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PROCESS FOR REMOVING METAL IONS FROM 
CRUDE OIL 

[0001] The present invention relates to a process for 
removing metal ions from crude oil. 

[0002] Crude oil and its distillates often contain metal ion 
impurities. Such impurities include metal ions from Group 
IA and HA of the Periodic Table, such as sodium, potassium, 
calcium and magnesium. These impurities often ?nd their 
Way into the oil When the oil is deacidi?ed, as metal oxides, 
hydroxides and/or carbonates are routinely employed as 
neutralising agents. 

[0003] Metal ions in the oil can cause fouling problems, 
particularly, in re?nery operations. This is because in such 
operations, high temperatures in excess of 200° C. are 
encountered, causing the metals to deposit on the re?nery 
equipment. For this reason, it is desirable to remove metal 
ions from the oil. 

[0004] WO 98/14402 describes a process for removing +2 
ionic charged metals from a petroleum feed. The process 
involves contacting the feed With a resin that includes 
carboxyl, sulphonic and/or phosphonic groups. 

[0005] It has noW been found that metal ions can be 
removed from crude oil using a non-ionic amphiphilic 
solvent 

[0006] Accordingly, the present invention provides a pro 
cess for removing metal ions from crude oil comprising 

[0007] contacting a non-ionic amphiphilic solvent 
With the crude oil, optionally, in the presence of 
Water, so as to produce a metal ion-containing phase, 
and 

[0008] separating the metal ion-containing phase 
from the crude oil. 

[0009] Preferably, the contacting step is carried out in the 
presence of Water. 

[0010] The term “crude oil” above is intended to cover 
Whole crudes as Well as crude oil distillates. Preferably, 
hoWever, the process is carried out on Whole crude oils. 

[0011] The non-ionic amphiphilic solvent may be an alco 
hol. Preferably, the solvent is a polyol, such as an alcyltrig 
lycol ether. The alkyl group of the alkyltriglycol ether may 
be straight or branched chain and suitably has 3-6 carbon 
atoms, preferably 3-5 carbon atoms. More preferably, the 
allyl group in the alkyltrigycol ether has 4 carbon atoms and 
is especially n-butyltriglycol ether (also knoWn as triethyl 
ene glycol mono-n-butyl ether). Other suitable glycol ethers 
include ethylene glycol mono ethyl ether, ethylene glycol 
mono-n-propyl ether, ethylene glycol mono-iso-propyl 
ether, ethylene glycol mono-n-butyl ether, ethylene glycol 
mono-iso-butyl ether, ethylene glycol mono-2-butyl ether, 
ethylene glycol mono-tert-butyl ether, diethylene glycol 
mono-n-propyl ether, diethylene glycol mono-iso-propyl 
ether, diethylene glycol mono-n-butyl ether, diethylene gly 
col mono-iso-butyl ether, diethylene glycol mono-2-butyl 
ether, diethylene glycol mono-tert-butyl ether, diethylene 
glycol mono-n-pentyl ether, diethylene glycol mono-2-me 
thylbutyl ether, diethylene glycol mono-3-methyl butyl 
ether, diethylene glycol mono-2-pentyl ether, diethylene 
glycol mono-3-pentyl ether, diethylene glycol mono-tert 
pentyl ether, tetraethylene glycol mono butyl ether and 
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pentaethylene glycol mono butyl ether. Mixtures of solvents 
may also be employed Such mixtures may be more robust 
than their individual components. Thus, n-butyltriglycol 
ether may be used in combination With n-butyldiglycol 
ether, n-butyl tetraglycol ether and n-butyl pentaglycol ether. 
In one embodiment of the invention, the solvent comprises 
75 W/W % n-butyltriglycol ether, 2.5 W/W % n-butyldiglycol 
ether, 19.0 W/W % n-butyl tetraglycol ether and 2.0 W/W % 
n-butyl pentaglycol ether. 

[0012] Without Wishing to be bound by any theory, it is 
believed that the non-ionic amphiphilic solvent has a large 
capacity to solubilise or dissolve metal ions. When the crude 
oil is contacted With the non-ionic amphiphilic solvent in the 
absence of Water, the metal ions in the crude oil partition into 
the non-ionic amphiphilic solvent (Which is immiscible With 
the crude oil). The resulting non-ionic amphiphilic solvent 
phase is thus a metal ion-containing phase, Which is subse 
quently separated from the crude oil. This separation step 
may be carried out using a density separator, for example, a 
decanter or hydrocyclone. 

