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and N-Met h ¢ 2-"89??‘8?4“3%&88““ rgahic bases, 10 protect Pe%‘eeﬁi‘g fREEmentang ofispedn
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process invol ves passage of air through an activated carbon bed that
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naturally occur in the ambient air that may contaminate the products and/or
20  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 is often drawn through a
granular adsorption bed assembly having a frame and adsorption medium, such as
25  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
clean room and/or process. It can be appreciated that the removal efficiency of such

beds is critical in order to protect the processes and the products that are involved.



| sensitive enoug
| critical in the sem conductor industry and are often quite costly. A
| problemw th sensors having 10 accept abl € sensitivi ty is that they are

| often specific to a si ndtearcfwthgnbe appreciated that/Aindedhe rersonah psamsssinyolvey

i detect performance, efficiency, or when a failure has occurred and that the

adsor ption W@Hﬂ?ﬁ spent. However, presently avail able senso\ﬁ..rﬁﬁ%m., be
0 I C

work at the contam nant threshold | evels are

L 2L B A B Bt AU

being fully sﬁ‘é‘“’fn _ : :
1 pl aced direct g%ﬁiédﬁohhﬁataﬂl%’s&?ﬁﬁﬂygfﬁgﬁf ent, it is:ﬁ‘gégg‘f&s laté Qn&’ﬁﬁre*r@%.'sgor

1 adsor ption be
j addition, an prudacfsdmee bften be¢rentinetortdamgpedsence of contam nants within an
{ adsorption bed requires seals and can be conplicated and expensi ve.

13 can be recigted that .if the filtered air_can
| be distributed in a 6%&?@%‘?&;\}5@@ ﬁﬁ%‘iwg@rcapi%"’&%@ﬂ&fpﬁ?ﬂb%s, a

| adsorption

that an adsor fie ffboRRcdntamiits, thete is%o%&&'ﬁr%@@pfe@&ﬂc 2highgde s JRERS %ﬁ%g?r

products have often been ruined or danaged.
systens have pamticulate/fikend ashloatied: aTherefore,dt isadiffivujtito direbtbylmonitor theisttus uch

t as placing the ds.in series. Wen adsorption beds are placed in series, a

| sensor na be%‘?g‘étéﬂm@ﬂ%&fi%&aqtm*@ﬂﬁé&%@dt AMonijgss placed dowosirenmimay
Therefore, as ] sor

. i ndi cat es thed%tfgtspeeﬁ@gﬁgﬁg%%%éﬁ}égﬁgg%&%W%%“e‘%‘%ﬁ&ggﬁr ion bed is

{ still effectiadsorpiior bédsldi'eBg(ﬁt.emmva@bﬁéien@ﬁavaﬂdblﬁéﬁéofs gigkection
| systens have several drawbac '

1 the pressure Smspivesngughteworkrsy the antaminant thresheld levelsomhich are critical in the
' licati : . | L) he first.bed b i ndicat ed bei
Spent; “the  semicBRr RundEEfud 4F oRch Hite BpeuG T Aduobler e Srpors o

s. Wen two _adsorption beds are used,

conpl i catgy MadtRptableenbitivity is tHal ia?é‘oﬁ@&&%é?ﬁ@toti‘ﬁn i . and down
time of such a system At ofher tiﬁ%gs, 25 ot h adsor ticgiﬁ eds nmay be
changed out, Althougly suticsensors mayl deteot a Iowtlevd] of one contamimant,ctherg nidye usef ul

{4 life of the domstrea%%gig%olreetlon beds as thgq\édg renoved . prior to

_ulate ¢els and remain ungdgte

WEYET, 9nee thege is alansor

such a sensor nm ug va |'e” space.

rel i able prediied hRR o8 biddify HEBRAL Gfkeries. WHEHHdbridhYebOhke Yo Th i, yOUI

enabl e a | onger changé out” interv peri o an be
appreci at ed t sertsonmiay deiplapetilie serissdhreahediatesthb two alisorpiorbéds. IMherefole, ad

wi thout failure ul d, decrease filter materials cqst and | abor costs
] utilized in oneadsomiinn bryl becames spens and the,seaser indicates the presence of a

| Cont am nant ¢ Rtk tng Gecohds88irpfin Bl | \GurRlRve BRE Mihurdlave proveniod
{4 filter 20 Homaves Yuddetb@ionsysiehfs Have d86vdtalodraivbadiise WWEén b Sibiptin

change out period for the 10 adsorption beds. Such a process is nore

preci se if thbedsareysed; theprgssuee depptindoubled. This may be titicad im sprge known and
1th di ction. d Low which i ional..to fhe . |
| 10w thr ough PRRICEREE e ity BB e Sintlredtits bolf Pudicated sXbping.sreaf ib¢ on

beds, an acc ua@éoe%ﬁmﬁsud%tawﬂoﬁiaxtmwmdﬁ&hﬁemr&ﬂi@wa thhiir NSuélp t he
. _beds can be nade.
rotation increases the maintenance and down time of such a system. At other times,
25  both adsorption beds may be changed out, thereby decreasing labor, but also
shortening the useful life of the downstream adsorption beds as they are removed

prior to being fully spent.

