NON- Hl GH SOLVENCY DI SPERSI VE PONER ( NON- HSDP) CRUDE O L W TH | NCREASED
FOULI NG M Tl GATI ON AND ON- LI NE CLEANI NG EFFECTS FI ELD OF THE | NVENTI ON

[ 0001] Thewpnremamws267nventi on rel ates to processi ng of whelce/useedpoart s,

bl ends and fractions in refineries and petrochem cal plants and to the
reduction of particul ate induced crude oil fouling and asphaltene induced
crude oil fouling. In particular, the present invention relates to the
addi tion of High Solwmnmﬁpﬁowmmls@mvmmvm resins to
non- HSDP cr ude gyl t Dk ) &l ne cl eani ng
effects of the

[0002] Fouling is gensts nt ed
materials on the surfaces of proce55| ng eqU| pment. I n petrol eum processing,
fouling is the accunul ati on of unwant ed hydrocar bon-based deposits on heat
exchanger surfaces. It has been recognized as a nearly universal problemin
desi gn an f nd petrochem cal processing systens, and
affects t AHE I\EQE'I\PH@N‘& in two ways. First, the fouling |ayer
has a | ow thermal conductivity. This increases the resistance to heat
transfer and reduces the effectiveness of the heat exchangers. Second, as
deposi ti on0@@Ljur s, THehsres¢msavaeidn midtes & processing dfiwdible ehidehoiéguses an
increase in pressure drop across the apparatus and creates inefficient
pressure &behdslang fractians ineefinesieshandypetrochemical plants and to the reduction

of particulate induced crude oil fouling and asphaltene induced crude oil fouling.
In particular, the présent invention relates to the addition of High Solvency
Dispersive Power (HSDP) crude oil resins to non-HSDP crude oils to increase

the fouling mitigation and on-line cleaning effects of the non-HSDP crude oil.

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 insoluble materials, and deposit of materials made insoluble by the



[ 0003] Foul i ng in heat exchangers associated with petroleumtype streans can
result froma nunber of nechani sns including chem cal reactions, corrosion,
deposit oWoizneaiésdslre material s, and deposit of naterial scraseomnsalubl e by
the tenperature difference between the fluid and heat exchange wall. For
exanpl e, the inventors have shown that a | ow sul fur, |ow asphaltene (LSLA)
crude oil and a high-sul fur, high asphaltene (HSHA) crude bl end are subject

to a si gn'térh &burk R fFl%?l%e'b@t\I/QéH th@mdi’a%dlh”eat BRCHNGESIAE Pbr exanpr)i de
(rust) parti uI ates. [0004] One of the nore common root causes of rapld

foul i ng, ilfe Pakehigtshave shewh ieatfaolomatuldor, ddwcaskaltdret (LBIcAY srudeeanl andide oi |
asphal tenes are overexposed to heater tube surface t enperatures. The

li qui ds on higle-sotfusrhigh dephﬂltemhéf@fbhhngeie blerd atecsubiestitea sigrificane whol e
crude oils and resulf in relativel h surfac& E Ki n t eratures The
asphal t end&creass iprfen lﬁgt"‘éheél 0 GEPr ng of o8 oxade st %ot surfaces.
Anot her 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 exchang Inorglgni C
cont ami nail@@04)| ay Qs of s MATQ IRMEY TRAECHISSHOE FaRjdrionkng ANAREEYATilfg of

g‘ff’! | o8 GmiadancogcoRedhay adshBbeRS g ol ai@gﬂ@smﬁe&%}%&%@éﬁ%@q@EZ‘ée’
irectly ?186%?@‘@@&% J&fn bohRd. H@etl?%a%ﬁ ftﬁ@gtﬁeh"memte kBRa

deposi t. onge posure to su surface tenperatures, es eC| ally

in the | abes ffidhhottes BRO@E widlb @nedd 6ils b résherinatlatieeakighi saffack ok he
organi cs and asphaltenes to coke. The coke then acts as an insulator and is

responsi blskinf tempeeaturdst dftsf asphaittnes emcpretipsmesirom theeoihend adhahkdoger by

preventing the surface fromheating the oil_ passing through the unit.

Salts, sedhmrhotantfaw tAnetbgt semmrecasePisARENon ngu&yttabmddp thel e in
f urnaces.and.ot

o e Lol i bR, SRS B PR ETAR ot mor s oo
have Lo T gapye UGN FONL AR BANLS: ARACEDSEIELEREkERaRldremnggsHld from the

carryover "0 erial’'s w e crude ol
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 contaminants and inefficiencies

often result from the carryover of such materials with the crude oil feeds.



WD 2010/ 068267PCT/ US2009/ 006477 [ 00061Bl ending of oils in refineries is
common, but certain blends are inconpatible and cause precipitation of
asphal t erwe 20tvatsswan rapi dly foul process equi pnent. | nmpcoseoosiondsny of
crude oils can produce asphaltenic sedinment that is known to reduce heat
transfer efficiency. Al though nost bl ends of unprocessed crude oils are not
potentially inconpatible, .once an inconpatible blend is obtained, the rapid

fouling angogglki n®lERGng GTdilstin refidatieyis'RhunbasbwtiertaimBleheearé he refining
process in a short tinme.” To return the refinery to nore profitable |evels,

t he foul edndvaapatible hadgause preeipitationenfcdsphaléeheswhatodant ppidinifdyl preqgessr es
renoval from service, as discussed bel ow. 100071Heat exchanger in-tube

foul i ng cequipmentr dmpueperanixipg pé srufaeitcern podure pspiiatesic sslimgpsthahch

year due to, | ost effjciencies, thr hput , d additional, energy

consunpt i é-ﬁl.m‘WPﬁotr qeﬁlﬁaé%%&ﬁngt‘l‘gﬁ‘gcyen‘éﬁgw,‘glhg’a‘f“ Ei}‘d}ﬁiﬁﬁ’ger foul i ng has
pet' ochor PRIt R PSS aeF bl boRBl b oo I {Ree RS BRIBRT
required @ferfd sObMihe®@  tht bidBuliiatandColin: Bhdt FAalts ShAMY rRfudegssi ng of
whol e crude oils, blends and fractirons in heat transfer equipnent. Wile
many typeshoftingafowiethe edinipgpricess in athet tieae. bY o fretulrn s reforty eshiorat es
have shown that the ngj oritﬁ of profit |osses occur due to the fouling of

whol e cr ugeoftiabks, letlsnthe d heatekehangens peed tele cleanedy whichdypieady

[ 0008] Heat exchanger L?{ul ing for cea, refineries to frequently enpl oy costly
shut downs TEPHIESHEMAVEL HoRy SETvi5Ce 38 disel$sedRaloW. npst refineries practice

of f-1ine cleaning of heat exchanger tube bundl es by bringing the heat
exchanger out of service to performchem cal or nechanical cleaning. The
cl eani ng can he based on schedul ed %i me or usaege or on _act.ual ni t ored

foul i ng cdMMRi ondleatgxphangeaintehsiimeostcREralewadehpeassahwadieds of he

| oss of h?naihic?r{(sco dolfars Lgclzhcgleear}cd‘\ﬁe to lost efficiencies, throughput, and additional

energy consumption. With the increased cost of energy, heat exchanger fouling
has a greater impact on prbcess 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 time or usage or on actual monitored fouling conditions. Such

conditions can be determined by evaluating the loss of heat exchange efficiency.



