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 [ 0001] The di scl osed
subj ect mubRero/06edeat es t o processi ng of whol e crude oi |l ecThiserndsoana
fractions in refineries and petrochem cal plants. In particular, the

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
[0002] Fouling is generally defined as the accunul ati on of unwanted

materials on UNhSHALACEY HGHMBRIT NG RWERETA NABIARERRE QUL OCesSI g,

fouling is the accunmul ation of unwante ydr ocar bon- based deposits on heat
exchanger surf acd®S TO CREDESHLS EOREPYEE WIHQLELRUDEQILy EOVHINSY 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 conducti vit yFIELID ®F THEIMEENTIE@NT esi st ance to heat
transfer and reduces the effectiveness of the heat exchangers. Second, as

deposi tion 0¢ggH P The BRCI66RASEbBEGhARARatd BPrdcessifpdsiGatble WIHEHiIC BUE®S an
increase in pressure drop across the apparatus and creates inefficient

pressure and fh i f:ﬂ%ﬁl@é@s aﬁé?&%ﬁ&hical[;%{?s"e] InfRRduRg, thé‘di@@@éadg?c hanger s

associated wth petroleumtype streans can result froma nunber

mechani sms i ngliudip 1 GRIneEARGLOR e SREARRL ) aaBRP AR m ALl UbI €

materi al s, arsl'%”%ef)rggtffgga?ésrm eri (glfcsl ma gellnso"\%ugl gagy gﬂghtnérrper ature
weight naphthenic tetra-acids to base crude oils to reduce fouling in refinery 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, ar;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 hi gh- suwbunio/dedyh asphal t ene (HSHA) crude bl end are s®ROTaASROO0EG6O
significant increase in fouling when in the presence of iron oxide (rust)
particul ates, as shown for exanple in FIGS. 1 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

much hotter tgh@hedca®eifteh thetuid@ndPhdabe@Rshdetsatll tFok Bxdnfliatthd/@bdntbis @hvesur f ace
or skin tenperatures. The asphaltenes can precipitate fromthe oil and

adhere 10 t NGRSy £ ARRE.10AMANNRERRTR ARLSA ol a HERLAILOldmNG 1S
attributed to the presehce of salts and particulates. Salts/particul ates
can precipitat [0 he, \Cr j 4 er.e. h {. of the
heat exchanggﬁﬁmﬁﬁgg%%%?@(%%%ﬁgﬁyﬁ%%?g 5?%9’%§Pﬁ&g%”§ﬁ¥§?g§?ﬂglan t
pronoting role . in the faouling. of whole crude ojls and bl ends n_oxi de,
cal ci um car bé’hglfé’,resgli“ieiogéﬂonggﬁlfLg?ﬁsgﬁa%ﬁ‘élf‘tf?’&srlsé%"i”bfraé‘gn‘ﬁg\‘ﬂemgi ?613 n found
to be attached directly to the surface of foul ed heater rods and throughout
t he coke depgsit. 100051 Prol onged exposure to such surface tenperatures,
especially in the late-train exchangers, allows for the thernal degradation
of the organics and asPhaItenes to coke. The coke then acts as an insul ator
and is respot®0i &neof hedngre CORMOP &R0t SRYSFEPIARY! [PYEEeld RaFIGAS 1A

exchanger by preventing the surface fromheating the oil passing through
the unit. Salferznatiepgf Wgﬁtthaaﬁacwwb%w@ﬁ @ibasphalenpean oxerevRPsebtodicalyr a naj or
role in the fouling of pre-heat train heat exchangers, furnaces and ot her
downst r eam umittesuriBeesiainpernturasi fThe dineids o the othiee sidalof thegporangeriarympelf i neri es
have to renove such contam nants and inefficiencies often result fromthe
carryover of hsuahhamthewhalesrwdetdils ahéresulucherctatively deghsurfp@0@6kinBl endi ng of
oils inrefineries is common, but certain blends are inconpatible and cause
preci pi t at i ofenferaitghalicaggmlttiaticat precipatipte dioyn thewll apd adlesstoahese poent .

| nproper m xing of crude oils can produce asphaltenic sedinent that is
known to reduggaddeahnbthanshffortdalicCd @Ry foulink ROAGIBUBASS tHel REESCcT salts
unprocessed crude oils are not potentially inconpatible, once an

i nconpat i bl e ;hh Rtchige RaAYPEH culhBEcnaREGpildlrb M I ARHICOI Al alilkat «J esul t's
usual ly requires shutting down the refining process in a short tinme. To

return the r ?ﬁé lﬂ)gélyrfz\%(\:g? Eé'ﬁﬁig h&t Qj(cl[lﬁtaﬁ‘é)ére Irlo?é/a%licscon{a%n%n(?#’élg}db&ﬁa‘i}l ift&igngers

need to be clean ypi call'y"requitTes renova om service, ds

di scussed be'arcl)c\fvpromoting 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
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 prevénting the surface from heating the oil passing
through the unit. Salts, sediment and particulates have been shown to play a major
role in the f(;uling of pre-heat train heat exchangers, furnaces and other downstream

units. Desalter units are still the only opportunity refineries have to remove such
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[ 0007] Heat exchanger in-tube fouling costs petroleumrefineries hundreds
of mllions of dollars each year due to | ost efficiencies, throughput, and
addi ti onavoensvaggeeonsunption. Wth the increased cost @eCTAsesgp)csheat
exchanger fouling has a greater inpact on process profitability. Petroleum
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 estimat Q[ ' e : -due to
the fouling g? m\?\ﬁgq%g&ggu éa'tfé(}‘?‘%nscﬁeg%F%ﬁ%ééﬁgﬁrﬁﬁq&%g{%k% Alt(r%a%rrzl?tlggglg I;Ytu(rﬂai n
exchangers. 0008% ht%tdexchanger fouling forces refineries to frequently
enpl oy cost | y'SHUtGEMEY or the cl eaning process. Currently, nost
refineries practice off-line cleaning of heat exchanger tube bundl es by

bringing the xghanger, out .of .service t erform chem.cal or.

