EMULSI ON NEUTRALI ZATI ON OF HI GH TOTAL ACI D NUMBER
(TAN) CRUDE O L FIELD OF THE | NVENTI ON [ 0001] This
WO poensi4en rel ates to the neutralization of thECDUSANS/E30800
acids contained in petroleumoils to reduce the
acidity and corrosivity of such oils. BACKGROUND OF
THE | NVENTI ON [ 0002] Many petrol eum crudes with high
organic acid content, such as whole crude oils
cont ai ni ng naphthenic acids, are corrosive to the
equi pnent used.to _extr rans rocess the
crude, such a@% ﬁ%@g& Ir]%}g?@q% 0003]
Ef forts HIGH B4 i 3 ’ he
i ncl uded a nunber of approaches USP 5 182 013 refers
to such recogni zed approaches as bl endi ng of higher
FIBRPhORERHE IANVENddONent oils with | ow napht henic acid
content oils. Additionally, a variety of attenpts have
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metal surfaces of equipment exposed to the acids, or
by neutraI|2|n and renoving the acids fromthe oi
' i 1 ON have claimed that the use
of speC|f|c sulfur and phosphorus based organic ,
[066%]" SRRy pRiioiin® chuded Wwille hifif @ghhicacidico@ens isich as whole
corrosi on by napht heni ¢ aci ds. Exanpl es of such
crudecoittamaiaing naphibienic aeils nanetcoofosinet talthe aquipmrentwsed to
corrosion |nh|b|tors such as polysulflﬂ USP
extzaqig frapgpoyt and pracesoihgiarads, sieh ap Rpssulls and tgpsigy lines.
al kynedi ol and a pol yal kene pol yam ne (USP 4, 647, 366),

T TN T R AT a—
of %g#:eo%ﬁ sNa&'Pq li%%p i‘@'@rs“lg]s%gh § G éiéﬁp pﬂxéﬁxeﬁ%@ blendmg

Rowever OBl S ar ge: use
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Additionally, a variety of attempts have been made to address the problem by
replacing carbon or low alloy steels by more expensive, highly alloyed stainless
steels, using corrosion inhibitors for the metal surfaces of equipment exposed to
the acids, or by neutralizing and removing the acids from the oil. Some inhibitor
manufacturers have claimed that the use of specific sulfur and phosphorus based
organic corrosion inhibitors can be effective in reducing corrosion by naphthenic |
acids. Examples of such technologies include treatment of metal surfaces with
corrosion inhibitors such as polysulfides (USP 5,182,013) or oil soluble reaction
products of an alkynediol and a polyalkene polyamine (USP 4,647,366), and
treatment of a liquid hydrocarbon with a dilute aqueous alkaline solution,
specifically, dilute aqueous NaOH or KOH (USP 4,199,440). USP 4,199,440
notes, however, that a problem arises with the use of aqueous solutions that
contain higher concentrations of aqueous base. These solutions form emulsions
with the oil, necessitating use of only dilute aqueous base solutions. USP

4,300,995 discloses the treatment of carbonous materials particularly coal and its



contai n higher concentrations of aqueous base. These

solutions formenulsions with the oil, necessitating
wais®ens14eml y di |l ute aqueous base sol utions. USRT/US2005/030800

4, 300, 995 di scl oses the treatnent of carbonous

materials particularly coal and itsproducts such as

heavy oils, vacuum gas oiI,_gpd petrol eum resi dua,

having acidic functionalitieS, with a quaternary base

such as tetranethyl ammoni um hydroxide in a liquid

(al cohol, or water). Additional, processes usi, ueous
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59-179588; Romani an Patent 104, 758 and Chi nese Patent
Petroenm Regining Wish fhemsealsedP30hehetscticlb pa bl cBaf. Bigs.
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carrier nedla cru I were not treated.

