An Effective Novel Polynmeric Additive for |nhibiting Napthenic Acid
Corrosion and Method of Using the Sanme Field of Invention The present

i nvent i orwoebavese280 the field of inhibition of nmetal cecraBowoisnscot

aci di ¢ hydrocarbons, wherein acidity is derived from presence of naphthenic
acid. Particularly, the present invention relates to polyneric additive for
i nhi biting high tenperature napthenic acid corrosion and to nmethod of using
proposed polyneric additive to inhibit napthenic acid corrosion. Mre
particularly, it relates to a polyneric additive for inhibiting high

t enperature napthenic acid corrosion, wherein said polynmeric additive is
pol yneri c phosphate ester of polyisobutyl ene succinate ester or oxide
derivative of polymeric phosphate ester of polyisobutyl ene succinate ester.
Background of Invention It is widely known in the art that the processing
of crude oil and its various fractions has |ed to damage to piping and

ot her associ at eth diffectivee MoveluBolymeriaphddityg doradphibitimgr yapthenic Theide are
corrosive to thg fidnRiNE MethGES UstheGhsbdhd . €xtract, transport and process
the crudes. The difficulty observed in solving problens of naphthenic acid
corrosion is that it is primarily difficult to access its concentration in
the crude oi |, mbiePmventRaw estimated as Total Acid Nunber (TAN) or
Neutralization Nunmber. Cenerally speaking, naphthenic acid corrosion occurs
when the crudde being processed has a neutralization nunber or total acid

nunber (TAN), eRLESSRIR%idnNElalt hd IH9RIBrALNGLIES ST MBNYEGXA dendiequi red to
neutralize the acids in a one gram sanpl e, above
acidic hydrocarbons, wherein acidity is derived from presence of naphthenic acid.

Particularly, the present invention relates to polymeric additive for inhibiting high
10 temperature napthenic acid corrosion and to method of using proposed polymeric

additive to inhibit napthenic acid corrosion.

More particularly, it relates to a polymeric additive for inhibiting high temperature
napthenic acid corrosion, wherein said polymeric additive is polymeric phosphate
15 ester of polyisobutylene succinate ester or oxide derivative of polymeric

phosphate ester of polyisobutylene succinate ester.
Background of Invention

20 It is widely known in the art that the processing of crude oil and its various
fractions has led to damage to piping and other associated equipment due to
naphthenic acid corrosion. These are corrosive to the equipment used to distill,

extract, transport and process the crudes.

25  The difficulty observed in solving problems of naphthenic acid corrosion is that it
is primarily difficult to access its concentration in the crude oil, which is now
estimated as Total Acid Number (TAN) or Neutralization Number. Generally
speaking, naphthenic acid corrosion occurs when the crude being processed has a

neutralization number or total acid number (TAN), expressed as the milligrams of



0.2. As commonly used, naphthenic acid is a collective termfor certain
organi ¢ acids, which predom nantly consists of nonocyclic or bicyclic

car boxyl iwoaeiode3est h a boiling range between 350 and 6PO0UAB20amos3p3esent in
various crude oils. Although there may be present m nor anmounts of other
organic acids, it is understood that the magjority of the acids in

napht heni ¢ based crude are naphthenic in character, i.e., with a saturated
ring structure as follows: The acids tend to concentrate in the heavier
fractions during crude distillation at various |ocations including furnace
tubing, transfer lines, fractionating tower internals, feed and refl ux
sections of colums, heat exchangers, tray bottons and condensers, and
corrode such locations of the columm. The nol ecul ar wei ght of naphthenic
acid can extend over a |arge range. However, the majority of the naphthenic

acid fromcrude oils is found in gas oil and |light lubricating oil. The
corrosi ve behawrweriumRgirpidesieguted i eyeplize gt astds Hapofcreadn sands. @ba¥sry wit h
changes in nol goul ar wei ght and source of crude oil. Therefore, the

corrosion inhibitor suitable for one type of crude oil containing
napht heni ¢ acid may not be suitable for another type of crude oi

cont ai ni ng nap MS%HlinﬁmEdesgi, ngﬂﬁfﬂeﬁﬁ% facid Fishzgccﬁlg('ftfvg Sl thceRhind mc Qaﬁl, c acids is
reported to be exceptiodnally serious in the presence of sulfide conpounds,

such as hydrogerhidypredoginanip eengistsa dnonatyshent BFycHacfrhexylie geify wek a

di sul fides, polpgubfihaRsrapetat BsPPhRNSSE, TheprRRA heNaBoRCEAdLQng 0si on has
al so been reported to occur in carbon steel or ferritic steel furnace tubes

and tower bot t dHfougthdics] may e atipierly MHGT PO 0D BIherorgaBic 12O, Sor  per haps
even hi gher amyjmdsodinf@nitcunadfl ¥r &OaMad ih highechi® bRRd crude are naphthenic

in character, i.e., with a saturated ring structure as follows:

10
6 COOH

The acids tend to concentrate in the heavier fractions during crude distillation at

15

various locations including furnace tubing, transfer lines, fractionating tower
internals, feed and reflux sections of columns, heat exchangers, tray bottoms and
condensers, and corrode such locations of the column.
20
The molecular weight of naphthenic acid can extend over a large range. However,
the majority of the naphthenic acid from crude oils is found in gas oil and light
lubricating oil. The corrosive behaviour and physical properties of naphthenic acid
vary with changes in molecular weight and source of crude oil. Therefore, the
25  corrosion inhibitor suitable for one type of crude oil containing naphthenic acid

may not be suitable for another type of crude oil containing naphthenic acid.

Further, the corrosivity of naphthenic acids is reported to be exceptionally serious
in the presence of sulfide compounds, such as hydrogen sulfide, mercaptans,

30 elemental sulfur, sulfides, disulfides, polysulfides and thiophenols. The
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resi stance to naphthenic acid corrosion. Austenitic stainless steel
containing at |east 2.5% nol ybdenumis proposed to conpensate corroding

ef fect s ovOo=uoiofazs62and napht heni ¢ aci d, whi ch does not appeaB200®033e36cost
effective [US patent 5,630,964]. It is also known that when naphthenic

aci d- cont ai ni ng hydrocarbons/crude oil s/feedstocks is at a tenperature

bet ween about 2000C and 4000C (approxi mately 4000F -7500F), the corrosive
action of naphthenic acid is severe. The napht henic acid corrosion does
take place at | ower tenperature, but the corrosion in the tenperature range
varying from about 2000C to 4000C is severe, and therefore, has drawn nore
attention. Corrosion problens associated with naphthenic acid constituents
and sul fur conpounds in crude oils and petrol eumrefining operations have
been recogni zed for many years. As stated, such corrosion is particularly
severe in atnospheric and vacuumdistillation units at tenperatures range
varyi ng from abéphtheaagomm ceragion utas 25odrEen Figpeee! EoAfUr s cirhelt stePnapht heni ¢

aci d corrosion g$ibi@d i MRRE AdHoReORREAL ek -alidyls ehc}%yhg%np%%ved t hat
e

at elevated tenperatures, the corrosion inhibitors nmonstrate poor thernal
stability, and (e ld&comysserhamdverpiebitaauph valprpeidy sfw {ifls o no

reactor/distill.a§dfBe Whphi@fd abiiebaBY oL 2R RNiliO Wainlds Be@hlogninkhgr ef ore,
the corrosion inhibitor which is thermally stable at el evated tenperatures

and does not getsidetbmbPdeiids HEepesi toadmRENSE!G CorEling chiects plesulfur and

reactor/distillg ﬂtlﬁ%‘!ﬂicl'ﬁ@f-dg witieh dock n@( a-b}ge%ﬁdo_b@ Q&lt 6fecle FLrSepaiteﬂgﬂm%él]. Q her .
factors that contribute to corrosion activity of naphthenic acid present in

t he

It is also known that when naphthenic acid-containing hydrocarbons/crude
oils/feedstocks is at a temperature between about 200°C and 400°C
10 (approximately 400°F -750°F), the corrosive action of naphthenic acid is severe.
The naphthenic acid corrosion does take place at lower temperature, but the
corrosion in the temperature range varying from about 200°C to 400°C is severe,

and therefore, has drawn more attention.

15  Corrosion problems associated with naphthenic acid constituents and sulfur
compounds in crude oils and petroleum refining operations have been recognized
for many years. As stated, such corrosion is particularly severe in atmospheric and
vacuum distillation units at temperatures range varying from about 400°F to about
750°F, which confirms that the naphthenic acid corrosion is highly temperature

20  dependent.

It has been observed that at elevated temperatures, the corrosion inhibitors
demonstrate poor thermal stability, and get decompose and deposited on surfaces
of the reactor/distillation unit, and thereby cause fouling problem. Therefore, the
25  corrosion inhibitor which is thermally stable at elevated temperatures and does not
get decompose and deposited at surfaces of the reactor/distillation unit will the

ideal choice of the industry.

Other factors that contribute to corrosion activity of naphthenic acid present in the

30 crude oils or feedstock to be treated include:-



crude oils or feedstock to be treated include:-a) the anbunt of naphthenic
acid present in the crude oil or feedstock to be treated; b) the
concent r avpanioaf23@8l f ur conmpounds present in the crude @®CT/IB200$/@BBA ock toO
be treated; c) the phosphorus contents present in the crude oil or
feedstock to be treated and in the corrosion inhibitor enployed to inhibit
the corrosion; and d) the acidity of the crude oil or feedstock to be
treated, and of the corrosion inhibitor enployed to inhibit the corrosion.
The concentrations of naphthenic acid and sul fur conmpounds present in the
crude oil/feedstocks/ hydrocarbon streans [strean], generally, cannot be
controlled, therefore, whichever corrosion inhibitor is to be used to

i nhibit the naphthenic acid corrosion it should be capable of controlling
the corrosion of that amounts of naphthenic acid and sul fur conpounds
present in the stream GCenerally, these aspects are taken care by enpl oying
sufficient anount of the corrosion inhibitor. However, one will not prefer

the inhibitor i itgeRhBRRMHrAFHIRLR LAY AN HiRIAVANAUESK BDel N Case of
phosphorus containing inhibitors described hereinbelow Further, the

napht heni ¢ aci d cor F®%3dn gets exceptionally severe in the presence of

sul fur conpounds, egReGiaNdYioNYALAFBmPinkl P@senlNBELIRISIl of REaddRal |
corrosion inhibitor will be the one which can be effective for possible

concentratidns of nidkteadic acid as well as sulfur conpounds. If its
hi gher amount i$ t open&PRIBYE&Rents PRRedt tin SROMLE oM BE fLRURR (Phd R ac@SSOCi at ed

and in the corrosion inhibitor employed to inhibit the corrosion; and
d) the acidity of the crude oil or feedstock to be treated, and of the corrosion
inhibitor employed to inhibit the corrosion.
10
The concentrations of naphthenic acid and sulfur compounds present in the crude
oil/feedstocks/hydrocarbon streams [stream], generally, cannot be controlled,
therefore, whichever corrosion inhibitor is to be used to inhibit the naphthenic
acid corrosion it should be capable of controlling the corrosion of that amounts of
15  naphthenic acid and sulfur compounds present in the stream. Generally, these
aspects are taken care by employing sufficient amount of the corrosion inhibitor.
However, one will not prefer the inhibitor if its higher amounts cause other
disadvantages as in case of phosphorus containing inhibitors described
hereinbelow.
20
Further, the naphthenic acid corrosion gets exceptionally severe in the presence of

sulfur compounds, especially hydrogen sulfide.

Therefore, the ideal corrosion inhibitor will be the one which can be effective for
25  possible concentrations of naphthenic acid as well as sulfur compounds. If its
higher amount is to be employed, then it should not cause other associated

disadvantages.

The phosphorus content of the crude oil or feedstock to be treated and of the

30  corrosion inhibitor is known to impair the function of various catalysts or tend to
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di sadvant ages. The phosphorus content of the crude oil or feedstock to be
treated and of the corrosion inhibitor is known to inpair the function of
vari ous cababyarse28r tend topoi son the catal ysts whi ch a&ce/1Bxeg03i303d r eat
the crude oil/feedstock/ hydrocarbon streans, e.g., in fixed-bed
hydrotreaters and hydrocracking units. This problem therefore, is nore
severe when hi gher anounts of phosphorus containing corrosion inhibitor are
to be enployed to counter higher concentrations of naphthenic acid. The
crude oil processors, therefore, are always in dilema to use the
phosphorus containing inhibitors, because associ ated problens thereto may
render the over-all process ineffective and comercially unviable. The
probl enms of phosphorus containing corrosion inhibitors may be overcomne, but
by enpl oyi ng addi ti onal compounds known as phosphite stabilizers. However,
use of additional stabilizers nmay also render the over-all process

commerci al | y uigisabihe calalysie mevchsist ttet dn Ued By eBiletl/Bedspisbphesattdncont ai ni ng

inhibitors is tg.fupl. yimﬁgtgdpda@%?afa{réh%ergerdn%}&&cidﬁgiumst LS prdBpyppver, it
has been found that these inhibitfors are, generally, |ess e#?ectlve as
conpared to phdkpepicuds deit aieYirhgviicnhhiBhar oaounngl tPhespherdy eon@ipde not

preferred choi G8erosliHEIMBIHABE arct RE bE d:%loy_@(p eé QLG hi@i;@rbé-(ﬁl%ntr\ﬁ\tiidng dJre_the one
whi ch comprises |ower, but still effective anmounts of phosphorus. The

acidity of eruderhanicrasidd Shegeds/oiyparcsrsaispbeiciores aaabvpsrddampa{ouse treat ed

is primarily dyg biRsplRseRaRintl NRBRANaREAs@G0i AR pOhicsY ifdtio GRgPounds,
and m nor anounts of organic acids. As stated above the concentration of
t hese conpound gf,:nder the over-all process ineffective and commercially unviable.

The problems of phosphorus containing corrosion inhibitors may be overcome,
10 but by employing additional compounds known as phosphite stabilizers.
However, use of additional stabilizers may also render the over-all process

commercially unviable.

Another solution to problem of phosphorus containing inhibitors is to employ
15  non-phosphorus corrosion inhibitors. However, it has been found that these
inhibitors are, generally, less effective as compared to phosphorus containing

inhibitors, and therefore, are not preferred choice.

Therefore, the ideal corrosion inhibitor will be the one which comprises lower, but

20  still effective amounts of phosphorus.

The acidity of crude oil/feedstocks/hydrocarbon streams [stream] to be treated is
primarily due to presence of naphthenic acid and of sulfur compounds, and minor
amounts of organic acids. As stated above the concentration of these compounds,
25  generally, cannot be reduced in the stream ready for treatment. However, some
times the acidity of the stream is controlled either by blending the higher acid
numbered oils with low acid numbered oils so that overall acid number of the
stream to be treated is lowered down, or by neutralizing acidic contents of the
stream to be treated by a suitable neutralizing agent, or by removing the acidic

30  contents from the stream by suitable methods. It may be noted that such methods



general ly, cannot be reduced in the streamready for treatnment. However,
sone tinmes the acidity of the streamis controlled either by blending the
hi gher acwo 2nuv2e626d oils with | ow acid nunbered oils secCrharoooosrsd | aci d
nunber of the streamto be treated is | owered down, or by neutralizing
acidic contents of the streamto be treated by a suitable neutralizing
agent, or by renoving the acidic contents fromthe stream by suitable

nmet hods. It may be noted that such net hodsnot only increase the processing
time, but also increase the processing cost, and therefore, mnmake the
process highly undesirable for commercial purpose, and therefore, such
remedi es are not the preferred one. Therefore, if the corrosion inhibitor

per se, like aliphatic or aromatic phosphate esters has higher acidity,
then they tend to react with netallic surface of the reactor and formsalts
thereof, |ike phosphate salts fromaliphatic or aromati c phosphate esters,

whi ch sonet i mediogetly depas the grogeseing Hee ey aba insecascoli prgessma gest: @dch

i nhi bitors havifgehi.9Rtke A% Plotds MG SfdlitbR R ABhaIRiANfRershiore,
cannot be enpl oyed as naphthenic acid corrosion inhibitors, or at |east
cannot be consﬁ%@ﬁ@@ﬂﬁ§36ﬁ@¢@&¥%&ﬁ@ﬁdﬁﬁ%ﬂ%ﬁm@he industry. In view of the
foregoi ng description, naphthenic acid corrosion, therefore, is a concern
for the researchers in the field and attenpts are still on to find a
sui t abl e corr odliheisiaraii B comrosit iBkbikapen st lishrjrhpidc ef remitiorhogrhag| evat ed

tenperature, pagkisaHl dfdnyr Widifl Meh NBeyt RAPES ALk ik ARARIV @RdbNGr fHeom about
from about 2000C to 4000C [ about 4000F to about 7500F], but also

denonstrat es hil¢fiseF 2nhderpatalty tereehi ket Rhogphats|selikatrer) alighgsieraatageredic and does

not t get deconpgseghantdeRAtintsesledhes Ul fpGast 8ld hhey aRetihgitghi | | ation
uni t.
such inhibitors having higher acidity have serious problems and therefore, cannot

10 be employed as naphthenic acid corrosion inhibitors, or at least cannot be

considered as preferred choice of the industry.

In view of the foregoing description, naphthenic acid corrosion, therefore, is a
concern for the researchers in the field and attempts are still on to find a suitable
15  corrosion inhibitor which can not only be effective at elevated temperature,
particularly within the temperature range varying from about from about 200°C to
400°C [about 400°F to about 750°F], but also demonstrates higher thermally
stability at elevated temperatures, and does not get decomposed and deposited at
surfaces of the reactor/distillation unit.
20
Further, the corrosion inhibitor developed should be effective for possible
concentrations of naphthenic acid and sulfur compounds in the stream that’s too
without causing associated disadvantages; and may comprise lower, but effective
amounts of phosphorus; and it per se should have lower acidity or at least should
25  not contribute to acidity of the stream to be treated so that the inhibitor developed

can be the preferred choice of the industry.

For the present inventor, need of suitable corrosion inhibitor having above
advantages arises particularly to treat Indian crude oil. However, the present

30  invention not only aims to develop a corrosion inhibitor to treat the Indian crude



Further, the corrosion inhibitor devel oped should be effective for possible
concentrations of naphthenic acid and sul fur conpounds in the streamthat'
s too w twoubloase8ng associ at ed di sadvant ages; and may Pconpraogeszegier , but
effective anmounts of phosphorus; and it per se should have |lower acidity or
at | east should not contribute to acidity of the streamto be treated so
that the inhibitor devel oped can be the preferred choice of the industry.
For the present inventor, need of suitable corrosion inhibitor having above

advant ages arises particularly to treat Indian crude oil. However, the
present invention not only ains to develop a corrosion inhibitor to treat
the Indian crudeoil, but also to treat crude oil of countries |ike China,

Africa and Europe, which have al so been found to contain varying anmounts of
napht heni ¢ aci d. Various approaches to control naphthenic acid corrosion
including, as stated above, blending the crude oil having | ow acid nunbers
wi th crude oil Habytrilgone §rataeidg of pisentrgs like Shing,Alrigs pndgleyrepen diser

[neutralizati om,(UIR&ctn foind ©IHEEH vadRAY EmbERIL A RmiHeever , bl endi ng has
not been reported to be successful in preventing naphthenic acid corrosion.

Anot her approach, as stated, includes neutralization and/or renoval of the

napht heni ¢ aci dgyibiOBIrNen&r HA@nRdll nRiBY: REQCLIDEh iMRNR! Bs Glakde oIl s
treated with choline TUS patent No. 4,600,518]. Even this approach has not

been found to BEoEf blerdingtac ergdecihinaing fap Pt aikersatiiocredsraildsiiag highi ch i s

severe at hi ghetiqt,@fBar Bl 8verANgidRnes BEhRMSaioR nPHES RGO, BHkPhur . The
use of tetrahydrothiazol e phosphonic acids and esters thereof as scale

i nhi bitors, as bael didorfysivern HgRingi kasr 20t Bese gerEfale BOrPssIsBh nhi bitors

or as preventing naphthenic acid corrosion.

10 Another approach, as stated, includes neutralization and/or removal of the
naphthenic acids from the crude oil being processed, wherein crude oil is treated
with choline [US patent No. 4,600,518]. Even this approach has not been found to
be effective to combat naphthenic acid corrosion which is severe at higher
temperatures and more serious in presence of sulphur.

