SYNERGISTIC ACID BLEND EXTRACTION AID AND METHOD FOR ITS USE Field of the
Invention [0001]The present invention relates to extraction aids, and the use of them in oll
production and refinery desalting processes. More particularly, it relates to extraction aids
used to remove contaminants, particularly metals and amines, from crude oils during
production and processing. Background of the Invention [0002]Liquid hydrocarbon mediums,
such as crude oils and crude fractions, including naphtha, gasoline, kerosene, jet fuel, fuel oll,
gas oil and vacuum residuals, often contain contaminants that can be deleterious to
processing or product quaByNERGESHIQGARBICENR BiIXTRACTI@NrAIHoN, heat exchanger
fouling, furnace cooking, catalyst deactivation and product degradation in refinery and other
processes. The contaminants are b%@&m&?@g‘ 93§§I§s‘,j ttom sediment and water,
solids and metals. The amounts of these impurities vary depending upon the particular crude
and to its processing. [0003]Desalting or dewatering is a process that is used to remove
contaminants, primarily water and inorggpigaSstise Tvengiside oils prior transportation and
refining. The initial dewatering step is typically performed in the field using a device such as a
Free Water [000dfout (FWIO)tacpe paratithelges thucdchetiaterifico mditke aie Gidhemaihyoil
produced of, coniaine Wajen AL SMHAL [R6aBRKe itk iRe insiskericatendl 0.0%

and the objective of the FWKO'is to remove water to bélow the pipeline specification, The
desalting stefiiee¢dairapgTs sreoraantsy rtisgTaHRsRI Y dminendiem arde il dyitge
percentagepRfdiiasn watprdegaptact brine left in the crude oil as an emulsion and allow this
brine to be removed. Desalting provides benefits to the processing or refining of crude oils,
including, reducing crude unit corrosion; reducing crude preheat system fouling; reducing the
potential for distillation column damage; reducing energy costs; and reducing downstream
process and product contamination. ﬂfﬂ?ﬁﬂﬂé‘lﬁl‘%’é‘gﬁfﬂﬁg, an emulsion of water in oil is
intentionally farmed with the water, admitted being on the order of a .1 about ten
(10) percen&Wﬁlume baé%lac?)}t’r?' oecgzﬁr)t? e gﬂ‘?‘\ﬁseitseurclt@,aggalegg ?(ljistﬁqé%?}égg%ég 6r$1f>’<ed
intimately tontcansigmtpbthnpasilasketoecoeuigblislifechnitesep nil sad Sequaratesidbtihe phases

occurs due {3 GOalERGeRGR AR MRl HHSHILRRISIS (D RRENGRE I WRIAIgRLEoplals and
eventual gravitational separation of the oil and underlying witer.phﬁiﬁégOOS In US patent no.

4,778,589, SPHREEEECANIBEEN RO R PSI ST HREECE SRS C53EHarly calcium,
from hydrocarhignaracisafeadatnisduditdegpioatssicaefipcigesdutiaptbedmsddiock with an
aqueous solylion, ot 3 metals seduesleling. Adr0 RRICURI MO ER BRI gcids, and
more partlcﬁ?arfy, cItric acid, or Laits or mixtures'thereof, and separating the aqueous solution
containing thietetietRhs famavuntrofithese impraitice sestdeneribiog BPOStparicHis” sterendty
discloses agd glaimagmethods for extracting iron species, such as iron naphthenate and iron
sulfides from a liquid hydrocarbon, such as crude oil. A ehelant selected from the group
consisting q008ajic or ciisddit s dcelackidigect piccthethigischividrocartyarcantaomixetd,
therewith. Tﬁ? NESRAIh, @?%%%ﬁ%f%%‘gx%%rdﬁs%@%@;%ﬁﬁ&imﬁmg HRolved,
and the irofl 1aden aqueous phase Is separated. _

initial dewatering step is typically performed in the field using a device such as a Free

Water Knockout (FWKO) to separate the produced water from the oil. Generally,

produced oil contains water at amounts far above the typical pipeline specification of

