WO 01/53431 PCT/ US01/ 01257 CO2 TREATMENT TO REMOVE ORGANI CALLY BOUND METAL
| ONS FROM CRUDE BACKGROUND COF THE | NVENTI ON The present i nvention rel ates
to a pro Jemove certain organically bound netal rude
oil. Basﬁ@éﬁe%ﬂ?s such as cal cium when present in crudes €§H§¢ 9

fouling of heaters and heat exchangers and poi son catal ysts used |n crude
processi ng. Wien present as inorganic salts, e.g., chlorides, usually in an

oi | - encapsul ated wat er phase, the salts can hydrolyze to rel ease corrosive
mneral acids. Su€OsAREABMENTSIQRENOVE ORVANIDALEYi nery desal ters.
However, oil-sol ubl e nmetgrhysa MEBNENRSS FRAMINERAISGE are not renoved by
conventional desalting. Therefore, oil-soluble, basic netal-rich crudes
are less valuable than crudes with |ow | evels of such nmetals. A process
for metal_ian rermval enabl es the i ncrease of the value of such crudes.
Hung et dPACKGROUNDOBAHEINMENTION, the presence of hydrogen to renpve
oi |l -sol ubl e cal ciumfrom hydrocar bon feeds (U. S. Patents 4,741, 821,
4,830,736, 5,102,852). Reynolds et al. renoved cal ciumand/or iron from
hydr ocar bon feed?h&%f@k@nﬁﬁw@ﬂﬁén pé]@t%@tdr&w@ce@m@f&ﬁo@e%atﬁﬂd/ or salt
solutions of hydroxycarboxylic acids (U'S. Patent 4,778,589),

am nocar hogyicallwbouisd methl SonPabentrude 618, 590; 4, 778, 592), carbonic acid
(U . S. Patent 4,778,591), dibasic carboxylic acids (U S. Patent 4,853, 109),
and nonobasi c carboxylic acids (U S. Patent 4,988,433). These chemi cal
treatnments all

r 894k idaRuch as calcium, when present in crudes can lead to
fouling of heaters and heat exchangers and poison catalysts used in crude
processing. When present as inorganic salts, e.g., chlorides, usually in an oil-
encapsulated water phase, the salts can hydrolyze to release corrosive mineral
acids. Such salts are customarily removed by refinery desalters. However,
oil-soluble metal salts such as naphthenates are not removed by conventional
desalting. Therefore, oil-soluble, basic metal-rich crudes are less valuable than
crudes with low levels of such metals. A process for metal ion removal enables

the increase of the value of such crudes.

Hung et al. used fixed bed catalysts in the presence of hydrogen to
remove oil-soluble calcium from hydrocarbon feeds (U.S. Patents 4,741,821,
4,830,736, 5,102,852). Reynolds et al. removed calcium and/or iron from
hydrocarbon feeds to an aqueous phase using aqueous acid and/or salt solutions
of hydroxycarboxylic acids (U.S. Patent 4,778,589), aminocarboxylic acids
(U.S. Patent 4,778,590, 4,778,592), carbonic acid (U.S. Patent 4,778,591),
dibasic carboxylic acids (U.S. Patent 4,853,109), and monobasic carboxylic
acids (U.S. Patent 4,988,433). These chemical treatments all required pH
adjustment to greater than 2, preferably between 5-9 along with a commercial
demulsifier in order to overcome the problem of emulsion formation. In another

approach, Eckerman et al. (Chem. Eng. Technol. (1990), 13(4), 258-64) and



adjustnment to greater than 2, preferably between 5-9 along with a
commercial denulsifier in order to overcone the probl em of emulsion

formation. |n_another approach, Eckerman et al. (Chem , | .
(1990), IW34J58-64) and WO 01/53431 PCT/ USO1/ 01257 -5%&(}%?@?‘2%? Chem

Soc. Div. Fuel Chem, (1985) 30(3), 48, 148a, 149, 149a, 150-3) reported
on the use of supercritical CQ2 fluid to deasphal tene heavy oils

acconpani ed by sonme renoval of only porphyrin nmetals (Ni, V) associ ated
with thBudsphal CGheas .SotsDindwel Chetrnod@88k30Bedl 48, 188 149 14Saypercriti cal
CO2 has different properties and different separation selectivity from
aqueous BX%®3) renosiedign theuse of spesrerttigal Iﬂ@gffcbqlpa(sppgtengé}epgy ofls. 961, 816,

