H GH TEMPERATURE NAPHTHENI C ACI D CORROSI ON | NHI BI TI ON USI NG
ORGANOPHOSPHOROUS SULPHUR COVPOUNDS AND COMBI NATI ONS THEREOF. 5 FI ELD OF
THE | NVENWO@bbsTiRe23pr esent i nvention rel ates to the inhi Bcritszoshoonres al
corrosion in acidic hot hydrocarbons and nore particularly to he inhibition
of corrosion of iron - containing netals in hot acidic hydrocarbons,
especially when the acidity is 10 derived fromthe presence of naphthenic
acid. The invention i's al so useful for inhibition of sul phur corrosion.

Dl SCUSSI ON OF PRIOR ART 151t is widely known in the art that the processing
of crude oi| HIGHI t STEMPERATUWREt i ONAPHEHEMIC 0 dtilye tCORROSIPNNd

ot her associ at ed | prent o'n i i i on. re
corrosive to&ﬂ‘J unggb&nrgnt l&igg’tto ygbgwbﬁﬁ%{)ﬂéﬁgnspo$'}-ﬂgfiﬁ”€r ocess
t he crudes. @EHRIFEOUNDPEAND COMBRRATIONSSTARRE QP! I 0Si on occurs when the
crude being processed has a neutralization nunber or 20 total acid nunber
(TAN), expressed as the mlligranms of potassium hydroxide required to
neutralize t i i sanpl e, above 0.2. It is also known that
napht henig a@ﬁ&i’ﬁjoﬁ?aT Fﬁﬁ@ﬁ%@ﬁr bon is at a tenperature between about
200. degree. C. and 400.degree. C. (approximately 400. degree. F.-750.degree.
F.), and also when fluid velocities are high or liquid inpinges on process
surfaces e. g.Thesirasent snvenden relpes to the inhibipem @f I%Fﬁ% SUEASKANC eI JWL ar eas.
Corrosion pr i roleu i.nin e £ONS as Lat.e i th

napht heni c agl g%rll)gﬁ? P‘ﬁgn SFea%ﬁghqaﬂgr%cggplﬁg% r??ccﬁ)grggﬁgi ?fswﬁgve been
recogni zed f ebntaiilyg Weasils . inSwusthadidic riogiravarbomis pasgecially awhgn sl ecidity ns

at nospheric and vacuum 30di stillation units, t enper at ures bet wee
400. degr é8. %.e“ ?ﬁgr?gbﬂﬁe@ﬁe%eé‘?e [Pl nap chfaﬁ@tat&*@ ‘gﬁ%ﬁ“‘%‘}o‘ﬁt fOUE* '8 t he
corrosivity GhhiGhiddos sQpRidiodos@nnapht heni ¢ acids include the anmount of

napht heni ¢ acid present, the concentration of sul fur.conpounds, the
velocity and turbul ence of the flow streamin the units, and the | ocation

in the unit L qui pterface). 5 As commonly used, naphthenic
acid is a comg}q@(ﬁbﬁﬁﬁ(g@éﬁi n organi c acids present in various
crude oils. Although there may be present m nor anounts of other organic
acids, it is understood that the majority of the acids in naphthenic based
crude ar d5naphisheidedy iknownainaibe eart that éhe prgcessing shetndst @l apd Ay wioyet ure as
10f ol | ows: '

fractions has led to damage to piping and other associated equipment due to
naphthenic acid corrosion. These are corrosive to the equipment used to distill,
extract, transport and process the crudes. Generally -speaking, naphthenic acid
corrosion occurs when the crude being processed has a neutralization number or
20  total acid number (TAN), expressed as tﬁe .milligrams of potassium hydroxide
required to neutralize the acids in a one gram sample, above 0.2. It is also known
that naphthenic acid-containing hydrocarbon is at a temperature between about
200.degree. C. and 400.degree. C. (approximately 400.degree. F.-750.degree. F.),
and also when fluid velocities are high or liquid impinges on process surfaces e.g.

25  in transfer lines, return bends and restricted flow areas.

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

30 distillation units at temperatures between 400.degree. F. and 790.degree. F. Other
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11111 COCH 15 The nol ecul ar wei ght of naphthenic acid can extend over a

| arge range. However, the majority of the naphthenic acid fromcrude oils

i s found wo 2gs120i36 and |ight |ubricating Qihy ¥o&n hydrocantossoraent ai ni ng
such napht heni c acid contact iron-containing netals, especially at el evated
t enperatures, severe corrosion problens arise. 20 Naphthenic acid corrosion
has pl agued the refining industry for many years. This corroding materi al
consi sts of predom nantly nonocyclic or bicyclic carboxylic acids with a
boi li ng range between 350. degree. and 650.degree. F. These acids tend to
concent r at e ifactoisethiiteconitebuté tadhé cosogvity o coudgs eonagting maphthenic Tpids, 25

| ocations such as the furnace tubin trgnsfer .lines, fractionating tower
internals, fdRdUSH S SPoyn é’cWﬂ%ﬂ?ggfagngﬁﬁ?ﬁ’thfbgfgﬁgwabf)ym?gﬁy
bottoms and GORRBRKR! thevdodiy AR drkiléRe oFfth@fibAcitrehAl in@BRinheMnd hei d.

Addi tional ly, when crude stocks high in naphthenic acids are processed,
severe corr oddetion #nthgswiie.gn lignid/ eaphivtercdel or ferritic steel furnace
tubes and.tower bottons. Recently interest has grown 30in the control of
this type“of corrosion in hydrocarbon processing units due to the presence
of napht heni A saginsinbily Gised] @aphtherit lacidak iaandealiehems fézhierain drpshiaacidéri ca.
and Europe. Crude oils are hydrocarbon m xtures which have a range ?f
mol ecul ar st PIRSERy BsVaBIOHHET n@@hd@ﬁpuﬁhﬁﬁﬁ3Hﬁydﬁy@ﬁﬁ&F“HP@b@PPWg§P The
physi cal pro [ ' ' [ : i ' -he

hydr ocar bon %@%%ﬁ?%gﬁg?gggggpiakﬁ{ fﬁ@aﬁﬂﬁﬁgﬁgﬁﬁﬁgﬁﬁf%gﬁ?é?qﬁﬁygﬁ?? as
wel | as the dasgdceudé acd haphoinindd i obapradier, aei, dvithThesagfraiee ringhdn@obrers zat i on
and behavi or oﬂ t hese acids are not well understood. A well known nethod
used to "Quad®i9¥® the acid concentration in 10 crude oil has been a KOH

titration of the oil. The oil is titrated with KOOI, a strong base, to an
end poi nt which assures that all T in the ézﬂgle have been neutrali zed.
The unit of this titration is ¢ ) graﬁ? anple and is referred to

as the "Total Acid Nunmber" (TA leGtralization Nunber. Both ternms are
used i nterchangeably in the application. 15 The unit-of TAN is comonly
used since it irs not possible to calculate the acidity of the oil in terns
of noles of acid, or any other of the usual analytical terns for acid

cont ent . 1Ref iThemeolpralar weight of maphtbenic geid«an exignd gust mlargedangsy EPWeVFng
napht heni c ag d I L on. a rati ' tJi Crude
fo s 20 TANOMGERES SR piRingi R Fron e KL i Binin 2o RA 8 &
corrosion w Ilibrivating 61t UWhehibwexoetirbohdicantairidg sueh hashtixeénadidsomeasshul in
preventing corrosion by napht%&nic ci d. Naphthenic acid corrosiqn is very
t enper at ur e GEPERURMCEIY, ESRESHEY AL eiFValEd APRISIAIIESt SRR COTTOs N PIRIEMF or thi s
corrosion is between 205C and 400C (400F and 750F). Corrosion attack by

t hese aci ds bel ow 205C has not yet been reported in the published
literatu26. As to the upper boundary, data suggests that corrosion rates

reach a maxi. t abou 600770%5 nd en %S in éo digmm ni sh. BOTBS
concentrat i oﬁ%g’h CHEI A5 TN PAS PARGYSS 6719 ™ %Egdfl HSHY efglﬁfnsaBy RS t ANt
factors whi GBrbdihkUsRERaINARBERESY Sredsihhafily iidhbeytlic TdH Bicydicesarstagied by

the appearance of the surfaces affected by naphthenic acid corrosion. The
manner of coracidsivith adwiling thage bstvaenciplidsaresatnd ppd degree.dol Biese afidat i ons

nthe corroded 58" AE Rt She SRATieF FUNLAL Wring Nudl il AHEA. 3¢ Fus, S
uniformy t hi‘fted’ rmried areas al so occur
25  locations such as the furnace tubing, transfer lines, fractionating tower internals,
feed and reflux sections of columns, heat exchangers, tray bottoms and condensers
are primary sites of attack for naphthenic acid. Additionally, when crude stocks
'high in naphthenic acids are processed, severe corrosion can occur in the carbon

steel or ferritic steel furnace tubes and tower bottoms. Recently interest has grown

30 in the control of this type of corrosion in hydrocarbon processing units due to the
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5 when condensed acid runs down the wall of a vessel. Alternatively, in the
presence of naphthenic acid pitting occurs, often in piping or at welds,
Usual | y twe 2oe@ab23eut side the pit is Wﬂﬁﬁ Nl%@l a.heavyr/1ktmsgkoosed fi de
film while the surface of the pit is“bright netal or has only a thin, grey
to black filmcovering it. Moreover, another. pattern of corrosion is

erosi on-corrosi on, which has a 10 characteristic pattern of gouges wth
sharp edges. The surface appears clean, with no visible by-products. The
pattern of netal corrosion is indicative of the fluid flowwthin the
system si ncerdserceedsephtbenit acid inictiiles fiofraestiais| sovs as Ghina, hdeatdricanount

of corrosion tc? t ake place. Therefore, corrosion patterns provide

i nformation 3% FW9%Fe method of corrosion which has taken place. Also, the
nore 15 conplex the corrosion, i.e., in increasing conplexity fromuniform
to pitting to erosion-corrosion, the lower is the TAN val ue which triggers
t he behavi or Cradeeoilsndre hydrdcarbop maixtudesawhighdave egpege ofamplepwlar statwet es
whet her naphthenic" acid is th r I odi t ,ar her | ocess
of corr os?ona%ccﬁornge 1S a e eulcff %ﬁy%%qapgggﬁl%g’y Eh(él Ph?%l eﬁi/bgtgpg{t{t} egf::ont ain
hydr ogen sul haglfthenih acitih ehedhomey beaohnthined o thel liyatocubdn siéxthiies asoomncar bon
steel. In all cases that have been observed in the |labaoratory . or in the
field, metal “tirthachangssinmodashlas Keaghbcrsavelh an thei oursrolheonsaiping the,  he
presence of r | fJ i L 1S i i i de,
while in theQ%ﬁgwqg‘gfskg’%m%’rq%%egg?ﬁsd %%O%éggﬂwk ofl et u%?‘}ﬁ/ 4 o é}g)gr%{ji tions,
t he 25 net al uhderstovdr&dvell khown ametiood ded tas'quadife” itle adidaypsceanetighinnat er or

oxygen present to .produce -a thin filman th tal.. coupons. . ts
utilized!¥o 8’%‘@8&‘50 h%s iy %K(Ellﬁ_t“t@lno&ﬂ%_r%%ioglnqﬁ’ﬁfﬂafssiﬂggtgﬁ?\)’@thaga‘iﬁoq cators
of the type gofObds@SioOh QRICHifd WHicKiabdhidd Baldal £di@§11naﬂhe%ﬂ[)ﬁgﬁ'i/@%@eﬁ reating

unit. 30Metal coupons can be inserted into the system are
corroded, theguttaliged. Teg anitadf. thithitigraten ghimg. ofsKOH/grooofsdmple and s of

ng/ cm sup. 2. _Thereafter, ., COr.LQSi on an .be det er muped, {r wei ght

| 0SS measur e ﬁ?%‘f?orﬁseﬁiet hlg??’ld‘g?lg%ilfmo%e& ﬁ)‘g}\@ T ﬁ?ugaﬁﬁﬁggrlg%[g}’%h%@hoduct
(mpy/ ng/ cm S pma hrd wse@ @teieh@igeably Thitk applicatiodr t her i ndi cator of the type of
corrosion process which has taken place, for if this 5 ratiois |less than
10, it h&% been found that there is little or no contribution of naphthenic
acid to the [ C P I P A f:hen
napht heni c agﬁéhﬁlz og&%% I ca%w\({:yg%ﬁl?%edg grﬁlgggt?%ﬂggé&x@g‘g?%r%ﬂ%?%%@gs.