15
The use of tetrahydrothiazole phosphonic acids and esters thercof as scale
inhibitors, as acid corrosion inhibitors, and general corrosion inhibitors or as
biocides has been reported in U.S. Pat. No. 4,443,609. The US’609 also reports
that tetrahydrothiazole phosphonic acids and esters thereof may be employed as

20  intermediates leading to  scale inhibitors upon  reacting  with
formaldehyde/phosphorus acid. As per US ‘609, such inhibitors can be prepared
by reacting certain 2,5-dihydrothiazoles with a dialkyl phosphite. These inhibitors
may be having good corrosion inhibition properties, but these tend to break down
during high temperature applications with possible emission of obnoxious and

25  toxic substances, therefore, are not preferred choice of the industry.

The US patent No. 5,182,013 discloses use of organic polysulfides as potential
corrosion inhibitors to inhibit naphthenic acid corrosion. However, organic

polysulfides are reported to be suitable only upto the temperatures of 500°F. The



bi oci des has been reported in U S. Pat. No. 4,443,609. The US 609 al so
reports that tetrahydrothiazol e phosphonic acids and esters thereof may be
enpl oyed w®O 201es6z8di at es | eading to scal e i nhibitors upom/IBEagHI3NME W t h

f or mal dehyde/ phosphorus acid. As per US '609, such inhibitors can be
prepared by reacting certain 2,5-di hydrothiazoles wth a dial kyl phosphite.
These inhibitors nay be having good corrosion inhibition properties, but
these tend to break down during high tenperature applications with possible
em ssion of obnoxious and toxic substances, therefore, are not preferred
choice of the industry. The US patent No. 5,182,013 discl oses use of
organi ¢ polysul fides as potential corrosion inhibitors to inhibit

napht heni ¢ acid corrosion. However, organic polysulfides are reported to be
suitable only upto the tenperatures of 5000F. Thei nventor of present
invention believes such limtation of organic polysulfides is because of

t hei r poor therifuEntosphpiesent ipverine belgvprtush dingtionsofgagangapplyspifides 0 over cone

limtations of plQuRalr@l: Joer th@mkBeability by deliberate addition of sulfiding
agents to the process stream contai ning phosphorus, because as per US 964,

phosphorus can forman effective barrier against corrosion w thout sul phur,

but the additi afQqfs ?&Eﬁtiﬁ&.%ﬁ%ﬂltﬁest@ JvBRoME PeRASorR IITAMTHHERTN. NI NG .
phosphorus yields a fil mconposed of both sulfides and phosphates, which is

sai d to i nprove.Péfdrirafidibcigle pddeioadeli sylliding (eIt AkF FFOCHSxHGRB of

phosphat e eSterﬁ%ﬁmgrQ&? SruP Bbdaddl & beeys bk, bRgphoridal @dndenmRsivat es.
[Table Il of Exanple fﬁ hat if one attenpts to inhibit naphthenic acid

corrosion ei t hdRITisy agHnsl eyoRgn pribey alpeurestdhe glddive cbpulbging rgsingy'P ng
pol ysul fi de al QReprodciesuCtth LORAiNBe PRshMrdsWidlds d M BhipedaBEboRGIfi@k! M nat ed
and phosphates, which is said to improve performance of the additive consisting

10 of mixture of phosphate ester and organic polysulfide.

Further, US’964 demonstrates [Table II of Example 2] that if one attempts to
inhibit naphthenic acid corrosion either by employing phosphate ester alone or by
employing polysulfide alone, the corrosive activity is inhibited but not eliminated
15 meaning thereby phosphate ester alone or polysulfide alone are not effective to

inhibit and eliminate the naphthenic acid corrosive activity.

Further, US’964 also goes to demonstrate [Table II of Example 2] that if one
attempts to inhibit naphthenic acid corrosion by employing mixture of phosphate
20  ester and organic polysulfide, the corrosive activity is inhibited as well as
eliminated, meaning thereby, as per US’964, one can achieve efficiency of
phosphate ester corrosion inhibitor only by combining it with organic polysulfide

and not otherwise.

25  Accordingly, it is understood from the foregoing that as per US’013, organic
polysulfide is effective as naphthenic acid corrosion inhibitor, but only upto the
temperatures of 500°F, which means it cannot be employed in the higher
temperature range. However, as per US’964, neither phosphate ester alone nor
organic polysulfide alone is very effective, but only their combination is effective

30  as naphthenic acid corrosion inhibitor. Therefore, after reading of US’964, one

8



meani ng t hereby phosphate ester alone or polysulfide al one are not
effective to inhibit and elimnate the naphthenic acid corrosive activity.
Furt her, w8 208/023d280 goes to denonstrate [Table Il of EramgBmo2ps3vsat i f
one attenpts to inhibit naphthenic acid corrosion by enploying m xture of
phosphat e ester and organic polysul fide, the corrosive activity is
inhibited as well as elimnated, neaning thereby, as per US 964, one can
achi eve efficiency of phosphate ester corrosion inhibitor only by combining
it wth organic pol ysulfide and not otherw se. Accordingly, it is
understood fromthe foregoing that as per US 01 3, organic polysulfide is
ef fective as naphthenic acid corrosion inhibitor, but only upto the

t enperatures of 5000F, which nmeans it cannot be enpl oyed in the higher
tenperature range. However, as per US 964, neither phosphate ester alone
nor organi c pol ysul fide alone is very effective, but only their conbination
is effective asvihamshtRewi atempt do curmOs icier i PIRFIIREopsier THece o oEZaniSS t er
readi ng of US 984upMembd.! not make attenpt to enpl oy either phosphate
ester al one or organic polysulfide alone. The conbi nati on of thi ophosphorus
conmpound wi th hydrogen sul fide scavengi ng conpound is reported in US Pat ent

publication No.rn2QOAhiAALR 64 ﬁnopﬁ§spﬂ§ﬂhs E&ﬁ;ﬁ)uﬂﬁ&ﬁl@ Bydrb gen @ﬁlﬁd@-gcta fng

control the naphthenic acid corrosion, by | oy |n9 % the t |ophosphorus
conpound, tRe [cewpppungfis W@tﬁe@clpulbﬁw%@ﬁupéb}@aﬂqnswem POV Var 4 Ay Bist o 89 %

[ Exanpl e 2] . FQM@H@EBm%hﬁ@m@@%o%bﬁﬁﬂ@%@&mﬂMgﬁ@gé@cﬁﬂ&&md% %&?M§mglng
conmpound to the thlophosphorus conpound, the |evel ection’is

determ ned to B8lygbe HuanhEseherst eomoundr i leve Pépromlm aCP@&?ﬁi ngeflovs 747, one
will varying upto 89 % [Example 2]. However, when one also adds hydrogen sulfide

scavenging compound to the thiophosphorus compound, the level of protection is
10 determined to be 99.7% [Example 1]. Therefore, after reading of US’747, one will

not make attempt to employ only thiophosphorus compound.

Similarly, US patent No. 3,909,447 discloses use of combination of
thiophosphates, pyrophosphates containing both oxygen and sulfur, and oxygen
15  phosphates as corrosion inhibitor. This patent [see abstract and claim 1] also
confirms that when one attempts to inhibit corrosion by employing either of
thiophosphates or of pyrophosphates containing both oxygen and sulfur, or of
oxygen phosphates, the results are not encouraging. Therefore, even from reading
of US’447, one will not attempt to use thiophosphates, pyrophosphates containing

20  both oxygen and sulfur, and oxygen phosphates individually.

Further, the corrosion inhibitors of US’447 are useful against corrosion in
relatively low temperature oxygenated aqueous systems such as water floods,
cooling towers, drilling muds, air drilling and auto radiator systems. US’447 also
25 notes that many corrosion inhibitors capable of performing in non-aqueous
systems and/or non-oxygenated systems perform poorly in aqueous and/or
oxygenated systems. Further, the reverse is true as well. The mere fact that an
inhibitor that has shown efficacy in oxygenated aqueous systems does not suggest

that it would also show efficacy in a hydrocarbon. Moreover, the mere fact that an



not make attenpt to enploy only thiophosphorus conpound. Simlarly, US
patent No. 3,909, 447 di scl oses use of conbination of thiophosphates,

pyr ophosphater/essBai ni ng both oxygen and sul fur, and orggam20otroBplat es as
corrosion inhibitor. This patent [see abstract and claim 1] also confirns

t hat when one attenpts to inhibit corrosion by enploying either of

t hi ophosphat es or of pyrophosphates containing both oxygen and sul fur, or
of oxygen phosphates, the results are not encouragi ng. Therefore, even from
readi ng of US 447, one will not attenpt to use thiophosphates,

pyr ophosphat es cont ai ni ng both oxygen and sul fur, and oxygen phosphates
individually. Further, the corrosion inhibitors of US 447 are useful

agai nst corrosion in relatively | ow tenperature oxygenated aqueous systens
such as water floods, cooling towers, drilling nuds, air drilling and auto
radi ator systens. US' 447 al so notes that many corrosion inhibitors capable
of perform ng iirhibjon harhsebefsicaipyt arrsladyrdy b1 PPRE%YYemsanedney shaeis perform

poorly in agqueqisid/RirRINARNALEH (EYSiRBuresFUr t her, the reverse is true
as well. The nere fact that an inhibitor that has shown efficacy in

oxygenat ed aqueous systens does not suggest that it would al so show

efficacy in a Rydeat bABmodRE: GRYRGLrs hl SvniBrf JetrrdcRal acdhiydbor has
been efficacious at relatively | ow tenperatures does not nmean'that it would

al so be ef fiScadibrsgatges kve begnegundeinhesoaeingibcctiymatiefareratires jush @pfon f or

i nhibitors thaty7yfi hugdre XY@l e 6l iMRiRt At ShAtEMRIMukOWol&iRELAL UT €S
have been found to becone ineffective at tenperatures such as the 175C to

4000C encount ere@ripyploirubleatmayng giffigylt tg gldyigenper at ures, corrosion is
notoriously troubl esone and difficult to alleviate.

Further, the inventor of present invention has found that the thiophosphates,
10 pyrophosphates containing both oxygen and sulfur, and oxygen phosphates will

have higher acidity which is not desirable to control naphthenic acid corrosion.

Therefore, U.S.’447 contains no teaching or suggestion that individually
thiophosphates, pyrophosphates containing both oxygen and sulfur, and oxygen

15  phosphates will be effective as corrosion inhibitor in non-aqueous systems such as
hydrocarbon fluids, especially hot hydrocarbon fluids. Further, there is no
teaching that individually thiophosphates, pyrophosphates containing both oxygen
and sulfur, and oxygen phosphates would be effective against naphthenic acid
corrosion at elevated temperature.

20
The combination of phosphate ester with phosphite mono- and di-esters is
reported in US 4,024,050 and combination of thio-phosphate ester with thio-
phosphite mono- and di-esters is reported in US 4,024,049. However, these
combinations are reported only as anti-fouling agents. Further, phosphate esters

25 employed are aliphatic of lower alkyls, which cannot have molecular weight
between from about 850 to 1600. The inventor of present invention has found
that these compounds have poor thermal stability, and tendency to decompose and
get deposited on metallic surfaces of the reactor, and have high phosphorus
content, high acidity, and therefore, cannot be effective as naphthenic acid

30 corrosion inhibitors.

10



Further, the inventor of present invention has found that the

t hi ophosphat es, pyrophosphates containi ng both oxygen and sul fur, and
oxygen phwephawese2si | | have higher acidity which i s not pdedaBreaphs7360
control naphthenic acid corrosion. Therefore, U S. '447 contains no
teachi ng or suggestion that individually thiophosphates, pyrophosphates
cont ai ni ng both oxygen and sul fur, and oxygen phosphates wll be effective
as corrosion inhibitor in non-aqueous systens such as hydrocarbon fl uids,
especially hot hydrocarbon fluids. Further, there is no teaching that

i ndi vi dual Iy t hi ophosphat es, pyrophosphat es contai ni ng both oxygen and

sul fur, and oxygen phosphates woul d be effective agai nst naphthenic acid
corrosion at elevated tenperature. The conbi nati on of phosphate ester with
phosphite nmono- and di-esters is reported in US 4,024,050 and conbi nati on
of thio-phosphate ester with thi ophosphite nono- and di-esters is reported
in US 4,024,049. However, these conbinations are reported only as

anti-fouling ageptis pdithi Noek ssPHBSARAE BStR PRoPIRLONEA@GadkdRhat i ¢ of
| ower al kyl's, which cannot have nol ecul ar wei ght between from about 850 to
1600. The i nverstsF ofonypk saFsionmpeReialin seacer Judictliafen celhgsesebounds have

poor thermal stabidol hyaro@Rfnd QOAEALY LPhASHEOMRRS erRNhsHorndepRatiied on
netal lic surfaces of the reactor, and have hi gh phosphorus content, high

acidity, and tHefesaspd esteragipdeych compiise plikylehayde degghb fe A carhen do®sr r osi on

i nhi bi tors. The YRHDALRAT haWO mocRia? wBRl HliREln0RES MR Bh BhedRhoriks thioacid
hydr ocar byl ester to control corrosion on netallic surface of distillation

col um used foriMYPERET RESHY drSeEmBh Jowdnhdi e gomapindhehp d2ecPer The
phosphor us thi QRgidl stability, and tendency to decompose and get deposited on metallic

surfaces of the reactor, and have high phosphorus content, high acidity, and

10 therefore, cannot be effective as naphthenic acid corrosion inhibitors.

The use of phosphite esters, phosphate esters, thiophosphite esters, thiophosphate

esters and mixtures thereof is disclosed in US patent No. 4,542,253.

15 The US patent no. 5,863,415 discloses use of one or more thiophosphorus
compound, a salt thereof, an alkyl or aryl ester thereof, an isomer thereof or

mixture thereof.

Even findings of US’964 [and also of US’447], without explaining the reasons,
20  also goes to confirm that when phosphate ester is employed alone as naphthenic
acid corrosion inhibitor, its corrosive activity is not effective, that is, not of
desired level to inhibit as well as eliminate the corrosive activity of naphthenic
acid. Therefore, even US’049, US’050 and US’085 cannot be considered to
disclose or suggest or teach use of phosphate esters as naphthenic acid corrosion

25  inhibitor at elevated temperature during crude oil processing.

The use of phosphorus containing compounds has been reported in US patent No.
3,531,394, but only as thermally cracking agents. Further, the phosphorus
containing compounds are selected from oxide of phosphorus, phosphoric acid or

30  phosphine. This patent also discloses use of bismuth containing compounds, and

11



hydr ocar byl ester enpl oyed conprises alkyl having from5 to 30 carbon
atons, whi ch cannot have nol ecul ar wei ght between from about 850 to 1600.
The i nverworzowiozps28sent i nvention has found that these ecmwpBogss3ateso have
poor thermal stability, and tendency to deconpose and get deposited on
metallic surfaces of the reactor, and have hi gh phosphorus content, high
acidity, and therefore, cannot be effective as naphthenic acid corrosion

i nhibitors. The use of phosphite esters, phosphate esters, thiophosphite
esters, thiophosphate esters and m xtures thereof is disclosed in US patent
No. 4,542,253. The US patent no. 5,863,415 di scl oses use of one or nore

t hi ophosphorus conpound, a salt thereof, an alkyl or aryl ester thereof, an
i soner thereof or mixture thereof. Even findings of US 964 [and al so of US
447], without explaining the reasons, also goes to confirmthat when
phosphate ester is enployed al one as naphthenic acid corrosion inhibitor,
its corrosive &cenhipgfionsf phospherpserpipiag apdaipmylg congping porgogndseblit| evel to

i nhibit as wellonAS@leMIRALL kDG GAr TRSEY &1 Afspnalel Ys iRiicAAPBINERI £ aci d.
Therefore, even US 049, US 050 and US 085 cannot be considered’'to disclose
or suggest or tleappbusEcking phtssphane Bstceminglionn gt Rispvt £en@n@sr r osi on

i nhibitor at elgysifds.temperature during crude oil processing. The use of
phosphorus cont ai ni ng conpounds has been reported in US patent No.
3,531,394, But only as thermally cracking agents. Further, the phosphorus

contai ni ng conpgunds afe &ﬁ#&ﬁ&ﬁ@o&?&ﬂm0§&Qﬁﬂ0ﬁkﬁbq%ﬂﬁ%&ﬁﬁqmgﬁﬂﬁ@horiC aci d
or phosphine. This patenF al so di scl oses use of bisnuth contai ning
conpounds, anddfioRwBaCT JhioBHOSPHSs pHEr GemrBAtaivitnglning BhSHR h

contai ni ng com@uALiine Bdipound has also been disclosed in U.S. Patent No. 4,842,716.

10 A significant advancement in phosphorus-containing naphthenic acid corrosion
inhibitors has been reported in U.S. Patent No. 4,941,994. Therein it is disclosed
that metal corrosion in hot acidic liquid hydrocarbons is inhibited by the presence
of a corrosion inhibiting amount of a dialkyl and/or trialkyl phosphite with an
optional thiazoline. While the method described in U.S.”994 may be capable of

15  providing significant improvements over the prior art techniques, nevertheless,
there is always a desire to enhance the ability of corrosion inhibitors while
reducing the amount of phosphorus-containing compounds which, as described
herein, are know to impair function of various catalysts used for treatment of
crude oil, as well as a desire for such inhibitors that may be produced from lower

20  costor more available starting materials.

As described herein, the use of phosphorus based compounds particularly, when
these are to be employed in higher amounts, can cause impairing of catalyst
activity or poising of catalyst. The PCT publication WO 2008/005058 proposes a
25 solution to this problem by either reducing the amount of phosphorus-based
constituents or by eliminating the use of phosphorus based constituents. However,
this application additionally proposes use of sulfur-based constituents which are
selected from tropylene, 1,2,4-dithiazole-3-thione, and combination thereof, and
nitrogen-based constituents which are selected from acridine, phenanthridine,

30  octahydroacridine, octahydrophenanthridine, 1,3-thiazole, and combinations

12



only as thermally cracking agents. The use of phosphates is indicated, but
only as thermally cracking agents, and in conbination with bisnuth

cont ai ni yocorpnssrds. The use of phosphorus conpound selPeTUBZDOH/NIMI6
phosphat e, phosphite, thiophosphate or thiophosphite ester compounds with
filmng inhibitor - imdazoline conpound has al so been disclosed in U S.
Patent No. 4,842,716. A significant advancenent in phosphorus-containing
napht heni ¢ acid corrosion inhibitors has been reported in U S. Patent No.
4,941,994. Therein it is disclosed that nmetal corrosion in hot acidic

| i qui d hydrocarbons is inhibited by the presence of a corrosion inhibiting
anmount of a dialkyl and/or trial kyl phosphite with an optional thiazoline.
While the nethod described in U S. '994 may be capabl e of providing
significant inprovenents over the prior art techniques, neverthel ess, there
is always a desire to enhance the ability of corrosion inhibitors while
reduci ng the arffuend: bhe prags probletis it AdiEPhih gerestipsehienss whiselir-basddescri bed

herein, are knQWwndifich®PRatar fi ot QffuV@niptiRis GRI&bYRES, Ha8E:f k treat ment
of crude oil, as well as a desire for such inhibitors that may be produced

from | ower costPraseEssiprat ceppamicall ¥ad¢-arting materials. As described herein
the use of phosphorus based conpounds particularly, when these are to be
enpl oyed in hig?er anounts, can cause izBairing of catal yst activity or

poi si ng of at dihy &1S. patererubtiptipy P Ea2oBH2NE02 do8ree305Y 2iicaiissesnta sol uti on

to this probl enyhyigid Nekast SAUGIAGsE BELABDUNE nR{al RAPSRIY U2ahased
constituents or by ellnlnatlng t he use of phosphorus based constituents.
However , complexing agent, which as per this publication should form a colloidal dispersion

in the hydrocarbon stream containing naphthenic acid. Here again it is the
combination of two compounds and that’s too capable of forming a complex and
10 then forming a colloidal dispersion with hydrocarbon stream. This publication
also does not disclose or teach phosphate esters which can be effective at elevated

temperature and demonstrate higher thermal stability and low acidity.

