11 An Effective Novel Polyneric Additive for Inhibiting Napthenic Acid
Corrosi on and Method of Using the Same Field of Invention 5 The present
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Background of tion.20lt is widely knowmn in the art that the processing
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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 ester
15  of polyisobutylene succinate ester or oxide derivative of polymeric phosphate ester of

polyisobutylene succinate ester.
Background of Invention

20  Itis 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 io 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 potassium hydroxide required

30  to neutralize the acids in a one gram sample, above 0.2.
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2 As commonly used, naphthenic acid is a collective termfor certain
organi ¢ acids, which predom nantly consists of nonocyclic or bicyclic
carboxylic acids with a boiling range between 3500 and 650F, and present in
various crude oils. Although there may be present m nor anmounts of other
organic acids, it is understood that the npjority of the 5acids in

napht heni ¢ based crude are naphthenic in character, i.e., with a saturated

ring structurge as fol] ows: 10 The acids .tend to concentrate in the
heavi er fr act‘fg%ﬁ%mla'ﬁ?{y rjrﬁe%’rqﬁagﬂﬁl?lg taF‘p!‘%l? FOIeRYe M fgﬁ cerfahy S‘EgaB‘r‘@cl‘QcWB’&h ng
furnace tubi ngeddrhidBflyeEodsisBESE mbhidt§Eli OHABic P ict Q¥R yliD hEHS With a bSRAg Bde
15refl ux sections of colums, heat exchangers, tray bottons and condensers,

and corrode sRfEweanod°i Bk 6HI°F; ed episarinin THousTIredupily. Addicyigh thére may be

napht heni ¢ acj -ext v r range. . However he..maj ori. t he
napht heni ¢ agﬁ;rg’geﬁ ?glrhﬁaéra&g‘gmgsl ﬁmﬁeslj (g}g%ﬁ%l a?lﬁg’g%tés o ersz%ddi {hlagﬂ’te '11@8?'{%%@5159
20 oi |l . Tbe caidsdainaphihefia\biasud cradel ahaphthehicih@beftiegs.eQf witikpbfvesed riggi d
vary with changes in | ecul ar wei ght and source of. crude oil. Therefore,

t he corrosioﬁ“Wﬁ“?%W%@ﬁogﬁitable for one type of crude oil containing

napht henic acid may not be suitable for another type of crude oi

cont ai ni ng napht henic acid. 25Further, the corrosivity of naphthenic acids
is reported to be exceptionally serious in the presence of sulfide

conpounds, such as hydrogen sul 4 de, :rca-ta&§K¥$lenental sul fur,
sul fides, disulfides, polysulf+fdes and i ophenol’'s. The napht henic acid
corrosi ompghas al so been reported te_eCcur in carbon steel or ferritic steel

furnace tubes and tower bottonms. The alloys enploying from1.25% Cr to 12%
Cr, or perhaps even higher 30anmobunts unfortunately show little to no
resi stance to naphthenic acid corrosion. Austenitic stainless steel
containing at |east 2.5% nol ybdenumis proposed to 3

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

locations including furnace tubing, transfer lines, fractionating tower internals, feed and
- 15 reflux sections of columns, heat exchangers, tray bottoms and condensers, and corrode

such locations of the column.

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
20  oil. The corrosive behaviour and physical properties of naphthenic acid vary with
changes in molecular weight and source of crude oil. Therefore, the 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.

25 Further, the corrosivity of naphthenic acids is reported to be exceptionally serious in the
presence of sulfide compounds, such as hydrogen sulfide, mercaptans, elemental sulfur,
sulfides, disulfides, polysulfides and thiophenols. The naphthenic acid corrosion has
also been reported to occur in carbon steel or ferritic steel furnace tubes and tower
bottoms. The alloys employing from 1.25% Cr to 12% Cr, or perhaps even higher

30 amounts unfortunately show little to no resistance to naphthenic acid corrosion.

Austenitic stainless steel containing at least 2.5% molybdenum is proposed to
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conpensate corroding effects of sulfur and naphthenic acid, which does not
appear to be cost effective [US patent 5,630,964]. It is also known that
when napht heni ¢ aci d- cont ai ni ng hydrocar bons/crude 5 oil s/feedstocks is at
a tenperature between about 200C and 400C (approxi mately 400F -750F), the
corrosive action of naphthenic acid is sevgre. The naphthenic acid
corrosi on does take place at |ower tenperature, but the corrosion in the

temperature range varying.from about 200C to 400C is. severe, and therefore,
has drawn m)rcé’“g{ef’%‘? F%‘ﬁgd‘ﬁ%e P 8??6‘%“&)‘1“6‘5}3@ enle A5, arhieh dpesat ABREAERI ¢
aci d constit ugndost ARt [I9 pateRIMPEIVGKY)i N crude oils and petrol eumrefining
oper ati ons have been recogni zed for many years. As stated, such corrosion
is particularly severe in atnospheric and vacuumdistillation units at

t enper at ures range .varying from ahout 40 t.0 about 750F, i.ch confir
15that "t he ndbhihere. Kt GRS ePRngHEy SEersmiat e MERERTRRY e
has been gbsejikfeedstieks ¥ a€heavmpenire HeerchUbRS: 2007 GRd 408PQNapbkiiddy s
denmonstrate poor thermal stability, and get deconpose and deposited on
surfaces of t409°F e&X’B)./the serrosieg agsion i naphtharic tagisk istspverauBlee haphithemis acid
probl em Therc%mgl‘%n &o@gt Lé)lgéé Qtnlto%\%r 'té}ﬁféghthpg b‘ﬁ?'tl?ehcé osliorhern IeI %msg:raa llree at
el evated tenperatures an es not get conpose and deposited a Ut aces
of the react aangh sariyingafroraraboni 20060 to #06°d destverehand ehedéfotd) thak rigkised mybre

O her factors that contribute to corrosion activity of naphthenic acid
present in tHH&eDEM}yde oils or feedstock to be treated include:- a) the
amount of gnapht henic acid present in the crude oil or feedstock to be
treated; b) the concentration of sul fur conpounds present in the crude oil
or feedst ock Gardseon preblend as®0m}adeitip hagphemiciacid oonstittentspmdssatfur compduads
crude oil or .feedstock %o e trea%ed and in tﬁg cBrrosion.in | bitor

enpl oyed to i"RRTHSICOSRRd ReFTOlslmy Friini g oPeRatipns have Proy fegoRizedhior MaRyeyears or
feedstock to AesthtegahRH corBsloRfis pAtEcaNy 98Ieadid ARoRpiR LANBYGH diQillanbh bi t
the corrosion. The concentrations of naphthenic acid and sul fur conpounds
‘present in tHha&itgappampesateics r4nge danoek sonyahat 40@dntosaboat R0 °Fs whishndonfirms
gener al | C rolled. therefore whichever corrosion inhibitor
isto bexaseg&?gﬁ? ﬁeﬁ)lh&:%? &ﬁ%led %06% Sf%lel?nﬁl Bl c‘ieglpsr(?ﬁfrgéf%er?ﬁfqt' shoul d be capabl e
of controlling the corrosion of that ampunts of naphthenic acid and sul fur

conpounds present in the stream Cenerally, these aspects are taken care by
enpl oyi ng suflt has kegh ohpasyed that atialeyaiedrtempergiiresn Hhesiorresion iphibirers demeastyte |

not prefer 1088 MBI EQbilikd. bk %gg n t her _di Y es
~as in case o%pﬁosgﬁ%r us clor?i’alhn(?n ti Hﬁ{o I toérflsérgjegd%p;&gteeg gr & n%ggogvfttﬁg
Further, the remphtdigilladoraini, and tlesétyncyse Sowlipepioblunal Thersfowms ke icorrddién
presence, 8 f Su'i’llli{)ilf(;r V(\:’l(‘l)ic ?sut gr?ﬁall?lss?a%% azlitlelleX/a'Pe%%rggggtufe%l Jnld%%'es 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

25  crude oils or feedstock to be treated include:-

a) the amount of naphthenic acid present in the crude oil or feedstock to be treated;

b) the concentration of sulfur compounds present in the crude oil or feedstock to be
treated;

30 ¢ the phosphorus contents present in the crude oil or feedstock to be treated and in

the corrosion inhibitor employed to inhibit the corrosion; and
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15 Therefore, the ideal corrosion inhibitor will be the one which can be
effective for possible concentrations of naphthenic acid as well as sul fur
conpounds. If its higher amount is to be enployed, then it should not cause
ot her associ ated di sadvant ages. 20The phosphorus content of the crude oi

or feedstock to be treated and of the corrgsion inhibitor is known to

i npair the function of various catalysts or tend to poison the catalysts
whi ch are use to reat..t he.crude oil, t ock/ h droc on st e dg.,
' £ ixad bog ot GRabOSE e Fyer ot SERCREOTNS D¢ TR gt corrosion
therefore, is rmr einhiRYIBF BmpPReRd B BRIt (REBMRK sforDf phosphor us contai ni ng
corrosion inhibitor are to be 25 enployed to counter higher concentrations
of napht heni c aC|d The crude oil processors, therefore are always in

dil enma to us har u ai-ning in it Ors ause assocj at ed
probl ens t herg ng’"&%tﬁdlgr ftsﬁ%p g\‘/e&’c af oé@g f‘?{g‘?(fué‘ ? iReseRh Thebfide
commer ci ald y Mﬂﬂdedhbﬁcs/}@ﬁmarﬁbhcmjeﬂﬂ‘ﬁ [Qfealﬂﬂ‘%ﬂ&@[lyscaﬁﬁ&tl% InAB116M th&efopé)

i nhi bitors may be overcone, but by enpl oyi ng additi onal conpounds known as
phosphi te st aBhichgwer sorrppge irtrbitargis tebe diged £o shibit eamphtheaicsacidhgorsosien it
render the ovglyuid be BIHA6RST &Bﬂgﬁmﬁ tﬁ%kyrrwd 8P1HGt amBudts OF %ﬁﬁmﬁﬁhé’&%@}n&o
probl em of phosphorus contalnln rtors 1s to e P

corrosi on i nhsubfut @bmpohhmemesentnh thastrbz&enGEmualdiy ttlhede itdpeste arétlmktent@rcs bare,

generally, Iess effecti e as co to phosp S contai ning inhibitagrs,
and t her ef or € @8?‘&&?8 e ragque OE %Tos*ﬂ?eﬁngt%éﬁ"é ‘P‘H%V@F’d‘é% wHbpeoRIcHH

i nhi bi tor gwi |t|he Behib#Hst 1978 nHes AnfoRMR daf &S otheM@iSadvAHiags! 4d in (.ecl}%] g?)h(y h rus

anounts of phosphorus. 10The acidity of crude 0|I/feedstocks

streans [str econjainiog brhibiteeadesdribed hqreinbelol y due to presence of naphthenlc
acid and of sulfur conpounds, and m nor anmounts of organic acids. As stated
above the concentration of these conpounds, generally, cannot be reduced

in the streanFurgrelytht ofaphtheaicn®id cotloyiBy ets é ibialll SsevEeinafhedpreyeneé dJrhe
streamis controlled either by blending t er acid nunbered oils 15

with | ow aci OFW@WE‘UJDSFI%PWIWFQgﬁéﬁHlﬁdeam d nunber of the streamto be
treated s | owered down, or by neutralizing acidic contents of the stream
to be tréated by a suitabl e neutrali zi ng agent, or by renoving the acidic

contents frorThdnefoss, rhaidday cogusibRbhigbhet Wl be the dirywhighn@hebt effaétiveutn
met hods not onlg %ncrease the Proce55|ng time, but also increase the
processi ng cds‘)tS iblencpneeniratipas oI napfithenie, acidrascwelt an sufirycopmanads i If its hickesr

Therof orer | FTREY is B BRI En i SHERAHBIBALP S S Sfiicd BRaBARLBEL T, 07
phosphate esters
20  The phosphorus content of the crude oil or feedstock to be treated and of the corrosion
inhibitor is known to impair the function of various catalysts or tend to poison the
catalysts which are used to treat the crude oil/feedstock/hydrocarbon streams, e.g., in
fixed-bed hydrotreaters and hydrocracking units. This problem, therefore, is more
severe when higher amounts of phosphorus containing corrosion inhibitor are to be
25  employed to counter higher concentrations of naphthenic acid. The crude oil processors,
therefore, are always in dilemma to use the phosphorus containing inhibitors, because

associated problems thereto may render the over-all process ineffective and

commercially unviable.

30  The problems of phosphorus containing corrosion inhibitors may be overcome, but by
employing additional compounds known as phosphite stabilizers. However, use of

additional stabilizers may also render the over-all process commercially unviable.
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has higher acidity, then they tend to react with netallic surface of the
reactor and form25 salts thereof, |ike phosphate salts fromaliphatic or
aromati ¢ phosphate esters, which sonetinmes get deposited and thereby cause
fouling. Thus, such inhibitors having higher acidity have serious probl ens
and therefore, cannot be enpl oyed as napht geni c acid corrosion inhibitors,
or at | east cannot be considered as preferied choice of the industry. 30In
vi ew of the foregoing description, naphthenic acid corrosion, therefore, is
a concern for the researchers in the field and attenpts are still on to
find a suitabhgoher GIGHAN td PROWE ST YhYspRorEdRoA@inig inhibiforefid ?&tehlg)‘fo hon-
el evated tenperature, particularly within the 6 tenperature rang aryi ng
from about f r piashherus comodn nhilges. [ Bdvemer.40bRs beerafsond t80REse iblibitatssae,
denonstrates hj [ thersally _stabili t el evated .t enper.at ures nd.does
not get deco éongga yafr'f Seepé‘é’igf1 SeﬁorgParg(?J?%Q’cogghodFs it alpggéﬁgsf%rﬁsaﬁdlt SIEfossy
uni t. 5SFurd hedre nbhpref@red@boes. i nhi bitor devel oped shoul d be effective for
possi bl e concentrations of naphthenic acid and sul fur conpounds in the
streamthat's too w thout causing associ ated di sadvant ages; and may
conprise | o i ] B , 1 - d
ave | over aci T e o AR i o DOSE Rl eni bR o BG. Bl
streamto be tffetivedmsunts bfphdsphorushi bit or devel oped can be the preferred
10choi ce of the industry. For the present inventor, need of suitable
corrosion inhibitor having above advantages arises particularly to treat
I'ndi an cryde phd -acﬂdﬁ‘?ec\(teﬁrudta h&i1/RicB 6 Blks/Hyd¥ R AIHoAN sthQinsO a6 b taka! RP 2
corrosion inhibitor to treat the Indian’crude oil, but also to treat crude
150i | of counpuimarly| dueetcChiasence /o haphthenit Beid ognd, ofsalbir ¢ranmoualls cartdesyinor
found to contain varying amounts of naphthenigc acid. Various, approacheg to
“control naphteﬁg%?ngs iodg%%? @8’21?'0@% ﬁﬁtiegoaltbﬂﬁ? tges cg?%fl"gﬁtl%[b(?yé},‘esﬁl ‘éf’ﬁ?}?or\’é‘af’he
crude oi | havgengrallg\\cambt bé weHiRES intHeNstfehORady FornpdatmenthHaWea&! domeiagss 20
so that overall acid nunber [neutralization nunber] is reduced, have been
tried. Howevethe apidity @i tep sieeamnistcopelied eiphsr br dlandingehe highes adidnuinbered oils

preventi n hepi . ac) i Of3.. . as_stated,, includes
et ral i ot i ot AP sEiaeE SREL ey AR S 3RBIR e i B s 7
~.bei ng pr ocesslederadhésen,norc by deualizing atidkatetients tdf wbBaenn Uk prhvAtbyNa.

4,600, 518]. Even this approach has not been found to be effective to conbat
" napht heni ¢ acﬁ“&a%r’iwgﬁn&kﬁg@l‘fs 08 byetrgrqying the tidic qosignty ooy g SFRAThdY e

serious in =p-r§§t§5nsqnaﬁo<§u PRy be %gyaﬁthgfﬁlcﬁfmétgéésm%rnﬂr Hcazs! thePlIBERBAR! C

acids and esters thereof as sctale inhibitors,
' . time, but also increase the processing cost, and therefore, make the process highly

20 undesirable for commercial purpose, and therefore, such remedies 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 metallic surface of the reactor and form

25 = salts thereof, like phosphate salts from aliphatic or aromatic phosphate esters, which
sometimes get deposited and thereby cause fouling. Thus, such inhibitors having higher
-acidity have serious problems and therefore, cannot be employed as naphthenic acid

corrosion inhibitors, or at least cannot be considered as preferred choice of the industry.

30 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 corrosion

inhibitor which can not only be effective at elevated temperature, particularly within the
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acid corrosion inhibitors, and general corrosion inhibitors or as biocides
has been reported in U S. Pat. No. 4,443,609. The US 609 al so reports that
tetrahydrot hi azole 7 phosphonic acids and esters thereof nay be enpl oyed
as internediates leading to scale inhibitors upon reacting wth
formal dehyde/ phosphorus acid. As per US '6@9, such inhibitors can be _
prepared by reacting certain 2,5-d|hydroth|azoleﬁ wth a dlalkyliphosgh;te.
These inhibitors may be having gpod corrqsion in '@%tion operties, bu
5t hese fend t ETBEBARCBUFE HEP Mg RTGRPaL TFSE aPotiodiSE foo49U°Gn[abght A00°F to
possi bl e eni sghqn 79@°FE,W%IS@‘&H@B§&&6§<M h&URSHANG QfabilitD &l e OLBd 1R rlHes,
preferred choice of the industry. The US patent No. 5,182,013 discloses
use of organi @ndudsey st g4t deconapospdarchdépabitasiot sufacsa of Hiei roadtar/distiltation inii t
napht heni ¢ acid corrosion. However, organic polysulfides 10 are reported to
be suitable only upto the tenperatures of 5000F. The inventor of present
i nventi on Pel Faves, stieh cbirflidmt imibidr degatped PhoMRUl Bd deffectiSe DEGaAYsAsiBle
their poor thermal stability. The US patent No. 5,630,964 tries to overcone
limtations ofongentpioanef ngphthenicgpidam spfupgoraeeyngs imthe strerin thays teg without
sulfh di 09 agetusink hstfifarll BRENANBIELEARICARY BoALAG RRAZPBA! dfecylE GRIRA AT
per US 964, phosphorus can forma ef ective barrier agalns corrosion
‘Wi t hout sul phplosphertis;tand igokti sei shouldfhasel ﬂdwdhaogil}@g&ra}t] $eats1f)sf}iogm rm’t@gﬁﬁfbu&itbeam
cont ai ni ng phosphor yi el ds fil mconposed  of both s i des an _
phosphat es, V\?ﬁ‘@ﬂ' ?gﬁ@aﬁrﬂa‘f’c}oi Fegird Sﬁg‘B bﬁ%ﬁﬂm‘glt@f de_t"ﬁ Psdgan P@,éhecre,rﬁlgqrgefh ng
of m xtune of RhQRR Rdesiker and 20organi ¢ pol ysul fide. Further, US 964
demonstrates [Table Il of Exanple 2] that if one attenpts to inhibit
napht heni ¢ acid corrosion either by enploying phpsphate_eﬁygr agone or ?y
enpl oyi ng polysulfide al.one. the corrosjive activity. . is inhibite ut no
el T nat od” ekt g PEREReBy e e R bl oo N b S P G e ar o
-not ef f ecti vearises ipahichiatlyadcrak lndidRiceudensil. FAPRERE NG Redeflt GRS Y6t only
activity. Further, US 964 also goes to demonstrate [Table Il of Exanple” 2]
that -i f one a#iPErnpdevalep # aerrosion hjionimireat d lndisororets Gk buyaleors! wsat ngide
Lo £y o, PTREE Byl A JRuRAIPN SRR YUY R B L8 o
- US' 964, one cemyiaghimeuatsef hagtitheiiyaddd. phosphate ester corrosion inhibitor
only by conbining it with organic polysulfide and not otherw se. 8
Accordingly, it is understood fromthe foregoing that as per US 013,
organi fypg:otygvﬁ%leeaﬂp%a%ﬁésefot bRr A aPRBBAL SRIF cBFSForf HARKAS Tas' QMR 2bBVe,

u
: blending the crude oil having low acid numbers with crude oil having high acid number

20 - so that overall -acid number [neutralization number] is reduced, have been tried.
- However, blending has not been reported to be successful in preventing naphthenic acid

corrosion.