Di sti ngui shi pftHeasineetermsibf indkesiofacidl baaly ather afothe asuabd analgticad dermg for
naphthenic 10 acid is _inportant, since different renedjes_. are required
dependi ng up8%dt st ReHNsTy Dayertsed i‘@ﬁl py a gf'é’teéﬂlof%d’tq&gweoforc%? 159%%n -
caused by S“h%ﬂrﬂth&m@@&%%? oRonEFEY Bl AthIE SMREY AaHeASs biendlthes LD a

i ncreasing t anount of C]hrom umin the all'oy which is used in the

hydr ocar pon TANEI. hgssuming that ataingge coficealrhidys naplythbeic @nigdl coyresion widmotl . 25% Cr
to 12% Cr, or ({)erﬂa S eVﬁTn hi gher Urgfortunatelgg(q. 15 thtese show Iti)ttle to
no resi st anc8U: HYBRYHe IS megrie hes Do assesafUt S PENEOWR FBHIG D¥ f ect s
of sul fur angy dghiic acid, an austenitic stainless steel which contains
at least 2.5% nol ybdenum nust be utilized. The corrosive problemis known
to be aggravated by the el evated tenperatures necessary to refine and crack
the oil and e .qil.s acjdit. i i i I I evel s
of 20 napht hEe{br%P f(‘:ttl]‘gllclzllc c]idnc ﬁﬁ’é’ngdéslvwg t%ﬁgérgtrug‘ggé%ﬁlg%ﬁt ﬂ@%l?%:%g(w sh%ge(i

corr osi ves betengrfatifeerangager tHis abwolionl 15 betiveed 206°C Aind t408°0i (DT and

tenperatures_the naphthenic acids are in the vapor phase and at the |ower
t enper at ur es 7P¢&)-LePFeieHaftackby these ggids ?8%%@5%1’4?@ nEbYFLRSER FEPPIIEE In .

napht heni ¢ agj . b i ri i ] of
Sl 1 de- comp e D B, L B P L ee
sul fur, ‘sul f rdesreadh snlakindes at gouy60(1°f7008E andthen begiphe dohigishCor r osi on due
to sul fur conpounds becones significant at tenperatures as | ow as 450F. The
catal ytic generation of hydrogen sulfide by thermal deconposition of

ner capt ags hagfe REFRENLAESN hid odisy 8f FRURRY/G niktutd BheCalSPinhgtafNfactor| fur in
t he crudes, which produces hydrodgen sulfide at higher tenperatures, also
aggravates the problem The tenperature range of primary interest for this
type of corrosion is in the range of abgut 175C to about 400C, especially
about 205C to about 400C. 5 Various approaches to controlling naphthenic
acid corrosion have included neutralization and/or renoval of naphthenic
acids fromthe crude being processed; blending |ow acid nunber oils with
corrosive high acid nunber oils to reduce the overall neutralization
nunber; and the use of relatively expensive corrosion- 10 resistant alloys
in the construction of the piping and associ ated equi pment. These attenpts
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15 corrosion. Naphthenic acid corrosion is readily distinguished from
conventional fouling problens such as coking and pol yner deposition which
can occurwoi2noset2msbene cracki ng and ot heg hﬁg@ﬁmﬁznu RIPCCAS 0BG FACE | ONsS
usi ng petrol eum based feedstocks. Naphth h ' rrosion produces a
characteristic grooving of the metal in contact with the corrosive stream
In contrast, coke deposits generally 20 have corrosive effects due to
carburization, erosion and netal dusting. Because these approaches have not
been entirely satisfactory, the accepted approach in the industry is to
construct t hevhidlsintlubraeinaphthiemit acidreotrbsiop.oFitis Bryidexpakydtht appapdichehi ¢

acid/sul fur corrogsion, with the resistant netal s _such as high 25 quality
stainl ess st &4 swiacgs ?fé%ecﬁ@hpéﬁ’}ﬁb% A W@Foﬂ%uﬁ%mﬁ?m&ﬂ?&%"ﬂﬁf”&g@

nol ybdenum Th Qie{i&%ﬁ Qfdn"fliﬂe%tt@;ns%ﬁ QR QriatidnS $h SHedddrodbd S¥Paces WRREt al
intensive, as alloys such as 304 and 316 stainless steels are several tines

t he cost of camboonditiens, theHoetel/surface is umformlynthinned. Tlinned areasedsa peoue is a

need to provide inhibition.treatnent ainst this typ f corf 0S| The
prior artgcor Ei‘B’ﬁ‘_dFrr‘ﬁ?fib‘i‘ctl rr_ém?,%“go _aﬁ'ﬁﬁh nfc’Re ’d%épﬁmaﬁgﬁlﬁbﬁ?gﬂf ncl ude
ni t r ogen- basggksthdeBM@pkiBEdiOatid pittinR obédroFten idiPipaeesT, at WREEBEUs@dllyatié on
inhibitors are relatively ineffective in the high ter}perature envi ronnment
of napht heni ae@ioutside the pitis Fevered wsh¢ heayy. bbacksultissifimy swhile shessueastn i n

various art S’oftt egr??;fsi grgél}ftrﬁgtglp 0? h'ﬂ?e({ny St ?é{gfqy lﬂ@crkt hﬁch%R/ﬁﬁx?% ritl(.)si on

i nhibitor is"de nt articular circ ances in whic S ,
appl i ed. ThuMorebfercaayther puseirlofessresisteris ogresispiconbdsion,r awhiadt dnses of t en
does not inplé t he same for another set of ci rcrg‘rnsta%nces. As result, a

| arge nudBer cBiragigristicnadam lrgasieeHEhaYe adgen [de FuileRsePass cifl Y use for
application I-OUS [ ' ; t &0ihet type of
10 surface t hgt‘)_{?fsﬂegﬁt}z 8‘3’%?%‘%@“? ggtfé?hg O? g??%ls‘%dgﬁ),sm?ﬁg q%géetﬁgf &gtg F rﬂ(}lg(i1 on
encount er ed, flamdwithia thesgktérnpsisce incwwhsedcontaet wishiisurfades alrpodeh gicater
exanple, U S. Pat. . 3,909, 447 describes certain carrosion inhihitors as
usef ul agai n&MPOUBY (Bs FYROTH 8l éﬁlﬁevgﬁ\}’e'l efeg erQIran o RYEMA RV A ueous
systems such ;@ggmiRid asl b QRE setlfRIOdf (dBrokOWRHISch HAd fakémPlaba!ld8lso,ahé ntbré | | 1 ng
and auto radiator systens. That patent 15 al so notes that nmany corrosion

i nhi bi t ol§ capaplex b cpmpsionniagin mcreesing gomplexity yisane weifarm te pitting to

non- oxygenat ed syst ens. perf orm [l ¥AdN nat ed systens.
The reverse 8% '%oné’gld\?%{hleao rglgﬁr}e@rgAyggf& Bﬁlﬁ?ﬁ g?rig%ig(nsﬁlf%? 3?%?hat has shown
ef fi cacy in oxygenated aqueous systens does not suggest that it would show

efficacy in a hydrocarbon. Moreover, the nere fact that an inhibito 20
has been ef f ildgdniormatan prayided bricorrpsion paitrset Bdisriles Wstst parhtheni it e t hat
it would be |.CACI I . f Ista FeSug @pmon for
i nhibitors tﬁ%tﬂea(%gllog\l‘/%r %terelgfog\éfgt?j\gllglftat'? éfpgc{cg%s%fgﬁyﬂsig@ (%g{rlr%edrsaat ur lés to
becone i nef f aahdkviey adlfureMost a@tide esntsindtydegen Iselfilz 5@ dt thetGPEreadig dom er ed i n

oil refining. At h_tenperatures, corrgsion i's potoyiously traublesone
and difficul t‘ropéui\ﬁ?‘f%girﬁﬁ an OPFRP.{‘ St?fls.?“ Pﬁtc.a“ﬁot.h.at »B%Y%E%Q%V’egdﬂtt fns no
teaching. - or 13%9;88@ 610 thP#eld, mMAWLERBS 1BHE Bt Y6vdrél AAR-AfeeYSomy St ens
such as hydrocarbon fluids, especially hot hydrocarbon fluids. Nor is there

any i ndi cat i cortiIn thk Ses@at of Ngdrogerogdiiderthe it forrnes is dmysoiahlysiran sifidss ed

therein woul d .be effective against. napht henic_acid [0S nder., such
condi ti ons. é’ﬁul%ﬁlflrf%g g%‘gr(iaﬁesaWher\%{[Eﬂﬁ Rl E?einl e 1inosrlll(f§1§/sf een‘% gg#@ggutgjéect to
napht henhg aghdalCRI ¢RetedNwith 8fonPbRAeSsd fRre & hidvays @hodieh Glated. orGonygent | y
used treatnments are thermally reactive at use tenperatures In the case of
phosphor us- basesant taprasiuce a shintimeon the metal gAYPONS. | ead to a netal phosphat e
surface film The filmis nore resistant 5 to naphthenic acid corrosion
than the base steel. These inhibitors are relatively volatile and exhi bit
fairly narrowedissiiliz¢éditd duternfinger.exkneyf esreosicedmay tilso acrvelas indicdtars ©f or

bel ow t he point of corrosi.on dependi ng .on the, tenperature range. .

Pol ysul fi de ithfitiet 8f §ORUYIIPSSETING ! Brﬁ)lpéﬁlcma%fj@é’awnhﬁriﬂ%@g YAY | ower

pol ysul fizges g c&@'z)ﬁ@eén b@'iﬁzgre% gﬁto%ﬁéé terRNAs @Y?éyci?@tc%ﬁ%dedf hHsy 1dsbe

volatility 10and protection o I's not predictable.
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The probl ens caused by naphthenic acid corrosion in refineries and the
prior art solutions to that problem have been described at length in the

| i teraturwo 2béwe2dmkl owi ng of which are regreseialoys; LETUNS0sRau9s No.
3,531,394 to Koszman described the use of "phosphorus and/or bisnuth
conpounds in the cracking zone of petroleum steam furnaces to inhibit coke
formati on on the furnace tube walls. U S Pat. No. 3,531,394 to Kosznan
descri bed the use of phosphorus and/or 20 bi snuth conpounds in the cracking
zone of petrol eum steam furnaces to inhibit coke formation on the furnace
tube walls. UbdferidPaThisNecight Bd,i04&otded Shalritsedf mp/cdi.sp.bsBerabdepabads

substantially as .descri be nd claimed herein-for use as refinery .
anti f oul ant s.SOVRTIPR "Yf F@’&?’F\?]@te%"‘fgrpm i“feﬁﬁ%t o HECRETErL, ‘ﬁ}ﬁﬂ g‘rel 8 of
this type haye pRbsiberat o easl %é?frﬁprdaﬁ&otnﬁ)@/rﬁg/eﬁq%b% ié BAlbkb{ear shik fs 4 he

manner set forth herein. Vi Is referénce teaches the addition of

t hi ophosphat dumtlréndicaorcodf the typsofeorrssidn processevkighhattakimplape.ifeniftlys t he

incom ng feed, .due to . the nop;volatile nature of the ester terial s they
do not g 8t g By 15t Rl SR b, sfad B4 e dp e OF hE'sstRSIGE o8

pi ping, or f wapkiBéniSAPKIOLEES cBiréfién procBRy Bloweuad if thatratdy ekédeds 1 0N@ek he

t hi ophosphate esters as taught _herein, surprising activity is obtained in
preventing t mepksbenie r apide idf anignificant ccemiiputebr Kosthen COFOBPB PFAcES: on

col utms, punparound pi pi ng, and associ ated equi pnent. 5U.S. Pat. No.
4,105,540 to Weinl and descri bes phosphorus. contai ni ng conpounds as

anti foul ant adstiriguishing beteleby | salfelatiomakacky afidicnaosion chhsedpby spplathersc

conmpounds enpl oyed. are nono- and_di - ester,. phosphate an hosphi t e conmpounds
havi ng atl0 ed&Hd &nEMpRrANGgeiRcHsiersntc BmRdicscere etqurS‘ﬂ d%ﬁ?‘ﬁﬁ“é) Hoen §ﬁePat )

No. 4,443, 60%0Hb§iﬁgf%§i@fﬁ. ERhdIR RethrRbi YA RERIoAZ AL S dPOS AR Rbmpagid e and

esters as being us as acl'd corrosion inhibitors. "Such inhibitors can be
prepared by rkaated tgmpentumenis2¢fectidhlyyd metdasiaz che smeunh of chiioatiky| inghesphi t e.

