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WD 2008/ 062433 PCT/ | N2007/ 000360 METHOD OF REMOVAL OF
CALCI UM FROM HYDROCARBON FEEDSTOCK FI ELD OF | NVENTI ON

WG 2008063BEsent i nvention is generally rel at ed POI/IN2607/000360

field of hydrocarbon industry and particularly
related to renoval of netals from hydrocarbon
feedstock and nore particularly to renoval of calcium
fromthe sane. 10 BACKGROUND OF | NVENTI ON Consi deri ng

o e EROIEDT REMPNCAT pr L ClicheIRad,
many b obl e S ROCARHON FIRIEIOCK, Toore, ©

difficulties in 15 effluent treatnent, poisoning of
catal yst by certain netallic salts and such ot her
FRELB! éﬁdN%ﬂrﬁﬁoNhe metal s, cal ci um poses very serious
probl enms whi ch cannot be tackled wusing the current
refinery processes. Calciumexists in crude oil as
Thalpedsein indéhtion ipgancraily mhpdit theid ficldafdydwicaron industry and

herejnafter is referred to as cal cjum naphthenate. . The
PRRICEIAT ik ReieEicaa] O WAL BB R TRIE s asiPil g por
p%fchﬁﬂyf&?@n&&[ﬁ%alﬁﬁ&%&ﬂx% fppcess. The exanpl es of
the type of crude oil which contains |arge anounts of
cal ci um napht henate are crudes from Chi na such as

' : West Africa; G yphon and
%%O@m@my@&e 25 North Sea; and SJV from
the West Coast of USA. In an oil refinery, the
desal ting of crude oil_ has been practiced for

' | . ny
Gpasidating Thee risingdarices ofs grade yoib dhe Ja{ipets e ffPBE?HT;t@v%fPﬁ?SS
" : : . o . . _
BB oriff pitfl AOBEL % e cORLHMNHARNEL iEke Bpflzuniy
chmlealpose nBfy lproleRB0RICH GRABBlIRCHE R0OKhenE3E (ifficulties in
salting i s necessar rior, to further..prqcessj ng,t
Gk e hsst Mensot e ot frelott g A AL | Sher
Hatmwoul d ot herwi se cause fouling and deposits in

downstream heat exchanger equi prent and/or form
corrosive salts detrinmental to

Among the metals, calcium poses very serious problems which cannot be tackled
using the current refinery processes. Calcium exists in crude oil as calcium
complex of naphthenic acid, which hereinafter is referred to as calcium
naphthenate. The calcium naphthenate is not removed from the crude oil during
the normal desalting process. The examples of the type of crude oil which
contains large amounts of calcium naphthenate are crudes from China such as
Shengli No. 2; DOBA from West Africa; Gryphon and Harding crude oil from the
North Sea; and SJV from the West Coast of USA.

In an oil refinery, the desalting of crude oil has been practiced for many years.
The crude is usually contaminated from several sources, including, metals

including calcium, zinc, silicon, nickel, sodium, potassium, and such other metals.
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crude oil processing equi pment. Further, these netals
can act as poisons for the 5 catalysts used in
waelovmmstxseam refi nery units. Effective crude oi PCT/IN2007/000360
desalting can help mnimze the effects of these
contam nants on the crude unit and downstream
operations. Proper desalter operations provide the
foll owi ng benefits to the refiner: 10 (a) Reduced

i i ) ! rude eheat em
Désufifhg A0hkois i) B0 fukthlr (REHSRE 16 i Sve b Bipriaane
qiberaiperganicd naRetlsc doit enard\othasis. cdsy foek@fdd deposits in

ovvnfrt ream progess and product contam nation. 15
BRRRR <HPHRBEPE SYTpPR AR ori e eatrosixe salindesimantel to
ot@dee6il hstlessheE ONBAMERS FuliBer, Y8 SneRiil cRY a8 %ﬁééll&glg for the

anot her enul sion i n which about 5 percent r
ts Yogd dp dpwngiregperediaeryi units. Effectoielcrudsi dibdesalting can help

; | i L%.1 S: di rected into d lter
Ry AORAEM Ahlen b a5 e 5P v, pidryipean
oplatigesl  Piopte slesdlied espedliohdi rovikle aghg efidtving Rndlits @Nehe

ter emulsion is exposed to the applied electrical
rgﬁ‘éqrd. An induced dipole is formed on each water
droplet within the enul sion that causes electrostatic
attraction and coal escence of the water droplets into
(PalRefbicedpide it gerroslompl et s. Eventual |y, the enul sion

i nt te phases--the oil ph t
PRI e SRR U b5t om 1 ayer) . The st eans
(Of Retrsed petdntedi f61f distdlafioh cBRghPddhdgent water are

@fﬁ%{ ately discharged fromthe desaiter. The entire
( Ucphgne3EeRss | s a continuous flow procedure as

el G . rmal .y, . chem cal
(%ggﬂ%i gde&s ar gk%?{lﬁcﬂe}g%eg%&%gﬁ%fi %&SCRI:}P 1§at{%1r ve to help
resolve the oil/water emulsion in addition to the use

f electrostatic coal escence. 2 WO 2008/ 062433
[%&J%P&@%@‘?/f%ﬁw ofrthe datuga] Frpylyien of pratert thetedopomipanges the
s il Bt @Eati ‘ ' b1 ati
e g R hRITHE Ty ) USRS BECE M puivg yash
wategtis disperagchintaathh ioghusingracaix vabve. e ieimtldion mis i3l digtsted atto

SRl B folfime B arhe SPuP P feiahepbieedPirlee. Under
B taBtn gERRSE . thElQIRAAI watlH QIBU{})IOHL i{g RxpOdeddd thé aﬁplgduéigctrical

oi| froma field exists intig
field. An induced dipole is formed on each water droplet within the emulsion that

causes electrostatic attraction and coalescence of the water droplets into larger and
larger droplets. Eventually, the emulsion resolves into two separate phases--the oil
phase (top layer) and the water phase (bottom layer). The streams of desalted

crude oil and effluent water are separately discharged from the desalter.

The entire desalting process is a continuous flow procedure as opposed to a batch
process. Normally, chemical additives are injected before the mix valve to help

resolve the oil/water emulsion in addition to the use of electrostatic coalescence.
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water-in-oil emulsions. That is, oil-wetted solids in
hi gh concentration in the crude may help formti ght

woRdosmed3zvat er enul sions that are difficult toPCEERMVE100360

These tight enul sions are often referred to as "rag"
and may exi st as a layer 10 between the separated oi
and wat er phases. The rag | ayer inside the desalter
vessel may grow to such an extent that sohe of it wll
r

T RS L pE 0 SRR bt gl RO ol S by
ksMnﬁgthébﬂhwmglhaﬂhmabmnﬂbnxonta|ns a hi gh percentage
of unresolved enulsified oil. 15 Mich of the solids
encountered during crude oil desalting consists
C&0d8YB1N thatPSontAAS bl iph PeRentS HE Pardivulatcd BolRI 48, cdnigitate the
sul fide, sand, clay and even phosphorus- contai ning
desﬁwngm@seSSeThe patipidate sekidy. by mphwe, ayeuld peaferap|tianster to the
wa %ngﬁgge 'Irﬂﬁ&elégle m H of t}?ers%hﬁg r1 P& g%ﬁ rﬁ-clnX alﬂefﬁ éxqgts hp’mght

um’ “zinc, Icon , sodium potassi
vmcd ihdedl bmklmonan frhwm il-wytterl palidsein hight dftﬁﬁentfaﬁoﬁl i the

are pre t of the 20 mat rla na esent
Fiiecnae POl forRTah ol ep AT SRy iR e Ptk Brplve.
'[Lh'%géjﬁgﬂtsglﬁgﬁdgg N YP@n %feh%@ctb' ol aﬁ&tnaal e}z@ﬁ hOQ Thfer

eco . The netals nmay be present
hehmegathb (Bepatra@dgrah iand fveaters phases. ablti tdgolayen 1ns1de the desalter

icating th de al t,er operation,
GREbE 3 iR SR BBF PPl R BB R
Wit ﬂllaaﬁatéioym& MERETA 9%{56?141 R thd RiaStel mbm@sméﬂeplant since
cok |n% operation since iron and 25 other netals
therag dpyry $tHl tcestainsoe ckigh dparsamtassa b amrsspled seraulrb‘l&ﬁér oil.
grade of -coke. Renoving the netals fromthe crude
oil early in the hydrocarbon processing stages is
Mes 6fthetsolidy emdousteled Juriigderhdegbil glesdliihgy cmksms esmmehly as

as.to limt corrosion .and fouling_ processin
naFtislatess su%o%s@% o, gy sifige aﬁgﬁ gleReady &Xv8 Pwsphorus-
C%’a‘%ﬁ}l%% cORBYERIS! &Eabtlﬁt? ATt AR trd &ééﬁlaﬁl r%m%d include, but
008 2433 PCI I N2007/ 000360 and these all center on

ard @ot semsysakily limdied ttantaleins zie, sitheomesaketl,emdunn; potassium,

water so

PRoPGdtiee b PSR "Bimeh of (RFETHRls e Staf. Sonf of the

1B8kRAls GO b pR8&itGn Bdohile Forel) aA8 soBleChnbiyredtit@ Mmodification
resent in crude oil can lead to fouling of heaters
threuigh ecaction @h@n@senegctmmrg@utr@lﬂa@aﬂ 40 99@@%%@@ pnlls matals
essi r
rg %F Dese LA in 109 ua?garffé or %Eéanlﬁf‘ fdrﬂlgnglg%gg tl%? tg co\;ﬁ:‘i&rgtlﬁgs the

dRBa%E o Eﬂaﬁoﬁ qﬂhbstauis dnddithdrycoatatiinarts aef panicnls cvgcern to
m'neraF aci ds. Reflnerf{, . . . . .
er downstream processing. This includes the coking operation since iron and

other metals remaining in the processed hydrocarbon yields a lower grade of coke.
Removing the metals from the crude oil early in the hydrocarbon processing
stages is desired to eventually yield high quality coke as well as to limit corrosion

and fouling processing problems.

