WO 2006/ 130220PCT/ US2006/ 012166 - 1 - ON- LI NE BEAT EXCHANGER
CLEANI NG METHOD Field of the Invention [0001] This invention relates to a
nmet hod for cleaning heat exchangers and nore especially, to cleaning heat
exchangers WORMHIIPEY necessity of rempving the exchanger PEFEBI0PE/812166
associ ated process unit: cleaning of the exchanger is carried out while it
Is still on-line in the unit. Backgrouuq.pf the I nvention [0002] Heat
exchangers transfer heat energy fromone fluid (liquid or gas) to another
Wi thout permtting the two fluids to cone into direct contact with one
another. There are three main types of heat exchangers, defined by their

construction or bO@MM_ﬂﬁHEAE‘]EX@HANGER T BANINGMBTIHOPO! ed. Shell and - -

tube (or tubular) heat exchangers are used Tn applications where high
tenperature and pressure demands are significant and are the type nost
commonly encountered in petroleumrefineries and petrochem cal plants,

| ar gel y beddeldoofdhe Inuentionbi ity to meet the severe service requirenents.
Tubul ar heat exchangers are al so enpl oyed when fluid contains particles that
woul d bl ock the channels of a plate heat exchanger. [0003] Pl ate heat
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noder ate d ' I : tel : . There are
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angers | I ng gas razed,
and sen - wehelexwhahyér firoimliypassociaes proetskaehiorclénting of thepexdhlader ®xchanger s
al so exist, with plates that are welded together in pairs to allow one - 2

- fluid teamedwutiwhilectiinstdl ondinesion thg ugitpai r of pl ates which are wel ded
together with the other fluid passing in a gasketed channel between the
wel{ded pair. [0004] Air-cool ed heat exchangers have an integral powered fan

for cooli n%a%ﬂgofulnﬁio?tﬁ(?frﬁjeﬂgo}lhrOugh t he exchanger, as in an autonobile

r adi at or.

[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
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[ 0005] As noted above, the shell and tube type exchanger is commonly
encountered in petroleumrefinery and chem cal plant service because of its
ability to nmeet severe service specifications, especially in terns of
tenperature AHA2M6E3BA0e. There are several types of shel| BEHUSHE&0RAG
exchangers including Utube, straight and spiral designs. The U-tube design
consists of tubes bent into a U shape bundle which is fitted with a header
to direct the fluid into the tube bundléfZSUpports or flow baffles nay be
used to direct the fluid flow around the outside the tubes. The’

st rai ght - t ubBuidetoi Gowvint h chapnel fammrshbipa pais efitplates which atcoweliedhogethenvy
fouling is likely tqQ be encountered in operation; the head semhl i es can be
renoved and Wﬂg %@'Pﬁ'}eﬁ%{mfl Pﬁ@l?&ﬁb%gﬁ%?t%ﬁCEWhhwpl e(‘:‘fei‘i‘?fgﬂmr-[ 0006]
Petrol eumrefineries and petrochem cal plants suffer high operating costs
fromlost heat transfer efficiency, energy reduction, and cleaning as a

result of f ouap ARBladdSsHed ket Hevd Be LBLra pAGRRS! Bh Rl UBRE g ude

oil's, and other eat transter equipnment. Estimates o sts
associ ated vfihiid ;ﬁ&@ihgrtﬁﬁiughquéleﬂm@rgerlaaihfaﬁ ditdinbbile ratfiael | ars per year
for the petroleumrerining industry. ile there are many types of refinery
equi pnent affected by fouling, nore recent cost estinates have shown that
the majority of profit |osses occur due to the fouling of whole crude oils

