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METHCD OF REMOVAL OF CALCI UM FROM HYDROCARBON
FEEDSTOCK FI ELD OF | NVENTI ON 5 The present invention

WO 2008f2433al |y rel ated to the field of hydrocarR{k{IN2007/000360

industry and particularly related to renoval of netals
from hydrocarbon feedstock and nore particularly to
removal of calciumfromthe sanme. 10 BACKGROUND OF

I NVENTI ON Consi dering the rising prices of crude oil,

such JETHDBIGE REGOVAL Of e LItV FREM e

oppor t uni ty EYISROCARBON PEEDSTOEKN as fouling
of heat exchangers, difficulties in 15 effl uent

treatnment, poisoning of catalyst by certain netallic

salts and su her problens. Anong the netals,
F@Qﬂmﬁwy serious problens which cannot be

tackl ed using the current refinery processes. Calcium

exists in crude oil as calcium 20 conﬁl ex of
Thesgrhsentiriventiei i, generialli rélated itorifet figld jof hydroearben indysiy, and

cal ci um napht henat e. e _calcj n '
PRI RESR L et Ty RRRANET Reffsiyc 304 morc
pRiiQRHHto réhOva oTERlcan Gont the skype of crude oi |~ which

contains | arge anounts of cal ci um napht henate are

crudes from China such as Shengli No. 2; DOBA from

nGA; Har di ng crude oil fromthe 25

B&gj{(ﬁﬁ?ggﬁﬁa%d romthe West Coast of USA. In an

oil refinery, the desalting of crude oil has been

practiced fqor, many years. ,Th rude.i s usual |
CoRsieaing e CasiP GRICE PR s §lly & Iehnees Gi %&f,cgﬁ’ret?aﬁ’fg"ess

| JoCtHY h YDIBACHo B boipdtitivel FloQleves@idbelBpportuni
Oﬂp?gt assl g%deg,h such othé)r met a?ést%lso WO .ijp . ty
craO@8p @6 2 3BP Tkl 6a¢t) 09 SadinReefheat rxchangees «liffigplfies in

offertcrseBnett b GomPe SHERBEPY SehER B R e e
proBIAR. fouling and deposits in downstream heat

exchanger equi pnent and/or formcorrosive salts
detrinental to crude oil processing equi prment.

Fur t I ' .

AGRDg 6 et ST B on R Ston@ préifib® Wit aroBf b tackled
udihg! 6 Quiresite ffirieiyn praceasese Calabimi existe inherudé fabtas alcium
t hese contam nants qn the crude unit, and downstream .
casprlpyt plorephibeisepcide sulich  haspaples d# sfeg%?ﬂwge pheraictum
nd (r?xultﬂ %\fe.n?}@ SRRl Ha lﬂh%:&?e E:%dtri% oved foR tHReduaedil during

e un corrosi on. uced crude preheat SySt em

theOnbrivay . desslinRatucss. [The exxhimplesf of tht $ypel bhtarede ot which
d . (d) Reduced e, ts. Reduced +, .

D g b S s e, o MR Chipe s as

s%%g'rﬁé.@g DB A Horh $9&k at{q}gil GyphdiadiBliidilg e 5il Fondthe

hat” acconpani es
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 érude 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 by creating another emnulsion in which about
5 percent relative wash water is dispersed into the
WO@D98/0$2433g a m x val ve. The enul sion mx is diREANeH7/000360

into a desalter vessel containing a parallel series of

el ectrically charged plates. Under 20 this

arrangenent, the oil and water enmulsion is exposed to
the applied electrical field. An induced dipole is
DegiRslisteceRy P86 ﬁﬁr&&?b%ce%ﬁé‘{dge%‘% @ik ShRBo

causes el ectrostatic attraction and coal escence’o

othgr drorganip|resterialptthat] woykk otheuwisaraguse dowingesrs deposrts in

OSSR ks tcHin S Calepor SR0l0E FSom. FirPositt sl BB v
cmﬂek)ilqm)b@ymg)eqm'ﬂh&nat]i‘l&ﬂféﬁ thtsed@sald @ 20 a8 PoidnS ifdr the
and eff n wat er ar epar ately discharged fromthe

¥%FFP ISHEaIR && P{lﬁ%é‘i thicire smde oildesalting gambelp
mﬁ,{,% C A6thihh 0
it ﬁ?ﬁéﬁ"‘i‘?fe@g%. Bihihhed oB THE PRICERE Bnd dovppggream
oparatiopsl WPeones dashiterr epahtienst lpeovadd /thatfollowingl bemsfits o the
e$%d| tion to the use of electrostatic coal escence.
Se additives effectivel y allow smal | water droplets
to nore easily coalesce by lowering the oil/water
| nterfacial tension. Crude oil that contains a high
Beduged cgd ejuytqosigsigne sol i ds can conplicate the 5
rtl cul ate solids, by nature,
%éﬁlé& 19?1? “F‘}gn&? 1% t he wat er phase However,
(cme&uaeﬂpbtmtlakJﬁordmllatmmmﬁd@ma droma field exists

digpﬁe@et wat er-in-oil enul sions. That is, oil-wetted
( iSHeIgY §@SSoncent ration in the crude may hel p

e} REdidel YotvnStrdant t Smidabpare difficult

(20 resol ve. Thesgﬂ)t %‘%@H@?&%ﬁgﬁg are In?ten referred
to as "rag" and rray exi st as a layer 10 between the

ses, . The ra é&%er i nsi de

D?ﬁ%@’%@elé, %@F"R‘}ﬁg’% é’ﬁmﬂ“ﬁﬂgﬁmﬂ‘k iQ, efwyg &Reompapes the
créddTBil My Ereatin, érlancﬁﬁeﬂ SAdNRINt ﬁn%hiéhddb%ﬁh 8 V%@@en‘ﬁ"r&l@t&@ Svash

wat er phase. This is a rob em for the ste wat
thﬁl’e’étdﬁﬂ@ﬁtse@) irde thesgihusing h ok aglvealks emulsion s dirasted into

a&#sg{f fle' 5ol %ﬁg‘%ﬁ%ﬁﬁ?’@?%gg%%%lﬁwe& i ed pig gspi‘l‘t?%der

thisafingémep vl dindvap? fdrmﬂbibﬁl'i@ éxﬁié,@dl‘ t@ﬂld ipplie@ el &hrical
iron sul fide, sand, clay and even

¥ Hutuged dippleds mrﬁgﬂdénhwb rerder dspplet withisy thewmulsion that
caﬁ%tele%ﬁ&t?ﬁcs %1&1‘3&%&1 dﬁr*% éﬂgg loflﬂlze vxa?g} %ra Pﬁ%ﬁ%&o larger and

necessari CI um
langer:&teblets Edemmallsp mlheaaﬁulumn rasulvéstifitol twoeseparatt phasésc-ahd ¥il

b6 PP AFISThale Ghe Bies qhass oeltase NeKSK Thor Roamaos Guelied
cn!i&y oL GHA ' SFriBet f\ﬁ'efé}t LAN depiais %h Jl%ﬁfggﬁn g]%ﬁf hﬂﬂﬁsdesalter.
reacti on or neutralization to econe e

nmetal s may be present in inorganic or organic forms.
[icatjn e desalter oper

t
Thel bR Ao ine ooy PR Ao Brasedugt s posed 1o batch
PR N dinilly! BiGIEH ARNEVRE£BTBERE $28%he Hk Salve 1o help

i ncl udes the coking operation S|nce Iron an

resoixeaths oiléwatenemylsion inhelditianctesthe dist vl elecaodiatic yoatésdonce.
| oner grade of coke. Renoving the nmetals fromthe
crude oil early in the hydrocarbon processing stages
is desired to eventually yield high quality coke as
well as to limt corrosionZand fouling processing
probl ens. 30 Several treatnent approaches have been

