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DEVELOPMENT OF DI SPOSABLE/ SEALABLE CAPS FOR
SPECTROSCOPI C PROBES The present invention relates to
wo b@odaoret opnent of di sposabl e/ seal abl e caps fPE€T/GB2006/002162
spectroscopi ¢ probes for the measuring the
el ectromagneti c spectrum particularly the near
infrared spectrum of liquid sanples. N R spectroscopy
is a well-known spectroscopic technique that |ooks

can be used to neasure tPpROBESensity of the overtones

of the nolecular vibrations tn a nolecule, containing

car bon- hydr ogen, oxygen-hydrogen, and nitrogenhydrogen

b - 0 - ' e

Oy s BRI B Qetctofhe FRT BB RARER bFror
spectiosddpiv probed fop €lse éastriiy herietromagneticapedtin,articularly the near
. al i phatic, _.and ol ef ni ¢ hydrocarbons, absorb Iight at
infrargd spestrany of Haid saBPSt i ¢ frequenci es. The magni t ude of

: nar . . ! .
t RERRERE b AL e REEORE th bR 8RN 160AR Sheci ally
at theldbRrpiest afisfraped iadiatibn enth fequerciesaftahove 4000cmieNR i nt

f | d b irical) | at i h i
spectiPosea R PR Useihi Tpsienas iy of feavefme fethengRalim,
; . ; ' t t -
vibra T R B soRamiA Srbah Ao 88t YRR A IR Rt bgen

hydrogem hondsntl&e@gtboartwdmgqp §C+1Y) absorptige b ung typfcally useful for

.. nolecular i nfornmati n.the f f gconbi nati ons ,and..
mixtufGr F8pic rRoEr TR PP LR Rendi e Ao e,
and oleBialy hyldScarsdg, £36&Ndheht differeht tHafRdridtiS fleGhticiEBL TIRN

and to calculate the desired properties. U'S. Patent
magnitpds ofitha gbsoyptinn mnd e the3pectegris pEPoTBNBL®, the Bumbsrafl-H,

descri be.t e for. deternm ni oGt ane nunber. .
bon {35 B A p T her MR e 505t A e VR i
of a sphpleesd bylengifiedlBidoddlapin® dRSaid fifyer@althsSingimit progerties of the

feeds to that process, and yields and/or properties of
sample M@yoRls@ be krown.h| endi ng operation again from anal ysis

0 f t t [ -1

C QI g b e 78 M AT AP P2 R B0 om”)
is an M€ 6DgR30INGTesh and YNty HaBgtbdinodm bf eroderplae infommdtion in the

descr.i.be.application of NNR to crude oil analysis, .
form Qi GorR{BRTIang OVerazts oM plsiniebrPns MR L pohpiaues
are esR&tfaPtd R iRWhE B8R4 dA%nd to calculate the desired properties. U.S. Patent
Nos. 5,490,085; 5,452,232; and 5,475,612, for example, describe the use of NIR for

determining octane number, yields and/or properties of a product of a chemical process or

separation process from analysis on the feeds to that process, and yields and/or properties
of a product of a blending operation again from analysis on the feed thereto.

NIR spectroscopy can be applied to crude oils and other hydrocarbon refinery
streams. WO 00/039561 and WO 03/048759, for example, both describe application of
NIR to crude oil analysis.

The analysis of crude oil samples, for example, can be performed by generating
chemometric models correlating spectral data from “standard” (i.e. characterised) crude oil
samples with the known properties of the samples, and subsequently applying said models

to the spectra of “unknown” samples to characterise the properties thereof.
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chenonetric nodels correlating spectral data from
"standard"” (i.e. characterised) crude oil sanples with

w0 bolsosh properties of the sanples, and subseCeBRiI0g/002162
appl ying said nodels to t spectra of "unknown" _
sanpl es to characterise the properties
t hereof . "Chenonetrics" is the application of
mat hemati cal and statistical techniques to the

« anal ysi,s. of conpl ex t a . [
cheriafetEd s SRR I RS SRR e
analys%s@%oh?(é%rﬂa% afd héhce Cthcdharhdtrig niddel”spems aahoddhpanefataifrom

~a_ sanple with properties of the s? le and cel |
applicpiéantnisneh techrifaesdn eppplating the spred eKip G0 esdnRlp gith