However, off-line cleaning interrupts service. This can be particularly
burdensone for snmall refineries because there will be periods of

non- pr oduw0i2010/06813009] The need exists to be able to prevemuskée/006477
preci pitatation/adherance of particul ates and asphal tenes fromthe heated
surfaces before the particulates can pronote fouling and the asphal tenes
becone thermal |y degraded or coked. The coki ng nmechani smrequires both

tenper at Ul ébrt bfBlinelO18ahinGBnic?Alp s&RitebeTHIE @ah by rfa?@élﬂ@ﬂ%'by keepi ng the
particul ates away fromthe surface and by keeping the asphaltenes in

sol uti on. bRuddnsoadUuot snnllaefinerieebecausathere voifll beopdriods of hdn-psmtiction.
increased run lengths (less cleaning), inproved performance and energy
efficiency while also reducing the need for costly fouling mtigation

fﬁf’te:né’i”i'g é&é’@éﬁ?ﬁ@é%”%ﬁ@%‘ée iU D PR Rt aHoRAdherecE SLul ¢ ant
ol's to oerPiGaE b A AR T et d ShistdsiEtottifEtaky Ghag g orude
number (S r erpgf@fdu'ﬁ% 'a‘iﬁit'h'btaﬁgl@élf@x%ﬁ .b@:wﬁlf%eﬁﬁhﬁll)bchwé‘gt?gdedr becsBN. i Bh&

par amet er ting tO the conpatibility of an ol h different

propor t i orskitg MmetmdesmIelviesy bathxitimperatatecandsmeo Tienehe-fhepr amebe The SBN
is related tothe IN, which is determined in a simlar nmanner, as descri bed

in U S. PareatNoredGe@y by kBepingtthe paitsculatep apay dtad theswifaceynd by er ence.  Somre
bl endi ng %ipd,el i nes suggest .a SBWIN blend ratio >1.3 and a delta (SBN -
I N) >10 t o keepingithea nes e sglpienpisushireduciin anshiey elymingd r, these

or oci pi ¢ agPBE Topiaechia hease B R BRI RS e PR\ LA RBRRET o
bl endi N AL et i whi |
R i R L S R e R R L b
equi pment .opHofes. Pat . _

[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 (Iy) of the blend. The Sy is a parameter relating to the
compatibility of an oil with different proportions of a model solvent mixture,
such as toluene/n-heptane. The Sgy 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 Sgn/Iy blend ratio >1.3
and a delta (Sgy - In)>10 to minimize asphaltene precipitation and fouling.
However, these blends are designed for use as a passive approach to minimizing

asphaltene precipitation.

[0011] Attempts have been made to improve the method of blending two or
more petroleum oils that are potentially incompatible while maintaining

compatibility to prevent the fouling and coking of refinery equipment. U.S. Pat.



No. 5,871,634 discloses a nethod of blending that includes determ ning the
i nsolubility nunber (IN) for each feedstream and determ ning the solubility
bl endi ng wortbmwoe§%BN) for each stream and conbi ni ng t hepCeastmmadIg7 such
that the SBN of the m xture is greater than the In of any conmponent of the
m x. In another nethod, U S. Pat. No. 5,997,723 uses a blending nethod in
whi ch petroleumoils are conbined in certain proportions in order to keep

t he SBN of ' ' I : 1 luefe@Mimhb the t he
it ure. [ BOT2) Aot Oer Ban e o e dhd: DR el Eotine

Appl i cat i gsoNebilibl habePO)) foheachnfeeddtarasn hay defeominting ltht sdlabdityg a bl end
of a base crude oil and a predeterm ned amount of a high solvenc

di sper si vélgulieg nprdeP|Swy)fdecath stréraniang cemtiniag the ifecdstreams S@‘Fﬁxﬁl}atof at
| east 0.3 and a solubility. blending number (SBN) of at Ifaist 95, will
decrease ftheiPamgl thesairturets greaisT Hegsmkedapd anyempanent of fiegmix. In

i nduced/ pronmpt ed fouli.ng. 0 V. of the hu of .cr.ude oils

pr oduced ﬂagﬁ’(‘fﬁfrbeégo%n[?%g[agnéﬁ %§3 Wi @88&‘@%%&‘?’%‘%&” Iﬁlﬁgt neet the
current crj ' [ e LA i er
(Tang ot * ZEPlcky Bfs Gr BRbRICHIR Ritain MApRRiOAAM B8 & QT et
95. Ther efRix@urethighie? then a.4c0Mes el 688l bin deyglioRirdlg al ternative
approaches to increase the fouling mtigation and online-cleaning effects

of non-HSDP or "near-HSDP" crude oils. Such an approach to inprovenent of
non- HSDP or "near-HSDP" woul d i ncrease the nunber of options available to

refineri ed00E] boths deseribad menei fyHyiipsoprndane U hePatertatPRdcHIaelPs, whi ch
woul d al | nd mai nt enange cost  savi.ngs.,.SUMVARY OF THE I.NVENTI ON
Foul i ng mid S0 @h B s faverowid Aipt SFIdiBE e HIEPhg bagucrimribdhod

i ncl udes pr.ovj;ding: - Gl [ I o e \VA Mo 1 I { afrom a
i gh sol verasugfiuanto el g3 oy bl o R A B e
crude oi | 1antheaidRAll R5d hUMRIPYAN)S 4theast €53 Bd h@ofuilitydblBhginged crude
oil. The non-HSDP crude oil preferably has a solubility bl ending nunber
(SBN) | esswihiten (85 9usf A0casa8d, will eepreate falling dmbemenl withuspbaltard about
75. The effective anmount of resins is preferably at |east about 50 parts
per ml|i @ndipariigilatetindugashiyromeiad douldngr ef er abl y bet ween about 50 and 1000

parts per mllion by weight (wppm. 100151Accordi ng to anot her aspect of
the present invention, a non-high

[0013] However, of the hundredé of crude oils produced worldwide, only a
small number have been identified that meet the current criteria of a HSDP crude
oil, which requires a total acid number (TAN) of at least 0.3 and a solubility
blending number (Spy) of at least 95. Therefore, there is a continued need for
developing alternative approaches to increase the fouling mitigation and online-
cleaning effects of non-HSDP or “near-HSDP” crude oils. Such an approach to
improvement of non-HSDP or “near-HSDP” would increase the number of
options available to refineries for both fouling mitigation and on-line cleaning

effects, which would allow energy and maintenance cost savings.

