-1 - IMPROVED CRUDE O L BLENDI NG TO REDUCE ORGANI C- BASED FOULI NG OF PRE- HEAT
TRAI' N EXCHANGERS AND FURNACES BACKGROUND OF THE | NVENTI ON FI ELD OF THE
| NVENTI ON  10001] This invention relates to processing of whole crude oils,
blends and fractions in refineries and petrochem cal rtlcular
this i nveMq Y423t es to thernal processing in pre- hepaﬁ%"ﬁﬁ%gq"hlsé‘g@hangers
furnaces, and other refinery process units and the associ ated issues
relating to fouling of the equi prment. DI SCUSSI ON OF RELATED ART
[ 00021Fouling is generally defined as the accunul ati on of unwanted material s
on the surfaces of processing equipnent. In petrol eum processing, fouling is
t he accunul ati on of unwant ed hydrocarppp-based deposits on heat exchanger
surfaces. It has been recogni zed as a nearly universal problemin design and
operation of refining and petrochem cal processing systens, and affects the

operati on OfMEROWER CRUDE'OIVBLENDING!TOREDUTE ORGANIE-BASER | ow
thermal condyghiry pg: oﬁ@m-@mm@mﬁﬁmwmmmmfer and
reduces the €Cll Veness exchangers - us 1 ncreasr ng
tenperature in the system Second, as deposition occurs, the cross-sectional

area i s reduced, which causes an increase in pressure drop across the
appar at us FPAAKOROIRDICETHRE INVENTIeagure and flow in The heat exchanger.

FIELD OF THE INVENTION

[0001] This invention relates to processing of whole crude oils, blends and
fractions in refineries and petrochemical plants. In particular, this invention
relates to thermal processing in pre-heat train exchangers, furnaces, and other
refinery process units and the associated issues relating to fouling of the

equipment.

DISCUSSION OF RELATED ART

[0002]  Fouling is generally defined as the accumulation of unwanted
‘materials on the surfaces of processing equipment. In petr.olcum 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 — thus increasing temperature in
the system. 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,



-2 - corrosion, deposit of insoluble materials, and deposit of materials
made i nsol uble by the tenperature difference between the fluid and heat
exchange wall. [0004] One of the nore commn root causes of rapid fouling, in
.. particular, is the formati on of coke that occurs when crude oil asphaltenes
are overe%%"é‘ﬁ'“?‘éﬂheater tube surface tenperatures. T'Fl%Tfﬁﬂwodg“"%n t he
ot her side of the exchanger are nuch hotter than the whole crude oils and
result in relatively high surface or skin tenperatures. The asphal tenes can
precipitate fromthe oil and adhere to these hot surfaces. Prol onged
exposure to such surface tenperatures, especially in the late-train
exchanger, allows for the thermal degradation of the asphaltenes to coke.
The coke then acts as an insulator and is responsible for heat transfer
efficiency |l osses in the heat exchanger by preventing the surface from

heat i ng t h@r@isionDaesdsitof iREOMBIE bR ridly, tnd HEROH &f RAIRGs Akdeiihsolible
refineries is comon, but certain blends are inconpatible and cause

pr eci pi t athydhe tsmperphue differened hetwegn thefinid 9nd heat exchangeswallui pnent .
| mproper m xing of crude oils can produce asphaltenic sedinent that is known
to reduce heat transfer efficiency. A though nost bl ends of unprocessed

crude oi | J0604] NOVHOHFIKEINbTe)OnAGIPEG dAuses shapidafoulingphmgirticbiarsend i s
obtained, the rapid fouling and coking that results usually requires
shutting desiermasionest gakeghat ercuss when grudeopil asphalieney, areevarexposedier i nery

to nore p&@lnie}- A témg%&“t‘u{e ubgd lllg&&s & ?ﬁ@ﬂ&gf 3ideS &%xpﬁarféc?anEd’
whi ch typically requires renoval fromservice, as di scussed below.
[ 0006] Heatareennichrigeter it theevliclecride 6ibs fusd psultdnaahatively highi susfaceoatr eds of

mllions o{(, dol | ars each_year. E‘W to lost efficiencies, thr oug@%ut, and
addi ti onaP® %W’%‘b‘ﬁ%ﬁunﬁ%ﬁﬂﬂ’ §6S 138 RIREIPUEEHORHLRE B andepdhere Rt
exchanger el Guitdsesd 4 éxPB3G1e 1BNulh Y6PASe RERbédakbd, i dspecibify " Ol eum
refineries and pe?rochem’ (?Z?ﬁ%lr ar{atpg’ al so guffer h?gh %perat i’ngi‘?:%g?&s due to
cl eani ng nmthe latmdtrain exchanger, allows for the thermal degradation of the 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.

[0005] Blending of oils in refineries is common, but certain blends are
incompatible and cause precipitation of asphaltenes that can rapidly foul process
equipment. Improper mixing of crude oils can produce asphaltenic sediment that
is known to reduce heat transfer efficiency. Although most blends of
unprocessed crude oils are not potentially incompatible, once an incompatible
blend is obtained, the rapid fouling and coking that results usually requires
shutting down the refining process in a short time. To return-the refinery to
more profitable levels, the fouled heat exchangers need to be cleaned, which

typically requires removal from service, as discussed below.

[0006]) Heat exchanger in-tube fouling costs petroleum refineries hundreds of
millions of dollars each year due to lost efficiencies, throughput, and additional
energy consur\nption. With the increased cost of energy, heat exchanger fouling
has a greater impact on process profitability. Petroleum refineries and

petrochemical plants also suffer high operating costs due to cleaning required as



_-WD 2008/ 024323PCT/ US2007/ 018443 -3 - a result of fouling that occurs during
thermal processing of whole crude oils, blends and fractions in heat
transfer equipnment. While many types of refinery equipnent are affected by

-.fouling, c I Jat es have shown that the majority of profit | osses occur
due to thea?)gztﬁ)ﬁﬁ%ﬁéﬂgf whol e crude oils, blends and fraé’FﬁGﬁ%"‘Wﬁmﬁ‘F‘e- heat
train exchangers. [0007] Heat exchanger fouling forces refineries to
frequently enpl oy costly shutdowns for the cleaning process. Currently, nost
refineries practice off-line cleaning of heat:- exchanger tube bundl es by
bringi ng the heat exchanger out of service to performchem cal or mechani cal
cl eaning. The cl eaning can be based on.,scheduled tine or usage or on actual
nonitored fouling conditions. Such conditions can be deternined by
evaluating the | oss of heat exchange efficiency. However, off-Iine cleaning
i nterrupts | C@. | n < S ef i neries
because. t hEtets PF BAlth AP Akhg thahal, BERIRERR wRCSHRNE difs
possi bl y eblendsand fepctions iindeaf trarsfer equiparegper SWhile marsy bhypes rofheedimenost
savings in energy redugtion. alone. Reduction in fouling | eads to energy
savi ngs, hpwawgeeaamffweﬁi b3 o0lipgs $o5t FRTEATPRNE St et KB AGRBK penses,
and an | Mg PURIRMbsddl oA Bl toRUEKbARIG bf WnBle: drifle SAU PIFRM and BAGRbRO™
refineries aﬁ crus(ie gcﬁedul e?s curreré?y foTeI ow f)l en’dh?lng g%ti‘del Ines to
mni m ze abppretheabtrajir @abgngersi on and the resultant fouling of preheat train
equi pnment. Such gui del i nes suggest bl ending crude oils to achieve a certain
rel ati onship between the solubility blending number (SBN) (al so symbolized
by SO and [gppg| ubi HeatYeruhahgeér fdu'ﬂhg(ﬁlrc%@ reAbeéd &ﬁﬁe&ﬁeﬂtl}b eﬁnialé)héoﬁif}end- The
SBN is a paraneter relating to the conpatibility of an oi'l wth different
pr opor t i onshusdownsrietethesadéaning processir Eurssadlt, awst otfirarigsrpracticean:-linkhe SBN

n Us pariefuingp fbay PYtfshee? i GAPUET R shifhidk e REpCPRBRperRu Ece "

Sone 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

burdensome for small refineries because there will be periods of non-production.

