METHOD FOR REDUCI NG O L FOULI NG | N HEAT TRANSFER
EQUI PMENT FI ELD OF THE | NVENTI ON [ 0001] The present
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oils, blends and fractions in petroleumrefineries and
ot her plants processing suchymaterials, for exanple,
petrochem cal plants. In particular, the present
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IR OTIFPO G A ess of the unit. Second, as deposition
occurs, the cross-sectional area is reduced, which

causes an increase in pressure drop across the
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the unit. [0003] Fouling in heat transfer equi pnent
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su?t%gé: uzT:ross 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



on the far side of the exchanger is nuch hotter than

the oil, relatively high surface or skin tenperatures
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precipitate fromthe oil and adhere to these hot

surfaces. The presence of insal uble contam nants may

exacerbate the problem blends of a lowsulfur, |ow

asphal tene (LSLA) crude oil and a high-sul fur, high
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[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 and petrochem cal plants often causes

costly shutdowns; nostrefineries practice off-Iline
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schedul ed tinme or usage or on actual nonitored fouling

condi tions. Reduction in thesextent of fouling wll
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bedo%dsutd’ tlliefieomvel((g 'S Shore potentially incompatible 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



Reference is made to US 5,871,634 and 5,997,723 for a

description of the nethods by which SBN and In may be
waledoensioned. Some bl endi ng gui del i nessuggest aPEBNS20081009411

blend ratio >1.3 and a D(SBN -In) >10 to mnimze

asphal tene precipitation andg4f.oul i ng. However, these

bl ends are designed for use as a passive approach to

m ni m zi ng asphal tene precipitation. [0009] In rel ated
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[0011) According to the present invention, extracts of high solvency
dispersive power (HSDP) crude oil are used to assist in maintaining asphaltenes
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



of petroleumorigin by blending an oil of petrol eum
origin wwth an asphaltic resin, nanely a nmaltene

wo e®pnssoeeri ved from a hi gh sol vency di sper si VBCT/US2008/009411
power (HSDP) crude oil. In one preferred enbodi nent,
the resin is added in the fasm of a solution in a
light (C5-C8) paraffinic solvent but if desired, the
resin may be added as such to the oil to be treated.
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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.



[0014] The invention will now be described in
conjunction wth the acconpanyi ng drawi ngs i n which:

WO 0635062 g. 1 shows a test rig used in experiPERNUS1008/009411
work to confirmthe effect of the resin extracts on
the thermal processing of pejgroleumoils in heat
transfer equi pnent; and [0016] Figure 2 is a graphical
represent ation of the effects of a selected crude oil

raction on the fouling resulting fromheating a
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asphaltenes in the oils generally increasing with
i ncreasing boiling range of the fraction and in
fract| 0 boi i ng ab 450 0C,  such asphaltenes nay
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dispetsatcy ghees@TDSP kredéschiving atighrBANsndbahietaSsehas been
i'n maintaining the asphaltenes in solution in the oils
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on fouling Crude oil resins are a class of
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above 450°C, such asphaltenes may be present to a significant amount. The
reduction in fouling is also particularly notable in asphaltic oils including those
derived from Californian and Mexican crudes. The solvency effect of the resins
plays a role in maintaining the asphaltenes in solution in the oils being processed
in the heat transfer equipment and in so doing, helps to prevent fouling in plant
equipment. In addition, certain components in the resin extracts act as
dispersants for insoluble contaminants of inorganic origin, for example, salts and
corrosion products and so tend to mitigate their negative effect on fouling.

[0018] Crude oil resins are a class of components of crude oils. In terms of

molecular weight they are intermediate the oils in which they are soluble and the



fraction of the oil and are therefore aptly descri bed

as asphaltic resins. Conpositionally, the asphaltic
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precipitation fromcrudes and crude fractions are

mal tenes. Mdre inportantly, _hey can be characterized

by their solubilities in various organic solvents. The

resins may be obtained by extraction of the asphalt
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. nethoq such as the ﬁne descri@;d beleﬁlu.Lng.an . .
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comercially in the refinery for renoving the asphalt

