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[0001] The present invention relates to processing of whole crude oils,
blends and fractions in refineries and petrochem cal plants. In particular,
the present invention relates to the reduction of particulate induced crude
oi I fouling and asphal tene induced crude oil fouling. The present invention
relates to the blending of high total acid number (TAN) and high solubility
bl endi ng nunber (SBN) crude oils to regduce fouling in pre-heat train
exchangers, furnaces, and other refinery process units. DI SCUSSI ON OF
RELATED ART ’[_0002] Fouling is generally defined as the accunul ati on of
unwant ed METHOD OF BLENDING HIGH TAN AND HIGH Sgy CRUDE OILS AND
METHOD OF REDUCING PARTICULATE INDUCED WHOLE CRUDE OIL

FOULING AND ASPHAL TENE INDUCED WHOLE CRUDE OIL FOULING

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

[0001] The present invention relates to processing of whole crude oils,
blends and fractions in refineries and petrochemical plants. In particular, the
present invention relates to the reduction of particulate induced crude oil fouling
and asphaltene induced crude oil fouling. The present invention relates to the
blending of high total acid number (TAN) and high solubility blending number
(Sen) crude oils to reduce fouling in pre-heat train exchangers, furnaces, and

other refinery process units.

DISCUSSION OF RELATED ART

[0002] Fouling is generally defined as the accumulation of unwanted
materials on the surfaces of processing equipment. In petroleum processing,
fouling is the accumulation of unwanted hydrocarbon-based deposits on heat
exchanger surfaces. It has been recognized as a nearly universal problem in
design and operation of refining and petrochemical processing systems, and
affects the operation of equipment in two ways. First, the fouling layer has a
low thermal conductivity. This increases the resistance to héat transfer and
reduces the effectiveness of the heat exchangers. Second, as deposition occurs,
the cross-sectional area is reduced, which causes an increase in pressure drop
across the apparatixs and creates inefficient pressure and flow in the heat

exchanger.



materials on the surfaces of processing equipnent. In petrol eum processing,
fouling is the accumul ati on of unwanted hydrocarbon-based deposits on heat
exchangerweundsare®9 It has been recogni zed as a nearly eoruse@aloigaodbl emin
desi gn and operation of refining and petrochem cal processing systens, and
affects the operation of equipnent in tw ways. First, the fouling | ayer
has a | ow thermal conductivity. This increases the resistance to heat
transfer and reduces the effectiveness of the heat exchangers. Second, as
deposition occurs, the cross-sectional area is reduced, which causes an
increase in pressure drop across the_gpparatus and creates inefficient
pressure and flow in the heat exchanger. WD 2008/ 024309PCT/ US2007/ 018403 -
2 - [0003]Fouling in heat exchangers associated with petroleumtype streans
can result froma nunber of mechani sns including chem cal reactions,
corrosion, deposit of insoluble materials, and deposit of nmaterial s nmade
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presence of iron oxide (rust) particulates, as shown for exanple in Figs. 1

and 2. [0t Grepetatureediffarencs bebreabthe fhiid andoheataprchangg wal, Far
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result in relatively high surface or skin tenperatures. The asphaltepes can

pr eci pi teigniffoan instease| imrfpulinge vheno inh&we Presensgr PAcon Ml rustd mon
cause of _rapid fouli iSeattributednto t esence of salts and
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adhere to the hot surfaces of the heat exchanger. I|norganic contam nants
play both an initiating and pronoting role in the fouling_of whole c¢rude
oi I' s and090dhds. Oneoof thrinere camnuionoghcpusastef rapid feuling daParkiaHardal ci um
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asphal t eangsmuch deitier tametheowholenemdg@ils and sesultninelatively hugh surfags ORsi bl e
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pre-heat prtersgrllcne .Q%astalts and particulates. Salts/particulates can precipitate from the

crude oils and adhere to the hot surfaces of the heat exchahger. Inorganic

contaminants play both an initiating and promoting role in the fouling of whole

crude oils and blends. Iron oxide, calcium carbonate, silica, sodium and calcium

chlorides have all been found to be attached directly to the surface of fouled

heater rods and throughout the coke deposit.

[0005] Prolonged exposure to such surface temperatures, especially in the
‘late-train exchanger, allows for the thermal degradation of the organics and
asphaltenes to coke. The coke then acts as an insulator and is responsible for
heat transfer efficiency losses in the heat exchanger by preventing the surface
from heating the oil passing through the unit. Salts, sediment and particulates

have been shown to play a major role in the fouling of pre-heat train heat



- 3 - exchange's, furnaces and other downstreamunits. Desalter units are
still the only opportunity refineries have to renove such contam nants and
i nef fici emoizess/afizoen result fromthe carryover of such matramseel7®1843 h t he
crude oil feeds. 100061Bl ending of oils in refineries is common, but
certain blends are inconpatible and cause precipitation of asphaltenes that
can rapidly foul process equipnent. |Inproper mxing of crude oils can
produce asphaltenic sedinment that is known to reduce heat transfer
efficiency. Al though nost bl ends of unprocessed crude oils are not
potentially inconpatible, once an incoyipati ble blend is obtained, the rapid
fouling and coking that results usually requires shutting down the refining
process in a short time. To return the refinery to nore profitable |evels,

t he foul @gnaaaérse faRmRes #d 6ttér tdoviesttdaganadts. WiDeshltey pnital dry stidhthe es
renoval from service, as discussed bel ow. [00071Heat exch r}gﬁf}l n- t,.ube

foul i ng myt%pm%tumb@mﬁm@ﬁﬂ@%é@ TﬁW@eﬁ!@M"W‘PW% 38 ficiencies,ch
year due 0S ffl enC|es fORIIY
consurrpt?% ‘W’ithﬁ ec&rgao O?SngrFal{éerﬁ%lrgwnﬁg%a exc anger foul i ng has

a greater inpact on process profitability. Pet roleumrefineries and
petrochem cal plants al so suffer high operating costs due to ni ng
requi r ed[00963 r eBl¢nding ﬂﬁmﬂmgntmﬁmrj@wﬁsc@mm% H%rqﬁ"ﬁqa“brbﬁ%@g%laﬁﬁ of
whol e crude o nds_and fr [ ile
many typE¥o H'fpartz’F? ﬁ%&f%&%?b‘i%%’?&;"r‘b"g? 1&{?&%@%&?% Smgoﬁs%m?g{é%ergr@at es
have shoyfuiph#ént! lh%lpw&fmiﬁngfof%ﬁﬂé bilk ean prodeaidspliultenic sediméntihang of
whol e crude oils, bllends and fractions in pre-heat train exchangers.

10008] Heist kem\rmﬁ@erredum.h@atf trapster efficisncrs tHlthpughemasy bWéyOEost ly
o - 11 neRPBsRStg GraRcals SR an gaentih” BioeinalRgs. BRCkaR SEoRdARAE -
exchangeplendt isObbtained, the rapid fouling and coking that results usually requires
shutting down the refining process in a short time. To return the refinery to
more profitable levels, the fouled heat exchangers need to be cleaned, which

typically requires removal from service, as discussed below.

