11 1Al 11111111 *159159* METHOD AND APPARATUS FOR REDUCI NG FOULI NG USI NG
RESI D FRACTI ONS OF H GH TAN Ah( “mlmm@ﬁmwﬁum O L FIELD OF THE | NVENTI ON

[ 0001] The present invention r ocessi ng of whole crude oils,

bl ends andwbramtoigsas in refineries and petrochem cal plrTiss200ons33arti cul ar,
the present invention relates to th&%educti on of particul ate i nduced crude
oil fouling and asphal t ene-induced—crude-oil fouling. The present invention
rel at es YRYHOPENB| AARERARYS OFORaRERYS Piffe FPELIHA SENG \RESTRFRAEIPEP PFATCHIMY of a
hi gh- sol ¥EhEEIPEHERSTR 8 hower (HSDP) crude oil with a base crude oil or
crude oil blends to reduce fouling in preheat train exchangers, furnaces,
and other refinery process units. BACKGROUND COF THE | NVENTI ON [ 0002]

Fouling is generally defined aﬁlér%kﬁ(ﬁcfﬁmm;rﬁﬁ)ﬁ(ﬁ@ unwanted naterials on
t

the surfaces of processing equipnent. In petroleum processing, fouling is

t he accunul at | unwanted hydrpcarbon-based.deposits qn, heat exchanger
surtaces 1t AR e ASBR B niUtHoBES 10 RS ah D0l SaieE SO GG I det on
and operation of refining and petrochem cal processing systens, and affects
t he oper at i orfrastiowsqnirgfnsries 4nd petierhgayesl plppts.dn partigelar, #iginrepgnt iayestiomas a | ow
thermal conductivity. This increases the resistance to heat transfer and
reduces the ethestd thenslgstiapfoftphichletetinduceheamderit foullag ambiasphaltedeposi ti on
occurs, the cross-sectional area is reduced, which causes an increase in
pressure dr opndredsmde b fahpgrBiepsesamdnyentart eftdsne tiei bdénding qfr essur e and
flow in the heat exchanger.

atmospheric and/or vacuum resid fractions of a high-solvency-dispersive-power

(HSDP) crude oil with a base crude oil or crude oil blends to reduce fouling in pre-

heat train exchangers, furnaces, and other refinery process units.

BACKGROUND OF THE INVENTION

[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 heat transfer and reduces the effectiveness of the heat exchangers.
Second, as deposition occurs, the cross-sectional arca is reduced, which causcs an
increase in pressure drop across the apparatus and creates inefficient pressure and

flow in the heat exchanger.

[0003] Fouling in heat exchangers associated with petroleum typc strcams can result
from a number of mechanisms including chemical reactions, corrosion, deposit of

insoluble materials, and deposit of materials madc insoluble by the temperature

N
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[ 0003] Fouling in heat exchangers associated with petrol eumtype streans
can result froma nunber of nmechanisns including chem cal reactions,
corrosion, deposit of insoluble materials, and deposit of naterials nmade

i nsol ubl e o folgotbegperature -1-11111111111111111111 * POO0L009/adsI7h er ence
between the fluid and heat exchange wall. For exanple, the inventors have
shown that a | owsul fur, |ow asphaltene (LSLA) crude oil and a high-sul fur,
hi gh asphal t efiéferensHrrwesn e ndand heat exchargeatall. For examipla fheiipgators yEease in
fouling when in the presence of iron oxide Sr ust) particul ates, as shown
for exanpl e i shopngimt ajlowssdlfizr, oo ltemnd S che v raad e dighowlfubbighcauses of
rapid fouling, in particular, is the formation of coke that occurs when
crude oil aspisphilene$HSiA) aude Blembare dulject keasienifitand ecswasd iadeulingmpenat ur es.
The liquids on the other side of the exchanger are much hotter than the
whol e crude OinltBe piiesknc€6fikdn dxide @lsBtparteutatdd] ghihowi faxeeample AkFIGS. 1 and
tenperatures. The asphaltenes can precipitate fromthe oil and adhere to

t hese hot surjpaces. Another common cause of rapid fouling is attributed to
the presence of salts and particulates. Salts/particulates can precipitate
fromthe crude oils and adhere to the hot surfaces of the heat exchanger.

| norgani ¢ conjeagynemd &f (R A¥riQtth@tobttahicd bf AYidABAIRY, AMRtidik SOt I n the
fouling of whole crude oils and blends. Iron oxide, Tron sulfide, calcium

carbonate, si #oirrglgtionsé%QEMh c&r@kﬁ}e“%ﬁl?é@ 5%@%@'3?%6% 8@&:116X&)§&{]t0f1{a%]d to be

attached directly to the surtace o ater s and throughout the

capecial 1y i npRarhe oSS TRRRATHL S0 bR oBUESuSH RERMER EE S,

. . Su U1 :
especially in e e-t'rain exc aﬂger, gradati on

of the organics and asphaltenes to coke, .The coke.then.acts,as an insul ator
and is regpong‘?qﬁ glaflgfep‘ﬁéoi‘f Crﬂ‘ﬁ%ﬂ‘i‘??’é‘ﬁ r%?‘#i“bfeiar’i‘é’ﬁlyl WLFACSOnSKI o ot

exchanger by gr event iaﬂ% the surface fromheating the oil pasgi n% t hr ough
the unit. Salteapeiueshc asphelteas eanpmeils from dcwdand sdifntotBessingy a mj or
role in the fouling of pre-heat train heat exchangers, furnaces and ot her
downst r eam unsurfacesDdsathergomman cuserof rapid faulingés abmibyted fpibe pres¢ncy of sitsner i es
have to renove such WD 2010/ 019548PCT/ US2009/ 053371

and particulates. Salts/particulates can precipitate from the crude oils and adhere to

the hot surfaces of the heat exchanger. Inorganic contaminants play both an initiating
and promoting role in the fouling of whole crude oils and blends. Iron oxide, iron
sulfide, 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 exchangers, furnaces and other downstream units.

Desalter units are still the only opportunity refineries have to remove such



contam nants and inefficiencies often result fromthe carryover of such
materials with the crude oil feeds. [0006] Blending of oils in refineries
is conmon, but certain blends are inconpatible and cause precipitation of
asphal t enewot2bato1esas rapi dly foul process equi pnent. | momam2eosnsdsrng of
crude oils can produce asphaltenic sedinent that is known to reduce heat

transfer efficiency. Al thoygh npst bl ends_of unprocessed crude oils are not
potentially i%&@mfsmne}n%ﬁ%@%ﬁ Oftﬁwﬁgaﬁpw@ Brenverot supimatsiials e rapi d
fouling and coking that results usually requires shutting down the refining
process in a tBhemdeeil fisds. To return the refinery to nore profitable |evels,
the foul ed heat exchangers need to be cleaned, which typically requires
renoval from service, as discussed bel ow. [0007] Heat exchanger in-tube

f oul i ng cost J0Q] Mi¢rsling of@ils merefinerich inupmeaim, biit ceitdih btends o ibompatitde each
year due to | ost efficiencies, throughput, and additional energy

consunpti on. adidtchust pecipitati@asfadpiatisics tat eametapidly foelgiroexchpmiygeimt.f oul i ng has
a greater inpact on process profitability. Petroleumrefineries and

pet rochem calinpkspef Si-ahSer uklcfotls chn prodeRekHaltBdc SRhéent Biseisti@orh@ani ng
required as a result of fouling that occurs during thermal processing of

whol e crude QihiRe _h@alt%ﬂﬁelae_irﬁci&{c?c;\itm@hmsméﬂdsfolfams&@se@qmd@rmgare, Wi | e
many types of refinery equipnment are affected by fouling, cost estimates

h h he. mai orit.y.: j ; , . foul i f
wnote crude ot B CRARYRolrbift, REP| heorREFR A o8l et Afidocrs. Pocos

Heat exchanger fouli,ng forces refineries.to frequently enmpl oy costl
shut downs. f orOUE 40 SN fi3h ol BSIATA TP Res Aot e TeABINEREOSRUEY i ce
of f-1ine cleaning of heat exchapger tube bu dleﬁﬂég bri.ngi ng the heat

& Hamfou

exchanger out? $PridiBiey @ Bty thidieARsrii e MetrirEaiitak)e dfepteani ng. The
cl eaning can be based on scheduled tine or usage or on actual nonitored
foul i ng condisxFlkamgers SerHo be algknadowhbick sipidslly ersuesemenal fipmeseatioma®s ng t he

| oss of heat exchange efficiency. However, off-line cleaning interrupts
servi ce. Thi dlissassedbelparti cul arly burdensonme for small refineries because
there will be periods of non-production.

