BOTTOM ANTI REFLECTI VE COATI NG COWPCSI TIONS Field of Invention The present
invention relates to novel coating conpositions and their use in inmage
processi yolr10faasezing a thin | ayer of the novel coati ngPCOMPUOI/HI3G26 bet ween
a reflective substrate and a photoresi st coating. Such conpositions are
particularly useful in the fabrication of sem conductor devices by

phot ol i t hographi ¢ techni ques. The invention further relates to a pol yner
for the coating conposition. Background Photoresi st conpositions are used
in mcrolithography processes for making mniaturized el ectronic conponents
such as in the fabrication of conputer chips and integrated circuits.
Cenerally, in these processes, a thin coating of filmof a photoresist
conposition is first applied to a substrate material, such as silicon

waf ers used for making integrated circuits. The coated substrate is then
baked to evaporate any solvent in the photoresist conposition and to fix

the coating onthd NEY soBPITH{Ee FQRe INHIBH NGt AQIE uEORROION MNBybst r at e

i s next subjectgiTHOROFIUGENEWIE NG ADBIGIVE radi ation. This radiation
exposure causes a chemcal transformation in the exposed areas of the

coated surface. Visible light, ultraviolet (UV) light, electron beam and

X-ray radi ant gRRLYORTRE RAVERTION t ypes commonly used today in
m crolithographic processes. After this imge-w se exposure, the coated

substrate i 9 treated with a devel oper solution to dissolve and renove

ei ther the radi@gbiPRza%PRIEGL RIatdNE MNEXRARADrah@ATREsidNR RAQL RYesi st. The
trend towards the mniaturization of sem conductor devices has |led to the

use of new phothyfiesiraens apg aprtigialysterhsiinhibigon ef ¢asigeien ghon owertii@gel engt hs

of radiation anghas 1Bl fil BRIALLRE edpeGalRf wiRARDY a%fdiitﬁ@stﬁﬁyé&%ﬁl evel _
systens to overcone difficulties assocCciated with such m niaturization. High
resol ution, chexssesre|sf wpkihes agid adaporelrertisylpdy é¢ ap 1betBOAkersosi ti ve

and negati vg) t 0Q&iiPHRLAEEShiedstn@hibiB%AInk aRltholi OF uPRl theflicng i mages with
| ess thanquarter mcron geonetries. There are two maj or deep ultraviol et

(uv) exposure technol ogi es that have provided significant advancenent in
m ni aturi zati omprsepdsidReFT PRIDR ARGT S that emt radiation at 248 nm and 193
nm Exanpl es of such photoresists are given in the foll ow ng patents and
i ncorporated herein by reference, US 4,491 ,628, US 5,350,660, EP 794458

and GB 2320718.1t RhQidekaso®hSn fIRr ard 48t MO NoMSsitgy Bf &akld ¥il RRE s Rasqd on

substituted pou¥h droxystyrene and its ) )
15 acfions have 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. 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

20 required to neutralize the acids in a one gram sample, above 0.2. It is also known
that naphthenic acid-containing hydrocarbon is at a temperature between about
200°C and 400°C (approximately 400°F -750°F), and also when fluid velocities
are high or liquid impinges on process surfaces e.g. in transfer lines, return bends
and restricted flow areas.

25
Corrosion problems in petroleum refining operations associated with naphthenic
acid constituents and sulfur compounds in crude oils have been recognized for
many years. Such corrosion is particularly severe in atmospheric and vacuum
distillation units at temperatures between 400°F and 790°F. Other factors that

30  contribute to the corrosivity of crudes containing naphthenic acids include the
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copolynmers. On the other hand, photoresists for 193 nm exposure require
nonaronmati c polyners, since aromatics are opaque at this wavel ength.

Gener al | yWoabioigad2ic hydr ocarbons are incorporated i nt oPCHABIWOY/YFHEL6 t O

repl ace the etch resistance |ost by not having aromatics present.
Furthernore, at |ower wavel engths the reflection fromthe substrate becones
increasingly detrinmental to the |ithographic performance of the
photoresi st. Therefore, at these wavel engths antireflective coatings becone
critical. The use of highly absorbing antireflective coatings in

phot ol i t hography is a sinpler approach to dimnish the problens that result
fromback reflection of light fromhighly reflective substrates. Two maj or
di sadvant ages of back reflectivity are thin filminterference effects and
reflective notching. Thin filminterference, or standing waves, result in
changes in critical |line w dth dinensions caused by variations in the total
| i ght i ntensi tynjopnt ¢fenaplathgnig acid pigsans theoneeiitieloreaissudfir edigpopedsi 8 changes.
Ref | ective not Ghi,Bg, RRGATEISHCE BY Bk BoRStriAEInRAOIRAL 88) 8l 1bcanRah iRrARd over
substrates contai ning topographi cal features, which scatter |ight through

t he phot or esi st} liggid/vapaginisefaged |ine width variations, and in the extrene
case, formng regions with conplete photoresist loss. In the past dyed

phot oresi sts have been utilized to solve these reflectivity problens.
However, it 3 s Afesoarupniyusghaopithchigtacidyied collesiivertempier gerpagugmicastdsect i vi ty
from the substratentant bR RRMe %H@%lﬁa@ﬁ%}ﬂhéﬂé redyl B8 &k thihor ddb@fldist i on, dyed
resists also cause reduction in the lithographic perfornmance of the

phot or esi st, t GYet REEAniGiagiHs. plois spdsrsoost thitithrampieity off themeidgyie nghghenic

i nconpati bi I'i t @y &t HY Saghthehi®Sh SharfdidrMBe., Vit §38ERINBLEhMHEENRT
reduction or elimnation of line wwdth variation is required, the use of
bott om ant i r ef Ifed®sve coati ng provi des the best solution for the
elimnationgf reflectivity. The bottom antireflective coating is applied
to thesubstrate prior to coati ngZwth\{ he phng%FSiSt and prior to
exposure. The resist is expose e an vel oped. The anti
reflective coating in the exposed~ayea is then etched, typically in an
oxygen plasma, and the resist pattern is thus transferred to the substrate.
The etch rate of the anti reflective filmshould be relatively high in
conparison to t1e QLR fSiktof fHhIBAL adiftBardRichdl 8¢ dr @ Grbv@ndel HBWéwr, et ched

W t hout excessive loss of the resist filmduring the etch process.

| nor gani ¢t Ypedhomaighity ¢dhq webiheue addirmgsuderdls dguadiress ol pid HehtTi N, Ti ON,
Ti Wand spi n- onu{ca@id . Raky ARTrodafboh @ nfadfiehesudf napRhBit adidOs@RANrén-B- A R C. s
require precise control of the filmthickness, uniformty of film special
deposi tion equicﬁﬁ"’é]ﬁtn,g %pgymally at elevated temperatures, severe corrosion problems

arise.

20 Naphthenic acid corrosion has plagued the refining industry for many years. This
corroding material consists of predominantly monocyclic or bicyclic carboxylic
acids with a boiling range between 350° and 650°F. These acids tend to
concentrate in the heavier fractions during crude distillation. Thus, locations such
as the furnace tubing, transfer lines, fractionating tower internals, feed and reflux

25  sections of columns, heat exchangers, tray bottoms and condensers are primary
sites of attack for naphthenic acid. Additionally, when crude stocks high in
naphthenic acids are processed, severe corrosion can occur in the carbon steel or
ferritic steel furnace tubes and tower bottoms. Recently interest has grown in the

control of this type of corrosion in hydrocarbon processing units due to the



adhesi on pronotion techniques prior to resist coating, separate dry etching
pattern transfer step, and dry etching for renoval. O ganic B.ARC s are
nore prefwonen/@setihave been formul ated by addi ng dyes POTABIOY/YIBEL6 coat i ng
(Proc. SPIE, Vol. 1086 (1989), p. 106). Problens of such dye bl ended
coatings include 1) separation of the polynmer and dye conponents during
spin coating 2) dye stripping into resist solvents, and 3) thernal
diffusion into the resist upon the baking process. Al these effects cause
degradati on of photoresist properties and therefore are not the preferred
conposi tion. Light absorbing, filmformng polynmers are another option.

Pol ymeric organic antireflective coatings are known in the art as descri bed
in EP 583,205, and incorporated herein by reference. However, these

pol ymers have been found to be ineffective when used as antireflective
coatings for photoresists sensitive to 193 nm It is believed that such
antirefl ective DiSPIEaef Baphtheniy a¢id inggregeadioe Ipetipgstsueteasdridng gy, Afiicat oo
reflective, actifgu@ge.@ Mrror rather than absorbers. Additionally, these
pol yners being highly aromatic, have too low a dry etch rate, relative to

t he new type of non-aromatic photoresists used for 193 nm exposure, and are
therefore ineff@&gid YR af Ofydk RSN Gi-@Nes RhiENhG-a BRRLAWSHElr RALLRLNS MRy be
damaged or may not be transferred exactly to the substrate if the dry etch
rate of the Santdf efonesspeny erapgratof nRjypigals piepereies- t Breophysisdls prgpariict HE et ch rate
of the phot or esj;sith&RaIRE wHLhiRR B cohfBic@H thE i dr&GitoY SnicARL LRY A nner
photoresist filmthickness will "be used for maxi mum |ithographic resol ution
and process | atfithilechapges ip grolesalar veightsys wall anthawricasf eil payaiyag ther n
transfer to UHQQmﬂﬁﬁéﬁﬁﬁégﬁkﬁ@&ﬁémB@E@Hgﬁhﬁh&hbﬁgr&fQ&ﬁﬁ%meQbQQ%H etch rate

and thinner bottom antireflective coating (BARC) filmthickness are
required. To naATEPe dovell keqwnemethod psed dongyestify” thei asiesonsaation; inm

thi ckness wg | RakWidka Yoe&LAWTIL (IRIAI drahs ol T2 i GhBfrdi8Aln KBHT @cti ve
index. In addition, for second generation of inmmersion |ithography using

hi gh refracti vetpreglare. jtorak pish Roint pyhighassupssthat Rl geidy dfthearepiplechay ¢ beer

phot or esi st and,cBARGedTRhENiBr3hi@fiBatidR &SRS JF XOHRU B BMYle@hd sheredhgnt i on The
pr esent invention rel at es‘to an antireflecti ve coat | ng conposi t1on

conprising a) & dinpotpdiahiirmbert KEANbPhdIpyrafizatiophaimbe Both kepedted from
(1) or (2 )whengedinich@hgdibtpin@tappliddkbng group; Y is hydrogen or Z; and Z

is the residue of an

15
The unit of TAN is commonly used since it is not possible to calculate the acidity
of the oil in terms of moles of acid, or any other of the usual analytical terms for
acid content. Refiners have used TAN as a general guideline for predicting
naphthenic acid corrosion. For example, many refineries blend their crude to a

20 TAN=0.5 assuming that at these concentrations naphthenic acid corrosion will not
occur. However, this measure has been unsuccessful in preventing corrosion by

naphthenic acid.

Naphthenic acid corrosion is very temperature dependent. The generally accepted
25  temperature range for this corrosion is between 205°C and 400°C (400°F and
750°F). Corrosion attack by these acids below 205°C has not yet been reported in
the published literature. As to the upper boundary, data suggests that corrosion

rates reach a maximum at about 600°-700°F and then begin to diminish.

30  The concentration and velocity of the acid/oil mixture are also important factors

3



aromati c epoxide or aliphatic epoxide; and b) an acid or acid generator.
Exanpl es of the divalent |inking group include an al kyl ene group, a

phenyl enewgrowm2i@icycl oal kyl ene group, etc. The conposiPCITOR200%N53726
additionally contain a thermal acid generator and/or a crosslinker. The
invention also relates to a conpound having the fornula (4) where X is
selected from (1) or (2)where Uis a divalent |linking group; Y is hydrogen
or Z;, and Z is the residue of an aronatic epoxide or aliphatic epoxide.
Exanpl es of the divalent |inking group include an al kyl ene group, a

phenyl ene group, a cycloal kyl ene group, etc. The invention also relates to
a conpound having the fornmula where Uis a divalent linking group; Vis a
di rect bond, Cl-C- 10 straight or branched al kyl ene, or cycl oal kyl ene group;
and R23 is hydrogen or Cl1-Cl0 al kyl. The invention also relates to the
reaction product of a conmpound having the formula where U, V, and R23 are
descri bed abovevhightipflugngrytapkenicaeid corapeudlis isgyidenged dritheappcarages afel ates to
a conpound haVHﬂQmﬁ&&%Qﬁ@h&ﬂ%r&@h&mﬁ@L&&E&ﬂm%ﬁpﬂ%ﬂQMﬂéﬂﬁk%hbﬁmﬁmﬁ'Va'ent

| i nki ng group, each Rn is hydrogen or C1-Cl0 al kyl, T is hydrogen, a

strai ght or br &§chégeontily pafteys andgplor aiafiensi i the ceroded sefagesy Yndsty
compound, R23 igmB¥HIRPRN 1R m&edisbrkRe & diibrmI@Mnded | Thife@artas alid&chpvent i on
also relates to a coated substrate conprising a substrate having thereon an
anti reflectsi vevleBarondrgsqdagead rinsrdpsar theotiglt KE 2aresset epltcapativele. BoBici ng
conposi tion desgskRedr APhAENC ARPYRINMAGLS, bAG iﬁ-prHg%fr Leedidsy Bsa@atneng | ayer
has an absorption paraneter (k) in the range of 0.01 < k < 0.50 when
measured at 193ngshoutride thepitdhedveisd #iith @ heay altlack splidg fin. ehdlg ghefsgiackor mi ng an
i mage conpri si Ng,th@pit GOBLEMMm@NorbRK i A, 2 1RHDSEY A 810k tiimtdderRBLLr ef | ective
coating conposition described hereinabove; b) coating and baking a

phot or esi st fi IMPE#VeE opnogier tiigeeranet] carqsiont jsy erogigareerigione Whicka iz s e

exposi ng t hgy PhALAERES battct) ofBYLL ARt RBarf Bdde RS shrfict BiHRDCLAL §3thSt; ©)
optionally, baking the substrate after the exposing step. Detail ed

Descri ption of mehasiplpbemtqdgess THe partes ehmefahgarsioprs mdicaiesoftthe Hwd
antireflective Qakiig (HQINAR sidc® theRAWRIChRhA&id huRacCONRAN RS NBMkAg t he
formul a(4) where X is selected from

amount of corrosion to take place. Therefore, corrosion patterns provide
information as to the method of corrosion which has taken place. Also, the more
15  complex the corrosion, i.e., in increasing complexity from uniform to pitting to

erosion-corrosion, the lower is the TAN value which triggers the behavior.

The information provided by corrosion patterns indicates whether naphthenic acid
is the corroding agent, or rather if the process of corrosion occurs as a result of
20 attack by sulfur. Most crude contain hydrogen sulfide, and therefore readily form
iron sulfide films on carbon steel. In all cases that have been observed in the
laboratory or in the field, metal surfaces have been covered with a film of some
sort. In the presence of hydrogen sulfide the film formed is invariably iron sulfide,
while in the few cases where tests have been run in sulfur free conditions, the
25  metal is covered with iron oxide, as there is always enough water or oxygen

present to produce a thin film on the metal coupons.

Tests utilized to determine the extent of corrosion may also serve as indicators of
the type of corrosion occurring within a particular hydrocarbon treating unit.

30  Metal coupons can be inserted into the system. As they are corroded, they lose
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(1) or (2) where Y is hydrogen or Z, and Z is the residue of an aromatic
epoxi de or aliphatic epoxide; and b) an acid or acid generator. The

conposi t iwa20ew23@di tionally contain a thermal acid gen@CauB200ANZB2H a
crosslinker. The invention also relates to a conpound having the fornmnul a(4)
where X is selected from (1) or (2) where Y is hydrogen or Z;, and Z is the
resi due of an aromati c epoxide or aliphatic epoxide. The invention al so
relates to the reaction product of a conpound having the formul awhere U, V,
and R23 are descri bed above with a pol yhydroxy conpound. The invention al so
relates to a conmpound having a repeating unit selected fromand where Uis a
di val ent 1inking group, each Rn is hydrogen or Cl1-Cl0 alkyl, T is hydrogen,
a straight or branched Cl1-Cl10 al kyl, or the residue of a polyhydroxy
compound, R23 is hydrogen or C1-Cl0 alkyl; and nis O to 4. Exanples of the
di val ent |inking group include an alk Iene group, a phen Iene group, a
cycl oal kyl ene dgrasgipl Thiscweighidossniy sepordsdh imbsis ofengrasund Hhersfigiothed havi ng
the formula wheggoddd ﬁte%agbyaét&mmeldlm Qgiggtn@émmeaéﬁraﬁen@s q*hénetﬁ& ra@ignd G G
0 straight or branched al kyl ene, or cycloa ene group; and R23

hydr ogen or Cl-oCtorregidaypte t‘E%HWﬁ]Pé@rqgﬂ‘ttN@PﬂWéWP 2) 1Sr¢klp%te@ﬂ&1eﬁplspnc| ude an
al kyl ene group, fm@hephﬁ{wofemhtgfyﬁy@fcoﬁoﬁmrg&kf!%@n@asggwpyaceeav& if (hiye
invention also relates to a coated substrate conprising a substrate having
t hereon an ant it2tep| leetthapel & dabi vl keyarthatghereds fiftlepr tnﬁé?‘)&tﬁb@t}oéquectl ve
coating conposidapRRnfeRES loRRIcHREBh Ew@&@w@ow@w & thbeaidki L&l | Setchve coating
| ayer has an absorption paraneter in the range of 0.01 < k < 0.50 when
measured at 193@plthenthecidnient i Hani %@b foairRpes 100 the pyBieEes POEest-or ni ng an
i mage conprising, a) coating and baking a substrate with the antireflective
coating conposition described herei nabove; b) coating and baking a

phot or esi st f i IDistBguislipe betweresutidatipre pitesktand comeaen prysedely nipbgsiics e

exposi ng t hgy pheiiofefdpstant MindeYBLER RehedRs iaFREAGuikdA aéisen&lrg?hpdneﬁfest e)
optionally, baking the substrate after the exp 05|n% ste
antirefl ective €BedinhigeroFpedy tiegriadm efirarpiasented w@ﬁtrucalﬁpwﬁ%%t conpri ses

a compound haV'e'f@atE(ﬁ]?eIﬁp@famﬂésais effected by increasing the amount of chromium in the

alloy which is used in the hydrocarbon treating unit. A range of alloys may be
employed, from 1.25% Cr to 12% Cr, or perhaps even higher. Unfortunately,
15  these show little to no resistance to naphthenic acid. To compensate for the
corroding effects of sulfur and naphthenic acid, an austenitic stainless steel which
contains at least 2.5% molybdenum, must be utilized. The corrosive problem is
known to be aggravated by the elevated temperatures necessary to refine and
crack the oil and by the oil’s acidity which is caused primarily by high levels of
20 naphthenic acid indigenous to the crudes. Naphthenic acid is corrosive in the
range of about 175°C to 420°C. At the higher temperatures the naphthenic acids
are in the vapor phase and at the lower temperatures the corrosion rate is not
serious. The corrosivity of naphthenic acids appears to be exceptionally serious in
the presence of sulfide compounds, such as hydrogen sulfide, mercaptans,
25  elemental sulfur, sulfides, disulfides, polysulfides and thiophenols. Corrosion due
to sulfur compounds becomes significant at temperatures as low as 450°F. The
catalytic generation of hydrogen sulfide by thermal decomposition of mercaptans

has been identified as a cause of sulfidic corrosion.



