- 1 - METHOD FOR REDUCI NG O L FOULI NG | N HEAT TRANSFER EQUI PMENT FI ELD OF
THE | NVENTI ON 100011The present invention relates to the processing of

whol e cr e 20098506kl ends and fractions in petrol eum ref iPoErisessans1pt her

pl ants processing such materials, for exanple, petrochem cal plants. In
particular, the present invention relatgs to a nethod for reducing fouling
in heat transfer equi pnent including heat exchangers, furnaces, and ot her
process units using a blend containing a resin or resin extract. BACKGROUND
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processing, is the accunul ation ofEﬁwagEﬁfleposi fluid of

hydr ocarbon origin on heat transf in process units. By "heat
transfer surfaces” is neant a surface across which heat is transferred from
or to - usually, to - the hydrocarbon fluid, for exanple, the tube surfaces
i n furnacFsEEDOFERIE ISXENIDO®r s. Foul i ng has been recogni zed as a nearly
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across the apparatus an ci ent essure and flowin the unit.
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origin can result froma nunber of mechanisns including chem cal reactions,
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resin or resin extract.

BACKGROUND OF THE INVENTION

[0002] Fouling is generally defined as the accumulation of unwanted
materials on the surfaces of processing equipment and in petroleum proéessing,
is the accumulation of unwanted deposits from a fluid of hydrocarbon origin on
heat transfer surfaces in process units. By “heat transfer surfaces” is meant a
surface across which heat is transferred from or to — usually, to — the
hydrocarbon fluid, for example, the tube surfaces in furnaces and heat
exchangers. Fouling has been recognized as a nearly universal problem in the
design and operation of such equipment 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 unit.
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 unit.

[0003] Fouling in heat transfer equipment used for streams of petroleum
origin can result from a number of mechanisms including chemical reactions,
corrosion and the deposit of materials made insoluble by the temperature

difference between the fluid and heat exchange wall. When crude oils are



di fference between the fluid and heat exchange wall. Wen crude oils are -
2 - passed through heat transfer equipnment, for exanple, when the heating
medi um orwoOhleoYmso6si de of the exchanger is much hotter POAUSRIVS/00%4111
relatively high surface or skin tenperatures can result and asphaltenes in
the crude can precipitate fromthe oil_qand adhere to these hot surfaces.
The presence of insoluble contam nants may exacerbate the problem bl ends
of a lowsulfur, |ow asphaltene (LSLA) crude oil and a high-sul fur, high
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presence of salts and particulate which precipitate fromthe crude and

adher e t optaegpitetat fzoms thef acleand | adhegartocthesat loti sunfiscescad hel yesbnd:eh an

initiating and pronoting role in the fouling ol e crude oils an
bl ends: | MSAIEhIE gentaginanigimay ciasribate télﬁmrehler%\g@ aha lew-ay! Euﬁ ¢WVor i des

Cubes and IAUEERGLO Lok e B0R Shidrbul hisr SoRlleDe T irAT it TS
are stillrohacibly, ARROSS Uabiek: fPhisnfif §nthﬁfl\6‘?eafsg ihefBRiRe SHRGABL AN ant s

and inefficiencies offen reut fro e carryover of lals with

the crudeobiitorf endde ([FrOKLYSpdrticulaent Sobieqm@nt Sexposiitey otfotmetplr@dlpumed
refineries and other plants in ternms of |ost efficiencies, |ost throughput,
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exchangers. [0006] The cl eaning process, whether chemical or nechanical, in

pet r ol eunsuréddeserlnerganiicortanopandsicanl play Aoths anfinditiogreespronsating role
shut dovvns HlDe %oulmg of whole crude oils and blends: iron oxide, calcium carbonate,
silica, sodium and calcium chlorides have all been found to be attached directly
to the surface of fouled heater tubes and throughout coke deposits on the heater
surfaces. 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.

[0005] Equipment fouling is costly to petroleum refineries and other plants in
terms of lost efficiencies, lost throughput, and additional energy consumption
and with the increased cost of energy, heat exchanger fouling has a greater
impact on process profitability. Higher operating costs also accrue from the
cleaning required to remove fouling. 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.

[0006] The cleaning process, whether chemical or mechanical, in petroleum

refineries and petrochemical plants often causes costly shutdowns; most



refineries practice off-line cleaning of heat exchanger tube bundl es based
on scheduled tine or usage or on actual nonitored fouling conditions.

Reduct i orworzoadsseszt ent of fouling will |ead to increasedTruseooseogths,

i mproved performance and energy efficiency while also reducing the need for
costly fouling mtigation options. 1000y1lt woul d obviously be desirable to
prevent the precipitation/ adherence of particul ates and asphal tenes on
heated transfer surfaces before the particul ates can pronote fouling and

t he asphal tenes beconme thermally degraded or coked. By keepjng,asphal t enes
in soluti b?ﬁ%ﬁtfﬁspaﬁaﬂlemo}?-é@ei egﬂ’é‘%eﬂgi Al expRANgET (U F%@f&?%mﬂ“ 8R and
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inthe refinery. Blending of oils in refineries is conmon, but certain

bl ends ar end energyatfifisiencynehdawdso prdecing thet need fifr cospliyafoubingsnitigationan

rapi dly foul process equi pnent. Although nost bl ends of unprocessed crude
oils are ABHOBBtential ly inconpatible, once an inconpatible blend is
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oils are In a manner which maintains conpatibility. U S, Patent No.

5, 871, 634cdVbehraptedtadinms asd aheratpitaltenks Heeosicnghetinally i depradirisodebkedri ni ng
the insolubility nunber (In) for each feedstream and determning the
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f eedstreans such.that the, SBN of the njxture,is greater than the h of, an
componens PECIIFIGR and, fabseausal BEERAL degradationd cile oRBanis. genosyiss 4ty on)

uses a bl j [ i | onbined in certain
proportio%@g#ﬁg%ﬁgggﬂggh%3§%k$Egaégﬁﬁgﬁﬁ@w%hhfgﬁﬁggﬁhigher than 1.4 tines
the h of moysjoi | One tdtﬁntffbﬁﬁh'% ecausef 6f €9akng Sis "Bée ﬁ'&@cddﬁn@ 87 Iblegds atd
5,997,723 for a description of the nmethods by which SBN and In nay be

det er m nepetrdenm oilentidiffergot dagimisthe-refinerys uBlpesting oSBNs /in mefihemes isat i o
>1.3 and a A(SBN :-In) >10 to m.nim ze asphal.fene precipitation and fouling.
However, F9BEWN,| BRHsCestadn qBlindsedrs gneoaipa ble, apsls Gapae apfscRIRtiony of
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foul i ng apgpreeEdsedratie diISdHf‘eeﬂoﬁ;_‘gtﬁdnﬁﬁl@wn@bﬁirb@tilme Coritdea®ithéopatibleer t ai n
hi gh sol vency di spersive power (HSDP) crude oils. Wiile this nethod is

ef f ect i veblaaddssobiairexd], the rapyd nfouling arehwekirenthdtoresaidts husaradlyeveuyres
refinery to nake use of the nethod since access to cargoes of the proper
HSDP cr uddRIttag deyn e rehigyng BrogvaRin eshorsimey/EAne oNtigadng arpashdsnt