0.5% and the objective of the FWKO is to remove water to below the pipeline

specification. The desalting step in a refinery is provided by adding and mixing with the

crude a few volume percentages of fresh water to contact brine left in the crude oil as an

emulsion and allow this brine to be removed. Desalting provides benefits to the

processing or refining of crude oils, including, reducing crude unit corrosion; reducing



[0007]In US patent application publication no. US 2004/0045875 Al, it was found that metals
and/or amines can be removed or transferred from a hydrocarbon phase to a water phase in
an emulsion breaking process by using a composition that contains water-soluble
hydroxyacids. The composition may also include at least one mineral acid to reduce the pH of
the desalter wash water. A solvent may be optionally included in the composition. The
process permits transfer or metals and/or amities into the aqueous phase with little or no
hydrocarbon phase under-carry into the aqueous pHs. [0008]Accordingly, a need still exists

for a process thisdapsthichishysigraioutinsavduriaa timraienidablen distidation wedussrdamigents in the
crude oils such.dhahfha&pPt3sNAREABINAIRAIHARESIBR e sratHRt e ARSRINNg

process, using components that are water soluble, do not result in acids in the crude unit
overhead that[@@Pdjaise néutrakizeildiesaking, arensibile cltwitgh itestipensttuntesdlydthatdare

easy to impleehiy SUIRPRRALINEHR OB IRPOPIANEIPCID. AL as AesBleundyuhich

provides for enhanced contaminate removal, such as metals and amines, from crude 0ils that

uses compon&Ph Bassder thsicswle 9l o sAdsA e dhsemifrpd suzed ddinatahe tomponents
are water solublesféraveitopurdiaxidityhacatiéabdiedagiadalsepandoadiitié pigieilesmal

stability. [001 ing to one.embgdiment.of the invention, an extracti id that provides
ahancet exto L I e Al R T e
acids. More speafliehgiaviiagonabiaeaiatir Atk adigadamdedyifeontenahgbeup consisting of acetic

acid, sulfuric acid, glycolic acjd, citric acid and methanesulfonic acid, [0011]An alternate
el - AR e Wb A it s
(MSA) and citotaridathe pedioidarbticicohihfioindy dreembimancbts feedftrcksbdiieptheassthe use of
a single acid, 3yeh a8 &?{iﬁ@ﬁ@mé‘&%@i‘@ﬁf&&{%%é\l&esm@%mmgaimaﬁ&i&%?giQg/&@,tbn, it

was found by exploration, that the synergistic effect of the combination of methanesulfonic
acid and citri®gEwashadiasreibreripnsidasad msarasisdads risiricih Rvals 6t from about

5 to about SOffixaytasaherefaind e patiagiinn ajcecnybeligisticontitals apnaaklofiienahade-
maximum at Whtg{g1 %eg{é Qg:-a(ulfonic acid is present in the extraction aid at a level of between
about 10 andn%ﬁooutt 0 %y volume. [0013]The various features of novelty that characterize

the inventiongg@ointed Byt RErYGHREY 1B b6 LIAMTANMEXEHIAAN L IRHHAG Adart of

this disclosure. For a better understanding of the invention, its operating advantages and
benefits obtafREUTHYH ds e RaRiKbRrale e 4B tofides S A g arah ATy Sush@s

descriptive maiitRoilha aietamgiwo golinihingsuprevinigigad teatib@nctdamidds afdde
invention. The, dawings, Ai5:9eadsd an ahesar s dimiiel.al ehihissays sinyenton
a water in oil emulsion, the emulsion is resolved, and the iron laden aqueous phase is

separated.

[0007] In US patent application publication no. US 2004/0045875 A1, it was
found that metals and/or amines can be removed or transferred from a hydrocarbon phase
to a water phase in an emulsion breaking process by using a composition that contains
water-soluble hydroxyacids. The composition may also include at least one mineral acid
to reduce the pH of the desalter wash water. A solvent may be optionally included in the
composition. The process permits transfer or metals and/or amines into the aqueous

phase with little or no hydrocarbon phase under-carry into the aqueous pHs.

