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WO 2006/136786 PCT/GB2006/002160 DEVELOPMENT OF

VOSRRSAREE TIPS FOR SPECTROSCOPIC PROBES The,pkeseRos /002160
invention relates to the development of disposable/sealable tips for
spectroscopic probes for measuring electromagnetic spectra, particularly
near infrared (NIR) spectra. NIR spectroscopy is a well-known
spectroscopic technique that looks specifically 5 at the absorptions of
infraved crdistion witbisaysneies AEANNE4999FIr MR cTr 0sCOPIC
spectroscopy can be used to measure the intensity of the overtones of the
molecular vibrations in a molecul@,&%ﬁ@ﬂning carbon-hydrogen,

oxygEin: yeleag enveaticnnictegens thydsoaephonds dpesabanayirosen:

s gg&ys)cgt}gor ign ands arectyy ically useful for mixtures of organic,

D BMpounds BifraTet i pe ot G R BBRYE S CipomaR i Al E Ratic 8 d

MNdRrmestiydrocarbons, absorb light at different characteristic frequencies.
The ' tion band.in the spectra is proportional to th
T L e e

at Sreervipsplipts obtefire actingdipint voftelsanpldeand dyenipolaty. NIR

spsag@@gz%mes@ggdﬂegﬁm}é te niinsicppReNieR OLng 4sam 'e%u'i'(%?y

also be known. 15 The NIR region between 780 nanometers (nm) an

ViBBHENSif £IDE0EE 4008EREDRROBM L oF Glose norEsEan dbhitatgerd
hylegeribpagt i ualbsulay driesmation ibdbeHial M.l COTBIRRIAN SRR for

overtones from ‘Eolyatomic vibrations. Mathematical techniques are

ML L P TR O SR Fo PR B P E AT e dh & e aemaifopPHEtS;
ant) GefRatdptrdtasdmy) 9056851 S 6228 ANt 4TSS f folexaspie

ripe; e of NIB for, 20 determining octane number, yields apd/
Rl B B R R Gl e b e,
boagalysisnsintte tewaictdltngt phiBessctineb gl tscdied /avegropertisa Gihgerprint
of Rrogat sheendipa ARcsation auiRTam Analvsia an e ead insislo
NIR spectrog%:loﬂgkgan §§6applied o crude oils ggéﬁo?ﬁeefnﬁg/%ﬁ)g " S#Ies of the
sapyHRERY LeAREI® 00/039561 and WO 03/048759, for example, both

desqmﬂan@gﬁm@te%ﬁ%&%ﬁé@&ﬂ&ﬁﬁ&&@%@%@%%ﬁd@w%%
. _oil samples, for example, can _be performed by generating  chemometric
s PGS LB IEIG B SR RS AT SRaHBER g e loranbiayn the
foenusfeailbsatpiesidishdhenkn dum peopastes ebtaasampleseAittal echniques

are gsbsggt% & ﬂ%‘lha.%%}{lsq o%lnda 1o%daer!§ 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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to the spectra of "unknown" samples to characterise the properties

wbereehizd¥yO 2006/136786 PCT/GB2006/002160 "Chemometriss:o 1o
application of mathematical and statistical techniques to the analysis of
complex data, and hence "ehemometric model" means a model generated
from application of such techniques in correlating the spectral data from a
sample with properties of the sample and cell pathlength. The

chenrfQineimendele idekeripines:ibe J7 relalionsiin RENERD NS SPRAIAL: 1o the

adiatse} a?d thelcelldgtathle th as, it would for the chemical and/or physical
B psé?lecgrla\%g}‘elge%\?@gg?g%f S EBIREHE AR P erRragB Rt afethEom
apgfientiometric miedehitanstie dentatsingen:are ofa HBRONBhnle with

j hematical and statistical techniques, as described, for
P R R e oG AP e g
rejqoRsaTRetry96; e Metialldad antiiOcE] Watlilontass Avaluliierthe 6emical
w2096 6 . B B P KUK BTl e ©9, 1007A

