METHOD FOR REMOVING CALCIUM FROM CRUDE OIL FIELD OF
INVENTION The invention pertains to improved methods for removing
calcium from a hydrocarbonaceous medium via extraction by a
sequestrant. The sequestrant, when added to the hydrocarbonaceous
medium, results in the formation of a calcium complex that partitions to the
water phase as the hydrocarbonaceous medium is brought in contact with
an aqueous wash phase. A specifically formulated deposit control agent is
brought into contact with the water phase to control calcium based deposit

coking, catalyst deactivation and product degradation in refinery and
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water phase in a desalter or other extraction process. For example, when

citric acid or one of its salt forms is used as the sequestering agent,

calcium citrate is the resulting sequestered calcium containing complex

that at least partially partitions to the water phase upon resolution of the

W/O emulsion. As to the sequestrants that are to be added either to the oil

phase or water phase to contact the high calcium crude, these are fed in

at least stoichiometric amounts relative to the moles of calcium in the

crude Exemplary sequestrants include the carboxylic acid sequestnnts
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the crude oil with water (i.e., the desalter). Oil production sites generally
only have separation equipment to separate native or produced water and
leave the final salts removal to the refineries. In accordance with the
invention, salt removal can also be advantageously performed at the she
of the oil production. This may involve installation of equipment such as
desalters, but would result in a uniform improvement of the produced oll
and generation of a higher value product. Conventional emulsion breakers
may be added to the crude so as to enhance resolution of the emulsion.

. These emulsion breakers are, ip most part, surfactants that mjgrate to.
S R ACH B L e A B T BRPB I P o
incrttesethetdroplet st oviercasing teecusiboé wore deaplity. chnisseceenlisifrom
eI AERERALE e FEsidgRee &Hah@a@%@{mfag%@&gﬁ pRrAlioR ol apgk,

r
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occur in downstream hydroprocessing and/or water treatment processes.
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hours. Results are shown in Table 1. TABLE 1 Treatment Observations
cokSHI PR GABHE: untreated A lot of fine crystals precipitated on bottom
(assumed 100%), The water is clear. 2 100 ml solution A + sulfuric acid
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such as citric acid, ‘added to the wash water 1o effect the calcium extraction in the
desalter. Roling (U.S. 5,078,858) improved on this process by the addition of citric
acid to the crude oil phase for enhanced extraction rates of metals. Both patents
discoss the modification of the wash water pH for better extraction. Lindemuth (U.S.
Patent 5,660,717) describes the use of functionalized polymers of acrylic acid for
cation rernoval. Nguyen (U.S. Published Patent Application 2004/0045875) describes
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100 ml solution A + 50 ppm active NTA A few (<2 - 5%) crystals on
bottom. The water is clear. 6 100 ml solution A + 50 ppm Comparative
Product AA A lot of fine and floc precipitate. The water is cloudy. HEDP =
hydroxy ethylidene diphosphonic acid NTA = nitrilotriacetic acid
Comparative Product AA = polyacrylic acid homopolymer nominal
molecular weight about 5.000. Example 2 Additional tests utilizing the
procedure of Example 1 were conducted. Results are reported in Table 2.
TABLE 2 Treatment Observations 2.1 100 inl solution A: untreated A lot
of fine cr stals precipitated on bottom (assumed 100%). The water is
the s 05 SPBPNHISEH B RV S PAEIR ST £ X IBHB PRI &9y Shsigemoval
ofpﬂédqanmﬂwttom (about 100%). The water is clear. 2.3 100 cal
- solution A + 20 ppm active NTA A lot of fine crystals precipitated on
bottom (about 60%). The water is clear. 2.4 100 ml solution A + 30 ppm
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caleRify ﬂ&iﬂ%@fmx.ﬁék%mkwmmﬂm%&m%t impractical for use

with the high calcium crudes. One is that since the exiraction process is

steichiometric, at the high levels of citric acid needed in the wash water, its pH drops
significantly {io below 3) and causes a corrosion issue in the wash water circuit. This

can be alieviated by the use of corrosion inhibitors.

A second concern is that the concentration of the resultant calcium citrate has a
solubility limitation of approximately 1000 ppm at room temperature, and pH of 6-8
with solubility inversely comelated with temperature. Thus, one can see that
deposition of calcium citrate is an issue at typical desalter temperatures (250°F-
300°F) and concentrations encountered when extracting higher levels of calcium with
the typical 5% wash water rate. n fact, both of these concerns were verified through
field experience with citric acid at a refinery processing significant levels of a high
calcium crude. Deposition in the brine heat exchanger and transfer piping was one of

the problems that was experienced.
SUMMARY OF THE INVENTION

The inventon pertains {0 a combination of treatment chemistries to overcome the
deficiencies of the Reynolds patent. In one aspect, the invention pertains to the use of
a sequestrant to effect sequestration of the calcium from the hydrocarbonaceous
medium to the water phase of the W/O emulsion combined with contact of the water

phase by a specifically formulated deposited control polymer to thereby inhibit the
 formation of calcium based scales and deposits in the water phase and along refinery
system surfaces in contact with the water phase. Examples of such surfaces include
drains, drain lines, desalter vessels, mix valves, static mixers, and heat exchangers

that are in contact with the brine (i.e., water phase).



