WD 03/ 034045 PCT/ CA02/ 01562 ON-LINE OPTI CAL ANALYSI S OF A SUBSTANCE
THROUGH A CONDUI T SECTI ON OF A PROCESS LI NE BACKGROUND OF THE | NVENTI ON 5
Fiel d of wihe3losdoenti on The present invention generally relparaaoRo01562
spectroscopy and, nore particularly, to a non-intrusive device for

all ow ng spectrum anal ysis of a substance throu%h a conduit section of a

process |ine of &Ni QRGeS s AN LY HABtOF ACRIBS T ANCEhTHRAWeHPk i or Art 10

conposi 1 on and physi cal GrSBHIT B HPN QR BRI Ueed i n processi ng
pl ants, such as chem cal, pharmaceutical, petroleum sem conductors and

f ood product processing industries. Typically, such a spectrumanalysis is
performed byBACKGROUNY QF JAHHINVENTION subst ance to be anal yzed fromthe

process |i.ne tt roceSS| ng plant and carrying out a spectronetric
anal ysi s Of tﬁ%—é@%—e “Usanpl e by passing near to far infrared radiation
therethrough. Instead thetﬂ}SseﬁpﬁM@nﬁ'&f‘ é1 HﬁHz Rt spédirod@iflydhiaenpeef er abl e

to performthe test on-line directly through a condwt section of the
process | i ne,pasiailarly, tohe Imna@msvmdwmenfdrudlésmagcsmdhnmm smdysionfnade of a

light-transmttin er al directly through this. existing cqnduit
section, to aﬁ‘}h tﬁrc[] qﬁ’@l}g]%af:‘? Tt Rgeh 9 E’%?@S%H% 70 BEOCPEIENS INENTI ON | t
i's therefore %cﬁbmrpgfthgpn&rgﬁent invention to provide a |ight-
transmtting device adapted to be nmounted on a processing line externally

of a codfuit section tIhsrlafmﬁvrﬂorcamwcmmsp@trsp@wrfwmanmm theahemicgalibst ance
circulated 25 thr&ggh t.he conduit secti al so an ai mof the

present i nverfOPR9STIGH 19\ PRISIGe) Propsriies, BP V&’ﬁ%‘ﬁ/é‘?slgtl?ﬁs Ysehy B PEFEEIRG t hout
having to exthagt ﬁcﬁ%@@h@mﬂfaﬂﬁiﬁnﬁ&'&%ﬁ@ﬂcﬁe&&% DB CHMARERRS ahd F6od N ough

whi ch the substance s circul ated
product processing industries. Typlcally, such a spectrum analysis is performed

by extracting a sample of the substance to be analyzed from the process line of
15  the processing plant and carrying out a spectrometric analysis of the collected
sample by passing near to far infrared radiation therethrough.

Instead of the above-mentioned method, it would be preferable to
perform the test on-line directly through a conduit section of the process line, and
if the process line includes a conduit section made of a light-transmitting material

20  directly through this existing conduit section, to avoid process line modifications.
SUMMARY OF THE INVENTION

It is therefore an aim of the present invention to provide a light-
transmitting device adapted to be mounted on a processing line externally of a
conduit section thereof for allowing spectrum analysis of a substance circulated

25  through the conduit section.

It is also an aim of the present invention to provide for on-line
analysis of a substance without having to extract a sample of the substance from
the process line through which the substance is circulated.

It is a further aim of the present invention to provide a light-

30  transmitting device for allowing spectrum analysis of a substance circulated



It is a further aimof the present invention to provide a light- 30
transmtting device for allow ng spectrum anal ysis of a substance

ci rcul at ew0 030348 03/ 034045 PCT/ CA02/ 01562 through a pro®esgAmaesen t hout
having to nodify the process line when the latter includes a conduit
secti-on nade of a light-transmtting material. Therefore, in accordance
with the presédpoughg@rcesmling wiheuti kavingrtovhathfy the poscesnline sihee tiebelaitee f or
al | owi ng spect nalysi.s of a cqnfjn 5 progess stream through a

l'i ght -t r ansni %ljti(ilﬁnmdeg Sﬂ%@l‘[ssegé?ﬂm 68#a§grﬁft@8g‘§§tm$ﬂ’é?en@grrpri sing a clip

