Dor f/ 1790Sd Fi nal Spec (Including anendnent nade u Art. 34 of PCT

Vol untary Anendnents and subsequent anmendnents, Equi Rerar0SedingSass ed
speci fi cat i on (BEluding spendment masia y Ant. REYIEIDY Phoery=tmenirent 8y syEeaerD
CORRCS| ON AND VETHG@mreonansy Rigy vk (etaramesdismecificatioma #ieppicetian)11 Fl ELD OF
THE | NVENTI ON*166166* 5 The present invention relates to the inhibition of
metal corrosion in acidic hot hydrocarbons and particularly to the

i nhibition of corrosion of iron - containing netals in hot acidic

hydr ocar bons, especially when the aciditY is derived fromthe presence of

napht heni ¢ add AWBIBEVE | FQRr INHIBIEING fALLEHD) v EQRROSEON: ANEIdi ti ve
to effect corrasd i Ak R usi ng the sane. DI SCUSSI ON
OF PRI OR AWM@%%W&WEﬁ@M‘%t t he processing of crude oil
and its various 15 fractions have |led to damage to pi p‘mﬁmmu\mumﬂmmt
associ at ed equi pnent due to napht henic acid corrosion.‘ rrosive
to the equi prdFLDOEITHE INVENIIONext ract, transport and prgggss the
crudes. neral | y speaking, naphthenic acid corrosion occurs when the crude
bei ng proCessed has a neutralization nunber or total acid nunber (TAN),
expressed as Theeprmsent imgyeatien olatpot@sis inhibiyelr ok nvkeal 2B rmosiquiin edidio hot
neutralize the acids in one gram sanp| e, .above 0.2. It is also. known that
napht heni ¢ a yer-oeerglpaf_r A g e &0 o Bign ‘E%’f?ﬁ&na‘tfldﬁél bEPNEENEabout
200C and 400G, {ARRY R ﬁﬁfi@hydrégﬁgoﬂszgsggéiall%aMeE'tl&oacYEﬁ@rls Hbied Vshogd ties

are high or liquid 1 nmpinges on proce surtaces e.g. I'n transfer Ilines,
return bends pagsdngee of maphtbehi€ |aowl anéasore 2parBorartys ito ranpefddsitiserspolymeret r ol eum

refining . qperati.on soci ated wi th.napht heni c.agid constituents and sul fur
Compoundd0! n AHE To RS At hioidtoi B S F ning PSSP " Such cor r osi on
is particularly severe in atnospheric and vacuumdi stillation units at

t enper at ures between 400F and 790F. Other factors that 30contribute to the
corrosivity JdISGUIMNON R BREIDRARZpht heni ¢ acids include the 1
"1...d)uUul2 1111112121212112111121121212111  Dorf/1790SE Final Spec (I ncl uding
amendnent made u Art. 34 of PCT, Voluntary Amendnents and subsequent
amendnment s, Hgid wadgntknbemAachptedtimpeasd proeadsingnodtrudl) cippnd ftatvaciops anount
of napht henic acid present, the concentration of sulfur conpounds, the

vel oci ty land frashemn Beledftotdranage dov Riping Andj atherrassemdted eqwinmerheus &at i on

in the unit (Iﬁgﬂthenikiagfai ergoggﬁr ThdeL it a68hsivets tﬁeggamg@gqug@&i to ARRIL heni ¢

acid is a col ctive term certalin organic aci sent 1 n varil ous
crude oils. Axtrhcuglanspoer andrpyockss the egedds. Genenallprspeaking, ofapbthbmc asidjani ¢

acids, it is understood that fhe jority of the acids i.n naphthenic based
crude are napiRffREART OCFHS ?ﬁ‘ﬂ‘ﬁ?é@‘? ngjib.e‘é‘.g,&weﬁ?dgwéé’tlﬂﬁugﬁfé@t‘w MYOEE Ot ure as
follows: 10 libla] béili! fefefber (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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COOH The nol ecul ar wei ght of naphthenic acid can extend over a |arge range.
However, 15 the majority of the naphthenic acid froferfiif8SeHinal Sgect ound in
gas oi | and | ityskding srendmentirpde uArt. ShefP (Hy Yolwtamaresdraesmn i srbseaueric h

napht heni ¢ acid com&qunstﬁqléWaiopﬁcmteﬁ%m!fwﬁ@sqﬁééfiaaplliﬁfti@n) el evat ed
tenperatures, severe corrosion problens arise. 20 Napht henic acid corrosion
has pl agued the refining industry for many years. This corroding materi al
consi sts of predom nantly nonocyclic or bicyclic carboxylic acids with a
boi li ng range between 350 and 650F. These acids tend to concentrate in the
heavi er fractamonst dfinaphghenicaeid resent, the ceneentTiies, off vl icompowndshthes t he
furnace tubin tran r .line fractionati tower .i.nt.ernal s, .feed and
reflux 25 seé’?iofilﬁ% a‘%ﬂug%tflﬂ}ﬁ%so?ﬂﬁe%?w BE%%H’Q@?&?R%’ Fﬁ?x“l?&f’ PR lréﬁhg L%:ngtndenser S
are primry sépeHqeid/ apédiaterfagg). napht henic 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 bottons.

Recently kntere r j 1 hi 0Si: in
nydr ocar bon. poou iy St Rabnkdif st b Shctiyd Yshidef Bindlh oBBRICRIAT, L ng
amendnent nmageesentAint varidds efudells. Xthoughathyre/vieyn degnésenamihe wnsegtseofl
anendnent s, Equi val ent to Accepted specifjcation of BAU aaspl i cati.on)
presence of RHIFRCREIHCaULS At }SanélFliﬁH’é’g tﬁ?té msostty o dhespraths ysnaphihenic | ngi a,
Africa and EpoReert Uittt fi BHEUREALOONMH XLLR%ihe Uiidtife & T ange
of nol ecul ar structures 5 and consequent range of physical "properties. The
physi cal propgellawss of napht henic aci ds which may be contained in the
hydrocarﬁﬁn m xtures also vary with the changes in nol ecul ar wei ght, as
wel | as e source of oil containingthe acid. Therefore, characterization
and behavior of these acids arg —urddf@OHod. A wel | known net hod
used to "quantify" the acid coms on in 10 crude oil has been a KOH
titration of the oil. The oil is tiMrated with KOH, a strong base, to an
end point which assures that all acids in the sanple have been neutrali zed.
The unit of this titration is ng. of KOH/ g of sanple and is referred to as
the "Total Achd chelehdir wdidiiNf naphthedié hell icamextomi HMuriadirge Boigs. Hewewerar e used
i nterchangeabl y in the application. 15 The unit of TAN.is comonly used
since it 1Ps ribt maisky of dhe prnbiienis acik fromecryds ails yp opnd fregds o1l ppd {ights of
nol es of aci : : : [ LS f t.d.content.
Refi ners havgu%rggggﬁg'ﬁﬂioﬁgg hgérﬁgé}g?ﬁ%t@&éﬁﬁg(%X#}fo@%}h% |ccfr£!tE }dn(gfnﬁag:g;{tg ﬂeni C

aci d corrosi @ontafring evetaly) kespeciatinyt elefated teangerdshires csevdre icorrosiom prabenas 20
TAN=0.5 assunm ng that at these concentrations naphthenic acid corrosion
will not occdf™®“However, this neasure has been unsuccessful in preventing
corrosi on by naphthenic acid. Naphthenic acid corrosion is very tenperature
dependent. The generally accepted 25 tenperature range for this corrosion

i s betwe@f 20%phthedic4Bi-qrmBR kasplagsedihe rebning sidnstrafermknibyearhddus aci ds
bel ow 205C has ngi yett been reported.in tt}@ Rﬂ%bl i sped Ii.te{.aturbe. f\cs to the
upper boundar o lgtgdngﬁﬂﬁe%(‘[n SPRELPT %WIBQ? nMPEPeS I?é)é(%cyg Hai R‘ﬁ#l at about
600- 700F and dchignwitBgh Nodilnglirfdel SEtwead® TIDB° CATIC GBOTFAL Tie adildsv @dndCid Y Of
the acid/oil mxture are also inmportant factors Dorf | 790SE Fi nal Spec

(1 ncl udi ng arfenerniate indhiehervigr fracBansgiuripgrrudgalistillatiey. Trsnleattinns saetd

subsequent a [rﬁm Y . i i
appl i cation) %\;\gﬁc Ia?]c]p Itﬁgeiﬁ et?dr?g%hthhgshi%%&g@%agg%%B?egsl{l{gﬁgi#ﬁ%g%g%?xdenced
by the appearsactismsaff dohanissy htatcexshaigese trag bojtomapht kendensasiate pritmansi on.
The manner of ,corrosion can be deduced fromthe patterns and Cglig%éra
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vari ati ons i fitthef citagly fer naphtheie acidyrditianshy. YBRRI tHehstockh

surface is unj ; ' i : wae sed
acid runs dowﬁkﬁt}ﬁ;‘gﬁl\%ﬁa&{&%&egm\?ge%ésdglrg&deﬁ%%?%éﬁ €e ?}gﬁﬁ? tll?lﬁe prggsgéré:ggpof
napht heni ¢ adertitiei stdel fignactubes amdf tbear bottqmy Regeroly iaterase halsgrowmualthg t he
metal outside the pit.is covered with heavy, black sulfide film._ while
the surface Gtk OEitIBISityp%P? fRFToRigR azpal&fdrw‘%b%npspcassmi hnitsy s, 1@ ghgy) ack
filmcovering it. Moreover, another pattern of corrosion is

erosi on-corrosion, which has a 10 characteristic pattern of gouges wth
sharp edges. The surface appears clean, with no visible by-products. The
pattern of metal corrosion is indicative of the fluid flowwithin the
system since increased contact with surfaces allows for a greater anount
of corrosion to take place. Therefore, corrosion patterns provide
information as to the nethod of corrosion which has taken place. Al so, the
nore 15conpl ex the corrosion, i.e., in increasing conplexity fromuniform
to pitting to erosion-corrosion, the lower is the TAN val ue which triggers
t he behavi or.




The information provided by corrosion patterns indicates whet her naphthenic
acid'is the corroding agent, or rather if the procesRo8{79%8¢éaldpecoccur s
as a resul t of(Inohyding paendmey mage pdrt. SARIFCTe Vol otmendmentsad sehsedvst £ i de,
and therefore readidngndmants Eqivelestiopdcaepredispssificaionoddbr4ecd@y. 1 n all cases
t hat have been observed in the laboratory or in the field, netal surfaces
have been covered with a filmof sone sort. In the presence of hydrogen
sulfide the filmformed is invariably iron sulfide, while in the few cases
where tests have been run in sulfur free conditions, the 25metal is covered
with iron oxipmksencesofiraphthenig agidyigwanden digghlogatians sueh aphjan Ipdias Afica o
produce a thin E’ilmon the nmetal coupons. Tests utilized to determ ne the
extent of corapg) Pﬁor?ehay al so serve as indicators of the type of corrosion
occurring within a particular hydrocarbon treating unit. 30Metal coupons
can be inserted_ into the system As they are corroded, they |ose

Dor f 71790SG KiThdg oibpare hydricriben ipixaresnwhishthake agangegftmoleotilas stpvetares

Vol unt ary A e . , ui . ent ept ed
speci fi cati gﬁﬂgﬁ%‘g‘%‘%@ﬁ %}a{?‘f oﬁﬁ“f’ﬁ%?i%‘ieﬁfgﬁ@‘?%?s T\lf‘gi gﬁ@@gsgﬁoﬁgﬁﬁgcgﬁ ded in
units of ny/ aaplstheni? acid evhécdf ey be tchetamed o sheolnydradaebonamixperesi else varyned from
wei ght | oss neasyrepgents. Then the ratio of corrosion rate to.corrosion

pr oduct (npy/‘??&@“ﬁlcgeﬁlﬂﬁeé)‘np????&’aélweé% 43S Wil as the Sgufcﬁg"tfﬁ’élrc_oinﬁdﬁleétﬂ?ﬁ of the
type of corr QgjqonTREa6RS Schibictdizifsh Al CBeHRVRE Sof fiRke Ideidshh® Rof adIP 1
less than 10, it is well known that there is little or no contribution of
napht heni ¢ acindetstoodhd well koswomethat vsed. toHomewdy' thef adith goneeniratiaxeeds 10,

t hen naphthenic, acid is a significant tri.butor .to th or.5 0S| rocess.
bi st nguilini nedsetheah bedh £ Rkt i, 0B i To8oih & bpfeS SURGRESE £

napht heni ¢ 1Quafg GadeStd aEHd Poths which@Ssuikés| thetr Anhcid£iiede 88mplethak€ Gedr ed
dependi ng upon the corroding agent. Usual retardation of corrosion

; : nt. Usually
caused by sulneuwralizsepBisnenit ofithis|taxation i mendfdrQH(E eksamplerddis refgrreg to
increasing t f . . LM ' jiS..u '
hydr ocar bon Pdrgetg iﬁg&h%c%‘fwﬂgwﬁﬁgg@?ﬁ QFP%;IEQI%%%@@W%r'o?g ,{eﬂ}l%%&l. 25% Cr
to 12% Cr, oruspkinfaimngeabily i o eppliceliéor t unately, 15 these show little to
no resistance to naphthenic acid. To conpensate for the corroding effects
of sul furdand napht heni ¢ acid, an austenitic stainless steel which contains
at least 2.5 RAEANTs EBith | Lih@ef is TRPoSTIE 85 EMEIRE I ity known
to be aggravziiﬂeggh%ty t he eﬁ evat 8@?9%%% atuFSes ?gcessary to refine 1a}ﬁd crack
the oi | and Wyf theeil @i terms af nobldsyofiaaidc or asy othesefithpusweandlytiday téringlfot evel s

of 20 naphthenj c aci d_jndi gepous t%’["gﬁ crudes. I}la h&t}enilﬁ) acid is
corrosive in ¥ife PUfge SHOSBMYC1458 430 @ EATY AT fielPT tRERTEYR ur es

t he napht henifapR@bsls s@idecdrfosidie PéRRRAMPIBARANRREliRYies PRl ANEF cheIRPErat ur es
the corrosion rate is not serious. The corrosivity of naphthenic acids
appears 20 belAdNt@pmsmmihg thas atrthergsoneentiationsrapbiheric atidsgipigs vabmpbunds,
such as hydrogen | fide,,.mercaptans, 25 el enental sulfur, sulfi ,

i sul £ des,  pREPsaipeyEs g GRS TS st BnisFEAN B pRifendly aiteld B mpounas
becones si gnidabkiBhic atidt enperatures as | ow as 450F. The catal ytic
generation of hydrogen sulfide by thermal deconposition of nercaptans has

been identified as a cause of sulfidic corrosion. Dorf71790SE Fi nal Spec

(I'ncluding a {. r Aggg

subsequent aggﬁﬁﬁgﬁké, %ﬁ#?aQSHWQéH%kgggﬁygga%%g%?f?%a |O§H§Pk§6%&g

appl i cati2én) t&upérdture marigh efo€ nthid @drrovibn dé bptwaedt C29S @ yauhd oOAC sYDO TR endat

hi gher tenperatures, also aggravates { ropblem The tenperature range of
primary int er725§)'%SI F) %P”Pﬁpg aEt‘}%ebyo‘%ei?oarci‘gile&W ?ése Elnhatsﬁ@t velrisen &pogsdiR 175C
to about 400 ﬁﬁﬁg I 0 ' .0aches to
controlling ﬁ%%ﬁ? enl@lg%ﬁgggg%%%%?%ﬁhﬁgegayﬁ%ﬁggéglﬁg ?#%P#gggﬁgﬁggnd/or
renoval of naptes eoh e nexirdsmfat about 680C7QTE abéitheg hegimde slgehishbl endi ng | ow
acid nunber oils with corrosive high acid nunber oils to reduce the overal
neutralization nunber; and the use of relatively expensive corrosion- 10
resi st antypal | ByScdnledtRiof QNG tveldelty A tRf adidBil BhiRtRE aRNAlsARRHaRE BRtors

equi pnent. These attenpts are generally di sadvantageous in that they

requi re additional processing and/or add, substantial costs to treatnent of
the crude oil. Alternatively, various am ne and am de based corrosion
inhibitors are cormmercially avail able, but these are generally ineffective
in the high tenperature environnment of naphthenic acid 15 corrosion.