[0008] Accordingly, a need still exists for a process that would show an
improvement over the extraction of the contaminants in the crude oils such that the

contaminants are not partitioned into the crude in the desalting process, using
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used, Changes to and substitutions of the various components of the invention can of course
be made. The invention resides as well in sub-combinations and sub-systems of the elements
described, and in methods of using them. Brief Description of the Drawings [0014]Figure | is a
graphic display of enhanced amine extraction vs. untreated waste water according to an
embodiment of the present invention. [0015]Figure 2 is a graph displaying synergy from the
combined acid extraction aid according to an embodiment of the present invention.
[0016]Figure 3 is a graph displaying enhanced amine extraction vs. a citric acid extraction aid
according tocamgmbedinent afabesprase rdoinventidninReks iadho esclipdroviticad thagntion
(0017 1ApProximating langhiads. asiosd bayiin iaghouldhe. snedlieationgng claims, may
be applied to modn%/ any quantlfgtlvé representation that could permissibly vary without
resulting in dreplamgetin the basic function to which it is related. Accordingly, a value modified
by a term or terms, such as "about", is not limited to the precise value specified. In at least
some instances, the approximating language may correspond to the precision of an
instrument for measuring the value. Rapg&, i @RS MeiBs combined and/or interchanged,
and such ranges are identified and include all the sub-ranges included herein unless context
or language [ipeboptes otharvisactidihad tigbdenthampehaiingw@idmfriesnbansdiere otherwise
indicated, all nymbers or expressions referring to quantities of ingredi ' nditions
and the like,%3%& ‘u‘r‘\aE%{ae@Be%[rrFé‘a? B ‘3%@?%3% é‘?}%%s,’ %r"’e’l’?g ig%%ﬁgg%a‘é %831 %%c?gﬁ?esod in all
instances bytititerednsitabout hridodsinendsiser hingproapiecreihibe CURRPRRSS 2T ¥6kSprising, "
"includes,” "REIYAINGEve BASoxiBRYI L 1OEANYSIBaR YIS MR Bl R iR HRiENUAMIY . Cover a
nonexclusive inclusion. For example, a process, method, article or apparatus that comprises
a list of elenje0i9]s not necssm i kimitedkiel oyt thithe ielemenisnlsutractynintidi other
elements nof GXeahhis %@%é@@%‘&f@%&é&ﬁ%ﬁ &P ofATRNE AUIGIR, PoRRARIUS.

[0019]Accor%lr|°ng 0 one embodiment e invention, an extraction aid, that_provides

enhanced exteetoheasidsicMofersperifisatly eermbinniioneifuarediddsidirmdite desalting

process in 0%5@3@&91&&@@%@@@&&,@@&@{1@ £ A G SoRadbiy A wedengoluble acids. It has
been found that the addition of a combination of acids to a crude oil can significantly reduce

the amount BFtaRSIHCRIfEther metals and the amount of amines in the hydrocarbon when it

s run throughflesalter g ysfinet TIREAMANAHOLALAGKHS SR bRA AMAS) g reduce the

contaminants, particularly metal and amine contaminants, in the hydrocarbon at a higher level

than a singleoamnesaforfangthancsrifonis aoish (4eAkansteiris acid, the combination of that has

been found to perform better than the use of a single acid, such as citric acid.

[0012] In a further alternative embodiment of the invention, it was found by
exploration, that the syncrgistic effect of the combination of methanesulfonic acid and
citric acid was evident when methanesulfonic acid is present at levels of from about 5 to
about 50% by volume of the extraction aid. Synergistic effects appear to be at a
maximum at when methanesulfonic acid is present in the extraction aid at a level of

between about 10 and about 20% by volume.

[0013] The various features of novelty that characterize the invention are pointed
out with particularity in the claims annexed to and forming a part of this disclosure. For a
better understanding of the invention, its operating advantages and benefits obtained by
its uses, reference is made to the accompanying drawings and descriptive matter. The
accompanying drawings are intended to show examples of the invention. The drawings

are not intended as showing the limits of all of the ways the invention can be made and
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[0020]Various chemical species that enter a refinery with crude oil can be deleterious to either
processing or product quality. One such group or chemical entity is the family of amines.
Depending on relative boiling points, certain alkyl amines for instance, can remain in the crude
oil after desalting and distill up the atmospheric tower. HCI salts of these amines can lead to
deposition and to very aggressive under-deposit corrosion or molten salt corrosion. Rates of
greater than 1000 mpy (mils per year penetration of corrosion) have been identified. This
becomes particularly problematic if the salt point of the amine HCI salt is located in the tower
top or draw liné€dah8sReeritandatesieanpefithe Trdoud crowenshimitesinventiearspmel include

