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{54) Title; ON-LINE OPTICAL ANALYSIS OF A SUBSTANCE THROUGH A CONDUIT SECTION OF A PROCESS LINE

o (57) Abstract: A oondﬁit—moun_ted light-transmitting device {10) for allowing optical analysis of a substance through a process line
a conduit (14) made of a light-transmitting material. The device (10) comprises aclip {24) adapted to be detachably secured about the
: conduit section. The clip (24} defines an optical path intersecting the conduit section when the clip (24} is mounted thereon.



F| eld of the Invention The present invention generally rel abes 006
spectroscopy and, nore particularly, to a non-intrusive devi g2

al l owi ng spectrum anal ysis of a substance through a conduit sectl on of a
process fine of a given processing plant, Description of the Prior Art It
is known to carry out spectroscopy for nonitoring the chem cal conposition
and physical properties of various solutions used in processing plants,
‘such as cheni cal ONGHYE GRETEUAT SMALYPIEIGTOA SURSTANGEITHBAUGE Ar s and f ood
product processing indug ; pectrum anal ysis is
perfornmed by extracting QN@TDFE&P@S?(%%X;U@HES%@WO be analyzed fromthe
process line of the processing plant and carrying out a spectronetric

anal ysis of t % % gﬁ?ﬁﬁ%g ssing near to far infrared radiation
t her et hroughBh K b Eﬂh(ﬁ@f‘tl oned nethod, it would be preferable
to performt Hiel e fumeritione directly through a condwt section of the
process ‘line, and if the ces fnel udes a conduit section nmade of a
light- transmtting Epfegﬁn J&?"?ng?ﬂ $e§}mfl h’rrSIﬂtﬁﬁto SRFLORIPAHICE ondui t

section, to aanicdlarlyl @S- ﬂntrﬂﬁvdmdmc‘elfeﬁiltcﬁnﬁg siRivMARNaleErs ¢4 | NVENTI ON |t
is therefore an a| of t he %‘P %tEI’TbOdI nts of the :)refent invention to
provi de a | i ght&@p Q'ﬁﬁhtatqo ‘8" T8 A O Po? BE™ MYGTHE a processing
i ne exter nal]j_e;mfloreoquﬂlquﬁsectl on thereof for allow ng spectrum :

anal ysis of a substance, circulated through the conduit. section. It is.
al so an aimof the ex&ms &MU &YicAEN dPecE"ﬂséofﬁ? d¥epenitqigg eht i on to provi de

for on-line agrhysl SorfosiBos WhE bRRRE! ;;Noﬁéﬂﬁ%!dtofh@ﬁbﬁ&gsoﬁx&onseﬁd‘eﬂaﬁt a sanpl e of
t he substance fromthe_ process line through which the substance is

circul ated. |Professiag f lR?'aP'ﬁer sughm f  chmnicsk anibr@nasebiodi nefitoleus¥ t he present

semiconductors and food product processing industries. Typically, such a

spectrum analysis is performed by extractiné a sample of the substance to be
analyzed 'from the process line of 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 preferabie
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 directly through this existing conduit section, to avoid
process line modifications.

SUMMARY OF THE INVENTION

It is therefore an aim of the example embodiments of the
' présent invention to provide a light-transmitting device adapted to be -
mounted on a processing line externally of a conduit section thereof for
'allowmg spectrum analysis of a substance circulated through the conduit
section. _
It is also an aim of the example embodiments of tﬁe 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 example embodiments of the present

invention to provide a light-tranSmitting device for allowing spectrum |



i nvention to provide a light-transmtting device for all owiI %srﬁ%)béum -1
17 April 2006 analysis of a substance circul ated through a 2 JEess i ne

wi thout having to nodify the process line when the latter includes a
conduit section nade of a light-transmtting material. According to a
first aspect of the present invention, there is prqvided a non-intrusive
‘device for al Fr.t?\llﬂsﬁg’@ﬁ%%‘ﬂﬁﬁﬁé%’éﬁt%ﬁl@“&‘ aé’r‘??ﬁ?ﬁl’r’ﬁéﬁﬂt.hﬁ\"(}@é@g ©stream t hrough
a light-transpbliy 0@ HeRMiile $RAthO heef indludts Q¢ERRit bdchi made@FPri sing a clip
adapted to be externally nounted on the light-transmtting conduit

