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us, according to a first aspect of the present invention there is provided a process for

20 evaluating the effect of a refinery feedstock on a refinery process, said process comprising:
(D) providing a refinery feedstock;
(it) treating said refinery feedstock to produce a plurality of fractions each
representative of the typical feedstock for the refinery process of interest, said
plurality of fractions comprising at least two fractions with different properties;
25  (ui) treating each of the plurality of fractions under expeﬁmental conditions
 representative of those in the refinery process, said treatments being carried out in an
essentially parallel manner; and
(iv)  determining one or more performance criteria in respect of each fraction for the
refinery process.
30 The refinery feedstock may be any suitable refinery feedstock, including a crude oﬂ, a -
synthetic crude, a biocomponent, an intermediate stream, such as a residue, gas oil,

vacuum gas oil, naphtha or cracked stock, and biends of one or more of said



vacuum gas oil, naphtha or cracked stock, and blends of one or more of
said WO 7006/0340215 PCT/GB2005/003555 2 components, such as a
end of one or more crude oils or a blend of one or more crude oils with
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refinery feedstocks are processéd, such as a number of different crude

oils. The refinery feedstocks are also usually blends of available 5 feeds,
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pu%ﬁﬁ@la’ecisions, product optimisation to market requirements, and energy use
minimisation. ‘The invention allows synergistic and antagonistic effects not captured by
conventional process models to be taken into consideration.

The present invention provides a process for the evaluation of the effect of a refinery
feedstock on a refinery process 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 the effect of,
for example synergies obtained by, blending of said refinery feedstock with one or more
other refinery feedstocks on said refinery process. Since refinery feedstocks are typically
blends of two or more refinery feedstocks that are available to the refinery, this allows the
effect Of'blending in differing ratios to be evaluated and valued, by
measurement of the impact of blend composition on processing.

The present invention can also allow the overall reﬁﬁery process to be optimized for



blends of two or more refinery feedstocks that are available to the refinery,
this allows the 30 effect of blending in differing ratios to be evaluated and
wo 200¥8lded, by measurement of the impact of blend compositigRQth200s/003555
processing. The present inventign can also allow the overall refinery
process to be optimized for WO 2006/030215 PCT/GB2005/003555 3 the
“refinery feedstock, including optimization of various process parameters,
and even aid selection of the most appropriate refinery at which a
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different process conditions. 20 Typical catalysed refinery processes to
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roisomerisation, hydrocracking, enation, catalytic cracking,.
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itkila/rgsrogenation (e.g. the Oleflex process), 25 C3 or C4 olefin
imerization (e.g. the Dimersol process), MTBE, Isal, alkylation and
20 Typical catalysed refinery processes to which the process of the present invention may
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be applied include hydrotreating, selective hydrotreating, isomerisation, aromatic
saturation, hydroisomerisation, hydrocracking, hydrogenation, catalytic éracking, combi
cracking, reforming, iso-dewaxing, sweetening (e.g. the Merox process), dealkylation,
transalkylation, etherification, OATS, catalytic dehydrogenation (e.g. the Oleflex process),
25  Csyor C4olefin djmen'zation (e.g. the Dimersol process), MTBE, Isal, alkylation and
Octgain.
Typical uncatalysed processes in a refinery include crude oil desalting, crude oil
distillation, vacium distillation, membrz}ne extraction, solvent extraction, thermal cracking
(e.g. visbreaking) and gasification.
30 Where the refinery process of the present invention is a catalysed refinery process,
the “conditions representative of those in the refinery process” may include provision of a

plurality of suitable catalysts. Typically, the plurality of suitable catalysts will comprise at



Octgain. Typical uncatalysed processes in a refinery include crude oil
desalting, crude oil distillation, vacuum distillation, membrane extraction,
solvent extraction, thermal cracking (e.g. visbreaking) and gasification. ?0
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process, the "conditions represeﬁtative of those in the refinery process”
may include provision of a plurality of suitable catalysts. Typically, the
plurality of suitable catalysts will comprise at WO 2006/030215

PCT 005/003555 4 legst 7 such.catalysts, preferably at least 20 such
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may be 20 (predominantly) used to evaluate the effects efences in
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of 1he BRI 'erAleRle, ThiSMMeREHS IHH@@%%@&% Isd iﬁxteilgfncgr'}]l%rise all the
optimisation of the performance of existing refinery process
same catalyst or may comprise only a few different catalysts, such as only 1 catalyst or

only 2 to 3 different catalysts, and the process of the present invention may be
(predominantly) used to evaluate the effects of differences in process conditions and/orin”
the properties of the fractions representative of the typical feedstock. This may be
useful to enable prediction and optimisation of the performance of existing refinery process
configurations at a refinery for a particular refinery feedstock, and optimisation of the
feedstock, feedstock blend, or fraction blends to the refinery.

In one example of this second embodiment, suitable for an existing refinery
confi guration,'the plurality of known catalysts may all be the same catalyst and equivalent
to the catalyst currently in use in the appropriate process at the reﬁﬁery. In this instance, a
plurality of. fractions with desired properties are treated by contacting with each of the
plurality of catalysts, wherein at a particular instance, the plurality of
fractions consist of fractions having a number of different properties and/or the plurality of
fractions are contacted with each of the plurality of catalysts at a number of different

process conditions, such as temperature. In an alternative example of this second



configurations at a refinery for a particular refinery feedstock, and
optimisation of the feedstock, feedstock blend, or fraction blends to the
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existing refinery configuration, the plurality of known catalysts may all be
the same catalyst and equivalent to the catalyst currently in use in the
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20 as the same boiling point range.