WO 98 14534, pub).ished ril 9,.1998), oil-sol ub | ci um renmoyal was
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for renoyi il - . : o f es and
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denul si fer : Sk iknkal: f S i on.
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Appl i Can}%ﬁ)lﬁ%\é@ iraQV OBy odl-gvlablesaldiemrrenovel was effectedWith Cloar ged,
organically bound nmetals froma petroleumfeed. One enbodi nent 1 ncludes the

st eps of whertmeviatey wdseadded r dhéumedtaredt ataiaing el afuid coibgithaseand0C and

200C and aut ogenous pressure with an effective anount of an aqueous
sol ut i onresalts in the formation of solid CaCO3 enabling separation from the o1l phase.

It would be desirable to develop a process for removing oil-soluble
metals such as calcium that addresses and overcomes the problem of emulsion
formation without the need to add demulsifier agents and agents to maintain the

pH of the solution. Applicants’ invention addresses these needs.

SUMMARY OF THE INVENTION

Applicants have discovered a process to remove +2 ionically charged,
organically bound metals from a petroleum feed. One embodiment includes the
steps of contacting the petroleum feed at a temperature between 40°C and 200°C
and autogenous pressure with an effective amount of an aqueous solution of

CO» under conditions sufficient to minimize the formation of a crude oil in

water emulsion to produce a treated crude having a decreased metals content.

The aqueous CO» solution is formed by dissolving an effective amount of CO;

in water.

A volume ratio of water to organic phase of greater than 2:1

eliminates emulsion formation. An acidic pH is produced by the addition of the



C3®2 under conditions sufficient to mnimze the formation of a crude oil in

wat er enul sion to produce a treated crude having a decreased netals
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The present invention may comprise, consist or consist essentially of

the steps recited herein.

DESCRIPTION OF THE PREFERRED EMBODIMENT

One embodiment of the present invention is a process to remove +2
ionic charged metals from a petroleum feed by adding aqueous carbon dioxide,

i.e., a solution formed by dissolving CO> in an effective amount of water, to a
+2 metals-containing petroleum feed in a ratio of aqueous CO; to petroleum
feed effective to avoid emulsion formation. The COj typically is added in the

form of dry ice in water.

In another embodiment, CO» in a liquid or gaseous form is used to
make the aqueous solution. In another embodiment, the aqueous CO; solution is

made in situ by combining stepwise the petroleum feed with water and solid

carbon dioxide. In another embodiment, CO, is added to the crude and then

water is added. In another embodiment, the petroleum feed is added to the

aqueous CO7 solution. In another embodiment of the present invention the CO)

and water are co-added with the petroleum feed forming aqueous CO3 1n situ.

-3 C02 dissolved in a

In a preferred enbodi ment the oil-soluble

The

di ssolving CO2 in an effective anpunt of water,



I n anot her enbodinent, CO2 in a liquid or gaseous formis used to meke the
aqueous solution. In another enbodi nent, the aqueous CO2 solution is nade

in situ i.ni ng stepwi se the petroleumfeed with wat id
car bon d%)?iq)?iggsrn anot her enbodi nent, CO2 is added to thgéy?g éﬁggd t hen

water is added. In another enbodi nent-4-the petroleumfeed is added to the
aqueous CO2 solution. In another enbodi nent of the present invention the
CO2 and water are co-added with the petroleumfeed form ng agueous CQ2 in
situ. WO Do salyge pomoky1rtaar? as spectied Peloyre The ahoise &f themetodar e as

S uat | orfoAna e BT ST 8B e /Rt B PERRRR BIbAR. of “uat e

used in the process of the present invention is in excess of that naturally
occurring in the petroleum feed. The volune ratio of water to petrol eum

feed is preferabTheamamint bf watergrsedirethetgracesd:of therpreseptriaf entioradsliy bet ween
2:1 and 10:1, npst preferably between 2:1 and 5:1. The nolar ratio of C02
to netal §%6Ass ¢isthat patarally gccheingBnths potreleymy feed; Thepyalupiedpte bl y  bet ween