Napht heni ¢ acid corrosion is readily distinguished fromconventi onal
fouling problenms such as coking and pol yner deposition which can occur in
et hyl ene cracki ng and ot her hydrocarbon processing reactions using
petrol eum based feedstocks. Naphthenic acid corrosion produces a
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approach in the industry is to construct the distillation unit, or the
‘portions exposed to naphthenic acid/sul fur corrosi oot M9ASGHénal Spdcst ant
met al s such aginbluding aBergmabiimage giish M GFETsVeantanydnghilmapss avdwwbaegwenty hi gher
anmount s of chrom umrendnars| Sdpaeteanto Attepted speacifichtainiapdUsbplicotiemdsi on -
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 treatnent
against this type of corrosion. The prior art corrosion inhibitors for
30napht heni ¢ whi¢hdinfnstice maphethéric adid odesion. (Thisge avidersed by itheappgarance afSi on

inhibitors. Dorf/17905G Fi nal ec. (I neludin ndnent de u Art. 34 of
PCT. Vol unt afSF iEREETCC LR TSBIA A SR ITE STERLPL STERON Braccept ed
speci ficati omeAbddidd IR tHedatiO) ahlPUSIEVaridiBRS i HOLhRSAAsuHANsbULAES are

relatively ineffective in the high tenperature environnment of naphthenic
acid oils. Wsbie conditionss theanetalsiuoiacd ishinifotrolyshianed. Kivowediareas atso@gsurar t s,

the efficacy and 5 useful ness of .an arti.cul.ar corrosjon inhibitgr is
dependent S on A GPaERRetl) 360 2P dRED SRE cxall 0t i vErvel. Al emaliiiof e,
efficacy or psabslenTaaphheE a@BithiRE o&urs; bften!HBHiping ©% aOWEIdE WnaBy et | nply

the sane for another set of circunstances. As a result, a | arge nunber of
corrosi on i nagiltoyisidehe pitheeqverrsvwitlyp beavyn blagk sulfide filye, while thespifesst i on to
vari ous syst endi ng .o [ r.eat h of syrface
that is susczﬂgft P‘gl%ﬁe} {goﬁ)r?%é Ig%ttflﬁgrs :i%% ,OHB)hé tﬁ@pgge@% Eocglraﬁc%g@ oh C%‘ﬁe}:‘lgl&n#'er ed,
and t he condiMéreoserf anvthee pattee WEdtatrosion éx eessich-cdreosicaawhick, hds &  Pat .
No. 3,909,447 descr.i bes certfai n corrosjon inhi ﬂltor as usefuyl agai nst

cor r osi on0i n ChERGETISHA RAteEyph Somaes With SRATB £fgfen Abehrige aBRRIS et it uch as
vater fl OOds’noC\ﬂgblen@-&@\ﬁgf@.’Tﬁy %A&ehpgf e - coftbbioffid !ir{di&givﬁi%g tRdfgig adi at or

systens. That patent so notes that many corrosion I n itors capable
of perf or m ndlomnwitbin-the spsters, Systiscsasmdadduactwith swyayes allews foy stgreaemper f or m
poorly in aqueous, and/ or oxygenat ed st ..The reverse is true as well.
The mere fact™™oHat anc?rﬁ‘?ﬁ‘ﬁ/tq&?aﬁ(ﬁaPI%%%\s%E%Sfﬁﬁe’eF?ﬁr%sé%_I?aﬁteB’S?yBEOrYé Ced
agqueous syst eRferidffsh 440b thIARERM dftdirosibn WHHhERNnSilhdeC Add0, itk More
hydrocarbon. Mreover, the nere fact that an inhibitor 20 has been

ef fi caci d0s apmplexathe \eetrgsipmw.a. cimpoergasing somplesity)dton puiferat o pitting ¢ woul d
be efficacious at el evated tenperat watn hagt. . it i.s .conmmon for

i nhibitors tﬁzrﬁsmzilr'%orgoglroy’ %Ffl%vtg%}iI\S/ghegliﬁﬁé/fifélteiv\’/héﬁﬁlymlggéxgstﬂzen%eglg{é@ﬂres to becone
ineffective at tenperatures such as the 175C to 400C encountered in oil
refining. At such tenperatures, corrogsion is notoriously troublesome and
difficult toTelieprmagton pravided bysompsipn paiternspdicatenpbetharmapbiheicrsicho

t eachi ng or est] t i i L; - tens
such as hydrg%g[fgb%%}()? F}IL% %Pt’eotéﬁxe@lwa It};,/eeﬂ%g%%rc})s@g%lggE’gﬁrg?gg%%&{fs t here
any i ndi Qat i aracknbysiBfurPsdost dvade Sor@4in hgdrdge autlfitiéyeand ahgreforedseadil s dros ed

therein would be ective agai nst naphthenic acid carrosion upder, such
conditions. 3" %@%e %B%@Plﬁi%ﬁ%ﬂ‘ serlc Pﬂ&ﬁ%faitﬁ@f BAYE, REGB AOSSTREL 1, D ¢ 34

of PCT, Vol unigyrtoANGNATRE (12 Rkl ARG Giabe BERNEUTRAISwitd HIHAHmd O
Accept ed specificatiion of AU application) Atnospheric and vacuum

di still ati on sestsinghe peesencs wb hpdrogerosubfagerthé il doraddds oovariatsly aonwshidide,
processi ng certain cryde oils., Currentl sed tr.eatnents are..t.hernally
Feactive ot qubt Bopear pas e i batk bR mhdS TG o SBHPRLIR ¢ o s,
this is phoughdtalt B ¢RREEd! WitR Tt atidehastirt B sWalaesodgh! Waterl e dxiybén i s nore
resistant 5 to naphthenic acid corrosion than the base steel. These

i nhi bit ors arpeesen tatpredicy aan | ca thethetak pousionsfai rly narrow distillation
ranges. They are fed into a columm above or bel ow the point of corrosion
depending on the tenperature range. Polysulfide inhibitors deconpose into
conpl ex m xt UFegss wilizbd @hduteradite thewktenpof statdsfondesy alesl serpeadhficatads efrent al
sul fur and nercaptans. Thus, the volatility 10and protection offered is not
predi ct abl e. UrhdyRsr ebicargsion gsaHTing WHPR tah partisulae hydrosaber itesating Wit i neri es
and the i or [ . Fels a {0 ength
in the | :%P er al\{lgt;afe?aﬂﬁgg f %Fﬁg%&sgé@ﬁnt%?%ﬁ%ﬁng )r(éég%gg%%? glt'%?(ii/éél.’ %%galE)JSAS Pat .
No. 3,531,394 to Kosznman descri bed the use of phosphorus and/or bisnuth
conpounds in the cracking zone of petroVbun1stean1furnaces to inhibit coke
formation on the furnace tube walls. 20 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. 4,024,049 to Shell et al discloses conpounds for
use as refinery



25 antifoulants. Wiile effective as antifoulant materials, materials of
this'type have not been used as corrosion inhi bit or sDafI798EGHFimak Specs et
forth therei n.(Inglding ameridmentaiade e deie 34 /e Koluriary dtandments avfl sebseaypiosphat e
esters such as thogwerendmanssi Byutwéensigiceaptedispeséisefionrof Hb applécatiordoni ng f eed,
due to the non-volatile nature of the ester materials they do not distill
into the colum to protect the colum, the 30punparound piping, or further
process steps. The patent docunent reports that Dorf/1 790SGE Fi nal Spec
(I'ncl udi ng amendnent made u Art. 34 of PCT, Voluntary Amendments and
subsequent ammtehmbnThis vEghtviabeist recordéd depnisl of peg/crhisup.li dheredftorthe

application) injecting the thi ophosphate esters as taught .thergin results
' provent | ofOBPSITHENGEEY br AREGNIBFT HABHHEA! 0SS EIea LGRS Bjeni (e Fetl

di stillation gRbMadsn rdtd PSSR RoBhdl mpHMtl/@a S8EDRIsed IR TR is 25U. S.
Pat. No. 4,105,540 to Wei nl and descri bes phosphorus’ cont ai ni n%m(;orrpounds as

anti foul ant duher iindieatorpfgherpipe o€ conresit prgcgsa mhachekas taken plavesion ol thes

conmpounds .enpl oyed, are _nonpp-.. and di.- est e osphat.e and phosphi.te conmpounds
v gt 51 ontt® Srle fuloEir Ronell yoedhahebBERR it Pl RETRRD S by

No. 4, 443, 60%aphtE&li©a6a t68hd abrfosicl pdbydl Hbewrst Olfah® hapd@seds HXitskh and
esters as bein&@useful_as_acid corrosion inhibitors, Such inhibitors can be
prepared by mepltheme aedt as na 2 senificayidr smtikiten d8 \ihe hofresiall KCshosphi t e.
Wil e these tetrahydrothi azol e phosphoni c acids or esters have good
corrosion and inhibition properties, they tend to break down during high

t enper at ur e dppinguEhingnbetivhar suiffidation tttagkomsi boreoston saised byf naphttexicous and

toxi ¢ substances, |t is also kno t hat phosphorus-cont ai nj ng conmpounds
i npai r t A8 @ik ISoHNRATARG  $1BGFs gbf%g}ty@pseg@geﬂetrsqw@a eRendidg wan he g in

fixed-bed hy(%ﬁ%&iﬁétagérﬁ. @E&Qafll?%’@ié}ﬁétﬁﬁ'ﬁf%rﬂd%h Rauskll B9 Sultid cRERBISAH S are

often in a quandary Since | he 20 phosphite stabilizer is not used, then
i ron can acc¢hyhtt gemperatueeship chffected dyningreasiog e amod@ gfpchremvim mp#hier t he

catal yst. Although.nonphosphgrus-contai ning.inhi.pitors are,commerci all
vl abl e, 1 Y St BRRE P e RSP b i Yt A Rt SRS TEY st a1 ni ng
conmpounds. 2%hplyeBatroniND.25% 04302498, (1, Kﬁ@%ﬁﬁﬂﬁkvéﬂ highes Qi fbREnaA¢ly] nproved

met hod of reducing fouling and corrosion in ethyl ene cracking furnaces
usi ng petlpol dhgsefedslivlek® nodeusiinrg @t naphthenic] acigp e ofompensate fos gheubl e
m ne conpl exe Sphi.t I: sphhat 1oph Lte ester
conpound, mé’gg?{iﬁg %gf% ‘Ig%bﬁgﬁlﬁg%n g ng%}}tb%}{l?gén}g’c%e%aulsi%gﬁgn#g%@%as?%?W{ Cgln 1.0

(equal sol ubicbhfaihsidb 1€8t D.580 atpidturdaNehubtybl 06ladedOMhs @birediNeS problenoid / 1
790SC Fi nal Spec (Including arendment made u Art. 34 of PCT, Voluntary
Amendment s ar@O¥TH8eRfasgravatech Ardhe slevaigd; tlsmparaturesongssesept & redpectd cat i on

of AU appl i C%fr%?%e Hil ?ﬂﬂ (I:%?kdde yg’s AiBA wHiLE i Qaé%hﬁgltaﬁfye@s?gﬁgwa%ﬁ an

i mproved net hod for r ul1'ng-and corrosi o ppm of a
conbi nat i26n ofapkthedio sphloindigeaots fotHeaoideso aphtidngnatid i§ icbmosige imithei t or .

The RSP ue, ORI K5 cn BOSPRO S BIOTEALL e, ORISRt €0
conpound. 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.



U S Pat. No. 4,941,994 Zetneisl et al discloses a naphthenic acid

corrosi on i nhi bit or conprising a dialkyl or trial kylZymwgEasedinalSpec

conbi nat i on witkHudirig apendmeantmaveu Hriad0efiftd, Vaurtamymendreants aud vebseaerint i n
phosphor us- cont ai nidngrérestt Peuiialenbleidaceptsd sresifiseianehit Hiapriics!i9|s reported in
U S. Pat. No. 4,941,994. Therein it is disclosed that netal corrosion in
hot acidic quuid hydr ocarbons is inhibited by the presence of a
15corrosion inhibiting anount of a dialkyl and/or trial kyl phosphite with

an optional thiazoline. While the nethod described in U S Pat. No.

4,941, 994 pr Sulfuein the gnides, adwch praguces bydsngen mlfede attﬂnghpr tempemtmres @&ﬁ@m ques,
neverthel ess, there S albiaI¥ a deS| rﬁ] 20 to nhance E lu ES%?

corrosion | nAEBRISFSGRT SRS Tt of POPbhash ¢ttt ni ng
conmpounds Whic6Rodi®y is ifiiB¢ Fanigh @f AbREt1767C &f atvsut YOORT %@ﬁe%ia}l’l%t&oUlSMTO treat
crude oil, as well as a desire for such inhibitors that nmay be produced
from | ower céxebayt 468 Ce avail able starti ng naterials. 25Another 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 prent of the hydrocarbon

processi ng uiMakioud Fﬁpmdaalﬁersi & contrdliihgn pEphthenics addr corision dgentisclidedm

reachi ng the metz% surface, and | rally, a hydrophobjc materi al

Gust avsen et NEYtraligy rgemayel ’ﬁéélﬂfi%am b thpcrude mg\B?ocesf?dQl 1989
details the 3 '16%%{&&:{31% s $RPcdo R AR humbérdils K3 tedulO th

5, 252, 254 di sclnos s one such Dorn 7 %I&%l%na Spec Il Sélélneguarrer? dnent
made u Art. ®%emafl mi'rpllmmlounmanl;erAMdhmmlss odnﬁlagudsempeMVGamndmt S,

Equi val ent to A cification AU.a cati.on m f o ng agent,
Sul'f onat 2 aPRTEEANGE BT soRTRth othe Pirirb e SS0ER rebibRsphRER o aci o
corrosion. UaRempatare eraﬁlylﬁga@l&age%%b'%jtﬁaﬁ) Gt ERNaRfiticHal pRRestiiy 26,
1993 describes 5 anot nmet hod of 1 nhibiting naphthenic aC|d corrosi on of
crude oil, canger Qd%gubstwlehmsn@ treptwentief the Icrude aik fAdtearasivelypyameusof  an
organi c poly If| cl osure 1

i ncor por at ed er e%lrﬁl Jagggse cr%rgsmq’ﬁa“bl%srsg C?)Hlenrlerga”%*syaéégf uf these
corrosion-i niardogénewysméﬁfwws e eHectfigh mhperatadel dvirafmantSsTUtapRthehic @eidr osi on
was detail ed above. Though the process is not well understood, it has
10been défer FPHaHOR- r{d@pmmnl%a@élcm%@w Ef‘édléh distingeishedelremGonketionali ve
agent. i n. S MRl HaRiblchS suc!asS Uik bEd olorfl Wb SONGE UHA 180 Deci! imPECOMeS
a corrosion agen osphorus can e Irve arrler agal nst

corrosi on w tethyldneserhdking adetothehmydﬂxdmﬂ)mrprodessug freadtions asiagtpetrbleutnhe

process stre cO0 inin hgsphorus yields a, 15 fi|l m copposed of both

sul fi des and%ﬁfﬁﬁ‘sfgﬁgf Qeks Tfpfidre ﬁ@samdt%orwﬁwwﬁ?%sﬁa plarecsy Reoxdgl | as a
decreased phegPhefabih Rt WRIBRY corrbive sir@éfﬁﬁh'c%ﬁtr&@r&ﬁé H§p65ffs %élferzﬂﬁy' i berate
addition of sulfiding agents to the process stream wh phosphor us-based

mat er i al 80ar davsedrdsove efiscisclse mca:btmzabbn,teoomdtmalsmshng interaction. 20
Phosphorous Thi oacid Ester of (Babaian-Kibala, U S Pat. No. 5,552,085),
organi ¢ phosphites (Zetlneisl, U S. Pat. No. 4,941,6994), and

phosphat e/ phasphiskethesd Qbﬁroﬁaﬁzbahaa'@ K6tbBéeh ehlirSly Batisfakty, IS I0edped) , have
been clained to be effective in hydrocarbon-rich phase agai nst naphthenic

aci d corrosi @apropeineny dhe indiskuiis thi ensougt e dipfillation wmk arsthehporipry of
distillate s 'quos%ﬁ & %Bh?l?e%caz{gﬂ}?&lfu? Qorqgsmn, 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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phosphor us. Phosphoric acid has been used primarily in aqueous phase for
the formation of a phosphate/iron conplex filmon sté@f/léﬂ? e Spest
corrosi on i nhi(bictidizg amendsenanadg oAb P¥ e/hG 1o Helupiaysimendmenp; qndisubtequgtilent

8,667, U.S. Pat. NowrengmeysEguwmilenplosoept@apecifsaiionaf dG/epiiatian) Spec

(I'ncl udi ng amendnent made u Art. 34 of PCT, Voluntary Amendments and
subsequent anendnents, Equivalent to Accepted specification of AU
application) and 1,872,091). Phosphoric acid use in high tenperature

non- aqueous environnments (petrol enLll_gg has al so been reported for purposes of
foul i ng miti ddaweyer,(thes: deamosioNo int@bitots B8 GlelatyFlyeincfiestieg rig thec dwgh nui ng
need to devel 0 adtdi tional o tti ns tI_‘or. m.tigating the corrosivity of acidic
crudes at Ioﬁ%rﬁp%{gélfe.enﬂﬁogmf Ogo%gll %{FW‘f‘Pﬂ% at tinmes of low refining
margi ns and a high availability of corrosive crudes from sources such as
Europe, China, or Africa, and India. The present invention addresses this
need. 101 n viWhilevareusveorrasiesr imhibitors aredaopa o wariows aztst thenefficacy and
conmpositiQn t i ffective high. tenperalt heni,c i rrosion
bt on, PR PF et aFEIHET o ¥Siob JREPL I AR ST i PRtEED
conposi t i ons.cirlchhkaides ANRhABMANTACES]. Mhud, HifidaxybNhsdBNndssAmder aliengt 9f  an

obj ect of the present invention i,S to provi ?e an _al te}r‘??ali ve chem cal
conposi tion tHCPRSINGES OgPFQE?S%IWPB'h‘h? EXPe FUARPICHEY IRf REFHTBSIERSEY 4r r 0si on

i nhibition. i LhB&t i i [ iSveldde@4RY hiden Atk

addi tive havianrgﬂgﬁgrr?ggﬁ%g&cog%gg%ﬁgfri}ﬁbvl\}??éé hgg %wepoﬁgs%ﬁor oug contents,
hi gh t her mal fet afplicatign nvhrloosyspstérds tigpendingem thbjnecshiem dredteddthartypees wi | |
becone clear after. going thrqugh.,the detai]ed description of inventjon. 25
SUMVARY Acortt YAl Sk eIEd it dompiphah PEEaheor R e SR By b a mow
additive for thdhbRditibMd NN ERI Mmedfulfl i @XpREd. OPorC &M IS US. Rk YRBI i C

t hi ophosphate ester havi ng | ow phosphorous content, high thermal stability
and | ow aci di%909,44i dé¢scribes Gutain torroIBGimiibitirs Speuseful raghinsli perestam éhrent
made u Art. 3 f P Vol unt ary _Anmendnent s _and subsequen nen ts,

