HI GH SOLVENCY- DI SPERSI VE- PONER ( HSDP) CRUDE O L BLENDI NG FOR FOULI NG

M TI GATI ON AND ON- LI NE CLEANI NG FI ELD OF THE | NVENTI ON [ 0001] The present
i nventi orwoebarmEsssto processi ng of whol e crude oils, bl engtarSand/of3zact i ons
inrefineries and petrochem cal plants. In particular, the present

and asphal t cHAGTHSOUSHF SFY ﬁfﬁﬁﬁﬁs\% sk hShE USRI, BERNNees +o°
the bl ending of hi %#‘F@bﬂ‘ﬁ @S'TI()MD"‘O@I Enqﬁ GOEARING Y bl ending

nunber (SBN) crude oils to re uce ouling in pre-heat train exchangers,
furnaces, and other refinery process units. BACKGROUND OF THE | NVENTI ON

[ 0002] Fouling is generally defined as the accunul ati on of unwanted
materials on the surfaces of processing equipnment. In petrol eum processing,
fouling is the accunul ati on of unwant ed hydrocar bon-based deposits on heat
exchanger surfaces. It has been FECO%‘IZEd as a nearly universal problemin

desi gn and operation of refinif§Idh@HEHEINENTIONr ocessi ng systens, and

affects the operation of equipnent in tw ways. First, the fouling | ayer
has a Iom1tHﬁﬁﬁﬂrnmqmdmﬁthw&ﬁynuﬁhmstdpﬁmeﬂﬁggﬂbhﬁﬂeeﬁﬂsbﬁnbmnﬂ@mMEat
transfer and reduces the effectiveness of the heat exchangers. Second, as

deposi tion qe&Mbas inlBEn&lR98d PEEIdhOMRal AlaRA. InSat@AMGede pYEANNGRHSES an
increase in pressure drop across the apparatus and crea?es i nefficient

pressure an qeltakegvcvo th% %@uctlgﬁ %% ggﬁ(l?lrﬂg{%qgcﬁuceli 9&%%]0 Ff&#"l egldl agglaggf%ke exchanger s

associ at ed can re

mechani sns |n ing C Cal reactions, corr S|on jt lnsol bIe
mat eri al s, C& ﬁB’éiietO pullag: dihp RFesCHHRIAG &F %FB?@%?%FGH 1%@3{9

acid number (TAN) and high solubility blending number (Sgx) crude oils 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 area is reduced, which causes 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 type streams can result

from a number of mechanisms including chemical reactions, corrosion, deposit of



di fference between the fluid and heat exchange wall. For exanple, the

i nventors have shown that a | owsul fur, | ow asphaltene (LSLA) crude oil and
a hi gh- suwbunio/psgh asphal t ene (HSHA) crude bl end are subjrasRowO53374
significant increase in fouling when in the presence of iron oxide (rust)

particul ates, as  shown for exanple_.in FIGS. .an . 004] One of the nore
comon root B3RS H@ferlraL?pP 1ot H@@ateﬁlabmqledﬁwiwbﬁe bk e GRRER | on of
coke that occurs when crude oil asphaltenes are overexposed to heater tube
surface t enpbffercoecetwitnetht flgid ans! heat exebangehvedl]. Forexapiple. Hlee mxeniarsderc ar e
much hotter than the whole crude oils and result in relatively high surface
or skin tenpaoattiiea.lowhelfas phabkiphaksmcqaSLpy) eaidpioilaind afighvsilie, ltigh and
adhere to these hot surfaces. Another common cause of rapid fouling is

attributed tQukRnPIESEAGErAE bRAU LS @bfcPRY 4 ligMbiddlR $ncrRb ISfoRARE Whith at es
can preC|p|ta¥e fromthe crude oils and adhere to the hot surfaces of the

heat exchanger, | norganic contam nants pl both an initiat.i n
oromot 1 g r o & ieRnee B RIS ARBH B e ShPr Rors bR P ook e,
iron sulfide, calciumcarbonate, silica, sodiumand cal cium chl orides have
all been fod%d to be attached directly to the surface of foul ed heater rods
and t hroughout the coke deposit. [0005] Prol onged exposure to such surface
tenperatures, especially in the [ate-train exchanger, allows for the
t her mal degr(80@4li @ee @fithe meroeqrampe tooh aksas phabtddaekng, on pokieulamitetheoke t hen
acts as an insulator and is responsible for heat transfer efficiency |osses
in the heat fextdtRngdicokythar ecarstwing drivd: silidphalecrics e dverkpogd tidBeaaéd
passing through the unit. Salts, sedinment and particul ates have been shown
to play a majgy surfke tdnthctdres. The liquids on the other side of the exchanger are much

hotter than the whole crude oils and result in relatively high surface or skin

temperatures. The asphaltenes can precipitate from the oil and adhere to these hot

surfaces. Another common cause of rapid fouling is attributed to the presence of salts

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.



fouling of pre-heat train heat exchangers, furnaces and ot her downstream
units. Desalter units are still the only opportunity refineries have to
renove s 20wvtigisiinants and i nefficiencies often resul PCTrusa0000833¢4ar r yover
of such materials with the crude oil feeds. [0006] Blending of oils in
refineries is conmon, but.c n blends are in quatibIe and cause

preci pi t at i ACSBRCTAOHA AT il eP tope%ul}l‘é(pfieéﬁflelsg‘ﬂ?’ forisRess S‘é‘gui prent .

| mproper m xing of crude oils can produce asphaltenic sedinent that is
known to redgs@niesnts andansffisreneics pgﬁemylt framt the gefiyavss of sich mesergls with
unprocessed crude oils are not potentially inconpatible, once an

i nconpat i bl ehbtwddoilseqldt ai ned, the rapid fouling and coking that results
usually requires shutting down the refining process in a short tinme. To
return the refinery to nore profitable levels, the foul ed heat exchangers

need to be qb@@(ﬂ@ienéﬁ'ﬁ% 6PoilViRirEfhdriés [ LM ES DEBEAR bILAETS BcYinpRiibIas
di scussed bel ow. [0007] Heat exchanger in-tube fouling costs petrol eum

refineries r&ﬁﬁ%&?%ﬁ)g%r p%lﬁtlohl gggﬁ;}i@ t?rgg Itll1 @Can ?F(Py ¥0q12§50%g§s| egﬁlﬂrﬁrtth t he

efficiencie I0nal _ene

i ncreased cost of energy, heat.exchanger foulln has a greater inpact on
process pr o PsReF mlvngn@éfwﬁedwrbﬁrp i asehalich! &83 iﬂmwﬁg@t s al so
suf fer high operating costs due to cleaning required as a result of fouling
t hat occur s rddudegatt thimsienkfisianer sAithaycbimashblcadcefumprasicsssd cpidgmds asnd
fractions in heat transfer equi pnent. Wiile many types of refinery

equi pment  armt abeaddlBdnbympaibld, ogce andtoapitibiablesd Babeishipwe apidt t he
majority of profit |osses occur due to the fouling of whole crude oils,

bl ends and faetd QiscokheRharBeAE ubd ?Qe@ﬁ&ﬁ%&ﬂﬁﬁédo&Q@QﬁkﬁHﬁ@%mﬁ%&ﬂ%ﬂger
fouling forces reflnerles to frequently enploy costly

