WO 2006/064212 PCT/GB2005/004798 1 PROCESS FOR EVALUATING FOULING CAUSED BY
REFINERY FEEDSTOCKS This invention relates to processes for the evaluation of fouling caused by
refinery feedstocks on refinery processes using high throughput experimentation. 5 Combinatorial or
high throughput chemistry has revolutionized the process of drug discovery. See, for example, 29
Ace, Chem. REQ2804/6@312096); 97 Chem. Rev. 349-5Q9 (1997); S. Borma‘%/ﬁwsﬁﬂﬁ?’f\lews 43-62
(Feb. 24, 1997); A. M. Thayer, Chem. Eng. News 57-64 (Feb. 12, 1996); N. Terret, | Drug Discovery
Today 402 (1996)). Over recent years, a number of high throughput experimentation techniques have
been developed to 10,allow sigpilicantincieases. ndne.ahilly o suafigalze:apgligst catalytic and other
materials for useful properties. In general, such techniques have focussed on development of
apparatus and methodologies, including the growing use of robots and computers to design
experiments and to automate catalyst and materials preparation and testing, to allow rapid and
reproducible testing rdbistoterierarehitssdd pivtesahionerranlsetnn shfnplaw EorctiDexEMSE, much

effort has gonern {9 develpRing.Rreparation Ang e shnd ARPRRSSAm AMAMRHOUS types of materials
and material properties (such as described in US 5,776,359) and for c,hemigaéreactions of interest

(such as déscribed in(9& &Y b high Suiehpys chemipie’ Bas sy BREPHASJORISACHYH FSughput
techniques havgi daeashaee dotexaaipjediffesent ChcanRytichll o109} 37 HbtndiRgvs 8 pauEiion
techniques suc c atography (such descyl in4JS 6,786)--AlS0, cqst of components
has been usedggﬁa) g(;?gra?ﬁl M?éé%fge%y}s&égg?iaé'ﬁ'sgﬁg}éﬁ’?‘n(j%xg‘gﬁgzlﬁlzy We
have now dev_el@&cﬁ'ﬂa@r(ﬁhbod@rﬂpﬂ%méih’ﬁmﬁbdi b ADiseoy by Apdis d%(é@_&ﬁ)ht@gﬂhecﬂﬂming
effectora refinery.fespiiaek andeupiallioat AN RIORRRR- AR RiFalrelipei,a number

25 of different refinery feedstocks are processed, such as a number of different crude oils. The

refinery fetistodlesy sranifisant suangspidndie sbHita e fewirs Addat ratatyidams isfcurieésredict the
effect of the feqgdstRek pushazfomlingaiiecianancisveral delingryd pivgeasofypically, a number of
assumptions are made on th%ﬁa iS of previ operatin .exgerieinc , but these can us%all only
provide an appPBRTALS BHLERIGN 38 P HGEALTH KRR BTo 0L AT TS BVt dfethe fouling

caused by a  experiments and to automate catalyst and materials preparation and testing, to allow rapid

and reproducible testing results to be achieved on relatively small scale samples. For

15  example, much effort has gone in to developing preparation and testing apparatus for
numerous types of materials and material properties (such as described in US 5,776,359)
and for chemical reactions of interest (such as described in US 5,959,297, US 6,063,633
and US 6,306,658).

In addition, high throughput techniques have been applied to many different

20  analytical techniques, including separation techniques such as chromatography (such as
described in US 6,866,786). Also, cost of components has been used as a factor in the
design of libraries or arrays (such as described in US 6,421,612). We have now developed
high throughput methodologies that can be applied to evaluating the fouling effect of a
refinery feedstock on the metallurgy of a refinery process. On a typical refinery, a number

25  of different refinery feedstocks are processed, such as a number of different crude oils. The
refinery feedstocks are also usually blends of available feeds, and thus, it is very difficult
to predict the effect of the feedstock, such as fouling effects, on the overall refinery
process. Typically, a number of assumptions are made on the basis of previous operating
experience, but these can usually only provide an approximate prediction.

30 The present invention provides a method to evaluate the fouling caused by a

refinery feedstock in a high throughput manner.



refinery feedstock in a high throughput manner. WO 2006/064212 PCT/GB2005/004798 2 Thus,
according to the present invention there is provided a process for evaluating the fouling caused by a
refinery feedstock on one or more refinery processes, said process comprising: (i) providing a plurality
of refinery feedstocks and/or a plurality of fractions of one 5 or more refinery feedstocks, (ii) providing
an array compifsaiepasfiRality of metal samples representative of metalluP§y{SreX¥E0M d¢efinery, (iii)
contacting each of the plurality of metal samples with @ne or more of said refinery feedstock or
fractions under non-static conditions, and 10 (iv) determining the fouling of said refinery feedstock or
fraction thereof. The present invention provides a process for the evaluation of the effect of a refinery

feedstock on fouling i ghe.AMATE (SNSALRIRSEASRR AL AIOWS. e A'SINEL RipESSS fssues o

using a refinery feedstock to be evaluated prior to its use, and potentially ‘even before its pfrchase.
The present indesrfashngasurd Rid seisetiolhobipek mosna Srappriojsiiacs T efifepyeat widichoacfeedstock
should be procgssggkiyhere more than one option is available. Unlike previous methods of testing, the
present invention, using high  throughput techniques, permits testing to be carried out against a
number of differefftmetd’ €4 gﬁﬁmﬁﬁ@f §§ﬂ?ﬁf§é§?ﬁ6‘ﬁé‘%@ﬁ@6&l@ﬁﬁ‘é§)‘%é’f§%&%roé‘ﬁ‘mItiplicity
of feedstocks and/or fragtipnse tefiexgnpiesalivelevant feedstocks and/or fractions, may be tested, 20
against a selectecz;ii%/pe oforgledttlal s%rgplfae. (I:n n(%f;%% an ?rraﬁ/tof eec{%tocks 1and/or fratt:tions can be
tested against an array 5t me ar\’lgsamp &5, %0 proviaé 5']15?98’ (ﬁ’ug}ﬁl ysgfn data Whies" égﬁ%oef
manipulated to provide fostmbigygpsseheaneboghput of the overall workflow is important, with the

