PROCESS FOR EVALUATI NG FOULI NG CAUSED BY REFI NERY FEEDSTOCKS Thi s invention
rel ates to processes for the evaluation of fouling caused by refinery

f eedst ockwoamoaigiizipery processes using high throughput expayB20@stoatoson.
Combi natorial or high throughput chem stiy has revol utionized the process
of drug discovery. See, for exanple, 29 Ace. Chem Res. 1-170 (1996); 97
Chem Rev. 349-509 (1997); S. Borman, Chem Eng. News 43-62 (Feb. 24,
1997); A.M Th -6 : rret, 1
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and for chemical reactions of interest (such as descrirbed 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.



experience, but these can usually only provide an approxi mate prediction.
The present invention provides a nethod to evaluate the fouling caused by a

refinery weedsdwelizi n a hi gh throughput manner. Thus, aceeordiBrgosoestobe
present invention there is provided a preocess for evaluating the fouling
caused by a refinery feedstock on one or nore refinery processes, said
process conprising: (i) providing a plurality of refinery feedstocks and/or
a plurality of fractions of one or nore refinery feedstocks, (ii) providing
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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. In effect, an array of feedstocks and/or fractions
can be tested against an array of metal samplés, 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.



per week. The refinery feedstock may be any suitable refinery feedstock,
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thereafs. 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 includé 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



The plurality of netal sanples are preferably each contacted with a
refinery feedstock or a fraction thereof in an essentially parallel (rather
t han a sewoensdmhdiznmanner, such that the fouling of eachkhcretmbossmipke nay
be determined in parallel. The contacting of the refinery feedstock or a
fraction thereof with each of a plurality of netal sanples may conprise
contacting a single stream (being the refinery feedstock or a single
fraction thereof) with a plurality of nmetal sanples or may conprise
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parti cul arrepussantasivg of thegeBaery 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 pfocess 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 féedst_ock 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



wi |l depend on a particular refinery configuration, but typical properties
are described, for exanple, in Handbook of Petrol eum Refining Processes
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exanple, in arefinery the netallurgy insthe heating section of a crude
distillation colum typically is exposed to the entire refinery feedstock.
Hence, in the present invention, a netal sanple nay be contacted with the
refinery feedstock itself (or a fraction obtained by division thereof) or a
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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 4for 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



may be used, for exanple, to obtain a fraction representative of the
residue fraction froma crude distillation unit. O her physical and
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t he upper "boiling point of the boiling point range desired, for exanple
usi ng a hdwating apdthese¢andgection maybe 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 maintaiqed 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.
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sections nRY PefH MeraPtk PofeRatip uidir REndliisksrk ﬂa@en%@%romdae tSGHUIchEnAS
described in WO 01/87485 or WD 2004/58406, allowing a plurality of

fractions etqolvbbnpm@tﬂtug@y wwl@bﬁ akpasked lmtharq‘fuxeméon Yo sl vkt if 1Sfeapetcwélty

sections conp p raI|t
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netal  sanpinebodirhént | thesefdoagitionswill b@eqﬁalmwmbe@ﬂ&h@fdﬁnw sadsa the€same
performed on the spinning disc. The contacting of each of the plurality of

net al 9anpemperaiure fomeratesfang @rryulre@%edlﬁ yritepratiye empediment uheie SoYers s
pref erabl y coldh gﬁas %81@%0% ?&%h{cﬁ% ¢ r & 't}ﬁ%ta(?lfu@hg&fld @ %S%H i Bl[% rgfm‘é'r}y al ent

netallurgy wou e expose nery I ons

especi al | ywuph @‘lﬁgh@derﬁpaamm[ Rm:nﬂatvl rdtes inag |be dieed wropRadefbelsng xfate@\aml at es,
and turbulence. In on nbodi these condjtjons wll . e equi valent to
those in temadl Fé‘?lﬁﬁh‘@rf§SUI§J8hd‘§§E renh Eeedsiagksite ke abtaingd @ore ragily at es and

turbulence. In@gp R iaeﬁﬁgl;m ?ﬁ@r{ﬁﬂféq'vgf‘?éﬁlearf@tﬁgf(ﬁﬁl rnt?a ahapasvitinafe t hose

to which the equival ent urgy woul d be expose the refinery, such
as hi dglder dfeomectatelilbs contastmg cohditionsamey alvape balaah\mﬂh tlmeemhwhcre afpburhlitpig

rates and cnable, LEhEe:Y AR SN LLERS tnh S RhORER o ot 0P 21 Ned
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 reﬁnefy 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



