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I'n nost cases, the stand-al one devices of the prior art have had

Insufficient air flow to reduce substantially the continuing flow of2 7 JAN 2003
pollutants that cones into the vehicle cabin through 25 the ventilation
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proposed is portable, re-circulates cabin air at effective rates of cubic
neters per mnute (nB/mn) or the correspondi ng cubic feet per mnute
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use in hrgh dust environnents. An article by Tadeusz Jaroszczyk et @Iw 2003
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val ues 25 above 300 Ng/ n8. Overall, traffic and industries are the main
sources of air pollution in



Jakarta. Total TSP emissions in Jakarta are estimated at 96, 733 tons{ year, .
Particulate matter of 10 mcrons or |less (PMI o) em ssions total 41, 383AN 2003
tons/year, and nitrogen oxide (NOx) em ssions are estinmated at 43,031
tons/year. TSP concentrations are tower in the outskirts, averaging 100 -
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contaminants from intemal sources. Filters in this system can be installed in the trunk, under the

roof (in the headliner), or under the seats. Since there is more space in these locations, such

25 filters can be larger than ventilation system filters. A low flow velocity in these filters can be
maintained so that high filter and adsorber efficiency can be achieved.” The article also discusses
odor reduction and the air velocity values used in laboratory tests, indicating (pp. 145 - 146) that
with respect to odor control, “under the fiow conditions common in this application, adsorbent
media did not have sufficient efficiency and life to remove challenge substances.”

30  An article by Ogakt et al., "The Road Test of Car Cabin Fiiters in Japan,” Eluid/Particle
Separation Journal (American Filtration and Separation Society), Vol 11, No 1, April, 1998 (pp.
101 - 106) describes the testing of a number of filter types, including a two-layer dust removal type
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22 () ~~ ~~~ ~ ~~, 3 Rubella Enteroviruses Myxoviruses Rubella and?y 9 JAN 2003
rubel la syndrome in newborns exposed prenatally Polionyelitis, asepti ot e
meningitis Influenza Such airborne pathogens are to be found in nursing

homes and hospitals or the like as well, and as will be noted below, a

portabl e enbodi nent of the invention equally finds application in that
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are toxic; benzene is indeed a Class A carcinogen, i.e. a 20 proven human
cancer causing agent. A study published by the Sctuth Coast Air Quality
District in California determ ned that anong all the air toxics neasured
i nside the cabins of operating notor vehicles, benzene presented the
greatest health risk for commuters mthe Los Angel es basin. Therefore, it
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2?2 J~~,~~—~itl3 TABLE |V Air Pollutant Benzene Carbon anoxhgf

Ozone Nitrogen Dioxide Sulfur D oxide Lead Particulate Matter MJ7G! BRA3
2.5 Concentration Level Standard 10 Ng/m 20 ppm 100 ppb (0.10 ppm 250 ppb
(0.25 ppm 636 ppb (0.636 ppm) 1.5 Nglm 150 Nglm 65 pg/m Governent The
Net herl ands, annual California, one hour California, one hour California,
one hour EPA, 24 hour EPA) quarter EPA, 24 hour EPA. 24 hour Experinental
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packet s weeeted A5 Fobuieng "e@erf‘eﬁ"éqrwaf\’teeadeaeg&? fesesreh study fat inciudes ‘i’iﬁa fligction
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appears her eipolig@antt he enbadismanakles isvahitled i nLéhanaendsi Athigleritr unk as shown in
11 wi th STBERGR 1 (250 CENPOFSERA bl ouer . and A28t her wi th a 5 ng/mm
(176 CFM) bBewsene, ughese two 5 poed 22 ypes) that aretd@scribed as the
portable e [ Itent, herein, |d tested in geles, Portland, and
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here were ap %,an ed out, theggsees+ts of which wangphi formy consistent
with those re Forted here. SUI\/I\/ARY OF THE | NVENTI ON

Formaldehyde, pug/m® <MQL to 22 <710 19
Carbon Monoxide 3to 6 <MQL
Black carbon, pg/m* 310 40 na

30 LAS-X, tot. particles/cm® 2,200 to 4,600 na

[* Added note: Because of the identity of these two entries, it is suspected that one of them is

a typographical error, given that the PM,, measurement necessarily includes measurement of

8



10 The invention provides air purification apparatus that reduces -
substantially the anount of specific major air pollutants found insi ge‘ JAN 2003
not or vehicl e passenger cabins or simlar environnents, thus to provide a

| esseni ng of human health risk and increased confort for passengers in

notor vehicles yr persons in those other environnents. In a notor vehicle)

the apparatus is not added to the existing ventilation system but has its

own bl ower, Mr@éh g%npéﬁéér S‘M e&%ﬁ&s%ﬁ?ra%e\(ﬁé . &I)?lpﬁ\%%rr%né%e?mht S

di rect current A preferred odi nment paratus 1s portable and can

be install e@ﬁnlﬂeSdﬁsg%manér%umob‘éﬁ’%tt%he Rewader in rarr@rnﬁ-acazthgé’rvtat te

l'i ghter out{flesqburki |ﬁ1tﬂear5re§?éh‘l\@'stsﬁrﬂ'léh@|% a;SHardt(!rs EibrRPg WveRbndidseet InYusk Nt O
the vehicle' s el ectrj| %}1 stem articular, in a nulti-vehicle famly,

the air purW?'FéFb?tgnt 0 frtts%'aww aBied AN arecass Photdless argrenesally
puri fiser i sawsdut twighMywiallles,)] a preferred ermbodi ment of which is 20 adapted
to be placed in the center of the rear seat where it can be secured per a

seat bel Becad tm&éaefouwﬂ r8&d- érd& %ﬁi‘&lrﬁg @.mtoﬁsr .mnrﬁgtna,wctttas Heusta@e%dtmer eon
to hold E@rsonal articles, includ for snmal hange,

audi o t afe@seiues pdealtlsiandards ﬁ?ﬁ"%ﬂd’ér‘@e ‘IJ18 ﬁgf‘ tre Jnych digher 'el%%Ofé§°S£n arm
rest or e4Mé pdiRtantdifsidevéhicescain phsseREAERH nidte 8iaMifiyat aeérth&eato LECE

Al t ti th £y d tg the fl N f
van_or - Suv- D ptBE PR Pl woes &d gRPHB shlieh erre, RS IS BRRSTARE oy
usi ndO0spthat, de attice Urhan Air Qualty Managencent Stretepp sAsmyer Jakatha Repart ((WrtrldeBank

t f t
o et pal et ARaF Ry RTIOOT, ABRAGAL Snalfey ONPVIGIRL KBS 0 P BT e 1
free of h:enwﬁsad thecfolldvdnain apireeedisp Somiylagy fodine tepbets (fine particulate 2.5
mcrons and snglb&rankindié éﬂ@r%@'&:m%é 4/3)a sigIPSF AL ﬂ&@é&ﬁgl*}%aﬁn&é’c’%

ai rborne infectidus agents present substanti al” hunan 30 ém'lth risk
The appar at Y@t this grawih Bas ¢qmg atearcash %wezlegcwbmplat'm anq inprgasqdhe severe
presgyre dr gghcémtibh 6f ih@ittry @RIBRIBMoBIld trafficihanBlarifd citiBs hAEre¥@fRbiid sdvieRn
systens of vehicles. It substantially reduces specific incomng
exhaust - rel ZIRYUIBY t ut ant's, as wel | as passenger-generated pol [ utants such
as tobacco snolakartas pmmnoauduthaﬂtawé@ Tisd anppagat. usdn absR) tHearaetidp@litan

mthe. cabi ooy Aepede B S 1% AR, tfis obEiveg BEreiRanlsh b {aimhelal b H < e
occurs Wit hthe noeber of webiclesion dakastystrmﬂsd%@ngnsroxumatelyugqalooo toi1,780/006-~3 The
appargt us oper %é dby fent réfekfe ™ m@%ﬁy %ét%n&%d%ﬂ‘ﬁt%hﬁ?' YorfdnpCct . any
exi sting vehicle ventilation system Another o e’invention is to
provi de an “d-‘lnﬁe'ﬁ[ﬁ*'P'Fﬁ Rgar theynaib reada@nd petha nedhess part Rf §n utepREsadel i near
air-flow sysin@itimedegtréé h@hushélh@rr@strrmea@héveadeenhtUaeu@B irfthb %mer.gbﬂte at a
SSES hr ou an air

first 5 end of. an ous a
onaui ¢ ¢ ot kAt PHlar Ratos SR R ene e by Bos saUat T Ryttaq Ak By
medi a packerdo Gadiingcanad Gililitari hsbtmsrmvea\dﬁg@rtmamdpsmdmm&leat(m@a&tuegr 0SS

partl ul ate f o) |_at a al be
capt u(rged) GHB% gé@%h@"‘ §%ﬂ§téantrc2and 'Plé i"se(g)raaeﬁ' T %}%eas{rg%rrg{)lzufﬂo%gt wel | as
a deep pl eatatsdrtHERnalﬁraﬁﬂ emas:amaanfdbkartararaaetlreatpabet96‘733ttems/ye(aEx¢Peptculateere t he

cont ext i ndj r SO as
o e orpagnafErSh 1 MG & fess (P ) Brideids 110" 4ARS toelvedh Sy Bl pfide SO
B/ mn (250("'9-;)\,?"'&5&9@%3@?3%?‘?" B@%@’QM@FS/MTIESR pencgpiyations aiggeweriatheai r

condui t Theoiis) Er!/é?ggn\?a]HOO swthgrnéxneé dripd: T MEaged uomtelr@ctst aénutelae top of
t he rdrr fier housin pref er abI%/SHbe of

(3
i nchyVdi aned™8?s P15 %g"'?"r?c‘f‘%a@éoné' %W%%‘H guigelng: ReSHEPS rP”‘srﬁéﬁsd d'eﬁ?tst aI | ed
in series Fdhdegmsalre%hrblealmrwrd értarettonmm%martdﬂeft&erbupurrg dré effe maib h ]Ic S the
crgarette I 0 r.a simla r.source. |
ot abi |ty Beet ReSaflpfte PPLAS, BERG rfeRlele i Phe R et Y s iy be
connect ed diouees lage mosttsheervlelaffectted el ectrical system The blower is
preferably shock nounted, using gaskets on either side of the notor
nmounting plate to reduce noise and provide air seals. Yet another object of
the invention is the reduction of cabin air pollutants to neet EPA, 20
State of California) and European Anbi é&nt Air Quality Standards That object
is fund to be acconplished through the use of a uniquely designed sequence
of filter nedia packets that was especially conceived for this device. The
preferred sequencing of filter nedia packets as shown bel ow has been
identified through repetitive testing, although the sequence can be
nodified to treat a | ess demandi ng pollutant mx targeted in certain
geographi cal areas during 25 particular seasons of the year: 1. Desiccant -
sorbent packet contarnrng varrous types of srlrca gel zeolrte and/or

