ADDI TI ON OF H GH MOLECULAR WEI GHT NAPHTHENI C TETRA- ACIDS TO CRUDE O LS TO
REDUCE WHOLE CRUDE O L FOULI NG FI ELD OF THE | NVENTI ON 100011 The di scl osed
subject matter relates to processing of whole crude oils, blends and
fractions in PWEXPHYI2e5 and petrochemnical plants. |n parBGIEURZEN006¢e

di scl osed subject matter relates to the reduction crude oil fouling by

addi ng hi gh nol ecul ar wei ght naphthenic tetra-acids to base crude oils to
reduce fouling in refinery process units. BACKGROUND OF THE | NVENTI ON

[ 00021 Fouling is generally defined as the accurnul ati on of unwanted

materials on the syrf f pr i equl I rocessing,
fouling is the accgﬁﬁiﬁ?%?ﬁdﬁcﬁﬁm@h“%%ﬁ‘“ﬁﬁ@@@@é%@g on hea’?
exchanger surfacesACIbS TasCiheRn O1ES YGRERUCEIYVIRODEARYDEIOIN EOSAIINGr obl em i n
desi gn and operation of refining and petrochen cal processing systens, and
affects the operation of equipnent in tw ways. First, the fouling | ayer
has a | ow thermal conductivity. TFBHEEDOFCFRESEEENKREONY esi st ance to heat
transfer and reduces the effectiveness of the heat exchangers. Second, as
deposi ti on occur $0001JHEhedisolosed sehidct mafter retatas do procepsintund ediole wiide pilscllensles an
increase in pressure drop across the apparatus and creates inefficient
pressure and fl oard factiops IM’@ﬁlﬂef'é%(@H@ﬂ‘géE@mlf@OB@]* poatticHyy ths digatdexchanger s
associated with petroleumtype streans can result from a number of

mechani sns i ncl uehbigt ‘E‘H@Fﬁe@é t ey AL crudeil fading Ry a¢fingdush mjgculaps ol ubl e

materi al s, and deposit of terials made jnsol uble .the tenperature
w&ght naphthengafetra-acx s to base crucfe oils to reduce gc))glmg n retﬁne process

units.

BACKGROUND OF THE INVENTION

[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, ax;d affects the operation of equipment in two
ways. First, the fouling layer has a low thermal conductivity. This increases the
resistance to heat transfer and reduces the effectiveness of the heat exchangers.
Second, as deposition occurs, the cross-sectional area is reduced, which causes an
increase in pressure drop across the apparatus and creates inefficient pressure and

flow in the heat exchanger.

[0003] Fouling in heat exchangers associated with petroleum type streams can result
from a number of mechanisms including chemical reactions, corrosion, deposit of

insoluble materials, and deposit of materials made insoluble by the temperature



di fference between the fluid and heat exchange wall. For exanple, the

i nventors have shown that a | owsul fur, | ow asphaltene (LSLA) crude oil and
a high-sul fur h asphal t ene (HSHA) crude blend are subject to a

si gni fi cant H%%@ggﬁ Pﬁ fouling when in the presence of FGTES2HRIOYAO r ust)
particulates, as shown for exanple in FIGS. | and 2. 100041 One of the
nore common root causes of rapid fouling, in particular, is the formation
of coke that occurs when crude oil asphaltenes are overexposed to heater
tube surface tenperatures. The liquids on the other side of the exchanger

are nuch hotter tdﬂﬁ’r‘enwt%u}«’@%%’ h%_f]ﬁfd%%h 't%)éha%”éjw&ﬁ%' Exaéni’;he &b ﬁ)%r*f(% Yo D

surface or skin tenperatures. e aspha renes  can precrpitate rom the oi

and adher e 0 tNegg, Rk » S-LAEE Sow APRABRIL CONTIAY GRYURE Aln-Lill fhghoul T ng 15
hce o p

attributed to the prese salts and particu ates. articul at es

can precipitate fLramdba1GAdRdObISd A0k f&@lrhese xtecahhlﬁcr@ae ,rﬁfamng%%n of the
heat exchanger. Inorganic contam nants pla ? an initiating and

pronoting role i hbprefcasd Jritn Sfidanhal )eaﬁmga alsh&vmﬂexlahﬁmsndsr PindoXi de,
cal ci um carbonate, silica, sodiumand cal ciumchlorides have all been found
to be attached diprectly to the surface of foul ed heater rods and throughout
the coke deposit. [0005] Prol onged exposure to such surface tenperatures,
especially in the late-train exchangers, allows for the thernal degradation
of the organics #W84ldivdihe amescommopotet caufdsef vpldowlingnn patiglaass @n i nsul at or
and is responsible for heat transfer efficiency |osses in the heat
exchanger by preleneiongt edie thelecree ehen Grrciod atphplgnesties ierexprasse Agpiarhr ough
the unit. Salts, sedinent and particul ates have been shown to play a major
role in the foul fuﬁ@%@cepteep%egfs t hgliAvifeesttheesthan sidg el tae exehangei @BM¥Ad ot her
downstream units nits are still the only opportunity refineries
have to renpve s@ﬁﬁra@b f&ﬁ&ﬁ&ﬁ NS i ?ﬁ@??ﬁ%?éﬂ%ﬁég‘gf e SF8sult from the

carryover of sucp ndi ng of

006
oils in reflnerlgnmmam§5§#8ﬁ¥%%QP%C rwg”%mﬁﬁéﬁﬂé 3?@mahg %V“%‘% and cause
pr eci pl tation of cpegal Eo%gc?%or%rggé ca%%noflgaa% fgul% altklrlb\Ber%%;S rese ce Bﬂept
sfRgs A P Gunhe s

| nproper mnixing of crude oil's can produ ten ¢ se

known to reduce m%amtcﬁlgtgéEﬁ{s/pgxfnt:\!xlgtlese& ec1€4t§t99&9 ﬁxe{éﬁﬁ& onlljsl d%ﬁ'g(ﬁle%fto

unprocessed crude oil's are not potentla y I nconpat once an

i nconpatible bl eﬂﬂ@hét%ur@ﬁ@@dfﬂ%@mm%%aﬁ?@IQOrEQlw doR@mafts Elgyb&ﬁlaﬁ m%tlﬁgesm ts
usually requires shutting down the refining process in a short tine.

return the refingkprdn@ifPfo® iRHRIbLIARLEWIEVELE oill N Hi@ud aghnhRAt, cep&ﬁxhanger s
need to be cleaned, which typically requires renoval from service, as
di scussed bel Ow. 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
exchangers, 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 feuling of pre-heat train heat exchangers, furnaces and other downstream

units. Desalter units are still the only opportunity refinerics have to remove such

-2-



[ 0007] Heat exchanger in-tube fouling costs petroleumrefineries hundreds
of mllions of dollars each year due to | ost efficiencies, throughput, and
addi ti onal energy consunption. Wth the increased cost of energy,’heat
exchanger fouMOg'¥4%%h greater inpact on process profi t HOVYS2G006% r o] eum
refineries and petrochem cal plants also suffer high operating costs due to
cleaning required as a result of fouling that occurs during thernal
processi ng of whole crude oils, blends and fractions in heat transfer

equi pnrent. While many types of refinery equi pnent are affected by fouling,
cost estimates have shown %hah_the qﬁkoritéfof Erofit Igsses oc%ur.due to
the fouling of wWHETEMEF ALY BIofieientips g8 esHbIrP RE FIBRYET Phsush BakEdt Witk ai n
exchangers. [000@4 F@@t1 x&hanger fouling forces refineries to frequently
enpl oy costly shut’d6Wis" {6 t he cl eaning process. Currently, nost
refineries practice off-line cl eani ng of heat exchanger tube bundl es by

bringing the heatgychy of 8HY in 4 finSBds V4 GfnloR, RELHIL MGiSM fddmdfible
mechani cal cl eaning. The cl eaning can be based on schedul ed tinme or usage

or on actual nonixfdsead pfQipihitg of RRFIhR MR carWPHIERIYrEdeQNGuipAthtbe

determ ned by evaluating the | oss of heat exchange efficiency. However,

of f-1ine cl eani Ngmpofee ifidhpt & cBAE VillsCn prbbiics agBilichie s@ahdnk Gl iakdownhslr densone
for small refineries because there will be periods of non-production.

[ 0009] Napht heni eedagida tansere ficlzady | Altoashingtst Hldndt ofo@pratessed crads bilscaraide o1 | s
as trace conmponents and in some, biodegraded oils in significantly greater
concentrations. TWatpalentady dsompatibleyehec @i ingpmpstitdetendquetndingd; delrdpyd titrati on
with KOH and expressed in ternms of total acid nunber (TAN). The acidity of
hi gh TAN oi | s najoubsgrnd celind hatgrrulbnguadiyrequs sohutpreotsive e reimilmrpecpyioduct i on
and refining. Solid deposits recently identified as sodi um and cal ci um
napht henat es can?pfEsuinte: iTa reyb dreasitica o arpegeiidbirdevels e frlegheduct i on.