Paké?39}179538; Rémaias Palant 9945358 anbiCRinés® Pakfit 1,071,189.
(Honeycutt) disclose processes in which "heavy m neral
Ceptain freaimn¢nsnbaverheen practiegdonminpal ot distdigiecand/Bydrocarbon

o485 B A OB SRR S PR i st
o BB RN o ik b, Syt s wer nt

treafid. KOH in nolten formis disclosed as the preferred

treating agent, however, "other alkaline materials,
lime, can al so be enpl o_éed i n mnor anmounts”.
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are contacted with “liquid alkaline material” containing, inter alia, alkali metal
hydroxides and “liquid 0il”. A mixture solely of NaOH and KOH in molten
form is disclosed as the preferred treating agent, however, “other alkaline
materials, e.g., lime, can also be employed in minor amounts”. Importantly,

*532 does not disclose the treatment of whole crudes or fractions boiling at

1050+°F (565+°C). Rather ‘532 treats only vapors and condensed vapors of the

10507°F (565-°C) fractions, that is, fractions that'are vaporizable at the condi-
tions disclosed in ‘532. Petroleum residua and other non-vaporizable (at ‘532
process conditions) fractions containing naphthenic acids would not be treatable
by the process. Since naphthenic acids are distributed through all‘ crude fractions
(many of which are not vaporizable) and since crudes differ widely in

naphthenic acid content the ‘532 patent does not provide an expectation that one



tions disclosed in '532. Petrol eumresidua and ot her
non- vapori zable (at '532 process conditions)

wo e@ens@Bss cont ai ni ng napht heni ¢ aci ds woul d nECT/D82005/030800
treatabl e by the process. Since naphthenic acids are
di stributed through all crude fractions (many of which
are not vaporizable) and singe crudes differ widely in
napht heni ¢ acid content the 532 patent does not
provi de an expectation that onewould be able to
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ifg di scl osed that naphthenates were used to prevent
POUBYrosion in a petroleumstill. The patent teaches the
addi ti on of cal ci um naphthenate to petroleumto react
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magnesi um oxi de (Cheng et al, U.
naplthenit, abbds. Ta&acy napRthaBi; acadsiwénRPGs vEdendiosped svhenghe
as corrosion inhibitors in fuel products and .
strpp@ ptidatwerg convertedbipusalls, Seure per any ipyRived Bie additienyor
crude oil. .Simlarl st af aev I .. lnst..
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and zinc napht henates (Johnson et al, USP 2,415, 353;
buRootinl wholgs topprsberade oilanvimlashya Muestataey epai(Azerb. Inst,
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Athingasiphtteenates(MWasssonles af, &SP 2/401,993) and zinc naphthenates
(Johnson et al, USP 2,415,353; Rouault, USP 2,430,951; and Zisman et al, USP
2,434,978) were also claimed as anticorrosive additives in various lubricating oil
products. Another use of calcium compounds with petroleum includes removal
of naphthenic acids from hydrocarbon oils by limestone-on-glass abstraction
(Elkin et al, Soviet Union 1,786,060) or by metal oxides related to hydrotalcites
(Gillespie et al, USP 5,389,240). Finally, calcium hydroxide (Kessick, Canadian

Patent 1,249,760) aids in separation of water from heavy crude oil wastes.

[0006] USP 5,683,626 teaches treatments of acidic crudes with tetraalkyl-
ammonium hydroxide and USP 5,643,439 uses trialkylsilanolates. US/13689
and US/13690 (Publications 97/08271 and 97/08275 dated March 6, 1997) teach
the use of Group IA and Group IIA oxides and hydroxides to treat whole crudes

and crude fractions to decrease naphthenic acid content.