200: 1 and_10:1. Th i . ubl I be r j.ncl ude up Ila
recai s OPhE petedeBineRd ¢ el Yedab ) MR BRRR 2 Bl
parti cul ajyly betwde@rd:aahd 10NE Bt Préfetdb]P BetvdiER\ el afBY : DeThe nfdyer al  f or s,
i ncl udi ng napht henat es and phenol ates.” The reaction is carried out in any
sui t abl e mtaof&¥Q7 ¢ metalapnsastpoefesaldy batven Hik bgedduls moregwafesablhe
t enper atures shoul d be hi ?h enough to permt

between 200:1 and 10:1.

The oil-soluble metals to be removed include Group Ila metals,
notably Ca and Mg, as well as Zn, Fe and Mn. Calcium is particularly
important. The metals to be removed may be in several forms, including

naphthenates and phenolates.

The reaction is carried out in any suitable reactor, e.g., an autoclave
under autogenous pressure. The temperatures should be high enough to permit
easy stim’ng of the crude. The reaction temperature is typically from 40°C to
200°C. The reaction probably occurs as follows in the petroleum feed, using

calcium as an example:

(RCOO)yCa + 2CO9 + 2H>0 — 2RCOOH + Ca (HCO3))

wherein R is any suitable organo or hydrocarbyl group present in the feed, as is

known to those skilled in the art.

Applicants’ process provides an advantage in comparison to prior art

processes in that by mixing the petroleum feed with CO7 and water (i.e., as an
aqueous CO2 solution) rather than CO5 as basic salts of carbonic acid, the need

to control the pH by treatment with agents is avoided, and the need for addition



easy stirring of the crude. The reaction tenperature is typically from 40C
to 200C. The reaction probably occurs as follows in the petrol eum feed,

using calciumas an exanple: (RCOO 2Ca + 2CQ2 + 2H20 -* + ga
(HoB) 2 WRPEPHPR is any suitabl e organo or hydrocar byl g?%iﬁsgﬂ/rogé nt in
the feed, as is known to those skilled in the art. Applicants' process
provi des an advantage in conparison to prior art processes in that by
m xing the petroleumfeed with CO2 and water (i.e., as an aqueous CQ2

sol ut i onpfratchaulsifieas «iffinatdmsiacthsgiroceseininanizentte @mobtbm phe need to
control the pH by treatnent. with agents is avoided, and the need for

addi t | on CRSIon SumAaRCRY UEieg/RdNgRSF Vol Fako QEHGIES P POl fSe nat ed
since the process mnimzes the problemof enulsion formation by using a
hi gher volune ratio of water to petroleumfeed. The process produces a

treated petrol eunhd pRideédprodfc@sEepitb@beRbRAAL Re@lin BiBIESEARal DR8I on and
w thout the need for using an agent to reacidify the solution. This

i nvent i onfiemytsion ifowhatidnyandawithontehemeed forcusing amagénito ceacddify the processed
in a corrosion-resistant environnment, where the increase in acidity
accorrpan?Ph’é‘OPhe process of the present invention is not a drawback. The
follow ng exanples illustrate the invention. Exanple 1 The reaction
apparatus was a 300-ml Parr autoclave, equipped with

This invention is particularly valuable when a calcium-rich crude is

processed in a corrosion-resistant environment, where the increase in acidity

accompanying the process of the present invention is not a drawback.

The following examples illustrate the invention.

Example 1

The reaction apparatus was a 300-ml Parr autoclave, equipped with
stirrer. 25 g of Kome 6/1 crude were put into the autoclave. The crude
contained 930 ppm of calcium, 42 ppm of manganese, 935 ppm of potassium
and 13 ppm of sodium. 100 ml of water and 2.5 g of solid carbon dioxide (dry
ice) were added, then the autoclave was closed rapidly and heated to 80°C with
stirring. After 24 hours the autoclave was cooled and opened. The contents
were transferred to a separatory funnel. The oil phase was heated to about 50°C
and centrifuged to remove residual aqueous phase. Then the oil was analyzed
and found to contain 67 ppm of calcium, 7 ppm of manganese, 164 ppm of

potassium and 6 ppm of sodium.

