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[ 0001] The present invention relates to processing of

whol e crude oils, blends and fractions in refineries

and petrochem cal plants. In particular, the present

invention relates to the reduction of particul ate

i nduced crude oil fouling and asphaltene induced

crude oil fouling. The present invention relates to
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other refinery process units. DISCUSSTON OF RECATED

ART [00021 Fouling is generally defined as the

accumul ati on of unwanted materials on the surfaces of
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d operation of refining and
petrochem cal processing systens, and affects the
operation of equipnent in tw ways. First, the fouling
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and flow in the heat _exc er.
blencﬁng ofohng total acid number lea A]Ig!) and high solubility blending number
(Sen) crude oils to reduce fouling in pre-heat train exchangers, furnaces, and

other refinery process units.

DISCUSSION OF RELATED ART

[0002] Fouling is generally defined as the accumulation of unwanted
materials on the surfaces of processing equipment. In petroleum processing,
fouling is the accumulation of unwanted hydrocarbon-based deposits on heat
exchanger surfaces. It has been recognized as a nearly universal problem in
design and operation of refining and petrochemical processing systems, and
affects the operation of equipment in two ways. First, the fouling layer has a
low thermal conductivity. This increases the resistance to héat transfer and
reduces the effectiveness of the heat exchangers. Second, as deposition occurs,
the cross-sectional area is reduced, which causes an increase in pressure drop
across the apparatixs and creates inefficient pressure and flow in the heat

exchanger.
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heat exchangers associated with petrol eumtype streans
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chem cal reactions, corrosion, deposit of insoluble
materi als, and deposit of materials nmade insoluble by
the tenperature difference between the fluid and heat
exchange wall. For exanple, the inventors have shown
that a |l owsul fur, |ow asphaltene (LSLA) crude oi
and a hi gh-sul fur, high asphaltene (HSHA) crude bl end
are subject to a significant increase in fouling when
in the presence of iron oxide (rust) particulates, as
shown for exanple in Figs. 1 and 2. [00041 One of the
nore conmon root causes of rapid fauling, in
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_ precipitate fromthe crude oils and adhere_to the hot
significanic dncrspse hia Hewking xwhangin . thenprepeace of iron oxide (rust)

cont am nant s_pl ot h LLOLtLat and pronoting
partlubtpg? ShaY %éovlvgﬁ?%/ﬁ %Ple\?#olflgg' %:?bgyoi | s and bl ends.
I ron oxide, cal ciumcarbonate, silica, sodium and

calcium chlorides have all been found to_ be attached )
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degradation of the organics_and asphaltenes to, coke.
are Thechcheiter than the tvhels cande pilg andgesalhdn if§1aF1é(§bbh§?’off1§face or

skirfég%ﬂgglgaﬁre%; a’gﬁ%\%ﬁﬁ%l%%nceitsﬁéﬁg Bﬁﬁaélgg‘tei fof'thd'6At and adhere to
these hot surfaces. Another common cause of rapid fouling is attributed to the
presence .of salts and particulates. Salts/particulates can precipitate from the
crude oils and adhere to the hot surfaces of the heat exchahger. Inorganic
contaminants play both an initiating and promoting role in the fouling of whole
crude oils and blends. Iron oxide, calcium carbonate, silica, sodium and calcium
chlorides have all been found to be attached directly to the surface of fouled

heater rods and throughout the coke deposit.

[0005] Prolonged exposure to such surface temperatures, especially in the
‘late-train exchanger, allows for the thermal degradation of the organics and
asphaltenes to coke. The coke then acts as an insulator and is responsible for
heat transfer efficiency losses in the heat exchanger by preventing the surface
from heating the oil passing through the unit. Salts, sediment and particulates

have been shown to play a major role in the fouling of pre-heat train heat



fromheating the oil passing through the unit. Salts,

sedi nent and particul ates have been shown to play a
woregos2430d e in the fouling of pre-heat train hReX/US¥D07/018403
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and ot her downstreamunits. Desalter units are stil

the only opportunity refineries have to renove such

contam nants and inefficiencies often result fromthe

carryover of such materials with the crude oil feeds.

[0006] Blending of oils in.pefineries is comon, but

certain blends are inconpatible and cause

preci pitation of asphaltenes that can rapidly fou
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types of refinery equipnent are affected by fouling,
cost estimates have shown that the majority of profit
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millions of dollars each year due to lost efficiencies, throughput, and additional
energy consumption. With the increased cost of energy, heat exchanger fouling
has a greater impact on process profitability. Petroleum refineries and
petrochemical plants also suffer high operating costs due to cleaning required as
a result of fouling that occurs during thermal processing of whole crude oils,
blends and fractions in heat transfer equipment. While many types of refinery
equipment are affected by fouling, cost estimates have shown that the majority
of profit losses occur due to the fouling of whole crude oils, blends and fractions

in pre-heat train exchangers.

[0008] Heat exchanger fouling forces refineries to frequently employ costly
shutdowns for the cleaning process. Currently, most refineries practice off-line
cleaning of heat exchanger tube bundles by bringing the heat exchanger out of

service to perform chemical or mechanical cleaning. The cleaning can be based -
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2008/ 024309 PCT/ US2007/ 018403 -4 on scheduled tinme or
usage or on actual nonitored fouling conditions. Such
conditions can be determ negs by evaluating the | oss of
heat exchange efficiency. wever, off-line cleaning
interrupts service. This can be particularly
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m xture, such as toluene/n-heptane. The SaN is rel ated
to the In,

