WD 2006/ 130220 PCT/ US2006/012166 -1 ON-LI NE HEAT EXCHANGER CLEANI NG METHOD
Field of the Invention [0001] This invention relates to a nethod for

cl eani ng heat exchangers and nore especially, to cleaning heat exchangers
wi t hout t he YH@EWELPXP of renpving the exchanger fromits PEHHEIA6/RR1Gr ocess
unit: cleaning of the exchanger is <carried out while it is still on-line in
the unit. C Background of the Invention, ,[0002] Heat exchangers transfer heat
energy fromone fluid (liquid or gas) to another without permtting the two
fluids to cone into direct contact wwth one another. There are three main
types of heat exchangers, defined by their construction or body types:

shel | and tube, pl a0N-LEVH FEATCBNCIIANSER |ICIERANING METHODbUI ar)  heat
exchangers are used 1n applications where high tenperature and pressure
demands are significant and are the type nost commonly encountered in
petroleumrefineries and petrochem cal plants, |argely because of their

abi lity c tHeldefithe lvepligBr e service requirenents. Tubular heat exchangers
are also enployed when fluid contains particles that would bl ock the
channels of a plate heat exchanger. [0003] Pl ate heat exchangers are often
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hybrid typeke eXstangsyeliro@ditoissoyiatedipiospss phiatdeartng bfdgeexchanger Xi st, with
plates that are welded together in pairs to allow one
carried out while it is still on-line in the unit.

Background of the Invention

[0002] Heat exchangers transfer heat energy from one fluid (liquid or gas) to
another without permitting the two fluids to come into direct contact with one
another. There are three main types of heat exchangers, defined by their
- construction or body types: shell and tube, plate, and air-cocled. Shell and tube
(or tubular) heat exchangers are used in applications where high temperature and
pressure demands are significant and are the type most commonly encountered
in petrolenm refineries and pefrochemical plants, largely because of their ability
( to meet the severe service requirements. Tubular heat exchangers are also
employed when fluid contains particles that would block the channels of a plate

heat exchanger.

[0003] Plate heat exchangers are often used for service with low viscosity
fluids, including liquid-to-gas heat exchange. Usually, the service requirements
impose only moderate demands in terms of operating temperatures and
pressures. There are several types of plate heat exchangers including gasketed,
brazed, welded and semi-wgld or hybrid types. Semi-welded or hybrid type plate

exchangers also exist, with plates that are welded together in pairs to allow one



WO 2006/ 130220 PCT/ US2006/ 012166 -2 fluid to flow in a channel fornmed by a
pair of plates which are welded together with the other fluid passing in a
gasket ed channel between the wel ded pair. [0004] Air-cooled heat exchangers
have an i nt edV&R%§G3E2€d fan for cooling the fluid passi ngPEHUSHYHOI2E
exchanger, as in an autonobile radiator. [0005] As noted above, the shel
and tube type exchanger is commonly encountered in petroleumrefinery and
chem cal plant service because of its ab@Tity to nmeet severe service
specifications, especially in terms of tenperature and pressure. There are
several typefuidftostiew inamghannsd formaad by @hpaigef plates Mni¢hgre weldedaogetheni ght

and spiral desjgns. .The U-tube design_consists t ubes, ben | nt.o a U shape
bundl e whi cH¥ith the pthed Tinid passipg e Basksieg) shanne] Ll@twqeﬂitbe i“f?ﬁ%e‘i.l?@r- t ube
bundl e; supports or flow baffles may be used to direct the fluid flow around
the outside the tubes. The straight-tube design with opposed header
assenblies i VRLE ' LSl ﬁ]ﬁﬁ L N
operation: t goage{g{ recgjg‘g%%?ﬁge?é%{%ﬂ#é Egeh?gen%l\?/ggbgﬁdé%to ?}e&é}ffal g 't% hﬁrﬁlgq{%bes
can . be- mechinidqRisking theduphtBd exERPET, ddah ba RembBile patihes. and

petrochem cal plants suffer high operating costs ( fromlost heat transfer
efficiency, energy reduction, and cleaning as a result of fouljng that
occurs duri %ﬂt he thermal processing_of whole crude oils, and other nedia

in heat trard®P83] ecds prated atoyei dbe sbelf and cnbestypea cESANEEE dS wwemmonly
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the {exchangqmd pibsdire, Tirehe@beverdli tPpePoLaRM Aft AibeédfatiBkélfangers including
U-tube, straight and spiral designs. The U-tube design consists of tubes bent

N,

into a U-shape bundle which is fitted with a header to direct the fluid into the
tube bundle; supports or flow baffles may be used fo direct the fluid flow around
the outside the tubes. The straight-tube design with opposed header assemblies is
favored when heavy fouling is likely to be encountered in opération: the head
assemblies can be removed and the straight line tubes can .be .xﬁechanically.

cleaned.