T ol At : < . |
L e
relatioBEbIP beileeh Happetti data\ind tiei @Hrpathienetls aoit weoulbfpathicahemical
matrjx). The generation of _the chenoma% ti.c nodel can
and/oyRhysi M TORITHES iR 1B CRPTSPE g Loy FHAPCEH IatrX). |
t &G0 gérgvagﬂnmﬁhﬁ&ﬁmop%i@ﬁe%ak% bs ibkhsitEAbrRUES vafisty of
described, for exanple, 1n Principal Contponent o
techniftialyathamatical afd statisticalfteahnid®ps,ian describied.| fayexarple, Yo Principal

986: | d.E. V. .Th '
b e 1o 52 L i ST s
E. V. 6, 9%%1. _0119917,%% 188701988 ke Beebs amf BSRIRbWlslsi Ahal.

as crude oils I's typically, done using a transm ssion
ChemcéP] 100TA(1@B7)ch t he sanple is introduced. The cells

typically have relativeky . . . .

- e e O el el o S B o8 e e S
cell inffPWRIEE the Sitghle GShirsducedUitetells Bpitally hahenrdabalyshioht

substances such as crude oils. 'This Itﬁ by g_f means a
pathlengihvsodhatraaeasonpidln sigapliy transmitied tpugiythe gel]. Hlowgyer, such cells

. denmount ahl I f te0:
o SRR A 6 b 305 RS RECARE SRR by oo
trivial tagnwhaasagike(saliicelld, a6 demousiable Thlds gre dixl pafefrad epition.

w th denountabl e cells, however, s that % ri ngié‘tfhe
Demaginishlesis py disdlisasshlit elysedanghen EATEMOSE 28R 1Rieruse:

C .
gﬁ‘?’ﬁ &)goﬁog%ﬁ ’fac\é(itvﬂth cfénjf(ﬁmg%?et cel8ovRvES llsaﬁlbﬁ’cﬁlrﬂlgstﬁh@dféassembly

even sma anges 1 n the pathlength can
and réagscenbly gheipatidenpth ef the cels may chiveges Patht cells dist havecrelatiyely
exanpl e where spectral, data from "standard:. (i
short ppitiiea g?‘feéléé!}a? BResaR | e paffioreh @WFﬁ&%%&b%Ee&“f&‘he
spect@BRAd PO QlanfhiSWhérd @P@m@h&e{w b *BandREE| (1.6 Ahhab®Riibddy
various properties of the crude oil sanples with the
crudesyisatnpids igb¢ing mephiwed foriganeratinn ofra sitableshempmgticrmedsh
) ve significant trinmental effe el fot
corrs B S DegpeRtin A BTG ibrastile SV okl TRES the yariaions
in cel$ ?ﬁﬁfeﬁ@cﬁ%ﬁﬂ hevddiehfisadt Aafintatl Befets bh ilradodd] obtainedhe
at orenent i oned R transm ssion cells; the

t Bsneshiventiangheretaraihess waingypes of spectroscopic probes that can be
utilised within the aforementioned NIR transmission cells; the transflection (transmission

reflection) probe, ATR (attenuated total reflectance probe) and the DRIFTS (Diffuse
reflectance infrared Fourier transform spectroscopy) probe. The transflection probe
comprises an NIR probe containing two optical fibres, normally silica, such that light is
passed down one fibre which is then projected through a lens/window at the lower end of

the probe and reflected - via a mirror - back through the window into the return fibre. A
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refl ection) probe, ATR (attenuated total reflectance

probe) and the DRIFTS (Diffuse reflectance infrared
wWO-20961184781 r ansf or m spect r oscopy) probe. The  PCT/GB2006/002162

transfl ection probe conpri,ises an NI R probe cont ai ni ng

two optical fibres, normal1y silica, such that |ight

i s passed down one fibre which is then projected

through a I ens/w ndow at the | ower end of the probe

and reflected - via.a mrror_-, back throu t he wi.ndo
eap bePeea (bR th BHEOT s PBRaRER ] TR e e
interesﬂ]c{ Siftds intothE1i SRS 22 RIRRTEh abs@bli\SpethitmIaoBhedf

