NAPHTHENIC ACID CORROSION INHIBITION USING NEW SYNERGETIC COMBINATION OF
PHOSPHORUS COMPOUNDS FIELD OF THE INVENTION 5 The present invention relates to the
inhibition of metal corrosion in acidic hot hydrocarbons and more particularly to the inhibition of corrosion
of iron - containing metals in hot acidic hydrocarbons, especially when the acidity is derived from the
presence of naphthenic acid. The invention is also useful for 10sulphur corrosion inhibition. DISCUSSION
OF PRIOR ART It is widely known in the art that the processing of crude oil and its various 15 fractions
has led to damage to pi in% and other associated equipment due to naphthenic acid corrosion. These are
corrosive to the equiyﬁgﬁt JLENIG diétﬁi,na,xtrg& ar%lﬁr%g& Me LG, Glgﬁé)?[ally speaking,
naphthenic acid corrs$iINERGETSCAMOIOMBENATTO N ©RPPIOSPIFOR US CONMROBNBSON number or total
acid number (TAN), expressed as the milligrams of potassium hydroxide 20 required to neutralize the
acids in a one gram sample, above 0.2. It is also known that naphthenic acid-containing hydrocarbon is at
a temperature betwd&ERDIQF 0AE BRNENDOMpproximately 400F -750F), and also when fluid velocities
are high or liquidsimpinges 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 sul ecBWFﬁBhHH@‘?H‘BHG]@B?I§%§\?é‘ﬁ@l%ﬂ%él§g‘ﬂﬁ@dcﬁ9ﬂ%)}ryéﬁp§ $fkh corrosion is
particularly severe irmgdroospbeyicananvacpardistilatio rtheniishivi dem perasuasobedtveen 400F and 790F.
Other factors that SOcaniriute {9 he goprasivity of ehdes.cantalning hephinenieagids jndlude the
amount of naphthenic acid p‘%esenat, the c:oncentlratlll h of sulu? colf)npou?%ds, the veloci yyand turbulence of
the flow stream in theeamid, fzoml the poesation oh taphtiviniGe agidlidbi vapdomterfagse pssis twmmonly used,
naphthenic aciqds a GolRGtMGERIBA [RRIGRILAIN organic acids present in various crude oils. Although there
may be present minor amounts of other organic acids, it is understood that the majority of the acids in
naphthenic based crude are naphthenic in character, i.e., with a saturated ring structure as follows: 10
COOH The moleculDigegssNaGphirRIRaa R Can extend over a large range. However, 15 the majority
of the naphthenic acid from crude oils is found in gas oil and light lubricating oil. When hydrocarbons
containing such naphthenic acid contact iron-containing metals, especially at elevated temperatures,
severe corrosion prolblémsidais k@ N apiththenictisatidheoprosionngasf plagaedlthadafiningingustry for many
years. This corigding, matatial.congists @Inpxgéi%&M@HgyampGfasngg&{abéay&a\ﬁlﬁﬁgapwct@c'ds with a
cids

boiling range between 350 and 650F. These a end to concentrate in the heavier fractions during

crude distillation. ThPERIHASS GRHALhe RiPRaER TABRN rienbfeFavReRabtshstiAiBwer internals,

feed and reflux 25 segtions ehophinng heakexchaogeks, tGryhalior}s antk canpiensatsaare primary sites
of attack for naphthenic acid. Additionally wher(] ude stockselfgli%h in naphthenic acid%are processed,

. corrosion occurs when’the ¢ ec?eln . Proces as a neytralizati numoer
severe corrosion car OCCUF In the carbon Steel or T6MTiE steel Turnace tubes and tower bottoms. Recently
interest has grown iriatak aohtnohbkthi$ AWpe ofrcorrasionthe ydiigcambort petsessinbydritsddue to the
presence of napfithepig, aciddmertides fIAmdRcationse i fpianidia. Aftica.andkippe. Crude oils
are hydrocarbon mixtures which have a range of molecular structures 5 and consequent range of physical

properties. The physall PRS2 IINAIEME I LTASHPRILE il BEEEREHIR Wefedb9tocarbon

mixtures also vary wittiaeagbasnges apnelasii@yweigir,-2as0ns || a8l theoseheaelafoiletantaining the acid.

Therefore, charactergggf)rﬂl %p ! I:l)%p?vi% oefS theslgo%%istjs afg% rsloet W%II un(gfeerrsltloosd.ré Wege% (Snwn method
used to "quantify" the aci concahtration m 10 Fuge ol hasBéen B ROH Fitralion of the ol The oil is

titrated with KOH, a stxbregtbetse flovameand point which assures that all acids in the sample have been
neutralized. Thesunit of this titration is mg. of KOH/gram of sample and is referred to as the "Total Acid

Number" (TAN) or Neutralization Number. Both terms are used interchangeably in the application. 15
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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The unit of TAN is commonly used since it is not possible to calculate the acidity of the oil in terms of
moles of acid, or any other of the usual analytical terms for acid content. Refiners have used TAN as a
general guideline for predicting naphthenic acid corrosion. For example, many refineries blend their crude
to a 20 TAN=0.5 assuming that at these concentrations naphthenic acid corrosion will not occur.
However, this measure has been unsuccessful in preventing corrosion by naphthenic acid. Naphthenic
acid corrosion is very temperature dependent. The generally accepted 25 temperature range for this
corrosion is between 205C and 400C. (400F and 750F). Corrosion attack by these acids below 205C. has
not yet been reporteB e JBREMSE itasid e SRS (heHonsspEriBuNasH HSeBausst¥shat corrosion
rates reach a maximuwio@tyehout G0 aadithesubagim ibdimiinjahd 3ETTbeadomoeizatidn and velocity
of the acid/oil mixtur eareﬁalusl%/ivmi%gritﬁa}gt ggetors which influence naphthenic acid corrosion. This is
evidenced by the ap &irarice of the surfaces affected by naphthenic acid corrosion. The manner of
corrosion can be deduced from the patterns and color variations in the corroded surfaces. Under some

conditions, the rBetalA§Ltr<§?rﬁﬁd§1}L1Hi@{rﬂ%ﬂh{@ﬁl@%i—ﬁh@%@@@@é @190 PFefal e rongansed acid runs
down the wall of a vessel. Alternatively, in the presence of naphthenic acid pitting occurs, often in piping
or at welds. Usually B&STAEIRI Gria&Tile sitis cbberel B Prele P pistk Ririaa i viile the surface
of the pit is bright metakooipasionbyd, thiis, gieytiodhlatk: filt cajelin@fthylaceBviarnaobbeic pattern of
corrosion s erosion-gorgsion, which fias &40, characteristic Raffern.of aques vil shiarp,edges. The
surface appears clean, With 1o visible” y-products.r?‘%e ’pa%t’ern of Mmetal corrosion 18 indicative of the fluid
flow within the systefallsinte increased contact with surfaces allows for a greater amount of corrosion to

take place. Thefgfore, corrosion patterns provide information as to the method of corrosion which has

taken place. Also, the more 15 complex the £orrosiox, i.e., in i . sing complexity from uniform to
pitting to erosion-corrosion, the lower is th '~

hich triggers the behavior. The information
provided by corrosion patterns indicates whetheraaphthenic acid is the corroding agent, or rather if the
process of corrosion occurs as a result of 20 attack by sulfur. Most crude contain hydrogen sulfide, and
therefore readily form iron sulfide films on carbon steel. In all cases that have been observed in the
laboratory or in the fihd reEellsunfeiebs davehtears colerat anithdofimadhrgsrrrm gt dwietrs. presence of
hydrogen sulfidg;thefilm fasmed isievariatbniton sulfide (alein hedew cases Whee fesis have been

run in sulfur free conditions, the 25 metal is covered with iron oxide, as there is always enough water or
oxygen present to prabticdingRih MbrbMRHEENS CSuFHES surB APt PRIRIEATIHEthe extent of
corrosion may also seheiasdnaieatoespeting yngeohreanasiemeeeyNingdvtiinstopaitieldas hydrocarbon
treating unit. 30 Metglriggupons can be inserted into the system. As they are corroded, they lose material.
This weight loss is recorded in units of mg/cm.sup.2. Thereafter, the corrosion rate can be determined
from weight loss measurements. Then the ratio of corrosion rate to corrosion product (mpy/mg/cm.sup.2)

is calculated. This isyg, fistharindiciRfoRfin ey paLEEHORIBR R AcRRE-VRIChARS 1akerrpiace, for if this 5
ratio is less than 10, it has been found that there is little or no contribution of naphthenic acid to the

corrosion process. HOWadEE MafaiphgnsiteabieredotHBn i Aeiss Reycdiosmieantontributor to
the corrosion processgifistnguishioighetineen sedficali@3@Ettask a3dcormsien sadsaehbytvaphthenic 10
acid is important, since, diferent remedics are fequiscd depeading,nan e cofroding. agept. Usually
retardation of corrosion causeauby suffur compoundds at elévated emperatures Is etfected y increasing
the amount of chrormisitheifiutinecalloyinghicimiten dedsinve tnadirgcanbonitreatiigfesdtan rafige of alloys may
be employed, fiam 123t ChiQdah Chal BEARS:evaR Niaheh URlpURIRb 1o (pesg:show lite o no

resistance to naphthenic acid. To compensate for the corroding effects of sulfur and naphthenic acid, an

austenitic stainless sté&&8 Rt dohtaimariithenist acishyHdi unYDRRUSTHE dtRsdhighe®orrosive

problem is known tohgrgghavaiad by phe elevairddernpessainesinacassaiidedebnadsacherack the olil
and by the oil's acidi}g whicig iﬁ i:ausedt rimarHy t&/ h'\%tgtlevel% of 20 na htq nic acid indigenous to the
crudes. Naphthenic aGIdEiS CorrOSE petween {ﬂeerrangé) Of-about 175816 430G A the féher
temperatures the naphithehief abidsare i tvervsiporiphaskoandat fhredesweg temipetaturesthie 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 4o sulfur compounds becomes significant at
temperatures as low as 450F. The catalytic generation of hydrogen sulfide by thermal decomposition of
mercaptans has been identified as a cause of sulfidic corrosion. Sulfur in the crudes, which produces
hydrogen sulfide at higher temperatures, also aggravates the problem. The temperature range of primary
interest for this type of corrosion is in the range of about 175C to about 400C, especially about 205C to
about 400C. S Various approaches to controlling naphthenic acid corrosion have included neutralization
and/or removal of naphthenic acids from the crude being processed; blending low acid number oils with



Because these approaches have not been entirely satisfactory, the accepted approach in the industry is
to construct the distillation unit, or the portions exposed to naphthenic acid/sulfur corrosion, with the
resistant metals such as high 25 quality stainless steel or alloys containing higher amounts of chromium
and molybdenum. The installation of corrosion - resistant alloys is capital intensive, as alloys such as 304
and 316 stainless steels are several times the cost of carbon steel. However, in units not so constructed
there is a need to provide inhibition treatment against this type of corrosion. The prior art corrosion
inhibitors for 30naphthenic acid environments include nitrogen-based filming corrosion inhibitors.
However, these corrB&SHSRRbMALhsic asidie Ry fesis SIS Aigh 1 YeRaltfetliihment of
naphthenic acid oils.aWHhileotrious corrosion inhibitors are known in various arts, the efficacy and 5
usefulness of any particular corrosion inhibitor is dependent on the particular circumstances in which it is
applied. Thus, efficacy or usefulness under one set of circumstances often does not imply the same for
another set of circun§stsiscals. #e byrdseeiitben| argéurnsiberhdfayerroginas irfhibmlerslavaipieen developed
and are in use fgr apgﬂg:agjﬁge%&ﬁrigg%éygge?\@g@ﬁe@%Bgrggg.thgﬁpeg;ymgeﬂggﬂﬁyg type of 10 surface
that is susceptible to the corrosion, the type of corrosion encountered, and the conditions to which the
medium is exposed. TBFBREMBREISUVECPSANY 868199 P dBSLHBSERIMEBFSAbA iibitors as useful
against corrosion in relkatiie lyhiowckein peratuler Gaigen atedeiigyabeiSosysiensisuehasimater floods,
cooling towers, driling, s, 2y drling, and,ayio radiatar systems- Fat patgnt 45 alo nfes that many
corrosion inhibitors capable of performing In non-aqueous systems anaror non-oxygenated systems
perform poorly in aquedsusiensd/br vsd) danatetheirodnsed The reviiise ibtraadasongsihtiienmere fact that an

inh_ibitor _that hag) shoypefficagy %&%X%Gﬁ%@%&%ﬁ%&&ﬁ?"ﬁl’%&&ﬁs”t%a’ik@%%ﬁ_ ﬁf@ﬁt yould Sh_OW
efficacy in a hydrocarbon. Moreover, the mere fact that an inhibitor 20 has been efficacious at relatively

low temperatures do¥&RSPATEH QR R RAONB P AsHHES AL A LRI Mt dbe rAmBYT AR fact, it is
common for inhibitorsethatiace. VEly effeciivenat retativiely lavy. teh BeHIYres tof beagnreaneffective at
temperatures such as the 175C tg 400C encountered in gil refining. At ucg temperatures, corrosion is
notoriously troublesgﬁ%t%rrgfw}ciod?ﬁi%ﬁt t?)oézl eviate. ]fﬁelljgr Lﬁlﬁﬁga .rnll\?gfl gléa 85,@5’?&%?1 a%hs no teaching
or suggestion that it waeddbeetactivehimgrabbamiboappsiysters such as hydrocarbon fluids, especially
hot hydrocarbogkfluids. 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
Atmospheric and vadbGiPdistiftirissrnernelnscsuiisedts mepResthie QG ito &6 39hen processing
certain crude oils. Cufrentbiluseetiteatmenis aractbesmallycdactivenaukise iempreatdres. i the case of
phosphorus-based inhibitors, thisjs.thought to lea metal phosphate, surface film..The film is more
Fesiatant 5 10 gt S R A e St o e S 6 R Pvolatie and
exhibit fairly narrow digtillation 2eidgessroflvay Bee dechipto aneayursimeiesyblordodlowctindepwint of corrosion
depending on thg leRRRIAIYI & LARNAR tﬁ&'){?m&@%&@ﬂ%%ﬁjﬁwﬁm%g i &QFBBWHNH{ es of higher
and lower polysulfides and, perhaps, elemental sulfur and mercaptans. Thus, the volatility 10and
protection offered is %Pbr@&i%‘fé(ﬁ‘fe?%é“?ﬂ%?e‘i‘ﬁ% '&%ﬁﬂs’é‘%f‘ﬁi?%éfghfﬁeﬁﬁ HUOLCEPFEETIOR RY refineries and
the prior art solutionadphthatipeeiiem have been described at length in the literature, the following of
which are representative: 15 U.S. Pat. No. 3,531,394 to Koszman described the use of phosphorus
and/or bismuth compounds in the cracking zone of petroleum steam furnaces to inhibit coke formation on
the furnace tube walNaROYrs: Rad. o244 049 toreeivet dddistlosddecgempalindscsplstantially as
described and laimeg RerIRAtiseras drliaeRo aBHRURRIS.\ il eligaiimas qaiifopIgnl materials,

materials of this type have not heretofore been used as corrosion inhibitors in the manner set forth herein.
While this reference te3dHeSHasIAtBrK S tHIBEHE K HASe % ey Cshrhngs Xrdsetseaiadie subject
invention to 25the ingenpingifeed lickeuiee the nonhvalppite batbderof dae eage Mmaterialsribiayndo not distill
into the column to protect the column, (e AP GpuAg Rining or irther, process steps. | have found that
by injecting the thloprhosp e esters as taaugﬂlf herein, surprising acef%/ﬂy iS obtained in preventing the
occurrence of naphthenic acid corrosion in distillation columns, pump around piping, and associated