Alternatively, the refinery feedstock may be divided initially to produce 2 of more
portions, and each portion is treated to produce a fraction with desired properties. These
properties will be different from each other, for example, the portions may be treated to
produce fractions with slightly different boiling point ranges within a total range typical for

25  said refinery process or may be chemically treated as further described herein. For
example, where a process may be operated using feedstocks 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 sécond portion may be treated to produce a
fraction of boiling point range 160°C to 230°C. |

30 One or more of these separate fractions may subsequently be further divided to produce

the required number of fractions with the desired properties. In one extreme, the refinery

feedstock may be divided to produce a portion for each of the plurality of fractions



20 as the same boiling point range. Alternatively, the refinery feedstock
may be divided initially to produce 2 or more portions, and each portion is
treated to produce a fraction with desired properties. These properties will
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produce fractions with slightly différent boiling point ranges within a total
range typical for 25 said refinery process or may be chemically treated as
further described herein. For example, where a process may be operated
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of these separate fractions may subsequently be farther divided to
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process, the treating of the refinery feedstock to be evaluated may
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plurality of fractions of differing properties by blending portions of the
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embodiment 10 of the process of the invention, a refine‘%/ffeedstock may
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refinery feedstock may typically comprise a blend of 3 to 20 different
expmipsREHoRdiERTss crude oils. It will be appreciated that a large amount

of ysefikslala ambeg ﬁlgféﬁiﬁ%i?’yh@ﬁ{z%m%&%&kt%&mm rallywfused to obtain
feedstocks; from the blend 15 produciggpa plurality of fractions; and
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a microdistillation column or microfractionator may be used on each portion to obtain
fractions with defined boiling point ranges. Other techniques may inchude solvent
extraction, membrane treatments, adsorption treatments and suitable chemical
reactions. 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 before the process of interest in a
refinery. For example, the feedstock to catalytic refoprning process is typically
hydrotreated before said reforming process.

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

In particular, the present invention may be used to evaluate the effect of the additive
treatment (different additives and/or different concentrations of additives) on the refinery

feedstock in the refinery process.



In general, any suitable physical or chemical treatment method may be
used to obtain the fractions representative of the typical feedstock for said

wo 200k@f4ge1y process. For example, a microdistillation column% JGB2005/003555
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rnicrofractionator may be used on each portion to obtain ractions wit
defined boiling point ranges. Other techniques may include solvent

extraction, membrane treatments, adsorption treatments and suitable

chemical reactions. Combinations of techniques may be required, for
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In particular, the present invention may be used to evaluate the effect of
typralagagser teskerepelfifereon af ditide sihna/dpefiferehitshodntiationtypical

raffgdigye S%rﬁt@gcgﬁ)flip@gx CfI%%gstqck in the refinery process. WO
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distribution across the plurality of portions, may be used.

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

In another embodiment, each portion may be placed in an enclosed channel comprisingv
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 upper boiling point of the
boiling point range desired, for example using a heating laser to
give local heating, and the second section may be maintained at ambient temperature {or
below), such that all material with a boiling point below the upper boiling point vaporises

and passes from the first section into the second section, where it condenses.



plurality of portions. Alternatively, a series of microflow controllers or
microvalves may 15 be used in which the flow for each portion is generally
continuous, but can be started and stopped, and optionally varied, using

WO 200H@30Zi¥e or controller. As a further alternative, a plurality & baffle®sne3sss
other flow control means, such a$ orifices in a plate, where flow can't be
shut-off or varied independently for each portion, but which provide air
even flow distribution across the plurality of portions, may be used. 20 In
one1RBRAdIMEeBhJRSRRLHOR i5Rlacsd Rﬂxf@r}i}e(ﬁgg% gei\xlxltc SrieaLis e, o4 for
applied to increase the sample temperature, and t raction which boits -

SHERPECT thE TBSHEE MRS B vedieekbentior exatriblethivy usitigmisuitableined at
aﬁﬁii&ﬂ%ﬁ@@&ﬁﬂ%ﬁé@%ﬁmﬁ@&ﬂrﬁﬁ%a?aji.iﬂ%ﬁpg%bm%ig%gi& e%?aw the lower

cooled to condense said fraction. The heating device may eat

bl st ApmorBses aat mestEHos §66E0as] sertivarnihtircahitibstioient leaving,
5 ueashRoion: ke plaasd iNARNAIREr ANRSLSATRlaing at least
other

three sections, each section separated by valves or Uitable barriers
wr{‘}&f?fﬁﬁab‘mlga%%f&h‘fmlea@%m@rﬁgmisaéélmdmecanﬂmmamughout,
sRaytan Myl Piecah it sFtonOLALORRORLAN RISl aeion

heated to the upper bailing point of the boiling point range desired,
malerabie ety ng aniy 1asbe ras drvadéarnbatied ianettiva Seennhchaterial

wsCH 8B IRHEMMRINRINR. A AMBIERH SRR §,(08RSlow). such that

all material with a boi oint below the upper boiling point vaporises

;
10 Aaiﬂafﬁ‘é%/s%fsch@?ﬁftﬁe#%% Bensthaw trsidbeentestetiomayhensritvided on a
sIHARHRNESE-tWOsSSRAGIRB0RL 2B TR BRARB/003BPG: B ke 3§§§?§e%0?4/58406.