rate of provision qiefingry feedsiacks mﬁé%&%&_\g{gpﬁ@tﬁ@ms%ﬁi%ﬁp%{r ?&1%98?; Jggst 50 per

week, for example at least 250 per week, especially at least 25 2000 per week, a e rate of
determination of the foulifpfifefetacdf e rdiastonsripiyT Bemgadicleerditisus padweek, for example at

least 125Qpper wegk, espacialivaleast-tfiQd serrwasky Thadeliinepriredstockoray be any suitable

refinery feedstock, including a crude . ) .
The present invention provides a process for the evaluation of the effect of a

refinery feedstock on fouling in one or more refinery processes that allows the potential
process issues of using a refinery feedstock to be evaluated prior to its use, and potentially
even before its purchase. The present invention can also aid selection of the most

15  appropriate refinery at which a feedstock should be processed where more than one option
is available. Unlike previous methods of testing, the present invention, using high
throughput techniques, permits testing to be carried out against a number of different metal
samples. Multiple samples of one feedstock may be tested, or a multiplicity of feedstocks
and/or fractions, for example all relevant feedstocks and/or fractions, may be tested,

20  against a selected type of metal sample. Ineffect, an array of feedstocks and/or fractions
can be tested against an array of metal samples, to provide a large quantity of data which
can be manipulated to provide fouling “maps”. The throughput of the overall workflow is
important, with the rate of provision of refinery feedstocks and/or fractions in step (a)
preferably being at least 50 per week, for example at least 250 per week, especially at least

25 2000 per week, and the rate of determination of the fouling effect of step (d) preferably
being at least 250 per week, for example at least 1250 per week, especially at least 10,000
per week.

The retinery feedstock may be any suitable refinery feedstock, including a crude
oil, a synthetic crude, a biocomponent, an intermediate stream, such as a residue, gas oil,

30  vacuum gas oil, naphtha or cracked stock, and blends of one or more of said components,
such as a blend of one or more crude oils or a blend of one or more crude oils with one or

more synthetic crudes.



oil, a synthetic crude, a biocomponent, an intermediate stream, such as a residue, gas oil, 30 vacuum
gas oil, naphtha or cracked stock, and blends of one or more of said components, such as a blend of
one or more crude oils or a blend of one or more crude oils with one or more synthetic crudes. WO
2006/064212 PCT/GB2005/004798 3 In step (ii) of the process of the present invention there is
provided a plYRRYCEO4AI&tal samples representative of metallurgy present i & FaHRe . Fouling is
generally not significantly metal dependent: Thereforé, although a wider range of different metal
samples may be provided, the plurality of metal samples representative of metallurgy 5 present in a
refinery can suitably comprise no or only a few different metallurgies, such as only | metal or only 2 to

3 different metallurgigssiapdither o grssaf shadpesent invantivnneay beo(piedaminantlydused to
compare the effects of differences in,erocess (iPnditions durin%f ntaclgi%%,with the refincre?rgé feedstock
e

or fraction therB8F SAABICT RE STABEVTES BF HALE ST ThEY AR feULiBRE B EHREEASE further
below. 10 Typiigtificting ploeadtdapendetal Sanyiles witoghprsdatriegstol diffietalt samaples, such as at

east 20, for XamRie. A Eash30de A epIRIRs o F B 0196 %9&4{9&4@5@&%@% ofhiealign ey be

performed using a microfabricated array of mefal samples. The metal samples may presentative
of metallufgy prieseaninrd achacii erir SHEREToBIEEa HUPRIBEOF Biffatifier Prteglatyieseprawsdresin two or

more refinerieg, 15 Metal saspp/essepuassaiative.nlailer Mmetal yrgiessan alsesbe: Riasenh but

typically the majority of the metals present will be representative of metallurgies already present in
one or more rEfhEAGRIEARBINEBTYR BEthie Aestaredhantisstia) fiflrecpersrnmiatses W idtace coatings

believed to redueadoutingtinporder thakthrmaiehotsocrigaimeats fathe feedstplpeaias 30 be

determined. Typical surface cpatings include ceramics certajn polymers, such as Teflon. In step
(iit) of the procﬁ%‘gl%?stﬁg%?ersegﬁ) fﬁ%sg%%i%%c%éiéh of fhggdp 3?5 ﬁrybé Orrvap’etal samples is contacted with the

refinery féédstock orly fradiinrtitherentitY hé pitadianpit mettcoappie s drespidfereblyaaghscontacted
with a refinery gofeegdsiackory afrachinndnaient shan-essanialy prcqlilrathendpna,sequential)

manner, ‘ ‘
invention may be performed using a microfabricated array of metal samples.

The metal samples may be representative of metallurgy present in a particular
refinery or of a number of differing metallurgies present in two or more refineries.

15  Metal samples representative of other metallurgies may also be present, but typically the
majority of the metals present will be representative of metallurgies already present in one
or more refineries.

All or some of the metal samples may have been treated with surface coatings
believed to reduce fouling in order that the match of such treatments to the feedstock can

20  be determined. Typical surface coatings include ceramics and certain polymers, such as
Teflon.

In step (iii) of the process of the present invention each of the plurality of metal
samples is contacted with the refinery feedstock or a fraction thereof.

The plurality of metal samples are preferably each contacted with a refinery

25  feedstock or a fraction thereof in an essentially parallel (rather than a sequential) manner,
such that the fouling of each metal sample may be determined in parallel.