equipment. S 33 The concentration and velocity of the acid/oil mixture are also important factors
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U.S. Pat. No. 4,105,540 to Weinland describes phosphorus containing compounds as antifoulant
additives in ethylene cracking furnaces. The phosphorus compounds employed are mono- and di-ester
phosphate and phosphite compounds having at least one hydrogen moiety complexed with an amine. 10
U.S. Pat. No. 4,443,609 discloses certain tetrahydrothiazole phosphonic acids and esters as being useful
as acid corrosion inhibitors. Such inhibitors can be prepared by reacting certain 2, 5-dihydrothiazoles with
a dialkyl phosphite. While these tetrahydrothiazole phosphonic acids or esters have good corrosion and
inhibition 15 properties, they tend to break down during high temperature applications thereof with
possible emission of YBHLABHESH BRI UEBSIL AL s TRIS dsigvistene e ho apPaFaRce Shtaining
compounds impair thieefontites afaacibbg caiadysit uskictartréat.Chud enailne. gf, dorfosgdrloed hydrotreaters
and 20 hydrocracking, Upig. SirHdS qiLRraRgsears i Clien na fuandancaincs fihe phosphite stabilizer
is not used, then iron can accumulate in the ﬁyarocarﬁon up to 160 20 ppm and impair the catalyst.
Although nonphospHorus ceodiamindhinmigitbsertes cowirereiailyiznesi dbjenedayearalgenetally less
effective than the pheaphQILIRIGRBIAIIRG GAMAGWAdS. 2R - Bf RaltNel 4ttt ip Kanlan et al,
described an improved method of reducing fouling and corrosion in ethylene cracking furnaces using

petroleum feedstockB FERSEING AR NESLICHY S MR 5t PEEILIBI B RS LStk dspbshate, phosphite,
thiophosphate or thiophaspikiecastasi coropauadywine ieinythgarinEibas lan patikahecoefiicient greater
than 1.0 (equal solu%i,[lit%én tl)togp ggtﬁioustandrhlya%ro%?rbacnaﬁqlplv?gts(.) lﬂl;%: Pf?ltm No.V gfl,%421,t716 to Kaplan
et al describes an improveg method for 5 redpucmg ou¥ing and corrosion a}<least ) pprﬁ of a combination
of a phosphorus antiferiemesonneohaidratdra filmieryrirsitbitey. Thephesplonus sbrmbolatd is a phosphate,
phosphite, thiophospiats REURO Q%?H'&ht%&%t&r&f?m%ﬂ“éhg-gherﬂkﬂﬁ}ﬁa&@Q@Bﬁfs‘%l@é}l!W_ZO“_”‘?
compound. 10U.S. Pat. No. 4,941,994 Zetmeisl et al discloses a naphthenic acid corrosion inhibitor
comprising a dialky! B¢ ﬁlﬁ%lbﬁ@ﬁ%ﬁn@ﬁrﬁﬂfﬁﬁﬁ% WAtA Esishi i lAhS dHifttant
advancement in phofiphoxusiaantainirgndptihsiiaadideaicosion sbriotibitorssviasargpetéed in U.S. Pat.
No. 4,941,994. Thergmoi&ni§ %itsclgs%gil (gQaEOm ! I c rrcosiolfhérr] E(% accidljg gﬁ%ﬁid hé{drgloscarr%gﬁ% is inhibited by
the presence of a corrosion mhif)lflTnQ amount of apoﬁa?ky and/or triaﬁ<y?p os%%?e Wwith an optional
thiazoline. 20While thdomesttiot addsdhbarttirod) & cPraesivo whigh hgoaksropiehes Slgnifieamolimprovements
over the prior af tecm&ﬂifé?tl{éeé’&%ﬁlﬁ,s§e.t,hﬁr§1§e§£\l\‘%y$oﬁlﬂ€§f{\? tRenhangs theAbilityof corrosion
ntainin

inhibitors while reducing the amount of phosphorus-co qﬁgompounds which may impair the function
of various catalysts GESPIEELL R IV LM GES BTGP SieEFnHIBR6R 94t may be 25produced
from lower cost or more available starting materials. Another approach to the prevention of naphthenic

acid corrosion is theﬂic,e. of a chemical agent to formab rrier.bgiween Lh(alcrudehalnd.the.gquipment of
€ 1informatio LOV, . corrosion patterns indicates whether, n € acl .
the hydrocarbon processing unit. Thig'barriet or fim pr%ven S corrosive agentsaftr)om %reachlng the metal

surface, and is generallie adryeitmghigit. matetiatl. iGhsavsen ef abriti@EGursosion8llhdeting, paper
no. 449, Apr. 17,21, 4980 sletailsthaseauiremenis o 8-00ad im0 d A0 Btk o &y NGy, 252,254

iron sulfide films on carbon steel. In all cases that have been observed in the
laboratory or in the field, metal surfaces have been covered with a film of some
sort. In the presence of hydrogen sulfide the film formed is invariably iron sulfide,
while in the few cases where tests have been run in sulfur free conditions, the
25 metal is covered with iron oxide, as there is always enough water or oxygen

present to produce a thin film on the metal coupons.

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

30  Metal coupons can be inserted into the system. As they are corroded, they lose
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discloses one such film forming agent, sulfonated alkyl-substituted phenol, and 5effective against
naphthenic acid corrosion. U.S. Pat. No. 5,182,013 issued to Petersen et al. on Jan. 26, 1993 describes
another method of inhibiting naphthenic acid corrosion of crude oil, comprising introducing into the oil an
effective amount of an organic polysulfide. The 10 disclosure of U.S. Pat. No. 5,182,013 is incorporated
herein by reference. This is another example of a corrosion-inhibiting sulfur species. Sulfidation as a
source of corrosion was detailed above. Though the process is not well understood, it has been
determined that while sulfur can be an effective anti-corrosive agent in small quantities, at sufficiently high
concentrations, it beBBHEE 2 TBHrasishtdgints 1Pl Iharis & rf‘fgfﬁ?il'éwgﬁ%%ﬁ\r/%a%%frri@? against
corrosion without subfuifsobidhtrecadditerlaésuiliicifepagenishtd dhenprotesscsite e containiog phosphorus
yields a film composed of both sulfides and.phosphates. This results in improve dLormance as well as
2 decreased phospr or0 o A L A D atrcing
agents to the procesBshesandigaterropHssphoalisdieasedh pratssialchigie hassektorntangosion dontrol to

accentuate this nteraghipn. 2 Ratens NonaItdbhade RIMrrdsenigialy ASSeHRRI@RIacess for

inhibition of 25 corrosion caused by naphthenic acid and sulphur compounds during the elevated
temperature proces<IAE¥EeIt A8 b S EriRT BrPsEi MBIt LdRsiaing 8t Eolibigtion of
trialkylphosphate andaphirdkalinedaatbigadiadphosphonate-phenaieisulphicss functioning effectively as an
inhibitor on the internal metallic surfaces of the equipment used in crude oil refining operations. 30
Organic polysulfides (Babaian-Kibala, U.S. Pat. No. 5,552,085), organic phosphites (Zetlmeisl, U.S. Pat.
No. 4,941,994), and BhbsphisherpHespeite edielkioB altaiinaibatrosi®. RaseMbysnegoess), have been
cl_almed to _be_eff?C“\({%dn_iBMfB&%H?%HE@ @ﬁﬁ%&ﬁgém&?%m‘é rafidepeRtRsion SioYyRVer, th_elr high
oil 5solubility incurs the risk of distillate side stream contamination by phosphorus. P%osphorlc acid has
been used primarily fYEfliRSAEPhASEH0Y-tHeF AR BhC o as IR SH G SHERUM Bn steel
surfaces for corrosiogldnhdaitionesaiRer appiieatiDbs (koslatty Bitishaatest Shoadivh $n Bat. Nos.
3,132,975, 3,460,98911%0 %?1901’1"1871123’%991')"[}'1:; 0S rQorrilc):o%ctirdea se ilrl1 TgRI trglr]n#erpgl{llroe non-agueous
environments (petrolaeur)ﬁ) has also been rep& ed for purpos ot fou ing iﬂga Ioh (’B.é at. No.
3,145,886). There resmainged.canmnlisdfnéadeol dévélopoadditiapakoptidighéor Hifiyathatehe 15 corrosivity
of acidic crudes at loget casty TiRis LBl e At Himesallowdefining masgins agdA:high

availability of corrosive crudes from sources such as Europe, China, or Africa, and India. The present
invention addressesiPOHE2 A EEIRGHEMNDRPVENT AGED G PriESETHeINVEENTGR
20Accordingly, the ohjecisandadyartzgasigbdbepresast oventien. are-deseribedbaiew. is An object of

present invention is 9, erV%vj[d a gherg{,ical cgm&gsﬁi}}iq}n A '{grqlvgyzlu%;gsvid% yery etltf)ecetti}{]% ryl%p temperature
naphthenic acid corrosion inhi |tic§%asaﬁ‘§iwe¥l as su?pﬁur cormdsion MhiBrIon. Another object of the

present invention is toapkoitleihaodrbysiznoiisibitidity combossigewmsed/ pichaslydry igblevelsert at high
temperature. Y& angigreRie gl tRELSEER YRR INiBHIeYIde - HENTQRI0RIBHARg composition,
having very low acid value.

the range of about 175°C to 420°C. At the higher temperatures the naphthenic

acids are in the vapor phase and at the lower temperatures the corrosion rate is not

serious. The corrosivity of naphthenic acids appears to be exceptionally serious in

the presence of sulfide compounds, such as hydrogen sulfide, mercaptans,

25  elemental sulfur, sulfides, disulfides, polysulfides and thiophenols. Corrosion due
to sulfur compounds becomes significant at temperatures as low as 450°F. The

catalytic generation of hydrogen sulfide by thermal decomposition of mercaptans

has been identified as a cause of sulfidic corrosion.



30 SUMMARY OF INVENTION The present invention relates to the field of processing hydrocarbons
which causes corrosion in the metal surfaces of processing units. The invention addresses the technical
problem of high temperature naphthenic acid corrosion and sulphur 5 corrosion and provides a solution to
inhibit these types of corrosion. The three combination compositions are formed by three mixtures
separately, with one mixture obtained by mixing compound A, which is obtained by reacting high reactive
polyisobutylene (HRPIB) with phosphorous pentasulphide in presence of catalytic amount of sulphur with
compound B such as triaIKyIFﬁgosphate and 10 second mixture obtained by mixing compound A with

compound C such aSBHEIP ke 8 Y R sHERIrpFdstids dlbefist & mrIAR Sothifed by mixing

compound A with compaundsDhsycbbisa Piwospliienaie; wherethpeactydhthesefthree mpstufes
independently provide high corrosion inhibition efficiency in case igh temperatur henic acid
corrosion inhibition and %%?Shlarul ceorr?gé?o(# ﬁﬁ%‘ﬁﬁtﬁ?&r Oealn(\)/uerﬁé;{aléeﬁgee?lﬁ FI% ﬁ?ﬁy rogrbon
processing units, suthakeuréfii&ries, distillation columns and other petrochemical industries.
DESCRIPTION ©F TITE INVENTION It has been surprisingly discovered by the inventor of the present
invention, that a 20 combination of organophosphorus sulphur compound and any of other phosphorus
compounds such asYGHBEbWéI@gf‘ﬁﬁés%if@gtﬁﬁnﬁh%ﬂﬁ%ﬂﬁ‘feé?‘i VERPEiIOAYy fRedshing in
controlling naphthenieaeitadoiosiarorpemaodin gfa synesgeticiaffechofheamidinadiogn pbikagphorus
compounds. The orggnophosphorys, sulpfiur compound s made fram,feaction ot hudracgbon R1 25 such
as olefins with, phosp orusgpentasulplf\l €, In presence o 'su pgnur powérér. Amongst the other
Phosphorus compoundsattivagiplrasiohanemabrd: dindsbdeesd phaplitivhlysphikngre rarpssferred ones.

The preferred olfinshave daubleiRaRdsiueiein deuRlsibond.is aresent SOiismally Brclerminally. The

details about such hydrocarbon R1 are given below: As previously mentioned, the term "hydrocarbon” as
used herein means aH§"&h1® BF SRR gHstd AR EReh i GRIUPS R AiETRAGYSEY, RIPREH BPoups may be
linear, branched or cyglicr ad@sudkygizoupsithe tesmmbydodchashondalsa. indtuaas ipseagikailsps but wherein
they have been optiona}llg e%ycpg’%tlﬂtel% Ifthe 5 h dlr%c rbon is a brancheﬁi stru&t%[[e Qa[vtilg;\ecg substituent(s)

sed COLTOS1 1 Ors are commercia avaitla .
thereon, then the su%rsl?tl ution mayebe on either the ydrocarrbon aclr&)o e or on the ranc?w; alternatively

the substitutions mayrbewsrtiy medfetbibonthabldboiepmaton theitazmat. f0RpbfbealsipdRl is an
optionally subsiifuted alkyiar alkanitdEoMRd bRDGASRECLRT igiathontinetysubsiiuigshalky! group. In

another aspect, R1 is an optionally substituted alkenyl group. The term "alkenyl" refers to a branched or

straight chain hydrod8ri8, RIthiaie s Sofabiiee BAPE e s Rap iR cXhidh G8upieUbdRds. Exemplary
alkenyl groups includenpikapyterying uiemdihsobyderykbpe penytsia L raetiyb uteny aromethylbutenyl,

hexanyl, heptenyl, octenyl, a lyners thereof . In one aspect R1 is an optjonally substituted
pranched alkyl o AREY Sobi BOREATIAY Rt B R eI ) S E e Alonal PiBs and
so-called "high-reactivitytcRIBg (setector igx tha phersPBsu0BB5 RB8&E)ntves tselelepienite senieralis invention.