(4) where X is selected fron(1) or (2) where Uis a divalent |inking group;
Y is hydrogen or Z; and Z is the residue of an aromatic epoxi de or

al i phat i cwepow/udae21 The conpound (4) can be nmade by reacPCRgB2009/033326epOXy

i socyanur ate conpound, for exanple, tris(2,3-expoypropyl) isocyanrate with
the reaction product of bis(carboxyal kyl) isocyanurate and an aromatic or
al i phatic oxide. The reaction of the bis(carboxyal kyl) isocyanurate and
aromatic or aliphatic oxide is usually done in the presence of a catalyst,
for exanple, beznyltriethylamoni umchloride. An exanple of the

bi s(carboxyethyl) isocyanurate includes bis(2- carboxyethyl) isocyanurate.
Exanpl es of aronatic oxides include: styrene oxide,

1, 2- epoxyphenoxypr opane, gl ycidyl-2-nmethyl phenyl et her,
(2,3-epoxypropy|)benzene, 1- phenyl propyl ene oxi de, stil bene oxide, 2- (or
3- or 4-)halo(chloro, fluoro, bronp, iodo) stilbene oxide, benzyl glycidyl
ether, C O st r alulfitingic dsidsncthish pediapas hadrrgan(salfige at highenymperatiteglalsopr opy | |
butyl, sec-but Vgl f sttheb[HBMém "ﬁf%%lﬁ(ﬂerann@%(ayllﬁe of feita¥y inteBRTROE G téﬁek&
etc)phenyl egC|% et her, 4-halo(chloro | uoro, "brono, iodo)phenyl

gl yci dyl et her cogpsm gy} the remige pHabopt KiSghto BoutA0fie rerpcieHnpboua Qy( e.g.,
met hoxy, ethoxy, PR, butoxy, hexyloxy, heptyloxy, and the |ike

et c) phenyl ether, 2,6-dihalo(chloro, fluoro, brono, iodo)benzyl nethyl

et her, 3, 4- élbenzyloxybenzyl hal i de (chloride, fluoride, brom de, iodide),

2- (or 4-) met hoxyhipheptbachd & c&rﬁfollﬂlg‘lﬁap)lﬁt'e& -deR SdfRloghtavOrindi@AChedchai n
al koxy (e.g., nethoxy, ethoxy, ut oxy, hexyl oxy, heptyl oxy, and

the like etc) BicprbAyion aad/sarrc@?%@ﬁ@kgtb@ewméﬁowﬂhwéqifwelng@f(%sse@ YGi-i 0

strai ght or brajpghed mmdlalnﬁh%%ﬂsml&msﬁ% QKMdnﬁhﬁ@%}{stoF}E&EQﬂ% but oxy,
hexyl oxy, heptyl ox e etc) naphthal ene, 2-hal o(chloro, fluoro,

brono, iodo)-6 OVﬁ@%IH@RWaﬁWPH&F@ﬁb ang  the gpecpt Fedatyely A geisivercoBPERthed chai n

al koxy(e. g.10 rrqsmaﬁyau(%g Ii}%ycorﬁfr&)@igffﬁfthpﬁfp%%nd la@zsaﬁt@wqmﬂﬁ%m yhaxy, and the
| i ke etc)napht hal ene, - 10 straight or branched chai n al koxy(e.g.,

net hoxy, et hox;ﬂttGIBPtéﬁ@WnerﬂbT oagvangpgsaps dik {hat thexpregyigadditignd prdsessingk e
et ¢) napht hal enend/dy 2dd3sufistinti@r &%a@%%&hi AR crhdUT NlteRfafr®y, VaRSR) - 7- G 0

straight or branched chain al koxy met hoxy, ethoxyl propoxy, but oxy,
hexyl oxy, hept yimsaand gaéletbreed |CP1R‘%91@U&1)1H hith sPBRecialy aulphle byt these. | 0

strai ght or braRCh@erat Heffedih K RXME Bicl tomPRIRO XMviroBBA%Y naghfRRO%Yid but oxy,
hexyl oxy, heptyloxy and the |i ke etc)phen I) ant hracene, 2-Cl-10 straight

or br anched! ch&PHoAIk Peplshepic acidbeqiiasion éy repdily distmgyiphed Hipny ponvensiondlyt v |
tert-butyl, pentilng H6otdths std8RLYokin@Rdd polymer deposition which can occur in

ethylene cracking and other hydrocarbon processing reactions using petroleum
based feedstocks. Naphthenic acid corrosion produces a characteristic grooving of
the metal in contact with the corrosive stream. In contrast, coke deposits generally

20 have corrosive effects due to carburization, erosion and metal dusting.

Because these approaches have not been entirely satisfactory, the accepted
approach in the industry is to construct the distillation unit, or the portions
exposed to naphthenic acid/sulfur corrosion, with the resistant metals such as high
25  quality stainless steel or alloys containing higher amounts of chromium and
molybdenum. The installation of corrosion — resistant alloys is capital intensive,
as alloys such as 304 and 316 stainless steels are several times the cost of carbon
steel. However, in units not so constructed there is a need to provide inhibition
treatment against this type of corrosion. The prior art corrosion inhibitors for

30  naphthenic acid environments include nitrogen-based filming corrosion inhibitors.
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the like etc)-9,10-diG-io straight or branched chain al koxy(e.g., nethoxy,
et hoxy, propoxy, butoxy, hexyloxy, heptyloxy, and the |ike etc)anthracene,
9, 10- bi s(WoQb10028623t r ai ght or branched chai n al koxy(e. gPCTABLIOYAIB7262t hoXYy,
propoxy, butoxy, hexyl oxy, heptyloxy, and the |ike

et c) phenyl ) -2-hal o(chloro, fluoro, brono, iodo)-anthracene, 2,3,6,7,10,1
1- hexanet hoxytri phenyl ene, gl ycidyl-3-(pentadecadi enyl ) phenyl ether,

4-t - butyl phenyl gl yci dyl ether, triphenyl ol methane triglycidyl ether,

[ (4-(1-heptyl-8-[3- (oxiranyl methoxy)phenyl]-octyl)phenoxy) net hyl ] oxirane,
t et raphenyl ol et hane tetragl yci dyl ether, hydroxyphenol diglycidyl ether,
etc. Exanples of aliphatic oxides include ethylene oxide, propylene oxide,
but yl ene oxi des, including isobutylene oxide, 1,2-butylene oxide and

2, 3-butyl ene oxi de, pentyl ene oxide, cycl ohexene oxi de, decyl glycidyl

et her, and dodecyl glycidyl ether. The bis(carboxyal kyl) isocyanurate is
typi cal |y reactiéavorsr Hhespecosiogipmtiplsbigns g gplatively dsaffgetiveningtheabighit 1: 1 nol
ratio. The resylhhngut 8RAGHhARBE AHHGEENE id BigN typically reacted with the
tris epoxy isocyanurate conpound in an about 3:1 nol ratio. Exanples of (4)
i ncl udeThe acid generator used with the present invention, preferably a

thermal acid gepgialfioud SorfbsHRMRAMRY WR1GHwn WNER 1S 3HEdnd Qfﬁrcg}cg]%aatures

0
greater than 900C. and | ess than 2500C , generates an acid. The acid, in
combi nat i on Swi tictilness f G [mrrikelar cerrasion |ipiHRiteT tit densadapmen therpaticular

antireflective &eahdfded iR%@Ichafil 85pliBEathud LERITEN LsRREQIERIC HRQLUR! € in the
sol vents used for coating photoresists, and furthernore, is also insoluble

in the al kal i nelrgeyEmegseriten deqs nebinphaige sanksefopHethet &6 pgircupstarces A8l y, t he

thermal acid 9ensfd!lOhrgk fuRbd b rRGioR InhRAOS haRMRRE B0 IGhELRM Yscat above
1200C , and even nore preferably at above 1500C The antirefl ective coating

| ayer is heat edor ¥pligatign fof yagiountystewpdensnding on ths mediver Beded; Hr tyiserfcoat i ng.

Exanpl es of jpacisggacanitht tsReIcERIbIA6 it BROGSAHR $pcrSoii ARG RHlcf:aNnd aci d,
triflic acid, nanofl urobutane sul fonic acid, nltrobenz%l t osyl ates, such as

2-ni trobenzyl tthisgendftions 0 ahighthe msiwRyz il expesd Berecxappls. Hithikat dbenzy|

tosylate, 4-nity@PanzYiksctifgYdeahig: coR6N&E MabitbisORaLEHI SRt @Srrosion in
2-trifluoronethyl-6-nitrobenzyl 4- chl orobenzenesul f onat e,

2-trifl uor onet HGPIEDN oM iSRRI 2XgERafed MEpe FEERNT At ; VisHe ol ¢ _
sul fonate est ergofschwas, RiMaRYhuds2angiinaxyRentenesyl trrakerhablytammoni um

salts of organic acids, such as trLethé*annDniun1salt‘ot 10-
canphor sul fBni @lsaciows thahapn gorrasies. inhpiorneapabie POPGRHBING (> P 2UEOPr ef er red
over free aci dsyahd RRYEN nbX-88 cBGIHAS s JTRYs ASRREPIsHedin hdhcbiReatupyel
antireflective conposition, since it 1s possible that S
oxygenated systems. The reverse is true as well. The mere fact that an inhibitor
that has shown efficacy in oxygenated aqueous systems does not suggest that it
would show efficacy in a hydrocarbon. Moreover, the mere fact that an inhibitor
20 has been efficacious at relatively low temperatures does not indicate that it would
be efficacious at elevated temperatures. In fact, it is common for inhibitors that
are very cffective at relatively low temperatures to become ineffective at
temperatures such as the 175°C to 400°C encountered in oil refining. At such
temperatures, corrosion is notoriously troublesome and difficult to alleviate. Thus,
25 U.S. Pat. No. 3,909,447 contains no teaching or suggestion that it would be
effective in non-aqueous systems such as hydrocarbon fluids, especially hot
hydrocarbon fluids. Nor is there any indication in U.S. Pat. No. 3,909,447 that the
compounds disclosed therein would be effective against naphthenic acid corrosion

under such conditions.
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over time the shelf stability of the antireflective solution will be
affected by the presence of the acid, if the polynmer were to crosslink in
sol uti on.wOheromaBe2aci d generators are only activated wh@QTHRE09/053726
antireflective filmis heated on the substrate. Additionally, m xtures of
thermal acids and free acids may be used. Although thermal acid generators
are preferred for crosslinking the polyner efficiently, an anti- reflective
coating conposition conprising the polynmer and crosslinking agent may al so
be used, where heating crosslinks the polyner. Exanples of a free acid are,
W thout limtation, strong acids, such as sulfonic acids. Sulfonic acids
such as toluene sulfonic acid, triflic acid or m xtures of these are
preferred. Alkyl refers to both straight and branched chai n saturated

hydr ocar bon groups having 1 to 20 carbon atons, for exanple, nethyl, ethyl,
propyl, isopropyl, tertiary butyl, dodecyl, and the |ike. Exanples of t he
linear or branchegsnhpis kehaaggeaugistilsfioh avsentsr e stbieg onaphiheiin aeid ons,
further 1 to 6<£§5§&Pwﬁ59%ﬁmaﬁﬂg<kﬂ%hq9&k5&%hG%%emkpﬁmﬁxééﬁhém;Q@thy|ene
et hyl ene, propyl ene and octylene groups. Aryl refers to an unsaturated
aromati c car bodheEmplly griipatane epparges dn g s shosahawsbanedipibitas.si ngl e
ring or ”U|t'phﬁs%QHQ@H%@Qm&&Hﬁ@QMI%bﬂ£§eQﬁﬂcéHﬁlqq@ﬁmpﬁ%uﬁéﬁmﬁgh limted
to, for exanple, phenyl, tolyl, dinethylphenyl, 2,4,6- trinmethylphenyl,
napht hyl , art hrtg naphfens. @@-Wﬁ@%&%&?ﬁbﬁswte@r Blhgss inhpbitarsiays rolabelys to an
al kyl group confliRi g cANbikNly SrRWPdistktibSrafelYHOGRY ROMigh @RmAavi ng bot h
aromatic and aliphatic structures, that is, a hydrocarbon group i nwhich an
al kyl hydrogen 2hwnei belewihs peiat efl corjosian dapgidingr prphe fegpcieampings. t ol yl |
benzyl, phenet iylys@Rde mmnyaec&ﬁlsdwlmtgréa Rx &ﬁ]!régaéfkm%h&%@rméro cyclic
al kyl groups of fron1 to 50 carbon atons having a single cyclic ring or
mul ti pl e conderPobaulfifessad) perhapy slenerighpilivs andygpigaransy Ehuspthe pglatilify oup,

cycl opent yl109r QB profekfdrfpRIlis £t BHBictabi¥C! Ohept yl group, cyclooctyl,

adamant yl , norbornyl i soboronyl, canphornyl, dicyclopentyl, alpha pi nel ,
trlcyclodecanyl tetracyclododecyl and androstanyl gr oups. In t hese
nonocyclic or p@kx&%&%th&%g%9%hkmknﬁ%@Mﬂﬁnoéﬁﬁmqaﬁkﬁa;ﬁMQHQﬂﬁNaQe
substituted by a heteroatom such as oxygen atom As used herein, the term
"substitut ed" iselutgt EriBttatreRlem diayh bpsideeseibed gedspedisinpihe lsupeei theent s of

or gani ¢ conpoungifowihdlofvHk0AGrpeRBftive: t N perm ssi bl e substituents include
acyclic and cyclic, branched and unbranched, carbocyclic and heterocyclic,
aromati c and non-aromatic substituents of organi c conpounds.

U.S. Pat. No. 3,531,394 to Koszman described the use of phosphorus and/or
bismuth compounds in the cracking zone of petroleum steam furnaces to inhibit

coke formation on the furnace tube walls.

20  U.S. Pat. No. 3,531,394 to Koszman described the use of phosphorus and/or
bismuth compounds in the cracking zone of petroleum steam furnaces to inhibit

coke formation on the furnace tube walls.

U.S. Pat. No. 4,024,049 to Shell et al discloses compounds for use as refinery
25  antifoulants. While effective as antifoulant materials, materials of this type have
not been used as corrosion inhibitors in the manner set forth therein. While this
reference teaches the addition of thiophosphate esters such as those used in the
subject invention to the incoming feed, due to the non-volatile nature of the ester
materials they do not distill into the column to protect the columm, the

30  pumparound piping, or further process steps. The patent document reports that
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Il'lustrative substituents include, for exanple, those described

her ei nabove. The perm ssi bl e substituents can be one or nore and the sane
or differwotofog3@ppr opri ate organi ¢ conpounds. For pur peTaB2009/033M26s
invention, the heteroatons such as nitrogen nmay have hydrogen substituents
and/ or any perm ssible substituents of organi c conpounds described herein
whi ch satisfy the val ences of the heteroatons. This invention is not
intended to be limted in any manner by the perm ssible substituents of
organi ¢ conmpounds. The antireflective coating conposition can optionally
contain a crosslinker. Exanples of crosslinkers include glycoluril-al dehyde
resi ns, nelam neal dehyde resins, benzoguanam ne-al dehyde resins, and

ur ea- al dehyde resins. Exanpl es of the al dehyde include formal dehyde,
acet al dehyde, etc. In some instances, three or four alkoxy groups are
useful . Mononeric, alkylated cholurllfornaldehyde resins are an exanpl e.
The gl ycol uri | lmm‘rﬁéahmﬂlwh@pg%meraﬁﬂ tayghij thepin acswbnirepievalipy of ed ar e
further descri RgdirichcdUst AapBfittnid Sbid- cﬁoﬁ(ﬁf?l ﬁ'rdlsltlﬁat%e&)yﬁﬁlﬁe?ﬁrﬁﬁéﬂoﬂﬂ reacting
two noles of urea with one nole of glyoxal. The glycoluril can then be
fully or parti dlitige gt Hydcsredreadiviptth f or mal dehyde. One exanple is
tetra(alkoxyalkyl)glycolurll having the follow ng structure where each R3
is (CHR2)n"OWR 2, each Rl11 is hydrogen or C1-Cl10 al kyl, R12 is hydrogen
or nmethyl; Wi & faf-MNeect:10bHY toWenlandrigscyihes PSPPI N I compouags ky | ene,
and n is 0 t0 4y ahdthRa WIBRIS i iyl cfaaghg:ﬁhia&q Al PRLPHIREEon {md;orrpound
nam ng) Exanples of tetra( aIko(YnEth ycoluril, may inclu e.g.,

t et r a( met hoxy mestNAYFg piy desingr f1d, dieger g hf@%p%bqﬁplmmowew@? mvmg at
tetra(npr opoxyn@arstwllexly&bg/&%da&;( Lomp1&del #kth apE.eREXY et hyl ) gl ycol uril,
tetra(nbut oxynet hyl) glycol uri tetra(t-butoxynmethyl)glycoluri
substituted tetra(alkoxynethyl)glycolurlls such as 7-nethyl

t et ra(met hopy may Bydal aloy 8k 1649 discloses@edh tetu%ﬁ d?&tlﬂ@ﬁol‘t?@%i&%ﬁl&’ hi@ angol uri |,
7-(i- or n-)propyl tetra(nethoxynethyl)glycoluril or sec- or
t-)butyl tetr a(eﬁféltsr%k?%ww JgAcifecorradion 1 mhl itqs. cﬁuﬁ%tnhgbltors can be prepared
tetra(net hoxynﬁ)tyhl%ll(‘llg% Ye@did Q'SLdlh}Zir(ﬁhlﬁlﬂofeTs Ryith ﬁ%iaﬁl@ﬁ @E@s@ﬁ]ﬁ‘e\/ Wetileyhdg! ycol uril,
7,8-di(i- or ) pr opy tetra(nethox met hyl ) gl ycoluril, 8-di(i- or sec- or
t-)butyl tetra(HEbrEVivee! ﬁylp%h%oﬂcw jof estezs ﬁ@mypd goropion a?d hippiospy |
tetra(met hoxy éﬁéh%ﬂltH@QEM folbreaRGwh RBridg K€ temperature applications thereof
Tetra(nethox nethyl)q)ycolurll i s avail abl e under the tradenmark POADERLI NK
from Oyt ec Pndusithnogdble gmigsion oy Mk toxiy aybstatieher exanpl es i ncl ude

met hyl propyl t et r anmet hoxynet hyl

It is also known that phosphorus-containing compounds impair the function of
various catalysts used to treat crude oil, e.g., in fixed-bed hydrotreaters and
hydrocracking units. Crude oil processors are often in a quandary since if the
20 phosphite stabilizer is not used, then iron can accumulate in the hydrocarbon up to
10 to 20 ppm and impair the catalyst. Although nonphosphorus-containing
inhibitors are commercially available, they are generally less effective than the

phosphorus-containing compounds.

