; xye3eK} Kz. 6TOV Al RBORNE CONTAM NANT | NDI CATOR Background 1. Field of the

I nventi o 3 The present invention generally relates to rrm&
and appa,ﬂwmammwmﬁgl cating the presence of airborne contam nant§7a RdZUOS
accumul a rne contam nants, such as organic and inorgani c bases)
and nore part®atarly to predicting the life of filter systens for renoving

the airborne contamnants. 2. Prior Art Gas adsorption beds are used in
many industries to renove airborne contam nants, such as organic bases, to

protect people, the eny f ) bl nuf act uri ng process
for the products \/\hiChAIWk@a A .N NTINDIC | e of an
application for gas adsorption beds is the sem conductor industry where
products are manufactured in an ul Bagk&bgeah envi ronnent, commonly known in
the industry as a "clean roont. Thé manufacturing process typically
requires the use of substances such as solvents to be used in the clean
room envi r bnmenFieldpethedavestiathese subst ances presents a probl em when
vapors arc formed during the process which nay contam nate the air and

ot her processes mth i f 3 [ t aoper | enoved. | n addition,
nmany environments ha@fégg%\g/gélrtéﬂvte%g%n ntgﬁéqg rﬁ@gcﬁg?ﬁl’é?t?l9g§8§ﬁppqr%uf & anbi ent
air that nadicagnd 8ipiédeficd d¥RimB6Rd ¢AEMAMLIndARERRIAorAdIhidotenN0t renoved
by normal particulate filters. Typical contam nants that are produced by

such pr ocesgésniaasts,suchos ongaiagedinosganic beseanndmaee parganarty @ni nes and

N- Met hyl - 2- pyrr.ol i dﬂ{}e. ;l'g elimnate the problem contam nated air |Is often
drawn t hr RIGHCUng theiif of LUETSHHETF &Y T5ReVRSIROBIrRORS CPRABIEN# S me and
adsorption medi um such as activated carbon retained within the frane. The
adsor pti om_ nmedi pgpadspr bs the gaseous contam nants fromthe air flow and
allows clean aiT to be returned to the ~ 7 MaR zoos

Gas adsorption beds are used in many industries to remove airborne
contaminants, such as organic bases, to protect people, the environment and often. a
critical manufacturing process for the products which are manufactured. A specific
example of an application for gas adsorption beds is the semiconductor industry
where products are manufactured in an ultra-clean environment, commonly known
in the industry as a “clean room™. The manufacturing process tvpically requires the
use of substances such as solvents to be used in the clean room environment. The
use of these substances presents a problem when vapors arc formed durning the
process which may contaminate the air and other processes m the-room if they are
not properly' removed. In addition, many environments have scveral gases that may
naturally occur in the ambient air that may contaminate the products and/or
processes and are not removed by normal particulate filters. Typical contaminants
that are produced by such processes are airborne bases, such as ammonia. organic

amines and N-Methyl-2-pyrrolidone.

To eliminate the problem, contaminated air 1s often drawn through a
granular adsorption bed assembly having a frame and adsorption medium, such as
activated carbon retained within the frame. The adsorption medium adsorbs the

gaseous contaminants from the air flow and allows clean air to be returned to the

*166166*

LAV B



cl ean'room and/ or process. It can be appreciated that the renoval ;
efficiency of such beds is critical in order to protect the prochssedARPO03
the products that are involved. It can further be appreciated that since

t he renoval process involves passage of air through an activated carbon bed
that adsorbs or chemically reacts with the airborne contam nants, there is

no neasurabl e pressure change as occurs when particulate filters are

| oaded. T €, it i i i ] nit ¢ e st at.us and
deteriora ?@ﬁ%g@ z{nﬁ?e&ggt-?cleg%tfet&(‘ilglg%s8%%3%@%8%%%‘1{%&0% 8@6‘:’}%\?}%?9}‘eam may
det ect pegeli9istMRal inriérGb PR6iket BE pYheSked af RitePrEd ReSIHAC A iR GAvand that the
adsorption beds are spent. However, presently avail able sensors nay not be

sensitive enough to work at the contam nant threshold | evels which are
critical in the senitcantiwtiteobe iapphesiated thatdirweghofenmvabpiocessaoseligs. A

problemw th sensors having acceptaple sensitjivity is that they are often
speci f i c Ragsage of ﬁ'@ﬂéroeéh?% e %%%?F&Hﬂgkféﬁogbéﬁga?gnwabya@e St | ow
| evel of ] 0 Iy wand remain
undet ect etgegifjgv\e%/g&,t&g‘%gtsf Heyri:‘ge;;siI{SH':)%?ﬁ%i((\ln %@%@ﬁéﬁﬁfggﬁbg s%ﬁgﬁpon bed is
spent, i tpatticutdté fittets@ee loatied. afillerefige, it BakHiRulno piredlichsniicevifie efatien been

rui ned or damaged. Qther systens have been devised which cast nonitor
adsor pt i gadidegriprationfhe aidivaiedarhpniied. Héenytarnplaesd davnsiyeam maxor pt i on

beds are aced.in serves.. a sensor . be, pl aced in ries internediate
the two ge(g[,%ﬁrfocm\a%%g?%gchf 8?3’%63?%1}%6Qgss%crcﬁfrfegﬁn‘ig@t%becorres spent and
the sensqsdPids BéRSart BsenPr BV Er, PlesBnthPRlATbRaB sord Ry $8E0Nd adsorption
bed is still effective and failures are prevented. However, such detection
syst ens lsansitiweareugh tawavibaictks cotammanntiredhott foy elo wedsreaneicaisedye t he
pressure drop i.s doubl ed.ﬁgﬂi S y be cri ‘tj cal in sonme applications. In
addi t i on,SCHHERARHET MARSIEY pRcyars teh gBHe FAUN e ot BEPRAEM BEIFISYEARY PE he
adsorpt i . , t i . td: Li.cated manner.
Such T ot arramitte MEiRAY TR W) B Eleh el ATR HIRP cOREREE. °0 Cyarom At
ot her ti maghoupPklictastasdrpimnnddieda lowyieed of bengedarmintnt, bltereiyy decr easi ng

| abor, but also shortening the useful life of the downstream adsorption
beds as taseymype tp &igh/lsyelpand remynpadetgcted Hpwspemence there IRapR 2003 Ot her
systens uti.lize sensor_pl a directly in the_adsarption_bed. How ever,
in very t’ﬂ‘?'ﬁa“ao&stg?‘pﬁni ac()iﬁo%’gl&g,cb%gﬁ% egﬁslée%s?gre . Erroua?yIa eaﬁ?@ lﬁ%p{/oac Uabl e space. In
addi ti on,pr@dhc'tsr}{a%foa@gbggfnﬂ@é@@,tddﬂ.@hgbb,e presence of contam nants within an
adsorption bed requires seals dad can be conplicated and expensive. 5 It
can be appreciated that if the filtered air can be distributed in a

bal anced ) even nardder sxstemnhbavedieen gevises Whigh can mositonbisorpiraadiedt i on of