_______ g, o o, o o ~



envel ope. 5. HEPA pleated filter (tested to remove 99.97r6 of particpes N2
nmeasuring 0.3 mcrons in dianeter, and nore efficient for both smaller aﬁd 003
| arger particles), about 7.6 cm (3 inches) deep. 6 A second filter of the
type indicated in 4 above, or a coconut-based carbon 10 inpregnated fi ber
medium to capture any residual gases and odors. The use of the above
filtering means in the indicated sequence will decrease passenger cabin air

pol [utants acrmaqh&ohéea&eﬁi?&%%ﬁn}as@ma IHRE Lo kilfnet esutstd @agtpehdés@ndards

for anmbient air bove I n I'n artlcu ctive
reduct i on ofthaisecasdagaoiyfapts hayrdevelpred as @é%ét‘ af Ngx e@fw@?wss'qmé n

particul at e jaRdriaer. .t 0 which a variety of toxic and/or 15 noxious substances
are adhered, r |re ath the sorbent filter glaadthe HEPA filter. The
use of adsorbe eéﬁac PLAR EERNBEVR \aIUG; tp moybidity and artality stegigung BN @Xs

i ncl ud$ ng nipbntmgﬁ Banl be xiffibeit, taerlefnmnemnotdm welGisedtimates elifierce td suggdst thatnd

many har nf ul rocar n £S5 i i.ncl udi tic droc ons such
as benzene érhed agﬁagﬁ%%%ﬁer ﬁ'—‘t%%% 'g %eer ASSY i?%g?s g‘%&ﬁf‘t‘%f(’"? B?eJébt uring
and hol di ng vEMﬁgEheamuinmaalslrevea(mhtaPqumusgsq)totaibfe;BWCess:d!ms a2 hitlhcmermve
. ~0 a wide &mgg : getal s
such as Ieacﬁé mgél}'r\hﬂpéng}égﬁ}sb?;%ﬂgl cg‘d'letg'grsawhg Jn?fgé(l %S’BQ(RS‘BQ t attach
to tiny par W&@CMRSW ¥iSitss aﬂgm@ﬁaﬂﬁ@ ¢ASEP aftlé'O'pﬂhélél"pﬁift"drﬂﬂsarfdrhmP'g}hsoI i ne

and djgsel %Bgﬁs@%'ﬁsadiétﬁt@ﬁéosf bfra%ums b8d0/000! (BRded; onqaddatbsﬁs@&ﬁap.au@gmg
m croorgani sms, | ncl ud \%%{Pg bacteria and viruses, as well 25 fungi .

The f or egoi ﬁ@°§ﬁ)ﬁ‘%’(’3f‘|“§§% coHEse Ippluge e ppgsitle, spread, ant inkalatie) %F‘H?ﬂ”?ﬁ ng the
f ol | owi ngnfe@bs BEEits, bartRulany hase yasefcff eefitiyethanstcbn@ns astipasgenbelstas rpart

sequence fqr.re al..of fin rticles and specific i NSi
ot et o RensBE Y B Atcr RS AR . Tafritess B Ete Stiiffansfs TS roiBing' ©
acconpl i siapterit cmﬂallilsilbgwéscgumWeW\kndwnasupmmfembtbus agettaindicalingrotrathe puri fi er

that 18 st&% Sr{a tﬁ‘?he{ AT ven({ tnP%ﬂ%ﬂ!aPnh%%n&?sg?ﬁb:@Eéhe){w?g,@iégtan% QN T ather

t han elng tion's 1%Cation of the
purifier aehcadér@nvmémkram angifkearen 6@@S¢m§¢reesetnhmgﬁi§m_p§mmul arl y m

the cent @%p@mm B1sahads ERMpaRY, VRIRBIAR, H8T).RIERIpd. 6 2
~c"l ~~(~V I 1 console. This placenent | ows enough Space for the
device td28eBitted with a powerful notor and many different filter nedia.
hence the air circulation is sufficientrdpipcconplish the filtration goal;
and 4, alternatjve location of the purifier in the vegicle trunk, wth
duct e® ai r H%P}aqmﬁ%%ﬁ-@%m?he vehi cl e-€abi n, ture that
i sol at es t heCdpynebestedunodiptineriaechi cl e passengers whi | Bipisthedd provi di ng
effective ai and a conveni ent con t
ef fi caci ous gts‘}(g’%())f:&![ ﬁggg%gar atus (hereinafter dz\g):ugna& Jn.aagg..tm?ss
purifier) as well as adequate eval uati on of |tsd¢ImallﬁlSt,§O,0drPQq9wmas an
understandi ng of what are the 10 relevant data, ;GhiedgiaW th actual
measurenents of air purity Reference in the prior art as to the

25 Streptococcus pneumoniae Lobar pneumonia, eye

infections, meningitis,

peritonitis
Haemophilus influenzae Pneumonitis, pneumonia, meningitis
N eisseria meningitidis Meningitis, pneumonia
30 Mycobacterium tuberculosis Tuberculosis
Cryptococcus neoformans Pneumonia, meningitis
Aspergillus species Aspergillosis
Hepatitis B Serum hepatiiis
Herpes zoster Chicken pox (prnimary)
35 Shingles (recurrent)



Aaunber of times within so many minutes that the air within sone partd gulay 2003
vol une i s exchanged, even though that paraneter is wdely used as a -v
mar keti ng tool, provides no information whatever about the reduction of air
pollution within a vehicle) given that such paraneter could as well be used
to describe the performance of a sinple fan. The sane is 15 true of air
flow rate standards, since the air flowrate is sinply another way of
expressing t|gelisit € of air exchange within a gi ﬁﬁﬂell\é%hb'%elégyridﬁorﬁpnﬁ some
purported "efficliency” of a filter that is sought, but rather’  a maxi nmum
renoval of pollutant. That is acconplished in paf¥ba#Re using the nost
effective filter nedia available, of course, Dbukxlss® ,lgxatgnyovi di ng as-nuch
filter mediumas nmay be practical, which relates to tFl,e nurnber,

cross- sect i cﬁ'ﬁ&?m‘é{‘f"éé? and depth of the filters 20 usBdomyglitisigsesic vehicl e
cabin also presents a particularly difficult probl enmefngigduci ng air

pol lution, since the vehicle cabin is not a closed sygstem but "new' air is
conti nual | yﬁ\f)vé‘loﬂa"sa?avm into it through the vehicle Eé@ﬁﬁ"?? ation system
Ventilation systens that have a "recircul ate” node wl| tend to decrease

t he amourRucBRIRRER Pathagens,are fahte foundyBinyEsng hammesiand haspitals o Hgrikg aspigllh ¢ her e
Wi Il stildndes winpen&e® belbwod portsdw enbiistitnga lof thk adlleniinteqD@liyTeidsl BppNBation.in I t 1S
t hus only, by conparison of the air quality within the vehicle cabin at
tinmes that"Y purifier is turned on, as conpared to |ike data when no
air puoifi ewitsthepecertiongf carfaint speniy! Mutispe @pplicabasusEhah theicrapast Bopatenice of
an air pyrlfier [ hi s g to
rtain pi onch Bl BB Wi herbuly b uee? O BHOBFRE B Qo sl Aol B 2
shoul d i renfysssifuieenB@udgreioaly @de ofiwhipatsulfuredigxideu rankeas apwer ciiteBRRIEPoliutant),
DESCR! PT| 43 i Bpitdf o BEZanfeneHibR ofltnlsorésshf@lrisBE Rl YR cibhisiWoPlhe LREdIRYTP! €t @

air purifier (wthout uphol ster@%{), show n&l n outline the openi ng. of” t he
tap t her doatengly theprioriag disslosplittie attemnt iqnaddressribe ispye pfuneter vepiclgrcapingiry wj t h
the top loNsiRMin fintls SNEPHCIE chémidll efdMePdr ApblARR! h@thblPhobé Mat re&khewto t hat
accorrrmdat{?es the filter &gegéﬂ)g lpac;kets 1? fl Fi %L#,re 3 is anot her

per spect i RPOXIGAnP{oL fqr WhishSIaNGarag fr girdaurity have Peeged-nar tial |y assenbl ed
air purifi errwe}férbgéihgelitbmfre hmmd)suﬁwhﬁﬂ'zétglb)i $hyingi thatHers rhlhm ait fﬂWﬁﬁatioﬁSi dle.
Figure 4 i ongi.tudi_n [ -sectional viewin,t n of the conplete
o £ pur i it SR ogRE i S RGN bAREn ofp Wbt Bnofes SurbiiRerie

bl ower, funder the raquirements af Patikebave raindrity drifRasized custamer s&lisfaction athes than
perspegt i e Vv : - i O {1 ter- medi um
Pacikot eathc SBLAR) i iR i AR Thellos GNTEE A, % MeniBnbd by U TF0)
of the cldgssacayk . netad Fboue) waultkanpeal A igpst iocreqyifeggorg preoge definifipny  If the flow

Fi gure 7 r5@G¢\hcleBSed Sy TRERASNPINE st Welobityerathel tHah Wl f@r EIBEPLTHET, Yhe R8BENRE! T
| oops, and a f over the clean air_ outlet, he center of the

ap installed in t
rear (berl)ofagypagicular $pgmept of gas il desrepseangd %Haessasawaqopémﬁer ve
enbodi nenefficibndyh@ilaietrepss aédordinghs ak Retedlin @stosAezyke Citadrthudids Al wifizEAbY | €,

o150 ke 5o bR g o s BB gHRAR Fel T BRSS
i n cut anapmiphey's produdt catherdhart cantribiuting tofany upderstasdihg optbe probleny fsincéene

al ternat ic\éﬁncﬁw%ﬁéggf%ﬁr{éﬁf%hé frBMrJoHpt%g/lsﬁcs é:ﬂsjtggieg thaﬁn%%@%a%eouéesaira. bar

graph represe air puri [ ests carried out with the
ai r puri fvelsgitiehoffoerykex(Jamsasay i ocited g0a82) vire AnotheyoEes aiFyeeaities PL1O78 a bar
graph reppgsciitatdied afdvePM - 2.5 testing m Bangkok, Thailand, on 13 20

Mar ch, 2000, using the sane epbodi nepnt of the air gurifi er as in Fig 10

Fi gure? 12 i £van mrpred affifeneypanes Aredingyt orintproret: 13t @ dbe prggANSSEH S r ed i n
Bangkok, f%ﬁh%.ﬂ&d’igeﬂ;ﬁnéﬂafdﬁmiﬁ@ondﬂﬂﬂﬁg Biginagrsaindi (FASHRAE") eaﬁ;@d onestiicehicyt he
air purifier fromthat of Fi 1. . Figure., s, a,ba r epr tation
of o - 328 et phUEH pdverastitistaies SV R PP B el BT Rl B! 25500,

usi ng t hepesetraior bbiog essEmtialyshe taxverse oFthg. ASHRAB-etiaieecyl hay sisb&e cdgdaphd
representati f - N > of

o, 13 csorpaaoRpted SRS BRbislre BVen nPrabid kPR B sy RBRERRIB T |
bar g#aplYoseprapent niaed sdlePirchige)fess selagionf thabcanwrsdis meaiuctlsf Fi g. 10,

carried out in Los Angeles, California,llon 2 Aug., 1999, but wherein the
air purifier was located 30 mthe vehicle trunk as shown mFigs. 8 - 9.