+ Another approach, as stated, includes neutralization and/or removal of the naphthenic

25  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.

30  The use of tetrahydrothiazole phosphonic acids and esters thereof 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
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tenperatures of 500F, which neans it cannot be enployed in the higher
tenperature 5 range. However, as per US 964, neither phosphate ester al one
nor organi c polysulfide alone is very effective, but only their conbination
is effective as naphthenic acid corrosion inhibitor. Therefore, after
readi ng of US 964, one will not nake attenpt to enploy either phosphate
ester alone or organic polysulfide alone. 10 The conbinati on of

oportod 1 UM ot IR R SRS AT ealth g Sreale; 1
one attenpts ihRibeeA ifdn }éaeﬁﬁ%aﬁgﬁlhmnﬁ1d@ﬁ§d%/ﬂﬁ%ﬁ&?h§ Beid DA sCpR! 0¥ 4869,08]cH

t he t hi ophosphorus conpound, | evel of” protection achieved is very low
varyi ng upt o i8bibitpfsEganmbe epreparedidwe veactingyeertaiond, Sadibyiredizoley dwislyen dsalikyli de

cavengi ng co A i osphar ompound,. the. | evel of

;S)r o;/ectg : og i gﬂg&mﬂlﬁgsdé ?@H@gorggﬁ a&‘% 1 Eg‘gﬁ%:@ oﬁ]cgpr?glgpe’f@?’gfona]\f’/rtog?&e%almtng
of US 7475 ongessl tehd I&Dbreﬁﬁ@ew@td&ﬂi@thiglﬁteﬂm&&t{recﬁﬂlpldcétmnﬁ?Niﬂls iblS emission
conpound. Sim|arly, US patent No. 3,909,447 discloses use of conbi nation

of t hi ophospHefrabaoxiopgand toxisHybsincesdhersioraiar ey Prfemedshricarithelindustrr |
and oxygen phosphates as corrosion inhibitor. This patent [see abstract and
claim1] also confirns that when one attenpts to inhibit corrosion by

enpl oyi ng ei tHer US patenoptes pi82.033 adisaddsepyuse ptid opdumice pobsulideiagpdheitial
oxygen and sul fur, ar, .0of o0Xx n .phosphates, . the results are not

encour agi ng. Gﬂ’iré’rs'é’f‘d?}é‘,g“‘ér\§ é‘% gﬁ\‘%ﬁ?@"i‘ﬁlfpﬁ’gac&* CUPsKAy ?Ioéi‘ﬁé‘e‘v\ﬂ ganjsqrolysulfidest
to use 250t hi QPRGPEAESBe sIMbRIGHIS BPRLES 1chrtAlfel BY SOFFh TRX HEERoRBE PR Ur -
and oxygen phosphates individually. Further, the corrosion inhibi to?s of
US' 447 are usaventioagkdlisyes sunbr bmitghion of razpanic \pelysulfislas tis eeauae uofetheir poor
oxygenated a u ens such as water floods, cooling towers, drilling
30 nuds, ai rqﬁgﬁ%ﬁ?ls%éﬁl id auto radi ator systens. US' 447 al so notes that
many corrosion inhibitors capable of perform ng in non-aqueous systens

and/ or non-oxygenat ed systens Berfprm poorly in aqueous and/or oxygenat ed
systens. Fur t HsrUS prient Boep.£30.pe4 tripsitp guersemegdinmitatippeofdSdpatent Not hd82.8h3

i nhi bitogrcth : i -' . not
suggest that Tt VapeRi MUl pERRHARE ENORT L TR SO SRR S5 PR,
mere fact thaiecauseiashpdri US196HAphdspheruefdahcfaam ains efiéctivel bairtisredgaidsdWorrosion
tenperatures does not nean that it \Agl‘gql,u(fﬁtﬁ'l so be efficacious at el evated

t enper at ur es. WiRPUt giiphu, but thecaddingn RE BEEWF 40 theaProgess shreamn coptaining
effective at p’ﬂdr&’ M1 r : .

i neffective al{h%tE errpefgl%élt?rs %\Qﬁgﬁgﬁ&gg&ﬁhﬁ%ﬁ%gﬂtﬁ g@ﬁgjbﬁcﬁ gﬁgéﬁ%’mgﬁﬁsns%g Ito
refining. At ispedvet perfemance ef the additise aonsistingpbb mhiatist yof't phosphats eser andl
diffi culg to alleviate. .Further, the inventor of present invention has
found t haP t PE84Ms BYIKSUBM%t es, pyrophosphat es contai ni ng both oxygen and
sul fur, and oxygen phosphates will have higher acidity which is not
desirable to control naphthenic acid corrosion. 15Therefore, U S.'447

cont ai ns no tlauder, 145°864 slamgassratesn]Tiahlet Tiof dixampleaR] yhat hf ophatsqipets ¢s inhibit
pyr ophosphat e nt.ai_ninng both o n_and sul fur nd oxygen osphat es

will be eff ec“tsaP@@e'é‘g aS‘cS’r‘%’&Ous‘cS’H ‘?‘@ﬁ‘ﬁ‘ig E’( FB‘P?QY#P%B%QSBH%%E}? é@&‘f ShBY STWYOYRe
hydr ocar bon - fpolijsdHide@$giRe ihel doyrokiot abvadfyas atHisiedf Bud ndelirinbield Soanidpah&eby NO
teaching that individually thio ho%phat es, pyrophosphates containing both

oxygen aAd suhpsphategster alonepryngbisuliids sionstase nojosffastive tefnhihit andeclimiabteghe

napht heni ¢ agj 1.QSH . ed tenperature. The conbination of.
phosphat e es?{gght\gi\n&%l%Q%ﬁ%ggﬁ%lflggﬁﬁt - and di-esters is reported in US

4,024,050 and conbi nati on of thio-phosphate ester with thio-phosphite nono-
and 25 di -es%gllr#?) Ii£5r§ orted in US 4,024, 049. However, these conbi nations
are reported s Alse gaes todempmstrate [Fable fbpl Expprlp Rd that dE ong aftempts
enpl oyed ar e 1gl;hRBat AdphfenicO 1S j - | ght
bet ween from ablout 85 tgnfG%%ﬁ %ngﬁbﬁv%@?mﬁE}gggﬁ\éfr{;\/ﬁg%@ﬁ%gﬁgﬁé@#@und
that theSe comgminpslyhdfide,phorcotrbgverattivityaidiihhibited anevetleddingiyiated, sieatngpose

and get deposited on netalljic surfaces of the_reactof, and have 30hi gh
phosphorus ¢ gf_ﬁeirglﬁ’t’ ,%hPgh ?ché@ t9n¢ &y aphgye ebfidiency aﬂ% é‘f‘oﬂ’g’a@f PEET £oEoHRN
napht heni ¢ aGhklbi#sH dnPPby Borhbidinl it R4th organic polysulfide and not otherwise.
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10 The US patent No. 5,552,085 discloses use of phosphorus thioacid

hydr ocar byl ester to control corrosion on netallic surface of distillation
colum used for treating hydrocarbons containi ng napht henic acid. The
phosphorus thioacid hydrocarbyl ester enployed conprises al kyl having from
5 to 30 carbon atons, which cannot have 5 | ecul ar wei ght between from
about 850 to 1600. The inventor of present invention has found that these
conpounds al so have poor thermal stability, and tendency to deconpose and
get deposited on netallic surfaces of the reactor, and have hi gh phosphorus
content, high )11 ; HRO -of f i suga@{]gth e
acid corrosi oﬁé’cfbhﬁlh%% 01?2@ Elu(lg&&rﬁg%gg%fmghggg ilﬁée 12?: g%lg?&phosp at gl%hﬁlc
esters, thi opprdgpifides ixsflective ahinaphtbepbaacid estresion ainblibitox t butesnly hepte othei s
di scl osed in US patent od, 42,253, . The US patent no,.. 5, 863, 415

di scl oses useteglpgghgeso?%\g%or é Wﬁl%p’ﬂ%%ﬂb?ﬂ?oﬁgﬁﬁmfﬂiﬁega\n i%%hﬂgge& eaweEture n
al kyl or arylraggd. élowdver,eRfper S’ 06N MRIthdrhyHoSsHatOEstéR b Borl BYARE frolyEH e
findings of US 964 [and al so of US 447], w thout explaining the reasons,

al so goes to AYMF iy MeRyheffeciivenbpheslyhikes comhination isneffesyize as| apbthesic acid
napht heni ¢ ac| r:064 iRl o ' £or i tivity is no
effective, t héggr Olgl(s?)l,;1 lﬁgl!tb Rg ]gieégﬂrnteedg?%ljvlteeﬁdlﬁ g ogg‘%l %ﬁ?%’ﬁe Véls” 1>\£\(/?atl r?‘aléesgtttﬁnilpr%‘itﬂat e
t he corrosi veenagby vithiey phdsphatehdstee nlone acbiganitipehysiidide aloziéen US 049, US' 050
and US 085 cannot be considered to disclose or suggest or teach use of
phosphat e esters as naphthenic acid corrosion inhibitor at elevated

t enper at ype I )| g u .
cont ai ni 28 cgﬁﬁpéogﬁ%lgmﬁggn gseﬁehm(?ﬁe}%gl?tﬁggwicﬁ%g%Jﬁt@ﬁf h Ero%@%ssg@?desgiaveg%{l g
only as t her nwnippund ackpogechipedt Patdau publenation Ne. RHOBPHIONTEE. Aondeaitini pgtent,
conmpounds. are.sel ected from oxi of phosphorus, phasphoric acid or

phosphi ne. Thi LASaFUSTHPES 18 % trggﬁg%é?glffgﬁrﬁ?)facb(fscﬂﬁf’ﬂo ’OEY a‘?"ﬁli’alﬂlﬁmgo‘?fﬂ&mﬂs;
- and of conbi naidphesphbrikRSMPBEHA ThERVEIAIHrotdctichchics Bl sV erP vl Aty g upto 89
conpounds, but only as thermally 30cracking agents. The use of phosphates

i s i'ndi cat ed, oHbzampley?]aHowResrrheny ong alek pddy kitglsogen, sulfivlg scavengintg eeatpiound

W th bisruth 68 PNaner P86507. AU

251 08/ 13111 Gk Sfé‘gb}g‘%pg‘ﬁ‘gg%ﬁ%&’ﬁ"s‘"‘%éﬁ%gﬁ‘ﬁgﬂi éﬂ(rgg?té"dl Fr‘i‘%%ﬂ%%“ﬁﬂoaﬁs 99.7%
phosphi te, t HEaphpkpliaTkereford, hiftepreadipli df &I SILEBrone ALl Qisn efakeiattbmpi loérigloy

i nhibitor - imdazoline conmpound has al so been disclosed in U S. Patent No.
4,842, 716. 5RO Baerhosphoruscomaosedent i n phosphor us- cont ai ni ng napht heni ¢
acid corrosion inhibitors has been reported in U S. Patent No. 4,941, 994.
Therein it is disclosed that netal corrosion in hot acidic |liquid

hydr ocar bons Similarijpj OSt prderttyNo.h& 900, ¢46E diselosds asecoff carsbiaatiombf khidphvgpleaes,nt

of a dialkyl and/or .trial kyl .phosphite with optional thiazoline. Wile
the met h6d ddYEPRhGsRhatss con }mg@got Y8R0 i sulipe 2 OESY%?&‘iFH‘ioﬁg‘ai%‘ agicgrP§PR ant

| pr ovenent s igmieitof. isHakdd @erabgtf%%hm@agﬁq lf"ﬁé’(%(;rﬂﬂn@?ﬁat Wi ofe biter@pidqys a
desire to enhance the ability of corrosion inhibitors while reducing the
amount of phdslhdr-geresten diyniempleoxingoeitivs ohitbiophesphates cor wfd pwepbosphatas e
know to inpair Iunct ibor}bof vari oys ﬁﬁt algs%s used for treatnent of crude

oi |, as wel | “RBtaIIE KO, oxyeen and, SURRLLPT SF LXYRER PRAIPIEIES s iSEls e Mot

| oner cost ofent®urgpiay.aiTha@blote, Shvahtfréldl RBRAiIRE T 85°4437, H%e U8B Gldk RAEmpe&iute
the use of phosphorus based conpounds partrcularly, when these aré to be
enpl oyed2Pn HKhigheesphatesinpyropbesphatgs seonfaimiag r both otygsat and/ swlfast and toxygen
poi sing of c . publ i cation WD 2008/ 005058 proposes a sol ution
to this pr ob%&?ﬁg%lé{egil%ﬂgpﬁrlduci ng the amount of phosphorus-based
constituents or by 20 elimnating the use of phosphorus based constituents.
However, this application additionally proposes use of sulfur-based

const it uent s Exfthen thercorrpsion drkibiters of 1S/ 47ydre neefuliagaingt epirrasionzn relavalnlayne,

and conbi nat i, gh,¢HEFE ' %Q]gss | t s, whi .ected

from acri di ne, %ﬁenanﬁyﬁegﬁg%?h%%tg gﬁ{r} roa@gpg]?%?éro%f%g ’yc \rglgggg%gér’{ hd:fﬁidrl? e,

1, 3- t hi a20l e maisdac ahilimgtind astot adiacwf sysfEhs. W& 44 Daleblnetss 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
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25 addition to general problens of sulfur-based constituents, is that the
suggested sul fur conpounds are expensive, therefore, the process is not
econonmi cally viable. The US patent publication No. US 2003/0201207

di scl oses use of a treating agent conprising at |east one overbase conpl ex
of a metal salt and an organic acid 30 congl exing agent, which as per this
publication shoul d form a col | oi dal di spersi on in the hydrocarbon stream
containing n %Pt henl H§J a| n he conbi natjon of two
conpounds and"{th&t W§ eé’é‘ﬂ'ﬁ e ?‘bt“?‘h‘ é‘" %Pﬁﬁ Wih 8TCA®H It gx¥geRgted
12 col | oi dal gHusHaY SisRsMdel ndY JE2ea dait W&@msomb@ dHRldyGRtd RYUrdtaiBofloes
not di sclose or teach phosphate esters which can be effective at” el evated
tenper at ure aM@regueroribe rmere ficyibat athdnhbitors hapibeen yefbeadidusvatamlatively. low

SAnot her appr t| on,of. na cid corrpsion i s use

cheni cal agen? f eraFug?srﬁpoaeg §r Pean et E{rg"?h ec?tﬁa%m%%c?t Fﬁ@atg‘aﬁﬁnb??éﬁ{"eéf t he
hydr ocarben processing unit. This barrier or filmprevents corrosive agents
from reachi ngI the netal surface, and is general |y a hydrophobic material.
Gust avsen et 18I aChACES compes on iBbHest thalg whishnare Yasy clleotiveagt relativedy low9go
details the ry BB S cf tent
No. 5,252, 2540 BB Nve HREn ForpBR6 bed rﬁﬂn’gﬁfwé‘%gﬁ?é’%%iépgg%[wh & the 1730
sul fonated altkyl00R€ remcountéried fin aﬁl mﬁnntghlﬁst sp)mh eahpexatueést eoirbsien dgaotosibusly
napht heni ¢ aci d orromqo/a Asl f js aliphatic in nature and its nol ecul ar
wei ght is | i KEQWlesgmgand difficylpig alfepiates expected to be thermally |ess stable
at el evated tenperatures. 15The PCT publicati on No. W2006/ 049980 di scl oses
use of tetra functional substituted aromatic conpounds and esters or
anhydri des ofFurthenrethe tinentari of piesariy Ua/nntlum ehapl ﬁyaad ¢hagnthief tlipplbsphates,

oi | / feedscock/ h

b Th
pr oposed addlqylr gjé)s% i}esocg)ﬁ %’%ﬁ?% og}t()%lqgs ?&%@E%ﬁgwﬁ%@ ﬂshav ©

addi tives t enfglicp abidaakvhiavie n@td@lr@M@&@dorttm%}ﬂﬁéiﬁ@a&@B&*rédlé}{‘5 resul ting
in formation 20 of volatile products which tend to contam nate the
hydr ocar bon stream Further, the non-polyneric corrpounds have poor
ef ficiengkes % Q c Lon i nhi kit or ve bee wn_k.n.
sonme of \:C/L\/El chT \égévdél%begjnsd@cr%ﬁt%ﬁhe&gi ﬂgh%ége |%a esgnd usgf df“hl&é]a
any particul ahlopbassphsuegnpymbhbuph@ﬁes 2ont#inikpobstht oxyepeaserdulfan pad td:ggbRr
~circunstances  in whi Ch’rlrfs%’ Ir?%@ plied. Therefaore, efficacy and useful ness
under one setPhgsphates Witk basdtestiv agogeuen r%ttlb'it?fpmyn%‘aﬁiﬂepw SERehSpcls @8 of
ci rcumst anCGSﬂgdf&aﬁ)thﬁﬁﬁs es faﬁ? %6t &bt AGAL TARKeP hdPiLid %5@1 %ﬁﬁl

0 I ng

"been devel oped and are I n application to various systens
‘on the nmedi unmdivieaaky thxbﬂmsplyqles, gfyrephofgimeest dvatainiag hoslc epygdnl end eulﬂhge and

corrosio t he type, of . 30corr on .encount er ed, d .the conditions to i ch
‘the rredl th i sox&%'gglé%phgﬁﬂ V%‘l"?‘f Pe &é@%ﬁ‘@pﬁ%‘?%lmﬁﬁtﬂﬁmf’ sactjjoFQfﬁoséﬂ{‘ Ptoelle?"ﬁgl |
better alternahpsmatre. 13 It is observed that currently used inhibitors are,

generally, thermally reactive at elevated tenperatures. In case of
phosphor us-based i nhi bitors, thi s is thought to lead to a netal phosphate

surface fllm i tant t eni ¢ acid corrosion th
base st ool | HHENeRIbiaRighao Gt & 0 PORPLINE Prohe b Eens s Spartpdyn
narrow di st i li$1%j02n,050 aRgesmbiratibASF thibPphosMatesestdrivieh BRspRospAitE hian@r énd
decorrpose into compl ex m xtures of higher and | ower polysulfides, and

per haps, 28| efisstars 1 iapptied HhiS He02d£90 aHewevarethesesambingiians areepented anjy and
protection of hﬁfﬁﬁldgsa,gﬂeﬂ{s. %ﬂﬂéf tpﬂggp%atele%ters 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
30  high phosphorus content, high acidity, and therefore, cannot be effective as naphthenic

acid corrosion inhibitors.
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Problemto be Sol ved by the Invention:- Accordingly, it is understood from
the foregoing description that present problemfaced by the industry is
that none of the additives of the prior art can be considered as 15
preferred choice to inhibit naphthenic acid corrosion at el evated
tenperature in crude oil / hydrocarbon / f%edstock distillation / reactor
col um, because these have one or the other probl em as descri bed herein.