SUMMARY OF THE INVENTION

[0014] According to one aspect of the present invention, a method of making

a non-high solvency dispersive power (non-HSDP) crude oil with increased



sol vency di spersive power (non-HSDP) crude oil with increased fouling
mtigation and on-line cleaning effects includes a base non-H SDP crude oil
and an efwecbimesmwnount of resins isolated froma high sorse@y/odisgper sive
power (HSDP) crude oil. 100161According to another aspect of the present
invention a system capabl e of experiencing fouling conditions associ ated
with particulate or asphaltene fouling is provided. The system i ncl udes at
| east one f6ﬁﬁ'ﬁ§«‘rr9ti%at'i&f AREbH-16RNAEAERE Fhdtsisrevidetdn THeuhethea@htlnideat i on
with the at | east one crude oil refinery conmponent. The bl end includes a
base crudgrevidimna nansHSPRi ghds olly prowididigsesins iiscdatedvieom atugh ISBRNcgr ude
oil with increased fouli ng}ﬂm’tiggti on and on-line cleaning effects. The

non- HSDP  elispgesive powier bHSRIY eandeloflpand hipnding tetnamHakP erudeiaibard aani ng
5ol at o FHGRINE ATGHOLBI Uiz i 5 doMs A e rudASt) | Bf TRb FOTDP CTHE base

de oil ¢ f . ' | t d
oi 1. The ErRaleaRh i DURLEREEHIR: Rhiakeb ISR 8t Al FPR ™S Reat
exchanger 1m(§ﬂéqu}éfe?a lg'b%wvéér?%&ﬁ P B o &Y PP e fFEQRE Ahouht ftledimsacket ed

tank, pipestill, coker, or a visbreaker. W) 2010/068267PCT/ US2009/ 006477

[ 0017] Accqg piaferably stleadieiboas pe hrtsipet hellurebe meighteppno)) and mathod f or
on-line cleaning of a fouled crude oil refinery conponent is provided. The
met hod i nirefiteably petvatanmapaat SOENEd] HHpkrtopér mdtiondyyweighpomppm).and f eedi ng
a blended crude oil to the fouled crude oil refinery conponent. The bl ended
crude oil includes a base crude oil and a non-high sol vency di spersive
power (nonHSDP) crude oil with increased fouling mtigation and on-1line

cl eani ng 400ES)t s. Adwrdimg-tbidDBtler adpecatidf the presentimeaston f ondndgghri t i gat i on
and on-line cleaning effects includes a non-H SDP crude oil and an

ef f ect i ve sehsngy disperssys REWEE hai-Eb DR berude wilgwith dncrsnassd oudiner si ve power

(HSDP) crude. oi.l . 018]. Accor di ng t.0 anot her ect o resent

nvent | on Mieatiphand B e tsening bits HvrsL ERe oS RIER tahponent
is provided. [ (ol Lk 1ding a
nonthi gh- S0/ Eay SRl oF S RoP e S B R cBep BRoBlove POR¥E Ceed ©
foul'i ng mtisyst) Gidéed. on-line cleaning effects; blending the base crude
oil with the non-HSDP crude oil with increased fouling mtigation and
on-line cleaning effects to create a bl ended crude oil; and feeding the

bl ended crude oil to a crude oil refinery conponent. The non-HSDP crude oi
with incrd88kal foul¢aegdimgttogaotter aspected-the pecseheimvientor pfsystem canableies a

non-H SDP crude .oil. and an effective anpunt of resi isolated froma high
sol vency dﬁ”gﬂ;g?g;%n%g%g;ng 1:@@510@ aspoCkited with particulate or asphaltene g

fouling is provided. The system includes at least one crude o1l refinery
component and a blend in fluid communication with the at least one crude oil
refinery component. The blend includes a base crude oil and a non-high
solvency dispersive power (non-HSDP) crude o1l with increased fouling
mitigation and on-line cleaning effects. The non-HSDP crude oil with increased
fouling mitigation and on-line cleaning effects includes a non-HSDP crude oil
and an effective amount of resins isolated from a high solvency dispersive power
(HSDP) crude oil. The base crude oil can be one of a whole crude oil or a blend
of at least two crude oils. The crude oil refinery component can be, among other
things, a heat exchanger, furnace, distillation column, scrubber, reactor, liquid-

jacketed tank, pipestill, coker, or a visbreaker.



[ 0019] These and ot her features of the present invention will becone
apparent fromthe follow ng detail ed description of preferred enbodi nents
whi ch, t akeroiomesmwnj uncti on with the acconpanyi ng draw BgI/US2éobwsdsrat e by
way of exanple the principles of the present invention. BRI EF DESCRI PTI ON
OF THE DRAW NGS [ 0020] The invention will now be described in conjunction
with the acconpanyi ng drawi ngs i n which: FIG 1 is a schematic of an

Al cor foulipogrpi MA&tRbinssehriothawEpectaitaRie Wrédent iveRfiBA SN methyEfér on; and
FIG 2 is a graph illustrating the effects of adding HSDP resins to a

nonHSDP cromdén®tleaning efte foudad cridsi dihrefireeraspeapionefit islpropidederithel nvent i on.
[0021] In the draw ngs, | i ke reference nuneral s indicate corresponding parts

method includes operating a fouled crude oil refinery component and feeding a

blended crude oil to the fouled crude oil refinery component. The blended crude

oil includes a base crude oil and a non-high solvency dispersive power (non-

HSDP) crude oil with increased fouling mitigation and on-line cleaning effects.

The non-HSDP crude oil with increased fouling mitigation and on-line cleaning

effects includes a non-HSDP crude oil and an effective amount of resins isolated

from a high solvency dispersive power (HSDP) crude oil.

[0018] According to another aspect of the present invention, a method for
reducing fouling in a crude oil refinery component is provided. The method
includes providing a base crude oil; providing a non-high solvency dispersive
power (non-HSDP) crude oil with increased fouling mitigation and on-line
cleaning effects; blending the base crude oil with the non-HSDP crude oil with
increased fouling mitigatioﬁ and on-line cleaning effects to create a blended
crude oil; and feeding the blended crude oil to a crude oil refinery component.
The non-HSDP crude oil with increased fouling mitigation and on-line cleaning
effects includes a non-HSDP crude oil and an effective amount of resins isolated

from a high solvency dispersive power (HSDP) crude oil.

[0019] 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.



in the different figures. [0022]While the invention is capable of various
nodi fi cations and alternative forns, specific enbodi nents thereof have been
shown by weypomiossise process di agrans and testing data siromuUsS2onIpIEES 1- 2,
and will herein be described in detail. It should be understood, however,
that it is not intended to limt the invention to the particular forns

di scl osed but, on the contrary, the intention is to cover all

nodi fications, equivalents, and alternatives falling within the spirit and
scope of the |nvent|on as def i ned by the appended cl ai ns. DETAI LED

DESCRI PTI Q = i&myll now be made in detail to
t he vari oos—= ' ' ot —The net hod and correspondi ng
steps of the i nventlon Wi I I be descrl bed in conjunction with the detail ed
description of the conpositions and the drawi ngs. Reference will be nmade to
speci fic ¢o020]i nertle ihoentpor paH @0 be desibeal inaonpundttiontwiththe ati on. WO
2010/ 068267PCT/ US2009/ 006477 [ 0024] General |y, the present invention ains to
i ncr ease theompaying drawings in which:

FIG. 1 is a schematic of an Alcor fouling simulator used in accordance
with the present invention; and
FIG. 2 is a graph illustrating the effects of adding HSDP resins to a non-

HSDP crude oil, in accordance with one aspect of the present invention.