Another approach for prevention of naphthenic acid corrosion is use of a chemical
15  agent to form a barrier between the crude and the equipment of the hydrocarbon
processing unit. This barrier or film prevents corrosive agents from reaching the
metal surface, and is generally a hydrophobic material. Gustavsen et al. NACE
Corrosion 89 meeting, paper no. 449, Apr. 17-21, 1989 details the requirements
for a good filming agent. Further, U.S. Patent No. 5,252,254 discloses one such
20  film forming agent consisting of sulfonated alkylphenol, which as per this patent
is effective against naphthenic acid corrosion. As this is aliphatic in nature and its
molecular weight is likely to be very low, it is expected to be thermally less stable

at elevated temperatures.

25 The PCT publication No. W02006/049980 discloses use of tetra functional
substituted aromatic compounds and esters or anhydrides of trimellitic acid, which
can be employed even if crude oil/feedscock/hydrocarbon stream contains sulfur
containing compounds. The proposed additives are non-polymeric in nature and
the non-polymeric additives tend to break down at elevated temperature

30  conditions resulting in formation of volatile products which tend to contaminate
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this application additionally proposes use of sulfur-based constituents

whi ch are selected fromtropylene, |,2,4-dithiazol e-3-thione, and

conbi nat iwo 20tvema@B, and nitrogen-based constituents whiPCH/IB2009/8837&Ct ed
from acridi ne, phenanthridine, octahydroacridine, octahydrophenanthridine,
1, 3-thiazol e, and conbi nati onsthereof. The main problem in addition to
general problens of sulfur-based constituents, is that the suggested sul fur
conpounds are expensive, therefore, the process is not economcally viable.
The US patent publication No. US 2003/0201207 di scl oses use of a treating
agent conprising at |east one overbase conplex of a netal salt and an
organi c acid conpl exi ng agent, which as per this publication should forma
col | oi dal dispersion in the hydrocarbon stream containi ng napht heni ¢ aci d.
Here again it is the conbination of two conpounds and that's too capabl e of
formng a conpl ex and then form ng a colloidal dispersion with hydrocarbon
stream This pulb hgdpsatenapegmddaghgiothedngtpymerisy compeRdphdSphetie esters
whi ch can be efkg&t e at el evated tenperature and denonstrate higher
thermal stability and |ow acidity. Another approach for prevention of

napht henic acid corrosion is use of a chemcal agent to forma barrier

between the cruggandiohherRGYh R HorOfavt BEnh¥HAGR LRI RHACSEHIHRY uni t.
This barrier or filmprevents corrosive agents fromreaching the netal

surface, and i $agelremassyribedhaeinphbbiclicaat @nd apclulggsstofvawnpasticuldr,  NACE

Corr _OSi on 89 NRethiGh inlM B fis lﬂ@wn‘lélgepeﬁp:ﬁt onlfardchlar 498hsARLRlid shithg
requi rements for a good filmng agent. Further, U S. Patent No. 5,252,254

di scl oses one dudmwli¢d. Thsrelorentifiepcs gachisclbnsivadsrege st okdicrpsiancedelgnky| phenol |

which as per t hios RAtEIN sdnk ©f £Raki ¥eoAGRINSEnBARRLIENI G 1BGL JumB T 0Si on.  As
this is aliphatic in nature and its _ o
of corrosion inhibitors have been developed and are in use for application to

10 various systems depending on the medium treated, the type of surface that is
susceptible to the corrosion, the type of corrosion encountered, and the conditions
to which the medium is exposed, and still developmental work is going on to find

better alternatives.

15 It is observed that currently used inhibitors are, generally, thermally reactive at
elevated temperatures. In case of phosphorus-based inhibitors, this is thought to
lead to a metal phosphate surface film, which is more resistant to naphthenic acid
corrosion than the base steel. These inhibitors are relatively volatile and exhibit
fairly narrow distillation ranges.

20
Further, the polysulfide based inhibitors decompose into complex mixtures of
higher and lower polysulfides, and, perhaps, elemental sulfur and mercaptans.

Therefore, their volatility and protection offered is not predictable.
25  Problem to be Solved by the Invention:-
Accordingly, it is understood from the foregoing description that present problem

faced by the industry is that none of the additives of the prior art can be

considered as preferred choice to inhibit naphthenic acid corrosion at elevated

14



nol ecul ar weight is likely to be very low, it is expected to be thermally

| ess stable at el evated tenperatures. The PCT publication No. W2006/ 049980
di scl oseswoze10af23¢28t ra functi onal substituted aronati c ®OoRpB0YEs3asd esters
or anhydrides of trinmellitic acid, which can be enpl oyed even if crude

oi | / f eedscock/ hydr ocarbon stream contai ns sul fur containing conpounds. The
proposed additives are non-polyneric in nature and the non-pol yneric
additives tend to break down at el evated tenperature conditions resulting
in formation of volatile products which tend to contan nat et he hydrocarbon
stream Further, the non-polyneric conpounds have poor efficiencies. Wile
various corrosion inhibitors have been known in art and some of which have
been described herein. The efficacy and useful ness of any particul ar
corrosion inhibitor is known to dependent on particular circunstances in
which it is applied. Therefore, efficacy and useful ness under one set of

ci rcunst ances CMREFRIHD X ciigg ofl by drogsher /figrdsiaplotindiatige ragttorsdElist ances.

As a result, apkanganlurberonobr GO5HATrMhnt MULHAl Rrdigve been devel oped and
are in use for application to various systens dependi ng on the nedi um

treated, the type of surface that is susceptible to the corrosion, the type
of corrosion engy ot @k ehenaflf- t he conditions to which the mediumis
exposed, and still devel opnental work is going on to find better
alternatives. It is observed that currently used inhibitors are, generally,

thermal |y reactin@ral ugleyahed b BRREMAIHIEEBR- aclito&etS: iBfibiRNOSIRAPLHS - based
inhibitors, this is thought to lead to a netal phosphate surface film

which is nore rmespalydistef e@ti\f?aﬁmlewéﬁfl demgpergyure varying from about from about
200°C to 400°C [about 400°F to about 750°F], but can also demonstrate higher

thermal stability at elevated temperatures, and therefore, does not get decomposed
10 and deposited at metallic surfaces of the reactor/distillation unit, meaning thereby
does not cause fouling and other associated problems so that Indian crude oil, and
crude oil from countries like China, Africa and Europe can be effectively treated

without causing corrosion due to presence of naphthenic acid therein.

15  Further, the corrosion inhibitor so developed should also be effective for possible
concentrations of naphthenic acid in the stream that's too without causing
associated disadvantages, and it should have lower acidity or at least should not
contribute to acidity of the stream to be treated so that the inhibitor developed can
be the preferred choice of the industry.

20
Further, the corrosion inhibitor so developed may comprise lower, but effective

amounts of phosphorus.

Objects and Advantages of the Invention:-

25
Accordingly, there remains a continuing need to develop additional options for
mitigating the corrosivity of acidic crudes effectively and at lower cost. This is
especially true at times of low refining margins and a high availability of
corrosive crudes from sources such as India, Furope, China, and Africa. The

30  present invention aims to addresses this need.

15



corrosion than the base steel. These inhibitors are relatively volatile and
exhibit fairly narrow distillation ranges. Further, the polysul fide based

i nhi bi t orwodenanpese i nto conpl ex m xtures of hi gher an@#CraBsw9/ 053736

pol ysul fi des, and, perhaps, elenental sulfur and nercaptans. Therefore,
their volatility and protection offered is not predictable. Problemto be
Sol ved by the Invention:- Accordingly, it is understood fromthe foregoing
description that present problemfaced by the industry is that none of the
additives of the prior art can be considered as preferred choice to inhibit
napht heni ¢ acid corrosion at el evatedtenperature in crude oil / hydrocarbon
| feedstock distillation / reactor colum, because these have one or the

ot her probl em as descri bed herein. Need of the Invention:- Therefore, there
is a need to have a naphthenic acid corrosion inhibitor, which can not only
be effective at el evated tenperature varying from about from about 2000C to
4000C [ about 4000F to about 7500F], but can al so denonstrate higher thermal

stability at elgyaied fLMPGEARYRSpre@AdintBEEL T SrodlReS nipdihcfiEacideconposed
and deposited at netallic surfaces of the reactor/distillation unit,

meani ng t her ebyodoed nbibilgatr§ish fipndti myy difgtivt Hellevalsd denngragde prgbkens so

that Indian crygg Mo réA%bS YA Olol 400F@MLEAWDFH BSabbhkB0&] AR.a1shf ri ca and
Eur ope can be effectlveI{ treated without causing corrosion due to presence

of napht henic alemanstraehighgr therat Hahility phdevatse tarpesiesn Riddhereiores docgevel oped

shoul d al so be \gf f&Gitéo¥ifof@ranP S dCa GRMEEN U BLds AN eheOEadBRBLIGOLC acid in
the streamthat' s too wthout causing associ ated di sadvantages, and it

shoul d have | oweH: BENEE hprey dags nplesaste feHima e gfbr associated problems.

This is also an object of the present invention to provide a naphthenic acid
10 corrosion inhibitor, which is also effective for higher concentrations of naphthenic

acid in the stream that’s too without causing associated disadvantages.

This is also an object of the present invention to provide a naphthenic acid
corrosion inhibitor, which, if employed in higher amount, does not cause other

15  associated disadvantages.

This is also an object of the present invention to provide a naphthenic acid
corrosion inhibitor, which has lower acidity or at least does not contribute to
acidity of the stream to be treated, and therefore, does not tend to react with
20  metallic surface of the reactor, and hence, does not form salts of acids/esters,

meaning thereby does not cause fouling.

This is also an object of the present invention to provide a naphthenic acid
corrosion inhibitor, which comprises lower, but effective amounts of phosphorus,
25 and hence, does not impair function of catalysts or does not poison the catalysts

employed for treatment of the crude oil /feedstock/hydrocarbon streams.

This is also an object of the present invention to provide a naphthenic acid
corrosion inhibitor, which is not non-polymeric additive, but a polymeric additive,

30  and has been found to be stable at elevated temperatures, and does not tend to
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contribute to acidity of the streamto be treated so that the inhibitor
devel oped can be the preferred choice of the industry. Further, the

corrosi orwprehiogi28@8 so devel oped may conprise | ower, butrCefiBBoOY/HIBE3@MOUNt S
of phosphorus. Objects and Advantages of the Invention:- Accordingly, there
remains a continuing need to devel op additional options for mtigating the
corrosivity of acidic crudes effectively and at | ower cost. This is
especially true at tines of lowrefining margins and a high availability of
corrosive crudes from sources such as India, Europe, China, and Africa. The
present invention ains to addresses this need. Therefore, main object of the
present invention is to provide a naphthenic acid corrosion inhibitor,
which is not only effective at el evated tenperature varying from about from
about 2000C to 4000C [ about 4000F to about 7500F], but al so denonstrate

hi gher thermal stability at el evated tenperatures, and therefore, does not
get deconposed P& Wapodid dyregare.rdoealnpy sy i frmatioys oft yrdatile products,

reactor/di stil L abhiRHdRbl doedBAHAGMIR IRDY¥ HB8Sh IR ca®BN §RahOUl | Ng and ot her
associ ated problens. This is also an object of t’he present invention to

provi de a naphthenic acid corrosion inhibitor, which is also effective for

hi gher ConcenFFﬁﬁéﬁﬂﬁyp&lB%Qﬁkﬁﬂﬂé%&ﬁ&ﬁQn&ﬂﬁ&hg)&%5@@%1&@&%&§c%98 wi t hout
causi ng associ ated di sadvantages. This is also an %%iect of the present

i nvention to provpiRe ahitkghyhehiscoaatildobrais iwskan @ricorit gpd cme o, i f
enpl oyed in hi ghgl AR fike ARRS AMAla SAUSLRINERNBRSOHe AbAGIEH @adyant ages.

This is also an object of the present invention to provide a naphthenic
aci d due to presence of naphthenic acid.

This is also an object of the present invention to provide a naphthenic acid
10 corrosion inhibitor, the use of which does not render the over-all process

ineffective and commercially unviable.

This is also an object of the present invention to provide a naphthenic acid
corrosion inhibitor, which is not required to be employed in combination with any
15  other corrosion inhibitor including non-phosphorus corrosion inhibitors and/or

additional stabilizers.

This is also an object of the present invention to provide a naphthenic acid
corrosion inhibitor, which is capable of inhibiting and eliminating corrosive

20  activity of naphthenic acid.

This is also an object of the present invention to provide a naphthenic acid
corrosion inhibitor, which due to its polymeric nature has substantially higher
molecular weight varying from about 800 to 10000, more preferably 800-1600.

25
This is also an object of the present invention to provide a naphthenic acid
corrosion inhibitor, which when employed to inhibit naphthenic acid corrosion

does not emit obnoxious and toxic substances.

17



corrosion inhibitor, which has Iower acidity or at |east does not
contribute to acidity of the streamto be treated, and therefore, does not
tend to rweabioizsérsnetal | i c surface of the reactor, andPREABEO9/0E383 not
formsalts of acids/esters, neaning thereby does not cause fouling. This is
al so an object of the present invention to provide a naphthenic acid
corrosion inhibitor, which conprises |ower, but effective anounts of
phosphorus, and hence, does not inpair function of catalysts or does not

poi son the catal ysts enpl oyed for treatnment of the crude oi

/ f eedst ock/ hydrocarbon streans. This is also an object of the present
invention to provide a naphthenic acid corrosion inhibitor, which is not
non- pol ynmeric additive, but a polyneric additive, and has been found to be
stabl e at el evated tenperatures, and does not tend tobreak down, and
therefore, does not result in formation of volatile products, nmeaning

t her eby does ndlthe Ghicgfrirthidgantagss pldbeipiessakinkspiipp vl brepme MrEaAPPaTHi s i s al so

an obj ect of tha e RrRSEMbwlndVRXripath §OrcRd QY bluriSARIE MRNAG 0@Fdnding OF T 0Si On

i nhi bitor which is capable of treating Indian crude oil, and crude oil from
countries |ike@Me; Africa and Europe by inhibiting the corrosion caused
due to presence of naphthenic acid. This is also an object of the present
invention to provide a naphthenic acid corrosion inhibitor, the use of

whi ch does ot Suangpsy of Hwepfia®i- a] | process ineffective and comercially
unviable. This is also an object of the present invention to provide a
napht heni c acid corrosion inhibitor, which is not required to be enpl oyed

i n combi nat i on WE PEEsatyVsatRarrelgss fodE disld ¢fHnisbitior of meRLgiriRgondhbyhosphor us
corrosion i nhi RilRMSIARBHHA, wherein acidity is derived from presence of naphthenic acid.

More particularly, it relates to a polymeric additive for inhibiting high temperature

10 napthenic acid corrosion, wherein said polymeric additive is polymeric phosphate
ester of polyisobutylene succinate ester or oxide derivative of polymeric
phosphate ester of polyisobutylene succinate ester. A polymeric phosphate ester of
polyisobutylene succinate ester which is capable of acting as naphthenic acid
corrosion inhibitor by inhibiting naphthenic acid corrosion in crude

15  oil/feedstock/hydrocarbon streams containing naphthenic acid, and demonstrating
higher thermal stability at elevated temperature varying from about 200°C to
about 400°C [about 400°F to about 750°F] is disclosed

Description and Preferred Embodiments of the Invention:-
20
With aim to overcome one or more of above-described problems of the prior art,
the inventor of present invention has found that when a polymeric additive
selected from polymeric phosphate ester of polyisobutylene succinate ester and
oxide derivative of polymeric phosphate ester of polyisobutylene succinate ester is
25 employed as naphthenic acid corrosion inhibitor, the corrosive activity of crude
oil/feedstock/hydrocarbon stream containing naphthenic acid is surprisingly
reduced, inhibited and eliminated, and level of protection [corrosion inhibition
efficiency] afforded by employing polymeric corrosion inhibitor of present
invention has been found to be about 99% at elevated temperature and that’s too

30  with lower amounts of about 300 ppm, which surprisingly has also been found to
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additional stabilizers. This is also an object of the present invention to
provi de a naphthenic acid corrosion inhibitor, which is capabl e of

i nhi bi ti ryoant)/eBdé2si nati ng corrosive activity of napht hearaBzod/os373hi s is
al so an object of the present invention to provide a naphthenic acid
corrosion inhibitor, which due to its polyneric nature has substantially
hi gher nol ecul ar wei ght varying from about 800 to 10000, nore preferably
800-1600. This is also an object of the present invention to provide a
napht heni ¢ acid corrosion inhibitor, which when enployed to inhibit

napht heni c acid corrosi on does not emt obnoxious and toxic

subst ances. & her objects and advantages of the present invention wll
beconme nore apparent when the follow ng description is read in conjunction
wi th the acconpanyi ng exanpl es. Summary of Invention:- The present
invention relates to the field of inhibition of nmetal corrosion in hot
aci di ¢ hydr ocampungbstgjalehighes dicemal yabitygad [opetaddiginglossephoerhorusnapht heni ¢
aci d. More par thgth@ranl thdrdfork ShRRSn FRN@ (PHNNITBEAG 2RERL i¥§ad@Kyihnhi bi ting
hi gh tenperature napthenic acid corrosion, wherein said polyneric additive
i s pol yneric pHospHEgrealegahdity dfighss pylisomgt §ighen ehasgheinheanensstethesr oxi de
derivative of Q&J%&?ﬁk&:E&ﬂ%ﬂﬁakﬁmﬁéigfpﬁ%m@Qﬁ%h§&PH&M&ﬁﬁﬁz%H%Cmﬂate ester
A pol ynmeric phosphate ester of polyisobutylene succinate e€ster which is
capabl e of act idagprareshapHbtelricedase nef PEwiveiBS e AeRos: bi t or by i nhi biting
napht henic acid corrosion in crude oil/feedstock/hydrocarbon streans

cont ai ni ng napht heni c acid, and denonstrating _ _
Accordingly, in one embodiment, the present invention relates to a polymeric

additive which is polymeric phosphate ester of polyisobutylene succinate ester
capable of inhibiting naphthenic acid corrosion and demonstrating higher thermal
10  stability at elevated temperature varying from about 200°C to about 400°C [about
400°F to about 750°F], by reducing, inhibiting the corrosive activity of crude

oil/feedstock/hydrocarbon stream containing naphthenic acid.

In accordance with present invention, the polymeric phosphate esters of
15  polyisobutylene succinate ester is selected from polymeric phosphate esters

having one of the following structures I, II or III:-

(I)H
0=P—OR!
OH

20

(l)H
0=P—OR!
OR?

11
25
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hi gher thermal stability at el evated tenperature varying from about 2000C
to about 4000C [ about 4000F to about 7500F] is disclosed Description and

Pr ef err eawanrbodi2ze@st s of the Invention: - Wth aimto oPETIBIN®Y/033E360r nNOr e
of above-described problens of the prior art, the inventor of present

i nvention has found that when a polyneric additive selected from polyneric
phosphat e ester of polyisobutyl ene succinate ester and oxi de derivative of
pol ymeri c phosphate ester of polyisobutyl ene succinate ester is enployed as
napht heni c acid corrosion inhibitor, the corrosive activity of crude

oi | / f eedst ock/ hydr ocar bon stream contai ni ng naphthenic acid is surprisingly
reduced, inhibited and elimnated, and | evel of protection [corrosion
inhibition efficiency] afforded by enpl oying polyneric corrosion inhibitor
of present invention has been found to be about 99% at el evated tenperature
and that's too with | ower amobunts of about 300 ppm which surprisingly has
al so been found tohave substantiallly higker thermal stability and | ower
acidity and | ower phosphorus conterts, mnd therefore, has been found to
avoi d di sadvant ages associ ated witH Psv e¢rmal stability, higher acidity
and hi gher phosphorus contents. Furft hergr2 he|pol ymeric corrosion inhibitor
of present invention surprisingly does not deconpose, and therefore, does
not producing the deposits. Accordingly, in one enbodi ment, the present
invention relates to a polyneric additiU% whi ch is polyneric phosphate
ester of polyisobutyl ene succinate ester capabl e of inhibiting naphthenic
acid corrosion and.d trati ng hi r thermal stability at e]evated

t enperature vaPﬁFﬁalﬁggﬁfﬂﬂg%tmgdﬁb%E§89 ﬁ@%&nlﬁﬂgﬁiY%ggd?qﬂﬁb 't o about
7500F] , by rsedusounngoo-imbochictiordg t he corrosive activity of crude

Accordingly, in one embodiment, the present invention relates to a polymeric
additive which is oxide derivative of polymeric phosphate ester of
polyisobutylene succinate ester capable of inhibiting naphthenic acid corrosion
10 and demonstrating higher thermal stability at elevated temperature varying from
about 200°C to about 400°C [about 400°F to about 750°F], by reducing, inhibiting
and eliminating the corrosive activity of crude oil/feedstock/hydrocarbon stream

containing naphthenic acid.