The contacting of the refinery feedstock or a fraction thereof with each of a
plurality of metal samples may comprise contacting a single stream (being the refinery
feedstock or a single fraction thereof) with a plurality of metal samples or may comprise

30 treating a refinery feedstock to produce a plurality of fractions, each of which is contacted

with a separate metal sample. Thus, the or each refinery feedstock may be used as is, or



such that the fouling of each metal sample may be determined in parallel. The contacting of the
refinery feedstock or a fraction thereof with each of a plurality of metal samples may comprise
contacting a single stream (being the refinery feedstock or a single fraction thereof) with a plurality of
metal samples or may comprise 30 treating a refinery feedstock to produce a plurality of fractions,
each of which¥i t¥At4RH with a separate metal sample. Thus, the or eagﬁyp&?ﬁg?%é’é%sstock may be
used as is, or WO 2006/064212 PCT/GB2005/004798" 4 may be treated to produce a fraction thereof
or a plurality of fractions thereof before contact with the plurality of metal samples. "Treating" as used
herein comprises physical and/or chemical treatment of the refinery feedstock. Physical treatment

may comprise giyisior delividinehehic sEATORIR2 MW Spmale RitisnsAavieg idestizal chemical and
physical properties to the original stream. For example, the refinery feedstock may be divided to

produce a plur&ARPet WorthsHaling i dsiticmd&mical and physical properties to the original refinery
feedstock. In the absengetpicfuithee trhattieaithesespostions amayhdhusadlasftactionsthdlternatively,

these portions be_further treated tg produce fractions. Treatmen m Q ;g ﬂ‘k for
example, blen&r%r?et ef?(éc#’rtloecr%/ ghgé}sctzgc‘llggg \%8 or fc?rnelp;?c??ti(glr\]]ls.S of tgudel ?‘gﬁlﬁ(}e(r?f/%éﬁedgs%c%with
samples of onevor snoreopheraetirmeny fddetsioeikehondidirdiphy seabiieparaetadht e5gjR% one or more

fractions with g parrower Hailing rapgerdhay beiesiginalrslinrndeesistoateThpreaantbother

treatments are described further herein. 15 The refinery feedstock or fraction(s) of the refinery
feedstock prodeRiEanSHEvIRRHEc it e AR @15t RRESTEH REPpStitsai the Pﬁﬁ?&?&ﬁﬁﬁ?’y be in contact
with the equivaiesttspetalitHeybiit @ cafifarharacesse B hite presentative iaf iseheafitdiaving at least

some similar chemical gnd/or physical properties as the typical refinery stream.to the refinery
process. For efaIfBRE e%?%‘%%@ﬁ%%%‘@fs%n@%% Broduced rﬁg‘\}fﬁg{%gﬂ?ﬁl&r&?ﬁwgﬁgnézgzo typical
for the feadstredwn ite ike douérateplepbbaebsgtheareEfiemricediterkhicatvamn drphysipattpropeities of the

feedstream to g particulal (SHPSHHRIGESES WILSSPRACL A8 RaElicHaLdelinary sonfiaiation. but
typical propertireesg are geeegg{r?ﬁgﬁ p&%aegmpﬁe, llln Handbook of Petr%JIeu'm Refin(i)n lProcesses (2nd
Edition), editechBrRishiere to give one or more fractions with a narrower boiling range than the

original refinery feedstock.

These and other treatments are described further herein.

15 The refinery feedstock or fraction(s) of the refinery feedstock produced should be
representative of the refinery stream that may typically be in contact with the equivalent
metallurgy in a refinery process. By “representative of” is meant having at least some
similar chemical and/or physical properties as the typical refinery stream to the refinery
process. For example, one or more fractions may be produced having boiling point ranges

20  typical for the feedstream to the equivalent process on a refinery.

Chemical and physical properties of the feedstream to a particular refinery process
will depend on a particular refinery configuration, 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.

25 For example, in a refinery the metallurgy in the heating section of a crude
distillation column typically is exposed to the entire refinery feedstock. Hence, in the
present invention, a metal sample may be contacted with the refinery feedstock itself (or a
fraction obtairied by division thereof) or a fraction obtained by blending of the refinery
feedstock with one or more other refinery feedstocks without treatment such as distillation.

30  In contrast, the metallurgy in the pipework and heating before certain process units present
in a refinery process after the crude distillation unit is typically only exposed to fractions of

said refinery feedstock with limited boiling point ranges, and hence, in the present



Meyers and published by McGraw-Hill, 25 For example, in a refinery the metallurgy in the heating
section of a crude distillation column typically is exposed to the entire refinery feedstock. Hence, in the
present invention, a metal sample may be contacted with the refinery feedstock itself (or a fraction
obtained by division thereof) or a fraction obtained by blending of the refinery feedstock with one or
more other refeH &8¢ cks without treatment such as distillation. 30 InoHF&20E& M tallurgy in
the pipework and heating before certain process units f)resent in a refinery process after the crude
distillation unit is typically only exposed to fractions of said refinery feedstock with limited boiling point
ranges, and hence, in the present WO 2006/064212 PCT/GB2005/004798 5 invention, the refinery

feedstock is tregirddenprpdemsyobaserraseriative frastion lochcontsetwithianrappransiate metal
sample. As a further example, in heat exchzn %;1? used f [E%Ude oil pre-heat prior to distillation, one

side of the excliaNger 2P sBBYRE e et @g Fed ARG IAB D& RFAE TS 1PE8HG S Gbtained
from the distillatiorrfde ekarmplest prlistibatesidid se sl eifiacfite:xdemper in dhgopréseiciarvaantion, the
refinery feedstoc eu i / b e rodu representative fraction for
contact with anmg pf)m% r%%’r‘%t%ngnqeﬂg?%g rm%&% (%g %%ﬁggh%?ﬁ%iacﬁgﬁ]g%ﬁ %%tllj Ill%%g?h %rree)fﬁrﬁnegye is
particularly’an igstiBagitndijetiéuecfisrsignfe dipswscinitbe prepentanyantieoitha rsfintme fiesdvtodle nay
biocomponent g plends;theresf (i) withthe desiduauda rastion abtainedfram A crude Gigtillation unit