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



shutdowns for the cleaning process. Currently, nost refineries practice
off-line cleaning of heat exchanger tube bundles by bringing the heat

exchangerwouni1oafiozser vi cet o perform cheni cal or nechani cRCTaAlSe@nios3374 The
cl eani ng can be based on scheduled tine or usage or on actual nmoni t or ed

fouling condltl Such condl iQn an. be_det erm ned by | uatin he

| oss of heat®®®% ﬂ% r@ﬁ%.%.@ﬁfé@nw%\%ée@s laerqleaml%ca@i@ah# I}%fﬁl@?lﬁeéns
service. This can be particularly burdensone for small refineries because
there will Bengerusegesondn srdwel proasetaredi fonling @nddionTHeicheerdiBisstas beo be abl e
to prevent the precipitation/adherance of particul ates and asphal tenes on

t he heated sittdrmdes yeivaluatiidehepesstof dedtakemngasffivicept ootk ofgliand t he
asphal t enes becone thernally degraded or coked. The coki ng mechani sm

requires botdedh&{Fh ﬁfeﬁh}dfs%eﬁi’ft@ Thi¥Ran E@?aﬂtﬂcﬁﬁrl %ﬁ?d%ﬁscﬁ@é‘fo@@mgﬂ ?@ﬁﬂeﬁei educed
by keeping the particulates away fromthe surtface and by keeping the

asphaltenes]&gm%ohﬁgégnlb§uqﬂ) cﬁ%gﬁ'?ﬂm%&%{or elimnation of fouling wll
lead to increased run P% (%I eanlng) i mproved performance and

energy efficiency mhlle also redUC|ng the need for costly fouling
mtigation g 001 refineries and crude schedul efs currently
fol I ow bl endBﬁ{fﬁgﬁ} d% d ?éétstt% RibIE i D Ve ShaPeeREanidhsransg Pbn and ¢ he
resul tant fouli of pre-heat train equipnent. Such guidelines suggest

bl endi ng cr LI@@UQD‘&J&V[@ ang asplilteves an the heatphsurficas bdorshihppasdculeien cathe
solubility bl ending nunber (SBN) and insolubility nunber (IN) of the blend.
The SBN is grpaverfetlerg amelltht hsphakenct beconmnghainddiyl depyaded oncoket] Tivd t h
different proportions of a nodel solvent m xture, such as

t ol uene/ n- hepkaRenechlismBNylifks 'b%{kﬁtteﬁgertaﬁlr@ B&d e, m e ERARLE 'b@‘gfb%fiy' n a

simlar manner, "as described in U Pat. No. 5,871,634, which is
I ncor por at edrecrill?cre Iby kegplng Ih%rp% 1cu1atessoar5veay St glens%rf%lcjel a(ljncf bynkeeplng 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 (Sgy) and insolubility number
(In) of the blend. The Sgy is a parameter relating to the compatibility of an oil with
different proportions of a model solvent mixture, such as toluene/n-heptane. The Spn
is related to the Iy, which is determined in a similar manner, as described in U.S. Pat.
No. 5,871,634, which is incorporated herein by reference. Some blending guidelines
suggest a Spn/In blend ratio >1.3 and a delta (Spx - In)>10 to minimize asphaltene
precipitation and fouling. However, these blends are designed for use as a passive

approach to minimizing asphaltene precipitation.



suggest a SBNVIN blend ratio >1.3 and a delta (SBN - IN)>10 to mnim ze
asphal tene precipitation and fouling. However, these blends are designed
for use a80=20pA%IS¥e approach to mnim zi ng asphal t ene pceaispéowasison. [ 0011]
Attenpts have been nade to i nprove the nethod of blending two or nore
petrol eumoil s that are potentially inco tible while paintainin

conpat i bi | i t[yajt]d %?eé@léﬁ{ig‘fer@e’%@ﬁ? lr%mag@@ﬁi%hqﬁoflr%?ﬁ@%gwoe%w nt. US.
Pat. No. 5,871,634 discloses a nethod of blending that includes determ ning
t he i nsol ubifetroieumuensahat(arapotestalyaneonipasibite wleibmmainthining eompatitnlgtytioe
solubility bl ending nunber (SBN) for each stream and conbi ning the

f eedst r eans wesadat thedbulidpean8Bbkink dof Refindrxéquigmes. gre@ueNot Ba&MA16RE | n of any
conponent of the m x. In another nmethod, U S. Pat. No. 5,997,723 uses a

bl endi ng methaghdela Wkt T8l ddl URLAhLIRI AT RI&ARh DR hd LafHEHhIRF flﬁf” i ons
in order to keep the SBN of the m xture higher than 1.4 tines the of any

oil in the mXxtute, 012] These .bl ends not..mnimze both . .fouling
assoct at ed Pt HhsA AR RSP EIET IR PR B E RN S 5EY Ther e
is a need for developing.a proactive approach to addressing.organic,

i nor gani ¢ arﬁﬁrea@ﬁﬂapt)@h@utﬁfgle osidptagamsough that Hisren ! Meinivwe it #8ates®aei at ed
foul ant deposition and/or build up. SUWARY OF THE | NVENTI ON [ 0013]

Accor di ng t cheheofampeompoficnt o€ thsrmeiseht anothee nteithord, UsS. Ket. iNed 51997, 78 -ubésne

cl eaning of a fouled crude oil refinery conmponent is disclosed having the

steps of operstndige methodliedhidhydeoiun ¢igfdre esnibidedoseetain prapsttibee@ ng a
bl ended crude oil to the fouled crude oil refinery conponent, the bl ended

crude oil inghydj @%@th@%ﬁﬁ?%%%%ngrr% g%ﬁé’r RaPl 848I &1 NEsE AYRuUNL upf @ high

sol vency di spersive power

mixture.

[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.

SUMMARY OF THE INVENTION

[0013] According to one 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 including a base crude
oil and a predetermined amount of a high solvency dispersive power (HSDP) crude
oil, the HSDP crude oil having a total acid number (TAN) of at least 0.3 mg KOH/g
and a solubility blending number (Spx) of at least 90. The crude oil refinery
component can be a heat exchanger, furnace, distillation column, scrubber, reactor,

liquid-jacketed tank, pipestill, coker, or visbreaker. The predetermined amount of



oil, the HSDP crude oil having a total acid nunber (TAN) of at |least 0.3 ny
KOH g and a solubility bl ending nunber (SBN) of at |east 90. The crude oi
refinery wonpwimasisican be a heat exchanger, furnace, di #Crusam0Om3coHl umMm,
scrubber, reactor, |iquid- jacketed tank, pipestill, coker, or visbreaker.
The predeternined anmount DP crude oi n be from3.to 50 rcent of
the total vdiShE cBRCEHEepPe 5‘8@9%@ eﬁﬁ%l*rﬁ@llﬁﬁ@étfterﬁwo §iofscan be
one of a whole crude oil or a bIend of at least two crude oils. [0014]
Accor di ng t eradeihebhense erudppiliche bppes e whelgenideonl org Wort @imt deaptiioe of
experiencing fouling conditions associated with particul ate or asphal tene
fouling is dirsdd@Bed including at | east one crude oil refinery conponent,
and a blend in fluid conmunication with the at | east one crude oil refinery
conponent, the blend including a blend of a base crude oil and a

pr edet er m nggoATOAMRordhg B dHolfer 8§ HENOHe PSR TSI Bom QWS EtetéaPiblc 6F ude oi |,
t he HSDP crﬁdeﬂﬂ?l hQV|ng aoto{a%%aC|d %g%ber (?Ahﬁ o?ﬁéf Ieasteo 3 ny

KO g and a géﬁ' ﬂ t%ulgtlége&qlﬁﬂﬂ)ng ldgg()) ate(d%am ?ﬁlclﬁate o‘ta‘gﬁjthtaﬂ%e fufﬁ {SUde oi |

refinery conp nen eat exchanger, furnace atlo col um,
scr ubber |ICUId acketed ank estill, cok or .v r eaker.
The predeterﬁﬁ%@ad HbHRE BHoToRs ardeien btineBaspiponept Ada ]811%61 g‘é‘gcent of
the total volune of the bl ended base crude oil. The base crude oil can be

one of a whaologmayniehsiopiithothe at lghs paic efudgpilirefarary cowperont shablprd inchdig]
These and other features of the present invention will becone apparent from
t he fol | ow ngble&t aff d ede dasle bilpihd aprafetqpméiedranedinestxoklichgoltysnoydigiersiteaken i n
conjunction with the acconpanying drawi ngs, illustrate by way of exanple
the princi plRs@{HEDS) HLES ML the BISBIH érife oil having a total acid number (TAN) of at

least 0.3 mg KOH/g and a solubility blending number (Sgy) of at least 90. The crude

oil refinery component can be a heat exchanger, furnace, distillation column,

scrubber, reactor, liquid-jacketed tank, pipestill, coker, or visbreaker. The

predetermined amount of HSDP crude oil can be from 3 to 50 percent of the total

volume of the blended base crude oil. The base crude oil can be one of a whole crude

oil or a blend of at least two crude oils.