[0021] In the drawings, like reference numerals indicate corresponding parts

in the different figures.

[0022] 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. 1-2, 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

[0023] 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 and
the drawings. Reference will be made to specific embodiments for purpose of

illustration and not limitation.



mtigation and on-line cleaning effects of a non-high solvency di spersive
power (non-HSDP) crude oil, wherein the non-HSDP crude oil can act as a
HSDP cr udwoanio/oedts7s ai mis achi eved by a net hod of nakiPog/us2e0v000d37gh

sol vency di spersive power (non-HSDP) crude oil with increased fouling

mtigation and on-line cleaning effects. The non-HSDP crude oil includes a
base non-HSDP crude oil and an effective anmount of resins isolated froma
hi gh sol vency di spersive power (HSDP) crude oil. Such a non-HSDP crude oil

can be made in accordance with the present invention by providing a

i spor st vaEfler Gt hEBGRR My ehRBh AR g RRAIE PP 8B & i i1 and
ff TRV~ g ] . 1 iV r
[ 0025] r ol LB B B Ry AR PRy e

(SBN) | esgném#SRPYutudil, avitkroiy the piod HSBIH yrude il €in 4d1a8 adiSDP dadand
| ess than about 75. Sel ection of such "near-crudes"” having a relatively

hi gh SBN iomlprbBuvegimhie ackieved by sanethedyofohaking aasqirhighesedgenay dibpersivgde
bl end according to Ol Conpatibility Theory, .but does not proyide the full
foul i ng mmm?n@h%mbﬁmdﬁ@lbw@adnﬁ@am glgomltagqtmwﬁf% ngj | |

0026] The resins @f th rese {yventi on. can, be . sol at m t.he . HSDP
Whot e or casmut gteets TR BoR Hiee AR R iE Byl sP Gyl
co-pendi n ld i / P j h | at i And
i hg CompnaanSRetiye apiibn b8 (E1A0 AlarEl i Shigh SOARHEY Hsps M ehoRe
t he cont eHSDH) ottidé€ bilarSuchnRcRsieISIDR Gy 6il Bah Be inhadeit ddcefdance with
Alternatively, a synthetic resin nolecule can be used to transformthe

non- HSDP ¢heipeesent inventhoraby prordding & nahildSDPurodé oilspas/idingS$eFinsr ude oi |

with regard to fouling mtigation and on-line cleaning effects. [0027] The
ef f ect i ve 1s@igAtrain arlighselvieacy dispsrsire power (H§§P)m& oBpanghbleadig

mllion by wei nd ,nor r ef er abl ween about 50, an 000
par t 5 per i Rod Sts PR o SraBr T et il e Pt i bbfed risop
resins i”%h?tf]es&lthe performance ability of "near-HSDP" crude oils by
i ncreasing the sol vency and di spersant characteristics to |evels that

enabl e such "near-HSDP" crude oils to function as HSDP crude oil in terns
of fouling mtigation and online cleaning effects.

[0025] Preferably, the non-HSDP crude oil has a solubility blending number
(Sgn) less than about 90, and more preferably greater than about 55 and less than
about 75. Selection of such “near-crudes” having a relatively high Sgy improves
the overall solvency of the asphaltenes in the crude blend according to Oil
Compatibility Theory, but does not provide the full fouling mitigation and on-

line cleaning effects of a HSDP crude oil.

[0026] The resins of the present invention can be isolated from the HSDP
whole crude using any known techniques, such as those described in co-pending
Application No. 12/292648, entitled “Methods Of Isolating And Using
Components From A High Solvency Dispersive Power (HSDP) Crude Oil” the
contents of which are incorporated herein in its entirety. Alternatively, a

synthetic resin molecule can be used to transform the non-HSDP crude oil into a



[ 0028] The non-HSDP crude oil described herein can be used for reducing
fouling in a crude oil refinery conponent, or even for on-line cleaning of
a foul ed wordw/wsie7r ef i nery conponent. For exanpl e, andPCm/iscaono@nte with
one aspect of the invention, a nmethod for reducing fouling in a crude oi
refinery conponent is provided. The nethod includes providing a base crude

oil; providing a non-high sol vency di spersive power (non-HSDP) crude oil
W th incr ﬂﬁ%do' i "ToingﬁsmS@wcrgaebnr\s'tﬁlr@gﬂangfsﬁm hfitighti@ndi ng
t he base gru e 1E)iWIH“\L'/\}/PI:E'H{E;tlhe non- HSDP cr ude oill W i ncr ealggéd f%ul i ng

m tigati ognds-lond tleeniakadficey effects to create a bl ended crude oil; and
feeding the blended crude oil to a crude oil refinery conponent. The

non- HSDP crude oil with increased fouling mtigation and on-1line cl eaning
effects includes a non-HSDP crude oil and an effective anbunt of resins

i sol ated fo@z7ja hiTgRe SedctRRAMSIRRATESINS iPPreerablySiiftastabdat 50 barts peR9] By
contrast, an alternative nethod can be used for a fouled crude oil refinery
conponent millen by eveigleamppm)y ind niongl prdfarablydetiveen aboutsyl/and hhparts

provi des that the conponent does not need to be r emgﬁg%‘g&ryp service and it
is not necesyHion byweightdwpemdr (ehdow leyebaddiiopep ns8H¥nts. The

-1 t hod i ncl ud ti. «foul wud il f.i . t d
Foedi ng & BATGHECBFURETaREe RUIERGT T Biten obuadeg ot oF EEpinEaEnant . The

orended CLyRgncy E?Jri] o @;n Enfiaserisfitdfy kIRt Shdbdisitipaelneney

di spersi vé powe rude ol I'ncrease Ing mtigation and
on-line clgap it &f fuetisn as PESIDPRIIEROBI Gh telensoof fowlink mitipaciag@adfcul i ng
mtigation and on-line cleaning effects includes a non-H SDP crude oil and
an effect iline chewmimg effectsesi ns i sol ated froma high sol vency di spersive
power (HSDP) crude oil. 100301Particularly, it has also been discovered to
use non-HSDP crude oils with increased fouling mtigation and on-1line
cleaning effects to performon-line cleaning of already foul ed crude
pre-heat q0028] exdhrngsi-5SIR caidessil de§dritexdyhereinpaneyt wseddor ngatuoieg heat
transfer efficiencies and recovered furnace coilinlet-tenperatures (ClTs).
Cl T | evel dodlingot & catdenaipreftiary sathpoacotyor sivpe so1 on-lingchesreng Rhde been
found to increase_dramatically when runni ng non-H, SDP créde oi lms1 W th

