WD 2007/ 064629 PCT/ US2006/ 045518 METHOD FOR REMOVI NG
CALCI UM FROM CRUDE O L FI ELD OF | NVENTI ON The
WO pwefbd46en pertains to i nproved met hods for rePCUURLP06/045518
calciumfroma hydrocarbonaceous nedi umvia
extraction by a sequestrant. The sequestrant, when
added to the hydrocarbonaceous nedium results in the
formation of a calcium conplex that partitions to the
wat er phase as the hydrocarbonaceous nmedi umis
brought in contact wth an agueous wash phase.
o pec METHOR 0% REMONING 581 CIUM AT OM SJUIDE, Q1L
brought into contact with the water phase to contro
cal cium based deposit formation. BACKGROUND OF THE
FIELIVORTNYEMIIONr ude oil contains inpurities which
contribute to corrosion, heat exchanger fouling,
furnace coking, catal yst deactivation, and product
Thedegvadivni @erthinsr & | 1Iﬁq1r¢véthdme(bxbﬁ€r fopr eaesdes . cdlbipse from a

contam nants are broadly ¢lassified as sal , botto
by dS QiR HEHELOUS JHEL Bt P CEERUPS DY oSl e Aegueshgt, when

add@d0Nie R§drbbaBEndcEBN 'rﬁécﬁ&mV ﬁ‘ééﬂ(blts gepeneirRGtibROGE hhéalcium
particul ar crude. Cenerall g crude oil salt content
@

comppify dBathpeiidens 'aubetwaen ebassoandie Pydroratepagrons dnedium is
bmgg‘gbih cdRtddR eIt Eu?%ﬁﬁéods Moy §3hUBIRask NCA Usgemﬁ&zﬁgpmrnﬁmw deposit

iumchloride with | esser anpunts magnesi um
congiol egentds z!pm@ag@amtpmnm orithy thepwpigy pba@st@rﬁont@h calcivya based

dqﬁ@ﬁh&mﬂﬁﬁn predoni nantly the source of highly
corrosive , which is severely damaging to refinery

tower trays and ot her equi pnent. Additionally,

s may be present in the
BA Jggaﬁ% SS$§|C|éﬁf&quan Ities to pronote crude
pr eheat exchanger scaling. Solids other than salts
are e harof ul . .For e l e and, al cani.c
Aol W cofaty fousods e TRRSLGRS oisofindion 1RgfRefanger
foulifig)] RriARy cORingl ef€nit &ﬁ&lmnC&hJ;Bprodﬁatﬂelgf@Latlpdl g cafingry and

abr asi on osi on and resi du f .contam nati on
othaepeesathy T CORa S FEs A adlﬁcﬂ F6Hieg RS SalbypaRp Sediment,

and® lutiedy! gﬁsﬁwgnubxﬁso NSd hetdle fpnénaa{mﬁts! oF\eh@ROAMEAER Ivary,
PCT/ US2006/ 045518 wetted SO|IdS and can carry

depgpdinefuperithe pRHATRE Frade oSegprallyneryde qi ss\}ég%tewerea%%ween

abot 318 oulfB £¢:S1,000 GarkdefiBY be inorganic or
organonetal I1c conpounds whi ch consi st of hydrocarbon

combi nations with arsenic, vanadium nickel, copper,
Briﬁé@pﬂegé}ﬁ in RS Enclude predominately sodium chloride with lesser amounts of

magnesium chloride and calcium chloride being present. Chloride salts are
predominantly the source of highly corrosive HCI, which is severely damaging to
refinery tower trays and other equipment. Additionally, carbonate and sulfate salts
may be present in the crude in sufficient quantities to promote crude preheat

exchanger scaling.

Solids other than salts are equally harmful. For example, sand, clay, volcanic ash,
drilling muds, rust, iron sulfide, metal, and scale may be present and can cause
fouling, plugging, abrasion, erosion and residual product contamination. As a

contributor to waste and pollution, sediment stabilizes emulsions in the form of oil-



materials pronote fouling and can cause catal yst
poi soning i n subsequent refinery processes, such as
W@ 200alg462c cr acki ng net hods, and they may al soPCT/US2006/045518
contam nate finished products. The majority of the
metals carry as bottons in refinery processes. \Wen
the bottons are fed, for exanple, to coker units,
contanmi nati on of the end-product coke is nost
undesi rabl e. For exanple, in the production of high
grade el ectrodes from coke, iron contam nation of the
wetigdkeolidgnande gan teoriy| sienificdnt duemtititat ofopilaitp theniWagieergcqvery
cesses, such as those used in the chlor-alkal
ndustry. Desalting is, as the nane inplies, a process
that is adapted to remove primarily inorganic salts

f n1th crud Plior to refinin The desaltl
Meals i 50RgcE e st sh G i e ingnds I Bagt of
hydyedatith mﬁbmaﬁ@g;emtnfaréeh&s Wa‘ﬁ@dxﬁfu tr@cked ndoppér, ahharon. These
br.i ne and S%Bh, n crude oil salt %83 a. matg i n oi%
mateyipls) Prapore fgHnesand fi% ARYS§HEAt VSWﬂ’ ngiR [{UPIRaUGR: ey
pro@sibist beth f2eat@ytdicraéign @ fidgiodef abmey nﬁry]éisd/éﬂmﬁl‘ﬁma% finished
based on the crude oil. Water is added tq the crude
progyeds- milhe dnaintitshek Beymetals qapmynast otiqms, iy fefingsy processes: When
the PottBfsi fe B8 MRIKLMPRASS coﬁ&péﬁl?st 'c%ﬁta?ﬁmﬁtnﬁl Qf‘ﬁﬁeéld— roduct
occurs due ‘to coal escence of the small water drople ?
cokp rig anqst sgesizablee| for axajepled rrbﬁ;eerr@dampn e/ Bighygpde electrodes
frorgr@BﬁeE Xrleep(ﬁ{tﬁ] n%ﬂoﬁ’fofttﬂg ik @aﬁdlegg ggrél&ﬁtﬂgie f?ﬁdatlon and
phase. nu fication agents are added, usua
failuesin pecaesfasosnchize thiwss abedin the chloglagkaliindwstyvi di ng
maxi mum m xi ng of the oil and water phases in the
desalter, and gently increase the speed of water
Desdattéak is, Kisothn Mmmllmpﬁgd, ngpag:esr.t that db Ldleptedt ter regalvebpmmarily
ted cer sul

mo%a}%:xiﬂltgﬁé &%\Il % d Wfég é[&naréesgltlsglsiéa 1$9 provided by

addﬁfligl)ﬁicyﬁii‘;hfﬁg Gﬁlll:lﬁﬂhb)&’lﬂﬁ& faxat d@lulﬁmquéegmagee@é fiexh daterao contact
varletyo ol yester als an man . .
the cbiiRfeBlataly alfariugs el % sz Sierar 50 D) graysion is

inteEBHARY} fbrﬁfeawdedxewdt& aeinﬁ&taa 06§ dnOthk R lof aBout 4 10 volume
el ectri cal fleld in_ the desalter. This serves

% brsedron the rardg; dher¥aigr i eddedip dhe cade %“&Eedf Hrt%ﬁely to
ua&f%?fa@%@?@cﬁ@k@ﬁ?@%{e@%ﬁgﬁ SépRMch @h@%ﬂa@& occurs

exert an attractive force between opp05|tel charg » 4
Hsan

duepte| oglagrenserfdhe smal ewterdipplats dite peogretsiwly g
evehfifal u nd?eg{gar%r%f @ 8fl8l unaah GRE WS fiusd rom ten to

one fold. The water dropléts al'so nove quickly
in the electrical field, thus pronoting random

t
DRGSO P! S RIRR. SOIEPuERR) SEEIGE cER, o b i
proyidimie mmmgmmnxwg dxf aln oilofrid whter tphpsesfint the dgeiters and gently
mcgatg%e speen? of r\}‘?atgr bq'gehé ORALRL (fegivwfsrlfymg %géan einé‘lmlet Wallr soluble

salts, sulfonated glycerides, sulfonated oils, alkoxylated phenol formaldehyde resins,
polyols, copolymers of ethylene oxide and propylene oxide, a variety of polyester

materials, and many other commercially available compounds.