[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 on scheduled



100091 The need exists to be able to prevent the precipitatation/adherance
of particul ates and asphaltenes on the heated surfaces before the

particul ates can pronote fouling and the asphal tenes becone thernally

degr aded owEni@eioss8he coki ng nechani smrequires both tpopesmbaosss7and tine.
The tinme factor can be greatly reduced by keeping the particul ates away
fromthe surface and by keeping the asphaltenes in solutjion. Such reduction
and/ or el i mi nHRF BhUBES PIRN achgl Fepitorp iylipg conditioas swah FNFIMAER G (1 ess
cleaning), inproved performance and energy efficiency while also reducing
the need for ésemigedihyiaveinating the lpas eldicaopchangs efficnen Hogeiver: pHtlingeri es and
crude schedulers currently follow bl ending guidelines to mnim ze

asphal t ene pr eeinpig iatermptsaerstice HEhis esbetparticufady bunignwinefpesnrlatefinerss n

equi pnment. Such gui del i nes suggest bl ending crude oils to achieve a certain
rel ati onshi p behwseehert héll BOpatods bf nonbjreddtiog nunmber (SBT, 1) and
insolubility nunber (IN) of the blend. The SBN is a paraneter relating to
the conpatibility of an oil with different proportions of a nodel sol vent
m xture, such[ode9t Dhdirpe LXistd &PbdMs to PaeefiBhk pcip@thtati@radhorahdeeofl N, whi ch is
determned in a simlar manner, as described in U S. Pat. No. 5,871, 634,

whi ch i s i ncopppEaitedanieissiatekRy oh elicaRE SurfaedBefbic@RtharGeulitésthi nes suggest
a SBNIN blend ratio >1.3 and a delta (SBN - IN)>10 to m nim ze asphal t ene

preci pi tati ony3nged Aliidithd BN encd ESHe HoRRAR REACESI ARed Ther use as a
passi ve appr ogc to mnimzing asphaltene precipitation. [0011] Attenpts
have been made,to inmprove the 0 I . t umoils
that are pot e(r:l(fklnéq rI‘nfl I Iﬁlérgﬁ%%utlriegﬁgetﬂ\?ﬁ%? qe&at%?ﬁ?%{ﬂ%ﬁﬁé&qb@%g@ |F gﬂ%l%t%g&!tﬂg

prevent the fouyli nd .coki ng_of refine ui nt. .U.S .Pat. No.

5,871, 634 di sEqLAB%eBg’y “HRiEHh pg‘ftlc ‘P@ﬁ&\”%%ﬁi@bﬁ fgfeﬁﬂléisbyd(gf%"?ﬁhﬁi ng the
insolubility nunber (IN) for each feedstream and. determ nin tdpe solubility
bl endi ng nunmb@Pheltsmgry mfselrutl%(,shlcgfqdé‘ékﬂnd'ﬁé/oé@%ﬁ“ﬁ'i‘?i’goqfﬁ@“ﬁé’é‘gé?' d3ns such
that the SBN of the mixture is greater than the In of any conponent of the
m x. In anot héncrqmdimrd!enmhs(le@ar?e.anim), irgpro9cd prpfyrmanss apd ¢rleagydifigieR¥t hod i n
whi ch petroleumoils are conbined in certain proportions in order to keep
t he SBN of t hehile zisaireduting tieme¢dfon cdstld foulimgsnitigationptidnsany oil in the

m xture. [0012] These bl ends do not mnimze both fouling associated with
asphal tene and particul ate i nduced/ pronoted fouling. There is a need for
devel opi ng a pioaacsenierefipfic’aath ctude schdddas icmgemlydalivve blehdiog gadéeltmes d
asphal tene precipitation and thereby mnim ze the associ ated foul ant

deposi tion angfiffiZWispihiti preSPMEBY afdthe FsultMYENTIn@Vf hRhka] raecording to

one aspect of the present invention, a nethod for reducing fouling in a

crude of | 1 e Lo RGN s A6 A6 I EnBERScln prVi di g 3

base crude oi vency di spersive power (HSDP) crude

il, the HSDP .0l L. _havi . 0 ) achd. TAl f

glt I easte 0.3 ﬁeggti%glg-?lé,betgfgr\l/éhg ?@@“Sﬁ%"'ﬂ%ﬁﬁ@?" Sgga Bgf f}ldtlg&lh@gﬁgggﬁg%r(ms ;I;I)he?i C
d id i ., bl endi he b d id.- WM f i

amount of t hot POEpRERTd TSy BAteE e r et beta Bltended

crude oil, and feeding the blended crude oil to a crude qil refinery
conponent . Théifterang ropprtiopeel amapdel selrgsb ABHECe ish B& tofuchg Athepiaph, d g gfﬂ‘}
furnace, distillation colum, scrubber, reactor, |iquid-jacketed tank,
pi pestill, cokeelatedito thedprdukteis deffimeined ncctinniler raanpem es ddscrigtm Brdy dat. o |

resid fractions can be at | east about five percent (5% of the total vol une
of the bl endetlocs$,87E634, Whichlieinbarperack hdeioby refaencheSonmeblafdira; gpudelieecr ude
oil or a blend of at least two crude oils. The HSDP crude oil atnospheric

resid fracti oguga8 alsaN ey Bleh®@laibixli3tandlldRNd{3)g - N D@to hiSBMz} aghalddne| east
105. The HSDP crude oil vacuumresid fraction can have an SBN of at | east

182. precipitation and fouling. However, these blends are designed for use as a passive

approach to minimizing asphaltene precipitation.



[ 0014] According to another aspect of the present invention, a bl ended
crude oil is disclosed including a base crude oil and an effective anount
of an atnospheric resid fraction and a vacuumresid fraction of a

hi gh- sol vewoyeuiieydas si ve- power (HSDP) crude oil, the HIOR/@eedmssrli havi ng
an Sbn > 90 and a total acid nunber (TAN) of at least 0.3 ng KOH g. The

effective a of,, HSDP crude oil resid fractjons n.be, at | east about
Five. per cent BbH Ryteriprahs PR Dise st HE B L REH TR 1 S0 e base
crude oil can be one of a whole crude oil_or a blend of at |east two crude
oi I's. The Hsmsteleyeils that are pgteptially; incquanatiblepyhilemagiaining cRRpebly e ubi ity
bl endi ng nunber (SBN) of at |east 105. The HSDP crude oil vacuumresid
fracti on can myexsat e fasting ard epkingeafgefinpgpequinmens |U. Adab - A 78639 et anot her
aspect of the present invention, a systemis disclosed that is capabl e of
experi enci ng disldsesagmetbnd of blomingthstooélad @dcterrhiningahe inselliEtiey mmbas@ial t ene
fouling. The systemincluding at | east one crude oil refinery conponent,
and a bl end ifor édchifebdseanunid datetroiningithdsol dbélitg bletdinginbmbaf(Sperfyr eaolirponent ,
the blend including a base crude oil and an effective anount of an

at mospheri ¢ rs@sif ahd agrhiifing ARAEQIstréansdabhRaf 88 BE\ RS Mix@ite 9 gréater than
hi gh- sol vency- di sper si ve- power (HSDP) crude oil, the HSDP crude oil having

an Sbn > 90 QHéjInaofta% %m egt Ix. fnT@Mheplfneﬁ d,llﬁg.sliat.%o?.‘ 5@75%&3 The
crude oil refinery conponent can be a heat exchanger, furnace,

distillation | uam rubber... r tor ... liguid-]acketed tank,. pipestill,
coker, or vi sagbﬁ%néjl%negrmgﬁ?}déme‘ﬁ}lce%?e%\a/ogeugln%lﬁﬁ ¢ oofmcﬁlfgglﬁn gerrﬁal eprSP?mPrgsslgd
fractions can be at |east ahout five, percent 9 f the total vol unme of
the' bl anded criraes by ot B iGRRET RS Beko e torfav Qg #%0r ude of
or a blend of at least two crude oils. The HSDP crude oil atnospheric resid
fracti on can M&EMEC-a sol ubility bl ending nunber (SBN) of at |east 105. The
HSDP crude oil vacuumresid fraction can have an SBN of at |east 182.

[0016] According to another aspect of the present invention, a nethod for
on-1ine cl eardP®i2l dthese tlends del netrmaigémiage both &9yling pgsogisied sndrasphadters andl osed,
havi ng the steps of operating a fouled crude oil refinery conponent, and

f eedi ng a bl gndedlacr mdeediptonaed foelifim Thed ica uabd fai develepingepyoactveponent , t he
bl ended crude oil conprising a blend of a base crude oil and an effective
amount of an approasiploexdesdigsordarfic, amirganic anddsphaltacpracipiesiod afid tetebpn of a

hi gh sol vency di spersive power (HSDP) crude oil, the HSDP crude oil having
an Sbn > 90 an@indiz¢ Meabsodied fOMARAEpdstdNan@br &iildpast 0.3 ng KOH g. The
crude oil refinery conponent can be a heat exchanger, furnace, distillation
colum, scrubber, reactor, liquid-jacketed tank, pipestill, coker, or

vi sbreaker. The effective anguMMARVOPTBEYNSENTIONSI d fractions can be
at least five percent (5% of the total volunme of the blended crude oil.
The base crude oil can be one of a whole crude oil or a blend of at |east
two crude oi [[§013THecedmr te puiespest iof ticpersptianveations gimptifadder iedvciegan have a
solubility bl ending nunber (SBN) of at |east 105. The HSDP crude oil vacuum
resid fracti doulgwrninkanecan r§BNrnofongtonteasdisd&Rd hinddgd e sfEhesfepravidingtaher
features of the present invention will becone apparent fromthe foll ow ng
det ai | ed desdmspdridevihprogyidifiges high selndreg idivpas s e phwedHSDPY erude nilgbej unct i on
with the acconpanying drawings, illustrate by way of exanple the principles

of the preserSHPV@BE bi®Ravindd SA-D0QGHA 4G RGE dURAMRP (10690t at BRIBB mg _
DESCRI PTI ON OF THE DRAW N [0018] The invention wll now be described in

conj unction ol BRifihg HERAP BYdS6mW i88Ste anddPhérft and vacuum resid
fractions, blending the base crude oil with an effective amount of the atmospheric or
vacuum resid fractions to create a blended crude oil, and feeding the blended crude oil

to a crude oil refinery component. The crude oil refinery component can be a heat

exchanger, furnace, distillation column, scrubber, reactor, liquid-jacketed tank,