[0010] Some refineries and crude schedulers currently follow blending
guidelines to minimize asphaltene precipitation and the resultant fouling of pre-
heat train equipment. Such guidelines suggest blending crude oils to achieve a
certain relationship between the solubility blending number (Sgn) (also
symbolized by Spy) and insolubility number (I,) of the blgnd.' The Spy is a
parameter relating to the compatibility of an oil with different proportions of a
model solvent mixture, such as toluene/n-heptane. The Spy is related to the I,
which is determined in a similar manner, as described in U.S. Patent No.
5,871,634, which is incorporated herein by reference. Some blending guidelines
suggest a Spn /I, blend ratio >1.3 and a delta (Spn -I) >10 to minimize
asphaltene precipitation and fouling. However, these blends are designed for use

as a passive approach to minimizing asphaltene precipitation.



which is determned in a simlar manner, as descri bed
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precipitation. WO 2008/ 024309 PCT/US2007/018403 -5
[00111 Attenpts have been nmge to inprove the nethod
of blending two or nore petroleumoils that are
potentially inconpatible while naintaining
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BRIEF SUMMARY OF THE INVENTION

[0013] It is an aspect of the present invention to provide a method for
reducing fouling associated with the processing of crude oil in a refinery. It is
desirable to reduce and/or mitigate fouling in heat exchangers. While the
present invention is described in connection with heat exchangers, the present
invention is not intended to be limited to heat exchangers; rather, it is
contemplated that the present invention is applicable to other components
(fncluding but not limited to pipestills, cokers, visbreakers, and the like) that are
capable of experiencing fouling conditions associated with either particulate
fouling and/or asphaltene fouling. Of course, it is possible to apply the invention
to other processing facilities and heat exchangers, particularly those that are

susceptible to fouling in a similar manner as experienced during refining
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al d TA 0. 3.
at It B 1 SmBles bt i e qifiin,bé Saed s the HSDP
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with significant reductions m ou ing. As such the efficiency of the refinery

operations is enhanced.

[0014] ° In accordance with the present invention, the predetermined amount
of HSDP crude oil is equal to at least five percent of the total volume of the
blended base crude and HSDP crude oil. HSDP crude oil may make up at least
ten percent of the total volume of the blended base crude and fhe HSDP crude.
HSDP crude oil may make up at least twenty five percent of the total volume of
the blended base crude and the HSDP crude. It is preferable that the content of
HSDP crude oil not exceed fifty percent of the total volume of the blended base
crude and the HSDP crude oil.



operations is enhanced. [00141 ' In accordance with
the present invention, the predeterm ned anount of

woisDRozude oil is equal to at |east five perceer/usfo07/018403
the total volune of the blended base crude and HSDP
crude oil. HSDP crude oil may make up at least ten

percent of the total volune of the bl ended base crude

and the HSDP crude. HSDP crude oil nay nmake up at

| east twenty five percent of the total volume of the
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anot her aspect of the present invention to provide a
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rude oil may consi st of a whole crude oil, a blend
cruge qilwit a peedeterpmedAmeunyrofi 3 KISDB rrude gl cDhe basg crude oil
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thepéctf ETRO HSHPArudd oilIBN S5, of al Rast 83.10t 1sT;lileferable that the Spn
predet ermi ned amount of HSDP crude oil is equal to at
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mosD iyt petBeritCo bl 1ot %llﬁhﬁdﬂ' thé blérdirid bas& ctagehhd HSDP crude
reducing and mtigating both asphal tene induced
oilf oul i ng and

[0017] It is another aspect of the present invention to a blended crude oil that'
is capable of reducing and mitigating both asphaltene induced fouling and
particulate induced fouling and/or promotion in refinery comﬁonents, including
but not limited to heat exchangers and the like. The blended crude includes a
base crude oil and a HSDP crude oil. The HSDP crude oil has a TAN of at least
0.3. The HSDP crude oil makes up at least 5 percent of the total volume of the
blended cru&e. It is contemplated that various crude oils can be used as the
HSDP crude 6il. Other HSDP crude oils are considered to be within the scope of
the present invention and suitable for blending with the base crude oil provided
such HSDP crude oil has a TAN of at least 0.3. Preferably, the TAN for the
HSDP crude oil is at least 0.5. More preferably, the TAN for the HSDP crude
oil is at least 1.0. It is contemplated that the TAN for the HSDP crude oil may

exceed 4. In accordance with the present invention, it is preferable that the



particul ate i nduced fouling and/or pronotion in
refinery conponents, including but not limted to
wheas/osehangers and the |i ke. The bl ended cr uP€T/US2007/018403
includes a base crude oil and a HSDP crude oil. The
HSDP crude oil has a TAN of at least 0.3. The HSDP
crude oil nmakes up at |east 5 percent of the total
vol une of the blended crude. It is contenplated that
various crude oils can be used as the HSDP crude oil.
O her HSDP crude oils are cogsidered to be within the
scope of the present invention and suitable for
bl ending with the base crude oil provided such HSDP
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TAN for the HSDP crude oil is at |east 0.5 More
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least 1.0. It is contenplated that the TAN for the
HSDP crude oil nay exceed 4. In accordance with the
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detailed description and appended drawings.



of the invention wll becone apparent when taken in
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-9 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0020] The

invention will now be described in conjunction with

the acconpanying drawings in which: FIG 1 is a graph
illustrating the effects of particulates on fouling of

a LSLA crude oil; FIG 2 is a graph illustrating the
effects of particulates on feuling of a HSHA crude

oil blend; FIG 3 is a graph illustrating test results
showi ng reduced fouling associated with a HSHA crude
oi | blend when blended with a HSDP Crude G| in

accor dance W|th thls |nvent|on FIG 4 is a graph
6 TTON DRANANGS r educed foul i ng
associ at ed vvlth a LSLA crude oil when bl ended with a
HSDP Crude G| in accordance with this invention;
[oo‘i Ei SThg %\@éxﬁ% WAlNShéwt ibeg de@@ﬂibé@siw teor§isvicy with the
uced fouling associated with a HSHA crude oil
acdzdmp‘ahymgdrangSmi wiich: HSDP Crude O A in

acc a with thi,s iInvent a
il | gi‘g A s gy 7 arah BsEARE ﬁ%ﬁ%ﬁ 8f @85‘&“?‘8&13 ﬁﬁ fouling of a
Lsg%gﬁl&tﬁg with a LSLA crude oil when bl ended with
DP Crude Ol Ain accordance with this invention;
FI GFIG |2513aa graph illusuatingtthe gffasty of pagtiewlatasoan Hguling of a
Sﬁguce (ﬁﬂ | associated with a HSHA crude oil when
BOC MIMH®M8DP Crude O B in accordance with this