[0008] Mitigating or possibly eliminating fouling of heat exchangers can
result in huge cost savings in energy reduction alone. Reduction in fouling leads
to energy savings, higher capacity, reduction in maintenance, lower cleaning

expenses, and an improvement in overall availability of the equipment.

[0009] 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 (SBN) (also
symbolized by Sy;) and insolubility number (I,) (also symbolized by In) of the
blend. The SBN is a parameter relating to the compatibility of an oil with
different proportions of a model solvent mixture, such as toluene/n-heptane. The
SBN is related to the 1,,, which is determined in a similar manner, as described in

- U.S. Patent No. 5,871,634, which is incorporated herein by reference. Some



.-4 - Dblending guidelines suggest a SBNIn blend ratio >1.3 and a delta
(SBN-1n) >10 to mnimze asphaltene precipitation and fouling. However,

t hese bl ends are designed for use as a passive approach to m nim zing

-_ asphal ten ;ation. [ 0010] Att enpts have been nmad | ve t he

met hod of P%(Ir’) %Mn%g}tv\o or nore petroleumoils that ar eﬁ%%ﬁ%zrqw(g%“g

I nconpati ble while maintaining conpatibility to prevent the fouling and
coking of refinery equipnment. U S. Patent No. 5,871,634 discloses a nethod
of blending that includes determning the insolubility nunber (In) for each
feedstream and determ ning the solubility blending nunber (SBN) for each
stream and conbi ning the feedstreans sych that the SBN of the mxture is
greater than the In of any conmponent of the m x. In another nethod, U S
Pat ent No. 5,997,723 uses a blending nethod in which petroleumoils are
conbi ned iylerfcih umewnepeﬁégesﬂa SBNAL ﬁﬁndtx‘auheﬂm taha aamt@gsmhqmmur e

hi gher than 1. imes the Th of any oil in the m xture ‘Ej woul d be
desirabl e te onmmpnm/as;guiltaee ipresipitation and dfouling.b| Hnﬁriemg',t esech
ﬂ)w prrent

elimnate n d to sical | nd/or cle

There s dengatt tgnipaRoy BassRe Sbpi B I3 e fnfind iy ProsE RO e
stabl e solutions during processing for the prevention of pre-heat train
equi pment fouling. There is also a need for devel opin oacti ve approach
to addr esdPtPlaspiettanepte have biepn madede lanmoméheewthﬁtﬁofrbg'@dmget\&@ $Bci at ed

foulant d [ / p SHMXQE NV

[ 0013] Ano &% gg%@‘é:{ﬁﬂgf&gsnbb%{ 4| (rjr‘ér%t go@?ﬂ Fﬁ% I'nve |none r‘wﬁﬂ{3 ll\%? ipar}lg%l di ng
compaublllty to prevent the fouling and coking of refinery equipment. U.S,
Patent No. 5,871,634 discloses a method of blending that includes determining

the insolubility number (I,) for cach feedstream and determining the solubility
blending number (SBN) for each stream and combining the feedstreams such
that the SBN of the mixture is greater than the I, of any component of the mix.
In another method, U.S. Patent No. 5,997,723 uses a blending method in which
petroleum oils are combined in certain proportions in order to keep the SBN of

the mixture higher than 1.4 times the I, of any oil in the mixture.

[oo11} It would be desirable to improve guidelines for crude oil blending to
reduce or eliminate the need to physically remove and/or clean affected
equipment. There is a need, therefore, for improved blending guidelines to
ensure stable solutions during processing for the prevention of pre-heat train
equipment fouling. There is also a need for developing a proactive approach to
addressing asphaltexie precipitation and thereby minimize the associated foulant

deposition and/or build up.

BRIEF SUMMARY OF THE INVENTION

[0012]  Aspects of embodiments of the invention relate to blending crude oils

to result in a stable solution that is effective in dissolving asphaltenes.



.guidelines for blending crude oils for use during processing for reducing
equi pnent fouling. [0014] An additional aspect of enbodi nents of the
i nvention relates to providing a process for maintaining a regine of
-_reduci ng | i ng foul ant deposition. [0015] Thes her aspects
can be re3&9§@@%%§s{he present invention, which is dir%g?ggmﬁ@“§*ﬁrocess for
bl endi ng petroleum crude oils that reduces organi c-based fouling of heat
exchange equi pnent The process conprises blending two or nore crude oils
that have a proportion of the oils that precipitate asphaltenes and adding a
hi gh sol vent power (HSP) crude oil. An HSP crude oil is defined as a crude
oil having a solubility blending nunber (SBN) greater than 80 to dissolve
the precipitated asphaltenes. Preferably, the HSP crude oil conprises at
| east 5% by volune of the blend. The process can further conprise feeding
the bl e”d%oiﬁrde_ Rhbthet RSPt ioFLnitdBikEits U the Ihediiibrerdlfes tepeRaaRRy . such
as a pre-heat train exchanger or furnace. 100161The invention al so rel ates
to a proceapddélinest femibilengling herude eoibhdomaissudacing precassiegit fooxxeduap® used
for effec&in ttm¥fabnexchange on a process fluid conprising asphaltenic
conpounds,qH PSR $1ushing t he heat exchanger by feeding a stream of
hi gh sol vent power (HSP) crude oil having a solubility bl endi ng nunber (SBN)
of at least 80 through a _heat exchanger to dissolve asphal tenic conpounds

preci pi t at[8814} om Aneadslideralsasnegt @f wmbodimants 1of thee inyensionsrelatgs 1 ush i s
t ed - per i adi S 1. Bl o1 0l . : it ed
o bhal + enddodidlil a1bEesRpE Maifhalif S HeehEof BRI B iSpMind ARG ©L, |

the HSP crdegesivtioh. stream occurs at |east four times per year, nore
preferably at |east six times per year, and nost preferably every nonth. -6
- According to the process, the heat exchange surface is contacted for a

period of [ppfE} Of HEUSHY Bifer Rplit Tal WS LRzeA B SRR PlséfWavention,

which is directed to a process for blending petroleum crude oils that reduces

organic-based. fouling of heat exchange equipment. The process comprises
blending two or more crude oils that have a proportion of the oils that precipitate
asphaltenes and adding a high solvent power (HSP) crude oil. An HSP crude oil
is defined as a crude oil having a solubility blending number (SBN) greater than
80 to dissolve the precipitated asphaltenes. Preferably, the HSP crude oil
comprises at least 5% by volume of the blend. The process can further comprise
feeding the blended crude oils including the HSP cil through a heat exchanger,

such as a pre-heat train exchanger or furnace.

