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SAVPLE PLATE FOR FLU D ANALYSIS | N A REFI NERY PROCESS
This invention relates to a sanple plate for use with
w@2anssabt e apparatus for analysis of a fluid, PeDGB2007/000127
exanple a refinery feedstock, a refinery internediate,
or a product- of a refinery process. Feedstock
anal ysis, for exanple crude oil assay, is an inportant
anal ysis that is typically performed before feedstocks
are pusshzisedlLATH FOR ALYLD medLY$LsamN ¢i REFBIERMERPROCESS
Typically, an oil refinery will refine a | arge nunber
of different feedstocks, including different crude
"g]hi]l? ]?we&ﬁkm illaerce acsﬁm]?IeLplﬂe o B v&ﬁ@pdﬂfabl&fﬂppiraﬁi&ﬁar analysis of
(ffer in an er_of inportant properties. In_order
a fluid; forseampls wretmenolsedsiasks 2 BHaED; iBiesmediate, i Mpdust gFa refinery
proc%é’sCh feedstock and to evaluate the potential val ue of
a feedstock, such as the product yields, qualities and
Fexdstock aretlysis) dtnl examplectrodecoipassagy) is @l ingloftantt makysis thee is

refini cess, of said feedstack, sugh as corrosion
typiGsly RepiaEned Brioregpeastocks ia Y BAIIEE TP Ipbp R HIUE IR
Typ%cﬁllﬁ%n%?ﬁleﬁﬁ&?-wiﬁrrﬁﬁﬂéd 8RR u¥hbe} B ﬁft@fbﬁf ﬂ@&s@ol&s, including

C“time-consum ng analysis, Tequiring a relatively [|arge
differentiemuleafilspatdehlends of aride alds, egctl eRwinel kmytdifferio d wmomber of

. full set of anal iS S.S ata. It..].s t unco n

imppifin pRBseRs Rt BscbiRh R Bt bt Gote) reRER T oen

feedo@tInBnitAdviaRfatettht Bofehieal REKE BAE BedsBRIE sudlEaGhe piddhct yields,
purchaser nust nmake a nunber of assunptions on the

qualitigs gad yrluehebtrisablstasdithe pasentiak effpteon therrefining prpsessidf said
e Y PR AT, 6 o S ity Bl

rom’srm
analyeldi nery feedstock anal ysis, preferably a full assay,
were rapidly available to the potential purchaser or
r eflrafitignadlyethis s beerna timgicongmming apalysis fequjnga rlatively large
s .af . : .
B i rif anf SACLY ERERANGRCe 130 SRR AR B ). s
not yrcomass, fobifdedstecks tpibe purchssefi vathoihe fudlvassayl beingedvaiielsly to the
rocess which are subsequently used as cheni,cal
purcPgssh AP haicd e BRiSRETEE ustBker BRRFS PLAFURBHe Ry he value of
the RERERES foMkalipR! for § LARR BUGHEs InYay RAs@Bod Miwle@e of previous
~lubricants, or as blending conponents for fuels o
crude oils ifvansimilansegions] as the fuels (e.g. aviation,

ol s SR e i ReoREy il GfsisoPergn b assey
wer@fapililg bailableab SheislerdtiaDpureRastSor efidas bpadioe, for
exanple at a termnal, at a pipeline, In the

di $n pdditien.aapid yaalasi oﬁproé@ct%ofﬂgﬁmry@m@meg is also desirable. Such
prodtagté?lg#h?%é rﬁ(ﬂ&glglgalve\t/{ee? Fﬂ E’E 8¥We1r9{1 g&?ﬁ:ﬁf ﬁrocgsggblwen? Enoo%ﬁ&rs $rom the
overall refinery process which are subsequently used as chemical feedstocks and products

from the overall refinery process which are subsequently used as fuels or lubricants, or as
blending components for fuels or lubricants, as well as the fuels (e.g.

aviation, gasoline, diesel and marine fuels) and lubricants themselves. In addition, rapid
analysis of formulated products, fuels and lubricants is desirable, fof example at a terminal,
at a pipeline, in the distribution system, or at a point of sale.

Descriptions of refinery processes, and the products therefrom, are well-known o the

person skilled in the art, and are described, for example, under the chapter entitled “Oil
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person skilled in the art, and are described, for

exanpl e, under the chapter entitled "Q I Refining", by
wORoTAgs79W Irion and Oto S. Neuwirth, in U |PErneB2007/000127

Encycl opedi a of Industrial Xhem stry, published by

Wley. Qur earlier copending application no.

PCTAJS2005/ 033240 descri bes a portabl e apparatus for

anal,ysi finery fe tock Qr pro t of a..
Refipy oo/ afihor s BronGiei S Ve G ok syncygioptaof
Ind,%tr{a;;ghé}ﬁgh.y,} mish&p?l}; Wﬂeg,.or determ nation of the

oiling point profil’e of"a refinery feedstock or a
pr €xh earliof capendingrpplcappo e K T/EISA00HPI3R40| deseibes aportable

further anal yt.ic dexi ces.each o Lch contains or.
sopirtiod, B quiRs i enel iR Shnduch oL raeiptae hud
appdr@t@§&orﬂ]5k@si§é: sai d devices being adapted for

deternmination of the density of the refinery feedstock

(2) or afirgdmelytiosl dgvice forrrsteymination ofthe potlingtpoint prefile néa grfinery

id devi i.ng.adapt for determ nation of the
feed?t%glgf)r %Bﬁogg tu()%%erlgﬁ?efgﬁ%cg%’ 'fuhc{e refinery feedstock or
(b) pr atheasdt tab farthicefahilgtival deedSach SinhioR containg of &rdssaeiated with a

copendi ng. appl i cation no. PCT/US2005/ 033247 di scl oses,
datajas¢ang 8 algorighyn «Afilenst enernf a7 dayiseshedrgadaptad fgr determimation of

: r
e ST LES e, RRLAIRC, GRS st BESY st cpe o
saidligdicecheifpadapoett foi détamnihsasif doktotsl heid ambenSEANYaf the

di fferent | aboratory-independent techni ques wherein
refinegy; efi%t%?%rtmgiuqtﬁaéﬁ%‘ﬂw&wmfeé&hm que is selected to

be | Gl i@ 1 . : i es a

¢ REELL 53 40 B8 PRERL B, PCRRSANSEEM diclovs
metiwdafessyingamabbearbdn-catamsg feedstock) the viethed comatising:

) o S SRR RS R o LGOI TE E PHRPED AL R PR
cont@ iy febdstddkewith HiBas twvo fiifferent RBorRASUAGRAdt tebhhi§ues wherein

met hod can advantageously be carried out using the
eachyleperatoryrindspemnrien losogsy i sdoeter toge predietiveond erely rripeptive
roﬁ.eﬁgr oved net hod for providing sanples to apparatu
PIOISlich as that clainmed in PCT/ US2005/ 033240. '

(b) Ace@héhiti@dg/the i@ siremetd imadde iesttp () toa procdssdr eapableife
plate for  use with a portabl e apparatus, ¢contai ni ng. at
recongigucting gleterimingiivg assgh af the hydroceragn-saataining fgedytopkdrom the

S (i) areceiver for a fluid to be anal ysed,;

e Egtg’ngést two fluidic channels each adapted to
(©) t r aevhstructingardetarmircitive assdy dbf the drule odl frambleawaadsumments.

.reaction g({ oduct trereof .f({ om sai ghrecei er fto one
This method can advantageously be carried out using the apparatus o
PCT/US2005/033240.

We have now found an improved method for providing samples to apparatus such

as that claimed in PCT/US2005/033240.

Accordingly, the present invention provides a sample plate for use with a portable

apparatus containing at least two different analytical devices, said plate comprising (i) a
receiver for a fluid to be analysed; (ii) at least two fluidic channels each adapted to transfer
a portion of said fluid or a component or reaction product thereof from said receiver to one
of said analytical devices contained in said associated portable analysis apparatus; (iii) at

least one sensor capable of responding to a physical or chemical property of said fluid or a
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of said analytical devices contained in said

associ ated portabl e anal ysis apparatus; (iii) at |east
wor®788318Dr capabl e of responding to a physi cabCDGB2007/000127

chem cal property of said fiuid or aconponent or

reaction product thereof, and/or at |east one sanple

cell suitable for containi ng a sanple of said fluid or

comByieRl Deegign Prosfoeieredf SRRE Ailent ongsmnle o5l shitable foy
cont@inthoatinplcstahidt Al Gk § cohpoat oALARIaDrbduct HRPRFESr 2

portion of said fluid or a conponent oOr reaction

specprpgngnistoropdead enalysisirand afiv) at taast aneradditionali fliiidic chanmet adapted to
esesor or sa le cell

e RRREO B 80 of S RimPafic bt e SRR B iriiom ra
receﬁl@rﬁﬁﬁﬁla@l&%ﬁﬁﬁrs@ﬁécﬁﬁn&/@f samplaaai ytical apparatus, and

al so prow des sone anal tﬁtl cal ,capability itself by

vi he sample plate acspeting ©) %lmp@tronsmwl@s the dpgldmetion of sample
peerf08 K13 ah By AP ApA S el oL b o RSB U ARA ARy el

by virete df alie @nr(sd ildfopsaimplé cell(¥tit @Jmtaimrﬂnlceﬁmmusﬁ nqithethe
plate of the invention, in association with a portabl ,
portafle, apRAFaes. EisrieBIpl Plgtef thednusntiopdommsranearRmenh ytyfer anglysing

a ﬂ >\Hi@co isFéZQ %)a?{naqlg‘ﬁfh?esoﬂhg iR ﬁ{jasg&féa@(g’f RN TBBHable

said s e'to sald parat us
appaaamaodrmmm lzehast twa;dlﬁerentemallypbad doeices. Suiablyl mehnsfare prov1ded

t i nvol ve the use of
for aheiguch f 35 SAPWIE W A i APRF AR O] SRR qneags may £
exardflB Bk 0O rch@lﬂ-ﬁlt We‘b?lslog BMyBE Dk thYBRAIARYSINE HiR use of a hmged flap

permtting relative sliding or rotating novenent,
(whigh maprl centatny euiqunalgcom@lalsemng Qnanalafbcd deviged)r M@hamsm for

ere atel h differe
persihE < o o RE s EmEnt iy Erepe o flaing il g hrtabte
to bidsy @iFferentigdts offiiee SlaRIh® Ileatith @ﬁgreﬁﬂwn@p'ﬂiﬁhtsﬁkhd}forﬁabl%
invention are very easy to use. In use, a user nerely
analmaé@mr@raéu%mawé@|m0\§é¢%| e plate, and attaches it to
th r
q‘h@‘?&?@%@ a??alﬁggqgjﬂgﬁ%ﬁ %ée{?%' ¥lge:¢ 1ﬁ¥<ﬂ1g Bg gﬁép eiisgtto use. In use, a
userakaely aeletts alshitdble ganiple platd) andsisaehéesit ectha ra@doymtezl portable

devices in the portable p par at us, e sensor
analysigARpAraluS A RPTeiIA g)ndﬂcn" Reels g Féa%Pd]ﬁtP te gre4da é& o link up

withAHERs6date® ahd C}?ﬁs HEYidstih ¢ r@ﬁﬁ%?)bﬁ'ﬁﬁg q8hd 5(91@61% and/or

circurtry and/or spectroscopic of optjcal analysi
sample &eli(s) intthe sanmply phaltesm/ab@aqap@démhnk np whith anyrassosiated electronic

ciro i Rt et Pt g bfoal e Gk, BRp il biBiosent inthe
portiBl@hfparais] IARBE WA ﬁse@“metrél? haaIIIde tiefluit 6 Be BRted to the receiver
perfornmed. The sanple pl ate can be reused, suitably

of ﬂalfsa@plenéatagandw@ala@a of fietsamplerqap dhep betpsefarmed.t he sanpl e
‘ g oﬁg} CPIE g?a\tltée ?anetp tleSQEId at)lgf a%t%FEeégé"glg%? ge d&l%ergzﬁwely,

becaﬁsesme sahple plaké uﬁthe an\&lnubﬂbaﬂ n s@ﬁleféﬁmaﬂﬁn@its’ibesorﬂﬁyctbxbvery
royided in association with a single porta Ifi
cheagbb grnaq}ulge regardpd andispesapleadBusrgyplyality of sample plates may be