I nventi Onb@ernoyoi ggssurg &t QP gwgforr l%%lgec ipggen%lsal?lgafntcglr{lepa?irt])(iie petroleum oils are
blended in a manner which maintains compatibility. U.S. Patent No. 5,871,634
(Wiehe) discloses a method of blending that includes determining the
insolubility number (I,) for each feedstream and determining the solubility
blending number (Sgy) for each stream and combining the feedstreams such that
the Spy of the mixture is greater than the I, of any component of the mix. In
another method, U.S. Patent No. 5,997,723 (Wiehe) uses a blending method in
which petroleum oils are combined in certain proportions in order to keep the
Spn of the mixture higher than 1.4 times the I, of any oil in the mixture.
Reference is made to US 5,871,634 and 5,997,723 for a description of the

methods by which Sgy and I, may be determined. Some blending guidelines



particul ate i nduced fouling by using extracts of HSDP crude oils to

di sperse and sol ubilize asphaltenes and di sperse inorganic particul ate

cont am namDoeumskeas salts and corrosion products such a&sTiuseevsosddde. Wil e
the present invention is described primarily with reference to heat
exchangers, it is not limted to applicgtion in that service but rather,
may be applied to other equi pnent and conponents with heat transfer
surfaces including furnaces, pipestills, cokers, visbreakers and the |ike.
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di spersing i norgani ¢ partictlate contamnants. The extracts ich are used

are essenphgive/apfdhéPusniafihiling aspirdicns peeipitatsorg el tene fractions.
These resins may be separated fromthe HSDP crude by a process of

extracti o0p9jom dn rekpedhpplcdtiereSenal NoetlHi0o640dd aunethgd)is glescnpadafdri ni ¢
solvents. The. present invention.therefore provides, in one a t, ,a method
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added in the formof a solution in a light (C5-C8) paraffinic solvent but

i f desireand tevery esfimeryety hekaddsed ofithe unéthod gihee actessotobearngoestaddtheWhen
the resin has been blended into the oil, it can then be passed over the
heat t r anBfoper SINIPR caudesrmay&ophpe&as8¥%i ng unit with a reduced |ikelihood of
fouling taking place. 100121The HSDP oils fromwhich the resins are derived
are oils which are characterized by a Solubility Bl ending Nunber (SUN) of
at | east VATARR' st 85 or 100 or higher, for exanple, 110.
For a def ?ﬁl ti olrll?a(ﬁfjﬁgggbﬁ]ﬁ?gﬁaof the Solubility Bl endi ng Nunber,
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pur poses of the present invention, the HSDP oils from which the resins may
be deri veparticelai¢ induskdrfautingibyedsipg exsrasist o lHBIP Fhgrudeaitsato dispersamter

(TAN) of at ast 0.3 referaply at .least.1.0 or higher, e.qg. 4.0 the
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that would otherw se occur due to the inconpatibility and .

near - i ncoagrdidabioni inythat servidge witl mtherd nbaye besaprilzaiB)] otheraemupmgge asfl t he
use of the extracts js that the volu of. reauir d treatrrent.ﬁ]l%ui for
reduci ng $JNPPRNLS Wi reat JpanstersuHageingaing, fymaces Pipestille coksES oi |
itself SOViSQPetakEgear{(Fl:h%tlllyee.ly snal | er amount of treatnent fluid can be
transported nore easily to a plant needing it. In addition, the treatnent

extract igpoffre PAERRiNdoCaRe bprednt Xpehiloh TedAtRIcCt@NBENhighWisolvdrite base
crude oil and | ess expensive bl endi ng equi pnent along the |ines of additive

bl ender s diapetseveupaster AdSHBIF)asade toal arkeaudedrtgeassisbinunmintaiiing asphidéeneseded
when crude oils thense|ves need to be bl ended. .. . . .
in crude oils in solution in the oil and to assist in dispersing inorganic particulate
contaminants. The extracts which are used are essentially resinous asphaltic
resins comprising maltene fractions. These resins may be separated from the
HSDP crude by a process of extraction from an asphaltic fraction precipitated
using light paraffinic solvents. The present invention therefore provides, in one
aspect, a method for reducing fouling in heat transfer equipment for heating oils
of petroleum origin by blending an oil of petroleum origin with an asphaltic

resin, namely a maltene resin, derived from a high solvency dispersive power



- 6 - BRIEF DESCRI PTION OF THE DRAW NGS [ 0014] The invention will now be
described in conjunction with the acconpanyi ng draw ngs i n which:

[ 0015] Fi gwoRonssm2a test rig used in experinental workPCo/useeuionsmt he
effect of the resin extracts on the thernmal processing of petroleumoils in
heat transfer equipment; and [0016]Figwe 2 is a graphical representation
of the effects of a selected crude oil resin fraction on the fouling
resulting fromheating a selected crude oil blend. DETAI LED DESCRI PTI ON OF

EMBODI ME THE, I NVENTI ON [0017] The addition of crude ojl, resi nous
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crude oils and fractions derived fromsuch oils. The reduction in fouling
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over 350C) .in whjch phal t enes. of varyi ng, nol ecul ar wei ghts are
encount er ¥dth %ﬁ@%?ég@‘ﬁﬂﬁ@ﬁg@gf%bﬁ&ﬁl‘éﬂéé’lqcﬁ- the oils generally increasing
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above 450 uch esen 0 a stgnrficant "anount. The

reduct i onchirabReizZE@Iby SaaksRibiR! IBlehainey NwhBbt qSyR) asPhel feaSt i Sind
i ncludi ng those derived from Cal'i forni an and Mexi can” crudes. The sol vency

ef fect of ptdferabdgiandeast 8Fsoral 0®loe hHighemifot akainpte, t1H®. aBphal defimeton rand
solution in the oils being processed in the heat transfer equi pnment and in
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preferentially by a Total Acid Number (TAN) of at least 0.3, preferably at least
1.0 or higher, e.g. 4.0: the degree of fouling reduction which may be achieved
appears to be a function of the TAN level in the overall blend. The high Sy
levels associated with most high TAN crudes have also been shown to aid in
dissolving asphaltenes and/or keeping them in solution more effectively which
also reduces fouling that would otherwise occur due to the incompatibility and
near-incompatibility of crude oils and blends.
[0013] One advantage of the use of the extracts is that the volume of required
treatment fluid for reducing fouling is much lower, when compared to the use of
the crude oil itself so that the relatively smaller amount of treatment fluid can be
transported more easily to a plant needing it. In addition, the treatment extract is
more potent and can be admixed in smaller amounts with the base crude oil and
less expensive blending equipment along the lines of additive blenders can be

used, as opposed to the larger volume mixing tanks needed when crude oils

themselves need to be blended.