erest to enter into the light beam and thus an
aBlsoDRIF hprope i similar o thdfoameelpwerstthor isng myrgppresat to

| m. | t.0. the f h ' j
reﬁectal&%tﬂ{baflgmﬁ%ﬁe égl{u{'rqe ﬁ%re%é? glg%l?iﬁﬁr&aglyt eed"lro:ec{og‘lré%t spectra
from sbli®s@npegl as such is normally used to collect spectra

fromsolid sanples. Unfortunately, i.l st assenblin
t Haforwasishy whilgraseemblingthe fransmisspngellin opder i%%ghaaa"tefge a

samig b 111 !l ifieaht iRAclraciel in the data
s 3RBT8RO el n e s
obtaine@t ai ned. The applicants believe that the present

R I s A R R N e
allows Y ﬁgﬁﬂ%%%gfe' dﬁs Hg%a%@wﬁﬁﬁ | ﬁi@éﬁ%ﬁg&mﬂy&wﬁﬁﬁwa Al
n y a

préssures Secon ows t he spectfoscopic
elevatedteaipeenmos anf prebsmrdsiandisecondiypliowstee $pscionsepigimagsyrement of

hi gher d f acy Jb ing.air from i
the liqgisf PERRISS bR daRUINGR oY udrt SOy BY G b from the
opticai} g{ﬂﬁ ahd8r Qf’gfe‘%@ﬁﬁ iDfromh ¥ Eerink o BiesRithl patvent i on

ates to a sealable cell for nmeasuring the spectrum
ofThas, itheopresens tavphtéorrskatesite i seplable pall for aasasiging the spggtrum of

. Whi ch spectroscopi ¢, probe has i. S
oo SRSTHRCERPrBFORE P Sy AQARE PRt s e
compfgir;]igé teneas@ oREBPHiQ] HHRPS Windovs; atrefledviat weiror, tahemplemipport

he mrror conprising an entrance passage and. an .
located tietwasadbmymdonrandihe BHTSCOMEBISEAR) eirgpesPassign Apd A eyt

renovabl e c h ndat
R T e R S
least 88 hkaddf théprobe Rtatbherhe distanoelbéthecththadntefnal well of the
spectroscopic probe is less .t ris

removable cw@tand ilae hagd of Hhg sPREtrqscepic Qﬁ)g)e ?ﬂ%ﬂﬂg @ﬁg@g} c%arac%%séd in
that tlfq%g%rgﬂbaz g?dll%'ﬁheo{en{maﬁg %1.19 g&?ﬁris@b SROSEHo Eo&éﬁ @‘ispo%ﬂr'c}lzdﬁch

roSCopi ¢ probe serted into the cap,,
that, Whéd th8 §ecanstopid propaisdageed ofto theesap atirp entraneg god exit passages

coincide with the ane,or nore grooves and provid .
of thepsa'frwlf'f BIEPPTE 6P BEISS YIRS PR FAB SACEs 4pd priiGE pith oy fid o
flow frBinAnEBske WP R, 4f¥inRAIRR tRroB R BRTsmple support.

According to a preferred embodiment of the present invention the spectroscopic

probe comprises a head, into which two silica optical fibres lead, and which head also
comprises windows, a reflecting mirror, a sample support (located between the window
and the mirror), a passage for entering the sample support and a passage for exiting the
sample support. The said passages for entering and exiting the sample support are
preferably interconnecting and located opposite to each other on the head of the
spectroscopic probe. The spectroscopic probe can be made of any appropriate material,

preferably metal, more preferably stainless steel.
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According to a preferred enbodi nent of the present
i nvention the spectroscopi c probe conprises a head,

WO pi0e/18d18Th two silica optical fibres | ead, anPCTBEIV6/002162
head al so conprises windows, a reflecting mrror, a
sanpl e support (Il ocated bet‘(/veen the wi ndow and the
mrror), a passage for entering the sanple support and

a passage for exiting the sanple support. The said

passages for entering and exiting, the sampl e.suppor

ardiepeleds REfgraplyaenitivAnesd ravg. bavirg %%tgrﬁ*e A fiseteies T The
cap p?aala?l;;%% c&eulap&osb%éti&{)whﬁ@%ﬁﬁ@@wdﬁﬁ%f D’ Bf RBEthar (15 +

spectroscopi ¢ probe can be nade of any appropriate
0.4mmit eDiisprefqralaly enarb thanrie mim ambless thare3@mals| ngors tpaéfedablyomore

than it ]I W ot B Shnecteniofs et Fim paf I an 6.6
mm. Nas a circular cross section with an internal dianeter