(1983)5. The analysis of samples such as crude olls’is cally done using

a tranSrESERsAide s erRARBismAftt e by doucading hesoelisdf picalisty of
tetlaiguesialabivabtishoshdanashlengtamibaladeasepable 1%&98&%&31@, in Principal

Ctransmittgg1 H\Efrou%ﬁthﬁ cell. However, such cells 15 require cleaning
CRSRTIS AW dubstaHk SHEResE ¥rile-dNewTHstis B S ridataliand and
E thvitlidamk, Wineh Obing. 5@ d 180 33lls, Isordepasnyiable. celsAradhe Anal.
C Eﬁfe§§e%%9ﬂ%ﬁg mountable cells may be disassembled, cleaned and
then reassembied again for re-use. The problem faced with demountable

cellsThoenalests isltratplasinglihe disdssimibly pauatly dosseBMy: highsmission

pathlengtia it U er-With,cells that have a relatively 20
“short athlen%th, ven %gﬁ%ﬁghg\%ﬁ%@%g ngth %%Fﬁdﬂgf’/% short
radilasiaantbaacresrnable spediiatobemee! forwtainntelWHeorespestal cells

reglata JemnswRdade dviacharastedsatdh fdgol samr lselxss %%%in ans a
; mi%sﬁge%or generation of a suitable chemometric model correlating
HVRHBES BroperiRs orihesehduecti sadnesimbletrelisae the eiafarredeption
Darasiatighis ciflicalkpatipagitnassdaversigaificanh deismenial sfiecis.on.he.
mod. Lgb}gf'ﬂ éarg : faZBegxﬁgt ventiop%%?rz are three ma%%/cﬁ%s of
SpectroStopIc probas that CAH WL A MANF Bes AidhediRgsembly
angr znsseiskip the plgh e tharisiie ctid m ity ahsngis SWhih wefiectignapeohel ATRy
shiatenuas }9@1 rsqﬂ tangs e@%@ﬁé and.the DRIFTS (Diffuse Reflectance
Inf%red Fourier }I'rarfgsﬁform %péctros%%%g/eflﬁo RN Pﬁ%ﬂ@%&ﬁ S5ropR the
spectra obtained. For example where spectral data from “standard” (i.e. characterised)
crude oil samples is being measured for generation of a suitable chemometric model
correlating various properties of the crude oil samples with the spectral data , the variations
in cell pathlength can have significant detrimental effects on the model obtained.

By convention there are three main types 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 Speciroscopy) 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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comprises an IV'IR probe containing two optical fibres, normally silica,

wiishoihakight is 30 passed down one fibre which is then projegteds,ons/002160
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 WO 2006/136786
PCT/G62006/002160 gap between the window and the mirror - the
sample support - allows the sample of interest to enter into the light beam

2aBBEHULR AR ARSALRIIAN SREFHYER ISIRDIANGH < @Qﬂﬁ&%@%ﬁ@éimﬂw

o the former however there is no mirroragresen in the probe per se to

InfREpR &P AECigHCr AR KieRt P tre AR rfisFecrRIRHOB SERCE bR Red 5

to colflechRueatsasfepmis el maoRIRSFoHREP HuRaIeMhWBIshassRPIRg:hen

transmission cell in order, to characterise a sample, as air is present in the
thg B‘iﬁ’gﬁlpﬁaﬁ%,tﬁ &ﬁ&?&%é&%ﬁﬁ%&ﬁmﬁ%&ﬁl&ei@érﬁnaﬁéeaaa&vghammly used

to Thiapplcantdrelelid thapthe present invention discloses an apparatus

that firstly, 10 allows the liquid.sample to be. sealed.within.the cell and .
e S S L P o e
samgborehirdi orestheis fecombebpithiie gstrmeme stgoffithaet liguidusanepliesite data
obREdgne with a higher degree of accuracy by removing air from the optical