The aqueous phase was evaporated to dryness, the residue was heated
at 100°C for 3 hours. X-ray examination showed that it consisted mostly of

calcium carbonate (calcite), with some potassium chioride.



stirrer. 25 g of Kone 6/1 crude were put into the autoclave. The crude
contai ned 930 ppm of cal cium 42 ppm of manganese, 935 ppm of potassium

and 13 p&gg\%?%gdi um 100 m of water and 2.5 g of solid %?@’8%38%9“ de

(dry ic added, then the autoclave was cl osed rapi eated to
80C with stirring. After 24 hours theg_.autocl ave was cool ed and opened. The
contents were transferred to a separatory funnel. The oil phase was heated
to about 50C and centrifuged to renove residual aqueous phase. Then the
oil was analyzed and found to contain 67 ppm of calcium 7 ppm of
manganese, 164 ppm of potassiumand 6 ppm of sodium The aqueous phase was
evaporatMéjness, the residue was heated at 100C for 3 hours. X-ray
exam nation showed that it consisted nostly of cal cium carbonate
(calcite), with sone potassiumchloride. WO 01/53431 PCT/USO /01257 -6-

Exanpl e 2 The reqgt ir@a[btﬁ%%?ﬁ%éﬂés %§tﬂehs%n§ea£§ein5!§xdrﬂ§1§x1‘?‘% g otK#ge 9 of Kome
6/1, 100 mM of water and 0.25 g of solid carbon dioxide (dry ice) were put

into they/aut@idwod wattn atd MWAS gt dfesolidapartsinydiok akeqdrain) wereght itte 80C wi t h
stirring. After 24 hours the autoclave was opened and the contents were
put into the sBjpslancoiighwas thenmapiddy clospd and Reeughi 40 $Od WHHESHBREd t o
contain 3 |.Ci pot assi um and
3 ppm of Abet TihShes B aflodihe e ARl SHE IR REs Wit ML Ro AT 221
Exanpl e lsepgratérydunK&IMEThe oil phase was analyzed and found to contain 311 ppm of

calcium, 31 ppm of manganese, 130 ppm of potassium and 4 ppm of sodium.

Example 3

The reaction apparatus was the same as in Example 1. 25 g of Kome
6/1, 100 g of water and 5 g of solid carbon dioxide (dry ice) were put into the
autoclave, which was then quickly sealed and heated to 80°C with agitation.
After 24 hours the autoclave was cooled and the contents were transferred to a
separatory funnel. The oil phase was centrifuged to remove residual aqueous
phase, then analyzed. It contained 50 ppm of calcium, 2.3 ppm of manganese,

195 ppm of potassium and 5.5 ppm of sodium.

Example 4

The reaction apparatus was the same as in Example 1. 33 g of Kome
6/1, 100 g of water and 3.3 g of solid carbon dioxide (dry ice) were put into the
autoclave, which was then quickly closed and heated to 80°C with agitation.
After 24 hours the autoclave was cooled and the contents were transferred to a
separatory funnel. The oil phase was centrifuged to remove residual aqueous
phase. The oil phase contained 90 ppm of calcium, 4.7 ppm of manganese,

180 ppm of potassium and 3.3 ppm of sodium.



6/1, 100 g of water and 5 g of solid carbon dioxide (dry ice) were put into
the autoclave, which was then quickly sealed and heated to 80C with
agitatio ter 24 hours the autoclave was cool ed and the con S were
transferS% 0@%‘§ separatory funnel. The oil phase was<uﬁﬁvy$ﬁé§%;to
remove residual aqueous phase, then_analyzed. It contained 50 ppm of
calcium 2.3 ppm of nmanganese, 195 ppm of potassiumand 5.5 ppm of sodi um
Exanpl e 4 The reaction apparatus was the sane as in Exanple 1. 33 g of Kone
6/1, 100 g of water and 3.3 g of solid carbon dioxide (dry ice) were put
into the autoclave, which was then quickly closed and heated to 80C with
agitatioﬁﬁgmmﬂgér 24 hours the autoclave was cool ed and the contents were
transferred to a separatory funnel. The oil phase was centrifuged to
remove residual aqueous phase. The oil phase contai ned 90 ppm of cal cium