Need of the | 0 th d 1 ht h
actd cor r osi o4 (RMBIETNO" P Chec et B 1y PhePeRRadb g B Seradsl et o
t enper at ur e Vagitol kedrfodibhaRAUmctdIRN aRfke  eOQfstiiRtiR Obolu! usah ft t Seating

denonstrate higher thermal stability at el evated tenperatures, and
t herefore, desirtmarbqgletwd@uunmoelédhm aellépfﬂ;\ﬁ {phdspiorusethidacidchyliodaald sestef

he 25 b f |
;ng ot hereagtsgg{lcﬂafed prtBrlb%gn% %1 h?vﬁlé%ar}loﬁg E 5 %aégoestor&%;dﬁl@i%@m& lllafr‘]' om

countri es sl i kolebilagweight b&dvean Gokriitue 8s@fo E0OERT TRE idveloy of pRIEMAnVdntiBRUL
causi ng corrosion due to presence of naphthenic acid therein. 30Further,

the corrosi orhasnienpd that Wesedeapmds alseohave Reerothsemalf stebitity @nd dendrocxitel e
concentratio i r h t ng
associ at ed dl"tge ag%gﬁ%gg]te&;eg%{ <|9§t11‘3csi h(gluItﬂﬂé??}l'}gées‘%l s Qgéll?%ﬁ?é%té’}‘ aﬁ?”lﬁavggliﬁih
shoul d not cqv’rtosplmnusecdrment,Mg]aac1dlty,yandftheﬂeﬁ)rsta’aﬁam lﬁa)efﬁmxw ashaghtsanid had
the inhibitor devel ope g can be the preferred choice of the industry.
Further, the “6’6"1‘)?'8&@?1 iffi bit or so devel oped may conprise |ower, but

_ effectiquS anounts of phosphorus. Objects and Advant ages of the

I nvention:- Accordingly, there remains a continuing need to devel op

addi ti onal optheosss of phosphiteriestergaphiasghatéestersy thigphosphyte ebtersc itdophosphatiessters
effectively and at. |lower cpst. Thi especj,al e at times of |ow
refining nar gqnﬂénléhu&es\g{%ﬁﬁegﬁlsé\fﬁ ‘158@‘1 ﬁ??agf‘ﬁg&‘i’%g’ ‘crudes from sources
such as India, Europe, China, and Africa. The present invention ains to
addresses this need. 15Therefore, main object of the present invention is
to provide a Hghs pasncnadi&e3cdSrdissiasas hsgrofisinesr maghitpphosphasts eothyound, a
effectivecat e r u OOCto
400C, bu?5a| Ssglt?g%%(ﬁgﬁ %ggl (f]raagﬂ e@te éa?{ér(r)ggan 1%:(9[%%&9? %f % n?n}ureﬁq deo%
tenperatures, and therefore, does not get decorrposed and deposited at
metallic surfaces of the reactor/distillation unjt, neaning thereby does

" not cause fodryeRgintingsaoloVRe104ead @lser ddUprdaI. e%hou'rwwlairgneﬂseoreawn@bﬁlé@t
of the presenioct RYCRLHAA Rt | st RULD S et 88K A8! OBninaRiCAdeT

which is also effective for centration heni aC| in the
stream t hat ' sotrosioniinlibitdr, s usiroxvassivity d¢ aokt cffaadwah:htag,amt oP destieddeved tal so
heni c .acid corrosion

an obj ect,  of th pres inventi nto rovi de_ a t

i nhi bi t o?o it %waegﬂﬁﬁ giramaent |°§H8?1Vaﬁ‘ﬁ'ih¥ffy, oﬂa%@tmc ad sEth? &5 even

associ at ed d'@@-’@*@,@@%@ -and US’085 cannot be considered to disclose or suggest or teach use
of phosphate esters as naphthenic acid corrosion inhibitor at elevated temperature

during crude oil processing.

25  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 phosphine. This
patent also discloses use of bismuth containing compounds, and of combination of
phosphorus containing and bismuth containing compounds, but only as thermally

30  cracking agents. The use of phosphates is indicated, but only as thermally cracking

agents, and in combination with bismuth containing compounds.

- 4212683_1 (GHMatters) P86507. AU 23/08/13



30This is also an object of the present invention to provide a naphthenic
acid corrosion inhibitor, which has lower acidity or at |east does not
contribute to acidity of the stream 15 to be treated, and therefore, does
not tend to react with netallic surface of the reactor, and hence, does 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 5 inhibit ich conprises lower, hut effectiye ampunts of
Shosphorus. alt Vs ehodeb iR Saleqtih Epmomhtspiats Fap i s, GromeSYalscr
poi son the cafaiphdiphiBBlep¥sHphtids Wigrhimgng itivitdte iafidd81iRt Eompound has also

/ f eedst ock/ hydrocarbon streans. This is al So an object of the present

i nvention to preovisgtosed magt: RatencNectd,84% 6k 0si on 10 i nhi bitor, which is not
non- pol ynmeric additive, but a polyneric additive, and has been found to be
stable at el evated tenperatures, and does not tend to break down, and

t her ef or e,5 doas sipaifida@s UWldivahdenieat mat igﬁaspmbmscﬂoatdiﬁiﬁ Ph&phdedntc d¥RRNoMDsion
t her eby does not .contami nate the feedstocl dhydrocar%on stream 15This is
al so an obj ecihibitopshaasgress apporiediad{-SoRatert NpodPHboW nHisrtindhiscdisgdosgd that
corrosion inhjhi ' [ J e of ' Nelo e '

Crude of 1 fromhane e el iy SERRTHRu nAGALIS ) IARERRE b e Bheend P e
corrosi on causerbsibmeinhibitmge amoant of andiplkyhand/or adalklyl pibkphise ivdthahs @peional

obj ect of the present_ jnvention t royi de. a_napht heni c aci d corrosiaon,

i nhi bi tor, th‘QP%Q@“eof“)\bﬂFct edB%IEf"ﬁ Stden P@_%\‘}em?&ﬂre ﬁ?@&@sgf providing

i neffectipge afighifeAMBMPtAeléntdiieABeSprior anTﬁb&iqéesghé&n%eleQQhﬁ&E,ié)smta% a
present invention to provide a naphthenic acid corrosion 251 nhibitor, “which

i's not requi rdagire dobenhengsl teeability cOrbiromon amhibiters winje otdueingcibe ragown of
~inhibitor incHydin non}éhosphorus éorrOﬁ;on hnthi% rs.and/ or addit.i onal
stabi | i zers. PhOSRhqtus-Fentaining”compaunds ywiieh. a5, discribed, hersin, o 3e; koW 4o Jrpatide

a napht heni ¢ RaEELICEN Vapidus BathIfkts Rkddfor tiehinfht bScraa®alll £ wdll A9didideifogswend
elimnating corrosive activity of naphthenic 30acid. 16 This is also an

obj ect -of t heinpibéteesthatimapebr produeed frmalavers castoa prars availeblectartisg matesiatsn
i nhi bi ton,g which due to its polyneric nature has substantially higher
nol ecul ar "wei ght varyi ng from about 800 to 10000, nore preferably 800-1600.

- 5Thi s is al soAsdesbiped herefn, thcuder @gghobphotivebised Bompopids\padticudaria lich aldse
acid corrosion in ibitO{, whi ch when enpl oyed to i nhihit naphthenic acid
‘corrosi on doe¥® 8tk rmPloyph dRiBERET AP (AN GaYEE ARPEENg of catalyHieactiyly et s

and advant ag?ﬁoiﬁfi%{)h@atgf §fE P glcﬁplicgﬁow&) %@gmﬁgoi@%ﬁpﬁﬁgﬁrs%ﬂhiomgﬂhis

10t he fol | owi'ng scriptionis re I'n conjunctron wt e acconpanyi ng

exanpl es. Sunprablgmofbyl eilemt fedncing Ahe oardowng! yf phofphosds-bespd cdonstfituette gr gent
i nventi on pl’O\ii des.a nﬁépht heni c, aci d cogrogi on . . .

- 20" 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, octahydroacridine,

octahydrophenanthridine, 1,3-thiazole, and combinations thereof. The main problem, in

25  addition to general problems of sulfur-based constituents, is that the suggested sulfur

compounds are expensive, therefore, the process is not economically viable.

- The US patent publication No. US 2003/0201207 discloses use of a treating agent
comprising at least one overbase complex of a metal salt and an organic acid

30 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 then forming a
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15 inhibitor consisting of polyneric phosphate ester of polyisobutylene
succinate ester to inhibit naphthenic acid corrosion in crude oil,

f eedst ock, or hydrocarbon streans containi ng naphthenic acid, and
denonstrating higher thernal stability at el evated tenperature varying from
about 200C to about 400C. 20A second aspegﬁ of the present invention

provi des a naphthenic acid corrosion inhi %(N consi sting of oxide
derivative of polymeric phosphate ester of paqlyisobutyl ene succinate ester
to inhibit naiﬂﬂwfékfib*psrém YEPEHOIstEeapk d hisi publicationezaedoes gpt disclose or
‘hydrocarbon s &P Wl : i i i i

t hermal st abi {elﬁt y atsﬁg{i%\%gt?f S{jw}%‘g%‘gﬁ giggffgdsgrasFkﬁ%ggﬁﬂgﬁg%gé%da%@%&a %ut
400C. 25 A t hhigberabgest stabilityhandoloesendity. nvent i on provi des a net hod for

i nhi biting naphthenic acid corrosion on netallic surfaces of the processing
units processing the stream containing naphthenic acid in a reactor

conpri ses 5 ol AQ¥hBYasireRE fordprb@aition bft RPhifehRAUBIE BEBLIBA N9 B RRt N ERingicACT d
to vaporize a portion thereof; 30b)allowi ng the streamvapors to rise in a
distillation agshuin;fou) cohamies ihegveenphet ¢rode and tthe eguipozant od pbe rhy dpeesgiong

t hrough the distildatjan lLuma t 0 e distillate; . 17 ding .,to
et T ot hrobbstnBolr AN TR Wiler & OSSR Podtt il I frord Feacine e i

so as to achiaxfce, rndlds gemraldf a hadlophebié mateiiall Gastaveen enal. NQ)CECoerokiog gohe
di stillate containing naphthenic acid corrosion inhibitor additive to
subst ant i al'| yme&HEaPRPE MO A89ndpalll/iZd . 4889 detads dic remuirements fora peed filningso

~as to form 5p Cf fi eRl), MerahyY 48aitkes ie8ml Rl
agai nst (}or@r r oés#gﬁ;lfl\amgf’ephq ﬁ%g{l)tr g?'esé i éﬁghgﬁgl?tgeesr ?ééegﬁ‘g]y fl211(111d| ng llé%%g%rgi on
i nhi bition anouisting ofasulfonatpd tdileyipleenati whichr asoperothis rpateni tio refisbiivh against

sel ected from polyneri ¢, phosphate ester af polyisobutyl ene syccinate ester
and oxi de der FPRTEDE £ SETGHER &5 SRS dpALPRAESPCRAEE 199 13 SlRAIAT et 1
succi nate estgyely &pbeﬁvé}% v, Nt RERE&edh HeRerRfaf$ 88k slaBMSR LieQfte R iy cdREreySe
of additive polyneric phosphate ester of polyiSobutyl ene succinat'e ester as

napht henic acid corrosion inhibitor to inhibit naphthenic acid corrosion in

resent. Ivent TorCpmsoliemion e SPRNARe G Fiors® B ol iler BRI
~.phosphat e estgbmafic RIMPoRAEY taill eexger§ USIC bAtAIARIAES LT trigel A e NvRicACESh be

corrosion inhibitors to inhibit naphthenic acid corrosion in crude oils,
f eedst ocks, ofmplprberbyrceryde edfecdsomkiwdracamonotireamdeqiaing suléigr containing

oo ent . bR AN Bl AR LAl o gl

acidity is desddud@sfi¢rainobresdedeen af cloedidd feaipetat@ei dndiMbherddakting Ghl lf@diationi t
relates to a polyneric additive for inhibiting hi gh terrggrature napt heni c
25 aci d &8 r odi watilgrupdiicts which tsad yonconiamiraie the, Bydrecasben, sseane. Hithephiiee

ester of pol yﬁ&%&%kﬁ@@orﬁg&ﬁd[@%\% &ﬁ)tr‘éfﬁc‘?énc%.i de derivative of polyneric
uty

phosphat e ester ‘of” polyiso ene ‘succi nate ester. A polyneric phosphate
ester of polyisobutylene succinate ester which is capable of acting as

naphthen! ¢ achdEorast O oM DSt DI LONLL A0S, DARRATUAS] dnEshSE O

' . been described herein. The efficacy and usefulness of any particular corrosion inhibitor

25 is known to dependent on particular circumstances in which it is applied. Therefore,

efficacy and usefulness under one set of circumstances often does not imply same for

another set of circumstances. As a result, a large number of corrosion inhibitors have

been developed and are in use for application to various systems depending on the

medium treated, the type of surface that is susceptible to the corrosion, the type of

30  corrosion encountered, and the conditions to which the medium is exposed, and still

developmental work is going on to find better alternatives.
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30cont ai ni ng napht heni ¢ acid, and denonstrating higher thermal stability at
el evated tenperature varying from about 200C to about 400C is disclosed.

18 Wth aimto overcone one or nore of above-described problens of the
prior art, the inventor of present invention has found that when a

pol ynmeric additive selected fron1po|ynerii phosphat e ester of

pol yi sobutyl ene succi nate ester and oxi de derivative of pol yneri c phosphate
ester of polyisobutylene succinate ester is enployed as naphthenic 5 acid
corrosi on i nHt isiobseryed thet eusrentyjused imbibiters are.cgenerallpethermally reactive at elevated

oi | / feedst ock/ hydrocar bon stream cont ai ni I iq | si_ngly
Ceduced. | i BIRIRCEa G S ol AR ORl PR BB, MR € AR b et drelal
i nhi bition efphbgiharcytirfaaé Fidug achidhyisafitle asisgntowl naphthiesicCeid osiresior tHankhé or

of present invention has been found to be abqut 99% at el evated tenperature
and that's t desestee]. Theserinhibiorstase stlatiysbuvoladly andgxhitnt il nagey distidiaiion 10

has al so geeqmgﬁgnd to have substantially higher thermal stability and

| ower acidity [ | ower phosphorus contents, and therefore, has been found

to avoi d di sadvant ages associated with | ower thermal stability, higher

idit d hi h h t . _Fyrth h I ' '
i bi o of HyPBekibe PHURAHS hasth RLPRofGromaete ik cRBpIBLIegRh et

therefore, dogg i Iﬂﬂ%%‘ﬁ}ﬁ‘deg,galfdbﬁelﬂﬁ 0 8jetriental SuGCRAH dhéBaptans! Théefore, their
enbodi nent, the present 1nvention relates to a polymeric additive which is

pol yneri ¢ phowopitidityanskpretecodn pidergd somipyddigiebleucci nat e ester capabl e of
i nhibiti g napht heni ¢ acid corrosi on and denonstrating higher thermal
stability at el evated tenperature varying from about 200C to about 400C, by

reduci ng, i npdbleniéb be2Solvb® b ¥hé Rfvientioact i vity of crude
oi | / f eedst ock/ hydr ocar bon stream contai ni ng napht heni c aci d. In

accordance with present invention, the polyneric phosphate esters of
pol yi sobut yl g i i . i Rsfers
hav! ng.one’ 2E0oREAY T fSuERlstind forl MEfind ATLARHTRA i AP BRERAP RS 7
OH 0=P-OR | byORe, inbtsty {SRhat none of the additives of the prior art can be considered as
15  preferred choice to inhibit naphthenic acid corrosion at elevated temperature in crude
- oil / hydrocarbon / feedstock distillation / reactor column, because these have one or the

other problem as described herein.

Need of the Invention:-
20
Therefore, there is a need to have a naphthenic acid corrosion inhibitor, which can not
only be effective at elevated temperature varying from about from about 200°C to
400°C, but can also demonstrate higher thermal stability at elevated temperatures, and
therefore, does not get decomposed and deposited at metallic surfaces of the
25  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.

30  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
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0= P-OR1 olR2 111 wherein at |east one of the R, R2 and R3 is hydroxy
term nat ed pol yi sobutyl ene 10succi nate ester having nol ecul ar wei ght
varying from about 800-10, 000 Dal tons. Accordingly, in one enbodi nent, the
present invention relates to a polyneric additive which is oxide derivative
of polymeric phosphate ester of polyisobutyl ene succinate ester capable of

I nhi bi ting naphthenic acid corrosion and denonstrating higher thermal 15

tabilit t el evat t enperature varyi rom.abou 00C to abqut 400C, by
F educ 'ng,y " @gsme it%%ﬁé&eﬁwg %H@gé@? FiERS dexloned §Aope terieeqrt
feedst ock, orchoudiop@RriR@RuSt ream contai ni ng napht heni c acid. In

accordance with present invention, the oxide derivatives of polyneric
phosphat e 20esters of polyi sobutyl ene succinate ester is selected from

28' ég,er IX(ZI:. pqg%%?l%},ethgsgc%@ssﬁng\{l f _t%r_lg%o evE:l%Se(I %ellyovc\:norrllq riget rlclilv(\:/grl;"beﬁ ébffeocrtiveB T
5  amounts of phosphorus.

Objects and Advantages of the Invention:-

Accordingly, there remains a continuing need to develop additional options for
10  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, Europe, China, and Africa. The present invention

aims to addresses this need.

15  Therefore, main object of the present invention is to provide a naphthenic acid
corrosion inhibitor, which is not only effective at elevated temperature varying from
about from about 200°C to 400°C, but also demonstrate higher thermal stability at
elevated temperatures, and therefore, does not get decomposed and deposited at
metallic surfaces of the reactor/distillation unit, meaning thereby does not cause fouling

20  and other associated problems.

This is also an object of the present invention to provide a naphthenic acid corrosion
inhibitor, which is also effective for higher concentrations of naphthenic acid in the
stream that’s too without causing associated disadvantages.

25
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 associated

disadvantages.