Faui val ent "t qORBetb Rl CRE R o R Ryafh r 24EE SR A ot o
reaction of hyehaxywedrgrdnlld aRdN iy dsitiby tayll ao® @diape|syseine MEha paennat e
ester with phosphorous pentasul phide. A second aspect of the present

i nvent i orl Spr lsodtesthabmany corrosipk ipfubitors sppableefaparfarmingin nethagiepihg

SRR OSSR A e AT PP A
phosphor ous cxyparnted dyis@ghst e malersetialiiukias ywellh dhk oweradadithat, anciahibitosi ng t he
steps of: 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 effective 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.
30



(a) reacting high reactive polyisobutylene with maleic anhydride to forma
'10pol yi sobut yl ene succi ni ¢ anhydri de; j(b reactin s%ﬂ%?@%ﬂ@'dﬁé?% ene
succi ni.c anhy dilading imendeggni(mgde widyh 3hofdtsip el aryedmepdraents and sybgedaue®| s,
pol-yol s, and pol ynetieadmdngso Bepivalanpiotiseaptedripaeifigaiipnyf AUsippliagtiordd

pol yi sobut enyl succinate ester; (c) reacting the resultant reaction
conmpound of step (b) with phosphorous 15 pentasul phide, wth various nole
rati os of said hydroxyl -term nated pol yi sobutenyl succinate ester to said
phosphor ous pentasul phide to forma thiophosphate ester of polyisobutylene
succi nat e estAgmosplieric harids vadvann agsitilladon sysiems acosnbjsctote naphithéni¢ ragid
additive. 20 Athird aspect of the present i.nvention proyides a. nethod of
maki ng an addPEPYEN R RICHTSINE §° ‘bh%cg PUs-aEgeRty; M5 S5aMmENS &% sai d
addi tive comkdrm@By feabfleyiRisk tenffcidtiRBanakd Elfe bf fdspHordSbhsedtinhibit6rk,

pol yi sobutyl ene t hi ophosphate ester having | ow phosphorous content, high

t her mal st abithis isthgwght tolgad 60 ameial @b@ﬁphatsiswéaqeﬁﬁnsﬂggé‘ﬂmfls mPBYIgyipleakct i ng
hi gh reactiv i vl e i t ej [.de-: . a1

pol'yi sobupy SraneibaRb bt st el B bl RIS il Bretmiuet,

succi ni ¢ anhyalatittearf exdfisip f4idy natrdWw distitatdpo vaiges elteetapel fddr inro gleyluairs,

pol yols, and polyneric al cohols to form an hydroxyl-term nated

pol yi sobut en@gogm@em%&“é the pepnt ofpegrrgsion7 depsndingnan tg, demparaiire, gAngg:

amendment ”agg)l}#blgdte infithitok E&Emé) o vib a!;ol\fncpgbg? m%?éss of ﬂ%hﬁf’ BREqY&RL

amendnent s, ent to Accept speci on of AU application)
(c)reacting tpotysudslas hadit perleps) elomentehpdfinchndfmertagpar(sb Thus,tthe phlasiphor ous
pent asul ﬂBl de, with .variépus .ol e r(gti of said hydroxyl-term nated

pol yi sobdPenyd PrRiestionodtersd is poypyedigialenhosphor ous pent asul phide to forma
t hi ophosphate ester of polyisobutyl ene succinate ester; 5(d)reacting the
resul tant reaction conpound of step (c) with ethylene oxide to form an

et hyl ene oxi déetnreliemd caesed \batriaphthetic geidygostsisionyih aefénerigs opd thepprigraarest er

which is the naphtheni g acigd corrosion Lnhi.piti addi ti.ve,. 10 A fourth
hpect of tnaoRRabLse i dikbienh o bRRAEHRA RO LIS tickluls B L1\ e
for inhibiti Q‘gllmgmmﬁ&]gﬁa@r@@ﬁta@s&;on, conprising the step of: a.

heati ng a _hydrocarbon contai ni ng napht henic acid to vaporize a portion of
sai d hydridcarbon; b. allowi ng the hydrocarbon vapors to rise in a

distillation I?%! ;ﬁﬁg;Igégf,??ﬁg?f@éiﬁ&gﬁmﬁ’%&érﬁ)@d he 3R %é!})siﬁsﬁogutﬁ?ﬁgd/&apor S

passi ng throug I on colum to produce a e d. adding
to the disti ldiaheh fcompoindsoin2B€ OrapKify zZone be petbdlyurid staan?fifingepsito othitsai d

pol yi sobut yl en hi ophosphate ester as.clainmed in claim1l, or said ethylene
oxi de treat ecFOE%?EPdB\?ﬁﬂn 8‘?%&%@%%1‘-‘;?%‘@41% t hi ophosphat e ester as 20cl ai med
in claim2, or said oxide treated conpound of said polyneric thiophosphate

ester as clainmed in claim3; e. allowing the resultant m xture of step (d)

to conta@d sUhSt Rat.ilol 3,58 hd94ene iKezmen alesgibefl abesisofofsphiodpldiret ahd/at i on

Icglhlu[Tt 23 ;ggﬁ{g{ltgzcgg{ph\éﬁ%fnl tg' %pacﬁﬁlgdzogg ro% %gt?ol\e’:\@r%rs?e%}% ?u%e(ljceg S Erﬁn‘fﬁ? are
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 column, the

30 pumparound piping, or further process steps. The patent document reports that
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DESCRI PTI ON OF THE | NVENTI ON The present invention conprises a new additive
'which is effective in inhibiting acid corrosion conp?d&] H4Sedinakspscc

t hi ophosphat e (Bshding ampridetantimade Bigh Heef HS. VeuwenatinegdmeptsyyiH ywhsequednpound
havi ng nono, di or gysrgmeansdEgsAentiodtdeepregapasifisaéonghiy/ applicgtiey conpound
which is hydroxyl - termnated, nore preferably Dorf 1 790SE Final Spec
(I'ncl udi ng anmendnent made u Art. 34 of PCT, Voluntary Anendnents and
subsequent anendnents, Equivalent to Accepted specification of AU
application) said polynmer conpound conprising hydroxyl - term nated

pol yi sobut yl énjecting tholthiophesphate wisters ath trwghtothetein pesults éw lppventéon shihe

pol ymeri c thiophos hatge eﬁﬁgr. i s.further r.ea%ittelg Wthlalﬁ%{ one of &ngie oxi des
sel ected froff lﬁ’éeng?é’ pna(? P&t 19 °8F°§Pﬂ>)fle g1 %PiOBeC,O% @I%‘H‘épats% e or
propyl ene oxipqiﬁng),rangugsbci@{eh%u@ﬁeﬁg, preferably 5 ethyl ene oxide, capably
form ng ethyl ene oxide derivative of polyneric thiophosphate ester. The
invention is useful in effecting acid corrosion inhibition on the netal
surfaces of iSLi i It di sl ati . , i hg and
urp-ar ound o 51 N4cH RE 4l eelafl deochibb s BhotIR ol coR B A, 20
conmpound t o heantifedlaasadditives & ethylemdicacking ffrndces. Thielphbsphgrisicgmpoengser at ur e
napht heni ¢ acid, corrosion. Thjs reacted, conpound rking as,effective
corrosion i ni§MPIAYEH aF"s“’@B?‘ai“Pdeé“Wr a%ﬁh?@rﬁr@qu@%?wpoea%kﬂmg Aavi ng
nmono, di or ]Q,ngr . I oxy - term nated pol ymer
conpound, mr@%%? ef rdg(ﬁéé nﬂ{}gyggvpreﬁgqgﬂgg%wn%{'ed pol yi sobut yl ene (Pl B)
conpound or pol ybutene w th phosphorous pentasul phide, resulting into

formati on ,of i sp e _ester, which is polyisobutyl ene thi ophosphate
ester whgﬂ p(g'gi ﬁ%gﬁ?y@@e@s&&ﬁﬁsaﬁ nﬁ%‘ia@%!&hl geé?qs THotCH M osi on
i nhi bition i gsRfs3 RERIRYRHaPNcid cHPoRGHRHiIbNBEA SN inAbiE: daHbepdpar&iact i ng
pol yi sobutyl ene thi ophosphate ester with any oxide selected from group

consi sting ofbyetehstingnecrigni do-dibydrpthiarelesxwidle aodialkyb phpsphite o hile, theseef er abl y

capably form et hyl.en ide deri.vatiy f._pol ric thioph hat e ester.
Convent i onal rgER: P Eute iAot Kled g lf pdoEfortod LERMBRRABIE e
patent 25 EPplofReids2tiey tédetobiedkaddven HatinglBighitempdrhtird Mppdichtiain. théfegh
reactivity in this context is defined as a PIB wherein at |east 50%

pr ef er ablly 70%hopospiblecmission pleobmexioup and WKistsuhstancgdubl e bonds are of the
vinylidene type, for exanple the G.I SSOPAL conpounds avail abl e from BASF.
Dorf/ 1790SE Fi nal Spec (I ncluding anendnent nmade u Art. 34 of PCT,

Vol unt ary Amdndnalsd knewa thathshegpieints-comeainling ndospobnds inapadnthet fandtomepf ed

specification of AU application) In ope gspect, the po r used fo
preparing hydPolys -Catg]é(gtlsh‘ﬁﬁ &8 Bt yareee Hg’s et Wegﬁedltge‘lax‘gg@%ﬁe’éa?%n

at ons. | N aRAtREIKASPEAL. t?lﬁlea@i?‘b?é&ﬁ'sto}é)%do@éﬂ WEqulRdaryRiMee Ut e Wei ght
of from500 5°to 10000 dalton, preferably from 800 to 1600 dalton and nore

pref erabR) f mbosphie stabiliz806 notiigednthe iren pan accumulage wf thehRHpearbon up to

hydr oxyl -t er m nat olynmer .is preferably 0..01 to 4 |l e,of P2S5.t0 1 nole
of hydr oxyl Tot gor %%n Pq %ol ?.t%ioca?aﬁﬁgnﬁlglopglﬂi@ngﬁosﬁb‘gﬁﬁo‘éﬁﬁlqﬁ/droxyl
- term nat ed igifbRérsiate RERRIGAYatildBle! thed 4 lgBn@hllP RSP etfectiveNiBhe tRf
hydroxyl - termnated PIB ester. The PIB can be normal or highly reactive.

151t has beerphesnherusstontpiningirerepeunded by the inventor of the present
i nvention, that a polyner based thi ophosphate ester, having | ow phosphorus
content, low acidity and high thermal stability, and non - fouling nature
gi ves veny eflf.8ctPayeNeonisHoRs5dftonNkpie et cal adesdribed a@Singgtoved 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).



20The novel additive of the present invention is made in four basic steps.
‘1. H gh reactive PIB (Polyisobutylene) is reacted wiRda/MASGEFinglperi de to
make Pol yi sobuingluding awerciyient mada midyt 34 o P{TPVB8Mpry AmepdméFitseand suhsequanit
reaction - conpoundmehdminepEdavalent iosictapradipacificetiantofd Umipplicagiomiy | ene gl ycol
to give a polynmer having hydroxyl end groups which is 25hydroxyl -

term nat ed pol yi sobut enyl succinate ester. Depending on the nole ratio of
Pl BSA and et hyl ene glycol, Mno ester or diesters are forned which leads to
the formati on of nono hyrdoxy or di hydroxy term nated pol yner,
respectively. Both these conpound are found to be useful in this invention.

Vol untary  ATLRGEAt SV SaLe do ek P Bheh oG ek yaPENEd resthoEdeR ed
speci ficati O'i‘ecﬁi(cu@tfoﬁﬁﬂé hﬁ(ﬁ&dr%lioth rP@clrst % }5{%9:103 aQ{OH‘Hﬁ)llei%il%f QpHBSPROEY | C

al cohol s can al so be used 1 n place of ée ycol . The exarrpl es of such
useabl e corrp@uhﬂmlaalt e‘ompomd emaagﬂ'll}mmg lnlb (Hné"hdlrrhbsplbmsyd:masméllycaol

but ene di i n t hyl coI

pent aer yt ﬁrl tgPy%ﬂ ié‘}netthﬁi%b te5§5n‘5i9#’i3%%ﬂ% ﬁeesgq y8 %‘in et her
hydr oxyl ter mlﬂmgq%map@%dﬁlda@ame%oh@oqm of the many ways of obt ai ni ng
the hydroxyl-term nated polymer) 3. The resultant reaction - conpound of
step no. 2 is then reacted with phosphorus pentsulfide. The reaction can be
carried out usi tj,o r n ol ynmer,
for exanpl e, tt%? %flgq\-m/ 9F§?ng%ﬁn§?l ét §1 SCloyeq f)ﬁXé)lﬁhenti?e]g?iSS@%rg% (glsul fide.
The resul tantmmba@tdomprsmgmﬁﬂdylcxbttﬁallaﬂgh@‘phﬁé ircaimbigdtiongvist @poptivnaB i s

Thi ophosphate ester of polyisobutenyl succinate ester. (The resulting
reacti onleorrﬁ #lines effective in the present invention in inhibition of
napt heni c acid corrosion). 154. The resultant reaction - conpound, obtained
after conpleting step - 3 is further reacted wth oxides |ike ethyl ene

oxi de. The otﬂclsignﬁ'mmmﬁdmbda@ltlihlqﬂiomltoylllsecumtajuihgelaphthgniopa;zicbn@'r@idrde al so

can be used i lace of eth Th ant r.eac ound
bt ai ned af ¢ APt vty rsrongd 8 B ek e "E0ul P TR ndC R asBur R v ve
of 20pol yl S obdenl RRRsioh iR RECRIEE BqfRigHrocdibofs IsaakibittdBy RGRéREE SmPound
of step 4 is also effective in the(gresent invention in inhibition of

napht henilé acsorosion irddbiting amount afta diglkyl| andise tradkddphoprhitetwith atbertiongent i oned
steps can be Enqgrstood better by 25referring to the correspondi ng exanpl es
1, 2, 4, and §" above nentioned steps describe only one illustrative
exanpl e of the method of preparing invention conpound The hydroxyl -

term nated pol yner described in these ster can al so be ot ai ned by ot her

appropriate n¥bhodie mghoddescribedard/ S ri’a’i1 Nged. 9 901 udPrigensignfidAt nade u
Art. 34 of PGE, V@iriéﬂ Yv¥ér @{é%irﬁﬂtt §@r‘fiié?é§§, ROERIIRALS o deGid val ent

to Accepted sp Ication o app I ca
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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The present invention is directed to a nethod for inhibiting corrosion on
'the netal surfaces of the processing units which prdeeg87%§efdedSpesns such
as crude oil ddluding amergiprentorade adint & ofl iy, Kelphiotyetmeadragnisdind Fihsequantent i on i s
expl ai ned i n det ai |anendmantss Egiivaineigtdcteptedhsidsefication of ¥ abplidatiog)ng et hod
steps are carried out, when it is used 5 to process crude oil in process
units such as distillation unit. Simlar steps can be used in different
processi ng units such as, punparound piping, heat exchangers and such ot her
processing units. These nmethod steps are explai ned bel ow. 10a) heating the
hydr ocar bon dtmt &irming) agenth swlématedaalkyl-substituied r phesola apdr ¢ffastive fagaimst

hydr ocar bon: bélgﬁ' I.ovm'.gg t he hydrocarbon vapors to rise in a distillation
colum; c¢) cdi %rflf‘@m %?Sfl?rbn of the hydrocarbon vapours passing through
the distillation colum to produce a distillate; 15d) adding to the
distillate, from1 to 2000 ppm preferably from2 to 200 ppm of polyneric
Thi ophosphat &J.8sPat Ng- 591&2,8& thsued tnPeigrsgargtvadt P denoz6,c M3 d@@flg‘?ﬁ

r{gl ow ng

t her eof , ich ks the reguir.ed additive of. present invention; e).