I NVERGL 0N is a graph illustrating test results showing reduced fouling
associated with a HSHA crude oil blend when blended with a HSDP Crude Oil

in accordance with this invention;

FIG. 4 is a graph illustrating test results showing reduced fouling
associated with a LSLA crude oil when blended with a HSDP Crude Oil in
accordance with this invention;

FIG. 5 is a graph illustrating test results showing reduced fouling
associated with a HSHA crude oil blend when blended with HSDP Crude Oil A
in accordance with this invention;

FIG. 6 is a graph illustrating test results showing reduced fouling
associated with a LSLA crude oil when blended with HSDP Crude Oil A in
accordance with this invention;

FIG. 7 is a graph illustrating test results showing reduced fouling
associated with a HSHA crude oil when blended with HSDP Crude Oil B in
accordance with this invention;

FIG. 8 is a graph illustrating test results showing reduced fouling
associated with a LSLA crude oil when blended with HSDP_Crude Oil B in

accordance with this invention; and



FIG 8 is a graph illustrating test results show ng

reduced fouling associated with a LSLA crude oil when
whb@sgdegown th HSDP Crude G| B in accordance RET/0S1007/618403

i nvention; and WO 2008/ 024309 PCT/US2007/018403 -10

FIG 9 is a graph illustrating test results show ng

reduced fouling associated with a LSLA crude oil when

bl ended with a various HSDP Crude Qls (A-Q in

accordance with this invention; and FIG 10 is a

schematic of an Alcor foulingsinulator used in

accordance wth the present invention. In the

drawi ngs, |like reference nunerals indicate

Cor FeSPogdisng 18 il Wistrhfifig didst arfegiilis f sHBWiRE reduced fouling

DETAI LED DESCRI'PTI ON OF PREFERRED EMBCODI MENTS (00211
assDhinated ovidnta stntqrude wiil wheswbleadgd swithbe varipus HSDP Crude

a det a nection.with the figures. The
Oill @ bftin vardanss i B Sl Bdul T ng T heat
exc FaGg9a0sis A sciirhic BP%ORPJ&SfohHﬁgtsQﬂm\l\AtbP hided in accordance

refinery. . This aimis achieved by a blended base
Wltd:lrt@@@rg‘ﬁémmmmiﬂnmy consi st “of a whol e crude oi |, a

WO. Ofr ude o ctions ther .
i ¢ B0 485 it TikecreTEi R igerdls i Sats icaponding parts in
théﬂﬁmﬁéﬁﬂﬁgmﬁgmer (HSDP) crude oil. The addition of
HSDP crudée oil nmitigates both asphaltene induced
fouling and particul ate induced/pronnted fouling. The

Db A EBDE SN G BRINERRID EMBORIUENES,

the crude oils and/or blends. The presence of TAN is
believed to help disperse the particulates in the
[0021]de dite pi¢sentl immemti]orprwilbmcwvtllrﬁerdeScxjhedioﬁheg'ma;en eletail in
t he heate order to. achieve, th uct i O o
connectisn ith B, FoRFeSERt SRR, Al To rggiFe fouling in
heﬁcéﬁhaﬁgﬁpﬁﬁn& B‘t\ﬁ&r @f)m%bnkﬁésfocgte'a WIllIR S rdMhEryeV Tihls aim is

may result in inproved
achieved by a blended base crude oil, which may consist of a whole crude oil, a

blend of two or more crude oils or fractions thereof with a predetermined
amount of a high solvency dispersive power (HSDP) crude oil. The addition of
HSDP crude oil mitigates both asphaltene induced fouling and particulate
induced/promoted fouling. The high Sbn of these HSDP crude oils allows for the
enhanced solubility of any asphaltenes in the rest of the crude oils and/or blends.
The presence of TAN is believed to help disperse the particulates in the crude oil
blend which prevents them from adhering to the heated surface. In order to
achieve the reduction in fouling, the HSDP crude oil should have a total acid
number (TAN) of at least 0.3. Higher TAN levels may result in improved
fouling reduction and mitigation. The HSDP crude oil should have a solubility
blending number (Sgy) of at least 75. Higher Spy levels may result in improved
fouling reduction and mitigation. The volume of HSDP crude oil necessary in
the blended crude oil will vary based upon the TAN and/or Sgy values of the
HSDP crude oil. The higher TAN and/qr Sgn values of the HSDP crude oil, the

lower the volume of HSDP crude oil necessary to produce a blended crude oil



fouling reduction and mtigation. The HSDP crude oil
shoul d have a solubility blending nunber (SBN) of at

wo e@sn24880 H gher SBN | evel s nay result in i nppOwEs2007/018403
fouling reduction and mtigation. The vol unme of HSDP
crude oil necessary in the blended crude oil wll
vary based upon the TAN and/or SBN val ues of the HSDP
crude oil. The higher TAN and/or SaN val ues of the