30  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
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HO= P-0 CH2-CHO H 10R2 1 0 -n LCH2-CHO Hx1 C. ) 5 wherein at |eas

of the Rl
havi ng nol

CH3 or C2H5; and n may vary from1l to 20.

addi tives

hi gher the
t her nogr av
to about 4

about 80 ny KHWRA oS TS ks BY aditid/Ees Aein ﬁe}@bg%o@sgﬁd

al cohol i c

to about 5
di sadvant a
hi gher pho

and R2 is hydroxy term nated pol yi sobutyl ene succi nate ester
ecul ar wei ght varying from about 800-10,000 Daltons; 10 X is

of present invention are capabl g.of denonstrating substantia
rmal stability of about 50@6meigﬁt | oss as 15 determ ned by

imetric analysis in a tenperature range varying from about 3

00C° b&ﬁ&a@vémi ﬂ\wf}orgcﬁmw&%{ﬂyﬁo@aqﬁ Mo msBic Sfrf?ge REegiFAgt
t

KOH sanpl és and | ower phosphorus contents varying froma

% of the additive, and therefore, are capable of avoiding

lated with 20t h I bi] i | gher .aci di t.
SRS & et B scal iR ES SRRt bt S ep e

t one

H,

It has been found that polyneric

Iy

50C
o

Qﬁﬁse'}gﬁl‘i@.

out” 2%

Xnand

cor r osi onsi nhhkibiter, svhddh NGHRBS lowey it efBctBlélaMdunts W phosithoRe astERGRBARRs

and t her ef

ore, do not produce the deposits in the streamand on the wa

Ils

of the col unmiot XEpAHEINSHEY abedtalysislar dossat ppispn theeqatalyris emploged fogdredtnent

have subst
deconposed

10

15

20

25

30

an

anggq%%%gg%?gg%g¥ﬂﬁéﬁghvﬁéﬁgh%h£¥n&therefore, these do not g

This is also an object of the present invention to provide a naphthenic acid corrosi

et

on

inhibitor, which is not non-polymeric additive, but a polymeric additive, and has been

found to be stable at elevated temperatures, and does not tend to break down, and

therefore, does not result in formation of volatile products, meaning ihereby does not

contaminate the feedstock/hydrocarbon stream.

This is also an object of the present invention to provide a naphthenic acid corrosi

on

inhibitor which is capable of treating Indian crude oil, and crude oil from countries like

China, ‘Africa and Europe by inhibiting the corrosion caused due to presence

naphthenic acid.

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

commercially unviable.
- This is also an object of the present invention to provide a naphthenic acid corrosi
inhibitor, which is not required to be employed in combination with any other corrosi

inhibitor including non-phosphorus corrosion inhibitors and/or additional stabilizers.

This is also an object of the present invention to provide a naphthenic acid corrosi

of

on

nd

on

on

on

inhibitor, which is capable of inhibiting and eliminating corrosive activity of naphthenic

acid.
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+ enbodi nent of t

" succi nate est R

surfaces of the reactor/distillation unit, neaning thereby do not cause
fouling and ot her associ ated problens. In accordance with one enbodi nent of
the present invention, the polyneric phosphate 5 ester of polyisobutyl ene
succinate ester of present invention is prepared by reacting

pol yi sobutyl ene succi nic anhydri de [PIBSA]6mﬁth a glycol to form hydroxy
term nat ed pol yi sobutyl ene succi nate este}, which is reacted with

phosphorus pentoxide to resulf in polyperi¢ phosphate ester of . )

pol yi sobut yl ehs §28¢ ABOBISES pbe. presp InyCBBPTH hBRe Vi hnrheleait agif rerPrien,
the glycol i g58lechafc 8RNI Bolghkrie niurd hhd Btlsiahriflly fighsy mBlethlaf e S,
di -glycols, and aliphatic di-glycols, aryl di-glycols,” particularly

mono- gl ycol s,vaaying fratni abogt §@bios],0080.rhorglpyefotably 8k 600arti cul arly et hyl ene
gl ycol . 15In accordance with present invention, the glycol and PIBSA are
preferably taken in a nole ratio varying fromabout 1:0.4 to about 1:1

ol e. bn anfoidARE an \Whjddt Bf BReftbsentiRBhiiGNto plaRidedd hiphhenR28Ed tcBrrosion
hydr oxy-term nated pol yi sobutyl ene succinate ester [HRPIB] is preferably
0.01 to 4 nolishibitopagsch ovhenmemployabio inhdbibxgphtheni¢ aideeprpasion dessunat] emié
succinate estgr [.H ance wth present invention, the
polyisobutyléﬁgogggg#ﬁygxggﬁgﬁgg%g [ PI BSA] may be prepared by reacting high
reactive polyi sobutyl ene with mal ei ¢ anhydri de by enpl oyi ng conventi onal

process. 25 In accqrdance with present inventiagn, the high reactive
pol yi sobut yl érder igets andarwantagesefl the ereseiMyaysntian 3id becqmgmers apparenfphen

~ratio vagyi nguf Eﬂ%@%{é’éﬁfﬁ?t@orﬁisk&d‘m%ﬁﬁuﬁc'ti'un with {H%.aﬁg&ﬁéée?@gfg%g%%;one

nvent i on, e oxl de derivatl meric

phosphat e esters of polyisobutyl ene succinate ester of present invention is

prepared by reactin | yneri c phosphate esters of polyisobutyl ene
F%opgﬁ%BQP?ﬁne conpound to result’ in oxide derivatives of

pol ymeri c phosphate ester of polyisobutyl ene succinate ester. In

accordance with present invention, the oxirane conpound is selected from

et hyl ene 5oxiAksordinglpyd Brseasperidef theprebent yivendompioveles pmeplsherit geit lserrosipr ane

conpound.is hutyl ene oxi.de, .nore prefer bh 2 butyl ene oxide.. |t has, been
o T s ol erSitiRE or BRN EoPl T Bha edusfor e sl SBcinkde 1ER (6

pol yi sobut yl dAkibRUGEphilrhR &858 &ordsiepainectully oilededdsitgk POby KpdioCarBOR seahe
esters of polyisobutylene 10 succinate ester with butyl ene oxide

denonst r at es deataisng taphthamic sacithi and; Jerpensiigtng - Bghwy kel gtahlityaat elevated

determ ned b %Bﬁ&g‘ggﬁwn%éggﬁgahy%ﬁ)gb%uﬁéld(ﬁ@p_erature range varying

from about 3 as very [ow acidity varying from about
1 ng KOH gmto about 20 ng KOH/ gm as determ ned by titration of sanples
agai nst normal al cghol iC }l(g—( sanpl es and very | ow phosphorus contents.
varyi ng £Pom/aserend fspechoh s pEesentsnygitionuovifies @ Paphthene acid EOERHRILINRRIRT one

of the preferdads@PAW GRAEL Sadivalite & $86MericNPRPhAR: ester of polyisobutylene
succinate ester to inhibit naphthenic acid corrosion in crude oil, feedstock, or
hydrocarbon streams containing naphthenic acid, and demonstrating higher thermal
- stability at elevated temperature varying from about 200°C to about 400°C.

25
A third aspect of the present invention provides 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:-
a) heating the stream containing naphthenic acid to vaporize a portion thereof;,

30 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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conventional PIBs and so-called "high-reactivity" PIBs (see for exanple

EP- B- 0565285) are suitable for use in present invention. H gh reactive PIB
in this context is 20 defined as a PIB wherein at |east 50% preferably 70%
or nore, of the term nal olefinic double bonds are of the vinylidene type,
for exanple the GLI SSOPAL(r) conpounds avaii | abl e from BASF. It has been
surprisingly discovered by the inventor of Tt he present invention, that a 25
pol ynmer based phosphate ester, having | ow phosphorus content, |low acidity
and hi gh therdyal suddhbigthtlye distildatea sutlicieptipmagntvdnaphiheyiiy aeid gerrgsien fnhighifoge
control of napthenig.aci.d .corrosion... The |.ev Jprotection [corrosion

i nhibition efsgiaé?%ﬁ‘%ﬁveéfﬂ?lgﬁlé’éldﬁt%g}%ﬂ%}lgja/%lﬁﬁgéggé%l ymeri c corrosion

i nhibitors, pgrti cloaihythexdigitlacteddnvaahing @aphith@iit yetdrdogropibn sutibiter additbreso of
pol yi sobutyl ene succi nate ester of present inventiaon has been found to be

about 99% at whuentially ewrigsérentios ancisllic (hepees Phéhandishllyén upduier 2t iR URFR of
about 300 Zjorgteg%veﬁmfh% o &ﬁ§rsbn RPN Eace i itﬁtggiaééi}{ﬁ BitbHbhS! ngly has
nd To ha i Fal y hig S

al so been"fo ve subst an er thermal “stability, and | ower
aci dity and |wheeinphespbarnssiss charhentized Bhedéingr@rosioa mtbitions emoont pf esdnt
invention, partjcularly oxide der.jvatiyve of pol ric hosphat.e esters of
pol yi sobut yl éﬁ‘@i‘ RIEAf %’@é‘f’@r’%*’“‘ﬁfr‘@@%fs ?eﬂ‘:\?gﬁt@?‘lﬁﬂ pﬂg'é’%ﬁlé of@l?ﬁedesﬁ% Qze
capabl e of avojidisfiRAdiRMARIETrAm06 A AEHWRE JFOWBYméRE pR&Yphatk akiek iofY
hi gher aci di téy )gn(gﬁh)lggher phosphoerrus cor%tentsl. Furth)ver, ipﬂﬁégs been

obser ved t hatpabdbohmtylene sioeinaisiester.i nhi bi t ors of present invention

105urpri§ingly do not deconpose, and therefore, do not produce deposits,
and t her By avoid fouling problem In one enbodi nent, the present invention

al so rel ates A Gowrgt Rgecif & tht pidseit indéntidASIbTIdRd Gseadt didabier gpsymeriophasphak| i ¢
surfaces of the processing units _which processes 15crude oil s, feedstocks,
hydr ocar bon ststes afrolyisobpiglane specingte axercasnaphthemg apidmermesian dnkibitey to inhipiy

one enbodi ”?rﬁapmhe%?ic &3Bbon i YRR ioﬁg',j[fﬁée@%om?g (gxq{yd}&lah}?)intsih@&lng!apht heni ¢

;
acid corrosion on aﬁl °C SUrfaces o rocessirng units processing the
streamin a reactor 20containing naphthenic acid conprises follow ng

steps:- a) heating the stream contai ning naphthenic _acgid to vapqgrize a
‘portion Rer edffifth g§pest phhe gresed igyendion WQ&’QF% U of iag@“ivﬁ oé‘%i g?ri“faf%{? i%n

~colum; ¢) copfensENGH3sild 10Br Af hAGiseburgRAL VRRAHAR BRAGS hd thabhihekighadige
distiliation SauAGHc phosptale o f pogisb R d) addi ng to.tr?lg distillate
a sufficient comosion iohibitarshtohiehibit rephthesioracak carosiarhinbénude odsidieedsiecks.o oais
to achieve i rhhi bition of naphthenic acid corrosion;
ydrocarbon streams.

20 - Description and Preferred Embodiments of the Invention:-

- The present invention relates to the field of inhibition of metal corrosion in hot acidic

" hydrocarbons, wherein acidity is derived from presence of naphthenic acid. More

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

25 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 oil, feedstock, or hydrocarbon streams

30 containing naphthenic acid, and demonstrating higher thermal stability at elevated

temperature varying from about 200°C to about 400°C is disclosed.
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e) allowing the distillate containing naphthenic acid corrosion inhibitor
additive to substantially contact entire netallic surfaces of the
distillation unit so as to form 30protective filmthereon, whereby said
surface is inhibited against corrosion; wherein the process is
characterized by addi ng corrosion inhibition anount of naphthenic acid
corrosion inhibitor additive sel ected froﬂﬁpolyneric phosphate 24 ester of
pol yi sobut yl ene succi nate ester and oxi de derivative of polyneric phosphate
ester of pol yWithtinyloener®necomaoemest ef abovetdeseriedruablems wiftthe prier aft, thee

enbodi nents of the esent .invention. t coryosion, 5i nhi bitiaon f
napht heni ¢ adfl?ﬂe'ﬁ%rrg S i"h‘f‘?i“ﬁ?‘? bfis Qodﬁpﬁm}ewf}%‘r?é’glyﬂ%‘r% ghf Sf?et%%'dg%%rﬁt
2000 ppm |5 AREN HREpRatM dster (TS oDfisdHueylgEbatingtRt stedfandhexide Gedvitive of
i nvention, the PpolynericC phosphate ester of polyisobutyl ene succinate ester

i s selected fpadymenprasnbaie hstor efgpolvisrhatdene swecinatelester gemaplpyrd: agmaghthenic|
o 11 8 Ol MR OB, i B, S, s ot
pol yi sobut yl edieam 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 with lower amounts of about 300 ppm, which surprisingly
10  has also been found to have substantially higher thermal stability and lower acidity and
lower phosphorus contents, and therefore, has been found to avoid disadvantages
associated with lower thermal stability, higher acidity and higher phosphorus contents.
Furthef, the polymeric corrosion inhibitor of present invention surprisingly does not
decompose, and therefore, does not producing the deposits.
15
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 stability at
elevated temperature varying from about 200°C to about 400°C, by reducing, inhibiting
20 the corrosive activity of crude oil/feedstock/hydrocarbon stream containing naphthenic

acid.

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

25  of the following structures I, II or III:-

(I)H
0=P—OR!
OH
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succi nate ester having nol ecul ar wei ght varying from about 800-10, 000
Daltons. 25 In accordance with one of the enbodi nents of the present

i nvention, the oxide derivatives of polyneric phosphate esters of

pol yi sobut yl ene succinate ester is selected from conpounds havi ng one of
the follow ng structures Aor B:- OR _X I19 OR X- 1L 1 1111 0=FP-0
CH2-CH0 HO= P-0 CH2-CHO H I,

I

(I)H
O=P—OR!

wherein at least one of the R', R? and R® is hydroxy terminated polyisobutylene

10  succinate ester having molecular weight varying from about 800-10,000 Daltons.

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 and demonstrating higher thermal

15  stability at elevated temperature varying from about. 200°C to about 400°C, by
reducing, inhibiting and eliminating the corrosive activity of crude oil, feedstock, or

hydrocarbon stream containing naphthenic acid.
In accordance with present invention, the oxide derivatives of polymeric phosphate

20  esters of polyisobutylene succinate ester is selected from polymeric phosphate esters

having one of the following structures A or B:-
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OR- _nl O -nHXJ5 10 wherein at |east one of the Rl and R2 is hydroxy
term nat ed pol yi sobutyl ene succi nate ester having nol ecul ar wei ght varying
from about 800-10,000 Daltons; Xis H CH3 or C2H5 ; and 15 n may vary from
1 to 20. In accordance with one of the preferred enbodi nents of the present
i nvention, the streamincl udes crude oil,zbeedstock, and hydrocar bon
streans and/or fractions thereof. 20 It is advantageous to treat
distillation colum, trays, punparound piping and rel ated equi pnment to

pr event naphthenOR}a Td cor¥osion, when cond@Redvapouxs fromdistilled

hydr ocar bon fl ui ds ct lretal| ic equi pnentl at eré%ur varying from

a%out 200C tooa‘_bgﬁ ?ﬁ'ﬁﬁ bevere cg(ﬁﬁ'll?tl_g)n 8@2‘?\ r@edic acid

corrosion are 25¢gmBstantially avaided. 26 |naccoerdance w thnpreferred

enmbodi nent of presentgﬁﬂvention, the additivetis %fner by added to the
H— \we

condensed distillate the condensed disti |[GHare d to contact the
nmetallic surfaces of the distillation colum pac?&ng, rays, punp around

pi ping and rel ated equi prent as the condensed distillatre passes down the
colum and into the 5distillation vessel. The di &l | ate may al so be
col l ected as product. The unreacted corrosion in itors of the instant

invention remain in the resultant coll ected product. In conmerci al
practice, the additives of present invention my be added to a distillate

wherein at least one of the R' and R? is hydroxy terminated polyisobutylene succinate
- ester having molecular weight varying from about 800-10,000 Daltons;
10 XisH, CH; or C;Hs; and

n may vary from 1 to 20.

It has been found that polymeric additives of present invention are éapable of
demonstrating substantially higher thermal stability of about 50% weight loss as

15  determined by thermogravimetric analysis in a temperature range varying from about
350°C to about 400°C, and have lower acidity varying frdm about 1 mg KOH/gm to

- about 80 mg KOH/gm as determined by titration of samples against normal alcoholic
KOH samplés and lower phosphorus contents varying from about 2% to about 5% of

the additive, and therefore, are capable of avoiding disadvantages associated with lower

20 - thermal stability, higher acidity and higher phosphorus contents.

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 stréam
and on the walls of the column.

25
The polymeric additives of present have been found to have substantially higher

-thermal stability, therefore, these do not get decomposed and deposited at metallic
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return to control corrosion in a draw tray and in the columm packing while
a second 10injection may be added to a spray oil return imedi ately bel ow
the draw trays to protect the tower packing and trays below the distillate
draw tray. It nay be noted that it is not so critical where the additive of
the invention is added as long as it is aﬁ?ed to distillate that is |ater
returned to the distillation vessel, or ich 15 contact the netallic
interior surfaces of the distjl|ation colum, trays, punp arqQund piping and
rel ated equi pHEAtes ofdhs rrastor/distidatiqn ynit gacaging tagrply deipphauge frding @pd @ther om
napht heni ¢ acjsghsREd FobRMs. | N one enbodi ment, the present invention relates
to use of additives selected from 20 pol yneric phosphate ester of

pol yi sobut yl ene succi nate ester and oxi de derivative of polyneric phosphate
ester of polyisobutyl ene succinate ester as naphthenic acid.cortosion

i bi tor & t gPARFITEIRCE P ORGHMEOSER: OloiF LT B iertjofiyfhe polymeric phosphate

oi | s/ f eedst oGkeer Y PoPEaTHhB ekt SiReIMEte &nrofopeidie inRMHeH i§PRiparddBy RERERH!

invention also relates to use of additives selected frompolyneric

phosphat e estpetyisgbupdens ssispiniojanbydride BIBRA avithsa glycelnig formh dwdrpaiyiterminated of
ol ymeric ph t e ] I [ ter as 2N C

Bl i cor  obi a g petsrio ol bt SR K FRE MR AR BB Rt 1SRRG

oi | s/ f eedst oglolynwtil shvaplizadestériof poB/iddpusiane Gyedigaté Berset hod of inhibition
of present 30invention. 27 The present invention is now explained with the
hel p of follow ng exanpl es, which have been incorporated for explaining its

best nodepan I QL o W0 o B OO e I o] I
| nvent i o%:o- %?ﬁ%ﬁgﬁ%& Q@iﬁggﬁ%" B‘gr"ke‘,ﬁglrlgr%’i %h% gﬁg@ofsy?ggggat? eﬁ;@‘fl @S&Q%}P{CS Is,
anhydri de: - Hiipkdtaugly8bisd @esl bglywdls,odli-gliycgdls,r aat talipleatisoliyglycdisit syé rk-glycols,

reacted wth abou 0.52 % by w  .of maleic anhydride by enploying foll] ow ng
process st'epsﬁaft’cuﬁary mono'ﬁ(.iycéfaPap%lchgléﬁ&ﬁ’e% ﬁi}/&%«ﬁ%%%ﬂ@‘baé&ee‘%‘l{%@a

clean and dry)y@ur necked flask 15equi pped with nitrogen inlet, stirrer and
t her nonet er; 2. Raising the tenperature to about 125C; 3.
Starting N2 gas bubbling and continuing it for about 10 m nutes;

4.
contont 18t ARSRCosieE 38 Beat 3 upty Reldi S o BS R € et BB LRkeTf o

about 125C; mole ratio varying from about 1:0.4 to about 1:1 mole.