nmol ecul ar weight they are internediate the oils in which they are sol uble
and the 7 - higher nolecul ar wei ght asphaltenes. They may be recovered
from t he wephalassdseacti on of the oil and are therefore aprivs2aeseriibed as
asphaltic resins. Conpositionally, the asphaltic resins used for the
purpose of inhibiting asphaltene precipgitation fromcrudes and crude
fractions are naltenes. Mire inportantly, they can be characterized by
their solubilities in various organic solvents. The resins may be obtained

by extracbirngn f the ai‘ﬁﬂmalt fraction of a reduced petroleumcrude oil with
a light pRFIEFLESCRIBTY@NOF THE MEAWINGEr of the resin produced will depend

in part u t he % ect.ad Sj f.avari - pr rh: y be
obt ai ned Bﬁﬁ?lhi S ?\/%/ ﬁ%gﬁ?huﬁlﬁi tns)qgs&gi g%%fl(s%ggt gﬁf ggﬁjgﬁﬁﬂggr Mlgﬁlg‘ré crude
or blend gécoinpaifan®drawnsiiAwiieN: be determned enpirically, for exanple,
using a test nethod such as the one described bel ow using an Al cor TM t est
rig. [001@joTsie askpiigall tshbmact teshrigfusaddn wdpenimental wouk for cootfirom thef efifees cr ude
oil or a resid (atnmospheric _or vacuun) which is soluble jn aromatic

hydr ocar beh&e esibexirasts ar thgethsraalc MOsSEssiag Od Peji A ilsnia transfirupl e
in aliphatic hydrocarbons, especially the Iight paraffins which are used
conmmer ci aFﬂVp NG of i nery for renoving the asphalt fraction from high

boiling f i oNnsg; ‘ol L i hlge. The
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napht has, preferably 86-88 Beaune, are also effective for this purpose. A
comon sol vent used for characterization purposes is precipitation naphtha

whose conposition is defined in_test nmethod ASTM D91. The asphaltic
fracti onnBtEaTé*ilFEP GRIETIGN QF EMBORIMENTSPE FHEINCENTIQN yi t 1h di f f er ent

solubilit ara LSk | [N 3 i kf?ﬁ'% 0 r,aqtion,
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conmonl y Hizpefsansy pBivee (HDSP) aeideshatidg »highTad ahtlaeIHighS i aesibeed i nto
further fractions including a resin which can be separated by percol ation
over al unfoumdorto byeducecasphadtenerindiiedd fouvhngeas Ruellt he partipukés-inducede
present i P(i/;ﬁlntl on, ver suffices t par af fi n- sal ubl xt ract

ho o 0. use
of the IngaEgsHKINg rp&&tﬂil%ﬁ?,eéwrﬁm% pr‘?ﬂi)%@?ﬂegﬁ?%mtq{@gxi ¥4ingo be
sel ected gopier bl biknBY APBRARY ik Cafe!PELIOAD BEIdE RAhVERES offsed har the
asphalt preciprtdtron and resin -extraction, the sel'ection of the solvents
is made ifedieRsAdaNeRlMBOR édpRchllydBoable Wenf wogkihgwithhihe hichabbiliag
treatment. Normally, theé n-heptané soluble fraction of the asphalt fraction
resul ti ngfracoonan<peilingnever e35@id)atin owhwah laspkaltenend of uvargiige rholecotary
crudes and fractions which are to be treated. However, the use of other
asphal t pW&shis tase i Gieountpiedis the Properkignppbsnbaltenasenile M5 gereadt at i on
napht ha i s _not.excl.uded. Alternative resin,separation, net .al so be
uaed, | nsb BSOS bR e FlsCh DuRT AR Bl B, PotRor YoifhEC ace
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for fouling mtigation wth the crude or crude fraction to be treated.
Assum ng, redoetiefi n doulihgtis alsdupdrtisolarBnhotabkeirpadpiial e oélx tineleidimn thosecedur e
is to be used, the conpositions of the asphalt precipitant and resin
sol vent wfi¢nivaskirom Eelifernian andd¥lesican nmﬁ)p@s- vihersadvendyeeffeetef thesiepinsol vent

i cal l ' f. hi gher. nol I i gh d.boili h h
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resin sol ‘trans ALY E ol fouling in plant
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normal |y eydpuddad fdn tbeéition peseainl componpntsain nthet resias pRahitsbactause t he
resin fraction primarily useful for the present purpose is the

hept anes ofligpé¢rsants ghn insol wkle cootarmimantiepleingr ganic poigin,Her essimpie,tsgltp@ndsed,
hept ane may be used, to precipitate the asphalt althoygh it w.ll then be
necessar yCQEOL @R RFAuSts E%EF%E?’H&(T V‘é‘r‘rg?tﬁéﬁﬂéﬁf’%%é‘-’es%ﬁggl Qn fopling, ot her

neans, f0@gﬁ1arrpl Qyoiﬁqisiﬁgatéjg éwssa&f,\n.l:iflﬁlbgﬂe U ’descﬁlg.clﬁ 3ftns Yt

Fuller's h, followed xtractrion sol'vent such as toluene or

t ol uene/ efmbdst@lar Veight s dreShierieeatelile GHS Moehhich eheeadel Vdelei andt the

Encycl opedi a of Chem cal Technol ogy, Kirk-Qhner, Third Edition, John WI ey
& Sons, NY 1978, |SBN 0-471-02039- 7, Volume 3, page 286, to which
reference is made for citation to such nmethods. 100201 It is not necessary
to make a total separation of the resin fromthe liquid fraction and, in
fact, the resin can conveniently be used in the formof a - 9 - solution
in the solvent or in a suitable carrier oil such as a light distillate
fraction. If, however, desired, for exanple, to facilitate transport, the
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[ 0021] The resins, which nmay be recovered by the processes descri bed above,
are derived froma class of crude oils and crude oil fractions derived from
such crudee,2oéomssess2as Hi gh Sol vency Di spersive Power (HBDR)Usedds®094These
resins are believed to have properties which are characteristic of

di spersant type nolecules with a polar.head and a non-polar tail. The crude
oil fractions fromwhich the resins may be derived include topped crudes,
reduced crudes and resids (atnospheric or vacuum) since these will have the

requisite boiling ranges.to contain the resins. The as t fraction

bt ai ned DiETEhadleaaanae ERG AT aaBetm THey me ihe BepyeienrapmebiraseRBlt ¢ he
resins si -t he Ll Qe egl.pi fr t i he LJ:ght

al kane prfe}%!(e'%{”?a%{ V\d{’%r8§a%§ao§}%é¥]‘?’§ﬁgﬁe aa%gl]yt %S%@%%%I %3 %l lgnr%)ge"%_.!