The contacting tine is another variable and the fouling may be eval uated
with tinme of contacting. The contacting conditions nmay al so be varied with
tinme or, wbhene/msnburality of fraction of the refinery Ppeadsoeooars
produced, for contact of another one of ghe plurality of fractions with
anot her one of the plurality of netal sanples such that a range of
tenperatures and other operating conditions can be evaluated. O her

vari ables that may be varied, either with time or for contact of another
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metal sanples include, where appropriate, variation jn_the boiling_ point
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those to which the equival ent "'netall urgy wou be exposed in I nery.
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or under \efet@Rl Aurb@ERRI A MBUENLT VRFiBESHiIFRreaPpétinidt@ESoan bR sadilyPaehild s

whi ch may be varied include tenperatures, flowates, sheer, soak,

conderifat isemplenarade using BuirRbsicatiypiceliliqyes the results present the foul ing
rate as a funCtIh?{éB?{vt) oW %@Iasraid fegﬂg?cfx{l](aotn‘{flgme&[lseﬁ%@{eﬂni fe?eﬂﬁg 91%? pand/ or
enp 0 i hg

fraction. A rangé etrﬂé res an er opera condi tions, ncluding
vari ati on byrany Reitdbé mietngs, puhris visanigmab/sist ¢lpsoaddtiyarr uffecdsialysis usingat i on
where appropriate, can be evaluated, giving._.information on the opti (ins for
mi ti gat i nguidhlesnaldicapicsighss opYy Pregtiieaent Ohthegnass aeniaien o bl my be
provi ded 'ltnplegny desired geonetry. The geonetry of the sanple may change
the flow chafacteristics over the sanple, for exanple the turbul ence. For
exanpllé, a met dh oh¢ prefermidsindsbdiméers od thegiresaht imegntive, ths exctdleamplessteiigatie t he

ofects ol SATENLEDRR en. vl o, Yoo ov Aoy ool cspmml e rcan be
rsr;[a ;'pb (e V) fhedi(@u iiRgleQfresR) Shet 8 UMLELCH differehembRBEsahSples vaﬁér%mém@tve@hi s
heated to different temperatures. After flowing the feedstock for a given time the polished
surface is investigated by optical meahs, for example, ellipsometry, or physical means, for
20  example, micro measurement, to determine any deposition of fouling on the surface.
In another preferred embodimént 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 tﬁe 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.



by any suitabl e neans, such as visual analysis, ellipsonmetry or surface
anal ysis using a suitable analytical technique, or by nmeasurenent of the
mass accuwol2adé/osmion the nmetal sanples. | n one preferregcemdsdismatosof the
present invention, the netal sanples ar®in an initial polished form(e.qg.
a polished peg) and the or each refinery feedstock or fraction is flowed
(as a single stream over a nunber of different netals sanples which are
resistively heated to different tenperatures. After flow ng the feedstock
for a given ti 'I@o&??ef&@bly?h@%rédérssf@ictﬁe bfesédt ie&hiiGat @aprdes PRWikAdhe TeANS, for
exanmpl e, ellipsonmetry, or physical means, for exanple, mcro measurenent,
to det er mrefeneanfeedstpedson onsroramore diartiony thareafinyesaplusalisy of resistvelideatpd ef err ed
enbodi ment_qf, t.he present inv i -1 I S el rm whi ch
nas.a. non o g ol EPERel A2 e e (Rl Bloc ARRLE - E 9D Apb BRI OO,
sanpl es hauendehs tiadflaaf @k tinleab deeahine tigsiatt dfifodingaofdarinyetahangds. t her ei n,
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ro e o a

accurately con by resi stive heatin not her enbodi nent the
t enper at uragalgfis isharfiebols sorktancow] ) oaat seoies,tfheeaolpldeding mpahstrial anatysis.