path and/or by preventing air from entering into the optical path. Thus, the

preseht ANdicaBl keliges hetdhsaanisn bepnbprdisdomigarfenmatus that firstly
allBleciremaanatissRectbat-oka st srRMMENNHIENEBENASIR maintained at

spectroscopic probe and a removable cap, which spectroscopic probe

| QIR R TSR PR BB HE AT EecaRAWATO S B SRAFIRS cap e pipgpment of

thohguehshmbibetspectonscogic pighe, dugt:bas & campleysupRAthpilh fdm the
reflecti irror at its base, wherein the.distance between the outer wall of

T B LR BB MBI OF b B GIEHCIG cap i Ioss
thanThdsyiting 2 chvaravtetise deint¢h &, theninbdy all il hofithe gathe

iSes. Wol? I a fluid to. escape from betwee
o O e R TS 2R e
reipRaite qemohaBlSresp omebsY diegeteanprisksr pb dp esniysdinisat Bbthand which
reRERIBRLIRY EligRths SRESBPELARICRERS IC BHIBHSER) IO é@é@mm with
|

fibres, one of which allows electromagnetic radiation (e.g. 25 infrared or

2 REEH e AEPT biktbHT 1 B PR it dirracsadbe wrtnedahibe, and
spasiaiebiohreseinghaiaianir angmitiegoarsiiorrefiasiethiomithe,
chg?aragrlxesé Pnetﬁé%? t%ﬁei ?ntgrrfgle&% l%ic %gnc%g%%lfnprises at least one groove that allows
a fluid to escape from between the head of the probe and the sample support when the
probe is inserted into the removable cap.

According to a preferred embodiment of the present invention the spectroscopic probe
comprises two silica optical fibres, one of which allows electromagnetic radiation (e.g.
infrared or near infraréd radiation) to be transferred from a source to the sample, and
another for receiving radiation transmitted and/or reflected from the sample. The probe is
preferably cylindrical.

The probe can be made of any appropriate material, preferably metal, more preferably
stainless steel. Preferably, the probe is cylindrical, in which the diameter of the cross-
section, D, is preferably more than 1.5 mm and less than 30 mm; more preferably more
than 6 mm and less than 7 mm; and most preferably more than 6.2 mm and less than 6.6

mm.
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The probe can be made of any appropriate material, preferably metal,

wapiepigiesably stainless steel. Preferably, the probe is cylipdHcahihe /002160
which the diameter of the cross 30 section, D, is preferably more than 1.5

mm and less than 30 mm; more preferably more than 6 turn and less than
7 mm; and most preferably more than 6.2 mm and less than 6.6 mm. 3
WO 2006/136786 PCP/G82006/002160 The removable cap of the

SHACHARGORIRIPNST BRNBPLISRS R SRIPRIS-SRRAtWiIh A tallecting mingt at

st one - preferably vertically or helically arranged

its base, and at.| ,
e DFRRGPA PGy A G - FDSTARS) 18 e BB

méhepcaferatiycl ey atshaltansoacivias faloaxanepifeanktwelIssaR)eap, which
gg%gg Eat% as SL%ﬁlqda%O?er%{n any 51'1\/8{ tile ,cggm%gnents of a sample, to

ST p5e fom Bt e tReeBRIS A AHY RIS AR RE2TBRR AR HE P HHBY

voprblse tsnipsentsc firtoatheledp cwwapplefer tetvenbihditamptof it ehinkentiofi the
I rtically disposed groove.on its internal ..