[0007] Heat exchanger in-tube fouling costs petroleum refineries hundreds of
millions of dollars each year due to lost efficiencies, throughput, and additional
energy consumption. With the increased cost of energy, heat exchanger fouling
has a greater impact on process profitability. Petroleum refineries and
petrochemical plants also suffer high operating costs due to cleaning required as
a result of fouling that occurs during thermal processing of whole crude oils,
blends and fractions in heat transfer equipment. While many types of refinery
equipment are affected by fouling, cost estimates have shown that the majority
of profit losses occur due to the fouling of whole crude oils, blends and fractions

in pre-heat train exchangers.

[0008] Heat exchanger fouling forces refineries to frequently employ costly
shutdowns for the cleaning process. Currently, most refineries practice off-line
cleaning of heat exchanger tube bundles by bringing the heat exchanger out of

service to perform chemical or mechanical cleaning. The cleaning can be based -



service to performchem cal or nechani cal cleaning. The cl eaning can be
based WO 2008/ 024309PCT/ US2007/018403 - 4 - on scheduled tinme or usage or
on act ualwounéstaassmd foul i ng conditions. Such conditi onsPcanshe7oded4es m ned
by evaluating the | oss of heat exchange efficiency. However, off-line
cleaning interrupts service. This can be particularly burdensonme for small
refineries because there will be periods of non-production. [0009] The need
exists to be able to prevent the precipitatation / adherance of

particul ates and asphaltenes fromthe heated surfaces before the

particul ates can pronote fouling and the asphal tenes beconme thermally
degraded or coked. The coking nmechani smrequires both tenperature and tine.
The linme factor can be greatly reduced by keeping the particul ates away
from t heogWchaggledNGnieY ok 88REE Brt e astiflahbaiteted fourldig! coaditidiischSuebuct i on
and/or elimnation of fouling will lead to increased run |lengths (I|ess

cl eani nggonditions ven beaddterminedebyavaluating phe lossofdray exghargasiriendsci ng

th d tly foul ing miti.gati tions. QQ10 iLBen d
cr ude- scRAGRs el sigaiBe e VB el THEs oY b PerGaay "
asphal t eRGrRIHR6IHRI foR kil RFtherR8 betaide tete (alllbejieridsisfiaaprddiition.

equi pnent. Such gui del i nes suggest blending crude oils to achieve a certain
rel ati onshi p between the solubility bl ending nunber (SBN) (also synbolized

by SBN) [ .nsol.ybil ity nunber, (I of the. bl end. .Th [ ter
rel ati ng?&goﬁhhe cﬂh"p‘é‘ﬁ%‘?’f'?@od}e aaqq‘): & wa%?‘a‘? P’f'eé:l’%lﬁ?etaggglpl)g?{' ?Baglggo a
model  sobyaftulifey bl BspRAREn&STrbA] R Bédledenffabes bdfive SBlpasticithednt o t he
In, which is determned in a simlar nanner, as described in U'S, Patent

No. 5, 87 pr@aote frhiluig and ihe esphnltencs beepmicrthsymaldy dlegraded eppeked. e dieng

i del i SBN /I I tig >1. p - >10 t
o hi mi 2o cakiEEahatPEErdmites v teberdurd and Whfise e i Biltps b B0 1O
desi gned g%&[tlﬁ%@d@éeda bRAkEEYRARNS QRefichlatd¥ RivalyZ fidin agehshifece and by

precipitation. ] o
keeping the asphaltenes in solution. Such reduction and/or elimination of

fouling will lead to increased run lengths (less cleaning), improved performance
and energy efficiency while also reducing the need for costly fouling mitigation

options.

[0010] Some refineries and crude schedulers currently follow blending
guidelines to minimize asphaltene precipitation and the resultant fouling of pre-
heat train equipment. Such guidelines suggest blending crude oils to achieve a
certain relationship between the solubility blending number (Sgn) (also
symbolized by Spy) and insolubility number (I,) of the blgnd.' The Spy is a
parameter relating to the compatibility of an oil with different proportions of a
model solvent mixture, such as toluene/n-heptane. The Spy is related to the I,
which is determined in a similar manner, as described in U.S. Patent No.
5,871,634, which is incorporated herein by reference. Some blending guidelines
suggest a Spn /I, blend ratio >1.3 and a delta (Spn -I) >10 to minimize
asphaltene precipitation and fouling. However, these blends are designed for use

as a passive approach to minimizing asphaltene precipitation.



WO 2008/ 024309PCT/ US2007/ 018403 - 5 - [00l11] Attenpts have been nade to

| nprove the nethod of blending two or nore petroleumoils that are

pot ent i alWwg 20es0mmpat i bl e whil e nai ntai ni ng conpati bilitpcrasprogwesin3t he
fouling and coking of refinery equipnent. U S. Patent No. 5,871, 634

di scl oses a nethod of blending that includes determning the insolubility
nunber (I n) for each feedstream and determ ning the solubility bl ending
nunber (SIN) for each stream and conbi ning the feedstreanms such that the
SBN of the m xture is greater than the In of any conponent of the mx. In
another method, U S. Patent No. 5,997, 423 uses a blending method in which
petroleumoils are conbined in certain proportions in order to keep the SBN
of the m xture higher than 1.4 times the In of any oil in the m xture.

[ 0012] Thgee1b] endstempiohavié Besh Zﬁa&p_tchirﬁﬁkﬁ\}d“ﬁle?ﬁéﬁfdcﬁbfﬂléﬂdig%mh@ﬂ tene
and particul ate induced/ pronoted fouling. There is a need for vel oping a
proact i vén@gsprirsincleym ilsr dbai rayeomgdentmllyl nimcgupiatibie) dwhsleh ahaieraining

recipitaty R ereh I pi n.ze.the gssaqci ated foul ant depositi and/ or
Bui 1 " up o AR Yot Toiterned Slond) ¢t rofdery suobionss Che
present iPaverttNon 3,87 D63%i disclose®h hnginbar of Bﬂﬁﬁiﬂégﬂ{ai’li'}x{:jlﬁaeé%f&iéﬂﬂﬁ% W th
t he processing of crude oil in a refinery. It is desirable to reduce -and/or
ni ti gat e thednsaiybility mammberxdrhfefeeach Widstreaheand alctermining tié solubslity
descri beg, L ny: n i | t.h. heat exchangers,. the pregent invention is not
i nt ended%tl%ﬂ]cgfeigﬁu%%eég(%?m E%ra acz&%tﬁ%@lng;cqné}l’ﬁ’i’é‘?g, B?et fqegsE'Sﬁ‘?’ér?b‘FﬁttE@F t hat
the preseht SppveNtlicOmik@ire Ry greabt Third 11 M§bf%99mﬁﬁ§6§e:§ti ﬁiﬂédhﬂﬂ bigt not

limted to g_ilpestills, cokers, visbreakers, and"the 1T1ke at are capabl e

of exper 2BAHISEgNEtAd, dd-Sc atent D 2993523t useswattendingemethod iin uvhich
fouling sphal t e uld ng. . course,. it.is possible to apply.the
i nvent i og’%%)?% rﬁecﬁﬂplrl%ecgcgrgpﬁgdf ﬁFFﬁ%W&rom&lﬂ%fn é’)‘i@‘?fa%g%? ﬂb%&BINC arly
those t hahke afiktre deeidrithhe 1{Ptifiesl thBT, bl ady YilNnl AE MBRARY, as experienced
during refining

[0012] These blends do not minimize both fouling associated with asphaltene

and particulate induced/promoted fouling. There is a need for developing a

proactive approach to addressing organic, inorganic and asphaltene precipitation

and thereby minimize the associated foulant deposition and/or build up.