[ 0010] Under certain conditions, the naphthenic acids present in acidic
crude oil will pF’@E?‘ﬁgFrﬁ aged upe Hrapets which ygicpliygequifperepped BAP sirice ke

co- produced water, to form cal ci um napht henate solids. O her cations are

i nvol ved to a |e§§%?“%§%%%t formng a variety of netal naphthenates (e.g.,
sodium ferrous iron and nagnesium. This solid precipitation accumnul ates

predom nantly i n{()@b‘)]'[—l’é@ttquhaﬁ ﬁﬁt@f,é)fo&ix%r&%%gﬁr@k&&'}&me&gthu RELAGHALES can

al so deposit in the tube and pipelines.” N great deal of research has
been pursued to ghanagt.eh [»)gaed&eh@wa@&dﬁ&a@m,% gln,ra%@mwnmeﬁer%pr the

cal cium deposits. It has been recently found that a specific tamly of high
mol ecul ar wei ght cdn@fnipie@r WAk fiferddseld dst of QLMD he AN HACdeH foulidghat B greiBy OF

tmpact on process profitability. Petroleum refineries and petrochemical plants also

suffer high op;erating 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

cstimates 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



constituents responsi ble for the cal ci um napht henate deposits (ARN i s not
an acronym but is Od Norwegian for "eagle"). ARN acids are high nol ecul ar
wei ght nol ecul es with four carboxylic acid groups, each at the end of a
long al i phat i ¥OARYE2% orming a four-fingered ol ecul e EHPYPA% ps. The
ARN acids are a specific famly of-C80 tetracarboxylic acids. A majority of
the ARN acids have a nol ecul ar wei ght ranging from about 1228 to about 1236
atom c mass units (amu) with one of the main acids having a nol ecul ar

wei ght of 1232 anu and a nol ecul ar fornmula of C801-114208 . The ARN aci ds

do not have an arpmati ¢,or al kene ync n.present, and guat er nar car bons
do not exist. TheP Og(}ill R AN erh“éR/ee &lgsq} lagng e ﬂeﬁgacga "EEi% Oaf(gg “a-8

cycl opentyl ring r )y | i pids.
[ 00121 The pr opoz&e I??%’c l.JchEJr ammalc‘til Cé)ergglgﬁﬂgéé?agm\%nc rrageg%ﬁ%‘i&g

6:17, 10: 18, 10 1§me@ras;%e ar Wacedk g)rédlf&'mgb&eaaﬁxscb&h%gnm&méa%bﬂe6" bi phyt an

el, 1' 1", 1"-tetracar boxyl 1 c aci d e nol ecul e contains two bi phytanyl

di aci ds, each wi HhertdMe8 8y PRRLAGKEL lo&s th&g&&Qﬂg@@f@c&&ﬂeﬁa@é'verbb{ff-@né' nkage at
the C20 methyl groups, as described in Lutnaes B. F., Brandal 0., *MmJ.

and Krane J. (2008dnifYiebaga seae. THUAh 8O@irktulafY b@aislse foesnonsidklie f or
napht henate deposition in crude oil processing. Organic & Bionolecular

Chemi stry 4, 616b&akke theRRGANPOpRioeLLYn poti@tioNCe in its entirety herein.
100131 A representative structure of an archaeal Cgo isoprenoid tetra-acid

is showmn below. 18"
[0009] Naphthenic acids are carboxylic acids that occur in most crude oils as trace

components and in some, biodegraded oils in significantly greater concentrations.
Total acids in crude oils is semi-quantified by titration with KOH and expressed in
terms of total acid number (TAN). The acidity of high TAN oils may cause emulsion
and corrosion problems in both production and refining. Solid deposits recently
identified as sodium and calcium naphthenates can result in substantial damage and

loss of production.

[0010] Under certain conditions, the naphthenic acids present in acidic crude oil will
precipitate with Ca®" ions that are present in the co-produced water to form calcium
naphthenate solids. Other cations are involved to a lesser extent forming a variety of
metal naphthenates (e.g., sodium, ferrous iron and magnesium). This solid
precipitation accumulates predominantly in oil-water separators and desalters, but

naphthenates can also deposit in the tube and pipelines.

[0011] A great deal of research has been pursued to characterize the naphthenic acid
responsible for the calcium deposits. It has been recently found that a specific family

of high molecular weight tetracarboxylic acids, termed ARN Acids, is the major



18' 1610 19' 20' C801114208 1231. 070472 (C801-1141081- 1230. 062647

WO 2010/068261 PCT/US2009/006460

constituents responsible for the calcium naphthenate deposits (ARN is not an
acronym, but is Old Norwegian for “cagle”). ARN acids are high molecular weight
molecules with four carboxylic acid groups, each at the end of a long aliphatic chain,
forming a four-fingered molecule with polar tips. The ARN acids are a specific
family of ~Cgy tetracarboxylic acids. A majority of the ARN acids have a molecular
weight ranging from about 1228 to about 1236 atomic mass units (amu) with one of
the main acids having a molecular weight of 1232 amu and a molecular formula of
CgoH 14208 . The ARN acids do not have an aromatic or alkene function present and
quaternary carbons do not exist. The ARN acids can have 4-8 sites of unsaturation

(or 4-8 cyclopentyl rings) and are believed to be derived from archaeal Cgg lipids.

[0012] The proposed structure of a major ARN acid with mass 1232 is
6:17,10:18,10":18",6":17",10":18",10":18")-hexacyclo-20-bis-16,16"-biphytane-

1P, 1", 1"-tetracarboxylic acid. The molecule contains two biphytanyl diacids, each
with three pentacyclic rings joined together by a linkage at the C;o methyl groups, as
described in Lutnaes B. F., Brandal @., Sjéblom J., and Krane J. (2006) Archaeal Cg,
isoprenoid tetraacids responsible for naphthenate deposition in crude oil processing.
Organic & Biomolecular Chemistry 4, 616-620, incorporated by reference in its

entirety herein.

[0013] A representative structure of an archaeal Cg, isoprenoid tetra-acid is shown

below:



100141 The four carboxylic acid groups afford the nol ecule's unusually high
reactivity. The four carboxylic groups tend to create polyneric salt when
they are coordinated with divalent netal ions. This weaved pol yneric-Iike
structure yi eM@S'HGEPY sticky deposit that hardens uporP@IRe¥PHi0%t h air.

[ 00151 The need exists to be able to prevent the precipitation/adherence of
particul ates and asphaltenes fromthe heated surfaces before the

particul ates can pronote fouling and the asphal tenes becone thernally
degraded or coked. The coking nechanismrequires both tenperature and tine.
The time factor can be greatly, reduced by keeping the particul ates away
fromthe surface and ﬁ? geping t asphal tenes in solut|on., Such reduction
and/or elimnation of fogling sl NAead™~to NpcTeaSed ™1 hengt hs €SS 1" oH
cl eani ng), inproved,performance and emergy etficiency, whifle Al so T educig
the need for costly]fouling nmATygation optiond® SUMARY OF THE | NVENTI CN

[ 00161 The purpose and adva ages of~t he_dRscHesed suhj eft erCWiII be
set forth in and apparent fron¥thel descrijpti®n that fdl\l ofss\a gl] as
will be learned by practice of the invention.CetigPiional’ advant agesof the
invention will be realized and attained by thé®1%%Gds and systens
particularly pointed out in the witten descriptiion and clains hereof, as
wel |l .as fromthe appended drawi ngs. [0017J To aghi eve these and ot her
advant ages and in accordance with one aspect #&4@li nventi on, as enbodi ed
and broadly described, the invention includes'@%ét*od for reducing fouling
in a crude oil refinery conponent. The nethod includes the steps of

provi ding a base crude oil; providing a high nol ecul ar wei ght napht henic
tetra-acid, addi R)glﬁg'heggu{e%}ét')o\églicaarcr}?ju%g(%:g?%flf%r@F\ShI %@m@P&n%E&éggBig}"‘f' ght

napht heni ¢ tetra-aci ( _ se cr orma cru m xt ure;
and feeding the %E&Qﬁyq{h!: fodt éﬁ%&%ictg?oﬁs tend to create polymeric salt when they are

coordinated with divalent metal ions. This weaved polymeric-like structure yields a

very sticky deposit that hardens upon contact with air.

{0015} The need exists to be able to prevent the precipitation/adherence of
particulates and asphaltenes from the heated surfaces before the particulates can
promote fouling and the asphaltenes become thermally degraded or coked. The
coking mechanism requires both temperature and time. The time factor can be greatly
reduced by keeping the particulates away from the surface and by keeping the
asphaltenes in solution. Such reduction and/or elimination of fouling will lead to
increased run lengths (less cleaning), improved performance and energy efficiency

while also reducing the need for costly fouling mitigation options.