[0019] FIG 1 is a graph illustrating the effects of particul ates on
fouling of a LSLA crude oil; [0020] FIG 2 is a graph illustrating the
effects of particulates on fouling of a HSHA crude oil blend; [0021] FIG 3

is a graphwd lousémsisi ng test results show ng reduced f opdi/ospoessaesyi at ed
with a HSHA crude oil bl end when bl ended with a HSDP Crude Ol in

accordance with this inventjon; [0022] FIG 4 is rap | ustrating test
resul ts show Pigestidlaerkst of ES‘lﬁﬁ"ieﬁt‘fraE% c&f“é?jaW‘t“ﬁo%HE]%Eﬁ\”’gFﬂaées Wheg

bl ended with a HSDP Crude O in accordance with this invention; 1%0023]
FIG 5 is a gfragsiens panbetat lenstraboutdive perseni|(8%) efibaate) vebinecod ther ende
associated with a HSHA crude oil blend when bl ended wi th HSDP Crude al A
i n accor dancecmwil¢ bil.t Fieshasnieredd oibcan YeGD2 4 a MhGle cBudevilar gibdgnl of ki lesst tvat | ng
test results show ng reduced fouling associated with a LSLA crude oil when
bl ended w th &88FP0i(s; udie GSDPATIdE dlcatmbsphsteregidiffactibii Ganihavemidlabitity[ 0025]
FIG 7 is a graph illustrating test results show ng reduced fouling

associ at ed W plandind Mo (SIS oPitllcadh i3, bihe MdEsP diddbiHRlMurksdtefr4dtion Barl N
accordance with this invention; WD) 2010/ 019548PCT/ US2009/ 053371 [ 0026]

FIG 8 is a gﬁ@gr&nlsé][ ypitnaki i@ test results show ng reduced fouling
associated with a LSLA crude oil when blended with HSDP Crude G| B in
accordance with this invention;

[0014] According to another aspect of the present invention, a blended crude oil is
disclosed including a base crude oil and an effective amount of an atmospheric resid
fraction and a vacuum resid fraction of a high-solvency-dispersive-power (HSDP)
crude oil, the HSDP crude oil having an Sbn > 90 and a total acid number (TAN) of at
least 0.3 mg KOH/g. The effective amount of HSDP crude oil resid fractions can be
at least about five percent (5%) of the total volume of the blended crude oil. The base
crude oil can be one of a whole crude oil or a blend of at least two crude oils. The
HSDP crude oil atmospheric resid fraction can have a solubility blending number
(Spy) of at least 105. The HSDP crude oil vacuum resid fraction can have an Sgy of

at least 182.

[0015] According to yet another aspect of the present invention, a system is disclosed
that is capable of experiencing fouling conditions associated with particulate or
asphaltene fouling. The system including at least one crude oil refinery component,
and 4 blend in fluid communication with the crude oil refinery component, the blend
including a base crude oil and an effective amount of an atmospheric resid fraction
and/or a vacuum resid fraction of a high-solvency-dispersive-power (HSDP) crude
oil, the HSDP crude oil having an Sbn > 90 and a total acid number (TAN) of at least

0.3 mg KOH/g. The crude oil refinery component can be a heat exchanger, furnace,



100271 FIG 9 is a graph illustrating test results show ng reduced fouling
associated with a LSLA crude oil when blended with a various HSDP Crude
Ols (AAQG in accordance with this invention; [0028] FIG 10 is a schematic
of an Al cowof0wdivgssi mul ator used in accordance w th tagaeRe8is71
invention; [0029] FIG 11 is a graph illustrating test results show ng
reduced fouling associated with a crude 0il fouling control blend when

bl ended wi t h disiietier eplempiserubbyi wastpradigvidnackpigd sk ariprsilecolifs Ar t hi s
invention; and [0030] FIG 12 is a %ra h illustrating test results show ng
reduced foul i Yigpreaken chhgredigctifieramonntcy R¢rndg @lirepiddragdonsican bppiderst when

bl ended with HSDP crude oil resid fractions in accordance with this

i nvention. [ Cb8id{fiverpetdent (Y of thgsotall iokena efftks Blowded wurtend! The bake catde
corresponding parts in the different figures. [0032] Wi le the invention is

capabl e of vajil @udedRElbfd whdle onge 3i1dr Ablkfd ofdtilesst thvalchide oslp.e CTHd IESDP
enbodi nents thereof have been shown by way of the process diagrans and

testing data SR JiRoEhGR: reliskhciahitld s ARSI MHRSER DALt a1 |

It shoul d be understood, however, that it is not intended to Ii

invention to 1%&?1(55‘?”1‘11&2}’%19{5 mc)rg?«% HPPv&@uﬁ&'rQﬁ@ﬂaR}éﬁl’car?ﬂaJeﬂg nsCSBf:EtEl‘éaXt {gtzhe

intention is to cover I cat1ons, equilvalents, al ternatives
falling within the spirit and scope of the invention as WO

2010/ 019548P%6H§%9c%8!d%31§ Giother aspect of the present invention, a method for on-line

cleaning of a fouled crude oil refinery component is disclosed, having the steps of
operating a fouled crude oil refinery component, and feeding a blended crude oil to
the fouled crude oil refinery component, the blended crude oil comprising a blend of a
base crude oil and an effective amount of an atmospheric resid fraction and a vacuum
resid fraction of a high solvency dispersive power (HSDP) crude oil, the HSDP crude
oil having an Sbn > 90 and a total acid number (TAN) of at least 0.3 mg KOH/g. The
crude oil refinery component can be a heat exchanger, furnace, distillation column,
scrubber, reactor, liquid-jacketed tank, pipestill, coker, or visbreaker. The effective
amount of HSDP crude oil resid fractions can be at least five percent (5%) of the total
volume of the blended crude oil. The base crude oil can be one of a whole crude oil
or a blend of at least two crude oils. The HSDP crude oil atmospheric resid fraction
can have a solubility blending number (Sgn) of at least 105. The HSDP crude oil

vacuum resid fraction can have an Sgy of at least 182.

[0017] These and other features of the present invention will become apparent from
the following detailed description of preferred embodiments which, taken in
conjunction with the accompanying drawings, illustrate by way of example the

principles of the present invention.



defined by the appended cl ai ns. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

[ 0033] Reference will now be nmade in detail to the various aspects of the
present invention. The nethod and correspondi ng steps of the invention wll
be descri bggh 2090/6084suncti on with the detail ed descri pti por/ok20b9es3371
conpositions. [0034] The present invention will now be described in greater
detail in connection with the figures. The present invention ains to reduce
fouling in heat exchangerBRHEADESEHRIPIHON ) BAMNENGRi thin a refinery.
This aimis achieved by a bl ended base crude oil, which can consist of a
whol e crude ojdoy : : | 0l Lo f i .her eof
with a predet !adrorlﬁlﬁggé gﬂgﬁlﬁ{l “Ié %eri{ieg cgg vlg(r‘}grygg‘%tggg\;ushi t\r}gg%gﬁ\/\g%%%m)
crude oil. Thﬁra@v(ijn istir.ﬂ oplicgf HSDP crude oil mtigates both asphaltene i nduced
fouling and parti I'at’e I'nduced/ pronoted fouling. The high SBN of these
HSDP crude oils allows for the enhanced solubility of any asphaltenes in

ndi cate the PASCERE 13} RsPR iRl Reiftoresfs STRRREUFRL S0 Rt BaFY LEVAT 0%

the crude oil blend which prevents them from adhering to the heated
surface. In ofdéf %o achieve the reduction in fouling, the HSDP crude oil
shoul d have a total acid nunber (TAN) of at least 0.3 ng KOH g. H gher TAN
| evel s can result in inproved, foulng reduction and mtigatiop. HSDP
crude oil sholf030hENE Zasggwaabflllﬁswmtsﬁ%%f?%& %@ﬁ%lé\ﬂateswo%gflg a{]a Hg 90.
H gher SBN | evels can result in inproved fouling reduction and mtigation.
The vol une of cMdpmlplendie oi | necessary in the blended crude oil wll vary
based upon the TAN and/or SBN val ues of the HSDP crude oil. The hi gher TAN
ancUor SBN val ues of the HSDP crude oil, the |ower the vol une of HSDP crude
oi | necessary[#081pbFEtddea araph dhdeetingrtest eesnity showng regduced foading assasietedr
mtigate both asphaltene induced fouling and particulate induced fouling
and/ or pr onot with aiHSHAtiude pil bndpdwe biesded with uHSPE Grude Qdtin ddcpideeet t 0 heat
exchangers and the |ike. The HSDP crude oil preferably nmakes up between

t hr ee percent watichit idveptigaer cent of the total vol une of the bl ended crude
oil. [0035] The bl ended crude oil is then processed within the refinery.
The bl ended crude oil exhibits inproved characteristics over the base crude
oi | . Speci fi cedo2y) Fidhe ibh grgedlusiratde 15t kesedshbivir rade@ Riuling assbeisteduct i on
in fouling over base crude which contain particulates. This results in

| mproved heat yfihansie chﬂtﬁ & PhthBleRRa il SR eruRIl & dcBstdsick Withithisover al |
energy consunption. [0036] FIG 10 depicts an Al cor testing arrangenent
used to measur e what the inmpact the addition of particulates to a crude oil
has on fouling and Wwhat i npact the addition of a HSDP crude oil has on the
reduction and mtigation of fouling. The testing arrangenent includes a