[0016] The invention also relates to a process for treating a heat exchange
surface in a heat exchanger used for effecting thermal exchange on a process
fluid comprising asphaltenic compounds, comprising flushing the heat
exchanger by feeding a stream of high solvent power (HSP) crude oil having a
solubility blending number (SBN) of at least 80 through a heat exchanger to
dissolve asphaltenic compounds precipitated from the process fluid. According
to the process, the flush is repeated on a periodic basis to prevent prolonged
exposure of deposited asphaltenes and waxes to heated surfaces. Flushing the
heat exchanger with the HSP crude oil stream occurs at least four times per year,

more preferably at least six times per year, and most preferably every month.



.[0017] The invention can include using a blend having an HSP conponent in the
flushing process. [0018] These and ot her aspects of the invention wll becone
apparent when taken in conjunction with the detailed description and
-_appended q&gvm n@? BRI EF DESCRI PTI ON OF THE DRAW NGS [0019]. The inventi on
b¥V e84

wll now 3Bed in conjunction with the acconpan %ﬂﬁs I n
whi ch: FIG 1 is a graph illustrating test results show ng reduced
fouling with useof a blend fornulated in accordance with this invention;
FIG 2 is a graph illustrating test results showi ng reduced fouling with
several different blends fornmulated in accordance with this invention;
FIG 3 is a graph illustrating test regults froman on-line cleaning

si mul ati on;

According to the process, the heat exchange surface is contacted for a period of

time of between one to five days for a cleaning soak.

‘[6017] The invention can include using a blend having an HSP component in

the flushing process.

[0018] These and other aspects of the invention will become apparent when

taken in conjunction with the detailed description and appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019) The invention will now be described in conjunction with the
accompanying drawings in which:

FIG. 1 is a graph illustrating test results showing reduced fouling withuse
of a blend formulated in accordance with this invention;

FIG. 2 is a graph illustrating test results showing reduced fouling with
several different blends formulated in accordance with this invention;

FIG. 3 is a graph illustrating test results from an on-line cleaning
simulation;

FIG. 4 is a profilimetry analysis of a whole crude oil fouling run;

FIG.5 is a profilimetry analysis of a blended crude oil cleaning run; and

FIG. 6 is a profilimetry analysis of another blended crude oil cleaning

In the drawings, like reference numerals indicate corresponding parts in

the different figures.



FIG 4 is a profilinmetry analysis of a whole crude oil fouling run; FIG 5
Is a profilinetry analysis of a blended crude oil cleaning run; and FIG 6
is a profilimetry analysis of another blended crude-oil cleaning run.
-.In the dra | i.ke reference nuneral s indicate correspondin arts in the
di f f erent W ﬁ“é"s’f'bl’(v\o 2008/ 024323PCT/ US2007/ 018443 - 7 POTSHTIAS
DESCRI PTI ON OF PREFERRED EMBODI MENTS [ 00201Thi s invention is d|rected to a
met hod of mtigating fouling in heat exchangers, in general. In a preferred
use, the nethod and devices are applied to heat exchangers used in refining
processes, such as in refineries or petrochenical processing plants. The
I nvention is particularly suited for USE_ In the pre-heat train equipnent,
but is also useful for other heat exchadngers. Additionally, the invention
can be used in pipestills (crude units), cokers, visbreakers, and the |iKke.
O course, it is possible to apply the invention to other processing
facilities and heat exchangers partlcularly t hose that are susceptible to
foul i ng i nDETH 3 PRI ‘ : B8 processes and are

i nconvenient to take of f I|ne for repa| r and cl eani ng

[0020] This invention is directed to a method of mitigating fouling in heat
exchangers, in general. In a preferred use, the method and devices are applied to
heat exchangers used in refining processes, such as in refineries or petrochemical
processing plants. The invention is particularly suited for use in the pre-heat
train equipment, but is also useful for other heat exchangers. Additionally, the
invention can be used in pipestills (crude units), cokers, visbreakers, and the like.
Of course, it is possible to apply the invention to other processing facilities and
heat exchangers, particularly those that are susceptible to t‘ouling in a similar
manner as experienced during refining processes and are inconvenient to take off

line for repair and cleaning,.

[0021]  This invention is based on the recognition that it is desirable to clean
the heated surfaces of heat exchange equipment before precipitated and/or
adhered asphaltenes become thermally degraded and converted to coke. Since
coking requires both temperature and time, re-dissolving the asphaltenes before
they are converted fully to coke is an effective non-mechanical method of
cleaning. It has been found that selected crude oils have a higher solvent power
for asphaltenes and that streams of these selected crude oils may be used to
remove the precipitated asphaltenes from heat exchanger surfaces before solid,
adherent coke deposits can be formed. It is possible to achieve the re-dissolution
of the asphaltenes while keeping the exchanger connected to the process umit.
This eliminates the need to physically remove and clean the exchanger. In
practice, heat exchangers are cleaned on-line by the use of high solvent power
(HSP) oil that is admitted to the exchanger and allowed to soak the surfaces for a
sufficient period of time to dissolve the asphaltenes. After the pefiod of time,

the oil is removed with the dissolved asphaltenes and any loosened deposits,



100211This invention is based on the recognition that it is desirable to
clean the heated surfaces of heat exchange equi pnment before precipitated
and/ or adhered asphal tenes becone thernmal|ly degraded and converted to coke.
Si nce coki ,tes both tenmperature and tinme, re-dissolving the
asphaltenegg%%?ggg&ﬁhey are converted fully to coke is HTePpEOsge

non- mechani cal nethod of cleaning. It has been found that sel ected crude
oi |l s have a higher solvent power for asphaltenes and that streans of these
sel ected crude oils may be used to renove the precipitated asphaltenes from
heat exchanger surfaces before solid, adherent coke deposits can be formned.
It is possible to achieve the re-dissolution of the asphaltenes while
keepi ng the exchanger connected to thesprocess unit. This elimnates the
need to physically renove and clean the exchanger. In practice, heat
exchangers_are cl.eaned on-line he use of hi.gh sol.vent power P) oi
Chat 19 achieprest gl petaed B gl e B i e b ru SR R ol £, °,
suf fici entbpeenditlgab theBokeR dIES ebiéept e diepbrttianelated\applicdtioh RESJ od of
time, the oil is renoved with the dissolved asEhaItenes and any | oosened

deposi ts, Sexpl2dies/ biZ33h26ETentitiero On-bimy 43eat sExchangpy drlsaningd Miethbedssed in

the refinegy. t | sgehhAE N j s ﬁg@gigqffothe
coker. Thi‘é’&cﬁ‘(’é%{m ?Q 1{&8@ %g’egb% %e‘f%%‘%aﬁ%ﬁq%gti onc %%g &t al "No.