SUMMARY OF THE INVENTION

[0016] The purpose and advantages of the disclosed subject matter will be set forth in

and apparent from the description that follows, as well as will be learned by practice



crude oil refinery conponent. The base crude oil can be one of a whole
crude oil or a blend of at least two crude oils. The crude oil refinery
conponent can _be a heat exchanger, furnace, distillation colum, scrubber,
reactor, |iqul@®PHO¥EPed tank, pipestill, coker, or vishf@4iaI006E0181 The
addition of an effective anmount of high nol ecul ar wei ght napht henic
tetra-acid to the base crude preferably reduces fouling by at |east 30
percent. The effective anmobunt of the high nol ecul ar wei ght naphthenic
tetra-acid in one enbodi nent is between about 50 and about 1000 parts per
mllion by weight m.) Preferabl t he hi gh nol ecul ar_wei ght napht henic
tetra-acid is an oﬂ%&%"lt8"'h/§§%tﬁc’é’%§’ﬁ¥%’fa§?ﬁ o nﬁg‘?"ér&t névrlhl\l/’\e/eriealﬁf a %{aeag?‘@%mt han
1230 atom c nass i mu),..ln accordance Wt iment, the

i ah ol ecul ar- vl g el PEERLORTRG Yl AN BEL o SIRRBL IREL ¢ L
napht henate salt clamgleggil gg‘ygmag%gggmze% el dngan be extracted from

cal ci um napht henate deposits, the deposits occufring fromthe production of
a crude oil. [0019] Another aspect of the disclosed subject matter

i ncl udes a met hoghof or ToaRhibvatRese hiaficn gvadtagds iauh edo@iidid itbbhe dsgfct srery
conponent by operating a fouled crude oil refinery conmponent and feeding a
crude oil m xt ur éctiovetithve, & embetkdand t®adly Hestrébed, nigriyveatsnuodiadet a mEhed F ude oi
m xture includes a base crude oil and an effective anmount of a high

nmol ecul ar wei ght radequig fhedmigdn § gtideavilachirdry chhwgorehf bt medodimoludits thefsteps &fi gh

nol ecul ar wei ght naphthenic tetra-acid is between about 100 and 500 parts
per million by weiygHmng ap®20He Ak eoviingg high rariotlheyeighy peghthenic tetradbide| osed
subj ect matter includes a system capabl e of experiencing fouling conditions
associ ated wi t h prsingiee affestiee provaishHigihighreoldcnlal Veight nartheheriy trensif pctheides  at

| east one crude oil refinery conponent, and a mxture in fluid

comuni cati on wi Pase R il fEmaicrude e mugys: 2ed FredREte crufhRl mrUPe i ncl udi ng
a base crude oil n_effective apount of a hi gh-nol ecul ar wei ght

and . a f a
napht heni e t et r aS8& Y. IRV LOEBIWAN J8° st Ardhd! BRBoensbatrolr RRdElde oil is
a high neutralizgtio unber (HN ude oil._The HNN crude ojl can be a
hi gh sol vency di@%gfgﬁgggggﬁérdfHngie8???”Lf@5?Tf”ﬁEEBVﬁFE§a%ﬁlanother
aspect, the di SCAXQ%%? rsﬂ%&cﬁistﬂﬂ{igne&)l Imrxlmcéclflu%gesr Bad Jrqg%idggigket\é\j Eagki ncreased
fouling mtigation, Tie crude ol 11 ¢ utli ng a base crude ot “and an
effective amount,of@ Hlgh: ol egll ar wei ght naphthenic tetra-acid. The
ef fective anount of the high nolecul ar wei ght naphthenic tetra-acid is
bet ween about 100 and about 500 parts per mllion by weight (wpn). The
hi gh nol ecul ar ved Bh Thawihiohenincfit@ive amamk 6 @ mheuRR wARN nagttibnic
Particularly, in accordance with one enbodi nent, typical ARN acids are
archaeal Cgo i sopraemndaitdshe bhse carde pefeddi rodiats, foldinplbaet lelst 3vaRrch@y &hdrol ecul ar
wei ghts rangi ng from about 1228 to about 1236

effective amount of the high molecular weight naphth}enic tetra-acid in one
embodiment is between about 50 and about 1000 parts per million by weight (wppm.)
Preferably, the high molecular weight naphthenic tetra-acid is an ARN acid having an
atomic molecular weight greater than 1230 atomic mass units (amu). In accordance
with another embodiment, the high molecular weight naphthenic tetra-acid is
extracted from a calcium naphthenate salt. The calcium naphthenate acid can be
extracted from calcium naphthenate deposits, the deposits occurring from the

production of a crude oil.



atom c mass units (amu). In another enbodi ment, ARN aci ds have atomc

nol ecul ar wei ghts greater than about 1230 atom c mass units (amu). The
present invention is not intended to be linmted to these exanples; rather,
various high MAZKE6%! wei ght napht henic tetra-acids wi tRETERYRRY S oni c
nmol ecul ar weights are considered to be well within the scope of the present
i nvention. 100221 Accordi ng to another aspect, the disclosed subject
matter includes a process for making a crude oil with increased fouling
mtigation or on-line cleaning effects, the process conprising providing a

b d il an effec unt of .a hj ul ar_ wei ght
napht heni ¢ ¢ et r sl 0APERTE e SatEs %mYossgr&P frmtzfén sHRmET R 3 [i‘i’ b

0023] Th d pthe t f _the disclo subj e t econe
ppar ent 17 om t nERFO - beERs Bl iRt BBt bF S loeRPeh T abodt mon <

whi ch, taken in ?e‘?ﬂk:’y’é%‘ko%f@m%é Jf%e&l%acg& ﬂ%{;}{}%&@& dr A 283 off Jehgﬁ rate by

way of exanpl e the inc ject mat t er

DESCRI PTI ON OF T'Elﬁn%\(\’ Nﬁ%mc{egﬁ%‘}%urm{%m%s%ﬁda%%eé}fthﬁzﬁxtefﬂga%%o now

be described in conjunction wth e acconpanying draw ngs 1 n whic [00251

FIG 1 is a schegpiii Iqsleaﬂmralc@wnamﬁenleltgwa@lde&a%,\%lamah@to%m(gﬁ\HLPS) used
in accordance with the disclosed subject matter; [00261 FIG 2 is a graph

illustrating thengft@gtveiddf npahidicuial@sis BwE Db FondZ0b gamsped fur, | ow
asphal tene (LSLA) crude oil;

million by weight,

[0020] According to another aspect, the disclosed subject matter includes a system

capable of experiencing fouling conditions associated with particulate or asphaltene

fouling. The system includcs at least one crude oil refinery component, and a mixture

in fluid communication with the crude oil refinery component, the mixture including a

base crude oil and an effective amount of a high-molecular weight naphthenic tetra-

acid. In accordance with one embodiment, the crude oil is a high neutralization

number (HNN) crude oil. The HNN crude oil can be a high solvency dispersive

power (HSDP) oil.

[0021] According to another aspect, the disclosed subject matter includes a crude oil
with increased fouling mitigation, the crude oil including a base crude oil and an
effective amount of a high molecular weight naphthenic tetra-acid. The effective
amount of the high molecular weight naphthenic tetra-acid is between about 100 and
about 500 parts per million by weight (wppm). The high molecular weight
naphthenic tetra-acid can be an ARN acid. Particularly, in accordance with one
embodiment, typical ARN acids are archaeal Cg isoprenoids. In one embodiment,

ARN acids can have molecular weights ranging from about 1228 to about 1236



[0027] FIG 3 is a graph illustrating the effects of particul ates on
fouling of a high-sulfur, high asphaltene (HSHA) crude oil blend; and
[00281 FIG 4 is raph illustrating the effects on fouling of a crude oi
bl end with paV@F@UYg E when an effective amount of a hi YhUPBrEeMHeEr wei ght
napht henic tetra-acid is added to the bl end. DETAI LED DESCRI PTI ON [ 00291
Reference will now be made in detail to the various aspects of the

di scl osed subject matter. The nethod and correspondi ng steps of the
invention will be described in conjunction with the figures and exanples

ided h [ 0030 h,the di ed b mat t
et hod for - r educi G G PR T c PR 8) ot eh Y PRy oms o kRe
reduction in foul I %Qalgfseat%rctlﬂ \{)%Sl IQXO 391910 I}gss aﬂ% @rélaﬁullhe{)ﬁ:scn mventtlgn 18

napht henic tetra- ' ase crude orl is mxturé to a

crude oi | rEf'”erXuﬁﬁﬁﬁ Hﬁ%ﬁmnt?ﬁn&£9%8ﬁgk rﬁh%RHL&mmg@%Hﬂ%GQrgﬂlﬁffECt'Ve

anount of a high nol ecul ar wei ght napht heni'c tetra-ac e crude

oi | exhibits a sigmifohic RRh-LiGAWEE §:00nd a@orﬁ@mole@lgar weilh® af &S HlideSed Hpd MProved
heat transfer and flow within crude oil refinery conponents, such as, for

exanpl e, a heat a%guaﬁg@kSuﬁggeﬁg@%gﬁe&%mna1bIend|ng crude oil containing a
hi gh nol ecul ar wei ght naphthenic tetra-acid may be used. The bl ending crude

containing the acid is blended with a base crude oil before the bl ended
feedst ock is fed[t0d2]tAmordingtteanoihkr aspdei, Herdysclogdpane@niatter includes a process

for making a crude oil with increased fouling mitigation or on-line cleaning effects,
the process comprising providing a base crude oil and adding an effective amount of a
high molecular weight naphthenic tetra-acid to the base oil to form the crude oil

mixture.