7T S AT RO MR TR s T PR
I i Qi T ;
o ended crd RNl ghang, 140 O TLE PEAOR & | 8opThe, BT SUBBIEED o °

approxi mately 150C/ 302F and then fed into a shell 11 containing a
vertical |y or Wetfttligiinyes4a®y rod 12. The heated rod 12 can be formed from
carbon steel. The heated rod 12 sinulates a tube in a heat exchanger. The
heated rod 12 is electrically heated to a predeterm ned tenperature and
mai nt ai ned at [@W24hFIs.édee aranrﬁ ﬂé{&tr@té‘rgﬁéi’fmsuﬁﬁéSMWﬂflgﬁgdl!Cﬁé fouling pssoqigisical | y
rod surface tenperatures are approxi mately 370C/ 698F and 400C/ 752F. The
feed supply i svithwiid\ andosis whiebleadtdedtir HSDR Enate Qil Alinaccoataecatwith this
approximately 3.0 nL/m nute. The spent feed supply is collected in the top
section of theweggervoir 10. The spent feed supply is separated fromthe
untreated feed supply oil by a sealed piston, thereby allow ng for

once-t hrough operation. The systemis pressurized with nitrogen (400-500
psi g) to ensufg28pFRS 7i§BBidph dlBENAinEEst rdulthéhoRiig @dthided Goulling assasihted

Ther nocoupl e readi ngs are recorded for the bulk fluid inlet and outl et

tenperatures apf Jf9SHA YRS vHen bREIEPLTHitL ASDP Crude Oil B in accordance with this

invention;



[0037] During the constant surface tenperature testing, foul ant 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 efficiwogionesser ability of the surface to heat themid2oPassing over
it. The resulting reduction in outlet bulk fluid tenperature continues over
time as fouling caontinues. This reduction in tenperature is referred to as
the outl et |1Q0Re TAS: B sereniiliuemfing stiapihdeminb reobirdl oyl Brocitadie
oi | /blend, testing conditions and/or other effects, such as the_ﬁresence of
sal ts, sedi mewith oESbarerdeiodurtiondlopdesith HSDRGrode Qild inacenrdansardth A or
fouling test is carried out for 180 mnutes. The total fouling, as neasured
by the total ineshtiob; on in outlet liquid tenperature is referred to as AT
180 or dT180. [0038] FIG 1 and FIG 2. illustrate the inpact that the
presence of particulates in a crude oil has on fouling of a refinery
conponent or [0027].FIGh@isa draphaitiustrating seseresults Kaing eeducedt foelinyr sseintel of iron
oxi de (Fe203) particles when conpared to simlar crude oils that do not
contain partiwid aLSBA chie oflnagablend&v- ek b Ofriovs IHSOreCAds Oils peds)iiA connecti on
with the use of a lowsulfur, |ow asphaltene or LSLA whole crude oil and a
hi gh-sul fur, highafeRhtlthieMeRfionsSHA crude oil blend as base crude oil
exanpl es. These oils were selected as being representative of certain
classifications of crude oil. The LSLA crude oil represents a | ow SBN, high
reactive sulf I - Ll o de oil
[gpﬁsgrﬁc;_ f(Wts %%&%%laﬁlggfﬁn ﬁlfcgﬁﬁxlugh apII;al‘?or'd?mn Qrk]ég)’{'&n‘éé Hie

represents a e ol hat 1s S tenes a reactive

sul fur. The use r%genttpn%setio%rude oils is for illustrative purposes only, the
present inven B T's Mot dhtended to be linited to application only with
LSLA crude oil and HSHA crude oil. It is intended that the present

i nvention has ld.cation wth all whole and bl ended crude. oils a

for mil ati ono PRI L& et ubapvE R B ity BleCh TrinBigeRRY, et i nery
conponents including but not limted to heat exchangers. The presence of
foul i ng ¢ oductsh § Fadn el fouing farl bpd b @W&%&eﬁﬁﬁﬂ& & 3aHe PRESIC ont ai ned

wi thin a heat exchanger. As described above, the presence of fouling has an
adver se i npacacipnaaccosdenpanijb thipevemiogadide and ef fici ency. [0039] The
present inventors have found that the addition of a crude oil having a high
TAN ancUor high SBN to the base crude oil reduces particul ate-induced

foul i ng. The [@83HdB8Goi2 s awriphgllustrdung fcgrcsmfsp shomdng tediesd dofling @ssooiatedf t he
TAN measured on the overall blend. This is believed to be due to the
ability of thethaphtihehfmliagiadrol bickéwpepbictded witht BSDPrmdentl résid t he bl ends
fromwetting and adhering to the heated surface, where otherw se pronoted
and accel er atfetibaLihiao@rdmké wgh driciaventist hi gh TAN crude oils al so have
very high SBN | evel s, which have been shown to aid in dissolving

. asphal tenes and/ or keeping themin solution nore effectively which al so
reduces foul i[003 1] hathewvaitlgs tiR€Fofdretoe @RS al iH@icdto cdri@portimy et idihki ty and
near- inconpatibility of crude oils and bl ends. These crude oils are
classified asyfjigh mptaency dispersive power (HSDP) crude oils. There is a
not abl e reduction in fouling when a predeterm ned anount of HSDP crude oil
is added to the base crude, where the HSDP crude oil has a TAN as | ow as

0.3 ng KOH g [@osh) avERNh&fhvERWnaS capdble B GarRius ARHATHH AR And@ ARdHM Ve forkieDP Cr ude
oil can make up as low as three percent (3% of the total volune of the

bl ended crud L ' : ' r [ Sl e
tests were pgsrp ?%b%éﬂab(fdémgggglgmgﬁggt%#g&e ect y%ag%gﬁiérécgﬁiggé% Crude
Qls A and/or tq_a HSHA ryde ,0i.}, . has ,on, the foulin ft base

ol 1 The resurreeded shrtintags, f frifepid ngBhupeldbed Wl Bnollihs “Fra -
where the redyction . in fouling. associated wi.th the addition of a

or odet er i necdARBIRD: NWeREOBAY if8t e ERABH! e i oa S BRI |
containing the HSHA crude oil. In one exanple, the base crude oil

cont ai ni ng HIpNS disqhesed Betdomibe isorirangtie iaregten bite covghplb modidiedinmss for twenty
five percent (25% of the total volune of the blended crude oil. The HSDP
crude oil is ddubyelentd, Jndpheraatings faiing withaworgirdandgreopof thatweming asf 4. 8 ny
KOH g 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
particul ates and a base oil w thout particulates. |In another exanple, the
base crude oil containing HSHA is blendegd with a HSDP crude oil, which
accounts for fifty percent (50% of the total volune of the bl ended crude
oil. The HSDP crude oil is HSDP Crude G| B having an approxi mate TAN of
1.1 ng KOH/ g and a SBN of 115. Wi le the inpact of the HSDP Crude O B on
the fouling of the base crude oil is not as significant as the HSDP Crude

M 1 1A~ 7~ 1 ~ 1 e T N N o [ | N S T



While the inpact of the HSDP Crude G| B on the fouling of the base crude
oil is not as significant as the HSDP Crude G| A the HSDP Crude G| B
agai n produces a marked decrease in the fouling of a base crude oil

cont ai ni NgweMolid/FYésgt €s. [0042] Sanple tests were al so ReriQoiRA33379

determ ne the effect the addition of the HSDP Crude G| A to a base oil
containing either LSLA whole crude oil or HSHA bl ended crude oil has on the
foul i ng of t hécfingd by diclappended H18DB. A crude oil having an approxi mate TAN of
4.8 ng KOH/ g and a SBN of 112. The results associated with the inpact of
the HSDP A on the HSHA blend are illustrated in FIG 5. The results
associated with the i nja : A BN crude oil are
illustrated in FIG 6. For both base 0|Is the addltlon of the HSDP A crude

as the HSDP C@H?Qdﬁ I.C geo\glﬂced aenrlz?(;f:fi: ﬁ;%etgﬁ'to l'H%lulﬁgg)CF%§9€h%]rDm neShO\Nn in