High reactivity iy this,canigxbisdetined ag RIBMERIR aldsastr®.Rrafstably 70% or more, of the
terminal 25 olefinic double bonds are of the vinylidene type, for example the GLISSOPAL compounds

available from BASF.
Because these approaches have not been entirely satisfactory, the accepted

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

30  naphthenic acid environments include nitrogen-based filming corrosion inhibitors.
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In one aspect R1 has between 10 and 1000 carbon atoms, preferably between 4 and 200 carbon atoms.
30 In one aspect, R1 has a molecular weight of from 200 to 10000, preferably from 200 to 1300. The
trialkylphosphate such as tributyl phosphate will contain an alkyl moiety of 5 C1 - Cu such that those
compounds contemplated as having the desired efficacy and within the disclosure of the present invention
include trimethylphosphate, triethylphosphate, tripropylphosphate, tributylphosphate and
tripentylphosphate. Due to its easy commercial availability, tributylphosphate may be considered the
preferred compound. 10 The most effective amount of the corrosion inhibitor to be used in accordance
with the present invehti8R Ean iy FepEMahdBIPiESIoRS dpatthy BsHERIDEs Bndithe [ rticular
hydrocarbon being progessede: divilsnthenteriypgitabanécaoid otker characteristics of the acid corrosion
system can have a bearing on the amount of 15 inhibitor or mixture of inhibitors to be used. Generally,
where the operating temperatures and / or the acid concentrations are higher, a proportionately higher
amount of the corrosyorilinhisitws williosierqoivbdons lages knsem fou e itat aHe concéimtraliomdf the corrosion
inhibitors or mixire gfdpibitor %9935%&%&'% CEHRiOH MANHBNIE HQMARE WnltRPPuRRAP0 ppm. It has

also been found that it 20 is preferred to add the inhibitors at a relativelty high initial dosage rate of 2000-
3000 ppm and to maiHEARYARS IR MR FerARPISASABPS paHERF O PEIHIE LGP A5 e¥riEE Ut the inhibitor
induces the build-updfcancatiresiostipiiatestive: aaplingcosititefonaimkistirfaceScizbdeadhe pyotective
surface is establishea(lj etsrh d%[s?%glgatge?%gedogooma'nl all{'gr;t e Rr tggt'gnema{}abg drgr%uc%geto a normal
operational range of afbou{’f1 o ppm without substantial sacrifice 6 pr8 ection. = ‘The'inventor of the
present invention hafptapiibehbon éxtensive sexiserirderaedion ¢o S0veddjuhdretfedtitherieps of corrosion -
inhibition in casg)of @ﬁﬂﬁ@@%@i@%@c@ﬁﬁiﬂé%ﬂh%&ﬁﬁ%ﬂﬂﬁ@ g with HiigssrhRseRetPRs Lf compound
A, that is, 15 polyisobutylene plus phosphorus pentasulphide plus sulphur powder and compound B, that

is, tributyl phosphateth fR8Bave RentishetcortivatibnesPeresetesristias lExpBHmbAts were also
preformed by using coropounddAcalenecanaiceopsisit iBhidoos sepadielyghinkhedivebioiof the present

invention has also c%[l%ge?utlg\;é@ns“/e% X _eg;(meerﬁ%z%gﬁ)n to vesrlfg/ g?e?n gfge(C:HvaeSnesg pffﬁ)%rc{gsmn - inhibition

in case naphthenic acid c6 oslon,eﬁ}1 experimetiting with“diferent propoﬁlons of compound A, that is,

polyisobutylene pluscphlbep kroversptasuiptdsieapldsioip d 20 powder snticampbur@©ntthat is, di -

isodecyl pher‘YhS’hO%R%itﬁoigs”ﬂﬁ@m}{?Wwpﬁﬁgm&'@ﬁ%%ﬁﬁéﬁoﬁﬁﬁ@wHQE-aEﬂ%%EimemS were
n

also preformed by using compound A alone and compound B alone and compound C alone, separately.

15The reacted compditiiah® A SRt B HEEL IO 6o IO WhPPY S5 (PRISHMEr S YEhtasulphide) in
presence of sulphur poweleited hespreiemedrelefirsihave siowble Pandsrwherendoublieitiond is present
internally or terminal!x. T}p% Sx&r}rﬁpl?f.cc)f int%rr(lgl%dgt% le plg(r)ldsesd { IefiSn ()igscl%gesubeié%t-q@firi]{s. 20 The
example of terminally %tou%le onded dfefins i ea ﬁﬁa-o?eflﬁs.e?hese olefinsTrave %o 30 carbon
atoms. These olefinsvarédafternativedyy polymdricoledindvbuchvas Higmeeabtivehpbhyisolibitdene containing

greater than 705 of yioyledengdoyhle.Prid:aRAAR IR RAVISORMY RResRiChsoR @By Iy,
25vinyledene, and such other groups of chemicals. The ratio of P2S5 to Olefin is preferably 0.05 to 2

mole of P2S5 to 1 mif&Sresiatnat stheiedisRarpsirdelifprdbisrommardoialibiemithafigs is, sulphur
powder is 0.5% to 5% 6f dpiefivdy weighdly 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, U.S. Pat. No.

25 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



30 The most preferred embodiment of the present invention is described below: A weighed quantity of
HRPIB (High Reactive Polyisobutylene), Phosphorus pentasulphide and sulphur powder are charged into
a clean four - necked round bottom flask, equipped with nitrogen inlet, stirrer and thermometer, thereby
5forming a reaction mixture. This reaction mixture is stirred and heated to temperature of 160C under
nitrogen gas purging. At this temperature of 160 C, the reaction leads to evolution of hydrogen sulphide
gas (H2S). The temperature of the reaction mixture is now maintained between 160C to 180C, for a
period of 1 hour to 2 hours. Then the 10 temperature of the mixture is raised to 220C. The reaction

mixture is then mainfiRetPaTRicd mBErLR S BYBNCSIS I8 R At s SUPi rdQuleiheEtitiidmass is then

cooled to temperatu@bsl@0 Ehahprvddisoge tegamis degedsinOuiiangsuliantreaaton mass, to drive out
the hydrogen sulphide 15 present therein. The resulti olyisobutylene Phospharus sulphur compound is
sectas 2 nigh temp e e B or e n
appropriate solvent $tiehsaBoxghirie leadueneneipdphpophaltic whive il ms Bigyibesmagprepsats solvent to
achieve |nh!b|t|_o51_of J&'Qﬁﬁﬁ%ﬁﬂ&%%ﬁ&%@é@hgﬂeﬁ%%@%E@@QUT@%J %fb‘i&ﬁ@%ﬂé@ﬂﬂ@[}'s directed to a
method for inhibiting corrosion on the metal surfaces of the processing units which process hydrocarbons
such as crude oil andRHEEH AR ARG Sh RSB ErERS TS BYXQRSRYTA details in its
simplest form whereimdhe tellowing methad:stéps amicardgealibewierht igtusedrf teapgocess crude oil

in process units such s disfilafion ynit SimilaLsles, san heused ndiffersgt procegsing nits such as,
pump around piping, ﬁga?exchangers and such other procgssmg tnits. These metho steps are
explained below: a) helatinididae dngd rechabo relcorrining fnaphdhanicaatdas tolvapohigereadidittion of the
hydrocarbon; i) allgyyingtheivstierarRanvaraRtadise in a distillation column; 5¢) condensing a
portion of the hydrocarbon vapours passing through the distillation column to produce a distillate; d)
adding to the distillate, from 1 to 5000 ppm of a combination compound (A+B) or combination compound
(A+C) of instant inveniiop;ad)aabllowingdhs digiitataicapiaicingstambinrgtiercampaenstiAtB) or 10
combination compounl (A.C).tg contagt subsianially e glie melalsuriagesof e disfiliation unit to
form protective film on Such sar ace,pw ereby such surface Is m?ﬂblte% against corrosion. 1t is
advantageous to tredelthstitlaed wishummrepegpentptivap around piping and 15 related equipment to prevent
naphthenic acid gorrosion, when condensed vapours from distilled hydrocarbon fluids contact metallic
equipment at temperatures greater than 200 C, and preferably 400 C. The combination compound (A+B)
or combination compoand¥a-NS) éé%aﬁ‘i‘vé"ié{@éﬂﬁ?ﬁlﬁéﬁﬁ}gﬂ therscohRinsePaistirderand the
condensed distillate igsaliohveshipoanddastHeecmetalicswdfecparofedth thadistitatentealinmn, packing,
trays, pump around Q&igﬁ)ra}rrl\q. relgltletg equi gg?l%teaga Ee condensed distillate passes down the column
and into the distillation vesser. The distillate may also bé collected as product. The corrosion inhibitors of
the instant invention remain in the resultant collected product. 25In commercial practice, the additives of

this invention mgy be;addeq taa disfliasey athrehin GANLToh LRSI i auHERV {FRMANghin she column
packing while a second mg;{gl:tlon may be added to a spray oil return immediately below the draw trays to

protect the tower pad&kiiE AP ARG RFRE drétirsiesdiditeragnitriiipr sV aiiciism e éthe additive of
the invention is addeg@®ltng asdrisiadeeddalS0digtilatgpthaive latemeedtumoes becihadistitation vessel, or
which contact the m%tal interjolgigurfaces of the diStillaP(%ﬂlﬁ%r%mhv&ﬁ%thﬁ’um around ngsing and related

. orrosion inhibitors 1n the manner set s reference tea
equipments.
the addition of thiophosphate esters such as those used in the subject invention to
25  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 pump around piping, or further



The method of using the polyisobutylene phosphorus sulphur compound of the Spresent invention for
achieving inhibition of high temperature naphthenic acid corrosion is explained below with the help of
examples 1 and 2. Example 3 shows use of compound B. Example 4 shows use of combination
compound (A + B). Example 5 shows use of compound C. 10 Example 6 shows use of combination
compound (A+C). The compound B of the combination compound (A+B) of the present invention is easily
obtained commercially. The compound C of the combination compound (A+C) of the present invention is
easily obtained commercially. 15 EXAMPLE 1 The weighed quantities of 68.16 gm of commercially
available HRPIB (Hi§FP &8P PANTSotuRsdha RaHssiveus DEBreBY apirbkAhAREY, 30.31 gm of
Phosphorus Pentasugbiaesai ko lagini of iS vlphine Powdereara £ itar gechifdoca @0najeainefour necked
round bottom flask, %gltéipgoed v%/(i)%h I}I]Z .pslu h&g)iﬁrecr ?rﬁg gherlrlnomgrt(()ar &helrelg f% iggsgc{gggtion mixture.
This gives 1: 1 mole ratio ot P osphorus entasu(fﬁhlcrile’ t6 Olefin. %e Felaction mixture was stirred and
heated to 160C temgavaiiatunder nitrogen 25 gas purging. The purging of N2 gas led to removal of
hydrogen sulphige gas, which was generated during the reaction. The temperature of the reaction mixture
was maintained between 160C to 180C, for a period of 1 hour to 2 hours. Then the temperature of the
mixture was raised t&/228&- Ay ikt AR RGBS APAsRDesH SerRInHRErBARYMY hours. 30 The
resultant reaction masamigsuthend@ioled oMb eieningmgenyasheyaboeplioed dotapdntadrive out the
hydrogen sulphide gas present therein. The .resulti lyisobutylene .Phosphorus sulphur compound was
USed 25 2 high tempariiTe hASHINANIC S Corro B ba: PRS B A B EaieSsion 5 nhibitor.
This compound waslggg@neeaderagiiunedin copprispridretbcilvemintich as xylene, toluene, and aromatic
solvent as well g any other appropriate solvent to achieve inhibition of high temperature naphthenic acid
corrosion as well as sulphur corrosion. 10The above mentioned synthesis is carried qut for different molar
ratios of 1:1, 1:0.5 aht®1 o5 8 HRPMlbHESs HsFPe bRt PRI AtitA8lvas carried out
by using normal polyisebutylenesinsieadsaickdRBHBsivdithmitatarsr aiohoh Aibidh. cbh EXAMREE 2 High
Temperature Naphtq)en}ce: 'g‘t%d (Cjeolgr&)nsi?ns'_l'cﬁﬁ%[, n iigzeféarujg)tlﬁ,av lg%ug rr(;g)%ttes %gﬂgo OG/o gormulation of
the composition prepared in accordance, with Example 1, were tes ad for dorresion mhtl%lflon 20 efficiency
on steel coupons in Fbtabiidsothiaivinghesphonenicideiel. Atveilyhelgssdcoupomrirmmeansibiitast was used to
evaluate the inyentiqn cQmPOURY, TR its LHRGIVRRES SR RibifiRmpEARRDIHNIG AGIY FRIEGSION at 290C

temperature. Different dosage such as 300, 400 and 600 ppm of invention compound were used, as 50%
active solution. with possible emission of obnoxious and toxic substances.

It is also known that phosphorus-containing compounds impair the function of
various catalysts used to treat crude oil, e.g., in fixed-bed hydrotreaters and
20  hydrocracking units. Crude oil processors are often in a quandary since if the
phosphite stabilizer is not used, then iron can accumulate in the hydrocarbon up to
10 to 20 ppm and impair the catalyst. Although nonphosphorus-containing
inhibitors are commercially available, they are generally less effective than the
phosphorus-containing compounds.
25
U.S. Pat. No. 4,542,253 to Kaplan et al, described an improved method of
reducing fouling and corrosion in ethylene cracking furnaces using petroleum
feedstocks including at least 10 ppm of a water soluble mine complexed

phosphate, phosphite, thiophosphate or thiophosphite ester compound, wherein



25 A corrosion inhibition test on 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 30 equipped with water condenser, N2 purger tube, thermometer pocket with thermometer and
stirrer rod. 600 gm (about 750 ml) paraffin hydrocarbon oil (D - 130) was taken in the flask. N2 gas
purging was started with flow rate of 100 cc / minute and the temperature was raised to 100C, which
temperature was maintained for 30 minutes. A compound of example 1 comprising 5 Polyisobutylene and
Phosphorus Pentasulphide with sulphur powder was added to the reaction mixture. The reaction mixture
was stirred for 15 mifi§t89 e 156 PSR TRRRT FEHSUiIlEIhe S frap! RRAHHYERANE of the reaction
mixture was raised taqa80E aAdprgironeigihedivaight - loss carbon steel coupon CS 1010 with dimensions
76mm x 13mm x 1.6 mm was immersed. After maintaining this 10 condition for Ihour to 1.5 hours, 31 gm
of naphthenic acid (commercial grade with acid value of 230 mg /KOH) was added to the reaction
mixture. A sample oftbhe Rpin WeighB#.rd&ctiorkanieiure whdlesslideseanfomaeteethimatiod dpacid value,
which was found;to @&%Ré%ﬁﬂﬁ%@éoﬁoﬁ@ﬁa@@&gﬁi@f‘p\%ﬂ%ﬁ%@?ﬁﬂﬁ%@iéﬁrofloélEl'i’t%ﬁzlﬁ%nﬁfter this

procedure, the metal coupon was removed, excess oil was 15 rinsed away, and the excess corrosion
product was removedHSHaHeChTRRQH e ate! THBRSn R COtTpBRPIPIE Wi RYTR U corrosion rate
was calculated in mijshpghyearphajtilation ghopiiasiosn |nfidphicpiziicisrey c2@pheadnetihed used in
calculating Corrosior%iflr%mbiltli]%%%g%iegcx}{g gig\ﬁré (l?(()ar![lov(\)/ﬁlllg this calculation, corrosion inhibition efficiency
provided by additive comﬁoun IS calculated y comparing weight loss due to additive with weight loss of
blank coupon (without any additive). 25Corrosion(Weight loss for blank(weight loss with Inhibition=without
additive)-additiyg)X 109 Bfficirncy(weighilossdrrplank wilhast additiymRaths kRl Hatesh magnitudes
are entered in the Tables in appropriate columns. The results of the experiments are presented in Table |
and Il. The test resuf&iBfhecTBEiR ki ke IRPOONG AbreEPRaine sy ARiSPE given in Table
lll. The corrosion ratenifzdliry’ (mils per year) is calculated by the formula, 5 MPY =534 x Weight loss in
mg (Density in gm/cc) x (Area in in2) x (Time of test in hours) EXAMPLE 3 Experiments were carried out
by the inventor of the present invention, to test the 10 effectiveness of a commercially available
phosphorus compouAdsBndisent sl ribeaplephos phasehanuinéibitiompfnaaptthenies leipeostesion. Different
dosages of tribyty! phasnRAlewsHck,aRefomI0. 3NH.L0QPRIBIYE Ushctith the: eXRETINANiS, The result of

some of these experiments are presented in Table 5. 15 EXAMPLE 4 Experiments were carried out by
the inventor of the prBEBhETHASIMJA, e fsktieHEsihaxdstie kanschivaNBYedNARORBILEAH Bf the
compounds A and Beaaeieh GoRtROMN thfdvuepse seiBlighdreagtiiveypphustindtylemendys dahiosphorus
pentasulphide plus styl!gzhoqlrngowder and compound B represents tributyl phosphate 20 (compound B is
used as available commercially). Different total dosages of inhibitor combination compound's combination
such as 300 ppm and 400 ppm were used in the experimentation. Similarly, different proportions of

compound A ang coRpALNgBmMErR YRSt iGSRRXPRLIMRBISs HhES6.difigIRNk PEERaRLAGe Proportions
of A:B were 67:33, 70:30, 75:25, and 81:19. The result of these , _
improvements over the prior art techniques, nevertheless, there is always a desire
to enhance the ability of corrosion inhibitors while reducing the amount of
phosphorus-containing compounds which may impair the function of various

catalysts used to treat crude oil, as well as a desire for such inhibitors that may be

25  produced from lower cost or more available starting materials.