Lhe ai st b1 agdotdr iiafoh FR b BB fphnYRe BiddrREMh R bR oofisfe ') "The
entire metal istwduaihgsindd thd@ildus teffebatd amount bf ta Hamic 2yl fde i Thee il m on
such surface ereby. such surface_ is_inhibited aﬁgai nst g{o?rrosi on. . It is

advant ageous’dtiSG aspsAf WsPat Naw pdA2.008 irmcorppiaied hexginpy reisracsi Thisg and

rel ated equi t: i i LOK . ed
vapours 25 Pomer bAnIEUET o Bl el R et R CR e et ot
t enper at ur es cgrresibe was lietail2d @b&e. dirduglr tiegpradisy i@ &1l Thderstidati, tit bias i s
general |y added to the ndepsed disti]late..and the condensed distillate is
o T oved 167 CaRea Retmiaet BAOFRIC S Rl be B Frdhie afSePrPaNs et on Al

packing, traygantitidIPat 36D YN Dn8dfatibns2 i@ cGHY é%H%stio%%gEﬂ? condensed

distillate passes down the colum and into the Dorf/1790SGFi nal Spec
(I'ncludi ng amendnent made u Art. 34 of PCT, Voluntary Anendnments and

subsequent angndnent s ui val gnt.. 1t q _Accept.ed specification.of ;A

2ppl | cat 1 ony PHOSTTORen S 48 sfifdbani B8R RSk APLLCTARL VS e as
product. The ad@iioAfe6lfidiHz dpch@rts tif prob&sisﬁé&ﬂ@bntﬁﬁﬁ@‘%ﬂd@ﬁhdﬁﬁ?ﬁelﬁsiﬂ t he
resul tant col]ected product. In comercial practice, e additives of this

i nvent i onlSayfile cartpetedt of ot swifideat ands phesplhipiss-t dhisoresels iBolmrigYsh in a
draw tray aniche}fgrrﬁzﬁ{%e cq Wil 824 kdé&geg}%giwbﬁ%%hg&%%Qui'ré}h&ﬁ.t AR [R¥nddy added

to a spray oil return mmediately raw trays to protect the tower
packi ng and tpeatyiss loe thevdeliberath &iditidnadfesutfiding hgemys tol the prochst steamcwhdn cal

where the additive of the invention is added as long as it is added to
distillate t RROSHIOTShased mAcHaledrg §5tch TP SEaRIm PP ViesasPtugie. Y ch
contact the npalidQi nterior surfaces of the distillation colum, trays,
punp around piping and rel ated equi pnents. The net hod of using the

addi ti ve 26onpound of the present invention for achieving inhibition of high

tenperature ht heni c..aci d .corrosi I,S. e i n bel ow, Wi t hel p of
exanpl es and%ﬁﬁ’}é’é‘?“’rﬂﬁ?ﬁ?‘? géfegeoéﬁ@??ﬁan%&g%’gfédﬁﬁtsi ?@gcwpoﬁﬁéfﬁﬁ’present
i nvention usefgdnid {)&%bﬁi%' (@Btimeis . 01 pdt ORo a4 1t 5igt) f fidl ghokBiehtd/pR3phiNt

di stingui shing features, as conpared to the prior art. 20 1) The inventor

of the preserssteinyBahaiasnKibate df.Sexitagndiov &304 mhateabpan claaed darks i si ngl y

found that t ddi tive _conpoun sed Db he J.nyentor, is the R C
P00 TIVE. wil TR T R GOERAEE HBST alRlrbt el P o Rab bR
i nhi biti @3, their high oil solubility incurs the risk of distillate side stream contamination by

phosphorus. N

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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25 as shown by the experinental results given in Tables 1 to 7. The prior -
‘art does not teach or suggest use of, a polymeric thWeFhEdsadiinalsgeer or
oxi de - treat diclding grendpent e st SHARGT \félul”ﬁ e @IAuhs894eB: r osi on

i nhibition or sul pmyrené'm'vs@é?mwlqnhw&pm%p@#caw & dtrapslicstiownhi bition, in
general. Dorf 1 790SC Final Spec (Including anmendnent nmade u Art. 34 of
PCT, Voluntary Amendnents and subsequent anendnents, Equivalent to Accepted
specification of AU application) 2) Another distinguishing feature of the
addi tive conmpound of present invention is that it has nore thernal
stability as a@énﬂéﬂé’dmﬂb tHh@SI&@GPt iagid dsepdunbight dergparatyye t pan- @que@us - art,
due to the poI rlc Ny the dd|t|ve [oX0) und of resen ivention.
Do to its bentiBmEE Mhiliclepn, RS, 896 ReHCaTRIEE BY BisnlisSof fouliy
invention is n\ﬁagyucﬁﬁ‘otEStBav.e\I(b.B,MSgﬁa}6§ enper at ure napht heni ¢ corrosion

i nhibition or high tenperature sul phur corrosion inhibition. 3) Yet another
di stinguishing feature of the additive conpound of present invention is
that, it Ras cl gt v. t nds of
o arts T afeis ekttt hoE S RERLRS ikl GpudiE ot it EeafRERA T
acidity. The cphosipttabé acddicenrsdasfat powercoar. tThix B dspmmilyttwdwavtanes ofakmdsency to

deconpose, eve .at | ower eratures,. tq. form phospharic acids, .which
ravel fur t nariuinb e L) AP BORID: 9 aRSC CREE TR $0ukee SHOR G { aces

of 15equi pﬁerﬁlﬁop%uehnﬁsoxp&f}i%b“&d%dﬁ' *Pﬁé ;Brle@nt &Qeﬁ?ﬂn%ﬂres&é% thi@h@egol id iron
phosphate or iron sul phide. These solids plug the holes of equipnents and

thereby lead to fouling of distillation colum. The additive corrpound of

h d h hi
ai st ngundni B “Feken ApOGs Todie i, G 10 P MERFISY spRRBHHOR S RMIS i on by

the inventi orefﬁ@k@bet g rhFer@URN nhStMhdO SRIP U0 oMt iARtbitidEXAMBEE Will

258ynt hesi s of Pol yi sobutenyl succinate ester (PIB ester - hydroxyl
term nat ed poivgieemedmeisadvantagisaf the minryi abenmerasitionsucci ni ¢ anhydri de
Details of conmpound %wt 1 HRPIB (COLOA 16500) 89.48 2 Ml ei ¢ anhydri de
10. 52

OBJECTS AND ADVANTAGES OF THE INVENTION

15  Accordingly, an object of the present invention is to provide an alternative
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
Accordingly, a first aspect of the present invention provides a new additive for
inhibiting naphthenic acid corrosion comprising polymeric thiophosphate ester

having low phosphorous content, high thermal stability and low acidity, which is

12



Total size 100.00 Dorf/1790SE Final Spec (Including anendnment nade u Art.
'34 of PCT, Voluntary Amendments and subsequent anend?aefil Z0SGdinaldpesnt t o
Accept ed specifrrloding anendinem\tadp piric 4 o/d6)], Polweiersdmendmenspd Bubsequght React i ve
Pol yi sobut yl ene) weeeedneantgeBariivalen! fa Actapted spasificatiop of AU applicatiérgur necked
flask, equipped with nitrogen inlet, stirrer and thernoneter. 52.
Tenperature was raised to 125C. 3. N2 gas bubbling was started and
continued for 10 mnutes. 4. Rate of N2 gas bubbling was reduced and,

sanpl e for noisture content was taken. 5. Ml eic anhydri de was added to the
flask. 106. Afaction pdirttiofmeasfiomaf kydroxytherthinated polgispeutplene er pedgbuteriesed t o
170 C and mai ntained for..2 hours with nithl%gen bubbling. 7. After

conpl etion ofUSFHIA SHHIHE RACSRYERUSPREAS BRI enper at ure was further rai sed
to 205 C and, heated at such a rate that it should reach -205 C from 170 C
in 3 hours (5 C25 mn). 158. The reaction mxture was then maintained for
6 hours at 2@6seond Qispent 1of the presertt igvensignprovide@3@jthechef meking amew xt ur e

12520 8 LSaKIRE ol Oy SRSt UL ABRHERE 1 PR SRR © =

rai sed to>20% vacuum was contl hu nm
After 2 hour goBaiaicehydra¥gs-téraigdied poly@sbutiRhe nhiopkosphaaldder dadingriees mal ei c
acid and after 3 hours 20sanple 2 was taken for acid value and free nmaleic
ai d. The aci @hosphgeousfcontgrt, Biebdhermahgiabibiby srdelovaasidife oOmprgias dhe steps o 120
nyg KOH g Stepgll: PIB Ester Details of conpound A wt Remarks 1 Reaction
product of step 1 79.899 Sanple diluted on Toluene to 85% strength

(a) reacting high reactive polyisobutylene with maleic anhydride to form a

10 polyisobutylene succinic anhydride;

(b)  reacting said polyisobutylene succinic anhydride of step (a) with a
compound selected from glycols, polyols, and polymeric alcohols to form
an hydroxyl-terminated polyisobutenyl succinate ester;

(c) reacting the resultant reaction compound of step (b) with phosphorous

15 pentasulphide, with various mole ratios of said hydroxyl-terminated
polyisobutenyl succinate ester to said phosphorous pentasulphide to form a
thiophosphate ester of polyisobutylene succinate ester, which is the

naphthenic acid corrosion inhibiting additive.

20 A third aspect of the present invention provides a method of making an additive
for inhibiting naphthenic acid corrosion, wherein said additive comprises a
polymeric ethylene oxide treated derivative of polyisobutylene thiophosphate
ester having low phosphorous content, high thermal stability and low acidity
comprising the steps of:

25  (a) reacting high reactive polyisobutylene with maleic anhydride to form a

polyisobutylene succinic anhydride;
(b) reacting said polyisobutylene succinic anhydride of step (a) with a
compound selected from glycols, polyols, and polymeric alcohols to form

an hydroxyl-terminated polyisobutenyl succinate ester;

13



2 Mono et hyl ene glycol 20.101 Total size 100.00 25 Procedure 1.

‘Resul tant product obtained at the end of step 1 was B¢Vit988GiKinglSpecene to
85% st rengt h a(h@luﬁl@iagméndfrw@n@feglx%éf AT Velmptryetingndreisond|subipdusd dry
four necked flask edfr@peds. Kivrelew ordsgavedspecdicatianaf dlaprliggiovher nonet er .
Dorf 1790Sd Final Spec (Including anendnment nade u Art. 34 of PCT,

Vol untary Anendnents and subsequent anendnents, Equivalent to Accepted
specification of AU application) 2. Tenperature was raised to 190 C
(Toluene and water were renoved to reach the tenperature) with nitrogen gas
bubbl i ng. (€B. freasting dhe wesvltanti reactioneeprapound ofGstep I(b) with phegphareds aci d

val ue was obtai ned. (The .desired acid val ue shoul.d b refe ess than
L ko o) xS IhifEs i s, YR TRt de o LRSI EHRaeE® | a0

- conpound) obt ai petibuteaiicduceifate kstepwRaidshosphoséBpehtasiphidy &nforg al (Wi th
various nole ratios) with phosphorous pentasul phide (wth various

phosphor ous cont efigphosphgte esier ghpebasphptylenssusranatagst®ol yneri c t hi osul phat e
ester . PkB e . 1.0t O I ¥ f d | ask
caut pped i ¢ RO ¢ PpguRt TR EARCAP Rl Moyl DL 06 (il QeI EA8K s
rai sed 15to 90 C ‘binln rdnt r ethgiengasotidéhbtated) deriativhosphgralgisgenglaesul fi de
was added at 90 C slowy in one lot 3, After _addjtiaon of phos rLuUs
pentasul fide t empdRaPRRSEhaASieE Wiy 5 sopphihoic pd GOrHRIOR, B0

mai ntai ned for 1 hgykyat 120 C 205. After 1 hour at 120 C, tenperature was
slowy raised to 140 C and maintained for 1 hour. Then it was cooled to 90
C 6. Acid value of the as sanple was neasured as (45.61 ngKOH g)

10 A fourth aspect of the present invention provides a method of using a new
additive for inhibiting naphthenic acid corrosion, comprising the step of:

a. heating a hydrocarbon containing naphthenic acid to vaporize a portion of
said hydrocarbon,;

b. allowing the hydrocarbon vapors to rise in a distillation column;

15 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
said polyisobutylene thiophosphate ester as claimed in claim 1, or said
ethylene oxide treated compound of said polymeric thiophosphate ester as

20 claimed in claim 2, or said oxide treated compound of said polymeric
thiophosphate ester as claimed in claim 3;

e. allowing the resultant mixture of step (d) to contact substantially the entire
metal surfaces of said distillation column to form protective film on said
surface whereby said surfaces are inhibited against corrosion.

25

DESCRIPTION OF THE INVENTION

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

14



7. The reaction mxture was diluted with 1:1 Tol uene 8. Tenperature was

'rai sed to reflux point, nitrogen gas bubbling was 293ar#f1988G4dtenl Spact i nued
for 6 hours. glnclﬁﬁlegﬂwmmnnmxﬂmMWTCKdV@mmnﬁmqn!SeqnéduhSWgh hyfl ow
at -60C. 10. The r eaptendrentsi kquivaterivasicaipredispssificetimOWAB\pPNEdagor) i n sol vent .

(2 - A Reaction of PIB Ester with Phosphorus pentasul fi de (Phosphorous 30
content in the final 100 A active product P - 3.156 %9 Details of conpound
13/0 wt Remarks 1 PIB Ester obtained after conpletion of step Il of Exanple
1 88.701 EXAMPLE 1 STEP Il 2 phosphorus pentasul fide 11.299  Total weight
100.00  Dor fsziﬂmtﬂﬁﬁbﬂ:bmmpot&demmprimigjhydrgxylnﬁrtdnnémtedmdb'iwbmyﬂeneadr of PCT,

Spect {1 cat 1 oROBPUALE ABBY AR BRI Gsn B D LR LB BT SIS E HORKEPTA ERE 11 na
100 % acti ve jpfipMEFtcalled withthy he of the oxides selected from the group consisting of
ethylene oxide, butylene oxide or propylene oxide or such other oxide, preferably
5 ethylene oxide, capably forming ethylene oxide derivative of polymeric
thiophosphate ester. The invention is useful in effecting acid corrosion inhibition
on the metal surfaces of a distillation unit, distillation column, trays, packing and

pump around piping.

10  The present invention uses the following reacted compound to be used as
corrosion inhibitor for inhibiting high temperature naphthenic acid corrosion. This
reacted compound working as effective corrosion inhibitor is obtained by
reaction of a polymer compound having mono, di or poly hydroxyl group,
preferably hydroxy — terminated polymer compound, more preferably hydroxyl —

15 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.

The effect of corrosion inhibition is also achieved by a compound obtained by
20  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.

Conventional PIBs and so-called "high-reactivity” PIBs (see for example patent
25  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.

15



Details of conpound %wt Remarks 1 PIB Ester 83.981 EXAMPLE 1 STEP |1 2
‘phosphorus pentasul fide 16.019 - Total weight 100. ORr//17908G Final §pace was
bet ween 64 andn7i3dingk@kdyer Ty a drh §4 o/ AT, Yelkmieryriaregdmentsiaodsli@equent190 ny/ g
KOH) 10 (2- C) (PhowphdrasusEpomiestio Aceeptedepdcificeion pdUdpplicatiors pr oduct P-
7.715) Details of conpound %wt Remarks 1 PIB Ester 72.374 EXAVMPLE 1 STEP
2 2

In one aspect, the polymer used for preparing hydroxy — terminated polymer has

between 40 and 2000 carbon atoms.

In another aspect the abovementioned polymer has molecular weight of from 500
5 to 10000 dalton, preferably from 800 to 1600 dalton and more preferably from
950 to 1300 dalton.

The mole ratio of P;Ssto hydroxyl—terminated polymer is preferably 0.01 to 4
mole of P>Ssto 1 mole of hydroxyl — terminated polymer.

10
The mole ratio of P,Ssto PIB hydroxyl — terminated ester is preferably 0.01 to 4
mole of P,Ssto 1 mole of hydroxyl — terminated PIB ester. The PIB can be normal

or highly reactive.

15 It has been 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.
30
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phosphorus pentasul fide 27.626 - Total weight 100.00 Aci d val ue was
'109.65 ngKOH/ g (Typically acid val ue ranges from 901?06'7117965‘?@"{[’55?@# g)
EXAVPLE 3 Hi ghraiedipgeraendpentieggnt HEnicof Rl dV duperg Smspdmesisang eubsequent s

exanpl e, various arfBrdmrentss Equbglnoio Hesepisr sraciaation of A aprliepéd¥ t i on pr epar ed
in accordance, with Exanples 1 to 3, were tested for corrosion inhibition
ef ficiency on carbon steel coupons in hot neutral oil containing naphthenic
acid. A weight |oss coupon, imersion test was used to eval uate the

i nvention conpound 25 for its effectiveness in inhibition of naphthenic

aci d corrosion at Otlegglicelsyspatyelscor polyinesiceabeohglssan else be wsedsinydawe of00 and
600 ppm of inventign, compou were used. as b0%active solution,. Dorf |
70050 Fi nal Spec. EMisPEaBRal crTfeRe REaRR Rt oo Spa bt b gitens vy
Anendnent s and sulbedletfan@dRdugdis gqol, baletndiol, glyefantememprti fi cation
of AU application) A static test on carbon steel coupon was conducted

wi t hout usi ng any PERPaNGitethyleng glyeelspengacxthaiol palysthyinnebyolr eadi ng. The

ti t ' - L f.our. tt
(Vack oqus ppod i PROBEPYRE Rl & 9 Ser hidickyl EiiinEFKaHpBUPATRA | O
with 5 ther nomet eiis @rcbfshed magy wayshf dbBinigg fetydtoxyberminatqlarodfrhér)

hydrocarbon oil_ (R,- 130 - fraction of hjgher than 290C s .taken in the

flask. N2 gas pﬁrgihﬁées\‘/\)g@tél‘faﬂ‘?%acmﬂmf %J\%tquioe%&t%‘% aﬁt\gﬁﬁl te and the

tenperature was raj i i j ] s. 10 An
%h«?s%?%{l% )pmglgﬁdwr:l’p }{ér}eé’?ﬁ§n R B @déﬂ@(fioﬁtﬁg u}glgmaﬂ'dﬁ§ :

addi tive compound' o In exanple 2 was added to t eaction m xture.
The reaction m xt nrade vtiss of hydmwdylf-otermihared potymser afior exole.afiPdBatasies. Aft er

renovi ng,the stirrer he temperature of the action mxture was raised to
2500 ARe - “vei GhetP aabait it paubhn? pereSyiT The fRuitecBat i ¢ §

di mensi ons 76Mm . combf®&l cbtIhRd aﬁetrwfﬁﬁleﬂings ¥essis THdPhS Sshateste@ bf _

mai ntaining this 15 condition for 1 hour to 1.5 hours, 31 g of naphthenic

acid (commerci al @gehebuienyl suedivatq astere (Bie resdtingycastiag opgpodadisd to t he
reaction m xture. . i ght " | ! re was

col l ected for det grﬁf%aﬁgmﬂglﬁo%?s(%g{gﬁngeﬁ\?gpggﬁn}%fléﬁgﬁmgdé)ﬂ{%gun%ﬁcro be
approximately 11. éomrgdiéd). 9. This condition was mai ntained for four hours.