FI GS. 5-8, Fi0% n Poulihg |ncrease d anount

of HSDP crude oi | ent e ble rud oi.l increased 4] The
above |IIustr'£f’?rUL9n ﬂil g‘é’gﬁ’flé]f‘ﬁees% ?58 hFﬁIeveBtr’%%‘eﬁlt iq?islge??fsélgln wer e
based upon the use of exanples A and B cr ude oils as the HSDP crude oil.
The present |Wflﬁhwltgt*}?&etaiﬂﬁ‘i@??&‘éﬂlqnd’ b EPRPEIEAS 0 onl y these exanpl es
of HSDP crude oils. G her HSDP crude oils having an approxi mate TAN of at
| east 0.3 and a SBN of at least 90 wi|| achieve reductions in
fouling. FIG [093419Twr¢5&ﬂfegvenﬁen PilhBeY bp deseriped inigreaten detail SreomBeAticRg t hat
the addition of various HSDP crude oils on a base oil of LSLA whol e crude
oi | . As summawithk ¢ figurcsabheepraschieinpention hinsgd d¢ducofoubing MIpM exchangesiand
resulted in a reduction in fouling when conpared to base crude oil

cont ai ni ng pasthéerchpbamts iGratetbwithix taure fineFAThSBINN ATdcB B vedSbyda Blendis basont r ol )

crude oil, which can consist of a whole crude oil, a blend of two or more crude oils or
fractions thereof with a predetermined amount of a high solvency dispersive power
(HSDP) crude oil. The addition of HSDP crude oil mitigates both asphaltene induced
fouling and particulate induced/promoted fouling. The high Sgy of these HSDP crude
oils allows for the enhanced solubility of any asphaltenes in the rest of the crude oils
and/or blends. A measured TAN is believed to indicate the presence of molecules that
help disperse the particulates in the crude oil blend which prevents them from
adhering to the heated surface. In order to achieve the reduction in fouling, the HSDP
crude oil should have a total acid number (TAN) of at least 0.3 mg KOH/g. Higher
TAN levels can result in improved fouling reduction and mitigation. The HSDP crude
oil should have a solubility blending number (Sgx) of at least 90. Higher Spx levels
can 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 Spx
values of the HSDP crude oil. The higher TAN and/or Sgy values of the HSDP crude
oil, the lower the volume of HSDP cru'de oil necessary to produce a blended crude oil

that will reduce and/or mitigate both asphaltene induced fouling and particulate
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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 three

percent and fifty percent of the total volume of the blended crude oil.

[0035] The blended crude oil is then processed within the refinery. The blended crude
oil exhibits improved characteristics over the base crude oil. Specifically, the blended
crude oil exhibits a significant reduction in fouling over base crude which contain
particulates. This results in improved heat transfer within the heat exchanger and a

reduction in overall energy consumption.

[0036] FIG. 10 depicts an Alcor testing arrangement used to measure what the impact
the addition of particulates to a crude oil has on fouling and what impact the addition
of a HSDP crude oil has on the reduction and mitigation of fouling. The testing
arrangement includes a reservoir 10 containing a feed supply of crude oil. The feed
supply of crude oil can contain a base crude oil containing a whole crude or a blended
crude containing two or more crude oils. The feed supply can also contain a HSDP
crude oil. The feed supply is heated to a temperature of approximately 150°C/302°F
and then fed into a shell 11 containing a vertically oriented heated rod 12. The heated
rod 12 can be formed from carbon steel. The heated rod 12 simulates a tube in a heat
exchanger. The heated rod 12 is electrically heated to a predetermined temperature
and maintained at such predetermined temperature during the trial. Typically rod
surface temperatures are approximately 370°C/698°F and 400°C/752°F. The feed
supply is pumped across the heated rod 12 at a flow rate of approximately 3.0
mL/minute. The spent feed supply is collected in the top section of the reservoir 10.
The spenf feed supply is separated from the untreated feed supply oil by a sealed

piston, thereby allowing for once-through operation. The system is pressurized with
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nitrogen (400-500 psig) to ensure gases remain dissolved in the oil during the test.
Thermocouple readings are recorded for the bulk fluid inlet and outlet temperatures

and for surface of the rod 12.

[0037] During the constant surface temperature testing, foulant deposits and builds up
on the heated surface. The foulant 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
temperature continues over time as fouling continues. This reduction in temperature is
referred to as the outlet liquid AT or AT and can be dependent on the type of crude
oil/blend, testing conditions and/or other effects, such as the presence of salts,
sediment or other fouling promoting 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.

[0038] 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,03) particles when compared to similar
crude oils 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.
The LSLA crude oil represents a low Sgy, 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
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LSLA crude oil and HSHA crude oil. It is intended that the present invention has
application with all whole and blended crude oils and formulations of the same that
experience and/or produce fouling in refinery components including but not limited to
heat exchangers. The presence of fouling reduces the heat transfer of the heating tubes
or rods contained within a heat exchanger. As described above, the presence of

fouling has an adverse impact of heat exchanger performance and efficiency.

[0039] The present inventors have found that the addition of a crude oil having a high
TAN and/or high Sgn to the base crude oil reduces particulate-induced fouling. The
degree of fouling reduction appears to be a function of the TAN measured on 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 promoted and accelerated fouling/coking occur. Most high TAN
crude oils also have very high Sgy 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 fouling
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 mg KOH/g and a Sgy as low as 90. The
predetermined amount of HSDP crude oil can make up as low as three percent (3%)

of the total volume of the blended crude oil (i.¢., base crude oil+HSDP crude oil).

[0040] 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
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I n accordance with

anot her aspect of the invention, a nethod is provided for reducing fouling
in a crude oil refinery conponent. The nethod generally includes providing
a base cruve ®idoiasad a hi gh sol vency di spersive power (#SER200v0sskz10il, the
HSDP crude oil having an Sbn > 90 and a total acid nunber (TAN) of at

0.3

reduction in fouling associated with the addition of a predetermined 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. Thé HSDP crude oil is labeled HSDP crude oil A having an approximate
TAN of 4.8 mg KOH/g and a Spy 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 cxample, 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 mg KOH/g and a Sgx 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.

[0041] Sample tests were performed to determine the effect the addition of HSDP
Crude Oils A and B have on the fouling of the base oil. The results are illustrated in
FIG. 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 crude oil and is blended
with HSDP Crude Oil A, which accounts for twenty five percent (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.
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ng KOH g. The nethod includes distilling the HSDP crude oil to isolate

at nospheric and vacuumresid fractions, blending the base crude oil with an
ef fective anmount of the atnospheric and/or vacuumresid fractions to create
a bl ended wouwde/mpdss and feedi ng the bl ended crude oi |l HCI/ES20090687Di |
refinery conponent. [0046] Hydrocarbon feedstocks, whether derived from
nat ural petr m,or. _synt het i olr ges,, are,_c osed of hydrocarbons and
het er oat om c%ﬁﬂ?ﬂ‘i‘“’ﬁ@p BEﬁﬁzﬁP}n@”‘aﬁ@gﬁm ?’Fg(gm‘inﬁ Ogg’ielbiaﬁég/c"b‘fﬁ% 1S08h) ecul ar
wei ght, and chem cal structure. H gh boilin oi nt, .hi gh, nol ecul ar wei ght
het er oat om c AStSENHICAR! asyher [Belaf E&F@gqlé{*gt.h? f@i}?ﬁ%ﬁ“ﬁ%@é‘s@ AgEPRAEH2t 0 cont ai n
a greater portion of netals and carbon form ng constituents (i.e., coke
precursors) thaked dagegashpithd foylipmefa basegrndhell eandaiving partipwlates.f ractions. |t
is known to fraction the crude oil into different conponents, as described
for exanple, in U S Patent No. 6,245,223, filed on May 9, 2000, entitled
"Sel ective Ad9642}tSampleResiswers afsorpefomial tydeemtnnthe cfaaBicsdditionloéthdi scl osur e
of which is incorporated herein specifically by reference. Residuumis
defined as thasDPEh&lei Gil Awbh bhscdiiesnfatiingkitbt LSL AtvhalegnurR®ille HSEIAt ure and
pressure. Atnospheric rcsid is that fraction of crude petroleumthat does

not distill afleried gt BRhE oh BOEUEnAbS fk BRRRNCThe HISDPEA THIE oilAatig pher i C
resid is further fracti onated under vacuum and that fracti on that does not

boi|l at great : i S I ed. J vacuum
resid fracti oaﬁ’ r&?@d&%‘?i}@{r g'%%qudan %g\ngg?lb%g?tzi 2@6 I;é%gérﬁé Fg}ogﬁ\%lﬁgglﬁg&é or not
a crude oil i.s_an HSDR . gil .. Al co l,ing siyul atjo e carrjed out with
at nospheri c ant aé\;{aocguﬁluerrﬁlér:bell';fx nfﬁ%@?ﬁ%tl%eng?ﬂr?%%%m??dul erhéi ?S'tsﬂﬁlreesﬁésed W th
known fouling crudes can be used. t fine relativ erf.ormance, as well as
Ko st i mat e CHECHErERE Ba TaBESHF BSE b Ohde R Vo RETE Al BB hoe
bl end fouling. [0048] To denonstrate the effectiveness of atnospheric and
vacuum r esi d fF4et4. Fasbah bays ofismire ¢ddifpa ofithe HEDR Adunederny theddS PR gruge odr ude
oil refinery equipnment, |laboratory fouling sinulation tests were perforned.
Two control hkiretudsd efedvetiaan ddulivg( Cr ude Bl end A and Crude Blend B) were
prepared. Each control blend contained a different |evel of asphaltenes,
but both contai ned over 300 wopm of particul ates. The particul ates were
filterabl e sd0D4¥ AsshemniroFiGic fage redustiéroml foulgugpotreased ad thof many crude
oils. Each of the control blends was tested using the Al cor fouling

si mul ati on deggedetdomthed Amoentaf S crivde & b@ntenninfthé8Bendedl candd olldncréd30dt9] FI GS.
11 and 12 illustrate the Al cor fouling simulation test performed using
control blends A and B, respectively. As shown in FIG 11, at the end of
the 180 m nut[@0443stthe aboWtill@tratil€dmpldiadihe bbhdAd ofAh€ presit Mvehkioafwer®. 20. As
shown in FIG 12, at the end of the 180 mnute test, control blend B had a

final Al cor diadiboffthe Re $Lexattpashlardds ERUS oildsNEAHSDPRARE S The
characteristics (viscosity, density, heat capacity, etc.) of the oil and

envi ronment al, cQpdh L @08 it thtendbd EbcﬁeHﬁ‘ﬁiite'ag? b9 hdsE BRG LW e fade coul d
have a slight I npact on the maximum oil outlet tenperatures achieved.