t he expected useful .duratiqn.of each,.bed would enabl e | onger change out
nter val THERBaaEA BT i terieny YRR R SR AR P STk vl g ¢ he
gr eat est {pAS? kil BeGl1ARESn Qtties iRtePm¥diatethé RAYhddofhl dif iR deoTheredlier.gase filter
materials cost and |l abor costs utilized in 10 changi ng the adsorption bed
filters. ontadmrptisi babbeeotes spere aad thentnsatindinates thelpeeswotaal a anount  of

contam nant that the filter beds haye been_exposed to based on a, known
filter c&gH@MIAntThe peqong aéﬁ?’@“?’égsgb%ﬁ“gt"rélfeﬁ“b?@m faplures agppreNgntet hange out

period fqf,fhe %ﬂé}%%&% %@?hse@% Qe@erﬂ%’&?ﬁ&kks \ﬂ%@‘%w%ra%%@g?hf the

actyal flow passing row Ifters 1s known and the pr ction based
on a fl owedhirehiskd the pressiire arsp isidoublee. Taisuady bé ewidahiroseghe t he adsor ption
beds. By sanpling upstream of the adsorption beds. an accurate predictian
of the arappligations.chradditioraionse thediwstredthas baen iadirategtas beingspenic e be node.

U S Pattent No.,5 09, R79 is directed to an arrangenent for detecting ?()
gaseous. COMBHTAPEL A BrmmalRPAEE It Somari s R R OIeE S s i Paanp! o
quant i ty RGN Hirdist SHE nitfiniehBifee ahB dBdmEor hehdish SehLIAL Qné daEeCting
agent for detection of NH3 HO ) or other gases- Thé detecting agent

i ncl udes bodr adserptivarbeds prly befchahgduomit tivereby dedrbasiiey, labomd bor aize r coni a and a

pH i ndi cator coated on_the carrier. ?5 It can bhe seen then that an

i ndi cat orshexenigthedispiub fifgjot thgdoyasseans adsqeptionheda as they |38 Emoved ai r bor ne
cont am nant Sy S m shoul d be able to sanple a proportional anount
of airboPWg%ggﬁ?ggﬁﬁgﬁ¥§h€hat arc flow ng past an adsorption bed device.
Such an indication system should provide a clear visual indication of the
bcd usage and indicate when the adsorption beds should be changed. In

addi tion,



17. MAR 2003 '3a as contam nant enncentrati onS may vat5~) the System Shoul d
provide a real tinme indication of cunmulative contam nation |evel

predi cting the change out interval based ot~ the actual cont am‘fnznm%R(gooa
past the a~iso~ption bed. It can also be appreciated that such a system
shoul d provide for a variable safety fagtor so ensure 5 that adsorption bed
failures do not occur. Such a system should al so be able to neasure the
presence and cunul ati vgyl.e fufigcd &Q&t?i@eﬂan&&] iR dRadshptiboBeEM 17
MAR 2003 4 and provi deégﬂev%/}gua ulndi C?;Iti on. The preylsent i nvention addresses
these as wel Hodgvé! iGenphabideomtiasbalk] itk d swisbhway tke ap valgalilaspaseekence of
ai rborne contam nants. Summnr% of the Invention The present invention is
directed to addigjer, eninerdacadonisteching the prasense of OTMHBIDARE ¥3RELLOf  ai r bor ne

bases. Such a,syste be used in glean k.0 nd r applications
wherein air &9 “L"?%]Fg?%?‘i’?ﬁ sc?glf @%ﬁ°ﬁf“€§f‘§&%@‘ﬁ*@%§‘%u uggs a val ui ng
arrangenent to control floe into and out of the system A probe is utilized
to obtainsa sanple of Ricpbd dhpeRtfutthadf e filtered afraaPbe disaibarediis a
proportional to the actual flow rate of the air, being sanpled. Therefore,
the system t bslanded, ayee cnanncrovpytheidsomtionbeds, g pdiablspredictipngaf the gygccted

contam nation_ |l evel s. vary. . The syste ] . er I nd

cal i brate. t nseEg pibon Rt ohbed uPLR FH 3Toneds ofth SRURErAPpol sifloul)
tube, havi ngsmQrdrdBEmM T appRiatedlidafigéving W8 gofarisppussialeichasicat irdtealt ube

froma first end, the specially treated nmedi umw | | chanq_e_ color to

i ndi cat e t hewithewdailuse wouldsecesasefilict makesialgsastiand labgpeostsutilized @y apl v
substantial | y transparent . r changing nediumwi thin the sheath is
Vi suallyaﬁet éb”flaﬁ‘lgi-’.?"i@ 88%'?:&0@2 ‘cont am nant passes through the nedi um
additional treated nediumis affected and changes color to indicate the
increasirn; |evels. Thussdslpatdehiotase agiddication of the attoal sirpuobsfer ved. A

calibrated flow neter naintains the flow rate tgro gh ﬁfhe igfi cat or

propor t i onal cemaigantdbetihg fier beds bavp besn cxpazeddy ‘PFﬁ‘bJ n3KRRVBENST type punp
actuated by compressgd. ai I i : R t ypi cal

cl ean room p?@?@é}i&ﬁ%ﬁﬁ?&l&&%@ﬂ&%éﬁg} ag%&‘gtﬂﬂ.éfraﬂ %ai%??ﬁﬁ f():rqs?hcdesi rabl e
to provide aadgeitismbeanauch a@iocdsiie fiorapretissitshe &2naf Aowlphysing theougedi umis a
silica gel or -zirconium oxide having an _acidjic surface. This acidic
surface & adwifBiradskpovr aad thagredisionkancd opdifton which isrfortienp! ithe y) £ uri ¢

acid. The acigj j ' . 'r?\?&ﬁ?d i sSERS b ink @didastignat or, such
as brom)phenS'F1 L@I[@g{%gﬁh{:ﬁ%ﬂsg&s co .OP“S%%%]%%F% ow t(t;;r{tljll\é%ek’l?}[g}oc‘r;l1 an

i ncrease in ptis, Thascefaos medistion of the amount of contaminants flowing to the adsorption

beds can be madc.

U.S. Patent No. 5.069.879 is directed to an arrangement for detecung
20  gaseous components in air where an air pumping device pumps a sample quantity

through a testing tube.

JP 62-19765 is directed 10 a detecting agent for detection of NH3,
HC], or other gases. The dctecting agent includes carmer composed of alpha-

alumina, silica, and/or zirconia and a pH indicator coated on the camier.