[0013] Where the contacting step is carried out in the 
presence of Water, the non-ionic amphiphilic solvent is 
believed to couple the oil and Water together forming a 
middle phase having a density intermediate betWeen that of 
oil and Water. This is believed to be possible because of the 
miscibility gap betWeen the Water and crude oil. The middle 
phase exhibits loW interfacial tension betWeen the oil and 
Water, and has a large capacity to solubilise or dissolve metal 
ions. The middle phase is thus a metal ion-containing phase. 
The crude oil may subsequently be separated from the 
middle phase (metal ion-containing phase) and Water using 
a density separator, for example, a decanter or hydrocyclone. 

[0014] With certain non-ionic amphiphilic solvents, the 
middle phase may not appear in the presence of Water, until 
the reaction mixture is heated above a threshold temperature. 
With n-butyltriglycol ether, for example, the middle phase 
does not become apparent until the crude oil/Water/solvent 
mixture is heated to approximately 70° C. BeloW this 
temperature, the non-ionic amphiphilic solvent is substan 
tially miscible With Water. This non-ionic amphiphilic sol 
vent/Water mixture may nevertheless have the capacity to 
dissolve metal ions. Thus, instead of becoming suspended in 
the middle phase as described above, the metal ions in the 
crude oil may become suspended in the non-ionic 
amphiphilic solvent/Water phase. This solvent/Water phase is 
a metal-containing phase, Which may be separated from the 
crude oil directly. Preferably, hoWever, the crude oil/Water/ 
solvent system may be heated to at least 70° C., so as to 
produce the middle phase. This middle phase is the metal 
ion containing phase, Which is subsequently separated. 

[0015] It should be understood that the threshold tempera 
ture may vary depending on the nature of the non-ionic 
amphiphilic solvent employed. It may be possible to loWer 
this threshold temperature by using mixtures of tWo or more 
solvents. 

[0016] In certain cases, it may be desirable to treat the 
metal-containing phase, so as to separate the metal ions from 
the non-ionic amphiphilic solvent. This alloWs the non-ionic 
amphiphilic solvent to be recycled for reuse. Metal ions may 
be separated from the non-ionic amphiphilic solvent by 
distilling off the solvent. Alternatively, the metal ions may be 
removed from the non-ionic amphiphilic solvent using a 
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membrane or an ion-exchange column. It may also be 
possible to separate the metal ions by using another solvent 
extraction step. 

[0017] The crude oil may be contacted With the non-ionic 
amphiphilic solvent at a temperature of up to 160° C. 
Preferably, the crude oil is contacted With the non-ionic 
amphiphilic solvent at a temperature above the threshold 
temperature. HoWever, Where the contact temperature is not 
sufficiently high for the middle phase to appear, it is desir 
able to heat the resulting mixture to effect the appearance of 
this middle phase. The contact temperature may range 
betWeen ambient temperature and 160° C., preferably, 
betWeen 70 and 160° C., more preferably, betWeen 80 and 
125° C., and most preferably, betWeen 80 and 100° C. If a 
temperature of above 100° C. is employed, it may be 
desirable to operate the process at elevated pressure, for 
example at 5 to 20 bar. 

[0018] As mentioned above, the non-ionic amphiphilic 
solvent is preferably contacted With the crude oil in the 
presence of Water. The crude oil may contain some forma 
tion, connate, injection, aquifer and/or nascent Water. Pref 
erably, hoWever, at least some of the Water present during the 
contacting step is added to the crude oil. Addition of fresh 
Water is advantageous since this Will loWer the salinity of the 
aqueous phase, thereby loWering the threshold temperature. 
It is particularly advantageous to use the non-ionic 
amphiphilic solvent as an aqueous solution. The concentra 
tion of non-ionic amphiphilic solvent in Water may be 
betWeen, 8 and 70 W/W %, preferably, betWeen 15 and 60 
W/W %. 
[0019] The amount of non-ionic amphiphilic solvent 
employed may form 5 to 40, preferably, 10 to 30 Wt % of the 
total amount of oil, amphiphilic solvent and optional Water 
in the reaction mixture. Where Water is present, it may 5 to 
40, preferably, 10 to 30 Wt % of the reaction mixture. 