ext ract edCohigdsitithatly! ctrRd H£phyRR! re§ing. ub@Pt fyte thé Oplirpesy eof t iMpibiisins as
t he heptane sol ubl e product. The HSDP oils, which are described in

Appl i cat i asph8tenalprikipitatios 0Bo®0trudes cami crudehfrahtione achanatanesi zbtbroy a
Solubility Bl endjng, Nunber_ (SBN) of .at |east.75 and.preferahly at |east 85
or 100 orlmpgﬁ@}t!yaf%m@anbﬁeC,%ams@rlmd &ardﬁwroﬁ?lugﬂ@th%swpvarlpgs Org#RIGNi ch

i d oot VEan, eSSt b BRE BT RcERg & Bl it ofam -

hydr oxi derdiegee Petr8l iy thild & Wit adfdH gjaPaﬁ’ﬁﬁ’c 96REhL! TAE IchaRict@of GRSt
0.3, preferably at lest 1.0 or higher; é€.g. 4.0. As in the case of the
crude oi l rdsinulprogucad mgHt depermetimoshrofupon flie soBent adelddved BvdSO&GiIRO b t he
degree of fouling reduction which nmay be achi eved appears to be a function

of the TAXaNiQuseprapsrtigsemayebaiobtainechdn thisi wayss theiri wliy asodispersantst fort he
ability of the npaphthenic aci esent in the _extracts tq ke .

ot cul odwh BABRRr FREn S PG T G (F ndraHan st By Germigeeat ed
surface, h ] : foul i d r. The
i gh Soi [ap arca e ZoE R ARl TR B Ry AR AP s (B S SPHb RS IR
to aid inughgaalAlcog™agphept enes and/ or keeping themin solution nore
effectively which also reduces fouling that would ot herwi se occur due to

t he i nconi98i9lbi | ithe asphaliclmactiorc ofrpatrige loilt i the fraativa of the emdewlikods.

Ref erence is de to Application Seri.al No. 11/506,901 for a further
descr i pt | EIchaIRSAASHE BF |\ECubgn, Mhifk i8oieliPls i HoSHHIh SYREREEPORSs
determ ne ol 0 e . | i - S.. No. 4 .1, 634
and the T%’frgﬁﬁAglglclf u%vb%¢d1 b?/lﬁt%hgg%tdgmrépaﬁg? hgdb{gfs IR%R@ |n:1t rlgl? ia(y%,hgéé
prescri befh drycABoNG Respédiabiyarhdali che IRah it WaecH Sfe WdddcanfheReialyNurder by

Color-Indicator Titration. [0023] The anount of resin to be added to the
crude oi | refinefy dot i mmaving hthee@sphals fractamdnemi bighuibolisgrefirbctidrse foesi n
extracts are, as, ngted above, tent jn their effect and ppmlevels y be
ef f ect i veSXaIPlEdise efRfGﬁP%O@ 8%‘1‘1‘3‘%&% Qidp- ek he most conyngh Parf @ﬁd@?ggmunt

required wll d.n nl n il bein [ eat but so he type
of resin t\gsé’éecgﬁgg%n a?@ial Shet?{O I r%%]@g@sglr%glo\;\)gi é‘ﬁe ﬁﬁgg e %Pfg'rrhia c
expect ed élmdﬂx!gﬂebGﬁEn,eh't&QahéeﬁﬂEﬁ'he%% 'ahﬂeﬁglﬁth'ngfihf}ﬁgp%rr@ﬂe%lﬁ? 86939
heating durations) will obviously Stress the oil hore and for this reason
may requi Beawaméeanieenlsoesffocdos dge thimpuiposa. | dw cenmont yolpencesed i forused.
Typi cal ly, the amount of resin (calculated on a solvent/carrier-free basis)

wi || be atharagerizatpprypwinosesl i RrasRitations Bapgba gyhasgocqsppesiten ipdgfined
typically. to 10 pth.from100.t9 1000. bei ng effective.n
oot - cas ot BBl aRARE 36} o i Rnbaflic Ban R iR And it L ABbeY 5rhe
ef fectiveq;w i : u : Qi douhings; r[%h'rrum
anount vm?(lh‘lﬂe%é(;hrtcn%l:dl%g I%M\ilhmogdéﬁﬂregésmamng?lt]%f r}g%?%?f%%t&“%é g}rl]%I%B(l:nnggﬁ hough
amount s ialkexcasslubile fletianpreterredadate taspilahieceadtivn aled thietighealkaheon in
fouling should be avoided as a matter of sound refinery practice. The
maxi num aebeble fractios: compeinyy kaosscae maltsogs ot pgtrolgnes whishraset itsed§be and
usually, less than 0.5 w..pct. wll bhe adequate huf as noted above

ot 5 UESSReA0B iRl FActisinsoidudihges THB SUIER GolR: SRRl wi 1

be deter ’}}]egg%aﬁHRi vje?.%idr}ﬁr?ayoﬂ) trgcig)gtﬁgévh’ﬁ%?ﬁ%neexﬁﬂp't& Phitf]aocﬁgé ot rig

such as t AllcorTMrig referrer e base ol e treated
wi th the theprésedKinastiofBHon@net, 5t swfffices W ake a paraffin-soluble extract of the



crude oil, a blend of two or nore crude oils fractions derived froma crude
or crude blend, including topped crude, reduced crude, resids (atnospheric
or vacuurmyvQ 2009h8msdr ocar bon fracti ons derived by furtherCprusc@s®iagl for
exanple, gas oils, cycle oils, extracts and raffinates although the
principle utility of the present fouling.reduction technique will be with
crudes and reduced crudes in the initial stages of processing where fouling
probl ens have been preval ent. [0025] The resin or resin extract nay be

m xed with th il.to be treated hy conventional t hqds, ,for .exanple, by
li quid-1i aintf@?‘bﬁ?%%‘?fhdvﬁt the,eompesiHop oLt eFﬁﬁaa‘oﬁoﬁ%?eqﬁﬁéﬂF{I{H‘Bﬁgl&‘ b

di spersiop 3 i r N PRIV . I i resin
s used i PPRPRaRyiAERionR b IR benRycah RE LA PR BrctifRiaRahd, LR, [0
the plant extfa@idn; €aé Sele@idn WF the fsvERyngniadean ebehdénmen@orrtheropadssiing
characteristics over the untreated oil and specifically wll exhibit a

si gni fi catur fracticot)iwhichrrefioirks trgatwent. uNormallydhein-bepiiane Isobubile dkagtion