15 In accordance with present invention, the oxide derivatives of polymeric
phosphate esters of polyisobutylene succinate ester is selected from polymeric

phosphate esters having one of the following structures A or B:-

20
OR! OH
o:1|>—o CHZ—(le X
OR? A
A

20



oi | / f eedst ock/ hydr ocar bon stream cont ai ni ng napht henic acid. |In accordance
with present invention, the polyneric phosphate esters of polyisobutyl ene
succi nat ewvex0vo2ses8sel ect ed from pol yneri ¢ phosphat e estPteraBiaynisgione of
the following structures I, Il or Ill:- OHI O=P-OR I OHIIOR | O=P-OR |11
wherein R1, R2 and R3 are pol yol efi ns havi ng nol ecul ar wei ght varying from
about 800- 10, 000 deltons. Accordingly, in one enbodi nent, the present
invention relates to a polyneric additive which is oxide derivative of

pol yneri c phosphate ester of polyisobutyl ene succinate ester capabl e of

i nhi bi ti ng naphthenic acid corrosion and denonstrating higher thernal
stability at elevated tenperature varying from about 2000C to about 4000C
[ about 4000F to about 7500F], by reducing, inhibiting and elimnating the
corrosive activity of crude oil/feedstock/hydrocarbon stream contai ni ng
napht henic acid. In accordance with present invention, the oxide
derivatives of polyneric OR! OH

| |
0= 1|>—O CH,—CH—+X
O n

<CHT—$H7X
OH/,

B

5  wherein R' and R? are polyolefins having molecular weight varying from about
800-10,000 delton;
X is H, CH; or C,Hs; and

n may vary from 1 to 20.

10 It has been found that polymeric additives of present invention are capable of
demonstrating substantially higher thermal stability of about 50% weight loss as
determined by thermogravimetric analysis in a temperature range varying from
about 350°C to about 400°C, and have lower acidity varying from about 1 mg
KOH/gm to about 80 mg KOH/gm as determined by titration of samples against

15 normal alcoholic KOH samples and lower phosphorus contents varying from
about 2% to about 5% of the additive, and therefore, are capable of avoiding
disadvantages associated with lower thermal stability, higher acidity and higher

phosphorus contents.

20  Further, it has been found that polymeric corrosion inhibitors of present invention
surprisingly do not decompose, and therefore, do not produce the deposits in the

stream and on the walls of the column.

The polymeric additives of present have been found to have substantially higher

25  thermal stability, therefore, these do not get decomposed and deposited at metallic
surfaces of the reactor/distillation unit, meaning thereby do not cause fouling and
other associated problems.
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phosphat e esters of polyisobutyl ene succinate ester is selected from

pol yneri c phosphate esters having one of the followng structures A or B -B
wher ei n Rvoant/R2628r e pol yol ef i ns havi ng nol ecul ar wei girCTIBZOPI/DFP736¢ OM
about 800-10,000 delton; Xis H CH3 or CH5 ; and n may vary from1l to 20.
It has been found that polyneric additives of present invention are capable
of denonstrating substantially higher thermal stability of about 50% wei ght
| oss as deternmined by thernogravinetric analysis in a tenperature range
varying from about 3500C to about 4000C, and have |ower acidity varying
fromabout 1 ng KOH/ gmto about 80 ng KOH gm as determ ned by titration of
sanpl es agai nst nornmal al coholic KOH sanples and | ower phosphorus contents
varying from about 2% to about 5% of the additive, and therefore, are
capabl e of avoi ding di sadvant ages associated with lower thermal stability,
hi gher acidity and hi gher phosphorus contents. Further, it has been found
that polyneric corrosion inhibitors of present invention surprisingly do

not deconpose, Iam@c&@ﬁg@mhe@ned&nmﬁmmgfi%epraiaﬁt depah! del Rridigicst ream and
on the walls of the colum. The polyneric additives of present have been

found to have Phpwhainestelof polnpmetene Fuseifalf c¥erabprepanyinvertien spsiaredt hese do

not get deconp%ergacﬁ ng EQ&l‘t}Ilﬁlg sﬁ&cnﬂ@%ﬁiy’dh@e Wé@]‘:@ﬁh Qf 1§'cja?t0 form
reactor/distillation uni meani ng thereby do not causeé%ou | i ng and ot her

associ at ed pPr obVersy |eriesdr alericebuiilens wisendersodr nehich of e#edpMilent
invention, the pﬂ@épﬁ(ﬁfﬁi‘ pé&ntoxide to result in polymeric phosphate ester of polyisobutylene

succinate esters.

In accordance with present invention, the glycol is selected from mono-glycols,
10  aliphatic glycols, aryl glycols, di-glycols, and aliphatic di-glycols, aryl di-glycols,
particularly mono-glycols, aliphatic glycols, aryl glycols, more particularly

ethylene glycol.

In accordance with present invention, the glycol and PIBSA are preferably taken

15  in a mole ratio varying from about 1:04 to about 1:1 mole.

In accordance with present invention, the ratio of P»Os to hydroxy-terminated PIB

is preferably 0.01 to 4 mole of P,Osto 1 mole of hydroxy-terminated PIB.

20  In accordance with present invention, the polyisobutylene succinic anhydride
[PIBSA] may be prepared by reacting high reactive polyisobutylene with maleic

anhydride by employing conventional process.

In accordance with present invention, the high reactive polyisobutylene is reacted
25  with maleic anhydride after taking in a mole ratio varying from about 1:0.5 to

about 1:1.

In accordance with one embodiment of the present invention, the oxide derivative
of polymeric phosphate esters of polyisobutylene succinate ester of present

30  invention is prepared by reacting polymeric phosphate esters of polyisobutylene
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phosphat e ester of polyisobutylene succinate ester of present invention is
prepared by reacting polyisobutylene succinic anhydride [PIBSA] with a

gl ycol towbapmwvirgeatsoxy term nated pl oyi sobutyl ene succi rarTaBB®9/@337360hi ch i S
reacted with phosphorus pentoxide to result in polyneric phosphate ester of
pol yi sobutyl ene succinate esters. In accordance with present invention, the
glycol is selected fromnono-glycols, aliphatic glycols, aryl glycols,

di -glycols, and aliphatic di-glycols, aryl di-glycols, particularly
nono- gl ycol s, aliphatic glycols, aryl glycols, nore particularly ethylene
gl ycol. In accordance with present invention, the glycol and PIBSA are
preferably taken in a nole ratio varying fromabout 1:04 to about 1:1 nole.
In accordance with present invention, the ratio of P206 to
hydroxy-termnated PIBis preferably 0.01 to 4 nole of P2Gs to 1 nole of
hydroxy-term nated PIB. I n accordance with present invention, the

pol yi sobut yl ensUinats asict Walh ¥iEns azém{OPmBSA'fsuﬁawsée drrigpaeed! mymesisct i ng hi gh

reactive polyisg BM@gﬁgpwﬁﬂh&ﬁﬁ&ﬁhgQQQHMQEQQE by enpl oyi ng conventi onal
process. In accordance with present invention, the high reactive
pol yi sobutylene is reacted with mal eic anhydride after taking in a nole

ratio varying fi; omAaRamt wikh Q)reréeﬂt_cln@gg&{, e dxirah® c@ﬁﬁ&fngﬂggﬁeé&dt Roine
enbodi ment of the present invention, the oxide derivative of polyneric

phosphat e est ercdybhe pBidpi SHBUEIA enée sa¢ e EdtcePrdirally dientitmbvention is
prepared by r e%ﬁlb&ﬁidpsOAu&sriaﬂ’eIogidm%@{i@ﬁabgslt,%ﬁylafe RRJyi sobutyl enesucci nat e

ester with oxirane conpound to result in oxide derivatives of polyneric
It has been found that oxide derivative of polymeric phosphate esters of
polyisobutylene succinate ester prepared by reacting polymeric phosphate esters
10 of polyisobutylene succinate ester with butylene oxide demonstrates better
thermal stability of about 50% weight loss as determined by thermogravimetric
analysis in a temperature range varying from about 350°C to about 400°C, and has
very low acidity varying from about 1 mg KOH/gm to about 20 mg KOH/gm as
determined by titration of samples against normal alcoholic KOH samples and

15  very low phosphorus contents varying from about 1% to about 5% of the additive.

In accordance with one of the preferred embodiments of the present invention,
conventional PIBs and so-called "high-reactivity" PIBs (see for example EP-B-
0565285) are suitable for use in present invention. High reactive PIB in this
20  context is defined as a PIB wherein at least 50%, preferably 70% or more, of the
terminal olefinic double bonds are of the vinylidene type, for example the

GLISSOPAL compounds available from BASF.

It has been surprisingly discovered by the inventor of the present invention, that a
25  polymer based phosphate ester, having low phosphorus content, low acidity and
high thermal stability, and non — fouling nature gives very effective control of

napthenic acid corrosion.

The level of protection [corrosion inhibition efficiency] afforded by employing

30  polymeric corrosion inhibitors, particularly oxide derivative of polymeric
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phosphat e ester of polyisobutylene succinate ester. In accordance with
present invention, the oxirane conpound is selected from ethyl ene oxide,
propyl enewoxnth2aszd but yl ene oxi de, preferably the oxir &/ 1BEOPOIsAsh | S
butyl ene oxide, nore preferably 1,2 butylene oxide. It has been found that
oxi de derivative of polyneric phosphate esters of polyisobutyl ene succinate
ester prepared by reacting polyneric phosphate esters of polyisobutyl ene
succinate ester with butyl ene oxi de denonstrates better thernmal stability
of about 50% wei ght | oss as determ ned by thernogravinmetric analysis in a
tenperature range varying from about 3500C to about 4000C, and has very | ow
acidity varying fromabout 1 ng KOH/ gmto about 20 ng KOH gm as determ ned
by titration of sanples agai nst normal al coholic KOH sanpl es and very | ow
phosphorus contents varying fromabout 1%to about 5% of the additive. In
accordance with one of the preferred enbodi nents of the present invention,
conventi onal PIPBesPAHe c¥ds elapdlaspbuiyjegh syceiage o/t af PreppBénverin pppecaxanpl e

EP- B- 0565285) &l 8WelBOli®oh0k dSicl RerRefRGBlind MARDTIORih Highowgact i ve PI B
in this context is defined as a PIB wherein at | east 50% preferably 70% or

nmore, of the ta@merraPr! SrefilRiremddapired beridsbayce this additise wrprAnedebe t ype, for

exarrp! € the G—!a§§ggéq-foﬁm%gg%@Mﬁ‘tﬁél@%gﬁleﬂc {h%aBﬁ%hty! Endh@@/elbe_@?cﬁ'ty
surprisingly discovered by the inventor of the present invention, that a

pol yner based pROMPISEPROSRSTUSCONeE i ng | ow phosphorus content, low acidity
and high thermal stability, and non - fouling nature gives very effective

control of napthenic acid corrosion. _ _ _ o
Therefore, the additives of present invention, particularly oxide derivative of

polymeric phosphate esters of polyisobutylene succinate ester of present invention
has been found to be capable of avoiding disadvantages associated with lower

10 thermal stability, higher acidity and higher phosphorus contents.

Further, it has been observed that polymeric corrosion inhibitors of present
invention surprisingly do not decompose, and therefore, do not produce deposits,
and thereby avoid fouling problem.

15
In one embodiment, the present invention also relates to method for inhibiting
naphthenic acid corrosion on metallic surfaces of the processing units which
processes crude oils/feedstocks/hydrocarbon streams and/or their fractions
containing naphthenic acid.

20
In one embodiment of the present invention, method for inhibiting naphthenic
acid corrosion on metallic surfaces of the processing units processing the stream

in a reactor containing naphthenic acid comprises following steps:-

25 a) heating the stream containing naphthenic acid to vaporize a portion
thereof;:
b) allowing the stream vapors to rise in a distillation column;
c) condensing a portion of the stream vapours passing through the distillation

column to produce a distillate;
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The |l evel of protection [corrosion inhibition efficiency] afforded by

enpl oyi ng polyneric corrosion inhibitors, particularly oxide derivative of
pol yrer i cpbasphas@sest ers of pol yi sobutyl ene succi nat e @€TAB200$/033786ent

i nvention has been found to be about 99% at el evated tenperature and that's
too with very | ower anopunts of about 300 ppm As stated herein above, this
additive surprisingly has al so been found to have substantially higher
thermal stability, and | ower acidity and | ower phosphorus contents.
Therefore, the additives of present invention, particularly oxide
derivative of polyneric phosphate esters of polyisobutyl ene succinate ester
of present invention has been found to be capabl e of avoi di ng di sadvant ages
associated with ower thermal stability, higher acidity and higher
phosphorus contents. Further, it has been observed that polyneric corrosion
inhibitors of present invention surprisingly do not deconpose, and
therefore, do ot phdliingcle thegisdliaesa syfeienmapoapyolaphtieriodid AYr5Io8bl em | n
one enbodi ment, theinﬂfbﬁ%ﬁiti‘v@é’oee@ttclﬁ QRied ﬁﬁibft%h%??@?%ﬁni@%&‘%o_@i@ﬁ; i nhi biting

napht heni ¢ acid corrosion on netallic surfaces o processing units

whi ch processes) cr udlovang direr distibto cRAPRREr BERPHY 26ir esipsion Halibifort hei r

fractions containi ngyaRNE BRRNakiAG icOntadi Rn @B MR ARILr B dlshBadRheseNt
i nvention, nethod for inhibiting naphthenic acid corrosion on netallic

surfaces of %t he proBdss? g GniofB priseesshilpy thepranswvhean pHd guiesceor

contai ni ng napht henj gina6d ghat@Bfb3&s following steps :- a) heating the
stream cont ai ni ng naphthenic acid to vaporize a portion thereof;:
wherein the process is characterized by adding corrosion inhibition amount

of naphthenic acid corrosion inhibitor additive selected from polymeric
phosphate ester of polyisobutylene succinate ester and oxide derivative of

10 polymeric phosphate ester of polyisobutylene succinate ester.

In accordance with one of the embodiments of the present invention, the corrosion
inhibition amount of naphthenic acid corrosion inhibitor additive varies from
about 1 to about 2000 ppm.

15
In accordance with one of the embodiments of the present invention, the
polymeric phosphate ester of polyisobutylene succinate ester is selected from

compounds having one of the following structures I, II or III:-

20

(I)H
o=$_ow
OH

25

(l)H
O:1|>-—OR1
OR?

25



b) allowing the streamvapors to rise in a distillation colum; c)
condensing a portion of the stream vapours passing through the distillation
col um t owprotvmesas2a distillate;d) adding to the distill aCe/mBoehizren ent
anount of naphthenic acid corrosion inhibitor additive so as to achi eve

i nhi bition of naphthenic acid corrosion; e) allowing the distillate
cont ai ni ng naphthenic acid corrosion inhibitor additive to substantially
contact entire netallic surfaces of the distillation unit so as to form
protective fil mthereon, whereby said surface is inhibited against
corrosion; wherein the process is characterized by adding corrosion

i nhi bition amount of naphthenic acid corrosion inhibitor additive sel ected
from pol yneri c phosphate ester of polyisobutyl ene succinate ester and oxi de
derivative of polymeric phosphate ester of polyisobutyl ene succinate ester.
I n accordance with one of the enbodi nents of the present invention, the
corrosion inhibition amunt of naphthenflc acid corrosion inhibitor additive
varies fromabout 1 to about 2000 ppm - acgordance with one of the

enbodi ments of the present inventidgn, t pol ymeri c phosphate ester of

pol yi sobut yl ene succinate ester is |sgLegteg!irom conpounds having one of
the follow ng structures I, Il or IfIl:-1CQH1[O=P-OR | CHI

I

5  wherein R', R* and R® are polyolefins having molecular weight varying from

about 800-10,000 deltons.

In accordance with one of the embodiments of the present invention, the oxide
derivatives of polymeric phosphate esters of polyisobutylene succinate ester is

10 selected from compounds having one of the following structures A or B:-

(l)R1 (l)H
0=P—0—4CH,—CH+X

2
OR n

15

(l)R1 (l)H
O:1|>—O CH,—CH=+X
O n

(CHT—$H7X
OH/,

B

20  wherein R' and R? are polyolefins having molecular weight varying from about
800-10,000 delton;
X is H, CH; or C,Hs; and

n may vary from 1 to 20.
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ORO-P-OR1 OR2 Il wherein Rl, R2 and R3 are pol yol efins having
wei ght varying from about 800-10,000 deltons. In accordance with
enbodi merwe 20fo/k@spr esent i nvention, the oxide derivat PCEABTII/PIB7INEr i C
phosphat e esters of polyisobutyl ene succinate ester is selected from

conpounds having one of the follow ng structures A or B:- B where
R2 are pol yol efi ns having nol ecul ar wei ght varying from about 800-10, 000
Xis H CH3 or C2H5 ; and n may vary from1l to 20.In acco
with one of the preferred enbodi mrents of the present invention, t

del t on;

i ncl udes crude oil,

t her eof .

is

It

i s advantageous to treat distillation colum, trays,
pi ping and rel ated equi prent to prevent naphthenic acid corrosion, when
condensed vapours fromdistilled hydrocarbon fluids contact netallic

equi pnent at tenperatures varying from about 2000C to about 4000C so that
severe conditions of naphthenic acid corrosion are substantially avoi ded.

I'n accordance W thoRhek&Fihere 8MROHI-IBRE c@bodh&REN hd FRUERLhR ot e addi tive

10

15

20

25

30

stream includes crude oil, feedstock, and hydrocarbon streams and/or fractions

thereof.

It is advantageous to treat distillation column, trays, pumparound piping and
related equipment to prevent naphthenic acid corrosion, when condensed vapours
from distilled hydrocarbon fluids contact metallic equipment at temperatures
varying from about 200°C to about 400°C so that severe conditions of naphthenic

acid corrosion are substantially avoided.

In accordance with preferred embodiment of present invention, the additive is
generally added to the condensed distillate and the condensed distillate is allowed
to contact the metallic surfaces of the distillation column, packing, trays, pump
around piping and related equipment as the condensed distillate passes down the
column and into the distillation vessel. The distillate may also be collected as
product. The unreacted corrosion inhibitors of the instant invention remain in the

resultant collected product.

In commercial practice, the additives of present invention may be added to a
distillate return to control corrosion in a draw tray and in the column packing
while a second injection may be added to a spray oil return immediately below the

draw trays to protect the tower packing and trays below the distillate draw tray.

It may be noted that it is not so critical where the additive of the invention is
added as long as it is added to distillate that is later returned to the distillation
vessel, or which contact the metallic interior surfaces of the distillation column,
trays, pump around piping and related equipments so that these surfaces are

substantially protected from naphthenic acid corrosion.

27
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generally added to the condensed distillate and the condensed distillate is
allowed to contact the netallic surfaces of the distillation colum,

packi ng, woaywy/o2pazap ar ound pi pi ng and rel ated equi pmentPCagBriogoiscsdensed
distillate passes down the colum and into the distillation vessel. The
distillate may al so be collected as product. The unreacted corrosion
inhibitors of the instant invention remain in the resultant collected
product. In comrercial practice, the additives of present invention may be
added to a distillate return to control corrosion in a drawtray and in the
col um packing while a second injection may be added to a spray oil return
i medi ately below the draw trays to protect the tower packing and trays
below the distillate draw tray. It may be noted that it is not so critical
where the additive of the invention is added as long as it is added to
distillate that is later returned to the distillation vessel, or which
contact the metlapPrg @nhodineni, Sie psgseft Apventiogirelptgptodisg of ddiisivesaaleeted tipm, trays,

punp around pi RlRgheAD ghasgﬂa@et &Hr SOHIRIBOY RS QctiPAL cdDGREAW JACRR AT €
substantially protected from naphthenic acid corrosion.ln one enbodi nent,

the present invépelyBriGRIPENES ctey of selyispbubide siglesepee marhliepisiridol yneri ¢
phosphat e est er.,Rfsi0! whBaRYT Ub enghisivC ahfidieRicesicRi aqrhsP%i de defdevative of
pol ymeri c phosphate ester of polyisobutylene succinate ester as naphthenic
aci d corr osion %lpfietiacsy/Bydresaibamblisiabs-napht heni ¢ aci d corrosion in crude

oi | s/ f eedst ocks/ hydrocarbon streans. |In another enbodi nent, the present
invention also relates to use of additives selected from polyneric
phosphat e est erln o] rwdimeY | tnaresat évititos B glacare wkicladdigydvat i ve of
pol ymeri c phospPati€l 85h&olydferiP PhodpERLUIH ANR1yRB661 PR &ic884E€Ester and

oxide derivative of polymeric phosphate ester of polyisobutylene succinate ester
10 as naphthenic acid corrosion inhibitors to inhibit naphthenic acid corrosion in
crude oils/feedstocks/hydrocarbon streams by employing the method of inhibition

of present invention.