After this procedure, the netal coupon was rempved, excess oil 20 was
rinsed ahdy, thb diessyltanreastippn compaird: ofiained afskcammletiig Hne Aét al

surface. Then the rplalke LRURAMN S des Wi SRR EhE hbLInHoA Btied@S

calculated in mls per year. Simlar r?et od of testing was used for each of
the additive conpdikabstytee oRid8)or prupylede Oxidefalsoxampe esed,inplaceof - art -

additive of exanple 4 and. ethylene - oxide - treated additives of (2-B) and
ol o oy r P s enggiden T BTt S5 GomoBnd SHERRI P o o 1o 5o
Simlar studies V"%Bﬁpﬁaﬁ@ﬂ@f’gt@g—ﬁgf» etﬁ?ﬁﬂé 8Li@e tre¥d dérivative 8at ed additives of

exanple 2, in which the passivation tine was 4 hours and the duration of

the test2Qas 24 h@glryésobméen@élﬁ?phwéak@steaﬂé{i%mwﬁng reaetinn cpamlogng of B,
30Cal cul ati on of ?%E)r4°1§ LD eh{c]cmvlglirtl !th%nprlezsfe];l {nv&loh 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.
30
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Dor f/ 1790Sd Fi nal Spec (I ncluding anendnent made u Art. 34 of PCT, Voluntary
"Amendment s and subsequent anmendnents, Equival ent to etb9086/FpdSpdd cati on
of AU appl i cat(nokwing ausendpenaenda geldt. Bhofd8I1c olantmygin@odmenss ayd s¥bsedusitt i on
Efficiency is givermsadmants, Equindbdngiocigtepted apacifisationey dbsipplécatioi bi t i on
efficiency provided by additive conpound is cal cul ated by conpari ng wei ght
|.oss due to additive wth weight |oss of blank coupon (w thout any
additive). 5 The corrosion rate in MPY (mls per year) is calculated by the
formula, MPY = 534 x Weight loss in ng (Density in gnfcc) x (Area in in2)
x (Time of tddke presehidnveition (Cdirgctssii toa(iesherhfor idskitihg coldsiorkmehieghdtall oss

wi th I nhibition=wthqut addi.tive)-addjtive) X 100 Efficienc l.ght, | oss
For bl ank wi EHOHES SR gt Vil SRk BIotEs AEsArEna e P EHARAPE | e
Tabl es in appisFRcti ot faphlit@id LK1 The ifentibiisXPRIdcTBA HStadd B iy esent ed
in Tables 1, 2 and 3. Tabl e 1:" Phosphorous Content P = 3.145% (Duration of

test 4 hour s pinElpst fomp whersimpihadoll oinageethad gnnars cartied ow, Bbsaids bsedppm
Vei ght Logs 1,00 QOLLESLPh RS YR SR % Qhatibl LR 1ifaFlh el 1
used in different processing units such as, pumparound piping, heat exchangers

and such other processing units.

These method steps are explained below:

10 a) heating the hydrocarbon containing naphthenic acid to vaporize a portion

of the hydrocarbon:

b) allowing the hydrocarbon vapors to rise in a distillation column;

c) condensing a portion of the hydrocarbon vapours passing through the
distillation column to produce a distillate;

15 d) adding to the distillate, from 1 to 2000 ppm, preferably from 2 to 200 ppm,
of polymeric Thiophosphate ester or its oxide-treated derivatives or
combination thereof, which is the required additive of present invention;

e) 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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445 -- 2 Resultant product of 2 A of exanple 2 600 300 1.8 ng}a
Tabl & 2: Phosphorous Content P = 4.47% (Duration of Pe&{7USadiina)Srept .

9 97.97 20

No.

Conmpound Dos ag{é’cﬁﬁmﬂﬂwwmfi’dyé‘ 406 34 9P G Th Vplyniaxpedregremensssandisubsagiteor r osi on
Rate MPY Corrosi on amdriments, Sauiridnt e doaepjedsp@iifipation of ALLapghication)

10

15

20

25

distillation vessel. The distillate may also be collected as product. The corrosion

inhibitors of the instant invention remain in the resultant collected product.

In commercial practice, the additives of this invention may be added to a distillate
return to control corrosion in a draw tray and in the column packing while a
second injection may be added to a spray oil return immediately below the draw
trays to protect the tower packing and trays below the distillate draw tray. It is not
so critical where the additive of the invention is added as long as it is added to
distillate that is later returned to the distillation vessel, or which contact the metal
interior surfaces of the distillation column, trays, pump around piping and related

equipments.

The method of using the additive compound of the present invention for achieving
inhibition of high temperature naphthenic acid corrosion is explained below with

the help of examples and tables.

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.

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,
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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445 -- 3 Resultant product of 2-B of exanple 2 300 150 24.7 123 72.4

‘Dor f/ 1790SG Fi nal Spec (I ncludi ng anendment made u AParf1794SefFimstpec

Vol untary Anerftrtding amerdimsuionady yelnt 3hofdidmEofusiaryEmsndmarisind sebspeedpt ed

speci fication of AumgpgnéngsatibvefertioedcesprdspacifisarionbAl applrgtieved with
different contents of phosphorous in the final 100% active product as per
Exanple 2 with the results being presented in Table 1 to 3. It is seen that
wi t h phosphorous content of 3.145 % the corrosion inhibition efficiency was
97.97% for effective dosage of inhibitor conmpound as 5 300 ppm When the
phosphor ous cont ent Yadirotier distinguistong feasos anhtie efididive compandad @seseal e

cduced Lo, 2000om and et BB b 508 Rk IRHAT AN ShibE-ETGhE:
(Duration of test 4 houdgiivExshpolds t4RRPBYHE JPRE aget, idle Rpfhetoly@tdricv e
Dosage in ppm Weight Loss in _ng Corrosion Rate MPY Corrosion_|lnhibition
Efficiency 1 nature of the additive compound of present invention. Due to its
5 high thermal stability the additive compound of present invention
is very effective in high temperature naphthenic corrosion
inhibition or high temperature sulphur corrosion inhibition.
3) Yet another distinguishing feature of the additive compound of
present invention is that, it has very low acidity as compared to the
10 additive compounds of prior art, for example, the phosphate esters
of prior art has very high acidity. The phosphate esters of prior art
are known to have a tendency to decompose, even at lower
temperatures, to form phosphoric acids, which travel further along
the hydrocarbon stream and react with metal surfaces of
15 equipments such as packing of distillation column, to form solid
iron phosphate or iron sulphide. These solids plug the holes of
equipments 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: Polyisobuteny! succinic anhydride
Details of compound % wt
1 | HRPIB (OLOA 16500) | 89.48
2 | Maleic anhydride 10.52
Total size 100.00

20



Blank -- -- 89 445 -- 4 Resultant product of 2-C of exan})I e 2 400 200 0.4 2
'99.6' 5 Resultant product of 2-C of exanple 2 300 150P&1¥7998G4 i Sgey The

Ef fect O | nvefrcluding amensomamanqdpe|Ainds o/ CllhV olptitaraptrendmenss aodd spksed@¥hy| ene
Oxi de Treated) On Twendpgis RerhvaenNoiAscpipdmspsifsatianiibtapplicatian)Hour s Test
Duration Experi ment no Conpound Effective dosage in PPm Total phosphorus
content in ppm Corrosion inhibition efficiency in %

Procedure
1. HRPIB (High Reactive Polyisobutylene) was charged into a clean and dry,

four necked flask, equipped with nitrogen inlet, stirrer and thermometer.
5 2. Temperature was raised to 125°C.
3. N gas bubbling was started and continued for 10 minutes.
4, Rate of N; gas bubbling was reduced and, sample for moisture content was
taken.
5. Maleic anhydride was added to the flask.
10 6. After addition of maleic anhydride, temperature was raised to 170 °C and
maintained for 2 hours with nitrogen bubbling.
7. After completion of maintaining of step 6 period, temperature was further
raised to 205 °C and, heated at such a rate that it should reach —205 °C from
170 °C in 3 hours (5 °C/25 min).
15 8. The reaction mixture was then maintained for 6 hours at 205 °C
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 % wt | Remarks

1 | Reaction product of step1 | 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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2 Resultant product of 2 - A 300 3.145 x 3.00 = 97.97 of exanple 2
‘Phosphrous content 3.145% (invention conpound) 9. 43®r/EIfeG&kinahfpecpr oduct
of 2-C 150 7. igchding gpendmem ngude u dtt. Eellis|TeV dumgry dmsrdmests aod sudsequant 75%

(i nvention conpoundyrendmengpEquiglerels diceented sprctdaerion o UpBpicgtiogx 1. 5= 89. 88
exanpl e 4 Phosphorous content 9.75% (prior art)

2. Temperature was raised to 190° C (Toluene and water were removed to reach
the temperature) with nitrogen gas bubbling.
3. Reaction was maintained at 190° C till the required acid value was obtained.

(The desired acid value should be preferably less than 5 mg KOH/g)

’ EXAMPLE 2
Synthesis of polymeric thiophosphate ester (invention — compound) obtained
by reaction of compound of step 11 of example 1 (with various mole ratios)
with phosphorous pentasulphide (with various phosphorous contents).
0 General Procedure for making polymeric thiosulphate ester
1. PIB ester was charged into a clean and dry four necked flask equipped
with nitrogen inlet, stirrer and thermometer and, temperature was raised
15 to 90° C with nitrogen gas bubbling
2. Phosphorus pentasulfide was added at 90° C slowly in one lot
3. After addition of phosphorus pentasulfide 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 Il of Example 1

2 | phosphorus pentasulfide 11.299
Total weight 100.00
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14. 625 Dorf 1 790SCE Final Spec (Including amendnent made u Art. 34 of
'PCT," Vol untary Amendments and subsequent anendnent s, DE§IANSGEinalSpecaccept ed
speci fi cat i on (Brluding apgidmenimagay AThé4 /ST Veluntry dyendmenstand sulseauerfosages of
addi tives from TablarerdmenghFguiglentiodicTepricpifaaionabipappliration)a tabul ar form
given above. It is clearly seen that, in conparison with the prior art
conpound, with the sane effective dosage of 150 ppm the invention conpound
(exanmple 2, experinent 5 in the above table, 5 polyneric thiophosphate
ester non ethyl ene oxide treated) provides higher corrosion inhibition
efficiency of 95.84%w th |ower total phosphorous content of 11.625 ppm as
conpared to t(ReBefPhosplarroys contéitk. id&he finahl 00 Yhetive pradugphosphor ous cont ent
of 14.625 ppmfana76)or art conpound (octyl thiophosphate ester -Non
polyneric additive, experiment no 8 in the above table). 10 By doubling the

effective dosage %e&ﬁ?oﬁ&ﬁﬁﬁoddw?”“ OPo/CRFPOUREMAAKATP! € 2 experiment no 2

in the above taot yner rc thropho mTti s
observed t hat sfi rBhl ghe corr05| on | ngj gé]t [ |on eMITIél?leﬁggpgr 7% i s
obt ai ned wi th pHeh—lower tcta! hosphorons—¢ 51t is
wel | known to &e%&iggﬂﬂiﬁiﬂtﬁé 4% fhﬁmhat_use_of_m_ghar_ph@sphorous
content conpoulnds| Aetakweighisi on | nhi hi t 0F90-9hs[ heen clained to afféct the

function of various catalyst used to treat crude oil such as fixed bed

hydr ot r eat er Acahdalhy dwecbawkemes ami T3smgKbéEe (Rypikalty ahdsgdherangss frampounds

al so act as p@0OItsd90 &Y/d KOH)he catal yst. Anot her di sadvantage of the non
polyneric 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 ocar o 3t ir@%«,g phoroud b5y @RONARIAAGHAT] QMudhEgrbdnghove (e advant age

of use of in npoun er prior art co nd tor naphthenic acid
corrosion inhi b| EXAMPLE 4 Synt hesi s of Octyl t hi ophosphate ester (non
= Ol nerl C th[l \v) € b\)l. bl Q (AIII. UI T UQ II \l LIl UUIIU UI 1 IWI art US
Pa'?en%/ No. 5, RR; ﬁﬁﬁtho sHRpOUNG; 90 gy /‘hg' fkﬁr\l udi_nga a_:rgn_d_;:rent m(ade
u Art. 34 of PQT,|RB Eftary Anendnents %%ﬁ%ub@géh@rhE LSdEEent s,
Equi val ent to |Accepted specification of AU application) The clean|four -
necked - fl ask| 2vasplegphapepentasulideti rrp27.626 tr ogen gas i nl et and gondenser.
N- noctanol wej gh| Nigtatdbighmas charged | md.o® [l ask. Phosphorous
pent asul phi de weir ghing 187 g, was then added to the flask 1n install nents.
The tenperat n3as Was
seen to he Sgd %lg{:jug Ildé?@:ﬁ( %?’? /%?‘(i)‘?/bl@eﬁf de?al&@m%%& tﬁ%‘ﬁ?“‘t’ he reactl on
mxture iR the f1%Ask was heated to 140 C and the flask was maintai ned at
that tenperature for one hour. The sanple was cooled and filtered through 5
mcron filter, The sanple was heated to 90C. The nitrogen gas was purged
for 5 hours. FFAMRIE B | ng sanple, that is conmpound B2 was anal yzed for its
aci d val ue, 0 130 ng /KOH. This
conpound wasw%grrgd fgé&:'l??k lﬁ%ﬁ%%@qg%i?gﬂg&o??#sl on efficiency. The
corrosi oRd0i nhibition efficiency is calculated as per nethod gl ven | n

Exanpl e 3 an sults of experinents nteqg int abl e 4:
Grtyl ¢ hi ophd i BBl VAR RO poa f ot b Gpromia: of die efmpesitep
anti corr osi onr&RrOHREcR8aRE] With E&&mpBH@%@Br@&% 168 ﬂ)%oﬂf’osror&nﬁfb%&rﬂ” ation

of test 4 hours) Experinment No. Conpound Dosage in ppm
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
25 for its effectiveness in inhibition of naphthenic acid corrosion at 290°C
temperature. Different dosage such as 300, 400 and 600 ppm of invention

compound were used, as 50% active solution.
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Ef fective dosage in ppm Wight loss in ng Corrosion Rate MPY Corrosion

inhibition Efficiency 1 Blank - - 89 445 - 6 Exanpl Q58036 FimlSpes 49, 43 7
Exarrpl e 4 180 (-ggjuding amepdment made u Art. 34 of PCT, Voluntary Amendments and subsequent

amendments, Equivalent to Accepted specification of AU application)

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

This test provided a blank test reading.

The reaction apparatus consisted of a one — litre four necked round bottom flask

equipped with water condenser, N, purger tube, thermometer pocket with
5  thermometer and stirrer rod. 600 g (about 750 ml) paraffin hydrocarbon oil (D —

130 — fraction of higher than 290°C) was taken in the flask. N, gas purging was

started with flow rate of 100 cc/minute and the temperature was raised to 100°C,

which was maintained for 30 minutes.

10 An additive compound of (2-A) in example 2 was added to the reaction mixture.
The reaction mixture was stirred for 15 minutes at 100°C temperature. After
removing the stirrer, the temperature of the reaction mixture was raised to 290°C.
A pre — weighed weight — loss carbon steel coupon CS 1010 with dimensions
76mm... times 13mm... times 1.6 mm was immersed. After maintaining this

15  condition for l1hour to 1.5 hours, 31 g of naphthenic acid (commercial grade with
acid value of 230 mgKOH/g was added to the reaction mixture. A sample of one g
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

20  was rinsed away, the excess corrosion product was removed from the metal
surface. Then the metal coupon was weighed and the corrosion rate was
calculated in mils per year. 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

25  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

time was 4 hours and the duration of the test was 24 hours. The test results are

shown in the Table 5 - B.

30  Calculation of Corrosion Inhibition Efficiency
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75.28 8 Exanple 4 300 150 9 45 89.88 EXAMPLE 5 20Synthesis of Ethyl ene
'Oxi de derivatives. The ethyl ene oxide derivatives ofDgdl3A¢SE kinal Spec

t hi ophosphat e (Bsluding girengaieyi masde utdyl dheof Rile ¥phatory Ampndimengieqnd sphseqystled as
usi ng bel ow descr i baetngmenese Bauivalenp B Aoeeptaddpeciiicativn aofddi applicstienpound, whi ch
Is the resultant product of 2 - C of exanple 2, was transferred to the
aut ocl ave and ethyl ene oxide is added at 60C to 70C, till the

Dor f 71790Sd Fi nal Spec (I ncluding anendment nade u Art. 34 of PCT,

Vol untary Amendnents and subsequent anendnents, Equivalent to Accepted
speci fi cat i ofhefmethpdpsetliic ealcdalingCemesiorelnhibitivre Effidiency avgiverehelpwelh
constant. The reaction mxture. .mal pt ai ned at .t hat erature.for 2
our s The ' abE ERGHARPCarE AR D EPRaMsrmer s il s BN ABALT Wit
ni trogen. Th%afcﬁﬁlwdt@}%o@?ﬁ'ﬁﬂg WRight AL dug to RlIBMVE RAPWethdt 168 aifelank

t hi ophosphat e ester of polyisobutyl ene succinate ester, was used as

addi tive for cBupipfihebcanyddditysl-r osi on i nhibition. The sinilar synthesis
was carrigd out by using resultant product of 2 - B of exanple 2. The

wei ght pefcentages for 2-B, 2-C, and ethyl ene oxide are given bel ow.
Exanpl e (5- A)Thelbhrpsieneat@ii M@ Yd@fiist yee) Bfcalcdlated Withefamule 2 Details of

conpound % wt 1 Resultant Product of 2 - C 44.1
MPY = 534 x Weight loss in mg

(Density in gm/cc) x (Area in in®) x (Time of test in hours)

10 Corrosion (Weight loss for blank (weight loss with
Inhibition = without additive) - additive) X 100
Efficiency (weight loss for blank without additive)

15  The calculated magnitudes are entered in the Tables in appropriate columns.

The results of the experiments are presented in Tables 1, 2 and 3.