Figure 16 is a bar graph representation of PM- 2 5 tests carved ou\tNa%r& Los
Angeles, California, on 3 Aug , 1999, where again the air purifier JAR
| ocated in the vehicle trunk Figure 17 is a bar graph representation of
anal yses for nitrogen dioxide (NO2) using a 211 CFM enbodi nent of the air
purifier, on cabin air sanples taken 22 - 25 Sep: , 20D0, mLos 18 2 ?7_
~ ~';~ ~Q)3 Angeles, California, and Portland, Oregon) and | ater

anal yzed, and al so showi ng the rel evantTE th standard. Figure 18 is a bar
graph representation of analyses t aken ‘& nal yzed under the sane

condi tions asGmdea#the data i n FIARHREA Effiwesgyt W t h r espesOR @es.ul f ur

di oxi de (SOZ) ggal n 5 show ng thgq: géevant heal t h standg d. Figure 19
shows data ach| red as were those in Fi Qg 17 - 18, but witR respect to

| ead (Pb) andHigRAS8 showi ng the rel e%m% heal th standar d. FAGure 20 is a
bar graph repigsgpgation of data vvltgbrﬁpect to benzene, agguired in Los
Angeles) California on 1 Sept., 2000 g Summa cani ster sanpling. 10
Figures 21 - »6-9818w anal ytical resuP®s8%rom the sanples of 58ig. 20,

anal yzed at tlp¢g;4@ge time and in theggag® manner, but as tosghe

hydr ocar bons H% % et hyl benzene, d@éf)xyl enes) o- xyl ene, 1, 3-but adi ene,
and t-butyl ne ﬁj ét her, respectively-"Hl gure 27 is a sun’rrar8 concentration
chart of Use@tcomtdbtmemodidaenc'tdkir@&hn@fterﬁ@fotobaadfacama)w etfiRRnéNgaEoe 85%

Cal i f ox ni nd Ban , Ll d erec cation hown in
Fi gl. 86 Ifgb%{gn'{eﬁggeo% %Eﬁﬁoggﬁgf)ggl n %ig%}%atl "gl'—" eg?d\’ség't%g mél@rov?ﬁ%nf urt Iher

i ndi cat i rageguate g@datoditegpartormanest exisent|in purely a¢iatavedermsi n bol d). Fi gure 28

| ncor porat e, fhRbRE Rieddind: s nddntor a{?;‘éh%g ly38udfifo SduaRD AOC- PGPS, Of the
respective measurenents or sanpling ar |n trument or sanpling
met hod ugwiificatipridevigedpiousgdn vehiele F@b'nss?i‘é’cﬁl$%¥‘ihﬁ§? thatavaulsregiesedbe congaatration
certifieqoelef marcmetna%bmﬁa{tg tr@%wwa@arﬁ&m? Hnéfsq ‘é%é‘%haﬂ'%ﬁé MtlonaPAHAbibAte

met hod_ used. BEST MODES ON Figure 1 shows the

over al? @Hreleahtvc'itﬁmr%fma‘}@s)ﬁafr?archap"wt meé Hv ihg Ezfﬁs'e |tqrm§<9ﬁ9%nCﬁa*aat@n. t in
the sens ee\felsadboa@wa.bﬁ thieponiitantas prestmid &f crédtk beksih skiid AUAEN Bélﬁ'gsam'h%l r

tlet h dd | at
motor veria ed b ReEfensd aAds 2 Ry dBeas s his i pipnce e eHereap
puri fi er ab@ndomed irsfalarcf e dewcafegory oﬂnatrlponutaﬂtsaumtermetMeHTokna Mady (b) for
ti 0
or 1 veq ToroBHBERE fbuahQ BRRECdefoxd bl d hflea FLibh A HOMBRTRIFC, | o
t han 20 mwen@emﬁcpenqgf caysigAcent ‘P\ﬁéldb’lpléb"sb%d by the SohtbsGrasbAir Quality , act-ual
attac h”e'ﬁlstﬁét |@C5llf&Hfa'cfeié%ln¥Q thef a%ﬁg lafpﬁﬁtdqugxlél théasifbd iRGde thE cBSRESSary. 30

Further in Fi g I ndi cated houSing 12, which converniently may be in
the s hapépﬁ'fat'%ﬂmm@f% ME{H‘E'?:" Péﬁe&ﬁ@[ﬁ-‘*&P‘eBéBP greatstieakiutin; fergasumytpis iy the Los

| i ght wei gngeles uaenmumewéfateenha/ameapteuam; taRyefedi gogutamdor'thi¥ fivergbni Nt 0 t he
desired shaqe

to conprise blﬁg\apgﬂwfsﬂﬂ?ﬁ {“EPS tlé‘%i‘%‘?%*ﬁﬁr"eﬁ—‘% 'llﬂ%fs? sa’?'?‘l_biss eégbé?d%tg\?;egg

shown2dy o&Californikt pr ia theotdse wf péreeee, statdand sat de Tpé Netherlattis(fafapplication enl y one

I s shown Mfgnéthgr th éﬁ%or%@h@b‘ﬁﬁa G&%UPQQQ‘ @ t& R{{/e%aatn?b grﬁ aPQ{aBQgpd%rat € |18

si de pl ates rear plate
as i ndi cdeazengblodesdatdhis hr@ﬁ 39 hest wvmrtommevamogetheaﬁhé@peqt nocRebie@irl nt 0

the di spggngé@gf&%g/(bxgcg)ﬁ g. 1, while top plate 24 is attached to the top
edge of rear a hinge 26 as shown in Fig. 1 in cutaway. By the

use of hi ngé'nzT@b'etMp HEAMt @eans ‘EHEOB@MSHes EePiG MEET. ARPT JPeaNs ‘pRts RS’ AHlels
shown3g n “p’ kigags wartEbgr bilkors'0'FAG 13" Onédr@\al m.ow:a@sa 1bntierchRtEss a:ges’lsznf or

initial 5 as al so r the st.al |l afi on and renmoyal of | ter
o & padlediasa PN 2 6 M5 GiSE sE BLe OV o IPH eSO R BIR A RERE ATl e ™8 e pect
of the i medmisiconhe figrait thplnghtehabd colhinchednthateneaspiee congenbratidi'valiet0" (20. 32
cm X 25. I ar

Fol os Zsévgrgé %9§9@e§?$%8me g@%(cfa[%gﬁlﬁg :’1\% e[gtcg?c?the ’&Faﬁ% r@%ﬂﬁ rn‘%ﬁé ﬁ%‘r‘

di fferenwoumneﬁmseﬁgmamsaoi g ALtan EFQNPFW@taé:m 28 27n) a 5 X8 array as shown
in Figg 2, such holes 28 in either case preferably having been stanped out
of a flat alumnumplate, and serving to allow cabin air to enter housing
12 as noted above. In either such enbodizment, however, or in any other

di sposition of holes 28, it is essential that front plate 14 and the
fitters to be discussed bel ow have the same nunber of holes, in the sane
geonetry, and that such holes be placed in alignnent in 15 passing from
front plate 14 through those filters as wll be described hereinafter. Top
plate 24 has two nmutually parallel transverse bends 30a, 30b therein, and
the two sides 20 have vertical extensions 32 (of which only one is shown in
Fig. 1 ) that are d| rrensmnally mat ched to the bottomprofile of top plate

i
t

20M



intended to come into air-tight juxtaposition with top plate 24 whep Dgu
sane is in a "closed" 20 disposition. Bends 30 and verti cal extenS|ons 2
serve to enlarge the vertical dinension of '-4 housing 12 in the rearward
portion thereof so as to yield an elevated portion 34 under which can be
acconmodat ed a bl ower that exceeds the vertical dinension of housing 12 in
its frontward portion) but of course that form of construction acts only to
i ncrease that vertical dinmension womﬁ%q1t'be necessary were a snaller

bl ower to be used. 25 Generally cent L& Yocated within el evated portion

34 is an a| r_g_pﬂmaml e 36CorirenuatiopieldSdridardf about Sovérmpmant3.5°) in
di anet er, d wthin ele aportion 34 so a dair to
fl ow out of og%%ng 12 as |nd:{§g§ﬁe11d by out goi ng ai ?h%ellrg?@%\'/]'agg I%jisuqh own in
partial cutaf@panMeriogide1, | n@B@PE el y beneat h ai r Colfpmishoneh®s is a sieve
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m)untl ng of IPanisaiatedBatier: Si eve pI ate 40 by bolts 50 or simlar such neans
3showninFig d2|soneof t wo
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mut ual |y facing P8 2abi onship 66 tugémbpposite, non- EPAI M ieoin Fi gs. 1 and

2) side of housing 12. Belt hol I at belt (shown in Fig. 7)
to be passed therethrough so as@ éﬁé&lgag%ﬁﬂ%}?l er 10 in a desired
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connect eob'QV@raammﬁI@edm qdasgns a0 Packagng, ipeayrrad tcet)ae inventonthatthe pesuercarat el y
25.4 cm (o?ﬂhérg Eofigde Ta.hﬁgﬁ'ﬁéanft E%t&"ﬂsttﬁé‘tyﬁg T‘\EoPtﬂ&"%frucHuHé%f ﬁh% Fitd8 iufiithately

preferab y contalns a fuse. hown I n hin alr conduit
54 is onéMRiRyed Ry thegpventyr |"ﬁsé'i’aqer18ﬁ%’%8'f‘ﬁ “’E’ﬂﬂtWQ EFPC§§59§H(?M“§ §a§’1’=‘ﬁf5’9y t wo
gratesot Iyat oderflltéhﬂedi@’ﬁWsmdédr@mnmbﬁhatdﬂlel tﬂXtWUId‘ﬁw&tfabntﬁkﬁJtda%@nfﬂéhrbe

shown bel re ta str tion as.front p 4 As w ||
be shown fﬁﬁ""ﬁi eC Kﬁdﬂﬂ &Egcﬁgﬁn%wé P e VEEOR SRy R?l{;\f/r?e? 8o e
preferr eohequencwIWae Ithetm:enntm tgstad esSejedtédamter mecianstckets We@fabimatedias any case
bet ween r Loyl acket
oo wi 11 DoreatePh ol hagled eledel o G bt el bnd BLelRELE D
filter nemtmrﬁqnmne@regneam tTHviahsasnmvgcetV@SSaﬁwweﬂn@irgoeé@?wémmtar@mmof t he
grates initally used, and also to illustrate the positioning of the filter
medi a packets within pre-determned filter | ocations as will be discussed
bel ow Further provided within air conduii 54 is an array of separator

pl ates 66, in the space between which (that space conprising a "filter

| ocation,” including slots) are to be placed additional filter nedia
packets, in a |like manner, separator plates 66 being attached to 35 facing
i nner surfaces of side plates 20 ma nutually facing manner by riveting or
simlar ?1 ri 1~V ~S~ ?~~3 well known nmeans. The indicated space between
separator plates 66 is ternmed a "filter location.” In Figs. 2, 3 are also
shown screws 68 that can be tightened down to hold a




front edge of top plate 24 firmly onto front plate 14 so as to atta‘?r\? aitvy 2003
tightness after the HEPA filter and filter nedi a packets have been

installed) and top plate 24 has been 5 placed in its "closed" position,

thus to permt normal operation of air purifier 10. Figure 4, which is a

| ongi tudi nal cross-sectional top plan view of air purifier 10 taken al ong
the lines 4 - 4 of Fig. 1, shows within air conduit 54 the preferred
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- sorbent packet 70, carbon particle packet 72, catalyst packet 74, coconut
based carisAledKtheverige rupas showpdn Figg8 10 and i npregnated carbon filter 80
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envel gpe 86 cont ai ni er medium 88 1's terned I'tér structure." In
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vi br at ed passéngercaniatino trteQap@aQWseanuhI@énca frbml the aaﬂareme aamnmﬁe edhidy aasthar or
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fact beegreglirgdifidtibHe Sshrbn ?onWI@IsYpIéHéQ i Ih@%htﬂat%r@k{gﬁg W vdHiGes 'II %L%Etaﬁﬁeﬁl& um

packet. This is critical ??Ff functioning of these filter nedia
packet s %UFmpeW%ma?m@a eé'?a%f felatent PeiiuEantsy @s wRkbAS P?ﬁsa‘é%eﬁgﬁ”%‘??éw ng
vehi cl e panedits dichayidbatid $redkemalisbEnSSbstteras e ppgatue aweinds tihr ough whi ch