25  U.S. Pat. No. 4,542,253 to Kaplan et al, described an improved method of
reducing fouling and corrosion in ethylene cracking furnaces using petroleum
feedstocks including at least 10 ppm of a water soluble mine complexed
phosphate, phosphite, thiophosphate or thiophosphite ester compound, wherein
the amine has a partition coefficient greater than 1.0 (equal solubility in both

30 aqueous and hydrocarbon solvents).



gl ycoluril, and nmethyl phenyl tetranet hoxynethyl glycoluril.OQ her am nopl asts
are commercially available from Cytec Industries under the trademark CYMEL
and fromwbneaviiaes2Chemni cal Co. under the trademark RESI WEREB2000nZemsat i on
products of other am nes and am des can al so be enpl oyed, for exanple,

al dehyde condensates of triazines, diazines, diazoles, guanidines,
guani m nes and al kyl - and aryl -substituted derivatives of such conpounds,

i ncluding al kyl - and aryl -substituted nel am nes. Sone exanpl es of such
conpounds are N, N -di net hyl urea, benzourea, dicyandi am de, fornaguanam ne,
acet oguanam ne, ammeline, 2-chloro-4,6-diamno-1,3,5-triazine,

6-nmet hyl -2, 4-diamno, 1 ,3,5-trai zine, 3,5-diam notriazol e,

triam nopyrim di ne, 2- mercapt o-4, 6-di am no- pyri m di ne,
3,4,6-tris(ethylamno)-1 ,3,5-triazine, tris(al koxycarbonyl am no)tri azi ne,
N.N.N . N -tetramet hoxynmet hylurea and the |ike. O her possible am nopl asts

i ncl ude conpounds having the follow ng structures: CH3OCH2H CH3) 2 i ncl udi ng

their anal ogs ang gdgr N\éaulguﬁsm %dl‘{‘('a 3% et hp A& cHOUN lnrfbrc;v%ﬁarﬁ@tﬁﬁl ksi d- Open
Patent Application (Kokai . % to Tosoh, as well as etherified

anmi no resins, fleucEgAeHhng amﬁb@%ryﬁla@ @deaﬁ? 1oppmy P @Wlhmrlawﬁ?eph%@i

(N- et hoxyrret i foQlntNsoRipb ey AR 4 YilimiE |11§’H‘Blf3? T&S@%ﬁ;hbl‘ﬁ@lc}fﬂlp&fnd is a
met hyl at ed/ butyl ated gl ycolurils, for exanple as can found in Canadi an

Patent No. P 20Womhdtct phasplite. Spiertioshetp €héﬁ?@§ﬁ§ﬂeV§WFd@gmﬁﬁﬁaﬁﬂﬁe and urea

resins are coMBhfoatidior}ah ifRbRIHARpotte N cal acs (Sanwa Chenical Co.),
Pl ast opal ( BASF Aﬁf or Maprenal (dariant GrbH) tradenames. In sone

i nstances, the crosslinker is formed fromthe condensati on reacti on of

glycoluril withyg pRasbi ¥94CHMOAARRE GORL AdNsETa hy SRR AP URsHsRAd/ or
aci dgroups In one case, at l'east two reactive groups (hydroxy and/or acid)

shoul d be avai IBBbiEr Femariseeashabid peFialWphaphisde eanbipatipn pHBagPRieBtlur i | . The
pol ymeri zatjon igaghs on may be catal yzed with an acid. In another case, the
gl ycoluril conpound may condense with itself or with another polyol,

pol yacid or hybrid conpound, and additionally, incorporate into the polyner

a conpound wi t hy QRR;fEHA e AR ﬁf}?m@m@\glc@nﬁmg&apmﬂé& LdAE chR)sier

conpri ses nononeric units derived from ¥co|urll and reactive conpounds
ch

containing a mighibite yes ey GhdlBr Nach it gPbupiereimitds geriprddhdxy

conmpound usef ulm@g bRRiIMAITROARIC lfqﬁfd H@@ﬂo}{a{}%ﬂs Z Rty ddisre@hsecphuril may
be a conpound containing 2 or nore drox& trrou ps or be able to provide 2
8][ 1

or nore hydkSOXWPH@,%l%uB@gﬂ%erﬁO%O%H Glkyliap akkgknhgiphitgy il et optigpdmat i c
conpounds W t h {gialin&or € hydroxyl groups, or polymers w th end-capped
hydr oxyl
While the method described in U.S. Pat. No. 4,941,994 provides significant
improvements over the prior art techniques, nevertheless, there is always a desire
20 to enhance the ability of corrosion inhibitors while reducing the amount of
phosphorus-containing compounds which may impair the function of various
catalysts used to treat crude oil, as well as a desire for such inhibitors that may be

produced from lower cost or more available starting materials.

25  Another approach to the prevention of naphthenic acid corrosion is the use of a
chemical agent to form a barrier between the crude and the equipment of the
hydrocarbon processing unit. This barrier or film prevents corrosive agents from
reaching the metal surface, and is generally a hydrophobic material. Gustavsen et
al. NACE Corrosion 89 meeting, paper no. 449, Apr. 17-21, 1989 details the

30 requirements for a good filming agent. U.S. Pat. No. 5,252,254 discloses one such
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groups or epoxide groups. Mire specifically, the polyhydroxy conpound may
be et hyl ene glycol, diethylene glycol, propylene glycol, neopentyl glycol,
pol yet hylwoeoglboga@h, styrene glycol, propyl ene oxide, ePhF¥lIBL®/05672e,
butyl ene oxi de, hexane diol, butane diol, 1-phenyl-1 ,2-ethanediol,
2-bronmp-2-nitro-1 ,3-propane diol, 2-nethyl-2- nitro-1 , 3-propanediol,
di et hyl bi s(hydr oxynet hyl ) mal onat e, hydroqui none, and 3,6- dithia-1

, 8-octanediol. Further exanples of aromatic diols are (2, 2-bis(4-

hydr oxyphenyl ) propane), 4,4'-isopropylidenebis(2,6-dinethyl phenol), bis(4-
hydr oxyphenyl ) met hane, 4, 4'-sul fonyl dephenol, 4,4'-(1 , 3-
phenyl enedi i sopr opyl i dene) bi sphenol, 4,4'-(1 ,4
phenyl enedi i sopr opyl i dene) bi sphenol, 4, 4'-cycl ohexyl i denebi sphenol, 4,4'-(1
- phenyl et hyl i dene) bi sphenol , 4, 4’ -ethylidenebisphenol
2, 2- bi s(4- hydr oxy- 3- tertbutylphenyl) Eane
2, 2- bi s( 4- hydr dip- Brveg gphanipngterd élbaln%l stijutqd phapold anghyeffe@ig gaingl ) et hane;
1, 1-bis(4- hydrq%ﬁgmgﬂMk}hb§gggﬂane bi s(2- hydroxy-1- napht hyl) nethane;

1, 5- di hydr oxynapht hal ene; 1, 1-bi s(4-hydroxy- 3-al kyl phenyl) et hane,
2, 2-bi s(3-sec-butyl -4-hydroxyphenyl ) propane, 2, 2-bi s(4-hydroxy- 3-

| sopropyl phenyly gr ppags, 5 2320101 Rhfd hé/@"e%&{”aﬁaly'o)l%ﬁ aﬂ@ 1993 describes
a, a' - bi s(4-hydroxy-3,5- di nethyl phenyl)-1 ,4-diisopropyl benzene,

2, 6- bi s( hydriox PyNgtbast Q;frlé@blrm&n@h@elzc acig cszrroszonquéﬁvf/ e ereEpINLdi et hanol |
1, 4- benzenedi mﬁt%ﬁah 112t0 btﬁé“ %Yll QP(E{ffe’ktlvé?’ amBid? Qﬁnﬁld bl%!‘mlc ?pol%ﬁfi&@( yrid

2 pr opanedi ol %I henyl di net hanol , 4-hydr oxybenzyl al cohol ,

1, 2- benzenedi néksqia?ﬁap of SzPat( Jo- piab&%ﬂléﬁela%wateﬁ kareim Ay refergneg. This is
di hydr oxynapht @ﬂbtﬁ&%xan%plgom%ﬁé’ﬂ -8RBdinglsuli? sﬂe@w@@hﬂfd@&ﬁrﬁ@@s&ime ot 10-
ant hr acenedi net hanol , 7,9-ant hracenetriol, other naphthyl diols and other
ant hracyl di ol soEesiapeNss deilad absrrpolivac By Petseswiinael ! wdgieiophdt Bsconpound
having the foor mabpadbangd bt PR shfuRas Be dIRPERIBAL YosVERE&S Binal di val ent
| i nki ng group, R2i and R2 each represent a carbonyl group, and R23 is

hydr ogen or Cl-aeagitiay. Rigufigently high etngeriateonyit bapeLeIogMtagsxt ur es t her eof .
Exanpl es of the divalent |linking chain include a substituted or
unsubstituted al kyl ene group, substituted or unsubstituted cycloalkylene
group, a subst iRhaipderuyean fauy pseffactivedirrisr pradtsbciosiap Withow sH&y kutithed or
unsubsti tut ed %h&ﬁ&?&%mmﬂmg%ggﬁykﬁ@e@nk&@&hﬁ&c%hﬁﬁﬂg&%Hﬁmm%§yﬁk@%r ester
or am do, the sanme neaning 1 s applied hereinafter) inside the group, and a

subst i t ut edlor ﬂﬁs&%@%ﬁ%h?%@oﬁr?ﬂéﬁé Yidoohesphatesndhia TPk Mg i nsi de
the group. ExamRiemafle th@eBURSE idti&REd bREPMIS Rquirement. This invention

pertains to the deliberate addition of sulfiding agents to the process stream when
phosphorus-based materials are used for corrosion control to accentuate this
interaction.
20
Phosphorous Thioacid Ester of (Babaian-Kibala, U.S. Pat. No. 5,552,085),
organic phosphites (Zetlmeisl, U.S. Pat. No. 4,941,994), and phosphate/phosphite
esters (Babaian-Kibala, U.S. Pat. No. 5,630,964), have been claimed to be
effective in hydrocarbon-rich phase against naphthenic acid corrosion. However,
25  their high oil solubility incurs the risk of distillate side stream contamination by

phosphorus.

Phosphoric acid has been used primarily in aqueous phase for the formation of a
phosphate/iron complex film on steel surfaces for corrosion inhibition or other

30  applications (Coslett, British patent 8,667, U.S. Pat. Nos. 3,132,975, 3,460,989
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hal ogen atom a hydroxyl group, a nercapto group, a carboxyl group, an
epoxy group, an al kyl group and an aryl group. These substituents may be
further swib=vivaased wi th anot her substituent. The pol ya®cCu/1Bzmepoisnzh usef ul
as the reactive conmononmer for polynerizing with the glycoluril my be a
conpound containing 2 or nore acid groups or be able to provide 2 or nore
aci di c groups, such as diacid, triacid, tetracid, anhydride, aronmatic
conmpounds with 2 or nore acid groups, aromatic anhydri des, aromatic

di anhydri des, or polyners with end-capped acid or anhydride groups.

Mor especifically, the polyacid conpound may be phenyl succinic acid,
benzyl mal oni ¢ acid, 3-phenylgluta id c acid 1, 4-phenyl diacetic acid, oxalic
acid, malonic acid, succinic acid, pyronellitic dianhydride,

3,3 ,4,4" -benzophenone-tetracarboxylic di anhydride, naphthal ene
dlanhydrlde 2, 3,6, 7- napht hal enet et racar boxyl i ¢ aci d di anhydri de and

1, 4, 5, 8- napht hanénéfa cartbesehiicc skl diseli dnHyedr iterencradwd Al #Mugtene di aci d.
Hybrid conmpoundsyirpifcad ncpegolamm Msuaﬁo oseelhyléﬁ&%xlfoa%@%s ofIOMRg may al so
function as conmpnoners, an e exenplified by 3- ydroxypheny acetic
acid and 2-(4- HV@%%%?Q%§h%&9Yb§dﬁ?%%ﬁc aC|d The reaction product between
glycoluril and reactive conpound is typically done by synthesized by

pol yneri zi ng the comononers described previously. Typically, the desired

gl ycol uri | %r nibRteupBgnG? cqpitipeing necd|te devslop additiensl gptions fonanitigatieg fhge conpound
conpri sing pol y@QlresiRR! oFAGkL critDhd FwEATROURE iMsh&iAG e 2NEMBYSIONY! groups,
reactive conpound wi th one hydroxy group, reactive conpound with one acid
group or nlxtuﬂ@@ﬂ@h@W€6$anqﬁh%héV%P@BEﬁéém@ﬁ“ﬁC§H¢%5@ﬁé“ﬂ%ﬁd““ﬂ%e pol ymer
may be a li nearEuP(RJe)/@fﬁﬁa gp—ﬁﬁlcwah(lf'Ilﬁlagf%cﬁ?és@ﬁt'1111V6Y1\ﬂ1(;nkhd3re.15s'esntlﬁisrﬁgeds' tes that
are reacted or a network polymer where the glycoluril has nore than 2
reactive sites connected to the polyner. O her conononers nmay al so be added
to the reacfy on, Rioyt yfrﬁ)oamhep@lsymeuz@gmme glté&ﬁatﬁvb%oﬁpésmﬁrm afovidde present
i nvention. Stron 9 acids, such as sulfonic acids are preferred as catalyst
for the polymeriBeiFokeh dapreraswe molheraprid sameien gpibigppevhichirelland ti me
is selected to @bdEm&hPas¥iVRAtaddh bitht PgordesicoRfosRitngi cal properties, such as
nol ecul ar weight. Typically the reaction tenperature nay range from about
roomtenperature to about 1500C and the reaction tine may be from 20

m nutes to aboubp FACTONND ADVENTRGE ORTEIFAGeVERTON!| ar wei ght (My) of the
polymer is in the ran?e of 1,000 to 50,000, preferably 3,000 to 40,000, and
more pref erlbl yr4osoel an mbjegbof thenbressiie inviwios riefripdds 9n sltenwiveo 35, 000

for certain chemical composition to provide effective high temperature naphthenic acid

corrosion inhibition.

Another object of present invention is to provide an additive having chemical
20 composition which has low phosphorous contents, high thermal stability and low

acidity.

Other objects and advantages will become clear after going through the detailed
description of invention.

25
SUMMARY
The present invention comprises a new additive which is effective in inhibiting
acid corrosion comprising polymeric thiophosphate ester, which is obtained by
reaction of a polymer compound having mono, di or poly hydroxyl group,

30  preferably polymer compound which is hydroxyl — terminated, more preferably
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applications. Wien the wei ght average nol ecul ar weight is |ow, such as

bel ow 1, 000, then good filmform ng properties are not obtained for the
antirefl ex0i2om/@23@i ng and when the wei ght average nol e®dTaAB20A2DEHM26 | S t 00
hi gh, then propertiessuch as solubility, storage stability and the |ike may
be conprom sed. However, |ower nol ecul ar wei ght novel polyners of the
present invention can function well as crosslinking conmpounds in
conjunction with another crosslinkable polyner, especially where the

nol ecul ar wei ght of the | ower nol ecul ar wei ght pol yner ranges from about
500 to about 20,000, and preferably 800 to 10,000. The reaction product

bet ween gl ycoluril and reactive conpound is nore fully described in US
Serial No. 11/159002, the contents of which are hereby incorporated herein
by reference. Exanples of conmpound (3) which are reacted with pol yhydroxy
conpounds include a conmpound having the fornula where U is a dival ent

| i nki ng group; swdjpphancyjcompeund sreaprigng ddost rafegpinated pplyselemdecrkyl ene, or
cycl oal kyl ene gy, Q4Bren@Réth Rddsghsrolly fnPQ@phiQs. stlpeiltheal Mxdpnodskamligs of the
di val ent |inking group include an al kyl ene group, a phenyl ene group, a

cycl oal kyl ene gy Buitper reacted withanyp pessofalie axidss p ifepn the si9uR eonBBEedn conpound
(3) and pol yhydiigkke GAIPAUHIA: biIf! didhd NEVARDLTLUFAROR M BLIHING ACI D
CORROSI ON AND METHOD OF USING THE N XDDITIVE FIELD OF THE | NVENTI ON The
present invent icgnlone| aids ¢apaklneformmg bethyles oridpretaivatigr ebshabrndris aci di c
hot hydr ocar bongjoaApthHARI&ief thakdv¥ntiod i'GsehuMii Gt cRf copBibPRihdRiAf 1ron -
containing nmetals in hot acidic hydrocarbons, especially when the acidity

i s derived frorfntthempipleyefpcee obg disfElstemani disalddtign selampgtes. pasdiecadar |y to an
effective pO|yQﬁﬁ?gﬂﬁQ%#%k%e to effect corrosion inhibition and a nmet hod of
usi ng the same. DI SCUS OF PROR ART It is widely knowm in the art that
the processing of crude oil and its various fractions have |ed to danage to
pi pi ng and @ haspasPaieoNasF ¢aw INVENTIONE t 0 napht henic acid corrosion.
These are corrosive to the equi pnent used to distill, extract, transport
and process thelherpjersst ingeiop apspy thep ARV G, repdpheerariued deibs e6¢ r¥si on

occurs when t heogbidEnRBitdRJoRRRGEISKSh RAPeduREMphRdniZRld @RofsiTgs or total

acid nunber (TAN), expressed as the nilligrans of potassium hydroxide
requi red to neutdcii PErenyl Ferking pn cHedine Qranies Aiter  dpebeingd Py 1t is
al so known reaction of a polymer compound having mono, di or poly hydroxyl group,

15  preferably hydroxy — terminated polymer compound, more preferably hydroxyl —
terminated polyisobutylene (PIB) compound or polybutene with phosphorous
pentasulphide, resulting into formation of thiophosphate ester, which is

polyisobutylene thiophosphate ester when polyisobutylene is used as a polymer.

20  The effect of corrosion inhibition is also achieved by a compound obtained by
further reacting polyisobutylene thiophosphate ester with any oxide selected from
group consisting of ethylene oxide, butylene oxide or propylene oxide, preferably

capably forming ethylene oxide derivative of polymeric thiophosphate ester.

25  Conventional PIBs and so-called "high-reactivity" PIBs (see for example patent
EP-B-0565285) are suitable for use in this invention. High reactivity in this
context is defined as a PIB wherein at least 50%, preferably 70% or more, of the
terminal olefinic double bonds are of the vinylidene type, for example the
GLISSOPAL compounds available from BASF.
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t hat napht heni ¢ aci d-contai ning hydrocarbon is at a tenperature between
about 2000C and 4000C (approxi mately 4000F -7500F), and also when fluid

vel oci ti esoanw/hBg@mn or |iquid inpinges on process surfa®€3/1B2099/033m26a r ansf er
lines, return bends and restricted flow areas. Corrosion problens in
petrol eum refining operations associ ated with naphthenic acid constituents
and sul fur conpounds in crude oils have been recogni zed for many years.
Such corrosion is particularly severe in atnospheric and vacuum
distillation units at tenperatures between 4000F and 7900F. Ot her factors
that contribute to the corrosivity of crudes containing naphthenic acids

i ncl ude theanmount of naphthenic acid present, the concentration of sulfur
conpounds, the velocity and turbul ence of the flow streamin the units, and
the location in the unit (e.g., liquid/vapor interface). As comonly used,
naphthenic acid is a collective termfor certain organic acids present in
vari ous crude dhlose asppatibeptymeraped fepyrepeingriadiony — farmanted pplypeshast ot her
organi ¢ aci ds, Yetwees4MHdC066 Co6hntahils. the majority of the acids in

napht heni ¢ based crude are naphthenic in character, i.e., with a saturated
ring structure as follows: The nol ecul ar wei ght of naphthenic acid can

extend over a l|RL@Rhd aiR&: thdBIRURItiotd §oNRIcPhds o1 Qfilaf BERER RLRSMHC aci d
fromcrude oils is found in gas oil and Tli ubricating oil. Wen

ht |
hydr ocar bons cdﬁﬂQWWNﬁﬁmsG@ﬁﬁﬁﬁbﬁWHbﬁﬂbmdégﬁd@ﬁﬁﬁ@éﬂmﬁ¢Bﬁéﬁﬁw@ﬁﬁpng net al s,
especi al ly at esgyat®d ghipgper at ures, severe corrosion problens arise.
Napht heni ¢ acid corrosion has plagued the refining industry for many years.
This corroding material consists of predom nantly nonocyclic or bicyclic

car boxyl i ¢ act dsheickdiafty (191,41108EG0RrABRIE BRI pRRANAIARo 4 These. aci ds

tend to concentrate in the heavier fractions during cru istillation.
Thus, | ocati ondndgefago d melsefhydew ! rapmigtedpplamst er |ines, fractionating
tower interpals, feed and reflux sections of colums, heat exchangers, tray
bottonms and condensers are primary sites of attack for naphthenic acid.