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

Expt. | Compound Dosage | Effective | Weight | Corrosion | Corrosion
No. in Dosage | Lossin | Rate Inhibition
Ppm inppm | mg MPY Efficiency
1 Blank - -- 89 445 --
2 Resultant
of example 2

20
Table 2: Phosphorous Content P = 4.47% (Duration of test 4 hours)
Expt. | Compound Dosage | Effective | Weight | Corrosion | Corrosion
No. in Dosage | Lossin | Rate Inhibition
Ppm inppm | mg MPY Efficiency
1 Blank -- - 89 445 --
3 Resultant
product of 2-B of 300 150 24.7 123 72.4
example 2

25




2 Ethylene oxide 15.1 3 Aromatic Sol vent 40.8 10 Exanple gS- B): Ethyl ene
‘'oxi de derivative of (2-B) of exanple 2 Details of dmpbifddGHing! Spec

Resul t ant Pr odlrchdipg amenamgnityada u Ariedhofl R{e V oluidry Arndmeytspand wehisequeBol vent
39.2 It was not ed areadmantse EquivaderialAgeepttd spessfighticaral Aprapplicetio) - C used in

t he above nentioned synthesis process was 87.2 ng KOH/ gm whereas the acid
val ues of 15 ethyel ene oxi de reacted product was 16 ng/gKOH Simlarly, the
acid value of resultant product 2 - B used in the above nentioned synthesis
process was 56.8 ng KOH gm whereas the acid val ue of corresponding

et hyl ene oxi dderexpetimentp rvegiel condugted3wit® gliffieyeGiantentsBof phashbeous ymtheesi s
exanpl es poi he desirable low.- acid,.- .yal,ues of .the final products
arter eynt nedial TabaGehpisdicCy Rt BRI gl e st pre e Y o
these synthegiagrd] asidi 1tiiy Gedd PEHUGHE pPABSFhofRR BefteRloRS. 188 1% MO Esich gi ven
in Exanple 3 (4 hours and 24 hours test duration) and test results are

presented inintibitiens{icieney W9 2IBLHor eepivetdosegeyof inhBitancempoundags
Corrosi ons! n@'OB'[}plmq r'\?\’lsléteﬁJ ﬂ{eeﬁlo(sgﬁoargﬁscgonfteq{t Ve'asrll{lgreetls%atto %5@% '8 effective
dosages were reduced to 200ppm and 150 ppm, the corrosion inhibition efficiency

was 99.6% and 95.84% respectively.

Table 3: Phosphorous content P = 7.75% (Duration of test 4 hours)

Expt. | Compound Dosage | Effective | Weight | Corrosion | Corrosion
No. in Dosage | Lossin | Rate Inhibition
Ppm inppm | mg MPY Efficiency
1 Blank - - 89 445 -
4 Resultant product of | 400 200 0.4 2 99.6
2-C of example 2
5 Resultant product of | - 30 150 3.7 18.5 95.84
2-C of example 2
10
The Effect Of Invention Compound (Polymeric Thiophosphate Ester Non
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= |95.84
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)
15
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Dorn 790Sd Fi nal Spec (Including anendment made u Art. 34 of PCT, Voluntary
‘Amendnent s and subsequent anmendnents, Equival ent to ett1908a/FinsdSbéci cati on
of AU appl i catdnomyinExmendmentmnade NdriDé4 efi AT, Bbluiavplonendmenestand sulbesyefe PPmM My
| o5s after test NPvmghdmanist Bgtivalgnebidcedptedsgeciticaiion of dStapplicBliek - - - 89 445
--- a Invention conpound as per exanple 5 - A 150 2.1 10.5 97.60 b
I.nvention conpound as per exanple 5 - A 90 17 85 80. 89

The results of use of effective dosages of additives from Table 1, Table 3, and
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
ppm, the invention compound (example 2, experiment 5 in the above table,
5 polymeric thiophosphate ester non ethylene oxide treated) provides higher
corrosion inhibition efficiency of 95.84% with lower total phosphorous content of
11.625 ppm as compared to the efficiency of 89.88% with higher total
phosphorous content of 14.625 ppm for prior art compound (octyl thiophosphate

ester —Non polymeric additive, experiment no 8 in the above table).

10
By doubling the effective do'sage of the above invention compound (example 2
experiment no 2 in the above table — polymeric thiophosphate ester) to 300 ppm
it is observed that still higher corrosion inhibition efficiency of 97.97% is
obtained with much lower total phosphorous content of 9.435 ppm.

15

It is well known to the person skilled in the art that use of higher phosphorous
content compounds  as corrosion inhibitors has been claimed to affect the
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
20  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.

The above discussion clearly shows the advantage of use of invention compound

25  over prior art compound for naphthenic acid corrosion inhibition.

EXAMPLE 4
Synthesis of Octyl thiophosphate ester (non — polymeric thiophosphate ester
as anticorrosion compound of prior art (US Patent No. 5, 552, 085)
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c Invention conpound as per exanple 5 - B 120 14.9 72.5 90.44 Note: It
‘can be seen fromthe results presented in Table 5 - Aot/ NISGHanadSpsd ene

oxi de der i vat idneludig vinendmehtywde uelrt Bd o dikds polanteryeisneadmants aal sebsoquent
effective in aci d SwendmsisohqiividnbiotAcoaptedapecifionprmrat d Utapphicager)t s of Tabl e 4
for prior - art - conpound. Table 5 - B: Corrosion inhibition studies
(static) for 24 hrs test duration. Experinment No Details of conpound
Active Dosage PPm My | oss after test MPY after test %efficiency after test
9 Blank --- 313 261 -- 10 Prior-art-additive (as per exanple - 4) 300 88.5
73.8 71.7 11 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
temperature of the flask was then increased to 110 °C. The H,S gas was seen to be

5 evolved after addition of P,Ss. After one hour, the reaction mixture in the flask
was heated to 140 °C and the flask was maintained at that temperature for one
hour. The sample was cooled and filtered through 5 micron filter. The sample was
heated to 90°C. The nitrogen gas was purged for 5 hours. The resulting sample,

that is compound B2 was analyzed for its acid value, which was found to be

10 between 110 to 130 mg /KOH. This compound was tested for its naphthenic acid
corrosion efficiency. The corrosion inhibition efficiency is calculated as per

method given in Example 3 and results of experiments are presented in table 4.

Table 4: Octyl thiophosphate ester Non — polymeric thiophosphate ester as
15 anticorrosion compound of prior art. Phosphrous content P = 9.75%
(Duration of test 4 hours)

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

No. in ppm | dosage loss in | Rate inhibition
in ppm | 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

EXAMPLE 5

20  Synthesis of Ethylene Oxide derivatives.
The ethylene oxide derivatives of polymeric thiophosphate ester of
polyisobutylene succinate ester were prepared as using below described

procedure:

25  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
28



| nventi on conpound (as per exanple 2 - B) 450 65 54.2 79.2 12 Invention
"conpound (as per exanple 2 - C) 300 130 108.5 58.5 1orVhi9é8&iFimal Sparpound
(as per exanpl(&clding BpergentyBele ¥ Y2, 4 P CY, Ydubtaryedmendmentsomd oulneljuerts per
exanpl e 5- A) 300 XmeddreenBoEguidEent vigrdptednpasifivpromd A Uagplvetiodxanpl e 5- B)
300 22.4 18.7

pressure in the autoclave remained constant. The reaction mixture was maintained
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
5  napthenic acid corrosion inhibition. The similar synthesis was carried out by using
resultant product of 2 — B of example 2. The weight percentages for 2-B, 2-C, and

ethylene oxide are given below.

Example (5-A): Ethylene oxide derivative of (2-C) of example 2

Details of compound % wt

1 Resultant Product of 2 - C | 44.1

2 Ethylene oxide 15.1

3 Aromatic Solvent 40.8

10
Example (5-B): Ethylene oxide derivative of (2-B) of example 2
Details of compound % 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
mentioned synthesis process was 87.2 mg KOH/gm, whereas the acid values of
15  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
desirable low — acid — values of the final products after synthesis is completed.
20
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..

25 Table5- A: Corrosion inhibition studies (static) for 4 hrs test duration.
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92.8 10 Dorf/1790Sd Fi nal

Spec (I ncluding anmendnent nmade u Art.
"PCT,” Vol untary Anendnents and subsequent anendnent s,DdE(ln%SGFinal SpecAccept ed

speci fi cat i on (bfludidg appidmestmaday ABO FptACHD Hol@hrayiAmeadmentfani subaequenin

Conpound - Pol yner ianeRdmeayph bgphwéenetoBstepted spicifinatiand/ Widpplicoti® hy | ene Oxi de
Treatment) On Naphthenic Acid Corrosion Inhibition---
Duration Expt.

(9.75) 300 9.75 x 3

(4.47) 450 4.47 x 4.5=20.115 79.2 12

10

24 Hours Test
No Conmpound Effective dosage in PPm Tot al phosphor ous cont ent
in ppm Corrosion Inhibition in %10 Prior-art-additive(as per exanple 4)

29.25 71.7 11 Inventionconpound (as per exanple 2-B)

Experimen | Details of compound Active Mg loss MPY after | % efficiency
t No Dosage | after test test after test
ppm

1 Blank --- 89 445 ---

a Invention compound as 150 2.1 10.5 97.60
per example 5 - A

b Invention compound as 90 17 85 80.89
per example 5 - A

c Invention compound as 120 14.9 72.5 90.44

per example 5 - B

Note: It can be seen from the results presented in Table 5 —A, that the ethylene
oxide derivative of the polymeric thiophosphate ester is also very effective in acid
corrosion inhibition, as compared to results of Table 4 for prior — art — compound.

Table 5 - B: Corrosion inhibition studies (static) for 24 hrs test duration.

Experimen | Details of compound Active Mg loss MPY after | % efficiency
t No Dosage | after test test after test
ppm

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 92 96.5
(as per example 5— A)

15 Invention compound 300 22.4 18.7 92.8

(as per example 5— B)
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| nventi onconpound (as per exanple 2 - C (7.715) 300 7.715 x 3= 23.145 58.5
'13 I hventionconpound (as per exanple 2 - B) (4.47) J00/h85GE LS 41 60. 4
14 | nvent i oncdslyding apenimsemads aript &4 SLEGT, %’slmg'y dmenssopgnd subsqqyent; 96.5 15
| nvent i onconpound (@gngeantseReyiest B Acggptedspectficatipyyf dUppplicatioy 45 92.8 5
Note : Invention conmpound is polyneric thiophosphate ester prepared by

f.oll owing steps given in exanple 2 and exanple 5. The values in the bracket
i ndi cat es the phosphrous content of the inventive conmpound in percentage.
10 The results of the use of effective dosages of exanple 5 are conpared
above in a t &bunhparisonr Qf ¥ffiepts ebnivention Coapowads- Polyntesict Briaphesphatshor ous
content and distérc(WithyAwd WithowtoEthyténenOxidei hieatment) QmpPaphtignihAcidesul t s
of experi nmentCoivodier Inhibitioh2- andolds Teét DhatienS - B t he

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 7.715 x 3=23.145 58.5
(as per example 2 - C)
(7.715)
13 Invention compound | 300 4.47 x 3= 13.41 60.4
(as per example 2 — B)
(4.47)
14 Invention compound | 300 5.49x 3=16.47 96.5
(as per example 5-A)
(5.49)
15 Invention compound | 300 3.15x3 =945 92.8
(as per example 5- B)
(3.15)
5
Note : Invention compound is polymeric thiophosphate ester prepared by

following steps given in example 2 and example 5. The values in the bracket

indicates the phosphrous content of the inventive compound in percentage.

10 The results of the use of effective dosages of example 5 are compared above in a
tabular form with specific references to the total phosphorous content and

efficiency of the corrosion inhibition.

Comparing the results of experiment numbers 10, 12 and 14, of Table 5 — B the
15  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

compared to the efficiency of 58.5% and phosphorus content of 23.145 ppm
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15 surprising favorable technical effect of the ethyl ene oxide derivative
'of pol yneric thiophosphate ester is clearly seen frdhafHMSGFirdSpec
efficiency of (Beludivg apiendmaettindde welr?. %@fs"ﬁ;fo}/’dﬂ@a@dﬁeéﬁme%ﬁa"%’!bﬁiwuﬁﬂm (after
et hyl ene oxi de t r eatesdmepisaBqdiewgraioetscapydpasifisrian dRapriatigy. 5% and
phosphorus content of 23.145 ppm 31 Dorf 1 790Sd Fi nal Spec (I ncluding
anendnent nmade u Art. 34 of PCT, Voluntary Anmendnents and subsequent
anmendnent s, Equivalent to Accepted specification of AU application) (before
et hyl ene oxide treatnent) and efficiency of 71.7% and})hosphor ous cont ent
29. 25 ppm of (peforsr ethytene compdsu ingatn®inti ara:{ efficdenepael M. 7Peand tphogphasqyser i nent
10, 13, and 15 ; Otf 9T€§3I e 5.- .Btaﬁge 5 surprising favorabl e technical effect
of ethyl ene Seiga %r a?%ﬂfprd?r ?WPP%‘ t hi ophosphate ester is clearly
seen with nuch higher efficiency of 92.8% and nuch | ower phosphorous
content of 9.45 ppm (after ethylene oxide treat rrentiéas conpared to the
efficiency ofSImdani%camarmﬁ)wh%%gg expaiinent 103 134a5b h3.(dfetde Set Biikene oxi de
treatnment) effjcienc 1, 1%.and of

or or art Scombirt gl Hdeplr cSEL aRIb P SRbRS GAB Hliniehy 97 fBaBRE ©
sur pri sing f aniopkdsbRatt esteniic aleady fseat withninuchn dikhabefficientyl df 958%edrdd known

to the person skilled in the art that use of ag‘igh&r phos%orous cont ent
conpounds as R lgwerphqspherny epndert o€ Sadmy (alichethylege gxide dreafment} fct i on

of various c : [ j X reaters
and hydrocr a?(k)fH g Hrﬂf}tﬁ géeﬁrﬁéeglgse%?Sﬁé?g%h%g%oﬁgl;ﬁgﬂ%%%g%oﬁ{ﬁﬁgp gg@gg as

poi son for t kthytatcadxide tredmunbectiidieseylvh il dde anfl phosphvoouspedngenérdd2additi ve
i s that tslaey 20 t%nd to break down at higher tenperature conditions. The
above di $8usPPEHOIHILATLFOMRGURY t he advantage of use of invention conpound
over prior art conpound for naphthenic acid corrosion inhibition. 25

Exanmpl e 6: Hi gh Tenperature Naphthenic Acid Corrosion inhibition (Dynamc
Test) The dyrﬂmwraoesskﬂhg imthe asghoplddbeayvarg 9t theispepristrgdayarabladechsicgl ovi ded
in the tenper re -.controlled autoclave and was carried out by using
passi vat ed ste?&?t@ﬁmhocr)}u%étr’los‘{e'A dynam c test on steel coupon was conducted
W t hout using any additive. This test provided a blank test reading. The

passi vation procedure is exlgl)l ai ned bel ow. Dorf /1790SE Fi nal Spec
(I'ncl udi 1§ artemdwethknayado sherpersorsakied prthe aghthahusg 9f Mgberdphasplorapy

subsequent a’@g%ﬂg’&g@poﬁﬁﬂi Vaalseﬁ%{s%n ﬂﬁﬁo?sdlhﬁs?%%{n{ if3 2 b@Mo el the

appl i cation) paraffin ocar bon ol was taken in a
aut ocl ave. A fpn@ionvsfivghienk sutalghtus¢dwsireaociuda oTSudiDdOfivdd beddiyderisiatens

76mm . .tinmes 13inm...tinmes 1.6 mp was fixed to the stirrer of the

aut ocl ave. THIE hygee %Ewgi%rﬁ@ae Be ?rrphpféwaws.comzogais Hheesahat BEO" whi | e
carrying out gagai Mal{enaARbhe! S&IdvaRHRODS 18 AR Bh&I YN CistRABey €aCh of
the invention conpounds of exanples 2-B, 5-A and prior - art - additive of
exanpl e 20i s temtt@dreakpdovat alhygher rengmedturs epaditions. t est, to the reaction

m xture (and each final dynamc test carried out separately). The reaction
m xture was stirred for 15 mnutes at 100C tenperature. Then autocl ave

The above discussion clearly shows the advantage of use of invention compound

over prior art compound for naphthenic acid corrosion inhibition.