BRIEF SUMMARY OF THE INVENTION

[0013] It is an aspect of the present invention to provide a method for
reducing fouling associated with the processing of crude oil in a refinery. It is
desirable to reduce and/or mitigate fouling in heat exchangers. While the
present invention is described in connection with heat exchangers, the present
invention is not intended to be limited to heat exchangers; rather, it is
contemplated that the present invention is applicable to other components
(fncluding but not limited to pipestills, cokers, visbreakers, and the like) that are
capable of experiencing fouling conditions associated with either particulate
fouling and/or asphaltene fouling. Of course, it is possible to apply the invention
to other processing facilities and heat exchangers, particularly those that are

susceptible to fouling in a similar manner as experienced during refining



- 6 - processes and are inconvenient to take off line for repair and

cl eaning. One nethod associated with the present invention includes

bl endi ng wokhassa2¢3oade oil with a predeterm ned anount ofca/usegh/ossabyency
di spersive power (HSDP) crude oil. The addition of HSDP crude oil has been
found to be effective in mtigating both asphal tene induced fouling and
particul ate i nduced/ pronoted fouling. The base crude oil may consist of a
whol e crude oil, a blend of two or nore crude oils or fractions thereof.
The HSDP crude oil has a total acid nunber (TAN) of at least 0.3. It is
contenpl ated that various crude oils can-be used as the HSDP crude oi
including but not limted to the exanpl es descri bed herein. O her HSDP
crude oils are considered to be within the scope of the present invention
and suit gitbeesses dnidearti imponivehienhgobtake effulilze dor repaivianddcleaning-SEmer ude

| h TAN of at t.,0,,3. Pref bl TAl t he HSDP ds |
"5 at | edueligdcassREASE Mt e PSRt ia VPR %b%?glpﬁ S RIS B grode )
| east 1. szht &dﬁ&?ﬁﬁl@m dnt Beh ngﬁtshat t rdidpkesi ?%v@é ciide

exceed 4. as al so been determ ne e st effective HS crude
oils hava)ihi Jheradditiac of #SDEicghds oflehas. baen. foamd. tp beTekfé‘edli\@nnienhmgatﬁtg oi |

such. _t na@RASEheliE Bruerd Ukl RHRHIG e s RaIED Topboral 1B~
aceor danosyp dlds Rl RiASERlsibrUeRL IR &Jﬁaerzﬁfdﬁhfénwp a toref crffDP

crude oil 1s equal east five percent o e tota urre of
bl ended tralx—:-or:fnadhoamthdeEP ThadéSBPI crudsoR! hasiddotal lacrda;xumblee (TN} of east

ten percent, of e total vol yne ,of the bl ende se crude nd he
crude.  pebee d’ag gt s F@Veﬁwjétedp}LQY VREQUS cmsfen?ﬁs £aR begise &’t?ngigot ot al
vol ure Ofcrhﬁ@ &} SRERAIIPSE Hat ChOT findiRch ttggtﬂtésg(aalﬁg edeéctnﬁe?l EEFéiﬁ.r gr L hat

the-content of HSDP crude oi not excee ercent of the total vol une
of the blld§dtchakeoits artecammidéred tdIRPwithidaheiscope of the pké&blﬁ]lhnentlon

Fhe Hsop ad atie Tob bl vath e bits b Gf Brevidgd st '&fflbén ol oy
l'east 75.hdsta TAND 'b?fa?[@agf 8.3 Fﬁef&'&%lﬁ@h‘e "IS[AO g]r?ﬂéHS]lgp c de bil 59t feas

preferable that the SBN I1s at |east 110 I's anot-her aspect o? t he
present ihfenMae prefenablyi, ctheaTAnN tforl thé HS;Dl?ccmglefmhllsnag leastal lgeatlt is

exchanger. The od i ncl e ¢rude oil wth a
predeterrﬁ%’é‘E}nHE{iﬁ‘kn]1t hajrthg ﬂg%g ﬁtfek'&q?s "THa e oasmayr enrecdi4- Hhpas s st of
a whol e ok eof .
The risop tredieimirRddhECihost erREaPPEESISP e oS wilve Hights B IBER | o
at | east viﬂ@htd (c.gswipaeg.pr fler bhindetdhaudehsil BBprocessdd wdtdh thd Gefihbey

predetermn a nt of HSDP crude oil is equal to at . |east fjve percent to
at nost 'F'E? %&?“ t requctipns iy ulmﬂ urfks ghchunthepelficiency, g€ dh errsﬁéerahd

HSDP cr U%e%tllons is enhanced.

[0014] ° In accordance with the present invention, the predetermined amount
of HSDP crude oil is equal to at least five percent of the total volume of the
blended base crude and HSDP crude oil. HSDP crude oil may make up at least
ten percent of the total volume of the blended base crude and fhe HSDP crude.
HSDP crude oil may make up at least twenty five percent of the total volume of
the blended base crude and the HSDP crude. It is preferable that the content of
HSDP crude oil not exceed fifty percent of the total volume of the blended base
crude and the HSDP crude oil.



[0017] 1t is another aspect of the present invention to a blended crude oil
that is capable of reducing and mtigating both asphal tene induced fouling
and partiwol2aesa2izsduced foul i ng and/ or pronotion in refiPoES2€00PINENE S,
including but not limted to heat exchangers and the |ike. The bl ended
crude includes a base crude oil and a HSDP crude oil. The HSDP crude oil
has a TAN of at l|least 0.3. The HSDP crude oil makes up at |east 5 percent
of the total volunme of the blended crude. It is contenplated that various
crude oils can be used as the HSDP crude oil. O her HSDP crude oils are
considered to be within the scope of the present invention and suitable for
bl ending with the base crude oil provided such HSDP crude oil has a TAN of
at least 0.3. Preferably, -the TAN for the HSDP crude oil is at |east 0.5.
More pref{gois]l y, IhhecbAddricer withethdShiesertuihwentibni forgiurpessst of nitightings
contenpl ated that the TAN for the HSDP crude oil rray,exce‘%g;. Ir}

accor danéeuling the KESIBP«crude oilshenld bave a solubilineblendingnumber (San) of af .
HSDP cr ude oi f st../n. i r; f he SBN
is at | eg%a[SP?ébaﬁﬁt& Ffﬁl}%%eth%? g*eer%fseaﬁtlﬁ%%t 1t én% [ sr S:ﬁ? é%@%@? tt?%‘tothte