The present invention is now explained with the help of following examples,
15  which have been incorporated for explaining its best mode and are not intended to

limit its scope.
Examples of the Invention:-
20  Example 1:-
Step I: Preparation of Polyisobutenyl succinic anhydride:-

About 89.48% by wt of high reactive polyisobutylene is reacted with about 10.52
25 % by wt of maleic anhydride by employing following process steps:-

1. Charging high reactive polyisobutylene into a clean and dry four necked
flask equipped with nitrogen inlet, stirrer and thermometer;
2. Raising the temperature to about 125°C;

30 3. Starting N, gas bubbling and continuing it for about 10 minutes;
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as naphthenic acid corrosion inhibitors to inhibit naphthenic acid
corrosion in crude oils/feedstocks/ hydrocarbon streans by enpl oying the
met hod ofwoOrthioni2sé2en of present invention. The present PATARLOYNSHTS NOW
explained with the help of follow ng exanpl es, which have been incorporated
for explaining its best nobde and are not intended to limt its scope.
Exanpl es of the Invention:- Exanple 1:- Step | : Preparation of

Pol yi sobut enyl succi nic anhydride :- About 89.48% by wt of high reactive
pol yi sobutyl ene is reacted with about 10.52 % by wt of mal eic anhydride by
enpl oying foll owi ng process steps:- 1. Charging high reactive

pol yi sobutylene into a clean and dry four necked flask equi pped with
nitrogen inlet, stirrer and thernoneter; 2. Raising the tenperature to
about 1250C, 3. Starting N2 gas bubbling and continuing it for about 10

m nutes; 4. Stopping or reducing rate of N2 gas bubbling and a sanple for
moi sture content +s Yarwie gueduche rigaf Ngepdiveblingamm pdriple fetmestenper at ur e
of about 1250C; 6. Aff,ehii@ddifden of naleic anhydride raising the

tenperature to about 1700C and nmintaining this tenmperature for about 2

hours with nitrogen Hdiieg mpfgic arhydideasp tampsisust ploRowfl25 8 d peri od of step 6,

raising the tenpesat Ni& 1RiRRVI mACROfsmydiad ARALIAY @fpcfinl@li& abhat 1t
reaches in a range of tenperature
5 170°C and maintaining this temperature for about 2 hours with nitrogen

bubbling;

7. After completion of said period of step 6, raising the temperature to about
205°C, and heating at a rate that it reaches in a range of temperature
varying from about 170°C to about 205°C in about 3 hours, and such rate

10 is about 5°C per 25 min;

8. maintaining the reaction mass at about 205°C for about 6 hours;

9. After completion of said period of about 6 hours at a temperature of
about 205°C, the reaction mixture is cooled to a temperature of about
170°C;

15 10. raising the temperature of the reaction mixture to about 205°C while
applying slow vacuum, which is continued for about 2 hrs at vacuum of
about 10 mm;
After 2 hours sample online — I for Acid value and free maleic acid and
after 3 hours sample online — II for Acid value and free maleic acid were

20 drawn.

The polyisobutenyl succinic anhydride prepared was found to have acid value of

about 110 mg KOH/gm. Typically the range is between 70 to 120 mg KOH/gm.

25  Step II: Preparation of hydroxy terminated ployisobutylene succinate ester
[HRPIB]:-

About 79.89 % by wt of polyisobutylene succinic anhydride [PIBSA] prepared in
step — I is reacted with about 20.11 % by wt of mono ethylene glycol to form

30  hydroxy terminated ployisobutylene succinate ester [HRPIB], wherein PIBSA is

29



varying from about 1700C to about 2050C in about 3 hours, and such rate is
about 50C per 25 min; 8. nmaintaining the reaction nmass at about 2050C for
about 6 hwOre10/@3628ft er conpl eti on of said period of ab®at/1B2000053336at a
tenperature of about 2050C, the reaction mxture is cooled to a tenperature
of about 1700C;, 10. raising the tenperature of the reaction mxture to
about 2050C whil e applying sl ow vacuum which is continued for about 2 hrs
at vacuum of about 10 mm After 2 hours sanple online - I for Acid val ue
and free maleic acid and after 3 hours sanple online - Il for Acid val ue
and free nmaleic acid were drawn. The pol yi sobutenyl succinic anhydride
prepared was found to have acid val ue of about 110 ng KOH/ gm Typically the

range is between 70 to 120 ng KOH/ gm Step |I: Preparation of hydroxy

term nated ployi sobutyl ene succinate ester [HRPIB]:- About 79.89 %by wt of
pol yi sobutyl ene succi ni c anhy dr| de %PI BSA] prepared in step - | is reacted
wi th about 20. dlllte%%ytobs)?neofo b 8&tohifteagil Bl %o?xaﬂlﬁlef’(!érl?noﬁyﬁéﬂé &

term nated pl o;gtré%gmj%lgﬁplgylgglﬁqmgl%%r&ggsg{ep{ HRPI B], wherein PIBSA isdiluted
on toluene to about 85%strength, in this exanple it is of 85.714%

strength] by enploying follow ng process steps :- 1. Charging diluted PIBSA

and rmono et hyl ene; ghygoh ulrht@dlﬂiﬁgn 284 %Jfo MBASRIgiycar in RabSishgk theit enperat ure
of reaction mxture to about 1900C whi |
5 2. Raising the temperature of reactlon mixture to about 190°C while

removing toluene and water from dean stark to reach the desired
temperature and while bubbling with nitrogen gas;
3. The temperature of about 190°C is maintained to achieve desired acid
value of about 5 mg KOH/gm or less.
10
Example 2:-

Preparation of polymeric phosphate ester of polyisobutylene succinate ester:-

The polymeric phosphate ester of polyisobutylene succinate ester of present
15  invention is prepared by reacting hydroxy terminated ployisobutylene succinate
ester [HRPIB] prepared in step 2 of example 1 with phosphorus pentoxide in

following manner:-

Example 2a:-

20
About 94.23 % by wt of hydroxy terminated ployisobutylene succinate ester
[HRPIB] prepared in step 2 of example 1 is reacted with about 5.77 % by wt of
phosphorus pentoxide to prepare polymeric phosphate ester of polyisobutylene
succinate ester having phosphorus content of about 2.5% of the additive by

25  employing following steps:-

1. Charging HRPIB with nitrogen gas blanket while raising temperature to
about 90°C;
2. Adding phosphorus pentaoxide (P>Os ) in two equal lots at about 15

30 minutes interval, wherein the exotherm is observed;
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removi ng tol uene and water from dean stark to reach the desired tenperature
and while bubbling with nitrogen gas; 3. The tenperature of about 1900C is
mai nt ai newlot2010zebd28ve desired acid val ue of about 5 ng ROHIBmMOLNSIBES.
Exanpl e 2:- Preparation of polyneric phosphate ester of polyisobutylene
succinate ester: - The polyneric phosphate ester of polyisobutyl ene

succi nate ester of present invention is prepared by reacting hydroxy

term nat ed pl oyi sobutyl ene succinate ester [HRPIB] prepared in step 2 of
exanple 1 with phosphorus pentoxide in foll ow ng manner: - Exanpl e 2a: -
About 94.23 % by wt of hydroxy term nated pl oyi sobutyl ene succi nate ester

[ HRPI B] prepared in step 2 of exanple 1 is reacted with about 5.77 % by wt
of phosphorus pentoxi de to prepare polyneric phosphate ester of

pol yi sobut yl ene succi nate ester havi ng phosphorus content of about 2.5% of
the additive by enploying followng steps:- 1. Charging HRPIB with nitrogen
gas bl anket whi | €3-r Aftgi rgditienhpelr hespborty ReBEIde.0BIRC; reliomdg@ixfitie pliosphor us

pent aoxi de (P2C5 ) bcfhuhﬂ&s@(?.%éd foPlfudls ﬁhﬁt&g alPhlidMHeRurd RiGLM@AL, Wherein
the exothermis observed; ter addition of phosphorus pentoxide, the

reaction mxture |sﬂﬁﬁh¥mﬁﬁﬁﬂ§ivﬁ%mm?$%dwﬂdwmﬁbout 15 m nutes and the
temperature is rajS&RintMniAPoME IR urali oWl § ol fiiBeaN vPaSIanket ;

5 about 70°C and diluting to about 50 % strength [about 1:1] with toluene
solvent;
5. filtering by bed made by Hiflow or clay to remove impurities and to result

in polymeric phosphate ester of polyisobutylene succinate ester.

10 The oven dried sample of polymeric phosphate ester of polyisobutylene
succinate ester prepared as above has been found to have acid value of

about 55.3 mg KOH /gm.

Example 2b:-
15

About 93.09 % by wt of hydroxy terminated ployisobutylene succinate ester
[HRPIB] prepared in step 2 of example 1 is reacted with about 6.91 % by wt of
phosphorus pentoxide in same manner as above to prepare polymeric phosphate
20  ester of polyisobutylene succinate ester having phosphorus content of about 3.0%

of the additive.

The oven dried sample of polymeric phosphate ester of polyisobutylene succinate
ester prepared in Example 2b as above has been found to have acid value of about

25 62.51 mg KOH/gm.

Example 3:-
Preparation of oxide derivative of polymeric phosphate esters of
polyisobutylene succinate ester:-

30
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4. Maintaining said tenperature for about 1 hour followed by cooling to
about 700C and diluting to about 50 % strength [about 1:1] with toluene
sol vent ; 80 2bidi2ee28ng by bed nmade by Hiflow or clay to PEFROBBOP/NGA36 ti es
and to result in polyneric phosphate ester of polyisobutyl ene succinate
ester. The oven dried sanple of polyneric phosphate ester of

pol yi sobut yl ene succi nate ester prepared as above has been found to have
acid value of about 55.3 ng KOH /gm Exanple 2b:- About 93.09 % by wt of
hydr oxy term nated pl oyi sobutyl ene succinate ester [HRPIB] prepared in step
2 of exanple 1 is reacted with about 6.91 % by w of phosphorus pentoxide
i n same manner as above to prepare polyneric phosphate ester of

pol yi sobut yl ene succi nate ester havi ng phosphorus content of about 3. 0% of
the additive. The oven dried sanple of polyneric phosphate ester of

pol yi sobutyl ene succi nate ester prepared in Exanple 2b as above has been
found to have de@BPlealagre of about 62.51 ng KOH/ gm Exanple 3:- Preparation
of oxide derivative of polyneric phosphate esters of polyisobutylene
succinate ester: -Exanple 3a:- About 91.74 %by wt of polynmeric phosphate
esters of pol y|A§Q§’Bh?1y14e%é°yé’ﬁ@éP?i&@@lce@lo&hatﬁﬁgﬁépéﬂomﬁpb&%ﬁﬁé SEREABl e 2a is

reacted with ahqut p@pa%:ﬁi DI{OJBMVé’\EXMpIeIZazls reacted with about 8.26 % by wt of 1,2

5 butylene oxide to result in oxide derivatives of polymeric phosphate ester of
polyisobutylene succinate ester having phosphorus content of about 2.30% of the

additive by employing following steps:-

It was observed acid value was 55.3 mg KOH/gm for the example 2a, which
10 surprisingly drastically reduced to about 3mg KOH/gm for example 3a which is

for oxide derivative.

1. Charge polymeric phosphate esters of polyisobutylene succinate ester
prepared in above Example 2 with 1,2 butylene oxide in two lots at an interval
15 of about 15 minutes, wherein the exotherm is observed at about 10 to 150C;
2. Raising the temperature of reaction mixture to about 60°C;
3. Maintaining the said temperature for about 2 hours when a sample is drawn
after about 1 hr, which should have acid value in the range of about O to about
5 mg KOH/gm for Example 2 products.

20
The sample of oxide derivative of polymeric phosphate ester of polyisobutylene

succinate ester prepared as above has been found to have acid value of about 3.0

mg / KOH/ gm.

25  Example 3b:-

About 90.90 % by wt of polymeric phosphate esters of polyisobutylene succinate
ester prepared in above Example 2b is reacted with about 9.10 % by wt of 1,2
butylene oxide to result in oxide derivatives of polymeric phosphate ester of
30  polyisobutylene succinate ester having phosphorus content of about 3.0% of the

additive by employing process steps as for example 3a.
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butyl ene oxide to result in oxide derivatives of polyneric phosphate ester
of pol yi sobutyl ene succi nate ester having phosphorus content of about 2.30%
of the adaDt20wen2bee8enpl oyi ng followi ng steps :- It was ®bTaBuegosscsd val ue
was 55.3 ng KOH/ gm for the exanple 2a, which surprisingly drastically
reduced to about 3ng KOH gm for exanple 3a which is for oxide derivative.
1. Charge polyneric phosphate esters of polyisobutyl ene succinate ester
prepared in above Exanple 2 with 1,2 butylene oxide in tw lots at an
interval of about 15 m nutes, wherein the exothermis observed at about 10
to 150C, 2. Raising the tenperature of reaction m xture to about 600C, 3.
Mai ntai ning the said tenperature for about 2 hours when a sanple is drawn
after about 1 hr, which should have acid value in the range of about 0 to
about 5 ng KOH/ gm for Exanple 2 products. The sanple of oxide derivative of
pol ynmeri c phosphate ester of polyisobutylene succinate ester prepared as
above has been found to have acid val ue of about 3.0 n? / KOH gm Exanple
3b: - About 90. 9ihergmRle @f ogfle psivgtineraf PolyRsEp RBasehass estar 9T pelyiseiupilgsbut yl ene

succi nate est eryRERRALRH ptdBa@PAY §bdX ARKEMAL 3bShal SAGE BHndMot fhvahaut 9.10 %
by wt of 1,2 but%jene oxide to result in oxide derivatives of polyneric

phosphat e est ervagf ohtryi soBatKPrgn.succi nat e ester havi ng phosphorus
content of about 3.0% of the additive by enploying process steps as for

exanpl e 3a. The sanpl e of oxide derivative of polymeric phosphate ester of
pol yi sobut yl endt is observed that acid value of the oxide derivative [¢xample 3b] is dramatically

reduced to about 2.5 mg KOH/ gm when compared to acid value of its
corresponding ester of Example 2b, which was found to have acid value of about
62.5mg KOH/gm.

10
It may be noted that oxide derivative of polymeric phosphate ester of
polyisobutylene succinate ester surprisingly has substantially reduced acid value

as compared to polymeric phosphate ester of polyisobutylene succinate ester.

15  Therefore, oxide derivative of polymeric phosphate ester of polyisobutylene

succinate ester additive is most preferred choice of present invention.

Example 4:
High Temperature Naphthenic Acid Corrosion Test:-
20
In this example, various amounts of a 50 % additives prepared in accordance with
Examples 2 and 3, were tested for corrosion inhibition efficiency on carbon steel
coupons in hot oil containing naphthenic acid. A weight loss coupon immersion
test was used to evaluate the invention compound for its effectiveness in
25  inhibition of naphthenic acid corrosion at 290°C temperature. Different dosage
such as 300, 400 and 600 ppm of invention compound were used as 50% active

solution.

A static test on steel coupon was also conducted without using any additive of

30  present invention. This test provided a blank test reading.
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succi nate ester prepared as above in Exanple 3b has been found to have acid
val ue of about 2.5 ng KOH gm It is observed that acid value of the oxide
deri vat i weO[2enanpd28 3b] is dramatically reduced to aboutPCZ/IB200g03sTd gm
when conpared to acid value of its correspondi ng ester of Exanple 2b, which
was found to have acid value of about 62.5ng KOH/ gm It nmay be noted that
oxi de derivative of polyneric phosphate ester of polyisobutyl ene succinate
ester surprisingly has substantially reduced acid value as conpared to

pol yneric phosphate ester of polyisobutyl ene succinate ester. Therefore,

oxi de derivative of polyneric phosphate ester of polyisobutyl ene succinate
ester additive is nost preferred choice of present invention. Exanple 4 :

Hi gh Tenperature Naphthenic Acid Corrosion Test:- In this exanple, various
anounts of a 50 % additives prepared in accordance with Exanples 2 and 3,
were tested for corrosion inhibition efficiency on carbon steel coupons in
hot oil cont ai MibAgeaREgraPRaATueE ceeisgd ofa wag glitre fys secketipwnd botirer B3sbn t est was

used to eval Uateﬁui%[kla@ WM eRiikioBoriiesBoudd HhQtr infhe, et 8GhiMepags: wini nhi bition
of naphthenic acid corrosion at 2900C tenmperature. Different dosage such as

300, 400 and 60@rHpReeTant s b AOCYRPBavD Shel adibyhylsocshon gt {IP ve

solution. A staghLyhetkenOR B ARk FRURIBaMRG idh $As GARAHGIE oW L2yt usi ng
any additive of present invention. This tes% provi ded a bl ank test

readi ng. The 3 ed€Ut A0 &p perBINYS 206 HYi lehRUate Vs gfieed-to apeyt d0§°6uvhisBcked r ound
bottom fl ask temperature was maintained for about 30 minutes.

Additive compounds of examples 2 and 3 were added in separate batch tests. The
reaction mixture was stirred for about 15 minutes at about 100°C temperature.
10 After removing the stirrer, the temperature of the reaction mixture was raised to
about 290°C. A pre — weighed weight — loss carbon steel coupon CS 1010 with
dimensions 76mm... times 13mm... times 1.6 mm was immersed. After
maintaining this condition for about 1 hour to about 1.5 hours, about 31 gm of
naphthenic acid (commercial grade with acid value of about 230 mg KOH/gm)
15  was added to the reaction mixture. A sample of one gm weight of reaction mixture
was collected for determination of acid value, which was found to be
approximately 11.7 mg KOH/gm. This condition was maintained for four hours.
After this procedure, the metal coupon was removed, excess oil was rinsed away,
the excess corrosion product was removed from the metal surface. Then the metal

20  coupon was weighed and the corrosion rate was calculated in mils per year.
Calculation of Corrosion Inhibition Efficiency:-

The method used in calculating Corrosion Inhibition Efficiency as given below.
25  In this calculation, corrosion inhibition efficiency provided by additive compound
is calculated by comparing weight loss due to additive with weight loss of blank

coupon (without any additive).

Corrosion (Weight loss for blank (weight loss with
30  Inhibition = without additive) - additive) X 100
Efficiency (weight loss for blank without additive)
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equi pped with water condenser, N2 purger tube, thernonmeter pocket with
thernmoneter and stirrer rod. 600 gm (about 750 m) paraffin hydrocarbon oi
(D - 130)woasiwebe@s in the flask. The N2 gas purgi ng wa®CsiBzoogos3nsa h fl ow
rate of about 100 cc per mnute and the tenperature was rai sed to about
1000C, which tenperature was mai ntained for about 30 m nutes. Additive
conpounds of exanples 2 and 3 were added in separate batch tests. The
reaction mxture was stirred for about 15 m nutes at about 1000C
tenperature. After renoving the stirrer, the tenperature of the reaction

m xture was raised to about 2900C. A pre - weighed weight - |oss carbon
steel coupon CS 1010 with dinensions 76mm .. tines 13mm.. tines 1.6 nmm was
i mrersed. After maintaining this condition for about 1 hour to about 1.5
hours, about 3 1 gm of naphthenic acid (conmmercial grade with acid val ue of
about 230 ng KOH gm was added to the reaction m xture. A sanple of one gm
wei ght of reaction m xture was col lected for determ nation of acid val ue,
whi ch was found to be approximately 11.7 ng KOH gm This condition was

mai ntai ned for 1fEUsRRYTse iNIPRmihpes yRIEAS EAMIfed tyNE: BBLA), Coupon was
removed, excess oil was rlnsed amay, ghe excess corr05|on product was
renoved from t AdPHEtal surf ab¥d X Weiahi lessin Mgt ol coupc vei ghed and t he
corrosion rate was calc gngg I t of Corrosion

I nhi bition %fflClency :%b$%§9ui ho&Xﬁéﬁﬁl?%ﬁggﬁgﬁﬁg§§hgl%g§%OS|on
Inhibition Efficiency as given below. In this calculation, corrosion

i nhi bi tion ef fildFsHeiatestBianiudss By cawest in Yo Taklergd apRIonTalccalugus-at ed by

conmparing weight loss due to additive with weight | oss of blank
The results of the experiments are presented in Table I and II.