{0023} These and other features of the disclosed subject matter will become apparent
from the following detailed description of preferred embodiments which, taken in
conjunction with the accompanying drawings, iltustrate by way of example the

principles of the disclosed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The disclosed subject matter will now be described in conjunction with the

accompanying drawings in which:

[0025] FIG. 1 is a schematic of an Alcor Hot Liquid Process Simulator (AHLPS) used

in accordance with the disclosed subject matter;

[0026] FIG. 2 is a graph illustrating the effects of particulates on fouling of a low-

sulfur, low asphaltene (LSLA) crude oil;



[0031] Alternatively or additionally, a nethod is also provided for on-line
cleaning of a fouled crude oil refinery conponent. The nethod includes
operating a foul ed crude oil refinery conponent and feedi ng a bl ended
crude oil to VYRE'WHREd refinery conponent. The bl ended ¥A(H$e008Pq6460nc| udes
a blend of a base crude oil and an effective anount of a high-nol ecul ar

wei ght naphthenic tetra-acid. Particularly, high-nolecular weight

napht heni ¢ tetra-acids can be added to bl ended crude oil- to perform
on-line cleaning of already foul ed crude pre-heat train exchangers and

other refinery c nents to i nprove heat_transfer efficiencies.and

recovered furnac gﬂfgﬁi }ﬁgi Hif étgfaégrglé?tﬁf‘ﬁ% @% effeﬂsfg??m“fﬁgs & f}’&ﬁ“&)‘iﬁa%}ﬁ%m ure
1 ushed Chr ough RS GHAAGE" THIFBERE oL BEPe e any deposi L8 and or
precipitates on a regul ar mai ntenance schedul e before coking can affect

heat exc hanger S WO&@}C?{%-. 4 -igréegrd-pmfugt\fﬁﬂg e e-ﬁg\:tm%ulfr\% a3ns&ede Alvhdn@WRCI €s
results in energy savings and environnmental benefits. [0032] Cenerally,

the base crude opdniGais GABSISdTe@fve 3amWhHbes IBEHEBIQIId: we@hblapikknQftettad0 Or nOIre
crude oils or fractions thereof The addition of high nol ecul ar weight

napht heni ¢ tetr aa@acisdgdell @ thdgeddlase crude oil is effective in reducing
fouling in a crude oil refinery conponent. A crude oil refinery conponent
generally refers to an apparatus or instrumentality of a process to refine
crude hydrocarbons, such as an oiREFALERDESGRIRIMAN which is, or nmay be,
susceptible to fouling. Crude oil refinery conponents include, but are not
limted to, heat [ghfARS R CRMONBILRISHEUB AR 1Re ViBiBLs E)CRBNGERiscIded Ur Nace, a
crude preheater, a coker preheater, or any other heaters, a FCC slurry
bottom a debut agibgermeC TaABGEhLd M¥Rbrcspbdialy sfepasiiiefifileientwitvehangers and
furnace air prehcaters in refinery facilities, flare conpressor conponents
in refinery faci ddstribesinangustieamticthatk@ed ane bxintpies ptovidedshdrdin.pet r ochem ca
facilities. Crude oil refinery conponents can al so include other
instrunentalities in which heat transfer nmay take place, such as a
fractionation or 08t screrdinenwithiha fisslosd sejaabbiier. agnerhed &qr gyducipg fouling

| i quid-jacketed tank, a pipestill, a coker and a visbreaker. It is
under st ood t hat ‘@riidecibicfingrafipraidgd-c BipAHpsindaHing fsaghigsd rpldingds t ubes,
pi pi ng, baffles and other process transport chani.s t hat are internal

to, at |east par®® TWV”@bWE@WF%W@F“QﬁﬁV&?Mé?gﬁﬁﬁcﬁﬂ?gﬁ?m fegiog "o rmuni cat i on
wi th, any one of IpewabovgjnFn%ioned crude hydrocarbon refinery conponents,
100331 Wil e not™f M TG HEr Et'ETY THP AT t1°0R6F" A h'GH “rol"8EUI ar wei ght
naphtheni ¢ tet r &gl b 5.PaF i GHh ALY SUIHARL Spdl LEINE NG, Bl PREYENL | N
parti cul at e-i nduce oul'1 ng and/ or aspha1 ene oul 1 ng. Barfrculate-i nduced

foul'ing general |y L&E&S Sid® b QU dBSGRARSE Wh&smpité ié S;rpyrgéa%mﬁés@&c_e of

vari abl e amobunts of organic or 1 norganic particul at gani ¢ particul ates

(such as preci pidhaned vagRRaldt 6NESinaP dot P RIchiaE iGSXarhfiCh Wee, but are not
limted to, insoluble matter precipitated out of solution upon changes in
process conditi GRGhal@r JAldrRITPEY, AlbWhBIng PRBSSLERaindlg ARIGENEJRAL wveiBhiC hanges)

or a change in the conposition of the feed stream (e.g. changes due to the
occurrence of a mapieihcadrarae@Ghiady®B ised! MY Patding cpae tortliding @S adidB bledésd but are
not limted to, silica, iron oxide, iron sulfide, alkaline earth netal

oxi des, sodi um ofilharbagterude all béfumtictlodediecdandk nifdigr themordgaihiefingal t s. One
maj or source of these particulates results frominconplete solids renova
during desal ti ngoapd¥egr ot her particul ate renoving processes. Solids
pronmote the fouling of crude oils and bl ends due to physical effects by

nodi fying the syrface area of the heat transfer equi nt,
ying L%031] Alternatively or adgitiona ly, a method 1s also pro lJ!dc%rpoer on-line cleaning of

a fouled crude oil refinery component. The method includes operating a fouled crude
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allowing for longer holdup tinmes at wall tenperatures and causi ng coke
formati on from asphal tenes and/or crude oil (s). [00341 The hi gh nol ecul ar
wei ght naphthenlc tetra-acids can be added to crude oils which contain
parti cul at es, WOrRI°®812Ay or gani ¢ and i norgani ¢ parti cul atREd/E30088¢6Wed
above. The crude oil can contain any anount of such particulates. [00351
An effective anobunt of the high nolecular weight naphthenic tetra-acid
reduces or prevents particul ate i nduced fouling. The presence of the high
nol ecul ar wei ght naphtheni c tetra-acids prevents or reduces the anmount of

particulates in t ﬂre ng‘r?/%onqgolfllgn (J fle?rc{[)%argﬁeingh gﬂtt Fou&i?%ﬁifﬁl%?/?ﬁem the

crude oil reflnery eq

particulates i np@(%\pﬁﬂg'ht Pl‘lae didng rua%%:l(i)r% ufdc(ajsl‘laI I nﬁ&f} Qas% er%ldc Silhad g‘l Ly, bUt not
1 C

by limtation, the mol ecul ar- wel foiae

mol ecul e with fo@ffecﬁ@é%ﬂdf(& h%ﬁ'ngl&ﬁlgwa%ﬁ% rﬁé te rpﬁc 5o rtﬂ:ulaﬂ h?ghg

aliphatic chain, formng a four-fingered f'e” Wt ar t|

accordance with Qlla%c&ﬁ%%{ﬁ%laﬁtherﬁ&}@trmoﬂﬂ HPLEa44RS bR %d@ﬁph}&m

tetra-acid has an atom c nol ecul ar wei ght greater than 1230 atom c nass

units (amu). [OO&YEnManlﬂﬁaﬂmJeﬁLyf&ﬂ@drﬂe@ﬁé%ﬁtdﬁﬂﬁ&c Rl\%e'ﬂsﬂ@%th@mmm t he
hi gh nol ecul ar wei ght naphthenic tetra-acid is an ARN acid. ARN acids are a

specific fam |y efmpoi@@ tb etfracacd oxssld: 6ffidhdks andycbBicRA iflr¥acOtoit iRt-ARN aci ds
have a nol ecul ar wei ght rangi ng from about 1228 to about 1236 atom c nass
units (amu) w t hteop@atofes (HEs)MBhacratiod Snikaniimeg:dang Nl leghuhalecuneivgight of 1232
aniu. The ARN acids do not have an aromatic or al kene function present and
guat er nary car bomphieninietra-exdsstn alsbie AN dedugh haaexchage eqhifhesi tbes of
unsaturation (or 4-8 cyclopentyl rings).

remove any deposits and/or precipitates on a regular maintenance schedule before

coking can affect heat exchanger surfaces. The improvement in heat transfer

efficiencies results in energy savings and environmental benefits.