Wiil e these tetra r ot hi gzol hosphoni ¢ aci ds .or, esters.have goo

corrosi on an&ﬁP%H’Y 7 ?Sowearlﬂﬁg? E‘i‘/gré’l,gargﬂ'é eatél?ﬁju‘?lg‘ Brianse ab OYadﬁ‘iane hi gh
tenperature appldyeal (RS 10030F €3f to1 b LY, RPSRHIANPS Bh 394HRRA. Dhintip@xlyous and
t oxi c substances.” It is also known that phosphorus-containing compounds

} _rrpaij r bt géhf gM?iSbn;Nohttkatq ogsrgexattamwg saphtkaniq gcidr et cempensai for theg. , in
i xed- bed hydr of k. cr [ J s are
of ton in a quaioune cgehs 3P SpinaTHPEALIS AR, bl bt Binles PROESTREE® B2

iron can accughiafiisetiléast DSYh bl gedehbmn nust be ufilizddo THO dqoprosiaaprobiraiis t he
catal yst. Al though nonphosphoruys-containiing i nhibitors are co rci(il |y

avai | abl e, t K89Warte RroAegrayaigd bystie sigvated; GRperayres RECEIPBE JRIFHES @Bht ai ni ng
conpounds. : 23Hc§'thg) ?g uﬁnlhﬁyg tgiﬁ ?11129 £cdiny QniCRRS st p?ilmarﬂlfﬁg Higevas of mpr oved

met hod of reducing corrosion In ethylene cracking fiirfiaces
usi ng petdol eaphtherdstcindigenaousui thg catdes.daphthélic poisds carrpsive betswskubl e

T ol XSl PRoSRI e RIRRDIL A N RS 0L ALOBIGS G o5t o
(equal  sol ubigkids ¥Yrd i tROVAbo? PABKRUS BRAoWYHERPRRRES Hielc¥RBEiSN rate is not
serious. The corrosivity of ﬁaphthenic acids appears to be exceptionally serious in
the presence of sulfide compounds, such as hydrogen sulfide, mercaptans,
25  elemental sulfur, sulfides, disulfides, polysulfides and thiophenc)ls. Corrosion due
to sulfur compounds becomes significant at temperatures as low as 450°F. The
‘catalyt'ic generation of hydrogen sulfide by thermal decomposition of mercaptans

has been identified as a-cause of sulfidic corrosion.



U S Pat. No. 4,842,716 to Kaplan et al describes an inproved nethod for
reduci ng fouling and corrosion at |east 10 ppm of a conbination of a
phosphor wsoands/f2ossant conpound and a fil i ng inhibitor pcThe2q080spdOr US
conmpound i s a phosphate, phosphite, thiophosphate or thiophosphite ester
conpound. The filmng inhibitor is an im dazoline conpound. U S Pat.

No. 4,941,994 Zetneisl et al discloses a naphthenic acid corrosion

i nhi bitor conprising a dialkyl or trialkylphosphite in conbination with an
optional 10thiazoline. A significant advancenment in phosphorus-containing
napht heni ¢ adutfucorthe siwlks,iwikich prodnsesuydrogep sulfidd at ImghtrSemperaturddoalso
4,941,994, Therein i th IS ﬂi sclrﬁsed that nmetal corrosion i n, hﬂﬁ ‘aci d'%c

li quid hydr o 28&PKYRS PP NATHI PR IFTIRFTAWE TARes < PrRngsy IHerFstIgF FR%1YeHR ©

i nhibiting arByplioRts A ©E fhdpkl ofABENOI750CI t8labiht VS PEIpkEialty bhod0sRt | onal -
thiazoline. Wiile the nethod described in U S. Pat. No. 4,941, 994 provi des
signi ficant itopbawdf@Hi.s over the prior art techniques, neverthel ess, there
is always.a desire 20 to enhance the ability of corrosion inhibitors while
reduci ng tshe amount of phosphorus-contai ni ng conpounds which nmay inpair the
function of wWwakioySappedaehysts cnadlling higdlientd UARl @blrosias Nkl indRidad desire
for such inhibitors that may be produced from | ower cost or nore avail able
starting nat @epializatiomandion ieovaknimsakthenie agida figmethe srudsbenre massstadeni ¢
acid corrosi 8.t herm . . [ en the
crude and t hy%élgﬁllgpl ?r&#%?%ﬁ% ‘ﬁgmfgg‘l&‘%ﬁ‘%‘%ﬁ ggltsi?lﬁllg]bgrmgﬁg fo hlalé&g[gglrei er or
fil m prevent svemalr naitrabzapanhemberonind ethe hisagoft hetativetyalexpansivaceprraaiod- i s
general ly a hydrophobic, material. Gustavsen et al. NACE Corrosi.fon 89

neeti ng, X{Bapé?mﬁ@‘.t aligys Inpfie copsjrusion 9§§§ Ripingand a’?ﬁ?@‘a{?‘grzeéﬁ‘mni’. S¢for a
good film ng aﬁ&ﬁgﬁ-ary Sherhl®} dishvanRigéRR: if WatThSF LRRRE a@MGioRM GRoceksihgn |

form ng agent, sul fongt ed dl kyl -substituted phéenol, and effective agai nst
napht heni ¢ ae@nd/oc edd egbstantiallcSits Ratreatidont 6f #h@2crodoil séliempativelBetasioven et

al. on Jan. 26, 1993 describes 5 anather nethod of inhibiti napht heni c
aci d corrosi 8H'% art‘f?faﬁeéaFe,d_e%O(SWB’rOPs‘fﬂ?fglt?rﬁtaf%mml'gmrq tacY""{lﬁb«:l9’ob|ul%lﬂ'ﬁ3 ¢

effecti ve amapngerRfalBNineffdiveGn R KigH!tEihp@atufdenionéleds uf Raphithddicacidat . No.
5,182,013 is incorporated herein by reference. This is another exanple of a

cor r osi odSi nlsptpsipmgNaphithenic gpidcdosrosionis feadly i bstingyished figpe eoENERIA osi on
was det ail ed .ahove. h i -und o0d, .| 14S
10been deter 513%3@ Prﬁ;é[é %tgnglg\fctg gsu élﬁﬁg (s:a?a’% Igoéﬂg‘tﬁr éﬁdggﬁﬂvghght(%ﬂc%drcﬁ%sll ve
agent in snalethylghendrhéki®s andtotlsdif Hyidedcarionyprotgtingomactiving atsingnpetraléunbecones
i . Ph h f ff i i [ -
go(r:?{);iog:’]o\r;\y t%%ieggtfegqizpqocgg I\?{glix?hepc aﬁban ci(? gorpr(?s?onepro 1(1:cte|s \zliechlg%[:tgrigtgc gr%g\lligg tof

the metal in contact with the corrosive stream. In contrast, coke deposits generally

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

Because these approaches have not been entirely satisfactofy, the accepted
approach in the industry is to construct thedistillation unit, or the portions
exposed to naphthenic acid/sulfur corrosion, with the resistant metals such as high
25  quality stainless steel or allpys 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.

.



addition of sul tiding agents to the process stream containing phosphorus
yields a 15 fil m conposed of both sul fides and phosphates. This results in
i nproved wenbewmansee as well as a decreased phosphorus prequnNzos@os Thi s
invention pertains to the deliberate addition of sulfiding agents to the
process stream when phosphorus-based materials are used for corrosion
control to accentuate this interaction. 20 Organi c pol ysul fides

(Babai an-Ki bala, U S. Pat. No. 5,552,085), organic phosphites (Zetl neisl,
U.S. Pat. No. 4,941,994), and phosphat e/ phosphite esters (Babai an-Ki bal a,
U S. Pat. NoHdwe380, 8849 , commsionbédnbitdrai aredralaiviely dhéféestiveein rthe high
hydr ocar bon-rich Fhase agai nstqfna&i%heni c.acid corrosion. However, their
hi gh oi | 25sdTHRATHPESFIVHREPENL 9fdaphtbgnigacidollsi | | 4t e si de stream :
contam nati on by phosphorus. Phosphoric acid has been used primarily in
aqueous phase for the formation of a phosphate/iron conplex filmon steel
surfaces for While s&fi@rs ¢osteisisint inbibiters arehiglovanppl vearusonts, (o sffisaey am} i ti sh
patent 8, 667,: Pat. Nos..3,132 975 3,460 98 ' 1) ¢
Phosphor | & adrelviies’ Then) gnricdiapputiin ubidy, JasaRa, & dig ittt

(petrol eum) RasuAstateed@eWhichiolstapgliéD IThRsrdiicRs odfuséfalnessnghdet bhgsdt bdn (U. S.
Pat. No. 3,145,886). There remains a continuing need to devel op additi onal
options for sIrEWRHaRGss oftar deesclnt impln/the yame forangther st pd sircumstppitgr At ost .

Thi S i S espe%ir@ulltya ie{rggn‘lﬁ{lbéridg%3n?;ioﬁ ﬂn\fﬁl{i{%frg ﬁgv@%e G earmd §rem1g1§e
avai lability of corroSive crudes from sources such as Europe, China, or
Africa, and Kodapplicdtivn toresens systemstempndmgdmeths aseditmsraaged the typé of vi ew of

above, there is a peed to provide a conposjtion to pravide effective 10hi gh
enper at A AUTHEHBR & SUerBh oI G CoronRR e biPg 9! SoUaiPp CoouBlTghatd
corrosi on i nigDLEAdHIons Y Ghich tHe AVEEL L ekftRed FM&%@ge@sﬁPaﬁhmpﬂ or -
art conpositions. OBJECTS AND ADVANTAGES OF PRESENT I'NVENTION = :
Accor di ngl y, 3t%08,498] dastrsbesnctraity apiresiers igfibitdre asrussbiltagainge geirenomie

descri bed 15bel ow, An object of present. invention is tq pravide hem cal
conposi tion \Rﬁ'f‘tﬂ:‘ﬁ'lwl?‘fv tﬁ{n&?\?’i? © PRy g aqyegus ﬁY%ﬁmf gﬁ'?(}lelagt%artgeir fr}g% it heni ¢
aci d corr osi @olifphioRetd, dfillagy Mals, aasdisihpatd a0 fa@Rid@sybtatis PThdt Qratent

Anot her object of the present invention Is to provide a corrosion

i nhi biting 2elsedpirssthat wany gpiresion snhjlifays serableeokpIforating ity ROR-ad¥sO At ur e

R
oxygenated systems. The reverse is true as well. The mere fact that an inhibitor
that has shown efficacy in oxygenated aqueous systems does not suggest that it
would show efficacy in a hydrocarbon. Moreover, the mere fact that an inhibitor

20 has been efficacious at relatively low temperatures does not indicate that it would |
be efficacious at elevated temperatures. In fact, it is common for inhibitors that are
.very effective at relatively low temperatures to become ineffective at temperatures
such as the 175°C to 400°C. encountered in oil refining. At such temperatures,
corrosion is notoriously troublesome and difficult to alleviate. Thus, 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.
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SUMMARY COF | NVENTI ON 25The present invention relates to the field of
processi ng hydrocarbons whi ch causes corrosion in the netal surfaces of
processi fyounig'120236he i nventi on addresses the technical ppraNtmsn@iohi gh

t enper at ure napht heni ¢ acid corrosion and sul phur corrosion and provides a
solution to inhibit these types of corrosion. The conposition forned by
reacting high reactive polyisobutylene (HRPIB) with 30 phosphorous

pent asul phide in presence of catalytic anount of sul phur provides high
corrosion inhibition efficiency in case of high tenperature naphthenic acid
corrosi on i nitiotpheric aad saduynimirdistibiations isgstems hirdi subjent td haphtheint acodh | s

useful in all hydrocarbon processing units, .such as, refineries,
distillati onCSeEPHHIY P&Cﬁ%*fngpéF?%E ¢ Qils; ﬁg‘frﬂlﬁ é?.e‘h STORHRERY 3§ ON OF

THE | NVENTI O, [R8I1PFREEN atl 3Y @b peRRuit3 8% thd8ast ¥ bRYIpRErsaRasdEEhbasRoUNd to
be used as corrosion inhibitor for inhibiting high tenperature nephthenic

aci d corr osi ¢ns isThoeght éalcaé tb & oreted phesphate shtfaderfdh. fihe fdmos imome refistant
hyd b R l.efins.with 10 P2S5 h . t | phi d i
of esence o Supaplitert addrcommRistyhan die BERHETT PRAR IS BRE Ry 11

whi er ei n douRbrtiRonf L&kt 888 hairbivedifdlatiyn @inges I Theyadrt Yed i@ adehahd s about
sai d hydrocarbon Rl are given below. As previously nentioned, the term

"hydr ocar bonabexs asdglavertlks mpoirdaefs cargsiamdersnding an ke tgmpergluranangekenyl
group, an al |/ 0L OUR. - WhI | i r ) Qlr Cyclic,
o an aryl "o SESnSh Hfiaidt 6o R IO e RSy LEUREEAE o8
wher ei n t hey pbayelfileeand)ierigpa) tlgmeniab bulfustadd. medcapthes. Mjhais oharvodmilitg a
branched structure havigg substituentgs) t hereon, then the substitution may
be on ei tRer anHhBrosrlPB OEEHSHS BAdRBHRBYSr on the branch; alternatively the
substitutions may be on the hydrocarbon backbone and on the 20 branch.
Preferably Rl is an optionally substituted al kyl or alkenyl group. In one
aspect R i s Tan poglileron adusgd dybrsiphthanie cical ¢ortosipmonpefineriesrant ke paspatt, Rl
'S an optl On%!)lh%ior?su ltooS ttllla;[t u};[rglc)jlegll ave Lee%r deRtibed 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 forrﬁation on the furnace tube walls.

