METHOD OF REMOVI NG METALS FROM HYDROCARBON FEEDSTOCK USI NG ESTERS OF
CARBOXYLI C ACI DS FI ELD OF I NVENTION 5 The present invention is generally
related to the field of hydrocarbon industry and particularly related to
removal of metals from hydrocarbon feedstock and nore particularly to
renoval of WQPWYUYSr om t he sane. 10 BACKGROUND OF | NVERGHYIRR§OZB4e42der i ng
the rising prices of crude oil, the refiners are forced to process
opportunity crude such as DOBA, to be conpetitive. However these
opportunity crudes pose many probl ens such as fouling of heat exchangers,
difficulties in 15effluent treatnent, poisoning of catalyst by certain

talli | t d i
nmetallic salts an yg@%@%@{éﬁw%@%ﬁ?ﬂgm@pgmcmﬁgwm poses

very serious probl ed using the current refinery
processes. Cal ci um eNERBSTOCKUSINGESTERSAQF QARB&KYM%@DSM napht heni ¢
acid, which hereinafter is referred to as cal ci um napht henate. The cal ci um
napht henate is not renoved fromthe crude oil during the normal desalting
process. The eXdRDeOFANVENITEONe of crude oil which contains | arge anmounts
of cal ci um napht henate are crudes from China such as Shengli No. 2; DOBA
from West Africa, Gyphon and Harding crude oil fromthe 25 North Sea; and
SJV from t he WsHie prisasitinadntibiSi. geheraliynretatdd to e fivdd yf hytdneracbes addustnopndf  cr ude

oi |l has been practiced for .man ears. The.crude is.,usuyally contan nated
from several sdif¥d ?]yirﬁléieﬂc}? ﬁé’f‘g‘fif’gf@taﬁ%@?’ﬂ yﬁ cgré’f’ﬁi%ﬁeﬁftx% A mare e o,
ni ckel , sodi umpapRluRslyitsifemorBicbfeblefinDirdigthesaimnal S, Desalting is necessary

prior to further processing to renove these conpounds and ot her inorganic
materials that woul d ot herwi se cause fouling and deposits in downstream

heat exchanger pACKOTOUNDGFANVENTION! rosi ve salts detrinmental to crude
oi | processing equipnent. Further, these netals can act as poisons for the
Considering the rising prices of crude oil, the refiners are forced to process
opportunity crude such as DOBA, to be compctitiv_e. However these opportunity
crudes pose many problems such as fouling of heat exchangers, difficulties in
15  effluent treatment, poisoning of catalyst by certain metallic salts and such other

problems.

Among the metals, calcium poses very serious problems which cannot be tackled

using the current refinery processes. Calcium exists in crude oil as calcium
20 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
25  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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5 catal ysts used in dowmstreamrefinery units. Effective crude oil
desalting can help mnimze the effects of these contam nants on the crude
unit and downstream operations. Proper desalter operations provide the
followi ng benefits to the refiner: 10(a) Reduced crude unit corrosion. (b)
Reduced cr Y#@2q9p@138%t system fouling. (c) Reduced pot enRGTAN2¢0g/p00062
distillation colum damage. (d) Reduced energy costs. (e) Reduced

downst ream process and product contam nation. 15 Desalting is the
resolution of the natural enulsion of water that acconpani es the crude oil
by creating another emul sion in which about 5 percent rel ative wash water
I's dispersed i rﬁ&alrung ﬂelceﬂﬁ'iy%giofato%héf rdé@ssmyls r@ﬁ'ﬁUesth&Q cBhYounds &lidr ect ed
into a desalter vess containing a par series of electrically charged
pl ates. Under 2gherhinergamic angjeniain that thlld)pthea)nsf.‘ vause rfowingl andoderiositselposed t o
the applied ele i ter
dropl et wthi n ?%uhl Eélag%)gq[hﬁ%& e@’g@ eaﬂ {l-:-jgﬁoglgtcgfrlgg{}%%? ggttr i?r%ﬁﬁgir’](‘!a

coal escence of dmk mhp@pesdmgmqenpmenmforﬂhea,r@ae ragtals Icanx g@rascpocsphsefos the

Eventual |y, the SI 0 sol ves i arat he hase
(top layer) ancfa% &e]’fl &@gtéea(rb t? ayﬁ% “icgu%t als&%ﬂh'c‘ﬁ ag’ el
25crude oil andnmirhizelelnd effedteof these samaimamﬁé yn dhes ctude geil afndmmkte:anhesal ter.

The entire desaltin cess,i s a continuous. w pr.ocedure osed to a
bat ch process. %Wgﬁpﬁ%?{eﬁqsﬁléqr QRFEAUPPS, PEOVAGE eale Foélé’f"é’t? E?%rfegl? e%toﬁlé

valve to hel p reSgrve the oil/water enmulsion in addition to the use of

el ectrostatic coal escence. These additives effectively allow small water
droplets to nore easily coal esce by lowering the oil/water interfacial

tension. Crude @) Redubed cra@ndmi ddsrosiohi gh percent of partl cul ate solids can
conplicate the 5 desalti ng process. The particulate solids, by nature,
o

woul d prefer tcf ) Redisedprude,prehcat sysieat foplitgse. However, nuch of the solids in

a crude oil fI‘QQ)ﬁed‘ub@dﬁbt&ﬁiaﬁforuﬁuﬁétghkomﬁqamla& oil emrulsions. That is,
oil-wetted solids in high concentration in the crude may help formti ght

oi | and water dfbRedusedenergitcostse difficult to resolve. These tight

enul si ons are otf REuc&d &f&tﬁg’eérﬁ)pﬁess%ﬁ(ﬂmeMc%ﬁéﬁé{ as a |layer 10
bet ween the separated oil and water phases. The rag |ayer inside the

desal ter vebsel may grow to such an extent that sone of it will be

| nadvertently gg\?sgltﬁﬁé gsefﬂe%stohltltog%f tlﬁl{urﬁrk?lﬁf; sion! Of V%z«lltf,lsthﬁ‘t &E&Qﬂ)ﬁf@sft&r the

waste water tr ant” since the rag er sti contains a high
percent age of ummdesail \bgrcbr@mugsméthedermll#lon 115thh abbutt h pexseiti datienvetnt er ed

during crude oi des lshd ggi or{ﬁe Ol ngg/ ?h@gﬁ&lhg#kn% E%nr%&gchm?os iron

oxi de, iron sul‘f’l > COBH ay an or us-contal ning unds,
etc. Cther metad 6eshl|t&itve@s"eecaimmnglaIpprallelmemedoﬁ ahectrirdly chmgedaplaemdﬂnder
necessarily ican, nic SSsi um

and the | k%d | %&ea?vtﬁg@é‘?“l?#ﬁ%gﬂ]ﬁﬂ% %femtu RN ﬁé‘f‘ﬁ# F°a?‘8 2BY éeg ?cpr?ct one of
t he 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

25 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.



20 materials may be present in a soluble form and sone may require

nodi fi cation through reaction such as reaction or neutralization to becone
sol uble. The nmetals may be present in inorganic or organic fornms. In
addition to conplicating the desalter operation, phosphorus and ot her

cont am nant¥0 20&180%par ti cul ar concern to further downsRGERRIYPUERssi ng.
This includes the coking operation since iron and 25 other netal s renaining
in the processed hydrocarbon yields a | ower grade of coke. Renoving the
metals fromthe crude oil early in the hydrocarbon processing stages is
desired to eventually yield high quality coke as well as to |imt corrosion
and foul i ng progggs ki eRb&RELY AwaraTiakaltl #HIEE N mBRNLGRCAARsQAE been
made to reduce total contam nant levels and these all cent'er on the
removal of contlawenegthe owaten énteréasial teapiomni t . Nornmal |y, the desalter only
renoves water soluble inorganic salts such as sodi um or potassium
chlorides. 5Basic netals such as cal cium when present in crude oil can

| ead to foul i ngCufle ndahatrenting hbwh mxehanfpartculatd splidssem @atpdicatethe used in
crude processing. en_pr nt i nor i t i indes,
usually in ob]sl &s%lﬁ\%%%rggﬁsgf@(ﬁ p\%gscgira&pﬁ?ggg,bgtnagleé gvlof] I?ngéahra’l ;%:ﬁéc}}rﬁé élﬂ:t o]

rel ease corr osi watemnphass. fowaeé¢rdmuctRef the eslids des ahutle o8 fiousd Held ekistyinitightove such

salts. However, oil.-.soluble netal. salts such .10 as,naphthenates .and
phenol ates are W?)‘Fr"f‘é’f‘)(s)% S‘Sﬁ}s'(r:rg}f’?\%/‘éﬁt‘?l "Hgtlte%d%)élgf {7 ﬂ’i}ﬁh ﬁ‘ﬁ'@? pupL I e

sol ubl e, basic ¢red@may helpdbrms tighesil and waes smvblonalthae atehdifficaltucdesolvet h | ow

| evel s of such {ggeqtﬁal S rocess for netal ion fenov enahl es tpe I ncrease

A | oval
of the val ue of ?:I‘l‘gt!trﬂﬂglé‘.onsl%r,& LR, refied i 'R @ e 28 ?J“‘i‘ynf)’ﬂ?ttaﬁnat et rol eum

crude feeds{@cKkisotwéedSthel idpar@ttdl oflemdpRabl plhses. IThdahi I18dr instdd thé@ssalteont ai n

| evel s of calciumor iron which render them dfi_fficul,t, if not. i E%O%fri bl e,
to process usi n¥SEOMPKBIIHIOACh ¥F i hat semeftiwd! beripadvigpently discBiieni nant s
causi ng parti cul,ah tHRMU G HRsed Thisiif a PRI foNtRf wakh RakePRYdtinent 2plam since
organonetal lically bound conpounds. These speci es have been 20 _attri buted
to either natur®Firpedevanrstillngonaing jay ek oprptcatags orueelnsd | spdfichedi um from
recovery waters that cones in contact with crude oils. One possible class
of cal ci um conpounds identified in particular is the respective

napht henat eb5 anMlutthef the lsolids apgerntered diring, crdeeejbdesaliing spRsist samubndounds
are not separ at gl il Lo SSRASHAGE h ARATEIsaflESB! Iid0eRh YREGABR.- and 11
a conventional refining technique they can cause’the very rapid

deacti vati on of cdneimiop roupssilngte Stldr yestals thak anaslesimblyf remeretsinglatie; but

denonstrating objectionahly i eval.s_of. cal.ci crudes
from Chi na suc hmjgém %ﬁ%?‘.’%%‘?‘g%‘; JOD)((%LA1 f%lr‘ﬁg\/égéolﬂgk %?%g%%p%gaﬁygﬁd
Har di ng crude oadd thedike} fel tpichhy Seaymbendf Bikve fretals tdaepriést SOmasf thf USA.

30 US Pate Appl i.cati on 0050241996 scribes.the use of.0 -0l
(acrylic ac%) -glgﬁeflglgg’f}aygg PEeRbLY ¢ §9“9°§%?‘§/’%P’§‘3 0% T %rrr%c\/ul"ﬁglk&rég%a{l&} rons
f rom hydr ocar bomrdugh dédciisik Such Y gacti drosigieutrilizati@afodrtotasolbbls tThd nials
representative non - ionic, water soluble. rrgonome S dﬁ? representat i ye

ani oni ¢ nmononer P34} %G PIFFCRLI IGAREANE QTARBARLS Lo, ddifion; 0 cogpliggiing (he .
mononer s i ncl udgesaRdr p&ratidi, Eh@bﬂﬂorﬁslhxﬂﬁith& cafthflinahtd @feofipartiablapdanteh yo no
suggestion or teaching in this patent, that any of these. nononers ccﬂn be
used i ndependenfurtherdovnstreamnprogessingn iy cldpHBF GBI PRATatog Snce prgp it e

hydr ocar bon§ eedgt0aésls relBhifg ifSthé BRic8ds@MBRIrddarboh 'gfelmtlemr @ilewFeol@f
aqueous solution of only one or nore water, - soluble poly (acrylic acid)

10deri vatives, Rempving thpseetls Fomytheraudeopil eady f o Bedrofarion ROGS Rt ent
Application_ It stla%es@ ed @ e@e;&ﬁ:ﬂﬁpﬁelﬁ‘fﬁéﬂ cﬁx@liﬂg'&ok@ﬁ‘s eIt astth &t dobroéién
necessary that a CTatalyst Is used’to react with a nononer of an acid to
formits deri vatidfeglingpracessing paoblemsf orm This adds to the cost of the
process due to tinme involved and equi pments and

30 Several treatment approaches have been made to reduce total contaminant levels
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15chem cal s used in the process and such other factors_ In addition, it is
observed by the inventor of present invention that when poly (acrylic acid)
derivative of US Patent Application 0050241996 is used, (that is,

ACUMER- 1000 i s used), heavy precipitation takes place, which can | ead to 20
foul i ng of WROKIEEBssi ng equi prrents. This is clear frd AT NEYE0862pr ovi ded
in Table 6, Experinment No. 1 of the present specification. Also to prevent
this precipitation higher dosages of the additive are required. The higher
dosage will lead to higher cost. Oher disadvantage of using additives
having a tendency to precipitate is that it will be difficult to control
the dosage at t f&31alIREntEHEhe kdindvAffRYaRIVRRLSt iH defiftef bl Homddtgh as
crude desalter, and hence additive wll have to be used al ways in éexcess.
US Patent Appl i batdesaitez0gdy gomas 7waer delublei ipexganicf fakip aeh &8 diodive8r usef ul
for enhanci ng pé@ DA Q¥gidegmpound renoval in refinery desalting process.
Reacti ve 30 phosphorus speclies can be renoved or transferred froma

hydr ocarbon phase to a water phase in an emnul sion breaking process by

usi ng a conposi i on _that i -sol.ubl e dr. i | t,.abl e
wat er - sol ublsg h%ﬁsﬁ%?fggsc?ugg%%(a:{aﬁlgl\é\%l%htﬁ%re%{ lhoctmhar%e%géés/narélﬁésos F’lumHéf gg to

gl ycolic acid, lkfatecomidcheatéxthar@esan paissutatdyss piedhy drudg progessidg, Wphol y

hydr oxy carboxylic acids, thioglycglic aci chloro agetjc ' al ynmeric
forms of the ab%%enﬁ%}n(?%?ﬁl& 38@5,’%5‘%1 3 &lﬁ%‘%}g’i %Su%l? lenr%l,F ge!“yaggﬁéat dewgll(:3 ers,
and anmmoni um sapHhasnthe adaktal dannigidadlyzatd seledse t doeoeiviaydinoral acidsls Refaredy

educe the pH OBl R/ erae T, Bavest il “Hige i aisahafT, " '

i ncl uded i n1¢ heasC QagHHsanbic® mnd ThlefolkiSs Rad @bl répled Clayt iconveptionul tdesaltingnsf er of
reactive 10 phosphorus species into the agyeous phase with little or no
hydr ocar bon phaSeerefqtfePlar ?%}“tfi?rtllﬂs‘ﬂ‘?g qi ‘gh%m ?faaé"é.?esﬁ'l’féluﬁ FBRicHHdsh i s
particul arly usgfillownetd1€arisih mEMAE A0 ploc@RULS N  io@REndval eRdbieyithe

cal cium and other netals therefrom This US Patent Application 2005/ 0241997
A, teaches thicigaee ditheyalye Hyaihaydes-15 mono carboxylic acids such as,
glycolic acid and pol yhydroxy derivative thereof; |ike &onic acid as an
addi tive conpound for renoval of reactive phosphorous species, and calcium
and ot her md al 4, fevy, obnttinereapjidly GEpeTtAt, f RESQlonB RTudeidarsdstoeks, trpddudi ¢8divant age
of the use of Fﬁﬁﬁaﬁsag d@fﬁ%gq‘gﬁﬁ ek YiaiR fevBd Uk EAIVES o HERQIHG: re@fer SEEN
fromthe experiments conducted by the present i1nventor to renmpve_cal cium
from Lal ci um napheme éffieult.r dinrioy dimpossitdon tf eseieespcusing  conventionak grefipings

