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tubing, transfer lines, fractionating tower internals,

20 reed and reflux sections of colums, heat

exchangers, tray bottons and condensers are prinmary

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

bottons. Recently interest has grown in the control of



30with the changes in nolecular weight, as well as the
source of oil containing the acid. Therefore,
characterization and behavi or of these acids are not

wel | understood. A well known nethod used to
"oa0withgys t he aci d concentration in crude oi PCHBRB008/000586
been a KOH titration of the oil. The oil is titrated
with KOH, a strong base, to an end point which assures
that all acids in the sanple have been neutrali zed.
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- corrosion patterns indicates whet her naphthenic acid

is the corroding agent, or rather if the process of
corrosion occurs as a result of attack by sul fur. Most
crude contain hydrogen sulfide, and therefore readily
flitni 15 iron sulfide filnms on carbon steel. In al
cases that have been observed in the |aboratory or in

the field, nmetal surfaces have been covered with a
filmof sonme sort. In the presence of hydrogen sulfide



25 material. This weight loss is recorded in units of
nmg/ cm sup. 2. Thereafter, the corrosion rate can be
deternmi ned from wei ght | oss nmeasurenents. Then the
ratio of corrosion rate to corrosion product
(WOROWWhBMe sup. 2) is calculated. This is a fuP@IARR008/000586
i ndi cator of the type of corrosion process which has
taken place, for if this ratio is less than 10, it has
been found that there is little or no contribution of
30napht heni ¢ acid to the corrosion process. Fbmever
if the ratio_exceeds 10, .then ht hepie acid is
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am de based corrosion inhibitors are conmercially
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hi gh tenperature environnent of naphthenic acid 10
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di sti ngui shed from conventional fouling problens such
as coking and pol yner deposition which can occur in



10 systens and/ or non-oxygenated systens perform

poorly in aqueous and/or oxygenated systens. The

reverse is true as well. The nere fact that an

i nhi bitor that has shown efficacy in oxygenated
awoeauResyst ens does not suggest that it woul deshavesooosss
efficacy in a hydrocarbon. Mireover, the nere fact

that an inhibitor has been efficacious at relatively

| ow tenperatures does not indicate that it would 15 be
efficacious at elevated tenperatures. In fact, it is
comon for inhibitors that are very effective at
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pet r ofegld MiSkian detefriie @8 dx@ni blihiohiotlom: oieg afsorsamt komdioators of
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non-vol atile nature of the estef materials they do not
distill into the colum to protect the colum, the .
punparound piping, or further 25 process steps. | have
found that by injecting the thiophosphate esters as
taught herein, surprising activity is obtained in
preventing the occurrence of naphthenic acid corrosion
in distillation colunmms, punparound piping, and
associ ated equi pnent. 30U.S. Pat. No. 4,105,540 to
Wei nl and descri bes phosphorus contai ni ng conpounds as



15 phosphite stabilizer is not used, then iron can
accunul ate in the hydrocarbon up to 10 to 20 ppm and
impair the catal yst. Although uonphosphorus-contai ni ng
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phosphor us- cont ai ni ng conpounds. 20U. S. Pat. No.
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Jan 26, 1993 describes anot her nethod of inhibiting

napht heni ¢ acid corrosion of crude oil, conprising

introducing into the oil an effective anbunt of an

organi ¢ polysul fide. The 30d|s%losure of U S. Pat. No.

5,182,013 is incorporated herei'n by reference. This is

anot her exanpl e of a corrosion-inhibiting sulfur

species. Sulfidation as a source of corrosion was

detai | ed above. Though the process is not well

understood, it has been determ ned that while sul fur

can be an effective anti-corrosive agent in snal

quantities, at sufficiently high concentrations, it

becones a corrosion agent. 5



Phosphorus can form an effective barrier against
corrosion without sulfur, but the addition of

sui fiding agents to the process stream contai ni ng
phosphorus yields a filmconposed of both sulfides and
phogphat®ass This results in inproved perfor TePCEINGG08/000586
wel | as a decreased phosphorus requirenent. This
invention 10 pertains to the deliberate addition of

sul fiding agents to the process stream when

phosphor us- based materials are used for corrosion

control to accentuate thls |ntergct|on US Pate
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phos plictrat élqcyh émthe eortiuptiingd, the pintogiapdiaprgciatef eatipwenty These .
as agnérﬂmé Qt'cté%[lcr ER&vhAY oU? ﬂﬁttﬁ!ni feém?é’ﬁcfd"i‘t%ﬁ &Ecessmg
t he equipnent USG In cru refinin operatl ons. _
20 OamHon a:mpsmbystuiaf p@b@StO(tBaba¢raw1 Kicherhdg oib), AStenRaively Neprious
5, 552, 085 ni t .
NO. 5121/:]16 6 &%ase gé’lg I ﬁ?to&%&ié H}%ﬁfgggtsa lg a§a1la€l% but these
U. S a@@enerb@y 1r15ff6<313/£ 964@6 hlgiammpbeeme ehaiommentt af Maphthenic acid
fecti on-rich ai_nst ht h

i | dc%rborspéns &8}%‘51%%‘{) corr?stl](g:)nI 1rs R adS ]I){ & g}ngﬁg}éegl Iﬁ@m co \lﬂenﬁond
I ncufculinf @roblals ebchdasstdkidgatel po Qmesﬁé}ﬁﬁlniDn Wthh can occur in
contam nation b ospnhori ¢ acl

o0 Y ERRERRGE APAGUESEhBHARE POF-TIE 'O At FORE B e
phos phyall @feli§t6¢k s CRaTMIRXKIcfacldrioBsish peliucs afRaeserfsat grooving of
_corrasion inhibition or other %Ppl cations

Brit F@Hneﬁ%{tl% Rentat Q/Gt-!a thq gogosipg ptr amoin cogl,tri%zc,og%eposxts generally
‘?Pfﬁ 469228338 anekrek1s8i(2 « D& uriz RS BosIbh ndiGédl disend. n '

hi gh tenperature non-aqueous envi ronnent s (petrol eum
has al so been reported for purposes of fouling

m ti gaLd,en hdde Sdp Rathes NRrve 3101—4’566§866)}1rel§r hefi @adi RIS a@cpted
conti nui ng need Fo devel op additional options or

mti gmrmg nhihe sindesty 0§ 19| opstpict g distillatiogdet e wartions
cost . LSy 'n%plﬁtﬁ RChA/L \%ffut [:?4‘?03% BB fisth® Wek£S duth BOhigh
mar gi ns and aval ity of corrosive crudes

20 omasajly @elsnlsﬂadﬁeeé@r allpyy epuainiog| Hagher gymonpsi @faChfafﬁ&‘m and

0 RSB LT B R o

10Acamawmﬂgh@umﬁ%éao@ﬁétﬁgnbﬁﬂQGﬁwaﬂﬁagééUUESﬂWéOﬁOfcwbm’
p ese ] lHn\V/V%Ot lonnun%trse g()s gOrnSp\ngC %CI%VYS a% 8?& ?ﬁ)t/ (Qflnhlbltlon
pres&ft” VENt1 8n Rovel® 'addi

chemneﬁfnemomgmst thlmrype,fnfcd@mmbh “ﬁlneovmziearvemyomrf ebititpes for

|h: gé{él?f;@&{c%%&{]a g{;)r?rggritgxﬁagﬁ%m l‘or Ir ors_]alseo k}q% ?OI‘}OSBE 1r§'§b1l0rs
of thewer@sahésel tateRRtonOhitstots0 apy adibtlelya ineffeetive in thc high
addi tive having a corrosio |nhéﬁ {lng conposi tion,

whi cfEPRRSTAEE yhdfoapieat \Paphiagniq b Senper at ure.  Yet

anot Ivedi1eohirRet cofrodidieinpv@s8Nre kiRt GaridS dre, preaffickey and
a novel addltlve haV|ng a coerS|on i.nhj bi t.i

CompOSIAER, oftANy| PIGUSHER yor6uPB AR i 4P era APl

I3 RVERTE §Ntances in which it is applied. Thus, efficacy or usefulness under one set of
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The present invention relates to the field of

processi ng hydrocarbons whi ch causes corrosion in the
net al surfaces of processing units. The invention
addresses the technical problem of high tenperature
naphbtderdses aci d corrosi on and sul phur cor r osimTIanbs/000586
provides a solution to inhibit these types of

corrosion. The three 25 conbi nation conpositions arc
formed by two m xtures separately, with one mxture
obt ai ned by m xi ng conpound A, which is obtained by
reacting high reactive polyi sobutylene (HRPIB) with

phos phowmstasceseritea slapsomit draply thepams defaother a%pévwmétanm As
amount.of SR RdkmpY Jf'%&&%%ﬂguﬁs K‘We%@ed &veloped and are in use
t hi op osphorgus conmpound such phosphor ous thi oaei d

est eforgpplimation kavarican @y%@@smﬁerrﬁlr)aw he edhe ewed tyytype of
m xin

I e L L e S
oXi dehe wdnditehn tfeazdhc}ofhetrheimntlmxmsxd ur@sexample, U.S. Pat. No.
i nde I ovid h cor.rosi on
effi?ﬁ@%gg}d&wggghc%' gﬁmPn]nergIﬁfgq%ggkghgg?ém58“01ln
corraﬂﬁﬁ@wlmhxbmnmamnamdygmmp&unmmosmnsmmmswmhmbwamohOMB,

The |nvent|on | sef ul rocar .
o 1 £o@gapoats, SESE R o Fline P B ACE UG Il P
ot he%ls@@ibfe@@th@ﬂﬂaﬁ‘awcohﬁﬁé&ﬁtnhibﬁﬁrs bR Pdr (A g ﬁEHEn aqueous
IN'v'ENTPClN It has been ur r|S|n%%%nd|scovered

e FHSHT GPUBH TORG PRESE I NRDCETON FIvaY & el andior

CO”bioQ?%?hé}EH HstePh -0 FNO PREZP RO ESasSWED U EQOPRY A an thhibitor
ot her osphorus_10 conpound such as, hos hor ous

Chi odhet hacaRpBuTicacy wapxxggna%%lﬁw&s}yﬁﬁe% gt sgpeest that i
thio %gﬁipslﬁb‘sveefﬁc?atc§ S a hiy@rod@boh. ®okdob ke Mel Merk URG th08h Ddibitor
in controlli ng naphthehic acid corrosion, providing. a
synemhgehder clichaers Birclebiebi lnatpoperarrepHosplo Meirgte thal it would
019"13%9 UiSaci IO %&QHQ@E&Q%H Sin St PRYE cSRABR YR nkifkors that
I'S made fromreaction o ol yi sobutyl ene with,
phospirorery péertias uatpmla@eelyu lovplesmsritecofto 18camF pheffective at.
pOV\d?{lm e;]-l?l?re tsbc%r gn%rq fSa(Jc 1%9”@0%”@06 @gree I'@Iatenl:émtered in oil
hosphar ous hloaC| conpo Brd i's made reacti on of
aI co I‘ﬂcﬂnu@‘] cht phnjstpmochWSp@mthlgm hmi(dE)USIYhE)Ubhéﬂmlft%ﬂd difticult
conpourny r I
oI TN LS008 LA aDSeinl £ R o
most iefioakit by ecffeniuntin ofontah@ooo rsyganorsueniis bhl}tdmtaltbon blduds,

used in accordance th.the resent jnve tion can Nvar
depeﬁﬂ?ﬁ@ﬁﬁﬁoiﬁgﬁP%M%r‘%%%? Ty 88hﬁ“&.§ﬁ§‘§h‘ e Padl No.
partBg@bgn7hyﬂraea&bqnmbﬁiﬂgdpﬁﬂ0&ﬁﬁﬂd\mnmhms dﬂhew:agmnﬂ
t enper ure and other c arac ter .stics of the acid

cor r GePBRF QAT BFRTOIN HE ésﬁ’ﬁg% ?ﬂﬁ on the anount of

i nhi bitor or n1xture of inhibitors to be used.