section is then heated to the lower boiling point of the range or
Insstap i ersh @ Librahmaiiaeet Fogivassat headiriredrmiabrrtingis seotishunder
eipeniainiaineshattiambignbieRReal e RelpwAhesein allmaterial with

a boilin%é)oint below the lower boiling point vaporises and passes from
the-SBEGAERGio RIS TRRMAl PRELIRS RsaiRg haramiirchistes miosestiomditions

15 ganbanjomwithdhiasiesiadheilingpeint apassAligraatyel (hesecontysed
section may maintained at the lower boiling point throughout, such that
P A RAER b ST G PBRSS oA thiB g sAge b deretipmsiRatinosscrfonplurality

ofhnateirial il HOHPIG PRIBLID dhedBPEE FaskadiR collgsted in section 2,
agd materjal. with a boiling point below the range desired is collected in
s

BeisASal (PR ETAPRRY OF cheRrHb Sl ha prEoRRethBuderaase rvaenditions
repesians vay poRravidadiadm in the conventional refinery process. The process

20 conditions in step (iii) will generally be process dependent, and, where the process is a
catalysed process, may also be catalyst dependent. Process conditions may include, for
example, temperature, contact time/space velocity and/or total pressure or partial pressure
of specific reactants, e.g. hydrogen partial pressure is a variable in
hydrotreating.

25 For temperature, for example, the treatments in step (iii) of each of the plurality of
fractions may ail be performed at the same temperature, or the treatments may be
performed at different temperatures for at leést some of the fractions. For a catalysed
process the temperatures used for each fraction may be dependent on the catalyst present.

Similarly, the treatments in step (iii) of each of the plurality of fractions may all be

30 performed the same space velocity, or may be performed at different space velocity for at

least some of the fractions.

The temperatures and other process conditions at which the fraction is treated in step



wo 2000iQpefdies is treated under experimental conditions repr
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spinning disk-type separation device as described in WO 01/87485 or WO
2004/58406. In step (iii) each of the plurality of fractions with the desired
o) R
those in the refinery process. As,noted above, "experime%rﬁ?c?rﬁﬁgﬁgpm
as used herein, includes process conditions 15 generally, and also
includes the catalyst for a catalysed process. Thus, for a catalysed
process "treatment” will comprise contacting each of the fractions with one

(igF Rpante srestarydsmroeresahbvieepiassdnas aenfiaosgifablach

fri8AGHaN INJeRaER! Hhe-teatmentip sigrii) will be performed under
process conditions representative of process conditions in the

cOVERIRGRE PfhfePyesrBLERS PR i issExm abasohemRIhecHeste prah) suapid
therpaRibhhe RIORES Mependsibhi BNt hars iheieeess iaasaialYRdatalyst in

process, may also be catalyst dependent. Process conditions may

CAHLIGAEOTdR B hfTaRetamiberhiort) Bntiek amtlefded wliocity and/or

tosat PRSI O pRBEIREPFESII S RfISREGHISFHARAGEMS: SrIndR8gS nance
partial pressure |s a variable in hydrotreating. 25 For temperature, for

crigamBEe R AR SREIR&EY Gnslordmenyaransss|raitb s erimpce criteria
miRyaaideesperdprmre abhh e A MEIHaR) ReFRIE, ehdhs tameRtsI@Product

performed at different temperatures for at least some of the fractions. For

vighd apayeado g sealty (et aldhs-deettatkibiraach waBGERRTNSGBeand/or,

spdeppeale s oming catahystRESSHRY FUTHIRI YA iiR UIgRIRRNS M WER MNPl catalyst
each of the plurality of fractions may all be 30 performed the same space

SelRSIRATY 3B RV RerbARSa At nt space velocity for at least some
ofisidiagtions. (Fheresnperatiliess ¥TthethrilREOSRsME RIlioRMmBEWRISBNL, the
the fraction is treated in step WO 2006/030215 PCT/GB2005/003555 4

catity$hd§ SHEBECRE VM BiRTdRS LsBbrHaBpamuth Bkl may be by any

sub@bldiiens iqiee #oh cffaatity) i o debineLRracassi{onae setsrmised. The
roc%ss of the present invention is performed on a small scale to enable
B BT - TR EB Ot TCEIR THSF o AR g Bt B,
sptheraakirgensiceaiabstsipecraaeliy@acion 54 RpAarHRBES Ob IR s J& mdscopic
uch as 10 | to L mi. Ste igof the_present invention involves determining.
tecshm ue. Or via micro Sensé) S %ﬁ@?ﬁ‘?ﬁg %éczﬁllngﬁ %18%@6@(6%?%&& ac1gxty,

one-or more performan
derefizeppprpoess. Suitable performance criteria

It is a feature of the present invention that the effect of a refinery feedstock on a
refinery process is evaluated by treating each of said plurality of fractions in an
essentially parallel manner, i.e. substantially simultaneously. In general, the plurality of
fractions comprises at least 7 such fractions which are treated in parallel, such as at least 20
such fractions. Where the refinery process is a catalysed process, therefore, there may be
provided a corresponding number of catalyst samples.

