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Crankcase Em ssions terials in a Positive <Crankcase Ventilation ‘fyl\?ﬁf%
BACKGROUND OF THE | NVENTI ON The Field OF The Invention The presenﬂ 0
invention relates in general to pollution control devices and efficiency

devi ces | nﬂﬁégtnglfop(}ﬂguﬁe'aﬂﬂelﬁng Qﬁﬁnkclage%itsgﬁfl% argate'hgﬁ B & ®BEitive

I nvention i Irected an appara us to I nsta In the positive
crankcase entila tem of an internal conbustion engine. 10 2.
Backgr ound%&mgeVﬁgﬁiﬁﬁ'l %F i nternal conbustion engines of the type
enplioyi ng | ' | ch drive a crankshaft to deliver

t or si onal BW%@&HQFW&Q’;N%D autonobile engine, it is well known
that a ortlon t|o ases which are forned in the conbustion
charrberg oft* the-P'E'i/H]eﬁ’défg'pﬁ Ve PP en by pr'essure 15 as well as the partial
suction behind | stons, past the on and i nto he crgnkcase
area of the eng '?%peﬁ‘?f‘g' ‘f?@ﬁBPréﬁ Si ‘Fﬂﬁﬁi‘ m‘bﬂm B?Ptm] '&'ﬂ"é @
ventil ati onggases wil |l cqontain various anounts of unbur. nel\ oI | ne vapor,
raw gasol i AHICIERGY ofeices i dntrsnal cnbustigRe ENIIPES- 4 i RAFETH ton
gases. These materials may be present in any variety of erI ecul ar .

wei ght's 1 alfyPRRPR Fﬁ)ﬁf"?ﬁédl oy AR EpParatyg i ch?s"@?a"Pﬂe'"g'zS@oP‘P?@"‘E G"E'T*Qaﬁﬁaw est
fractions of the lubricating oil, including additjves. Heavy hydrocarbon

sl udge nmayvertilaionolPCY) system OWhM%fﬂPb?P’%?Hﬁt'ﬁatfé'B@esuch as carbon di oxi de,
carbon nonoxide, nitrous oxide and water will also be present- Dirt and

particid at2 neBackereundiOfEhelmyentions in the oil pan of the engine may al so

be present in the L1 1 NOV 20( WO 00/69537 PCTI US99/ 24245
In internal combustion engines of the type employing reciprocating pistons

which drive a crankshaft to deliver torsional power, for example, a common

_ autofnobilerengine, it is well known that a portion of the combustion gases which

are formed in the éombdstit;ﬁ chambers of the cylinders are driven by pressure,

15 as well as the partial suction behind the pistons, past the pistons toward and into
the crankcase area of the engine. This phenomenon is known as "blow-by".

Crankcase ventilation gases will contain various amounts of unburned

gasoline vapor, raw gasoline, motor oil and motor oil fumes, in addition to

combustion gases. These materials may be present in any variety of molecular

20 weights ranging from the Iight_est fractions of the gasoline to the heaviest

fractions of the lubricating oil, including additives. Heavy hydrocarbon sludge may

also be present. Combustion byproducts such as carbon dioxide, carbon

monoxide, nitrous oxide and water will also be present. Dirt and particulate

matter that accumulates in the oil pan of the engine may also be present in the




crankcase vent g,ases in the formof environnental grit andl or ash“lar:'dNOV 20
carbon from de¥OM88¥d oil and fuel . The gases, vapors, |iquiEUSENRe245
particulate matter being returped,to the intake manifold of the engine via
Dt andar - SEAPCHR RRPRICS 8 SOk SRYT TGRSR Suhapip iy Sehestich SOGOn
anor phous organi.c and i gor_gani C forrpounds. Ols mxed with gasoline wll
have vari oudfoegeeamprosedailanddftel-i ty. The nore gasoline, the |ower the
flash point. As nore oil is present, the flash point tenperature wll
increase. O |y vERRIG388™ YARYS.glads sedcparticylate mBtiehdeng returmags o ghe
chanber via the PCV systemmay retard ignition and reduce 10 efficiency of
t he engi ne. intgke manifgld ghdthgl (eRgINec o2 afi Btardardyi RGV 1 systermr willt mogtain
conmbustion, increasing pollution fromthe engine, in particular carbon
nonoxi de5 arentnuepsdy NapYng camewits mf. arpowhous enaanjc apg indrgsnioccaipeunds. y
affected. Particulate matter returned to the engine intake manifold
present s ad@ils irined withvtgasolind will disive variobis afegness oh dlbondeabilityndde twre
cylinder walls and piston rings 15 that will reduce engi ne performnce and
l'i fe, incregamiinéuthe dowlemihetflash peintads mone it e pessenk ctwe flash pdititt i on,
the various materials being ejected fromthe crankcase through the PCV
val ve i s nowmpesstareewill imeezase] nRily amgoneand eilg gasolihd cersteiing i oy engine
ultimate premature failure of the PCV valve, requiring replacenent nore

of ten t han comiubtiohhehavhber lvia rnhee PEN \systith Rnapr rasrd gitiee Saridntreddesl t o
provi de separation of oily and/or particulate mterials frominternal

conbust icon effigiensy oA 38 engiieh ParticulAe landsstudyt 86miaRtnant® ivill ifalther détard
...disclosed in such references as Mab, U. S. 1,772,011; Roper. U S. 3,072,112

val ker, U SombudtiBn,binéicaSipgdisliution Urdm theAhgir2bGn paridulat Garbbrt n¥oifoxéds; and
United Kingdom 1,572,664. However, such prior art apparatus 1NOV2t WO

00/ 69537 PGhdURPSHo24Béh ernBidnED Fiel feonbingMriayC QRSB0 Be Jaduidpshk dffédteguch
apparatus are typically. not
Particulate matter returned. to the engine intake manifold presents. additional
potential problems wﬁich may include: damage td cylinder walls and piston rings
15 that will reduce engine performance and life, increased fuel and moisture passage
into the crankcase. in addition, the various materials being ejected from the
crankcase through the PCV valve is nonhomogeneous over time, and may lead to
the sticking and ultimate premature failure of the PCV valve, requiring
replacement more often than would otherwise be necessary.
) 20 Prior art devices intended to provide separation of oily and/or particulate
materials from internal combustion engine gases, such as crankcase emissions
materials, are disclosed in such references as Malo, U.S. 1,772,011; Roper, U.5.

3,072,112; Walker, U.S. 4,269,607; Goldberg, U.S. 4,409,950; Oetting, U.S.

4,834,028; and United Kingdom, 1,572,664. However, such prior art apparatus



"configured for practical use within the engine conpartnent of a vé‘ni1clN«£],V 20
and are parti MAM6IF7i||-suited for use in nodem vehicles, FPRTMPERZENGI ne
conpartnment space is at a premum 5 Devices are al so known whi CB' expose

i nternal cotepdsto; ffesniiemes roommaen dravbark, that isyFh @PPRATYT 28 TWRIARR sf‘Pgn, to
electrostatic fields. Such devices are disclosed in such references as
Edwar ds. U. @nfiguredsfos puactisel usewithin the engingy gompartmpst at awvehicle and g9 665,
McMahon. U.S. 4,073,273; Nelson et al.. U.S. 4,355 969, and Dalupan U.S.
5, 243, 946. parti@darhyp dbsuitgdSforsusesim gpdermdveliciescid whichppagine (compartmgat
treatment of gases in a positive crankcase ventilation system in which
gases, enanspacaeds dtrapremibm. cr ankcase are passed through a chanber, through
which a filtering mediumis circulated. The gases are constrained to pass
t hr ough % hefi | t evivgs rarelialsn kndwohwhich exgbss indernal wembustipry epbinsafleids,

m xture. After passage through the filtering 15 nedium the gases are then
general |y cemdtiqirietl toast dften eornbistiop, ebeelectoolastic dieldsndSuch idevices po ti on
of the chanber. The chanber and ionizer unit are all configured as a

si ngl e uni tdiseidsed oy hsuche réflepsmces uas ofdwinds DAJ.8paB,4085869;c Bolastae UnBy
affect renoval of some oily and/or particulate materials from crankcase

em ssi ons #BPs 4805 Bokizfly"BYS.| NG9, 668 McMahory, .50 4,@73,273; (Nelddieet’ al.eaned”
20 gases, further enhancenent of the filtering and ionization effects is

possi bl e angls, desy, 989 €and Dalefiah t V@) 5,24®,996nf i gurati on and bul k of the
apparatus of the Dalupan '950 reference is not conducive to installation

i n nodefpn vehi chaphg) LES. GRPPIOEE HisclosteCad dopaiayus ifbr thelldedimeiesof abl e
~.to provide an inproved apparatus for the WO 00/69537 | | NOV 2( _

)PCT/ US99/ 24248 intd Pasitivd brapkeadtl VerildtionsyetEmh, iR Twisiol gasey @pRsnating from
particul ar "crankcase em ssi ons

the crankcase are passed through a chamber, through which a filtering medium is

circulated. The gases are constrained to pass through the filtering medium, which

is v.vater or a water/glycol based mixture. After passage through the ﬁheﬁng

15 medium, the gases are then generally conducted past ion emitting electrodes

extending into a portion of the chamber. The chamber and ionizer unit are all

configured as a single unit. Although the apparatus of the Dalupan 950 reference

may affect removal of some oily and/or particulate materials from crankcase

emissions materials, and may irppart some ionization effect to the "cleaned”

) 20 gases, further enhancement of the filtering and ionization effects is possible and

desirable. In addition, the configuration and bulk of the apparatus of the Dalupan

'950 reference is not conducive to installation in modern vehicle engine
compartments.

Accordingly, it would be desirable to provide an improved apparatus for the



materials. It would further be desirable to provide an inproved apﬂaﬂaNQ& 2
for the treat YEMNY®%7internal conmbustion engi ne gases, in pXCETUSAY 24245
crankcase em ssions nmaterials, which enploys a liquid filtration system
whi ch has i HpawesY of iaterral fembuston Eneing gasem dn padicslas reenkegse iepssipng of a
liquid filtering mediuminto the engine. These and other objects of the
i nventi on wmeterBlseome apparent in light of the present specification,
including clains, and drawings. Al NOV 2[ WO 00/ 69537 PCTI US99/ 24245
SUMVARY OF THE IiNviENY dnrthise ber desinablei tov eraviden an dmprovask apparapsy for gheyst em
for the treatment of crankcase em ssions materials, in a positive
crankcase veedtivieat pbinteysl eombéstion engnegases, Topdrtisulan wrankgase emissiahs ch
the crankcase em ssions materials, 5 containing at |east one of partially
and conp etrebterialispuwhisdh heoplogsar doliguidrafidvatian ssystemn, whidh chdsatimproved | al s
and gaseous conbustion byproducts, and are drawn fromthe crankcase of the
engi ne and résispate do ispillage ahd resistakes o siphoningof at liiwide fillerig fdium into
recircul ati on through and further conbustion in the engine. The system for
treat ment cheenginkcase enissions materials in a positive to crankcase
ventilation systemconprises a filtering apparatus, operably configured to
recei ve ther et hTReghakd Vherosiedts o 3he NaventibA 'willl BeceriedappprshtSbirghanss al | y
directly fromthe crankcase of an internal conbustion engine, for
subst ant i althy preseMeépticiftatioR MEBRgSHMifhs2bnd BRsingdle of partially and
conpl etely unBur ned hydrocarbon materials, oil, particulate materials and
gaseous conbustion 15 byproducts from crankcase em ssions materials. A

.. positive crankcase ventilation valve is operably positionable downstream

" Yromthe filteri ng apparatus, for regulating the pressure of crankcase
em ssions materials passing through the



: . . . . ) . 1 NOV X
‘filtering appar@‘gu‘ﬁﬁ%ﬁn el ectronic apparatus is operably posipl B£4s
downstream fromthe positive crankcase ventilation valve, for inparting an

el ect rost at G AE ﬁreﬁ%%ﬂ' Nt ered crankcase emissions materials,

prior to delrvery of crankcase em ssions materials to the air

ntake portion oy arh, 0L erRAEAUMER. inhshnS yBeh! Rralle/ rdalifehit loker | ng

appar atus conpri ses "a housi ng’;‘, g an Inlet an an outlet, wt
portions of the housing.defini a:f Lr st eat iR th N, 200;
VO 00/ 69537°@%F?§95T?%5%§ rhateflshsy “{)f'" ithieodb! ngg? ?Q@@Eﬁé'étsy%?%, at - least
indirectly, .to a positive crankcase .ventilati e : [ J
conbust i on @Hﬁﬁ"ﬁb.cofﬂé"%ﬁf'l EP90F e %lgg'éi #1% icgghk%(%%éne%: %%1021% arﬂgﬁggsﬂl’
indirectly, to a.positive crankgase ventilation vacuuy r ..nt ernal
combusti 6n ERABAING | 9t least 1 one & RETURRY; . i%“'%ﬁ‘%‘ﬁé’sé’nl’ﬁg’g‘ephgi"f’.’%'bﬁ}'
treat ment chanber fqr substantially separating oil and.particulate,materi al
from the cPatElgeLl rﬂaﬁté‘i“j?ﬁg "I‘F&?%%‘? ap .gaﬁf""fsg%%'?b‘ﬁﬁ Ny y@\'f\?%‘?#ﬁt?ﬁ%garﬁenber
is operably configured for constraining introduction of ihe crankcas
i S0t ons. HETNT Go8 the piankedRe O WRKGHAIE, AT HGECIFS 1 PR ARk BRTYR AEdi um
At |east one porous flow restriction nenber is operaply disposed within
t he housi ngthe enging frrasitculatioy thiough apd fusther on By g% eous
material fromthe housing, once the crankcase enissions naterials have
been introduced The systae fardigaiment of crankcassieiissions BFtEraIR P 3 ASMYRisi ng
conprises a lid and a substantially hollow reservoir, operably configured
for recddvi ergnkense| ventilationisystem aempHESRSLAIteRNGAPRFATHE ORSTEDIY] ¢PRfIaUESd  he
.. inlet is disposed in the lid, the flow 15 directing nmenber conprises a
t ubul ar mentsereceiveb thesethvaughy crankeasedemissions Haaterplst condugted, subgianalivit o

the substantially hollow reservoir. The at |east one porous flow
restricti ondimstivefromothsr craakcase ofoan tintgral foogipustian epgingoforstbeiantigber apl y
associated with the lid, for substantially precluding passage of
non- gaseousseparating removing said at least one of partially and completely ‘unb_umed

hydrocarbon materials, oil, particulate materials and gaseous combustion

15 byproducts from crankcase emissions materials. A positive crankcase ventilation

valve is operably positionable downstream from the filtering apparatus, for

regulating the pressure of cu.'ankcase emissions materials passing through the

filtering apparatus. An electronic apparatus is operably positionable downstream

from the positive crankcase ventilation valve, for imparting an electrostatic charge

20 to the filtered crankcase emissions materials, prior to delivery of the filtered
crankcase emissions materials to the air intake portion of an internal combustion
engine.

Preferably, the filtering apparatus comprises a housing, having an inlet and

an outlet, with portions of the housing defining a first treatment chamber. The



..emssions naterials.

- - 1 NOV 200
material, downstream fromthe housing, toward the vacuum port of ‘EheN a
internal 20 con¥A&¥48¥ engi ne, upon exertion of a suction, ofPEGHUEMBHE in
excess of a_  predeterm ned anmount, upon the hoysing fromthe vacuum port.
Pref er abl y, intgteof the haysingis (98Hﬁ?'?t§€’§' at deppt indiEacHE, to |3 pasitiyR LCrankqase
openi ngs di sposed in the cover nmenber, and an out]et boss, operably aligned
with the ouvemtilatinneawiial oftar insetnab combystion prginep Eha BHilet ah the howgingos

recei pt 1 NOV 200 WO 00/ 69537 PCTI US99/ 24245 therein at |east one porous
fl ow rest ri eennestahigiss leashinsiirectly,| 1@ ppesitiverengpkeaseyentilationaracuam gort of
sealingly affixable wthin the cover nenber, for operably definin

t her ebel weean integat mothbustian ranginec Haarid rfilteping onediums i slispesed | ipytheelirsg gat ed
fromthe first treatnent chanber when the lid is posWwned on the
reservoif. weatmentlcbambes Jorsubstantially osepdratingt ¢ik abd fparicultat matariab éromf or
enabl i ng passage of crankcase em ssions materials fromthe inlet opening

i nto the fithetcranlecaseremissiarisanierialsTAt ldaat bhe fipivadirecting aberphesisgperably
substantially aligned with the inlet opening in the cover nenber. An

-1 nt er nedi atesonfigasaigfori cortiteairse dntrodudtienbef the criatketise ramibsions fraatesialzbl i ng
passage of treated crankcase em ssions materials jo fromthe first

treat ment ofafibee crankcast, @itotthe liuids fitgrihd) meeditimt Aa least ohe papous flgw n t he
cover nmenber. The internedi ate passage is disposed in a substantially

nonal i gned regkrietib® MidinBemiid fopefdbip Widpoked PRIthingtid hblsingp¥er subleraptially Means
may be operably disposed in the first treatnent chanber, for |5

facilitati ngedibding Ipagéaj?alofa{dmega%bb@n@ig@ flofRfHe Rousfid, ionBe ahe chkeagikcase
he means for facilitating chem cal alteration of at

Neast a pordhigsiond matdiRISHNRKSRRENRBHISHIGHE TRURKIPiferiMedmm.means f or
establishing a galvanic cell in the reservoir- The neans for establishing

a gal vani c cel | pidlerabRy, HSRSREVSMG cOMPrisesOd fid Shd @f subkstdrRRflY helewaksdrisir,
foll owi ng: menbers made of dissimlar netals in the
operably configured for receiving the liquid filtering medium.
In an embodiment, in which the inlet is disposed in the lid, the flow
15 directing member comprises a tubular member, substantially aligned with the inlet
and extending into the substantially hollow reservoir. The at least one porous
flow restriction member comprises at least one flow restriction member, operably
associated with the lid, for substantially precluding passage of non-gaseous
material, downstream from the housing, toward the vacuum port of the internal
) . 20 combustion engine, upon exertion of a suction, of an amount in excess of a
predeterfnined amount, upon the housing from the vacuum port.
Preferably, the lid further comprises a cover member, inlet and outlet

openings disposed in the cover member, and an outlet boss, operably aligned

with the outlet opening. The outlet boss being operably configured for receipt
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*20 gal vani c serjes. Nef er abl y, the el ectronic apparatus corrpF,'gEﬁgg
s,

electronic i oni"%‘é?”’”ﬁﬁpar atus for inparting a charged partic
treated crankcase em ssions nat

i al | ti t,he, h ' [ I
e e bl S Foelafln BRrbe G BT
bl It d downst f th NOV 2001 WO, 00/ 69537 -, .. .
AN I AR TR T S e

el ectronic ionizer apparatus preferably conprises .a housing, having, a

inl et and athesekqrween @, seceil tpatRat ﬁéﬁf@g‘?{g wiigh {8 Stﬂ"é'gl’\f &ﬁﬂ'%?ggr%ﬂgt nent
chanber, in which the inlet of the ionizer | s operably connectabl e, at

| east 5 i ndfrometheyfirst greatmend; shapaber wheit thedid,ispasitigneg Py tig EseryPir, fAn
internal combustion engine. The outlet of the housing is operably
connect aBl einlet passagn is dispsed (iR the daffle plate imeraben ok epabling- Ressage; eh
vacuum port of an internal conbustion engine- Electronic circuitry,

oper abl y asempkeasedeissions hoatesialsi figruibe iinfel gaeniggdpte dhe (first featment er
pin operably emanating into the electronic treatnent chanber, zo produces
i oni ¢ enmnathamierf Jhephaftieglaty inlethpasgade sy substaptitliye plipngd: with theeinlet
crankcase emi ssions materials. The portions of the housing defining the
el ectroni c operag et cdvaniosemberc |Andintermediate pessageds (dispegerd ins thephatfleur ed

- for producing a swirling notion- to the- crankcase em ssions naterials

,--)

entering thplag ewdmibeni dor enatdinge passagendfetredted nerahkcasal emnissions hpatesiadsi ng,
around the at |east one emtter 15 pin. Preferably, the liquid filtering
medi um g@nsfreins thaf fisst Miredtnvent ofhanatierr areh dutitof theabousinge thfouph etheobirtdedi ng:
an antifreezing agent, an alcohol, hydrogen peroxide. The present invention
al so conpr i sgehing lin pkhet cover averabérer Tiad iintermedidted passage & slepoeed fior & he
treatment of crankcase em ssions materials, in a 20 positive crankcase
venti | at i ongyhssintianyof naialigidde rmehitionsisip usiitho thee ngitle, openingii ¢h the cover
member.
Méans may be operably disposed in the first treatment chamber, for _
15 facilitating the chemical alteration of at least a portion of the crankcase emissions
materials. The means for facilitating chemical alteration of at least a portion of
the crankcase emissions materials comprise means for establishing a galvanic cell
in the reservoir. The means for establishing a galvanic cell in the reservoir may
consist of at least one of the following: members made of dissimilar metals in the
20 galvanic series.
Preferably, the electronic apparatus comprises an electronic ionizer
apparatus for imparting a charged particle field to treated crankcase emissions

materials exiting from the housing having liquid filtering medium therein, the

electronic jonizer apparatus being operably positioned downstream from the



the crankcase egj soﬁ)g%glys materials, containing partially and co t1et1ell\!gv 2003
unbur ned hydrocCar S at eri al s, oil, particulate materials ﬁé:é’ ous

conbust i on roducts, . are_drawn fromthe crankcase of the engi ne and
directed to Q#)nggrﬁa"l"?g 'é%‘?ﬂg?‘f'?%ﬁ’eﬁ'f‘"tm’eé'?rgi ne for recircul ation through
and further conb:ﬁ_{eiﬁn I n, NOV. WO 00/ 69537 PCT/US9 ~245J the engine. The
system in this aleFTRHIVRIBIZE0EPRAARUS REGTFIADNS E8MRMIFeS 8 bPLERY. BRyiRgAnS,
operably confjigured for containing a liquid filtering medium_ and to

recei ve t her'B'FEr?ﬂi’g Anc Puthite Rastieng £ thes hausiag | definer ppneleptsonint Epatnent
conbustion 5 engine, for substantially separating renoving oily materials
and/ or parti<hg nravhich dhe iplepreft the donizek daseperablysromnectalier atilleast

i-ncl udi ng a housing operably configured for containing a liquid filtering
medi um An iindieectlyed@ia, positive stenkcese yrihtistiomoutiet ofi 20 dnteivish mombustion
provided for directing crankcase emssions materials fromthe inlet into a
liquid filtenging. beoutletcohthe) houding is loparablyecarmentalns, rag ledst\vadiectigpas at i ng
oily and/or particulate materials from gaseous materials in the crankcase
eni ssi ons npoeitival cranknase wentitatippr vicueme poetpef @h infternak cechbostiork camgine.

em ssions materials fromthe housing. Means are provided for substantially
precl udi ng Eleetresicagiruitly,| oppually fassdotated githe dhel holising) drikinkluding gt Iédst

el ectroni c apparatus is operably positioned dowmmstreamfromthe filtering
15 appar at uené oemittee cpino bperablyy etranatind) dntohehé i électr@tic Clrédtlsnns eclfithbef,0Ns
materials. The nmeans for substantially precluding the escape of |iquid

filteri ng nprhidutes fiokitn éfendtivnsi fug HredNting Ca athargsds paptile PREI® URitBi the!
menber, operably associated with at |east one of the inlet and outlet. In

" Yanot her al t exankéasecemiskions Matdriaty, ThB QortiviRNofi the, houbingJeTinRig heBkdiidtsic 20 a
filtering apparatus, operably configured to receive therethrough crankcase

eni ssi ons - Nt Thbmbes inelide inerdrahor@OWHIl Aientbiers BBhfigured 96r Srodativgf aal |y
separating renoving oily materials and/or particulate materials fromthe
crankcase swirling motion to the crankcase emissions materials entering the electronic
treatment chamber from the inlet of the housing, around the at least one emitter
15  pin.
Preferably, the liquid filtering medium consists of a mixture of water and at
least one of the following: an antifreezing agent, an alcohol, hydrogen peroxide.
The present invention also comprises, in part, in an alternative
embodiment, a system for the treatment of crankcase emissions materials, in a
) 20 positive crankcase ventilation system of an internal combustion engine, in which
the crankcase emissions materials, containing ﬁartially and completely unburned
hydrocarbon materials, oil, particulate materials and/or gaseous combustion

byproducts, are drawn from the crankcase of the engine and directed to an air

intake portion of the engine for recirculation through and further combustion in



‘eni ssi ons mat egiAloRossAN €l ectronic ionizer apparatus, operabb&r,ggg,ﬁ%wb%
downstream fromthe ?I | tering apparatus, inparts an electrostatic charge to
t he WD.00/ G%Jnrgjmel NOV 2UB PCTI US99/ 24245 filtered crankcase em ssions
materials, prior to delivery of the filtered crankcase emissions.materials
to the air inta oLt o] . C ' endl The .. ronic
i oni zer appar at llj§1 ?Dngé‘fsllf%gé 1;5' ﬂtg’hsls Pgr%l}%lz‘i’\?l %%#d‘%ﬂét Q%hgﬁsaer? o%t Iﬂgle ﬁﬁé
Portions of _the housin ef i an.electroni.c treat t .chanber. The, inlet

of the s notirEuRy SpBHkhE paffauly for Baliea, or BRI FRents TPRlem 4B &'
crankcase ventilatio outlet of an internal, c ust i,on. engi pe. The.outl et
ot The- housentve dheRihaibh Finkfes foissions 2ol i, Y ipr! CombUSHRR | e
crankcase ventilajion vacuum port of an internal conppsti engi.ne

oot r ord o 18, 1oy SYRSTOHA pTparOgC PRGN TRETalo ARG BRTICHAL? Udes
at least one emitter pin operably emanating into the to el ectronic

treat nent cRalesals fe’PB‘r thy 5&9@?#&? ?'Bﬁﬁ@"érfﬁ%’&PP'&ng‘ uding, ARSI oRerabihar ged
particle field within the crankcase em ssions materials. The portions of

t he housi nfFondgurednfpr: spntaining: ¥ Javid filteringnBYedivem AR dlet recaivRee SEARKCa$e nor e
wal I menbers configured for producing a_swirling notion to the crankcase
eni ssi ons rADIESIPRS smatariels: nlflephe ¥pePravided: Tor cliferting FRBkARSE PAUTAIONS t he
inlet of the housing, around the at |east one emtter pin, addition, the

i nvent i on dnaterialsnfrepsdie inlet piate a diguidp flitedng gnedivm; antaines; yithin othe
crankcase em ssions materials, in a positive crankcase ventilation system
of an iWt etheusingomeweari o seraraling  oilyn af/af h perfisulate Meatesielse fraym; @aseous
,materials, containing partially and conpletely unburned hydrocarbon

mat eri al s, reaterialgOin- then crankepse emissiens anaterals dn gutielo permeishirssape rof
byproducts, are drawn fromthe crankcase of the engine and directed to an
ai r i nt ake fiterad enanktaseremissighs engterials feam ithe hatsiog: Meposigre pravided forer

conmbustion in the engine
substantially precluding the escape of liquid filtering medium from the housing.