section, sai dligtfppspiiinggnarial east partly made of a light-transmitting
material and connéerering tq ofint aspast efehopresenghvention, dhereds progidpdam of |i ght
transversal |yddinfih ddiRe G inS GRURAN R & Nosithh blohl - transmi tting
material is selected froma group consisting of: near Infrared transmtting
mat eri al and #trefamarheehgh r & rlighi-transmytinga cendull] sectignd ofvrpe pedcesssiiied ¢l i p i ncl udes
a_holl ow bodyorljotinb 3Bl fSH b0 BReAR okl IR kgt Bakddilagl | ow body
defining a peorl p eFaI lgp_er? ended st ot 3)for nrteccgll v?r_lgghtt e&ﬁ%%t -transmtting
condui t sect i emduipectiti spidodip PsingiahéeastThelyempleedsi beht-yprsstiftiogn anal ysis nmay
herein be intgoded 4 odRADLENS 4 WES bBALhOR Bfecs HitRhANGSRPr DOdI €5 by
means of their electromagnetic spectra, ecitically chem<cal conposition
and physi cal tgnsepetly i thoughgieyeinduit Restienf wherpia seidplighéspesmittinght nay herein
be intended tg.@Rans gggcte&%ﬁ'ae@rgﬁmoﬂsgﬁﬁggf%mnﬁs}@d ehighdiggagneti c

spectrum including tr ultraviolet, visible and infrared portions of the
el ect r omagnet matesgaad indrered Arasnitting gnagesiah and wbergingeidetp insludehee present

i nvention, thﬁifll%wibﬁd)é Hawg?ﬁg%ﬁ%s@o&% G Leo LR Golidwhidy ldbARRLE Lt ng device

i n conbination Wt -transmtting conduit secfion nounted in a
~ process |ine paipherhlopon engedplet ferteceiangthy Spki-tygnsmjtting sendii et t he process
line, the congyjds;HnunkRd |ight-transmtting
The expression spectrum analysis may herein be intended to
mean the investigation of substances or bodies by means of their
eleci:romagnetic spectra, specifically chemical composition and physical
properties analysis thereof. ‘

The expression light may herein be intended to mean all
wavelengths included in the electromagnetic spectrum, including the

ultraviolet, visible and infrared portions of the electromagnetic spectrum.
According to a second aspect of the present invention, there is

provided a conduit-mounted light-transmitting device in combination with a
light-transmitting conduit section mounted in a process line for allowing optical
analysis of a substance in the process line, the conduit-mounted light-transmitting .
device comprising a clip detachably securable about the conduit section, said clip |
defining an optical path intersecting the conduit section when said clip is secured
thereabout, 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 sectidn, said optical path extending through said coﬁduit
engaging section for receiving and conducting a beam of light through the light-
mmﬁmg conduit section, and at least one optical element housed within said

body for collecting the light transmitted through the conduit section.

~ According to a third aspect of the presént invention, there is

provided a non-intrusive device for allowing spectrum analysis of a confined

2.



device conprising a clip detachably securabl e about the coqc}lﬁtﬁla% ion,
said clip defining an optical path intersecting the condui't FECTon when
said clip is secured thereabout, wherein said clip has a substantially

hol I ow body having a conduit engaging section by which said body is

el easably mopRled ek elbYetPf kR s Biting bbARMTCL AL £a8dMLL section,

sai d optical path extending through said %ondw t engaging section for

recei ving andligenermrrising 2 clieadantid 1o htextemplbugieuntprd oni thatlight r ansni t ti ng
condui t secti @i Atk Mndbif3tio®RGd Wb bEiRL oC]eRTBRky RS 86 aWehti N sai d  body
for collecting the IT1ght transmtted through the Conduit section. According
to a third aspewmities mperigh asiapt fibay eptici ghle corepieble o st elin Bed a

non-intrusi ve geymhe 8 bl oBlidnPHhAG SRRE bE thtat@ﬁlﬁé‘saﬁbpihrﬁlgﬁ%é' ned -2 17
April 2006 process streamthrough a light-transmtting conduit section of a
‘process | i ne;:or@gyﬁmepts@mgnamwwg}bgaap&l@ea%cwe@ﬁiefmwd dim®tint ed on the

l'i ght - transmbidhRgnge 8B Utdm BRGhAR set@idCioGl l%g@it-t}géeﬂ%gasfeﬂoﬁaaﬁa partly nade

of alight- transmtting material, an input fiber optic cable connectable
to said clip Poereindiaideghin ingludepaahallor bedyhkoupipg it deasioane epidgal | i ght

transversal |y cfehpualt §iiRal SRREM focS&Rls! A8 1ioBNurMMkida §drB&Tmepti C cabl e
connectable to said clip for transmtting Nlght fromthe conduit section

to a |ight- re¥dplsesiiondenshsoutpahfiber optiscalls said clip includes a hol | ow body

housing at |east one opti GRlordiah & PMRhnth st Sthd Sraknt@hR@ARAL th&@CUSSIi ng the
light transmtted across the conduit section into the qutput fiber optic

" cabl e. Accor disiipvidsd acenduitmountssh Heht-tnspigingsierise i compingien BHh t here s

provi ded a cop@philirXRHMiRbLhbdNicclisPReMitd inGord&¥d B foPalffihi nation with a
light-transmtti ng conduit section nounted in a process line for allow ng

optical anal yspticabamalysis gh3 subsiarceiip therqwocsisdia e pandt-meysied dighldui t - mount ed

l'ight - transmgdsheARViLE BorRIRE 1241 AeBeitbly BeABbRCHBR e SGifM% abl e about the
conduit section, said clip defining an opfical path intersecting the

condui t sect i #Ktigthe clipgefinieg smpontical path ipeserctngcheeadit Scigherhehn said clip
has a subst antdifbitpyis R@ule@Whereabout, 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, said optical element focussing the transmitted light
into an output fiber optic cablé reﬁaovably coupled to the clip via a connector

provided on said body.