11/ 391, 258retiitd bpslicabionldre tnddepérafedivacimcty @feencely Met hod, which was filed
March 29, 2006, and is now pending. The contents of this related application
are incorporated herein by reference. 100221The invention di scl osed herein
uses this bC C j ' i 00 ' T

gut del | nostPOREE oy ol g BivsAfn MR1GER drcin®ueth 307 MIOBNGED B RBE 1t
duri ng bl etodbleapding adwli nepiatchangde gmidedimes.poviarcofdingPio dhis inveatipof emt i al | y

i nconpati bl g.bl end of ,0ils.,By this, .inst.ead of ,avoiding a mixture that wll
result in g@b%%a?esﬁga B SR e {ilen &&l?’r éd&l'?é!%dﬂgha”g‘é"é_cﬁo‘&fnponent
that pronmoiesp)t BR @ @S bithtially Oincamph@bleeBRAd" 6F Wils! "By A, dRsteRd wpat i bl e
m x and .thereby avoids formation of asphaltenic sedinent. The select -
conmponent aveidinges wixhite thatswilhatesulf eind esphadigne spregipitationt the ghixttrene
solvent crude nils, referred to hgrein as hi sql vent. power crude
ol o< "hsp IBFHIER o el cEorBPondly "ot Frsied e BistBittioR) OF wplidltp inber s,
(SBN) gr e&bﬁiltihgafmﬁ%n(iﬁmwﬁblenhm S Hexeb3BAViEY formdliosf asphalteniebl y
SI 3N> 120. 10023] The inclusion of sufficient volumes of HSP crude oil (s) in
a crude blssiments Sdieselech sprmplonentiaciudgs cride ils that arsfdefiniedtassaxcalient

mai nt ai ns t S i ]t t . t:e [ e feed
pr eci pi tat&ggﬁ?lzésngl ﬁig%mi érlpuggldllhs)‘?%ﬁagcqgn&gg F‘g%éé{'dg §lrvgﬁ{e$g%f)giﬁ[d§eﬂg in the
oi |, the HsideoilsleHSH cradelioils aee defimsi a5 thossdvithnsolibility bleadiagmanbease

preci pitat re dissqlve blending, results in overall reduced fouling
and a red@@nﬂ%“’c’h aﬁsg%&géi\gcﬁoboﬁf%fe%b’ SENpHEhand é%ﬁﬁt@?geﬁ‘m(doms,
lost efficdipsi@p, etc. As denonstrated bel ow, HSP levels of 50% by vol une
and greater are quite effective to muintain a state of solubility. O
course, higher HSP levels will realize nore effective cleaning results. So,

o . . . H
up to 100%,p58 O kG R&ids oF subrdes {SiimesCor BEPLA%e oil(s) in a crude

blend dissolves asphaltenes that may be out of solution and maintains the state of

solubility. When the asphaltene portion of the feed precipitates resulting in
solids that can settle and/or be suspended in the oil, the HSP crude oil additive
forms a blend in whiéh the asphaltene precipitates are dissolved. Such blending
results in overall reduced fouling and a reduction in the associated costs for
equipment cleaning, shutdowns, lost efficiencies, etc. As demonstrated below,
HSP levels of 50% by volume and greater are quite effective to maintain a state
of solubility. Of course, higher HSP levels will realize more effective cleaning

results. So, up to 100% HSP oil can be used if desired. For soaking



-9 - applications, concentrations of 50-100% HSP by vol ume woul d be
suitabl e. However, it has been shown that even low |l evels of HSP oil will
render benefits. For exanple, as little as 5% by volune of an HSP crude oi

bl end has been shown to be effective in field tests in_an-line runs in both
foul i ng pf%@éﬂ?ﬁgﬁzbnd on-line cleaning in refineries.PEHHEH%ﬁW@#Bexanple,
concentrations of 5-20% al so produced these beneficial results. Thus, for
on-line flushing, | ow concentrations of 5% and up are effective. [0024] For
soaki ng applications where the HSP oil, especially, a blended HSP oil, is
exposed to the tank surface for extended periods to effect deep cleaning, it
has been seen in field tests that 24 hgurs is an effective soaking tine. The
preferred soak tinme is between 1 to 5 days, nost preferably three days.
However, beneficial cleaning results and anti-fouling tendencies have been

shown 10 talficefibRC! coicehtrBticit BF 0l FRORT HEPPBF WlumENwWould |Hes Bifghle] Mes
could be less for running an HSP oil or HSP blend through the system and

still expedowaeer, itheasimeafshowndhat dwenHew levels ot GISB pilovdl endax bendfdsr el at i ve
fouling patentials of crude oids, and,Dblen i connercial | y.avai |l abl e

Al cor Hot ‘?"qfff"d“ﬂeoé‘ﬁggﬂgi é%Blf Y 1‘1‘?5@%‘?%%&%%??&@&"%‘%?\?%&. Al cor
runs are CeNoWrid KBIEfBMve il fid1d destd B Sk irhfY il PSR foalihg \Préventiofirdsde oi | or
bl end, heating the liquid up to 150C (302F), and punping it _across. a

verti cal | yomlise clesning increfipsries;t beanather ¢amplg, eonegniratiansef 3-20%malsei nut e.
Th t Qi N t ' f ir., which
" o° sopar atSatpr e BEAAICIATOIR, | PR 6L (g R 6F eonBBils 001 20

once-t hr ougfl%padaip a8 cffeedvéystemis pressurized with nitrogen at 400-500
psig prior to each test run to ensure gases renmain dissolved in the oil
during the test. The rod is electrically heated to preset tenperatures and

e e At " Bk e ol S MR SRR DS [l
and out | etoil,id 6xposedrpahatankemnrface foroextemde dprricaisaoafffech deempdleaiiing, iteat ed
surface t %g ccc%u ele% {'ns ﬁ%?f itet:sitsor&?a? itln Eiogres xtshaen re?‘&:btive soaking time. The
preferred soak time is between 1 to 5 days, most preferably three days.
However, beneficial cleaning results and anti-fouling tendencies have been
shown to take effect within 30 minutes of exposure. Thus, flushing times could
be less for running an HSP oil or HSP blend through the system and still
experience the benefits of the HSP oil.

[0025] To evaluate the relative fouling potentials of crude oils and blends,
the commercially available Alcor Hot Liquid Process Simulator (HHPLS) is used
by these inventors. Alcor runs are carried out by charging the one-liter reservoir
with a crude oil or blend, heating the liquid up to 150°C (302°F), and pumping it
across a vertically positioned, carbon-steel rod with a flow rate of 3.0
mL/minute. The spent oil is collected in the top section of the Alcor reservoir,
which is separated from the untreated oil by a sealed piston, thereby allowing for
once-through operation. The system is pressurized with nitrogen at 400-500 psig
prior to each test run to ensure gases remain dissolved in the oil during the test.
The rod is electrically heated to preset temperatures and held constant
throughout the run. The rod surface temperature for the tests is 370°C (698°F).