and bl ends i[Q005E  Asmedraboye, the shbelhand mbei Hpep caehanigry 18- crEmonly s .
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asphal t ene i t At c - Of.. 1 he C 11l ces.
To et urn t Apaiy o' bt SRR SOE BRETALIGT BIERIR, I et Rinii e
typical Iy negd pgresdige. Bildry Qe E6vRAII9ped 6Rsiitard faRdtbat EREHBkerdiAChidifge Nt
approach to clean foul ed heat exchangers involves isolating the exchanger
for cl eani ndJ-withe, | straeghtThnd spiral gesigns. | heeUt tmboedesigic eonsists exfc hideg den
efficiency is reduced tg non-profitable levels as a result- of the coke build
up. Coke i s iator@dfshapsPundier whichiisifitted withca header e dipet theginshintedhe py
chem cal ne ue to its jnsalubil i i n n | vent T ry out the
cl'eant ng, "t NEbe RERARG siproclsriir g gefichuiry B e TocEe oSl oend oy
mechani cal j ' ]¢ : ' -hough
al ternati vegygggﬁi%%m%;th Pi%q EF%SS:&E%}? %ﬂ%ﬁ{aﬁgﬁ%@‘?p éggsetgpf(;e aﬁgfgﬁg%lﬁ)\}mﬁ% #’]
abrasive |i gayéiedonhéy hehesp foilingMs kel9! iodbé 2nBeANWEI<I it epbRYienb e hexdp! or ed
but all these expedients have the sane”di sadvantage, that the .exchanger has
to be taken asfefmblissecam bzerainaver: dnd ahasstraight mientithes ecan be -tschanieallyends
of the tubes_in the tube header. So, regardl ess of the actual technique used
to renove tﬁkmﬂ@@4ing fromthe tubes, there is a major loss fromthe down

time resulting fromthe | oss of use of the equipnent as well as fromthe
necessity to have to re-route the process liquid to other exchangers so as

to all ow pergadeiC } Qﬁgﬁf L i t he
process uni Imqﬁt] gog%?%?iﬁ?ﬁere grggngéeggglllra I ei?agft%é%ﬁg@ﬁ%h%@i&i%s@i wi ||
redyce or effiofh Nedtchdabaransha dfficieys) mir%y redudich, and clegmingads #eéadt beat

exchangers. Summary of the Invention [0009] We have now devised a nethod to

remove precfpiling gt ocauisahuingathethetealgrotessing ofivérble erideceds,amdhether
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non- mechani ca ans. have found sel ec crude o r other petrol eum
refinery stfading, thode reeset dusybstimates hane showarthhb theaspjuaity efgsrofidosstie

bl ends or oils fromwhich they precipitated. These streans nmay be used to
remove the peawidie o ibe faulinalof svhale Crusn eile and blendssin theexgbangaseofthe
solid, adherent coke deposits can be fornmed. It is possible to achieve this
re-di ssol utP 36?“%%5%3%@‘\%1 e keeping the exchanger connected to
the process unit and thereby reduce or elimnate the need to physically
renove and cl ean the exchanger. :




- [0010] The nethod according to the present invention for cleaning heat
exchangers is applicable to cleaning asphal tene deposits fromthe heating
surfaces of heat exchangers. It functions by using an oil solvent of

speci fic, hi §¥03¥6{34220 power to di ssol ve the asphal t enes bePCHESIR@)122G6c
converted over tinme by continual exposure to heat to coke deposits on the
heating_surfaces. The dissolved material can-be recovered fromthe stream of
cl eaning oil and processed.in the refineT@‘using conventional refining
operations. [0011] The present cleaning method is directly applicable to use
wi th heat ex@B07peVbileheahexthangghfoudimgeraatancus byrdifferemd mechagigmispond of
processi ng of petrol eum streans, especi Ihy whol e crudes, reduced ‘crudes and
heavy hydr odBf FBAref $BMUIhEOQ  Gsese i iiﬁP%ﬁ B PEaGipitaliomang agheienes hdhani ch

oracess ny. BeETA BRI 15158k LTE B heaB . e
heavy vacaunCone he xR KRR e RNk SndBRatia
extract streans. The present cleaning nmethod is, however, also applicable to

heat exchangers used with various other streans which may tend to

preci pi t at e [0008}) Theutument eiadistougiean fowled dgatiexdMangers involves isolating
2006/ 130220PCT/ US2006/ 012166 - 5 - exposure to heat, for exanple, streans
whi ch cont aithe hexphanger dor s¢learing hofinkiht Wbis ds cypiraliyd performed eoncd dhe
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di sconnecti r%} ?-%e exchasngigré ]Eﬂl?gﬁ;’l‘}[ eiuyrl% eisns Iﬁ%ﬁ Siéln"%ﬁt ch?t I ng .é/It IS
t her ef ore usidaning,nthepexeharpyes ishfirset diatirod agdi thef colatiekbbyitneesioted eby.
wi t h tube-and-shell exchangers in high tenperature operation wi th heavy
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difficulties associated wth cleaning m Wth a tu type
exchanger, . gineaoibegiramedasona toyobtainesctesy tovhet dpencendshaf the hebesi idethe tebe -
inside the tubes on the side carrying the process fluid which causes the
foul i ng whehesges: %0, rggardless; of the aamal taphninee et to iemove ¢hefading froneani ng