Other systems utilize a sensor placed directly in the adsorption bed.
However, in very thin adsorption beds, such a sensor may take up valuable space. In
30  addition, an interface for detecting the presence of contaminants within an

adsorption bed requires seals and can be complicated and expensive.
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: based on the actual contaminant flow past the adsorption bed. It can also be

appreciated that such a system should provide for a variable safety factor to ensure

that adsorption bed failures do not occur. Such a system should also be able to
25  measure the presence and cumulative level of such contaminants in an environment

and provide a visual indication. The present invention addresses these as well as

other problems associated with indicating the presence of airborne contaminants.
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calibrated flow meter. An ejector type pump which is actuated by compressed air

maintains flow through the system. -

20 As typical clean room processes emit ammonia, amines and other
bases, the medium is typically a silica gel treated with an acid, such as sulfuric acid.
The mixture is treated with an indicator, such as bromophenol blue, which changes
color from yellow to blue upon an increase in pH from exposure to a base.
Therefore as the airborne bases are passed through the medium, a front of spent

25 medium of a different color advances élong the tube.

Adsorption type beds which are commonly used in clean room
settings do not clog as normal filters do and are difficult to monitor for determining
their change interval. Although sensors may be utilized downstream of the filters to

detect when the adsorption beds are spent, such devices are expensive and often do
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15 ~ These features of novelty and various other advantages which
characterize the invention are pointed out with particularity in the claims annexed
hereto and forming a part hereof. However, for a better understanding of the
invention, its advantages, and the objects obtained by its use, reference should be
made to the drawings which form a further part hereof, and to the accompanying

20  descriptive matter, in which there is illustrated and described a preferred

embodiment of the invention.

Brief Description of the Drawings

Figure 1 shows a diagrammatic view of an indicator system according to the

principles of the present invention;

25 Figure 2 shows a side elevational view of a counterflow adsorption bed

apparatus having the indicator system shown in Figure 1;

Figure 3 shows a side elevational view of an indicator device for the system

shown in Figure 1;
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5b a flow meter for measuring and calibrating the sanple airflow.
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and to the acco ying descriptive matter, In-which there is illustrated
and descri bed a preferred enbodi nent of the invention.

Brief Descrd ption offigire G}hawsmgbwchanofanﬁtlgmufchhbhmnganmﬂngmsm
vi ew of an |nd cato st.em acc 0 the i nci pl gs of. the, present

i nventi on; orp é‘ﬂ‘éﬂﬂ?‘?@?ﬁ\ﬁg QHB“@F@%E‘E‘? %ﬁ?ﬂ?de ta fhsprige fahe | ow
adsor ption bed dﬁ,{,&}% axdving the indicator systemshown in Figure 1;
Figure 3 shovvs a SI evational view of an indicator device for the
system shown in Figure 1;
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Detailed Description of the
10 Preferred Embodiment

Referring now to the drawings, and in particular Figure 1, there is
shown a system, generally designated 10, for indicating the presence and level of an
airborne contaminant. The system includes a probe 12 for sampling air from a duct
or ambient air volume 100. The indicator system 10 also includes a flow meter 16

15  with a control valve 14 between the probe 12 and the flow meter 16. An indicator
18 is downstream of the flow meter 16. A pump 40 maintains flow through the
indicator system 10. In a preferred embodiment, the pump is an ejector type pump
such as Model No. #-79700-00, available from Cole-Parmer Company, which is
actuated by a compressed air supply 44. A valve 42 acts as a safety valve between

20 the compressed air supply 44 and the pump 40. The valve 14 controls flow to the
system 10 and is 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
\-rent 46 to a duct and back to the sampled or ambient air 100. It can be appreciated
that for some monitoring applications, such as sampling ambient air or flows, the

25  pump 40, flow meter 16 and valve 14 may not be used.