About 5% crystals on bottom. The water is clear. 2.6 100 ml solution A +
50 ppm active NTA Very few crystals on bottom. The water is clear.
Example 3 Further tests utilizing the procedure of Example 1 were
undertaken. Results are shown in Table 3. TABLE 3 Treatment
Observations 3.1 100 ml solution A: untreated A lot of fine crystals
precipitated on bottom (assumed 100%), the water is clear water. 0.0595
g crystals 3.2 100 ml solution A + 35 ppm active NTA About 5-10%
crystals on bottom. The water is clear. 3.3 100 ml solution A + 35 ppm
n PG ERTAIeR ElH Aoul S0 Gy Slals anpoliom: The WAISLES, o, e
clear 3.456 mﬁss% ttion A + 70 ppm Product A‘clean and cléar water
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5-10% Eyst Is on bottom. The Wat}?r is clear. : . i
along surfaces that contact the water phase. ile calcium citrate scale control is

important, the treatment should also not adversely affect desalter operation (longer

water drop rates, ete.).
DETAILED DESCRIPTION OF EXEMPL ARY EMBODIMENTS

Although the present invention is primarily described in conjunction with its use in a
conventional desalter operation, the artisan will appreciate that other extraction
technigues will also benefit from the invention. One example is comnercurrem.
exiraction, wherein an aqueous phase is brought into contact with an oppositely

flowing hydrocarbonaceous medinm.

Further, although the invention is particularly advantageous in removing calcium
from crude oil, the phrase “liquid bydrocarbonaceous medium™ should be construed to
imclude other media such as bitumens, atmospheric or vacumum residia or solvent
deasphalted oils derived from crudes and residua that are hydroprocessed or cracked
into useable products such as gas oils, gasolines, diesel fuel, and shale oil, liquefied
coal, beneficiated tar sand, etc. Also, emulsions including such hydrocarbonaceous

media or any hydrocarbonaceous product are inciuded within the ambif of this phrase.

High calcium containing crudes are, as used herein, crudes containing greater than
zbout 30 ppm caicium therein relative to one million parts of the crude or other liquid
hydrocarbonacsous media. The invention will be particularly beneficial to those

crudes having greater than about 100 ppm calcium and higher.

Also, the phrase “sequestered calcium containing complex” as used throughout the
specification and claims covers a host of chelated, complexed, or sequestered
complexes or ligands, or other species inciuding ioric or covalent compounds in

which calcimm is extracted from the oil phase and, at least in part, partitions 1o the
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3.7 100 ml solution A + 70 ppm Product DeQuest 2060 No crystals

observed, but the water is cloudy. 3.10 100 ml solution A + 30 ppm

Product A Clean and clear water. No crystals. 3.11 100 ml solution A + 50

ppm Product A Clean and clear water. No crystals. 3.12 100 ml solution A

'+ 70 ppm Product A Clean and clear water. No crystals. 3.13 100 |

solution A + 30 ppm Product B Clean and clear water. No crystals. 3.14

100 ml solution A + 50 ppm Product B Clean and clear water. No crystals.

3.15 100 ml solution A + 70 ppm Product B Clean and clear water. No

crystals. .3.16 TOO ml untreated Solution A A lot of fine.crystals . . .
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phase upon resolution of the W/O emulsion.

As wo the sequestrants that are to be added either to the oil phase or water phase to
contact the high calcium crude, these are fed in at least stoichiomewic amounts
relative to the moles of calcium in the crude. Exemplary sequestrants include the
cartboxylic acid sequestrants with more preferred sequestrants including those
containing plural COOH functionality such as the dibasic carboxylic acids imcluding
oxalic, malonic, succinic, maleic, and adipic acid. Most preferred are the

hydroxycarboxyiic acids such as citric and tartaric acids and their salts.

In one exemplary embodiment of the invention, the liguid hydrocarbon medium is
intimately and thoroughly mixed with an agueous solution of citric acid or its salt.
The calcium in the liquid hydrocarbon combines with the sequestirant to form a water
soluble or dispersible complex in the aqueous phase. A deposit control polymer I, as
described hereinafter, is brought into contact with the complex, such as by adding it to
the water phase. The agueous phase and hydrocarbon phase separate upon resolution
of the W/O emulsion, with the separated hydrocarbon phase being available for

distillation or hydreprocessing.
Turping now to the copolymer and terpolymers that are used to inhibit calcium based

scale and deposit formation, these are represented by the following Formula I
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Product A = acrylic acid/allyl-2-hydroxypropylsulfonate ether (ABPSE);
36.5% active; nominal mw about 25,000 AA:AAPSE = 3 to | Product B =
acrylic acid/allyl polyethoxy (10) sulfate ether (APES); % active about
30%; nominal mw about 15,000, AA:APES = 3:1 Example 4 Additional
tests were undertaken using the procedure of Example 1. Test results are
shown in Table 4. TABLE 4 Treatment Observations I* 100 ml of
solution A: untreated 100 ml solution A + 5 ppm Product A A lot of fine
crystals precipitated on bottom (assumed 100%), the water is clear water.

0069 g.cr tals Aéb U&HngA)rc ast%llon ttom Theemw?%ggl 5 Ieart%  icall
ml solution A=+ %?LO ppm foduct A'No s‘frrfs aar watér. & ?51(? i
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car, %r?}?l nél R UtlonNé +R]2'95ngmef { 6) aikyl hydroxy lower (C;-Cg)} alkyl, lower
(C1-Cg) alkyl sulfonic acid, ~(Et-O), ~(iPr-0O)}—, or ~(Pr-O)—, wherein n ranges
from about 1 to 100, preferably 1 to 20, and R; is H, or XZ wherein X is an anionic
radical selected from the group consisting of 8O3, P03 or COO; Z is H or hydrogens
or any other water soluble cationic moiety which counterbalances the valence of the

anjonic radica} X, including but not limited to Na, K, Ca, NH,: jis O or 1.

F, when present, is a repeat unit having the Formula I

{an

Ra

\
~(~CHp-C-)

l
CH;

i
O

|
Rs

i
XZ

wherein X and Z are the same as in Formula I. Ra is H or (C;-Cs) lower alkyl, Rs is a
hydroxy substituted alky! or alkylene radical having from 1 to & atoms, and XZ may

or may not be present.