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

30  reaching the metal surface, and is generally a hydrophobic material.

10



25experiments are presented in Tables 6 to 8. EXAMPLE 5 By using the method steps similar to that of
example 2, the experiments were carried out by the inventor of the present invention, to test the
effectiveness of 30 another commercially available Phosphorus compound C, such as Di-isodecyl Phenyl
Phosphite, in inhibition of naphthenic acid corrosion. Different active dosages of Di-isodecyl Phenyl
Phosphite, such as 75, 90, 120 and 150 ppm were used in the experiments. The results of these
experiments are presented in Table 9. EXAMPLE 6 5By using the method steps similar to that of example
5, the experiments were carried out by the inventor of the present invention, to test synergetic
effectiveness of a combination of the compounds A and C, in inhibition of naphthenic acid corrosion,

where _compound A @mtemtsrh’tgNﬂ@ﬁi@em&lyis@butgdahg,ﬁuﬁephio_spm;rl@pemawIlmme pI_us
catalytic amount of sylpfur powder and compound 10 & represents Di-isogdecyl P h&%%@%‘fslf’h'te’
bie Iﬁl). B totar [

(Compound C is used as available commercial erent active dosages of inhiBitor combination
compound's combinditelPsasctnasucdsiipodorraiag 28ent300 fiopredvele isdutin e petirmchtation.

Similarly these total agtivg desagas paivdad difflerspigaseportions of active compounds A and C. These
different proportions of A:C 15included 105:90, 90:120, 100:100, 140:60, 110:90, 130:120 and 180:120

the results of these experiments are presented in Table 10. Table 1: CORROSION INHIBITION TEST
(with molar ratio of Polyisphutylens; te2PhosphelisoPratasulphide snlTh) (EEKAMPILde2yibespt No. Inhibitor

Compound Dosage in BF11L Eff C&f’%h?t%ﬁ%g%ABhE’hFe’l%%la(‘:’ineé%P}o'sa%%%P DAL Fate In MPY
Corrosion Inhibition efticiency In %

introducing into the oil an effective amount of an organic polysulfide. The
10 disclosure of U.S. Pat. No. 5,182,013 is incorporated herein by reference. This is
another example of a corrosion-inhibiting sulfur species. Sulfidation as a source of
corrosion was detailed above. Though the process is not well understood, it has
been determined that while sulfur can be an effective anti-corrosive agent in small
quantities, at sufficiently high concentrations, it becomes a corrosion agent.
15
Phosphorus can form an effective barrier against corrosion without sulfur, but the
addition of sulfiding agents to the process stream containing phosphorus yields a
film composed of both sulfides and phosphates. This results in improved
performance as well as a decreased phosphorus requirement. This invention
20  pertains to the deliberate addition of sulfiding agents to the process stream when
phosphorus-based materials are used for corrosion control to accentuate this

interaction.

US Patent No. 5,314,643 to Edmondson et at., describes a process for inhibition of

25  corrosion caused by naphthenic acid and sulphur compounds during the elevated
temperature processing of crude oil by use of a corrosion inhibitor consisting of a
combination of trialkylphosphate and an alkaline earth metal phosphonate-phenate
sulphide, functioning effectively as an inhibitor on the internal metallic surfaces
of the equipment used in crude oil refining operations.

30
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(Only blank) 89.5 529.89 0 2 Composition as per Example 1 200 100 63.3 371.23 29.27 3 Composition
as per Example 1 300 150 39.6 232.24 55.75 4 Composition as per Example 1 400 200 15.2 89.114
83.02

Organic polysulfides (Babaian-Kibala, U.S. Pat. No. 5,552,085), organic
phosphites (Zetlmeisl, U.S. Pat. No. 4,941,994), and phosphate/phosphite esters
(Babaian-Kibala, U.S. Pat. No. 5,630,964), have been claimed to be effective in
hydrocarbon-rich phase against naphthenic acid corrosion. However, their high oil

5  solubility incurs the risk of distillate side stream contamination by phosphorus.

Phosphoric acid has been used primarily in aqueous phase for the formation of a
phosphate/iron complex film on steel surfaces for corrosion inhibition or other
applications (Coslett, British patent 8,667, U.S. Pat. Nos. 3,132,975, 3,460,989
10 and 1,872,091). Phosphoric acid use in high temperature non-aqueous
environments (petroleum) has also been reported for purposes of fouling

mitigation (U.S. Pat. No. 3,145,886).

There remains a continuing need to develop additional options for mitigating the
15  corrosivity of acidic crudes at lower cost. This is especially true at times of low
refining margins and a high availability of corrosive crudes from sources such as

Europe, China, or Africa, and India. The present invention addresses this need.

OBJECTS AND ADVANTAGES OF PRESENT INVENTION
20  Accordingly, the objects and advantages of the present invention are described

below.

An object of present invention is to provide a chemical composition which will

provide very effective high temperature naphthenic acid corrosion inhibition as
25  well as sulphur corrosion inhibition.

Another object of the present invention is to provide a corrosion inhibiting

composition, which is very stable even at high temperature.

Yet another object of the present invention is to provide a corrosion inhibiting

composition, having very low acid value.

30
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5 Composition as per Example 1 600 300 3.8 12.31 95.75 6 Composition as per Example 1 650 325 0.3
1.599.67 20 Table 2: CORROSION INHIBITION TEST (with molar ratio of Polyisobutylene to

Phosphorus Pentasulphide = 1:0.5) (EXAMPLE -2) Experiment No. Inhibitor Compound Dosage in ppm
Effective Dosage in ppm Weight Loss in mg Corrosion Rate in MPY Corrosion Inhibition Efficiency in %

SUMMARY OF INVENTION
The present invention relates to the field of processing hydrocarbons which causes
corrosion in the metal surfaces of processing units. The invention addresses the
technical problem of high temperature naphthenic acid corrosion and sulphur
5  corrosion and provides a solution to inhibit these types of corrosion. The three
combination compositions are formed by three mixtures separately, with one
mixture obtained by mixing compound A, which is obtained by reacting high
reactive polyisobutylene (HRPIB) with phosphorous pentasulphide in presence of
catalytic amount of sulphur with compound B such as trialkyl phosphate and
10 second mixture obtained by mixing compound A with compound C such as
phosphite like di — isodecyl phenyl phosphite, and third mixture obtained by
mixing compound A with compound D such as a phosphonate, wherein each of
these three mixtures independently provide high corrosion inhibition efficiency in
case of high temperature naphthenic acid corrosion inhibition and sulphur
15  corrosion inhibition. The invention is useful in all hydrocarbon processing units,

such as, refineries, distillation columns and other petrochemical industries.

DESCRIPTION OF THE INVENTION
It has been surprisingly discovered by the inventor of the present invention, that a
20  combination of organophosphorus sulphur compound and any of other
phosphorus compounds such as, phosphates, phosphites and phosphonates, is very
efficiently functioning in controlling naphthenic acid corrosion, providing a
synergetic effect of combination of Phosphorus compounds. The
organophosphorus sulphur compound is made from reaction of hydrocarbon R;
25  such as olefins with, phosphorus pentasulphide, in presence of sulphur powder.
Amongst the other Phosphorus compounds tributylphosphate and di — isodecyl

phenyl phosphite are the preferred ones.

The preferred olefins have double bonds, wherein double bond is present

30  internally or terminally. The details about such hydrocarbon R are given below:
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15 (Only blank) 87.7 439 0 7 Composition as per Example 1 500 250 21.5 107.62 75.48  Table 3:
CORROSION INHIBITION TEST (with molar ratio of 5 Polyisobutylene to Phosphorus Pentasulphide =
1:0.25) (EXAMPLE -2) Experiment No. Inhibitor Compound Dosage in ppm Effective Dosage in ppm
Weight Loss in mg Corrosion Rate in MPY Corrosion Inhibition efficiency in % 15 (Only blank)

As previously mentioned, the term "hydrocarbon" as used herein means any one
of an alkyl group, an alkenyl group, an alkynyl group, which groups may be
linear, branched or cyclic, or an aryl group. The term hydrocarbon also includes
those groups but wherein they have been optionally substituted. If the
5  hydrocarbon is a branched structure having substituent(s) thereon, then the
substitution may be on either the hydrocarbon backbone or on the branch;
alternatively the substitutions may be on the hydrocarbon backbone and on the

branch.

10 Preferably R, is an optionally substituted alkyl or alkenyl group. In one aspect R;
is an optionally substituted alkyl group. In another aspect, R; is an optionally

substituted alkenyl group.

The term "alkenyl" refers to a branched or straight chain hydrocarbon, which can
15 comprise one or more carbon-carbon double bonds. Exemplary alkenyl groups
include propylenyl, butenyl, isobutenyl, pentenyl, 2,2-methylbutenyl, 3-

methylbutenyl, hexanyl, heptenyl, octenyl, and polymers thereof.

In one aspect R; is an optionally substituted branched alkyl or alkenyl group.

20  Preferably, R; is a polyisobutenyl (PIB) group.

Conventional PIBs and so-called "high-reactivity” PIBs (see for example 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
25  olefinic double bonds are of the vinylidene type, for example the GLISSOPAL

compounds available from BASF.

In one aspect R; has between 10 and 1000 carbon atoms, preferably between 4
and 200 carbon atoms.

30
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87.7 439 0 8 Composition as per Example 1 500 250 50.6 253.3 42.3 9 Composition as per Example 1
1000 500 14.2 71.08 83.81 10 Composition as per Example 1 1500 750 2.0

In one aspect, R; has a molecular weight of from 200 to 10000, preferably from
200 to 1300.

The trialkylphosphate such as tributyl phosphate will contain an alkyl moiety of
5 C; - Cj, such that those compounds contemplated as having the desired efficacy
and within the disclosure of the present invention include trimethylphosphate,
triethylphosphate, tripropylphosphate, tributylphosphate and tripentylphosphate.
Due to its easy commercial availability, tributylphosphate may be considered the
preferred compound.
10
The most effective amount of the corrosion inhibitor to be used in accordance
with the present invention can vary depending on the local operating conditions
and the particular hydrocarbon being processed. Thus, the temperature and other
characteristics of the acid corrosion system can have a bearing on the amount of
15  inhibitor or mixture of inhibitors to be used. Generally, where the operating
temperatures and / or the acid concentrations are higher, a proportionately higher
amount of the corrosion inhibitor will be required. It has been found that the
concentration of the corrosion inhibitors or mixture of inhibitors added to the
crude oil may range from about 1 ppm to 5000 ppm. It has also been found that it
20  is preferred to add the inhibitors at a relatively high initial dosage rate of 2000-
3000 ppm and to maintain this level for a relatively short period of time until the
presence of the inhibitor induces the build-up of a corrosion protective coating on

the metal surfaces.

25  Once the protective surface is established, the dosage rate needed to maintain the
protection may be reduced to a normal operational range of about 100-1500 ppm

without substantial sacrifice of protection.

The inventor of the present invention has carried out extensive experimentation to
30  verify the effectiveness of corrosion — inhibition in case of naphthenic acid

corrosion, by experimenting with different proportions of compound A, that is,
15



10.1 97.72 Table 4: CORROSION INHIBITION TEST (with molar ratio of Normal Polyisobutylene to
Phosphorus Pentasulphide = 1:0.35) Expt No. Inhibitor Compound Dosage in ppm Effective Dosage in
ppm Weight Loss in mg Corrosion Rate in MPY Corrosion Inhibition efficiency in % 15 - (Only blank)
87.7 439 0 11 Compositionas per Example 1 600 300 40

polyisobutylene plus phosphorus pentasulphide plus sulphur powder and
compound B, that is, tributyl phosphate in the abovementioned combination of
these compounds. Experiments were also preformed by using compound A alone

and compound B alone separately.

The inventor of the present invention has also carried out extensive
experimentation to verify the effectiveness of corrosion — inhibition in case
naphthenic acid corrosion, by experimenting with different proportions of
compound A, that is, polyisobutylene plus phosphorus pentasulphide plus sulphur
10 powder and compound C, that is, di — isodecyl phenyl phosphite in the
abovementioned combination of these compounds. Experiments were also
preformed by using compound A alone and compound B alone and compound C

alone, separately.

15 The reacted compound "A" is obtained by reaction of olefins with P,Ss
(Phosphorus pentasulphide) in presence of sulphur powder. The preferred olefins

have double bonds, wherein double bond is present internally or terminally.

The example of internally double bonded olefins include beta-olefins.

20
The example of terminally double bonded olefins include alpha-olefins. These
olefins have 5 to 30 carbon atoms. These olefins are alternatively, polymeric
olefins such as high reactive polyisobutylene containing greater than 70% of
vinyledene double bond, and normal polyisobutylenes which containsVinyl,

25  vinyledene, and such other groups of chemicals.

The ratio of P,Ss to Olefin is preferably 0.05 to 2 mole of P,Ss to 1 mole of
Olefins. The Sulphur powder is present in catalytic quantity, that is, sulphur
powder is 0.5% to 5% of Olefin by weight.

30
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200.21 54.39 5 Table 5: CORROSION INHIBITION TEST (Inhibitor compound B = Tributyl Phosphate)
Experiment No. Inhibitor Compound Dosage in ppm Weight Lossin mg Corrosion Rate MPY Corrosion
Inhibition efficiency in % 1 (Only blank) 89.5 529.89 0 12 Tributyl Phosphate (as commercially available)
withoutany solvent 75 55.5 325.49 37.99 13 Compound as per Experiment

The most preferred embodiment of the present invention is described below:

A weighed quantity of HRPIB (High Reactive Polyisobutylene), Phosphorus

pentasulphide and sulphur powder are charged into a clean four — necked round

bottom flask, equipped with nitrogen inlet, stirrer and thermometer, thereby
5  forming a reaction mixture.

This reaction mixture is stirred and heated to temperature of 160°C under nitrogen

gas purging. At this temperature of 160 ‘C, the reaction leads to evolution of

hydrogen sulphide gas (H,S). The temperature of the reaction mixture is now

maintained between 160°C to 180°C, for a period of 1 hour to 2 hours. Then the
10  temperature of the mixture is raised to 220°C. The reaction mixture is then

maintained at this temperature of 220 "C for 6 hours.

The resultant reaction mass is then cooled to temperature of 100 ‘C, when nitrogen
gas is purged into the resultant reaction mass, to drive out the hydrogen sulphide

15  present therein. The resulting polyisobutylene Phosphorus sulphur compound is
used as a high temperature naphthenic acid corrosion inhibitor. This compound is
used neat or diluted in appropriate solvent such as xylene, toluene, and aromatic
solvent as any other appropriate solvent to achieve inhibition of high temperature
naphthenic acid corrosion.

20
The present invention is directed to a method for inhibiting corrosion on the metal
surfaces of the processing units which process hydrocarbons such as crude oil and
its fractions containing naphthenic acid. The invention is explained in details in its
simplest form wherein the following method steps are carried out, when it is used

25  to process crude oil in process units such as distillation unit. Similar steps can be
used in different processing units such as, pump around piping, heat exchangers

and such other processing units.