[0020] Once the non-ionic amphiphilic solvent is con 
tacted With the oil, the resulting mixture may be stirred or 
agitated in a mixing unit. The mixture may be stirred using 
a mechanical stirrer, an ultrasonic stirrer or by bubbling an 
inert gas through the reaction mixture. The mixing step may 
last 2 to 30 minutes, preferably, 5 to 20 minutes and most 
preferably, 8 to 15 minutes. The mixing step may be carried 
out at a temperature of 5 to 160° C., preferably 10 to 70° C., 
most preferably, 20 to 50° C., and especially 30 to 40° C. 
Where the non-ionic amphiphilic solvent is contacted With 
the crude oil in the presence of Water, the reaction mixture 
is then preferably heated to above the threshold temperature. 

[0021] In certain embodiments of the invention, it may be 
desirable to contact the crude oil With the non-ionic 
amphiphilic solvent in the presence of an organic diluent, 
such as decane, gasoline, gas oil, diesel or kerosene. 

[0022] The process of the present invention may be used 
to remove any metal ions, including those in Groups IA and 
IIA of the Periodic Table from crude oil. Speci?c examples 
of metal ions include sodium, potassium, magnesium, and in 
particular, calcium. These metal ions may be present in any 
form, for example, as naphthenate, chloride, phenolate and/ 
or sulphate salts. These salts may be formed When neutral 
ising agents such as metal hydroxides, oxides and/or car 
bonates are contacted With the crude oil. Accordingly, the 
process of the present invention provides a convenient 
method of removing the salts produced When deacidifying 
crude oil from crude oil. 

Aug. 14, 2003 

[0023] Thus, a further aspect of the present invention 
provides a process for reducing the acidity of crude oil 
comprising 

[0024] contacting crude oil With i) a metal-containing 
neutralising agent in the presence of Water and ii) a 
non-ionic amphiphilic solvent With the crude oil. 

[0025] The non-ionic amphiphilic solvent employed may 
be contacted With the crude oil before, after or at the same 
time as the metal-containing neutralising agent. Preferably, 
the non-ionic amphiphilic solvent is contacted With the oil 
after the metal-containing neutralising agent. Suitable non 
ionic amphiphilic solvents have been described in relation to 
the ?rst aspect of the present invention. As described above, 
the non-ionic amphiphilic solvent draWs metal ions from the 
crude oil into a metal ion-containing phase: this metal-ion 
containing phase may subsequently be separated from the 
crude oil. 

[0026] The metal containing neutralising agent is suitably 
a metal hydroxide, oxide or carbonate. Group IA and IIA 
hydroxides and oxides, for example, those of sodium, potas 
sium, barium, calcium and magnesium are preferred. Of 
these, hydroxides of sodium potassium and in particular, 
calcium are most preferred. These hydroxides neutralise 
acids, such as naphthenic acids, Which are present in crude 
oil, producing Water and neutralisation salts eg metal naph 
thenates. 

[0027] The concentration of Water present in the neutrali 
sation step may be 0.01 to 100 Wt % of oil. Water is believed 
to aid the neutralisation reaction by catalysing the transfer of 
hydrogen ions betWeen the oil and neutralising agent. For 
these reasons, Water may have to be added to the reaction 
mixture. Some crude oils, hoWever, may themselves contain 
suf?cient Water to aid the transfer of hydrogen ions. In such 
cases, the addition of Water may not be necessary. 

[0028] Water is also produced during the deacidi?cation 
reaction. Thus, the Water concentration increases during the 
process of the present invention. For Water to be generated 
in this manner, hoWever, at least some traces of Water must 
be initially present. 

[0029] Preferably, Water concentrations of 0.01 to 30, 
more preferably 0.01 to 25 Wt %, even more preferably, 0.1 
to 20 Wt %, most preferably, 3 to 20 Wt %, and especially 10 
to 15 Wt % are employed during the deacidi?cation step. 

[0030] Where the non-ionic amphiphilic solvent is con 
tacted With the crude oil after neutralisation, it may be 
desirable to remove some or substantially all of the Water 
dispersed in the crude oil phase before the solvent is added, 
to ensure that the amphiphilic solvent is not diluted or is not 
diluted to too high a degree. One Way of removing the Water 
is to use a demulsi?er. The demulsi?er may cause the crude 
oil/neutralising agent mixture to separate into three phases: 
an oil-rich phase, an aqueous phase and an interface or 
“ragging” layer, disposed betWeen the oil-rich and aqueous 
phases. The non-ionic amphiphilic solvent may be added 
directly to this three-phase mixture. Alternatively, the oil 
rich phase may ?rst be recovered from the three-phase 
mixture. The non-ionic amphiphilic solvent may then be 
added to the recovered oil-rich phase, preferably in the 
presence of Water. 
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[0031] Any demulsi?er suitable for breaking Water-in-oil 
type emulsions may be employed. Suitably the demulsi?er 
comprises at least one surfactant selected from the group 
consisting of: 