Subscripts ¢, d, and e in Formula I are the molar ratio of the monomeric repeating
unit. The ratio is not critical to the present invention provided that the copolymer or
terpolymer is water soluble or water dispersible. Subscripts ¢ and dl are positive
integers, while subscript ¢ is a non-negative integer. That is, ¢ and d are integers of 1

or more, while e can be 0, 1, 2, etc.



About 2- 5% crystals on bottom. The water is clear 7 100 ml solution A +

20 ppm Product B No crystals. Clear water. 8 100 ml solution A + 20 ppm

active EDTA-free acid About 10 -20010 crystals on bottom. Clear water. 9

100 ml solution A + 20 ppm active NTA About 10-20% crystals on bottom.

Clear water. I* The solution was filtered through a Teflon filter and

submitted to oil lab for Ca citrate determination. The analysis has

confirmed that it was calcium citrate. Example 5 In order to assess the

impact of the calcium citrate deposit inhibition chemistry on desalter
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each test cell along with the candidate treatment materials. The
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each cell for calcium analysis. Water drop (i.e., water level) in ml was

the PUEFY 75 B Eh BIESHER pPAQER SPAT RS fYRE RitEIRRREer Yo F may be
piRestihith©fdPhaseoflite edmnveddontudd czr wdd wdd z'ZI wdd 9-Et

%@IM&S&WM and terpolymers encompassed by the formula include:
D acrylic acid/aliyl-2-hydroxy propyl sulfonate ether, (i.e.,

AAIABPSE);

2) acrylic acid/allyl poiyethyieneoxide suifate ether, (i.e.,
AAIAPES);

3) acrylic acid/2-acrylamido-2-methyl-1-propane sulfonic acid,
(i.e., AAJAMPS);

4y acrylic acid/ammonium allylpolvethoxy sulfate / alloxy -2-

hydroxypropane-3-sulfonic acid terpolymer (i.e.,
AAIAPES/AHPSE);
5) acrylic acid/methacrylic acid/ammonium allylpolyethyvoxy (10}
sulfate terpolymers {i.e., AA/MA/APES);
6) acrylic acid/Z-acrylamido-2-methylpropane sulfonic
acid/ammoninm ailyinolyethoxy sulfate terpoiymers (i.e.,
AA/AMPS/APES).
The polymerization of the copolymer and/or terpolymer (I) may proceed in
accordance with solution, emulsion, micelie or dispersion polymerization techniques.
Conventional polymerization initiators such as persulfates, peroxides, and azo type
initiaiors may be used. Polymerization may also be initiated by radiation or
ultraviolet mechanisms. Chain transfer agents including alcohols, such as isopropanol

or ally! alcohol, amines, mercapto compounds or hypophosphorous acid may be used
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C3/10 Good VP, clear ' water | 1 nil eatutsion | clear water 2 ml emulsion |
clear water 2 ml emulsion clear water 2 ml emulsion clear water 2 mi
emulsion clear water | Goad IIF, clear Water Good 11F, clear Water
(1R----11UOK EST Lit 89'f 281, SZ1 Hit OWP Water Drop Reading in
Ml,ulurEEg IS 17¢c SE 5

to regulate the molecniar weight of the polymer. One particularly preferred method is
to employ hypophosphorous acid as the chain transfer agent in amount such that a
small portion thereof remains in the polymer backbone (i.e., from sbout 0.01-5 wt%).
Branching agents, such as methylene biscrylamide, or polyethylene glycol diacrylate
and other multifunctional crosslinking agents may be added. The resulfing polymer
may be isolated by precipitation or other well-known techniques. If polymerization is
in the aqueous solution, the polymer may simply be used in the aqueous solution
form.

The molecular weight of the water-soluble copolymer of Formula I is not critical but
preferably falls within the range Mw of about 1,000 to 1,000,000; more preferably,
from about 1,000 to 50,000 and most preferably from about 1,500 to 25,000. The
essential criteria is that the polymer be water-soluble or water dispersible.

The metal sequestering agent may be brought into contact with the liguid hydrocarbon
medium either by adding the sequestrant to the liquid hydrocarbon medium or to the
water wash in the desalter. As above indicated, contact of the hydrocarbon medium
with the sequestrant forms a sequestered calcium containing complex that, at least In
part, partitions to the water phase upon resclution of the water in oil emulsion in the
desalter or other extraction process.

The polymer I may be brought into direct contact with the resolved water phase or it
can be intimately dispersed in the hydrocarbon medium so as to effect contact with
the agueous phase upon the mixing of the liquid hydrocarbon medium and the
aqueous medium in the desalter. From about 1-300 ppm of the polymer are admitted
based upon one million parts of the water phase. More preferably, from about 1-100
. ppm of polymer I are admitted to the aqueous medium.

As in conventional desalter apparatuses, the emulsion may be heated 1o about 100°F-
300°F, an and electrical potential may be impressed across the emulsion to enhance
the separation. Utilization of the polymer I helps to inhibit calcium based deposition
or scale that would otherwise form in the waier phase or along surfaces in contact
therewith, such as drains, conduit lines, brine heat exchangers, desalter vessel, mix
valves, static mixers, and the like.