Referring now to Figure 2, the indicator system 10 may be used with
an adsorption filtering system 60. Such a filtering system 60 typically includes a
housing 62 with an access door 66. The interior of the housing has an inlet plenum

64 extending vertically past a stack of adsorption beds 70. Flow passes from the



- 6 Figure 4 shows a side elevational view of the indicator
- device showmygdynzess Figure 2 with a portion of the indicatorOrasosn3ss7

{ downstream of the
] indicator syst systéfis may te ysed temeesiire contdiminant Jevielssintherpmbient air ey et differént pe

changed,; Figure 5 shows a side elevational view of the
i ndi cat or device shown in Figure 2 with the indicator medi um shown
fully changed; and, 5 Figure 6 shows a flow chart of a nethod
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10 _ in U.S. Patent No. 5,290,345 to (0bs2h@érfadd Esdi»@sam 'Donaldson Company,
Referring now to the drawings, and in particula igure 1, there is

shown a syst enassignesofithe preserntgnnvention. 10, for indicating the presence and

| evel of an ai rborne contam nant. The system i ncludes a probe 12 for

i ig f duct i ent ali I 100. . The.i ndi cat
| Syetem 20°d so i nei udes dohe gorimEfioncehoya i MBS, i proby 17 if Blgeadiathe

between the prafe él@mﬁﬁ %Erfo??o ﬁéiﬁgvg@giegr{)mrbﬁgh@& ad3giptndeds 70. Ho%&vthﬁ such

| ow et er 16. u 40 mai ntai ns fl ow t hrough

punp suc mer

as Mogdel . #-79700-00, avail able. from Col e- Par
Conpany, Wwhi chpchmnsma mfw-wc%%mfﬁm agwenheﬂasm- vinthe 42

| pirp 0. “The vEiRAE R R Ind Baicall SRR 6 S b ea R NG, BEC 1 1°

{ calibratedi®y hisosption bed life. It Carsbeippreciated thathleladsonptiont beds fT0@re positiondds

proportional to the sanpled flow The pu 44 returns the sanple air

{ through a to teseive adalancad gixsupply thebedssodhatthe deteriozation sate ofi r

such as sanpl | RELHBPEROR R 79 s phifle T84 iaS3or el B%efRRs h R MR0L,

val ve 14 may ngHisdiptistfBél life and changeover interval, rathéahai hé AvindRMdrdOfvilzn € 2,

the indicator system 10 may be used with an adsorption filtering
| syst em 60. Suc Hfailureé has air¢ady ccoutrednas in thegprioxiartsensors.udsexplained herdinafterithec2

with an acgess.dgor 6 The.interiqr of t ous.i ng. has an.i.nl e l.enym
o ot endi T8 indibator T8 o150 gived o5 indikatign of 156 ASERrIgE v OF e P iption heds
fromthe 0 7

inl et plenum GZ in parallel through the adsorption beds 70 to an outlet

pl enum 72. The treated air is circulated back to the anbient air.
Anot her systemis al so shRefierring 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
20 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
suitable material such as Teflon™. At each end of the tube 20 are porous plug
elements 32 such as glass wool, which maintain the indicating medium 32 within the
tube 20 tightly packed. The tube 20 also includes fittings 30 such as Swagelok™
25 elements or other suitable fittings for connecting to mating fittings giving an overall
length of about 7.5 inches. The fittings 30 provide for easy removal and
replacement of the indicator 18 when the indicating medium 22 is spent or when
associated adsorption beds are changed and it is desired to have a fresh indicator 18
associated with the fresh adsorption bed assemblies 70. The medium 20 is typically
30 acoated or impregnated silica gel which is designed with advancement rate which

coincides with the life of the filter bed system 70. Examples of other suitable
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in U S Patent No. 5,290,345 to Gsendorf and assigned to Donal dson Conpany,
assi gnee ofy & bhe peesent invention. 5 | n t}ernsos/13ss?
configurationh™shown in Figure 2, the probe 12 is placed at the i nl et
pl enum prior to being treated through the adsorption beds 70. However, such
systens may be used to neasure contam nant 8 evels in the anbient air or at

different  medi@@dhtlads giass Bedds) porousyolyaitrs dddtuninad (Wes! beasBretiatede
adsorption beds 70. In the configuration shown, the indicator system

10 can be usethatdy=salibeating:the flow ratg, tubgsizsy pilice gelpmesh size and surfage dyea, the
appreci ated that the.adsorpgi eds 70.are 1 {ioned . to receive a
Dol anced ai r SEISBRof Ao At ihe ARNaaE,itHh BoRitle o8RRIt ap aprisHih intervaltor
each adsor pt i efakigi &%ilict bEAUSEmbEf190 by ShéiioPing HOLAGhHOFsBetiIRGicaidy 2

predi ctor of adsorption bed life”and changeover i1ntefval, rat ﬁer t han

as an i ndi Lat meditmidden failure has already occurred, as in the prior
art sensors. As explained hereinafter, the 15 indicator 18 also gives an