Concept BIEAREREe B bt BHF Bulibke™ R naalue ek b eCHE % e posea

to the ahavephs Sitengpdsatet dres etdipasagasiass ioscypoeghibimeny hemdaion systamidepong ant
that as nuch nedi um be used as the envel ope into which the nediumis packed
wi || accommodate. The filter media packéts that were used in the course of
gathering the experinmental data indicated bel ow ware hand filled, i.e., a
filter mediumenvel ope 86 filled with filter nedium 88 was i nserted between
the two grates, and the two grates were squeezed 2.04 together by hand and
then. bound by tape. (Filter nedium envel ope 86, filter nedium 88 and
grates 82, 84 as fully assenbl ed in the manner just descri bed, or al so as
descri bed bel ow, constitute a "filter nedia packet," the plural "nedia"

bei ng used si nce bot h f| I ter rredl um envel ope 86 and f| I ter rredl um 88
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5 first filter grate 82 is seen to be bounded on all four sides by wal

92. Filter nmediumenvel ope 86 is placed within walls 92 (that space being
termed a "filter nediumcontainer), second filter grate 84 is placed atop
filter medium envel ope 86 in contact with walls 92 and physically held 5
together, while sliders 90 are placed over the juncture between second
filter g I ’ at es
B2, B4 {2 . g S o o ks enles e
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fromZ%epaﬂ'PUIﬁéeQF@stQﬁéhe ¥gaF: reaches catal yst packet 74 The acti vated

carbon 24~k lagicedt - bérbgntapackét %aﬁ?ng%ﬁ&&%?&s'd?sﬁ@é Mrkeglﬁéfah&bﬁ‘ packet
72 may al so contain inp gnat es to act as chem sorbents. Cata yst packet 74

contai ns cat al yé’i‘%ec“?ﬁé@y $ Within@n;at lepglArass Particyiate MeYiuD eRYRiIoNsy st that s
Eorm\ﬁ/ngt dmol S?. ursgrrmt parakatco'mmhued mﬁhs rgp;eRatL}fl mimT 3%?)&“'&?(% géraﬂfpﬁrra&ﬁluﬁ es to .
rea own car : t he cat st made
by the Car s C@Tals BB oAl dob BRI Preu M vEBes IREIeieehRors s

appl iXabi ity t patiaebisrused hereindfierdr iedeimmass bdlbmarmuedbarscegtaoaarb@anmaekcet 76,
which follows c I PrATAIoN

hydr ocar bons, % "3ahi%g{%ﬁg&ﬁ%%%tﬁaorggsoggérﬁgﬂngtg? SgQﬁﬁI’ﬁgn grana({?%mqind/ or
beads necessarystllﬁ'retbééﬁh the smaller 10 hydrocarbon nol ecul es, for which
50% PI CA Nacag '&ata:,%@ﬁme%%réﬂ%ﬂn%r@%&oméa,v.rrh%reﬂw athﬁ%ﬁgifobé b&kcifte Was

t he HEPA PLEAT 1, a g deep pl eated ficCienc

particul ate filmgdium %{I"é@pﬁt T (BUWQOFITPrﬁP?f'y(tTBGatP'f/?trﬂaﬁ’)et éﬂ#ﬁt PraREReedn Fep
(Filter Pressure Drop) of 0.53 WG (Water Gauge), nounted in an al um num
frame, which has 15 been tested to renove 99.97% of particles neasuring 0.3
mcrons in dianeter, and being generallly nore efficient for both the
smaller and | arger particles. Carbon inpregnated filter 80 uses a carbon

i npregnated fiber (CIF"), for which coconut carbon wap from Hepworth was
used, and serves to capture residual gases and odors. Carbon inpregnated
filter 80 is formed sinply by |loosely folding the indicated fiber and
taping the 20 resultant folds of fiber together, and is thus distinct in
structure fromthe filter nmedia packets previously discussed (and of course
fromthe HEPA fil ter) For pur poses of corrpl eteness in the dravvr ngs, Fi gure

o " o, . o

?_J Ar=J 200.3 In constructing a filter medi um packet, as shownj n TFW'?HGB



notor vehicle with power source 58 - 62 ready to be connected to thé ? AN 2003
vehicle cigarette 30 lighter connector. Uphol stery cover 94 protects
passengers fromthe hard netal edges of air purifier 10, and the soft
surface makes a confortabl e consol e Uphol stery cover 94 is constructed so
as to cover firmy the top, back, two sides, and bottomof air purifier 10.
and is secured in place using Velcro strips (not shown) Coth | oops 96, of
whi ch only one i i I y
Cover 04 m 11 eu SyTAchfed & desfocaliRts RESFBELR: SAEY) it BB SME Y, |
to a vehicle seaandmtber asids sdichiselid paisonthe catalyshand make itinopefativel ~3
alternative, yph I eu of
cloth | oops 96, %rg%rgg‘é cl@\'f@ﬁtﬂlﬂﬁl\gerSo%%y%&b‘fﬁ@&ﬁgééﬂa%ﬁ%?é{% htrégﬁgrbkf[\o be used
as noted earli ergramﬂ%%ﬁwméwa&wqeh withip anzat; '%“Iagf%ﬁ partigujate F"Fé'Bm98 shown
in solsd when aigniepefier 10 is not in use, and shown in outline when ai r

purifier 10 is e such that ajr is ex threfro r exit fla
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10, so that the diameieng@ndiniore sffidientfot isath smualter dhy iapget phaiclss), avaut U8 dnhé3 r ear
of the vehicle C,ﬁg{@ ad ereby not to inpinge directly on the passengers.
Through practice, et be teaned at what angle air exit flap 98 should
ext end upvvardIG/ levlsetmnalf itenni thectypel Ddicatedidy & iabgyeacr 4 ¢asonyibiasemgarsan t hat
obserygtion of Péq?m%tea'r Medtih E:Xc'aétuH r%&d@é?gaéé}%d%d&r@ lesser flow of
air woul d rowden I'ce that such operati nvvas timum e.g. filter
packets hav eT"Be@E pEthe|abgRiiteting Means F"K'ée 'ﬂdﬁaeé GRevenss wﬂléinemeee Rassenger

repl acenedyhinitddiutBfts aefes b eebad/gpéctﬁ)ﬁh tankilnfdet 82 Ppbsife RN Snfistal RFSEN the
noi se detected I n the vehi ctgbca in when air purifier 10 I's in operation.
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directs a term nal air duct forward I nt e rear seat area of
the véfli @ wide 198 of Rpllytanss, inclyding "E'%?ﬂ'%"@@m nal end of air duct 104 an air

outl et 106 as dyeréavy@ritals Budhids-ledd, cﬂrﬁ.uhﬂhetcwémb@ﬂost extends from t he

back seat region_of vehicl i nto re 100, r eby
unpunfied air S“Ws@ﬁ?eesrtﬁ?‘té\agh EFVYP 35%%”?“ Bpe ‘Hl‘aﬁga"f f%%”’?ﬁ'{;‘m‘%y

i ncom ng air arrfrombisylinarand dlesellengleesmam;ﬁmd uﬂxlﬂﬁpl'astsponnect ed at its
distal end in _an f | r 10 by
any conveni ent‘?1 d.@éJsE cgp élniﬁlftgé&gaer}é%nl n @%@ b%:ﬁ?rﬁ %ng e&{%gaér '}’éé'u S
enbodZhent bei nngGQ'SCI’I bed has been adapt ed for use in those vehicle m)del S
that have a @Rolefoihdl6oiBéifks Sk rétdyifipreset inveRin b@%w#qsthb%;ewfnge trunk
region, that gap being provided to allow the carryi'n ong obj écts such
as skis VP#HIEE t he vehicle. For vehicles not so constructed, different

routes for incam ng arn@hewémwegaw i6ngMabling fﬂt&p@é‘dueh& faﬂremoﬂlam#lﬁhé p&iclded
| ocated within the trun si ng

an ot int et and o aPSElCIAEToRE Ye R TAHES FmP e IR A SRNGATES ang

duct ed0t her ef rom I fboarhiienttairunk regi on, an air inlet could be 3 ~ placed

Wi thin the head|ine ehyi e or

vari ous 26 5 ccgrtwpl sn%ét tr% Sbo%ggﬁglt{@ﬁaf pr%rtr}g[l %ﬁ@%ﬁﬂeépguﬁf{er&gb

devel oped by a per s@n befinstalig Hfa@svst!s'lalvemlclﬁﬂa% Ae: aﬁ¢r‘tm$rk©trﬁdﬂwe ratherstaan be'ng

di scl osure, and allbuﬁHﬁ? tp{@gér@;altg,m§ys@gneoplmg to fall within the scope of
t

the present invention shou be enphasi zed that all such ducting

materi al s shoul3d béo‘ii‘ﬂ'O"aOftti?ﬁéu't‘ff?ét” FeRIYenght andseferrlageupygssthegabiat i | e
organizg conpounds (JéfLiaRh the LORET df 1RHRBO LSt CHENAISAESH deRletastdhardidst PASSI NG
t her et hrough) that kind of outgassing often being found from ducts nade of
soft, flexible plastic-like materials digposed around a netal coil. For
that reason, an odor-free hard plastic naterial of the type often used for
sewer pipe was used for the material of air duct 104, although there nay be
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10 invention. Figure 9 shows in cutaway the construction of that pﬁg%¢
the air purifier 10 enbodinent of Fig. 8 that is disposed within t é&w dmd
seat area of vehicle 102, wherein is also shown a console 114 forned of a
sem-rigid plastic foam wthin which is disposed a termnal portion of air
duct 104 leading to air outlet 106, and above which is disposed air | 5
opening 110. Preferably, console 114 will include a spongy cushion 116

having a rounded supohgée. Tﬂ@éla@érﬁérﬁraWsVen%h@Osé’dc@%rﬂl@éJ@é%% td b8 fift&df winha ch
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ter ged " comlyi by aacltdm;farlkcﬁredsfahe ait pudlityasithin thé eémcle ¢avis Bomés thhtednsair' pudifier igi
conditio ilters