4.7 ppm of mangamgs eeacti8h agpamaais WA B Shid ANH Ekadiple M a3 sefikeme WO
01/53431 PCT/US01/ 01257 -7- Exanple 5 The reaction apparatus was the sane

as i n Exa&thl W)01ml 88 watarfanddne g of/sblid tatbom diokidedtier icahsvefe pugingd theol i d

carbon dioxide (dry ice) were pyt jntg t ayt ocl ave, which was then
rapi dly @uicdayeandueh ¥iggten gpPEErC sef aggﬁmgﬁﬁ.to SH7C DS < ¢ ho

| ' f |
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of manganesfratdry famhe]0ThHeWiPsisdsd WaNthaB8d RRE8hnd &t stithin 33 ppm of

calcium, 1.4 ppm of manganese, 67 ppm of potassium and 3.6 ppm of sodium.

Example 6

The reaction apparatus was the same as in Example 1. 33 g of Kome
6/1 and 33 ml of water were mixed at room temperature. An emulsion formed.
The emulsion along with 66 ml of water and 6.6 g of solid carbon dioxide were
put into the autoclave, which was then rapidly closed and brought to 80°C with
stirring. After 24 hours the autoclave was opened and the contents were put into
a separatory funnel. The initial emulsion had been broken. The oil phase was
analyzed and found to contain 17 ppm of calcium, 2 ppm of manganese, 79 ppm

of potassium and 5 ppm of sodium.

Example 7

The reaction apparatus was the same as in Example 1. 100 g of Kome
6/1 and 20 ml of water were mixed at 60°C overnight. An emulsion formed.
41.25 g of the emulsion along with 90.75 ml of water and 6.6 g of solid carbon
dioxide (dry ice) were put into the autoclave, which was then rapidly closed and
brought to 80°C with stirring. After 24 hours the autoclave was opened and the

contents were put into a separatory funnel. The initial emulsion had been



Exanpl e 6 The reaction apparatus was the same as in Exanple 1. 33 g of Kone
6/1 and 33 m of water were m xed at roomtenperature. An enul sion forned.

The emul gj 0 ng with 66 m of water and 6.6 of soli | oxi de
wer e quQQfsgi"’?he aut ocl ave, which was then ragi dly cl o&ggﬁsﬁgegg%ught to
80C with stirring. After 24 hours thg.autocl ave was opened and the
contents were put into a separatory funnel. The initial emulsion had been
broken. The oil phase was analyzed and found to contain 17 ppm of cal cium
2 ppm of brekgarEseoil phappwas ahalpptdasd fovmdrd chn@pmBdfppsodf catcivdxaifpl e 7 The

reaction apparatus was the sane as in Exanple 1. 100 g of Ko 6/ 1 and 20
m of wathPm EMAngRness. 520 BP@ FRARSHHR and§ RRR O 58 Uflbrﬁé%ﬁlgﬁéﬁ 25 g of

t he emul si | on i.t.h ' f i - LI on

di oxi de ( Tﬁ}:oevﬁ theldr tlcﬁﬁ‘?y gﬁlflé(}hg %ewé*g’{'g‘éﬂdg\%}‘ﬁ%gi‘%h&&gﬂfhgrf ?g%i dly

cl osed aggewgﬂgﬁgﬂﬁohqbﬁﬁgﬁdﬁjI1 stirring. After 24 hours the autocl ave was
opened and the <contents were put into a separatory funnel. The initial
enul si on had been WD 01/53431 PCT/US01/01257 -8 broken. The oil phase was
anal yzed and found to contain 81 ppmof calcium 15 ppm of nmanganese, 120
ppm of pdtxa@ples and 6 ppm of sodium Exanples 6 and 7 show the
criticality of using a water:crude volune ratio of at least 2:1 to prevent
enul sion formation. Exanple 8

The reaction apparatus was the same as in Example 1. 33 g of Kome
6/1, 100 ml of water and 6.6 g of solid carbon dioxide (dry ice) were put into the
autoclave, which was then rapidly closed and brought to 80°C with stirring.
After 2 hours the autoclave was opened and the contents were put into a
separatory funnel. The oil phase was analyzed and found to contain 93 ppm of

calcium, 2.7 ppm of manganese, 215 ppm of potassium and 10 ppm of sodium.