met hod has its, pri utility.but if shell,side cleaning LS r ired, the
Tot hod nay £he et Thethdses tnfiatfoss. b dis AWk Tk oulhebiong B ok b mie

pl ate or spi S i h dif
fouling f ror‘%f ?%%Eéﬁ@gﬁé&?%pg@gsg fljpﬁ:ll g{see;ﬁgé'étgsﬁ ggmg%géﬁﬂﬁqguc v ngscégs? t he
met &Od wi |1 1ibgieRPbthef ekshdnd@rSidi@s &/ HGR hehit dihinRkl HRgting 06 1 Io)ﬁ)(:ess
enabl i ng the "'exchangers to be cl eaned on-I'ine, sinply by the use of an
appropri at efluid dehbperationegf the ppocess luhit. tTo wanlhd, cheredore tgndésirabie to deliss | on
in operating costs since the down-tjinme is reduced as well as the requirenment
for the Woazeesbed yduch Ml nedpepey clivumpge thesneed to physically remove and clean

affected heat exchangers.
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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



| abor -i ntensive tasks of disconnecting the exchanger, renoving casing and
-head "assenbl i es, carrying out mechanical cleaning operations and restoration
to operational status. In addition, run lengths for the unit nay be extended
by this conYh@at3032kani ng practice. [0014] In practice, PAHESA0e012166
exchangers are cleaned on-line by the use of the high solvent power (HSP)

oil. The oil is admtted to the exchanger. and al |l owed to soak the exchanger
surfaces for a sufficient period of ti m&+to dissolve the asphal tenes, after
which the oil is renobved with the di ssolved asphal tenes, together w th any

| oosened scinddinie pasli that ifaitds pessibler dreadidsglve dks aephaltenth befwt ithey grdy
conventional refini nﬂ operations, e.g. by sending to.the coker, The nethod
Y

i s parti culceavgried dp ke Ehe eqHiPIReTE x¢ah hge PEectivaly ueleansd by aem-
distillation ynits,and in h, appl.i cajions, the preheat train is freated
With the saneARpic igend, We hith ot settedgtidy P oe dther Breleni ar ed
asphal tenes g | L.DL | I ' ' | | r
capabi l'i ty%?%%%ﬁ%\%%g%??% é%ﬁe@gg_ﬁ’g{e?etﬁggg@%%&g%gﬁgg{%%gn s of
crude oils dfmﬂ%frr@mywhm%bg pfrﬁéibitﬁlﬁd.d 3¢ sfreatS A2 BE Ased t6 Tmofk e OF 2
paraffinic character wll be"the nost effective at renoving the waxy
conponent s prédipitated laSphaitehes fespahe ex¢liapper surfacesbefbreosalidlypdha@st coke
(naphtheni cs but also aromatics) will be the nost effective for di-ssol ving
asphal t eneslepOsifsenaii rhg fiponed. hdt dsnpessibi¢e da athieve: thisorcedissolutiondof the

therefore, it is desiyable to select fhe solvent(s) wiih propertiges that
enabl e di s@88PhAlicaRs dﬁfﬂﬁ%é@sm&lme £85rOnpeced i ?ilﬁ'QF St BOM AT} esent

in the exc : 6 e .presant .ex n | gani ng et h i S

particul ar E@agﬁifﬁhgg%t%gggﬂﬁﬁtgeﬁﬂa \H%P@Eﬁa%ﬁ%ﬁﬁgﬁ% FERE p“r‘@g&?éf‘nb‘“of

hi gh- asphakisiifpesr ude oils (Muya, Venezuel a, Canada and Mexico and others
fromthe West ast) which WD 2006/ 130220PCT/ US2006/ 012166 - 7 - can

preci pitate asphaltenes during exposure to higher tenperatures initially
formng a sludge-like material; with these sludges, the high solvent power
sol vents W@ hiTge mwithehtacsbeding nig theipresensBiventibnefarholeadinge hesled f or

nost effective renoval of.t sl udge.. . . .
exchangers 1§ apphcag e to (c:jlgamng 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