P e A e A R in

th%%i@?@@@ﬁeagtdﬁﬂ@r@%@gécﬂémFﬁsmmél@rpwesoabém@namaﬁmfﬂhe

coBHRONGHY W&@&p_sﬁ tmRm P IlRIRN SN aReRH 9 SRR GANHGYI GHONS, 10 eg

. example having a aPed or U-shaped cross-section. The one or more

liqyid SHmelsrddeissans Have thedelbs rcermoxr aran svaorsef nanyfmst ghapes

andQbigipesitiehihe flowaplicuidsgRavtishiaely o sons ligeidss- R deexgreat an
eﬁ?nt. This is because a ilo%/)fr low of liquid is_generally |less efficient af
eMoVig GRS SRRIFSR AT BRI CoMpSHatne arematal spib o dpm so
asbetwesstsantixdlswpiditains thetbekd i itweukSipuidetolide pempaablesnt.
f opriate material preferably Teflon.or a
T B e R SO AT s gyt o
alaineedn senprisatopEily spprbpie fritesalsprafir siipatand ehealiof the

proBEN AR SURRHL Y, s%@@etﬂﬁc{@ﬂ?gﬂgqﬂ%@{a% f’ﬁ%@ﬁéﬁp@g{%ﬁ’%ﬂm ora

takes the form of a depression at the base of the cap, the wi

themandtsiorierigbpidsaidivbemmgoa aremieheran the internal width or

dibkpetgeoiihenigst o4ihe GaRle bPekemMpMARIRCaRISA0MRIHIY aluminium.
acco%odate at | agtt the head of the probe. The distance between the

ThS AP RBI|BP e WBRCRSS ABpTE T SHERRY: MBI drivRly dkso g
of cajzpscatanthiahdbdsapt. e ong tmbotime iehdhe sveniontion being

nafSNRYANIS 2R S NRUoMELINAN. e RIORS  APGAf,IgIeraply up to O.4mm
narrower than the probe, more

The removable cap is adapted to accommodate at least the head of the probe. The
distance between the outer wall of the spectroscopic probe and the inner wall of the
disposable cap is less than 0.4mm. In one embodiment of the invention, the removable cap
is narrower than the probe, and is preferébly up to 0.4mm narrower than the probe, more
preferably up to 0.2 mm narrower. In this embodiment, the cap is made of a material that
can stretch and fit over at least the head of the spectroscopic probe.

Preferably the cap is cylindrical, wherein the internal diametef D' is preferably more
than (D-0.4 mm), more preferably more than (D-0.2 mm). The internal diameter D' of the
cap is preferably less than (D+0.4 mm), more preferably less than D.

The sample is preferably a liquid sample. The sample may be a hydrocarbon sample,
e.g. a crude oil or “equivalent” sample. By “equivalent” sample is meant a sample that may

be used either in place of or blended with a crude oil in a refinery, such as a synthetic

4
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25 preferably up to 0.2 mm narrower. In this embodiment, the cap is made
whamaisgalthat can stretch and fit over at least the head OfP@ﬁGmo%/oo 160
spectroscopic probe. Preferably the cap is cylindrical, wherein the interna
diameter D' is preferably more than (D-0.4 mm), more preferably more

than (D-0.2 mm). The internal diameter D' of the cap is preferably less

than (D+0.4 mm), more preferably less than D. 30 The sample is

crpaeferaiabsapsndc samplemEhaSamps a ie &Q&iﬁ&@?gﬁgg% SAmRle “gas oil

nag)ﬁha crude oi] or "equivalent” sample. By "equivalent” s is mea

PR HATSHHES/Ote RGB! rHtiASI SE B BRGH i dermemRns CHid siicn a
invefitienys Bk}ﬁﬂ%iaﬂyal%ﬂheﬂ%aW@n%QQﬁé@ﬁ%@@oB@i#@ﬂ%ﬂ@@ldooz160
cryde iocomponent, an intermediate stream, such as a residue, gas
oiﬁ vgié%%larﬁoaagg o ﬁa%%eﬁt}?awtg}?rgégigﬁog‘fﬁ%ﬂf DR PIRSRE DB IE Bihbie
applisdiddomapgurienitdrithetpesentindentio pdy espesiablyusaitde) and

pe‘i?&%%ﬂﬂ&qs'W&i&&%ﬁ%@?@xﬁlﬁﬂ'eS- Other hydrocarbon samples to
fthe p

which the process of 1l resent iffvention may be 5 applied include
fuersOTdisecares SpoRditerst(igthe potpmérseotipoljmerenisitsppinaheasurement
beRBIfOFACMIGRAIS WRIFR BEeUMARE 12 IHINg s@ﬁ&{%met%a%g .g%%%ﬂ%%gcap.

