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WO 2006/030218 PCT/GB2005/003560 PROCESS FOR EVALUATING
A REFINERY FEEDSTOCK This invention relates to processes for the

wEYRlladieof refinery feedstocks and other muIti-componen;,cﬂx%g&ﬁ{%i;agﬁm

high throughput experimentation. Combinatorial or high throughput
chemistry has revolutionized the process of drug 5 discovery. See, for

1507, S Boran Chon! Eng/NANE 45 53 THNk33. To0 A A Thayer

Chem. Eng. News 57-64 (Feb. 12, 1996); N. Tenet, | Drug Discovery
Today-402.(1.996)). Qver recent years. a numher of high throughput ’
experirﬁ}gﬁtléﬁ%rr%t%gc ey PRV BEeP HTSpEEH8" QoW Spificdstocks and
irore asdis-totrembititi ta sysithesize tand: gasticatabtie.andiher materials

1C for, operties, In general, such technigues have focussed on
develo%?n%%%%@%%ﬁér%%@ aﬂ%%@%éﬁ%&?@/&%ﬁEﬁ}’(ﬁr’:lﬁ’él?ﬁéz@“?(g@ﬁﬁ@oﬁ%%’ of drug
ofscolots arsd dontpatepsetd desigrCiexpeRisaents7and 10aLtonTAte calalySt9. 506

e iadon S b

i eparation and testing llo id..and reprqducibl .
s e R e T L N o e
Bieampledhibieh éfotPAas orerintd BevelDpngvere farktioniandaesing ver recent
apparatigs,fior Lo numeous rials and material properties
(such as bdescri‘b}e{1 in US%}%HG{?%%S{H%%Z %!?nciaé%n%qa erse%%ﬁ?l%?r’%%fl cveloped to
ierederdliiantds deatastadhin b8is 059297siUS160068-683lyacdudSther materials

G Rloparaddition iah thiavabpyhischninlgs fave fegn applied to.

many different analytical techniques, including separation techniques

2PRHAE CRFJRTRS G PAREIY(Sie i diae Jir dsepiibe tshal © BoB6&IT 86 nrAIse; to design

eosirahaampansiiadiasbesni ' S| iRraries o .o
a?r%ils, (such as described in U%%%%%%%pﬁw}gp%}g%ﬁ%rﬁ?g%%ﬁé Fatdw rapid

AEeHRRIELIs doine Aevally fobeaskiavsA eRsedvaryinsmel scalttystslemdior

satesialsiehersiNEPRGRSSeS, WMRIDaYE BRYAsYGIoRed higt %&S’MQ{%B%
methodolo(gles hat can be arpplled, to screenlng and optimisation of

PEFRERPEEE S5 &Ratsy RRIEr i peePsTiéce dprainea drmseinedom US 5,776,359)

anhipteriynhytresaibandmptitiesson asResieDod larexampleasidss ¢ 053 633
su(ljo@glr “3(%;89 nds and nitrogen compounds. Different species cause a
range of different problems in refineries. Because virtually all modern

refineries:dedecosfodkoughioh axadiiprd hofdifferaptiubirsniatheriian:

ure ¢ : the effect of the varying species in the crudes can be difficult
ISR o e el shesen i g el
Brserdend, 1n Jartidoia7 8peciddsmaypsmifjcaiapionants has been used as a factor in the

design of libraries or arrays (such as described in US 6,421,612).

The high throughput technologies have generally focussed on discovery of new
catalysts and materials for existing processes. We have now developed high throughput
methodologies that can be applied to screening and optimisation of refinery processes.

Unblended crude oils contain avariety of non-purely hydrocafbon mmpurities, or
“species”, for example acids, sulphur compounds and nitrogen compounds. Different
species cause a range of different problems in refineries. Because virtually all modern
refineries use feedstocks which are blends of different crudes, rather than pure crudes, the
effect of the varying species in the crudes can be difficult to predict and to manage. This i

ecause once the feedstock is blended, a particular species may migrate to 2
different fraction (i.e. a particular “cut” of the feedstock having a particular boiling ?oint

range). An understanding of the distribution of the various species would provide
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different fraction (i.e. a particular "cut" of the feedstock having a particular
boiling point range). An understanding of the distribution of the various
species would provide WO 2006/030218 PC /GE2005/003560 extremely

W(we‘fﬂmvérating_ in_formgtion for the refinery. Suqh_informatip@mﬁ@m}“@
known as "speciation") is, however, extsemely difficult and
time-consuming to obtain by traditional methods and therefore in practice,
analysis tends to he restricted to analysis of unblended -rude oils, From
this data, attempts are made to predict the outcome of using a 5 particular
cRésastcki-Sil ey predictivisiardoh bwenere ieessSarly RfdimiiedAuaiA
keihad hasnaw been faund whereby large quantities of speciation data
can be l(;kgtainedrg‘r?ld ’manipu'lfeitee it g&h%%%‘éﬁi%‘&d&flﬂ?ﬁ@“é’tmgg‘%ﬂ%ﬁn by
ﬁuggﬁegpgﬁgégg qﬂ geggmﬁtmmg@@m%aumgmsseaam&ff@éh?ﬁlysig of
etie Yiais fhidpg2 ar ecies analysed in bo .
the individual fractions ané,th.e Wﬁfg{e %rugg.%%egigéjﬁfﬁ%% Hieadtranghpsing a
PEvELBEEdbivte Hrdhemstistiquantip ot ehe specieshieintlmersuredidor
examplendabacieh speciRsn aNeasEmen; of total acidity will be obtained.
Og desired, further measurements can tt?en %% %‘gar?%l %ﬁ S(‘)‘??(Bﬁgg& rgin be

Rt o REPRGpEdeR aEhamianerfreiinre mlotsitakec long tioaiasichs
rafsergampigiogguipment. The present 15 invention allows analysis to be
t.on a multiplicity of fractions or sub-fractions, typically all

carried o

relevaﬁ?#g@i'i 94 BetiBrre Fragonied felirtistilaiifirs traspestiokthe
sprésemtdlysediiobdhete ingravided A Racess Honayalyaling "’r&%ﬂr%‘é‘r)"
mfeesdxséz?%gt s%ig process corgpé?ing: (i) prqviding?a refinery feedstoc ;%

(if) treating Sard rermeRfeQadis RS Bratite bihatpagiesobninisingpsured; for
eplulitfofadrdstiersshavirgsdifpenbe RRmicakapd/ar RhWSisaLEroperties
agagch IH&%?meecisn&rrﬁgée entative of a process stream that might be |

present in a retinery and (i %ﬁé@s‘i’r‘f@"é’aﬂ? F &% SHirATRGtisntratiomeyto,
uaétiamninecenacomamo teiche migainanadio uphysieAk QRIS O HHE present
ifrastignsy é@isdaﬁ&d!%?‘?s being.performed at 25 |east partially in parallel. In

a preferred embo§lme%%)%‘g%#é%ﬁ%tn%%%ug}ajfg% fifaHHRAY Fesustiexions,
bricalinribelyerdimpbaimg frantiofiatadoprior to analysis of the fractions.

Thusgyreferreg i £ invention.comprises a process for

evaluatiné 2 Dl Itgbg%)gtg%?r?e%gf%tg & present mvention there 1s provided a process
for evaluating a refinery feedstock, said process comprising:

(1) providing a refinery feedstock;

(i)  treating said refinery feedstock to produce an array comprising a plurality of
fractions having different chemical and/or physical properties, each fraction
being representative of a process stream that might be present in a refinery; and

(iif)  analysing each of said plurality of fractions to determine one or m(;re chemical

and/or physical properties of the fractions, said analyges being performed at
least partially in parallel.
In a preferred embodiment of the invention, a plurality of refinery feedstocks is
evaluated, each being fractionated prior to analysis of the fractions. Thus a preferred
embodiment of the invention cqmprises a process for evaluating a plurality of refmery

feedstocks, said process comprising:

(i) providing an array of refinery feedstocks, wherein said array comprises at least

a plurality of different refinery feedstocks;
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feedstocks, said process comprising: 30 (i) providing an array of refinery
feedstocks, wherein said array comprises at least a plurality of different

wo Tefinspgieedstocks: W/0 2006/030218 PCT/GB2005/0035661ig2005/003560

fractionating each of said refinery feedstocks in said array to produce a
further array comprising a plurality of fractions having different chemical
and/or physical properties, each fraction being representative of a

process stream that might be present in a refinery; and 5 (iii) analysing
eachiof $ichphaalitycofifraitionscindstesmine:pne QrmataChepitRke o further
and/gr.physical. jes Of the fractions, said analyses being performed
e B TRk e St o prvsia
perfarvRedtEsithescin fpmtatie bomin ramapidiseviabf faphiossyithearthieuahiput be

of atlgash b, forGxample;at least 250, preferably at least 2000, 10
refinery feedstocks pér week. The fractionation yields at least 2, for

exarfiple? Bt Ed8e 7ask & ReitnbnsliteofitetionationieAsnisecbhereiman chemical
arraymeaps kel et sampleshat.have some relationship to each
other. For examplegthg)’?élationship may %’e@dallgsé (%%lt?(%Sr‘laboef1 %?’LPG%PBI[ o a?qe’asi‘
haviﬁ@”@i?ﬁé?%ﬁ?’%iﬁlhur content or different olefin content, or it may be a

senesabbigationsd R8I oM adaticat faed t%%ﬁﬁ‘eq & E%/a %%Yd serial

for exaerle be presented in the fora.” of a substrate having a se

TR WL P FRRUE RRERb & dear St v ayamly reaes 2A0 sptsdtreatel refdead 000,
refnstibianes: haying,afig i@&r%ﬂﬂi%?éﬁéggé o, anyoreé%g I8kt 7 or

g §t least one surface of the substrate will be substantially flaf having a

LAY REMBSPORisically separate regions for different materials,

Exa_lmplm@h&@iﬁ%fﬁiﬁ&‘é&ﬂ&_i%%ﬂ?&s@%@é@%ﬂé’i’ﬁu%@ﬁ%drefaﬁo ship
i [egions, et eg trené;hl%s, eﬁg., include microtitre plates or glass vial .|necri‘
FATCrOtire pialed iR e Sboriiemay e sieipaelimaricondineng

diffieetist, slisert cogiemsyrelithaenrenshes i, which:lopmalbaeRaEolihe.

ions. The process of the invention is carried out using high throughput
Ob%ei%é?ﬁfﬁé%? %ﬁcé%afegﬁ&rﬁtéﬁgs.%Mi?@’é&?ﬁé@’&ﬂ? Br BRiemipsiejosform

of frawtirrsedryins fractiohsgippicallyhadhnelexeds bactioasoy sul-fagtions:
R S ot g Ao o s o
embodiments, at least one surface of the substrate will be substantially flat having a
desired number of physically separate regions for different materials. Examples of
substrates with, for exémple, dimples, wells, raised regions, etched trenches, etc.,
include microtitre plates or glass vial lined microtitre plates. In some embodiments, the
substrate itself contains wells, raised regions, etched trenches, etc., which form all or
part of the regions.