(Elkin et al, Soviet Union 1,786,060) or by netal

oxides related to hydrotalcites (Gllespie et al, USP
wG288931R24D). Finally, cal cium hydroxi de (KessiB&r/US2005/030800

Canadi an Patent 1,249,760) aids in separation of water

from heavy crude oil wastes. [0006] USP 5, 683, 626

teaches treatnments of acidicqcrudes with

t et raal kyl ammoni um hydr oxi de and USP 5, 643, 439 uses

trial kyl silanol ates. US/ 13689 and US/ 13690

(Publications 97/08271 and 97/ 08275 dated March 6,
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copiaining eaphtiesici dcidst andssubdestingothi stk thre mamediagely after
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al kali metal hydroxide salts of naphthenic acid.
acid0008] USP 6, 022,494 teaches a process for treating

acidic crudes or fractions thereof to reduce or

(OB SE o DA b e SoR Pk Ml B dtions
By TR, (R e AR st 5y, P BRer o
enfbéAhEAtY tHRf ditdte a88i4idR dfombRl taddik§thtey ined fiercrude. The metal
hydrocarbon oil to produce a treating
carboxylates are prepared by adding an alkaline earth metal hydroxide to a small
quantity of the crude to be treated or other hydrocarbon oil to produce a treating
crude oil containing alkaline earth metal haphthanate which is then combined
into the total quantity of the crude to be treated. In practice when using the
treating crude as the metal naphthanate salt source, a naphthanate salt content in
the range of 0.025:1 to 1:1 moles of metal based on acid content of the acidic
crude to be treated. The acidic crude to be treated and the treating crude oil
containing the metal naphthate salts should have comparable boiling points and
characteristics. Thus the preferred hydrocarbon oil for the production of the
treating crude oil is a small quantity of the same crude oil which is to be
neutralized. If a different hydrocarbon oil is used, it must be compatible with the
crude oil to be neutralized. The patent goes on to expressly state that the

formation of a crude oil-aqueous emulsion (i.e., either water-in-oil or oil-in-



crude oil containing al kaline earth netal naphthanate
which is then conbined into the total quantity of the
w@eude3t4e2 be treated. I n practice when using tPer/US2005/030800

treating crude as the netal naphthanate salt source, a
napht hanate salt content in the range of 0.025: 1 to

1:1 noles of netal based on q@cid content of the acidic
crude to be treated. The acidic crude to be treated

and the treating crude oil containing the netal
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treatnent of naphthenic acid-containing crudes with
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3 Separate into oil and aqueous phases. Soneti nmes
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as waste water at the vessel bottom. Desalted crude leaves from the vessel top.
Mixing valve pressure drop and hence mixing energy must be carefully
controlled to avoid formation of too tight an emulsion which could then become
difficult to separate electrostatically. This is especially important for certain
crudes which contain naturally occurring surfactants or finely divided solids,
both of which can stabilize emulsions. Frequently special desalting chemicals or
aids are used to suppress emulsion stability or demulsifiers are added to break
the emulsions. USP 6,022,494 states that a benefit of its process is the absence

or substantial absence of emulsion formation.

[0011] USP 6,627,069 teaches a process for reducing the naphthenic acid
content of crude oils and fractions thereof in the essential absence of oxygen in

the presence of an aqueous base selected from Group IA and Group IIA



coal escence and the | arge coal esced droplets settle by

gravity and are withdrawn as waste water at the vessel
wheiobosm43Desal t ed crude | eaves from the vessel PE¢DPS2005/030800

M xi ng val ve pressure drop and hence m xi ng energy
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t he napht henic acid containing conponent to achieve

intimate contact with the agueous phase. Q| dropl et
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I'S case a I'n water enulsion/mxture is
corfdeﬁ&hﬁdn of 0.01 to 100 wt% of the crude oil and/or fraction(s) thereof,
introducing a demulsifier to the mixture of crude oil and/or fraction thereof,
Group IIA metal hydroxide and water in an amount effective to cause the
mixture to separate into in oil rich phase, an aqueous phase and an interface
layer disposed between the oil rich phase and the aqueous phase. The crude oil
and/or fraction thereof and the Group IIA metal hydroxide may be mixed by
stirring or agitation using a mechanical stream an ultrasonic stirrer or by

bubbling an inert gas through the reaction mixture.

[0013] It would be beneficial if a process is developed which eliminates the

necessity of avoiding emulsion formation.