[0017] A suitable neasure of the effectiveness of a petroleumsolvent oil is
its Solubility Blending Nunber (SBN). Ols with a high SBN, typically 80 or
hi gher and preferably 100 or higher, will be highly effective in dissolving
asphal t ene pMRIPAHRAS. Thus, solvent oils with an SBN abRE/68R0065413566r abl y
above 100, wll normally be found to be generally useful as solvents. QOls
with an SBN bel ow 80 are, however, by no ans to be excluded as they may be
useful in cleaning exchangers used with paraffinic crudes. [0018] The
Sol vent Bl ending Nunber, SBN, is a paraneter relating to the conpatibility
of an oil wiaxposiues & beat, jop samplnsstesans whdeh covlaighighimolecalas yetight

e e S e N B SRS
Conpat i bi | f@ﬁﬁ\»ﬁ‘gﬁ?ﬂtgﬂ# Bp shReRd t"ﬁW%%@r%’ﬂ‘feﬁ%& ji,%f ﬁ%oﬂ{ﬁg?}mé a§WEhaS Fi r st
A Wi one. CASpEARRS BAT0P S eASEYE ﬁ%@‘?‘ Gleiiate ot i BF wifeutty 1Py |-

Kennedy, " ThetQldurkeeedridi dod petidetiemiedidldatsde O | I nconpatibility”, Energy
& Fuels, 14, 56-59 (2000). The values of "SBN and in referred to in this

specification.are those determ ned by t.he nethod described in U S.

5,871,634. [0019] The val ues of SBN can vary over. a wi de range from.| ow
val ues typi d40131 iThe eleaninggaetiodzoperatesons npkge: ahayieamitoug t&ﬂé@tﬁlérl@aé uch

Comost t1 on HEERPESt G RRE-EL s TSRSt gES ol ShepciirSts HEeRoRst Bont ng
| ffi : : i vgls 2 . 12166
i oo ot e PROGE SRR EC iR 3B TR rdBherd Rehd i RS MR o1

SBN (val ues @feah@iy 45 feq@HIBY needetses. gaswihf el arl-SRill @R chak@rs Pine Giigh t at ed
asphal tenes and, accordingly, may be used as solvents in the present

cl eani ng netiémperalite epdration with hesvy beils; obyio ste danhalsb ybe rugedr stith dfeab
crude or reduced crude of appropriate HSP val ue, especially an asphaltenic
crude such &Xchaeers whese, cgonsguciens «Gm, nqthilend chemsekiesa e glaaning fy

Contor o i deoaafitah hano 67 SRRBIL:ofc” LEBHRRL s HHLEhal CHOBFESEN B 150 or

nore are th f i a | C i 1

al so be use? bzfi@stgg J&‘?@éﬁ%’ai’%@%@ﬁ? e‘?éé}ird g?ls%lggwre ggltr? ?%"{égm a?t% %

appr opr i at ¢S Bxchhgzeeh eI Ui  heseituGfoming ogheansl Guglechablesiice t he
crude is likely to be the cheapest oil which is also effective, a crude,
optionally \appﬁczd)i}iﬁynof ewobangerst of thefe mypest tadii¢clds fxom whichuthey bave

preferred. If a refined fractiqon is used, the_anpunt of the co-bl ended
fracti on wi presegﬂmbe;ﬁnn@xcleﬁ@@éwcaw@nﬁnhet@f%ﬁt:@n&ﬁ aéﬁ%ﬁtedomﬂbpf@mg by

leant ng-or et Vit 3 Sl ot Sre BHefmhelE  C8hng i PRtEY oebSien | e
SBN for t hen{dsﬂﬂlbogf’ﬂh?g{%b% ?i"d%fi?é. adide ARCNBeL 0] 1hS sﬁ%t&aggﬁ? ‘ﬂge gﬁ&%gﬁ)huiﬁ‘e

