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NV02007/085797PCT/G82007/000127 1 SAMPLE PLATE FOR FLUID
ANALYSIS IN A REFINERY PROCESS  This invention relates to a

sample plate for use with a portable apparatus for analysis of a fluid, for

ARPIOBST8Tinery feedstock, a refinery intermediate, or a prodeCtafBE007/000127

refinery Sprocess. Feedstock analysfs, for example crude oil assay, is

an important analysis that is typically perfortned before feedstocks are

purchased for or refined in an oil refmery. Typically, an oil refinery will

refine a largeauanhet of diferentisedsiodks,inglugig Afferent udeofs

and blends of crude oils, each of which may differ%] a numé::ger%%glH 58

important properties. In order to ascertain the optimum conditions for

refihingrotetich ﬁﬁmm&z&mﬁd@mﬁbﬁ(@&%tﬁ%geﬁhﬁlﬂg@ﬁtﬁs for anaéysis of
afﬁ&gsgolgléxsucheaasrﬂ%e %&%duf%t %/l Ids, gﬂ_gaelltles and values obtainable, an

the potentiar ¢ DI G LehR st ﬁ%’ BrSERELToicadiatts ek Pt a refinery
puwasssion or deposition, often a large number of properties need to be

arv@é Traditiopally, this has.been a time-consuming analysis, .

rQquél{ﬁn&g%érge]}%%\%ﬁyparrg(ear\r} To TR A {BBRGA A that 1s
tymiedlicocaffuthed thefam dibpdisods say puathaséd SRQrUBEAATOM M refinery.
Tgﬁ'ﬁélﬁ ’cjﬁ(gﬂp R ithout a full assa lég ng available to th )

urchfgser, andﬁe%%&g &%&éﬂu‘?g%%rnrﬁﬁlgteﬁog %?g agsigeks, mgludmg

diifen sristescdls, sl \akbndsoff ¢rudecilsteath fifivehiatmypley, foffer aiudeusibeniss
irRVRR PRTRARE KNoWIGI9G oL praviRy ?gt%%dc% Ocﬁ%éé%@q? I I%Jg%ég Of each

regions. It would be advantageous i ery fee
fﬁﬁfgf@%tﬂﬁidd“ﬂﬂ%%@éﬁ/ﬂww@r@ﬁld@waﬂatﬂwd@tmb, sotkniiahp proiaseyiekds,
qﬁ@ﬁﬁ@gwaﬁieiobtaiﬂa@a%@merﬁ&&ﬁgﬁ&fé%%lﬂﬁé’ HiRiaf reJé’&Sr% of said

processes is also desirable. Such products include intermediates in the
fesdstonk ratrR Ay prosian ehdsprsitignoRkicns filose mudEraiqmdbeetivrnged to be
apigeess which are subsequently used as chemical feedstocks and

prod serall refinery process which are subsequently used as

ts from the gve V } L
fue|su§Fﬁ6‘6’r‘?8& ¥ 86%‘ 2B NESTHATgCoPRBEBHS MRk Tea b aRekatisly large
vmasﬂﬁgmﬁsdfdgamzia;m?e@@&@mdd&%a'l : I}%{B@mﬁjﬁ@'@sgmt data. It is
ricants ves. In ition, rapiq analysis of formulated products,

o R A DR o Bk b gkl e
purctasedistih Uttones yistgnuchasat mymintait sateniBeser ipianHebieHAaRt value of

I , oqucts therefrom, are well-knqwn to the person |
e e U S VBl B o it provions
crafeigélg fom virglaowriogs797PCT/G112007/000127

It would be advantageous if a refinery feedstock analysis, preferably ‘a full assay,

were rapidly available to the potential purchaser or refinery operator.
In addition, rapid analysis of products of refinery processes is also desirable. Such

products include intermediates in the overall refinery process, bitumen, products from 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 to the

person skilled in the art, and are described, for example, under the chapter entitied “Oil
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2 Refining", by Walther W. Trion and Otto S. Neuwirth, in Ullmann's
Encyclopedia of Industrial Chemistry, published by Wiley. Our earlier

copending application no. PCT11jS2005/033240 describes a portable
gﬁ%%ﬂ%ﬂgﬂg analysis of a refinery fegdstock or a product of a RERePy007/000127
process, said Sapparatus comprising: “(a) a first analytical device for
determination of the boiling point profile of a refinery feedstock or a

product of a refinery process, and (b) at least two further analytical

Refiniees bahabhamiénldenendOsiois dNeowiziadniithmadata fsy dopkdia of
Iﬂﬁb@ﬂ&h@héﬁﬂ%tﬁa@ﬁ%g@g fig)dges being adapted for determination of

10 the density of the refinery feedstock or product of a refinery process,

and dPVE58iHEdeedinsenplisatisning AaASHRANIBAMdarsrssmportable
appiadmsifbampe JrANIfrdRerseliney fradtorl Qi oaketQf Rdalioatd

process. Further, our earlier copending application no.
APEFRPSOBIEIIBE247 discloses a method of assaying a

(dyydractirbantontainiogde esstetiniaibe LR oMLt profile of a refinery
flgégzrgeasunngﬁbo##pg %oflle and at least one other_property of the
R SEAThB R RBHTA i A] TR BEHPat least two different
(H;ibﬁratdeysﬁtderihﬁﬁgmmmmmdt&sim eRin f&qlﬁdawﬁm-&ﬁd@ ReBeRd with a
technique is selected to he predictive pof each respective prqperty; L
e b el
wefingm ocinatipe ofdfia LB 0ME QN taas1 g

sARCAIIREK (LD HEMSASHIRIENLS; a“dofﬁ  [egonstucting a h
eg(jtef-:‘terr?flr;zgvé%\ssa{)y gfa{s e cru el%ﬁl fom ﬁe %ezfscﬁré’r%lr% r.GthryPnoévt%d
regmerydoednteagk on i dectaf Madfmeryipingetse apparatus of

PCT/ y\ﬁﬁ%@%@f’g’%ﬂ% g@)\@{%ﬂ?’%@?ﬂt{gﬁ pltg ?%%@6%‘%/6?3@8? cfl%éloses a

p S Cc

providing samples to apparatu as that claimedin ‘
m@Wémm@M@gcwmamﬁgiygtﬁeq@t@@emhmmm@mmma
(a??m%Q&%&%d&ﬁﬁ@’ﬁiﬂfﬁ@&i{&%‘%&@Bﬂé%é_rﬁ%})@ﬂ&ﬂgﬁhéeﬁf&r%’xﬁmo

different analytical devices, said plate comprising (i) a feceiver for a U|dn

cqBBBRE ARyesaCkiyith ablsiovasiiferentlaheisien v denapdert erkmignes Wherein
el bSEHOR OhSeHenbiciel RICREMRONSNIEN 188 tiRaiRPAUGH therert feive

said receiver to one of'said analytical devices contained in'said associated
P’E%’ﬁ%e analysis apparatus; (iii) at least one sensor capable of

(besponalisg itdr phy siealeeehamisalipio RRAY D62 @bk dapable of
reconstructing a determinative assay of the hydrocarbon-~containing feedstock from the
measureménts; and,

(c) reconstructing a determinative assay of the crude oil from the measurements.
This method can advantageously be carried out using the apparatus of
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; (1ii) at

least one sensor capable of responding to a physical or chemical property of said fluid or a
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WO 2007/085797PCT/GB2007/000127 3 component or reaction product
thereof, and/or at least one sample cell suitable for containing a sample of

said fluid or a component or reaction product thereof for spectroscopic or
WRieY48]a1Ysis; and (iv) at least one additional fluidic channel BE%(§tBaptG/000127
transfer a portion of said fluid or a conf’ponent or reaction product thereof

from said Sreceiver to said at least one sensor and/or sample cell. The
sample plate according to the invention provides the dual function of

cmp@fmémﬁaqgmmxm @n@yﬂ@cﬁmrbmsomdampmmymmfoe ‘
oGt GapAbURiaaithy e hIERANSOR) Andial SARIC, PRI I
contains. In combination with the portable apparatus, tRe sample platre of
SREFETRSGEPIGEH 90k arrliginpendnfivketdsashenysinditowmlifliddiotvisimnel adapted to
Hisas: the i i e :
R N AT aRlan WA
refrivi 4o hiblrRE Qe eneRs Rkt aplieisstimple plate to said apparatus.

Said gHashenbREIe ABSRIEYLIQS SxXampIgibg ﬁo@]ﬁeﬁﬁﬁ%ﬁﬁﬁ&@&%&&% Eample

type, or t?ey may involve the use of a hinged flap (which may contain
PeRRER T FRHASR X ARl ABRGFAHIGRE Al RRAe s s\RER anRiviiRg} capability itself
byl Spenifting selalive shdibgsemisliadnsyRemant. Bl exanpkicurtaling
%rv{%ﬁfl or turntable, to br{g%ldlfferent parts of the plate into line with .
P %ﬁ?%%?ﬁ‘ﬁo rte ot %8&53}8 ’ﬁﬁ’%ﬁﬁ&’aﬁ%%ﬁ%‘}%&?‘h@t for analysing -
a fiudgjcedcH benseistle fﬂﬁiplapﬂuiewﬂ?mﬁnteaﬁbﬂigfw@smﬁlm{:mﬁ yggytable
easy, to use..In use, a user me selects .a syitaple sample plate, an .
SIS COTiTing R A T B A e e A age Provided
foftuithchehemind|sif theriamiate flatéderppariapte i Wakdbpnefitnibens may for
iated-analysis devices in, the portable aratus, and the sensor(s
e Y S R S R AR Rt A 6 Ot o
(velish arate costeiot roditional uitytmohensspe otrosdyiital ateoptisil Miadlsidsm for
- Whigl . ) ' portable apparatus. In use, th
B e et o e A R SRR AR & Ramabl,
todaring difatat BHE o bt ine Sampidhcliffarandompenionsefithe poTiable
arfAvaRle @a@aﬁgpﬁgy@yﬁ%igg&ably after being cleaned. Alternatively,

because the sample plate of the invention can in some embodiments be

constraCtEIPY P R aish v Ry B e vefidavagtina e aBry. PR, Bse. In use, @
ugditadieloisamnpleuplabes AP IRIO iHe dHicASS RAAHRN VYR A SINGRable
arp(frtable apgaratxs. Each saé'np(le plate may be )

alysis apparatus. Appropriate 1luidic channels of the sample plate are adapted to link up

with the associated analysis devices in the portable apparatus, and the sensor(s) and/or

sample cell(s) in the sample plate is/are adapted to link up with any associated electronic
circuitry and/or spectroséopic or optical analysis means, which may also be present in the
portable apparatus. In use, the user merely has to add the fluid to be tested to the receiver
of the sample plate, and analysis of the sample can then be performed.