25 It can be secn then that an indicator system is needed thal detects the
cumulative levels of airbome contaminants. Such 2 system should b able to sample
a proportional amount of sirbarne contaminants that are flowing past an adsorption
' bed device. Such an indication system should provide a clzar visua! indication of

the bed usage and indicate when the adsorption beds should be changed. In addition,



17 MAR 2003 airborne bases pass through the nedium a front of color)
i ndi cati ng spent nedium advances along the tube. The adsorpti ori ?ymﬁe
commonly used -in clean roomsettings are designed to not clog ilnft aéjéﬂa
manner as nornmal filters. Unfortunately, because of this, the beds are
difficult to nmonitor to determne their cjjange inten~al. Although sensors
may be utilized downstream of the filters to detect when the adsorption
beds are spent, such.sepsors ar.e ex;r‘)ensiv angquﬁfte do not have sufficient
y @it %o

sensitivity tofSFORRFETanE HECFYRuPRs Bk VALY 8“’881&'3 fidieas ey

addi tion, contjrglafin JREmhlaR%¥ cIudB RIRASRIER i hid t by
the tinme the e’ilpli ratni on olf at hecadsor ption bedgg%asi'c e g%t%é#éédéﬁahgée‘bﬁny have
al ready occur rimged en thb actpal@oetasiinafihBowe past ehe ddsoption bedo dt evilet legeous t o be
able to predict the inten~al when the adsq ion beds will need to be
changed. This "«BPN“’“&"I‘E%SE fite Blfimé‘gi%ﬂt" I¢ ety fasdorfip FusuFe

mai nt enance a i fgyg 1¢7; q&sg I fakters prior -
to any fai I%ur gﬂatyglég? é I ct{a'féﬁm?%e%gf@%agaﬁhn I C%H;S?l ogdo%% |°sibE) ta(@slced
upstream of t heesatredhqprcncdbadcumiaizatrvel dfisactpéontdminmts B ac@virbgmeritr
passi ng through the indictor has the sane conposition as the air passing

t hrough the absorption beds) the advancenent of the color change in the

i ndi cator probe can be an accurate indicator for the deterioration rate of
the bed. As proportional flow ~s maintained, the color front on the

i ndi cat or nmedi um advances at a rate proportional to the deterioration of

t he adsorption bed. Thus, when the rate of the front advancenent in the
tube, the flow rate over the adsorption beds, and the bed deterioration
rate, are known, the nonitoring indicator can predict when the adsorption
bed interval expires. These features of novelty and various other

advant ages whi ch characterize the invention described herein are painted
out with particularity mthe clains. However, for a better understandi ng of
the invention, its advantages, and the objects obtained by its use,

ref erence should be made to the drawi ngs which forma further part hereof,
and to the acconpanyi ng descriptive matter, in which there is illustrated
and described a preferred enbodi nent of the invention. 11 MAR 2003 6
Brief Description of the Drawings Figure 1 shows a diagranmatic view of an
i ndi cator system according to the principles of the present invention;
Figure 2 shows a side elevational view of a counterflow adsorption bed
apparatus having the indicator systemshown in Figure |I; Figure 3 shows a
side el evational view of an indicator device for the systemshown in Figure
| ; Figure 4 shows a side elevational view of the indicator device shown tn
Figure 2 with a portion of the indicator nmedi um changed;



Figure 5 shows a side elevational view of the indicator device shown in
Figure 2 with the indicator nmediumshown fully changed; and) thfmiﬂf
a flow chart of a nmethod of calibrating an indication systemfar dﬁ
the interval of an adsorption device according to the principles of the
present invention. Detailed Description of the Preferred Enbodi nent
Referring now to the draw ngs, and in‘garticul ar Figure 1, there ~s shown a
system OgR@pRiide £iskdliiOMiohD ThePhestRhéatioRdalittRIfAEAC G AN | evel of
an ai rborne contam nant. The systemincludes a probe or sanpling air
from a duothepprobidmseassodated wothun@icafiy thd beesémdiof airbsme xohamishtal so
includes a flow neter 16 with a control valve 14 between the probe 12 and
the flow meter 7 6. An indicator 18 is downstream of the flow neter 16. A
punp 40 maintains flow throught he JaveAtioy st em 10. In a preferred
enbodi ment, the punp is an ejector type punp such as Mdel No. LX-5,
avail abl e from P a0 1R BB PR i Sr ALl iBLa0sRh AUIRIREETREC 21 Supply

44. A valve 42 acts as’a safe I've resse air supply 44
and the pﬁﬂ‘lﬁba‘ﬂ:ﬁF t}mﬁey@bwéﬁb&ﬁ@bﬁs@k sSidha¥ykent fgy §¥%§&mnl&ezﬁﬂd i's
calibrated by flow neter In a preferred enbodinment, the flowis

proport i omqm&amdtqﬁleer@anma@em wharetm s gpaliypissiticak. ur ns t he sanple air
through a vent 46 to a duct 17 MAR 2003 7 and back to the sanpled or
anbient air 100. It an { at r._sone ni tor

appl i cations, such %a@gspﬁ"&%% g‘cgl if]v'gPI‘mgPo‘?rV%ﬁé? C?Wé&g%%p 40, f1ow
neter 16 ppdaNdbyefife f‘}%iérrﬂOA ﬂ@@bm%@hlze% tmob@avirk Xsaﬁ{ﬁl@Q#%uOtIh%rne”Dn' toring
applications may not required the use of all the equi pnent described

her ei n. Rerhbodimegt, acampte tEkeyuis proportidrel lcnheeetudrﬂ@ysatenf i ambeibe used ~s
ith an adsorption filtering system 60. Such a filtering system60 typically
i ncl udes SATRIEST ABETE r%t‘lﬁ%gyéwﬂéﬁ%g%“ﬁigéf'aB@d‘CT‘Pfe“iﬂhSEﬁaf%ra%‘l‘thés housi ng

has an in ndlng vertically past a stack of adsorption beds
70. Fl o~ &g&st%rgisngpérﬁg]n%@?ﬁ% nl et plenum64 in parallel through the adsorption
beds 70 to an outlet plenum 72. The treated air is circulated back to the
anbi ent air. Anot heThsygdi@musas afl6W nsd@to ntonitdr dhdcaliBadiettie $¥atend, 390. 345 to
Gsendorf and assi gned to Donal dson Conpany , assignee of the present

i nventi onAﬂllﬁdlﬁﬁ@T Soyieq igeludes %Pheéﬂbﬁwhlaﬁ arwlgeuhe\ ing ap prAIgatBlemeEduPs pl aced
e TRt B24Eh G ERhe B AoPHRE bRL ¢ @Oﬁa&mlﬂg LAg,df eated through

t he adsor Wever, such 0 neasure

cont am napfed|u@y RIS chah gk kSloRtInANatethE pREerRt oflbéift@hbiih: | BegdusOfe wba filter
system such as do~nstream of the adsorption beds 70. In the configuration
sho~~~n, ishpgeferaicabstantigitt Emspareohithaxelasbangieg megedvathon thsfshaatbor pti on

bed |if | t. b d that th d t b 7 t d
Lo ece vis B ARESHOR g U R a0k oug TRATSTHE: det or i or at | on

rate of e@&d}n@%%%ﬂ %dnﬁﬁils7£rfec§ed%%hana€beolbnw inglcafe BY $i@BshD. 1 S used as
a predictor of adsorption bed Iife and chiangeover |ntewal) rathér than as
an i ndi catevelsoThubian aflaarcingefrbmo fabloe adgbsavedir Aad]jibased flowheetpr i or an
sensors. As_explained hereinafter, the indicator 18 al so gl ves an

i ndi cat i omagitaiphhedlaveratothreyghth Féﬂﬁé‘?a‘%fpf%?é“%‘d’é&?r%laéwab 8¥- 7. Referring

now to Fi s e 18. The
i ndi cat or ‘ifﬁgf)?%ne‘sslg ?ﬁﬁ‘%rig’%m‘"%&g‘ﬁagde&%ﬂ%f rﬁagd tgnt ’r’%‘@%@??ﬁgy | evel
suffici enfhr&?h&ﬁgsﬁ;tgﬂ| ormetric indicating medium22 within the tube. In
the preferre nbodi ment) the tube 20 is quite narrow, on the order of an