require higher [t %PHB ATe) E?] ek 18h€arkqn BR HSed i n
2:1 nolar rati o%\?\nﬁf} e?é?%e, %g%ls éto}c{)&éla Cl tcjblfin ggr%ﬁé'l Jrcbgﬁ? o ag'i gn was used as
addi ti ve conpouafindnpotpheripr@genmeialicelly boyndicomphendsafieeserspegies have kgen t hat
is, 2:1, ve hi osage,of gl uconic acid is requi T ' tor of
t he present 5%{nv ‘?Rq?“g‘ﬁi,stogel’?'gr nagf%’l@n%‘ic\‘}re“néxcﬁlg}‘ﬁmn%%rgéf %egg):r Sﬁgglﬁgeﬁréﬁg ?@?ngl y
found that the asm @iovenywakrstthe cemteinontactwaith crude dilc Onb prysibileclassiofls such
as nononet hyl nmal eate, nononethyl..oxyl ate, .dinethyl eat nd. e r of
tricarboxylie aﬁ?lﬁi‘gmsfﬂfﬁp%g%i“{%“@e a%’i Ha“éﬂﬁarassthe %esspg%g : glbtg‘inﬁtce%fahgxyl ic

acids is 10 ver yheffHoRfoldg6Rs kdies. EMRRMArgamomamlla) onipolisdsciad notwepasnall fromon from
hydr ocar bon

the feedstock by normal desalting processes, and in a conventional refining
25 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.
30



feedstock. The prior art has never nentioned use of above nentioned esters
for this purpose. It is surprisingly found by the present inventor that
anong all the esters of carboxylic acids, only a few do not lead to
precipitation of calciumsalt. For exanple, ester of naleic acid does not
lead to any precipitation. 5 Thus it will be seen that the prior art
mentions that the use of carboxylic acids is effective in renoval of
calciumfrom the hydrocarbon feedstock. However, the inventor of the
present invention has surprisingly found that the use of esters of

car boxyl i c aviSd®atérs Agsplicaidd 603024¢99d¢seribesathe afse ofiloalyupolfy r(aerylidecid)

hydr ocar bon 10feed stock. In view of above, there i.s a peed fgr dgveloping

a new net hodd¢rbrativese @hatelst iPPEMERDIRN TSROVIRE gnetab Aoy KoMt BYdrRearPety) ar | y
| ci f Thal i -l ¢ ND
AovanTaGES. O TR EERP Rl B i B o Bl e o e o

the present jolvidnat memomees, d2% crdpbesentheveovanidmic objoeomenf ande 3pr estemic
invention is to provide an_ecoponj cal netho

d V\/lltfa [ n(ir.ease(g e%fi ci ency due
to | esserd doWRPemErs, MhEreh dist O AnoBH,BIRNRCTsBaluds faalels 45ihand dumale)
i nvention - adgifL¢es abéz)hh@ly%eﬁgg@s&ioﬁ%%démnrgqmg ateRDANR AP O GlRkect  of

the present invention is to provide an efficient nmethod to prevent
preci pi t at i omoobmewnl @inhm wead indepetrdedtly oarih cpmpinaien & regmpwingphetsleions n use

of sonme esters of carpoxylic_ .acid d to provide.n | _i.nventi

addi tives fo OE’th@’l ﬁ’édgf’%%}&%ff?e%atﬁgkﬁ’@ © & SPFX?%‘C‘? ‘P%%i %aéeﬁén‘g{ l}llgé]n of
corrosive.  ghidohs feanitioar oPRINBE lohddyamicrgesatef -t Relupleepelyt (acrilid abidpone
apparent fromthe ensuing detail ed description of the invention, SUMARY OF

| NVENTI ON) Meterdchtines, thavisise@f pelyaess for dhs piraesscodithis NS Raterdtplicatiiing ester s
of carboxylie acids, and additives for the sane, are provided, wherein
hydr ocarbon stream such as crude oil containing netals and salts thereof,

such as cal citugkaswn ¢ah ersth BRifibd irethataet, thits itrik xeekswiry thana cefalystisiused et al
--- renoving --- ampunt of an 10 aqueous, extraction -  sol %ii on.of non ---

preci pi t ati nép &6t Wish-2 menppeigekbepped e Torgmps iderivgfives dp @ROLENEES PBund
sel ected 11O 4B HOBBLSH MY RbcdlElll o UmeiiVlvedlardl BRIImés WAOPT OPY |

nono - and 1 or -esters of any ‘o ree carboxylic acids, such as, naleic
aci d, mal#i ccherhigalsiude] indhe pioaesrand sach atherfaeorsappr opri at e conbi nati on of
said esters, or an appropriate conbination of any of said esters 15with any
of said three acids, enabling Formati on of a hydrocarbonous phase and an

aqueous phase, Gamtigh Nt Nd obhevaEblthé ntcR Y FTERAT alvieRGord G GHEenPRAF €.
BRI EF DESCRI PTI ON'OF DRAW NGS
(acrylic acid) derivative of US Patent Application 0050241996 is used, (that is,
ACUMER-1000 is used), heavy precipitation takes place, which can lead to
20 fouling of the processing equipments. This is clear from the data provided in
Table 6, Experiment No. 1 of the present specification. Also to prevent this
precipitation higher dosages of the additive are required. The higher dosage will
lead to higher 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

25  equipments in the field, such as crude desalter, and hence additive will have to be

used always in excess.

US Patent Application 2005/0241997 A1l describes different additives useful for
enhancing phosphorous compound removal in refinery desalting process. Reactive

30  phosphorus species can be removed or transferred from a hydrocarbon phase to a

5



20 A brief description of the acconpanying drawings is given below Figure
1 shows, typical Frat spectrum of naphthenie acid. Figure 2 shows, typical
MR spectrum of organic |ayer (oven dried) after reaction.

shows, typical FT& spectrum of organic |ayer [Ca-naphthenate in 25tol uene
(oven dried)] before reaction. Figure 4 shows, typical FUR spectrum of
dried nal ei e anhydride in nethanol and water Figure 5 shows, typical FUR
spectrum of naleic acid Figure 6 shows, typical FTIR spectrum of dried

mal ei ¢ anhydride in nmethanol Figure 7 shows, typical FTIR spectrum of

i nconpl et e hydtepIplisiesinah eanildon hehlippphesesd by usifig geomp8sittwtisf centpngal FTI R

spect f tial I f_Cal Na Fi h ,
o cal ETI RvgisesolublR BdednaEdg SHRLH HAT Pl Ry ar: arS etk o
Figure 10 shows, . typiscali 'fﬂ{%dstg%woﬁmagﬂcdc%ﬁﬁ{)mc a@f?lnr\‘r?f‘ £be-0x%db.2laysHas of

cal ci um 10 Naphthenate DETAI LED ION In the met hod of
the present hydrery iasiis, poly hy_dmmalcaliwbxy:lad acidsn ﬂmag}ryQOIhe @Bi tepdiero cagetion

f eedst ock, the ad itive Si ect m)V| n amount
of an agq u%ou%"lgxl’? FOETG ot n&r{lff agaveoﬁy%%yam‘ifr 88{“3 IY%Q[hic e& eé?’l ‘%&aﬁe
fouling addi tihkR, GAIPIhRMINA sANeRH GaltaliC HE¥RD Uatls Sﬂ" ﬁégeeﬂy&rf)@y"ﬂcﬁisghﬁdlp
consisting of nethyl or ethyl or propyl or isopropyl nono - and / or

di - est ers of maxtyrasf therpoe The icesposition rasy qmp@filb' andlwle penisieal e do i de, or
fiunaric acid r at e co
a:ogr oplr i at eI t ?ﬁ’itﬁ%gﬂ?@g d%ﬁ)}{ef)?ﬂ agl}al est &r sentr{l?"f@é grptﬁ%tdﬁg%d: lﬁ%fié% aci ds,

enabl i ng for Rt icempesitian.nYthio Ass bpcﬂéﬁts Apps@ioanpeanitadteefes @hasstive
containing the netal ions, are used. Accordi ng 1t o the present invention,
|

these esi@rsphewhossdpeecittedhe Pepspup PhatreWE Eﬂﬁr?Fff‘tOol?ﬁde‘PféﬂPﬂ}’dP}&?éSr bon

phase, parti h naf hgcg]g_; ese
25hydr ocar bo(rfllgh% é‘.ﬁtﬁg%ht%oﬁ%"%&!‘ E%Eepr e% err c?%lt%‘% % ﬁ%ﬁ%ﬁolﬁpt ngu})rlrésent
i nvention, theatifsdrade ofl emahsinm) andf ineahovingcilcom adibothgrdnetakritbanirémedst ock,

conprises the steps of 30(a)m xing the additive of the present invention,
which is any one of the chem cal conpounds such as esters nentioned above

and appropri & US Patent Application 2005/0241997 Al, teaches the use of only hydroxyl

15 mono — carboxylic acids such as, glycolic acid and polyhydroxy derivative
thereof, like gluconic acid as an additive compound for removal of reactive
phosphorous species, and calcium and other metals, from the hydrocarbon
feedstock. However, the disadvantage of the use of these acids and derivatives as
additives compound, as seen from the experiments conducted by the present

20 inventor to remove calcium from calcium napthenate from hydrocarbon feedstock,
is that these acids require higher dosages as additive compound since they are to
be used in 2:1 molar ratio with respect to calcium. When gluconic acid was used
as additive compound by the present inventor, in the same molar ratio, that is, 2:1,
very high dosage of gluconic acid is required.

25
The inventor of the present invention, after extensive experimentation, has
surprisingly found that the use of any of the esters of various dicarboxylic acids
such as monomethyl maleate, monomethyl oxylate, dimethyl maleate and ester of
tricarboxylic acids such as citric acid and also esters of polycarboxylic acids is

30 very effective in removal of metals like calcium and iron from hydrocarbon

6



9 mxtures thereof in neat formor aqueous formor in solution with

hydr ocarbon, wi th any hydrocarbon feedstock stream such as crude oil,
containing nmetal and its salts, such as cal cium naphthenate, in a crude
desalter; 5(b)permtting chem cal reaction between the above nenti oned
addi tive aido PAIE8Yr bon feedstock; (c)pernitting for meRGTIN20P/04E phases,
that i s, agueous phase and the hydrocarbon phase; (d)separating the two
phases of step (c) or permtting them separate. 10 Exanpl es are incl uded
only to illustrate application of this enbodi nent of present invention and
not tolimt the scope of the invention. Accordi ng to anot her

embodi ment  of ti% g &Véﬁpﬂés%ver lﬂ&ltﬁﬁ&h%@ &FC aHoSdR¥Aliont@ @fteg@hCi UM
from hydrocarbon st OcK conprises the steps of: (a) mxing the additive
of the present thrsvmmpqsgnlt isveirpisingly Mdd’uéh@fprqsﬁé inyeater gt agoppelitls such
as esters menti an orm or
aqueous form or® eﬁs% &5%& ?ﬁﬁ g‘% ‘3‘3?8@3?%%?‘?%&?@&%%3‘ %Qél?%g%aﬁ%on

f eedst ock strea]Fbrseuahplasesteruﬂmalelclapld(docstmjtiﬂadg) me'tmtcilaitadOil-ts salts, such as
cal ci um nap ghenate in a crude desalter; (b) permtting chem cal reaction
bet ween t he -above nentioned additive and hydrocarbon feedstock;

25(c) f eedi ng t hehuseaeilebe seeK that ehet@iok e nentickes tatshé terof c@dn))pydrcmctdls iing

formation of tvvo hases, that ous
phase, in the cFiRGHYEEsiaMoYpL o %%‘5‘%’838 adi%ca{qﬁ%é dgtsogsqg?o‘geg{eé%( d) or
permtting t hemnbaat@r&ﬁahabﬁssentﬂiwﬁﬁod 1G] summglsr, fohhrathat the usdref wqeueoﬁs phase
and the crude or hydrocarboneous phase, are aig)ﬁ%ra{at ed .or erm tteg0

t

separate. AS a yaRaxylic apids is¥er et PRy CHiTh o e Jigeat
contam nant 1¢ S feqmy8d, thereby resulting in a hydrocarbon feed with netals
al ready renmoved fromit, which then can be handled in the sane

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.

15
OBJECTS AND ADVANTAGES OF INVENTION
Accordingly, different objects and advantages of the present invention are
described below.

20

An object of the present invention is to provide an economical method with
increased efficiency due to lesser dosage of the chemical compounds used, and to

provide novel invention — additives to be used for calcium removal.

25  Another object of the present invention is to provide an efficient method to
prevent precipitation of calcium salt in hydrocarbon phase or water phase, in use
of some esters of carboxylic acids, and to provide novel invention — additives for

calcium removal, and which are non — fouling and non — corrosive.



5 manner as any ot her carboncous feed and processed by conventi onal

hydr opr ocessi ng techniques. It is contenplated in the nost preferred
enbodi ment that the physical separation process is ordinarily to be done in
a conventional crude desalter, which is usually .10 used for desalting
petrol eum crudes before they are hydroprocessed. This separation is to be
done by any separation process, however, and al so includes countercurrent
extraction. The contact tinme between the aqueous extraction solution and
the 15 hydrocarboneous feed during m xing action is inportant and varies

f r om bet weenStik Sarthidn abjcctvang advandsgds of diropresait xnveotios will hecopreedppareat]
contact tine igggronlabqgg.gwifconds tg]?bout 2 hours. The cal ci um
extraction pfBEdas cpspingdetulad desaniion oA heyentioiner at ure bet ween 20 room
tenperature that is about 27C and 160C, nore preferably between 100C to
140C or at operating tenperature of any desalter. Preferably, the chem cal
conpounds neRUMMARYOEINYENIIGNove, are injected into the desalter wash
wat er priﬁr to blending of this wash water with the incom ng crude oil.
This m xture is then passed through a high shear valve to obtain through

contact of tRemet &F Wrhdvid® HBRICITHEE Bydrocalbérs fREdeREKS ubinigCadtbigd of
"desalting"” and is literally renoving water soluble chloride salts fromthe

oil. The chl 9&%&@1@%&, BNE aBERSE for dHe shifle, 1€ pHBREL, At hidibbabiiicom ng

crude oil. Essentl e salt concentration s difuted by the addition

of the wash ter. The wash water.is treate it h dinul sifiers. | p the
oi | / wat er se\é\{i‘?aﬂ F'f)%;. asﬂk}gmﬁ?&ﬁlg% rr?letﬁ% %%tsr\%ﬁt%irﬂfer%(}rﬂ'l uuc!-:-lnatg %fi I'rsc%)&nr%SP ¢ E(g
desalter wll have | ow salt values. Tenperatures in the desalter .typically
range from abdeunonaphthenalgpisynixed 31t ameitechiypinst ‘trﬁ?’gv@g(:"l‘fi‘né%‘méélfa‘%{um in
the desalter, the chem cal conpounds 5 nentioned in steeﬂ§a{ above are
added coh®i naqueshy exivadtivs waslhtiomwoémon W piscipiating gad sor —moxling aéditivee oj |
and water, the acids fornmed after hydrolysis of the chem cal conpound,

ehel ate the eahplisiig aTdhemicdrphsuidssiadedvivm 4 lgeoupadonkisting of weetheyl osol ubl e;
hence the calciumis renoved via the water phase. 10 The dosage of each of
the above negihPRLProphED fs@brgfyggﬁgﬁ@dsanﬁrydort&i%sm At 6 OMect ASROfic

general ly rangés from about 1 to 5 weight percent 'in the desalter wash
wat er. The present Jnvenki.on n . i Ak 95 E¥5ass nol ar
concentrati off§ \S/i’/istuﬁfl a %’srggelg ¢ tagﬁmﬁgﬁlggﬁﬁﬁg’nﬁy@%@%ﬁbsﬁ e%prﬁ uch as
calciumor its salts such as cal ci um napt henate,. 15The .advant ages of the
use of the a&ﬂ‘i“gF\?E%n SpiesH R U mn f‘w&’ﬁ‘ﬁ% HOF’H"E‘EP‘&OS rﬁnyé#[?\?gfesé?r%
expl ai ned below in details. The additive of the present invention inits

ori gi nal 1% or mithsaneraxf spid;three geids cprrblingiormaigneplenlydrpearpenoye phasgandands from
whi ch corresponding esters are made are in 20 solid form GCenerally, the

aci ds do not ahaoss bhaie cootairting theymétal inagt; @nd saffaentmgerqueous phatei on of an aci d
in water is made, it has high pour point as it freezes in cold conditions.