provided in association with a single portable apparatus.. Each sample plate may be

intended for single use, being disposed of after said use, or for a small number of uses.
Use of a fresh plate on each occasion of use prevents problems arising from contamination

of the plate with previous samples of fluid. All of the plurality of sample plates may have
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i ntended for single use, being disposed of after said

use, or for a small nunber of uses. Use of a fresh
wW@k@vmeson each occasi on of use prevents probl ePGI/GB2007/000127

arising fromcontanm nati on ©f the plate with previous

sanples of fluid. Al of the plurality of sanple

pl at es may havet he sane construction. Alternatively,

the plyral.ity,of sanpl | at i ncl.ude two or re
the sgig Bptiog 1 B R P e T e bl Tl Woor
moré& @iffetdnl Bpe® nglhﬁ%aﬁﬁgiﬁﬂfét@ﬁﬂ RfstAfctieRGhe datsRuciondf@héh type of
bei ng adapted for use with a particular type of fluid

plate beingadaptedyforase with a patiopictyps of fluid t9 beanslysed oFpr example, in

et | _
e 685 PR AP ahe BB LB Bl ot phEDLALA, g inac
sample %tﬂlwﬁtfél/ di&ﬁibicﬁﬂkhtéfd e?!erﬁéﬂté g@ﬂi@lérgr sfulitable Y lﬁlﬁ ah gmlyr@llgaa

arti cul ar roauc Oof a reriLnery, or exa | e :
paﬂiguler Progugfof §|r¢ﬁi&ry,\£ﬁr ¢>@na>1@diﬁﬁeé¥*@ﬁ9r 8 %?Nhgls ﬁﬁﬁ%@reﬂ type

of sagllue‘f"l% Elag%?g ?&Jttﬁh 3n@ pf"m%%ﬁ %Bgecﬁ‘s §ﬁd)®g§a1315m19 %gc?/?f;ﬁ’lli&o fluidic

M Cro 11 ul emen rticu
elensenistpabticmidriyrsuitalsle ifor e il ymilystngaoradbeoibiShitatbel coratektions for each
connections for each sensor, and/or sanple cel.l to.an
sensawrdzcmsa@@ie ﬁ?ﬁé% an _SPPISE%%}E P&P‘éﬂ @P%‘E?“%ﬂ?ﬁ“‘t‘ﬂ‘? 8’6‘?‘1‘?’{/ and/or
spec%gx!o%;: &Qﬁ@ﬁ:ﬁlﬁﬁ%@ﬁb tmelhs &ﬁlte{ls‘bade BALYE | ForTRARPleS Aanalytical
al so“be provi ded. For exanple, an anal ytical apparat us
apparatys sy cantrinsevernkdiffdiehf pieeastof plectrarsc cifrcuiirye essooiated with

SRR PSREEA LR 41 S SRR e M

fluid @breeHbi fof Al fnsdteR ARGhMPRSpIAR o BRYpHRPENE pidtelofelectronic
sanple plate to the appropriate piece of elecCtronic

circustry puasentyin greeanahyticalrapparatus vell e ipeeytidedp gasamnle plgitg for yee with a

a5 oo Bl PPl g presnti

the ®laBRiCAIGPhEratis! Siklilakly, appesiaiate links tfbﬁm@@éﬂn?lei ce#llwill be provided.
apparatus. Simlarly, appropriate |links for any sanple

* cellihugyin p prfersedgmbreimentiafdhe inpentiony A equiRIRENE féfds Previded

whicﬁ"f cotnﬂﬁisgpx g&ttélb‘?{%:ba?;;e})i aﬂ)ﬁ?{%ﬂﬁ Nk aS&kibbd atRfv Y %@%&Wtﬁplurality

conpri ses a por SI's apparatus as
of saisle platesgetdrdingwb the iavgitiona Shidyeqoipneatiet evilp be seisable for

according to,.the _inventiop, Said.equi pment set will be
muliple psg g qreuit Ff‘?rd\S%W&'i‘éHQWB? uuqui table for use with

di frhgeRRt: dbdith §fa sahijfle E&?eca{cc&?fﬂggﬂ 1 in@erﬁféﬁﬁ»%iﬁed%b@d@upon the

according to the invention w epend upon
intended epplichtiapp The axaco pathTiesure aad numpbertof uckanaelg may be

.n er of flujdic channels may be varied. The. sa >
variGl SEY spfipis s e TR SRS pE i m o b s et s
betvideA VafiGus pai@ of thel Sdﬁlgpﬁﬂﬁ'@.e Buitablé RitGoparmps ireiudeRar pumps,

. sanple plate. Suitable m cro-punps include gear punps,
diapliragFhpeaps. PYIES, Dusips jand perinipile pumBes. pWihpretnamnieg 9€%§$ 1s

’ ! . : . ) . . .
a8 EpRATHH el bAHE e MR O R st
assobfatius edthithe sl pRitd, suchwhit in ubeths dijdsenghasampls ptite are
that in use the_ fluids, on the sanple plate are punped
pumppd IR AR G fghion Rnremni Bl ARpIcalmprisg @%%ﬂgére
micfoVARES Kottt Bk pAahd/or the quantity or proportion of fluids that are
transferred between various portions of the sample plate. Where it is desired to separate

the sample fluid into components before analysis, or where it is desired to carry out a

chemical or physical transformation on the sample fluid before analysis, suitable means
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m croval ves to control the path and/or the quantity or
proportion of fluids that are transferred between

wa 200708859porti ons of the sanple plate. Were iPCT/€B2007/000127
desired to separate the sanple fluid into conponents
before analysis, or where it is desired to carry out a
chem cal or physical transformation on the sanple

fluid g‘ﬁ;{)ore anal ysi s, suitable neansmay be provi ded.
may g Proy] the plate may contain fluidic devices for

sepaf @Ea!nﬁﬂe Ghe plafRRAEHItIP lutdieddvidds for sfeﬁ’e[ram&p()hénts of

mcro fluidic / mcro fractl onati on device
the fluidcfor exrnplofi) oficra fhidip! mice fuetitnation de\rlcestD ﬁacﬁlcmgtlon ofa

{ L d h
samfiR Bt i bR ainh s Eom e RS om0 e Bl R e
volafiRYorfiéh 6f HilhitIRRAEBE sdPafeltddl MAREN tb GiffElSiNt rﬁi%r@éna%@i%ﬁpdevme or
(head_space analysis), (iii) a m'cro chromatographic

sensel @wehepace apalysiv) (id) 4 migup ahr@mammnhgr elpmnt (e.g. solid liquid

chroﬂ] C{gtrép(ixgrcglf R‘°h§)r| R @?{P{%ﬂ%@ 1%%1%@ %}Q(ﬁ}agé(eéga&gﬁn)at sialé&?ic types

of ﬂaﬁlp@hqfoﬁehtﬁ ﬁfaydﬂ&bp%ﬁatéd Rot afalpiic by a&naﬂoydnambaldievice er sunsor,
sensor amcro fluidic filter such that

(iv) p Ererofinied ed %wérthmmselageé}aﬁ?eawa Yersspateted fr@ﬁhﬁ‘ﬁlpémnple
i |
citn Sl Bonp CE1eR PP b ot Sy Pl ot & A BT adice or for
sepatdtmnsxﬁ lthajsoﬂldrfossuﬂhb]b Iaﬂalgmablyml abtain aisoh@ﬁéahquld faamalysis,
uid, for I si s, and{ or comxe; an

and/Q%é’SPé‘? FO RARSF mra@e{qbaak@@wf% cagely SHVENEFE) TP

- mix&Ewith )&ﬁadsaﬁigg@ f?ﬂéb)@({a&gfgib Causk %ﬁez@ﬁ%ﬂmoﬁgﬂ& fb?i‘rirﬁf?or? precipitation

reaction, ) ) rmation, precipitation
or seslgdentethora of Liguiddiquid sgpardtion. qlhecbnsetparaie iof precifitetiommey be

or r.ate of. eci |tat|on
morfiret it 2 Sl oBicine fel v VIR Phgticgt (e, Refl ppatter
techhiguél- AlthiRire S€ 8d1{d8/ahd i§GIHNIAY Be sépatdtdd i QEuikdld Hiero
and |iquids may be separated using a suitable mcro
sepagatioadavicesthe bighiddeingtmasser doip quitdblangnpeios aticrognalytical device.

Wil SBRIE AR ppLaB00 HRMY bl it T B IR, Bring o micro

preci pi

Afiltef srasthdrigicro sepufadionl devige, ar tHegblid fialythe rrecﬁgsotxteaand maﬁgfémd toa

paration devi ce or. the solid may be redi ssol ved and
suit %F‘Erqré@c’iocﬁn& Iy§igakdghice sensor or mi cro anal yti cal

deYhE Bquiid Sblabfitd b 8 squ AR TR, &h?%ﬁag;%%ﬁj%ueg@o further

n up ney be su ration or
sepacdtivaror utrap up @rior alabilsyse’nya sle;lscm os emgoranayticdl device. Liquids

L T I RN p—

reacfbi, R6pldxFOrBREH bx%mp‘itﬁﬁ’&{ d)x%dm?ﬁ%fﬂ@ﬂoﬁxorf 1RfuiB! liqUiid extractlon
precipitation or sedinentation, or Ii qU| d/ liquid

For @samm@t\fpmolwaf@mhm&mbe mmoyecbby aassmtoe'pt abolidkighapeeadsorbent,

over a e _adsor bent . and

and {R TR HORR e Bineh B nEehE AR e °™

r e@@@cﬁtonl, or ébrﬂ?léi Corfilatiéi, or Bqal@teb{&ﬁ]ctlo@rprm 8%y be analysed by a

formati on, uid extraction products nay. be
sulta@%qgt;gi@qpcgglc élewce e.g. by UV absorption spectroscopy to determine the
concentration of a specific component.

Reagents may be added to a sample in a controlled way in a mixer cell coupled

directly to an electrochemical/conductivity sensor such that an electrochemical titration is

effected. Such processes may be used for, determination of Bromine Number, TAN or total
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sui tabl e spectroscopi c device, e.g. by UV absorption
spectroscopy to determ ne the concentration of a
W@ p@cio8i7e7 conponent. Reagents may be added to BCEHaBRI0E/000127

in a controlled way in a m&er cell coupled directly
to an el ectrochem cal/conductivity sensor such that an
eI ectrochemcal titration is effected. Such processes

base & be used for, determination of Bromine Nunber, TAN

as Bt al base number. Portions of additional |iquids
(r PadIRAS 6f ackiftionaN uidd géageﬁca B et EaR Be bldfedSHRE Sample
plate or el sewhere in equi pnment sSet. Storing the

platesetlsevbeng|in Hasr equipmaens set| Swm thmadditonsh pertienpefiuid on the

samélg ggag nleegpsnt]g élalnlrﬁlg%%%(?g;)m i ?(glﬂ%nst M&é@r r%%gdengst%%pfn analysing

the sdinbfee TR bxMhyle S ffoRt SlaE ﬁiay cBhthinedifferent lh(ﬁiicﬂdi‘équlred for
required for specific anal yses of specific sanmple

speciircanglyses ofispectie pamples apd divs different apalysasicap e performed

s FRENIHIEL ¥ 08,8 SR DRAAELS. AR S B v

onlyshesyetific liguitlieduit@bfior & perticolar angbysid, ircthe amoantdegdéedfor that
t he anmpunt needed for that analysis, needs to be
analysiy, peefls tp Re gi9red t er nat i ve enbodi nment, additi onal
i ﬁyé:fja?ltegﬂa%bvb REHpB 8 ndnf! 'Eleﬂﬂdﬁﬁql dsgii'cpﬁlﬁteg@ fRtDdudediby other
exanpl e ei ng punpe or Injected into one or nore
meahy, tﬁmrahxamphdmmm oumpddeor saipgibdind aneor thoredhuidic channels on the

nbodi th| can pe achi eyed at.tachi to t
sem v, B0t ehboginietiti R 62K B gciotien v At lipt furtplé plate a
cartdie bRt p@nﬁe@%utﬁoﬁmh of Wmﬁldrﬁnuqﬁlasﬂreﬁeﬁed 13 the
treatnments and analySes to be "carried out
treatggnispng nnalsms to bspargeénuteta@he gquipmericetdV @ngiélwtsdy senigeeable
asacart e npl-exi ty. of r ; <1
dev1? sdﬁplaga (?% e&%&?ﬁ fl}e cg{rg)gem Iftap%aﬁ%tu%pqﬁﬁ fac1htates
be Paitiohe bk iphdté shabh ®adeferatitiallp beged becdbled (resgrrﬁ@momact with

with heaters or coolers in the portable analytical
heatefs ¢t e@ofers imthe pertable analyticsl ée\rlpfe)» for exampls to aig ﬂlwéj fleworto