[0015] 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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The invention will now be described in conjunction with the accompanying

drawings in which:

[0017] FIG. 1 is a graph illustrating the effects of particulates on fouling of a LSLA



BRI EF DESCRI PTI ON OF THE DRAW NGS [0016] The invention wll now be
described in conjunction with the acconpanyi ng drawi ngs in which: [0017]
FIG 1 iswea: grozpbssil | ustrating the effects of particul aP€3/uspooOsds7ag of a
LSLAcrude oil; [0018] FIG 2 is a graph illustrating the effects of
particul ates o f.f;ul ing of a HSHA crude oil blend; [0019] FIG 3 is a graph
il lustratindg™®sresults showi ng reduced fouling associated with a HSHA
crude oil blend when blended with a HSDP Crude O | in accordance with this
invention; [0020] FIG 4 is a graph illustrating test results show ng
reduced foul [POLSIddSoeiint euphiliystratingsiba célectd f pitficylpteh ob fadine T wiHYHA HSDP
Crude Ol in accordance with this invention; [0021] FIG 5 is a graph

il lustratingriodesdil blesdil t s showi ng reduced fouling associated with a HSHA
crude oil blend when bl ended with HSDP Crude G| A in accordance with this
invention; [0022] FIG 6 is a graph illustrating test results show ng

reduced fouloom]|age08iiad epWillidtratihsSledt 1@§1H£§%h@{kzin§\0&/g%te@ E&ﬂfﬁgdtswcla'fbd"SDP

Crude Ol Ain accordance with this invention; | FI G is a graph

T lustrati ' : . . L . HSHA
1 st At TSRS IS o MM ALY Y HOBPASIRERLE IR
invention; [0024] FIG .8 is a graph illustrating test results show ng

reduced foul VAL e

[0020] 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;

[0021] 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;

[0022] 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;

[0023] 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;

[0024] 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;



with a LSLA crude oil when blended with HSDP Crude G| B in accordance with
this invention;[0025] FIG 9 is a graph illustrating test results show ng
reduced fwol2origigsssoci ated with a LSLA crude oil when bIPERASA00R053I374
various HSDP Crude Gls (A-G in accordance with this invention; [0026]

FIG 10 is tic of an.Al cor. fouling sjnulator used jn accordance
with the pr39@%%%8&?SWPR[IIME?‘?“&:‘F@%T@& (5{SROWINgIef 65?‘?1{5%@5%0%“? est
results showi ng reduced fouling associated with a crude oil fouling control
bl end when byignha&dLni arhdeoil whenblsnéSDPitice yaeowd HSDP Ar@je Ohs Ge€oridance with
this invention; [0028] FIG 12 is a graph illustrating test results show ng
reduced f ouldcogrdaseocittathédinwéritiona crude oil fouling control bl end when
bl ended with a various top and noderate performng HSDP Crude Qls (A-R) in
accordance with this invention; [0029] FIG 13 is a graph illustrating test

results Shog(lﬂ%]tﬂ‘l@. eb {erichefatl 6f B KRbr FRNGE Ik AAbPARIM aot@RcPRihor M ng
HSDP Crude | blend in accordance with this invention; [0030] FIG 14 is a

graph illust i 3 .results showing the effect of different
concentrati othgblt)e?&letﬁlﬁ%htelé@te perform ng HSDP Crude Q| blend in accordance

with this invention; [0031] FIG 15 is a graph illustrating test results
showi ng t he ration de dence of an H Crud ] n reduction of
Foul i ng: [ od B8RRI 1 &7 araal GRERTa BiaPras Sy Pedicuest fufle eRORlg " he
concentration dependence of an HSDP Crude G| on reduction of fouling;
[ 0033] FI G With § srude gildpiing Jongek lencyhembplendes with & spripsHYPRGiedH@bP Cr ude
Qls for

(A-D) in accordance with this invention;

[0028] FIG. 12 is a graph illustrating test results showing reduced fouling associated
with a crude oil fouling control blend when blended with a various top and moderate

performing HSDP Crude Oils (A-R) in accordance with this invention;

[0029] FIG. 13 is a graph illustrating test results showing the effect of different
concentrations of a top performing HSDP Crude Oil blend in accordance with this

invention;

[0030] FIG. 14 is a graph illustrating test results showing the effect of different
concentrations of a moderate performing HSDP Crude Oil blend in accordance with

this invention;

[0031] FIG. 15 is a graph illustrating test results showing the concentration

dependence of an HSDP Crude Oil on reduction of fouling;

[0032] FIG. 16 is a graph illustrating test results showing the concentration

dependence of an HSDP Crude Oil on reduction of fouling;



on-line cleaning of a fouled heat exchanger; [0034] FIG 18 is a graph
illustrating the use of HSDP Crude G| for on-line cleaning of a foul ed
heat exchaiogero/o1p’3035] FI G 19 a graph illustrating thePG3aSei09/063324 at e
perform ng HSDP Crude G| for on-line cleaning of a foul ed heat exchanger;

[0036] In t ings, like reference nuneral s indi.ca or.r espaondi ng
parts in t ndoa oS ive %raplégﬁwtrwﬁem POp ertorm g aT Cide @dggj% of
various nodifications and alternative fornms, specific enbodi nents thereof
have been showmdsicane @ffa fonkedheaicxskangergr ans and testing data shown in
FIGS. 1-19, and will herein be described in detail. It should be
under st ood, however, that it is not intended to limt the invention to the
particul ar f[003d HIGs 8 asegrapluillusoaingrac aandfiASHP Grivde Ofi tfemndn-bme ¢lsarting cover
all nodifications, equivalents, and alternatives falling within the spirit
and scope OQfQnggaﬁgﬁ%kgﬁ%%&udefined by the appended clainms. DETAI LED
DESCRI PTI ON OF THE | NVENTI [0038] Reference will now be made in detail to
t he various aspects of the present invention. The nethod and correspondi ng
steps of thegg ' i) ' [ ' [ i ail ed
descriptionqg?ﬁﬁﬁgk%ggﬁ?@#?fgﬁggﬁﬁgg§gﬁg?ﬁgmggggéﬁ%ﬁ#ﬁ§g¥%$gﬁRﬁﬁ#$6ﬁom1be
descri bed i reater detail i.n connection with the figures. The present
i nvention aﬁﬁgm?ﬁn?éﬁﬁWﬁgP ﬁﬁﬂﬂﬁf@%ﬁ hengsfchangers and ot her conponent s
| ocated within a refinery. This aimis achieved by a bl ended basecrude oil,
whi ch can consist of a whole crude oil, a blend of two or nore crude oils
or fracti ond00¥drladic diewmes. ragbraicainhegranadisateorigsiongnedwrty énty
di spersive power

different figures.

[0037] While the invention is capable of various modifications and alternative forms,
specific embodiments thereof have been shown by way of the process diagrams and
testing data shown in FIGS. 1-19, and will herein be described in detail. It should be
understood, however, that it is not intended to limit the invention to the particular
forms disclosed but, on the contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the invention as

defined by the appended claims.

DETAILED DESCRIPTION OF THE INVENTION

[0038] Reference will now be made in detail to the various aspects of the present
invention. The method and corresponding steps of the invention will be described in

conjunction with the detailed description of the compositions.

[0039] The present invention will now be described in greater detail in connection
with the figures. The present invention aims to reduce fouling in heat exchangers and

other components located within a refinery. This aim is achieved by a blended base



(HSDP) crude oil. The addition of HSDP crude oil mtigates both asphaltene
i nduced fouling and particul ate i nduced/ pronoted fouling. The high SBN of

t hese HSDPOcPuWdaI®ill s al |l ows for the enhanced sol ubi | it yCofusamy/oassphal t enes
in the rest of the crude oils and/or blends. A nmeasured TAN is believed to
indicate the presenge of nolecules that help djsperse the partigculates in
the orude oidFUdA AhcvIFh e cspa%t&f@swlfﬂ%ﬁﬁlﬁ? glh spikes Pﬁ@vwrfl & chidsioify or
surface. In order to achieve the reduction in fouling, the HSDP crude oi
shoul d have factionsthcegef with arivedetqrmangd apfouat of ebigh solvenayyligOryiye PPy gher TAN
| evel s can result in inproved fouling reduction and mtigation. The HSDP
crude oil sholsDP)kawke oil. Fat udition yf BEPRdirdE dgilimbiates SBMN) asphal@he hriaséd 90.