contacting with a heate tal sanp] e may be nmeasyred tq determne the
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tenperature with volume of feedstock flowed over the heated netal sanple
i ndi cdbes t he dbgmeeswotmenudfiasphalisse stpbibifysionbiude oilhgengrallyas sveltknowa apdesent
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and neasurpéarenfsol@siésy bk de phRdleEn afd péthdewtt ptalut e MPEASTM Bosb@oge of the
fluid, with'time to deternine the rate of foull na{of sai d netal sanples.

What ever riStanderdFfesidethodifer Refermpiaation of; Agphaltqnes tHeptanerasql allgwtin Ekudsnd/ or

fraction iP%frﬁféﬁr%earﬁd ﬁeﬂ%leﬁﬁqtﬁro ,Qation for each netal sanple nmay be carried
out in parallel (1.e. each analysis is carried out simultaneously) or in

seriegs for exafirthetsicthodfapmndasaemient obasphalteine stabitity(fpr blerds efdwermbodi ment
of the present inventiqgn, the asphalt ability of the refinery
f eedst ock I%Eﬁﬁhﬁﬁiroﬁﬁrb%gq‘b‘%) ‘Bflesﬁg‘pé‘! \‘ﬁ&&f@ﬁz&ﬁﬁi'eof may be nmeasured.

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
automated 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



The measurement of asphaltene stability for crude oils generally is

wel | -known and is described, for exanple, in IP 143 (BSI 2000: Part 143)

" Det er m nabi200s/@H212sphal t enes (hept ane insol ubl es) in crodesredvolk®em and

petrol eum products” or ASTM D6560-00 " Stl@dndard Test Method for

Det er mi nati on of Asphal tenes (Heptane |nsolubles) in Crude Petrol eum and

Petrol eum Products". A further nethod for neasurenent of asphaltene

stability (for blends of two or nore hydrocarbon liquids) is described in
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change in transm ssion of radi he process 0
i nventi on,detdminedt ential for fouling problens in various parts of a
refi neroy process froma P&{eti cular refinery feedstock can be rapidl

eval uatded. | nBCSEQEHSy O HEPrgaRyBYP PR sty adsadly arlies tocklprds af thrfsedsiask
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specifically as and where ne e refineryprocess, can be used. The
present i realstdickonabnfduding sredartoms pads oft hwefieérfygprodeseness of di fferent

chemical treatngnts, for_.exanple .different additiv or djfferent dosages,
Lo i dentify optiHerorassal fEmeoFRrnientan iay e &rpeptsd P numbsict dtffient | f o
possi bl et iasiaPREintHFesdstdcrPi | ity of such fouling inhibitors by addition
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cont achsi ng wi t htetdiffenentaefigenydeadstocks ohsrevalagted maytseepaohtedindependant)
pot ent i al” o1k d-Rol ) B bRs, Bextfipfis RERHRHPARLOS (o YRHoR! Hind eSSt Ock
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



enabling optimsation of blend and treatment. Further, by providing netal
sanpl es coated with particular surface treatnents the ability of such