[0006] Petroleum refineries and petrochemical plants suffer high operating costs

( from lost heat transfer efficiency, energy reduction, and cleaning as a result of
“ fouling that occurs during the thermal processing of whole crude oils, and other
media in heat transfer equipment. Estimates of the costs associated with
exchanger fouling are in the billions of dollars per year for the petroleum

refining industry. While there are many types of refinery equipment affected by

fouling, more recent cost estimates have shown that the majority of profit losses

occur due to the fouling of whole crude oils and blends in the exchangers of the

preheat trains preceding crude units.



- WD 2006/ 130220 PCT/ US2006/ 012166 -3 [00071 Wile heat exchanger fouling can
oecur by different nechani snms, one of the nore common root causes is

asphal tene precipitati on and adherence of the precipitates at hot surfaces.
To return thdv@ae06/13@2¢ore profitable |evels, such foul ed REHUSWR@HRNGSer S
typically need to be renoved from service and cleaned. [0008] The current
approach to clean foul ed heat exchangers invelves isolating the exchanger
for cleaning off-line. This is typically‘%érforned once the exchanger's
efficiency is reduced to non-profitable levels as a result of the coke

bui | d up. Cd0807E Whiledienhexghanger foulingt cansoaginf biy clifferemd meehenisiisy one of
surfaces by C chem cal neans due to,its iPsqubiLLty_in many solvegés. To
carry out tHBE TBPEESPMFION HOtgayRehifersphaliens precipitatinnganch adbgrened & the

d it d.b hani cal typicali ' brush
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di sadvant age, that the exchanger has to be taken off- line to be drained so

as to obtain access to the open ends of the tubes in the tube header. So,

regardl ess dD008E Ht cadredteapprogpletouslean fouled heubexdimnpers invglvies dsolating
tubes, there is a major |loss fromthe down tinme resulting fromthe | oss of
use of the thgusinhengemdonetlpanisgs pEming e Thiscds stypically pexfermed rengeoidhe t he
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cleaning, the exchanger is first drained and the coke deposits removed by
mechanical typically using brushes or darts to remove the deposits although
altematives such as by liquid lancing with high pressure jets or with abrasive
liquids 6r by blasting with solid carbon dioxide have been explored but all these

expedients have the same disadvantage, that the exchanger has to be taken off- -

. Jine to be drained so as to obtain access to the open-ends of the tubes in the tube-
header. So, regardless of the actual technique vsed to remove the fouling from
the tubes, there is a major loss from the down time resulting from the loss of use
of the equipment as well as from the necessity to have to re-route the process
(" liquid to other exchangers so as to allow permit continued heating of the process
fluid and operation of the process unit. It would, therefore be desirable to devise
a method which will reduce or eliminate the need to physically remove and clean

affected heat exchangers.

Summary of the Invention

[0009] We have now devised a method to remove precipitated / adhered
asphaltenes from heated surfaces of heat exchange equipment before these
asphaltenes become thermally degraded and converted to coke. The method is

based on the recognition that the coking mechanism requires both temperature



asphal tenes from heated surfaces of heat exchange equi pnment before these
-asphal t enes becone thermal |y degraded and converted to coke. The nmethod is
based on the recognition that the coking nmechani smrequires both tenperature
WO 2006/ 130 ®200¢130882006/ 012166 -4 and tinme and that if RAT/US200@0I2166l e t o
Fe-di ssol ve the asphal tenes before they are converted fully to coke, the
equi pnent can be effectively cleaned by non- nechani cal neans. W have found
sel ected crude oils, or other petrol eum? T efi nery streans that have hi gher
sol vent power for asphaltenes than the blends or oils from which they

preci pi t at enid tine smdsthat dihi isgpstibleument-dissolvevhe aspimltepes before dhey are

asphal tenes from the _exchanger surfaces before solid, adherent_ coke

deposi ts caenyerted iy, ta coke, s eapipanens eathibey elfesiively cclgareh byt nOR- of t he
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sol vent of specific, high eht power to dissolv e asp enes before

they are conedpitelddasphaltenae fiom theBxdunger sudfasisriefore ddil, adhéent okie
deposits on the heating_.surfaces..The, ..The,. dissolved material can be

recover ed fdepasitsheas thee fommsd. c|kdsi possihle tanechipye dhissreddissolutionreff theer y
usi ng conventiqnal refining operations. [0011] The present cl eaning ngethod
i's direct| SRRSO OVRle Kegprgthe, eﬁgﬁangeémﬁe@ds b theprosess gt and
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prc@uced | BxBipddpek.eum refinery operations which are

[0010] The method according to the present invention for cleaning heat
exchangers is applicable to cleaning asphaltene deposits from the heating
surfaces of heat exchangers. It functions by using an oil solvent of specific, high
solvent power to dissolve the asphaltenes before they are conveﬁed over time by
continual exposure to heat .to coke deposits on the heating.surfaces. . The. .
dissolved material can be recovered from the stream of cleaning oil and

processed in the refinery using conventional refining operations.