Hi gher SBN | evels can result in inproved fouling reduction and mtigation.

The vol ume ofykiRDRdGTa6k81 A6 IndiB&RSRAToYed Bulifie TRk & \JrHEi&e PigDMEM e Vary
based upon the TAN and/or SBN val ues of the DP crude oil. The higher the

TAN and/or S al ues. .pf the crude oil, the |l ower the.volu of HSDP
crude of | nadbelBy R RE pURR TR a8 4 binueGieh R 0Br 1R ERE B ana o
mtigate both asphaltene induced fouling and particul ate i nduced fouling
and/ or pr owﬁ@ﬁ&ﬁ%r%d%-eﬁwwe Jrﬁ%wgwﬂlgyeq tﬁdvﬁa%tﬁ&lemﬁseﬁ%qo PRCEWES t o heat
exchangers and the like. The HSDP crude oil preferably nmakes up between

t hr ee per certhatdwetp disiferse the pertiaulatsh in the cratealil Wetdiwbicbprevieatsshamdoh cr ude

oil. [0040] The blended crude oil is then processed within the refinery.
The bl ended adheitie; ©ithe BediddiuiBicd. MpbalR t adhddvaaherdsdtionsn Gxdingt the HEBISR cr ude
oil. Specifically, the blended crude oil exhibits a significant reduction

in fouling qygl HAgRuklAe a%@apgbi@ﬁu%ﬁérrgg@gtdlf%weﬁét .am;éh{éHygeWéﬁe? in

i nproved heat transfer wthin the heat exchanger an eduction 1 n overal
ener gy cons iRyl Q4L GoARCHRRISL 2o SR mhSRLLASRISHREHRR! ued

oil should have a solubility blending number (Spx) of at least 90. Higher Sy 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 the TAN and/or Sgx 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 three percent and fifty percent of the total volume of the blended crude oil.

[0040] 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.
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the addition of particulates to a crude oil has on fouling and what i npact
the addition of a HSDP crude oil has on the reduction and mtigation of
foul i ng. Wbeotoggpismg arrangenent includes a reservoir 1OCTarse@9/0533g4a feed
supply of crude oil. The feed supply of crude oil can contain a base crude
oi | cont ai ni ol e crude or, a bl ended crude containing two _or.

crude oi I's. Rildgq 1 ARRIFY 8B A tEYINE SHERTEAT LEQSP0 Chgay A thpEPRgag
supply is heated to tenperature of a ﬁrOX|nater 150C/ 302F and then fed
into a shel Ithgaddigen ef pﬂrﬁmﬂeteweratqm@ﬁw orareioube hehvbd impect 1 adiieorheat ed
rod 12 can be fornmed froma carbon steel. The heated rod 12 sinulates a
tube in a hedla KXOPangemil hkhen ieataattioadnd hitigathedtoulagl The teediged to a
predeterm ned tenperature and maintained at such predeternined tenperature

during the tgjabemd}RiG@¥% rés%?’vo%uf d @cﬁﬁalhﬁgla%é& HHBE A BuRRAL ThL TRl Y
370C/ 698F and 400C/ 752F. The feed supply i S punped across the heated rod 12

at a flom/rate of ~appro |natel 0 nilL/,m nute..The spe is
col lect ed | PR of SRR ¢4 cbnt mt%e%%fsugree@.con%mgr%w% Slsridirg PERY, |,

separated fromthe untreated feed sup oi | sealed plston t her eby
al | owi ng f orCTHHcONAMBE GHO BHBPLY %3? Ol’%hih éHPI? ¥ O alsQ 6entaind KSR

nitrogen (400-500 psig) to ensure gases renain dissolved in the 0|I during
the test. Theudrwbdpkdeadsadplygsheata toacomderdturonf afpeobmiately 120°d/308fFet and
outlet tenperatures and for surface of the rod 12. [0042] During the

const ant surdndcleent feapeo atsHele 11 esithithg o @il otiepedihtscarsll MMThdscatpd on t he
heated surface. The foul ant deposits are thermally degraded to coke. The

coke. deposi {54 aUsLoafhrhda ot b oG (EA! ThORLad G A0S ihiGieeh bl iR AGKaand/ or
ability of the surface to heat the oil passing over it. The resulting

reduction i exf a{nlgg} "I%u lheate rodd 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 spent 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
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.

[0042] 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

-11 -



tenperature continues over time as fouling continues. This reduction in
tenperature is referred to as the outlet |iquid DT or DT and can be
dependentworotoa9isype of crudeoil /bl end, testing conditiPCmaIS2004/083376t her
effects, such as the presence of salts, sedinent or other fouling pronoting

naterlals ard Al cor. .fouli test is carried out for 0 m nutes.
The t ot al fcm l?lﬁ@dd e&n&ﬁ%{]ﬁw W/O?H@Gfsﬁfsqts SBEL 6HTQSWCS&§P§{S’| i qui d
tenperature is referred to as DI180 or dT180. [0043] FIG 1 and FIG 2.

illustrate tséimarpacethemigrlingiproprotisg meecrisds. pastendard alces fauhing test isckariédd  has
on fouling of a refinery conponent or unit. There is an increase in fouling

in the preseaneérdfRiiniiavteoXitdaofaFfoulag, Ratdaswke by Whretotat estpati @dintomtlst m | ar
crude oils that do not contain particulates. The present invention will be

descri bed i rhcﬁ%“ﬂ%ﬁﬁ)‘éfa@tﬂe\{% Jeber%e'&%%gméo 8r dpigosul fur, | ow asphal tene or
LSLA whol e crude oil and a high-sul fur, high asphaltene or HSHA crude oi

bl end as base crude oil exanples. These oils were selected as being

repr esent atl iR LAl ! za%ﬁ@sfniae%é APl i dfeShleoTRid B frude o

represents réactive su tenes cru

The HSHA bl end, cr.ude oil re sents a crude oil that is both hl?h in
asphal t enes GWlf ‘?IE%?c‘tq au ‘? relipy CQEROBFNLORBRIE LIl 48 PECSE 1] of
illustrative purposes only, the present invention is not intended to be
linited to dpplingattheopresericy ofhiromokige AF&PabRaréles wheh ¢i@ppmred igdemdat . 1t i s
i ntended that the present invention has application with all whole and

bl ended cr udeudu diB thatdiofrot oadtaihipaftkubiest Mee p@mt imahti@xpél bedseribaiihor
produce fouling in refinery conponents including but not limted to heat

exchangers. cIhgdibRaMCcEe Afc dLbvIGIfLdYEaSpHatendSALSILA il ol Bfd
heating tubes or rods contained within a heat exchanger As descri bed

above, the prlgalsgn ?u fllghomhaﬂgne SP§A% dvc?eroslﬁblerrlg) A2 cru &3 e?cér%gfien.ger
per f or mance an

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
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.

[0044] The present inventors have found that the addition of a crude oil having a high
TAN and high Sgy 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
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[ 0044] The present inventors have found that the addition of a crude oil
havi ng a high TAN and high SBN to the base crude oil reduces particul ate
-i nduced woubiong9ssThe degree of fouling reduction appeaPSTiusS299/083374uncti on
of the TAN neasured on theoverall blend. This is believed to be due to the

ability of the CLdstokepprtlcuI tes sent e bl ends
fromwetti n@vawﬁa@mﬁ.ﬂﬁgs elivRd iee useio dbi 1ok of %ﬁiﬁﬁﬁé‘/rwc@éo FPhot ed
and accel erated fouling/coking occur. Mst high TAN crude oils also have
Very high SBNFieulassresnl orihnBlradsen wHovpandadietng o W Sestd e

asphal tenes and/ or keeping themin solution nore effectively which al so
reduces f oulwinge bihatwiv®pilothoddd@idvicsd cratdubuliipgcdking dreut. Mexrhahi TANI ty and
nearinconpatibility of crude oils and blends. These crude oils are

classified agydd @h 39! Hé%@%{ryq{ mﬁpgﬁﬁleV&sRﬂ’ﬂ@ﬁh&\l‘é%ﬁ sESWER aQEi r§dlss'5hﬁﬁ% is a
not abl e reduction in fou |ng en predet erm ned anmount of HSDP crude oil