10018] Thggy s wimeasdf 1 HEDP crude oil necessary in the blended crude oil wll
vary based upon the TAN and/or SBN val ues of the HSDP crude oil. The higher
TAN and/ or SBN val ues of the HSDP crude oil, the | ower the volune of HSDP

crude oil ess 2 | L | ;ﬁ%ﬂ d/ or
mtigat e[%(gf(ﬂ as pgéﬁ %ﬁﬂg{e?g%%g%@of%}ﬁg ﬁ%eé% p%lﬂdlnch g%%‘wld% uce ?gu I ng
and/ or prediin® foulingein Bckidatcenubanger s Tho edetod dnblildesdblehdinigl adbdse heat

exchangers and the |1ke. The HSDP crude oil referabl_}/ nakes up between
five per&aide aihgvith prpredeteseined,amopat pbadiSHE) emdeqil.t fbehase sgude pilge

il. [0019] The i. h ' | | '
assoct at SEFORRE b SURIRTIFAC BT R ONCE ot dfle PURGFETHEDe B8 drmiibdeld ||

resul t ofth@dof.nThetHISDPULdE-JiPha®B}Q bfae dedse B8y dlt iepeéfaratienthatithe &Saand
ot her aspects of the invention wll beconme apparent when taken in

conj unct iibratwieast 1A0. ddt 45| w@re arefarpbleothainthen Sponifedt deasti h4Q.  The
predetermined amount of HSDP crude oil is equal to at least five percent to at

most fifty percent of the total volume of the blended base crude and HSDP crude

oil.

[0017] It is another aspect of the present invention to a blended crude oil that'
is capable of reducing and mitigating both asphaltene indgced fouling and
particulate induced fouling and/or promotion in refinery components, including
but not limited to heat exchangers and the like. The blended crude includes a
base crude oil and a HSDP crude oil. The HSDP crude oil has a TAN of at least
0.3. The HSDP crude oil makes up at least 5 percent of the total volume of the
blended cru&e. It is contemplated that various crude oils can be used as the
HSDP crude 6il. Other HSDP crude oils are considered to be within the scope of
the present invention and suitable for blending with the base crude oil provided
such HSDP crude oil has a TAN of at least 0.3. Preferably, the TAN for the
HSDP crude oil is at least 0.5. More preferably, the TAN for the HSDP crude
oil is at least 1.0. It is contemplated that the TAN for the HSDP crude oil may

exceed 4. In accordance with the present invention, it is preferable that the



WD 2008/ 024309PCT/ US2007/ 018403 - 9 - BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0020] The invention wll now be described in conjunction with the
acconpanywogoavewiongs i n whi ch: FIG 1 is a graph ipPClrustecanisigst he
effects of particulates on fouling of a LSLA crude oil; FIG 2is a
graph illustrating the effects of particulates on fouling of a HSHA crude
oi | bl end; FIG 3 is a graph illustrating test results show ng
reduced fouling associated with a HSHA crude oil bl end when blended with a
HSDP Crude G| in accordance with this invention; FIG 4 is a graph

illustrating test results show ng reduged fouling associated with a LSLA
crude oil when blended with a HSDP Crude G| in accordance with this
i nventi on; FIG 5 is a graph illustrating test results show ng

reduced HRDPRFuds odcChas 8 Spy dhatalebisiHS.c Iudemotre phiferabletibat thecSles ati t h

HSDP Crude O | A_in accordance wth this invention;
least 100. It is more preferable that the Spy is at least 110.

[0018] The volume of HSDP crude oil necessary in the blended crude oil
will vary based upon the TAN and/or Spy values of the HSDP crude oil. The
higher TAN and/or Spy values of the HSDP crude oil, the lower the volume of
HSDP crude oil necessary to produce a blended crude oil that will reduce and/or
mitigate both asphaltene induced fouling and particulate induced fouling and/or
promotion in refinery components, including but not limited to heat exchangers
and the like. The HSDP crude oil preferably makes up between five percent and
fifty percent of the total volume of the blended crude oil.

[0019] The inventors have determined that the reductions in fouling
associated with the present invention are due to prevention and are not the result
of an in-situ foulant-formation and removal mechanism. These and other aspects
of the invention will become apparent when taken in conjunction with the

detailed description and appended drawings.



FIG 6 is a graph illustrating test results show ng reduced fouling
associated with a LSLA crude oil when blended with HSDP Crude G| Ain

accor dancwowagm2adws i nventi on;

resul ts showi ng reduced fouling associated with a HSHA crude oil when
bl ended with HSDP Crude Ol B in accordance with this invention;

8 is a graph illustrating test

FIG 7 is a graphpclriussaonratssng t est

FI G

results show ng reduced fouling associated

with a LSLA crude oil when blended with HSDP Crude G| B in accordance with
this invention; and - 10 - FIG 9 is a graph illustrating test
results shomnng reduced fouling associgted with a LSLA crude oil when
bl ended with a various HSDP Crude Qls (A-G in accordance with this

i nvention; and FIG 10 is a schematic of an Al cor fouling sinmulator
used in accordance with the present invention. In the draw ngs,
reference nunerals indicate corresponding parts in the different figures.

DETAI L EDBRIRERDERCRIROA (IREPE AREE

will

[0020] The invention will now be described in conjunction with the
accompanyfng drawings in which:

FIG. 1 is a graph illustrating the effects of particulates on fouling of a
LSLA crude oil;

FIG. 2 is a graph illustrating the effects of particulates on fouling of a
HSHA crude oil blend;

FIG. 3 is a graph illustrating test results showing reduced fouling
associated with a HSHA crude oil blend when blended with a HSDP Crude Oil
in accordance with this invention; )

FIG. 4 is a graph illustrating test results showing reduced fouling
associated with a LSLA crude oil when blended with a HSDP Crude Oil in
accordance with this invention;

FIG. 5 is a graph illustrating test results showing reduced fouling
associated with a HSHA crude oil blend when blended with HSDP Crude Oil A
in accordance with this invention;

FIG. 6 is a graph illustrating test results showing reduced fouling
associated with a LSLA crude oil when blended with HSDP Crude Oil A in
accordance with this invention;

FIG. 7 is a graph illustrating test results showing reduced fouling
associated with a HSHA crude oil when blended with HSDP Crude Oil B in
accordance with this invention;

FIG. 8 is a graph illustrating test results showing reduced fouling
associated with a LSLA crude oil when blended with HSDP_Crude Oil B in

accordance with this invention; and

l'i ke

PRAGMIINENTS [ 0021] The present. invention
now be described in greater detail in



connection wth the figures. The present invention ains to reduce fouling

i n heat exchangers and ot her conponents |located within a refinery. This aim
i s achi ewsd 20g8/@4bended base crude oil, which may consipet/uskooa/ondsod e crude
oil, a blend of two or nore crude oils or fractions thereof with a

predet ermi ned anmount of a high solvency di spersive power (HSDP) crude oil.
The addition of HSDP crude oil mtigates both asphaltene induced fouling
and particul ate i nduced/ pronoted fouling. The high Sbn of these HSDP crude
oils allows for the enhanced solubility of any asphaltenes in the rest of
the crude oils and/or blends. The presgnce of TANis believed to help

di sperse the particulates in the crude oil blend which prevents them from
adhering to the heated surface. In order to achieve the reduction in

foul'ing, the HJER or e Qébjapﬁhﬂ!ﬁéﬂra?ﬁiﬁe téstt fdsiiltsaShow ucédNfoudingat

| east 0.3. Higher TAN |l evels may resu in inmproved fouling reduction and
m ti gati essoctaledHsibh & lu8leAotiudshoill whembdendesbmith hi varionse HBIAE Grudser