D of less than (D + 0.4nm. D is preferably nore than
1. Bhermmavablé earsistatapted® avnpmmordate ot lspd thphspdipfithe prabs The

.. 6 and Jess th nd nost an -
cistagge Johitee S PRtV af nf ShecRSoofREbus B SLER o TR
dispoBshi b&pis 16ks AemBLALIA oak enbadimenhief the atvenfiod, i Rrmoiveble cap

The di stance between the outer wall of the

is nampwenthes the prebep pishis Paferablycin ta fetmipaiarroprr thag the. probe, more
prefege{ﬁfﬁé?obdf n&ﬁ?lglﬁgw%ﬁ 5 il @ﬂb@?iﬁ{gﬁ’c thdcaPNE AP O %fﬁg:tﬁial that

I niven e renovabl e cdp 1S narrower
can strbieh phdfieovarad ldast the Réadrafithe/speptrdsoogfic prabenar r ower t han

i s enser 1 cesigmyill 69 1 preRBBORPR o4 mm,
It : t 1
o 55FHEEER BBH(8.1 AYFL T SRS abfcTons g o s

anmeter Dlof” the
less then{De4 enm)y mars preferaldy sk yhandd.e t han (D-0 .4 nm),

o WieAmerireseon Prave ie s araol suisfe b oo SRR ShokBeacopy:
moreBBr'% b RIR Eﬁéc%?&lp& PRSSrablyahe Windbh8 sBREEIdiIRS HRRAGple

e I's preferably suitabl é for use in infrared ]
suppenp écthe spetiwycopioprobp mafy deapk f anRofthe fallovgrg puitable materials,

silicd, PRI O ehdhed S VEMEP S hieR 45 ChEP el RACH 1 AR
prefekbly i vAddswiat Bl tAsd G the kansle sﬁp&d{gﬁ@mﬁé%é@ﬁ flatesapphire with a

standard salt w ndows (such as , NaCl, KBr).
gold murrer gtached toghgraane wi ndow at the base of the sanple

RS RIECTEF 18 PR R i
least $iREledat @F €Rthe prybepaiitably basing & cap-shapdddongitudived sextion.alhe
internal wall of the cap comprises one or more depressions or grooves in the internal wall.
The grooves provide a means for a fluid to pass from the base of the removable cap, and
into and through the sample support via the entrance and exit passages. The fluid canbe a
liquid sample and/or a gas, such as air or a volatile component of a liquid sample.
Preferably, the grooves are designed so that, on leaving the exit passage, gases and/or any
excess liquid sample can leave the cell altogether. This is preferably achieved by ensuring
that the groove connecting with the exit passage of the sample support extends to the top of
the internal wall of the cap to allow gases or liquids to escape from the cell. This reduces
the chances of gas bubbles forming in the sample support which could negatively affect the

quality of the spectral data.



10

15

20

25

30

| east the head of the the probe, suitably having a
cup-shaped | ongi tudi nal section. The internal wall of

WO b@ea3ysTonpri ses one or nore depressi ons or BCDGB2E6/002162
in the internal wall. The grooves provide a neans for
a fluid to pass fromthe bgse of the renovabl e cap,
and into and through the sanple support via the
entrance and exit passages. The fluid can be a liquid

S | e and/ o as, such as.aif or ol aLi.l e

cSberar ety fiea Sopraio] abtplmifaT b gty sypptto
restricBft fRASHOINARISS Barkid@thrly HicoBA R, 10180 idat aP@8EMI This is

gases and/or any exceSs |iquid sanple can |eave the
becaussed slowen fhaye of Bquid Thgeneradly dess eHrcagsit gt reatavingghses, such as air or

