WO 2006/030226 PCT/GB2005/003574 PROCESS FOR SIMULATING THE CORROSIVE EFFECTS
OF REFINERY FEEDSTOCKS ON REFINERY METTALURGY This invention relates to processes for
the evaluation of the effect of refinery feedstocks on refinery processes using high throughput
experimentatipo.26e/6sim is a major operational issue in oil refineries, wikeTgHa50085 Tor
availability anPRQEESSEDRSSULLATINGITHE CORROSIVE BEEBECThaFcREFNERYCcessed.

Refinery corrosion can be capghigrthe RS GNIRERNBRAMETIAIASREN thereof, and is highly
feedstock dependant and blend dependant. Existing methods of evaluating the corrosive effect of

feedstocks are slow and not always reliable. The present invention allows high blends to be explored
more effectively than known methods, and compared with known methods, provides more information

in a more timely fashids iDvREiMEcbIRATRITFeIsier Hie caaliainhrl te GHRvsH STIRISH to process a

particular crudg ig«ha.madRhespusRdiebiend sisyekisa danhxsrpieedisafore processing, whereas
existing methods re%uire inference from prev,iOUf knowledge. Combinaﬁgtial gr high throughput

chemistry has revolufiSHREAR R ATEENPEFHRRG! HREJ0N FEBS RS, ¥ ¢ 58& &'Chem. Res.
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: A. M. Thayer, Ghem. Eng. News 57- eb. “N.. .1 Drug.Discovery Today

(1996)). Over REEEHEYe %?%eﬁ%ﬁ?gé’rs of %%Abt ?%‘ﬁsﬁégﬁt]t g?ﬁé%%%%?é#%ﬁ%%%ﬁ%ﬁ%%% een

developed to altoveSignifichiglinclfeadtsndtiperdbilityntbtdondiepirelanid bxsstumaptitodnofother
materials for useful ro %rggg,ogm%@&@loﬁg@sggag%@g\p%@r(g{:mg %gﬁgelﬂggg%gﬁf ?0

apparatus and methodo ogies, including the growing use of robots and computers to design

experiments afry¢otmoteoste Mahbjerdsia basralrird sreporiitstivahidthaatag v Babwdsapid and
reproducible t%%&’k&“{%&ﬁm imbeashinvad pRiclalivels siaksealeisammpiRsikel fxample, much
n

effort has gone in to developing preparation and testing apparatus for numerous types of materials

and materfl pRsselaebieinedh Hamy S PIser Rl dp5iE QB BORIP RIPEFSS MRAHFEREFEE & interest

(SUCh_aS descrﬁ@%&,%&@@@&@ﬁeﬂd &@&@3,&3&%1%&8%&58##&@%&@ i@h_sth@ughPUt
techniques have been appllegﬂtio n;gg%dlfferent analgltlﬁﬂgtgchmques, including separation techniques

such as chrorrﬁ?é‘b‘?%ﬁ‘l‘(gﬁ om previous know.

Combinatorial or high throughput chemistry has revolutionized the process of drug

discovery. See, for example, 29 Acc. Chem. Res. 1-170 (1996); 97 Chem. Rev. 349-509

5 (1997); S: Borman, Chem. Eng. News 43-62 (Feb. 24, 1997); A. M. Thayer, Chem. Eng.
News 57-64 (Feb. 12, 1996); N. Terret, 1 Drug Discovery Today 402 (1996)). Over recent

years, a number of high throughput experimentation techniques have been developed to
allow significant increases in the ability to synthesize and test catalytic and other materials
for useful properties. In general, such techniques have focussed on development of

0 apparatus and methodologies, including the growing usé of robots and computers to design
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
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)

5 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
analytical techniques, including separation techniques such as chromatography (such as
described in US 6,866,786). Also, cost of components has been used asa factor in the

30 design of libraries or arrays (such as described in US 6,421,612).
The high throughput technologies have generally focussed on discovery of new



described in US 6,866,786). Also, cost of components has been used as a factor in the ;0 design of
libraries or arrays (such as described in US 6,421,612). The high throughput technologies have
generally focussed on discovery of new WO 2006/030226 PCT/G132005/003574 2 catalysts and
materials for gxistingopsosesses, but Barbour et al, SCIENCE, 283, 8 Januty/Q@p9esMe3vrbes a
technique for testing corrosion by creating a grid of differing conditions in a thin copper film. The
thickness of a copper oxide coating on a plate was increased in one dimension, while the number of
defects was increased in the other dimension. The foil 5 was then exposed with air spiked with
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refinery feedsteokosve giockesSatsimeh feedstock on the metallurgy of one or more refinery

processes, said process comprising:
() providing a plurality of refinery feedstocks and/or a plurality of fractions of one or
more refinery feedstocks,

15 (i) providing an array comprising a plurality of metal samples representative of
metallurgy present in a refinery,
(iii)  contacting each of the plurality of metal samples with one or more of said refinery
feedstocks or fractions under non—sta’;ic conditions, and
(iv) determining the corrosive effect of said feedstock and/or fraction on the‘metal

20  sample.