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

coke formation on the furnace tube walls.

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

30 process steps. | have found that by injecting the thiophosphate esters as taught
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25 The term "al kenyl" refers to a branched or straight chain hydrocarbon,
whi ch can conpri se one or nore carbon-carbon doubl e bonds. Exenplary

al kenyl gwoupes/i2mskude propyl enyl, butenyl, isobutenyl, PpgEnNznghg0195

2, 2-net hyl buteny 1, 3- nethyl butenyl, hexanyl, heptenyl, octenyl, and
polymers thereof In one aspect Rl is an optionally substituted branched

al kyl or al kenyl group. Preferably, ft, is a polyisobutenyl (PIB) group.
Conventional PIBs and so-called "high-reactivity" PIBs (see for exanple
EP-B- 5 0565285) are suitable for use in thi$ invention. H gh reactivity in
t hi s cont ext heing ebhipnsthgastiaityliBohthiaed im paventarsthe ©06grrqnce of nafttheni@%. or
nore, of the term nal. olefini.c double bonds are Ellie.vinylidene.type, for
exampl o the ESfSEPNION dpdHURICR, &oIUEEe RURTARdE PIPiRtn Bh3eeitd R has
bet ween 10 agpgyipR@fk carbon atoms, preferably between 4 and 200 carbon
atons. In one aspect, R has a nol ecular weight of from200 to 10000,
preferably from 200 to 1300. 15The exanple of internally doubl e bonded

ol efins ipcl t.a- o i e. ratio of P2S5 {0 fin.ls ef bly
0.05 1o 25 mol6SdRtpSedh fls g ety Briet Bieh &S s Ml et gos Loy
in catal yti cagu@ibilht addities isethglehdbrdeking Witices STK: SHéspleord®oorfipduhnes i n by

wei ght. 20 The nost preferred enbodi nent of the present inventiaon is
descri bed bekmployad aes areae- asthdirestsy phpsnirfe ad phagphifgegrippapads having at ,
Pol yi sobut yl . r Al sul phur powder are charged
into a cleanfggﬁywagﬁggggggﬁéﬁ%5&%%%%%29?%§§§?9%quipped wi th nitrogen

inlet, stirrer and thernoneter, thereby 25formng a reaction mxture. This
reaction mxture is stj and heated t erature of 16Qt. . $ge.

rre ot
ni trogen!Yas UpdrRAtayo i*ﬁﬁ?%dlﬁéﬁi?ércs&twéet@ﬁgg@é‘“@,ol? H%OS.PQ@PF 8% s to
evol ution of OYAl0eMhe U ANLIRiR5mddEmlnibliaf, SEOPHIAi il bel figpdrgact | on
m xture i s now 30mai ntal ned between 160C to 180C, for a period of 1 hour to
2 hours. Thehytreacting certain 2,5-dihydrothiazoles with a dialkyl phosphite. While these
tetrahydrothiazole phosphonic acids or esters have good corrosion and inhibition
properties, they tend to break down during high temperature applications thereof

15  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
hydrocracking units. Crude oil processors are often in a quandary since if the
20  phosphite stabilizer is not used, then iron can accumulate in the hydrocarbon up to
10 to 20 ppm and impair the catalyst. Although nonphosphorus-containing
inhibitors are commercially available, they afe 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 furhaces using petroleum
feedstocks including at least 10 ppm of a water soluble mine complexed
phosphate, phosphite, thiophosphate or thiophosphite ester compound, wherein
Vthe amine has a partition coefficient greater than 1.0 (equal solubility in both

30 aqueous and hydrocarbon solvents).



tenperature of the mxture is raised to 220C. The reaction mxture is then
mai ntai ned at this tenperature of 220 C for 6 hours. The resultant reaction
mass i s twenoesmebsd to tenperature of 100 C, when nitrogemNogamiss purged
into the resultant reaction nmass, to drive out the hydrogen sul phide
present therein: The resulting polyisobutyl ene phosphorous sul phur conpound
is used as a high tenperature naphthenic acid corrosion inhibitor. This
conmpound is used neat or diluted in appropriate solvent such as xyl ene,

tol uene, and aromatic solvent as any other appropriate solvent to achieve

i nhi bition of high tenperature 10napht henic acid corrosion. The present

invention is_djrect t hod far inhibiting corrosion,on th t
surfaces of %ﬂ%~§?b %s?ﬁ§23ﬁéﬁe &ﬂﬁﬁ%‘%r%c@?gn d?bd%?ﬂﬁﬁg'gﬂ%ﬂg Qrc?udé
oil and its fr&ﬁl@fdlg%ﬁli@ﬁﬁ@&dﬁd@%d’ﬁngﬁsh@@gpﬁma&fi feonlblBatidhVend %)l%%ph&us

explained in details inits 15 sinplest formwherein the follow ng nethod
steps are caenfifodlapticomppend and jasfileing inkjbiterodédis sphosphfeusicompeunsk tscess
units such as,distillatign unit. Sim]ar ste can b S in dif ent
processing UHP?§%@GCH%§§3fﬁuﬁégwgaﬂ%mli8{Agfﬁﬁggﬁlgxgﬁ§h§§FlOgﬁ% Eﬁ%h ot her

processi ng Uuffiithng iRRIBRESE afBinlteosieampduad expl ai ned bel ow. a) heating the
hydr ocar bon cont ai ni ng napht henic acid to vaporize a portion of the
hydrocarbon: b) allow ng the hydrocarbon vapors to rise in a distillation

col umn; IS S?%) ll\?&”ﬂgi‘ﬁb%ﬁ ZauRQELt %tOQl BlsclbBg Mﬁp@ﬁ@ﬁ@%@/%ﬁ@%& passi ng

t hrough the ['at1’on "col utM to produce a di st ate; ding to the
distillate, finlabitd compziSidg apfiaikplf orariglkl phesphite yi eomsbipitasphinh enispserdaphur
conmpound of instant invention; e) allowing the distillate containing
polyisob&?ylé@%ﬂ%m%sphorous sul phur conpound to contact substantially the
entire metal surfaces of the distillation unit to formprotective filmon
such surface, whereby such surface is inhibited against corrosion. It is
advant ageous A eighifeant adwemedrherttiiorphosphoms-cantzipieg pehihanicuardd gsppdsign and 5

rel ated equi pment to prevent, na ni ¢ _aci rasi on,. when condensed
vapours from P WQ%P%EH¥@giqﬁﬁuﬁasﬁé%hﬁgét?ﬁﬁ?ﬁﬂfﬂ%%SEﬁ?%ﬂﬁﬁf at

t enper at ur es pgHiAbAbsibA AU idic lighid HydRScamdRSs s iARBItEd by ke fedentsobat yl ene
phosphor ous sul phur conpound additive is generally added to the condensed
distillallé asdresien bikibng agountsifial dialkel m%fcaltm@hblophogplé@nw%@n PR@on#bt al | i c
surfaces of hgg?g%étillation 10 col um, packing, trays, punp around piping
and rel ated equrpnent as the condensed distillate passes down the col um
and into the distillation vessel. The.distillate nmay al so be coll ected as

roduct. The corrosion inhibitors of the instant invention remipn in the
IE)ESU| t ant colWhile &he H}eélmjcgg:scribed in U.S. Pat. No. 4,941[593 provﬂies significant

improvements over the prior art techniques, nevertheless, there is always a desire
20 to enhanée the ability of corrosion inhibitors while reducing the amount of -

phosphorus-containing compounds which may impair the function of various

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

produced from lower cost or more available starting materials.

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

30 requirements for a good filming agent. U.S. Pat. No. 5,252,254 discloses one such

10



15l n commercial practice, the additives of this invention may be added to a
distillate return to control corrosion in a drawtray and in the colum
packi ng wWiDl2e08z12660nd | nj ecti on nay bes added: =6 va. SPr aPCOHIIN2008/DAN 95

i mredi ately 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 20 distillate that is

| ater returned to the distillation vessel, or which contact the netal
interior surfaces of the distillation colum, trays, punp around piping and
rel ated equi fitenfosming agdne, swfdmettdodlkylsiubsfitited pluinyl, saidueff¢ative ggamsphor ous
sul phur conpou dhof. t he 25present invention for achieving inhibition of-

hi gh tenperaflﬁfg\% %Cp?ﬁlﬁg?ﬁ“%‘%i d corrosion is explained below w th the help
of exanples 1 to 4. The detail ed discussion given below with respect to the

results presented in 'fable | to V for experinments described in Exanples 1
to 4 expl ai n¥.$.hBatefNaecl.18%hiss issedd ta Retersgdi qti ale os olepodhd 1993 geseibes
inventioncin_high te rat.ur.e. . naph i ' rrosi i.nhi bt or

ul phur _cor r 88 GH TEARS i C AR e B R SRkl bl bbb 0

| | RPI B t o phagdaciapsinpe thiasill phicdective waduidt df ant oiganiebpelymdfidd. Al in the
static test, as the effective dosage of additive conpqund_of th,f: present

i nventi on wadisrleewre o8 &4S1 PanNesp 185/ 3 & noerppratad hesendyriefsenss THRiDI ti on
ef ficiency, | Gl 4 Rink S kX RET i datioh A h 8aELof O
55.75%to 99%20}@? e%g&%%f%raﬁbrﬁég{ogq#ggﬁgéﬁp, ere rrtl)ll ér lroa{algo of ,H(I)QPI Bto
phosphor ous pemdésicriivahidelailedh abdve) Thoygh thei poaiss éy uetdwelhanderstsod,Hehasf f ect i ve
dosage of additiye conmpound of the present invention was increased from 250
opm o 70 BN do OB G WS TS PR B L P AR oGS K PR T 8y
fornul a- gi veguintiiEX 3 BhBicRntl) RPhRIREA LTS, fAdbedored DcSHostotagedd> Referring
to Table I1l, where nornmal polyisobutyl ene was used and nol ar ration of

nor mal pol yi sobutyl ene to phosphorous pentasul phide was 1:0.35, the
corrosion inhibition efficiency, as,calculated by formla gi) |, Exanpl e
> ves. 64, soRbomERTBRa YN GG oS e hos R oMo R MRl
present 20i nyedtib®Bf YlisidingedentRad eid progest Qurtdir cdallrend Mhosphorvagicthiser ved
that, in the dynamic test with passivated coupons, with polar_ ratio of

Pol yi sobli? yI &ia eampessd paoreils spbideasandp pherphaies-nghis: resulisdnvimproysd ect i ve
dosage of add] ﬁg o] f ' el [ NEa or? PPM

t he corrosi og&i%n I ??{’an&e fz}%cfie(?ne%eglgeﬁts:?ggsgg%p%h\&g?ﬂ%g%@ygg’? ?1%(‘)% as the
pasi vat i on desaindiwy $asketibéraeraddiildnpyrsutfalif® Bggmpumo the procégmstreamewbenr i ng t o
Table 1V, in the dynanmic test as the effective.dosage of additive, 30 '
conmpound, of PB‘P%@%‘F\‘F'W?R%HWQSW?S AffcHeeds Y erERian ﬁﬁﬁf‘flotolgccﬁﬂ'i‘r‘f‘te( ReSpi ng

t he passivat § QL age sane, that is, 500 ppm the corrosion inhibition
efficiency, as calculated by given forrmula given in Exanple 2, increased
from85.28%to 100% : ' ‘

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

25 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 (Coslet't,' British patent 8,667, U.S. Pat. Nos. 3,132,975, 3,460,989

30 and 1,872,091). Phosphoric acid use in high temperature non-aqueous

11



Referring to Table V, it is observed that the additive conmpound of the
present 5invention is also effective in controlling high tenperature

corr osi onwofoeseteadzssur f aces i n contact with hydrocar bonpsrnezmsomiiésh hi gh
sul phur content. Thus it is seen fromthe earlier discussion that the
addi tive conmpound of present invention used for corrosion - inhibition has
the follow ng inportant 10di stinguishing features, as conpared to the prior
art. 1) The inventor of the present invention, after extensive
experinentation, has surprisingly found that the additive conpound used by
t he inventor entif@imdnts (petebleunip e nplso nbkehorepeeted Sfoby purpasdsi nf) fidulying
Reacti ve Pol yi sobutyl ene or. Narmal_ Polyi sobutylenc, w th Phosphorous