amines from anasibgasdecrubbingativh BitdawbpiHeaksolih asashassilashatamines

enter the crud{ﬁet I%rlgy ansr(t:LrJige(af ggﬁﬁ;\&e&gg; (t)rflssdes Iter wash water and partitioning into

the crude in the desalter. Amines which'are presen'tn A %emonstrate these characteristics,
and which are significantly reduced by the addition of the extraction aid are known in the
industry, and include but are not limited to,ethanolamine, diethanolamine, triethanolamine,
Nmethylethanolamine, N,N-dimethyii Deleription sy ineinksmethyl morpholine,
ethylenediarnine, methoxypropylatnine, N-ethyl morpholine, N-methyl ethanolamine,
Nmethyldieth Oi. mine, dibutylarnine, and combinations thereof. [0021]Another chemical
species that j}%’ %t desirdibnl e greatdsdispjasrdcibarsnd amigaesiredproplunisaied metals.
It is intended that metals refetseto docthiingtvanttamsatidest heprwrmatvémited to, those
Groups IA, 1A, VB, VIII, JIB and IVA of the Periodic Table (CAS version). In another, non
limiting embotfi&ht, the Fietseliischemohistinpdrsingyiarite fem dadcombiicdraciins rsiltaon,
nickel, sodium, potassiumy;yasasisp @26 Gasbinrticasiberaak Metalsihat are not extracted
from the oil in the desalter, for instance, iron, may end up in the bottoms of the atmospheric
distillation antP@1éhe cokeFipada fsarpribk disfiatiopahdiicdrasinésinanion whichis affd
specification for metals. ' cium. ¢an cause c.aker furpace fouling, drive residual fuel
off specification for metaﬁgﬂ%ﬁ# %?Aafgf%ﬁ ggcgtg?y%r{x%b(%%eﬁ éjr? l%(? rFesgr(H{;gTﬁﬁ The
desalting process in general is used as a means to remove undesirable species from crude
oil.. Water washing alone can extract some contaminants, including some metals and amines.
Acids in general can assist with thBeteiled\dsofipdnipen thadis.epdoicularly amines, by
protonating the amines and making them more soluble in water. The beneficial effect of the
acids is pront91&&d with Mrerosimaing pepssrcaa ieikerain thranaboutihe dptsifiootiondad

s, More SpEC D B aceti
acids. More specifically, a combination of .two acids chosen from the group consisting of acetic
acid, sulfuricvglaa‘,“g %%ﬁ%ui%}% TRt a&é?d‘hﬂ‘&?ﬁ@ﬁ@ﬁ@&fﬂﬂn‘?’gﬁhiﬁ.‘T(ﬁ?ﬁ%]iAcids that are
water solublé¢oasdingtnracd]ysantdifiediyycittecraoicemisichcinat Gidynexkibislivatar tsahebility but
is also not sgilie %lﬁé’%@&ﬁéﬁ%’i‘ﬁa?l'%?sttgﬁﬁ%f%rs?ag&%? % séﬁr%% 19 rgelps remaining or

. a age
entering the crude unit overhead. Such an action would resuit in the egg[% afgg}ihe amount

of neutralizetPEstRend dnthe s eaision piem instrarentfoninasiaing e xahnsi R asie bmitpdons33

grfloof ml (ze@; Wdéiﬁmgd%ﬁ%@rbﬂﬂ@@%?h@_@&@gﬂggs_‘ @fgféazegtl_ﬁ}t@mm&wég Qu%&ﬂ Is
therefore a preferred acid. ethanesulfonic aci - , is a2 member of the
sulfonie acigl“ga-rrﬁﬂ?%qu Ihl‘éiéagr?l (e)rr%% |(Egscf8.nﬁ’f§%gf§“§ fuB é?aﬁ?ftoﬁlb??&ﬁ@éhﬁ{ than in
hyd ropgrboﬂ%ﬁ @Qﬂﬁﬁms stamiitss at Wiginete?thqmlimliuétceaa.ﬂ aﬁ bimdlegsadaqjmbgsi@@ZS]By
combining (WRAGIERIQEIEAEE SEXAGHORAASHIRC RliRRALCRXNRIR] on the