CGeneral ly, where the operating 25 tenperatures aql /. .
F0 t HEmMaharie Grd eyferun | Bitdlatiere SHIgRef'® spbject fo' naphthenic acid

PropehibosiateleY Hbahshg aemuntcr@fe bike @Qfdhﬂﬁh&@d treatments are
inhibitor will be required. It has been found that

conceébrmaly ACtHE af HEe EBPTHEican st ahes Pnﬁnbﬁiedﬂ’é"b‘m“

of i Nk Al hQedt @qgﬁﬁotacfnétﬂ %h@ipHQ@ sifakce MBY. TIRMTYA if [OA resistant

about 1 ppmto 5000 ppm [t has also been found t hat

it igo paa@ft@nrce@p:@ someRdon then ithenbass si6els Theseanpibitess jagrerelptively
gh f 0 Ofink a column

i gile flo AREAGRE AR i iln A BRI BEHAS

tlne until the presence of the inhibitor |nduces the

bui | d-up of a corrosion protective coating on the

nmet al surfaces. Once the protective surface is

establi shed, the dosage rate needed to maintain the

S5protection may be reduced to a nornmal operationa

range of about 100-1500 ppm wi t hout substantia

sacrifice of protection. The inventor of the present

i nvention has carried out extensive experinentation to

verify the effectiveness of corrosion - inhibitors in



The reacted conmpound (A) is obtained by reaction of

ol efins with P285 (Phosphorus pentasul phide) in

presence of sul phur powder. The preferred ol efins

20have doubl e bonds, wherein double bond is present

i woenwmalsk4gs or term nally. The exanpl e of i nt eponiN2y08/000586
doubl e bonded ol efins include beta-olefins. The

exanple of term nally doubl e bonded ol efins include

al pha-ol efins. These olefins have 5 to 30 carbon

atons. These olefins are alternatively, polyneric 25

ol efins such as high reactive, polyisgbutyl ene
cont &PAeng" Grledt the P of oy stony fiepgrtiee 8 86 UBPEHYranee:

and % |ﬁdQQLM§@&§‘tcﬁéJ:cﬁﬁk§§ Wt ClnfpRAt ALAGM BY Ihigher and lower
Vi ny ene, and such other groups of chem cals.

The
rati @Ob*FUIﬁQSSaftdo peyhags, glemsntgl aflar apd pereapigng d has, g &0 atlhty
of Pory {o%caoHQ%f@re@fs mPe@biaBR: The Sul phur powder is
pr esent Pi%h“cat al ytic quantity, that |s sul phur powder
i$ 0.5%to 5% of Aefin by weight.

2009/ 4 t d
addi 1O RS GO A Ry o8 é?%?seé%me SEAIER kg Bgpror o
t he pomaeemst tol thae ptablam insw:lé&mrcndwcbcbahowgtmxmemtghe‘:cbtuw the
guant PIB five Polyisobutyl ene),
phos Lroﬁ %%%f%%aﬁgggﬁd sul phur powder are
char ged |nto a clean four - necked round 5bottom

ISR RN AT Y A e——

r eaCtbﬁs@rﬁltl{Tb@&h]bU’Lﬁdé, i e icracRiflg aotk hggdeituinosidagenatutoeinhibit

CermpepeR et cnas Henet e ML on 1 eads 1o evol uti on

of 10 hydrogen sul phide gas (112S). The tenperature of
the reaction m xture is now maintai ned betwee ﬂgpc te
180CU-$ofFata Ngeri 9d-38¢ 1@ Mrsaran dessipgubhs. ussHdnp orus and/or =
ti8MP et BorRfounBE inMhX HcRink SoRcRbSREole@m2AQn fulfiRes to inbibit:s
reaction mxture is then marntai ned at tins

t enpépks loFratiph opalye @rfage twge Mllt-s. 15The resul t ant

reaction nass is then cooled to tenperature of 100 'C

when nitrogen gas is purged into the resultant ,
reactd - nPamd® 4@4Pvie dhll ethal piydessgecampainshi ybstantially as
Present. L0ehq] H8 el Wt (len);{xjysaggfb'h}ﬁlnt%n@\/hlle effective as
phosphorous su pﬁbr conpouna is the additive
@6npeun@ulanomatehielspmaseinls anﬁhéntlyp@)havq sotulegiofase hedni gigd as

t enp%[)lér‘g cgnem?l%?th}s 18%1@9 %ﬁxlxeq sgto{c) I%ﬂl lm!ebﬂhkoxreferémé feaches
conpoun ed at o I'n appropriate

sol velnt adsiumln odshmgﬂoepfe;e ets@lrualnha as énnsb @ed mathe sulgedt wemntion to
as an .ot her ropr.iate sol

o hithirnperaRe halsienan g el e B SUF st g not
of swmmhasm&heﬁmamdnbmmnanMpmﬂmﬂnEmesmhmn@nﬁsnmng<nfhnhm

invention is n speci al | concer ne

okl B dn i ieh i Roaprr e e Miphshifis BR TR aoent
Thi opRes)Rabpesiag beivigaspbiines 1rﬁﬂ$reverneag lHey)cmix&madf eﬂnzﬁﬂthemc
the reaction prodgg f.or ef qg Emfs S| ied
pent &SI SRFRRPT B <85taten £qMus orPBf“Pafﬁ BN g jassogiates
sui t aQligmsad. vent . N - octanol is charged into a
clean four - necked - flask, which is equipped wth
30stirrer, nitrogen gas |nIet and condenser.

Appr qpgi gl enaoWRLs40 ko PRATARYEQ4iSes phosphorus containing compounds
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pent asul phide is added to the flask in installnents.

The nolar ratio of N - octanol to P2S5 is between 2:1

to 4:1. After raising the tenperature to 85C to 135C,

the H2S gas is seen to evolve. After one hour the
rne@clo0es498 Xture is heated to 115 C to 165C awe/inb®s/000586
flask is maintained at that tenperature for 1 hour to

3 hours. The 5 sanple is cooled and filtered through
typically 5 mcron filter. The filtered sanple is then
heated to 65C to 115C. The nitrogen gas i s now purged

for 3 to 7 hours. The resulting conmpound is the
addibiMmﬂmmnp@mﬁdwgznc@ykhsxgmé@ﬁhUWﬁﬁVBnnﬂmﬁ*wmhéompmﬂﬁb
addi tive c ound B f f

naph F]’ﬁlglﬁ Cao gtglm 005 rarrldg éhl %sher Ipn S%Eat 9hd bﬁ#ﬁﬁfte g)gxgp%ﬂgc}/s Hca%lg at
COﬁp&MﬂdméHy&ogﬁmnbmwabm@kkaSWEMmfmnttS 10ef fi ci ency

for naphthenie acid corrosion inhibition. The nethod

of synthesis of additive conpound B2 is explained in
Exanpl.® rdt. Ne#aas,609 dzyibicheatatn wiralgdeithiaxtde plaplamitthelds and

The additive co und 2 is.transferred to.the
AU oGHERy & BEE By Farie SRT IS IEh DG St it e ppprepared.

50C b |r13ac¥1ﬂ% cBit88 SUS-Qihyrothit@oidy baGl A \ielky hbshite. While these
const ant ereby indicating no further absorption of

the &URYYdoIBIABYF @éowomﬁém%arc%sr%%avm%@f)ﬁ FRITOSIeANg dpiybition
val ug Ptk endy A4 (PHRAUESw Surdg High fenkiSluréhfifikations thereof
addi ti on of ethyl ene oxide, the reaction mxture is
i noaibmessitle cBBEon of 8BExBY A ¥ TulKBEgeE. The
nitrogen gas is then purged for further 3 to 7 hours
duration. The resulting sanple, 20 that is, additive
conpétuﬁdilf@zlmosvm bt Bhasphoavrceontaistieg] corapounels inapa e dipgogion of
inn e cor [ [ ti 0 dRNE1 hvd s
effi ??Q(%]ug &agysgh luged %b{rgaZtc?‘E)hr? (gg d‘% i \llrg ré(grrpoun r(0 t,&edter an
C2) |hsdra¢rsd<1mgesnm Crﬁ@ﬁeommoﬁomarswﬁth@s|asqtl©fidary since if the
d|t o nd.C2 i hlus e .
35T eh i PRECTRRAT s i) LB R R Bxpessbon wp o
i nhi bOtuOngO q@it eail oimpain nhlaecarm)tsal Abnigh cgsipbbsphbres-containing

ts whi.ch hyd b
g It 882"%2? 0Py %J{glqc’?lgnffr%: gl(l:sf F oaﬂgﬁ Stﬁf%/uaraeloce?lgra %h%sﬁ cﬁec‘uvé than the

aci dphddpBorufivaniihing cospeunids.ai ned in detalls in |ts
sinplest formwherein the follow ng nethod steps are

carried out, when it is used to process crude oil in
poocess PRl tNe. suei2, B8 @i Khplhd 3t iapndesdritied aSi ml;trawdsmerpsd of
can be used in dlfferent processi ng uni such

purrpé‘fd(b‘&‘ﬁél BPll}ﬂgn@n RRr5gsiofy Rret eneser. ﬂﬁngs acgs Hlélpg "petroleun

Pr oCe&atiB&sUchRling I BEIQsITBY NQsh SdfepswaEe saxpk anhe dcomplexcd
bel ow % heati ng t he h%grocarbon cont ai ni ng

naphthesrhae.aptiogPRits: \?@B@Pﬁ@@teaorp FPRBWIED estfh gompound, “wherein
hydr QGaL 088 has a parmlorp}oe%ﬂiélé?ﬁvI é‘&térhﬁarh)f'@r@,ﬁ@dl kemibility in both
vapors to rise in a distillation colunmm; c) condensing
&Sporgicons ofd yeochshgn6eldetion vapours passing t hrough

the qistpll al 4184?20}116% kQoiR! %glép%e?cn@b§tah|1}r$kﬁ/ed metkbd for
adding to the distrl late, Trom pm o

conbirgdting oyl kg a@B)cor_r@a@daatt q:aatel(tmmoﬁmorp@@ﬁt@ of a phosphorus
conbln A c

o AL Ok PR, ORI, Lo
Cor‘rblplhadphﬂl (pAdsphité,Byhighdsthiiee oc ahipplnsghifeorestar compound. The

at C) ,.addi t|ve conpound] to cont act
SbeudRieary Brarithn i bbifetuirodfi { acba of ¢ he

distillation unit to form 15protective filmon such
surface, whereby such surface i’ i nhi bited agai nst
corrosion.