Several treatment approaches have been made to reduce total contaminant levels

3
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desalters customarily renove such salts. However, oi
- soluble netal salts such 10 as napht henates and
wWEhb®sobases are not renoved by conventional deB@Ei/N20¢7/000360
Therefore, oil - soluble, basic netal - rich crudes
are |less valuable than crudes wth |ow | evels of such
nmetals. A process for netal ion renoval enables the
i ncrease of the value of such crudes. 15 A few, but
r dsipe
D e b el R A P o AR K ormally,
tho riesdlter | enke | mnofes avatérusoloblei inorganit s#lts encleas sodam or
di ff.i culhg .1 f not inpossible, to process using
POGNEM SPT4Sy ef i ning  techni ques. The netal s
contam nants causing particular problens are in the
form of nonporphyrin, organonetallically bound .
Resiepaialissuciiassealeipme when pagsenthineprude oilt ¢an Ised éq) feuling of
't he I > . .
HE i R Rl B poiReh ERUG L GO GAE BroPlosing, Whe
p'rélsleﬁoalﬁ aedrgami¢ Ralty, utieh @b, shloites, pesdlybinearc lodiss emtapsulated
cal ci.um conpounds jdentified in particular is the
VAR JBE RABT R R FFeleae P?ﬂ%ﬁf‘o%@%ﬁs&%& Rekwnery
dEBaRss aisgcﬁﬁﬁ{[?tréﬁlb{r& sEARANNGSwaE, 5Pl SBRAE AR shli®Sich
the tfeedstock”by nornmal desalting processes, and in a
asomaphtitenates | ande pheriotajes? Bret mohmemaeed gy coweniiensd edestléing.
ery. rapi.d deactiyation, of hydroprocessi ng.catalysts.
Vhelsfieq 61l Solas PG et motte} PREF GrecBpo Rt HENE e ctudes
Wil o ¥ edls oBfsublalngdtals) ACHITREISNIS mEte]l WnUe@Sovial @Axbles the
China such as Shengli No. 2; DOBA from West Africa;
@rywaﬁ%wlm%ﬁmgcmdeae oil fromthe North Sea; and
SJV fromthe West Coast of USA 30 4 WO 2008/ 062433
PCT/ 1 N2007/ 000360 US Pat ent Application 0050241996
Alefsor, ibue Sintieasitigle fipoptahty peddoyduac reydidec faeditdiks, residua, and
erivatives, (that is, polyners) fag enovi n t.al
cazghalied aﬁqdﬁvﬁ?@’%%gﬁns st A kleco celyin o g Avitiel gender
tﬁ%e 'affﬁbﬁﬁ, lif Sﬁ(ﬁdirillgosrsﬁ)?cr,eﬁ? mr%ésgeuﬁﬁg conveRfiénal@tefing
sol ubl'e nononers, 27 representative anfoni c nononers
taciohi@@s.cBhe oweials Somamimaets sausie paittigulai probidmsaiednitee form

noner s i.ncl ude | ei id.and fumari aci d, ther
Al rengGrphyiiny e aigoaby horng tomngUith o ere Fageles have Bean
AR, totldihbr AdtMralll; Jcb@sifg ARAARDMPERBs BE selBilized calcium
i ndependently or in conbination for renoving

t al
framgecovennvetees thyteamesipsantpelevith stids oilhEne pggsibaie class of
ot éao%]?odnﬁs g@én%ifféatiﬁ%mﬁ&lﬁsﬁ @k respective naphthenates and

their homologous series. These organometallic compounds are not separated from
the feedstock by normal desalting processes, and in a conventional refining
technique they can cause the very rapid deactivation of hydroprocessing catalysts.
Examples of feedstocks demonstrating objectionably high levels of calcium
compounds are crudes from China such as Shengli No. 2; DOBA from West
Africa; Gryphon and Harding crude oil from the North Sea; and SJV from the
West Coast of USA.
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aqueous solution of only one or nore water - sol uble

poly (acrylic acid) 10 derivatives, that is use of
w@eiognoe433 f or t he purpose of this US Patent PCT/IN2007/000360

Application. It is known to a person skilled in the

art that, it is necessary that a catalyst is used to

react wwth a nononmer of an acid to formits

derivatives in a polyneric from This adds to the

C nvol ved and . .
o ainL ARG BoskhiBB e orf Belatordipencio
denivhtiesh €thaf deit pobfmeks) ﬁnddremo&ing infetals iroRS €¥ote Chykitodalion

f t wh | yl
G R AR 2 Bt rotenbion Aiteh B rerestep Vo Bo s denbevace
sofubls &flondth&a! 275, repr‘é@MR’elganics ﬂiéxﬁtﬂhgshgﬁ%y% cationic

precipitation takes place, which can
Hengmesy whereiveligh ofc enjenin gn@q:mqsmlsde ifaleic iasidcarehfumaric

afc¥ eg@%rag)géﬁlttqu %é'cslgggeé{l n t%a%u%%it} tgfsgP I@/ge ﬁma{ ﬁr?ysotl these

pomTigrs tai bensdi @hependaiﬁgﬁslnﬁorﬁﬁﬂ@tﬂﬂ%ﬁ k&tBoAhE metal ions
Lg&m r dosaevvlll | ead to higher cost.
%ﬂ%g d af% %?CkésuT %fedadpﬁlﬁtﬁw Hathingatent on use of
BERNSOtut p t Rafer t
LAR ol (1" GRNEBAEE i’ §aker Ml g ki)
dstiviatpressthat is ms¢ bpdlymb forsthe pugwse ofities TS Patehe Apphdigion.
hence additive will have to be used always in excess.
The inventor of the present invention, after extensive
IEXA@bWIED e skilBR] inTHE R trmk figismef:&*é&@ thixad ce[t&lgstlﬁ fised

of aqueous sol ution of any of "t he ani oni'c. oners
tg giedst a&éthrmrr@n@rr@c iodf anmaldeﬁOCfOHn hgsddqrxjfetlwsohnfa,lpalwnmnc from.

008/.062433 P 07/.000360
T} il ) 8 O O WU, 108 el B eduibmens and.
chamwatsemadmﬂ:ﬁrptr@ewﬂld duch bther Ryerecar bon feedst ock
such as crude oil with negligible precipitate or,
wi thout giving any precipitate. Refer to Table 4,
I f t S I: t 1h
EARBIIOIER S, chebied byl PR bts AR BH d Wht By
(ewpiha neid) dorlfwazlemfe[d S dfatedf Apptieation RYA0R¢ 299601 dNed, (that is,
features, .are as given bel ow The

%?@@éfﬁ%?ﬁﬁov SHisE) JERY rsiniSn Srit BRCe bichy camnieadr o

2NbE tHEDPRIFBEstng é&lﬁxﬂ@l’i’ts ”’Pfu@'lg A& FrofBhEidata provided in
anhydr| de or fumarl C acid, for renoving neta 8
"Eabkee6 Eapmmmtf Noml cofl e ynreseap bpdvification.,  Absot mu pledent nthis

S S 2 EF TS G 8 Ok AL 9ok N

lwdldﬂot hiyes cost. Other disadvantage of using additives having a tendency to

precipitate is that it will be difficult to control the dosage at the desired level in the
equipments in the field, such as crude desalter, and hence additive will have to

be used always in excess.

The inventor of the present invention, after extensive experimentation, has
surprisingly found that the use of aqueous solution of any of the anionic

monomers such as maleic acid, maleic anhydride and fumaric acid, efficiently
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conmpounds, used by the present inventor. It does not
use polynmers like poly (acrylic acid) derivatives for

wao biog/ogp4spose. Refer to Table 4, Experinents 1PCDINR0071H0360

US Patent Application 2005/0241997 Al descri bes

di fferent additives useful for enhancing phosphorous
conpound renoval in refinery desalting process.

Reacti ve phosphorus speci es can be renoved or

rlh0S fn?étélefbnfsr aldygh OFdh b&ﬁbi&gaﬁ%t{tl?enate WBiiGine @S fhe
I'n an enul st on rea I Nng process sing a conposition
hymkarbontfa¢dstocROsuchtas rorsde oib Ivathh ;wglxgxl;le greapitatSwrt witheut

wat er - sol ubl e hyd i ncl ude, are not
gl‘l‘@’&%%@’al’lie?’;?“?ﬁenﬁfé t‘h;a ?gé@fﬂeﬁlmﬂl s &)’31( uconi ¢ aci d,
C. sub. 2-C. sub. 4 al pha- hydroxy acids, poly hydroxy
carboxgblc acids, thioglycolic acid, chloro acetic

This elearhobsmesrous thasrthe distingsding fratures eff e Wa%ﬁemsmventlon as

I t
o S FTNES ol WpEH B0 A8 WD B2, G el
- atdagginéribedswt her eof . The conposition may optionally
include a mneral acid to reduce the pH of the
desalter wash water. A solvent may be optionally

THRCHIRH ihentibh §is&0 {d &ﬁtloﬁr BE InkSRRbE '&Iuomc monomers
i aqRahs ARtA

ication permts er of rea phosphor us
supiemamc amdoma}w: anyduds opfrmsaiowicid fbr tenhaving metal ions like

SRS B o Vo B ISR

c&?l!idédﬁl OTher€ liI@Jhéi |p@éb$p1ta@16ﬂ dbBer&Mefté@seColl &iiyuoT thiese 8ddigves
metals therefrom 6 WD 2008/ 062433 PCT/ | N2007/ 000360

cphipeungls, maed by thgppreeat ivenpool/ does 198 7usy| polymgishbke poly
5 B Yo R P YL it B

Iike gl uconi c aci d as an addltlve corrpound for renoval
reactlve ﬁ ?rous specj es,. angd_ cal ci

.and
Wt Refenhépal 1%@morﬂr RETIM7nd despihes élﬁ@éﬂ%@%@@g useful for
HRURAE! phdsDFordl:SAUATAGEMETal i RriiRR, AlsakfiB IR0l deactive