| s_added to ats at%%ésse ¢ p1n % 1h 16 lf'l%l%o%r uﬁe ctlvei Wﬁlch also ré\(li 32 | ow as
0.3 ng KOH g B ? OW as o0, edst erm ned anount - of “HSDP crude
oil can rrake up | ow s t hree percent of t t ot vol une of the

bl ended cr udeuig t?l(“i W%uﬁ OHICEWISE PHTHE dyF rmgasesﬁoema iligy Pl)da N9EH045] Sanpl e

tests were perfornmed to deternmine the effect the addition of HSDP Crude
O | s A and/ dncaBnpatibditiHsfrrubdasids ardilelendsi Thésasrwie oillyerd datsifieg asthighhe base
oil. The results are illustrated in FIG 3. FIG 3 is a variation of FIG 2

wher e the reaeduchepdispdisitopbwag ST @nadcadlsWI hdie idena@alsie tddasti®d indouling
predeterm ned anmount of HSDP crude is blended with a base crude oil

cont ai ni ng the. b eﬁéﬂiﬂﬁ' Jpérhow\hﬂt B PRE PEARIPHiEis, atdB@d Qatﬁﬁb&relé%eobvlh re

containing HSHA i's ende HSDP crude oil, accounts for twenty

five percent t he t ot voI ume rud e HSDP

crude oil is th% g%ﬁp %Eh%sr% Slo‘xaﬁg\;’l %a(ﬁﬁé 5&8‘% zwas 90%
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.e., base crude oil+HSDP crude oil).

[0045] 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 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 mg KOH/g and a Sgy of 112. As shown in FIG. 3, a significant reduction
in 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
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TAN of 4.8 ng KOH g and a SBN of 112. As shown in FIG 3, a significant
reduction in fouling is achi eved when conpared to both base crude oil
cont ai ni ngoparwaieisiat es and a base oil w thout parti cul &41S2009/083304 her
exanpl e, the base crude oil containing HSHA is bl ended with a HSDP crude

oil, which accounts for fif e n vol ume of the

bl ended cr ud¥Vgigan a?ﬁ@xﬁéﬁ@%lﬁaéfgimg @%@Pﬁ @:.tsalrﬂe%%fﬁa IVﬁHMﬂ&na%top
approximate TAN of 1.1 KOH g and a SBN of 115. Wile the inpact of the
HSDP Crude @h¢ H@Db’rﬁltuldeqlblﬁlonrﬁl@e oulingef hadasccerudreoibisinot gs sipnifigantgh §isi f i cant
as the HSDP Crude O A, the HSDP Crude Q| B nonethel ess produces a nmarked
decrease i n H$RPCoudd OF AQfthaHPDRE radei0d Bhonetiteidsaipridagesaambtked ldagresse [ 0046]
Sanmpl e tests were perfornmed to determine the effect the addition of HSDP
Crude G s %n@{{bdfoﬁhﬁg‘oiti@asfe%ﬂder&l Rhtadihe Eﬁ%@ul‘&iek The results are
illustrated in FIG 4. FIG 4|savar|a%|on of FIG 1 where the reduction
in fouling associated with the addition of a predeterm ned anmount of HSDP

base crude g £ St B8 B E A e o ek DRt bR B TP IRES | ti‘\,e
whi ch fi g 9. h I
bl ended cr uddus DIsE) G & RB UaREGR bF Phess. %fha%@%és Pl S4adE el e

oil, a significant reductlon in fouling is achieved when conpared to both
base crude dilG.é4dm sdnivitiog opFI@i Cwhercdhe wductionbadeuloigasydoidielivithahe i cul at es.
In the other illustrated exanple, the LSLA base crude oil is blended with
HSDP Crude G@dditBn offaipeddecaeminedtanduat off HEDY cpeledeblend&D¥ith abadchwudaodinl

vol une of the blended crude oil. Wiile the inpact of the HSDP Crude G| B

on the foul IIthé)lﬁlugtpﬁeCp@?él%lIﬁésu% Hakd ciude BRLs @ESEA%%Je‘cﬁPJHd i881chB& kP
Crude Gl A, the HSDP Crud B agai n produces a marked decrease in the

fouling of &;835¢ it AOIVJJth é‘ctcc%n' RS (ALY 1R RERR (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 in 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 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.

[0047] 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 mg KOH/g and a Sgx of 112. The results associated with the
impact of the HSDP A on the HSHA blend are illustrated in FIG. 5. The results

associated with the impact of the HSDP A on the LSLA whole crude oil are illustrated
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[0047] Sanple tests were also perfornmed to determne the effect the
addition of the HSDP Crude G| A to a base oil containing either LSLA whol e
crude oi IWOrR0HBH¥Ssbl ended crude oil has on the fouling ®CTiuseodassB7oi|l. The
HSDP A crude oil having an approxi mate TAN of 4.8 KOH g and a SBN of

ng

112. The resu oci ated with the. inpact he DP A e HA bl end
are i 11ust r A0 o er Bothaaseriss. hecaifio e dose 1 SPRAS 6 b W@%?%é‘g&fu'ggpﬂt he
HSDP A on the LSLA whole crude oil are illustratedin FIG 6. For both base
oi |'s, the adupducedagéducten HSoPligg.crude as the HSDP crude oil produced a
reduction in fouling. [0048] As shown in FIGS. 5-8, the reduction in
fouling increased as the predeterm ned anount of HSDP crude oil content in
t he bl ended [0048]eA0sHowinria Fe@ES e8l8, Tho OeRikctidinm fabbvginctdastst asabé ve exanpl es of
the benefits of the present invention were based upon the use of exanples A
and B crude fkddderAinddi@ndidbbr BEBP&r@id oil ddMEenP :EGE BlendBY 8RkE 811 ihed3Sd.
intended to be limted to only these exanples of HSDP crude oils. Oher
HSDP crude oils having an approxi nate TAN of at least 0.3 ng KOH g and a
SBN of at | | ' [ ' ' E i L rates

ggﬁ‘b] .gﬂle bee ﬁ‘ﬁl@ﬁﬁ% e]rgigu |Fet|§1 8?9%{%69%1{1{[3 ldg %%Teseht%?z&ltfoln.vye%

t he i npact neficral 1npact on i'tron of various HSDP
crude oils qn a, base, oil LSLA whol e crude. oil ri in Table 1
el ov; the ddet 1o B uishsxEnbles Aomiad Fadaoisa s TS TLHIGE PBn it oul | ng
when conpared to base crude oil containing particulates. TABLE 1 [0050] In
accor dance viressnbingeon iaseidatenddd tothe linmiasiie ioply, theseraxamples 0§ BSDRsraéal f or
on-line cleaning of a fouled crude oil refinery conponent. On-line cleaning

of a foul ed dikubtheo HSDPadrudesis lwimpomerppraxinetc dReN bhiatlcish8.3aogB@i®nt does
not need to be

and a Spy 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 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 Sen AT180

LSLA Crude (control) - - -23
+200 ppm FeO -- -- -47
+25% HSDP A 4.8 112 -3
+25% HSDP B 1.6 115 -34
+25% HSDP C 1.6 158/127 -7
+25% HSDP D 1.7 93 -8
+25% HSDP E 0.6 120/132 -3
+25% HSDP F 2.5 76 -25
+25% HSDP G 2.8 112 -32