adapted to be external | vheRuhRtesh OcéhSnde! Ghth- & AR eXe) t.
section, said cl i.g bei ng at | east pgrt I yemade olcfagl%?% ghftn?tgrrl%oglé%ﬂ%ﬂei lﬁg

materi al and ®BM albe-intusives device fof allawghg spectrint entlysis hefaancedifidddght
transversally through the conduidt ction. 10 The expressjon spectrum

anal ysi s i§s h %OeCF?f ?cﬁe[agln 8”5%0a&é@ﬁﬁﬁaﬂgmﬂil‘?‘ﬁlé%‘f‘?u&aﬁcgﬁn o & pEaceEndae or
bodi es by meagemgfisihial elifl85HEPWYRCLILnIRL fldutred SPEH fRLLYniNlEN C2
conposi tion and physical ‘properties analysi's thereof. e expre53|0§ | i ght
is herein inte sestiomasaid| dlipnvaviekestgtehst partig |maked of e tizht-eheetifipgagnet i c
spectrum i ncl ugi ng itglge ul travﬂ olet, visible and 15 infrared portions of
the el ect r omafEtHA eCYISRIEOEN o b SPUSACY Wighh ta ditot herbegan @i alighis pect
of the pr esentrandvaiei ifflghHEEsdu B ded a condui t - mount ed
light-transmitting devi cegfor al lowm ng optical analysis of a substance

t hrough al®onduit sect i She ekprasspomemstuml dmabysisvil dleadin itahdbdciondetnt thsect i on
is made of a livgﬁt-ﬁrangm ttin teri %l?ﬂf t he 20 condui t - nount ed

| i ght - t ransmi EYVFHEHR PESURSHS %%%%S mgansiphely clestpmagariicamaetts, y
secur ed about ggda ot ' - Sal ' i i n:optical path

i ntersecting t%eﬁigg%ﬂﬁﬁlg%?? ﬁgﬁﬁ\%ﬁ%%ﬁfgﬂél% ﬁgﬁé@{%@&%&?‘ﬁﬁ eabout .

BRI EF DESCRI PTI ON OF THEhORAMENGS Hahi io thetdin sntg@tar @l ayarl gl GrdveRggthbe

nature of, the 1 lavg:nti on, . ) ) i
included m the electromagnetic spectrum, including the ultraviolet, visible and

15 infrared portions of the electromagnetic spectrum.

In accordance with a further general aspect of the present
invention, there is provided a conduit-mounted light-transmitting device for
allowing optical analysis of a substance through a conduit section of a process
line, wherein said conduit section is made of a light-transmitting material, the

20 conduit-mounted light-transmitting device comprising a clip adapted to be
detachably secured about the conduit section, said clip defining an optical path
intersecting the conduit section when said clip is secured thereabout.

BRIEF DESCRIPTION OF THE DRAWINGS

Having thus generally described the nature of the invention,

25  reference will now be made to the accompanying drawings, showing by way of
illustration a preferred embodiment thereof, and in which:

Fig. 1 is a schematic perspective view of a process line upon

which a light-transmitting device in accordance with the present invention is

externally mounted for allowing spectrum analysis of a process stream through

30  the process line tubing;



25 reference Wi Il now be made to the acconpanyi ng drawi ngs, show ng by way
of illustration a preferred enbodi ment thereof, and in which: Fig. 1is a
schemat i cwpasopwes i ve view of a process line upon which ®CT/CA02/01562
light-transmitting device in accordance with the present invention is
externally nounted for allow ng spectrum anal ysis of a process stream

t hr ough I30 tge pr oces §id. Rrgatt eidarpgd view yidhe BLhcuowsitiag deriopmorssd Fig. 2
is an enlarged view of _the light-transmtting device nounted on a section
of the pr oce_@%a!SPcﬁ@,nqfi%e.PrS“isgﬂﬁ?f enl ar ged pgrtly expl oded vi ew of the
light-transmtting de‘ﬁ%@ iéLuhHﬁltaf%éhlpaﬂly@em&d@@vﬁwmﬁehighf-@mmmhg secur ed
about a section of the process line; "and Fig. 4 is a cross-sectional

vi ew of the Héwbd illusantng howrthe device és remonvabbdsasnred rbopt 8cedipn phie

DESCRI PTI ON OF THE, PREFERRED EMBODI MENTS The present invention, as will be
exp!alned5heP%Wﬁ%ﬂPE%?nqs 10 generally directed to a light-transmtting
devi ce 10 adapted to Dg;f iRy ahh¥es SARHPIAPRYIihd 1BAOGARMilngAAcea gi ven
processing plant to permit opti caﬁ anal ysis of the conposition and/or

physi cal propsubhicdsonathe prosedasinance circul ated through the process |ine.