nechani cal c|@@§§ F?S‘?“%*ﬂ%e"q OIS HHEHBC IR BBk g’apcgﬁta?cbﬁ]@(ﬁiﬁ ISR UBIS ysage
or on act ual nitored fouling conditions. Suc opdi ti ons .can be

det er mi ned by?“qg(%%sﬁBrteF‘rﬁ’{:}atf‘?’PeOf?aé%t?ltS‘Fesﬁ]éaétca‘bS?BWEPhéEP%rf’F‘?SéF%‘HB’??ntHomever,
off-line cleaning interrupts service. This can be particularly burdensone
for small r eflmﬁ&p%@lxmgc%tﬁwetwé can WOFiPceo'f’éP'p?étFP‘Sé%‘ﬁﬁl?mﬁbﬁ-‘fpkl%ﬁﬂlbt@i on.
100091 Napht henic acids are carboxylic acids that occur in nost crude oils
as trace conpohvenhent aaesfereiBoency. Bilbdegr masdlads of ynpragespad eiudantls gregr eat er
concentrations. Total acids in crude oils is sem-quantified by titration
wi t h KOH and nexprtessby iicampatibte, cofe trotnabmpaibdk tlemdoie obiainal]) the Tdped aci dity of
hi gh TAN oils may cause enul sion and corrosion problens in both production
and refi ni ng.fogiadd defing thasresicantdlly reqlerds ishutetk dsvishdirefmisnprocak @i um
napht henates can result in substantial damage and | oss of production.
[0010] Under aGRétk @ind. ToREtutn O SofinkReo MaRb bRENIbT: 8¢d16Shdfo@R@Mkat N aci di ¢
crude oil will precipitate with Ca2+ions that are present in the

co- produced WRliRhedrOndrdbe tlethddMvARR Y EMS rEquiel tdfovaFrbifkeb Rkl 4nNs are
involved to a | esSer extent formng a vari ety of netal naphthenates (e.g.,
sodi um ferrous dLPpeigpd magnesiunm) . This solid precipitation accunul ates
predom nantly 1n ol l-water separators and desalters, but naphthenates can
al so deposit in the tube and pipelines. [0011] A great deal of research has

been pursued éé(ﬂ”f @%‘aﬁ‘g@iﬁgﬁnztn@e f&ﬂﬂ.},’%&fﬁ%ﬁgﬁf{é' A L HRPRORY rgdsfo?'}ni{li%ﬁs

cal ci um deposi ts. een recent at a specitfic famly of high
ol ecul ar WEiog Q&llatrse éa%ﬁ‘gge[r%)e(}/ol fogt e%é:iggdiest, ﬁﬁc%%ﬂpfft‘?zll\xlldpé%idgﬁ)hali e%eltg e maj or

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 op;:rating 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



constituents responsi ble for the cal ci um napht henate deposits (ARN i s not
an acronym but is AOd Norwegian for "eagle"). ARN acids are high nol ecul ar
wei ght nowecoloasswiit h f our carboxylic acid groups, eachpratr/ush@pnddcof a

| ong aliphatic chain, formng a four-fingered nolecule with polar tips. 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 anmu and a nol ecul ar fornul a of C80E114208 . The ARN acids do
not have an [ Qfmb LEndk e?éhgﬁgéwb%%m@@bm&mthéﬂgatqwaiaﬁgé?%woﬁs@mns do

not exist. The ?%Iloam ds can have 4-8 sites of unsaturation
I tyl lipid
Y01 14 B B T el sy 7 o
6:17,10:18,1 . ..
: 18", 10" 18" ?‘“ﬁ’e‘%{&&"iﬁ&% oﬁﬁétﬂigsm%toieét foyling copdisigns puch conditions eanbe, - hoxyl i ¢

acid. The mol ecul e contains t tan i ac h with, three
pent acyclic tdF‘ﬁﬁgmf"gP%%Yi‘l‘faé‘@%\,}%éPssﬁ{fl%ﬁatle?\iﬂleﬁé%e gf‘ef‘?‘?'e%’c@vﬁv?fe?ﬁ‘f}'lnegr oups, as
described in Lutnaes B. F., Brandal , lomJ., and Krane J. (2006)
Ar chaeal C80 cleadipg EHaTWP!Y Brigadntscap é% B%‘T"l‘é‘i‘lbll%b‘l‘@?“sﬁ%ﬁ?r}%ﬁé}tré If&58si ti on
in crude oil processing. Organic & Bionol ecul ar Chem stry 4, 616-620,
i ncor por at ed bpspupetheicenitl deipariodsofanpiprasiugtidter ei n. [0013] A representative
structure of an archaeal Cao isoprenoid tetra-acid is showmn below. WO
2010/ 068261PCT/ US2009/ 006460 [ 0014] The four carboxylic acid groups afford
t he nol ecul e'[€003hdigplih¢njc pdighare earbexylictagids Haeodcynin met isoxdy lolle agirasgps t end
to create polymeric salt when they are coordinated with dival ent netal
ions. This weawpchepolapdir samd, blodegrhdadatilsnesigniécaiglyagreatencosteangkyordeposi t
t hat hardens upon contact with air.

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



[ 0015] The need exists to be able to prevent the precipitation/adherence of
particul ates and asphal tenes fromthe heated surfaces before the

parti cul ave=omamsionot e foul i ng and t he asphal t enes be®owaStéveooabé y
degraded or coked. The coking nechanismrequires both tenperature and tine.
The tinme factor can be greatly reduced by keeping the particul ates away
fromthe surface and by keeping the asphaltenes in solution. Such reduction
and/or elimnation of fouling will lead to increased run lengths (less

cl eaning), inproved performance and energy efficiency while al so reducing

the need for ch%%ittde}ﬂtsfr%hhﬁﬁe %rtthgé‘ah%i% n‘aﬂﬁt:h%% de%UWQ‘RKI\gg nIHE‘n | NVENTI ON

[ 0016] The purpose and advantages of the disclosed subject matter will be
set forth in K § 9@1- d S Pyl . I | as
will be |earﬁ§§9%39§?§§@ﬁ¥¥§ 0 &Fﬁg ?%%é%t%%ﬁ?m&%%%%?%%a(ﬁg &gﬁﬁ Es of the

invention wll be realized and attained by the nethods, and systens

o 41 cutar |y TR T B PR PR batr o R P P o | as
wel |l as from_the appended draw ngs. [0017]. To._achi eve. these and. ot her
advant ages an™'#¢ gg?b‘?ﬂ&ﬂ&%"metcﬁlsedﬂh‘ pé’i?ijé'é’? Eﬁeté‘ 19K é’t’i‘?i‘&?ﬁcg& enmbodi ed
and broadly described, the invention includes a nethod for reducing fouling
in a crude oifdmibeefHep {ctigeaiporydaecidyne maeriy af s AR asids havesraplscwir

provi ding a base crude oil; providing a high nolecul ar wei ght naphthenic
tetra-acid; wéﬁhnganamgéfqr@@hquvé2238rf9@h@utdf23g plemi] @hssrmité@mgwlmngwf

napht henic tetra-acid to the base crude oil to forma crude oil m xture;
and feedi ng theenanadds bavingn xblecelat weighioafu@82 emh ané h mudgcylac bmpobendt . The
base crude oil can be one of a whole crude oil or a blend of at |east two
crude oils. Thal,p04deTRiARN atidnds yotdanpansdinadasor dker@ fisaion pxsbanger
furnace, distillation colum, scrubber, reactor, |iquid-jacketed tank,