- made to reduce total contam nant |evels
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and these all center on the renoval of contam nants at

the desalter unit. Normally, the desalter only renoves
WO/2008/062433| ubl e i norgani c salts such as sodi umRFT/IN2007/000360

pot assi um chl orides. 5 Basic netals such as cal ci um

when present in crude oil can lead to fouling of

heaters and heat exchangers and poison catal ysts used

in crude processing. Wen present as i norgani ¢ salts,
Tﬁé‘s@ RdaRives BFO¢HvARSallo Sabil ¥vatdt dBpleisto m&8 cagR bl @de by -

wat er phase, the’salts can hydrolyze to rel ease
kwwmngﬂummﬂmmﬁmmﬁmﬁmﬁkﬁmﬂmmfnery desal ters customarily

renove such salts. However, oil - soluble netal salts

such 10 as napht henat es and phenol ates are not renoved
CchydecsiDVieRtdoanals desg peregnt dhpameitalate, sotids canswimplicete the

basic netal - rich crudes. arfe | ess vaI abl e than
d@ﬁlﬁl@&@f@@% Thevparteaniate Selfdss BY fafigs, ayuld prefierde denstepfo the
ﬁh ﬁk 1§89@4e%§ham aaﬁa@aﬁ%&iatﬁlem 434tHI B Bht

such cru I ncreasingly inportant,

-wm&bmnbﬂuand&mﬂe Thadis} oilkwsttedesalifisain bigh wwesntationcia the
oi. | der]

ved. fr h aln evel of C
oot g ein T dEt O ArdSF e pldsforR Bt gee ikl Ty desolve.
Thése Pl Citulsidhs dreC BAME RéfeRBd to rRf irAgMand awlynexisess aTlhger
nmetal's contam nants causing particular problens_are in

bcm@en csh?sqfarﬁgqh ol e, ater phasem obhet mag layen mpidsothgdesalter
GRTEH o PLRRS RS Rl B DR A S S R hares

with! thid inlater ghasea Thig idaf problefrefonthe was@tvertar trdatentoples since
contact with crude oils. One pOSSIb e cl ass, of aIC|u

theorago laves Stidle gentaing p ihigh perqeatagsy of ynfaselved @F‘f\?@
napht henates and their honol ogous serles These .
organonetal | i ¢ conpounds are not separated fromthe

Mwhdstthe kolﬁxjs ensougtbred efusingicngdepoid desalting cansists epramonly as

f 25 h
Pg’-”gl%lg%a'ﬁgg psde o OB SR SR HEY il " eE tpsbhStus-
ﬁﬁﬁﬁiﬂ cor oun8€ Qe‘ié Wiker AR Eat aid ABirGblly GeibosBHclude, but

s of "cal ci um conpounds_are crudes from Chi na
ammn resesShalyglimited to ._xalqn@mzmoﬁiwummd,. sodiung PRSARSHIM,

SUSh LD B0 £LUd, Of b LM Bes Mol Sear et LY 8the

mMﬂa?Qﬁ%ﬁ@seHﬁuPatsﬁmbleqﬂﬁhi @ad iseme AaMP 2efhif® Gnodification

descri bes the use of only on(acryllc acid
thtengh/reattienssuchtas aeaction %@PW@#Z@)IOIP & becoms sokgplerelhy metals

f
i PRl BpESRLOST oBERE RS In WBRoR S iBfiftuting he
dssaltebdgeraivin pRosphoif and ml&s eohtatrinaitsatof parmnlao pencetn to

and 30 cationic 5 pongners, erein,|ist of,anioni.c
fiartfies Seasens) RERSesings LuS I lydan therqoling peratiod sinqedron and
ol AL Hiiaf BEHRARRLdPRALIDNG ol o o e

Rleﬁmvh@n t&ntrie;alsa I&onm tixo ohideatil @arlfjdn the rimdlrm@rbmlt pfocessing
i ons he h car eedst e
Stoges s dEHER OrpveHEy Siel bieh AuAgl e CA3 TGS e it pogposion

D& Fgmﬁﬁm@ter - soluble poly (acrylic
a0|gg % eflv% Ives, that is use of polymers for the
pur pose of this US Patent Appllcation It is known to

a son skilled rt that | S, necessa t
Sﬁ"%ﬁ{ egident appy @ ‘?eht areﬂﬁﬁao% SHa '"%'r’ctiri%sels
to formits derlvatlves in a polyneric fron1 ThIS adds
to the cost of the process 8lue to tine involved and
equi pments and 15 chemicals used in the process and
such other factors. In addition, it is observed by the
i nventor of present invention that when poly (acrylic
acid) derivative of US Patent Application 0050241996
is used, (that is, ACUMER- 1000 is used), heavy

preci pitation takes place, which can |lead to 20
fouling of the processing equipnents. This is clear
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10 such maleic acid, maleic anhydride or fumaric acid,
for renoving netal ions |ike calciumfromcal cium
WOraphisa4dsat e , contai ned in the hydrocarbon f REJEENGeqc/000360

like crude oil. There is no precipitation observed
after use of any of these additives conpounds, used by
the present inventor. It does not use polyners |ike
poly (acrylic acid) derivatives for this purpose.

ardethBde d1PcekAd o the rdRitARI biBdHtSmihah® a8 theldeshifer RiaiteNormally,
Application 2005/ 0241997 Al: descrihes different )

thgddesaltete onlys egmpvesowaten Hnhthle gnetgarishsalsusucho as sadiym or

|14 finery desalting process. Reactive

p@%@%ﬁé’}r}fggd&%eci es can be renoved or transferred from

a hydrocarbon phase to a water phase in an enul sion

br.eal ci.n rocess. by using a canposition that, coptains

Bosic weatalp SubH db calcifbir KRR Brerert. 1n rpde Bl eaplradt tockling of
S B S B AUy SIS bl Ve
pebqtias inpriacioysaltsj dech v dhldrides.onsnallsribosny pil o gesapsulated
thioglycalic,acid, chloro acetic ' i

oo S B, R 2y P 6 il ABTSR. KRRy
dEHal6R| RbBNRLINE Féimo Which ¥aRS) IHEWSRE, ! oihn dohibledrietalngalad such

salts of these hydroxyacids, and 25 m xtures, theregeof, ..
asTmepkibensbes and rpheaglatsst 16180 Jemenady bE comyeiiang] desaliine.

0 _reduce t fi ot esaht yash uat bt VERE
Tﬁ%{ﬁf%g %lgt i%ﬁéqq%_’lyb%lmﬁc‘?u edsrl?érll1 ?r&cé con‘p%%iﬁ%an. Thi's USes
wiht oRt ledel oL siidhomepdy. NA tigotesarfof ametalf ionemotovak enables the
. phosphorus specj es inéo t he agqueous ‘phase with little
ingreage ofithg valigaf SHC#HLES- undercarry into the aqueous
phase. The conposition is particularly useful in 30
treating crude oil emulsions, and in renoving cal ci um
Aafieivobhie inoredsigly timposéntopetro@m crude feedstocks, residua, and -
2008/.062433PCT/.I N20Q7/ 000360 .Thi S Pat ent . .
RSB IES bAPTHISA31 53 S PR [ LT b iron hish fpader
tﬁwfméaﬂﬂnpo ot CRKRRYKlel Ctod Grétess Ugding ScoreiésHal Crefining
acld and po égydroxy‘derlvat[ve thereof, |ike gluconic
teghniquess The metdlstdontimivanis oausingopartieytas, problems g dp ftheform

hosphar ous speci es .,.and .cal gi v 0
of RORRERE Hy arBa b GNP 1ofuf sHFBfE ThEke fIEERS fave been
afHiBRey e bANE miturbile obERrifg cilbRee canpzenorisalebilizat caleism
as additives conmpound, as seen fromthe experi ngft S
S c—amass of

fiogntheovas vinfers fkatsomes i conige Wigh crude ogadee pog
f i um. . . . :
oplk ERlEpeR At Lt é’faﬁ?&k@ i fae %@%@gﬁ@ SEfiRGtotes fud

W{&hﬂdg&%ei.@%s@b@aﬁ%nﬁaﬂhls@mpm&s ar_edmmlt separated fom
with respect to calciym en coni.c aci s _used. .