10
Table I: [with 2.5% Phosphorous for non-butylene oxide treated and 2.3%

Phosphorous for Butylene oxide treated]

Experiment | Compound | Dosage | Effective | Weight | Corrosion | Corrosion
No. in Dosage | Lossin | Rate Inhibition
Ppm inppm | mg MPY efficiency
1 Blank -- - 89 445 -
2 EXAMPLE 600 300 18.4 92 79
2 400 200 | 207 103 77
3 EXAMPLE 600 300 1 5 99
3a 400 200 5.4 27 94
200 100 23.5 117 74

15 In the table above example 2a refers to polymeric phosphate ester of
polyisobutylene succinate ester prepared in accordance with example 2a and
example 3a refers to oxide derivative of polymeric phosphate ester of

polyisobutylene succinate ester prepared in accordance with Example 3a.

20 It can be observed from the table above that additive of Example 2a gives
corrosion protection of about 79% with effective dosage of 300 ppm. However,
with additive of Example 3a, the level of protection surprisingly dramatically

improves. The maximum efficiency observed for additive of Example 2a is only
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coupon (w thout any additive). Corrosion (Weight |oss for blank (weight

|l oss with Inhibition = without additive) : additive) X 100 Efficiency

(wei ght Iwe=ofoar3dBank wi t hout additive) The corrosion raCe/IBWoWP8786m | s per
year) is calculated by the fornmula, MPY = 534 x Weight loss in ng (Density
ingmcc) X (Areainin) x (Time of test in hours) The cal cul ated

magni tudes are entered in the Tables in appropriate colums. The results of
the experinents are presented in Table | and Il. Table I : [with 2.5%
Phosphorous for non-butyl ene oxide treated and 2. 3% Phosphor ous for

Butyl ene oxide treated] In the table above exanple 2a refers to polyneric
phosphat e ester of polyisobutyl ene succinate ester prepared in accordance
with exanpl e 2a and exanple 3a refers to oxide derivative of polyneric
phosphat e ester of polyisobutylene succinate ester prepared in accordance
with Exanple 3a. It can be observed fromthe table above that additive of
Exanpl e 2a gi ve87c¥mnragiicolosise of 44 prim 281 wapsi o7 esdditivs dftbeppicie dosage of
300 ppm Howevefs cMokibn Mlﬁénvcefﬁafsn@@qp&@ 93, atttﬁkesdnﬁvﬂsaéafanﬁrag&ﬁm Ion
surprisingly dramatical |y inproves. “The naxinmum efficiency observed for
addi tive of Ex&ifl aéefi%th%d%?ﬂeWQWhmoa’Pa’ct i ve dosage of 300 ppm and
whereas for the additive of Exanple 3a the corrosion inhibition efficiency
is about 99% at the sanme dosage and about 94% at effective dosage of about
200 ppm The abldaberatdatacilcaty rsfahlishes thaf exds deriyativepkf pdymeic RPatNYEs of

pol yneric phOSQ&%I%f%éb%%mﬁﬁmROEXkQQQQ%%k%H@n@ﬁﬁ?Hﬁ@&%u&%kﬁmbsﬁgﬁr'S'n9|y

have substantially hi
corrosion 1nh1b1t10n efficiency even at very low dosages as compared to

corresponding polymeric phosphate ester of polyisobutylene succinate ester.

10 Therefore, oxide derivatives of polymeric phosphate ester of polyisobutylene

succinate ester additive are most preferred choice of present invention.

It may be noted that above experiments have been performed only with effective
amount upto 300 ppm of the inhibitors of present invention and corrosion
15  inhibition efficiency has been found to be 99% in case of oxide derivatives of
polymeric phosphate ester of polyisobutylene succinate ester additive. It is
possible to achieve even higher efficiency by employing higher amounts of the

inhibitors of present invention.

20  Table II: [with 3.0%Phosphorous for NON butylene oxide treated and
2.7% Phosphorous for Butylene oxide treated]

Experiment | Compound | Dosage | Effective | Weight | Corrosion | Corrosion
No. in Dosage | Lossin | Rate Inhibition
ppm inppm | mg MPY efficiency
1 Blank - -- 89 445 -
2 gsiAMPLE 600 300 16.1 80 82
3 EXAMPLE 600 300 3.1 16 96
3b 400 200 6.8 34 92
300 150 10.4 52 88
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corrosion inhibition efficiency even at very | ow dosages as conpared to
correspondi ng polyneric phosphate ester of polyisobutylene succinate ester.
Ther ef or ewoariode3e8ri vati ves of pol yneri c phosphat e est @CTaB2009/053736

pol yi sobut yl ene succinate ester additive are nost preferred choice of
present invention. It may be noted that above experinents have been
performed only with effective anount upto 300 ppm of the inhibitors of
present invention and corrosion inhibition efficiency has been found to be
99% i n case of oxide derivatives of polyneric phosphate ester of

pol yi sobutyl ene succinate ester additive. It is possible to achieve even

hi gher efficiency by enpl oying higher anbunts of the inhibitors of present
invention. Table Il: [with 3. 0%hosphorous for NON butyl ene oxide treated
and 2. 7%°hosphorous for Butylene oxide treated]In the table above exanpl e
2b refers to polyneric phosphate ester of polyisobutyl ene succinate ester
prepared in accordance with exanple 2b and exanple 3b refers to oxide
derivative of pplyoeLic praamﬁgl@Siberrefafs Boby gl%&wtpm)s%ﬂﬁe SUgFijrate ester
prepared in accordance with . It can be observed fromthe table
above that addiPelyiseby¥lerey gigpinge zbtelgpvé@ef&@r PESIagPCepIV i ¢etmRin 2Bfandbout  82%
with effective (dagagesPiBR0PRMdHIMBRNENe oM pdlyRIRT bhothdef L&xangl e 3b, the
| evel of protection surprisingly dramatically inproves. The maxi num
efficiency obs @Ply@abwtﬂ?nea@awlltar%tebwre%mP@Olziﬁnqew@rﬁwmw% at a active
dosage of 300 ppm and whereas for the additive of Exanple 3b the corrosion
inhibition efficiency is about 96% at the sane dosage and about 92% at

ef fective dosadecdr balbisrvedooonpphp talsdababo hat aaditiv oefrartls Ve Hvsage of

corrosion protection of about 82% with effective dosage of 300 ppm. However,
with additive of Example 3b, the level of protection surprisingly dramatically
10 improves. The maximum efficiency observed for additive of Example 2b is only
82% at a active dosage of 300 ppm, and whereas for the additive of Example 3b
the corrosion inhibition efficiency is about 96% at the same dosage and about
92% at effective dosage of about 200 ppm, and about 88% at effective dosage of
about 150 ppm.
15
The corrosion inhibition tests as per example above were also conducted for
prior art additive Step 2 of example 1. The results are tabulated in table III. The
additive of step 2 of example 1 is hydroxyl terminated polyisobutylene succinate

ester. and prior art additive 1, 2 are 2 ethyl hexyl phosphate., ( please refer to

20  thermal analysis section for details of prior art additive ).

Table — III : Corrosion Inhibition Test of Prior Art Additive and Hydroxy

Terminated Polymer.

Details Active ppm | Mg loss | MPY after % Efficiency
(100%) after test | test after test

Prior art 1 100 12.1 60.6 86.4

(11.7%Phosphorous)

Prior art 2 ( 15.4 % 100 7.87 39.04 91.2

Phosphorous)

Example 1 step 2, 500 70.0 350 213

Hydroxy terminated

Polyisobutylene ester

(No phosphorous )
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about 150 ppm The corrosion inhibition tests as per exanpl e above were

al so conducted for prior art additive Step 2 of exanple 1. The results are
t abul at edwOreotoaaB@sl 1 1. The additive of step 2 of exanplPeTAB2®9/h3BAs0OXYI
term nat ed pol yi sobutyl ene succinate ester and prior art additive 1, 2 are
2 ethyl hexyl phosphate., ( please refer to thermal analysis section for
details of prior art additive ) . Table - IIl : Corrosion Inhibition Test
of Prior Art Additive and Hydroxy Term nated Polyner.ln the table above the
corrosion inhibition values of the prior art additives 2ethyl hxyl
phosphat e havi ng vari ous Phosphorous content are given. It is observed that
at 100 ppmthe prior art additives gives a nmaxi mum protection of 91.2% The
prior art additive 1 has a phosphorous content of 11.7% and the prior art
additive 2 has a phosphorous content 15.4% If the dosage nultipied by the
percent phosphrous content will give the P used for the corrosion

prot ecti on. Thds tedeblg phevpiegprresian igkibitipn vauep of thsepripr g adilitfvss 2¢thd cor r osi on
protection is IlyHnRmh@Rs it @kiodsQtholABroR! éflenhil (AAAITE isVisdrled (Bar15. 4 pPM
I f the above values are conpared with the data of the invention additives
as shown in abdyé00rpmm el§e priorardadditives Sigesrr Baximpholrlerdign vht-2¥%n tee case of

Exanpl e 3a andjﬁéﬂﬂpkﬁnﬁ@dlﬁb§ FospbRRbn e & 1{.94, dhldeheGRLF A8 hRMNiVRT Ot ecti on
is only about 4.8ppm for 94@6eFf|C|ency and 5.4 ppmfor 92%efficiency. It

is well known tlohashogkesgiarusegnicrf tFEoprif dhe despea myltipied by & P§icPng poi son

for . t _he Ca_t al Y%oéﬁ%% écfﬂfenh\giﬁl%@d‘qué(ﬂ’ RGIAREHALIRBSn pIIOEE‘,Ciiél. %ﬁé fo@@llee to use
additive with lI'east phosphorous content. Therefore, the additives,

particularly t welopxt ailitygdi thevieussd f(ﬁrt@f‘s@}ﬂosion protection is 11.7 ppm and that
for the prior art additive it is 15.4 ppm.

10 If the above values are compared with the data of the invention additives as
shown in above Tables 1, and 2, it can be concluded that in the case of Example
3a and Example 3b, the P content used for the corrosion protection is only about
4.8ppm for 94% efficiency and 5.4 ppm for 92% efficiency. It is well known to
those skilled in the prior art that P is an strong poison for the catalyst used for

15  hdrocracking operations. It is desirable to use additive with least phosphorous
content. Therefore, the additives, particularly the oxide additive of present

invention is most preferred choice.

Example 5:-
20  High Temperature Naphthenic Acid Corrosion Dynamic Test:-

The dynamic testing was carried out by using rotating means provided in the
temperature — controlled autoclave and was carried out by using passivated steel
coupons. A dynamic test on steel coupon was conducted without using any
25 additive. This test provided a blank test reading. The passivation procedure is

explained below:-

Passivation Procedure:-
About 600 gm of paraffin hydrocarbon oil (D — 130) was taken in a reaction
30  vessel comprising a four necked round bottom flask equipped with water

condenser, N, purger tube, thermometer pocket with thermometer and stirrer rod.
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invention is nost preferred choice. Exanple 5:- H gh Tenperature Naphthenic
Acid Corrosion Dynam c Test:- The dynamic testing was carried out by using
rotati ng woans/qs&si ded in the tenperature - controll edpPautiBzioaos7snd was
carried out by using passivated steel coupons. A dynamc test on steel
coupon was conducted w thout using any additive. This test provided a bl ank
test reading. The passivation procedure is explained below :- Passivation
Procedure: - About 600 gm of paraffin hydrocarbon oil (D - 130) was taken in
a reaction vessel conprising a four necked round bottom fl ask equi pped with
wat er condenser, N2 purger tube, thernoneter pocket with thernonmeter and
stirrer rod. The N2 gas was purged. For passivation of the steel coupon,

vari ous anmounts of conpound of Exanple 3a 200 400 ppm (each of which

i ncluded 50 % active additive conmpound), were added to this reaction

m xture. The reaction m xture was stirred for about 15 m nutes at about
1000C t enper at Uhe N2gpy wps pusgrs Fofgpaptientian pk the pteelicgponergsiepateuwdtsail t he

reaction mxturc@mwﬁldr@@%qpﬁecga%@%o%?Qof%acfﬁomﬁwﬁu&hﬁ@d ¥gisghtkoss coupon
CS 1010 with di nensi ons .. tines tines 1.6 mm was i mrersed.

After maintai nidAgliyheanpeBibi ticshadded alsutachompnriye. thegcadigemidtidpon was

removed, excessyRilirrdBSr fHolSBImANRY at A0 10He: CA PQQM&M@%&Q%&GQn dpe netal
coupon was wei ghed. This formed the pre-passivated coupon %hls exanpl e,

various anount SUGBE. Be 4HMGERUE04 B reaghpntiiverepyaspairedo apput 290°C. A pre-

weighed weight-loss coupon CS 1010 with dimensions 76mm...times 13mm
...times 1.6 mm was immersed. After maintaining this condition for about 4
hours, the steel coupon was removed, excess oil was rinsed away, and the coupon
was dried. The metal coupon was weighed. This formed the pre-passivated

10 coupon.

In this example, various amounts of a about 50% of additive prepared in
accordance with Examples 3a were tested dynamically for corrosion inhibition
efficiency on steel coupons in a hot oil containing naphthenic acid. A weight-loss
15  coupon immersion dynamic test was used to evaluate the invention compound for
its effectiveness in inhibition of naphthenic acid corrosion at 290°C temperature

in dynamic condition.

The following test equipment and materials were used in the Dynamic Corrosion
20 Test:
1. Temperature controlled autoclave
2. Preweighed weight — loss carbon steel coupons CS 1010 with dimensions
76mm...times 13mm... times 1.6 mm.
3. Means to rotate the coupon, to provide a peripheral velocity in excess of 3
25 m / second.
Material:
1. Paraffin hydrocarbon oil (D — 130) with naphthenic acid added to provide
an acid neutralization number of approximately 2mg / KOH.
2. Nitrogen gas in the vapour space.

30
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accordance wth Exanples 3a were tested dynam cally for corrosion
inhibition efficiency on steel coupons in a hot oil containing naphthenic
acid. A wepghto/d2e68 coupon i mrersion dynam c test was uP€u/IBWOYVEBTIEAL e t he
i nvention conmpound for its effectiveness in inhibition of naphthenic acid
corrosion at 2900C tenperature in dynam c condition. The follow ng test

equi pnent and materials were used in the Dynam c Corrosion Test: 1.
Tenperature control |l ed autocl ave 2. Prewei ghed wei ght - | oss carbon steel
coupons CS 1010 with dinensions 76nm.. times 13mm .. tines 1.6 mm 3.
Means to rotate the coupon, to provide a peripheral velocity in excess of 3
m/ second. Material: 1. Paraffin hydrocarbon oil (D - 130) wth naphthenic
acid added to provide an acid neutralization nunber of approximtely 2ng /
KOH. 2. Nitrogen gas in the vapour space. Two pre - weighed and pre-

passi vated wei ght - |oss carbon steel coupons, were clanped to the rotating
means of the alt6diraveveighdandhiverriagsiaied twojghs - dQ5h BRIBATETECh EOURPRS UV 900C f or

about 4 hours. claalp@@&) ﬁh@%tatfagIﬂeamhyﬁﬁ&ﬂavgmq%an\ﬁ@&@t waedn@ndai n anot her
test passivated and roduct was additionally added. After the

test, the coupé‘héb%?%) Eéwmb@ﬁ 4 hoppesonsitest grly PRSSITIEd CARaRs, Wk Beds

corrosion prOdQﬁ&1M@&ﬁ&§ﬁ&¥$QmRQ9ﬁh&h§0%ﬂ&ﬂﬁ%ﬁmﬁ&t@Q#Qﬂﬁ%ndl &ldepupons wer e
t hen wei ghed and the corrosion rate was calculated as mls year. The
results of 5 After the test, the coupons were removed, excess oil was rinsed away, €xcess

corrosion product was removed from the surface of coupons. The coupons were
then weighed and the corrosion rate was calculated as mils / year. The results of

this dynamic test are presented in Table IV

10 In Table IV, Experiment no 2 only the passivated coupons were used in Expt no. 3
passivated coupons were used and additional product of 30ppm was added. It can
be seen from the table that only additives of present invention give excellent

protection with mere passivation also.

15  Table IV dynamic test data

Expt. | Compound Dosage in | Effective Weight | Corrosion | Corrosion | Passivation
No. Ppm Dosage in Loss in | Rate MPY | Inhibition | Dose in
(100%) ppm mg efficiency | ppm
1 Blank -- -- 7.5 37.5 -- --
2 Example 0 0 100 200
3a 02 1 97 100
3 Example 0 0 100 200
3 30 15
0 0 100 100

Fouling Tendency of the Additives of the Invention:-

The fouling tendency of additives of the present invention was determined by
20  heating a 1% solution of the additives in the oil at about 290 °C for about 2 hours.
It has been found that additives of Examples 3a and 3b did not give any haze or

precipitate confirming that no fouling takes place. Neglible precipitate was seen
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this dynamc test are presented in Table IV In Table |1V, Experinent no 2
only the passivated coupons were used in Expt no. 3 passivated coupons were
used and wodotoaseB8 product of 30ppm was added. It can PETABENYI/NHF3GH t he
table that only additives of present invention give excellent protection
Wi th nmere passivation also. Table IV dynam c test data Fouling Tendency of
the Additives of the Invention: - The fouling tendency of additives of the
present invention was determ ned by heating a 1% solution of the additives
in the oil at about 290 OC for about 2 hours. It has been found that
additives of Exanples 3a and 3b did not give any haze or precipitate
confirmng that no fouling takes place. Neglible precipitate was seenfor
exanpl e 2a and 2b. The prior art additive 1 and 2 ( please refer thernal
anal ysis section for details of prior art additive) showed heavy
precipitate . Tributyl Phosphate another commonly used additive for

napht heni ¢ aci docerRpplsi Bhatdntthillhe insiar art sgdisrrohed B gRleassoalst hsfm#azi ness.
The above resulgg,GemRAst fat &Saikhst Adyant agRs ePknRQliyigyy §5re%9§t9hat e
esters. Thernal Sgablllty Anal ysis :- The Thermal Stability studies were
conpared wi t h pribayl Biosphatsdinethgreemmeplydsedadditing for papkipenip Add priEtsenest er

whi ch were prepah®dodMsd Bacdd High aiburdonRyndy¢. of 2- Ethyl Hexanol with 26.66
% by wt of Phosphorous Pentoxide, which in belowtable is identified as
Prior Art 1,5 and was found to have phosphorus contents of about 11.5% by
W, and by reacihi Behve fesdig e R n Ware@The 2avaktabdklof HRYRAR! phkghtke 3Rer28% by Wt of

Phosphor ous Pent oxi de, which in below table is identified as

Thermal Stability Analysis:-

10 The Thermal Stability studies were compared with prior art additives named -2
ethyl hexyl phosphate ester, which were prepared by reacting 73.34% by wt of 2-
Ethyl Hexanol with 26.66 % by wt of Phosphorous Pentoxide, which in below
table is identified as Prior Art 1, and was found to have phosphorus contents of
about 11.5% by wt; and by reacting 64.72% by wt of 2- Ethyl Hexanol with

15  35.28% by wt of Phosphorous Pentoxide, which in below table is identified as
Prior Art 2, and was found to have phosphorus contents of about 15.4% by wt,

and thermal stability results are given in Table V below.