25 Example 6: High Temperature Naphthenic Acid Corrosion inhibition
(Dynamic Test)
The dynamic testing was carried out by using rotating means provided in the
temperature — controlled autoclave and was carried out by using passivated steel
30 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:
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10 bl anketing with 1 kg/cn2 by nitrogen was carried out. The tenperature of
‘the reaction mxture was raised to. After naintaini n%orﬂﬂﬁsﬁmltﬁ’@n for 4
hours, the autfrcluding amensmenwovade vaivd34 ofd Jo Hpfariarniamesdmentspd qubsenyerti nsed t o
refove the oil and arsadmantsi Beuivakant & Aceapred dpactiisasianesf dsppheatied coupon. The
dried coupon was then fixed to the stirrer again. 15 The oil used for the
passi vati on was renoved and 400 g fresh oil containing 6.2 g of commerci al
napt heni c 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

aut ocl ave was then raised to 315 C and maintained at this tenperature for
2024 hrs. , est caII for corrasion,inhibition
ef ficiency o%ggtgeg P@Bﬁsﬁbhﬁf’?‘f“ O%Bﬁd@ n@'ﬁ% é‘ RAATRERYS AFT. The

foll owi ng tesfeigRdi QBi%Hf—lo@@%ﬁﬁérﬁUSathlﬁl u&@&sioﬂs teenri, esC 1§k 0Si on
Test: 1. Tenperature controlled autoclave 252. Prewei ghed wei ght - |oss

car bon st eel .ctmedphsd 08 Wwalfixed to ltheistiveen of thesaurahaye. This was thepnmmersed mes 1. 6

Me h d h I
Trtess of 557 i Bl 8h a7 sbl s BYBRL ke B PeREr AR LRI URE P
Art. 34 of PGdpardfeldyhimicytediseaadiwilitiie aRventidtbsamnpainds aﬁemﬂplei 8,B,Bi val ent

-to Accepted specification of AU appl icati on) After the test, the coupons
wer e renoved,angpreks agi-adgdisiye of paseple dasad déQé@@éatﬁlﬁfWF}bWPﬁ?ag’d@Ett has

removed fr Omtﬂé‘?ea%{f{)ﬁ u?c{ (e napbg KDRES clifibd ohpgéba%\ﬁlélgﬁ]eﬂleand the

corrosion rate was ca as m results o dynam c
test are preseattien mmtuieahhestﬁredﬁoﬂ' abhamﬁes ztﬂl 1@n°cr eamerattirer Ehédaphiodlave ¢ Aci d

Corr 051 00! il Subien DIIAT Test), CAer L, (Dot 2 of poppound
16 Bl ank --- (Bk+ti@n ixthre was raised to. After maintaining this condition for 4 hours, the
autoclave was cooled and the coupons were removed and rinsed to remove the oil
and then dried. This formed the pre-passivated coupon. The dried coupon was
then fixed to the stirrer again.
15
The oil used for the passivation was removed and 400 g fresh oil containing 6.2 g
of commercial napthenic acid (TAN VALUE 230 mgKOH/g) was added to the
autoclave. The resultant TAN of the system was 3.5 mgKOH/g. The temperature
of the autoclave was then raised to 315 °C and maintained at this temperature for
20 24 hrs. Example 1 to 3, were tested dynamically for corrosion inhibition
efficiency on steel coupons in a hot oil containing naphthenic acid.
The following test equipment and materials were used in the Dynamic Corrosion
Test:
1. Temperature controlled autoclave
25 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

m/second.
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-- 17 Prior art additive as per exanple 4 500 2.9 2.42 95.26 17-A Prior art
‘additive as per exanple 4 250 15.1 12.6 75.3 17-B | Mefit1968GEFombdSpard as per
exanpl e 5- A 28Bclpdids aper@BeInddle u HY. BHofdGiTi Boluwavploendmenss apdsubssqaengl e 2- B
500 0.85 0.71 98. 6 anexdbdRLsEEGuivblenTiclARbpted ADSLINBidB of AU application)

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

this dynamic test are presented in Table 6.

5

Table 6: High Temperature Naphthenic Acid Corrosion inhibition

(Dynamic Test).

Experimen | Details of compound Active Mg loss MPY after | % efficiency

t No. Dosage | -after test test after test

ppm

16 Blank -—- 61.2 51.1 --

17 Prior art additive as per 500 2.9 2.42 95.26
example 4

17-A Prior art additive as per 250 15.1 12.6 753
example 4

17-B Invention compound as | 250 0.45 0.38 99.25
per example 5-A

18 Invention compound as 500 0.85 0.71 98.6
per example 2-B

EXAMPLE 7
10 THERMAL ANALYSIS
The thermal analysis test of the invention compounds and the prior art compound
were carried out in the Mettler Toledo Thermo Gravimetric Analyzer. A known
weight of the sample was heated in the analyzer from 35 %C to 600 ° C at a rate of
10 ® ¢/minute under nitrogen atmosphere. The temperature at which 50 % loss in
15  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.
20
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The t her nual

‘conpound were carried out

Anal yzer.

anal ysis test of the invention conmpounds and the. prior art

in the Mettler Tol edo TherPm/G988§GHénal Spec
A kneelvding agpbridmeht mdde u danid ¢f RUS Vilerttrydimendrndwes aud akbseqeentf r om 35
Cto 600 C at a r atmendhentsQEqugvaldnniatdecapredepecificaicvgdd Ustipplirsfibrer e.

The

tenperature at which 50 %l oss in 15 weight of sanple occurs is taken as

the representative of thernal

at 600C, and the tenperature at 50 % wei ght

stability. The wei ght of the residue obtained
| oss are presented in Table 7.

The weight of the residue is indicative of the tendency of the additive, to
deposit at hiyblé GnjThenhal Andgsiedataf equi pnents |i ke furnaces, which may
cause foul i ngExerinfatequi Peeiils of GofpBus®Ur S€. Pdpdratire 179Resiire el | Spec
(I'ncluding gmendggnt made u Art. 34 of PCT, Volayggwmsﬁnendmmd@g@d
subsequent amENOMENTS, lhq\l,gnyl 6191d"‘é§ Ted speggd rcatipn of 5
application) Table 7: |Thernma E’nﬁ %S(ES ta Exper i1 ment Noj Det a| s of
conpound Terperature—at—56%: PSS REST due—at-600—deg—C—19av } \,orrpound
as per exanpl« 2-C 393 " JRVeRgoR COmPRUNI S PFE conpo as pe Z&gw -B 386
12. 9567 21 Ilnventian rnmnllnﬂxwlﬁgerxaml h 5. A 305 12 R771
21 Invention compound as per 395 12.8771
example 5-A :
22 Invention compound as per 391 6.8389
example 5-B
23 Prior — art - additive as per 220 23.5795
example 4

10

15

20

Discussion about Thermal Stability

It can be seen from the above table that the invention compounds (experiment No
19 to experiment No 22) the temperature of 50 % weight loss varies from 386°C
to 395 ° C. The invention compounds in the above table include Non EO treated
and the EO treated derivative. These values are much higher when compared with
the prior additive which has a value of only 220°C. These clearly indicates the
higher thermal stability of the invention compounds when compared with the
prior art compound. It is known to the person skilled in the art that it is desirable
to have additives with higher thermal stability since these will not decompose to
volatile products leading to fouling and contamination of other streams. The other
advantage of thermally stable compound is they retain their corrosion inhibition

efficiency at higher temperatures.

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. It 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

lower than the prior additive which is 23.5% (experiment no 23 in the above
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22 Invention conmpound as per exanple 5-B 391 6.8389 23 Prior - art -
additive as per exanple 4 220 23.5795 Di scussi on abRut/l79486fesal Spexbi | ity
It can be seenintiuding ainendaigu\rende aldre 34 WARCK Kefuntpryetmendmentsomg susepient
(experinment No 5 1SwendmcugeEquiedent ialcedpledishezificenopay dUiappliaotio30 % wei ght

| oss varies from386C to 395 C. The invention conpounds in the above table
include Non EOtreated and the EO treated derivative. These val ues are nuch
hi gher when conpared with the prior additive which has a value of only
220C. These clearly indicates the higher thermal stability of the invention
conpounds whéablg)oihambavenddth cldady ifdipatesthatthe ioventionrmdmpotndsswilhbawe t o t he

person skilled in the art that, it is def'%:lrable to have additives with
hi gher t her ma¥3s54epgpifipR {endenrydn theueas gt fimacs: deconpose to vol atil e
products leading to fouling and contam nation of other streans. The ot her

advant age of #ﬁ% eht/ frShahl ?oreg@g%g&@uésﬁ)nttnay%%f@k@sihgﬁiﬁ%n%eﬁfﬁﬁgégon

inhibition efficrency at higher eratures. SO see romthe
above tabbe tinafollotvingsitemtbzant ageous to treat the invention conpound further

with ethylene oxide. EO treatnent. reduces phosphorous content and.al so the
fesidue at 600G, 1A e ddive B PhE paPhIERTE JoHhoFRUOR pamFUle

conpounds | eave mMygRnhéeethibRsphaes edler Q\QQ&}% Tohe phe§iHdbshsORmemetigh0 for
the invention conpounds (experinent 20 to 22 in the above table) is nmuch
| ower than the pritarmabstabilitpeandniophadidity? vhieh iserastion meeduchof action efhe above

Dorf /1 790Sd Final .S I di d Art. 34 of P

VoIr untary Amend g%gréﬁgte&g@gﬁéﬂgsgﬁﬂaﬁ ﬁ% ? gﬁ%ﬁﬁﬁ% 5{1%%%?53? § gtﬂ% (%c}& ed

speci fi capi on of ,@Hog}jmfdwg%&h@ﬁm?ma@l e). The above data clearly indicates
ds

that the invention conpounds wi Il have | east deposition tendency in the
areas of furrace. A new taddifiveppasr elgscrivedmne HENF ok eYHFTEH dialsc ROTBRTIG hat t he

present invention tﬁigﬂi%sbﬁfté P 8s fRlth@MeAGed t\?l'ff? ‘ethylene oxide to form an

ethylene oxide derivative of said polymeric thiophosphate ester.
3. A new additive, as described in item 1, wherein said polymeric
15 thiophosphate ester is further reacted with an oxide selected from group
consisting of butylene oxide and propylene oxide to form an oxide
derivative of said polymeric thiophosphate ester.
4. A new additive, as described in any one of preceding items 1-3, wherein
said polymer compound has from 40 to 2000 carbon atoms.
20 5. A new additive, as described in any one of preceding items 1-4, 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.
6. A new additive, as described in any one of preceding items 1-5, wherein a
25 mole ratio of said phosphorous pentasulphide to said hydroxyl-terminated
polyisobutylene or polybutene succinate ester varies from 0.01 : 1 moles
to 4 : 1 moles.
7. A new additive, as described in any one of preceding items 1-6, wherein

said polyisobutylene is normal or high reactive.
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1. A new additive for inhibiting naphthenic acid corrosion conprising

pol yrreri ¢ t hi ophosphate ester having | ow phosphor ousP@GhIesE/ Firgl §pect her mal
stabi | ity and (Insindiag avtendpeniairade b Arks 34 of €Ty Bolupaydimeendmdntsy qud sebseierst

hydr oxyl -t er m nat eohnpfad'yénﬁoﬁmi\jﬂl@hf@zﬁﬁepfﬁdlsy@ﬂg@#@ o d¥eipiigationdst er with
10phosphor ous pent asul phide. 2. A new additive, as described initem1,
wherein said polyneric thiophosphate ester is further reacted wth ethyl ene
oxide to forman ethyl ene oxide derivative of said polyneric thiophosphate
ester. 3. A new additive, as described in item1, wherein said polyneric

15 t hi ophospl8at e e&snew additiivey dshdascritedcn edy wint [of preceding ategws| et wheremom gr oup
consi sting of buty] ene. oxi de and opyl epe.oxide to form an Lde
derivative of sai ﬁ‘ep&?ﬁ?ﬂé‘?“i g‘"?ﬁf’o‘%ﬁé@éh Hives fspfromy 1 RpWea? a@iqptf’%’, as
descri bed in any eﬁﬁlﬁﬁg%MOiMr@ﬂ-B, wherein said pol yner conpound
has from 40 to 2000 carbon atonms. 205. A new additive, as described in any

one of preceding iA enethad Hof wakingi a neay ddgisive ner isbibgingndaphikeniplastdul ar

wei ght of .from 500 t 0 .10000. dal t.on,. pr.ef erabl 8 i . on and
nore pref gr ably frc8rr58§é’ﬁi tsgldlféisﬂlcygl tCSRp%é%EA%Hva\I/? eg}(fdi fi%/og(,y%geggn egéccii bed in
any one of precedipagyisdbatytent-thiophdsphate Bstér hazingnioivephogtioposfcoatnt high
phosphor ous pentasul phide to said hydroxyl-term nated pol yi sobutyl ene or

pol ybut ene succi ndb@makstabilitygnddew peidiy ocomprising thesters @fp 4 : 1 noles. 7. A

new additive, as cri ' @-Tﬁn ] r ' i -1- jn said
pol yi sobutyl ene i g%?lor 'rrr%%grcl)é gKearg{(ggec??vggpsﬁt%%P?%%g%léiag'g?’ pecf:a

(I'ncl udi ng amendnent mdicken aipdlyisobiBstlend sieCihic Afdlydnidary Anendnent s and
subsequent anmendments, Equival ent t.o Accepted specification of AU

appl i cat By 5. Ao ATUIEE et Rl SRHEIP B P AR S St @ ity 1 ¢ ems
1-7, wherein the e”ec%b%ﬁoﬁﬁﬁ?@&t&fﬁ%b@y&ﬁg'ﬁol%@s,'aﬁdfpb%éhcpﬂ&ﬂo@s 2000
ppm preferably from2 ppmto 200 ppm 9.° A nethHod of maKing a new additive
for inhibiting napht het¢ toracinchyScaxyl-deriminated polpiselitenyil veccoratpestasi ng

pol ymeri c hydroxyl -termn nat ed,pol yi sohutyl ene thi ophgsphat e est.er._.havi ng
| ow phosphor ous cofk en_tr?acﬁ%hthghé%lsr‘?ﬁfnqstréﬁﬁ??t ‘;’/0’8%(81“&0\73 a_&tleﬂi fti) “_(’:lg]rrpri si ng
the steps of: (a)react ipRgsphbibis ' pafdsudBide0! Wit OiHonb emsleWritibsmer edatd

anhydride to form a polyi sobutyl ene succinic anhydride; 10(b)reacting said
pol yi sobdfyl ene succi nihydmgphltrminatedi palpisougnyli swecinate oggigfunt® s®idkect ed

fromglycols, polyols, p@?%y&%%u%’ﬁ@{dt%a RN eb Sfo}@eﬁaqﬂ?ﬁﬂ&g%hate ester. of

hydr oxyl -t erm nat ed pol ute Cl nate es cting the

resul tant reaction conpolyisdbofylesit eguccinptewestlr, pwbghhiar ¢ies npginhasel qeid de,
with various nole ratios of said..15 hydroxyl-term nated pol yi sobut enyl
succi nate ester to sai OPAULHHGIRE Ysul phide to form a thiophosphate

o o PO 0P M UGB o gl b
i nhi bi ti 2§ napht hewmhereiacsaid caiditosi ommprises a polymeric ethylene oxide treated
derivative of polyisobutylene thiophosphate ester having low phosphorous
content, high thermal stability and low acidity comprising the steps of:
(a) reacting high reactive polyisobutylene with maleic anhydride to
form a polyisobutylene succinic anhydride;
25 (b) reacting said polyisobutylene succinic anhydride of step (a) with a
compound selected from glycols, polyols, and polymeric alcohols
to form an hydroxyl-terminated polyisobutenyl succinate ester;
(©) reacting the resultant reaction compound of step (b) with

phosphorous pentasulphide, with various mole ratios of said

30 hydroxyl-terminated polyisobutenyl succinate ester to said
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20wherein said additive conprises a polyneric ethyl ene oxide treated
derivative of polyisobutylene thiophosphate ester haRarfityI08&FinedsSpasor ous
cont ent, hi gh (hbledinglimentdaient|mady udd34 o\FCcVduntgryclorepdriestsmyd skbsequendps  of :
(a)reacting high reaendmestspbyujiaepbiatdgtapred spdctfiaativml of HY appliegtieride to form a
pol yi sobut yl ene succini c anhydride; 25(b)reacting said polyisobutyl ene
succi ni c anhydride of step (a) with a conpound sel ected from gl ycols,

pol yol s, and polyneric al cohols to forman hydroxyl -termn nated

pol yi sobut enyl succinate ester; (c)reacting the resultant reaction conpound
of step (b) with phospphmspheroperpmmsulphiddeto vibtth @ athiqphesphatee estat i afs of
sai d 30hydroxyl-term nat ed 8%| sobut ef% succi nate ester to said Dorf 1
790SG Fi nal Spec (I ncl AWK ABMSSAETE ™ Art. 34 of PCT, Vol untary
Amendnent s and sulequenttifreRAeRIMafs reBEInV@Ingiund Of A&p]E) Fith H@BGédel cation
of AU application) phosphor ous E)emt asul phide to forma thi ophosphate ester
of pol yi sobutyl ene sucexidat goes dl) edatene ngoxidretreatesl| demvativeacefi on

conmpound of step (c) with.e i de .t. m_an

o oot o oot o 1 bbispbublsfe Tuiaphaspbats 36 ity s BPhEtaY w0 o 1 s
the napht henic acid coesmsdi®inhibitirdyl ddditpeaddi tive. 11. A method as
described in item9 or item 10, wherein said conpound of, step

sel ected frorhlt he @m&wd@érﬁmrsheﬁgnmeép?/lowémg @dﬂ?erelﬁéﬁlénéoﬁp‘gﬂn ‘Pfut yl ene

gl ycol, butene di II%‘ \ | ycol,
pol ypr opyI ene gl ygol,p gk#&n &? rgl%% né g @%@ pmjf wﬁk gﬁi{%o gr}seg
described in i temdiblprbutylem 1@Lyc<v|¢1ebmerme sdibl gbyrpanndrinfetisdadp pidpanes

et hyl enetlgl ycol . 13 escr; bed in item?9, vvhehel n sai

A et h d
resul tantYreacti orl?ob’(?%g% §P Brqpyieng glycabandnelyiFtramethylggs %Iléc‘gel ect ed
from group 1360nsisstichhd0fs dLHeANR iRl 9or 33 P Qﬂyelréﬂ%al‘ax'c%p&ﬁucif@ﬂ’ m an

oxi de derivative of said polyneric thiophosphaté ester. 14. A nethod of
usi ng a new addi t istep (bpis ethytenbiglycoly napht henl c acid corrosion, corrprl si ng
the step of