The process of the invention s carried out using high throughput experimentation
techmiques. Analysis is carried out on a multiplicity of fractions or sub-fractions, typically
all relevant fractions or sub-fractions, Typically, a plurality of wells containing 2 large
number of san{ples, for example an 8x12 array contaming 96 samples, is provided on a
multiplate. Each of these samples may be the same or different. Further fractionation may
be carried out if desired. Each fraction or sub-fraction is then analysed, for example, for
size and type of molecule. The data may then be converted into a data set, for example a
three dimensional data set of molecular type/molecular size/abundance, and data maps can

be generated. Use of these maps allows different feedstocks to be compared and thus
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multiplate. Each of these samples may be the same or different. Further
fractionation may be carried out if desired: Each fraction or sub-fraction is
then analysed, for example, for 30 size and type of molecule. The data

W@%N%Q&PF converted into a data set for example a three dimensional
d m

ata set of molecular type/molecular size/abundance, and d&faf fir&pY a6
be generated. Use of these maps allows*different feedstocks to be
compared and thus MID 2006/030218 PC1/GS2005/003560 4 refinery
conditions optimised. Such mapping has never before been carried out on
afedinennipedaiopknnalfesi-Acrale, fapid data measurement is being
Eeg.rnes[sfed to provide information éifﬁhcé inﬁp%tﬁ%%??ﬁ%u%p f‘é‘é’ﬁ'gf{cs)%‘lg\ﬂﬁ‘lld

PSRN dp&ibtrirorHE e finkid drie dutenkamay e nycshitablesd o
pefivideyideeasiosk oinglugine & ﬁfﬁﬁﬁcéa‘?iifeé’d%%@%ﬁ gg%ﬂ %h"%eﬁflery operation.

biocorqp%ge%%, an intermediate stream, such as a residue, gas ol
H
m

vacuu Frhdpitiackmeas Qe s ERb eraferdé olsore onohoiiegd crude
sdd caripanenise, sugbcataoalendth At ABE-REMEISCIHdS il graklend of o

one . or more crudﬁtgils with one or more synthetic crudes. On a typical

RER RUMBRIBE Blifapekidainsbny e SrnetRS are proves sédaisiscmit@ents,

\rfgﬁ%uer > a num
ashanuhitel of differanberoael©igs The bishdeobadsedsieck vl S%RQRE one or

I%rghs,ggﬁégt ccl,(t)lH]ngosition and properties of the distillate fractions it
produces at a given refinery for subsequent refinery process streams and

produdtbietidiedriioents i ectiniyetor detpoks REARRUSHA N cessed, such
lends, ot ayal ad thus, it is very difficult to predict the value

of a feeds%%éteg\%ﬁfgﬁqr%ﬁnervﬁlr%ecc(gs%/,f%ﬁ ek grie tansadraderyield,
SRR ISP DieRsTisAé dily distilirtbierctbas fumutiens A REePRdRror
Lasisefpren erali ienc t.these can usually only

érogi%e an a[gﬁ):lrr%}gi%rﬁzat@eg é%?i%%?ﬁ%%e ggv%%%}? STERPB L e i fictinery

fitalgekishe drurspHbhbiprtirdtteeiisit Hleddingineiinenfeeds ke th@tpredict

1BEey A @5t FRASSHR 6t MMRAE! PHEGE ~Jne present.invention ,
%r&/;}%es a process for the evaluation gf y}%ﬁ%&ég} g Sgtauleg! prgguct quality
thEplthtia YHRRS G s emBp e ettstrsle wntilecdvalnatstins toperating

dihersencarisht pientialvevrp Haloprlrip Hﬁ%@%@xiﬁﬁt@é@ glanis However. there

aevaluationt, the present invention can provide a process for the evaluatioh
of QB RS ic AHEgBM SRR Sa Rt e strddrlendinairestdry Fledwtiinks that
apt alrefinénpledtitackvidl are-aéIRre other refinery feedstocks on a

refiner;y rorggeshs{..smcte refiner_)czl feedstocks are typically blends of two or
more re}fl 2 uvention provides a process for the'evaluation of a refinery feedstock

that allows the potential value of a refinery feedstock to be evaluated prior to its use, and
potentially even before its purchase. As part of this evaluation, the present invention can
provide a process for the evaluation of synergistic antagonistic and/or non-linear effects
obtained by blending of a refinery feedstock with one or more other refinery feedstocks on
a refinery process. Since refinery feedstocks are typically blends of two or more refinery
feedstocks that are available to the refinery, and, as described above, the effects of
blending are difficult to model, this allows the effect of blending in differing ratios to be
evaluated.

The présent invention can also allow the overall refinery process to be optimized
for the refinery feedstock, including optimization of various process parameters, and eveﬁ
aid selection of the most appropriate refinery at which a feedstock should be processed

where more than one option is available.



25 feedstocks that are available to the refinery, and, as described above,
the effects of blending are difficult to model, this allows the effect of
wollgRding,in differing ratios to be evaluated. The present invention can
also allow the overall refinery process to be optimized for theV&tR78#y/003566
feedstock, including optimization of various process parameters, and ever.
30 aid selection of the most appropriate refinery at which a feedstock
should be processed where more than one option is available. WO
2006@@3&&@@@%;@@4@%@@9- § ‘lr'lg process the present inyention
may be applied to ally suitable ‘refirlfer;/ p%ocferl g ?s'ﬁe;?nag’ssd‘éﬁ RSN
PIg, 8%%&6%8%0F%%éﬁg(&sm®%%éd@WMéWewmth oPPRaeRSES Refining
Pi@nssEtSmaiadiigctbyRehatbhMavars andprblished by MaGraw-Hil In
step fii) 9f th pregs}gnt invention the refi%\'%éry feedgt(?gg}llggzr%e}g@c Igw”l;flh'
producé & g??)ﬁjfr PEFACHRFRISA sy difere Aeastrtonical wwudonphysical o
piprfﬂme rtieSa@nc ﬁﬁﬁ‘&h@@iﬁ@f@ﬁt KRfEeNAlNG BB?SRES%?8 e%ézr esaﬁr‘meg_t ction
bl pé[ tr)gs(g]rtgagnt in a refinery. By "representative of" is‘'mean ffnélvmg at
Te&st Some aimiar CHERTES SrarethpHyissabsmissrntinasdisdaypical
procé’as“sd:peeamtﬁéeaswcik}ﬁ@aatWﬁﬂé@@@%&ﬂﬁﬂaﬁ%ﬁ@rﬁi&ﬁt'a% &

: sentative of a process stream that might be present in a refinery as a
P ’{i?(%?@ep §Prf”er§rer? s eI BFOCES Stregr. fekire phwing ok feastiorss,
capfieijanoe ia ohnekitytoivdiGE ramobeiling DO bk anges withinan B‘Qex@{hery asa
10 fegggge%ﬁy@%qle@lgetg;\aﬁ?rgcsesss stream to the equivalent process on a
refinery. A fraction ith the desired boiling point range may be obtained by
use &Pacxtnalsictve phvation ahfansmunhydmdisiiateN I KRR oiling
AMASRRSHeS YasW istillation. Desired chemical and physical
P properties of thehprocggs%l%trx%ga. 1??&0 SR SO ierhefruiyalent process
ontEcdEEsiTrapR Mdtbiiha fesiticltmiliegipeiytaangigaion obtdPiSAse of »
suRKOREKIRS 8 ggég{gpﬁ%hfg 84 le, in Handbqok of Petroleum Refining -
,P_roc_esisﬁés (2d Edition), edigte Ei}/l%%%e?tr ,&Wg%/%r’sag Q°BUBis AR RAYHm
15 digiesiony-Hill, 2_0 In one extreme, the reﬁnery feed_stock may be divided to
produesaqartien:ensach, L plralbepiiadions sybseauenty. o .

desi eg, herein each portion is'treated to produce a fracli

Pag RISSCEirEal domprd o sirettibuliinge fomy amgi@uration, but typical

properties are described, for example, in Handbook of Petroleum Refining Processes (2™

Edition), edited by Robert A Meyers and published by McGraw-Hill.

Ln

20 In one extreme, the refinery feedstock may be divided to produce a portion for each
of the plurality of fractions subsequently desired, wherein each portion is treated to
produce a fraction with the desired properties, such as with a desired boiling point range.

Alternatively, the refinery feedstock may be divided initially to produce 2 or more
portions, and each portion treated to produce portions with desired proi)erties. One or more

25 of these separate portions may subsequently be further divided and treated, either
chemically and/or physically to producs the required number of fractions with the desired
(different) properties. Thus, where a process may be operated using process streams with a
variable boiling point range in the range of 150-250°C, a first portion may be treated to
produce a fraction of boiling point range 150°C to 250°C, and a second po;’tion may be

30 treated to produce a fraction of boiling point range 160°C to 230°C.