Any suitable refinery feedstock may be used, including a crudé oil, a synthetic
crude, a biocomponent, an intermediate stream, such as a residue, gas oil, vacuum gas oil,
naphtha or cracked stock, and blends of one or more of said components, such as a blend
of one or more crude oils or a blend of one or more crude oils with one or more synthetic

25  crudes.

On a typical refinery, a number 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 on the
overall refinery process. Because existing methods are slow and expensive, it is not

30 feasibly to explore the corrosivity of all fractions of all blends. Typically, a number of
assumptions are made on the basis of previous operating experience, but these can usually

only provide a qualitative prediction.



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 on the overall refinery process.
Because existing methods are slow and expensive, it is not 30 feasibly to explore the corrosivity of all
fractions of atiblendssmgpically, a number of assumptions are made on tR€HEHOT PISTHous
operating experience, but these can usually only provide a qualitative prediction. WO 2006/030226
PCT/GB2005/003574 3 The present invention provides a process for the evaluation of the effect of a
refinery feedstock on the metallurgy of 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
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quantity of data whicl n be manipulated to provide corrosion “maps”. The thre put of the overall
workflow is imisieant axsitebire fdadlst previsie methessod ipsiesl shsanesantivyertietomsng kighp (a)
preferably being, i aas! et RRLVE BE o exAmPls B AR Pof Qﬁﬁgvz@ﬁlmﬁﬁﬁsl}%blf@éd@@a{s 2000 per

week, and the rate of determination of the corrosive effect of steé(T) (d) prefera% 15 being at least 250

per week, for édfppfeadioandynisatvall iplssrntdepidainsiiy ardisdtarg tsocady dhadich eBrRssive effects”
that may be evigéuateshbythecpiaiegsacaflthenplesantirventionrinciireasERsianl ausedday sulphidic
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preferably being at least 50 per week, for example at least 250 per week, especially at least
2000 per week, and the rate of determination of the corrosive effect of step (d) preferably
15 beingat 1easf 250 per week, for example at least 1250 per week, especially at least 10,000
per week;
“Corrosive effects” that may be evaluated by the process of the present invention
include corrosion caused by sulphidic species such as hydrogen sulphide, mercaptans and
organic sulphides (generally termed “reactive sulphur compounds™), corrosion caused by
20  organic carboxylic acids, such as alkyl chain carboxylic acids, cycloalkyl (1-5 rings)
carboxylic acids, aromatic carboxylic acids (geﬁera]ly termed “naphthenic acids”) and
corrosion caused by inorganic acids e.g. hydrogen chlorides (geherally called “mineral
acids”™).
At any time, the above three corrosion mechanisms in refinery feedstocks
25  (sulphidic, naphthenic, mineral acid) based on the presence and types of sulphidic
(reactive) sulphur, naphthenic acid, and mineral acids, are in competition. These
mechanisms may work synergistically to and give reduced corrosion compared to the
effect of each component or antagonistic;ally to give enhanced corrosion. For example
- sulphidic (reactive) sulphur when present at low to medium levels forms a passivation
30 layer (Iron sulphide, FeS) on metal surface which reduces the rate of naphthenic acid
corrosion. Thus refiners often process naphthenic acid crudes with high sulphur crudes to

reduce corrosion risk and increase the portion of lower cost acid crude which can be



At any time, the above three corrosion mechanisms in refinery feedstocks 25 (sulphidic, naphthenic,
mineral acid) based on the presence and types of sulphidic (reactive) sulphur, naphthenic acid, and
mineral acids, are in competition. These mechanisms may work synergistically to and give reduced
corrosion corpsesd/tacdre effect of each component or antagonistically tergiveBhEMEST corrosion.
For example sulphidic (reactive) sulphur when prdsent at low to medium levels forms a passivation 30
layer (Iron sulphide, FeS) on metal surface which reduces the rate of naphthenic acid corrosion. Thus
refiners often process naphthenic acid crudes with high sulphur crudes to reduce corrosion risk and

increase the portion of lower cost acid cru hich,can pe 2006/0 6 PCT/GB2005/003574 4
processed. HOWQ%?S%E-W§H%ﬁﬁ&@&ﬁ%%ﬁ%\?§&f%%¥%g%ﬁfbha% égﬁéﬁ%?%%%ugﬁgggn%ﬁse rate of
naphthenic aci%@%{@gmpﬁmaiﬁeraﬂﬂ&c&mﬁmnsmmihmmmaﬁedshgpﬂmwwécmhgrﬂm;‘natmre. Thus
conventional models are unable (o predict i GUITENL M GMAASSsargslon dsierminalon of

measured in w& ?E@F%&f?d ot permit the generation of a 5 matrix of conditions necessary to map
out the corrosionrretidiotsbiminaten, oreanitsditp, Weakiismiere de apmenmidls-asnartigiithenic acid.
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throughpu tecl%lques enai es refiners to measure blends under a wide ran %:of conditions to truly
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processing, adding,, 3.0 rsfinaryRassiRidadelumakselneigl sacwuplgarepiasqntatusbiismetallurgy