Desalters are also commonly provided with electrodes to impart an electrical field in

the desalter. This serves to polarize the dispersed water molecules. The so-formed
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refinery processes. The water phase may be passed

t hrough heat exchanges or the like and ultimately is
waele®chessged as ef fluent. Cal ci umrenoval has bRPCDDBE20861045518

I mportant concern over the last few years due to

i ncreasi ng use of crudes with very high | evels of

cal cium (such as sone fromthe African continent that

contai n over 200 ppm and sone nearly 400 ppm of

calcium. Previously, the highest cal ciumcontent was

only 50 ppm Extraction of the calcium salts via the
dipolesaolerulgs prat as gtrrastive Jorce detwren appositely charged poles with the

mc%gsségc%ﬂ%g V\fo%%u &&@Q&"?ﬁgé g =~ gllshvgt&gi@ ﬂ%%a]a-&ké{cc bey from
ten Itmbnmhtmadreé oldacTedwated dstpiags aliso moveequicklyghalseelectrical field,
Pr obl f th f iated with high
o, B O SO eR SO EF el s of 1 5
that have resids blended in, poisoning catalysts for
pb o b s FRABE NI BRIt BT RS v

off ! kd;ﬁaf aledacialiay sl sGRKSkhd HHaOdGRIdOlWeRGn cR&NEEMLs or other
met hods have been di sclosed for the renoval of cal ci um

refinerynprocerges- oilhe Watss Bhaseanty bastagtpd; tsoupbshiat sxchamgps or the
hké AQlifat (ﬁig@&&r&t A P Gergar boxyl i ¢ aci ds

(suppose to pro onate t he napht heni ¢ aci ds and
extract the calciuminto the wash water). Reynol ds

Ca]&nbjlg? rerﬁ%aqq;as%eczﬁresﬁlg )mﬁ&%'@ %%n&é}ﬁ SIRY tﬂé last few dygards due to

r oxycar boxyli1c acids,” such as citric acid,
incteasinperseaghcrwaese withovery ﬂreglt laviels ofibalcinm dxichags sowe ffiom the

t he sal.ter n 0
AS§qHR coBfiR RiraBhy coih Wk Pbppit, A8 sOIRE kTP 4 Bmp i catciumm)
Pre®ioudl, did hl@he’éte:afcdlfm e:nhancezds enlyr 3@ ppmn Esatasionfof the calcium
net al g atents cusa t?}e dlflcatlon of ttd ith
selfiath e PG GFobat o SCORER B L G, o gelsled wi
naﬂﬁﬁieﬁﬁﬁ @&?Qh?gh7l)TszS ¢Tothesadiie Ntﬁﬂ)e@f cfruméslt)l OMElkésZ ecalcium
ymers of acrylic aci cation repnova
naqhgwsatews? nehad "-’fﬁaftxé‘i%tegﬁﬂ it Math ey Bonpss 7@\?‘%@ for the
refﬁx@?sczfsb(;&ﬁed 3\/1@@11@9 QAIcRRA G2 iR(h/cbERAY %é@ﬁ@@é& fok 13161 that

al hargé roxy carboxylic acid (particularl
ha@ speidp itdengerl dp. PRIFORIAE Highysisafor rovidual cataliie fepckefsnaversely

affddifp: r@ﬁ@%ﬂ,e@st f(ﬁeﬂﬁeﬁm sand \Mahlffbubhg &b YorSdls GR% %mlin%hnd Belayed

extractlon of low levels of calcium (<30 ppm
cokepgurgpemionliagnt dr awbacks whi ch make it inpractica
for use wth the high calciumcrudes. One is that

since the extraction process is stoichionetri c, at
Sevenal megtods havesbesh dibelpsed forithe memgwal ph caleiumlsem crude oil,

essg‘gthagfgfs ukltn R gés%ﬁér SAf nfn(lb n&ley % At P& Qfﬂc%ar@&@hc acids

orrosion I ssue I n e wash wat e circult
(supposedly to protonate the naphthenic ac1ds and extract the calcium into the wash

water). Reynolds (U.S. Patent 4,778,589) teaches the use of hydroxycarboxylic acids,
such as citric acid, added to the wash water to 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
discuss 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 removal. Nguyen (U.S. Published Patent Application 2004/0045875) describes
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can be alleviated by the use of corrosion inhibitors.
A second concern is that the concentration of the
WO e@aloe@med cal ciumcitrate has a solubility |PeT/USI006€0M5518
of approxi mately 1000 ppm at room tenperature, and pH
of 6-8 wth solubility inversely correlated with
tenperature. Thus, one can see that deposition of
calciumcitrate is an issue at typical desalter
tenperatures (250F- 300F) and concentrations
encountered when extracting higher levels of calcium
thewise lof atihe-hydppoatarbos visstridvépasticlad v glyoelit asid) fopthe xgmoval
oféﬁqﬁﬁ ?Qﬁﬁﬁ&? were verified through field experience
W Eh drtric acid at a refinery processing significant
| evel s of a high calciumcrude. Deposition in the

brl e anger, d transf i n s _ong, of
et Bedr ity iie PRSI PREREH & ok ARmbR Rt tevets of
calélmb%@h Bad tWe Bignifitapediagibaskst @hithansity i ainpeaetiodl for use

treat ne t C en1str|es to_overcqQne the efici enci es

of
witpp heg g SHHdes) n QiR HsPeEtSINEheP? nPRHCHER Process Is

stoRBIdnRtAS, att@hé RghUse10bf citri® 261d @sédedih the wakh @&ker, its pH drops
sequestration of the calciumfromthe hydrocar bon

sxga!é@emkv (tprbatond) and pRYSGRaR EPTIRHRLL I8SYF iny ‘l‘?é Washy veaten dycyif- This
canclsymle@?a‘éed’\‘r)‘ ﬁlquetoﬁeérrggloﬁ hiyedrgr Phase by a

speci ficall'y formul ated deposited control polymer to
thereby inhibit the formation of calcium based scal es

A gé)}%{xg eRASLHLSis! Mat B WBLI&hREGS Bt aRd r@gtﬁ’ﬁgt cﬁlfcilﬂﬁ INtrate has a

em surtraces 1 n contact Wlth the wat er
solihxitinp limdtatdn ofieppoyirhatekys1G00qnma et rmltmperdm rand pH of 6-8

witlgin gglﬁte)lél? 1gv$ﬁ§el VS&;%&?.%& %tﬁ Velﬂjﬂae?a%u e:S’t aﬁl&s n&rﬁ? 8 see that

exc ers at are contact wth
depasitivm 6f celcjumvatieate pilkase Jissud aV\@y@@@U ﬂ@@&lﬁﬁgemperatures (250°F-

30 )RR B RPTCeser B e Saetng PR fyeffeof ffrom win

the9picaSS %avdsh vadtdr idd€ BELIE YoaT efkhesd commamfalvrenﬁgd through
The osit cont

. complex is calciumcjtrate rql )

el APRBF I DI S P el RS OGS ANE FBRHEHT: gRYahof  high

caltsi&ﬁl ater DRPasifor ilthebrifttheatlé{chefter tandtiraiofet piting has one of
wat er phase. Wile calciumcitrate scale control is

the; prpblemg faat Wase*PPdeRRnt shoul d al so not adversely
af fect desalter operation (longer water drop rates,
etc.). DETAI LED DESCRI PTI ON OF EXEMPLARY EMBCODI MENTS
SUMM#Q&‘@QEF@EF)}I\%EN{H@M%H on is primarily described

in conjunction with its use in a conventional
desal i er operation, the artisan wll gprem ate that
Thetineentiont perinsoly atessrinajirasofyiiEatmens sheyistsies; tof pyerrome the

deﬁ&gnélgsv&fﬁlé ﬁ%yn(gﬁg p%ﬁﬂ.pineodesasﬁ&ﬂ,%g r?\}éﬁl[ﬁﬂﬁaertams 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).