Table V : Thermogravimetric Analysis

20
Product Phosphorous, Temp. Deg C at Residue @ 600
% 50% loss deg C

PRIOR ART 1 11.5 220 28.5632
PRIOR ART 2 15.4 192 36.9247
Example 2a 2.50 393 9.0379
Example 3a 2.28 384 5.9965
Example 2b 3.0 390 7.3786

The thermal analysis test of the additives of present invention and the additives of
prior art were carried out in the Mettler Toledo Thermo Gravimetric Analyzer. A
known weight of the sample was heated in the analyzer from 30 “Co600°Cata
25  rate of 10 ° C / minute under nitrogen atmosphere. The temperature at which 50 %

loss in weight of sample occurs is taken as the representative of thermal stability.
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Prior Art 2, and was found to have phosphorus contents of about 15.4% by
wt, and thermal stability results are given in Table V below. Table V :
Ther nogr avOreetwa2as28nal ysi s The thermal anal ysis test of PCmaBzdeldi37sees of
present invention and the additives of prior art were carried out in the
Mettler Toledo Therno Gravinetric Analyzer. A known weight of the sanple
was heated in the analyzer from30 Cto 600 Cat arate of 10 C/ mnute
under nitrogen atnosphere. The tenperature at which 50 %1 oss in weight of
sanpl e occurs is taken as the representative of thermal stability. The
wei ght of the residue obtained at 6000C, and the tenperature at 50 % wei ght
| oss are presented in Table V. The weight of the residue is indicative of
the tendency of the additive, to deposit at high tenperature zones of
equi pnrents |i ke furnaces, which nmay cause fouling of the equipnment in due
course. Discussion about Ther nal Stabili%é: It can be seen fromthe above
€

tabl e that the Thaveight effhesrigeuehidnedek 8ol eand dha tempseaihis|ae SBH, Wekinpl e 2b)

the tenperat ur §,QfardBrednii i@NEablc08STNAW R & AN RRBACinRBhvOG e 393 O
respectively. These val ues are nmuch hi ghér when conpared with the prior

addi ti ves whi cHedarcs o4 theaddidva o dappsit @ harhctempriatg zomys of Tgrdgeentsi likgi ngs

clearly indicatgnhle WHiGhely L g St @PEJuifn¥nth dbb&utavent i on conpounds
when conpared with the pridr art conpounds. It is known to the person

skilled in the art that it is desirable to have additives with higher

thermal st abi | igicusiiChobREMM Skbiliy: deconpose to vol atile products
| eading to fouling and contam nati on 'of other streans. The ot her advantage

of thermally stable compound is they retain their corrosion inhibition
efficiency at pican be seen from the above table that the invention compounds (example 2a to

example 3b, example 2b) the temperature of 50 % weight loss varies from
10 (393°C, 384 °C to 393 ° C) respectively. These values are much higher when
compared with the prior additives which have a value of only 220°C and 192 °C.
These findings clearly indicate the higher thermal stability of the invention

compounds when compared with the prior art compounds.

15  Itis known to the person skilled in the art that it is desirable to have additives with
higher thermal stability since these will not decompose to volatile products
leading to fouling and contamination of other streams. The other advantage of
thermally stable compound is they retain their corrosion inhibition efficiency at
higher temperatures.

20
The above data clearly establishes that oxide derivatives of polymeric phosphate
ester of polyisobutylene succinate ester surprisingly have substantially high
thermal stability at elevated temperature as compared to corresponding polymeric
phosphate ester of polyisobutylene succinate ester.

25

It is also observed that treatment of polymeric phosphate ester of polyisobutylene
succinate ester with butylene oxide in accordance with present invention results in
reduction of phosphorous contents and also the residue at 600°C.

30
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hi gher tenperatures. The above data clearly establishes that oxide
derivatives of polyneric phosphate ester of polyisobutyl ene succinate ester
sur pri si nybyotwees28ubst antial ly high thermal stability aCTABBM%DIBA36
tenperature as conpared to correspondi ng pol yneric phosphate ester of

pol yi sobutyl ene succinate ester. It is also observed that treatnent of

pol ynmeri c phosphate ester of polyisobutyl ene succinate ester with butyl ene
oxi de in accordance with present invention results in reduction of
phosphorous contents and al so the residue at 6000C. It is also seen fromthe
above table that the invention conmpounds | eave nuch | ower residues at

6000C. The residue obtained for the invention conpounds (experinment 2a, 2b,
3b in the above table) is nmuch I ower than the prior additives [Prior art 1
and Prior Art 2] which is 28.5632 and 38.9247% (in the table). The above
data clearly indicates that the invention conpounds wl| have | east
deposi ti on t endeiicysoi fser Hemghe gkoveflatie thag the inyeptiqn eafprepndsdenye mychdi ngs, the

oxi de deri vati V&gerobsidRk YARh® . PeSRi@leoRIh&N R P awhRAPWIERR Succi nate
ester are the nost preferred choice of E%esent i nvention. Accordingly, it

is well undersﬁ@ﬁﬂﬁ@ﬁ&@ﬁfﬁp3hﬁph?Héﬁ?&m PdmééﬂW@§E@W¢P%H@Eﬁ@@ﬁ§§
parti cul ar |yt her@xkdeaieio) Akl Hemid is bSo I 4830024 MY B UIOGulAdhPr epar ed
iC

in accordance with present invention, whi have been found to be pol yneric
in nature are capabi¥a glcagy dpdienisnaaby Evgenar ¢pagukawBadks EaYd probl ens

of the prior aq&wmQQH@%§9w§§pﬁpgﬁéhggumkgh the hel p of forgoing exanples,
t he naphthenic acid corrosion inhibitors of present invention have been

found to be effective and
In view of above findings, the oxide derivatives of polymeric phosphate ester of

polyisobutylene succinate ester are the most preferred choice of present invention.
10

Accordingly, it is well understood that the naphthenic acid corrosion inhibitors,

particularly the oxide derivatives of the present invention, and prepared in

accordance with present invention, which have been found to be polymeric in

nature are capable of overcoming above-described drawbacks and problems of the

15  prior art.

As also established with the help of forgoing examples, the naphthenic acid
corrosion inhibitors of present invention have been found to be effective and
thermal stability at elevated temperatures. These inhibitors have not been found to
20  get decomposed and deposited at metallic surfaces of the reactor/distillation unit.
These inhibitors have not been found to cause fouling and other associated
problems, and therefore, are capable of effectively treating Indian crude oil, and
crude oil from countries like China, Africa and Europe without causing corrosion
due to presence of naphthenic acid.
25
Further, the corrosion inhibitors of present invention have also been found to be
effective for possible concentrations of naphthenic acid in the stream that’s too

without causing associated disadvantages.
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thermal stability at elevated tenperatures. These inhibitors have not been
found to get deconposed and deposited at netallic surfaces of the

react or/ awet2nid/esdé2en unit. These inhibitors have not be@enTiBY033036Ccause
fouling and ot her associated problens, and therefore, are capabl e of
effectively treating Indian crude oil, and crude oil fromcountries like
China, Africa and Europe w thout causing corrosion due to presence of
napht heni ¢ acid. Further, the corrosion inhibitors of present invention
have al so been found to be effective for possible concentrations of

napht henic acid in the streamthat's too w thout causing associ ated

di sadvant ages. Furt her, the above experinents also confirmthat inhibitors,
particularly the oxide derivatives of the present invention have | ower
acidity and have not been found to contribute to acidity of the stream
being treated, and have been found to have | ower and effective anmounts of
phosphorus. |t fyglerp@e asre gxneraente plpeeqnfipa Hws mhipflogsy pagticglarly ggiBideor s has
been checked f QErighiVeer Hel pr&OR R MIADa NABRENLRIG AR Le nBWeed BERAAT €
suitable for crude oil containing naphthenic acid and sul fur conpounds. It
wi || be appar ersPnfiPgenta padifyoplel§e sy pary $eiiadn archbave theen ek énbavenvent i on
conprises the fighd-am 8 clitceiRrund of fhoRodEr i ¢ phosphate ester of

pol yi sobut yl ene succi nate ester which is capable of acting as naphthenic
aci d corrosion inhibitor by inhibiting naphthenic acid corrosion in crude
oi | / f eedst ock/ hygipGaioRAMha? L&A TEEINbRLA REibRaR RINRE thedikh dor AR
denonstrating higher thernmal stability at el evated tenperature varying from
about 2000C to ogb%)mainjg(gomhl[hg_lg@@gid, but these are suitable for crude oil containing

naphthenic acid and sulfur compounds.

10 It will be apparent from the foregoing discussion that the present invention
comprises the following items:

1. A polymeric phosphate ester of polyisobutylene succinate ester which is
capable of acting as naphthenic acid corrosion inhibitor by inhibiting
naphthenic acid corrosion in crude oil/feedstock/hydrocarbon streams

15 containing naphthenic acid, and demonstrating higher thermal stability at
elevated temperature varying from about 200°C to about 400°C [about
400°F to about 750°F].

2. A corrosion inhibitor as described in item 1, wherein said ester is selected
20 from polymeric phosphate esters having one of the following structures I,
II or III:-
(I)H
o=$_ow
OH
25
I
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4000F to about 7500F]. 2. A corrosion inhibitor as described in item]1,
wherein said ester is selected from polyneric phosphate esters having one
of the fowbasiog3esructures |, Il or Il1l:- OH 1 O=P-OR PCTHB200UBS37360=P- OR
11 wherein RL, R2 and R3 are polyol efins having nol ecul ar wei ght varying
from about 800-10, 000 deltons. An oxide derivative of polyneric phosphate
ester of polyisobutylene succinate ester which is capable of acting as
napht heni ¢ acid corrosion inhibitor by inhibiting naphthenic acid corrosion
in crude oil/feedstock/hydrocarbon streans contai ni ng naphthenic acid, and
denonstrating higher thermal stability at el evated tenperature varying from
about 2000C to about 4000C [about 4000F to about 7500F]. A corrosion

i nhibitor as described in item 3, wherein said oxide derivative is selected
from pol yneric phosphate esters having one of the follow ng

?H
0=P—OR!
OR?

11

OR?

|
O=1|>—OR1
OR?

5 I
wherein R', R? and R are polyolefins having molecular weight varying

from about 800-10,000 deltons.

3. An oxide derivative of polymeric phosphate ester of polyisobutylene

10 succinate ester which is capable of acting as naphthenic acid corrosion
inhibitor by inhibiting naphthenic acid corrosion in crude
oil/feedstock/hydrocarbon streams containing naphthenic acid, and
demonstrating higher thermal stability at elevated temperature varying

from about 200°C to about 400°C [about 400°F to about 750°F].

15
4. A corrosion inhibitor as described in item 3, wherein said oxide derivative
is selected from polymeric phosphate esters having one of the following
structures A or B:-
20
?RI ?H
O=P—O—+CH,—CH-+X
2
OR n
A
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structures A or B:-B wherein Rl and R2 are pol yol efi ns havi ng nol ecul ar

wei ght varying from about 800-10,000 delton; Xis H CH3 or CH5 ; and n
may vary woemo02862820. A corrosion inhibitor as descri bedTiir2anys3cse of the
preceding itens, wherein said inhibitor has thermal stability of about 50%
wei ght | oss as determ ned by thernogravinetric analysis in a tenperature
range varying from about 3500C to about 4000C. A corrosion inhibitor as
described in any one of the preceding itens, wherein said inhibitor has
acidity varying fromabout 1 ng KOH gmto about 80 ng KOH gm as determ ned
by titration of sanples against normal al coholic KOH A corrosion inhibitor
as described in any one of the preceding itens, wherein said inhibitor has
phosphorus contents varying fromabout 2%to about 5% of the inhibitor. A
corrosion inhibitor as described initenms 1 or 2, wherein said inhibitor is
prepared by reacting polyi sobutyl ene succinic anhydride [PIBSA] with a

gl ycol to form hydroxy terninated ployisobutylene succi nate ester, whichis
reacted wi th phosphorus pentoxjd C%p sul ty, po] ynmeri c phosphate ester of
pol yi sobut yl ene succi nate estef . orr®S|on nhi bitor as described in
item 8, wherein said glycol is @Eﬂét@ HorowHnohol gl ycol s, aliphatic

glycols, aryl glycols, di-glycolsg)and

CH2—(|IH
OH

B

wherein R' and R? are polyolefins having molecular weight varying from
about 800-10,000 delton;
Xis H, CH; or C,Hs ; and
n may vary from 1 to 20.
10
5. A corrosion inhibitor as described in any one of the preceding items,
wherein said inhibitor has thermal stability of about 50% weight loss as
determined by thermogravimetric analysis in a temperature range varying
from about 350°C to about 400°C.
15
6. A corrosion inhibitor as described in any one of the preceding items,
wherein said inhibitor has acidity varying from about 1 mg KOH/gm to
about 80 mg KOH/gm as determined by titration of samples against
normal alcoholic KOH.
20
7. A corrosion inhibitor as described in any one of the preceding items,
wherein said inhibitor has phosphorus contents varying from about 2% to

about 5% of the inhibitor.

25 8. A corrosion inhibitor as described in items 1 or 2, wherein said inhibitor is
prepared by reacting polyisobutylene succinic anhydride [PIBSA] with a

glycol to form hydroxy terminated ployisobutylene succinate ester, which
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aliphatic di-glycols, aryl di-glycols, particularly nono-glycols, aliphatic
glycols, aryl glycols, nore particularly ethylene glycol. 10. A corrosion

i nhi bi t orwasoterss8bed in itens 8 or 9, wherein said gl pycolBzg0BTBSA ar e
taken in a nole ratio varying fromabout 1:04 to about 1:1 nole. 11. A
corrosion inhibitor as described in item 8, wherein said phosphorus

pent oxi de and sai d hydroxy term nated pl oyi sobutyl ene succi nate ester are
taken in a ratio of P206 to hydroxy term nated pl oyi sobutyl ene succi nate
ester as 0.01 to 4 nole of P20 to 1 nole of hydroxy term nated

pl oyi sobutyl ene succinate ester. 12. A corrosion inhibitor as described in
item 8, wherein said PIBSA is prepared by reacting high reactive

pol yi sobutyl ene with mal eic anhydride. 13. A corrosion inhibitor as
described in item 12, wherein said high reactive polyisobutylene is reacted
with mal eic anhydride after taking in a nole ratio varying fromabout 1:0.5
to about 1:1. 14. Alscisrqtesih Phomiespt srniaddedesisrulio@dpalymdricgthgsphalsr 4,
wherein said oxide gderio¥asiiV®uSlenPUYARE GerPhOSphat e esters of

pol yi sobutyl ene succinate ester is prepared by reacting polyneric phosphate
esters of polyisobutyl ene succinate ester of item1 or 2 wth oxirane
conpound to result n.RxkAgdRKibYALdsVE&ScRkd R WEER] GrRPRSRRALE §Sker of

pol yi sobut yl ene succi nate ester. 15. A corrosion inhibitor as described in

item 14, wherein safdecsdifoaneoncomyolinginhaicsdycel wd dyokn dtghyrpemadoxi de,
propyl ene oxi de andalﬁiﬂ‘élﬁ/(! &08ycols, aryl di-glycols, particularly mono-glycols, aliphatic

glycols, aryl glycols, more particularly ethylene glycol.

10. A corrosion inhibitor as described in items 8 or 9, wherein said glycol and

10 PIBSA are taken in a mole ratio varying from about 1:04 to about 1:1
mole.

11. A corrosion inhibitor as described in item 8, wherein said phosphorus

pentoxide and said hydroxy terminated ployisobutylene succinate ester are
15 taken in a ratio of P»Os to hydroxy terminated ployisobutylene succinate
ester as 0.01 o 4 mole of P»Os to 1 mole of hydroxy terminated

ployisobutylene succinate ester.

12. A corrosion inhibitor as described in item 8, wherein said PIBSA is
20 prepared by reacting high reactive polyisobutylene with maleic anhydride.
13. A corrosion inhibitor as described in item 12, wherein said high reactive

polyisobutylene is reacted with maleic anhydride after taking in a mole
ratio varying from about 1:0.5 to about 1:1.
25
14. A corrosion inhibitor as described in items 3 or 4, wherein said oxide
derivative of polymeric phosphate esters of polyisobutylene succinate ester
is prepared by reacting polymeric phosphate esters of polyisobutylene

succinate ester of item 1 or 2 with oxirane compound to result in oxide
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oxi de, preferably the oxirane conpound is butylene oxide, nore preferably
1,2 butylene oxide. 16. A corrosion inhibitor as described in itens 14 or
15, wher eWwo 288Vd3é28hi bi t or has thernmal stability of abo®CTAB2MNeI3ght | oss
as determ ned by thernogravinmetric analysis in a tenperature range varying
from about 3500C to about 4000C, and acidity varying fromabout 1 ng KOH gm
to about 20 ng KOH/ gm as determ ned by titration of sanples agai nst nornal
al cohol i ¢ KOH sanpl es and phosphorus contents varying fromabout 1%to
about 5% of the inhibitor. 17. A nmethod for inhibiting naphthenic acid
corrosion on netallic surfaces of the processing units processing the
stream cont ai ni ng naphthenic acid in a reactor conprises follow ng steps: -
a) heating the stream containing naphthenic acid to vaporize a portion
thereof; b) allowng the streamvapors to rise in a distillation colum; c)
condensing a portion of the stream vapours passing through the distillation
colum to produce addfivativep |cAt ROy nepyic sph@snRgtet ester (fé RDETPYYIgR% SEccHaef i ci ent
amount of napht heni ggacid corrosion inhibitor so as to achieve inhibition
of naphthenic acid corrosion; e) allowng the distillate containing

napht heni c acid corrosion inhibitor additive to substantially contact
entire netal liqgssurhaggss@htidGvidirStsl hds@ide@MinUfint 180 wRSrehOsdiPLRIALOt ecti ve

filmthereon, whereby
5 compound is selected from ethylene oxide, propylene oxide and butylene

oxide, preferably the oxirane compound is butylene oxide, more preferably

1,2 butylene oxide.

16. A corrosion inhibitor as described in items 14 or 15, wherein said inhibitor

10 has thermal stability of about 50% weight loss as determined by
thermogravimetric analysis in a temperature range varying from about

350°C to about 400°C, and acidity varying from about 1 mg KOH/gm to

about 20 mg KOH/gm as determined by titration of samples against

normal alcoholic KOH samples and phosphorus contents varying from

15 about 1% to about 5% of the inhibitor.

17. A method for inhibiting naphthenic acid corrosion on metallic surfaces of
the processing units processing the stream containing naphthenic acid in a

reactor comprises following steps:-

20 a) heating the stream containing naphthenic acid to vaporize a portion
thereof;
b) allowing the stream vapors to rise in a distillation column;
c) condensing a portion of the stream vapours passing through the

distillation column to produce a distillate;

25 d) adding to the distillate a sufficient amount of naphthenic acid
corrosion inhibitor so as to achieve inhibition of naphthenic acid
corrosion;

e) allowing the distillate containing naphthenic acid corrosion

inhibitor additive to substantially contact entire metallic surfaces of
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said surface is inhibited against corrosion; wherein the process is
characterized by addi ng corrosion inhibition amount of said naphthenic acid
corrosi orwprzhiogizs@8 whi ch is sel ected from pol yneri c phesphtesesvar of

pol yi sobut yl ene succi nate ester and oxi de derivative of polyneric phosphate
ester of polyisobutyl ene succinate ester. 18. A nethod as described in item
17, wherein said corrosion inhibition anount of said naphthenic acid
corrosion inhibitor varies fromabout 1 to about 2000 ppm 19. A nethod as
described in item 17, wherein said polyneric phosphate ester of

pol yi sobutyl ene succinate ester is selected from conpounds havi ng one of
the following structures I, Il or IIl:- OHI O=P-OR 1 OHII OROC=P-OR 1 1 2
OR2I1l wherein RlL, R2 and R3 are polyol efins havi ng nol ecul ar wei ght
varyi ng from about 800-10, 000 deltons. 20. A nethod as described in item

17, wherein said oxide derivatives of
the distillation unit so as to form protective film thereon, whereby

said surface is inhibited against corrosion;
wherein the process is characterized by adding corrosion inhibition amount
of said naphthenic acid corrosion inhibitor which is selected from
5 polymeric phosphate ester of polyisobutylene succinate ester and oxide

derivative of polymeric phosphate ester of polyisobutylene succinate ester.

18. A method as described in item 17, wherein said corrosion inhibition
amount of said naphthenic acid corrosion inhibitor varies from about 1 to

10 about 2000 ppm.