‘ The sample plate can be reused, suitably after being cleaned. Alternatively,
because the sample plate of the invention can in some embodiments be conétructed very
cheaply, it may be regarded as disposable. Thus, a plurality 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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30intended 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
roblems arising from contamination of the plate with previous samples of
HEONHBF e plurality of sample plates may have WO PCT/GB2007/000127
2007/085797PCT/GB200 7/000127 4 the same construction. Alternatively,
the plurality of sample plates may include two or more different types of
plate having different construction, the construction of each type of plate
thp i saBFEatTeR LAK RS seha theubralite off sminltopbdeansy saduletwo or
RLEaUlL o A '@f%lgfe%'a%%] NGenE HRSAESANBIE @A@& éfncgf]etgéﬂ type of
one or more sensors and/or 5sample cells and/or micro fluidic elements
plate bieing AdertRtise s wish arpamsiaR)aigne phified e by odelysed. aFefierample, in
thiohQumpiEreiesel st arearalingvbileaRifesani Mne of samPleRlatend/or
may coptain one or mare sensors and/or sample cells and/or micro fluidic
Saa}g}?éﬁ‘?é ﬁ%ﬂ%%d}aﬂs? Sinidisielmrentermriisininyitbladosinss iappysing a
padodlechenfiéob LAGkiseRS ThARGAbRAMRI Rl 1 ARARRIARKIAS BIBERA! type
ssociated electronic circuitry' and/or 10spectroscopic or optical analysis ™
Oﬁ?%%sﬁ Ezaﬁea{f% SETHE RS ST EME RERPTR 28 trsaBias el andleranifag fluidic
elemataspseiciatigitictatic fiecas of algckinpicrais Wirsansneiaeaho¥itbns for each
Seglisffgra%layosregsorﬁse, orﬁ{é)es of sensor. In a sgmple plate designed for use
With one paricu % L1 2R SRRERIFIE PTOS R AdvsHse B O Rl fnd/or
Smeﬁwmpdalt@@mbm%beéemmnk:o?ﬁwfﬂwwm E’tﬁ‘ amhﬁd b ieghn zlmalytical
i rovi .A sample plate for use with g 15different flui
o O D R L e e vy i
diffferant sprigticar apprsrof senSimitadysanmbe gitatatdelipkeddomme sethpiseqetiticular

| ﬂvXY&,I P&Hé@é{&‘é ‘_%or anyT ﬂ‘?o:l%%ﬁer %L%%%j Sp%?eb%d%ee%%é%cﬁtrg%é%\{gget igp g{%cgtronic

.equipment set is provided w comprises a portabie a appar
CIEISRiepeY Bhibeanehbigr aprtiatup willihy wosided|eApates@aptoedingite with a
dithedRVaRticRay G GAHIBIIREY ik | I ltiple.use.and/or ..

1suitab|e_ for u?g with djfferen?%l%%g #@éﬁr&%@%@gﬁ%&%&?ﬁi&%n%% urﬂ?fé) Tesent In
thy 2palYice! RPRIE e e HIGHWIN TREpeRTintadivkerferimnsraaplapekicarii e Phevided.

exactipathinaiegornd Busyanehfbidic shannsls mayhsatiad: Nfovided

late may haye one or more micro pumps for transferring fluids

ample
WHISR FOBPUSTioR BT G S ARPHEARNS 15 CGERTAI AAcroeenthes Wiekalurality
ofgymarmbeipigiss 26cdidfty agMeRuveRsosY SATE-RHIPRSARE: RANTHAKIRRMIRS-

m%kﬁ%eugg%@@g s?xfitfé 1glsfo|§ %{Seebu;rﬁ%i ﬁﬁrﬁg:gcgg bP mp driver may be located

e analytical apparatu tion with the sample plate,
such Thateixacisdetienfiiid saapib elsemapiorilateta theiumRAEEHRVEN depend upon the

o o o SRR RIS SRR e ipermanetr meute
vatigd afdsetrapisiplonsstivesrouakio upportionsofipe foamyef@tete. fluids
bR R EESIRAIUREDRIBIE piate. Suitable micro-pumps include gear pumps,
diaphragm pumps, syringe pumps and peristaltic pumps. Where pumping of fluids is
required, a micro pump driver may be located in the analytical apparatus to be used in
association with the sample plate, such that in use the fluids on the sample plate are
pumped in an appropriate fashion. The sample plate can coﬁprise one or more
microvalves to control the path and/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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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
nalysis, suitable means may be provided. = For example, the plate may
co%é?rz/ ﬁ%ﬁ?ﬂ% devices for separation of components of the fluiddbiGB20067/000127
example (i) micro fluidic / micro fractionation device for fractionation of a
sample according to its boiling point, (ii) micro fluidic separation device
such that the 5volatile portion of a fluid can be separated and sent to a
MG SFR ifledo analytical device or sensor (head space analysis), (iii) a
micrcygp%@f;p‘gr el .50l i omatograph .
electrophoresis, iﬁ?&%%%@%ﬁx@%gﬁg%e%%%ﬁ%@ éﬁglé?ﬁg%?ﬁgg ents of
the ik 18 FseRRlA G D B udisd mistorSir afengsisnievionifmofatiytitain of a
sﬁqﬂ&@wmwi@%ﬁiﬂg%ﬁ%ﬁ}%ﬁiﬁ% ﬁﬁ%é%@&%%ﬁtﬂé&?c@s%éﬁrtﬂ%e |

(ge. egarated from the sample 10either for samplé clean up prior to
v ﬁté?ﬁ/ %rtb?/“aogéﬁgﬁfl SR AsDaFRing Rl aise pdilrreapaiativmatival device or

semstirl(fred uatdmnnSITia) %ﬁ&@&hﬁaﬁf&égg&fﬁﬁim'&?ria{@g%ﬁﬁd ﬁﬂg{ﬁfr
k&\Qma micro, mixer and.separator whereby liquids (reagents, solvents et
O A R S T R BOLE S plen v 3Rl 8 axahange sevlo iat spapiiz types

may

offimidattnp@esipitatios: cemesim estatien sk binisiisy it SeRas PN cd Besensor,
(i\? seLor rﬁxtl?d?f R{%({R‘I}@ﬁf?g m?( bfﬁlSmonltored via a suitable
spec roscopic (e.g- UVCNT PEHSBIRa MatST fomy Be serapied S de sample
exﬁﬁxm_mnptdiqlsmrﬁal ergx@;@ﬁ B@p@g@i@& @m%fb SRS WS Re or for
rafi eviee, she liguid being passed to a suitable sensor or micro
e R a8 B pla e R dye s,
argiferéd wronirthenivixtard sgiagtarminsreliitdionidstres fitEOsSRRAAHRN may be

R O e B e i

sensor or micro analytic vice.
OrSEpERSHEH S creliauiglinuid bepsabjastetheoohsther mepaf atiatpimieaRdibe
phiar gga(pgysﬂgmeasm : (MCLO igal device. Liguids optaine
mf omra first separation may E}Jgﬁrg&ceéd Iv%f\t}g furt ’e?ﬂi%f&%l%'%‘f?é%lﬁbﬁg?ﬁeg
‘e‘é%?%ﬂﬁig«?‘rgaﬁ%ﬁ o€ sptisheanrblinidomayrbe natigndonsegineithtionjon
sefiaaiibh|tpvidxHaGHAm %@%@%ﬁ%%ﬂ%ﬁ@%&@%‘%@d Xlgt(fc&%)device.

over a solid phase adsorbent, and the clean

S dA TR QUG P AT heeras o e masomings micr

filcomplebefarivatiospaatiouittexastian Wrduats %@X@%@O@&ym&erred to a

Sug%t%ble sgectroscoplc qewc%}r%i%sépby UV absorption spectroscopy to

etermine the Concentratoh ecific component. 30Reagents may be

addethrolisamphtcina Conrolies vepyrinionvixaese s a1 8 SIFRCUYASa0rther
A R ST B e
obfgineth&onr AKirst toraralivRQ0Y 06528 FRE THER2ONGURRA3 2F &, for example,
reaction, complex formation, precipitation or sedimentation, or liquid / liquid extraction.
For example, very polar material may be removed by passing over a soliél phase adsorbent,
and the cleaned-up liquid oxidised using a suitable reagent in a micro mixer.