extraction, wherein an aqueous phase is brought into

contact with an oppositely flow ng hydrocarbonaceous
woredi7ioenc2durt her, al though the invention is  PCT/US2006/045518

particul arly advantageous in renoving cal cium from

crude oil, the phrase "liquid hydrocarbonaceous

medi unt’ shoul d be construed to include other nedia

such as bitunens, atnospheric or vacuumresidia or

sol vent deasphalted oils derived from crudes and

residua that are hydroprocessed or cracked into
In ggvels epifisdaspest QE&P\S anyvegHen.ofific agidsey ithaalts @reysgd as the
squlgsq%l:nt aarﬁq tﬁ%?écgl’egﬂe}e éz}lgggr{ élxﬁgiuﬂg‘%ng S[B%E?sf ééﬂblﬂh’?gltlta@: The
deplogid nonmlhmmﬁneuublblmdlciam pitmsdaiﬂdﬁowaﬁm mahe ovager phase and
aloEﬁ; ﬁH%é%ﬁsat?‘ﬂtrﬁ%no?# ﬁlvhaéctzrgbﬁ]aaége\@qg calc(i)L(m %tepsrgzra >&ntrol is
importiel€Sthe ardagheitnghogldealse mot dversell QdﬂfecB Gemlmr @pb@hbm (longer

thereln rel aslve to one mllion parts of the crude or
walst HEWP 121§ uFt8) hydr ocar bonaceous nedi a. The i nventi on

will be particularly beneficial to those crudes

havi n reater than about 100 m cal ci um_and hi gher.
pERASLER HESTRiETION Gt R PLa e R RBIUREI ng

conpl ex" as used thr oughout the specification and

claims covers a host of chelated, conplexed, or i
Altheuglethearestnt inyeplie éspanatilygiperbedon cophwnctigpeviffelis use in a
coﬂ ﬁl&% NEbsh?dl 6 %tx v ee% fﬂ“lg reclate gﬂétCB er extractlon

fromt e ol .

cihumi1s extr Ct e sSe an east
techmqp@sr will palsa ibenhefiis from e m@ﬂtA@lZOOﬁ# os4emde is countercurrent

extr %10}3?%&91%93/119 Aﬁ%s%ci.leo\ﬁg &)% asd hsa%Foe ﬁllt e}nt%e &it&&r with %& %?)E)ositely

I'on” process when Citric aci
ﬂowngqudrmtzsbmlceodsonahums used as the sequestering

agent, calciumcitrate is the resulting sequestered

cal cium contai ning conplex that at least partially
Fuitleér] iatthoigh tie irheniad ds papitadal pdvantgeohsitin Qﬁnmfvmgh ealcium

WO enu) sion, As 1o the sequestrants that,
frogyude gils e PSS | fﬁ%ms iy dpRcahonaceajs mediyipy agmlfige construed to
inchfe! athbr hidisGéh @alHluene) HERosphOI&S @r AaBuili@drdsilli@lor solvent
| east stoichionetric appunts relative to the nol es of

deasghaliedreifsndarived dFqrm erudes drfiratifus gt 8% hudipRropsspe ge cracked

intd RGeatiApRMYsI sGciR@h Ga BAYESIbRMsS dsélNfubD a8d Qhﬁfe&fﬁ Qfhuefied
sequestrants including those containing plural COOH

coglyhenefisiied ty sandrrtas AlRe dnyaions irdydipg yil hydiogarbonaceous

med BCA LR MY dr 8 A dnfice IR RSt et ardURALM Lwithi tBE GmbAH this phrase.
adi pic"acid. Mst preferred are the hydroxycarboxyli c

acids such as citric and tartaric acids and their

.sal . . I 0 |
7 PR S, SHOGUER D MUER) B
abowt GOcupgin kgl civiox erain r¢ladve woereonslion pats Qﬁmhcfcr@det o1 ggher liquid
hyt%%'cgrbgﬁaéegﬁs %@Adﬁa‘ 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 including ionic or covalent compounds in

which calcium is extracted from the oil phase and, at least in part, partitions to the
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The calciumin the |iquid hydrocarbon conbines with
the sequestrant to forma water soluble or

waelr@pessedl e conpl ex in the agueous phase. A dBEDEE1006/045518
control polyner I, as described hereinafter, is
brought into contact with the conpl ex, such as by
adding it to the water phase. The agueous phase and
hydr ocar bon phase separate upon resolution of the WO
ermul sion, wth the separated hydrocarbon phase being
avai l able for distillation or hydroproce33|n

watpp phasegn aeigstlier on ethed peirgaHon ninerss-e FRorARRle When ciifigacid or
ond useds Lo fd}mshg hsgoa£§mu%§\ge§ nngggh@ cﬁr&ﬂl{g eRPsEE §s the resulting

formation, these are rep OWIn
seqﬁcﬁtmd a:amlur(uc)ontmng [co@p]exOhaE adqgstq;a]m@uy. Parpm})n% to @eQNater

ph%gpg? %eRé}dlnon MR 3087/064629 PCT/ US2006/ 045518

e repea un| remai ning after
polynerization of an ethylenically wunsaturated

o SRIREHES B 502 SRR B BB 8 e
codtﬁwethe (Kikh C&)mﬁhik yhude GlieSe | awvefbd (iel atCRpstabtisichicametric amounts

rel qgi%?%%el @%&F ‘%@?H‘Ql |cra ﬁi?l:o r"&’gﬁﬁ ésglueérf%ﬁﬁs include the

carﬁébbflﬁ:n'a%uﬁcs'e&aestrﬁﬁ% Rhith, more( F{%l'fe@d NseQhiestrafis- Q)cimmg those
wheérein n ran from about to 100, preferab

comgningnpiurg @Qgﬂ ugetionalighangh s Soci Gbasgic FameRYlic acids S including

oxe[lféd | g@loni€! @&5&90 f rnQam:ltch Carfdll %&)1@ 0SSt | BsOfprefeBred PAR: the
COO, Z.i ydrogens any ot her water
hyckgxm!rbomlcu a@rﬂS@udb a%qulwdcmrtem aeids pad tirsalty.he

val ence of the anionic radical X, including but not
limted to Na, K, Ca, NH4; j is O or 1. F, when .
In pressemplary embodprent afnthe ihvweritiog. theeligoidnidsoqarbory medium is

inti?rf'até‘l&%' &oic}lig%ly hixed with an aqueous solution of citric acid or its salt.
The calcium in the liquid hydrocarbon combines with the sequestrant to form a water
soluble or dispersible complex in the aqueous phase. A deposit control polymer 1, as
described hereinafter, is brought into contact with the complex, such as by adding it to
the water phase. The aqueous phase and hydrocarbon phase separate upon resolution
of the W/O emulsion, with the separated hydrocarbon phase being available for
distillation or hydroprocessing.

Turning 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:

@

1|{1
Bt H-CHCl—y P

G
|
Q
|
R2

l
R3);



CH2 O R5 XZ wherein X and Z are the sane as in
Formula |. R4 is Hor (CI-C6) lower alkyl, R5is a
whyarosas2substi tut ed al kyl or al kyl ene radi cal PETEUS2996/045518
from1l to 6 atons, and XZ may or nmay not be present.
Subscripts ¢, d, and e in Fornmula | are the nol ar
rati o of the nononeric repeating wunit. The ratio is
not critical to the present invention provided that
the copolynmer or terpolymer is water soluble or water
di spersi ble. Subscripts c and d are positive
whreine eiss thepmeneat 3is Egmajping aflfers pplymesiegien vl ahedydgnically
f r
unsdiiBhed §%mf>iﬁ’£kg shefifor) ALAARIS1RNch, sIfoRR"Rid, YlobghdRic acid,
or a?ﬂﬁbLﬂSﬁﬁaﬁ(n@aES&Bls WQIhIOIW@S |§€0C6) olkghiof iFdower €CiHCo) alkyl or

cartboﬁgry,ﬁgr? aclr ﬁhgf lszl%car T’)l a‘fl?};l %aer F {9dr. (C.-Cés? al,kyl, lower

(C,{(t“g@salhﬂnmﬂfcmdxt dcido F(Eﬂ-‘FOj-en, f—Qan—Ob-h,emeetPref))m whewe@s n ranges

‘frorpI g bl 56628’3?‘?%‘& a]tnpou#w Sa?ll;ll ] #—?ﬁ bg?t@;eereigo)t( is an anionic

radiegl Néf@cftédz fbhPhedfroas EMlelsﬁmg(HfCSOJTm&ﬁr(Yd)OC 721 i or hydrogens
acryl am de, nethacryl am de, N-nethyl acr

or emydq»th@q Wpter sphuble,patinpic oGy aﬂvﬁpy‘?%‘?rwéﬁfﬁe eﬁﬁl\l%lrte of the
amaﬁb @acﬁéa@a hM&muﬂ@ buk Hammﬁe@fd Ma, Kl @EQ0HE jaS0r 1.

styrene fonic acid, vinyl sul foni c acid,
|sopropenyl phosphonlc acid, vinyl phosphonlc aci d,
Irg B4 A% Formula I
F, %ﬁ&%#&gﬁﬁqsq ?p#o ane éﬁ?%%nuc acid and the-

like and n1xtures thereof Water-soluble salt forns of
these acids are also within the purview of the
present invention. Mire than one type of nononer unit
E may be present in the polyner of the present an
i nvention. Exenplary copglyners and terpolyners
enconpassed by the fornu B include: 1) acrylic

aci d/ al |yl -2- hydr oxy opy| sulfonate ether, (i.e.,
AA/ AHPSE) ; 2) acryﬁi cid’é&l |yl polyet hyl eneoxi de
sulfate ether, (i.e., PES); 3) acrylic
acid/2-acry|anido-2-neth 2] - propane sul fonic acid,
(i.e., AN AWPS); o

|
Rs

|
XZ

wherein X and Z are the same as in Formula . R4 is H or (C;-Cs) lower alkyl, Rs is a
hydroxy substituted alkyl or alkylene radical having from 1 to 6 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 d‘ are positive
integers, while subscript e is a non-negative integer. That is, c and d are integers of 1

or more, while e canbe 0, 1, 2, etc.