Example 9

The reaction apparatus was the same as in Example 1. 21.2 g of
Kome 6/1, 3.8g of Bolobo 2/5 (containing 33 ppm of calcium, 12 ppm of
manganese, 133 ppm of potassium and 16 ppm of sodium), 100 ml of water and
2.5 g of solid carbon dioxide (dry ice) were put into the autoclave, which was
then rapidly closed and brought to 80°C with stirring. After 24 hours the auto-
clave was opened and the contents were put into a separatory funnel. The oil
phase was analyzed and found to contain 36 ppm of calcium, 4.5 ppm of

manganese, 44 ppm of potassium and 4.5 ppm of sodium.

Example 10

The reaction apparatus was the same as in Example 1. 25 g of Kome

6/1 and 100 g of water were put into the autoclave. 5 g of solid carbon dioxide



The reaction apparatus was the same as in Exanple 1. 33 g of Konme 6/1, 100
m of water and 6.6 g of solid carbon dioxide (dry ice) were put into the

aut ocl av%%mgstg‘%ems then rapidly closed and brought to %@%{}@lﬁgl rring.

After 2 aut ocl ave was opened and the contents I'nto a
separatory funnel. The oil phase was .anal yzed and found to contain 93 ppm
of calcium 2.7 ppm of manganese, 215 ppm of potassium and 10 ppm of
sodium Exanple 9 The reaction apparatus was the sane as in Exanple 1.

21. 2 g of(drkiuve} werd addedighaf thdaluodudawt! waf closedirapidly &l gaedfo 8GRICCi um 12
ppm of nmanganese, 133 ppm of potassium and 16 ppm of sodium, 100 m of
wat er andvithstigrieg. Adier 54@9»1 e@utpelaie vay goeled pndhecients waet he

aut ocl ave, i ch s then rapid|y~closed and brought .to .80C with,stirring.
Ater oa rmRaTeh T snsraanh BGl T 87 Ee80 i od PRk R s | e o e
separ at or HRBlthe T2 ! fpgal@ \Bigas@n g afn 36 ppm
of cal ci ut}?]rg4. 5 6}6%11%1? trrgr%ér?goanesgigu 44 ngﬁé?’égg%aggg?lg%?;gﬁéé go?%pp% of

sodi um  dataonl, .3 ppihe mawganess) 185 pmabifi potaasiutrhands Sufeppas of sodixanpl e 1. 25
g of Kome 6/1 and 100 g of water were put into the autoclave. 5 g of solid
carbon di oxi de WO 01/53431 PCT/ US01/ 01257 -9 (dry ice) were added, then

t he autoclliave yes closed rapidly and heated to 80C wth stirring. After 24

hours t heP2 B & ave was cool ed and the contents were transferred to a
separatory funnel. The oil phase was separated and centrifuged

The reaction apparatus was the same autoclave used in Example 1.
25 g of Kome 6/1 and 100 g of water were put into the autoclave. 2.5 g of solid
carbon dioxide (dry ice) were added, then the autoclave was closed rapidly and
heated to 40°C with stirring. After 24 hours the autoclave was cooled and the
contents were transferred to a separatory funnel. Elemental analysis of the oil
phase gave 166 ppm of calcium, 3.2 ppm of manganese, 375 ppm of potassium

and 10.4 ppm of sodium.

Example 12

The reaction apparatus was the same autoclave described in Example
1. 21.2 g of Kome 6/1, 3.8 g of Bolobo 2/5 and 100 g of water were put into the
autoclave. 2.5 g of solid carbon dioxide (dry ice) was added, then the autoclave
was closed rapidly and heated to 80°C with stirring. After 24 hours the auto-
clave was cooled to room temperature. Agitation was stopped. After 5 days the
autoclave was opened and the contents transferred to a separatory funnel.
Elemental analysis of the oil phase gave 1.67 ppm of calcium, 2.3 ppm of

manganese, 88 ppm of potassium and 3.5 ppm of sodium.