17



No 12 90 21.95 128.73 75.48 14 Compound as per Experiment No 12 100 14.35 84.16 83.97 Table 6:
CORROSION INHIBITION TEST (Inhibitor compound = A + B) Compound A = 50 % of Polyisobutylene
plus Phosphorus Pentasulphide + Catalytic amount of Sulphur Powder (as per example 1) and 50 %
solvent Compound B = Tributyl Phosphate (as commercially available) without any 5solvent. M.R. = Molar
Ratio of Polyisobutylene to Phosphorus Pentasulphide Expt. No. M.R Inhibitor compound Dosage in
(ppm) Weight loss (mg) Corrosion Rate in (MPY) Corrosion Inhibition efficiency (%)

These method steps are explained below:
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;
5 c) condensing a portion of the hydrocarbon vapours passing through the
distillation column to produce a distillate;
d) adding to the distillate, from 1 to 5000 ppm of a combination compound
(A+B) or combination compound (A+C) of instant invention;
e) allowing the distillate containing combination compound (A+B) or
10 combination compound (A+C) to contact substantially the entire metal
surfaces of the distillation unit to form protective film on such surface,

whereby such surface is inhibited against corrosion.

It is advantageous to treat distillation column, trays, pump around piping and
15 related equipment to prevent naphthenic acid corrosion, when condensed vapours
from distilled hydrocarbon fluids contact metallic equipment at temperatures
greater than 200 'C, and preferably 400 "C. The combination compound (A+B) or
combination compound (A+C) as additive is generally added to the condensed
distillate and the condensed distillate is allowed to contact the metallic surfaces of
20  the distillation column, packing, trays, pump around piping and related equipment
as the condensed distillate passes down the column and into the distillation vessel.
The distillate may also be collected as product. The corrosion inhibitors of the

instant invention remain in the resultant collected product.

25  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

30 distillate that is later returned to the distillation vessel, or which contact the metal

18



Compound A Compound B Total Dosage A+ B 15 (Blank) 87.70439016 1:1 A+ B 12080 2000 10
100 17

interior surfaces of the distillation column, trays, pump around piping and related

equipments.

The method of using the polyisobutylene phosphorus sulphur compound of the
5  present invention for achieving inhibition of high temperature naphthenic acid
corrosion is explained below with the help of examples 1 and 2.
Example 3 shows use of compound B.
Example 4 shows use of combination compound (A + B).
Example 5 shows use of compound C.
10  Example 6 shows use of combination compound (A+C).
The compound B of the combination compound (A+B) of the present invention is
easily obtained commercially.
The compound C of the combination compound (A+C) of the present invention is
easily obtained commercially.
15
EXAMPLE 1
The weighed quantities of 68.16 gm of commercially available HRPIB (High
Reactive Polyisobutylene with molecular weight 950 approximately), 30.31 gm of
Phosphorus Pentasulphide and 1.51 gm of Sulphur Powder are charged into a
20 clean four necked round bottom flask, equipped with N, inlet, stirrer and
thermometer, thereby forming a reaction mixture. This gives 1: 1 mole ratio of

Phosphorus Pentasulphide to Olefin.

The reaction mixture was stirred and heated to 160°C temperature under nitrogen

25  gas purging. The purging of N, gas led to removal of hydrogen sulphide gas,
which was generated during the reaction. The temperature of the reaction mixture
was maintained between 160°C to 180°C, for a period of 1 hour to 2 hours. Then
the temperature of the mixture was raised to 220°C and the mixture was
maintained at this temperature for 6 to 10 hours.

30
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1:1 A+B150752252.211.0197.49 18 1:1 A+ B 180 60 240 0.7 3.5 99.20 Table 7: CORROSION
INHIBITION TEST (Inhibitor compound = A + B) 10 Compound A = 50 % of Polyisobutylene plus
Phosphorus Pentasulphide + Catalytic amount of Sulphur Powder (as per example 1) and 50 % solvent
Compound B = Tributyl Phosphate (as commercially available) without any solvent. M.R. = Molar Ratio of
Polyisobutylene to Phosphorus Pentasulphide Expt. No. M R. Inhibitor compound Dosage in (ppm)
Weight loss (mg)

The resultant reaction mass was then cooled to 100°C when nitrogen gas was
purged into it, to drive out the hydrogen sulphide gas present therein. The
resulting polyisobutylene Phosphorus sulphur compound was used as a high
temperature naphthenic acid corrosion inhibitor, as well as, sulphur corrosion
5  inhibitor. This compound was used neat or diluted in appropriate solvent such as
xylene, toluene, and aromatic solvent as well as any other appropriate solvent to
achieve inhibition of high temperature naphthenic acid corrosion as well as

sulphur corrosion.

10  The above mentioned synthesis is carried out for different molar ratios of 1:1,
1:0.5 and 1:0.25 of HRPIB to Phosphorus Pentasulphide. A similar synthesis was
carried out by using normal polyisobutylene instead of HRPIB, with molar ratio

of 1:0.35.

15 EXAMPLE 2
High Temperature Naphthenic Acid Corrosion Test

In this example, various amounts of a 50 % formulation of the composition
prepared in accordance, with Example 1, were tested for corrosion inhibition
20  efficiency on steel coupons in hot oil containing naphthenic acid. A weight loss
coupon, immersion test was used to evaluate the invention compound for its
effectiveness in 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.
25
A corrosion inhibition test on 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

30 equipped with water condenser, N, purger tube, thermometer pocket with

20



Corrosion Rate in (MPY) Corrosion Inhibition efficiency (%) Compound A Compound B Total Dosage A
+B 1 (Onlyblank) 89.5529.890 19 1:1 A + B 200 100 300 2.73

thermometer and stirrer rod. 600 gm (about 750 ml) paraffin hydrocarbon oil (D —

130) 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 temperature was
maintained for 30 minutes. A compound of example 1 comprising

5  Polyisobutylene and Phosphorus Pentasulphide with sulphur powder 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 x 13mm x 1.6 mm was immersed. After maintaining this

10 condition for lhour to 1.5 hours, 31 gm of naphthenic acid (commercial grade
with acid value of 230 mg /KOH) was added to the reaction mixture. A sample of

one gm weight of reaction mixture was collected for determination of acid value,
which was found to be approximately 11.7. This condition was maintained for

four hours. After this procedure, the metal coupon was removed, excess oil was

15 rinsed away, and the excess corrosion product was removed from the metal
surface. Then the metal coupon was weighed and the corrosion rate was calculated

in mils per year.

Calculation of Corrosion Inhibition Efficiency.

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

coupon (without any additive).

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

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

The results of the experiments are presented in Table I and II.
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16.01 96.95 20 1:1 A+ B 210 90 300 2.90 17.00 96.76 21 1:1 A + B 225 75 300 5.30 31.08 94.08 22 1:1
A+ B 32575400 4.70

The test results of the experiments conducted by using normal polyisobutylene are

given in Table III.

The corrosion rate in MPY (mils per year) is calculated by the formula,

5 MPY = 534 x Weight loss in mg

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

EXAMPLE 3

Experiments were carried out by the inventor of the present invention, to test the
10  effectiveness of a commercially available phosphorus compound B, such as

tributyl phosphate, in inhibition of naphthenic acid corrosion. Different dosages of

tributyl phosphate, such as 75, 90 and 100 ppm were used in the experiments. The

result of some of these experiments are presented in Table 5.

15 EXAMPLE 4
Experiments were carried out by the inventor of the present invention, to test the
synergetic effectiveness of a combination of the compounds A and B, where
compound A represents high reactive polyisobutylene plus Phosphorus
pentasulphide plus sulphur powder and compound B represents tributyl phosphate

20  (compound B is used as available commercially). Different total dosages of
inhibitor combination compound’s combination such as 300 ppm and 400 ppm
were used in the experimentation. Similarly, different proportions of compound A
and compound B, were used in these experiments. These different percentage
proportions of A:B were 67:33, 70:30, 75:25, and 81:19. The result of these

25  experiments are presented in Tables 6 to 8.

EXAMPLE 5

By using the method steps similar to that of example 2, the experiments were

carried out by the inventor of the present invention, to test the effectiveness of
30  another commercially available Phosphorus compound C, such as Di-isodecyl

Phenyl Phosphite, in inhibition of naphthenic acid corrosion. Different active
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27.56 94.75 15 Table 8: CORROSION INHIBITION TEST (Inhibitor compound = A + B) Compound A =
50 % of Polyisobutylene plus Phosphorus Pentasulphide + Catalytic amount of Sulphur Powder (as per
example 1) and 50 % solvent Compound B = Tributyl Phosphate (as commercially available) without any
5solvent. M.R. = Molar Ratio of Polyisobutylene to Phosphorus Pentasulphide Experi ment No. M R.
Inhibitor comp. Dosage in (ppm) Weight loss (mg) Corrosion. Rate in (MPY) Corrosion Inhibition efficiency
(%) Comp. A Comp. B Total Dosage A + B

dosages of Di-isodecyl Phenyl Phosphite, such as 75, 90, 120 and 150 ppm were

used in the experiments. The results of these experiments are presented in Table 9.

EXAMPLE 6

5 By using the method steps similar to that of example 5, the experiments were
carried out by the inventor of the present invention, to test synergetic effectiveness
of a combination of the compounds A and C, in inhibition of naphthenic acid
corrosion, where compound A represents high reactive polyisobutylene plus
phosphorus pentasulphide plus catalytic amount of sulphur powder and compound

10 C represents Di-isodecyl Phenyl Phosphite, (Compound C is used as available
commercially). Different total active dosages of inhibitor combination
compound’s combination such as 195, 200, 210, 250, 300 ppm were used in the
experimentation. Similarly these total active dosages included different
proportions of active compounds A and C. These different proportions of A:C

15  included 105:90, 90:120, 100:100, 140:60, 110:90, 130:120 and 180:120 the

results of these experiments are presented in Table 10.

Table 1: CORROSION INHIBITION TEST (with molar ratio of
Polyisobutylene to Phosphorus Pentasulphide = 1:1) (EXAMPLE - 2)

Expt. | Inhibitor Dosage | Effective | Weight | Corrosi | Corrosion
No. Compound in Dosage in | Loss in | on Inhibition
ppm ppm mg Rate in | efficiency
MPY in %
1 (Only blank) - - 89.5 529.89 |0
2 Composition as | 50 100 63.3 371.23 | 29.27
per Example 1
3 Composition as | 30 150 39.6 23224 |55.75
per Example 1
4 Composition as | 400 200 15.2 89.114 | 83.02
per Example 1
5 Composition as | 6 300 3.8 12.31 | 95.75
per Example 1
6 Composition as | 65 325 0.3 1.5 99.67
per Example 1

20
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15 (Only blank) 87.7 439023 1:05A+B 300753751.89.0197.9524 1:0.5A + B 330603905.2
26.03

Table 2: CORROSION INHIBITION TEST (with molar ratio of
Polyisobutylene to Phosphorus Pentasulphide = 1:0.5) (EXAMPLE - 2)

Experiment | Inhibitor Dosage | Effective | Weight | Corrosion | Corrosion
No. Compound | in Dosage | Lossin | Rate in | Inhibition
ppm inppm | mg MPY Efficiency
in %
15 ) - - 87.7 439 0
(Only blank)
Composition
7 as per | 500 250 21.5 107.62 75.48
Example 1

Table 3: CORROSION INHIBITION TEST (with molar ratio of
5  Polyisobutylene to Phosphorus Pentasulphide = 1:0.25) (EXAMPLE - 2)

Experiment | Inhibitor Dosage | Effective | Weight | Corrosion | Corrosion
No. Compound | in Dosage | Loss in | Rate  in | Inhibition
ppm inppm | mg MPY efficiency
in %
15 ) - - 87.7 439 0
(Only blank)
Composition
8 as per 500 250 50.6 | 253.3 42.3
Example 1
Composition
9 as per 1000 | 500 142 |71.08 83.81
Example 1
Composition
10 as per 1500 | 750 2.0 10.1 97.72
Example 1
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94.07 25 1:0.5 A + B 255 45 300 39.4 197.21 55.07 Table 9: CORROSION INHIBITION TEST (Inhibitor
compound C = 10 Di-isodecyl Phenyl Phosphite as commercially available without any solvent)
Experiment No. Inhibitor Compound Dosage in PP111 Weight Lossin mg Corrosion Rate in MPY
Corrosion Inhibition efficiency in % 15 (Only blank) 87.70 439 0

Table 4: CORROSION INHIBITION TEST (with molar ratio of Normal
Polyisobutylene to Phosphorus Pentasulphide = 1:0.35)

Expt. | Inhibitor Dosage | Effective | Weight | Corrosion | Corrosion
No. Compound in Dosage Loss in | Rate  in | Inhibition
ppm in ppm mg MPY efficiency
in %
15 ) - - 87.7 439 0
(Only blank)

Composition  as

per Example 1

11 600 300 40 200.21 54.39

5 Table 5: CORROSION INHIBITION TEST (Inhibitor compound B =
Tributyl Phosphate)

Experiment | Inhibitor Dosage in | Weight | Corrosion | Corrosion
No. Compound ppm Loss in | Rate MPY | Inhibition
mg efficiency
in %

- 89.5 529.89 0

(Only blank)
Tributyl
Phosphate (as
12 commercially | 75 55.5 325.49 37.99
available)
without any
solvent
Compound as
13 per 90 21.95 128.73 75.48
Experiment
No 12
Compound as
14 per 100 14.35 84.16 83.97
Experiment
No 12

25



26 Di-isodecyl Phenyl Phosphite without any solvent 75 73.90 369.90 15.74 27 Compound as per
Experiment No 26 90 58.5 292.81 33.30 28 Compound as per Experiment No 26 120 21.0 105.11 76.05
29 Compound as per Experiment No 26 150 1.60 8.01 98.18 Table 10: CORROSION INHIBITION TEST
(Inhibitor compound = A + C) Compound A = 50 % of Polyisobutylene plus Phosphorus Pentasulphide +
Catalytic amount of Sulphur Powder (as per example 1) and 50 % solvent Compound C = Di-isodecy!
Phenyl Phosphite as commercially available without 5any solvent

Table 6: CORROSION INHIBITION TEST (Inhibitor compound = A + B)

Compound A = 50 % of Polyisobutylene plus Phosphorus Pentasulphide +

Catalytic amount of Sulphur Powder (as per example 1) and 50 % solvent

Compound B = Tributyl Phosphate (as commercially available) without any
5  solvent.

M.R. = Molar Ratio of Polyisobutylene to Phosphorus Pentasulphide

Expt. M.R Inhibitor Dosage in (ppm) Weight Corrosion Corrosion
No. compound loss Rate in Inhibition
(mg) (MPY) efficiency
Compound | Compound Total (%)
A B Dosage
A+B
15 -- (Blank) -- -- - 87.70 439 0
16 1:1 A+B 120 80 200 0 10 100
17 1:1 |A+B 150 75 5 22 11.01 97.49
18 1:1 |A+B 180 60 240 0.7 3.5 99.20

Table 7: CORROSION INHIBITION TEST (Inhibitor compound = A + B)

10  Compound A = 50 % of Polyisobutylene plus Phosphorus Pentasulphide +
Catalytic amount of Sulphur Powder (as per example 1) and 50 % solvent
Compound B = Tributyl Phosphate (as commercially available) without any
solvent.