An electronic apparatus is operably pos_iﬁoned downstream from the filtering
15 apparatus for electronically treating the filtered crankcase emissions materials.
The means for substantially precluding the escape of liquid filtering medium
from thé housing comprise at least one porous barrier member, operably
associated with at least one of the inlet and outlet.
In another alternative embodiment of the invention, the system comprises
" ) 20 a filtering apparatus, operably configured to receive therethrough crankcase
emissions materials from the internal combustion engine, for substantially
separating removing oily materials and/or particulate materials from the crankcase
emissions materials. An electronic -ionizer apparatus, operably positionable

downstream from the filtering apparatus, imparts an electrostatic charge to the



N

A housing has an inlet and an outlet. Portions of the housing de?iLe[\!Oa\tj ZUU;Z
first treatnenVo8MEAder. As previously stated, the inlet of REGEUSRIGIIAQ
may be 10 a ; NOV 2903 WO 09/ 69537 PCT/ US99r 24245 operably connect abl e, at
| east i ndi r iéftarsd crapkeassoemisisipas anatiekislss eriokete Helivenoni ot fiseredotramkcase

I nternal conbustion engine. Likew se, the outlet of the housing nmay be
oper abl y coremissiens matesiald tookhe alrndtaﬂ@cndryqn ebamintersalt Gomabustionkergine. The
ventilation vacuum port of an internal conbustion engine. Liquid filtering
medi um may lelecirodicsionized appataies finaledest adwiusipg; halagbar inléoanduastantdtal | y
separating oil and particulate material fromthe crankcase em ssions
materi al s. ARorioasdf thechdusing defirecan iehgtronichtesatmeyt biearnber. AtHeyintaandfi ¢hy ed
for constraining introduction of the crankcase em ssions materials, from

t he cranlscaseusihgtio dondettatile, bt leb$te indigctifferd dnpostfveAerankaase GEALRAIGIUS
flow restriction nenber, as previously nentioned, may be operably disposed

within the boties 6 anfintersal siasstioh! ung?ﬁacm&bnaeuoasmgﬁoe&ngmgnowssﬂus
nmaterial fromthe housing, once the crankcase em ssions materials have

been i nt r oddembctdble, td19edst Mdikdctly icch bBQtIVEQiaHRbas-Eh%nhm!ﬁh%chﬂﬁ{ Héﬁsofa
lid;, and a subst anti al | y holl ow reservoir, operably configured f

recei ving t B intbsidi SorhBudtidnt a{gf.ﬁw ENEctioHie cﬂiﬁn}r 7 ﬁeramy%wﬁéﬁ wﬂhtt’ﬁ% lid.

The flowdirecting nenber preferably may be a tubul ar

subst anti al hiusid GR8Jintiddest Be 1kdsh ean@rum:@%tpﬁﬁdaﬁwawtanﬁnﬁ.rwhﬁ{@%ba' 'y

hol | ow reservoir. The at |east one porous flow restriction nenb

f lid,
preferaby bigcioric QW:a'iﬁnéH bﬁ&hﬂ@r,gg{gb%?duanq&ﬁ&%yerﬁé%hét f pn%lhgﬁ %ng |

for substantially precluding pass non-gaseous nateria Stream

from the hoggirgdl p é:ﬂ%rﬁiléhﬁth}f@ﬁié%ﬁgése%fmééf%s beHIR! combust i on

engi ne, upon exertion of a suction an anount I n excess of a

predeterm ned aRpUNbortiBRTLH tHe RBHShEadindil RS eXREHID Rbtme! CRLARELVE! V!

include one or more wall members configured for producing a swirling motion to
the crankcase emissions materials entering the electronic treatﬁnent chamber from
15 the inlet of the housing, around the at least one emitter pin.

In addition, the invention also comprises, in part, an apparatus for the
treatment of crankcase emissions materials, in a positive crankcase ventilation
system of an internal combustion engine, in which the crankcase emissions
materials, containing partially and completely unburned hydrocarbon materials, oil,

20 ~ particulate materials_ and/or gaseous combustion byproducts, are drawn from the
crankcase of the engine and directed to an air intake portion of the engine for
recirculation through and further combustion in the engine.

A housing has an inlet and an outlet. Portions of the housing define a first

treatment chamber. As previously stated, the inlet of the housing may be

10



‘the at | east one porous flow restriction nenber may conprise a f1 OLVNOV 2003
restriction nmeKPE¥ESYPperably associated with the lid, for sUSHVERRRRESY
precluding passage of 11 1 1 NOV 2093 WO 00169537 PCT/ US99/ 24245

non- gaseous PgFaRIY gennagiabie, it deast dndirertly Heuas Pogitive: eraakepsenventitatinic avtletupon
exertion of a suction fromthe crankcase upon the housing. The lid

pref erabl y igicaruinternal egnbustiamisangingi Likewise tbeputiple of theahousing roay |bet
openi ng, and an outl et boss, operably aligned with the outlet opening. The
5 outl et bovpeiablypenaetipbleorti igaste indirectly, eteia positive ecranktase asntitation
porous flow restriction nmenber. The |lid also includes, as nmentioned, a

baf f| e pl at yacwurbeport ofiianhintetnalinternbysdios agy@inea iihuich filtetieg mpdtdiane rpas bege
di sposed in the baffle plate nenber, -for enabling passage of treated
criankcase ewdisposahsdn ntheefiish| tsedtrent tdhamber,r fir subssantially séprarbemg aoid apdt  of
t.he housing through the outlet opening in the jo cover nenber, the

i nt er nedi at papizalne endtefislgfromsthesednkeasa anibsibagmatblisls. wankehsgond flow
relationship with the outlet opening of the cover nmenber. The neans,

oper ably di dipexting membbeniaytri opersisly wonfigurbd idradonstraining tidductibh g thbe
chem cal alteration of at |east a portion of the crankcase em ssions

nmaterials, eRAREdsee efffistivhs’ AiatesdIfblionithe aragRdaéa)iifitc ahle 1i§uidh Sittering
reservoir. The 15 neans for establishing a galvanic cell in the reservoir
may consi st pebivignbers nade of dissimlar netals in the gal vanic series.
In the present invention, the liquid fiftering nediumpreferably consists

of a .migture ofAmea&onbrals N6AsreswidBomehiter,f 4y pravictsly MenBibhéd, sy i NY
agent, an al cohol, hydrogen peroxide. 20 The present invention also

-J .‘)C-OWPV i ses, b opérably diBpdYeBONNINI thel HUIMSAB! fordRibstantitily briciudiRg gds8add et of
crankcase emi ssions materials, in a positive crankcase ventilation system
of an i nt erghH-g4sRBls Thatehal Fdih e Housigl 6Acd B crankcase emissions materials

have been introduced .into the liquid filtering medium. The housing-includes a lid;
and a substantially hollow reservoir, operably configured for receiving the liquid
15 filtering mediurﬁ. The inlet is disposed in the lid. The flow-directing member
preferably may be a tubular member, substantially aligned with the inlet and
extending into the substantially hollow reservoir. The at least one porous flow
restriction member preferably is a flow restriction member, operably associated
with the lid, for substantially precluding passage of non-gaseous material,
: ) 20 downstream from the housing, toward the vacuum port of the internal
combustion engine, upon exertion of a suction; of an amount in excess of a
predetermined amount, upon the housing from the vacuum port. Alternatively,

the at least one porous flow restriction member may comprise a flow restriction

member, operably associated with the lid, for substantially precluding passage of

1



-

crankcase emi ssjions materials, containing partially and conpl et eF 1uNn00Vur2H%3d
hydr ocar bon mat ®Pi*¥F%37 oi |, particulate materials and/or gas&ﬂ@%’mﬁ i on
12 WD 00/ 69537 1 NOV 200 PCT/ US99124245 byﬁrO(_jucts, and are drawn fromthe
crankcase ofPQTH@3seRYS fRatEfidl. gwrearadirery the heysing, fomaed he tarankegset yreon
engine for recirculation through and further conbustion in the engine. As
previ ousl y rerivmeie suetiondramithe grankrased yran thehousings for treatnent of 5
crankcase em ssions materials in a positive crankcase ventilation system
may conprise a Hbadidhpreferablyrigcludes aleovernmensber ouith @n. inkorapeoing aid tame
housi ng define an electronic treatnent chanber. The inlet of the housing
pref erabl y iottiepepening, anthamovtietdvass, aperablysalighed iwitictheyouties opepivey. tThee
crankcase ventilation outlet of an internal conbustion engine. The outl et
of the héusiongjet bkes\is epemmblyr edrefiguintd/ fdOrempipt abbneirc at heest advlecpoius| Rowi
indirectly, to a positive crankcase ventilation vacuum port of an internal
conbusti on eestriction iHeentsreThe didi aso drviuries, apperaionsd, albadfle piiteidasmber,

el ectronic circuitry, operably associated with the housing and i ncl uding
at | east onevithvan tidet passagpeandlap inteimediaty pas¥age tdisposke G the ibaflis @ireent
chanber, for producing ionic emanations for producing a charged particle

fi-eld 15 wi triemberhfor@nablimppsassage o5 itasated BiapkéateSemitEiond ordteddls fiim tthe
housi ng which the electronic treatnent chanber, include one or nore wall

nmenbers confifsyUreatinby chamilsist Epidnalit fthe HouBiglg thfduA the duliet 6pamkg a8 Rhe
em ssions materials entering the electronic treatnent chanber fromthe

i nl et ofio t heovd Umefrther Alths NkttdriRdiste | RRBhge WIng RispdRed Pin-a Fdbdhmuahgsent
i nvention also conprises, in part, an apparatus for nmounting components in
an engine CREMAAIghetErRattinsh With Sid\altta UPRHMG! SFth6 RBUESmBRNEY. ed

The means, dperably disposed in the first treatment chamber, for
facilitating the chemical alteration of at least a portion of the crankcase emissions
materials, comprise means for establishing a galvanic cell in the reservoir. The

15 means for establishing a galvanic cell in the reservoir may consist of members
made of dissimilar metals in the galvanic series.

In the present invention, the liquid filtering medium preferably consists of a
mixture of water and at least one of the following: an antifreezing agent, an
alcohol, hydrogen peroxide.

20 The present invention also comprises, in part, an electronic ionizer
apparatus for the treatment of crankcase emissions materials, in a positive
crankcase ventilation system of an internal combustion engine, in which the

crankcase emissions materials, containing partially and completely unburned

hydrocarbon materials, oil, particulate materials and/or gaseous combustion

12



‘vehi cl e. The mounting apparatus conprises a first bracket rrenbeﬂ 1ﬁ\laQ/V| 38“361
| ongi t udi nal ax‘?’go%'?g”one or nore attachment apertures ther eRCRfH{SRP24245
operably arranged on the fjrst bracket nmber, in a row, substantially
parallel to '?‘f?ég‘ﬁ?m’\ﬁg?@ gwn| °Weﬁg’icpﬁPU§®ﬁmﬁﬁ9“dI®ﬁ§FQ%a‘Pr"f’é‘l
axis, the first qlg((re}acket nber bei ng operably configured for of fixation
to an access¥f Ptakgpogtien ok the pnoingtas segircylatien Yiraugh gpd further; conabustionsinond
bracket nenber has a substantially L-shaped configuration. First and
second at t adhf#REINes egi ons are operably configured for attachment thereat,
to the first bracket 5 nmenber. The first and second attachment regions are
pref er abl y .oper afisyprevipugiv geentinpedhthe elpetrarie innizer gpReretuseiesdreatment of
oriented in a range of positions, when attached to the first attachment
regi on, Whi emenkease isaissinrisamayerjals e rad pesitive crankcasen yentdation siystemn smiay
which the first bracket nenber may be oriented, when attached to the
second - at t aclmprise adpiusing, Tawng arointét Bnd ekatutiet Restions et ther hdsimgidefinehi r d
attachnment region, operably configured for attachnent of the second
bracket nentasrelectmnic treatowend rahambennTlen giletefcthegwusimgnpreteralaly \is uperably An
alternative enbodi nrent of the invention conprises a systemfor the
treat nent okcoomcmtibdesat ieastsindiraetlyyatocaipisitive i ararkcpses ivientilation anitiza sef an
ventilation systemof an internal conbustion engine, in which the
crankcase eintemalorombisticrt @npives , TheopUBeNioh ghat hdushm) likewisef isppréfiepdbly and
conpl etely unburned hydrocarbon materials, oil, particulate materials and
gaseous 16 0nbpersblgn colnysptabdl)C b leasteindirasy, ffoo@ pbsitics adrksiaage obentlationgi ne

..and directed to an air intake portion of the engine for recirculation

Jthr ough andvéaduuirh @ortosfndn fritesial icombubtiore Bagine. TRE elbbtroRitSibRizec appatates a
filtering apparatus, for containing a liquid filter
also includes electronic circuitry, operably associated with the housing and

including at least one emitter pin operably emanating into the electronic treatment
chamber, for producing ionic emanations for producing a charged particle field
15  within the crankcase emissions materials. The portions of the housing which the
electronic treatment chamber, include one or more wall members configured for
producing a swirling motion to the crankcase emissions materials entering the
electronic treatment chamber from the inlet of the housing, around the at least

one emitter pin.
| ) : 20 The present invention also comprises, in part, an apparatus for mounting
components in an engine compartment of an internal combustion engine-powered
vehicle. The mounting apparatus comprises a first bracket member, having a
longitudinal axis and one or more attachment apertures tﬁerewithin, operably

arranged on the first bracket member, in a row, substantially paraliel to the

13




medi um the filgering. apparatus being operably configured to recelvieNOV 200:
t her et hr ough c‘%‘g%dé@%ge em ssions materials conducted subst aftGT4[$3/24245
directly fromthe. crankcase of an interngl .conmbustion engine, for
substant i al IOPaFinAERRR H8 TFer braSRes et beine eIy apofiaiiey anafibeone: ol y
unbur ned hygrocar bon rrah:gri al s, ué} 14 1 NOV 2003 WD 00/.69537 PCT/ OS99t 24245
parti cul at e "HAPSFFEFSENAIAY agdatesnR! combystion sroing fercyvehicles Agsacend fitackes

em ssions materials. A positive crankcase ventilation valve is operably
posi ti oned TSRPREMes A sybsiantialy Lrshaped icopfiguatien: fitst andrsecepd attachmente
pressure of crankcase em ssions s materials passing through the filtering
appar at us; G9iR11Sc 8te GReEbly, sartiowred; for opldaciment pthereatome dthoinstt bearket r om
the positive crankcase ventilation valve, for inparting an electrostatic
charge tb tMember (Ibecfirst, angt cserondniatschmentnegionsi|ase prefenablyo operabhery of
the filtered crankcase em ssions materials to the air intake portion of an
i nt ernal cowpenged e WBatthedirst bratket meimber inay beppizntadis o rangeaf positfurisses a
housi ng, having an inlet and an outlet. The inlet of the housing is

oper abl y cowher ettéchesdt td thedirsi atdachesrityegion, whichds stbstanalbyperpesdicular
ventilation outlet of an internal conmbustion engine. The outlet of the
filter neditomangsof \nositions inyehicinlthe distriratiad, mambbeaay b dresed] Wwhérp a
positive crankcase ventilation vacuum port of an internal conbustion

engi ne. 15 attachedido tbaesebarid httankmber regiom PRHeasécondi brpcked dmsiiber Fuither

housi ng, and configured for constraining introduction of the crankcase

en ssi oes rheser thidsattadhneemt région, epdsably configired dor bRtacHmemEot HRALERING
.Chanber defined by the housing and the at |east one baffle nenber. The

Yhousi ng pr drackebmenterpto s eSucture indrberRjiecobartheRtdOsvERle. a 20
substantially hollow reservoir base operably configured for receiving and
An alternative embodiment of the invention comprises a system for the
treatment of crankcase emissions materials, in a positive crankcase ventilation
system of an internal combustion engine, in which the crankcase emissions '
15 materials, containing at least one of partially and completely unbumed
hydrocarbon materials, oil, particulate materials and gaseous combustion
byproducts, are drawn from the crankcase of the engine and directed to an air
intake portion of the engine for recirculation through and further combustion in
the engine.
) 20 The system comprises a filtering apparatus, for containing a liquid fifter
medium, the filtering apparatus being operably configured to receive therethrough
crankcase emissions materials conducted substantially directly from the

crankcase of an internal combustion engine, for substantially separating said at

least one of said partially and completely unburned hydrocarbon materials, oil,

14



~containing a liquid filter medium and a reservoir top, includi nb ‘!aquVnrzw

—

treatment chanb®P¥?8Hd a surrounding outer treatnment chambePCI/PRY/24245
reservoir base is preferably an open-topped treatnent chanber, defined by
a first tubutditicuatge mgprials haRe ngasaeuspsambrstion dyaragusts t Biamacgrankcrse

I nner treatnment chanber of the 15 1 1 NOV 2003 WO 00/ 69537 PCTI US99/ 24245
reservoir t dPNFHoRhPGIERIS ot t oned treat nent chamber, defined by a second
tubul ar side wall having a |ower rim The outer treatnment chanber is
defined by a thi Bositivr ceankessgeveptilationyvalwa isdopryakly positioned ¢gowonstoesmof t he
second tubular side wall, the wall of the outer treatnment chanber having a
| ower rim Srophdhe filtering aipgarapuss dor iregulstingr thecpresswe tof wrankcake wendissions
comuni cation with the outer treatnent chanber thereof, and the outlet is
al so di spos enaterals passing through thet filpgringrappbratis; communi cati on with the inner
treatment chanber thereof- Preferably, the at |east one baffle nenber
conpri ses an opeAnt eleptronit uappanatuse ivb @perablyp positibyed: aloiwrgtreath fpon the
positioning within the housing, for defining an inner io treatnent chanber
of the resepusitive ceskcadehegntilatiomnvélve, tbrdmgatiing cmi electrodtitic idharged fehe
treatment chanber of the reservoir top, and an outer treatnent chanber,

di sposed befiltered cratkdasd @missichs wakdriahd, prioe t6 deliNery ofRAD Filterétd chdiRchie St
tubular side wall of the reservoir base; the outer treatnent chanber being

in fluid cenwWssiineahatenialyitd khe &ie idke poitioR ¥F BR iitemaPedAbustion Bvgir@ser voi r
top. At |east 15 one aperture extends through the tubular side wall of the

tubul ar enber . TiHefiltdringudpparats b@ihérscdmprisbe b HOREIhGDhavicg Bhi ialet ARdl 41
cooperation with the reservoir top, so that upon assenbly of the housing

and at | easbutte Thafihlet of @R tousitig RCoperbbiy i cAnRETTEALNAEC Rk §h o the
outer treatnment chanber of the reservoir top and the inner treatnent

chanber of phstivecsranhcdise vefitiaibR owiBE bABA iMkingl B6MBltIACengife. SPhd Batled | Ui d
passi ng through the housing is constrained to pass, in succession,
of the filter medium reservoir is operably connected, at least indirectly, to a
positive crankcase ventilation vacn;lum port of an internal combustion engine.

I5 At least one baffle member is operably disposed within the housing, and
configured for constraining introduction of the crankcase emissions materials,
from the (:rankcase, into at least one treatment chamber defined by the hou§ing
and the at least one baffle member.

The housing preferably comprises, in this altermative embodiment, a

20 substantially hollow reservoir base operably configured for receiving and
containing a liquid filter medium; and a reservoir top, including an inner treatment
chamber, and a surrounding outer ireatment chamber. The reservoir base is

preferably an open-topped treatment chamber, defined by a first tubular side wall

having an upper rim, and a bottom wall. The inner treatment chamber of the

15



into the inlet, through the outer treatnent chanber of the reserdvai NUVCQ;QDE’
to the outer tYRYY t chanber of the reservoir base, then tREWUSI2amaer
treatment chanber of the reservoir base, then to the inner treatnent
chanber of {HEMVairedeR \Jsj3n apgnbetiomedo tightroent cheainber, definedpbysangeddmdough
liquid filter medium 16 WO 00/ 69537 PCTI US99/ 24245 that nmay be di sposed
wi thin the Péddanaie woll devingrdbutenbiny, Theharteutrebumentmhbmbef isr défied-bypr | ses
a first tubular portion, having an upper rimregion and operably

confi gured Hhirdstbules side walli suiounding atrleastr a piortidya oé thesecdral tutsilar widdt h
substantially equal to the width of the lower 5 rimof the wall of the

i nner treatW@H-tﬂ'@h&#beftlmfom&etma;mamahambama\mhg bdawér ime  abut nent
surface is disposed proxinmate the upper rimregion of the first tubular
partion,3for engtg inlptii$disposest inr the reetvbiz top)] in dibidt dnonREtbA SAIRAERE
chanmber of the reservoir top, when the tubular nenber is placed in the

reservoir bager teakntdnt chamber Wesreolhand the butles & ¥RbIdidpdBed if tRS TELEN 61,
that the reservoir top forces a 10 lower rimof the first tubular portlon

of the tububpy inniuil eormaaiicetiont Wh Wé irisr tédirhef chditber WERYL Prefdably,
create substantially fluid tight seals between the |ower rim of the i nner

treatnent ahendteleast dnieebafifeemembiert Sdmpiiskst BR 8pen-fipphd CRBulARP e%?i%'%
surface, and between the lower rimof the first ?ubul ar portulla‘gnm €

t ubul ar nemperabyn dotfigurb®; tyun b@é&loﬁﬁgt\bﬁhﬁeﬁﬂ Heldind) 2P dejf‘ﬁ‘n Q%naﬁwnle? ast

one aperture in the tubular nmenber is disposed proximate the rrm

regi on iof tieatrhemtséhdmbiei oFrthe deddridir bdtd, @hals Mehid cbhﬁmﬁflcét?oq?h ﬂ?
et t he

aperture in the tubular nmenmber is di sposed pr oxi mat ower rimo

“)first  tubsHrRF tR@thbeNchdNibe & iHd refsh'fvbﬂelropmahﬁré}?tob%? trddtfeRt chfiderOne

aperture in the tubular menmber conprises af |east two apertures In the

L S s e 0
portion, asithe alvall 6 the rériiiF take Ife ButbCIndatibRt chamber being in fluid
communication with thé outer treatment chamber of the reservoir top. At least
15 | one aperture extends through the tubular side wall of the tubular member. The
tubular member is further operably configured for cooperation with the reservoir
top, so that upon assembly of the housing and at least one baffle member, direct
fluid communication between the outer treatment chamber of the reservoir top
and the inner treatment chamber of the reservoir top are substantially precluded,
) 20 so that fluid passing through the housing is constrained to pass, in succession,
into the inlet, through the outer treatment chamber of the reservoir top, to the
outer treatment chamber of the reservoir base, then to the inner treatment

chamber of the reservoir base, then to the inner treatment chamber of the

reservoir top and through the outlet, thus passing through liquid filter medium
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apertures bei nqvgio&@g%ed proximate the lower rimof the first tubu]ll ArNUV 200
portion. An alternattVe enbodi ment of the invention further C&AEP¥RR4%reans

for inhibitjng suction of liquid filter nmediuminto the intake system of
an, i nt er nal tlfa)tgﬁnav%ﬁé?ﬁ%eﬂﬁ‘i'&%g‘)e %ﬁ‘f’l"@"g§?'24245 conbustion engine to
-whi ch the system,is copnected, .The upper_rimregion of the first tubular
portion of the th%?’émnetﬁﬁé}'b%’f ¢ B¥ibee cemprises anlist tubulan ppetigindi ng

to a maxi mum anmount of liquid filter nediumto be placed in the housing.

The neans f OPVIMAnThUPPR "EBLERIUH 2BE qRereRly copliguisd figr bs eeceivadywithin thes
second tubul ar poréi on of the tubular nenber, having a dianeter

pr edoni nant F§SErYQsBage, Apd; having; 3 yedidy sulstantially pauel tor thet wishh of thetdewesf t he
reservoir top. The secaond tubular portion of the tubular nenber enmanates
f riom and’ exfEhaf e wall &f dhe ipner itreatmenbcharbesnftthe messivaih top. Atuleast oaeber
to an el evation higher than the outlet of the inner treatnment chanber of
t he reservoRPuliRgnt spRiaRe isdispeses prgxinataribe appeernt regivn bhfld firstenbelarar e
assenbl ed, so that the housing may be tipped- up to a predeterm ned angl e,
wi t hout haviPeion; fareangagiegithedoveeroimtdfcthe walkof thie inher tréadnenh ghartkbansf ar e
provided for returning liquid filter nmedium that may be carried out of

t he i nner tthesesernveir toprvben tite tubular owamnbesiis ploaekingihe resdresir)basd dnd thé
condense in the inner treatnment chanber of the reservoir top, to the inner
treat nent clesetyeir bake tand resapeciv top ateaasseniblel, s ahat fherresaivoir tbpdoridekt £1
medi um preferably conprises a top wall of the inner treatnent chanber of
t he res#r vdpwer trigp of abetfisshr eiblulao poaticn af tiesvtyailat meéinbpo agsinsbthecbbftenppen
..top of the tubular nenber, so that filter mediumthat nmay condense on an
Yinner surf avell of thageserpoipBasm| to ofeate substastiallyr Muid rijht sebiznbetivesil thee
‘pronpted to collect and drip off from the |ow point, back into the inner
treat ment dbwebem off thelienerdeatment clixasiser oFithe reservoir top and the at least one

abutment surface, and between the lower rim of the first tubular portion of the
tubular member and the bottom wall of the resefvoir base.

15 The at least one aperture in the tubular member is disposed proximate the
upper rim region of the first tubular portion. Alternatively, the at least one
aperture in the tubular member is disposed proximate the lower rim of the first
tubular portion. As a still further alternative, the at least one aperture in the

tubular member comprises at least two apertures in the first tubular portion, at

—

20 least a first of the at least two apertures being disposed proximate the . upper rim
region of the first tubular portion, and at least a second of the at least two
apertures being disposed proximate the lower rim of the first tubular portion.