i ndi cation of the deteripration |gvel qf the adsorptiop.beds, 70.
Referring now to Figur esPrB‘?@} e“f‘nl?%ﬁ@e?%aﬁfﬁaﬁa@‘%g’ceg%g%é’tqyp!ﬂdlb'l‘l‘e”ate‘i or
i ndi cator 18. ; Yyl 8 Al R&rik ' I r a
t ranspar ency lu-én-?gelgng%]b]fs?i gﬁ%‘% ?oﬁggigégﬁ%% aI(§l‘rdmet I’IEEC&??] g?%%ts%% %kﬁ‘ﬁggg?
wi t hi n t he 20 chosdnefor the specifierneédy oftehich dtdicatorsyistent b@. Itdan b2@pprecisted that
narrow, on the order of, ?n, .. 1/ 8 ipch outside, di,aneter, an inside

di aneter of O.a(?E"ﬂ. Ragticlesize williprovidsfox a sharper diyidedn the ¢plerchange ofithe as
Tefl on. Afpea o ar e h . . . uch
as gl ass \i/\%ol %Wﬁg%:ﬂ@%ﬂh&ﬁqgﬂ 8 Ca@.bﬁgé’lnlgg#ﬂl&]%ﬁm\,ﬁ%?@ﬁ% d%gp?or
tube 20 ti ght ive siaspied airT hAnteninpRbfal t?picmbmﬁﬁfofriairbhﬁh%bé’sﬁs 5UC 1067200

Swagel ok 25  elenents or other suitable fittings for connecting to mating
fittings givi meshsilisagedor beads wmcbhgqmspﬁcxtéms;mf%ceasamcmmmlyrsmi ngs

30 provide for_easy remval an repl ace qQf the j.ndi cator 18, when
the’l nd cat | ngINRRRAIFTRF 5. Fo Prspers R £2h % Hrydiporcifed A SEBle M po
are changed aggjutionifer srbkiRthtdl) tWa WBurs dffc® Whit the @REQE adid is poureddTBAMd at ed
with the fresh adsorption bed assenblies 70. The nmedium 20 is typically 30

a coated b i tps sijcagelds svashedhwithidistitied iwidter sdverabtimes. Thé finalslutmmeotithe at e
\gpl g? her sui tC gi}?cg g%?lss fmérgd ta:rgg diiclacl. erQifed tsgne:pfels la;ee\rvetlgee m’stxg}xgcrﬂxgo%s sEi(u%rcragl o%s 8
medi um i ncl udgg glﬁ, iclPR! # ' idtd ity

appr eci at ed di:‘r g?ﬁgslﬂacxg f&gfr&g?cli ﬁgh%‘ﬁg‘ aﬁ%\?vg?%&egq? rgit%lx Ze, t@‘?l%a gel,
mesh si ze andexampleosf ariadicatdn¢hat has a calop changefat ax appropriate @H istbrofnophendit e,

It is possible to predict _an optinuminterval faqr changing a filter
bed assenbly %&P% %ﬁYQ’oFicﬁ@gFﬁ%P'Sﬁ’%egttﬁﬁ‘fdaegﬁ%‘ﬁFg PH@PW‘BF °?§’e SYygieh 24.
In one e di i ndi. | | St MR :

| mpr ognat 20 s T e of Fohtitidle A BR U ndvi, dBlr iRl pidRirif et ee

must be phbnsiphthalein,tthymeiphtaléin phessided cindeakdr colvdmetimindiiassrem 10. |t
can be appreci ated that a_smaller _particle size wll provide for a

shar per di vi d&hangipgat & diffsrenypthmay be utilized.oln additen it ranheappresiated that they

medi um 24, bub W drati6R B thd Mditafde Bkt s NieQHRPESRIsYn e tfénsity of the color that is

desired. It has been found that a 0.5% by weight bromophenol blue concentration

25  works well. It can also be appreciated that other types of acid such as hydrochloric
acid or acetic acid may be used depending on the pH range which is desired and the
indicator being used. A solution of the acidified silica gel, the water/isopropanol
mixture and the bromophenol blue indicating substance is stirred for several
minutes. After the solution is allowed to stand, it is washed with isopropanol. The

30 resulting gel is dried in an oven at approximately sixty degrees (60°) Celsius. The
resuiting silica gel is a bright yellow but upon exposure to a base, such as ammonia,

the color changes from yellow to blue. Higher concentrations of the bromophenol



the sanpled air. An exanple of a typical nmediumfor airborne bases is a

100/ 200 Ogggﬁgssi lica gel or beads which has a specific specfroses/3ssza of
appr oxi mathy 0 square nmeters 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 15 the silica gel is
washed with ditdue yieldiamatange sdicargel whichechangésco fai blu¢/pemple colonupdn expesure
silica gel is filtered, and,drjed. ied sanples are wetted w th an, agyeous
S0l Ut fon of |~ 108 Basto e THIHERIE HeGITCA ARG Backed iDia s 2R A0 BAd Fieine

appropriate i anpl e of an indicator that has a color
change at an a p@g#‘l&&oﬁ%ﬁsi‘go%l?gmphenol bl ue. However, it can be