Ives as itives co as from
ghhsplmxmﬁespemmtcan bo neioaved cbr bl;ansﬂafreqb lﬁsgemhydliona'@nn ehagedo a

cal ci um ci um napt henate from
Er s o FEUSJERARing BOpTIa Dy CRB e SR ogght sontains
WS ule IRk yaseidd HulithMe wAasPQIKle Hydfsky! A8d¥s HcfudeObut
be used in"2:1 nolar ration wth respect to cal ci um

anp oot lgﬁca@@nlythm@ﬁ@l tovaly colirerid,(glagonigienid, G.euls dripeibrt alpha-

l}y roxgrr 101 0.1¥ \iﬁrﬂ%(hg{y d%ésrg%)é}il ascgcfg;c i };@thcﬁgkfla’s chid® acetic

de@d] Wolyeskric forms of the above hydroxyacids, poly-glycolic esters, glycolate

ethers, and ammonium salt and alkali metal salts of these hydroxyacids, and
mixtures thereof, The composition may optionally include a mineral acid to
reduce the pH of the desalter wash water. A solvent may be optionally included in
the composition. This US Patent Application permits transfer of reactive
phosphorus species into the aqueous phase with little or no hydrocarbon phase
undercarry into the aqueous phase. The composition is particularly useful in

treating crude oil emulsions, and in removing calcium and other metals therefrom.
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There is no teaching or suggestion in this US patent
application 2005/0241997 for wusing naleic acid,

woradogie24anhydri de or fumaric acid as additive PONPROOTA00360

for 15 renoving calciumfromthe hydrocarbon
feedstock including crude oil. The present invention
categorically suggests the use of naleic acid, maleic
anhydride or fumaric acid as additive conmpound for

e of cakcl ' t t.ai
T B QauSt AR HAORATE KT, (AR HERR, Bt GRYRRR
ni@ﬁb}/\gﬁﬂrﬁdik?lic %c&fsemq}ﬂ Ay e%lyéogfc acid dri]ﬂd $)o.l}'ﬁiyﬂ’mxgnder%vative
ication. N view of above, therg is a nee or.
t}@p@%& Blse rgéucg}lwewﬁe%ala Hgitvereonnaung 1op efenkogﬁloegfea&f“’e
pﬁ&hﬁbroﬁg B8R caRRirh | i ey mBlald, UFdmT BRMhydrocarbon
ydrocarbon feedstocks, including crude oil. 2 30

feadswerle GO 8488 disatvantize 0f ie0geed thee peidsgndderivatives as
VANTAGCES OF | NVENTI cor di nal di f.f er i
Nt o Byt ABE RPN SnbhALe By B Sl

iReh@Mo Rnf¥ve@Bicath fioh éGuRnepBBhate loanhydrocdrbor feedstock,
provi de an econom cal method with, increased

isethp iesmesidsirguire highes dosagessargrddiive ganpatedisinge they are to
(o 0] . . to.:
o AR 38 OSSN i, A PR s
aPh@devd cangaindityahé presaft iveentir imtbabamé mokardatos dhdsasn 2:1,
phase aqr mat?r phase.. Further object of the present
vERRAugh deeer of gyconis gridds B9UEed-| uent of hi gher pH
val ue, thereby giving a non-corrosive effluent. 15
Still further objects and advantages of the present
Thotesin b deachingl ortseggastiompptaisdd$ patenbanplisatiem2Q05R41997 for

detai | ed description of. th i P
ERAIPNES S50 AnhfR tp@iige (R AR e SRRGRL Combald for

168V B OSaldiBmO FeaN e [hiEocarbbf Ufeedstockh dwdudifd | dfude oil. The
spect rum of napht heni ¢ acid. Figure 2 shoy FTI

. , R .
prgsent inventism eitegenically siegests Giraise niimaalyic acids maleig aphygfiide

or fumaric acid as additive compound for removal of calcium from calcium

naphthenate contained in crude oil. This is the distinguishing feature between the

present invention and this US Patent Application.

In view of above, there is a need for developing a new method for the effective '
removal of metal contaminants, particularly calcium, from hydrocarbon

feedstocks, including crude oil.
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Figure 3 shows, FTIR spectrum of organic |ayer
[ Ca- napht henate in toluene (oven dried)] before

wOo e@snoss 25 DETAI LED DESCRI PTI ON OF | NVENTI GMCT/IN206m000360
nmet hod of the present invention, for renoval of
calciumfromthe hydrocarbon feedback, the foll ow ng
chem cal conpounds are used, which are Mleic
Anhydride, Maleic Acid or Fumaric Acid and salts or

(ggrl va?:‘%/lgé Igfr)\e%&ilé‘gbpgoo?pect | VEF6 r esr’rgi/fascglngl u’m

fr om t he 8 WD 2008/ 062433 PCT/ | N2007/ 000360

art uIarI fro he cal .
ke SREE2 AP’ b SoRGnlessnpbahc PRThubIoRnEe
d@&gﬁﬁa%ekﬁwentlon conprlses t he steps of : 5 (a)
m xi ng the aqueous solution of any one of the chem cal
conmpounds such as the Nhlelc anhydri de, Maleic Acid
UNA | r .
1 oFREPS: pE el ARy B Baflice R AHRYRAD D i
ihcytézis@d affiviehcy tdue asrlesses dosupe of tbecheimlical compairs ugedret al
and its salts, such as cal cium naphthenate 10 (b)
permtting formati on of two phases, that is, aqueous
RRAG gﬁt&ethe Qﬁé}fi%?ﬂﬁﬁﬂuﬁ RNBRGIe @ PERSKARL{d to
e two ‘phases of step or permtting themto
[seyEat ptee1p1t\Mc91n off dadciminystlt irehydrofaborephass opwater pbasst ep
(a) above, the nmetal ions are readily 15 bound or
chel ated to carboxylic acid groups of the present

FuRheP bRt SHEk PReserfBin®éionCistto froviei 4h affludnt 6f higher pH
mal ei ¢ ‘anhydride or their salts or derivatives or

vabieo theatbyrasving eimeneofrosiye elluent conpl ex. This netal -
acid conplex is ionic_and water soluble. ‘20 These

two, phases, that is, the aqueous phase and the crude
Sifll Airthenoliedto aad udvanpizas of tharpeessapiavaitinth will ieometappatent

to separate. As a result, %ﬂhg aqueous sol ution

ek snsHipedeilsd description ahibRARYeOfieny enoved, thereby .
resulting in a hydrocarbon feed with netals already
renoved fromit, which then can be handled in the sane
DRESCRIPAIOMNOFDRAWENGBoneous feed and processed by
conventi onal

A brief description of the accompanying drawings is given below:

Figure 1 shows, FTIR spectrum of naphthenic acid.

Figure 2 shows, FTIR spectrum of organic layer (oven dried) after reaction.
Figure 3 shows, FTIR spectrum of organic layer [Ca-naphthenate in toluene (oven

dried)] before reaction.

DETAILED DESCRIPTION OF INVENTION

In the method of the present invention, for removal of calcium from the
hydrocarbon feedback, the following chemical compounds are used, which are
Maleic Anhydride, Maleic Acid or Fumaric Acid and salts or derivatives of all of

these. These salts and derivatives are used to effectively remove calcium from the
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25 hydroprocessing techniques. It is contenpl ated that
t he physical separation process is ordinarily to be

wW@le0ws/06233 conventi onal crude desal ter, whi chP@EIN2007/000360

usual ly used for desalting pretrol eumcrudes before
they are hydroprocessed. This separation is to be done
by any separation 30 process, however, and al so

i ncl udes .countercurrent extraction. 9 WO 2008/ 062433

PCT/ 1 N2007/ 00036 ont act ti. t .
niSRReheT dfieigcr sy (AR el BESHIEER: dient in the
hi@edarBlom.i Nng m xi ng action is inportant and varies from

etween |ess than few seconds to about six hours. The
preferred contact tine is fromabout 5 seconds to

TRE Mth tgepfeéent invenkigh e&ﬁ@hyes thd@egigymi cal conpounds
nent 1 one n step (a) above, are Imjected into the
(#)e s alntieingvihs hquetie solptiow of ty bhe ol thegehsmitdhicompasids such

water wt he i ncom n crude.oil, This mxtupre.is

t hen apaes Sein apRats. Rfe ARG i 4Cb bR Sits or
t hr oghvatéPoH Rsiho Pblyhltes vREIropidtd comMBinatiol ehepddf; wikthiagy
process is called "desalting”" and is 10 literally

r enp\y figcerkpe strean gutheaschipds pilie canipiningefial ankitpialts, such

The %Qkﬁﬁﬁﬁfnﬁﬁﬁkﬁa re present due to the water found
in the'tncom ng crude oil. Essentially, the salt

(e nNC eoiridfingd Hointatidh| of edobyhdsbsg thdtliis,i aqueotis tphasevantl the
wat er. The wash ter is treated with dinulsifiers to
hel p hyfocaibrneoys #hassepar ati on. Any, water remaining

QL Sgg,graﬁg{%the?\% hdsQiof b 5 DR pbittile theiay Seapite.sal !

| ues. eratures In the "15 desalter typically
range from about 93 C to about 163 C. To renove netals
ch.as calciumin.the desalte he em cal. .
B 6 SR i Firae e P BEGUER ) sk ARG St dapspre readily
bolAd lof %ﬁ?‘lﬁ{eﬁ tboca&my\lﬁseﬁid’\’agﬁtﬁﬂs W tihe phSentVing@itdSsuch as
e

m xi ng of t oi " and wat er, i s chem cal conpound

nedleicaaced fumerig acich| ari makeicT by deidensir etkeir gl @t wierivatives or
HoBERALt bR AR o P B it BB RS HEBER eforisape

vahevelubbnt i oned cheni cal conpounds and the

conbi nati.ons thereof, generally ranges from about
0.001 to 5 weight percent in 25 the desalter wash

MREE o, PHasdd! BREHN tﬁé‘%(cﬁfé%ﬁ@ﬁh&@%ﬁeché‘ SRfdel d? HiRtRErboneous
subnol @ or éxces$ nolar cohcentrations w th-respect

phasayetakeparated be pbynitted 3o Iseparater Aara result, the aqueous solution
containing the metal contaminant is removed, thereby resulting in a hydrocarbon
feed with metals already removed from it, which then can be handled in the same
manner as any other carboneous feed and processed by conventional

hydroprocessing techniques.