In accordance with present invention, the ratio of P,Os to hydroxy-terminated
polyisobutylehé succinate ester [HRPIB] is preferably 0.01 to 4 mole of P,Os to 1 mole
20  of hydroxy-terminated polyisobutylene succinate ester [HRPIB].

* 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.

25
In accordance with present invention, the high reactive polyisobutylene is reacted 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

30 polymeric phosphate esters of polyisobutylene succinate ester of present invention is

prepared by reacting polymeric phosphate esters of polyisobutylene succinate ester with
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6. After addition of maleic anhydride raising the tenperature to about 170C
and mai ntaining this tenperature for about 2 hours with nitrogen bubbling;
7. After conpletion of said period of step 6, raising the tenperature to
about 205C, and heating at a rate that it reaches in a range of
tenperature varying 25from about 170C to out 205C in about 3 hours, and
such rate is about 5C per 25 mn; 8. naint@&ining the reaction mass at about
205C for about .6 hours; 9 After conpl.etion of said periaqd of about 6 haqurs
at a tenper atUENGFcogmoynd Agstesulf He oxide depmatives tafr golw@eeed?@aphaée gster of

t enperature 1801 PG ccindhQstef @l SiNg the tenperature of the reaction
mxture to agéjouﬁ 205yC \mgf% appsfl ng sl ow vacuum which is continued for

about 2 hrs at vacuum of about 10 nm 28 After 2 hours sanple online - |

for Acid value and free l eic acid and . after 3 hours sanp| e i ne
for Acid val B aerdebEevITR PRSIy MRS, e pdaRe composiR Seecied Qi Effyjene

succinic %nhy&ﬁd@e{)@bﬂ@ﬁé ki@ and obitchO Jxdwe &Gfei?th}a'tH@ daa‘iraﬂ@cu&np%%@ U
KOH gm Typically the range is between 70 to OH gm Step H

Preparati on dfutylger osige.meeraiprefereblyplo? ?utylﬂnapyldene SUCCI nate ester tHRPI Bl :
10About 79.89 % by wt of polyisobutylene succinic anhydride [Pl BSA]
prepared in step - | is reacted with about 20.11 % by w of nono ethyl ene

gl ycol to forlrhiydeafyuidahai oxidedbrivalivé sjulinibinshspldat Baére of pbeisobtiEng] |
wherein PIBSA is diluted on toluene to about 85% strength, in this exanple

it is of 85. 7HEYNEerBiREINEPasYd dirpreagtingg PPiYMesti Rigsphate &si6rsselepalyisobutylene
Char gi ng 1 | ufednfik By %ﬁl BRI ELLUL QBG oM AFR! beltBr ﬁle%%%t%l?tpi%f\é%ﬁﬁte%%z'

Rai sing the tenperature of reaction m xture to about e renovi ng
t ol uene and vwelght lbsmdéemmmtidiykhemwgmrheﬂnhanaﬂgss ireal tdneppetn@trange anging
whi | e bubblin %) 8 ete eratlére of .abqut lt?OC|s
mai nt ai ned t %IErﬁ 8% ‘étc‘}%) a"f“lije 35rVeRh W agidiy VReiipg 0Bt abawd d mg

Exanple 2:- Freppgdls QlEbL@bol%)é KOB/bfn RRRERRRRA g&rn%o%fpgﬁmbss sy h&real

succinate ester:- 25 The pol ynmeri c phosphate esfer of polyisobutyl ene
succi nat e estaéxtoh@ilc H@H eramplaswaadt veon lave pbombarl@cbomentsemmg drdny dbowtyl % to

term nat | ene. succi nate ester [HRPIB] prepared in step 2 of
R e vk

exanpl e Bft oxi de in fol |l owi ng manner:

- 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 context is

20 - 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 phosphate
esters of polyisobutylene succinate ester of present invention has been found to be

about 99% at elevated temperature and that’s too with very lower amounts of about 300
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3 0 Exanpl e 2a:- 29 About 94.23 % by w of hydroxy term nated

pol yi sobutyl ene succinate ester [HRPIB] prepared in step 2 of exanple 1 is
reacted with about 5.77 % by wt of phosphorus pentoxide to prepare

pol ymeri c phosphate ester of polyisobutyl ene succinate ester having
phosphorus content of about 2.5% of the additive by enploying follow ng
5steps:- 1. Charging HRPIB with nitrogen s bl anket while raising
tenperature to about 90C . 2. Addin hosphor us pent aoxi de, ( P205)
in two equal PRIPsAartalpsbheresabavhythis 48t P@&S@ng&é%seﬁlﬁo {Ren _é%mdh@r Wes
observed: 3. Wii@huANdiEbRIEaPRARAROLHPIRRA bERISIEnd [dier pREGHDAR Bhithid ©
is continuously stirred for about 15°m nutes and the tenperature is ralsed
to about 140C al ong with nitrogen gas bl anket; 4. Maintaining said
tenperature f.ar out, 1 hour fallowed by .cooli t o ahqut, 1570C and .

i 10t ng T abbsuros tag e of i e eribs: parlishiedy SRR dedvliRel Pelymeric
filteringsby piedphmaeestéry offipblyabatyldak dlcdifaté BSTBVGT proRRut inkve@fonditd beén fdtmd! t
in polyneric phosphate ester of polyisobutylene succinate ester. The

oven dried satepieecapablpof yrieiding dispdypirages assnceatedwith dpyerstbpmmal stabdity, higher

20succi nate est i been found to have acid val ue of
about 55.3 mfcﬁ{g}f %%R‘ggglr}gﬁ)ggg%:c?nggé%out 93.09 % by wt of hydroxy

term nat ed pol yi sobutyl ene succinate ester [HRPIB] prepared in step 2 of
exanple 1 is reacted with about 6.91 % by W o hospharus pentoxide in

y wt of phospho
- same manner a&UrHIHVE hey begrephierved dhatnralyiens, gerspraen: inbaitors gf present invention
pol yi sobuloy! efenaal Rt fot ReBipdRY A0 (RHBRAEY ol BIAELE dBlasRDOMY thefty Of
the 30additi v%?p 3 gll'he oven g{nlpe ’saanpﬁe 0 ’po(ry(r)re?'i%c ﬁog%oﬁat’e estgr%%f
pol yi sobut yl emeidfoutingptoblast er prepared in Exanpl e 2b as above has been
found to have acid value of about 62.51 ng KOH/ gm 5 Exanple 3:-
Preparati on of oxide derivative of polyneric phosphate esters of

pol yi.sobut yl empe ofé! crhBiRfiBetS tRE ‘present ‘invention also relates to method for inhibiting
naphthenic acid corrosion on metallic surfaces of the processing units which processes
15 crude oils, feedstocks, hydrocarbon streams or their fractions containing naphthenic

acid.

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

20 - containing naphthenic acid comprises following steps:-

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
25 column to produce a distillate;

d) adding to the distillate a sufficient amount of naphthenic acid corrosion inhibitor

additive so as to achieve inhibition of naphthenic acid corrosion;
. €) allowing the distillate containing naphthenic acid corrosion inhibitor additive to
substantially contact entire metallic surfaces of the distillation unit so as to form
30 . protective film thereon, whereby said surface is inhibited against corrosion;
wherein the process is characterized by adding corrosion inhibition amount of

naphthenic acid corrosion inhibitor additive selected from polymeric phosphate
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Exanpl e 3a:- 10 About 91.74 % by wt of polyneric phosphate esters of

pol yi sobut yl ene succinate ester prepared in above Exanple 2a is reacted
with about 8.26 % by w of 1,2 butylene oxide to result in oxide
derivatives of polyneric phosphate ester of polyisobutyl ene succinate ester
havi ng phosphorus content of about 2.30% of, the additive by enploying
follow ng 15steps:- It was observed acid value was 55.3 ng KOH gm for the

|l e 2a, which isipgly drasti I d t t f
xanpl & 30 whi ch | Staropt SRDaRoHRIRCacPaleo BT Seh gl BETyAHF of PRBURHET
esters of polyi sobpffoshRie eSS PBliSobaplI&He REGRAL @Gted. N above Exanple 2 with

1,2 butylene oxide in two |lots at” an i'nterval of about 15 m nutes, wherein
the exothermis observed at about 10 to 15C, 2. Raising the tenperature of

reaction m xture to, about..60C; 3. intaining,the said tenperature for
about 2 hour SH’V\?%ﬂrdﬁngea%ﬁheo'i’ds Oﬁiﬁﬁ&/ﬁ?‘i}g}engb fheprggent \)\P]Yet?ﬁgg’h@‘ﬁl‘ﬁ’q‘?ﬁ\f’g
aci d val ug i ninhirgtidredigeurof alshiierfic 4Qd 8b@6ioPinMDitsPRlAI ¢ PdridsXrdRbhBod 1 to
products. The sanpl e of oxide derivative of polyneric phosphate ester of
pol yi sobut yl ethoug Dhat e ester prepared as above has been found to have
acid value of about 3.0 ng / KOH gm 31 Exanple 3b:- About 90.90 % by wt
of polyneric phosphate esters of polyisobutyl ene succinate ester prepared

- in above Exanjl sccdhlanse méthcoredofrtticherabmliinests IdT the preseht tivedtich, ik pbBAeric

oxide 5 to result in oxide derivatives of polyneric phgsphate ester of

pol yi sobut yI ePROSBRALE P ré(gwé?b%glsv?lguﬁsw&?pm%g SEIHES Homh FOIBHAAS DAy of
the addi jigve fhe SR AYbREhddRERRSs SiEggI@as for exanple 3a. The sanpl e of
oxi de derivative of polyneric phosphate ester of polyisobutyl ene

10succi nate ester prepared as above in Exanple 3b has been found to have
acid value of about 2.5 ng KOH gm It is observed that acid value of the
oxi de derivative [exanple 3b] is dra ically reduced to about 2.5 ng KOH
gm when conpared to acid value of its| corpgsponding 15 ester of Exanple 2b,
whi ch was found to have acid value of| about 62, yng KOH/ gm It nmay be noted
that oxi de derivative of polyneric php9ph tORsqer of pol yi sobut yl ene

succi nate ester surprisingly has substanthglly feduced acid val ue as
conpared to polyneric phosphate ester| of polyi spbutyl ene succinate ester.
20

15 I

(I)H
0= I|>—OR1
OR?

20 111

wherein at least one of the R', R? and R® is hydroxy terminated polyisobutylene

succinate ester having molecular weight varying from about 800-10,000 Daltons.
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Therefore, oxide derivative of polyneric phosphate ester of polyisobutylene
succinate ester additive is nost preferred choice of present invention.
Exanpl e 4: 25 Hi gh Tenperature Naphthenic Acid Corrosion Test:- In this
exanpl e, various anmobunts of a 50 % additives prepared in accordance with
Exanples 2 and 3, were tested for corrosi inhibition efficiency on carbon
steel coupons in hot oil containing naphthénic acid. A weight |oss coupon

i mersion test 30 s used to evaluate the invention conpound for iits .

o Tecti veneost AORSS tidh B o gH FEHPATIAIRI bt GUPSAT Aivepbige the Sxide
tenperature. dAIivhBIANS RORRAR SHEPhAS e9 of ﬁgg'ls%ﬁgty%g SHEThAE e4tBYRNkleeRd
conpound were used as 50% active solution. 32 A static test on steel
coupon was al Bemsompaundschayingtrmgiof thei faowing strddiurdsvieooB:-pr esent i nventi on.
This test provided a blank test reading. The reaction apparatus consisted
of a one - litre four necked round bottom flask 5 equi pped with water
condenser, N2 purger tube, thernoneter pocket with thernoneter and stirrer
rod. 600 gm (aboOR!'7 m ) dparaffin hydrocarlgr! ofi (DX 1306) was taken in
the flask. The N2 ¢ urgiln started witlh flow raté of about 100 cc
per nHwtean@?&?@r@@ﬁﬁﬁ% ?r&sed@ﬁ%mgjcﬂméHW@ t enper at ur e
was maintai ned fQ@Rr?about 30 mi nutres. 10 Addi tg ve npounds nexanpl es 2
and 3 were added in separate batch tests. Thg reacti on—m xture was stirred
for about 15 mi nutes about 100C t enper at uf@AHEr-OeHovi ng the stirrer,
the tenperature of the reaction m xture was aisei:to apout 290C. A pre -
wei ghed wei ght - | oss carbon steel coupon CS—1010 W t h—di nensi ons 76mm ..
15 times 13nm.. times 1.6 mmwas i nmersed. Aftei ntaining this
condition for about 1 hour to about 1.5 hours, abedt 31 gm of naphthenic
acid (comrercial grade with acid value of about 230 ng KOH gn) was added to
the react®on m xture. A sanple of one gm weight of reaction m xture was
collected for determ nation of acid value, which was found to be
approximately 11.7 ng KOH/ gm This condition was naintained for four 20
hours. After this procedure, the netal coupon was renpoved, excess oil was
ri nsed away, the excess corrosion product was renoved fromthe netal
surface. {fhen the netal coupon was wei ghed and the corrosion rate was
calculated in mls per year. Calculation of Corrosion Inhibition
Efficiency:- The .nethod used.in gnal ating Corrosion Inhibition Effi.ciency
as given bel OW<IEiR & fgast g %ﬁjtllhgtﬁq cﬁ’i’ﬁtiiolf rhggfoéﬁ eHPgre PBG” %’T“iy@ingr’f‘ef/cmate
provi ded by age havifig aRRAMNcicht valyfiy R AbSY S00NMN00NTalREght | oss due to
additive with weight |oss of blank coupon (w thout any additive).

Cor r osi on( Wit Hi ©Hs of 6xHy| sk (wei ght 1 0ss with I nhibition=without

addi ti ve;)LBagg_i Itnw%ry)%m]nqq tg%'i ci ency(wei ght loss for blank w thout

additi ve

In accordance with one of the preferred embodiments of the present invention, the
- stream includes crude oil, feedstock, and hydrocarbon streams and/or fractions thereof.
20
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

25  substantially avoided.

4212683 _1 (GHMatters) P86507.AU 23/08/13



The corrosion rate in MPY (mls per year) is calculated by the formula, MY
= 534 x Weight loss in ng 5(Density in gmcc) x (Area in in2) x (Time of
test in hours) The cal cul ated nagnitudes are entered in the Tables in
appropriate columms. The results of the experinments are presented in Table
| and 11. 10 Table I: [with 2.5% Phosphorgygs for non-butyl ene oxide treated
and 2. 3% Phosphorous for Butyl ene oxide treated] Experinment No. Conpound

Dosage in Ppm Effective .Dosage i,n Weight Loss in. rrqsi on Rate MPY

ELeS A ETAREN T N RTINS S T
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

5 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
10 . 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
15  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.

In one embodiment, the present invention relates to use of additives selected from
20 . polymeric phosphate ester of polyisobutylene succinate ester and oxide derivative of
polymeric phosphate ester of polyisobutylene succinate ester as naphthenic acid
corrosion inhibitors to inhibit naphthenic acid corrosion in crude

oils/feedstocks/hydrocarbon streams.

25  In another embodiment, the present invention also relates to use of additives selected
from polymeric phosphate ester of polyisobutylene succinate ester and oxide derivative
of polymeric phosphate ester of polyisobutylene succinate ester as naphthenic acid
corrosion inhibitors to inhibit naphthenic acid corrosion in crude

. oils/feedstocks/hydrocarbon streams by employing the method of inhibition of present

30 invention.
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2 EXAMPLE 600 300 18.4 92 79 2a 400 200 20.7 103 77 3 EXAVMPLE 600 300 1 5
99 3a 400

27

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

5  Examples of the Invention:-

Example 1:-

Step I: Preparation of Polyisobutenyl succinic anhydride:-

10
About 89.48% by wt of high reactive polyisobutylene is reacted with about 10.52 % by
- wt of maleic anhydride by employing following process steps:-
1. Charging high reactive polyisobutylene into a clean and dry four necked flask
- 15 equipped with nitrogen inlet, stirrer and thermometer;
2. Raising the temperature to about 1250C;
Starting N, gas bubbling and continuing it for about 10 minutes;
4. - Stopping or reducing rate of N, gas bubbling and a sample for moisture content
1s taken out;
20 - 5. Adding maleic anhydride at a temperature of about 125°C;
6. After addition of maleic anhydride raising the temperature to about 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
25 from about 170°C to about 205°C in about 3 hours, and such rate 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;
30 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;
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200 5.4 27 94 200 100 23.5 117 74 15In the table above exanple 2a refers
to polyneric phosphate ester of polyisobutyl ene succinate ester prepared in
accordance with exanple 2a and exanple 3a refers to oxide derivative of

pol ynmeri c phosphate ester of polyisobutylene succinate ester prepared in
accordance wth Exanple 3a. 20lt can be OQ?erved fromthe tabl e above that
addi tive of Exanple 2a gives corrosion protection of about 79% w th

ef fective dosage of .30 m However, wth additive of Exanple 3a, the

l evel of protecti ﬁ%rtﬁc') B&Pré |S?1‘BPS? %&‘Qﬁﬁﬂ feaﬁcygmhs? gud free W‘ﬁﬁ‘k‘ﬁ@ﬂﬁﬁﬁef 3
efficiency observeghfOdanffldbilinte BffoEX&ARhRIe28hd BecPhibicRIQ AbreUrAGL! Ve
dosage of 300 34 ppm and whereas for the additive of Exanple 3a the

corrosion inhibition efficiency is about 99% at the sane dosage and about
94% at effectjyve dos of about 200 m_The, aboye data clea

cstabl i shes t IR PERRORTardd ORI e orBa e Bpitout i bareubiL ydye gf abou
pol yi sobuty! en® rfg GCOAAIR. BicilyIheé Rihks isttwedhd 080320 SHERDHEMY hi gh

corrosion inhibition efficiency even at very |ow dosages as conpared to
correspondi ng pol ymeri c phosphate ester of polyisobutyl ene succinate ester.