M.R. = Molar Ratio of Polyisobutylene to Phosphorus Pentasulphide

Expt. | M.R. | Inhibitor Dosage in (ppm) Weight | Corrosion | Corrosion
No. compound loss Rate in Inhibition
(mg) (MPY) efficiency
Compound | Compound Total (%)
A B Dosage
A+B
1 - (Only blank) | -- - - 89.5 529.89 0
19 1I:1 |A+B 200 100 300 2.73 16.01 96.95
20 1I:1 |A+B 210 90 300 2.90 17.00 96.76
21 I:1 |A+B 225 75 300 5.30 31.08 94.08
22 I:1 |A+B 325 75 400 4.70 27.56 94.75
15
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Expt. No. M.R. Inhibitor compound Dosage in (ppm) Weight loss (mg) Corrosion Rate in (MPY) Corrosion
Inhibition efficiency (%) Comp. A Comp. C Total Dosage A+ C 15 (Only blank) 87.7 439 0 30

Table 8: CORROSION INHIBITION TEST (Inhibitor compound = A + B)

Compound A = 50 % of Polyisobutylene plus Phosphorus Pentasulphide +
Catalytic amount of Sulphur Powder (as per example 1) and 50 % solvent
Compound B = Tributyl Phosphate (as commercially available) without any

5  solvent.
M.R. = Molar Ratio of Polyisobutylene to Phosphorus Pentasulphide
Experi | M.R. | Inhibitor | Dosage in (ppm) Weight | Corrosion. | Corrosion
ment comp. loss Rate in Inhibition
No. Comp. Comp. Total Dosage (mg) (MPY) efficiency
A B A+B (%)
(Onl
15 - Y - - - 87.7 439 0
blank)
23 1:0.5 A+B 300 75 375 1.8 9.01 97.95
24 1:0.5 A+B 330 60 390 52 26.03 94.07
25 1:0.5 A+B 255 45 300 394 197.21 55.07
Table 9: CORROSION INHIBITION TEST (Inhibitor compound C =
10  Di-isodecyl Phenyl Phosphite as commercially available without any solvent)

Experiment | Inhibitor Dosage | Weight | Corrosion | Corrosion
No. Compound in Loss in | Rate in | Inhibition
ppm mg MPY efficiency
in %

15 (Only blank) -- 87.70 439 0
Di-isodecyl Phenyl

26 Phosphite without 75 73.90 369.90 15.74
any solvent

27 Compound as per 90 58.5 292.81 33.30
Experiment No 26

28 Compound as per 120 21.0 105.11 76.05
Experiment No 26

29 Compound as per 150 1.60 8.01 98.18
Experiment No 26
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1:1 A+ C210903004.924.5394.41311:1 A+C 180120 3000.73.599.20 32 1:1 A + C 200 100 300
0.3 1.599.66 33

Table 10: CORROSION INHIBITION TEST (Inhibitor compound = A + C)

Compound A = 50 % of Polyisobutylene plus Phosphorus Pentasulphide +

Catalytic amount of Sulphur Powder (as per example 1) and 50 % solvent

Compound C = Di-isodecyl Phenyl Phosphite as commercially available without
5  any solvent

Expt. | M.R. | Inhibitor Dosage in (ppm) Weight | Corrosion | Corrosion
No. compound loss Rate in Inhibition
Comp. | Comp. | Total Dosage | (mg) (MPY) efficiency
A C A+C (%)
(Only
15 - - - . 87.7 439 0
blank)
30 1:1 A+C 210 90 300 4.9 24.53 94.41
31 1:1 A+C 180 120 300 0.7 3.5 99.20
32 1:1 A+C 200 100 300 0.3 1.5 99.66
33 1:1 A+C 280 60 340 0.4 2.0 99.54
34 1:1 A+C 220 90 310 0.1 0.5 99.89
35 1:0.5 A+C 260 120 380 1.5 7.51 98.29
36 1:0.5 A+C 360 120 480 3.4 17.02 96.12

Table 11: CORROSION INHIBITION TEST (Inhibitor compound = A + B)

Compound A = 50 % of Normal Polyisobutylene plus Phosphorus Pentasulphide
10+ Catalytic amount of Sulphur Powder (as per example 1) and 50 % solvent

Compound B = Tributyl Phosphate (as commercially available) without any

solvent.

M.R. = Molar Ratio of Polyisobutylene to Phosphorus Pentasulphide

Expt. | M.R. Inhibitor Dosage in (ppm) Weight | Corrosion. | Corrosion
No. comp. Comp. A | Comp. B | Total Dosage | 1088 Rate in Inhibition
A+B (mg) (MPY) efficiency
(%)

(Only

15 -- - -- - 87.7 439 0
blank)

37 1:035 |A+B 320 90 410 1.3 6.5 98.52

15
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1:1 A+C280603400.42.099.54 34 1:1 A+C 22090 3100.10.599.89 351:0.5A + C 260 120 380

1.57.5198.29 36

Table 12: CORROSION INHIBITION TEST (Inhibitor compound = A + C)

Compound A = 50 % of Normal Polyisobutylene plus Phosphorus Pentasulphide
+ Catalytic amount of Sulphur Powder (as per example 1) and 50 % solvent
Compound C = Di-isodecyl Phenyl Phosphite as commercially available without

any solvent

Expt.
No.

M.R. | Inhibitor Dosage in (ppm) Weight | Corrosion | Corrosion
compound loss Rate in Inhibition
Comp. | Comp. | Total Dosage (mg) (MPY) efficiency
A C A+C (%)

15

-- (Only blank) -- -- 87.7 439 0

38

1:035 |A+C 360 120 480 242 121 72.41

10

15

20

25

Discussion of the results presented in Tables

The detailed discussion given below with respect to the results presented in Tables
1 to 12 for the experiments described in Examples 1 to 6 explains the
effectiveness of the additive inhibitor compounds of present invention in high
temperature naphthenic acid corrosion inhibition or sulphur corrosion inhibition.
The additive inhibitor compound of the present invention , which is very effective
in inhibition of high temperature naphthenic acid corrosion, comprises a mixture
of a compound A with either of the two compounds B and C, wherein,

A =50 % of reaction product of Polyisobutylene plus Phosphorus Pentasulphide
+ Catalytic amount of Sulphur Powder (as per example 1) and 50 % solvent.

B = Tributyl Phosphate, (as commercially available), without any solvent.

C = Di-isodecyl Phenyl Phosphite, (as commercially available), without any

solvent.
The results presented in the Tables 1 to 12, show separately the effectiveness of

each of the three compounds A, B, and C and also show separately the

effectiveness of the each of the two mixture (A + B) and (A + C). The detailed
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1:0.5 A+ C 360 120 480 3.4 17.02 96.12 Table 11: CORROSION INHIBITION TEST (Inhibitor compound
= A + B) Compound A = 50 % of Normal Polyisobutylene plus Phosphorus Pentasulphide 10 + Catalytic
amount of Sulphur Powder (as per example 1) and 50 % solvent Compound B = Tributyl Phosphate (as
commercially available) without any solvent. M.R. = Molar Ratio of Polyisobutylene to Phosphorus
Pentasulphide Expt. No. M.R. Inhibitor comp. Dosage in (ppm) Weight loss (mg) Corrosion. Rate in
(MPY) Corrosion Inhibition efficiency (%) Comp. A Comp. B Total Dosage A + B

discussion given below, shows very much improved effectiveness in high
temperature naphthenic acid corrosion inhibition, of each of the two mixtures (A
+ B) and (A + C), as compared to effectiveness of each of the compounds A, B
and C separately. The very much improved effectiveness of the inhibiting
5  compound of present invention, that is of either of mixtures (A + B) or (A + C) is
seen from the very high corrosion inhibition efficiency, even with reduction in the

total dosage of the active components.

Tables 1 to 3 show the results of effectiveness of compound A, for three different
10 molar ratio of high Reactive Polyisobutylene to Phosphorus Pentasulphide, such
as 1:1, 1:0.5 and 1:0.25. Table 4 shows results of effectiveness of compound A
with molar ratio of Normal Polyisobutylene to Phosphorus Pentasulphide, such as

1:0.35.

15  Table 5 shows results of effectiveness of compound B that is, Tributyl Phosphate,

as commercially available, without any solvent.

Table 9 shows results of effectiveness of compound C, that is Di-isodecyl Phenyl
Phosphite, as commercially available, without any solvent.

20  Three tables 6 to 8 show effectiveness of the additive compound comprising
mixture (A + B) of present invention, with two molar ratios 1:1 and 1:0.5 of two
components of A, that is, High Reactive Polyisobutylene and Phosphorus

Pentasulphide.
25  Table 10 shows effectiveness of the additive compound comprising mixture (A +

C) of present invention, with molar ratio of 1:1 of High Reactive Polyisobutylene

and Phosphorus Pentasulphide.
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15 (Only blank) 87.7 439037 1:0.35A +B 32090410 1.36.598.52 15 Table 12: CORROSION
INHIBITION TEST (Inhibitor compound = A + C) Compound A = 50 % of Normal Polyisobutylene plus
Phosphorus Pentasulphide + Catalytic amount of Sulphur Powder (as per example 1) and 50 % solvent
Compound C = Di-isodecyl Phenyl Phosphite as commercially available without 5any solvent

Discussion about very high effectiveness of mixture (A+B), that is, additive
compound of present invention, in naphthenic acid corrosion inhibition
a) Referring to Table 1, effective active dosage of compound A (molar ratio
1:1) of 300 ppm and 325 ppm were required to achieve corrosion
5 inhibition efficiency of 95.75% and 99.67% respectively.
b) Referring to Table 2, effective active dosage of compound A (molar ratio
1:0.5) of 250 ppm was required to achieve corrosion inhibition efficiency
of 75.48%.
c) Referring to Table 3, effective active dosage of compound A, (molar ratio
10 1:0.25) of 500 ppm and 750 ppm were required to achieve corrosion
inhibition efficiency of 83.81% and 97.72% respectively.
d) Referring to Table 4, effective active dosage of compound A, with normal
polyisobutylene (molar ratio 1:0.35) of 300 ppm gave corrosion inhibition
efficiency of only 54.39%.
15 e) Referring to Table 5, effective active dosage of compound B, of 100 ppm
gave corrosion inhibition efficiency of only 83.97%.
f) In contract, referring to Table 6 , total effective active dosage of mixture
(A+B) of 150 ppm (75 ppm of A and 75 ppm of B) and 150 ppm (90% of
A and 60 ppm of B) gave corrosion inhibition efficiency of 97.49% and
20 99.20 % respectively.
This clearly shows the inventiveness of the mixture (A + B) of present invention,
as very high corrosion inhibition efficiency of about 97 % and 99% are achieved
with very low total effective active dosages the mixture (A + B), that is, 150 ppm.

This will effect tremendous savings due to very low dosages of mixture.

25
Discussion about very high effectiveness of mixture (A+C), that is additive
compound of present invention, in naphthenic acid corrosion inhibition.
Referring to Table 9, effective active dosage of compound C, of 120 ppm and 150
ppm gave corrosion inhibition efficiency of 76.05 % and 98.18%.

30
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Expt. No. M.R. Inhibitor compound Dosage in (ppm) Weight loss (mg) Corrosion Rate in (mpy) Corrosion
Inhibition efficiency (%) Comp. A Comp. C TotalDosage A+ C 15 (Only blank)

In contrast with results presented in Table 1 to 9, as discussed above, total
effective active dosages of mixture (A + C) of present invention of 200 ppm (140
ppm of A and 60 ppm of C) gave corrosion inhibition efficiency of 99.54%. This
leads to large savings, when it is noted that compound C is very expensive as

5  compared to compound A.

Thus it is seen from the earlier discussion that the additive compounds formed by
two separate mixtures, (compound A + compound B) and (compound A +
compound C) of present invention used for corrosion — inhibition have the

10 following important distinguishing feature, as compared to the prior art.

The inventor of the present invention, after extensive experimentation, has
surprisingly found that the two additive combination compounds, each used by the
inventor, as additive that is, two combination compounds formed by two separate
15  mixtures, (compound A + compound B) and (compound A + compound C) are
both highly effective in high temperature corrosion inhibition, as shown by the

experimental results given in Tables 1 to 11.

The prior — art does not teach or suggest use of mixture (A+B) or mixture (A+C)
20  in naphthenic acid corrosion inhibition or sulphur corrosion inhibition or any

corrosion inhibition, in general.

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

25  comprises the following items:

ITEM 1
A high temperature naphthenic acid corrosion inhibiting composition comprising
a chemical mixture of corrosion inhibiting amount of an olefin Phosphorus

30  sulphur compound A with corrosion inhibiting amount of any organophosphorus
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87.74390381:0.35 A+ C 360120 480 24.2 121 72.41 Discussion of the results presented in Tables
10The detailed discussion given below with respect to the results presented in Tables 1 to 12 for the
experiments described in Examples 1 to 6 explains the effectiveness of the additive inhibitor compounds
of present invention in high temperature naphthenic acid corrosion inhibition or sulphur corrosion
inhibition. The additive inhibitor compound of the present invention, which is very effective 15in inhibition
of high temperature naphthenic acid corrosion, comprises a mixture of a compound A with either of the
two compounds B and C, wherein, A = 50 % of reaction _product of Polyisobutylene plus Phosphorus

Pentasulphide + Catdl{RROWHIoGIEASIpHbF SRR SPrss e L eampid Bneraroindatvart. B = Tributyl
Phosphate, (as comoeeipialiy availakia), withoktiarBhsgvent 20w Dirigodedyl AbenydRbdsphite, (as

commercially availal%le)l, vvcimlout any s 1Iven&1 The results st es nt%gl in the Table§ 119,12, show

separately the effectiveness Of each of the t hrgg%sgtﬁ%%suﬁe %&u Bl,nandncp and also show separately the

25effectiveness of treneaghobfstiehtc-mpkiyréotmings) wadion mGuTheidetadled raiscefssish given below,
shows very much impreved effeetiv sigéaialg\lisﬁmega%g%ém@mh%!msiﬂ cergsienunhibition, of

each of the two mixtures \(}é\f B) and (A + C), as compared to effectiveness of each of the compounds A,

B and C separately. i9Vely WG mist6oRgwnd dilehrResan&sishdithg ormula
i
Rl.o—II""'ORz
OR3

wherein R; and R, are each independently selected from the group consisting of
hydrogen and moieties having from one to thirty carbon atoms, and R3 is a moiety
10 having from one to thirty carbon items; and wherein said compound C is an aryl
containing phosphite compound excluding nitrogen having a structure selected

from the group consisting of

wherein R;, Ry and Rj are Cg to Cj, aryl or alkyl and at least one R group is an

15  aryl radical; and wherein said compound D is a phosphonate.