4) acrylic acid/ ammoni um al |l yl pol yet hoxy sulfate /

al | oxy -2- hydroxypropane-3-sul fonic acid terpol yner
W@ 2002/064620A/ APES/ AHPSE) ; 5) acrylic aci d/ met hap€yUsm06/045518

aci d/ amoni um al | yl pol yet hyoxy (10) sulfate

terpolynmers (i.e., AAMNAPES); 6) acrylic

aci d/ 2-acryl am do- 2- net hyl propane sul fonic

aci d/ amoni um al | yl pol yet hoxy sul fate terpol yners

(i.e., AA AWS/ APES). The pol ynerization of the

copol ymer and/or terpolynmer (1) may proceed in .
Withc tesperin@e Bwpf Fosmhla Lok, meydosmsise Wieckeppal wiit obtained after

() . " . 3 {41 .

polQBBELRNGE RERHIRSIE Sl Qult B Bhosp Y 88, 8P hide form
thepref ok ndetsresahereat.o Ekgpplary nompatroissnelage bet arsewt limited to the

ol P, B0 PRy S BRalr  PPe G, SheBfie acia
acr&l{ﬁﬁli%&irﬁ@ﬂq&{:@ﬁhﬂid%, I\Bméﬁlwstxc'rﬁmtdc?)a‘ﬂLONﬁdimeﬂ&hiﬁl gdﬁylamide, N-
. alcono am nes, .nercapto coppounds Qr ypQopnospnot pus
isoBHOP Y SRRATBIEeL SIS D0 GO BEG SRS LIS GBS Sl styrene
sultdid 86! Jisy1t figromd a6l dsopiiicdil phbspgHafid ati"Rinyl @i@sphonic
particularly preferred nethod Is to enFI oy L.
acighyyipyisapérbaphesicaad, -raytmifarrgiviRpPanges fopjs acid and
mqu&%h milel Balred. WHREsoRSI daf¥olhis be fest RRL Afe Ao within
the polyner backbone (i.e., fromabout 0.01-5 wt %.
theBayiewi afghe geasest, ingertiprasMata len oRe tesef ppepmefcunipE may be

I dLac and ot her
preﬁ%t%ffﬁ%& %ﬁ%{)y%rggg%kﬁﬁwﬁgiog‘gem s may be added. The
Exereplaiyt copplyroérgrapd tenpalyniess engoimytasstdidyy the deinpile dndbede: or
ot her ~wel.l - known .t echni f I [ LON.LS AN
t he aque&&:s soalclrfflfcoanc ! CD? ‘ﬂ%“e%%’(‘éfﬁéfg’ﬁ%’;gﬁ g'illlﬁ%fa;t/e %Lgé%gxééd,
in the aqgueoUsAAHPSBR form The nol ecul ar wei ght of

t he wat er,z: sol ubl e. copol r.of, Formula | .is not ..
critical Zut ﬁgfﬁfceﬁcgcglﬁgﬁg’ Xeéhx}\ﬁei%xh&t ﬁ%’ééa?eaer%%’ Wi of
about 1,000 t AA/APBSY00; nore preferably, from about
1,000 to_ 50,000 and npst prefe Iy from about 500 .
Lo 28, 0087 her el cRifnilocy eyl Haoee sIETIn A,
be wat er - sol ulyh.e., AIAMNIRS); di spersi bl e. The net al
Tha T qud Ry Bl S e ALV PR B Y i ALy -2
e |iqui y ]
sequestrant t %M&jﬂ:%@ﬁmﬂf&@@am&rﬁa%wmm, to the
al ter

wat er wash in the deés As above indicated,

contact of t heANAPESHERE edi um with the
sequest ragt f q&ﬁi@acﬁ@&i&ég%c%ﬁdd&%ﬁmm&ﬁ Ri1gipBiyRehyoxy (10)

conpl ex that, at”|east
sulfate terpolymers (i.e., AA/MA/APES);

6) acrylic acid/2-acrylamido-2-methylpropane sulfonic
acid/ammonium allylpolyethoxy sulfate terpolymers (i.e.,
AA/AMPS/APES).
The polymerization of the copolymer and/or terpolymer (I) may proceed in
accordance with solution, emulsion, micelle or dispersion polymerization techniques.
Conventional polymerization initiators such as persulfates, peroxides, and azo type
initiators may be used. Polymerization may also be initiated by radiation or
ultraviolet mechanisms. Chain transfer agents including alcohols, such as isopropanol

or allyl alcohol, amines, mercapto compounds or hypophosphorous acid may be used
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part, partitions to the water phase upon resol ution of

the water in oil ermulsion in the desalter or other
we@araeteeon process. The polyner | may be br ouRgit/Us200€045518

direct contact with the resol ved water phase or it

can be intimately dispersed in the hydrocarbon nedi um

so as to effect contact with the aqueous phase upon

the m xing of the liquid hydrocarbon nedi um and the

aqueous nmediumin the desalter. From about 1-300 ppm

of the polyner are adnitted based upon one mllion .
to rpgulats the mokrsulga weishsind dee palymer-pPag priismiacly prgfareddnethod is

to e@lgg %ﬁ%@#ﬁh&%m( Teld hs gf J?amltahﬁ’gr berdt iR zﬁ‘l%lﬁﬁléﬁch that a

convent | on esal ter apparatuses, th
smaﬁhpd)mionmhamgf emafrsaingtie polyaien backioor-(1.800Pm dcmva@d)l 5 wt%).

el ectric be 1Rk es t .
o AR RSB PR g
andf:j S@epaluptiranctionat bitgslinkihg bpdité neyl ted addedasBitk resulting polymer

eposi

I d oth f
manh G ST 3L 2 PERCIEIAIG e Rt LK b e Bgoes. Pl edpation is

in SECuRSudESLASH, ®eNsHlhet WS Ssimply BE U’edtin ake hanesisSsolution
desalter vessel, mx valves, static m xers, and the

form; ke. As nentioned t he reanaI of salts and sol i ds

Thd é—%@c‘ﬁ[éﬂ%l ¢l ofI the Ru{] ' sto'hgﬁél'cl)yol xﬁ@f BPFB@:%@I i& not critical but

I ner as | nst al 8 riate
preﬁaqablprfe wibin oG Mo G0 /00846 J000.000; Tnore preferably,

froxgxe 21%8{@/ %45 ér ) %H GGt Liﬁigfepiblly Wokd) aﬁ\@tltef 566 t@ 265, 000€ The

Salte ction'sites generally only have
esse@ACEtar@ns $gu tkmmiymeob@wp@raol@b Feari Wemlswsiblﬁ: ed

Th? gp?ar% égc?udegtenﬁ% %g&gn}}% Q@Lro\?\l?txiﬁ{%éoq@c\f %\Ll l@letlp;g‘;ﬂ }tlydrocarbon

ccor ance nven
med iz ¢iherdgnading theeseqaesuant agdelsjuyd bgdrbo:urbed ngtdinheor to the

site of. the.,o duction...Thi
waiehstasfn R ASBHoR B Sk AT PRl B S agpgarhon mgaium
with@Bél kéquelrant lfﬁtrﬁ@ﬁ @’bqudmii‘ai/eﬂﬁﬂtn Cﬁntilhmgmambleﬁ chan; 4t least in
and generatjon of her val ue pr.oduct. Conventi.onal.