Reaction, or complex formation, or liquid extraction products may be anaiysed bya
suitable spectroscopic device, 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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base number. Portions of additional liquids (reagents, solvents etc) .
can be stored on the sample plate or elsewhere in the equipment set.
Storing the additional portions of liquid on the sample plate helps to
WihAHISE83AY contain solvents and other reagents used in ana/ERIGEA6)7/000127
sample. For example, different plates fhay contain different liquids
required for specific analyses of specific samples, and thus different
analyses can be performed successively using a single portable
baébﬁéﬁé@?@s but different sample plates. In this way, only the specific liquid
requi i IS, J unt needed for that analysis
et e ] St ARl e
Pife spwisauithe gipareveghsS foresthm ptisibiobaiporiompédiqrid on the

saISIEBRIERIANE ARiMAIRd 'éié]g_igu?nif ARA6ITRR %c%))?t};}ugplrga%&l o ‘?e ri‘iganalysing

embodiment, this can be achieved by attaching to the samp & B 3

the sAalse EohexmmRlc Riffaantpistep sty servtiarjEudindiqaldesgsired for

SRS Rk fRENET FRRIRE SimANg, aﬂ@%@aiﬁ&maﬁrﬁ%t&aﬁ%&ﬁ%@ed

equipment set. Using an easily replaceable device such as a c
S%&E@%@Hﬁ%mﬁ%ﬁwaﬁawﬁmgwmwmmmmm In this way,
oPpiosseoiithiiniecsnawbesifiprensialy haniad of 6ROIRAERFHLRM for that

0.

an%c[)ntact with hg)aters or coolers in the portable analytical device), for
ex%%%pﬁ‘(gei P APATEHSw or to induce reaction or precipitation of

comfonenitiertin tine cenbbatlimenidaidond MaydaQR RIS WRSIS-Ad by other
mggrll\ée% |sxm|x?dg/v@e%saar%e luid such that on cooling wax is 20
precipitated. Which candfaedrshBRSRTSHOL RS Vxafip b dic plrgels on the

can
samplhptige(fon exarpledghtscatietnghe achibhedsarpie pinePee iR plate 2

i ion.m ontain one or.more_ sample .cells far spectroscopic o
S O BT B o e ene e
regipepngs gachpiel pedh vl bfoset pertouf bysthizaiglemieno sah alytingl aexdsiy Asplaceable

i FH] r R, Visible, UV) may b ed..
o L B s R T s,

surfaberpimeihedlaimaay heidiffoasabidesidios otbled (oweksidedmhct with
hdherp @t Siadinlion pa3seR Wﬁ'&@ﬁ%}]@iﬁ 8%1%%%% PIRRIRNS: 10

._into the detector, the sample cell being made of suitable transmittance
INARCERTATIORIAE REPAHIRIhehs qReasRie. oinsene srabedinet. wienetmay be
pradistlonbprssesiveBRoanicaliediby shaplesian aidheplae AdsyRiignat

2 C?a}{tit%lélar weh\:/elen th qr gver a range of wave lengths may be used to
PrECRI? S s c@&}% SEHAE Bt BeaHE bITsHBRN Y PP sastbres(fer
exAmpld hehsarapdeiptdte according to the invention may be made of plastic,
ceranﬂ% sqFIi%s% nietal or other u&able micro fabrication materials, or
e

mixtures thereot. The g eﬁgl (5 SR PR AR L B VR R AT B sample cells
forieppettizatopiefe opsisatmaly isaching fldid artiepasirsod icuti 60 ReHABM0 IO the
ing.t I n with. the liguid sample, or other
B e e T R LB et SRR ety
clegiremprensiniadistarbemusa By SHRpVEs BlecH W3 méinbeypleedStackseaitt of the

pIRROUCtSIRLEIMEWIACRRSRS IRRlyAeEolE rsy{ﬁ%ﬁeaferg}ggg R

Polymethylmethamylate (PMMA). The fluid plate may y micro
detapior sdhcotmidaRsT sidsdivigniatie Rdissitaprsatofomgptitienple cell,

fronotHe ingtiechl GRS ek SGOMPInANAR Jbeingl L OTRE SaiRMANt S8t Otance
’ the.g{eSﬂ;ut in entlﬁq mga&i be used far analysis of any desired
materials. ength (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.

e cell pat
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fluid, or a component or a reaction product of a fluid. Preferably it is used

for the analysis of fluids associated with the petroleum or petrochemical

industries, for example oil exploration, production, refining or marketing.

Wﬁu@?@%ﬁ%érbon fluids, exploration fluids, refinery feedstockL GEfrielgp7/000127

intermediates, products of refining such as fuels or 15lubricants, fluids

used as treatments for or additives to such fluids. Preferably, it is used for

analysis of a refinery feedstock, a refinery intermediate, or a product of a

refinebpepraapieslate acqordinsfiioeiyp forertiovkmapy dmaivos piketie, ceramic, glass,
RO B Rk DRANE A ARBIERLAHC A ARA SOOI SRR ol i

crude (syncrude), a biocomponent; an interm as 20a residu

selpciedmokdbotaBRme! Brarudearasihtirafients slanid rsbingcttistortion,

‘ dﬁiﬁfﬁf@ﬂ'kﬂ&ﬁoﬁ?ﬁf‘@t@h{ﬁg%@%515%@\%%’%@&%H%ﬂx%ﬂwﬂﬁn@le, or other

optionally also comprising (blended with) one or more of a synthetic Crude
TSP HIBORErt B s fdaT icaithe: arsmpaicaiarly sastaledor
hyefioMO BRI RAEAGHAGKAE BIeRK CINREREMd 2RVURGEE R SRMPIRocesses
) fé%%fhe present invention I|n assaqciation with a portable apparatus is

5d YRR TELPBr S Gkt ok %@W&Mﬁ%@éﬁﬁmy Baedhid
plstenme diaheadrepmitnd febeveriath refinaid QeaEs AR iHIL fhidr § TaBHEtion
overall refinery roce% which is subsequenfly used as a

Jomie piocess
SRR S PN RS R A OF S SR ORISR FatHREH process which is -
subsédijuenthipnsatisasef fhiebogski foesnitiar aasobslassdifor daepriponent desired

fuel or lubricant, or a fuel, for exal an aviation, gasoline, diesel or .
e o O R ST e G ot
opfluddmssoedritibmite thuitsethd et 20O ARFTOTIRNGTH G2 400 sHARPIE DT

inatj f a refinery feedstock or a groduct of a ..
o B A R AR e eon
fyishisrayingny festistenkiel rfinparigtrmpedisesherddadstotietininpsiunit 2s fuels or

nRleRRlINIRG SRV IR ARSI 9@&'18@@44%@%1?%%8@:?Jég&&%ﬁl] §t is used

making of the inventions claimed in our copending application
fonanplstie afagsliacry Jradsiertagprdinats intpretictmpretatadual cdouiefivery
pRtained using only these parameters. Thus, in this embodiment of the
equipment set of the present invention comprises one or more sample

plates-4eLoramhY iesdntoskvantibn AL SURsk SRR e Bdda Sishia s sfinery,
sfiok amalg@ﬂ'&ecb‘ﬂa@@ﬁﬂ@@{%ﬁ@d&?@&ﬁl@?@ﬁ@%&?&%@dﬁéﬁ?éﬁ M@?ﬁ%ﬁiaﬁé}i Quch as
apparatus comprising: a first analytical device for determination o
a Qg? ‘glcl)ell?ﬁga 6%%%%#&’0#3%#& ?8%5&%88%8 S SRATRS refinery
proceBssfenabily the refinery feedstock is a crude oil or blend of crude oils, optionally

O

also comprising (blended with) one or more of a synthetic crude component, a

biocomponent or an intermediate component, such as a residue component or a cracked

- stock component.

Where the sample plate of the present invention in association with a portable
apparatus is used for analysis of a product of 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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(b) at least one further analytical device associated with a database and
an algorithm and capable of measuring at least one physical or chemical
property of a refinery feedstock or a product of a refinery process; said
BEBHERT 9t being capable of determining at least the 15boilP@Tp@rn07/000127
profile, the total acid number (TAN), afd the density of a refinery
feedstock or product of a refinery process. The.analytical devices present
in the portable apparatus associated with a sample plate of the invention
canplstatddymmatbfabsiaateltt ssfthenpyebésinclherfaprodhssitaorsfinery process
Microfabricated devices are .devices jn which the crucial analytical part or
B R RS s R SR BT R
(‘e thinttedstyelantpsodhcpaniroadic ew etlspeeitummoraawsimels of sulphur
iGg: sl [ o] t 1 i est substance. This,. ..
o e AR IR Sy WAL A T S By Phicaion
meldisineA igsonthitihwes nobrpptheidtpsubeigneinriota ssyeciordhes plupieey using
oh IR D RAsHE: SO PR BRRNIES b GBI IRY 10,8,
_ rélational database containing 25 previous analytical measurements, an
INYAVEIEH AT IS ProNStEBTHIES ABUPID PAbwH dectrdingdyithel ipFeptiay iprassociation

me@s@%g@gﬁpg@f&%g@%@%ﬁ@? RPRHBIECHHGH SRR o AL G finery

extremely small and cheap, and are used to measure a single property. A
PGSR SH AR RAEFIN G WRPEEREed with appropriate associated electronics.

(EPH RIS SRV iEas 0 e ARG BSHERE BRI D HRISKBTRWBAL IRy

fegagt %&gre expensive, and may often be used 30 to measure more than

8%?’(9?051““‘[‘?@58%@’ BI6E%c8B%ding to the invention preferably

(mentains aideasiangsensaradniscpisiviest smbodinense PN YRRk and

the set of electronicg which would normally be 9 associated with th
A PR R h T S A SO ORFAPRACAEIHPE Tedstock or &
prrindtiethseafhdiyairincnsaaiie aapsenbetdrins condectddswiiminaisatiedst the
actronics. In.this,way, the.rather larger and e expensive set.of
B e R R B mgson
oiprodatediwitbfimenesampie plate which may, as 5described above, be

di e S ' I ' le cell,.th
N D S T A e

Pinisioéithg ngraioscErsatiablacnisariebrisairbandoarstibnithdpfrtaibd sensors.
MABRIHIR ARV ces ald e SRBNIE RIALE MAYEORIRINTAME PAP PR RERFYF the

and/or sample cell, and each such sensor and/or samiple cell is preferably

deie dsrtigeitd AuBersShBitRTr SBtSERDWIE thrirismardisr isgusto s fech part
pRIdApEICa kpaANEIoMEeanp o cRIas ¢l AR e kied A MCRntact with a test
substance. This spectrum or simple electrical signal is fed to an associated set of
electronics which converts the input signal into a value for the property being measured,
using chemometric techniques, i.e. the input is fed to a relational database containing
previous analytical measurements, and an algorithm correlates the input to provide the
required property or properties. In general, sensors produce a simple electrical signal, are .
extremely small and cheap, and are used to measure 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 erhbodiment of the invention, the set of electronics which would normally be
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device. Such sensors and/or sample cells are chosen to be appropriate to

the fluid to be analysed, and the properties desired to be measured. A

number of sensors or sample cells may be located together to form an

gr?a@??f(’oséﬁ%rs or sample cells. A sample of the fluid to be an&lys&B®07/000127

provided to each sensor and/or sampl3 cell or to an array of sensors or 15

sample cells by means of appropriate fluidic channels present in the

sample plate. When the sample plate according to the invention is
ashueagddvith theesindiie eivalysisotirefinenbieeastoeks asnreetsmehas are

j 0 sensqrs and/or sample cells may he included which -
P Iéqnf%efg the fﬁr}%%;fsﬁ rement %?‘8%%{%?% O:nél% RIS m&’aﬁ}‘ébf*@tﬁﬁﬁgﬁ%’é?ﬁ' In
thigsveroidioy, retberdngea puttable enmiysiecappafalastmeiotionethwea\er eltiple

rstanaly . erminaton of the. boiing it rofie may b
CENEDle o e e DAt A e CrAE): SEEBIBUAA .
detralbrslinkgysoibr Prafieable Bmgasbitablbesoimydesbineodiin s dasddbel, the
sERBRIRBHEBAp R RIRIE 0 A SUlaRIe RS comprsin ¢

nown cru S. By Vi

ata of
nc&ucﬁrgg any
known samples, such as of e ol IS means, very rapl ;

asgppiffedselenirprioss tapYin depated dnibarnsutablethrtelditianddvicethods, which
requinghe:RHIto PRy IcalRERAAIRLIBIR @é@%ﬁ?&%‘&/‘bﬂ%ﬁn{*@%&{? d each
lling profile (TBP) of a