118 inch outside dianeter, an inside dianmeter of 0.08 inches, and nade from
a 17 MAR 2003 sui ﬁamcq}ﬁ@nira@mmmss&semetfamunoma@ramgs apd ather ¢ and

sufficien cer teria al.so,be used. At each end of
The t ube. bifbsnbE SEREHEY lo igviaP a et un s sl af thactRE b8k BT erera: Mrm nt i
the i ndi Caletifigh FRAiKCR geifoﬁ kl%ﬂnht)in%ﬁﬁi‘é%qvﬁ‘igtaﬂqbﬂdﬁesutrfégg #his ablific t ube 20 al so
includes fittings 30 such as Swagel okT" I ements or other suitable
fittings $faceavhidvied by tieanimd thegnddidrh iwithsan atik shelt ds sudfaridGicjat. oThiede f or
easy rermval and_repl acenent of the indicator 18 when the indicating nmedium
22 i's spefic ‘CG?G‘WTEHS thea tr&é@éemﬁtveaHawar%tlnéiﬁateéégclha%br@ﬁmpgﬁao and it is

bed assenbiFattish e oyBF AR iieh e DR itk b By TERERRER"7 S

i nches, but may ranne from about '_' to 12 inches. The msdl um 20 is
typically a material having an acidic surface ~h~ch



i s designed w th advancenent rate which coincides with the |if f
filter bed system 70. Preferably, the nedi um conprises silica 3L7 MRR 2003
zirconium oxide (zirconia) that has been treated to provide an acidic
surface. Exanptes of other suitable nediuminclude gl ass beads or bubbl es)
porous polymers, alum na) and ceramc mat erials. It can be appreciated that
by calibrating the flo~ rate. tube Si z medi um type, nmedi um nesh size and

surface ar AL and/or theflowratethroughthe
i ndi cat or %@)on}ia{‘i? ggg%ggli‘rgﬁ%ﬁtﬁo P %{H gﬁ?omm‘icmr@mm PEAWhangi ng a
filter bedy@wagscdloheife RibemonNi tori ng the amount of spent indicator nmedium
24. In one preferreg enbodi nent, the indicatin; nmedium?22 is a coated or

i npregnated silica gel. A specific mesh and surface area of the indication
medi umis chosen forThmaissp:eiﬂhftj'prbwdedtmlmbnb'atsladiimdlie@mrcmnnsgmhgmrko. It can .
be appremc{at ed that a smal article size :‘m ww de for_ a sharper

di vide in F%?Otd’llﬁﬁf@é B HEANF AHeATRY! iteﬁt foppaielyebecaush ofm 24,

but wi 11 R bells o/ BREN (@HRARME ollefink 4 i%@gtﬁtt%i Anfingidh exanpl e
of a typica [ FSr Gl rborne bases 18 D mesh SI i ca gel or
beads whi GBndtasmay dpedilizéddouistrent oftirailets @mu&xwmhetwacﬁ@%tﬁﬂuﬂaae meters
per gram To prepare the gel, it is first inmersed in a sulfuric acid

sol ution fase SREBhrsYsh mﬁ@isylfﬁt QpChBYe andgfieardoer bave fidfigienesansaivitd s poured

off and the sjlic wat er eve nmes. It can
ol so e niodlarsfigdleyys phBRSEe Mtatnatt ! ISR SonPSlE e el ™o
phosphori Goggigtecedbdsihay t?&éoﬁcntféﬁﬁhhtooﬁﬁé fmeiNdEQRAkBRIE tﬁ&adtorpuon
trifluoromethane sulfonic acid, and trifluoroaceric acid may be used

depend~n~-bednistdeeecyrd, danwlwhybweiaereatbswqcedc:d tohteeipecuheam Bbd:m@)rcised and the

i ndi cat or bein g $ed The fi ngtab3 sol ut of g i.s fi]tered and
dried. Dri“é‘t]‘l‘% Apf wntageaus johe evtPtpﬁe r][éFq Jt'f 8 %Pt'?%B opanol, to
whi ch i s t$99¥%n?9@uﬁﬂisqflll@f‘o»@@ﬁte@gﬁr'i%tethle@g%ﬁh%rregﬁi'?ecﬁmnpl e of an
i ndi cat or t as a color chance at an appropriate pH I's bromophenol bl ue.

I n anot herthepm@ftﬁdirfaﬁde ardowill mexinizd the chamde oathanginesli thenfiiters pricy taagoat ed or
inpregnated zirconia particle. Simlar to the silica gel, a smaller
particle daweyj|| provide a sharper divide in the color front. To acidify
the surface of the zirconia particle, the zirconia is boiled in acid, for
exanpl e, sulfuric a r ~Z] ' v) which
is comonly ref erregh?%regfshgﬁBgﬁ%gr%@ngkggpg;%f gépgfr:dg&% e&tﬁaﬁcéﬁ%’ t he
particles a&ﬁﬁﬁb@m bedt tb BadipRuthé air flowaSirtesid ait pasirfecthrayghrthx imdittet yast hr ee
hours after ich the particles are washed ~.t~~th distilled ~~~atrr

several t ithesammeprapgsitipn asiheyainaasaing thopgly hieabsarHaphete B bei ng nodi fi ed
to he strog %]%egt%heeﬁhe b t?a(?l Eniatﬂeﬂdiéa?(ﬂ'ﬁ(% cdi e OLccGRAO AR} cator ~s
appl i ed t NSt ace: 6 Fl gl di parti FFom an aqueous 1 sopropanol
sol uti on. fbf theWBtchidraARRTReodtRMbethals pigRenstiahgoans nientaprdsthefcotdie s~~st cn~
an.| the type of contami nants that are being renoved, 'that indicator

medi uns  sUuint a8 thrceméwor padpine advangessit 2 Kta pyopeyliansblo iewsteroras ofr ed,

b th I th h I d,
and ot hor RoRPROBER, Tngdien PR RGeS I el o0 be
utilized. gqgy, addbidrame adsbrp%ﬂ begs, ARPIHE Gedtedribdbn e, ﬁ@%@%rir}ie' on of the