extraction of contaminants from crude oils, particularly with respect to the extraction of metals,
such as but™RgHiiften *’t’édiFB‘T’]%’EPSZm&,‘%%l?@fi%ﬁﬁﬂ?é#ﬂ@‘g&géﬁg’i’éwvaﬁﬁé‘mW%@mbined
acids varies‘@eatitding to the composition of the extraction aid. Synergistic effects are
exhibited in extraction aids that are comprised of from about 5 to about 50% by volume of
methancsul@i8hcid, with ubrs bersim dba ¢tthes fopripiisgsitfiompithin@sid ischiasiinent of the
invention comgliignp, anextraglinh.is seppRisiva- MR aRNYicRICAGihand Cilvis Agid, wherein

the methaneséx};fonic acid comprises from about 10 to about 20% by volume tnethanesulfonie

acid. [00268 %’lyé’lé?ﬁfué’l‘?gctg"éfé‘%@ﬁ’ fRIPERS CBFindettisls oAt omRisompared
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40% over untreated wash water. These synergistic effect is seen over a variety of crude oils,
which exhibit a variety of contaminents, including various amines. Examples of such crude oils
include, but are not limited to Syncrude PZ, Maya, Arab Medium and Heidrtm. The synergistic
effect also varies in relation to different amines, such as dibutylamine
(DBA)"dimethylethatioamine(DMEA), mcapholine (MORPH), diethanolamineand (DEA), and
monoethanolamine(MEA)., [0027]Synergistic effects are also exhibited by the use of an
extraction aid comprised of methanesulfonic acid and citric acid, over the use of an extraction
aid comprised it ofjempaaisightsischsasililiiniadicth dityslisspattaats)put neitblvdspdatto the

extraction of g, 30 SR GIA SOMNINLIFRARE Aol ARe B AT gRRElDesale

simulations were performed using five industry relevant amines, DBA, DMEA, MORPH, DEA

and MEA, in greM@)al crudg Qisinfo s i ensenaitinef mdiavkstibar ihe-arudpg werehyncrude
PZ, Maya, Arab Medium an I—Itgiidtru n. ;I'he cry esrvvmeorvgnosseot%l1 Wnl:hh aZnQSOf%?nn}; oﬁghoe]llamines, a
laboratory deB3HEF SIS FIvAL D RIREIEE With freated e Untraate ‘Wash water. The
process usedutiggtheydesaltirateroatds dnoi adining Gormplikcd @l e leribel adite padigiiadye
ﬁ/'lsélﬂxayed in thafURNIRISDATEna3 BERRIR B AL FREMAR FRBombMEABI S aiME DEA PPM
crude oil can significantly reduce the amount of calcium and other metals and the amount
of amines in the hydrocarbon when it is run through a desalter in a refinery. The
combination of acids has been found to reduce the contaminants, particularly metal and
amine contaminants, in the hydrocarbon at a higher level than a single acid alone when

used as an extraction aid.

[0020] Various chemical species that enter a refinery with crude oil can be
deleterious to either processing or product quality. One such group or chemical entity is
the family of amines. Depending on relative boiling points, certain alkyl amines for
'-instance, can remain in the crude oil after desalting and distill up the atmospheric tower.
HCl salts of these amines can lead to deposition and to very aggressive under-deposit
corrosion or molten salt corrosion. Rates of greéter than 1000 mpy (mils per year
penetration of corrosion) have been identified. This becomes particularly problematic if
the salt point of the amine HCl salt is located in the tower top or draw lines, ahead of the
water dew point. The sources of amines are many and include amines from an acid gas
scrubbing unit, blowdown or leaks. It is also possible that amines enter the crude tower
by virtue of coming from the desalter wash water and partitioning into the crude in the
desalter. Amines which are present and demonstrate these characteristics, and which are
significantly reduced by the addition of the extraction aid are known in the industry, and
include but are not limited to,ethanolamine, diethanolamine, triethanolamine, N-
methylethanolamine, N,N-dimethylethanolamine, morpholine, N-methyl morpholine,
ethylenediamine, methoxypropylamine, N-ethyl morpholine, N-methyl ethanolamine, N-

methyldiethanolamine, dibutylamine, and combinations thereof.