More specificall the light-transm tiing de e 10.is adapted to be
external ly @Eﬁ@ﬂ&é&%&ﬁ@ G HREIERR

L ng process line to
b

direct a 15 |ight beam-(\i §j , g n od 1 khhiREed g6 aigr enot e
l'i ght source (not shovvn\é_, E{eﬁ‘%@ub %%ﬂ’congﬁ?? Béyegt ?%{1 ang rte{1nrgn8i'éalrsry t he
li ght engogi Bendraigyndireeted ith |l tighatradnsttingt daviee 10 radenthd tthebecemaiviablysect i on

to a |ight i vi

s Under st oodecnel ANV o OEGE RSt SEFT BIOoSHHE 115 CeB T HEPRAE g be made
of optically transparent o ferical

pol ytetrafl u8% 6%‘? ﬁ@fP %Sgtg?%%lglérﬁg}g{sﬁgﬁ#%%%? I’? g? esél gﬁ?/lgdré gégg@g%end %)g)(lnilgrlrler S,

the process line. More specifically, the light-transmitting device 10 is adapted to

be externally mounted on a conduit section of an existing process line to direct a

15  light beam (visible, near infrared or infrared) from a remote light source (not

shown), through the conduit section and then carry the light emerging from the

illuminated substance through the conduit section to a light receiving sensor (not

| shown), such as a spectrophotometer. It is understood that the conduit section of

the process line has to be made of optically transparent or translucent material

20  such as polytetrafluoroethylene (PTFE), other fluorinated hydrocarbon polymers,

and any other light/infrared transmitting material for allowing the light to pass

transversally therethrough. For instance, the conduit section could be made of
Teflon™, glass, polypropylene, polystyrene or other polymers.

As will be seen hereinafter the present invention advantageously

25 allows on-line control and monitoring of a process stream without having to

extract a product sample from the process line. There is thus no risk of

contamination of the process stream. The present invention is even more

advantageous in industrial applications .comprising a process line including light-

transmitting conduit sections in that control and monitoring of the process stream

30 can be performed by simply installing the light-transmitting device 10 on the

process line externally of a light-transmitting conduit section thereof, that is

-3-



and any other light/infrared transmtting material for allow ng the Iight
to pass transversally therethrough. For instance, the conduit section
coul d be wadg/af45 Tef | onTM gl ass, pol ypropyl ene, pol ystyPemaerve/other
polymers. As will be seen hereinafter the present invention advantageously
25 allows on-line control and nonitoring of a process streamw t hout having
to extract aWphedubavizsbepreplace ansegienpobthessotdsedine Byes Bightstradanstiing ri sk
of contam natj ..of the _prqgcess.stream The present invention is even nore
advant ageous fér%l(%f!?lﬁcfﬁgtﬂ%’ g&%ﬁp‘%"é’?‘gm PEipt ﬁ’é‘?rﬁiﬁuan-pﬂi‘%é%?_ Jayieatiipcl udi ng
| Tght - tr ansmitobé AgIecha) the A6 Oe ddks MiPhateA bt Alodific HHOMG L0y, Bl OF the
ng e

process stream 30 can be perforned by sinply installl
| i ght - t r ansni basi pglydédy igeunt Othenlighteransmitting sddvidee 1@ xéxaemally Yorofa #ight-

light-transmtting conduit. sectiop thereof, that is -3 W 03/034045

PCT/ CA02/ ﬁSG%an%@FW&YPn‘:’HWeﬁBWBP‘ih@BF%Féglélesegrrent of the process |ine by
a light-transmtting cpRdyj t SR ohviat i V.. Pr oces
interruption. That is to%gay ?hgrt&th}ﬁ% ?‘ltf‘]%?%ﬁg%l& ?ﬁé\lﬁagﬁlg gfhﬂelgp}?r%%eél s line

does not haveinventtya. e kpedidatiy g, vaypicBrewetwsionnl?y steh MOMHBEe fodsd
ht- 5 transmtting conduit

light-transmtting deyice 1Q exterpally on a I|i )