In its frozen form punping is not feasible, which poses serious handling
difficulties. Many tines, heating facilities are not available in storage
area. |n addiBRIGF DESSRIFFION Rt DRAIWWENESSabl e option for maleic acid, as
it is known 25 that when nmal eic acid aqueous solution is exposed to
tenperature above 45C, it will get converted into fumaric acid, which has
extrenel gol o @éfdekdriptioni of thedcebmphiying dawsegsds gfviea belowt: 0 mai nt ai n
tenperature at 45C or below.in storage area, because generally steamis
used as a hedisug | sBowdyPigHi FIHRGPPHTUAQENIRIASSICAGH ¢ above 100C. Due to

its [ow sol Utﬁiédrz: ¥2 silg%s,f W&l CFAR Qp&:%tuﬁl Q)rfe&rngﬁiEalta?& ?(Wi.n dried) after
reaction.
Figure 3 shows, typical FTIR spectrum of organic layer [Ca-naphthenate in
25  toluene (oven dried)] before reaction.

Figure 4 shows, typical FTIR spectrum of dried maleic anhydride in methanol and

water



30cl ogs the pipe lines. The ester additives of present invention do not
freeze upto 27C tenperature. Hence it can then be used in cold conditions
Wi t hout resorting to heating, The Calcium- renoval - effects of the ester

additives of gresent invention are conparable to results obtained by using
corr espondiVhg2WUH% or renoval of calcium The ester ddditrVE%82 present
i nvention are soluble in hydrocarbon feedstock stream whereas

correspondi ng acids are insoluble in hydrocarbon feedstock 10 streans,
Hence the additives of present invention can be used in solution with
hydr ocarbon instead of using themin aqueous solution. This solution with

hydr ocar bon cangfgrefsaflows tggh@] PYIR §oiniR 0f meRttsdcick streamiii the -rude
desal ter, As the ester additives of the present. invention a&geﬁoluble in

hydr ocar bon, t hEigwsgahpys-euca TR epegayn af ddedyaleis aapgae indad k in

storage area, Ofifa97 hewRcypieAI2BPIROSpedRif SOMHcabletel RRIrAysiaddichickig W t h
the hydrocarbon. If the estér additive of the present invention is added to
hydr ocar bon f eetiaphgksratéhi ch is in stored condition, which is then supplied

to crude desal t?irgaret @.esdkfbld'spftyﬁgglhﬁﬁy%b&@uhﬁ of" pEGaldReRbIVEE oM Chichaf dip,

t hereby preventi acidic condition and hence preventing corrosion of
equi pnent s. TheNeptthanataddi ti ve of the present invention, being in liquid

form can be U?ﬁ%uw éﬁﬂ%s,ﬁﬁiﬁé:glgkfg?ts?e&rnﬁt of §ubsia§1ti§laﬁ&#<ﬁ%§ff 8¢ AR

t hereby effecti savi ngs ransportation. or egoi ng may be
bet t er under st obdpHthenntef er ence to the fol |l owi ng exanpl es, which are

presented for the rposes .of. | i y ¥ to
30(init the scoEléu%;Jmt QW e‘%atl:Flgkﬂ‘ye %ﬁﬁ%a%@%‘eww&%ﬁﬁg 1

10  Naphthenate

DETAILED DESCRIPTION OF INVENTION

In the method of the present invention, for removal of calcium from the
15  hydrocarbon feedstock, the additives comprising an effective metal — removing —
amount of an aqueous extraction — solution of non — precipitating and non —
fouling additive comprising a chemical compound selected from a group
consisting of methyl or ethyl or propyl or isopropyl mono — and / or di-esters of
any of three acids, such as, maleic acid, maleic anhydride, or fumaric acid or an
20  appropriate combination of said esters, an appropriate combination of any of said
esters with any of said three acids, enabling formation of a hydrocarbonous phase
and an aqueous phase containing the metal ions, are used. According to the
present invention, these esters are used to effectively remove calcium from the
hydrocarbon phase, particularly from the calcium napthenate present in the
25  hydrocarbon.

According to the most preferred embodiment of the present invention, the method

of removal of calcium from the hydrocarbon feedstock, comprises the steps of:

30 (a) mixing the additive of the present invention, which is any one of the

chemical compounds such as esters mentioned above and appropriate
9
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mixtures thereof in neat form or aqueous form or in solution with
hydrocarbon, with any hydrocarbon feedstock stream such as crude oil,
containing metal and its salts, such as calcium naphthenate, in a crude
desalter;

permitting chemical reaction between the above mentioned additive and
hydrocarbon feedstock;

permitting formation of two phases, that is, aqueous phase and the
hydrocarbon phase;

separating the two phases of step (c) or permitting them separate.

Examples are included only to illustrate application of this embodiment of present

invention and not to limit the scope of the invention.

According to another embodiment of the present invention, the method of removal

of calcium from hydrocarbon feedstock comprises the steps of:

(@)

(®)

(c)
(@

(e)

mixing the additive of the present invention, which is any one of the
chemical compounds such as esters mentioned above or appropriate
mixtures thereof in neat form or aqueous form or in solution with
hydrocarbon, with any hydrocarbon feedstock stream such as crude oil,
containing metal and its salts, such as calcium naphthenate, in a crude
desalter;

permitting chemical reaction between the above mentioned additive and
hydrocarbon feedstock;

feeding the reacted mixture to the crude desalter;

permitting formation of two phases, that is, aqueous phase and the
hydrocarbonous phase, in the crude desalter;

separating the two phases of step (d) or permitting them to separate.

10



8. 30 The details of the quantities of Calciumnaphthenate in toluene
havi ng an anount of cal ci um of about 2247 ppmin the hydrocarbon | ayer and
dem neral i sed water, used in each of the experinents given below, are given
in Table - 1. The Cal ci um napht henate was prepared by reaction of sodium
sal't of napH? HeMIB"cid (2 nol es) and cal ci um chl ori de {7 INE1'E}* 0% e
product was washed to renove sodi um chloride. The naphthenic acid used had
an acid value of approximately 226ng KOH gm The resulting cal cium

napht henat e had approxi mately 7.5% of cal cium This was dissolved in
toluene to get an approximately 2247 ppm of cal cium The FT1R spectra's of
Napht heni ¢ Aci driagdiealphiisd thidnsihe BglcBuPpifiss RiMhe ichude e hidi@edrsonto@nd 3
respectively. FTIR spectrumfigures are given only for Example I. For other
exanpl es, only Rhese, @isseepgrater oy arerpitisd te Separate. Sper Fesplbdthe AaueaBt &elgtionThe np| e
rati o of calci ‘f?%dm i el Ot} g { cdcbnl4.

Act ual wei ght ﬁ&{gﬁl |\h/téﬁe\é%ﬁggﬁﬁgﬁﬁglséﬁgﬁeﬁéWﬁ%ﬁgec?hlilﬁﬁg'?glt‘)iﬁé&?0 to 14..
General |y, resuletdwith wetly siregdprempved frpm it wvhichrtherpean bsdandled/ie thoiARsuNd
represents erage of t e er.d ul 1ss t i 10 to
14 are obt a%ed’% %?Flpe%(st %gt iog?r%pt Fdrrregag{%gﬁgd t?%ﬁnp%rgrdatpgécg?%@rrgﬂt ib(gohr‘llglgqnﬁl:r ein.
General |y t he (Caldoipmvessomtteshniquas.aqueous phase was neasured using |on

Chr omat ogr aphi ¢ technique (1C. And for the hydrocarbon phase acid val ues
is determned by titrating against ‘0.1 N normal methanolic KOH sol ution.
General |y in alltisconteplphsedyinvthe nvst preferreh embrodimenteathatcahe pliysical separalipiit henat e
to additive is 1:1 and t.he.cal ciyum content of epat.e: jon in

t ol uene used fo‘?m?eﬁ%@é)“i!?%?‘ége #%nedB&meﬁe?ﬁ(?mgaﬁuﬁQﬁgs?ﬁ%b?gﬁtcﬁéss%p é[najal ci um
napht henat €10l uked Ofor i desdlfhgigrolknd agueobsfosolthidtyi ore hydrbprackdsed Vihiused in
the experinments 5The details. of calcium.inapthenate sol uti in uene and
aqueous sol ut i oIfPHAUGN 1dA;hei droe Py Sﬁpalrﬁé’negfﬁ‘éqsf’@ngertg}dﬁ)ﬂ%(’dm&h%soy t he
inventor are gi ¥@ftelRndmtk@ackionTabl e -

The contact time between the aqueous extraction solution and - the
15  hydrocarboneous feed during mixing action is important and varies from between
less than few seconds to about six hours. The preferred contact time is from about

5 seconds to about 2 hours.

The calcium extraction process can be carried out at any temperature between
20  room temperature that is about 27°C and 160°C, more preferably between 100°C
to 140°C or at operating temperature of any desalter. Preferably, the chemical
compounds mentioned in step (a) above, are injected into the desalter wash water
prior to blending of this wash water with the incoming crude oil. This mixture is
then passed through a high shear valve to obtain through contact of the water with
25  the crude oil. This process is called “desalting” and is literally removing water
soluble chloride salts from the oil. The chloride salts are present due to the water
found in the incoming crude oil. Essentially, the salt concentration is diluted by
the addition of the wash water. The wash water is treated with dimulsifiers to help

the oil/water separation. Any water remaining with oil effluent from the desalter

11



1010aVEER data -1 (a) FM spectnmm of naturally occurring free naphthenic
acid shown in fig.1 shows a characteristic peak at about 1700 m| due to

t he presence of carboxylic acid (COOH) group. The acid value of the free
acid is about 226 ng KOH. 15 The FTIR spectrum of cal ci um napt henate

(tol uene - WO 200&E30%Shows a characteristic peak in the rR&gIINHOH0MRen 1560
enil to 1541 ern4 as shown in fig.3. After conpletion of conversion ---
step by reaction of Ca-naphthenate 20 solution in toluene with additives of
present invention, it was observed, as shown in figure 2, that the tol uene
free hydrocarboneous | ayer showed the characteristic peak at about 1698

Gri' indicatin SHCE to fig
1) wherein fi g%ltjlih{s%ﬁg\[/\(gvs FTI g{h% @ggﬁﬁéa%ﬁ?%ée%ﬁac&gg& (11&[19% ngt)fﬂndga?the

presence of frB €80abtwA9d € acid group such as free naphthenie acid in
the hydrocarboncous phase. e conplete absence of around the above
nentioned regi 01‘0 kerﬁovebm‘emﬁefucﬁ&ﬁOcawiﬁdmlinahd desedidr, cthe cherpiealkcapipooadsci um

napt henate i whi ¢ VTR for .organ | ayer (over. dri after
enct s on. i i CHfeRedin i A alea ShRREpGL Y Bl Nors oV el ng
into the Wat er \ppRses mixigy cakiel (anﬁd waiegahelaum ferpich eifiai ﬁydmhllyﬁlh oWvas present
in the hydrocarbon, feed. Thg_égi d aI e of he drk 3133/@3 Iayer was
al so esti mat ed RERicsheriPPIUA ?‘Bml lSI"f’mg §up 883 FHEt the
addi tive whi ch jdQaRpboliIBMERC B @ammqflmmooad Vih Wi wagiphhenat e, does not
show any peak at 1698 em and al so 10shows | ower acid value. 10b. The FTIR

data for al{ exﬂ%r hﬁ‘é%?é %{ o&gﬁgﬁ#&’gl aﬁ% &x%f?éd QﬁexﬂEaﬂsé‘d?ﬁpo%H&| hiflleon are

provi ded |n |gure e ers 4, I1n terms of presence
of peak in the @bbimtipeythereof, generdbomgeﬁm(l abwt 0 QQ%OFPC%W#!@Q‘ W@ﬁbﬁ’ce of

cal ci um Napht NefahGatd Lo B 1A GO lhs&tfa{{laalﬁb%mea i ffdlar AibmHREG ¢

denonstrate exten conver si on clum enate to free Napht henl C
Acid. 'These d|é)&msamiarl\zbmstraudn?“mhdespcmn@mptahdntlglwdmabm gream-suchext ent
are given bel ow flbl e 2 20 1Ca cont ent %enateThe ef fectiveness of the
present invent i BrAcHn o ifsTAPS Sihaeee °r5 Ae4sSUrichg the Cal cium content in
aqueous | aypy afticeadvamagdsi cfithe Ebuaofameladumdes of the giresentninvariou e calpiutthe

aqueous phase is sh vvn in Ta e 10 t “.;l[ It can be seen that the
efficiency of cEAMOVURT bF‘é"”z‘B&&é ®r than 80% This is anot her
evi dence of high effectlveness of

The additive of the present invention in its original form as ester is in liquid form,
whereas the respective acids from which corresponding esters are made are in
20  solid form. Generally, the acids do not have high solubility in water. Whenever a
solution of an acid in water is made, it has high pour point as it freezes in cold
conditions. In its frozen form, pumping is not feasible, which poses serious
handling difficulties. Many times, heating facilities are not available in storage
area. In addition, heating is not a preferable option for maleic acid, as it is known
25  that when maleic acid aqueous solution is exposed to temperature above 45°C, it
will get converted into fumaric acid, which has extremely low solubility in. water.
It is also difficult to maintain temperature at 45°C or below in storage area,
because generally steam is used as a heating source, which will have temperature
above 100°C. Due to its low solubility, the fumaric acid gets precipitated and

30 clogs the pipe lines.

12



additives of the present invention in causing conplete renoval of bound

cal ciumin cal ci um napt henate whi ch was present in the hydrocarbon feed and
extraction of this calciuminto the water phase Cal cul ation of efficiency
Wi th respect to calciumrenoval 122471-- (calciumcontent in aqueous phase
in ppm lencyX 100 2247 Cal cul ation of efficiency wth respect to acid

val ue of top organic phase (226) (bserved acid value of top organi c phase
10"70 Efficiency =in ng KO11 gm X too 226 EXAMPLE -1 TEST METHOD AND
RESULTS FOR USE OF ADDI Tl VES 15Procedure: The inventor of present invention
has used t heThelcstemiaddjtives efpreserdddi¢rtive donotcibezewnpte —27%(e panvaratude,

D et hyl Ml eatel3, Meth Met hacryl ate. 12, Dinet hyl .Ma teld. Dinethyl.
Succi mat o 3. HEngit 611 BN BSOS CElLRgItcEs o BT RS B for rat 616,
Mal ei ¢ Anhydri de +Methanol c. Ethyl Formate+Water 6, Ethyl Acetatel?.

Mal ei ¢ Anhydri de +Methanol 7. Dinethyl Eumeratel8. Ml eic Anhydride
+| sopropyl 8TheiGaidiyh -Orenhemabal &fbistsl of the ester additives of present invention are

5 comparable to results obtained by using corresponding acids for removal of

calcium.

The ester additives of present invention are soluble in hydrocarbon feedstock
stream, whereas corresponding acids are insoluble in hydrocarbon feedstock
10  streams. Hence the additives of present invention can be used in solution with
hydrocarbon instead of using them in aqueous solution. This solution with

hydrocarbon can be fed to the hydrocarbon feedstock stream in the crude desalter.

As the ester additives of the present invention are soluble in hydrocarbon, the
15 additives can be added to hydrocarbon feedstock in storage area, giving the

advantage of more contact time of additive with the hydrocarbon.

If the ester additive of the present invention is added to hydrocarbon feedstock
which is in stored condition, which is then supplied to crude desalter, the pH of
20 the system in crude desalter will not dip, thereby preventing acidic condition and

hence preventing corrosion of equipments.

The ester additive of the present invention, being in liquid form, can be used
25  without any solvent, that is, it can be used neat, thereby effecting savings in cost

of transportation.

The foregoing may be better understood by reference to the following examples,
which are presented for the purposes of illustration only and are not intended to

30  limit the scope of the invention.

13



9. Formc Acid 98%19. Mki Anhydride +Ethanol 10. D Cetyl Ml eate20.
Mal ei ¢ Anhydride + 11. Acrylic Aci dSodi um hydroxi de + Water
Acryhtte Each additive of the present invention, dem neralized water and
Ca- napht henate in toluene was charged into a stainless steel

was react edVARIYIIPE ent reaction conditions given bel Hl/INGYBPWIER

renperature i

10

15

20

25

30

130C Tine of reaction 20 m nutes 1-- 1 130C 10 m nutes

GENERAL POINTS ABOUT THE EXAMPLES

1.

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

The Calcium naphthenate was prepared by reaction of sodium salt of
naphthenic acid (2 moles) and calcium chloride (1mole). The product was
washed to remove sodium chloride. The naphthenic 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
toluene to get an approximately 2247 ppm of calcium. The FTIR
spectra’s 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 Table 2.

The mole ratio of calcium to additive compound is also given in Table 10
to 14. Actual weight of additive compound is also mentioned in Table 10
to 14..