[0021] Another chemical species that are not desirable in the processing of crude

oils and lead to problems are metals. It is intended that metals referred to in this



PPm Syncrude - tap water 135 80 80 59 40 Syncrude - pH 5 with citric acid 104 65 68 66 26
Syncrude - pH 5 citric acid/MSA (4:1) 124 66 70 14

invention included, but are not limited to, those Groups IA, IIA, VB, VIIL, IIB and IVA
of the Periodic Table (CAS version). In another, non limiting embodiment, the metals
include, but are not limited to calcium, iron, zinc, silicon, nickel, sodium, potassium,
vanadium and combinations thereof. Metals that are not extracted from the oil in the
desalter, for instance, iron, may end up in the bottoms of the atmospheric distillation and
in the coke made from these bottoms. This results in coke, which is off specification for
metals. Residual calcium can cause coker furnace fouling, drive residual fuel off

specification for metal content or act as a catalyst poison in FCC feeds.

[0022] The desalting process in general is used as a means to remove undesirable
species from crude oil.. Water washing alone can extract some contaminants, including
some metals and amines. Acids in general can assist with the removal of contaminants,
particularly amines, by protonating the amines and making them more soluble in water.
The beneficial effect of the acids is pronounced with the use of hydrophilic amines. An
extraction aid that provides enhanced extraction properties is comprised of a blend of
acids, particularly water-soluble acids. More specifically, a combination of two acids
chosen from the group consisting of acetic acid, sulfuric acid, glycolic acid, citric acid

and methanesulfonic acid,

[0023] Acids that are water soluble are preferred, particularly citric acid, which
not only exhibits water solubility but is also not soluble in hydrocarbons, and therefore
does not result in acids remaining or entering the crude unit overhead. Such an action
would result in the need to raise the amount of neutralizer. Citric acid (CeHgO7) is a
weak organic acid, with a water solubility of 133 g/100 ml (20°C), and is not soluble in

hydrocarbons, and is environmentally benign, and is therefore a preferred acid.

[0024] Methanesulfonic acid (CH3SO,0H), is a member of the sulfonic acid
family, and is an organic acid. It is water soluble, but not soluble in hydrocarbons,
exhibits stability at high temperatures and is biodegradeable. -

[0025] By combining two acids to create an extraction aid, synergistic effects arc
exhibited on the extraction of contaminants from crude oils, particularly with respect to
the extraction of metals, such as but not limited to iron and zinc, and/or amines. The

synergistic value of the combined acids varies according to the composition of the
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7 Heidrun - tap water 100 80 75 48 26 Heidrun - pH 5 with citric acid 129 70 64 23 8 Heidrun -
pH 5 citric acid/MSA (4:11 115 70 68 47

extraction aid. Synergistic effects are exhibited in extraction aids that are comprised of
from about 5 to about 50% by volume of methanesulfonic acid, with the second acid
comprising citric acid. One embodiment of the invention comprises an extraction aid
comprising methansulfonic acid and citric acid, wherein the methanesulfonic acid

comprises from about 10 to about 20% by volume methanesulfonic acid.

[0026] Synergistic effects are seen with the combined acid extraction aid when
compared to wash water alone, or a single acid extraction aid, such as citric acid. In an
embodiment wherein methanesulfonic acid and citric acid are combined in an extraction
aid, extraction enhancements are seen from up to about 70% over untreated wash water.
The average extraction enhancement in such an embodiment is from about 20 to about
40% over untreated wash water. These synergistic effect is seen over a variety of crude
oils, which exhibit a variety of contaminents, including various amines. Examples of
such crude oils include, but are not limited to Syncrude PZ, Maya, Arab Medium and
Heidrun. The synergistic effect also varies in relation to different amines, such as
dibutylamine (DBA), ,dimethylethanoamine(DMEA), morpholine (MORPH),
diethanolamineand (DEA), and monocthanolamine(MEA)..