( [0011] The present cleaning method is directly applicable to use with heat
exchangers in which high temperatures are encountered in the processing of
petroleum streams, especially whole crudes, reduced crudes and heavy
hydrocarbon fractions produced in petroleum refinery operations which are
likely to contain asphaltenes subject to precipitation during processing.
Fractions which iypically contain asphaltenes include, for example, atmospheric
resids, vacuum resids, heavy atmospheric gas oils, heavy vacuum gas oils, heavy
cycle oils, degsphalted oils and aromatic extract streams. The present cleaning
method is, however, also applicable to heat exchangeré used with various other

streams which may tend to precipitate other fouling deposits upon prolonged



likely to contain asphaltenes subject to precipitation during processing.
Fracti'ons which typically contain asphaltenes include, for exanple,
at nospheric resids, vacuumresids, heavy atnospheric gas oils, heavy vacuum
gas oils, hedX§20068430220 oj | s, deasphalted oils and aromati c RGEVSE06/4RI6ans.
The present cleaning nethod is, however, also applicable to heat exchangers
used with various other streans which tend to precipitate other fouling
deposi ts upon prol onged WD-2006/ 130220 PCT7 US2006/ 012166 -5 exposure to
heat, for exanple, streans which contain high nolecular weight naphthenic
conpounds argkpevess i eatrdpe cuhmpleeittgamsp a&mh icastain high waelecular Theighbl vent

may be sel ected to,have dooq sol vency, for paraftfin Xes wel | as
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cleaning is ﬁdﬂ%ﬁﬂ&éﬁnﬁ%@&peﬁr@hetﬂi&ﬂ plate- and- shel | exchangers in high
tenperature operation with heavy oils, but it can also be used with heat

exchangers whose constructions do not |lend thenselves to cleaning by
mechani cal neans, for exanple, to U-type tube-and-shell exchangers and to

plate type d90hdhghesclepning; wgihad gpasplosens aatedr abavey avthout faking the heabind t o
iral h T t ent _cl eani t hod & bl.e th
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g?i(gso]pl L ihtgeammge isi Heqierly imRelisle tle withemberardishell dachakgars N hilgh
temperatire operation with heavy oils, but it can also be used with heat
exchangers whose constrﬁctions do not lend themselves to cleaning by
mechanical means, for example, to U-type tube-and-shell exchangers and to
plate type exchangers, particularly of welded or brazed-up plate type and to
spiral exchangers. Thus, the present cleaning method may enable the
applicability of exchangers of these types. to. fields from which they have
presently been excluded because of the difficulties associated with cleaning
them. With a tube-and-shell type exchanger, cleaning is normally necessary
mostly on the tube side i.e. inside the tubes on the side carrying the process fluid |
(" which causes the fouling when heated, and it is in this application that the
present cleaning method has its prime utility but if shell side cleaning is
required, the method may be so extended. With exchangers of other types, for
example, plate or spiral type exchangers, the present cleaning method may be

used if fouling from asphaltenic process fluids is a problem and in such cases,

the method will be applied to the side subject to the fouling.

[0013] By enabling the exchangers to be cleaned on-line, simply by the use of
an appropriate solvent, it may be possible to achieve a significant reduction in

operating costs since the down-time is reduced as well as the requirement for the
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whi ch ecauses the fouling when heated, and it is in this application that the
present cleaning nethod has its prinme utility but if shell side cleaning is
required, th y be so extended. Wth exchangers of r tvpes, for
exanpl e, p|a?g@§?m§§?%§| type exchangers, the present clean'gﬁﬂﬁ%WWégnﬁﬁy be
used if fouling fromasphaltenic process fluids is a problemand in such
cases, the nethod will be applied to the:side subject to the fouling.