As mentioned, the removal of salts and solids from crude oil is traditionally

performed at a refinery site that has installed the appropriate equipment for washing

9
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the crude oil with water (i.e., the desalter). Oil production sites generally only have
separation equipment to separate native or produced water and leave the final salts
removal to the refineries. In accordance with the invention, salt removal can also be
advantageously performed at the site of the oil production. This may involve
instailation of eguipment such as desalters, but would result in a umiform
improvement of the produced oil and generation of a higher value product.
Conventional emulsion breakers may be added to the crude so as to enhance
resolution of the emulsion. These emulsion breakers are, in most part, surfactants that
migrate to the oil/water interface and alter the surface tension of the interfacial layer
allowing droplets of water or oil to coalesce maore readily. These ermulsion breakers
reduce the residence time required for good separation of cil and water. Addition of
scale inhibitor should additionally not materially interfere with the performance of the
emulsion breaker. Additionally, conventional corrosion inhibiting agents may be
added io either the water or oil phase or both to inhibit desalter corrosion and
corrosion that may otherwise occur in downsiream hydroprocessing and/or water
treatment processes.
It is not obvious that the polymers (I) would be effective in iphibiting calcium citrate
scale. For example, as will be shown in the following examples, several known
calcium carbonate scale inhibition agents, such as polyascrvlic acid, HEDFP (I-
hydroxvethyl-1,1-diphosphonic acid) and WNTA (mnitrilo triacetic acid), kad little or no
effect on inhibiting calcium citrate formation. .
It is thus been discovered thaf a family of polymers, namely polymer (1), inhibits the
deposition of calcium citrate and allows significantly higher levels to be formed at
elevated teroperatures prior to deposition. The invention represents complementary
technology that allows citric acid or other sequestrants fo be used in extracting high
concentrations of calcium from crude oil.
The invention will now be further described with reference to the foliowing specific
examples which are to be regarded solely as illusirative and not as restrcting the
‘ scope of the invention.

EXAMPLES
Exampie 1

1o
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In order to assess the efficacy of various candidate materials in inhibiting calcium
citrate crystal formation, a solution (solution A) of 1,000 ppm (as solids) calcium

chioride, and 1,000 ppm (as solids) citric acid was prepared. NaOH was added io

bring the pH up to 7.1. Treated and unireated solutions were heated at 100°C for 1-

1.5 hours. Resuls are shown in Table 1.

TABIE 1
Treatment Ohservations
17 100 ml solution A: unireated A lot of fine crystals precipitated on bottom
(assumed 100%). The water is clear,
2 | 100 ml solution A -+ sulfuric acid dilution | About 25% (compare to the untreated)
to have pH 5.1 crystallize growing.
The watar is clear.
3 100 ml solution A + sulfuric acid dilution | About 40% (compare to the untreated)
to have pH 6.1 crystaliize growing.
The water is clear.
4 | 100 mi solution A + 50 ppm active HEDP | A lot of fine and floc precipitate.
(DeQuest 2010) The water is cloudy,
5 | 100 mi solution A + 50 ppm active NTA A few (<2 — 5%) crystals on bottom. The
water is clear.

K

1G0 mi solution A + 50 ppm Comparative
Product AA

A lot of fine and fioc precipitate.
The water is cloudy.

HEDP = hydroxy ethylidene diphosphonic acid
NTA = nitrilotriacetic acid
Comparative Product AA = polyacrylic acid homopolymer nomina! molecular

weight about 5,000,

Example 2
Additional tests utilizing the procedure of Example 1 were conducted. Results are
reported in Table 2.

TABLE 2

Treatment

Observations

2.1

100 ml sotution A:r untreated

A tot of fine crystals precipitated on
botiom {assumed 1009%). The water is
clear.

2.2 100 mi solution A + 10 ppm active NTA | A lot of fine crystals precipitated on
bottom (about 100%). The water is clear,
2.3 100 ml solution A + 20 ppm active NTA | A lot of fine crystals precipitated on
bottom (about 6(%). The water is clear.
2.4 | 100 ml solution A + 30 ppm active NTA | Lesser fine crystals precipitated on
bottom (about 30%). The water is clear.
2.5 100 ml solution A + 40 ppm active NTA | About 5% crystals on bottom.
The warer is ciear.
2.6 | 100 ml solution A + 50 ppm active NTA

Very few crystals on bottom.
The water is clear.
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40n1 (2%) 80 pl (10%) 75 pl (2%) 40 gl (2%) 50 pl (10%) 100 (2%) (olit)
ooi ¢(LD1) 111 08 (%z) rd ov 40 pl (2%) 50 (41 (10%) 200 pl (2%) 40t.d
(2%) 50 gl (10%) 200 pl (2%) 8 ppm 2W158 to MI 1 1000 ppm citric acid
to water 8 ppm 2W158 to oil 1600 ppm auk acid to water 8 ppm 2W158 to
oil 1000 ppm citric acid to water 300 ppm Product A to water | 8 ppm
2W158 to oil 1600 ppm citric acid to water 300 ppm Product A to water 8
ppm 2W158 to oil 2000 ppm citric acid to water 400 ppm Product B to
water 8 ppm 2W158 to oil 1600 ppm citric acid to water 400 ppm Product
B to water 8 ppm 2W158 to oil 1000 ppm citric acid to water 800 ppm NTA

Exguplte:

8 ppm 2W158 to oil 1000 ppm citric acid to water 800 ppm EDTA

Fughamtests utilizing the procedure of Example 1 were undertaken, Results are

shown in Tabie 3.

TABLE3
Treatment Observations
3.4 100 mi solution A: unireated A Yot of fine crystals precipitated on
: bottom (assumed 100%j), the water is
clear water. 0.0595 g erystals
3.2 100 mi solution A + 35 ppm active NTA About 3-10% crystals on bottom.
The water is cisar.
i3 100 ml sotution A + 35 ppm active EDTA- | About 5-10% crystals on bottom.
free acid The water is ciear.
3.4 100 ml solution A + 70 ppm Product A Clean and clear water. No crystais.
35 100 mi sciution A + 70 ppm Product B Clean and clear waier. No crystals,
3.6 100 mi solution A + 70 ppm Product PBTC | About 5-10% crystals on bottomn.
| The water is clear.
3.7 100 mi solution A + 70 ppm Product No crystals observed, but the water is
DeQuest 2060 cloudy.
3.10 100 ml solution A -+ 30 ppm Product A Clean and clear water. No crystals.
3.1 100 mi solugion A + 50 ppm Product A Clean and clear water. No crystals,
3.12 100 mt solution A + 70 ppm Product A Clean and clear water, No crystals,
3.13 100 I solution A «+ 30 ppm Product B Clean and clear water. No crystals,
3.4 100 ml solution A + 50 ppm Product B Clean and clear water. No crystals.
3.15 100 m! solution A + 70 ppm Product B Clean and clear water, No crystals.
3.16 100 mi untreated Solution A A for of fine crystals precipitated on

bottormn (assumed 100%), the water is
clear water. 0.0644 g crystals

PBTC = 2-phosphonobutane 1,2 4-tricarboxylic acid
DeQuest 2660 = dietheylane, triaminopenta(methyiens phosphonic acid)