(CDU) or blends of such fractions with other residue fractions or with a refinery feedstock, and (iii) with
vis-broken fracBBRIEPIGER AR EY 3 S-FretkiferbrtnRAR8ETdue fraction). Thus, in the process of the
present invention thereefiingniy terdisiask opdraciian(snthetectiarei prefecanty y eprasetative, of one of
these streams. 15 A?ngw Iglg B@gglcal oy chemical treatment erggygﬁ)ds rng)tbelt%s d to.ogbtain

fractions represlgh?actlve of the yplcaf:f(érél Stieam Torsaid. trgfinery pro%%gg N the process of the
present inl@&ntidmgtar dxaned &omeatmaiatdistdafiorouis if&dhoc bliands of sualcfolraatiowdbor may be

used to obtain fractigngyith,reayired Peling- AR FROLERI TN ([MAWRA Used.iler FXafpRie. to obtain a
fraction representative of the residue fraction from a 20 crude distillation unit.
(obtained after vis-breaking of the residue fraction). Thus, in the process of the present

invention the refinery feedstock or fraction(s) thereof are preferably representative of one
of these streams.

15 Any suitable physical or chemical treatment methods may be used to obtain
fractions representative of the typical feedstream for said refinery process in the process of
the present invention. For example, treatment in a microdistillation column or
microfractionator may be used to obtain fractions with required boiling point ranges. This
may be used, for example, to obtain a fraction representative of the residue fraction from a

20 crude distillation unit.

Other physical and chemical treatment techniques may include solvent extraction,
membrane treatments, adsorption treatments and suitable chemical reactions.
Combinations of techniques may be required, for example, micro-distillation followed by a
non-catalytic cracking step may be used to represent crude oil distillation followed by

25  visbreaking, to give a fraction representative of a conventional visbroken fraction.

When the treatment comprises dividing of the refinery feedstock, this may be
achieved by any suitable means. For example, dividing may be performed in a batch mode
by using one or more automated syringes to provide a plurality of portions. Alternatively, a
series of microflow controllers or microvalves may be used in which the flow 'for each

30  portion is generally continuous, but can be started and stopped, and optionally varied,
using the valve or controller. As a further alternative, a plurality of baffles or other flow

control means, such as orifices in a plate, where flow cannot be shut-off or varied



Other physical and chemical treatment techniques may include solvent extraction, membrane
treatments, adsorption treatments and suitable chemical reactions. Combinations of techniques may
be required, for example, micro-distillation followed by a non-catalytic cracking step may be used to
represent crude oil distillation followed by 25 visbreaking, to give a fraction representative of a
conventional WELHMAK4Hction. When the treatment comprises dividing of tHeGBHINERP t&8dstock, this
may be achieved by any suitable means. For exampl®, dividing may be performed in a batch mode
by using one or more automated syringes to provide a plurality of portions. Alternatively, a series of
microflow controllers or microvalves may be used in which the flow for each 30 portion is generally

continuous, buf gan he started Aed siarpeduandapirnally yaried nusiagdhsumalva.Reantroller. As a
further alternative, a plurality of baftfles or other flow control means, such as orifices in a plate, where

flow cannot be EREHBPEPUENES RS DHBEH64212 PGTIG&2005/004798 6 independently for each
portion, but which prayige:ameyeimiiavwdist ibtioncackaas dinpladaditiliof pottionageayreteded. In one
embodiment where a fracti ith a limited bpilin int ran (c mp grq tothe.re 'q; ry feedstock) is
desired, the reﬁ(hé’r ! g‘é]arsyt%%f( ES)ErO & portion 6 ’tzélillﬁgé or %ﬁeggqrg ine?{/ fq%dg%q?:ll? rﬁa%%et%laced ona
heating de¥ice eimerhdatdatopliedantinptessseothe watins d venspardtbeel, PREKdetiorisasicheboils

between the d%%fﬁgfé rangasdscofeeiedylar rampits tiwsing.a suiahlnyalvesto.aalieat the fraction

of the correct boiling range, which is then cooled to condense said fraction. The heating device may

be a heated nitteRiibatBY.NgS dudahisedlvs trs9legihsdmciion Afdhe osreehhsdtiaiaRtsvhere a
fraction with a lpitadshriling nReiniyangr ise dagiredithe Talinenfeadsiack 6 & pakienithereof may be

placed in an enclosed channel comprisin ge t gree sections, each section separated by valves or
other suitable W@?ﬁ‘m?éhaﬁﬁﬁfﬁr&?aﬁgﬁ l‘%?sbt& Ass, but gaseous samples can. Thus, a portion

may be placed in thafisabgectiarbodiachawhekaniathe:firstse ttomnet datbdgt odine rapgrersboiling 15
point of the bo'lié‘s%’qo' h‘er%%%%d??é&%%&%ﬁ&‘g@&é% YR AAGFINg.lasar a8 JosAlnigaiing, and
the second section riay be maintained at ambient temperature (or below), such that all material with a

boiling point belowmptirngpptaabioiticg fsetintsaptstisestandnisyed by valves or other suitable

barriers which liquid samples cannot pass, but gaseous samples can. Thus, a portion may
be placed in the first section of a channel and the first section heated to the upper boiling
15  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.
The second section is then heated to the lower boiling point of the range desired, for
20  example using a heating laser to give local heating, and the third section is maintained at
ambient temperature (or below), wherein all material with a boiling point below the lower
boiling point vaporises and passes from the second section into the third section, leaving,
in the second section, a fraction with the desired boiling point range.
Alternatively, the second section may maintained at the lower boiling point throughout,
25  such that material with a boiling point above the range desired remains in section 1,
material with a boiling point in the range desired is collected in section 2, and material
with a boiling point below the range desired is collected in section 3.
A plurality of channels as described in this embodiment, each having the at least
three sections may be provided on a spinning disk-type separation device as described in
30 WO 01/87485 or WO 2004/58406, allowing a plurality of fractions to be produced in
parallel.