In addition to, or optionally in alternative to, any other treatments of the refinery

feedstock to produce a plurality of fractions having different chemical and/or physical
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Alternatively, the refinery feedstock may be divided initially to produce 2 or
more portions, and each portion treated to produce portions with desired

erties. One or more 25 of these separate portions may subsequently
(Eé“#)ﬂ/ffﬂ&"dlwded and treated, either chemically and/or phy$i€allyRZ05/003560
produce the required number of fractions with the desired (different)
properties. Thus, where a process may be operated using process
streams with a variable boiling point range in the range of 150-250C, a
first ortlon be treated to produce a fraction of boiling point range
ITQB?E 6% FR E%E%dpﬁt)%ﬁ?ﬁ’a?ﬁ He B T stEd ot prouhials be present in a

frfintiontof m&n@ poithi:rager) GAG01230% ok RAMILORN, fw% ARtgRal., o

n reatments of the refinery feedstock to produc
%%pgfﬁg lity o?f%zigtloxgeéja%fjng“& S CReRi A nBioe s Rspshroand, in
ZOBI080IX m@lrﬂsmmafm@asﬁ&aﬁ@ropﬁm%nea@mﬁaﬁﬁg@J@g&@ﬁl@ by
£ ream that mig esentin a refiner
SEREERERUAINE e%ﬁ)he ?1? Stock r}fo (?Stoc god VB% §%f{¥f’é’ys¥é‘f9§ﬁ>0k3

treating of the refinery fe e eva
I ﬁﬂ}ﬁﬁléémfréﬁfﬁmy’@d@m mlﬂlﬁﬁmem ratior € T0INBIer@BAGE inery feedstock

I roducm a plurality of
fractloﬁésalﬁg‘ Cc???fﬁel%lr% %?g%%elét?% jg%dﬁc (5 NG porione %’ﬁ?@%ﬁ‘fl&ﬂ%ﬁf iPly
feedstEENGHH-AIFfe faviabln ehysfinery cfbgdgtddksarammmﬂmﬂa%e used to
Jwiinen: nedsgaksdadifierentiatioscIhe blended refin tgi]f T RohrTes each

fIyplcally comprise a blend of 3 to 20 different componen
RO KRRy tine Bfe [Eﬁgﬁﬁi?aﬂma@hémﬂmlgﬂnémmmmneﬂaodfmy

S\&tdlﬁ@ﬁliﬁslm@ rRiB R AR rRRHRNE having giffarent of r(%:)trgetrv {gra?f fractions

2 and/or. EP¥S|c%Lpropertles each 10 fraction being represe €0
o SRRl RS Th I B Breisatenaparisine sjeistilail gimesitial tor
repesaitali teastapit Aetngsauaed @ QINGhg, Phualty, %EH ?H %ﬁhsﬂ refinery

havmsg different chemical and/or physical properties in step (ii)
Hyeneral
generally be representative of equivalent processing steps that might

occurﬁnrwangrmmniwﬁfmﬂﬂdaﬁmwﬁ@@ &5&&6&%@6@95&% representmg a crude

g on colu |cro actionator representln a crude oil
dlsi&;l%@%réhﬁ‘?ﬂrﬁtﬁnaafé lﬁlgr Lﬁ“ﬁe ‘&“oeﬁ‘ fRAYGBHtAGHONS with
d@ﬁ@@@h@hﬂmweﬂm@mmﬁgmmrqn@esaﬁmﬁde@m&%iﬁaé%@%@@o
%&‘ﬂ?éﬁ?seé&” adsarption treatments and

tsunable ché%n?&%%[e@a%{l}géga e%lllcrgi Febicpucal TAESEHM G Rerufp gsactions,

inghibiechasbistacdionepnerially béllctosenlitad eliesceptasentatiesakiative of

chemical reactions that might occur in conventional refinery processes.

Combinations of techniques may be required, for example, micro-distillation
followed by a chemical reaction to represent crude oil distillation followed by a
conventional treatment of said fraction that occurs in a refinery process. For example, one
or more portions may be produced by fractionation and then may be hydrotreated

(optionally under different process conditions for each portion) to represent streams which

* may be obtained from a hydrotreater in a refinery (and which would typically then be fed

to a catalytic reforming process).

Chemical treatment of the refinery feedstock may also comprise additive treatment,
for example, addition of desalting additives, corrosion passivation additives (typically used
in distillation columns), antl foulants (used in various refinery processes).

The treatment conditions in step (i1) will generally be process dependent, and,

where the process is a catalysed process, may also be catalyst dependent. Process
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20 chemical reactions that might occur in conventional refinery processes.
Combinations of techniques may be required, for example,

wo migfesshgtillation followed by a chemical reaction to represent crude oil

distillation followed by a conventional treatment of said fraBfidHftha05/003560
occurs in a refinery process. For exam;7)le, one or more portions may be
produced by fractionation and then may be hydrotreated 25 (optionally
under different process conditions for each portion) to represent streams
condiicinsmay be:phtainedomia ydrteater in.a refinery (and which would
Iy*ai(r:ggy then be fed to a catalytic reforming process).Vé{écécr%fé:\éépff@aﬁ%%ﬂlt total
PTStthe Tefinery REEHYSAK 5§ Bt X0nmsTiSe abitiivect pattmeptestore is » variable
in&ydropteiagddition of desalting additives, corrosion passivation additives
(typically. used 30 in distillation columns), anti foulants (used in various
refipg?i/eygr%af’é‘s‘??ié‘isﬁ%’e HafhSRTRaatuEne the pefbaniligeiseraliynhes
phpricess dependen ahd:quheiedhainloREs EIANSELPIPRER M «
boflse &,ﬁa}%%lﬁ de}g&ﬁr}dent. Pr%ceﬁg WO 2006/030218 Pcl/c; i
7320051003586 7 conditiGrs TAiINATRS frexarsswitebiparetdrer a crude
digsBiaténst wniespacineeloEity andipriatal uRERSSHI SO QA HRLDICSSIG 01 dividing
thSREREIC RagiRS 69, 0 dg{i&(‘ag partial pressure is a variable in
hydrotreating. The treatment | s%gﬁ%?ﬁﬁwﬁmgmiﬂm%@@ﬁmn to
progeeistdeictinn wighplinalineebpariings anteHREe@aRIYRAING a6 i is »
oftion to praduce a fraction with ,a boiling point range typical for a
tﬂ?uita’%ﬁ% frfgéﬁgﬁ%%ﬁ%%ﬁt%ﬁ%fﬁp@gﬁ%ﬂ i A0€rsdte Hisfilfatidnabriit atymical
rangdifierijicros eldmptontbé dweatiment in step (i) may comprise dividing the
refingry fs ?cfj ock int lurality of portions and subsequently treating
each por?fon?rgo nﬁr%%g‘é %?Sr%& Wﬁ?’é"‘ﬁoﬁi}% oW pERgeinahbeangeiness
of By SECHORSOE, nehicheisza A0y RicAIRNIRHAMRS YEISEARTRSIANGE , »
2t UeS Q& 290C 10 350C, which is a typical range for the gas oil fraction
p bseq TOCESS, >
of a crude oll. It ould be noted that these ranges overlap. This is one
o e act b g ORI tiin
ma s within M S icu ubsequ .
process. 15 The dividﬁlg mgc;/bvt‘)(‘alsétnc‘(ﬁﬁ)e'{\’/e‘i’lr BRPEN A SHdss trarovide the
Phiginpiectiensividistanesibe peitomieddimAdatehmnee by HRIASANE Yay

be RetaRWARMARIRNIRIES IR B(gﬂmg%sﬂg]gnerally continuous, but can be started and

stopped, and optionally varied, using the valve or controlier. As a further alternative, a

plurality of baffles or other flow control means, such as orifices in a plate, where flow
can’t be shut-off or varied independently for each portion, but which provide an even flow
distribution across the plurality of portions, may be used. .

In one embodiment, the portion is placed on a heating device, heat is then applied
to increase the sample temperature, and the fraction which boils between the desired ranges
1s collected, for example, by using a suitable valve to collect the fraction of the correct
‘poiling range, which is then cooled to condense said fraction. The heating device may be a
heated microoscillator, as described m US 5661233,

In another embodiment, each portion may be placed in an enclosed channel
comprising at least three sections, each section separated by valves or other suitable
barriers which liquid samples cannot pass, but gaseous samples can. Thus, each portion
may be placed in the first section of a channel and the first section heated to the ;1pper

boiling point of the boiling point range desired, for example using a heating laser to give
o
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plurality of portions. Alternatively, a series of microflow controllers or
microvalves may be used in which the flow for each portion is generally
continuous, but can be started and stopped, and optionally varied, using

WO H@PaNE or controller. As a further alternative, a 20 pluralitycafdmfikesiozseo

other flow control means, such as orifices in a plate, where flow can't he

shut-off or varied independently for each portion, but which provide an

even flow distribution across the plurality of portions, may be used. In one
. embodiment, ,t%e portion is placed on a heating device, heat is then

OSbplica o THErBSSE WS SSRYSIR Fdbh Be ratiR e R taTisot drnvehichbaibs

bdbeMeamktmmdﬂMmdefaﬂ@a& a@éﬁﬁ@ﬁﬁﬁkﬁ‘ﬂwef@&ﬁﬁémgp p(yﬂllﬁé%ﬁn Vaporises
asHiiakle %/r%tlve[htg £9 Igggtthe fracgﬁm of the correct boiling range, Which i
then coo 3 RO HRRih e iEeoRisse a

ed to condensaClaig g
heatetherierouseilator iathee setieddniy HO66IAE3e FoANAUPEE: range desired
I k-

o ' each portion may be placed in an enclosed channel o
e T T
at gInblesy itatiler30rb oridesombichtigtiid Shrpleis cann QtRAsse Bt IRRMGe

sRMp - h portion may be 'placed in the first section of a
bchannglﬁlagr?(? 1’[%3 fi g’? éaéé%cﬁg% ea Sergr%"tﬁee UPPaF 1SRy PEitho g seotion,

lepdmgipdmtemgeddsed fariamiticusingracisdling paseriegive WO
2006/03024R8-8¢ %49%%99(5}9@%?@93 '%%Q%%‘%%%a ?gﬁé@e Secbzqgﬁﬂgtﬂw

sectjon may be maintained at ambiert temperature oW,
thgpabatdrisilyithr hobrsanin) péing beilov tentppevebibiling poiniitaposiasss in
seafishpassasfhomdne fkstsestan i ectiop, where it ..

condens&s. The second gg;%on ifsgttﬁﬂeér? %lggtﬁe%l ?ggfﬁsecl%i\?/\%? it Bt 8P4

RPN abgHEE PSS belex bR eRtsdl esihiimp lstrdto geitncl
heating:iantldher tisdmection:is,aitain %ﬂeéétm@%g&ﬁ‘aqpﬁaatgé‘? {Qided on
erein all material with a boiling point below the ower 0|II]|ng

below), . .
: é?ﬁ%’?%@% IS ARRPFR SRS s ahdes IERIH (T4 Tre e 2604656406,
leavibggindfai drcsinthBeCEORaaiAC RN Hhedsaid RRlBg ROIN: 7 such
.5 ri'ig% ,Sbl\llggrnsatg{eéllg £ es c%nd section may be maintained at the lower
Boiling point- 1 BRPOAYRBER, [SetPRat i & Ea itk Hegapsirmsiboveat the
treerrangtadeSitent ferainin seatien the FHaterig! orithaibal iﬂﬁfﬁi@ééﬂeﬁ‘ﬁe
(2098 gjgﬂggg is collected in secélon Zﬂ and material with a boiling point
Phelow the ran _ea%élile étggfse%{(aﬂéj b OM%SPWE{EM ifPHFhafmaatallel
megzst, ravibiphhie mmmaﬁnahmepsdemﬂm“ bsiféﬁaytmsm:@\@é@&i/' 1664 & $RIANENGnd,

ISk~ ion device as, described in WO 01/87495 or WO
heg(l%(éle%%%:glgﬁ%% %9 gxéfysec? at any particular instance. In addition 1o the plurality of
fractions having different chemical and/or physical properties produced, some “identical”
fractions may also be produced (and subsequently analysed) for the purposes of
ensuring/checking reproducibility.