appreci ated that depending on the needs of the systemand 20 the type of
contam nants that are belOrngeadnbe isgrepared it cancbeconlibratettbly exposingrib twa

henol pht hal ein, t | pht al ei, henol red, and other colornetric .,

Pndi ca'to ors? contr@ﬂéao g#?t@%w%y%gmﬂkngwmu%ogw coRtaingng of girberngn

it "can be appnegha | he, hndi r t is
used deponds. Qise it b o Bieter 16, an SRYGPHE el at sl ROMATHE sylepl
been found t hahaybe nidésinedy\dhgadvaicipedienftbntl etweers spent aleditiin 2% and \FREK S

well. It can al so be appreciated that other types of acid such as
hydrochl ori c mediunkgé,sshowndn Figure Adisimeaspred as adfunetionof the ameuntef pH

which is_desired he... i .ndi A . A sol uton, of
e act o 11 e cempmirage i drdSiine surveu3 3Rl nOAR b RpecioradCh e i °
bromophenqb blditor élfdnge trodgle dihaiedng meliunt RECTh cubdd/Ginle comparedio Wibes-

After the solution is allowed to stand, it is washed with i sopropanol. The

30  resul ti ngknpovn capadity off theradsorptionbed (70zpgd theexprected breskthrpugle timeenf the
) et e S e e B Al Al

yellow to blu i 2SS Fekd P iSn ﬁ@% aTeee .

9 bl ue %aa%c?qgﬁfcor ange sﬁalgca ge?hlv\%l [0 m@hané‘e@ﬁ?{gcgaﬁeule“/%?regﬁgg

col’or upon expmsthesafety factéraequibedse. The indi cating nmedium 22 is vacuum

packed into the tube 20 and retai ned by the plugs of glass wool 32.

Once a tu is prepared, jt can be,calibrated exposi it to .D..
control | eagai r f1ow whi cREHADGR 1%@%“&%8%?@#%@%%% tﬁamdlg}tor
ai rbor ne &5Fesh '} : Héws Fﬁx‘g@ﬂ dRETR M3 oses
passi ng throug’hd)t he ssvxg{egﬁéul&%é Rl\r%/%;ﬁ]lagﬁ rsreasu%g : géda@%anm ngsgg%eolfu% ont
28 bet ween spestioreypicaliy’yellowl Hoosher, as showreni RiguieGt, asmoré contaminank gasses 4,
is measured as_a function of the anmount of mlagg&am nant if the

$

resul ting curBreughdhs indieator 1 the,gredpun ghange the spentypedivm 24:¢andze

change t hrough,. | A .ilHP i ' LVE,: to the
known capaci tt;“ %@{yh%g%gg%rp |ﬁ&gg@ %aﬁmggé’ﬁg‘é@%a&?ﬁeﬁ%ﬁ%ﬂgh tinme
of the 20 gslacemibiolindadvan@ingadlodiethertabl 20.c4ls sHdven i Pigures awlidintaggh t he
I ndi cating system 10 can be increased or decreased using the flow

neter 16 and tmedium 32 isispbgtantialdy erfirely affectad, alh of thermediumad ehangesienlonto.

IS it gy e TRl 7 AR, Bt R e R BB

I SR A W RS

unchanged nedighingéd.of the initial color, typically yell ow. However,
as shown in Figure 4, as nore contam nant passes t hrough the
i ndi cator 18, the nedi um changes color and the spent nedium 24 can_be

It can be appreciated that the above example is for a system for
25  removing airborne bases such as ammonia. However, it can be appreciated that
other substances may be utilized for measuring the presence of other types of
airborne compounds and used just as effectively. In addition, although the above
described example provides for predicting the life of an adsorption bed assembly, the

indicator system may be used to measure the presence of a contaminant and the



visually detected through the tube 20. A front 28 provides a clearly

visual ly 2Q ceptible |line advanci ng al ong the tube 20. '
Ko sfse BT, |

Figure 5, medium 22 is substantially entirely
of the nedium 22 changes color to show the spent nedi um 24,
i ndicating that the adsorption bed filter 7® should be changed.

It can be apprashdhgve édiiienfrittorrdPstieh VRARMEnAR dver tithend in ahibiént 4bnditions
renmovi ng di rborne bases such as anmoni a. However, it can be appreciated

t hat ot Haet donet haveadflom pr pr adsorptionedevied: neasuring the presence of
ot her types of ai rborne conmpounds and used just as effectively. In

addition, although thé a . ri I '
predicting the life of alh%éa%?ggﬁoiwotﬁqﬁg'émg’gg%e% Y, oﬁﬁg&é{h%a%f%ﬁfe&wthe
system may be Hﬁ%fah%dﬁ&@ﬁbhﬁlﬁe?ﬁsiﬁ%%@ﬁﬁﬁ:a&frs@sﬁﬁﬂ%o%ﬁ gre N€When
10 cunul ative concentration of such a contam nant over tinme and in