. dust
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n what
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or collecting the air. Al of positionsi’A) B) 25 and C center on the
| ocation of a seated passenger off to one side of air purer 10 or console
114 and hence to one side of the air exiting therefronm) so that,
presumably, the air being nmeasured woul d have passed at |east to the front
of the cabin and then back again, so as to get a better sanpling of the
cabin air as a whole than woul d have been acconplished with the test
instrument in line with the air outlet of either air purifier 10 or 30
console 114 The voI umre rate of the a|r eX|t|ng from a|r purlfler 10 was
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3~ (7.62 cm area = 45.6 cmZ), and the measur ed a| r speed of 7 62 nisec
(1500 ft/mn) 28 r' .. ~:nl ~'~S,~ ~.~r."UFromthe ratiog bfft‘he;nq:;
area of air outlet 86 to that of front plate 14 (neglecting the space

t herein net occupied by holes 28) of 20.32 cm X 25.4 cm = 516 cn®, the

speed of the air entering into purifier 10 (i.e., V,) can be approxi mat ed

at about 45.61516 (1500 ft/m n) 133 ft/mn 0.87 nmisec. Simlar
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| ess i n di arfigues 12 redbarigragsh. rEbreseftarcm df@NpaT(tﬂe@tlre&lt? abquifed IroBarigRol§ or | ess
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parti cul a¥. chem cal species was enpl oyed. 35 2. Qzone Spot Checker 29 2 ?
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anal yt| cal hods used, in t case of Post sar;_‘p e-col [ ecttTon anal y5| S,
wer e: 24, oA Marem 90§ usingthe sasme embpgimsAt asthat Rl FigedBod is available in PDF

L ?{ ma][ / at t IFuieipd lf%!(ﬁae grar;gth representatllon r?{) a second set of P|Ntl 2. ’i Zest resgl]ss ?ke tho?e cc)if c
pvwwv oV gsae xlto-14ar.p visite on
29 Jan. g:g) aﬁ 'qu% Rjé‘ﬁ‘h ha'gpﬁl%’ @%@g‘r#ﬁ& on of the method is
avai | abI e i rlF|gEEF15 rsramar gaaphtrbpremhatmntoe PM 10 tests using the embodlment of F|g 10,
http: || g I A(}n]3 site 9 _Jan. h
Corin Nt s v oS BBSeR Ebitd 5ra RS SthCh PR R A? 2B PR "B g e
at 30 inthe vehicle trunk as shown in Figs. 8 - 8.
Figure 16 is a bar graph representation of PM - 2 5 tests carried out in Los Angeles,
California, on 3 Aug , 1999, where again the air purifier was located in the vehicle trunk
Figure 17 i1s a bar graph representation of analyses for nitrogen dioxtde (NO,) using a 211
CFM embodiment of the air punfier, on cabin arr samples taken 22 - 25 Sept , 2000, 1n Los
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the web site 10

http: /| ww. osha- sl c. govl dt sl sl t cl met hods! i nor gani ¢l i d200/i d200. ht i 2 2 JAN 2003
(visited on 29 Jan., 2001). 4. OSHA Method I D 125. (Description of the

nmethod is available in HTM. format at the web site

htt p://ww. osha-sl c. govtdtsl sltc/nethods/inorganiclidl25grdl125g. html or at

15 http: /| ww. osha-sl c. govtdtsl sltcl nethodslinorganiclidl25g/idl125g. pdf or

in PDF f qingBibs,(GHiifoniis tingPoRfind 20regor Gidd hate¥haféd, land Qo deSHRd 18 réibganianner
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parti cul Leal ﬁ?ﬁ‘ ance. These field results are of course not
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-11, now show n -10 test results acquired in Bangkok, ai . on
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position %E sFi ,%1, 8. It may be noted that the PM-10 val ues shown in Figs.

. 10 and 12°W&P&Yt aken under conparabl e conditions, i.e., in Bangkok,
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data of FEij i Iri o 'rﬁm i ment of
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rather greater challenge in terns of anbi ent air pol lution, was fully able
to provide a very low |level of cabin air pollution. Figure 13 is a bar
graph representation simlar to that of Figs. 10 - 12, now showwng PM- 2.5
test results from Bangkok, Thailand, on 14 March, 2000, again using a 5 30
m/mn (176 CFM enbodi nent of the device. The test instrunment used was
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referred to in Fig 13, carried out in Bangkok, Thailand, on 15 March, 2000.
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position of Fig. 8. 5 Figure 15 is a bar graph representation of PM- 10
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was not |n use)]s and finally the levels found when air purifier 10 was
turned ofiy may be noted that where possible, the nore stringent of
avai l abl e anbient air standards was | S used as the target." Figure 28
conprises footnotes that pertain to the material of Fig. 27. Mre
specifically, these footnotes show the-¥ates of data collection and types
of testing that resulted in the nean concentrati on nunbers shown in the
right hand colum of Fig. 27, those data indicating the typical performance
of air purifier 10 for each pollutant tested 20 | NDUSTRI AL APPLI CABI LI TY
Fromthese data, it is evident that air purifier 10 achieves levels of air
purification not previously reported. A part of that success derives from
identifying specific pollutant |levels as indicated in governnent standards
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eustonmer satisfaction. Placenent of the air purifier outside of theZvZhlii g3
ventilation system |ikewi se contrary to industry practice, was one neans

by which that goal was achi eved, and 30 centers on (a) the constructive use
of cabin space for placenent of air purifier 10 or console 114; (b) the

devel opment of an aesthetically pleasing and useful structure for each of

t hose placenents; (c) and a conpactness in the structure of air purifier 10
so as to allg %Qm.m:gghpaﬁd; n@rogav{mﬁmmeﬁ&%@ec ‘éﬁdeﬂ%ofaﬁﬁsij{ gpl emin
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fromvaried usa e several enbodiments of the invention ies in the
long | i f eWyeh QP?W?)BW%@F” 1’0°°’I§HP°“3’O Rt impyesase H%‘Wr“‘ﬁ'balfcr'aﬂr?te§f5\§8'd'§ of the 7
mB8/ mn (Zﬁcbecaﬁ\&derﬁam&utaanter hmuamepbcketéu vl baeeédhuéumaapveﬂerout on 6 Feb.
2001, Whl ghnent cg' i tl?te ] ga& et.s qu oth r filters
used in t aé“?"é%'f PH8MT grervhe [W&Feg‘t"’ea& g sigely st €1200
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speed set t i f ormance. The
m | eage r@%@? g@%sw'?‘ﬂg té?rﬁnlmg telﬁﬁﬁ’r{ gnffsqﬁ'ﬁggrdhg&éwbgg has been
installed (efiufﬂhamrngdqm\eltfmawgk@wu'tﬁﬂéﬁ araprary3Y separater plates 66. njhesnagd | 3 tests
for whi Chbé%wéé?ﬂ&rrﬁgw M?é?'sﬁéac% d&ﬁfr“pﬂb‘)ﬁ&g)fn@@c‘é@éne g@&g)ear@‘{deﬁe shightly nore

than 2 years, | eage during that erlod of mles. The utility
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desired 5 pollution level within the vehicle cabin had been achi eved
(through use of either level)) it wasZpossible to maintain that level (i.e
the particulate level was in single digits) over several hours by operating
at the low |l evel. Upon chance encounter of a substantial pollution source
(e.g., a diesel truck), the pollution |level would be seen to rise, but
coul d be reduced again by switching to the high level for a short period.
O In enploying air purifier 10 to elimnate airborne infectious agents,
the contraction of sonme new disease while in a hospital is well known. Wth
tubercuI05|s for exanple |t has becone the practlce of sone hospltals to
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often have air filtration systens that, |ike many of those installe?\[y ?’!
the ventilation 20 systens of notor vehicles, are directed prinmaril th‘ e2003
renoval of particulate matter and odors, not necessarily including the
pollutants that in fact present the greatest health risk Wth respect to

the air in the cabins of aircraft) such air at "takeoff' will usually

I ncl ude sonme quantity of the pollutants that arise fromthe operation of
aircraft engines, including hoth that from nearbty aircraft and that from
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functional Iy I ndepen ent SO opera I n conjunctron wt
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25 the embodiments with which the tests to be described below were carried out having
been a material produced by Technostat, although other types and sources of materials
of which filter medium envelope 86 is formed, and that might be substituted for that just
described, will be known to a person of ordinary skill in the art, and any such
substitutions would be deemed to fall within the spirit and scope of the invention. Each of
30 filter medium envelopes 86 will be filled with close to 0.53 hiter (2.25 cups) of a granular
or pelletized filter medium 88 (the term "carbon particle” being used to encompass either
form) selected from the several types that were shown above to charactenize filter
medium packets 70 - 76, said filter medium 88 being shown in cutaway in Fig 5, and the

filter medium envelope 86 so filled will be placed between grates 82, 84 as is also shown
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adapted to accept for purification only that air which is contai ned A 003
said cabin or simlar enclosed structure, to the exclusion of immed ate
connection to air entering said cabin or simlar enclosed structure from
areas external thereto. 2. The air purifier (10) of claim1 further
characterized in having disposed therein at |east one packed bed filter (70
- 76) through which anbient air to be purified is passed. . 3. The air
purifier (10 of clairnr e h v therein

at | east on% Iﬁ-y’B\ij |g+ Pﬂg\?oo I;Hg)gl r“r‘e(c)g‘ﬁﬁgﬁvé%% OFgr(r%{?sent&aé% ﬂleﬁﬁ%ﬁﬁ;ﬁ} fied is
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of said filter locations is a to receive a HE 9. The

air purifiébe timent wcmhaﬁ%mb%ﬁ?mm&mq bRnddPadee and quqsatusgat(\uh'ﬁfbwgu ng

(12) i ncl udaperdiortd db@aspormrﬁeraﬁ weeRecon¥dted, iitias baen Rainedthai Bbiing iy y cover
(94). 10. The air

h t t hat
o oo MU et A 35 o Kb e el d e RerBe ik o'
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cyar act o1 28k B LHk: SRS, 1R B8 (e} dBPLURE SRl BEhh o CO0NECL ! oF
of a notor ‘vehicC seat | sal alr ur| er (10) may be
di sposed orfontagiewith S@paratqmtaéﬁs @ﬁe\hhetﬂ féteawedlg@edfeéaﬁﬁi n’& ﬁatp'acé@at i on by
attachment yodro@.tW0dPLs SHolh & ﬁlgS$EfﬁerQ§3’ tto Hé'beérﬁw% alrll?ghtn-gggs@% toodé'h!sé ber (10)

of claim 10 further characterized hat said housing (12) includes neans

(52) for cOMiRBYRS %WO(?PS%thfﬁi{QBreaG'éﬁqtEF@"%’é‘é‘?d'%%?cﬂ‘eﬁshéf‘r'@PcPf IRAh EPNSHYCUOR d ai r
puri fi ess ( bO}ideRyId apstopiAaEehapRdFasiend nﬁaa&olﬁefeﬁfplo\y@dﬂi cle and secured in
that | ocation by attachnment of a notor vehicle seat belt thereto. 13. The
air purifier (10) of claim?7 further characterized in that said bl ower (48)
enpl oys a DC electric notor that is operable fromDC el ectrical power of a
notor vehicle, and said power nmeans (56 - 60) is further characterized by

i ncluding a power cord (58) that is attachable to a 38 zz. ~~, ~l
~~c~3 DC power outlet (62) in a notor vehicle.