In step (iii) each of the plurality of fractions is analysed (characterised) to
determine one or more chemical and/or physical properties of the fractions. The chemical
and/or physical properties of the fractions which it may be desired to analyse in step (iii) of
the process of the present invention will generally be stream dependent, and may include
density, specific gravity, total acid number (TAN), total base number (TBN), cold flow
properties (such as pour point, freezing point and cloud point), viscosity, hydrocarbon
speclation (e.g. aromatics content), sulphur content, sulphur compounds speciation,
nitrogen content, nicke] compounds content, acid speciation (e.g. sulphidic, naphthenic and

subdivisions there of), asphaltine content, carbon content, metal content (such as nickel,
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15 In general, the plurality of fractions produced in step (ii) comprises at
least 7 such fractions, such as at least 20 such fractions. It is a feature of
the present invention that the treatment of a refinery feedstock to produce
W%%’%i’ﬁ?&iﬁy of fractions may if desired be performed at leagtpastialys/605s60
example predominantly, preferably entitely, in a parallel manner, by which
IS meant that the plurality of fractions are produced in parallel, and, 20
hence, are available to be analysed at any particular instance. In addition
49 59& l%lsulggllgt% éﬂf fractions having different chemical and/or physical

properties produced. sBHTE  faEMicier s ctidlng fadgoates tiadronuced
ofamd Sulossmuerthydanalpsedioferttaa-prirposes of ensuring/checking
reprodygihility; in step (iii) each of.the plurality of fractions is analysed ,
(charg}:’ﬁtgjelr?ig%lfqgﬁﬁpﬁ’%’i‘)éié‘?n?ﬁél‘éth“@%? BEARHIiBalard SR yaliser may be
gﬁ%@ﬁb@gmhwab@msthmefmemi@ﬁ:e asidfon pim(giﬁpg&q%gjg@a{ 5@f§ast

e W sired to analyse in step (jii) of the process o
thé(?g?gé’n; .?%é%%ﬁff’%?ﬁﬁ?ﬁ e a‘?%%i??éhﬁ%?}’éﬁ’éc%ayﬁhﬁﬁmé
PERRSEYy'S Spedix. pefomyetbrat dmidmuthbier (FANY, d@leDasad WHORE tore

£ 1Rl S ' h ur paint,.freezing point and cloud
T e A BBl analysed
fa ipar CoRE@IPSTRIR s bUPRTsl s Gasiation bynitidgl M eRRRhaR ISk fraction
1SCHAIP NS £an id; iag . Sulphidic, naphthenic and ‘
1 sub I%visio_ns theﬁ%ﬁ%ﬁ%@ (ggl tiee}%fsie:)é%‘gnet%ﬁ gﬁ{?%%?ﬁﬁyé’(ﬁﬁ]t@ﬁi’mv for
© (‘Ei}!%ﬁ LIRS vy Do BIe YUY S PTG Se06EI00366M. Dianaisins paralle]

anysicalaiun), hei G CHDRM: S ' ntent and.type

organic/inor , ic) and combiﬁgﬁ)ﬁa&%?ggf.s lé%;%ﬁ?%ﬁ ug%%rrgwéqgraphy
a%‘i&”ﬁ%%f%@%ﬁ# TR BYs 2o Rl yamlesasaipbe peatgsedad Btaliel on a
siaply plitableheieitiddpéel-eXUPBIeius] rapj is tool. .such as fast
125520 GC.ar a%s,s g??r%mé?@%ﬂ%% g’ﬁﬁ %%Qgﬁi }Seggsdtfsgngcmra v ot

chemica c)SPB%}&ghF’&‘S@e‘??ﬁ’iQfsﬁh?&Bﬁfl‘pw atiopredormidantlViirradiation)
agsatalléh edgitnnusiog thoddt mapgqanabaicst quyi%ast@ RGN gifferent, .
wﬁﬁﬁé‘%ﬂ& rﬁ{’%%ﬁﬁb’!%"t‘%% f éalctlons aref analysed for at least one p_roper‘%y in-

an entirely parallel fas i81F W’Wfﬁ:ﬂ i& FRELAp dosdiieremt asppmrtins can be
caredyeedriorivatcpid feshyosinulteneatsiys bor SXAPRIRrASERARE: for a first

Do e e R Sl vl iy o esvegt peoperty
Aligadtiveluod! analy stsainvbldinpthteebas atFiqend HOFRRRIOMAPHY carried out
entirely in parallel. It is important that the analyses of step (iii) should be carried out at a
rate able to match the throughput of samples from steps (i) and (ii) of the process.
Preferably the properties of the fraction which are analysed include one or more chemical
properties. Chemical properties can have significant influence on the value4of the fraction
and on its potential impact on subsequent processes to which it might be fed, including
subsequent catalysed and uncatalysed refinery processes and the process operability of the
refinery (corrosion or fouling). '

Typical catalysed refinery processes, for example, include hydrotreating, selective
hydrotreating, isomerisation, aromatic saturation, hydroisomerisation, hydrocracking,
hydrogenation, catalytic cracking, combi cracking, reforming, iso-dewaxing, sweetening
(e.g. the Merox process), dealkylation, transalkylation, etherification, OATS, catalytic
dehydrogenation (e.g. the Oleflex process}), C; or C, olefin dimerization (e.g. the Dimersol

process), MTBE, Isal, alkylation and Octgain.
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and/or plate-based electrophoresis, where multiple samples can be
analysed in parallel on a single plate. Chemical species may be identified

WOS{Q(H)&E' te by use of structurally or functionality specific chemical dye, or

emical visualisation (e.g. under 1N irradiation) 15 agentst{i/&ddnes1403560
micro fluidic techniques may be applied!tb increase the throughput. It will
be understood that multiple analyses of a fraction for different properties
can be carried out in rapid serial fashion, i.e. by carrying out a set of
paralletanalysgsfaradi rty, and subsequently carrying out a set
of ? rall}?l;analys'e_s %?r g%ggg%%gr}%pféﬁ{}?”m SIAVERE- iy Eeds, oil
ithttthg thosatshidifiaron: propeniésiifintiibencartincosiRRemtitelydn

(iéigrkseho Id be carried out

ata raite able to match the throughputof samptés fro Bg’(ﬁ‘%’eﬁ)léf”’mg
the ar'stlaclz%agg).“"Preferably the properties of the fraction which are analysed
includ&ene @nbadie cheMICaE BrRREL] P ical properties can have
§9nificant influence on the value of%%gég% I§rg1 %%r?ség ﬁ@é %%Cféﬁ'ﬂﬁf the process
Impatt on sUBSEHEAT BrSEBESSIE 6/ mcTIMIG e ienfed sigeludingi26 give the

rubiieqobimaialy sedoansipecaialysedielngLyIRGesses and the
ﬂf&Bﬁ%&BH&B@Q”;}Xd‘)f the refiper g:orrosion or fouling). yplc%I catalysed
refinery processes, for BXAMPIE lﬁa’éaw(‘fré‘f’ré&ﬁﬁgf,ogeteﬁamof each of the

mmé&wayowm&mﬁparﬁmaﬂ&aa}ﬁ[@ti@},g})gq{ﬂiéggke iﬁ@ ix?(]nfafer
hydro%qgggat%dgg&%%tiotg, tg;;ltal tic cracking, combi cracking, .
reforming, iso-dewaxmg; SWre StekiRy 468 .&’?%W‘ﬁm@@%ﬁ be enhanced
et o e e o A STl s on
(e.g. the Dimerslol prgcesé), %\ﬁ@’Eb,elgg??%ﬁ%&fﬂﬁﬁ“&dﬂ”@@@eﬂﬁfmﬂs, the
T el OGIa50P MBI PIRIEEENNA fur
Vag:éjum’ distillation, rﬁeﬁ.ﬁg}lbra%eﬁ{ (}aé(tirag%?cgﬁggé%e’ ] SﬁXﬁBﬁ?‘%ﬁ@ﬁﬁﬁéﬁﬂ a
Zgi émg%a’igé?ﬁt%%%iﬁmg%@g?&bﬁ@ﬁm pﬂahaiitity ga;flﬁﬁ:t?tﬁﬁ ia?y\?'gg p(i_{_()}gﬁty of
hak @AEHEBROHiEAa k. L nt.and analysis of steps (ii
fangl. (iii) of t?] process of the pre_sen%?%%ﬁ%ﬁ?ss B%?P é’ﬂ’ﬁ%% Where each
By 6 ‘{Feaé‘?%@rﬁ%t%&e%mw@@wmengﬂu rallityhostraiionsdan of
fexdmplesacoarpayofiblende s ansiat icrofractionators, and. an
hg\%%é)ft%uai{eacp][e nalysi evices?for %%@%%%&f%@%ﬁg r?'?‘%?ét]’d’ﬁ%‘fhmh

The arIrla);3 may b OISR RRENa Re rargsaapléuohea siliegrieytBfafrocess

conditions of any chemical reactions by which the fractions have been produced in step (ii)
may also be varied with time.
This allows a number of variables o be screened rapidly and controllably, and enable the
optimum process conditions for each fraction in the refinery process to be determined.
Since refineries do have the abﬁity to vary the operation, such as of a distillation
column, within certain ranges to select different temperature ranges for particular cuts of a
feedstock, this can enable the process of the present invention to provide information on |
the optimum operating conditions for the distillation column in a refinery as a function of
other feedstock treatments, such as blending ratios. In this manner, synergies may be
1dentified.