[
i S R e B BRIcR e B s, 0 RPN Brnehf 2 9P8e may e
providedacheyd 4 kblaemaﬂmh&dfvhth adsmma ﬂtlh]&duch) that om coslipgweax is s
ecip |ch can if red noni.t qQred, for

preclpGite) @ﬁlﬁb cabif esirol i lﬁelagor% B X3l by Optiggmethods (for
exartPl@lipRY deekingJNe sanpl e plate according to the

I'nvention nmay contain one or nore sanple cells for

spdbe samsple plate mcoubng tocthe invantjagi masocontm oht gt moresample cells

arated or re rti of the f
for SEEREORIE Y Onfier 03519% 3. & sebptst o hpigPaortich of the
fluicdBat4 sGddle délvwﬂe fo 22 TGl SuftiFle BfitroGnhlgtitatdePide s@aur ce
(IR, NILR, Visible, may be placed on one side of

elecirpraagietie eadiatiog. sopyes ( FNIBb Yisiple V) mestbe placad en ppe side pf the
platesférg. e ﬁt)bé B 1885 inf e ﬁ)p%ﬂffgc?ebéfeche plate), and a suitable
detector on the other (lower side) of the plate. Radiation passes through the sample cell,
from the probe, and into the detector, the sample cell being made of suitable transmittance
fnaterials. The cell path length (distance of sample through which the radiation passes) is
controlled by the design of the plate. Adsorption at a particular wavelength or over a range
of wave lengths may be used to monitor specific compounds or a range of compounds in

the sample fluid. -
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- dissilipagpsction o dehing e pladd

detector on the other (lower side) of the plate.

Radi ati on passes through the sanple cell, fromthe
w@e@bess7and i nto the detector, the sanpl e cel | PGEGB07/000127

made of suitable transmttahce materials. The cell

path | ength (di stance of sanple through which the

radi ati on passes) is controlled by the design of the

plate. -Adsorption at a particul ar wavel eng Qf over, a
g€ semaie repinet § gAY be Wors Selaisetersinic gass,
mete?l%ﬁgﬂé ﬂﬂtaﬁfe rﬁ‘ilcf@ﬁlgﬁcéifon(h?dmg 48 iktuted S &P e material is

e sanple plate according to the invention may
seledted sucti¢has imiping or 0o degmdative effgétasuch aydtaahingy distortm,
abl e .m .cro f.abricatjon F{gl%:e“ %ﬁﬁwﬁ{lﬁglﬁlﬁﬁﬁsﬁlﬁﬂ%ﬂ“hﬂ
reagBfts SRA AWBFeMS 284 P;fé‘éip‘itaﬁt'd.c Pla8Gcd BAGR piiclin®y SitabRTor
di ssol ution, reaction or etching takes place when in

hydrpearbeir-baseid samplee shdhepsirefinpayrfiedstoeks and perducis af sefiners propesses
. | d i P i .
o R B R P LB b e B sh R P 2 e i

platé @k bamade by REEY FHBEGSLA Cehnighes, BF eivcdsitable niiefd fbfiyation
processes_i ncl ude Pol yet her et her ket one ( PEEK) and

compafiblermonidingieplrdayasaeieby Prvmhinativndhereel d pl ate may be -
gﬁﬁ?xg‘ %ﬁuimn%ﬁtose{ ?ﬁ%% ?gets{elﬂrin\;eﬁﬁm gx}%y E)P gs%o %’F glgla{nigsw of any desired

e mcro atl on conp
fluid, ®¢ hoompersent orF a gctiorcprothudiaf & Anid. Ieeferibly if ireused dorthe malysis

set of the present invention .be. used for analysi,
of flyids apspcipisd i |ps¢raf3u@rorae%%%w§ indgsirigs, ferS@RIe O
a. flui ahl it 1d .

explggagﬁag, rg@lgcftl%ﬁ ngﬂggxg rnfhenAp! yfhht Wctﬁ%éﬁ% ifllﬂlﬂs,te;l oration

¢
assocl ated w e petrol eum or
fluigsetefinetyefiedstdcks, vefiistry irdermefltesepradudteobiefiningsuch ag fuels or

rodugct.ion, refining or marketing. Thus. hydrogcarbon, .
e OS50 55 e B 10r SAdSes Fepgh f L e Reabty, it is used
for dRlysRITY refiedy FRANBEIE B reficdf Hitdiealatd, 8F A ?tdagcmeﬂﬁery

fuéls or lubricants, fluids used as treatnents for or

procgsidi tives to such fluids. Preferably, it is used for

an sis of ~a.ref.inery feedst refid

s e SRafRLARY b RSB refioRE AP Y b fed opypstineny
sucH &4 dr8de/ oil, @agathetk cidy (Hacmidy), 8 bidcambendnt emshreeliediig] such as

may be fed to a refinery, such as a crude oil, a

a resiqin oFe Gracked stosk.(agyhiends 9B pne or 1S O sH6 dredstocks

i nt . .S r QCK

SRR R ARG LU oY DA e iR oty
alsotcomprising i{eleydeddewitisitone lor nraofa syakhetic lcruale coinpoderds a

crude qils, . optiqpally also cqc}gpri sing (bl ended with

biocgpwpogsnt 9p P%lrggrhlggga%? quent, suchasax Gppogent or a cr cked
stocRicBmpoR@Rent or an”internedi ate conponent, such as a

resi due conponent or a cracked stock conponent. Were

t héVherathesapipke platofof tireprpsent mmwentiomie associatipm with a portable
appaiar% (s)cl:sl l?steh & avr\ln.altyts]is A Q%%d%%{ &a refinery process, the product may be an
intermediate stream in the overall refinery process, a bitumen, a product from the overall
refinery process which is subsequently used as a chemical feedstock, a product from the
overall refinery process which is subsequently used as a fuel or lubricant, or as a blending
component for a fuel or lubricant, or a fuel, for example an aviation, gasoline, diesel or
marine fuel or lubricant itself.

In one embodiment, the equipment set of the present invention permits the
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apparatus is used for analysis of a product of a

refinery process, the product nay be an internediate
w@eegass7dn the overall refinery process, a bitRPOEGB2@7/000127

product fromthe overall refinery process which is

subsequently used as a chem cal feedstock, a product

fromthe overall refinery process which is

subsequently used as r Lubrica
comBlei ARSI EASY BN L extngy Trefoiosk P asroishof A g myagess
n racitd
oo Sl AP BB ARG yiSOHLL a0l e
“TAN) qummfeedmckocfr plrdnhlcp optiemilyitegeser ivith ayaeasirasment of sulphur

t heco e dete a.tlv ass a refin
contplg AL G A iV tion: P ugP s Foeadinkappligaton
menfBRAKLULRTE T waihot a?fwreélaféd kit |a'cBﬁl R AMsaypédiild beobtained using
density, and total acid number ("TAN') of the
onlyfthesdpracanketers. Bhusd ircthis Qmpqu@mmtl thecrgutpment gt Pﬁtb& present
asur enent ' of su hur n [
mve?xﬁgn F?m%rﬁ%eﬁ 8“%0 npﬁ%t%? g.cggfgel rﬁcj) o] tflg 1n'i1@1|%.1cg§t5 a@ﬂ)c&ftlon
withEpdrtadlesppaiisdor adal Sofaqtfiggp lf&d'statleck 4 llsmtluai ofa reﬁnery
conpl ete assay coul d be obtained using only these
Proggss; 8318 PEpAtuT PRBPIisiRg:t hi s enbodi nent of the equi pnent
S I
© S ) SR AR SRR e ey

feeds®sl 61 apiodnciiftarefing?p ptarbsseamppar at us for anal ysi s of
a refinery feedstock or a prodgct of .a . refin

(b) g4 lesisane, fugtgq:rcpnglgggq,l sevise asppiatediWith a %aéﬁbaae %cf %r%/ algorithm and

capdblPbthb 4t 1n(§,§I Qtvlla }gfctaﬁ fhgﬁﬁdaPB o%@rtif bea f?éi’ink:fynﬁedstock ora

poi nt profi a re inery feedstock or a product of
product eff d reﬁnyrymrmes saidaquipfient st bemgsapablﬁeoffdﬁtememng at least the
anal ytic d

boﬂg*gwrfttpﬁ élﬁ}sds %%bae}fggém,laﬂa qtngiﬁg(?fe aorr?gineryr}"eedstock

orpﬁﬂuléf&%{reﬁﬁeﬁlf,%‘@e gal property of a ref| nery feedstock
a product "of a refinery process; said equi prrent set

beﬂﬂ@ aoalﬁamlelemem@nmm ﬁgo@abler enpstatysassqsaated wifh a sample

Plat%%@’uet‘@ élogaﬁeesflq%’é 1y ?‘Jgg%glf or - pny( et o@{-}ﬂ o Béhsors.

Micfcﬁﬁﬂ)ﬁ@te}d déﬂlifﬁ{éﬁﬁl% .deVviaes mnohiyi ﬂiéaﬂrladﬂﬂ\ahﬁlyﬁcab pas len tletector of the
the portabl e apparatus associated w th a_sanple e
devise it ﬁbnmﬁ%mmg){%dau@@ GPRusient Withethe mmigiorcun glﬁustag iﬁ%ﬁh part
r:af e
prongﬁeé y eééelﬁ'hlfn V%rry sﬁ%ﬂ%‘%ﬁ%ﬁicﬁl siphdl! i gglf)()hé‘e‘%)%gntg@c%i@l?§ tedf

e crucltaf anal ytical part or
subsigicec tRhls spécmtm orisimipbeeelectriéal signealeit Eail msmragsocmmdﬁﬂeq@s

consi s vvlth he m Cr o-.¢ art
clecfoBt ety b e Sl Ryt i eafbety e Bfpteea
usil; Qﬁﬁﬁﬁtﬁ&eﬂﬁf'ﬁlﬁQ ti. eMHeNnputiefel t6 B RalhidHaPdatdBisé containing

pectrumor sinple electrical signal is fed to an

previssoaniabittical messursinesiseand mlg@xthm apiretasathe input toeprpyige the

| i f t -
rea s Honstl S rioReRicss oh e cochtS Bl D b BRAHE A Sicnal, are.
extrémeR! shdiPaRl chéds, ahdaR ﬁ%to&héﬁsﬂ@ a single property. A sensor will

generally be provided with appropriate associated electronics. Other micro devices which

produce a spectrum may be somewhat larger and more expensive, and may often be used
to measure more than one property.
The sample plate according to the invention preferably contains at least one sensor.