_apalytical device preferably determines the true bo

Suely TP ROt B GSbis e iSrab e Anwsigrd caib aTieersispoding st alf

eletamea'ﬁaawée@em@@é@gi@erfagm&i)a&lﬂﬁf@@ﬁ&’é%ﬂ%@ﬂeﬁ%ﬁi&% &i}@m&a&namcai

4 microgl Sé)ectrome r, (iii) @ micro-oscillator device and (iv) a micro GC.
THEs Hlﬁ:%n e&ﬂfﬁﬁ@@ﬂé@%ﬁﬁ&ﬁ%%ﬁé@ﬁ%&m aPRonEatae e fluid to be
arplesehtinithe prpaflesaimnsdtissaaribaesirod ReEIaNERO S SAMPIE cells

m | tg pgg{gg df rus{e ;Ni'[h that a pafratus. The apparatus also comprises
at [eastoie R8P aRaRfitar dEHES! RSPEEafpfatTeipds. A sample of the fluid
to2R0MBDBET WHCTIHEA B2 B8RP intilbmaaEREIUa oI bk ARHAOS TBNors or
e[ ice for measuri nsjty is an oscillating sensor, and a
° dgv%ceg}%ybrzé%a%sz{&ﬁﬁg ?Rﬁ?gl%%r}gl’éqf ?océ%gﬁﬁ%ﬁrgéﬂ%?. ARIGRIBIGal When
m@ém@mwmgn@amdmmmmmmfmgamm@wm Bt refinery
febiRlig 2R RiicIaRb. GaRAkie Qb determining the TBP, in addition to one .
or more further prope?ties. Sée égg”r%ipglperfst rg ?ﬁg{oarﬁgpyﬁ@a eﬁé\%’é’ eal}?cmded
whishheanble thrsmraabremeviad dantits. sesmsthachitical desstieutivaysbehas acidity,
eténicro-NW spectrometer. Thus, in a preferred embodiment, the equipment
set of the present invention includes a portable apparatus comprising two

or moPet BRERRsR A FeLABPAGRE mamiigted Phievee die i crlyiionh device for
dewicienalisilafion deuieg, p it SOy BaSRRCHRmBLSST FONGIE OO HR Y int

dﬁ/ic and a micro-GC. A por a§1|e apparatus containing at’least oneof a

P G RIS P EAGRRR Y & ’ﬁ}figr 1R i ipe pRBH Riefln b ryes setmblesoftware or

mdéalices alescabaisb S suely 2169 itHesidcosinimandadtiienalaselialing, of

Kt sg&rgngsagu%i?ctro emical senspr; alternatively or in addition, an
ogg?llatln% Sensor 3?’18for 8%%%3‘8% & rﬁ?cgysé’ﬁ%@reﬁ?ﬁy‘ﬁ@’ CORIE Ay s gan be

obgaingslénptatenwrisenusill indisisnciatiethaiithvihizlerafyticahappasasephysically

separated into its components. The first analytical device preferably determines the true

‘boiling profile (TBP) of a refinery feedstock or a product of a refinery process. The first

‘analytical 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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15Typically, the equipment set comprising a sample plate in association

with a portable apparatus, contains two, three or more devices selected

from micro-distifiation, micro-NIR, micro-oscillator and micro-GC devices,

%%é?ﬂ@?%?ﬁ? one or more sensors. Such an equipment set ca®plGGBRIE /000127

significant quantity of the analysis dat® required for a refinery feedstock

assay or analysis of a product of a refinery process, In addition, the

equipment set may comprise a number of additional analytical devices to
mastehngidefusitiyemdquiFédNp Brtntiblyof deeibeifdienbesanadysaitols an oscillating

' t d f fi . F
e T B Ok, Tt
deyieperey. if Aesizgshalsorhe capabtianigetaayibmg ny ballimplenas hefiesatts

ssscheo Zrth ties af a refi :
o0 S o A 8 SR BSOS Mg e

Ferereamiie thedigirnioiond dsuikagpnibe profiteo-dintilayiamdeTan witl beecond
a@%mé@mmg%@a%wm Bpainakide total base number (TBN),
co

flow properties (such as pour point, freezing point and cloud point),

viscosHys-ik adarERreR ERRoNImeNs e RONPIMBI SR OE tin e Isemiar ention
iR : SSIRABR APPARALIDRKBRYUNEUF O 3OMIBRSOLSIAMN,, analytical

Index (?ﬁMCI) refractive index, conductivity, sulphur content (including
O RS RE R R T AP R R e S ASRISF L OVHp SDFRIEYmS g gemicro-
osomentdsitiehebpieiraGrRdupbEe AR eOraRinAIANS: 13866k of a micro-
rably the eqal{?if)r%?lgljlget contains at least one_additional device for

Prefe, y ‘
e, §'Bné SH RS PR P ARLCQRRF RIS TRSS FRdetptcse GC
ey sbfesisdnaoraincanbidifvauided Rither efaHnaf dheisaropieRiate sensor;

r as.pafrt of the portable a tus. For example, an additional device for
o O S e P e A S SpE RéGe
c@@ivgitiia Hsainpderplss specuchitessaristion anitadbitiandyievigspiattus.

determini [ ] rovided. Suitable devices for .,
detorm S O ot B o SO it o
pex#de enpiperpeeatetdeyibes (e gofordgvidiy yelmitrd flosotagicalistillation,

nfGYISER (Srek IR MiSERsuhARd RiGke: %@Qég,%%g{ﬁeq VBEESSHER A% Iglegﬁ’ors.

ion mobility/differential mobility, 10acousto-optical, acoustic, UV-Vis an

SHAfED RAHRBHHISIH SR ROY IR A grifsaricprntipielibrimglysis data required for a
rdfliferg-ReaskesiivituRRAENARGS HaVEESueIs e f&ﬁ@%@&é&é&%}/ices, and
S

acoui%(l) E{]chgal devices are all available in the form of Sensors and can be
diiandn

inclu O A0 SATIPER STh RSP BYS LS SO MR additinms) apaltical
dthizdnventianaon fstiherpegiahie popatayuss Bample eebs fRkyseINMY dB¥nple a
ectr?s%o%&d%v}lge may be |pcated either on the 15sample Plate orin
s Sﬁ)léegorefg PSRBT ARATER 4E g’ﬁﬁ%’rﬁéogﬁn%%éd%% ha ape figkice may
bailysisian tieataennieawamglgprekopdion-Theughsel ¢atuhganseduay be very

! he analysed.or treated sample angﬁ%msequently transferred
V%)%a?qlot ag(gl 85? %%%/hggnsg?n%sleegé?a?g or turther ahandis. A flow-through cell

can aﬁsmb%r peepkvidees a M’wmbefm;c&mmgedpmﬂddﬂﬁ ehafigeg pasogde which it
RO ESfunG rdg{%?ﬁ%?é]ﬁxoz{d%ﬂ%}ﬁ%sthg 304 x&gr%vlt:)la%_: é%%ﬁbe ClS ity and TAN will

20minimised the quantities of sample and ot S such as solvents or

beeageinsienardrelrandiredcebtmaningysss otbenpenionbed TEH atobl flow

polRIMiSeSueag %@GPEYoQ{t,Sﬁ@éEiﬁgf%SHﬁﬁ AN SRR AR ) PRERIHIE - Octane
dls%osal after the analysis is complete. . i '

Number (RON), Motor 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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Waste fluids, for example sample fluids treated with other reagents and

after their analysis, can be transferred to and collected in a waste

reservoir, which may be separate 25from the portable apparatus, or which
W%{f@é’/&q?&"ﬁy associated with the portable apparatus or the sB&ieB2007/000127
plate. - The equipment set of the inv&ntion enables the determination of

for example (i) specific volatile components, for example contaminants, in

a feedstock or product, e.g. mercaptans, methanol, organo chloride, (ii)
C%Wéj% i@étmm%WIMyquﬁndﬁtMWt@fgﬁ}d éﬂ;tﬂese propertiesg and
; f ' int via ition of non-
1f‘fﬁé"éﬁ?%f?ﬁ%‘géﬂ%§§&‘}%%§o%@§é%%§#”§é‘§§#€§am% SR AT Pl ol

P s precbihsieeTipblnekrssive Foadditopiconlingihodhzeivaton of
dE\{%ﬂﬂﬁg%ﬂ'ﬁﬁr %rﬂé{@, ?&%?J%Z 9&171%?0%%?%%9%?]99 %tg fzil' rzni% ('gi and a

means, (V) thiophenie, sulphur via oxidation to sulphones, for example
DR grass Sheaersisyctitdraamaiditinpa deviteeodeiesepanatioatdrcontent, may
bextagien of polar sulphones which may then be speciated; (vi) bromine
number, TAN and total base number. As mentioned above, a portable

appa Hiablxdgsisensetdessounatioapfisad frresauenmtonitken isghMdenicro
c@mmmﬁwwmitmmmmm.m&@m@%ﬁﬁ@ﬁ&%iﬂ@&?&é@ﬁ%&%. [ for
RS AR P BB B R6ro R ARON Evceiocs oA i Ergmmigt mobi

uid, ' e d8lée® e mobulity,

a?wmmptidah‘@oﬁxﬁiqgewwwaﬁﬁwgﬂhﬂ Hﬁ.@cﬁ@ﬁ@bﬁféﬁi{@; . RTE;MI@HQ naphthenic

. a option one or mare additiona pr,opertles Ol a refinery
S R S P oo P B RGP b agpusco-
opticaledestives auilribapoeildbprdfilthedonsity andtAMdans BpiRtlaly0BsiRall
pifgiE-AddoNRLBIORE R Ol ana. ol mee fraghons ot the efinery o

feedstock or prod‘&ct Gf & retinery process, ¢ ITYRPRIGR Q5fihg portable
ApRHEEHintenpitheebsdoe nsirwishdon pontidesopio devigrment SelABPERIRG on the

s&??é'b%@e@%@@é%@é%@e inveRtion in.association with a portable
apparatus for analysis (;:?p g%%ﬁﬂi-cg%%r?gﬁts foi ,eslgi%ng%%nagr% (& @ result of an

a%%ﬁ%ﬁr&ﬁ AGUpsTBircEste aeltisdlenvitish seParmtionuwtdheuch that the
afBlEC QM PRI AL 05D VA MsPARE P IRORERS 180 ther ‘part of the sample
plate for further analysis. A flow-through cell can also be used where a sample is changed,
and the changed sample requires further treatment or analysis. Use of flow-through cells
minimised the quantities of sample and other liquids such as solvents or reagents that are
required for the analyses to be performed, and also minimises the quantity of sample fluids
and additional liquids that require disposal after the analysis is complete.