Pent asul phi d&itigation{y-3fal Moy -ADDI TI VE, which is highly effective in
hi gh tenperature corrosion inhibition, as shown by the experinmental results
given in Tables | and V. 20 The prior - art does not teach or suggest use
of a pol yner iThemddinthinge ¢amtinajplgtriveditc daciap abhittowi optionshiobitifigatingrthesul phur

corrosion_inhibiti.on or .any corrosion inhibition, i eneral.. 2).Anot her
di sti ngui Shi _ﬁ@“?%‘é%?ga% ICT R eé&dﬁ?‘iv%coébHﬁ‘b%ﬁaeSB‘f“M%%?t Jé'%e? %%(/Q)Nfi on is
that it has p&ifind RRFIR! ait ARigH dwilAs16MRBEREIvE @rides fradidurye® suetmpounds
taught by the prior - art, due to the polyneric nature of the additive

conpound of  EuepenChinayarm frisa. andadieolha presenginveniéamaddressesghisinegd-t he

addi tive conpound of present invention is very effective in high

t enper at ure napht henic corrosion 30i nhibition or high tenperature sul phur
corrosion. 3 viet oRaBGREEhed 3¢ b Mged shpryideeitomposifiort fepaditet éffeeticonpound
of - present invention is that, it has very |low acidity as cqonpared.to the
addi t i ve @ ompisiiemperntyse pephthgnic aq‘l‘é)Fowmwésblqwsp%ﬂkﬁh%ﬁ@%g%?%%f prior

art has very 1@1@?0@%&% Will EO&a&HQﬁi%ﬁﬁ%aﬁvﬁﬁa 5sSf He fHdrarfédmppshifofs.known to

have a tendency to deconpose, even at [ower tenperatures, to form
phosphoric acids, which travel further along the hydrocarbon stream and

t with netal f f ' ' f distillati
Cotum. to 1 OREGHS ANBASLASHA GRS O RS hST RN T e ol o5 o
equi pment s a@x@cé}-@ir{%ﬁﬁtﬁé( IR LR h@uhiaass of 1l pleidrt ahi@hok Urdl ABscribae

addi tive compou the present invention does not have this deficiency.
EXAMPLE 15 15Phlewwei ghed quantities of 68.16 gm of comercially avail able

El RP1B (H gh ,Reacti ve. Pol yi sobutyl ene wit.h nol.ecul ar wei 9 -
appr oxi mat el Y gtfiﬁc.ts‘% Iﬁf’ﬁ%* "BﬁBté%h%?rt(S’.u%m}s ﬁtaacs}ﬁfr%‘f'ua? 8“@8%%1} Q%chhmwgll
Sul phur Powd%foﬁdeev@ﬂyaémﬁvé Righ Rnfpefdire raphthesic kel tausbrbathititod hask,

equi pped with 1\17 inlet, stirrer_ and thernoneter, thereby formng a
reaction m xtslleas syiphyr efirtastonginhibitighl e rati o of 20 Phosphor ous

Pent'asul phi d toaleg og)f'ci.c'?'of-rﬁl% éx%@&ft' iBOeI{Ho)ﬁt K& Wl&t LI Esthstindidigsthifs o
160C tenperature un & ni'trogen
20  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.

SUMMARY OF INVENTION-

25 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
corrosion and provides a solution to inhibit these types of corrosion. The
composition formed by reacting high reactive polyisobut)"lene (HRPIB) with

30  phosphorous pentasulphide in presence of catalytic amount of sulphur provides
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gas purging. The purging of N2 gas led to renoval of hydrogen sul phide gas,
whi ch was generated during the reaction. The tenperature of the reaction

m Xt ure Avowess/mred3et ai ned bet ween 160C to 180C, for a peciras2$odiyour to 2
hours. Then the tenperature of the m xture was raised to 220C and t he

m xture was nmaintained at this tenperature for 6 to 10 hours. The
resul tant reaction mass was then cooled to 100C when nitrogen gas was 30
purged into it, to drive out the hydrogen sul phide gas present therein. The
resul ting polylsobutylene phosphorous sul phur conpound was used as a high
tenperat ure highhtcesion iabibitiaoeffio®noy in néseluiftlogh taspensthite saphtheolcpdvid
corrosion inhibitor hi.s co nd was .used.neat .or .diluted in priate
sol vent such SaEOSIgR inhbitien Lhuéﬁarr%ﬁ‘ fbdtl%rbl%ﬁ‘?veggov\ésl ‘fse%‘z%gﬂg ot hei
appropriate %941966:%0& r&%§§iﬁ§\dﬁlté kR b, i ein@feshi@hlARIP&II@hHE nd13iheE heni c
acid corrosion as wel [ as sul phur corrosion. The above nentioned

synt hesi s i s pemechemdcabindupigies.di ff erent nol e ratios of HRP1B to Phosphorous
Pent asul phi de. A sim | ar synthesis was carried out by using 10 nornal

pol yi sobutyl ene instead of HRPIB. EXAMPLE 2 Hi gh Tenperat ure Napht henic

Aci d Corrosi GESERIPTION O ITHE ﬁxampjm()wari ous ampunts of a 50 %

formul ati on of the conposition prepared in accordance, wth Exanple 1, were

tested for cdbeoRrwAtiiAKIion; Byesethei follewing (S??CﬁqdeéPmE%‘H}S‘o?% henuﬁ'@t agp |
contai ning na g&#? used
to evaluate ﬁ%&%‘%g}%{lﬁ%ﬁ%r&ﬁhl‘ﬂﬁlr%%%ﬂ %Iﬁfpg ec ?t\&}égggéglhfégrrlb%ﬁ% bildl’fﬁ?on of
napht heni ¢ amadtedmbmp@umh mdibtﬁﬁ&[?by mapeombﬂh;edro%b@i Rf smxhrﬁs defsageitlsuch as

300, 400 and_6 m of invention . conpound were ac
S0t ut o1 DA Pera(PRetpeams BeRGiBRddoiRaR-asS SESHIRE: bavar BB any

addi tive. ThiggheShar GMﬁlﬂgdbéhde' %ﬁex’éﬁﬁtdoﬁ@lédb&gi @SPJM H@REHAIGN or
apparatus consisted of a one - [itre four necked round bottom fl ask

equi pped wi t termxnadly. Ebfnd@n@about\lﬂa@h}f@e%rb(nm@; arefgavendiebaver pocket with

t hernoneter gnd st.irrer 0, m raf.fin rocar bon oil
(- "150) “vadnbiruht mroprE IR BB BRI buFET L baeHelp Ra AR ow 't ot e
of 100 cc / 3Pmhriik@ @bdp! Ae alleAPEs@dup) & WBSyBERE, 1hidHRfeupyhhayhbe
tenperature was maintai ned for 30 m nutes. A conmpound of exanple 1

conpri si hy PEhgarsbisneladeerecyshies Prusptibewys. Penteamuniskhrcaebon alsp sgludhur |
powder was a e ?ﬁ’zﬂ tirred
for 15 m nut gg)%gait é%b‘hg ?&etrrp%ghra ﬂr{eﬂe§ ‘% b}gﬁoé ng t hﬁesgmtsﬂulrfgef YP%hé

t enper at ur e @fdiobgboeast 4 ramohed US‘tﬂlcElrMI&&vrr@I Slﬁdtltt&nQQOGlendbnprthcn thEI ghed
wei ght - | oss carbon steel coupon 1010 with gmrl%nlsll ons 76

13nm . . ti nesubstgition Qg benear sither the  hydrepgrbang ¢ H's O%éﬁmbt“?% ‘for 1
hour to 1.5 Qﬁéﬁl @;tmmsggggn% gr%?'lfé &gk ﬁﬁﬁm&i BAckBHAL SndVoh Rh@ci d

val ue of 230 ‘was a ' he reacti'on m xture. A sanple of one gm
wei ght o’rZOrebranchm m xture was col |l ected for _

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 élkenyl group. |
25

" The term "alkenyl" refers to a branched or straight chain hydrocarbon, which can
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 polymefs thereof.
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10 determ nation of acid value, which was found to be approximtely 11.7.
This condition was mai ntai ned for four hours. After this procedure, the
met al cowponossaorenoved, excess oil was rinsed away, tIlpeTAXZI98800395 I OSi ON
product was renoved fromthe netal surface. Then the netal coupon was

wei ghed and the coraision rate was calculated in mls per year. 15

Cal cul ation of Corrosion Inhibition Efficiency. The nethod used in
calculating Corrosion Inhibition Efficiency is given below In this

cal cul ation, corrosion inhibition efficiency provided by additive conpound
is calculated by conparing weight loss due to additive with weight |oss of

bl ank 20 ith ddi t ' [
ol ank (wei ght T 638 APeh i 51 OPUATEly (HBUNVERATETE] ik TRy BP
Effici ency(\/\@g&gtabiyogﬁsf@lgol Is@m}ge Wl (B toragdi tive) 25 The cal cul ated

magni tudes are entéred in ables in approprlate colums. The results of
t he experi rreﬁ?toquﬁl@nplr B%rﬂr@dSQ-WIWéb'hhghfw@mle'l PIBg (sppdox exampledil-Bs of the

PP Thes o PagHs &t el fBROITLs BREH|R0 PUbY LADE ! f BiaiEhl 20! ©
formul a, M Yefindd3dh Q(Pmiv@ﬁi'elh @6 feaktn50%, preRedtsy 79% or giote; ©f the (eﬁmeﬁl inin2)

X (Time of test in hours) EXANMPLE 3 Hi gh Terrperature Napht hen| c. Acid
Cor r osi on Dyfkfinic dutie b?’PfES g redrhe Vt’é’é‘fii“ﬁ‘gt%s fog gxpmple BEtOBLPSHIMg

rotating meaps, ot Vi d6sidbit £5% BASF.

10 In one aspect R; has between 10 and 1000 carbon atoms, preferably between 4
and 200 carbon atoms. ‘
In one aspect, R; has a molecular weight of from 200 to 10000, ‘preferably from
200 to 1300.

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

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.
20

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

A weighed quantity of HRPIB (High Reactive Polyisobutylene), phosphorous
pentasulphide and sulphur powder are charged into a clean four — necked round
bottom flask, equipped with nitrogen inlet, stirrer and'thermometer, thereby

25  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 raction leads to evolution of
* hydrogen sulphide gas (H,S). The temperature of the reaction mixture is now

30 maintained between 160°C to 180°C, for a period of 1 hour to 2 hours. Then the

14



tenperature - controlled autoclave and was carried out by using passivated
steel 10 coupons. A dynam c test on steel coupon was conducted w thout

usi ng anyweadegizvss This test provided a blank test readcmgN2608000195

passi vation procedure is explained bel ow Passivation Procedure 15600 gm O
paraffin hydrocarbon oil (D - 130) was taken in a reaction vessel
conprising a four necked round bottom fl ask equi pped with water condenser,
N2 purger tube, thernoneter pocket with thernoneter and stirrer .rod. N2 gas
was purged. For passivation of the steel coupon, various amounts of
conpound of Euapapaterel of ftoe neixturplie,raiz&D to 220 Ganthel @SB tipprmixfwachk tHén whi ch

i ncl uded 50 % 20 actiyv dditive c (o} were added to this reaction

i xt ure. ThenFaé‘%fE‘f‘F%ﬁ“ﬁisiF'ﬂ?Pgaydé%ogm ﬁgg PBPUPS ninutes at 100C

t enperature. After renoving the stirrer, the tenperature of the reaction

m xture was raised to 290C. A pre-wei ghed wei ght -1 oss cou&on CS 1010 with
di mensi ons 7@Mevresultanfweactigmmass is therpeoojedgoiemperaturgpie09e§, when ajtrogen

T 0Ea 0199 LU SR il S hp R on S, BOERCL SRURIRBP ISRV,

excess oi S ri'ns € coupon was

wei ghed. Thi @re‘sémrtﬁ&etrhEhprresm@pulgisemtylenmpmosphmohb\|sslphma¢mi1;mundas| ous
anounts of a 50%forrm| ation of the conposition prepared._in accorgance
wi th Exanpl euged w@gbé@?%awwaaﬁhé&w%?owrwwor NHIHEIMRANERS i ci ency

on steel cou BQ&isnégP oft thlted Qh lapﬁlggh A egﬂgnpﬁlgﬂ Lo ?/le?le aGhne ArdCar¥hght - | 0ss

coupon i mersion dynam c test to evaluate the 1nvention conpound
for its effesd)lwmﬁrmsasylonhelrrabpxkuptnatarsob/[enmpduhhwlrrhlbatmni oéhrglhdsmpcraanre 290C
t enper at LSfBe in dénam c,condi.tion. The follow ng test equi prent and
mat eri al $YweMAPHIERC pid tWE°TYhami ¢ Corrosion Test: 52. Tenperature
control |l ed autoclave 3. Preweighed weight - |oss carbon steel coupons CS
1010 with dinmensions 76mmtinmes 13mmtinmes 1.6 nm 4. Means to rotate the
coupon, to pibe ipctEela lp@em'tlph s éllreqmi toci methpd faninlabyingfcogopion ogdecometal
10Material: 1. JPara hydr.oca wi t h napht h id
added 1o pr o7 HERA e REONHRR AP bbb BT RNV ERRS ) e
2. Nitrogen @a¥rattiodsht@niaaiifg hapghtiReitc acld TR ifvedtion \iﬂ)qﬁtﬁﬁk:cﬁmdiewilem its
passi vat ed wei ght - | oss carbon steel coupons, were

simplest form wherein the following method steps are carried out, when it is used

to process crude oil in process units such as distillation unit. Similar steps can be

used in different processing units such as, pumparound piping, heat exchangers

and such other processing units.