Generally, results given in Tables 10 to 14 for each additive compound
represents average of three experiments.

Results presented in Tables 10 to 14 are obtained for extraction times and
temperatures, mentioned therein.

Generally the Calcium content in aqueous phase was measured using Ion
Chromatographic technique (IC). And for the hydrocarbon phase acid
values is determined by titrating against 0.1 N normal methanolic KOH
solution.

Generally in all examples given below, the mole ration of Ca —

naphthenate to additive is 1:1 and the calcium content of Ca -

14

12. Met hyl

aut ocl ave and

1



3 130C 1 mnute 4 -115C 15 m nutes 115C 1 m nute 51t was cooled to
roomtenperature and the contents of the round bottom fl ask were poured
into a separating funnel. Two separated | ayers that are top hydrocarboneous
| ayer and bottom aqueous were coll ected and anal yzed  as nentioned bel ow.
The aqueous | ayer was anal ysed for Cal ciumcontent using lon 10

Chr omat ogr aphy. The hydrocarboncous | ayer was dried to renove tol uene and
the dried sanpl e was anal ysed by Fourier Transform Infrared Spectroneter
(FM as discussed above, and al so anal ysed for acid value by titrating
agai nst standard HK@phthenaje sohutioTha tehsné tsedafer thiesee axgmpldeisapbeit Z2Hdw and
in Tables 10 to 14. 15The results of, showing details of effect of storage
of nethanolic sol &¥Pn of additive of present invention showing drop in
acid value and abgease of cdeihindhdgh@ahhensollint @ tBhehagad atueikrsengboy | ow

tenperature are given in Table 15. EXAWPLE 2
with additive used in the experiments

5 The details of calcium napthenate solution in toluene and aqueous solution

with additive used in the experiments carried out by the inventor are given

in Table 1.
Table — 1
Sr. Name of the raw materials used Wt.% | Weight
No
1. Calcium-naphthenate in toluene | 50% | 67 gm

having an amount of calcium of 2247
ppm in the hydrocarbon layer

2. Aqueous solution having additive of | 50% 67 gm
present inventions

10 10a  FTIR data- I
(a) 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 acid value of the free
acid is about 226 mg / KOH.
15
The FTIR spectrum of calcium napthenate (toluene — free) shows a
characteristic peak in the region between 1560 cm’ to 1541 cm™ as
shown in fig.3.
After completion of conversion — step by reaction of Ca-naphthenate
20 solution in toluene with additives of present invention, 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) wherein fig. 1
shows FTIR for free naphthenic acid, indicating the presence of free
25 carboxylic acid group such as free naphthenic acid in the
15



20Preparati on of Methanelic solution of additive of present invention In
the preparation of nmethanolic solution of the additive of the present
invention, the follow ng steps were used: WD 2009/ 113095PCT/ 1N2009/ 000062
(a) 30 gmof methanol was charged to a clean four - necked round bottom
flask, equipped with thernoneter, stirrer, and inlet for nitrogen, (b)
Total of 33 gm of mal eic anhydri de was added into the above nentioned
flask, in six lots; 5(c)The m xture was stirred well till a clear solution
was obt ai ned, thereby indicating conpletion of formation of mal eic ester;
(d) 37 gns of water hydsocachdacousopiabe THeeeompslofeudtisame ¢fe)ardiind thzx abbenn of

approximately 5C to 10C was nated; (0The nmi xture,wa ixed wel | ; 10(g) The
m xture was anal yzedn?fﬁﬁonﬁ‘ézirﬁglﬂ)‘éllt?eq’ﬁme@ﬂ \/ﬁé ‘f‘%lljr?ﬁ‘at gsgg P25 [ gm
it was observed that afcﬂﬁn%ﬁbt%g%&ﬁ%g ﬂ?fé%ﬁ_ﬁpf Wicls O P fRforkdific Tyt Wher For

exanpl e, the acid value was grn after storing for 17 days and
was 145 ng KOH / gmdafetipaftat eacti, findicdtenthaly teradditb(eh )afheeryi eftdctips oduct
obt ai ned after dryin is found to be in liquid.for i).The formation of
ester is tonfirmed trﬁ*ﬁ%’&f({/&‘ﬁ WHCEPRAS: th%%‘_ #g]%\(ﬁél)cﬂp%%?{g % a peak
at 1725 cm -1 in Fi gi#ieh dras bles€in AR BRIGSLal A febd. Athe@cRl WUNCHY the difdd R
spectrumof pure maleic acid is different fromthe Figure 4. 20 The

advant age of the prdpénicaihondaydrorascdse dstimstedrantlsbawn e Tablet 1€ kmt4-def or e
drying action nmenti OS?lﬁ'gld:Ttgqiét?@fﬂagi)tlaea?@%{ﬁYertg %hp&)urrlgtpr%}’%%%k s39) ution

was bel ow - 30C and ze a even after keeping

the solution for 20 @aysmalaphthdie,! @AM anYralsatmbes vas dmdsiled for
Cal cium 25 renmoval efficiency after storing for one year. The results are

as shownl@n tabl es 1hows lower aviskvaled- d val ue of the reaction nass after one

year storage wagy,abopf, dff %a%%@xpe%e&goc%ﬁ&}&% ﬁy inventor of present

application are provided in Figure 1 to 10 and Table numbers 10 to 14,
in terms of presence of peak in the above region i.e. about 1545cm’™,
indicating presence of calcium Naphthenate. Different intensities of
15 this peak are used to demonstrate extent of conversion of calcium
Naphthenate to free Naphthenic Acid. These different intensities and

corresponding conversion — extent are given below:

Table 2
Intensity of Peak Conversion — extent
1. Strong Poor conversion
2 Small Reasonably good conversion
3. Faint Very good conversion
4. Absent Best conversion
20 11 Ca content data:

The effectiveness of the present invention is further proved by
measuring the Calcium content in aqueous layer after reaction. The
magnitude of calcium removed in the aqueous phase is shown in Table
10 to 14. It can be seen that the efficiency of calcium removal is

25 greater than 80%. This is another evidence of high effectiveness of

16



PCT/ 1 N2009/ 000062 The invention - additive of this exanple was tested for
efficiency of calciumrenoval at various acid values of additive.
Typically, efficiencies of calciumrenoval at given acid val ues of the
additive are in Table 10 to 14. 5 The typical conposition before drying
action mentioned in step (b) above, when anal ysed by Gas Chromatography,
was seen to include free maleic acid 3,5% dinethyl mal eate 18.64% nono
met hyl mal eate 23% and the rest were nethanol and water. 10 EXAVPLE 3
Reaction of Maleic anhydride with Methanol Table 4. Mle ratio of Maleic
anhydride with Met haniditivies df: the2frefmbdduedntiNanie disaguéamplbicereniovak ehar ged
in nms 981.09871. 014 28.986 . .LTotal .Sl zeFéBPr cedur.e: One nol e.oft Mal ei c
anhydri de was char g8 SPleipE, 0 My DA RRARBIW "élbu‘?'?fpé’aes\%tttlpsp?rrer
rod with Teflon bl adg,qJhesdNaeEd S{d BQk8én oPBisal RN HROIRE warr P3PPI Ng
funnel and a stopper.” The charged conpound was heated to 55 deg C and then
1.25 nol es of nit harGilcwatomaftdticignespwith ecspEkirt¢ aglciuperea®vabdi ti on of

met hanol gxot herm was obsery { | addition

t enper at uéree was &l @idiohcy 2i S 7)0%%; ,L%%ﬁ%ﬁnafqg@ﬁp&agﬁéD@'H)ﬁoumoo At the end
of this period, the reaction mass was cool @8t o roomtenperature that is
about 27C. The ygactiQpuBictdt YF eM@En@N HithSREpdcP o Aeidd viak usg t'@FS drdriat i ng
agai nst potassi um hydroxi de. Also a sSmall portion of the sanple was dried
and anal ysed phase

(226) — (Observed acid value of top organic phase
10 % Efficiency = in mg KOH / gm) X 100
226

EXAMPLE -1
TEST METHOD AND RESULTS FOR USE OF ADDITIVES
15 Procedure: The inventor of present invention has used the following invention

additive for calcium — removal.

1. Diethyl Maleate 13. Methyl Methacrylate

2. Dimethyl Maleate 14. Dimethyl Succinate

3. Dibutyl Maleate 15. Diethyl succinate

4. Methyl Formate 16. Maleic Anhydride +Methanol
5. Ethyl Formate +Water

6. Ethyl Acetate 17. Maleic Anhydride +Methanol
7. Dimethyl Fumerate 18. Maleic Anhydride +Isopropyl
8. Diethyl Oxalate alcohol

9. Formic Acid 98% 19. Maleic Anhydride +Ethanol
10. Di Octyl Maleate 20. Maleic Anhydride +

11. Acrylic Acid Sodium hydroxide + Water

12. Methyl Acrylate

17



25by FTIR The FTIR showed the presence of peak at 1735 cml indicating the
formation of ester. The GC analysis indicated that reaction mass is a

m xture of dirnethyl trialeate, nonornethyl nmaleate and free nmaleic
anhydride. The acid value of resultant reaction mxtures are given bel ow
1) TAN (i niYQ 2010P4138%5t er synt hesis) about 360.8 ng KO HP@WZOQ?’O"?%%I (after
27 days) about 304.25 ng 1011 gmthis sanple was used for Ca renoval
experinments as shown in experinment no. 21 in Table 10 to Experinment no. 10
in table 11 EXAMPLE 4 10 Reaction of Maleie anhydride with |so-propyl

al cohol Table 5: Mle ratio of Maleic anhydride with IPAis 1:2

15Pr ocedure:  OngoiRldhilor Mol elsenibifed, demHRRIiEhAl 6 hnl TathabhihaiiicIRONT 4
neck. REF equi pped wth stirrer h Teflon bl ade, Thernoneter pocket,
wat er condenseroluenedy¥aspybiaregd finie ﬁélta"dms steek puppheve antiasaraatededt diffebund was
heated to 60C ropyl al cohol (1 PA) was added dropw se.
During the 20 g%gmwgdr%d%fﬂ?%i exot em Was observed. After conpletion of

| PA addition té‘mphrihture was sIOV\Ay raised to 100 CC and maintained for |
hour. At the epd—ofTid S 8 rod—the 'ﬁm [N eLU G W—t—o room
tenperature that is E Ot d7C. The rle F ron_mXture was analy_sed for Acid
Val ue by titrating pporast potassi unmwdmoes de. Also a small portion of the
sanpl e was dri ed—an }ﬁ)@ﬁ!yseu by—FT4-R niO The VEER-shpwed—t Ll.l.b presence of peak

at 173$ enfl i hdicaf the format i dn °gpinutes
3 130°C 1 minute 12
4 115°C 15 minutes 13
5 115°C 1 minute 14

It was cooled to room temperature and the contents of the round bottom flask
were poured into a separating funnel. Two separated layers that are top
hydrocarboneous layer and bottom aqueous were collected and analyzed™as
mentioned below. The aqueous layer was analysed for Calcium content using lon
- 10  Chromatography. The hydrocarboneous layer was dried to remove toluene and the
dried sample was analysed by Fourier Transform Infrared Spectrometer (FTIR) as
discussed above, and also analysed for acid value by titrating against standard

KOH solution. The results are given in details below and in Tables 10 to 14.
15 The results of, showing details of effect of storage of methanolic solution of

additive of present invention showing drop in acid value and absence of

solidification due to storage at extremely low temperature are given in Table 15.

EXAMPLE 2

20  Preparation of Methanolic solution of additive of present invention

In the preparation of methanolic solution of the additive of the present invention,

the following steps were used:
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ester. The GC analysis indicated that reaction nmass is a mxture of' nono
esters and diesters of isopropyl alcohol and free mal ei c anhydri de. The
Acid value of the reaction mxture was (initially after synthesis) 256.68
ng KOH /gm The Acid value of the reaction mxture after 25 days it was
255.3 my KOP 2008i130%5hi s sanpl e was used for Ca renmpval RIPNHMBINPE as shown
in Experinment no. 22 Table 10 to experinent no. 11 in table 11 EXAMPLE 5 10
Reaction of Maleic anhydride with Methanol Table 6: Mle ratio of Mleic
anhydride with Methanol is 1:6.219 Product Nane Mol ecular wt Mle W
charged in gins %v Ml eic anhydride 98.06 1.01 991 E 33. 00 Met hanol

(a) 30 gm of methanol was charged to a clean four — necked round bottom
flask, equipped with thermometer, stirrer, and inlet for nitrogen,

()] Total of 33 gm of maleic anhydride was added into the above
mentioned flask, in six lots;

5 (c) The mixture was stirred well till a clear solution was obtained, thereby

indicating completion of formation of maleic ester;

(d) 37 gms of water was added to the clear solution;

(e) The exotherm of approximately 5°C to 10°C was noted;

® The mixture was mixed well;

10 (4] The mixture was analyzed for acid value which was found to be 225
mg KOH / gm; it was observed that the acid value drops on storage of
the mixture. For example, the acid value was 196 mg KOH / gm after
storing for 17 days and was 145 mg KOH / gm after storing for-one
year.

15 (h) The final product obtained after drying, is found to be in liquid form.

i) The formation of ester is confirmed by FTIR given in Figure 4 which
shows presence of a peak at 1725 cm™ in Figure 4. It can be seen that
Figure 5 which is FTIR spectrum of pure maleic acid is different from

the Figure 4.

20

The advantage of the present invention can be seen from the fact that before
drying action mentioned in step (b) above, the pour point of the solution was
below — 30°C and the material did not freeze at - 27°C even after keeping the
solution for 20 days at - 27°C temperature. The sample was tested for Calcium

25 removal efficiency after storing for one year. The results are as shown in tables 10

to 14. The acid value of the reaction mass after one year storage was about. 145

mg KOH/gm.
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6.28 67.00 Total it size 300 100 15 Procedure: 628 nol es of

Met hanol was charged to a clean 500ml 4 neck REF place in water bath
equi pped with stirrer rod with Tefl on bl ade, Thernoneter pocket, water
condenser and a stopper, and chilled to 20C. Then 1.01 nole of Ml eie
anhydri de 200¥8%180%ed | otwise to REF. The addition wasPANA¥%Gt by
mai ntai ning tenperature of reaction mass between 18 to 22C. After the
conpl eti on of Mal ei e anhydride addition, stirring was continued for 2
hours, at 20C. After this, the reaction mass was anal ysed for TAN and IR
Spectroscopy. Reaction mass was found to be clear and col ourless. This

reaction mass Wag AlaRicANakyfGRE BY tie@ffble was tested for efficiency of calcium

removal at various acid values of additive. Typically, efficiencies of calcium

removal at given acid values of the additive are in Table 10 to 14.

5  The typical composition before drying action mentioned in step (b) above, when
analysed by Gas Chromatography, was seen to include free maleic acid 3.5%,
dimethyl maleate 18.64%, mono methyl maleate 23%, and the rest were methanol

and water.

10 EXAMPLE3
Reaction of Maleic anhydride with Methanol

Table 4;: Mole ratio of Maleic anhydride with Methanol is 1:1.25

Product Name | Molecular Mole Wt % wt
wt charged in
gms
Maleic o8 1.0 98 71.014
anhydride
Methanol 32 1.25 40 28.986
Total # size 138 100

15 Procedure:
One mole of Maleic anhydride was charged to a clean 250ml 4 neck RBF .

equipped with stirrer rod with Teflon blade, Thermometer pocket, water
condenser, a dropping funnel and a stopper. The charged compound was heated to -
55 deg C and then 1.25 moles of methanol was added dropwise. During the
90 addition of methanol exotherm was observed. After completion of methanol
addition temperature was slowly raised to 80°C and maintained for 2 hours. At the
end of this period, the reaction mass was cooled to room temperature that is about
27°C. The reaction mixture was analysed for Acid Value by titraling against
potassium hydroxide. Also a small portion of the sample was dried and analysed
25 by FTIR. The FTIR showed the presence of peak at 1735 cm’' indicating the
formation of ester. The GC analysis indicated that reaction mass is a mixture of

20



25 was found to be a m xture of Mnonethyl Ml eate, ditnethyl Ml eate and
free Mal eie anhydride. WD 2009/ 113095PCT/ | N2009/ 000062 The aci d val ue of
the conposition was 219.72 ng KOH gm at the tine of analysis. Please refer
experiment No. 20 in Table 10 and Experinment No. 9 in table 11 and
Experinment No. 3 in Table 13 and 14 for Ca renoval experinments. The acid
val ue after 1 year of storage was 40 ng KOH / gm Please refer 5 Experinent
No. 19 in Table 10, Experinent 8 in Table 11 and Experinent No. 5 in Table
12, Experinment 3 in Table 13, and Experinent 2 in Table 14 for Ca renoval
experi ment s. diExaMALRal6ate OnRezntthpmaeathahé fise arhsid ihjalridet Theradidmalbe Tabl e
7, Mole ratio.of Mlcic .anhydride wi.th Ethanol is 1:2 15 equipped with
stirrer rod \??Afqutul'faé‘ltlr%’r‘itlﬁ?H‘é’gt}lref’ﬁéer%%g%lf’wpocket, wat er condenser, a
droppi ng funnel and a stopper, and then 2 nol es of Ethanol was added
dropwi se wherein exotherm was observed. After conpletion of ethanol 20
addi tion t enpeTAN(ivitisdly aftenwyythesissahput 3648mmgkOHHigm ai ned for 2 hours.