( SBN) of . 75. Hi.gher level s,.may result in inproved fouling
reducti orﬁﬁlﬁn{ﬁ%ﬁ }’b%‘f‘ioﬁgmﬂ?é(ﬁg%MVS?“?&%ﬁ‘{r ude oil necessary in the

bl ended crude mg. 14 {d a \s@h¥mhAae St P Nlcdbhfouliy sinskiaforSBNdVR A€for@hndehe
HSDP crude oil. The higher TAN and/or SBN val ues of the HSDP crude oil, the
| oner t havitlothapresenti®®entionde oi | necessary to produce a bl ended crude oil
WO 2008/ 024302(5%U$2007/01@g03 hat wi| | relducg. apd/ or m tri}J{ﬂate bot h
asphal t ene i ndllce§ FEUPEY A FPRFEICuPARE R 4BeIEa'S SOATFIRLUHBE r¥hot i on
in refinghy dpfPERRAN BiBLPes. | NCl uding but not limted to heat exchangers and
the like. The HSDP Crude oil preferably nmakes up between five percent and
fifty percent of the total volune of the blended crude oil. 100221The

bl ended ﬁﬁ]:':lfﬁl ‘.uipi:aéégﬁlﬂpfi ﬁﬁéﬁ%% DFBM(T)B}WN ieI PI ended crude

OI | eXhl |92 B Y] 1 T TUI AL CITI'1T ol T ' UVOo UV LA™ MUo U ol UUCT

Specifically, the blended crude oil exhibits a significant reduction in
fouling over base crude which contain particulates. This results in

i mpr oved [0821] t r dhk¢ epresdénthinventionhwall Bowhbegdescaibedain egieater odetail ver al |

ti .. 231 Fi g. depicts. . .t ti t d
o s COTRAEHOR Heith HRE et Ah FRORPAnpefUsT i e PRgechINEsom hac
on foul i pgapedchiifiers raaaCéth%P%ofx%ﬁéngn 188atéd HAHRnCA UdEinely. "PRisOfint e

reduction and mtigation of fouli'ng. The testing arrangement includes a
r eser voi rchigvedryaa blengled beselcandepdiy, whicky may coinisist tif@ wholt emdgel oil, Gf

d i t ai b d il t ai nj whal .
ol ondeq DI FoRVE] f FaoEnfle fBiscor. i tilede Wiher SpifsPRgL) <o
contai n_ankdhR T 4IARIOLIvel b dishRckioe RRber HISIOP) efhddo. !PIPBAAIHYCoP"

approxi mat el y 150C/ 3502F and then fed into a she 11 containing a
vertical HSIOPi emds dibandigates) bith Fphaliene eihdused 1 fouling rnd particulateom a

carbon steel . The heat .0d L te t a hea changer,. The
hoated T duacrdopmagnipalife, The BBy o fritiSrihefudy s SPHR IPEbig, g
nai nt ai nedhahcsdSdlubilR{Qifemy AphaltenBeineihe RsOof tHdcrude dilsi dld/or Rnes! | Y
rod surface tenperatures are approxi mtely 370C/ 698F and 400C/ 752F. The

f eed suppihe presenaepeliiTASY iskelievedHedhelp dispersethet particulates it theogrude oil

appr oxi el .0, nMJm nut e,, Th ent, feed .s ly i.s,coll.ect in.the to
ot i on oheid iSu TPt b SR e P 45 ohiba b o oRicinid e
unt r eat edchied thiePiddncibh iBYfoulingdltke HEBPOGruden6il §hvuld have notdal acid

once-through operation- The system_ - 12 - )
number (TAN) of at least 0.3. Higher TAN levels may result in improved

fouling reduction and mitigation. The HSDP crude oil should have a solubility
blending number (Sgy) of at least 75. Higher Spy levels may result in improved
fouling reduction and mitigation. The volume of HSDP crude oil necessary in
the blended crude oil will vary based upon the TAN and/or Sgy values of the
HSDP crude oil. The higher TAN and/qr Sgn values of the HSDP crude oil, the

lower the volume of HSDP crude oil necessary to produce a blended crude oil



is pressurized with nitrogen (400-500 psig) to ensure gases renmain
dissolved in the oil during the test. Thernocoupl e readings are recorded
for the bwbkoddzszdoi nl et and outl et tenperatures and forcsarst@omisab3t he rod
12. [0024] During the constant surface tenperature testing, foulant deposits
and builds up on the heated surface. The foul ant deposits are thermally
degraded to coke. The coke deposits cause an insulating effect that reduces
the efficiency and/or ability of the surface to heat the oil passing over
it. The resulting reduction in outlet bulk fluid tenperature continues over
time as fouling continues. This redugtlic]iqn in tenperature is referred to as
the outlet liquid AT or dT and can be dependent on the type of crude
oil/blend, testing conditions and/or other effects, such as the presence of
salts, sgdi WRltre@hcOh@/or! Pitigdte bR ABphdleninduced Touling anddpdrticdlater
fouling test Is carried out for 180 m'nutes. The total fouling, as nmeasured
by the tindated ddutingoand/or oproneatian duirgfinenpsommpenents, noledingdbub ngt AT180
or dT180, [0Q25]FIG 1 and FIG, 2. Jillustr e i t resence
of parti %@L'&ge@ heat £xchapgers; q“dné’se ]I('Jlﬁe‘f ﬁﬁﬂefﬁgﬁﬁ c’e}’drge)sﬁrper%&%% %r?gﬁ or
unit. T j ' i ' ' r NGeludhe iofaheobletlded Fe203)
particl @%ﬁe%%%kg?ﬁts@g Iﬁé‘ﬁ!ryl ggrgggt g??ggvﬁfh ?hat do not contain
parti cul atuds.oillhe present invention will be described in connection with
the use of a lowsulfur, |ow asphaltene or LSLA whole crude oil and a

hi gh-sul fur, high asphaltene or HSHA crude oil blend as base crude oil
exanpl es Se qiasS e ds t ; i esstHiA theerePinese t The

cl assifi 0aot-ilti ns g;h'eclr)u g%gi ) $h§¢fgﬁkggr%}ggéﬁéﬁ reprgsents aelegw SBN, high
reacti veblkudédrcradd bilwexdsipital inepreyed r chuwactietistidh @viesHhebbased ceudg @ibi |

represents ag_cryde_ oil that is, bath high in phal t enes. and feactive

sul fur. %ﬂ%‘”@@ﬂﬁ’f ththb‘EBQ%‘ﬁ ﬁﬂ'@eoc?‘i §x%"b%?@rs‘ﬂ‘aﬁ;f?f¢ 5?41‘5’310 Sgglggo%vle)rl, t he
present pavephiqny tlh S REufafesh® ThigrbAtlts kbvad hedt eahyfes t h
LSLA cr ulc)ige%o?{ddaéngjlﬁHcsﬂl—l&bglrtﬂge ol Igl.lfal@efS [ ;[}Hilﬁ]trgﬁgtesdg% ﬁ’?? the present

i nvent i owithds the héat-exshphgewranda redudtionl in overhld eaprybtenmimaptaonide oil s and

formul ati ons of the sanme that experience and/or produce fouling in refinery
conmponents including but not Iimted to heat exchangers. The presence of

comp _ . c o
oul i ng [(ﬁg)g]es tp*ag mﬁaﬂe%@ﬁ gplpglg téshﬂg\f;%?&th%a;néﬁtbﬁ&c% shsufORVIRitNe

within a exchanger . d ab presence of fouling has an
adver se thepinpactf theeaddithonhaf pertiqgdates toen ceudmndilelids onefowying] ad syhvte