[0012] WO 00/ 75262 teaches deacidifying crude oil
and/ or fraction(s) thereof conprising contacting the
weewde3@sl and/or fraction(s) thereof with a QGoupsidds/n30800
netal hydroxide in the presence of water wherein water
Is present in a concentration of 0.01 to 100 wt % of
the crude oil and/ or fracti_o;p(s) t hereof, introducing
a denmulsifier to the m xture of crude oil and/or
fraction thereof, Goup Il A netal hydroxi de and water .
in_an_amount effective to cause the mxture to
SUMMARY O THE INVENTION, phase, an aqueous phase and
an interface | ayer disposed between the oil rich phase
(0614 t hk hagbeewdispbased tHitecid nelaralidatiandan befacaomptished in
thereof and the G oup HA netal hydroxide may be m xed
a frgcessithatidags aot aveidamndsionsfonmationapd amfach Pragtices giasion
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| NVENTI ON [ 0014] It has been discovered that acid
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hyafiéarstn @rkiat bilgpreferhblyeesirhll dydhev sfahs ehmticofrosive crude
slurry, formng a water-in-oil enulsion of the al;ueous

to bt lnahiede theaw ater-ime-o#l erthyldroxhaléng eh atjirecusgphase droplet $izg of
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tre@fR@Uh allafBo 2% aBbut®Rao e taR! of emulsion to 100 volumes of crude

to be treated, preferably 0.5 to 5 volume of emulsion to 100 volumes of crude or

fraction thereof to be treated, holding the crude or fraction thereof to which the
water-in-oil emulsion has been added at a temperature sufficient to promote
interaction between the alkaline earth metal hydroxide and the naphthenic acid
in the crude to be treated, preferably between ébout 20°Cto 150°'C, more
preferably betweeh about 20°C to 100°C most preferably between about 20°C
to 60°C for a time sufficient for the partial or complete neutralization of the
naphthenic acids contained in the crude to be treated by conversion of the
naphthenic acids into alkaline earth metal naphthenic salts which remain
dissolved in the crude oil, e.g., at least about 30 minutés, preferably at least
about 1 hour, more preferably at least about 2 hours, still more preferably at least
about 4 hours. The treated crude without the addition of a demulsifier can then

be passed for further processing using standard techniques in the refinery. It can



between about 1 to 10 m mxing the water-in-oil

emul sion with the crude to be treated in a ratio of
wa@abman3i2 to 10 volune of enul sion to 100 vol peEESNS/030800

crude to be treated, preferably 0.5 to 5 vol une of

emul sion to 100 vol unes of crude or fraction thereof

to be treated, holding the cgude or fraction thereof

to which the water-in-oil enul sion has been added at a

tenperature sufficient to prom)te i nteraction between
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are distributed through a wide range of boiling points

(i.e., fractions) in acid contain
[0017] 'Corrosive, acidic crudes, i.e., those containing naphthenic acids alone

or in combination with other organic acids such as phenols may be treated

according to the present invention.

[0018] The acidic crudes are preferably whole crudes. However, acidic
fractions of whole crudes such as topped crudes and other high boiling point
fractions also may be treated. Thus, for example, SO0°F (260°C) fractions,
650+°F (343*°C) fractions, vacuum gas oils, and most desirably 1050*+°F

(565+°C) fractions and topped crudes may be treated.

[0019] The process of the present invention has utility in processes in which
inhibiting or controlling or removing oil soluble contaminants present in crude
oils or fractions thereof, is desired. The reactive contacting method exploits the

very large interfacial area characteristic of the fine water-in-oil emulsion and the



ing crudes. The present invention provides a nethod
for broadly renoving such acids, and nost desirably
wo eaaokigayi er (hi gher boiling point) and |i quiBCT/US2005/030800

fractions in which these acids are often concentr at ed.
The napht henic acids nmay be present either alone or in
conbi nation wth other orga&ic aci ds, such as phenols.
[0017] Corrosive, acidic crddes, i.e., those

cont ai ni ng napht heni c acids al one or in conbination

wi th other organic acids such as phengls nm
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determined by a decrease in the neutralization number or in the intensity of the
carboxyl band in the infrared spectrum at about 1708 cm-l. Crude oils with total
acid numbers (TAN) of about 1.0 mg KOH/g and lower are considered to be of
moderate to low corrosivity (crudes with a TAN of 0.2 or less generally are
considered to be of low corrosivity). Crudes with total acid numbers greater

than 1.5 are considered corrosive. Acidic crudes having free carboxyl groups
may be effectively treated using the process of the present invention. The IR
analysis is particularly useful in cases in which a decrease in neutralization

number is not evident upon treatment with the base as has been found to occur

upon treatment with bases weaker than KOH.