Waste fluids, for example sample fluids treated with other reagents and after their
analysis, can be transferred to and collected in a waste reservoir, which may be separate
from the portable apparatus, or which may be directly associated with the portable
apparatus or the sample plate.

The equipment set of the invention enables the determination of for example (i)
specific volatile components, for example contaminants, in a feedstock or product, e.g.
mercaptans, methanol, organo chioride, (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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(B) two or more analytical devices for determination of two or more

physical and/or chemical properties of one or more of the components.

[0A preferred example of this embodiment of the invention provides an

‘évt?u MERYE{ comprising a sample plgte according to the inverffeH @$2007/000127
association with a portable apparatus for analysis of a refmery feedstock

or a product of a refinery process, said, apparatus comprising: (A) a
micro-separation drwiee, capable of determination of the boiling point

onielimenms, forirrririesuinbek e axidetive tosulphoinesiyfprowwny|dasing a
sulRBR AtigR R iiheRINGIH fe oRPORK L5 PEASHICE A arréﬁ!zwow&?fvﬁé&} @@Pmn@s

g/_vo or more fractions, and (B) two or more further analytical devices
w

ISt PhBEB R OTREEREE; SYid braming Bretsr Moy ardrstnidwsemsmber. |n
this embnetimseb ibsvalisirRepR AR AVIsaRVidesRRRARHANREING

- fluid 30 intp_ at least two components, and said components can then be

SRR R ArB B FrBE AR RS AR HReITETHiQs TR RS ey, tohdetermine

prajierdes epanatinhdayiendrA Kisithadis: prayieal SRUMER MM MWiRituents of the
ﬂ&i 07/Q85797PCT/C 20417/0 0127 13 analytical apparatus of the present
A EHITET. FRECREAIIRS PhiChS Searaderriey syt ahdhs fhtido ks snamie, it may

beteadid coanehaurmiosiitlp puiatageibiddeiticen s TN SRl BitIh BT, SOk &ze
iquid chromatography).devi r a micro size exclusion chromatograph
R O TR o T S ke, R RESGr ) gl o
it peay priseestunitastrabaliiigapaevisefiprefensinyatar T4y mid aiciomiihene or
|[TpToRsle] i referably of the TBP, in ition. to two or mare .
D S S o e e s e ot of
a fﬁﬁ_‘ﬁﬁbﬂMQSPOne_or more fu_rther analytic_:al devices may als_o be provided
whichrgart ﬂ%@xﬂﬁi@?&(ﬂ&ﬁ%ﬂ&ﬁ% éké' &%Eq{t?oga%tlgpdgp%’efoﬁi ment set
example the Fe-fractionated refinery feedstock or prgoﬁJct of a re?lngry
CORBESHE 2 Syt rnmecardingiorths ipsrittoriniessodatioy Wislaa portable
aﬁﬁ&@&ﬁx@fﬁ%iﬂﬁm@m@ﬂ%m%ﬁ%&%@nﬁrﬁ&iﬁ[‘?&ﬁ&?ﬂaﬂ%ﬂ&%a&iﬁ% zcond
%nalytlcal device may be a micro-NIR spectrometer, The micro-NIR may
(“h FUSEP-FEPETAMRAIEY (S G PaA M aE s viirruinpersms fluidiatodng or more
comipomRties aadone or more of the fractions obtained from the micro-

et;a}aration devicle .and, optionally, also.in the total refinery feedstock or
( e q‘h%f gxro e analytical devices for determination of two or more physical and/or

chemical properties of one or more of the components.

A preferred example of this embodiment of the invention provides an equipment set
comprising a sample plate according to the invention in association with a portable
apparatus for analysis of a refinery feedstock or a product of a refinery process, said.
apparatus comprising:

(A) a micro-separation device, capable of determination of the boiling point profile of a
refinery feedstock or a product of a refinery pfocess, for separation of the refinery
feedstock 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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15refinery process. Alternatively, or in addition, the further analytical
devices may also comprise a number of other analytical devices, as
described above, to ascertain further required properties of the total
%ﬂﬁ&?'{/ 8d5tock or product of a refinery process and/or of th&$rHEF3ALT/000127
20Preferably the portable apparatus uSed in association with a sample
_ plate according to the present invention is hand-held, suitably having a
total weight of less than 5 kg, such as 2kg or less. The use of an
anakjiiprheppaseia of dediptp tenthieventisen Sintsbhtimicrequees dotydavitaalhclude a

TIETpte in t f a.refinery process (hereinafter .
S OO A I U
Ladliguich phaomegmgpiod i vissotmm ito0sive, suobiras thrmhaiofesshpdevice.

prefeﬁﬁ@%@ﬁ@lf&ﬁ/]%%We%%?mﬁ%?qg%gﬁﬁ@hE;af?f Lg{gfvjrise said K

the analysis can be performed in a signific shorter t

finsp Analptiseldeairsnrieleastiin fs detsvamiion i ihgdollinggmynt profile, preferably
of tMPIEBIYY iANRABHHIPINENS SeLAREHLIRG LR %i@é@,sﬁf%tfélﬁmgtﬁptﬂé IleS ination

an analysis in less than two hours, and preferably provides an analysis in

of desifnpndd hotdae SaeHons. $s s saamsdhenirabyion) Wericpy asmnelse be

provifietdisiliation deyieena s e RRY SHtaie dRYIEE MG EARPeHWISEHhIe the
to distil the sample, for example to give fractions similar to those achieved
PIS AR R Fﬁ%ﬁé}’g Eﬁ?&ﬁ@é?%&féﬁﬁ?ré?@ﬁ‘@%ﬁﬂﬁ%tillaﬂon device

may Histibeopldaioicaihepiafingridaed siockde aivedacionssinialcowhich
ist 9se chiaived P%( conventional refiner)é{?is illation in a crude distillation
RS Rk et e e s
speetripRatem iilﬁshﬁgzmnfﬁ?mﬁgateufe&,\tapeﬁﬁﬂmehhs gaxfl ﬂ&af\xéﬁ r(?:r@{ﬂ@@rnomts
yitahle channel. for example a capillayy, throu Ich the |
Of\?%%uc?ﬁ%es é%s%?ﬁ% ea%%tsslshe%?%?rar%cgﬁ 32%?%%% g?sogﬁagﬁﬁvﬂvgﬁ%mfﬁﬁ id
seprusimngivscachidyventitnady riso outhenvebrifia}ra fasitatoltk oo RASHRING a
reﬁ%@f‘y@‘@é@?é!y a cooled zone, such as a micro-refrigerator) on which
vaporised sample that has passed up the channel condenses, and a

microASEReBP R s ndditierc Srdrbationabitsahsteiestivecolsdensipgse
mARB&: KRnED RIAIASA MR DAY R AR RO e IS QL L8 @Rﬁértgeﬁuired

micro-distillation device is a micro- fabricated separation device, f

Prapetipie! She dosh eafnprarbredstre kit msaditiipfiro Feliasicaraesshand/or of the

fraligpasable. Where the micro-distillation device provides a series of
achieved by conventional distillation, then these

fractigns, similar to tho ) ON¢ ,
actiORS B3 4 R SPGB AS1of ATRASHER AfichPEivleadate according
to the present invention is hand-held, suitably having a total weight of less than 5 kg, such
as 2kg or less. The use of an equipment set according to the present invention requires
only a small quantity of refinery feedstock or product of a refinery process (hereinafter the
refinery feedstock or product of a refinery process may be referred to as “sample”),
typically less than 100ml, such as 10 m! 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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15A micro-oscillator device, when present, is preferably an acoustic

optical device or sensor, Micro-oscillator devices are based on

measurement of the frequency of oscillation of the device, which changes

WRHRHEE B material on the oscillator. Thus, if material evaporstasas2007/000127

condenses on the device, the frequent¥y changes. As well as information

on boiling point profile, acoustic optical devices may provide information

on viscosity, cold 20flow properties, volatile contaminants and deposits
CqBYRIAeEAl Gelidienmitoesaninlechs axiswedistilietidn d46ia66AP 3B HNOcHGe ol
onSBdFefinery MALEN &b&ﬁ&%ﬁﬁﬁ%ﬂ#ﬂ@}’% ‘h%%ee:gbﬂ%v%%)rgn &I)e vEhtional
regiiré)fiwde_ information on boiling point profile and to give a Simulate