t

i ncr eased feelsticradao irghpery comrengAt | FAEC¥AaRlS: ARd &7 pecardancewitfhongy | n

i e I fi.ts. ar:I I fired
Peat g nesteet A AnEBRTT Moo RAgeub SR TBuhETY pier Mg STRHESH 176 heat
exchanger (ShiAMkRlistibl el Dhe MefRRGRERMNes ProviliiglPPadéde bide of [ wi th

i ncreased ing mtigation and on-line cleaning effects and its

concent r atprevidirfpoal hef-18xls BeNGAE P drs$awi¢%£0wesdmsﬂ S naade pétwikpheri ¢ and
vacuun) coilinlet-tenperatures (CITs), ich requires additional firing
resul t i ng increasedrfoatiog reitigatjpn dedwmdsnanltanowg effectsiclandingspbasaide oi l s
with increased fouling mtigation and on-ljne cl g?rj-i}ng effects of the
present i edst pidiviHbRE Node beRIdeP1} B iBcEaase L mitigaton 3nhel f oul ed
refinery conmponents. . Addition of non- HS crude o1 l. wi.th in se

foul i ng m:(i’t"iegci?alndﬂgﬁ Gel§ o crate élbg%(%ﬁlgcrélﬁgé)glr g’fl&ge%dl?%meegfeﬁggﬁgre\?%hanger
resulted ijy troeacée’t)(lﬂé o feihehP¥Ghpond e B RS U Peridoi® WiftBMcrE&REd T ed to

fire the furnac
fouling mitigation and on-line cleaning effects includes a non-HSDP crude oil

A

and an effective amount of resins isolated from a high solvency dispersive power

(HSDP) crude oil.

[0029] By contrast, an alternative method can be used for 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



WO 2010/ 068267PCT/ US2009/ 006477 [ 0031] Bl endi ng of the base crude oil wth
the non-HSDP crude oil and feeding of the blended crude oil to a crude oil
refinery wonpomesic7can be performed at and usi ng any of paTaseeceye4af known
t echnol ogi es which are standard in the blending of crude oils, such as
batch m xing in tankage, including tankage on transport vessels such as
oceanbound crude carriers, or continuous inline mxing in pipelines or

other sui tphecggs loSeudald Gadt @il t@r&ﬁ&Sﬁfﬂ&r%QGEEBﬁéﬁt&- TheQ#lihé ei t her
met hod, the addition of non-HSDP crude oil with increased fouling

m ti gati omethdd mellidesopdradng adoelfedantide viltreflabwscdmpinas phdlfeediagianduced
fouling and particul ate induced/ pronoted fouling. The sonmewhat hi gh SBN of
t he non- Hébmdeduradepilgoithe éartbd satdeoril wfinery somponiens| Bhe blandgehcauddspp

§_¥ e he cr GRLIG s e el end prens Rty e R RN o el p -
par £ cut at b P BHAHE M PrepFL Kl e L PhdsMIRTE RIS o non-
SDP cr ude id ndi-H DP eFRRSGH widtincRGsE8d Foglid H{M@@Mﬁhd bAgink! G&dHiRg

effects necessary in the blended crude oil wl ry based upon the TAN
and/ or SBNffeatsigsluddes o BESDP Shidewiligied on kffeodvé amohANoArebiny isGlRied/al ues
of the HSDP crude oil fromwhich the resins are isolated. Generally, the
hi gher TANremd/ligh SBNenay déspersive heweo (HBEDH andeleiloi | and HSDP crude oi |
resins, the | ower the volume of non-HSDP crude oil with increased fouling
mtigation and on-line cleaning effects necessary to produce a bl ended
crude oil that will reduce and/or mtigate both asphal tene induced fouling
and parti d0030)e i Rintiedaflyguitihag alsodicen gisanveredto use naf-HEPY coolepmient s,
including but not Iimted to heat exchangers. For exanple, the crude oil
refinery cotpiiwseaseddpuling mitigaton Rpd gagare cleanmgadiects o perferm 6A- 10 um,

Zﬁ;ugf ﬁ;’r ci%?ﬁ%é@a%%ﬁﬂ%&&)ﬁ?& gr%&i%%ré—%%lét trgf. exC ialllgérs%(r)ll((iec{therare\ﬁinsepyr eaker, or
components to improve heat transfer efficiencies and recovered furnace coil-
inlet-temperatures (CITs). CIT levels of both atmospheric and vacuum pipestill
furnaces have been found to increase dramatically when running non-HSDP
crude oils with increased fouling mitigation and on-line cleaning effects,
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 non-HSDP crude oil with
increased fouling mitigation and on-line cleaning effects and its concentration.
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 non-HSDP crude oils with increased fouling
mitigation and on-line cleaning effects of the present invention have been shown
to remove the foulant from already fouled refinery components. Addition of a
non-HSDP crude oil with increased fouling mitigation and on-line cleaning
effects to a fouled heat exchanger resulted in recovered CIT levels, thereby

reducing the energy required to fire the furnace.



WO 2010/ 068267PCT/ US2009/ 006477 [ 0034] The base crude oil can be a whole
crude oil or a blend of at least two crude oils. The non-HSDP crude oil

wi t h i ncrwaxeth/deeasi ng mtigati on and online cl eani ng eftCeatsgoonedser abl y
makes up between five percent and fifty percent of the total volunme of the
bl ended crude oil. 100351The bl ended crude oil including the non-HSDP crude
oil with increased fouling mtigation and on-line cleaning effects is then

processed [gh3fy n tﬁl%n&rﬁlfgi drhy -bag_é‘hﬁld'@!c{ipal% thE WeA- IS DPexilibich Saridrpr oved

characteristics over t se crude oil. Specifically, the blended crude

oi | exhi bifeeding Sif giie biepdsd chattusil twa crudd eiliké¢fivgerg cempoakat canuble whi ch
contain particulates. This results in inproved heat transfer within the

crude oi | peeformedyat andpsingrany efralvarietydidiioovn teshnologits whischragg

EPG T depindardiin Moo ndiDgial RGods il gurB Ab bE N s AR eRh b RS pact
o1 ine clales e riiRen VeSO SieRas ool B SR St Bl SaTPLAR, ) Py
The testi R ﬁ?g%grig%%%nméswﬁh sru?talsrev%srsel%ql[pg&emicgﬁ Secgsrsi@gd supply of

crude oil y of crude oIl can contain a u oi |

cont ai ni ngospineh. crude or a bl ended crude containing two or nore crude
oils. The feed supply can also contain a non-HSDP crude oil with increased
fouling mtigation and on-line cleaning effects, or the non-H SDP crude oil
can be introduced downstreamin the systemat a suitable |ocation using

known t echppsples. IRRehbeabtBOMRRhY allgitiogasfatbri BSOR eARRI Gl Wit idtreased
approxi mately 150C/ 302F and then fed into a shell 11 containing a

verti cal | yoolingntisgatheabrd ondiheldeaning efifeatsenhiti gates Bothaaspheltéror mddcéd om a
carbon steel. The heated rod 12 sinulates a tube in a heat exchanger. The

heat ed r odouling en¢é pagiqulatglinduasdpremated foyingletee pomewbabhigdr Senpdl and

the non-HSDP crude oils in combination with resins isolated from a HSDP crude
oil allows for the enhanced solubility of any asphaltenes in the rest of the crude
oils and/or blends. The presence of TAN is believed to help disperse the
particulates in the crude oil blend which prevents the particulates from adhering

to the heated surface.