An alternative embodiment of the invention further comprises means for

inhibiting suction of liquid filter medium into the intake system of an internal
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means for returphpikesdy! ter nmedium may alternatively conprise ﬂ@g%vew%
co

the second tubular portion of the tubular nenber, for permtting ensed
liquid- fil ' : o . d-het ween .t he seco

tubul ar por (5 Bus O BREg g i RS BEE FE eSO RET TR BB S eoRe el fhebu ar
menber and (o] i r. {neatnment chapher of the reservpir _ top,
to flow bactlﬁ?l&n}tt@"{l reEP}r.]t‘r%'gr °?ﬁ§§t#}éb arc Embst 'nteﬁearg’?g'P%W" Jﬁfghthg
system may f r.comprise neans, operaply.disposed, in the eservoir
bgse, for f 5%?*%%5{‘%&3?% A B, apobnt Sﬂﬁlﬂ"gﬁ'ﬁgf mgdiyra fo; be, plaged i thsr ¢ he
5 crankcase,em.ssions materj al.s....The nmeans fqr facilitati ng chem cal

al teration 8?"%?91 ﬁﬁ%{n?ngofp{ i"zslhb'BPgﬁﬂ'&%e'P&ﬁ ter angdipa f NERTBPTSASs amay
conpri se_neans fo stablishj a | vanic cell in the reservoir_ base. The
means fol eS¢ ié"m"ﬁb porhan Q#aﬂ'?ect r Mempbefe haying, § dliametes dredgminaotiyr i se
at | east Onﬁﬁ? teri,al fromthe group consisting of menbers made of 1o

di ssinil ar pan the diameter ofthecinegr freatment shamber of the resareeintor. Fhe

conprise an electronjc ionizer apparatus for inparting a charged particle
field to tr%eéf’eé %ﬁa k Raztion @f stheo tubylar eembes esyanates) fraronandhexpendingg f or
aliquid filter mediumtherein, the electronic ionizer apparatus being
oper abl y poiovedhe dirgicidler partionrafthetubulaumiember.cio an bleyation higheethaedi um
15 therein. The el ectronic ionizer apparatus may further conprise a
housi ng, habeRytiehaf the iBnenirgatmens whember phthe rsssrvir tope wiemstheghatsingi ng
an electronic treatnment chanber. The inlet of the housing may be operably
connect ¥bl éndzat leasi one bafily membley are assemblegd, st thattherhasig maytbd tppeh
. .outlet of an internal conbustion engine. The outlet of the housing may be
Yoperably cotntocd pesdsterginadeangle, 20ithowti having filer moedivmosach tke ontiekohtie
ventilation vacuum port of an internal conbustion engine. Electronic
circuitry, heysinge operably associated with the

Means ére provided for returning liquid filter medium, that may be carried

-out of the inner treatment chamber of the reservoir base and subséquently

15 condense in the inner treatment chamber of the reservoir Vtop, to the inner
treatment chambef of the reservoir base. The means for returning filter medium

| preferably comprises a top wall of the inner treatment chamber of the reservoir
top, contoured to have a low point disposed above the open top of the tubular
member, so that filter medium that may condense on an inner surface of the top

j) 20  wall of the inner treatment chamber will be prompted to collect and drip off from
the low point, back into the innér treatment chamber of the reservoir base. The
means for returning filter medium may alternatively comprise an aperture in the
second tubular portion of the tubular member, for permitting coﬁdensed liquid

filtering material that may become trapped between the second tubular portion of
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" housi ng and i ncl udi ng at | east one emtter pin operably emanat i-dﬂwg1 N%m%e
el ectronic tredfM®¥P><2hanmber, for producing ionic enanati onsPEBESPREECI ng
a charged ;t)art icle field wwthin the crankcase em ssions materials, The
portions of RYtubulanmenbar anftheowalbehtheriomeggatrert shamben of e sésegvoir
defining the electronic treatnment chanber include one or nore wall nenbers
confi gured ¥o8 tpfignibackgnte theiipmeriteatipentorhamber o the raseomirdasri ssi ons
materials entering the electronic treatnent chanber fromthe inlet of the
housi ng, ar oundrhen&yster cmeay fusthee gamprisepimeans, Rpefablabdiyposed am the
alternative enbodi nent of the invention, the cross- sections of each of the
first tubuleeseypiidasg) for fapilitating dhel chemidah piteriation | dt least leeportiohr of theoul ar
side wall and the tubul ar side wall of the tubular nmenber have a common
conf i gurfat | eankaesse emissidnsomatenielsgTha peahs $trafaeiitatingsehemice altbration of at
cylindrical, rectangular, triangular. 10 The housing may conprise a
subst ant i allegstha|poction ©f ehe airankzpss ehligsiorsontaitgiile tndyotompass Vhéhsa fék
containing a liquid filter nedium The at | east one baffle nenber nmay
conpri se arestabdishing mgadvanideélbin the rdservoirdiasposed within the housi ng, and
defining a generally cylindrical inner treatnment chanber and a generally

annul ar outer tThatmeats doardseiblistifg /A igaliiafiics eBR At He PEERRIr HaYe KRay
oper ably di sposed between the housing and the at |east one baffle, nenber ,

for partiticompnge tfhdegstnariedimayeriah fiohRthed gk Slip cOMSIBRg bP hentbdrs 'mbd&yul ar
outer nmenber in direct fluid comunication with the inlet to the housing,

and a smcokriibsinilid inddtaleUh ehe JEINANGE sériesdi rect fluid communication with the
outlet fromthe housing 20 At |east one circurnferentially extending

“baffle vall ey TedTeRatronippafttis niayWBnipieddn kRBFbniBNENIRGT {pardme e
toward a top wall of the housing. At |east

imparting a charged particle field to treated crankcase emissions materials exiting

from the housing. for a liquid filter medium therein, the electronic.-ionizer apparatus

being operably positioned downstream from the housing for a liquid filter medium

15 therein. The electronic jonizer apparatus may further comprise a housing, having

an inlet and an outlet, portions of the housing defining an electronic treatment

~chamber. The inlet of the housing may be operably connectable, at least

indirectly, to a positive crankcase ventilation outlet of an internal combustion

engine. The outlet of the housing may be operably connectable, at least

) 20 indirectly, to a positive crankcase ventilation vacuum port of an internal

combustion engine. Electronic circuitry, may be operably associated with the

housing and including at least one emitter pin operably emanating into the

electronic treatment chamber, for producing ionic emanations for producing a

charged particle field within the crankcase emissions materials. The portions of
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one circunferentially extending baffle wall nmay emanate downwar d‘lﬂy1fm%\{*n2§03
top wall of t N0 ng toward the at |east one baffle nenb@CT/usserizes
altenmative odi ment of the invention, the invention 20 WD 00169537 | |
NOV 2003 PCTihes9ysipg Hefining, ther ¢leetsonie) trgpisaentt chanther indiede peatarembreoivall
¢rankcase enissjons materials, in a positive crankcase ventilation system
of an i nt er MA$MRYHISEEfipUseddleyipreducing avuswirfing nietiarr tntheasrenkeaseseroisions
materials, containing at |east one of partially and conpletely unburned
hydr ocar bon fetals enteringithe efegtronicureatoentttaniterJram dhe idetafsthe Fomsiwgt | on
byproducts, are drawn fromthe crankcase of the engine and directed to. an
air intake pmunddhe ot laast opegmitterfpim. reci rcul ati on t hrough and further
conbustion in the engine. The apparatus for treatnent of crankcase
em ssi on§ nat er i Breferablya ipoan taheenative aerkbedimene ndfi lthé iiAverition| SiReT&Yoss-
conprise a filtering apparatus, for containing a 1o liquid filter nedium
the filterisectwppafatach dfethegfirep eutaldr\sided Wallg tie Sedondr €BBIaY Ridd AL RREUIN
crankcase em ssions materials conducted substantially directly from the
ng

crankcase ofhirntubolaerside wealindnds theo tubRRY | sife vidnfoﬁﬂ{ésﬁﬂﬁﬂdr%bﬁnb%?%bgté
renoving said at | east one of said partially and conpl etely unburne

hydr ocar boncormmber cehfiguration §dédted Ulraine thBt BFdup) Sof2RAaSRS CIRSistRGP Wyt | on
byproducts from 15 crankcase em ssions naterials. The filtering apparatus

may i ncl udecyfintfoss;iregtanbalar, Warguial et and an outlet. The inlet of the
housi ng may be operably connected, at least indirectly, to a positive

ot the TTITer maum e, e o B SR R, JOSGy SpEraby |
) i ndi r ect | y,config@re@ ot trbdeivias HNACEoIRAINAG 4 liGhiiOMer NS Otle 8f 163 | JHST N2
batfle member may comprise an open-topped tubular member, disposed ;Nithin
the housing, and defining a generally cylindrical inner treatment chamber and a
generally annular outer treatment chamber.
15 - A fluid separator member may be operably disposed between the housing
and the at least one baffle-member, for partitioning the generally annular outer
member into a first annular outer member in direct fluid communication with the
inlet to the housing, and a second annular outer member in direct fluid
communication with the outlet from the housing.
20 At least one circumferentially extending baffle wall may emanate upwardly
from the at least one baffle member toward a top wall of the housing. At least
~one circumferentially extending baffle wall may emanate downwardly from a top

wall of the housing toward the at least one baffle member.

In another alternative embodiment of the invention, the invention
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‘conbustion engine. At |east one baffle menber may be operably dilsdoN6¥ 2003
within the hod¥?#§?533nd configured for constraining introduB€TERH245he
crankcase emssions materials, fromthe crankcase, into at |east one
treat ment cleampgses defapner@ttlg/fqr the steatroent oberankedst | emissions: majerials hin a
housing. 21 1 1 NOV 2003 WO 00/ 69537 PCT/ US99/ 24245 The housi ng may
furt her conppesitive grankibaseaveritidtiopn systérowirapsinternal reopatastion pegmiel yn edsith gur ed
for receiving and containing a liquid filter medium and a reservoir top,
i ncl udi ng athe mmankcase agmissions lraatiedals, awatainisgr ato bewdt nonpeo wif epartiatig abnent
chanber. 5 The reservoir base may be an open-topped treatnent chanber,
defined by cembletdy unbbmied hydictarbonl rhatesalsngil, partipiae natetialeaddagdzebuom
wal | . The inner treatnent chanber of the reservoir top may be an

open- bot 5 onesmbustignisyproduths dre idrawie ffione theoyrankesse @ dhd whgihalandi dirccted |
having a lower rim and the outer treatnent chanber nmay be defined by a

third tubul &y # @r iveake portioPUBEIithe &ngiAd fopastirculdidnt URBugh AP further
substantially tubular wall of the inner treatnent chanmber, the wall of the

out er treat@@mabustivhiAehe Bagthélgd a |ower rim The inlet may be di sposed in
the reservoir top, in fluid comunication wth the outer treatnent chanber

thereof, and therqyddpRiatis fér FéatfichP 0% @FhnkBadd EmistiBRS hvRbriall P a pdkifivd!i d
conmuni catlon with the inner treatnment chanber thereof. 15 The at | east one

baf f | e mentqankdke VeNBtiSs sPRteRPMHRy (coRIRe ld ftering éﬁ%ﬂﬁﬁs foPRBhEHMiNg a
configured, upon positioning within the housing, for defining an inner

treat "efy Qs Gifte®melditfn, BRSRREMING dbibafatus biing &ér%l&'%hﬂg&r%ﬂ‘"@&"l‘é‘éﬁ\}ém

.Wth the inner treatnent chanber of the reservoir top, and an outer

Jtreat ment GRambu h@Lkameéﬁederhﬁ&mﬁerenaeﬁaé%aau&é@@umhhnaﬁ, &mtfwﬁuh@r
menber and the fi rgt tubul ar 20 side wal reservoir base; "the outer
treatment GRANGGRKLRENSF aR fntéthSt combustion engine, for substantially separating
removing said at least one of said partially and completely unburned hydrocarbon
materials, oil, particulate materials and gaseous combustion byproducts from
15 crankcase emissions materials.
. The filtering apparatus may include a housing, having an inlet and an
outlet. The inlet of the housing may be operably connected, at ieast indirectly, to
a positive crankcase ventilation outlet of an internal combustion engine. The
outlet of the filter medium reservoir may be operably connected, at. least
-») 20 indirectly, to a positive crankcase ventilation vacuum port of an internal
combustion engine. At least one baffle member may be operably disposed within
the housing, and configured for constraining introduction of the crankcase

emissions materials, from the crankcase, into at least one treatment chamber

defined by the at least one baffle member and the housing.

21



1 1 NOV 2003

communi cati on \%6&!5%2 outer treatnment chanber of the reAservoir top. At
| east one aperTUP& WAy extend through the tubul ar side wal | PSRUSRR2®4R 0l ar

menber. The tubyl ar._nmenber e further operably configured for
cooperation wit hwi’%gou?'ggewwn?@b,“E'l*?"?‘rﬁeﬁ ‘E‘}’&B?Ft?;"gge'?ﬂiw Sesarveir thasei ng
and at | east ons baf ffltﬁ%'ﬁ%ﬁ | 1 1.1 NOV,2003 WO 00/ 69537 PCT/ US99/ 2424S
menber, di r SRETOPI,FEP AP L9ebing Andetantainga 2, digpid; filter madiureh amsep of
the reservoir top. and tlh .inner, treatnent chanber of the reservoir top are
subst ant i al [$FePPECIPLAC “é 9 At InPer, rgatment gmbsr.oaeth 3 urmesndinggouter
constrained to pass, in succession, into the inlet, through the outer
treat ment cHg tGhamker-5 reservoir top, to the outer treatnent chanber of

the reservoir base, then to the inner treatnent chanber of the reservoir
base, thtn to thde iesevolrhage feau be anprsertoped Weatmsns chember,ogefined byr ough
the outlet, thus passing through liquid filter mediumthat may be di sposed
within the 3 dist Whularsige. walhchaving)lanr uppenisim, ang # tattem walipiThseinmef i r st
tubul ar portion, having an jo upper rimregion and operably configured to
be.r ecei vedredtingnh chamber iy thei resenis, topambyh be i ary openibeitionsad stemtinieat | v
equal to the width of the lower rimof the wall of the inner treatnent
chanber of ahambessiafined byt @pecond tubakt sieovalbhaviremnb iswef gine anddthepnfes
proxi mate an upper rimregion of the first tubular portion, for engaging
the | ower rrestent hbambed maly béalefined byt a ahitdreuliulan sidib ewalb fsurbBndinge st oi 1
top, 15 when the tubular menber is placed in the reservoir base and the
reservoior Hesst aopaition 3T thei substamtialhe talsganwbib of the it trédtfent Thakber, t Op
.~ forces alower rimthe first tubular portion of the tubular nmenber agai nst

Yt he bot t or shevatall adfthe beter teeatment chdoatser hatingeriedlee rimibst antial ly fluid

tight seals between the lower rimof the inner treatnment chanber of the
reservoir top anbe inket gy bealidposed imthd reeaivoir top, in fluid communication with
the outer treatment chamber thereof, and the outlet is also disposed .in the
reservoir top, in fluid communication with the inner treatment chamber thereof.
15 The at least one baffle member may comprise an open-topped tubular member,
operably configured, upon positioning within the housing, for defining an inner
treatment chamber of the reservoir base, that is in fluid communication with the
inner treatment chamber of the reservoir top, and an outer treatment chamber,
disposed between a tubular side wall of the tubular member and the first tubular
| ) 20 side wall of the reservoir base; the outer treatment chamber being in fluid
communication with the outer treatment chamber of the reservoir top. At least
one aperture may extend through the tubular side wall of the tubular member.

The tubular member may be further operably configured for cooperation with the

reservoir top, so that upon assembly of the housing and at least one baffle
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20 surface, an 5?ﬁ%gnthelower rimof the first fubular p | t he
t ubul ar menberq\cficlf‘:@'9 e bottomwall of the reservoir base. The&g't"%gglsdts one

aperture in ' roximate the er. .rim
regi on of tﬁﬁe&ﬁ[ﬁérztﬁ H’F g{)ﬁlﬁg@ ﬁ‘:)"? 1o ﬁfgﬁﬁ%g‘%g%? ﬁgea%lt%e{) n'gat'%eﬁ'ércthaFrE’%F gf tthﬁ
tubul ar ne I sposed proximate the |ower yimof the.23 1 NOV 2001
WO 00/ 6953%%%?/%9@’?’2%??5% i'P@%’ ?(F%?IPS‘P‘ p‘%‘?f’! 5h. °{rh‘g13a{esﬁ8’é’§t 9Re are
aperture in_t t | ar er C ri.se_at l.east twg apertures in the
FPrst tanul sposaptly BrelERE ta ¥ i PRging ifoustt e notSna s spertiained

bei ng di sposed praoxi mate the, er,. rimregion of the first tubul ar
portion, an B?Eﬁ-éaét"’%esél@eowgg © 'E‘F?é' thyro %@}e QuiE" Ypament chambengf e posed
5 proximate the Lower rimof the first Fubul ar_regi on. Means may be

provi ded’ f ofeSPRIAIHIN, 1§ ‘?E&'F?Irff%ﬂ*"FPhﬁ gmben efthentegpiyRiribees, thaneta theke
system of an internal conbustion engine to which the systemis connected.
The upper riPREY dEpatment qhamber @t&u[ﬁ?ﬁ%"p@?ﬁ%oweﬁf tq [he tippen Afeatrepptr

may define a predeterm ned hei ght corresponding to a naxi num anount of
liquid 1o f¢hamabergidtheieservaie top and dhrowgh the pytlel. thus pResing: through diquid

i nhibiting suction of filter mediummay further conprise a second tubul ar
portion of Hies rpediumythat mayihe dispased wthin Heteseryoirdwaenant [y | ess than the
width of the inner treatnent chanber of the reservoir top. The second

t ubul ar porti on Tdte tubular mamber Mahivsther gasppdsma first tbdar periopx havidgrap above
the first tubular portion of the tubular 15 nmenber, to an el evation higher
t han t h¥® oWdARer ript regien pntheperably gonbigured o bbaeceaifed withinrthegesavoir bape, when
t he housing and at | east one baffle nenber are assenbled, so that the
housi ng mayandchavinghaavidth substandeldequal e theowidthlof the lawdraim of she melifofl t er
medi um reach the outlet of the housing. Means may be provided for returning
liquid fil tthe inneditteatrmentichamberisd the reservoir top. At least one abutment surface,

disposed proximate an upper rim region of the first tubular portion, for engaging

the lower rim of the wall of the inner treatment chamber of the reservoir top,

15 when the tubular member is placed in the reservoir base and the reservoir base

and reservoir top are assembled, so that the reservoir top forces a lower rim of

the first tubular portion of the tubular member against the bottom wall of the

reservoir base, to create substantially fluid tight seals between the lower rim of

the inner treatment chamber of the reservoir top and the at least one abutment

20 surface, and between the lower rim of the first tubular portion of the tubular
member and the bottom wall of the reservoir base. |

The at Jeast one aperture in the tubular member may be disposed

proximate the upper rim region of the first tubular portion. The at Jeast one

aperture in the tubular member may be disposed proximate the lower rim of the
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20 carried Omv%o%% 7i nner treatnment chanber of the reservoir ba?sg End 200;
subsequent |y CONG&R%E in the inner treatment chanber of the RCIESOVAS ¢ op,
to the.i nneg. tt %%Lardrent chanl’q_\eer of the reservoir_base. The neans for
returning fiTretoRdi BAHRay NEu AT Heast cf aperturg iny3haatubuls mesbes nmay
treatnment chanber of . the reservoir  top, contoured to have a | ow point

di sposed ab&VBPTHE3 L?é‘ﬁ‘e PBB apertures 'Pﬁb%ﬁa*‘rt tyhular porton. \ab lerst sofitst of the

PCTI US99/ 24245 menber, so that filter nmediumthat may condense on an inner
surface of PhEtHYVo RRPfIUESS heing dishesed; preximate the HRRefeFiMiegionpef theofipsted t o
col | ect andq%riqe off from the |ow point, back into the inner treatnent
chanber of YW POEARyand 7t deast aiggconcbeltheras feass tyoranestures being wisposadmay
further conprise an aperture in the second 5 tubular portion of the tubular
menber , 3orPfﬁé'l"?ﬁt?tth&%rfﬂ'eﬁéhlef'l%@ﬁllllllﬁrirbgiem ng material that may becone
trapped between the second tubular portion of the tubular nenber and the
wal | of the i nndeansemeleir peividedeior athibiting rsustion aif rliqui filtet anddianw ibas k
into the inner treatment chanmber of the reservoir base. Preferably, the

cr oss- sect ithasintakecgysiteny of ran iritemial camblstiors iedgineatd ,whibh e sestend is
tubular side wall, the third tubular side wall and the tubular side wall o
t he t ubul arconpedsed. hbe upperconmegion of fhegiinst tubnlar3oiriard ofl the aubuldrenghbep O
shapes consisting of: cylindrical, rectangular, triangular. The housi ng my
conpri se a reabdeline 2 predetérolihadheighiecormsponding abd laymaginitirg Wheslint OF Fgeiei Vi Ng
and containing a liquid filter nmedium The at |east one baffle nenber may
conpri si@ i diltan mgsiiurnt topbe laceduinathentodsing. Thespreans foi Ghhibitihhesdigval @0, and
defining a generally cylindrical inner treatnent chanber and a generally
annul ar outfiter medianmerdy dlrsindrecompiise appedomdUtubilt bortidie of CEP hitiffard

fluid separator nenber, operably disposed between the housing and the at
| east one bpnibez, havihe b, widts praiohiitandyiless than the width of the inner treatment
chamber of the reservoir top. The second tubular portion of the tubular member
may emanate from and extending above the first tubular portion of the tubular
15 member, to an elevation higher than the outlet of the inner treatment chamber of
the reservoir top, when the housing and at least one baffle member are
assembled, so that the housing may be tipped up to a predetermined angle,

without having filter medium reach the outlet of the housing.

Means may be provided for returning liquid filter medium, that may be

,) 20 carried out of the inner treatment chamber of the reservoir base and subsequently

condense in the inner treatment chamber of the reservoir top, to the inner
treatment chamber of the reservoir base. The means for returning filter medium
may further comprise a top wall of the inner treatment chamber of the reservoir

top, contoured to have a low point disposed above the open top of the tubular
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| o - rst ar 11N 2083
20 the general | y apaiil.ar outer nmenber into a first annular agg}é_@g@%s

direct fluid comruni¢ation with the inlet to the housing,
annul ar . out e Moyl irect,. fl igcom’run'cation with the outlet from
e housi ng. MepiERL g, tiah sief ki Uiel FRRFHHeRSs oB ha hherapFacd St ey
emanat e up rg {0 g | eas ne, baf f. menber toward a top.wall_of the
nous: ng. A TELYE W IbE gt sBaBndi Wil Re prolted e Pl relaim or from
circunferentjally extendi baffle wall may epanate downwardly from.a top
wal | of t he WEUBVEPT ek Toigatng npel-eatgielt GARMPE GeMsaiesogir hasaent heno vio
00/ 69537 PGT/ US99R4245 .BRI,EF DESCRI PTI ?\I OF THE DRAWNGS Fig. 1 is a
schemati c i |G t9f reHming filter mediym gy further gamprise AnApsrtugg In thestreand
positive cranFcase venti]ation system according to a preferred enbodi nent
of the priesdHpulphparionont the pubplaromembgr, sfog pegmiting icgndensgd licutid Siteripg ¢ he
em ssions contraol device of the apparatus for the treatnent of gases,
accor di ng t dnagridnihetimanbeseme Heanped skatween thersecend tpbyjar gortiornaf cthe
el evation, in section, of the em ssions control device of the apparatus
for the tredubyat mgmbgeand the;wall o ithe) inner treatreenicthambst obtherregenair tap,Fi g.
4 is a side elevation, in section, of the reservoir of the em ssions
control devite &lowf bagkgato thednmer3reatngnt chambesof shelreseowirttiase, in section, of
the reservoir of the em ssions control device of Figs. 2 and 3.
’ Preferably, the cross-sections of each of the first tubular side wall, the
10  second tubular side wall, the third tubular side wall and the tubular side wall of
the tubular member have a common configuration selected from the'group of
shapes consisting of: cylindrical, rectangular, triangular. The housing may
comprise a substantially hollow reservoir operably configured for receiving and
containing a liquid filter medium. The at least one baffle rﬁember may comprise
15 an open-topped tubular member, disposed within the housing, and defining a
generally cylindrical inner treatment chamber and a generally annular outer
treatment chamber.
The apparatus may further comprise a fluid separator member, operably
disposed between the housing and the at least one baffle member, for partitioning
20 the generally annular outer member into a first annuiar outer member in direct
fluid communication with the inlet to the housing, and a second annular outer
" member in direct fluid communication with the outlet from the housing. At least

one circumferentially extending baffle wall may emanate upwardly from the at

least one baffle member toward a top wall of the housing. At least one
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Fig. 6 is ato i ew of the reservoir of the enissions coptrhbl HQV E@
of 15 Figs. ngﬂ@%%gyFlg 7 is a side elevation of the reser%ﬁﬁ 3%
em ssi ons co show n

v t
ohser vati on S teﬁ?"q ' xgeﬂdé"gagéﬁf‘aewi'f]g\?é{t%?{‘“? F%W?rgﬁ *"BT"' giee wafl for
t he enission Etrol deV| of Figs. ﬁg%nd 3..20 Fig. 9 is an end
el evation, i°hH&RMYSHP tO(Warf' e g lpashong Raifle erabeis control  device of
Figs. 2 and 3. Fig. 10 is a top plan view of the lid for the em ssions
control device of Figs. 2 and 3. Fig. 11 is a side elevation, in section,
in an inverted position, of the baffle 27 1 NOvV 200 WO 00/ 69537 plate for
the em ssions control device of Figs. 2 and 3. PCT/US9924245 Fig. 12 is an
end elevation, in section, in an inverted position, of the baffle plate
for the em ssions control device of Figs. 2 and 3. g. 13 is a top plan view
of the baffle plate for the em ssions control 5 device of Figs. 2 and 3.
Fig. 14Ais a side elevation, in section, of the interior inlet tube for
the em ssions control device of Figs. 2 and 3. Fig. 14B is a side
el evation, in section, of an interior inlet tube of an alternative
enbodi nent, for the em ssions control device of Figs. 2 and 3. 10 Fig. 15
is a side elevation, in section, of the em ssions control device according
to an alternative enbodi ment of the invention. Fig. 16 is an end el evation,
in section, of the em ssions control device
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~according to t%@b}ﬁg@;natlve enbodi nent of the invention of f&l?gs ,? g
e &2 roni ¢

17 is an expl oded perspective view of the conponents for th

i oni zer. forE @?itﬁ\!i‘ﬁ-cﬁlilf'bﬁﬁvﬁ&c?s preferred enbodi nent of the

I nvention s a perspective view, partially in section, of the

el ectronic i On' Zﬁﬁegf ist 5% RIRAAL qﬁﬁir}aﬂ{gnpbfl:{l%o éﬁa én%safO{ té%ar'}%? ?fhr ough

section, of the e tronic ronizer W N
t he ionizer ci d g, emat i ¢. showi_ng ,.how the Ci

board for tﬂ%egl er{:%r g;ms:éﬁé %rﬁmgcalseo\’eriq%'o"lfyﬁ’e?? bEC?%?'Hgom 2 Hg e"?ft is a
circuit d|a m,.f or %anm% gmllator for the electronic ionizer of
Fig. 17. 28 %798585 G PIESRIHMSHE8Y: PCT/ CIS99t 24245 Fig 22 is a side
el evation of a rtion of, the nmounting. bracket faor .the u'd tering
Gevi e, i or 33 M 2R 2 Atde i SplbROn SPREPRRT thesryssions rantiol doyics|of fhei bu
thereof. 5 Fi 25_1s. a side elevation of the angle bracket rrenber for the
nount i ng %R"é't's fgrth?H?aFmﬁntﬁ?f 935PE.cAGGREPIRG §9 ég embadimen qf thg present

el evation thereof. Fig. 27 is a top plan view thereof. Fig. 28 is a side
el evation, MYER&OB i on, thereof. le Fig. 29 is a top plan view of the

rmuntl ng br acket afflxed to the liguid_ filtering device.
Fig. 3 is an end elevation, in section, of the emissions control device of the

apparatus for the treatment of gases, according to the embodiment of Fig. 2.
10 Fig. 4 is é side elevation, in section, of the reservoir of the emissions
control device of Figs. 2 and 3.
Fig. b is an end elevation, in section, of the reservoir of the emissions
control device of Figs. 2 and 3. | |
Fig. 6 is a top plan view of the reservoir of the emissions control device of

15 Figs. 2 and 3.

Fig. 7 is a side elevation of the reservoir of the emissions control device of
Figs. 2 and 3, showing the optional observation window.

