting of titanium oxides, aluminum oxides, silica and zeolite.

10 g



FErrrrrrrrrrrl W 01/ 21284 PCT/USOO/25776 25 26. The filter of claim 24,
wher ei n MQD1R3284| yst particles conprise at |east one contfe¥PE0BATSe| ect ed
fromthe group consisting of vanadi um oxide on netal oxide particles and

pl ati num on netal oxide particles 27. The filter of claim 24, wherein the

m croporous | ayer atta gg of the.porous
substrate by at Iea?ﬁ Egh%ﬁ@? f&'ﬂfrﬁgf’ heremhapﬁéﬁs{%ﬁfl% compfise #gand
clanping. 28. jpakt d;ﬁeeéorﬁwsm\sﬁ eeleatea fidmithé grblis aoRsisting bf vdriddiunbxiiéefit one -
porous substrate conpri S;“Fﬁ% | east one porous | ayer of non-woven needl ed

expanded  PTFE et oxids#articles\apdplafipumen mstal axide paiiipless 10 titanuim
di oxide particles agaef mﬁf&é}otfesmwaerbmé midro er %Sléﬂéfa?@ﬁﬁédu' ene

propyl ene (FEP) resin, ereby the particles are eréd b e FEP resin
whi ch conpr § sest leagt %portwrggf tb¢ poERs anust(ai«; by atlpes@nerof pammtnqn wElding,

particles; porous | ayer conprising expanded PTFE
menbrane 15 Ngﬁ‘ﬁ#’gtﬁg‘ﬁﬁqg&eﬂgbﬂgam side of the porous substrate. 29. A -
met hod of form ng a28i Atﬁiterfnabsainad fluid strpam comgrisingg st eps of :  providing a
porous substrate co at | east, gn r.0uUs nati.ng a
portion of the porogP tpﬁ@“ﬁtsuﬁﬁtéélf ﬁ@"ﬂﬂ?@t@gﬁﬂgr"qﬁl{sﬁg&erﬁfurry
conpri sing act hygweden h@édfé?d &pangéd PTPE fibdRasaving:V. @Qoﬁlth@ aatadecfoRn oy mer
adhesive so that the active particles are tet hereé in the at | east one

porous |ayd bytapHE diexigepartislen adhered é‘bFHfrP%WﬁjaY?{)by %ﬂ%"ﬁ@@dcﬂt W8y ner and
(b) dispersi Onrmpy@ﬁémerbg.ﬁl WRereb BleqiHidIECaBéRERd by4he FEPLBsiARI Nt ai ns..

porosity there roviding_at 1east one m croporous |ayer on the
upst ream si de Mlohfﬁ-‘@"@ﬁs gisings pEF R apd (b) dispersion primany|HER parfigles; ~ ~ -
A =

and

at least one microporous layer comprising expanded PTFE membrane
15  mounted on the upstream side of the porous substrate.

29. A method of forming a filter material, comprising the steps of:

providing a porous substrate comprising at least one porous layer,
impregnating a portion of the porosity of the at least one porous layer
with a slurry comprising active particles and polymer adhesive;

20 ﬁxing the polymer adhesive so that the active particles are tethered
.within the at least one porous layer by the polymer adhesive comprising (a)
strings of polymer and (b) dispersion primary particles, whereby the porous
substrate maintéins-porosity therein; and

providing at least one microporous iayer on the upstream side of the :
25  porous substrate. - : : '
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