I nsolubility Nu the solvent oIl i's not nor I gnificant

factrq’or si ncevhi¢h icausdsetirofoiivig el heatedmaadlit gd by tHiveappEdativhi thht tlse
significant for dissolving the asphaltenes. G ls wth Insolubility Nunbers
above about pBBesiucicaning gnétheodahes itsopeivae uiildysbypt ¢f sheBdside sleaningt 8s i n

- ::/v:e)]; y 22%%5%%8?%?4%@%@? G B EteaAkd, Wb Sy IAEeRLOHP LRG0 e
' - ' , 25C,

et 1 ng 1 nechanpn PUE e Sl 5B StofingE MR RESEl, SRR N mifythe

wi |l assist u@cﬁﬁqoﬂﬁhgg{%i a&%ﬁg&éﬂ'&i&%@ﬂs%ﬁﬁiﬁs%ﬁfﬂﬁléﬂﬁd Whetich Bses,

exchanger is at the o oce t enperature
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



WO 2006/ 130220PCT/ US2006/ 012166 - 9 - fromon-line service, e.g. at
tenperatures from about 50 to 200C (about 1200 to 390 F), dependi ng upon the
servi ce condi solvent will be warned upon adm ssi h
exchanger and isgﬁé :%%%on of the asphaltenes will be facili %gfré%zwg’ﬁzmﬂough
the tenperature of the exchanger and the solvent init will decline towards
anbi ent tenperature with increasing tine,g1f, however, the exchanger has
been taken off-line or operation has been interrupted, the exchanger can be
war ned by a to warmihe solven

jtti hot | f | ui o the shel,l side an
Fact it at e dRbQoIIERNE bkt ob didpnireinotio ScMBnkR, NERDVIRG g8 04 SRAC
permts, the i ey i eck | . 1 00D,
preferably vﬁsgﬁhgggéér‘g%ﬁlw\@r Rﬁﬁdﬁéd&l&wcﬁ% &ﬁéﬁggaﬁb%gr&g%%% g&%ﬁ&q‘é’hf g@t er
di ssol ution t ; Ilﬂcl:n { tpat es
have been suﬁqrézt:f@r# ?%&kgﬁ%ﬁgltg‘ﬁ?ﬁé@ﬁ%ﬁ&@? R{at g%gjt% ﬁ?glﬁﬁgv dﬁgg t he
ext ent feasidaimenieaec&ghmgipmc@ée_di ssol ved asphal tenes can be w thdrawn from
t he exchanger and sent for processing in the refinery. Soak tinme is
typically at |east 24 hours but |onger periods may be used.to advantage, for

exanple at | 48 hours or even 72 hours or npore. After wthdrawal from
t he exchange[ﬁsﬁheﬁ’sﬁf\%‘ﬁ@»@@th%teé‘&hﬁﬂgﬁfﬁr%e cheangd GEHBG dive theoPsePEiBe ng

into the feed for..th rud (Lt | however ...a; |l apge rtion o refi ned
Taoti on 1 < et 8oEAEREvER ISR bil, e R IE GRS IR RRAb LA afoed 1
to the unit j i af  f.r | : [ggslﬂ e

al | owance fgér.‘}"l»‘toﬁ.g lg‘lesso: é‘éﬁ%ﬁ%@?eﬁggsﬁ%ﬁ%ﬁ rdggtaféﬁfslé ﬁée aépgéﬁ%j/ent S
nmay be recovgpkdlidnes2aftaPpykiehi @eeoil RC RO rwith 0B dissdlsea! adphaRens,

pr ecgpl tated asphaltenes in the solvent oil and renoval fromthe heat
exchanger suogathers wiihl Anpdoesehed tsolid depopitgvant redvaered anid grocksseédin dlie t hese

asphal t enes iﬁ t he exchaeggier and, the fornmation of coke fromthemon the
exchanger sdafeliBeyby sorvartiopehielinipe gpsmipmse £ife by seading 1 M eok@ el b ke

ticl / I t ich. b d.t ther. - 10 - .with
on- coke t At fid 3 MAERURHR “udbC HaREthe: Bretih obPeer Ju irafd oinit! i e
may be takegjdiha ntﬁ}ﬁtssﬁiéd’ $8tsuh lappfitaGbhd) Ihk ieR&d ithhih 53 t%”(‘ﬂéd”wi&i the
aggl onerants to be renoVed as a su Ben5| on’in the sol vent. anpl e --