Fig. 8 is a side elevation, in section, of the lid for the emissions control
device of Figs. 2 and 3.

20 Fig. 9 is an end elevation, in section, of the lid for the emissions control

device of ﬁgs. 2 and 3.

Fig. 10 is a top plan view of the lid for the emissions control device of
Figs. 2 and 3.

Fig. 11 is a side elevation, in section, in an inverted position, of the bafile
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Fig. 30 is a side elevation of the bracket nenbers in one orient at1i lrﬂo\élzgu
31 is a side el¥Q8WH of the bracket menbers in an alternat iRGIUSI24245
orientation. 15 Fig. 32 is a side elevation of the bracket nenbers in a
further alt &13t8Py e piserps cpptol deyiceofFigs. @eandl Bvation in section of the
liquid filter mediumreservoir according to a further enbodi nent of the

i nvention. Fig. 5812 ig an end elpvation dnseatiopein arvinverted ipositiens obthe baffle
reservoir of the 20 enbodinment of Fig. 33. Fig. 35 is side elevation in
section of Ple fesibermissipapceitral devisaisbFigsedtandd. Fig. 33. Fig. 36 is a
side elevation in section of the baffle for the liquid filter medium
reservoir of theFigndddisrartopoplairiview3d. tH2Obyifle Qf4t@9fi3 7the emiSion206@ntrol
PCT/ U59924245 Fig. 37 is a side elevation of the baffle for the liquid
filter nidi dﬁviceggFimiEande.t he enbodi ment of Fig. 33, showing the flow
path of the gases being filtered. Fig. 38 is a top plan sectional view
taken al ong | i nef§9384A8is0d sidegele@@ion;iig.sedfion,Sofathe ertdroimiiti tdBe i for SBal | ON
of the liquid filter nmediumreservoir, 5 having liquid filter mediumin it

when t he vetsnissionsgntrel deviceodf Figan2 8gd 3Fi 9. 40 is a side elevation, in
section of the liquid filter nediumreservoir of the enbodi rent of Fig.

33, with liquidFig.| 14B keslisida eleeation). inSBeurdng Wi &9 isterist SR8Y tShéldd 4Rt Or
runni ng operating conditions. Fig. 41 is a side elevation, in section, of a

liquid fil tattenmatilielsmbediMensifor tHeCernigSiohs toktrdIYediceiditig|d sadat i ve
enbodi nent of the invention.
10 Fig. 15 is a side elevation, in seption, of the emissions control device
;m) according to an alternative embodiment of the invention.
Fig. 16 is an end elevation, in section, of the emissions control device
according to the alternative embodiment of the invention of Fig. 15.
Fig. 17 is an exploded perspective view of the components for the
15 electronic ionizer for the apparatus according to a preferred embodihent of the
invention.
Fig. 18 is a perspective view, partially in section, of the electronic ionizer
of the embodiment of Fig. 17.
Fig. 19 is a top plan view, in section, of the electronic ionizer of Fig. 17,
) 20  showing the gas maze through the ionizer electrodes.
Fig. 20 is a schematic showing how the circuit board for the electronic
ionizer of Fig. 17 may be laid out.

Fig. 21 is a circuit diagram for a transistor oscillator for the electronic

ionizer of Fig. 17.
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30 WD 00169537 DETAI LED DESCRI PTION OF THE I NVENTION i  PCr 1U899F1424EOVQ[][]3
Wil e this i nvePio¥#P53%s suscepti bl e of enmbodi ment in nmany di PEEUEHN24245r s
there are shown in the drawings and will be described in detail herein,
several specifi Ei®enddds fefide elayation i prdisnsehiths mpunting brackesfos ahe
invention is to be 5 considered as an exenplification of the principles of
t he i nvent i diquisht#teripgriavice; nt ended to linit to the invention to the
enbodi ments illustrated. Fig. 1 is a schematic illustration of the
apparatus 20 for Figh@3isantendrelevetion ghereef.i n a positive crankcase
ventilation system according to a preferred enbodi nent of the invention.
Appar atus 20 is Emnfadganaddpplanodewahemebf.tted into to existing internal
conbusti on engi ne systens, although it may be suitably nodified for
inclusi oA as ori §ign@AS isca sideeavation tdidhe agleabracket membet fr theapeunting he
present invention. Apparatus 20 includes em ssion control device 25,
connected bmcketiforeh8liqlid filtedng deliipgé.er 35 and hose 40. Hose adapter 35 is
configured to be insertingly received into the engine 30 at the original
PCV val ve | ocat i Big. 26.is b endh eleostidh thevred?CV val ve 45 for engine 30 is
connected, by a suitably sized hose, for exanple, to the outlet of

em ssi on contr ol Fige2¥éea25p prad vivw eseo20 to el ectronic device 55, which
is an electronic ionizer, through which the "cl eaned" gases are passed.

El ectroni c devi CEg528 iissa side elgvafion,GABEGE hérsof)ose 60 to the PCV vacuum
port 65 at the intake manifol d/ carburetor 67 of the internal 20 conbustion

engi ne. 1d n the ahgerodsad tdg planyVieRTbPthd RHURLIAS Prbckeld \Wiittddto thd iquid
.~.conventional route of the crankcase enissions materials is directly from

)t he PCV pofitteritiyy ddviceengi ne, to the vacuum port, as indicated by the broken
line in Fig. 1. Figs. 2 - 14A 14B illustrate the em ssions control device

25. Reservoir 7(Fig. 30 is a side elevation of the bracket members in one orientation.

Fig. 31 is a side elevation of the bracket members in an alternative

orientation. |
15 Fig. 32 is a side elevation of the bracket members in a further alternative

orientation.

Fig. 33 is a side elevation in section of the liquid filter medium reservoir
according to a furiher embodiment of the invention.

Fig. 34 is a side elevation in section of the base of the reservoir of the

‘- ) 20 embodiment of Fig. 33.

Fig. 35 is side elevation in section of the reservoir top of the embodiment
of Fig. 33.

Fig. 36 is a side elevation in section of the baffle for the liquid filter

medium reservoir of the embodiment of Fig. 33.
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and Iid 75 for r%%x?‘;é@gg for ho; ding a liquid filtering rredl um FINI;I%\{’Izsggq
7

inlet 80 31 WO 1 1 NOV 2003 PCTI US99/ 24245 and out | $8YA#24
Lo oe 0 whi1 o Fig 78 A gibd EiRGerth SPRRIGIR fir Ko G RR Me bl BoNay |
o ohoral O e EBbinfornt B kid 4t dnd\Bihaling TR badViat dhe cSos, Bhng Wisred, | | o
o Tl ght s B0 38 T TP Rlin eCHon ey 1ok Hataings 8- B8 of 196 38,

facilitate the d .awhggi of cr %kcase .em ssion materi al s through the device
25 and on t hr ougH9t A2 ¢ dhEldR flgvatipn dm segtion,p liquid il mediuay sesereeir, ¢ he
seal is neeged, tB h Iﬂ%ﬁFrevent loss of the filtering solution through
spi | | age’ anf@¥Bg ﬁ'ﬂg E1RdRHG i it yehen, thayehigle enginesisgtirennivg. vi bration ] o
of the engine. Preferably, gasket 105 is fabricated froma fl uoropolyner
with a hardnessigf40 s a sidle elevation insestien of the liquid ilter mediurg resavois of
preferably threadably or otherwise fixedly received at its lower end in a
boss 115 i nther erpbediment of Figh 83uyyith ligwd fifterf mediome therein, 1d®vpashuingt Ar ough
aligned holes in baffle plate 100 and Iid 75, and is threaded, to receive
a fast ener, Stgadnstate yjoftey rupningtoperatinglaenditidns. t o ensure that a suitably
tight seal is created, the wing nut 120 nay be tightened snugly by hand.
Preferably, resdigott ig@, side¢lepgtiomnind $retibhe op laaliquid Fdtesirraedium freserveiat ed
from a durable plastic material, which will be capable of w thstanding the
heat ant) \acgpedingte annasber altesnitivetdmbodimentsofgtha dmvemionr t nent  envi r onnent .

... In addition, the 20 material fromwhich reservoir 70, lid 75, and baffle

: )pl ate 100 are fabricated should be capable of resisting attack by the
crankcase emi ssions materials which wll be passed through it, as well as
attack by the chemcals in the solution which ‘
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‘Wi Il be stored_in it. as described in further detail herein. 7 {11 0V 2808

reservoir 25 i POYPRYr detail. In a preferred 32 WO 00/ 6953 PCTUPRI42003
PCTI US99/ 24 | of ' ' reservoir 70 is fabricated
froma subst 'gﬁﬁmf é’%b@?ﬁ*ﬁ%ﬁﬂow 71, shown in broken lines,
may be provided wﬁ_@ermt visual inspection of the |evel of liquid
solution in the YYRiesthisibventinn ig sugeaptible obembagiment in mapy differeat forans, 70
may be fabricated froma transparent or translucent 5 material, to enable
vi sual i nspdkgrefte sthope in ithe, depvdags apd vill e descsibedin cletaih bergim . several
Regardl ess of its configuration, the reservoir should be resistant to
cheni cal or sPeifie pEiodiraertsi withtthe wnderstanding that theypresepthisventiathis to bect ur e
of, id 75 and baffle plate 100 is configured to force crankcase emn ssions
naterial 8, Fersidered asegugremnifieationoof the cuipkiplaseof ithgiinventionsandiis owthel d
I n em ssions control device 25. Reservoir 70 preferably will be filled with
a |iquid sointendsd todinait te the inventipe touthe temhddiméentsfillustiatedi. t h t he | ower end
of the open tubular boss 130 in baffle plate 100. The inside surface of
reservoir 70 mayFigcdrisya sehtimatia ithestratiop axfdhe gapparatee 20uice the ateavakne off t he
volume of liquid solution in the reservoir. If reservoir 70 should happen
t o be fabrigaesdinf romdsitives paankecaseoveritiatiora nsisterentacomting ad , a oprefi@ved a
transparent or translucent w ndow, indicia nay placed on the outside
surface of erhbodiemet \ofithe iRvaionsS Appaitid [20sIsr edrdiguheel 10 Be Tetrofiftedhinto
i ncludes inlet 80 and outlet 85. Preferably, a polyner filter may be
i nsert al y existimigvinternalt duntbustibh ehgife Astermzataithieligh it amaycbosiitaly thadifieny be
provided on the |ower end of outlet 85, to 20 prevent the mass. passage of
| i qui d sol ubr daclosiont &y auiginal Bquipniehtt without\itepbrtigofibmOtiielsebp€ ofCthe as a
result of the suction placed on the em ssions control

present invention. Apparatus 20 includes emission control device 25, connected

to engine 30 by hose adapter 35 and hose 40. Hose adapter 35 is configured to

be insertingly receive& into the engine 30 at the original PCV valve location 36.

15  The original PCV valve 45 for engine 30 is connected, by a suitably sized hose,

for example, to the outlet of emission control device 25 and by hese 50 to

electronic device 55, which is an electronic ionizer, through which the "cleaned”

gases are passed. Electronic device 55 is, in tum, connected by hose 60 to the

PCV vacuum port 65 at the intake manifold/carburetor 67 .of the internal

20 combustion engine. In the absence of the system of the present invention, the

conventional route of the crankcase emissions materials is directly from the PCV
port on the engine, to the vacuum port, as indicated by the broken line in Fig. 1.

Figs. 2 - 14A, 14B illustrate the emissions control device 25. Reservoir 70

and lid 75 form a tank for holding a liquid filtering medium. Cylindrical inlet 80
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device 25 by the vacuum fromthe vacuumport. Figs. 11 - 13 iIIYUJtNQVeZ&UBIe
baffle plate 10¥00¥E5¥| e plate 100, which is shown upsi de dRaTUEIgs. 11
and 12, includes peripheral edge 125, inlet boss 33 WO 00/69537 1 1 NOV
2003 PCTI USQQQZW-B%}, 8§3@eafmm'e t i hdd7 2t dnleto SN 90 sn besfeablys th@dably
insertably receives interior inlet tube 140 (Fig. 14A), which preferably
i s al so confeagiMeddint iplst 80, pwhile iotitlet figtimg 195r is prafesablnlthrebdslly medeired inoss
135 is preferably configured to receive a polynmer fitter for precluding
passage of butleti 85sBaiitle plater 108y gehich d@ises spasketr amimbeant0s caffiged rtocC its
passage of m st or vapor. Alternatively, an atom zer disc may positioned
at an end opelipheesl edgde ais dndrotablyl&id frictiopaltyf received dnfid d6N IS imbotthst that

i nvention, in order to further ensure that the flow of gases is properly

di r ect eds angadkietimentitiar € O make d sublstantially afkd ahd dquitiQight BealGtkeen Jigdb75an
el-astonmeric gromet 106 is provided, in the aperture 107 in io baffle plate

100. G ommeéandl B6fflesplate 4007 lin oddert fafadilRatecti’y dfalfing Of RPGHIRSse ldMhigsiahs
gronmet 106. When the enissions control device is installed to an internal

conmbust i on matgialethratigh the PAEd 28t atdah thRuighNihe SeRRMdeP BF Rk tHS\thidht Pe
install ed between the crankcase of the engine and the PCV val ve.

Rel ocat i on gyistémeinRiddition, e 46al HESSdOR Rl pichlBntIBhs ﬂi%sfil’t’éligftdl' %‘*A"?ﬁié ice

prevents rapid or uncontrolled evacuation or |oss of the so t may

be present thibughespilRB an8"seeringi WHich mighflBk Grérmpieal #%%ﬁﬁﬁhé{nﬂr?{ JifFatich

I ncreased vacuum | n addition, retaining the P val ve prevents I ncreased

SN B et e kel %5 e ork Sy A4
hardness of 40 - 50 on a dprometer test. Fastener rod 110 is preferably
threadably or otherwise fixedly received at its lower end in a boss 115 in
reservoir 70. The upper end of fastener rod 110 passes through aligned holes in
baffle plate 100 and lid 75, and is threaded, td receive a fastener, such as wing

15 nut 120. In order to ensure that a suitably tight seal is created, the wing nut 120
may be tightened snugly by hand.

Preferably, reservoir 70, lid 75, and baffle plate 100 are all fabricated from

a durable plastic material, which will be capable of withstanding the heat and

vibration associated with a car engine compartment environment. In addition, the

20 material from which reservoir 70, lid 75, and baffie plate 100 are fabricated

should be capable of resisting attack by the crankcase emissions materials which

will be passed through it, as well as attack by the chemicals in the solution which

will be stored in it, as described in further detail herein.

Figs. © - 7 illustrate reservoir 25 in further detail. In a preferred
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20 physical characteristics of the solution and PCV pollutants, LJCNOMSZUUS
vapor pressur W ¥3ndensati on may al so be affected by hi gREFUSEN24R45ye
vacuum By locating the reservoir upstream of the PCV val ve, vacuumis
linted to Efked t Phrtha dnygptioRe resenyeinAC iy delpicatrd Jraged swbstantiabiyal
type plastic connector will be used for .installation of the 34 | UIN 20v424;
DO3 WD 00/ 893aue rpaterial A pirdaws {4, sbawpdn bepken linesy snayybe peovided i agrmpity

| ocation. The connector may be of a hose barb type (simlar to the
connecti on ¥isHal ipspectien o the layghobliquid solutien inthe emirgians icantkphdevige 8. al | ow
autonotive tubing or hose to be attached to provide the gaseous connection
requi red beAlWematively, msegiairal/Op@ey | ksc tabrigated frbm e transpareoh or Iranshicent
device. The inlet fitting 90 to the em ssions control device 25 is also a
hose bar® tyateriabrtnanablervisyal dispeativry ofithe ligihid solgian ta hatcontdined theaeionot i ve
hose to be used for gaseous conmmunication of crankcase em ssions with the
devi ce 25.Ragurdless of itsacdnfigurationt ithe resenain shoedl batresistant| odchdnicaher i nl et
fitting 90 and lid 75 are in conmunication with interior inlet tube 140,
whi ch proviplesical detelierationdn @6 dgivemcénvirosmémt: t he devi ce 25. The functions
of interior inlet tube 140 include: 1) provision of gaseous conmuni cation
oft crankcase efMhesistractuve tdf tile750bnd ibaffle tptatbe100nisaiconfigureddey ifoece?5 and
other materials which nmay be placed within the device 25; 15 2) provision
of pressur ecramiicaeé anidsions MptePialks redeiced tthpugh dalett 90N thioughe tisolliguidn i n
the device 25, to control solution loss and elimnate any hydraulic back
pressur s t Golltiondick it anssitinsi dbgton gevice 26aResenbiAT0 WeRirably ol b)filled

..provision of fail safe forward notion of crankcase
: ) . with a liquid solution to a level range substantially flush with the lower end of the
open tubular boss 130 in baffle plate 100. The inside surface of reservoir 70 may
carry indicia corresponding to the numerical value of the volume of liquid solution
in the reservoir. If reserveoir 70 should happen to be fabricated from transparent or
15 translucent material, or have a transparent or translucent window, indicia may
placed on the outside surface of the reservoir.

Figs. 8 - 10 illustrate the lid 75, which includes inlet 80 and outlet 85.
Preferably, a polymer filter may be insertably received within outlet 85.
Altematively, an atomizer disc may be provided on the lower end of outlet 85, to
) 20 prevent the mass passage of liquid 'solution out through the outlet 85, which
might otherwise occur as a result of the suction placed on the emissions conirol

device 25 by the vacuum from the vacuum port.

Figs. 11 - 13 illustrate the baffle plate 100. Baffle plate 100, which is

shown upside down in Figs. 11 and 12, includes peripheral edge 125, inlet boss
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20 em ssions in case of freezing or other blockage in the devi 061 %5N%62.U[130
poor mai nt enancWO0pEP%ect or danmmge; 4) provision of back-fl orcpUsseeatsson
to elimnate the possibility of the solution, etc. to be drawn back into

t he crankcas®30dnd intermiediatd bogs 188c knléti bassot 3@ ivsertablynciiceives inbator daket d
cause a 35 J 1 NOV 200: WO 00/69537 PcT/ US9924245 reversal of gas flow
The interi ortubali0 {Ridel 4400 which prsderabliyt iswlsodcomfiguestdfrof & lptastitt 6 siflapf
device 25. This allows the solution to mix in a circular notion during the
aeration prostssl litirmediato baks @5 fd prederablyesarnfigutstt to CrRicaivist h CpdTianeF | al s
which may be 5 located in the device 25, and al so provi des conti nuous

m xi ng of t Hiltes forifpreviuding Ipassageandic iqid &bladhORSlardd drifiQECtHRIESIS | M dSto
materials are di vert_ed 90 f_romthe di _recti on of_travel at the el bpw of the
inlet fitstingsthitt pHdssgeprodVinids of Neapbr.! Hitehittivblyd! arPr fA8kniZe?’ diseeinbdy Wt €
matter and/or oil/fuel droplets traveling in the gas hose. These io0

material s Wigokitihéd kban eh@oNinteimeciat Yosg 188pi d decel eration of the
solid/liquid material. Crankcase em ssions materials will then travel

downvar d i nto { Nk a ipdfeired emibBlibherit st and 4 eHBbA i HHENHS FRhEN DS FE! Of

the liquid solution, to a position near the bottom of the device

solid and | i RBwBf Gaded)is GRORely Wirbcrddahd! Bnst (RBIE AR akS! 1 SalRbEA! S

then hit the liquid and the bottomof the |5 vice in a directron from

the outlet gfe gme@qusc«an%ﬁa@mea@?mmmu 3089 phdiddd % 45 'dribre 1050

interior inlet tube 140 is vented 141) 1nto evi ce ear the'top

tangent 10 hhgleVplatd OO, GRMMALE GU8 W torbilaf, ¥6that FabfRhaf ergda%VSaéng

. solution level
. \) ' through grommet 106.

When the emissions control device is installed to an internal combustion
engine, it is important that the emissions control device be installed between the
crankcase of the engine and the PCV valve. Relocation of the PCV valve

15 downstream of the emissions control device prevents rapid or uncontrolled
evacuation or loss of the solution that may be present in the tank for holding a
liquid filtering medium, due to increased vacuum. In addition, retaining the PCV
valve prevents increased reduction of the boiling point of the solution due to the
‘ less relative loss of pressure {(higher vacuum) controlled by the PCV valve. Other
' ) 20  physical characteristics of the solution and PCV pollutants, such as vapor
pressure and. condensation may also be affected by higher relative vacuum. By
locating the reservoir upstream of the PCV valve, vacuum is limited to that
controlied by the original equipment valve.

A universal type plastic connector will be used for installation of the
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9

and baffle plat o provide the pressure relief, aeratio V
Wo bikdsds Q'F? Y
uti to

back-fl ow 20 prevention descri bed above. That is, if the sol on wer
freeze, the tion_ fr the jntake of .th ine wopyld still be able to
Ul | sone o TFEbE sontel devids Akt Blaitel po Bplipth The' <Bonerter Fagdi b
frozen solution. | dditipn,. since it is. kno at.the direction of the
vacuum can, °&&ﬁ%&%ﬁég’@?ggﬁ@'%§%|'& cpEPQR en %P% H?f'u'é‘ e ‘?fﬁ&ﬁif{%ﬂﬁgs of
t he reversed, suct.i i,S.noL as great as,ihe ni.t ude 36 00/ 69537 2P03
PCTI US99/ 24 398WBn Fige 389 FP@‘PW H&'\‘?fﬁ’ertPBW o ihe%s e ela&‘z“'cbi\’!&%ﬁf%‘" ¢ dhe
crankcase from exerti‘?ﬂ%_ sufficient suction_to draw %a_ses and/or filtering
sol uti on i n@8S8aYs copaglionsequiradbetween theprigigsli Floh {ogatign ond|the epHsdiash t he
vent is 360 fromthe flow_ direction in the PCV hose or 1800 fromthe el bow
particl e’ nﬁﬁ'&?"'a‘?eé'!%e- ﬂ'i‘%"‘l\?éﬁ'ﬁ‘"gé99§°sﬁh2é!“'§8°ﬂ%ﬁpmrﬂ'ed@‘él§%&§’s'3 also a
comruni cation of the reservoir solution w thout physical |oss of the
sol uti on doWPse barhiyPesenngatien; preferalhéta lightcanglm that elipws avometiveshesreni ngs
142 at the bottom of the tube to provide direct crankcase gas, vapor,
particle, ettbe usgdifatgasgous eommunicatianopf crenkcaneneraissiong with dherdaviee
openi ngs maz vary and are may be distributed around the tube. Radially
di rect ed 1029pEhit hgse hasp conngctien isrssrawediinte dhe fid & Sy Jhednled fittingh801arel  and
may al so be provided at several |evels above the bottom of the tube. The
i nterior oflid A% agnis esmmunipatio@ithuntetior intetiteld 14Quvihichsprouidesa fwnbed by
machining the interior opening of tube 140 froma solid piece of material.
Al t er nat¢ vedffunctionsi for the devieef 25.he end of the tube (e.g., tube 140') may be
substantially flat, as seen in F 15 14B. 9 The preferred solution to be
used in devileefunBtiond of ipterior irdat taberl ADunduds: '
1) provision of gaseous communication of crankcase
emissions with the solution to be contained in device 25 and other
materials which may be placed within the device 25;
15- 2} provision of pressure relief and gas by-pass to control
aeration of the solution in the device 25, to control soluticn loss and
eliminate any hydraulic back pressure to the crankcase during engine
start-up and operation;
3} provision of fail safe forward motion of crankcase
20 emissions in case of freezing or other blockage in the device 25 due
to poor maintenance, neglect or damage:;
4) provision of back-flow prevention to eliminate the

possibility of the solution, etc. to be drawn back into the crankcase

due to dieseling, back-fire or other condition that could cause a
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- : : I 1 NGV 200
uni nhi bi ted foqgo rég% or USP grade 1, 2-di hydroxypropane and water. The

di hydr oxypr opan ?% ylene glycol) is a type of anti-freeze PCIfESPRE45
point of this material .is on the order of -76F, depending upon the m xture
to provide 20 fré%‘ﬁeésag%?@ﬁ?’f’% in cold climites. A trace anount of methyl,
et hyl, isopropyl,..butyl. or. other alcohol may be added to the solution to

i mprove the sol uﬂ'?i'f’i}"ﬁ’ﬁé’“%éﬂ' e 3 ,isslogefgd tomeard ansr endyvof rhe Hateriaruef on.
Et hyl and isp roy%ﬁriﬁe Preferred .due to the solubility of these al cohols
with gasol i ﬁ’@e'&ﬁ allgws,ihe sglutiomio mix inya sticylar makian gudng she BeEatineg
gasoline fuel. |sopropyl alcohol is used in gas line 37 1 NOV 2003 WO

00/ 69537 PCPFe%ss8,/ thisgiso aipws fluis, moxprmens pyergatalytio mpterialg aviieh imay Ibe

Uni nhi bited food or USP grade propylene glycol is used due to |ow toxicity,
envi r onént lgcatashiphe idevice 25, et @lse proxides continuasisimixingaf ghe sotitionheith
contam nants) and |l ack of dye, color and antioxidants. The USP grade is
preferred rankeaseemissigast purity. The water mixed with the glycol will be
purified water with a mnimum specific resistance of 100,00 ohm centi nmeter
at 25C for the syrankeasefernissiony meteninls arevdinentech 90Pinond theddinmition alt traGé, 000
ohmcentinmeter is consistent wwth water having less than 5.0 ppmtotal

i.oni zed sol atdshe Elbow vaft e indat figting OParTHE brovides BvERRQ Perid i Break for
distillation, deionization or a conbination of all three nethods, and
shoul d cont particlletes rhdteer bBd/@r peiffued | droplets tfavidling Vilit tHe \Wakhhage. TPRRsE
content greater than 5.0 ppmmay interfere with the electronic ionizer

| ocat edidovrateriesmadif hith ehet RILBINE rwalp @blidisy! rapilly dédeldthatic @Rithe aédlRIMRquAd €
.. present in the water. 15 The mi xing action of the fuel, oil, sludge, etc.,

Yand gl ycol rmatefiakeGrapRedsdte enffiths: dhatBfisldCwill ehéhatavel kpwiRvad e hesol ve
| i ke materials. For exanple, notor _
interior infet tube 140 which extends below the level of the liquid solution, to a
position near the bottom of the device 25. The solid and liquid material contained
in the crankcase emissions materials then hit the liquid and the bottom of the
15 device in a direction 180° from the outlet of the device 25 and become trapped in
the device 25.