[0032] Generally, the base crude oil can consist of a whole crude oil, a blend of two
or more crude oils or fractions thereof. The addition of high molecular weight
naphthenic tetra-acids to the base crude oil is effective in reducing fouling in a crude
oil refinery component. A crude oil refinery component generally refers to an
apparatus or instrumentality of a process to refine crude hydrocarbons, such as an oil
refinery process, which is, or may be, susceptible to fouling. Crude oil refinery
components include, but are not limited to, heat transfer components such as a heat
exchanger, a furnace, a crude preheater, a coker preheater, or any other heaters, a FCC
slurry bottom, a debutanizer exchanger/tower, other feed/effluent exchangers and
furnace air preheaters in refinery facilities, flare compressor components in refinery
facilities and steam cracker/reformer tubes in petrochemical facilities. Crude oil

refinery components can also include other instrumentalities in which heat transfer
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[ 00381 For purpose of illustration and not limtation, the ARN acid can be
the archaeal C80 isoprenoid, whose enpirical forrmula is C801-114208 and
whose structure is 6 :17,10:18,10':18,6":17,10: 18", 10": N

18") - hexacycl| ¥O20108¥LeH 65 16" - bi phytane- 1,1',1",1"" -t RGTAEAIBEYYE% ¢ aci d.
This Cgo isoprenoid nol ecul e contains two bi phytanyl diacids, each with
three pentacyclic rings joined together by a |linkage at the C20 net hyl
groups and its structure is represented by: 18"

may take place, such as a fractionation or distillation column, a scrubber, a reactor, a
liquid-jacketed tank, a pipestill, a coker and a visbreaker. It is understood that crude
oil refinery components can also encompasses tubes, piping, baffles and other process
transport mechanisms that are internal to, at least partially constitute, and/or are in

direct fluid communication with, any one of the above-mentioned crude hydrocarbon

refinery components.

[0033] While not limited thereto, the addition of a high molecular weight naphthenic
tetra-acid is particularly suitable in reducing or preventing particulate-induced fouling
and/or asphaltene fouling. Particulate-induced fouling generally refers to fouling
caused primarily by the presence of variable amounts of organic or inorganic
particulates. Organic particulates (such as precipitated asphaltenes and coke
particles) include, but are not limited to, insoluble matter precipitated out of solution
upon changes in process conditions (e.g. temperature, pressure, or concentration
changes) or a change in the composition of the feed stream (e.g. changes due to the
occurrence of a chemical reaction). Inorganic particulates include, but are not limited
to, silica, iron oxide, iron sulfide, alkaline earth metal oxides, sodium chloride,
calcium chloride and other inorganic salts. One major source of thesc particulates
results from incomplete solids removal during desalting and/or other particulate
removing processes. Solids promote the fouling of crude oils and blends due to
physical effects by modifying the surface area of the heat transfer equipment,
allowing for longer holdup times at wall temperatures and causing coke formation

from asphaltenes and/or crude oil(s).

[0034] The high molecular weight naphthenic tetra-acids can be added to crude oils
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181610 19' 20' C801114208 1231. 070472 p80H 41081- 1230.062647 [0039] Under
certain conditions, the naphthenic acids present in acidic crude oil wll
precipitate with Ca2+ ions that are present in the co-produced water to

f orm cal ci um WoMIMeRat e deposits. Hi gh nol ecul ar wei ght PGIABRRIMENHE
tetra-acids are responsible for cal cium naphthenate deposits occurring
during the production of sonme crude oils. Therefore, the high nol ecul ar
wei ght naphthenic tetra-acid used in the disclosed subject matter can be

extracted fromthe cal ci um napht henate deposits, the deposits including

hi gh nol ecul ar wei ght naphthenie tetra-acid calciumsalts. Suitable nmethods
for extracting ongES?QT?H%Q%Wﬁﬁ”ﬁgwggﬁrgpwﬁ@?&ﬁgmﬁggﬂﬁﬁﬁﬁ?35?%ﬁ?g-acids

from cal ci um naph feng. e, JERASL! SnaRAL! LENEAT Y ATMLDE cal ci um

napht henate salts contain e deposits, are described in U S.
Provi sional Application No. 61/193,791 filed on Decenber 23, 2008.

Typical ly, cal ci yomsspphifhenataot@RosE high ReeUllartkeidngphhenide@datsd i on of hi gh
neutralization nunber (HNN) crude oils. [00401 Alternatively, the high
mol ecul ar wei ght rddagbbheticats baticdra@tdc€NlitRe The presence of the high molecular

weight naphthenic tetra-acids prevents or reduces the amount of particulates in the

base crude oil from adhering to the surfaces of the crude oil refinery equipment or

component, thereby mitigating the particulates impact on the promotion of fouling.

[0036] Generally, but not by limitation, the high molecular weight naphthenic tetra-
acid is a molecule with four carboxylic acid groups, each at the end of a long aliphatic
chain, forming a four-fingered molecule with polar tips. In accordance with one
embodiment, the high molecular weight naphthenic tetra-acid has an atomic

molecular weight greater than 1230 atomic mass units (amu).

[0037] For example, and in accordance with one embodiment, the high molecular
weight naphthenic tetra-acid is an ARN acid. ARN acids are a specific fami‘ly of
~Cgo tetracarboxylic acids. A majority of the ARN acids have a molecular weight
ranging from about 1228 to about 1236 atomic mass units (amu) with one of the main
acids having a molecular weight of 1232 amiu. The ARN acids do not have an
aromatic or alkene function present and quaternary carbons do not exist. The ARN

acids can have 4-8 sites of unsaturation (or 4-8 cyclopentyl rings).

[0038] For purpose of illustration and not limitation, the ARN acid can be the
archaeal Cgg isoprenoid, whose empirical formula is Cgolf14205 and whose structure is

6:17,10:18,10:18',6":17",10":18",10™ 18" )-hexacyclo-20-bis-16,16"-biphytane-
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extracted directly froma cal ci um napht henatc salt. [00411 I n accordance
with the invention, an anount of the high nol ecul ar wei ght naphthenic acid
effective to reduce fouling in a crude oil refinery conponent is added to
t he base crud®O10%heral |y, the effective anmount of tHe/W2H/%delecul ar
wei ght naphthenic tetra-acid is at |east 50 parts per mllion by weight
(wppm), although the effective amount will depend upon the base crude oi
and the amount of particulates present in the base crude oil. [00421 In
accordance with one aspect of the invention, the high nolecular weight
napht henic tetra-a¢jd.i s added .to. .base crude qil prior to, bein

e roduced to & hd bt APEHETOLb M iy St asBondh R iR
refining process., Al at.i vel t he..hi.gh.nmol.ecy j t hen c
tetra-acid may bg'ag'ggrit% %Clﬂr‘lve'ta\{}?rﬁyp@fn%?yﬁa%r"%sFo?gﬂﬁolggﬁg{bg\%ﬁ{ng%g{c}ﬁgme?h t he base
crude oil prior ' i I g process. Alternatively, the
hi gh nol ecul ar méﬁgﬁfgﬁggﬁ%ﬂgﬁ?%%géFp§¥%§?%n%én be i ntroduced, for exanple
at any suitable l|ocation, upstreamfromthe particular crude hydrocarbon
refinery conponent(s) Hon*whichrit ~~s desired to reduce of prevent fouling.
Any suitable technique ffr | od joon_of t he_hi gh pol equl as wei ght

napht henic tetra-acid caf be~wS®d..e Thy hirgh Yol &cular Weidg nrapbtheni~!” OH
tetra-acid can be a@ldef to the hase cfude oi oal onewor i n~cOnbi natijon l'th
ot her conpounds andiorraddit jix #rhat cont#i bute to gither rgduce fouling
or inprove sone orher process parameter T dgder o opii ™ 28 e refining
process. [00431 Furthernore, it iglconte qlatqg hgt t he_addrHt1 or Ofbna

hi gh- ol ecul ar wei ght naphthenic tetra-aéld, pafiisesl arly an ARN acid to a
base crude oil, as described in connection withithe disclosed subject
matter, can be conbined with other techniques foi reduci ng and/ or
mtigating fouling. Such techni ques incl ude, ?yh gte not limted to, (i)
the provision of |ow energy surfaces and nndi;ﬁb&%égeel surfaces in heat
exchanger tubes, as described in U S. patent application Ser. Nos.

11/ 436, 602 and 1{b386;m862Zertdileonditis s, B8 UidteMt asMdy ehedliacidicOatRaiiatied i n
their entirety herein specifically by reference, (ii) the use of controlled
mechani cal vi br apricopijateasithdes Gonshied are presknSin tpatogmbduagipldta ad foan cfgum No.