Addi tional |y, whemolsateoidbedr BEhbgroxyh- isaphttekiice saesfaablap 8l friocessed,

severe corrosi Qﬁm&ngsqgm&n&%fmfa@fogatbaﬂlirﬁea@hls Qter BPIB bén tRlBfhal f Ur NACE
tubes and tower bottons. Recently interest has grown in the control of this

type of corrosi®hR 'fAfyocar bon processing units due to thepresence of
napht henic acid in crudes fromlocations such as China, India, Africa and

Europe. Crude oils are hydrocarbon m xtures which have a range of nvol ecul ar
structures !5 Ithasbeen surprisingly discovered by the inventor of the present invention, that a

polymer based thiophosphate ester, having low phosphorus content, low acidity
and high thermal stability, and non — fouling nature gives very effective control of

napthenic acid corrosion.

20 The novel additive of the present invention is made in four basic steps.
1. High reactive PIB (Polyisobutylene) is reacted with Maleic Anhydride to
make Polyisobutylene succinic anhydride (PIBSA)
2. The resultant reaction — compound of step No. 1 is further reacted with
ethylene glycol to give a polymer having hydroxyl end groups which is
25 hydroxyl — terminated polyisobutenyl succinate ester.
Depending on the mole ratio of PIBSA and ethylene glycol, Mono ester or
diesters are formed which leads to the formation of mono hyrdoxy or di
hydroxy terminated polymer, respectively. Both these compound are found
to be useful in this invention.
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and consequent range of physical properties. The physical properties of
napht heni ¢ acids which may be contained in the hydrocarbon m xtures al so
vary w t hwoheloahasrges i n nol ecul ar wei ght, as well as tRET4AB202O53016 Oi |
containing the acid. Therefore, characterization and behavior of these
acids are not well understood. A well known nethod used to "quantify" the
acid concentration in crude oil has been a KOH titration of the oil. The
oil is titrated with KOH, a strong base, to an end point which assures that
all acids in the sanple have been neutralized. The unit of this titration
is mg. of KOH g of sanple and is referred to as the "Total Acid Nunber"
(TAN) or Neutralization Nunber. Both terns are used interchangeably in the
application. The unit of TAN is conmonly used since it is not possible to
calculate the acidity of the oil in terns of noles of acid, or any other of
t he usual analytical terns for acid content. Refiners have used TAN as a
general gui deline fOthepglaeilcaripatyok apprlyiaaicelcabslgcangise 88 wsd in [dege odxanpl e,
many refineries bl epgdyith&lifcof Midxdnhid o-fémﬁlglsébl@%&ﬁﬁ@uﬂ& d:@bp@inet hese

: i
concentrations naphtheni c acid corrosion w not occur. wever, this

nmeasure has been ungbeddusmgiol, Rutyleasreghicplbutensrdidsslsringy trimgidieni ¢ aci d.

Napht heni ¢ aci d cor pRsaMNriky&S oydof TRRARI S, HSRRINAGRLIycJiNe general |y
accepted tenperature range for this corrosion Is bétween 2050C and 4000C
(4000F and 7500F). UoypeRilen chrelae Rupsthe hedexvaerggapdrewoznobodhitas not yet

been reported in th%_oﬁaymw&%Jviyg%f@JtMﬁiﬁgth/é%yarexﬁb&muﬁ{e@gmp%gdar y, data
suggests that corrosion rates reach a maxi num at ‘about 600°-700°F and then

begin to di m ni sh3 Thercadheaenchen T ernrany! afstcpaptis Ben fepetededtyl/ oi | i xture

are al so inportant fREHRHEMAGHINThULASGEN BANRCAERE 6utdG ulnEPfogsi on. This
is evidenced by the appearance of the surfaces affected béPPaphthenlc acid
5]

corrosi on. The mann&legptios of hpdipo —durmingted gelymee &1 £ramnle REPIBat ©8F ns and

col or variafj ons i Nyt g CHLLOFRL,RYHAR PentastHdE 'The ATBI&PREAHLh ons, the metal
surface is uniformy thinned. Thinned areas al so occur when condensed acid

runs down the wal | &fmpeupdedaned afiet eompletipg wenmno. p i TiHephpihye pvw obf

napht heni ¢ aci d pi t hbiDQotREaHr Secifd &Rr. (TheRERIAY r@btidlcoMpbifa s Usual Iy the
nmetal outside the pit is covered with a heavy, black sulfide film while
the surface of the pifctivsinghenyesentipteatondp ingibatiogef papshepisiapid grey to bl ack
filmcovering it. MygRRWEJ, another pattern of corrosion is

erosi on-corrosion, which has a _characteristic pattern of gouges with sharp
edges. The Kurfack Appestiantasastien - saninquirh obtpigsdntisr eppnitisader s 3 SThe pat t er n

of metal corrosion kgthbneicEAtWinexRiEs iiketfyiddt Bxide. The other common oxides
like butylene oxide or propylene oxide also can be used in place of
ethylene oxide. The resultant reaction compound obtained after
completion of step — 4 is ethylene oxide treated derivative of
20 polyisobutylene thiophophate ester. This resulting reaction compound of
step 4 is also effective in the present invention in inhibition of naphthenic

acid corrosion.

It should be noted that the above mentioned steps can be understood better by

25  referring to the corresponding examples 1, 2, 4, and 5.

The above mentioned steps describe only one illustrative example of the method
of preparing invention compound. The hydroxyl — terminated polymer described
in these steps can also be obtained by other appropriate methods.
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flowwithin the system since increased contact with surfaces allows for a
greater anount of corrosion to take place. Therefore, corrosion patterns
provi de iwbasrmars@m as to the nmethod of corrosi on whi chPRagBoakess’ ace.

Al so, the nore conplex the corrosion, i.e., in increasing conplexity from
uniformto pitting to erosion-corrosion, the lower is the TAN val ue which
triggers the behavior. The information provided by corrosion patterns

i ndi cat es whet her naphthenic acid is the corroding agent, or rather if the
process of corrosion occurs as a result of attack by sulfur. Mst crude
contain hydrogen sulfide, and therefore readily formiron sulfide filns on
carbon steel. In all cases that have been observed in the |aboratory or in
the field, metal surfaces have been covered with a filmof sonme sort. In

t he presence of hydrogen sulfide the filmformed is invariably iron
sulfide, while in the few cases where tests have been run in sulfur free
condi tions, thelhgwroagnt inyertiop s Ergetgdl torp hethal foxinpibiting sorrdswpenithe mdtylays enough
water or oxygenuLseithe hocRliROUES which Prddeds il d@boh fucABL @hdcaupgns. Tests
utilized to determne the extent of corrosion may al so serve as indicators
of the type of iBdiptss enitaigmahtheniordidhiThe Bvprion iscupginchipdiedainon treati ng
uni t. Metal CO%Hﬂﬂétﬁﬁﬁwﬁﬁmhﬂ?@Fﬂﬁ@h@@&%uﬁ@%p§%%kﬁﬁ&iﬁﬁ\MQQMi§ﬁ§d00rrOded,

they losematerial. This weig oss is recorded in units of nmg/cm sup. 2.

Thereaft er, 3 heo gtoeeso§iugn ol dt RoceanuHe sedtag disiikpsian tpip Hisgddr §teps ¢8ds

measur enents.  TRENin! HferbAlprQcQlngGRE ARhQN, FidtpBrobfd Efﬁfnfag,o%ap&cﬁﬁ duct
[

(npy/ mg/cmsup.2) is calculated. This is a further indicator of the type of

corrosi on proce8d sughiotRr I sYRgaEspl ace, for if this ratio is |ess than 10,
it is well known that there is little or no contribution of naphthenic acid
to the corrosion process. However, if the ratio exceeds 10, then naphthenic
acid is a significedrthadstepy petrdrnaddelone corrosi on process. Di stingui shing

bet ween sul fj dat i ﬂnh@aﬁhgﬁﬁ}é 3B HRN RftaRheGRPREGOXiRRAPIEBIGoAhd 1S
important, since different renedies are required dependi ng upon the
corrodi ng agent. Us@&he hydrecatbaridati on of corrosion caused by sul fur

conmpounds at el evat gghwliMRE htrslafon vapolfth 86d i8d dRYIdtRakeBShNY t he anpunt of
chromumin the alloy which is used in the hydrocarbon treating unit. A

h
range of alloys n®ycHEesingl bpedion fof dhs hydamsbep ppoupogseing thrugetaps even

hi gher. Unfort unat eljindibesfumbWrddutd d &stliRten0 resi stance to naphthenic
acid. To conpensate for the corroding effects of sulfur and naphthenic

C O, g
aci d, an aubteni t$cadting tthesstiitediomnhioc0¢ e arsigatly firade 2% Bys.
nol ybdenum nust  beofipblyh@fd - ThidpBospRAts QSN &r REsOBi@Mrdafedk BOWRiO e

aggravated by the el evated tenperatures necessary to refine and
combination thereof, which is the required addifive of present invention;

¢) allowing the distillate containing compound of step (d) to contact

substantially the entire metal surfaces of the distillation unit to form

20 protective film on such surface, whereby such surface is inhibited against

corrosion.

It is advantageous to treat distillation column, trays, pumparound piping and
related equipment to prevent naphthenic acid corrosion, when condensed vapours
25  from distilled hydrocarbon fluids contact metallic equipment at temperatures
greater than 200 "C, and preferably 400 ‘C. The additive is generally added to the
condensed distillate and the condensed distillate is allowed to contact the metallic
surfaces of the distillation column, packing, trays, pump around piping and related

equipment as the condensed distillate passes down the column and into the
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crack the oil and by the oil's acidity which is caused primarily by high

| evel s of naphthenic acid indigenous to the crudes. Naphthenic acid is
corrosi vewpreotomese2ange of about 175°C to 4200C. At t he RCHhB00Y/@38pHY at ur es
t he naphthenic acids are in the vapor phase and at the |ower tenperatures
the corrosion rate is not serious. The corrosivity of naphthenic acids
appears to be exceptionally serious in the presence of sulfide conpounds,
such as hydrogen sul fide, nercaptans, elenental sulfur, sulfides,

di sul fides, polysulfides and thiophenols. Corrosion due to sul fur conpounds
becones significant at tenperatures as | ow as 4500F. The catal ytic
generation of hydrogen sulfide by thermal deconposition of nercaptans has
been identified as a cause of sulfidic corrosion.Sulfur in the crudes,

whi ch produces hydrogen sul fide at higher tenperatures, also aggravates the
problem The tenperature range of primary interest for this type of
corrosion is irigiHetiongisgel dhe disdipte masale bocalsded asqgpodyet Tae pardsieh| y about
2050C to abOUt1&@9@%oﬁﬁym§M§n@gﬂﬁgﬂﬁﬁﬁﬁmﬁ&nﬁﬁm&ﬁQ&kk@@ narht henic acid
corrosion have included neutralization and/or renoval oP napht heni ¢ aci ds
fromthe crude being processed; blending | ow acid nunber oils with
corrosive h'ghIﬁ%&ﬂm@%ﬂpﬁﬁmﬁéhﬁ:&@n&&ﬂ#@ﬁsEO&mQNﬁ&?bémﬂ@&&fﬁﬂﬂﬁﬁ%&'On
nunber; and the use of relatively expensive corrosionresistant alloys in
the construdti GRUBH tot9atrei STTALOm YR d&0amatutinetaicoirantpackingydilagt enpt s ar e
general l'y d'Sa@&ﬁﬂhﬁg&ﬁﬂ§nh§béQ&kdhh@&n3ﬁaﬂhﬁ§n%Qﬂ&ﬁﬁA?%HoQHR§$§@'ng and/ or
add substantial costs to treatnent of the crude oil ternatively, various
am ne and ani deraedERtescsatBRagkingiapd raysdelovahe dintHsrccdray - Miandtabl e, but
these are generglclifcd WaELard | zhddﬁwls Rt fREnthbh fs%@e%ra@tlwgeasqnmae@ment of
napht heni ¢ acid corrosion. Naphthenic acid corrosion is readi

di stingui shed fdissiHite gt isdaterapamed svihe ﬁ]@tﬂbﬂ@b}/%?ﬁé %w@whagn%meﬁgetaand pol ymer
deposi tion Mhi GReGARu@EEYSS thOdiSHIRKLEARIERS, 36 ﬁa ¢ BvdeRear bon
processing reactions using petroleun1based eeds cks pht heni ¢ aci d
corrosi on prodf8eBmgteharacteri stic grooving of the netal in contact with
the corrosive stream |In contrast, coke deposits generally have corrosive
effects due to carburization, erosion and nmetal dustin Because t hese

appr oaches havé hsdtethod ehusistgthe '«&dvlvgs%m@ﬂlafé;t)%hi/pre%eﬁ@m&‘@g gploetrhigsipgoach in
the industry i sptigiGPostistHehpti@retaphthdni@dciPbridfibl is RplatnbeLAQN WS exposed
to naphthenlc acid/sul fur corrosion, with the resistant netals such as high
quality staﬁnIé@%‘%%@@Fm@ﬂ“éPﬂS?gscontalnlng hi gher amounts of chrom um and
nol ybdenum The installation of corrosion - resistant alloys is capital

i nt ensi ve, o . ) ) )
Thus it is seen that the additive compound of present invention used for corrosion

— inhibition has the following important distinguishing features, as compared to

the prior art.
20
1) The inventor of the present invention, after extensive
experimentation, has surprisingly found that the additive
compound used by the inventor, is the POLYMERIC ADDITIVE,
which is highly effective in high temperature corrosion inhibition,
25 as shown by the experimental results given in Tables 1 to 7. The

prior — art does not teach or suggest use of, a polymeric
thiophosphate ester or oxide — treated derivative thereof, additive
in naphthenic acid corrosion inhibition or sulphur corrosion

inhibition or any corrosion inhibition, in general.
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as alloys such as 304 and 316 stainless steels are several tinmes the cost
of carbon steel. However, in units not so constructed there is a need to
provi de iwbi2bioa2see21t r eat ment against this type of corro®COAB200%@S3P26 or art
corrosion inhibitors for naphthenic acid environnents include

ni trogen-based fil mng corrosion inhibitors. However, these corrosion
inhibitors are relatively ineffective in the high tenperature environnent
of naphthenic acid oils. Wile various corrosion inhibitors are known in
various arts, the efficacy and useful ness of any particul ar corrosion
inhibitor is dependent on the particular circunstances in which it is
applied. Thus, efficacy or useful ness under one set of circunstances often
does not inply the sane for another set of circunstances. As a result, a

| arge number of corrosion inhibitors have been devel oped and are in use for
application to various systens depending on the nediumtreated, the type of
surface that is susceﬁﬁit‘gﬂ%hef distingaishipg faatircorf tha additiyg prmpepndefiregeiton
encountered, and the congid N tha ilYs Ghord BRrB Aabillty & QXPARED 0T
exanple, U S. Pat. No. 3,909, 447 describes certain corrosion inhibitors as
useful agai nst corrosi orpdiitive equaropds| gughiohy the piie =it fee txhghareld aqueous

systems such as water fl.0agsor hRALHRAG EAWMBIR offfbdchd AGenBUE Ducblitsdri I 11 ng
and auto radi ator systens. That patent also notes that many corrosion

i nhi bitors dapabl e of pédhglothaingd sebilityghe adifes gempyrad ofpresgg inypntion

non- oxygenat ed systenms per{Qy MMeMd Yn | RgRARAURNALMNnAXY 0&RRIAD Syst ens.
The reverse is true as well. The nere fact that an inhi bitor that has shown

ef ficacy in oxygenated afuibigasohjgh lenperefaiesulabi ceepipadphibiien: it woul d show

ef fi cacy in a hydr ocarshos, MheoNSigutiify Kife badl dike Apmbaliahit or has

been efficacious at relatively |ow tenperatures does not indicate that it

woul d be efficacious at REpseRidbegtiondphat dthay sy lopacidify s cqnppared to Bmon f or

i nhibitors fhat are VerYadﬁiftifv@%rﬁﬁbﬁn(ﬁtof@ﬁblaér%Y&leyaﬂzl[@é’vtﬁeeﬁﬂé%h@feléﬁtgﬁ to becone
ineffective at tenperatures such as the 175°C to 4000C encountered in oi

refining. At such tenperdttipedt hasgepdighnsidity. Hstrdpipbas eyers poRibT éSone and

difficult to alleviate. Fhusowh! S halele: chncy3 9QRedhlsS WERIAMG t eachi ng
or suggestion that it would be effective in non-aqueous systens such as

hydrocarbon fluids, espdePeaityrehde fnpphophrisotyide) whightrawbiurthe al@gr e any

indication in U S Pat. {o.nh3r20Bed dbchfabnd heact ONROURGS dindsbosgd therein
woul d be effective agai nst. naphthenic acid corrosi on under such .

condi ti ons. & nospheri c MDD SPRhcsSering el dfilsiier ettgmiyrte fepjdidt to

napht heni ¢ aci d corrosi aRnWHREHRIOGERH MphER! TRIE s6iidddRuPtteSholSUT ent |y
used treatnents are thermally reactive at use tenperatures. In the case of

phosphor us- based i nhi bi tSgpipments and thereby lead to fouling of distillation column.
The additive compound of the present invention does not have this
deficiency.
20 4) Further distinguishing feature of the present invention is effective
inhibition by the invention additive with even low phosphorus

content.