i ndicator that is used depends on the intensity of the color that is

desi red. Imoriasingdndicdtoticuh friditt wehdd. tb&adsprpuendiet ihmemad)pmamsl bl ue
concentration works well, however concentrations of 0.1 %to 5io by wei ght
are useable. To appl

col or ch ndi cat or tothe article,
sol ution of the aci dﬁtqs% AR ?frﬂo("ﬁ)? r@xg‘?ﬁﬁi’%‘)@ief 'fl%"afmba@lesb‘g“'zh Irconi a), a

wat er/i so t ) exanpl e
by omophenap pifee fethidifiol QeschBea itbtard B ERIG iR ANIED e XD |
the m xt urctaiins. Blowawed féra tsdtenahdet seandirRci Uhe invenitan it ad vamdgesaatEdie wi t h

i sopropanol . The resulting mediumis dried, for exanple in an oven at
appr oxi matobjeptssabiaipediby ite bse, faierpneshenldde madedp thedragangsiwhichiomsat r eat ed

h b | | | b h ~-. b
thon ox o dirEetartheor Andiia atcbmiing e dutiis mied i hich el o el 1 ow
to bl ue. idite RRGRRLIRIIMeALI ERBodiRBRINRDR R can viel d an or ange

silica gel I ch chan~~es t | ue/ purpl e color upon exposure to a base.

The indicating medi um 22 i s vacuum packed into the tube 20 and retai ned by
t he plugs of glass wool 32. Once a tube is prepared, it can be calibrated
by exposm- it to a




controlled air flow that contains a known anount of the contam nant or

ai rborne base. Wth the flow neter 16, the anount of sanple airq §aspi R4

t hrou~h the system nay be neasured. The rate of the advancing Jo?omﬁrzuga
28 between spent medium 24 and fresh nedium 26, as shown in Figure-4, is
measured as a function of the amount of contam nant. A graphical curve can
be derived to estimate tile relation b8tween the col or change in the

i ndi cati ng nmedi um 22 and t[én%ebglrglngggtl Eﬂ rgte,.of t he absorption bed. This
curve can be conpared to t % rption bed 70 and the
expect ed breakthrough tinme or failure point of adsorption bed 7U can be
predi cted. The fikaw1rshbs blthgstintaie viewbe at ic; | ok~

i ndi cator 18) c#a%ﬂlgle increaséegg or decreaks)ggﬁ g%%%ﬁé%g%%ﬁﬁ?djhgn t he
saf et ~~ f guimipleseduie prdsdny invenfipnyl ati ng fl ow neter 16 and val ve 14. )
Referring to Figures 3-5, it can be appreciated that when the indicator 18
is fresh and u[}:ex‘goigg to an e?ase., t he indi cating_nedium 22 shows an
unchanged nedi dit8W8 2610V sids;elsvafiopg)| iew of 9 Goumterlow @dsanHeR bethe i ndi cat or
used is br | ; i i as nore contam nant passes
throu~:h t@g&gﬁgpgﬁxgkﬁéﬁgaé@@%‘a |59n°§§g§§?e%ﬂfcl)’the cont am nant base
changes col or and the spent nedium 24 can be visually detected through the
tube 20. A frorigi28 3phows daglealolatiandlyvisw ofiah lindipaorcéptitdfoe thd neeadvanci ng
along the tube 20. As shown in Fiure 5, when the nmedium 22 is substantially
entirely #hpweintigueali of the nedium 22 has changed col or to show the spent
medi um 24) indicating that the adsorption bed filter 70 shoul d be changed.
11 MAR 2003 a4l i.Aat: , . ~Ccanml.6 .. oX a
systczn far detﬁé%{nlgﬁghg‘?? gg%g&%\%@ggb?ﬂk gtsfﬂget@ g%ﬁ%ﬁﬁ%%&%"\ygﬁ it can be
appr eci at egirbatwie Hpsrtist s tinadizamaynddturtiichhigedgl for rueasuring the
presence of other types of airborne conpounds a:~d used just as
effectively. In addition, although the above described 5 exanple prtw dc5
for predictingFighae Sishewsp siflg elgyasiepaliaew wétheasdicatar fevicashowditat or syst em
nsay he used t ur e,. resen fea contam nant and the ctunulativ a
concent ra?ﬁ%‘ﬁe gqugﬁti’ﬁ "}adl%:%ﬁrt@%&%g]n%%&&aﬁﬁ iC?n”f"Ilgenrgd aln(rif anbi ent conditions
that do not have a flov~~ or an adsorption device. Referring nowto Figure
6, there is sh@igura6rRéwed flotv charesll Cheth@dtofeallbrating en aidienioadStkmt | ol |
filter using the indicator system 10 shown in higurc 1. Vfhen new

adsor pt i offorpredigiing hgdnferal P%?n adeampyian deyiqej apgpding Wrthe RONFBISSREENG | ed i n
an adsorption bed ’;O a fresh indicator tube 18 having fresh nmedium 22 is
al so inst dFFEH Y f1 ow neter 1b anti control valve !'4, the flow through
the indicator a a ~s calibrated.tv pro ge tbi n between the rate of
col or change in the iR8iaHs¢ Hesaiptios oy PTG SEROBEIN N or j oration of the
adsorption bed 70. Preferably, a time safety factor a_incl lrld din the
calibration. Afler tHeéerriRgmoR] tofhe éTai“élf'%%ﬁmiHHP%"é:‘FPBF htgusn |- et r er
calibration jis.n e Y, | gat: 4 the.. i d 70
changes.  ApL2gF e ERRRAMIRERE 1o AR indibhHOe fPRAATSHD ORIART, £

wor ki ng  praa@emk Yos@mik@t. dThe s@itera Mycliddsueprabé 02 Forasanipingrairlfom 4@uéf t er
calibration) the flottv neter 16 anal valve 14 ens~a-c that the proper flow

i s mai nt aion@uhbient ainaolumesl 60. olhe Hdierer vaen Hplsatesiudes 4 Bowmsiesl6i onal to
and provideg a relation the f]ow thrqu he absorptjion bed 70. Over
time, as t ‘i?ﬂﬂ“@if’%‘?’e tlég’gt‘ﬁei?nid‘%p@)&dgsaga ”E‘%ﬁ%rramggm'aginﬁﬂ%f%‘?r the front
28 of speng i ERoR'RESr jSeAl SR Bo HaidbistiRemtSugsnehown in