Thermocouple readings are recorded for the bulk fluid inlet and outlet



-100261During the fouling tests, asphaltenes deposit on the heated surface
~and are thermally degraded to coke, which builds up on the surface of the
test rod. The coke deposit causes an insulating effect that reduces the

. efficiency_and/or ability of the heated surface to hea ' ssi ng over
it. The re¥0I#3*¢4duction in tenperature is referredtpf%ng§'[%%'b’lf;‘]e8Ig ut | et
liquid Delta T and is dependent on the type of crude oil/blend, testing
conditions and other effects. The test tine for these runs is 180 m nutes.
The test allows 30 minutes of stirring and pre-heat within the reservoir
prior to the start of the run. The total fouling, as nmeasured by the total
reduction in outlet liquid tenperature, is referred to as "Delta T180." It
shoul d be noted that the flow regi ne fd01he Al cor systemis | am nar and
therefore direct correlation with field experiences is difficult. However,

ol ative foaPPRG pSE BHftal her s Tabe fd oTRE R EnRe hRBEISEMLRA cor
uni t st andgyoditfonetiingdé gsd rgaar aneters are as follows: Flow Rate/ Type: 3.0

m ./ m nute/once through operation Metallurgy: Carbon-Steel (1018) heater rods
Syst em Pressure: 400-500 psi Rod Surface Tenperature(s): 370C (698F) or 400C

(e220) SO R D M ol SR el e 02T,

2008/ 02432 3R Hre/SRENYA1D1 8dgrdaded to coke, which builds up on the surface of the test
rod. The coke deposit causes an insulating effect that reduces the efficiency
and/or ability of the heated surface to heat the oil passing over it. The resulting
reduction in temperature is referred to as the outlet liquid Delta T and is
dependent on the type of crude oil/blend, testing conditions and’ other effects:
The test time for these runs is 180 minutes. The test allows 30 minutes of
stirring and pre-heat within the reservoir prior to the start of the run, The total
fouling, as measured by the total reduction in outlet liquid temperature, is
referred to as “Delta T\g.” It should be noted that the flow regime for the Alcor
system is laminar and therefore direct correlation with field experiences is
difficult. However, the unit has been proven to be effective in evaluating

differences in relative fouling potentials between crude oils and blends.

[0027] The Alcor unit standard fouling test parameters are as follows:

Flow Rate/Type: 3.0 mL/minute/once through operation
Metallurgy: Carbon-Steel (1018) heater rods
System Pressure: 400-500 psi

Rod Surface Temperature(s): 370°C (698°F) or 400°C (752°F)
System Temperature Setting (reservoir, pump, lines): 150°C (302°F)
Actual Bulk Fluid Inlet Temperature: 105-120°C (221-248°F)

Example 1

[0028] An incompatible blend of two crude oils (Blend A) was prepared.
The SBN and I, values for Blend A were 30 and 38, respectively. This



represents an SBN/ 1" ratio of 0.81 and is considered to be a "high-fouling"
crude oil blend that has precipitated asphaltenes that can deposit onto
heat ed surfaces and thernmally degrade to form foulant. Testing of Blend A in
-.the Al cor ‘Pﬁl hosSH ding to the procedure above resulted in a Delta Tin of
-92C. In ot REMPas, the liquid outlet tenperature waSCTASHOLNBM? 92C as a
result of the build up of coke on the rod surface. 10029] Then, an HSP crude
oil with an SBN of 158 was nmixed with Blend A in increasing volune
proportions. The HSP crude oil had zero Delta Tito, or is virtually a
non-fouling crude oil under Al cor conditions. Each of the Blend A/HSP crude
oil blends was tested in the Al cor uni_(ii to determ ne the changes in Delta
T180. The final Delta T180 data frome %h of the runs are plotted in Figure
1 as a function of the anpunt of HSP crude oil added. The plot shows that as
t he concen ' : | &ons h VRi ling” pedeases to
signifi can{eﬁséﬁeg%e@; %EF?E Iﬁi’flﬂl%sgl'%!gésﬁﬁ%\vt h gregeé{?re% %aﬁl O%dtl)?%vol urrc: HSP
present, taéid blend that hpo peedtipitatedasphalitnes that cauideposit lopty brated surfages evel s.

These results denonstrate.that, th dj ti,on..of cr.ude, oj| S a_ .

si gni fi can®® ﬁwﬂéfnéﬁ%ﬁ% it‘?l_ °¥%§°‘?@H?-i J%SBB% t lfpdo‘g in%he Afeoranie
asphal ten?a&%ﬁ!i’ﬁ%ﬁb”ﬁnc%r@@@daﬁb|a‘b_o@6¢c§ﬂltﬁi‘ﬂﬁ1 aDelP 18 20f 098U, Tlie qpse

hi gh-fouling crude Bl end A described in Exanple 1 was al so m xed at 50% by

vol umre wi t woolshthe igrdautles tanperatvire Wadiredugedrhy B¢ peagpsuibafithedsild i n t he

Al cor unit, T*a re uh%s r rized in Figure 2. The curve shows the
reduction tHh® g%?%é erfS%s?ﬁ%%gg?e case as equal volume anmounts of

i ncreasing SBN crude oils are present. The bars show the actual SBN val ues
for each of the indjvidual rudes used for each test. Th,esilée ults show

that Che HOSRS] SoRheRsanUSE e oll with LGB of 508 Pisqotsed PARBIGd A | ve
degree of ihoim:fc'aging ﬁoﬁ%‘ne%ﬁ&&i—ﬁ%?’ etﬂ-lgi’rl:rﬁﬁe %ﬂ%ﬁ?i&bﬁﬁeﬁe@fﬁﬁot Be;P! ends
tively pr pha as

di scl osed herein a note as tene precipltate renoval and act
an i n-| i nevicthheHyiangoficfouking kande otdunsdatuAlony qemditéensi n@EacBusththiel Biwial can

920 e, RGO D, ! ol LR ) AT0L ARG, B AR RS B Pt
ELL hmaggte egr)%ig%@s.e%wna@ I3 T\G, A4t FRInP BRLIESE fklrufs SRCYIONBA YR FidiFal
as a function of the amount of HSP crude oil added. The plot shows that as the
concentration of HSP crude increases, the relative fouling decreases to
significantly lower Delta Tz values. With greater than 50% by volume HSP
present, the fouling potential was reduced to virtually non-fouling levels. These
results demonstrate that the addition of HSP crude oil has a significant effect on

reducing the fouling potential of asphaltene-containing crude oils and blends.

Example 2

[0030] The same high-fouling crude Blend A described in Example I was
also mixed at 50% by volume with other HSP crude oils with differing SBN
levels and tested in the Alcor unit. The results are summarized in Figure 2. The
curve shows the reduction in fouling from the base case as equal volume
amounts of increasing SBN crude oils are present. The bars show the actual
SBN values for each of the individual HSP crudes used for each test. These
results show that the higher SBN HSP streams have a beneficial impact on the

relative degree of fouling,



[ 0032] Anot her aspect of this invention uses ISP crude oil in a proactive
mai nt enance schedule to avoid build up of precipitates and possi bl e coking
in heat exchange equipnent. As described above, fouled heat exchange

equi pnent s enerally cl eaned off-line by mechanical neans or, as in the
rel at ed ap ﬂ’g can be cl eaned by soaking with an PGEAIS0FA844 | |
Cleaning is generally preformed once the exchanger's efficiency is reduced
to non-profitable levels as a result of coke build up. Of-line cleaning by
mechani cal neans is typically required to renove heavy deposits. The
conmponent nust be taken out of service and isolated for cleaning. This is

al so required for cleaning by soaking w,th an HSP oil. During cleaning, the
crude oil blends being processed are re“fouted to other exchangers so that