ParbRAFEGQNE BtRGREHY RO Ealitipn f e WafRidn £ daulpign in the

deRNBAAICRher RE@LHGH pfdceds. t he enul sion. These enuIS|on
breakers are, in npst part, surfactants that

The golymeer dimaviae BFOUEHE B1 AELLFRRA0E Pih g desqiyedpater phase or it

cad GQ $hiRately tﬁlb)t?erkéﬁ 8 {R0hIrod Y& mediun®¥b 9 1drepRetsntadt with
water or Oil to coal esce nore readil These enul.si on

theppeigoss schape gpes tEemixag Rinthe tawd i\-/séaa?frréan frapdiggognd the
aquEioll§ 'uﬁﬂ theQldsaR@d MBELEboufdHIO i BF theSESRer are admitted

R shoul d additionally not materially interfere
basmdtuponh:elepeﬂlﬁm particel G witer Phase Man pefeedbsy, from about 1-100

el AR § ke AL BE Rucb R FRSHED 1" BhééEgo?gSQEE
Astio qonmrmotnald@altu@ppgmmagsd the egydsion may be heated to 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 water 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
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corrosion that may ot herw se occur in downstream
hydr opr ocessi ng and/or water treatnment processes. It

WO goonosé46bvi ous that the polyners (1) woul d bePCT/US2006/045518
effective in inhibiting calciumcitrate scale. For
exanple, as will be shown in the follow ng exanpl es,
several known cal ci um carbonate scale inhibition
agents, such as polyacrylic acid, REDP (1-
hydr oxyet hyl -1, | -di phosphoni c acid) and NTA (nitrilo
triacetic aci d) had little or no effect on

the icntdebbit with wallet (iuim ietdeaalter). o Dilpriognetian sifes generglly@aly have

sepﬁafl’ogi %%iluél’EQ{) gpirgﬂg Aéflvgforﬁﬂjo%f@'dswat@?gﬁ& YeRR! hBHY Cfnal salts

ositio calcirumcitrate an
renﬁivhbmsttnelrgﬁnénersadnlaycdrdm witkvied mveotidoe sl remedvaltcan also be

el evat e erat ures pr.|or deposition. The. .
advaptAgRRYS ‘ierﬁts%g oﬂ‘tﬁ Fre[ﬁ? a‘?lg pr?‘i%%ﬁ’& o;ﬁ 1§ gy 1nvolve
insRlhQYS 6f tek hﬁanﬁﬁllt dswwh Qshdesateayebit ansiddt cesble irsesl imiform

extractin e concentrations of calciumfr rude
lmRIPYequHé’f%i’ﬁ/ vesd Qi 71 ERAFBIOR A rtHigher yaLie AR LY v 1 b
CohRnioBAC emuBidd SréMKelOWhdld bePsddedl € tRX afideSoW @B enhance

are to be regarded solely as illustratjve and not as

resplation jof thergmulpien. Jbspreeplsiondreaientteols. mpskRQ psfactants that
mléé nirgl the %1lyv9atmn2é}pa%%66&%%r Wl&ﬁ%@%ﬂs%ﬁ@ﬂ&e ihrfacial layer

to assess the efficacy of various candi date
alloveingrdraplstsi of wathi 94 eil ig cealetdeumprecicadity. e Thespsgrgplsion breakers

redug{ [f%t 1])39'&3 & 5k lﬂé%@%ﬁlf@? dbd Qéba‘f‘%t%)&lf oﬂnlpgrgd Wﬁf@r( qb&;dltlon of

PCi Um and ppm (as solid
scatd nhitdtoashehldadditivegy nok. maarllyiderferd ettt e pyrforgandseof the

0. 7. 1., ¢
em 2t e S . FOBBERETESToTh YBRRLIBERe my e
addedbice eltherTABL wafer Toreatl npinise @rsbothatol tubsbit HedAl@r ndorrosion and
solution A: unireated A |l pt ,of fine

XSt alcs ] and/or water
corsguit Pitaman ShOmats SR s oMatireRen Sy rRataipg o
trehRAE prodess@d) mM solution A + sulfuric acid dilution

About  25% ar to the untrea
It i g plawpv%él Hhaahneied vl eefichiag i Gpl gpfeiim cirate
sca¥@| lﬁdroékaﬁlp‘l‘e sabl A ive @fveh GH Ikt FSIWARE Wixadipies( cevapall Bnown

to the untreated
calcium carbonate scale)mhlbltlon agents, such as polyacrylic acid, HEDP (1-

y—t

hydroxyethyl-1,1-diphosphonic acid) and NTA (nitrilo triacetic acid), had little or no

effect on inhibiting calcium citrate formation. .

It is thus been discovered thai a family of polymers, namely polymer (I), inhibits the

deposition of calcium citrate and allows significantly higher levels to be formed at

elevated temperatures prior to deposition. The invention represents complementary

technology that allows citric acid or other sequestrants to be used in extracting high

concentrations of calcium from crude oil.

The invention will now be further described with reference to the following specific
examples which are to be regarded solely as illustrative and not as restricting the

v scope of the invention.

EXAMPLES
Example 1

10



to have pH 6.1 crystallize grow ng. The water is
clear. 4 100 ml solution A + 50 ppm active HEDP A | ot
wotoo7ioes2and fl oc precipitate. (DeQuest 2010)PdTeEs2006/045518
water is cloudy. 5 100 m solution A + 50 ppm active
NTA A few (<2 - 5% crystals on bottom The water is
clear. 6 100 ml solution A + 50 ppm Conparative A | ot
of fine and floc precipitate. Product AA The water is
cl oudy. HEDP = hydroxy ethylidene di phosphonic acid
NTA = nitrilotriacetic acid Conparative Product AA =
In pesley de ragsase the ieffidagisd olayious cnmhﬂntal mptsrigksuinainhibiiéigy kalcium
0 a n [
cindRELlysR 308parpb WDy dudorl R o0 bbl 16 Qi) Satcium
chloﬁ'ﬂ@,ratr&ﬂl;OﬁO'Emln’n éas2soll'ﬂABbifr1<2 aﬁdewhﬂ@lﬁpaﬁﬁseN\amH onas added to

1 ntreated A ot of f .
bri ot B 0T pi Rt sk oSBT Pl e Ao o 1995C for 1
1.5y, Ré&sult€lafodhowh id TWB i sol ution A + 10 ppm active

A Alot of fine crystals precipitated on bottom
T t 100% . The water is clear. 2.3 100 ml solution

+ 20 ppm getdtdRnitNIA A 10U Of T' ne CWiib%ﬁ/atmns

hrec

ecipi-t-ated on-bottom{about|
e Solzmzp ob"#*Col uti on A 4‘%*@*’ Wﬁ‘ﬁvgﬂiﬁ;bmm

)
== f \J-h— F=WC. o

g?ﬁ.’egg o é- rSu fgrlC Efcgjacptﬁtlgn a&‘ s P%é(bcrtﬁnair%tﬁ\tl}s qpu&«t}ed)

& NTA About 5% cryst rt%:t;&,} ;Dgf’l‘f"g‘ﬁ The vat er

°°J_

A

{ f solutxon X % aﬁus on &&’:; {"ﬁon ﬁmfﬁig Eompare lio‘fhe unfrﬁited)
!\z g%8$ﬁ064629 PCT/ US2006/ 045544 wing

water is clear.

4 | 100 ml solution A + 50 ppm active HEDP | A lot of fine and floc precipitate.
(DeQuest 2010) The water is cloudy.

5 | 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 | A lot of fine and floc precipitate.
Product AA 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 ml solution A: untreated A lot of fine crystals precipitated on
bottom (assumed 100%). The water is
clear.

2.2 | 100 ml 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 60%). 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 water is clear.