Therefore, o0xg ri i o) ri h . r, Of . _
pol yi sobut yl )(_;Sntgﬁ sﬁgcr}rﬂ)'ttaléxq%les{fewg}%t itie:/ren‘i}l grggelang)tsoﬁl 'sf)or%tt'al elF'(r?eecf ucc:ﬂ(')lf'tc?e e%ﬁgr
present inveNHRPIB]Ji-t nmay be noted that above experinments have been
performed only with effective anobunt upto 300 ppm of the inhibitors of

present invention and corrosion inhibition
10 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 hydroxy
- .terminated polyisobutylene succinate ester [HRPIB], wherein PIBSA is diluted on
toluene to about 85% strength, in this example it is of 85.714% strength] by employing

following process steps:-

15

1. Charging diluted PIBSA and mono ethylene glycol in a dean stark vessel;

2. Raising the temperature of reaction mixture to about 190°C while removing
toluene and water from dean stark to reach the desired temperature and while
bubbling with nitrogen gas;

20 3. The temperature of about 190°C is maintained to achieve desired acid value of
about 5 mg KOH/gm or less.
Example 2:-

Preparation of polymeric phosphate ester of polyisobutylene succinate ester:-

25
The polymeric phosphate ester of polyisobutylene succinate ester of present invention is
prepared by reacting hydroxy terminated polyisobutylene succinate ester [HRPIB]

prepared in step 2 of example 1 with phosphorus pentoxide in following manner:-

30 Example 2a:-
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efficiency has been found to be 99%in case of oxide derivatives of

pol ynmeric 15 phosphate ester of polyisobutyl ene succinate ester additive.
It is possible to achieve even higher efficiency by enploying higher
amounts of the inhibitors of present invention. Table Il:[wth

3. 0%hosphorous for NON butyl ene oxide tregjed and 20 2. 7%hosphorous for
But yl ene oxi de treated] Experinent No. Conpound Dosage in ppm Effective

Dosage in ppm i%ht o) i rrasian te MP rrosian | nhibit]j
efficiency 1 é%glht _.2_} _/o_s E)éévrt' A)zglygf_%x%(%ermmatgg polylsoguty ene succinate ester hEIkB{h]
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 employing following

S5  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 minutes

10 interval, wherein the exotherm is observed;

3. After addition of phosphorus pentoxide, the reaction mixture is continuously
stirred for about 15 minutes and the temperature is raised to about 140°C along
with nitrogen gas blanket;

4. Maintaining said temperature for about 1 hour followed by cooling to about

15 - 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.

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

55.3 mg KOH /gm.

Example 2b:-

25
About 93.09 % by wt of hydroxy terminated polyisobutylene 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 ester of
polyisobutylene succinate ester having phosphorus content of about 3.0% of the

30  additive.
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EXAMPLE 600 300 16.1 80 82 2b 3 EXAMPLE 600 300 3.1 16 96 3b 400 200

30

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 62.51 mg

KOH/gm.

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

succinate ester:-

Example 3a:-
10
About 91.74 % by wt of polymeric phosphate esters of polyisobutylene succinate ester
prepared in above Example 2a is reacted with about 8.26 % by wt of 1,2 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
15  steps:-

It was observed acid value was 55.3 mg KOH/gm for the example 2a, which
surprisingly drastically reduced to about 3mg KOH/gm for example 3a which is for
oxide derivative.
.20
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 of about 15
minutes, wherein the exotherm is observed at about 10 to 15°C;
- 2. Raising the temperature of reaction mixture to about 60°C;
- 25 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 0 to about 5 mg

KOH/gm for Example 2 products.

The sample of oxide derivative of polymeric phosphate ester of polyisobutylene
30  succinate ester prepared as above has been found to have acid value of about 3.0 mg /
KOH/ gm.
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6.8 34 92 300 150 10.4 52 88 1In the table above exanple 2b refers to

pol yneri c phosphate ester of polyisobutyl ene succinate ester prepared in
accordance with exanple 2b and exanple 3b refers to oxide 35 derivative of
pol ynmeri c phosphate ester of polyisobutylene succinate ester prepared in
accordance wth Exanple 3b. It can be obsqﬁyed fromthe tabl e above that
additive of Exanple 2b gives corrosion 5 protection of about 82%w th

ef fective dos 00 ppm However, with additive of Exanple 3b, the

| evel of prot@gPPB itprisingly dramatically inproves. The maxinum
efficiency observed for additive of Exanple 2b is only 82% at a active
dosage of ~ 300ApPH° a%w/wmew&a%pqlﬁmetlﬁ@hw«ha&ew@rwf rolyisghusylere sussingtsrestssi on

i nhi D t ion ef gdr@? Uo%? %%glglble%/fs%a rﬁ:@%lﬁ?gl?o gg%%g/e bgf o?qoi‘lf)utgl%l{% %xxde

ef fective dosag ppm abo % at ect osage
about 150 Sppnto rdsudt mmxuctasdemhaiivdmdf ipolyomericgshiosplase ¢xeer cﬂ‘)patmécmu@b@weuwﬁﬁe

al so conducted f rt additiv t ep xa . The results are
tabul ated in ‘TS%%@ ﬁ‘lglp %8‘?’??‘1}6& ouk %fﬁ(y‘Qof)g‘ e@@#ﬁ’leebyle‘i“@ loprifg RFRGess
term nated poliyssQistakafipfe SHicCi nate ester. and prior art 15additive 1, 2
are 2 ethyl hexyl phosphate., ( please refer to thermal analysis section

for details of prior art addltive ).
The sample of oxide derivative of polymeric phosphate ester of polyisobutylene

10  succinate ester prepared as above in Example 3b has been found to have acid value of

about 2.5 mg KOH/ gm.

It is observed that acid value of the oxide derivative [example 3b] is dramatically
reduced to about 2.5 mg KOH/ gm when compared to acid value of its corresponding

15  ester of Example 2b, which was found to have acid value of about 62.5mg KOH/gm.

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.

20
Therefore, oxide derivative of polymeric phosphate ester of polyisobutylene succinate

ester additive is most preferred choice of present invention.

Example 4:
25  High Temperature Naphthenic Acid Corrosion Test:-

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
30 was used to evaluate the invention compound for its effectiveness in 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.
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Table - Il : Corrosion Inhibition Test of Prior Art Additive and Hydroxy
Term nated Pol ynmer. Details Active ppm (10099 M | oss after test MY after
test % Efficiency after test Prior art 1 (11. 7%hosphorous) 100 12.1 60.6
86.4 Prior art 2 ( 15.4 % Phosphorous) 100 7.87 39.04 91.2 Exanple 1 step
2, Hydroxy term nated Pol yi sobutyl ene est ey, (No phosphorous ) 500 70.0 350
21.3 20

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

invention. This test provided a blank test reading.

The reaction apparatus consisted of a one — litre four necked round bottom flask
5 equipped with water condenser, N, purger tube, thermometer pocket with thermometer
and stirrer rod. 600 gm (about 750 ml) paraffin hydrocarbon oil (D — 130) was taken in
the flask. The N, gas purging was started with flow rate of about 100 cc per minute and
the temperature was raised to about 100°C, which temperature was maintained for

about 30 minutes.

10

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. 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...
15  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) 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
20  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

coupon was weighed and the corrosion rate was calculated in mils per year.

Calculation of Corrosion Inhibition Efficiency:-

25
The method used in calculating Corrosion Inhibition Efficiency as given below.
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).

30

Corrosion : (Weight loss for blank (weight loss with
Inhibition without additive) - additive) X 100
Efficiency (weight loss for blank without additive)
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In the table above the corrosion inhibition values of the prior art

addi tives 2ethyl hxyl phosphate having various Phosphorous content are
given. It is observed that at 100 ppmthe prior art additives gives a

maxi mum protection of 91.2% The prior art additive 1 has a phosphorous
content of 11.7% and the prior art additi 2 has a 25phosphor ous content
15.4% |f the dosage nultipied by the percént phosphrous content wll give
the P used for the corrosion protection. Thus for the prior art additive 1,
the P 36 used for the corrosion protection is 11.7 ppmand that for the
prior art additive it is 15.4 PPm If the above values are conpared wth

the data of thg iJvsidhi 2@ iaNMY (UBS ﬁﬂg 1 l.es 1, and 2, it
can be concl uded 0'?#"(l)at irn tl e case oPéé;?a %%%Lgatg%gpgxe:fﬁp;ﬁglafsb, the P
content used MBY the corrosi5dthxpVeightlosommg only about 4.8ppm for 94%
efficiency and 5.4 ppmfor 92%efficiency. It is.well. known tq those
skilled i |¥f the prior ar(IDOef‘ﬂg)f N §°)afﬁ8grte%/8h’d‘ )dbﬁéBW of ggst ln\rll\gpuésﬁt al yst used
for hdrocracking operations. It is desirable to use additive with |east
phosphor ous  cpp @ulatddRhEfiRldes arref&ﬁte%iﬂfntthe/ﬁbleslﬁp%ﬂd GM{eaJohMPﬁJ)e oxi de
additive of present invention is nost preferred ch |c£. Exanmpl e 5:- High
Tenper at ure I\HF% i Cl ol LO l t: - bThe dynam c testing
was carried ou é}ﬁ{&soﬁﬁ% %x%g%ﬁté%@g@ﬁ%@%ﬁ g%sliarthl ie tenperature -

controll ed autocl ave and was carried out by using passivated steel coupons.
A dynam c test on steel coqupon was conducted w thout using any additive,

This test proltled:a BitdhR-Y%esPhosplyrons form@optudylene jaxide) trraded mad 3.3%
expl ai ned bel oh i i :- About 600 gm of paraffin

hydr ocar bon OWSPD&OQIE%SSB\}/‘\Q@&I{%&XE%@%%HFeacti on vessel conprising a four
necked round bottom flask equi pped with water condenser, N2 purger tube,

t her nonet er WW*H aRd—stirrer—+od-—The N2-gas—was—pur ged.
For passi vat|i ofPcBmephe-emagyn oulBBS’r?,gev;ff‘?S%e antRights| GPIresithbRHOYPN Exanpl e
3a 200 400 25yppm (epch of whilgh i ncliysiad,o0| Yoachi VRa@ddi t | yiisiaspound) ,
were added tjo this repction m xture. The r%aciion mixture wag stirred for
about 15 minutes at apout 100C tRpmer dtinppm Af ey r end¥PiYng t heffetdncyer, the
t enper at ur e lefthe—repgtipi—hxture—was—+a-seg—togabeut—290C—Apre

wei ghed wei g'ﬁlt -l oss cog

L’

pon CS 1010w tjh di'mensi o 76mA4 ti pres I3mm
...times 1.6 was | PERAMPLE AT T 6o Al NBghNi Ng1gNAI S| CoRdi T pnm 3y fon about
4 hours, thg steel coluppn was rienoved,| excess|oil was rinsedfaway, -and the
coupon was dried. The{ netal coupoflthag waDghed. 20fi s| f otGBed t he 77

pr e- passi vateg—cotupon It AA-thts—exanpte—various—qareunts—pf—a_abedt 50%
of additive ';;Jepar ed g;(g‘é\é%rrll:dancéo%th éggrrp es "3a |wer tes.ed‘%)ynarri cally
for corrosign inhibit ef ficijengypon sbegl ¢couppns| i noa hof oigdy
cont ai ni ng rjapht heni c| aci d. A wei ght-1ljoss coupon i mersi on dynam c test was
used to evalluate the jnvention cog%urd 180 i{s2éHfegctillbhess i 174
5i nhi bi ti on ofmaphthentc—act+d-corroston—at—2906C-tenperature+n—dyram c
condi tion.

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 Tt 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 79% at a active dosage of 300
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The follow ng test equi pnment and materials were used in the Dynamc
Corrosion Test: 1. Tenperature controlled autoclave 2.
Prewei ghed wei ght - | oss carbon steel coupons CS 1010 with di mensi ons
1076mm . .tinmes 13mm .. tinmes 1.6 nm 3. Means to rotate the coupon, to
provi de a peripheral velocity in excess cﬁ343 m/ second. Material:

1. Paraffin hydrocarbon oil (D - 130) w th naphthenic acid added to provide

15acid neutralizatjon n er of .approximately 2ng /. KOH . .. . 2.,
ﬁlint rogen gas PRt W‘éﬂS?ﬁ%gB&caéj%‘tﬁﬁo‘P{p'?’@mﬁ%\g? é??e%qg’ﬁﬂmgﬁ&é‘b‘tﬁ’é's%fﬁ%‘ﬁf“é'dls
vei ght - | ossalpat Yo% a8 HRShme WebRRand WBER RALAIRERcHR Adi8ed St AoulP0BRS Of

t he autocl ave. The dynamic test was conducted at 20 about 290C for about 4

hours. In one test only passivated coupons were used and in another test

[ d f d ddi t.i .l y. added., Aft. h
Phe: coupons. vy ST P EaleRR QTR R Al F bubetE auprial ot

product was refmpeBisobugienth @&Mafea(éeteﬂfsuﬁﬁl—bﬂgllﬁ .halBesuRtapansy IRgle domdBion
wei ghed and the, _corrosion rate was cal culated as mls / year. The results
of this dynamnbibitien effieiengseyenat aprydawi dosaggsias compangd T poreespondim pelymesiat
no 2 only the | ' pt no. 3 passivated coupons
wer e used and”gﬁg?#?%%gﬁﬁgg§§§@?”®?k38g%ﬁ535§“§§ded. It can be seen from

the table that only additives of present invention give excellent

' ] . | ' . ble I'V dypam c test data
g(gt .eC'It\Ilof)anO tgf&p‘%bgﬁggﬁ?lkg%% Pgly;é)erlc p %sp %te ester of p%?y?sobutytlense succ?inate

10 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 inhibition
efficiency has been found to be 99% in case of oxide derivatives of polymeric
15 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.

Table II: [with 3.0%Phosphorous for NON butylene oxide treated and
20 - 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 -
2 123§<AMPLE 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

In the table above example 2b refers to polymeric phosphate ester of polyisobutylene

succinate ester prepared in accordance with example 2b and example 3b refers to oxide
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Ef fective Dosage in ppm Wi ght Loss in ng Corrosion Rate MPY Corrosion
I nhibition efficiency Passivation Dose in ppm1 Blank -- -- 7.5 37.5 -- -

2 Exanpl e

10

15

20

25

0 0 100 200

35

derivative of polymeric phosphate ester of polyisobutylene succinate ester prepared in

accordance with Example 3b.

It can be observed from the table above that additive of Example 2b gives corrosion
protection of about 82% with effective dosage of 300 ppm. However, with additive of
Example 3b, the level of protection surprisingly dramatically 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.

 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 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 | Mgloss | MPY after | % Efficiency
' 1 (100%) after test | test after test

Prior art 1 100 12.1 60.6 86.4

(11.7%Phosphorous)

Priorart2 (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 )

In the table above the corrosion inhibition values of the prior art additives 2ethyl hxyl
phosphate having various Phosphorous content are given. It is observed that at 100
ppm the prior art additives gives a maximum 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 multipied by the percent phosphrous content

will give the P used for the corrosion protection. Thus for the prior art additive 1, the P
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3a -- _ 0.2 1 97 100 3 Exanple 0 0 100 200 3a 30 15 0 0O 100 100

10

15

20

25

30

36

~used for the corrosion protection is 11.7 ppm and that for the prior art additive it is 15.4

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 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:-
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 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 vessel
comprising a four necked round bottom flask equipped with water condenser, N, purger
tube, thermometer pocket with thermometer and stirrer rod. The N gas was purged. For
passivation of the steel coupon, various amounts of compound of Example 3a 200 400
ppm, (each of which included 50 % active additive compound), were added to this
reaction mixture. The reaction mixture was stirred for about 15 minutes at about 100°C
temperature. After removing the stirrer, the temperature of the reaction mixture was
raised to about 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

coupon.
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Foul i ng Tendency of the Additives of the Invention:- 5The 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 C 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 seen for exanple 2a and 2b. The pri or34rt additive 1 and 2 ( pl ease
refer thermal analysis section for details 10 of prior art additive
showed heavy Iprthisigypmates varfpusharpguntPrb 8 mbanteSRnaf rdditis rarepargd ifs agros¢rice i ve
f or napht heni ¢ .ag| ' 1Ny Rt I - hihal f

hazi ness. The"%zti %{;%mﬁlg—é 3?3&&%&&@%%24}{%%{“2%”? hfép%%&agn aglgislg@?@gﬁé%g iO(r:1 steel
phosphat e estw@uponslim dHwt ol c&itainidg hyphthraicy/ acid: A Weighthess nelup&h diminidrdign

studies were conpared with prior art additives naned - t hyl hexyl .
phosphat e estdypamigfesh Was rused e sxpaten er‘@&%‘itioﬁgcof@%‘ﬂé’otgy ‘éﬁe@“ ENGSY 1y

20 Hexanob Wiy 2 i "Bgsc i LfSin dohARR doRdfeehow
table is Fdeﬁ@?ﬁga%gga@ﬂ{%dr% ér?{i c?, 953%&\/\%9 oﬁﬂ%&iﬁo hg\ggﬂphosghogﬁs
contents of about 11.5% by wt; and by reacting 64. 72% by w of 2- Ethyl

Hexanol with .35.28% by wt of. Phosphor qus ,Pent oxi de i{ch i.n-bel ow leis
i dentified asﬁlgrtzf’ﬁ WIREeS) ,eq'ﬁﬁ’a‘e%@ f%%ﬁréals ?ﬁrqlgeﬁgb@%élg%%pﬁgo%g%ﬁgﬂt s of
about 15.4% by W TaMérdthRrERiroRdPhitddlde results are given in Table V

bel ow. Table V : Ther rmgr avinmetric Analysis 5 Product Phosphorous, % Tenp.

Deg C at 50% | 08s Rrewtighed @6bgl0 ddgsscephomrtesRrogpons CS 1010 with dimensions

10 76mm...times 13mm... times 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) with naphthenic acid added to provide an
15 acid neutralization number of approximately 2mg / KOH.

2. Nitrogen gas in the vapour space.

Two pre — weighed and pre- passivated weight — loss carbon steel coupons, were
clamped to the rotating means of the autoclave. The dynamic test was conducted at
20  about 290°C for about 4 hours. In one test only passivated coupons were used and in
another test passivated and 30 ppm of product was additionally added. After the test, the
coupons were removed, excess oil was rinsed away, excéss 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

25  presented in Table IV

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

30  with mere passivation also.
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11.5 220 28.5632 PRIOR ART 2 15.4 192 36.9247 Exanple 2a 2.50 393 9.0379
Exanpl e 3a 2.28 384 5.9965 Exanple 2b 3.0 390 7.3786 The thermal anal ysis
test of the additives of present invention and the additives of prior art
were carried out in the Mettler Toledo Therno Gravinetric Analyzer. A known
wei ght of the sanple was heated in the an§byzer from30 Cto 600 C at a
rate of 10 10 C/ mnute under nitrogen nosphere. The tenperature at

whi ch 50 %1 oss in weight of sanple occurs is taken as the representative
of thermal sthlelYdynamic testdate of the residue obtained at 600C, and the
tenperature at 50 % weight | oss are presented in Table V. The weight of the

resi due is ingdi-eative—of—the tendency—ofthe ag”i e, t% denosil; at—hi-gh
t enper at ur e 2|0 GPmReyeA png?ﬁf’%g | EeGE nap Qe t\»/J/n(F"érﬂs'?Pa‘ 25508 fSE Y
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 0.2 1 97 100
3 Example 0 0 100 200
3a 30 15
0 0 100 100

Fouling Tendency of the Additives of the Invention:-

5  The fouling tendency of additives of the present invention was determined by 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 for example 2a

- and 2b. The prior art additive 1 and 2 ( please refer thermal analysis section for details

10  of prior art additive) showed heavy precipitate . Tributyl Phosphate another commonly
used additive for naphthenic acid corrosion inihibtion also showed high amount of

haziness.