to renove the |ast traces of aqueous phase. Elenental analysis gave 50 ppm
of calcium 2.3 ppmof manganese, 185 ppm of potassium and 5.5 ppm of

sodi um V@)(agggl 11 The reaction apparatus was the sane a‘yﬁ)@&ﬁ&zﬁgsed in

Exanple 1 of Kone 6/1 and 100 g of water were put

autoclave. 2.5 g of solid carbon dioyde (dry ice) were added, then the
autocl ave was closed rapidly and heated to 40C with stirring. After 24
hours the autocl ave was cooled and the contents were transferred to a
separ at orBxainpiedB. El enental anal ysis of the oil phase gave 166 ppm of
calcium 3.2 ppm of nmanganese, 375 ppm of potassium and 10.4 ppm of
sodium Exanple 12 The reacti on appar at us vvas the sane aut ocl ave descri bed

in Exanple 1. Z%hgf(ﬂ OQ,[, g\,&%ﬂgﬁéls (;3111? 0 2/5 and 100 g of water

were put into the on di oxide (dry ice) was
added, then the autoclave was closed rapldly and heated to 80C with
stirring. After 24 hours the auto- clave was cooled to roomtenperature.
Agi tation was stﬁb@eﬁwﬁgnmppmﬁudawss&h@anuumdnmamanﬁad oiféredf Kothet he

contents transferred to a separatory nnel analy of the oil
phase gaél 2“’6{)3 BB l%taltg?ﬁﬁfoc ﬁpﬁg SO%M‘@W 451% dpot assi um
? gﬁ gvm néﬁ@yﬁm%ggélg\%w\égsg ¢ B f‘%‘i) ggv}/r %02u5g tto §8°C WﬁerT;%ll? w%:s)’ The

kept for 24 hours.

After cooling, excess COy was vented, the autoclave was opened and

solids were separated from the oil by centrifugation. The oil contained 187 ppm

of Ca, 8.8 ppm of Mn, 9.8 ppm of Na and 658 ppm of K.

Comparison with Example 1, in which the same CO»/Kome ratio and

the same reaction time were used, shows that water addition leads to a more

complete removal of the metals.

Example 14

The purpose of this example was to show the effect of the water/oil

ratio on whether an emulsion forms or not.

The reaction apparatus was the same as in example 1. 50 g of Kome
6/1 crude oil and 50 g of de-ionized water were put into the autoclave, which

was then closed. The mixture was stirred at room temperature overnight.

The emulsion so formed was transferred to a separatory funnel and left
there until the following day. The emulsion did not break. It was put back into

the autoclave and stirred at 80°C overnight. After cooling, the autoclave
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aqueous phases. The oil phase was analyzed and found to contain 85 ppm of

calcium, 8.4 ppm of manganese, 149 ppm of potassium and 6.7 ppm of sodium.

This shows that a sufficiently high water/oil volume ratio breaks the

emulsion without the need for a demulsifier.
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red back to the separatory fiynnel. There was inmredi ate separation
the oil and emul sion wi thout the need for a demulsifier.
CLAIMS:

1. A process to remove a +2 ionic charged metal from the organic
phase of a petroleum feed comprising contacting said feed with an aqueous
carbon dioxide solution and at a temperature between 40°C and 200°C and
autogenous pressure to produce a demetalated crude in the essential absence of

emulsion formation and an aqueous stream enriched in metallic bicarbonates.

2. The process of claim 1 wherein said metal is selected from Group

IIa metals and Mn, Zn and Fe.

3. The process of claim 1 wherein the metal is selected from calcium

and magnesium.

4. The process of claim 1 wherein said charged metal is in the form

of naphthenates.

5. The process of claim 1 wherein said charged metal is in the form

of phenolates.

6. The process of claim 1 wherein the volume ratio of water to feed is

between 2:1 and 10:1.

7. The process of claim 1 wherein the molar ratio of CO7 to metal

ion is from 2:1 to 500:1.

8. The process of claim 1 wherein the aqueous CO7 solution is

formed by premixing water and CO;, then mixed with the feed.

9. The process of claim 1 wherein the aqueous carbon dioxide

solution is generated within the petroleum feed from CO- and water.