ITEM 2
A composition, as described in item 1, wherein said olefin is polyisobutylene,
which is either high reactive or normal.
20
ITEM 3
A composition, as described in item 1 and 2, wherein said olefin Phosphorus

sulphur compound is arrived at, by stirring and heating said reaction mixture of
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5 compound of present invention, that is of either of mixtures (A + B) or (A + C) is seen from the very high
corrosion inhibition efficiency, even with reduction in the total dosage of the active components. Tables 1
to 3 show the results of effectiveness of compound A, for three different 10 molar ratio of high Reactive
Polyisobutylene to Phosphorus Pentasulphide, such as 1:1, 1:0.5 and 1:0.25. Table 4 shows results of
effectiveness of compound A with molar ratio of Normal Polyisobutylene to Phosphorus Pentasulphide,
such as 1:0.35. 15Table 5 shows results of effectiveness of compound B that is, Tributyl Phosphate, as
commercially available, without any solvent. Table 9 shows results of effectiveness of compound C, that
is Di-isodecyl Phenﬁtﬁﬂ(}sﬁﬂiﬂéoag UBISFTEHSERY BaRuisiaSWRABAIARY SHYERSUE PHRW tables 6 to 8
show effectiveness dkthecadditive oors(rauia spemadsing hoixtuse (fourB)a0ii fresapéinuansion, with two
molar ratios 1:1 and 1:0.5 of two components af, atis,High Reactive Polyisgbutylene and
Phosphorus Pentasu ﬁﬁ%ir g?té%]‘fj%{g%éos r%%% %%ﬁgg?v%%%?s’ 8?%%% cﬁ?\% iééoame;)L(g)(a/r&%lﬂcga’rnprising
mixture (A + C) of prasenpigheesiln frowithl 36l ar Faae ol nyhHigh Reskivetioolyisdwigtylshe and
Phosphorus Penfasylphige.npisgssien aguiyarnRigheiigsivanessol inidie (bsi) that is, additive

compound of present invention, in naphthenic acid corrosion inhibition a) Referring to Table 1, effective
active dosage of coﬁFﬁBH?fB%aﬁﬁfBIéﬁact‘ié“_ﬂ P BB i @%rﬁﬁ’r‘ﬁo\ﬂ/é@és?éﬁfhf%%etii“échieve
corrosion 5inhibition waéfigjang¢ 0§ dphitkiganteth o vuaspaciivaly cipRefésring to Table 2, effective
active dosage of compound A (molar ratio 1:0.5) of 250 ppm was required to achieve corrosion inhibition
efficiency of 75'48%ITER§ E{eferring to Table 3, effective active dosage of compound A, (molar ratio
101:0.25) of 500 ppm and 750 ppm were required to achieve corrosion inhibition efficiency of 83.81% and
97.72% respeciti¥elyAdymRuresiting tecPebng 40 éfectivé actvefssaguidf dsitpsuidontivthormal
polyisobutylene (molaibatifed:Hydr-2h3RQBREN gave corrosion inhibition efficiency of only 54.39%. 15e)
Referring to Table 5, effective active dosage of compound B, of 100 ppm gave corrosion inhibition
efficiency of only 83.979 fg In contract, referring to Table 6 , total effective active dosage of mixture
(A+B) of 150 ppm (7 of A and 75 ppm of B) and 150 ppm (90% of A and 60 ppm of B) gave
corrosion inhibition efficlenoypiob7c4o8krend 20060020 Dthraspestive iyeihishclearlyashawsitive
inventiveness gfsthe mi&&g%%aﬁi\ygﬁgtgﬂtgaeﬁgﬂt(jpx&gﬁiﬂ#rgﬁpyery high corrosion inhibition efficiency of
about 97 % and 99% are achieved with verylow total effective active dosages the mixture (A + B), that is,
150 ppm. This will effect tremendous savings due to very low dosages of mixture. 25 Discussion about
very high effectivenddEM Mixture (A+C), that is additive compound of present invention, in naphthenic
acid corrosion inhibitiosoReiatitngdcoiabia Oaffeative thcive chsagensd wasigaund Sleth 120 ppm and
150 ppm gave corrosion 1[nh| tion e[f{clgggyagghég.gﬁyoo ar‘ﬁg 98 18%. 30

an optionally substitu or alkenyl group.
20
ITEM 7
A composition according to any one of the preceding items wherein said olefin
has between 10 and 1000 carbon atoms.
25 ITEMS

A composition according to any one of the preceding items wherein said olefin

has between 4 and 200 carbon atoms.

ITEM 9
30 A composition according to any one of the preceding items wherein said olefin

has a molecular weight of from 200 to 10,000.
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In contrast with results presented in Table 1 to 9, as discussed above, total effective active dosages of
mixture (A + C) of present invention of 200 ppm (140 ppm of A and 60 ppm of C) gave corrosion inhibition
efficiency of 99.54%. This leads to large savings, when it is noted that compound C is very expensive as
5 compared to compound A. Thus it is seen from the earlier discussion that the additive compounds
formed by two separate mixtures, (compound A + compound B) and (compound A + compound C) of
present invention used for corrosion - inhibition have the 10following important distinguishing feature, as
compared to the prior art. The inventor of the present invention, after extensive experimentation, has
surprisingly found thiF M &0 additive combination compounds, each used by the inventor, as additive
that is, two combinationcegugiovindsctatineddynivenseparaterifedinixtitess (damposid eficompound B)
and (compound A + compound C) are both _highly effectiye in high temper corrosion inhibition, as
shown by the experir%gr?trﬂoﬂgcslﬁlﬁ%%?{%ﬁ (I)IE apg%q)é){sm I%gloy ??% %ci'ﬁpegrﬁ)r)fgp?@gl}faf 06e83' not teach or suggest use
of mixture (A+B) or mixture (A+C) 20in naphthenic acid corrosion inhibition or sulphur corrosion inhibition
or any corrosionsinhipitieNg, §p general. In view of the details given in foregoing description of the present
invention, it will be apparent to a person skilled in the art that the present invention basically 25comprises
the following items: FFERPROAFRGHCRRREE R SRE SRS CORA O O &R AR Pt EBsition
comprising a chemichlamixtuyevaéedirasib phsdpibitin gsemBUiRt Licar OB tim Rhasphatisid@ stilphur
compound A with corrosion inhjbiting. amount of any organephosphorus compou elected from the
group consisting of (%lr%s %ﬁtﬁadé‘f o hstoeﬂr%:répt&osapn& Eb;rﬁggﬂn%tg;p\?v Su}lélllﬁ’ al ecr)?gﬁln B‘%lgg%horus sulphur
compound A, is prodieephbig.reacting said olefin with Phosphorus pentasulphide in presence of catalytic
amount of sulplyr, capably forming a reaction mixture, with molar ratio of said 5olefin to said Phosphorus
pentasulphide being between 1:0.05 to 1:1.5, preferably being 1:1; wherein said compound B is a
phosphate ester of th&%3%1a 0 11 1210-P-0R2 OR3 wherein R1 and R2 are each independently selected
from the group consistivgpbhividrogeniandbrbistirsnhayingdramsaneadgithisiyaaangoshaipims, and R3 is a
moiety compound C is selected from the group consisting of triphenyl phosphite,
diphenyl phosphite, diphenyl isodecyl phosphite, diphenyl isooctyl phosphite, di —
15  isodecyl phenyl phosphite and mixtures thereof, preferably di — isodecyl phenyl

phosphite.

ITEM 13
A composition, as described in item 12, wherein said tributyl phosphate is of a

20  type which is commercially available.

ITEM 14

A composition, as described in item 14, wherein said di — isodecyl phenyl
phosphite is of a type which is commercially available.

25

ITEM 15

A composition, as described in items 1, 11 and 13, wherein the amount of said
mixture of compound A and compound B, which should be added to crude oil for
high temperature naphthenic acid corrosion inhibition, is from about 1 ppm to

30  about 5000 ppm, preferably from about 1 ppm to about 300 ppm.
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10 having from one to thirty carbon items; and wherein said compound C is an aryl containing phosphite
compound excluding nitrogen having a structure selected from the group consisting of RIRI \\ 000 \\ Il P-0
-R3and,PH/ o//0/R2R2 wherein RI, R2 and R3 are C6 to C12 aryl or alkyl and at least one R group
is an 15aryl radical; and wherein said compound D is a phosphonate. ITEM 2 A composition, as
described in item 1, wherein said olefin is polyisobutylene, which is either high reactive or normal. 20
ITEM 3 A composition, as described in item 1 and 2, wherein said olefin Phosphorus sulphur compound is
arrived at, by stirring and heating said reaction mixture of item 1, to 160C under nitrogen gas purging,
maintaining said rea TENBture between 160C to 180C for a period of 1 hour to 2 hours, raising
temperature of said reackigroshixilire tockaibed 8o Giém 280 Gy Herelie nablyatio o 1Q0&p dond38Gp more
preferably from 210C to 225 lfl%d rvrvlee}i aini g r&g{% &g&qt:'&)% ar%igtgggowith 5 raised temperature for 1 to 24

hours, preferably for6 10 10 oUrg, co wiést 1@ reaction mass to 100C and purging nitrogen gas into

reaction vessel to drive out the hydrogen sulphide gas, thereby resulting into said composition. ITEM 4
10A composition; acqgfgifjg 4o item 1, 2 or 3 wherein said olefin is an optionally substituted hydrocarbon

group. ITEM 5 A composition according to any one of the preceding items wherein said olefin is 15an
optionally substituted*aiRIRSF LR %&%F’Wﬁl\lﬁe@% lednpsdiddnWedsititg #5°anY A% the preceding
items wherein said oféfifuis ancopiponad A smdsibiied tr anehechatiodlobalketyl raupe oil for

high temperature naphthenic acid corrosion inhibition, is from about 1 ppm to
about 5000 ppm, preferably from about 1 ppm to about 300 ppm.
10
ITEM 18
A composition, as described in item 17 wherein the ratio of compound A to

compound C, by weight, is from about 0.1:2 to about 2:0.1.

15 ITEM 19
A composition, as described in item 1, wherein the amount of mixture of
compound A and compound D, which should be added to the crude oil for high
temperature naphthenic acid corrosion inhibition, is from about 1 ppm to about
5000 ppm, preferably from about 1 ppm to 300 ppm.

20
ITEM 20
A composition, as described in item 19, wherein the ratio of compound A to

compound D, by weight, is from about 0.1:2 to about 2:0.1.

25 ITEM21
A process for high temperature naphthenic acid corrosion inhibition and / or high
temperature sulphur corrosion inhibition of metallic surfaces of any of the
hydrocarbon_ processing units, with said processing units comprising distillation
columns, strippers, trays, pump around piping and related equipments, using

30  inhibitor combination compound such as, any mixture from three mixtures, such

36



20 ITEM 7 A composition according to any one of the preceding items wherein said olefin has between 10
and 1000 carbon atoms. 25 ITEM 8 A composition according to any one of the preceding items wherein
said olefin has between 4 and 200 carbon atoms. ITEM 9 30 A composition according to any one of the
preceding items wherein said olefin has a molecular weight of from 200 to 10,000. ITEM 10 A
composition according to any one of the preceding items wherein said olefin has a molecular weight of
approximately 200 to approximately 1300. 5 ITEM 11 A composition, comprising said mixture of
compound A and compound B of item 1 and 14, wherein said phosphate ester B is selected from group

consisting of phosphte! BisHBSSHAE, $PBROUEaAuhE iR brodhrAte! HrerérBbirtRBityl phosphate.
10 ITEM 12 A composiiiaongswescAbeddirGtemiktnwhirein shisharydcomthiningphesphitecompound C is
selected from the group consistin triphenyl p hite, diphenyl.phgsphite, diphenyl isodecyl
phosphite, diphenyl ffsocl)@lo%%lﬂ%%ospé?tbe? gllt? Tgils’o%%%né%(ﬁ\y?gﬁgggﬁi?ée[iasﬁe&) SIT(I)CI%;(tUI’ES thereof, preferably
di - isodecyl phenyl phosphiteh¢Ting thg hydroesshapogititaniag dedihitiael daidewd Y2onwhaiin said tributy!

phosphate is of g 20type whichigcamivercialiyavailaRifidd ENakfndaeaaiBesition, as described in item
14, wherein said di - isodecyl phenyl phosphite is of a type which is commercially available. 25 ITEM 15 A

composition, as described th RS 20058 Qe e BARoGRE U SR IR AURY S @tnpound A and
compound B, which should behgdidestthoncptidessih#amit, to produce a condensed distillate;

c. adding to said distillate, before said condensed distillate is returned to
said hydrocarbon processing unit or collected as a product, from about
10 1 ppm to about 5000 ppm, preferably from about 1ppm to 300 ppm of
said inhibitor combination compound such as, any mixture from three
mixtures, such as, said mixture of two compounds A and B of item 1,
2, 11 and 13, or said mixture of two compounds A and C of items 1, 2,
12 and 14, and said mixture of two compounds A and D of items 1, 2,
15 19 and 20, wherein ratio by weight of A to B is from about 0.1 :2 to
about 2:0.1 and ratio of A to C is from about 0.1:2 to about 2:0.1. and
ratio by weight of A to D is from about 0.1:2 to about 2:0.1;
d. allowing said condensed distillate containing said inhibitor
combination compound such as, any mixture from three mixtures, such
20 as, said mixture of two compounds A and B of item 1, 2, 11 and 13, or
said mixture of two compounds A and C of items 1, 2, 12 and 14, and
said mixture of two compounds A and D of items 1, 2, 19 and 20, to
contact said metallic surfaces of said hydrocarbon processing unit, to
form a protective film on said surfaces whereby each surface is
25 inhibited against corrosion; and
e. allowing said condensed distillate to return to said hydrocarbon

processing unit, or to be collected as said product.

Although the invention has been described with reference to certain preferred

30 embodiments, the invention is not meant to be limited to those preferred
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high temperature naphthenic acid corrosion inhibition, is from about 1 ppm to 30 about 5000 ppm,
preferably from about 1 ppm to about 300 ppm. ITEM 16 A composition, as described in item 15, wherein
the ratio of compound A to compound B, by weight, is from about 0.1:2 to about 2:0.1. 5 ITEM 17 A
composition, as described in items 1, 12 and 14, wherein the amount of said mixture of compound A and
compound C, which should be added to crude oil for high temperature naphthenic acid corrosion
inhibition, is from about 1 ppm to about 5000 ppm, preferably from about 1 ppm to about 300 ppm. 10
ITEM 18 A composition, as described in item 17 wherein the ratio of compound A to compound C, by
weight, is from aboutBPERS U oM 94190s B | henre TR STRBEURSAS A trabebia RPSENF 1, wherein the
amount of mixture ofwddimpodsperAngnticeomipospidt hf wiich shiviold b added de therarudendil for high
temperature naphthenic acig corrasion inhjbition, is fro out 1 to abqut 50 m, preferably from
about 1 pbrm t0.300 SLE TR S R ar AR R R R o
compound A to compineicDstiss wéide, irviigmnabut Delizcrnaiseed 210 athors fiarmy withaysrocess for high
temperature naphthepic, Atid £ ARBMNRiIIRRRBALRT high temperature sulphur corrosion inhibition of
metallic surfaces of any of the hydrocarbon, processing units, with said processing units comprising
distillation columns, strippers, trays, pump around piping and related equipments, using 30 inhibitor
combination compound such as, any mixture from three mixtures, such as, a mixture of two compounds A
and B of item 1, 2, 11 and 13, or a mixture of two compounds A and C of items 1, 2, 12 and 14, and a
mixture of two compounds A and D of items 1, 2, 19 and 20, comprising the steps of: a. heating the
hydrocarbon containing naphthenic acid and / or sulphur 5compounds, to vapourize a portion of said
hydrocarbon; b. condensing a portion of the hydrocarbon vapours, passing through said hydrocarbon
processing unit, to produce a condensed distillate; c. adding to said distillate, before said condensed
distillate is returned to said hydrocarbon processing unit or collected as a product, from about 10 1 ppm to
about 5000 ppm, preferably from about Ippm to 300 ppm of said inhibitor combination compound such as,
any mixture from three mixtures, such as, said mixture of two compounds A and B of item 1, 2, 11 and 13,
or said mixture of two compounds A and C of items 1, 2, 12 and 14, and said mixture of two compounds A
and D of items 1, 2, 15 19 and 20, wherein ratio by weight of A to B is from about 0.1 :2 to about 2:0.1
and ratio of A to C is from about 0.1:2 to about 2:0.1. and ratio by weight of A to D is from about 0.1:2 to
about 2:0.1;
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d. allowing said condensed distillate containing said inhibitor combination compound such as, any mixture
from three mixtures, such 20 as, said mixture of two compounds A and B of item 1, 2, 11 and 13, or said
mixture of two compounds A and C of items 1, 2, 12 and 14, and said mixture of two compounds A and D
of items 1, 2, 19 and 20, to contact said metallic surfaces of said hydrocarbon processing unit, to form a
protective film on said surfaces whereby each surface is 25inhibited against corrosion; and e. allowing
said condensed distillate to return to said hydrocarbon processing unit, or to be collected as said product.
Although the invention has been described with reference to certain preferred 30embodiments, the
invention is not meafttdBE limited to those preferred embodiments. Alterations to the preferred
embodiments described ara pagsibtenysthout dephdiing: frand therspith ahthie inyeodiapoditawever, the
process and composition descrbed; abave, arg ntanded lo b llisiiaiive onlto and e nove
characteristics of the invention'may be Incorporated In other forms withot o?eparting from the scope of
the invention. CLAIMS 1.APhighhsmpaiahureorapithédicvabideososiormibhibgtirgosshp@sition comprising
a chemical mixtyre of corr%gﬁgpﬁ@mﬁg@n&g%ggﬁ@rgg@@g Pg%plg&rugr§ Q%ggmgoypd A with
corrosion inhibiting amount of any 5 organophosphorus compound selected from the group consisting of

compound B, compound C8RBUBhpBurf@ B WHErEin8diccSIBRY h dRp e ‘Cuiifidir d6Hound A, is
produced by reacting said plefiphoith Rinsisphomsopentasiiphidiedd pyasenig edidatiyitievamount of
sulphur, capably forming ageaction mixture, with molar ratio of said glefin to said 10Phgsphorus
pentasulphide being betweé%o?%%lg tgeﬁis.gl? lﬁlre ellpalglrf eélfr?go :f?%ﬂx‘%el(r:e?ﬁn gg_lné gjéorﬁ%lg%u#d Bisa
phosphate ester of the formapabdy| IR GR2A@RBxfereitthRiokn daRe Arenida@bfindepaddently selected

from the group gpnsisting gfaysiteeen e maatiesnaynd &am.gns {9 fhirﬁyés;efgqaylﬁe%gms, and R3 is

a moiety having from one to thlrtﬁ/ carbon atoms; and wherein said compound C is an aryl containing

phosphite compound exclubiiigRRIIGSHhEVRRY WL tRuist RE SERAESH FFHhBS YR consisting of Rix \00
/P-0and,PH / 00 o
Il