Product A = acrylic acid/allyl-2-hydroxypropylsulfonate ether (AHPSE); 36.5% active;
nominal mw about 25,000 AAAAPSE =310 |
Product B = acrylic acid/aliyl polyethoxy (100 sulfate ether (APES), % active about 30%;
nominal mw about 15,000, AAAPES = 3:1

Example 4

Additional tests were undertaken using the procedure of Example 1. Test results are

shown in Table 4.
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1'5 vs tinUn InIn t-- tei co V.; Ca Result 14 Oil Phase -atthic Fa VI
10.4 ppm tudd wddvzt [/ Interface & Brine 2 ml emulsion clear water
Good I/F, clear ; Water | Good 1/F, clear |

TABLE 4
Treatment Observations
1% 100 ml of solution A: untreated A lot of fine crystals precipitated on
bottom (assumed 100%), the water is
clear water. 0.0692 g crystals
2 100 mi solution A + 5 ppm Product A About 5% crystal on bottom.
The water is clear.
100 mtl solution A + 10 ppm Product A No crystals. Clear water.
4 100 mi solution A + 20 ppm Product A No crystals. Clear water.
5 100 mi solution A + 3 ppm Product B About 5 — 10% crystals on bottom.
The water is ciear,
6 160 m! sotution A + 10 ppm Product B About 2 - 5% crystals on bottom.
The water is clear
7 100 mi solution A + 20 ppm Product B No crystals. Clear water.
100 ml soiution A + 20 ppm active EDTA-Tree | About 10 —20% crystals on bottom.
acid Clear water,
9 100 md solution A + 20 ppm active NTA About 10 -20% crystals on bottom.
Clear water,

i* The solution was filtered through a Tefion filter and submitted to oil lab for Ca citrate
determination. The analysis has confirmed that it was calctum citrate.

Exarnple 5

In order to assess the impact of the calcium citrate deposit inhibition chemistry on
desalter operations, simulations were conducted on high Ca® test crudes in a

simulated desalter apparatus.

The simulated desalter comprises an oil bath reservoir provided with a plurality of test
cell tubes disposed therein. The temperature of the oil bath can be varied to about
300°F to simulate actual field conditions. Electrodes are operatively conmected to
each test cell to impart an electric field of variable potential through the test emuisions
contained in the test cell tubes.

95 ml of high calcium containing crude oil (110 ppm Ca®*) and 5 ml D.I water were
admitted to each test cell along with the candidate treatment materials. The
crudefwater/treatment mixtures were homogenized by mixing at 13 psi (13,000 rpm /
2 sec) and the crude/water/treatment mixtures were heated to about 2350°F. After 32

minutes, 75 ml of the wp crude was collected from each cell for calcium analysis.
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Water ' Good UP, clear Water : Good PP Clear water Good IIF Slightly
cloudy water Goad I/F Slightly cloudy water Good I/F Clear water -Good

If? Slightly cloudy water uuarAt ZWZ S67 OS'E SZT SLT Stir SLT SC17
'EC LE In Inlin

Water drop (i.e., water level) in m} was observed for each sample after predetermined
time intervals,
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[000 ppm citric acid to water 300 ppm Product A to water 40

ppm citric acid togwater 15 ppm Product A to water 8

(04z) Pi sc. (%01) p1 os (946 pAofr 40 gl (2%) 50 pl (10%) 3.75 pl (2%)
40 al (2%) 50 pi (10%) 3.75 gl (2%) 37.5 pl (2%) 10 ppm 2W158 to oil
1000 ppm citric acid to water 300 ppm Product A to water 20 ppm 2W158
to oil 1900 ppm citric acid to water 300 ppm Product A to water 30 ppm
PW158 to oil 1000 ppm citric acid to water : 300 ppm Product A to
t@r 8 ppm 2W158 to; oil 1000 ppm citric acid to water 8 ppm 2W158 to
00 ppm citric acid to water 150 ppm WS 55 to water 8 ppm 2W 158
t0il| 1000 ppha citric acid to water 300 ppm WS 55 to water 8 ppm
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Example 6

Additional tests using the procedure of Example 1 were undertaken. Results are

reported in Table 6.

TABILE®
Treatment Observations
Ambient E00°C After I-1.5 hours
Temperature
6.1 106 ml of solution A: Clear water A lot of fine crystais
untreated No precipitate precipitated on bottom

{assumed 100%), the water
is clear

6.2 100 ml solution A
10 ppm Product A
(50 pl of 2% in water)

Clear waier
No precipitate

Very few fine crystals on
bottom

(<% compare to the blank)
Clear water

6.3 100 ml solution A

10 ppm Product A

€50 u! of 2% in water)
200 ppm WS-55 (200
il of 109% in water)

Cloudy water
No precipitate

About 10% crystals stuck on
wall and on bottom
{compare to the blank).
Cloudy water

6.4 100 m! solution A

20 ppm Product A
(100 pl of 2% in
water)

200 ppm WS-55 (200
i of 10% in water)

Cloudy water
Ne precipitaie

Very few fine crystals on
bottom

(<1% compare to the blank
- same as # 2)

Cloudy water

Conclusion: 1. 200 ppm of WS-55 caused the cloudiness of the water. It also decreased
the performance of Product A,
2. 20 ppm of Product A (instzad of 10 ppm) resulted in the disappearance of
the crystals in 100 ml the solution A, if 200 ppm of WS-55 was reated.

