ON- LI NE HEAT EXCHANGER CLEANI NG METHOD Fi el d of the
I nvention [0001] This invention relates to a nethod
wo oro6aBeami ng heat exchangers and nore especi aPCTUS1006/012166
cl eani ng heat exchangers wi thout the necessity of
removi ng the exchanger fromits associ ated process
unit: cleaning of the exchdnger is carried out while
it is still on-line in the unit. Background of the
[ nvention [0002] Heat exchangers transfer heat energy
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perm t S 1O come Into direct contact
with one another. There are three main types of heat
exchangers, defined by their construction or body
Fieldyofdbe Isvemtionand t ube, plate, and air-cool ed. Shell
and tube (or tubular) heat exchangers are used in
appl i cati ons where high tenperature and pressure
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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-cooled. 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 petroleum refineries and petrochemical 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-weld or hybrid types. Semi-welded or hybrid type plate

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



exchangers al so exist, with plates that are wel ded
together in pairs to allow onefluid to flowin a
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together with the other fluid passing in a gasketed
channel between the wel ded pair. [0004] Air-cool ed
heat exchangers have an intzgral powered fan for
cooling the fluid passing through the exchanger, as in
fluidntoaidwrmbk tiearmellfeaeoed by @08ht ofplates ediicbanewelded together
~shell and tube type exchanger is comonly encountered
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because of its ability to nmeet severe service
specifications, especially in terns of tenperature and
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direct the fluid into the tube bundle; supports or
flow baffles may be used . to direct the fluid flow

[008sburfss tneted abavae thheshellpard thhe bipearytiangahds deangionly
encBhh o SR PR TR Pl BT BB R of i
abilt§ae %@?E%Jér@%eﬁ@& E}?ec'iﬁc’fﬁﬁ(ﬁﬁ, é cﬁanyOﬁ{ feRBPef tehnfSerature

t ubes can -mechanical 'y cl eaned. 06] Petrol eum

andretssvee.i Heerande poteraiahpes obithatl and sabelfdaeexdhapigers including
operating costs fromlost heat transfer efficienc

U-tbror gysi e spiral derdgis. o Thieny- e alosear FEngSS efufineg bent
intop ¢ rsREee b BtnaR Tl W, Rieies 7o, kel e b into the

tub& Bl &’1@5‘ Mppdrel b Béw Dabiled {bﬁg%&ﬂs@d@%%oﬂlﬁdﬂw& flow around

exchanger fouling are in I'tons of dollars per
the yesidd te tubes. Adiersalagghmtubé desigg witll opposed Miadee agseartdies is
are many types of refinery equi pment affected by
favared| whep)t heave foelirgiis bbely tosbe emceuntessiein; RpoFstioRathe head
assetmhl?liegciﬁt k.8n Ilgey rgxfao e faInEi %Sgt%%ght line tubes can be.mechanically

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.



occur due to the fouling of whole crude oils and
bl ends in the exchangers of the preheat trains
w@e@easizag crude units.[0007] While heat exchaPgBEDS2006/012166
fouling can occur by different nechani sns, one of the
nore conmon root causes i s asphaltene precipitation
and adherence of the precipitates at hot surfaces. To
return the unit to nore profitable Ievels, such foul ed
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insolubility in many solvents. To carry out the
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header. So, regardless of the actual technique used to remove the fouling from
the tubes, there is a major loss from the dqwn 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