11/ 436, 802, the disclosure of which is incorporated hereinin its entirety
specifically by maphébererciepdgitd. iHigh iheleuda woighf daphtienpubtsadcids arcarsddrsible

vi brati on,

for calcium naphthenate deposits occurring during the production of some crude oils.
Therefore, the high molecular weight naphthenic tetra-acid used in the disclosed
subject matter can be extracted from the calcium naphthenate deposits, the deposits
including high molecular weight naphthenic tetra-acid calcium salts. Suitable
methods for extracting or isolating high molecular weight naphthenic tetra-acids from
calcium naphthenate deposits, particularly from the calcium naphthenate salts
contained in the deposits, are described in U.S. Provisional Application No.

61/193,791 filed on December 23, 2008. Typically, calcium naphthenate deposits

occur during the production of high neutralization number (HNN) crude oils.

[0040] Alternatively, the high molecular weight naphthenic tetra-acid can be
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whi ch can be conbined with surface coatings, as described in U.S. Pat ent
Application No. 11/802,617, filed on Jun. 19, 2007, entitled "Reduction of
Fouling in Heat Exchangers " the disclosure of which is i ncor porated herein
inits entiretWP2P&€8%i cally by reference (iv) the use fCTERBPPYIW i shing
on heat exchanger tubes and/or surface coatings and/or nodifications, as
described in U S. Patent Application No. 11/641, 754, the discl osure of
which is incorporated herein in its entirety specifically by reference and
(v) conbinations of the sane, as described in U S Patent Application No.
11/ 641,755, filed o gg 1 ﬁ_ entitled "A Method of Reducing Heat
sty Hap

Exchanger Foullné’“iraﬁte ?CMC@HEWHV¥EW8§Ure of which is incorporated
herein in its entirety specifically by reference. Thus, it is intended that

the di sclosed sul@e Il dhe SNSRI R FlriR IR HIeotR LabAONS Of the

met hod herein, provided they cone wth e scope O e appended cl ai ns

and their equi Valnﬁm Rnic hOQ@4dkl i Ras @dudtRONing e ARRGH 'rﬁnb@@oﬁp&n\éﬁns Added S

evi dent that the scl osed subject nmatter herein also includes a crude oi

with increased fedth Rge flidd gatdeddtallMhe e@ichvd HuRrdidR hihlmdtQURF Wegs at | east
a base crude oil and an effective amount of a high nolecular werght

napht heni c t et r angtihdnic Birtrhdialslaylcash 5P e&Sniflion byrRkibNGwspNaltoGdhure Oi |
with increased fouling mtigation or on-line cleaning effects is disclosed,
whi ch i ncl udes peffaciidi angust voBSepecd e tieibhseande adldidie amouvef dfeeticvgesanount  of
a high nol ecul ar wei ght naphthenic tetra-acid to the base oil to formthe
crude oil m xt ur prescAdditieibesgakudasppect s and details of the crude oil and
process for making such a crude oil are described above. [00451 For

exanpl e, and in accordance wi th yet another asgect of the disclosed subject
matter, a systen{lsz6?8WP@@HGFWQPHQ§WEHﬁ5%PEW% one 06 8ieh E1vdsegr Wt ng
condi ti ons associ ated mnth I e or hal t ene fouling. The system

i ncl udes at Ieaswméﬁg“ ?hﬁ% mﬁg %PVCEBﬁgﬁHeWEM%Eﬁﬂ“ﬂoﬁﬁﬁ?@ R in fluid
comuni cation wit flner t he m xture |nclud|ng
a base crude oil'" Pmag%°° ?P%%@FJ@ ﬁﬂgﬁ?ﬁﬂ" 5% QUICTR R

naphthenic tetr A gﬁ:xlnglzéf%qu%& Pﬂggllthem (r:dt-s nd bg:%gn ?mcisd 11(1)]; Slc‘llé: ]L. Whl XSt eémare

descri bed above. partlcu ar orm o nVention has been

described, 11 Wiyl APRBERDErLL HIRS & lﬁtkad'u#t%q b rc*ﬁﬁmg? foctpat vari ous
dlflcatlons can be nmade w t hout departing fromt he spfrit and scope of
the invention. EXMRLESDy, the high molecular weight naphthenic tetra-acid can be introduced, for
example at any suitable location, upstream from the particular crude hydrocarbon
refinery component(s) in which it is desired to reduce or prevent fouling. Any
suitable technique for introduction of the high molecular weight naphthenic tetra-acid
can be used. The high molecular weight naphthenic tetra-acid can be added to the
base crude oil, alone or in combination with other compounds and/or additives that

contribute to either reduce fouling or improve some other process parameter in order

to optimize the refining process.

[0043] Furthermore, it is contemplated that the addition of a high-molecular weight

naphthenic tetra-acid, particularly an ARN acid to a base crude oil, as described in
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[00471 The present application is further described by neans of the

exanpl es, presented bel ow. The use of such exanples is illustrative only
and in no way |limts the scope and neani ng of the invention or of any
exenplified t &OAERRMPLE | [0048] An Alcor HLPS (Hot LY@ e¢dss
Simul ator) testing apparatus is used to neasure what the inpact the
addition of particulates to a crude oil has on fouling and what inpact the
addi ti on of a high-nol ecul ar wei ght naphthenic tetra-acid has on the
reduction and mitigation of fouling. As illustrated in Fig. 1, the testing
ar r angenent |ncludes a reservoir 10 .con ning, a f crude oi
The feed supply S m%?ﬁ tggfdﬁgom 3h %fnaerﬁggg”gpﬁﬁgj %Fg%&ﬁ?knﬁ“%g a

shol s crude o1 o G ary1, SO AL B, O PRLB LS Bl e | oo

supply is heated pr oxi ma

into a shell 11 ?? gtowsta oPio¥ Ghdil f&.'rtjaé’cs%d rﬁﬁﬁﬁ"e@ Raah Qc%ﬂ%&%mhl@% heat ed

rod 12 is forned car bon- stee (1018). heat e sinulTates a

tube in a heat exGRANIRLiLIS tﬁegtte@l h R sesN@t ¢0lid Malhy 1 NeRlsed to a
surface tenperature of 370C /698F or 400C 752F and mai nt ai ned at such

tenperature duri gg dsBesukdsiodlvhicl € idc8eraSl Rhdr dnBireBURRRALpBGHQRS b he heat ed
rod 12 at a flow rate of approximately 3.0 niL/m nute. The spent feed supply

is collected in tdi@edcOpiiSREksk 0fcofrollch eheblREREIWrdtiod, Qs dkbigbed REVSS. pk®l suppl y
is separated fromthe untreated feed supply oil by a seal ed piston, thereby
al | owi ng for oncepplitution§ér. W@enass, g0, th¥ Bigclsyigetod Which ispie@g®tatddzetinih tth
nitrogen (400-500 psig) to ensure gases renmain dissolved in the oil during
the test. Ther noewugy eerigedly hys:farmee (igcioe dedf flod pilfagoranidior #ibuition,i nl et and
outlet tenperatures and for surface of the rod 12. [0049] During the
const ant sur f acewhiehprsrbareminadethi spiface Eeatihgsnis ddespbed in & ffekeisipptieatiop on t he
heat ed surface. The foul ant deposits are thernmally degraded to coke. The
coke deposits caUSélﬁﬁzﬁH%ﬁkéP?h@ Et?@Ht“@ﬁ%t“ﬁ@&ﬂ@é§%?wé%étHF%iency and/ or
ability of the surface to heat the oil passing over it. The resulting
reduction in out %Ctla%ﬁts ‘}FlthF'as‘tr‘é?ﬁiﬂt‘%t‘t‘ﬁ’r“éorE%ﬁt‘t]?‘Fﬂ?é%md%’i‘t“ttifﬁ%e%@a tyOm i ng

conti nues. This ctlon inte ratu is referred to as the qutl et
liquid AT or dT ECQ?F (bVé tfﬁélbce%gtﬁftrop(gh%r}gé)nth%gxc Fnegr tﬁl(mj:é and/or surface

coatings and/or modifications, as described in U.S. Patent Application No.
11/641,754, the disclosure of which is incorporated herein in its entirety specifically
by reference and (v) combinations of the same, as described in U.S. Patent
Application No. 11/641,755, filed on Dec. 20, 2006, entitled "A Method of Reducing
Heat Exchanger Fouling in a Refinery,” the disclosure of which is incorporated herein
in its entirety specifically by reference. Thus, it is intended that the disclosed subject
matter covers the modifications and variations of the method herein, provided they

come within the scope of the appended claims and their equivalents.