[0033] The volume of non-HSDP crude oil with increased fouling mitigation
and on-line cleaning effects necessary in the blended crude oil will vary based
upon the TAN and/or Sgy values of the non-HSDP crude oil and the TAN and/or
Sgn values of the HSDP crude oil from which the resins are isolated. Generally,
the higher TAN and/or Sgy values of the non-HSDP crude oil and HSDP crude
oil resins, the lower the volume of non-HSDP crude oil with increased fouling
mitigation and on-line cleaning effects 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. For example, the crude oil refinery component can
be a heat exchanger, furnace, distillation column, scrubber, reactor, liquid-

jacketed tank, pipestill, coker, a visbreaker, or any other suitable component.



mai nt ai ned at such predeterm ned tenperature during the trial. Typically
rod surface tenperatures are approxi mately 370C1698F and 400C/ 752F. The
feed suppwo 20m/e8a6ped across the heated rod 12 at a fl owCratse000f006477
approximately 3.0 nL/m nute. The spent feed supply is collected in the top
section of the reservoir 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
psig) to ensure gases remain dissolved in the oil during the test.

Lo o ulbsd o bR 81 St whDE: Sl obldt £oleBlutr 4 RasPbo o

t enperatu nd for surface o e€ro rrng the constant
surface t enpes G4 hé a8hIFIIDPf QUHEBH ﬂﬁﬂ%r&%e@%uﬁﬁg |rﬁ‘§ig'dﬂoﬁ AnHiy-heat ed
surface. The foul ant deposits are thermally degraded to coke. The coke
deposi ts dmesteding effetBtproferabliyanskdshat betemdeadbve peceitfand ftg peedest or
ability of the surface to heat the oil passing over it. The resulting

r educt i on of thetathlevolbmielofithaibdendedpende atle conti nues over time as fouling
continues. This reduction in tenperature is referred to as the outl et
liquid AT or dT and can be dependent on the type of crude oil /bl end,
testing conditions and/or other effects, such as the presence of salts,
sedi ment ¢003Jher Fheublendedbemastdihpchuting itld son-AlSDBrededaioidiveith f oul i ng
test is carried out for 180 m nutes. The total fouling, as neasured.by the
total reduegressed ioubngnaitigatigniagdiadniies sleaping effects i theg mecweimémn or

dT180. [0Q38] The presence of ,parficyl at. in_a crude oil .has an ijpact on
foul i ng 021%%}‘}1}]5}%&@&?}1%@&5@%%5{“ rOIE%%ISﬁ%H@PEOYeg Cj’r?r‘?(ﬁg? LN ﬂ?%ul ing in
t he prese " i i 1C i4n.l: crude
oi 5t hat s el ARy 07 bk bAoA RIARTPAR Atk Ffieligh,
i nvent i on i @sulaiPbi&Bdserridd Whadh comMi@ingaaticulategndafs edsulie iRlimproved
formul ati ons of the sanme that experience and/ or produce fouling in refinery
conponent heanchnsfenyithirt theatrutle wiltrefinexy dwaponent carahgeecductibhanmvesdhce of
fouling reduces the heat transfer of the heating tubes or rods contained
within a GBSIZSYESQISEMPEON. As descri bed above, the presence of fouling has an
adverse inpact of heat exchanger performance and efficiency. [0039]1t has
been denonstrated that the addition of a non-HSDP with increased fouling
mtigation and on-line cleaning effects to a fouling crude oil blend
reduces pdf@3aul atF@rftb@pUmj)Sw&nH@%mmnednddiOIallabtﬂttlIO@L Fioodpdemctsamipl e t est
d to.determne the effect the addition of a -.HSDR crude oils

Wit gpfﬂzféﬁ%@eﬁg FRGABE BRSO YR P S ‘é‘%ﬁﬁ%&:%&&g PEOifh o base
T Frg. 2 ORISRtk S WA el SRR RedhieafOR B3 iBk Bl due o i ne

addi tion ‘é?fe@éqf‘idl@,%‘{ﬁ@'?e&ﬁ&fbﬁ ad hﬂﬁgatfdrpgﬁfd?ﬂing. STIRPREAYE ARbREYmeRPe The

reduction in fouling is increased to 33% when an addi tion of 25% non- HSDP

crude oil indlhdle2oesepir 00 coagiimagiasfekdtsagphr efforadéidDP Tieuféedsupplysofbl ended

with the base crude. . ' o
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
non-HSDP crude oil with increased fouling mitigation and on-line cleaning
effects, or the non-HSDP crude oil can be introduced downstream in the system
at a suitable location using known techniques. 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 a 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



[ 0040] The results denonstrate that addition of ppmof resins isolated from
a HSDP crude oil to a non-HSDP crude oil before blending wth a base oil

I ncr easeswoheldmsdsrng mtigati on effects of the non- HSDPcTrusde9ood477 The
above illustrative exanple of the benefits of the present invention is not
intended to limt the present invention. [0041] As descri bed above, and in
accordance with another aspect of the present invention, a systemis

provi ded mhtahﬁecp@t%lahq)r@aet@fmﬁa@ueaﬁpeﬁuﬁ&wurn% gRensal. i PPsicaisesdated with
particul ate or asphaltene fouling. The system generally includes at |east

one cr ude sarface efmperaturepaecappndxiaradely IM02EHIIIF fandi4D0COMNRIF c Sthedieedv t h
the at | east one crude oil refinery conponent. The bl end includes a base

crude oi | sapelyds wmmdgwr@,sslth@h@ytedurgééﬂsat\ﬂeﬂgwmte Qﬁm@ﬂprpmﬁe}teb'rhee oi |
th incr d f I d ff