14. The air purifier (10) of claim@8 further characterized in that said

bl ower (48) enploys a DC electric notor that is operable from DC el chrj@;@lzgm
power of a notor vehicle, and said power neans (56 - 60) is further
characterized by including a power cord (58) that is attachable to a DC

power outlet (62) in a notor vehicle. 15. The air purifier (10) of claim 13
further characterized in that said power neans (56 - 60) includes neans
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based carbon packet (76). 31. The air purifier (10} of claim8 further
characterized in that said at |east one filter nedia packet (70 - 76) are
selected fromthe group consisting of a dessicant - sorbent packet (70), a
carbon particle packet (72), a catalyst packet (74), and a coconut based



a desiccant - sorbent packet (70); 40 22 ,~~1 ~~ ~r~~ ~~a carggn 2003
particle packet (72); a catal yst packet (74), and a coconut based boh" N 2063
packet (76) 33. The air purifier (10) of claim30 further characterized in
that following said at | east one filter nmedia packet (70 - 76) there is

di sposed a HEPA filter (78) 34.. The air purifier (10) of clam 33 further
characterized in that following said at |least one filter nmedia packet {70 -
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sectional view in side elevation of closed air purifier 10, taken along the lines 6 - 6' of Fig.

1, and showing the manner of connection of blower mounting frame 44 to sieve plate 40
25 using bolts/nuts 50 in a conventional manner. A gasket (not shown) can also be placed
between blower mounting frame 44 and sieve plate 40 to help ensure air tightness and
reduce noise.
Figure 7 shows air purifier 10 including an upholstered cover 94 as installed in a
motor vehicle with power source 58 - 62 ready to be connected to the vehicle cigarette
30 lighter connector. Upholstery cover 94 protects passengers from the hard metal edges
of air purifier 10, and the soft surface makes a comfortable console Upholstery cover 94
Is constructed so as to cover firmly the top, back, two sides, and bottom of air purifier 10,
and 1s secured In place using Velcro® strips (not shown) Cloth loops 96, of which only
one is shown in Fig 7, may be sewn to each side of upholstery cover 94 in lieu of belt

(W8]
wn

holder 52, as a means to secure air purifier 10 to a vehicle seat with a seat belt As an

-

25



filter media packet (70 - 76) within one or nore slots sized to accgpt one 2003
of said sliders (90). an air tight contact will be fornmed between said '
slider (90) and said slot. 44. The filter media packet (70 - 76) of claim
40 further characterized in that said filter medium (88) that is disposed
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104] R Y18 ioventien $1004! () - l @$10%<K&' ()-3+"109%& ()-T! " @B10%: () -
@109 ()-!° 3/@ showdah, ddll W&on%tl@&ﬁ)&of thatpoHibnldl the air purifier 10
10s9s10%&’ ( ( F3M 10%&'

109&
104] Ys! 10%3"(‘3" e ${%&&3 PSS )& hiy 21’9%§$i 78 ?Efz VeEaF’Es 209R8"EN %71+ 3109%
& ()-3Ea B!algh sholaja dBhsole 114 formed of a semi-rigid plastic foam, within which is disposed a

terminal portion of air duct 104 leading to air outiet 106, and above which is disposed air

15 opening 110. Preferably, console 114 will include a spongy cushion 116 having a
rounded surface, and preferably also side pouches 118 (of which only one is shown in
an 9) as well as cup holders 120 disposed atop console 114, perhaps attached by a
Velcro flap (not shown) or similar means, again for the convenience of the rear seat
passengers. Preferably, console 114 will also have upholstery 122, as does the

20 embodiment of air purifier 10 shown in Fig. 7, so that console 114 will match or blend in
aesthetically with the vehicle cabin interior. (Of course, the embodiment of air purifier 10
in Fig. 7 may similarly have side pouches and cup holders.) Console 114 includes an air
flap 124 disposed over air outlet 106 for the same purposes as those of air exit flap 98.
That is, air flap 124 serves to soften the noise, to indicate air flow strength, and is

25 rotatably connected above air outlet 106 so as to direct the purified air downward.

Experimental Data
The experimental data that establish the performance of air purifier device 10 in its

several prototype embodiments will now be shown and described. In order to evaluate
the utility and efficacy of the air purifier in its several embodiments, available U. S. or

30 foreign ambient air quality standards were identified as “targets” that it was hoped the air
purifier would meet, a procedure that so far as Applicant knows has not been carried out
in the previous art  As shown by the results below, the quality of the air tested as it
exited air purifier 10 either met, or typically far exceeded, the relevant ambient air quality
standards These resuits seem to be particularly important with respect to the more toxic

35 and indeed lethal pollutants such as the toxic hydrocarbons (particularly benzene) and
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S 109%08& () - | 104833 Ercsnt frpsg for Mydroppspongwers take using a standard S-passenger

10! ! 2$10% edan wiie LRy (Wo (@PtARipérsohs; the air collection procedures used for the
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10! I v' %4.0% V‘%’g"fﬁ_. QU Y VECL BB Ak B ¥ %‘ Iarges [H ¥Rl Garmying dour pgpsons.
10b5§ 10%b &'ir{ the )cblrsé/bf mmaidhéu\ch vehicle to gather the experimental data, the HVAC
18:)/«'& 2(; ¥ gg%é/@;olz Sﬁ?@é&%@#ﬁt’% m%‘y} iﬁ‘lft.ﬁl)oblle%gn(y Eridse HVAC systems are said
to include what are variously termed “cabin air filters,” “pollen filters,” “micron filters,” or
“air conditioning filters,” these being advertised as means for capturing dust and pollen.
However, the data collected when air purifier 10 was not in use typically showed levels of
poliution, including that of fine particulate matter, often far in excess of the relevant
15 standards.
Before describing the actual experimental results, there is now given in more detail
the conditions under which air samples were either tested in situ or collected for later
analysis, which types of instruments were used, and which embodiment of air purifier 10
was used in what location. The several embodiments of air purifier 10 differ principally in
20 the power of blower 48, different ones of which were rated at 5 m*min (176 CFM), 6
m3¥min (211 CFM), and 7 m*min (250 CFM), and in each case which blower was used in
connection with each test or sample collection will be noted. Figure 8 shows the several
positions A, B, and C within the cabin of vehicle 102 at which the sensing portion of
particular instruments were located in testing or collecting the air. All of positions A, B,
25 and C center on the location of a seated passenger off to one side of air purifier 10 or
console 114 and hence to one side of the air exiting therefrom, so that, presumably, the
air being measured wouid have passed at least to the front of the cabin and then back
again, so as to get a better sampling of the cabin air as a whole than would have been
accomplished with the test instrument in line with the air outlet of either air purifier 10 or
30 console 114. The volume rate of the air exiting from air purifier 10 was not determined in
all cases, but using the TSI VelociCheck™ anemometer and the cross-sectional area of
air outlet 86 at its terminus, it was determined that with a 7 m*min (250 CFM)
embodiment of air purifier 10 located in the vehicle trunk. the rate of air flow at outiet 106
was about 2.12 m*/min (75 CFM), based upon a diameter of air outlet 86 of 3 inches
(7.62 cm, area = 45.6 cm?), and the measured air speed of 7 62 m/sec (1500 ft/min)

I
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5 Similar measurements of the air input speed on the 7 m*min (250 CFM)
embodiment as located in the trunk varied widely and were quite sensitive to the precise
location of the anemometer sensor, values ranging from 80 ft/min in the center of air
opening 110 to around 400 ft/min near the top thereof, which is reasonably consistent
with the calculated value just indicated. (Air inlet extension 108 extends downwardly to
10 front plate 14 of air purifier 10 as disposed in the vehicle trunk, which could account for
the air speed being higher near the top of air opening 110 (i.e., the opening to air inlet
extension 108) than near the center thereof.) The 6 m*min (211 CFM) embodiment of
air purifier 10 as located on the vehicle rear seat was measured by the TSI
VelociCheck™ anemometer to operate at an air input speed of about 0.25 m/sec (50
15 ft/min).

Measurements of the air output speed of the 7 m3/min (250 CFM) embodiment
located within the trunk, carried out on 6 Feb. 2001, indicated a speed of 8.1 m/sec (
ft/min) on a “low” speed setting and 8.1 m/sec (1800 ft/min) on a “high” speed setting.
Measurements of the air output speed of the 6 m¥%min (211 CFM) embodiment located

20 on a vehicle rear seat, also carried out on 6 Feb. 2001, were more difficult in that in this
embodiment air exit hole 36 has a louver for “pointing” the direction of the emerging air,
and the measured air speeds varied substantially depending upon the precise location of
the sensing probe. For the high speed operation, the measurements ranged from 1.0
m/sec (200 ft/min) to 7.6 m/sec (1500 ft/min), from which a composite and rather

25 subjective average of 4.6 m/sec (900 ft/min) was estimated. For the low speed
operation, the values ranged from 1.0 m/sec (200 ft/min) to 6.1 m/sec (1200 ft/min),
yielding a similarly estimated average of 3.8 m/sec (750 ft/min).

The descriptions of these tests that follow will identify the instrument employed for
each particular measurement or collection, and at which of the three A, B, or C locations

30 the test or collection was made. The term “PM-10" refers to particles 10 micrometers or
less in diameter, and “PM-2.5" refers to particles 2.5 micrometers or less in diameter.

The instruments used were as follows:

1 Drager CMS (Chip Measuring System) Gas Analyzer, wheremn the relevant “chip”
for each particular chemical species was employed.

35 2. Ozone Spot Checker
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2. NIOSH Method 6 14 (Descnptlon of the method is available in PDF format st the

web site http:/iwww.cdc.gov/niosh/pdfs/6014-1.pdf (visited on 29 Jan., 2001).

3. OSHA Method ID-200. (Description of the method is available in HTML format at
the web site

10 http://www.osha-slc.gov/dts/sltc/methods/inorganic/id200/id200.htmi (visited
on 28 Jan., 2001).

4. OSHA Method ID-125. (Description of the method is available in HTML format at
the web site
http://www.osha-slc.gov/dts/sitc/methods/inorganic/id125g/id125g.html or at

15 http.//www.osha-slc.gov/dts/sitc/methods/inorganic/id125g/id125g.pdf or in
PDF format (visited on 29 Jan., 2001).