EXAMPLE 1
25  Synthesis of Polyisobutenyl succinate ester (PIB ester — hydroxyl terminated

polymer compound)

Step I: Polyisobutenyl succinic anhydride
Details of compound %0 wt
1 | HRPIB (OLOA 16500) | 89.48
2 | Maleic anhydride 10.52
Total size 100.00
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this is thought to lead to a netal phosphate surface film The filmis nore
resi stant to naphthenic acid corrosion than the base steel. These

i nhi bi t orwoasw/2ad2ati vely vol atile and exhibit fairly n&craBeodd/eisrzd ati on
ranges. They are fed into a columm above or bel ow the point of corrosion
dependi ng on the tenperature range. Polysulfide inhibitors deconpose into
conpl ex m xtures of higher and | ower pol ysul fides and, perhaps, el enental
sul fur and mercaptans. Thus, the volatility and protection offered is not
predi ctabl e. The probl enms caused by naphthenic acid corrosion in refineries
and the prior art solutions to that problem have been described at |ength
inthe literature, the following of which are representative: U S. Pat. No.
3,531,394 to Koszman descri bed the use of phosphorus and/or bisnmuth
conpounds in the cracking zone of petroleum steam furnaces to inhibit coke
formation on the furnace tube walls. U S. Pat. No. 3,531,394 to Koszman
descri bed the use of phosphorus and/or bisnmuth conpounds in the cracking
zone of petrol AfeSHEEam f ur naces to inhibit coke formation on the furnace
tube wal |'s. U.S.1 PHRPIRNGlighiR@otivedatyisobutged) wapghagged ita e ¢legiedd dnpounds f or
use as refinery anfjf QUkaNask, cfithle8 wih kb VRIS iR ahd ALhRMcfBE eri al s,
materials of this type have not been used as corrosion inhibitors in the
manner set foort k-t hepReraiure was 1aised 19i135 Cef er ence t eaches the addition of

thi ophosphat e esf ex$ RWakbIAS Wl @SR AUREbntifuciRG 1DWALRGE 1 nvention to the
incomng feed, due to the non-volatile nature of the ester materials they
do not distill i%htBate AENTE bvlbling wayiedused andhwmpls! farmoistutseopeiyas ound

pi pi ng, or furtherypgocess steps. The patent document reports thatinjecting
t he thi ophosphate esters as taught therein results in prevention of the
occurrence of naphMakisisehylidewaotddediodhs flask-di still ati on col unms, punparound
pi pi ng, andj@assagi AkGhIGAYH HMRMic atlySidcPRInperNre vhs HiRd 2t Protoe Mgi nl and

descri bes phosphorus contai ni ng conpounds as_antifoul ant additives in

et hyl ene cracki ng MainfiEe&or 2hres pid srvesdbeld¥pounds enpl oyed are nmono- and
di - ester phosphat eAﬁ%o&BQﬁ&m%@ahﬁﬁﬂiﬂ%Hm MG teRberhtGRSas ARMeNy dr ogen

noi ety conplexed wwth an amne. U S. Pat. No. 4,443,609 discloses certain

t et r ahydr ot hi azol etsRdOPRONT andabfaipd shpugh asatethat ibshowdigagh vt GIfross aci d

corrosi on i nhi bit opg).°cSHG Rk ®/1sah%).can be prepared by reacting certain
2, 5-di hydrot hi azoles with a_di al kyl p%os hite. Wiile these

t et r ahydr ot Wi azdl eThredpRB A radPHScHMaigsingd Lr RA9ws 08 €orrosi on and
i nhibition 9. After end of 6 hours (at 205°C) the reaction mixture was cooled to 170°C.

10. Vacuum was slowly applied and then temperature was raised to 205 °C.
11. At 205 °C vacuum was continued (below 10 mm Hg). After 2 hours sample
1 was taken for estimating acid value and free maleic acid and after 3 hours
20 sample 2 was taken for acid value and free maleic aid.

The acid value of the product was between desired range of 70 to 120 mg KOH/g

Step II: PIB Ester

Details of compound %0 wt Remarks

1 | Reaction product of step 1 | 79.899 | Sample diluted
on Toluene to
85% strength

2 | Mono ethylene glycol 20.101
Total size 100.00

25
Procedure
1. Resultant product obtained at the end of step 1 was diluted in toluene to 85%

strength and mono ethylene glycol were charged into a clean and dry four

necked flask equipped with nitrogen inlet, stirrer and thermometer.
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properties, they tend to break down during high tenperature applications
thereof with possible em ssion of obnoxious and toxic substances. It is

al so know~othawozpdzesphor us- cont ai ni ng conpounds i npai r POE/1IB20LDI3026 of
various catalysts used to treat crude oil, e.g., in fixed-bed hydrotreaters
and hydrocracking units. Crude oil processors are often in a quandary since
if the phosphite stabilizer is not used, then iron can accunulate in the
hydrocarbon up to 10 to 20 ppmand inpair the catalyst. Al though
nonphosphor us-containing inhibitors are conmercially available, they are
generally less effective than the phosphorus-containing conpounds. U.S.

Pat. No. 4,542,253 to Kaplan et al, described an inproved nethod of
reduci ng fouling and corrosion in ethylene cracking furnaces using
petrol eum f eedst ocks including at |east 10 ppmof a water sol uble m ne
conpl exed phosphate, phosphite, thiophosphate or thiophosphite ester
conpound, wher ei n2-t RempgriteWrdaised t‘plsﬁ%t LT dvene ensifvates e rengpvede ésack han 1. 0
(equal solubility i geRatbraReyearsinend dbear bon sol vents). U. S. Pat. No.
4,842,716 to Kaplan et al describes an inproved nethod for reducing fouling
and corrosion at 1e§§$“%ﬂ“ﬁﬁﬁ¥ﬁ@wém€8ﬂﬁ¢gﬁﬂ?dﬁ¥ﬁ$d%Wbﬁ@%ﬁﬁ%ﬁﬁ@wéntifouIant
compound and a (frid ARG doiahafdl biRuld bERrGS RAOKAISs GEmAYRA 1S a phosphat e,
phosphi t e, tshi ophosphate or thiophosphite ester conpound. The film ng

i nhibitor is amExXAv@agodi ne conpound. U.S. Pat. No. 4,941,994 Zetneisl et

al discloses a gyamatifeniotynidGicAhophssphate Bstbr ki vehfi i — &Ruh@) dbgaideddi al kyl or
trial kyl phosphidy&eadiiof @N&nijuh® 0f 306 N ofExaiphd PRALh dabioBZ MbleBtiosf Si gni fi cant
advancenent in vﬂnpmbﬂrdﬂsumma@mghiag(sﬂapmrmglpﬁosaﬁmdu@&m& on inhibitors
was reportegyin U 'S. Pat. No. 4,941,994. Therein it is disclosed that netal

corrosion in hot @@iedhl®PrbicdiiedonakiagpolyRsic tiosulfhaktik@e by the presence of
a corrosion inhibiting anount of a dialkyl and/or trialkyl phosphite with

an optional thiazolings Whil& chiigedBibReas8siICHY RRfndcRedaSk c@@ped NO.
4,941,994 provides significant inprovenents over the prior art techniques,

neverthel ess, there i%titiRara inketpdiaprand thormompeisiead fHRPesse Ve384 cor r osi on

inhibitors mhile redugbifdc Wite nRBaHHas BibbRA®SPhor us- cont ai ni ng conpounds
which may inpair the function of various catalysts used to treat crude oil,

&
as wel | as a desire fidPsRhgunPsyasHbie wpsaddedat “hey SRl R sefleed from | ower
cost or nore avai lzabl gi@ bdditidnnd pA&hRIrhseftasulfide temperature was raised to

120°C
4. Reaction mixture was maintained for 1 hour at 120 °C
20 5. After 1 hour at 120 ° C, temperature was slowly raised to 140 ° C and
maintained for 1 hour. Then it was cooled to 90° C
6. Acid value of the as sample was measured as (45.61 mgKOH/g)
7.  The reaction mixture was diluted with 1:1 Toluene
8.  Temperature was raised to reflux point, nitrogen gas bubbling was
25 started and continued for 6 hours.
9.  The reaction mixture was cooled and filtered through hyflow at 60°C.

10. The reaction mixture was diluted to 50% by weight in solvent.

(2 — A) Reaction of PIB Ester with Phosphorus pentasulfide (Phosphorous
30  content in the final 100 % active product P — 3.156 %)

Details of compound % wt | Remarks

1 | PIB Ester obtained after 88.701 | EXAMPLE 1 STEP II
completion of step II of Example 1

2 | phosphorus pentasulfide 11.299
Total weight 100.00
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Anot her approach to the prevention of naphthenic acid corrosion is the use
of a chem cal agent to forma barrier between the crude and the equi pnent
of the hywpaeavdssriprocessing unit. This barrier or fil RCHPABUNONDB7Or r 0Si ve
agents fromreaching the netal surface, and is generally a hydrophobic
material. Gustavsen et al. NACE Corrosion 89 neeting, paper no. 449, Apr.
17-21, 1989 details the requirenents for a good filmng agent. U S. Pat.
No. 5, 252, 254 di scl oses one suchfilmform ng agent, sulfonated
al kyl -substituted phenol, and effective agai nst naphthenic acid corrosion.
U S. Pat. No. 5,182,013 issued to Petersen et al. on Jan. 26, 1993
descri bes anot her nethod of inhibiting naphthenic acid corrosion of crude
oil, conprising introducing into the oil an effective anount of an organic
pol ysul fide. The disclosure of U S. Pat. No. 5,182,013 is incorporated
herein by reference. This is another exanple of a corrosion-inhibiting
sul fur speci es.C-R) Pherphorgns epntent duthe fipald00 o pethgipsedushs det ai | ed above.
Though the prodes447 &Jnot well understood, it has been determ ned that
while sulfur can_be an effective anti-corrosive agent in small quantities,
at sufficiently |higPetailsoéeempaundns i1 %hwk omBemarksor r osi on agent .
Phosphor us can flor mfaR Eefef ecti ve barri p$3.&dai| BXAMIYA bSTEWIW t hout sul fur,
but the addition_off sulfiding agents tp the process stream containi ng
phosphor us vyi el ds2 g phpdphwmepguesselidof bptd0iQullf ides and phosphat ¢s. This
results in inproved Tl fveighence as wel | 1804)0a [decr eased phosphor uis
requi renment. This invention pertains to the deliberate addition of
sul fidi ng agentArid elichevapbowemdisnd eameibEre fhosphorciubvadbasegenttreri al s are
used for corrogilonl¥ongg&OH)o accentuate this interaction. Phosphorous
Thi oaci d Ester of (Babaian-Kibala, U S. Pat. No. 5,552,085), organic
phosphites (Zetlneisl, US. Pat. No. 4,941,994), and phosphat e/ phosphite
est ers (Babai an2<Ch&hesphbto8s cirdent ildie finplclD0, % 64jve pneduet been cl ai med to be
ef fective i hyR47GHA&r bon-ri ch phase agai nst naphthenic acid corrosion
However, their high oil solubility incurs the risk of distillate side
st ream cont ani nalt i driDétailsphiospprmds. Phb%pwor i| Remaild has been uséd prinmarily
i n aqueous phase| I grPIBlstef or mat i on of A733v@s pRFNMRIONSTEMDI ex il m on
steel surfaces flor |corrosion inhibitionh or other applications (Coslett,
British patent 8,566hhodghGus Ratasullds. 3| AB6975, 3,460, and 1,872,091).
Phosphori c aci d |usg Tomlhicgght t enper at ur e100a10- aqueous _envi ronnment $
(petrol eun) has al so been reported for purposes of fouling mtigation (U S.
Pat. No. 3, 145,Aid value was 109.65 mgKOH/g (Typically acid value ranges from 90 to 190 mg

KOH/g)

15

EXAMPLE 3
High Temperature Naphthenic Acid Corrosion Test

20 In this example, various amounts of a 50 % formulation of the composition
prepared in accordance, with Examples 1 to 3, were tested for corrosion inhibition
efficiency on carbon steel coupons in hot neutral oil containing naphthenic acid. A
weight loss coupon, immersion test was used to evaluate the invention compound
for its effectiveness in inhibition of naphthenic acid corrosion at 290°C

25  temperature. Different dosage such as 300, 400 and 600 ppm of invention

compound were used, as 50% active solution.

A static test on carbon steel coupon was conducted without using any additive.

This test provided a blank test reading.
21



There remains a continuing need to devel op additional options for
mtigating the corrosivity of acidic crudes at |lower cost. This is

especi al Iwyotowe2ad21t i nes of |low refining margi ns and a RCFhBze%DI3a | ity of
corrosive crudes from sources such as Europe, China, or Africa, and India.
The present invention addresses this need. In view of above, there is a
need to provide alternative conposition to provide effective high

t enper at ure naphthenic acid corrosion inhibition, which will overcone the
di sadvant ages of the prior - art conpositions. OBJECTS AND ADVANTAGES OF
THE | NVENTI ON Accordingly, an object of the present invention is to provide
an alternative chem cal conposition to provide effective high tenperature
napht heni ¢ acid corrosion inhibition. Another object of present invention
is to provide an additive having chem cal conposition which has | ow
phosphorous contents, high thernal stability and low acidity. Other objects
and advant ages MicIrfactscamierayh eensiste &R oo Hige faw oerd raved Bestom flesh
description of Jmycat Wk watMBYLTheNPLEREN tuleNVIRRhHRRCRRREI S8 @ new
additive which is effective in inhib |t|ng acid corrosion conprising

pol yrreri ¢ t hi ophsephaieeandstiser rod{i08 1§ (RoupBilamh edrafip vdepstiPenoibfD a pol yner
conpound havi ng 3p0Nehetidh onﬁg}EP{th QQ@‘CPQX&@ taRdnOi Rhe Msﬁfl@rg,aaplpﬁr Hl%lvyager
conmpound which is hydroxyl - term nated, nore pref era:ﬁysalg pol yrer
conpound corpr isgirtady with dlowxyte of 1qQ0eqeiminete eutl thotapipstsbue yhenscdio 8TGbut ene,
wi t h phosphoro ol ynmeric thiophosphate ester is
further reactegﬁn&§ﬁ£gﬁﬁhgﬁgﬂgryﬁﬁ%g%ildes sel ected fromthe group

consi sting of ethyl ene oxide, butylene oxide or propyl ene oxide or such
other oxi de, ﬁ{ﬂdﬁguoﬁ%&ﬁ){h gre. L5 4%am APARL Yol AT IR EHVhRAE: OXI de
derivative of polyneric t hate es The invention is useful in

ef fecting acid %rr?@gpmml¥tnﬂ¢| st $t@1ﬁddﬁf 1 henippsesadt WATGE semepsragire. gAGKrsti | | at i on
uni o di St fo atLaeifOb Mo (R A RperRBkir At o PHTRELAUARlPINL:,
DESCRI PTI ON OF THE | NTI ON The present invention uses the follow ng

react ed conmpound Pteo- Bfélgbgbwelabt téﬂsﬁ? oybansteahgpysion &S QP Wlﬂhihmetlﬂlmg hi gh
temperat ure napRReni GnACiHhi oS! 08 mof a8 iHERREEARATRAKARN g%%gl ng as

effective corrosion inhibitor is obtaine y reaction of a polymer conpound
havi ng nono, dicoeditignofoy ppeitoolkd hovgy §Ug of naphthenic acid (commercial grade with

acid value of 230 mgKOH/g was added to the reaction mixture. A sample of one g
15  weight of reaction mixture was collected for determination of acid value, which
was found to be approximately 11.7 mgKOH/g. This condition was maintained
for four hours. After this procedure, the metal coupon was removed, excess oil
was rinsed away, the excess corrosion product was removed from the metal
surface. Then the metal coupon was weighed and the corrosion rate was
20 calculated in mils per year. Similar method of testing was used for each of the
additive compounds of (2-B) and (2-C) of example 2, prior — art — additive of
example 4 and ethylene — oxide — treated additives of (2-B) and (2-C) of example
2.The test results are presented in Tables 1 to 5-A. Similar studies were conducted
for ethylene — oxide — treated additives of example 2, in which the passivation
25  time was 4 hours and the duration of the test was 24 hours. The test results are

shown in the Table 5 - B.

Calculation of Corrosion Inhibition Efficiency
The method used in calculating Corrosion Inhibition Efficiency is given below. In

30  this calculation, corrosion inhibition efficiency provided by additive compound is
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preferably hydroxy - term nated pol yner conpound, nore preferably hydroxyl
- term nated pol yi sobutyl ene (PIB) conpound or pol ybutene wth phosphorous
pent asul phpaelo/maeeul ting into formati on of thi ophosphat @Ce&aBz9/ossizech i s
pol yi sobut yl ene t hi ophosphat e ester when pol yi sobutylene is used as a

pol yner. The effect of corrosion inhibition is also achieved by a conpound
obt ai ned by further reacting polyisobutyl ene thi ophosphate ester with any
oxi de sel ected from group consisting of ethyl ene oxide, butylene oxide or
propyl ene oxi de, preferably capably form ng ethyl ene oxide derivative of
pol yneric thi ophosphate ester. Conventional PIBs and so-called
"high-reactivity" PIBs (see for exanple patent EP-B-0565285) are suitable
for use in this invention. Hgh reactivity in this context is defined as a
PI B wherein at |east 50% preferably 70% or nore, of the termnal olefinic
doubl e bonds are of the vinylidene type, for exanple the G.I SSOPAL
conpounds avai Icalstlate by wompSng| weight dosasipe & additive with yeieht lased Bask pr epari ng
hydroxy - termQafadwhRRley ABradi@se) bet ween 40 and 2000 carbon atoms. In

anot her aspect the abovenentloneg pol ymer has nol ecul ar wei ght of from 500
to 10000 dalton, preferably from800 to 1600 dalton and nore preferably
from 950 to 1301@1e@§x‘r6sﬁ>'ﬂ ratgnﬁ\/lf‘?l(ﬁllf{ e 'y@ar)QE cd?&%@edtlﬂz Ty Ry ! - t erm nat ed
polymer is preferably 0.01 to nDIe o P285 nDIe of "hydroxyl -

term nat ed pol YWBY = . . t er m nat ed
ester is preferably 0.0 ﬁeﬁgng rﬂgh/ec)qf(APe%%mm (ﬂrnﬁp&ﬁes@fnﬂng oxyl -
termnated PIB ester. The PIB can be normal or highly reactive. It has been
surprisingly discovered by the inventor of the present invention, that a

pol yner based tdy.QpbRsphat e egtghs loR3%igMaK! OW PhOoSRRRKUSsGAMt ent, | ow
acidity and hi ghyibies mal= st abi o ad@RSenon - _foul i p@iRat ure Qijyes very

ef fective cont rgcigfynapt henigeiagiidls &R blAshRkbut JR@ivapvel additive of the
present invention is made in four basic steps. 1. High reactive PIB

(Polyi sobutylene) is reacted with Maleic Anhydride to make Polyisobutylene

succinic anhydrﬁh@%alélﬁétg’zﬁﬁlgna’mdeml% chRgdlit ﬁsetrams‘saﬁhmgprlatec‘cemynd of step No.
1is further reacted with ethylene glycol to give a polynmer having hydroxyl

end groups whi Ciheir&ulyYHHRNKperimehRall Aﬂ@stcﬁshmawessptztah@@yl succinate ester.
Depending on the nole ratio of PIBSA and et hyl ene glycol, Mno ester or

Table 1: Phosphorous Content P = 3.145% (Duration of test 4 hours)

Expt. | Compound Dosage | Effective | Weight | Corrosion | Corrosion
No. n Dosage | Lossin | Rate Inhibition
Ppm inppm | mg MPY Efficiency
1 Blank - - 89 445 -
2 Resultant
product of 2-A 600 300 1.8 mg 9 97.97
of example 2

Table 2: Phosphorous Content P = 4.47 % (Duration of test 4 hours)

Expt. | Compound Dosage | Effective | Weight | Corrosion | Corrosion
No. n Dosage | Lossin | Rate Inhibition
Ppm mppm | mg MPY Efficiency
1 Blank - - 89 445 -
3 Resultant
product of 2-B of | 300 150 24.7 123 72.4
example 2

20

The experiments were conducted with different contents of phosphorous in the

final 100% active product as per Example 2 with the results being presented in
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diesters are formed which leads to the formation of nono hyrdoxy or di

hydr oxy term nated pol yner,

respectively. Both these conpound are found to

be usef ulworrotamn2se2inventi on. & her gl ycols or pol yol s or PO®BIBe9/HE3720 cohol s
can al so be used in place of ethylene glycol.

conpounds are propyl ene glycol,
tri met hyl ol
pol yet hyl ene gl ycol,

gl yceri ne,

conpounds.

but ane
pr opane,
pol ypr opyl ene gl yc

di ol ,

ol

hydr oxyl -term nated pol yner) 3. The resultant

no.