ambi ent cofddi taewsadsorption mediumisuch as foresampld, aotivatedgarbon; dn pn adsorption bed
Referring now jo. Fiqure. 6, .there is sho nmet.hod . f,or predicti,ng .t.he.
life of an ads Etlr‘gﬂﬁ?%@t%?sg&&g%yM@%%&%%}éﬂ%?ﬁ&@%ﬁ%%ﬂhﬁﬂgme
1. Wen 5 | ' aﬂéﬁé’ﬂ) 3 [ bon,
I n an adsor pt P@g%ﬁ{&& |§%§?ﬁ£§"ﬁ§e h tggglﬁga‘%ggl@géh
medi um 24 i s ainstallation & prvideld sufficienflow so thdtithe ploper ratd of chhfige indli¢aied by

control valve 14, the sanpled flow is calibrated durin ..installation
to provide a steAndicaar system 10anatshes tbﬁgﬁbﬁ’ggé Pgi‘%?@mbge‘i:'ﬁ%ﬁ@@ the desigaded by

desired 100 By IHkan, AReF(Hfital iifaldtcl, Rt EFARRUE Y R pRBS e il 10,
i s not necessaflywithiongh the adsorptictibeds 70uhhngdse Hiseeverimexitdiigsof the AoMBES -

However, monitoring of the flowto ensure that the systemis working
properly can sensure that theisysteniswarkingpgoperhycanstidk be utilized eith the flave nyetesny

hr ough t e pr Bbolci8e BRE R ber Hontty BRERANA Burng Q¥tmaded A8 lfivrtnd, . 14

D, vy o

. ensure 15t haauaigme probe2 sndihethditat6f18.nThe HownhewRP16 | dalveo14 Bsukd oW
 bei ng noni tored.

the indicator tube is exposed to a greater anount
of cont anilfant thatpreper flow, is madintained that isproppgional tothe flomebiingmnitorade sAs
al ong the lengih.of. the tuhe 18 aa shown i

Fi -5. Thi
provi des a vi stigiiPICROF ks 15 £¥pOSE mﬂgfm%ﬂ%%'ﬁ%% iqv&rggl_efthe As

{ the rate of thgohSbt GRnt Mefilifn 24 HovieS alRBRAE BBk 4fGhé Abed & hBHALION

i rate of the 20 adsorption bed 70, 1t can be appreciated that the usage
y and life of thEigadsd-ft This prestisles a visuall perveptible pndicationewsthich can beinmanitoned.

L 2 T e S et G
System opgjgt Oﬁo%noﬁé?i%?p%ﬂ%e ,é@f?{é%‘&% fHat tHe Jsg%‘&f‘d fs%rate gﬁ%&b&dh BERs

70. 25 ace e tube I's prefer
perfornmed at t %@ cambeptddiated by viewiag theaubeds. Wihienctiis tubet I8oindivatkstkatithe 70
are changed. If the flowwthin the I ndi cat or system 10 has al r eady

' been cal i br at etpdicatenaeding,2Q s suhgantiplly, spenbby # t9talshahge in color, ag showmpin ¢ 7 s

not necessary g f€§alyshihbferafs tdhbstRR thitdt £3ERE td ddfigd the' isbiifioRels

70.

25 Replacement of the tube 18 is preferably performed at the same time
as the beds for adsorption bed media 70 are changed. If the flow within the
indicator system 10 has already been calibrated to the flow of the adsorption filtering
system, it is not necessary to recalibrate, so that the indicator tube 18 is the only
element replaced at the same time as the adsorption beds 70. A new indicator tube

30 18 serves to predict the rate of usage of the replacement adsorption bed 70.



el ement replaced at the sane tinme as the adsorption beds 70. A new

i ndi cat or twWie9od62986 18 serves to predict the rate of usage of HdTRUS98/13887
repl acenent adsorption bed 70.

11 - It is to be understood, however, that even though
nuner ous characteristics and advantagetlof the present invention have

been set forth in the Itismhngmidc@tmﬂshowwemmatemﬂhbughnnmhrmhst ails of
the structure apd funchi on of, t he i nventi,on, cl osure
1 ustrative. ofPgractipgs aPBges.0f the RLPsPs IQWHoLoR hae bowusnd dorth i the,

| '[rﬁfat ﬂ]\s;egzi zga@ e fuIFlqlp %MI cat eéé}%r(;ﬁ%wg&gta%gr@? meatﬁiéngf of

the terns iixventbnmhetdmlaqunﬁtsdﬂnktrah&e onlyaand changes mag.be made in detail,
12 WHAT 1S CLAI MED, | S: An indicator system (10) for |nd|cat|ng

the |evel aﬁseﬁ%ly@tsmraﬁf#mpw apdl areangementnf nasts wittin thqmtaplsse&

Subst ant 1 al 1y Eiavention s Rt ERA ok ateq O THE bijgleBiypl fbabing or 8% Jeis ™

coated medi um &ziaz)udmhemgpanaa cliimsafedgrégedly €; a -punp (40) for
supplying a sanple airflow through the indicator (18); a flow neter