At the end o i ri t he rneact) SS 00|, € rature
that s 2 daulAN R Lake) ARF AR HR R RE T bbb RTMERRLR e
was obser ved Ja0rd¥goval elpeafents OhP hdwESin Taseriagind 12l 2ie viasThduntD tte be
314.2 ng KOH / gm after few days of storage. The Acid value after 15 days
it was 26135 Exgemment/noghy Thiablesdnpl e was used for Ca renpval . Please refer
Experiment No. 23 Table 10 and Experinent No.12 Table 11, 5 EXAMPLE 7 (not
an inventi On%’{tﬂ vhggl Reaction of rvialeic anhydride with NaOll (aqueous)-
Tabl e 8. Mol (}‘ Mat el e anhydride with NaOR (solid) is 1:2

10  Reaction of Maleic anhydride with Iso-propyl alcohol

Table 5: Mole ratio of Maleic anhydride with IPA is 1:2

Product Name | Molecular Mole Wt % wt
wt charged in
gms
Maleic 98.06 1.0 98 44913
anhydride
IPA 60.1 2.0 120.2 55.087
Total # size 218.2 100

15 Procedure:
One mole of Maleic anhydride was charged to a clean 500ml 4 neck RBF

equipped with stirrer rod with Teflon blade, Thermometer pocket, water
condenser, a dropping funnel and a stopper. The charged compound was heated to
60°C and then 2 moles isopropyl alcohol (IPA) was added dropwise. During the
20 addition of IPA exotherm was observed. After completion of IPA addition
temperature was slowly raised to 100 °C and maintained for 1 hour. At the end of
this period the reaction mass was cooled to room temperature that is about 27°C.
The reaction mixture was analysed for Acid Value by titrating against potassium
hydroxide. Also a small portion of the sample was dried and analysed by FTIR.
25 The FTIR showed the presence of peak at 1735 cm” indicating the formation of
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Product Nanme |olecular ¢ Mole W charged in gais Ml eic anhydride
0.3367 33.0 8.919 NaCH Fl akes 40 27.0 _0.6750 7.297 'Water

10

15

20

25

ester. The GC analysis indicated that reaction mass is a mixture of mono esters

and diesters of isopropyl alcohol and free maleic anhydride.

The Acid value of the reaction mixture was (initially after synthesis) 256.68 mg
KOH /gm. The Acid value of the reaction mixture after 25 days it was 255.3 mg
KOH / gm this sample was used for Ca removal experiments as shown in

Experiment no. 22 Table 10 to experiment no. 11 in table 11

EXAMPLE 5
Reaction of Maleic anhydride with Methanol

Table 6: Mole ratio of Maleic anhydride with Methanol is 1:6.219

Product Name | Molecular Mole Wt % wt
wt charged in
gms

Maleic 98.06 1.01 99 33.00
anhydride

Methanol 32 6.28 201 67.00

Total # size 300 100

Procedure:

6.28 moles of Methanol was charged to a clean 500ml 4 neck RBF place in water
bath equipped with stirrer rod with Teflon blade, Thermometer pocket, water
condenser and a stopper, and chilled to 20°C. Then 1.01 mole of Maleic anhydride
was added lotwise to RBF. The addition was carried out by maintaining
temperature of reaction mass between 18 to 22°C. After the completion of Maleic
anhydride addition, stirring was continued for 2 hours, at 20°C. After this, the
reaction mass was analysed for TAN and IR Spectroscopy. Reaction mass was
found to be clear and colourless. This reaction mass was also analysed by GC and
was found to be a mixture of Monomethyl Maleate, dimethyl Maleate and free

Maleic anhydride.
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(ul trapure) 18 117.22 83.784 310 Total # size 370 Procedure. In a
clean 250nl 4 neck RBE placed in water bath equi pped with stirrer rod with
Tefl on bl ade, Thernoneter pocket, water condenser and a stopper 0.675 nole
of NitOH was dissolved in 3.72 noles of water and then nal ei c anhydri de was
added | ot WW@2004HB% control | i ng exot hemi bel ow 50 degrPQ/IE?"”%?OPQ%
conpletion addition of nmaleic anhydride, reaction mass |ight yellow col or
with solid. Total reaction mass was transferred into 500nl beaker and 13.5
nol e of water was added to make it clear solution. Please refer Experinent
No. 24 Table 10 This proves that salts of Ml eic Anhydride are not
effective for the LRMOMA of Bhe CHRpdRBnOWad QWb 70 dnd OIRMREY a0 the Miheiot
anhydri de. 50gnms of 33% sol ution of mal ei c_anhydride was charged to a
cl ean stai nl essnalysiw| Plgaseoefeaguperimeat Naaéd imAable 1P grd ﬁ%ﬁ%‘"’i‘?{’éﬁr"hgdf‘ed to
130 deg C undertabié Llr&{drﬁgﬁxm&t%ﬁ{ SACTAN Thnd W 18r WR ForkBRVhINxpériRchtsat t hi s
tenperature for our. cooling to roomtenperature it was observed
that reaction fihxtasidevaiae aol i dichi off stogigsi Wi 4@xpe PR rt gmwBleasecid i ed out
by using inyentd on. addif i | 2N ' nerdIN®ES hy |
Mal eat e al o\rée ?ﬁ‘a"‘%%“qc":‘té’m\gg?.‘ ?%bé‘ﬁi&g?@é’ﬁﬁ‘?’ﬁ%gﬁa%}ee@mé’? Er?g&ﬁ? After cooling
it was found t hatTableei?e Bxpgriment Soini Tableo t veanidorpenimentad vy & allg J&rfPhEAL s
clearly prove that timl ei.c anhydride solution in water is extrenely
unstabl e. I'n altBef SHSTMERYi on the ratio of the dosage of calciumto
dosage of additive cannot be maintained 1: | exactly all the tine.
Sonetinmes the additjve concentration will increase. During such tinmes the
unr eact ed nal eifeX4 M de will tend to foul the system 10

10 Reaction of Maleic anhydride with Ethanol

Table 7: Mole ratio of Maleic anhydride with Ethanol is 1:2

Product Name | Molecular Mole Wt % wt
wt charged in
gms
Maleic 98.06 1.00 98 51.579
anhydride
Ethanol 46 2.00 92 48421
Total # size 190 100

15 Procedure: )
One mole of Maleic anhydride was charged to a clean 250ml 4 neck RBF

equipped with stirrer rod with Teflon blade, Thermometer pocket, water
condenser, a dropping funnel and a stopper, and then 2 moles of Ethanol was
added dropwise wherein exotherm was observed. After completion of ethanol

20 addition temperature was slowly raised to 40°C and maintained for 2 hours. At the
end of this period the reaction mass was cooled to room temperature that is 27
degree C and analysed for TAN and IR Spectroscopy. Reaction mass was
observed to be clear and colourless.

The acid value was found to be 314.2 mg KOH / gm after few days of storage.
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Al so the mal ei e anhydride solution in water has very poor |ow tenperature
storage property. To maintain it in the liquid forns it will have to be
heat ed generally using steam The tenperature of steamvaries between 100C
to 160 'C. It is expected that under continuous exposure of this solution
at this tenperature 15 wll result in solidification of the material. Thus
there is a need to inprove the additives characteristics. Di scussion about
results provided in Table No. 10 and 11 20it is observed fromthe results
presented in Tabl eand 11 that sone of the derivatives of Ml eic Anhydride,
that is, theTbsAeid déud afterilfealagsit waa264i7pmgyKOrhl gneTkindamplgstapiusethl eat es

are not effective in extracti al ciumfr h | ciam naph te
cont ai ned i n%‘lr rﬁ%?’%cg{eﬁ%%e?eg@%ﬁ’%@ﬁm N?'%sf%?esg(?%'bdsgﬁfggp etnkglﬁgﬁeven with
high nol ar rathleg10f these two esters, observed in Experinent no. 3 25 and

4 of table 10, 1:2, and such as 1:3 that is experinent no. 4 and 5 of table
11 for dibutyl naleate and experinent no. 11 with 1:1 and experinment no 12

with 1:2 I fr oD | mal eate. are.ineffective in calciumrenoval. This
shows thaémi EWB’?WW&%‘W%"%%C Uerivative of Wen; Anhydride is

ef fective i NRea¢tidn 60 VMaMic #hhydridwiH Na@HFhdndousj-nappropri ate. Pl ease
refer to the FTIR spectra shown 30in the figure 7. of the dried hydrocarbon
| ayer which Eans&é\flﬁlﬁrfgtlp@&MalﬁRtmyﬁegPé‘ﬁnga dhsolid) ¥ 143 1560 cm 1

i ndi cati ng poor extraction of calciumfrom calcium naphthenate. The FT1R
al so shows a—peak—at—aboutypdue torester—grou of —yngeagted di butyl

nal eate It sﬁd’@é‘tﬁwgﬂlefrMoreﬁglarresulw‘?epre enggg.i n )'%pv)%tri nent no. 24 of
Table 10, that 5 sodium sal %f Maieic Anh B88™M such as |di sodi um nal eat e
is not effective in extracting calciumfromt®cal ¢i um napht henatc

cont ai ned i nM#eichydr ocar B8n feedst 3kR07 Thj 33-8hows { B&%i f |anybody cl ai ns

t hat each sahthydridél ei c| Anhydridelis effective in ¢alciumj|renoval, then
such claimis inappropriate. Referfing to [Table 10, |it is sutprisingly

found by théeNaOASPNMKHeSr (RBt use of ony@nt | 2no- addi 7i29es such as Dit net hyl
Mal eat e and[Diethyl Mal'eate for calciumerpor, al, @ive verly high

efficienci e:>v‘,azfl i.,di crunT tfguvai ; ZAESE 3?%] i f u"%3%§4s ccinct acid as
additive for %ﬁeci ugl rempval perfo|ns effectively, iits methyl ester and
et hyl ester 4@_%’” e f ective for—caleiumr :".:?va! —eyen—w-th nol ar ratio of
experi ment no._ 16 _and 17) Yo&plf §izg | wen_ﬂlse_oi_-gxal—i-c—aci d or diethyl
oxal ate (experinent no. 9) as additive for calciumrenoval perforns
ef fecti védy, Pdoednyé: oxal ate | eads to problem of precipitation. Maleic acid
esters can be considered as a, f3 unsaturated esters, however it is 20
sur pri si ngl y If auhan2$oinhe fuck RBH plateteint witet bath equiphebwith,stifr8r oaswithir at ed
ester, nanely nethyl acrylate (experinment 14, Table 10) an thyl --- nmeth
acryl ate (exé‘éﬁpﬁrﬁ%@ea Eherpggeter popkets WAISE C%‘Fq?e@é"‘cri‘\?g 3 SORPRF iﬁ“é‘ﬁﬁ\?gl .
Di scussion o j f Gaasiel Joppolsads for
Cal ci um Re mvkgl@@%%%%géd @Teﬁmééé’fg& forthd At Ay -

15 lotwise, while controlling exotherm below 50 degree C. After completion addition

J)

[«

of maleic anhydride, reaction mass light yellow color with solid. Total reaction
mass was transferred into 500ml beaker and 13.5 mole of water was added to
make it clear solution. Please refer Experiment No. 24 Table 10 This proves that
salts of Maleic Anhydride are not effective for the removal.
20

Discussion of Fouling Tendency of Maleic anhydride.

50gms of 33% solution of maleic anhydride was charged to a clean stainless steel
autoclave. The reaction mixture was then heated to 130 deg C under stirring. The

25 reaction mixture was maintained at this temperature for 1 hour. On cooling to
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(i) As per Experinment Nos.1S of Table band Experinment 7 of Table 11, a
reaction m xture of Ml eic Anhydride, Methanol and water as prepared in 30
Exanple 2 |l eading to conposition m xture of Mnonet hyt nal eate and Di net hyl
mal eate, and Maleic acid are used as an invention - additive for cal cium
removal . The additive was used after storing for one year and Showed art
acid value of about 145.4 ng 1(.0111pn at the tine of test, The Table 10
and 11 shows the efficiencies as estimated by acid value are 97,8 % and
90. 3% respectively, with extraction - timngs of 20 and 10 m nutes

respecti vel yroom tdinpepdtarer dtwas aifsevedlithdtreadtioncaixtirarhad solidified arfiimilar
tenperature of 130'C for each of these 2 experi ts. Thus, it is.seen that
the conposi t PETEASRHSUY e SRS RIHDY PSRy 1108 — gﬁ’éﬁﬁﬂ PRECRGDRCHIOR: Mal ei ¢
acid is effeghtye, LN ' ' 1 @flesTi S i S
Fhi ther pr ove By b B B R o A B ol cht e the
absence or pasbéntierabobng it veasSomid thptgh&reofasaml solid formmpivhenat e i ndi cati ng

conpl ete or bstantial rempval of calcjuymrespectively.. For.mth ratio 10
esti mat i oﬁ trsﬁ e Y%?X%P“W&Fseaﬁarghﬂﬂ?af’ﬁ sty q‘%?'d‘ﬁ%g?}gé:?% 1 ?’aF% éd. For
the present gasgnely bh§aBldNSImOictSA! dpbliitionaie 4aes oMeC HosaBS opicgleameto by
reaction an%ydrl de net hanol and water and had used 33% by wei ght of
mat hi e anhyddosage P6rddifine kewio be Thaistained gl gradtlyyalbthettinee Jometimepdhe de used
beconmes 0. 368.qgi.ns. This val ue,i s used L th | e rati i i th
respect to cﬁﬁi‘ghﬁ%co&qf?ﬁf‘témf ML fegaebllé&fl%ﬁ ngl‘r? e @%n‘%g%l?ctk?qfo#{% exanpl e
2 to exanpl eaghydeide will AsndRe folbtResysteant - Nos. 23 of table 10 and 12, of
table 11 a reaction mxture of Maleic Anhydride and Ethanol, |leading to
conposi ti®n m xture of Mnoethyl maleate, Diethyl maleate and naleie acid ,

as prepared in .6 d .an I i - L al ci um
renmoval , The &Eﬁ%%?eéncfhﬁ{&{é‘%oa@ﬁ lﬁrg 1e19?’ %t?:]?/ Zlg%:i e@ g‘sﬁgg‘%‘grtﬁ’lﬁﬁé‘%{ulgg aci d
val ue as 95. 9fraRdBpcrbY6 T speethiny 2| iy, thed liduide Xemescit i will havei W bgdedtd 20 and
10 minutes respectively, with nole ratio_of additive to Ly s$~l: 1 and
tenperature 8fneralbusRg stearpnlly tepperading b S@%‘Bevrapﬁ%h‘ftg'.ee“rﬁ@fa tlotr? 6;33 C:sLeen

that the pomﬂq§ie%(' QRed "4t Hﬁ&r%%nﬁﬁﬂﬁ@@?&su?@b?ﬁﬁ@sol@i&{ hyhisZempelafat € and
mal eie acid is effective in renmoving calciumfrom hydrocarbon feedstock.
This is 18irt kel rpsubtviadsobigifidatiofr bf Fhes petsriah Bfustthereds ganded tp apgrovsthe h

i ndicate the &%senc or eg{ﬁesence of only a small peak of cal ci um napt henate
i ndi cating cé QY?S,Ci‘&ﬁ’d‘t B antial renmoval of cal ci um respectively.
(iii) As per Experiment Nos.22 and 11 of table 10 and 11 respectively, a
reaction mxmg&saang(pt,ﬁ;b&sﬁwgm APabie AR, P%hgAcohol , | eading to

conposition mxture nol sopropyl Maleate and D - |sopropyl Ml eate,
and Mal e, ¢ Anhydr.i de repared.in_ex l.e i S Loveptaon -
addi ti vebﬁor lft(:?él %l?SS%egsfpnggtgglr’es%é)rqsaeB e lfof%)%% lgla%ghglsmg?a? ﬁle)&\éf itlclzllgenci es
as estimat ed dbpvatied ofaldRi@MhYEri@Y0 than s, 8ile et sfieativievalci, asniibityl
extraction - timngs of 20 and 10 m nutes respectively, wth le ratio of
additive to @ealele andadiogtyl maleates arppaptaefipdiverini gotacting calearn drompdge  wo
experinments. Lt d e . . PRI 1 xt wr BQlegopr opyl
Mal eat e and ﬁm@‘%ﬁ‘r%‘%@é’iﬁa?@aﬁ%ﬁg‘% lsr{ effective O?Inﬁ%%r%hgvilgﬁggoca cium from
hydr ocar bon filegdsicaekth Hipk nfcdaraatidsottthesgueo esteph abervaddn Eapesmbntglo. 3

efficl en% ! ?mg% (;f(a‘cg'l;l\éallo, \{V:hZI, g.rrlld Isgchngs' 1:§ tl?aqqs g):(gpeZin;e%% Rg.cfi Iar\llg I'53()'f table 11

for dibutyl maleate and experiment no. 11 with 1:1 and experiment no 12 with 1:2

moles of Dioctyl maleate, are ineffective in calcium removal. This shows that if
anybody claims that each derivative of Maleic Anhydride is effective in calcium
removal, then such claim is inappropriate. Please refer to the FTIR spectra shown
30 in the figure 7, of the dried hydrocarbon layer which shows strong peak in the

region of 1541 cm! to 1560 cm™ indicating poor extraction of calcium from
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(iv) As per Experinment Ne, 4 Table 13 a reaction m xture of Mleie