Mo Hbp ST, e Pt POl LGS S roliks e B theriDB sectieh BROIS e e PEani ng
ffect f

Csorat ed nPont 5 shegh Peked SiBRLY TsieBptied BRI BTk BEL TR off by, 07 as

not ed abO%ealeag%téastﬁe%gdﬁclo%h g 98P oR€e-throligh Speraiide. orﬁe @rsté}n%end of at

| east two crud rude oil refinery conponent can be a heat

exchanger préssuriaedwith sitiogeA(#00-500/psig), tosnsulEbgdses raasinadissdlvediirdtheacket ed
t ank, plpestlll coker, a visbreaker, or other suitable conponents.
[ 0043] It will during thegesterfEhermochuple rerdingsdre recordechfar the bulkBnidoindet

nmodi fications
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
dT 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] The presence of particulates in a crude oil has an impact on fouling of
a refinery component or unit. There is an increase in fouling in the presence of
iron oxide (Fe,0O3) particles when compared to similar crude oils that do not
contain particulates. 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 ihcluding but not limited to heat



and/or variations can be nade w thout departing fromthe scope of the
present invention. It is intended that all natter contained in the
acconmpanywogQospesicl’i cati on shall be interpreted as il ugcratseas/oedlry and
not inalimting sense. Wile the present invention has been described in
the context of the heat exchanger in a refinery operation, the present
invention is not intended to be so limted; rather it is contenplated that
the presepkchnRN i PRe bfeseléd 8PFdulin reliRE8Ciheheat taffebf ttdidatigigl oul ing in
ot her refinery conponents including but not limted to pipestills, cokers,
vi sbr eakemsba&ng rolie contatned WRAHA Fhedttexchanger. iAs describetiabphvefithd t hat t he
use of a non-HSDP crude oil with increased fouling mtigation and on-Iline
cl eani ng pféseoce of fanlingsieas areadvarse mpaas of heatgxdhanger peréemmancerppdnt i on,

can be comhined with other techniques for reducing and/or mtigating
foul i ng. SHEHCREEhni ques include, but are not limted to, (i) the provision
of |l 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 incorporated h%&%n specifically
by refer ed@@39](i i JIt hascbessedenonsgratedthas th Hapodja RPN Iths descri bed

o TR B IR o1
pul oot o M e PR 688 DGR QP St acesapl, Tos.

2007, ent iiddt @ehs"JRefbiiledad determitit theffoctbatadBitidrpoensn-HSDP dtudebisur e of

which is incorporated herein specifically by reference; (iv) the use of

el ect r opolwighimgeasad fealing xutigatjer and bedirencleaningeffeatewdbat basgsradel/ or
nodi fications, as described in U S. _Patent plication No. 11/641. 754, the
di scl osur @ildfasyi the fpgllng@(ﬁrtlpﬁ)b@&eeul-hEh@ireﬁlﬁg@éﬂ fhlestratgd By Figetr Ehee:  and

1) 641, 758cuatcBndRb bRe 5T 3¢ rapccongiol e e el im AL BP roat
11/6 d 8 125t o Rech t
ner ot n-spdir? KEFBuhe kgl s spARIARIP2EOE, The MM (Tlip RRRERET ©

i nvent i on jcQueed thi332iRehidn £R4dAASH BT 598 hbAIHISDP Ghdé ba wihSd Wispai N,
provi ded they cone within the scope of the appended clainms and their

equi val entof resin®#bldféd frona a 88 DPauhde ofl as blevfdeti tveith theebdseamudas been
described, it will be apparent to those skilled in the art that various
nodi fications can be made wi t hout departing fromthe spirit and scope of

the i ti 100461A i ly, it i i d t hat .t i ti b
Lo b E by heaeRunBantiar taat adiion bhEPRTaienns RIS Hie boon
d i bed t | | i t th

Ski 11 eq 1 ARE RGN & e BRPIREnRR T BRO R BRR L EREL ¢ her et o

wi t hout d%ﬁﬁ&& A9hd FAMAI RGPt eB8ds SF MMENSH-HIOPRIESES. Theaboven. Each

of these enbodi nents and obvious variations thereof is contenplated as

falling wilhdtrativeexapiplé bf @idbatdhe o6 thd presehtannentiomisanitiinrendediteh is set
forth in the foll ow ng clains.
limit the present invention.

[0041] As described above, and in accordance with 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
generally includes at least one crude oil refinery component and a blend in fluid
communication with the at least one crude oil refinery component. The blend
includes a base crude oil and a non-high solvency dispersive power (non-HSDP)

crude oil with increased fouling mitigation and on-line cleaning effects. The



WHAT IS CLAIMED | S 1. A nethod of making a non-high sol vency

di spersive power (nonHSDP) crude oil with increased fouling mtigation and
on-1ine cveaniomgs®wfiifects, conprising: providing a non- HBDP/Uuscad@oc? ;
providing resins isolated froma high solvency di spersive power (HSDP)
crude oil; bl endi ng the non-H SDP crude oil and an effective anount of
the resins to forma bl ended crude oil. 2. A nethod for on-line

cl eani ng gonaHEPIP @4 de oioRithiihcregidd @Y ing AHRPAGIGH, andTRIing clegnirgper ati ng a
foul ed crude oil refinery conponent; and feeding a bl ended crude oil

to the foueffedtscinohiglesialnoneHSEH grudenpbaedhan effieetitd emdadt of radesaisblated

conpri si n% a bl end of: . _ .
rom a high solvency dispersive power (HSDP) crude oil.

[0042] As noted above, the base crude oil can be a whole crude oil or a blend
of at least two crude oils. The crude oil refinery component can be a heat
exchanger, furnace, distillation column, scrubber, reactor, liquid-jacketed tank,

pipestill, coker, a visbreaker, or other suitable components.

[0043] It will be apparent to those skilled in the art that various modifications
and/or variations can be made without departing from the scope of the present
invention. It is intended that all matter contained in the accompanying
specification shall be interpreted as illustrative 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.

[0044] Furthermore, it is contemplated that the use of a non-HSDP crude oil
with increased fouling mitigation and on-line cleaning effects, 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, (1) 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



a base crude oil; and and a non-hi gh sol vency di spersive power
(non-HSDP) crude oil with increased fouling mtigation and on-1ine cleaning
ef fects, wbansvawsishe nonHSDP crude oil w th increased feualriusgooiové4gat i on

and on-line cleaning effects conprises: a non-HSDP crude oil; and
an effective anount of resins isolated froma high sol vency di spersive
power (HSDP) crude oil. 3. Anethod for reducing fouling in a crude

oi | refi n%reyelﬁ@i}@aﬂ%any b‘y'(?@?%ér%engm) RhOUsEbN AuR] PAISSLiGH HA® 0P Mibration,
providing a non-hi gh sol vency di spersive power (non-HSDP) crude oil with

i ncr eased vilduh ichg beicongshedwidnghirfiuvel doadngs, emrdesgribéd m:Uss Rehenitei n t he
nonHSDP crude oil with increased fouling mtl% ation and on-line cleaning

ef fects campplication No.nldri8@&K0b7 cliledeorolun. EhR007, 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 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.

[0045] 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.