particul ates, 10026 he.resin fraction is a solid that, can Re nelted at

t enper at ngéh? r%ﬁ’ﬁéﬂgog}?“l% repilting, from afh?egt@Pdeﬁeéﬁ?lF?él%éi\@a b8 r{Or‘i‘égbase
oil wll npelt haonogeni ze intQ the base oil at ex nger_tenper.atures.
T00271The Bl E RS PROZSFRG i Bad iR 8RR o b FGORn PR o

heat exchgpg [SJAYS [ ; ; <N ati ut nt hav ionis
B A O L N e R A e

i n ot her peeipitatmmshaphtiea)is poeetcladet]. r Aflicneativecresprosepatatiomaletlibdsgmiayt  not

limted to furnacest(gigestills, cokers, visbreakers and the |ike.
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Fur t her no#lso beriseds inddpdingepareclation Hygr paidsodbent sde otiestiveinceaabi ¢ase wi t h

ot her techni ques for reducing apd/gr ,mtigati fouling. .Such technjques
Cncl ude. BRR2ai0eoRBHn A Xeact Of aspallipgesin gbhe AppioRtiaiR RPPPERScitdr gy
sur f aces : i:f: 1 r i r S, ri bed
T U pat R Hilib&od WAL (BYIRGE D dyRE QI A0 46 ybatRaD, ASPURERET |
control | etherefohgnhated dualddliemnpreapideivardxipadtion Rhirens t\bpluseditthen No.

11/ 436,802, (iii) the use of fluid pulsation and/or vibration, which may be
conbi ned edmpositiohace thsansphpdt paecipisantr apddesin BIVEROWIHi baajeleiedrin

i cation . .60/ 815, 845, filed on June 23, 2006, .entitled " ucti on of
B et | SomDRatieRc ABR (BB anpiigy. (He T SPIGPLCBPITA Biine Un higiar
exchanger r c I / i £l L.on S ri bed
o e By iR Rl i baiheCRMeE AN A0 0BR AP e iR T niitafl | b
of the sag@mbinatidns ofl a@@ﬁlait?ré@gﬁhﬂt’bﬁﬂ%ﬁh St emt artP Rl p&Rhh&R-NPtane;

60/ 815, 844, filed on June 23, 2006, entitled "A Method of Reduci ng Heat
Exchanger piepahé/nepéniane; Refdpasein-hepithre;dhduitaseindexahet nelndapeihdmptane.

applicatiﬁns are,referrﬁd to faqr djsclosures of these, aqther technigues
whi ch mayHgRtansets nerwgHy upkelnded wiarnthen pugpessedf pieciRjtatingn the aspniglie. The

Soi vency treedst S hEfhs OTREBA gy Rt EL ik BleRBH P BR0sE P Robinear s on

No. 11/ 50&1361%. aspRaMifr&dtidneber Q%éhdiﬁg WRER theresindqs Ye Qééd?'hegfan‘éﬁ%ay

bl endi ng crude oils with the HSDP crude oils for reduci ng asphal tene- and

parti cul abeusedthupeetipivateithg.asphol? &lfhbagkfif adtli thendesnedestdry toesiparaxt r act s

may be determ ned usin%ia t est rug simlar to that described in Application
31

Serial Notheingssuss foorm the, hgptane-sapbleestt by ofhge mens HuseXpBPiGnbBf t he
test rig. L00291Fig. 1 .sh test ri.g based Al cor TM H,PS- 400 Li qui d
pr ocess SINAIGH St iRARY: ofirnii oftite, 3 §ur BBl LeE8y ohawsd Py ™
| abor at Of e Ralbn{ QP A8l WCREA 1 AUGRABHI6IRAEIARARNCE Htablie bl | ng

t endenci es of specific process fluids and 1s described, for exanple, a

ht t p: / / wgcpaglypmetdrodsrad unenhbmal id the BhewpeloptdiB40ChEiniddl €l hmotodyPL S

operates in the lam nar flow reginme at accelerated fouling conditions
J878y 13N

conpar ed KokcQthmergilhirdBditiany Jahng¥iley whiSems: Por rGrdd 1 D203§h

LUl enty 1 QREEG! 18 d S Nl Nk O Mt ol GRLER n2linblE™e

[0020] It is not necessary to make a total separation of the resin from the

liquid fraction and, in fact, the resin can conveniently be used in the form of a



- 13 - HLPS has proven to be an excellent tool for predicting the relative
fouling tendencies of fluids in commercial heat exchangers. 100301The test
ri g showworo®iegsos:t was used to nmeasure the effect of asdirrus2esphalitic
resin extracts on crude oil sanples containing added solid particul ates.
The test rig includes a reservoir 10 captaining a feed supply of the oil
under test. The feed supply is heated to a tenperature of approxi mately
150C/ 302F and then fed into a shell 11 containing a vertically oriented

heated rod 12. The heated rod 12,. which i.s suitabl .0 d. fr car.bon
Sreel. i seiiEPBINdng SRR ORE svitahle Ao e tal @b Ayl radtion

electrica d £.0..a:p i t d i i it he
pr edet er mht’\)e/hd&? %‘?FSEF tgg 16?%’ %‘? ?;ﬁg{nﬁ%eﬁr ?%TH%&%EP%’ rtf(g% ls hﬁf g%gfﬂﬁw

t enper at UsSITeAl tha3PBE F¥hTRed! by TVAPp6HREBN @NItad80khat/ k2Essentially ahd resippl y is
punped across the heated rod 12 at a flow rate of approximately 3.0

m / mi nut eitsdlfien therformheef] asstmklyymiass odiickdhenl requirése noofurthet tiusificationhe
reservoir 10 in which it is separated fromthe untreated feed sm]ply oi | by
a seal ed pltewgh itray beqlgstigblo HrdlendipggrHipessalo B 1THR as\a BRlyfipg or

pressurized W th nitrogen. 0-50 i t.0;. e ga r j .ssql ved
in the oi FUS&SPE;‘,% 'Pi?ea gglg{e(rﬁﬁgrs‘?‘?ggggSﬁlg}}téléﬁpﬁagé’ eage&f?g%lo(?lgg&cf??%érn%ﬁ%e bul k
fluid inl E'Perf"gﬁs et | gh dreMReEAtomeSoP it frehinsdHif Bfeerain bR@aétod dlled in
100311Duri ng e constant surface tenperature testing, foulant deposits and
bui | ds upselntibherhespetkisnih acslaast decanier biewhinhl yasdag eaddmiling poke. The
coke deposits cause an insulating effect that reduces the efficiency and/or
abi | ity obelome 3487¢ 4680t medttypitallyi belpas JORYC dVER ) i-cThe ar Baphtha 1y
reduction i. og.lt@:ﬁq}b;fl k fluid tenperature continues over tine as fouling
cont i nuesMYHCAIURAIEITAGHOD, { enperature is referred to as the outl et