present in a refinery suitably represent the metallurgy that may.be present at refinery processes in the
refinery prone SPPSRTAATPID AERASCHHES ONIF B Iﬁ%?ﬁﬁ]’%?@%’w@dd%‘@% Coygst)sel%’il(ég)

on
Chromium steelgfssckhas &6 QCEySiainiedwsifalanduchaase4d 9, Bitciudthpesssiien &18%g 15 Mo),
317, 321, 825)). Typically, refinery processes in the refinery prone or potentially prone to corrosion are
processeéQNhe‘F%r ffﬁéfdngf%ﬁb refinery feedstock occurs, where fluids travel at high velocity or sheer
and/or where high comteninatibtysobhonriceivelesatpriatatiatinge b metsdhwgy BrRserAdNA tENerYde

distillation column aa(bagrlé wreboiler he%gl?ér chan qugkdppégggﬁg ;%ﬁge}y%gcms\@gyg{ylgﬁﬂé@n,

overhead cond&HERLON ystems, fransferiines, heaters for coking
prone or potentially prone to corrosion. Typical metallurgies include Carbon Steel (CS),

Chromium steels (such as 5Cr, 9Cr), Stainless steels (such as 410, 316 (with less than 2.5%
15 Mo), 317, 321, 825)).

Typically, refinery processes in the refinery prone or potentially prone to corrosion
are processes where heatiﬁg of the refinery feedstock occurs, where fluids travel at high
velocity or sheer and/or where high concentrations of corrosive materials may be present,
such as in the crude distillation column (CDU), reboiler, heat-exchanger and furnace tubes,

20 the vacuum column, overhead condensation systems, transfer lines, heaters for coking
units, hydrotreating process and hydrocracking process.

Typically, the plurality of metal samples will comprise at least 5 metal samples, for
example at least 10 metal samples, such as at least 20 metal samples.

The process of the present invention may be performed using a microfabricated -

25  array of metal samples.

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

Metal samples representative of other metallurgies may also be present, but

30  typically the majority of the metals present will be representative of metallurgies already

present in one or more refineries.



units, hydrotreating process and hydrocracking process. Typically, the plurality of metal samples will
comprise at least 5 metal samples, for example at least 10 metal samples, such as at least 20 metal
samples. The process of the present invention may be performed using a microfabricated 25 array of
metal samplegohoespetal samples may be representative of metallurgies peaseBtoesaopsmticular
individual refinery or of a number of differing metaBurgies present in two or more refineries. Metal
samples representative of other metallurgies may also be present, but 30 typically the majority of the
metals present will be representative of metallurgies already present in one or more refineries. WO
2006/030226 PCT/GB2005/003574 5 In one embodiment, the plurality of metal samples may be a
plurality of different miBEnesmdinanb e rY iR rhiesattamplet mtRePisrltnrt difimt refinery,

such that a numbgl efrpeliatsamplessnayipevalualbedhpanaiels Alesnative b fteyplualitypf metal
samples may all be gne type of metal sample or qnly a few different metal samples, 5 such as only 2
to 3 different m%t‘é‘f@%‘?ﬁﬁ? e?iuﬁafﬂé} ?rglgg)s%egf" %‘é%?e@e?ﬁr?l[%éd{;%%%‘ﬁﬁg&% galiphahtly) used to
evaluate the effaetsl sfrdjffeyengesliheproe &g admatitid sangyid @roitythdepr diffetian nkthiedmastigns
representative Qf typi SCI rther below. tep (iii) of the present invention
each of thegplu?éﬁ%g/%fxr%gggggﬁp gig?ﬁsq?o%afa@qtgsd%éﬁgtﬁ %gﬁseé%/%e%é §3ﬁ%}’e§ Faction thereof.

Preferably eactbetmtdentinatisusnd dedreprialibs, dltecteefdideranseismmadessirmuithitienusig/or he
refinery feedstagluprfrastianstbeirof-shatd e Lenneasatative Obiba refineiv. Siierm,ihat would

typically be in contact with the respective metallurgy in a refinery process. By “representative of' is
meant having furdhthsiie similar chemical and/or 15 physical properties as the typical refinery

stream to the refinery jaraeg$si)optixaaele iienidureldy of apliansnadmayesaniailing point range
typical for the feedstock tq the e ivaI?nt rocess o arefig}i?ry.Afraction with the desired bailing
point range’ ma§ Bt B)I}%ulggré SRS & ARSI FTrOLn STt LB made is

made in parallel, i.e. each contact is made simultaneously.

The reﬁnéry feedstock or fraction thereof should be representative of the refinery
stream that would typically be in contact with the respéctive metallurgy in a refinery
process. By “representative of” is meant having at least some similar chemical and/or

15  physical properties as the typical refinery stream to the refinery process. For example, the
plurality of fractions may have a boiling point range typical for the feedstock to the
equivalent process on a refinery. A fraction with the desired boiling point range may be
obtained by use of a suitable separation means, such as distillation.