It is contemplated that the physical separation process is ordinarily to be done in a
conventional crude desalter, which is usually used for desalting pretroleum crudes
before they are hydroprocessed. This separation is to be done by any separation

-process, however, and also includes countercurrent extraction.

9
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such as calciumor its salts such as cal ci um

napt henate. Wien the inventor of the present invention
w@eooBoeesl experiments using succinic 30 aci dPCHIN29@#000360

of dicarboxylic acid, as an additive conpound, for

renmovi ng cal cium from cal ci um napht henat e cont ai ned

in the hydrocarbon feedstock, including 10 WO

2008/ 062433 PCT/ 1 N2007/ 000360 crude oil, it was

serv that. t Ctyj.0n t ' u

138" 0GR Rt SpPER" MG whBOES  RRpR JblE R The
hiyrolchidenéous tieel dieiel hixingladtionds tnpdreemt hnd varidsefrorn betveeen

used i n processi ng of  hydrogarbon_ feedstock, includ

less foam 1§ secongsiie ﬁg% s %S-gﬁms%ﬁeﬂ FEntRES time ISB‘J“W] éﬂ t
stREAdRE Bb AN 20hodrbe present invention performed

experinments using malic acid, a type of hydroxyl

di carboxylic acid, as an additive conpound, for

in alciumfromcal ci.um henat e cont.ai ned .
TRl At S S BB A 3b e A i R o
tH@ dedise s whtkdtprioh €0 biadingost theawasH wakt bathattel iaboming
anount 10 of precipitate which indicates that it can

ceesnil. flbin mixgure s thee pawsed threvgh miigh shepr yplys to phtagt thequeh
. i i f 1 22 e
el B BTG5S Y RS e Bl o i
1Rerall eemovirg waves sblubleochloride alts Srmmt thernik rithieahloride salts are
erformed experinments using. tartaric

15 id,.
BB R et A e insamipe g o daprtpfly. HSai

i QiTutel WPMeNHERL bR a8 GAle! YA wash water i
c%g%{elﬁ%tlééchﬁt g(igﬁeg I n the hydrocarbon fee&%soc‘ﬁer ®

traatadudith glioulsifeereitd helpt theadl/ whise sersdationa Anyhwatee aemismng

| ead bst ant al t i pit d '

7o et ot Brleferef Rl el ST Rk AR o the
A8tk tRficdlly thn@Formab6uti 93 1) lebotnid3s’Olsed in
processi ng of hydrocarbon 20 feedstock, including

rude oil . fer, tQ T [ t "
TR0 BE magelT 50,8 AR, P SEaIB f ghicat WBfhpb s
R¥RRedBn sRpYS) Sgbveidrs bddedacintinuavsiycto the washonaby AWk yhe
tricarboxylic acid, as_an addjtive conpound, for

vigerous mpixing of (e foiloAnd AyFT s aphoEralt eomERpd; Phelptes, the
dGudlY 99E @gltﬂ?%gtzﬁ%r%gg AP Glte da{&gdglg 0 NGatef YORIbRL thenéd the

was observe reaction s to substanti al
aiaumtis sfmqed vigothe atagerwhissh | ndi cates that it can
cause fouling in the desalter unit and also in other

P (Rsdbref IAc FCBRS bt e OmehiisHeAC Bhditall 86EpH@HS, and the
combinations thereof, generally ranges from about 0.001 to 5 weight percent in
the desalter wash water. The present invention can be used in molar, submolar or
excess molar concentrations with respect to metals in the hydrocarbon stream

such as calcium or its salts such as calcium napthenate.

When the inventor of the present invention performed experiments using succinic
acid, a type of dicarboxylic acid, as an additive compound, for removing calcium

from calcium naphthenate contained in the hydrocarbon feedstock, including

10
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WO pwenes3 of the present

including crude oil. Refer to Table 5 Experinent No.
1. 11 WD 2008/ 062433 PCT/ 1 N2007/ 000360 When the

experinments using polyneric formof maleic acid, that
Is polymal eic acid, (PM200), as an additive
conpound, for renoving cal ciumfrom cal ci um napt henat e
contained in the hydrocarbon feedstock, including

d t d t r )
SFRHIGROH, ok UECROREL HRd LR LR ERSH PRI of
previbitate whichliadicates thahit camsmise f@.l.]irigrlg t]herﬁd:shberd%tedndellso in

dalsom ot her its | roce
ol et hoerie of Mottt creiaBely et fruds oil
RE&116 TablRa B peiBitint NO. 1.3 Hovvever it is clearly
brought out by the present inventor, after extensive
10 experinentation, that use of any of maleic acid,

nh | or. fu [
TRYES BOAEE DER ORISR S B o

aﬁﬂnh apeast Hyﬂrd:d?ﬁdi&m%bﬂﬁw dvid) af @pdddioiol compolnd)i tt‘memovmg
crude oi | o{oes not. | ead to  precipi atl on or
calepen i fiemt salFway nephtheRtts gioBfaiednit ¢ dpydrocarbon’ feedstock

1961&&&%3{1%6' - t whi Bﬁ&r‘{) ' tﬁabot[l@ YEeRkiSn 3Ws o 's'»{lll)é@&ti‘af amount

equi p er to 4 Experinents 1t
oflpeecimtamgwhmg indiyatbethbieit canx czmsd &rdinganl ﬂtwdqselmrtm:tcaedtalso

ollo . exanmpl e whj ¢ nt. or t
i s Sl oet i BREPstRoRf ROt Eh GRORGR foey R ik oL
RIS t599BR Phxpeind XD} on. 20 GENERAL POl NTS ABOUT
THE EXAMPLES 1 to 4 1. The details of the quantities

of Cal ci um napht henate in toluene having an anount.

B RohAOHF P R ch, AL AERLRRD o

RKPe typends plly‘ld?dirolﬁyélcﬁmb@tyelc apid,eds laii] atidhive eonipoudd, for
The Cal CI um naf;r)ht henat e vvas ar ed reac i ogn of
rgeamﬂq galpiumy firom Al FER; Rapht a? ¢ allyrefgrbon

ﬂfckdq §1i£dfag' €x)ud The R ody Cébs\éﬁz%g Was htﬁg fegcﬁ&myaes to

urﬁ c e rHapt heni ¢ acid used had an acid
s'ﬂBstmaiah anmim‘apfmrcmplmtt dégosmﬁ/ﬂ:@hmodulcatgmhaﬂ'h@an esusetfowling

18&}1%:%%31 e?—a t%gg a]a{;" S}E gﬁ@%gﬁ{l usnRt ;}{*ocessmg (If h}fdrocarbon

feedstock, including crude oil. Refer to Table 3 Experiment No. 3.

When the inventor of the present invention performed experiments using citric
acid, which is a monohydroxy tricarboxylic acid, as an additive compound, for
removing calcium from calcium napthenate contained in the hydrocarbon
feedstock, including crude oil, it was observed that the reaction leads to
substantial amount of precipitate which indicates that it can cause fouling in the
desalter unit and also in other units used in processing of hydrocarbon feedstock,

including crude oil. Refer to Table 5 Experiment No. 1.

11

i nvention perfornmed PCT/IN2007/000360



10

15

20

25

30

12 WD 2008/ 062433 PCT/ 1 N2007/ 000360 toluene to get an
approxi mately 2247 ppm of calcium The FTIR spectras
w@booBlaghisheni ¢ Aci d, and Cal ci um Napht henat e aPET/EN200%1000360
inthe figure 1 and 3 respectively 5 3. FTIR spectrum

figures are given only for Exanple 1. For other
exanples, only the observational results are
specified in Tables 2 to 8 . 4. The weight of the
: ; h o : . .

o M7 PRoAer of, My HACeh! MR BRori3d Sl using
piodynpdycefovmdoft taleicsapnd; thdt is pelyavidbi¢ heid, OVIEROON G, anadddétive
reaction.with 10 cal ci um naphthenate,,formtheir .own
OTPEI M 08 g r‘fgfc ?F t%?ﬁcé‘.lm ppfhenaly samgined s the

R cof esiseied, Rok@indttride iRl WS cbskfred thf thelRactiBH 18ads
ratio of calciumto additive conpound is also given in

ty sybeiantial angowgt of grreciRisde deposits | wigh indisetgs dbatghcan ipguse

i.C ida : : Thi:
ol 52 AL AhGC it i 3o th o) Sufls &L TrodliiBl of
hydravatboalfesdsiqghs inofudagdirtdewd]. Refiqrao Mdbles Bkmdiment No. 3.
mentioned in Tables 2 to 8. If the additive is in

solution form the weight of active ingredient is

}%\%&%B: it is T@i@u@yg b%?%éht Bout by FROEBLNY  inGRY, L St ¥&Ehsive

In Tables 2t , each "addi t'i ve conpound
axpprimseation, dharag ef ady ofmaleicecpk maleorshyR@le®r fRpsu¢ acd,

resented in Table to 6 .are ohtained after 2 h S
Bt 57 i, SopBRuN] dr dPm8uDE ccputy dirn i) gidishate
dofitafrdem e Hpdtbefbeh f&edsOlE RcludMiet@RdBIAEL | doet Fodead to
are forned, it is observed that the precipitates are

nregipitatisneor iy somen experingEnisolgad to peglizible| ampoung o iprecipitation.

BRGSO TRy T, e SR 1

Xentrigrade. 10. Generally the Calciumcontent in
aqueous phase was neasured using lon Chronat ographic
technique (1 C and by Inductive coupled plasma for the

THOFRGREP el R HtteBBndbBstood by reference to the following examples,

which are presented for the purposes of illustration and are not intented to limit

the scope of the invention.