BRIEF DESCRIPTION OF THE DRAWINGS

Having thus generally described the nature of, the invention, 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 the process line tubing;

-2a- -




body having a conduit engagi ng section by which said body i | bly

- mounted directly on the light-transmtting conduit section}%ggﬁg%@géical
~path extending through said conduit engagi ng section for receiving and

conducting a beamof light through the light-transmtting conduit section,

and at | east one optical elenent housed within said body for collecting

the light tr }tted through the conduit section, said optical elenent

f ocussi ng %R@g%g%%snitted light into an output fibeﬁ%glﬁ?("%éble renovabl y

coupled to the clip via a connector provided on said body. BRIEF

DESCRI PTI ON OF THE DRAMY NGSHaltdevitRebme e talshitndantitd bagidhe nature of,

the invention, referencé wl| now be made to the acconpanyi ng draw ngs,

showi ng by wesn agfectioniof Yeproesss g a preferred enbodi ment thereof, and in

which: Fig. 1is a chﬁ { tié£héﬁﬁﬁg%@%ﬁéﬂr%@lo‘dé@%év%fﬂ%I%M%tt_iﬂgne upon which

alight-transmtting deVice 1 n accordance with the present invention is

ext ernal I'y rodemice diiswating hbwiendgvicp écremaveblirfaquyediskowh 2 ssetish GE88s st r eam

t hr ough thg proce seJiQe tubing; -2a 17 April 2006 WD 03/034045

PCT/ CA02/ 01562°F g™ 's an enlarged view of the light-transmtting device

mounted on a section Fg 4 ibea poscesond iview, offthe ligh-tiagsditing dévdgeged part!ly

. expl oded view of the |light-transmtting device illustrating how the device
i s renpvably @@%ﬁ?@ﬂﬂgﬁgﬁﬁs %ection of the 5 process line; and Fig. 4 is

a cross-sect i ppSERPTEM OF THAEREFERRED EMBOPINMENTRY) devi ce nounted on the

process line. DESCRI PT] ON OF THE PREFERRED ENMBODI. T esent

‘invention, as will be S¥pPEIHEdHEID Raf rEe iegj?aml\é%l‘\%%m%%’p{s

10  generally directed to a light-transmitting device 10 adapted to be removably

secured about a process line of a given processing plant to permit optical analysis

of the composition and/or physical properties of a substance circulated through

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

_ 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
sﬁown), 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 (PT'_FE), other fluorinated hydrocarbon polymers,
 and any other light/infrared {ransmitting 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

' 725 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-




10 generally directed to a light-transmtting device 10 ada}ﬁt ed.lzﬁ éae
renmovably secured about a process line of a given processi pﬂ ? to
permt optical analysis of the conposition and/or physical properties of a
substance circul ated through the process line. Mre specifically, the
light-transmtting device 10 is adapted to be externally nmounted on a
~condui t S%ﬁ%sﬂﬂwﬁi an existing process line to di rectPCﬁ &0§mlsiszght beam
(visible, near 1Tnfrared or infrared) froma renmote |lig T (not
shown), through the conduit section and then carry the |ight energing from
the i1l um natilos bakinnceplidraughent BEhS PRI linSBF b g whfnftiihd 9Nt recei ving
sensor (not shown), .such as a, spectrophotoneter.” It i s understood that the
conduit sect i SHMBY secfighs thsrepy ehyiating sny ropess dejerpiptionn dhat i to santhat it | y
transparent Ofhobd BPEdatisiiNhe indl et hyl ene
(PTED) - other fTuorrat o hﬁg‘?f’giﬂa?é‘%%%%*#@?’i@ﬁﬁﬁ%ﬁéﬁﬁ%ﬁ%ﬁ’

| i ght /i nfr ar e85 PH¥ i Beunh dhenfighttrepmitting daviceol regtetnhlly on ghiighto pass
transver sakl yﬁmﬂtﬁﬁﬁ%ﬁ&lﬂgwﬁ@?ﬁﬁiﬁ&%&%e the conduit section could be nmade
of TeflonT , glass, polypropylene, polystyrene or other polyners. As wl|
be seen hereinafter thBgpreszamplifiesyemt ipossibledvppicaigeoosthe pR&nial | ows on-1i ne
control and LLar i . s, Stream w.t hout havin 0, extract a
broduct sampl o P e HeciBedly F e A I Moo 77 el it o

cont anmi nat i onofenti¢padyson dedusitiss, Mharwet Fhatorp i 2 sesaitiallp\cemprisen 2irs- even nore