[0021]  The crudes that may be used are any naphthenic acid-containing crude
oils or fractions thereof that are liquid or liquefiable at the temperatures at which

the present invention is carried out.



typically, as evidenced by a decrease in the
neutralization nunber of an acidic crude or fraction

wo besesiis3zwoul d be beneficial. [0020] The conceptT/E510051030800
of acid in the crude oil is typically expressed as an
acid neutralization nunber or acid nunber, which is
the nunber of mlligrams of jOH required to neutralize
the acidity of one gramof oil. It may be determn ned
according to ASTM D-664. Typically, the decrease in
acid content may be determ ned by a decrease in the

tralizatj,on nugber or_Jin the,intensi f -
(03 o S MRcerRrvile s SasscbfiR dreflhed tixgyied
cruﬁgﬁ.l' Crude oils with total acid nunbers (TAN) of
about 1.0 ng KOH g and | ower are considered to be of
noderate to | ow corrosivity (crudes with a TAN of 0.2
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magnesium preferred, and calcium most preferred.

[0024] Contacting can be at any convenient temperature sufficient to facilitate
reaction between the alkaline earth metal hydroxide and the acidic component in
the crude or fraction thereof to be treated, typically about 20°C to 150°C,
preferably about 20°C to 100°C, more preferably about 20°C to 60°C.

[0025] In the practice of the present invention use is made of one or more
alkaline earth metal hydroxides in the form of a solid in water slurry. Insofar as
the aqueous slurry is then utilized as a water-in-oil emulsion which has an
aqueous droplet size in the range of 0.5 to 50 p, preferably 1 to 25 p, more
preferably about 1 to 10 p, it is desirable that the alkaline earth metal hydroxide '
employed be in the form of a fine powder of a particle size in the range of and
preferably smaller than the average aqueous droplet size in the water-in-oil

emulsion.



"above", "greater than" or "in excess of
stoichionetric are defined in relation to the

w0 o00egei4By, as is the term "substoi chionetri c"PCT/US2005/030800
Subst oi chi onmetric ranges fromO0.025:1 noles up to a
stoi chionetric anmount, preferably 0.25:1 to | ess than
0.5:1 (i.e., a stoichionetrijg_anmount) for Goup HA
Greater than stoichionetric can range up to 10:1 noles
preferably up to 5:1. In the present process, however,
preferably a stoichionetric to substoichionetric
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i nvention use is nade of one or nore alkaline earth-

(0072l Thedwaier deoil émtiRford Brioraéd dysogordusly midiag the aqueous
slurry. Insofar as the aqueous slurry is then utilized :
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aver age aqueous droplet size in the water-in-oil, .
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contai ns about 5 to 45 vol % of unous al kal.i n ea&th
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preferably 1 to 25 p, more preferably 1 to 10 p range.

[0028] While all emulsions reported in the examples herein were made in the
laboratory at room temperature and pressure, any combination of temperature
and pressure may be employed so long as droplets of the above recited size are
obtained. High shear rotor-stator mixers appear to provide adequate droplet size
for the viscosity range of most crudes at ambient temperature, however, for the
higher viscosities, using elevated temperature would be advantageous to produce

droplets of the above recited size.