varioug thTeReHtics imay e pfiainadginf Hugs tvay s theip utibigy @p disparpants for
t he production of lubricating oils. The.npst co .
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exane” an ept'ane an t naphthas, preferably

usifp &8 ABeaTMaestaig al so effective for this purpose. A
conmon_sol vent used for characterizati on purposes is
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refaneryh fommeinoyeig the asphalty dractionofrom thigh beding drastions, for
ey e o S B S B PR B partin use
to pfn%%ﬁnﬁite Ferphtang RUROFETaR fractions are propane and n-pentane
although butane, hexane and heptane and light naphthas, preferably 86-88°
Beaumé, are also effective for this purpose. A common solvent used for
characterization purposes is precipitation naphtha whose composition is defined
in test method ASTM D91. The asphaltic fraction itself comprises a number of
different materials with different solubility characteristics, including the light
alkane insoluble fraction, referred to the asphaltene fraction and the light alkane
soluble fraction commonly known as maltenes or petrolenes which can itself be
resolved into further fractions including a resin which can be separated by

percolation over alumina or by precipitation with propane. For the purposes of

the present invention, however, it suffices to use a paraffin-soluble extract of the



t he present invention, however, it suffices to use a
paraf fi n-sol ubl e extract of theasphalt fraction, with
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enpirically by appropriate selection of the solvents
used for the asphalt precipiigati on and resin
extraction; the selection of the solvents is made in
dependence upon the crude oil (or fraction) which
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the resins from the heptane-soluble cut by other means, for example, by
adsorption on activated alumina, silica gel or Fuller’s Earth, followed by
extraction with a solvent such as toluene or toluene/ethanol. Suitable resin
recovery methods are mentioned in the Encyclopedia of Chemical Technology,
Kirk-Othmer, Third Edition, John Wiley & Sons, NY 1978, ISBN 0-471-02039-
7, Volume 3, page 286, to which reference is made for citation to such methods.

[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



[0020] It is not necessary to nmake a total separation
of the resin fromthe liquid fraction and, in fact,
W b@9ng®sn can conveniently be used in the forpeDiS2008/009411
asolution in the solvent or in a suitable carrier oi
such as a light distillate fgaction. If, however,
desired, for exanple, to facilitate transport, the
light paraffinic solvent may be renoved by evaporation
o.leave what is essentjally the resin itself i.n.the .
SioR B he SNyl PHB e P FHER oA Tgh iRl fraction.
pyr Ll cat] though, i : i Ofh 0! i -
EERISE' bR L SlablicTRS RIS 1At o e o
solVéR Maf e réholédiby svsdoragom thilghve Wisitiik|abentiatlygthe resin
di esel oil, kerosene or even gas oil. In preferred
itdedf irs thef forme ofr @ atickytmasshehids thenerequakes e fadbed purification
sol ution or, suspension in a.solvent or carrier
e t

. | .
althqugh ihasyahe deairalie) fonfIgtling PHEPRSES 395 @sbg%@)solutlon or

d tvpicall . - ) :
suPenidPifigia darEL A ERUstbfs & FRBhUfstliafe. 13 QRPN ReRsene or
e\)éﬁﬁy$§%eoi'l.ecﬁ¥ﬁfégr1"éﬂ fob@is OB PEImERE Ght ReSnab@rRt ifhlded in

erTved froma class of crude oils and crude oil

solutiéed bossspiesioreih rsotvent o carnietesil viniolmhaasanHemghboiling point
Sol vency Di spersive Power ( These resins

) HSDP) oil s.
belew BiICe(eV ¥ and sypcalherhaley’ 3P0°¢h (392T), ie is a naphtha or

characteristic,.of dispersant type nolecules with a
m&ﬁﬁ%ﬁlﬁ%ﬁ%&ﬁ t’ﬂﬁ“ﬁn'non-pol ar tail. The crude oil