.ensuring.th t he .gr0o C clj wth the exit
volatﬂ%a:ggggg&ﬁ Oﬂh‘és ’Iigor}siﬁ%ep%ﬁﬁee%pgﬁlas to the top of
t fifa pretdfed@mbudimer) the b comprises Bd @VOGRSEShe intérnaluivalk; one
to escape fromthe cell. This reduces the chances of
Whichg?@QnMﬂ)‘gﬂ baserafithe enp tp the SIRPILFHPPArt SOiEHISE Pasiee fnd gupther
. .neqgat i vel f ' d
e ISHB B Y5 bR 1 QUL by B SRS bAan Bl e
two sdi@ afolovék ake 168ted@pPSsiRRad elch dtrtonithe intdrealfwalloithe cap. The

l'iquids, particularly viscous |iqui gs, 0 tloo I eat an
One OTIRPIErATOOVER i b WsEically er elsqaﬁwa&ge wPrsterahly e cplly, and they
may hH3§QG A IMTA:fl ffex%ilf élﬁg%d%gfﬁgtﬁﬁﬁéx{ég s&?\é@ Pavinl afU-8Raped or

air or vo e conmponents the sanp fromthe
V-shapadhpbss seofigaort . | n a preferred enbodi ment, the cap

c SbErsieaplsdan Has by madr Bt tiprpIFRE NafprebuRiRyY defitnora
therm&Nb& R iR RATRAS pastopead G potith&le. AR ARREESed Bab6Kinent of

passage of the sanpl'e Support to the top of the cap. -
the infRmdibey th rgmavablet aap isdispbsgble dv preventsonigounasionsy sulsequently

tq each other on the internal wall of .the cap. .The
smalyigA P GRE B BEneR kPR sar Tty it tpni i R8E
regar®diicAB 98 reRitiRER 18RI cystver tical ly, and they may have one

of many different shapes and configurations, such as

hdhe semple is piefasehly adiquidsampled Thessmpleapey bpa hydrecarbon

samplg P A 618 PRl B, B3 S BPREAE Gab SRR Sample
that nﬁ?'b)é REQDMIHRR & Slacestl of iteided with acridesdibinr e finsiyostiches b
0

I the invention, the renoyable cap i s disposable to
synthesiceayed; a bineompongti Bhintsrmediglestigams Jugh aﬁareﬂf@@ gas oil,

v GRS e O OSRGOS G0 TS s,
The presbmttiinwatiyn liscevpecsily ustfid femampdsering liguid$ thahbdntaia violagild d

sanpl e. The sanple may be a hydrocarbon sanple, e.g. a
compery oil or "equivalent" sanple. By "equival ent"

S PRdrhyifocHERBA sadpRE BPRich the process of the present invention may be
applied include fuels, lubricants, polymers (liquid polymers or polymer melts) and

petrochemicals which are prone to fouling.

According to an embodiment of the present invention the spectroscopic
measurement begins with the liquid sample occupying the base of a cap having two
grooves. The spectroscopic probe is then inserted — whilst maintaining contact with the
internal walls of the removable cap - vertically down into the base of the removable cap; /

the said one or more grooves consequently provide a means for air and/or any other gases
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- is thegigate

that may be used either in place of or blended with a
crude oil in a refinery, such as a synthetic crude, a
whr@enssnent, an internediate stream such asP@I/GB2006/002162

resi due, gas oil, vacuumgas oil, naphtha or cracked
stock, and bl ends of one nore of said conmponents. .
The present invention is especially useful for
neasuring |liquids that contain volatile conponents.
O her hydrocarbon sanples tg whjch the process of the

to escape fopHhe icﬁ@ V5 PIEVERiREFRY a1 o eipg, EPBRPE‘ abO¥s él,e sample, as

. It , polymers (liquid polyners or polyner
111usuéﬁeé$§1§;i§g%g. petrochem cal s which are prone to fouling.