It is advantageous to treat distillation colum,

trays, punparound piping and rel ated equi pnent to

prevent naphthenic acid corrosion, when condensed
vapours 20 fromdistilled hydrocarbon fluids contact
Mebabdolog3@gui pnent at tenperatures greater theer/R0s/000586
"C, and preferably greater than 400 C. 'Me conbi nati on
(A + (B) additive conpound or the conbination (A) (C
conpound additive is generally added to the condensed
distillate and the condensed distillate is allowed to
contact the netallic surfaces of the distillation )
col ulthS. Paickiond,94 oy Letmeisipet @ Blisgtosesnd neplshendge apid corrosion

PR P AN Lt g

di st ihikatiee.may al so be coll ected as product. The
corrosion inhibitors of the instant invention remain

in the resultant collected product. In comrercia

practs ei@nifichft adddictmsrasin qfhotﬂmbﬁlsicmanhﬂgcrm;)mhgmib em&idﬁbﬁdsion

e bR R BTG PR, B ol e

I Nj e¢d jdefiiAaYaskecardadord Gnaeﬁlﬂf @yqlﬁﬂldsed gfatlftal corrosion in hot

i medi ately below the draw trays to protect the to

packPrigicaitid PW%“B’@I“&W e @‘%‘F& F}lelpé%@“‘ifr‘ﬁl\ﬁ T?Wlonmh’b““’g

i's NQhoum 079 AV hSBbr tmﬁfllepht)glﬁlt@d/ﬁlhﬁh ¥ticahl thiagoline.

invention is added as long as it is added to

dlstillate that is later returned to the distillation

VeSS o{he\/\ﬁ%t‘ﬁ!?d Qi@&h%@& ih Resehaing. nterions &Wlﬁ@cﬁgmﬁcam

of the distillation colum, trays, punp around pi pi ng

and rmpraverdensgene thermrior art Qechaianest RyAresesseRerA & %lways a desire

us| "% eﬂﬁangé?'@{é %&hgﬁ ¥k %Bﬁomﬁmfrowmylrpaferngc&@pmm of

t hat mpound A e present invention

for @hmpbvnusrgommhmblctqnm@ums Whlgh rtl?e/rrp@aat theefunction of various

ﬂgpht Ist% W& tg tr%%r Iogllj %gﬂ?%ﬁi (?és{xlce %QE&Q%M&@ it fhay be
Y&Ranp , scussion a

Unex memue@ﬂ anm brvies mmg oSynerayhikblestdfigghniteadls. Ef f ect s of

very High Efficiency in Naphtbenic Acid Corrosion

Inhibition by use of Additive Conmpound of present

i nventriotitr agpieaciad hiedprefentish g niphehcaid dictd averosiompotadise of a

of th resent inyventi t he thlo hosph
estefglgﬁ@ PSP Wa%P@é%g?ﬁ%?E%?@aﬁWeCNJel%ﬁtl%ﬁqﬁfﬁ%ﬁ of the
the maropabi §1@bé$wganﬁ Hh@ﬁ&hm&ﬁmmh@nummsrpmag&ﬂm from

of the present vention,  for nhi
i gh Feashipern B AR REI Rl & B Pagrb e Cuslsen e

expl ai nedchetayssint ¢ hiteridepRpdfnoexagpAgs 1700, 6989Tlikﬁalls the
det ai | ed di scussi on glven bel ow wi t h rgéggéi é l b
r es uIrEQNITSMERE fr @cops Timipe @genyg) . fah Np Hess Pr?sffﬁPE‘: suc
descrdipedhrinthgEXRAP | s8Fodatdd0alRylexpdtRbets phéiRl, and cffective against
effectlveness the additive compound of present
ﬁﬁven@P@hﬂu%mmigﬁﬂﬁ@ﬁperature napht henic acid
corrosion inhibition or sul phur corrosion inhibition.
B2 represents a formof additive conpound B obtai ned
undeﬂJsaPml@hiéﬂS@@éﬁaﬁmn@t@@@@W9$Ft@hsﬁbﬁmsﬁﬁ{h%?l§“”“b“
O{hglp mgt% E %? Jﬁi. thlr%’ thfercﬁ(: qgldQ:forraggﬂ b ¥8d& Qﬂp&)‘fﬂiﬂlsmg

C obt3 hed un fere operating conditions of
synt hemcmcm@erh@r thiengj! tap dffdstive hmahigr ¢f amloaganicaplysubfide. The

Pl B,.t r t

eriPHaT L P e St FLLf ol Rl ks mhis i
dosage of additive conmpound A %g t he present invention
was i ncreased from 200 ppmto O ppm the corrosion
inhibition efficiency, as cal culated by formula given
in Exanple 5 2, increased from55.7529 %to 99.6783 %
10Referring to Table 2, it is observed that, the
conpound C of the present invention, when used in
isolation, in two separate total dosages of 150 ppm
and 180 ppm (wherein 50% was active dosage), the
corr03|on |nh|b|t|on eff|C|ency i ncreased respectlvely

~ 7 -—r~



15 and 360 ppm (with ratio of A: d as 1. 1, and when
each of dosages of A and C, was 50% active), the
corrosion inhibition efficiency increased from above
90 % to above 99 % Referring to Table 3, it is
obeesmmetsddhat, the conpound C2 of the presentrC1aB2008/000586
i nvention, when used in isolation, in total dosage of
90 ppm (wherein 50 % was active dosage), the corrosion
inhibition efficiency was above 60 % Wen the
compound C 2 was used in conbination with conpound A
in five separate total dosages rangi ng between 200 ppm
and a8thes pramilept hearesion-pifibipng Eifuy spegicn §uifidghraszpsourge of
to 3 c
50% 8%?4".%{? el)]WZ?sr}get egg 8?‘%02 P%rngh:j[n ?,%:é‘fsls g{‘] néf\??g?]g%a‘{/%% thas
whi cbeenalatgedinpé thaewhilapiise cBe' ayoffegtire abbyerr@greggent in small
Referrl we it

uanpgels gt sxftpctx %t@ hi hscgh%n?%\ﬁl)g%;{%ﬁ&g% e%otnléggg a%eﬁtt.
iSOIatlon in two separate t ot al dosages of 90 ppm and

1S0 gg wherein 50.%.was active 0sag: 5 ul i
cmr‘%$$ %OT%§%¥@%W'NW”WO &}ﬁlg%$tm

75 (’/adcﬁl&ﬁﬁtmsu\f&iuyg agéhrno tﬂmq)rmmmmmd cBRtainag: piegthorus ylQds a
conmbi.pnation with_c ou Ain tot do e of, 400
(wi t I caorpostd AT s S&Eddss 434 Ptmp}ﬁttsmﬁﬁﬁ e 5 improved

dos ag@ﬁ)rﬁiﬁne‘é aN &veB2anasdeaftadhl Gkﬂfobph@)ust féqu@@xﬁdno STIQEl invention
inhibition efficiency was ?g 85@6 5Referrin

Tabl ger@msl (%] tl@eh%ehqu@ﬁ: aﬁéﬁﬁé n&lé‘%‘ﬂ’t“h@rf & PIREFSS stream when
- Cor 1 gisd sPRbriY BB GnAk&$dls aiel uded BPSERYEEh thatol tbNRcentuate this -
conpound A of the present invention, when used in

i sol &§reionin total two separate dosages separately of

20 ppm and 50 ppm (wherein 50% was active dosage), the
corrosion inhibition efficiency was above 19% and 54%

r esp&Sthaieat Yo. YhERCHe Edmapdsam el acdepersbey é @gpepss for inhibition of:
99wa !}g&to%aa&fdvm L GRAERO laa@' aﬁa smgmt tegasoaﬁpanatgeme elevated:
-total dosages dm 40 ppmto %p ratio of A

;. C2teygessityrg pfaceysing of cude @xlbyzlse of 4 ccamlovm@nh@a@ﬁnsﬁmg of a
dosages, .Q ,
iy e g R R R ok U R RDh AR phenac
100 %slffnddfsndtioning eskeﬂnvef)r onnt lhlebeardn e igemelusstalbiy surfaces
t hat he addi tive | nvention used

for 8% %mgﬁem*w(ﬁ ”Rpfgﬂ Qﬂn EQE?ﬁOMAng i mpor t ant
sttlngU|sh|ng features as conpared to the prior art

1) The inven n enpl.0 aft
exte §$V%’é§%@Pt ab% ﬁﬁgg gé;sgrpp$S|néﬁ50§gh greanic
t hat ph@ehlaﬁotlztettmaspmomdso used a9y), tdhe phosphatkphosphhatsters

I(,SA\+Cad3$a{?Int alﬁlw%l\/%ﬁt @Aﬁé@rﬁ"%@“ g\%k%{}&g@g?gﬁ:}g&ctive in

ef f eﬁydrtsautbdh Ihél'gtkhasce@ﬁ{sﬁﬁa‘éﬁtﬁerﬁ@ﬁdi@Scbrﬂfsldnnhb‘bt\tdr QReir high oil
The prior - does not teach or su qest use of a

Bo| yﬁ‘e‘P‘i"Etydd%Hrf ihgaisk AT Ssilahi dretieen St ap Ly Rgsphorus.

i nhi bition or sul phur corrosion inhibition or any
corrosion inhibition, in general. 2) Another

di st Pheherq arid hasalbagh aisest P A HORIUPRMS RO@IRDSLIHY fmation of a

pres F(Ss haVaBhi8Rplex fiRAbn 'stteelr@%aé@rf@r tH8dsRl inhibition or other
st abi Fy as conpg to the additive
applications (Coslett, Brttlsh 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



conmpounds taught by the prior - art, due to the

pol yneric nature of the 30additive conpound of present
invention. Due to its high thermal stability the
addi ti ve conmpound of present invention is very
efoeoddoéiob N hi gh t enper at ure napht heni e corr eet/@®008/000586
i nhi bition or high tenperature sul phur con-osion. 3)

Yet anot her distinguishing feature of the additive
conmpound of present 5 invention is that, it has very

| ow acidity as conpared to the additive conpounds of

prior art, for exanple, the phosphate esters of prior

art rrasirgrenaptshi(eitrolesindi hp, alphebyshoxperiade fus parpgsest of fouling
pri ormﬁ%%tioglr(ggg@wot 37,111‘3'5}3’@3).3 tendency to deconpose,

even at 'l ower tenperatures, 'to form phosphoric acids,

whi ch travel further al ong the hydrocarbon stream and
react—w t : - o ' -
packi Taregpmghl aEFh @i heeliE Boltlor BN pfioBH6P rASsating e
phfos phabevitylbiesalis ohiddsatgbwer ¢dse Tholiesspefiakéy tiipaetimss of low
and t her.eby | ead to .f.ouling,. i stillati

The attaiivh verenripd caehr EReR g el R R Yllkes such s
not hawepet Ohisa,defifidée aed/indbS5H)e prbendnsdniing sddsErsesghis need.
features between US Patent No. 5552085 and the present

i nvention are described below Referring to the

- resuloBJRETS ADEF AMKISTAGESOF PRESEINT INVENZIPNes 5

and 6) of US Patent No 5552085, and conpar.i ng the .
S PhespineRyre aﬁactmm%e?vawagﬁ%oggsms {nYFEPR 4% dgrgibed
ef fegfeigdf. neutralization at dosage of 500 ppm and TAN

of 4.5 20 ng/ K011, as the corrosion inhibition rates .
are SHheebigElrafhefesent oaiong!s feRuPHE Gf n@%’énﬁ‘ﬁé“‘f? éﬁﬂmcal
4, giMghokiford RikamBl T8 Leryl EffdcBve e@iibitdaafor naphthenic -acid
corrosion inhibition rate decreases when neutralized

or t reeEpgen mhibdpmas preyras sulalyr GoEevRIGMERICRr e used.