Chemical and physical properties of the feedstock to a particular refinery process

20  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.

For example, in a refinery the metallurgy in the heating section of a crude
distillation column typically is exposed to the entire refinery feedstock. Hencé, in the

25  present invention, samples representative of these metallurgies are contacted with a sample
of the full refinery feedstock. In contrast, the metallurgy in specific regions of a crude
distillation unit (CDU) or vacuum distillation unit (VDU) and in the pipework associated
with specific fractions in the distillation tower and pipework connecting to down stream
process units, or in heating before certain process units typicallyv is only exposed to

30  fractions of said refinery feedstock, and hence, in the present invention, the refinery
feedstock is treated to produce a representative fraction which is contacted with the

representative metal sample(s).



Chemical and physical properties of the feedstock to a particular refinery process 20 will depend on a
particular refinery configuration, but typical properties are described, for example, in Handbook of
Petroleum Refining Processes (2nd Edition), edited by Robert A Meyers and published by
McGraw-Hill. sfengxampke, in a refinery the metallurgy in the heating sectienntamosdesdistillation
column typically is exposed to the entire refinery f@edstock. Hence, in the 25 present invention,
samples representative of these metallurgies are contacted with a sample of the full refinery
feedstock. In contrast, the metallurgy in specific regions of a crude distillation unit (CDU) or vacuum
distillation unit (VDU) and in the pipework associated with specific fractions in the distillation tower and

pipework connecting tdcHiREL iprriedie mifed et At pwensehearathip abéeBdhanits typically
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reaction to represent crude oll distillation followed by a conventional tfeatment of said fraction that

occurs before tiéddraciia et eesiss brfue dmmreropidntasspldn teliresnsiotktenelealtic reforming
process is typigadysfaydretea p@@%ﬁ?g%ﬁé&m%ﬁﬁ%m%%m%%ﬂmg ion will

typically be a fraction within a limited boiling point range. Thus, in a preferred embodiment, the
refinery fdddstBERFSHivided to produce a plurality of portions, one for each of the plurality of metal

samples, wherein eadthpesheReisttibetreatash WiltsECRssariataR oues A1FNePRoWR foaniling
point range Witpitrllgghe range

Thus, in a preferred embodiment, the refinery feedstock is divided to produce a
plurality of portions, one for each of the plurality of metal samples, wherein each portion is

15 treated, where necessary, to produce a fraction with a boiling point range within the range
required for contact with tile metal sample.

‘The dividing may be achieved by any suitable means. For example, the dividing
may be performed in a batch mode by using one or more automated syringes to provide the
plurality of portions. Alternatively, a series of microflow controllers or microvalves may

20 be used in which the flow for each portion is generally continuous, but can be started and
stopped, and optiondlly 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
can’t be shut-off or varied independently for each portion, but which provide an even flow
distribution across the plurality of portions, may be used.

25 In one embodiment, the portion is placed on a heating device, heat is then applied
to increase the sample temperature, and the fraction which boils between the desired ranges
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.

30 In another embodiment, each portion may be placed in an enclosed channel
comprising at least three sections, each section separated by valves or other suitable

barriers which liquid samples cannot pass, but gaseous samples can. Thus, each portion



required for contact with the metal sample. The dividing may be achieved by any suitable means. For
example, the dividing may be performed in a batch mode by using one or more automated syringes to
provide the plurality of portions. Alternatively, a series of microflow controllers or microvalves may 20
be used in whighékeoBowmsfor each portion is generally continuous, but carplog/stertesioasti4 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 can't be shut-off or varied
independently for each portion, but which provide an even flow distribution across the plurality of
portions, may be used. 25 In one embodiment, the portion is placed on a heating device, heat is then
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is collected, forvgxaippEinbyuBdEhaisyifabiervadeeldsieallast dharpactionof thaaoraet SqiliRg range,
which is then cg)%lazg%o ,condec?ﬁje said fraction. The heatin de\%ce m%y be a heatedmicrooscillator, as
described in U 348, 4G9S SH0RF SFRRARRGE ?8138&35'6‘? iBhAMRP B BRREET S enclosed
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section heated to the Tispeacandiliagtipoiisttbénthedtsiiiaghedirmanbyingaxiatiofoheagsplesitsing a
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(or below), such that all material with a boiling point below the upper boiling point vaporises 5 and
lé P ) !

passes from th# AifePISBLIFIPRIS IS Yhelpit) swiatin athmdctizlonte adwdlingroduidsiersbetion is then

heated to the Iyes: beiling peint iihiessa e riesiserbmlaleeammalsugiidad ertingdasaide give local
heating, and the third section is maintained at ambient temperature (or below), wherein all material

with a boiliflg pEAEHeBYIRE] (oG BariPeatibe desred halins B f#B8Eecond section into
the third section, 10 legwingitivethetisesnnddcaction nef aclinnindathkedesised RIS REINt range.

Alternatively, the second sectign may maintained at the lower boiling point, throughout, such that
material it 3 DA RO 0 R TApOE SR SR LR L Hae ae ot

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.