[ 0013] By enabling the exchangers to be cleaned on-line, sinply by the use

of an appr i aie sol ven i.t,.may be,possible to achieve a significan
educti on | ADUSUERTY 435S 0F fCREROTHE Moy FRARRESS SOPRYRELCASIE ARF FOAL  he
requi r ement - / S 1 = B 2] sikye -
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conveni ent clog@Bhiedt Bleafiingqeractidd)14] I n practice, the heat exchangers are

cl eaned on-line by. the use of the high solvent power (HSP) oil. The oil is
admtted to the exchanger and allowed to soak the exchanger surfaces for a

sufficient riod of time to dissolve the asphaltenes, after which _the oil
i s renoved 5[5%31 h&‘ Brasiise. & heabiexchangers are sdeansdronging binhe Bem #hdbe sol i d

el i mi ng’ opdnek FARER! B0y Rr (SEERET M3 b3 iR o Bl R e R ARt afiied
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distillation unit I'cat’1 ons, eat trarn1s treated

with the  salymdltenes| aftei ohich teeoill Bf terhOvdaith the caiyslyb CasphaRéndst at ed
asphal'tenes. " Detail ed Description [0015] Petroleumoils differ in therr

capabi | ity togathsrswlitheanihdodsenedlseliddeposits, and recovered and processed in the

refinery by conventional refining operations, e.g. by sending to the coker. The
method is particularly useful with the preheat exchangers in crude units and
distillation units and in such applications, the preheat train is treated with the

solvent oil which is then left to soak to remove the precipitated asphaltenes.

- Detailed Description

[0015] Petroleum oils differ in their capability to dissolve the troublesome
asphaltenes and other components of crude oils which may lead to fouling .
(- deposits.  In general terms, oils of a paraffinic character will be the most
effective at removing the waxy components while oils with a greater proportion
of ring compounds (naphthenics but also aromatics) will be the most effective
for dissolving asphaltenes. Depending upon the composition of the process
liquid, therefore, it is desirable to select the solvent(s) with properties that enable
dissolution of the foulant precursors which are likely .to be present in the

exchanger.

[0016] The present exchanger cleaning method is particularly useful with
exchangers which are used in the processing of high-asphaltenic crude oils

(Maya, Venezuela, Canada and Mexicp and others from the West Coast) which
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asphal tenes and ot her conponents of crude oils which may lead to fouling
deposits. In general terns, oils of a paraffinic character will be the nost
ef fective at renoving the waxy conmponents while oils with a greater
proportion waf2eeé/mey2zmonpounds (napht heni cs but al so ar onatPCIg)S2086/01216€ t he
nost effective for dissolving asphal tenes. Dependi ng upon the conposition
of the process Iliquid, therefore, it is desirable to select the solvent(s)
with properties that enable dissoluti o of the foul ant precursors which are
likely.to be present in the exchanger. [0016] The present exchanger

cl eani ng methoprecipifae t asphhlierey durhgl exposhre ¢o cighere températirearimitiedbd i n

t he processing, of high-asphaltenic crude oils_ (Mya, Venezuela, Canada and

Mexi co and fern@gs af sivdeerenmpteralasvith whesh sindzesobiel Saglp golvent power
Tompor s or SER il 3 R HREAY WS AR BRI R et B
the high j hi gh sol vent bl endi mber (SB

varue noutttLEneEBiEremoEIEER, o 3ot Yor the oludge. 10017) A

sui tabl e measure of the effectiveness of a petroleumsolvent oil is its
Solubility Blending Nunmber (SBN). Gls with a high SBN, typically 80 or

hi gher and [@d¥f]erabhitatiieGnedsule ghelie effedtivepesbf blpet@ldat tsoleent bil i igsol vi ng

asphal tene precipitates. Thus, solvent oils with an SBN above 80, preferably
above 100, Seiubilityo BlendipgbNufuben(SBiNbe Qidneovith layhighe SBIN, atypécdlipe 80sor G | s

with an SBN. bel ow 80 are, h ver,, by no peans .to be_excluded as they may
be useful %%I@i\%iﬂﬁ egablya HYd 1ox h‘@gﬁr,vmlﬂ b ighlyn pHeeli(Ridn . dissR)Y®IE The

Sol vent Bl i N Y N, .S, a paramet er .rel atd to . t coppatjbility
of anoi | aniteiep HERERiaRRy  Shl RRBR S Al o e Aty o, ST
{: above 100, will normally be found to be generally useful as solvents. Oils with
an SBN below 80 are, however, by no means to be excluded as they may be

-useful in cleaning exchangers used with paraffinic crudes.

[0018] The Solvent Blending Number, SBN, is a parameter relating to the
compatibility of an oil with different proportions of a model solvent mixture
such as toluene/n—hei)tane. The Solubility Blending Number is related to another -
parameter, the Insolubility Number, In, determined in a similar manner and
related as set out in U.S. Patent 5,871,6341. See also “The Qil Compatibility
Model and Crude Oil Incompatibility”, Proceedings of the First International

( Conference on Petroleum Phase Behavior and Fouling, ed. by I. A. Wieche,
AIChE, New York, pp. 82-87 (1999) and I. A. Wiehe and R. J. Kennedy, “The
Oil Compatibility Model and Crude Oil Incompatibility”, Energy & Fuels, 14,
56-59 (2000). The values of SBN and in referred to in this specification are
those determined by the method described in U.S. 5,871,634.