GENERAL POINTS ABOUT THE EXAMPLES 1 to 4

1. The details of the quantities of Calcium-naphthenate in toluene having an
amount. of calcium of 2247 ppm in the hydrocarbon layer and
demineralised water, used in each of the experiments given below, are
given in Table — 1.

2. The Calcium naphthenate was preparéd by reaction of sodium salt of
napthenic acid (2moles ) and calcium chloride (1mole). The product was
washed to remove sodium chloride. The napthenicﬂ acid used had an acid
value of approximately 226mg koh/ gm. The resulting calcium
naphthenate had approximately 7.5% of calcium. This was dissolved in

12
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w@eashenat e in

WD 2008/ 062433 PCT/ I N2007/ 000360 EXAMPLE -1
Procedure: Ml eic anhydride, dernineralized water and
t ol uene were charged i nt o BCRBE®NU7/000360
round bottom fl ask, equipped with thernonmeter pocket
and water condenser, and was refluxed for 2 hours.
After 2 5 hours it was cooled to roomtenperature and
the contents of the round bottom flask were poured

into rat i a '
T e
col | ef NaphthedicatetlyaeldCasiunnaphtherett ket showT hethe figure 1

aqueous | ayer was anal ysed for pH, and Cal ci um cont ent
was éﬂiﬁy%ﬂ’eﬁt&"e&i'ng | on Chronot ogr aphy. The

hydrocar boneous | ayer was 10 dried to renove tol uene
andl tFAERdpeatins digptes awagivem anly et Exgmplsul. iFor othea axdroplas.

I nfrared, Spect rgmet er TIR). a Is e | ow, and
for CaPCHERPRGee gt s eyt f S4RRS G 8%

| NDUGTHe Wreight JBE b RhlSRMAkalt Diiehe @dditive @htpodihdl 68 wdighted,
details below and_in Table 4, Experinment No. 1. In

t hi s véeaarsilevant, gad isgieen intfables tef--napht henat e t o

Mak eirf; ' i : . i .
or > G FEDRERRACRal Sorfe b (R iy LORPERAE, UbC RAERE wih
exanghkiim 2iphihcppie) foval hdis ownFThlRiudatsalts viiclFTir&ipitate.

ShownHeRt pregibtztes Amatei B ttred EPRIRObF o apout
(17@.0 THY thoRUStid 8f bABuB] RSRIAAReHonfRIBARY hls6 gB%hdn Tables 2

group. 25 The FTIR spectrum of calcium
napt Heratfer skawpleacatinmazcetatd equizingdamoles ofgsefic acidand. 1

cm 1l as,_shown.in £i.Q, Af tlan .
r eact™ ogf%%‘a@ﬂ?ﬁéﬂ%\({r ﬁ‘% QP’%? ?ggﬂﬁlginrll q 5%&:%%43& # (ﬁﬂ%ls’
mal eigenahheidht @€ alditive soapssidvie disoafieriivned i Mablegne 8. If
2, that the toluene free 30 hydrocarboneous | ayer .

showehe additize iy ncrolitioadprn, fhe werght ghagiverpgedisy 1sigiven in
i ndi | presence of free carboxylic acid group
(sim é’lrlé}'?zo{o&?g 1) such as free napthenic acid in the
hy @r c@areballye ausulishgisen i Aables PpleBe fab sahcaddifivel §ampound
14

represents average of three experiments.

8. Results presented in Tables 2 to 6 are obtained after 2 hours of time for
" reaction at 98 to 105 degree centigrade. In cases of Tables 3, 5, and 6,

where precipitates are formed, it is observed that the precipitates are
insoluble, even after 2 hours of reaction conditions.

9. Results presented in Tables 7 to 8 are obtained afterl5 minutes of reaction
at 98 to 105 degree centrigrade.

10. Generally the Calcium content in aqueous phase was measuted using Ion
Chromatographic technique (IC) and by Inductive coupled plasma for the
hydrocarbon phase.

13
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WD 2008/ 062433 PCT/ 1 N2007/ 000360 cm -1 peak of

cal ci um napthenate in figure 2 indicates that the
woredosiog24anhydride is very effective in extracPCHIN200W@®O360
t he wat er phase, the Calciumfrom cal cium napthenate
whi ch was present in the hydrocarbon feed. 5 Ca

content data: The effectiveness of the present

invention is further proved by neasuring the Calcium
WEL& aqueous | ayer after reaction which was

oun 0 be about 2200 ppm which was average of six
PreectiurgsMatwic addtyidnide tdeamindralizcidevatsr amkl Cahapihtimnatednoval

reater than 95% iS.iS ot her . eyi dence ,of , hi gh
T shatsd 1to 20 R Ered RO 46 SoRBRdoTig O
thHRNR:& JoBkE\aal vikerROHMGs&ahid WS tefluked EdrPRours. After 2

napt henate which was present in the hydrocarbon feed.

hene ibwes eealedip lopmthinperaag andtheicanienisied theaoand peltea.
. A H f

(Ll YR EREF Ry 3Rl Sbapil Rkt M KB, ©

Hytifocatboaesis phasdaintionf d@eouseaetd eillepisd ahd bhslyagugous

phase s found to be 6.41, tqere by indicating that
%@ﬁ@@?@%@ﬁ%ﬂ rageq et Wag prplysrddor pid. andfalpivmm confent
Rk R R R A S S A
drieid $o pishonal takmendrandaidpa doiad sayhjals avais enalysedity Eaurieo Jiransform

(e Speaifinsiet FRREET i el R hECaldiunt Pt by
WBEacPagehnidue ((MNIUETEVE COVEIED Pn.A SVAY/ résuldre given

Experi nent was conducted by repeating the procedura

igtagtailsdrelaxanbinel able hixperigiengNenk nal eic acid, as u
A P e b o B 1 o

the [MYlcium thitenOefe Cisnppldhenatosokitioadn [tbiehoased for this

Chr omat ogr aphi ¢ technique] is 2200. In FTIR (for dried
%@Hﬂﬂ%}siéﬁﬁbﬁmnl peak (for Cal cium - naphthenate) was
REAY j{.0 be absent in the 30 oil phase. The oil phase
Was” FUrt her anal ysed for Calciumby |ICP technique

Cal ciumwas found to be less than 1 ppm 15 WO
BHabA892433 PCT/ 1 N2007/ 000360 The results show t hat
calciumis effectively renoved in soluble form

avoi di ng

FTIR spectrum of naturally occurring free naphthenic acid shown in fig.1 shows a

characteristic peak at about 1700 cm” due to the presence of carboxylic acid
(COOH) group.

The FTIR spectrum of calcium napthenate shows a characteristic peak at about

1541 cm™ as shown in fig.3.

After completion of 2 hours of reaction of Ca—naphthenate solution in tolﬁene
with maleic anhydride it was observed, as shown in figure 2, that the toluene free
hydrocarboneous layer showed the characteristic peak at about 1698 cm’!
indicating the presence of free carboxylic acid group (similar to fig 1) such as

free napthenic acid in the hydrocarboneous phase. The complete absence of 1541

14
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formati on of precipitate, thereby preventing fouling
of equi pnment. EXAMPLE-3 5 Experinent was conducted by
WO e@em6i4e3) t he procedural steps of EXAMPLE - 1PCT/DN207/000360
using the fumaric acid, as additive conmpound. The
result of the experinent is presented in Table 4,
Experiment No. 3. The Calcium (ppnm) [by IC techni que]
is 2100 ppm In FTIR (for dried sanple) 1541 cm -1
@ [ a3 the
BP0 il LB phtE NERRE s AR b
vearmf/fectwm irs @kumtmgf imcmtheawvzat@:h plgase,f thentalcgum ofrom ca1c1um
Ci t her eb eventin ullng of equi prent.
f%gﬁl@& %EC Wﬁsggﬁeﬁg{% &g@??ﬁ%ﬂ?%dmere conduct ed by
repeati ng the procedural steps of EXAMPLE - 1 but
GCa tonge apf the additive conpounds Iist ed bel ow. The
S e; :
RS BEIRE BhSPp TIttngS B B Tt the
O'edhhﬂl (%nteﬁx pedqueend layertafted reaebl@nwhhﬂhu@’tm foahd o db®ut 2200
ef fectively renoved, and_the precipitat egjls absent

gy v hiels &@ésavmaga&ft $ix rgedipgs gindicgiing g Clef%?ﬁo‘)fn calcium
BhBeANLeaRE it 0S4 efilk i %n?fﬁér S6RBnder anh}?p 'eﬁ'egtlveness of
Experifrent 1 to 3, and Ta e 5, Experinen

Malerc tillgdgide mhwusmlgccmnplms reffovel iof édoyndemtnwd lancalcmm

dosa s lower, pre itate.is

pabitls ek ey By U e MvaRbeBongleddotd pffhefdpidl this
&lcﬁﬁmbltﬁ@ewgﬁrgagsg 3, simlar effects are observed.

Li st of additives conpounds used in Exanple 4 A) Mono
pHealussdgta:c acid (Refer to Table 2): 30 (i) Acetic
acid (Experiment No. 1) (ii) Gycolic acid (Experinment
BlforeZieact{dnl, | piBol GiNadueadd By&Exaeabowntdudao pigselide of malelc
Saturated D - Carboxyllc acid (Refer to Table 3):

an pohe Ageeovs Phessrandniftsy 7rcaeitererH of ithe aseersplasa deg forund
[4i M [ §

t&bEﬁ%og 4! {Here%\?y (n’ltélc%ﬁﬂg g%cc%dc\:@g; (grtgg éfféggrg-ﬁﬁ@fc ﬁ(gtmto its
ca1c1um salt there by indicating effective extraction into the water phase of

calcium from calcium napthenate. At this pH value the aqueous phase is non
corrosive and this aqueous phase is clear and free of any precipitate at the bottom.