the present invention the spectroscopic measurement begins wi iquid
TR ERRIp PG RspReSsop il memanafacs Mbabidntepal
willbeSprcipscepicaipbevs theriasases: muhiishmainainingcenBstwih

o a%ﬁﬁ mterna}lh]ég) V\f%lf of.thehcap - vertically down into the base of the cap
C

i RS 895t the PRRR SRR Bs SPecHed M B ek i ssrobich as air
oreapivotdideinsepmtanyrititicuid saaplsuehfasairthanany:YelRHles) on the
infomPonents;in the liguid sample. are forced through a groove(s) on the
lmi%lt'erna W%|%%|% ’c‘:ﬁaé?%v%c XIS o eesgg%r%ﬁégs%ﬁﬁ?ﬁ R&LERd
prefidse eaamdopisvidess arheansorsthegasemahd @ ke i, and

Samp! , as pbubbles from bein
B o o e g dde Bl o BT, Pt o
heﬁ?&éélmf@&?reg hBEBIRE Bhlab ResAvaairsbrdlssiticarnmegativelly affeetthe
quiigy gealéyetiaedspectral data. The head of the spectroscopic probe is

tyﬂixg?am”a%\/igt r thag the ga,mple sup&%ré,t such ithat whten fully inserted into
e 0L BB B R RSt L Np b e e SREHR
thacebpiediiydsaneplmsupotpads albbe poct abthegraRvekahid Report, and the
sa%?ﬁ%%%%%éﬁ%{%q&%ﬁgﬂﬁ% Ogcérgg{, %Ega%rg%et{l%bglyoceﬂ)%&r)]q {rl?emgr%oe\;/e(s) on the
internal wall of the cap preferably extend from the sample support and up to the top of the
cap to allow gases and excess liquid sample to leave the cell. |

According to a preferred embodiment, after the insertion of the spectroscopic probe
into the cap, the assembled cell is then transferred into an aluminium heating block where
the cell is sealed using a stainless steel press. The whole cell - and hence the sample - is
then heated and a spectrum is recorded.

The cell is preferably used for analysing the sample by infrared spectroscopy or NIR
spectroscopy, more preferably NIR. spectroscopy.

An advantage of the present invention is that the sample may be elevated to high
temperatures and pressures without the loss of volatile substances. Suitably, inside the

sample support the temperature is in the range of from 10°C to 200°C depending on the

sample. For practical purposes a temperature slightly above ambient temperature, for
. p s
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cap to allow gases and excess liquid sample to leave the cell. According

W 20REaiRHEd embodiment, after the insertion of the spectrogeaRIGRERG 160
into the cap, the assembled cell is then transferred into an aluminium

heating block where 25 the cell is sealed using a stainless steel press.
The whole cell - and hence the sample - is then heated and a spectrum is
recorded. The cell is preferably used for analysing the sample by infrared

exafRRCIOEORY R MR NS RER RS60RY, iArRtRisterRRl TR S ROEIEOSRORYssures

An advantage of the present invention is that the sample may be elevated
outgiitRfiheseaisth FBrA dre S 3k X PresdureY RhEIRY tHR 185 2B gty preferred
em@é@@{@fﬂ@ggt@ﬂa@m insidedhie sample support the temperature is in the

range of from 10C to 20QC depending on the, sampje. For practical

e ARG B1 G O SV G VLS PR ey be
me2N06 b3 Gl Rt TEBAA06 LRI 6Ds cdwamnpiedh dhetangeanfifins GOy the