0 ferdsiaal 1Y WeTERoUH R PrOCREShr GELIR 4 FORYREPRAL fFining
ST B PSS et ot

Bagghst ob feddstdcks sdennsaating ohjestiouzbly drigle dewsls 2f1 calyium

for usjng maleic_acid,.maleic a dr. [ rj
cRBPEUH ST BEBHHE D 2 SE e hong: PR ow, e
AfiSa;AROA"RENH $R8K olINGbMOhB NG $8a;04rd STWiefrom the
present” 1 nvention categorically suggests the use of

Wiedt €loastafililAmal ei ¢ anhydride or fumaric acid as

addi ti ve conpound for renoval of cal ciumfromcal cium
napht henate contained in crude oil. This is the

di stingui shing feature between the present invention
and this US Patent Applicatffon. 20 In view of above,
there is a need for devel opi ng a new net hod for the
effective renoval of netal contam nants, particularly
cal cium from hydrocarbon feedstocks, including crude
oil. 25 30
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OBJECTS AND ADVANTAGES OF | NVENTI ON Accor di ngl y,
different objects and advantages of the present
WO 1090248 are described bel ow. 5 An obj ect of PGHEN2007/000360
present invention is to provide an econoni cal nethod
with increased efficiency due to | esser dosage of the

chem cal conpounds used. Anot her object of the
present invention is to provide an efficient nmethod to
UPaesy A 1&&1%@ 0050241998 QscritsGhé! iss B lonty oly(acryhc acid)
hydr ocar phase or water phase. Further og

@matme@s Gh@t |‘1~°n vEYmers) | for tremoving tetal nirens |mthx§!frocarbon

i, B B, RSERN o 016 AT i

~ stlablep mesrenters n\mntrepmsemdtivebamom anpreonedts  bd n30 héationic

enSU|n etai |l ed desgri,ption of th nventi on.
B P BrolVRNREs SomAmr SieTeeorleie poid e fumearic
CHERAE b
T Y.
mppevIEr eandse m‘egandcpehdgtﬁ}fy c(rone:nnﬂbmaémp faf rmovmgmetad fons

SR RRRLED AR o AHREL olhee o v o
al @Rk | futiofd oPEIY Léde BESAGH Pivhie %Oltwglmlmabﬁhb h‘&:ld)

nmet hod of the present invention, for renopval

deriyativesnthat dnhseef nejmers ribapumestelthis UHRatest Applieation.
chem cal conmpounds are used, which are Mleic
Anhydride, Makic Acid or Fumaric Acid and salts or

Itde khownh ity @ petsonakilledfiin e drihag it iShesesag! that Bdulalyst is used
derivatjves are used to effectively renowve cal cium

tq Fe3f 2 MOBPHEH PH AR apid. atgefoantde@t{a'avwnfaf Bokypegc from.

THA! 4ddd T 1AL cBSNEF RrcPfrB888 ldub Mo e BIFYIOLE u@&% ts and .
hod the present vention conprises t e stg e,

cHenQJaalammd@ thé pravgsseamdssustobthes fantond. any one of the

chem cal conpounds such as the Mal ei ¢ anhydri de,

Mal eic Acid or Fumaric Acid or their salts or

. 10Qadivdh s i9 0bBGE b9 KEBien e GIPBHEQR iER A AhérR Boly

thereof, with any hydrocarbon stream such as crude

(asrylic aedx derinatioe m§t S Patent ApphwiomsQOS;Oaé Ho%siscusied; (that is,

AAEREISH i oo RER e Hintioh JiscRlef iR B R o

fdlﬂl):\ﬁ&ﬁathatprﬁeesfshtg ENprAAAS EThiSfis TP ftdhh the dAel Pidvideddin
them to separate. en the mxture is fornmed as per

Table @t@ﬁnem}er&tlwel of e pegsant spesificatieny eAlso| tp msvent this
oREHGA RS bt BrAEHIRNLL bt Aol PO ge wi

lead tmih@iee cas mhetd&sﬁvahtb.gd: of a@hg&dattwée Haviigl & emdericy to

horro nmers ther toforma compl ex. _This netal -
PIREIPatR R P Wil l?ﬁ‘dﬁ ulite cqpifel the gpsap af 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

5
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20 These two, phases, that is, the aqueous phase and
the crude or hydrocarboneous phase, are separated or
WORe981962438d t o separate. As a result, the aquedi§d/IN2007/000360
solution containing the netal contam nant is renoved,
thereby resulting in a hydrocarbon feed with netals
al ready renoved fromit, which then can be handled in
t he sane manner as any ot her carboneous feed and
reBlovE el ibs GkeVedéinaN Fon? 2altii@h ORiphthesstengontained in the
techniques. It is contenplated that the physical )
hyssprarban &edptoels sueh ps coidgiqihmithyneglisihle gesetpifate gr, without

.conv. .0 I t ' i sual |y used for
SRR AR R deRBle ElxplihEll Lo 4oL 1Y

hydr oprocessed. This separation is to be done by any

separation 30 process,, howyer,.and al i ncl udes ..
Tidg Gifeny CHEs REL B Piscis ieushingfoites b prrctdRigntion os
ccﬁ{l}? SPHP RIAArEX bf % PABNSApplickRen N 005G241996, which features
drocar boneous feed during m xing action is inportant

- araasl givenibelW:r om bet ween | ess than few seconds to about
six hours. The preferred contact tinme is fromabout 5
seconds to about 2 hours. 5 Preferably, the chem ca

TE® ?waaﬁtdﬁveiﬁﬂiﬂ 0583 ChguBorsst @ut{on) oAbl canyas L anivhiecinetomers
into the desalter wash water prior to blendiq%F%I,tmii
sushgnalpigtasid, wmaleic ambydridess famagie ggid, S rempying ifps like
| P a Bn T RHdRk lik
ool BfimPRIIEH Adihifile Ohiihel 183he HdnGEaben TR0 s
ciudeoils Thes isald prtcipitetian bbsegvedaafibrivse 1f dnyt off theseyadditives

renovi ng ter soluble chlori alts fromthe oil.
corpROUENFoRTedebY he preseRt wsgteﬁ?ﬁ 1565 (58 RRUPBFS s oty

| id ! FHMAS R ERsenid Biviy 4, Ehferivddnts 1 to 3.
(i) REATARGs TR 12 By the addition Al Lo

water. The wash water is treated with dinulsifiers to

U s Aottt aD07 DERIYER A fBesebts tferto NS ety for
eMﬁhé'ig@- héSTHORS A uhd rdoiéval By REnalytRsaltingipestels/ Reactive

ran rom about 93 C to about 163 C. To [emye ngtals
phasphoraig spedies eam bawemeyed s ipasferred famenbydregarbon phase to 2

d 1 i n. St )
wBRR B e P HIPR brdRind ifloesf by §RRK 5 RlboRfffidhat contains
witerisombRf hydiexpiacidsn Suitdtle fwatdrisotubld hyiwaly avidspmehde, but

S DGR T X e

ey B bl ARARRY chASXGES BRSO GRATCIRT alils oAIBRY Bcetic
atitiepalgierig Fomnabf ther stoge hylroayacids) polglyoslic estersyglygolate
in 25 the desal The ,pr,esent.

cfheipe 0 HBARIUBR 50 G bl S0t s b Eigagds, and

EWS ﬁx%gé%imrﬁé‘téo%b%si‘t%ohhmrﬁsﬁﬁﬁ)haﬂf iH8haé S iiindrdE acid to

ocarbon stream’such as talciumor its salts such
reaisice tHeqpHiof theptesaltextveash Watar. Atsolvientmay be optionglly included in

present .i.nvention perfor XPperi ment s usi NG suecj Ni.&
E i A b e
pHOPROHRGpebies ift8 NN iagHedia shasMwithONitie adrChd! fiydrocarbon phase

naphthenate contained in the hydrocarbon feedst ock, .
undertardy gfo theualgueots phase. Ehe edmapositien is partigylarly useful in

reaction |leads,to substantial a [ i

st Pl BB o P i Ping AR s oBieF St Blootrom.
desalter unit and also in other units used in
processi ng of hydrocarbon f@edstock, including crude
oil. Refer to Table 3 Experinment No. 1. 5 Wen the

i nventor of the present invention perforned
experinments using malic acid, a type of hydroxyl

di carboxylic acid, as an additive conmpound, for
renmovi ng cal ci um from cal ci um napht henate contained in
t he hydrocarbon feedstock, including crude oil, it was
observed that the reaction | eads to substantial anount




10

15

20

25

30

20 feedstock, including crude oil. Refer to Table 3
Experiment No. 3. Wen the inventor of the present

WO 200892830 per f or med experinents using citric Bch/B{2007/000360

whi ch is a nonohydroxy tricarboxylic acid, as an
addi ti ve conpound, for renoving cal ci um from cal ci um
napt henate contained in the hydrocarbon 25 feedst ock,
including crude oil, it was observed that the reaction

Phfenf A ?ﬁh@dﬁohaioosmmwm le8eieRithehse Bhbrll hydroxyl
ndi cat es it can cause fouling in the desalter

mong ambowlgb apids (ﬁlhbrasurﬁll'@hﬁs@@dl andp pplybydioxy darivative

hyd ar bon f.ee ack [ [ f :
o E5F 058 AR i pIOYE R FN 1o o B plive
pHéE Siis ispauies, | i bﬁbﬁm rmd etheﬁ rietelst s&oml thg hydrocarbon
ymeric form of, naleic

t hat
fordsiagk. Hpmezga}he ‘H§ada/ﬁm&a‘°d of t5.se G s @Bide P deiarives 2
dﬁﬂ&% 3{ ttﬁlﬁe@g]is&nﬁ&ﬁﬁ %ﬁ&lﬂ:téd‘ b%rhﬁ‘xe present
rocar oon EEdSt ocC I NC ng crude oil