Example 7

Another series of tests using the protocol set forth in Example 1 were completed.

Resulis are shown in Table 7.




cat . viva tr?.tarl v.4 40 IR (2%) 50111(10%) 3.75 ul (2%) _' 75 gl
(2%) 125 pi (2%) 50111(10%) 3.75 pl (2%) 75 1(2%) 2W158 to oil 1000
ppm oink acid to water 15 ppm Product A to water 300 ppm WS 55 to
water 25 ppm 2W 158 to oil 1000 ppm citric acid to water 15 ppm Product
A to water 300 ppm WS 55 to water Cr?

TABLE 7
Treatsnent Observations
Ambient 100°C After 1-1.5 hours
Temperzturs
7.1 100 ml of solution A: untreated | Clear water A lot of fine crystals
No precipitate precipitated on bottom;
the water is clear.
7.2 100 mi solution A + 2.5 ppm | Clear water No precipitate observed,
Active Product A No precipitate clear water,
7.3 100 mi solution A + 5 ppm | Clear water No precipitate observed,
Active Product A, No precipitate clear water,
7.4 100 ml solution A + 10 ppm | Clear water No precipitate obgerved,
Active Product A, No precipitate clear water.
7.5 100 ml solution A + 2.5 ppm | Clear water No precipitate observed,
Active Product C, - No precipitate Clear warer,
7.6 160 ml! solution A + 5 ppm | Clear water No precipitate observed,
Active Produet O, No precipitate clear water,
7.7 100 ml solution A + 10 ppm | Clear water No precipitate observed,
Active Product C. No precipitate clear water,

Product C is acrylic ac:'d/2~acryiamidp—2~methyipropane-—B-sulfonic acid mw =4 500,

It is noted that as used throughout the specification and ensuing claims when the
liquid hydrocarbonaceous medium or aqueous medium is said to be contacted by an
agent, this should not be narrowly construed to imply that the agent is added direcily
to the medium said to be contacted. Instead, the agent could be added to another
medium or emulsion containing the intended medium provided that somewhere in the
process, the agent, wherever its point of addition to the process may be, ultimately

mixes with or contacts the intended medinm.

While we have shown and described herein certain embodiments of the present
nvention, it is intended that there be coversd as well any change or modification
therein which may be made without departing from the spirit and scope of the

invention as defined in the appended claims.




~-r tri Example 6 Additional tests using the procedure of Example 1 were
undertaken. Results are reported in Table 6. TABLE 6 Treatment
Observations Ambient Temperature 100C After 1-1.5 hours 6.1 100 ml of
solution A: untreated Clear water No precipitate A lot of fine crystals
precipitated on bottom (assumed 100%), the water is clear 6.2 100 ml
solution A 10 ppm Product A (501st of 2% in water) Clear water No
precipitate Very few fine crystals on bottom (<1% compare to the blank)
Clear water 6.3 100 ml solution A 10 ppm Product A (50 p.l of 2% in
N-200 ppm WS-55 (200 ul of 10% in water) Cloudy water No
precipitate About 10% crystals stuck on wall and on bottom (compare to
the blank). Gétigdvisereducing calcium content in a liquid hydrocarbonaceous

medium comprising: -

a, contacting said liguid hydrocarbonaceous medium with a metal
sequestering agent to form a sequestered calcium containing complex;

b. contacting said liguid hydrocarbonaceous medium with an
aqueous medium to form an emulsion whereby upon resolution of said emulsion at
least a portion of said sequestered calcium containing complex remains in said
agueous medium; and

c. contacting said agueous medium with a water soluble or water
dispersible polymer having the formula I to inhibit calcium deposit formation therein
or along surfaces in contact with said aqueous medium, wherein said polymer has the
formula:

@
R;
“{—E”‘] T '["‘CHZ'—"C_} —d _{"F'"] “e

|
G

!
Q

|
R3

|
{Ra);

wherein E is the repeat umit remaining after polymerization of an ethylenically
unsaturated compound; R, is H or lower (C-Cg) alkyl; G is lower (C;-Cg) alkyl or
carbonyl; Q is O or NH; R; is lower (C 1-Cs) alkyl; hydroxy lower (C-Cp) alicyl, lower
(Cy-Ce) alkyl suifonic acid ~(Et~0)—, —(iPr—O)—; or ~(Pr-0-), wherein o ranges from
about 1 to 100 alkyl, and Rs is H or XZ wherein X is an anionic radical seiected from
the group consisting of 8Os, PO; or COO0: Z is H or hydrogens or any other water
soluble cationic moiety which counterbalances the valence of the anionic radical 3 F,

when present, is a repeat unit having the Formula II:

20



6.4 100 ml solution A 20 ppm Product A (100 p.1 of 2% in water) 200 ppm
WS-55 (200 pl of 10% in water) -..- _ Cloudy water No precipitate Very
few fine crystals on bottom (<1% compare to the blank - same as # 2)
Cloudy water Example 7 Another series of tests using the protocol set
forth in Example 1 were completed. Results are shown in Table 7. TABLE
7 Treatment Observations Ambient Temperature 100C After 1-13 hours
7.1 100 ml of solution A: untreated Clear water No precipitate A lot of fine
crystals precipitated on bottom; the water is clear. 7.2 100 ml solution A +
2.5 ppm Active Product A. Clear water No precipitate

(I

Ry
"{""‘CHZ""C")‘—::

CHp

wherein X and Z are the same as in Formula I Ry is H or (C1-Cs) lower alkyl, Rs is a
hydroxy substituted alkyl or alkylene having from 1 to 6 atoms, and XZ may or may

not be present; ¢ and d are positive integers, ¢ is a non-negative integer, and j is 0 or 1.