from the first section into the second section, where it condenses. The second section is then heated
to the lower boiling point of the range desired, for 20 example using a heating laser to give local
heating, and the third section is maintained at ambient temperature (or below), wherein all material
with a boiling point below the lower boiling point vaporises and passes from the second section into
the third sectiif) 14V in the second section, a fracgion with the desired boififg Bt ahge.
Alternatively, the second section may maintained at the lower boiling point throughout, 25 such that
material with a boiling point above the range desired remains in section 1, material with a boiling point
in the range desired is collected in section 2, and material with a boiling point below the range desired
is collected in section3 aAuplhratitybolichanfalshas sdescnibednipritiig embadimeniy2aghhastiig the at
least three sections may be provided spinning disk-type separation deyice as described in 30
WO 01187485 SP S SO DA Sl o O RAn, 5 8 TR o
2006/064212 R&H/GB2006/004788 the frastfuriicr wittsor itvrdstodkinteraectionsréomptisingcone of the
plurality of met img{ps%.may also be provided for each channel on a spinning disc, and the
contacting of each metal sample with the fraction of a refiner)geedstock may also be performed on

the spinnifig disc. 5 TH& epiestfifgoiehoh B plurpliivainsrhiamp'samplebaalithe dsatiisk

feedstock or adragtiendshereabisippeferably undecsatiditionspieprasantativdakthoskita which the

equivalent metallurgy would he exposed.,in the refinery. Canditions which it is especially .preferred are
representative ?ﬂgm%lgntte%%aerg (eevsc,“f%dvt\)/er%)fg%?eéiﬁa {ﬁ%fﬁé’ﬁgé?(?%n(\é\{r{gngr\ﬁbb%rgésn%?]% Cel%?a'yconditions
will be equivalgmtftorthiose ipptissengfinernchulcaspdretemmd B0 tespardtureubove rdtesnand turbulence.

In an a'tefnatiV§m%¥§m%%k§e%ﬂésmh%ia%}{§(%u%timmmﬁ%&s&t@ew@m;p,eseavég%%@meta"urgy

would be exposed in the refinery, such as higher temperatures, lower flow rates may be used to
enhance féulintgrarsatarse lenaislesEg ive wssgnrs! ForhrHematit fedBRegERS tb BETSISEARIed more rapidly.

The contacting igis-2 iR el iabie anddbgiouling imayibg evaluated wjibstima ddreficentacting.

The contacting conditions may also he varied with time or, where a plurality .
such as higher temperatures, lower flow rates may be used to enhance fouling rates and

enable relative results for different feedstocks to be obtained more rapidly.
The contacting time is another variable and the fouling may be evaluated with time

15  of contacting. The contacting conditions may also be varied with time or, where a plurality
of fraction of the refinery feedstock are produced, for contact of another one of the
plurality of fractions with another one of the plurality of metal samples such that a range of
temperatures and other operating conditions can be evaluated.

Other variables that may be varied, either with time or for contact of another one of

20  the plurality of fractions with another one of the plurality of metal samples include, where
appropriate, variation in the boiling point range of the fraction of the refinery feedstock
and variation in the blending ratios and compositions obtained by blending the refinery
feedstock or a portion thereof with one or more other refinery feedstocks, giving
information on the options for mitigating potential problems by process control.

25 The contacting of each of the plurality of metal samples with the refinery feedstock
or fraction thereof is performed under non-static conditions i.e. varying conditions,
typically representative of those to which the equivalent metallurgy would be exposed in
the refinery. For example, the process may be carried out by continually flowing the
refinery feedstock or a fraction thereof over the metal sample, or under sheer (moving, e.g.

30 rotating, the metal sample in the fluid) or turbulence, or under variable temperature or

pressure conditions. Thus, conditions which may be varied include temperatures, flow



of fraction of the refinery feedstock are produced, for contact of another one of the plurality of fractions
with another one of the plurality of metal samples such that a range of temperatures and other
operating conditions can be evaluated. Other variables that may be varied, either with time or for
contact of another one of 20 the plurality of fractions with another one of thelpluralit of metal samples
include, wher® &8fd¥s#Rife, variation in the boiling point range of the fractioh &W@g@ﬂﬁé’?y feedstock
and variation in the blending ratios and compositions dbtained by blending the refinery feedstock or a
portion thereof with one or more other refinery feedstocks, giving information on the options for
mitigating potential problems by process control. 25 The contacting of each of the plurality of metal

samples with thgtefinery feadsiaeknerisachanthemnmotisderigioas, undarsnonpsésdia tenditions i.e.

varying conditigns, typically representative of those to which the equivalent metallur ould be
exposed in thd PLHIRIAI BYHP g‘gﬁ:ﬁﬁﬂéﬁ%wprsog&é%ngﬁr *é“%a?ﬁ‘fesé“%%t\f %?/888%%&?)?%%%% the

refinery feedstock or A fragtiaf thepechoveriteinetapgaring ep ot iode isthedngrovtign é1dha0 rotating,

the metal sample,in the.fluid) or Qrddader yarabledsmp 8RL PISSsWIgIcRRgitions.
Thus, conditior%g 1\%%& ‘r’ﬁ{;{%% Stg{l%g%]&gﬁ}ée temperatures, flow V\?‘JC?%OG/OMZQ

PCT/GB2005/aivng ferratien shabe csbiars Eyraiiseinematraish rirblsBRLE ProfseiRi Ak results

present the fouling raig asaduostipr afaflow psbhaasdtepaaiiasaressHee, feensekangar fraction.
A range of temperatures and other gpe atin%conditions, incIL}g:ing variation in thﬁ l%)eiling point range of

the refinery feeBe 3B AREL AN G HBYH PR TN & eUaRTatRaP's GiliRG THorMation on the
options for mitigatifignpetehiizixprakite ms byl friocessednttola pashmagtod ssaw pdemeyidrgephovided with
any desired gegialry, Ihe.aeamelnngline sample daxahanasdbeon sARGIEHRIGaOMRE the
sample, for examﬁle he tur ufenqe. orexample, a metal fiim twisted into a spiral may be used to
investigatélthe seffdessrafinbniemeer dabdeing. \vaHeUS different geometries can be readily provided

for 10 samples madg i i@@ﬁ@%(iﬁ%@@@ﬁ@%&ﬂ%@@olrntﬁée}ﬁe&aﬁ thadeulingof gaidfeeastock on
the metals is determined. This may be by any suitable means, such as visual analysis, ellipsometry or

surface analysky @it satEiPAEARs at ek At XL ARIGTRS SHBY HSH Pe HEAT 1A P AL E&cumulation

onthe metal  gyitable analytical technique, or by measurement of the mass accumulation on the metal
samples.