oils. Other HSDP crude oils having an approximate TAN of at least 0.3 mg KOH/g

and a Sy of at least 90 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 otl. 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 Ssn AT180
LSLA Crude (control) -- -- -23
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D mensi onl ess dT corrects for these different heat transfer
correction is achieved by dividing AT (i.e.,
nmeasure of heat transferred fromthe rod during each experinent,

| mpacts.
whi

Thi s

TOUTLET TooThEr mAx) by a

chis

simply t hewgomid/@psgr at ure m nus maxi mum out | et t enper apar/es20@g05s310WN

bel ow. di mdT = (ToOuTLET - TounEr mAx) /

(TROD - TouruTmAx) [0050] Table 2

provi des the rel evapt—physical—properties—otanHSBPerude—oi+—havhng SBN
of 100 and TAN of | ..FEQQ ng—KOHL g, —i-htaccofdance—w-th—the present
i nvention. This HSPP_cr ddé%di$DRAs di stil Ig(g tolisollde its vasduum as oil
(VGO, 650 F - 1050|F. 3435% HSDBB C), At npépherilc rddpd fractidh (650 F;
343 C), and vacuuniresi d26%dE3DBA (1050 F; 1665 @) . 1388 NVallues flor edch
fraction of the exenpl arnps¥#I¥DOEDUde o| | SBNW and | nsed ubillity funber] (I N)
are shown in Tablel2. SBhJARHI®BP Crufde Qyle 100 120/132 -3

+25% HSDP F 2.5 76 -25

+25% HSDP G 2.8 112 -32

TABLE 1

[0045] In accordance with another aspect of the invention, a method is provided for

reducing fouling in a crude oil refinery component. The method generally includes

providing a base crude oil and a high solvency dispersive power (HSDP) crude oil,

the HSDP crude oil having an Sbn > 90 and a total acid number (TAN) of at least 0.3

mg KOH/g. The method includes distilling the HSDP crude oil to isolate atmospheric

and vacuum resid fractions, blending the base crude oil with an effective amount of

the atmospheric and/or vacuum resid fractions to create a blended crude oil, and

feeding the blended crude oil to a crude oil refinery component.

[0046] Hydrocarbon feedstocks, whether derived from natural petroleum or synthetic
sources, are composed of hydrocarbons and heteroatom containing hydrocarbons
which differ in boiling point, molecular weight, and chemical structure. High boiling
point, high molecular weight heteroatom-containing hydrocarbons (e.g., asphaltenes)
are known to contain a greater portion of metals and carbon forming constituents (i.e.,
coke precursors) than lower boiling point naphtha and distillate fractions. It is known
to fraction the crude oil into different components, as described for example, in U.S.
Patent No. 6,245,223, filed on May 9, 2000, entitled "Selective Adsorption Process
for Resid Upgrading (LAWS15)," the disclosure of which is incorporated herein
specifically by reference. Residuum is defined as that material which does not distill

at a given temperature and pressure. Atmospheric resid is that fraction of crude
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0 Wth VGO 43 0 Wth Atnospheric Resid Fraction 105 0 Wth Vacuum Resi d
Fraction

WO 2010/019548 PCT/US2009/053371

petroleum that does not distill at approximately 300° C at atmospheric pressure.
Atmospheric resid is further fractionated under vacuum and that fraction that does not
boil at greater than approximately 500° C is called vacuum residuum (vacuum resid

fraction).

[0047] The Sgn and TAN properties ideﬁtify whether or not a crude oil is an HSDP
oil. Alcor fouling simulation tests carried out with atmospheric and vacuum resid
fractions of HSDP crude oils blended with known fouling crudes can be used to
define relative performance, as well as to estimate the preferred concentrations

desired to mitigate whole crude blend fouling.

[0048] To demonstrate the effectiveness of atmospheric and vacuum resid fractions of
an HSDP crude oil in reducing fouling of crude oil refinery equipment, laboratory
fouling simulation tests were performed. Two control blends of crude oils (Crude
Blend A and Crude Blend B) were prepared. Each control blend contained a different
level of asphaltenes, but both contained over 300 wppm of particulates. The
particulates were filterable solids known to increase the fouling potential of many
crude oils. Each of the control blends was tested using the Alcor fouling simulation

described above and can be seen in FIGS. 11 and 12.

[0049] FIGS. 11 and 12 illustrate the Alcor fouling simulation test performed using
control blends A and B, respectively. As shown in FIG. 11, at the end of the 180
minute test, control blend A had a final Alcor dim dT of -0.20. As shown in FIG. 12,
at the end of the 180 minute test, control blend B had a final Alcor dim dT of -0.42.
dim dT factors in heat transfer characteristics (viscosity, density, heat capacity; etc.)
of the oil and environmental conditions (e.g., fluctuating room temperatures) that

could have a slight impact on the maximum oil outlet temperatures achieved.

-17-



182 0 TABLE 2 [0051] Addition of an effective anmount of atnospheric and
vacuumresid fractions of an HSDP crude oil are shown to be effective to
reduce fouling of another crude oil. For exanple, by way of illustration
and not | i wid mii/@os4st ests were perforned using about fiper/psoeasss7f5% of
the total volunme of HSDP resid fractions and resulted in significant
decreases in fouling as _shown in GS. .11 and 12 and det aj ged bel ow. [0052]
Each of cont rBlm%‘P’@HHSSA@%ﬁHTeGBrf?rr@Fseﬂl’%ﬁ@ltﬁeﬂﬁé?n? I geeteg THSCRICHIoBAYi ng as
five percent (5% of the total weight, each of the HSDP crude oil resid
fractions WOEYed GYoduBIhETATSHE09T@58371- sRovmeivmx)TAY| & MEasuyse ofbisge, any
known or suitable technique can be used to bl end the atnospheric and vacuum
resi ds of HSDRansfanstd fiwinl theiredhdwingaseh eypgdment which@O§8plyAbe sddowmpémturt GS. 11
and 12, the atnospheric and vacuumresid fractions significantly reduced

t he foul ing oirduetdaxhoumk batlet bngresuraasshdvachdlovel y as a whol e HSDP crude
oil. Addition of the VGO fraction to each control blend was shown to
increase the fouling of the blend. As FIGS. 11 and 12 denonstrate, the

at nospheric and vaditdm + €Fhe f7 adbiRBsmaRf / @Rod SR aMdd oi |l are effective
as HSDP streans to reduce fouling of a crude oil. Additionally, as shown in
FIGS. 11 and 12, the VA0 resid fraction of an HSDP crude oil does not
reduce fouli nFms@] TabIdY plaeidedrok eelNRBRFPpIGKicalt efertidif dn HSBPtdnateilahaiing f act

i ncreases fouling of the bl end.

Spn of 100 and TAN of greater than 0.3 mg KOH/g, in accordance with the present
invention. This HSDP crude oil was distilled to isolate its vacuum gas oil (VGO,
650° F - 1050° F; 343° C - 565° C), atmospheric resid fraction (650° F; 343° C), and
vacuum resid fraction (1050° F; 565° C). The values for each fraction of the

exemplary HSDP crude oil Spy and Insolubility Number (Iy) are shown in Table 2.

SeN In

HSDP Crude Oil 100 0

With VGO 43 0

With Atmospheric 105 0
Resid Fraction

With Vacuum 182 0
Resid Fraction

TABLE 2

[0051] Addition of an effective amount of atmospheric and vacuum resid fractions of
an HSDP crude oil are shown to be effective to reduce fouling of another crude oil.
For example, by way of illustration and not limitation, tests were performed using
about five percent (5%) of the total volume of HSDP resid fractions and resulted in

significant decreases in fouling as shown in FIGS. 11 and 12 and detailed below.