(16) for nmeasuring and calibrating the sanple airflow so that the sanple
airflowis proportional to an airflow through the adsorption bed,

wherein the sanple airflow passes froma first end to a second end of the
tube (20) such that the col or-changing dye defines a visible changing col or
[ front (28) along the tube (20) as the dye is exposed to the airborne

1 contam nant, the indicator (18) providing a real tinme indication of

1 increasing cunulative exposure of the adsorption bed (70) to the airborne
cont am nant . 2. The indicator systemaccording to claim1l
further conprising first and second porous plug elenents (32) disposed at
the first and second ends of the tube (20).



3. The indicator systemaccording to claim2, the indicator further

I ncl udi ng: a) a first fitting (30) being renovably gepH§saIREs7 O
t he tube (M9%?29#1e first end and (b) a second fitting (30) being
removably connected to the tube (20) at the second end. 4, The

I ndi cat or system accordi ng-to any one of cllgi ms 1-3, the indicator (18)
bei ng renovab I . fromthe indicator system (10). 5.
The i ndi cétor%@ﬁgmwg to any one of claim 1-4, wherein the

col or-changi nq, dye g Hditai6sfor indibdtitg £ 1RVE of an airborne contaminant comprisigg:
13 6. The i ndi cat or systgr#accordi ng toognnycoone oPnc? g‘%s%'&

wher ei n the col or - dapngi atpbeyirciuding rat teast Hpartion tkatds trisparent; and 7.

The indi cator system accordin p any, one, of ,clains, 1-§, erein the nedium
(22) is selected frBh tRmsA '“E‘{Saﬂi%s‘tﬂ-%W@F%%Vﬁgl?%!i&%%&ads,
porous polynmers and al un&&ﬁ : : e indicator system according
to any one of clainms 1-3. ﬁeﬁ%?oﬁuﬁglogglmggmgacontrol val ve (14)

constructed and arranged(iy o csaid ntedivrh®elg gatedavith b evlor-changing dy€; An
adserptiom fiTtering systemincluding the indicator systemaccording to any

one ommmum adsor p is orchapging dyeshpngesiingolorasthe 5
housi ninile b N ' brtd hayj .al r.bor ne

cont a st an isnl &t pl enu”ﬁe&ﬁ%@lsa%x%&%&oa%%gu%gfé{x On- ped (70) for at
| east partially renoving airborne contam nants; and an outlet for

exhausting treated airfl ow . 10. The adsorption filtering system
according to & ai rAn indicatort according ted¢laim dwhetdp: i s ori ented upstream of

the adsorption bed {(70). o4 wbe includes first and second, opposite ends; and

(b)  first and second porous plug elements being disposed at said first and
second ends of said tube.

3.  Anindicator according to claim 2 further including:
(@)  a first fitting being removably connected to said tube at said tube first
end; and |
(b)  asecond fitting being removably c_:bnnected to said tube at said tube

second end.

4, An indicator according to any one of claims 1-3 wherein: -

(a) said medium comprises silica gel.

s. An indicator according to any one of claims 1-4 wherein:

(a) said color-changing dye comprises a pH indicator.

6. An indicator according to any one of claims 1-5 wherein:

| (@) said color-changing dye comprises bromophenol blue.

¢ 7. An indicator according to any one of claims 1-6 wherein:

(a) said tube is cylindrical having an inside diameter of 0.08 inches.
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, airborne contaginants froman airstream th
. passing from ug

11. The adsorption filtering systemaccording to any one of clains 9 and
10, further wanodsep®ssg a probe (12) for sanpling the airflow {t(PEI/PSIBA3SETL2)
being oriented within the inlet plenum (64). 12. A nethod of
indicating a deterioration |evel of an adso Qt i ve medi um for renoving

' ai rstream having a first flow

st r eM INSICAIQRACCORIRg toAny ane aficdaimsslod wheveinnedi um

" conprising the step fi eat . 0 le airflo r rtignal] to
the first flow upstigglm oﬁm‘%ﬁxeedla sgﬁﬁﬁﬁ%@ﬂﬁﬁwu °°m1%5°99‘%°a831: SJaSS

14 passi ng the prisgads,ipoeo\s polyrietsCand aluhfida.t hr ough the indicator
system according to any one of clainms 1-11 ,the color sensitive coating
changing color as a noving fromin response to exposure to the airborne