15 In one preferred embodiment of the present invention, the metal samples are in an
initial polished form (e.g. a polished peg) and the or each refinery feedstock or fraction is
flowed (as a single stream) over a number of different metals samples which are resistively
heated to different temperatures. After flowing the feedstock for a given time the polished
surface is investigated by optical means, for example, ellipsometry, or physical means, for

20  example, micro measurement, to determine any deposition of fouling on the surface.

In another preferred embodiment of the present invention, the metal samples are in
a form which has a non-negligible resistance, such as wires, thin sheets or meshes. Such
samples have the advantage that their resistance, and any changes therein, can be readily
measured. Thus, any fouling of the metal samples will be measurable by changes in

25. resistance of the samples. Such samples have a further advantage in that they can be heated
and their temperature can be accurately controlled by resistive heating.

In another embodiment the temperature of the feedstock or a fraction thereof before
and after contacting with a heated metal sample may be measured to determine the degree
of heating of the fluid by the metal sample. As the metal sample becomes fouled the

30  degree of heating will drop. The change in delta temperature with volume of feedstock

flowed over the heated metal sample indicates the degree of fouling.



- samples. 15 In one preferred embodiment of the present invention, the metal samples are in an initial
polished form (e.g. a polished peg) and the or each refinery feedstock or fraction is flowed (as a single
stream) over a number of different metals samples which are resistively heated to different
temperatures. After flowing the feedstock for a given time the polished surface is investigated by
optical mean¥43P¥&ipte, ellipsometry, or physical freans, for 20 examﬁgT/rﬁpgiﬂgsﬁqgggﬁrement, to
determine any deposition of fouling on the surface. In"another preferred embodiment of the present
invention, the metal samples are in a form which has a non-negligible resistance, such as wires, thin
sheets or meshes, Such samples have the advantage that their resistance, and any changes therein,

can be readily measysedpEhusbianihicqitiogobtiie metahsamplesnwilhieismedsuiabldiby changes in

25, resistance of the ag]spl%% Such sam Iegr Q%\O/gsq fugg]er advall*nl'gaat;!l ir(l) ttiljaasti g@g%%?fpa 1:te)g heated and

theirtemperat[fr%“%%’ BFEA 5tcé‘f§ Controil by reshlg ive heati g.xin another em ment the

temperature ofithe feiedstocksbsanfrdction thereoiimtor ceasiehadtehosntac ibgydpithtentnezae metal
sample may bg p g@&%'{ﬁedém,%{mm%&@%% E heating.af; ﬁk‘&%@ﬂe‘tﬁ?s&ﬂ?#@s.samme- As the

metal sample becomes fouled the 30 degree of heating will drop. The change in delta temperature with

volume of¥eedstock Wikraravehaskoh daiem sihsdnpias stics isindgdgrsk givsufrgiwo

2006/064212 RGHJIGB 20054001981 5 Mestareferabin therupcesapttheupre sentlinveatianhcomprises
flowing the refinery feedstock or one Er mor%%;‘ractions.the?eof over a lpuﬂrarlié%{. é)f egreig,lisat[il\a{g{ljé/isheated
metal wire or AESRISARTAIES LAY FTRRLAPERY the Yol SEle CharI% S Mihe das TS aTaNive change

of the fluid, with timela ql&tﬁfmiaherﬂbedmwmbfowimgemawm@al @mm&ﬂb@t@Wha@v@g@ﬁémod of
determining the {puing effacl of e IRarachanler fREUAAIR FaRelyr s drlsrmalation for each

metal sample may be carried out in parallel (I.e. each analysis is carried out’ simultaneously) or in
series, follexample (Bingrapidesmeaasaisnpsapterdeeeretn Bl Rrviedy inepidasstidténtion, the

asphaltene or wax stabilit, ok the tefinap fesdsiodh@ndiar of shernaammeiesrasiiane hereof may
be measured. 10 The measurement of asphaltene stabilit}/ for crude ojls g Iy i IA-known and
i

is described, fHicaseariprel W) 12 ST USS POHIE P AR PASP BT RH of

“Standard Test Method for Determination of Asphaltenes (Heptane Insolubles) in Crude
Petroleum and Petroleum Products”. ‘

15 A further method for measurement of asphaltene stability (for blends of two or
more hydrocarbon liquids) is described in WO 2004/061450.

In the asphaltene stability test according to the present invention, samples of the
refinery feedstock or of one or more of the fractions thereof are mixed with solvents (e.g.
n-heptane, toluene or mixtures thereof) at different volumes and compositions of solvent

20 and each subjected to vibrational mixing. The asphaltene stability is determined by the
onset of flocculation.

Preferably, the solvent addition and vibrational mixing are achieved in an
z;utomated manner, for example by means of a robotic workstation. The mixtures may be
present in an array of suitable wells, for example, in a micro-titre plate.

25  The onset of flocculation on addition of the solvents may be determined by any suitable
technique, but again this is preferably done in an automated manner, for example using a
spectroscopic technique, such as IR, on each mixture and measuring the change in
transmission of radiation.