HSDP crude oil, the |ower the volune of HSDP crude
oil necessary to produce a P ended crude oil WO
2008/ 024309 PCT/ US2007/ 0184 -11 that will reduce

and/or mtigate both asphaltene induced fouling and

thatp@ﬂi &b Snd/oPIHRRGAd BUlH Aphandhein@uesdfouling and particulate
refinery conponents, including but not Iimted to

indweesk fewloharapel/or gndmotion| ik sefinery FSDPOBEDtSe lepludmg but not

5 S B AR T T P50 Bl ke

r
up tﬁﬁ% | nereéx%e ednar 9 WirtenitSof M8 toaPoRAGRR Bf thé blended

he bl ended crude oil exhibits inproved
crudheilact eri stics over the base crude oil.
Specifically, the blended crude oil exhibits a
significant reduction in fouling over base crude
[(mﬁ@]a‘?h ?H@ttﬁbﬁd@&r&h&é“cﬁi 85 thel ipPodsedl twithih i@ refifery. The
t transfer hin the heat "exchanger and a
blemdnﬂjmm oih eomebm limpmeveg, cbormqmtmnov@oolz@]baspgcrude oil.

cor .testi rangepent, u
Speseaibe the plendedirp 2it et AT BRAt 4RGPS in fpling over
bask océﬁdé rwﬂ obbnm P paftidiflites NOTRROrAAS ini vetBeat transfer
tron o HSDP“crude oil has on the reduction and
withirt thgdicdab lexohan garandrayrediibtion és oivaralbhenergy eonsumption.
i ncludes a reservoir 10 containing a feed supply of

crude oil. The feed supply of crude oil nmay contain a
[0053'86 CF el(?'deﬁlé?(@ RhAANRIeSiNg Hitgit Qised 1) ARASEre what
de contal ni two or nore crfude oOils. The feed

thesumdcy th'eya(himon aﬂ'npatmuhitédsmPaccrmude @il |hasTore fpeling and what
lm}:;%g %Ggaltgﬁggf ﬁeﬂk&é’a c;u?#p (%L éﬁgﬁ t%fflre Et%xll rzrtlﬁtd m¥t1gat10n of
fouling. The testing arrangement includes a reservoir 10 containing a feed
supply of crude oil. The feed supply of crude oil may contain a base crude oil
containing a whole crude or a blended crude containing two or more crude oils.
The feed suppl_y may also contain a HSDP crude oil. The feed supply is heated
to a temperature of approximately 150°C/302°F and then fed into a shell 11
containing a vertically oriented heated rod 12. The heated rod 12 may be formed
from a carbon steel. The heated rod 12 simulates a tube in a heat exchanger.
The heated rod 12 is electrically heated to a predetermined temperature and
maintained at such predetermined temperature during the trial. Typically rod
surface temperatures are approximately 370°C/698°F and 400°C/ 752°F. The
feed supply is 'pumped across the heated rod 12 at a flow rate of approximately
3.0 mL/minute. The spent feed supply is collected in the top section of the
reservoir 10. The spent feed supply is separated from the untreated feed supply

oil by a sealed piston, thereby allowing for once-through operation. The system



containing a vertically oriented heated rod 12. The
heated rod 12 may be fornmed froma carbon steel. The

wheasozi3nod 12 sinmul ates a tube in a heat excheeyEs2007/018403
The heated rod 12 is electrically heated to a
predeterm ned tenperature and maintained at such
predeterm ned tenperature during the trial. Typically
rod surface tenperatures are approxi mately 370C/ 698F
and 400C¢ 752F. The feed supply is punped across the
heated rod 12 at a flow ratgpQf approximtely 3.0
nmL/ m nute. The spent feed supply is collected in the
top section of the reservoir 10. The spent feed

is ﬁ‘é@ﬁiriﬁeﬁswﬁﬁpﬁt@g%ﬁ (ﬁOOded"ﬁmgyﬂté eakek gm euiyihWissolved in

by a seal ed piston, thereby allow ng f
theonmd: durimgothghtespe (Ehdroocouple wadings 3o mquqt/fgoghe bulk fluid

PCT/ US 7/018403 h
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the oil dur| ng the test. Thernocoupl e readings are
recorded for the bulk fluid inlet and outl et . .
[002dfper muxlr@ﬂmdomstanfswfmdeaquai@m desting, fpokmd tdeposits and

b e e gBRREL SHCY b e o R Gl kS Rherhtir dpsraded to
cokdle ThRULGEY dEpRpdIsl Efusd! fn IARIATS XIRRH rtﬁﬂeﬂ:du@es W%fﬁcxency

The coke deposits cause an insulating effect that
and/etahilityt fof tid isurfaccyto Awal he aiil | pasging aviee léuml‘@ceesultmg

0,.heat th [ assi.ng.over it. The.resul t
redgiff, b Otieto BEG T K Pireliiie, FOBHRBES VD fime i fouling
cofthfifest THES ?e%hfc%hl 1ﬁgemgﬂfﬁthfkuﬁ%efe-ﬁ‘é& 16 Q8 ¥K¢ oatlet Aquid AT or
tenperature is referred to as the outlet liquid AT or

dTamdznan bradepndeapendbatypmof prideygibiblsmds testing conditions and/or

o A REED Sy S8 20 B g romoting

mat@§415.NN BlaRdREd MCoﬂTﬁi\ﬂﬁl%QE& isRastiéd dat dor”l 20 inihatdsl The total
test is carried out 80 m nutes. The total

fouling, | asy measunedishy abiebtotalheedustisin i doetl¢tohiguid dgmpsrature is
bR sk OPRTRITARG, 51 OT] £0,1 0,0 ATL00 or GTIS0,
t he presence of