pi pestill, cqkREmaBicaionbteakakist. DRLSRNHIRIsa6kIhdveons sifesadfufafiggidnve anmount
of high nol ecul ar wei ght naphthenic tetra-acid to the base crude preferably
reduces foul ((%-O¥yASpch8RAhgs3AnP el BRMved 1816 &rfvag ok LarthmRENE, Bbidshe hi gh

nmol ecul ar wei ght naphthenic tetra-acid in one enbodi nent is between about
50 and about 1000 parts per mllion by weight (wpm) Preferably, the high

mol ecul ar wei@t| TROPPERU Gl @bk a%bbr AR1AACARNIARAL 1P8Ying an atomi ¢
nol ecul ar wei ght greater than 1230 atomic mass units (anu). |In accordance

wi th anot her ¢grlyedigm@nts st fygfyn %*:?@ﬁlh@&a,ﬁﬁ@h%}biﬂ%%'hﬁﬁ'%]gtaﬁét ra-acid is

extracted from a caf ci um napht henate ‘sal't. cal ci um nap enate acid can
be extract ed lflr,Pni ‘Q?eltr%%m{g/ﬂf‘?%lge ML g’lO?CeCHI%SCIOItlt%fnS Ewhg b%%?t?usl)llltdsiac(i) s?garcf]l ng from
the productioh’of a crude oil.

with three pentacyclic rings joined together by a linkage at the C; methyl groups, as

described in Lutnaes B. F., Brandal ., Sjéblom J., and Krane J. (2006) Archaeal Cg

1soprenoid 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 Cgg isoprenoid tetra-acid is shown

below:



[ 0019] Anot her aspect of the disclosed subject matter includes a nethod for
on-line cleaning of a fouled crude oil refinery conponent by operating a
foul ed crwdeonvdeészeaf i nery conponent and feedi ng a crudePairlusndogioos4eo t o t he
foul ed crude oil refinery conponent. The crude oil mxture includes a base
crude oil and an effective amount of a high nol ecul ar wei ght napht henic
tetra-acid. The effective anount of a high nol ecul ar wei ght napht henic
tetra-acid is between about 100 and 500 parts per mllion by weight. [0020]
Accordi ng to anot her aspect, the disclosed subject matter includes a system
capabl e of experiengifg fouring. conditions associated with particulate or
asphal tene foul i ng. THie JysSte tloudes at | east |[one crude qil refinery
conponent, and a m xtgre 1d-u ot Catt oW e “srude Qi |y efineron
conponent, the pixtwre includind a base crude oil a
I

d an'df f gCti Ve aifoun
of a high-nol ecyl ar | wei ght Aapht henic tetra-gCid.

n
N accor dapce with' oneo

enbodi ment, theroedde-oNh-Tg _alhi g aut '&l i Zatian punbef (HXN, crgde oil.
The HNN crude oil can be a ki ghJsol Vency di&persivée poye BISDR) oill .

[0021] According to another aspgct, the,di scl@egggzﬁubj e matt er ™~ ncbddes a
crude oil with increased fouling mtigation,1isherqaraide oil including a base

tetra-acid. The effective anmount of the high nolecul ar wei ght napht henic
tetra-acid is between about 100 and about 500 pdrts per mllion by weight
(wppm) . The high nol ecul ar wei ght napht heni cl% 1&%3]7aci d can be an ARN aci d.
Particularly, in accordance with one enbodi nent, typical ARN acids are
archaeal Cgo isoprenoids. In one enbodi ment, ARN acids can have nol ecul ar
wei ghts rangi ng from about 1228 to about 1236 atom c mass units (amu). In
anot her enbodi ment . ARN aci ds. have atom_c nol ecul ar wei gh}s greater than
about 1230 atl AL The&ur gabewlicasid)grounsefigrdbe molschlgsinpgially §iehot i nt ended
to be limted to these exanples; rather, various high nolecul ar wei ght
napht heni ¢ t egacivisiciThe faur carbouylisi sigunatend te crpgieqrolimagriogealt ythes they érconsi der ed
to be well within the scope of the present invention. [0022] According to
anot her aspecbordinasdvitholivded nstdljiest Thiateavedipobimatisdikg sproveesyelive nmaki ng
a crude oil with increased fouling mtigation or on-line cleaning effects,
t he process wcerypticky degogit thai ldhirdegps apbasentat witk aoi | and addi ng an effective
anount of a high nol ecul ar wei ght naphthenic tetra-acid to the base oil to
formthe crude oil m xture.

[0015] The need exists to be able to prevent the precipitation/adherence of

crude oil and an effective anount of a high nol Icul ar wei ght napht heni c

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



[ 0023] These and other features of the disclosed subject matter wll
apparent fromthe follow ng detail ed description of preferred enbodi nents
whi ch, takeroionesmmj uncti on with the acconpanyi ng draw RgE/US200008d4s@t € by
way of example the principles of the disclosed subject matter. BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 0024] The di scl osed subject matter wll

described in conjunction with the acconpanyi ng drawi ngs i n which:
FIG 1 is a schematic of an Al cor
i n accordance with the disclosed subject matter;

becone

now be

[ 0025]
Hot Liquid Process Simulator (AHLPS) used
[0026] FIG 2 is a graph

illustratin i S | ow
asphal t ene ?Lgﬁﬁ) I?\E:efrnﬁglﬁa %?(Fm&?a[l% \%Hiaﬁlézseéftﬁ’é‘ml %Hg)hgg gg)fe r%lllkﬁié\%@;%t{aﬁ%dt ?e )
HSHA

effects of DRLULCHLALELAT LA boflei b dth@iofh i wridlndlsARRNRLAE e

crude oi

bl e

claims hereof, as well-as from the appended drawings.

[0017] To achieve these and other advantages and in accordance with one aspect of
the invention, as embodied and broadly described, the invention includes a method for
reducing fouling in a crude oil refinery component. The method includes the steps of
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. 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 component can be a heat
exchanger, furnace, distillation column, scrubber, reactor, liquid-jacketed tank,

pipestill, coker, or visbreaker.

[0018] The addition of an effective amount of high molecular weight naphthenic
tetra-acid to the base crude preferably reduces fouling by at least 30 percent. The
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.