90C, i st preferred. T eratures and. pressures , outside of the, stated
P SR G RS B, SR PERIA R e L PR RS
the empodiifremt$ Sfrtive toreGant. inentitn eyt istdetheedesathardistertechiibe

eleéﬁ%ﬂageﬁ&w nereshing pathiendth ol a8l mavdR R astEed by. fihng;
the ce

_cell with a standard solution, such as toluene, and measuring the
whegsdpeident PAERTNSseE SR o PiEcHr BB vty tre R Srgiirere
sughEPraRe ST tHieTRRICAN RNk dva dR MR dIOEbabe: PadN engiatiSength

_defined by the distance that electrpmagnetic radiatiqn travels through the
il s RS FEBEER P 2h B FIRP S REFE SR B GHB T

optﬂﬁSﬁ@ﬁkirmrftlh@I@peeffﬂﬁﬁi;ﬁb[ﬁobbr%uqhdhﬁls?mglmindhi sr?mple 1(|)
S ort, r ts the mirrof, an asses. hack throu the sam .lne
A DB S R UL NI S0 SR RLRTR A o R e

thelpethten:ewilkearihé oribarimorsiveptigad fibievin akbespuattoscopic! vbisk

scl ARG &W&‘Pr%é'{gg;’étﬁ1é%%&9@ﬂi‘9s§%é%&@E%H@ﬁ%ﬂ‘ﬂ@l?aﬂeﬁ?&%BY%{mding

fime a different urement is made the pathlength wilf vary, it is

thetpleqmforetdeveastelgesubad sy R sntoThegiermbagsanisciosed in PCT
apSsdRAlibratRSHos HanIng: Patlengitnd bisxsaid Mersursrant atihe vy

athlength for building the chemometric model may be done by the use of
Ielgheleh fringes as disclosed in PCT application PCT/GB2006/000841, the
coRieptSOhhichia@spenteateddierdinchnseferanaentinaiegpissequently

an@reggé%%%}gg pﬁlsea Etl) &églggtqgg% Eprgfgprg ggps nq]jat%%gf? ar?cianpaz;[ i 19u1ar1y convenient
in this regard due to their relatively low cost.

It is clear from the present invention that the probe claimed is preferably a DRIFTS
probe. Nevertheless, according to the present invention it is the applicants’ belief that it
would be common knowledge for the man skilled in the art to use the aforementioned
knowledge for any DRIFTS look alike probe, or even for an ATR probe. The present
invention does not apply to a transflection probe.

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

Figure 1 is a longitudinal section through a DRIFTS cell in accordance with the present
invention;

Figure 2 is a longitudinal section through the same DRIFTS cell as illustrated in Figure

1 after a 90° rotation about axis A-A’;
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20 analysed samples. The aforementioned preferred cap materials are
wairyladbyggonvenient in this regard due to their relatively lqy.cost, Ifis - o
clear from the present invention that the probe claimed is preferably a
DRIFT S probe. Nevertheless, according to the present invention it is the
applicants’ belief that it would be common knowledge for the man skilled
in the art to use the aforementioned 25 knowledge for any DRIFTS look
Hliggpddabe covsevertifor @thd Tnprabe: cCEhe PesPRIFNYeRIGNHe8s Opt
Figﬁgglyégda%}rﬁ[&sﬂgctlon‘prob(?. The |r‘1vent|on'|s fgrther |Ilqstrated by the
attached figures, in which; Figure 1 is a longitudinal section through a
BrRYFTSsEel it secsranisaitihagie sdon invedtion; 30 digLspe s using
the lRNAIUdNGLsagtRRthiquah the same DRIFTS cell as illustrated in Figure
| after a 90 rotation about axis A-A'; 6 WO 2006/136786
BlEYREED006/0054E6 S rrjlsempidsiperoaobe dtiwiot the ehvovatie chprof 2
& 3thetd ReET & aaIpHststiatads i RigRiesmb Ak 2ad TIRWE,48N0WS Bl support
5 stgql%&%i:efof steﬁ? typically taken in order to collect a spéctrum using t
0B R & ELRHET BRSO S i Pass Shibwsaa DR B brsenivbaipmiy a
suppodiied havingdudrsiicn eplitakfleces:2diéidn ThaasheaciohtheRORS S in the
s inéesgedo@b%{ggt ova I%lg%grél.IThe cap has a sample support 5 in the
orm of & cireular e%ressmn fi%the base of the cap, In the base of the
Eigwisiesluonppin seraerDIRIETS el postBywhichi gefle tiaftadiatiotation through
-dransmitted : | ample support.back through the
T L0 Fl T2 b s e R A RS b o o