Fi gures 3- ! 'S r'r%@idr%“co?or 25r;rt nt" provi deaé a Si sual l'y %]Zr ceptible

i ndi eat i odndibdterrsyesm e mnoprefdmedebddbnants thethenp stan géctadypapempnt of the
front 28 is conparable _to the deterioration race of the adsorption bed 70,

it can be suplprsddpdeldvp. daes. evadlabledgem Db Company. whigh igrcthiaied Bha heds 70 can
be predicted by view y I | e > .ndi gat jum 22 is
suhst anl i éﬁowr%f)eéfn‘i" %@%&; ?ﬁt%%&eaﬁgge&? %s %:%a[f%%é\;s&g t{g\%%{ ﬁ]% C&Fné] gér?s gédg

s %st emlgp%k%h%g 4%k VPP U0l tThSvalvee4 tontedlafion fol the spennptahets | zeds

o calibrated by flow meter 16. In a preferred embodiment, the flow is proportional to

the sampled flow. The pump 44 returns the sample air through a vent 46 to a duct



12 Repl acenent of the indicator 18 is preferably done at the sanme tine as
the nmedia for the adsorption bed 70 are changed. If the flowvx"?h'u] ﬁ’]ﬁ

i ndi cator system 10 has al ready been calibrated to the flow oft #h A 003
adsorption filtering system it is not necessary to recalibrate, so that
the indicator tube 18 is the only elenent replaced at the sanme tine as the
adsorption beds 70. A new indicator tube 18 serves to predict the rate of

usage of the 0 i : . o] indicator 18 has been
descri bed %hrfl %g}yé? aJsaBJ'f ]%d_rﬁl%%!ﬁg}t’%& %1€¥6¢h§q{gfl?’g%8f’ fe&%ﬁ%r‘ﬁ?‘! %ﬁs%‘éﬁ 70, it
shoul d be wBHREBIOHPIIcEAENS, budhSasiteh RAPHNE afbidht Rirde AobWAdineFulp 48
downstream of be to function as a detector or contam nants. rafher than

a predi ct ofiowimdterd 6 drfdevalvenl 4 oy net beonsddg Nimilady, variods otiepmohRonwpul d change
color if any_ contam nants are ftﬁund t§o r%mai ninthe air flow stream after
passi ng t ARRIGHINS BRI BB the peeed alyths pewpmentdesgnbrshp@eineam i ndi cat or,
i ndi cator 18 would typically be shorter (approximately one to 2 inches))
because the goal is - | OF: ] h th of

t he indicator tube. Eg{“eniugg gggqu%lﬁg?btr%é écnafgtfseg}%tﬁms)loorrléﬁgygtuger#s‘?m?or
exanpl e, i4n ddserpeiontfrtingBystem 60 Suth adiltkeing Gl stal @t tybRRlpatcheper billion
(ppb), the bed has alread~~ fail ed and the overall system may be adversely
af f ect ed Hipusing 62iwith pmaceess 8pori@. shhs-integioppf the bopsing hanan-mletpianugiuch an
enbodi nent,, i ndicator .1 n irable .ip.t dov~~nstream posi tion.
However , feérexé%]r‘%ér%s‘gesrf‘gﬁ%’ Sé?gzafggfg(gsf? Aan s gp‘spgaﬁxoﬁ?ssgs- 6"‘3%"0. col or
change in jhpépratare4lé padliel esuahitheddsbRioRdddd $0 & Assutled plehiimiai | i ng

poi nt. The exanpl es given above are exanpl es used for the purpose of

descri pt i ofhedrdatedemuiissingulagedioack e threesmabiant din. Madther sysieweis alsbtshosnt o be

under st ood, ver . -t e t hough .nuner ous .characteristics and

advant ages?® &Pgwﬁé@'ﬁ N g?ngq%‘égtﬁt(?%ﬁgﬂ%?@d Beseged de ?%08?':dﬁ°‘? OfR&"Y-or egoi ng
descri pti %@siﬁﬁ%{th@f)re‘%ﬁthn@&ﬁﬁh! s of the structure and function of the
invention, the disclosure is illustrative only, and changes nay be made in

detail) especially in matters of shape, size and arrangenent of parts
within the principl da thé comfeguranvmmstionm ind-igure 2f thielprebet Ehis plavdd crathed by t he
broad general neaning of the terns.in which the appended c|ains are

o s Dot Thiet pIF RS BB UPRY AFiST e MG tegied AToNAn K dsatpn B9t em ( 10)
for indicaj Regnt I )i G 4 ont,a inatEv t conpri si ng:
(a) a purrp%(z‘gs %r'ssg%lghf/ﬁamggﬁpl gqgiérﬁrgw %fé(;en%rﬁgarﬁt“m??lr{ ﬁeg%//vﬁl l? ) a flow
met er ( 16)antbdenmaasuiraediffeeersdoqgdtienain 4 fiber dyatene kedh grdovastrhanwéithe f | ow; (c)

an indicataor (18) to_ﬁ%rovi de a real tine indication of increasing exposure
to the ai PBSTAEORBEAsat nlhthe configynaon s ths INGiASY PET#RY 19 BBIF ow t ube

(20) havi ngedas predictor of adsorption bed life. It can be appreciated that the adsorption

beds 70 are positioned to receive a balanced air supply through the beds so that the
deterioration rate of each adsorption bed 70 is equal. The indicator system 10 1s
used as a predictor of adsorption bed life and changeover interval, rather than as an
indicator of when failure has already occurred, as in the prior art sensors. As
explained hereinafter, the indicator 18 also gives an indication of the deterioration

level of the adsorption beds 70.

Referring now to Figures 3-5, there is shown greater detail of the
indicator 18. The indicator 18 includes a tube 20 which preferably has a
transparency level sufficient to see a colormetric indicating medium 22 within the
tube. In the preferred embodiment, the tube 20 is quite narrow, on the order of an

1/8 inch outside diameter, an inside diameter of 0.08 inches, and made from a



substantial l'y transparent portion; the tube (20) being filled with an

I ndi cating medi um (22) conprising zirconia having an acidic s

wi th a col or-changing dye on the surface; (A) the surface of Tmmmm
(22) being changeable in color as contam nant fromthe sanple airflowis
accunmul ated. 2. An indicator system (10) according to claim1l wherein: (a)
the col or changi ng dye conprises a pH iéndicator. 3. An indicator system

10 di, t l.aim 1 he tube (20) h first d and
Second enceuiiable TUBRSH) bEEHT c SHBES lF kAT TSNS EC SR o
ithin . f ' t h duci
v 51 bl e Tpbral ol 8o pe e B e b8 b 2p\sBboiBus PEE orkBls B2 5
exposed t ogiches gia_rsb%eg wiieH MBink the ifldicdihg MEdiGAtY o auBi Bk éd R maccor di ng
to any one of claims 1-3 further including: (a) a control valve (14)

cont r ol | i nthethittee 20ariftiectubd 20 Alsomcludes firtingsR0206h 44S Gagelok 'V pibinoattoor Syst em

(10) according to claim4 wherein: (a) the control valve_(14) is_calibrated
to sanple qberasuﬁpléla ftungs fAEcenngetng %.’2‘9&‘%9@‘%%{5- orlfheif?‘/fﬂf‘&%l%é R vidsefor

det o1 | Or 214,30 ol o rebhcBISAYdYih Mol 8RN RN AR 38 s

cont am nant's; adsorptive nedi um having a ow passing-from
upstream tgpefitponshee td dssuciaighadsbeptivel bed pire Charged iatidnit it desirsatibodvaisi ng a
system i ncluding: a Punp (40) to supply a sanple airflow froma main flow,
a flow netfé‘?Sh(lll‘g?ath Hreuaciped yith tha desle adsortioner asseartdics 3R fTdet he main

exposur e ergegpint e eREE L Rt 7Ranirstius sy SBoiefo gl For 1 ow

tube (20) awtmg. @ substantially transparent portion; the tube (20) being
filled with an indicating nmedium (22) conprising zirconia having an acidic
surface and with a color-changi ng dye on the surface; the surface of the
medi um (22) bei ng chBrgmadinm 2tiscmieallyszmesnabimvirgnan dadimsutfecessimghe