In a preferred embodiment of the invention, the set of electronics which would normally be
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previ ous anal ytical neasurenents, and an al gorithm

correlates the input to provide the required property
wo@eoopogperti es. In general, sensors produce a BCTEB2007/000127

el ectrical signal, are extr®enely small and cheap, and

are used to neasure a single property. A sensor W ||

generally be provided with appropriate associ at ed

el ectronics. Gher mcro devices whic ﬁg roduc

a
assogigted prithrthesgnsprisdenaisdin the portgble agalyti Vlé%ﬁ@g Fpegas are
#
prov‘?cﬁﬁ sg&%’ 3 %.rﬁ fsed gletéffs%r Pél:togfeggg%lfe féﬁ éﬁ%l% tﬁl?'{;keep{i‘lﬁe\}%crt]rtolngzrs] In
this Waji‘,fthds fdﬁhex largat emdnﬁorabxlbemawb setrd eleetrenics isiretamed for multiple
preferred e odi ment ? nti.on, ?e set .of

use, St EhaoYArE: HaAR SERPORAEA iS S o remmpl S 86 WHGme s
descﬁ@ MovkSbd ﬁgﬁésﬁﬂe' S(}mgllaﬁﬁ gﬁﬂfe%gllnﬁle%ﬁlﬂébﬁtﬁﬁk a9@Mpleell, the

rreans ar provi t hat i'n use, the sensor
specl:rempmsorm@ﬂndcahekjsmmﬁehnst dsacciated with tleat @mnpb eld.gnclpgding any

the rather |arger an nS|ve set of
assoplsR el SHPRGE ey b e Ge RS B GaRIRR et he
Vemye Shsple p?ﬁ@ afay cbﬁtﬁﬁ' rﬁoﬂe%hd:%ﬂts%o‘t\faﬁ@b{kalﬂw Gellimhceach
pl ate whi ch may, "as descri bed above, be dlsposable

suchS!emdr and/m savple kel ssemeferably %S@I@%Wﬁh Agomesnonping self]
elec Iflﬁs %rrsﬁgﬁb slce'c():pdcg h 8 10310 alal&/%ﬁ 5 fogggggﬁ g@}g&%l@%ﬁ&iyﬁcd

deviBt.eSudhQRhsots antbyr s*afhple%éﬂh ekt thsdnhS bB@ppl@bhﬂe anthle fluic @l be
devi ce. The sample plate may contain nore_ than one

analgsedsand thearaperties dgsiecdde b measied: ad musbehoksenwws ol cells
a

may i TRec b volbft £ By orBRRE B Shotd il 24 sample of he fuid

to b@ﬁna&bﬁbd wﬂ)roaidaﬂ yséaeh sEROSandiarahmpld celltdrdo pmaﬂra.,bcbfesensors or

anal yti cal devjce. Such. sensors and/or s
Samal.e@eﬂh@sw%o w@p@wa@% GF ehangefipeeseit i ghq g plate. When
éﬂﬁg’tl)é’ }?lﬁfé acB8irgs dRY iRP&HHoh $Sin @e‘?ﬁabc! £ ursé’lrptﬁe ﬁﬁ%ﬁ%ﬂf.«f Stkefiftery
of sensors or sanple cells nay be | ocated
feedstoglet drarroduts off amefinerzpragssy ferserssnd or sampla opllsemaebs included

whigh bR fe Beesimipen O ety Gasiritg chpgicgfodfiopiiof fucks acidty,
etc. Sensors or sanple cells by neans of approprl ate
fiuidic channels present in the sanp | ate. Wien the
s afph popible enalisio apiaraius lnemtmed Abee; ﬂ@rﬁﬁsfsanﬁméﬂ device for
h | f .
corepigaF ol B DTpRIRI PP el Bt AN HORUTRA L0 ing poin

profile dirsctiRpubisrefenstly 9|1%His\ﬂ|iu bﬂill@@ﬁh@rbﬂk byewsing shitabie software or
density, _ viscosity, chem cal consti tgtl on_such as,

modgls; aidecribed @boyes s hﬁé by sefereng @ 3 sitgble dgtabage fomprising data of
knoﬁle?@ ?ﬂf&? 4,809y g@ toWT cfg%cfe%ﬂsaﬁg kb bfedhs, Qf@ﬁ‘&' rﬁﬁgfaﬁﬂgsxs can be

nat | on i11'ng poi nt préfile
obtm:mdah lcempérisonevith traditidrel hetiddsgviich requjre dei dlbto be physically

sepaipi i ool B ahaB EiPtcn prfaR e gmines the true
boﬂiﬁ%ﬁﬁBﬁl@?‘FB@? ey g refﬁleﬁhfeé’&t&lé d%@ﬁ)%(ﬁﬁﬁ@f 4 RfideSPrbs. The first
base conprising ‘data of

analytlcal device is preferably selected from (i) a micro-distillation device, (ii) a micro-

NIR spectrometer, (iii) a micro-oscillator device and (iv) a micro GC. The sample cell for
use with any spectroscopic or optical device present in the portable apparatus may if
desired be present on the sample plate designed for use with that apparatus. The apparatus

also comprises at least one further analytical device, for example for
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known sanpl es, such as of known crude oils. By this

means, very rapid analysis can be obtained in
w@ooopasi’eon Wit h traditi onal methods, which repPgi/G82G0M®00127

oil to be physically separdted into its conmponents.

The first analytical device preferably determ nes the

true boiling profile (TBP) of a refinery feedstock or

a product of_ a refine ocess. The first anal ytical
meagipipgdensity él}/ﬁﬂ | yreéy@]aglytaélqucp &or mpeasuging density 1s an osclllatmg
sensgl %&’ a Qbvibé Hr%?éa@ ARGs ar élbéu@@%ﬁ%{af’ 5en8biR Each add1t10na1

sriec ronmet er M Cr O- OSCI eV| ce and (1v)"
deviae niag ifdeited dlke bs azgabke of defermhininguthe hudlind painy prm“ ile, and

T
1€ ﬁlts? algeﬁ?ﬁdl[‘ Séimfe‘}ﬁa}“ﬁea WideB-ditdibtiGPR&i&, Bid 4 BRond

appar at us al so conprises at |east one further
analah@ﬂlgievwainauéwaw,crdNIR epestrpeter.or measuri ng density

an . TAN. e evi ce fo urin dens
o i profeired, B 8 KhrimigR sl RS el AR
1nclﬂ_cfé§1a|p‘értél51e @bﬁ&hﬁ@@@ﬁﬁlﬁﬂé tVRPGISRbTe, %@ﬁi‘alﬂﬁ' tirtd Gabre, analytical
devi ce mm desired al so be capabl e of deterni ning
devicereselpgtedifram panigro-@isidliation devierl apmérce?% SpecHapiire Bicro-
ossl IR uPfrdEC. bRk Pk e oLREF opo ofg micro-
distilletidric evidky a Bfic@d-NIK E}fbcﬁ‘bnibﬂef halicrosdilatarelevigpdndia micro GC
second anal ytical device ﬁ]@be a mcro-NR

maysgleocif destisd epntaxnamadditong] oseidlating es e ARg i Alsetrochqppical sensor;
alte&%{d%gp% ki ah Q&llﬁtﬁ? §5Hsof 511‘6?&%'1&&01:%198 nsor By be
portable apparat us co two or nore, preferably
contahred m o sampﬂe glatamabeydsed al asskmratmasmﬂethe andgméai appaxatus.
| 1 at.ion device,.a mcro-NR s ectrometerth
Bisalythe FHPREH: ShccmiRen erpleplateAh giiopighpp with 2
portﬁﬂ@ %ﬁe{réﬁs CBRtafstagihRde dr f3s d@sﬁ@es%le@ted from micro-distillation,
mcrodistillation device, a mcro-N R spectroneter, a
micro-NIRy-noisti-bdciliator apdvhicen-GRdlewices, to togstheCwithyong|os gndre sensors.

Such R SR PO CHR v e etsp A By M g Rfhred fora
refiiifl detifiBok ABaPELadalydid oTQ preNROST PREheYy @b@@@ rochemi cal
sensor nmay be contained in a sanple plate to be

i n lngdditipaythe pquipmpntsRmaneryrriss A nuass Phrdditional gIitlytml
devi%ﬂo%@!:ér%l meg\n&t Hﬂg@%ﬁ)}n?ﬁﬁ%ﬁ AP fl'uﬁ' 0%e %nﬁ’lggg?f ?or%kiﬁlﬁle a

2SS0CI At 1oN e apparat us nt ai ns
refienp feetlftoeleonthe peoductiefd refisiers elaresse Furthemmore than one device may

mcro-distillation, m.cro-NR ro-oscillator and
be ipfluged. inthe e I msasU Gy g ProRet " Sppargprredublhati Gy be very
vah¥felhs ik I%%%ﬂis%ﬁ% u§fé 10T RAEK Hen Bthat gni fi cant

guantity the analysis data required for a refinery
f edhbstmcpnropwag ofa refmatyyfsédstovk oapreduchafta refinery peddessewhich it

dd h
mabedisiod o dhdimine oo i bolTedini i FtodTe, BT P FaR win
be satpltRpedRAtiah @y;ﬁéammﬁay 18618 totd) Badd intbeir @TBBJ), cold flow

anal ysed, for exampl e a refinery feedstock or

proparbrs(stchas Pour Beinh diepzipg peiatand dlond print), ViSnoBitY, r?eﬂﬁeaé%OCtane
Nurgﬁe\{r'(ﬁ@)ﬁ%otor Octane Number (MON), cetane number, smoke point, Bureau of

Mines Correlation Index (BMCI), refractive index, conductivity, sulphur content

(including thiophenic sulphur or specific thiophenic sulphur compounds), nitrogen content,

nickel content, vanadium content and combinations thereof. Preferably the equipment set
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be included in the set to neasure a single property.
Thi s apparent redundancy nmay be very val uable as the

WO e®absE9ITan be used to cross-check each ot herPCFGBRI921000127
properties of a refinery fadédstock or.product of a
refinery process which it may be desired to determ ne
in addition to the boiling point profile, density and

confpipiia et 5 e Rl R B PN nE e g O apropgies, and

if thisStdaitionsl dROIte cBRL‘pﬂEes 4 JeRQF] 1@95119195 ﬁbwae&' ei@ﬁe? 'éEJ pm bfihd sample
vi scosity, ResearchCctane Nurb (RON) , Cct ane

platexlgmsemt(dﬂm) portablecapparatush For emqﬂ@ apcaddmpnadema fayf
| at,i | ndex
et AU S5t oG AR5 o b DR and o
micflth pecomRE Carld/ ¢ dnhidaibaAl devive ot ieter@BTROHIRES Lontent, may
nitrogen content, nickel content, vanadi um content and
be ppayitiadnat i ons t hereof. Preferably the equi pmant
ZZESE\?%@ Id%éc% el g%gg%?&?o&%%h fﬁr’i‘%err ggog)\” 'li:e% m;%r 1naludef' micro

Conﬁlh:ltﬁlt?/dgﬂabitéﬁﬁa ldeviesd @g. €arpidity smaro&ﬁétﬂogmall devicas(ebe for
rovi ded either as part of the sa e plate or.as

viscgrityy pad PATP ABPCATORgAPAY davicss, ek P@mOérﬂltz/éeffetr%wgmoblhm
R S BT A L PR o
acldstp)é CM@Mbmducum’abeqracamoa devites) madro dhaaulm@czﬂ devices, and acousto-

det erm ni ng,_ net, c.on , r.ovi it abl e
optleaﬁ\ﬁﬁxla%s e Al a&%@fb}ﬁ ing ?@Hﬂ&?ﬁ %%P’Ef dcam ?mﬁ @%@m%gaﬂy as
part'('ﬁlén LAgy Hfﬂs%ngerg rlﬁt éleﬁieto\f/tl%%&itfoﬁn&QnQEé/ﬁd‘r%le

e.g. for acidity), ro rheol ogi cal devices (e.g.

apparetus \Sasrqﬂscetl},s)foam Wtrﬂcmy wp@msp«zm@ d@m@e ey be ncated gither on the

samf S 8 5D Baras trcttes VER e s ipageed as aresult ofan

analyBis of frefAmeRt i8S safipth cell PbR-thiu gﬂ BEINEHREBY WsedCdudh tha) the
cro-conductivity/ capaci tance devices, mcro

analfymrér@ia@msmaékm C@abe subrequsny slaneprredte) angiher pars ofithe sample
platgl kclrltﬁﬁlgéé laﬁgkg 508 a v tﬁrgﬁ%H f?eill c%ﬁ AR8'be u@&fjwﬁ akégmgle is changed,

as an array Ol sensors,
and ithie dhaggalasamipte @hﬁi&@ fofthérteeatnnent of mnyslsa rUseroftflosv-through cells

. portabl e apparatu cel | with an
mmgaréecf 316 gBities gk sarerl ﬁfg@ olber i Séla a7 $ Mg Tepgents that are
reqlﬁﬁmﬁnethg b&416seQ%o b@ LBSRAr il ® BRRATES the c&lllmﬁgl ®f kdiple fluids

sanple is u c ange as a result of an anal'ysis” or
and taddifibnad hiquids tizat sequpleelispebd] after the enelysiy is lspgmpw | can be