Cti _ : . : N
obcL, 88 SR SALAHnd BSL0ERK e epLed depctudeabove,
ar@ldeyived fldmsd BERs ofagadavolls ahdvautbeil fgcticns dedvoéd ifign such
ranges to contain the resins. The asphalt fraction .
crodesaiknoavii as tHighdSelyghey tdispersivevBewam(H8EIR)soils Jhese resins
fruitful source of the res'b{&}zl si nc
i

ot B lafb P Fo AT RRE GV PED: Ay ST YHR o4/ Righgrsant type
mpﬁgﬁlqg'\kﬁﬂta éfgl{aggf%\%ﬁtcﬁfdt ﬁgﬁégﬂ?%re ?ﬂj e @580t A®Mons from

e extr . sol vent, e.q.
whiRBt gieeresirfs ver dérved @8¢lnde asppée dhedésanedaoddiRr@des and

product. The DP oils, which are described in
regidp l(atmadsipberiSerivacutin) sindesthes@ il have the requikite hodlimg ranges
toafoN i therSesAE pylrersIal RechieRopbBie A gheofcasphaling of
FTaAEI PR obAS obInaf bl B! B 0 bcpiaa
fr&MahaGER' te3RAbP AL Qi ANRTdIRANY pRItiFitakR @ropfiiedoNdER@he) 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



(TAN, the nunber expressed in mlligranms (ng) of

pot assi um hydr oxi de needed to neutralize the acid in
woer@gsan of oil) of at |east 0.3, preferably BECT/UEXDS/009411

1.0 or higher, e.g. 4.0. As in the case of the crude

oil fouling mtigation nmethogyofSerial No. 11/506, 901,

the degree of fouling reduction which nay be achi eved

appears to be a function of the TAN | evel in the

TNy BTN R ¥ R R
i t ' pl : :
AL S SR AU PRRETc l FR bea

toObé &gl tdether ARty 8f ahel n@FBﬁieﬁiw’lhei@lsfp?rekém ghotblki exgracts to keep
occur. The high SBN | evel s associated wth nost high

parfisulatasd psesent/ énatheo bhansls  floowrwetdingi dnd nadliesingl ¥ rije heated

agphal t enes and/.or keeping themin solytion e
suEfacs e tYRFEF PG BE A eRoIeh e aCr bt Tonare fBking occur. The

hi%f’l@BrNNe%glsoa%gélil(gP%:ﬂeWhB ﬁlgﬁ @gﬁ"f‘mf .&Méllegltl%h/%gfso been shown to

ear=y nconpa ty of Cru ol'l's an

ifehedisgQir fieh€s ARBMY Q@ée{p gedrhah dutidd nbde &dctivel
allfor a1 fur{ﬁ:?%sgri pti onrof ﬁég HSDP oi | s. 1[0022] The ey

whmhudisd reducBs émaliimg thsitvimrld isshetstise otaeddwectoathdiingornpatibility
the nmet hod described in U S, Patent No. 5,871,634 and
anch @eapingonmRatbi NOindr coyde: 1pdlss aad dbleadsret Rfesnegay made to

AR AR, ERSOAR0] R BPPIG T 5P o

[Og—%zir at i'Igi%- Sofdadty T@ﬁ:nﬁgﬁjmﬁl@fﬁef &Rl Hefe?mh’r?ecfida‘éggréiﬂg to the

crude ol or fracti requires treatnent |

metholdedssegibed ihE.S. dutenteMor 88,684 andshadiatal Akad &umber by
potent in their effect and ppmlevels may be effective

the stanstpnd engtbod iof KOG titkations ps puessxibedtbyaASdvigh-9 He Standard
t t, o« bred will d I 0 th il
TEERgnRdar awi e Hise Rmbrett Piuoisindicedn Tettiung
1088311 N THeCABLP LPGESHH RIb¥MdARA B! ERIBDiPldr frfction which
ex&ecte to ungergo. i gh thermal severities (hig

rel @IS freb &R, is lqoitg shedl:ithe redinaixitoss) are] hd notedi abesley potent in
stress the oil nmore and for this reason may require a

theigasfifeat angk ppd bevede mapabei ¢ffectiventa eedudet foyinge &s ¢h¢ dlesired
used. Typic

exXSB ARl P 6Kact MaeURREayTes Wi HEPSAT MBLoRD1En Spil being
o884 e TR 5D 5P BOY0n TR Syl kLt whic
theffe@tdd &€ id Expmedd kASESergONRIYM thefthal §&erities (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