[0019] The values of SBN can vary over a wide range from low values typicaily
.in the range of 30-40 for light paraffinic fractions such as diesel oil and kerosene
to highs of over 110, reflecting an aromatic composition with significant content

of two- and three-ring aromatics and cycloparaffins (naphthenes). The relatively



such as tol uene/ n-heptane. The Solubility Bl ending Nunber is related to
anot her paraneter, the Insolubility Nunber, In, determned in a simlar

manner and rpbahRFisgmgset out in U S Patent 5,871,6341. S T@J ~The Ol
Caonmpatibility Mdel and Crude G| Inconpatibility”, Pr oceegﬁ §§@f/0{2|1|g6

First International Conference on Petrol eum Phase Behavi or and Fouling, ed.
by I. A Wehe, AIChE, New York, pp. 82587 (1999) and I. A Wehe and R J.
Kennedy, "The Q| Conpatibility Mdel aﬁd' Crude O | Inconpatibility",
Energy & Fuels, 14 56-59 (2000),. The values,of SBN and_in referred tq in
thi s specif gt fEonatice frag iRt Sudh & Rk ERy Oilpecyre Hils thas havedigh BRNs,
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-8-. high aromatic fractions such as coker gas oils, cycle oils that have
hi gh SBN vrdduesd ofude0sf approprietenH$Pbalues espersally hrasphaltenit candessiuchras
preci pitated asphaltenes and, accordingly, may be used as solvents in the
present cl eMayag Vemseneld. orTMexieany avhichwpniaies adguifieant propartipnyofohighar t | y

of a crude or,,, reduced crude of appropriate HSP,val ue, especiall
asphal t eni cORHDECFCERRANERLS of AxpmatAAharpeier and Which s comtPER g SBNona
si gni fi cant gpr QPO f Rl L1 f t,] ter
and which w I&g'onwggﬁaogirgﬁb%@kf%ﬁegt g’%ﬁ@%@f?@roﬁﬁge&ﬁc{ﬁ%%@w th
an SBN of 18Qe@fvemtudheSBNeydRsE dowh (6 ab 1o A!SNeMYR1sSPHE sHESOREW? tO as
low as 80 wll also be useful.. One or nore of the lightex refined
fracti ons wibke afi the pighperi mfine®Ehhotins beitl laanalsptopriatehSBMNe neayubke biendedduced
crude but since the crude is |likely to be the cheapest
‘with the crude or reduced crude but since the crude 1s likely to be the cheapest
oil which is also effective, a crude, optionally with a minor amount of a refined
fraction will normally be preferred. If a refined fraction is used, the amount of
the co-blended fraction will usually not exceed one half the total amount of
solvent, by volume, and in most cases, not more than 25 percent by volume of
the cleaning oil.- Blending should be carried out so as to maintain-the. desired

SBN for the final blend, preferably above 100 as noted above.

[0020] The Insolubility Number (I,) of the solvent oil is not normally a
( | significant factor since it is the solvent power, as measured by the SBN, which is
significant for dissolving the asphaltenes. Oils with Insolubility Numbers above
about 50 such as resids are, however, less preferred as solvents in view of their
tendency to precipitate asphaltenes. I, values below about 30 are very

satisfactory in most circumstances.

[0021] While dissolution of the asphaltenes may be readily effected at warm -
ambient temperatures, e.g. 25°C, heating the solvent, for example, to
temperatures of 45° or 50°C or higher will assist dissolution of the asphaltenic

coke precursors. When the exchanger is at the operating process temperature
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a crude, optionally wwth a m nor anount of a

" 0il which is also effective,

refi ned fraction will nornally be preferred. If a refined fraction is
used,, the amount of the co-blended fraction will usually not exceed one
hal f the tot WO 208@1882200f sol vent, by volune, and in nost FEIES206E1236r e
than 25 percent by volunme of the cleaning oil.- Blending should be carried

out so as to nmaintain--the desired SBN for the final blend, preferably
above 100 as noted above. [0020] The | ns8l-ubi | i ty Number (In) of the sol vent
oil is not nornmally a significant factor since it is the solvent power, as
measur ed by fione oSHMe sdivide, . asitgmpéiatumas ffomn albous 50V Lt GOOPE (abpital 208nes.
Ols with Insql u‘piniqtiy Nupbers above about 50 such as_resids are, however,
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asphal t enes; | pmrent confi gurat
dissolution of the asphaltenes.