The interior inlet tube 140 is vented (141) into the device 25 near the top
tangent to the vertical flow direction. This vent is located above the solution level
and baffle plate 100 to provide the pressure relief, aeration control and back-flow

) 20 prevention described above. That is, if the solution were to freeze, the suction
from the intake of the engine would still be able to pull some of the crankcase
gases through the apparatus, bypassing the frozen solution. In addition, since it is

known that the direction of the vacuum can, during the engine cycle, reverse

(although the magnitude of the reversed suction is not as great as the magnitude

36



oil is soluble in gasoline, gasoline is soluble in al cohol and gl JCBDV 203
al cohol and gl%e8¥6%i%e soluble in water. The results of m xiPRFUSYHE4245
above-listed conmponents is an enulsion of oily fuel, glycollal cohol and
wat er . Thi s @fnihediasmat suetigmBow) [the genm%rmwta)therrpmkeas& fromdexsstings of
oily fuel that remain separated into small droplets even after aeration or
agi t ati on hatfigientsudtion e drayy geses drel/gyi filtering solutiohinto thegeardtcese.t he use of
soap or detergent on such materials, but does not produce foamor |ather
in the process. The peefered dwriebntahgas Fowsihosughethe! vent iis) 360° feonp dhe Hlaval

I ncrease in the surface area contact between the oily fuel and glycol 38 WO
00/ 69537 Fj direblidn Ohe AT hose o 28D4 Front iad elpdowgidrtjcle irapactsarsa.t Tisis @endat i on
potential (breakdown) of the oil. The fractions that conpletely mx wll

have a redusedizbd ashmiaRintite ghbdous’ hiRRichlieh ofl QRS resdrvoif YBRItRheWithaussol ve

will also burn easier due to the size of the suspended particles

(droplets) Bagsitdeioba st aabollis \AlirtRbie ol Mdrich NAlef bBLT 4@ UDARG: bY

nor e flarmab e material. dycol vapors and m st are conbustible. Ql y fuel

and gl ycol cy@@ﬁ{ssc{da-.ﬁ{gsrﬁwﬂt 1HeOSdtH oftife Rlbd Qo PPONINS birbetCerariis

present serves to retard the system and, conbination with the glyco heI ps

to limt evopaatiaitie Abtc. Obohtier RIS A "o 1) ﬁu%ﬂeu}]%ﬂdsﬁwtdfo&@re

environnmentally safe and non-toxic, prior to contact he engi ne

em ssi ons. 39&%&& Ry Uiy %hﬂ%%ﬂiafﬁ@dﬂﬁiﬂu?@d ground the %tL HadRly & g{é‘& S are

atom zed as aer osol e glycol ter vapors. 'S prow a vapor
or m st s fifa Gided FeaP i BSTGM! fa*Jbﬁ fﬁf’“&lfdeH Do R@Y Nt as
.-, Conpar e(} tom(,jérr@ct % ?% o‘frlgneem xti:aur es, par tc? cles and s gf?‘r%?nwa
: om o S 1¢ e en
)standard P WeelhaPlDAE o408 Uk ndth o RS RBRITHE SntBAGV St el ey
gasoline in 0 t e SO Ion an I Ssol ving
tube 140 may be conical (such as may be formed by machining the interior
opening of tube 140 from a solid piece of material. Altt_amatively, the interior of
the end of the tube (e.g., tube 140') may be substantially flat, as seen in Fig.
15  14B.-

The preferred solution to be used in device 25 will comprise a mixture ofl
uninhibited food grade or USP grade 1,2-dihydroxypropane and water. The
dihydroxypropane {propylene glycol} is a type of anti-freeze. The freeze point of
this material is on the order of -76°F, depending upon the mixture to provide

20 freeze protection in cold climates. A trace amount of methyl, ethyl, isopropyl,
butyl or other alcohol may be added to the solution to improve the solubility of
the fuel, oil, sludge and vapors with the solution. Ethyl and isopropyl are preferred

due to the solubility of these alcohols with gasoline and water. Ethyl alcohol is

used to make gasohol blended gasoline fuel. Isopropyl alcchol is used in gas line
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15 sone of the_h drocar bon and gases into the sol ution, conbustlgori NQV 2003
easier to achi‘g% ¥7passive control. The fumes, vapors and PETE{SI824245 ng

t he device 25 a | ower and more consistent flash poi nt range. W hout
t he device EBt'f’???é’ a’!f’oWd’b‘PRtr‘é?‘fd@HEe setanol.and gasol i ne reaching the
conmbusti on chanber are substantially uncontrollable. Heavy high flash
point oils may r'daiphibited feadsuYEPradepiapyiene givasl is yredidsettoylow toxiciswer
flash point fuel and gases, which may interrupt even conbustion. The

gl ycol cont an\ﬁ@nnm@xy@@nmjbrlm dheforeer myixingl owithl oonsludge 389 othyeren by
wei ght. Carbon nonoxi de and carbon dioxide will be absorbed into the

sol ution atcenteminantsizand lgcleqtilyelceinr and antiexidantsi. dhe pMSFsgrade i$ prefeaed
conmpound. 39 WD 00/69537 1 1 NOV 2003 PCT/ US99t 2424S Thi s absorption w ||
be |inmted dye toweagentspurity. or | ack of pressure available within device 25.
Car bon di oxi de di sassociates in water solutions to form carbonic acid.

Thi s further i ndiheawatert inixednwithtthefglpeolowill ben putitied abater with Wi imisinsuraxi des
are sparingly soluble in water and al cohols. However, oxides of nitrogen
wi | | supporspecifiontesistarare of & 00,00 miygeentiasicerdt R5°C Her eheystin 6%/ the
increasing the anount of available oxygen in the solution, the potential
for effici qrésendnimsition) Pufified WdteR.8€J00f000 BRAMPEEimdlyr EBédHsktBhD Wvith
hlgher | evel of oxygen for conbustion, a point, further production of

oxi des of Météﬂﬂﬂ\ﬂn?ﬂ@sé ihzht®d pphX 't&’{%l io‘i’n&e@fsoh@ s viftar hRYbd pidpartde! )

in the gases w |l so begin in the solution prior to 10 conbustion.

Reagentjogr g€ rélerded Windkis, O YistifatioNCSadlomeid ofahl e&lnsm%hbﬁ ngi Nayy %eéo

greater a strength or concentration than about 8% by weight, may also

)added t 0 hidthsdy, WridoShdifid RehtairP lesa! thalR 10.0%piRisRical 4281, O'Wat%ld)\pﬁhvﬁ ght

Is preferred.
ionic content greater than 5.0 ppm may interfere with the electronic ionizer

located downstream of the chamber, particularly if -divalent cations are present in
the water.r |

15 The mixing action of the fuel, oil, sludge, etc., and glycol is based on the
chemical principl;a that like materials dissolve like materials. For example, motor
oil is soluble in gasoline, gasoline is soluble in alcohol and glycoi, and alcohol and
glycol are soluble in water. The results of mixing the above-listed components is

an emulsion of oily fuel, glycol/alcohol and water. This emulsion contains a large

) 20 amount of minute oily droplets’ of oily fuel that remain separated into small

droplets even after aeration or agitation has stopped. This effect is similar to that
caused by the use of soap or detergent on such materials, but does not produce
foam or lather in the process. The creation of the emulsion results in an

exponential increase in the surface area contact between the oily fuel and glycol
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- Peroxi de added to the solution wll provide a strong oxidizing aﬂgénNOyhﬂm
will 15 assi st WHPUHRB7 br eakdown of organi ¢ conpounds in the EBEFHPI2BA245
Peroxide in greater strength wi |l deconpose the glycol and other organic
material t ofhag@reRlyincregges fheraidationgatential ﬂueﬁmv‘é&@é théy eil okl &ractions ent

in the solution. A preferred formulation of the liquid filtering solution
coul d be asthad|copipietely3mix mjll have aoeduceast fligshepoint. z4ny fnadtipn that deksapot
descri bed herei nabove), 20 55% by vol unme propyl ene glycol, 5% by vol une

et hyl and/ momde;ﬂhop#‘éscwecdﬁtbl alsarhiing %asier vaieute thedsioe eof plm cuspendead ut i on
(3% by wt.), although the constituencies and proportions of the liquid
filtering spartitiesfidmgletilcandathieciact that the windisdologd friaetigray sriecadranundpg|bycat i on
and/ or availability of materials. 40 WD 00/64537 1 1 NOV 200:

PCT/ [ t s9y| aneresflaGatabley materiaht @lycoll wapoesy and snisb ereptarnbastible. t Oty fusl Wridon t o
assist wth the breakdown of crankcase organic materials. These catal ytic
mat eri al s rgiycdl vapordfmist ntisédhidgatheratenbiso chabugiibié. THeewatergprasdntaendesce! |
when exposed to water. The galvanic cell function (corrosion) wll

gener at e hydr eetytd ftheesysteinCahd, il Edmbinatich WivitANthe iyl nGeps. tdemamndi ng
on the types of netals used, nultivalent metal cations may also be

rel eased i Rivapération OANoF @b fdrégdilﬁy)n'faté}fhlsam%é%blu‘wn ard) BnvirBHntdritaheSife
cations may interfere with the ionization el ectrodes downstream

Ther ef or e, ahlGoRitesic)phior to@nthdt Witle the ergihd'@miaionai ¢ cel | shoul d be
relatively close together in the galvanic series to linmt the rate of

corrosign. 10 Aouﬁﬁgr@ﬁlamaﬁ ofithé uaw.bélasrrmeab@ fuBl aﬁabﬁﬁa}éi&zb&ﬁzédﬁaé apoul d

be | ess desirable ough functional, would be copper and al um num An
Dexanpl e t habrosPWlith e R/cOI/AERrT Abofs. WPk dpreﬁdas % U8pGioBP isP#ok Afle The

~preferred material (s)
device 25 that has a substantially reduced flash point as compared to direct
oil/gasoline mixtures, particles and sludge from a standard PCV-system. In other
words, by dispersing the heavy oilé and gasoline into the solution and dissolving
15 some of the hydrocarbon and gases into the solution, combustion is easier to
achieve by passive control. The fumes, vapors and mist exiting the device 25
I';ave a lower and more consistent flash point range. Without the device 25, the
concentrations of oil and gasoline reaching the combustion chamber are
substantially uncontrollable. Heavy high flash point oils may reach the combustion
) 20 chamber intermittently with lower flash point fuel and gases, which may interrupt
even combustion.
The glycol contains 42% oxygen by weight. Ethyl alcohol contains 35%

oxygen by weight. Carbon monoxide and carbon dioxide will be absorbed into the

solution at a rate that is equivalent to the partial pressure for each compound.
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woul d consi st q& giﬂlfdﬁ?l mlar nmetals that are | ocated closer to Lt‘(hg]pvi %Datghe
gal vanic seri €2 Y% P¥ would create a much | ower and sl ower FCI/US99/24245

oxi dation/reduction potential 15 in the device 25 and provide better
control of tH¥s eRsary “)&F’Lh‘? hm'ﬁegrﬁi’ thsyessure, pelagkof @ressire, pysilablenwithin

gal vani c serJges a#dé#%rider certain conditions may self- destruct rapidly.
Metal s such 9g¥icgi4p- £ritbop digxide, disasspgiates 9 Water sokstisns ta e cabesic adidi ve,
galvanic cel |, There are nmetal alloys available, such as KDF 55 Process
Medi um and Kb fusthefdogreases: thgj amoyntoef guygencingthiedeniution. iNitnous i wvdesoaent i al
required to assist in the breakdown of organic crankcase em ssions

materi al s. FRANGh: selublgl injwaten @ad @icohplsa dHawever.opides phnitrageo swillaupporovi de
efficient oxidation/reduction potential when contacted with water. This
mat eri al 5i s ceppustinn yiaibedxygenaoptens afi theczmipmundaBy inéreasing charsamosnt or
breaki ng down organic materials in the crankcase em ssions 41 W) 00/ 69537
"1 1 NOV 2008 avaitablsIxyadrR 4n Sthea solutian,s the otential dor eHicient icomiasdohals um
ferrite, magnetic or non-nmagnetic, will also produce hydroxyl radicals in
sol ution. Tingreasepdsgtiermpls mabsintbinihgrathighicalieel of oy gerd dorc Corhbdstery,|
free radicals (O+) in solution. Hydroxyl radicals are efficient at

br eaki ng dotmna goidnfwthes prodpetiondsef bridas wf miBogen arei Kimised. TOKidatibh ioFythef
hydroxyl free radicals to destroy organic conpounds is known. The ultinate
byproduct s lfdroderbaeres foilyc fuel) imfthei gédes @il alsoCbegiheli tHeS sBittindpRgY ltof I €€
radi cal s are carbon dioxide and water. However, the heavy oils which may
be presant ¢ombustibkcase em ssions materials wll be broken down into

smal ler, | ower flash point nolecular weight conpounds to during the

f ‘)_oxi dat i on/ r educiReagentr gradé hiydrtdged purbkide) ACSCErali® e valBbIE GitehgthEhitNho
i nternedi ate organi c compounds in the reservoir, which have |ower flash
poi nts. greater a strength or concentration than about 8% by weight, may also be added

to the solution as part or all of the water fraction. 3% by weight is preferred.
Peroxide added to the solution will provide a strong oxidizing agent that will
15- assist in the breakdown of organic compounds in the solution. Peroxide in greater
strength will decompose the glycol and other organic material too quickly. The
peroxide will also increase the oxygen content in the solution.
A preferred formulation of the liquid filtering solution could be as follows:
37% by volume water {deionized and purified as described hereinabove),
) 20 55% by volume propylene glycol,
5% by volume ethyl and/or isopropyl alcohol, and
3% by volume hydrogen peroxide solution (3% by wt.), although the

constituencies and proportions of the liquid filtering solution may be varied as

required by the particular application and/or availability of materials.
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Even when the engine is shut off, these chem cal reactions wl|l chnt iVl 200
take place inwé?g’{yﬂsé’ 25. As a practical matter, because thePEVHFRB4ME gas
velocities are high, and 15 the residence tine in the device 25 is short,
conpl ete br eakd&/ﬂ%‘?" *eaterigls ey asecbs plgaed dn the spludion 1o assist withnitease

em ssions materials by device 25 is a practical inpossibility, for any

devi ce si zebrepkdoyen gt srankcase ergapisJuateraly.cHese catalytiounaterials ghay include
conmer ci al Ia( justifiable materials, device 25 can and will provide marked

i mpr ovenrent difgimiiatemgtals ithgt ofill tdreate ragRlvanie celti wheo exposed ricalvater2 T he
Materials to be used for the solution should be chosen to provide suitable
gas tr eat negaivanicacali t fniction cleprrbsion)s will | geberatee deyainah/l efree oradlivat=lin ther
exanpl e, the propylene glycol based antifreeze sold under the brand nane
SI'ERRA( 15) csdutign. lredoipgdsoasiepesdihgtdnothelbizpes oPhextals wseds appldvalehr Aafealor
bronze netal could be used as catalytic materials. Copper oxides forned by
any copper cationsinmynglsoaber reféased ZnthOtho/s6R%idR. In ltoOtig 3 qdertity] shgr 24245
can be used to assist in the destruction of oxides of nitrogen. Gold and

pl ati num nebgtivalérd cativrise maye thterféreeadth otheC inizatibhi Sélebirodes Qvadhstie8m.
crankcase em ssions have entered the device 25 and solution, essentially

al | the hedgrefiorey tieadissimitaromptals iused dbretHERbAI0ENIYI &dil BRobIHABY §elativelyhe 5
device 25. Thus, only the lighter hydrocarbons and gases will be able to

escape devicibse 2agstker(in ahe gdlvhnictsafied fif Inlie theyaié 8F dorrdSenl | ght er
hydr ocar bons should consist mainly of a | ower flash point m xture of

hydrocasbon vapar ,exansglé 6N dissfaiSmefdld Sn PIY | RRICHOhEP | wollildt BE ek@nkcase
em ssions at a level nore suitable for combustion, thus reducing em ssions

’m’)and | ncr eadéesigble) thowshd Rerdtional) Wadd baf édppeP kAl Caid@fhuri. A9V Egsingle HEEUr es
prevention of direct aspiration of
would be more desirable would be a zinc-copper pairing. The preferred material(s)
would consist of dissimilar metals that are located closer together in the galvanic
series. This would create a much lower and slower oxidation/reduction potential
15  in the device 25 and provide better control of the system. Aluminum and copper
are quite far apart in the galvanic series and under certain conditions may self-
destruct rapidly. Metals such as tin and naval brass would provide a suitable, less
active, galvanic cell.
There are metal alloys available, such as KDF 55 Process Medium and KDF
) 20 wool that will provide the oxidation/réduction potential required to assist in the
~ breakdown of organic crankcase emissions materials. This material is made of
zinc and copper in ratios that provide efficient oxidation/reduction potential when

contacted with water. This material is typically used in water purification, and the

mechanisms for breaking down organic materials in the crankcase emissions
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the sol ution, when the vehicle travels on rough surfaces, or stdep NGV 2003
tilted surfacd@%%We¥he event that the solution is splashed PEFSISR42Ee
undersi de of baffle plate 100, a filtration device will be |ocated in

i'nt er medi at dN#EYAIs pESSIMiaN | Stgentjune pad Batiymfenits mbenasic arowimaiagpetie, wilk e
may be provided. This will prevent 15 particles from passing above the

baf f| e pl at @lsoprgdice hydhexyl sadieals ibeslatiothe baffle plate will be pronpted
to drain back into the reservoir. The angles and el evation of the baffle
plate filter wi |Fhe putpose of ithe eatalyiic eateriptsisr tat producd hgdrontl freeiratiiealshe
outlet fitting 95 of device 25. Qutlet 85 of |lid 75 may al so be provided
with a fil{QHYi in sdwipoe Hhadroxy] padidaty ainé yeffici2db ari breakingokiowat GghRIcSi Z€
may be 20 provided. Any liquid reaching this location will be atomzed into

smal | dr &pl eorepovddsinsagpieeus sdiutions.Thes abilisyi by hydrokyicir@xiddidas @6 d
device 25. A preferred filter device may be obtained from Porex |ndustries,

and is faboiganicambnipourdsds knswpy TRe @ltinddts Dyprdductd ¥F tha d&&mctﬁﬁrmgasﬂiaw ng
a substantially simlar nom nal pore size, may be used. 43 WO 00/ 69537 NOV

2003  PCTI Usiganid4 diblberidts dsy hiairoxyl 6frié | 1a8lcbRt @reiedPbors didkide COAL " QatdeVi ce
25" according to an alternative enbodi nent of the invention, erelrn

el ement's haNowever| thd BéavySéilsUahithemag bef Mlegéritqn crahiches %ﬁ&i&@nﬁa@ﬁ&l&”ﬁm
a

of Figs. 2 - 14A, 14B are provided with |like reference nunerals, augnented

by prines (will.bdBioker ddhm info Snifer isleer Midhodin® Hidcaldr vidibiit Ebﬁﬁ Bﬁ& le
|

plate 100", with a large aperture 130" for Teceiving Interior e ube

140", and ajupngriak iokidaBibnfémictidh prob&isMHisahill fohid! idiver rﬁggculér%g’lrghp r
wer end, Wt

inlet tube 140" has a stepped configuration at its |o

apertures JdférmedibRnéHgaici ddni d@’th 3he mﬁ@g!\@ﬁicﬁifﬂat@%%ﬁ@f flab ﬁ%ﬂg‘\?u

vehicle is operated, there will be sone attrition o e solutro
Even when the engine is shut off, these chemical reactions will continue to take

place in device 25,
As a practical matter, because the crankcase gas velocities are high, and
15 the residence time in the device 25 is short, complete breakdown/conversion of
the organic materials in the crankcase emissions materials by device 25 is a
practical impossibility, for any device sized to be usable in a consumer vehicle.
However, using commercially justifiable materials, device 25 can and will provide
marked improvement in the quality of the crankcase emissions materials.

20 Materials to be used for the solution should be chosen to provide suitable
gas treatment characteristics, but still be reasonable economical. For example,
the propylene glycol based antifreeze sold under the brand name SIERRA® could
be used as a solution base. Pieces of copper, brass or bronze metal could be used

as catalytic materials. Copper oxides formed by any copper containing materials

42



1 NOV
to in device 29 OO, time, as a result of evaporation, and/P ﬂ‘iﬁgﬁgﬁ IZG03
reaction. Sol u?l on may be added as needed to maintain the I'eve et erm ned

be . ' he .devi . Si zed. i cyl L. ne.
Hovover . o A b Bt Rl Gro B i o ke e PR
interi f f.th [ i].1. be. f ti to tinme, i
or der Lo  AnEgEas ) HrEeliol Shtorkopiefodface mierials fromihe

reservoir. Prefegrabl devi ce 25 shoul d be sjze t hat, under nor nmal
operating condi ﬁf‘Sﬁs‘Kgnﬂa'&%ﬁi%sﬂﬂ? f""’lﬁ'&ﬁé‘?"d#%g%‘ﬂf’%t And SobHar. pe

conpl etel y changed roximajely as often as the crankcase oil itself is
changed, e.eg.s‘?"tgﬁvéf*@gﬁ% ERVY-BYTRSHBP™ aRd dariclate mANeR Wik bedranper in fhe

addition to t,heqohyl_si cal and chemical treatnent of crankcase em ssions 20
met eri aPs WRVIER 39 Thwuss gplysthepiahtenydeocarbansmend gases il heoable detascapaed
that treatment of the "cl eaned" gases | eavi n‘glé he device 25 (25') by
el-ect r oni c 9PYiRe AR tobrasess tedhe ditake anapifold: { the lightay dydtacathiops sheuwlddi ti on
to the device 2 f the apparatus for the treatnment of crankcase em ssions
materi al s FeRsig Bginly of |, lpwer flash peint gixture of hydracerhion vapait mists and
crankcase em ssions materials. 44 WO 00/69537 ? | NOV 7.0f PCTI US99124245
Figs. 17 -9gses; Thigseroyides gentiohpf dhe grspkease smissions ah adevelonene suitakile h t he
present invention. lonizer 55 conprises base 155, with maze walls 160 and
165, and tragovmastion, thus geducing emissions and ictensisfg fugheécamon®is. The i nner
surfaces of the 5 peripheral walls of base 155 may be provided with | edges
170, up®dn whi chherbafflenpliitat1®0nnl devices2hraysuressprevemntiosr ofedirext @spiadtionl 36 may

..also rest atop the wupper ends of walls 160, 165, 167 to form charging

)charrber mathe gafation, when the vehicle travels on rough surfaces, or steep or tilted

surfaces. In the event that the solution is splashed against the underside of baffle
plate 100, a filtration device will be located in intermediate boss 135, having
preferably a 225 micron nominal pore size may be proﬁided. This will prevent
15 particles from passing above the baffle piate. Liquid that passes above the baffle
plate will be prompted to drain back into the reservoir. The angles and elevation
of the baffle plate filter will tend to prevent direct aépiration of solution into the
outlet fitting 95 of device 25, Qutlet 85 of lid 75 may also be provided with a
filtration device having preferably a 225 micron nominal pore size may be
) 20 provided. Any liquid reaching this location will be atomized into small droplets
when subjected to the velocity of the exit gases from device 25.
A preferred filter device may be obtained from Porex Industries, and is
fabricated from polypropylene. Alternatively, a metal screen having a substantially

similar nominal pore size, may be used.
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I nt er nedi at e wa\%éo 7 7has a plurality of apertures 180, 't hr ough \ihi’cﬁkﬂ\{c?ﬂﬂf?
emitter pins 1 #0]’ect, into charging chanber maze 178, b BT S

160 and. 165. 1o 'E_m tt1%r ﬁi n?l 185 project fromcircuit board 190, which is
covered by cover M85 15 pd8.MlystEate an gRussions| eantrol devisg 2% 0acariding: te:tan

fitting 205, which connect with correspondi ng'@?pertures in the walls of
base 155. MEtemative sembadigieat 168 they dnventien,t whetein 1 elemeate 16avings sirolarvel v,

for permtting passage of gases through naze 178. Wen the conponents of
i oni zer 55 &HHC %@ﬂglfé'ﬂ?"?i‘r &9 dhess of the lembodilent exfsfigha2e- 19A,ahdBcareer
195 being fabricated froma durable plastic material and which can be
seal i ng af f PraMidadowitheliken tmrference awmerals: augrhentad daygprimnes f (Ot Melicd t28'Sis
believed that the construction of maze walls 160, 165, and di agonal wall
167, i nflucpravided with mgsubstantially €lat bafflel mate 00, Clvith REldrgeC APeHRGrRSEI WP S
through the ionizer, optimzing the charging of the gases, vapors, etc_
passi ng t hr recgivirighintetior iinled whe .14} Sed & ibhdalR@df ispidiay in%&ﬁ?ecﬁ%féﬁ%}ﬁﬁtk%lon i's
e

shown herein, the configuration nmay be nodified, in accordance w

requi r ement $35Nktefity Metabé AR Has a %H?é’tpkorﬁfg‘?ﬁéﬁonf £tog)s tlﬁkﬁrgpreinac \WPgS of

the present invention, if a swirling notion Is produce conponent s of

circuit boaggbrdls p4of : Bk ' : nt 45 WO 00/ 69537 |1/
2003 PCT/ BB Ee fading e r?g‘?ac':g'r'%gn"?aqtgg%ﬁe"rr“?'er 220, the function of

D Son o BRSO e R 1
vl oS dRA8 o ly  B KRSt A B S edersponge
L LT SR IS AL SR W S o T
appropriate for the device, as sized to the particular engine. However, a complete
charjge-'out of the soluﬁon; and a cleaning of the interior surfaces of the device,
will be necessary from time to time, in order to remove oily residue and
15 particulate materials from the reservoir. Preferably, device 25 should be sized, so
that under normal operating conditions and assuming normal usage, the solution
should be completely changed approximately as often as the crankcase oil itself is
changed, e.g., every three months or three thousand miles driven.
In addition to the physical and chemical treatment of crankcase emissions
20 materials which is performed by device 25 (25'), it has been determined that
treatment of the "cleaned” gases leaving the device 25 (25’) by electronic
ionization also has beneficial effects. Accordingly, in addition to the device 25,
the apparstus for the treatment of crankcase emissions materials may also

include a device for the electronic treatment of crankcase emissions materials.
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maze 178. Crankcase e ssions materials flow ng through maze 17 e
forced, by t he" 28N red surfaces, to swirl and counter-swi rPIC,T ?“9&?165' ng
maxi num cont act ?M g .hhe em tter, pins 185. Maxjmum conf act . E]r npts maxi mum
char gi ng 10 fd9s-¢} e'é UG 2B LBRIESHRRA AP Ysedrin @SSoRIation; i tg'ﬁaﬂﬁ???'? of
charged particles w1l be generated for transport to the intake air

stream Car d@fi"W§consi derati on of conponent parts must be nmade in order to
avoid degradation_of and/or jnterferepnce with engine control onboard

conmput er or ot helonizef 22 (GAMRIsgEPAsE d8_d With Mazgpyidist hEOvams c1€3: ppdper
shi el ding, feedback 15 protection and isolation are inportant. It is

bel i eved tha#agpﬂelqu@ﬂd& gn the inleppide pf ionizer Hpr dhe iiaper sudacssonf dhe
present no significant difficulties with respect to interference issues,

al t hough Sot weppheralgwalie jof sbasgy 198 marde armvigedi with ledaesr17Qt ween which
characteristics of the vehicle or other apparatus, into which the invention
is to be iindempadiate Welklgdbemaygest. Intenpedipteywall 1R may elsgerest gtop the
generating a significant suitably charged field can be as |ow as 600v.