TABLE 1

[0050] In accordance with another aspect of the invention, a method is provided for
on-line cleaning of a fouled crude oil refinery component. On-line cleaning of a
fouled crude oil refinery component provides that the component does not need to be

removed from service and it is not necessary to re-route crude oil to other refinery
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removed fromservice and it is not necessary to re-route crude oil to other
refi neryconponents. The nethod generally includes operating a foul ed crude
oi I refineoponanpsment, and feeding a bl ended crude oi | PCo/USkh@9fsasr€d crude
oil refinery conmponent. The bl ended cr ude oil including a base crude oil
and a predeterm ned unt _of a hi Ivenc IS ive po HSDP) crude
oi |, the HSIHPPPHESo elﬁﬁ@?ﬁ@@%@fﬁ ineluges %P%%}m@ff%efﬁ %Vﬁrﬁﬁﬁwst 0.3 ny
KC]—I/g and a solubility blending nunber (SBN) of at Ieast 90. [0051]
Laboratory feeninoneptsindfiedingn b?@@d@ctcmé@@ﬂ tets fpded erudedilrefinksyonst rat e and
nmeasure the differences in the capabilities of many HSDP crude oils to
mtigate fouwonpgnenth@se bidntidd erubic g ériclwtibgy EBasefcrlﬁfefcﬁbztﬂd\/a%p’teéaetﬁ‘rﬁﬁaBur ed at
simlar concentrations) are referred to as "top-perform ng" HSDP crude

oi I's, whereifnduanefa ﬁ%ﬁ@&%@n&f dib 8§ & FEWMIGHSDPS cﬁﬁl@%ﬁlaihleﬂﬁﬁlecﬁ%@ﬁd to
achieve the desired fouling mtigation. H gher anmounts of the other |ess

effective ("yroder.at erfor VR £ i f.or..bl endi ng
to achi eve thﬁwm§ aato ec\/lce1 s &&N)l OggDP}e 6?8%%“2{ %1{ bl@% lenddngl' AN
properties ident I@.IB,N g t] not acrude 0|I is an HSDP. Al cor fouling

si nul ati on t"&'&t P Pbd 1east “%i t h HSDP crude oils bl ended with known

fouling crudes can be used to defi ne rel ative HSDP performance, as well as
to estimate the preferred concentrations desired to mtigate whole crude
bl end f oul i 1§05YI00H8TatorsPeing simolatieie tests Nave beapfpeehionted toi dosnankigate hade been
determ ned to have HSDP capability. The tested SBN and TAN | evel s are
provi ded i n niaBle tRe diffieecnced @atthy eappbiliios atunasy HS DPagtd HEBo editigec oi | was
determ ned using Al cor fouling simulation tests foll ow ng co-bl endi ng at

25% of the t@hmg VRHIE® it o g MRlcict HEEBRLvERL (Basured at similar
concentrations) are referred to as “top-performing” HSDP crude oils, wherein lower
amounts of these crude oils generally are needed to achieve the desired fouling
mitigation. Higher amounts of the other less effective (“moderate-performing”)

HSDP crude oils are required for blending to achieve the same levels of fouling

reduction.

[0052] The Sgx and TAN properties identify whether or not a crude oil is an HSDP.
Alcor fouling simulation tests carried out with HSDP crude oils blended with known
fouling crudes can be used to define relative HSDP performance, as well as to

estimate the preferred concentrations desired to mitigate whole crude blend fouling.

[0053] Table 2 provides a list of crude oils that have been determined to have HSDP
capability. The tested Sgx and TAN levels are provided in Table 2. The relative
performance of each HSDP crude oil was determined using Alcor fouling simulation
tests following co-blending at 25% of the total volume with two different fouling
control blends having 200 wppm particulates (<0.5 micron). The HSDP crude oils

listed in Table 2 are provided for purpose of illustration and not limitation; additional
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contr ol

oils listed in Table 2 are provided for
limtati omp 2atditpisenal HSDP crude oils al so can be suit alpCe/Usee0obIs74pr esent
TABLE 2 [0054] Refinery evaluations can be used to define

i nventi on.
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Q 92 0.9 Moderate
R 95 0.9 Moderate

TABLE 2

[0054] Refinery evaluations can be used to define concentrations needed to facilitate

on-line cleaning behavior. The effectiveness of each of the HSDP crude oils listed in

Table 2 were determined using Alcor testing procedures, as described above. Figures

11 and 12 provide the Alcor Dimensionless Delta T from tests carried out on two

different fouling control blends with 25% of the total volume of each HSDP blend A

through R. As above, any known or suitable technique can be used to blend an HSDP

crude oil with a base crude oil.

Dimensionless Delta T 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. Dimensionless dT corrects for these

different heat transfer impacts.

This correction is achieved by dividing AT (i.e.,

TOUTLET - TOUTLETMAX) by a measure of heat transferred from the rod during
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is increased to ten percent (10% or twenty five percent (25% of the total
vol unme of the blend. The present invention is not intended to be |[imted to
t he conceworatovomsstil lustrated in FIG 13; rather, conc®oTisre00833ed top

perform ng HSDP crude oil between the concentrations identified in FIG 13

are well within the.scope of the .present invention, as. well as
concent r at | GHSN rESTBFt h%mcl%vsén%@p& e 5%? dEmpeieBEeyMingy MEHMEE GHFlk

effective | evel s of reduced fouling using a "noderate-perform ng" HSDP
crude oil, demperatirgab yhawbdewconcentrati on of the HSDP crude oil is
necessary than when using a "top-perform ng” HSDP crude oil. As shown in
FI G 14, higher concentrations of the noderate perform ng HSDP crude oil
are required in alicdl +qTORAUET f-oTUOUAH.ETCOAZS n{ TRODONBOOCTLEWSMY) fi ve
percent (25% and fifty percent (50% of a noderate perform ng HSDP crude
oil are effective to reduce fouling. The present invention is not intended

to be |imtggos3) RIGS. ¢DBEENM [IRkIrAB$hd pdrfbsinbdcaHfferndd Ketddon toplipdEbrming
concentrations of noderate perform ng HSDP crude oil between th

e
concentrati Qa'ﬁarﬁ&ﬁfgéég%g .ia% BsBplduad G1vved d s @’Iéhﬁj é:ﬁ?eotB -tp;%;];foﬁﬂﬁlé ot

present invention, concentrations greater than fi perc

(509% . [005 shown .in_FI GS. 15 an 6, rf ormance of HSDP crude oils
o r meduti ng ST e T e PRI Lo R CHbnE SRCennr SEROM G 1PRES HSEP. or ude
oil. FIGS. 15 and 16 plot final Al cor dinensionless DI |evels after 180

m nut es of rgFeent (&0). Asissrpigmplaicdha stiHowepgpnsentrasiont Ay opRd evithde oil i's
effective to reduce fouling with as little as about 2 percent of HSDP crude
oi | A in thdobwterduct{odlGb Tulihige Thonekitio@in fonling inksbRsorhmehotdncsntirdtmnl e t o
effectively mtigate fouling of other crude oils was determ ned using the

Al cor testiNgiRPREQPGReKBEBE P ETY:ROIONMRNt Ay ARIRMS {1584 RSt thy totd) &0 RinfeQsf

testing of top and noderate perform ng HSDP crude
the blend. The present invention is not intended to be limited to the concentrations

illustrated in FIG. 13; rather, concentrations of top performing HSDP crude oil
between the concentrations identified in FIG. 13 are well within the scope of the
present invention, as well as concentrations greater than twenty five percent (25%).
To achieve more effective levels of reduced fouling using a “moderate-performing”
HSDP crude oil, a relatively higher concentration of the HSDP crude oil is necessary
than when using a “top-performing” HSDP crude oil. As shown in FIG. 14, higher
concentrations of the moderate performing HSDP crude oil are required in order to
reduce fouling. Concentrations of twenty five percent (25%) and fifty percent (50%)
of a moderate performing HSDP crude oil are effective to reduce fouling. The present
invention is not intended to be limited to the concentrations illustrated in FIG 14;
rather, concentrations of moderate performing HSDP crude oil between the
concentrations identified in FIG 14 are well within the scope of the present invention,

as well as concentrations greater than fifty percent (50%).