These ] vd O UREpreYid 8 Wok @l ddaitRe Maving a
t?gat?ﬁgﬁe?ﬁpﬂgédh%i%ﬁgﬁsgﬂgﬁi % _ gqn’poﬁ%ds, when they 25 £
are umadsibmnhbiimgseioasitiemhivichiiprery Tl gy high temperature.

i nveny | Ct t:hj ' i ving
compout i R o A bl S H Ay RO RPN AR having o
conpawndsibomhibithigsiomippgjtiem hrusg vary lawgsidvaes. t he
efficiency of corrosion inhibition, when used -
singularly or in conbination with conmpound AL EXAMPLE
LSy RUnaM SREFOPON YERAIONr ganophosphor ous sul phur

conmpaynd - Additj.ve ound The i gh LAl

o " batherssrareblib R 1 e e R PR b b Soses
Reactdovresibip iy ihe abarilyduehe: s wif tpocessirecuritar Thweinghittio@ 5@dresses the
appr oxi nmat el 30,31 .gi n of Phosphorous .Pent asui phi de
ane St pibleat bR Gy BALRa R ae A aTd Brb g e
four deckes ah@yneidedthtomatibhas knhitgothegpepesws it dorfiRion. The three
inlet, stirrer and therno tercI therebY forniggtq ih one
r Saect OBRIRIR FPRPOSHITS FFyiosmEd by g RIPYET gergfately, with o
10PhogRhRE QUBINRe Ny asKimhtslgpduad A efhith isThiRaihed oy iredtting high
m xture was stirred and heated to %6OC tenperﬁture ;
underresitive pglisoppdens (FIRIHE) “ith @hpwhePiParsNphigad pragnee o

to renpydle aholdbPaePHhav Bl demgasd WhivalichWas thiophosphorous
generated during the reaction. The tenperature of the

r eact ¢oomomidsush @s phesphareusrdiioncil st obEpuweh | padEcqopd mixture
180C, | : : b8 2 which s
tgd)npe?bggfqﬂerdgbgg 1%( ﬁg %fmﬁk B?&é%m@r g?@gﬁ(?oc gggféngnd t he

m xture was mai ntai ned at thislﬁenperature for 6 to 10
hours. The resultant reaction nmass was then cooled to .

1 00C when nitrogen gas was 20 purged into it, to

drive out the hydrogen sul phide gas present therein.

The resul ting polyi sobutyl ene phosphorous sul phur
conpound was used as a hi gh tenperature naphthenic

acid corrosion inhibitor, as well as, sul phur

corrosion inhibitor. This conmpound was used neat or
diluted in appropriate solvent such as xyl ene,



sul phur corrosion. The above nentioned synthesis-

is carried out for different nole ratios of 11RPIB to
Phosphorous Pent asul phide. A simlar synthesis was
carried out by using 30normal polyisobutyl ene instead
oWOoHRPIB3496 The resul ting pol yi sobutyl ene phosptigmas/ 000586
sul phur conpound was tested for its napthenic acid
corrosion inhibition efficiency. The testing nethod is
presented in Exanple 5. The results are presented in
‘Fable 1 at Experinent Nunbers 2, 3 and 4. 5 EXAMPLE 2
Synthesi.s of additive :taqi rn- d Lnap t he

aci d §%¥W€ ydﬁ“?ﬁﬁf@??ﬁ@ﬁ e&??%%é @°¥e3t|e§ ?mQOmewtwo
addi thsereonaesendent i proGty highi dbgosbﬁtlﬂﬂﬁbmershfﬂminbpd} case of
10The cl ean four - gfked - flask was. . equip M%
stirriegh GmpyEyesnmaphdienin) afd ﬁﬂ‘aosé%‘n g apg _sulphurcorrosion

noct aiﬁﬁlbltﬁéﬁ | gk ﬂlgexﬁgﬂgﬁsé&ﬁsmch'ﬂa’f}@ﬁﬁarbbﬂ ptd%@ssfdg&ﬁkts, such as,
The phosphorous pentasul ph| de wei ghi ng 187H§ms, was

t Hen' ratioriiss s AIAGor qolaRas 1 pigk BT RASHIG] InpHnes.
tenperature of the flask was then increased to 110 'C.
The 1-12S gas was seen to be evol ved after addition of
P2S5. DBPTREP DWEN RBUTFHEIRG BTeRiEtY on 15 nmixture in the

fl ask yas,oe @\Srgxqsxﬁﬁy %%Q&e%%gttﬂeem%rﬁ‘&l% Vt‘ﬂipr@ﬁhﬂ%@érﬁ%g that a
at that tenperaturé for one hour he aci d val ue of

t he readinagnn mfxbuaeom‘sawhalb‘@uftulpb% Cpﬁl@b‘l‘((%aﬂdl' tpgher  phosphorus
reaction m xtu MQ dtt}gg} thiophosphit
tﬁgn sTerret su&{ e g ?Sgc?rgge H ne oxi d lgé‘ was OSP,] )
addedartdi | lort thmppawhmu regterse malvnrsd eﬁfmmsltlanﬁunctmhelgeby controlling
i ndi cat no. f rther. absaor. t| 0 I j £
by ¢ HEPPRERE 25 SO ey Cophct oy bt Y Eerihiin o
Wi t h pliokogen cga@om@ls rﬂmgartobleosemessﬂpﬂﬁxr etihpdumddA) is made

oxi de, The acid_.v of the fi roduct 0 .
55, mofontechiie of B tr et aaaraPrE Rl o epoe of
C 9P OsishuChoWes. Tiesd g cﬁ@fnchltc@m’pam’(ﬁ (hBamhat 1a,q1hdsphorou9 thioacid
corrosion efficiency. The e{fl gnc%pﬁf onbi na 0N de. The
conpotfporad is made R geagianof gEe OSBFOPHRY astp

resul {3 nida c%g&ﬁ«lﬁt it hadabl geatiag tRbEepcdl ®BMbound (B) with
Nurmber s 5, . EXAMPLE 3 Synthesis of

addi t §%gEc %‘F’rﬁ‘@%@ﬂ agothulspe ¢t heni ¢ aci d corr osi on
inhibition efficiency testing of additive corrpound (A

+ B2) using static test nmethod 5The clean fo

nék kedihe moblagffeciegs amat phdbr (RTTasioatinkiPEer torkt ?586 & aggpgdance
inl et ¢ SEnticF H%ltyadk‘ﬁk ghiHeq &@Q ErBtinda&onditions
char gegmihe ?ﬁ Pﬁlas?(t] Pcﬁos hor ounsdmr;gent asulop g 1

wei ghamigthd §rtigwter hmgcathﬁérbeméd%@eﬁsédtﬂélsf tlhﬁé%nl?eﬁamre and other
i nstall me LA hhlAs Keat@s ohhiRn t of
I ncr egl}éaéc?pe%l%ﬁcf Og%g E&ﬁ%%gﬁg%ﬁ%s seen t%a bg OevoI e\l/rg%lun °
af t er inhdbitiot ioo MmisfurP2E5nhifare |t0 dpastbupeneraiy, mheret therpperating

ture in the flas 0 0
P}Z i {\%)?aﬁﬁ P/ Orgh a%m{ %@%erpxgﬁ%@?aé% 81 eéf o?rc%ggmh{i}glry higher
The samnphe ofake covbseh mhibitbi Milebedequmeduljthas beerc famd that the
filter. The sa was heat to 90C... T
was. pESEETYEE B o G T e 1y La R AT RAZR 80 e
conpoufude Bﬂ? MA@ Sar@ dtoyz ebut Dppmtts 5@01‘) pibm/ at has alsmllbb@hfoua@that it

found to bet ween 1 oun

5 wais RESTELT 10 1o SURGIRE Fiahicutivals TR (P AP RES GRE of 2000-
ef36l CREeMCYpm dhEioahiihGiremp)eel fdrhaelanvddy st miod oﬁpma mgtil the
(A B2) was also tested. The testing nethod is

presented in Exanple 5. The resyjts are presented in
Tabl e 4 at Experinent nunbers 15, 16 and 17. EXAMPLE 4
20Synt hesi s of additive conmpound C2 and napht heni c

acid corrosion inhibition



efficiency testing of additive conmpound (A + C2) using
static test nethod This resulting reaction m xture of
Exanple 3, that is, Conpound B2, was then transferred

to the autoclave, and et hyl ene oxi de was added at 30C

t wiol 20890834925 pressure remai ned constant, ther eOyIN2008/000586
i ndi cating no further absorption of the ethyl ene oxide
by the reaction m xture. The acid value of the final
product was about 25 ng/KOH After addition of

et hyl ene oxi de, the reaction m xture was mai ntai ned at

60C for S. ,The nitrogen S s then ed for
furt h%fffsegﬁf’oﬁﬁjtﬁ 2 iprar giuceples @gﬁmpm? &l acgesio progea%wﬁfang on
C2, was nfetdl b@rees.and tested for its 30efficiency in

napht heni ¢ acid corrosion inhibition. The efficiency

of conbination conpound (A -tC2) was al so tested. The

t esti OgectBE PR&CHSe AlreREm &%bhﬂmﬂ@é@s@geﬁme-rﬁ@dédqg lx'lllatuﬁam the
are presented in Table 3 at Experinment Numbers

14 BRANFIE B2 dbefeghcerdapsatoant ropemiagiiat raes ef a&@wloo 1500 ppm
o1 1 0%l I8Rfanfiap bititce EE?IDecMh this exanple, various
amounts of a 50 % fornulation of the conmposi tion

prepared in accordance, with Exanple I, and invention

- conprunesntqrog ﬁ@rm@ﬁenwna@mon da;rc@ewvlnovhcmﬁp legerignentation to
4 wer r

on ot S B B Bn KO RE B Rbn UM} bR B ERF Yeid Borrosion
atl d. mh&W@ngbﬁt eXesigeo DU BIth comhmatsanem»f txésltltawascotnmdndsm B,
eval uat.e th n n_conpound |ts effectivepes .
in i I’ﬁ’]ldeC{I gvﬁthofdeﬁererht ReY ngloélic’:i ca(()krh} 0si oH A" %9@% that i,
t enpepadisobety! dabfphsr;ﬁntphdﬁsa@muqﬂncm@mmunﬂm ;we;r&.r tiseelher of

as 50% acti ,utio as shown in Table o 4. 15A
ot arenpputd B g tudtntlle e e e it b gt BRiRound
usi ng(Aanyora:dﬁhdt tongpouhtli(B) tatthie 4ad @ingechda(®) @bke t@Stately. The

readi n action p tus consisted of a ope -

| PRt neER G oS Rt FPLURTYHIF BEfSE Prramples |
vvaterto@qmle‘a&egltd\gz, purger tube, thernonmeter pocket

with 20 thernoneter and stirrer rod. 600 grn (about

750 m) paraffin hydrocarbon oil (D - 130) was taken

in theef kaskd dgn@asd pe,br)ghmbw@@a Hy2hdRGoM drhoehiQW with P,Ss
rate of 100 cc / mnute and the tenperature was rai sed

t o 106EosPhpiie Reasipdidsl Uy restase ofestiphan prsvfier. ohe ggeferred olefins
MNULRSe ddMbFOSTAAY NeheRin 8XMMPLRA & &gxptrlhtéf'n@gy or terminally.