[0027] Synergistic effects are also exhibited by the use of an extraction aid
comprised of methanesulfonic acid and citric acid, over the use of an extraction aid
comprised of only one acid, such as citric acid. This is particularly true with respect to

the extraction of amines, and even more so with respect to polar amines.

Example

[0028] Desalter simulations were performed using five industry relevant amines,
DBA, DMEA, MORPH, DEA and MEA, in several crude oils of varying properties, in
particular the crudes were Syncrude PZ, Maya, Arab Medium and Heidrun. The crudes
wer dosed with 200 ppm of the amines, a laboratory desalter simulation was conducted

with treated and untreated wash water. The process used 4-8% wash water at from 240

to 300°F, with added shear. The results are displayed in the following chart.



22 Maya - tap water 119 70 80 30 18 Maya - pH 5 with citric acid 128 90 98 40 34 Maya -
repeat at pH 5 (citric) 124 37 45 19

Sample DBA DMAE MORPH DEA MEA
ppm ppm Ppm ppm pPpm
Syncrude - tap water 135 80 80 59 40
Syncrude ~ pH 5 with citric acid 104 65 68 66 26
Syncrude - pH 5 citric acid/MSA 124 66 70 14 7
{4:1)
Heidrun - tap water 100 80 75 48 26
Heidrun - pH 5 with citric acid 129 70 64 23 8
Heidrun - pH 5 citric acid/MSA 115 70 68 47 22
{4:1)
Maya - tap water 119 70 80 30 18
Maya - pH 5 with citric acid 128 90 98 40 34
Maya - repeat at pH 5 (citric) 124 37 45 19 16
Maya - pH 5 citric acid/MSA 144 47 49 13 6
{4:1)
Arab Med - tap water 148 30 95 37 27
Arab Med - pH 5 with citric acid 176 100 77 20 15
Arab Med - pH 5 citric acid/MSA 162 69 58 16 7
{4:1)




16 Maya - pH 5 citric acid/MSA (4:1) 144 47 49 13 6 Arab Med - tap water 148 90 95 37 27
Arab Med - pH 5 with citric acid 176 100 77 20

[0029] The percentage of amine extraction enhancement over untreated wash
water is shown in accompanying Fig. 1, while Fig. 3 shows the enhanced extraction over
an extraction aid with a single acid, specifically citric acid. Fig. 2 displays the synergy of
the combined acids according to the present invention. While the present invention has
been described with references to preferred embodiments, various changes or
substitutions may be made on these embodiments by those ordinarily skilled in the art
pertinent to the present invention with out departing from the technical scope of the
present invention. Therefore, the technical scope of the present invention encompasses

not only those embodiments described above, but all that fall within the scope of the

appended claims.



15 Arab Med - pH 5 citric acid/MSA (4:11 162 69 58 16 7 [0029]The percentage of amine
extraction enhancement over untreated wash water is shown in accompanying Fig. I, while
Fig. 3 shows the enhanced extraction over an extraction aid with a single acid, specifically

citric acid. F\;g¥ %?g’s&!l%ew%:synergy of the combined acids according to the present

invention, vention has been described with references to preferred

embodiments, varighs changss a1 uRsHiions Bawheomasikanbesciemiotimentap those

ordinarily skilled in the art pertinent to the present invention with out departing from the
technical sd¥pecss the prasent whersip therpdrasian dbartipitaf Seipanssulenreseist and
invention epgeipagses not only those embodiments described above, but all that fall within
the scope of the appended claims. What is claimed is: 1. An extraction aid for enhanced

removal of gontamjpanis,defins thesdeEallinDwherSs 1 R dafne sl fomrrainthepedéactipanid
consists of methanesulfonic acid and citric acid. 2. The extraction aid of claim 1 wherein the

methanesuffBIA ekiTerraaf o am it BY YHEH 8L @4bout 50% by volume of the
aid. 3. The extraction aid of claim Ié%(h rein th methi)nesul onic agid js %%?ent in an amount

of from abodt 10 td XbSFHAPRIL BRI HBIFID the-PREnaneSHOR GRY Sr R RIS TR L Ain
the contamingsist@trasiegheumniceamriedbyarslngs of the aid.

4. The extraction aid of claim 1 wherein the contaminants extracted comprise metals

and amines.
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