Trfistliatiom inyg e iatovigait (EIPtatiBinconi crerdiitiiltidradevisatmay
alo$ BAUIKHEGS ARehIQEIPASRCOLMRRLHD Q}ﬁﬁm&&%ﬁrg@%ﬁ@@é Bnple

fractions gbtained from a suitable separation step, suc

(G RicydnSat BN RhaanbHor srplecbramibwpripersbsykigblitas aporised

sathplichpoisd, and Forkiog Rl GiHITANREBEACRACRNE NIMRBS (2
Cglll?nQNzl Moto(;ﬁo.ctine Number (MON), cetane number and smoke point
ALY S1SBE IRELEN R e prudeRe PR faRisaly menslrd arag sudinas 2

midiRreARErAoglyserpichdvigrdily Axspr Tirehnologies PFihe3bhannel condenses,
argggssgggygetts.tMicro-GC When(%resent, may provide a simulated
‘ ISHTAOr G Ve At SRS RS, SRR iR oA B ik s Fadensiaggone. The
m@@@@b@dmcabbmn&;ﬁuﬁbk;ﬂﬁsﬁﬂi@ﬁiﬁ?l}/yﬁe miclroadisti_llation device is a micro-
. PCT/GB2007/0 0127 15 deyices include Siemens_ . | )
aMlc%zr%ZS%%%glggs&s—é&I&qé%gF BPE R POt RHRSTog & c e migrpqdisiiiiation device
maydisiidipetferen Tehenobititn specticitheion devir presidst, aRayde et iths
iRrevidedpformati lecules in the sample, for.example
 contaminants Slu%)#(gsg %ﬂ%ﬁ%@ﬁ%ﬁa%gts{%ar%r%%tﬁlgr%ﬁégg %Xfeﬁ?g\%g%h‘?c?é@y%d
bY:pRe SrIBgENTEhes GuRIEICRLdtVEIesS Micro-ion mobility/differential mobility
speclommeie.ReiRle withe Mo AUBV e, AR e, enanced Alionen ...
and sulphur analysis. Micro-ion mobility/differentia (%Llﬁty spec? ometry
"R BeSifrpreiniiHar daéernpindaen amanersoo! slibatitequiomy-dbnscillation
offtiehiititdifierentiahmebilRiERRLEINAIRIS INCHAR H&%ﬂ%‘e&?ﬂﬂ@iﬁ%&? 1
The present inyention has the advantage that, due to their relatively smaf1
¢vapordtes or condenses on the device, the frequency changes. As well as information on

boiling point profile, acoustic optical devices may provide information on viscosity, cold

flow properties, volaﬁile contaminants and deposits formation. Suitable micro-oscillators

- are described in US 5661233 and US 5827952,

Micro-NIR, when present, may be used, for example, to provide information on
boiling point profile and to give a simulated distillation curve, as well as to provide
information on density and amounts of saturates and’ aromatics, or water, in the sample as a
whole and/or in fractions obtained from a suitable separation step, such as a micro-
distillation device. Sulphur and/or cold flow properties, such as cloud point and freezing
point, acidity (TAN), Research Octane Number (RON), Motor Octane Number (MON),
cetane number and smoke point may also be measured. Suitable micro-NIR analysers
include the Axsun NIR-APS Analyser produced by Axsun Technologies Inc.,
Massachusetts. ’

Micro-GC, when preéent, may provide a simulated distillation curve and can

provide hydrocarbon speciation, such as of C;-Co hydrocarbons. Suitable micro-GC
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10 individual sizes and sample requirements, a number of different
analytical devices may be arranged in a single equipment set. A sample
late together with an associated portable apparatus preferably includes

@tqéggs%%ﬁﬁ??ﬁerent analytical devices, at least one of which mayG&@B#Me7/000127

form of a sensor located on the sampfé plate, or which may include a

sample cell located -on the sample plate. Preferably at least 5 different

analytical devices, such as 15at least 10 different analytical devices, are
dewigeraaludrdvisnteas AdieIoSAM propetie bf ar SIIR M dor toflirabtion & 6Fs.

reacti ' d providing a significant

o I ARl D B B o woea
oy REdie i fawioarnpaier Belervicrin dhapamplip foe nraapkouardnipaots such as

ofhaRraseRtER\GHon AN, e jrken iheR0 'ﬁ&ﬁﬂﬁpogéﬁ*}‘srﬁg&ﬂt?srt@n%ﬂxer,

analysed, and a rapid analysis_of the sample obtained. For example, tor
MO AeREIY @f(%g%fgw RRPUH BRaEFORRIY sewded Yoiraméuatrolyser, can
grapidhassessmently alpiiopet erdRiolMlerexARIGi PR AisruesAll IAEE

or in a land-hased crude oll storage tank, or at an oil exploration drilling or
SO RIEN 1S PSS RRLARE Bl V8 R A oL A amiso o lvitrltlp tridiasian
misbbityidiifdynaiat ertained spdoaomiabexpietationslslngsipivmay be
usedﬁ'gthe "W%Il-heag" 0 thg}dri lin siteé%%provide rapid analysis of a
crudel B, FSPLAISIEIAR Bro e e e eRTe R D ropbne wrall
inclivitalibaeades sanghl ehawirgrevalusiionef-saidiclues ailalyticBelerite ghy be
ativel all size of the components of the equipment set of the
o I SRR O S TS eshoe el sonieaavte
aphardinuipeienbbetrBiidrayideasps fattedeirbanysicish bbe ibattatYeiat bastefyvhich
: lyar ery, without the battery requirements
e B S i T e
cablypatsbruiie caresleny /Bodualy 6thveftialiffidiategaipicendsates, such as

a@@ﬁ@@f@%@éxﬁ@&ﬂ%&ﬁpﬁe‘:f?%@,l%r@’lﬁblﬂgé%l%%‘?ﬁl DHRIGRLONS, SYERias o 4

a wireless mesh network, and more preferably, with Ffemote

SR oL RSO Oa AaciserPrrdugirthasepRdedba assceminadu Ashpimviding a
sighitARabiiRnanaivais res s yoRY ReeAMMCUPIMRISAIEN dAiDBase model as

d%o%gjntﬁ: pggrc%a er, again reducing the time- 5scale on which the analysis
KPR P& the potential purchaser.  Especially where suitable

microttieyjeasquepnrhaveoladthe 0 qHINMARESRIBEEORURILO H18n to the
T e
epuRay, Kuoredeeilcn{iRE ) spegiriscomanand haserd astias Breakaown rapid
as‘?&?ﬁféﬂ%%tﬂm? g@r'%lodérg%?}l& %@{%n;}p ergr? gtchn?fleac%? (a/tiker or in a land-based
crude oil storage tank, or at an oil exploration drilling or production site, allowing the
value of the crude oil to a potential purchaser to be quickly ascertained. At an oil
exploration drilling site, it may be used at the “well-head” on the drilling site to provide
rapid analysis of a crude oil, for example, to provide rapid feedback of the properties of a

crude oil at a test well allowing 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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XRF, for example, can provide analysis of sulphur and metals content of a
sample, for example of crude oil fractions. Suitable, portable, XRF

analysers include those available from OXFORD instruments Generally, a
‘évé%ﬁé?é’ B3 according to the present invention in association Kt @B2007/000127
15portable apparatus, optionally in combination with any other analysers,

will generate data in respect of at least 10 key properties of the sample to

be analysed, such as at least 20 key properties. For crude oil assay, for

exampRECTRRNCtS Sruiama ot Gomatdsaatanis rdpus compsiblnith oritelass
chierianivesbiassdesesibeddehendialauinihe maigiie Afdheaksy RePaitits.

measuyred in a conventional cryde oil assay, which include the boilin )
OB BB R SRS AR A S T ARBTUERPHiR 5B e analysis
refsilishiag powadllintansheititepaintle oEASILY pakdphid: GRAIBRbIRLIAY B time-
c?ntent nﬁi% | content, vanadiu%l&%gnten and compinations thereof of the
SR QPuwhieh U ARSPS YA ST A aRlG 0 RIFEBHABHIERRSH. required for
assayEsfeeihky relfisrennfeblisiticks-devices aFbacnnabibibldata ehianashimay
directly geperate sufficient analysis data,.for 95example assay data fqr. the
ST SRR B SO R MRS Ry R i Wt AREA iy
arpdyeersaprotidulaal jrtbosd yialSirigadilendatalodste, swotek pypiddbyxaiaod@liorescence
i ' ta-obtained from analysis of a lar ber of
SR ML A AR S S S e e e
b’i%@ﬁhr@%ﬂmy be enhanced via input to a crude oil assay database model
deriv 0 ' | (s .of umber of
ot e b T e o] R A MRS By HE e CUTATE P sapte
foyeswamnte alandecil drstipwsituitablovperiebididdit engdisitainciiute those

aepbsigehanredat fow.a,tefinery process, the data may be WO
20071085797PCT/GB2007/000127 17 enhanced via input to a suitable

datab 3§t SRk platnrccproperb e arrrent ForPRtARipsIsserintiwith a

pétaBReBh il aieHANA RN RIS withAS PSRN eWNETR HeBerate data
. analysis qgat:il obti}?:ged is data from a multivariate analytical technique,
RS ‘fgfs%oaafa%g%%S&ﬁmﬁfs@&swﬁm@%@%f@%ﬁféﬁ%ﬁ 20 key

ptopartieedf cemidinaliassaf, Koo wnmplt) vhasiats arakdibpl slatadeds@ieh in respect of,
database, such.as described.in W, /48759. Because of the rapid

o e e S M R ho rine bR B R Rghe ke

Prpalyise sicasuizel abtaineveniore bitedearitiAssayawhieluethifer ihededtiag point
RRMisaQN. Lol éﬂmmﬁb ipment.set may be used at a refiner.