af fected heat exchangers. Summary of the Invention
[ 0009] W& have now devised a nethod to renove
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surfaces of heat exchange equi pment before these
asphal t enes becone thernalgg,degraded and converted to
coke. The nethod is based ch-the recognition that the
coki ng nechani smrequires both tenperature- Aand tine
andariobet dvek thiat if it is popsib tl -dissolvedhs sophadtdnks before they are
asphal tenes before they are converted fully to coke,
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exchangers is applicable to cleaning asphaltene
exchaypgesi ts fromthe heating surfaces of heat exchangers.
It functions by using an oil solvent of specific, high
sol vent power to dissolve the asphal tenes before they
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surfaces of heat exchangers. It functions by using an oil solvent of specific, high
solvent power to dissolve the asphaltenes before they are convefted 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 typically contain asphaltenes include, for example, atmospheric
resids, vacuum resids, heavy atmospheric gas oils, heavy vacuum gas oils, heavy
cycle oils, deasphalted oils and aromatic extract streams. The present cleaning
method is, however, also applicable to heat exchangers used with various other

streams which may tend to precipitate other fouling deposits upon prolonged



processed in the refinery using conventional refining

operations. [0011] The present cleaning nethod is
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appiigability 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



pl ate type exchangers, particularly of welded or
brazed-up plate type and to spiral exchangers. Thus,
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applicability of exchangers of these types to fields
fromwhich they have presently been excluded because
of the difficulties assocr&t-ed with cleaning them
Wth a tube-and-shell type exchanger, cleaning is
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the asphaltenes, after which the oil is renoved with
t he di ssol ved asphal t enes,
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 Mexico and others from the West Coast) which



together with any | oosened solid deposits, and
recovered and processed in the refinery by

w@ooveasieonal refining operations, e.g. by senPiTysS1006/012166
the coker. The nethod is particularly useful with the
preheat exchangers in crude_units and distillation
units and in such appli catibns, the preheat train is
treated with the solvent oil which is then left to
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sol vent bl endi ng nunber (SBN) val ue should be used for
nost effective renoval of the sludge. [0017] A
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such as toluene/n-heptane. 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 Oil Compatibility
Model and Crude Oil Incompatibility”, Proceedings of the First International
Conference on Petroleum Phase Behavior and Fouling, ed. by 1. A. Wiehe,
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 typically
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



Solubility Blending Nunmber (SBN). G ls with a high

SBN, typically 80 or higher and preferably 100 or
whe@haso22om | | be highly effective in dissolvi nBCT/US2006/012166

asphal tene precipitates. Thus, solvent oils with an
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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



asphal tenes and, accordingly, may be used as sol vents
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asphal tenes may be readily effected at warm o
asphaltenes 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 unit. 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



anbi ent tenperatures, e.g. 25C, heating the solvent,
for exanple, to tenperatures of 45 or 50C or higher
wawaok/13280 st di ssol uti on of the asphalteni c cOREI/US2006/012166
precursors. Wen the exchanger is at the operating
process tenperaturefromon-|line service, e.g. at
tenperatures fromabout 5010e 2000C (about 120 to 390
F), dependi ng upon the service conditions, the solvent
witivinbh-dokewgpeeghteiials sadhisssirappeticoit hed exhibéegepharaes; these
di ssol ution of the asphaltenes will be facilitated
maybe takemoiphy theesaleemeoibtanabling thepamsielasangéor agglomgeants to
solvent init wll,d cIiTe t owar ds anbi ent tenperature
be rFMayef 38 PRSPy In HetheolVebwever , the exchanger has
been taken off-line or operation has been interrupted,
t he exchanger can be warned by admitting hot fluid to
Exaniisle 9hel $olsbMieEAuavesyn t he sol vent and facilitate
dissolutton of the asphaltenes; if equi pnment
configuration permts, the solvent oil may be

circulated in a ¢l osed punp-around | oop, preferably )
[002¢) Reusxad refaneryistdersigeanas angg whiele soRle Pers eyplpated for their

po T CHABR Byl a5 Ko ERA0R' BE0Real 8088 wote
belo:}ykxfihfh&gﬁﬂtyym{d%e&lﬂ@d tOipaiBlliyidam. or at |east
I ssol ve o the

extent feasible, the solution of
di ssol ved asphal tenes can be withdrawn fromthe
exchanger and sent for processing in the refinery.
Soak tine is typically at |east 24 hours but |onger
periods may be used to advantage, for exanple at | east
48 hours or even 72 hours or nore. After w thdrawal
fromthe exchanger, the solvent-extracted m xture can
be recovered by blending into the feed for the crude
unit. If, however, a large portion of a refined
fraction is used as the solvent, the solvent-extracted
m xture can be sent to the unit which conventionally
handl es that fraction, after making due




al l omance for the dissolved asphaltenes.