Where the determination of performance criteria is by analysis of the product streams,
then this analysis may be performed entirely sequentially using a rapid analysis tool, such
as fast GC, micro GC, mass spectrometry, or micro spectroscopy, which can analyse the
respective preduct streams one after another. Alternatively, the analysis may
be performed at least partially in parallel i.e. by using two or more micro analytical devices
operating on different product streams. For example, a separate analytical device, for
example a micro-GC, micro spectrometer or micro sensor, may be provided for analysis of

each product stream, such that all the product streams can be analysed in parallel.



may he process dependent, but may include, generally, energy efficiency,
desired product yield and product quality in respect of the feedstock for
each refinery process, and/or, 10 specifically for catalysed processes,

WO 2006@3pMcElude catalyst lifetime, catalyst activity, catalyst seRCE(GRP2ENEI003555
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catalyst (mechanical) stability. TyPically, step (iv) involves analysis of the
product stream and/or, where present, the catalyst, to determine one or
more of the desired parameters. The analysis may be by any suitable

te@aﬂag%eggf%m%mm% @S&é%@ nalys %a@a%e%ﬁ) 93s 15

chromatography, micro gas chroma ograp usin amlcro chi column),
chppfaalogFIboRNREr) 2 §RICT IS G HRRROSRET RBMTB I G SersPRpE e btroRCopIB ple

s&ﬁﬂl&@é@xﬁ&@@ﬁ%&%@ﬁ!ﬁpé&@i&ﬂkﬁﬂ@s@g%@%cm sensors for specific
rope S, e.g. acidity, density, pour point It is a

| or chemical
fe%ly} 8Pﬂ1t8 preBAk ﬁmﬂﬁ’é‘ﬁ”fﬂ ‘f‘tﬁ%%‘%?&&%ﬁ%&ﬁﬁé@@%%&%ﬁ@ of
t2@refineny opessmisievatiatecdysissatibg esab oksadl pPhdalityekical

pssggﬂg@m%@ %&%%%a'% %” uraan“efﬁgge s guostantially,, . resent

Simu taneousy In gene ractio comprisesa east'’ 7
l@swmmmwmpmmm ERcsigoh ctrate dsn desupttment step

(fyactipng-0ddhese dhis refineryBracasE s & calrlySed R ?&@%é d@i&ﬁﬁiﬂé%ne or

there may he provided a corresponding number of cafalyst samples. 25

R 8?8%%%@?%%%%&6 ﬁﬂsﬁzzf@aeme?@%%v%w%pr (iid).
smguqieaﬁr@anmeﬂm this analykis mwba@&ﬂ%mﬂ@mth@y include density,

ential ara V uch asfa mlc CC mass
spem I¢ BTavI rnyl oal;l%hl éfr’ Ogsngbe th} Ai\ép & ?\?’\}Pﬁ%ﬁ %eﬁﬁ.&gtﬁg B/e@m?gmes |
(Sp?b@a costrpeinsivneedteriainothelowlpringtivehgsthe laabgsibmapebiation (e.g.
aﬁaﬁrzfaarm%@h«!)%@éfpmmﬁyem RAFBUE! LEnd: YSLRG AR QI IRKS lgmlx%rgontent and

analytlcal devices 30 operating on different product streams. For

cobifbhiensihes B?itra‘\téya*iﬁ’étﬂ}%éfla’éﬁﬁ‘é twalﬁw@&‘%ﬁﬁéréﬂé@d%cro
SRRECHPIe ehemAIAHAESHM, d@aﬁd%d?éﬁylﬁ@ﬁl}f@!e@r@lgﬁé%&f: 58ty sensor

B R AR A e

(i#bhrallel analysis that may be used include plate-based I|qU|d

QMP&I&QIBYﬂ@%@s@xﬂﬁﬁ%ﬁ{ﬁ%rﬂfé@(r}?&dﬁoﬁ?@ﬁ' T RYIG lmarrays
€ t&’ In

where multiple samples can be analysed in paralle on a smg

fesdrinsdiP R ApRRaTYANRTS ST eRBISFOdAChs PaERH Bheft raetiope q@@mﬁ atiigast
o GG with different properties. Typically, the majority of the fractions are

treated in a differing manner, by which is meant that the properties of the fraction and/or
the experimental conditions are different for at least 50%, preferably at least 80%, of the
plurality of fractions tested. Some “identical” experiments may be performed for the
purposes of ensuring reproducibility. Preferably, in the process of the present invention the
plurality of fractions comprise at least four fractions with different properties, such as at
least eight fractions with different properties.

The evaluation according to the process of the present invention may be enhanced
by performing further experiments repeating steps (ii) to (iv) of the present invention.
Thus, whilst the effect of a refinery feedstock on a refinery process may be evaluated for a
plurality of different experimental conditions, such as a plurality of different catalysts, by
taking a fraction with one boiling range in step (ii), the overall evaluation may be enhanced

1 Lam

by repeating steps (ii) to {iv) for a fraction of the same initial feedstock but which has been



5 the process of the present invention, analysis to determine chemical
and/or physical properties may be performed on any suitable streams in

WO z(mm,%(eggcess of the present invention. For example, in 0”%8?788% ﬁﬁ)ratjﬁ;
Ypo3553
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the fractions obtained from the tygatment step (ii) of the process or't

present invention may be subject to analysis to determine one or more

chemical or physical properties of said streams before they are treated in

step (iii). 10 Suchﬁﬁproperties, the desired ones of which may be stream ‘

treﬁég)@naéh%h%@ RIERfa eSOty raglyhbialasial ¢ivrsel filing point

raniRladaRaeUIRRAY GLEND Sald Howronertios (RUGhaR RO fraction
reezing point and cloud point), viscosity, hydrocarbon speciation (e.g.