- The above results demonstrates the advantages of polymeric phosphate esters.
15
Thermal Stability Analysis:-

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
20  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 35.28% by wt of

Phosphorous Pentoxide, which in below table is identified as Prior Art 2, and was found
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150f the equi pment in due course. Discussion about Thermal Stability: It
can be seen fromthe above table that the invention conpounds (exanple 2a
to 20 exanple 3b, exanple 2b) the tenperature of 50 % wei ght | oss varies
from (393C, 384 Cto 393 C) respectively. These val ues are nuch hi gher
when conpared with the prior additives V\/ni_,@h have a val ue of only 220C and
192 C. These findings clearly indicate thé higher thernmal stability of the

i nvention co unds ,when conpared with the prior art co unds,. 25 It is
nown ot e BaRGPRORTIOFCTEnal 2Pout AR by 1 s FeEB e gl apgalts 4rS
addi tives W tfivéH Bhebid ey, stability since these wll not deconpose to
vol atile products leading to 40 fouling and contam nati on of other
streans. The ot her advantage of thernmally stable conpound is they retain
their corrosi iRhihition efficiency.,at higher tenperatures. The above
data clearly g@f‘ﬁ&h ’Eh%rén‘fgfﬁf"nbéf'&g%&ﬁ'%ati ves of polyneric phosphate
ester 5 ofs pol yi sobutyl ene succinate ester surprisingly have substantially
high thermal stability at elevated tenperature as conpared to_correspondi ng
pol yneri ¢ phosjptragectest er of| Perspherebut y| EpmpsilegCraat | Retidye @10t |i s al so
observed that |[treatnent of pdbynmeric phospbiatiessest er ofdqedlyi sobut yl ene
succi nat e est grPREQRART | ene oxilded i n accorda2e with| pr e85632i nventi on
results in redrRRIORART phogphor aysq cont ents amgh al so t he 3gemigdue at 600C.

It is al so seemgfapRe bhie abgve tTabf¢ thar the ggyention COyPayHTS lleave
much | ower 15 @3 iES,at 040C. "HEg TesTHue Objgy meu T tHgoEavernt i on

conpounds (ex ment 2a; 23 he—above—{gpte)—tsmugt wet—t han t he
prirrgr addi'giv EraRle 26 ot 1 ond PV or ALt 21 3l er i ol 28 28380 anal3s. 9247%
(in the table). The above data clearly indicates that the invention
conpounds. Wi | Theh@dendl aaslysis &ROSH the @dditieadEMNGYsehtinkBiticl £A%hE hdditiVéyasTriog0
In view of above findings, the oxide derivatives of polyneric phosphate
ester of pol yArsBSIR GArER oyf i ithpaMetitast Eoledn dhenmeo fsatimgirier Applygere Hoknewnf
present inventdi:on. i Lol 0 d naph bC
acid corrosi %élgﬁh?fﬁﬁ%%nﬁlgggxggértﬁ Lﬁﬁhggb@y?%gﬁog@?ge%d%%at¢\?}te%%{3) %Fﬁg
present ilAverC / minutanodg mitpeeadtmosphereoTharampevitiine apwdibri0 Yorlvsrihivaight \oii ch
have been found iF(r) be pol %/agEri c Lﬁr; nat ure .are capabl e. of overcom nc}:;

above- descr i BBHPHr SHiYET KstakAR a3 tbh rameseaitivh of gherpial stabilitnsThg gygight of the
establ i shed wdifhud BBrafil Ry 8bo%rHA RO 1GXARLRSat $11; %igm h\@sg'ase ?)gésgnted in
corrosion 30 inhibitors of present 1nvention have been Tound to be

ef fecti ve andlabteeVndlhesweipght of theatesidhe vaimslicatieeérthe tergdsncyTof e additive tor s

have not been, f ou t et deconposed and de ited at tallic surfagces of
the reactor/ ﬂeg?ﬁl{gé’t‘é}bﬁn’tﬁﬁf ure %@?FH‘HPW{%S@@ lf‘é’i‘)‘@c‘?srogﬁlcg may cause It"“ﬁng

15  of the equipment in due course.

DT

’
UTrT U TATT

o) —t

Discussion about Thermal Stability:

It can be seen from the above table that the invention compounds (example 2a to
20  example 3b, example 2b) the temperature of 50 % weight loss varies from (393°C, 384
°C 10393 °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.
25
It is 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
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41 been found to cause fouling and ot her associ ated probl ens, and
therefore, are capable of effectively treating Indian crude oil, and crude
oil fromcountries like China, Africa and Europe w thout causing corrosion
due to presence of naphthenic acid. 5Further, the corrosion inhibitors of
present invention have al so been found to‘ﬁp effective for possible
concentrations of naphthenic acid in the streamthat's too w thout causing

i ated di tages. Further he above._experinents al sp confjrmthat
B e O b S RSP 1 BBt o0k e SRl bt
have | ower acidihioindithBi¥ail Meib@RHdslRURKIbItRNCORdiEAd Uk idher RiMEdeof the

stream bei ng treated, and have been found to have | ower and effective
amounts of phosphorus. It may be noted that effectiveness of presegt .
inhibitors h been checked, for .crude.ojil _.15contai nin apht.heni c .aci ut
these are suitapbie c#glcclr(lﬁ%{g %ﬁt?b%g?‘ist tgf“n?’ﬂée ﬁﬁrbﬁlﬁ%f’gp&EF’ﬁ“ﬁrﬁ’g‘oWﬁ‘?ﬂer
conmpounds 5 | tofypdlyisdbaitylemague binaferegter siv@ribi@EBIRIvVE GubktaRal$ ihgsh thBahaltskdility
present invention conprises the follow ng 1tens: 201. A naphthenic acid
corrosi on i nhAtRlewted: isayIcERuTg RAsosOMRArGdEY cerrespeR@RAtRelwrere phgsphate ester of
ol yi sobut yl : &g@ St ar i nhi bit naphthenic acid corrosion in
(F:)ruée oi | ,yf ee %lt§oc ,lgﬁﬁﬁg %%ceg{reg'on streans contai ni ng napht heni ¢ aci d,
and denonstrating higher thermal stability at el evated tenperature varying
from about 200C to about 400C. 252. A napht henic corrosion inhibitor as
described in item 1, wherein said ester is selected from polyneric

- phosphat g gestieris JA@VbBgrRehal tlelitndn®lof PYIVHersd pPHE{HERSester bt pOlyisbbhitylentH
0= P-OR OH 30 42 CHO= P-OR1 01 R2 511
succinate ester with butylene oxide in accordance with present invention results in

reduction of phosphorous contents and also the residue at 600°C.

It is also seen from the above table that the invention compounds leave much lower
15  residues at 600°C. The residue obtained. for the invention compounds (experiment 2a,
- 2b, 3b in the above table) is much lower 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 compounds will have least deposition tendency in the areas of
furnace.
20
In view of above findings, the oxide derivatives of polymeric phosphate ester of

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

Accordingly, it is well understood that the naphthenic acid corrosion inhibitors,
25  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 prior art.

As also established with the help of forgoing examples, the naphthenic acid corrosion
30  inhibitors of present invention have been found to be effective and thermal stability at
elevated temperatures. These inhibitors have not been found to get decomposed and

deposited at metallic surfaces of the reactor/distillation unit. These inhibitors have not
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OR3 0= P-012.1 o0l1R2 I11 wherein at |east one of the Rl, R2 and R3 is
hydr oxy term nated pol yi sobutyl ene 10succi nate ester havi ng nol ecul ar

wei ght varying from about 800-10, 000 Daltons. 3. A naphthenic acid
corrosion inhibitor consisting of oxide derivative of polyneric phosphate
ester of polyisobutylene succinate ester tQ inhibit naphthenic acid
corrosion in crude oil, feedstock, or hydrdcarbon streans 15contai ni ng
napht heni ¢ acid, and denDnstratlng hi gher t her nal stablllty at el evated

t enper at ur e veeepifpend toorausd SaingGod atksr Asenstaterhproblems, A Hisretpesnpte capable

corr osi on '“hafbef%e%yé}ge%s&&%;] eﬂhérﬂdé bt Mo cEE FiefnP Bfly0edl 18 CfinhVAfricke

Is selected frompo ate est ers aving one o OW Nng
structures A & ]Buope?wﬁhoutﬁ:aum corroSion(dieXo prdséridelof(ﬁaplﬁhﬂuﬁhtﬂdﬁ-l— 0 HO= P-0
CH2-CHO HOR2 -nO n -E OCH2-CH01 H Xn 8

5  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.

Further, the above experiments also confirm that inhibitors, particularly the oxide
10  derivatives of the present invention have lower acidity and have not been found to
contribute to acidity of the stream being treated, and have been found to have lower and

effective amounts of phosphorus.

It may be noted that effectiveness of present inhibitors has been checked for crude oil
15 containing naphthenic acid, but these are suitable for crude oil containing naphthenic

acid and sulfur compounds.

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

20 1. A naphthenic acid corrosion inhibitor consisting of polymeric phosphate ester of
polyisobutylene succinate ester to inhibit naphthenic acid corrosion in crude oil,
feedstock, or hydrocarbon streams containing naphthenic acid, and
demonstrating higher thermal stability at elevated temperature varying from
about 200°C to about 400°C.

25 2. A naphthenic corrosion inhibitor as described in item 1, wherein said ester is
selected from polymeric phosphate esters having one of the following structures

I, IT or III:-

(I)H
O0=P—OR!
OH

30
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5 5. 10 6. 15 7. 20 8. 25 wherein at |east one of the R and
R2 is hydroxy term nated pol yi sobutyl ene succi nate ester havi ng nol ecul ar
wei ght varying from about 800-10,000 Daltons; Xis H CH3 or C2H5 ; and n
may vary from1 to 20. A naphthenic corrosion inhibitor as described in any
one of the preceding itens, wherein said inhibitor has thermal stability of
about 50% wei ght | oss as determ ned by thépnngravinetric analysis in a
tenperature range varying from about 350C to about 400C, acidity varying
froml1l ng KOH gmto 80 ng KOH gm as determned by titration of sanples

agai nst normal al coholic KOH, and phosphorlis contents varying from2%to 5%
of the inhibitor. A naphthenic corrosion inhibitor as described in itens 1
or 2, wherein said inhibitor is prepared by reacting polyisobutyl ene
succinic anhydride [PIBSA] with a gl ycot—to—form hydroxy term nated

pol yi sobut yl ene succinate ester, which isQltactéd with phosphorus pentoxi de
to result in polyneric phosphate estef ;Jgggﬁl(ﬂnnylene succi nate esters.
A napht heni c corrosion inhibitor as descrijped i item6, wherein said

gl ycol is selected fromnono-glycols,| ali iclglycols, aryl glycols,

di -glycols, and aliphatic di-glycols, i ycols, particularly
nnno-glyc%ls, aliphatic glycols, aryl egCﬁIs, nore particularly ethyl ene
gl ycol .

OR’
0=P—OR!

OR?

III
wherein at least one of the R!, R? and R? is hydroxy terminated polyisobutylene
10 succinate ester having molecular weight varying from about 800-10,000

Daltons.

3. A naphthenic acid corrosion inhibitor consisting of oxide derivative of

polymeric - phosphate ester of polyisobutylene succinate ester to inhibit
naphthenic acid corrosion in crude oil, feedstock, or hydrocarbon streams
15 containing - naphthenic acid, and demonstrating higher thermal stability at
elevated temperature varying from about 200°C to about 400°C.
4. A naphthenic 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
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A napht henic corrosion inhibitor as described in itens 6 or 7, wherein said
gl ycol and PIBSA are taken in a nole ratio varying fromabout 1:0.4 to _
about 1:1 nole. 44 A naphthenic corrosion inhibitor as described in item
6, wherein said phosphorus pentoxide and said hydroxy term nated

pol yi sobutyl ene succinate ester are taken 5n a ratio of P205 to hydroxy
term nat ed pol yi sobutyl ene succi nate este3as 0.01 to 4 nole of P205 to 1
nol e of hydroxy term nated pol yi sobutyl ene succinate ester. A naphthenic
corrosion inhibi gt desgribed in item6, \WrEregrn saig PIBBA is prepared
by reacting highjreac¢tive gol yi §obutyl ene w tjh | ei ¢ aphhydride. A

napht heni ¢ cofro fdh%%ﬁhrbﬁﬂbr Hdescr i bé=ibrOteetio; Ciihddgith sai d hi gh
reactive polyisoggetylene is reaetped with mal ¢ c hydri de aHgr taking in a
nole rati o of polyisohutylene : maleic anhydg de varying fromabout 1:0.5

to about 1:1. A napht i c corrosion inhibit@HxsCllesOrtBed in itens 3 or
4, wherein said oxide derivative of polynerigc phogphat e esters of
pol yi sobut yl ene succi nate ester is prepared reécti mpol yneri ¢ phosphate

esters of polyisobutyl ene succinate ester of clﬁkﬁbl or 2 with oxirane
conpound to result in oxide derivatives of poly c phosphate ester of
pol yi sobutyl ene succinate ester. A naphthenic corrosion inhibitor as
described in item 12, wherein said oxirane conpound is selected from
et hyl ene oxi de, propyl ene oxi de and butyl ene oxide, preferably the oxirane
conpound i s butylene oxide, nore preferably 1,2 butylene oxide. A
napht heni ¢ corrosi Lohi:kLtor fi ing L aid
i nhi bitor has ther marélg[g etlgﬁsi?toi}ég){ qgigkutéﬂgg&) \E/\kelll%(ﬁ?%i ﬁ?%éé%g?lgﬁ%ﬁzgnﬁy
t her mogr a%i net ri ¢ saoahatei estérn having npeteatiar eweighgevandny i fngmf abent a8+ 0,860 C
to about 400C, an %cidjty varying fromabout 1 ng KOH/ gmto about 20 ng 25
KOH gm as determ toﬂﬁ’ titration of sanples against nornmal al coholic KOH
- sanpl es and phosphgiig, @H%EO%]I% Vaidi pay Vasfr@haub 26% t o about 5% of the

i nhi bitor. 15.A method for inhibitin naphthenic acid corrosion on netallic
‘surfaces of the A naphthenic p@lwéssiinhgiitanﬁs despribrskiagingi @ne e thetpreceding items,
cont ai ni ng napht heni ¢ .acid,i.n, a.react 30connri:- ses. f ol | owdg ;=

a) heating the st rex r%18n§aéﬁi nlfl}ﬁfg’tﬂra fﬁ[el%%a asg%)odhttyo()t\‘/élggwi \é\%%a“%iﬁ%?islg%s as

t hereof; 1045 b) alde@Mni@dt Biethsih@anviMRAY salydid inSeteniperatéle Shide airyiap from
colum; c) condensing a portion of the stream vapours Passin t hrough the
distillation col urﬁli’otlb3§f$)§dtibéb%lt d081G;| acidity: vayyingdipmgl meg @mstq PP dpe a

sufficient anount L.G: agi r0Si i.ohi. bi . peve
Thhi bi ton of napHenEigR 2 WERfIRA S ERHOANrIANRIe dkRhkdiordd) AfolidtcaeOH?
cont ai ni ng napht hesmidphasphdnsaiontatsoarying frioid 2% tad¥i ¢fi theinhibiewbst anti al | 'y

contact entire netallic surfaces. Ofai,néhe distjll @ti on unit _so gs bo for
protective fi®m t Hersghthenissosesion inhibdgr as dessrded iR M d Hgki Waereln sal

corrosi 0Ry inhibitor is prepared by reacting polyisobutylene succinic anhydride [PIBSA]
with a glycol to form hydroxy terminated polyisobutylene succinate ester, which
is reacted with phosphorus pentoxide to result in polymeric phosphate ester of
polyisobutylene succinate esters.
7. A naphthenic corrosion inhibitor as described in item 6, wherein said glycol is
20 selected from mono-glycols, aliphatic glycols, aryl glycols, di-glycols, and
aliphatic di-glycols, aryl di-glycols, particularly mono-glycols, aliphatic glycols,
aryl glycols, more particularly ethylene glycol.
8. A naphthenic corrosion inhibitor as described in items 6 or 7, wherein said
glycol and PIBSA are taken in a mole ratio varying from about 1:0.4 to about
25 1:1 mole.
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10wherein the process is characterized by addi ng corrosion inhibition
anount of said naphthenic acid corrosion inhibitor which is selected from
pol ymeri c phosphate ester of polyisobutyl ene succinate ester and oxi de
derivative of polymeric phosphate ester of polyisobutyl ene succinate ester.
16. A nethod as described in item 15, wheregin said corrosion inhibition
anount of 15said naphthenic acid corrosion’inhibitor varies fromabout 1 to
about 2000 ppm 17, A nethod as described in item 15, wherein said,. )
pol ymeri ¢ phosphat’e BhEienit 9BIP§PE 0B R} IoENnES ittt &0 oiarer b hsgrin g
from conpounds hayj,gh iR 8ént$>tl§e a0 s RGirSty W81 bolyisbbﬁ&zlehé lsuccigat® OH
| 0=P-OR | OHI 25 CHI 0= P-ORI 01 R2 Il 46 OR3 0= P-

ester are taken in a ratio of P,Os to hydroxy terminated polyisobutylene

succinate ester as 0.01 to 4 mole of P,Os to 1 mole of hydroxy terminated
5 polyisobutylene succinate ester.
10. A naphthenic corrosion inhibitor as described in item 6, wherein said PIBSA is
prepared by reacting high reactive polyisobutylene with maleic anhydride.
11. A naphthenic corrosion inhibitor as described in item 10, wherein said high

reactive polyisobutylene is reacted with maleic anhydride after taking in a mole

10 ratio of polyisobutylene : maleic anhydride varying from about 1:0.5 to about
1:1.
12. A naphthenic 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

15 ester of claim 1 or 2 with oxirane compound to result in oxide derivatives of
polymeric phosphate ester of polyisobutylene succinate ester.

13. A naphthenic corrosion inhibitor as described in item 12, wherein said oxirane
compound is selected from ethylene oxide, propylene oxide and butylene oxide,
preferably the oxirane compound is butylene oxide, more preferably 1,2

20 butylene oxide.

14. A naphthenic corrosion inhibitor as described in items 12 or 13, 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, and acidity varying from about 1 mg KOH/gm to about 20 mg

25 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.

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

30 comprises following steps:-
a) heating the stream containing naphthenic acid to vaporize a portion

thereof;
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olR2 111 wherein at |east one of the RI, R2 and R3 is hydroxy
term nat ed pol yi sobutyl ene 5succi nate ester havi ng nol ecul ar wei ght varying
from about 800-10,000 Daltons. 18. A method as described in item 15,
wherein said oxide derivatives of polyneric phosphate esters of
pol yi sobutyl ene succinate ester is sel ect %(51 from conpounds havi ng one of
the foll ow ng structures Aor B:- 10 OR _ OR -X- 1111 0=P-0
CH2-CH 0 HO= P-0 Ca—|2 1 0l R2

allowmg 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;

d) adding to the distillate a sufficient amount of naphthenic acid corrosion
5 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 the distillation
unit so as to form protective film thereon, whereby said surface is
inhibited against corrosion;

10 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.

16. A method as described in item 15, wherein said corrosion inhibition amount of

15 said naphthenic acid corrosion inhibitor varies from about 1 to about 2000 ppm.

17. A method as described in item 15, wherein said polymeric phosphate ester of
- polyisobutylene succinate ester is selected from compounds having one of the

following structures I, II or III:-

20

(I)H
0=P—OR!
OH

c|>H
O=P—OR!