[0025] FIG. 1 and FIG. 2. illustrate the impact that the presence of
particulates in a crude oil has on fouling of a refinery component or unit. There
is an increase in fouling in the presence of iron oxide (Fe,Os) particles when
compared to similar crude oils which that do not contain particulates. The
present invention will be described in connection with the use of a low-sulfur,
low asphaltene or LSLA whole crude oil and a high-sulfur, high asphaltene or
HSHA crude oil blend as base crude oil examples. These oils were selected as
being representative of certain classifications of crude oil. Thé LSLA crude oil
represents a low Sgy, high reactive sulfur and low asphaltenes crude oil. The
HSHA blend crude oil represents a crude oil that is both high in ‘asphaltenes and
reactive sulfur. The use of these crude oils is for illustrative purposes only, the
present invention is not intended to be limited to application only with LSLA

crude oil and HSHA crude oil. It is intended that the present invention has



particulates in a crude oil has on fouling of a
refinery conponent or unit. There 1is an increase in
w0 ouBioM309 N t he presence of iron oxide (Fe203)PCT/US2007/018403
particles when conpared to simlar crude oils which
that do not contain particulates. The present
invention wll be described in connection with the use
of a lowsulfur, [|ow asphaltene or LSLA whol e crude
oil and a high-sul fur, high asphaltene or HSHA crude
oil blend as base crude oi | ygxanpl es. These oils were
sel ected as being representatlve of certain
classifications of crude oil. The LSLA crude oi
apﬂlﬁﬁhﬁﬁqf@ftﬁ A WhWISEAd Hleaded eandel igs and flormatutidmsvef the same
asphal tenes crude oil. The HSHA bl end crude oj
that epp@mqesmni/or pm;itmel fouling ingefivery apmpopgnts including but not
hal.t enes

T T T T
thepfn@'cftﬁga thhee BE | s éorﬁafneﬂn{ﬁﬂﬁlﬁda tRab@exchihs&d tAs described

tiron only with LSLA crude oil and crude
abcmel thiet presence eoflefbulingt hiakeamradvense | impaeti of Ieat gyx@hanger
008/ 02430(51?]’5’.(7[/ US2007/ 018403 -13 application with
PEIAPIMARS 3 PEMRded crude oils and fornul ations of
the sane that experience and/or produce fouling in
refinery conponents including but not Ilimted to heat
[00@>6<}han§hespre"5het preagoxsehave ffound rihat dhie asksditior ofeatcrude oil

neiF i e AN SRAETOA S RE ol OBl M paricutac-
1ndl%€§ ¢566ne ThWdgiee BaFodin@ @it Ws &f b8&3function of the
exchanger™ performance and efficiency.” 10026] The

TAN deesltini theconarall blend. Thisnis beligvednte belduei tonthss akility of the
de. oi | avj ng a hi TAN .and/.or SB 0 the
negibiicr aeids dpi kP BEBLCHAES RIgTaRion (e BIERHY S \getting and
: adﬂ_é}fh%j q8r AR Healcel |shfﬂcée%féré OBtIRPRAER préMoéd dand_accelerated
function of the TAN Ievel in the overall blend. This

foulingdedkiing edcquw. bdostehigh TN abiuides yoils aldoe have very high Spn

tevBRb R e e TRPWRAD ddibr s RePhilings and/Sr keeping
the‘?ljl”ifnaQSIUtW rfof NGFRRIP  RARIE G180 hcdbesd Sodlifg that would

otherwise occur due to the incompatibility and near-incompatibility of crude oils

and blends. These crude oils are classified as high solvency dispersive power
(HSDP) crude oils. There is a notable reduction in foulipg when a
predetermined amount of HSDP crude oil is added to the base crude, where the
HSDP crude oil has a TAN as low as 0.3 and a Sgy as low as 75. The
predetermined amount of HSDP crude oil may make up as low as five percent
(5%) of the total volume of the blended crude oil (i.e., base crude oil + HSDP

crude oil).

[0027] Sample tests were performed to determine the effect the addition of
HSDP Crude Oils A and/or B to a HSHA base crude oil has on the fouling of the
base oil. The results are illustrated in FIG. 3. FIG. 3 is a variation of FIG. 2

where the reduction in fouling associated with the addition of a predetermined



foul i ng/ coki ng occur. Mdst high TAN crudes oils al so
have very high SBN |evels, which have been shown to
w@r@siom3dd ssol vi ng asphal t enes and/ or keepi ng PCTIEN200TI018403
solution nore effectively which al so reduces fouling
that would otherw se occur due to the inconpatibility
and near-inconpatibility of crude oils and bl ends.
These crude oils are classified as high sol vency
di spersive power (HSDP) crude oils. There is a
not abl e reduction in foulinggwhen a predetermn ned
anmount of HSDP crude oil is added to the base crude,
where the HSDP crude oil has a TAN as | ow as 0.3 and

amBurBDI 2SDHPYrade 49 blddied WitdgbREsIcrade @mowmaiaﬁnglsﬁp HSHA
crude oil may nmake up as |low as five percent (5%

of
crugheit. oIm@nG/@XampleothQ hasemr@dg@dl eonigining IHQHAelS blgaded with a

BsE RSp i il MRt ArFOHIE et vy BRe TReR: 5% IPife ol
vol'dﬁ@z’oﬁﬂédlﬂeﬁié& cradRGHA. Ofl“hB HSDP Evkde dibkelabeledeHHSDP crude oil

has on the fouling of the base oil. The results are
A having tancappiokim#ie AN Oﬁl4(§ and jasSiv \afr 1 1.1 & drown @ Fig. 3, a

sigﬁ%ﬁc{aﬁt %%ﬁ&&m ucffgugP% %gavg%w %%ﬁ%%g@étb%ﬂs %gse crude oil
corﬁgﬂlﬁgﬁgﬂétﬂﬁ%%d a %s@@ﬂ%’ﬁtb@ﬁt F&Qﬂnﬁé{‘éﬁ'e Ihsandtkédeghmple,