Preferably, the process of the present invention is performed in a continuous
mariner, by which is meant that the treatment to produce a plurality of fractions each

representative of the typical process stream for said refinery process in step (if) and the
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10 The evaluation according to the process of the present invention may
be enhanced by performing further experiments repeating steps (ii) and
(iii) of the present invention. Thus, whilst the refinery feedstock may be
WO A4S for one plurality of fractions, the overall evaluatibETmeBzEns/003560
enhanced by repeating steps (ii) and (iii) for one or more further pluralities
of fractions of the same initial feedstock but which have been treated in a
15 slightly different manner. For example, the first plurality of fractions
ATy be.a %L_Halit of. bIendﬁﬁhich have each been blended with different

ratios (gfsgomﬁlg}igﬁ¥§rbﬁtte\?\/ TR TRSEIB s R ER AT R e essnather
thmﬂib@q%émang?amﬂﬁhe secondd ulfaﬁ;mf (ff?ﬁﬁ%%ﬁ}ﬁ%fggﬂ%§§usiy
s havin ame respective blending ratios but which have been
o L R T ks e e
coproress Pocshditens oftacy chenicajreabtiangybydvhiabe fratioRpresents
in.step (ii also be varied with time. This allows
e WAL A TIED L R 00, SR oot e
cryde ogiaat tashires ek do ditioms iy mesithmirgicticmichths e finieny (REOSOSEton is

pe@o%é&&?ﬁ%ﬁguﬁmgﬁ%QﬁLea 5%0%Q%¥§let tgg 3 bi"%x!to'va%éggté'%s t%f the

operation, such as of a distillation olumn, within CErtaiR
Plyaliiy fiffarsansdmperatireorsmyesorepatiivole masaf forfeatsickothipiore
theanenablathieRroesantihe PresaRLRvanfion i provide information.on
the optimum operating c%rﬂdi_tions fo?%ﬁggﬁgéﬁgﬁgﬁ%gﬁrﬁ%n esaurle%ie erw)as
a funthoRTBfeBtRE e BERSEERRRYERIPIPAB, bsueh<at blerting satider Hiffisnt

refMRANRI BHRRENAS Praab e dhgntified. 30 Preferably, the process of the
present invention is performed in a continuous manner, by which is meant

that the PEEETRAt 15 BrSERIY DRI P SiseteRg enrtresspieSumtaalysis of

diffbtie ppitell piaDessHHAs JRIEAIY B RRIHRIGGRSTIRSIER RARIDS Ay be
@) 06/03021%8PC'T/GI 2005/003560 11 analysis of said fractions In
ang Sﬁg{iu TSRS PE SN SRR S SOPU Y B HbRqueRhte Piegess repeated

S

(obdicitype TaadneniBhushihee i eaRAN l-alaR MTeY R TRES e, sulphur
coﬁ%n@@%'%%st% ];leoe(gi%tthe rtefirlery feedstock to trE,at,ment steps to produce
a plurality of fractions e eohtitEdR %ié‘@@Esaéﬁ stEXiffsrardechniques
andlydeydefuignapaipseitinste peprfbhisdaRieaeNds & BSIFAESSO®r on
pogﬁz r e(8cr‘gcurring in a refinery more closely, and is different to typical
oil as

crude ol ay testing, which is generally performed in batch tests. When
Thprivegentibigpresent invention can be applied separately to a number of different

refinery process streams. Thus, it is may be appropriate to have one or more arrays of
treatment and analysis steps for producing and analysing process streams representative of
those from a crude distillation unit and for subsequent hydrofining (gas oil fraction) and
one or more arrays of treatment and analysis steps for producing and analysing process
streams representative of those from a hydrotreating process and for subsequent catalytic
reforming and/or isomerisation, and so on as required.

Alternatively, evaluation of process streams may be “linked”. Thus, in a further
embodiment, the process of the present invention may be applied to evaluating the refinery
feedstock by analysis of two or more pluralities of different process streams.

In a first aspect of this embodiment of the present invention, the refinery feedstock
may be evaluated by production and analysis of process streams that are produced “in
series” on a refinery. Thus, after analysis of a plurality of fractions in step (iii) of the

process of the present invention, one or more of the plurality of fractions, typically all, may
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performed in a continuous manner it is also possible to vary certain
properties of the plurality of fractions in a continuous or semi -continuous

W(?}%W&}{&r example, to explore the effect of different blending ratios or
ract

ctionation temperature ranges in step (ii). 10 The proces$ G HB2pPe48FG0
invention can be repeated as necessaryzfor different refinery feedstocks
and blends thereof. The process of the present invention can be repeated
as necessary for analysis of different physical and/or chemical properties
.of the fractions, Thus, the fractions may be analysed to measure, for =~
"éx’%ﬁﬁéﬁ’%eﬁ%ﬁ e o0 B Ly T Gt R EsRE s e of
dﬂ@%miﬁlﬁe@"?‘ﬁlﬂdﬁlaﬁmygiswﬁaﬂgﬂuhtd}eﬁmlﬁhtﬁﬁ@ﬁ@fﬁfﬁh@ Bt_r@firf@i}/: For example,
SXRMplS nPUlRRIL content EJE ractions. Alternatively,.or in additiqn, .
1ana%:gig gy di erga?nt tec_hn? LS(ES? ngrl{g\;%ﬁ%lrl%%élr%rﬁtnﬁar pt))gr%%osg Pﬁgé &g
PeRiSHEE- th phpdlies ppiskiehiabtidsogphtine pogtibhpiteehaildieained from a
cPEQCaRRiALIDE MIRSIEPEIDYRRYOD AARDE.ARPIISH: %Eé%@%&é&%%%‘ r%‘éz?eoz{b%fed in

different 20 refinery process streams. Thus, it Is may be appropria

SRVE Drebissisi Krithifs Sehisatitannanbeaivalysisreatyss fior prodpkingay
2BREIRNRIS/ B REQRASHIEAS FepRseRiAlYe OhJhRss fiam %ﬁ%ﬂ()?eeoorl])éained

distillation unit and for subsequent hydrofining (gas oll fraction) a
T obsdipiErAlco ferdsaHaR iR dBHAH T lompa g apds dudnmgparigation process,
aa03isingerecesmagieams representative of those from a hydrotreating
proceig and for, subsegﬁﬁgt catalytic 25 reforming and/or isomerisation,

and sAPGhSROPEATRES AR FEERRAYEN LN Ao reTent deasictdhmes msy
feaistokedsy Heusalnadetllsihpio RRREOINEMa 0GRSO bHhRE REGES e

invention.may be.applied to evaluating the refinery feedstock by analysis
A S AR M e o e e
piivisueenbpidiaintodftineipe seri iopentontiteefeliieryiRresiadhmihd a plurality

e evaluated b duction and analysis of process streams that are
o e ety o cond PEOCER ikl &R SRRl Rl ibfsPect
ipcledeionarstag bifp bithelfopdotedsimbth st edentitpeditintiopne:preseaiRive of
1@ plirali cfi tyRi I WO 2006/030218

D L o Ty pessed 04
SHIPEHRIFREBEGRS D 40H besreptepiusbntafifrdicusdiffersmtdiiec stigseqildnk)ions

ce r r{ﬁllgﬂ”t% e WFESERL ' example, in step. .
fﬁfflof ﬁ%r%gc{gé?g%the prefe‘ﬁ{l inve né%cﬁs}@é@@mﬁ\%e %’%SGH (o ﬂ%&m%nmg

] ns mayne produce
H’i‘éﬁﬁf“@ and analysing each of these respectively.

A combination of these first and second aspects may be used to evaluate a number
of processes on a refinery simultaneously. This embodiment has the advantage that the
effect of a change in one variable (in a treatment step) such that the properties of one of the
first plurality of fractions is changed can be simultaneously evaluated against consequent
changes in properties of one of the second plurality of fractions.

A significant number, such as at least 5 process streams, for example 10 or more, may be
evaluated in this “linked” way to provide information on the optimum refinery
configuration for a particular feedstock. This may be achieved by providing any required
treatment steps on a suitable microfabricated array or arrays.

' In a preferred embodiment of the present invention, once the analysis of step (iii)
has bﬁeq performed, suitable refinery process models are applied to detenﬁine the impact
of the chemical and/or physical properties of the fractions on the subsequent processing of

the fraction/process stream or on the overall processing of the refinery feedstock. Suitable
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properties (e.g. a boiling point range in the naphtha range) typical of that
obtained from a 5 crude distillation unit for feeding to a hydrotreater, and

walbER& sisgams may be analysed in step (iii). Subsequent to this, each

fraction may be further treated, for example, may actually P& T/GB2005/00356¢
hydrotreated, to produce streams having properties typical of those

obtained from a hydrotreater for feeding to a catalytic reforming and/or an
isomerisation process, and subsequently reanalysed. 10 In a second
réshectof this.e Imentof the presentinvention, the refinery feedstock

?nsgf z%égiuatgkdlg%% [I)r%r;l%%n%%} g?ﬁgﬁfr%ffgis% of | 6?0%%‘3@%%%%4%?1?8{ grampie,
IFatBROsETHISARNSts Sir darshitnsly ambprodanmple the aefinery feegstasktion
A De t it GHeNs each representative of a.

first pr_ocel‘-;‘sasgift@r]{e‘ia){]rcrrli ?%%%%%ﬁgﬂ t(})¥f ;Ig%g%&iggggﬂac Fgfélrle?gr‘ﬁb TP gpasaton,
andop fslsPaRest metelaniontydainp efar tves sisp sopastind| tdes separatag or
réfigfinenydieadsteak:intp. a first plurality of fractions representative of

kerosgpe fractions from a crude distillation unit (which would subsequently

be paiE%affé’%sss‘?éé&é’ﬁﬁ%aﬂb%%é”és%wdiﬁee@@m Magalitpofifratiionson the
efepresentaiie oé gaschi fiaminnsy e i lef AN UHENMNI i dare
mWo%l]d ?Tbsg%gnt% be passed to a hydrofining process), an anafysmg

gdch Orthese T E8pevER 50 RARHBiARESH G e fhit madeseliomsae or more
refspecisonessdid cised fodevalisited rmber pldeEesses %Iﬁﬂﬁf'g?@]{ge amount
O§ﬁgtgltmagegg§%ﬁhlsregﬂgg iment has (ii%g advantage that the effect ofa
change in onevandbie ih a TreathteRtSiepiremetrist thengrepertiesnignt
penadttisadiestephbiaitytiof fdttiopsis changeeh6ad) ke SMNaNEoUSY erated may

inst cansequent changes in properties of one of the second
B T arvciss mepidgaeamle
festeeniivier, oragieien i de(or mddéygnidtidhentevalliatetiinrdhis: HHBEs IGO0

provige.J I timum, refinery. configuration for a particular
e T S P B e e st of
varspls ofPecstiteidinie ofricatetberraginrafeaysiolk a(prafeliigtlends) which it

exmbediment ehibeprgsent | i ce the analysis of step (i) 30 has
“been performed, suitabl%ﬁ?ggﬁggggié%%&%ﬁe‘fg%r8a§8f5I? ¢ OF more process
mpdedtranibtin PAssace! sherracspririvanioniton physicafipilipesiasoétiiRate the
fraetiep oAb eURS eSS eSS tion/process. stream or .
pon the overall pr’ocessigr%ﬁof the refinléﬂr%]?éoeé st&%ﬁé%i%ﬁ?’ea\sl\yﬁ% and quality of

PNy BEBY Beseftnery forsistnel o tsgdatacks under the defined process conditions.