202 T, DU ey PR s Shepe,

sedi nent  gre @rivdd froml hndagsr SNotudedilpared calde. oifk feictivda/ddrived| from dweht s
carried out for 180 mnutes. The total fouling, as neasured by the total
r educt i onciudesukneswn |asgidigh SelysacatRisperdve Eosvar dHISIBPh9ilaT, Theseoresd®, go.
Experinental , - 14 - 100321A 75:25 vol.:vol mxture .of t sphal ti c .crude
oi s (O ule ReHAUPIAIBaYS RIaBSHIEpMAH e rRATasREStIn o dbmeroant Bhke

basel i ne [ouyldfRg SAHPA Polar head and a non-polar tail. The crude oil fractions from
which the resins may be derived include topped crudes, reduced crudes and
resids (atmospheric or vacuum) since these will have the requisite boiling ranges
to contain the resins. The asphalt fraction obtained in the deasphalting of
vacuum resids is a fruitful source of the resins since they will be precipitated
from the vac resid by the light alkane precipitant (propane or pentane) and the
asphalt may then be extracted with the selcted solvent, e.g. heptane, to recover
the resins as the heptane soluble product. The HSDP oils, which are described in
Application Serial No. 11/506,901, are oils which are characterized by a
Solubility Blending Number (Spy) of at least 75 and preferably at least 85 or 100
or higher, for example, 110. In addition, the HSDP oils from which the resins
may be derived are also characterized preferentially by a Total Acid Number
(TAN, the number expressed in milligrams (mg) of potassium hydroxide needed
to neutralize the acid in one gram of oil) of at least 0.3, preferably at lest 1.0 or

higher, e.g. 4.0. As in the case of the crude oil fouling mitigation method of



The conpositions of the two crudes were as follows: Crude A APl 21.6
Sul fur, wt. pct. 3.4 TAN 0.14
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Serial No. 11/506,901, the degree of fouling reduction which may be achieved
appears to be a function of the TAN level in the overall blend. This is believed
to be due to the ability of the naphthenic acids present in the extracts to keep
particulates present in the blends from wetting and adhering to the heated
surface, where otherwise promoted and accelerated fouling/coking occur. The
high Spy levels associated with most high TAN crudes have also been shown to
aid in dissolving asphaltenes and/or keeping them in solution more effectively
which also reduces fouling that would otherwise occur due to the incompatibility
and near-incompatibility of crude oils and blends. Reference is made to
Application Serial No. 11/506,901 for a further description of the HSDP oils.
[0022] The Solubility Blending Number is determined according to the
method described in U.S. Patent No. 5,871,634 and the Total Acid Number by
the standard method of KOH titration, as prescribed by ASTM D-974 Standard
Test Method for Acid and Base Number by Color-Indicator Titration.

[0023] The amount of resin to be added to the crude oil or fraction which
requires treatment is quite small: the resin extracts are, as noted above, potent in
their effect and ppm levels may be effective to reduce fouling to the desired
extent although the exact amount required will depend not only on the oil being
treated but also on the type of resin used and on the thermal processing which
the treated oil is expected to undergo: high thermal severities (high temperatures, -
long heating durations) will obviously stress the oil more and for this reason may
require a heavier resin dosage than if a low severity process is used. Typically,
the amount of resin (calculated on a solvent/carrier-free basis) will be at least 10
ppmw and in most cases 50 or 100 ppmw or more, typically up to 1000 ppmw
with from 100 to 1000 ppmw being effective in most cases. Amounts of the
order of 250-1000 ppmw have been shown to be effective with crudes with a
pronounced tendency to fouling. The maximum amount will normally be chosen
as a matter of plant economics although amounts in excess of the amount needed

to produce the desired reduction in fouling should be avoided as a matter of
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sound refinery practice. The maximum amount is not likely to exceed about 1
wt. pct. in most cases and usually, less than 0.5 wt. pct. will be adequate but as
noted above, amounts up to 1000 ppmw will be effective. The exact amount
selected will be determined empirically by simple experiment, for example, in a
test rig such as the Alcor™ rig referred to below.

[0024] The base oil to be treated with the resin extract may consist of a whole
crude oil, a blend of two or more crude oils fractions derived from a crude or
crude blend, including topped crude, reduced crude, resids (atmospheric or
vacuum), and hydrocarbon fractions derived by further processing, for example,
gas oils, cycle oils, extracts and raffinates although the principle utility of the
present fouling reduction technique will be with crudes and reduced crudes in
the initial stages of processing where fouling problems have been prevalent.
[0025] The resin or resin extract may be mixed with the oil to be treated by
conventional methods, for example, by liquid-liquid blending if the resin is in
the form of a solution or dispersion in a solvent or carrier or by solid-liquid
blending if the resin is used in solid (powder) form. The treated oil is then
processed within the plant. The treated oil will be found to exhibit improved
processing characteristics over the untreated oil and specifically will exhibit a
significant reduction in fouling over untreated oils which contain particulates.
[0026] The resin fraction is a solid that can be melted at temperatures from
about 100 to150°C, so any solid resins added to the base oil will melt and
homogenize into the base oil at exchanger temperatures.

[0027] The present invention has been described mainly in the context of heat
exchanger service in petroleum refinery operation but the invention is so limited;
rather, it is suitable for reducing and/or mitigating fouling in other heat transfer
equipment and refinery components including but not limited to furnaces,
pipestills, cokers, visbreakers and the like. Furthermore, the use of the resins
and resin extracts may be combined with other techniques for reducing and/or

mitigating fouling. Such techniques include, but are not limited to, (i) the
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provision of low energy surfaces and modified steel surfaces in heat exchanger
tubes, as described in US Patent Application Nos. 11/436,602 and 11/436,802,
(i1) the use of controlled mechanical vibration, as described in US Patent
Application No. 11/436,802, (iii) the use of fluid pulsation and/or vibration,
which may be combined with surface coatings, as described in US Provisional
Patent Application No. 60/815,845, filed on June 23, 2006, entitled “Reduction
of Fouling in Heat Exchangers,” (iv) the use of electropolishing on heat
exchanger tubes and/or surface coatings and/or modifications, as described in
US Provisional Patent Application No. 60/751,985, and (v) combinations of the
same, as described in US Provisional Patent Application No. 60/815,844, filed
on June 23, 2006, entitled “A Method of Reducing Heat Exchanger Fouling in a
Refinery,” The disclosures of these patent applications are referred to for
disclosures of these other techniques which may be used in conjunction with the
present mitigation technique. The resins and resin extracts may also be used to
supplement the use of a high solvency dispersive power (HSDP) oil as described
in US Patent Application No. 11/506,901, to which reference is made for a
description of the blending crude oils with the HSDP crude oils for reducing
asphaltene- and particulate- induced fouling.