Sol vent Evakubehpsil vitiek is thexgef o 664l Refemoveitherecipitatedndphalidiitlse crude
were evaluated for their potential as H gh Sol vent Power feeds. These

streans are listed in the table below with density and neasured
conpati bi li ta.
P %tzgﬁedaDescﬁmion

[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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can precipitate asphaltenes during exposure to higher temperatures initially
forming a sludge-like material; with these sludges, the high solvent power
solvents with a high solvent blending; number (SBN) value should be used for

most effective removal of the sludge.

[0017] A suitable measure of the effectiveness of a petroleum solvent oil is its
Solubility Blending Number (SBN). Oils with a high SBN, typicalty 80 or
higher and preferably 100 or higher, will be highly effective in.dissolving
asphaltene precipitates, Thus, solvent oils with an SBN above 80, preferably
above 100, will normally be found to be generally useful as solvents. Oils with

N

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



98 0 Bright Stock Extract 98 0 Light Cat Heating G| (LCHO 110 O Heavy Cat
Heating G| (HCHO 139 0O
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high aromatic fractions such as coker gas oils, cycle oils that have high SBN

values of 100 or more may be used as effective solvents for precipitated
asphaltenés and, accordingly, may be used as solvents in the present cleaning
method. The solvent may also be 'corﬁposed wholly or partly of.a crade or
reduced crude of appropriate HSP value, especially an asphaltenic crude such as

Maya, Venezuela or Mexican, which contains a significant proportion of high

boiling components of aromatic character and which will confer a high SBN on

the oil. Whole or reduced crudes with an SBN of 100 of more are the most

B effective although SBN values down to as low as 80 will also be useful. One or
( -- more of the lighter refined fractions with an appropriate SBN may be blended
‘with the crude or reduced crude but siﬁce the crude is likely to be the cheapest

oil which is also effective, a crude, optionally with a minor amount of a refined

fraction will normﬁlly 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 perceﬁt by volume of

the cleaning oil.- Blending should be carried out so as to mainta:in:.me.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



Heavy Cycle Gas Gl (HOGO) 139 0 Heavy Aromatic Fuel O (HAFO) 189 102
Topaci'o (Equatorial Guinea) Crude 109 Al ba (North Sea) whole crude oil 158
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from on-line servipe, e.g. at temperatures from about 50° to 200°C (about 120°
to 390° F), depending upon the service conditions, the solvent will be wérmed
upon admission to the exchanger and dissolution of the asphaitenes will be
facilitated even though the temperature of the exchanger and the solvent in it
will decline towards ambient temperatore with increasing time. If, however, the
exchanger has been taken off-line or operation has been interrupted, the
exchanger can be warmed by admitting hot fluid to the shell side to warm the
solvent and facilitate dissolution of the asphaltenes; if equipment configuration
permits, the solvent oil may be circulated in a closed pump-around loop,
( preferably with external warming, during the soak period to promote faster

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



Lokel e, (Canmeroon) whole crude oil 118 BCF-22 (Venezuel a) whol e crude oil
100 SW(California) whole crude oil 125 Chad Bl end crude oil
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‘with non-coke type materials such as trapped oil and soluble asphaltenes; these
may be taken up by the solvent oil, enabling the particles and/or agglomerants to

be removed as a suspension in the solvent.

Example 1 -— Solvent Evaluation

[0024] Several refinery side-streams and a whole crude were evaluated for their
potential as High Solvent Power feeds. These streams are listed in the table

below with density and measured compatibility data.