section of th& 8?’“8’58’%%10 O g dusiies. Tﬁlee%@ﬁﬁltarhlopegg SHENHALS icemeTisgRRi isat i on of
the present (iRN@MohQhe 1MOS bf | I Fi ] wet station 12,
such as thoself ound in senc%‘fn on%gg%gbaéhnyfdgt@?%s}%’ %ﬁ&ejé%eh@pﬁoaﬁngﬁdi‘%
essenti allly clogphesinsa aloset cicéuit uladlefm™ itaiging 22C 0hp bs@d]1 ®tad chthined 6, a
filter 18, and a gurmﬂzo [of0) nec{ ed, 10 together in a closed circuit via
Tef | onTM t ubi Y1082 Solffusysiich ag leamine.chnpring egetciag podutionsol ut i ons, such as

cl eani ng, stripping or Ghi ut i - AS i 9. .t h
light-transmtting devi%ge ?é ?%ngigr gt?ﬁlilg@?\% gﬁ‘lﬂgggodr%‘/gcesé? é%tcgrgct(%ndui t
section of thestehtedstn agelprtatessiultisadiohbreld edistalglprodbs likdes Satinany b t ubi ng

22. The light-transm tting device 10 generally conprises a 15 clip 24
adapted to béhaé[?eﬁe%{awl%%r@&? Beht{rapgmitang device P digherslly comptisss havi ng

15 clip 24 adapted to be detachably secured on a variety of conduits or tubes having
different external diameters. :
The clip 24 has a hollow body 26 defining a peripheral open-ended
elongated slot 28 adapted to receive one of a plurality of interchangeable conduit
adapters, one of which is illustrated at 30 in Fig. 3. A different conduit adapter is
20 used for each diameter of conduit, thereby allowing the body 26 to be mounted on
a wide 'variety of conduits. The conduit adapter 30 includes a pair of spaced-apart
conduit gripping arms 32 extending perpendicularly from a base wall 33 for
tightly grasping a conduit or tube having an external diameter slightly greater than
the spacing between the gripping arms 32. At least the base wall 33 of the adapter
25 30 is made of a light-transmitting material, such as but not limited to PTFE or
other fluorinated hydrocarbon polymers. Once the right adapter has been chosen
and fitted over the selected conduit section of the process line 14, the body 26 is
brought over the adapter 30 to locate the same within the slot 28 in the body 26.
The adapter 30 is retained captive in the slot 28 by a cover plate 34. The cover
30  plate 34 is removably secured to the body 26 by means of screws 36. The cover

plate 34 is provided on an undersurface thereof with an elongated locking rib 38
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different external dianeters. The clip 24 has a holl ow body 26 defining a
peri pheral open-ended elongated slot 28 adapted to receive one of a

pl ur al i t ywofo3ioswoes changeabl e conduit adapters, one of whipch/da®20iderist r at ed
at 30 in Fig. 3. Adifferent conduit adapter is 20 used for each dianeter
of conduit, thereby allow ng the body 26 to be nounted on a w de variety
of conduits. fPheengogaiuint batapirern POiri o bxicdly spagei-apacf lahagedinggar 40
conduit gri ppi I

ng ar 32 extendjn erpendicularly froma base wall 33 for
tightly gras p‘?’%‘iﬁlda’%%%ém o‘(‘)"rwaf‘h%&“ﬁ%ﬁlﬁd’?%e SUPRIPE A8 32nek Be condyht | v
greater than I ; LRI st the base
wal | 33 of th%&g%gg?gﬁbglgﬂ%ggﬁg%ége&g@ ER@?%%O?%%%Q%t%ﬁlﬁgﬁaMt erial, such
as but not linited to PY¥Ehoovn indlipet, tlid bualyi2eat erbviddedracarddde grahysler s. Once

the right _ad r has.beep chosen nd fitted over the selected conduit
section of t?&tﬁfﬁegg’étglq st i%’,neﬁ‘i%?‘%d”a@r%vmg the, dista isnd peeiontafer Bighpt er 30

to locate thegsampuwidtblenmt bt e .adapter 30 is

retai ned capti vers?)r% tche 30?1‘?15;1111%5%@%6 grg%}iggxﬁig Iﬁgeélac%c\?aglrg S% ate 34
i s renovabl y mexiurabend thetdoé tdolight26uly (me sheviffosditensg 3QighThanceued pl ate
34 is provided . on an .undgrsurf,ace t hereof with an elongated |ocking rib 38