COTHHH Herbis i radaBatent shrrSdEsontent, nickel content,
vanasivamensient ahd embingtianathareeboAmvsuitanlgsaralvtiedlation

technigue may be used, including 15 spectroscopic, chromatographic and

colurap BB EficAaCRRRELS, SBleshTREpl SpBRS ABHsBInEst ffigaeisular cuts of a
fecRERIRUSIY Baseriad @s pHitablefanapalysis el thed edved sHeathfiRMon on

step (iii). In the process. of the present invention, the evaluation of the
the Rt L PETHENS CROdHLBE S AetHE preelsd A etgell as
ideRHFAHEY/BE HAGHRRS SUMpIsREbeast AhANRHALHRNBWIEAITfRIeN N of said

properties. Typically, the majority of the fractions are treated in a differing
“Umanner, by which is meant that the properties of the fraction and/or the

exeesmes idonadiions areifarentialiahleast B0%e Piafe RBAbIR3Sknner,

80%, of the plurality of fractions tested. Some "identical" experiments

by #sThis BBt e RS B 8B R AU Rt SdaEmiiiach representative

of iReatgrabledadhreiDrocass affthe-pprsestinvashion) thel 2Rnlerlidnob said

fractions comprise at |east four fractions with different properties, such as

frachops B ETBNtHACREHS TR HtrRSrEHePRIFEATECORHBURVSITASR R SrifR - type:
maﬁ&&i\@ﬂfﬁ?ﬂﬁ@fﬁﬁi&lﬂ@ﬁ@iﬁp ivantio B)dﬂ@%h%f@ﬂrfﬂﬁﬂﬁ%ﬂy by pRE B BEnery
rther experiments repeating steps (ii) to (iv) of the present inventjon.
Ttk i R BREEE B BTEHEr TUBRRSEL GHF PRy BrOR iy
suthegauailyaied:édria S0 pluratiy ol diffexerih sxpofif clhad coReiionshsyehases

oo RN 5L U A W o R AHAER b B A G

testimg)wyliorha Sacitosilgfbidsambimnittiatiieedstock but which has been WO

2406/030215 PCT/GB2005/003555 11 treated in a slightly i.ffergnt .
B R0y AT S oA A R BT BBy o simce it i

not necessary for a large sample (batch) of a particular fraction to be obtained from the
treatment step (ii) before it is subsequently fed to step (iii).

When the invention 1s performed in a continuous manner i is also possible to vary
certain properties of the plurality of fractions in a continuous or semi-continuous manner,
for example, to explore the effect of different blending ratios or fractionation temperature
ranges and/or to vary the contacting conditions, such as temperature in step (iii).

The process of the present invention can be repeated as necessary for different refinery
feedstocks and blends thereof.

For catalysed processes, the process of the present invention can be repeated with one
or more further sets (arrays) of pluralities of catalysts for said refinery process. An array

typically is a substrate having a set of regions in which materials may reside. A substrate
refers to a substance having a rigid or semi-rigid surface, which, in many embodiments,
at least one surface of the substrate will be substantiaily flat having a desired number of -



range within an overall boiling point range representative of that typical for
a traction conventionally obtainable for said process at a refinery. Since
refineries do have the ability to vary the operation, such as of a distillation

WO 20080catumn, within certain ranges to select different temper&Uir&Bagge80iHsS
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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 well as identifying the optimum
pEAIRYISY apshRiiecessonenditions fefisuaseuentTeasion of saidiraeel. i, for

Preferahlk p ss.of the present invention is performedina . .
o R SR MM RR- B IO MBS Rrcrotire plates or
2lrsrainl Hreideirsnt sa slnfeprdBeniaaanrdHaciisiclefedsdeidias sengtains
wegfinetyspdaegisiy) sigpdiijramchébe dreaimient otsaidl Hiagiions inestepi¢ib.

IS, rfor(r)ned in.an inte%ra%ted ar%d contirg)uous,lrajher thz%l atbatch-t)épe, £ different

manner. THhus, the Heatment of Stap (i May com e contindoushy « oF GHieren
ref@edingrthesefinéysd 5tfieadsidekdopigatment siepoie prosueeaytirdlityitable
S NN R O L

manner 1n step (i) s repres%ﬁ)trs e processes ggneraiy oeCUrming - Creys
obsrefiberyandye closehslamihis differenttackypic alerudesoihasshyefiestinfiedstock,
ar\l/yjhsig%xilsag%%r@gé{ performed in batch tests. By operating in a continuous

manner & more rapid analysis may be achieved, since it is 20 not

netkesatyvidy,alaige sanp ladbatoly)mdahpditiakia frictigine hetbhtainbddiment,
oSS SRR Ioh O e S GO SR ), o
feedpyoddesiaivraoprotie sebirthre ptocalitysofiftatitinasuisiya Thatietoadporcess may also

segm-cggl i(r))u‘?ryc% trg;l(sl?r)lerlder, for example, to explore the effect of different

ndeg ratios or rractionation temperature 25 ranges and/or to vary the
cdntastingpeondlitimssyrsbictimsite ieerdiurey ifestsm i manh beprosedsopthduce a
resent invention can be repeated as-necessary for.different refiner
R RS S N ST T O (R AL L3Ry process
aiti@ phasdity ifVeatiomes arpbsasptsted withygnen] deedsrefuithe semtsd
[ uralii I fqr said refinery process. An array.. 30