the irrnal soiseabiarendirumdd searos-soption. thyregivecis B-Siokthehat
rem6QEHIS e thehSAMBIE SHRROLWt %&Q%@Lé@&ﬁlﬁf@ﬁg%ég %%% 9%@&18?

r
X Fl%lre‘%%a cross-section through axis B-B' of the re blecap 4
IR S\ TF PRSE SR SR 246 WIRGthé Lahteraetipigs s B setmestivih the
interaivatl@iniheapase of the cap, and the groove 7 that connects the sample
Igug%?g&ts g@ StheSe 1§e£%tergl tWallbof t?ﬁe ap. Fi%;re shows a segﬁ?nce of
Steps by Which & Spactrim. 18t Sxamiste?aPRAR S ARt GRHIRIG A HER spectrum,
can @I@beﬁaaﬂ@m sanyiesising @ tabcactiardioghtoptbsepraseation. In step
(%), PUEHRB §I6Rruim is collected in which the sample support contains no sample.
In step (y) sample is added to the sample support in the same removable cap, the probe is
inserted into the cap, and a spectrum of the sample is collected. The spectrum of the
sample after background removal can then be calculated. In step (z), the removable cap is

discarded, and the probe wiped clean, optionally with the aid of a suitable solvent.
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(x), a background spectrum is collected in which the sample support
contains no sample. In step (y) sample is added to the sample support in
the same removable cap, the probe is 20 inserted into the cap, and a MCSLLP
spectrum of the sample is collected. The spectrum of the sample after
background removal can then be calcul&ted. In step (z), the removable
cap is discarded, and the probe wiped clean, optionally with the aid of a
suitable solvent. 25 7 MCSLLP S Claims 1. A sealable cell for measuring
the electromagnetic spectrum of a liquid sample, which cell has a
spectroscopic probe and a removable cap, which spectroscopic probe
Cammises a head and at least one optical fibre, and which removable cap

gan 5 accommodateat ieastihe feaq-of e SResraseoRis %@Pﬁq\ﬂaq?‘b&ﬂée,

a sample support with a reflecting mirror at itS base, wherein the dista
Paishes e & sReFTRatBneHuEckpEd» sengiaplo b arli thensAEpsRemioprobe

Hgmpeealiaican i less HerAidinibrhamaiatseshibhnt the daternal
wall of the cap com ri§$s at least one groove that allows a fluid to escape

HERTIRIRAS A ti8ShEKP 51108 BroBE SRR SRRt S0 3o R SaEHE PP with 2
privkeing msestad intodhe whmavahtedtapné: Weiscaiabile estraeadrslitg: to

‘claim 1, wherein t least one,greave on the internal ,wall.of the ca
gg(ezl‘,mz}g#gcréﬁge Q&F{}]e Hiner walgo? € T iéei cap.lss)-ef lheaéyle mnp

tends from the sample support to the top or the ¢ sealable céll
gewertinsetoe it hoiranel YaiholHiertheomarisat wahast tre smpVvisthat allows