[0056] As shown in FIGS. 15 and 16, performance of HSDP crude oils in reducing

-18 -



oils, lowlevels of top-performng crude oils are effective for mtigating
fouling of crude oil refinery conponents. Levels of top perform ng HSDP
crude oi Iwax0loomwsss 2- 25 percent the total volume of tRETRISRIY/ 083384
effective. For exanple, as shown in FIG 15, as little as two percent (2%

of top perform.ng. HSDP crude ojl is effective ignjfi.c y. reduc

foul i hg. H JRENNY s AEPadRt YRsn Shegau SHFHIGH oF I B e o FHSTHS FibM apout
10-50 percent of the total volunme of the blend are simlarly effective. For
exanpl e, as mefdwel Adcordanemsenless AlTdawals afwydB0 ientey of fupdimer SeHoWIBY)  of

noderate perform ng HSDP crude oil is effective to significantly reduce
foul i ng. Prefier abltyp-podomningBISOMHSDR: 6il ik footil Stoakdudel fonliiedwithtoliglchk ended
crude oil in an amount of from2 to 50 percent of the total volunme of the

bl end. More a%gtfp§@pglﬁ,ofgtg@po¢}§d@5ﬂ KonLendSiBRy crude oils are blended in an
anount of from3 to 25 percent of the total volunme of the blend. In

accordance wi th anot her aspect of the invention, the one or nore HSDP crude

oil s can be ' rom. - t ot al
vol ure-of t HO Bty <SReslRHP Bl riRMERHbL b RRGRAL BidlEr

bl end. [0058], I n accordance with another aspect of the present jnvention, a
system i s prataraByicilsrvasdeicHpg asigg Q@%@PF %@%@W%Pidﬁgrg’ﬁa(ﬂ{’?‘i%ns
associated with particul ateor asphaltene fouling. The system generally

i ncl udes at Awedgsnonghated byidlee Hlcpr estingrelrtpp eohpodeiate pen@raing RHAP crudel ui d
comuni cation with the crude oil refinery conponent. The blend includes a
bl end of a hdABgeloorigdds of fopgreoanippetaicar Rianeefatme fir naitigatidy Bolisgbivency

di spersive power (HSDP) crude oil, the HSDP crude oil having a total acid

number  ( TAN)cr@de @i rdfigastcothpandls KON Gk SNGp ferd@itibi Hisbp BLENS AdloRLERET
(SBN) of at |east 90.

25 percent the total volume of the blend are effective. For example, as shown in FIG.
15, as little as two percent (2%) of top performing HSDP crude oil is effective to
significantly reduce fouling. Higher levels of moderate performing HSDP crude oil
of from about 10-50 percent of the total volume of the blend are similarly effective.
For example, as shown in FIG. 16, at least about twenty-five percent (25%) of
moderate performing HSDP crude oil is effective to significantly reduce fouling.
Preferably one or more HSDP crude oils are blended into a blended crude oil in an
amount of from 2 to 50 percent of the total volume of the blend. More preferably, the
one or more HSDP crude oils are blended in an amount of from 3 to 25 percent of the
total volume of the blend. In accordance with another aspect of the invention, the one
or more HSDP crude oils can be blended in an amount of from about 5 to 10 percent
of the total volume of the blend or from 10 to 50 percent of the total volume of the

blend.

[0058] In accordance with another aspect of the present invention, a system is

provided that is capable of experiencing fouling conditions associated with particulate
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[0059] Particularly, it has al so been discovered to use HSDP crude oils to
performon line cleaning of already foul ed crude pre-heat train exchangers
and ot herwoebimapisiconponents to i nprove heat transfer eChiusk@ s34 and

recovered furnace coil-inlettenperatures (CITs) CIT | evel s of both
at nospheri c and v cuu I furnac n found rease
dramat i cal | PTRARIKF {3 ﬁ@g i&?ﬁy&eﬁd%@nﬁf mi?l 8t 909 Cé‘l“f{?ﬂjl/reg&@‘iyngs and

envi ronnent al beneflts as a result of reduced flred heating needs. As with
co- bl endi ng doswonenilangg bidndiig dlvidorpmmpa casipn witethh saudeaxlciing s compengiitng
efficiency is dependent on the HSDP crude oil and its concentration. [0060]
As shown i n THe®Fendlivcladeh ali@end/af ybazg cheléalilsandfa pricddferaindieanaiuns ohalighbeen
shown to be effective in cleaning an already fouled crude oil refinery

conponent , SHARNESIRPHHE pEXENRIXISY). and%%?%e%Sl'jPQﬁﬁfe%ﬂrlfa%H{ér a foful E@iﬁuced
furnace (atnospheric and vacuun) coil-inlet-tenperatures , Which

requires addl ! Ibelr f‘*’AI(I %E[%as?églntll R%H/%re]l{lcri]%rsg ﬁq gendlg r1_|1urn rt@SBF)aor}datCOSt S-

The HSDP crude o1 rese I'nv ion een enove the
foul ant from al ready foul ed refinery corrponents As shown in FIGS. 17 and
18, additi on®%t % top-perform ng HSDP crude oil to a foul ed heat exchanger
resulted in recovered CIT levels, thereby reducing the energy required to
fire the furnace. The recovery in CIT shown in FIG 17 was 400C and
occurred w tIAPFP]Papiequlasty, dhag hlye beersdiagsygred o use HSBRyesudsoilsrie perderet oy t he
HSDP crude oil intothe blend. FIG 18 shows heat exchanger perform ng

i mprovenent liRaicaathgi dfiabbadyf fotdsierelcyde hedtltraB ¢xvhammeudgl otbgryrefigerfrom 2 to
20 percent. [0061] As shown in FIG 19, a noderate perform ng HSDP crude

oi | is effechhiRnidls & ﬁﬂﬁ'b&%e%f‘tré’t{s'f&%@ﬁm&%@s%drﬂ@&t&lefeﬁ(ﬂi‘ﬁﬁ&e&ﬂ ihing-

i nprovenents in CI T observed were up to 200C when addi ng bet ween about
twenty per Ce[ernp ra’%r/gs (%'ﬁj s)f YRR S48t egtﬁlooos/gherlc and vacuum pipestill furnaces

have been found to increase dramatically when running HSDP crude oils, resulting in
energy savings and environmental benefits as a result of reduced fired heating needs.
As with co-blending for fouling mitigation, the on-line heat exchanger cleaning

efficiency is dependent on the HSDP crude oil and its concentration.

[0060] As shown in FIGS. 17 and 18, varying levels of HSDP crude oils have been
shown to be effective in cleaning an already fouled crude oil refinery component,
such as a heat exchanger. Fouled exchangers result in reduced furnace (atmospheric
and vacuum) coil-inlet-temperatures (CITs), which requires additional firing resulting
in increased energy demands and costs. The HSDP crude oils of the present invention
have been shown to remove the foulant from already fouled refinery components. As
shown in FIGS. 17 and 18, addition of a top-performing HSDP crude oil to a fouled
heat exchanger resulted in recovered CIT levels, thereby reducing the energy required
to fire the furnace. The recovery in CIT shown in FIG. 17 was 40°C and occurred

within a period as short as about 1 to 2 days of introducing the HSDP crude oil into
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of noderate performng HSDP crude oil K As shown in FIGS. 17 and 19,

hi gher | evels of noderate perform ng HSDP crude oils are required to obtain
t he sane weaniwaeisanger recovery obtained with | ower | eP€EraISe6091063374
perform ng HSDP crude oil. [0062] It will be apparent to those skilled in

the art that variou ifications and/or yarijations can be e. W t hout
departing f bblehe Ek@ﬁg SE}PWF h%atﬁ%@éla?r e PBRInEJMPTaeroat Wﬂngﬁgg@nﬂﬁat al |
matter contained in the acconpanying specification shall be interpreted as
i 1lustrativedlYpP grugagilddin amounty yarymedeprs 820 pykente t he 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 limted; rather
it is conternpidél]etks tHoatn it @G pr e sendderaty partforaring B SEWP dradd @l fsafferedtuiai ng
and/or mtigating fouling in other refinery conponents including but not

limted to RIRAH dnl SrcaGPERIE) hodt &&hs‘@%@ﬁr $héRthrbP&@nddikR: CITARSved were

Furthernore, it is contenplated that the use of a HSDP crude oil, as

described in c j A ' ' 0 ' oM th
ot her t echni agerRorhel aling bl PLERE R DB ER R 3urcs il ARG TRARMERR A o
i ncl ude, but are not limted i) t. provyi si on | Qw rgy, surfaces
and nodi fi e®dRederatepforpwRe Hﬁ&%’é&@%&@ﬁﬁ@ Owab%gfé%ﬁcf@ﬁg?i B n U s
patent application Ser. Nos. 11/436,602 and 11/436, 802, the disclosures of
whi ch are i lemipormeddath@cdpmispEHDN erale gilpare requatied te ebtainithy sameheage of
control |l ed nechani cal vibration, as described in U S patent application
Ser. No. 11/43Gan302sccoviey dbtaitlcdsuthdowtr hiéls bf top perfoanipngmig@erl chide eiln

specifically by reference(iii) the use of fluid pulsation and/or vibration,
whi ch can be conbined with surface coatings, as described in U S. Patent

Applicati Onl_[|em62] I146808¢ Bdphrentt td @EsO8kiddin tASart RO VariRRhhddiSchtioResps s on of

Fouling in at Exchangers,"” the disclosure of which is incorporated herein

specifical | yVaplXtiél‘%fC%{l %4 %r?adg i\%}hoﬁp&\epﬂﬁﬁlgq{rorﬁ Itheecstcglg)é)(?fl thg B%e@&lt?&egﬁgﬁ. It is

intended that all matter contained in the accompanying specification shall be
interpreted as illustrative only 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 limited to pipestills, cokers, visbreakers and the like.