This is the additional advantage of the present invention.
EXAMPLE -2

Experiment was conducted by repeating the procedural steps of EXAMPLE 1, but
using the maleic acid, as additive compound. The result of the experiment is
presented in Table 4, Experiment No. 2. The Calcium (ppm) in the aqueous phase
measured [by Ion Chromatographic technique] is 2200. In FTIR (for dried
sample) 1541 cm™ peak (for Calcium — naphthenate) was seen to be absent in the
oil phase. The oil phase was further analysed for Calcium by ICP technique .

Calcium was found to be less than 1 ppm.
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5C Tri - Carboxylic acid (Refer to Table 5) (i)
Citric acid (Experinent No. 1) D) Poly - Carboxylic

wa@eiod/o¢Ref er to Table 6): (i) Acuner - 1000 ( EXEQEIN20€MI00360

No. 1). Acuner - 1000 is a | ow nol ecular 10 weight

pol yacrylate with a sel ected nol ecul ar wei ght around
2000. (ii) Acuner - 2000 (Experinment No. 2). Acuner -
2000 copol ynmer conmbines two functional groups: strong

Thé EbsGHoMNEAREIal A0S 1WBAKCtAR]YhermoGad RAOIIEE form. FPSiding
chem_cal compounds ACUMER 1000 and ACUMER 2000 were

frrmationaf pregipitatorirerstip pepvssting fowling nfeqpupaentce Mal |

15 (West), Phil adel phia, PA 19106 - 2399, USA. (iii)PM
EXAMPUERri ment No. 3). PM- 200 is a | ow nol ecul ar
wei ght mal eic  honopol yner of nol ecul ar wei ght of
approxi mately 600. PM 200 - was procured from

Nty OO 89 gt R

001, India. 20 (iv ese
brirusingpibe yurparic agideas {ddjtiveacpepaundritenesult of the experiment is

recipit and-formd sits, thereby foul in he . .
B SrRLR T8 P puRamaR RS o Dt ERleTH gridh) Bacichiechminee) s
DE0OChpnk. 1AFACRI(ES drislliseipley a8l &R ipBok @8SEMcin@Shaphtiftnate)
cases of Tables 3, 5, and 6, where precipitates are
Vay sas8 to be abssnbpserved that 25 the precipitates are
i nsol ubl e, even after 2 hours of reaction conditions.

EXAMIutEs Shédr Tihe lellctim As EffEttReliEfemdVelli il $b1is oM@ Savoiding
onduct ed by using nal eic anhydride as an additive 30
Bmet BreFipit greby prevaning fouting af eqriproeatr bon
f eedst ock. The hydrocarbon feedstock used in this
EXaIMPLEst4conpri sed 16% DOBA crude oil from Central
17 WO 2008/ 062433 PCT/ 1 N2007/ 000360 Africa contai ni ng

Sédabat@ "BBlimehts Cakfd COhARRRE RGN Al Eati 8¢
\/\erg% Lglkgnérg OF Va{r:e% o% cr udI(g?o?e&)g?ur%E?%et E)? %cfegﬁ{a(lessﬁégs of
BEAMBLE or debutatsimg) eaclt lof shandditide cdempousds iised,bedd The
in singl e st.a ude .desal ter. Average dosage of . .
e @ bR R IR TR 6" it AR SREAnE doa e it i
ten Rivalr 66a7 PABle | 228 peritRAt M8 &), Gven though calcium is effectively
removed, and the precipitate is absent, high dosages of acetic acid, glycolic acid,
and gluconic acid are required. As seen from Table 3, Experiment 1 to 3, and
Table 5, Experiment No. 1, even though, the calcium is effectively removed and
the dosage is lower, precipitate is formed, which can lead to fouling of equipment.

As seen from Table 6, Experiments 1 to 3, similar effects are observed.
List of additives compounds used in Example 4

A) Mono — Carboxylic acid (Refer to Table 2):
(1) Acetic acid (Experiment No. 1)
(i1) Glycolic acid (Experiment No. 2)

(iii)Gluconic acid (Experiment No. 3)
B) Saturated Di — Carboxylic acid (Refer to Table 3):
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5 anhydride was added to desalter wash water . The API
of the crude oil was between 36 and 37. The

wao eovpecasire of desalter was in the range fronPdDBQ00000360

114C with operating pressure between 12 to 13 kg/cnR.
It was observed that, the input-feed to the crude
desalter that is inlet feeed contai ned 35 ppm of

cal cium and the desalter oulet contained 8 ppm of
cal§i giBcidibasiapxpdhGaANNg) greater then 10 80% of
effirciency in calciumrenoval, in the single stage
de€ia] Pbr— Malie aciEspgimeft Noudht of the crude desalter
di d.. ad to_a increa ig, B.O D (Biological
O(ilg]é@ﬁt(ﬁé%a ﬂgiagaﬁE@e&frﬁn%?\E‘ng}ﬁ cal Oxygen Denands)
in Waste Water Treatnent Plant. Simlarly, no scaling

6) Tebr Cethosrlippeip (Basr ieeFdblodbser ved. 15 Tabl e- 1:
%%Sac%?éﬁﬁ%ﬁﬁﬁhﬁ%_ ys used in each experiment Sr.
. Nane o 1

e raw naterials used W. (gm W.%

Cal_ ci um napht henate in toluyene 50.0 49.862 having an
QH@M“&WE}@&V@?EW&R@@Q@?T #P)'n the hydrocarbon | ayer

2. ' i . : a-
e ST RLAAEREL 1980 (PRbAImall N 1), ABnpiCh 100R1E BB foleoular
Aci dsweighOpdlydceryRzawith anel€rtad intoleznkr wetdhgaround 2000.

Cal ¢j um naph eint ene ,havi ng amount of .
CalB] BBEr 2 2060 Frfnerment or B AbineR S 7300 8PSy es Sombiges
wat ertwo  Hadctiond VWb@ps: Setrom ©adl 9qBhlfondte) dandadgédki Varid
conpounds) were refluxed at 98 -105C tenperature for
2hr s. (caboxglte)] gheychomel onpaamdpUMER 1000@38 ACEMER
1 3000 wRre*Pdured Y6 ROHRI AND HASS, 100, Independence Mall
(West), Philadelphia, PA 19106 — 2399, USA.

(iii)PM — 200 (Experiment No. 3). PM — 200 is a low molecular weight maleic

homopolymer of molecular weight of approximately 600. PM- 200 — was
procured from AQUAPHARM, 2A, Atur Chambers, Moledina Road, Pune
411 001, India. {

(iv) The calcium salts of all these three polymers under (D) have a tendency to
precipitate and form deposits thereby fouling the equipment. To avoid this
problem, higher dosages are used in practice, which leads to increased
cost.

In cases of Tables 3, 5, and 6, where precipitates are formed, it is observed that

the precipitates are insoluble, even after 2 hours of reaction conditions.

EXAMPLE 5
DETAILS OF A FIELD TEST

A field test was conducted by using maleic anhydride as an additive
compound for removal of calcium from hydrocarbon feedstock. The hydrocarbon

feedstock used in this field test comprised 16% DOBA crude oil from Central
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.. O045av .erl NZc.=Z2o Z 55y, CADO aCy- iT
Oo C3- 0CL65c~? Nty O. cv 75CS0 A-:01 N ~

war@s/o@Aa3y (~ U ..w.C 85 90 95 19 WO 2008POGENBE/000360

PCT/ 1 N2007/ 000360 Tabl e-3: Saturated D - Carboxylic
Acid Exp. Organic Type Mole W. Bottom Top Layer
(Organic) No. Acid Ratio of Layer (Mol ecular wt.)
(Acid Acid (Aqueous) Ca) (gm Appearance FTIR (dried

'&glrc]:gﬂtg Mgﬁggd%%% g@'@ é@%ﬁ%ﬁéﬁté \%ﬁ& tﬁ@ré@@ 84% were
bN:IEle rotf v&cuods 8rude 16B7 ThlS f2eld Bkst Medsi perfoomed rajxmgow;th Stahdard
cgmu ?ﬁé’r\g Emd 11? da single stage crude desalter. Average dosage of maleic
anhydride was 40 ppm with respect to calcium of hydrocarbon layer. The maleic
anhydride was added to desalter wash water . The API of the crude oil was
between 36 and 37. The temperature of desalter was in the range from 106°C to
114°C with operating pressure between 12 to 13 kg/cm?. It was observed that, the
input-feed to the crude desalter that is inlet feeed contained 35 ppm of calcium
and the desalter oulet contained 8 ppm of calcium, thereby indicating greater then
80% of efficiency in calcium removal, in the single stage desalter. The aqueous
effluent of the crude desalter did not lead to any increase in B.O.D. (Biological

Oxygen Demands) and C.O.D. (Chemical Oxygen Demands) in Waste Water

Treatment Plant. Similarly, no scaling or corrosion problems were observed.

Table-1: Details of two Materials used in each experiment

Sr. No. | Name of the raw materials used Wt. (gm) | Wt.%

1. Calcium-naphthenate in toluene 50.0 49.862
having an amount of calcium of
2247 ppm in the hydrocarbon layer

2. Demineralised water 50.0 49.862

Ca-naphthenate Reaction Data with Various Water Soluble Organic Acids.