In a further embodiment of the invention, there is provided a method for determining

the value of a multi-component fluid, comprising
- i) providing a library comprising a plurality of multi-component fluids;

ii) separating each of said multi-component fluids into at least two
components at the rate of at least 50 multi-component fluids per weel;

1ii) analyzing each of said at least two compone;lts for one or more chemical
and/or physical properties; and

iv) determining a value of each of said plurality of multi—componeﬁt fluids
in said kibrary. |

The value of the multi-component fluid can be any one or more of a number
of different items, including (i) the price of the components m the multi-component fluid in
a particular industry, (ii) an optimum processability of the multi-component fiuid, (iii) a

type or specific processing unit or facility to accommodate the multi-component fluid, (iv)
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refinery models arc known to the person skilled in the tut, and may
include, for example, linear programme models for feedstock and product
evaluation, process optimisation models, such as for individual process
WO aptitisation and refinery-wide optimisation, and/or riskdsee@d005/003560
models, for evaluation of processing impacts of the process stream or 5
refinery feedstock generally. The process of the present invention will
generate a large amount of data on the effect of refinery feedstocks on
t{efinery process streams. In a further embodiment, this data may be
&%iWéjéqD{&laeé%}é?o%{’E%Hé%&?ﬁf&iﬁi%ﬂilﬁ?%ﬁ*&iﬂﬂ RISAfy piitscBed nsomsinra Bhisl,
(w)rmerﬁwfmeom%BWﬂmmﬂguwpg dtlél @k@%&ﬂﬁgcm@%rﬁwnm
xam rge amount ta_ may be rapidly produced over a )
T e G B i o CF S anepighui
(shehlmaitdirigeo hauprecessonmd éyidnd further data generated may be
utilise rovide continuous. update and.refinement of the process model
for o B PRt i e o more
ceatedpstEs dfffesdhiidompositiorisy)inddgtlthepapioshesyexpe vmesta) Desicin
fol 3 erate a set.of 15 variable process, . .
s (e e Whterg ar
therissipe dns kighl thirnebptieystore lopnedint tpdatingior venificatinn, ahaneter or
~ the present invention can be
e oo L e agren
%ﬁﬂ?@’bfﬁ%‘é@?models, such as yield and quality of products from the

refinemniogdsiaskenaedsinsiaderhiAened ycess condiians: 20

In a further embodiment of the invention, there is provided a od for

S%‘%ﬂﬁﬂ%&%%%&f%%fﬂé%%&%lJ&,eébrﬁpg@ﬁw theowiginly

vaviililenyicanporiaing ai ol wiaiiyea: Risite MRAneRb Hydsnt haRRA AN Sime
each of said.multi-component fluids into at least two componernts at the

VR SRS RO R SR\ BE Ko P et lipier mal in the

odfisdisiat keaéztyi&)cmﬁmmngmtsciﬁhlp@@?raﬁwygfbﬁ%m{?lpg;@g@?mw at
roperties; and jv) determining a.value ach_of said plurality of

Fr e SR T R T e e —

séimidesan baginy Mnkierompoaaf duidsibenddGuatSiffRranhienadosluding:

el ﬂ%g %Lghe ompanents in the multi-component fluid in a particular
r§ng§lgry, (gl Oan bg{%rﬁnﬁ%e&%?s%a C|Iity of tine multi-component fluid, (iii) a.

Value determinations can be made before or after purchase of non-sample quantities
of the multi-component fluids, with the value determination assisting in optimizing value
extraction.

In a preferred embodiment, for measuring acid speciation, which is generally
determining the species of acids in a sample, the process of the invention comprises four
steps: 1) sample preparation: the acids are extracted from the multi-component sample,
together with other polars in a liquid-liquid extraction, using a blend of organic and/or
Inorganic bases, organic solvents and water. Alternatively a simple solid phase extraction
process based on silica-filled 96-well microtitre plate can be used for extraction of polars,
under the conditions of flash or normal-phase chromatography; 2) first dimension
separation and first property determination: the acid strength separation is performed by
selective retention of the acids on a 96-well solid phase extraction plate filled with an ion
exchange resin having selectivity for acids and subsequent multi-step elution using several

buffers of increased acidity (vatious concentration of an acid in an aqueous mixture),
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type or specific processing unit or facility to accommodate the
multi-component fluid, (iv) WO 2006/030218 PCT/CB B2005/tlo3i60 14

the type or specific configuration of equipment to process the

womullskcomponent fluid, (v) the type or specific configuration %9{835‘ (%%9356@

steps to process the multi-component. fluid, and/or (vi) the type or
specific blending materials for the multi-%mponent fluid (such as another
multi-component fluid). 5 Arrays or libraries of multi-component fluids may

be provided. Two or more components of the fluids are separated in a
highhtheoughputosy stenp af-methogkt, farm aays or libraries of twoor
MQ:GomRenents. Th{ose component arrays o iqragﬁénquaeré’ytﬁ(é Teehetifnd
af?igh throughput SyStami 8t HHEPRPES Hetdpivinsasom pbsitiahs sharagigrh (e.q
vEioprdsavties. oFhise datiivinations A user {9 getermine a value forthe
sPullisgeraponent; 10 fluid in an industry. The high thfoug PUES ﬁgflé%%rrfmppmg
and testing can take place i A PAranérersesmnd pinpes fashiomand/onin

Alfgsiél SemahtaBhiotinEne dhroughpiehiae averal s%%iﬁé%%;iﬁﬁg%‘é&?&%ﬁy by

With the. lg.of multi-component fluid per unit time “varyin
epencing of o oLy iR CHRIE GAPBE temrGE Kor e
IFi SRS o RH 0SB nenabecniiseparatinnuasdeeamppnent Aaly %jf?ﬂ?%rr]]ixg/xmre of

wkeRaceakings f at 50, for example at least 250, preferab
%A%OO, different pru%%ag %(?ille }lﬂe}tgl?c%t%Bjéar{%%%’%?ﬁeﬁ(é?rﬁwd@%@mydol}exane); and
HPEOR FREIR g s tmunehmaterialsisuchres m@@&iﬁ@&b@h&ﬁ%ﬂ?@é HPLC

tieedsiaeks Rl MACEHES - Value determinations can be made
begore or after pl%?hase‘oaf{%égésfr%ﬁg Sq%ea%ﬁﬁgg%ﬁ%fiﬁfgractlon elutions) for
“RiGHEEBSBRSRE ALTaRIg T e vamhieedaterminat QRASSIRIATAN distribution

noptiizingovdlue WXEaGHoR. 41 rred embodiment, for measuring
Sgﬁ(iid agecig?%n _which‘isi;l gggé%gﬁlg‘%ggé%n%?nﬁat%eeo Cies of Aptensinm sime, the
samp e%ﬁﬁﬁ“ﬂ%&?é’s@‘&%@?ﬁiéﬁﬂdhﬁéﬁiﬁiée&éﬁun sitens: ABISMRISIy the
HiteParationrdtiatesisls ara exiia ulti-component sample, 25
atogsther with o ae% lars in a n%atf%ﬁ%{ﬁﬁ@e%&%&%% UE§ PBYSHadgpIo the acid
organic and/or \MBryani€ padaleaigdticnblinnsanitwater.sAdtenoatielyse
fagieimple solid phase extraction process based on silica-filled 96-well -
microti%ﬂgﬁe can be us%-;d for extraction of polars, under the conditions

of flash or normal-phads CHIBmsGED RybeyHRendies drsiovention.
Example

This example uses fractions of crude oil, which can be any crude oil. An array of 96 crude
oil fractionated sampies is provided in a substrate having 96 wells glass lined with glass
vials.

Liguid-Liquid Extraction (LLE)

The samples are being targeted to be approximately 500 mg each, and each is weighed
using either manual weighing or a Bohan automated weighing station. 1ml] per 500 mg of
sample of a hydrocarbon solvent is added to each well and the array is mixed wel] on : |
shaker plate. The array can be heated to ensure that ény solid samples are flowable. 4m]
of extractant solution is added to each vial, with the extractant solution composed of 80 |
parts isopropanol and 20 parts of 100M triethylamine in water. The vials are rigorously
shaken for at least one hour, and then centrifuggad for at least 5 minutes. Ap aliquot of each

vial 1s taken from the aqueous portion of the extract solution.

Fyst Dimension Separation
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separation and first property determination: the acid strength separation is
performed by 30 selective retention of the acids on a 96-well solid phase
extraction piate filled with an ion exchange resin having selectivity for

WO 2006/0302° : . .
acids 2t subsequent multi-step elution using several buffecsafs200s/003560

increased acidity (various concentrationcof an acid in an aqueous mixture),
WO 2006/030218 PCT/GB2905/003560 15 which separates acid
components, in the multi-component sample by acid strength and

Therein; ed multi-step elutjons provide information about the
acid strel%?ggtnhE ?(éé.?gg%p %rrag}eorn of BIHO BF & GraRRiIGH N Erat psmeLtEl imteilable