a base crude oil containing crude oil.
the| baacn@rudzanblcemmengSHArladﬁemktd waith i ASRP FRide pH, which

ccRBiR §01 HetY pliecBhioQ2snt B (ot "vfis ""W&@eg&e? fgude oil
9'H‘S‘§Pdcﬁiak%dcﬁl ¥ HSODPCHFPFOAB dfavh fdpabﬁirﬁ@teHﬁm of 1.1

crude oil A having an approxi mate
andBNSmf 0f125. AWhiledhe lmpar:t of ttg; H§DR ngmi¢ iQikk} on the fouling of

ductio foulin chleve o) bgt h
thep B8 EiffeoD; ¥ TR SERAGIHAN (e FRIRE GRS by B HSDP
Crifd bth %h%tﬂél’és@t;ﬁ%dubé‘s anekield a¥&®aie in thOFolBAE of a base

crude oil containi'ng HSHA is blended with a HSDP crude
crugiel il epmtaining padiculatesor fifty percent (50% of the
total volunme of the bl ended crude oil.

[0028] Sample tests were performed to determine the effect the addition of
HSDP Crude Oils A and B on the fouling of the base oil. The results are
illustrated in i*“IG. 4. FIG. 4 is a variation of FIG. 1 where the reduction in
fouling associated with the addition of a predetermined amount of HSDP crude
is blended with a base crude oil. In the illustrated examples, the base crude oil is
a LSLA crudé oil and is blended with HSDP Crude Oil A, which accounts for
twenty five pefcent (25%) of the total volume of the blended crude oil. Like the
addition of HSDP Crude Oil A to the HSHA crude oil, a significant reduction is
fouling is achieved when compared to both base crude oil containing particulates
and a base oil without particulates. In the other illustrated example, the LSLA
base crude oil is blended with HSDP Crude Oil B, which accounts for fifty
percent (50%) of the total volume of the blended crude oil. While the impact of
the HSDP Crude Oil B on the fouling of the base crude oil is not as significant as



The HSDP crude oil is HSDP Crude G| B having an
approximate TAN of 1.1 and a SBN of 115. Wiile the
w0 ppaoe43ef the HSDP Crude G| B on the foul i ngp@f/US100E018403
base crude oil is not as significant as the HSDP Crude
Ol A the HSDP Crude G| B nonethel ess produces a
mar ked decrease in the fouling of a base crude oil
containing particulates. [0028] Sanple tests were
performed to determne the effect the addition of
HSDP Crude QO ls A and B on_tke fouling of the base
oil. The results are illustrated in FIG 4. FIG 4 is
a variation of FIG 1 where the reduction in fouling
theaBISDP aCAfHNGiD AhehddSDIPoICratic 200 B efgaintiproducesounimarked
of HSDP crude is blended with a base crude oil. In
decrpase] in| thetfoulingl of adhese esude ¢id containing prstisplatess g
LSLA crude oil and is blended with HSDP Crude O 1 A,
whi ch accounts for twenty five percent (25% of the
[00R29] 2l BalipIE téks Weee Al forgictlifo @elermlind ehd ffect the addition
addi ti on of HSDP Crude G| A to the HSHA crude oil, a i
of thegHSDR Srude Qilick top base gibgenisining either dy¥liAywhale crude oil

r t.0.both b ruyde o | nt. a0l .
or BRIRA' BftnpBa Ml B fag MO tR o b sl Mg, oif  The HSDP A
crudBeoiptiRfing lanUgpprokRfateX TAN &f 4.Beandla’Sphase 1d2udThe results
oil is blended wth HSDP Crude G| B, which accounts

asspeiated with thseinpant of 3PP Acon the HSFA Jend pre idnstrated in
| gnd i1\ e i
F1] 87 S Sl i i RS o NSUSPEE O o

whel@Bhddecailtar@sih¥ral€d i F26369 P6r bbbl base 0il§4he addition of the
the HSDP Crude G| A, the HSDP. Crude Q| B, again

HSHR dyuenxleasthe HSDP ssude ailprodueed arednstion by fonlings o
crude oil containing particulates. [0029] Sanple tests
were al so performed to deternmine the effect the

[003¥]i ti % shéwhhin HEER. G-8deh&irkddctién dnbAfidingi increased as the
contai ning either LSLA whole crude oil or HSHA

predetarmined rameuni (of (HSDIh arude fajlil qamienst in (the phleaded |crude oil
. The HSDP A crude oil having an approxi mate TAN of 4.8
increed SN of 112. The results

[0031] The above illustrative examples of the benefits of the present
invention were based upon the use of examples A and B crude oils as the HSDP
crude oil. The present invention is not intended to be limited to only these
examples of HSDP crude oils. Other HSDP crude oils having an approximate
TAN of at least 0.3 and a Sgy of at least 75 will achieve reductions in fouling.
FIG. 9 illustrates the impact beneficial impact on fouling that the addition of
various HSDP crude oils on a base oil of LSLA whole crude oil. As summarized
in Table 1 below, the addition of HSDP crude oils resulted in a reduction in

fouling when compared to base crude oil containing particulates.

Crude Mixture TAN Spn AT180
LSLA Crude (control) - —_ -23
+ 200 ppm FeO — — -47



associated with the inpact of the HSDP A on the HSHA

blend are illustrated in FIG 5. The results
w@az®enated with the inmpact of the HSDP A on tPEeT/LS047/018403
whol e crude oil are illustrated in FIG 6. For both

base oils, the addition of the HSDP A crude as the
HSDP crude oil produced a reduction in fouling. [0030]
As shown in FIGS. 5-8, the reduction in fouling

i ncreased as the predeterm ned anount of HSDP crude
oil content in the blended.ggude oil increased.