[0022] After the precipitated asphaltenes have been sufficiently taken up into
solution, or at least dissolved to the extent feasible, the solution of dissolved
asphalienes can be withdrawn from the exchanger and sent for processing in the
refinery. Soak time is typically at least 24 hours but longer periods may be used
to advantage, for example at least 48 hours or even 72 hours or more. After
withdrawal from the exchanger, the solvent-extracted mixture can be recovered
by blending into the feed for the crude umit. If, however, a large portion of a
( refined fraction is used as the solvent, the solvent-extracted mixture can be sent
- to the unit which conventionally handles that fraction, after making due
allowance for the dissolved asphaltenes. Refined fractions used as solvents may

be recovered in an appropriate fractionator.

[0023] Dissolution of precipitated asphaltenes in the solvent oil and removal
from the heat exchanger surfaces will .be. effective to prevent thermal
degradation of these asphaltenes in the exchanger and the formation of coke
from them on the exchanger surfaces. The solvent may also be effective to

remove some coke particles and/or agglomerates which may be bound together



permts, the solvent oil may be circulated in a closed punp-around | oop,
preferably with external warm ng, during the soak period to pronote faster
di ssolution of the asphaltenes. [0022] After. the precipitated asphaltenes
have. been sulQ2PUEOPRP t aken up into solution, or at | eastPCA/ERMEMUEE0 t he
extent feasible, the solution of dissolved asphaltenes can be w thdrawn
fromthe exchanger and sent for processi inthe refinery. Soak tine is
typically at |east 24 hours but |onger pefiods may be used to advantage,
for exanple at |east 48 hours or even 72 hours or nore. After withdrawal
fromthe exwhénger-cokeéypromatarialesuchas eupped oilr and:seluble aspholtenase thdsp
bl ending into the feed for _ the crude unit, If, however, | arge portion of a
( refined fF&’é’tl?%WLF% updyuthg solvent ok 98%@13“&“7@%%%?9 \or AgEIIREANEtiBr e can

be sent to,ihe 1§ whi ventjonal |l y. handl es that fraction, after

maki ng due béf?%%ig%iés?sﬁpl%eﬁgﬁ’ '1933?{?8 E=é&phal tenes. Refined fractions used
as solvents may be recovered in an appropriate fractionator. [0023]

Di ssol ution of precipitated asphaltenes in the solvent oil and renoval from
t he heat exglj,:@?mrls.usbwmm@maﬁonbe, effective to prevent thernal
degradation o ese asphaltenes in the exchanger and the formati on of coke
fromthemon the exchanger surfaces. The solvent may al so be effective to
renove sone_coke particles and/or aggl onerates which nay be_bound toget her

WO 2006/ 130HM34pCTovaplossinenside-streams gnda whele erdewWere avaluatedifer theieh as
t d oil d..sol . hal - th be taken t I t
o 1 onabl | RYCEHA phrte: SOVERhPBNe: st Taessirent 67 ik in 1€ gifle” "
suspensi On.bélo%h@itﬁ(ﬁeﬁﬁﬁ% awhféd]cd -epa\?g%ﬂe{%g%%?al uation [00247 Sever al

refinery side-streans a e cru uated for their:

C



~ potential as High Solvent Power feeds. These streams are listed in the table
bel ow Wi th density and neasured conpatibility data. WD 2006/ 130220

PCT/ US2006/ 012166 -11 Feed SBN In Heavy Sol vent Neutral Ol 139 0 Light
Gas O | (VirdYh286d32p8 37 0 Bright Stock 98 0 Bright St oRKI/ERPERI2IGS 0
Li ght Cat Heating G| (LCHO 110 0 Heavy Cat Heating G| (HCHO 139 O
Heavy Cycle Gas G| (HCE) 139 0 Heavy Aromatic Fuel G| (HAFO 189 102
Topaci o (Equat ori al “Gui nea): Crude 109 AI6 “(North Sea) whole crude oil 158

Lokel e (Caner oon) ol-e—e+ude—oiH—118—BCR-22-(Venezuel crude 100
oil SJV (Californi Fe%ol e crude oil 125 Chad @Hnd cr p oil 112
il 124 Harding. (NBFETY SPRFETRNGREALPle 117 |00 LCHor | Bi ght caltalytic
cracking heating off; NGt esel) . | 37 0
Bright Stock 08 0
Bright Stock Extract 98 0
Light Cat Heating Oil (LCHO) 110 0
Heavy Cat Heating Oil (HCHO) 139 0
Heavy Cycle Gas Oil (HCGO) 139l | 0
Heavy Aromatic Fuel Oil (HAFO) | 189 102
C Topacio (Equatorial Guinea) Crude | 109

Alba (North Sea) whole crude oil 158
Lokele (Cameroon) whole crude oil | 118
BCF-22 (Venezuela) whole crude | 100

oil
STV (California) whole crude oil | 125
Chad Blend crude oil 112
Escalante (Argentina) whole crude | 132
oil
) Balder (North Sea) whole crude oil | 124
C Harding (North Sea) whole crude | 117
oil '