[0029] The hydrocarbon oil which is employed in the production of the
water-in-oil emulsion can be any hydrocarbon or petroleum oil having a boiling

point, viscosity, miscibility, etc., compatible with the crude oil or fraction



concentration is economcally preferable while
mai ntaining a water-in-oil emulsion to permt

wenbsesdent bl ending with a | arge vol unme of uneCEES®O5/030800
crude. [0027] The water-in-oil enulsion is forned by
vigorously m xi ng the aqueous al kaline earth netal
hydr oxi de slurry with the hﬁgrocarbon phase to produce
an enul si on wherein the aque6is droplet size is about
0.5to 50 m preferably 1 to 25 m nore preferably
about 1 to 10 m This vigorous mxin
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amount of emulsion is used such that the alkaline earth metal hydroxide content
is about 0.375 to 0.5 mole of metal per mole of acid to be neutralized. Operation
at substoichometric concentration increases the likelihood if not ensuring the

preferred condition that no unreacted alkaline earth metal hydroxide remains in

the treated crude oil.

[0032] The mixing of water-in-oil emulsion and crude or fraction thereof to
be treated is conducted under conditions to insure a complete and thorough
blending of water-in-oil emulsion and the crude or fraction thereof to be treated.

This step involves macro-mixing rather than a more intense micro-mixing.

[0033] While a separate mixing of the mixture can be practiced during the

standing or holding period, it is preferred that no extraneous mixing be



is to be treated are m xed at about 0.2 to 10 vol %
preferably about 1 to 5 vol % enul sion added to the
we@ewde3adt or fraction thereof to be treated. AEEUS2005/030800
anount added depends on the basicity of the enul sion
and the acidity of the crude or fraction thereof to be
treated. [0031] In determ n%gg t he anount of enul sion
which is to be conbined with"the crude or fraction
thereof to be treated the al kaline earth netal
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practiced at the well head or near the production facility. If the crude is to be
pipelined over a distance even the holding time experienced in the pipeline
during transit by the water-in-oil emulsion plus crude oil or fraction thereof to be

treated may be sufficient to insure adequate reaction time and the desired level

of neutralization.

[0036] A further advantage of treatment in crude storage tanks or upstream
(well head, pipeline, etc.) is that contaminants in the added alkaline earth metal
hydroxide, which are inevitably present in commercial grades of such materials,
or unreacted alkaline earth metal hydroxides can be effectively removed in the
normal desalting operation in the refinery. Modern desalters can efficiently
remove undissolved, unreacted particulates into the desalter waste water thereby
preventing potential downstream deposition and fouling in process equipment

such as heat exchangers, furnaces, tower internals, etc.



[0034] The m xture of the water-in-oil enulsion and

the crude or fraction thereof to be treated is
w@eooaiost4erl to stand for a tine sufficient to peenUB2005€30800

desired partial or conplete neutralization of the oi

to be treated. Wen a substoichonetric anount of

al kaline earth metal hydroxige is enployed the holding

time enployed is typically that necessary for the

conpl ete consunption of the al kaline earth netal

hydr oxi de. Hol ding tines on the order of at | east

referabl at |.east
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use of any added demulsifier.

EXAMPLES

Example 1

[0039] 1-5 um droplet size (Ca(OH)2-slurry-in-crude emulsion was prepared
in the lab by mixing 5 gm Ca(OH)2, 20 cc H20 and 140 cc Gryphon crude in a
beaker with a 19000 rpm batch single stage rotor/stator blender at room

temperature.

[0040] Stoichiometric amount of Ca(OH)3 slurry-in-oil emulsion (29.5 ml)
was then blended with (440 ml) Gryphon crude (volumetric ratio of 6.7%) and

allowed to sit overnight at room temperature in a 2” d x 10” h graduated cylinder

simulating ambient temperature crude storage tank conditions. A similar



such as heat exchangers, furnaces, tower internals,

etc.[0037] Intense or extraneous m xing during the
wet@ndsnagl hol di ng stage is not needed. Becauserof/Us1ve5/030800

smal | aqueous dropl et size, the aqueous phase remains

distributed in the oil continuous phase for a |ong

tinme. Settling occurs very_ ggmAy and the smal

droplets also provide a very large interfacial surface

area for mass transfer and reaction. The acidic

species, e.g., naphtheni¢ acj i n.the crude or
experiaeantovas dateawith (haderpdeat i@” Cisippylaing ﬁﬁ‘&ﬁ&jﬂ Storasg;tank