t he foul ed exchanger can be isolated for cleaning. The costs associated with
cl eaning include the down tinme of the specific unit, and if' necessary the
mechani cal cl eaning, and jet wash flushing with water and ot her sol vents

bef ore t he[@d3dhangFhus,ait car Hectppreidicdcthaethe blend§ di@3jsed hdrein actively i on, an
LI SP crude oil is pﬁrlodlcally fl ushed throu h the eat excha

pr ef er abl yP¥afRotsasphaligne precipiialcrempyal and taG ﬁéﬁe‘ﬁt nctle f"H&g ‘?%FFeoﬁ’@F ation,

t
20?]'[ ;gf‘nl ﬁécidégﬁeﬁﬁg%??%gég‘tzfgﬁﬂ btl%}{eat exc‘h%ger to di SSO \t/)gﬁgjslp a?* enic

conpounds gissalivirig ﬂteealspﬂﬂalmn& peecipittessbeforalthitre Th enstppeatundty teSfoud thele oi |
can be whol e cruﬁe hav an N o at Iea'ﬁﬁ n be a _hl end having an

t 80
HSP -13 - ange © lenters.., éd’ igHigotes th, peagfor fdeans (BOMNCHF s

wil | depengffwkﬂcpqndgéhémx@m@ rebessext ent of cl eani ng | n conbination with
the intended fluSh tine. For on- I|ne cl eaning and anti-fouling tendency, a

bl end of 5% by volunme or greater of HSP oil wll be effectlve for a flush,
while for ded,cl n| n ak . .of at t 2 a blend of at

| east 50%@@9%& V%Pfl’ BF%A%#thésf f’g""f’ 178, usfﬁo‘%ﬁ? Iolﬁsﬂ1 BROBRYS in the
entire prem@@tndrcel sthelileSdl Hatid afldsu® of ere¢ipiaRE andopossible dking ial
exchangers. The flush is effected on-line, which reduces or elimnates the

need to phijeatexrhangesmipmeniy A5 deseribedaboye, faed beatiexshanas eqlllﬂ@ﬁphg can
05082 B 5 eyt D6 By BTl Holh oSk TR
apphcat:on, can be cleaned by soaking with an HSP crude cil. C]eanmg is
generally preformed once the exchanger’s efficiency is reduced to non-profitable
levels as a result of coke build up. Off-line cleaning by mechanical means is
typically required to remove heavy deposits. The component must be taken out
of service and isolated for cleaning. This is also required for cleaning by
soaking with an HSP oil. During cleaning, the crude oil blends being processed
are re-routed to other exchangers so that the fouled exchanger can be isolated for
cleaning. The costs associated with cleaning include the down time of the
specific unit, and if necessary the mechanical cleaning, and jet wash flushing

with water and other solvents before the exchanger can be returned to service.

[0033] In this invention, an HSP crude oil is periodically flushed through the
heat exchangers, preferably the pre-heat train exchangers, to prevent fouling. In
operatio'n, a stream of HSP crude oil is fed through a heat exchanger in order to
contact the heated surfaces of the heat exchangcr to dissolve asphalienic
compounds precipitated from the process fluid. The stream of HSP crude oil can

be whole crude having an SBN of at least 80 or can be a blend having an HSP



exchanger's efficiency is conprom sed, by coke for exanple. Such an approach
w || prevent prolonged exposure of deposited asphaltenes and waxes to heated
surfaces that would otherwi se allow for thermal degradation of the organics
to coke, which is difficult to remove with solvents al gne. The schedul ed
flushi ng SHBAYF B3 tUr at 1east four times per year, prEFEVSHPYOIER times per
year, and nost preferably every nonth. The flush is effective at a short
duration with results seen within 30 mnutes or may be designed as a soak
for three days, for exanple. Exanple 3 /0036] To denonstrate the benefits of
a flush, additional testing was carried out using the Al cor fouling
simulation unit. A standard fouling run was nmade using 370C (698F) rod
surface tenperatures to obtain base catb-data. It required 15 mnutes to
heat the rod to this tenperature. The sanme fouling run was repeated, and the

foul ed rod t . f-all j . .

2008/ 02432%%‘?‘@%87"}6%%‘"5@& -ﬂ? %@ﬁ%&c *@??é‘??*‘%*’n@fi@él’ Y dependie oi
with an SBh e ddsiretbaffectnany @ktenb @f Wlenity e ¢ofrfbinatir vith tie fmenderb| vent
whol e crude oil (SBN=40) was run for conparison. Both of the crude oils are

non- f oul i Ndusdy tims. oF PE ofrling clepningoand antiteuiipg tendepgy. 8 blendwef e Wesul t s
of both t . OLHt: r . J S uahile8ul e Alcor
rod heati ﬁ%&?ﬂ&%r}ﬁl %l:uEig raér{teh%})o{)i?re{ﬁﬁ %)F’ If:lfg é‘gég?%'aggﬂjfse t“gl lrseh(f;d\%v '%’ﬁée};dc%de_ oi |
bei ng heatdtéhmihg wvith Aeadk oPatclchst 2 Woes,Miblefldl of 401 SOYHBPI3Avglumehe HSP
cl eani ng test sbho%\% that the crude was heated to 261C (502F), or 97% of the
base case "2?‘@@, < t'c"l"'rough the foulant was initially present on the rod.
Such foulants normally insulate the heating effect, thereby reducing the
efficiency of the surface to heat the Iiquid. Exam ning the data fromthe
HSP cl eani{@934Lin Swenflush aant desus lin pbe aintitd prediebtetraing ipesedealrimnkaofeases

ignificantly after 5.minutes, ft ing 100C. This j.s due.to th
Shysi cal - reRbYRerDroF i gyl Shnerr:  TRECLED B tertnt Felts Vi rod
surface angdaddsow BAnfihReheBé rieed ttoapifsitallyOrdrhbve infilli fleard QRfeticthBesmecond

cleaning test with the | ow SBN crude oil shows that the slope did not
i ncrease awghangeys.a Klushingnaanplspaberaccempiishal (iaspipestils, sekersyaad This is
he pre-formed foul ant deposit, or the

due to the. - ﬂ% I
i neffici eﬁ’ég}qg?l&? e Eg)éé%?freansfer due to the presence of the foul ant

deposit. The inset bar graph of Fig. 3 shows the difference in outlet
t enper at ure _betweep the high and | ow, SBN mole crude oils. After 5 m nutes,
the diffed@PR pet ush,@equrs onghpsriqeic s yled basis.erathey thap whenthet s of

heat up t ie??@h Hgep s dishi € cbi g4, $PORE filr ¥xBmipie. 28 %g h
respective y.a I ss r eltﬁﬁa‘g?s fﬁep%ifﬁer’e ceinthe a %nt ug?gﬂe s?atc
remai ni ng will prerertieptodongeddexpdsnre bf deporitedi asphhkeneabmdtvaxygs enheawdnent |
t he opti num ¢l eapi ti or flush ti was hejweep about .5 to 20 m nutes,
pr ef ePabI f“ﬁé{i‘aﬁe@ﬁp %ro&ﬂ@m ofeerwise allow for therma (Iegra&atxon ott the organics to
coke, which is difficult to remove with solvents alone. The scheduled flushing
should occur at least four times per year, preferably six times per year, and most
preferably every month. The flush is effective at a short duration with results

seen within 30 minutes or may be designed as a soak for three days, for example.