R e MM Bt
conditensreprbsiniat vefe ttorespedistanc@nanig cesigid Ao seanipligief this aspect

B A O P A e o
kerosene fractions from a crude distillation unit and a second plurality of fractions
representative of gas oil fractions from a crude distillation unit, and passing these to
respective subsequent steps.

In a second aspect of this embodiment of the present invention, the refinery feedstock
may be evaluated against processes that are operated “in series” on a refinery.
A typical example of two processes in series, and where both processes are catalysed, is
hydrotreating of a naphtha fraction and subsequent catalytic reforming, wherein each of the

plurality of fractions may be passed to a known hydrotreating catalyst and then to a known

© catalytic reforming catalyst.

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 facior, such as the properties of one fraction on a first process, can be

simultaneously evaluated against consequent changes in other processes that are the result



WO 2006/030215 - PCT/GB2005/003555 12 physically separate regions
for different materials. Examples of substrates with, for example, dimples,

WO Z(N)xy@@,ggaised regions, etched trenches, etc, include micro&g%eb %&;}% sxs
€ substrate |%S%1f
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glass vial lined microtitre plates,in some embodiments, t

contains wells, raised regions, etched trenches, etc. which form all or part

of the regions. 5 The process of the present invention can be applied

separately to ‘a number of different refinery processes-'Maus, it is may be
oL B dprEtEdERave one or more arrays of suitable catalysts for evaluating

hydrageating: praaesses G definery feadsty %&@&Qfﬂ%ﬁ%@(ﬁo 8F more

suitable catalysts for evaluating catalytic cracking processes on'sai
fﬁi‘?n‘?féf&f%&asﬁ%&?yéﬁoe%‘%e%I?é’qﬁiF@ak&@’mw%amﬂmmﬁmn the
optinnenses Baychefiinkedn thUSRiddrhenaaROMMeRL, heRIecreef

the é)resent invention may be applied to evaluating the effect of a refinery

PYRUHRE AR S ANE G B RSt AL Py SBRSHME 8ecsRtinR AH@S 9N STHekecond

mixogessonay alsy Aexgatalysed or uncatalysed. in one aspect of this
erﬁl?odiment, the refinery feedstock may be treated to produce a 15
pldrATtyPIPRARHBRA NARR 8 BT ARB RESERRE Brambiapii 1ot aaabirstbralinpstion and

twefinenpprodessnandapiy alite of dackians eRieseMative i theRIERL 2 real
f edstoglécor a secaond refinery prqocess, and treating the respective

re SRRt 8RB HPEER N PIRFGEIEE AP A RRRICB TR SR SPB i rusehtamiadrine
spespectiacgfinbeepiecessas. ARfeemmewidbis, 35008inin YAk blends, can

separating a refinery feedstock into a first plurality of fractions
e R R e ST E——

preeconcpptitiahitycaliitastiontoiepieseniaiveeal gas @ik kaeH8pssTlMIBhe processes
. %Bug% th[g}{1||atl(g'.)n unit, and passing these to. respective subsequent steps,
A CE AN BEaRtg %%&%m %%?@Pﬁ‘(glﬁvr&%ﬁ%’ Anefiastiqpaion and
pretipeny deetistonkignay berepalsateliffgainsiiosesses vl A6-0R6ER IR sht be
;ggesggéesié%rﬁ}atr&fénew. 2 A@tyg)ical eégmple of two processes in series,
PRI Where both prodBEmiad I ey SOLCh ES0e Rl iRk GBI Fkphihused to
prirestidheaieedsubsequent catalytic reforming, wherein each of the plurality
offractions may,be passed to a known hydrotreating catalyst and then to
s R T ARG n i o e akietne
cfistofideaispectsadrtycheinsefinerpyalvaiea huatbahaf embodiment, this data may
be utilised to develop, update and/or verify process models for one or more refinery |
processes (either individually or “linked” processes).
In addition, modelling or other experimental design techniques may be used to generate
a set of variable process conditions for one or more refinery feedstocks (including blends)
which it is desired to evaluate for the development, updating or verification of one or more
process models, and the process of the present invention can
be specifically used to evaluate the processes to generate the required data for the process
models, such as yield and quality of products from the refinery feedstock or feedstocks

under the defined process conditions.
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JO processes on a refinery simultaneously. This embodiment has the
advantage that the effect of a change in one factor, such as the
properties of one fraction on a first process, can be simultaneously  LLOYD WISE
evaluated against consequent changes in other processes that are the
result WO 2006/030215 PCT/GB2003/03555 13 of this first change. A
significant number, such as at least 5 refinery processes, for example 10
Cla@kgmore refinery processes, may be evaluated in this "linked" way to
provide information on the optimum refinery configuration for a particular
L. feddursers oS YAk ieedbrieNed Bl opiaeidifepary Yequiragitaanriacess, said
pro@B¢l Jespeistiye processing steps on a suitable microfabricated array or
arrays. 'Thus, a particular advantage of the present invention is that it