Vol t ages i nuppes endsyeofowallp B0, 3650V 6dr o Jetm echauiging thambert imade 1@8.
achieving the desired performance, although any ionizing voltage will have
sone ef f ect Intéimpsiate wall 175 hpsbgiumlityoxfsiperuresi 180, i thraudhewhidhcioh @mittee
oscillator circuitry 46 I NOV no WO 0l V69537 PC | US99/ 24245 for the

i oni zer. Al pineU@d prefsct,ddtochrmrgingathamblet oawzé 478y hetvoren wallp AN h&Ge

been provided, one of ordinary skill in the art, having the present

di scl osue e Eintteyrping h8Mprojett from ailduit boerdrd 80f whidhcisecaverediby coaad198ry t he
_..hunerical values, to produce suitable ionizer apparatus, W thout departing
" Jfromthe scBame 55tiheludes imetnfitting. 2000 and ciutled fittiich @0Barwhich| connect with
configuration and placenent of the electrical '

' corresponding apertures in the walls of base 155. Maze walls 160 and 165 have

apertures 210 and 215, respectively, for permitting passage of gases through
maze 178. When the components of ionizer 55 are assembled, preferably with at
15 least base 155 and cover 195 being fabricated from a durable plastic material and
which can be sealing affixed to one another, an air-tight passage is formed. It is
believed that the construction of maze walls 160, 165, and diagonal wall 167,
induce a swirling action to the flow of "cleaned” crankcase gases through the
ionizer, optimizing the charging of the gases, vapors, etc. passing through the
) 20 ionizer. Although a particular maze configuration is shown herein, the
configuration may be modified, in accordance with the requirements of a
particular application, and not depart from the principles of the present invention,

if a swirling motion is produced.

The components of circuit board 190 preferably comprise a direct current
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connections ma ified W|thout departi ng fromthe scope of fdhé NOV 2003
I nventi on. Thévgﬁ%@?%om c device 55 of the present inventi or? B8 ed

in conjunctlt ththell |dtreat££@]t ice 25, in_a position
downst r eam fPo erﬂ@W%@“ﬁ’g EPRYETTRL )t)he yretiopoplh whighy it dosehange IRC used
by itself in the fl path fromthe PCV valve to the intake vacuum

port, alt hol§ ag?'ea‘fﬂ \" ?’hé“é‘?’@%‘f‘f‘*‘oﬁi’ﬁ"%@%‘c? 6 veltageipebe amplified

oi ly/ parti cull_.ate dep05| ts will be required nore often than if device 55
were used i %QBGFWW%%% | Wiihyjagsyitablg waltagejarplificatign fackaritoeproaviide art
devi ces, which may have incorporated both liquid filtering and el ectronic

i oni zati on ¥piiaganiand, cuirentita mulli-sigoe Bepacitiveoceupied, senes marwented tiode

i nvention separates these two functions, into two separate units. This
enabl es 5t harayclage rpuliiplies 23Q, | asranged darprovidaranobptirneml partictt Ehargeriong
unit, and downstream of the PCV valve itself, as well. In addition, the
const ruct i ofmiter;nies 18be Emitter pine ABBoASs Stated eerlieheroject ints charige ¢hmrhber
positioned as closely to the intake manifold/throttle body, as physi cal
space |inm t @eeerldBakdankasse entissidnst meterialy flewil@y thesught maten 1718 sreVfdyced,he
vol une and strength of the field of charged particles is increased. The
farther theby dhiezeontosresb sinfamese dtof sevinl t drel icountes-swir)i bRdmptigj Gmaxiihiem nor e
| i kel i hood there is that the charged gases and gaseous particles will |ose

t hei r char geontactesaith the anitterqzins dB5! Maximarh cppdprofpe Maiinfmﬁtcﬁépiih eam
fromthe intake manifold, if feasible, is desired. 47 WO 00/ 69537 ]EJ Nol |

2n~3 PoOr 14Fadebdsdnd @mmu@baﬁimesad‘h&staﬁgmnrh@rhl qUAtit 6f ERSrgbl darletne
ionization of the gases 1is that the conbustible elenments of the crankcase

eni ssi ons nwilldre gdnerated fopramsposctotthe etak® i stai.y conbusted, and that a
"cl eaning"” action is induced in the conbustion system pronpting cleaner
bur ni ng and t he Cargfully considerati®@of ébmponent parts must be made in order to avoid
_degradation of and/or interference with engine control onboard computer-or other
electronic device uséd in or about the wvehicle. Proper shielding, feedback
15  protection and isolation are important. It is believed that frequencies of 15 - 20
kHz are appropriate and should present no significant difficulties with respect to
interference issues, although othgr frequencies may be used, as desired and/or
other characteristics of the vehicle or other apparatus, into which the invention is
to be installed, dictate.
20 it is believed that voltages for generating a significant suitably charged field
can be as low as 600v. Voltages in the range of 1200 - 8000v are beiieved to be
optimal for achieving the desired performance, although any jonizing voltage will

have some effect.

Figs. 21 iliustrates a possible circuit schematic for the oscillator circuitry
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5 of hydrocar b%&%gg;i ts and inhibition of corrosion. The PLES R 024245
I nvention al so conprises a nounting system configured for the ‘nounting of
The

th I SSi trol devi L1 ustrated Ei .2, 3, 22 - 32.

moant o sy e iR 0hier. Ao, dSirey niidsRalvabes forfaral commtents Rave 1o
di ble t dj. f caft ut the "z" i i | it f

ﬁgun!t ?ngahoﬁg%nofg%} "i%’[’a?fgg %ga?r:[ E'gryaﬁ ( O‘Ho“%fdjgﬁst%‘aé{ﬁ)éh \rlll’%sg'bgﬂrsr 9?:!:"‘;/ °

hori zontal 'x' axis by.rotatjng th racket about the sel ected nounting
hole. A secBﬁfﬂreaﬁWd‘X'Bl:%%ﬁé}F emosity thesp £ikuiS SO0 VREY The-RUrBRaRal dEluese wi t
a screw 257 that, passes. t hrough apertures 241 and 242 in_tabs 243, 244 of
bracket 240 RfAgu ?lrsb'ffah'eo‘ﬁﬁ'zg'f appALBiUSy Ydthoyit departing frpm dhe soope ofsthe
respectively, of bracket 250. Brackets 240, 250 15 may be fabricated from
any sui t3bl %"ﬁ'&m i edditigpn thespariicwpr eenfigyratinneangd plaserpent ahthecelgaitsicel on
acts as a hinge and is able to adjust angularly about the vertical axis. A
t oot hed | oc$enRgslirns may bednedified witheut depaiting, fropethessope of the inventiom) aced
at one end of screw 257, to be in_conpression between one of tabs 253,

254, and one of Thgbglegtronico ggvice Eﬁogp dbeaprgsepbiingention cmayobee used ein 257
has 20 been tightened down, to help hold bracket 240 in the sel ected

angul ar postonjunstion avigh ithe ligeid Jreatent dedice (25, tiha poditin devwnsweam| frast r at ed
in Fig. 29, the end of screw 257 is threaded, and the interior of aperture
241 is |ikelRvise Z2nt Aiginptivelyr elaclsonic devisagaly anay b userd byritselff instheeflo @5 7.
One of tabs 253, 254 can be selected that will allow for nounting either in
48 WO 0O/ 6938y freen JsPCY Nalve to Bio® intakeh wacugnt port,calthoegh i cledning sift then
relative to bracket 240. In particular, each of tabs 253, 254 permts

) posi t i oni nglestropicadéice BH) to i enmve avilyéparficulatguHeposits swilli bey sequired aboree t o

bracket 250. The range of positions avail able when tab 253 is used,
cent ers ar ofted thap Fdevicerbvwers used BLAssoGiatiomMith lppidreatment alevice 251
position around which the range of positions centers, when tab 254 is
- used. The desi gHnlike prior art devices, which may have incorporated both liquid filtering
and electronic ionization apparatus, within a ;'single bulky housing, the present
15 invention separates these two functions, into two separate units. This enables
the ionizer to be positioned downstream of the liquid filtering unit, and
downstream of the PCV valve itself, as well. In addition, the construction of the
present invention permits the ionizer unit to be positioned as closely to the intake
manifold/throttle body, as physical space limitations and the heat of the engine
_ ) 20 permit. In this way, the volume and strength of the field of charged particies is
increased. The farther the ionizer is positioned from the intake manifold, etc., the
more likelihood there is that the charged gases and gaseous particles will lose

their charge. Ideally, a linear distance of approximately 1 foot upstream from the

intake manifold, if feasible, is desired.
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allows for adjustments in the axes and gives maximum versatility It AeN8¥yongs
all owi ng for tHECHPSIZ2e 25 to be mounted in many different XgryRE9/24245
conmpartment configurations in many different vehicles. Bracket 250 is also
provi ded with twaompefithe advargages \heligyed te reslt fromrtbe iorigation ohths gases
rattachnment of bracket 250 to a structure within the engine conpartnent, by
bol ts or netslthal thesconbystibles gjsmentsi glirthe @onkcase é¢rhisaions atratelinlecare
potential orientations of brackets 240 and 250, which can be obtai ned. A
typi cal i nspxmpted do berrocrecrasily tombukteda ppd theties "addaning’ antiemdstinduwoezhini on
is 15 as follows. Locate and renove original PCV val ve and hose. Munt the
devi ce 25 i theacerobystivnesyisterat promptirld cleamey rciag sntahe lexpulsicat oarshouill et
fittings. 20 Install the hose adapter in the original PCV gronmet. Route a
section ®f oEhydrabrhas deposits dridanbibitionocefsdorrasiopt al | ed hose adapter to the
device inlet fitting using suitable fittings and clanps. The device 25
shoul d be nount erthegwresdmtintdntionrdiset camngrisesW Indunfing $ys1eH cdrfigatditbtartheal | y
upright and on top. 5. Install the proper size outlet fitting into the

devi ce 25 4fhobRtinoltheemibsiondNedht?Siivitie] 25/HiRBHarkd4R Figdul| @ 230r 82, gRanect
a short length of either 712" or 314" ID hose, to match the PCV val ve OD,
to the outl|gbuliiyystémconisrisesla ke fRk iHIAdkat 240 that mounts to lid 70 and is
able to adjust fore and aft about the "2z" axis via a plurality of mounting holes 245
10 and is also able to adjust angularly about the horizontal "x" axis by rotating the
\’ _ bracket about the selected mounting hole. A second angled bracket 250 is
attached to the flat bracket 240 with a screw 257 that passes through apertures
241 and 242 in tabs 243, 244 of bracket 240, and through one of _aperture#
251, 252 on tabs 253, 254, respectively, of bracket 250. Brackets -240, 250
15 may be fabricated from any suitable material, such as metal or durable plastic.
The connection acts as a hinge and is able to adjust angularly about the vertical
"y" axis. A toothed lock washer 256, such as are known in the fastener art, is
placed at one end of screw 257, to be in compression between one of tabs 253,
| 254, and one of tabs 242, 243 to provide a gripping force, once screw 257 has
| ) 20  been tightened down, to help hold bracket 240 in the selected angular position
relative to bracket 250. In the embodiment as illustrated in Fig. 29, the end of
screw 257 is threaded, and the interior of aperture 241 is likewise matingly
threaded, to engage with the end of screw 257.

One of tabs 253, 254 can be selected that will allow for mounting either in
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“PCV val ve i nto‘*@ﬁ]{ﬁg_%;e, route a new ACV hose from the PCV v?%.y/as%ﬁézm% 200

)

PCV port at the 1n e mani fold. Locate a suitable |ocation

el ect o ¢3RN & VerkBa@lich!reldby L WELECYe925 NSl MenRALiE! Ve

and t he engine. 0 Secur e ‘hoSes "a w’'res. o‘rab% neat

install ati ong,C - .canpegtid ons. et top section qf the
devi ce 25 b?sf's érr%\% H%'ﬁ%sﬁﬂéﬁﬂgt&aﬁgaﬁtlmxt%égﬁ?ef’aﬁn%}ar a?éﬁ'qﬂst h the
solution as 0 sel ected. ct_the negative/black |ead fr t.he iqnizer
ni t 55 1o R, BREER 2o T reraB orobdiidns SyBuflc witLirY 28y s
circuit that has +12v with the.ignition key in the.ryn posjtion. . Check
hose rout i nEaE PREHRT2 AEREN SREHY e sukenaliy PREPEGIPYRS, T3 3he IR ot op
t he engine and check for |eaks, The apparatus, of th resent, inpvention is
bel i eved® toaﬁ°%$d®3§ém%§qr@ﬁs°fb@f’s“i'% Fﬁjs'tWBe'brtﬂ't‘if}réﬁi 5550 IJnt'i‘ﬁ GHAP or
i"nconpl etelg bur ned aB}/drocar bons, c¢arbgon nonoxi de and oxi des of nitrogen.

| npr ovenent Aayg (fa1 adjystpealscin ithe 2% YhePNGVE] BXES S8 GIVesg MEPYBUME3. 40
illustrate a further enbodi ment of the liquid filter nedium reservoir

whi ch is coYArsajllite dhersby jallpwina-for, thej devicec2S g ke)mquaged ip mpany diffpseat

medi um as wel | as inproved resistance to siphoning of the liquid into the
engi ne. Fi g@?glwomﬁwnnw'ap@tmé%mbﬁ entofehighes. | i quid fitter nmedium
reservoir. Each of the conponents of the liquid filter nediumreservoir,
accordi ng to ond&ragket 250Ng0isoouovides withgyssapertures 298, whichsare nosfigures
enbodi nent illustrated in Figs. 33 - 40, are, except as specifically noted
her ei n, 1yerf@r #npbe c attachmente mfi diragkety ARGt 12 cal staweiureadwithing themepgiriecal
about a

compartment, by bolts or metal screws, for example.
Figures 30 - 32 ijllustrate three potential orientations of brackets 240 and
250, which can be obtained.
A typical installation procedure for the apparatus of the present invention is
15 as follows.
1. Locate and remove original PCV valve and hose.
2. ‘ Mount the device 25 in a suitable location, allowing
access to the inlet and outlet fittings.
3. Install the hose adapter in the original PCV grommet.
20 4. Route a section of new PCV hose from the previously
installed hose adapter to the device inlet fitting using suitable fittings
and clamps. The device 25 should be mounted so that the inlet and
outlet fittings are substantially upright and on top.

5. Install the proper size outlet fitting into the device 25
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common vertical_ axis V (Fig. 33) of liquid filter nmedium reserv}%nr NQXO.ZU[B
Reservoir 300 YhW6H2s a base 303. Base 303 is forned as a Eﬂri Al (ER5

cup, having a raised s portion 306 in the bottom 309. The interior surface
of lip 312 is thPBﬁ%}éEP"BrP"F"P%‘“QW'%‘GF'T gtefthercldl ar it dihBosm 3oon base
303 mate with nmale threads 318 of top 321. Reservoir top 321 is divided by
interior cylindrmaigh the FCYyalve QR todhe oatlet E'?PWn@PPU&Fa'E i iginal7 and

surroundi ng annul ar space 330. Cylindrical passage i0 333 enters from one
Side of top 321 BRY Gbiaini wiheseuraue anmw KOV herecaBohe RO Malve
cylindrical passage 336 enters from an opposite side of top 321 and

communi cat es wi t 9 tefiGVhpogyatithelintake mapifpldn Lacate asuitgbleJocatinn/farndi cat ed,
top 321 is configured to be screwed down into and onto base 303 so as to
create a5 subst atiei eledtrortic assembily) land estalhihir thet BRV 3@se hebiveenrtlej oi ns t o
base 303. The 15 upper surface 339 of top 321 is conically concave, and

i ncl udes a cent rRLV valverardribe daginehiUsk nyion tie sirapetmsdduye hbsesidad t o
receive a threaded screw plug 345, the function of which will described in
further detail heires foxfa mrat indmalldtionnQlaggsélbhos1coninectiosi t | oned bet ween top
321 and base 303. Preferably, gasket 317 will be fabricated from neoprene
or sone other synthei.c Rémowd ehié tdp séetiviv afStHBudeviceN2S \blyi iindving €Si St ant
to attach fromoil, antifreeze, and the like. Baffle nmenber 348 is

recei ved within theseingohtt tAad fillntb e taperatih levaB withthdeblbtion 4@l | 324 of

top 321 against the bottom 309 of base 303. Baffle nenber 348 conprises a

first nmrrow cylsefedtddcal portion 351, a truncated conical 51 I 1 NOvV 200, 3
. WD 00/ 69537 PCT/ U599124245 portion 354 and a bottom cylindrical portion

' )357. Both the top eng, 360CeHatbot MRS HRgutNIbIage et FromP Bl ickestr it POT L on
- 354 intersects the top of cylindrica

65 to a good vehicle ground, connect the positivefred lead to a

circuit that has +12vDC with the ignition key in the run. position.

8. Check hose routing for interference, start engine and
15 run for 30 seconds, stop the engine and check for leaks.

The apparatus of the present in\;ention is believed to improve emissions by
reducing the production of unburned of incompletely bumed hydrocarbons,
carbon monoxide and oxides of nitrogen. Improvement in fuel efficiency is also
believed to result.

'- ) 20 Figs. 33-40 illustrate a further embodiment of the liquid filter medium
reservoir which is configured for improved resistance to spillage of the liquid
medium, as well as improved resistance to siphoning of the liquid into thé enginé.

Figs. 33 - 40 illustrate the components of the liquid filter medium reservoir.

Each of the components of the liquid filter medium reservoir, according to one
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-portlon 357 at“%@é%is;i on bel ow top edge 366 of cyli ndf‘i cal ff?léﬁég 3 BVtZQU

define a gutter The bottom edge 372 of wall 324 is be

angle s sub nt i ual .t o the.angl e, gof e _conic ortlon 3540
Dart e 345, Bl ‘F%’Pﬁ "'@8‘&’?@@1"&@%@ 395 4 Sy ey dcaihy poge

bevel ed at an angl e ubstan |aI ua he, an of the, sides of

ol sed por t PPaGEnaraNY GaeTTerBotaly; Siameiriah and:dedolb Symmsion SRR daf 1| o
menber 348 are all preferably_ s , . .50 that for assenbly of reservaqir
300, baf f | eSHBEOPY ‘%1 5\?\}’ {Fie 5§g§; e é]t?fu'ﬁef{'watm?%%cﬁ%rﬁeﬁy%
baffl e 348 | around raised partion 306. Top 321 is then placed
onto base 3@@65?%“‘#’%6%? %@%'ﬁ @m&s#mavmdag 1y hayiegraprpiset | s
screwed down gntg base 303, bottom edge 372 of wall 324 enters into sill
369 and 1 hePastion 398 ipdhe bottony 80973 heﬂﬂﬁﬁm surtage af Jing %2 ig threadesbonfits
conical portion 354. As the tightening is continued, top 321 pushes is down
on baffle 3nmer syifacs. FemelerthresdsA1b parkase IBmatawitnmelethreadsndh8tof he
si des of raised portlon 306 of base 303. Upon sufficient tightening,

subst anti al®p 33%.qui d-ti ght seals are created between bottom edge 372 of
wal | 324 and the outer surface of conical portion 354 of baffle 348, and
bet ween t he bot Reservel dpp B2t dydividesl by interibt eylntiicainwali 1324 iintes ceritralai sed
portion 306 and bottom 309. The 20 conpressibility of gasket 317 pernits
the top andyliedrisal sedien S27cand supguntipg arnulpntsppce 1880 hCylindricalapasszge
seals. As an alternative to the use of a screwthreaded connection between
t he reWer \Bd3renteys frorn anecsideeebtopod2 1 laad epminunicates evitheanmudy| spacé @30.
econonmi c reasons, to sinply pernmanently attach the top and base, such as
“Yby cenenti Apotiasnéylindricahqmwssage BBB0tEG58FmLar oNELSIROGRIePEIT LSBT 12 4345

wel ding, friction welding, coining, etc. Such a construction would not be
freely communicates with central cylindrical region 327. As previously indicated, top

321 is configured to be screwed down into and_ onto base 303 so as to create a

substantially fluid tight seal where top 321 meets and joins to base 303. The

15 upper surface 339 of top 321 is conically concave, and includes a central

aperture 342 which may be internally threaded to receive a threaded screw plug
345, the function of which will described in further detail hereinafter. |

An O-ring gasket 317 is positioned between top 321 aﬁd base 303.

Preferably, gasket 317 will be fabricated from neoprene or some other synthetic

. ) 20 material, such as Bunna-N, which is resistant to attach from oil, antifreeze, and

the like.
Baffle member 348 is received within reservoir top and bottom 321, 303
and held by wall 324 of top 321 against the bottom 309 of base 303. Baffle

member 348 comprises a first narrow cylindrical portion 351, a truncated conical
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openable, to p%mt gt al access cleaning, but suitable ports (filled by
t hreaded pl ugs'® ‘{/‘8&3) may be provided for rinsing wth cl eafiGTFS3Yetts.

addition to top o i ng,360 and bottqn1openin%3363 baffle 348 5 preferably
i ncl udes a &054??1'! g‘%aﬁ%l%bsﬁw sylidriFall parjion 387 pBeihetheutars eBd 1360\ cand
bottom aperture 384, the purposes of each of which will be described

her ei naf t er Poltom epf P43 pre-ppeny Gericeinpartion $6doBterserts the tohcofasyiodipicy!
either prior to assenbly or after, through aperture 342. The |evel of the
liquid, witRoit dRjiaka pasition balew tepfedaacBbiofpewindiica pprtinn 857 tto definet ops
of top apertures 381 as indicated by reference nuneral 387 in Fig. 39.

I nl et 333 waubHttBe Iq$hnébe cepttamt edgen #3742 fof owell h3240isi bevaled ratnlnaangle
ventil ation val ve opening in the engine while outlet 336 woul d be connect ed
to the |¥nesukstantiajlyt equaleta dhe aangle pafsithd \cenicahrpoctime 35htdfl bhiflan 348.ve so
that the flow of gases through the inlet and outlet are 15 indicated by the
arrows in FSinilgly, titnbettpieedgr 376 dlbatflec3ds preferhbiynis bevelediaeaneangle Fi 9.
40, the suction inposed upon the outlet 336, conbined with the positive

back pressusubsgantially eiqoalotot the dnglectf fHeosiiéshef pistdt porfios BOBKSEBGtYR! 309
opening will cause the liquid level inside the baffle to rise while the

liquid | evedf base 3@3.cBamel 303,510pCI2 Dahudafile memder BaBfdre alinstetdsbipatsedlr Ops.
Thus, the liquid level within the walls of the baffle rises to a position

above the tspthgeior assamblg lof rébarvbiy BOMbalRe a8t B MakHl WitbFEbY& 303080 i S
illustrated by the arrows in Fig. 40. The gases wll flowinto inlet 333

downwar | thish the pactend 86BN battlel 348 4itsTsniugh &dind riBed Yokl 1908, 16h |
.. 357 of baffle 348 and the inner surface of base 303. 53 1 I NOV 200" WO

)00/ 69537 PGEAUSOMHA2Blaced hhtd! BN @O0 fand OfHeO BB P EbihbRert8 4are! S8leSed Ne
liquid | evel differentiation :

together. As top 321 is screwed down onto base 303, bottom edge 372 of wall

324 enters .into sill 369 and the beveled bottom edge 372 of wall 324 engages

the side of conical portion 3564. As the tightening is continued, top 321 pushes

15 down on baffle 348, which in 'tum pushes baffle 348 down onto and aga;inst the

sides of raised portion 306 of base 303. Upon sufficient tightening, substantially

liquid-tight seals are created between bottom edge 372 of wall 324 and the outer

surface of conical portion 354 of baffle 348, and between the bottom beveled

edge 375 of baffle 348 and the sides of raised portion 306 and bottom 309. The

-. ) 20 compressibility of gasket 317 permits the top and baée to be screwed together
tightly enough to create the seals.

As an alternative to the use of a screw-threaded connection between the

reservoir top and the reservoir base, it may be desirable, for economic reasons, to

simply permanently attach the top and base, such as by cementing, sonic or heat
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~shown in Fig. 40, drawing the liquid inside the baffle nmenber 3413 E@’&VeZGGJe
| evel of top ¥MBes 381, so long as the original |iquid PE/EFI24245
approximately the |evel of the top apertures 381. In a preferred
enbodi nent &Yelding frictian welding; Iseiningp eigrdSE:hha tcopstrugsiont weulddhetnbe dreelg houl d
be on the order of 3/32-in. dianeter. If the apertures becone
si gni f i cant Ppenableydp, permit, tatpk apgesy, dganings dut dudable tnerisudiled ty threadedr es
may not be as fast. A plurality of top holes are required, so that the
m ni num f | oRugat &tc.}meapibe enevided fof rinsing POIh deaniegregents.oe accomrmodated. In
t he enbodi nent of 1o Figs. 33 - 40, the mgjority of the PCV gases woul d be
expect ed to pasdnt édditieph tohtop epesipgr3td end hbttbmugherdinge3§®r bafflea @180 | |
pass through the bottom aperture. A plurality of spaced snmall top hol es,
i'n the vicipieferably indledest atdrainibiackihdlel 378;1 3 plusalite bf eofedpéreuree 38T @and a
effective, in viewo the level differentiation (in running node), in
causi ng gasbdttaw tperbuwrgh 384¢ the tpewpovedi o edchanf t Whichs evilf beldeetibéd only
a few larger apertures. In addition, spreading the top apertures around the
ci r cunf er enleereinafted. SO0 accommodati on for the working environnment of the
filter apparatus, in that vibration, sloshing caused by accel erati ons and
decel erations, @ndqhid filtetthgometiiven RO iHfddRcERintBEhe XRR6mBR, dithedlpridtagd sone
of the top apertures may be partially covered by the liquid on the inside
of the baf fdseerdBlyraandfedr, through lapbii¥eS342Ir THIOIGACAT BRBId, WRdh theehgilie €ven
with lowliquid levels- It is anticipated the liquid filter mediumw | be
consunerh ouainetioff, watldaprefe?ably beQlp o Y ®p8\GIREP Apbires HEH LY iRGIEAtdde
. liquid being carried off as vapor or fine droplets, by the gas flow. In

Jorder to slhywedhriceORirhdian@8AURYigd Bt et 3PP ivouild be icam]?éwé@% R Ngu/hsmc ause

the precipitation of liquid vapor, and the provision of a 54 1 201 WO
00169537 PEHbhVY¥ pasitivé crankcase ventilation valve opening in the engine while outlet

336 would be connected to the line leading to the replaced pdsitive crankcase
ventilatibn va!vé so that the flow of gases through the inlet and outlet are
15 indicated by the arrows in Fig. 39.