Parid r’egulgﬁ 163ar}a yses car%pbegeéte%r;’o?crﬁg on Bﬁgﬁe sl%sf%élﬁﬁgrs our p01¥n: and

clratReTEisVistRtitacsBiphidr orteridriigsprodistschifieir o) vapadium content

AP UEEARAYRIR R &b eHe iR Dl sﬂ%@&%@ﬂgﬁcﬁﬂr}ﬁ%ﬁfi gﬂrﬁiépgroperﬁes

refinery for the blend. Further the equipment set may be used to veri
AREJeIEEEA O a5eps 0h ot refinsayfedsacks: arrival at a refinery or blending

statiomiNeH{ar May-ReYERREIHRIP ViRE A JNR Af ARG JRIGIINBRIEN. Ok
e:fcgren%?éoa%léa%uciaaltléyfc?rn’c%epé?u%eerg{l being 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 a 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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15data for input to blending and process refinery optimisation models.
Where the equipment set of the present invention is used at the
%i " on a drilling site, a number of sets may be operated at

erent ?l heads which use a common transport mechanisrh fgfFB2007/000127
example a common pipeline, to prowgz analysis of the crude oil from each
well, Analysis of the individual crude oils and appropriate scheduling may
allow 20 more optimum composition of the final crude oil blend. In

endgBredryin {npuh Entetiipbin i brsh e edghiel she mrodvelimeopertigiderizad§om
arflipii0654atbe hndividudlsrlpe @ttm\oaﬁ@ﬂ MmedeRrde used to predict the

effects on the produced crude oll blend, or influence the blendin

maintai R CERLE RSAH DAY B BHa-RPiaRe 45t fer ﬂf@‘ﬁﬂ!ﬁ&%nt
mmyﬂmsaqﬁ@q@nmlammmwmmy%a%é@i@& BOMPROGRSS,

aratug,ma sed to check consistency and quality of the
OB A AL G A B FIBRAL SPRAS ot i dtabase,
suplanisithenbse hre®/ @tofrals7pdending terminals or in fuel-containing Tanks,

potrol EATEh oL LU TR H Yo o e A LA AR B P gBeent

inyeovickesieainethoch for antalysisnofra c’zﬁélm ui;dﬁﬁefﬁtabdzyuaetefm eegcess

refiner rmedlate ct of efinery process
o B b e e R AR
anhlyses eartibe fer g s atidr enith o p@xmabléea[iﬁaw&msm pskeodslyf crude oils,
pEERELReont By ortHGLIHON X anﬁf?? SO B0 R AL 05 A

with one or more er porta ers, commu IC&tIOI’] 0)

coiiymE op i tketee Bnsoyanti m%ﬂmgeﬁfmdl@mqummmmmm@ used to verify
caRhsisy RiRrRaiongRirpat Wil aalanase AT}QHS&?SOP iU station and/or

described. The invention is further illustrated by the accompanyirig

gy Rervasit ta iR omlineienatEige @@m&#mg%f@qmp@c ambty and property
dasqeraipgde hedaventieiroce i/ ipatiales Ahanalytical apparatus

adapted for use with the sample plate of Figure 1, 10F|gure 3is a flow

sheet CHENG BOUTDESEYSCaARIE PLeRem ABTE B Beinysed Hdbrotabyhsad” on a
delinpmient Wa&m@@pm@aﬁ@@ﬁf&m kel IRGRRRMAE common

nalg I%cal ara s of Fi re 2; .
transport mech s r exam e a common pipeline, to provide analysis of the crude oil
from each well. Analysis of the individual crude oils and appropriate scheduling may allow

more optimum composition of the final crude oil blend. In addition, by repeated analysis of

_ the crude oils from different well-heads, changes in the individual crude oils with time can

be used to predict the effects on the produced crude oil blend, or influence the blending to
maintain a constant guality crude oil blend.

Similarly, where the equipment set is used for analysis of a product obtainable from
a refinery process, the apparatus may be used to check consistency and quality of the
product at the refinery, or at subsequent locations, such as at chemical plants themselves, 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 sample plate according to the

invention in association with a portable apparatus as previously described.
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Figure 4 illustrates a further sample plate according to the invention;

Figure 5 illustrates an equipment set comprising the sample plate of

F; ure 4 in 15association with an appropriate analytical apparatus.
&g‘épﬂ%ﬁﬁ@% to Figure 1, a sample plate illustrated generally & 1/GB2007/000127
comprises a receiver 2 for a fluid to béganalysed, in this case crude oil, A

first fluidic channel 3 transfers crude oil from receiver 2 to a gear pump 4,

by which the oil may be metered. The crude oil stream is then sent to a

first nifEFHIOE BAALI compbiss tielein (idhmfiid with 20creztiore Giiret
pantbBesaRd S eamsAnandidn %Fﬁ&ééf@?g{ns%%%&%&o%%t@ﬁﬁﬁ $RRGSser, and/or

%ﬁgeration vice 8 and thence to an inlet 9 for a micro gas _
CERPHRLLS %ﬁﬁ%&%?@@%ﬁ&%ﬁé@m‘eﬁ Bilbse datrbeseourielmians ey
ddsrisbéch controls the flow permitting the creation of third and fourth

streams 11 and 12. Third stream 11 is passed to an acidity sensor 13,
while {B0 oY LS %?ﬁ@%é@%%%%’%&m BRempany g schevgprewings, in

whkdpectrometer, The sample plate of Figure 1 is adapted to be used

with a.portaple apparatus illustrated schematically in Figure 2. The

porta%%waes&ﬁg?% %ﬁ&ﬁ?fﬁ%fﬁé’?gﬁvﬁiﬁ@%mﬁh‘éé%@‘%ﬁ% pump driver

21 adégted 2dldsiretth enminaly ieapdaodtbsguptld RIEIR/AME GE\RSRAL plate of
F ge 3 to operate the valves 5 and 10 of Figure 1; a micro gas 30

chromatography device and processor unit 24 adapted to communicate

with thigiriet 9 ofPiyuted; showigd th¢Appboatinaly Speaifiblatebétecarried out

e T e -

sensor 13 of Figure a micro spec

APGTRBYIAGIAEYEEE 27 adapted to communicate with the sample cell 14 of
Figurgidure 4 ilubseetNe RAMRISRIAEHLA £ ng,ihe poriable
appara%ti}g 20 of Figure 2 are adapte to%it fg%%éinér?%%?ol g)%rgrngﬁ’
equigiHe SdtlusiiptaBraHESRGY eonmsiaistinptenblynjats of Figure 4 in

as3bERmeH AR ReIHRARNAIYE S ARG MR, and means (not shown) for
conng(cgg’enx%‘the sample plate | and the portable apparatus 20 together are

provittSt ARG e SYEHE it G lei < lismysr aeapralbn pabiecntrises a

 rebeiing 2dstiedlold bybtheeuiamentisehis shewsin Kighte Rilicthemnel 3

racess illustrated in Figure 3, crude oil (100) is metered by a gear pump
tr%%’iﬂse%ﬁ‘éé%o%@%&o |§%C?3§ﬁfe2(%§?%r RYRR G- Sy awaich the abmanhs wptered. The
crydneiiateeit e ieorsuitich dSipassiebtoad IO GRS ShEOM ALITEN Hermitting the
ice 0 a second valve 105. The second valve routes the
o e e e, Lot oo A i SToRe
gapstatien devici®ired thhoees @Hfu itierddintontime rtasfcamamplgrppatedevice.

rdi ' ' I hown generally.at 40, . .
T S S S

creghpaitied Bpdrewstnsasnma e randiGwdinerd sutpnt frbim pheseditrargeddity

selbmpad s ecied Wrsample;piERaRHONdRpeeR AN o1 IoAddiona!
sensors and micro analytical dévices. Thus sample Is directed to the head

PRI N ice 8 and the vapour on to the GC inlet 9, and vapour also
passEndamplicHRaRIBIIE AAYIng: as R Rt @R, Y BEHOBRIY, ARt

1 th&gcﬁgto an outlglli 36. 1I:n addition, a fluidic channel 30 transfers crude

PTGl o et -rk RS ekl SO Ry SShsmp aBReraly at 20

coaxaninge, migpoquimeindriver 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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signal indicative of density, viscosity and electrochemical properties. A

fluidic channel 31 transfers crude oil from receiver 2 to a plurality of .

sensors arranged in an array shown generally at 33, capable of detecting
VAU etEis and/or specific compoupds. A fluidic channePSTI’_/GB2007/000127
transfers crude oil from receiver 2 to & unit 38 for sample preparation for

an 25aromatics analysis. The sample plate of Figure 4 is adapted to

be used with a portable apparatus, and Figure 5 §hows an exploded view
RSP Bme Ao o mphe g afrisd Hptephataitatoflythe shmpibacll 14 of
Higitalile apparatus 50, In use, the sample pl_ate 40 and portable apparatus

50 comprise_ means (not shown) for connecting to each other. The

portabfe ShphriTens Hatohfiigurs hﬂ@d@mﬁdﬁv@p@mdm iafigure 2 are
adapreddiniie sogethathe Biciiaicsa Q@ﬁﬁﬁéﬁf@é@@%@ﬂ@’o@@%ﬁ%&?ﬁé%%ﬁ;e% %Psample

.mass spectrometer device 43 adapted to communicate wit
b e

SPEGSFEERY nA%i B aPaw Bk and Ad Bt maeass (oS shown) for connecting
tROOMAPBENSER CHAGHS POCAHRAYLAARA T WSEIRF MRt AR RdaAEE 0. cheet

icate with sensor 13 and the varigus sensors on chip 32 of Figure
ISR S RIS R EEPEH RPA B8 27 A breesnapment et s
shenmiuRigate vitl the saysteitesthé o tFipIe: 4, bhRRANON 088s metered by a

i it igure 4 conn with an aromatics analyser 41 and
O U Ao oo v
VEpREIishrifiensaers lrermitno comibustortdgtistrdwides ConRRILOT second valve

n ' = iro xjdes and/or sulph I o ides, which are
lginzgﬁ%géigavg%?%%gggéﬁ 450 %?e Freren |éﬂosr?9§%rk;<ﬂll ﬂ?ﬁé?ﬁ’fﬂ"ﬁ G54r(107)
f‘?ﬁ‘*’tl‘@‘(’?@%@é‘t@m 43. In use, the equipment set of Figure 5 is capable

. i , hromatography, acidity ,
iR g A LA L B grenion

RSETRRY Ritice RICHBCEIPRRY ﬁt&@em@mmmgsmmﬁmmaﬂ@m in
Fanaéar, W&t’c@d%y]tﬁezﬁme numbers. However, output from the micro gear pump 4

is directed to sample preparation devices and on to additional sensors and micro analytical

“devices. Thus sample is directed to the head space device 8 and the vapour on to the GC

inlet 9, and vapour also passes to a microchip 35 having gas chromatography
functionality, and thence to an outlet 36. In addition, a fluidic channel 30 transfers crude
oil from receiver 2 to a multi function sensor chip 32, capable, for example, of producing a
signal indicative of density, viscosity and electrochemical properties. A fluidic channel 31
transfers crude oil from receiver 2 to a plurality of sensors arranged in an array shown
generally at 33, capable of detecting various metals and/or specific compounds. A fluidic
channel 37 transfers crude oil from receiver 2 to a unit 38 for sample preparation for an
aromatics analysis. |