g(g he surface of the aqgueous droplets there '
m:é% acting the dissolved al kal i ne earth netal

hydr oxi de. Reaction of the acid and the al kaline earth
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sufficiently long holding or contacting time but it is
datdpr e desirable to use substoichonetric amounts of

al kaline earth nmetal hydroxide to achieve partia

lization and consune all of the alkaline earth

El#@#%ifhydroxide in the slurry. Further handling of the

m xture i s acconpli shed vv'ithot he need,for the use
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equivalent to 100% TAN neutralization was dispersed in the crude oil

(separately Gryphon and Chad) by moderate hand shaking for less than 15
seconds. The mixture was allowed to stand overnight in a tall vessel (H/W ~ 6)
with periodic sampling of the crude mixture. Summarized below is the effective

TAN reduction vs. time for both Gryphon and Chad crudes:



allowed to sit overnight at roomtenperature in a 2" d
x 10" h graduated cylinder sinulating anbi ent

WO eoop@s@aBur e crude storage tank conditions. A PCT/US2005/030800
sim | arexperinent was done with Chad crude at 50C
simulating a heated storage tank at 50C. [0041] TAN
anal ysi s next norning shovve%?S% and 76% TAN reducti on
respectively for two repeated experiments. The cal cium
anal ysis of the crude showed 80% TAN neutralization
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room tenperature Ing tine as
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snal [ drop size water-in-oil enulsions giving a water
dropl et size distributi on of 1 to 10 m A‘N‘Ne gﬁzed
occasi i)nal .droplets 25 m rons. nt) *
a th emul t to
neut R ion was dispggseg in the crude %
(separatt“;% Gryphon andeHChad) by noderate ﬁgdg}g shaki ng
for Webbowwan 15 second$1.7%e nixture was af3. 6%d to
st an rnight in a tall, vessel (HLV~ 6)
peri 3&1’@%%1npl i ng of th(j de mi xture. f%ﬁed-
below is the effective TAN reduction VS. t| me for both

h d_Chad crud N = 3.14
(b)atéﬁaﬁéri‘é‘mmﬁa@é&ﬁﬁ@éa& &@Ptﬁﬁatfr peihigsipkol Bpleits

ol o LRy .

st A 2htided
SuRp ey @%T%ﬁ“%%%‘?#lzf%%ﬂ@‘?ﬁé‘“c‘i@% ¥ 15

hours 66.2% 66.2% 4.0 hours 71. 7% 73. 6%TAN Neutralized

Settling Time TAN Neutralized (as Ca content) **
1.5 hours 54.3% 54.8%
4.0 hours 64.5% 66.1%
8.0hours 71.8% 70.8%
21 hours 73.5% : 76.7%

* Corrected for inherent calcium content of 41 ppm

** Corrected for inherent calcium content of 435 ppm



16 hours 77.1% 79.4% (b) Chad Crude (TAN = 4.22) at
500C (hot water bath) using 1 to 10 mdroplets: 39.7
waorkooe03sul si on added to 440 m of Chad crude PCT/US2005/030800
(volunetric ratio of 9.03% to achieve full
stoichionetric neutralization. TAN Neutralized
Settling Time TAN Neutrali ;§2_(as Ca content) ** 1.5
hours 54. 3% 54.8% 4.0 hours 64.5% 66. 1% 8.0 hours
71.8% 70.8% 2 1 hours 73.5% 76. 7% * Corrected for
i nherent cal ciumcontent of 4 1 ppm** Corrected for
CLAMSent cal ci um content of 435 ppnCLAI MG 1. A
process for reducing the acidity of an acid containing
crudq. coppedess fgr redagingahe ncidityaf amcacéd uentairkag icnede
earth metal hydroxide solution or slurry; (b) formng
compmamgr - i n-oi | emul si on of the aqueous al kaline earth
nmet al hydroxide solution or slurry in a hydrocarbon
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m (c) mxing the water-in-oil enmulsion with the acid

(b)C f¥n@h Biangater-isloillcanieidn’ sfxthe dqueowalRalntéarsv afetdlhat
the alkaline earth netal hydroxi de content of the

ahpdixide sanios bosluagdiac hydrgearbonmargersil,dhe maserein-¢id
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e
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quT}-ity of crude or fraction thereof to be treated.