[0031] The above illustrative exanples of the benefits
of the present invention were based upon the use of
exanpl es 24°apdpB £rude oi |l s4.8s the 1/HSDP crude3oil .
The preseRliy, RyPHE i on is nofgi ntendgsd to be liggted to
only thg%.y expprt es of HSDPgcrudesgids. O her ,HSDP

crude oi,l q)an appr ox te TN of at legst 0.3
and a Sﬁ s Egg% ast 75 w ’Eaachiﬁ)lﬁzreductl oRs in
foul i ng { the | benefi g al

[lustrate ct
i npact 6.%5f°/obﬂSP§9F that the 43diti onn;?‘{)1 vari ous, HSDP
crude oitl2§ HSPPIdse oil of2BsLA wHdfe crude 0l3. As

sunmmarized in Table 1 below, the addition of HSDP
crude oils resulted in a reduction in fouling when

06337 e’ & BhoBir eparientale sreapkiiFd P& Ang, it “that various

modsRMtidHs) anid/or variatioRs ma EQQnadPePWIFIﬁQt d amn ‘frdH tM@scope

2008/ 024309 PCT/.US2007/ 018403 -16 +25 ¢ %l

of -the pRSeRISOHRBedtién.113t -iS4intendisl dhaiSRI cmatta r@atamad in the
acc_oan;nzysl%g%Bgmflcatlon shaﬁ be interpreted as illustrative only and not in a
limiting sense. While the present invention has been described in the context of
the heat exchanger in a refinery operation, the present invention is not intended
to be so limited; rather it is contemplated that the present invention is suitable for
reducing and/or mitigating fouling in other refinery components including but
not limitéd- to pipestills, cokers, visbreakers and the like. Furthermore, it is
contemplated that the use of a HSDP crude oil, as described in connection with
the present invention, may be combined with other techniques for reducing
and/or mitigating fouling. Such techniques include, but are not limited to, (i) the
provision of low energy surfaces and modified steel surfaces in heat exchanger
tubes, as described in US Patent Application Nos. 11/436,602 and 11/436,802,
the disclosures of which are incorporated herein specifically by reference, (ii) the
use of controlled mechanical vibration, as described in US Patent Application
No. 11/436,802, the disclosure of which is incorporated herein specifically by
reference (iii) the use of fluid pulsation and/or vibration, whicﬁ may be
combined with surface coatings, as described in US Provisional Patent
Application' No. 60/815,845, filed on June .23, 2006, entitled “Reduction of
Fouling in Heat Exchangers,” the disclosure of which is incoi'porated herein
specifically by reference (iv) the use of electropolishing on heat exchanger tubes

and/or surface coatings and/or modifications, as described in US Provisional
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+25%4SDPG 2.8 112 -32 100321 It will be apparent to
wobesesikd | led in the art that various nodifiPEr/Us2e7/018403

and/ or variations may be nade wi thout departing from

the scope of the present invention. It is intended

that all matter contained in the acconpanying

specification shall be interpreted as illustrative

only and not ina limting sense. Wiile the present

i nvention has been describeg7i_n the context of the

heat exchanger in a refinery operation, the present

invention is not intended to be so limted; rather it
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present invention, may be conbined with other
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in US Patent Application Nos. 11/436,602 an
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control |l ed mechani cal vibration, as described in US
Pat ent Application No. 11/436,802, the disclosure of
which is incorporated herein specifically by
reference (iii) the use of fluid pulsation and/or
vi bration, which nmay be conbined with surface
coatings, as described in US Provisional Patent
Application' No. 60/815, 845, filed on June 23, 2006,
entitled "Reduction of Fouling in Heat Exchangers,"
the disclosure of which is incorporated herein
specifically by reference (iv) the use of
el ectropol i shing on heat exchanger tubes and/or
surface coatings and/or nodifications, as described in
US Provi si ona



WD 2008/ 024309 PCT/ US2007/ 018403 -17 Patent
Application No. 60/751,985, the disclosure of which is
w0 p@eopsnat ed herein specifically by referenceCHOS200V)18403
conbi nations of the sanme, as described in US
Provi sional Patent Application No. 60/815, 844, filed
on June 23, 2006, entitled "A Method of Reduci ng Heat
Exchanger Fouling in a Refinery," the disclosure of
which is incorporated herein specifically by
reference. Thus, it is intqgded that the present
i nvention covers the nodifications and variations of
the method herein, provided they come within the
cLsaaas: of the appended clains and their equival ents.
WO 2008/ 024309 PCT/ US2007/018403 -18- CLAIMS: 1. A
nmet hod for reducing fouling in a heat exchanger for

gie?fl! ggéc%%ﬂﬁ)& fﬁ%lr{:ﬂ‘g&gg?gﬁb?lgdg %g?oq\éit \%{{ﬁﬂa 3 elf' F h%t%jfcrude

Oilpé&ﬂﬁﬁgfﬂgbged amount of a high solvency dispersive
power ( ) crude oil, wherein the HSDP crude oil

havpreyidinga basectudernilizad (TAN) of at least 0.3. 2. A

met hod for reducing fouli. in a heat exchanger faqr .
heagfq’é’"&g Jhgdg%ﬁq %“bfgﬁnﬂlrg?’ %G:a&fsa?‘&mgl %5%% r §f2 high
sol9khe %%ﬂ&%ﬁ)&dbﬁﬁ'eﬁ‘ h@1SPP &fudeeofll |wHéreth dhe HSDP crude oil
predet erm ned anount of a high sofvency dispersive
hayiager tot4130R) numiste (GAN) afiar keast @.8e HSDP crude oi |
havi ng SBN of at |east 75. 3. The nmethod according to
claim1 or claim2, wherein the

2. A method for reducing fouling in a heat exchanger for heating crude
oil, comprising: |
" providing a base crude oil; and
blending the base crude oil with a predetermined amount of a high
solvency dispersive power (HSDP) crude oil, wherein the HSDP crude oil

having Sgy of at least 75.