LCHO: Light catalytic cracking heating oil, mostly two-ring
aromatics

HCHO: Heavy catalytic cracking heating oil - two- and three-ring
aromatics

HCGO: Heavy cycle gas oil - three- and four-ring aromatics

HAFO: Heavy aromatic fuel oil - catalytic cracker slurry oil



CEME RN | RO

aromatics HCHO Heavy catal ytic cracking heating oil - two- and three-ring
aromati cs HCGO Heavy cycle gas oil - three- and four-ring aromatics HAFQO
Heavy aromati catal ytic cracker slurry oil WD 2006/ 130220

PCTI US2006101 ‘ggé@%"li@ﬁaaml e 2 - Field Testing Results [0BSHUSHY6Q1A6G | na|
step prior to a crude unit shutdown at a refinery, a solvent blend of at

| east 90 percent by volune of an HSP (SB 109) crude was charged into the
preheat train of a refinery crude unit arll "allowed to soak for a few days
to dissol ve deposited, otherw se insoluble foulant precursors (asphal t enes).
The tenper &t ample @ 4 Figld TesimgpResvits the train initiall y corresponded to

t he operating terrperature of the exchanger, depending on its |location in
the train, fromabout 40 to 210C (about 100 to 400F), declining to about

oC b f0
cond 1 ons. [PEaTer st HBar b ifick 18'q'ofte it MiohaEF refmheBErd o6 '&‘Fm
charged to thihd 6f sdeastdg pé‘l%ehf b$ verife boan HISP ¢SBPN 10?) crulg wWiRFcHr

used, also used for the final flush-out of the unit followi ng the s klng

period. [ 002 the prefiaat tradf of aerefinety ¢rads anit arl alowed td soukdfdrhafevadags
result.of using the. HSP crude oil solvent during the soak, the energy
efficiency &b disselverdémnsitedy athterwmdma@nlgbk'sfmdant« Procurses tasphaltenss). Bl y 15
kbt u/ bbl (about 100 kJ/ |ter rage. dd| tion i[!‘&ﬁci he_ener gy,
benefits ob§@FlD%TG“HF AR w&' ANERTEP A initielly cortrgpo tojibe AReEating

furnace 11 r MGSTAMER e %&gﬁ%%éf Weeoidhe RRTS R RIGT AL i o2y oo BEL
earlier in e yo30°C (aBsR POWeid 460! QuSHhiAETo WBbht HO°C(RSSRS OPY S

( the entire train as the unit cooled to near ambient conditions.

[0026] A devoted storage tank containing the solvent blend was charged to the
crude unit as it slowed for the downtime; the HSP blend was used also used for

the final flush-out of the unit following the soaking period.

[0027] On return of the unit to service it was found that as a result.of using the .
HSP crude oil solvent during the soak, the energy efﬁciencj of the preheat train
exchangers was improved by approximately 15 kbtw/bbl (about 100 kJ/liter) on
average. In addition to the energy benefits observed, the inlet ternperature of the

( crude unit desalter improved to the highest observed over the previous year.
Also, a lower furnace firing intensity was experienced than duriﬁg record crude
runs earlier in the year. These benefits allowed the unit to process greater

amounts of crude and at greater efficiency.

[0028] It will be apparent to those skilled in the art that various modifications
and/or variations may be made without departing from the scope of the present
invention. It is intended that the present invention covers the modifications and
variations of ﬂle method herein, provided they come within the scope of the

appended claims and their equivalents.



anounts of crude and at greater efficiency. [0028] It will be apparent to
those skilled in the art that various nodifications and/or variations nmay
be made without departing fromthe scope of the present invention. It is

i ntended that the present invention covers the nodifications and variations
of the method herein, provided they conme within the scope of the appended
clainms and their equivalents. 13- CLAIMS: 1. A nethod of cleaning heat
exchange surfaces of a heat exchanger, wherein the heat exchanger is part
of a refinery process unit, wherein thd3heat exchanger is being used to
adjust a tenperature of a process fluid flow ng therethrough, wherein the
process fluid conprising asphalteni c conpounds, wherein the nethod

conpri sing: _soaking at | east one of the heat exchange surfaces of the heat
exchanger FEAMY “oi | sol vent having a Solubility Bl endi ng Nunber (SBN) of
at least 80 to dissolve asphaltenic conpounds precipitated fromthe process
fluid in the oil solvent, wherein the oil solvent conprises at least fifty
percent by vol unie Afmehed ufideaiihg Weat lexchafigd subfabest of a Bitat eeblagediuwhetinof at

| east 100 and.the rﬁnainder of .the_solvent oil conprisijng a refined

pet r ol eum {HEEFRCLHIREF & Pt G aJF Ty IPRERES Tt APRGCiD dhe Opsl PRSE Bt | east