© contam ants; agd . «Calibrating the proportional ajr sanple so that
~ the noving frogt in%gldil?‘?g?r ﬁa c‘ﬁgﬂqﬂﬂgﬂg‘?‘%ﬁ%ﬁ%’" g Hankers ofnlaimson

f

llevel of the adsor pti.gahe®stiedtdr system com ng,% The met hod according to
claim12, wherein the step of cal’ibrati ng t g proportional, air sanple

- ensures that the indaxat iapumpfonsupplyimga sampleairflow T @idindicdters ahde

adsor ptive nmedi um reguires_ change- out. . 14. . The nethod according
to any one of clai 2 dhflowan measuring ard calibsating the samplesirflow.passi ng
the sanple airflow through the indicator system periodically repeating the
step of passing the sanple airflow through indicator systemuntil the

i ndi cating mediOm eupindicator sybtengmzorith@to claim 9 furtherlifcludinhe met hod
according to claim id} further incl uding: (a) after the step of
passing the sanpl e &%) f| &fantiobyalne carstiustndandarranged tnconteolthe samplee t ube
cont ai ning the indicati nqﬁ%q* umfromthe indicator system and (b)
repltacing the renobved tubeé W th a tube containing new indicating medium
16. The met hod according to any one of clainms 14 and 15, further

1 l.. An adsorption filtering system for treating air containing airborne
contaminants; the adsorption filtering system comprising an indic#tor system
according to any one of claims 9 and 10; the adsorption filtering system
comprising:

(@) a housing having: an inlet for intaking airflow having airborne
contaminants; an inlet plenum; at least one adsorption bed for at least

”!I,"J ,"I,L, "IHH "l,sl " l!l’ partially removing airborne contaminants; and an outlet for

exhausting treated airflow;

(1)  said indicator being oriented upstream of said adsorption bed.

12.  An adsorption filtering system according to claim 11 further including:
(@) a probe for sampling airflow; said probe being oriented within said

inlet plenum.

13. A method of determining a change-out time of an adsorptive medium for
removing airborne contaminants and having a first flow passing from
upstream to downstream through the adsorptive medium; the method
comprising steps of:

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

This Sheet Has Been Replaced
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4 i ncl udi ng; (a) after the step of passing the sanple airflow

t hr ough the\i’@%/ﬁ%ﬁ@” system renoving the adsorptive medi um @Rfhses13ssy
(b) repl acing the renoved adsorptive nediumw th new adsorptive nmedi um

T

17. A method of replacing an indicator in an indicator system the
I ndi cat or system conpri si ng: 14
REPLACEMENT SHEET : . NPT . .
13 JAN 2002 (®)  passing the sample airflow through indicating medium, having color 5,

| indi cator conprising a t ueasitied coatink, WhasdiaMhd @1byschbiRVe BAAEI cHAREL or
1a a sdeppansiverto esposune airbem'emﬂhtzminant;.t he sanpl-e ,
V\hg:]mmmm”mm“wmll |l ed with coated rrew havi ng a coﬁ‘or cchangl ng cfye

1 airfl'ow®passithg froma first end to a second end of the tube such that the
1 color- changing dye defines a visible changing color front along the tube

1 as the dye is ¢xposedmethddiecas m : . a flow neter
i for nmeasuring and calibrati nsal':d%%?{sd;ﬁpa?‘g@%i r ogvﬁ‘gﬂ@ﬁgt hat the i ndicator
i provides a real timéai nditeforedhe step ofiobmbiingg sample diflove cﬁﬁ&%ﬁﬂéﬁéﬁxﬂéﬂf
i ai rborne contam nant, theah[Hat hod conprising the steps of: - visually
moni t ori ng the i ndi cat or :alrtiow to ensprafhatthetindicating medivm chiabges dodor ndi cat or

; di ' b i all I | R}. col or . h '
| the adsor ption bed: ant Sorbietdl Budfid adSBYE leliohg reiirss changsrds g o

tube filled with fresh nedi um

15. . A method according to any one of claims 13 and 14 wherein:
(@ said step of passing the sample airflow through indicating medium
includes passing the sample airflow through an indicator comprising
at least a partially transparent tube holding the indicating medium.

1 16. A method according to claim 15 further including:

| (@  after said step of passing the sample airflow through indicating
medium, periodically repeating said step of passing the sample
airflow through indicating medium until the indicating medium
completely changes color.

17. A method according to claim 16 further including:
| @ after said step of passing the sample airflow through indicating
medium, removing the tube containing the indicating medium from
an indicator system; and '
®) replacing the removed tube with a tube containing new indicating

medium.

18. A method according to any one of claims 16 and 17 further including:
€)] after said step of passing the sample airflow through indicating

medium, removing the adsorptive medium from an air treating

PRV

system; and

®) replacing the removed adsorptive medium with new adsorptive

medium.
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