order of 250-1000 ppmw have been shown to be effective
Wi th crudes with a pronounced tendency to fouling. The
woreoopmssesanount will normal |y be chosen as a neeT/852008/009411
pl ant econom cs al though anobunts in excess of the
anmount needed to produce theydesired reduction in
fouling should be avoided as a matter ofsound refinery
practice. The maxi mum anmount is not likely to exceed
scod et e, Pod BRSPS St 42l el 7 Bt about 1
it S : f t] T
TR SR LReL O, ARG (i 17 BEL P s e but s
nctedRbevex BoufBNtp thoro®EXpphlve willhbé dffstivel JTHE @xads amount
the Alcor(tm rig referred to below. [0024] The base
setddted will et detatrethedi erhpirtoallydsy singpde rexperimmntcforsixample, in a

e EtEAS MR SrObST D Bl o7 OIS U
incl udi 3 ! d d ' .
o L BB ST Pk of 2 whol

cri@E ioY1EG BentiUSt (166 RTABRS ShiHR: ofl P FraetiBAP | RriveaSréh! & crude or
cycle oils, extracts and raffinates although the

crpdé rdemnd e indludinigy tagpeidherydee s,eduicéd wride, resids t(anospheric or
technique will be with crudes and reduced crudes in
vacHem)nand hydeacaghen dracpipbt degyed) bixHurther prpgasging, for example,
rabl ens, have been preval ept. [0025] The resin or ..
eoBuBRn TRI< 2. REGuS et haeh A feveh egmadipfLugiy of the
: _ . i aui ot = '
ot AB4EAE DL TRl S B! A et in

théliisiper stages bﬁﬂﬂ)d&@éiﬁgmh@é fealinig protéemeihavelbedn Iprejalent.
blending if the resin is used in solid (powder) form
[0025¢ t r dAEagsiai Or fesin estraph ey sxemhingd with theof tenbe treated by

BT B bk L e o
th %ﬁ‘})f o£a! dofuith 'oregi%é’ﬂsiqrﬁ ir?ia%é]l%ﬁta?} P HE B bid-liquid
oul 1 ng over untreate oil's whic contal n

bleddihg Gl the a®sinl R0d8dd Theoligs(pdwWdar¥tfoRA. | The ©&dted oil is then
that can be nelted at tenperatures from about 100 to

pro&3e@ veithianthespllantl rldwi treataddaitl witl bédobnd doaixhibit limproved

nmel t. and honogeni ze into the base oil at exgchanger, o
progsspidZathprasterishes prerithe pingsated orhAsh Rsgi gl P awH exhibit a

PP ERAT rl5  0h e R EpRApElrcutcs
[0028Y €Nt TAB reSinSRabtidh §€4€; 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



rather, it is suitable for reducing and/or mtigating
fouling in other heat transfer equi pnent and refinery
weeowposesnt s | ncl udi ng but not limted to furnaP@BUS2008/009411

pi pestills, cokers, visbreakers and the |ike.

Furthernore, the use of the_ [gsins and resin extracts

may be conbi ned with other techniques for reducing

and/or mtigating fouling. Such techniques include,

ut .are vi si,on of |ow,en

pdfisich 8¢ q§%&#§fs§%§e %t bl rogfiedenolBices NARA G hanger
Y B RES . DS B b A PeficAtion MGk, EP416800 0 11/436.802

(inegRams€adf Cohtfralle@Nmedhamieal vibtionn ddSdeadriid in US Patent
Application No. 11/436,802, (iii) the use of fluid

ApplieatidroNaanbil /48 6,802 Afii o the wise off Auyd palsadioni aedfon vibration,
urface coatings,, as . described {n US Provisi onal ..
whichemay ASoF PRI esh Wilh Swdaes S0, £5 | cribed IS Frovisional

PARCAREI AR No, BORES 883, Bled Y JLRE 230 2008 ntjfieq sReduction
ofeFo!i]lﬁﬂge[n tlybas BRAAREerS gﬁf_)etkféo%Ent AB&t@olishing on heat
modi fi cations, as des@éribed i'n US Provisi onal Paten%

exShphgeratubes dyal/o68urfacd co8bngsandd or) modifiiati@hs oas described in
t he sane, as described in_US Provisional Patent