Example 3

[0036] To demonstrate the benefits of a flush, additional testing was carried
out using the Alcor fouling simulation unit. A standard fouling run was made
using 370°C (698°F) rod surface temperatures to obtain base case data. Tt
required 15 minutes to heat the rod to this temperature. The same fouling run

was repeated, and the fouled rod was kept in place for follow-up cleaning



WO 2008/ 024323PCT/ US2007/ 018443 -15 - profilinetry, which is an anal yti cal
technique that allows the exam nation of the physical shape of the foul ant
deposit on the rod. Fig. 4 shows the profile for the base case rod after a
whol e Cr“d%wﬁhi ﬁﬁ ing run. Fig. 5 shows the profile for the base case rod
after a. high o8 BN----112) crude oil cleaning run. HhEUE2MAR3 porti ons
having a | ower profile show the cl eaned portions of the Al cor rod deposit.
Fig. 6 shows the profile for the base case rod after a | ow SBN ( SBN- - --40)
crude oil cleaning run. Fig. 6 shows that there is no effect conpared to the
profile shown in Fig. 4. The results confirmthose obtained fromthe Al cor
testing in which only the HSP whol e CKHQQ oil was capable of renoving the
foul ant deposit and inproving the heat ‘transfer efficiency of the system

[ 0039] Thus, flushing a heat exchange surface that has been fouled with

asphal t ene (Qigel iRl AP HEP WHoRrhiR off WHHFa® SBNbf 212 Wl A &ives 1R pre

relatively short period of tine wll renove a significant amunt o aeposi ts
and wi || difesleiviodt hGseopd,czipmorsobent whale (aride dble(SB&N=s) owas sundionr . Such

fl ushi ng when canduct n eriodic.basis wl revent, the surfaces from
becomni ng fﬁﬂFﬁ’&"F?)“'aand&l?e?ft G SFuqe, QIS &g B?IﬁJWﬁ'ég cfrude; ¢l ‘ﬁnﬁﬁfé nting a
mai nt enancefditiofs | wsedl | |FiFn$Jrsﬁo$1@8ﬁ1et feuRs fof botif teftf nime NERé cutlbanger

is not conprom sed and wil[ reduce or elimnate the need for off-1ine
cl eani ng. temperatuses apisirad aa & sesuitaf the dXeer ehbestingotheakiguidiare ploftadags wi | |

be realize 040] | & w.l e |.zed.. 0 [ LIl In the
heat excha%é’gg q’a‘é? ‘f%gweféﬁegforﬁ/gﬁg%gﬁ&%g’ﬁpég{ngpgﬁ?tgg ?t(r)gaﬁgé%egjt& et%?c anger
surface i Nmaimabs of ZPEs2 0P (K (DMIRSIER). eXhd SR clélRing asst sHWsLIhdartheus
nodi fications can be made_in the invention ES descri bed_herein, and many

di fferent Emstsavachealedto 2oL GEN2CE). 25@77e PR bass qgse gdAEC, even though

the foulant was initially present on the rod. Such foulants normally insulate the
heating effect, thereby reducing the efficiency of the surface to heat the liquid.
Examining the data from the HSP cleaning run shows that the slope of the outlét
temperature increases significantly after 5 minutes, or after reaching 100°C.
This is due to the physical removal of the foulant deposit, thereby exposing more

of the rod surface and allowing the heat to transfer to the liquid.

[0037] The second cleaning test with the low SBN crude oil shows that the
slope did not increase and only a maximum temperature of 232°C (450°F) was
achieved. This is due to the non-removal of the pre-formed foulant deposit, or
the inefficiency of the heat transfer due to the presence of the foulant deposit.
The inset bar graph of Fig. 3 shows the difference in outlet temperature between
the high and low SBN whole crude oils. Afier 5 minutes, the difference between
these is only 8°C, whereas after 10 and 15 minutes of heat up time, the
difference in outlet temperature is 26 and 29°C, respectively. This reflects the
difference in the amount of deposit remaining on the heater rods. In this case in
the Jaboratory environment, the optimum cleaning time or flush time was

between about 5 to 20 minutes, preferably between 5 and 15 minutes.

[0038] Figs. 4-6 illustrate additional evidence of selective solvent foulant

removal. The results shown in these figures were obtained by testing using



~while remaining within the spirit and scope of the invention as defined in
the clains without departing fromsuch spirit and scope. It is intended that

all -16 - matter contained in the acconpanyi ng specificati on shal | be
-.interpret I | trative only and not in a limting_sens 17 VHAT
| S CLAI I\/EB‘E!P%SO8 02‘!&%Erocess for bl ending petrol eum cr udgcmﬁ@"f’?ﬁéfﬁr educes

organi c-based fouling of heat exchange equi pnent, conpri sing:

.15«

profilimetry, which is an analytical technigue that allows the examination of the
physica! shape of the foulant deposit on the rod. Fig. 4 shows the profile for the
base case rod after a whole crude oil fouling run. Fig. 5 shows the profile for the
base case rod after a high SBN (SBN=112) crude oil cleaning run. The circled
portions having a lower profile show the cleaned portions of the Alcor rod
deposit. Fig. 6 shows the profile for the base case rod after a low SBN
(SBN=40) crude oil cleaning run. Fig. 6 shows that there is no effect compared
to the profile shown in Fig. 4. The results confinn those obtained from the Alcor
testing in which only the HSP whole crude oil was capable of removing the

foulant deposit and improving the heat transfer efficiency of the system.

[0039] Thus, flushing a heat exchange surface that has been fouled with
asphaltene precipitates using an HSP crude oil or an HSP blend for a relatively
short period of time will remove a significant amount of deposits and will
dissolve those precipitates in solution before deposits occur. Such flushing when
conducted on a periodic basis will prevent the surfaces from becoming fouled to
an extent that requires off-line cleaning. Implementing a maintenance schedule
will ensure that the efficiency of the heat exchanger is not compromised and will
reduce or eliminate the need for off-line cleaning. It can be appreciated that

significant labor and time savings will be realized.

[0040] It will be recognized by those of ordinary skill in the heat exchanger
art that the invention can be app]ied to any heat exchanger surface in various

types of known heat exchanger devices.

[0041]  Various modifications can be made in the 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. Tt is intended that all



bl ending two or nore crude oils that have a proportion of the oils that

preci pitate asphaltenes; and addi ng a high sol vent power (HSP) crude
oil defined as a crude oil having a solubility blending nunber (SBN) greater
..than 80 to dissolve the precipitated asphaltenes, wherein the two or nore
crude oi | YAAYPHIHSP crude oil forma blend, wherei n"PYHESHEI R de oil is
at |l east 5% by volune of the blend. 2. The process of claim1l, wherein the
step of blending the two or nore crude oils includes: determning the
insolubility nunmber (In) for the two or nore crude oils, determning the
solubility bl ending nunber (SBN) for the two or nore crude oils, and
conbining the two or nore crude oils il%to a blend such that the SBNVIn ratio
is less than 1.3 and the delta of SBN- 1n is less than 10 such that the

bl end has a high fouling tendency. 3. The process of claim1, further
conpri si NGnGdbotkalded M QRelestcompafyiiel Spédifitatibd) ShhllCbENSRtedpletéd o8
refining process. 4. The process of claim1l, further conprising feeding the
bl ended crillustrasiviesonly @and aiohin a Henitig@sense. t hr ough a heat exchanger. 5. The
process of claim4, wherein the heat exchanger is a pre-heat train exchanger
or furnace.