t r eat mentwotoaigaizice foul i ng may be determ ned. The proeesssrboddogropr esent
invention may al so be applied to blends df the feedstock to be eval uated
wi th other feedstocks, and hence used to evaluate the effect of the bl ended
feedstock on the fouling in various parts of a refinery process. The
process of the present invention nmay be repeated for a nunmber of different
potenti al pgimeer studieeeisdbliak she bufildingi dffagiresess melelnaid/futthecddtoskrdi& gy
eval uated may be separate (i.ndependent) feedstocks or may be bl ends, for
exanpl e, i be Wilpsed feprovidgicppiinuoys upsgie #id wripementiod the Epeese mpdedersxanpls,
Alternativ : Nfferent potential refinery feedstocks can be
eval uat ed fs%ilrmlfaearﬁ%ous t?/l‘,);paagh, or a fraction of each, being fed to a
plurality of meMalelliagpt ether epesmentabdésim to¢hnigtea imayrbgyuspd esgantratena set of
refinery as described above. In a preferred e di nent .qf. th resent

| bvent | Dn EHEE RESHEEIT 4T o BRSO RGOS St Ay T ERast ock or
fraction thanRef thé @ulRg Tt &e if #ERleSLlopest BRatinY br Dasiheeh oP6hd Y HiEH.
suitable refinery process nodels may be applied to deternmne the inpact of
t he refi neprpcdsesuisielscand the prasbisef itlef pragany invoutainscaarbe skemfigallyoiseh® per son
skilled in the t, and i nclude, for  exanpl | i near progranme nodel s
For 1 eedstBebait prfatiel Blaabila e redBra SEE TRt prcEiihefiodel = such as
for individual process unit optimsation and refineryw de optim sation,
and/ or risk-based nodels, for evaluation of processing inpacts of the
refinery feedstock. The process of the present invention will generate a

| arge anount of data on the fouling of refinery feedstocks or fractions
thereof. In a further enbodinent, this data may be utilised to devel op,
update, maintain and/or verify process nodels. For exanple, a |arge anount
of data may be rapidly produced over a broader paraneter set than from

pi | ot pl ant paraneter studies enabling the building of a process nodel, and
further data generated nmay be utilised to provide continuous update and
refinement of the process nodel (for exanple, for a w der paraneter space).



Model I'i ng or other experinental design techniques may be used to generate a
set of variable process conditions for one or nore refinery feedstocks
which it we 20&wmiciad to evaluate the fouling for use in poe/agRveopent,
updating or verification of one or noreijlprocess nodels, and the process of
the present invention can be specifically used to evaluate the processes to
generate the required data for the process nodels.Clains 1. A process for
eval uating the fouling caused by a refinery feedstock on one or nore
refinery priamgsses, said process conprising: (i) providing a plurality of
refinery feedstocks and/or a plurality of fractions of one or nore refinery
feedstocks, (ii) providing an array conprising a plurality of netal sanples

representative 4 y i ont acting each
e o S PPE L B ALY IR (Lo AL
f eedst ock gefinery pactsses)saudrpdecesnonmmmisatg: ¢ condi ti ons, and (iv) determning

the fouling of said refine f eedst.ock or fractign thereof._ 2. A process as
i rod | noclihi m BOWKERGE AMHEY Porrigs: Srsiasks epdlon P et B of fincioals Song

crude oi |, a syntfiehbk BfiHg9 fe@stRCONPONEnt, an intermedi ate stream or a
bl end of one or nore of said conponents. 3. A process as clainmed in claiml

or claim2, @herepmvidieg i arayl omprisingraeplutalityaofphetsl seomppasirepsseatativeat 20
met al . sanpl es. 4'm’°i rocess a .nclrahnéad in any one of the preceding clains,
wherei n the netal g&ﬂiﬁgé’sp e ' TH&Yorm of "a microfabricated array. 5. A

process as cfif) Mebnitdetiapyacsf 1B plubBitPoemed senplsahith ovher Bbfe dlshidor sone
of the metal sanples have been treated with surface coatings believed to
reducdOf oul i ng. erefipenyfgedstacks ar Epciione Hndes ngprglaip eonlitienseanst ecedi ng cl ai ms