URdpovissenal Patent AppHaatigyNo. 60/ E4l,885.0ank (D3combigtions of the

S e B P 50 PR RSO0 £ e,
ot Ad SRR cATBlSUEMEHoli S 106 iE HRANES SN A e S ling in o

er techniques whic be use conj unction w
Réfiverpresiiet diddogats oof tlessenpateat agiticadshnsaraneefeasidnto for
extracts may al so be used to supplenent the use of a
digglgsuresjof dmesg etheptachinigiep ovieich (rmpby wsedl imsodpustiopedith the
in US Patent Appl.icati,pn No. 11/4506,901 to whic
prand Tefhieatipg thelinianey  Lheasing #d BRin FXirEs manalspge used to
i i t i r i . .
suBpHATor the ult of o AN SO EL HSAIE foPher GRISPT B gy deseribed

inTUS PhfeattApsinesonoNG. hE1/566/00 1%6 rRhich FE¥rddRe is made for a
determined using a test rig simlar to that described

deseripipgn iof thie drlegdimgakruds. odd MEUE, 18O ISP ewidehoils for reducing
reference is made for a descrjption of the test rig.
aSPWE@]e'IaPQPaF%‘ﬂB% ‘é‘dﬂl%g%?‘i’l@“gaased on an Al cor(tmn

g7, 385 BRI R T Pl T, B GRS 9 o s
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



tool for predicting heat exchanger performance and the
fouling tendencies of specific process fluids and is
waelemensder, for exanple, at PCT/US2008/009411
http://ww. pacl p. comt product/ Al cor/lit
al cor/ HLPS400. pdf . The Al cor(#iPLS operates in the
lam nar flow reginme at accelerated fouling conditions
conpared to conmercial heat exchangers which typically
rate a high turbulent flow regi me at. much_ | ower.. .
HESS RS mavet o ¢ ansgreale TonEdor arpiishg e Rifive fouling
. ar nt tool for
teé?%lg%gﬁg??(ﬁéﬂrcg)}‘rglﬂetcgal?gelﬂ??ﬁg eégnci es of fluids
[0030] CONMEHeCiead ri%%ﬂb“ﬁ%ﬁhﬁ@qf was 19680 ndwutete éffect of adding
shown in Fig. was used to neasure the effect of '
asphiditicgreaspbrsiradts onagiide okl saaaples containisg addedssadid| particulates.
cont ai ni.ng, added solid particul ates he test rig.
The st Hg<naludss arearrvoirol & 6ORIAIHNG G féeg sERPLfihg Qif under test.

The TSl Boli1E 5 R g BRSr BB SebRol R oy Epo2F and
theRtRd3int&e khdil 19086 /taltiRg £ véRiddIBAbli¥nfd BE4tEE rod 12. The
heated rod 12. The heated rod 12, which is suitably

hdatedvest! 12 owhedr sosuitibée formédnidoat earbront stbel, isimalakesad tube in a
exchanger. The heated rod 12 is electrical I(étheat ed to

heat sebiangarni dbg heatpdradul2 iamdestricaliniheatedato whpredetermined
BB T SPukFRRGS B b GBI bhRlou UGBl e i
Tﬁgg?l‘g)g Q?éci)’ gﬁ%@@ '%emE?{at&x%@ Gre %@pwxihﬁt@ly@ﬂﬁ@@é@gﬁ ah8900°C/

at a flowrate approxrmately 3

759°Fm The efeed BappRelit phepdd saepgdsytheshentd ecdeld anatfiew rate of
top section of the reservoir 10 in which it is

appspeimately 8bmliminutes r $he espenbdded sppbly as Icobgetgd in the top
I ' y | . -th h ion,

scsian &) o8t fispt it 20 e Kis SRORASLBEM 1ooN Sseplsesh suply

oif Sy Yo 83500y SO Ao S HEE DUERC ooty i ftem s

rédsuirized M@ nask U408t 506 Pbi leéh%rea%ﬁieﬁ%mﬁﬂfﬂ@%v@ﬂ in the
pthe rod 12. [00 1]Mmri ngﬁ?%g constant surface