2, Method as recited in claim 1 wherein from about 1 to 360 ppm of said
polymer (I) is brought into contact with said aqueocus medium, based on one million

parts of said aqueous medinm.

3. Method a recited in claim 2 wherein from about 1 to 100 ppm of said

polymer (1) is brought into contact with said agueous medium.

4, Method as recited in claim 3 wherein said liquid hydrocarbonaceous
medjumn has a calcium content of greater than about 30 ppm calcium based upon one

million parts of said liquid hydrocarbonaceous medium.

5. Method as recited in claimh 4 wherein said fiquid hydrocarbonaceous

medium 15 crude oil.

. & Method as recited in claim 5 wherein said metal sequesiering agent is
citric acid or salt thereof and wherein said sequestered caicium containing complex is

calcium citrate,
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No precipitate observed, clear water. 7.3 100 ml solution A + 5 ppm
Active Product A. Clear water No precipitate No precipitate observed,
clear water. 7.4 100 ml solution A + 10 ppm Active Product A. Clear water
No precipitate No precipitate observed, clear water. 7.5 100 ml solution A
+ 2.5 ppm Active Product C. Clear water No precipitate No precipitate
observed, clear water. 7.6 100 ml solution A + 5 ppm Active Product C.
Clear water No precipitate No precipitate observed, clear water. 7.7 100
ml solution A + 10 ppm Active Product C. Clear water No precipitate No
precipjtate opserved, clear water. _
-acryl’ammdYERRiRA JrGHSR e Slatanchharsnmeicrrolyse. Itismotedber or
nhabes ssecdt fughbeizidespesifieaiioprand ensuing claims when the

liquid hydro rbon%gpyhl_sﬂgg%dium or aqueous medium is said to be
contacted b)c/ﬁan agent, this should not be narrowly construed to imply that

the agent is Added #édEER the medium said to be contacted. Instead,
the agent casid be addgegnesanother medium or emulsion containing the
intended me%ium p %d%ﬁfgép‘% omewhere in the process, the agent,
wherever its point Or addifi rocess may be, ultimately mixes with
or contacts e intehd&adédiem. While we have shown and described
herein certaisy embadimantssek igspresent invention, it is intended that
there be covered as well any change or modification therein which may be
made without departing from the spirit and scope of the invention as
defindd in tHdehpé slewbittai ns;labh AlMisrkid ethpgoigriaduging calcium

content in afiguid hygyaepskpnaceous
2} AA/APES; or
3) AA/AMPS
9. Method as recited in claim 8 wherein said polymer [ is AA/AHPSE,
10.  Method as recited in claim 8 wherein said polymer [ is AA/APES.

11.  Method as recited in claim 8 wherein said polymer I is AA/AMPS.

i2. Method as recited in claim 8 further comprising contacting saigd

emuision with an emulsion breaker.

13. Method as recited in claim 12 further comprising adding a corrosion

mhibitor to said liquid hydrocarbonaceous mediurn or to said agueous medinm.

14, Method as recited in claim 8 wherein said emulsion is heated to a
temperature of about 100°F-300°F.

15, Method as recited in claim 14 wherein said resolution of said emulsion

is performed in a desalter apparatns.
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medium comprising: a. contacting said liquid hydrocarbonaceous
medium with a metal sequestering agent to form a sequestered calcium
containing complex; b. contacting said liquid hydrocarbonaceous
medium with an aqueous medium to form an emulsion whereby upon
resolution of said emulsion at least a portion of said sequestered calcium
containing complex remains in said aqueous medium; and C.
contacting said aqueous medium with a water soluble or water dispersible
polymer having the formula | to inhibit calcium deposit formation therein or
along ¢1rfaces in contact with said aqueous medium, wherein said
ponmIZ ‘has YR AY Becter A grisowierdinreinisntire Fepeataunit from 1 to 20
apdrifainiferadibr o lyrhetmbfiomaianethylepicatly, unsaturated compound;
Rl is H or lower (CI-Cps) alkyl; O is lower (C1-C6) alkyl or carbonyl; Q is 0
or NH; R2 is lower (C1-C6) alkyl; hyciroxy lower (C1-C6) alkyl, lower
(C|-cé7a|ky|%&ﬂsﬁeda% IEERORg Taliitmd)demrsitRn GlohavbemiRd in contact
wiginges fteanpaheUolied 90 alkdurngt RIg,H.or herein X is an
réﬂ@@‘\dé@ﬁ@?@%ﬂ\%ﬁte% f\rvqgrﬁn the roup%gg%?gginé%o Sﬁ(%,1 208 or E:@?St;c’f‘“m
Is H or hydrogens or%Pny othet s%fﬂ@%ﬁtﬁﬁ&ﬁaiﬁ%ﬁ@tms contacted
“EBuRLETBRTaHERS 10 valerice whiherarfiomic saidieah)sibn HAOM PESeRhdSered
caldRpeabhpleRaMngine fKarmuda W 0 R5 X.Z wherein X and Z
cﬁ&? tﬂhleccs)gﬁ% as in ,It:,ormulalé;nglﬁ ﬂhﬁn(%%%g oav\r%?%ﬁlﬁll.? RS §pquestered
ydroxy subStititted KRy Sr $icy &t habatg ern St cresoiomnaiX Zmethod
CHRERyIOnan agmiettbe predestecar-d ascpasitiRIPB0IRHCASwter soluble or
Wﬁ%ﬁlﬂﬁgmi%@%&%qi'g&c%é?mx 2- Method as recited in claim 1
wherein from about 1 to 300 ppm o said polymer (l) is brought into
contact with said agueous medium, based on one million parts of said (1)
aqueous medium. 3. Method a gegited in claim 2 wherein from about
1 to 100 ppm of said polymer (I) is brgught into contact with said aqueous
medium.  -I-Fethod as rdei@tinclaim,3 whereinjsgidJiquid
hydrocarbonaceous medium has a calcium content of greater than about
30 ppm calcium based upon one milkén pans of said liquid
hydrocarbonaceous medium. 5.IMethod as recited in claim 4 wherein
said liquid hydrocarbonaceous meditim is crude oil. 6. Method as
recited in claim 5 wherein said metal.sequestering agent is citric acid or
salt thereof and wherein said sequesféred calcium containing complex is
calcium citrate. 7.Method as reciteqlgg)jclaim 6 wherein said polymer lis a
member or members selected from the group consisting of 1) AA/AHPSE;