: 8. heati hydr oc C. nt ' napht.heni
vapori ze a ngortlAbr{n%H ‘Zaﬂs g s%}gé’?b em 3}9 5d; ﬁeéuﬁﬁrli%%t?%n
vapors to rise incampbeid Iok“aétépnroc)cgl %ﬁBtedenHO‘ﬁﬁ%ﬁﬁilen&le’ttdﬂoﬁbhpfgr&fp sai d
hydr ocar bon vapors passing through the distillation colum to produce a
distill atlé consisting of butylene oxide and propylene oxide to form an oxide
derivative of said polymeric thiophosphate ester.
14. A method of using a new additive for inhibiting naphthenic acid corrosion,

comprising the step of:

a. heating a hydrocarbon containing naphthenic acid to vaporize a
20 portion of said hydrocarbon;

b. allowing the hydrocarbon vapors to rise in a distillation 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
25 ppm, of said polyisobutylene thiophosphate ester as described in
item 1, or said ethylene oxide treated compound of said polymeric
thiophosphate ester as described in item 2, or said oxide treated
compound of said polymeric thiophosphate ester as described in

item 3;
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d. adding to the distillate from1 to 2000 ppm preferably 2 to 200 25
ppm ‘of said polyisobutyl ene thiophosphate ester as Beférd086Final Specem 1, or
sai d et hyl ene (xiudizg omesdred: malapeinn d4 of PGRV dlupahyimenidmentsindphloeplaat e est er
as "descri bed in it emerdmaons, Equivhlaxiodcenadapesficatmmdbtipplicasan)d pol yneri c

t hi ophosphate ester as described in item3; Dorf/1790SG Fi nal Spec

(I ncl udi ng anmendnent made u Art. 34 of PCT, Voluntary Anendnents and
subsequent anendnents, Equivalent to Accepted specification of AU
application) e.allowing the resultant m xture of step (d) to contact
substantial | y theeenti mHowhigathe sesultantesnixpire S stepd{d tto Icbatactosubstahuatty t o f or m
protective filmon said surface erepy sai daz(g;ﬁa;ies ar e i nhi bi %ed agai nst
corrosion. 5 Although thfe entiFemstalnSWEses, Ofns FlgEan GotymR dPefAfke t o
certain preferred embodi st fifn6h LY Stk WHePeyNaid Bifiked &e hibidd ted to
those preferred enbodinents. Alterations to the preferred enbodi nents

descri bed are possi bl e agiib$teotrosleparting fromthe spirit of the invention.
However, the process and 10 conposition described above are intended to be
illustratrve only, and the novel characteristics of the invention may be

i ncor por at ed Alhdihahe ifeRBonhh{ ®eén deRaAbéd RAH FedéfehdeetoS EReh Pleftr@l
invention. In the clains which follow and in the precedi ng descrjption of

t he i nventi orgmbpgimentsefhe ivention: fie nobrmesn tpeh%ilrrélée%tt%égﬂﬁes@fflf%@eq 0
express | anguage of . NECLRSARns! APk SALA0Ry SNRLE JGBARL 56" pOlible
variations such as "conprises” or cporrpr|5| ng  1s Gsea I nan i nerusi ve
sense, i.e. twitlsuedepattibd drdi aberprit ff thBdnsdntibedHoeatet! else briicessodnd 0

precl ude the presence or addition of further features in varjous

enbodi nerdfs Pmpreitipawesiribgd aboyy fre intended Kube iilistratgoenlynaid thernoygl, pri or
art_publ i cat i filRrllCOf @t il Pinhy BUGRCABEEIANGS iR SR wAldRf I tute
an adm ssion that the publication orns a part of the common gener al

knowl edge i n departiap fyom the Acoercdltheaingentmny ot her country. 25

Dorf/1790SdE Fi nal Spec (Includi ng anendnment nade u Art. 34 of PCT,

Vol untary Amendnents and subsequent anendnents, Equivalent to Accepted
speci fi cati onyohe AhiRARRIKIERIDHISY aE18hMHe plecedinBaWs@diftiohl ¥ethbdhvédivnbi ting
napht heni c acid corrosion conprising Eol ynmeric thi ophosphate ester having

| ow phospfor cusepoviteenthe chnight teheirgsedtherwagsi duetty exprasd language af ngCessak ch i s
reaction pr oducltl. of reaction,of 5h dr,oxgl -terﬁi nat ed pol yi soth l,eng or

pol ybut ene s UBPHFER oUF o VU t HCOBHBERhoF o T AR SHFh hfde COBPIIHS o

addi tive, as ‘GbaipABidg? fs Gbedl A dn iVBIRI §enS@ll itk. PO |spe@fy thet frepboPhRe e est er
is further reacted wth ethylene oxide to forman_ethyl ene oxi de derivative
of said pol yris#ed featirepbiddiohse ereslide the presenge op addifion @fifrthes featareg i ned i n

claim1, wher .iggs?%hgoaq%lexg%ﬂh% i}l\l;gntggﬁosphate ester is further reacted with
e r

an oxi de sel ec omgroup consisting of butyl ene oxide and propyl ene

oxi de to 20orm an oxi de derivative of said polyneric thi ophosphate ester. 4.
A new additive, as clajnmed jn any one_of preceding. clai 1-3, .wherein
15sai d pol ymelf icionbfoumigraiend thalpid any préprasopY iAbGhisdelsed to hetein, such

reference does not constitute an admission that the publication forms a part of the

common general knowledge in the art, in Australia or any other country.

25
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5. A new additive, as clainmed in any one of preceding clainms 1-4, wherein
sai d 'pol yner conpound has nol ecul ar wei ght of from S0@/17903GFx! §pdct on,

pref erably fr ¢ivcl@g tmerdolo miak uadwn. 3o AGTT Eolpniedyetrahiigentsraavhs@is8yueny 1300
dalfton. 206. A new adhirmens, E@svaldnaiomeckpted spavificanive ofH Uppgitvedonmig cl ai ns 1-5,
wherein a nole ratio of said phosphorous pentasul phide to said

hydr oxyl -t erm nat ed pol yi sobutyl ene or pol ybutene succi nate ester varies
from0.01 : 1 noles to 4 : | noles. 7. A new additive, as clainmed in any
one of preceding clainms 1-6, wherein 25said polyi sobutyl ene is nornmal or

hi gh reacti v&lains: A new additive, as clainmed in any one of preceding clains
1-7, wherein the effective dosage of said additive js fram1l ppmto 2000

ppm preferably f/oheY peditive f?OOmB‘ﬁfﬂngQPalﬂ‘tm%@ﬁl‘iﬁoﬁﬁ?&?%g“&‘wgaddi tive

for inhibiting na fjjﬂ?e'i’i'.c ' I Q0 SR R &ﬁﬁrﬁ{i tJhd

pol ynmeri c hydr oxylﬁpt er mcntaht?@élgs %e;@é&ggggﬁkglpﬁg%g%bzﬁ?nc u |t’n3dg£lrrendrrent
réadga uI Art. t 34Aof tHRﬁﬁgl éte)‘tbili'.c)? qardyl;)wrmdi. i ?Eg\tlﬂﬁcmld'e&ﬁ?gmt ?ﬁrmctchmmﬁb o S,

qui val en o0 Accepted specjficatiaon .o applj cation) polyisobutyl ene

thi ophosp%_at_e estil%wg_m%amna pRBSBHRE € RPféfﬁPﬁenﬁisé‘_ff“%ar‘i%FﬁtﬁT _Wsl?flabi lity
and |ow acidity, ¢aRhbffusPehiiui@&Rs of : (a)reacting high reactive

pol yi sobutyl ene with malei ¢ anhydride to forma p'OLYi/lI sobut yl ene succinic
anhydri de; 5@b) r edctigvg additivepodsyickuimed yinersdaimudei wherenspidr ipgbymedricst ep (a)

wi th a conmpound sel.ected fro l. I ol yol s.. and, pol ric alcohols to
form an hydroxyl - tEPRIRREAG %%?chstﬁﬁﬁ?e%%t&gd’gg} ﬁﬂlyé&gs%l’g&? R i ng the
resul tant reacti ortisteie@unid detivativefchii polynierRhhiophesphats egent asul phi de,
with various nole ratios of said 10 h&droxyfl -term nat ed pol yi sobut enyl

succi nat 80ester t d\ seAvd #lddtehorsofdaimedt s laim de Waeredy haid tNOEMIES phat e

ester of polyisobuyj. L.nat I P i t i cid
corrosi on inhi bi t?é\léblg(%g}ll%?\%gep%Oﬁlﬂﬁrgr%feﬁ%tgwlﬁjhn%i?)r(]%dg%fég%gi %gg‘?@r

i nhi bi ti ng napht heohdistangi df dutylasi oride Lawh prapiytens adxddadadi formearc ayidd ses a
pol ymeric ethyl ene axide treated derivatjve of polyisobutyl ene

t hi ophosphat e est éirenﬁ?_’atv’!er?éS?‘?\EOBW&F%‘MB‘PB{RSPE‘H?IF%&, high thermal stability
and |ow acidigy COIREwHdafivess ShfRRA Bl any(dhk! Fhtddthgiihs’ RICWYRIn

pol yi sobutyl ene with mal el c anhydride to form a pol yi'sobutyl ene succinic
anhydri déj 20(b) r sactpolygnme aothppuhd/hasdbm ¢0 en20®umchani atoranhydr i de of step

(a) wwth a cqampound sel ected from glycols, polyols,..and .pol ric al cohols
to form an hi}dr oxyt ?F‘é’raﬁfﬁﬁ‘é’?eﬁs éS'I’%dSIBbBL?P' e I?fﬁfg%eﬂ%(galgbst %gl,awklﬁr)emr eacting
the resultant reaGhidopolyRePumpo@did HheRndl&ulaM whight of from 500 to 10000

dalton, preferably from 800 to 1600 dalton and more preferably from 950

to 1300 dalton.

20 6. A new additive, as claimed in any one of preceding claims 1-5, wherein a
mole ratio of said phosphorous pentasulphide to said hydroxyl-terminated
polyisobutylene or polybutene succinate ester varies from 0.01 : 1 moles

to 4 : 1 moles.

7. A new additive, as claimed in any one of preceding claims 1-6, wherein
25 said polyisobutylene is normal or high reactive.
8. A new additive, as claimed in any one of preceding claims 1-7, wherein

the effective dosage of said additive is from 1 ppm to 2000 ppm,
preferably from 2 ppm to 200 ppm.
9. A method of making a new additive for inhibiting naphthenic acid

30 corrosion, said additive comprising polymeric hydroxyl-terminated
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phosphor ous pent asul phide, with various nole ratios of said 25

hydr oxyl -term nat ed pol yi sobut enyl succi nate ester twrgE9AS@EFoshNmcous

pent asul phi de (hdufliog amendiibnt epro s dhral4of @S eVolaritany dimgndmdntstapd ewbeequergci nat e
ester; (d) reacti ngmehnénenaskjuivalent i dacrpiedspecifiogpanfidblpgicafior)c) with

et hyl ene oxide to forman ethyl ene oxide-treated derivative of Dorf/1l
790SG Fi nal Spec (I ncluding amendnent made u Art. 34 of PCT, Voluntary
Amendment s and subsequent amendnents, Equivalent to Accepted specification
of AU application) polyisobutylene thiophosphate ester, which is the

napht heni ¢ aci d ceolyisebatylena thibpHospigrtaettérthaving 18w phéspheidue domsntc highned i n
claim9 or claim 10, wherein said cqonpound of, step (b) is selected fromthe
group conprising phesngl sapilityiapd w a‘HG‘t%ﬁ@mBHF'&gtheoﬁﬁ?Rﬁloéne gI ycol , butene

di ol , glycerin, p p | ene

gl ycol and pol yt efd?am%ﬁtﬁgngfgﬂ I%Q&fve qélyggﬁﬁl%ﬂ@aﬂgﬁ%}% %e #ﬁg?}sal m9 or
claim 10, wherein sai dfarmmm]yldomﬂylsmwc@b)c anbydrideyl ene gl ycol. 13. A

met hod as_cl ai ned .in claim

| t t q
of step (2) is refdtedSAFMe 5W£h&9[yd%’b§8’?eé‘8tsrégg#*Gﬁﬂ@‘lﬁ@ﬁ%ékﬁg%wthCOnpoun
but yl ene oxi de and pr Oea(rhﬁ‘éiﬁd%le@édtﬁblﬁ%w’eopsn BIoHE afte pblyAetiv @l @hoBai d

pol ymeric thiophosphate ester od o using a new additive for
i nhi bi ti ng napht henic HthUH@oﬂlUd\l@mhtermmapﬁdmlﬁq)humymt@pmeﬁe esttBa. heating a

hyd b t ht d
yar ocar bon; b, alPow FACERG pcrstirbortokbr et R S8 480 8 B ot on

colum; c. condenSI Ng gh@phérods pRhtaSalpRidBy dvitlt aakiens \tagler fatipassf Rgidt hr ough
the distillation columm to produce a distillate 20d.adding to the

distillal® from1 to 2bpdroppmierpinatedy awﬂ)g}wbute@ylzos}lcswﬁse st gjtg  said
pol yi sobut yl ene t hi OphBﬁ%B%l%H?;é Fq{asﬁ‘i hﬁilea %éﬁ;b haf¥ eS@f dhset hyl ene
I op spha

oxi de treated conpound” of “sal I C t ter as clained in
claim2, or said oxi depblnyésabmgllene)rqmocmateoésteralwhlph)l1ymhe| paphitienwhasidhat e
ester as clainmed in 25claim 3; allo the resultant m xture of step (d)
to contact substanti al FTSRN ‘éh‘?’?t %’g}ct‘é’% surfaces of said distillation

colum to fong prof %%Hoﬁ%ffxﬁalkm&f&{h Rt eSuf IMasuNdRIRbenRActH SdHdsRfeS are

i nhi bi ted agai nst corrosion
15 wherein said additive comprises a polymeric ethylene oxide treated

derivative of polyisobutylene thiophosphate ester having low phosphorous

content, high thermal stability and low acidity comprising the steps of:

(a) reacting high reactive polyisobutylene with maleic anhydride to
form a polyisobutylene succinic anhydride;

20 (b)  reacting said polyisobutylene succinic anhydride of step (a) with a
compound selected from glycols, polyols, and polymeric alcohols
to form an hydroxyl-terminated polyisobutenyl succinate ester;

(c) reacting the resultant reaction compound of step (b) with
phosphorous pentasulphide, with various mole ratios of said

25 hydroxyl-terminated polyisobutenyl succinate ester to said
phosphorous pentasulphide to form a thiophosphate ester of
polyisobutylene succinate ester;

(d)  reacting the resultant reaction compound of step (c) with ethylene

oxide to form an ethylene oxide-treated derivative of

4]
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Dorf/17908G/Final Spec

(Including amendment made u Art. 34 of PCT, Voluntary Amendments and subsequent

11.

12.

13.

14.

amendments, Equivalent to Accepted specification of AU application)

polyisobutylene thiophosphate ester, which is the naphthenic acid
corrosion inhibiting additive.

A method as claimed in claim 9 or claim 10, wherein said compound of

step (b) is selected from the group comprising propylene glycol, butane

diol, butylene glycol, butene diol, glycerin, trimethylol propane,

polyethylene glycol, polypropylene glycol and polytetramethylene glycol.

A method as claimed in claim 9 or claim 10, wherein said compound of

step (b) is ethylene glycol.

A method as claimed in claim 9, wherein said resultant reaction

compound of step (c) is reacted with an oxide selected from group

consisting of butylene oxide and propylene oxide to form an oxide

derivative of said polymeric thiophosphate ester.

A method of using a new additive for inhibiting naphthenic acid corrosion,

comprising the step of:

a. heating a hydrocarbon containing naphthenic acid to vaporize a
portion of said hydrocarbon,;

b. allowing the hydrocarbon vapors to rise in a distillation 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 said polyisobutylene thiophosphate ester as claimed in
claim 1, or said ethylene oxide treated compound of said polymeric
thiophosphate ester as claimed in claim 2, or said oxide treated
compound of said polymeric thiophosphate ester as claimed in
claim 3;

e. allowing the resultant mixture of step (d) to contact substantially
the entire metal surfaces of said distillation column to form
protective film on said surface whereby said surfaces are inhibited

against corrosion.
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