Asfterridsengort of tha paybe duto tieetenmivablh eapthedigmid sampda¢ritens into the

. _the spectr.gscopic asurenent begjns, with the |iquj
designiti g0 V5 0L P g VG CHAd SUPoesDaly TR SRl Sk e
probe thSughRBE EAtRRGE Bﬁﬁa%ér. Dhe i1 shBR suppat hadilted\Mbelektess sample

mai Nt ai ning contact with the internal walls of the

flows theanghahg exitpassage\sithe seaiple/suppont andhingo theessrerysdhafleadsdrom

L enmovabl e cap; the said _one .or r v .
the exit GRS o Toq 07 g Bl e FRIGF o 86 Y s llowine s
gases AA%R6ES ligaibpeedif @ecélne cel |, thus preventing any air
from being trapped above the sanple, as illustrated, in

Fheording to aprederradraehodimentottier e ipsestien phthe spagéroscopic probe
into thé %ﬁ%\%‘gleecg%a@wtags%nlb?e%ﬁ i§ IR & fitd 2 QubnfiGum heating
esignated groove o e T eénovabl e cap and

block whé&rs elgisil ik yedled esidd@siiabk! ressUPirowholokeell henphatee the sample
t hr ouah t he entrance pgxssage. Once the sanpl e support
Apda speqipmpiscecosdedanpl e f1 ows through the exit
P L QERPME I kh
PERTEPIR KIS BT ByURAI R B LBFopEeni o
tempenatirts afd frewureswitheit the dass of volagleaibsancag Samtablyaineisle dlred

excess liquid to exit the c C ing to a
sample,suppert s CBIPS B R, therangs Foigetcr 50056 depshe Ghge sample.

For précgfgg%@é%@g é ?TIHHSés?QtﬁﬁI ety Moove SHYER kéinSedurel hfr.examﬁ%e, in

en“transferred 1nto an af um ni u
the rarpe30PO g PO nibwe preférked. CReperursealdgtessaras@utside of the stated
sui t abl ewsjress. The whole cell - and hence the ,sang)l?
s of the

limits arejngt expvdade ho weves ey slodiob &k under the peeigirerbembogimen

f \(g@ﬁ- je of the present invention is that the sanpl e
presenngxy e&}gl evated to high tenperatures and pressures

wWiidrau tthe faeaduessent bf thelsamplef snterestatheqmthlGigth abthy cell may be

i nsi de the sanple su rt the tengerature is.,in the
measureérwﬁlilee@et @ﬁpzw@%s@@%éﬁ a?lf-}aorbﬁ‘nl@h@tg f-gnd gsasuring the
spectrlﬂﬁaﬂéf&%t)lgﬁ%ﬁm 0dhd HERGE ﬁkﬁnﬁ{itgorﬁt{hlra] ghthlhe PR YiS the range of

anbi ent t erature, for exa
from 0.5 mm to 10mm. The pathlength is defined by the distance that electromagnetic

radiation travels through the sample before reaching the detector. Thus, where incident
radiation passed from one optical fibre, through the sample in the sample support, reflects
off the mirror, and passes back through the sample, then the pathlength will be twice the
thickness of the portion of the sample located between the one or more optical fibres in the
spectroscopic probe and the reflecting mirror.

The invention is further illustrated by the attached figures, in which;

Figure 1 is a longitudinal section through a spectroscopic probe in accordance with

the present invention;
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the range 300C to 900C is nost preferred. Tenperatures
and pressures outside of the stated limts are not
wexwbasies] however they do not fall under the peEGBRI06M02162
enbodi nents of the present jnvention. Prior to the
measur enent of the sanple i nterest, the pathlength
of the cell may be neasured by filling the cell wth a
standard sol ution, such as toluene, and neasuring the
spectrum_ Preferably acgording to the present . .
i Ugwrei 2o HustréesfateAParg of stees invhia FheslescOPLeIeRf g inserted
. t | fined by the distance
1nto{9%]g{09%lﬂigc 8%%% ia{:li gg%ag%ﬂll%r?qtgr avel s through the :
s diiphre 3shbos @ sedescdficnayssbatiode througir the Thusvablémpéllustrated in
. incident radiation passed fromone optical fibre,
Figuteigr ough the sanple in the sanple support, reflects off

t lery t i6n istth@Bferred
tﬁg%?aetlh gﬁsgﬁgmaﬁ%é@zc 6K 1 LRfOnaR 2t haRSARRLISN is (iSferre

wi ce the thickness of th

through optical fibfestJagthseughl asappidretddertset, where it sdocussedbontagsemple

v B+ &hp SR o RS RASHARSRE G o Rt MBscs trough

the sdrhple 8hd ﬁie%qp?idré Wihdetw! whiredt ik reflbcRe batlothtbighthe Firgple &y gold
1is a longitudinal section through a I?‘gect r oscggl c .