Once the engine has been turned on, as indicated in Fig. 40, the suction
imposed upon the outlet 336, combined with the positive back pressure going
into the inlet from the positive crankcase valve opening will cause the liquid level
inside the baffle to rise while the liquid level in the annular space between the

) 20 baffle and the base drops. Thus, the liquid level within the walls of the baffle
rises to a position above the top apertures 381. The flow of gases through
reservoir 300 is illustrated by the arrows in Fig. 40. The gases will flow into inlet
333 downward in the space between wall 324 of top 321, the cylindrical wall

357 of baffle 348 and the inner surface of base 303.
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tortuous path, so that gas-borne liquid droplets will collide w t}l. 1anNJDV 200
col l ect on theWOioaH®S3T or surfaces of the housing and the sur PEERISIVI42#she
baffl e nenber, for drainage back to the liquid pool in the reservoir base.
Accor di ngly, rrakT'P@PtEﬁénGQ)pf bettom lapetiuriel 384 credtes the lifuid leviebdiffiehentiatidn fr om
t he housing, creates a turning 5 path, which pronotes separation of the
cont am nant shawnin Fige 4§adravwioguthe liquid inside thedshftia atensher 849 alhdve thedeivel i S
consunmed to a degree that the top apertures will be partially or

conpl et el y oftopvapestires 381 gso thngias thherigirg fiquitUave fg apmbrintatel/hePeosl Si on
of the top apertures will serve to strip the |larger contam nant particles
and dropl et ef theaoptepertgess 381Uy atgrefered sibodigentiof thEinbentivin, ¢hétog iahact |

10 though perhaps | ess than optinmal. The coni cal conflguratlon of the top

of reseryoibottamn dittupe allgrhetetshshouid bebdh Ghe ASrde bf 78241 Odiafcddr. OF Shglf t he
liquid filter medium Because the |owest point of the conical shape is

above the capertupds awcﬁnofs.ghmempm%e%oaaert fife fI80OBt Ghses draRM ﬂ%ﬁ §R! tﬁat Iy

fully formed, will fall back into the secondary liquid is filter um

regi on. | n dpepupiEady mobbe @t fidtgs. 33 - 40, the reservoir base 303, the
reservoir top 321 (including walls 324 and 331), and baffle nmenber 348,

are all tubul ar A padhmg of t65viied Iamreémkb‘aa?é'mhit; %thé afirfthlh SO ELS c2

above vertical axis V. This pronotes ease of manufacture, a reduction of

mat eri al  Usaglfirenséifls %fGL‘BB PR %?Q%#Qa@%e%ﬁh@@ate&eﬁﬁﬁu EmbodimbiE o

orientation (about axis he apparatus wthin e engl ne corrpar ment .

Hovevery t irgyst BRNSYO! R &Bwaﬂﬂ@l#@v dagee&bﬂné{)be%@%&ed%ﬁ%%és%”&{ ligth '

conponents may have ot her configurations, such as polygona ul ar,

) or even tr WQHbaépeﬂﬂrﬁpogﬁ%ﬁglg%&b geér%%%%gg &/ﬁg?rtga}go{hr&h% RhES BBftom

i nventi on. 200
aperture. A plurality of spaced small top holes, in the vicinity of the static liquid

-level, is believed to be more effective, in view of the level differentiation {in
‘running mode), in causing gas ﬂéw through the filter medium, than the use of
15 one or only a few larger apertures. in addition, spreading the top apertures around
the circumference ié also accommodation for the working environment of the
fiter apparatus, in that vibration, sloshing caused by accelerations and
decelerations, and tilting of the housing can be expected, so at least some of the
top apertures may be partially covered by the liquid on the inside of the baffle

’- ) 20 member, at all times during such operational periods, even with low liquid levels.
It is anticipated the liquid filter medium will be consumed over time, as a
result of simple evaporation, and through the liquid being carried off as vapor or
fine droplets, by the gas flow. In order to slow this carrying-away of the vapor, it

is appropriate to cause the precipitation of liquid vapor, and the provision of a
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Fig. 41 illustrates still another alternative enbodi nent of the i r%vlnw\érz.ﬂf
Filter apparat ¥ ®6%37s configured to be a seal ed structure, PCHUS9IR4St | Ng
housi ng 402, and baffle nmenber 404. |ike the enbodi nent of Figs. 33 - 40,
appar atus tuqus petivesaathiay gas-heesterlioséd dedplads wilk collidalvithxdrel abllebboaithg 402
includes inlet 5 406 and outlet 408. In a preferred enbodi ment of the

i nvention, inéerarnspriEges ofayhehdousingi aad | thef surfaeds asf thep Bafflenehdnob@] forl ves
(not shown separately), into which baffle menber 404 is positioned, and

t hen the twdrainaige dack te theeliquichpool i the eedardbit basen Acaowirigy, mildhg the AepDer
404 may be sealingly affixed at its bottom edge to the bottom 410 of
housi ng 402of #egbafflecmembert bighet ithin Ithdgsitiframi theSRalsing) GOAMRECE SuRhg | e
menber 404 to the inside surface of housing 402, except for one or nore

drain aper tpatbswiich. prémbtdscsepardtion ctOheBoyitdisingiite idie the\jadfloRne or nore
upwardly extending circling baffle walls 416, 418, 420, etc., provided

with one or nor ¢t drisdieviDiies ebd, if 444 liqBidGis CORSGASP IO W Bebred thid i 14l f e
wal | s 426, 428, etc. may be provided;, extending downwardly fromthe top 15

of housi ng apeRubatwiidR patidilycon@drmhplefelp unbdvbred BY ligha! il Gie %uﬂgtﬁ'nd S
: |

also provided with top apertures 430 and bottom aperture 43

oper at e i n state/"B¥ SroviigASIFAREitap! &S ! ur es
Rt he Dar e emper ot eeaop sherifes MiFace 10 G b IR CoftiriiAshi

downwar d- exhaidk & O | ' e of
housi ng 40?,ea forsn%hr o?r'mé%f’i’g?f:}ffﬁ%?nggﬁ?ﬁ“ﬂ%”ﬁf@%%&ﬁ%%@r@ﬁ% I um

back inbo ttheughqshthals lbéHibaf opfimdihr eaded plug (not shown) may be received
in an aperture (not shown) 1n the conical depression 434 (as in the

sinilar structutge %nkﬁﬁc@ﬁ@ﬂ&fﬁp%fqhﬂ? of %semo#f}?)gn{af’bd@‘ég‘g»‘sée tsﬂ'hgg

filling.of the housing 402 wth fitter I um opera Will be

drawn throggthatiBR 60 RoAdhsERGMR CiFopfetd RIOMEIdia titkr Nid0Because the

lowest point of the conical shape is above the central axis of reservoir 300, the
droplets, when sufficiently fully formed, will fall back into the secondary liquid
15  fikter medium region.

In the embodiment of Figs. 33 - 40, the reservoir base 303, the reservoir
top 321 (including walls 324 and 331), and baffle member 348, are all tubular
bodies of revolution, substantially radially symmetrical above vertical axis V. This
promotes ease of manufacture, a reduction of material usage, and a consistency

20 of operation, regardless of the orientation (about axis V) of the apparatus within
the engine compartment. However, the transverse {perpendicular to axis V) cross-
sections of the components may have other configurations, such as polygonal,
rectangular, or even triangular, without departing from the scope of the present

invention.
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PCTI US99/ 24245 apertures in the baffle nmenber, and then up and dl)v\;]n,NOV 2003
successi vely r a4PA¥3%37 outwardly past the baffle walls, unti |PGTAESYEELEE
reach the outer nul ar. chanber defined by baffle wall 416, housing 402
and | edge 412, a &'tﬂid"'&?ﬁteﬁc REll angther rjtenative prabegimsnt 1ot theomvention.
Preferably, as only one or two of each of drain 5 apertures 414, 422, 424
are provi dedite1anparatys 890 is cenfigirad te b mpealed slauctyry incaspenating dissing e
432, and further in view of the suction being exerted on outlet 408,
little, if 492 cnd:bafflearemberedO4r ke ihe embodinant| of Figsnd3 hed®,i apparatusof
inlet 406, "backwards" through aperture 414, w thout passing through the
liquid fitt&P0 iregenarallyl symmetricsl @outhyedicak axiptV.oHousing diQ2vinuhsiaseirdéty
explain and illustrate the invention, and the invention is not limted

t heret o &xcé4P6 and outiet 408t lire agpeéaitteidembbdimest ofirthe Sovéritiont dobusing @0ase
skilled in the art who have the disclosure before themw Il be able to
make nodi f i oy benoriginglly forivetli asnsppehendilower hiloes (ribashotmgepdratey)) hetoscope
of the invention. 57 ~1 1 NOV 201 WO 00/ 69537 PCTI US99/ 24245 CLAIM OR

CLAI M5: 1. whigtsbafiflefroembéred04 isgpositivned| and algnctheavwahsioeLa% pathRineally, | N
a.positive crankcase ventilation systemof an internal conbustion engine,

in which t heealed tobne another.SBuffle snemberT 404 MaydsenéadlinglyGaffiked 8ERE BYEOAS
partially and conpletely 5 unburned hydrocarbon materials, oil, particul ate

material s asdbegas eies bortombYI0I 6N HousinGAI0LS Angled dir@vifcramial tiB8geT gcase
of the engine and directed to an air intake portion of the engine for

reci r culmt i swalibd) corgécta bafffelinbiber 4016 thé iide surfdee o? HouBing 40 Sipe™ f or

.. treatnent of crankcase em ssions materials in a positive crankcase

f _)vent i | ati orfos \bhkedh MOFO AN Bkrtures 414. Baffle member 404 may be provided with

one or more upwardly extending circling baffle walls 416, 418, 420, etc.,

provided with one or.more drain holes 422, 424, etc. Corresponding circling

baffle walls 426, 428, etc. may be provided, extending downwardly from the top

15 of housing 402 between bafﬂe walls 416, 418, 420. Baffle member 404 is also

provided with top apertures 430 and bottom aperture 432, which operate in a

manner substantially the same as the corresponding aperturés in the baffle

member of the embodiment of Figs. 33 - 40. A downward-extending conical

depression 434 may be provided in the top of housing 402, for promoting

) 20 condensation and dropping of filter ‘medium back into the body of liquid. A

threaded plug (not shown) may be received in an aperture {not shown) in the

conical depression 434 (as in the similar structure of the embodiment of Figs. 33

- 40), for permitting filling of the housing 402 with filter medium.

In operation, PCV gases will be drawn through the top and bottom
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10 a filtering us, for containing a liquid filter nediu 1t heNOV 2003
filtering appﬁ?@é%%ei ng operably configured to receive thgﬂ%?gﬁfw
crankcase emi Sﬁi ons, ﬂ?ﬂ} gr}'étal S é:,gnduc’tgﬁd substantially directly fromthe
crankcase ofPEHUEFt &y G NBEEPLPEne%h §hefk upr 3pd okt HcreFTVElK gy ng
said at | east_one, of said l@%l ahl y and conpl etely unburned hydrocarbon
materials, SUPWargly past fing; vafs il 1he  9ases reach dhe optarnauias Fhehesduct s
from crankcgsg: %ﬂi ssho&% materjals; a positive crankcase ventilation valve,
oper abl y poSPtneshdy galflsswall £ 6.1 hesing #0402 ppd,ledge Aifarand dhen gxit the
regul ating the pressure of crankcase em ssions materials passing through
the filteri hgusipg 402 theoughoutlet 4080 Fyeferablyaestanly opp er Awpeyofeagh phdeain
downstream from the positive 20 crankcase ventilation valve, for inparting
an el ect¥ os@Rgrtures Bty 8220424 are provideddas eompired 4o sevierektoprapertires 430s
prior to delivery of the filtered crankcase em ssions materials to the air
i nt ake por t Petomst apastre Sy and derthrrdniview axrf ghe suctiore biingt exertegt oppatiat us
further conprising a housing, having an inlet and an outlet; 58 WD
00/ 69537 | 408 ittizo if3amCof LSOV 2d:45 are ipaliedhdirecthy froive t wisiinity béiimgt
operably connected, at least indirectly, to a positive crankcase
venti | at i ord@@t Thackwiardal through mpbrturend 14t withowtuassing thive:ghuthlediquid fitthe
filter mediumreservoir being operably connected, at least indirectly, to
a positive medishgase ventilation vacuum port of an internal 5 conbust.ion
engi ne; at |east one baffle nenber, operably disposed wi thin the housing,
and cotef i gur ed Ther foreguing destription rendodraedingsn makely hoplaim pkdailioseatesS HeO NS

.. materials, fromthe crankcase, into at |east one treatnment chanber defined
! _)by t he houdnvantion, and the invention is not limited thereto except insofar as the appended

claims are so limited, as those skilled in the art who have the disclosure before
them will be able to make modifications and variations therein without departing

from the scope of the invention.
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and the at |east one' baff le nmenber. 1o 2. The system according tio 1cf\lgivn2m
1, wherein the MOMKEARY conprises: a substantially hol | ow r eserCaiIREdR
operably configured for receiving and containing a liquid fitter medi um
and a reser V&AM BB CLAIMSidi ng an i nner treatnent chamber, and a
surrounding outer treatnent chanber. 15 3. The system accordi ng to claim
2, wherein the réssysternrfob teetrestrrant o erenktageperdissionatmatetiale) b @osithlef | ned
by a first tubular side wall having an upper rim and a bottomwall; the

i nner tr eat reartkcaseavbatilatibn tdystene sefr aviintetrdd dodnbustiopeending,! MRvhich rat nent
chanber, defined by a second tubular side wall having a lower rim and 20

the outer t cemikoss cralssithe materislef torraining a2 1édvt roﬂetdﬂ}idrﬁéllysérﬂfc%hietely
surrounding at |least a portion of the second tubul ar side wal e wal | of

the outer unbahsnthyghaakisin hmatdls? |RVE pafticllatd h?nét}éﬁéIQmaiﬂCO?éHeE% st O
~claim3, wherein the inlet is di sposed in the reservoir top, in

comuni cat i eomblsétiont Byprodicts, sreREWRFfonk mhkémr&(ﬁ)e engindBhdldirddq VO
00/ 69537 PCTI US9924245 and the outlet is also disposed in"the reservolr

top, in fluis moEwUREA@ pBRIoM tof theBndiRd For trea?émn RATRR" ahd Shurer ThE

system according to claim4, wherein the at |east one baffle member

CONPri ses: enBiktRASH w%.ﬂ&h?\ ﬁ%ﬂ% @RI of CRiHK:FLE ee‘ijmﬁé’iﬁﬁg

positioning within the housing, I'ning an 1 nner treat ment c

Erga{ rGrZﬁ[ Vgﬂr'\’gtn%%%qgfa ‘%Jr%givre'e%g%bc?%%ﬂmgﬂ an g‘?\'tdc?g'ﬁkér rH]e;PrGrelntnngLanber,
| di sposegy bet weeny fubsifylRppaside V@lcl.onq’;mi}lg a liquid filter medium, the filtering
) apparatus being operably configured to receive therethrough crankcase emissions

materials conducted substantially directly from the crankcase of an internal
combustion ehging, for substantially separating said at least one ﬁf said partially
and completely unburned hydrocarbon materials, oil, particulate materials and

15  gaseous combustion byproducts from crankcase emissions materials;

a positive crankcase ventilation valve, operably positioned downstream
from the filtering apparatus, for regulating the pressure of crankcase emissions
materials passing through the fittering apparatus;

an electronic apparatus, operably positioned downstream from the positive

20 crankcase ventilation valve, for imparting an electrostatic charge to the ﬁltefe;d
crankcase emissions materials, prior to delivery of the filtered crankcase
emissions materials to the air intake portion of an internal combustion engine;

the filtering apparatus further comprising

a housing, having an inlet and an outlet;
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tubul ar nenber and the first tubular side wall of the reservoir l;a;eNU\.’LCJ?U[]‘3
t he outer treateied9BRanber being in fluid comunication w t RCT/HE@d245r
treatment chanber of the reservoir top; at |east one aperture extending

t hrough t he t ubutherinisitdd thelHousihg theing: ependbly conpedted, at leastt inbinkatly, mender
further being operably configured for cooperation with 15 the reservoir

t op, so t hapositive ceapkeads verdiatioheubletisl aminterdalatonimasibn@nginkaf f 1 e menber,
direct fluid communi cati on between the outer treatnent chanber of the
reservoir top anhetdutlet mfighe filteramediom ehenvbiebebfg dbirrableIonNedted) spleake
substantially precluded, so that fluid passing through the housing is
const r ai nedindirecthasse a npesitivee xFartktase Needtitdtioni vaebumt poaueh &l ecinderret
treatment chanber of the 20 reservoir top, to the outer treatnent chanber

of the rgsecombustivhsengiidien to the inner treatnment chanber of the
reservoir base, then to the inner treatnent chanber of the reservoir top

and through the fuehat oné IBasied aremibied, opérablyNdishestd] wifHid tRé HRMingn dtpt may
be di sposed within the reservoir base. The system according to claimb5,

wher ei n t hecdnfiguted foreBbNstrdinihg ftrodietibn | of B¢ 2PdhRcY¥e BRiIGTMR materials,
PCT[ US99/ 24245~ conprises: a first tubular portion, having an upper rim

region and pemrthBl ctamkeabe mte s Icht it fresBier Chahiter MetiRdd b§ A6 HALGINASE.
and having a width substantially equal to the wdth of the | ower rim of

the wal | of gdd®eidt st bhe Mo themBafiber of the 5 reservoir top; at |east
one abut nent surface, disposed proximate the upper rimregion of the first

R IOt iR M PR 10
© Jin the a substantially hollow reservoir base operably configured for receiving and
containing a liquid filter medium; and
- a reservoir top, including an inner treatment chamber, and a surrounding
outer treatment chamber.

15 3. The system according to claim 2, wherein the reservoir base is an open-
topped treatment chamber, defiﬁed by a first tubular side wall having an upper
rim, and a bottom vgjrall:

the inner treatment chamber of the reservoir top is an open-bottomed
treatment chamber, defined by a second tubular side-wall having a lower rim; and
) 20 the outer treatment chamber is defined by a third tubular side wall
surrounding at least a portion of the second tubular side wall, the wall of the
outer treatment chémber having a fower rim.

4. The system according to claim 3, wherein the inlet is disposed in the

reservoir top, in fluid communication with the outer treatment chamber thereof,
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. T o 1 1 NOV 2002
reservoir base chdle reservoir base and reservoir top are gﬁ@g&l e s SO
that the jo reservoir top forces a lower rimof the first tu 626 I on

of the .tubul .agai nst the.bottomwall of .the reservojr base, to
create subsf g‘ﬁ ttﬁg I%F'?/ 5% fsuggé’ ?’l? e ed £ gﬁ‘% TeFETN R PPy H’éHP’H\/@mW"mc&F"’P R&MPnner
treatnment c r he.reservojr tgp and the at |east one abutnent
surface, anﬁ%ﬁ%@%ﬂ eé'tl‘:ﬁe@ﬁerrh‘?ﬁﬂ?'the first tubular portion of the
-tubul ar nepber and the bott(F)f;nvvaII of the reservoir base. 15 7. The system
accordi ng t 8 cl al i &StERIEPCHIRS L0 famAwhergin theest lgpst one baidle membes;
menber is di:qsrﬁosed_proxi mate the upper rimregion of the first tubular

S.

portion. BM¥75t em according to claim6, wherein the at | east one
aperture_in the tubular nenber is disposed proxinate the |ower rimof the
first tubular pd™ PBEN-teRped. tunlarsrember.o eeerebiyngonfigusedsi WP pusitiasiing t he
at |least one_aperture in the tubular nenber conprises at |east two
apertures iWithRgtheihousing, far definingran ner tisatmest shamber ofsthegiesenveirdiasegast .
two apertures bejng disposed proximate the upper rim region of the f irst
t ubul ar porthabis infiid somrayrjeations withrithednnerhizeatment shamberof theerdsenesir bei ng
di sposed proxinmate the lower rimof the first tubular portion. 61 WO

00/ 69537 1 top. apgarp guter ERtSYodhambES, disposEddesweer mtabuler sidagvalbottise m 6,
further conprising neans for inhibiting suction of liquid filter medium

i nto the irfubwar membenaod thefiist tebular sido whill sif itbe resengirtmsep whi ch t he
systemis connected. 11. The system according to claim 10, wherein the
upper ridm r egi otheobutehdreatment clianmbdrubaing o Fluidocorofuhicetibn witia theiieer
defines a predeterm ned height corresponding to a maxi mum anmount of |iquid
filter meditieatrnentehapites ofl thewraskevoirtopsi ng,

at least one aperture extending through the tubular side wali of the tubular

member;
the tubular member further being operably configured for cooperation with
15 the reservoir top, so that upon assembly of the housing and at least one baffle
member, direct fluid communfcation between the outer treatment chamber of the
reservoir top and the inner treatment chamber of ‘the reservoir top are
substantially precluded, so that fluid passing through the housing is constrained

to pass, in succession, into the inlet, through the outer treatment chamber of the

) 20 reservoir top, to the outer treatment chamber of the reservoir base, then to the

inner treatment chamber of the reservoir base, then to the inner treatment
chamber of the reservoir top and through the outlet, thus passing through liquid
filter medium that may be disposed within the reservoir base.

6. The system according to claim 5, wherein the tubular member further
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't“he means for inhibiting suction of filter nediumfurther conpri li Lgp;ovazma

)

second -tubul aVQHe$Bn of the tubul ar menber, having a di amPCEUSIY2H245
predom nantly |less than the dianeter of the inner treatnent chanber of the
reservoir t ®MAEESIsecond tubul ar portion of the tubul ar menber emanating
fromand extending above the first tubular portion of the tubular menber,
to an el evation aHirghtubWaspertiers havirigean uppearttien regien atd eperably cohfighired of
the reservoir top, when 15 the housing and at |east one baffle nenber are
assenbl ed, 40 betegeivatbwitbinsthegresenuyir bese,iapdddving a widah substahtialiy equehlaagl e,
wi.thout having filter mediumreach the outlet of the housing. 12. The
syst em accottig mgdthootithe dewer rifruof ithe veadhpf it mpenb@atmény chambemnbhghe
liquid filter medium that may be carried out of the inner treatment
chamber 6f r@&@ntdirdopeservoir base and subsequently condense in the i nner
treatnment chanber of the reservoir top, to the inner treatnent chanber of

the reservoir bastdeastDneTatsutment eorfacs; alishosed poxivhdte thd Lppeh AierdgidriBf means
for returning filter nediumconprises: a top wall of the inner treatnent

chanber of theefirseswbular rpdrtipn, famémyagRd G WA MR 468 the WANaf 4he 2PPar t O
have a | ow poi nt di sposed above the open top of the tubular nenber, so that

filter nmediteatreat chiaybepofleiseseNoRRop, RN HathBQAEr Menmtht? id Brck@ld v the
i nner treatnment chanber will be pronpted to collect and drip off fromthe

| ow poi nt, rebawkiribate ahb @hé Mekvdir Baticdd reSSHGIPEIp Se d538mbRIL W6 Bese: 5
14. The system according to claim 12, wherein the nmeans for returning

filter 1omediessiveipNp Forees aABwPHhi bf the first RbufP PRARbH SPHeAfubbiRi théhbef t he
t ubul ar nenber, for
against the bottom wall of the reservoir base, to create substantially fluid tight
seals between the lower rim of the inner treatment chamber of the reservoir top
and the at least one abutment surface, and between the lower rim of the first
tubular portion of thé tubular member and the bottom wall of the reservoir base.
i5 7. The system according to claim 6, wherein the at least one aperture in the
tubular member is disposed proximate the upper rim.region of the first tubular
portion.

8. The system according to claim 8, wherein the at least one aperture in the

tubular member is disposed proximate the lower rim of the first tubular portion.

- ) 20 9. The system according to claim 6, wherein the at least one aperture in the

tubular member comprises at least two apertures in the first tubular portion, at
least a first of the at least two apertures being disposed proximate the upper rim
region of the first tubular portion, and at least a second of the at least two

apertures being disposed proximate the lower rim of the first tubular portion.
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permitting condensed liquid filtering material that may becone trhpp&8V 200;
between the se¥@MF¥Tbul ar portion of the tubul ar menber andeciresoneisissof
the inner 10 treatnment chanber of the reservoir top, to flow back into the
inner treatrnkht Tbaaystem giccotding ts elaimif, foetber campridihg rayais foralmibighg'd t O
claim?1l1, further conprising: nmeans, operably disposed in the reservoir

base, for fsuttion of linyid fikercinediuoainto ah¢ dntaké epsten af ahGatdmal E&HbLSHPT

t he crankcase emissions materials. 15 16. The system according to claim 15,
wher ei n t he engiaado fwhich ke bydtetn ingonsdreed.cal al teration of at |least a
portion of the crankcase em ssions materials conprise nmeans for

est abl i shi nd1a gahe aysterrcaddording td elain 9@ Whiefeil ¥8¢ uppPet rim REgioN TFR: first
according to claim 16, wherein the neans for establishing a galvanic cell

in the resetobilar (RSO OBPI tiseStubluldr CRFEMIYIE dBRhES | 8! rb@fehifed” Jlah20
consi sting of menbers made of dissimlar netals in the galvanic seri gy, 18.