-4 WD 03/ 03408PUbEe) Empisd (9 55 inirarsd beprg{HR hetn) pes wsahindragesd heagt ally

spaced- apart J9gki d j t er owyimar dl y.f r.am one of
t he gripping ﬂaenuZ’ t%gls‘](;)fr %ﬁ%ﬁ%a}?{&&?ﬁ%%&e&ﬁ %fgﬂ?éolrf\’/%%lk ;’Yﬁém étztoé ‘agai nst
axi al sl il@i ngprowsetimai4i Dhe fidewdllt of28e sI6 28 RavBe inthdeicd a HghtiRBsrhRghg 26 is
provi ded on one side of the slot 5 28 thereof with a first connector 41

for receivi ngn¥fiel dpisaligwigg dhs, bght beamoto pesy thesgthropglber, abismagveabl pai2. The

first fiber t ] LS : . d r oxi.nmal. d t her eof
to a light sgﬁrdg go%gg‘ith%gﬁ%\ll\%? t?%%ﬁ@b@%ﬁ%@“‘??ﬁ@? %Sefgﬁf“ei H’ceﬁem':ghebut not
limted to awindéwsadedodiedeptdvRiddcianhe RimaMorE. THY Kt ®akgamédNRo beam ,
transversally through _the conduit section of the TeflonTM tubing 22 of the

10 process | i%id porperdhgnlanlymigasact thercentral agisof tiracananitisectirace which the
I ght - tr 8§s M x39s mounted.

According to the illustl;ated embodiment of the present invention,
the light that emerges from the illuminated process solution through the conduit
section of the Teflon™ tubing 22, the base wall 33 of the conduit adapter 30 and
one of the sidewalls of the slot 28 is diverted 180 degrees by a pair of flat (mirrors '

20 46 (see Fig. 4) before being transmitted to a_light receiving sensor via a second
fiber optic cable 48 connected at a distal end portion thereof to the body 26 of the:
clip 24 by a second connector 50. According to one embodiment of the present
invention, the flat mirrors 46 are mounted within the hollow body 26 of the clip
24 by means of an aluminum frame (not shown). It is noted that a lens could also

25  be provided to focus the transmitted light into the second fiber optic cable 48 or,
alternatively, directly into the light receiving sensor. Furthermore, it is noted that
the second connector 50 could be disposed on a side of the slot 28 opposite the
first connector and in alignment therewith. In fact, a variety of optical elements
could be integrated within the hollow body 26 of the clip 24 to cause the light to

30  follow various optical paths between the light source and the light-receiving

sensor.



material for allowing the Iight beamto pass therethrough or, alternatively
a pair of opposed aligned light-transmtting wi ndows 44 could be forned

t her ei n. Wba3s/osdomtiows 44 coul d be provided in the form of Peole2/0T@ee | i ght
beamis directed so as to perpendicularly intersect the central axis of
the, conduit section on which the 15 clip 24 is nounted. According to the
il lustrated enbodi ment Aedortiing tpresertodinmng of ittenpresenh énventjpn, ththellevrer ges

fromthe illum nated process sol utj t hrough t he conduj seciion,of the
Tef | onTM t ubbasty 26201 the elip 44 &s Rafls Oéigerhﬁ"w %g@éﬁﬁﬁ}eto%’&gfpgflgpagﬁﬁ%%ad one of
the sidewal | f kD | ' ohBinfl e evR8 % By istinBaisfoo@that | at
mrrors 20 46° éne%c}%l %#oq{ﬁsa%eﬁpgh%gé%gﬂ{ rangﬁ‘?ﬁ ed ¥o 1§| i ght OF)eceai Vi ng

sensor via aggelipnd cofildiermaftdut of ablide viBietyorfredtalsat a distal end portion
t hereof to the body 26 _of the cli seﬁond conn ctor 50, tAccordi ng
IGHY MSPEP