- advant ageous j.[. i st ri,al _appli.cati,o rising a process line including
light- t ransn‘{z#%l%aﬁ(glu%%nléﬁ??pogsg%?@%@ ﬁa%ﬁ%ﬁ St%’ﬂtaa’ﬂﬂl’pgﬂﬂm}%‘ﬁ‘?dt oring of the

process stf eawelkr éan cheedphrdioviadefidy™ aibingl 22, THSkaed 16 &8 cbit@ned

l'ight-transm ttjon glgvi ce th @_n .t he ,Hpr ocess line externally of a

light-transmi tT1Hg CONGUTE? 8 EETHn STPRIES Plelipgsofutipns. 17 Aprii 2006 WO

03/ 034045 PCT/ CA02/ 01562 sesh tii g, 1hand DghtbenshBRh8&id RERNBRLayOof the process

line by a |light- i

ransm.ttin condui t section, thereby obviating any
process int erlf’ﬂ?)lkefiﬁ’ ?sef“??g?ficg@“{téecg%ﬁﬁfﬁ?épsmpﬂtcﬁﬁé@@e H‘éﬁ?ﬁ‘m‘}@x@fons, t he

process |ine tlogsid®t ubmge2! PhdightRMhifd deRcANY oMy Hifrisdd@s only to
nount the gi gqit-transn‘i titin de\%hce 10ﬁgf>%ternal I%/ on ya I gfn-
1 clip 24 adapted to be defachably 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 itlustrated 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 rgmovably secured fo fhe body 26 by means of screws 36. The cover
plate 34 is provided on an undersurface thereof with an elongated locking rib 38

-4.



5 transmtting conduit section of the process line. Fig. 14 xaﬁalzlob%:es one
‘possi bl e application of the present invention. Mre speci f| c i
depicts a wet station 12, such as those found in sem conductor |ndustri es.
The wet station 12 essentially conprises a re- circulation |ine 14 conposed
of a bath 16, a filter 18, and a punp 20 connected 10 together in a cl osed
circuit via Tefl onTM tubing 22. The bath 16 can contai ned various

sol uti ons, WOU*YUS cl eaning, stripping or etching sol R{TGHE5%s seen in
Fig. 1, t he light-transmtting device 10 is directly installed on a

sel ected cond I gt 23S nally of the
Tefl on mtub%\%ﬂ%ﬁﬂe&gb%eﬁ rgnos?mh%%%%gg\%?%t 10 % err%a?' y conprises a
15 clip 24 ad&ﬁ@é‘ﬁn&]@teb&dwmmryomo:ﬁjhegiwingaanvaﬁi ef me(abnchmndw ts or

t ubes havi ng t The ¢C 4_has a hol | ow body
26 defining aagé’?é.}g IZ)?% ?ﬁc()ﬂ%{r?p%naﬁ%&% g %%Pvealegﬁ%%hpfét%ggapt ed to receive
one of a plurality of lAanthhgefalﬁieéaodjozﬁdmprbwdaﬂmpahem&cof(ﬂlmmf which is

illustrated a i fferent. co 0 used for

each di am%erbgﬁge@egﬁgltﬂ??&s?ﬁoﬁe@% 4L?qr6%e’?‘i’§‘ @%?él%%&%}f c’t“(f’flﬁéi%‘“}trount ed on a

wi de variety (ﬂbelcapndmlﬂes@ Tihe fieso figleti dptie it £ is Fendebred vid@Sopposedi I Of

- spaced-apart _con ri ar ns 2 ext endi ng per endicularly froma
base wal|. 33 #8 ma?F‘ﬁ‘ﬁ?ﬂfiP?B’rﬂg%B‘iSﬁb%nef&h forgFequ%% ighhbemgsush external

di anet er sli glat by @fmﬁﬁrtowmﬂeam@a@ggqgeﬂ% &Qtﬂ@ﬁq%&gpb&gﬂm ng arns 32.

At | east the?arnﬁwall 33 of the adapter 30 is made of a
li ght-transm ©f g“%‘ie@?lfyaﬂmu%‘d@%coa%m‘bﬁmﬁ@f the TeflenZtbg P pither ot her

- fluorinated hygias sidoN TROLIFRLSor G 2%*&&6&&{% ﬁgﬁ@ﬂt%éﬁﬁﬁpgee” chosen
SS

and fitted over the selected conduit section o e proce ne 14, the
body 26 is bPBirEHIoAleVng s lighkhsemto Bos therethounah er, pliematizsheamhit hi n t he sl ot

28 in the bodys osedmﬁe@ﬂgﬁttﬁﬁ %@m’&g\;f@%ﬁl g&ln:}égﬂle &]HitﬁeSI ot 28 by a

cover plate 34. The cover 4 1s renovab secured to the body 26
by means of SWSWWW@P@W@@mﬂmfmeW Fhelight behedis direcd suinder sur f ace

thereof with %@Qﬂ&h&qyiﬂ%&tﬂgcmﬁ%%ﬂm sk on“‘%l%%034045

PCT/ CA02/ 01562
15  clip 24 is mounted,

According to the illustt: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 pinors :