RIS IR henouter ¥alkhof 1be: IeEY ARAAPIn PIRD SR 4 sdh RERIBHRIR the

cell according to claim 3, in which the cap is up to 0.4 mm narrower than

fEbs R rGEER RO M VAL SR bIe cell according to any one of the
precedingeslaiias:cih avbichitiaechasich af, #espeiroatopicanopedsadf@ie intemal
than the sample support. 6. A sealable cell accordin any one of the
e e e e S e S B BB e cap are
dylindrisaicadaidethellsprondsg dpdaprobe e riis winohgitharietuaiwall of the cap
ARLIERS AN INIE L A R eRIARIS LallACGRIIIRGH any one of the |

preceding claims, in which the . A .
4, A sealable cell according to claim 3, in which the cap is up to 0.4 mm narrower

than the spectroscopic probe.
5. A sealable cell according to any one of the preceding claims, in which the head of

the spectroscopic probe is wider than the sample support.

6. A sealable cell according to any one of the preceding claims, in which the

spectroscopic probe and the cap are cylindrical, and the spectroscopic probe diameter is
more than 1.5mm and less than 30mm.

7. A sealable cell according to any one of the preceding claims, in which the
removable cap 1s made from teflon, polypropylene or polysthylene.

8. A sealable cell according to any one of the preceding claims, in which the cross
sectional area of the groove is at least 0.1mm®.

9. A sealable cell according to any one of the preceding claims, in which the
reflecting mirror is made of aluminium. |

10. A sealable cell according to any one of the preceding claims, in which the

spectroscopic probe comprises two silica optical fibres.
11. A sealable cell according to any one of the preceding claims wherein the probe is

a DRIFTS probe or an ATR probe.

AMENDED SHEET
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removable cap is made from teflon, polypropylene or polyethylene. 8. A

sealable cell according to any one of the preceding claims, in which the

cross 25 sectional area of the groove is at least 0.1mm2. 9. A sealable

cell according to any one of the preceding claims, in which the reflecting MCSLLP
mirror is made of aluminium. 10. A scalgble cell according to any one of

the preceding claims, in which the spectroscopic probe comprises two

silica optical fibres. 30 11. A sealable cell. according to any one of the

preceding claims wherein the probe is a DRIFTS probe or an ATR probe.
AMENDED SHEET MCSL.L.P 9 12. Use of a sealable cell according to

any one of claims | to 1 1 for spectroscopic_measurements of a liquid .
O loq3 EBIBPIS SLER VBR L BTG e AT 15 1 (O g ghg=eopi
higtsdremianpie Lo htailissanpdtile substances. 14. Use of a sealable cell

e cording {2 £laimute c@ﬁqggg}djﬁg iR whigh 1&] %é&ﬁﬁ!ﬁ%%‘?ﬂ{ﬁid sample contains

‘méasurements are NIP. spectroscopic measurements. 15. Use of a
sehialsleubeliimesording to any one of claims 12 to 14, in which the liquid

sample is crude oil, synthetic crude, a bioc onent, an.intermediate :
e S AR S P MRTESGHIOR, TG e o1 SOUTAH dBiposcopi
ARGOIEHGHO mlahﬂﬂ&;dmkﬁcpiﬂmd%quidmﬁsple is gt, intermediate
?gea%%'e%%daﬁa% 1 ES&'Q&%T%E el apeHuEr gas,alh DaPing, §EACKEH liquid
stock, or blends of 6ne or more t ereof. 17. Use of a sealtabfe cell
supldlingrigaeiy syribetielemnds, EPbiecDmBANGHIcH tRETmeftrie sFrwa.igr blends of

sglegtedfram fisgls, lubricants, polymers (liquid polymers or polymer

melts) and 15 petrochemicals which are prone to fouling. . . .
16.  Use of a sealable cell according to claim 15, in which the liquid sample’is an

intermediate stream selected from residue, gas oil, vacuum gas oil, naphtha, cracked stock,
‘or blends of one or more thereof.

17. Use of 2 sealable cell according to any one of ¢laims 12 to 14, in which the liquid
sample is selected from fuels, lubricants, polymers {Hquid polymers or polymer melts) and

petrochemicals which are prone to fouling.