[0028] FIG 4 is a graph illustrating the effects on fouling of a crude oi
blend with particul ates when an effective anount of a high-nol ecul ar wei ght
napht heniwotzetwmszei d i s added to the bl end. DETAI LED DEGTRISENNAN4O©029]
Ref erence will now be nade in detail to the various aspects of the

di scl osed subject matter. The nethod and correspondi ng steps of the
invention wll be described in conjunction with the figures and exanpl es
provi ded herein. [0030] In accordance with the disclosed subject matter, a
nmet hod for reducing fouling in crude oil refinery is provided. This

reduction in B(ﬁ'éﬁ 'ANGt é%e?gs%‘é&'o‘?\’ﬁ%dmi&’o @@'ij”&t H rQH H@és%%t%d e LA Rhe

napht heni c t tra aci a base crude oif |ng S mxture to a
crude oil refjner crude oil xtur |nc effective
amount of a ﬁleﬁ m%ro?%cu %dfc%e "g‘ﬂﬁeﬁ arﬁﬁf)ﬁl Aie y?pera dgou !Lji@'g“'dggs}e crude
oil exhibits i gni ficant ction | oul i ng. n |nproved
heat transf erre ag?qr?i?ﬁnﬁﬁ“taﬁfi egtsicals eIO‘("‘BP‘it‘HE?CS/thEE?f'B?)‘L 01 &’ﬁ as, for
exanpl e, a heat exchanger. Alternatively, a blending crud 0|I containing a
hi gh nol ecul &P™ReAght T l?fafrsmerféhmeufreﬂwdé&?aaw%@lk@é&n e*?fﬁewmaemphg crude
containing the acid is blended with a base crude oil before the bl ended

f eedst ock i s of edighanqlpeila wedght saphtheaiq gap-yeid o dkpoeidestive ppowitiof Ahighy nat i vel y
or additionally, a nmethod is also provided for on-line cleaning of a foul ed
crude oil refmaesuiar ewsrgho naphtheniThetravadithsscbetwrsh abey 10pendifdthpprts peoul ed crude
oil refinery conponent and feeding a blended crude oil to the foul ed
refinery conpohentby widightbl ended crude oil includes a blend of a base crude
oil and an effective anmount of a hi gh-nol ecul ar wei ght napht henic
tetra-acid. Particularly, high-nolecular weight naphthenic tetra-acids can
be added to eefadcadingeo andthertagpeoe tHeatistland bubjert alagamnncgdafa sghtemady
foul ed crude pre-heat train exchangers and other refinery conponents to

i nprove heat chpabhsdfekp@ichtiaf enging Sordiors@e@¢RE@dvithipdracdate or asphaltene
coil-inlettenperatures (ClTs). The crude oil mxture including the

hi gh- nol ecul gsulingi gt sﬁ@éﬁhin'@ﬁlﬂb%ttl@ésf&re%ﬁdiﬁ)lﬁ%ﬁn@}r 26mPénchl, Und e thikdiFough
heat exchange equi pnent to renove any deposits and preC|p|tates on a

regul ar mai nteRANCEMIRRARIHSEWRE BRI ukalsi ﬂaﬂn%?pm%&eﬁa Rk

surfaces. The inprovement In heat transfer I cl encres resu?ts In energy
savings and B! c?@dermlrgnﬁlan Q%&Ne attiount 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



[ 0032] Cenerally, the base crude oil can consist of a whole crude oil, a

bl end of two or nore crude oils or fractions thereof The addition of high
nol ecul arweengeszsapht henic tetra-acids to the base cru@eTaiskomwdoabd ecti ve
in reducing fouling in a crude oil refinery conmponent. A crude oil refinery
conponent generally refers to an apparatus or instrunentality of a process
to refine crude hydrocarbons, such as an oil refinery process, which is, or
may be, susceptible to fouling. Crude oil refinery conponents include, but
are not Iinited to, heat transfer conponents such as a heat exchanger, a

furnace, a Cry g{e g{}ﬁﬁ&%malﬁg herRnRRBRALALARN aaa%/hgga%mlb%ﬁﬁ&mr a FCC

slurry botton1 a tanizer” exchanger/tower, ot her [eftluent

exchangers and. fgref%? airo Fpﬁ%ta?&ﬁlc §§ ﬁlfnkspt %\X) fﬂqc'r#résehﬁﬁl

Cl
COITpI‘ESSOI’ COTTD% n re |nery aci i IES and Steam Crac OI’ ner

tubes in petrochem.c refinery c ents an al so
i ncl ude ot he®f Wgepp?fﬁt@ﬁfiﬂr?‘fedé%ﬁ]eﬁe meﬁes hddl™ Vflﬂﬂ‘ésfl'égh mﬁ%ﬁu LREER ace,
such as a fractionation or tillation colum, cr ubber %Ftor a

| i qui d-j acket@eftheifdtetra: aﬁf‘btﬁf VPW‘“%“%%’P"%%PW% %?rééiR’é?der?‘{to

understood that crude oil refinery conponents can al so enconpasses tubes,

pi pi ng, baf f Wwedl vaifiin Betseepes dheorgsent @NEPWAt nechani sns that are interna

to, at least partially constitute, and/or are in direct fluid comunication
with, any one of the above-nmentioned crude hydrocarbon refinery conmponents.
100331 Wi | e (9321 Micperdiag te h@t%ﬁtréquch@%ﬁﬁl‘?si%ﬁuwﬁ E2HPTRCIHASSARIPERSS wei ght
naphthenic tetra-acid is particularly suitable in reducing or preventing
parti cul at e- iferdodent 4 out¢ pid) wathdnaeased fsiwding enégation bi eigylineeleaniegiéficts, i nduced
fouling generally refers to fouling caused primarily by the presence of

vari abl e anoul moaks cngaising povidingragasd cugasit aridddinesn effegave angar ofi cul at es
(such as precipitated asphal tenes and coke particles) include, but are not
limted to, ihq@aholbduariidigithaphitaiiictrataeid (0tHe bafe sdloUbim thelpade cdhanges in
process conditions (e.g. tenperature, pressure, or concentration changes)
or a change igixfufe conposition of the feed stream (e.g. changes due to the
occurrence of a chem cal reaction). Inorganic particul ates include, but are
not limted to, silica, iron oxide, iron sulfide, alkaline earth netal

oxi des, sodi ygo28ITREdARd o} fehthidsCITIRY distPosed Sutpddd BlattbNONIARBb e §Faként One
maj or source of these particulates results frominconplete solids renova

during desal tﬁ‘o?rgth@ m{oné)aaﬁfedQﬁEctrlpﬁHh @F Erefe%@ %h@gdlﬁfeﬁﬁgﬁﬁﬁ takeRhd ds
pronote the fouling of crude oils and bl ends due to physical effects by

modi f yi ng th%oéHﬁJt%ﬁ%ﬁVtﬁﬁ&%m%pQ@r g%?g%’ragﬁsﬁggﬁgﬁﬁfat%%{}x F%rel @ ng for

| onger hol dup Ornes at causi’n mation from
asphal tenes and/.or ¢ 100341 The hi gh nnlecular wei ght

napht heni ¢ té?nmpgépé@e meggﬁﬁﬁﬁfﬁm?% "crude oils which contain

particul ates, including organic and inorganic particul ates as defined

above. The crude oil CanBﬁ?ﬁF%ﬁb@ﬁYPﬁW@FfﬁEMWﬁWéécu' at es.