R M T T T T

anaRki8! @nbe trahsteirb@to AladoVsted infh Whsd\ekél 83 OWhieR maydRveparate

al so be used where a sanpl e i s changed, and the
frorg Fagrhgsidble apparetus cayuvhiels iy be Hisecthyrassaciesed with theporiables
J gh cells mnimsed the quantities of
app%ﬁ%f&féthgﬁgx\{’%[eﬁ{l?%] i qui ds such as solvents or reagents

t halheaqiphratisot 8ftHednvdniion aiabiests déterntiRativgr cﬁﬂibﬂadzmple @)

Pd also minimses the quantity of sample flu
specific volatile components, for example contaminants, in a feedstock or product e.g.

mercaptans, methanol, organo chloride, (ii) asphaltenes via precipitation, filtration,
redissolution and UV measurement, (iii) asphaltene flocculation point via addition of non-
solvent and spectroscopic or optical observation of the flocculation point, (iv) wax

precipitation point via solvent addition cooling and observation of wax flocculation by
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and additional liquids that require disposal after the
analysis is conplete. Waste fluids, for exanple sanple

w0 bai7aigs79T eat ed wi th ot her reagents and after PEEGB2007/000127
anal ysis, can be transferrdd to and collected in a
waste reservoir, which may be separate fromthe
portabl e apparatus, or which may be directly

.associ a Wth th ort abl, argtus or, the s
optichl RS, b highlihin iRRE uls HSARB 1 P oL LB P
suitdBR! BEgEnD AL Iﬁfbr@fm{éi“ foﬂ&@@@ bf ségatatRROF b{&ffctl&ﬂ’ bﬂbblhﬁsulphones

conponents, for exa contam nants, I n a feedstock
whidhrmay ﬂlde@ spesiated; () pnmsumlmx 'ﬁANcﬂnd teiplgzase number,

¢ IS indd b SR bR I Panth® b AssehiBid okfrvhen yopd in

.assoé‘lﬁﬁ&ﬁivltﬁ AQathpRGaté aédofding & Ak 1rWeﬁt1<§1ﬂ Ghdy RMiséd to determine

nonsol vent and spectrosc Jc/)l c or optical observation of
propetties pf @wm-a@mmnepbﬂmd; Q1) progextigsrad ong P BErestPngidfupnts of the

o B0 PRk AR A P . v
be udtdao meagtaé beiting ‘poﬁw bﬂﬂ'ﬂé}&l‘énsﬁym"ndﬂxmpind opﬁbﬁﬂlyame or more
sui tabl e reagent _in cro mxer, followed by

addit el PEAPRBISS OF aészﬁmeamf@eéﬁtoek owpévctgﬁmfm@émm% 148 Agighole, or

, T
S 806 i BRI DRSS T B e
morasdditbeani plopertiak@f ene mhmnrel,l&zﬁnﬁonmofahs eafinatyi ﬁeﬂdsbmdid‘or@roduct of

rrgg | ate according to the invention;, may be used
a ICHIGTHRROEYSH ne properties of a nulti-conponent fl uid,

an Fh, iPh Bﬁﬁ{ei- EfBodief) ﬁle;}{reé?,ﬁf Hvaiidn rﬂr&ﬁ@&taﬁl éﬁhlﬂrﬁﬁt set

fluid’ and/or propertlés one or nore reaction
compms;n@c sanplf plateadebrding tofthe inyxetiq ie asiociatiey with m@bteo

wpofiEs B Py e B Pl 1 Rt Pmpe

(A) 4 RifidrbREYardteRCR e lfozogepﬁraﬁsm 6f the i 6ipoRy ﬂﬁquﬁmoaﬁ more
a whole, or it may be used to neasure boiling point

COHIB‘P@NSLQH density and TAN, and optionally one or nore

B) %ddrtnll&g %al%@a? 85\{( Eeessfbr (%te at%]n 3%8 ]DI e yﬂ)l'ggﬁsap;mi%}e

refinery ner

chenﬁhaquropam@ dfene bemoﬁemﬁﬁlﬁe ﬁ@ﬁponehh;e pr esent invention
praovi des an equi pnent set . conprising a, sanpl.e plate
ac Adrgiergd example of Hysembediment of Vﬁ%t}OBrPrwlti?ﬁ 3 equipment set

com §1ﬁ%‘5’ Ezﬁn@g fﬁﬁft@ﬁ&ﬁrcﬁﬁé o inbehortih f@gd&éltﬁ)h Wi PpiEBle

appar at us” conpri si ng:

appanatus ﬁ)rampiwlabf orefidery feedstark of epaodikct ofin wfinétyeprocess, said,

|-co onent fluid into two or nore conponents, and
appa(n%)ls?w % ore anal ytical devices for deternination

(A) #nidr¥RePiratiol ®vRRYSdpaBle of ﬂ%ﬁﬁmﬁﬁlﬁf'&ﬂ% bHIAP Bbint Pﬁ)ﬂ‘l’é ofa

one or nore of the Conponents. referred exanpl e of
refinetyi edstoekdirmamedust of meﬁnnwarmmsn pr ppindtien afithe gefinene nt

feedSt8k or product of a refinery process into two or more fractions, and

(B) two or more further analytical devices for determination of density and TAN of one or

more of the fractions. |
In this embodiment, the micro-separation device provides separation of the fluid

into at least two components, and said components can then be analysed by two or more

further analytical devices.

Preferably, the micro-separation device (A) is the first analytical device of the
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conprising a sanple plate according to the invention

in association with a portable apparatus for analysis
wo@Rooa0swhT nery feedstock or a product of a refPCEGH2007/000127

process, said apparatus conprising: (A a

m cro- separation device, capable of determ nation of

the boiling point profile of a refinery feedstock or a

product of a refinery process, for separation of the

analytige] sRnajatpeRidhe BisRens invgRiRM Sltele migrerseprsptiongleyices iiclude a
micxjtoﬁfri%ir%fa%n ﬁé‘fi@é){uﬁ e{&%%dh?&ﬁat?%?glgé Bovibd\Sudd as%?ro GC, micro

er anal ytical devices eterm’nation o
LC (tiquisli chyormatdgripiy) alevioe er @micro size ekcltidien Ehramtitogrephy idavice.

thi.s emhodi ment, the micrp-separ.ation devj rovides .. .
s o pMeEPRYFEY ofie Fie of Warefurthirnab i deviors s (B sy pampESe said
first @ﬂfgyﬁ%'llj rq%ﬁgéﬁgén%agﬁli fgg{bté 1 Patidf o Wﬁ%@{lﬂ%ﬁﬁ%ﬁ! preferably

mor & vices. Prefer o
of thei TBR) i1s adiitiant totwode wicre arfalyticabddvives firefetablntolr $he deggrmination

deyi f . th |yt | t f th t
o gt ing S AP Batiions o EOBRNR b anii e UER Fikmmeisq e
provide@ivehish 84 dét@ iR prdpaHieLoAReIflaidHefdr® GAE RTRLIOE faPdagple the

device, such as a mcro GC, mcro LC (liquid
pre-Grantionated gelfinsny Jeedssodkows poedugt off refinely 2E0e88% | usi on

chromat ogra device. Alternatively, {he.. .

{ U SRV REHIE RO LS Gir{CnBUPE hiaf Bk misBRg D JEE which
is thé Ifies nalpadal Hbviad, abe Y sednd phalfBcahBévicd May Heh aficiordIR on

of the Dboiling point profile, preferably of the TBP,
speciramgtedi £ hemiere-NiRomay berpsed. o axapmple.dp ciiodagasan density, amounts

of sa?\%rgiiegraﬁ'@ %n{a?lrcs gl(glego?%r%fﬁh Lﬁ%ﬁﬁ&fs o%@a@r?/e%cltﬁ‘oxﬁﬁ% J&%-Of

ractions. mor € er anal ytical devices

sepapmipnalesice endpopticindity] aldoiin thetatal rbdineryrfeadstqek @p erdduetsofcl
the fluid before fractionation, for exanple the

refingFYeDI0PESst | onat ed refinery feedstock or product of a

! CWIRETA VB 06 R ddh, (R AR Cand iRalASAAs AEHAB dofprise a

device nay be a mcro ati‘on device which is the
number cfiotarahglytical Ideviees, exdescniltedzaabees; dm ascartainyfuithesirequired

T XML R L RS

frac@dRuUnt s of saturates and aromatics in one or nore of
the fractions obtained fromthe m croseparation .
dePreferablyrthe portatilopparaus used in asocigfiontwithp sreple platsaccording
f 0 f . We :

o o5 SFBHR g b€ b AR L PSERRR ol s o s

as 2kievt less Thryusabo$ an equifihért Setanctordhigrto die mredeat invextion reqaites
devi ces, as descri bed above, to ascertain further .
onlyasspall @umphopfariney fesdstosicon prodyct pEe refmiery proesss (regingfter the

refiRP G0 & ordprb&id: BEA YeriEQ5Ss LY BE rAErrtd R ds@hpRs -
typically less than 100ml, such as 10 ml or less, and preferably 1ml or less. Because of the
small quantity of sample required the analysis can be performed in a significantly shorter
time than conventional analysis, such as conventional crude oil assay.

Typically, the equipment set according to the present invention provides an analysis
in less than two hours, and preferably provides an analysis in less than 30 minutes, such as
in less than 5 minutes.

Where present, a micro-distillation device may be any suitable device which can be

utilised to distil the sample, for example to give fractions similar to those achieved by
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Preferably the portabl e apparatus used in association
wWth a sanple plate according to the present invention

w0 goonmssiohel d, suitably having a total wei ght PET/GB2®7/000127
than 5 kg, such as 2kg or liéss. The use of an
equi prent set according to the present invention
requires only a small quantity of refinery feedstock

fi h ft -
confl PR, ot AL RS SR RGr AR Bl B g omte o
or offeYrelfideryefbedsttt tb glvﬁﬁacﬁ@mﬁrﬁﬂér toltidak aahibved By<Dnvéntional
100nm, such as 10 or less, and prefer ablg Im or

refineas disilaiom fo & cordehuslHien wnit(GIAY).hheaniceadiphitation davice ey
alsoth rﬁﬁf’g %(Ifg,[réee r?ggCS %\S/eﬁﬁ g rﬁlgrn 2 esc&eg [f'&f da&@lﬂ&ﬁ%the sample
(e.goa@ndesit), @ suitably cldand] for am@}e a Emllml 1hyoughhﬂneiqlhle waporised

set according to,the rese i nvention provi
samplepagses.oriaseriesel dhnpe AEaeTS G Higth v Haulgreéffl&ngmﬁcﬁgved (a
couaapwé§§§%ﬁ&£g@4rnmﬁhgggm{?@ag ARV AGID ot ot okt o
microrefrigediter) |ohlvdtlclona11d>ﬂvecbaampbqﬂhbehea rpassed iup ditd chadealicomdenses,

whi.ch can eu““g}ﬁ gdlstllftes%;e, f or Th
andéi%}ﬁ‘;ﬁ’r%’nf% § mrasyr e Goprinsation efspmpls gt thicondensing zoge. The
micRYSEAMISHY l%‘aﬁi optical dehbft l"l@ﬂ:rab'l_'j§D rth@mjd?stlllhh&l device is a micro-

m cro- dlstll ation device may distil a crude oil or
fabrmatq:drsepaeatmmdeyldeeﬁmwmkleml zgmheorf wafer.i Besmisirerdistilation device

may: tﬁ: Spé)lsaﬂg e\&ﬁgr[ell%% gl?ﬁrll%ﬁ sbhgt?o%l( (Erﬁgelprllqe!hées a SGE'ICS oPﬁac%ons

simiMré&6 erodé séHidvediyUont@riosd didtillafidss dhdiEtheselftaetions can be analysed
engi neered devi ce conprl sing a mcro-heater for

byoylapbmos«?ﬁlgthph@aéﬁwp deviegs.g. crude oil), a suitable
Ch"?a{‘&%m éssahat%fé ﬁé(ﬂlcee “%eﬁ%{’éséﬁta{s ef%ﬁbg%*hﬁwétﬁ gh&ﬁ device or

vapor or a’ annel

sensfohaﬂlcv&bmﬂatbt dﬁwcﬂas ew:ljaafm mea@tdmffm eflthe zfreqoemtyexf osc1llat10n
current device) ui tabl e conden one plca

of the @awpewhlfbﬁban&sa a,w Juasy Ofr’f“@ a% @?ﬁu g)g?lﬁﬁfsr)

eva;Yo%’c% bxsc%‘illdél?s‘gp bf e RlvicBage B@ a@@? A '\%l[‘% information on
condenses, and a m Ccro- senso ure the

bmlmgqnbmtspmﬁlemooﬁstrcaamlcd chlvmt:thmay prmlredwnftgmamreon Tiseosity, cold
L, cal nsor

LT S AT TN TR T

- are GRBFARLUE 86911238 and US 5839990, €, on a silicon wafer.