2 is then reacted with phosphorus pentsulfide.

The exanpl es of such useable

or any ot her
(This is one of the nmany ways of obtaining the

butyl enes gl ycol ,
triethyl ene glycol,

but ene di ol ,

pentaerythritol,

hydr oxyl

ter

m nat ed

reaction - conmpound of step

carried out by using various nole ratios of hydroxyl

for exanpl e,
The resultant

The reaction can be

- term nated pol yner,

| eti ng step no.

of PIB - ester of step 2 above with phosphorus pentasul fide.
reaction conpound obtained after co

31is

Thi ophosphat e égblerl 93 piob peesdbaitvatyithosnherobn ganéeng 8t 2145 YoThe coreasiont i ng
react i on_ Compouiign BHLERL! V& J77h18: BIEHEA loha SYhhBr AmbBHgBAL | o of

napt heni ¢ aci d corrosi on)

The resu

t ant

reaction -

Cco

nmpound,

ob

t ai ned

after conpletlﬁ@O§P@pVUWBtm%@PH¥Pﬁ@?CW@%&F@ﬂﬂﬁﬁﬁﬁdd&ﬂd§%>mﬁKﬁ&@ﬂﬁylene

oxi de.

The ot h‘%fosa%@s‘%@re‘aﬁéeﬁ%zdobﬁiﬂ
can be used in place of

obt ai ned afﬁer‘@@ﬁ%ﬁ%ﬁméﬁ5

ene oxid

HaA

of polyisobutyl ene thiophophate ester.

step 4 is also effective in the

present

al?dlié()_l@

he resultant

BE tRXbEG i b ARV RO X! de al so
reaction conpound

sepstively i s ethyl ene oxide treated derivative

This resulting reaction conpound of
invention in inhibition of

napht heni ¢ aci drab¥rd: o&hosphoreys C§WGB¥% B S frotagationegf teshdhalsl e nent i oned

steps can be (
1, 2, 4, and §
exanpl e of theg

term nated po

appropriate ng
i nhibiting cor
process hydrod

napht heni ¢ aci

wherein the fad

process crude
can be

T ST ORI Ter DY BRleT MEfRT WREn T RS Ebiskigxanpl es
Nolhe| above mentiongd s eg&m%g50ﬁ49§moq¢Mzone tohlbishr @t i ve
net hod of preparingdunventib,gfl cappoundipyhe hEgR¥Y | -
YiITer dgggl i bed in these steps can qhsq bgypbtai ned Dy| ot her
t hods| The present ijnventilon is directad to a nethod flor
riosi opResnltanherogdust off | s400f dceso@f [t he4 prljocegsi ng ugrd s which
ar bons2-§of praaplecy ude oil land its fractlions containing
. TheRdésnlamhproduvt pfs| expl di neso i N devaill s188 its osisapl est form
| | owi nyCroéttronplest eps are [carried out, (when itlis used to
oil in process units such as distillation unit. Simlar steps

The Effect Of Invention Compound (Polymeric Thiophosphate Ester Non

10 Ethylene Oxide Treated) On The Naphthenic Acid Corrosion Inhibtion. 4
Hours Test Duration
Experi | Compound Effective | Total Corrosion
ment dosage in | phosphorus inhibition
no ppm content in ppm | efficiency in %
2 Resultant product of 2 — A | 300 3.145 x 3.00 = | 97.97
of example 2 Phosphrous 9.435
content 3.145% (invention
compound)
5 Resultant product of 2-C | 150 7.75x1.50= 9584
of example 2 Phosphrous 11.625
content 7.75% (invention
compound)
8 Resultant product of 150 9.75 x 1.5 =] 89.88
example 4 Phosphorous 14.625
content 9.75% (prior art)
The results of use of effective dosages of additives from Table 1, Table 3, and
15  Table 4 are compared in a tabular form given above. It is clearly seen that, in

comparison with the prior art compound, with the same effective dosage of 150
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used in different processing units such as, punparound piping, heat
exchangers and such other processing units. These nethod steps are

expl ai nedwbeboviz3@) heating the hydrocarbon cont ai ni ng maphBendIs7zci d to
vaporize a portion of the hydrocarbon: b) allow ng the hydrocarbon vapors
torise in a distillation colum; c) condensing a portion of the

hydr ocar bon vapours passing through the distillation colum to produce a
distillate; d) adding to the distillate, from1 to 2000 ppm preferably
from2 to 200 ppm of polymeric Thi ophosphate ester or its oxide-treated
derivatives or conbination thereof, which is the required additive of
present invention; e) allowing the distillate containing conpound of step
(d) to contact substantially the entire netal surfaces of the distillation
unit to formprotective filmon such surface, whereby such surface is

i nhi bited against corrosion. It is advantageous to treat distillation

col umm, trays, DpOwpHr BueionicpMpYnd dexanwicat.c ExBYINPHEND the abvevieire.

napht heni c aC'qm§%k59%hQBmB&ﬂ%ﬁe&&“QQP%ﬁ§kM@Qﬁﬂksn€£&ﬁ1ﬂbﬁ&&'h@ﬂx
hydrocarbon fluids contact netallic e%U|pnent at tenperatures greater than
200 C, and pr efcaresninkbigoretiiqigcyof B i Yevithslograrietplythpsp hargaeeentest afhe
condensed di stijljleat e, @ndist BgnfaRRAdRNeRd cficRhdy lot® 438 alilloWRded @tgontact the
nmetallic surfaces of the distillation colum, packi trays, punp around

n 1 b
pi pi ng and rlel ahewhergys et ofald - LA erRdpdETs 8l C@I@E‘t‘inﬂl%%?ﬁﬁé thiepdeanbatgown t he

colum and i nt QsfhadinSolynlcRt h@MWMESS&iment R B (BE ddol @kubicyRY al so be
col l ected as product. The corrosion inhibitors of the instant invention

remain in the resultant collected product. In commercial practice, the

addi tives of thi\SqduBMeNthk QEARY B8 R008E ab&canihdd ddnflofnd @kdthfle O control
corrosion in a draw tray and in the colum packing while a second injection

may be added tSxeerigisngyo Hin the ahaye fblermipadyragris|thiophebdwetchien) die i PPays t o

protect thet ovels PREkENI 1ANGH hidhsSr DGR iR HbS hiciAL e oflavwrdray. It is
not so critical where the additive of the invention is added as long as it
is added to di <bfinedtéhmpsh losr foid phospherqyp pardent of 46 st i | 1 ati on vessel
or which contact the netal interior surfaces of the distillation colum,

trays, punp around piping and rel ated equi pnents. The nethod of using the
addi ti ve conmpouhlt of! kneenge dedistson sliet ingthe pothai et dtighyr PRMPIMIYSon of hi gh

tenperat ure napPhb@nicepdGid Cag ESbsN infibR¥R| 1AL Mech BRINRW ¥ ket the
15  function of various catalyst used to treat crude oil such as fixed bed hydrotreaters
and hydrocracking units. These higher phosphorous compounds also act as poison
for the catalyst. Another disadvantage of the non polymeric additive is that they
tend to break down at higher temperature conditions giving out volatile products
which tend to contaminate the other hydrocarbon streams.
20
The above discussion clearly shows the advantage of use of invention compound

over prior art compound for naphthenic acid corrosion inhibition.

EXAMPLE 4

25  Synthesis of Octyl thiophosphate ester (non — polymeric thiophosphate ester
as anticorrosion compound of prior art (US Patent No. 5, 552, 085)
The clean four — necked — flask was equipped with stirrer, nitrogen gas inlet and
condenser. N- noctanol weighing 400g was charged in the flask. Phosphorous
pentasulphide weighing 187 g, was then added to the flask in installments. The

30  temperature of the flask was then increased to 110 °C. The H,S gas was seen to be

25



the help of exanples and tables. Thus it is seen that the additive conpound
of present invention used for corrosion - inhibition has the foll ow ng

i mpor t antwaoi2etomgazishi ng features, as conpared to the pPCBABZ0Y/053136 The
inventor of the present invention, after extensive experinentation, has
surprisingly found that the additive conpound used by the inventor, is the
POLYMERI C ADDI TIVE, which is highly effective in high tenperature corrosion
i nhibition, as shown by the experinental results given in Tables 1 to 7.
The prior - art does not teach or suggest use of, a polyneric thiophosphate
ester or oxide - treated derivative thereof, additive in naphthenic acid
corrosion inhibition or sul phur corrosion inhibition or any corrosion
inhibition, in general.?2) Another distinguishing feature of the additive
conpound of present invention is that it has nore thernmal stability as
conpared to the additive conpounds taught by the prior - art, due to the
pol ymeri ¢ nat urcaolyed gfiee additon ¢S Aviiso arrdhayf. the wetien mixyeeninitemilaspue to its

hi gh thermal st@aRifkidy o O At thy BakOPRAIREG RN BRQhANEREI QR 1S very
effective in high tenperature n;ghthenlc corrosi on |nh|%lt|on or high
tenper at ure sullHulhewmplstassoelphitifiticsd thrayehvericen ditbrefhaagplegi shi ng
feature of thelﬁQQiRJMﬁCC@MﬂﬁH&Qn%;;_5@&§Q£Jbﬁyﬁ&thWeh&uﬁﬁgkmmﬂ& has very
|l ow acidity as conpared to the additive conpounds of prior art, for

exanpl e, thé pHbghaererasad eswastangbrask foarte apidsvalier yhish gies deunditeype The
phosphat e est ergnRbn PIJ B6138hls /ROBL KARWIMpQinIIME 1cdcd RAGE AShilRicdeaonpose,
even at |ower tenperatures, to form phosphoric acids, which travel further
al ong the hydr seEPHRInciEEicRem A coreaion ipkibiHometiigiongy it epdedatas asepfili prent s
such as packi ngn@foddingh id £:ahipRs £@ &0 ofle@pitic 8RIpkdedid AR tBRasphat e or
iron sul phide. These solids plug the hol es of equi pnents and thereby | ead
to fouling of distillation colum. The additive conpound of the present

i nvention dges Mle HaVY&yll MhichhePhhel &RE Wond) pdiphéiEmicinstgnagudsaring feature
of the present JnRV&Rssid cbRpKindC6E ip¢or ! PhbdpRPoRY cdiéit! Pveng.yap additive
with even | ow phasRiaaok st 4 hours)

Experiment | Compound | Dosage | Effective | Weight | Corrosion | Corrosion

No. in ppm | dosage loss in | Rate inhibition
inppm | mg MPY Efficiency

1 Blank - - 89 445 -

6 Example 4 90 45 45 225 49.43

7 Example 4 180 90 22 110 75.28

8 Example 4 300 150 9 45 89.88

15 EXAMPLE 5
Synthesis of Ethylene Oxide derivatives.
The ethylene oxide derivatives of polymeric thiophosphate ester of
polyisobutylene succinate ester were prepared as using below described
procedure:
20
Procedure
The additive compound, which is the resultant product of 2 — C of example 2, was
transferred to the autoclave and ethylene oxide is added at 60°C to 70°C , till the
pressure in the autoclave remained constant. The reaction mixture was maintained
25  at that temperature for 2 hours. The reaction mixture was cooled and the autoclave
was flushed with nitrogen. The resultant additive, that is, ethylene oxide treated

thiophosphate ester of polyisobutylene succinate ester, was used as additive for
26



content. EXAMPLE 1 Synthesis of Polyisobutenyl succinate ester (PIB ester -
hydr oxyl term nated pol yner conpound) Step | : Polyisobutenyl succinic
anhydri dePoaesduse1l. HRPI B (H gh Reactive Pol yi sobut yl @cg)iB2easg/oshizr ged
into a clean and dry, four necked flask, equipped with nitrogen inlet,
stirrer and thernonmeter. 2. Tenperature was raised to 1250C. 3. N2 gas
bubbling was started and continued for 10 mnutes. 4. Rate of N2 gas

bubbl i ng was reduced and, sanple for noisture content was taken. 5. Maleic
anhydri de was added to the flask. 6. After addition of maleic anhydride,
tenperature was raised to 170 OC and maintained for 2 hours with nitrogen
bubbling. 7. After conpletion of maintaining of step 6 period, tenperature
was further raised to 205 OC and, heated at such a rate that it should
reach -205 0OC from 170 OCin 3 hours (5 °C/25 mn). 8. The reaction m xture
was then maintained for 6 hours at 205 0C 9. After end of 6 hours (at 205
C) the reacti ormapihsatiqgced qaresiepiphbiopolhe popler synthesigasgrriodast 1wy appl i ed
and then t enperré’sfu%ﬁ pi’é{%ct b S@Ct)fTeQan?ﬁi’éz Oe vﬂeﬂght Pcefges @G NBCUE MRS
continued (below 10 nm Hg). After 2 hours sanple 1was taken for estimating
aci d val ue and °fly&ac pefieire igen bplatnd after 3 hours sanple 2 was taken for
acid value and free nmaleic aid. The acid vaI ue of the product was between
desired range of 70 to 120 Step PI B Ester Procedure 1.

Resul tant pr od@@“@!ﬁ@i@é@th&gnﬁ h’é‘d%ﬁ‘%IlV@flV‘*s?fé%'Ci\Ré%‘ampllﬁ ed in toluene to
85% strength and nono et My eNp@hyGUompelga cNaNdgde/ N9 a clean and dry
four necked flask equi pped W RE L PRAGA FFLEL [ 4841 TTEN and thernoneter. 2.
Tenperature was raised t 21WE{hyteIé)¢>H<fe“e and ten werg renoved to reach
the tenperature) with nitzog e 5% QU T 3 %&gwﬁ—tn was nai nt ai ned at
190° Ctill the required acid—vatue was obtaimnea. (The desired acid val ue

shoul d be preferably less than 5 ng KOH g) EXAMPLE 2
Example (5-B): Ethylene oxide derivative of (2-B) of example 2

Details of compound %0 wt
1 Resultant Product of 2 -B | 454
2 Ethylene oxide 15.4
3 Aromatic Solvent 39.2

It was noted that the acid value of resultant product 2 — C used in the above
10 mentioned synthesis process was 87.2 mg KOH/gm, whereas the acid values of
ethyelene oxide reacted product was 16 mg/gKOH. Similarly, the acid value of
resultant product 2 — B used in the above mentioned synthesis process was 56.8
mg KOH/gm, whereas the acid value of corresponding ethylene oxide reacted
product was 3. 98 mg KOH/g. Both these synthesis examples point to the

15  desirable low — acid — values of the final products after synthesis is completed.

The corrosion — inhibition — tests for these synthesized additive products were
conducted as per procedure given in Example 3 (4 hours and 24 hours test

duration) and test results are presented in Table 5-A and Table 5-B, respectively..

20
Table 5 - A : Corrosion inhibition studies (static) for 4 hrs test duration.
Experimen | Details of compound Active Mg loss MPY after | % efficiency
t No Dosage | after test test after test
ppm
Blank 89 445
a Invention compound as 150 2.1 10.5 97.60
per example 5 - A
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Synt hesi s of polyneric thiophosphate ester (invention - conpound) obtai ned

by reaction of conpound of step Il

Pr ocedure for

into a clean and dry four
and t her nonet er

stirrer

maki ng pol ynmeric thiosul phate ester
necked flask equi pped with nitrogen inlet,
tenperature was raised to 90° Cwth nitrogen

and,

of exanple 1 (with various nole ratios)
wi t h phoswbanoue3qent asul phi de (with vari ous phosphor ou®CeranendBy26 Gener al

1. PIB ester was charged

gas bubbling 2. Phosphorus pentasulf U de was added at 90° C slowy in one
lot 3. After addition of phosphorus pentasulf 0 de tenperature was raised

to 1200C 4. Reaction m xture was mai ntai ned for
tenperature was slowy raised to 140 0 C and mai nt ai ned
Then it was cooled to 90° C 6. Acid value of the as sanple was

at 120 °
1 hour.

hour
f or

C1

1 hour at 120 0C 5. After

1

measured as (45.61 ngKOH/ g) 7. The reaction m xture was diluted with 1:1

Tol uene 8. Te
was started an
and filtered t

per at ur
® conti
hr ough

90 T
0. Th

was raised to reflux point,
nlneentiop LoBpPaYad ps
npéricsyne S 68 C

e fdéact
b react |

nitroge
i ondmi x

on m xt

ur®-8Ras

re Was

n_gas bubbling

cool ed
i luted

et

ins

bn 99 P

B E&fer

to 50% by wei g pInyeniion cgmpoundys Reded |
pent asul fi de ([Phosphor bersxaeme&nB in the finhal 100 |%ctivel product [P -
3.156 %9 (2- B) (Phosphorous content in the final 100 %active product p _
4.47 9% Acid va¥aie livas bbeengen tgdreste pregnted KORLYE (T4 phat diclethylkoé d val ue
ranges from 40 oule Hodvatigy ¢f tikQidjyn{epic ti@)phophers pharnoals wontativeiimadihe fi nal
100 %active pr cduetionPnhifitign. 3y comeniagkdvaicsets wh$abl OB fof BriergikOH @mpdypi cal |y aci d
val ue range® from90 to 190 ng KOH g) EXAMPLE 3 Hi gh Tenperature Naphthenic
Aci d Corrosi on TebletS 1B Chiresienahiblition spedi¢sdstatiaforidd hys éfst dnrgtons f or nul at i on

wi {0r4Phosphor us

of the conmposition prepared in accordance, with Exanples 1 to 3, re
tested for cor|ferirignn | Refrilspicpraneusf i cj Ariey oMs logtr bqMIStade | Eollisions (i n hot
neutral oil cddf&ini ng naphthenic aci dgl‘)’;ﬁe after test | test after fest
9 Blank --- 313 261 ---
10 Prior-art-additive (as 300 88.5 73.8 71.7
per example — 4)
11 Invention compound 450 65 54.2 79.2
(as per example 2 — B)
12 Invention compound 300 130 108.5 58.5
(as per example 2 — C)
13 Invention compound 300 135 112.6 60.4
(as per example 2 — B)
14 Invention compound 300 11 9.2 96.5
(as per example 5— A)
15 Invention compound 300 22.4 18.7 92.8
(as per example 5— B)

Comparison Of Effects Of Invention Compound — Polymeric Thiophosphate
Ester (With And Without Ethylene Oxide Treatment) On Naphthenic Acid
Corrosion Inhibition--- 24 Hours Test Duration

10

Expt. | Compound Effective | Total phosphorous | Corrosion
No dosage in | content in ppm Inhibition
ppm in %
10 Prior-art-additive  (as | 300 9.75x3=29.25 71.7
per example 4) (9.75)
11 Invention compound | 450 4.47 x 4.5=20.115 79.2
(as per example 2-B)
(4.47)
12 Invention compound | 300 7.715x3=23.145 | 58.5
(as per example 2 — C)
(7.715)