[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;



[ 0035] An effective anpbunt of the high nolecul ar wei ght naphthenic
tetra-acid reduces or prevents particul ate i nduced fouling. The presence of
t he hi gh wol2emulészeiwei ght napht heni ¢ tetra-aci ds prevenPsTars200000666 t he
anount of particulates in the base crude oil fromadhering to the surfaces
of the crude oil refinery equipnment or conponent, thereby mtigating the
particul ates inpact on the pronotion of fouling. [0036] Cenerally, but not
by limtation, the high nol ecul ar wei ght naphthenic tetra-acid is a

nol ecule with four carboxylic acid groups, each at the end of a | ong

al i phatic chqjdhy) b M 09 o hQHbsubal OB SRBOb S GIMES &h BAKAY oftd Msh- | N
accordance wﬁ?%q!)ngé'errlgocﬁar?ent ,Sttahg‘(’gﬁlleg em)l e‘gﬂ]ar wel ght "r?%’i%ht heéni c
tetra-acid has;.an, .at om c. nol l.ar [ r er than 1230 atom c nass
units (amu). Sfl(%?,]?l]gﬁ ﬁsgolr}lal&ngr@ﬁgé%gﬁuggiog%gecngb? ance with one enbodi nent, the
hi gh nol ecul ar wei ght naphthenic tetra-acid is an ARN acid. ARN acids are a
specific fam f.~C30 tetracarboxylic acids.. A maj-Qr.i f AﬁNacids
have a nol ecd@a?rs i)V\l/:elng {* A }i‘(rf]‘g‘“ a(r?lg t}é %tﬁet&sffzfg‘ﬁfngadafggbpéf@?é&giﬁ?’)rtn C nass
units (armu) with one of the_nmain acids _having a | ecul ar i ght of 1232
amu. The ARNPALIHERGRREn RIGEYaAMSPY A PGP Sr N e ap B E et ~and
quaternary carbons_ do not exist. The ARN acids can have 4-8 sites of
unsat ur at i on 2¢igrs 21dgd ibe flsadt yI rings). [0038] For purpose of illustration
and not limtation, the ARN acid can be the archaeal C80 isoprenoid, whose
enpirical fornmula is C80H14208 and whose structure is

6:17,10: 18, 10" : 18, 6": 17", 10" DETAILED DESCRIPTION

118", 10":18") - hexacycl o- 20- bi s- 16, 16" - bi phyt ane- _

1,1, 1", 1" -1 §§029¢ REREAEE Wal] ARG Be mbbL $n §&A1 loIRPTLTHAL SpeBk BEME iseRRAI NS T wo
bi phytanyl diacids, each with three pentacyclic rings joined together by a

linkage at thg, C20 L Mitle GERUPHAVclfofiah B B e e hGRANGRERL ed by: HOLT

described in conjunction with the figures and examples provided herein.

[0030] In accordance with the disclosed subject matter, a method for reducing fouling
in crude oil refinery is provided. This reduction in fouling is achieved by adding a
high molecular weight naphthenic tetra-acid to a base crude oil and feeding this
mixture to a crude oil refinery component. The crude oil mixture including an
effective amount of a high molecular weight naphthenic tetra-acid and a base crude
oil exhibits a significant reduction in fouling. This results in improved heat transfer
and flow within crude oil refinery components, such as, for example, a heat
exchanger. Alternatively, a blending crude oil containing a high molecular weight
naphthenic tetra-acid may be used. The blending crude containing the acid is blended
with a base crude oil before the blended feedstock is fed to the crude oil refinery

component.

[0031] Alternatively or additionally,-a method is also provided for on-line cleaning of

a fouled crude oil refinery component. The method includes operating a fouled crude
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oil refinery component and feeding a blended crude oil to the fouled refinery
component. The blended crude oil includes a blend of a base crude oil and an
effective amount of a high-molecular weight naphthenic tetra-acid. Particularly, high-
molecular weight naphthenic tetra-acids can be added to blended crude oil- to perform
on-line cleaning of already fouled crude pre-heat train exchangers and other refinery
components to improve heat transfer efficiencies and recovered furnace coil-inlet-
temperatures (CITs). The crude oil mixture including the high-molecular weight
naphthenic tetra-acids can also be flushed through heat exchange equipment to
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

-11-



1230. 062647 [0039] Under certain conditions, the naphthenic acids present
in acidic crude oil will precipitate with Ca2+ ions that are present in the
co- pr oducwd 2eme826ti 0 f or m cal ci um napht henat e deposi ts. peTrgis20mloaciad ar

wei ght naphthenic tetra-acids are responsible for cal ci um napht henate
deposits occurring during the production of sone crude oils. Therefore, the
hi gh 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
i ncl udi ng hi gh nol ecul ar wei ght naphthenic tetra-acid calciumsalts.

Sui tabl e et hods,fela@X{cRES b BcinaliGPordidiEis SumR) LLRILBET, WeldR, a
napht heni ¢ tetra-acids from cal ci um napht henate deposits, particularly from

Lhe cal e um npshengleRel LS BhREdnA R L% SRSl i lss Agssiged I
b LT RN TN e TR

nmol ecul ar wei ght na hhhenic tetra-acid can be extracted directly froma
Cal ¢i um naphtHEIRETANSEMISMS PGS AR de b Iasmea Al RO ROBRETGR,  an
anount of the_ high pol ecul ar. wei ght napht henic acid effectjve to reduce
fouling in adtrrsﬁghucbffqmmwm@rlw%owoﬁ@rﬂf theabgyerayntioned serds dydrogrhgR oi | .
Generally, the effective anmount of the high nol ecul ar wei ght naphthenic
tetra-acid i sefaery eayonggs.parts per mllion by weight (wpn), although the
effective amount will depend upon the base crude oil and the amount of
particul ates Eresent_in t he base crude oil. %2042] | n accordance wi th one
aspect of t hdé0033yeMthilomot isedthetgtarticadditian ohe hightmalegyiar yworghé nerhthenicaci d i s
added to the base crude oil prior to being introduced to the refining
process, or &ttratdvel 9 @niyichledy smiably ofredubmgroe pravemipgmadgoetde-indhcadrfpalingvel vy,

t he hi gh nol ecul ar wei ght naphthenic tetra-acid may be contained in a crude
oi |, whi ch i andbesnsgbadtent fdulihpePirasdaterindlecdidulipg gaterdlly refets todondingon to t he
refining process. Alternatively, the high nol ecul ar wei ght napht henic

tetra-aci d canusbépiimbriigdyaRspreicdte 6XaMAbR adlound v f Stplahialdk endr@mad i on,
upstream fromthe particul ar crude hydrocarbon refinery conponent(s) in

which it is degichafs! Orda8RYRRI@Ratddl(QKBNAL pfRlpithid asphaMertyhh@bd@ techni que
for introduction of the high nol ecul ar wei ght naphthenic tetra-acid can be

used. The hi ghpRLEGULA bWEA-ORb INARRE BERLGulIE Mafe it dpitAtl R ofdilGshd O the

base crude oil, al'one or in conbination wth other conpounds and/ or
addi tives t h%cg&&ﬁk%és%‘h%e%@ cBhdillGis (%%d{éﬁx‘éelfaﬁyé,' s @ SBhONGGGTE Ot her
process paraneter in order to optim refI’ni ng process.
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 these 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

-12 -



[0043] Furthernore, it is contenplated that the addition of a

hi gh- nol ecul ar wei ght naphthenic tetra-acid, particularly an ARN acid to a
base crudeoanionesmidescri bed in connection with the di ecrasedIvudapect
matter, can be conbined with other techniques for reducing and/or
mtigating fouling. Such techniques include, but are not limted to, (i)
the provision of | ow energy surfaces and nodified steel surfaces in heat
exchanger tubes, as described in U S. patent application Ser. Nos.