' 112 Escal ate (Argentina) whole crude oil 132 Bél der (North Sea) whole
ctude oil 124 Harding (North Sea) whole crude oil 117
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Feed ' SBN In
{ Heavy Solvent Neutral Oil 139 0

Light Gas Oil (Virgin Diesei) _ 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
B 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



aromatics aromatics LCHO Light catalytic cracking heating oil, nostly
two-ring HCHO Heavy catal ytic cracking heating oil - two- and three-ring

HCGO. Heavy I il - three- and four-ring aromati cs HAFO Heav
aromati c fuel(wéiz&%?@@&{?al ytic cracker slurry oil WO PCT/US2006/012166
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"Example 2 - Field Testing Results

[0025] As the final step prior to a crude unit shutdown at a refinery, a solvent
blend of at least 90 percent by volume of an HSP (SBN 109) crude was charged
into the preheat train of a refinery crude unit and allowed to soak for a few days
to dissolve deposited, otherwise insoluble foulant precursors (asphaltenes). The
temperature in the exchangers of the train initially corresponded to the operating
temperature of the exchanger, depending on its location in the train, from about
40° to 210°C (about 100° to 400°F), declining to about 40°C (about 100°F) for

( 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.



[0025] As the final step prior to a crude unit shutdown at a
refinery, a solvent blend of at |east 90 percent by vol une of an HSP
(SBN 109) crude was charged into the preleat train of a refinery
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the train, fromabout 40 to 210C (about 100 to 400F), declining to

about 40C (about hOQEhof 8F clE&z}gngﬂée{t %@cﬂaﬁ%{i furBRed d¥e AL Ex B L AviQein

near anbi ent conditions. [0026] A devoted storage tank containing the

sol vent bl enthedest edchangsdistiaritdfe refingte proviess wst, Mhersinothe deqterchanger is

downtine; the HSP bl end. was, used al s@ used for..the.final .flush-out .of
the Uit f ol PBREHSY RAdBCRIcHeiuRe 0 (oG Rliofatd Ptegio VRl it
to service ithei@ScdsOHGE dohiphisRg adpla@@hiclcopotisdsN@hérar dt I3kt £pateien of the
sol vent during the soak, the energy effici encl%/jEt of the preheat train
exchanger s wasPhaligrie o@upeynda ppreaxpemitapg outm ik proptss Nubenie thedwat
kJ/liter) on I 1t - benefits observed,
the inlet teﬁ%%%ggﬂgléfag&’t%ﬁ%}e@rﬁlgéﬁé&%ﬁ]&ﬁe@%ﬁ]?%r i nproved to the

hi ghest observed ew#kingd si@eddt @ cfube k&R exchhgosurficésoviahe heat Bech@ngdrwitlg
intensity was experienced than during record crude ru séﬁgg&%i er i

( 1L n
the year. Theaegllselyenthayinga heilibrdiending Nogbsr breidkso 0 torfbisntve
of crude and fil. Gl > [ g bl it t :
t hose skiIIegaﬁﬁg%ﬁgEQ%F&%ﬁgﬁh%§$¥gﬁgﬁ%%g%?#%%%%gkgqgﬁ /o?gvarﬁaﬁFgﬁg
may be nade vhedibuflvahe panpiisey af keesnftftyepesopey ebluteef presientl with a

invention. It js.intended that the present invention covers, the

o 11 cati onSolitty HdieNiRher ot e Raging ani Beaeie etk s sHEgmc one
within the segpgrighghHacBRP LR Hed)iM®Rndisth & itdmRgrhialaPfeast 25°C 13
- CLAIM5 1. A nethod of cleaning heat exchange surfaces of a heat
exchanger, wwheriimcaftect Mathtat doasthanegdthd lsapexchande surfaedsioférghgsf ocess
unit, wherein the heat exchanger is being used to adjust a
tenperature 6F“¥Bfocess fluid flowi ng therethrough, wherein the
process fluid conpéh&ding RN R MHyEh CRRIPIREN &phaltdies €nfhindd §amith@heat
portion of the asphaltenic conpounds have precipitated out of the
process fl ui éxdwnger id heat exchange surfaces, wherein the method
conpri si ng: soaki- n t .l urfaces
of the heat exchar%oecr@ lS(S\}\ﬁl %g %1%8}11 Sglﬂlﬁﬁts\g%gﬁ%d %?Sﬁgﬁgeﬂ%%%ﬁ ?ﬁ?sfllﬂ thé