We shall now describe the manner of obtaining each of the experimental results, and
in some cases their particular significance. These field results are of course not
“controlled,” in the strict laboratory sense that comparisons could be made using different

20 embodiments of air purifier 10 under identicat conditions, or similar such experimental
models — there was little if any control over the levels of pollution that would be
encountered in driving through Bangkok, Thailand, Los Angeles, California, or Portland,
Oregon, except that insofar as possible environments that would be most challenging to
air purifier 10 were sought out. The data obtained are not particularly clear also, in the

25 sense that substantial changes in the measured air particulate levels can be seen to
occur during periods when air purifier 10 was turned off (especially notable in Figs. 13
and 14), hence it is not possible to attribute every decrease in the poilutant level to the
action of air purifier 10. What these data do show that controlled laboratory tests
cannot, however, is that air purifier 10 is effective in providing “clean” air within a vehicle

30 cabin as it 1s being driven on the streets, i.e., cabin air having poliution levels as to the
targeted pollutants that are below the standards defined by the various government
agencies. Of course that goal really is, or at least ought to be, the uitimate goal of the
cabin air purification industry. and the data provided in the following figures show that it
can be, and in fact has been, accomplished by the present invention
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@1 mmin (250 CFM) embodiment of air purifier 10, as carried out in Bangkok, Thailand, on
13 March, 2000. The MIE DataRAM™ instrument was used, positioned in the B position
of Fig. 8, which roughly cofresponds to a person sitting on one side of the rear seat of
5 the vehicle and holding the instrument such that the actual air collection point thereon is
positioned in front of the person at waist level.
Figure 11 is a bar graph representation of the results of PM - 2.5 testing in Bangkok,
Thailand, on 13 March, 2000, again using the 7 m%min (250 CFM) embodiment referred
to in Fig. 10. The MIE DataRAM™ test instrument was again used, positioned in the A
10 position of Fig. 8, which roughly corresponds to a person sitting to one side of the rear
seat of the vehicle and holding the instrument such that the actual air collection point
thereon is positioned in front of the person at eye level.
Figure 12 is a bar graph representation similar to that of Figs. 10 -11, now showing
PM - 10 test results acquired in Bangkok, Thailand, on 14 March, 2000, but using a 5
15  m%min (176 CFM) embodiment of the device. The test instrument used was again the
MIE DataRAM™, positioned in the A position of Fig. 8.
It may be noted that the PM - 10 values shown in Figs. 10 and 12 were taken under
comparable conditions, i.e., in Bangkok, Thailand, around noon time on successive days
in mid-March, except that the data of Fig. 10 were obtained using a 7 m*min (250 CFM)
20 embodiment of air purifier 10 on 13 March, 2000, while those of Fig. 12 were obtained
using a 5 m%min (176 CFM) embodiment on 14 March, 2000. As it happened, the
ambient air pollution levels (i.e., those measured with air purifier 10 turned off) were quite
a bit higher on 14 March, 2000, while using the lower powered embodiment, than those
of 13 March, 2000, using the higher powered embodiment. What is instructive from a
25 comparison of these two data graphs is that the lower powered embodiment, even when
subjected to a rather greater challenge in terms of ambient air pollution, was fuily able to
provide a very low level of cabin air poliution.
Figure 13 is a bar graph representation similar to that of Figs. 10 - 12, now showing
PM - 2.5 test results from Bangkok, Thailand, on 14 March, 2000, again using a 5
30 m*min (176 CFM) embodiment of the device. The test instrument used was again the
MIE DataRAM™, positioned in the C position of Fig. 8, which roughly corresponds to a
person sitting in the front passenger seat of the vehicie and holding the instrument such
that the actual air collection point thereon is positioned in front of the person at waist

level.
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CFM) embodiment of Fig. 10, carried out in Los Angeles, California, on 2 Aug., 1999, but
wherein the air purifier device was located in the vehicle trunk as shown in Figs. 8 - 9.

Figure 16 is a bar graph representation of PM - 2.5 test results using the 7 m®min
(250 CFM) embodiment as referred to in Fig.15, carried out in Los Angeles, California, on
3 Aug., 1999, where again the air purifier device was located in the vehicle trunk.

Figure 17 is a bar graph representation of analyses for nitrogen dioxide (NO,) using
a 6 m*min (211 CFM) embodiment of the air purifier device, on cabin air samples taken
22 - 25 Sept., 2000, in Los Angeles, California, and Portiand, Oregon, as analyzed by
Assay Technology Labs, Pleasanton, California, using Method NIOSH 6014, and also
showing on the chart the relevant health standard. The air sample was collected using a
glass tube, positioned in the B position of Fig. 8.

(The apparently equal values of these nitrogen dioxide concentrations, and likewise
the sulfur dioxide concentrations of the following Fig. 18, are an artifact of the
measurement process: those values were the minimum detectable values for the time
period over which data were recorded. It was estimated that in order to reduce that
minimum detectable value to a level at which distinctions between “purifier off” and
“purifier on” could be drawn, it would have been necessary to drive the streets steadily for
some four hours, which for the comfort of the experimenters would have been quite
unbearable. These data are intended only to show that if the concentration in the air of
the particular pollutant was not already below the health standard with the purifier off,
then that concentration could be reduced to below that level with the purifier on.)

Figure 18 is a bar graph representation of analyses taken and analyzed under the
same conditions as were the data in Fig. 17, except now with respect to sulfur dioxide
(S0,) using Method OSHA ID 200, and again showing the relevant health standard. The
air sample was again collected using a glass tube positioned in the B position of Fig. 8

Figure 19 shows data acquired as were those in Figs. 17 - 18, but with respect to
lead (Pb) using Method OSHA ID 125 and again showing the relevant health standard

Figure 20 is a bar graph representation of data with respect to benzene, acquired in

Los Angeles. Califormia on 1 Sept, 2000 and later analyzed by Performance Analytical.
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- $10%m& ( )Oregon Los AQgeles @almlg and%@iwgko% Thanand using the detector locations
shown in Fig. 8, as these results are indicated in Figures 10 - 26. The major poliutants
10 targeted by this invention are indicated, together with the relevant government health
standards (in bold), pollutant levels found inside moving cars in nine separate scientific
studies (of which one was the present study as to data collected when air purifier 10 was
not in use), and finally the levels found when air purifier 10 was tumed on. [t may be
noted that where possible, the more stringent of available ambient air standards was
15 used as the “target.”

Figure 28 comprises footnotes that pertain to the material of Fig. 27. More
specifically, these footnotes show the dates of data collection and types of testing that
resulted in the mean concentration numbers shown in the right hand column of Fig. 27,
those data indicating the typical performance of air purifier 10 for each poliutant tested

20 INDUSTRIAL APPLICABILITY

From these data, it is evident that air purifier 10 achieves levels of air purification not
previously reported. A part of that success derives from identifying specific pollutant
levels as indicated in government standards as “targets” for which lower poliutant levels
are to be achieved. The means by which those lower levels were achieved center on the

25 decision, contrary to the industry practice, to concentrate on improving environmental
conditions for vehicie cabin inhabitants for health reasons rather than just minimal
customer satisfaction.

Placement of the air purifier outside of the vehicle ventilation system, likewise
contrary to industry practice, was one means by which that goal was achieved, and

30 centers on (a) the constructive use of cabin space for placement of air purifier 10 or
console 114; (b} the development of an aesthetically pleasing and useful structure for
each of those placements; (c) and a compactness in the structure of air purifier 10 so as
to allow both of those features This placement avoids one problem in the prior art,
namely, the safety of the passengers with respect to devices that have been installed in

35 the cabin head liner, giving the danger of bumping the head, and any kind of placement
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approval, while at the same time, and most importantly, either of those would also be
purifying the cabin air, that function within a console not being present in the prior art.
Another aspect lies in the innovation wherein the filter media packets were structured
10 as a quantity of filter medium enclosed within a filter medium envelope that was itself
. formed from a non-woven, at least gross particulate filter material. Standard industry
' practice, in packaging up a quantity of fiter medium, has been simply to use a "scrim”
material that does not itself contribute any filtration function. At least some at least gross
particulate filtering thus occurs at each of the filter media packets, contributing to better
15 use of the HEPA filter for its best purpose, namely, the capture of fine PM, , particles that
ordinary filters cannot capture. It has also been shown that yet another type of air filter
can be formed simply by folding up a quantity of carbon impregnated fiber.
Yet another aspect of the invention lies in the use of a packed bed filter structure,
which to the knowledge of this inventor has not been used before in the cabin air filtration
20 industry, for the apparent reason that the emphasis on maintaining a high velocity of air
flow, given that the filtering device was to be placed within the vehicle HVAC system,
would preclude any use of packed bed filters. It was thus quite unexpected that effective
air purification could in fact be accomplished by passing air through not only a total of 3
inches (i.e., four filter media packets each of 3/4 inch depth) of tightly packed filter
25 media, but also through eight layers of the at least gross particulate medium forming the
envelopes surrounding those packed beds, through a HEPA filter, and finally through a
carbon impregnated fiber filter, but the data set out herein show that result.
Another unexpected result of this experimentation, as determined from varied usage
of the several embodiments of the invention, lies in the iong life of air purifier 10. For
30 example, the input air speeds of the 7 m¥/min (250 CFM) embodiment located within the
trunk carned out on 6 Feb. 2001, which embodiment contains the filter media packets
and other filters used in the tests reported herein, indicated speeds of 6 1 m/sec (1200
ft/min) on a “low" speed setting and 8.1 m/sec (1600 ft/min) on a “high” speed setting,
thus showing no detectable degradation in performance. The mileage records for the

vehicle in which that embodiment has been installed (excluding the Bangkok. Thailand
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pollution source (e.g., a diesel truck), the poilution level would be seen to rise, but could

be reduced again by switching to the high level for a short period.

10 In employing air purifier 10 to eliminate airborne infectious agents, the contraction of
some new disease while in a hospital is well known. With tuberculosis, for example it
has become the practice of some hospitals to provide for such patients rooms that have
“negative pressure.” which is to say that none of the air of that room is allowed to escape
therefrom, a pressure differential being provided between that room and the hallways or

15 the like for that purpose. For use in a hospital environment, it would fall within the scope
of the invention to provide air purifier 10 with filters especially adapted to capture those
and other infectious agents, and also filters more closely adapted to capture “hospital
smells,” e.g., formaldehyde and methyl alcohol. Hospitals, and also nursing homes,
often have air filtration systems that, like many of those instalied within the ventilation

20 systems of motor vehicles, are directed primarily to the removal of particulate matter and
odors, not necessarily including the pollutants that in fact present the greatest health risk

With respect to the air in the cabins of aircraft, such air at “takeoff” will usuaily
include some quantity of the pollutants that arise from the operation of aircraft engines,
including both that from nearby aircraft and that from the particular aircraft itself, and the

25 types of poliutants deriving therefrom will be somewhat different from those arising from
roadway motor vehicles, and again other types of filters may be provided to an air purifier
10 that would target those particular pollutants. Other types of environment that present
their own unique distribution of pollutants are found in mobile homes, RVs (Recreational
Vehicles), manufactured homes, houseboats, yachts, and the like. With respect to motor

30 vehicles having separate cabin and cargo spaces, the embodiment described above
which places air purifier 10 within the vehicle trunk may be taken to be exemplary of
other such applications wherein air purifier 10 is placed within the cargo space and is
similarly connected through air ducts to the cabin. Such application may be particularly
desired (in the case of cargo trucks adapted to receive the installation of such air ducts)