15 A plurality of channels, each having the at least three sections may be provided on
a spinning disk-type separation device as described in WO 01/87485 or WO 2004/58406.
In a further embodiment, further sections comprising one of the plurality of metal samples
may also be provided for each channel on a spinning disc, and the contacting of the metal
sample with the refinery feedstock or a fraction thereof may also be performed on the

20  spinning disc.

_ The contacting of each of the plurality of metal samples with the refinery feedstock
or a fraction thereof should be under non-static conditions, i.e. varying conditions,
typically representative of those to which the equivalent metallurgy would be exposed in
the reﬁnex;y. Conditions .WhiCh may be varied include temperatures, flow rates, sheer, soak,

25 condensation and/or turbulence. In one embodiment, these conditions will be equivalent to
those in the refinery, such as the same temperatures and/or flow rates. In an alternative
embodiment, more severe conditions than those to which the equivalent metallurgy would
be exposed in the refinery, such as higher.temperatures, increased flow, sheer or
furbulence, may be used to enhance corrosion rates and enable relative results for different

30 feedstocks to be obtained more rapidly. Typically, the results present the corrosion rate as

a function of flow, shear, temperature, pressure, feedstock and/or fraction.



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. 15 A plurality of channels, each having
the at least three sections may be provided on a spinning disk-type separation device as described in
WO 01/8748%erWEHRRH/58406. In a further embodiment, further sectiorsweBpomngsone of the
plurality of metal samples may also be provided f8r each channel on a spinning disc, and the
contacting of the metal sample with the refinery feedstock or a fraction thereof may also be performed
on the 20 spinning disc. The contacting of each of the plurality of metal samples with the refinery
feedstock or a fraction thereof should be under non-static conditions, i.e. varying conditions, typically’'

representative of thoge mngstERCRBCELToR RS GHET AMSFATW SORTIbO s foduding éatoniR e

Conditions whighymay,ha\arsd inaluderempreatisasitouomiesrehpgoshak, @b boadensadion and/or
turbulence. In one embodiment, these cqnf%itions will be e%%lival?)nt tot.th%ﬁe in {Q%gFfirno%% such as
the same temp@taepdy HhepGH e ARes R aRIRRPRARR 8P RoRB S AA e g RokAig & SBhdons than

those to which gheeeetyaleiionetallurgy would be exposed in the refinery, such as higher.

temperatures, increased flow, sheer. or turhulenc ay be used t h COILOS] t nd
enable relative result wﬁc&&%ﬁ %‘5 ?83%?%%% %@c}l & %Oét%%rg% %ﬁ%(r%;é}%pggg? I?‘;%glﬁg%ﬁﬁ,ﬁ%ﬁsults
present the contesieineayefaslswénatiofraofifiohesiof ax atevitpeleatenetipr esdliendee dkwek and/or
fraction. WO 20001939220 R GR200RINNRRA, B0 iAae HIRMPRGRIERR S EAIIRHORBANG

conditions, inclﬁcﬂng variation in oiling poirit range of the refinery feedstock fraction where.
appropriate, casvbrlmvmkiatsanplptionaiensisardmayigRia gintbRgiEr s Heuprisis fs MHidyating

potential problems Oy eSS etk L YRicRnar: sigicsendiiaasiiaglude, for example, covering
the metal sample with the refinery feedstock or a fragtjgn a1er of in a suit&%ble geaction ﬁgiunder
“flow" coritions, for ExiFRSIY) B CORORYAIRFAL IS s ﬂﬂgﬁ??e@aéﬁ? SoF FARIBH thétdof over

the metal samplgy, ¥ WRdeH SHeRb I MARE secd. arotRtinbathigsis¢fat semplle,insihg flnityosropefmrience,
or under variable temperature or pressure congiti%nfs. 10.In §te1p &\fg the c?rrosive effecl;tcglsaid
feedstock on tl’f@]ﬁlrgt%]l%ni’éo %fﬂﬁﬁ%ragsr?ﬁspro ucts formation) or's ce analysis usifig'a Suitabie

analytical technique. A preferred method involves measuring the concentration of
corrosion metals in solution.

15 In one 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 corrosion of the metal samples will be measurable by changes in resistance of
the samples. Such samples can be heated and their temperature can be accurately

20  controlled and monitored by resistive heating. Suchsamples can be prepared by any
known method.

Thus, one embodiment of the process of the present invention comprises flowing
the refinery feedstock or fractions thereof over a plurality of resistively heated metal wire
or mesh samples and measuring the resistance change with time to determine the rate of

25  corrosion of said metal samples.

Whatever method of determining the corrosive effect of the feedstock and/or
fraction is chosen, the determination for each metal sample may be carried out in parallel
(i.e. each analysis is carried out simultaneously) or in series, for example using rapid serial
analysis.