11/ 436, 602 and 11/436, 802, the disclosures of which are incorporated in

their entiret)hidhedotiath &m&hiﬂ:s@ﬁlchwir@'or%ﬁﬁ@smﬁ&ga&ib pArtichiBteY 8€d@fnegont rol | ed
mechani cal vibration, as described in U S. patent application Ser. No.

11/ 436, 802, disgl r {3 s IS W e Todo} Ledufgkein in its entirety
specificalIyggémfgigfgﬁggg€?§f%ﬁ%ﬁgnﬂggbgﬁ FR&?% puPsa?ion and/ or
vi bration, which can be conbined with surface coatings, as described in

U S. Patent | t icAn. - i - qentitled
"Reduction o ohﬁﬁﬁg@gﬁ é%ﬁéggﬁ%ﬁlgpgﬁ&%gﬁggg?g@%ggﬁsgtégp%%?ch is
incorporated herein in its entirety specifical]l LVv). the use
of eIectropoIr"i’dsa}'ﬁ?:snogrpE)erYe %£?§E§%ﬁéﬂégFgﬁh1%§'gh% %?*g%?ﬁ@%ﬁlﬁggl%ﬁ%g and/ or
nodi fications, .as described in U S. Paten licatio . 11/ 641, 754, the
di scl osure of" e\)\ﬁit B#p t}éenfcﬁﬁt&'?ﬂ%ﬁr&fmﬁe?réf“#C%[ﬁ)l%fif’g’ogl?ftolr}lpg‘?'ﬁ“lﬁlﬁégl t%Fcal ly by
reference and (v) conbinations of the sane, as described in U S. Patent

Appl i cati on KBse cTugeguhiremadharing &yt guifares obhe coide g1l reffftery PBEPMAL BBt hod of
Reduci ng Heat Exchanger Fouling in a Refinery," the disclosure of which is
i ncor por at ed ch@peieRt thergbygnidgetnedhg pypedptes wanapiohe pemqtiopneEfoutiRgs, it is

i ntended that the disclosed subject matter covers the nodifications and
vari ations of the nmethod herein, provided they cone within the scope of the
appended cl ail#836hmgneraldy. buerpiby dimdtatian, thogh molgylag waigbhnaphegisde4-pt i on
above, it is evident that the disclosed subject matter herein al so includes
a crude oil wridhs 2 moteguls edthffoud dangpxwii¢ agdeioons, eatheat dhaendiod adengadipbitic
conprises at |east a base crude oil and an effective anmount of a high

nol ecul ar weichidih, foaping bdourefingeted ancdedutk with polhatipsy In acqordaneswith one maki ng
such a crude oil with increased fouling mtigation or on-line cleaning
effects is diesbbosed: hwHighmbrellmoesi g mphiten@ ctrabaihas ndenie | and addi ng
an effective anount of a high nol ecul ar wei ght naphthenic tetra-acid to the
base oi | to {eBulahQefphtig@atel thafi X30HiEmicAHSEs Lhid@u@spect s and details of
the crude oil and process for naking such a crude oil are described above.

[ 0045] For exanple, and in accordance with yet another aspect of the

di scl osed subp@g| FoBdaBiple, BnEMStEARRe Nid\Wnd 8fbbiitHent, ShedAPRRbR @b
experiencing fouling conditions associated with particul ate or asphal tene

fouling. The gysk GGl UEESal i HASRNAPR. HMIGCiRY hrea&PLNEE MnfiRrBIONENt , and
a mxture in fluid communication with the crude oil refinery conponent, the

m xture inclugi .crude 0jl: a | .
hi )g(;h? ol ecul ig‘sﬁtgﬁrﬁﬁ%?"%ﬁg‘bﬁﬁﬁ%hr‘}:*“f‘lé’?‘?‘g‘."i‘@? %W%té‘?sﬁﬁéﬁgﬁwﬁéscﬁg%@gghd details
of such a systemare d&ﬁﬁﬁ&ﬂf%a%bov

ranging from a 981936 atomic mass units (amu) with one of the main
acids having a molecular weight of 1232 amu. 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 Cg isoprenoid, whose empirical formula is CgoH;4,05 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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[0046] Wiile a particular formof the invention has been described, it wll
be apparent to those skilled in the art that various nodifications can be
made wi t wotoohapsastii ng fromthe spirit and scope of thePCmuSae0000646EXAMPLES
[0047] 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 neaning of the invention or of any
exenplified term EXAMPLE 1 [0048] An Al cor HLPS (Hot Liquid Process

Simul ator) testing apparatus is used to neasure what the inpact the
addition of Ranii PUlAESbb1i abldhist iBFAE nfAdNDra WOBpymAEL e

addi tion of a high-nolecular weight naphthenic tetra-acid has on’'the

reducti on and.mti i i AS | kL he testing
arr angement i(ahag]({sfdﬂggﬂ gv% etﬁs)rfg é%l%r ly%c %@%ﬁgk%ﬁg&ggfﬁe%ngﬁ%%Ftyti]r%?gocr ude oil .
The feed supp“X qf crude gik npg containtg base crude oil containing a

whol e crude Ot R BTURGAY L VY EORE NG Plo or nore crude oils. The feed
supply is heated to a tenperature of approximately 150C 302F and then fed
into a shell 11 contaj.ning,a vertically oriented heated rod 12. The heated
rod 12 is formed f/Bm-carbe -510(1018). The heated ragd 1%,,si mul ates a
tube in a heat exchanger. 6o Neated -ragd-12 s et ect™Nca beated to a , oy
surface tenperatureg;of 370C /698F of 400C1752F and mai ntYijneg~at™~Suc
tenperature durPng he triaj)~The feed suppMyis purfped acruoss the heat ed
rod 12 at a flewrate ol appraximtely 3.9 nll/ mnutel The sphn fegd supply
is collected in the top sectd onYof eYesgfvoi g. he spg feed supply
is separated fromthe untreatedgeed supply 9£h+b% a seal/ed pisters bdhereby
al lowing for once-through operation. The systZini&spressurized with
nitrogen (400-500 psig) to ensure gases remain gissolved in the oil during
the test. Thernocoupl e readi ngs are recorded foT the bulk fluid inlet and

outl et tenperatures and for surface of the rod ¥2.
[CaoH 1410s)
1230.062647

[0039] 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 deposits. High molecular weight naphthenic tetra-acids are responsible
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