Using the process of the present invention, the potential for fouling problems in

30 various parts of a refinery process from a particular refinery feedstock can be rapidly
evaluated. If necessary, mitigation steps, such as by careful process control and/or addition

of fouling inhibitors, which can be added specifically as and where needed in the refinery



(heptane insolubles) in crude petroleum and petroleum products” or ASTM D6560-00 "Standard Test
Method for Determination of Asphaltenes (Heptane Insolubles) in Crude Petroleum and Petroleum
Products”. 15 A further method for measurement of asphaltene stability (for blends of two or more
hydrocarbon liquids) is described in WO 2004/061450. In the asphaltene stability test according to the
present inventé2088A8MHIES of the refinery feedstock ar of one or more of tReH@EBHYAStHEPeof are
mixed with solvents (e.g. n-heptane, toluene or mixtufds thereof) at different volumes and
compositions of solvent 20 and each subjected to vibrational mixing. The asphaltene stability is
determined by the onset of flocculation. Preferably, the solvent addition and vibrational mixing are
achieved in an pautamaiedmande o pexam plechydneansofsad abetictivorkBtatienest e mixtures may

be presentin rray of suit Qle ellsf f9r example .ip.a micro-titre plate..25 The onset of flocculation
on addition of t %%SR/%%F? rlr(wzga}y e eet%rsmfgézéabny%en?/&s}ﬁ’i?g&bfled%g %?cﬂéé%,f%rﬁ g%césﬁ‘g?ﬁismls preferably
done in an autcnsiiédapianakirctdmerbivieusinga fegeattdsedpithiechinigpesdilch assés; tha each

mixture and megaing tie &ipRLe AR iHﬁBﬁ&‘és?%cﬁ{iéﬂ(gﬁém- iSOG RIAGERS.0f g RrRReNt

invention, the potential for fouling problems in 30 various parts of a refinery process from a particular

refinery feedstGEReiPbEFAHERFIR QGGG iR BB e R Alitryarion Bepel e aumSeeafeful process

control and/or adebition peftatdimaunhibitarsiiwvhieh G beseeded speciically asfentdmiesrngeded in
the refinery WO 2&06/064212 tPCT/ﬁ;LT’Z 05/ 94?98 thFB%%cesE, can %‘? useo%. The present invention
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can be used to’t8
or different dosagiesatacubentifaoptinwinretatirerit ity af pacticidamfonting ietbrd fdiklus, itdg possible to
assess the suifahility of such fouling inhibitors by addition of such inhibitors to the refinery feedstock 5
or fraction thereof prior to contacting with the metal sample. In such way a number of different

potential fBUling inhibftbt $roessbel dazpeesert Hysmsnamaxidey bt feptstoeibiiedidef badtstilstpck
optimisation ofihlend, angdeaimenteFrdies by HOUIGINo At samplesicated Jwitl priticylar

surface treatments the ability of such treatments to reduce fouling may be
feedstock on the fouling in various parts of a refinery process.

The process of the present invention may be repeated for a number of different
potential refinery feedstocks.

15 The different refinery feedstocks to be evaluated may be separate (independent)
feedstocks or may be blends, for example, in different ratios, of two or more other refinery
feedstocks.

Alternatively, a number of different potential refinery feedstocks can be evaluated
simultaneously, each, or a fraction of each, being fed to a plurality of metal samples

20 representative of metallurgy present in a refinery as described above.

In a preferred embodiment of the present invention, once the determination of the
fouling of a refinery feedstock or fraction thereof (on a metal sample) in step (iv) has been
performed, suitable refinery process models may be applied to determine the impact of the
refinery feedstock. Suitable refinery models are known to the person skilled in the art, and

25  may include, for example, linear programme models for feedstock and product evaluation,
process optimisation models, such as for individual process unit optimisation and refinery-
wide optimisation, and/or risk-based models, for evaluation of processing impacts of the
refinery feedstock.

The process of the present invention will generate a large amount of data on the

30  fouling of refinery feedstocks or fractions thereof. In a further embodiment, this data may
be utilised to develop, update, maintain and/or verify process models. For example, a large

amount of data may be rapidly produced over a broader parameter set than from pilot plant



determined. 10 The process of the present invention may also be applied to blends of the feedstock to
be evaluated with other feedstocks, and hence used to evaluate the effect of the blended feedstock
on the fouling in various parts of a refinery process. The process of the present invention may be
repeated for a number of different potential refinery feedstocks. 15 The different refinery feedstocks to
be evaluated MayW&/%epBrate (independent) feedstocks or may be blend$ G8CEREIPIA7 different
ratios, of two or more other refinery feedstocks. Alter a}tively, a number of different potential refinery
feedstocks can be evaluated simultaneously, each, or a fraction of each, being fed to a plurality of
metal samples 20 representative of metallurgy present in a refinery as described above. In a preferred
embodiment of thaReasenidrRYeALBIM Omeoilidideter iinaiionabdbk afulingaf atefineriéaadstock or
fraction thereof (on a metal sample) in step (iv),has been. perfo suitable refi process models
may be appliedbtou&%tgggﬁ? erq[wé:e’ir%?fonatb ugﬁ fr('fé) df‘é iﬁré%%g%dgfgé%eég&iggfee Te |ﬁe?@i§¥68§ﬁ’ %?F’e known
to the person skitedrinithpasamemdsp&enay include, for example, linear programme models for
feedstock and produc gyalyalian .(REPESSS ARIMISAIAN ROASR.SYER 3R (REindiyiduplprogess unit

optimisation and refinery- wide optimisation, and/or risk-based models, for evaluation of processing
impacts of fhe YafirRlpPreeesseRIdiTeRs SPHERSSTIR e srsanfselR RIS NIy Hedatsed farge amount of
data on the 30deiHing Gt refinapyrieadsiacks anbaptions thekerk b sfuithabempdipendhis data

may be utilised to develop, update, maintain_gnd/or verify pracess models. For example, a large
Aot of cataTi5 DA PABI I RE Ve LAt BB i RS RN oL Blant WO