R1iO—P—O0R;
o,
wherein R; and R, are each independently selected from the group
consisting of hydrogen and moieties having from one to thirty carbon
15 atoms, and Rj3 is a moiety having from one to thirty carbon atoms; and
wherein said compound C is an aryl containing phosphite compound

excluding nitrogen having a structure selected from the group consisting of

Ry R;

wherein R, R, and Rj are Cg to Cy; aryl or alkyl and at least one R group

20 is an aryl radical; and wherein said compound D is a phosphonate.

2. A composition, as claimed in claim 1, wherein said olefin is

polyisobutylene, which is either high reactive or normal.
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R2R2 wherein R1, R2 and R3 are C6 to C12 aryl or alkyl and at least one R group 20is an aryl
radical; and wherein said compound D is a phosphonate. 2. A composition, as claimed in claim 1, wherein
said olefin is polyisobutylene, which is either high reactive or normal. 3. 5 10 4. 155. 6. 20 7. 8.
25 9.

3. A composition, as claimed in claim 1, wherein said olefin Phosphorus
sulphur compound is arrived at, by stirring and heating said reaction
mixture of claim 1, to 160°C under nitrogen gas purging, maintaining
said reaction mixture between 160°C to 180°C for a period of 1 hour to 2

5 hours, raising temperature of said reaction mixture to from 185°C to
250°C, preferably from 190°C to 230°C, more preferably from 210°C to
225°C and maintaining said reaction mixture with raised temperature for
1 to 24 hours, preferably for 6 to 10 hours, cooling the reaction mass to
100°C and purging nitrogen gas into reaction vessel to drive out the

10 hydrogen sulphide gas, thereby resulting into said composition.

4. A composition according to claim 1, wherein said olefin is an optionally

substituted hydrocarbon group.

15 5. A composition according to claim 4, wherein said olefin is an optionally

substituted alkyl or alkenyl group.

6. A composition according to claim 5, wherein said olefin is an optionally

substituted branched alkyl or alkenyl group.

20
7. A composition according to claim 1, wherein said olefin has between 10
and 1000 carbon atoms.
8. A composition according to claim 1, wherein said olefin has between 4
25 and 200 carbon atoms.
9. A composition according to claim 1, wherein said olefin has a molecular
weight of from 200 to 10,000.
30
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30 A composition, as claimed in claim 1, wherein said olefin Phosphorus sulphur compound is arrived at,
by stirring and heating said reaction mixture of claim 1, to 160C under nitrogen gas purging, maintaining
said reaction mixture between 160C to 180C for a period of 1 hour to 2 hours, raising temperature of said
reaction mixture to from 185C to 250C, preferably from 190C to 230C, more preferably from 210C to
225C and maintaining said reaction mixture with raised temperature for 1 to 24 hours, preferably for 6 to
10 hours, cooling the reaction mass to 100C and purging nitrogen gas into reaction vessel to drive out the
hydrogen sulphide gas, thereby resulting into said composition. A compaosition according to claim 1,
wherein said olefin i 4n optiGABRPEHBR AR R SaB o YhstD AakbArBshisH 2e¥5faIAY to claim 4,
wherein said olefin isvaiglaptiappiyksubskitated alispketiatkelyyl @up. A composition according to claim 5,
wherein said olefin is an optionally substituted branched alkyl or alkenyl group. A composition according
to claim 1, wherein said olefin has between 10 and 1000 carbon atoms. A composition according to claim
1, wherein said olefihlhas Hetveeastiahd20DrcHd ox brvRiseternpositibhA aedordingusidlaim 1, wherein

said olefin has asmolgcularweight ffrom 200:810 Q808 WS&%H‘%H@&@C@&{Q%%Q)FHW 9,
wherein said olefin has a molecular weight of approximately 200 to arggroxmately 1300. 11. A

composition, compri8§REatE: HHiRRGBGcAHRBSTRIG A ARY EhHbaR Ao PLEHPY WiteRn said

phosphate ester B ipsedphied from group consisting of phosphate, diphosphate, triphosphate, and tributyl
phosphate, preferably tributyl phosphate. 12. A composition, as claimed in claim 1, wherein said aryl
containing 10 phosphite compound C is selected from the group consisting of triphenyl phosphite,

diphenyl phosphite, dibhend isoteeyliphosplalandibhenghisodetyisioispkite, diyl isoteioyiphenyl
phosphite and myxtupgsdhgredoRpeigially di sisqaacykphenyd | gﬁpmgﬁsg{;&g@fcg{pg&g}pon,_as claimed
in claim 1, further comprising trlbutylh;l:hosphate wherein said tributyl phosphate is of a type which is

commercially availafiosphita.4diRhepyh Rhgipitea divhamb dseresslnaoPhiiterditheryd H958ddecy! phenyi
20 phosphite is of a presphichiis carrogarpiadiy Byrikpbie: 4h3. A corapasition, psfetainged in claim 1,
wherein the amount gggeaiin%iégui'ehofsc&@pound A and compound B, which should be added to crude oll
for high temperature napﬁf Bhic’ a8t dorrGsion inhibition, is from about 1 ppm to about 25 5000 ppm,
preferably from about 1 ppm to about 300 ppm. 16. A composition, as claimed in claim 15, wherein the

ratio of compoyrd A9 compQuRg,&ikh WeidRia#h HOTh bk 01?%&%@%‘%&%@9&3&1 composition,
n .

as claimed in claim 1, wherein the amount of said mixture of compound A and compound C, which should
be added to crude oR'tBRIR YehfsEL Atife HAPNRERARP B g dsidRSnKHON, SeRBRCASUt 1 ppm to
about 5000 ppm, prefefigdy: from about 1 ppm to about 300 ppm. 5 18. A composition, as claimed in claim
17 wherein the ratio of compound A to compound C, by weight, is from about 0.1:2 to about 2:0.1.

14. A composition, as claimed in claim 12, wherein said di — isodecyl phenyl

20  phosphite is of a type which is commercially available.

15. A composition, as claimed in claim 1, wherein the amount of said mixture
of compound A and compound B, which should be added to crude oil for high
temperature naphthenic acid corrosion inhibition, is from about 1 ppm to about

25 5000 ppm, preferably from about 1 ppm to about 300 ppm.

16. A composition, as claimed in claim 15, wherein the ratio of compound A

to compound B, by weight, is from about 0.1:2 to about 2:0.1.
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19. A composition, as claimed in claim 1, wherein the amount of mixture of 10compound A and compound
D, which should be added to the crude oil for high temperature naphthenic acid corrosion inhibition, is
from about 1 ppm to about 5000 ppm, preferably from about 1 ppm to 300 ppm. 20. A composition, as
claimed in claim 19, wherein the ratio of compound A 15to compound D, by weight, is from about 0.1:2 to
about 2:0.1. 21. A process for high temperature naphthenic acid corrosion inhibition of metallic surfaces of
any of the hydrocarbon processing units comprising distillation columns, strippers, trays, pump around
piping and related 20 equipments, using high temperature naphthenic acid corrosion inhibiting
composition comprisidg a chERRESF IR BIRs- BssitthhiBhrg A6 dMBPLA SEGPBHES phorus sulphur
compound A with corrosionirtifjitigdm atdicompoyndrganaphosphiorus aarepaunddeisicted from the
group consisting of compoynd, B, GompSUNd G And compound. R a5 gaslaimed n,claim . pomprising the
steps of: 30 a. heating the %/drocgfbon containing naphthenic aciclincompohnds, to vapourize a portion of
said hydrocarbon; b. condamsirig zbperfieh) obtherrafeliadafibon kgyo lirppisshey Ao vy said
Shydrocarbon prpcessing unit, to produce a condensed distillate; c. adding to said distillate, before said
condensed distillate is returned to said hydrocarbaon processing unit or collected as a product, from about
1 ppm to about 5000 Ppm, PRIEPABIIPol BB FPHFE 300 PRindhe 58 T BRPEAAUIR naphthenic
acid corrosion inhibiting cocopgsitianCydieseight Qs aten hyaweight ab sesdtcomnpound A to said compound B
is from about 0.1 :2 to about 2:0.1 and ratio of said compound A to said compound C is from about 0.1:2
to about 2:0.1, and ratio by weight of said compound A to said compound D is from about 0.1:2 to about
2:0.1; d. allowing saitPcondessawaisiiitaies chmrdAingcdait higrhesenphatmreunsnbphtiieniefacid corrosion
inhibiting compggition to confagtsaidymeiallinsstirceswiisRG MMECHRANPIRCERRING R to form a
protective film on said surfaces whereby each surface is inhibited against corrosion; and e. allowing said

condensed distillate to retut# o SERFIHFoBAPBOATS RS SHGOSINR, BRiBIBcHiIdiBYaRe¥ald product. 20

22. A process as claimed ipgaiongdy\s0@ eishspidfetebiy fsopolyisabiusplane 30dppmis either high reactive
or normal. 23. A process according to claim 21, wherein said olefin is an optionally 25substituted

hydrocarbon group, preferably an optionally substituted alkyl or alkenyl group, more preferably an
optionally substituted®ranéheenziryition adketarhngebimpclaiy 19, wherein the ratio of compound A

15 to compound D, by weight, is from about 0.1:2 to about 2:0.1.

21. A process for high temperature naphthenic acid corrosion inhibition of
metallic surfaces of any of the hydrocarbon processing units comprising
distillation columns, strippers, trays, pump around piping and related

20 equipments, using high temperature naphthenic acid corrosion inhibiting
composition comprising a chemical mixture of corrosion inhibiting
amount of an olefin Phosphorus sulphur compound A with corrosion
inhibiting amount of any organophosphorus compound selected from the
group consisting of compound B, compound C and compound D as

25 claimed in claim 1, comprising the steps of:
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25. 5 26. 10 27. 15 28. 20 29. 2530. A process according to claim 21, wherein said olefin has
between 4 and 1000 carbon atoms. A process according to claim 21, wherein said olefin has a molecular
weight of from 200 to 10,000. A process as claimed in claim 21, wherein said phosphate ester B is
selected from group consisting of phosphate, diphosphate, triphosphate, and tributyl phosphate,
preferably tributyl phosphate. A process as claimed in claim 21, wherein said high temperature
naphthenic acid corrosion inhibiting composition further comprises tributyl phosphate wherein said tributyl
phosphate is of a type which is commercially available. A process as claimed in claim 21, wherein said
aryl containing phosphite compound C is selected from the group consisting of triphenyl phosphite,

diphenyl phosphite, diphenyl isodecyl phgsphite, diphenyl isooctyl phosphite, di - isodecyl phenyl
phosphite and mixtures thgl){eeac;tslfl,lgpré er%%% gﬁfklg%dg%l{jﬁlp n@fnyqaﬁms?ﬁ Citéa.cfﬁe p?(c))%l ggné%’clté?med in claim
28, wherein said di - isodecybphigsnd phivophifedis by dregpdavhich is commercially available. A process as

claimed in claim 21, wherein said hydrocarbon containing naphthenic acid compound also contains
sulphur compounds.b' condensing a portion of the hydrocarbon vapours, passing through said

5 hydrocarbon processing unit, to produce a condensed distillate;

C. adding to said distillate, before said condensed distillate is returned to said
hydrocarbon processing unit or collected as a product, from about 1 ppm
to about 5000 ppm, preferably from about 1ppm to 300 ppm of said high
temperature naphthenic acid corrosion inhibiting composition, wherein

10 ratio by weight of said compound A to said compound B is from about 0.1
:2 to about 2:0.1 and ratio of said compound A to said compound C is
from about 0.1:2 to about 2:0.1, and ratio by weight of said compound A

to said compound D is from about 0.1:2 to about 2:0.1;

d. allowing said condensed distillate containing said high temperature
15 naphthenic acid corrosion inhibiting composition to contact said metallic
surfaces of said hydrocarbon processing unit, to form a protective film on

said surfaces whereby each surface is inhibited against corrosion; and

e. allowing said condensed distillate to return to said hydrocarbon processing

unit, or to be collected as said product.

20
22. A process as claimed in claim 21, wherein said olefin is polyisobutylene,
which is either high reactive or normal.
23. A process according to claim 21, wherein said olefin is an optionally
25 substituted hydrocarbon group, preferably an optionally substituted alkyl

or alkenyl group, more preferably an optionally substituted branched alkyl

or alkenyl group.
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24.
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26.

27.

28.

29.

30.

A process according to claim 21, wherein said olefin has between 4 and

1000 carbon atoms.

A process according to claim 21, wherein said olefin has a molecular

weight of from 200 to 10,000.

A process as claimed in claim 21, wherein said phosphate ester B is
selected from group consisting of phosphate, diphosphate, triphosphate,

and tributyl phosphate, preferably tributyl phosphate.

A process as claimed in claim 21, wherein said high temperature
naphthenic acid corrosion inhibiting composition further comprises
tributyl phosphate wherein said tributyl phosphate is of a type which is

commercially available.

A process as claimed in claim 21, wherein said aryl containing phosphite
compound C is selected from the group consisting of triphenyl phosphite,
diphenyl phosphite, diphenyl isodecyl phosphite, diphenyl isooctyl
phosphite, di — isodecyl phenyl phosphite and mixtures thereof, preferably
di — isodecyl phenyl phosphite.

A process as claimed in claim 28, wherein said di — isodecyl phenyl

phosphite is of a type which is commercially available.

A process as claimed in claim 21, wherein said hydrocarbon containing

naphthenic acid compound also contains sulphur compounds.
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