() eprpvidingpaeingionenisiagho or more different processes to be
(i) INteAtBIedan CORHAYOSINBBINGS HRcsinyisadRa Jfefifain S AFYsentative
of proce\?&ses an fract'one}g‘jlion can be configured to simulate a 10 specific

of the iR Whed Ak (A e PERT G eisI eSS tindid Y ARt Sk tions

complends: leas ke \felugensgainstitheangsiisepiogesses and catalysts

....present in that refinery, and opfimum prog¢ess operation_conditions

(1”)2&8%%%88%%&5%@%6&%8 é%ﬂ%\?a%?ﬁa@ewéﬂ%@%égggégl%h that

represdueenefaleddsmiaxiatised, pltematislyirtaamnaybeffacticnation ang
rocesses can be configyred to represent different refineries at which a

©55¢ etggssf(?@ﬁar@? RBET535¥0cessed such that the optimal refinery which

(iv) gelnenatés theneaximun yalferisbsedirriarocespdhefeedh The tsadesshe

reﬁr?f therggeessent invention will generate a large amount of data on the effect

oefrye?lnerysfeedstocks in refinery processes. In a further embodiment, this

in witéth thayelferuidiseoctiraeveforpudaiecatuttan il panebssnpnddetssiactive
ne Qr more refinery 20 processes.(either individually. or "linked"

prog S S S R G Wt e pas

2. teShmiopess amalabecdsedtumgdnevhtecia detefivariafledsradessacanditionsa

tfk?rtone%rm re refinery feedstocks (including blends) which.it is desir
syt Chidel S Bineoibcent i ineimediate slgam: Such altaidug wasor

vactpmcggs@ﬂ&iﬂibﬁw Mecibﬁdcﬂssl@btfvehhmé@lﬁtOMGnﬁm&aﬁsﬁﬁ lbemponents.
3, S %%%HX &F&Q&&?gﬁ'%‘ﬁﬁ% tQFaiE’riolC P gﬁsng%g.\?v%%x?itr?t Q:egi(\alr {ﬁ%#frg%tions

for the process models, such as yield and quality of products fro
compfivesryt fleesisioecklofissidstocks

4. A process as claimed in any one of the preceding claims, wherein the refinery process
is an uncatalysed refinery process selected from crude oil desalting, crude oil distillation,
vacuum distillation, membrane extraction, solvent extraction, thermal cracking (e.g.
visbreaking) and gasification; or a catalysed refinery process selected from hydrotreating,
selective hydrotreating, isomerisation, aromatic saturation, hydroisomerisation,
hydrocracking, hydrogenation, catalytic cracking, combi cracking, reforming, iso-
dewaxing, sweetening, dealkylation, transalkylation, etherification, OATS, catalytic
dehydrogenation, C3 or C4 olefin dimerization, MTBE, Isal, alkylation and Octgain.

5. A process as claimed in any one of the preceding claims, wherein the refinery process
is a catalysed process and there is provided in step (iii) a plurality of different catalysts

chosen to cover a spectrum of known catalysts for said refinery process.



under the defined process conditions. 30 LLOYD WISE 14 Claims: 1. A

process for evaluating the effect of a refinery feedstock on a refinery LLOYD WISE
process, said process comprising: (i) providing a refinery feedstock; 5 (i)~ = "'~
treating said refinery feedstock to produce a plurality of fractions each
representative of the typical feedstockdfor the refinery process of interest,
said plurality of fractions comprise at least two fractions with different

6. RiABELtess @iQiﬁR%é‘ngrSﬂ&&QIf‘H%iRlyfﬂ8y4°&5{%%¥8ﬂ§e%@ﬂ%&§?§?l%@£’§§%‘%'

conditions representative of those in the refinery process, said treatments

catabesprreaegateaditheisns pooaidehifasigainl b Mehite pfaathlivys which plurality

of cHBRISERINIAL,ARS AT MOsEREEALM@NCe criteria in respect of each fraction
for the refinery process; in which the performance criteria of step (iv) are

7. yetersihat By asdismien sl pdBpeenivtipr6dubettie st pauaridedronstep (iii)
each fraction at least partially in parallel. 15 2. A process as claimed in
claim 1, wherein the refinery feedstock is a crude oil, a synthetic crude, a
biocomponent, an intermediate stream, such as a residue, gas oil,
vacuum gas oil, naphtha or cracked stock, or a blend of one or more of
said components. 3. A process as claimed in either claim 1 or claim 2,
wherein the plurality of fractions comprises at least 7 such fractions. 20 4.
A process as claimed in any one of the preceding claims, wherein the
refinery process is an uncatalysed refinery process selected from crude
oil desalting, crude oil distillation, vacuum distillation, membrane
extraction, solvent extraction, thermal cracking (e.g. visbreaking) and
gasification; or a catalysed refinery process selected from hydrotreating,
selective hydrotreating, isomerisation, aromatic saturation,
hydroisomerisation, 25 hydrocracking, hydrogenation, catalytic cracking,
combi cracking, reforming, iso- dewaxing, sweetening, dealkylation,
transalkylation, etherification, OATS, catalytic dehydrogenation, C3 or C4
olefin dimerization, MTBE, Isal, alkylation and Octgain.
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- single fraction with the desired properties, w