SRR =k LN SR REHE N X
through t ResleRdi(C aireferdblPthe MRGiukDElfRideBSilica gel or zirconium oxide

(zirconia) that has been treated to provide an acidic surface. Examples of other

suitable medium include glass beads or bubbles, porous polymers. alumina, and

ceramic materials. It can be appreciated that by calibrating the flow rate. tube size,

medium type, medium mesh size and surface area, the amount of surface acid.

and/or the flow rate through the indicator 18, it is possible to predict an optimum

interval for changing a filter bed assembly 70 by monitoring the amount of spent

indicator medium 24.

In one preferred embodiment, the indicating medium 22 is a coated or
impregnated silica gel. A specific mesh and surface area of the indication medium 1s
chosen for the specific needs of each indicator system 10. It can be appreciated that
a smaller particle size will provide for a sharper divide in the color change of the
advancing front of affected medium 24, but will result in a higher pressure drop for
the sampled air. An example of a typical medium for airborne bases is a 100/200
mesh silica gel or beads which has a specific surface area of approximately 500
square meters per gram. To prepare the gel, it is first immersed in a sulfuric acid
solution for approximately two hours after which the excess acid is poured off and

the silica gel is washed with distilled water several times. It can also be appreciated



medi um (22) -having a first color, wherein on exposure to the airborne
contam nant, the coating changes to a second color; and (c) co | it ique
sanple airflow so that the indicating nmedium (22) changes fi roﬂnrtfgm?
color to the second color at the same rate that the absorptive nmedi um

deteriorates. 7. A nmethod according to,claim6 wherein: (a) the sanple
ai rfl ow passes through the indicating |9”redi um (22) froma first end to a

second enga; gitdr WHRE O Beid shEIP pHodBlorRf achE Gadid acfd, QEeth?gﬁgyarg&%'rg@ the

indicating nedium (22) fromthe first end to the secon A et hod
accor di ngatid, wifjuoesracthinecdidfomc &idindd friflusrdheticiaond way bgused dégenldd} 200 | S
(a) calibrating the sanple airflow through the indicating nedium (22) so

that nedi apthexdy rangeiylish dodgsired.che medm beiag yeedbanst the mn h§ng22)

i | 9. A for.n i life of
oo pt 1 veSe TR st oL RNty YRR AR A R ortnl dticor pt 1 ve
filter hayjefgd Wi@nPamebidsolitin dMSIpr&iFttb!, %o APYMISE 8adH £ REHOImddre filter,

t he neasuring systemconprising: (a) an inlet to sanple air upstream of the
adsor pt i vef 41 ippropmate andiegter. pAn pramaplodhn irglicaner thhtdvastalmoburghartighet adsor pti ve

filter; and {b) an_jndicator s emincluding a punp (40) to supply a
sanpl e ai ?Hﬂrgﬂb%?ti:@ﬂ ‘édqxr%‘i“ﬂpli’?“(?\}ll\;{uﬁ' flow meter (16) to measure the sanple
airflowin relation to the main flow, an indicator {18) to provide a real

time indication of ijRGREMAS! HGIEERRWRIHRIhhi! 8 iRliERRIMNAeAOR0ATE pant ; the
I ndi cator conprising a hollow tube (20) having a substantially transparent

portion; tdaed etbienprggnatdabzingnia pdriecle wSirhilano itheddiied geiga sraalicn purgi212)
conprising zirconia having an acidic surface and with a col or-changi ng dye
on the sufirawal Proyadeq shape divide pbtheglasfiong oY o geidiy thaarisap{ ®<in col or ~as

contam naﬂ}anﬁaoﬂrEi@Fe, ﬁlaerQ?JCGni%iiE bhioy i.h%c%? ?&@51%3?6@ sulfuric acid, to provide

a sulphate-zirconia (ZrO,/SO,”) which is commonly referred to as a “superacid™ To
prepare the zirconia, the particles are boiled in a sulfuric acid solution for
approximately three hours after which the particles are washed with distilled water
several times and dried. In general, zirconia is capable of being modified to be
strongly acidic, more so than silica gel. A color change indicator 1s applied to the

surface of the acidic particle from an aqueous isopropanol solution.

It can be appreciated that depending on the needs of the system and
the type of contaminants that are bemng removed, that indicator mediums such as m-
cresol purple, thymol blue, xylenol blue, cresol red, bromothymol blue. resolic red.
phenolphthalein, thymolphtalein phenol red, and other colormetric indicators
changing at a different pH may also be utilized. In addition, it can be appreciated
that the concentration of the indicator that is used depends on the intensity of the
color that is desired. It has been found that a 0.5% by weight bromophenol blue
concentration works well, however concentrations of 0.1% to 5% by weight are

useable.

To apply the color changing indicator to the particle, a solution of the
acidified medium (for example silica gel or zirconia), a water/isopropanol mixture

and the color indicating substance (for example bromophenol blue) is stirred for



10. A measuring systemaccording to claim9, further conprising: (a) a

calibrating device to calibrate the indicator system (10) relgagi 0,
deterioration rate of the adsorptive filter. 11. A measuringﬁ? mﬁﬂa

according to any one of clainms 9 and 10 further conprising: (a) a control
valve (14) to vary the sampling fl ow ra10
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may be measured. The rate of the advancing color front 28 between spent medium
24 and fresh medium 26. as shown in Figure 4. is measured as a function of the
amount of contaminant. A graphical curve can be derived to estimate the relation
between the color change in the indicating medium 22 and the deterioration rate of
the absorption bed. This curve can be compared to the known capacity of adsorption
bed 70 and the expected breakthrough time or failure point of adsorption bed 70 can
be predicted. The flow rate through the indicating svstem 10 (including indicator
18) can be increased or decreased as desired depending on the safety factor required

by manipulating flow meter 16 and valve 14.

Referring to Figures 3-5, it can be appreciated that when the indicator
18 is fresh and unexposed to any base, the indicating medium 22 shows an
unchanged medium 26 of the initial color, typically yellow if the indicator used 1s
bromophenol blue. As shown in Figure 4, as more contaminant passes through the
indicator 18, the medium exposed to the contaminant base changes color and the
spent medium 24 can be visually detected through the tube 20. A front 28 provides
a clearly visually perceptible line advancing along the tube 20. As shown in Fy gure
5, when the medium 22 is substantially entirely affected, all of the medium 22 has
changed color to show the spent medium 24, indicating that the adsorption bed filter

70 should be changed.
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ever, il can bc appreciated that other
subslances may be utilized for measuring the prescnce of other types of airborne
compounds and used just as effectively. In addition, although the above described

5  exumple provides for predicting the life of an adsorption bed assembly, the indicator
sysiem may be used to measure the presence of a contaminant and the cumulative
concentration of such a contaminant over time and in ambient conditions thar do not

havc a flow or an adsorption device.