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 comnector 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 opnc 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 Iight-réceiving

SeNSof,




- for engagenent between a pair of axially spaced-apart | ocki,ng, fi s 40
extending laterally outwardly fromone of the gripping ar mﬁﬁrg;ig@%e
conduit adapter 30 to lock the latter agai nst axial sliding novenent in
the slot 28. As shown in Fig. 4, the body 26 is provided on one side of the
slot 5 28 thereof with a first connector 41 for receiving the distal end
portion of a first fiber optic cable 42. The first fiber optic cable 42 is
connect edwgtw%i’ﬁo"ﬁ)pposed proxi mal end thereof to a Iﬁ%ﬁ“’é"d%?ce (not shown)
for directing a |light beam such as but not limted to an infrared beam
(IR beam) or a near i : #ﬁ%ﬂ : thansyehsSiiby t hrough the
- conduit section of tfﬁ%’g#gl%gg)n tu%#‘hrlg%oggl%%ﬁﬁnﬁq 10 %r ocess line 14. The
si dewal | s ofbotinzs oflticet clip 84 tramadb of Trdlde™df prateptitegranticsl gleseAttiorisg nmaterial for
allowing the |li.ght beamto pass.: : iNgly a pair of
opposed al i gth‘*é?i‘? f”aﬁtcf’??sgﬁssm%@#n%&&mﬁn g%ﬂgﬁ%%gﬁgdﬁfg&%dr%ﬁd therein. The
w ndows 44 cibedlig 21 eoudd esbadle dutiofia tvive virptyof oitetigdb.es. The |ight beam.is

directed so as to perpendicul arly inters t he. - .s of the
condui t s¥ction on wﬁ?@}? c‘ta‘filee&l ﬁ@ll’%?izgmf e:gg&nl}o%ﬁltc%ﬁmaﬁ@?g@ ing to the

i |l ustrated gabedhtmatiof a tigop be seh tutingy entd bo replasdieorcs ghtant hat ener ges
fromthe illum nated process so) ution through the conduit ection of the
Tef | onTM t ulbiPpRgPrsge cqndt ?P&té‘@’\?ﬂ{ %@egghf%g%@ﬁﬁgf ceglg'ac&ﬂ‘eirb%SO and one of
the sidewal | geDiynbd Geqitd! heBom, S.eOvitiRht Reihd &@Bargegioahs tbing af fiai r of f1 at

- mrrors 20 46 (see Fig. 4) before being transm'tted to alight receiving
sensor via aes®diHg fiber optic cable 48 connected at a distal end portion

thereof 49 the body 26 Gf vhhgpreGdiddPirodd! tHeYordgdhQs GiRthrésomidettion 50. According
to one enbodi mrent of the present invention, the flat mrrors 46 are

" mount ed wi t hillaws Her hetlingwsiseiayn Tacagrenient foy jdgtermiming thecheicdls on 51 uni num
frame (not 5&81?{59 'ogllagd/{)éprf)#é}tﬁgofehﬁost&cém apLghtiak sMddbselRupr ovi ded to
mtted [ig

focus the tran it Into the second fiber optic cable 48 or,
al t er nat i vel in whith thecolisiangeris oretdated.| i ght recei ving sensor. Furthernore, it is

~noted that ' the SeCongl CORSChGha B (FolE thvbifiolh? BRSAAI Ofbvanai de of the siot

28 opposite the first connector and I n ignment therewith. In fact, a
vari ety af opinyceliantigentat sn twouhehatizsd jap tfellpwat 2l SHRR PIRPARHELhol | ow body 26

of the clip r%gid linostaﬁa l’c')%%ritﬁlhn% ﬂr&cgﬂtintérﬂlpﬁon, totally non-contact, non-intrusive
for no possibility of contamination, efc.




30 follow various optical paths between the |ight source aqu§Q§ 006
| ight-receiving sensor. 17 April 2006 PCT/ CA02/ 01562 Accordiﬁb 30 an
enbodi ment of the present invention, the hollow body 26 of the clip 24 is
made of TeflonTMto protect the optical elements housed therein froma
corrosi ve surroundi ng environnent. However, it is understood that the clip
24 could be made out of a wide variety of materials. In the case of a
tubi ng 22 nade of non optically transparent or translucent nmaterial, a
section of suE%A@ﬁ%ing coul d be replaced once by an appropriate conduit
section, and then the light-transnmitting device 10 could be used, when
required, thereon, i.e. without further changes to the tubing of the
process |ine. 10 As cdh Beingpitectovine dor plQTRg Areciwr agdsiigof éhe present

invention al LowsdhRkes®mhd REnsRES _H@sw REid 08 5 m ning the
chem cal conpositi QI:]B a%g;%dc‘)r p opg%h{il es of "a gﬁstgncga? r%ﬁgh an existing
condui t sect i v copprising acclip edapted toths eamedly mouged authelishttrangniitting easi |y seen
that the presgph.d QUERT | ry AT dvant ages t hat
can be summr‘%?eué astﬁJ ok%ﬁ?hﬁ%s%afﬁ%fgagf%gﬁg ?’oh, rap?ﬁﬂgi nstal |l ation