[0032] (a) polyamine salts such as polyester amines, 
amino methylated poly acrylamide, poly di-methyl amino 
propyl methacrylamide, poly dimethyl amino ethyl acrylate, 
poly ethylene imine, poly vinyl pyrrolidone, caprolactam 
based polymers and quaternised versions of the above. 
Suitably, the molecular Weight of the polyamine salt is above 
3000; 
[0033] (b) multifunctional polyethers such as sulfated trig 
lycerides; 
[0034] (c) polyethers, such as copolymers of ethylene 
oxide and propylene oxide and the reaction products of such 
copolymers With diacids, diepoxides, diisocyanates, alde 
hydes, and diamines. Suitably, the molecular Weight of the 
polyether is above 2000; and 

[0035] (d) p-allylphenol-formaldehyde resins and ethyl 
ene oxide and/or propylene oxide derivatives thereof. 

[0036] Suitably, the demulsi?er comprises a solution of 
the surfactant(s) dissolved in a solvent such as monoethyl 
ene glycol (MEG), tetraethylene glycol (TEG), butylethyl 
ene glycol (BGE), butyldiethylene glycol (BDGE), Water, 
xylene and toluene. 

[0037] Suitable demulsi?ers may also be prepared by 
reacting I) an addition product of a phenol and formaldehyde 
or acetaldehyde, With II) a block polymer containing nitro 
gen. Preferably, the mole ratio of I to II is 1-2011. 

[0038] The addition product (I) may be obtained by react 
ing phenol With formaldehyde or acetaldehyde in a molar 
ratio of 1:1 to 3, preferably 111.8 to 2.2 at a temperature of 
50° to 80° C., in the presence of an alkaline catalyst. The 
block polymer (II) may be obtained by an addition reaction 
betWeen ethylene oxide, propylene oxide and ethylenedi 
amine, propylenediamine, polyethylenepolyamines, 
polypropylenepolyamines or mixtures thereof. Preferably, 
10 to 80 moles, more preferably, 30 to 70 moles, of ethylene 
oxide and propylene oxide are added, as a statistical average 
per nitrogen atom. Typically, the molar ratio of ethylene 
oxide to propylene oxide is 110.5 to 14, preferably, 1:1 to 8. 
Suitable demulsi?ers are described in US. Pat. No. 4,474, 
682. 

[0039] Apreferred demulsi?er is ML 3407TM (supplied by 
Baker Petrolite). 

[0040] The concentration of demulsi?er employed may be 
0.01 to 5 Wt %, preferably, 0.1 to 2 Wt % and especially 0.1 
to 0.5 Wt % of oil. 

[0041] The process of the present invention may be carried 
out on a re?nery, or Whilst the oil is being transported, for 
example, in a tanker at sea. 

EXAMPLE 

[0042] In this example, 600 ml of crude oil containing 
300-400 ppm Ca Was contacted With 150 g of a non-ionic 
amphiphilic solvent consisting of 75 W/W % n-butyltriglycol 
ether, 2.5 W/W % n-butyldiglycol ether, 19.0 W/W % n-butyl 
tetraglycol ether and 2.0 W/W % n-butyl pentaglycol ether. 
The contacting step Was carried out in the presence of 150 
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g of salt Water. The reaction mixture Was then heated to 
approximately 70° C. This caused the reaction mixture to 
separate into three phases: an oil-rich phase, an aqueous 
phase and a middle phase disposed betWeen the aqueous and 
oil-rich phases. 

[0043] The oil-rich phase Was recovered from this 3 phase 
mixture and found to have a Ca ion concentration of 
approximately 9 ppm. This shoWed that Ca ions originally 
present in the crude oil Were removed by the addition of the 
non-ionic amphiphilic solvent. 

1. A process for removing metal ions from crude oil 
comprising 

a) contacting a non-ionic amphiphilic solvent With the 
crude oil, optionally, in the presence of Water, so as to 
produce a metal ion-containing phase, and 

b) separating the metal ion-containing phase from the 
crude oil. 

2. A process as claimed in claim 1, Wherein step a) is 
carried out in the presence of Water. 

3. A process as claimed in claim 1 or 2, Wherein the 
non-ionic amphiphilic solvent comprises an alcohol or an 
alcohol derivative. 