25C  when i gLifoRkaes adthdtd iBhpée@ad ot 5roldss MR MRAhe MerhRRAE SiHtasaR of the

heat exchanger; renoving the oil solvent wth dissolved asphaltenic
conpounds fproenss fleid cemptising esphabierde ponymwsds, mdpetelrethe infetlssl opgprisingt h di ssol ved
asphal teni ¢ conpounds ji.n the refinery rocess uni . A net hod .of cl eaning
neat exchange. suprataet Bt 4% e BEireneingS SREe i sine Bony BecFRyE Willap
exchanger, ihgsieedt HaRthgh® Holbileh amIgRding NlﬁﬂieBQ{SENEd)ﬁ@ laskk W5t toadisdoBiEpEr at ur e

on a tube side Pe;roleun1 rocess fluid, wherein the petroleum process fluid
asphaltenic compounds precipitated from the process fluid in the oil solvent, wherein

the oil solvent comprises at least fifty percent by volume of a crude oil with a Solubility
Blending Number of at least 100 and the remainder of the solvent oil comprising a
refined petrolenm fraction, wherein the oil solvent is at a temperature of at least 25°C
when in contact with at least one of the heat exchange surfaces of the heat exchanger;
removing the oil solvent with dissolved asphaltenic compounds from the
exchanger; and
processing the oil solvent with dissolved asphaltenic compounds in the refinery

process unit.

2. A method of cleaning heat exchange surfaces on a tube side of a shell-and-
tube type heat exchanger, wherein the heat exchanger is being used to adjust a
temperature on a tube side petroleum process fluid, wherein the petroleum process fluid
comprising asphaltenic compounds, wherein the heat exchanger is part of a refinery
process unit, wherein the cleaning of heat exchange surfaces occurs without
disconnecting the heat exchanger from the process unit, wherein the method
comprising:

removing process fluid from the tube side of the heat exchanger;

soaking the heat exchange surfaces of the tube side of the exchanger with an oil
solvent having a Solubility Blending Number (SBN) of at least 80 to dissolve

asphaltenic compounds precipitated from the process fluid on the heat exchange surface



'~ conprising asphal tenic conpounds, wherein the heat exchanger is part of a
refinery process unit, wherein the cleaning of heat exchange surfaces
occurs wi thout disconnecting the heat exchanger fromthe process unit,
wherein the nethod conprising: renoving process fluid fromthe tube side of
t he heat exchanger; soaking the heat exchange surfaces of the tube side of

t he exchanger with an oil solvent having a Solubility Bl ending Nunber (SBN)
of at least 80 to dissolve asphaltenic conpounds precipitated fromthe
process fluid on the heat exchange surfibe -14- in the oil solvent, wherein
the oil solvent conprises at least fifty percent by volume of a crude oi
with a Solubility Bl ending Nunber of at |east 100 and the renai nder of the

solvent oil, conprising a refined petroleumfraction; renoving the oj

sol vent wi t % the Qi &lwa wherein theotil solvenhermiiisss atleast filts perserttbriglime ofig

pr ocessi ng it | +5.0. 1AM ﬁﬁﬁqhﬂ t &1 i e
refinery p%ljgg%g’g l‘”ﬁ%%g&y)ll%gﬁbﬁg od a}gégé)??‘lp%gtt @c&gﬁﬁgg&ﬁi crzg?geg,
wher ei n t hesdavdnt bihsoraprisSi3i\a offined p@rdlennd A6ctiod; The net hod according to claim
1 or claim2, wherein the refined petraleum. fractian having,an SBN of at
Feast (100 5. THEMRERROMeabl Uiy T Sp N SSHRLFEF FIROEds TOB et
conpri ses agxch@agt; and® percent by volune of a crude oil having an SBN of at
| east 100. 6. The nethod according to claim2, wherein the petrol eum process
fluid conpri sespracestiog checoilisdvent withrdissolved) ambaltevaempsivnds i thepefingst hod
according tg c%ginnz, wherein the solvent oil is contacted with the heat
exchange suPPsE88™or at |east 24 hours.

3. The method according to claim 1 or claim 2, wherein the oil has an SBN of
100 o 120.

4. The method according to claim 1 or claim 2, wherein the refined petrolenm

fraction having an SBN of at least 100,

5. The method according to claim 4, wherein the oil solvent comprises at least

75 percent by volume of a crude oil having an SBN of at least 100.

6. The method according to claim 2, wherein the petroleum process fluid

comprises a whole crude oil or a reduced crude oil.

7. The method according to claim 2, wherein the solvent oil is contacted with

the heat exchange surfaces for at least 24 hours.