28



wei ght | oss coupon, imersion test was used to evaluate the invention
conpound for its effectiveness in inhibition of naphthenic acid corrosion
at 2900C werpwyasarie. Different dosage such as 300, 400pramdBBOQ0j3p26 of

i nvention conmpound were used, as 50% active solution. A static test on
carbon steel coupon was conducted wi thout using any additive. This test
provi ded a bl ank test reading. The reaction apparatus consisted of a one -
litre four necked round bottom flask equi pped with water condenser, N2
purger tube, thernoneter pocket with thernonmeter and stirrer rod. 600 g
(about 750 m) paraffin hydrocarbon oil (D - 130 - fraction of higher than
2900C) was taken in the flask. N2 gas purging was started with flow rate of
100 cc/mnute and the tenperature was rai sed to 1000C, which was mai ntai ned
for 30 mnutes. An additive conpound of (2-A) in exanple 2 was added to the
reaction m xture. The reaction mxture was stirred for 15 m nutes at 1000C
tenperature. After removing the stirrer the tenperature of the reaction

m xture was rdilSed|iyend®poGomropidy 300wei ghed’ wéidht! - | p&ks4 carbon st eel
coupon CS 1010 wit h(adipaesxenpad 7Bhm .. tipes 13mm .. tipes 1.6 gm was

i mersed. After maifdHning this conditiop for Ihour tol1.5 houfs, 3 1 g of
napht heni ¢ aci|d4( commventsinal cogwaeal WiPh aci 84vadukd-of 2309GYKOH ¢ was added
to the reactidn m xtasreer cpangedt4a) of one ¢ wei ght of repction nixture was
collected for |deteffi4fation of acild value| which was found to be
appr oxi mat el y |11, 7 | yk@idhg. coTipowndcloi®di t i on3-wWas madnt ai ne®-§ or f our hours.
After this prdcedur és pehexampteal- Bloupon wags renoved, excess oil Was rinsed
away, the excess cof¥Bdion product! was renoved fromthel metal suirface. Then
the netal coupon was wei ghed and the corrosion rate was calculated in mls

per year. Siml met - [.0G: §¥§ itive
conpounds of (2%3 'an@Q%Eg%)CBgl? 5%)@21% € 1%(pj)trh ¥0§§05§ﬂag$teg{§r g%g?rf@t? \% of

exanpl e 4 and dblippieneieps gxandie exampledtand caguple iSv ebheofalue imBhe dregk¢t2- C) of
exanpl e 2. The t. ed in. T : = Simlar

studi es wer ge c&nﬁ%aée[sg%%fh g%hgogl §/ éeﬁg&?ﬁeolg‘(é gve_@)?ll ng%déﬂbgf&%? F'ves of exanpl e
2, in which the passivation time was 4 hours and the duration of the test
was 24 hours. | ' - ul ation of
Corrosion | nhi Ei‘t% ir%ﬁﬁﬁﬁt?ez%gtr?gf/@{fzﬁ\éé&rbg%%gpﬁ%@ lei-gflé?écg(fn?:p&fegt% P%nglégr rosion

| nhi bi tion Effiteliubanclprny swigh veeaifigeletprencésntor Hiestotad| phodphetiosn cosent randi on
inhibition eff ie?ﬂiﬁéﬁ‘é}’oﬂﬁé’é’dn%ﬁ@n ibdfldi tive compound iscal cul ated by

conparing weight loss due to additive with weight |oss of blank
10

Comparing the results of experiment numbers 10, 12 and 14, of Table 5 — B the
surprising favorable technical effect of the ethylene oxide derivative of polymeric
thiophosphate ester is clearly seen from much higher efficiency of 96.5% and
much lower phosphorous content of 16.47 ppm (after ethylene oxide treatment) as
15  compared to the efficiency of 58.5% and phosphorus content of 23.145 ppm
(before ethylene oxide treatment) and efficiency of 71.7% and phosphorous

content 29.25 ppm of prior art compound.

Similarly comparing results of experiment 10, 13, and 15, of Table 5 — Bt he
20 surprising favorable technical effect of ethylene oxide treatment of polymeric
thiophosphate ester is clearly seen with much higher efficiency of 92.8% and
much lower phosphorous content of 9.45 ppm (after ethylene oxide treatment) as

compared to the efficiency of 60.4% and phosphrous content 13.14 ppm (before
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coupon (w thout any additive). The corrosion rate in MPY (mls per year) is
cal cul ated by the fornmula, MPY = 534 x Weight loss in ng (Density in gnicc)
X (Area iwoi2oR)023624 Ti me of test in hours) Corrosion (WipghtiB200%853f72zr bl ank
(weight loss with Inhibition w thout additive) additive) X 100 Effici ency
(wei ght loss for blank wi thout additive) The cal cul ated magni tudes are
entered in the Tables in appropriate colums. The results of the
experinments are presented in Tables 1, 2 and 3. Table 1: Phosphorous
Content P = 3.145% (Duration of test 4 hours) The experinents were
conducted with different contents of phosphorous in the final 100% active
product as per Exanple 2 with the results being presented inTable 1 to 3.
It is seen that with phosphorous content of 3.145 % the corrosion
inhibition efficiency was 97.97% for effective dosage of inhibitor conpound
as 300 ppm When the phosphorous content was increased to 7.75% and

ef fecti ve dosadgéylope oaide daeeat) tefficxmapefn’aitd agophepithorous sortett 288 on

i nhi bition eff&?hgg SHoMBSoRBofide and 95. 84% respectively. Table 3 :
Phosphorous content P = 7.75% (Duration of test 4 hours) The Effect O

I nventi on Conpound (Pol yneric Thi ophosphate Ester Non Et hyl ene Oxi de
Treated) On TherNaRRLNGNIA if\ht Grt SUNOR Ard IR RIng 4avblRbIScchRiedl Duration
The results of use of effective dosages of additives from Table 1, Table 3,
and Tabl e 4 dar efiegmparieddpbrva tabul ar form given above. It is clearly seen
that, in conparison with the prior art conpound, wth the sane effective
dosage of 150ppm the invention co ‘oun%égexanple 2, experiment 5 in the
above table, pdf el ]f,nOWF‘Ilt@)ﬁWd%eﬁl‘?&ggH@’st ¢ AN piRy 9 Tdnghch RhtBhr s at ed)

provi des hi ghergof@fir Qply ‘aﬂndsnh'ap'cgﬂr&ﬁbnefnflfbﬁbﬁ rlﬁiy b@én SRimBA %Wt thewer total
phosphorous content of 11 25 as conpared to the efficiency of 89.88%
wi th higher t otfaWCtl%B%ﬁﬁ@V%ﬁﬁ?lyéE‘H@%thre@f cryde, %bs&cfpﬁfrﬁ% pebidgrtredters conpound

(octyl thi omhosamﬁwo&&kﬁlg uni%iomh@@hﬁgﬁarp'hsspﬁa%stdox&@ou&;91@5 hdrepoiddg 8 in the
above table). nﬁy doubling the effective dosage of the above invention

compound ( exanpPlethe cexlpdr fpathar disadvantage efifle a%wpévmeaﬁlaédmvepﬁlt%éhewc

t hi ophosphat e q&ﬁggngpmgggnQ%Hhh&mkgmgpggMHQQ;that still higher corrosion
inhibition efficiency of 97.97%is obtained with nuch | ower total

phosphorous content of 9.435 ppm It is well known to the person skilled in
the art that usgeQboRiEHIEKIRRREMBNMHoRY She advantage of use of invention compound

15  over prior art compound for naphthenic acid corrosion inhibition.

Example 6: High Temperature Naphthenic Acid Corrosion inhibition
(Dynamic Test)

20  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:

25
400 g of paraffin hydrocarbon oil (D — 130) was taken in a autoclave. A pre-
weighed weight-loss coupon CS 1010 with dimensions 76mm...times 13mm
...times 1.6 mm was fixed to the stirrer of the autoclave. This was then immersed
in the oil. N2 gas was purged. While carrying out passivation of steel coupon in

30  separate dynamic tests, each of the invention compounds of examples 2-B, 5-A
and prior — art — additive of example 4 is added separately, in each separate test, to

the reaction mixture (and each final dynamic test carried out separately). The
30



content conpounds as corrosion inhibitors has been clainmed to affect the
function of various catalyst used to treat crude oil such as fixed bed
hydr ot r eawere10zmsb2ihydr ocr acki ng units. These hi gher pho®phaB%036mpPOoUNdS
al so act as poison for the catal yst. Another disadvantage of the non
polymeric additive is that they tend to break down at higher tenperature
conditions giving out volatile products which tend to contam nate the ot her
hydr ocarbon streans. The above di scussion clearly shows the advant age of
use of invention conpound over prior art conpound for naphthenic acid
corrosion inhibition. EXAMPLE 4 Synthesis of Cctyl thiophosphate ester (non
- polyneric thi ophosphate ester as anticorrosi on conpound of prior art (US
Patent No. 5, 552, 085) The clean four - necked - flask was equi pped with
stirrer, nitrogen gas inlet and condenser. N noctanol weighing 4003 was
charged in the flask. Phosphorous pentasul phi de wei ghing 187 g, was then
added to the flregskon wixtugay ftimsd fos 15 THeuteseh¥) qtemperasfret hen pytedqyenwas t hen
increased to 133 QGing With Herndas, MRSeRaRR dRicheRY Oluedniblflie 88kt i On Of
P2S5. After one hour, the reaction nmixture in the flask was heated to 140
0C and the fl adkectipismiydyratas fravwd 4 Affpamainiaipeg deisusoaditien fdehdyuthe The
sanpl e was coolgfcandyid dob el 8l hOERPGR werdefloPR dnli hih &l 1o AR vS AERlie was
heated to 900C. The nitrogen gas was purged for 5 hours. The resulting
sanpl e, thats i snédhgpolited Bps famed sl yirawsiveed peuponcihg diisfl geupodtiveh was
found to be betmgaied &nd Qirkdafid / KOH This conpound was tested for its
napht heni ¢ acid corrosion efficiency. The corrosion inhibition efficiency
is calculated as per nmethod given in Exanple 3 and results of experinents

are presented ifhebabi& fr thd BRYCathn waPrdn¥ved SHRD QSROBSE £pliGhe APB -

pol ynmeri c thi ophosphate ester as anticorrosi on conpound of prior art.
Phosphr ous conto gpmmeteia ngplognicBgidaflitdh VoL UEes mg%wﬂéwaE%whs Synt hesi s

of Et hyl enej(OxidecH&! Muatdsyigs: TARSf @leRydiEN§a0% s Ao rd®i /s VAlel t¥8Ser@firePOl yEri C
t hi ophosphate ester of polyisobutyl ene succinate ester were prepared as

usi ng bel ow des¥ihesatpchyrovsdheneispl 93U endrmaingingsl of this @erepdHunér which is

the resul tant puoglyCt ERfmpte 1 & Of weXaRREE ddnanii@Sly t HARSHR IneFhibRiohhe
aut ocl ave and et hyl ene oxide is added at 600C to 700C , till the

efficiency on steel coupons in a hot oil containing naphthenic acid.
The following test equipment and materials were used in the Dynamic Corrosion
15  Test:
1. Temperature controlled autoclave
2. Preweighed weight — loss carbon steel coupons CS 1010 with dimensions
76mm...times 13mm... times 1.6 mm.
3. Means to rotate the coupon, to provide a peripheral velocity in excess of 3

20 m/second.

After the test, the coupons were removed, excess oil was rinsed away, excess
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

25  this dynamic test are presented in Table 6.
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The reaction m xture was
The reaction m xture was cool ed
The resul t 20T/1B2009/0330%5, t hat

pressure in the autoclave renmai ned constant.
mai ntai ned at that tenperature for 2 hours.
and t he awbaolenzaes2was fl ushed with nitrogen.

is, ethylene oxide treated thiophosphate ester of polyisobutyl ene succinate
ester, was used as additive fornapthenic acid corrosion inhibition. The
simlar synthesis was carried out by using resultant product of 2 - B of

exanpl e 2. The wei ght percentages for 2-B, 2-C, and ethyl ene oxi de are

gi ven bel ow. Exanple (5-A): Ethylene oxide derivative of (2-C) of exanple 2
Exampl e (5-B): Ethyl ene oxide derivative of (2-B) of exanple 2 It was noted
that the acid value of resultant product 2 - C used in the above nentioned
synt hesi s process was 87.2 ng KOH gm whereas the acid val ues of ethyel ene
oxi de reacted product was 16 ng/gKOH. Simlarly, the acid val ue of
resultant product 2 - B used in the above nentioned synthesis process was
56.8 ng KOH gm whereas the acid value of correspondi ng et hyl ene oxi de

react ed productTffs ¢3- AfnMelP¥ature BRAPhthERS ASY "EHE&ich ©XAMBIRA Poi nt to
the desirabl e |(@Whamidqedl).- val ues of the final products after synthesis is

conpl et ed. The GRERAST Dlails of BiMoBidl T ONT Ach&ST Big BT ([EBEIEY W HR kAT

addi tive produatns. wer @ conduct ed as péDospdeoCduk® diden i n| dHeawpl e |3 (4
hours and 24 Hours test duration) and|pest results |are presented im Tabl e
5-A and Table |96B, resBbokjvely. . Table -5 -|A 61 Cor|ro§i-dn {nhihition
studi es (statilcf for #4Phergrttadditivaasmat | oA0Not e: 2Pt gan2ieé seerP5f26om|t he
results presented in Tetwlost - A that [the ethyl ene |oxide derivative of the
pol yneri ¢ t hi gofiesphat Briegsttexlditige @ipso | védy ef fiéct i e ilAbac|id ¢dBrosi on

i nhi bition, ag conpar ¢dampladesults of | Table[ 4 for grior - art - cofpound.
Table 5 - B: (d7rtbsi onlivadtiobicompmnd tudi 880 (5t dtd4c) |f 00.384 hr SHSAXBst
duration. Conparison OberEkdngdt¢ SAX | nventi op Conpound - Polyneric

Thi ophosphat e |HSt er ( Wrtvbntidndonpdunded | ESO0/1 ened.&xi de Tr7éat pend§.o On

Napht heni ¢ Aci|d Corr osporxdmiié¢ BiBt i on" | 24 Hours Test| Durati pnNote :

I nvention conmpound is polyneric thiophosphate ester prepared by foll ow ng

st eps givensin
t he phosphrous

AR

72 and exanple 5. The values in the bracket indicates

of the inventive conpound in percentage. The results

of the use of eFHERMAIcANALXGES of exanple 5 are conpared above in a

tabul ar form wgh spegitlc s lgt @‘%&%néo%étg%eo&n‘aé %‘Adttﬁeh&%o%ﬁrcg%%o gqntent and
efficiency of the corrosion 1nhibrtion. ari ng ePrestitsPof experi nment

nunbers 10, 12 vamdcdtded @ft inTthio[Metfier-ToBdd Hberswr Guavigicny Amlyarall lmotvechni cal

effect of the
clearly seen f
10

15

et hyl e
Cl

W
ro

t O tﬁe
muc

oxide d tive

10 ° ¢/minute under nitrogen atmosphere. The temperature at which 50 % loss in

weight of sample occurs is taken as the representative of thermal stability. The

weight of the residue obtained at 600°C, and the temperature at 50 % weight loss

are presented in Table 7. The weight of the residue is indicative of the tendency of

the additive, to deposit at high temperature zones of equipments like furnaces,

which may cause fouling of the equipment in due course.

Table 7: Thermal Analysis data

Experiment Details of compound Temperature Residue at
No at 50% loss 600 deg C
19 Invention compound as per 393 21.2975
example 2-C
20 Invention compound as per 386 12.9567
example 2-B
21 Invention compound as per 395 12.8771
example 5-A
22 Invention compound as per 391 6.8389
example 5-B
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much | ower phosphorous content of 16.47 ppm (after ethyl ene oxide
treatnent) as conpared to the efficiency of 58. 5% and phosphorus content of
23. 145 ppwo@bfas@let hyl ene oxide treatnent) and effici @EYBW0I/TBIZ0 and
phosphorous content 29.25 ppm of prior art conpound. Simlarly conparing
results of experinment 10, 13, and 15, of Table 5 - Bt he surprising
favorabl e technical effect of ethylene oxide treatnent of polyneric

t hi ophosphate ester is clearly seen with nuch higher efficiency of 92.8%
and rmuch | ower phosphorous content of 9.45 ppm (after ethyl ene oxide
treatment) as conpared to the efficiency of 60.4% and phosphrous content
13. 14 ppm (beforeethyl ene oxide treatnent) efficiency of 71.7% and
phosphorous content 29.25 ppm of prior art conpound. The person skilled in
the art should be aware of the surprising favorable technical effect
mentioned above._ 1t is well known to the person skilled in the art that use
of hi gher phodpBorous donkrésnt agonfdiineds Pers cor r 082bn i nhi bi2B&7% hals been
claimed to afflect the fluncti onexafplgdri ous clatalyst usedlto treat crude oil
such as fixed bed hydrotreaters and hydrocracking units. These higher
phosphor ous COﬁﬂgHggélQ&ﬁpTﬁ&hmﬁgagﬁ> on for the catalyst. Another

di sadvant age of the non neric additive is that they tend to break down
at hi gher tenpé?@plbpé%@(fli‘?m%‘# these taMhéhaa@@wemoy@g@mwds ekesainieyt hows t he
advant age of Usg (9t jcn¥eRt N9@zﬁ9@ﬁ9{§aqmpev<ﬁrso% efehAbls GATRRMR dsder

napht heni ¢ acid corrosion i nhibi : nper at ur e

Napht heni ¢ Ah|do@%irSsTmmmv%mmbwvmwnmﬁayﬂ&mbmwﬁégfngﬁehbyﬁéhm@wﬂest|ng was
carried out by 4i3iadd Alitkl By aEaAReRNANERdmbih hiBRr LEHPSHBLIE Gin
controll ed autoclave and was carrie by using passivated steel coupons.
A dynanic test thnhpiaediitivowpish hans V@lemﬁ@ltheém\ﬁt hbase clegibnmdigatgs ddi ti ve.
This test proviidag: hehhaMlnhisb figaflidion mﬁporaﬂ&ssw&t (bsRAOFRAHEE | S
expl ai ned bel ow.” 400 ¢ araffin hydrocarbon oi 30) was taken in a
autocl ave. A prréh%ﬁrgﬁé@pomxér dihis kngygsto dlnipssmen @sllq(blmhwrt ‘ﬂiatdt teladiablas 76rm .
times 13mm g .t gRS oy AR fick ﬁﬁ-ﬂn&l@tam@y ﬁﬁc‘erﬂ‘ie‘%‘é wgf ndihEoRpbechave. Thi s
was then imrersed in the oil ﬁ gas was purged. Wile carr¥|ng out

passi vation of‘@P@@mﬂébgﬁbﬁmpﬁK§@ﬁ&£é@éC@V%@ﬁﬁ@npé@@§S“@@@h byf othdie

i nvention COITpOdH{)Q@agQ of ﬁ?éﬁ'ﬁgﬂ!y%ﬁlbl% c@mpguﬂa‘ 1§%y R&thiR heir @frbsion Afidohve of

exanple 4 is added separately, in each separate test, to
efficiency at higher temperatures.

15 It is also seen from the above table that it is advantageous to treat the invention
compound further with ethylene oxide. EO treatment reduces phosphorous
content and also the residue at 600°C. 1t is seen from the above table that the
invention compounds leave much lower residues at 600°C. The residue obtained
for the invention compounds (experiment 20 to 22 in the above table) is much

20 lower than the prior additive which is 23.5% (experiment no 23 in the above
table). The above data clearly indicates that the invention compounds will have

least deposition tendency in the areas of furnace.