Pol yi sobut yl ene and Phosphor ous Pent asul phide with

sul phur powder was added 25 to the reaction mxture.

The rﬁf%%&élﬁﬁ\e%%ﬁ&ﬁﬁlv%%bl%%ﬁc{e@@heﬁ { m@l%d%él%%%g?t

100C tenperature. renoving the stirrer
t enperhat exemplsf oft henmeléactipuiﬂe bnded rodefinasneladesdpha-glefins. These

coupsi el o) P Sl bR R BPUEREI, polymoic

tiesldind suph washighmecsed polpisoterylenei conaiiming graater shan 70% of

condi tion for u 1.5 hours, 3 th

ot d SRR by b PR L S R TBEE Gl viny,
/KCJ—|)vm§aaieaddedisdcﬂ ctifee grompcodfichemicats Xt ure. A sarrpl e of

one gm wei ght of reaction mxture was coll ected for
determ nation of acid val ue, which was found to be

appr orien@ti€loy P1ds. t6 0iegh KOprefdiblp 0@aNdi 2 e YAP,S; to 1 mole of
mai nt a| pned for four hours. After this procedure,

1 1 B g ST ROV ToREES TS LG atly suphur

the 6xGRSSis 08r RSP DBr Pl twehas renoved fromthe
metal surface. Then the netal g¢gpupon was wei ghed and

the corrosion rate was calculated in mls per year.



Simlar nmethod was used for testing the efficiency of
napht heni ¢ acid corrosion inhibition of other
compounds. The results are presented in Table 1 to 4.
10 Calculation of Corrosion Inhibition Efficiency. The
nebhedosseed 1 n cal cul ating Corrosion | nhibiti®r/iN2008/000586
Efficiency is given below. In this calculation,
corrosion inhibition efficiency provided by additive
conmpound i s cal cul ated by conparing weight |oss due to
additive with weight |oss of blank 15coupon (w thout
any additive). Corrosion(Veight |oss for blank(weight

| oss Miethodiofsynshesior-addithe somaaumd dve) addi ti ve) X 100

Effi C’rﬁé’;ﬁb{&?@f 4 chi®8dinfeRl ofhh@&%sem hQibn RARLLINE below:
20The corrosion rate in Y (m per year) is

cal cubavedhddyquanityf of H‘BIPéB (N 36253246 Rolpésogtivienms ghesphorous

ng ( Ity o] ; of t

" PSP el 52 ARl b LT 2l
Aci d Igorormosiagn dyipaed Gmfﬁesttrogél'menldy namgrcarde dteimegneters thereby
carrlpd arez}énus ng rotating neans provided in the

tenpergP dOntP o1 Fed autocl ave and was carried out
by u5|ng paSS|vated steel coupons. A dynamic test on

st eel upon was_ cond d wt t usin

S0addl B (B RLT Ry Gre PR B BOaRE &g G pagenivoser
test gwafirgigg. AAthA\Elt@]K}terdtmﬁSofCKHﬂlp@l thdTRRtiSH meradsjymammnon of
t est mas used evalrage he addltlve ounds A

and
(K - 1hydeosen syfphisergs( & P HIebTh Porahon isurt s now

napht RgiRiathed Yetlvee P11 6GEI 10N 881C, R0 CodrRERE N 3HoMF & 2 Rours. Then the
dynam ¢ condi ti on. The fol | owi ng test equi pnent

and nEPesRRrs O\f,'vé}!% MisEEE iSntAKe PV ol kS Frestignoppixture is then
5Test jaidaink8 AP ALMp&aGRIVIMOD tethraubeec! ave

15 The resultant reaction mass is then cooled to temperature of 100 °C, when
nitrogen gas is purged into the resultant reaction mass, to drive out the hydrogen
sulphide present therein. The resulting polyisobutylene phosphorous sulphur
compound, which is the additive compound A of the present invention, is used as
a high temperature naphthenic acid corrosion inhibitor. This compound is ﬁsed

20  neat or diluted in appropriate solvent such as xylene, toluene, and aromatic
solvent as any other appropriate solvent to achieve inhibition of high temperature

naphthenic acid corrosion.

Method of synthesis of additive compound B

25  The present invention is not specially concerned with the manner of thiophosphate
and thiophosphite ester preparation. Thiophosphate ester compounds are readily
prepared as the reaction product, for example, of phosphorous pentasulphide
(P,S5) and an alcohol and / or thio in a suitable solvent.
N — octanol is charged into a clean four — necked — flask, which is equipped with

30 stirrer, nitrogen gas inlet and condenser. Appropriate amount of phosphorous

15



3. Prewei ghed weight - |oss carbon steel coupons CS
1010 with dinensions 76mm ..tines 13mm .. tinmes 1.6

ram 4. Means to rotate the coupon, to
provi de a peripheral velocity in excess of 3 10m/
segonokosdBterial : 1. Paraffin hydrocarbon oil pCDinodsB00586

- Distilled residue) wth naphthenic acid added to
provi de an acid neutralization nunber of approximately
2ng /KO11. 152. Nitrogen gas in the vapour space. Two

pre - meighed meight - loss carbon steel coupons wer e
clanped to th ans of the a oclave
dynampen%%& @%ﬂ S5 iDggkrar hpoeRs Fig i\l octanol

t he te&P;sstléﬁ&et@@éhppn% M\ﬂrﬁftérerﬂf@mg@ae ERpESIrOlol 85%@ %0 135°C, the
rinsed away, 20 excess corrosion product was renoved

from tthe gatispapeo srolveuifinne Hhe thedersHAs Mre it Aeied to 115 °C

vei ghed&pe L %e%@ﬁ QShAHamdd & MR SentRt bt #8800 RS td hurs. The
| year. The results of these dynam c tests are

pr esentreplc iscopighlaad Glterph dhrepshainiesdy Stueiprondilter. Héne filtered sample
dynam1scthgr?§éatéart9%§€@¥oel ﬁﬁﬁy@f Hh &%&gf noy purged 5& 3 to 7 hours.

Take 400 gns of paraff ocar
(di st iTlhk ecbultgicdungpuindhis2be hddianet @oipaved B2 of the pregent Addntion.

deSI r g‘ﬂ %gﬁﬁgg cﬁtnpo@ﬁlf o '2%:39%%%1 VR %ﬂﬁpe%g %xa%gpr{i‘ﬂe’%c acid

coupons
aut oclcaxvte:;oramdh1$>etont Hée taddipes abmpcemti c(Al;’EOKQ) 15WD50 tested for its
28}@9/ Og%?e%ggq/nla%%tggr%é%ggs(?)grogign %r}hab tﬁl%n Ai Frna léc?lcp %f gyn%%sis of
pur gi agdi(iiddallpong) Baidexafaired iff Bwnipiedit es furt her '
increase the rpmof stirrer speed to 1000 rpm 5.
I ncrease tenperature of heating to 160C and stop
nitr ogmh@;&&fspuﬂgiu@gfa&ﬁnvd\&mroahae the tenperature t 0

290Ca t he auto | ave at tenperature 90C fo
2 hou:}g eﬁ%gvep%fg%qqya I%sttliaﬁgsrred to tlTe aLLQﬁA%Vrc g eethylene omdc is

t eppenadedae 1@ HOREL till th8prefRNN tQIRAGE BémARcRGEnt, thereby
t he naphthenlc acid for achleV|n% acid val ue of TAN

2.0 mydiRere pe hetheaghidneoldes 6hyignsogde ginth frctngs grixture.

val ue m@ adi@33i0e W/ KOhal pRodust is f25t19r§/ wrpl@ft@}rhdidmhloe@thy;enc
2 to m of naPhthenic acid f N neasurenent. 10

c oseoﬂ% BefPENEVBDEWE is marfaintd gt PRY ByST & S Ago 7 hours. The
t e”pe'hﬁFoléEI?gzIst 1%99 &%Q@Ifor $irinkr § 267 fhud &Urﬁlo@&t THOQRufifY Bample,

for hour s he reactor to
20 that is, addmve compound C2 is filtered and tested for 1ts efﬁcxency in naphthenic

acid corrosion inhibition. The efficiency of the combination additive compound
(A + C2) is also tested. The method of synthesis of additive compound C2 is

illustrated in Example 4.

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

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

16



12. Renove the coupon and clean it initially with
toluene / hexane and finally with acetone. 13. Dry the
coupon for 5 mnutes at 120C and keep it in the

desi cat or.

14. Weigh the coupon 2015. Cal cul ate the

n&phidodeases aci d corrosion inhibition efficiemy/iNigGs 000586
The results of the dynamic teSts are presented at the
Experi nent Nunbers 18 to 22 in Table 5. WO

2009/ 063496PCT/ | N2008/ 000586 TABLE 1 Experi nent Sr.

I nhi bi tor

Dosage in ppm Wight |oss in ng Corrosion

Rat e MPY .Caorrosion Inhibitors Efficiency in No %

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

10

15

20

25

and such other processing units.

These method steps are explained below:

a)

b)

N\
C)

d)

heating the hydrocarbon containing naphthenic acid to vaporize a portion
of the hydrocarbon:

allowing the hydrocarbon vapors to rise in a distillation column;

g a portion of the hydrocarbon vapours passing through the

e

condensii
distillation column to produce a distillate;

adding to the distillate, from 5 to 2000 ppm of a combination (A) +(B)
additive compound [(or a combination of (A) + (C)] additive compound of
instant invention;

allowing the distillate containing combination (A) + (B) additive
compound [or a combination of (A) + (C) additive compound] to contact
substantially the entire metal surfaces of the distillation unit to form
protective film on such surface, whereby such surface is inhibited against

corrosion.

It 1s advantageous to treat distillation column, trays, pumparound piping and

related equipment to prevent naphthenic acid corrosion, when condensed vapours

from distilled hydrocarbon fluids contact metallic equipment at temperatures

greater than 200 'C, and preferably greater than 400 "C. The combination (A) +

(B) additive compound or the combination (A) + (C) compound additive is

generally added to the condensed distillate and the condensed distillate is allowed

to contact the metallic surfaces of the distillation column, packing, trays, pump

around piping and related equipment as the condensed distillate passes down the

column and into the distillation vessel. The distillate may also be collected as

product. The corrosion inhibitors of the instant invention remain in the resultant

collected product.

17



Only nmetal 89.5 447.95 - Blank (No inhibitor

Conpound) 50%act i veConpoundof 200 63.3 316. 82

29.77 Exanple 1, (Polyisobutylenc, Phosphorus penta

sul phi de and sul phur powder) and50% sol vent

WO 2009/063496 PCT/IN2008/000586

10

15

20

25

30

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

equipments.

The method of making and using the polyisobutylene phosphorous sulphur
compound that is, additive compound A of the present invention for achicving
inhibition of high temperature naphthenic acid corrosion is explained below with

the help of examples | and 5.