2.6 100 ml solution A + 50 ppm active NTA | Very few crystals on bottom.
The water is clear,
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Exanple 3 Further tests utilizing the procedure of
Exanple 1 were undertaken. Results are shown in Table
W@2007081689 3 Treat ment Cbservations 3.1 100 nm PEDUSI00@OMS518
A. untreated A lot of fine crystals precipitated on

bottom (assuned 100%, the water is clear water.
0. 0595 crystals 3.2 100 m solution A + 35 ppm acti ve
NTA About 5-10% crystals on bottom The water is
clear. 3.3 100 m solution A + 35 ppm acti ve EDTA-
About 5-10%crystals on bottom free acid The water
Example3ear. 3.4 100 m solution A + 70 ppm Product A
o Cl _ 5
Pl e I AR Bl ot BRI iy Qe Results are
shovm irBadde@Bs. 3.6 100 m solution A + 70 ppm Product
PBTC About 5-10% cryst al ttom The water is
clear. 3.7 100 m sol uti?n%%ﬁo ppm Product No

cryistal s obser dadatnkeit the water |{is De nE@bker2féhs
He 30 300w —set-uten—A—— 36 bR Braduct A oy
310 e POgRIFoRigR A iipreated cryst al|S o b ecipiiated on

: 100%), the water is

solution A + 50 ppm Product A C eq,rl]ea@(;,ét 91‘@@595
Nu 4+ ol . n.dn 100 1 N ti(.T C —. . :
325 ) et tiop 2 S5 AP Ve A st gt S JOf e 3 cortom
3SOtPTO0AHI lution & POS phh AR EDT AL §ARbANS 1078 silifbiFbottom.
3 3No c}ggs*fcl@jasu mﬁ& 14%%0 m  sol uti qNrd watk @s @Qﬂ?tPr oduoc%om

:a.axBjL f(ﬁﬂnﬁ%%tfb?%@i 7@@@% ProdWex A Y St|atlgan and-clear whllr. INo crystals.

SQ mHion + D 0

3.5N0 [ Hpsphodutionzh 4 @0 peyp FRadugt i ¢ eat eﬁe‘g’oﬁ“ﬂtc#e&hwﬂe%iﬁ‘iﬁrysmls'

3.60T | LOTEmCSoyi&ioal 5+ J0 @ PrddatRB T |hatiduo s (0asaysvasl on bottom.
100ph, the water is clear water.| TheOodeticelyst al s PBTC

3.7= 2} phioapdeonRut ane ppm Pratiuttr i car faXy trystalaobsir B Que gk water is
2060DsQakse2dr®y| ene, tri am nopent a(gwtdyy| ene phosphoric

3.1aci f)oPmbgbgionA = 38 ppm|Prgduct A Clean and clear water. No crystals.
nCi’ j[/;gll‘.l_ﬁ__;%gy,.ll 1 1 l_f_O” t 1 T £ AL I .) 1.

R R o N I e

3.12 Pf 6@t scBitionge +-JPippmPredicad | vyl |folegrandsigpr (i) No crystals.

als

3.130" Wlekaéﬁ@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.
3.16 100 ml untreated Solution A A lot of fine crystals precipitated on

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

PBTC = 2-phosphonobutane 1,2,4-tricarboxylic acid

DeQuest 2060 = dietheylene. triaminopenta(methylene phosphonic acid)

Product A = acrylic acid/allyl-2-hydroxypropylsulfonate ether (AHPSE); 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.
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nom nal nmw about 15, 000, AA APES = 3:1 Exanple 4

Addi tional tests were undertaken using the procedure
wo@booEnesspd e 1. Test results are shown in Tabl BCHUSDR6/045518

WD 2007/ 064629 PCT/ US2006/ 045518 TABLE 4 Tr eat nent

observations 1* 100 mM of solution A: untreated A | ot

of fine crystals precipitated on bottom (assuned

100%9, the water is clear water. 0.0692 g crystals 2

100 M solution A + 5 ppm Product A About 5% crystal

on bottom The water is clear. 3 100 nl solution A +

10 ppm Product A No crystTa‘iL&LE_él ear water. 4 100 m

sghHuttomA—+ glj."trUUUCl ANo ulySle S0 L
wdter. 5 100 ution A + 5 ppm Product %Fﬁ%oﬁ?s 5 -

1* 10900 my of sdlgicpr: bmtteemi The wat ef Ajlet of[fisgerys@lispoinifated on
sdlution A + 10 ppm Product B Abol|ibottrm (assmed\199%), shegpater is
bdttom The water is clear 7 100! ¢igardvter OHOAE grystals

2 pgn0PrY gefetiorBAND® RRY Brodiet A O ear  vAPRYt S%gcrygal qfbottom.
sdlution A + 20 ppm active EDTA-ft &Be Wagtis clear. . 2oy

3 crlyPansolyriomdr Shapm Bropuetdy ear  whlNaerystls) @deagiwater.

4 Sql1e0inQ @o%&.o‘n AT JpprePlodiv ANTA ADPNb clfdtals? W s al S

on-bhottom
51 Hrid0gH sudes o ot PO sub E§autt - ca'ya‘aiSPBPomm

C i‘l tra ngte‘:\w(c eﬂ;«

6 | Hatoom! SV\’QQ"’EQI'* M}Fﬁnﬁj ’iop';‘itg | ”Ex;mpf;ﬁeﬁ N jéfe Stars °“lb°t\€°m

—as, ll "l ti K%‘QO ? o Ut Is2 ?ﬂga?r\a} t
7 nhilﬁg S%Hl%rwem St '?'p\'/n on uc\ctiesal ter onerafas ater-

8 si[mM@0alisolngomar+e2crmmuantive &Dd“ﬁ-meg N ABaR+ Ot—élg% aeystadiean Hottom.
a | ®idnl at ed desal ter apparatus. Theeasagt-at ed

9 delsdiOmasolutorpAisspramadiive NIt h r e s &bowi 10 BPEArdEds o harom-
a nl ural i ty of test cell tubes di &sgswatef-herein

The
* (Rvpselpten v es fgteradibrogeh a Beflgp filtepansksubmitted do pib lalyfey ffa citrate

determmatxon 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

2+

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 connected to
each test cell to impart an electric field of variable potential through the test emulsions
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
crude/water/treatment mixtures were homogenized by mixing at 13 psi (13,000 rpm /
2 sec) and the crude/water/treatment mixtures were heated to about 250°F. After 32

minutes, 75 ml of the top crude was collected from each cell for calcium analysis.
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300F to sinmulate actual field conditions. Electrodes

are operatively connected to each test cell to inpart
wapoogloessey i c field of variable potential throupdT/UR®06/045518

test emulsions contained in the test cell tubes. 95

m of high cal ciumcontaining crude oil (110 ppm Ca2+)

and 5 mM D.I. water were admtted to each test cell

along with the candidate treatnent materials. The

crude/water/treatment m xtures were honogeni zed by

m xing at 13 psi (13,000 rpm/ 2 sec) and the .
Water doey Gzt evaterrleveliimml wag sy eduioreeagle sprapleraites prrgetermined
fter 32 mnutes, 75 m of the top crude was
ed fromeach cell for calciumanalysis. 13 WO
2007/ 064629 PCT/ US2006/ 045518 Water drop (i.e., water
level) in mM was observed for each sanple after
predetermned time intervals. 14 WO 2007/ 064629
PCT/ US2006/ 045518 3 nc. a A En. Q a. P4 a C c¢c. C
0. aa. a CCQO-[-: MdN~-DMC. UG -+c NMM
a)y .ti O UOOOOO ~a3rsa'" "' 3" ~c3vr >3
a) oai d i 1 ~1 ppcad NNNNi~NOdC7 -+ UNU
NUNUNUS8S500 tr) I r--1 bono Nen U d of cV
rkri r-t cr d kntodcn MNtr 'n toto MMVl kn
A- ~p bA cd ki"t NNv~tin CL Oq

. 290F,
timg gyl
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Example 6

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

reported in Table 6.

TABLE 6
Treatment Observations
Ambient 100°C After 1-1.5 hours
Temperature
6.1 100 ml of solution A: Clear water A lot of fine crystals

untreated No precipitate precipitated on bottom

(assumed 100%), the water

is clear
6.2 100 ml solution A Clear water Very few fine crystals on
10 ppm Product A No precipitate bottom

(50 ul of 2% in water) (<1% compare to the blank)

Clear water

6.3 100 mi solution A

10 ppm Product A
(50 ul of 2% in water)
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).
Cloudy water

6.4 100 ml solution A Cloudy water Very few fine crystals on

20 ppm Product A No precipitate bottom
(100 ul of 2% in (<1% compare to the blank
water) — same as # 2)

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

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 (instead of 10 ppm) resulted in the disappearance of
the crystals in 100 ml the solution A, if 200 ppm of WS-55 was treated.
Example 7

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

Results are shown in Table 7.
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tests using the procedure of Exanple 1 were

undertaken. Results are reported in Table 6. TABLE 6

Treat nent Qbservations Anbient 100C After 1-1.5 hours

Tenpe ture 6.1 100 nl of solution A© Cear water A |ot

of fine crystals untreat(ed '\bgrigb%taiﬁ o e

reci pitated on bottom (assune e wa

(F:)I earp6 2 100 m sol uti onfABEEAr wat er Very few fine

crystal srrggtme;,p ppm Prodpct—A No—pr chﬁ% ‘gn.§ULLu...
er) (<fl %caonpare to the 1"ank)

O ear water 6.3 100 n sol ut i gkmiie® oudy | ABOUF Afte IHL.5 hours
1004crystals—stuck on 1D ppRewpersture A No precipitate

7-Lal 100 ALCLSAESR Ao pn atedg] Clsar walst n wat er A obaffarcerystals
t he blaank) 200 pptSn W5- 5§°P?G(P“E§eoudy Mi@@&?@@i&%@%om,
i e [y ciay

7.2, soluti RS  ogrecipitate observed,
' ' B 5 el k

Clear water

No precipitate observed,

&L ve'PrécﬁlgPA as # )Ppm

No precipitate clear water.