[0044] Based upon the description above, it is evident that the disclosed subject
matter herein also includes a crude oil with increased fouling mitigation, wherein the

crude oil comprises at least a base crude oil and an effective amount of a high

-16 -



oi | /blend, testing conditions and/or other effects, such as the presence of
salts, sedinent or other fouling pronoting materials. A standard Al cor
foullng test is carried out for 180 m nutes. The total fouling, as neasured
by the total WORIEY%BAL in outlet |iquid tenperature overPRT ¥R ¢0ef er red
to as AT180 or dtl 80 and is the observed outlet tenperature (Toutiet)

m nus the maxi num observed outlet Tow e,. (presunably achieved in the
absence of any fouling). 100501 An Alcor fouling sinulation system was
used to test the inpact that the presence of particulates in a crude oi

has on fouling of mofechl fwel %Ir Xaé)o nPcC){]?ra acd&)r%t%!l%r V@es?ltol: %ﬁf@ﬁ%?%gﬂ ed in

the Alcor unit: a cru ieP'crude ol ppm by

wei ght of iron oxjdey f&%&ﬁ)foungg&h@!lﬁog orﬁlaédleuﬁaé gl id fscfd &Szvgégand 3,

there is an increase in toulln presence Of I1ron oxl

particles when C%Q@Es%gmg(ﬁn dlﬁ%é @ude%rllég@adamg§n E@&Ew%dﬂ%ofﬁ‘ﬂ@km n
particul ates. For purpose of exanple and not limtation, two crude oils

were tested as examphigSveddht RREGME HELaQd loShe Hsd b St i crude QWnAGRBAl t ene or
LSLA whol e crude oil and a high-sul fur, high asphaltene or HSHA crude oi

These oils were aali@6eteshpass ala@uaglsroemeeﬁlemxaztdd\pa)c@st faedakiap Buchlaasgt bil cat i ons

of crude oil. The use of these crude oils is for illustrative purposes
only, and the di seliesagtdabbjeect matter is not intended to be limted to
application only with LSLA crude oil and HSHA crude oil. In fact, it is

i ntended that the disclosed subject matter has application with aII whol e
and bl ended crud@tlifer aapieotnin aseerdanse with yhanagerespedhat thedigrdesrénce and/ or
produce fouling in refinery components. EXAMPLE 2 [0051] An Al cor fouling
si nul ati on syst e zfébsr&%“iebéayssfswemwﬁe@%anquaeabic of reperiencfig fetling fUditions Fi gur e

1, was used to deternlne the effect the addjtiqn of hi cul ar wei ght
napht heni ¢ t et r a® 34 BParticelpia Py Vp}&ﬁerﬁ Pet r he ?9?’8 eEP lgﬂﬁgo?fﬁ 2498 f oul i ng
of the base oil. T were te nd., of

o ude o tet A anue iR R Ryt SRS 'BWC o BHE <35 lowét@w@%‘é)
part icles as t herefr%?yégn%onﬂlll 1A¥u ea}rl;]cguatl bage crucie %Qcmn efitc we ogngk)pat el y

150 ppm by wei ght 0 ‘ol ecul ar weit heni ¢ tetra-a

speci fically ARN, ; g}ﬁ Fn@le@tﬁér%lghﬁ'ﬁap? hér}r'csttet@da c%j Ac{altfhg asp%cts Brhi%e{aﬁg&(\smhon in
the outlet tenperature over tine ue to oul i ng | ess fromthe process
stream cont ai ni ngsydel RRIVDY bt of high nol ecul ar wei ght naphthenic
tetra-acids, specifically ARN tetra acids as conpared to crude oil control
blend without the tetra-acids. As illustrated in Fig. 4, the high nol ecul ar
wei ght napht heni @046 tWidle aphdculspeai dfitedah eyt beeh dacated dswildieapgidnect | ve
in reducing fouling. Particularly, the ARN tetra acids were effective in
significantly reddosqgiliediul hagt tha vetiswanwsifickiahs comt avte vithont dsrartez

particul ates. As depicted in Fig. 4, the addition of the high nolecul ar

wei ght napht heni feont @ pravtaeil skope efducioeenfigul i ng by 44 percent. [00521 Wile

t he di scl osed subject matter has been described with reference to one or
nore particul ar enbodi nents, those skﬂgA in.the art will recognize that
many changes can be nade thereto mnthUUL 112 gfting fromthe spirit and
scope of the di subj ect.. matt.e f t hese nts and

obvi ous variatigﬁggf?g?gg?hu?mggﬁnls thr c“ 5WFm“(Squﬁm%§ *he spirit and

scope of the C! ?rgﬁrged Hg}{)g,nt"llhg(}%: oWFUcﬁQerrg)lc%? 1llusgattl\nz on[} a‘ixg'% r;focufaqu K9 cl ai ms.

The invention i refore to I'mt he"terns o appended

claims along Wit L awlnlea@rgqme%ea%'ova&ﬁp%&@%mm the claims are

entitl ed.

EXAMPLE 1|
[0048] An Alcor HLPS (Hot Liquid Process Simulator) testing apparatus is used to
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What is clainmed is: 1. A nmethod for reducing fouling in a crude oi

refinery conponent, conprising: providing a base crude oil; providing a

hi gh ol ecul ar wei ght napht heni c tetra-acid; addi ng an effective
anmount of t heM9iZ§W/%8BPlecul ar wei ght napht heni c tetra- aci fF HE2HEWHse crude
oil to forma crude oil mxture; and feeding the crude oil mxture to a
crude oil refinery conponent.

measure what the impact the addition of particulates to a crude oil has on fouling and
what impact the addition of a high-molecular weight naphthenic tetra-acid has on the
reduction and mitigation of fouling. As illustrated in Fig. I, 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 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 is formed from carbon-steel (1018). The
heated rod 12 simulates a tube in a heat exchanger. The heated rod 12 is electrically
heated to a surface temperature of 370°C /698°F or 400°C/752°F and maintained at
such temperature during the trial. 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 scaled piston, thereby allowing for once-through
operation. The system is pressurized with nitrogen {(400-500 psig) to ensure gases
remain dissolved in the oil during the test. Thermocouple readings are recorded for

the bulk fluid inlet and outlet temperatures and for surface of the rod 12.

[0049] During the constant surface temperature testing, foulant deposits and builds up
on the heated surface. The foulant deposits are thermally degraded to coke. The coke
deposits cause an insulating effect that reduces the efficiency and/or ability of the
surface to heat the oil passing over it. The resulting reduction in outlet bulk fluid
temperature continues over time as fouling continues. This reduction in tempcrature

is referred to as the outlet liquid AT or dT and can be dependent on the type of crude
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2. A nethod for on-line cleaning of a fouled crude oi
operating a fouled crude oil refinery conponent; and
feeding a crude oil mxture to the fouled crude oil refinery conponent,

conpri si ng:

refinery conponent,

t he

crude oil m xMH281061pY i sing: a base crude oil; and an etdEERINEHIPOUNt of

a high nol ecul ar wei ght napht henic tetra-acid.
claim?2, wherein the effective anount

claim1l or

oil/blend, testing conditions and/or other effects, such as the presence of salts,
sediment or other fouling promoting materials. A standard Alcor fouling test is
carried out for 180 minutes. The total fouling, as measured by the total reduction in
outlet liquid temperature over time, is referred to as AT180 or dt180 and is the
observed outlet temperature (Toye) minus the maximum observed outlet Toyeer max

(presumably achieved in the absence of any fouling).

[0050] An Alcor fouling simulation system was used to test the impact that the
presence of particulates in a crude oil has on fouling of a refinery component or unit.
Two streams were tested in the Alcor unit: a crude oil control and the same crude oil
with 200 ppm by weight of iron oxide (Fe;0s) particles. As illustrated in Figs. 2 and
3, there is an increase in fouling in the presence of iron oxide (Fe,0s) particles when
compared to similar crude oils that do not contain particulates. For purpose of
example and not limitation, two crude oils were tested as examples of base crude oils,
a low-sulfur, low asphaltene or LSLA whole crude oil and a high-sulfur, high
asphaltene or HSHA crude oil. These oils were selected as being representative of
certain classifications of crude oil. The use of these crude oils is for illustrative
purposes only, and the disclosed subject matter is not intended to be limited to
application only with LSLA crude oil and HSHA crude oil. In fact, it is intended that
the disclosed subject matter has application with all whole and blended crude oils and
formulations of the same that experience and/or produce fouling in refinery

components.

EXAMPLE 2

[0051] An Alcor fouling simulation system described above in Example 1 and
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of the high nolecular weight naphthenic tetra-acid is at |east 50 parts per
mllion by weight (wpm. 4. The nethod according to claim3, wherein the
ef fective anmount of the high nol ecul ar wei ght naphthenic tetra-acid is

bet ween50 andW@308a¥¢ls per nillion by weight (wppn).

FCTHRONEHE

according to anyone of the preceding clains, wherein the high nol ecul ar
wei ght naphthenic tetra-acid is extracted froma cal ci um napht henate salt.
6. The nethod according to anyone of clains 1 to 4, wherein the high

nol ecul ar wei ght naphthenic tetra-acid is extracted fronlcalcium

napht hen th | '
apht henate depo llustrated in Elggr%‘qoéastu%ed tgggé‘r}‘nling ffoct the a%dlpon 0 1g rr?onecgfar a crude

oi |

weight naphthenic tetra-acid, particularly an ARN tetra-acid, has on the fouling of the

base oil. Two streams were tested in the Alcor unit: a blend of crude oils A and B

containing 200 ppm by weight of iron oxide (Fe,O3) particles as the “Control Blend

A” and the same stream with approximately 150 ppm by weight of a high molecular

weight naphthenic tetra-acids, specifically ARN tetra acids. As illustrated in Fig. 4,

the reduction in the outlet temperature over time (due to fouling) is less from the

process stream containing 250 ppm by weight of high moleccular weight naphthenic

tetra-acids, specifically ARN tetra acids as compared to crude oil control blend

without the tetra-acids. As illustrated in Fig. 4, the high molecular weight naphthenic

tetra-acid, specifically ARN tetra acids were effective in reducing fouling.