Wi th no procemsferizhted coppedtable, tof otsaurbs ofidighic ontigact & beom- ofnltightisi ve for no
possibility Qé.mg;gg ] L A7 ]épg '| 5 4 &E&:ﬁﬂ@ A non-intrusive
device for allow ngﬁspe lrﬂ%%]mgﬁ%%%qﬂ!’swo aJaldé%ﬁtfl ned p %1?:%%% stream t hr ough
a |i ght -t r ansivisti¢cted dropon guoinpt coneigging ofi nedr isfiqmdacesuitting matrial@edpri sing a clip
adapted to b r nal 4.y M.e n .hab. t-1r 4.t i.n condui t
section,  sai 3”%%%&2“ he l‘ﬁﬁgar@@[gag?d?g}ée%%??%g%eEné‘:#ud%nqsﬁadfﬁfv-qorg’énsn1 tting

mat eri al "and Ivosiopet eabbie cptivabelasuy sl loflow bolytdefiningdi pedsberabopaeam of | i ght

transversal | YoohysRH Bl voledVng TR I fenBfiGhd QauitiGEEL AneiRbdis bt transmtting

2 A nop-intrusive device es defined n claim 1, wherein said chp is
adapted o be releasably secured about the light-transmitting condnit section.

3, A non-intrusive device as defined in claim 1, wherein said clip is
adjustable 50 as to be secursble on light-tragsmitiing conduits having different

crass-sechional dimensions,

4. A nop-intrusive device as defined in claim 1, wherein said

peripheral slot recejves interchangeable conduit adapters adapted to grip conduits

of differsnt externel diametors.
5. A non-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,

8. A rnon-intrusive device as defiued jn claim 1, wherein said
peripheral slot has walls made of a light-transmitting material.

iy
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is selected froma group consisting of. near infrared tranﬁm'ttj godmteri al
. , . ! . . . . 7 April
and infrared transmtting material, and wherein said clip’inctudes a

hol | ow body housing at | east one optical -elenment, said holl ow body
defining a peripheral open ended slot for receiving the light-transmtting
conduit section of the process line, 2. A non-intrusive device as defined
inclaiml, wherein said clipis adapted to be releasably secured about
the light-transmtting conduit section. 3. A non-intrusive device as

defined in cl aimL, wher elyagilytl dicd 5 qoBil LA € ErR3al Godge Secur abl e

on light transnitting condu aving different  cross-sectional
di nensi ons. 4. A honffshennesioy edzpled/fobe camentrdity p diberiopticcsaie fp directWlifer ei n sai d

peri pheral sl ot rmioy%@i%%f%%ﬁﬂgp%q%u@dﬁpﬁj%tmﬁﬁ{ dtogrip

conduits of different ters. non-1 ntrusi ve devi ce as
defined in cl ai mepduithestien on whish theelni ipmontadt her i ncl udes a renovabl e cover
for maintaining a sel ected one of said interchangeable conduit adapters
captive in said peripheral slot. 6. A non-intrusive device as defined in
claimi1, wherein&aid peA prdrtakivesievite dradsfingd|ih slsimal ovhepingaid body

light-transmtti raterd. - éﬁp{é L :

non-i ntrusive de\r/ilgsce asﬁdd%{u“lw'r:]teo%al CNPEIPT?’I %érz.é n Igégﬁvégg%sd%ﬁfﬁas a first
connect or adapt ededeiyingethe dighte etvmalting ofram ftheh procasp tsteamc thislugh ths Hghtect the -
beam of |ight thr h“'ﬁgi d ' A -t hrough the
light-transmitti r%hls%%o ul ?ﬁﬁé%?l?%hﬂgﬁaﬂ\m%ﬁg e clipis nmunted. 8. A

non-intrusive device as defined in claim7, wherein said body has a second

connector adapted,to be c ¢ to .t | rrﬁﬁg' i+ 0. ~af or

~receiving the li g)ht emna%qéglﬁgvr%#ﬂ%%%g&s? S r%’%@%ﬁﬁgﬁgﬁ%&{%e i ght-
transmtting conduirdectamicl cérinectgblerty pdidlighcresdiang sehsot e ackdopd ik ofticnon '

i ntrusive device e defined in claim S,“ wherein said second

10. A nonintrusive device a5 defined in clsim 1, wherein said

" pexipheral slot defines an optical path thersthrough for recejving and conducting
the beam of light through the light-transmitting conduit section of the process
line, suid at least one optical element collecting the light transmitted through the '
conduit section,