1nﬁé1ﬂ@ft¢&dmbhacalc1hm frematloium neptiende ﬁonshb@ombmfeedstock

mount of, preci 05|ts ich in
is i g GcicB TR BhoR JrEere i AOEHNG hopibyfa g Y arko
beolH%& kn 901 fadlad $4fbn Witk E3pEst % BalcRim. fWHéIle&b&ﬁe acid was used
f eedst ock, |nclud|ng crude oil. Refer to Table 6

asadnmermmpo 1 by therpragsns nventor.dn thesanemplag safi, thit s, gyl
SRR NN i BRGS0 i
mal ei ¢ anhydride or funeric acid, as an addltlve
e AR e R AR SRR 195 for
usg% g'?aleﬁrg lnmdj %?ﬁ%lg k&ﬂﬁ‘ije bP gﬁ{e&gﬂﬁg{:ﬁa&d 21ile cOmPORR! for

["ea
refio@igdichigiiing rﬁoﬂﬂeﬂxeehydmearbom\fecdsmcknmchmhmg regudsf oil. The
equi pnent,. Refer Tabl e eri.nent.s 1.to
iy g‘b‘f%‘”f‘rﬁ?ﬂ%@ tSé‘&g%ﬁfﬁj@H{%S 98 SERISIF gFid, ell® antififide
of Blrhad 'ﬁgldeésa'éﬁ t t &' Br ReMS Al 66 chlefunh eom calcium
us ra|

purposes of and are not intented to limt
nipthenatepentdinddia dmdeeoil. 'Ehls ipihe dintimpnishing) fraturenpstween the

THE EXAMELES etails of the quantities
%?mﬁﬂmﬁpjﬂ?ﬁ%%ﬂ?%gﬁéﬁgmg%ppﬂ #%e having an anount. of
cal ci um of 2247 ppmin the hydrocarbon |ayer and

25dem neral i sed water, used in each of the e¥ nggés :
Irgmmoibdbams thereiss vesd fon develppiag a new methorh %atile tive

eﬂ 2teg¥a3? : "%m%g EX%{SEfglunfﬁﬁPorl ﬁﬁ%ﬁcéﬁon

ﬁ£hgogﬁpﬁumkhm9§nmg§ned to renove sodlun1chlor|de The
napthenlc acid used had an acid 30val ue of

approxi mately 226ng kohl gm The resulting cal cium
napht henat e had approxi mately 7.5% of calcium This
was di ssolved in 12 W) 2008/ 062433PC TTEN2007/ 000360
toluene to get an approximately 2247 ppm of cal ci um
The FTIR spectras of Naphthenic Acid, and Cal ci um
Napht henate are shown in the figure 1 and 3
respectively . 53. FTIR spectrumfigures are given
only for Exanple 1. For other exanples, only the
observational results are specified in Tables 2 to8 .
4. The wei ght of the calciumsalt of the additive
conpound is weighted, where relevant, and is given in
Tables 2 to 8. 5. It is observed that sone of the
addi ti ve conpounds, after r@action with 10cal ci um
napht henate, formtheir own cal ciumsalts which-

preci pitate. These precipitates are wei ghed and
entered in Tables 2 to 8.
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6. The nole ratio of calciumto additive conpound is
al so given in Tables 2 to 8. For exanple, calcium

WO2008/062483cont ai ns 2 nol es of acetic acid and PGHINEY000360

calcium This is theoretically possible nole ratio.
Apart fromthis, 15 actual weight of additive
conpound is also nentioned in Tables 2 to 8. If the
additive is in solution form the weight of active
omWT@EbSNDMN@ANTAGESWiWTmﬁ- 7. Generally,
results given in Tables 2 to 8, for each additive
conpound represents average of three experinents. 208.
Resul ts prasented..in. Tahl 6 Lhesabibg'
AR Hmed, CHERRAL “fojecty S8, RiemudeRe off ity AREShlHAKDA are
d&enbédbaoke. | n cases of Tables 3, 5, and 6, where
precipitates are fornmed, it is observed that the
precipitates are insoluble, even after 2 hours of
A%le@ﬁ&toé}‘ ﬁﬁngx'eﬁérﬂ Nfvention is todprovRRUAN TcBAGARAL REthdd with
ablFes to

are abtal ned after1l5 m nutes of reaction

- indfeasedodfitiendypduaiodesser dasags of thd shemizal compounids ysedae

Cal cium content in aqueous phase was mneastfred using
I on Chr omat ogr aphi ¢ technique (1C and by Inductive

ARGthR} el dF e lREschh énventoR Gartbosropiiesen eBitiedt ol to

-1 Procedure: Ml eic anhydride, dem neralized water
prenent@aecipifaiionaf seleium salbin wdeodaehon Rhass gwaterphass:

250m round bottom fl ask, equi pped with thernoneter
pocket and water condenser, and was ranted for 2
Fl@hbrSobjddt i the freseat isventionds te gobeide tan effinemt of higher pH
t enperature_ and the contents of the round bottom fl ask
valae.dhersby siyingd BORCQERAYERIHE N unnel . Two separ at ed

| ayers that is top hydrocarboneous | ayer and bottom
aqueous were collected and anal yzed as nenti oned

Stilt Ifonther Dibfectopndoady ahtagesr ofithe prasentyineentionrwibl-hecamg apparent

Cal ¢ci um conten s anal ys by using Ion
frepy %?%éﬁ?ﬁe%cwgﬁgﬁﬂﬁ% Y ayer was 10 dried
to renove toluene and the dried sanple was anal ysed by
Fourier Transform Infrared Spectroneter (FTIR) as
DESCREEHON OBBRAWINGS  Cal ci um content by using ICP
techni que ( 1 NDUCTI VE COUPLED PLASMA). The results are
given in details below and in Table 4, Experinent No.
Albrief deSeripiof o e Atcemphiiangtatvinigd is giveh W&lowrapht henat e
to Malei ¢ anhydride is 1:1, and 15 the Cal ci um content

FigurcCh shewh fHaR spectgsn of naphtheniq #fidene used for this

exanpl e i 7 | S X T ;
PEEED oS TR n P SRR o1 dicdfdbrieiion: |
Eié;@é'\B showé, REIR spocivein af ofnitclaper [Caimaphthekatatin édlverte (oven
1700 cm% due.to the presence of carboxylic acid (COOH)
dged)) pefopsrepsliolEUR spect rum of cal ci um napt henate shows
a characteristic peak at about 1541 cnil as shown in
fig.3. After conpletion of 2 hours of reaction of
DEFAREDRESCRIPTION OF INVENTION: with mal eic
anhydride it S observed, as own infigure. :
Te ot BetpoReof 5o BEseRy dRutRRo B0 demelgle? Silvidy FRE e
hg&%fca%ﬁ rfedea@k,pﬁékfoﬂbwﬂiéoéﬁerﬂiéﬁsc&ﬁpdudd@ clire ased)Owhiok are
resence of free carboxylihc acid group (simlar to fi
M3lefeutithyasidé, MaleiaActdeon FursaricdAcid andesalty o deriyatiyee efiall of

tﬁ)egg.sfhesg 2 tsca%lgpcie%vgﬁ\?egsa%g Gsed tfo e%?e%&vely remove calcium from the
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cm peak of cal cium napthenate in figure 2 indicates
that the maleic anhydride is very effective in

WO2008/863433ng i nto the water phase, the Cal ci umP¢HH2007/000360

cal ci um napt henate whi ch was present in the
hydrocarbon feed. 5 Ca content data: The effectiveness
of the present invention is further proved by
nmeasuri ng the Cal ciumcontent in aqueous |ayer after .

hy GBI P oC haP@cldrBH ot GhO EcafG M ndRbhaARd Pridehtin the

was average of six réadings indicating the efficiency
hyafrocaebom. um r enoval greater than 95% This is another

evi dence of high effectiveness of 10 Mal ei ¢ anhydri de

in causing conplete renoval of bound cal ciumin
TESMethe I RARELRN Aventibih edinpises feas@iitofi:n t he

hydrocarbon feed, and extraction of this calciuminto
(3) he miring theadmsoussplytion,ebanaene off thegghegyical cemppyngs such

pH o e : f

ol o1 YRS Sy REIAIGS ER8 b MRt APIaPOCBE LS o

of t feivatssar imnphpslgmesssorf apprapriate bembindtion theesof, Wwith any

i ndi cati ng, that conversion, of.. free .mal ei ¢c,_aci d..i nt 0
s Bydroratbemsifaan) siggrdenRils e qﬂ%‘éf‘ﬁfﬂﬂs S8, such
ext rgscgah‘gﬁnirﬁggthgﬂgev\ater phase of cal ciumfrom

cal crum napthenate. At this pH val ue the aqueous phase
(t)s nperntiingoforomiion efhtwe Hphasesy uthat ds,paquseus phesegnd the

and chﬁ_e 0 anﬁ B%ec_i pitate at the bottom This is the
addi tYSRAOMPPARPEYE of the present invention. EXAVPLE
©2 2% b it LEMMIOLS Or Emmgahemgo séparate.