Anhydri de Met hanol and Water |eading to conposition m xture of Mnonet hyl
Mal eate and 15 Dinethyl Maleate and maleic acid i.e. exanple 2 is used as
an invention - additive for calciumanoval. The table 13 shows the
efficiency as estimated by acid value are 96.1% ,xtraction - timng of 15
mnutes, with nole ratio of additive to calciumas |I; 1 and tenperature of
115C for this experinent. Thus, it is seen that the conposition m xture of
hel ononet hyl Mal eate, .Dinethyl Maleate, arid Maleie 20 acid is effective
in renoving cakivhunaphtiematey ThoEAMb elso Skews & pek at aboyt 483 wer’ Eederssigent No.
3, a reaction m'xtﬁre of I\%beig hydri de, Methanol, |eading to conposition
m xture of NMSFERe?hYIAREkAPEYLRAlAChet hyl Mal eate is used as an invention
additive for calciumrenoval i.e. exanple 5. The table 13 25 shows the
efficiency of 86.9% wth extraction - timng of 15 mnutes, wth nole
rati o of addilttisvabsenved ditoi the wsults: presentrdl inegwperianent 8o.034 afi Table JO, thiit
experinment. Thus, it I en that .t he co 5| thon te of 21 hyl
Vel oat o ahd BEenALORARESE Antdnid ulP TP A L BUshg e atc o RRE I,

hydrocar bon tgestsing cdalciubi BéH SEE @alcale wapthdnaé cdRRBed pMNtEO hydiooirbdhe
details of experinental results of pH value of 1000 ppm Osol ution) of

i nvention - - feedglae-tihjeghoarsdhprf enybodyeleims dgbipach vals onaMaleis dhydidedt. Tabl e
9 Addi ti V%ﬁectgeqﬁtcgﬂunl\@eﬂrﬁﬁ;aﬁ tl(e!nrk\(l@lm:faﬂﬂ is inﬁﬁq‘bﬁﬁé‘cg)

10  Referring to Table 10, it is surprisingly found by the present inventor that use of
invention — additives such as Dimethyl Maleate and Diethyl Maleate for calcium
removal, give very high efficiencies of calcium removal, whereas, even if use of
succinct acid as additive for calcium removal performs effectively, its methyl
ester and ethyl ester is not effective for calcium removal, even with molar ratio of

15 1:1 (experiment no. 16 and 17). Similarly even if use of oxalic acid or diethyl
oxalate (experiment no. 9) as additive for calcium removal performs effectively,

diethyl oxalate leads to problem of precipitation.

Maleic acid esters can be considered as a, § unsaturated esters, however it is
20  surprisingly found by the present inventor that another a, B unsaturated ester,
namely methyl acrylate (experiment 14, Table 10) and methyl — meth — acrylate

(experiment 15, Table 10) is not effective in calcium removal.

Discussion of Experimental Results of Use of Composition — Compounds for
25 Calcium Removal:

Additives of EXAMPLE 2

(i) As per Experiment Nos.18 of Table 10and Experiment 7 of Table 11, a
reaction mixture of Maleic Anhydride, Methanol and water as prepared in
30 Example 2 leading to composition mixture of Monomethyl maleate and Dimethyl
maleate, and Maleic acid are used as an invention - additive for calcium removal.

The additive was used after storing for one year and showed an acid value of
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about 145.4 mg KOH/gm at the time of test. The Table 10 and 11 shows the
efficiencies as estimated by acid value are 97.8 %, and 90.3% respectively, with
extraction - timings of 20 and 10 minutes respectively, with mole ratio of additive
to calcium as 1: 1 and temperature of 130°C for each of these 2 experiments.
Thus, it is seen that the composition mixture of Monomethyl maleate, Dimethyl
maleate and Maleic acid is effective in removing calcium from hydrocarbon
feedstock. This is further proved by the FTIR spectra of the organic layer which
indicate the absence or presence of only a small peak of calcium napthenate
indicating complete or substantial removal of calcium respectively. For mole ratio
estimation the amount of maleic anhydride used for synthesis is used. For the
present case 1.118 gms of solution was used which was prepared by reaction
maleic anhydride methanol and water and had used 33% by weight of maleic
anhydride for synthesis, Thus the quantity of maleic anhydride used becomes
0.368 gms. This value is used for the mole ratio calcium with respect to calcium.

This is applicable for all the composition of example 2 to example 8.

(ii) As per Experiment Nos. 23 of table 10 and 12, of table 11 a reaction mixture
of Maleic Anhydride and Ethanol, leading to composition mixture of Monoethyl
maleate, Diethyl maleate and maleic acid , as prepared in Example 6 is used as an
invention - additive for calcium removal. The Table 10 and 11 shows the
efficiencies as determined by acid value as 95.9% and 91.6% respectively, with
extraction - timings of 20 and 10 minutes respectively, with mole ratio of additive
to calcium as 1: 1 and temperature of 130°C for each of these two experiments.
Thus, it is seen that the composition mixture of Monoethyl maleate, Diethyl
maleate and maleic acid is effective in removing calcium from hydrocarbon
feedstock. This is further proved by the FTIR spectra of the organic layer which
indicate the absence or presence of only a small peak of calcium napthenate

indicating complete and substantial removal of calcium respectively.
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(iii) As per Experiment Nos.22 and 11 of table 10 and 11 respectively, a reaction
mixture of Maleic Anhydride and Isopropyl Alcohol, leading to composition
mixture of Monoisopropyl Maleate and Di — Isopropyl Maleate, and Maleic
Anhydride as prepared in example 4 is used as an invention - additive for calcium
removal. The Table 10 and 11 shows the efficiencies as estimated by acid value
are 92.9%, and 87.9% respectively, with extraction - timings of 20 and 10 minutes
respectively, with mole ratio of additive to calcium as 1: 1 and temperature of
130°C for each of these two experiments. Thus, it is seen that the composition
mixture of Monoisopropyl Maleate and Di — isopropyl Maleate is effective in
removing calcium from hydrocarbon feedstock. The Ca content aqueous phase

indicates high efficiency in Ca removal which is 94. 8 and 93.7 respectively.

(iv) As per Experiment No. 4 Table 13 a reaction mixture of Maleic Anhydride
Methanol and Water leading to composition mixture of Monomethyl Maleate and
Dimethyl Maleate and maleic acid i.e. example 2 is used as an invention - additive
for calcium removal. The table 13 shows the efficiency as estimated by acid value
are 96.1%, with extraction - timing of 15 minutes, with mole ratio of additive to
calcium as 1: 1 and temperature of 115°C for this experiment. Thus, it is seen that
the composition mixture of Monomethyl Maleate, Dimethyl Maleate, and Maleic

acid is effective in removing calcium from hydrocarbon feedstock.

(v) As per Experiment No. 3, a reaction mixture of Maleic Anhydride, Methanol,
leading to composition mixture of Monomethyl Maleate and Dimethyl Maleate is
used as an invention - additive for calcium removal i.e. example 5. The table 13
shows the efficiency of 86.9%, with extraction - timing of 15 minutes, with mole
ratio of additive to calcium as 1: 1 and temperature of 115°C for this experiment.
Thus, it is seen that the composition mixture of Monomethyl Maleate and

Dimethyl Maleate, is effective in removing calcium from hydrocarbon feedstock.
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Diethyl Maleate (Invention - additive) Mal ei ¢ Anhydride (prior - art

additive)

10

15

20

Citric acid 1 (prior - art - additive)

Discussion about pH of 1000 ppm solution
The details of experimental results of pH value of 1000 ppm (0.1 % solution) of
invention — additives and prior — art — additives are given below.

Table 9

Additives pH

1 Dimethyl Maleate 5.6
(Invention — additive)

2 Diethyl Maleate 5.8
(Invention — additive)

3 Maleic Anhydride 2.2
(prior — art — additive)

4 Citric acid 2.9
(prior — art — additive)

Thus, it can be observed that, even for 1000 ppm concentration of invention
additive, pH values are 5.6 and 5.8. Hence this invention — additives can be
considered as almost non — corrosive. This will avoid use of any corrosion —
inhibitor, thereby leading to huge economic advantages. The prior — art —
additives mentioned above, give a pH value, which can be less than 3, which can

be considered being very acidic and hence very corrosive.

Discussion about Published Patent Application WO 2008/062433

Referring to the present inventor’s published international patent application
number WO 2008/062433, it is seen that, when the inventor of the present
invention — additives, performed experiments using the prior — art — additives used
for calcium — removal, such as succinic acid, malic acid, tartaric acid, citric acid
and polymeric form of maleic acid, it was observed that each 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.
It should be noted here that malic acid is a hydroxy derivative of Maleic
Anhydride. The succinic acid also is considered as hydrogenated derivative of

Maleic Anhydride.
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As such there is a need for the hydrocarbon industry, to have a non - precipitating
and hence non — fouling additive and also non — corrosive additive to be used for
calcium — removal from calcium napthenate contained in the hydrocarbon

feedstock.

Discussion about PCT - International Application Publication
No. WO 2008 / 007847

PCT - International Publication Number WO 2008/007847 Al (International
Application No PCT/ KR2007/000180, referred to as Document D1 hereinafter,

states on page number 7, as following:

“The method of removing the calcium according to the present invention
comprises;

1) adding MA or derivatives thereof, which are a hydrophilic compound, to a
hydrocarbon source containing calcium, thus preparing a homogeneous
mixture;

2) subjecting the MA or derivatives thereof and the calcium napthenate
present in the homogenous phase to metal substitution, thus producing
calcium dicarboxylate; and

3) desalting the calcium dicarboxylate to thus remove it.”

The inventor of D1 has given three examples, illustrating his invention — method,
wherein only Maleic acid (MA) is used as additive for calcium removal. The
Document D1 does not illustrate any application of any derivatives of Maleic acid,
not application of even a single derivative for calcium removal. However the
scope, of the invention as claimed by inventor of D1 includes “derivatives of

Maleic acid”.

As the inventor of D1 has not mentioned any limitation for the derivatives, that is.

he has not mentioned that some derivatives are effective in calcium removal and
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some derivatives are not effective, this clearly implies that, the inventor presumes
that, as per the specification and claims of D1, every derivative of MA should be

effective in calcium removal.

The inventor of the present application has carried out extensive experimentation
in which different esters of Maleic acid (that is derivatives of MA), fumaric acid,
and oxalic acid were attempted for calcium removal from hydrocarbon feedstock
containing calcium naphthenate. However it was found by the present inventor
and as shown in Table No. 10, that Butyl ester of Maleic Acid and Octyl ester of
Maleic acid and dioctyl maleate (which can be said to be derivatives of Maleic
Acid), are not effective in calcium removal. As such the scope of invention of D1
which includes use of derivatives of Maleic acid in general for effective calcium
removal, that is, any derivative of MA of claims allowed to the inventor should
not be admissible and the scope should be limited only to use of only Maleic Acid

for calcium removal (and not for the derivatives of MA).

However, the inventor of the present application has inventively and surprisingly
found after extensive experimentation that two derivatives of Maleic Acid for
example, Dimethyl Maleate and Diethyl Maleate, when used in their pure forms
work efficiently for calcium removal, said efficiency being higher than 80%, and

53% as shown in Table No. 10.

Similarly, the inventor of the present application has inventively and surprisingly
found after extensive experimentation, that the derivatives of Fumaric Acid, for
example, Dimethyl Fumerate (when used in its pure forms) work efficiently for
calcium removal, said efficiency being higher than 82% as shown in Table No.
10.

The inventor of the present application has also inventively and surprisingly found
that, in addition to high efficiency of the Dimethyl maleate and Diethyl maleate in

calcium removal, these two compounds also demonstrate effective and desirable
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5 Thus, it can be observed that, even for 1000 ppm concentration of

I nvention additive, pH values are 5,6 and 5.8. Hence this invention -
additives can be considered as al nost non -- corrosive, This will avoid use
of any corrosion - inhibitor, thereby | eading to huge econom c advant ages.
The prior - art - 10 additives nentioned above, give a pH value, which can
be I ess than 3, which can he consi dered being very acidic and hence very
corrosive. Discussion about Published Patent Application WO 2008/ 062433
Referring to the present inventor's published international patent

appl i cati on pSpertise lika@00gb bRz 88 equipmegt dee o mhat-; pwisamtatipre of Aesht or of

t he present it-ratiqgn --- additives er.f.orned . experinents using.the
prior art --SelSiiH ﬁaﬁt@ggwu—stgglppglturggﬁgégf% @blﬁté’%z;? ﬁl%ért‘fet% Oszsp%lﬁcP(?glrtﬁ ¢ acid,
malic acid, & thdhbf -aehdsivehdst,idueds bH MKk 00108 ARldoss fsohmofof Mvahgdc aci d.
it was observed that each reaction |eads to substantial anpunt of

preci pi t at e, ~wieimneuhdedbeiag ewtwernt 56t toc@rvlielude corsidaredy to hetineghpmogesal t er
unit and al sg_in.other i.ts.4sed in Ssi.n f rocar t ock.
T shoul @ becnbPa Ak Ths il L RRRAES S Rl P RUARM, LR el
Anhydri de. The dpbiiefgioniof idedndoal s@nippusdriifaenadsiaaldydmagenaTade Ner i vat i ve
of Mal eic Anhydride. As such there is a need for _the hydrocarbon .

i ndustry, to%ﬁ@éhéﬁ ROTE SISHFeICsi Vhgn oy considresibal nhbal MaleyAnhylndsds ¢ i ve
and al so nony O8] - it j - renmoval from

cal ci um napt Leg%,g’?é 36%%%1%% litt %h\éﬁg% r%gg?%‘%%’?g%g‘g{eﬁpk_ 5 Di scussion
about PCT - International Application Publication No. WO 2008 /007847

PCT - International Publication Number WO 2008/ 007847 Al (l.nternational

Appl i cat iQ)n %e BEERIOK %ﬁ%ﬁ@@tﬁ?@,&l‘c Handies @O pveRtv @Bﬁé?hﬁpnﬂlngk'eﬁ ‘i“ﬁaf ter,
10states on pRYL EPEhe ?ou@&rﬁéﬂdn‘a!‘,‘ 82h asTNRISHRMMAY 1 OlaleBZD WidiDehiye

cal cium according to the present i1 nvention conprises,; 1) addi ng MA or
derivatives Mucatnf Monbinethyhr Buraarated mog hMioheetbymbomathte talsca deBlensirabe ar bon

source cont aleﬁ"ecqgle C(%'l(glllrlflln}en}ok\]/gls R ?f(rh!ogg'bgn r}g&q)s&)ecﬂ.e iy SadHi'ti)(()}l Yhése four

compounds also demonstrate the properties of non — fouling of equipments due to

15 non — precipitation of their calcium salts and low — temperature - storage — ability

due to their very low pour points (Table 15).