7.4 100 ml solution A + 10 ppm | Clear water No precipitate observed,
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 water.

7.6 100 ml solution A + 5 ppm | Clear water No precipitate observed,
Active Product C. 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 aCIdIZ—acrylamldo-Z -methylpropane-3-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 directly
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 medium.

While we have shown and described herein certain embodiments of the present
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 defined in the appended claims.



200 ppm W5-55 (200 C oudy water | of 10%in water)

Conclusion: 1. 200 ppm of W5-55 caused the cl oudi ness
wotoorietsamt er. It al so decreased the perfor maPCEUSI006/045518

Product A 2. 20 ppm of Product A (instead of 10 ppm

resulted in the di sappearance of the crystals in 100

m the solution A if 200 ppm of W5-55 was treated.

Exanpl e 7 Anot her series of tests using the protocol

set forth in Exanple 1 were conpleted. Results are
C%\é\g in Table 7. 18 WD 2007/ 064629 PCT/ US2006/ 045518

7 Treatnment Observations Anbi ent 100C After

1- 1.5 hougtholerR e 0 I ut, i
untreated O ear wat gédﬁ%? CZlCilunf]t | neté?)?s %‘I“g 3gdcarbonaceous

meﬁﬂ@élcﬁmpals@gpr ecipitated on bottom the water is
cl ear. 100 [ pm Cl ear water No
preci pit a‘%e obs(;eﬂlrt%/czglg%golt"il'{}g tﬂﬁ@&a@pn%eouwemum with a metal
seqiesteiipe Rge to Feam a\wquestereﬂ A0 dBntBARCbRAPIA; + S5 ppm

Cl ear vvater eg g é\g ob erved, Active Pr oduct
A. No pr et pi t% reaf ]t‘%‘f‘ Vyﬁoiﬁboﬁﬁceg'éﬁ uegdiwmAwith an

aqusdup pmc[ﬂlmalro foRinedn BRURIGL WhkicBY \Aéﬁyhsr%ddﬁgmi 818‘9{11*1V§nu1310n at

leaPro ‘%‘H g\lo %r eci pitate clear

8o PUPPEIRD 0%, S3it 55T eIcd afaldiime congining copiplen @emains in said
aquddae inedtum; Act | ve Product C. No precipitate clear

water. 7.6 100 ml solution A+ 5 ppm Cl ear water No

preci pit & e oboBfagEng saifcaqugeusPmediven with Nevater soluble or water

dlspé@ﬁil@bb@h%r %laeﬁ‘l"ﬁotﬂ@?&;nulg 1o g%mcalgﬁ)l Y I &)Es{t%gnatlon therein

m Cl ear wat er reci pitate observed,
or @PBE gegfages 1N6°W|a@‘c‘fvf§h saideaqutes meditior, wherainl ysid pfolyiSer has the
forafula/| i ¢ aci d/ 2-acryl am do- 2- met hyl pr opane- 3- sul foni c

acid mv X4,500. It is noted that as used throughout
t he speci f| cation and ensuing clains when the (D

R;
l
LB heH—C F

G

|
Q
|

R;

|
R3);

wherein E is the repeat unit remaining after polymerization of an ethylenically
unsaturated compound; R, is H or lower (C1-C¢) alkyl; G is lower (C-C¢) alkyl or
carbonyl; Q is O or NH; R, is lower (C-Co) alkyl; hydroxy lower (C-Cg) alkyl, lower
(C1-Cs) alkyl sulfonic acid ~(Et-O)—, —(iPr-0)—, or (Pr-0-), wherein n ranges from
about 1 to 100 alkyl, and R is H or XZ wherein X is an anionic radical selected from
the group consisting of SOz, PO3; or COO; Z is H or hydrogens or any other water
soluble cationic moiety which counterbalances the valence of the anionic radical X; F,

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

20



l'i quid hydrocar bonaceous nedi um or aqueous nmediumis

said to be contacted by an agent, this should not be
woa0070ed6g9 construed to inply that the agent i sPemuszo6/045518

directly to the nediumsaid to be contacted. I|nstead,

the agent could be added to another nedium or

enmul sion containing the intended nmedi um provi ded t hat

somewhere in the process, the agent, wherever its

point of addition to the process may-be, ultimtely

m xes wth or contacts the intended nedium Wile we

have shown and descri bed herein certain enbodi nents of (I

the present invention, ig is intended that there be

covered as well any chanq or nodification therein

whi ch may be nade mnt ﬂeparting fromthe spirit

and scope of the i ' ‘as defined in the appended

clains. 19 WD 2007/06462 CT/ US2006/ 045518 CLAIMS 1

Met hod for reducing cal ci content in a liquid

hydr ocar bonaceous nedluH1conpr|S|ng a. contacting

said |liquid hydrocarbonateous nmediumw th a netal

sequestering agent to forn1a sequestered cal ci um

cont ai ni ng conpl ex; b. tacting said liquid

hydr ocar bonaceous nedlun1mnth an aqueous nmediumto

form an emul si on wher ebyX4pon resol uti on of said

emul sion at |east a portion of said sequestered
W [ I i ueo

g U A AR Bl LR T Ho* RocraPhpt iRy, R s a
hyggexgsu rsnlz.mtutmi@ll@rl axcesdenechaspreg: ﬁmm £ 1 6l yyoms, ehﬁVXEgndyh& may

{6 pdbéhe ep05|t formation t
oor fzsa?éong su ggg’lsﬁ) (}S%tl‘%ghfeggl{p St hI YL P ey G dyaeey n%‘H{ Ju‘FnO or1.
wher ei n sald pol yner has the formula: (I) RL |
“[-B ] [ \elhofal vt ih Fim3 W}xere% from about 1 to 300 ppm of said
polymer (I) is brought into contact with said aqueous medium, based on one million

parts of said aqueous medium.

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

polymer (I) is brought into contact with said aqueous medium.

4, Method as recited in claim 3 wherein said liquid hydrocarbonaceous
medium 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 claim 4 wherein said liquid hydrocarbonaceous

medium is crude oil.

( 6. Method as recited in claim 5 wherein said metal sequestering agent is
citric acid or salt thereof and wherein said sequestered calcium containing complex is

calcium citrate.

21



I R2 (R3)j] wherein Eis the repeat unit renaining
after polynerization of an ethylenically wunsaturated
weompoesdd RL is Hor lower (C1-C6) alkyl; G iBCT/USE#06/045518
(C1-C6) alkyl or <carbonyl; Qis O or NHL R2 is | ower
(C1-C6) alkyl; hydroxy |ower (Cl-C6) alkyl, Iower
(C1-C6) alkyl sulfonic acid -(Et-O-r, -(iPr-O or
-(Pr-G)" wherein n ranges from about 1 to 100 al kyl,
and R3 is Hor XZ wherein X is an anionic radical
selected from the group consisting of SOG3, P03 or
coo,7-z i Methed asyigeitesk its cloim gnyhetefre saidgtotymers Dlsup |n?=,mber or
i oni j ' .er hal ances the val ence o
m%érg%lgcﬁ%f@%w%&% 8399%&&%8 present, is a repeat
uni t havillg t hAAESHPSEa |1: 20 WO 2007/ 0646@2 o x
PCT/ US2008/ 045 | R4 CH2 ORS XZ erein
and Z argﬁthe ‘g‘éz%l)gg’i)n Formula I; R4 is Hor (C-C6)
| ower al 3yl , RSAVAMPSydroxy substit uge;:l(zal kyl o?rmay
| kyl ene having . from 1l to 6 atons, an may _
ﬁotybe pr‘{ésent‘gAé‘&gﬁﬁl‘A&{%‘?% positive integers, e is a
non- negats)ve i ApnAgAAN/APERD ] is O or 1. 2. Method as
recited in claim1l wherein fromabout 1 to 300 ppm of
said pol yher (MVAMESYSEERt into contact with said
aqueous medi um based on one nmillion parts of said
aqueous nmedium 3. Method a recited in claim2 wherein
f r ofr abodMetipogd gs 1egied pnelgim §aﬂ¢breip(sh§dm:rlyxgl_bx) I iss4
brought ijpto ¢ i th said aqueous medium 4.
Met hgd asmr eci'%g{jﬁliqﬁsg aim3 wherein said |iquid
hydr ocar BdnaceoAPRSdirum has a cal ci um content of
reater an ppm cal ci um based upon one
?ri [1ion tggrt s%g"?}%%d% I'i qui d hydrocarbonaceous medi um
5. Method as recited in claim4 wherein said liquid