[0028] The effectiveness of the resin extracts may be determined using a test
rig similar to that described in Application Serial No. 11/506,901, to which
reference is made for a description of the test rig.

[0029] Fig. 1 shows a test rig based on an Alcor™ HLPS-400 Liquid Process
Simulator. The Alcor HLPS-400 Hot Liquid Process Simulator is a laboratory
tool for predicting heat exchanger performance and the fouling tendencies of
specific ~ process  fluids and is described, for example, at
http://www.paclp.com/product/Alcor/lit_alcor/HLPS400.pdf. The Alcor HPLS
operates in the laminar flow regime at accelerated fouling conditions compared
to commercial heat exchangers which typically operate a high turbulent flow

regime at much lower fouling rate but in spite of these differences, the Alcor



[00331The resulting blend contained 7.5 wt % asphal tenes and >300 wppm
filterable solids (particulates). The solids are known for increasing the
foul i ng pwoentyvmbosef this crude bl end. [00341A resin fr&criuspoosmsospr epar ed
froman HSDP crude oil having the foll ow ng conposition: HSDP Crude API22.4
Sul fur, wt. pct.0.2 TANO.8 SBN132 INO_q3.

HLPS has proven to be an excellent tool for predicting the relative fouling
tendencies of fluids in commercial heat exchangers.

[0030] The test rig shown in Fig. 1 was used to measure the effect of adding
asphaltic resin extracts on crude oil samples containing added solid particulates.
The test rig includes a reservoir 10 containing a feed supply of the oil under test.
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, which is suitably formed from carbon steel, simulates a tube in a
heat exchanger. The heated rod 12 is electrically heated to a predetermined
temperature and maintained at the 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 in which it is separated from the untreated feed supply
oil by a sealed piston, to allow 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.

[0031] During the constant surface temperature testing, foulant deposits and
builds up on the heated surface and become 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
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 AT,gy or dTg.

Experimental



- 15 - [00351The resin fraction was prepared by first carrying out an

n- pent ane deasphalting at roomtenparature. This step precipitates the

C5- asphalwerne®/ds@m t he base oil/solvent mxture. This iPagaiSa@s@odsmact i on
(C5-asphal tenes) was then collected by filtration and subsequently
subjected to a n-heptane extraction at yoomtenperature. The sol uble
fraction fromthis extraction can be generally terned the resin fraction of
the crude oil. 250 wpopm of this resin fraction [solvent-free basis] was

added to the m xtur f Crude A.and B containj t he particul at es asured
as filter 9B sol4 dgﬁz.gsl?\’(ﬁ’llé" i PHxte of Wfbl?tspfi‘ﬂgca‘éféfg 9‘@:%&5“‘5;@%(&5& ried
out usingAh j i i t . ta
col | ect edC%'}J&(;eméhy%s élﬁz#é}élng lrb(i)re:/ﬂozﬁe%?l I’(1)§ i &ﬁ?éeée%%ﬁ%%élﬂsgkgﬁﬁgéggﬂp q?he
reduced f gykicoenRsitforls@sitht thb dri@efdldid APfoIRfwd:he resins fraction. After
180 mnutes run'tine, a 40%reduction in fouling was noted. [0037] Vari ous
nodi fi cati ons can be nade in our invention as described herein, and many

di fferent enbodi nents of the device and nethod can be nade whil e renaining
within the spirit and scope of the ¢r@&&i on as defined in the clains

wi t hout departing fromsuch spjgit and scope. U() is intended that all
matter contained in the accorrﬁgr)u{/i ng specificatton shall be interpreted as
illustrative only and not in &Jifp {,\jt.nltgct.sense.3.4- 16 - WHAT IS CLAIMED I S:
1. A method for reducing fouling in heat transfer equi pnent for heating oils
of petroleumorigin, the nmethddAbonprising: 0.14 blending an oil of
petroleumorigin with an asphaltic resin derived froma high solvency

di spersive power (HSDP) crude SN . 60

In 35
Crude B

API 38.4

Sulfur, wt. pct. 0.92

TAN 0.1

SeN 28

In 27.5

[0033] The resulting blend contained 7.5 wt% asphaltenes and >300 wppm
filterable solids (particulates). The solids are known for increasing the fouling
potential of this crude blend.

[0034] A resin fraction was prepared from an HSDP crude oil having the

following composition:

HSDP Crude
API 224
Sulfur, wt. pct. 0.2
TAN 0.8
Sen 132

In 0



2. The nmethod according to claim11, wherein the asphaltic resin is derived
froma high sol vency dispersive power (HSDP) crude oil having an SBN of at
| east 75.w0 2009/083062The net hod according to claim2, whererruseévs/oesiphal tic
resin is derived froma high solvency di spersive power (HSDP) crude oil

having an SBN of at |east 85. 4_1%he nethod according to claim3 in
whi ch the asphaltic resin is derived froma high sol vency di spersive power
(HSDP) crude oil having an SBN of at |east 100. 5. The net hod

according to claim1l, wherein the asphaltic resin is derived froma high
sol vency di spersive power (HSDP) crude oil having a TAN of at |east O0.3.

6. The ne ac i t . al i ot i rived
froma hi Bdéggsilol vgglé% T gp@?@@e%%m@% El? %tggﬂgfl}ntghgl\l}lr ﬁg rgp l?iﬁq%f ~at

| east 2. deas_phaﬁinfgﬁﬁo@ﬁi eosbAacRE ATk §tep Pradipithtes the Ja@Blléﬂﬁerﬁ:%ﬁP@hﬁl c
resin is derived froma high solvency dispersive power (HSDP) crude oil

havi ng a haN\bade ail/sbbaat mfix€ure. This ins8lubkhéractivhd € seaspbalténeag) tveascthenm 1,
wherein the asphaltic resin is derived from atggi gh so venc% di spersive

pover (HSeHjectedidy Bitratign and rsubseaeniiy pubieplsAator # f1-RERIGNG SHHrACHOM &in

asphalt precipitated fro theHEEPcr . .9, (,hg to
claim 8, W?é?ﬁffﬂll}eﬁ uﬁeSp zhet ]v,c&lu s frﬁcﬁggofé?lpvg’ds %F‘E{%\Q‘E"‘Eﬁéﬁa‘g%%\%%@@&

di sper si Verpfehel F&RF_)frafdtwﬁeP?'the bytuBXtEiRCt 290 WM 8 ths NRRIA Ferceishvent
froman asphalt precipitated fromthe HSDP crude W th n-pentane. 10.
The met hofbohvsinsfikanBadis] whaasiaddéd tetthe anixtifeeofiCvudd Aotnd B ceafHiainigi ther esi n
is from10 to 1000 ppmw of the total weight of the oil and the_ resin.