Refi ned

fractions used as solvents may be recovered in an

wa@ppsopreat e fracti onator.
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STV (California) whole crude oil
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Chad Blend crude oil
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Escalante (Argentina) whole crude

oil

132

Balder (North Sea) whole crude oil

124

Harding (North Sea) whole crude

oil

117

LCHO: Light catalytic cracking

aromatics

HCHO:

aromatics

HCGO:
HAFO:

heating oil, mostly two-ring

Heavy catalytic cracking heating oil - two- and three-ring

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

Heavy aromatic fuel oil - catalytic cracker slurry oil



tenperature in the exchangers of the train initially
corresponded to the operating tenperature of the
wez@hasger, depending on its location in the tPEI/N$2006/012166
from about 40 to 2100C (about 100 to 4000F), declining
to about 400C (about 1000F) for the entire train as
the unit cooled to near ambient conditions. [0026] A
devoted storage tank contai ning the solvent bl end was
Exaglhids gedrithl TogimprReuligni t as it slowed for the
downtine; the HSP bl end was used al so used for the
final OIfI ush-out of the unit foll ow ng the soaking
riod. [Q027] On return of the ynit to servi.ce it S
100435, 85 insLknaettep pEoE I 2ot g THktond A ERER) 2 Wient
t
b]eﬁ%ﬁ%&%aﬁm ﬁ@rc‘sﬁﬁbai geﬁrmé B 2 1B SN 16936‘(9{[&6 Wastdgﬁrlged

exc ers was I nproved by "approxi na

intoXBe HPENHP Blaid BPAULAAGY ddGé uhRrandodllcwal &gsoakl for a few days
addition to the energy benefits observed, the inlet

to dissober ddpositedf otheewiseudsolublet faddant| precuiisorsr Geplilteneshelhe

b n i Erncias 1 b S oo e
d lier.in th . i

tembRHE Pt e Sk iies Yiteiauldoh 26, HEMon T RRCwRS] fidsh Sbout

40° %8%1@502(@@@'9?0@ {d @é)ﬁg%yde&lﬁﬁﬁ ko labow hb°@§amnamtmﬂ) for

to thos ed Int art that various nodifications
the entitearain as itk o ooty tbameanambydrt konditapar ti ng from

the scope of the present invention. It is intended

that the present invention covers the nodifications

00 R et M BB B g e

cru ql&i},]ii’ 2 aISwElALMihe &owﬁtiﬂi‘éE had 1$p el@rvvag ub&Bhlso used for
ex d for

change surrtaces of a heat exchanger use

the fhilefttdhrgut dfetherinitfotlonigg tlenseakpngppedsd f | ui d
conpri sing asphal tenic

[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 efficiency of the preheat train
exchangers was improved by approximately 15 kbtu/bbl (about 100 kJ/liter) on
average. In addition to the energy benefits observed, the inlet temperature of the
crude unit desalter improved to the highest observed over the previous year.
Also, a lower furnace firing intensity was experienced than during 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 the method herein, provided they come within the scope of the

appended claims and their equivalents.