AN and BPDAGRe SedtEn e BadP srifeof tesr ebbeedufiorcndmiseRings” " 0"
foul i ng. F&Infél leo1 e @Eﬁi{ngﬁﬁé}ﬁre&ﬂﬂcﬁﬁm%pﬂ%&m H® fohtaisinkon Rkedt he

TAN | eve he overa end. This is believed to be due to the ability
of the napppliyert crudei aid. (Thekfeed qupply ofiicmids opir mayrontaint dbabt emede dilom

wetting and adherin o the heated facge, where ot herw se pronpted and
Accel or aPERATIE U CHAGEE ADITARY CRIGHFORINDIIE G O POre PORE % ver y
high Sl j hayp icdofl N THes fdldvdupp 139 Rdhfe@nes
and/ or k?@%?ﬁgh?’ﬁgw ﬁﬁgg?étgicgﬁaingr%e ef flieglt‘i%\;cg(l)il/ V\ﬁecszh al sd(g@r)gduces fouling
t hat woutal actdmpevatiereoof apprximtatelyhbS030RAK idnd then fedi into a shell 11

near-inconmpati.bility of crude oi]s .and bl.ends. These crude oils are

cl assifi Sggté‘émﬂgﬁvéﬁcegﬁéywﬂt%%b?@feaéogc}%e(rjﬁﬁ—@fgépﬁgg gay be fa?ﬁ'&ﬁ is a
not abl e T:%G‘HC%}E%&%&QH' e MEHREd 30871008 MtdeH 1ab® Hita BbattSk¥hanigegle Of |
is added to the base crude, where the HSDP crude oil has a TAN as [ow as

0.3 and ThsWheaied Imod 42 igSeleTirécablyetieated nonadpredetenmingd Hemperatute agd| nay
make up as . low as five pergent (5% of the total. vqlu f t.he bl.ended
crude oi Maiptaine B&§B°E er&ée gf#ﬁ@wwﬁbfé e %B@#Samlgg{l%sﬁo wer e
per f or medyfiRcdedRpBldiGrdsNsreeifmiokihBRIRAF0PCAPE and 400°C/ 752°F. The

feed supply is 'pumped across the heated rod 12 at a flow rate of approximately

\Y

3.0 mL/minute. The spent feed supply is collected in the top section of the
reservoir 10. The spent feed supply is separated from the untreated feed supply

oil by a sealed piston, thereby allowing for once-through operation. The system



HSDP Crude O ls A and/or B to a HSHA base crude oil has on the fouling of

the base oil. The results are illustrated in FIG 3. FIG 3 is a variation
of FIG 2wothwesa2tdve reduction in fouling associ ated w t RCrhis2addigsndpn of a
predetermned - 14 - anount of HSDP crude is blended with a base crude oil
containing the HSHA crude oil. In one exanple, the base crude oil

containing HSHA is blended with a HSDP crude oil, which accounts for twenty
five percent (25% of the total volume of the bl ended crude oil. The HSDP
crude oil is | abeled HSDP crude oil A having an approxi mate TAN of 4.8 and
a SBN of 112. As shown in Fig. 3, a significant reduction is fouling is
achi eved when conpared to both base crude oil containing particulates and a
base oil without particulates. In another exanple, the base crude oil

cont ai ni pInFIEWYIkSd WitDdafoydr (M0D-580psi)Udeeriire gaies Ferpgindizbelvedrinf i fty
per cent (58% of the total Vvolunme of the blended crude oil. The HSDP crude
oi | is HEBPoUrdutin®ith® tésivi Themmoequplo xeadings Arg re¢ortded foncthg bk fiyidi 15,

Wil e the jippact qf the HSPP Cru al.Bo he f i ng of the base crude
oil is nb?leggn‘gf’&ﬂ?ﬂee&?ﬁm €3 ﬁ’égﬁ%‘[iﬂrgﬂ%‘g t FOQ\?‘% he HSDP Crude O B
nonet hel ess produces a marked decrease in the fouling of a base crude oil

containing particulates. [0028] Sanple tests were performed to deternine the
ef fect t(f@0241di t iDwring thisSoPnehant emdats temperdtiBedasting, fadantndepssits wadbase

oil. The,results are illustrated ija FLG, 4. .FIG. 4 is.a variation af FIG 1
wher e t hEISE B oA heatsd sunfross sthe Taulant denpitscars dhremally Gatided to

predet er gopred PO ¢Bke AUe b€l an! insiafng estfudtt thap r@&%s?ﬂl@dﬁﬁ%_iéncg' n the
il lustrated exanples, the base crude oil iS a LSLA crude oil and is bl ended

wi t h HSDRndfardability of thai surfacectorheatfthe olepassifgvevereitc che (i2slfingf t he

total voluge of the bl.ended, crude oil. Like the.addition of FIS ude O |
Ato t he PR JHBNPE Hlk; B BRerduE, ATEUES PUEY i Tge] & M Cbed

when compahfiflué 1945 Pedafort i f8nRirhtu? @ Adfaiied tBadstﬂh%LBLﬁIeQﬂi%E@ AX b@se oi |
wi t hout particulates. In the other illustrated exanple, the LSLA base crude

oi | is blddhamtican bh depprdntatethd typs of whidhodddonditesting conditipng andéon '
509 of the tatal f the blepd de oil. \Wile the j t of th
(208 s 18T AT ! ol S50 SRl e LEyE JeOBRG e c o

as - 15 materials. A standard Alcor fouling test is carried out for 180 minutes. The total

fouling, as measured by the total reduction in outlet liquid temperature is
referred to as AT180 or dT180.

[0025] FIG. 1 and FIG. 2. illustrate the impact that the presence of
particulates in a crude oil has on fouling of a refinery component or unit. There
is an increase in fouling in the presence of iron oxide (Fe,Os) particles when
compared to similar crude oils which that do not contain particulates. The
present invention will be described in connection with the use of a low-sulfur,
low asphaltene or LSLA whole crude oil and a high-sulfur, high asphaltene or
HSHA crude oil blend as base crude oil examples. These oils were selected as
being representative of certain classifications of crude oil. Thé LSLA crude oil
represents a low Spy, high reactive sulfur and low asphaltenes crude oil. The
HSHA blend crude oil represents a crude oil that is both high in ‘asphaltenes and
reactive sulfur. The use of these crude oils is for illustrative purposes only, the
present invention is not intended to be limited to application only with LSLA

crude oil and HSHA crude oil. It is intended that the present invention has



the HSDP Crude G| A, the HSDP Crude G| B again produces a nmarked decrease
in the fouling of a base crude oil containing particul ates. [0029] Sanpl e
tests werwoabesm2p®pf ormed to determ ne the effect the agdirtisesnroissvhe HSDP
Crude Ol A to a base oil containing either LSLA whole crude oil or HSHA

bl ended crude oil has on the fouling of the base oil. The HSDP A crude oil
havi ng an approxi mate TAN of 4.8 and a SBN of 112. The results associ ated
with the inpact of the HSDP A on the HSHA blend are illustrated in FIG 5.
The results associated with the inpact of the HSDP A on the LSLA whol e
crude oil are illustrated in FIG 6. Rar_both base oils, the addition of
the HSDP A crude as the HSDP crude oil produced a reduction in fouling.