-14 -



[ 0049] During the constant surface tenperature testing, foul ant deposits
and builds up on the heated surface. The foul ant deposits are thermally
degr aded wo 200k®826The coke deposits cause an insul ati ngprefrfusetoobato r educes
the efficiency and/or ability of the surface to heat the oil passing over
it. The resulting reduction in outlet bulk fluid tenperature continues over
time as fouling continues. This reduction in tenperature is referred to as
the outlet liquid AT or dT and can be dependent on the type of crude
oi |l /blend, testing conditions and/or other effects, such as the presence of
sal ts, sedln%g&mg&j@&£§§ﬁ%gl &ﬂgmg ﬂﬁﬁ&ﬁgsgﬁterlals A standard Al cor
foullng test I1s carrie nutes. The total fouling, as neasured
by the total reduction |n outIet I|qU|d tenperature over tine, is referred

to as ATIBO g 180.00 tphﬂleqttseﬁt&? bluHor TG ALHCR( o et) i nus

t he maxi mnum out out| et nax presunmab I eve e absence

of any foull nQ%ht{l%](i)cogzcl)cl et% ctive O%reducelyoull a{slléiglr{# togornt;;s Sg%ﬁ)(\)’%% 1l§|§§éjefit 0 test

t he i npact t ha resence partircu oul i ng
of a refiner onen ni t tested n the cor unit:
a crude oil X‘bﬁ‘?%?e% CE‘L a‘?&%‘yc&oaﬁl ‘Blvle aWOP?t W%%W!FCW& o ] bf iron
oxi de (Fe203) particles. As illustrated in Fig 2 and 3, there is an

increase i n PRGNS ieHaRrd 1H7ideashokpasts ney eﬂtlle&t)we(ghb(zw;n)p%tthpp&h ®§ when
conpared to simlar crude oils that do not contain particul ates. For

pur pose of egHagIve amedntivdl deperd wpon dhe basquerude oid andihe gmaenieofipasiceldtess
exanpl es of base crude oils, a |owsulfur, |ow asphaltene or LSLA whol e
crude oil an@ﬁamhﬁgﬁW§nki®v¢aﬁLgh asphaltene or HSHA crude oil. These oils
were sel ected as being representative of certain classifications of crude

oil. The use of these crude oils is for illustrative purposes only, and the
di-scl osed sul§t#e] Immicomiangeswitfoone aspent dedhe imvebior, ithe Higldmblzcalppieight | on onl y
with LSLA crude oil and HSHA crude oil. In fact, it is intended that the

di scl osed sulbpgtheniatetrancil asaddptd thabasercrvdetoil palol tobhwaheinabdudet ended cr ude
oils and formul ations of the sanme that experience and/or produce fouling in

refinery conpeamgmy srocdsXAVELte 2edyQRBikhinddf MeGofinih@pldctg. Hlitaaléipnhsyst em
descri bed above in Exanple 1 and
high molecular weight naphthenic tetra-acid may be contained in a crude oil, which is
blended with the base crude oil prior to introduction to the refining process.
Alternatively, 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

-15-



illustrated in Figure 1, was used to determ ne the effect the addition of
hi gh nol ecul ar wei ght naphthenic tetra-acid, particularly an ARN

t et r a- aciwo 2hp#068281t he fouling of the base oil. Two strearaSeewmodsest ed in
the Alcor unit: a blend of crude oils A and B contai ning 200 ppm by wei ght
of iron oxide (Fe203) particles as the "Control Blend A" and the sane
streamw th approxi mately 150 ppm by wei ght of a high nol ecul ar wei ght

napht heni ¢ tetra-acids, specifically ARN tetra acids. As illustrated in
Fig. 4, the reduction in the outlet tenperature over tirre (due to fouling)
is less from & Bt PR Qhnfdbeh

nol ecul ar wefg‘%t%"% gjr??itésrcﬁgt ra- ?Cﬁgl s%em fcl cghla tettr anglm ds as

IC(r)]rT'Elaged 4t Ot %e ﬁ&uchngr%] orr]'l[rjr}rlmatlv\é \QA §&ﬁl{%ch§1 1%%1{136 %ﬁ 2 nofoﬁmlt% tldSt rat ed

enic. acl speC| 1cally
ARN tetra aci were eff ctlvelnr duci Parti.c r t he ARN
fotra ac de damsEpRute pUEY deubuiFiesant ?g?d&éaaté?‘rfaﬂ?%%ﬁr? R hepddls, 2
t hat contact iron oxide artl cul ates [ ct ed ddi tion
of the high M¥ficecasd a%cr%f) G- n%wﬁawicetl?rb§$ Nagil &)ég?éhg@?é’d“r/%{h %‘ﬁg by 44
percent. [0052] Wile the disclosed subject matter has been descrl bed with
reference t o tsrdischrsuips P& WhisharciaPeiPoBiEdRFEInYrett hsdia seecifiqad byn the art
wi |l recognize that many changes can be made thereto wi thout departing from
the spirit amefersoepéil)che vdgef donsrdllsd expchanigabyibratignt asidesdriiedh inof .S patset
enbodi nents and obvi ous variations thereof is contenplated as falling
wi t hi n t he sppplicatian8ersisopld /496,808 ethe dasclvsdte ofiwbithiiomconphiatid hessisatitsf ort h i n
the following clainms. The invention is therefore to be limted only by the

terms of the cappsngedficdligibyreztmng (i) th usdef fiuid pulsaiopandbr edtdtioal ents to
which the clains are entitled. Wat is clained is: |I.A nmethod for reducing

fC (r)ﬂlj Ie ng | : N awhidhd@n Bk bomBhbd &4t} sGFIRQRBSMN ps, SRABTHbEd MU, SPPAWhdA fific@&idmase
No. 11/802,617, filed on Jun. 19, 2007, entitled "Reduction of Fouling in Heat
Exchangers," the disclosure of which is incorporated herein in its entirety specifically
by reference (iv) the use of electropolishing on heat exchanger tubes 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
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provi di ng a hi gh nol ecul ar wei ght napht henic tetra-acid, addi ng an
effective anount of the high nol ecul ar wei ght naphthenic tetra-acid to the
base crudeoanio/assesiiorm a crude oil m xture; and feedi ngprPChaSeramac46
m xture to a crude oil refinery conponent. 2. A nethod for on-line
cl eaning of a fouled crude oil refinery conmponent, conprising: operating a
fouled crude oil refinery conponent; and feeding a crude oil
m xture to the fouled crude oil refinery conmponent, the crude oil m xture
conprising: a base crude oil; and

molecular weight naphthenic tetra-acid. Similarly, a process for making such a crude

oil with increased fouling mitigation or on-line cleaning effects is disclosed, which

includes 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.