0 e 0 P b SR Al IR ARSI GR R AR R ) 2,
process ag.cl Aiprectss Bs elaynena chiimtlhehgreiackdicfigey! faddiockhe bebvnltidiel kaf i nery
feedstock to be evaluated is treated to produce_a fraction thereof or a
plurality cgdeoilgp symghlic crude, a biocomponent, an intermediate stream, or a blend of one or
more of said components.
15 3. Aprocess as claimed in claim] or claim 2, wherein the plurality of metal samples
combrises at least 20 metal samples.
4. A process as claimed in any one of the preceding claims, wherein the metal 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
20  metal samples have been treated with surface coatings believed to reduce fouling.
6. A process as claimed in any one of the preceding claims in which in step (iii) each of
the metal samples are contacted with a refinery feedstock or fraction in an essentially
parallel manner.
7. A process as claimed in any one of the preceding claims wherein the refinery
25  feedstock to be evaluated is treated to produce a fraction thereof or a plurality of fractions
thereof and the or each fraction is contacted with the plurality of metal samples.
8. A process as claimed in claim 7 wherein the treatment comprises one or more of
division, treatrment in a micrpdistillation column or microfractionator, solvent extraction,
membrane treatments, ‘adsorption treatments and suitable chemical reactions

30 9. 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



t hereof and the or each fraction is contacted with the plurality of netal
sanples. 8. A process as clained in claim?7 wherein the treatnent conprises
one or nowe 208¢/@iMbsi on, treatnent in a mcrodistillati eoraB0680097198

m crofractionator, solvent extraction, fggnbrane treatnments, adsorption
treatnments and suitable chemi cal reactions 9. A process as clained in any
one of the preceding clains wherein each refinery feedstock or fraction
thereof is representative of (i) the refinery feedstock itself, (ii)

t her esi dug.di#actichBn APtlaieAgrbrh & @FIGR destitdorthusit GBS boBlehdd df shiPictidhs P! ends
of such fractions wth other residue fractions or wmth a refinery

f eedst ock,withr othéri redidwe Fadsiomk enwith agefinemy feblstogk, or G ss-tagkan fadctrens | N any
one of the precedi ng clains wherein e cont.actjng of each of the plurality
of “retal | SApRCEONE AF PRITREPRLPYE phBE e SRUREFlal PRt Shabdears tnder
t enper at ureggh §f BWpIMIRy oRRdtal WRHELHAR tiARHhdrly FOMsIBROLE BAL@Sd therebf ist hOSE
to which the equival en%l met al | urgy woul d be exposed in the refinery. 11. A
proces$§ asind¢rdemperatune, dloy ke and turbidense seeditinns whriserdatiserfdhaose thwhfcbul i ng

is determnned by, visual. anal ys Lpsopetry or surface analysis using a
suitable & ea?%%é%’lt n}egaélr?ﬁqu‘ﬁéadg)? egb&ﬁg%‘sﬁﬁr@é‘nﬁ%’}ﬁr Yof the mass accunul ation
on the netjal aFPt&s as dlim iRrAE 8RS ofthe plaabding claimaniernetheffolling r ecedi ng
clainms wherein the netal sanples are in a formwhich has a non-negligible
r esi st ancdetegnind Ry vigupkanalysi; ellipsaaty s surfacgapalysisyising qyugalle anaftical ai ned

0 claim Janfek by Ll of (E it RlouRBMMLASn kR AEAPUIAA.LY changes in

resi stance o sanpl es. ) process as clainmed in any one of
cl ai nd01 tl@. 1A prherseasiclhinged ierpe oad of the pfecediig eldghovkemin the actdl campleer eof
before and after co tg}(':}tli ng with.a reat.ed met a nPIe is . neasured to

sa

det er ni ne 28 A48HP ST PATERIVAFEHE DIHES HR S5 2 RErSretii) SREERmOF BSsEs. A
process ag3cl aigeeksh Bs ABnNG cAimtRaVIRESR BSliIRG oF R MBtaVORI S s hit@sured
asphal tene or wax stability of a refinery feedstock and/or fraction thereof
i s nmeasur éy.changes in resistance of the metal samples.

14. A process as claimed in any one of claims 1 to 12 wherein the temperature of a

15  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.
15. 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.