[ 0030] As shown in FIGS. 5-8, the reduction in fouling increased as the

pr edet er g{;ﬁﬁ&tﬁﬁpm M WISHR fidiBRnakd c#ed¢ Bilk dnd fortmithoneof cieidameoi |

I ncreased.” [ 0031] The above illustrative exanples of the benefits of the
present thatexperanewandioapeadugsfouling instefutery comnanents infdudinghigaati | s as
t he HSDP_ crude ojl-. Th rese i nvention i of intended.to. be |imted to
only t he?@‘é@éﬁ%ﬁ%@ "6"19% Sc Pt'@f‘e%‘?sleg‘.’e ef ﬁé‘flﬁ%ﬁa‘ﬁeﬁ%e&}%& ?rﬁgéfe?é)ttgn

appr oxi f I =1k 0 | @atHanser M ribea
reductigﬂ{seefh-r%%%lﬁuﬁg (E‘??Cédsgciéfl?ﬁ%fgﬁg?nt %eﬁéiartrpact bgﬁgfi%:sa?@i&rkrpact on
foul i ng tbave,t tise gotdsencen off foading UsnsFagDRdvensdeimpaet @f hedtasachangesf LSLA
whol e crude _oil. As su rized in Table 1 below, the addition of 1-1SDP
crude oi PErfPE@BP?%Gnaﬁgg’FB%ction in fouling when conpared to base crude
oil containing particulates. Table 1 Crude M xtureTANSpaAT180 LSLA Crude

(control)- 23 )
[0026] The present inventors have found that the addition of a crude oil

having a high TAN and/or high Spy to the base crude oil reduces particulate-

induced fouling. The degree of fouling reduction appears to be a function of the
TAN level in the overall blend. This is believed to be due to the ability of the
naphthenic acids to keep particulates present in the blends from wetting and
- adhering to the heated surface, where otherwise promotedl and accelerated
fouling/coking occur. Most high TAN crudes oils also have very high Spy
levels, which have been shown to aid in dissolving asphaltenes and/or keeping
them in solution more effectively which also reduces fouling that would
otherwise occur due to the incompatibility and near-incompatibility of crude oils
and blends. These crude oils are classified as high solvency dispersive power
(HSDP) crude oils. There is a notable reduction in foulipg when a
predetermined amount of HSDP crude oil is added to the base crude, where the
HSDP crude oil has a TAN as low as 0.3 and a Sgy as low as 75. The
predetermined amount of HSDP crude oil may make up as low as five percent
(5%) of the total volume of the blended crude oil (i.e., base crude oil + HSDP

crude oil).

[0027] Sample tests were performed to determine the effect the addition of
HSDP Crude Oils A and/or B to a HSHA base crude oil has on the fouling of the
base oil. The results are illustrated in FIG. 3. FIG. 3 is a variation of FIG. 2

where the reduction in fouling associated with the addition of a predetermined
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amount of HSDP crude is blended with a base crude oil containing the HSHA
crude oil. In one example, the base crude oil containing HSHA is blended with a
HSDP crude oil, which accounts for twenty five percent (25%) of the total
volume of the blended crude oil. The HSDP crude oil is labeled HSDP crude oil
A having an approximate TAN of 4.8 and a Sgy of 112. As shown in Fig. 3, a
significant reduction is fouling is achieved when compared to both base crude oil
containing particulates and a base oil without particulates. In another example,
the base crude oil containing HSHA is blended with a HSDP crude oil, which
accounts for fifty percent (50%) of the total volume of the blended crude oil.
The HSDP crude oil is HSDP Crude Oil B having an approximate TAN of 1.1
and a Sgy of 115. While the impact of the HSDP Crude Oil B on the fouling of
the base crude oil is not as significant as the HSDP Crude Oil A, the HSDP
Crude Oil B nonetheless produces a marked decrease in the fouling of a base

crude oil containing particulates.

[0028] Sample tests were performed to determine the effect the addition of
HSDP Crude Oils A and B on the fouling of the base oil. The results are
illustrated in i*“IG. 4. FIG. 4 is a variation of FIG. 1 where the reduction in
fouling associated with the addition of a predetermined amount of HSDP crude
is blended with a base crude oil. In the illustrated examples, the base crude oil is
a LSLA crudé oil and is blended with HSDP Crude Oil A, which accounts for
twenty five pefcent (25%) of the total volume of the blended crude oil. Like the
addition of HSDP Crude Oil A to the HSHA crude oil, a significant reduction is
fouling is achieved when compared to both base crude oil containing particulates
and a base oil without particulates. In the other illustrated example, the LSLA
base crude oil is blended with HSDP Crude Oil B, which accounts for fifty
percent (50%) of the total volume of the blended crude oil. While the impact of
the HSDP Crude Oil B on the fouling of the base crude oil is not as significant as
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the HSDP Crude Oil A, the HSDP. Crude Oil B again produces a marked

decrease in the fouling of a base crude oil containing particulates.

[0029] Sample tests were also performed to determine the effect the addition
of the HSDP Crude Oil A to a base oil containing either LSLA whole crude oil
or HSHA blended crude oil has on the fouling of the base oil. The HSDP A
crude oil having an approximate TAN of 4.8 and a Spy of 112. The results
associated with the impact of the HSDP A on the HSHA biend are illustrated in
FIG. 5. The results associated with the impact of the HSDP A on the LSLA
whole crude oil are illustrated in FIG. 6. For both base oils, the addition of the

HSDP A crude as the HSDP crude oil produced a reduction in fouling.

[0030] As shown in FIGS. 5-8, the reduction in fouling increased as the
predetermined amount of HSDP crude oil content in the blended crude oil

increased.

[0031] The above illustrative examples of the benefits of the present
invention were based upon the use of examples A and B crude oils as the HSDP
crude oil. The present invention is not intended to be limited to only these
examples of HSDP crude oils. Other HSDP crude oils having an approximate
TAN of at least 0.3 and a Sgy of at least 75 will achieve reductions in fouling.
FIG. 9 illustrates the impact beneficial impact on fouling that the addition of
various HSDP crude oils on a base oil of LSLA whole crude oil. As summarized
in Table 1 below, the addition of HSDP crude oils resulted in a reduction in

fouling when compared to base crude oil containing particulates.