L. Reaction Conditions : 50gm Calcium-naphthenate in toluene having an
amount of calcium of 2247 ppm in the hydrocarbon layer + 50gm DM water +
Various Water Soluble Organic Acids (additive compounds) were refluxed at
98 — 105°C temperature for 2hrs.
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Acid di carboxylic 2 0.3441gm Absent acid (134) 3.
L(+) D hydroxy di 1:1 0.421 Wiite ppt. Tartaric

W@ 2008052483 ¢ aci d 6 Absent Acid (150) 5 Tabl e-BCT/IN2007/000360

Unsaturated Di - Carboxylic Acid Exp. Oganic Type Ml e
W . Bottom Layer (Aqueous) Top Layer No. Acid Ratio
of O anic) (Mlec (Acid Acid Appear Conc. Ca Conc.
FTIR ular : Ca) (gm ance of Ca Renov of Ca (dried
wt.) 100% (by al (by sanple) basis IC) Efficien |ICP)
1541 [ppm cy [ppm cnml peak [for Ca- naphthena to

1. Maleic (98) 1:1 0.275 No ppt. 2208 97.95 <1 Absent
Anhydride 7 2. Maleic (116) 1:1 0.325 No ppt. 2213
97.95 <1 Absent Acid- 6 3. Fumaric (116) 1:1 0.325 No
ppt. 2150 95.72 3 Absent Acid 6 Table-5: Saturated
Mono Hydroxy pol y-Carboxylic Acid 10 Exp. Organi Type
Mole W. of Battom.layer Top layer ((Qrganic) No. c

Acid Ratio AgiL0 -aiAque{ us) (Mol ecul ar (Acid (gm
Appear ance FFERS gc‘g sagplle) s wj.) :=Ca) |100% 1541
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Acid hydroxy tri 0.2578gm carboxylic Absent acid
(192) 20 WD 2008/ 062433 PCT/ | N2007/ 000360 Tabl e- 6:

woreiog/oasboxylic Acid Expt. Organic Type W. oPCBIN20GT00360

Layer Top Layer (Organic) No. Acid Acid (Aqueous)

(Mol ecul ar (gm) Appearance FTIR (dried sanple) w.)
100% 1541 basis cm-1 peak [for Ca-na hthenate] 1.
Acumer - Acrylic Honmo 0.2757 White ppt. Present 1000

i ppt. Absent (2000)
Babi: Sa@“'z‘%‘z%"?tcé“q%ﬁ’f"%?gnt 07g 1.14 White ppt.

MO rosnic L4125 \9) Tt - y .
ﬁﬂz tozgggch urrer - Car b%]\ﬁdoc 3‘(ﬁfli?% " ﬂfe tfﬁ{?’%‘a se](re?ﬂrgamc)
200 Sul f onat| e@1oibewd15wt.)

(AR |PRtia Pi&sRMEs) |Copol ymer
0.0839g 0.5111 No ppt. |Absgnt (gm) 45 arancel [VFAER (dried sample)
Pol ynmal ei c 0./063 Pal e yel | ow |p{#0% (1726, 1681 & 150 ém™ peak

id 0.5607g|present 0.{126 Habasisylel | ow ppt|. [§B82nakhthenate]
1660 Specaseent | (118) 1:1 | 0.331 | White ppt. b
Acid 3 0.1567gm Absent
2. | DL-Malic Mono hydroxy 1:1 | 0.375 | White ppt.
Acid di carboxylic 2 0.3441gm Absent
acid (134)
3. |L() Di hydroxy di 1:1 | 0.421 | White ppt.
Tartaric carboxylic acid 6 Absent
Acid (150)
Table-4: Unsaturated Di-Carboxylic Acid
Exp. | Organic Type Mole | Wt. Bottom Layer (Aqueous) Top Layer
No. Acid Ratio of (Organic)
(Molec | (Acid | Acid | Appear | Conc. Ca Cone. | FTIR
ular :Ca) | (@m) | ance | ofCa | Remov | of Ca | (dried
wt.) 100% (by al (by | sample)
basis IC) | Efficien | ICP) 1541
[ppm] | ey | [ppm] | em™ peak
(%) [for Ca-
naphthena
te
1. | Maleic (98) 1:1 | 0275 | Noppt. | 2208 97.95 <1
Anhydride 7 Absent
2. | Maleic (116) 1:1 | 0325 | Noppt. | 2213 97.95 <1 Absent
Acid 6
3. | Fumaric (116) I:1 | 0325 | Noppt. | 2150 95.72 3 Absent
Acid 6

Table-5: Saturated Mono Hydroxy poly-Carboxylic Acid

Exp. | Organi Type Mole | Wt.of | Bottom Layer Top Layer (Organic)
No. | cAcid . Ratio | Acid- (Aqueous)
(Molecular | (Acid | (gm) Appearance FTIR (dried sample)
wt.) : Ca) 100% 1541
basis cm™ peak
ffor Ca-naphthenate]
1. | Citric Mono 2:3 | 0.3595 | White ppt.
Acid hydroxy tri 0.2578gm
carboxylic Absent
acid
(192)
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(600) 0.3237g 0.2772 Pale yellow ppt.
0.614g 0.3247 Pal e yell ow ppt.
woe@sN61B83 Condi tions :
t ol uene havi ng an

Absent

t he hydrocarbon | ayer + 50gm DM wat er +
Sol ubl e Organic Acids (additive conpounds) were
refl uxed at

% ] . PCT/ | N2007/ 000360 Tabl e-7:
ﬁ]@gﬁuﬂﬁgﬁ&gﬁﬁééiﬁ ic Acid Expt Organi Type Mble

98 -105C tenperature for

15m nut es.

1532 present

0.682g 5 10 H.
-50gm Cal ci um napht henaP@I/iN2007/000360
amount of cal cium of 2247 ppmin

Vari ous Wat er

15

f O LWTW T T T o
i C XE%‘E“( A\queo §) (M A@}éF A%(E& ul e A p%ogé'rayeéé %g?f?.
of FTIR ular gv&ehat00% of: oy T )
basi g val 1CP) a\g&mpl e) E%i}ac:l ﬁ%jﬁ%ﬁ%&l Fiélﬁéaﬁe@“lrsr? '1%1@
peak | [for Ca (0/0) naphbsssna tel 1. Nbleiem{f8) 1:1
0. 2787 Very 95.68 <1 Absent Anhydri few| ffe attiafihenate]
adher|eftuméres | abrylicH@@WabR757 | White ppt. Present
1000 polymer 0.217g
0.4008 | White ppt. Absent
(2000) 0.1864g
0.8 White ppt. Absent
0.1307g
1.14 White ppt. Absent
0.1224g
1.7 No ppt. Absent
5.57 No ppt. Absent
2. Acumer- Carboxylic 0.1795 white ppt. Present
2000 Sulfonated 0.2757 | White ppt. Present
Copolymer 0.0839g
0.5111 | No ppt. Absent
(4500)
3. PM-200 Polymaleic 0.063 Pale yellow ppt. | 1726,1681 & 1557
Acid 0.5607g present
0.126 Pale yellow ppt. | 1682 & 1560 present
(600) 0.3237g
0.2772 | Pale yellow ppt. | 1532 present
0.614g
0.3247 | Pale yellow ppt. | Absent
0.682g

IIL. Reaction Conditions : 50gm Calcium-naphthenate in toluene having an
amount of calcium of 2247 ppm in the hydrocarbon layer + 50gm DM water +
Various Water Soluble Organic Acids (additive compounds) were refluxed at
98 — 105°C temperature for 15minutes.
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(2150 ppm Calcium 5 Table-8: Saturated Mono Hydroxy
pol y- Carboxylic Acid Exp. Organi Type Mole W. Bottom
waopshersas (Organic) No. ¢ Acid Ratio of LayePCT/IN2007/000360
(Mol ecular (Acid : Acid (AQueo w.) Ca) (gm us) 100%
Appear FTIR (dried sanple) basis ance 1541 cm peak
[for Ca-naphthenate] 1. Citric Mono 2:3 0.359 Wite

Absent Acid hydroxy tri 5 ppt. carboxylic 0.3148¢g

E AR A R SO BEAH e dbove, ¢ s cl car
L T N ST

us

hydrocar banMiQiQABtQSK| (ga) CTT ToCat et Tt Pe u.FTIﬂ)
m xijng hydr ogar bpncst [ emvsUclias |cdife %I(i) oMt ghhdgng
metal s and setis| thefebhis such as Ggl ci ugepNd | Calufphel! M
napht henatle, with an gffectiive net(aksfici-| r ppRYI N9 1541
amoynt of |an aqueous { extraction |-em@l|uti on off cail peak
addijtive 10 conpfising a chem cal |conpound sel ecifedCa-
froma graup conpistipg of |naleic @)d, malei ¢ naphthena
L anhvdeida lor Lo boid o ool t Qar rﬁpri\/nfi\the]

t herl &feic orORn applkbpl P8¢ ¢l ndt 9% |t heFkeof | Absent
: enabl‘gg‘}‘r’ék‘forrrati on of | a fow

white
adheren
ces on
sidewall
(2150

ppm
Calcium)

Table-8: Saturated Mono Hydroxy poly-Carboxylic Acid

Exp. | Organi Type Mole Wt. | Bottom Top Layer (Organic)
No. | cAcid Ratio of Layer
(Molecular (Acid : Acid | (Aqueo
wt.) Ca) (gm) us)
100% Appear FTIR (dried sample)
basis | ance 1541
cm™ peak
[for Ca-naphthenate]
1. | Citric Mono 2:3 0.359 | White Absent
Acid hydroxy tri 5 ppt.
carboxylic 0.3148¢
acid m
(192)
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‘said

hydr ocar boneous phase and an agueous phase cont ai ni ng
the netal ions; 15 b) permtting formation of two

wEbasmee43xuch as sai d aqueous phase and said PCT/IN2007/000360

hydr ocar boneous phase, wherein said aqueous phase
includes ionic water - soluble netal - acid conpl ex,
of the calciumsalt of said additives; c) separating
or permtting to separate by thenselves said two

RRASK I L Bove Gt KR e Rl gr&dent fﬁ.(/ﬂﬁ%n%bﬁ%isgé;%e Hllowing

conventional processes of Separation, s

itownit ercurrent extraction; d) renoving the separated
aqueous phase of step (c), containing said netal -
acid conpl ex; 25 e) processing the separated

hy Qe BINIOIMEA B5 iddASE oPdal St Frdrf hy 6 carlONRSEIS @I

hydrocarbon - processing techni ques; wherein, the
coSPEpEisipE ke Hersifen sai d aqueous - extraction -
solution and 30 said hydrocarbon stream during the

mi ) ngixiog hypdroodrben epreqm sucls as orutlb @il comtegming metals\vand salts

ts %onﬁ%{ftpg.s%%a hoq‘[zismr e E%%g ll%ql}fthomm { I-y;fll %gc egt?vet 1(1)1eta1'
wher el Rerhdv@nd ErpaRfuat f 8 hduedas d edBsRoher sbiftibh of B additive
range from93C to 163 C and wherein, the weight -

per cePRmMRyising at ehemien] sepanpsiund felectedefipmah growprvousisting of

range om.Q. 10 . [ f sajd desalter, - .

wash tha EcWa lgi' %)%f% mﬁg{yaﬁgﬁggﬁigpﬁf: e?w%é/ ar Soaitsc%ﬁ deriyptives

f r om thgaboficar oo appreprist avknbitiond@erbf, kadblify fé@btibn of a

wher ef'ln the injection of said chem cal conmpound to .
Yfecarpencous plasp and graaqueous phase Rentawgissthe mptaltiens;

3. Method of renoval of cal ciumfrom hydrocarbon

f e & speypiitting Jornrtionr ofbied phases, enehias seid agigous ahdse and said

m Xi e of claiml..is carrjed.out ..