Discussion about Unexpected Surprising Synergistic Technical Effects of
very High KEfficiency in Naphthenic Acid Corrosion Inhibition by use of
Additive Compound of present invention.

The method of using the additive compound of the present invention, that is, the
thiophosphate esters and derivatives thereof, in combination with the
polyisobutylene phosphorous sulphur compound of the present invention, for
achieving inhibition of high temperature naphthenic acid corrosion is explained

below with the help of examples 1 to 6.

The detailed discussion given below with respect to the results presented in Table
1to 5 for experiments described in Examples 1 to 6 explains the effectiveness of
the additive compound of present invention in high temperature, naphthenic acid

corrosion inhibition or sulphur corrosion inhibition.

B2 represents a form of additive compound B obtained under particular operating

conditions of synthesis.
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Cl1, C2 represents different forms of additive compound C obtained under

different operating conditions of synthesis.

Referring to Table 1 where molar ratio of HRPIB to phosphorous pentasulphide
was 1:1, it is observed that, in the static test, as the effective dosage of additive
compound A of the present invention was increased from 200 ppm to 400 ppm,
the corrosion inhibition efficiency, as calculated by formula given in Example 5 2,

increased from 55.7529 % to 99.6783 %.

Referring to Table 2, it is observed that, the compound CI of the present
invention, when used in isolation, in two separate total dosages of 150 ppm and
180 ppm (wherein 50% was active dosage), the corrosion inhibition efficiency
increased respectively from above 55% to above 76 %. When compound C1 was
used in combination with compound ‘A in two separate total dosages of 300 ppm
and 360 ppm (with ratio of A . Clas1: 1, and when each of dosages of A and Cl1,
was 50% active), the corrosion inhibition efficiency increased from above 90 % to

above 99 % .

Referring to Table 3, it is observed that, the compound C2 of. the present
invention, when used in isolation, in total dosage of 90 ppm (wherein 50 % was
active dosage), the corrosion inhibition efficiency was above 60 %. When the
compound C 2 was used in combination with compound A in five separate total
dosages ranging between 200 ppm and 400 ppm, (with ratio of A: C2 varying
from 1.22: 1 to 3. 44: 1 and when each of.dosages of A and C2 was 50 % active),
the corrosion inhibition efficiency which ranged between above 85 % and

above 98 %.

Referring to Table 4, it is observed that, the compound B2 of the present
invention, when used in isolation, in two separate total dosages of 90 ppm and 180
ppm (wherein 50 % was active dosage), the corrosion inhibition-efficiency was

above 49% and above 75 % respectively. When the compound B2 was used in
19
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combination with compound A in total dosage of 400 ppm (with ratio of A: B2 as
3.44: 1, and when each of dosages of A and B2 was 50 % active) the corrosion

inhibition efficiency was above 85%.

Referring to Table 5, in the High Temperature Naphthenic Acid Corrosion
Dynamic Test, it is observed that, the compound A of the present invention, when
used in isolation, in fotal two separate dosages separately of 20 ppm and 50 ppm
(wherein 50% was ac\tive dosage), the corrosion inhibition efficiency was above
19% and 54% respectively. When the compound C2 was used in combination
with compound A, in three separate total dosages from 40 ppm to 90 ppm, (with
ratio of A : C2 varying from 1 : 1 to 1.25 : 1 and when each of dosages of A and
B2 was 50 % active) the corrosion inhibition efficiency varied between above

77 % and 100 %.

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 compounds used by the inventor, that
is, additive compound (A + B) and additive compound (A+C) are the
POLYMERIC ADDITIVES, which are highly effective in high
temperature corrosion inhibition.

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
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4)

the additive compound of present invention is very effective in high
temperature naphthenic corrosion inhibition or high temperature sulphur
corrosion.

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 hi
Wi i

Y Y Lgl

o
]
e

tendency to decompose, even at lower temperatures, to form phosphoric
acids, which travel further along the hydrocarbon stream and react with
metal surfaces of equipments such 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.

The distinguishing features between US Patent No. 5552085 and the
present invention are described below. Referring to the results of
experiments given in Table 1 (examples 5 and 6) of US Patent No
5552085, and comparing the results of NTPE and NNTPE, it is seen that
there is no effect of neutralization at dosage of 500 ppm and TAN of 4.5
mg/KOH, as the corrosion inhibition rates are same. Further, comparing
results of example 3 and 4, given in the same Table 1, it is seen that
corrosion inhibition rate decreases when neutralized or treated
thiophosphoric acid compounds are used. These data will teach away from
use of neutralizing or treating thiophosphoric acid compounds, when they
are used for corrosion inhibition. The present invention teaches that
reacting thiophosphoric acid compound with ethylene oxide and using the
treated compound for inhibiting corrosion, improvés the efficiency of
corrosion inhibition, when used singularly or in combination with

compound A.
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EXAMPLE 1 »
Synthesis of polymeric organophosphorous sulphur compound - Additive -

compound A

5  The weighed quantities of 68.16 gm of commercially available HRPIB (High
Reactive Polyisobutylene with molecular weight 950 approximately), 30.31 gm of
Phosphorous Pentasuiphide 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

10 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 .hydrogen sulphide gas,
which was generated during the reaction. The temperature of the reaction mixture
15 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
20  purged into it, to drive out the hydrogen sulphide gas present therein. The
resulting polyisobutylene 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
25  achieve 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

30 normal polyisobutylene instead of HRPIB.
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The resulting polyisobutylene 'phosphorous sulphur compound was tested for its
napthenic acid corrosion inhibition efficiency. The testing method is presented in
Example 5. The results are .presented in Table 1 at Experiment

Numbers 2, 3 and 4.

3
,-

anmdbhhnesin ans A Annwwnaines sae iBaldines
idpi ienic alia LUllUblUll inhibition

efficiency testing of additive compound (A + C1) using static test method

10 The clean four — necked — flask was equipped with stirrer, nitrogen gas inlet and
condenser. N - noctanol weighing 400gms was charged in the flask. The
phosphorous pentasulphide weighing 187 gms, was then added to the flask in
installments. The temperature of the flask was then increased to 110 °C. The H,S
gas was seen to be evolved after addition of P,Ss. After one hour, the reaction

15 mixture in the flask was heated to 140°C and the flask was maintained at that
temperature for one hour. The acid value of the reaction mixture was about 125
mg/KOH. The reaction mixture that is compound B1 was then transferred to the
autoclave, and ethylene oxide was added till the pressure remained constant,
thereby indicating no further absorption of the ethylene oxide by the reaction

20  mixture. The system was then purged with nitrogen gas to remove the excess of
ethylene oxide. The acid value of the final product was about 25 mg/KOH. The
resulting compound of example 2 that is compound C1 was tested for its
naphthenic acid corrosion efficiency. The efficiency of combination compound
(A + Cl1) was also tested. All of these results are presented in Table 2 at

25  Experiment Numbers 5, 6, 7 and 8. .
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EXAMPLE 3
Synthesis of additive compound B2 and naphthenic acid corrosion inhibition

efficiency testing of additive compound (A + B2) using static test method

The clean four — necked — flask was equipped with stirrer, nitrogen gas inlet and
condenser. N- noctanol weighing 400gms was charged in the flask. Phosphorous
pentasulphide weighing 187 gms, was then added to the flask in instaiiments. The
temperature of the flask was then incréased to 110 °C. The H,S gas was seen to be
evolved after addition of P,S;5. After one hour, the reaction mixture in the flask
was heated to 140 °C and the flask was maintained at that temperature for one
hour. The sample was cooled and filtered through 5 micron filter. The sample was
heated to 90°C. The nitrogen gas was purged for 5 hours. The resulting sample,
that is compound B2 was analyzed for its acid value, which was found to be
between 110 to 130 rﬁg /KOH. The compound B2 was tested for its naphthenic
acid corrosion efficiency. The efficiency of the combination- compound (A + B2)
was also tested. The testing method is presented in Example 5. The results are -

presented in Table 4 at Experiment numbers 15, 16 and 17.

EXAMPLE 4

Synthesis of additive compound C2 and naphthenic acid corrosion inhibition
efficiency testing of additive compound (A + C2) using static test method

This resulting reaction mixture of Example 3, that is, Compound B2, was then
transferred to the autoclave, and ethylene oxide was added at 30°C till the
pressure remained constant, thereby indicating no further absorption of the
ethylene oxide by the reaction mixture. The acid value of the final product was
about 25 mg/KOH. After addition of ethylene oxide, the reaction mixture was
maintained at 60°C for 5 hours. The nitrogen gas was then purged for further
Shours duration. The sample, that is, compound C2, was filtered and tested for its

efficiency in naphthenic acid corrosion inhibition. The efficiency of combination
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compound (A +C2) was also tested. The testing method is presented in Example

5. The results are presented in Table 3 at Experiment Numbers 9 to 14.

EXAMPLE 5
High Temperature Naphthenic Acid Corrosion Test (STATIC TEST)

o AamAmAacTt o

0/ + .
50 % formul i€ COmpositioin

v

t f o
unts of a

s example, varicus amounts o
prepared in accordance, with Example 1, and invention — compounds prepared in
accordance with Examples 2 to 4 were tested for corrosion inhibition efficiency
on steel coupons in hot oil containing naphthenic acid. A weight loss coupon,
immersion test was used to evaluate the invention compound for its effectiveness
in inhibition of naphthenic acid corrosion at 290°C temperature. Different dosages

of compounds were used, as 50% active solution, as shown in Tables 1 to 4.

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

provided a blank test reading.

The reaction apparatus consisted of a one — litre four necked round bottom flask
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 /
minute and the temperéture was raised to 100°C, which temperature was
maintained for 30 minutes. A compound of example 1 comprising
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 mixture
was raised to 290°C. A pre — weighed weight — loss carbon steel coupon CS 1010

with dimensions 76mm... times 13mm... times 1.6 mm was immersed. After

- maintaining this condition for lhour to 1.5 hours, 31 gm of naphthenic acid

(commercial grade with acid value of 230 mg /KOH) was added to the reaction

25



200 13.2 66.07 85.25 13 230 120 1.92:1 2.33:1 350 6.4
32.03 92.85 14 23 280 120 150 400 2.6 13.01 97.10

WO 2009/063496 PCT/IN2008/000586

mixture. A sample of one gm weight of reaction mixture was collected for
determination of acid value, which was found to be approximately 11.7 mg/KOH.
This condition was maintained for four hours. After this procedure, the metal
coupon was removed, excess oil was rinsed away, the excess corrosion pfoduct
5 was removed from the metal surface. Then the metal coupon was weighed and the

corrosion rate was calculated in mils per year.

Similar method was used for testing the efficiency of naphthenic acid corrosion
inhibition of other compounds. The results are presented in Table 1 to 4.

10
Calculation of Corrosion Inhibition Efficiency.
The method used in calculating Corrosion Inhibition Efficiency is given below. In
this calculation, corrosion inhibition efficiency provided by additive compound is
calculated by comparing weight loss due to additive with weight loss of blank

15 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)

20 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 in2) x (Time of test in hours)

EXAMPLE 6 _
25  High Temperature Naphthenic Acid Corrosion Dynamic Test:

The dynamic testing was carried out by using rotating means provided in the
‘temperature - controlled autoclave and was carried out by using passivated steel
coupons. A dynamic test on steel coupon was conducted without using any

30  additive o passivation. This test provided a blank test reading.
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A weight-loss coupon immersion dynamic test was used to evaluate the additive
compounds A and (A + C2) for 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:

2. Temperature controlled autoclave

T
Y. -

3. Preweighed weight — loss carbon steei coupons CS 1010 with dimensions
76mm...times 13mm... times 1.6 mm.
4. Means to rotate the coupon, to provide a peripheral velocity in excess of 3
m/ éecond.
Material:
1. Paraffin hydrocarbon oil (D — 130 — Distilled residue) with naphthenic
acid added to provide an acid neutralization number of approximately 2mg
/ KOH.