Crude Mixture TAN Spn AT180
LSLA Crude (control) - —_
+ 200 ppm FeO — — -47



93 -8 +25%iISDPE 0.6 120/132 -3 + 25 %4-1SDP F 2.5 76 -25
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. 216 -
+ 25 % HSDP A 4.8 112 -3
+25 % HSDP B 1.6 115 -34
+25 % HSDP C 1.6 158/127 -7
+25% HSDPD 1.7 93 -8
+25% HSDP E 0.6 120/132 -3
+25 % HSDPF 2.5 76 -25
+25% HSDP G 2.8 112 -32

[0032] It will be apparent to those skilled in the art that various
modifications and/or variations may be made without departing from the scope
of the present invention. It is intended that all matter contained in the
accompanying specification shall be interpreted as illustrative ohly and not in a
limiting sense. While the present invention has been described in the context of
the heat exchanger in a refinery operation, the present invention is not intended
to be so limited; rather it is contemplated that the present invention is suitable for
reducing and/or mitigating fouling in other refinery components including but
not limitéd- to pipestills, cokers, visbreakers and the like. Furthermore, it is
contemplated that the use of a HSDP crude oil, as described in connection with
the present invention, may be combined with other techniques for reducing
and/or mitigating fouling. Such techniques include, but are not limited to, (i) the
provision of low energy surfaces and modified steel surfaces in heat exchanger
tubes, as described in US Patent Application Nos. 11/436,602 and 11/436,802,
the disclosures of which are incorporated herein specifically by reference, (ii) the
use of controlled mechanical vibration, as described in US Patent Application
No. 11/436,802, the disclosure of which is incorporated herein specifically by
reference (iii) the use of fluid pulsation and/or vibration, whicﬁ may be
combined with surface coatings, as described in US Provisional Patent
Application' No. 60/815,845, filed on June .23, 2006, entitled “Reduction of
Fouling in Heat Exchangers,” the disclosure of which is incoi'porated herein
specifically by reference (iv) the use of electropolishing on heat exchanger tubes

and/or surface coatings and/or modifications, as described in US Provisional



+ 25 %HSDP G 2.8 112 -32 1003211t wll be apparent to those skilled in
the art that various nodifications and/or variations nay be made w t hout
departi ngvbnomm®oscope of the present invention. It i ®crntsesdamshat all
matter contained in the acconpanying specification shall be interpreted as
illustrative only and not in alimting sense. Wile the present invention
has been described in the context of the heat exchanger in a refinery
operation, the present invention is not intended to be so |inmted; rather
it is contenplated that the present invention is suitable for reducing
and/or mtigating fouling in other refjsnery conponents including but not
limted to pipestills, cokers, visbreakers and the |ike. Furthernore, it is
contenpl ated that the use of a HSDP crude oil, as described in connection
wi t h t hePatedt eApplicatst NG, 60FYS D9850l ristlvsire 6f hohidhe i rihcopordted
reducing and/or mtigating fouling. Such techniques include, but are not
linited hereig iSPeQiﬁ@aﬁVd!M teforense ansh(\Oreamgbinationg afsthgriame dist desgribedel

surfaces.i t exch r tyhbes. as CL} i P [ j on
os. 117 I SRouRlH ek 3 PrienOn 86, BOBARA TAERE Bhnel Bl AR O e
her ei n spgftléd cel IMethod' 6f R&fitng Hdak EXchanger Houliiy iwld Refimesfanheal
vibration, as described in US Patent Application No. 11/436,802, the

di scl osudiscigsuggiof whichiin doepmpozated hereisi spespleeally byineferspcs.efldusntds (iii)

t he use of, fl ul | sation. and/or vibratiaon ich. may. . conbi ne i.th

sur t ace. Sugpesththef Yu BhsBRr Biinfion SoVsRt i iR Y PRI e g

60/ 815, 84Rthbd hefbiNlprbividedthey?O8ific williintthedcopedrehé appaiddmdlaing aha Heat
Exchangers, " the disclosure of which is incorporated herein specifically by
r ef er encéhgir equivalentse of el ectropol i shing on heat exchanger tubes and/ or
surface coatings and/or nodifications, as described in US Provisional - 17
- Patent Application No. 60/751,985, the disclosure of which is

i ncorporated herein specifically by reference and (v) conbinations of the
sanme, as described in US Provisional Patent Application No. 60/815, 844,
filed on June 23, 2006, entitled "A Method of Reduci ng Heat Exchanger
Fouling in a Refinery," the disclosure of which is incorporated herein
specifically by reference. Thus, it is intended that the present invention
covers the nodifications and variations of the nmethod herein, provided they
conme within the scope of the appended clains and their equivalents.



- 18 - CLAIMS 1. A method for reducing particul ate and asphal t ene
fouling in a heat exchanger for heating crude oil, conprising:

provi ding a base crude oil; and bl endi ng the base crude oil wth
a predeterm ned amount of a high solvency dispersive power (HSDP)
crude oil to produce a bl ended crude-qglL, wherein the HSDP crude oi
having a total acid nunber (TAN) of at |east 0.3, wherein the HSDP
crude oil having solubility bl ending nunber (SBN) of at |east 100,
wherein t Eéﬁys?ded base crude oil and HSDP crude oil having a total

vol une he predeterm ned anount of the HSDP crude oil is at
| east 5 percent of the total volune of the bl ended base crude oil and
HSDP crude oil. 2. The nethod according to claim1l, wherein the

pr edet er id-ned Amsihed rredepiag paricuate pechaphalisne fruadise i a beat errhapgsr Ao
vol ume 0@@&%@9&&@&E@0R@ﬁﬁngVUde and HSDP crude oil.
providing a base crude oil; and
blending the base crude oil with a predetermined amount of a high solvency
dispersive power (HSDP) crude oil to produce a blended crude oil,
wherein the HSDP crude oil having a total acid number (TAN) of at least 0.3,
wherein the HSDP crude oil having solubility blending number (Sgy) of at least
100,
wherein the blended base crude oil and HSDP crude oil having a total volume
whereby the predetermined amount of the HSDP crude oil is at least 5 percent of the total

volume of the blended base crude cil and HSDP crude oil.

2. The method according to claim 1, wherein the predetermined amount is equal to

at least ten percent of the total volume of the blended base crude and HSDP crude oil.

3. The method according to claim 2, wherein the predetermined amount is equal to
at least twenty five percent of the total volume of the blended base crude and HSDP

crude oil.

4. The method according to claim 1, wherein the predetermined amount is equal to

at most fifty percent of the total volume of the blended base crude and HSDP crude oil.

5. The method according to claim 1, wherein the HSDP crude oil having a TAN of
at least 2.

6. The method according to claim 5, wherein the HSDP crude oil having a TAN of

at least 3.



3. The method according to claim2, wherein the predeterm ned anount
is equal to at least twenty five percent of the total volune of the
bl ended base crude and HSDP crude oil. 4. The nethod according to
claim1l1, wherein the predeterm ned anount is equal to at nost fifty
percent of the total volune of the blLepded base crude and HSDP crude
oil. 5. The nethod according to claim1, wherein the HSDP crude oi
havi ng a TAN of at | east 2. 6. The nmethod according to claimb5,

wherein t oi |.. havi N of 19 -

The net ho acc Eo‘f gpopyd &%Péﬁ%%l%ew rﬁmtth%hﬁé%lﬁr%‘}%]ehab’mg %%Nr?é a
TAN of atgih&asd. 4 8. The method according to claim 1, wherein the
base crude oil is one of a whole crude oil and a blend of at | east
two crude oils.

8. The method according to claim 1, wherein the base crude oil is one of a whole

crude o1l and a blend of at least two crude oils.