9%‘@%@&§§mﬂgr@stemfgmmpiggirowmya;gh arﬁaﬁ%ﬂqumgqﬁjggﬁ%auy the
OssRaAaliv:3 roperty determination: each 5 effluent from the™
first dimension \(?gefé?gg?r? pl%%gﬁﬁse Cegqﬁméeprgfé?&%‘ﬁy%r&l%ﬁhﬁﬁklﬁﬂwal’twie
siEgpided ety p &@mlmﬁeﬁgmsmﬁqmﬁmmmmﬂgmm%@i Each
waltbrkirVis igeigstion ; -380nm absorbance), using a
revers d-ptlwagge colélr(n{%{%\;ﬁﬁ%%ﬁkst@ggcgp %%ﬁﬁﬁrjén s isqrienpRo heitgater. The
alSPRS 8 Pareia e thy araivessr g tirofaFAicyEIB Inexank) aadn felvam Qlch
whllagiiRgoangspomde haragis izaiion; ack nd subtraction, the
; HPLC 10.traces cor%spon%%ﬁ?gbﬁ&%c&%%é%g% °1E g7, b dpiemated
'ERESENOAEIGRR0 fhRe SXERCH ar-ethpsbHunegathpl8Pa elrecombinedingg or
méntwondimessionapasid disthuion, a8 inwhichthe x-y-z
oFQordinates ar mgde of the HPLC retenrf%\r? ttl??nyg%?fgpsa&?é%&}g‘ggé by'a mixture
extraction efttion Brodr s laphcigenskibe Siipahdenthoptionatiidhins,
BRICstraceamed infegiakadinia severnl 20069 AR EICREAATER oo
ac?&i@\éﬂ]@ﬁg a'r@ 0 Haema%d bundance values (mgKOH/g equivalen s)“by
multiplying with zore-SPeaitragsshddia eloral Thelislioemplis there are four
cl@iennple Sftfiserhbiodinenubfidhe inyentiopmiE xR 6, 1nis 8?1‘%’?&" well and
p&ﬁ@é&ﬁ%‘h@%’ﬁ ﬂ{ecryege oiléwhic can be any crude oil. An array o SS
crude 20 °0il fractionated Sampras S HoRTRa fraty dostafabrifg 64./min
a%é&ﬂ@lﬁ@éﬁliriég Wi&ﬁgtas%fﬂiagmﬂqui:irl:iﬂmtﬁxﬁt@qi%%hg%zépgl ierofiter
isamplesake being.t to.be approximately 500 mg each, and each is
P weighed uégngﬁJl gi%ﬁe%g gr%%ﬁg}l%l\%igr%r‘?g o?r?aSB%ﬁjﬁ S atEtisenghthento cach

PP b SBBe At DSssampigustea tydraaadhaResalientds adgag gy 1
0.2aghoreltarghilie ATatdSdH 'ffl%jav\égllnla%]te%@weﬂ microtiter plate, and cooled. In

 the third elution, 0.5 mL of 0.890 M formic acid is loaded onto each well in four equal

portions and pushed through at the pressure adjusted to maintain the same flow rate.
Again, up to 0.5 mL of the effluent is collected into a separate 96-well microtiter plate, and
cooled. In the fourth elution, 0.5 mL of 1.425 M formic acid is loaded onto each well in
four equal portiens and pushed through at the pressure adjusted to maintain the same flow
rate. Again, up to 0.5 mL of the effluent is collected into a separate 96-wev11 microtiter
plate, and cooled. The order of elution is recorded by coding each sample with a sample

name that reflects its order of elution (e.g., using a processing system readable bar code}.

Second Dimension Separation

The four plates with effluents from the anion-exchange separation are put on the platform
of a robotic liquid handling robot associated with a parallel capillary HPLC device,
equipped with a UV-vis absorbance detector at the end of each of eight columns.
Specifically, an 8-channe] capillary HPLC ExpressLC™-800 from Eksigent, with robotic
autosampler HTS Pal from CTC Analytics / Leap Technologies is useful. There is an
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shaker plate. The array can be heated to ensure that any solid samples

are flowable. 4m1 of extractant solution is added to each vial, with the

extractant solution composed of 80 parts isopropai of and 20 parts of
WORSNPHfiEthylamine in water. The vials are rigorously shakeitfuGatlesstiseo

one hour, and then centrifuged for at led%t 5 minutes, An aliquot of each

30 vial is taken from the aqueous portion of the extract solution. First

Dimension Separation WO 20061030218 PC'T/GD2005/0{)3560 16 The

first.din ion; separation is a splid phase extraction using, a )
i e R —
teiyrnaffite forsagiisscspeoifioalheithe vasis MivYofromyNVateis £60ng of

dQigxcha ' II,.30 mjcron resin particle size) fitted with a A

Speedisk(g >§g§e%gt€g§£¢6§%r§srggﬁ an %)gﬁ%ﬂuaeﬁt%%ﬂ?é"&ﬁ?@%%ﬁa collection

e s @@éﬂfwg}f wphdsémmﬁémmafg iipracaodianed Mling moving o

nsoRronaRelangwatess The, aliquot of sample from the aqueous fraction

of the LLE step is Ioadé%_sginﬁé?éggﬁln %Hgaogglvr\}%ﬁfcén fife SR sPRYE of

Whtrethdhlanyditmiagsiroeipidetecontith sivantorasec HaselB is a mixture

drandingiroRotntheigshagis Ale hr the SPE. plate slowly with

no orgrﬁ%nimu% preésure ap%%ifgdgi%h%%éé‘&?ﬁg‘?sa@%r%6?8%58?1&36%@%130&0&
liefed by a mixture 10 of isopropanol and water are pushed slowly

Anrgugh tbe b ppdesrthesams,rondi tign is performed i .
}gﬁéfgﬁfm all 96 wells and in stagfiﬁggﬁﬁq%d\,% t g{,nvé{gl{%g ase I%{: & capillary
ntURE RN aHiE WHEF B8 awietcelivie Rivgmam iis ehisetdnspieidhere 26

ArRataWr Blusionsidmndle firstieiphon. 0. 2/mk gu%}%gtwffﬂ%ige gég i%oand

loaded onto each well and pushed through at'the pressure adju
Noldine Y ahosty) Herpoaragatiowed i rhmeincdbeoss il phate dp tal®d
cothpokifienefflsrent isgolesteght -well microtiter .plate an
coé?l%d 1In the seacond eIutioF%J gﬁeﬁm%ﬁ%gﬁ%én%%ﬁjﬁgﬁlgg%@& ©
NotHeEhan-dn ahprinissrsansorrifing thet pressnsit adjustbddoimaintaio
stibecganefierAaaiBaiindQrRd il e gﬁmﬁl%s%ﬁge.ctﬁgci?&gﬁg}?n can take

e%agate 96-well microliter plate, and cooled. In the third elution,
agf’ SIS Sciane oakrpesH S ERE ARy faeqEtnalaOydrtions

panplrishel] ¥SrosgipRk heness U agdiistadde m@éﬂ%@ﬁﬁ&%&?@%ﬂﬁ%g

.rat(%. Aﬁ)ain up to 0.5 rEL of the effluent is collected into a separaté
YWl rr?r%rho’fﬁé?%ﬁ%, S EPCoraRlemterflomsLittn «liion betw e sofubl4@SEach
H{Grsajeagichiprohtesoriccagainy el ife i Sa4AROUIANG I RYshed. .

Wivaughatibgpressure adiusted to maintain the same flow

Data Reduction and Mapping

For each HPLC trace, a 10 nm bandwidth is extracted from the raw data at an appropriate
wavelength and baseline-corrected using the signal at 530 nm at 50 nm bandwidth.
Background profiles are prepared by performing both first and second dimension
separations as discussed above using samples that contain no fractioned crude oil, These
background profiles are then extracted from each individual sample trace. The four
background-extracted traces per fractionated crude oil sample, representing the order of |
elution from the first dimension, are refcomposed nto two dimensional maps in which the
HPLC elution time makes X-axis, the order of the SPE elution makes makes the Y ;axis,
and the HPLC detector response makes the Z-axis. The background-extracted traces are
also integrated into three zones of elution times, yielding peak areas per zone. The peak

areas are then multiplied by the zone-specific response factors, yielding the acidity
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rate. Again, up to 0.5 ml, of the effluent is collected into a separate 96-well
microtiter 25 plate, and cooled. The order of elution is recorded by coding
each sample with a sample name that reflects its order of elution (e.g.,
ajg}%&pbrocessing system readable bar code). Second Dimension =~
eparation The four plates with effluents from the anion-ef&?éﬁ%"w 003560
separation are put on the platform of &robotic liquid handling robot
associated with a parallel capillary HPLC device, 30 equipped with a UV=v
is absorbance detector at the end of each of eight columns. Specifically,

aridthannelcapillaty HRLG, ExRiasshCIMN:S %E[pf)«@r?g)ie%ﬁﬁowgtgd crude oil

robotic_aittosampler HTS Pal from CTC Analytics / Le o}ilogles IS

sagRltul i ariY & Wesps06los0PT SelzansddihEsiinents a sHRipleelution
tivalve hldings waranipledRePaRIRAsh Golv RN AN RACHE &%Hﬁlﬂlﬁéﬁﬂple,

everse-phase column packed with 3.5 micron octyl-silica particles.

W@%%%ﬁ‘?&ﬁ%\?&ﬁ%%f@ DSrelvaheohihe s shormPinpenaisdfumsiRy and

stalakadollection from the detector. A gradient elution is used starting with a
MobilePhase-A and moving to 5 MobilePhase-B. MobilePhase-A is a
mixture of 4 ingredients, including a majority of water and TI-IF' and a
minority of two hydrocarbon solvents. MobilePhase-B is a mixture of 4
ingredients, including a minority of water and TI-IF and a majority of two
hydrocarbon solvents. An aliquot of each of the effluent sample is injected
onto the mobile phase of a capillary 10 HPLC column. After injection a
gradient elution program is executed, starting with 26 .Lhnin of 25
equivalents of MobilePhase-A and | equivalent of MobilePhase-B and
holding it for about 15 seconds, followed by changing the mobile phase
flow rate and composition to 37 L/min of | equivalent ofMobilePhase-A
and 35 equivalents of MobilePhase-B in about 90 seconds, holding that
composition for about 3 min, and 15 subsequently returning back to
original flow rate and composition. Each sample can take about 5
minutes, with 8 samples being run simultaneously, requiring about 1 hour
per plate or all 384 samples in 4 hours. In addition, the robotic
autosampler fills the injection loop with solvent between samples to clean
the column between samples. Each HPLC separation produces a trace of
time vs. detector response at UV-Vis absorbance 20 wavelengths in the
range of 200-380 rim.