6. The process of claim4, wherein feeding the blended crude oils through a
heat exchanger includes feeding the blend according to a periodic schedul e.
-18- 7. The process of claim4, wherein feeding the bl ended crude oils

t hrough a heat exchanger includes contacting a surface of the heat exchanger
for at least 30 mnutes with the blended crude oils. 8. The process of
claim4, wherein feeding the blended crude oils through a heat exchanger

i ncludes contacting a surface of theqheat exchanger for at |east 24 hours
with the blended crude oils. 9. The process of claim4, wherein feeding the
bl ended crude oils through a heat exchanger includes contacting a surface of
t he heat exchanger for a period of between one to five days with the bl ended

crude OWISAT ISOLATMEDIWCess according to any one of the preceding clains,
wherein the two or nore crude oils are inconpatible crude oils. 11. A

process|for Aneskister BlehEal p&idaMEads bild hstGedRefoiBat-badTanag orused for
effecting thermal exchange on a process fluid conprising asphaltenic

conpounbigat exchargei eqiipgent, comprifingishi ng t he heat exchanger by feeding a stream
of high solvent power (HSP) crude oil having a solubility bl endi ng nunber
(SBN) of at blembig 8@ vhmoregirude bidsathatehayh armgeportion df thealils éha ppdvaitateni ¢
conpoundshﬁgchpi%ated fromthe process fluid, wherein the stream of HSP
crude offPPHENEBMend of an HSP crude oil at 5% by volume and at |east two

crude oils; d .. repeating the flush on a_ periodic basis to prevent
prol onged ex%’gglgr% high gelyend; noxgsr éggﬁhlcf"’é‘ﬁé’ép Q?fbpeaa%e% eh%‘liti‘éﬂn%d'r f aces of

the heat, &% MHRng number (SBN) greater than 80 to dissolve the precipitated asphaltenes,

wherein the two or more crude oils and the HSP crude oil form a blend, wherein the HSP

crude oil is at least 5% by volume of the blend.

2. The process of claim 1, wherein the step of blending the two or more crude oils

includes:
determining the insolubility number (I,) for the two or more crude oils,

determining the solubility blending number (SBN) for the two or more crude oils,

and

combining the two or more crude oils into a blend such that the SBN/I, ratio is less
than 1.3 and the delta of SBN - I, is less than 10 such that the blend has a high fouling

tendency.

3. The process of claim 1, further comprising feeding the blended crude oils including

the HSP oil in a refining process.

4. The process of claim 1, further comprising feeding the blended crude oils including

the HSP oil through a heat exchanger.

5. The process of claim 4, wherein the heat exchanger is a pre-heat train exchanger or

furnace.

6. The process of claim 4, wherein feeding the blended crude oils through a heat

exchanger includes feeding the blend according to a periodic schedule.



12. The process of claim1l, wherein flushing the heat exchanger with the
HSP crude oil streamoccurs at |east four times per year. 13. The process
of claim1l, wherein flushing the heat exchanger with the HSP crude oi
occurs at least six times per year. 14. The process of claim1ll, wherein
flushing the heat exchanger with the HSP crude oil occurs every nonth. -19-
15. The process of claim1l, wherein feeding the streamincludes contacting
heat ed surfaces of the heat exchangetgsurface for a period of tinme of at

| east 30 mnutes. 16. The process of claim1ll, wherein feeding the stream

I ncl udes contacting heated surfaces of the heat exchange surface for a

peri od ours 17.. T f claim wher ei n

f ti of at least 24 . e pr,ocess 1
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of claim1ll, wherein the streamincludes two or nore inconpatible crude

oi |'s. thoblempied gsudreailss according to anyone of clains 1-18, wherein the
stream of HSP crude oil is a blend of an HSP crude oil at 50% by vol une and
at | eas$. t wolhenpropgsatdfislamcd,uetberainl fseding the blended crude oils through a heat

exchanger includes contacting a surface of the heat exchanger for at least 24 hours with the

blended crude oils.

9. The process of claim 4, wherein feeding the blended crude oils through a heat
exchanger includes contacting a surface of the heat exchanger for a period of between one

to five days with the blended crude oils.

10.  The process according to any one of the preceding claims, wherein the two or more

crude oils are incompatible crude oils.

11. A process for treating a heat exchange surface in a heat exchanger used for
effecting thermal exchange on a process fluid comprising asphaltenic compounds,

comprising:

flushing the heat exchanger by feeding a stream of high solvent power (HSP) crude
oil having a solubility blending number (SBN) of at least 80 through a heat exchanger to
dissolve asphaltenic compounds precipitated from the process fluid, wherein the stream of
HSP crude oil is a blend of an HSP crude oil at 5% by volume and at least two crude oils;

and

repeating the flush on a periodic basis to prevent prolonged exposure of deposited

asphaltenes and waxes to heated surfaces of the heat exchanger.

12.  The process of claim 11, wherein flushing the heat exchanger with the HSP crude

oil stream occurs at least four times per year.

13.  The process of claim 11, wherein flushing the heat exchanger with the HSP crude

oil occurs at least six times per year.

14.  The process of claim 11, wherein flushing the heat exchanger with the HSP crude

oil occurs every month.



20. The process of claim 11, wherein the flushing occurs on-line in a
refinery. 21. The process of claim1ll, wherein the heat exchanger includes
an entire pre-heat train 22. The process of claim 11, wherein the heat
exchanger is a conponent of a pre-heat train. 23. The process according to
anyone of clainms 1-18, wherein the HSP crude oil has an SBN of at |east 100.
24. The process according to anyone of clains 1-18, wherein the LISP crude
oil has an SBN of at |east 120. -19-

15, The process of claim 11, wherein feeding the stream includes contacting heated

surfaces of the heat exchange surface for a period of time of at least 30 minutes.

16.  The process of claim 11, wherein feeding the stream includes contacting heated

surfaces of the heat exchange surface for a period of time of at least 24 hours.

17.  The process of claim 11, wherein feeding the stream includes contacting heated

surfaces of the heat exchange surface for a period of time of between one to five days.

18.  The process of claim 11, wherein the stream includes two or more incompatible

crude oils.

19.  The process according to anyone of claims 1-18, wherein the stream of HSP crude
oil is a blend of an HSP crude oil at 50% by volume and at least two incompatible crude

oils.
20.  The process of claim 11, wherein the flushing occurs on-line in a refinery.

21.  The process of claim 11, wherein the heat exchanger includes an entire pre-heat

train.

22.  The process of claim 11, wherein the heat exchanger is a component of a pre-heat

train.

23.  The process according to anyone of claims 1-18, wherein the HSP crude oil has an

SBN of at least 100.

24.  The process according to anyone of claims 1-18, wherein the HSP crude oil has an

SBN of at least 120.