[0052] Each of control blend A and control blend B was re-tested after blending as

five percent (5%) of the total weight, each of the HSDP crude oil resid fractions
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[ 0054] In accordance wth another aspect of the present invention, a

bl ended crude oil is provided including a base crude oil and an effective
anount of an atnospheric resid fraction and a vacuumresid fraction of an
HSDP cr udew@ J10/d1bs38 HSDP crude oil having an Sbn > 90 amd/ws20000553f1 at | east
0.3 ng KOH g. [0055] In accordance with yet another aspect of the present

i nvention, a systen1|s%£rovided that is capag%e of experiencing fouling
condi tions asYewPat Leblatt fis phavei 1y kapwn oF suilepls gchpique saghicivsgf tomidsy st em
includes at | east one crude oil refinery conponent and a blend in fluid

communi cat i orfhqiipesphesic apdweupm|residsiaf thehk a basgerysicodld | ncl udes a
base crude oil and an effective anmount of an atnospheric resid fraction and
a vacuumresid fraction of an HSDP crude oil, the HSDP crude oil having an

Sbn > 90 and [4053Msothown in Bt 10add hay the@tngsphprd08®] varyumaresoritigtiens with a
further aspect of the present invention, a nethod is provided for on-line
cl eani ng of asignifidaaty caduckel thé foulied offtetly cantopolemistas effemivatytasedvholencl udes
operating a fouled crude oil refinery conponent and feeding a bl ended crude
oi | to the fou$pr ch@t biteadditienpphe MGO fragioalte Bstadostidl Ben@ivtas shwiides a

bl end of a base crude oil and an effective anount of an atnospheric resid

fraction and jgcuae Wl & thd Biedd. Ok BIGSan] P &niddSirddd line dth8sgHRRE crude
oil having an Sbn > 90 and a TAN of at least 0.3 ng KOH 'g. [0057]
Particul arly,

g veouum eagid&a#lﬁlﬁl ki3 ralRSH of Euf ﬁ@b‘?rc%qe_toﬂ S Errddr s il ﬁft?éaLnéQ6 mospheri

ractrons to pertormon-line cleaning of already foul ed
crude preheat_trai.n .exchangers..a th ref i ner ne t o, LAprove
heat tanst oo EREF Aot aiy AdeDapdly FPRAE A EERTF ARCIZACKPR: oy os
(CTs). AT levels of hoth atnospheric and yacyum pi pestill fuyrn s have
been found t JeHAGABIOETER HISRT @l %}f%ﬁéﬁotﬁ F?@Tag B & thcm&*r%ﬂ%éﬁ
at nospheric and vacuumresid fractions of HSDP crude oils, resulting in
ener gy savi ng¥ oearasidhracEanteand an fageinefepyes fauding ot thg blepd.of reduced fired
heati ng needs. [0058] The concentration of atnospheric and vacuumresid
fractions of HSDP crude oil suitable to effectively mtigate fouling of
ot her crude dif0¥]viagcapedaaeqrvitle dnatiedr agpectad thy present ias¢nting, alpprdsdetnddedcr i bed
above. As denonstrated by the Al cor testing, |ow levels of atnospheric and
vacuum r esi d if pavided s holing-#8he crudeleil and ansaffecefd anxuny ef fncstmosphemgatesidg
fouling of crude oil refinery conponents. For exanple, levels as |ow as

five percent f&¥pnoid 4 Reuitréid kadtisnef af HSDE chidentdl, @e eISEf @eddole. It is
contenplated that still |ower concentrations can be used with a | ower

reduction in faQilsialGbn Btooi atd RITRE AR I st (1R Ingtk@HAL MOspheric resid fraction
of HSDP crude oil" has an SBN of at | east 10§. It 1s preferable that the

vacuumresid fraction of HSDP crude oil has an SBN of at |east 182.
[0055] In accordance with yet another aspect of the present invention, a system is
provided that is capable of experiencing fouling conditions associated with particulate
or asphaltene fouling. The system includes at least one crude oil refinery component
and a blend in fluid communication with the crude oil refinery component. The blend
includes a base crude oil and an effective amount of an atmospheric resid fraction and

a vacuum resid fraction of an HSDP crude oil, the HSDP crude oil having an Sbn >

90 and a TAN of at least 0.3 mg KOH/g.

[0056] In accordance with a further aspect of the present invention, a method is

provided for on-line cleaning of a fouled crude oil refinery component. The method
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[0059] It wll be apparent to those skilled in the art that various

nodi fications and/or WD 2010/ 019548PCT/ US2009/ 053371 vari ations can be
made wit hout departing fromthe scope of the present invention. It is

i nt ended t xas 20d/b108@t t er contained in the acconpanyi ng speesfowesian shal l
be interpreted as illustrative only and not in a limting sense. Wile the
present invention has been described in the context of tfhe heg} exchanger
in a refinerynsheFoencaning gieuled auds el rehperpcrmroneat sk fedings blspdeds S0
limted;, rather it is contenplated that the present invention is suitable
for reduci ng ety tbe fovled rgingrn gomhpaneht o hie blepderberudegil inehugescobipnsirfiptbase
including but not limted to pipestills, cokers, visbreakers and the |ike.
[ 0060] Furt hecrmde @il and an effectivit enqinaoaoh dtinagphtiieresid draofiorsdndmsyphem eesaind
vacuumresid fractions of an HSDP crude oil, as described in connection

w th the presgiétionyanHSOP, créiivil) the HBTR trade ol hdvig dneSbnt>e@nardpUBASNfobr
reduci ng and/or mtigating fouling. Such techniques include, but are not
limted to, (hledsh@3pigNODsi/@n of |ow energy surfaces and nodified steel
surfaces in heat exchanger tubes, as described in U S. patent application
Ser. Nos. 11/436,602 and 11/436, 802, the disclosures of which are

i ncor por at ed [R&%) ParBORSAY, itQab hl¥o Bden dRcEVRAL® usé HSDPIARIcWilat@bspaerd r ol | ed
mechani cal vibration, as ‘described in U S. patent application Ser. No.

11/436, 802, tlg\fd\?%%:ﬁlﬂh Q&W?ac?lt)r&%’\@ip%h?ﬁoﬁ-ﬂﬁgélgﬁﬁﬁé@Qlt%?tfgfﬂoﬂle@ PREL Hecal l'y by

reference (ii e use o ul sation and/or vi Ion, which can be
conbined wth, surface ,coatin as _descr | in U S t i cation No.
11/ 802, 617, fP‘fagﬁa‘élﬁxﬁlli‘ﬁ.geri?JI?dS‘EBﬁf?H“eeﬁ’( et icHeiitantRP ng in Heat

Exchangers," the. di.scl osure of which is jincorporate rei.n, speci.fically by
ot oronce (i vSNEIfECRSE P RL B K CORTRBES CRBarbb v RE bt Ena) o

surface coatings and/or nodifications, as described in U S  Patent

Appl i cati on NetmosRhess and Bacuumpapcytild Ayrpregy havgoeghiopnd fodngrasss dFEIECHY her ei n
specifically by reference and (v) conbinations of the sanme, as described in
U.S. Patent AppEt omnings bignd incyding atymspheti prdivashumaesid fectioppofdISIRRt i t1ed " A
Met hod of Reduci ng Heat Exchanger Fouling in a Refinery," the discl osure of
whi ch i s i ncocpde atls deshiting imenesgyssavihpcaid opvisgnmantad bewedits asBresult dft | s
~intended that the present invention covers the nodifications and variations
of the net hodrdiecl fired REadivip desdist hey cone within the scope of the appended
clainms and their equivalents. [0061] Wiile a particular formof the

i nvention has been described, it will be apparent to those skilled in the

art that vari s8R dneditiafBs oCamofhcABERI Wikl sidteRabid sTHSDPsuihe
spirit and scope of the invention.
oil suitable to effectively mitigate fouling of other crude oils was determined using
the Alcor testing approach described above. As demonstrated by the Alcor testing,
low levels of atmospheric and vacuum resid fractions of HSDP crude oil are effective
for mitigating fouling of crude oil refinery components. For example, levels as low as
five percent (5%) of the total volume of the blend are effective. It is contemplated
that still lower concentrations can be used with a lower reduction in fouling. Itis
preferable that the atmospheric resid fraction of HSDP crude oil has an Sy of at least

105. It is preferable that the vacuum resid fraction of HSDP crude oil has an Spx of at

least 182.
[0059] 1t will be apparent to those skilled in the art that various modifications and/or
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[ 0062] Accordingly, it is not intended that the invention be Iimted except
by the appended clainms. Wiile the present invention has been described with
reference to one or nore particul ar enbodi nents, those skilled in the art
wi || recogwiozmididiedss many changes can be nade thereto wgdwgus0@@esarii ng from
the spirit and scope of the present invention. Each of these enbodi nents
and obvious varjations thereof is contenplated as falling within the spirit
and scope of Yepiations R BEARR BHRGU ASPaREdFPrh dheseqperal hapreinyIReengR ol ng
clains. WHAT IS CLAIMED | S: . 1. Anmethod for reducing fouling in a
crude oil refinisadsd therporastst 90%m§1rmmerﬁg.eorm&gwnaismlfkab@zs@aﬁrbede oi l;

provi ding a high sol vency di spersive power (FISDP) crude oil, the HSDP
crude oi | havintegpreted et disteativel omly mbeé not(if ANnitofg shsel Bénsle i [Beseyt iKGHtign
distilling the HSDP crude oil to isolate atnospheric resid and a vacuum

resid fracti oius been descritel e Bonttiof HrdRatex i@ g&iih aWfifdrnadpetitibacht ve anmount
of the atnospheric and vacuumresid fractions to create a bl ended crude

oi | ; and feediBAnf fertiof NARN ii&ddd® (e solifniRdCralilPit & donfeBfpl A& MatGREPONENT .
2. A nethod for on-line cleaning of a fouled crude oil refinery conponent,
conpriSiNg.  present invention is suitable for reducing and/or mitigating fouling in other refinery

components including but not limited to pipestills, cokers, visbreakers and the like.