The mcro-distillation device may be di sposabl e. \Were
t h Miera NER divBent priesantt.aneyclesised fpr exantds te prwidedgfogmation on

ot PR i .G RNl SR B

infoefigticn ondyneity biid aowasef saturstas aﬁﬁ\tbﬁxaﬁcs, ér water, in the sample asa
m cro-oscil | ator device, when present, is preferabl y

wholg angdéer ia diastienst Q‘%%lPeCH@W@éUB?u% sFRaEtion iepy HICHLE A IGO0
f
dlstﬁﬁﬁb Vi, gu&?‘ﬁf%‘(g%ew Pfl Wé&ﬁtw@ sucR s Elofid ESfr%gérécP%?ezmg

OSCI at I on changes w't
pointpdciditya(T AN, ReseansoOéthizet NumbarHBON), Mdmt@artamd Number (MON),

coty RO SR R Ics, a1 Lhe doX! £t NSl R Sheers
include the Axsun NIR-APS Analyser produced by Axsun Technologies Inc.,

Massachusetts. |
Micro-GC, when present, may provide a simulated distillation curve and can

provide hydrocarbon speciation, such as of C1-Co hydrocarbons. Suitable micro-GC
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boi ling point profile, acoustic optical devices may
provide information on viscosity, cold flow
w@eopesi’des, volatile contam nants and deposi t BCT/GB2007/000127
formation. Suitable mcro-a8cillators are described in
US 5661233 and US 5827952. M cro-N R when present,
may be used, -for exanple, to provide information on
boili.n 01 nt of|I and t ive _a_siul at ,
dovigeiprlpeSiepivns MicroS AN Pragess Ul s s S ,EVSMcafétqcﬁw?%‘?Posn
ON MigfbSioh Yn Wity REEEYR hffal AobBRY rﬁ?@&é £, Smay¥e used
water, 1 n the Sanple aas a0 V\A’]ﬁg g&gﬁg} ﬁ? actnl onaSyQS
to pmwtcbumﬁacmaumrapdan malebdesiaghe semple, fot mmpémmntmnants such as

t | d d/ d
oraaRchBirRe o M aROL S D s BRI A2 a0 £PRBOHIe | e
micRCiof 'rﬁo‘bﬂ(t%ﬂl‘ﬁ'eretﬁ% ﬁﬁib@l“?r %&%ﬁleh‘y @B@ﬁlec{ W%')a miM Sfrolyser, can

Cct ane Nuib ane nunber and snoke point may

givezinhanded nx’mgsu medj sulymmrtaabllyels mMiere-ipn mcﬁvdgy@ﬁ&rgnnah mObdéy

speckfef i B Ll s S ARl Rty SR gplg icro-fon

mobilitgAkfiférentiih Yndbilaty ispect@dnteteit inaludd 16 Sibhdxl mickaDMEUT Ve
and can praqvide g‘grocar bon speC| ation, .suc

of Ghe ErpseRidratiop Has thegdyaniage dhay; @}edi)@?@é‘iﬂa@é@ﬁ’lsﬁ@nude

1nd1§8§£ﬁ%§c 2 od: %Wﬁhﬁgﬁﬁﬁa mber t§|i; gf%lré}{t) 9.\12{1?&3&? 8L RER% may be

arraﬁﬁ;cm aaingly gquthﬁln Pt Amniplel platy t@thhee @\dthtan qsscmrcttetbportable

i nformation . on po ul es | the. sa

PP Brederell i des ot {leodiifite Eanghiticel denis e legs e of which
mayr'cﬁet 1ﬂ@l'ibofform%§' aWehdor fota Hloﬂ%éj%ﬁ}p?ée‘?lafé' b QERR n’f@@@lﬁ&@é sample

her, mcr0|onm) l1ty/ tial nobil
cell dsqmtrti oot saynple platee d’mfetdblsaatrleast ) d;fﬁar@ityadﬂmai dnv1g¢sv guch as

o DR e e BRE A bW gBE A pbbgppot Bbgpries ofa
sambIERbﬁcﬁﬁPdcﬁGné b re8étion ga?d&& thérkbr) 10 BE Sciaindlliah@ Btoviding a

mcro- ion nmobility/ ferential nobility
signifinant 2ot of datp fer am@b'sxsmﬂsr dinestly o yiagDMAttablpidatabasegaedel as

the advantage that, due to their
deség&egﬁr\k}]%r b&%@v

y smal | individual sizes and sanple :
I e qhuk 2R hipment S abesrdiag tcdth%fpeerseﬁttmmbwcmbé taltew tocths

locaipi bt SgEpIsdp DARRHYIN. AULEEPI BEDBH/oL 31 BriRl AT Bed For
exaxg fof &k aRld¥ oil%hfjgﬁgaséa}gl ﬁl@sak) %atqg fifa§ 8 e I“ ttlb&ﬁ‘ﬂon” rapid
vices, at lea b ORAT eint or m of

assesammivalluanm eftbrode oibe fc:rmmhplemnatcmudmll tahkcfmrrmy land-based

d N t th
crudrigh oeae e oL 28 DL XBIO T BR GF e, A PGP Sl gl the
valRWE theAgudd oil ﬁ?asfaoté&ldl‘ bfnfcﬁés%f‘{o BNy Elertaia¥d. “asan ol €
i ncluded, allowing a nunber of properties of a sanple

explogationfdrillingesiteoit nayrberused et the “welbdeast"onithe dabing site thprovide
raplg §§%1§IPP %glyfl q f%? gn\(/elftﬁ['%l? gta ,p@g?qn{z}{)fg &bg@lgggﬂg L {Hemes ofa

crudéaiipilasest Wéﬂ&illoﬂ@ng evaluation of said crude oil.

Because of the relatively small size of the components of the equipment set of the

present invention, the power requirements are also relatively low. Hence, the equipment set

may be operated from a suitable battery (or battery pack), preferably a rechargeable
battery, without the battery requirements being too heavy to impact the portability of the
apparatus. '
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descri bed further bel ow. Thus, an equi pnent set
according to the present invention can be taken to the
wo owansonr of the sanple to be anal ysed, and a P@EpPG#2007/000127
anal ysis of the sanple obtdaéned. For exanple, for
crude oil analysis (assay), the apparatus may be used
for "at |ocation" rapid assessnent/val uation of crude

oi f xanpl e an crude oil nker or.,-i .

" heteraly R PR beeoiinties. Bhinet RERoparibil fin, wireless
com@tRkcations, Sithdisial Witdl€ss Hesh hotMoek, 288 nfdré Brefehbloyiwhily rdniicte

val ue of the crude oil to a potential purchaser_ to be

comgnigetignsag eans: sich agsatgilitedipsest dategornmpaicaénn. sish thatthe analysis
ite. t “wel | - " Of: , —
ey o 3 il R B gt ime
scal®bh whidhrthex@aliiedatd 3 aphidablele thapotentiad pdizaader.of t he
properties of a crude oil at a test W‘fal(yh | 1 owi ng
ev dispeaiallywhare suitablepicaesdeyises apspotgyaliable, figequipment set
accc{rgiklgtté Mﬁi&es%ﬂpih#retﬁi'ﬁ)ﬁ%\ beld3Ed O ERoR vﬂi}h &her V\%ortable
~equfFpnent set o e present Invention, the power
analysegs)ipagivahitly those yidlding elheental ddty, suchas pietable, XtRuy Fluorescence

ui pment set e 0 at froma suit atter
o speiipopy ot s D gEiuRdovir Serchfisus BEERIR e he
breadti fYoudtat he battery requirements being too heavy to
i npact the portability of the apparatus.Preferably the

eq KRt exastple; omppioyisle, analysis of sulphuz and metalpeanientof a sample,

or Sl o GO b SR gt SR R
avail O EHNXFORD ifBalsentsuUch as satellite-based data
communi cation, such that the analysis results may be

r edéneally onsamnle Rlatscheperdingeo e mptenbinvpRiicsHagesociaigavith a

I . S . i
or GR350 B, B o
in r&3peédt @b hidledst ¢ 0 keylproperies af the Bmhplatabe amdlysed ] sueh as at least 20 key

T S A KRR N T
> . ) | .

or B g S IR0 oS8

profieatiesmmeéasuiied éula Boreektiovah cifide otl mssy owlich indigle the boitipg poit

proff c4epsing Wil &id SRPerFANteself Do verics ) Bz §fint and

élodcdcﬂoitﬁ?;, Q"i'ﬁébﬁgo Eulphud@nthd, nitfdeh coitent, Sdkdl3Bhtent, vanadium content
portable, X F anal ysers i nclude those avail able from

and cpmbizstipnssthengeefithe fdhemdg oil anddorefifisictionst thereoh SimoHer prgperties

D

ot NiHe aARIFbiy detaobtadd mgediescty gestahtad sifficieds pedysiodatatfor
| east 10 ke roperties of the sanple to be anal ysed,
exagplerpssay defa fog thercryds qikleing analysed.

Alternatively, the analysis data obtained may be enhanced via input to a suitable

database model, typically a model derived from analysis data obtained from analysis of a
large number of other samples. For example, for analysis of d crude oil, the analysis data
obtained may be enhanced via input to a crude oil assay database model derived from
assay data obtained from analysis of a large number of other crude oils. The crude oil assay
database model may be used to generate a detailed assay with improved confidence.

Similarly, for analysis of a product from a refinery process, the data may be
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properties. For crude oil assay, for exanple, there is

preferably provided data in respect of, or from which
w@an7ogs7eeri ved (as described further bel ow), PEEGB2007/000127

majority of the key propertifes neasured in a

conventional crude oil assay, which include the

boiling point profile, density, total acid nunber

ey B BRROAL SR 0 BT 80
anal9§i§‘ bEA Iar%é‘mﬁﬁl?ér of ﬁﬁ?ﬁf‘ gequi&@&ﬁé'ﬁﬂm&%m ent and

nmbi natT ons t hereo the ful'l crude oil and/or of
f r akstancnxamphemwe th&naiyswdamr az}:pancd isslatarfeom equiltivatiateor

f. oth ks. . Th ' t
anal 55 os Bt otk POy R B BULAY PEPEReR R Ry deie
infofladtfon th ANinG¥AHRA tinARA BY kAR nfulivatiRR afhhlyHeal @kla iR €4id database,
anal ysed. Alternatively, the analysis data obtained

suchhasydeberibed im W@ @3/48459.nput to a suitable dat abase

oY ik P IS o IR Ship g e s O SRR 8 B B et

inveRtlom|a@slysds@an &% abRiRd nide oﬂétﬁhﬁ(ﬁd)ﬁcaﬁfbe as&t fodprooeds, t he
anal ysi s data obtai ned may be enhanced via input tq a

optimisatian.dior examplp, tha earpmentpsany Bepseday arefenadndiseat a
|
analg?ets %EH Bg PE %egrbglrt}fu%lﬁ of Feﬁ%e}syal; gcgg%bgggsgféh ?rs{) %}g[f‘(ﬂﬁg )(/:rtl,glg oils,

prodmedi(ﬁcﬁn ged er mioge southes avdﬂablle;aststhy refiniety, 'tmmsumexptlmum

onf | dengc rly, faor a IS of a rodu
con étf%%frtﬁ ff?we@sfg r thetplendFurt ih Qvei %ﬁ@fo verify
con e S G S BePRb At 18 é%*"o“r 4 sza‘f%%‘dn%dfm
may(teqused & pn@de pndihect st-lisddermenatiopl of feadsiorle qualigy and property
data froma nultivariate

| bt d :
dataffe) P% I’(d&él‘ﬁ??ﬂda?l.ﬁg%s%’lif eré's"pﬂflﬁsauf)ﬂén%dﬁgr ysis data

nayWh&e @{@éq}@;ﬁﬁeﬂ@ Yetfoff tHel ﬂ%ékehhﬁvéﬁifoﬁﬁﬂﬁidd% tHeG'weliLiea&abn a
conbi nation of known mul'tivariate analytical data in

dnllsng aﬁtedanmb@@f sefg mya\w opexsitad; %éﬁfqrwtmlblmadgmh use a common

eGSR 15 R B SRl AR e g

fronp€achbiyell. MedlyRRIof tef ih&ﬁldiﬁﬂélﬁde 6ilgarlderppropiiafeachdiuliog amy allow

optim sation. For exanple, the equi nt.se be
morg §pEmym @mr@ﬁ}twgrof the{ipaj gygp gy blead; gxsa@glt{pgnbyb@peated analysis of

 the %ﬁﬁé Qﬁﬁgmcli"f eﬁﬂg?lg Afads e%lhﬂ%&:éx? Pﬁqﬂéib%gﬁcm@&ﬂ With time can

crude ol proodu omtwo or nore
be vsalitoqeedietvthe effbdtedn e prévcedéiude pit bland, erisfluance ghd blending to