The inventor of the present application has also inventively and surprisingly found
after extensive experimentation that the following composition - compounds also

20  provide very high effectiveness in calcium removal, as shown in Table 10 to 14.

1) Composition — Compound A
Maleic Acid plus Methanol, in various ratios of these two compounds
2) Composition — compound B
25 Maleic Acid plus Methanol plus Water
3) Composition — Compound C

Maleic Acid plus various types of Alcohols plus Water

In addition each of these three composition compounds, that is, A, B, and C

30 demonstrates the properties of non — fouling of equipments due to non —
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2) subjecting the MA or derivatives thereof and the cal ci um napthenatc
present in the honbgenous phase to netal substitution, thus producing
cal cium di carboxyl ate; and 203) desalting the cal ciumdi carboxylate to thus

renove it." The inventor of DI has given three exanples, illustrating his
invention - nethod, wherein only Maleic acid (MA) is used as additive for
cal ciumrenoval . The Docunent DI does not illustrate any application of any

derivatives of Maleic acid, 25 not application of even a single derivative
for calciumrenoval. However the scope, of the invention as clainmed by

i nventor of Precipiatiodefthttteniciat i-weks add Mt eitanperatdte - storage Asibilite dievent or
of DI has not pentioned an I,in‘i(b,a{)'o for the derivatives, that is. 30he
has not ment f[OHER VERAPW, perats 4 ]:evlg% are effective in calciumrenoval
and some derivatives arc not effective, this clearly inplies that, the

i nventor presunes that, as per the specification and clains of DI, every

R L T

t he prese Oout’ extensive experl I'on i n which
different esters._of leic_acid (that is derivatives of MA inriaric
acid, and ox&h) phhgiaggv@%@t flgﬂ’éﬁ Qg r?%’itségjl'?ﬁpﬁﬁﬁe_ﬁﬁku@)%ré%%er 8tar bon
feedst ock copfi@kfhlUafdle !hji'éﬂlﬂ%Qltth%;!\ﬁH %bﬁ!?meerate, foraridR ¥&o Ry, drbie

present inventor and as shown” in Table 0, that Butyl ester of Mleic
Aci d and Cct pltovedstdeandodre dchisedbelomci d and di oetyl nal eate (which can be

said to deri yvatives of i id)y, are pot. effective in.calcju
r enoval P(is @ic‘ﬁs f’ﬁreﬁ@?:e el\égill\%' %\/@tﬁﬁag%nl(ﬁgncb? %f?béﬁelﬁ na@;éu%‘@gnﬁglét 1)1‘)
derivatives of dleeix BahéthyinMIgaRE aked Ok #f LRChiine -Call@livenfoeanaim t hat
is, any derivative of MA of clains allowed to the inventor should not be

adni ssi bl e and temevalchaseshomauetficisacies wif 9236,01 Yo ead $8&, sespsplivel vl c Aci d
for cal ciumrot:Enna nat, fo -] j . : i nvent or
of the present B R5EFAH AEJ b EREN G hetal o SRR 1o 1T
extensi ve experdalgihakilon ahb aémpadruetest MACCesearh dfahak ¢hrée etbdriatenesxanpl e,
D net hyl Mal eate and_Di et hyl Mal eate, when used. in their, purfc,forms 70wor k
efficienl¥y forThus itiushepdhsJamethylimaleateis plpcty eyBiRROKRNgHAICYA P B0y, and

53% as shown i %yﬁ?@éaﬁzdﬂ% dtheSimlarly, the inventor of the present
application has-inventl vefy and surprisingly found after extensive

exper i nent at (i@nAs péreExpehienedeNoy.at ofesledd Endviiof eabicl dDidtloyl Maleaxampd e,
D LIy Furer L (UBCT SR L BT ST ek LoV IGE
2'8} 0 rl?SI -rll-gleyi ?\éﬁﬁﬁd&ﬁvagl, WhR tiRfiRSENt 2 RRAN T FRthRNtel 28spRbtBRIY, Wtk Wedly and
20 ratio of additive to calcium as 1:1 and temperature of 130°C for each of these
three experiments. Thus it is seen that Diethyl Maleate is effective in
removing calcium from hydrocarbon feedstock. However, please refer to the
efficiencies of inventive compound example 6 in table 10, experiment no. 23
and experiment 12 of table 11 the efficiencies are 95.9% and 91.6%. Thus, it
25 can be seen that the combination of mono ethyl maleate, diethyl maleate and
maleic acid or anhydride give excellent efficiencies.
(iii)As per three Experiments Nos. 3 to 4 of table 10, Dibutyl Maleate, obtained
from commercial source with purity thereof being greater than 98% and used
as an additive for calcium removal, has shown efficiencies of 30.0 %, 26.2 %

30 with mole ratios of additive to calcium being 1:1 and 1:2 respectively, with

timings of 20 and 1 minutes respectively, at temperature of 130°C for each of
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that, in addition to high efficiency of the D nmethyl maleate and D et hyl

mal eate in 30 cal ciumrenoval, these two conpounds al so denonstrate
effective and desirable properties |ike non --- fouling of equipnent due
to non - precipitation of their calciumsalts, |low - tenperature storage
--- ability due to their very |ow pour points and the non ---
corrosiveness, due to pl-1 of the 0,1 '?/i) aqueous solution of invention
--- conpounds being between 5.6 to 6 which is considered to be in the non
--- 5 corrosive range. This will help to elimnate use of corrosion ---

i nhi bi tors duritheset Dexpaiphéntatlhoncledrlyi densmtsirates that ovanoad idgheRefods watioe shoul d
be made to Table No, 9. This s.nore significance, when one considers that
pH of Isdaleic‘%ﬁﬁ?ﬁ@?@%mﬂ%uﬁ €d%han 3, inparting to it the property of
extreme corrosi' eness. 10The inventor of the present application has al so
inventively, id surprisingly found that each of the four conmpounds, such as
., Monot net hyIn Midiger éyo Mapeehents Nual ¢ané, 5 Wb tabhei hyDibptylrMaleate,ausad Bbnoet hyl

Fumarate also d nstrate effective cal ¢ciumrenoval fr drqc Q
f eedst oc k? | A égg‘}%’t"FJﬁr Fﬁ@’é‘@“ fatevalobAS oo lglc?nﬁlgﬁé’g??}%@n hgg'%/‘(’q)per ties
of non - fouldspeciRblyeGHiPABIY MtidWT dddith@netatciom RiselG? Rh at3 edpedtiveliei r

calciumsalts and | ow - tenperature - storage - aMIitéodue to their very
| ow pour poi nach ¢fThésedwoBkperimarte condueistder B mimpespatd3BTHe- Bpws! it &a¥FdN has

| i tiyel y..and i singly f i . i i .at i
that the fol FENERSLRAEN T oiertelReBENRLE e SORR P BNOT LoipRRe o
ef f ect i venessgalciunt bl Hidrd@rBdvdtedsigkshown in Table 10 to 14. 1)

Conposi tion Conpound A Maleic Acid plus Methanol, in various ratios of
t hese twd0conmpounds 2) Conposition - conpound B 15Mal ei e Acid plus Met hanol

plus Vater 3&%@3@% %én%bﬁlr é%@g?%%%ﬁﬁﬁﬁgwteﬁé@%i%}tﬂé YSiaaleQriky Pes of

Al cohol s pl us on eac ree conposition
conpounds, t baganicslaydk, F&; higin dffici30y o€ nalnisir cetresyat, tieis peidpalueisbsuldbernon -
fsglult L‘P gn‘gfar ngﬁsggsegé;sggggbghg agglin‘fq_l@e;,o%ﬁ%eegéigl ’fh%t éa CQur?xfrertngsalllref 18!algclyuign T

further confirmed by FTIR spectroscopy of top organic layer, and shown in the
15 figures 1 to 10.

In view of the details given in foregoing description of the present invention, it
will be apparent to a person skilled in the art that the present invention basically
comprises the following items:

20

ITEM 1
Method of removing metals from hydrocarbon feedstock using esters of

carboxylic acids, comprising the steps of:
a) mixing hydrocarbon stream such as crude oil containing metals and
25 salts thereof, such as calcium and calcium naphthenate, with an effective
metal — removing — amount of an aqueous extraction — solution of non —
precipitating and non — fouling additive comprising a chemical compound
selected from a group consisting of methyl or ethyl or propyl or isopropyl
mono — and / or di-esters of any of three carboxylic acids, such as, maleic
30 acid, maleic anhydride, or fumaric acid or an appropriate combination of

said esters, or an appropriate combination of any of said esters with any of
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to their very | ow pour points (Table 15). Discussion of Experinental
Results of Use of Diesters for CalciumRenoval (A) In Table No. 10, details
of results of experinments conducted for use of D nethyl Ml eate, Diethyl
Mal eate and Di butyl Ml eate, for calciumrenoval, are provided, and are

di scussed B¥P W8S ) As per Experinment No. 2 of tabl PTHNZNYOWOG: ¢ ap e
11 and experinent 1 of table 12, D nethyl Ml eate used as an invention ---
additive for calciumrenoval has shown efficiencies of 92% 76 % and 55%
respectively, with timngs of 20, 10 and | mnutes respectively, with the
nole ratio of additive to s 1: | and tenperature of 130C for each of these
three experinents. kadhhseiadcidsSerablinp fdimatidd 0Bk MyldrooBbeaiue phaseaditieat i ve in
removi ng cal ci um from h?idr ocarbon fe dstoak. (ii) As per Experiment Nos. 1
of table 10 and 1 of'I%4¥ %phaﬁefﬁnéﬁlmgtiﬁtﬂ‘eé '@ ysed as additive for cal cium
renoval , has shown &f fpe@hiftingi f8fimAfon of. th¥0 phAces] Hach &S Ra@t dqvieduy . phwdet dhdt | M ngs
of 20, and 10 m nutes r s}pectively, wth the nole 20 ratio of additive to
calciumas 1:1 and F%‘ﬂﬁg’f drqspboptous geases wherein spd Augops ghase ke OBSr i nent s.

Thus it is geen thatwatdrebdlible Mt ahad compIEL OF tHe\cBlcium LaBIPVAiAAddi@les] UM from
hydr ocar bon feedst ock. However, please refer to the efficiencies of

i nventive conmpound EX&RPIaENEOT PEriERRto1tgparae iy therselvensid o BltsesdR ger i ment
12 of table 11 the ghidedeilet, &% b Ringoany 8raddtlyéhlioROprddaiiis of keparafig) be seen
t hat the conbination of nono ethyl nal eate, diethyl naleate and nmaieie acid
or anhydride give eX6d| peqoUNiSFoRITERtEREACON; (i) As per three Experinents
Nos. 3 to 4 of tabl gyifhovidciHt ¥naf¥kSat&us Bl b & Qah i At sour ce
with purity thereof z)e_i r?g ﬁr‘qgat g? thaﬁ 988/?an(éjlbﬂsgpd&21’s aﬁﬁgﬂg‘(}?@i@éetafor

cal cium rendval , hasagfeomplersi ci encies of 30,0 % 26.2 % 30with nole

ratios of additive I: i . X i vel i timngs
of 20 and 1 m nut este?erggéggétll (—:-tF(?/,ggg?&?%n%g?oact%ﬁr%géog?p%%ﬁ%&f %“r:p \gg)f:hyof °

these 2 experi ment s doWhsteaw|hydrokgrboreropotessing eschiigteseven ater nole rati os
di butyl inaleate is th@x%H, %téo\rlx&bt time between said aqueous - extraction - solution and
said hydrocarbon stream during the mixing action of step (a) is.in the
15 range 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°C; and
wherein, the weight — percentage of the dosage of said chemical
20 compound ranges from 0.001 to 5 of weight of said desalter - wash- water.
ITEM 2

Method of removal of calcium from hydrocarbon feedstock. as described in
item 1, wherein the injection of said chemical compound to said desalter - wash

25 — water, is continuous.

ITEM 3
Method of removal of calcium from hydrocarbon feedstock, as described in item
1, wherein said mixing of step (a) of item 1, is carried out vigorously for enabling

30 said chemical compound to chelate the calcium.
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in addition two Experinents Nos. 4 and 5 of table 11, D butyl Ml eate, used
as an additive for calciumrenoval, has shown efficiencies of 223% and 219%
respectively, with nole ratio of additive to calciumas 1:2 and 1:3
respectivegx each of these two experinents conducted for 10 m nutes at

130' C. ThusVOP09i180%een that Dibutyl Maleate ( a derivaiGH2YPOW2ei ¢ aci d)
is not effective in renoving cal ciumfrom hydrocarbon feedstock. The
calciumrenoval efficiency is confirned by estinmating the acid val ue of
dried organic |layer. For high efficiency of calciumrenoval, this acid

val ue should be as close as possible to the acid value of free acid. 'The
cal cium renovallITEM #ci ency is further confirmed by FTIR spectroscopy of top

organi c | ayer, wn in the figures Lto 10. of the details given
"h9For egor g adldediborl ardgieprEliRbvithSufe frosing af Postiadi@hen: %t o °a
pﬁr S?nl iski [ | ed 1i Awhereén sdid fchlékﬁicalt &tﬁr;lmgﬁswmeﬂnueﬁmhxomuba&il?adrl Qkﬁcsgmpri sgs
the following itens: 20 [fug 1 Method of remgvi.ng ne s fro rocar bon

f eedst ock us?nd“‘g*gt‘é’inge t‘%‘gl"ﬁ'&xﬂ?ﬂ?‘:ﬁt 9k 'Eié‘,’qu%rfﬁ?ﬁahdi @r?%ébogg?gﬁ%toa‘ﬁ,: a)

m xi ng hydr gcarsheisshideariusn6fsaRSf 6d1¢i6ka sGdh as@aldfuai miphthen®é.al S and salts

t hereof, such as cal cium and cal ci um napht henatc, with an effective netal -
renmoving --- anount of an aqueous extraction --- solution of non -
precipitating gfgmen --- fouling additive conprising a chem cal conpound

selected froma group consistinP'of met hyl or ethél or propyl .ar isopropyl
mono and or di Mahes of rgmoxayof salcium Gem dyfweshen eeditodks as desenbeddn ithg) o ¢

30aci d, untie gnhydeindgid Al Bla RaiH iPdol@dnaPPropri ate conbi nation of
said esters, or an appropriate cotnbination of any of said esters with any

of said tHOee acids, enabling formation of a hydrocarbonous phase and an
aqueous phase gephfkni Ng the netal ions; b) permtting formation of
two phases, such as said aqueous phase and said 5 hydrocarboneous phase,
wher ei n sai d addsesofpltaseali afehigtes fibmrivdrosawhee feedsiedk. abileseniadan itemaci d
conp! ex, of t hel & 1Lr%'11ustpdsﬁjtd tiv%fis ?(Pd'eﬁi to%:ézgd z;d[u\é(?tiss;- ex&gct%ﬁp%ﬁﬂihmg{’ it 1.
permtting to séparafe by enselves said two phases 1 n a crude desalter,
or by usi ng anyriof toaoinuerthéresfalitipractledsesrbof stsmpar at i on, such as
countercurHént extraction; d) renoving the separated aqueous
phase of step (c), containing said nmetal 10- acid conplex; e) processing

t he separated hy@Mgar boneous phase of step (c) by downstream hydrocarbon -

Xt acti on - sol GRTBHIoE SrEOYRIFEBR B0 TP BRI AEES REe g act i on
of step (a) is dambokyI® acids, comprising an effective metal — removing — amount of an
aqueous extraction — solution of non — precipitating and non — fouling additive
20  comprising a chemical compound selected from a group consisting of methyl or
ethyl or propy! or isopropyl, mono — and / or di-esters of any of three acids, such
as, maleic acid, maleic anhydride, or fumaric acid or an appropriate combination
of said esters, an appropriate combination of any of said esters with any of said
three acids, enabling formation of a hydrocarbonous phase and an aqueous phase
25  containing the metal ions, while reacting with hydrocarbon stream such as crude

oil containing metals and salts thereof, such as calcium and calcium naphthenate.