Additional aspects and details of the crude oil and process for making such a crude oil

are described above.

[0045] For example, and in accordance with yet another aspect of the disclosed
subject matter, a system is provided that is capable of experiencing fouling conditions
associated with particulate or asphaltene fouling. The system includes 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. Additional aspects and details of such

a system are described above.

[0046] While a particular form of the invention has been described, it will be apparent
to those skilled in the art that various modifications can be made without departing

from the spirit and scope of the invention.

EXAMPLES
[0047] The present application is further described by means of the examples,
presented below. The use of such examples is illustrative only and in no way limits

the scope and meaning of the invention or of any exemplified term.

EXAMPLE 1
[0048] An Alcor HLPS (Hot Liquid Process Simulator) testing apparatus is used to
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an effective anount of a high nol ecul ar wei ght naphthenic tetra-acid. 3.
The met hod according to claim1 or claim2, wherein the effective anmount of
t he hi gh wol2emulészeiwei ght naphthenic tetra-acid is at | ea3tus2@9pedsbs per
mllion by weight (wpm. 4. The nethod according to claim3, wherein the
effective anmount of the high nol ecul ar wei ght naphthenic tetra-acid is

bet ween about 50 and about 1000 parts per mllion by weight.(wpnm. WO
2010/ 068261PCT/ US2009/ 006460 5. The method accordi ng to anyone of the
precedi ng cl ai ns, wherein the high nol ecul ar wei ght naphthenic tetra-acid

I's extracted fLom @thﬁhg ir{-}mﬁ&;&cf‘ﬁxg REBBERDEp2RHlates B-a TR J7BTa00F f&lﬁfﬁg gdng to

anyone of clains 1 to 4, erein the high nol ecul ar wei ght napht henic

o ter 2ot S RSt G a0di0m el RLMBAARNE RERAL SrfRAR e adidRastiRRE! £ o
reduction and mitigation of fouling. As illustrated in Fig. 1, 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 sealed 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 thérmally 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 temperature

is referred to as the outlet liquid AT or dT and can be dependent on the type of crude
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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, wher eiwotzhm/dssh ol ecul ar wei ght napht heni ¢ t et r a- a@CW/US2002004RN aci d.
9. The nethod of claim8, wherein the ARN aci ds have nol ecul ar wei ghts
rangi ng from about 1228 to about 1236 atom c mass units (anmu). 10. The
nmet hod of claim8, wherein the ARN acids have atom c nol ecul ar wei ghts
greater than about 1230 atomic mass units (amu). 11. The nethod of claim
8, wherein the ARN acid is an archaeal C80 isoprenoid having the follow ng

representati Wﬁ/b?érf‘dyfégtﬂ{geclondi%g'ﬁs 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 (Touer) minus the maximum observed outlet Toutlet 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,0O3) 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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HO 18' 1920' C80[ 114208 1231.070472 [ CBOH 4108] 1230.062647 12. The net hod
according to anyone of the preceding clains, wherein the base crude oil is
a whol e cwoaelogieB2eor a bl end of at | east two crude oi | sPCT/US2009/006460

illustrated in Figure 1, was used to determine the effect the addition of high molecular
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 molecular 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
is 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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13. The nmet hod according to anyone of clains 1 to 11, wherein the base
crude oil conprises particulates, wherein the crude oil m xture conprising
t he ef f ecwDwel0znss26mt of the hi gh nol ecul ar wei ght napht remius2eeo@s@ci d
prevents the particulates in the base crude oil from adhering to a surface
of the crude oil refinery conmponent. 14. The nethod according to anyone of
the preceding clainms, wherein the crude oil refinery conponent is selected
from heat exchanger, furnace, distillation colum, scrubber, reactor,

| i qui d-j acketed tank, pipestill, coker and visbreaker. 15. The net hod
according tovﬁkghﬂhéngalglaln12 wherein the high nol ecul ar wei ght

napht henic tetra-acid 1s contained in a blending crude oil, and addi ng an
ef fective anmount of the high nol ecul ar wei ght naphthenlc tetra acid to the

base crude oil jto fo/gmegmgrfyld,%d@nl, fgiuﬁ%#{ned dehdd HO&Sin Q& athe base crude
oil with the blending crude oil. SN0 2010/ 068261PCT/ U 200 /006460 16. A

system capabl e qﬁ ﬁ%ﬁﬁrlenCIng fouling conditions associated with
. CO T . . . . .
particul ate or §% ene fouling, conprising: at |east one crude oil

refinery conponent; 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 otl mixture; and

feeding the crude o1l 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 o1l 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 about 50 and about 1000 parts

per million by weight’(wppm).
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a mxture in fluid communication with the at | east one crude oil refinery
conponent, the m xture including a base crude oil and an effective anount
of a hi ghwoobmoemn wei ght naphthenic tetra-acid. 17. ARCTrusd@9oidsomi t h
increased fouling mtigation, conprising: a mxture of a base
crude oil and an effective amount of a high nol ecul ar wei ght napht henic
tetra-acid. 18. The m xture according to claim16 or claim 17, wherein the
ef fective anmount of the high nol ecul ar wei ght naphthenic tetra-acid is at

| east 50 parts per mllion by weight (wppn). 19. The mixture according to

anyone of clai gs 16%&@%&%&:&&@% bh e 3P h%q)»uc@amg@iagm “ml@&m {Ae Migh

tetra-acid is extracted froma cal C|un1naphthenate Salt. . The m xture

according to agyang.Qf.; t%%ﬁﬁ g-d ve’ragg%%]wa%?ﬁ gpalmb-nerﬁﬂﬂhﬁ%n%@' ght

napht henic tetra-acid | e mxture o airm 20, wherein
the ARN acid has a nol ecul ar melght rangi ng from about 1228 to about 1236
atomic nmass units (amu).

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 about 1228 to about 1236 atomic mass units (amu).

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

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

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

1soprenoid having the following representative structure:
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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 than about 1230 atom c mass units (anu). WO

2010/ 068280RCIVIISZHD09/ 006460 23. The m xture accor di ngPCo/UBRYOMEc466 Cl ai ns
16-18, wherein the high nol ecul ar wei ght naphthenic tetra-acid is extracted
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.

19' 20" CgoH14208
1231.070472

|

[CeoH14108]
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 tetrafacid 1s 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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16. A system capable of experiencing fouling conditions associated with
particulate or asphaltene fouling, comprising:

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 o1l 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 about 1228 to about 1236 atomic mass units (amu).

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

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