4. A process as claimed in claim 3, Wherein said solvent 
comprises a polyol. 

5. A process as claimed in claim 3, Wherein said solvent 
comprises an alkyltriglycol ether. 

6. A process as claimed in claim 3, Wherein said solvent 
comprises at least one compound selected from the group 
consisting of n-butyltriglycol ether, ethylene glycol mono 
ethyl ether, ethylene glycol mono-n-propyl ether, ethylene 
glycol mono-iso-propyl ether, ethylene glycol mono-n-butyl 
ether, ethylene glycol mono-iso-butyl ether, ethylene glycol 
mono-2-butyl ether, ethylene glycol mono-tert-butyl ether, 
diethylene glycol mono-n-propyl ether, diethylene glycol 
mono-iso-propyl ether, diethylene glycol mono-n-butyl 
ether, diethylene glycol mono-iso-butyl ether, diethylene 
glycol mono-2-butyl ether, diethylene glycol mono-tert 
butyl ether, diethylene glycol mono-n-pentyl ether, diethyl 
ene glycol mono-2-methylbutyl ether, diethylene glycol 
mono-3-methyl butyl ether, diethylene glycol mono-2- pen 
tyl ether, diethylene glycol mono-3-pentyl ether, diethylene 
glycol mono-tert-pentyl ether, tetraethylene glycol mono 
butyl ether, and pentaethylene glycol mono butyl ether. 

7. A process as claimed in claim 6, Wherein said solvent 
is a mixture of n-butyltriglycol ether, n-butyldiglycol ether, 
n-butyl tetraglycol ether and n-butyl pentaglycol ether. 

8. A process as claimed in claim 7, Wherein said mixture 
comprises 75 W/W % n-butyltriglycol ether, 2.5 W/W % 
n-butyldiglycol ether, 19.0 W/W % n-butyl tetraglycol ether 
and 2.0 W/W % n-butylpentaglycol ether. 

9. A process as claimed,,n any preceding claim, Wherein 
the metal ion-containing phase is separated from the crude 
oil using a density separator. 

10. Aprocess as claimed in any preceding claim, Wherein 
prior to separating the metal ion-containing phase from the 
crude oil, the reaction mixture of step a) is heated to at least 
70° C. 
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11. A process as claimed in any preceding claim, Which 
further comprises the step of recovering at least some of the 
non-ionic amphiphilic solvent from the metal-containing 
phase separated in step b) for re-use. 

12. A process as claimed in claim 11, Wherein the non 
ionic amphiphilic solvent is recovered from the metal 
containing phase by distillation, a membrane, an ion-ex 
change column and/or an additional solvent extraction step. 

13. Aprocess as claimed in any preceding claim, Wherein 
step a) is carried out at betWeen ambient temperature and 
160° C. 

14. A process as claimed in any one of claims 2 to 13, 
Wherein the non-ionic amphiphilic solvent is contacted With 
the crude oil as an 8 to 70 W/W % aqueous solution of the 
solvent. 

15. Aprocess as claimed in any preceding claim, Wherein 
the amount of non-ionic amphiphilic solvent employed 
forms 5 to 40 Wt % of the total amount of oil, amphiphilic 
solvent and optional Water in the reaction mixture of step a). 

16. A process for reducing the acidity of crude oil, 
comprising contacting crude oil With 

i) a metal-containing neutralising agent in the presence of 
Water, and 
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ii) a non-ionic amphiphilic solvent, so as to produce a 
metal-containing phase, and optionally, separating the 
metal-containing phase from the crude oil. 

17. A process as claimed in claim 16, Wherein the metal 
containing neutralising agent is a hydroxide, oxide and/or 
carbonate of a Group IA and/or Group IIA metal. 

18. A process as claimed in claim 17, Wherein the metal 
containing neutralising agent is calcium hydroxide. 

19. Aprocess as claimed in any one of claims 16 to 18, 
Wherein the non-ionic amphiphilic solvent employed is 
contacted With the crude oil before, after or at the same time 
as the metal-containing neutralising agent. 

20. A process as claimed in claim 19, Wherein the non 
ionic amphiphilic solvent is contacted With the oil after the 
metal-containing neutralising agent is contacted With the 
crude oil. 

21. Aprocess as claimed in any one of claims 16 to 20, 
Wherein a demulsi?er is added to the reaction mixture of step 
i), prior to the addition of the non-amphiphilic solvent of 
step ii). 