24 by a
to one enbodi nent of tHethsresedf 2 ﬁ’ﬁ%}"@n%g%‘,det &9 R GYE 3 e
mounted withjn the holl b e. el ahum num
frame (not sh@)%ﬁﬁc?nﬁ " aitéé%q}fogcegécﬁ?latg f gﬁ{he@%ggﬁlogﬂa?és/(g g&%e&%f g@% ded to
focus the transepidiedohdi@hbectivhOaridhties ahotightf-irismitipgi devicabl lecatdd be,
alternatively, directly into the light receiyving sensor. Furthermre, it is
noted that tied, senraquirndndesrenn. 36 withew Bethgs %It‘bﬁleau"i’}“@eo of*°t he sl ot
28 opposite the fli rst connector and in alignnent therewith. In fact, a
variety of oBt ®5I"™8 enents could be integrated within the hol | ow body 26
of the chjp 24 to causastdag bd ghjredistedBrobo tHeofureging ube ppistntahvpdiohs

between the |ight source and the light-receiving,K sensor. -5 WO 03/034045

PCT/ CA02/ 0156owsActoor @hdiget spepiruahbserstisienbf for hdetgraaing ryehf i t he
hol | ow body 26 of .the clip 24 |. ‘D tical
el ements houS¥GPOTHL} @’i“#ﬁ?rc?%elg%%gfgg%b%ag&ggﬂrrr noﬁ g’g%ﬁﬁﬁgﬁﬁr&%@ﬁmmver,
it is understpadichhRd subkfABcéisicewidtedoul d be made out of a wide variety of

materials. 5 In the case of a tubing 22 made .of non optical Ly t ra}?sparent
or It is easily seen that the present invention as described ‘above has
15 many advantages that can be summarized as follows: no sample preparation,
rapid installation with no process interruption, totally non-contact, non-intrusive

for no possibility of contamination, etc.



translucent material, a section of such tubing could be replaced once by an
appropriate conduit section, and then the light-transmtting device 10

coul d be wogad34owhen required, thereon, i.e. wthout furtRer/cvangss to the
tubing of the process line. 10 As can be appreciated fromthe foregoing,
the present invention allows for on-line spectrum nmeasurenent for

determ ni ng tGBAEMS cal conposition and/or properties of a substance

t hrough an existing conduit section in which the substance is circul ated.
It is easily seen that the present invention as descri bed above has 15
many advant ages that ca SR 0. : ?lggp epar ation,
rapid installation wt hﬂn(lgt))@g;riocessel ?ﬁ?gfrsfgétélgﬁﬁﬁ%oﬁ%r y n(%lﬁa‘}%gsn'tagc%

non-i nt r usi veconfiped procpessgiepinl thtongbfa lghttransmisifrigoendeit Gectioh M@ 23434045
PCT/ CA02/ 01562 CLAIMS: 1. A non-intrusive device for allow ng spectrum
anal ysis of a “%cGHfPHEgs ﬁr%‘@@g%ptgé Foe‘aﬁﬁ%tﬁ%@cm&nﬁeﬁ@mth@ Hel<FnsmItHBe condui t
section of a bl gy LS .1 e 01 erpally
nount ed on thdg)hla?igﬁ%f ?J;%n%rlr(li %?i ngélﬁ%ggdlg?st? I;sagﬂt ?%zﬂf,e g%itadllglﬁ i'tgaﬁ%)%{tﬁ at

| east partl|y metdgalofand ¢omhttebleattsmi tduresy ofnfigler @l dinkd £ orAACLHADIBt 0 a
source of light to qixrtﬁfﬂt&lgﬁ beam of |ight transversally through the

condui t sectignsvgsa Al eyt seigice as defined in claim 1, wherein
said clipis adapted to be releasably secured about the light-transmtting
conduit section. 3. A non-intrusive device as defined in claim1, wherein
said clip is 2.adjustablé mo-iagudice devicesudoinbe i108lairh gh) twietan S48 tlip 1Y
condui ts havi r&%%d!iffgrent cross-sectional dinensions. 4. A non-intrusive
devi ce as defddARgd iindeTelFasably soedabauidhe Hekiransmiiiae gerdnitsepigndy defi ni ng a
peri pheral slot for receiving interchangeabl e condui't

3. A non-intrusive device as defined in claim 1, wherein said clip is

adjustable so as to be securable on light-transmitting conduits having different

cross-sectional dimensions.

4. A non-intrusive device as defined in claim 1, wherein said clip
includes a body defining a peripheral slot for receiving interchangeable conduit

adapters adapted to grip conduits of different external diameters.

5. A mnon-intrusive device as defined in claim 4, wherein said clip
further includes a removable cover for maintaining a selected one of said

interchangeable conduit adapters captive in said peripheral slot.

6. A mnon-intrusive device as defined in claim 1, wherein said clip
includes a body having a conduit-engaging section, said conduit engaging section

being made of a light-transmitting material.