(c) mixing the water-in-oil emulsion with the acid containing crude to be treated
in an amount such that the alkaline earth metal hydroxide content of the
amount of emulsion added ranges from substoichiometric to in excess of the
stoichiometric amount of metal needed to neutralize the total acid content of

the quantity of crude or fraction thereof to be treated.

(d) holding the mixture at a temperature and for a time sufficient to effect the
desired level of neutralization of the crude or fraction thereof to be treated;

and

(e) passing the treated crude or fraction thereof on for further processing.

2. The process of claim 1 wherein the water-in-oil emulsion has an

aqueous phase droplet size of between about 1 to 25 p.

3. The process of claim 1 wherein the water-in-oil emulsion has an

aqueous phase droplet size of between about 1 to 10 p.

4. The process of claim 1, 2 or 3 wherein the mixture of water-in-oil
emulsion and crude or fraction thereof to be treated is held at a temperature

between about 20°C to 150°C.



(d) holding the mxture at a tenperature and for a
time sufficient to effect the desired | evel of
woewbnad4dzat i on of the crude or fraction therepdT/U82008030800
treated; and (e) passing the treated crude or fraction
thereof on for further processing. 2. The process of
claim1 wherein the water-ipnsoil enulsion has an
aqueous phase droplet size of between about 1 to 25 m
3. The process of claim1l wherein the water-in-oil
enmul si on has an aqueous phase dropl et size of betmeen
about 1 to 10 m 4. The process of claiml1, 2 or
wher 8i nThéprovess of elagh watas3- whergin t}@m@ll%ofaWéteéﬂﬂﬂ)él
or fractlon thereof tg be_.treat ed
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is held at a tenperature between about 200C to 100C.
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of ter-i erru sion and crude or fraction thereof

emhRidifardd &%U@%r'fﬁadﬂﬂndhafeoﬁtd pepesntetl s heldedtertempebatute
20C to 600C. 7. The process of claim1, 2 or 3 wherein

bettveen mbaat2Q°(Hfo G er-i n-oi | enul si on and crude or
fraction thereof to be treated is held for at |east 2
hours. 8. The process of claim1, 2 or 3 wherein the
aquedusTh¢ pmqeaseoéalmm In2tca13 Whenedk theemasrg Pgwatﬁr -In-oil
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having a particle size in the range of the subsequent

aver queous dy opl Z

enul he Broc?ﬁ%oéglgvpslo ot CYV ltr% tﬁlgaécg’{eog °% allmﬁ garth
meld! ?xyﬁl‘&éhé B6luEBhid? siBRls prepared by mixing a fine powder of
alkaline earth metal hydroxide into water, the fine powder having a particle size

in the range of the subsequent average aqueous droplet size in the water-in-oil

emulsion.

9. The proviso of claim 1, 2 or 3 wherein the alkaline earth metal

hydroxide is calcium hydroxide.

10. The process of claim 1, 2 or 3 wherein the water-in-oil emulsiqn
comprises about 5 to 45 vol% of aqueous alkaline earth metal hydroxide solution

or slurry to hydrocarbon carrier oil.

11. The process of claim 1, 2 or 3 wherein the mixing of the water-in-

oil emulsion and the crude or fraction thereof to be treated is in a tank.
12. The process of claim 11 wherein the tank is in a tanker.

13. The process of claim 11 wherein the tank is a crude storage tank.
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17. The process of claim 1, 2 or 3 wherein the water-in-oil emulsion
and the crude or fraction thereof to be treated is mixed at a ratio of about 0.2 to
10 volumes of emulsion to 100 volumes of crude or fraction thereof to be

treated.