Ut gor rpsrbaondafe, bk oid afyedlF PhitBilhdes ignic water
chel at goluble @atati-usid cbnpldxe 6T the chRIUIOHalbf JaeIBUBiveR]

cal cium from hydrocar bon feedstock, as

c) separating or permitting to separate by themselves said two phases in a
crude desalter, or by using any of conventional processes of separation,

such as countercurrent extraction;

d) removing the separated aqueous phase of step (c), containing said metal —

acid complex;

€) processing the separated hydrocarboneous phase of step (c) by

downstream hydrocarbon — processing techniques;

wherein, the contact time between said aqueous — extraction — solution and
said hydrocarbon stream during the mixing action of step (a) is in the
range from two seconds to six hours, preferably from five seconds to two

hours;
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described in item1, wherein said chem cal conpound is
used in nolar, sub nolar or excess - nolar

W@ enseea4at i on With respect to the nmetals, in BEi/tN2007/000360
hydr ocar bon feedstock, such as said calciumor salt of
cal cium such as 'cal cium naphthenate. 20 Item5
Met hod of renoval of cal cium from hydrocarbon
feedstock, as described in item1, wherein said
addi t i vaderein theelgmperaturepin paid dedalied isnin the eang. fravietd3ed to
of renp\gie @fapgal ci um from hydrocarbon feedstock, as
described in 25 item1, wherein said additive is
added t d"heeging thguweight — psitendagei of the siobagti of saifl chemical
claiml i lex| 0 L id R gcar bon
stream c?/{hml’) ?@Btrﬁlggegmgggggé |gp ﬂagéﬁglgoontsgfdn%%%geﬁy‘ wash -
Sspeci f i &iateres, these shoul d not be constructed as
limtations in the scope of the invention, but rather
as 30ltex ehpMethbd atfi emoed] efacdlcionh b ByRbRFAIfeedstock, as

enbod; tg.thereof ., Alteratians fo.the .preferred )
e nbod‘?e%r%eé 3 g"é“c‘ﬁr EVSEF‘““&‘B‘E?/ E‘J%‘tﬁ%‘l Bf)%aé‘f g?"'é“ £pfgeRund to said
depardeasalgr f mash + vater, Spéontihucak. t he i nventi on.

10Accordi ngly, the scope of the invention should be

det erlgnnex] MethodYoft /oIS b41E RS frbih! Hy?tfr&%hﬁq’ felbth Y as
the a peg%gd clains_and their legal €quiva ents. o

VO 208871862 43 8eipdr PhRoincridoni3e et step ANE claimNeishadiedfout
r endVakorBhslE R hablthd §a@d1&l{%¥1‘#€ap§@ﬁré?)gﬂd foecﬁg%{eQﬁgcatl)cium.
5 a ydrocar bon

conprising the steps of: X1 ng

t ' t.al ni t al d | t
15 her G apad B, G BhAUR i RrerERaret sk, pe

an efdesgibieddn itemall, wheregmeaid dlggmiced rOMPdundf is ABedIHUAGS sub

extr ' - ut f an additive conprising a,
chenﬁ%é%Pg%ﬁ%%%%d]é§%é§¥%cL?Jgﬁygidﬁﬂﬁﬁtggﬂ?ﬂgﬁgﬁg“bﬁnd
mal eilydic@ahon deedsmblef such aashsatlt csleiur of watRIOE GaR@int s@h as
saltsa9ingg&{ atives thereof, or an appropriate

Oconbfhg 1'on ng%f, enabling formation of a

hydr acar honeous hase and an aqueous phase contai ni ng
t he ?Jg‘“t‘%% @q\%ﬁtﬁ?d 6’? TFRPYAL 1 afi srieiwBr fiem | lpiiresprbomofepdstpsiss as
such descrivadl th it € QURrdM 25Ca RS BiuSed neat or in solution.

Item 6. Method of removal of calcium from hydrocarbon feedstock, as described in
25 item 1, wherein said additive is added to said aqueous — extraction — solution of

claim 1, prior to mixing thereof with said hydrocarbon stream.

While the above description contains many specificities, these should not be
constructed as limitations in the scope of the invention, but rather as

30  exemplification of each of the preferred embodiments thereof. Alterations to the
preferred embodiments described above are possible without departing from the
spirit of the invention. Accordingly, the scope of the invention should be
determined not by the embodiments illustrated, but by the appended claims and
their legal equivalents.
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15 hydrocar boneous phase, wherein said aqueous phase

i ncludes ionic water - soluble netal - acid conplex,
w@boosle24aal ci um salt of said additives; c) sepBCHIN20¢7/000360

or permtting to separate by thenselves said two

phases in a crude desalter, or by using any of

~conventional processes of separation, such 20 as

countercurrent extraction; d) renoving the separated

aqueous phase of step (c), @eMMB ning said netal -

acid conplex, 25 e) processing the separated

hyd ﬂod‘dentg%@fd@yomﬁ abeaiegpm Soaphydegeathyn éredsiedss eemprising the

hydroq@;pgp processi ng techni ques; wherein, the

cont act tlne bet ween sai d aqueous - extraction -

Solution and said hydrocarbon stream during the

m xi n

secondd gty esibBP s, kinaR ohidf HERGmE s Be

t wo habereof, suckre paicivmeandecwpfamanapwaemte,swmd atlesebtivermetsl —

2008/ GEIAAE pARbOOAPotials - hrieafl’ Saui(hopp addiive

per certompesio atchﬁnistdsaygmomid sddctbd divama gﬁdup consiqtimg rd maleic

anges_fif Q.0 desal ter -
ache sl B AR o BimalEiliar s B e G Bigpos or an
hydr ocmplkmpnaté eonbinatity theseof| aiam fdi’lmatﬁonc bAk Mydlrocarboneous

wherein the ectio of sai conmpound to

said Qe ﬁaf%ém Sl ok ocbBiing B Bhfiontions 3. Mt ho
of re vaI | ci.um forom droc bon eedstock, as. |
cl ai med B ﬂm aﬁa Crpaion, gf fya b S§§1|SB° S5 gHe0ws Risq gyd said

16f cl mymo&arbmoaaphase,dwh:erémvsagoaqubtﬁis)phaébanélaaesaeﬂlbIv'v.em@ -
said ch cal oquund to gﬁ% te thg g
Met hod® peid pomplpss iof feep © fves:

feedstock, as clalned in cIa|n11 wherein said

chemi aﬁlsepmatﬁgmcbehmﬂﬁ@d) separa| B themsddvaindaRy tvﬂf phases in a
excess centration with ﬁégtpgect to.th :

|
ot al Cridetisalion o B sl AR BV entand pRRsse ol Paation,  gych

20al ci wncount@ahrtendéxt@alic; um such as cal ci um
napht henate. 5. Method of renoval of cal ciumfrom

hydr ochrbnsvifee@dstsgited afueshstphatoof sfep (©), RobMfaihing AR BéRI —

sai d adetlv?s is used neat or in solution.
acid comple

25 e) processing the separated hydrocarboneous phase of step (c) by downstream

hydrocarbon — processing techniques;

wherein, the contact time between said aqueous — extraction — solution and
said hydrocarbon stream during the mixing action of step (a) is in the range

30 from two seconds to six hours, preferably from five seconds to two hours;

wherein the temperature in said desalter is in the range from 93°C to  163°
g C; and
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20 6. Method of renoval of cal cium from hydrocarbon
feedstock, as clainmed in claiml1, wherein said
w@daBsmae3 i s added to sai d aqueous - extracti oPCF/IN2007/000360
solution of claim1, prior to mxing thereof with said
hydrocarbon stream 25 7. Method of renoval of cal cium
from hydrocarbon feedstock substantially as herein
described and illustrated with exanpl es and
acconmpanyi ng draw ngs. 26

wherein, the weight — percentage of the dosage of said chemical
compound ranges from 0.001 to 5 of weight of said desalter — wash- water.
2. Method of removal of calcium from hydrocarbon feedstock, as claimed in
claim 1, wherein the injection of said chemical compound to said desalter —

wash — water, is continuous.

3. Method of removal of calcium from hydrocarbon feedstock, as claimed in
claim 1, wherein said mixing of step (a) of claim 1, is carried out vigorously

for enabling said chemical compound to chelate the calcium.

4. Method of removal of calcium from hydirocarbon feedstock, as claimed in
claim 1, wherein said chemical compound is used in molar, sub molar or
excess — molar concentration with respect to the metals, in said hydrocarbon
feedstock, such as said calcium or salt of calcium such as calcium

naphthenate.

5. Method of removal of calcium from hydrocarbon feedstock, as claimed in

claim 1, wherein said additives is used neat or in solution.

6. Method of removal of calcium from hydrocarbon feedstock, as claimed in
claim 1, wherein said additive is added to said aqueous — extraction —

solution of claim 1, prior to mixing thereof with said hydrocarbon stream.

7. Method of removal of calcium from hydrocarbon feedstock substantially
as herein described and illustrated with examples and accompanying

drawings.
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