ﬂme
procedural "steps of EXAMPLE 1, but using the maleic
acid, as additive conpound. The result of the

xpef il nent | | b SRR R &adil
VR s, PR B /8SF B B8 sho(e] oBpu YR n iy iy
bdalﬁfd ?l’;ﬁ&ml&@)gé aafboxylie abid Cgreiq]zs' of ARDPresént iAEVérRionf such as
ried sanple) 1541 cm | pea .Qr Cal cium - e
malgih epidn @@?ﬂ%@dsé’érm‘l‘l@cb@h‘éfé%‘gﬁtorithmf r?git%é’f Sfefivatives or
' s ARBHYRES coiiplefed Phniand
h‘ﬁ‘?@%@%ﬁ%&’ﬁ@%ﬁ% E%hlﬁgsun to becl egg than 1
wateisolublee results show that calciumis effectively
renmoved in soluble form avoiding formati on of
precipitate, thereby preventing fouling of equipnent.
TRGNGRE RAPR! | Y@SpitRE dHa tRE chide o2 [ydtdcagbdnbeus
proce ng%eg’teps bp%ggﬁ/PLEp- 1, but using the funmaric
phasiedareasepamttidt o1vperoditiph th sepaliie. As sutesulpf the fagueous solution

experi ment i resented in Tabl e 4 j t
chHBiag OF R PR By e rPRe R st SRSl s Marocirbon
&l Vi ftaldalkdy sambla) frd@Al wikoh tiRacan (ediandikidh tis same

napht henate) 10" was seen to_ be absent. The results

neinoey tdse 2ol oithen osrhompes | fped y and rpesgssed | fgpygentional
f&rm avoi d‘% .formation of precipitate, thereby
hydroptaors S %Pﬂ‘he& of equi pment. 15 EXAMPLE -4

Separate experinments were conducted by repeating the

procedural steps of EXAMPLE - 1 but usigﬂ each Ef 4t he.
Itzig ¢peteplateshibatihe physisalsgpasatiepprosess 15 gtdiparyly o ge doneina

cﬁ%\gezxgl%aggaﬁé d%@ﬁke?fxgﬁiﬁ&qs u?llall? Nded f(%rpéeﬁﬁfing Pgétﬁz&élﬂg crudes

s, | seen that, from Ta )
bERRE HeyRitt hdiopratessde Thishwepaation lic taibe idene by ewyisepargtion
renoved, and the precipitate is absent, . high dosages

- pogcesss BpWeveicand algy ipshides conntereuieny XA ¢ acid are’

required. As seen from Table 3, Experinment 1 to 3, and
Tabl e 5, Experinent No. 1, 2ven though, the calciumis
effectively renoved and the dosage is | ower,
precipitate is fornmed, which can lead to fouling of
equi pnent. 25 As seen from Table 6, Experinments 1 to
3, simlar effects are observed. List of additives
compounds used in Exanple 4 A) Mono - Carboxylic acid
(Refer to Table 2): 30(i) Acetic acid (Experinment No.
1) (ii) Gycolic acid (Experinment No. 2) (iii)Gnconic
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5C Tri - Carboxylic acid (Refer to Table 5) (i)
Ctric acid (Experinent No. 1) D) Poly - Carboxyli
WO0D06288f er to Table 6): (i) Acuner - 20071000360
(Experinent No. 1). Acuner - 1000 is a | ow nol ecul ar
10wei ght polyacrylate with a sel ected nol ecul ar wei ght
around 2000. (ii).Acuner - 2000 (Experinment No. 2).
Acumer - 2000 copol ymer conbi nes two functi onal
O%S’ﬁtactStﬁlﬁgg b'é@dvéien( Sthef 0&31%%@&5 agdradHak aeiufion and the
carboxyl ate). The chem cal conpounds ACUMER 1000, and
hmmo@fmér@mgmmmmm magvianhd-asiss Tiqwp between

SEASETORSESS 2 5 B

'slséwnnt@gbéhﬁz h@rgght mal ei ¢ honopol yner of nol ecul ar
wei ght of approximately 600. PM 200 - was procured
from AQJAPHA_RM 2A, Atur Chanbers, Ml edi na Road, Pune
P#éraglgflt& ¢lcBShftal éih éﬁ%n-ﬁg %e‘ﬁﬁbﬁédﬁ'ﬁ‘ (a5 aBdvetrhle ﬁj&@&d into

yners un er have a te ency to
mermmmrtwash Wbl pnontajbboémgs»ftthgrww waigt iwith thegdncoming

T i B S R 38
érﬁa&‘?lﬁetﬁe Hatel 3L Shederufe oBNThER, probess & palRAi ‘ekditing” andeis

or med is observed that 25 the eC| pitates, are
litenalltyt reiyingowater asluble chlorisigrsalts frops Beraib M&i}fﬂfﬁ%ﬂﬁ@s are

TAILLS d S
PSR 5 Teen Ao il e Reoik bt S Eeliaalgs thg sal
c&ERRLch {sodihitedyathe dddiliiincd)itlﬂ‘lef wash twttrothe Mash water is

feedst ock. The hydrocarbon_feedst ock ,use%‘\{¥ @%

treated avithe dimelsifists toobelpdbe D@Lmafé? SRRSTAIon. AN Valsh fegpining
{PeRANASE §n the

v@%dmf%e resﬁb’&t@"gv(\llgj’?egég I en ?vaﬁk gﬁlgg%:me oils.

d'eriult‘érfypﬁiaﬂyfrafgbﬂimabmﬁf% madahbum@s‘\kpm st andar d
demul sifiers, and |n a S|ngle stage crude desalter

T RASR RS S ARV HE\1YE Sh ChBRRSaN dol’npouﬁds

respect to caIC|un1o ydrocarbon Iayer The mal ei c
mﬂnbﬂed destmsa)mel armamadonanumbhtw@p evash wafer. /%th the
of the crude 6
R RIS &8, e o Houm s the
cpbfm “rhyd 9&1@;51@&'1’%&119& %&Wﬁe RalciRe s hRatho sdlibley/lenee the
ser

the input-feed to the crude
cdlefuah isxemoved viaghe miatsr phassed cont ai ned 35 ppm of

cal cium and the desalter oul et contained 8 ppm of

ﬂg‘ Abum: Shes@byfithei ARive NlelliGRtethdniiesl ¢6mPOtadsf and the
ficiency in calciumrenoval, in the single stage

oonﬂmnatms tienentagenssally emepsEpm drout M tode ViraghiiRegrent in

& 3&5@??? d 2 aﬁ%e Ik”%ﬂ%ﬁﬁ?ﬂqem C%Q&eggggﬁ%gf ng,ﬁi)%mlar or

dxBesdémbRir \Aéhéﬁmﬂﬁﬁﬂd Retht roshevntto rivetals! iar the, hydvocacladd ntgeam
or corrosion problens were observed. 15Table-1:

sDoh a5 ¢alcipm anits srls aychaas saleiwy napthendle, experinent Sr.

No. Nane of the raw materials used W. (gm W.%1.

Cal ci um napht henat ei nt ol uene havi ng an anount of

Waks ihein0ént@Pdi7thp present inkentiopdrecioambd expaiments psiog succinic

49. 862 2.
acid, a type of dicarboxylic acid, as an additive compound, for removing calcmm

from calcium naphthenate contained in the hydrocarbon feedstock, 1nclud1ng

10
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Dem neralised water 50.0 49.862 Ca-nanht henate
Reaction Data with Vari ous Water Sol uble O ganic
WOR898M6243320 | . Reaction Conditions : 50gm PCT/IN2007/000360
Cal ci um napht henate in tol uene having an anmount of
cal cium of 2247 ppmin the hydrocarbon | ayer + 50gra
DM wat er + Various Water Sol uble Organic Acids
(additive conmpounds) were refluxed at 98- 105C

crh@REN &t UWids bBderddd that 2he 3RactionRads to substantial amount of
2008/ 062433PCT/ | N2007/ 000360 Tabl e-3: Saturat ed

previpitate waish indicates ghattfcanngusedoyling in theidgsaltppanit and also in

o I By R, BBl et .