[0060] Furthermore, it is contemplated that the use of atmospheric and vacuum resid
fractions of an HSDP crude oil, as described in connection with the present invention,
can 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 U.S. patent
application Ser. 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 U.S. patent application Ser. No. 11/436,802, the disclosure
of which is incorporated herein specifically by reference (iii) the use of fluid pulsation
and/or vibration, which can be combined with surface coatings, as described in U.S.
Patent Application No. 11/802,617, filed on Jun. 19, 2007, entitled "Reduction of
Fouling in Heat Exchangers," the disclosure of which is incorporated herein
specifically by reference (iv) the use of electropolishing on heat exchanger tubes
and/or surface coatings and/or modifications, as described in U.S. Patent Application
No. 11/641,754, the disclosure of which is incorporated herein specifically by
reference and (v) combinations of the same, as described in U.S. Patent Application
No. 11/641,755, filed on Dec. 20, 2006, entitled "A Method of Reducing Heat

Exchanger Fouling in a Refinery," the disclosure of which is incorporated herein
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operating a fouled crude oil refinery conponent; and feeding a
bl ended crude oil to the fouled crude oil refinery conponent, the bl ended
crude oil conprising a blend of: a base crude oil; and an

effective goMitoi19digan atmospheric resid fraction and apcviggdroidyosss3i d
fraction of a high solvency dispersive power (HSDP) crude oil, the HSDP

crude oil having and Sbn > 90 and a total acid nunber (TAN) of at |east 0.3
my KOH g. specifigallytiyaefersnao d has dop ifitenged thabihy Pepsent GTventien Goveie difi ng

clainms, wherein the effective amobunt is at |east about 5 percent of the
total vol une médifibatiobs endedatiersef treudkhai Heramgrentidasishéyesonts aitidn thgcuum r esi d
fractions. 4. The nmethod according to any one of the preceding

cl ai ms, wher ejcopd dfah@ippesdudetdins aabtheir bquaedéms) has a sol ubility bl ending
nunber (SBN) of at |east 105. 23 SUBSTI TUTE SHEET ( RULE 26)

[0061] While a particular form of the invention has been described, it will be apparent
to those skilled in the art that various modifications can be made without departing

from the spirit and scope of the invention.

[0062] Accordingly, it is not intended that the invention be limited except by the
appended claims. While the present invention has been described with reference to
one or more particular embodiments, those skilled in the art will recognize that many
changes can be made thereto without departing from the spirit and scope of the
present invention. Each of these embodiments and obvious variations thereof is
contemplated as falling within the spirit and scope of the claimed invention, which is

set forth in the following claims.
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WO 2010/ 019548PCT/ US2009/ 053371 5. The nmet hod according to any one
of the preceding clains, wherein the vacuumresid fraction has an SBN of at

| east 182. 6. The net hod according to any one of the preceding
cl ai ns, wheoeon/dibsbase crude oil is one of a whol e crrddeusaodooasseh a bl end
of at |east two crude oils. 7. The met hod according to any one of

the preceding clainms, wherein the crude oil refinery conponent is selected
from heat exchanger, furnace, distillation colum, scrubber, reactor,

| i qui d-]j acket eWWHARKS ChbApMED ISE, coker, and vi sbreaker. 8. A bl ended
crude oil, conprising: a base crude oil; an effective anobunt of an

at nospheric resid flract Aonetlax far redicing foulieg inth drideetlirefinenfcompbiegt) sol vency

di spersive power (HSDP) crude oil, the HSDP crude oil having an Sbn > 90
and a total aceahpnisinper (TAN) of at |east 0.3 ng KOH g. 9. The

bl ended crude oil of claim8, wherein the effective anbunt is at |east
about 5 percent of prdedifigod isdse stadeyie of the bl ended base crude oil and

at nospheri ¢ and vacuumresid fractions. 10. The bl ended crude oil of
claim 8, wherein thpeovadingsigpiesolvenéyedisparsfve powér@AShREcrade6l] tbHSDPY bl endi ng
nunber (SBN) of at |east 105. 11. The bl ended crude oil of claimS§,

wher ei n t he vagudeoiriasing atotéatid aiimbe$TAN) SBNcas 0.3tind OHLg; 182.
distilling the HSDP crude oil to isolate atmospheric resid and a vacuum resid
fractions;

blending the base crude oil with an effective amount of the atmospheric and
vacuum resid fractions to create a blended crude oil; and

feeding the blended crude oil to a crude oil refinery component.

2. A method for on-line cleaning of a fouled crude oil refinery
component, comprising:

operating a fouled crude oil refinery component; and

feeding a blended crude oil to the fouled crude oil refinery component, the
blended crude oil comprising a blend of:

a base crude oil; and

an effective amount of an atmospheric resid fraction and a vacuum
resid fraction of a high solvency dispersive power (HSDP) crude oil, the HSDP crude
oil having and Sbn > 90 and a total acid number (TAN) of at least 0.3 mg KOH/g.

3. The method according to any one of the preceding claims, wherein the
effective amount is at least about 5 percent of the total volume of the blended base
crude o1l and atmospheric and vacuum resid fractions.

4. The method according to any one of the preceding claims, wherein the

atmospheric resid fraction has a solubility blending number (Sgx) of at least 105.

23
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12. The bl ended crude oil of claim8, wherein the base crude oil is one of
a whole crude oil and a blend of at | east two crude oils. 13. A
syst em capabl e of experiencing fouling conditions associated with

particul at goiaspagl t ene fouling, conprising: at | eastp®@ngs206ouwds37Pi |
refinery conponent; 24 SUBSTI TUTE SHEET ( RULE 26) a blend in fluid
comuni cation with at | east one crude oil refinery conponent, the blend

i ncluding a base crude oil and an effective anmount of an atnospheric resid
fraction and a vacwuim r gh¢ flethédtording af ang ohé gfithsSrbaceing ylathss phersin ke power
(HSDP) crude oil, the HSDP crude oil having an Sbn > 90 and a total acid

nunber (TAN) ofacalimkeaiStacfonhaban Kdfatleast 182.  14. The system of claim 13,
wherein the effective anount is at | east about 5 percent of the total

vol ume of the bl endgd basememodifcriiing @ whyahaRpdEEddingBEinwa@hdtam tiesi d
fractions. 15. The system of claim 13, wherein the atnospheric resid
fraction has apsetubé bil &yndérRNaioRgrivemiiand § BB ofat least tweasde olie)5.

7. The method according to any one of the preceding claims, wherein the
crude oil refinery component is selected from: heat exchanger, furnace, distillation
column, scrubber, reactor, liquid-jacketed tank, pipestill, coker, and visbreaker.

8. A blended crude oil, comprising:

a base crude oil;

an effective amount of an atmospheric resid fraction or a vacuum resid
fraction of a high solvency dispersive power (HSDP) crude oil, the HSDP crude oil
having an Sbn > 90 and a total acid number (TAN) of at least 0.3 mg KOH/g.

9, The blended crude oil of claim 8, wherein the effective amount is at
least about 5 percent of the total volume of the blended base crude oil and
atmospheric and vacuum resid fractions.

10.  The blended crude oil of claim 8, wherein the atmospheric resid
fraction has a solubility blending number (Sgn) of at least 105.

11.  The blended crude oil of claim 8, wherein the vacuum resid fraction
has an Sgy of at least 182.

12. The blended crude oil of claim 8, wherein the base crude oil is one of a
whole crude oil and a blend of at least two crude oils.

13. A system capable of experiencing fouling conditions associated with
particulate or asphaltene fouling, comprising:

at least one crude oil refinery component;
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16. The system of claim 13, wherein the vacuumresid fraction has an SIN of
at | east 182. 17. The system of claim 13, wherein the base crude oil
is one of a whole crude oil and a blend of at |east two crude oils.

18. The sywiooanwmfiomaai m 17, wherein the at | east one crrai®20d9/0s8fi nery
conponent is sel ect ed from a heat exchanger, furnace, distillation colum,

scrubber, reactor, 1 cketed t.ank, pipcstill and vi sbreakcr.
19. The system of acl?%ﬂ %8‘ CRRMRUGRtipwith at least ope gide ‘&lr{’f@@e‘bﬂlcpmi’%'?qnﬁery

conmponent is a heat exchanger. 25 SUBSTI TUTE SHEET ( RULE 26
the blend including a'base crude oil and an effective amount of an atmospheric resid

fraction and a vacuum resid fraction of a high solvency dispersive power (HSDP)
crude oil, the HSDP crude oil having an Sbn > 90 and a total acid number (TAN) of at
least 0.3 mg KOH/g.

14, The system of claim 13, wherein the effective amount is at least about
5 percent of the total volume of the blended base crude oil and atmospheric and
vacuum resid fractions.

15. The system of claim 13, wherein the atmospheric resid fraction has a
solubility blending number (Sgy) of at least 105.

16. The system of claim 13, wherein the vacuum resid fraction has an Sgy
of at least 182.

17.  The system of claim 13, wherein the base crude oil is one of a whole
crude oil and a blend of at least two crude oils.

18.  The system of claim 17, wherein the at least one crude oil refinery
component is selected from a heat exchanger, furnace, distillation column, scrubber,
reactor, liquid-jacketed tank, pipestill, coker, and visbreaker.

19.  The system of claim 18, wherein the at least one crude oil refinery

component is a heat exchanger.
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