mirrqs7shethe hasecafdheisappbirevindowh L hsreleatad NHY eadiation i rgppmtted to

2. 11lustrates. a.se n t [ '
o el SRy RGERBATIAL 9L 888 Bt gt e
8 andCSit Ppabsalis f tHeGrdinghlesappdre;, and Figure 3 shows a :
series of cross-sections through the renpvabl e cap,
i | Figater2aitlusirates Fequeroe firom; lgli ferighty Huwhich a spectroscopic probe 1
- . oL 2 radi Ak S
R

rans rough op s 3

the ligaidpanpte Dinidakly forcathprgrodite 12sorf the iraree dvatindf theacapaiVphan the

hel.d in_the sanpl e support n top. ,of a sapphire
probgjsipsied furthes ptg dregapothe ﬂ)%vgﬁgé)thﬁ ﬁfﬂwé@ﬁmﬂ?ereg‘g% he egfrance

s T 15Ol 80 B e g s

sampianpporteand oud dwoudhnthe egit passtgedinid R otted igenover 3j which connects to
traﬁngnitted @o @detector (not shown) via silica
the top 9% the fnnet Wpll 08 F1e GPs o shown on figure 1 are the

eNELARCEIRs@AEs &¥id seliRBIBRUSE akds A-AC, BAMING GUppPitie-cap 10
Figure 2 illustrates a sequence (fromleft to right)

as shownih Figura2 s prethe eotodiant ther¢ areityye averticgllyispoged grooves

removabl.e 10 _cont ai.n i Ol . "
on e SRY R 8030 P 12O RESTL B koo hin
abovté ﬁi&ﬁﬂnﬁﬁh&é gRvetrhdciaséage of tHeahmpl) uppbrt bithe pagbe iM8evhen
the prob% is fully inserted. The other groove 13 is located on the opposite side of the inner

=

wall of the cap and extends from a point below the exit passage of the sample support of

the probe when fully inserted and up to the top of the cap.
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15

20

25

30

probe is inserted further into the cap, the |evel of
the liquid sanpl e reaches the entrance passage of the
w@200pl1ss78upport of the probe, at which point tPer/GBenosdo2162
sanple flows into the sanphe support, and out through
the exit passage into anotHer groove 13, which
connects to the top of the inner wall of the cap.
Figure 3 illustrates cross sections through axes A-A',
. BB and CGC of the cap 10 as shown in Figure 2. In
Claimshe enbodi ment shown, there are two
1. V@rdehisle! c%ﬂ%ﬁrﬁ@a%ﬁﬂnzgﬂﬁ%ﬁ&ﬁnﬁ{‘of ABquif & pMRbinpAking Ae
cap, one of which 12" extends from the base of the cap
spectrpseopicpebe, wdichedpocteosconic prsibathasvabeasl ecomeprisingradhenst one optical

foe, BB oMt A BHPBOR bofh BB St hnd
mirro? RrRheCdh dit@n@PRRSHcE Ané halexiObadshi®; hild #hichakilalé célhglso

cap and extends froma point below the exit passage _of

compties agempyable eapibatiacegmmpdates yteasiheheadpf e prebesuetythat the
. to the t f -0 ' | .
cistanfg oot feiiref Bal e e FeORRe S Bt QLR Rk Rotpic

probe GORBY theh 0Yndn SihRLteAiSEDRI thatpholeernatwdhofthe tinoableras

probe has a head conpri si ng at | east one opti cal )
comprises 108 ORMAF eIy esalisnepdeich iipt.rivhendhe sReCYarRoP RERRSISI t
. - r . . .
R L i
the org @ nedet grovetd aml [wovide apathSfosflaidrte flovafodm thalpest bfithe cap, and

, acco dates at | east the head of the probe such that
mtoap(ﬁéu%tgﬁggn ECWRROH- the internal wall of the
2. |r g"%%\éﬁame eﬁaag%(ﬁglﬂr#ﬁ:tg glﬁlﬁﬁ‘ 3dwRbreld@e ?Rﬁfétah@ WOR VMO B are

ess than aracterised in that the internal
cylindaizhl, imoWhichdhe eylindeibd] pratmhas afametersD pand the intenal diameter, D,

r oov di sposed sugh at, . when the spectroscopic
of the P@B@%ﬁgcqmiwg}f“ﬂﬁt%bgﬁ’é‘h?:ap, the entrance and exit
3, PassaAnSR QI dcB&dRRTH LRIk YPRAEILOE Mb@al dikinbtet DEoOME probe

or nore grooves and provide a path for fluid to flow
cap isfoapms mhee thaw@-df.4 mim®) cap, and into and through the