7. * A non-intrusive device as defined in claim 6, wherein said body

has a first connector adapted to be connected to a fiber optic cable to direct the



adapters adapted to grip conduits of different external dianeters. 5. A
non-intrusive device as defined in claim4, wherein said clip further

i ncl udes woranBwabl e cover for nmaintaining a sel ected onePoff/Gard1562

i nt erchangeabl e conduit adapters captive in said peripheral slot. 6. A
non-intrusive device as defined in claim1l, wherein said clip includes a
body havi ng abagendiilighé rihrogigh graisle conidmit, engagihec sevtion t arginthagighgtheekigtiton

bei ng made of,_a |ight-transmttin erigl.. 7. A non-intrusive device as
defined in cI%W%B?@I egfé(?noong?fgﬂﬂf ﬂFF‘a‘glpalsfrimf*@fedconnect or adapted to be
connected to a fiber optic cable to direct the -7 WO 03/034045

PCT/ CA02/ 01562 beam of |ight through said conduit engagi ng section and
through the 1§.ght- trandnmdntintrgsivodelticd as definedninariaiwh cwhébia @lid Podys

nmount ed. 8. %@gon-i ntﬁriusive device as_ defined in claim7, wherein said body

has a second ¥Srin¥EPBY CaBRFSIEIIERIChE becArRIcky 1002 Hehightiving senserfgr sensor
for ~recelvingedififiel INliRIMRAALIG HOAMhDSBEALCSR,T LA NHOUAN,! Ne
and t e con 0

light- transmtting conduit ul t-engagi ng section e clip.

9. A non-i nt rivesismétide owdyitzaddief condalitiengapling sachon vhieelip. said i ght -
transmtting material is selected froma group consisting of. near infrared
transmtting material and infrared transmtting material. 10. A

non-intrusi ve device asy dehlipfdivdadial 18 fnldiSh S @l b 1iggnnect or

is connectable to said light-receiving sensor via a second tic
cable. 11. A treosmittihg usbiesialdéyviselected filehi magonm hsiktiagl of Wadreintrased d clip
has a body housing at |east one optical conponent for directing the beam
of light enﬁ‘f?&?@ﬁé%?l@f;ﬁqah@dp‘ﬂgé@%m@%m’é@?ﬁ@Ia@ﬁgl-a predet erm ned opti cal
path. 12. A non-intrusive device as defined in claim1l, wherein said clip
has a substantially holl ow body having a conduit engagi ng section by which
sai d body 10. A non-intrusive device as defined in claim 8, wherein said second

comnnector is connectable to said light-receiving sensor via a second fiber optic

cable.

11. A non-intrusive device as defined in claim 1, wherein said clip has
a body housing at least one optical component for directing the beam of light

emanating from the process stream along a predetermined optical path.

12. A non-intrusive device as defined in claim 1, wherein said clip has
a substantially hollow body having a conduit engaging section by which said body
is adapted to be releasably mounted directly on the light-transmitting conduit
section of the process line, said conduit engaging section defining an optical path
therethrough for receiving and conducting the beam of light through the light-
transmitting conduit section of the process line, and at least one optical element

housed within said body for collecting the light transmitted through the conduit

section.

13. A non-intrusive device as defined in claim 12, wherein said

conduit engaging section includes an open ended slot defined in one face of the
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is adapted to be releasably nounted directly on the light-transmtting
conduit section of the process |line, said conduit engagi ng section

def i ni ng wp 0ops40eml path therethrough for receiving and ecmdaworiomg2t he
beam of light through the light- transmtting conduit section of the
process line, and at |east one optical element housed within said body for
col | ecting t bedy, gidt a tcoadisimadaptad retmovalgh indiadledomdsaid opere endegnslot] Faida
non-intrusive device as defined in claim 12, wherein said . conduit engaging
section incl Gﬂ’é@ulbﬁ&é’&’éﬁla@%&iggqeo albiﬁqnﬁé’é“?}h e}(ﬁtﬁléésf % Par 3 PReed-amgrin :
03/ 034045 P / dia j I bhamitiist al | ed
in said opegg{é%gﬁ gg?)@t(ﬁ% %@?gydaggegdﬁi ¥&g§ggt{h§rregﬂg@%ﬁ$h%q%§g wal | from