oit dupeg dhertestt eBtarngpcobipld madingsparsiresomded fowithe dbullp flomd inlet
eated surface gnd becone_ thermal |l y degraded to

anté?ﬂ%épetmpe@wgeaépé PF surdatrsel e oAsd- ating ef f ect

OB . BT E RIS AR PPt B0 opps an
buiREUgS bAntheeawd Sbrface 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



bul k fluid tenperature continues over tinme as fouling
continues. This reduction in tenperature is referred
W@ 20089983062 outlet liquid DI (or dT) and can bePCT/US2008/009411
dependent on the type of crude oil/blend, testing
conditions and/or other effegts, such as the presence
of salts, sedinent or other fouling pronoting
materials. A standard fouling test is carried out for
180 m nutes,_The total fouling, as asured by t
08 ol Podcts ot GapTtae oF ddiosSanids 4t dte afts' (Crude A and
CHEIRS G5 Safel HRIcRG S i Sider FEPRAACE Heguhil? felin sample.
TREESAPoSitians okl BvBriis wérkRRIoHots: bl endi ng in
order to create a baseline fouling sanple. The
conpositions of the two crudes were as follows: Crude
A APl 2 1.6 Sulfur, w. pet. 3.4 TAN O. 14 BN 60 IN 35
Crude B APl 38.4 Sul fur, Gitudepdt . 0.92 TAN 0.1 IN 27.5
[0033] The resultin | end contain%qtg.S wt %
asphal tenes and >30 pmfilterabl™®e solids
(particul ates). Thegafldgt 3jcg knows for increasing
the fouling potential of this crude blend. [00341 A
resin fraction was frggared from a. HSDP crude oi
havi ng t he follomﬁng conposi tion: H%%? Crude APl 22.4
B

N

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



Sul fur, w. pet. 0.2 TAN 0.8 SBN 132 I N O[0035] The

resin fraction was prepared by first carrying out an
wo2penssane deasphal ting at room tenparature. TPCBUS100$009411

preci pitates the Cs-asphaltenes fromthe base

oi Il /solvent mxture. This ingpluble fraction

(C5-asphal tenes) was then collected by filtration and

subsequent|ly subjected to a n-heptane extraction at

roomtenperature. The soluble fraction fromthis

extraction can be generally ternmed the resin fraction

t he u i h i t
0P VeI SPGB 15, 17, RS g ppenone
de%s tiB %@%(ﬂh!"tb atdifirdar hiscs%;ﬁbﬁb%lﬁltmé@ﬂfee@ asphaltenes from
ter Ie solids). Runs with and without the added

the dralsasnl/(mleemiamixwde oﬂlfhlsjsnsrqjublleefrmtw (Eoaspheadtenes) was then

simulatio stem  [0036] A pl o he dat a collected.
coflesfadoby Hilakion, ang, subsegiently 30 arRigptang gxtraction at

o e T
tef}ﬁe/ﬂ rigd %Einoﬁrabﬂoﬁoé‘ﬂ 't}'ikg chade R €50l APl o\faﬂil@ Ln‘ésm fraction

difications can be nade in our invention as
[sdmﬁt-ﬁieed)dsmj evas addet ol ciikfure erft Candeodl 'mithcmitammg the
t he device and net hod can be nmade whil e remai nin

pamlwinatcSt (mecaspred s dilterablspsolids) hBunWélm iagd wsthout the added

d t t f h
re%'b‘? s ofere sairied Syensthe e A ioulaB b Mo Raler
ta' 'Ae?ldc}”oifﬁ{% &&Oém%&éc{‘%(frﬁ Gﬁ§ '1§:¢r§vhalch.i99r“i ure 2
erpre as IllTustrative only an [Tmtin

Tlﬁ@@sdhtﬂrédléﬁ thd.refuced Hodlifi@ras rzedmjlmgf ftl&u ladd@idnmnolieké¢ resins
transfer equipnment for heati n8 oils of petrol eum
fragtiogi. i ften &80rminotesaungimei agd%bregngting imfowing v_was noted.