3. The method according to claim 1 or claim 2, wherein the
predetermined amount is equal to at least five percent of the total volume of the
blended base crude and HSDP crude oil.

4. The method according to claim 3, wherein the predetermined
amount is equal to at least ten percent of the total volume of the blended base
crude and HSDP crude oil.

5. The method according to claim 4, wherein the predetermined
amount is equal to at least twenty five percent of the total volume of the blended
base crude and HSDP crude oil.



predeterm ned anount is equal to at |east five percent
of the total volunme of the blended base crude and
woisDRozude oil. 4. The method accordi ng to clBCTUS007/018403
wherein the predeterm ned anmount is equal to at |east
ten percent of the total volume of the bl ended base
crude and HSDP crude oil. 5. The nethod according to
claim4, wherein the predeterm ned anount is equal to
at |l east twenty five percent of the total volune of
the bl ended base crude andjgSDP crude oil. WO
2008/ 024309 PCT/ US2007/ 018403 -19 6. The net hod
according to anyone of the preceding clainms, wherein

t hegpr eyRé Qﬂéﬂh@@da@@&ﬁlﬂ? tosafgoid of Qhatpre@adingidlaims, wherein
percent of the total volune of the blended base crude
thezpradetspringd amopnt is qquatiie atenoms difty: perasnh 91 the igtgbyelume of

edefadl Py rdeati P lte ¥ 5" the mochod

according to anyone of the preceding clains, wherein
the HSDP crude oil having a SBN of at least 85. 9. The )
met Rod Ebeonethod acsordiagrioganywmsref elaime 1HSpH, c% @ired, wherein

' [ .2 SBN of ,at t . 10.. Th t hod
megléégﬂﬁ?%lélgg)dﬁ B%Y}Bﬁgl %?a"‘ f’tg?%ra%%‘g%i ng cl ai rrg , m:J\/\/he?ei n
the HSDP crude oil having a TAN of at least 2. 11. The

met hod according to claim 11, wherein the HSDP crude .
oi | 8. havhagmathpanaesfording tmenygne of thgweegdingclaims, wherein

Lhg, to, claiml2, erein e HSDP crude oil
th“'ﬁ‘ﬁsﬁr\g"%‘%?m g?wgg qlé%&ﬁg leef§t. é%1'he met hod accor di-ng
to anyone of the preceding. clains, wherein

9. The method according to claim 8, wherein the HSDP crude oil
having a Sgy of at least 100.

10.. The method according to anyone of the preceding claims, wherein
the HSDP crude oil having a TAN of at least 2.

11. The method according to claim 11, wherein the HSDP crude oil
having a TAN of at least 3.

12. The method according to claim 12, wherein the HSDP crude oil
having a TAN of at least 4.

13. The method according to anyone of the preceding claims, wherein
the base crude oil is one of a whole crude oil an a blend of at least two crude

oils.

14. A blended crude oil comprising:

a base crude oil; and



t he base crude oil is one of a whole crude oil an a

bl end of at |least two crude oils. 14. A bl ended crude
wW@Ri0sop3pY i sing: a base crude oil; and WO 200B¢DRER0D018403

PCT/ US2007/ 018403 -20 a hi gh sol vency di spersive

power (HSDP) crude oil, wherein the HSDP crude oi

having a total acid nunber (TAN) of at |east 0.3,

wherein the bl ended crude oil having a total voflune

whereby the HSDP crude oil is at |east 5 percent of

the total volune. 15. The biZEmded crude oil according

to claim 14, wherein the HSDP crude oil having a SBN

of at least 75. 16. The bl ended crude oil according to

cl aianhigh sqliveney dispessivepwern (IHSDR)| crhdelcng whé&Rih dhe HSDP

el SR 0 SR8 58 Sk i
cridde b 3aVindQ tofhl vohiie UIRREBY 115é I’fgfl)?'clﬁu@t? Sﬂrlg 'agg?\aifsg 5 percent

claim17, wherein the HSDP Trude ol avi ng

of ghe tasakvolun®e. 19. The bl ended crude accor di ng to
anyone of clains 14 to 18, wherein the HSDP crude oil
is at least ten percent of the total volume. 20. The

bl ended meugrerﬁeaOéﬂuegolﬁ Oac%?c; Hgll% HB& § awnpﬁeﬂsﬁ?e HSDP

crude oil 1s at |least twent ercent of

cruds il havinngBabfaﬂ}msténded crude according to claim
20, wherein the HSDP crude oil is at nost fifty ten
percent of the total volune. 22. The bl ended crude

accqedi Mhet Bleglded erdde Meic%bfhxhgetobeﬁa C'iﬂd%vhé}éinmh%e HSDP

one of a whole crude oil end o at 1 east
crugdeeibhaving a Sgy of at least 85.

17. The blended crude oil according to claim 16, wherein the HSDP

crude oil having a Sgy of at least 100.

18. The blended crude oil according to claim 17, wherein the HSDP

crude oil having a Sgy of at least 110.

19.  The blended crude according to anyone of claims 14 to 18,

wherein the HSDP crude oil is at least ten percent of the total volume.

20. The blended crude according to claim 19, wherein the HSDP crude

oil is at least twenty five percent of the total volume.

21.  The blended crude according to claim 20, wherein the HSDP crude

oil is at most fifty ten percent of the total volume.

22.  The blended crude according to claim 21, wherein the base crude

oil is one of a whole crude oil and a blend of at least two crude oils.