conmpounds, conprising: contacting at |east one of the

heat exchange surfaces of the heat exchanger with an
w@rdosasl2eent having a Sol ubility Bl endi ng NunmbeeT/(SBM/012166

of at least 80 to dissolve asphaltenic conpounds

precipitated fromthe process fluid in the oi

sol vent; and renoving the-dBF solvent with dissolved

asphal teni ¢ conpounds fromthe exchanger. 2. A nethod

of cl eaning heat exchange surfaces on a tube side of a
__Shell -and-tube type heat exchanger used for effecting
CLARMSal exchange on a tube side petrol eum process

fluid conprising asphaltenic compounds w t hout

di sconnecting the heat exchanger from an associ at ed

progce : : C

Phet nBtLidofeRihZ NSk o BIRKS o R et M uscd
for hefiéctinec hBOERalS ekt ?é 6h hh?rdc@bﬁ fhijde compidthg asphaltenic

exchanger with an oil" solvent having a Solubility
conBpandisngompriseng:( SBN) of at |east 80 to dissol ve

asphal teni ¢ conpounds precipitated fromthe process

il Lﬁoaltacmn@h@t olesls 8ng efit -thg gegte REGRAES iFTiaPes ) Yl cheat

h ve | ten M-t
el W5 AP sARRHAUA § SRR ShART Mgy s of o
least 80%@11§§dlvé B H&!ltEn§QJoYl$FB {Hfédnﬁﬁﬁte@rfr&'n' th\é"p‘r@ce%é‘ fluid in
SBN of at ast 100. 4 he nmethod according to claim
the 81l sobwe; and he oil has an SBN of 100 to 120. 5. The
met hod accord| ng to claiml or claim?2, wherein the
oi |IregwviRg, the oil solvent with dissolved asphaltemc compounds from the

exchanger.

2. A method of cleaning heat exchange surfaces on a tube side of a
shell-and-tube type heat exchanger used for effecting thermal exchange on a .
tube side petroleum process fluid comprising asphaltenic compounds without
disconnecting the heat exchanger from an associated process unit, comprising: -

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

contacting 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 in the oil
solvent; and

removing the oil solvent with dissolved asphaltenic compounds from the

exchanger.

3. The method according to claim 1 or claim 2, wherein the oil solvent

comprises an oil with an SBN of at least 100.



conprises at | east 50 percent by volunme of a crude oil
havi ng an SBN of at |east 100, the remainder of the
W@ ei0eas22®i | conprising a refined petrol eum f rBCT/US006/012166
havi ng an SBN of at |east 100. 6. The net hod according
to claim5, wherein the oil solvent conprises at |east
75 percent by volune of a-éfude oil having an SBN of
at least 100. 7. The nethod according to claim1l or
cl a&.nTRe méthodiascoddingid chahvinyhésimtheaoil dapend&iRiNeof 100
of at |east 25C when in contact with the heat exchange
to 190rf ace of the heat exchanger. 8. The nethod according
to claim 2, wherein the oil solvent containing
di ssol ved organi ¢ conponents of the sludge is sent to

pet g‘ﬁ%%éﬁf W rdlﬁ‘g Ik, icﬁﬂéﬁ?ﬁcﬁ%l&fn‘?@ﬁ%éﬁ@in l]%e dif'Solvent

accor |ng wher er n e petrol eum

conﬁir%@%@ lddsti5d peRIBRt b§ %h&n@ﬁwlaecrqﬂel@ﬁ 1vige B GBI GF at least
crude. 10. The nethod according to claim2, wherein

100t Hiee sedmaamier aifl thie ssobvant awit edmyprising herefimat poteHamgefraction
surfaces_for at |east 24 hours. 11. The net hod

havipecas aBhyot at lerdilf010 i n which the solvent oil is

contacted with the heat exchange surfaces for at | east
48 hours.

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

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

7. The method according to claim 1 or claim 2, 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.

8. The method according to claim 2, wherein the oil solvent containing.
dissolved organic components of the sludge is sent to petroleum refinery

facilities for processing.

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

comprises a whole crude or a reduced crude.

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

with the heat exchange surfaces for at least 24 hours.

11. The method according to claim 10 in which the solvent oil is

contacted with the heat exchange surfaces for at least 48 hours.