30 Using the process of the present invention, the potential for corrosion problems in
various parts of a refinery process from a particular refinery feedstock can be rapidly

evaluated.



may be by any suitable means, such as visual analysis (for example, using a microscope, or colour
monitoring for corrosion products formation) or surface analysis using a suitable analytical technique.
A preferred method involves measuring the concentration of corrosion metals in solution. 15 In one

embodiment Qighgpresgt invention, the metal samples are in a form whiglgThas:sos08391¢gligible
resistance, such as wires, thin sheets or meshes. $uch samples have the advantage that their

resistance, and any changes therein, can be readily measured. Thus, any corrosion of the metal
samples will be measurable by changes in resistance of the samples. Such samples can be heated
and their temperature can be accurately 20 controlled and monitored by resistive heating. Such
samples can be prepdsig Byeamgcdasoweraaien IMsuion M igrbaRGBheYF RS PEESEAE e present

invention comprises flowing, fhesetipenkiseasioskiorf@ationsahesaaieuapecivmiins ahdesistively
heated metal wire' or mesh samples and measuring the resistaz)ﬂﬁ&e ﬁg}an e with time Otsom%etermine the
rate of 25 cormhmmﬁé%dd%é@&ﬁ%@@PW&P&?&W&%% 8 iRGRe €O

€ corrosive effect of the

feedstock andigp;fiactieReinchRsen shaddeteringtian kercbao fonitakkammiedtieys sbedzsried out in
parallel (i.e. each analysis is carried oagrtélzénﬁjltaneo%sy

ORIaREa : @outin
analysis. 30 USHREPRE SFJLRLOBAIRE Brdidh 3ﬁl\§é:r?ﬁoan,%ﬁ)&i&?‘sﬁiggﬂf{gowjﬁﬂﬁm rapid seria

e potential for corrosion problems in various
parts of a refingryeecassefrgracatpardiculin vefinery fedificrookoetalisemajsisiyndsyaltagedeiv o

2006/030226 PCT.GBZO? 0035442 UsiE%ett‘é%cpﬁ%creﬁg&f%ﬁ&ggﬁﬁ&g@%&pﬁ@&%ﬁﬁmps,

such as carefuf FOEEBE°L6RTo ’5‘%5%8?%’{8 itibn of corrosion inhibitors (which can be added sf)ecifically
as and where eedeerinithezrékreiepiliveddheadiivesstoapartirlas RGNS HENE B5PF5Son
inhibiting chemicals ca %&g t different levels to feedstocks or fractions, the treated 5 feedstock

or fraction ther@ott 1enp%%ng contacted with a plurality of different me?l ﬁ%ﬁlez Fﬁr t%ﬁ% contacted
with only 100r 2 differ&he preesssahTBroRrersaEInEPAIRgAnaY HSAARIBRARISE fROWSNT LHMPEHRRTRE, and the

rate of Co”OSi%e‘aEﬂJ&t% sampiesdeierminggh feedstocks, and hence used to evaluate the effect of
the blended feedstock »on the corrosion problems 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.

Al‘iematively, a number of different potential refinery feedstocks can be evaluated
simultaneoﬁsly, each, or a fraction of each, being fed to a plurality of metal samples

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

An example of the evaluation of corrosion using a particular embodiment of the
invention is given below.

Example
A process for evaluating the corrosive effect of a refinery feedstock on the

25  metallurgy of one or more refinery processes can be implemented in a system comprising a
parallel 96 channel reciprocating shuitle corrosion reactor. The corrosion reactor includes
96 test cells arranged in eight 12-cell metal blocks. Each block includes a two-part
housing in the °sﬁape of a disc, including a lower portion with indentions for each of the test
cells, and provides a uniform thermal environment for all twelve cells in the unit. The test
30 cells are set in the indentions and an upper portion of the housing is pressed against the

lower portion to form a seal around each of the test-cell indentions.



thus determining the suitability of the additive(s) to a particular part of a refining process or particular
metallurgy. 10 The process of the present invention may also be applied to blends of the refinery
feedstock to be evaluated with other feedstocks, and hence used to evaluate the effect of the blended
feedstock onyis66ukR5196 problems in various parts of a refinery processp&he:prossss0h the present
invention may be repeated for a number of differerit 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 pluralitFafrivstaeldmflbicanddimassmamiversrmaisrgybraspsisestefifie ffhs
described abovc%11€g11§é?e@94§e0$éﬁ%aﬁwa}ma{ RN ARIMSING R fRFiGMIARSMDORIRe Of the

0

invention is given below. Example A process for evaluating the corrosjve effect (l)f a refinery feedstock
on the 25 metalilifydismesite sreiabreTvemaKrBraralnstoe feptahayie Hehtegsird sﬁ?e%!) prising a
parallel 96 Cha%%héﬁeia{@@@tm shuitercorasiancendeaheceidosiondebctapinchudeshBa test cells
arranged in eight 12-cell metal blocks. Eaﬁh block in%%uﬁe{gC a Wﬁ n%g lelfl hn(g {Q trrg) scrég%% Qf a disc,
including adowFBSHRBRSHE HIHBRTEHL F3F EXmODFHHSHRRIC RS Braniats PirtGrn tharmal
environment foraadtibyejuainaitddmthgmenitasshetthsib8gededliseatly betaw the lndeingons and an upper