5. A process as claimed in any one of the preceding claims, whereiq

L / [
refinery process is a catalysed process and there is provided in step“iL ||%[23W!“’[:

S for said refinery process. LLOYD WISE. 156. A processBazgommsss

claimed in any one of claims 1 to 4, whéfein the refinery process is a
catalysed process and there is provided in step (iii) a plurality of catalysts
which plurality of catalysts comprise all the same catalyst. 7. A process
ad! dtarnbdinieiohbr @ &0as526r wititys®; wherein there is provided in step

(i) LLQ}SR%&' 2 W00 ﬁ‘éﬂ%@&gg?ﬁg%éﬁégﬁ%‘% ec%f(?i} the

preferably at least 20, catalysts.. b'. A process as claimed in any one

tiduprBbeelid cianh s heediesd biepeaimgrs oflinalithadé frittiondiare feedstock to
pﬁ?&ﬂﬁ%‘% QM@@%Q&EBB%NHW@@IQJ H}gpr%{]{l% 9%}]‘1%%(11 ?}%é tr%v%gg Hﬁg aa plurality

. : : : Is then divided Into a
phirEfejo8soTafh beuhL: dae Hesiother epertiesired properties. 9. A process as

ctaimed 1n.20% QeI 9L A DA YNEEGIN P& FeNELYISRESIABK IS, feedstock is

divided mi_uallk/ to produce 2 of more portions, and each portion is freate
tdigreilisatial fiaqreduory deshed properiesdrechmbcess bsattdingttdduce a
clainsh Wheginheigating:of the refinery feedstock to be 10 evaluated

in step (ii) includes producing a plurality of fractions of differing properties

bl -biehdingeporiictsatdta ahtial Sethersitcbe stekog il ifferemytirerstock to be

refingRYieeOSacss ARk Wittiother J%ﬂﬂ%%f %?%%&%a?si&f‘?ﬁ%%&é properties by

ratios. 11 A process as claimed in any one ofthe preceding claims

vitkeidimetper st iéial stifesy fiesdsiodiovritibdiBeatabedkimrefiop (iifeedstocks
COMRKISEEUING R ARiGLoaisHlation; GOl QT AR Mmicrofractionator to

obtain fractions with defined boiling point ranges. 12. A process as :
cldimet BiPefamisiclajiprd dirmeone afithy of thediegickaipoiewdistoikthe treating of the

CRmRISes:AaakR %@@M?@tﬁgs@aﬁ(ﬂ?(%&fﬂﬁfﬁ%s]&l& R'A%&30: 281 1ation column or

claimed in any one of the preceding claims wherein the treating in step -

(M SEOBarinmEY i Riatdesivap ik defineg bpdorodrisangpe
cpnveRtinnaelinN@h¥med in claim 11 wherein the treating of the refinery feedstock
comprises heating using a heated microoscillator.

13. A process as claimed in any one of the preceding claims wherein the treating in step
(111} is performed at conditions representative of conditions in the conventional refinery
Process.

14. A process as claimed in any one of the preceding claims, wherein step (iv) of the
present invention involves determining one or more performance criteria selected from
catalyst lifetime, catalyst activity, catalyst selectivity, catalyst stability, energy efficiency,
desired product yield and product quality in respect of the feedstock for each refinery
process. '

15. A process as claimed in any one of the preceding claims wherein the evaluation of
the effect of a refinery feedstock on a refinery process includes varying the properties, such
as the boiling point range, of the plurality of fractions produced in step (ii) and/or the
process conditions in step (iii).

16. A process as claimed in any one of the preceding claims which is performed in a
continuous manner. |

17, A process as claimed in any one of the preceding claims wherein the process is
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20 process. 14. A process as claimed in any one of the preceding claims,
wherein step (iv) of the present invention involves determining one or 1 oy yise
more performance criteria selected from catalyst lifetime, catalyst activity,
catalg/st selectivity, catalyst stability, energy efficiency, desired product

CH) product quality in respect of tht/feedstock for eaclr¢arinBrp2mo3sss
process. 15. A process as claimed in any one of the preceding claims
wherein the evaluation of the effect of a refinery feedstock on a refinery
process includes varying the properties, such as the boiling point range,
afnhedpruramiy difeabioféproducetierstepddip aindior e RS $Shinary processes
Sﬁﬂﬁigﬁélﬁlkﬁ‘ﬁtEp (iii). 30 16. A process as claimed in any one of the -
preceding claims which is performed in a continuous manner. 17. A

bfocdssrasasianmedinanin ofmmfitheyiprebe dingetlaimsalRisHn Bevaluated against
PRGESS i&MJ&g)é{.\él%EmWO~25006/0r39215 17 PCT/GB2005/003555
ing

applied to evalua the effect of %eﬁr%%??feedstock on two or more
refinery processes simultaneously. 18. A process as claimed in claim 17,
wherein the refinery feedstock is evaluated against processes that are
operated in series on a refinery. S 10 15 20 25 30