11. A net padichlates éagasurgd fasufiltaepble splids). t Ramst witheapd prithautitbe adsgdi ng
oils of petrol eum ori.gi

pet r ol eunfeéqug\”ﬁr%qrﬁgél%%bgﬁﬁg&%gél%ﬂrcg@%ﬁ%igﬁélag‘”ﬁ?%%’gIn\cjlezgyagi g:olar gf ve
power (HSBB.%](” udg }ﬂb{ of the data collected from both runs is provided in Figure 2.
These data reveal the reduced fouling as a result of the addition of the resins
fraction. After 180 minutes run time, a 40% reduction in fouling was noted.
[0037] Various modifications can be made in our invention as described
herein, and many different embodiments of the device and method can be made
while remaining within the spirit and scope of the invention as defined in the
claims without departing from such spirit and scope. It is intended that all

matter contained in the accompanying specification shall be interpreted as

illustrative only and not in a limiting sense.



12. The method according to claim1l, wherein the naltene resin
extract is derived froma high solvency dispersive power (HSDP) crude
oil having an SBN of at least 75. - 17 - 13. A nethod
according to claim12 in which the mal1 ene resin extract is derived
froma high solvency di spersive power %’HSDP) crude oil having an SBN

of at |east 85. 14. A nmethod according to claim1l, wherein
the maltene resin extract is derived froma high sol vency dispersive
power (HSDP) crude oil having a TAN of at |east 2. 15The met hod

accordi ng wuashétiihds swherein the maltene resin extract is derived
froma high solfvency dispersive power (HSDP) crude oil having a TAN
of at least 4.0. 16. The nmethod according to claim11l, wherein

the maltene resin extreael fdr$edil@ihgftﬂﬁlngf:ﬁﬁéﬁtﬁanbfegéhu?ﬁiem&'&%atdig%ﬂ%fsi ve
power (HS %ﬁo@r ude Oi E%I“%‘P traction with a paraffinic solvent from

an asphal t P{REEm grigin.t OP}I?BS‘P%DP cr ude. 17. The net hod
according to clbaehmhgbn dimmwrﬂletuh&;rigm Rl @n laghileic @y agived Sromes ihighd

froma high sol Ve er (HSDP) crude oil by extraction
with an nh&pyeaRat ?8‘%\78 ?F%##@ﬁﬁ'ggﬁlﬁlal t precipitated fromthe HSDP
crude with n- ant an’Ehe method accoi{Bng tﬁhlamnatvlfhedinahmpldlthgesirds ddrivediirdnd a
wherein t hﬁ' € erlcy uosperrshve B#me[ KI%EP) cril eall Ezﬁrgn';g%gg?mo%ai s 10 tO 1000

ppmw of t he'® In a
met hod of therdall yTlmmbdaptmgdmg thytamtawhbmrmtlmdspl@ftlcpeim@ﬂ@wnd fierngi n

by passi ngh.g@s‘m&hég&%@J5ﬁepmgove§§md98?haq ng%né o kAPgY, er conponent

of a proces conpr reduci ng the
fouling of the %eatﬂ@@%hqdaé@r%% tplclaimel? ﬁ'g”fm’ﬂ' thpsagptaltw@lmééqrwe%@m fed

froma high ﬁgaweﬁws Qasﬁa@s&&ermsmwdee rﬁaﬁsma%st vot h the oil
of petroleumorigi'n prior to passage over t heat ed surface.
5. The method according to claim 1, wherein the asphaltic resin is derived from a

high solvency dispersive power (HSDP) crude oil having a TAN of at least 0.3.

6. The method according to claim 5, wherein the asphaltic resin is derived from a
high solvency dispersive power (HSDP) crude oil having a TAN of at least 2.

7. The method according to claim 6, wherein the asphaltic resin is derived from a
high solvency dispersive power (HSDP) crude oil having a TAN of at least 4.0.

8. The method according to claim 1, wherein the asphaltic resin is derived from a
high solvency dispersive power (HSDP) crude il by extraction with a paraffinic solvent from
an asphalt precipitated from the HSDP crude.

9. The method according to claim 8, wherein the asphaltic resin is derived from a

' high solvency dispersive power (HSDP) crude oil by extraction with an n-heptane solvent
from an asphalt precipitated from the HSDP crude with n-pentane.

10.  The method according to claim 1, wherein the amount of the asphaltic resin is
from 10 to 1000 ppmw of the total weight of the oil and the resin.

11. A method for reducing fouling in heat transfer equipment for heating oils of
petroleum origin, the method comprising:

blending an oil of petroleum origin with a maltene resin extract of a high solvéncy
dispersive power (HSDP) crude oil.

12.  The method according to claim 11, wherein the maltene resin extract is

derived from a high solvency dispersive power (HSDP) crude oil having an Sgy of at least 75.



20. In a nethod of thermally processing a hydrocarbon oil of

petrol eumorigin by passing the oil over a heated surface of a heat
transfer conponent of a processing unit, the inprovenent conprising:
reducing the fouling of the heated surZace by bl ending a naltene
resin extract derived froma high solvency dispersive power (HSDP)
crude oil with the oil of petroleumorigin prior to passage over the
heat ed surface.

13, A method according to claim 12 in which the maltene resin extract is derived
from a high solvency dispersive power (HSDP) crude oil having an Sgy of at least 85.

14. A method according to claim 11, wherein the maltene resin extract is derived
from a high solvency dispersive power (HSDP) crude oil having a TAN of at least 2.

15 The method according to claim 14, wherein the maltene resin extract is
derived from a high solvency dispersive power (HSDP) crude oil having a TAN of at least
4.0,

16.  The method according to claim 11, wherein the maltene resin extract is
derived from a high solvency dispersive power (HSDP) crude oil by extraction witha
paraffinic solvent from an asphalt precipitated from the HSDP crude.

17.  The method according to claim 11, wherein the maltene resin cﬁtract is
derived from a high solvency disbersive power (HSDP) crude oil by extraction with an n-
heptane solvent from an asphalt precipitated from the HSDP crude with n-pentane.

18.  The method according to claim 11, wherein the amount of the maltene resin
extract is from 10 to 1000 ppmw of the total weight of the oil and the resin.

19.  Inamethod of thermally processing a hydrocarbon oil of petroleum origin by
passing the oil over a heated surface of a heat transfer component of a processing unit, the
improvement comprising:

reducing the fouling of the heated surface by blending an asphaltic resin derived from
a high solvency dispersive power (HSDP) crude oil with the oil of petroleum origin prior to
passage over the heated surface.

20.  In a method of thermally processing a hydrocarbon oil of petroleum origin by
passing the oil over a heated surface of a heat transfer component of a processing unit, the
improvement comprising:

reducing the fouling of the heated surface by blending a maltene resin extract derived
from a high solvency dispersive power (HSDP) crude oil with the oil of petroleum origin

prior to passage over the heated surface.