2006/064212 P&IWEE 2001045380 binparantetensivdidste fiathagihe suildifeds of a process model,
and further data generated may be utilised to provide continuous update and refinement of the
process model (for example, for a wider parameter space). Modelling or other experimental design
techniques may be used to generate a set of 5 variable process conditions for one or more refinery
feedstocks which it is desired to



evaluate the fouling for use in 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. MCSLLP 12 Claims 1. A process P%hﬁjating
the fouling caused by a refinery feedstock on one or more refinery processes, said process
comprising: 5 (i) providing a plurality of refinery feedstgcks and/or a plurality of fractions of one or
more refinery feedstocks, (ii) providing an array comprising a plurality of metal samples representative
of metallurgy pigggit in a refinery, (iii) contacting each of the plurality of metal samples with one or
more of said 10 refinery feedstocks or fractions under non-static conditions and in an essentially
parallel manner, and (iv) determining the fouling of said refinery feedstock or fraction thereof, the
determination for each metal sample being carried out in parallel. 2. A process as claimed in claim 1

wherein the refinery fgeglsteskitn be.aualHatad BuliRacsidee il 2sHMRete &iddR oa Hircamponent,

an intermediate stream, or a blend of one or more of said components. 3. A process as claimed in
claim 1 or claifi%e FBIREMRINS B IR GPIAStsT CORMPRR& omprises at least 20 metal samples. 4. A

process as claimed;in anyQReiaithe RieCed g cltiens raubetRiRsthelretap RIsgppesaradn the form
of a microfabricated array. 5. A process as claimed in any one of the preceding claims wherein all or
some of the metal sampl8&HiBBeEHreRtdEcditAc&Srface coatings believed to reduce fouling. 6. A

process as claimedijin anyereiaidhe presedingclams yhenen shesefinanipfecdsiesktathke evaluated
is treated to produce a fraction thereof or a plurality of 25 fractions thereof and the or each fraction is
contacted with the plurality SR PLFHIES 2 7eiABRcess as claimed in claim 6 wherein the

treatment comprisggipne @nfefi@®©tach of the plurality of metal samples with one or more of said
10 refinery feedstocks or fractions under non-static conditions and in an
essentially parallel manner, and
(iv)  determining the fouling of said refinery feedstock or fraction thereof, the
determination for each metal sample being carried out in parallel.
2. A process as claimed in claim 1 wherein the refinery feedstock to be evaluated is
15  acrude oil, a synthetic crude, a biocomponent, an intermediate stream, or a blend of one
or more of said components.
3. A process as claimed in claim 1 or claim 2, wherein the plurality of metal
samples comprises at least 20 metal samples.
4. A process as claimed in any one of the preceding claims, wherein the metal
20  samples are in the form of a microfabricated array.
5. A process as claimed in any one of the preceding claims wherein all or some of
the metal samples have been treated with surface coatings believed to reduce fouling.
6. A process as claimed in any one of the preceding claims wherein the refinery
feedstock to be evaluated is treated to produce a fraction thereof or a plurality of
25  fractions thereof and the or each fraction is contacted with the plurality of metal
samples.

7. A process as claimed in claim 6 wherein the treatment comprises one or more of
division, treatment in a microdistillation column or microfractionator, solvent
extraction, membrane treatments, adsorption treatments and suitable chemical reactions.

30 8. A process as claimed in any one of the preceding claims wherein each refinery

feedstock or fraction thereof is representative of (i) the refinery feedstock itself, (ii) the



division, treatment in a microdistillation column or microfractionator, solvent extraction, membrane
treatments, adsorption treatments and suitable chemical reactions. 30 8. A process as claimed in any
one of the preceding claims wherein each refinery feedstock or fraction thereof is representitive ot (i)
the refinery feedstock itself, (ii) the MCSLLP 13 residue fraction obtained from a crude distillation unit
(CDU) or blends of such fractions with other residue fgactions or with a refinery feedstock, or (iii)
vis-broken fractions. 9. A process as claimed in any one of the preceding claims wherein the

contacting 5 of.epch af,the PhIANL LIS RLSARRIRE it ihe reinsry (sadlskesk pra raction thereof is

under temperature, flow rate, and turbulence conditions representative of those to_which the
equivalent mefitioge Wil ther sxpodedastinasreringl a 1ofineprbeedsiosk. QaifiB #HAYBNe of the
preceding claimg.ygrein the fouling is determined by visual analysis, ellipsometry or surface analysis
using a suitable 10 analytical technique, or by measurement of the mass accumulation on the metal

samples. 11. A procedPHseanelimehip HE 11 PrebBdrina Se RSN SRS inples are
in a form whichrhassa pan-pagliaiblemesisionsey sy ehasviresntNnFshRessk o Mashes) 1R43f A

process as claimed in claim 11 wherein fouling of the metal samples is measured by changes in

resistance of tePHStAFERFIEL. {9 VARG WO UehRfe P ML HIETSFHEE P i herein the

temperature o@vﬁicﬁqugsgqgmkﬁmlmgye@wgf@eeem@dtﬁ{ eRMtanatirg. with a heated metal sample
is measured to determine the degree of heating of the fluid by the metal sample. 20.14, A process as
claimed in any Bne oﬁﬁ@ﬁ?@%éﬁfﬁ@rﬂ%}ﬁi’swg%ﬁm%%&@%&%&gﬁﬁgﬁimﬁ %Pf}i”?g%ery

feedstock andferdragtiQniferaaf] ismmeaswRibsometry or surface analysis using a suitable

10 analytical technique, or by measurement of the mass accumulation on the metal
samples.
11. A process as claimed in any one of the preceding claims wherein the metal
samples are in a form which has a non-negligible resistance, such as wires, thin sheets
or meshes.

15 12. A process as claimed in claim 11 wherein fouling of the metal samples is
measured by changes in resistance of the metal samples.
13. A process as claimed in any one of claims 1 to 11 wherein the temperature of a
feedstock or fraction thereof before and after contacting with a heated metal sample is
measured to determine the degree of heating of the fluid by the metal sample.

20 14, A process as claimed in any one of the preceding claims wherein the asphaltene

or wax stability of a refinery feedstock and/or fraction thereof is measured.