M e
BRSO BROEALA LB BRPhRoq g be made
Wi B@ﬂaﬁﬁﬂ@r\vﬁhlﬁgthe 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.



bl ending an oil of petroleumorigin wth a maltene
resin extract of a high solvency dispersive power

W@ ki®DP35062 ude oil. 3. The nethod accordi ng to BCHUA2008/009411
or claim2, wherein the resin is derived froma high
sol vency di spersive power (HPP) crude oil having an
SBN of at least 75. 4. The nmethod according to claim
3, wherein the resin is derived froma high sol vency
disgeysive power (HSDP) crude oil having an SBN of t

C = 85. 5. The nethod according to claim1l, wherein
the resin is derived froma high solvency dispersive
power (HSDP) crude oil having an SBN of at |east 100.

6. The nmephpethaddor deditin® fehlaiglinlheaMtemefer dqueprhent for
is derived froma high solvency dispersive power

he@HBPR)ilsorfubéradeumbmigingthe Métdodfcamprisagt 0.3. 7. The

nmet hod according to claiml qor 2, wherejn the resin is
der i Rlepdingan ail pf petrodeura frigiy ivglgépgiafﬁgh%g\gépsm@ed from a

.crude oil having a TAN | egst ..2. 8. The nethod
nih 855y P Se e (PISTED SBRE DI phai 1 ¢ resin i s
derived f i | ' f
cruds. of 17k hodl 87 1 Rl RERGH (R RERquipIRE for
heatiagradisngf georcdaymngigih, theeanpthededinmgrisihgi ms, wherein
the resin is derived froma_high sol vency dispersive .
pownetlendispmn el wfepetialewn asiginavith gnmalteRe seshaexiraghota high
ol vent. from an asp reci pi.tated fromthe HSDP
SOi‘f%’&éf.J‘WS‘?’ﬁé’%@r{gﬁé@E)?W%fto anyone of claims 1
o wh . e : . . o
Sol vency. s sttt BEsiins™to ataf 3or 122, Widein the resin i
degiedadedinanhightdolvdhoy-dispireine ol gMHSIDPYohRIR ¢ishlving an Spy

. art(laecais?i’/tsét ed fromthe HSDP crude wth n-pentane.

4, The method according to claim 3, wherein the resin is derived
from a high solvency dispersive power (HSDP) crude oil having an Sgy of at
least 85.

5. The method according to claim 1, wherein the resin is derived
from a high solvency dispersive power (HSDP) crude oil having an Sy of at
least 100.

6. The method according to claim 1, wherein the resin is derived
from a high solvency dispersive power (HSDP) crude oil having a TAN of at
least 0.3.

7. The method according to claim 1 or 2, wherein the resin is derived
from a high solvency dispersive power (HSDP) crude oil having a TAN of at
least 2.

8. The method according to claim 7, wherein the asphaltic resin is

derived from a high solvency dispersive power (HSDP) crude oil having a TAN
of at least 4.0.



11. The nmethod according to anyone of the preceding
clains, wherein the anmount of the asphaltic resinis

WO e@p0d®61 0 1000 pprmw of the total weight of tPer/v51008/009411
and the resin. 12. In a nmethod of thermally processing
a hydrocarbon oil of petroleymorigin by passing the
oil over a heated surface of a heat transfer conponent
of a processing unit, the inprovenent conprising:

. apnar TREmedtod Btkting & AERE S 1 PEGR Bl §lafRS) Mercin
i 3 1 H . . f .
e e e

exdractian evithl 3 patdffinicredlivent front heasphdlyprecipitassd fronathe HSDP
hydr ocarbon oil of petroleumorigin by passing the oil
crod@r a heated surface of a heat transfer conponent of

. . ool Dealls _
el ng THEMUMG AEFBRINES HOAMEPSHIC b bh SHRIR e
| ! .. _ .
e e R R
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crude with n-pentane.

11.  The method according to anyone of the preceding claims, wherein
the amount of the asphaltic resin is from 10 to 1000 ppmw of the total weight of
the oil and the resin.

12.  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 improvemeht 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.

13.  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.