portion of the housing is pressed against the . ' r he test-cell

indentions. WO 2006%63"(55?%‘%ﬁ‘%@f’ﬁé%@%‘%B%{)}é%g%%%gsﬁﬂ(@ﬁ%}ﬁ)%%m E:c}eramic or

ceramic coateddsfainie asksteel. afmid$appedkimpiettid Xhage Qﬁ%a“?ﬁé%lﬁl‘éyﬁ%é@?%ﬂﬂ?a&,iﬁﬁ%ﬂfation for

receiving a 1" lon%Pﬁfit%%iﬁé%ﬁ?@ﬁ&@%ﬁ%iﬁ%%@f&&’%ﬂ@'&@'ﬁ’@gllﬂi}?tﬁgijéé@icﬁlxiﬁ@érthﬁdﬁ@t, cell. An
u

annular magneatﬁ: shuttle fits within the test cell cylinder and around the metal coupon, such that a 5
defined spdce exibtieierildenlaseccipan BfenatgrE Meghtic oo phiRfsc<t Byl

corrosion coupon and magnetic shuttle are added to each cell. Up to eight such blocks are

loaded (such that up to 96 different liquid/metal pairs can be tested) and the blocks are
sealed under inert atmosphére.
Each block is heated to a predetermined temperature and the magnets associated
15  with each block are rotated to drive the shuttle in each cell. The magnetic force causes
| each shuttle to be alternately repelled or attracted generating a vertical reciprocating
motion within each test cell. As the magnetic shuttle ié driven from one end of the test cell
to the other, it displaces the liquid contained in the cell, forcing the liquid through the
narrow annular space betweén shuttle and pin and generating an alternating high velocity
20. flow. This motion creates a controlled cyclical wall shear-stress at the surface of the
‘ corrosion coupon simulating shear stress experienced in pipes or other commercial fluid
devices. This reciprocating shuttle motion is continued at the‘set temperature for between 1
and 48 hours.
Each reactor block is then opened, and the robotic liquid sample preparation and
25  loading system is used to transfer a sample of each test liquid (approximately 150 mg) to a
glass vial and dilute the liquid by a factor of 20 (w/w) with PremiSolv ICP solvent
(Cohostan/ConocoPhillips Co.). The diluted samples are then heated and mixed. The
concentration 6f one or more elements (e.g., iron) in the diluted test liquid is then
determined by inductively coupled plasma - optical emission spectrometry (ICP-OES, IRIS
30  Intrepid IT XSP with Cetac auto-sampler, Thermo Electron Corp.). A corrosion index (in
mm per year) is calculated for each liquid/metal pair from the measured concentration of

corrosion products, which is expected to correlate with long-term corrosion rates for the



rotating quadrupole magnetic assembly located directly below the housing. In operation, a robotic
liquid sample preparation and loading system is used to dispense a known amount (approximately
450 mg) of a test liquid representing, e.g., one of a plurality of different crude distillate fractions, into
each cell in tReyeReiR2Adter loading, 10 each test cell is placed into an inpeniatisuasnmse of the
12-cell reactor block. A metal corrosion coupon arnd magnetic shuttle are added to each cell. Up to
eight such blocks are loaded (such that up to 96 different liquid/metal pairs can be tested) and the
blocks are sealed under inert atmosphere. Each block is heated to a predetermined temperature and
the magnets associated 15 with each block are rotated to drive the shuttle in each cell. The magnetic

force causes emahi SRatiitoieinttbovataly2doatiperiof atrddSdfeeh er R LI dFEC3 AR Pocating
motion within egch test cell ASIEMRAGORIIEB VLR iRwivan f0s aramriwhahthigirst cell to the other,
it displaces the ﬁqwangontalned in the cell, forcing the liquid through the narrow annular space
between shuttle and pin and generating an alternating high velocity 20. flow. This motion creates a
controlled cyclical wall shear stress at the surface of the corrosion coupon simulating shear stress
experienced in pipes or other commercial fluid devices. This reciprocating shuttle motion is continued
at the set tmperature for between | and 48 hours. Each reactor block is then opened, and the robotic
liquid sample preparation and 25 loading system is used to transfer a sample of each test liquid
(approximately 150 mg) to a glass vial and dilute the liquid by a factor of 20 (w/w) with PremiSolv ICP
solvent (Conostan/ConocoPhillips Co.). The diluted samples are then heated and mixed. The
concentration of one or more elements (e.g., iron) in the diluted test liquid is then determined by
inductively coupled plasma - optical emission spectrometry (ICP-OES, IRIS 30 Intrepid Il XSP with
Cetac auto-sampler, Thermo Electron Corp.). A corrosion index (in mm per year) is calculated for
each liquidfmetal pair from the measured concentration of corrosion products, which is expected to
correlate with long-term corrosion rates for the WO 2006/030226 PCT/GB2005/003574 metal. Results
obtained over a 12 hour period at 270C for a carbon steel test sample in vacuum gas oil at four
different Total Acid Number values are shown in Figure 1. 5