S I upport. 2. A seal,able cell .accordin ) [
Xl Gk tomigsh BR 5 NerTiriby iRFERL Qpfiel & e Brobe
capis‘ﬁ_idn‘e@ﬁe[ﬂ(@bﬂrhﬁ).\/\hi ch the cylindrical probe has a

di ameter D, and the internal dianeter, D, of the
5. r dnsealablecedlfgscordingde gny pagmol daims te 4yjherein thy intepahdiameter
) [l .accar.di L & wherein the internal
D Ofgﬁ%gﬁ%%ec%gbggggih%g(%Fr@'ge%%%\p is cap is nore than (D-0.4
6. MmN schlabke celladcadiidingas claim &¢ wheieigthie dnteinal diathetende o€ihe probe

.the jnternal diameter D of the probe
cap is less than or equal to D.

7. A sealable cell as claimed in any one of the preceding claims, in which the internal
wall of the removable cap comprises two grooves, one of which allows air and/or liquid
sample to pass from the base of the hole of the removable cap to the entrance passage of
the sample support, and the other of which allows air and/or liquid sample to leave the
sample support via the exit passage and to leave the cell.

8. A sealable cell according to claim 7, wherein the grooves on the internal wall of the
cap are arranged such that one groove provides a path from the base of the of the
removable cap to the entrance passage of the sample support, and the other of which

provides a path from the exit passage of the sample support to the top of the cap.
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cap is nore than (D-0.2 mm). 5. A seal able cell
according to any one of clains 2 to 4, wherein the

w0 nioensB7 di anmet er Dlof the probe cap is | ess PEEGB2006/002162
(D+0.4 nm 6. A sealable cgll according to claimb5,
wherein the internal dianeter D of the probe cap is
| ess than or equal to D. 7. A sealable cell as clained
in any one of the preceding clainms, in which the

i nt Il of, th b [ t
9. ghsulable cElecemmiipitapiat  SRAIIR B THGPOrF FYf 0 SRR
locate?%p?ﬁszé b LR $th& PaReidmalReallét tBe &dp. t he renpvabl e cap

entrance ipassage of the sanple support, and the
10. owhenlable astiacbordingdosnpene efiiby pieceding claingss Mibprein the entrance

l.eave the.sanpl e, suppo ' '
and oy onen g B mbls PR b Yo BBl hnd RESRABpBikte tPeach
other én thefiRBE b tlchioly, ooves on the internal wall of the cap
are arranged such that one groove provides a path_from

11. t Heseplable esil asielaimed inpay theineecegnerclaimpln s, he gross-
. Das f 2he ot'her of which
Se"“"ﬁ%&%?%"?ﬁé"%g?’h‘%%g?‘%g ﬁ)sgé}il(%astpg'ggl%é of the sanple
12. sUppork celd atdoedihgo afy diftke prapeding daisesdbaipestrossbpic
according to claim?7 or,claim@8, wherein the said two
measyypiyenis of gﬁ@dl samRles QOMRBING Yoty SUBSIRCSSt her on t he
i s | t : oA ents are NIR
3. ag}csgra glédﬁ%l cgé) g%még’gnggﬁ?lh%“gé?@‘g’g‘?}ng clezsi%%sn{l wher ei n
spectiob@pinmeasucemansl exit passages of the sanple support
are interconnecting and | ocated opposite to each other
on the head of the probe. 11. A sealable cell as
clainmed in any one of the preceding clains, in which
the crosssectional area of the one or nore grooves is
at least 0.1mR2. 12. Use of a cell according to any of
the preceding clainms for spectroscopi ¢ neasurenents of
l'iquid sanpl es containing volatile substances. 13. Use
according to claim 12, in which the spectroscopic
nmeasurenents are N R spectroscopi ¢ neasurenents.