The sample plate of Figure 4 is adap‘ced- 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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25 MCSLIP 21 1.An csinipment set for analysing a fluid, which comprises:

a portable apparatus containing at least two different analytical devices;

and a sample plate in association with said portable apparatus, the

g’ﬂﬁﬂ?@%ﬁ%@having (i) a receiver for a fluid to be analysed; (i) PEtT&EB 0@ 0127

fluidic channels each adapted to trandfer a portion of said fluid or a

component or reaction product thereof from said receiver to one of said

analytical devices contained in said portable apparatus; (iii) at least one )
PROSESOF HapsuBlierGrriedoramE B isaih yibatas Shkhieh Hisr SRS SFRsaes on chip
34 6finigRk 2, GRmPaNeRt IR epetionmRes o6t HhaIROL RAEY o7 aligast ene

sample cell for containing a_ sample of said fluid or a component or
CommReH St EBla sPL JAQSUEEHE ol pttiionn thy sremptievnis f8 of
Fi%@t(?t@&ﬁlﬂéu itionRkbuidmeha el lygﬁm%]dn@t%@fﬁlﬁf%ra%g@ﬂi@g&c@m% ich geader
Lia or a, coOmpo ent or reaction pro uct thereof from s recelyer to sa
e R BT S A SETRRICA D AP SNk Sb R Es
capabile &f geawhithgfesaraplisl g lalieoatao codeprsédmerhafokriiachhientre
of said sample plate to sajd pqriable apparatus..,3. An equipment set.
BTG CRRTET St ST e I R LR S g e GO

systeand3for linking any sensor and/or sample cell in the sample plate to

assogiated electronic circuitry.and/or spectroscopic or. optical analysis.
mean W ADE IRt e BorTAble Mao e Al TR A e S ppie by

gsettaoooriggoyanyi dncanblyisimmSIR 1auB] diffetishahersmeiplitylatovalées

o o - i ‘ ‘

e e B i e oo

mpfals BadOYRPtRdassociation with different components of said portable
apparatus. 255.An equipment set according to any one of claims 1 to 4; in
which the sample
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plate comprises a plurality of sensors or sample cells in the form of an

array. 6.An equipment set according to any one of claims 1 to 5, in which

the sample plate contains at least one fluidic device for separation of the pMCSLLP
fluid to be analysed into components and/or conversion of the fluid into

one or more reaction products. 307.An €fuipment set according to any

one of claims 1 to 6, in which the sample plate includes means for storing

poxtigas of liquid on the plate. MCSLLP 22' 8.An equipment set according

to any one of claims 1 to 7, in which the sample plate has one or more

micro pumps. 9An equipment set according to claim 8, in which the one or

more Micre RHMRS:: &erselagied fFoMmgRarRYmRS,HidRhragm pumps,
syringe pumps and peristaltic pumps. 510.An equipment set according to
any on@ RITTEIRIMAPDAGOISipORiaIEH et Wﬁ@%ﬁ@ﬁ% By shdryices; and
microvalyes, LAk RAURIRRRESE! 33t ainet it BRY:ARE LhSIAIMSLiBId Brate
which |ncludpes at least 5 different analytical devices, at least one of which

[ e Xarircer g isrsol wak i analscdatiprt atetoiovitishcisbmsts sach
saprle celldegatedpnihiesamplgplate -a%é‘ﬁbﬁﬂb‘m@é%ﬂgﬁeﬂraﬁuct thereof

claimed in claim 11, in which each sensor and/or sample cell contained in
franseshrecsixes 18 NAked Withaaakoiatdg etee wonie epdintpidmgrspble apparatus;

SRSEIRISPRIE Sk RRlicabanRIyBIR PpEANSNDISHIS Sentainat i (he RONaRIS f said
ﬁg%ag?gugémponent or reaction product thereof, and/or at least one sample cell for
containing a sample of said fluid or a component or reaction product thereof for
spectroscopic or optical analysis; and (iv) at least one additional fluidic channel adapted
to transfer a portion of said fluid or a component or reaction product thereof from said
receiver to said at least one sensor and/or sample cell.

2. An equipment set according to claim 1, in which the sample plate also comprises
means for attachment of said sample plate to said portable apparatus.

3. An equipment set according to claim 1 or claim 2, in which the sample plate also
comprises means for linking any sensor and/or sample cell in the sample plate to
associated electronic circuitry and/or spectroscopic or optical analysis means which is
contained in the portable apparatus.

4. An equipment set according to any one of claims 1 to 3, in which the sample
plate also comprises a mechanism for permitting sliding or rotating movement of said
plate or any part thereof such that in use different parts of said plate may be brought into
association with different components of said portable apparatus.

S. An equipment set according to any one of claims 1 to 4, in which the sample
plate comprises a plurality of sensors or sample cells in the form of an array.

6. An equipment set according to any one of claims 1 to 5, in which the sample
plate 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. An equipment set according to any one of claims 1 to 6, in which the sample

plate includes means for storing portions of liquid on the plate.
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13,An equipment set a.s claimed in any one of claims | to 12, in which the
portable apparatus comprises: 15(a) a first analytical device for

determination of the boiling point profile of a refinery feedstock or a MCSLLP

refinery intermediate or a product of a refinery process, and fb) at least

one further analytical device associated%ith a database and an algorithm
and capable of measuring at least one physical or chemical property of a
tefinery, feedsioglrdta RIOGUEL OLASRIREIY PLRARRST 5814 SOURMERLSELnp!
gging caba fe%?ezrbéeyerm%gg%t Iggt t%e go?f%g point ﬁrofile,@i tgth e
abitk hasrber (MANY aiereiaigessity of a refinery feedstock or product of a

@?ﬁ”eryA%r%{?g;%ueﬁ%‘sé%ﬁo%ﬂm ‘%thfﬁhxaa MRS %5'@1&@&%&@'&%’% umps

capable in addition of determining at least one of total base number, co
ﬂm@m@?@pmsﬁ@sw,n@ésém&k@mm@m mtymgwmm@@mdn@riétaltic pumps.
Nymber, CetaneumRes. sSmoke ROy BreauaiMings 35GAEIANAR sample

Index, refractive index, conductivity, sulphur content, nitrogen content,
niekehabatent andovaaaiyContent. 15. An equipment set as claimed in

any one pglaims Q45 WRIGLEOMASSS- AR SePAT AN A fikiddes at

into one or more components and/or means for converting a fluid into one

draioréi FEaeniom photiad depiiss 18t derilanse Sailli ebmspb Heh fs)aplidgensor
@(l%ﬁ@&t(i)%ntl&r Q%ﬂ%}zimé@r AN RAYIRTAR §‘§5}%§1@|@gﬂ 0. NANYLqRe s%fmple plate.

claims 1 to 15, in which the portable apparatus comprises two or more
dAalytich devieassetetts ¢ rbnsdimitemdidtla ok dewes, sae i sample

SPeCAmBler i A UGrRpROAIOE JBNICE ARt 8BV AE Cecklonfcircuitry and/or

equipment sot as claimed in claim 16 which also cor;grises an additional

iInheRRIBRIe BPBBRTUS.
33 claimed.in fYeAN& PhClaimS4 IR éigy nokichene ofomorePRHIONS ehortable

the sample plate may in use be heated and/or cooled using heating and/or
EOBIIYEARR EEAtained in the portable apparatus. 19. An equipment set

3 Céafﬂ%?lgltﬁly}’tmép&?v@e%j S IRk IR CORRAS 83 L ARI@INA ¥ finery
sampile plates.
feed?toc < or a refinery intermediate or a product of a refinery process, and

(b) at least one further analytical device associated with a database and an algorithm
and capable of measuring at least one physical or chemical property of a refinery
feedstock or a product of a refinery process; said equipment set being capable of
determining at least the bdiling point profile, the total acid number (TAN), and the
density of a refinery feedstock or product of a refinery process.

14. An equipment set as claimed in claim 13, which is capable in addition of

determining at least one of: total base number, cold flow property, viscosity, Research

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

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

15.  Anequipment set as claimed in any one of claims 1 to 14, 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).
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20. An equipment set as claimed in claim 19, in which each of the plurality

of sample plates has the same construction. 21. An equipment set as

claimed in claim 19, in which the plurality of sample plates includes two or ~ MCSLLP
more different types of plate haying different construction, the

15construction of each type of plate beitiy adapted for use with a

particular type of fluid or component or reaction product thereof to be

Palys (3]1, %E a:'ohe %%QQSO&QWSWQI% gHédo LA GRMPANEL tl(r.)lrvxr/ﬁ %tlt%e portable

product |ch comprises carrying out the analysis Gsing an
eppApsrosaraEs claimediowranelEof dirpss |5912<Ice<2(§28mamne¢hodlafsllauon

glaimed inclainy 22, 10 whighia relipery edpingkid [&lIneM, '&H%E%‘?fﬁate

or the’ product of a refinery process Is analysed. 24.A method as claimed

i clainf\23din Ritieh e apkaipaes issiiisinludecht sbastaneiesiing pdiiional
peefl lﬁd@%&%@?'&)&d%d&@aﬁ&éﬁ‘éﬁ%gi@&E@Q@f of the fluid or component or

reaction product thereof being analysed.
18.  Anequipment set as claimed in any one of claims 1 to 17, in which one or more

portions of the sample plate may in use be heated and/or cooled using heating and/or
cooling means contained in the portable apparatus.

19. Anequipment set as claimed in any one of claims 1 to 18, which comprises a
plurality of sample plates.

20.  Anequipment set as claimed in claim 19, in which each of the plurality of
sample plates has the same construction.

21, Anequipment set as claimed in claim 19, in which the plurality of sample plates
includes two or more different types of plate having different construction, the
construction of each type of plate being adapted for use with a particular type of fluid or
component or reaction product thereof to be analysed.

22. A method of analysing a fluid or a component or reaction product thereof, which
comprises carrying out the analysis using an equipment set as claimed in any one of
claims 1 to 21.

23. A method as claimed in claim 22, in which a refinery feedstock, a refinery
intermediate, or the product of a refinery process is analysed.

24, A method as claimed in claim 23, 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.