whi ch ext endsoadyifidctiof, wheaeincsaith asrtduitcatapier is gfr ieppipaglyamade afladighét t o
recei ve therebetween the |jght-transmtting conduit section, wherein said
condui t adapti@psmpiting maiegak "part1y made of a light- transmitting material .
14. A conduit-nounted light-transmtting device in conbination with a
light-transmitting conduit section nounted in a process line for allow ng
optical analiysis of a &ubsintrneuitad ligkt-pasodgingldenies it lkembmation twithount ed
light-transmttin device conprising a clip detachably securabl e. about the
condui t sect iadight-dansmigiingrondet seRtion DagTmgishin @HroeRst Hng f(ﬂré’ﬁgwa lcff‘a]‘ne
conduit secti ' b - bt ifpation as
defined in Claglgl%!{gﬁ?a% es(réaenl(é%lh{s)tg;e E)r%%?%ﬁ ééheta&%gﬁ%st an%eidilfr%h;'&ﬁ%?]{ﬁtgﬁw ody
havi ng a condidiice @0aipeibing astipidetiohdty whriueddlesatiott thedynduit secibsasibtlip mount ed
directly on the light-transmitting conduit section, said, (f.pt.i cal épdat h

ext endi ng t hidsfigingsai epticelath ntessryling Hhy wadvit sertios hea saidliRgs Seryr

conducti ng atﬁeegggo% light through the light-transmtting conduit section,
and at | east" one optical elenent housed within said body for collecting
the light transmtted through the conduit section.

15. A combination as defined in claim 14, wherein said clip has a
substantially hollow body having a conduit engaging section by which said body
is releasably mounted directly on the light-transmitting conduit section, said
optical path extending through said conduit engaging section for receiving and
conducting a beam of light through the light-transmitting conduit section, and at
least one optical element housed within said body for collecting the light

transmitted through the conduit section.

16. A combination as defined in claim 15, wherein said conduit
engaging section includes an open ended slot defined in one face of the body, and
a conduit adapter removably installed in said open ended slot, said conduit
adapter having a base wall from which extends a pair of spaced-apart conduit
gripping arms for receiving therebetween the light-transmitting conduit section,
wherein said conduit adapter is at least partly made of a light-transmitting

material.



16. A conbination as defined in claim15, wherein said conduit engaging
section includes an open ended slot defined in one face of the body, and a
conduit awepmB®s4onenovably installed in said open ended sl @CI/Gardissondui t
adapter having a base wall from which extends a pair of spaced-apart

conduit gripping arns for receiving therebetween the light-transmtting
conduit sectidd; wher eifncesabigatiohaidafingd apeleim i4, valertinasid iprihdlydesade of a
light-transm tti terial.. -9 WO 03/034045, PCT[ CA02/ 01562 17. A

conbi nati on afsbggggllmr’lle i ﬁo%(?uéﬁ'?ﬂgfﬁl,ngv\ﬁg Snsalth CoPQT BNgagHIg, sreton belgdy
having a conduhdde@fgdightgasattindinat&@dld conduit engagi ng section being

made of a light-transmtting material. 18. A conbination as defined in
claim17, wherein said body has a first connector adapted to be connected

to a fiber optikc cable to direct a beamof. light _through said conduit
engagi ng sect#gh and th G%WLWﬁ m??@ﬁ%ﬂ%?gﬁbﬁ@g@ﬂﬁg“mﬁﬁﬁHﬁW@l%@%ﬂméﬂ on

wini ch the cl i firdsofiett: adaptb® to Bo coMonAlb ANIRS ol bAILd Hirkd Al Bt By
wherein said body has a second connector adapted to be connecte 0 a

li ght - recei vi Hghtneigh fapd conddi ehgaging beetibi ghtl teroaphtthe gight-Gansnkiging

subst ance thrgggpwyh%.lnggt-Ihg?sqitlin conduit section and the

condui t - engagi’n WSEYH O Wh? T s ntel conbi nation as defined in claim
17, wherein said light- transmtting material is selected froma group

consisting of. near infrared transmtting material and infrared
transmtting ABterial. Al@mbination as defined in claim 18, wherein said body has a

second connector adapted to be connected to a light-receiving sensor for receiving
the light emanating from the substance through the light-transmitting conduit

section and the conduit-engaging section of the clip.
20. A combination as defined in claim 17, wherein said light-

transmitting material is selected from a group consisting of: near infrared

transmitting material and infrared transmitting material.
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