Bl endi ng Nunmbéfinetopfetfungat | east 80 to dissol ve asphal tenic
conpounds precipitated fromthe process fluid in the oil solvent,
wherein the oil solvent conprises at least fifty percent by vol une of
a crude oil wth (4 [ N - of Iﬁﬂﬁg g t he
remai nder of\Qlt'he g}h??lléo vdedr?tt&{rg(l;)}l r%gﬁgl’y@%%ﬁegﬁ%de er eian ?ﬁbgl il
sol vent is aBlendieni¥ematiste 00fto a20.l east 25C when in contact with at
| east one of the heat exchange surfaces of the heat exchanger;
renoving the oil solvent with dissolved asphaltenic conmpounds from

the heat exchangerphe@dhod accordg?e@SFinNg wiHakiPiHe oHUKRAE cMhirtbes at least
di ssol ved asphaltenic conpounds 1n the refinery process unit.

50 percent by volume of a crude oil having an SBN of at least 100, the remainder of

the oil solvent comprising a fraction having an SBN of at least 100.

4. The method according to claim 3, wherein the oil solvent comprises at least

75 percent by volume of a crude o1l having an SBN of at least 100.

5. A method of cleaning heat exchange surfaces on a tube side of a shell-and-



2. The nmethod according to claim 1, wherein the crude oil has a

Sol ubility Bl ending Nunber of 100 to 120, 3. The nethod according to
claim1, wherein the oil solvent conprisé%‘at | east 50 percent by

vol une of a crude oil having an SBN of at |east 100, the remai nder of
the oil solvent conmprising a fraction having an SBN of at |east 100.
4. The et hotutedgr Iiahgxdhengdr aivher8in thvhieeat exclihhgerds beisplisednsd adjospr i ses
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conpri sing asphaltenic .c ounds, wherein | east a porti.on.of .the
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si de of the heat @%@ﬁé%%@ﬂga“ ' ﬁéﬁ%ﬁ?h%%$§%(ﬁgg?ﬂgiéﬁgﬁggnsurfaces

of the tube side efakimethereitangimgastiifacenodihk sl sy@df thasich@nger with an
Sol ubi lity Bl endj ng Nunber at least 80 to dissolve

SBN) of a .
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processing t RenRhderSPNER! sothdnb colhsisahy & dhagihial teni ¢ compounds in
the refinery process unit.

removing the oil solvent with dissolved asphaltenic compounds from the heat
exchanger; and
processing the oil solvent with dissolved asphaltenic compounds in the

refinery process unit.

6. The method according to claim 5, wherein the crude oil has an SBN of 100 to
120.
7. The method according to claim 5, wherein the o0il solvent comprises at least

50 percent by volume of a crude oil having an SBN of at least 100, the remainder of

the oil solvent comprising a fraction having an SBN of at least 100.

8. The method according to claim 5, wherein the oil solvent is at a temperature
of at least 25°C when in contact with the heat exchange surface of the heat

exchanger.

9. The method according to claim 5, wherein the petroleum process fluid

comprises a whole crude oil or a reduced crude oil.



6. The nethod according to claim5, wherein the crude oil has an SBN
of 100 to 120. 7. The method according to claim5, wherein the oi

sol vent conprises at |east 50 percent byi%blune of a crude oil having
an SBN of at |east 100, the renmainder of the oil solvent conprising a
fraction having an SBN of at |east 100. 8. The nethod according to
claim5, whed@in fThensithodsskardimyg th slaan Sawherepethatodrselvefit iatohtected wEC
when in contgct, wth,the heat chan rface of the heat exchanger.
9. The net hod™ e\éi)?x&}lﬂ@et%%g?eé% %ﬁea%ﬁ%fg?%s‘t he petrol eum process
fluid conprises a whole crude oil or a reduced crude oil. - 15 -

10. The nethod according to claim5, wherein the oil solvent is
cont act ed wi th t hdhpawthosheshardys te glimoes wWhieh te oflsakentia chafaeted with] .
The met hod a ' cl ad i ' the oil solvent is contacted
with the hea ﬁ@%%L%%&%%?ﬁ$ 3%%§b?%#&%t %%g% 48 hours. 12. The

met hod according to claim7, wherein the oil solvent conprises at

| east 75 percent by volune of a crude oil having an SBN of at | east
100. 12. e method according to claim 7, wherein the oil solvent comprises at least

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