It is apparent from the foregoing discussion that the present invention comprises

25  the following items:
1. A new additive for inhibiting acid corrosion comprising polymeric
thiophosphate ester, which is obtained by reaction of a polymer compound
having mono, di or poly hydroxyl group, preferably polymer compound

which is hydroxyl — terminated, more preferably said polymer compound
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the reaction m xture (and each final dynam c test carried out separately).
Thereaction m xture was stirred for 15 mnutes at 1000C tenperature. Then
aut ocl avewbl2arkesézmg wi t h 1kg/ cm by nitrogen was carri e@CoOB200ThE3726
tenperature of the reaction mxture was raised to. After maintaining this
condition for 4 hours, the autoclave was cool ed and the coupons were
renoved and rinsed to renove the oil and then dried. This forned the

pre- passi vat ed coupon. The dried coupon was then fixed to the stirrer
again. The oil used for the passivation was renoved and 400 g fresh oi
containing 6.2 g of commercial napthenic acid (TAN VALUE 230 ngKOH g) was
added to the autoclave. The resultant TAN of the systemwas 3.5 ngKOH g.
The tenperature of the autoclave was then raised to 315 0OC and nmi nt ai ned
at this tenperature for 24 hrs. Exanple 1 to 3, were tested dynamically for
corrosion inhibition efficiency on steel coupons in a hot oil containing
napht heni ¢ aci d. Theomjsingwhysoxyk dermanstad ppdyisobatydenpedre polaiuienge éthysed i n
the Dynam c Corrosi gihsfiRsdus pdntashpiidgr at ure control | ed autocl ave 2.

Prewei ghed weight - |oss carbon steel coupons CS 1010 with di mensi ons
76mm .. tinmes 13mn A ngynedlitiveg aprdesaibeduiangem ol.r pheieid sHE ROBUWEN, to
provide a peripher alp;yabpat ¥stblis GHARS Scallkd Jifl B AP DxidbstiBdted Bomt €SL, the
coupons were renoved, excess oil was rinsed away, excess corrosion product

was renoved 5 rom t h&ogeqsEnoet Eyilgre nside el opasr wspeercheddefsi ghed and

the corrosion rate vy sk lAR! Et@fe@a%gﬂiaﬂhﬂ(eﬂ(ee%ide,mﬁablﬁ%¥@ Qhy1dRi s dynami c
test are presented in Table 6.Table : Hi gh Tenperature Napht'’heni c Acid
Cor rosi on i nhi bi ti ofxidgsisaizpgve ofedd nolyrexisiippiosphERfAL ANALYSI S The t her nal

anal ysis test of fha pdvenfihRNa¢arRRsEAdS @ 1 B&i Br Wikl hidCURRYNd were
carried out in the Mettler Toledo Therno Gravimetric Analyzer. A known
wei ght of the sanpl eomResndbasiiom 40fo LAY carban yt9@p. from 35 ° Cto 600 ° C at a

rate of 10 fp ¢/ m puhe,dind@finini b a8eRbA! AORRRET 8nd ThEnEEANGIB I Herat Whi ch
50 %l oss in weight of sanple occurs is taken as the representative of

thermal stability. Tepowed grtmeeculanaeichsefdiem 60t & IEY daltopouefeablind t he

tenperature at 50 %uRisghto 1606 SalRh nPhERPRL&EHI) Rohdkh & Boo H@nvei ght of the
residue is indicative of the tendency of ) ) )
5. A new additive, as describéd in items 1 and 2, wherein mole ratio of said

phosphorous pentasulphide to said polymer compound which is hydroxyl
15 — terminated is preferably 0.01 to 4 moles to 1 mole respectively.

6. A new additive, as described in items 1, wherein said polyisobutylene is
normal or high reactive.

7. A new additive, as described in items 1 and 2, wherein the effective
dosage of said additive is from 1 ppm to 2000 ppm, preferably from 2 ppm

20 to 200 ppm.

8. A method of making a new additive for inhibiting acid corrosion, said
additive comprising polymeric polyisobutylene thiophosphate ester,
comprising the steps of:

(a) reacting high reactive polyisobutylene with maleic anhydride,

25 capably forming polyisobutylene succinic anhydride.

(b) reacting said polyisobutylene succinic anhydride of step (a)
with glycols or polyols or polymeric alcohols, preferably
propylene glycol, butane diol, butylene glycol, butene diol,
glycerin,  trimethyl  propane,  polyethylene  glycol,

30 polypropylene  glycol, polytetramethylene glycol, more
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the additive, to deposit at high tenperature zones of equipnents |ike
furnaces, which may cause fouling of the equi pnment in due course. Table 7 :
Ther mal An@l208V@3@at aDi scussi on about Therrmal StabilityPCT/IB2009/bB7%een from
t he above table that the invention conpounds (experinent No 19 to
experiment No 22) the tenperature of 50 % weight | oss varies from 3860C to
395 ° C. The invention conpounds in the above table include Non EO treated
and the EO treated derivative. These val ues are nmuch hi gher when conpared
with the prior additive which has a value of only 2200C. These clearly

i ndi cates the higher thermal stability of the invention conpounds when
conpared with the prior art conpound. It is known to the person skilled in
the art that it is desirable to have additives with higher thernal
stability since these will not deconpose to volatile products leading to
fouling and contam nation of other streams. The other advantage of
thermal |y stabl e conmpound Prsferallyy cphedeas ngly¢edi cansblyr daming ibstiorylt i-on
efficiency at higher tenpegakii&PpolyiloblinliRind@ket om the above table
that it is advantageous to treat the invention conpound further wth

et hyl ene oxi de. EO tr eat(fkrectingdiselenp hisagpinnr eipogtcht @nsteant)aMé® t he
residue at 6000C. It is seppsfHoRM RAQBAUR, haRariblahott Raidk Py &mti on
conmpounds | eave nmuch | ower residues at 6000C. The residue obtained for the
i nventi on conpounds (exper byl 20 tergimed; golylsebusgayly sugcatt epter sanfuch | ower
than the prior additive whj | rd - ki bove
table). The above data cIegﬁ%gb?ﬁgﬁgg%%gﬁﬁﬁaﬁﬁﬁﬂyi%ﬁ%ﬁ%f%ﬂﬂ%%%ggunds\MII
have | east deposition tend@féyf palvigahatylsnesiscigyte pignyieh is peid carosiopar ent from
t he foregoi ng discussion tgﬁgﬁgggdaﬁ@§ent i nvention conprises the follow ng
itens: 1. A new additive for inhibiting acid corrosion conprising polyneric
t hi ophosphat e ester, whi@hrepginggptignalbarepitantagastionsemppuny gistep e vitBonpound
havi ng monoy di or poly hygoxy! o.qi0Wlectddr £:RTARIY cROLMHFESS CARpARNd whi ch
is hydroxyl - term nated, nore preferably sai ol ymer conpoundconpri si ng
hydr oxyl term nated polyi s%@ﬁay%ﬂ@eowlﬂfoloymw%@? idenrisiErdphaitBus
pentasul phide. 2. A new adgh{itieoxids 65a0y i fAedcidd bheehel oxitbergicn said

pol ymeri c thiophosphate ester is further reacted with any one oxide

sel ected from group consi sfqrivgtisrof aelhiyetwtydens dhiephosnheie gtenehipkisgeidor

propyl ene oxi de or such ot fgfsioXifliBitiRedigrabl y ethyl ene oxide, capably

form ng ethylene . . e . . .
5 9. A method of using a new additive for inhibiting acid corrosion, comprising

the step of:
a. heating the hydrocarbon containing naphthenic acid to vaporize
a portion of said hydrocarbon;
b. allowing the hydrocarbon vapors to rise in a distillation
20 column;
c. condensing a portion of said hydrocarbon vapors passing
through the distillation column to produce a distillate
d. adding to the distillate from 1 to 2000 ppm, preferably 2 to 200
ppm, of polyisobutylene thiophosphate ester or ethylene oxide
25 treated compound thereof;
e. allowing the resultant mixture of step d to contact substantially
the entire metal surfaces of said distillation column capably
forming protective film on said surface whereby such surfaces

are inhibited against corrosion.
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oxi de derivative of said polyneric thiophosphate ester. 3. A new additive,
as described initens 1 and 2, wherein said polynmer conpound has from40 to
2000 car bwo 2atoons6214. A new additive, as described in | PERIBLOXNNIBTR,
wherein said pol yner conmpound has nol ecul ar wei ght of from 500 to 10000
dalton, preferably from800 to 1600 dalton and nore preferably from950 to
1300 dalton. 5. A new additive, as described initens 1 and 2, wherein nole
rati o of said phosphorous pentasul phide to said pol ymer conpound which is
hydroxyl - terminated is preferably 0.01 to 4 noles to 1 nole respectively.
6. A new additive, as described in itens 1, wherein said polyisobutylene is
normal or high reactive. 7. A new additive, as described in itens 1 and 2,
wherein the effective dosage of said additive is from1l ppmto 2000 ppm
preferably from2 ppmto 200 ppm 8. A nethod of naking a new additive for
inhibiting acid corrosion, said additive conprising polynmeric

pol yi sobut yl enéAthhpgipthiedpieatien bastheen desstipadi with geferpece o epaiprefqegyl reacti ng
high reactive Ralpya@RYL WeeRCeltibh Ns MRt Shéan@RNYEN lifiged RARRK Yrdr@fdl NQ

pol yi sobutyl ene succinic anhydride. (b) reacting said polyisobutyl ene

succi ni ¢ anhydrintedigents: dlsergtions ¢ the ryefyeet embndimssrsydsseibsd apsopgpriblei ¢

al cohol s, pref af;alhyadph@RY fRAL 1R &Rl of RUERBRIA! Abwe R bt PRRGl M@0l , butene
diol, glycerin, trinethyl %ropane, pol yet hyl ene gl ycol, pol ypropyl ene

gl ycol , pol yt etcPnesiti dspraibed ghoyp areniicadnded de dipsiataeryilveded gleywst!, capabl y
form ng hydr oxyhaacttR680 BRHRAinPAIYA SRRUDE MbrptieRl MabBereRER! withGd: §eacting
resul tant reaction conpound of step (b) w th phosphorous pentasul phide,

wi th various nolcearting fragthgpcopapttheipiesi®yl - t ermi nat ed pol yi sobut enyl
succinic ester and phosphorous pentasul phide, capably form ng thi ophosphate
ester of polyisobutyl ene succinate ester, which is acid corrosion
inhibiting additive; (d) reacting optionally resultant reaction conpound of
step (c) with any one oxide selected fromgroup consisting of ethylene
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oxi de, butyl ene oxide or propylene oxide preferably with ethyl ene oxide,
capably producing ethyl ene oxide treated derivative of polyisobutyl ene

t hi ophospwatelodesen, which is acid corrosion inhibitingPaddB2ioyes37% nmet hod
of using a new additive for inhibiting acid corrosion, conprising the step
of : a. heating the hydrocarbon containing naphthenic acid to vaporize a
portion of said hydrocarbon; b. allow ng the hydrocarbon vapors to rise in
a distillation colum; c. condensing a portion of said hydrocarbon vapors
passi ng through the distillation colum to produce a distillate d. adding
to the distillate from1 to 2000 ppm preferably 2 to 200 ppm of

pol yi sobut yl ene t hi ophosphate ester or ethylene oxide treated conpound
thereof; e. allowing the resultant m xture of step d to contact
substantially the entire netal surfaces of said distillation colum capably
formng protective filmon said surface whereby such surfaces are inhibited
agai nst corrosi@ams t hough the invention has been described with reference

to certain preferyed gabodii®ot®y ihiliGiihd et L@sioR ARpridRaNtofRe |im ted
to those preferred enbodi ments. Alterations to the preferred ‘enbodi ments
descri bed are possi Bliewhyivh#fe erterawulyelt ¥ iohging¢ bricedtien §p3 polymegicompaundnyent i on.

However, the procesﬁm%ﬂpmﬁﬁﬂﬁpéiﬁ&ﬁ@y@@%ﬁghg,QWQEQMSI%ﬂﬁn&Q%ﬁ,&ﬁﬁ to be
illustrative only, and the novel characteristics of 'the invention may be
i ncor porated i n ot havhichéy Wlragyt hsuningedanars atgfarsddnraicheclyegsempeundhe

invention. daims: loohhREW RARLE V& niRled! POLRIbuyIGe aG1 FolGRAdneS Woh _
conprising polyneric thiophosphate ester, ich’is obtained by reaction of
a pol ymer conpound Resphegourpeisasulphider pol y hydroxyl group, preferably

pol ymer conpound mhiaChek Sl 0¥ ! claine@' M RRIEd), WRESInPEA] efARhYicsal d
pol ymer conpound conpri sing hydrpgél term nat ed pol yi sobut yl ene or
pol ybut ene, with ph8siherbie cpenis faithepheagied with ary pag oxidaiselpesed frem ¢l ai ned

in claiml,gwherei nggal doRRINITEHN dtigy1dnRioRRRARRNGE @ x &8 Lbf propplefdididies: react ed
wi th any one oxide selected from . .
such other oxide, preferably ethylene oxide, capably forming ethylene

oxide derivative of said polymeric thiophosphate ester.

3. A new additive, as claimed in claim 1 and 2, wherein said polymer
compound has from 40 to 2000 carbon atoms.

15 4. A new additive, as claimed in claim 1 and 2, wherein said polymer
compound has molecular weight of from 500 to 10000 dalton, preferably
from 800 to 1600 dalton and more preferably from 950 to 1300 dalton.

5. A new additive, as claimed in claim 1 and 2, wherein mole ratio of said
phosphorous pentasulphide to said polymer compound which is hydroxyl

20 — terminated is preferably 0.01 to 4 moles to 1 mole respectively.

6. A new additive, as claimed in claim 1, wherein said polyisobutylene is
normal or high reactive.

7. A new additive, as claimed in claims 1 and 2, wherein the effective dosage
of said additive is from 1 ppm to 2000 ppm, preferably from 2 ppm to 200

25 ppm.

8. A method of making a new additive for inhibiting acid corrosion, said
additive comprising polymeric polyisobutylene thiophosphate ester,
comprising the steps of:

(a) reacting high reactive polyisobutylene with maleic anhydride,

30 capably forming polyisobutylene succinic anhydride.
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group consi sting of ethylene oxide, butylene oxide or propyl ene oxide or
such ot her oxide, preferably ethyl ene oxide, capably form ng ethyl ene oxide
deri vat i weoab1geB@1pol yneri c t hi ophosphate ester. 3. A BREWIB2P/DIVE, as
claimed in claiml1 and 2, wherein said polyner conpound has from40 to 2000
carbon atonms. 4. A new additive, as clainmed in claim1l and 2, wherein said
pol ymer conpound has nol ecul ar wei ght of from 500 to 10000 dalton,
preferably from 800 to 1600 dalton and nore preferably from 950 to 1300
dalton. 5. A new additive, as clained in claim1l and 2, wherein nole ratio
of said phosphorous pentasul phide to said polyner conpound which is
hydroxyl - termnated is preferably 0.01 to 4 noles to 1 nole respectively.
6. A new additive, as clainmed in claim1, wherein said polyisobutylene is
normal or high reactive. 7. A new additive, as clained in clains 1 and 2,
wherein the effective dosage of said additive is from1l ppmto 2000 ppm
preferably from 2 ppm t dbpBactigmsai® polxispiatHent wecimalpigride abticaddi tive for

i nhibiting acid COfrOS'On,wﬁﬁuﬂyﬁﬁdbﬁbM@oE0&p5M§&QﬂzQQBMﬂPHﬁ&mam
pol yi sobut yl ene t hi ophosphate ester, r|S|ng the steps of (ai}reactlng

hi gh reactive pon|sobutylEﬁ@ﬂﬁﬁtﬁy%ﬁl@ﬁ%wahﬁy WWH@fgbﬁﬁa@Pquéw

pol yi sobutyl ene succi ni ¢ aphygni deqfRinyi eagtiphg, S&b@»g&ﬁ&kSOQg%%iene
succinic angydrlde of step (a) with glycols or pol Fs or polyneric

al cohol's, prieferably propyP ﬁ@WQWVéo@meht@ﬁ@“ﬂ@@ﬁ*ﬂﬁ@ty@éﬁé ghgi€ol , but ene

di ol , glycerln trinethyl B%QR@EB@&QQB¥GQ9&he@%mEEYQﬁhngp%®&££ﬁp¥|ene
gl ycol, polytetranethyl ene glycol, fnore preferably ethylene glycol, capably

formng hydroxyl - terni natcBanged Balsebucaryiccoacchtfat e ester: (c) reacting

resul tant reaction corrpquﬁlcéaaﬁlgs;e%ata@b)remlw meﬁwrm§teﬁem yaswhphi de,
with various nole ratios of sard hydroxyl - term nated ylsobutenyl

succini ¢ ester and phosphoPkosRhofsn tPaafeu F@ewnbaﬁﬁ%ﬁyn@@FﬁWﬁ@ tshidophosphat e

ester of pojyisobutylene syceiRpte Eshitkod PWolyRBbUSyRGLEIHOT LRSI AR
inhibiting additive;
phosphorous pentasulphide, capably forming thiophosphate

ester of polyisobutylene succinate ester, which is acid corrosion
nhibiting additive;
(d) reacting optionally resultant reaction compound of step (c) with
15 any one oxide selected from group consisting of ethylene
oxide, butylene oxide or propylene oxide preferably with
cthylene oxide, capably producing ethylene oxide treated
derivative of polyisobutylene thiophosphate ester, which is acid
corrosion inhibiting additive.
20 9. A method of using a new additive for inhibiting acid corrosion, comprising
the step of:
a. heating the hydrocarbon containing naphthenic acid to vaporize
a portion of said hydrocarbon;
b. allowing the hydrocarbon vapors to rise in a distillation
25 column;
c. condensing a portion of said hydrocarbon vapors passing
through the distillation column to produce a distillate
d. adding to the distillate from 1 to 2000 ppm, preferably 2 to 200
ppm, of polyisobutylene thiophosphate ester or ethylene oxide
30 treated compound thereof;
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(d) reacting optionally resultant reaction conpound of step (c) with any
one oxi de selected fromgroup consisting of ethyl ene oxide, butylene oxide
or propylwoeomiselpreferably with ethyl ene oxi de, capalpCy/IR2009/0E3726g

et hyl ene oxi de treated derivative of polyisobutylene thiophosphate ester,
which is acid corrosion inhibiting additive. A nethod of using a new
additive for inhibiting acid corrosion, conprising the step of: a. heating
t he hydrocarbon cont ai ni ng naphthenic acid to vaporize a portion of said
hydr ocarbon; b. allow ng the hydrocarbon vapors to rise in a distillation
columm; c. condensing a portion of said hydrocarbon vapors passing through
the distillation colum to produce a distillate d. adding to the distillate
froml to 2000 ppm preferably 2 to 200 ppm of polyisobutyl ene

t hi ophosphate ester or ethyl ene oxide treated conpound thereof;e. allow ng
the resultant m xture of step d to contact substantially the entire netal
surfaces of said distillat tliswviteohereaulteapapiaye olovam g cprtent sestagtéallyi | m on
28' 35536 f gge43her eby such gurdaCescAr &rhdliRishi@diaBRiMS oG tgabign. 10 15

forming protective film on said surface whereby such surfaces

are inhibited against corrosion.
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