WO



Data Reduction and Manvine For each HPLC trace, a 10 rim bandwidth is
extracted from the raw data at an appropriate wavelength and LLOYD wice
baseline-corrected using the signal at 530 rim at 50 nm bandwidth. ' ) WISE
Background profiles are prepared. by performing both first and second
dimension 25 separations as discussedhbove using samples that contain
no fiactioned crude oil. These background profiles are then extracted

Hi'&ach individual sample trace. The four background-extracted traces
per fractionated crude oil sample, representing the order of elution from

he first di [ - into two dimensjonal. maps in which . .
e BB b B e S P S e LA e dusing:
makegiheuoadisgdt and ihe T4Ricydetdstorkesphastmalesrtyecdngprises at

The chgsqré)u&dr xtrgf;'gﬁgftraces re a%ggdlsr%te%rsated into three zones of

elution times’, ylg%?/ng peaFgeélrtergsl%eé zone,OIChe’peak areas are then
multipkigdl Hydtienatine-specificrespdnseyfactdss)ckielding dreragidityri@e a
2006/030218 ECTIGRZ005100336015 aundance vollies per Sacha0ne: ,aor
in equwé}ents 0 ¥ng RBH p%r djélfr?ra tionated crude ol sampﬁe. e ©
acidityphlysicdbpepadies sdoh éach aobend iISREsefflatvi oK Bpi8PEsGiream that
elution Eirﬂ%rgn%ess {rg-)asyrﬁrqwe?d ta%%ether, yielding the total acidity value

of petrrc?le%.lm s:fmpf;e, Which carrthen compared to the TAN of the crude

oil san(ple qme psiredebyhAS FadD braridard<rddti sl OO BSEN TR Glainmsnote

A process for evalyati . pDlurality of refineryfeedstocks,.said process
R SR R R R

comprising: (i) provi an arra
at-ray porwpnisdsaatedetiptriphyralinpaildifferent refinery feedstocks; (ii)

fractionating each of said refinery feedstocks in said array to produce a
further array comprising a plurality of fractions having different chemical

and/oroptysisal propeiesaigathvibeetioriseiry iepatisartativé bsgperformed
AIRGESS Al 'ﬂbﬁlﬂ%%ﬁ%&%ﬁafﬁéﬁé&iﬂ a refinery; and (iii) analysing

each of 'said plurality of fractions to determine one or more chemical
and/or physical properties of the fractions, said analyses being

3. A process as claimed in any one of the preceding claims, wherein the fractionation
step

(ii) is performed with a throughput of at least 50 refinery feedstocks per week.

4. A process as claimed in any one of the preceding claims, wherein in step (iii),
analysis of each fraction for a first property is carried out in parallel, and subsequently,

analysis of each fraction for a second property is carried out in parallel.

5. A process as claimed in any one of claims 1 to 3, wherein all analyses of step (iii) are

performed in parallel.

6. A process as claimed in any one of the preceding claims, wherein the refinery
feedstock is selected from a crude oil, a synthetic crude, a biocomponent, an
intermediate stream, such as a residue, gas oil, vacuum gas oil, naphtha or cracked

stock, and blends of one or more of said components.



performed at least partially in parallel. 2. A process as claimed in claim 1,
wherein the fractionation step (ii) is performed either in parallel or in OYD WISE
rapid serial fashion. 3. A process as claimed in any one of the preceding )
claims, wherein the fractionation ster\JNgi is performed with a throughput

of at least 50 refinery feedstocks per k.4. A process as claimed in any

pne of { of the recedln claims, whereln ste ﬁ’{@"asl sis of each fraction

for a fitsP pr?)ebS g SRR 8TV ?PBQ Slp q8UBS % e feakmgnt of
thac:éﬁinagtlm&deroalsm:pmdhm@p@ﬂt}t&h@&fﬂﬁd@lﬂhﬁlmfﬁgthferéhptﬁ@ﬁﬁ&al

aime ly one o wh ereln all analys s of ste are
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mlghmbe chatnﬂlwcﬁhnaryccﬁagnlmdms;@i edtblditing aaatuetﬁmlly deedstock

\%XH eetlgrcr%%(%g 0 QH%% ?’ stoc Intel:rn[g QICaetng r?}i(o ons of
residue, gas oll, vacuum g 0|I nap aor crack Biehde of

dffermgmuorecofisaly mn@m&ﬁ&d.ﬂs@ﬂbe\ﬂtnﬁal RaiTerin f@mﬂsm azslth different
claim e qj tgg reced i re tr atm
e e s
chemical and/or physical properties, each fraction being representatlve of

@ Procgss siean i) ’él#glﬁt ?12)5’ @%?’;}Bé’k?&%ﬁ&%&a‘%% R&eﬁeﬁ G SERent of

of blending said refinery wit e or more ot ery

tf@erd&@ﬁrksf@sq@tgdg&em@walwl@fsﬁmm&mﬁmf&mggﬂcfrﬁ@mwlugmlcal
Hlghd aeaﬁl? élgshﬁ@? m@k{féﬁméﬁ%%% \d(’({&%\qéff)%@g%%hﬂtream that

refinery teeds and/or with other refinery feedstocks In different ratios.
1gight hropesss s T miiEtim, &ﬁwm@@fwlm@t@dmlaamupvhem@nlumn or

dRatmeniehiied SRaN daadochd RRLes AL R ﬁé@g«‘t'ons

having different chemical and/or physical propertles eac ctlon being
representative of a process stream that might be present in a refinery,

gomprisesdreaiment ih amieraAisil st crlp, clmlﬁgom@&%ﬁl&ﬂ%}@&ﬁﬂem of

obtain fractions with defined bailing point ranges. A process as claimed

thy asiinsnie lepdrio prde aumdyadiplaraline pdifracsienn day oie dig semiehemical
deedringkiarrdised RN Qi famdtipn sehpuipg differant Ghemicalcam that

might be present in a refinery, comprises solvent extraction, membrane treatments,

adsorption treatments and/or suitable chemical reactions.

10. A process as claimed in any one of the preceding claims, wherein the plurality of

fractions produced in step (ii) comprises at least 7 such fractions.

11. A process as claimed in any one of the preceding claims, wherein the chemical
and/or physical properties of the fraction which it is desired to analyse in step (iii) are
selected from density, specific gravity, total acid number, total base number, cold flow
properties, viscosity, hydrocarbon speciation, sulphur content, sulphur compounds
speciation, nitrogen content, nickel content, vanadium content, acid speciation,
asphaltine content, carbon content, metal content, micro carbon residue, chloride, and

combinations thereof.



and/or physical properties, each fraction being representative of a process
stream that might be present in a refinery, comprises solvent extraction,
membrane treatments, adsorption treatments and/or suitable chemical--OYD WiSE
reactions. 10. A process as claimed in any one of the preceding claims,
wherein the plurality of fractions produ%lad in step (ii) comprises at least 7

ch frlgctions. It. Alproc Ss as claimed in any one of the precedi,nqd ,
Claims; WREFETH T RHRRT LA RIS bHYSRIS B B15eH T b the FlcHsrproperties
ofhiehfisds desiwaitionanatybadd siehdiipaserselectalthonnl gesisityics.
specific gravity, total acid number, total base number, cold flow
properties, viscosity, hydrocarbon speciation, sulphur content, sulphur
compotipdscspesiatiomeditrogenonentetits piekeleenikint yanadidmthe evaluation
.content, acid speciation, .asphaltine content, carbon content, me ,
e R T R D S B 5 D or e
E@MDVEBEN21 12. A process as claimed in any one of the preceding
claims, wherein the properties of the fractions which are analysed include
one or more chemical properties. 13. A process as claimed in any one of
the pretedingsslasmkinvtikieimshene vl tatiorcislaghdniced hhgeifotmipgcess is
gglrlt&%ee&%egi%%% E)qgegqg&gegteps (ii) and (iii) of the present invention.
14. A process as claimed in any one of the preceding claims, wherein the
process is performed in a continuous manner. 15. A process as claimed

1.2y 28 LG PIERRANG AR PRICI NG NIECEIR S RREHEA Bl cess i
analysis of different physical and/or c emical prop%rtles of the fractiond.
repeiegriseaneasisleftidtienaninonalointteprecadiagpotgiense wifateitiractions.
evaluation of process streams is "linked", such that the refinery feedstock

is evaluated by analysis of two or more pluralities of different process

Kireams Prqccasproekesaebislaimede v tthim e dune réimet, iehstenprodesson of
p%%e@s@%a?n@}@lﬂmwsaéﬂ'ﬂ%ﬁ%&%ﬁﬁ%ﬁf \é@s‘? 'aiqi@ééé%ntg 0% nalysis of
optimum refinery configuration for a particular feedstock. 18. progess

59 clamnee Mustieh elotiffrrgniavedisg diarms which comprises the

further step:

17. A process as claimed in claim 16, wherein at least 5 process streams are
evaluated in a “linked” way to provide information on the optimum refinery

configuration for a particular feedstock.

18. A process as claimed in any one of the preceding claims which comprises the
further step:

(iv) applying a refinery process model to determine the impact of the chemical and/or
physical properties of the fractions on the subsequent processing of the fraction/process

stream or on the overall processing of the refinery feedstock.

19. A process as claimed in any one of claims 1 to 17 in which the data generated on
the effect of refinery feedstocks on refinery process streams is utilised to develop,

update, maintain and/or verify process models for one or more refinery processes.



(iv) applying a refinery process model to determine the impact of the

chemical and/or physical properties of the fractions on the subsequent | /vy vyise
processing of the fraction/process stream or on the overall processing of

the refinery feedstock. 19. A process as claimed in any one of claims 1 to

17 in which the data generated on the &fect of refinery feedstocks on

refinery process streams is utilised to develop, update, maintain and/or
verif ProcesShfduaIsddR sRE SRembrdiBTel) pPdaeskisd te apgyf refinery

RIQRESSk3 S GalnBHaiR ARy Rh&ueE Glaimisel Q4L LIWRIGA NG AFAN O fractions
refinery . feedstocks js fractionated to produce a further array comprising a

PR AR HE TR GORLIF ARG R paNEI L RERREEP AR BieRiBsRI HFepet fas iery
Ibelsalekeipat kwask SPhiefiney c 5o RdaIpRKS RS WREKoMNIABIEPE8RS mining a

comprises the additional step of determining a value of each of said
ﬁ%?giﬂée {’e‘? é@@l‘[@’cﬂgrﬁf@ﬁféf f5d5100 raidrdita¥s of claim 20,

wherein the determining step comprises: comparing said one or more
gge ical and/or Pt}ysiczopro ertjes to d{;e price of refinery feedstocks .
ViR SUER a8 T B PR S IR 8 PrSCEahios ARy e said

teastranerefcisaidoplunadity: phsafing ny-dpediioakehbasrd onrtiTmanalyZil ks
tep; identifying a_configuration of processing equipment for at least one

R R Py P SR FARBA BIP UH ey S8 Sdape of

sdehpfyralite ef at@riatyddelénockitbaat d easho neadf Aagck i adibyafiainery

feegstoc S baged on the anal zing&tep. . .

configuration of processing equipmefit for at least one of said plurality of refinery

feedstocks based on the analyzing step; and/or identifying a material to blend with at

least one of said plurality of refinery feedstocks based on the analyzing step.