.configuratjion of t nery for the blend. Further

maigigin %ﬁﬁ ‘ﬂ]‘fal‘é‘)é?mﬁ%?‘lig% fsed to verify consi stency
andiRfladyalhdry tlﬁfeqﬁf?)ﬁﬁﬁi K¢ ksSused fcﬁrahhl‘jrﬁk ofth pfoduéif dudhable from
or blendi'ng station and/or may be uséd to provide

a refinery ipresess; thet apparabisdestyretisedita ehecl torfsistaney end qealiy of the
pro ué;? ?tﬁé? 5&%%16%/}1, dat & F)%eﬂu%{g E(iﬁtaggr?s ?1'1 ndla? ghez%rlrllgal%lian%se emselves, at
fuels blending terminals or in fuel-containing tanks, such as in fuel tankers or stationary
tanks at airports, dockyards or on petrol station forecourts.

In a further aspect, the present invention also provides a method for analysis of a
fluid, preferably a refinery feedstock, a refinery intermediate, or a product of a refinery
process, said method comprising analysing the fluid using a sdmple plate according to the

invention in association with a portable apparatus as previously described.
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Wiere the equi pnent set of the present invention is

used at the "well-head" on a drilling site, a nunber
wo@bogesxInay be operated at different well-heaPCT/aGBR@M000127

use a comon transport nechd&ni sm for exanple a comon

pi peline, to provide analysis of the crude oil from

each wel |. Analysis of the individual crude oils and

co Bt BekRH T B AFR L ke s PR W obf oy frther

portzmle aRetseoramahicaiion 6f thé healysisideulith e pbfaﬁﬂalqmcﬂmseemd/or
wel | - heads, changes in the | ngl vidual crude %I s w
combingorcakfhe analgaEmMioratien pbieiner vy 7 databgsomoRFes Broviouly
descplggcguced crude oil blend, or influence the blending to
mal ritai n a const ant quallty crude oil bl end.
Si Thé iveytiondsduehdriibustgted e accomphisying schefoatic drawings, in
.anal ysis of a product obtainable froma refinery
w (ﬁ‘r'ocess the apparatus may be used to check

F’f%r?é £fSuaed 2 QHA leaﬂat@ﬁccbﬁﬂn%’f o ﬁ{veﬁﬁoﬂ he

ery, or at subSeduent |ocations, such as at
c h&iguea? ilpistmtes an lanatptidal apparatus fdapled o usn aithgthe sample plate of
m nals or in fuel-containing tanks, such as in fuel
Flguf%ivkers or stationary tanks at airports, dockyards or

ONFRRKE 9lis ST sﬁé’etfsﬁéxﬁﬁg W Fariolifarhlyse§ EdpRbleTRIE calrfed out
present i nvention al so provides a nethod for analysis

by apkquipfieni s¢t comptising teysampleaidte of figheecktogeibre with the analytlcal

ernedi ate, or a product of a refinery
appaﬁ?tg%ggg%u%eg °’d met hod conprising analysing the fluid
US Figghre4 sidishates Iﬁ'fﬁttﬁer%ﬁlﬁglé(ﬂ)ﬂdﬂ@adc@rdlhlgtd thy @fvleinion;i n
association with a portabl e apparatus as previo

d e&tgureé dlustratesan ﬁﬁ@pmgﬁ 6} SEnRIESIRE 18 SABPIG IPJAT of %‘guqeﬁ‘e‘n
assoc aHbﬁ'wWhtaE{ g,ﬁ&,g 3%513’}{ é 35 wpor tabl e anal ysers,

conmuni ca results to a potential
puRefiadrg nownd Figure i),rdjsaﬂ@ld plate dHustiatedayeatgly 8s 1 comprises a

i nf t t d wt dat a
A LB e
tran.%fm Cﬁi&e%?ﬂoﬁ%eéé‘fer@% Qe RETBY ite Gir B PdMetetdd. The

Figure 1 [ustrates a sanﬁl e plate according
crude @iltstreamriy thehisent; to Rifgystmeic® vahtes whigheontaels ﬂwaﬁlW peraiiting the

csBBR B SB35 110 WG LTS s

gen@ MY ER fce@RRDIEnRfto BR i1 9CfRF h nficko®ak cmomtbg@s:phymeme
set comprising the sanple plate of Figure 1 tog

Secqud;streamney passgs/e |a@a¢ondpwama\tau§ 1§ which gprirals thej ﬂﬁw Eermlttlng the
creahogl 8? {hit %ta%ﬁw g&%ﬁ{s S %ﬁ‘h Strink 91 géeé;kﬁsédqotaﬂ %mdlty

I nventi on a’c es an equi
senso® IR rwisilefouith etr&&i‘mt és }ﬁﬂsﬁaﬁ&o afsalﬁplgweﬂ 14 foxna micro NIR

spectrometer.

The sample plate of Figure 1 is adapted to be used with a portable apparatus
illustrated schqmatically in Figure 2. The pbrtable apparatus shown generally at 20
comprises a micro pump driver 21 adapted to drive the micro pump 4 of Figure 1; micro
valve drives 22 and 23 to operate the valves 5 and 10 of Figure 1; a micro gas
chromatography device and processor unit 24 adapted to communicate with the inlet 9 of
Figure 1; an ASIC (Applications Specific Integrated Circuit) and processor unit 25 adapted

to communicate with the acidity sensor 13 of Figure 1; and a micro NIR spectrometer and
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: devgzﬁq,.

association wth an appropriate anal ytical apparat us.

Referring nowto Figure 1, a sanple plate illustrated
w@enansd7’hy as 1 conprises a receiver 2 for a fpai/dBR@7/000127
be anal ysed, in this case dfude oil. Afirst fluidic

channel 3 transfers crude oil fromreceiver 2 to a
gear punp 4, by which the oil may be netered. The

[ ' en sent to a first..nm.,cro valv
preftind i 1o By p iR eb Rl Mgl st Gyt 12 o
Fighterist and second streans 6 and 7. First stream6

passes to a head, space _generation device 8 and thence

t o Bise.ihesansple platey] af Biegreganddhe portablgyerperausciiofdigure 2 are
WA SRS AR e FUR LS Bt e o amp

tro ow'permttin
by gdsichrbnzmaRrighy;, héidity aradysis, hild NiR), dhd méebink (1tbt Shéw@nfod donnScting
passed to, an, aci di t‘\)/ sensor 13, while fourth stream 12
the Sample plaicy! e theparable apeatptug 30 logethsr sre preyidgck A flow-sheet
r I ' [ :
eRBAERE QU848 o AT BHRIAEE Lt SR ok
shosmtie Kigurechl Inythe praeegpitlesttatedlin@iguoe 8 advide 6ib (H0Risugetered by a

seat PR 6035 St ranfecis EalRURIR) R h3<Botte sebigas (103} sengrat
vapé@l WEicH s paSsed4é adlidro’shs cAropRedg@dphy daGick / 048 Soro %@gco]ﬁ valve

of Figure 1: a micro gas chromatography ‘device an
105p (Ide second valvetroutas the spmpls to an acditustnsert (@ 06) ¢rte sakmple cell (107)

L 0l o) igure 1; an ASIC (Applications Specific
f"r%‘m“grérl‘g‘ e({V fcuit) and processor unit 25 adapted to

C orfigurt dahewyv tfirtidt @ndetikicny ofSeefiple plateticcbidgty 18 ts invention.
and mcro NI R spectroneter andprocessor unit 26 )
Therﬁ&mipﬁg}ﬂ%fepﬁheb@ genergly pt 4l comains many of thesange tekemeniés as shown in

: f. Fi . e he.sanpl e.plate 1
Fighp ThteBroséinka B ¥ salledibirbers; HalyoUSE optplPEBATR filh e phmp 4
is daectedtdapmelt frepdration degich eid drotopiddiivns] RAsE s bhdRRRG analytical

set .capabl e aof anal ysing a crude oil sanple by gas

oﬂﬁ{g SePRlsHy directe m“»e Bend| spagedevigs § audrthe uanouram tpsthe GC
inlef 9,Qind YREWR iérB6hi | the
e SR O P bS RS ONR 37 120 s Bhdhfndur
fungtiopelity andttherteoid ag outes 36ain additiam alfipidis chinmpk3Cansldrecrude

oil %Era g?eclglngr Q?r 4 L ti ﬁ.ﬁ%&lgﬁ §ér{§$r| %&u #2?:9@8&&31% %tpq %isgp)z&eg\,g?pli'ogucing a

signal mdRatvd of(deQ8ity, visco® QeMoched i@ pRIPERids 1 Al fuidRdhannel 31
routed via a valve grli 2) to a head space separator
¢)

trangfersprudepilylsom reeedver 2o amluplity lof sensprssewugedinanrarey shown

0 r ' 04 to a.second val ve. ...
eendffly G700 CRhB IO ORY Vi Bl orflon ol SERPRWIA) A midic
chaimeh3DtrafsE6 rude ol fampdoeiveed to Q738 f@lsampl® pishrMdR for an

devi ce., Figure 4 shows a further enbodi nent of a

aronaalies pRAlYSIS e according to the invention.
The sample plate of Figure 4 is adapted to be used with a portable apparatus, and

Figure 5 shows an exploded view of an equipment set comprising the sample plate 40 of
Figure 4 and a portable apparatus 50. In use, the sample plate 40 and portable apparatus
50 comprise means (not shown) for connecting to each other. The portable apparatus 50
comprises a micro pump driver 21 and micro valve drives 22 and 23; a micro gas
chromatography and integrated micro mass spectrometer device 43 adapted to

communicate with the outlets 9 and 36 of Figure 4; a number of ASIC and associated
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The sanpl e plate, shown generally at 40, contains many

of the sane el enents as shown in Figure 1, represented
whyoorkgs7sane nunbers. However, output from theP@i/GBR007/000127

gear punp 4 is directed to28anple preparation devices

and on to additional sensors and mcro anal ytica

devi ces. Thus sanple is directed to the head space

devi ce d . . ' t chi
procGRph it 2R Lt el it el £5 ohdUR vallou g Rsors on chi
32 of FigaR@d;aa0 aphiyrd NIR bpeettamitey 26 hadng herobe 27 adaptedint | et