' i i
hydpocar RANAGE R RcitdPH YTl 8 wHHSS sid polymer I is AA/AHPSE,
10. Methoa as recited in claim 8 wherein said polymer I is AA/APES.

11.  Method as recited in claim 8 wherein said polymer I 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 medium or to said aqueous medium.

14, M;athod 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 apparatus.
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6. Method as recited in claim5 wherein said netal

sequestering agent is citric acid or salt thereof and
wob@res4s2sai d sequestered cal ci um cont ai ni ng CRPOPUS2006/645518

calciumcitrate. 21 WO 2007/ 064629 PCT/ US2006/ 045518

7. Method as recited in claim®6 wherein said polyner |

is a menber or nenbers selected fromthe group

consi sting of 1) AA/AHPSE; 2) AA/ APES; 3) AA/ AMPS;

4) AA/ APES/ AHPSE 5) AA/ MAJ/ APES 6) AA/ AMPS/ APES 8.

Met h as recited in claim?7 wherein said polynmer | is

1) -AHPBtethos) aseckest i clgim 13) whereimiP® BornvielaHad fasn 1 to 20

and€% ik Brrhila ¢ iPdelBcRedREMALL 18 & er | is AA AHPSE.
10. lI\/let hodaaé reci ted&:hn dllg’stn?g% erein said pol ymer

| is AAVAPES. 11. Method as recited in claim8
wher gy n sali yerer I S AVPS. 12. Mefhod a )
P10 TR BpBBF redudife SR depdiiion) Alone uEroes iy contact

recited in arm
wighnal waten phisehfoameé rs | =5 tesnlt hifaekdntion 3f alyBih@giodSin a petroleum

.eclt in aim12 further conprising adding a =
el Eale? of I 'BPE Setdn st 9 Rt ipcalrumsbersieis pontacted
withecli sequestrano afdi £ watiiewhsh R fbiad lsaili“emh@fdhoﬂa\ﬂﬁ% a dsc%qgestered
e

ecited i.n ¢claim8 erein said emulsion is hea
calenum camplex ip éaﬁf CIPISIRY. (esremoRFleagtsa poBIeOf #8id sequestered

calchiint @snplex phaitivnd 4o ART %Ja"tbr?{ag ruZ)%Hl did PLoRlichAlSd method
emulsion is performed in a esa?t r appar at us. Py 'an
COBWE MGe APPFUBETIAS S00W7st e Talciurg . camnlivo dvitls ar swieresbluble or

watét dib 'ﬁbﬂe%o‘l{fiﬁéxfﬂla'&_ir{g &1@1@%%{]}3'16‘ | is from1l to 20
al i e

and i n Fornmu S sel ect fromNa, K Ca, and

NH4. ()
R

LBl +-CH—C ]~ - Fl-

(Ra);

wherein E is the repeat unit remaining after polymerization of an ethylenically
unsaturated compound; R, is H or lower (C;-Cg) alkyl; G is lower (C;-Cs) alkyl or
carbonyl; Q is O or NH; R» is lower (C-Cp) alkyl; hydroxy lower (C;-Cg) alkyl, lower
(C1-Cs) alkyl sulfonic acid; —(Et—O)—, ~(iPr—O)—, or —(Pr—O-), wherein n ranges
from about 1 to 100, and R; is H or XZ wherein X is an anionic radical selected from
the group consisting of SOz, PO3 or COO; Z is H or hydrogens or any other water
soluble cationic moiety which counterbalances the valence of the anionic radical X; F,

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

(D
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17. A method for reducing cal cium deposition al ong
surfaces in contact wth a water phase forned as a
w0 e@alos46ed resol ution of an emul sion in a petrPCEUR2006/045518
refinery desalter of the type wherein crude oil
containing calciumtherein is contacted wth a
sequestrant and a water wash to form said emnul sion
havi ng a sequestered calciumconplex in said
emul sion, wherein at |east a portion of said
sequestered calciumconplex partitions to said water
phase upon said r esbiCa T)-sai d net hod conpri si ng
contacting said sequesterled cal ciumconplex with a
water soluble or water §F&persible pol yner havi ng the
Formula I: (I) R I -[- E]- -[-CH2-C -]-d -[- F-]-e
G R2 (R3)3 wherein E i® the repeat unit renaining
after polynerization of dn ethylenically unsaturated
conpound; Rl is Hor |lowks (Cl-C6) alkyl; Gis |ower
(C1-C6) alkyl or carbonyfl; Qis 0 or NHL R2 is |ower
(C1-C6) al kyl; hydroxy | &Xaer (Cl-C6) al kyl, |ower
(A -C6) al kyl sulfonic acid; -(Et-O-" -(iPr-O-" or
- (Pr < . wherein n ranges fromabout 1 to 100, and
Whﬁé’“’i‘ §p ?41%? UG R ams; A I FrEmuls Iy R of Gair€alilower alkybRs is a
hydroagnsubsiugaailioyl op asiyiieithvile £83 1 B8 MmOdd %z irSay br may
r hydrogens or any, other water soluble cationic ~
“"ﬁ{ﬁ %‘%‘?e%‘f apd ??B’Eﬁﬂ%ftﬁ’él (78RS § e RQil-Begadivefntegrs, and jis O or 1.
anionic radical X, F, when present, is a repeat unit
having the Formula Il1: (1l1) R4 23 WO 2007/ 064629
PCTABS200¥r 28 54 gecited imighaim 17 whegi sadd drEde & 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 I is added to said water phase based on one million parts
of said water phase, said polymer comprising a member or members selected from the
group consisting of

1) AA/AHPSE

2) AA/APES

3) AA/AMPS

4) AA/APES/AHPSE

5) AA/MA/APES

6) AA/AMPS/APES

20.  Method as recited in claim 19 wherein said polymer I is
1)  AA/AHPSE;
2) AA/APES; or
3)  AA/AMPS.
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wherein X and Z are the sane as in Formula l. R4 is H

or (Cl1-C6) lower alkyl, R5 is a hydroxy substituted
wa@bdyloswmeo al kyl ene having from1l to 6 atons, aPdI/ER200&§45518

or may not be present; ¢ and d are positive integers,

e is a non-negative integer, and j is O or 1. 18.

Met hod as recited in claim17 wherein said crude oil

conpri ses about 100 ppm cal ci um and greater. 19.

Met hod is reci ted in claim18 wherein said sequestrant

IS Cj t ric acid and wherein said sequestered cal cium

comﬂ ex i Methadeas raciied imclaimah avhebein siid hdpddthytirodacbonaceous
meld¥m Pk [ r tQ.s ter

Saania e 2R PORASIR e o B6GGHY' it B iR BEFs @
thrgygly (@ rare perferinsddpyoninmerbad site. nenbers sel ected from

the group consisting of 1) AA AHPSE 2) AA/ APES 3)

AA/ AMPS 4) AA/ APES/ AHPSE 5) AA/ MA/ APES 6)

AA/ AMPS/ APES 20. Method as recited in claim19 wherein

said polymer | is 1) AA/AHPSE, 2) AA/ APES; or 3)

AA/ AMPS. 24 WD 2007/ 064629 PCT/ US2006/ 045518 21.

Met hod as recited in claim1 wherein said liquid

hydr ocar bonaceous nmediumis crude oil produced at an

oi | production site and wherein said steps (a)

through (c) are perfornmed proximate said site. 25
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