wher ANV BPE Sie repeat unit remaining after polymerization of an ethylenically
unsaturated compound; R; is H or lower (C)-C¢) alkyl: G is lower (Cy-Cs) alkyl or
carbonyl; Q is O or NH; R is lower {C1-Cs) alkeyl; hydroxy lower (C-Ce) alkyl, lower
(C1-Cs) alkyl sulfonic acid: ~(Et-0)~, ~(iPr-0)~, or ~(Pr—0~-), wherein n ranges
from about 1 to 100, and R; is H or X7 wherein X is an anionic radical selected from
the group consisting of SO, PO; or CO0; ZisHor hydrogens or any other water
soluble cationic moiety which counterbalances the valence of the anionic radical X; F,

when present, is a repeat unit baving the Formuia II:
(1D
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3) AA/AMPS; 4) AA/APES/AHPSE 5) AA/IMA/APES 6) AA/AMPS/APES
8.Method as recited in claim 7 wherein said polymer | is 1) AAJAHPSE; 2)
AA/APES; or 3) AAJAMF'S 9.Method as recited in claim 8 wherein said
polymer I is AA/AHPSE. 10.Method as recited in claim 8 wherein said
polymer | is AA/APES. 11.Method as recited in claim 8 wherein said
polymer | is AA/AMPS. 12.Method as recited in claim 8 further comprising
contacting said emulsion with an emulsion breaker. 13.Method as recited
in claim 12 further comprising adding a corrosion inhibitor to said liquid
hydrocarbonaceous med_i_ggr&grt ~said aqueous medium. 14.Method as
recited in claim 8 wherein said’emuisfon is heated to a temperature of
about 100F-300F. 15.Method a ggited in claim 14 wherein said
resolution of said emulsion is perfformed in a desalter apparatus. - 16.
Method as recited in claim 15 whgrein n in Formula | is from 1 to 20 and X
in Formula | is selected from Na,|K, Ca, and NH4. 17. A method for
reducing calcium deposition aloris surfaces in contact with a water phase
fatined as a result of resolution of an emulsion in a petroleum refinery
desalter of the type wherein crud&oil containing calcium therein is
contacted with a sequestrant and a water wash to form said emulsion
wmmgmma?&mmw?mﬁmx in R?i@ w&#t{?@t@%fyh@;%maﬁzt}g%g is a
AR - e calcium c ex partitions to said water
° phassé %Gggéi%%%@ltﬁiggﬁ?ﬂa %ﬁ&ﬁ% rggnmi;n MG CBHt L heg Ry or may
neths prepst g drire amiiiag interawalersunblemstivaimeghisperdiple0 or 1.
polymer having the Formula I: (I) wherein E is the repeat unit remaining

after pglymeyization of an ethylenically unsaturated compound; .121 is H

or Iov@gf C?Ug@% kY ;riglfg%;;\{/lvg’fa(&)f&&%WP%%&%E‘QCWB?% |@bout
LR PRI Rdaretien; hydroxy lower (C1-C6) alkyl, lower (C1-C6)

alkyl sulfonic acid: -(Et-0)-" -(iPr-0)--" or -(Pr-0-), wherein n ranges from

abou éto 10&&&d R3is H $r_XZ wherein X is an anionic radical s_ele.ct|ed ‘

from thé group ESRSEARYET Eb%aphd B rieeinspd senussHRegdnsigic acid
angriyhensin seidacantatsied atohin moigtiewhichicounterbalante sthgein about 1
tofgwlﬂhﬁiégﬁﬂ@éﬁggﬂigﬁh&f o WARNPERSGIHAJE RLERGAT ML NAVING s

e Formula Il: Ri4,

of sa:dF water ﬁlase, said polymer comprising a member or members selected from the

group consisting of
1) AA/AHPSE
2) AAIAPES
3) AAJAMPS
4) AAIAPES/AHPSE
5) AAMAJAPES
6) AAI/AMPS/APES

20.  Method as recited in claim 19 wherein said polymer I is
1) AA/AHPSE, |
2) AA/APES; or
3) AAJAMPS.
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R5 XZ wherein X and Z are the same as in Formula I. R4 is H or (C1-C6)
lower alkyl, R5 is a hydroxy substituted alkyl or alkylene having from 1 to 6
atoms, and XZ may or may not be present; ¢ and d are positive integers, e

is a non-negative integer, and j is 0 or 1. 18.Method as recited in claim 17
wherein said crude oil comprises about 100 ppm calcium and greater.
19.Method is recited in claim 18 wherein said sequestrant is citric acid and
wherein said sequestered calcium complex is calcium citrate, and wherein
about 1 to 300 ppm of said polymer! is added to said water phase based

on ong million parts of said water phase, said polymer comprising a

membgt or mMERB LEdRsERd) morpiRe givipreansiitiiigwd HydmmaripgBeous
IRUIAR ES:3) AR TAMBSd A\ MARE SAMIRSE 2N AREES S)d steps (a)
ﬁé@%ﬁ&%@g@%ﬁ%ﬁ% gescitaed in claim 19 wherein said polymerl

is 1) AA/AHPSE; . or %3 AKIAIVIPS. 21.Method as recited in
claim 1 wherein said liquid hydrocarbonaceous medium is crude oll

produced at an oil production site and wherein said steps (a) through (c)
are performed proximate said site.