1L A non-intrusive device ag defined in claim 10, wherein 2 conduit
~ adapter is yemovably instafled in said open ended slot, said conduit adspter
.ha.ving a base wall from which extends & pair of spaced-spart conduit gripping
arms sdapted to receive thercbetween the lghtrapsmitting conduit section,
 wherein said conduit adaptee is at least pertly made of 2 Hght-ransmitting -
material. '

12, A conduit-mounted hight-transmitting device in combination with
a light-transmitting conduit section mouated in & process fine for ellowing optical
analysis of & substance in the process line, the conduit-mounted light-transipitting

-8-
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connector is connectable to said |light-receiving sensor vi ) fiber
optic cable. 10. A non-intrusive device as defined in cla?zgﬁ?ﬁ%ﬁgfein
said peripheral slot defines an optical path theretluough for receiving
and conducting the beamof light through the light -transmtting conduit
section of the process line, said at |east one optical elenent collecting
the light transmtted through the conduit section. 11. A non-intrusive
device as defined in claim10, wherein a conduit adapter is rempvably

i nstal | ed i ndee chngpising edgdanclidy seogailorbous e spnduiy derfore paid ¢libavi ng a base

wal | from which, extend ir.of - I Ik LQping arns
adapted to r %@&?ﬂﬁéﬁgﬁﬁ%&%ﬂ%%%ﬁ%ﬂ? !rﬁr?%&Whg“g%#\éguit section,
wgﬁlgirﬁntf?irlgm&%?gjr?gl ;{ﬁm'g\llﬁ.zﬁgh Ynte H:f' h tg?fcr?admt![ ?mlg device in
conbi nat i on SIEEENE SRy B’hY’-‘ﬁ?‘r‘ﬁﬂ?ﬂ’fFF‘%ﬁsr%ﬁﬁ%?ﬁ% é%f%’f%nn&n{%%‘t ed in a process
i ng f;)r ‘al I%nig,t d I :“gﬁ,ﬁfalsmﬁ&p??ysipﬁcanf.ﬁae;%mgﬁ'gan&m@m_r 7'saidl®edqit(r)8(éegs l'ine, the
condui t-mounted light-transmttin i evi ce
conpri sing a%?@%sa‘@%@ﬁ%?lvn%@g&gﬁf@&ggggW%%t%@ﬁéﬁﬁ?il%h"cti on, said clip
defining an QRLERAL HRLP sdoitneid Qe Jehsh Gnet dpcal kit kousalotitbimsaithen said clip is
secured thereabout, wherein said &I i gshr:tgs a,substantially holl ow body
having a conkrdy for clisgiiag R yeie B iy '_?:‘f‘?n%"gisﬁfnﬁ?)‘dy is rel easably nounted
directly-on the light transmtting conduit section, said optical path
extendi ng through said conduit ep&? i.ng, section for recejving and

conducti ng aldeam of A iopination &% Grined dn Plaghd2, FherrR pr P condui t secti on,

and at leaﬁm%&bﬁ] RlibE AkuRl RIGHRH erldo ke defitted Hiofle fdti ot thelbodlyaddor col | ecti ng
the light tra smgt%t ed&t h}lough the conduit sectjon. 13, A conbination as

defined in ct amdpif adapien % stalled oA Faif topek Fglsd sy SBBCPPHE i ncl udes an
open ended Sidqgtfrftsgjnéle%a&e%ﬂ%ﬁ@m a&énb@@?dyaf@md.aﬁmmadﬁ&t adapt er
e )

renovabl y insta I'n said open ended slot, said conduit,
' pripping arms for receiving therebetween the Hght-transmitttog conduit sechon,

wherein s2id conduit adapter is et least partly made of a light-transmitting

materinl,

14, A combination as defined in claim 12, wherein said body hes 8
first connector adapted to be connected to a fiber optic cable to direct a beam of
Light through said conduit engaging section and through the Hight-transmitting
conduit section on which the clip is mounted.

15. A combination as defined in claim 14, wherein said body has a
second connector adapted to be connected o a light-receiving sensor for receiving
the light emensting from the substance through the light-transmitting conduit
sestion and the conduit-engeging section of the clip.

16, A copibination as defined in claim 12, wherein said light-
ttansmitting material is selected from 2 proup consisting of near infrared
transmitting material and infrared transmitting material, '

-9~
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adapter having a base wall fromwhich extends a pair of spg ?§¥¥§2§®ﬁ
conduit ‘gripping arns for receiving therebetween the |ighi tting
conduit section, wherein said conduit adapter is at |east partly made of a
light-transmitting nmaterial. 14. A conbination as defined in claim 12,
wherein said body has a first connector adapted to be connected to a fiber
optic cable to direct a beamof light through said conduit engagi ng
section and through the light-transmtting conduit section on which the
clip is nounted. 175. A conbination as defined in claim 14, wherein said
body has a second connector adapted to be connected to a |ight-receiving
sensor for receiving the light emanating fromthe substance t hrough the

light-transmtting cond ctlo the condu i tlon of the
clip. 16. A co |nat|ongﬁglﬁ%§? ‘WﬁegF %?E%q) gﬁ?gcp

transmtting nmptReisddtrebd tﬁ@hgl@tae@hf fr@:mhﬁtt@rg@uﬁdmomnsﬁ by pmfcessrlaa; | nfrared

transmtting material and infrared tra snlt rial. -9 A
SHEET:. 17 Apr CP™BEHE 2ohP adepfrg i be ety o ‘g‘btgahghtéﬁa?%wnﬁé E‘c‘,t rum

anal ysis of a gopbiRed ch;%e‘i’rfg%‘@ feadt bhrER Mal G fRUGHt- PankinBiiig h4t@s Fh idpbng condui t
‘section of a process line, risin a clip_ adapted to be externally