30
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15range fromtwo seconds to six hours, preferably fromfive seconds to two
hours; wherein the tenperature in said desalter is in the range from 939C
to 163C, and wherein, the weight - percentage of the dosage of
said chem 20conmpound ranges from0.001 to 5 of wei (d _desalter
- wash- maﬁ@bymgiﬁ 2 Met hod of renoval of calciun1%%%ﬁ&%?§&@@grbon
feedstock. as described in item1l, wherein the injection of said chem cal
conpound to said desalter - wash 25- water, is continuous. |TEM 3 Met hod
of renoval of calciumfrom hydrocarbon feedstock, as described in.item1,
wherein said mxing of step (a) of item1, is carried out vigorously for
enabl i ng 30sai dTENESn cal conpound to chelate the calcium | TEM 4 Met hod of

removal of cal ¢i um fr.am hydrocarhon feedstock, . as described in iteml,
wherein said c%e"rﬁ“?PQFmB’(’)ﬁ%g?fﬁ’a qddn iemy, whete) S ' COMPNGSIHAR L§ usg Ingpelag g

nol ar concent r giii-MBlaviof Bxdees Pekdlart dntdirati®i Mth respét 3as4ld Myl 9 et Bde
f eedst ock, 5such as .sai,d calciumor salt of calcium such as cal ci um

napht henat e. | Hi€foh ingaip Bydrasarbenrfgedsiocks cal ci um from hydr ocar bon
feedstock, 3s described in iteml, wherein said additives is used neat or
in solution. 10 ITEM 6 Method of. renoval of cal cium from hydrocarbon
feedst ock., asIHEME®ibed in item 1, wherein said additive is added to said

aqueous - extr acldnf¥dsitioR Qb HEdcAPedh ilehMvhereRf RackiOvalied e EdMefoRRbn W t h
sai d hydrocarbon stream 15
is between 0 mg KOH/ gm to 400 mg KOH/gm,

10 ITEM10
A composition as described in item 7, wherein said composition is used neat or in
solution and wherein injection of said composition to desalter — wash — water is

continuous.

15  Although the invention has been described with reference to certain preferred
embodiments, the invention is not meant to be limited to those preferred
embodiments. Alterations to the preferred embodiments described are possible
without departing from the spirit of the invention. However, the process and
composition described above is intended to be illustrative only, and the novel

20  characteristics of the invention may be incorporated in other forms without

departing from the scope of the invention.
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| TEM 7 A conposition for renoving netals from hydrocarbon feedstock using
esters of carboxylic acids, conprising an effective nmetal - renoving

anount of an aqueous extraction - solution of non - precipitating and non -
fouling additive 20 conprising a chem cal conpound selected froma group
consisting of nmethyl or ethyl or propyl or isopropyl, nono - and / or

di -esters_of any of three acids, such as, naleic acid, naleic anhydride, or
fumarie azid or & appropriate conbination of said esters, an appropriate
conbi natipn of any of said esters with any of said three acids, enabling
formati ore.of a hyﬂrocarbonous phase and an aqueous phase 2500nta|n|ng t he

netal ions, mhlleor 2acti-ng—w-th-hydrocarbon-streamssuch—as—erude ol
cont ai ni g netals and salts t hef eo , such asj| calcium d Cal ¢i um
napht henage. 30 glﬁfmg8 A gonpposition as descriibed in item7,|wherein said
conpositi®n is us&d |m:@mL§r sub- mol ar_gr .excess_-| ol ar | congentration
. . = < — 1 . — [
with respect to s@i d\ergagales agd gal t& t-here:of,‘o.lrgsal:d By dr©c¢ar bon
% oS A el DAL 05 2 T A Iy P A P b i
feedstockE 5 ITEI\iSQAceJ..rpe ition as describedinitem 7 where in the acid
val ue of -ghe co iftion|is |[between O|ng KOH gmtg 400 ng KOH gm 10 | TEM
10 A conp@sition_@s §e§cribed in item|7, whefrein sgid conposiition is used
neat or iffi sol uti aqy wherlei n| i nj ecti on of | saijd donppsition to desalter -
wash - vwﬁen is cantﬁnypusg 1gA though thedi hventggn,has, been,descri bed
with refefence togceStdi n Drlefier Bed enod Bents, Thei nEents 0R|is not neant
to be lingted totﬁﬁ,se preferred enmbodiments] Affteratijons|to|[the preferred
enbodi rren;gs descrg, zd are pgssipl e|w thout deparnting fromthe spirit of the
i nventi org werEé tm§>process angd conposit|on|described|above is intended
to be |Ihysﬁrat|v§§pnhys:a@c heonowvel| K0ckar actjesi|s&i cs of—tlhe i nvention
may belr@%poratgeﬁﬁrﬁﬁmr Torfs|Witheuts |8 [ S [ & [ 8| 2|2
8 Q w5
& 2 2@
@ 7] Q-‘-—< E
® 9 Solg
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<-35

mal ei ¢ anhydri de+ 30% MeOH+ 37%nat er

Stability at

-27C

After

6 nont hs
3 Exanple 3 Prior art additive 33%

Cl ear sol ution

mal ei ¢ anhydri de+ 67% MeOH 33% nal ei ¢ anhydri de+ 67% wat er

aci d+ 67% 'Y’%) '21)05/’11%%95

10

15

20

25

30

35

40

45

33% oxal i c

PCT/IN2009/000062

Table- 15: Effect of storage of the methanolic solution of additive -27°C

Expt | Product Product Pour Stability at
No. Details point -27°C
o) After 6
months
1 Example | 33% maleic <-35 Clear solution
2 anhydride+
30% MeOH+
37%water
2 Example | 33% maleic <-35 Clear solution
3 anhydride+
67% MeOH
3 Prior art | 33% maleic -6 Complete
additive | anhydride+ solidification
67% water within Shrs
4 Prior art | 33% oxalic - 1-2%
additive | acid+ solidification 2
67% MeOH days
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-6 Clear solution Conplete solidification within Slits 1- 2%

solidification?

10

15

20

25

30

days Prior art additive 25 30 35 40 45
CLAIMS:
1. Method of removing metals from hydrocarbon feedstock using esters of

carboxylic acids, comprising the steps of:

a)

mixing hydrocarbon stream containing metals and salts thereof,

wherein metal is calcium and its salt is calcium naphthenate, with an

effective metal removing amount of an aqueous extraction — solution
of non—precipitating and non—fouling additive comprising a chemical
compound selected from a group consisting of:-

i)  mono-ester of any of one of the carboxylic acids, selected from
the group consisting of maleic acid, maleic anhydride and
fumaric acid, wherein mono-ester is substituted by one of the
methyl, ethyl, propyl, isopropyl groups, and

ii)  di-ester of any one of the carboxylic acids selected from the
group consisting of maleic acid, maleic anhydride and fumaric
acid, wherein di-ester is substituted by one of the methyl, ethyl,
propyl, isopropyl groups, or

iii)  an appropriate combination of said esters, and

iv)  an appropriate combination of any of said esters with any of said

carboxylic acids,

to form a hydrocarbonous phase and an aqueous phase containing the

metal ions;

b)

permitting formation of said aqueous phase and said hydrocarboneous
phase, wherein said aqueous phase includes ionic water - soluble
metal - acid complex, of the calcium salt of said additive;

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

separation;
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CLAI MsS: 1. Method of renpbving netals from hydrocarbon feedstock using esters
carboxylic acids, conprising the steps of: 5 a) m xi ng hydrocarbon stream
containing nmetals and salts thereof, wherein netal is calciumand its salt

i s cal cium napht henate, with an effective netal renoving anount of an
aqueous extract i ord)- remgwingtthersepdrated raqupetsc pipist atfi sigp de)d cnotainfingisiidg
additive conprising a ﬁaeniggl %ﬁcqnpound sel ected froma group consisting
of : - Onmono-ester of &PTH F'CHERBF*t he carboxylic acids, selected fromthe
group consisting q{) PRbGkGin@Cthe sepata@ddC hyaReiboAERNPhdseMBf isepaé)d bywher ei n
nono-ester is substituted by one of the nmethyl, ethyl, propyl, isopropyl
groups, and 15di - est elowsbtreany hydrecashon pwcessingdsshniaycaci ds sel ected fromthe

group consisting of, maleic acid, .makeli c _anhydride and. fumaric,aci wherein
i Cebter s subct 1 eREl B BeCimE el Ron Loy PR - SrEfrngy)
groups, or an apprsafl htrecabssfednh Quriaf thaingix@pt foton @sle@QayV)is @nthe
appropriate conbination of any of said esters w thany of said carboxylic
acids, to forma H?@ﬁtﬁpﬁbW6U§UEH§§@S%ﬁ@uﬁﬁ aqueous phase containing the

metal ions; b)wlﬁe%im thglt&ggérgl'u% ﬁléisgﬂl lsafd % ﬁlqﬁl%oféfigp hase AApe gai d

hydr ocar boneous 25phase, wherein said agueous phase I'n des 1onic water -
sol uble netal - acied°Cpandl ex, of the calciumsalt or said additive;
separating or permtting. to separate by thenaelves sai.d two Phases i

N a
crude dedHlter, orViyelnsihagvamy ReFCEEIR HihorieNenPbiad shemisrl cupRati on; 30
d) removing the separaifeh BAUERYS oPRRRSt Bf sadd ERaltGUW AW A Sai d

P Method of removal of calcium from hydrocarbon feedstock, as claimed in
claim 1, wherein, said contact time between said aqueous - extraction -
15 solution and said hydrocarbon stream during the mixing action of step (a)

is in the range from five seconds to two hours.

3. Method of removal of calcium from hydrocarbon feedstock, as claimed in
claim 1 or claim 2, wherein the injection of said chemical compound to

20 said desalter - wash — water, is continuous.

4. Method of removal of calcium from hydrocarbon feedstock, as claimed in
any one of claims 1 to 3, wherein said mixing of step (a) of claim 1, is
carried out vigorously for enabling said chemical compound to chelate the

25 calcium.

5 Method of removal of calcium from hydrocarbon feedstock, as claimed in
any one of the preceding claims, wherein said chemical compound is used
in one of the concentrations selected from molar concentration, sub molar

30
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metal - acid conplex; e) processing the separated hydrocarboneous phase of
st ep downstream hydrocarbon processing techni que; Werein, the contact tine
bet ween sai d aqueous - extraction - solution and said hydrocarbon stream
during the mxing action of step (a) is in the range fromtwo seconds to

si x hours; ween@itratidre atdrpesamole concawratiodesid tapedt do ispidt ietal angd f r om
93C to 163C; and erein,. the weight percentage of the dosage of said

cheni cal conpound\ls\géﬂtfé"é’f’flfléﬁﬁdgg'é aﬁén@ t‘\ﬁgi ght of said desal ter -
wash- water. Method of renoval of cal ciumfrom hydrocarbon feedstock, as

clained in claim1l, wherein, said contact time between said aqueous -
extraction - 6sol uMehodnfiresaival bfychlauar foon hytirasarpod fe¢dstpckhas dlairiedgnact i on

of step (@) is in the range fromfive. seconds ta.two. hours. t hod .of
Ceroval of calf r ot hyar oL dRoRc bRt PR A AROVR 5 el PG 18] ai m o,
wherein he injectisgmtigh. sai d chem cal conpound to said desaher - washwater,
is continuous. Method of renoval of calciumfrom hydrocarbon feedstock, as
claimed in any one of claims 1 to 3. Wierein said mxing of step (a) of
claiml, is carri u L gor.qus f.or enahl in i.d. ¢ 1.cal nd to
chel ate the cal ci E\ﬂ?tﬁﬂfief) ﬁlb ot P?éér%tlf\:}g o?m?lgfl{ﬂ%ﬁlf'ﬁ%%l %8er§§ ﬁ’%’r%c%%ﬁ%ﬁ%
feedstock, as cl aiafig®nknfany peredidl diithsphdesii Bgdcldditive,is \wlesktnsaai d
chem cal conpound is used in one of the concentrations selected from nol ar
concentr &Pi on, suBIREIUA SxiEsHEM T WITtER ahedaiexdefEon HixiagAbarl Withon with
respect to said al ' t hereof, in said hydrocarbon feedstock.
Met hod of rem)valmggij1 E gfoc??%l%gfsfr%‘ln%tl'hydr ocar bon feedstock, as clained in any
one of the preceding clains, wherein said additives is used neat or in
solution. Method of renoval of cal ci.umfrom hydrocarbgn feedstock,. as
claimed in afy oné GPMPRULIR g@e&*f“ﬁ‘g"l% é‘i“ﬁé? %rl}-ﬁdﬁo“? &) 8&‘?“?‘%/851?1% added
to said aqueous - eﬁéltsr@@@:drg&y'li'c' aci@, WohPRisRls &1 8ff8tive MELPL defofing DY
thereof with said hydrocarbon stream 8. A conposition for renoving netals
from hydibcar bon feedst el agicogs @dtagtion efsolutioh of poi-prewpitisingcodponsi ng an
effective netal - .renovi I&ﬁ amount of ﬁn agf;eous eétrﬂec%i o{rg --- solution
of non- preci pi tat'?f’gm&fﬁl Bi6- FOBTTISHE 2 GBFPIce e cuRpIdSelrgted Thom A ERFP
conmpound sel ect ed chfigding T oup consi sting of 1)nono-ester of any of one of
the carboxylic acids, selected fromthe goup consisting of inmaleic acid,

mal ei ¢ anhydri de ahd fmmmmstqccvfoa,nym@nepﬁtmtboéxla@wg% selagsed frometbel by one
of the methyl, ethyl, propyl. .isopr ro , 1 r_of one of
t he carboxylic acids sgoelg)t/%%ls Silg%(fqﬁ%lhfg:ou%@%orﬁ?{a%t %aagbgraﬁglfgﬁlgxgci d,

mal ei c aphydride and f ugRl e shonweseeisubititesd &y ohs of theshéthyll etlyby one
of the methyl ethyl, propyl, isopropyl groups, or an appropriate

combi nation of said estERYL isgpopyl groups,’and

ii) di-ester of any one of the carboxylic acids selected from the group
consisting of maleic acid, maleic anhydride and fumaric acid,
wherein di-ester is substituted by one of the methyl, ethyl, propyl,

25 isopropyl groups, or

iii) an appropriate combination of said esters, and

iv) an appropriate combination of any of said esters with any of said
carboxylic acids,

forming a hydrocarbonous phase and an aqueous phase containing the

30 metal ions while reacting with hydrocarbon stream containing metals
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iv)an appropriate conbination of any of said esters with any of said
car boxylic acids, form ng a hydrocarbonous phase arid an agueous
phase containing the 30netal ions while reacting with hydrocarbon stream
containing netals and salts thereof, whereinsaid netal is calciumand said
salt is cal ci um napttshiéntiteecof Awbeneposiid ineatalais celcaimmaddisaidcsadli im@lciwher ei n
said conposition is ed.in one of the concentrations selected from nol ar
concentration, su@gﬂlﬁﬁg?at%oncentrati on, and excess - nolar concentration
with respect to said netal and salt thereof, in said hydrocarbon feedstock.
10. A conposition as claimed in claim8 or claim9, wherein said conposition
10i s used ne& or A porspdsitiorozs daichedhiarcdim §,nyhecein gaidsompasidos 6hpwsilki on to
desalter - wash --- er i s continuous. co sitiaon.as. clai in any
one of clains 8 t(?n‘id’%ec%f%mfi %nsa?:‘?q%f’%?fiaﬁﬁgl %%? rhceon(‘::%rﬁ%glgﬁ’t ?%brr{%glsarbet ween
fling KOH gmto 40fcdratiétiagdet&eshethicldr edncearmoalwitl respdct kaisaid mreml
hydr ocar bon feedstock, as clained any one of the preceding clains 1 to 7,
wher ei n sai d hydr gedstbtherof.dantidhydiogabonifeedstPol.3. Met hod of renoval of
cal cium from hydrocarbon kcdstock, as clainmed in wherein said
conventional processes of separation is countercurrent extraction.

10. A composition as claimed in claim 8 or claim 9, wherein said composition

10 is used neat or in solution and wherein injection of said composition to

desalter — wash — water is continuous.

11. A composition as claimed in any one of claims 8 to 10, wherein the acid

value of the composition is between 0 mg KOH/ gm to 400 mg KOH/gm.

15
12.  Method of removal of calcium from hydrocarbon feedstock, as claimed in
any one of the preceding claims 1 to 7, wherein said hydrocarbon stream is
crude oil.
20 13.  Method of removal of calcium from hydrocarbon feedstock, as claimed in

claim 1, wherein said conventional processes of separation is

countercurrent extraction .

47