20  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;
c) condensing a portion of the hydrocarbon vapours passing through the
25 " distillation column to produce a distillate;
d) adding to the distillate, from 5 to 2000 ppm of a polyisobutylené
phosphorous sulphur compound of_ instant invention;
e) allowing the distillate containing polyisobutylene phosphorous sulphur

compound to contact substantially the entire metal surfaces of the

15



clanped to the rotating neans of the autoclave. The dynam c test was
conducted at 290Cfor 4 hours. After the test, the coupons were renoved,
excess oiwowass/ninsed away, excess corrosion product wagcraNnmegoooisom t he
surface of coupons. The coupons were then wei ghed and the corrosion rate
was calculated as mls / 20year. The results of this dynamc test are
presented in Table I'V. EXAMPLE 4 H gh Tenperature Sul phur Corrosion Dynam c
Test. 25Testing procedure, simlar to that used in Exanple 3 was adopted
for evaluating corrosion inhibition efficiency in sulphur - rich stream

| i ke Vaccum Resi ddBtillhtiod Sninevibrih grodeetiveefifnrons kidhl edface, whereby tsucht hat, in
a refinery, bottom stream of the atnospheric distillation tower is further
distilled under va¥RsHIS BHIRIGHABUPELATTOFORhe Vacuum distillation tower is
cal l ed as Vacuum Residue (VR). VR is also 30 popularly known as Short
Residue. In crude assay, VR is generally defined as streamwi th boiling
poi nt of 565# Hegdvantagbos &t treatndigilimioal ¢olumontraynspunignasid pipmgnandf
netals in_all eans com nq out from at nospheri.c & vacuua%?sig%ti | lation

t
unit VR i3 fEﬁli‘Stﬁ‘in‘E‘P’é‘SPteW Rfgvent prphthanieiE qairosipn, Vehenson PRBKE. VR s

al so defi nedsds, HaRYIXd HERAFQREAIOA0 R, XdonERt %etﬁﬁ&aéduﬁmh@taadteﬁi?bumeéi c
Materials contalning mainly C24+. The el enental conposition of VR used for

thi s dynani cgtester thandi208t'€d andmrefatabbf 48 o oXherarodyisobgtydsneuphstsphorgiis h TAN

of 0.55 ng / . This VR was. obtai ned fr efii_ner i ern
part of I ndi 515;%{&0';13)5%@ 3\(@?“’? i &7 3§/aﬁlil rﬁdgg(t'1 e%{heacg)gxi%g(?gilsﬁ %1]5 r]dlnn abl e V.
Tabl e |: STAIbfdenSedTdiktMdtd igmalled @tdoaitaef tHRahytaliRbyukfatanef the dRitiagidror ous
Pent asul phide =-1:1) (EXAMPLE -2) Experinent No. Cor‘rpound .Dosage in ppm
Ef f ecti VEO Doselyen, 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.

15  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 immédiately 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

20 distillate that is later returned to the distillation vessel, or which contact the metal
| interior surfaces of the distillation column, trays, pump around piping and related

equipments.
The method of using the polyisobutylene phosphorous sulphur compound of the
25  present invention for achieving inhibition of high temperature naphthenic acid

corrosion is explained below with the help of examples 1 to 4.

The detailed discussion given below with respect to the results presented in Table

I'to V for experiments described in Examples 1 to 4 explains the effectiveness of

16



in ppm Wei ght Loss in ng Corrosion Rate MPY Corrosion Inhibition efficiency
1 - (Only blank) - - 89.5 529.89 0 2 Conposition a per Exanple 1 300 150
WO 2008/120236 PCT/IN2008/000195

the additive compound of present invention in high temperature, naphthenic acid .

corrosion inhibition or sulphur corrosion inhibition.

Referring to Table 1 where molar ratio of HRPIB to phosphorous pentasulphide
5 was 1:1, it is observed that, in the static test, as the effective dosage of additive
compound of the present invention was increased from 150 ppm to 325 ppm, the
corrosion inhibition efficiency, as calculated by formula given in Example 2,

increased from 55.75% to 99.67%.

10  Referring to Table II, where molar ratio of HRPIB to phosphorous pentasulphide
was 1:0.25, it is observed that, as the effective dosage of additive compound of the
.present invention was increased from 250 ppm to 750 ppm, the corrosion
inﬁibition efficiency, as calcﬁlated by formula given in Example 2, increased from
42.3 % to 97.72%. | .

15
Referring to Table III, where normal polyisobutylene was used and molar ration
of normal polyisobutylene to phosphorous pentasulphide was 1:0.35, the
corrosion inhibition efficiency, as calculated by formula given in Example 2, was

54.39% when effective dosage of 300 ppm of additive compound of present

20  invention was used.

Referring to the Table IV, it was observed that, in the dynamic test with
passivated coupons, with molar ratio of Polyisobutylene to phosphorous
pentasulphide being 1:1 and with effective dosage of additive compound of
25  present invention maintained at 5 ppm, the corrosion inhibition efficiency
increased from 81.16% to 85.48% as the pasivation dose increased from 250 ppm

to 500 ppm.

Again referring to Table IV, in the dynamic test as the effective dosage of additive

30  compound, of present invention, increased from 5 ppm to 15 ppm, (keeping the

17



39.6 232.24 55.75 3 Conposition as per Exanple 1 400 200 15.2 89.114 83.02
4 Conposition as per Exanple 1 600 300 3.8 12.31 95.75 5
WO 2008/120236 PCT/IN2008/000195

10

15

20

25

30

passivation dosage same, that is, 500 ppm) the corrosion inhibition efficiency, as

calculated by given formula given in Example 2, increased from 85.48% to 100%. -

Referring to Table V, it is observed that the additive compound of the present
invention is also effective in controlling high temperature corrosion of metal

surfaces in contact with hydrocarbon streams with high sulphur content.

Thus it is seen from the earlier discussion that the additive compound of present
invention used for corrosion — inhibition has the following important

distinguishing features, as compared to the prior art.

1) The inventor of the present invention, after extensive
experimentation, has surprisingly found that the additive
compound used by the inventor, that is, additive compound formed
by reacting High Reactive Polyisobutylenel or Normal
Polyisobutylene, with Phosphorous Pentasulphide, in the only
POLYMERIC ADDITIVE, which is highly effective in high
temperature corrosion inhibition, as shown by the experimental

results given in Tables I and V.

The prior — art does not teach or suggest use of a polymeric
additive in naphthenic acid corrosion inhibition or sulphur
corrosion inhibition or any corrosion inhibition, in general.

2) Another distinguishing feature of the additive compound of present
'invention is that it has more thermal stability as compared to the
additive compounds taught by the prior — art, due to the polymeric
nature of the additive compound of present invention. Due to its
high thermal stability the additive compound of present invention
is very effective in high temperature naphthenic corrosion

inhibition or high temperature sulphur corrosion. -

18



Conposition as per Exanple 1 650 325 0.3 1.5 99.67- 15 Table I1:
TEST (with nolar ratio of Polyisobutyl ene to Phosphorous Pentasul phi
1: 0. 25) (WB8AMaR02362) Experinment No. Conpound .Dosage i npppiNtdo§eatyse
Dosage in ppm Wi ght Loss in ng Corrosion Rate MPY

10

15

20

25

30

STATI C
de =

3) Yet another distinguishing feature of the additive compound of

present invention is that, it has very low acidity as compared to the
additive compounds of prior art, for example, the phosphate esters
of prior art has very high acidity. The phosphate esters of prior art
are known to have a tendency to decompose,- even at lower
temperatures, to form phosphoric acids, which travel further along
the hydrocarbon stream and react with metal surfaces of
equipmentsbsuch as packing of distillation column, to form solid
iron phosphate. These solids plug the holes of equipments and
thereby lead to fouling of distillation column. |

The additive compound of the present invention does not have this

deficiency.

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

Phosphorous Pentasulphide and 1.51 gm of Sulphur Powder are charged into a

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

Phosphorous Pentasulphide to Olefin.

The reaction mixture was stirred and heated to 160°C temperature under nitrogen
gas purging. The purging of N, gas led to removal of }iydrogen 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.

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
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Corrosion Inhibition efficiency 6 (Only blank) -- 87.7 439 0 Conposition
as per Exanple 1 500 250 50.6 253.3 42.3 8 Conposition as per
WO 2008/120236 m = == mat =v v ws PCT/IN2008/000195

resulting polyisobut‘ylene phosphorous sulphur compound was used as a high
temperature naphthenic acid corrosion inhibitor, as well as, sulphur corrosion
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 -
5 achievé inhibition of high temperature naphthenic acid corrosion as well as

sulphur corrosion.

The above mentioned synthesis is carried out for different mole ratios of HRPIB
to Phosphorous Pentasulphide.A similar synthesis was carried out by using

10 normal polyisobutylene instead of HRPIB.

EXAMPLE 2
High Temperature Naphthenic Acid Corrosion Test

15 In this example, various amounts of a 50 % formulation of the composition
prepared in accordance, with Example 1, were tested for corrosion inhibition
efficiency on steel coupons in hot oil contéining naphthenic acid. A weight loss
coupon, immersion test was used to evaluate’ the invention compound for its
effectiveness in inhibition of naphthenic acid corrosioh at-290°C tempefature.

20  Different dosage such as 300, 400 and 600 ppm of invention compound were

used, as 50% active solution.

‘A\static test on steel coupon Was 'conducted without using any additive. This test
provided a blank test reading.
25
The reaction apparatus consisted of a one — litre four necked round bottom flask
equipped with water condenser, N, purger tube, thermometer pocket with
thermometer and stirrer rod. 600 gm (about 750 ml) paraffin hydrocarbon oil (D -
130) was taken in the flask. N, gas purging was started with flow rate of 100 cc /

30 minute and the temperature was raised to 100°C, which temperature was

20



Exanple 1 1000 500 14.2 71.08 83.81 9 Conposition as per

Exanmpl e 1 1500 750

2.0 10.1 97.72 Table I11: STATIC TEST (with nolar ratio of Nornal
Pol yi sobuw9gl2emse120236 5Phosphor ous Pent asul phi des /i1 «Qudp) PEXARLG08/001193NO.

Conpound Dosage in ppm

maintained for 30 minutes. A compound of example

1 comprising

10

20

25

30

Polyisobutylene and Phosphorous 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 mix‘ture -
was raised to 290°C. A pre — weighed weight — loss carboq steel coupon CS 1010
with dimensions 76mm... times 13mm... times 1.6 mm was im>mersed.. Aftef
maintaining this condition for lhour to 15 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 approximatély 11.7. This
condition was maintained for four hours. After this procedure, the metal coupon

was removed, excess oil was rinsed away, the excess corrosion product was

 removed from the metal surface. Then the metal coupon was weighed and the
- corrosion rate was calculated in mils per year.

15

Calculation of Corrosion Inhibition Efficiency. .
The method used in calculating Corrosion Inhibition Efficiency is giveﬁ 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).

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

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

The results of the experiments are presented in Table I and II.
The test results of the experiments conducted by using normal polyisobutylene are

given in Table III.
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Ef fective Dosage in ppm Wi ght Loss in ng Corrosion Rate MPY Corrosion
I nhibition efficiency 6 - (Only blank) -- -- 87.7 439 0 10 Conposition as
per Exanpie 28086126236 PCT/IN2008/000195

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

MPY = 534 x Weight loss in mg

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

\.