Réfer @eliblg 3 Experiment No. 1.

When the inventor of the present invention performed experiments using malic
acid, a type of hydroxyl dicarboxylic acid, as an additive compound, for removing
calcium from calcium naphthenate 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 3 Experiment No. 2.

When the inventor of the present invention performed experiments using tartaric
acid, a type of polyhydroxy dicarboxylic acid, as an additive compound, for
removing calcium from calcium naphthenate contained in the hydrocarbon
feedstock, including crude oil, it was observed that the reaction leads to
substantial amount of precipitate deposits which indicates that it can cause fouling
in the desalter unit and also in other units used in processilng of hydrocarbon

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
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Appearance FT1R (dried sanple) 1541 cnd peak [for
Ca- napht henate] 1. Succinic Acid (118) I1:1 0.331 3

WORRD8/@02433t . 0. 1567gm Absent 2. DL-Mal i ¢ Mono BGAANG87/000360

1:1 0.375 Wiite ppt. Acid di carboxylic acid (134)
2 0.3441 gin Absent 3.

When the inventor of the present invention performed experiments using
polymeric form of maleic acid, that is polymaleic acid, (PM-200), 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 deposits 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 6 Experiment No. 3.

However it is clearly brought out by the present inventor, after extensive
experimentation, that use of any of maleic acid, maleic anhydride or fumeric acid,
as an additive compound for removing calcium from calcium naphthenate
contained in the hydrocarbon feedstock, including crude oil, does not lead to
precipitation or in some experiments lead to negligible amount of precipitation. |
Hence this prevents any fouling of equipment. Refer to Table 4 Experiments 1 to
3.

The foregoing may be better understood 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.

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 napthenic' 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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LWD hydroxy di 1:1 0A21 Wite ppt. Tartaric
carboxylic acid 6 Absent Acid (150) 5 Tabl e-4:

WOL2068%963433t ed Di - Car boxylic Acid Exp. No. O garBGI/IN20(§/000360

Type (Mdtet War

toluene to get an approximately 2247 ppm of calcium. The FTIR spectras
of Naphthenic Acid, and Calcium Naphthenate are shown in the figure 1

and 3 respectively .

FTIR spectrum figures are given only for Example 1. For other examples,
only the observational results are specified in Tables 2 to8 .

The weight of the calcium salt of the additive compound is weighted,
where relevant, and is given in Tables 2 to 8 .

It is observed that some of the additive compounds, after reaction with
calcium naphthenate, form their own calcium salts which- precipitate.
These precipitates are weighed and entered in Tables 2 to 8.

The mole ratio of calcium to additive compound is also given in Tables 2
to 8. For example, calcium acetate contains 2 moles of acetic acid and. 1
mole of calcium. This is theoretically possible mole ratio. Apart from this,
actual weight of additive compound is also mentioned in Tables 2 to 8. If
the additive is in solution form, the weight of active ingredient is givén in
Tables 2 to 8.

Generally, results given in Tables 2 to 8, for each additive compound
represents average of three experiments.

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,

10.

where precipitates are formed, it is observed that the precipitates are
insoluble, even after 2 hours of reaction conditions.
Results presented in Tables 7 to 8 are obtained afterl5 minutes of reaction
at 98 to 105 degree centrigrade.

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

13
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w.) Mle Ratio (Acid : Ca) W. of Acid (3m 100%

basis Bottom Layer (Aqueous) Top Layer (Organic)
WORIPRe243% ce Conc. of Ca (by 1C) [ppn] Ca RenoRCHIN2007/000360

Efficien cy N Conc. of Ca (by 1(P) [ppnl - FM (dried

sanpl e) 1541 cnil peak [for Ca- naphthena te

EXAMPLE -1

Procedure: Maleic anhydride, demineralized water and Ca-naphthenate in
toluene were charged into a 250ml round bottom flask, equipped with
thermometer pocket and water condenser, and was refluxed for 2 hours. After 2
hours it was cooled to room temperature and the contents of the round bottom
flask were poured into a separating funnel. Two separated layers that is top
hydrocarboneous layer and bottom aqueous were collected and analyzed as
mentioned below. The aqueous layer was analysed for pH, and Calcium content
was analysed by using Ion Chromotography. The hydrocarbonéous layer was
dried to remove toluene and the dried sample was analysed by Fourier Transform
Infrared Spectrometer (FTIR) as discussed below, a‘nd for Calcium content by
using ICP technique ( INDUCTIVE COUPLED PLASMA). The results are given
in details below and in Table 4, Experiment No. 1. ‘ ’
In this example, the mole ratio of Ca-naphthenate to Maleic anhydride is 1:1, and
the Calcium content of Ca-naphthenate solution in toluene used for this
example is 2247 ppm

Analysis:

FTIR data:

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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1. Maleic Anhydride (98) 1:1 0.275 7 No ppt. 2208
97.95 <1 Absent 2. Mleic Acid (116) 1:1 0.325

No
WOpR§8/052433 9735 ci Absent 3. Pormade Acid (116)PC1T/W2007/000360

0.325 6 No ppt.

cm ! peak of calcium napthenate in figure 2 indicates that the maleic anhydride is
very effective in extracting into the water phase, the Calcium from calcium

napthenate which was present in the hydrocarbon feed.

Ca content data:

The effectiveness of the present invention is further proved by measuring the
Calcium content in aqueous layer after reaction which was found to be about 2200
ppm which was average of six readings indicating the efficiency of calcium
removal greater than 95%. This is another evidence of high'effectiveness of
Maleic anhydride in causing complete removal of bound calcium in calciux.n
napthenate which was present in the hydrocarbon feed. and extraction of this
calcium into the water pahse.

pH values data:

Before reaction, pH of the aqueous layer was about 2 due to presence of maleic
acid in the aqueous phase and after reaction pH of the aqueous phase was found
to be 6.41, there by indicating that conversion of free maleic acid into its
calcium 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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2150 95.72 3 Absent Table-5: Saturated Mono Hydroxy

pol y- Carboxylic Acid 10 Exp. No. Organi ¢ Acid Type
WO(2088/@62433ar wt.) Mole Ratio (Acid : Ca) W. ofP 007/000360

(3111) 100% basi s Bottom Layer (Aqueous) Top Layer

(Organic) Appearance FTIR (dried sanple) 1541

cnii peak [for Ca-naphthenate]

The results show that calcium is effectively removed in soluble form, avoiding

formation of prec_ipitate, thereby preventing fouling of equipment.

EXAMPLE -3

Experiment was conducted by repeating the procedural steps of EXAMPLE — 1,
but using the fumaric acid, as additive compound. The result of the experiment is
presented in Table 4, Experiment No. 3. The Calcium (ppm) [by IC technique] is
2100 ppm. In FTIR (for.dried sample) 1541 cm™ peck (for Calcium— naphthenate)

was seen to be absent.

The results show the calcium is effectively removed in soluble form, avoiding

formation of precipitate, thereby preventing fouling of equipment.
EXAMPLE -4

Separate experiments were conducted by repeating the procedural steps of
"EXAMPLE - 1 but using each of the additive compounds listed below. The
results are presented in Tables 2, 3, 5, and 6. After analyzing these results, it is
seen that, from Table 2, Experiment 1 to 3, even 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)
(ii) Glycolic acid (Experiment No. 2)

(iii)Gluconic acid (Experiment No. 3)
B) Saturated Di — Carboxylic acid (Refer to Table 3):
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1. Gtric Acid Mono hydroxy tri carboxylic acid (192)
2:3 0.3595 White ppt. 0.2578gra Absent WO
WO20088150653 433PCT/ | N2007/ 000360 Tabl e-6: Pol y CHEFHRGH]7{000360
Acid Expt. No. Organic Acid Type (Ml ecular w.) W.
of Acid (gm 100% basis Bottom Layer (Aqueous) Top
Iiayer (Organic) Appear ance FTIR (dried sanple)
541

(i) Succinic acid (Experiment No. 1)
(ii) DL — Malic acid (Experiment No. 2)
(ii))L ( +) Tartaric acid (Expeiement No. 3)

C) Tri— Carboxylic acid (Refer to Table 5)
(i) Citric acid (Experiment No. 1)

D) Poly - Carboxylic acid (Refer to Table 6):

(1) Acumer — 1000 (Experiment No. 1). Acumer — 1000 is a low molecular
weight polyacrylate with a selected molecular weight around 2000.