“mount ed on t he fibergitic ?qbéﬂfé’ﬁﬂqcﬁab ipj for ditggting;adigam of light dopy 98CRg at

lleast partly n%ﬁﬁgmfuﬁsbérmy t‘h&ﬁ&ﬁ%é $dradit ¥Bd R, & ouit ﬁnes;tapucfcmer optic
cabl e connectable™to said clip f directi ng a beam of light froma source

of |ight transvemsetrbly ta fardbeliphon h@swﬁnﬁﬂlzl}t eﬂtﬁh@nondaﬂ sentiop i 2 Highter optic
cabl e connect ?é%h{%m&?en%&‘ L Ll ideid Hia &{p@h@m\,ﬂ%}h&%& Eoﬂpgoﬁs T fel§ ofi@Ndui t

section to a |i recefving sensor ereln sa I ncludes a

hol | ow body houpumgelamehedsiop@nel elopnt dadusehetheiight trtmm)md gabssehenment

- focussing the l“@h% trans ' gq%%gosstth conduit section into the output
fiber optic cabf &M {EHO R WonS TR UST VB déVi°ce as defined in claim 17,
wherein said body has

18. A non-intrusive device as defined in claim 17, wherein said body has
a first connector adapted to be connected to the input fiber optic cable to direct the
beam of light through a peripheral slot defined in the body and through the light-
transmitting conduit section on which the clip is mounted, and wherein said at least

one optical element comprises a lens.

19. A non-intrusive device 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 process stream through the light-transmitting conduit
and the peripheral slot of the clip.

20. A non-intrusive device as defined in claim 19, wherein said second
connector is connectable to said light-receiving sensor via the output fiber optic

cable.

21 A conduit-mounted light-transmitting device in combination with a

Iight-transmitﬁng conduit section mounted in a process line for allowing optical

-10-



a first connector adapted to be connected to the input fib§5 Hi@oﬁable to
direct the  beamof |ight through a peripheral slot defined’i I{ﬁ ody and
through the light- transmtting conduit section on which the clip is

nmount ed, and wherein said at | east one optical elenent conprises a |lens.
19. A non-intrusive device as defined in claim18, wherein said body has a
second connector adapted to be connected to a light-receiving sensor for
receiving the light emanating fromthe process streamthrough the
light-transmitting conduit and the peripheral slot of the clip. 20. A
non-intrusi ve dedyseohs sebstaneecd theprofess e dhe gindvibinguided Hehidraesmittingonnect or
i's connectable i k s eeel Vi (gRTVA f.a-Ref.,optic
cabl o 21 A conacs Prbriind R E ARG R R, SR OB Wi
a |ight-transnicfitinggn opialpath seesdctimg the wondid section ywrepceidslip iinsechnod
allowing optic - 17 ril. 6, anal wsji.s,: pbstance.in §h rocess
line, the condlejﬁl1 r‘?a#I)lﬁtﬁt"V é’ 1 393}11%9]?3 g%ss%sﬁsltaﬁaﬁfyd%{}ﬁ% eg% &ﬁﬁngianéongﬂgl ip

det achabl y secungdying st byt Whick esid bbdy Baekaably sainttdalite@ly aethi ightg an
optical path intersecting.the condui.t section when.sajd clip.is secured
Cher anout . whaiAGHALTSE IR SeRR S SBECa rola PHERR PEHEBGRY frdihy. o
condui t engagicAgpsRCictiah oy rodbivid BaicEnduotht i Sedn€bPigathisugiotBlight- di rect |y
on the light- transmtting conduit section, said optical path _extending
through said coRBUMInSgdY! Hgtide ép ahleﬁféron?-@@éqawﬁlaﬂaﬂwuifgﬁam PG a beam
of 1ight througld s dollaﬂﬁh%_tﬁer 1ARe Wahsdnlifdl RRNGH ke &RGLH SRtoARGdptitf#ast one
optical - el ement housed within said _body for "collecting the |ight

“transmitted thclmgat foresos ferranswiied light, inoaaocouint fiben optie ceierpmovalyissi ng
the‘transnltterQMQHLﬂkghgyggC&ﬂk@g%m%hggﬁxﬁgﬁgﬁ$fable removably coupl ed

to the clip via a connect provi on sal -11
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