The system esre¥pdhdingl1® & lmidifnlm MRS 6F idifd FHBF Wik BPPR LT in the.
conprises: an electroni-c ionizer apparatus for inparting a cf?argedl particle
field to thewimy) crankcase em ssions materials exiting fromthe housing
for aliquid filter 63 1 1 Nov 2001 WO 00/ 69537 PCTI US99/ 24245 nedi um

therein, the el apé iddine fbpﬁhﬂﬁﬁngaﬂﬂﬁibﬂw?i#t?f%iﬂ%?ﬁ%ry%o?ﬁﬁs%g%ned

downstream fromthe housing for a liquid ter nmediumtherein-=19. The

system accor di NG sgcéndtithbiihr YRS &F YhE ﬁbﬁ@irg‘%' e'}orﬂlia?1 (r?t %p%?r,ﬁt'e S

further conprises: 5 a housing, having an in ar ou _ s of
Rl na oSSR 14 iR P B e 8
reservoir top;
the second tubular portion of the tubular member emanating from and
extending above the first-. tubular portion of the tubular member, to an elevation
higher than the outlet of the inner treatment chamber of the reservoir top, when
15 the housing and at least one baffle member are assembled, so that the housing
may be tipped up to a predetermined angle, without having filter medium reach
the outlet of the housing.
12. The system according to claim 11, furtherlcomprising means for returning
liquid filter medium, that may be carried out of the inner treatment chamber of
) 20 the reservoir base and subsequently condense in the fnner treatment chamber of
the reservoir top, to the inner treatment chamber of the reservoir base.
13. The system according to claim 12, wherein the means for retuming filter

medium comprises:

a top wall of the inner treatment chamber of the reservoir top, contoured
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‘posi tive Crankﬁ&z@(ﬁégpti I atibn outl et of an internal conbustlon g?gr' @J 2[]!]3

outlet of the bei ng operabl y connectable, at |east
1o a positi \E H an i nt er naI conbust i on

nkcase .ve atign v uum ort f
engine; el e§t %% 36H Wi Roiry &F?/"seglp%”éfﬁﬁﬁe SRLLH PP H“W‘M’ 3 HReTBEG i SAgthat d
I ncl udi ng ahél east on m tter %‘n operab emanating into the electronic

treatnent c gjediv "? 5?%‘6587‘ SESR O n%H‘fE'GFi§ f1He gPovdlt Phtherinnesr ged
particle field wthin ﬁrankcase em SSI ons materials, 15 the portions
of the housSguaet Hia Pﬂé‘ deceiomgried 19 caliacinand drimefiefrom the: lavdipeintone or
nore wal | ”ﬁfx ers conflgured for gqodumﬁgaa swrling notion to the
crankcase e Into the jppel, regtmeph chambry afthe easeproirdiase. t r eat ment  chanber
from the inlet of the housin around the at | east one enmitter pin. 20.
The syst2m &ﬂcor.ﬁfﬁﬁ\’?‘ﬂ“&c&P ing tqustainai 12, twhereincther merps dgrpeataming fiker
conprises an el ectronic ionizer apparatus further conprising: a housing,

havi ng an i mediumgemarisesut | et, portions of the housing defining an
el ectronic treatnent chanber, the inlet of the housing being operably
connectabl e, at aNeaBertyradiny tha Ispeond, tubulgroportion eot the kedslar vimetribles !t ifon
outl et of an internal conbustion engine, 64 WO 00/69537 "t | NOV Zoo
PCT/ U599/ 2 4reimitting copdensed ligfuid I‘ll;erlfmmal@abmatgnapheabm wappeaChbatexn at
| east indirectly, a positive crankcase ventilation vacuum port of an
i nt ernal cdhpusacood whyangortidre of rthei tbolar onérbber, ang etheblwall ast dleé divesr Wi t h
t he housing and including at |east one emitter pin operably emanating into
t he el et r draadment gharber of b eesenoil tap, poofise i bagki o cthe ramert tremsndrit!
producing a charged particle field within the crankcase em ssions
jmat eri al s, chamber of the reservoir base.
15.  The system according to claim 1, further comprising:
means, operably disposed in. the reservoir base, for facilitating the chemical
alteration of at least a portion of the crankcase emissions materials.

15 16. The system according to claim 15, wherein the means for facilitating
chemical alteration of at least a portion of the crankcase emissions materials
comprise means for establishing a galvanic cell in the reservoir base.

17.  The system according to claim 16, wherein the means for establishing a
galvanic cell in the reservoir base comprises at least one material from the group
\ ) 20  consisting of members made of dissimilar metals in the galvanic series.
18. The system according to claim 1, wherein the electronic apparatus
comprises:

an electronic ionizer apparatus for imparting a charged particle field to

treated crankcase emissions materials exiting from the housing for a liquid filter
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the portions of the housing defining the electronic treatnent chaWeNOV 200;
i ncl udi ng one OYOMWPE7wWal | nenbers configured for produci ng @cavisobikzags
notion to the crankcase em ssions naterials entering the el ectronic
treatment cheden thevein, Ithet bBlecirohiet iomizer hapgpattis NBeing’ BPERb S ¥itidRaP!
one emtter pin. 21. The systemaccording to claimb5, wherein the

cross- sect i downstfreaadroroithe hinsing farta kaudifiRér miedamMMHeleint he second tubul ar
side wall, the third tubular side wall and the tubular side wall of the

tubul ar nenb@r HEwesysteraravoordirafd Guit O Whefdth o6 @I@cfréﬂ@i&ﬂ?ergé%?a%
shapes consisting of: cylindrical, rectangular, 15 triangular. . e

syst em accofutltheg compeisé@: m 1, wherein the housing conprises: a substantially
hol | ow reservoir operably configured for receiving and containing a liquid

filter redium 2Bhoddhy, HHARTERGIS! Hhd Gnt Sutich 2hohiaas o‘ﬁ*lﬁ%gigggh@eg?{g.bﬂgeaSt

one baffle nmenber 20 conprises: an open-topped tubular r, 9ed

Wi t hi n the dioglettpghic dedtrA&it dhaffber2 general ly cylindrical inner treatnent
chanber and a generally annular outer treatnent chanber. 24. The system

according to cl q¥ ,off : | Sinoe  a_fjluid separator
menber , gper abl 3“ ﬁrgegtocgggég‘gtﬁ \g/\'ggn t [?ﬂ%ﬂ%’?’%g."}‘%y%{ﬁua’t %és"a'f‘%'rg%‘é‘f' e
baf f1 e menipBkitiveQtarkatd Lirmtithitih difer 3Rt Yal Wk Aln NG, | ner nber into

a first arnular outer nenber in direct f muni caﬂ'%'ﬂe'x!\l-i th the
o o 1o o 0ot 00 156 el LBy SO D i b
cl ai m 34, ELH'OEH% drRGke b@&ilg{ior* &Rhun? Bgrtcoifra%%l ef"g‘aar' %gHb?Jls{ign eE'n::]i-ne;
electronic circuitry, operably associated with the housing and including at
least one emitter pin operably emanating into the electronic treatment chamber,
for producing -ionic emanations for producing a charged particle field within the
_crankcasé emissions materials,

15 the portions of the housing defining the electronic treatment chamber,
-including one or more wall members configured for producing a swirling motion to
the crankcase emissions materials enteﬁn'g the electronic treatment chamber from
the inlet of the housing, around the at least one emitter pin.

20. The system according to claim 1, ‘wherein the electronic apparatus
20 comprises an electronic jonizer apparatus further comprising:
a housing, having an inlet and an outlet, portions of the housing defining
an electronic treatment chamber,
the inlet of the housing being operably connectable, at least indirectly, to a

positive crankcase ventilation outlet of an internal combustion engine,
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' oV 200
ext endi ng baffl zenmanat i ng upwardly fromthe at |least o ? _
Menber toward f"{%&ép wai f of the housing. The system accorgﬁlg B4 airn

I I extendlng
oot 16 vl 1 3%22{‘1 S oA tht Fiding ?’g%gaﬁgfm%{"ﬁ{f&%:hgt ﬁ%ﬁfﬁt"acgf*{cgg(ﬁc; ne
ra e tre
i 551 ons mePotyp FerldiSLd Betuig ﬁv”ﬁ%?@m%‘”fa; il &?P@@Pe%ﬂ%e:an
nb em SSj ops,,
mter il s cont o %@Pﬁ“ﬁ?‘f‘é’gg{‘ °8ﬁ"8813}f ?Sﬁg?f'f% ‘1"5"9 it hewa? @g&ygﬁm A
t erja aseou
bypr oduct s, "EL 85%?2?&%‘*’?8@&%‘)‘%%ﬁ?ﬂ%ﬂﬁaﬁ“affr’? ﬁiecgﬂfﬁtéffﬁﬁergh et (0 an
t ci.rcu on d |
Conbust | on 14 ﬁré'h ‘P%'?%r%g TR0t i & hararheari ol wibsthe
eni ssi ons nate 05| t ilfi? crankcase ventilation system conprising:
a filtering QB 39@55.9 m@fﬁﬁ'ﬁ' ning a liquid filter medium the filterin

apparatus Z-- 9, beinc, abl y gonfl ured to receive therethrough _
chnk case eni séﬁ‘%r@r?m%f’?ati*g housing, def "’E%rf&ﬁcﬁ'%‘ii’@!?oﬂe&ﬁﬂ‘-at onamblﬁlact ly
fromthe crankcase ofan internal conbustlon enoi ne, for substantially
separating 'P&H@W QNE Br aerewalbmembgrrcHfigyerdop araduging a swilingmsitiendoy g |
| - - unburped h)édrocarbon materials, oil, particulate inaterials 66 WO
00/ 69537 1 the Qmerp@?msg@tgqgagntenng ‘the electronic treatment chamber from

10 the inlet of the housing, around the at least one emitter pin.

21. The system according to claim 5, wherein the cross-sections of each of
the first tubular side wall, the second tubular side wall, the third tubular side wall
and the tubular side wall of the tubular member have a common configuration
selected from the group of shapes consisting of: cylindrical, rectangular,
15 triangular.
22. The system according to claim 1, wherein the housing comprises:
a substantially hollow lreservoir 'operably configured for receiving and
containing a liquid filter medium.
23. The system ;ﬂiccording to claim 22, wherein the at least one baffie member
20 comprises:
an open-topped tubular member, disposed within the housing, and defining
a generally cylindrical inner treatment chamber and a generally annular outer
treatment chamber.

24. The system according to claim 23, further comprising:
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and gaseous conbustion byproducts from crankcase enissions material $;1 N0
filtering apparatus including a housing, having an inlet and an outlet; the
inlet of the housing being operably connected, at least indirectly, to a
positive crankcase ventilation outlet of an internal conbustion engine, the
outlet of the filter nediumreservoir being operably connected, at |east
indirectly, to a positive crankcase ventilation vacuum port of an internal
conbusti on engine; at |east one baffle nmenber, operably disposed within the
housi ng, d, 10 configured for .constraining introduct.ion qgf.the crankcase
o s orfs Tt Seegriar o piey Ahaneacs bofsel BF NPEYRE Bafleint il dEidne
chanber d &ined by the at..least, one baffle nmenber and the housing, the
housi ng WAIHE {esmbatfen RITHHOHNG b ESPRTRLLY PYTHER PRGT FBShEY SR HACH BIeNalb y
configured for receiving and 15 containing a liquid fjlter medium and a

[ eser voi crut@rdﬁsmbwcméir?rg fhnd coamermicaEian et thenaimbde thehepsipgs wod guskond
outer treatnment chanber. 28. The apparatus according to claim 27, wherein

t he reseanpvlar opigs member in diggss fuidoppemuricatinwith ﬂtfﬂrfm%lsteﬁ?mctéﬁ NABHENGY a fir st
tubul ar side wall having an 20 upper rim and a bottomwall; the inner
treatment chanber of the reservoir top is an open-bottoned treatnent
chanber, defined by a second tubular side wall having a lower rim and the
out er tr28at mahe sgstamrscoidingtefdlaimd2hurhertomprisimgut dgastsongecivgaimierantiabyndi ng
at |east a portion of the substantialuy tubul ar wall of the inner 67 WO

00/ 6953 2xtenfin@1hafl@ ¥&ll emanating upwardly from the at least one baffle member toward a

top waif of the housing.

26.  The system according to claim 24, further comprising at least one circumferentially
extending baffle wall emanating downwardly from a top wall of the housing toward the at

least one baffle member.

27.  An apparatus for the treatment of crankcase emissions materials, in a positive
crankcase ventilation system of an internal combustion engine, in which the crankcase
emissions materials, containing at least one of partially and completely unburned
hydrocarbon materials, oil, particulate materials and gaseous combustion byproducts, are
drawn from the crankcase of the engine and directed to an air intake portion of the engine
for recirculation through and further combustion in the engine, the apparatus for treatment
of crankcase emissions materials in a positive crankcase ventilation system comprising:

a filtering apparatus, for containing a liquid filter medium, the filtering apparatus
being operably configured to receive therethrough crankcase emissions materials
conducted substantially directly from the crankcase of an internal combustion engine, for
substantially separating removing said at least one of said partially and completely
unburned hydrocarbon materials, oil, particulate materials
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PCr S99124245 treatnent chanber, the wall of the outer treat rrent1 éhﬂ%ezﬂua
havi ng a | ower We 8695339, The apparatus according to cl ai m 28 PCTESIERE5t he
inlet is disposed in the reservoir top, in fluid communication with the
out er treat MBAtgaseRUFRAMbUSEPB dyprodusts irtre wankicase pmissions nlatepalsed i n t he
reservoir top, in fluid communication with 5 the inner treatnent chanber
t hereof . 30. Thethediitarimoppparatus idcldingo cl ai m 29, wherein the at | east one
baff e nenber conprises: an open-topped tubul ar nenber, operably

confi gured, upona pousingdraving arwinldtiandtameottleesi ng, for defining an inner
treatment chanber of the reservoir base, 10 that is in fluid conmunication
with the inner tthedbletwf théhobsing dieirgheperatsde conhected)pat laast ndiréttheto a
treatment chanber, disposed between a tubular side wall of the tubular
menber afd positive crehk¢aseulentilatiboleutled of @f intdinalrcoatbiuétion ehgme; the outer
treatment chanber being in fluid communication with the outer treatnent

chanber of the rtheeudet of thepliitékrmmediuhreRSérvoil Dem@esparstly @shReeeaJat iéraeﬁgh
the tubul ar side wall of the tubular nenber; the tubul ar menber further

bei ng oper abtiyeatlynf togLe gsbsftivie eearkessd i imtikitioR vh&lRink E5& VBT ah Ofters@l t hat
upon assenbly of the housing and at | east one baffle nenber, direct %I uid
communi cat i amnstioA@Aginge outer treatnent chanber of the 20 reservoir top
and the inner treatnent chanber of the reservoir top are substantially

precl uded, so tlattledstUiré Bafiei Bnibar,0urablyedispsted N dithih @r?é'%h@in'a,edanrgoo
pass, in succession, into the inlet, through the outer treatnent chanber of

the remer \tonfighied, for CcdrizfraMiticE intkddttion i He2BlaRkefh %r%fssfcﬁ'ﬁem%ﬁalgase’
.then to the inner treatnment chanber of the reservoir base, then to the
)i nner tr eatffomith® SraMcRdY, G353 least one treatment chamber defined by the at least .
one baffle member and the housing,
the housing further comprising
a substantially hollow reservoir‘base opel;abiy configured for receiving and
I5 containing a liquid filter medium; and
a reservoir tdp, including an inner treatment chamber, and a surrounding
outer treatment chamber.
28. The apparatus accordiﬁg to claim 27, wherein the reservoir base is an
open-topped treatment chamber, defined by a first tubular side wall having an
) 20  upper rim, and a bottom wall;
the inner treatment chamber of the reservoir top is an open-bottomed
treatment chamber, deﬁned by a second tubular side wall having a lower rim; and

the outer treatment chamber is defined by a third tubular side wall

surrounding at least a portion of the substantially tubular wall of the inner
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1 1 NOV 2fi PCTIUS9924245 chanber of the reservoir top and thr‘oqgm\y 3
outlet, thus pasdwagsszhrough liquid filter nmediumthat nmay PeTdiss

within the reservoir base. 31. The apparatus according to claim 30, wherein
the tubul ar treatrient ¢hamireer theoeathof thesoutbr tedtivient charhbédradvaviray hil®mer Haili ng an
upper rimregion and operably configured to be received within the
reservoi r b28e, %hel apparatup accordind te WhitrpD8) wheisirethitainldtds dispbseddhhuel t he
| ower rimof the wall of the inner treatnent chanber of the reservoir top;

at | east onessebudinop, is WbidesmmitinfxG5A dvith QKé GBic? tRIAtMBREEhaBYEF BIskaBf,0f
0 the first tubular portion, for engaging the lower rimof the wall of the

i nner  treabn@ihe QDEBDRalSd disPEsddE e ML FdsefvoRt: toph AN ItiA SodniihatiBR AR | S
placed in the reservoir base and the reservoir base and reservoir top are

assenbl esl, g ihhat trédtfent BRAFNG thelcd®, fOorces a lower rimof the first
tubul ar portion of the tubular nenber against the bottomwall of the

reservoir bgee, tHe apfathfusSHEDrdinG' & dait! 200 ildibh the S£3LsstP6H ibhe

|l ower rimof the inner treatnment Cchanber of the reservoir top an e at

| east one aRdkiRPEomphiéace, and between the lower rimof the first tubular
portion of the tubular nmenber and the bottomwall of the reservoir base.

32. Th | B ' I . t
"n the tubl ar Reohar el Aufer GnBinbly. BARROK Lot A00h RARGRR, C" ©
fi bul . Jq i : _ . wh :

he at | eacran e RUphater Sénfd SrORARE feitnelC EREALALS Bediolhibiasft t ne”

e ™ St B e ion i 89, RGBS ek
top, and an outer tréatment chamber, disposed between a tubular side wall of the
tubular member and the first tubular side wall of the reservoir base;

the -outer treatment chamber being in fluid communication with the outer
treatmeﬁt chamber of the reservoi;' 1op;
15 at least one aperture extending through the tubular side wall of the tubular
member;
the tubular member further being operably configured for cooperation with
the reservoir top, so that upon assembly of the housing and at least one baffie
member, direct fluid communica_tion between the outer treatment chamber of the
20 reservoir top and the inner treatment chamber of the reservoir top are
substantially precluded, so that fluid passing through the housing is constrained
to pass, in succession, into the inlet, through the outer treatment chamber of the

reservoir top, to the outer treatment chamber of the reservoir base, then to the

inner treatment chamber of the reservoir base, then to the inner treatment
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"1 1 NOV 2003 WD 40/ 69537 PCT/ USQ9/ 24245 the tubul ar menber conprises N/ 20
| east two aper WRWEPA the first tubular portion, at |east XCH{USEY24Q45 t he
at | east two apertures being disposed proximate the upper rimregion of
the first tghamber pbthe @servaiidont andetieugh thecaitet.othusirasaingl taeugh fiquid
apertures bei ng di sposed proxinate the lower rimof the first tubular

regi on. 35. fitaemgdive thet snayche digpaged witbingheréseredidbaseonpri si ng neans for
inhibiting suction of liquid filter mediuminto the intake system of an
internal c@itbusiheaprasatuscaccording ¢ cldie 30, swhereinsthedshulat atemBér. fuFtieer
apparatus according to claim 35, wherein the upper rimregion of the first
t ubul ar por compriggs: t he t ubul ar nenber defines a predeterm ned height 10
correspondi ng to a maxi num anount of liquid filter mediumto be placed in
the housing, thefirstaabulaoportioh; bating gnseppier dm @idn rd opeblyconfigureer
conprising: a second tubular portion of the tubular nenber, having a width
pr edon nant toybé esived avithin ¢hevradiehvaif badap and) having aesidtre sibstanedIgt edifal the
reservoir 15 top; the second tubular portion of the tubular nenber

emanat i ng fihenwidih ofetheclodiengirabsfvthel hallifdfr gle ihbdiutrastnieant ciimidr b ehe
tubul ar nenber, to an elevation higher than the outlet of the inner

t.reat ment oleesrvew t6); t he reservoir top, when the housing and at |east one
baffl e nenber are assenbl ed, so that the housing 20 may be tipped up to a

predet erm ned anglieast vhé kbutmbaysdigadel, [disposat® piostimate s uppdicripiegfin 8 t he
housi ng. 37. The apparatus according to claim36, further conprising nmeans

for refour thadfirkt qubular’ pbitidh, TBE ienbhgihathe BWeP §ink a5 RO wailt offthk hignkAner
. treatnment chanber of the reservoir %ase and subsequently condense 1 n the
I nner tr eatifgainent chamber of the reservoir top, when the tubular member is placed in the
reservoir base and the reservoir base and reservoir top are assembled, so that the
reservoir top forces a lower rim of the first tubular portion of the tubular member
against the bottom wall of the ‘reservoir base, to create substantiall‘y fluid tight
15 seals between the lower rim of the inner treatment chamber of the reser\ioir top
and the at least one abutment surface, and between the lower rim of the first
tubular portion of the tubular member and the bottom wall of the reservoir base.
32. The apparatus according to claim 31, wherein the at least one aperture in
the tubular membgr is disposed proximate the upper rim region of the first tubular
: ) - 20 portion.
33. The apparatus according to claim 31, wherein the at least one aperture in
the tubular member is disposed proximate the lower rim of the first tubular
portion.

34. The apparatus according to claim 31, wherein the at least one aperture in
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70 | | NOV 2003 WO 00/ 69537 PCTI US99/ 2A245  chamber of .t he reslkerhNPY 293,
to the i nner tvxeorsesst chanber of the reservoir base. 38. Threrasgsrsaisls
according to claim 37, wherein the nmeans for returning filter nedium
conpri ses: Sha tolmparwakbef comprisemsy leastamidrapértaies v ehe Girsti thBukaf HOFIGH
top, contoured to have a | ow point disposed above the open top of the

tubul ar nenfaeleast@ firstibf the lat g2kt BRdiapbitineatbeify dRPBEGN pRoXIHaRMHeBSper
surface of the top wall of the inner treatnent chanber will be pronpted to

col | ect andrigh regioi bf e WrsthabliRVpBAoN] and R tdash M Sedoh8 MMR atl leGat PR
chanber of the reservoir base. io 39. The apparatus according to clalim 38,

wher ei n t he ap&aies being'dipdsed peositbictthe IGREN HW SRR TrSERbuRP réfigh.t ure in

t he second tubul ar portion of the tubular nember, for permttlng condensed

iouid fil : . -
I qui 51t 851 NOTHER piphrdtud hé’écofrﬂ;ﬂn%grﬁcgﬁﬁnt Q@P\ﬁ:ﬁh@g;é’l‘tﬁ‘ﬁgnsluﬁligpéﬁl‘éé) Nfbr

tubul ar portion of the tubular and the

treatment ciinibafig Shcddit of SREId Bitkr efefiurd %}ft%l- mﬁ]ﬁﬂ% ispg@rﬁ 3¢ diKHernal

treatment chanber of the reservolr base. e appa us according to

claim 31, %E&&io}'%gﬁ{%gﬁﬁ%?%?ﬁ@ ig@gnaet{}é%t he first tubular side

wal I, the second tubular wa thir ular side wall and the
) 8ok Ul & 8, Ry SRR e BB 4D, o
A T S A N R
receivi {¥d %qresﬁ%r% % %gm%xinjnﬂﬂiagnguinlt to rliqﬂ?dd iii#e[p medium to be placed in the
) housing, |
the means for inhibiting suction of filter medium further comprising:
a second tubular portion of the tubular member, having a width
predominantly less than the width of the inner treatment ;:hamber of the reservoir
15 top;
| the second tubular portion of the tubular member emanating from and
extending above the first tubular portion of the tubular member, to an elevation
higher thén the outlet of the inner treatment chamber of the reservoir top, when
the housing and at least one baffle member are assembled, so that the housing
20 may be tipped up to a predetermined angle, without having filter medium reach
the outlet of the housing.
37. The apparatus according to claim 36, further comprising means for

returning liquid filter medium, that may be carried out of the inner treatment

chamber of the reservoir base and subsequently condense in the inner treatment
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71 | NOV WD 00/ 69537 PCTI US99/ 24245 42. The apparatus accordi ng t1oNg¥ I'm

41, wherein th¥OM68%st one baffle nenber conprises: an opBEI/USIHPdS
t ubul ar nenber, di si)osed wi thin the housing, and defining a generally

cyl i ndri cal chanksr ot & Feservaimtomde Hiedingeq drsetraentychamher ;of the eeservoir
treatment chanber. 43. The apparatus according to claim42, further
conpri si ng: ba% | ui d separator nmenber, operably di sposed between the housing
and the at |east one baffle nenber, for partitioning the generally annular
out er menbef8- i nthe @Praratus acemiding ito elainar3yanhereini the dngaps tfof teturhing filter
communi cation with the inlet to io the housing, and a second annul ar outer
menber i n.dinedibm ¢eraprisesormuni cation with the outlet fromthe housing. The
apparatus according to claim43, further conprising at |east one
ci rcunf &F ent i al laytopxwalhdif ribe raef ftreatrabnt etranisdri ofgthe peserddiy top,oodhtvRred
|reast one baffle nmenber toward a top wall of the housing. -15 45. The
appar at us aodwvediaipw point dispogl] abave! ther openngapi ofi thg tabulbrememBYRE so that
circurnferentially extending baffle wall emanating downwardly froma top
wal | of  t Hitenaneslivrg thavumag cohdertse dreas tinrei Gubfaéd be theefpewall oF the inner
treatment chamber will be prompted to collect and drip off from the low point,
back into the inner treatment chamber of the reservoir base.
10 39. The apparatus according to claim 38, wherein the means for returning filter
) medium comprises:
an aperture in the second tubular portion of the tubular member, for
permitting condensed liquid filtering material that may become trapped between
the second tubular portion of the tubular member and the wall of the inner
15 treatment chamber of the reservoir top; to flow back into the inner treatment
chamber of the reservoir base.
40. The apparatus according to claim 31, wherein the cross-sections of each
of the first tubular side wall, the second tubular side wall, the third tubular side
wall and the tubular side wall of the tubular member have a common
: ) . 20 configuration selected from the group of shapes consisting of: cylindrical,
rectangular, triangular.
41. The apparatus according to claim 27, wherein the housing comprises:

a substantially hollow reservoir operably configured for receiving and

containing a liquid filter medium.
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42. The apparatus according to claim 41, wherein the at least one baffle
member comprises:

an open-topped tubular member, disposed within the housing, and defining
a generally cylindrical inner treatment chamber and a generally annular outer
treatment chamber.
43. The apparatus according to claim 42, further comprising:

a fluid separator member, operably disposed between the housing and the
at least one baffle member, for partitioning the generally annular outer member
into a first annular outer member in direct fluid communication with the inlet to

the housing, and a second annular outer member in direct fluid communication

with the outlet from the housing.
44. The apparatus according to claim 43, further comprising at least one

circumferentially extending baffle wall emanating upwardly from the at least one

baffle member toward a top wall of the housing.'

45. The apparatus according to claim 43, further comprising at least one
circumferentially extending baffle wall emanating downwardly from a top wall of

the housing toward the at least one baffle member.
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