35  when the truck is routinely used to carry odoriferous cargo such as livestock, farm
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PO Rr oot ARMBRENST (10) 1ar the 16duction of Speciic ait pollulants within otor venicls cabine aid
P<Q R+Scishifnaispigifier (10) for the re P P cle c nd
similar enclosed structures, characterized in being-
portable;
operable from a readily accessible power source (62);
functionally independent of but also operable in conjunction with any heating,
ventilation or air conditioning system in a motor vehicle and other similar apparatus;
removably attachable to at least one preselected surface within or on a motor vehicle
or other enclosed structure; and
adapted to accept for purification only that air which is contained within said cabin or
similar enclosed structure, to the exclusion of immediate connection to air entering
said cabin or similar enclosed structure from areas external thereto.
2. The air purifier (10) of claim 1 further characterized in having disposed therein at least one
packed bed filter (70 - 76) through which ambient air to be purified is passed.
3. The air purifier (10) of claim 1 further characterized in having disposed therein at least one
HEPA filter (78) through which ambient air to be purified is passed.
4. The air purifier (10) of claim 1 further characterized in comprising a self-contained unit.
5. The air purifier (10) of claim 1 further characterized in having air inlet (14) and air outlet
apertures (36) to at least one of which is attached an air conduit (54) extension (108).
6. A method of removing specific pollutants from air within a motor vehicle cabin or similar
enclosed structure, characterized by the steps of:
removably attaching an air purifier (10) that is operable by power onto a surface within said
cabin or similar enclosed structure;
providing to said air purifier (10) an air inlet (14) and an air outlet (36; 106), both of said air inlet
(14) and air outlet (36; 106) being in direct fluid connection with the interior of said motor vehicle
cabin or similar enclosed structure while having no direct fiuid connection to any HVAC or other
ventilation system that enters into said motor vehicle cabin or similar enclosed structure from
the exterior thereof;
connecting to said air purifier (10) a proximal end of a power line (58) adapted to transmit DC
power; and
connecting a distal end of said power line (58) to a source of power (62) that is accessible from
within said cabin or similar enclosed structure.
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packet (70 75) so disposed within a said filter location becomes disposed within said air
conduit (54),
at least one filter media packet (70 - 76) disposed within one of said multiplicity of fiiter
locations and adapted to capture at least one type of air poliutant from air passing through
said air conduit (54); ,
a blower (48) in fluid connection with said air conduit (54) and adapted to draw air into said
air conduit (54) through said air inlet (14) and transmit air out of said air conduit (54)
through said air outlet hole (36); and
power means (56 - 60) for connecting to a power source (62) for operating said blower
(48). ..
8. The air purifier (10) of claim 7 further characterized in that at least one of said filter locations
is adapted to receive a HEPA filter (78).
9. The air purifier (10} of claim 7 further characterized in that said housing (12) includes on at
least part of the exterior thereof an upholstery cover (94).
10. The air purifier (10) of claim 8 further characterized in that said housing includes on at least
part of the exterior thereof an upholstery cover (94).
11. The air purifier (10) of claim 9 further characterized in that said housing (12) includes
means (52) for connection of a motor vehicle seat belt thereto, whereby said air purifier (10)
may be disposed on a seat of a motor vehicle and secured in that location by attachment of a
motor vehicle seat belt thereto.
12. The air purifier (10) of claim 10 further characterized in that said housing (12) includes
means (52) for connection of a motor vehicle seat beit thereto, whereby said air purifier (10)
may be disposed on a seat of a motor vehicle and secured in that location by attachment of a
motor vehicle seat belt thereto.
13. The air purifier (10) of claim 7 further characterized in that said blower (48) employs a DC
electric motor that is operable from DC electrical power of a motor vehicle, and said power
means (56 - 60) is further characterized by including a power cord (58) that is attachable to a
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xnmbC means (56 - 60) s further characte ized by gap (58) achable to a
DC power outlet (62) in a motor vehicle.
15. The air purfier (10) of claim 13 further characterized in that said power means (56 - 60)
includes means (60) for adjusting the level of DC power provided to said DC electric motor to
desired values, whereby the speed of operation of said DC electric motor will likewise be
adjusted to desired values.
16. The air purifier (10) of claim 14 further characterized in that said power means (56 - 60)
includes means (60) for adjusting the level of DC power provided to said DC electric motor to
desired values, whereby the speed of operation of said DC electric motor will likewise be
adjusted to desired values.
17. The air purifier (10) of claim 7 further characterized in being disposed within a trunk region
(100) of a motor vehicle (102), and wherein said air inlet (14) and air outlet hole (36) have fluid
connection to a cabin area of said motor vehicle (102).
18. The air purifier (10) of claim 8 further charggerized in being disposed within a trunk region
(100) of a motor vehicle (102), and wherein said air inlet (14) and air outlet hole (36) have fluid
connection to a cabin area of said motor vehicle (102).
19. The air purifier (10) of claim 17 further characterized in that said air outlet hole (36)
connects to an air outlet (106) disposed within a console (114) which in turn is disposed on a
rear seat of a motor vehicle.
20. The air purifier (10) of claim 18 further characterized in that said air outlet hole (36)
connects to an air outlet (106) disposed within a console (114) which in turn is disposed on a
rear seat of a motor vehicle.
21. The air purifier (10) of claim 7 further characterized in that at least one of said at least one
filter media packet (70 - 76) includes a packed bed of filter medium (88).
22. The air purifier (10) of claim 8 further characterized in that at least one of said at least one
filter media packet (70 - 76) includes a packed bed of filter medium (88).
23. The air purifier (10) of claim 7 further characterized in that at least one of said at least one
filter media packet (70 - 76) comprises:
a first grate (82),
a second grate (84); and
at least one filter medium (88) disposed between said first grate (82) and said second grate
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a second grate (84), and

at least one filter medium (88) disposed between said first grate (82) and said second grate

(84).
25. The air purifier (10) of claim 23 further characterized in that at least one of said at least one
filter media packet (70 - 76) is further characterized in comprising a filter medium envelope (86)
within which is disposed said at least one filter medium (88).
26. The air purifier (10) of claim 25 further characterized in that at least one of said at least
one filter media packet (70 - 76) is further characterized in that said filter medium envelope (86)
is formed of a non-woven, at least gross particulate filter material.
27. The air purifier (10) of claim 24 further characterized in that at least one of said at least one
filter media packet (70 - 76) is further characterized in comprising a filter medium envelope (86)
within which is disposed said at least one filter medium (88).
28. The air purifier (10) of claim 27 further characterized in that at least one of saig_ at least one
filter media packet (70 - 76) is further characterized in that said filter medium envebbe (86) is
formed of a non-woven, at least gross particulate filter material.
29. The air purifier (10) of claim 7 further characterized in that said at least one filter media
packet (70 - 76) are selected from the group consisting of a dessicant - sorbent packet (70), a
carbon particle packet (72), a catalyst packet (74), and a coconut based carbon packet (76).
30. The air purifier (10) of claim 29 further characterized in that said at least one filter media
packet (70 - 76), commencing from said air inlet (14), are disposed in the order of:

a desiccant - sorbent packet (70);

a carbon particle packet (72);

a catalyst packet (74); and

a coconut based carbon packet (76).
31. The air purifier (10) of claim 8 further characterized in that said at least one filter media
packet (70 - 76) are selected from the group consisting of a dessicant - sorbent packet (70), a
carbon particle packet (72), a catalyst packet (74), and a coconut based packet (76).
32. The air purifier (10) of claim 31 further characterized in that said at least one filter media
packet (70 - 76), commencing from said air inlet (14), are dispased in the order of.

a desiccant - sorbent packet (70);
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35. The air purifier (10) of claim 32 further characterized in that following said at least one filter
media packet (70 - 76) there is disposed a HEPA filter (78).
36. The air purifier (10) of claim 35 further characterized in that following said at least one filter
media packet (70 - 76) and said HEPA filter (78) there is disposed at least one impregnated
carbon filter (78).
37. Afilter media packet (70 - 76) characterized in comprising:
a first grate (82);
a second grate (84); and
at least one filter medium (88) disposed between said first grate (82) and said second
grate (84).
38. The filter media packet (70 - 76) of claim 37 further characterized in comprising a filter
medium envelope (86) within which is disposed a quantity of said filter medium (88).
39. The filter media packet (70 - 76) of claim 38 further characterized in that said filter medium
envelope (86) is formed of a non-woven, at least gross particulate filter material.
40. The filter media packet (70 - 76) of claim 35 further characterized in that:
said first grate (82) has first air holes (28a) passing therethrough and walls (92) extending
outwardly therefrom around a periphery thereof; and
said second grate (84) has second air holes (28b) passing therethrough that are in a
mutually facing relationship with said first air holes (28a).
41. The filter media packet (70 - 78) of claim 40 further characterized in that said filter medium
envelope (86) is disposed between said first and second grates (82, 84), whereby a surface of
said second grate (84) that faces said first grate (82) is placed into air tight contact with distal
ends of said walls (92) of said first grate (82).
42. The filter media packet (70 - 76) of claim 41 further characterized in that said distal ends of
said walls (92) of said first grate (82), and said second grate (84), are held in said air tight
contact by one or more pairs of mutually facing elongate, U-shaped sliders (90) that are
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45. A method of manufacturing a filter media packet (70 - 76) characterized by the

following steps:
providing a first grate (82) having first air holes (28a) bassing therethrough and walls (92)
extending normally therefrom around a periphery thereof, whereby to form a filter media
container region therewithin,;
placing within said filter media container region an envelope (86) including therein a
quantity of filter medium (88);
forming a filter structure by placing into juxtaposition with distal ends of said walls (92) and
a facing surface of said filter medium envelope (86) a second grate (84) having second air
holes (28b) passing therethrough that are in a mutually facing relationship with said first air
holes (28a); and
sliding over at least one pair of oppositely facing peripheries of said filter structure a
respective pair of elongate U-shaped sliders (90) sized and shaped to hold said second
grate (84) in close contact with said distal ends of said walls (92) of said first grate (82).
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STATEMENT ARTICLE (19)

Cabin air purifier (10) exhibits an effectiveness that could not have been predicted,
and Applicant cannot state with any certainty why that is so. However, there are at least
two features of air purifier (10) that except quite peripherally and generically are not
shown or suggested in any prior art of which Applicant is aware. and which may account
for that effectiveness. These are: (1) the disposition of the device such that, insofar as
possible, only air that is naturally within the vehicle cabin or similar structure, e.g., by
way of partially opened windows or use of the HVAC system, s treated directly as the
‘work piece” of the apparatus; and (2) the apparatus has been given a form that is not
“generic” but is directed towards the removatl from that interior air of specific, “targeted”
poliutants. Whether or not those features account for such effectiveness, it remains that
air purifier (10) is umquely characterized by them (along with its use of packed bed
filters), and for that reason the above amendments have been offered so as to better
capture those two features.

Amendment to claim 7 has also been offered above wherein the language “at least
one class of air pollutants” is replaced by --at least one type of air pollutant-- in order
better to capture the concept that such types include both specific types of chemical
compounds and in some cases specific chemical compounds that one or more of the
particular filter medium packets has been designed to capture.
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