2. Nitrogen gas in the vapour space.

Two pre — weighed weight — loss carbon steel coupons, were clamped to the -
rotating means of the autoclave. 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 coupons. The coupons
were then weighed and the corrosion rate was calculated as mils / year. The
results of these dynamic tests are presented in Table 5. The detailed steps of the
dynamic test procedure are given below:

1. Take 400 gms of paraffin hydrocarbon oil D — 130 (distilled residue) in

the autoclave.
2. Add desired dosage of invention additive compound and mix well.
3. Mount the pre - weighed coupons in the autoclave, and set the

temperature to 120°C.

27



Tot al

. Dosage in ppm Wight loss in ng. Corrosion Rate
MPY Corrosion Inhibitor Efficiency in % 200 200
63.3 316.82 29.27 300 300 39.6 198.20 35.75 4 400

WO 2009/063496 PCT/IN2008/000586

10

15

20

10.

1.
12.

13.
14.
15.
16.

Start heating and keep the stirring at 500 rpm with continous nitrogen gas
purging (bubbling) and after few minutes further increase the rpm of
stirrer speed to 1000 rpm.

Increase temperature of heating to 160°C and stop nitrogen gas purging,
Now raise the temperature to 290°Cand let the autoclave run at
temperature 290°C for 2 hours (the passivation time).

Lower the temperature to 100°C.

Open the reactor and add the naphthenic acid for achieving acid value of
TAN 2.0 mg /KOH (the naphthenic acid is 3.35 gm with acid value of
237 mg/KOH).

Stir the sample and collect 2 to 3 ml of naphthenic acid for TAN
measurement.

Close the autoclave and start heating by raising temperature to 290°C and
stir the mixture at 1000 rpm, for 4 hours.

Cool the reactor to 100°C.

Remove the coupon and clean it initially with toluene / hexane and finally -
with acetone.

Dry the coupon for 5 minutes at 120°C and keep it in the desicator.

Weigh the coupon

Calculate the naphthenic acid corrosion inhibition efficiency.

The results of the dynamic tests are presented at the Experiment Numbers

18 10 22 in Table 5.
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TABLE 1

Experi | Inhibitor Dosage Weight Corrosion | Corrosion
ment in loss Rate MPY | Inhibitors
Sr. ppm in mg Efficiency in
No. %
| Only metal - 89.5 447.95 -

Blank (No inhibitor Compound)

50% active Compound of | 200 63.3 316.82 29.27

Example 1, (Polyisobutylene,
2 Phosphorus penta sulphide and

sulphur  powder) and 50%

solvent
3 Compound as per experiment 300 39.6 198.20 55.75

No. 2

Compound as per experiment 400 15.2 76.08 83.02
4 No. 2

TABLE 2
Exper | Compound | Compound Corrosion
iment | (A) dosage | (C1 )dosage . Total Weight | Corrosion "
Sr. in ppm in ppm Rat|9 C Dosage loss in | Rate an;;.‘b.'tor
No. | (50% was|(50 % was| ™ D linpom | me. MPY Heieney
active) active)

2 200 - - 200 63.3 316.82 29.27
3 300 - - 300 39.6 198.20 55.75
4 400 - - 400 152 76.08 83.02
5 - 150 150 39.6 198.20 55.75
6 - 180 - 180 21.1 105.61 76.43
7 150 150 1:1 300 8.1 40.54 90.95
8 180 180 1:1] 360 0.2 1.001 99.78
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3.44:1 400 12.7 63.56 85.81 5TABLE 5 Expel -

(C2) Tot al

Dosage in ppm Wi ght

C@@Q@@j/(@gwaate MPY Corrosion | nh i

i ment Sr.
No, Conpound (A) dosage in ppm (50% was active)
Compound (C2)dosage in ppm (SO % was active) Ratio (A

l oss in ng.
Hi

or Effi eeneyosiotosss

% 23 blank nil nil nil
TABLE 3

Exper | Compound | Compound Corrosion

iment | (A) dosage | (C2)dosage . Total Weight | Corrosion I

Sr. No. | in ppm in ppm Rat:_o Dosage loss in | Rate Inhnbintor
(50% was | (50 % was (4):(C2) in ppm mg. MPY Ef?cxency
active) active) in %

2 200 - - 200 63.3 316.82 2927

3 300 - - 300 39.6 198.20 55.75

4 400 - - 400 15.2 76.08 83.02

9 - 90 - 90 35.0 175.18 60.89

10 310 90 3.44:1 400 1.3 6.51 98.55

11 180 120 1.5:1 300 10.1 50.55 88.72

12 110 90 1.22:1 200 13.2 66.07 85.25

13 230 120 1.92:1 350 6.4 32.03 92.85

14 280 120 2.33:1 400 2.6 13.01 97.10

23 - 150 - 150 24.1 120.63 73.07

24 - 180 - 180 10.0 50.05 88.83

TABLE 4

Exper | Compound Compo_und Corrosion

iment | (A) dosage | (B2)dosage . Total Weight | Corrosion .

Sr. No. | in ppm in ppm }me) B2 Dosage loss in | Rate Iélfl;_lb‘ltor
(50% was | (50 % was (A):(B2) in ppm mg. MPY 0 o;ocrency
active) active)

2 200 - - 200 63.3 316.82 29.27

3 300 - - 300 39.6 198.20 55.75

4 400 - - 400 15.2 76.08 83.02

15 - 90 - 90 45 22523 49.72

16 - 180 - 180 22 110.11 75.42

17 310 90 3.44:1 400 12.7 63.56 85.81

TABLE S

Exper { Compound | Compound Corrosion

iment (A) dosage | (C2)dosage . Total Weight | Corrosion -

Sr. No. | in ppm in ppm RAatl_O 2 Dosage loss in | Rate g‘f};b}mr
(50% was | (50 % was (4):(C2) in ppm mg. MPY 0 c;;:rency
active) active)

23 blank nil nil nil 7.5 37.53 -

18 50 - - 50 6.05 30.28 19.33

19 20 - - 20 3.45 17.27 54.0

20 50 40 1.25:1 90 0 0 100.0

21 30 30 1:1 60 0.7 3.5 90.67

22 20 20 1:1 40 1.7 8.51 77.33
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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 items:

ITEM 1

A novel additive for naphthenic acid corrosion inhibition comprising a chemical
mixiure of corrosion inhibiting amount of an olefin phosphorous sulphur
compound A with corrosion inhibiting amount of any one of thiophosphorous
sulphur compounds such as compound B and compound C, wherein said olefin
phosphorous sulphur compound A is produced by reacting said olefin with
phosphorous pentasulphide in presence of catalytic amount of sulphur, capably
forming a reaction mixture, with molar ratio of said olefin to said phosphorous

pentasulphide being between 1:0.05 to 1:1.5, preferably being 1:1;

and wherein said compound B is a thiophosphorous compound such as

~ phosphorous thioacid ester of the formula 1

Formula 1
X
Il
|
RoX

wherein X is independently either sulphur or oxygen and at least one X is sulphur
and wherein Ry and R; are hydrogen or hydrocarbyl having 5 to 18 carbon atoms
and includes mono -, di -, mixtures thereof;,

wherein said compound C of the formula 2 is obtained by reacting said compound
B with an oxide selected from the group consisting of ethylene oxide, propylene
oxide and butylene oxide and wherein the formula 2 comprises resulting
compound C obtained after reaction of said compound B with said ethylene oxide,

and includes mono - , di -, mixtures thereof;;

X
I
R;X— P— X— (CH,—CH, —0), —H
|
R,X

Formula 2

n=1to10
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ITEM 2
A novel additive as described in item 1, wherein said olefin is polyisobutylene,

which is either high reactive or normal.

ITEM 3

A novel additive, as described in item | and 2, wherein said olefin Phosphorus

PO S P

sulphur compound is airived at, by stirring and heating said reaction mixture of

item 1, to 160°C under nitrogen gas purging, maintaining said reaction mixture
between about 160°C to about 180°C for a period of about 1 hour to about 2
hours, raising temperature of said reaction mixture to from about 185°C to about
250°C, preferably from about 190°C to about 230°C, more preferably from about
210°C to about 225°C and maintaining said reaction mixture with raised
temperature for about 1 to about 24 hours, preferably for about 6 to about 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.

ITEM 4
A novel additive according to any one of the preceding items wherein said olefin

has between 10 and 1000 carbon atoms.

ITEMS
A novel additive according to any one of the preceding items wherein said olefin

has a molecular weight of from 200 to 10,000.
ITEM 6

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

has a molecular weight of about 950 to about 1300.
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of the present invention, it will be apparent to a
person skilled in the art that the present invention
basically conprises the followwng itenms: 5 ITEM1 A
nwoebosagdbd i ve for napht henic acid corrosi on pCT/IN2008/000586
i nhibition conprising a chem cal m xture of corrosion

i nhi biting amount of an ol efi n phosphorous sul phur
conpound A with corrosion inhibiting amount of any one
of thiophosphorous sul phur conpounds such as conpound

B an ound C, wherein said olefin 10 phosphorous

sul phur "conpound A is produced by reacting said olefin
Wi t h pmosg hddidus apelnioabtd irpilférﬁie, Wﬂer@xh&ﬁ@ﬂﬁ@n@%f said mixture of

catalytic a of s hur pa |y form ng

r eacts?ééjn meF?fpé‘ an\%s? ﬁH’ng?“ g‘ Phoél}ﬂ b %ﬁdé‘f foherpge oil for
sai d lpgto splperaais nBﬁﬂI]@Sth@Jil |cdﬁ‘o§i’@d RYiHRehVRERork: a@o&ﬁ] bBm 1o
1: 1.5, E‘rsgfﬁer abl yﬁ(lb and wherein said

conpdirAtf BOF BP, Rrie ?B¥6u§P@6ﬁﬂ6WhﬁX§ﬁ@h as
15phosphor ous thloaC|d ester of the fornmula 1 Fornul a

1 XRX- P - XHR2X 20wherein X is independently
ei t hdF ¥ Bphur or oxygen and at |east one X is sul phur

and wgsRi RddiveaRddcbdibed ﬁltg}{d]r %&@m%e YALPEAH p&ﬁlxp&und A to

having 5 to 18 carbon atons and | ncludes nono -

-, misgidgPepowrddy. dyfweighhds Bpm abaitd : cormpoudd! .C of the
figrmula 2 is obtained by reacting said compound B with
an oxi de selected fromthe group consisting of

et hy 1@k 8xi de, propyl ene 25 oxide and butylene oxi de

and wh h r C sultin
2 ATES IS, SR SRIRY) SRE SR P PATPRUT o
et hylsedeompbwe, A and said ccbmdemdr(&rmhxeh shodld be, adﬂkd(toLHr@@e oil for
gg%i(ﬂ%’ fgmfp?r%g}{%gap%th%ln?é- ac% cg<r_ros§0c1:111:1r'1 1bmon 18 fo gm about I ppm to