[0046] 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.



an effective anount of resins isolated froma high sol vency di spersive

power (HSDP) crude oil; bl endi ng the base crude oil with the non-HSDP
crude oi Iwei2otvidiesmreased fouling mitigation and on-Ii nepclrasepomagoafiif ects to
create a bl ended crude oil; and feeding the bl ended crude oil to a crude
oil refinery conponent. 4. The nmethod according to claim2 or claim
3, wherein the base crude oil is one of a whole crude oil or a blend of at

| east two WIHAT ¥ CS.AIMED IS: The nethod according to anyone of clains 2
to 4, wherein the crude oil refinery conponent is selected from heat
exchanger, furnace, distillation colum, scrubber, reactor, |iquid-jacketed

k, pi il ker, i shreaker. . : . ' '
tlyblpfth dg_eggdf%%eﬁ&pﬁga%ﬁé‘egowmg seb%nﬂé*é%p%re%}{}%%g?w%‘%ﬁé&ﬁ-élfhtz
] . n u .
accordi ngﬁ@??gﬂ#@ymﬁl gﬁea'té%%kﬁg?\qi@&gagfoglaéendgg?'IWSSCI%ansl% -t%@i%f;{lg?y °

bl endi ng %§E¥§ sine>BN) greater than about 55 and |ess than about 75. WO
2010/ 0682 US2009/ 006477 8. The method according to anyone of the

precedi ng cl ai Frovides indn-HSDP crude oil;
providing resins isolated from a high solvency dispersive power (HSDP)
crude oil;
blending the non-HSDP crude oil and an effective amount of the resins to

form a blended crude oil.

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
and a non-high solvency dispersive power (non-HSDP) crude oil
with increased fouling mitigation and on-line cleaning effects, wherein the non-
HSDP crude oil with increased fouling mitigation and on-line cleaning effects
comprises:
a non-HSDP crude oil; and
an effective amount of resins isolated from a high solvency

dispersive power (HSDP) crude oil.

3. A method for reducing fouling in a crude oil refinery component,
comprising:

providing a base crude oil;



the effective anount of resins is at |east about 50 parts per mllion by
wei ght  (wppnm) . 9. The nethod according to claim8, wherein the

ef fecti vewarmownisswi7 resins i s between about 50 and 1000 ppanussoo@oc4ni | | i on
by wei ght (wppm . 10. A non-hi gh sol vency di spersive power (non-HSDP)

crude oil with increased fouling mtigation and on-line cleaning effects,
conprising: a base non-HSDP crude oil; and an effective anount of

(550220, ey SeatignLuman, penr o yrugete o) o o |
parti cul atetloincasgskd/foeheg hatigatign andwprlirsd clganing effects, wherein the non-
HSDP crude oil with increased fouling mitigation and on-line cleaning effects
comprises:
a non-HSDP crude oil; and
an effective amount of resins isolated from a high solvency
dispersive power (HSDP) crude oil;
blending the base crude oil with the non-HSDP crude oil with increased

fouling mitigation and on-line cleaning effects to create a blended crude oil; and

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

4, The method according to claim 2 or claim 3, wherein the base

crude oil is one of a whole crude oil or a blend of at least two crude oils.

S. The method according to anyone of claims 2 to 4, wherein the
crude oil refinery component is selected from: heat exchanger, furnace,
distillation column, scrubber, reactor, liquid-jacketed tank, pipestill, coker, and

visbreaker.

6. The method according to anyone of the preceding claims, wherein
the non-HSDP crude oil has a solubility blending number (Sgy) less than about
90.

7. The method according to claim 6, wherein the non-HSDP crude oil
has a solubility blending number (Sgy) greater than about 55 and less than about

75.



at | east one crude oil refinery conponent; and a blend in fluid
comuni cation with the at | east one crude oil refinery conponent, the bl end
i ncl udi ngwe 2bewswrude oil and a non-hi gh sol vency di SpeCIivseonower7
(non-HSDP) crude oil with increased fouling mtigation and on-1line cleaning
effects, wherein the non-HSDP crude oil wth increased fouling mtigation
and on-line cleaning effects conprises: a non-HSDP crude oil; and

an effective agount (}?{e &@ﬁioﬂ%d'fgﬂiiﬁl%%&aﬁy&ﬁe aftHqu?eéézilﬁ efaimdi WVAFeTh Ve

power (HSDP) crude e systemof claim 11, wherein the at

| east one tl¢ effectdid amhehntnef esiRipankast atvous S0grirsher moiblion beateightchanger,
furnace, distillation columm, scrubber, reactor, |iquid-jacketed tank,

pi pestill (wppkgr, and visbreaker. WD 2010/ 068267PCT/ US2009/ 006477

13. The system of claim 12, wherein the at |east one crude oil refinery
conmponent is a heat exchanger.

9. The method according to claim 8, wherein the effective amount of

resins is between about 50 and 1000 parts per million by weight (wppm).

10. A non-high solvency dispersive power (non-HSDP) crude oil with
increased fouling mitigation and on-line cleaning effects, comprising:

a base non-HSDP crude oil; and

an effective amount of resins isolated from a high solvency dispersive

power (HSDP) crude oil.

11. A system capable of experiencing fouling conditions associated
~ with particulate or asphaltene fouling, comprising:
at least one cnlde oil ﬁreﬁneryrfrzomponrent; ;clhd
a blend in fluid communication with the at least one crude oil refinery
component, the blend including a base crude oil and a non-high solvency
- dispersive power (non-HSDP) crude oil with increased fouling mitigation and
on-line cleaning effects, wherein the non-HSDP crude oil with increased fouling
mitigation and on-line cleaning effects comprises:
a non-HSDP crude oil; and
an effective amount of resins isolated from a high solvency

dispersive power (HSDP) crude oil.

12.  The system of claim 11, 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.



14. The non-HSDP crude oil according to anyone of clains 10-13, wherein the
effective anount of resins is at |east about 50 parts per mllion by weight
(wppm) . WO 2010/068267The non- HSDP crude oil of claim 14, waEmus2enoohe77
effective anount of resins is between about 50 and 1000 parts per mllion
by wei ght (wppmnm). 16. The non-HSDP crude oil according to anyone of
clainms 10- 15, wherein the base non-HSDP crude oil has a solubility

bl endi ng nunber;3( SBYhd §8fenk BARIAMPOLE, vWikrein the at 1dabt of[@@rddérbil"%&fr ude oi |
of claim 16, wherein thé base non-HSDP crude oil has a solubility blending

nunber ( SBdmpenent 8ra hdwmrexahanger55 and | ess than about 75. 18. The
non- HSDP crude oil according to anyone of clainms 10- 15, wherein the base
non- HSDP crude oil is one of a whole crude oil or a blend of at |east two

crude oils. )
uae orts 14.  The non-HSDP crude oil according to anyone of claims 10-13,

wherein the effective amount of resins is at least about 50 parts per million by

weight (wppm).

15.  The non-HSDP crude oil of claim 14, wherein the effective amount

of resins is between about 50 and 1000 parts per million by weight (wppm).

16.  The non-HSDP crude oil according to anyone of claims 10- 15,
wherein the base non-HSDP crude oil has a solubility blending number (Sgy) less

than about 90.

17.  The non-HSDP crude oil of claim 16, wherein the base non-HSDP
crude oil has a solubility blending number (Sgy) greater than about 55 and less

than about 75.

18.  The non-HSDP crude oil according to anyone of claims 10- 15,
wherein the base non-HSDP crude oil is one of a whole crude oil or a blend of at

least two crude oils.