25

II
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|l nO n - 0 rfl2-CHO01H xI n wherein at |east one of the Rl and R2 is
hydr oxy term nated pol yi sobutyl ene succi nate ester havi ng nol ecul ar wei ght
varying from about 800-10,000 15Daltons; X is H CH3 or CH5 ; and n may
vary from1l to 20. 19. A nmethod as described in any one of the itens 15 to
18, wherein said streamincludes crude oil, feedstock, hydrocarbon streans
or fractions thereof. 20 20. A nethod as d@%cribed in any one of the itens
15 to 19, wherein said inhibitor is a istillate that is |ater
returned to the reactor, or which contact ggie ngtallic interior surfaces of
the reactor so that netallic surfaces are|subsg ntially protected from
napht henic acid corrosion. 47 21. Use EPadORt ifve pol yneric phosphate
ester of polyisobutyl ene succinate esfer odes¢ribed initens 1 or 2 as
napht henic acid corrosion inhibitor tpp inhrbit paphthenic acid corrosion in
crude oils, feedstocks, or hydrocarbon streans. 22. Use of additive oxide
derivative of polyneric phosphate ester oflilbpol yi sobutyl ene succinate ester
as described initenms 3 or 4 as naphthenic acid corrosion inhibitors to
i nhi bit naphthenic acid corrosion in crude oils, feedstocks, or hydrocarbon
streams. 23. A napRhdiemi 4 1601 §RSéfAhe R RDAdOR> fsq@a;ﬁ?&eﬁﬁiha&e@?olfy%sh@lene
described with reference to the foregoi ng exanpl és. 1024. A nethod for
i nhi bi ti ng napht hetwiceinatgi esterohaviaigomodesviar aweight | warying hisowi abowss 8090436400 t h
reference to the f@&ﬁgping exanpl es. 25.Use of naphthenic corrosion
i nhi bitor for inhibi |ﬁg napht henic acid corrosion in

' 18. A method as described in item 15, 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:-

T3 *
O=P—0O CH2—CH—O}H O= P—O{CHZ—CH—O}H
6R2 n (I) n

® EHZ—?H—ojLH
_ 1§ N

10

wherein at least one of the R' and R? is hydroxy terminated polyisobutylene
succinate ester having molecular weight varying from about 800-10,000

15 Daltons;
X is H, CH; or C;Hs; and
n may vary from 1 to 20.

19. A method as described in any one of the items 15 to 18, wherein said stream

includes crude oil, feedstock, hydrocarbon streams or fractions thereof.

20 20. A method as described in any one of the items 15 to 19, 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.
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crude oils, feedstocks, or hydrocarbon streanms substantially as herein
described with reference to the foregoi ng exanples. 15 In the clainms which
follow and in the preceding description of the invention, except where the
context requires otherw se due to express | anguage or necessary
inplication, the word "conprise" or varieuifans such as "conprises" or
"conprising" is used in an inclusive sense, i.e. to specify the presence of

the stated features bu t to . preclude the 20presence, or. addition of
urther feat ufbs i Hss S b ecrmbBapie RESPTE RET PROGHSBHYIenE SHle e as
understood that, idesgfibedPid HenR{ RUPlasCRiphMRnicSadi@f @oS@nt RhMOEIH inkipah

reference does not constitute an admi ssion that the publication forns a
part of the conmonnapbihenitlacidwantoswgan icrudetodlsafieedstacks.Aoshydaddasbar stmams.ot her

country. 25 T CLAL M5 FI NL NG THE . ENTI RE AS F i|§1?/§2 1. A
napht heni ¢ ac?% clc_)EFeosstnaﬁkﬁﬁY%i £3! ecoléggivé\l}(_fengoﬁ‘\lp ?ﬁnﬁﬂ%rip% 8 ph?ﬂeé eog_t er
of polyi s@butyl enepslyicsthutfere Ssochiatd éstdriidebdribeanhtifRARI X ook a8l naphith&it agidi N

crude oil, 5 feedstock, or hydrocarbon_streans containing naphthenic acid,
and denonstrating $AERSEON tipkpites & dphibitt paphthenieaid deqreasiuy dnuemdgapils.ng

from about 200C t of 4 & QaRhkheni c corrosion inhibitor as
claimed in claim 1,egl\hljﬁer<§,’| gp@adlr%gaégt egr} I sts'sel ected from pol yneri c phosphate

esters havi ng2bne Afnaphtheriokomodinginibitoc subsemtially as hdreiardekdribed wath @feréhceR
OHOHO=P-ORL 01 R I]L OR3 O=P-OR olR2 IIl wherein at |east one of the
R, R and R3 is h';‘?dh%l@e&oéﬁ‘%ﬁ%pé"c?' pol yi sobut yl ene succi nate ester having

mol ecul ar gwei ght VAT Metidd| FRMnBRRe $aPREENO0RiPaHBE®n substantially as herein
described with reference to the foregoing examples.

25.  Use of naphthenic corrosion inhibitor for inhibiting naphthenic acid corrosion in
crude oils, feedstocks, or hydrocarbon streams substantially as herein described
with reference to the foregoing examples.

15

In the claims which follow and in the preceding description of the invention, except

where the context requires otherwise due to express language or necessary implication,

the word “comprise” or variations such as “comprises” or “comprising” is used in an
inclusive sense, i.e. to specify the presence of the stated features but not to preclude the

20  presence or addition of further features in various embodiments of the invention.

It is to be understood that, if any prior art publication is referred to herein, such
reference does not constitute an admission that the publication forms a part of the
common general knowledge in the art, in Australia or any other country.

25
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49 3. A naphthenic acid corrosion inhibitor consisting of oxide derivative
of polyneric phosphate ester of polyisobutylene succinate ester to inhibit
napht heni ¢ acid corrosion in crude oil, feedstock, or hydrocarbon streans
cont ai ni ng napht heni c acid, and denonstrating higher thermal stability at
5el evated tenperature varying from about 2QpC to about 400C. 4. A

napht heni ¢ corrosion inhibitor as clainmed I'n claim3, wherein said oxide

Fol | o ng_st TG d<aS DRI Tk rRERAP RN ARR A rOTY AR o™

HO= P-0 I 0 -X | CH-CHO --n H

1. A naphthenic acid corrosion inhibitor consisting of polymeric phosphate ester of
polyisobutylene succinate ester to inhibit naphthenic acid corrosion in crude oil,
5 feedstock, or hydrocarbon streams containing naphthenic acid, and
demonstrating higher thermal stability at elevated temperature varying from

about 200°C to about 400°C.
2. A naphthenic corrosion inhibitor as claimed in claim 1, wherein said ester is

selected from polymeric phosphate esters having one of the following structures
10 I, I or III:-

?H
O=P—OR!
OH

15 I

20

I
wherein at least one of the R', R? and R? is hydroxy terminated polyisobutylene
succinate ester having molecular weight varying from about 800-10,000

Daltons.
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rH2-CH 11-1 X 10 wherein at | east one of the RI and R2 is hydroxy
term nat ed pol yi sobutyl ene succi nate ester having nol ecul ar wei ght varying
from about 800-10,000 15Daltons; X is H, CH3 or C2115; and n nay vary from
1 to 20. 5. A naphthenic corrosion inhibitor as clainmed in any one of the
precedi ng clains, wherein said inhibitor thermal stability of about 50%
wei ght | oss as determ ned by thernogravinetric analysis in a tenperature

range varying, from 20 about 350C to about 400C, acidity yarying from1
KOH gm to 80 BTl {2 SOSEPIRY ¢PYIDIRT, SAPSTINg bl RAde et Ve s
al cohol i ¢ KOH, andpdl%ﬂ@ﬂ?@%ﬁb%pﬁé?@té‘é@érs_o‘faf)dlbf&GblﬁtSrEHb 2%dcmar”oder  RE inhibit
inhibitor. 6. A naphthenic corrosion inhibitor as clainmed in clains 1 or
2, wherein said i npbtheoic agd posesioadinbgrude it i fnedspasky i sohydsdcerbonssisaingi ¢
anhydride [ PIBSA] 25w.t.h a gl ycol to. . for dr oxy..t er,mi nat ed -

pol yi sobut yl ene su%oél}{\gﬁlgflé %ag’lhﬁ}e,mcv\ﬁflgh an Ogé(rpgnslné%g el ﬁ’eb‘ﬂ%ls Stbility at
pent oxi de st o resul dlevafedrempsiitire vayapihah abest20°Cto fMduy 4eeieut yl ene
succinate esters. A naght heni c corrosion inhibitor as claimed in claims®,
wher ei n sai d 4l ycof naphthepisceasepsianotphihites-agl gleipied, ingelpiom 3 iwheggip cssids oxigey |

SLVEELS) o el e SR BARELS by e o

particul arly et hylfeflewirigytiakturé AapBt-heni ¢ corrosi on inhibitor as clai ned
inclaims 6 or 7, wherein said glycol and PIBSA are taken in a nole ratio
varying fromabout 1:0.4 to about 1:1 nole. A naphthenic corrosion

i nhi bitor as claiggd in claim®6, wherein said phosphorus pentoxide and said
hydr oxy term nat pal yi soBut yl ene succi nate I ter are $akenfin a ratio of
P205 to hydr oxy—fper L el spput yl engysysciylapgy. estal-@gsp- 01 to 4
nol e of P205 to 1 pgolje of hydroxy term nated jpolyj sobutylene|succinate
ester. A naphthe®RC corrosion inHlbitor as clGinmed in clai m62 wherein said
PI BSA i s prepared by cting high reactive %L_ u ne with maleic
anhydride. A naphthenie corrosion inhibitor gs <l gi claim 10, wherein
said high reactive polyisobutylene is reacteg wtiX mal ej ¢ anhydride after
taking in a nole ratio of polyisobutylene : nmaleic anhyd?ide varying from
about 1:0.5 to about 1:1. A naphthenic corrosion hibitor as clainmed in
claims 3 or 4, wherein said oxide derivative of polyneric phosphate esters
of polyingutylene succinate ester is prepared by reacting polyneric
phosphat e “esters of pol yi sobutyl ene succinate ester of claiml or 2 with
oxi rane conpound to result in oxide derivatives of polyneric phosphate
ester of polyisobg;glene succi nate ester. Aznaphthenic corrosion inhibitor
as clainmed in clai P

erein aieaseone 9hitlhe Bxiandie dohydrony tarminase e polyisobutylene

et hyl ene oxi de, pr .| ene i and tyl.ene .oxide. .preferab t inhane
conpound is butyl esﬁg%ggtf:d%s?énglrg‘éﬁgre gerc él%lf ywil,giﬁ b Wﬁ néoerPh‘iqt g&)%Ob&
napht heniie corrosiP4ltonghi bitor as clainmed in clains 12 or 13, wherein said
i nhibitor has therpal_ stability of about 50% wei ght | oss as determ ned by
t her nogr avi met ri ¢ “akaySHs of Ga2Hs it andyemay yew fremddov8r yi ng from about 350C

to 51 about £400C, 4 3ap el N8, [ : . 0
g KOH g as Bet or b ADITEGC Fhos ibhitol OMRRR D oby The EHRORRL il Bt
KOH sanpl es and phelsgtiar sesd dehibétot $hay athgrnmad) stabilityabd uboit?60% akight 109 af
t he i nhibitor. . . . . .
determined by thermogravimetric analysis in a temperature range varying from
.20 about 350°C to about 400°C, acidity varying from 1 mg KOH/gm to 80 mg
KOH/gm as determined by titration of samples against normal alcoholic KOH,
and phosphorus contents varying from 2% to 5% of the inhibitor.
6. A naphthenic corrosion inhibitor as claimed in claims 1 or 2, wherein said
inhibitor is prepared by reacting polyisobutylene succinic anhydride [PIBSA]

25 with a glycol to form hydroxy terminated polyisobutylene succinate ester, which
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515. A nethod for inhibiting naphthenic acid corrosion on netallic surfaces
of the processing units processing the stream containing naphthenic acid in
a reactor conprises follow ng steps:- heating the stream cont ai ni ng

napht heni ¢ acid to vaporize a portion thereof; 10g)allow ng the stream
vapors to rise in a distillation colum; condensing a portion of the
stream vapours passing through the distillation colum to produce a

distillate; i) addin t istillate a.sufficient amount of naphthenic
acid corrosion inhf Bﬁgatciﬁ% g{{;ﬁggosfp omsHeatnxide i 1534l Bhp f’mﬁ%lf)ﬁg?ﬁéﬂ? eéﬁqrd’_f
corrosion; 15 al | quiyiSobuest suktinh@tegtesONt @i ni ng napht heni c acid corrosion
i nhibitor additive to substantially contact entire netallic surfaces of the

distillation Unit Adapkthenc corrasipr vihibitar\as cldimgd imelainng, whereistspidsgliydol is

surface is inhibit aipnst _corresi on; erein the process is,.
characterized by asg%f%g %8‘?& 88 8?%9 o ai ba}]i,l\),:ﬂ%tﬁc Cﬁﬂgt ag¥l §§'°glgﬁ 3‘"&5‘{68{%@!%%
aci d corresion i nhiliphatiy divilyedls, iasyl slgBrbBipArtiouag o gl fcold) af phiice RS
of polyi sobutyl ene succinate ester and oxi de derivative of polyneric
phosphat e est er ofarflysods marg paisulatly ethylane sbeobr . 16. A met hod as cl ai med

in claima1l5, er ej hd 0 jan: ik nldl biti Nty ' enj.
acid corrosi o%,imi nh‘? [)}fa? g{rh gl\}lgr(ir(%ng)é%ogo%h gytl}lggtag 1&%gég§gu%lal o@adﬁﬁmn&gg'%%gu‘i
met hod as cl ai med glycot land PIBSA andéaken in 8 anale patio/varying fipdm apbutt i20.4s teabout
pol yi sobut yl ene Sﬂ]gfi nate ester is selected from conpounds havi ng one of
the follow ng str Moes 1, Il or 111:- OHO=P-OR OH3 0 52 OH O=P-CR

01R2 511 10R3 = P-ARaphthenic corrosion inhibitor as claimed in claim 6, wherein said phosphorus
pentoxide and said hydroxy terminated polyisobutylene succinate ester are taken
in a ratio of P,Os to hydroxy terminated polyisobutylene succinate ester as 0.01
to 4 mole of P,Os to 1 mole of hydroxy terminated polyisobutylene succinate
ester.
15 10. A naphthenic corrosion inhibitor as claimed in claim 6, wherein said PIBSA is
prepared by reacting high reactive polyisobutylene with maleic anhydride.

11. A naphthenic corrosion inhibitor as claimed in claim 10, wherein said high
reactive polyisobutylene is reacted with maleic anhydride after taking in a mole
ratio of polyisobutylene : maleic anhydride varying from about 1:0.5 to about

20 1:1.

12. A naphthenic 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

25 polymeric phosphate ester of polyisobutylene succinate ester. _

13. A naphthenic corrosion inhibitor as claimed in claim 12, wherein said oxirane
compound is selected from ethylene oxide, propylene oxide and butylene oxide,
preferably the oxirane compound is butylene oxide, more preferably 1,2
butylene oxide. |

30 14. A naphthenic corrosion inhibitor as claimed in claims 12 or 13, 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
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OlR2 111 wherein at | east one of the RI, R2 and R3 is hydroxy

term nat ed pol yi sobutyl ene 10succi nate ester having nol ecul ar wei ght
varying from about 800-10, 000 Daltons. 18. A nethod as clainmed in claim 15,
wherein said oxide derivatives of polyneric phosphate esters of

pol yi sobutyl ene succinate ester is sel ect from conpounds havi ng one of
the following structures Aor B:.- 15 OR -X- OW-X- | I I I 0= P-0
CH2-CH 0 HO= P-0 CH2-

aboug:lé_l'f)god:| anld a%ty_ 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 about 1% to about 5% of the
inhibitor.

5 15. 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:-

D heating the stream containing naphthenic acid to vaporize a portion
thereof;
10 g) 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;
1) adding to the distillate a sufficient amount of naphthenic acid corrosion
inhibitor so as to achieve inhibition of naphthenic acid corrosion;

15 SR ) 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;

wherein the process is characterized by adding corrosion inhibition amount of
20 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.
16. A method as claimed in claim 15, wherein said corrosion inhibition amount of
said naphthenic acid corrosion inhibitor varies from about 1 to about 2000 ppm.

25 17. A method as claimed in claim 15, wherein said polymeric phosphate ester of

polyisobutylene succinate ester is selected from compounds having one of the

following structures I, II or III:-

(I)H
0=P—OR!
OH

30
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| nO -- n 0 r142-CHO1H I Xn wherein at |east one of the Rl and R2 is
hydr oxy term nated pol yi sobutyl ene succi nate ester havi ng nol ecul ar wei ght
varying from about 800-10,000 20Daltons; 53 Xis H, CH3 or C2H5; and n may
vary from1l to 20. 19. A nethod as clained in any one of the clains 15 to
18, wherein said streamincludes crude oilg, feedstock, hydrocarbon streans
or fractions thereof. 5 20. A nethod as clained in any one of the clains 15
to 19, wherein said inhibitor is added to distillate that is later returned
to the reactor, or which contact the netalkic interior surfaces of the
reactor so that netallic surfaces are substantially protected from
napht henic acid corrosion. 21. Use of additive polyneric phosphate ester of
pol yi sobut yl ene succi nate ester as 10 i Hclaiml1l or 2 as naphthenic
acid corrosion inhibitor to inhibit naphtl@hi c acid corrosion in crude
oils, feedstocks, or hydrocarbon stre ?ﬁ;#gz WYse of additive oxide
derivative of polyneric phosphate est 'ﬁl_ﬁ if sobut yl ene succi nate ester
as claimed in clains 3 or 4 as naphthenicOieid ¢orrosion inhibitors to
i nhi bit naphthenic acid corrosion in i 15f eedst ocks, or
hydr ocar bgn streans. 23. A naphthenic corrgsion inhibitor substantially as
herein described with reference to the for goi ng exanples. 24. A nmethod for
i nhi biting naphthenic acid corrosion stbstant+ahly as herein described with
reference to the foregoing exanpl es. [2025 e of naphthenic corrosion
i nhi bitor for inhibiting naphthenic ackg_égléﬁgion in

|

OR?

I

wherein at least one of the R', R? and R? is hydroxy terminated polyisobutylene

10 succinate ester having molecular weight varying from about 800-10,000
Daltons.

18. A method as claimed in claim 15, 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! X OR! X
0= I:’—O{CHz—(IZH—O} H 0= l:)—O]];CHZ—éH—O} H
OR? n 0) n
® E:Hz—(I:H—ojLH
| X )

15

wherein at least one of the R' and R is hydroxy terminated polyisobutylene
succinate ester having molecular weight varying from about 800-10,000

20 Daltons;
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crude oil s,

10

15

20

25

f eedst ocks, or hydrocarbon streanms substantially as herein
described with reference to the foregoing exanples. 25

19.

20.

21.

22.

23.

24.

25.

53

Xis H, CH; or C;Hs; and

n may vary from 1 to 20.

A method as claimed in any one of the claims 15 to 18, wherein said stream
includes crude oil, feedstock, hydrocarbon streams or fractions thereof.

A method as claimed in any one of the claims 15 to 19, 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.

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, or hydrocarbon streams.
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, or hydrocarbon streams.

A naphthenic 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 naphthenic corrosion inhibitor for inhibiting naphthenic acid corrosion in
crude oils, feedstocks, or hydrocarbon streams substantially as herein described

with reference to the foregoing examples.
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