15
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10 15 20 25 MCSLLP 12 Claims 1. A process for evaluating the corrosive effect of a refinery
feedstock on the metallurgy of one or more refinery processes, said process comprising: 5 (i)
providing a plurality of refinery feedstocks and/or a plurality of fractions of one or more refinery
feedstocks, (ii) providing an array comprising a plurality of metal samples representative@fdgpetallurgy
present in a refinery, (iii) contacting each of the plur iiy of metal samples with one or more 10
different refinery feedstocks or fractions under non-static conditions, and (iv) determining the corrosive
effect of said f ledstock and/or fraction on the metal sample wherein each contact of step (iii) is made
in parallel. 2. ﬁ%‘(?ess as claimed in claim 1, in which the refinery feedstock is selected from a crude
oil, a synthetic crude, a biocomponent, an intermediate stream, such as a residue, 15 gas oil, vacuum

gas oil, naphtha or cracked stogk, and blendsof ane. ok more-of said, CoOmpeNenty 3R BROARSS as
_claimeql in eitﬁer clai/rkn Rrg?eé’%\igﬂfz?‘f?ﬂ W &;Iéﬁst%ﬁg ?noetg?is\;;gmgp gs rescrleser!ta%e éfa?néctallurgy present
in a refinery anecsdlegted flom carbon stée¢ryomensrisas saebhraprifbe@RNEES steel. 20 4. A process as

claimed i any one of dlaims a3, GAIGAIAYLYSIIG G HIERIBRKEaRARIRY PITE R SamBlgS. 5. A

process as _claime_d any dne ot ¢ 1to4, in which a plurality of fractions of one or more refinery
feedstocks is obtamedryresifipernfirddistiitation column or microfractionator. 25 6. A process as

claimed in any one Oéﬁ'aim@%%a@ iM‘?&&? arefinans fessisiark Js divided ipROLPRE Alwalty of
portions, one for each ©of the plura |Fy of metal samples,
of metallurgy present in a refinery,
(iii)  contacting each of the plurality of metal samples with one or more

10  different refinery feedstocks or fractions under non-static conditions, and

(iv)  determining thc corrosive effect of said feedstock and/or fraction on the
metal sample wherein each contact of step (iii) is made in parallel.
2. A process as claimed in claim 1, in which the refinery feedstock is selected from
a crude oil, a synthetic crude, a biocomponent, an intermediate stream, such as a residue,

15  gas oil, vacuum gas oil, naphtha or cracked stock, and blends of one or more of said
components.

3. A process as claimed in either claim 1 or claim 2, in which the metal samples
representative of metallurgy present in a refinery are selected from carbon steel,
chromium steel, and/or stainless steel.

20 4. A process as claimed in any one of claims 1 to 3, carried out using a
microfabricated array of metal samples.

5. A process as claimed in any one of claims 1 to 4, in which a plurality of
fractions of one or more refinery feedstocks is obtained by using a microdistillation
column or microfractionator.

25 6. A process as claimed in any one of claims 1 to 5, in which a refinery feedstock
is divided to produce a plurality of portions, one for each of the plurality of metal samples,
wherein each portion is treated to produce a fraction with a specifie boiling point range
for contact with the metal sample.

7. A process as claimed in any one of claims 1 to 6, in which the non-static

30 conditions of step (iii) involve contacting the metal samples with the refinery feedstock
and/or fraction under variable flow conditions, variable sheer conditions, and/or variable

temperature conditions.



wherein each portion is treated to produce a fraction with a specific boiling point range for contact with
the metal sample. 7. A process as claimed in any one of claims | to 6, in which the non-static 30
conditions of step (iii) involve contacting the metal samples with the refinery feedstock andhffrakfion
under variable flow conditions, variable sheer conditions, and/or variable temperature conditions.
14CSLLP 13 8. A process as claimed in any one of claims | to 7, in which the metal samples are in
the form of wires, thin sheets or meshes. 9. A procesgas claimed in claim 8, in which the temperature
of the metal samples can be controlled and monitored by resistive heating. 5 10, A process as
claimed in claim 9, which comprises flowing the refinery feedstock(s) and/or fraction(s) over a plurality
of resistively heated metal wire or mesh samples and measuring the resistance change with time to
determine the ratgrof egriosiamefisaidnynetal cfarhptas.11tb. A protedstas alaimedrprayrerie tof claims
1to 9, in whijch the_ carrosjve eg‘ect is 10 rgeasured by measuring the concentration of corrosion
metals in so%ﬁff&n‘?fl‘g“% thg sheets or meshes.

9. A process as claimed in claim 8, in which the temperature of the metal samples can be
controlled and monitored by resistive heating.

5 10. A process as claimed in claim 9, which comprises flowing the refinery feedstock(s)
and/or fraction(s) over a plurality of resistively heated metal wire or mesh samples and
measuring the resistance change with time to determine the rate of corrosion of said metal
samples.

11. A process as claimed in any one of claims 1 to 9, in which the corrosive effect s

10  measured by measuring the concentration of corrosion metals in solution.

20