(ii) Acumer — 2000 (Experiment No. 2). Acumer — 2000 copolymer combines
two functional groups: strong acid (sulfonate) and weak acid
(carboxylate). The chemical compounds ACUMER 1000 and ACUMER
2000 were procured from ROHM 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 AQUAPHARWM, 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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cm| peak [for Ca-naphthenate] 1. Acuner- 1000
Acrylic Honmo pol yner (2000) 0.2757 Wahite ppt. 0.217
WORPRSASA33 0. 4008 White ppt. 0.1864g Absent PCTfING007/000360

White ppt. 0.1307g Absent 1.14 Wite ppt. 0.1224.
Absent

Africa containing high amount of Calcium Naphthenate, and the rest 84% were
blends of various crude oils. This field test was performed along with standard
demulsifiers, and in a single stage crude desalter. Average dosage of maleic
anhydride was 40 ppm with respect to calcium of hydrocarbon layer. The maleic

5 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

10  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.

15 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.

20 :
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.

25

30
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10

0.5111 3. P14-200 Pol ynakic Acid (600) 0.063 Pale
yel |l ow ppt. 0.5607g 1726, 1681 & 1557 present 0.126
WOF’&P%“}@-"I ow ppt. 0.3237g 1682 & 1560 present PCT/R2407ip90360
Pal e yell ow ppt. 0.614g 1532 present 0. 3247
Table-3: Saturated Di-Carboxylic Acid
Exp. Organic Type Mole | Wt. Bottom Top Layer (Organic)
No. Acid Ratio of Layer
(Molecular wt.) | (Acid | Acid | (Aqueous)
: Ca) (gnz) Appearance | FTIR (dried sample)
100% 1541 cm™ peak
basis [for Ca-naphthenate]
1. | Succinic (118) 1:1 | 0331 | White ppt.
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. [LM® Di hydroxy di 1:1 | 0421 | White ppt.
Tartaric carboxylic acid 6 Absent
Acid (150)
Table-4: Unsaturated Di-Carboxylic Acid
Exp. | Organic Type Mole | Wit Bottom Layer (Aqueous) Top Layer
No. Acid Ratio of (Organic)
(Molec | (Acid | Acid | Appear | Conc. | Ca [ Come.| FTIR
ular :Ca) | (gm) ance of Ca | Remov | of Ca (dried
wt.) 100% (by al (by | sample)
basis IC) | Efficien | ICP) 1541
[ppm] | cy | [ppm]{| cm™ peak
(%) [for Ca-~
naphthena
te
1. | Maleic 98) 1:1 0275 | Noppt. | 2208 | 9795 <1
Anhydride 7 Absent
2. | Maleic (116) 1:1 0325 { Noppt. | 2213 97.95 <1 Absent
Acid 6
3. | Fumaric (116) 1:1 }0.325 | 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
[for Ca-naphthenate]
1. | Citric Mono 2:3 [ 0.3595 | White ppt.
Acid hydroxy tri 0.2578gm
carboxylic Absent
acid
(192)
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15

20

Pal e yel | ow ppt.
Condi tions :
WO08/86348n anount of cal ci um of 2247 ppm i n t HECT/IN2007/000360

0. 682g Absent

5 10 11.

Reacti on

50gm Cal ci um napht henate in tol uene

hydr ocar bon | ayer + 50gm DM wat er + Vari ous \Water
Sol ubl e Organi c Acids (additive conpounds) were

refluxed at 98- 105C tenperature for

15m nut es.

15 20

WD 2008/ 062433PCT/ | N2007/ 000360 Tabl e-7: Unsat ur at ed

Tab1é67 PorCarboaglidlAclixpt . No. Organi c Add Type
(Malec ular wt.) Mdle Ratio (Acid : Ca) W. of Acid
Ig@ 10T mieas! S TypBOL L PIWL Y ¢! BtOGGHHS )| TopRayer(OGrganic)

gani sgid Acid (Aqueous)
(Molecular (gm) Appearance | FTIR (dried sample)
wt.) 100% 1541
basis cm™ peak
) [for Ca-naphthenate]
1. Acumer- | AcrylicHomo | 0.2757 | 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 | Noppt. Absent
(4500)
3. PM-200 Polymaleic 0.063 Pale yellow ppt. | 1726,1681 & 1557
Acid 0.5607¢g 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

IL 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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ofCa

Appear ante Ca Reno val Ethel ency (% Conc.
eak
A pbBp3c0

(by 1C") [ppnl FTIR (dried sanple) 1541 cni
WOQQ08/¢6@4¥3t hena te] 1. Maleic Anhydri de (98)

Very few white adheren ces 011 sidewall (2150
Table-7: Unsaturated Di-Carboxylic Acid
Expt | Organi | Type | Mole | Wt.of | Bottom Layer Top Layer (Organic)
.No. | cAcid Ratio Acid (Aqueous)

(Molec | (Acid | (gm) | Appear | Ca | Conc. of FTIR
ular | :Ca) | 100% ance | Remo | Ca(by (dried
wt.) basis val ICP) sample)

Effici [ppm] 1541
ency cm™ peak
[for Ca-
(%) naphthena
te]
1. | Maleic | (98) 1:1 02757 | Very 95.68 <1 Absent
Anhydri few
de white
adheren
ces on
sidewall
(2150
ppm
Calcium)
Table-8: Saturated Mono Hydroxy pely-Carboxylic Acid
Exp. | Organi Type Mole Wt. | Bottom Top Layer (Organic)
No. | c¢Acid Ratio of Layer
(Molecular (Acid : Acid | (Aqueo
wt.) Ca) (gm) us)
100% Appear FTIR (dried sample)
basis ance 1541
m™ peak
[for Ca-naphthenate]
1. | Citric Mono 2:3 0.359 | White Absent
Acid hydroxy tri 5 ppt.

carboxylic 0.3148¢g

acid m

(192)
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15
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PPl n Cal cium 95.68 <1 Absent 5 Table-8: Saturated

Mono Hydr oxy pol y-Carboxylic Acid Exp. No. Organi ¢

WQR08/06%3% (Mbl ecul ar wt.) Mdle Ratio (Acid : AR200H900360
Acid (gm 100% basis Bottom Layer (Aqueo 80 Top Layer
(Organic)

In view of the above, it is clear that the present invention comprises the following

items:

Item 1. Method of femoval of calcium from hydrocarbon feedstock,

comprising the steps of:

a)

b)

d)

mixing hydrocarbon stream such as crude oil containing metals and salts
thereof, such as calcium and calcium naphthenate, with an effective metal
— removing — amount of an aqueous — extraction - solution of an additive
comprising a chemical compound selected from a group consisting of
maleic acid, maleic anhydride or fumaric acid or salts or derivatives
thereof, or an appropriate combination thereof, enabling formation of a

hydrocarboneous phase and an aqueous phase containing the metal ions;

permitting formation of two phases, such as said aqueous phase and said
hydrocarboneous phase, wherein said aqueous phase includes ionic water

— soluble metal — acid complex, of the calcium salt of said additives;

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;

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;

23



Appear ante FUR (dried sanple) 1541 cm"' peak [for

Ca- napht henate] 1. Ctric Acid Mono hydroxy tri
WOc085e2933i c acid (192) 2:3 0.359 5 Wiite PPt OPGHENGH0700360

Absent 10 15 1In view of the above, it is clear that

the present invention conprises the followng itens:

Item 1. Method of renoval of cal ciumfrom hydrocarbon

feedstock, bconprising the steps of: a) mxin .

hydr oc aFBYRINStIF SemPLHRIS Wssaid depaliesi is indhe smee ?f@onhe‘?% o

and sal {gg°tchgp@of, such as cal cium and cal ci um

napht henate, with an effective netal - renoving - .
anount hersig, 4B Stisht- — charsentage off thes gpsage off &#id gphemical

addi ti Veompkidng 94264 Hofh00.80C BE 51 FakeifR BRI RtR Ct Rdsh —
froma group consisting of maleic acid, maleic

SanhydriWathr funaric acid or salts or derivatives
thereof, or an appropriate conbi nation thereof,
enabllieny 2f dviethed ofi removal mfdeacivmbfomobwirghadwe feadstak, as
ague e. cont . i : . .
por it Ref RE R T Shdftnd Aol 8 solBRinicr Bdmpopnd to sed
aqueaclsalishawashanwatenisccohtmious.ar boneous phase, wherein

10sai d aqueous phase includes ionic water - soluble
met alltenaGi Methotp lo€xemoval tdfecdléingi fomShydrodafboiafeddstock, as

alTtenAG . nSRdrod !
gsd't esFibed ggltééi@%ﬁ%iﬁbhﬂg%@&gf&g@p (@) of tlaim 1. 1 carried out

vigorously for enabling said chemical compound to chelate the calcium.