36. hi addition, a fluidic chanpel, 30 transfers cr
comgjuniceteoith die sample cllild Og Fiae f- F&m’éﬁ% SRUBPHCE H‘r“g% of
Figuﬁf% 4 icggﬁi‘eéﬁg} ;Irg;ieroﬁéﬁg@érﬁlysé’xf A1IPHRGHE sSord 33 icBict with a reader

nsity, vi'scosity and el ectrochem cal
42 for gRreific nttals And/brsipdéific chmpoeids 3 Almicrapeshleustordduigiprayided

fromreceiver, 2 to Lurality, of sensors ar.nan [
cope e Pt Pt e AR By SRR e
tranééiﬁgrh%’glﬁ a@heéc%or%% Adi FORRA !icli‘n ROPIBLRAS ordirg paricifehe GC/MS

transtfers crude oil fremreceiver to a
systemni43. 38 for sanple preparation for an aromatics

angl ysis. The sanpl e plate.of Fi.qur [ :
pe o5k i oo et o Pt s B captie Dbyl GRUEGt étnple by
gas emoﬁfawg%iﬁ?, A AW e@fa}:@ﬁ, SR Adeiffersigtial icxompbilisi, agwet as
sanpl e pl'ate 40 'of Figure 4 and a portabl e apparatus,
mea5aringhensity vischeitysandrlectipchansicalpropsigsordanalys FATiees
0 ¢ rise ns (not shown) for connecting to each
Ina%?ﬁ@&gp%ﬂgxﬁgﬁgable appar atus 50 conprises a mcro
“punp driver 2 1 and mcro valve drives 22 and 23; a
m cro gas chromatography and integrated micro nmass
spectroneter device 43 adapted to communi cate with the
outlets 9 and 36 of Figure 4; a nunber of ASIC and
associ at edprocessor units 25 adapted to conmuni cate
with sensor 13 and the various sensors on chip 32 of
Figure 4; and a mcro NIR spectroneter 26 having a
probe 27 adapted to communicate with the sanple cel
14 of Figure 4. In addition, the aromatics unit 38 of
Figure 4 connects with an aromatics analyser 4 1 and
the sensors 33 connect with a reader 42 for specific
nmetal s and/or specific conpounds. A mcro conbustor 44
is provided capabl e of generating, for exanple,
ni trogen oxi des and/ or sul phur oxides, which are
transferred via a connector 45 to a differential ion
mobility unit formng part of the GO M system43. In
use, the equi pnment set of Figure 5 is capabl e of
anal ysing a crude oil sanple by gas chronmat ography,
acidity analysis, NIR and differential ion nmobility,
as well as neasuring density, viscosity and
el ectrochem cal properties, and anal ysing for various
net al s and/ or conpounds. C ai ns:
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1. Asanple plate for use with a portabl e apparatus
containing at least two different anal ytical devices,
W@ 200d/0gd79t e conprising (i) a receiver for a flpCTGBRONBE00127
anal ysed; (ii) at least twdlfluidic channels each
adapted to transfer a portion of said fluid or a
conponent or reaction product thereof fromsaid
Cl.reg:eiver to one of said analytical devices contained
"said associ ated portable analysis apparatus; .(iii)
at | east one sensor capable of responding to a
physi cal - or chem cal_ property of said fluid or

1. corfpenmenie lste foense Wisha pedehle BrRartneMIRIniAg Pileass fwp ditarent

o o . . . Ui
S5 S ] O B8PS, 5t o
two Shiidit clas@elp ieachoadapiet ite erhnsdierad posticn oftwaill fluid pr atolnparsnt or

one additional  fluidic ¢hannel apted, t.o .transfer  a .
reacaanprqﬁ%ther@a* fom sgidgecsives t%%&%éﬁtanalr ifal eyiog Contined in
i 0 hids! GO bflcatfable@Féspondi
R85l B RQ T  Y  88 fghblesiponing
to aphysical ion ghdnaicall property, of whid dhwidbsocaupopentss seaskign pradyet thereof,

ttachnment of said.sanple.plate to sai rtabl
e pfleat gae sapoiRcab it CoR it St of Rif 0§t At Peopept o
reachiof prédudt theréof isﬁé%h%bc%@i&&'ﬂ?ﬁbzﬂ%ﬁal’j’ﬁ@;%df(m at lefidtiong
any sensor and/or sanple cell in the sanple plate to
addiiopaldiuidie sharinetadapteidgo siansfer 2 portiom af wid Byid o psemppnent or

o G b A P B
2. ONeA edmploplats fe6ifOtotlaE, whlkh &150 edsgriseomeanssos adachment of

.mechanismfor _permtting sliding or rotating novenent
saidgpmplg platg|te sad pertale apparatus. her eof such that in use
di f 2 [ r ' :
5. S ASEER LRl Lot G, TBY oty B g B pgs s
for Bilfing aiyusensdr.and/os aample cpll &t the aampleghilatejtct asseomtedelectodnic

. the preceding clains, conprising a plurality.of,.
cireu AT SPCURNAR Cepigal el s Areans N Biehas cnfiid inghe portable
appér@fﬂ@! e plate according to any one of the previous :
clarms, which contains at |east one fluidic device for |
4. sepasanplemplasé atchedifg to ahytomelof thermaeopding dlaims, whigh else gpmprises

and/ or conver.sion..of the fluid into. ope.or e
o mfehzpBfi® Brgues idime oA ralatth opfinghy B Sl bl oy vaphereot
sucR it B use RIFFRERVJaty 8f §did bl mibe Broupky iHWessitRaios with different
storing portions of liquid on the plate. 8. A sanple
comloaewts gt said pentRPle parAisone of the previous cl ai ns,

whi : , '
5. e Pal R 9C RGRIRE B R U ey M AR Sl phrley
of sphOpSoEsaRpR @l éuithifonn geat amaynps, di aphr agm punps,

syringe punps and_peristalti unps. . . .
6. y A sgmp e prlg%e accordireg to any one o% tl?e pqgvmus claims, which contains at least

one fluidic device for separation of the fluid to be analysed into components and/or
conversion of the fluid into one or more reaction products.

7. A sample plate according to any one of the previous claims, which includes means
for storing portions of liquid on the plate.

8. A sample plate according to any one of the previous claims, which has one or more
micro pumps.

9. A sample plate according to claim 8, in which the one or more micro pumps are
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10. A sanple place according to any one of the

precedi ng clains having one or nore mcroval ves. 11.
wa\wogqes7pnent set for anal ysing a fluid, whi chPCT/GB2007/000127

conprises a sanple plate ag2clained in any one of

clainms 1lto 10, in association with a portable

apparatus containing at least two different anal ytical

Ccos. : . Lai -~ , ,
seledifY bfrseaf Gyt SRRHBII e et LARTER deisle St
10. dew e@sle placd &r6idinie agf onbbEihe ipseceding oiniheohaning ome or more
. sensor | ocated on the sanple plate or which includes a
micioyah¥e® cel | | ocated on the sanple plate. 13. An
equy ' ' ' ide8 2 WAhGIR PR Bs claimed
11. S S AR 3 or35r Sl HA MG MRLELpridel pdinple fRAGs o
in ap} @iecofickaims nke d0yintaksoaiation withadoetabletapparatus containingrap least
nd/ or spectraoscopi ¢ or optical anal ysis neans which
tWO%kf?q{%‘ﬁta&?IH%alidﬁ“P%e portabl e apparatus. 14. An
. ey iRt R IdiR ANWHRIEnahd& AleRst Sldiffefent
12 135&?%?%1%?%%%%30%%& ab elappar at usncorrpri ses: (a) a
analfticad tlevines, gt leashonelefwhich fsdn thiefosmmif asenson lasated pa the sample

boi |l jng.poi nt profjle. of refinery . feedstock or a

plaeg’ G w5t rseipleccEl e PO ARl BEE of v y

13. PT QGE&GuipB&f sétks cBlimeERSIaiNE, invhithreadignydr addlor sample cell
devi ce associated with a database and an al gorithm and

contained b theshmpleatlaie inlinksd wWithassocinted ¢RGIEIEGEIIHIEHEYRIC al

roperty of. a refinery f t, .
specBigpinis I GrisRARh B Fichnd R 2 EchRhedipRh b1 oprratys
14. det/af equipint bt ds@bited itan@ink iofiglans D1 topr3) i Whichttizeportable
total acid nunber (TAN), and the density of a refinery
appaig $PWPRSSF product of a refinery process. 15. An
@ TR o Uy P8 ol BleRfhalih it e Toiihg pllik poTIS o FReBLE
feedstocher a refidesly ftamepintenatproduct stosifingry fResmaraotl Cct ane

(b) BbleAtE o By G s Eq DDA R A g and

' fold BREA Blopefty oF @ 8fhery feedstock
16O A e AN R o ey ok o

prodigt dParEfineseproasss;clal agpipnient set peingaapfble phdeaigrmining at least the

.15, which.copprises. neans f epar.at i ng. ied
boilfpolt RFEPE: TBa i el DA eRRer 4if b a Minely feBastock
orpﬁ‘édﬂcgofeﬂfeﬂn@l@?r@éesﬂore reaction products prior to

anal ysi ng said conponents) and/or reaction_ product

15. 17. Ampquipmppirighas damed & elpism kbavhieh inrpraile inadditos 0&2) '
dete]n;liiﬁigg #0teadt %ng\@f: taldiSe R\%f)&p&qd flow property, viscosity, Research

Octane Number, Motor Octane Nﬁmber, cetane number, smoke point, Bureau of Mines

Correlation Index, refractive index, conductivity, sulphur content, nitrogen content, nickel
content, and vanadium content. |

16.  Anequipment set as claimed in any one of claims 11 to 15, which comprises means
for separating a fluid into one or more components and/or means for converting a fluid into
one or more reaction products prior to analysing said component(s) and/or reaction
product(s).

17.  Anequipment set as claimed in any one of claims 11 to 16, in which the portable

apparatus comprises two or more analytical devices selected from a micro-distillation



10

15

20

25

30

apparatus conprises two or nore anal ytical devices
selected froma mecro-distillationdevice, a mcro-NR

W@ p@aispet er, a mcro-oscillator device and aPCT/GB2007/000127
mcro-GC. 18. An equi pnent 28et as clained in claim17
whi ch al so conprises an additional oscillating sensor
and an el ectrochem cal sensor. 19. An equi pnent set as

ai [ n ne of clains to, 18, in whic ne or

deviee? & Mo 0 ks RORR G adnir Bl et and a BB o e

18.andAareqaip@ieatiset a4 E18inttaah icRen a7G(REN AGOLARSHWEE AN 8dditional
contained in the portabl e apparatus. 20. ‘An equi pnent

osciliating sensppandan ¢lectrpshernisal ssnsaxl ai ns 11t o 19, whi ch

19 TR ESmlaebiitth 0N & AL ool mor

portibms ¢f the sdnply phike mayii we e dksted had ot dvleaig heating and/or
onstruction. equi pnent set as clained in claim

COOIHE MGANHFHHEHID the periable gpparatusanpl e pl ates incl udes
20.t WoAf reﬂigi?lfngn{jéezt %seélﬁmedtiﬂ ﬁoﬁg 0 Tlﬁémgclﬁ Ef%{ ')llggwlg*:ﬁ %ﬁﬁaﬁi;ktes a

constr n, e constr Ion O

plutsdityof sadmplt pldtes.or use with a particul ar type of fluid
actign ct thereo

21,2 CRAP St 2ho SRS 18 U Ayl e oF hegurglity of sample

plafed ARORE MmO Eorls@a&idnON Product thereof, which conprises
carrying out the analysis using an equi pnent set as

22.c| ahnequipmenisgt andaiofedgh elaims 20,lintvwhid@Pthe plirality wé sdmple phates

. claied in clai.m i n ich a refine f eedst ock, a )
inefi Ry Porf SR Bings O P e ol donaFibion b yofstrution
of dgg}@ﬂy@g %\fﬁ&t@ﬁb’ﬂxg’ sRPted48r usd viRL z{‘?;gtiélﬁmctlyﬁé 5EGuil dr Gé)lﬂtnaﬁgnt or

4, ich the anal ysis resul i ncl Ude at | east
reagiiomiaregpchBierrof i b analysed.ne density, and the total acid
23. ?ﬁggg%%tﬂ{)deéi;bglaf n%i?gsfg%{i &P éTPé’rHEorHen Or 1e8¢ 10}1 Ip(r)ondug{ t%gl%gh which
comprises carrying out the analysis using an equipment set as claimed in any one of claims

11 to 22.

24, A method as claimed in claim 23, in which a refinery feedstock, a refinery

intermediate, or the product of a refinery process is analysed.
25. A method as claimed in claim 24, in which the analysis results include at least the
boiling point profile, the density, and the total acid number of the fluid or component or

reaction product thereof being analysed.