Particularly, the ARN tetra acids were effective in significantly reducing fouling in

streams that contact iron oxide particulates. As depicted in Fig. 4, the addition of the

high molecular weight naphthenic tetra-acids reduced fouling by 44 percent.

[0052] While the disclosed subject matter has been described with reference to one

or more particular embodiments, those skilled in the art will recognize that many

changes can be made thereto without departing from the spirit and scope of the

disclosed subject matter. Each of these embodiments and obvious variations thereof
is contemplated as falling within the spirit and scope of the claimed invention, which
1s set forth in the following claims. The invention is therefore to be limited only by
the terms of the appended claims along with the full scope of equivalents to which the

claims are entitled.
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7. The nethod of claim6, wherein the crude oil is a high neutralization
nunmber (HNN) crude oil. 8. The nmethod according to anyone of clains 1 to
4, wherein the high nol ecul ar wei ght naphthenic tetra-acid is an ARN aci d.
9. The nethod of claim8, wherein the ARN aci ds have nol ecul ar wei ghts
rangi ng fronml228 t0l1236 atom c mass units (anmu). 10. The net hod of claim 8,
wherein the ARN aci ds have atom c nol ecul ar wei ghts greater thanl230 atom c
mass units (anmu). 11. The nethod of claim8, wherein the ARN acid is an

archaeal Cgo i sop#nRQifsndpni ng the follow ng representative structure:
1. A method for reducing fouling in a crude oil refinery component,
comprising:
providing a base crude oil;
providing a high molecular weight naphthenic tetra-acid;
adding an effective amount of the high molecular weight naphthenic tetra-

acid to the base crude oil to form a crude oil mixture; and

feeding the crude oil mixture to a crude oil refinery component.

2. A method for on-line cleaning of a fouled crude oil refinery component,
comprising:
operating a fouled crude oil refinery component; and
feeding a crude oil mixture to the fouled crude oil refinery component, the
crude oil mixture comprising:
a base crude oil; and

an effective amount of a high molecular weight naphthenic tetra-acid.

3. The method according to claim 1 or claim 2, wherein the effective amount

of the high molecular weight naphthenic tetra-acid is at least 50 parts per million by

weight (wppm).
4. The method according to claim 3, wherein the effective amount of the high
molecular weight naphthenic tetra-acid is between 50 and: 1000 parts

per million by weight (wppm).
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WO 2010/ 068261PCT/ US2009/ 006460 12. The nethod according to anyone of the
precedi ng clainms, wherein the base crude oil is a whole crude oil or a

bl end of at |east two crude oils. 13. The nethod according to anyone of
claims 1 to 11, wherein the base crude oil conprises particul ates, wherein
the crude oil mxture conprising the effective anount of the high nol ecul ar
wei ght naphthenic tetra-acid prevents the particulates in the base crude
oil from adhering to a surface of the crude oil refinery conponent. 14.

The nethod accor di.ng t ghaR¥BBEaRbrdindo RySEEsH thdprededindBlaindd) @here thdWfigh

molecular weight naphthenic tetra-acid is extracted from a calcium naphthenate

salt.

6. The method according to anyone of claims 1 to 4, wherein the high
molecular weight naphthenic tetra-acid is extracted from calcium naphthenate

deposits, the deposits occurring from the production of a crude oil.

7. The method of claim 6, wherein the crude oil is a high neutralization
number (HNN) crude oil.
8. The method according to anyone of claims 1 to 4, wherein the high

molecular weight naphthenic tetra-acid is an ARN acid.

9. The method of claim 8, wherein the ARN acids have molecular weights

ranging from 1228 to- 1236 atomic mass units (amu).

10. The method of claim 8, wherein the ARN acids have atomic molecular

weights greater than- 1230 atomic mass units (amu).

11. The method of claim 8, wherein the ARN acid is an archaeal Cgg

isoprenoid having the following representative structure:
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crude oil refinery conponent is selected from heat exchanger, furnace,
distillation colum, scrubber, reactor, |iquid-jacketed tank, pipestill,
coker and vi sbreaker. 15. The method according to claim1l or claim 2,
wher ei n t he hvgRoWwdpeelul ar wei ght napht henic tetra-aci d BEUESHRPHEd in a
bl endi ng crude oil, and adding an effective anount of the high nol ecul ar
wei ght naphthenic tetra-acid to the base crude oil to forma crude oi

m xture includes bl ending the base crude oil with the bl ending crude oil.
16. A system capabl e of experiencing fouling conditions associated with
particul ate or asphaltene foul,ing, conprising: at |east one crude oi
refinery conponent; HO yre in fluid Cmnnunlc
| east one crude oil refifer
oil and an effectlwg annunt 0
tetra-acid.

HO

19 20' CgoH 14208
1231.070472

|

[CeoH1410s8]
1230.062647

12. The method according to anyone of the preceding claims, wherein the base

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

13. The method according to anyone of claims 1 to 11, wherein the base crude
oil comprises particulates, wherein the crude oil mixture comprising the effective
amount of the high molecular weight naphthenic tetra-acid prevents the particulates

in the base crude oil from adhering to a surface of the crude oil refinery component.

14. The method according to anyone of the preceding claims, wherein the
crude oil refinery component is selected from: heat exchanger, furnace, distillation

column, scrubber, reactor, liquid-jacketed tank, pipestill, coker and visbreaker.

15. The method according to claim 1 or claim 2, wherein the high molecular
weight naphthenic tetra-acid is contained in a blending crude oil, and adding an
effective amount of the high molecular weight naphthenic tetra-acid to the base
crude oil to form a crude oil mixture includes blending the base crude oil with the

blending crude oil.
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17. A crude oil with increased fouling mtigation, conprising: a
m xture of a base crude oil and an effective anmount of a high nol ecul ar
wei ght naphthenic tetra-acid. 18. The m xture according to claim 16 or
claim17, wherein the effective anmount of the high nol ecul ar wei ght
naphthenic tetra-acid is at |east 50 parts per mllion by weight (wpm.
19. The m xture according to anyone of clainms 16-18, wherein the high

nol ecul ar wei ght naphthenic tetra-acid is extracted froma cal ci um

napht henat e sal {1 20, AWSeT kG BGRARIT01A, BN, 8othal ARy 16- 18

wherein the high nolecular weig enic tefra-acid is an ARN acid. 21.

The m xture of CH%%%E%%T"?QﬁEﬁ%Qﬁﬁmﬁ%ﬁ%?%ﬁﬁgguyés a nol ecul ar wei ght

rangi ng fronl228 't atom c nass
at least one crude oil refinery component;

a mixture in fluid communication with the at least one crude oil refinery

component, the mixture including a base crude oil and an effective amount of a high

molecular weight naphthenic tetra-acid.
17. A crude oil with increased fouling mitigation, comprising:

a mixture of a base crude oil and an effective amount of a high molecular

weight naphthenic tetra-acid.

18. The mixture according to claim 16 or claim 17, wherein the effective
amount of the high molecular weight naphthenic tetra-acid is at least 50 parts per

million by weight (wppm).

19. The mixture according to anyone of claims 16-18, wherein the high

molecular weight naphthenic tetra-acid is extracted from a calcium naphthenate

salt.

20. The mixture according to anyone of claims 16-18, wherein the high

molecular weight naphthenic tetra-acid is an ARN acid.

21. The mixture of claim 20, wherein the ARN acid has a molecular weight

ranging from 1228 to 1236 atomic mass units (amu).

22. The mixture of claim 20, wherein the ARN acid has an atomic molecular

weight greater than 1230 atomic mass units (amu).
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22. The m xture of claim 20, wherein the ARN acid has an atom c nol ecul ar
wei ght greater thanl230 atomic mass units (amu). WO

2010/ 068261PCT/ US2009/ 006460 23. The m xture accordi ng to anyone of clains
16- 18, wher ei WOAR M 28h nol ecul ar wei ght napht heni ¢ t et rAT4SPYPYE4Ext r act ed
from cal ci um napht henate deposits, the deposits occurring during the
production of a crude oil. 24. The m xture according to anyone of clains
16-18, wherein the crude oil is a high neutralization nunmber (HNN) crude
oil.

23. The mixture according to anyone of claims 16-18, wherein the high
molecular weight naphthenic tetra-acid is extracted from calcium naphthenate

deposits, the deposits occurring during the production of a crude oil.

24. The mixture according to anyone of claims 16-18, wherein the crude oil is

a high neutralization number (HNN) crude oil.
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