19. A method as described in item 17, wherein said polymeric phosphate ester
of polyisobutylene succinate ester is selected from compounds having one
of the following structures I, II or III:-
15

(I)H
0=P—OR!
OH

20




pol yneric phosphate esters of polyi sobutyl ene succinate ester is selected

from conpounds having one of the follow ng structures A or

B: -

B wherein R1

and R2 arwopolymB@Bi ns havi ng nol ecul ar wei ght varyi ng PCoOABZI0Y0E3736

800- 10, 000 del ton;

Xis H CH3 or

C2Hs

and n may vary from1l to 20. 21. A

met hod as described in any one of the itenms 17 to 20, wherein said stream

i ncl udes crude oil,

f eedst ock,

and hydrocarbon streans and/or fractions

t hereof.22. A method as described in any one of the items 17 to 21, wherein
returned to the

sai d inhibitor
react or,

is added to distillate that
or which contact the netallic interior surfaces of the reactor so

is |ater

that netallic surfaces are substantially protected from naphthenic acid

corrosi on.

23. Use of additive polyneric phosphate ester of polyisobutyl ene

succinate ester as described in itenms 1 or 2 as naphthenic acid corrosion
inhibitor to inhibit naphthenic acid corrosion in crude

oi | s/ f eedst ocks/ hydr ocar bon streans.

24l Use of additive oxide derivative

of polynmeric phosphate ester of polyisobutyl ene succinate ester as
described in item3 or 4 gs naphthenic acid corrosion inhibitors to inhibit

napht heni ¢ aci d cor F8&FBR |

R érduBe aisi nobrleday Bavaeksp s gecaghb SHYSer eans. 25.

A corrosion inhibitghy,sHaskeNio,@odéés. herein described with reference to

5

20. A method as described in item 17, wherein said oxide derivatives of
polymeric phosphate esters of polyisobutylene succinate ester is selected
from compounds having one of the following structures A or B:-

OR' OH
0= llD—O CHZ—(le X
2
10 > .
A
OR! OoH
0=P—o-ter—itx
O n
CH—CHYX
(0]
B
15
wherein R' and R? are polyolefins having molecular weight varying from
about 800-10,000 delton;
Xis H, CH; or C,Hs ; and
20 n may vary from 1 to 20.

21. A method as described in any one of the items 17 to 20, wherein said
stream includes crude oil, feedstock, and hydrocarbon streams and/or
fractions thereof.

25
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t he foregoing exanples. 26. A nethod for inhibiting naphthenic acid
corrosion substantially as herein described with reference to the foregoing
exanpl es.w@2010028628f corrosion inhibitor substantially &sThB089/053d8ESCri bed
with reference to the foregoing exanples.C aim A polyneric phosphate ester
of polyi sobutyl ene succinate ester which is capable of acting as naphthenic
acid corrosion inhibitor by inhibiting naphthenic acid corrosion in crude

oi | / f eedst ock/ hydrocar bon streans containi ng napht henic acid, and
denonstrating higher thernal stability at el evated tenperature varying from
about 2000C to about 4000C [ about 4000F to about 7500F]. A corrosion
inhibitor as claimed in claim1, wherein said ester is selected from

pol ymeri c phosphate esters having one of the follow ng structures I, Il or
[11:- OHI O=P-OR|l OHII ORI , CP-R 1
22. A method as described in any one of the items 17 to 21, wherein said

inhibitor is added to distillate that is later returned to the reactor, or which
contact the metallic interior surfaces of the reactor so that metallic surfaces

are substantially protected from naphthenic acid corrosion.

23. Use of additive polymeric phosphate ester of polyisobutylene succinate
ester as described in items 1 or 2 as naphthenic acid corrosion inhibitor to
inhibit naphthenic acid corrosion in crude oils/feedstocks/hydrocarbon
streams.

10

24. Use of additive oxide derivative of polymeric phosphate ester of
polyisobutylene succinate ester as described in item 3 or 4 as naphthenic
acid corrosion inhibitors to inhibit naphthenic acid corrosion in crude
oils/feedstocks/hydrocarbon streams.

15
25. A corrosion inhibitor substantially as herein described with reference to

the foregoing examples.

26. A method for inhibiting naphthenic acid corrosion substantially as herein

20 described with reference to the foregoing examples.

27. Use of corrosion inhibitor substantially as herein described with reference

to the foregoing examples.
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OR2 Illwherein Rl, R2 and R3 are polyol efins having nol ecul ar wei ght
varyi ng from about 800-10, 000 deltons. An oxide derivative of polyneric
phosphat evesbavo2sed28pol yi sobut yl ene succi nat e est er whi clrCraBuapeisrss of
acting as naphthenic acid corrosion inhibitor by inhibiting naphthenic acid
corrosion in crude oil/feedstock/hydrocarbon streans containing napht henic
acid, and denonstrating higher thermal stability at el evated tenperature
varying from about 2000C to about 4000C [about 4000F to about 7500F]. A
corrosion inhibitor as clained in claim3, wherein said oxide derivative is
sel ected from pol ynmeri c phosphate esters having one of the foll ow ng
structures A or B:- B wherein RL and R2 are pol yol efi ns havi ng nol ecul ar

wei ght varying from about 800-10, 000 delton; X is H CH3 or C2H5 ; andn nmay
vary from1l to 20. 5. A corrosion inhibitor as clainmed in any one of the
precedi ng clains, wherein said inhibitor has thermal stability of about 50%
wei ght | oss as ©@Ermi ned by thernmpgravinetric analysis in a tenperature
range varyi ng from about 3500C to about 4000C. 6. A corrosion inhibitor as
clainmed in any one of the preceding clains, wherein said inhibitor has
acidity varyi nd. f r ot RobERArc :phﬁ@hq(aeyt@rrﬁftgglylsobutylene succinate ester which is

capable of acting as naphthenic acid corrosion inhibitor by inhibiting

5 naphthenic acid corrosion in crude oil/feedstock/hydrocarbon streams
containing naphthenic acid, and demonstrating higher thermal stability at
elevated temperature varying from about 200°C to about 400°C [about
400°F to about 750°F].

10 2. A corrosion inhibitor as claimed in claim 1, wherein said ester is selected
from polymeric phosphate esters having one of the following structures I,

1T or III:-

(I)H
o=$_ow
OH

15

OH
O=P—OR!

20 11

[
O=P—OR!

I
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about 80 ng KOH gm as determ ned by titration of sanpl es agai nst nornal
al coholic KOH 7. A corrosion inhibitor as clained in any one of the

pr ecedi ngwol2aiome3628her ei n sai d i nhi bitor
from about 2% to about 5% of the inhibitor.

has phosphor us PCONBENY/85373% Yi NQ
8. A corrosion inhibitor as

claimed in clains 1 or 2, wherein said inhibitor is prepared by reacting

pol yi sobut yl ene succinic anhydride [PIBSA] with a gl ycol
term nat ed pl oyi sobutyl ene succi nate ester,
phosphorus pentoxide to result
pol yi sobut yl ene succinate esters. 9.

to form hydroxy

which is reacted with
in polyneric phosphate ester of
A corrosion inhibitor as clained in

claim8, wherein said glycol is selected fromnono-glycols, aliphatic
glycols, aryl glycols, di-glycols, and aliphatic di-glycols, aryl
di-glycols, particularly nono-glycols, aliphatic glycols, aryl glycols,

nmore particularly ethylene g ycol
d

clains 8 or 9, wher&heicigdy

10. A corrosion inhibitor as clained in
gRYEBI arrelypleBzahaying malR@wariweight Yy @er at i o

varying from about &;Q4n8R s6Reb00kcltodd0l €. 11. A corrosion inhibitor as
claimed in claim8, wherein said phosphorus pentoxi de and said hydroxy

term nated ployi sobutyl ene succinate ester are taken in a ratio of P2C5 to
hydroxy term nated Rhoyi&oBUYiRNS: %Mﬁ}&bﬁh%ﬁ‘osﬁl%@"estasop pO}isdtiydendol € of

P2C5 to 1 nole of hydroxy term nated pl oyi sobutyl ene su00|nate ester.

12. A

corrosion i fhi bi t or Sussingt gptpreyhich it Fappble 81 agiingrasinapldbgnis miggargsion

inhibitor by inhibiting naphthenic acid

oil/feedstock/hydrocarbon  streams

corrosion

containing naphthenic acid,

in crude

and

demonstrating higher thermal stability at elevated temperature varying

from about 200°C to about 400°C [about 400°F to about 750°F].

10
4. A corrosion inhibitor as claimed in claim 3, wherein said oxide derivative
is selected from polymeric phosphate esters having one of the following
structures A or B:-
15
(l)R1 (l)H
O=P—O—+CH,—CH—+X
2
OR n
A
(l)R1 OH
0= 1|D—O CH—CH—+X
? n
CH2—(|IH X
OH/,
20
B
wherein R' and R” are polyolefins having molecular weight varying from
25 about 800-10,000 delton;

Xis H, CHz or C;H5; and
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prepared by reacting high reactive polyisobutylene with nmal ei c anhydri de.
13. A corrosion inhibitor as clained in claim12, wherein said high

reacti ve wol2giabaz8yl ene is reacted with mal ei ¢ anhydri @#eTaBre9/033a%d ng in a
nole ratio varying fromabout 1:0.5 to about 1:1. 14. A corrosion inhibitor
as claimed in clains 3 or 4, wherein said oxide derivative of polyneric
phosphat e esters of polyi sobutyl ene succinate ester is prepared by reacting
pol ynmeri c phosphate esters of polyisobutylene succinate ester of claim1l or
2 with oxirane conpound to result in oxide derivatives of polyneric
phosphat e ester of polyisobutylene succinate ester. 15. A corrosion
inhibitor as clainmed in claim 14, wherein said oxirane conpound is sel ected
from et hyl ene oxi de, propyl ene oxide and butyl ene oxide, preferably the

oxi rane conpound is butylene oxide, nore preferably 1,2 butyl ene oxide. 16.
A corrosion inhibitor as clained in clains 14 or 15, wherein said inhibitor
has thernal stabilifypapraiboot! 8G% wei ght |1 oss as determ ned by
thernogravinmetric analysis in a tenperature range varying from about 3500C
to about 4000C, and acidity varying from about 1 KOH gm t oabout 20 ngy
KOH gm as det erni ned #yrosipR rahibiten apfclaimerp ine 8nya g2 gfsgfherm?q%mg #lashol i ¢ KOH

sanpl es and phosphofyseiaQRiiamMificY &Y IHB8hal L@PRiRAUWbodk ¥otowaibRUbss2X0 of the
inhibitor. 17. A method for inhibiting naphthénic acid corrosion on

metal |ic surfaces oflCWHEnchPydRESpeginpTie anplyssicia SSPHRFTaIFe rExee égpingont ai ni ng
naphthenic acid in gom about 350°C to about 400°C.

6. A corrosion inhibitor as claimed in any one of the preceding claims,
wherein said inhibitor has acidity varying from about 1 mg KOH/gm to
10 about 80 mg KOH/gm as determined by titration of samples against

normal alcoholic KOH.

7. A corrosion inhibitor as claimed in any one of the preceding claims,
wherein said inhibitor has phosphorus contents varying from about 2% to

15 about 5% of the inhibitor.

8. A corrosion inhibitor as claimed in claims 1 or 2, wherein said inhibitor is
prepared by reacting polyisobutylene succinic anhydride [PIBSA] with a
glycol to form hydroxy terminated ployisobutylene succinate ester, which

20 is reacted with phosphorus pentoxide to result in polymeric phosphate

ester of polyisobutylene succinate esters.

9. A corrosion inhibitor as claimed in claim 8, wherein said glycol is selected

from mono-glycols, aliphatic glycols, aryl glycols, di-glycols, and

25 aliphatic di-glycols, aryl di-glycols, particularly mono-glycols, aliphatic
glycols, aryl glycols, more particularly ethylene glycol.

10. A corrosion inhibitor as claimed in claims 8 or 9, wherein said glycol and
PIBSA are taken in a mole ratio varying from about 1:04 to about 1:1

30 mole.
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reactor conprises followi ng steps:- f) heating the stream contai ning

napht henic acid to vaporize a portion thereof; g) allow ng the stream
vapors t owoi2ew/i2e628 di stillation colum; h) condensi ng &CpaB2002ns3a36 t he
stream vapours passing through the distillation colum to produce a
distillate; i) adding to the distillate a sufficient anpbunt of naphthenic
acid corrosion inhibitor so as to achieve inhibition of naphthenic acid
corrosion; j) allowing the distillate containing naphthenic acid corrosion
i nhibitor additive to substantially contact entire netallic surfaces of the
distillation unit so as to formprotective filmthereon, whereby said
surface is inhibited agai nst corrosion; wherein the process is
characteri zed by addi ng corrosion inhibition amount of said naphthenic acid
corrosion inhibitor which is selected from pol yneric phosphate ester of

pol yi sobutyl ene succinate ester and oxi de derivative of polyneric phosphate
ester of polyisobutylene succinate ester. 18. A method as clainmed in claim

17, wherein said CORKr Q3ioGBn lifHMifdk tab QAP HNE11ig] ss@hgelﬁasafatlk}%%ﬂenﬁm d
corrosion inhibitor varies fromabout 1 to about 0 ppm 19." A net hod as

clai med in clai m 17peniideans sadglrgsy] tymdraicd Mwbﬁﬁﬁl@ sgeqimgfe ggfer are

pol yi sobut yl ene Sucﬁkaﬁkﬂiﬁﬁ&%fPMﬁt§%%ﬁ&%ﬁQn&ﬁQ&lﬁ@ﬁﬁﬁM@ﬂﬁe@ﬁ%h&g one of
t he follomnng structures |,
ester as 0.01 to 4 mole of P,Os to 1 mole of hydroxy terminated

ployisobutylene succinate ester.

12. A corrosion inhibitor as claimed in claim 8, wherein said PIBSA is
prepared by reacting high reactive polyisobutylene with maleic anhydride.

10
13. A corrosion inhibitor as claimed in claim 12, wherein said high reactive
polyisobutylene is reacted with maleic anhydride after taking in a mole

ratio varying from about 1:0.5 to about 1:1.

15 14. A corrosion inhibitor as claimed in claims 3 or 4, wherein said oxide
derivative of polymeric phosphate esters of polyisobutylene succinate ester
is prepared by reacting polymeric phosphate esters of polyisobutylene
succinate ester of claim 1 or 2 with oxirane compound to result in oxide
derivatives of polymeric phosphate ester of polyisobutylene succinate

20 ester.

15. A corrosion inhibitor as claimed in claim 14, wherein said oxirane
compound is selected from ethylene oxide, propylene oxide and butylene
oxide, preferably the oxirane compound is butylene oxide, more preferably

25 1,2 butylene oxide.

16. A corrosion inhibitor as claimed in claims 14 or 15, wherein said inhibitor
has thermal stability of about 50% weight loss as determined by
thermogravimetric analysis in a temperature range varying from about

30 350°C to about 400°C, and acidity varying from about 1 mg KOH/gm to
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OHI , OP-OR1 1 OHII ORI O=P-OR 11l wherein Rl, R2 and R3 are

pol yol efi ns havi ng nol ecul ar wei ght varying from about 800-10, 000 deltons.
20. A netwoadoms2sd2ai med in claim 17, wherein said oxi dePdenBuay/nisess of

pol ynmeri c phosphate esters of polyisobutylene succinate ester is selected
from conpounds having one of the follow ng structures A or B:-B wherein Rl
and R2 are pol yol efins having nol ecul ar wei ght varying from about

800- 10,000 delton; Xis H CH3 or CH5 ; and n nmay vary from1l to 20. 21. A
met hod as clainmed in any one of the clains 17 to 20, wherein said stream

I ncludes crude oil, feedstock, and hydrocarbon streans and/or fractions
thereof. 22. A nethod as clained in any one of the clains 17 to 21, wherein
sai d

about 20 mg KOH/gm as determined by titration of samples against
normal alcoholic KOH samples and phosphorus contents varying from

about 1% to about 5% of the inhibitor.

5 17 A method for inhibiting naphthenic acid corrosion on metallic surfaces of
the processing units processing the stream containing naphthenic acid in a

reactor comprises following steps:-

i) heating the stream containing naphthenic acid to vaporize a portion
thereof;
10 2) allowing the stream vapors to rise in a distillation column;
h) condensing a portion of the stream vapours passing through the

distillation column to produce a distillate;

i) adding to the distillate a sufficient amount of naphthenic acid

corrosion inhibitor so as to achieve inhibition of naphthenic acid
15 corrosion;

i) allowing the distillate containing naphthenic acid corrosion
inhibitor additive to substantially contact entire metallic surfaces of
the distillation unit so as to form protective film thereon, whereby
said surface is inhibited against corrosion;

20 wherein the process is characterized by adding corrosion inhibition amount
of said naphthenic acid corrosion inhibitor which is selected from
polymeric phosphate ester of polyisobutylene succinate ester and oxide

derivative of polymeric phosphate ester of polyisobutylene succinate ester.
25 18. A method as claimed in claim 17, wherein said corrosion inhibition

amount of said naphthenic acid corrosion inhibitor varies from about 1 to

about 2000 ppm.
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inhibitor is added to distillate that is later returned to the reactor, or
whi ch contact the netallic interior surfaces of the reactor so that

met al | i c wonbaaess2ar e substantially protected from naphPh@enBmoxei3dse
corrosion. 23. Use of additive polyneric phosphate ester of polyisobutyl ene
succinate ester as clainmed in claiml or 2 as naphthenic acid corrosion
inhibitor to inhibit naphthenic acid corrosion in crude

oi | s/ f eedst ocks/ hydrocarbon streans. 24. Use of additive oxide derivative of
pol ymeri c phosphate ester of polyisobutyl ene succinate ester as clainmed in
clainms 3 or 4 as naphthenic acid corrosion inhibitors to inhibit naphthenic
acid corrosion in crude oil s/feedstocks/ hydrocarbon streans. 25. A
corrosion inhibitor substantially as herein described with reference to the
foregoi ng exanples. 26. A nethod for inhibiting naphthenic acid corrosion
substantially as herein described with reference to the foregoi ng exanpl es.
27. Use of corrl8si oft Meikfidyis chimeslip stamd 7. atheipingsgidralanasic pesphdtpesteiwi t h
reference to the f OBWiMu@%ﬁmc@ﬁate ester is selected from compounds having one

of the following structures I, II or III:-

(I)H
0O=P—OR!
OH

(l)H
0=P—OR!
OR?

10

11

OR?

|
O=P—OR!

I 2

OR

I

15 wherein R', R? and R are polyolefins having molecular weight varying

from about 800-10,000 deltons.
20. A method as claimed in claim 17, wherein said oxide derivatives of

polymeric phosphate esters of polyisobutylene succinate ester is selected

20 from compounds having one of the following structures A or B:-
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(l)R1 (l)H
o:1|>—o CH,—CH-+X
0O n

<CH2—(|:H7X
OH/,

5 B

wherein R' and R? are polyolefins having molecular weight varying from
about 800-10,000 delton;
10 Xis H, CHz or C;H5; and

n may vary from 1 to 20.

21. A method as claimed in any one of the claims 17 to 20, wherein said
stream includes crude oil, feedstock, and hydrocarbon streams and/or

15 fractions thereof.

22. A method as claimed in any one of the claims 17 to 21, wherein said
inhibitor is added to distillate that is later returned to the reactor, or which
contact the metallic interior surfaces of the reactor so that metallic surfaces

20 are substantially protected from naphthenic acid corrosion.

23. Use of additive polymeric phosphate ester of polyisobutylene succinate
ester as claimed in claim 1 or 2 as naphthenic acid corrosion inhibitor to
inhibit naphthenic acid corrosion in crude oils/feedstocks/hydrocarbon

25 streams.
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10

15
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24.

25.

26.

27.

PCT/IB2009/053736

Use of additive oxide derivative of polymeric phosphate ester of
polyisobutylene succinate ester as claimed in claims 3 or 4 as naphthenic
acid corrosion inhibitors to inhibit naphthenic acid corrosion in crude

oils/feedstocks/hydrocarbon streams.

A corrosion inhibitor substantially as herein described with reference to

the foregoing examples.

A method for inhibiting naphthenic acid corrosion substantially as herein

described with reference to the foregoing examples.

Use of corrosion inhibitor substantially as herein described with reference

to the foregoing examples.
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