Reflerring now to Figure 6, there is shown a method for predicting the
10  life of an adsorption filtcr using the indicator system 10 shown in Figute 1. When
new adsorption medium. such as for example, activated carbon, is installed in an
adsorption bed 70, a fresh indicator tube 18 having fresh medium 22 is also installed.
Using flow meter 16 and controf valve 14, the flow through the indicator 1818
calibratcd to provide a relation between the rate of color change in the indicator 10
15  with the rate of detenoration of the adsorption bed 70. Preferably, a time safety
factor is included in the calibration. Aflier the initial installation and calibration,
further calibration 15 not necessary unless flow through the adsorption bed 70
changes. However, monitoring of the flow to ensure that the system is working

properly can be done at any time with flow meter 16.

20 After calibration, the flow meter 16 and valve 14 ensurc that the
proper {low is maintained so that the flow through the indicator 18 is proportional to
and provides a relation to the {low through the absorption bed 70. Over time, as the
indicator tube 18 is exposed to more contaminants, the front 28 of spent medium 24
moves along the length of the tube 18 as shown in Figures 3-5. This movinyg color

25  front provides a visually perceptible indicatior which can be monitored. Because
the rate of advancement of the front 28 is comparable to the deterioration rate of the
adsorption bed 70, it can be appreciated that the usage and life of the adsarption beds
70 can be predicted by viewing the indicator 18. When the indicator mcdium 22 is
substantially spent by a total change in color, as shown in Figure S, system operators

30  know that it is time to change the adsorption beds 70.
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system 10 has already been calibrated to the flow of the adsorption filtering svstem.
it is not necessary to recalibrate, so that the indicator tube 18 1s the or;ly element
replaced at the same time as the adsorption beds 70. A new indicator tube 18 serves

to predict the rate of usage of the new adsorption bed 70.

Although the indicator 18 has been described in detail as a predictor
for the life of adsorption bed 70, it should be understood that it is also possible to
place indicator 18 downstream of bed 70 to function as a detector or contaminants.
rather than a predictor of bed life. In such a configuration. indicator 18 would
change color if any contaminants are found to remain in the air flow stream after
passing through the adsorption filtering system. As a downstream indicator,
indicator 18 would typically be shorter (approximately one to 2 inches), because the
goal is not to observe the color front moving the length of the indicator tube. but to
see any color change. In some systems, for example, if the contaminant 1s on the
order of about 100 parts per billion (ppb). the bed has already failed and the overall
system may be adversely affected by the time indicator 18 show's any color change.
For such an embodiment, indicator 18 may not be desirable in the downstream
position. However, for some systems where the contaminant is about 5-10 ppb.
color change in indicator 18 would warn that the bed is clos; to 1ts failing point. The

examples given above are examples used for the purpose of description only and

should not be read as limiting values.

It is to be understood, however, that even though numerous
characteristics and advantages of the present invention have been set forth in the
foregoing description, together with details of the structure and function of the
invention, the disclosure is illustrative only, and changes may be made in detail,
especially in matters of shape, size and arrangement of parts within the principles of
the invention to the full extent indicated by the broad general meaning of the terms

in which the appended claims are expressed.
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l. An indicator system (10) for indicating the level of an airborne contaminant,
the system comprising:
(a) a pump (40) to supply a sample airflow from a main flow;
) a flow meter (16) to measure the sample airflow in relation to the
main flow;
(©) an indicator (18) to provide a real time indication of increasing
exposure to the airborne contaminant;

(1) the indicator comprising a hollow tube (20) having a
substantially transparent portion; the tube (20) being filled
with an indicating medium (22) comprising zirconia having
an acidic surface and with a color-changing dye on the
surface;

(A)  the surface of the medium (22) being changeable in

color as contaminant from the sample airflow is accumulated.

2. An indicator system (10) according to claim | wherein:

(a) the color changing dye comprises a pH indicator.

3. An indicator system (10) according to claim 1 wherein:

(a) the tube (20) has a first end and a second end, the tube (20) being
constructed so that the sample airflow passes within the tube (20)
from the first end to the second end producing a visible changing
color front (28) along the tube (20) as the dye is exposed to the

airborne contaminant.

4. An indicator system (10) according to any one of claims 1-3 further
including:

(a) a control valve (14) controlling the sample air flow.
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5. An indicator system (10) according to claim 4 wherein:
(a) the control valve (14) is calibrated to sample at a predetermined rate.
6. A method of indicating the deterioration level of an adsorptive medium for

removing airborne contaminants, the adsorptive medium having a first flow

passing from upstream to downstream through the adsorptive medium, the

method using a system including: a pump (40) to supply a sample airflow
from a main flow; a flow meter (16) to measure the sample airflow in
relation to the main flow; an indicator (18) to provide a real time indication
of increasing exposure to the airborne contaminant; the indicator comprising

a hollow tube (20) having a substantially transparent portion; the tube (20)

being filled with an indicating medium (22) comprising zirconia having an

acidic surface and with a color-changing dye on the surface; the surface of
the medium (22) being changeable in color as contaminant from the sample
airflow is accumulated; the method comprising:

(a) obtaining a sample airflow proportional to the first flow;

(b)  passing the sample airflow through the indicator (18), the indicating
medium (22) having a first color, wherein on exposure to the airborne
contaminant, the coating changes to a second color; and

(© correlating the sample airflow so that the indicating medium (22)
changes from the first color to the second color at the same rate that

the absorptive medium deteriorates.

7. A method according to claim 6 wherein:

(a) the sample airflow passes through the indicating medium (22) from a
first end to a second end, and wherein a front (28) of second color
passes through the indicating medium (22) from the first end to the
second end.

’

8. A method according to any one of claims 6 and 7 further including:
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remove an airborne contaminant, the adsorptive filter having flow passing

from upstream to downstream through the filter, the measuring system

comprising:

(a) an inlet to sample air upstream of the adsorptive filter at a rate
proportional to the flow through the adsorptive filter; and

b) an indicator system including a pump (40) to supply a sample airflow
from a main flow; a flow meter (16) to measure the sample airflow in
relation to the main flow; an indicator (18) to provide a real time
indication of increasing exposure to the airborne contaminant; the
indicator comprising a hollow tube (20) having a substantially
transparent portion; the tube (20) being filled with an indicating
medium (22) comprising zirconia having an acidic surface and with a
color-changing dye on the surface; the surface of the medium (22)

being changeable in color as contaminant from the sample airflow is

accumulated.
10. A measuring system according to claim 9, further comprising:
(a) a calibrating device to calibrate the indicator system (10) relative to a

deterioration rate of the adsorptive filter.

11. A measuring system according to any one of claims 9 and 10 further
comprising:

(a) a control valve (14) to vary the sampling flow rate.