15 Item 4. Method of removal of calcium from hydrocarbon feedstock, as
described in item 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.
20
Item 5. Method of removal of calcium from hydrocarbon feedstock, as
described in item 1, wherein said additives is used 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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20crude desalter, or by using any of conventiona
processes of separation, such as countercurrent
extraction; d) renoving the separated aqueous phase of
step (c), containing said netal - acid conplex; 25 e)
processi ng the separated hydrocarboneous phase of step
(c) by downstream hydrocarbon - processing techni ques;
wherei n, the contact tine‘gghggen sai d aqueous -
extraction - solution and i d hydrocarbon stream
during the mxing action of step (a) is in the range
fromtwo seconds to six hours, preferably fromfive,
setondethed of yemonsd pf calcie fremrhydsecarhompispdstaskecomprisifigithe
desakkﬁgoks in the range from93C to 163 C and

wher el n, t'he wei ght - percentage of the dosage of said
chemag amixagmgdridatban 0fsahr i@6u@in@0drull® ofl @ntatgihgletals and
said desalter. - wash - 5water, ltem 2. Method of

I ; ) .
r emovalls Hierqoly ncliding ealeinparmst arlsigm naddasnaiek chagacterized in
descry i , rei et £Clicon of [ :
chenf%gﬁﬂgo d%%%@b%gh?%ﬁd@&§§gﬁtg#ﬂfﬁvggﬁﬂdegﬁﬁr?apgwng
cont ianwaus of A aljbems 3 edvkrction —ofoluténpefabn additied compnising a
from hydrogcarbon feedstock, as described ip Item1 .
wher ép%‘ﬂgcafaorm%nﬂ& ted ?@51 £ &FOWBr COFiRg of maleic i magleic
out hBRIrRIeShY filnPlriceAad | or NQ1tS 3k LeFil ek athe@ QMR Waghbiition
chelate the calcium 15 Item 4. Method of renpval of
cal citharedfy enatiingr tormatiom of ecbigdrocithormsusi pbase reldan aqueous
item N wher ei.n ﬁ%id éhenical compound is used in
mol aP 2SN REIRE ts et 8%@% - nolar concentration wth
respeytpdriitting MHBhalon, of i altboly PhasAARD Baifl a8dflca®Kneous
such as said calciumor salt of calciumsuch as
cal ciphesen sibsrciie seid aqueaps| phaps Bicludss heric ofateresolablegpetal —
cal ci f h r f.e tock... as described in
it ema&l}i?pc\(/)\,{%.l g’?ge ﬁ%gl%glcg%glsatltl cggéldi agl %Eusvg% neat or in
sol ut) ageparatiegnod peddiittigotoabparetebrathekeloed sdiditwé phases in a
hydr ocar bon feedstock, as described in 25item 1, .
wher &4de dssalicn @8 Py ugiagiany abersy crtiipnahpicassecef peparation;

extracgt - ' [ ' t b :
Cher o5 reBving3fic raBiedoubodt fRade o i Bkl Wid metal
desceaciptcomplespnt ai ns many specificities, these should
not bge const.ruct.ed as Iigigq%jon i n the, scope of tP
| nvefl ACCSHE i eparaied sBYUREHBPTIONS abPOR OF SR n(dt bY

the BERARIRAChRRRARIIENSSodBRE Rhniqhké;er at i ons to the

preferred enbodi nents descri bed above are possible
wi t holereits e comactftimngrbetiveers paid iatjuesfust-hextiagtiemt-isohntion and

dot orti ReHORRPOR SRR Suffie MeohTiE Fr By RiRel) i g e
t he appeRdaRcalditbixandrst heir | egal equival ents.
A g/vﬁerein the temperature in said desalter is in the range from 93°C to 163°C;
and
wherein, the weight — percentage of the dosage of said chemical

compound ranges from 0.001 to 5 of weight of said desalter — wash — water.

[[«]
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1. Method of renoval of cal ciumfrom hydrocarbon
feedst ock, conprising the steps of: 5a) m xing

hydr ocar bon stream i ncluding crude oil contai ning
nmetal s and salts thereof, including calciumand

cal ci um napht henate, characterized in that the
hydrocarbon streamis treated with an effective netal

r enpv, unt 0 ueous - extrac ol ution, .
of 2o Vet Rmo g AR witich 00 BBiringRon Uy
fremim 1grvme|aelﬁ RS irfédtiog o¥f satalchbmical bémpddldeioGsaikiOdesalter —
anhydride or fumaric acid or salts or derivatives

t hafaglyf- Waght, is SARIHIRUS-on t her eof enabl ing formation of

a hydrocarboneous phase and an aqueous phase

contai ning the netal ions; b) permtting

f oBrmMiemrod aff rembdal agfueaddiom piras ehydrdasbeh deedstock, as claimed in

hyd{oc neous . phase, erei n_said aqueous Pphase

i néfads WhERINcSaithExing ebpisp) @) petlaim 1, 1s551i8d ednsieaseusly
of BB okt Atidal @bm ?@argl YAk ¥RSealcifh, Separating

or permtting to separate ensel ves said two

phases in a crude desalter, or by using any of

el e i R B R

m%‘br@ 1, arﬁaemcsqm%}emcaa%ﬁq mrfaqsﬁaédria n&a@r SEPRbRL @F excess
hydrocarboneous phase of P downst r eam

hydm@fd@nr Qsmnentrappo @eﬁslreﬁ@ect @cﬂhn mptﬁés inwhidrhyidrpcatbia feedstock,
cont t.ween ueous extracti

Mifing S QEIRORBLE SRNAS R LR ARRY PR ng
actlon of step (a) is in the range fromtw seconds to
si X hours; 25wherein the tenperature in said desalter

i 557 Methed oA AepaoYal ovh et drons Bdrogargontfesdsiogk, shelaimed in
welght |- RSS! BRIREs LR FRERUPPLold Cheri cal

conpound ranges I% of said

desalter - wash - water. 2. Method of reanaI of

caIC|u from hydroc n feedstock, clajmed in . )

cl & M odrsievikal ?éﬁfl@la R laﬂr%atb@ncflﬁéﬁ%gi as claimed in

COHQﬁWnd L@ dadesal éﬁtﬁfe is YRRH to %’@(ﬁ ef ueb® — extraction —

cont i nuous. 53. Metho renoval (%lun1 from

hystlatoar dfehrimels gsibotkmixisg hembfiwith isaid diydiavarbon wireangi n

said mxing of step (a) of claiml, is carried out

vi gorously for enabling said chem cal conmpound to

chel a@héd SofCRIMRVEINGS calcium frdm HYREJamboAT febRTKALs Blhimed in

cal ci um from hydrocar bon feedstock, as clainmed in 10

clelrim 1, wihrseini seid apehvshborial atocessep of separationsie ¢opmercurrent
é{& 1(sub nol ar or excess - nolar concentration wth

respé%&’%o the nmetals, in said hydrocarbon feedstock,

i ncluding said cal cium or salt of calciun1including

cal ci um napht henat e. Met hod of renoval of

ca$ cMﬁ’fh(M drﬁfﬁWV@}c%ﬁ%ﬂumeféd@thdéwca@@ncfP%ﬂSw@& fsnclaimed in
: ei a 0 _
Wféé}gik}e % i 1: t?cg Smntl/éal%a%v € ﬁﬁ %&ﬁﬁ 5xtfa@tlon
hysdﬂmmardndrsafdd@dsdoeﬁdon sagaraldating thd mmihgacmoln of\shidrsedpr(a) is
said additive is added to said aqueous - extraction -
sdnihs BRee from tysseeondstd §Fo bR xi ng t her eof with said
hydrocarbon stream 20 7. Method of renoval of
cal ci um from hydrocarbon feedstock, as clained in
claim1, wherein said conventional processes of
separation is countercurrent extraction. 258. Method
of renoval of cal cium from hydrocarbon feedstock, as
claimed in claim1, wherein said contact tine between
sai d aqueous - extraction -26sol ution and said
hydr ocar bon stream during the m xing action of said
step (a) is in the range fromfive seconds to two
hour s.
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