5 EXAMPLE 3
High Temperature Naphthenic Acid Corrosion Dynamic Test:

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

explained below:

Passivation Procedure

15 600 gm of paraffin hydrocarbon oil (D — 130) was taken in a reaction vessel .
comprising a four necked round bottom flask equipped with water condenser, N,
purger tube, thermometer pocket with thermometer and stirrer rod. N, gas was
purged. For passivation of the steel coupon, various amounts of compound of
Example 1, for example, 250, 500 and 1000 ppm, (each of which included 50 %

20 active additive compound), were added to this reaction mixture. The reaction
mixture was stirred for 15 minutes at 100°C temperature. After removing the
stirrer, the terhperature of the reaction mixture was raised to 290°C.A pre-
weighed weight-loss coup\onl CS 1010 with dimensions 76mm...times 13mm
...times 1.6 mm was immersed. After maintaining this condition for 4 hours, the

25  steel coupon was removed, excess oil was rinsed away, 'and the coupon was dried.
The metal coupon was weighed. This formed the pre-passivated coupon. ‘
In this example, various amounts ‘of a 50% formulation of the composition
prepared in accordance, with Example 1, were tested dynamicall‘y for corrosion
inhibition efficiency on steel coupons in a hot oil containing naphthenic acid. A

30  weight-loss coupon immersion dynamic test was used to evaluate the invention

22



300 40 200.21 54.39 WD 2008/120236val | i PCT/ 1 N2008/ 000195 Table IV: DYNAM C
TEST W TH PASSI VATED COUPONS (with nolar ration of Polyisobutylene to
Phosphor owie 2Revizesal phi de 1 : 1) Experinment No. ConpoundPDogauzes/nev19Pm

Ef fective Dosage in ppm Wi ght Loss in ng Corrosion Rate MPY Corrosion

I nhibition efficiency Passivath Dose in ppm 11 _

compound for its effectiveness in inhibition of naphthenic acid corrosion at 290°C
temperature in dynamic condition.
The following test equipment and materials were used in the Dynamic Corrosion
Test:
5 2. Temperature controlled autoclave
3. Preweighed weight — loss carbon steel coupons CS 1010 with dimensioné
76mm...times 13mm... times 1.6 mm.
4. Means to rotate the coupon, to provide a peripheral velocity in excess of 3
m / second. | |
10 Material:
1. Paraffin hydrocarbon oil (D — 130) with naphthenic acid added to provide.}
\ an acid neutralization number of approximately 2mg / KOH.

2. Nitrogen gas in the vapour space.

15  Two pre — weighed and pre- passivated weight — loss carbon steel coupons, were
clamped to the rotating means of the autocléve. The dynamic test was conducted

" at 290°Cfor 4 hours. After the test, the coupons were removed, excess oil was -
rinsed away, excess corrosion product was removed from the surface of éoupons.
The coupons were then weighed and the corrosion rate was calculated as mils /

20  year. The results of this dynamic test are presented in Table IV.

EXAMPLE 4

High Temperature Sulphur Corrosion Dynamic Test.

25  Testing pfocedure, similar to that used in Example 3 was adopted for evaluating
corrosion inhibition efficiency in sulphur — rich stream like Vaccum Residue.
It is known to the person skilled in the art, that, in a refinery, bottom stream of thé
atmospheric distillation tower is further distilled under vacuum. Bottom stream of
the Vacuum distillation tower is called as Vacuum Resi.due (VR). VR is also

30 popularly known as Short Residue. In crude assay, VR is generally defined as
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6.9 34.5 0 (Only bl ank) 12 Conposition 85. 48

WO 2008/120236 PCT/IN2008/000195

stream with boiling point of 565+ deg C. This stream generally contains highest
amount of metals in all streams coming out from atmospheric & vacuum
distillation unit. VR is further treated to form eithe_r Fuel Oil or Petroleum Coke.
VR is also defined as Heavy Hydrocarbon Mixture of Paraffinic and Bitumastic

5 Materials containing mainly C24+.

The elemental composition of VR used for this dynamic test indicated content of

approximately 5 % sulphur with TAN of 0.55 mg / KOH. This VR was obtained

from‘.refmery located in Western part of India. The results of this dynamic test are
10  provided in Table V.

Table I: STATIC TEST (with molar ratio of Polyisobutylene to Phosphorous
Pentasulphide = 1:1) (EXAMPLE - 2) '

Experiment | Compound | Dosage | Effective Weight Corrosion | Corrosion
No. ‘ in Dosage | Lossin | Rate Inhibition
ppm in ppm mg MPY . efficiency
1 - ‘ .
- - 89.5 529.89 0
(Only blank) '
2 Composition
as per 300 150 396 | 23224 | 5575
Example 1 _ S| »
3 Composition ‘
as per 400 200 15.2 89.114 83.02
Example 1
4 - Composition , 3
as per 600 300 . 3.8 (1231 95.75
Example 1
5 Composition -
as per 650 325 0.3 1.5 99.67
Example 1

15
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as per

WO 2008/120236

10

10 5 1.0 5.01 500 Exanple 1

13 Conposition

a v as a1y mvvur PCT/IN2008/000195

- Table II: STATIC TEST (with molar ratio of Polyisobutylene to
Phosphorous Pentasulphide = 1:0.25) (EXAMPLE -2)

Experiment | Compound | Dosage | Effective | Weight | Corrosion | Corrosion
No. in Dosage | Lossin | Rate Inhibition
ppm inppm | mg MPY efficiency

6 - - - 87.7 439 0
(Only blank)

7 Composition
as per 500 250 | 506 | 2533 423
Example 1. : _

8 Composition : '
as per 1000 500 14.2 71.08 83.81
Example 1

9 Composition
as per 1500 750 2.0 10.1 97.72
Example 1

Table III: STATIC TEST (with molar ratio of Normal Polyisobutylene to
Phosphorous Pentasulphide = 1:0.35) "

Experiment | Compound | Dosage | Effective | Weight | Corrosion | Corrosion
No. in Dosage | Lossin | Rate Inhibition
ppm inppm | mg MPY efficiency
6 - - -- 87.7 439 0
-| (Only blank) ' ‘

10 Composition

as per 600 | 300 40 | 20021 | 5439

Example 1

25




as per 10 5 1.3 6.5 81.16 250 Exanple 1

WO 2008/120236 - & w &g 21y 2vuuPCT/IN2008/000195

Table IV: DYNAMIC TEST WITH PASSIVATED COUPONS (with molar
ration of Polyisobutylene to Phosphorous Pentasulphide 1 :1) '

.| Experiment | Compound Dosage in | Effective | Weight | Corrosion | Corrosion | Passivatic
No. ppm Dosage in | Lossin | Rate MPY | Inhibition | Dose in
\ ppm mg efficiency | ppm

1 - - - 6.9 34.5 0 -
(Only blank) : ,

12 ' Composition _ - 85.48
as per 10 5 1.0 5.01 500
Example 1 '

13 Composition
as per 10 5 1.3 6.5 81.16 250
Example 1

14 Composition '
as per 30 15 0 ~NIL ~ 100 - 500
Example 1 '

Table V: HIGH TEMPERATURE CORROSION TEST RESULT

5 (DYNAMIC) - VR SAMPLE

Sr. | Doses | Product Wt. loss Corr. "Efficiency

No. | (ppm) | (1% step) (mg) . Rate (%)
’ (MPY)

10 1 -- Blank 8.15 27.19 --
Composition ‘
2 | 20 as per 23 76 72.0
Example 1 ~
15
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14 Conposition as per 30 15 0 NIL 100 500 Exanple 1

WO 2008/120236 P N R R PCT/IN2008/000195

10

15

20

25

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

comprises the following iterns:

ITEM 1 »

A naphthenic . acid — éorrosion - inhibiting composition cémprising olefin
phosphorous sulphur compound, produced by reacting said olefin with
phosphorous pentasulphide in presence of catalytic amount of ‘sulphur, capably
forming a reaction mixture, wherein, the molar ratio of said olefin to said

phosphorous pentasulphide, is between 1:0.05 to 1:1.5,' preferably 1:1.

ITEM 2
A naphthenic — acid — corrosion — inhibiting composition, as described in item 1,

wherein said olefin is polyisobutylene, which is high reactive or normal.

ITEM 3 ' _

A naphthenic — acid — corrosion — inhibiting and sulphur — corrosion — inhibiting
composition, as described in item 2, wherein said composition is arrived at, by
stirring and heating said reaction mixture of claim 2, to 160°C under nitrogen gas
purging, maintaining said reaction mixture between 160°C to 180‘5C for a period
of 1 hour to 2 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
nit‘rogeh gas into reaction vessel to drive out the hydrogen sulphide gas, thereby

resulting into said composition.

ITEM 4
A composition according to items 1, 2 or 3 wherein said olefin is an optionally

substituted hydrocarbon group.
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Tabl e V: H GH TEMPERATURE CORROSI ON TEST RESULT 5 (DYNAM C) - VR SAMPLE
Sr. No. Doses (ppm Product (1st step) W. loss (ng) Con. Rate (MPY)
Ef fi ci encwoO(2998/1208Bbank PCT/IN2008/000195

ITEM 5
A composition according to any one of the preceding items wherein said olefin is

."an optionally substituted alkyl or alkenyl group.

5 ITEM6
A composition according to any one of the preceding items wherein said olefin is

an optionally substituted branched alkyl or alkenyl group.

ITEM7
10 A composition according to any one of the preceding items wherein said olefin is

a polyisobutenyl group. .

ITEM 8
A composition according to any one of the preceding items wherein said olefin

15  has between 10 and 1000 carbon atoms.

ITEM9 ‘
| A compbsition according to any one of the preceding items wherein said olefin-
has between 4 and 100 carbon atoms.
20
ITEM 10
A composition according to any one of the precediﬁg items wherein said olefin

- has a molecular weight of from 200 to 10,000.

25 ITEM11

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

molecular weight of approximately 250 to approximately 1300.

30
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8.15 27.19 -- 2 20 Conposition as per Exanple 1 2.3 7.6 72.0 In view of
the details given in foregoing description of the present invention, it
will be appane20136 a person skilled in the art that thecpnszesnooiyivention
basically conprises the following iterns: 5 ITEMI A naphthenic - acid -
corrosion - inhibiting conposition conprising olefin phosphorous sul phur
conpound, produced by reacting said olefin with phosphorous pentasul phi de
in presence of catalytic anmount of 'sul phur, capably form ng a reaction

m xture, wherein, the nolar ratio of said olefin to said 10phosphorous
pent asul phi d¢TEM 1Bet ween 1:0.05 to 1:1.5 preferably 1:1. |[TEM 2 A

e ¢ e o LR e e o kb R LR "
normal . 15 | TEMh& corrosion inhibition of metallic surfaces of any of the hydrocarbon
wherein processing units of a petrochemical plant, with said processing units
5  comprising distillation columns, strippers, trays, pumparound piping and related
equipments, using organophosphorous sulphur compounds, comprising the steps
of:
a) heating the hydrocarbon containing haphthenic acid and / or
sulphur compounds, to vapourize a portion of said hydrocarbon;

10 | b) condensing a portion of the hydrocarbon vapours, passing through
said hydrocarbon processing unit, to produce a condensed
distillate; |

c) adding to said distillaté, before said condensed distillate is returned
- to said hydrocarboﬁ, processing unit or collected as a product, from

15 1 to 2000 ppm of a olefin phosphorous sulphur compodnd, in
corrosion — inhibition — effective — amount, capably forming a
reaction mixture;

d) allowing said condensed distillate -containing said olefin .
phosphorous sulphur compound, to contacf said metallic surfaces

20 of said hydrocarbon processing unit, to form a protective film on ‘
saidi surfaces whereby each surface is inhibited against corrosion;
and

€) allowing said condensed distillate to return to said hydrocarbon
processing unit, or to be collected as said product.

25

ITEM 13
A process, as described in item 12, wherein said olefin of step ( ¢) and (d) of item

12, compriées polyisobutylene, which is high reactive or nqrmal.
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A naphthenic - acid - corrosion - inhibiting and sul phur - corrosion -

i nhibiting conposition, as described in item2, wherein said conposition is
arrived awp 2bg8/20136ri ng and heating sai d reaGtion. Hoidod PETAN2008/000092, t O
160C under nitrogen gas 20 purging, maintaining said reaction m xture

bet ween 160C to 180C for a period of 1 hour to 2 hours, raising tenperature
of said reaction mxture to from 185C to 250C, preferably from 190C to
230C, nore preferably from 210C to 225C and nmi ntai ning said reaction

m xture with raised tenperature for 1 to 24 hours, preferably for 6 to 10
hours, cool i dgthohgh tlxadivieotiombigs been deGbed aviphu rafenegee? Bnicentayamefgaed i nt o

reaction vessel to drive out the hydrogen sul phide gas, thereb esul ting
into said coﬁﬁ‘&gi&WCSFﬁ’_tﬁ7Eﬁwﬁmlén 'yRog%ﬁf%‘zittoi _EFI érgg%(fatf)n@o %I%‘?frgrﬁ%&l, 2 or
3 wher ei n saiephbeli@fdnts. | SltcdaticiRt toomal grifedO8 Whtbodinkrd dBYEbOE AFD BBssPIOUP.
| TEM 5 A conposition according to any one of the %Er?ecedl ng itens wherein

¢

said ol ef i n gthgnt derarongiffoyn dhspirit feldie ankgatiopr Homesery |theypsessss 8nd TEM 6 A

conpositign j. of, . recedi 1§ i ifd olefin
s an opt FondPrioding, IRsRE BRS s abeiRl AT R B AP U B 20
conposi ti on ahaactiifgstef dryimeatief nidye bpriacagorgd irewthenhforms nvistaud ol ef i n
is a polyisobutenyl group. ITEM8 A conposition according to any one
of the precedfPAtng BRM thessape ot &6 18Vt n 15 has between 10 and 1000
carbon atons. I TEM 9 A conposition according to any one of the preceding
itens wherein said olefin has between 4 and 100 carbon atons. 20

10

15

20 .