[0063] Furthermore, it is contemplated that the use of a 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
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exchanger tubes and/or surface coatings and/or nodifications, as described
in U S Patent Application No. 11/641, 754, the disclosure of which is

i ncor por aWeaotvareism specifically by reference and (v) cegbiusawwoss7of the
sane, as described in U S. Patent Application hb 11/641,755 filed on Dec.

20, 2006, entlt ed " hod of uci.n Fo

Refinery," tHE 4% Oﬁ’sf&ﬁp@ﬁatmaeﬁ%r W% i% CéH A P@PW@@%@ ng%ﬁ ly by
reference. Thus, it is intended that the present invention covers the

modi i cat i oreoatirgs, seddsetibashis 6. Ratent dephedtiondfeild/808dVi tled onHuy. 19one

wi thin the scope of the appended clains and their equivalents. [0064] Wile

a parti cul ar2000ymtigitd t'Reductive bf Foulingas HeaePxdhasgdrs, b, disdlosotd of valeiclappar ent
to those skilled in the art that various nodifications can be nade w t hout

departing frigmarhhigtcaerdit sRRAIEIPBE ré}greh&e(lb)m{@ 0id &Mledn@BERhifCGPEGE Nl y,
it is not intended that the invention be |limted except by the appended

claims. Whil.& e prEsellyd oLl nipas hegn, qefscgartfogse,%ﬁ LiBpEelengnce to
one or nore par OSG Sk recognl ze

t hat many changes can be nmad ther out rting fromthe spirit and
scope of thepaﬁqnéé@ﬁfl Leatop YR 1046 léégﬁﬁemse S Og lw&%ﬁaégﬁmnous

variations thereof is contenplated as falling within the spirit and scope
of the cl ai mpdcifipalbyrini ferenkiaot (V)scogbinations of the sathe af descobedien GlSai ms. WHAT
IS CLAIMED IS: 1. A nmethod for on-line cleaning of a foul ed crude oi
refinery cornp@ieApplicoispNGiIng41Tps/ falkid og Decf 2042006, chtided O\ Mdtedd orer y
conponent; feeding a blended crude oil to the fouled crude oil refinery
conponent, tItEQiucing 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 modifications and variations of the method herein, provided they

come within the scope of the appended claims and their equivalents.

[0064] 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.

[0065] 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.

-22 -



bl ended crude oil conprising a blend of: a base crude oil; a predeterm ned
anount of a high sol vency di spersive power (HSDP) crude oil, the HSDP crude
oi | havi ngoaotoatigdsiaci d nunmber (TAN) of at | east 0.3 ngPKOHSgoa833a4

solubility blending nunber (SBN) of at l[east 90. 2. The method according to

claim1l, wh i C oj] refinery conponent is selected from heat
exchanger, ngg%deﬁpaﬁ‘on col um, scrubber, reactor, liquid-jacketed
tank, pipestill, coker, and visbreaker. 3. The nmethod according to claim1,
wher ei n the predelt er mAegtddonen-lige teamng of » f@dedpandent rdincrhe t ot al

vol ume of the bl ended base crude and HSDP crude oil. 4. The net hod

accor di ng t awoelpaheatlconidimi:n t he predeterm ned anount is from3 to 25
percent of the total volune of the bl ended base crude and HSDP crude oil.

5. The net hod accd‘l),%ggﬁﬂg a%ul%di@iu'&b%ilr@ﬂﬁ%r?k&n{;&?en&r edeterm ned anount is
from5 to 10 percent of the total volune” of the bl ended base crude and HSDP

crude oil. 6. Th t hod, according..to,.cl-ai 1. .wherein the predet.erm ned
Srmart st rom 10eREhEgBIBREELANIT b ne B dygf Bl Sint RERBRERELE I 0
crude and DP crude oil.7. The method according to claim1, wherein the

base crude dil¢nded cpuls ofrcomppismes et 0i| or a blend of at |east two crude

oils. 8. A system capabl e of experiencing fouling conditions associ ated
wth a base crude oil;

a predetermined amount of a high solvency dispersive power (HSDP)
crude oil, the HSDP crude oil having a total acid number (TAN) of at least 0.3 mg
KOH/g and a solubility blending number (Spy) of at least 90.

2. The method according to claim 1, wherein the crude oil refinery
component is selected from: heat exchanger, furnace, distillation column, scrubber,
reactor, liquid-jacketed tank, pipestill, coker, and visbreaker.

3. The method according to claim 1, wherein the predetermined amount
is from 3 to 50 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 from 3 to 25 percent of the total volume of the blended base crude and HSDP crude
oil.

5. The method according to claim 1, wherein the predetermined amount
is from 5 to 10 percent of the total volume of the blended base crude and HSDP crude
oil.

6. The method according to claim 1, wherein the predetermined amount
is from 10 to 50 percent of the total volume of the blended base crude and HSDP

crude oil.
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particul ate or asphaltene fouling, conprising: at |east one crude oil
refinery conponent; a blend in fluid conmunication with the at | east one
crude oi Iwpebiwmpssiconponent, the blend including a bl emdTafS2@9/0833¢4 cr ude
oil and a predeterm ned anount of a high sol vency dispersive power (HSDP)

crude oil, the HsipP cryde ojl , havi a total acid nunber (TAN) .of at_.|east
0.3 ny KOH g and ‘a sol |f¥1?4“?/d %CFCBH{;\Q%’ Heffh rwa*(es%m)t Otasafrudggiis otf ofg.  The
system of claim8, wherein the predeterm ned amount is from3 to 50 percent
of the totalawhtlogadgilidie teremd at lost t¥Rerglestiem of claim 8, wherein the
predeterm ned amount is from3 to 25 percent of the total volune of the

blend. 11. The systemdtygimicapable strapedidhctrpgoplimgeinditiongaskoaiamdntiti s from
5 to 10 percent of the total volume of the blend. 12. The system of claim

8, wherein tﬂagi&lqgggﬁgsgﬁl%g fARNEorhridii@m 10 to 50 percent of the total
vol une of the blend. 13. The systemof claim5, wherein the base crude oil

is one of a whole ﬁ:rude oi | anp & bl end of f%f[ | east two crude oils. 14. The
o1l relm

. t Yeast one. .
systemof claim 5 SWherein the crude SriPorer nery conponent is sel ected
from heat exchanﬁer, u

i
furnace, distillatjon colum, scrubber, reactor,
li qui dj acketed t ,endpsna@ﬁ Fpmmug REen withdha4tdepEaficesude oil refinery

component, the blend including a blend of a base crude oil and a predetermined
amount of a high solvency dispersive power (HSDP) crude oil, the HSDP crude oil
having a total acid number (TAN) of at least 0.3 mg KOH/g and a solubility blending
number (Sgn) of at least 90.

9. The system of claim 8, wherein the predetermined amount is from 3 to
50 percent of the total volume of the blend.

10.  The system of claim 8, wherein the predetermined amount is from 3 to
25 percent of the total volume of the blend.

11.  The system of claim 8, wherein the predetermined amount is from 5 to
10 percent of the total volume of the blend.

12.  The system of claim 8, wherein the predetermined amount is from 10
to 50 percent of the total volume of the blend.

13.  The system of claim 5, wherein the base crude oil is one of a whole
crude oil and a blend of at least two crude oils.

14.  The system of claim 5, wherein the crude oil refinery component is
selected from: heat exchanger, furnace, distillation column, scrubber, reactor, liquid-

jacketed tank, pipestill, coker, and visbreaker.
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