25

30
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| TEM 10 A conposition according to any one of the preceding itens wherein
said olefin has a nol ecul ar weight of from200 to 10,000. 25 ITEM 11 A
conposition according to any one of the preceding itens wherein olefin has
a nol ecul ar wei ght of approximately 250 to approximately 1300. 30 | TEM
12 A process for high tenperature naphthenic acid corrosion inhibition and
[/ or sul phurc%&[gsi on inhibition of netallic surfaces of any of the

hydr ocar bon] in processing units of a petrochem cal plant, with said
processing units 5 conprising distillation colums, strippers, trays,

pt unpar ound pi pi ny ReRbthesicape “é’ﬁ@ﬁlﬁﬁew@@m% CAGPOY Goth SHRBSISHEr 9650 sul phur

compounds, - compr i 3thdi1f, SHERE AlmAubeablaga e INRe SHPORSERHAT N NS

napht heni ¢ aci d or su pour | e a portion of said
hydr ocar bon; 10 ;ih))slﬂmdsnmm@umhnmm presafcetckfecdngdglnocaardunn of/aplphms,

passi ng through sajd h drocar bon processing unit uce a ndensed
distillate: c) adtaih ’Snssélraa‘ﬂlio§tmlxlt‘éf?é’onﬁ’é‘§6]rge°1§épdﬁ’9 EHSOIRIE  { 11 at e

is returned to sadoﬂl A Oﬁﬁéljé 0 %@a’srsllaﬂg dNald Qfef?loﬁol n%g% oﬁmﬁ” oduct,

from15 1 to 2000 ppm of aoefln orous sul phur co
corrosion - inhi tpentaeuﬂpmde;‘ fsebetineen -1 (h%mcmtl 1. &,amlﬁdryblyolr it wgelalrr efadt i on

m xture; d) allow.ng sai ode sed |st Ilate.containin idolefin
phosphor ous sul pkﬂ}?f%b %0 §3’in OSBYmIY ?’Ewggra?atby YIH8E of said

hydr ocarjpon proceggi mtlﬁglstaxd tQchin 'Hnﬁtd?é R esallyivsduky1b4B Qﬁu pRbehhstyukaces
wher eby each surface is rnhibited against corrosion; and

pentasulphide in presence of catalytic amount of sulphur 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 hours, raising temperature of said
reaction mixture to from 185°C to 250°C, preferably from 190°C to
15 230°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 hydrogen sulphide gas, thereby
resulting into said composition comprising polyisobutylene phosphorous

20 sulphur compound.

2. A naphthenic acid corrosion inhibiting composition, as claimed in claim 1,

wherein said polyisobutylene is high reactive or normal.

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

substituted hydrocarbon group.

4. A composition according to claim 3, wherein said olefin is an optionally
substituted alkyl or alkenyl group.
30
5. A composition according to claim 4, wherein said olefin is an optionally

substituted branched alkyl or alkenyl group.

31



c) allowi ng said condensed distillate to return to said hydrocarbon
processing unit, or to be collected as said product. 25 | TEM 13 A process,
as described in item 12, wherein said olefin of step ( ¢) and (d) of item
12, conprises polyisobutylene, which is high reactive or normal. Although
the invention has been described with reference to certain preferred
enbodi nents, the invention is not _neant to be |imted to thpse preferred
enbodi ment s. 6.Al t efatcoBpesition t ACoptieg efor edaiBhbddi SIS &ad cplebad 15y

possi bl e wi t hout i the spirit of the invention. However, the
process and conp (ﬁ?‘?%l%dt‘%gg%q ed above is intended to be illustrative
only, and the novel characteristics of the invention may be incorporated in
other forms without departing fromthe scope of. the invention. 10 15 20 .
25 30 CLAIM5 |. A Soapwsikieniascoding te 5faids)-o ‘?r?fﬂisﬁﬁ%t(?l?%“ g%‘n%g%’uei‘ff 891

conpri si ng ol ef i n, HhQRBRQLRUS I, Phur conpound produced by reacting said
olefin with phosp?mr ous pent asul phide in presence of catal ytic anpount of
sul phur, which flatus a reaction m xture conprising ol efin phosphorous

sul phur conpgund, ,wherein, the lar ratio of said.olefdin t Ld.
phosphor ous pent a‘g‘u‘foﬂﬁoalél,oniaé’c%rg?%«?ndimb?o%'fhf’%ml.s &Qfeﬂé‘?heﬁsg?%@f’é} 1.1,
wherei n sai d ol ef j44 3% RN 36hut Yyl ene, and said conposition is arrived at,
by stirring and heating said reaction m xture of polyisobutyl ene and
phosphorous pentastil phide in presence of catalytic anount of sul phur to

160C und njtrogen gas purgi ng.. nai I . d.1e | l bet ween
160C 1o toct br 3 aRrsohReltiiso Hity thdah faliaRe L Lt OO "2
reaction mxture Weight dB8300t01E60L, preferably from 190C to 15 230C,
nore preferably from 210C to 225C and nmi ntaining said reaction m xture
with raised tenperature for Ito 24 hours, preferably for to 10 hours,
cooling the act o .10 : i gig J & i ction
vessel to dr?@'e o%‘t chrﬂﬁo%ﬁt%ur Sé‘gg‘ﬁégﬁgh%’{e’gggég’fﬁ% l%?ggf;i/h rglgiudl %dhi%ﬁto sai d
conposi ti on conpr wsighgofappyiximbiatyy208rte approspiadelyd80R0sul phur conpound. 2. A
napht heni ¢ acid corrosion inhibiting conposition, as clainmed in claim"',
wherein &id pol yi sobutyl ene is high reactive or normal. 3. A conposition
accordi ng to;glai B gocddbesralifh gdhfratuRfdaphihenidcRiRdor@bidh livhibitidgtaniut ed

hydr ocar bon group. 4. A conposition according to claim3 wherein said

ol efin is an optianahlphus uestosivnt editatisy | ofomegdllie riprfagasogp.any of the

hydrocarbon, wherein processing units of a petrochemical plant, with said

processing units comprising distillation columns, strippers, trays,
20 pumparound piping and related equipments, using organophosphorous
sulphur compounds, comprising the steps of:
a) heating the hydrocarbon containing naphthenic acid and / or
sulphur compounds, to vapourize a portion of said hydrocarbon;
b) condensing a portion of the hydrocarbon vapours, passing through
25 said hydrocarbon processing unit, to produce a condensed
distillate;
¢) adding to said distillate, before said condensed distillate is returned
to said hydrocarbon processing unit or collected as a product, from
1 to 2000 ppm of a olefin phosphorous sulphur compound, in
30 corrosion inhibition effective amount, capably forming a reaction

mixture;
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5. . A conposition according to claim4, wherein said olefin is an optiona
substituted branched al kyl or al kenyl group. A conposition according to
claim5, wherein said olefin is polyisobute.nyl group. A conposition
according to claim1l1, wherein said olefin has between 10 and 1000 carbon
atons. A conposition according to claim1l, wherein said olefin has between

4 and 200 carbon atqns,, A conposition accordj. to claim1, .whereln said
olefin has a nol ecu araH%}n&hP&b(f F??)‘R‘in%% gﬁ{lqg?oﬁﬁpéaﬂl%wﬁ%g?tqlgﬁl
according to claim9, pnhgheidus Guphuh chdpowndTed eesth@r saweh@hlliofurfaces

approxi mately 200 to approxi mately 1300. A process for high tenperature
napht heni ¢ aci d cor r o9 6#idi ydirdsieriosrpreeessing philr toc Bymos peyiedtivhitBint 9ron of
metal lic surfaces of any of.the b ereihn Processi its of a
petrochem cal pl ant, Wi hsugfél?eg ‘ﬁﬂ%g%gg%%g&gfﬁ% %’glr‘?gtre iRs %gad’%oglt% F#ﬁati on

colums, 5strippers, trays, putnparound piping and rel ated equi pnents, using
or eanophosphor ous sul phur conpounds, conprising the steps of: a) heating

d
the hydrocarbon _conle}iiaﬂpwglgn%ﬂ%tcﬁé‘ilﬁnée‘hélsﬁuatﬁd%/re&’r@s‘&lﬁﬁ%ﬁjhy@_ﬁ?%mds, to
vapouri ze a portion o%r&%ksqng%(rﬂ{,%g%pgﬁlﬁp%gggg%gggddﬁgt a portion of the

hydr ocar bon vapours, passin rough s o:n’processing unit, to
produce a condensed fdindicidin atid;olefin @hakiphgroue ssiphdr derapoundais exrrivelf atr e sai d
condensed distillate is returned, to said hydrocarbon pr oce%ssf g unjt or

col lected as a producty #gRe and heptipg JeHPPofMINUE X ﬂeﬁ og‘E)Armr ous

sul phur jgonpound, in égﬁ%{)%g?&gﬁgg%mgel BN pRIERG! bY CaBMRN bmofAPBP! Y

funning a reaction m ng said condensed distillate
cont ai ni ng sai d ol ef i sulphasphdroUs wwdéphiurogen rgae ynging.omeonidiaice sad d

nmetal lic surfaces of said hydrocarbon cessing. ynit, to forma protective
film on said surface§e*\ﬁﬂ‘é‘f éﬂyu?ghﬂgwgilf;@cgtf’s&gndﬁ]? i%%‘?ﬁ“)&g’ il%}urg%rrosi on;
and et allow ng said oapdansgddndieijetdt@le@isRidr8idabA mikRrSR FoRydsarar bon

processing unit, or to be collected as said product, ti wherein said olefin

phosphorous sul phur cémBdfitd preferbhi frear HO°Coy 207 €y inaty pusceradntiiony sai d
reaction.m xture of ol,efd o hosphor.ous .pent asul phj de . resence of
cat al yt ?é anount of sh?éﬁgfp% EJ?O Wﬁlggwnlﬂgf?lgdg%c lﬁgsrﬁl%hlrr iwrlltgl,lglr?g(?nt ai ni ng
sai d reaction m xturetdgpepaere H69Co 2o hb8RCHfeiratly g6t 6 agdl ®hourshdting o 2
hours, raising tenperature of said reaction mxture to from 185C to 250C,

preferably from 190" Ctheorepgdng massrte IH08E aind iugeing giffogen gas into reaction
vessel to drive out the hydrogen sulphide gas, thereby resulting into

said composition comprising olefin phosphorous sulphur

20 compound.

12. A process, as claimed in claim 11, wherein said olefin of step (c), (d) and

(f) of claim 11, comprises polyisobutylene, which is high reactive or

normal.
25
13. A process according to claim 11, wherein the molar ratio of said olefin to
said phosphorous pentasulphide, is between 1:0.05 to 1:1.5, preferably 1:1.
14. A process according to claim 11, wherein said olefin is an optionally
30 substituted hydrocarbon group.
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15 210C to 225C and nmaintaining said reaction m xture with raised
tenperature for 1 to 24 hours, preferably for 6 to 10 hours, cooling the
reaction nass to 100C and purging nitrogen gas into reaction vessel to
drive out the hydrogen sul phide gas, thereby resulting into said
conposition conprising ol efin phosphorous sul phur 20conpound. 12. A
process, as chained in claim1l, wherein said olefin of step (¢),.(d) and

(0 of claimi%, conppressscpedingbaleim dife Whirsie $ajds olefigris ragaeRtiqpallyy

normal . 75 13. A C ! laim1l1l, wherein the nolar ratio of

said olefin to sdﬁ%ggﬁ%§§ﬂ§ggggk§gﬁ?§§%fphide, is between 1:0.05 to 1:1.5,

preferably 1:1. 14, A process according to claim1l, wherein said olefinis

an optionally 30substituted hydrocarpbon grqup.. 15 rocess ,accqrding to
cl ai m 14, whid-oi nAsﬂPaeSélaé‘fF?fHH}gsth a%t%ﬁ%f%}n Bisf"%ﬁﬁtléoanapmna Y al kenyl
group. 16 A procgssidcadrsicisd LiRyvCl3iEBnib erein said olefin is an

opt i onal I%y substiﬁi}t éﬂ br anccﬁed a?,kyl oriia%rlgﬁyl group. A process according
to claim 16, wherein said olefin is a polyisobutenyl group. 1018, A process

di t I ai M herei i.d olefi bet d 10Q0. t :
15 A pr ocess! hecondrigot begrafaa Fogd: SRSl il it HAIORESE, o
wei ght of from 208, 10, 000. 15

10 18. A process according to claim 11, wherein said olefin has between 4 and

1000 carbon atoms.

19. A process according to claim 11, wherein said olefin has a molecular
weight of from 200 to 10,000.
15
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