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

ITEM 10
A novel additive, as described in item 9 wherein the ratio of said compound A to
said compound C, by weight, is from about 1:1 to about 4: 1.
20
ITEM 11
A process for naphthenic acid corrosion inhibition and / or sulphur corrosion
inhibition of metallic surfaces of any of the hydrocarbon_ processing units, with
said processing units comprising distillation columns, strippers, trays, pump
25 around piping and related equipments, using inhibitor combination compound
such as, any mixture from two mixtures, such as, a mixture of two compounds A
and B of items 1, 2, 7 and 8, or a mixture of two compounds A and C of items 1,
2,9 and 10, comprising the steps of:
a. heating the hydrocarbon containing naphthenic acid and / or sulphur

30 compounds, to vapourize a portion of said hydrocarbon;
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I TEM 2 A novel additive as described in item]1,

wherein said olefin is polyisobutylene, which is

either high reactive or normal. 5 I TEM 3 A novel
additive, as described in item1 and 2, wherein said
oweh®hwsphor us sul phur conpound i s anl ved a¢T/N2y08/000586
stifling and heating said reaction mxture of item1,

to 160C under nitrogen gas purging, naintaining said
reacti on m xture between about 160C to about 180C for

a period of about 1 hour to about 2 10 hours, raising
tenperature of ai.d reactio froma out

185C to abduf %%Bstjflg 8y ‘ﬂtlhg}] (]Irr%cr%eba MWoGPourdFessiy through said
about 230C, hpdrecqnhsceaf;eb@béuyg a‘uﬁtom abidt a 2dikiented danititt;

225 a0 Mol DAL SR B IS AR Bl

for about 6 b4d aputariéh pro@sdisg mﬁmldon@;tém d [8adilct, Gdm about
mass to 100C and p nitrogen gas into reaction

15Vessel to éIrPPK}‘e‘OO”‘[]?”ttS ’rpéﬁfé‘ﬁ Yurmebat garm to 300 ppm of

t her eby resukdid Rchikifth QomBindtionCMRREAL 5RR- as] ;—rgMnf}(ture from two
A novel additive according to any one of the preceding

't ens whor ei RS Bt HIOBRES- BECHOETIEDNgnd 22080 s 1

carbon atonsy, 1 HaMB ofs 0¥ uRIHHd (Y&n}ﬁfﬁﬁ@srg'aﬂgd(qlt@m(l 2,9
one of the preceding itenms wherein said ol efin has a

mol ecul ar wefht0: gtherainpratiode veight of 600 B s T eboat hol il about
aggli tive acc@rldédagatﬁcpoﬂ&]}’o @'fbefro% l;ol&?l @rt(?ﬁ ?gl | tens

wherein said olefin has a nol ecu ar wei dbout
950 to aboltall®0de shiFEMoTdeassovéiktilkatkdi pwr\I@mnas said inhibitor

described in d dlgﬁglx]on c g&%’d%us & ng}p}ﬁrutur% fro (%r?bv %xturﬁs such

m xture of sal oun oun
shoul d be addgedad mlmuuadcé tob Icorhmunlda; g.rarildeBrpfanmm €, 7 and 8, or

napht henic a Cg 1.0 onlnhlbltlon oma t %
ppmto 5abou% Hb%me Omtwﬁrcé)fng nk()jfy ?r}dorbn ablcﬁrjnts 11 grﬁn &0, 0
about 300 ppmntdcﬂ'kﬁldixllme&llk nofaeds (ﬁdﬁiidthy‘dmcaann qiﬁﬁesrsin@eﬂu to
initem?7, relnthera oofs conp e%
sai d conpoun rr% RO Ght I i°8 ﬁ\"&ﬁ%t%f yt‘?f’cgbs&f ce is
4: 1. 10 | TEMh®itA ﬁgﬁ%&ic@@@xbhla\{xe as described in item
I, wherein t amount, of sai ture of said co
A and sai § ¢ ﬁ’b"'é’ﬂﬁw&a‘é CWFWQSCH% s He refidede t8id gﬁl’fgécarbon
oi | for highpbedipas abiloe td RIS 6 s@aipthdaed r osi on
|nh| bition, is from about 1 ppmto
Although the invention has been described with reference to certain preferred
embodiments, the invention is not meant to be limited to those preferred
embodiments. Alterations to the preferred embodiments described are possible
without departing from the spirit of the invention. However, the process and
25  composition described above are intended to be illustrative only, and the novel
characteristics of the invention may be incorporated in other forms without

departing from the scope of the invention.
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15about 5000 ppm preferably from about 1 ppmto about
300 ppm |ITEM 10 A novel additive, as described in
item9 wherein the ratio of said conmpound A to said
compound C, by weight, is fromabout 1:1 to about 4:
1. 20 ITEMII A process for naphthenic acid corrosion
i nhibition and / or sul phur corrosion inhibition of
netallic surfaces of any of the hydrocarbon,
processing units, with said processing units
compxiMsng distillation colums, strippers trays,

pu 25 ar ng rel at si ng .
Pt b tbmougiibte b Hfglaawoac or” %lﬁ?%@?ﬂ@gsmg a
fromt af oft mlw

A and Egggﬁ%%gﬁgﬁﬁ?ﬁq%Bog%ngﬁg?%géag%ﬁ1iiffe of MDBM§OUS
conpoursdiphar anchpumt A tvethe cdrrosor irdbiting  amwmp of sinpigone of
t he Stﬁﬁs ﬁf: Ioh a. hegtinﬂ t he h dnp§argon d
cont ai rH' 08 $FRBATOME AHEPUCSORRERGT ST 2 &P’ﬁ‘ﬂé‘ﬂ“ and compoun
30conmpaungifereih GarieRefh iphBsphoRAk tsilpRuPEorfgduild A is produced by
hydrocarbon b condensing a portion of the
hydrocéﬁ%@ﬁgvﬁb@uﬂgﬁnpﬁ§b|ﬂ@EPMﬁ@WUhwgﬁﬂdmﬁ9@ﬂ®cﬁﬁﬂﬁwe of
processj n il

addi ng cta écli&lglll stt ?’f?@?@%’ b ag)?ye%grg}siggcong&mn gﬁﬁure with

di sti | Iragler lrstus edfusdi@dolefin Sti aiblyshospldarban pehitaaaplEie teing
unit or collected as a product, fromabout 5 1 ppmto

about SEOVEHIY- %F‘éférSalﬁr%fel’ﬁb]drheH’fgolul» | ppmto 300 ppm
of sai anil Q\mepéutl Qhig® (ﬂﬁh'l@q %%HQQ)&%%Q 831%’ fsuch as
m xturé fromfwo i vtiTwe such sai'd trarin

t wo cophmphdmu&tlamtld&stafoﬁth@mmla 2, 7 and 8, or said
m xture of two compounds A and C of itenms 1, 2, 9 and
10, wherein ratio by weight of A to B Fenfulmin about 1
;1 to about 104: 1 and ratio of XAto Cis from about
1:1 to about 4: 1; d. allow ng dai d condensed
distillate containing sai dRiXhi B toKHconbi nati on
compound such as, any mixture fldomtwo m xtures, such
as, said mxture of two conpouRdX A and B of itens 1,
2, 7 and 8, or said mxture of two conmpounds A and C
of itenms 1, 2, 9 and 10, to 15 contact said netallic

sur f ac&dersin Xais dndepdndandlyritheprudhes oF ayygeniand at feastone X is
:uﬂ gi; g&'p ur; zﬁxﬁl: vlg)llgc]trglg R:{Saléllg l’a!l;ef %Fde 5 VrWoerrhyﬁ%gar%yphaving 5to 18
al | owl RerbsAb@n&OREEMSRAesindhs || AL emixdureethéidofit 0 sai d
hydr ocarbon processing unit, or to be col | ected as
sai d préeirse saidcomponadgh of Hee fqmélr@t ? % obfained dwreacting said
descri refe
erbodi *8&%@%&4‘% v&%h £I§55glﬁe ‘s&e&@& h’a{nnthe ﬁ?&&{) Joglgls 11?%_[%) eetgylene
t o t hoseider 9f®lyreﬁd cﬁ;ﬁ&mdndlr&mtﬁene%)tlée aintl omiser¢ia thbeformula 2
preferred enbodi nents descri bed ar& gossib]ep&%égout
depar t CAGPHSFEPHISsRpqungC phfained g R fepilon &pmpound
the pr 0 bed - ahQ¥fedhEreof:
|ntendgﬁ$?%s H@ﬂpﬁ%gﬁggﬁlégf%ﬁﬁﬁ. gbthe nové?e T
characteristics of the invention nay be i ncorqouiaZd
in other forms w thoutyxdeparting fromthe scope of the
i nvention. 30 I
R]X— P—X — (CHz"‘ CHZ _‘O)n_
|
RyX
n=1to 10
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CLAIMS |. A novel additive for naphthenic acid

corrosion inhibition conprising a chem cal m xture of
corrosion inhibiting anmount of an ol efin phosphorous

sul phur conpound A with corrosion inhibiting amount of
any one of 5 thiophosphorous sul phur conpounds such as
conpound B and conpound C, wherein said olefin
phosphor ous sul phur conpound A is produced by reacting
said olefin with phosphorous pentasul phide in presence
of oat ahyhbeelan@difive ofs SliBbUrin @amfb ly \legarrar}m ?gia olefin is
reaction,m r.e i 0 of sai efinto

sai d pﬂ%gﬁﬁg?%ﬂgﬁ% g&ﬁﬁﬁﬁ?éggb Fﬁa@f5@8?3§9n 1: 0. 05

to 1:1.5, preferably being 1:1; and wherein said

conpoun h rau : :
phg.gpho‘gorg)sv% 1tS ﬁ%ggé gf'ﬁeésit§ lgdr13 go? aﬁlﬁpgg n§ l‘4&1!'(;—1o@gﬁ}rﬁ]}SObutylene
X 15RI XPhosphory{syplxur compoyhé it prived jag anﬂ@a@& gachppafing said

ei t her &H&tﬁ)lﬁuh&tﬁreo6f%'fy1m nel §ASEpHORRIsX péﬁtz&dlpﬁhﬂér and

d wh RI h
ﬁgv.ngﬂéxHﬂwﬂgw%@&dpbe%%EPQ%EHQEEGwﬁh%Fé%gi GRitopiosy s
-, m xtpurgmgt tvaile ofemowhigr eien Hs8i dasc dompoednd d@ind thdreeaction,
;(r)]r gg: 3ma1n't 18 ¢ %dnrgzgctl m&ﬁﬁé 'bntgéve%fril ag01§to 'f@é%{'g) gbo‘M t1§b°C

group consis
et hyl enfor @)geded op ebpit| lelrrmlr <§<x au@t Aribusy rgibias éer@mré@reaqfoﬁald

ggtegleln " gaa{%nf R0 262 IO LS ?§5°Ce§#laﬁduﬂgséml#%§hb  from

after reaction of sai 25B ‘W
or byl ook SHEC rroNhAI G e SoH G Ao Spul R LoD dbout
t her eof 225PQr4id| raidtathifft ¥aid Peacon niiidZe w@h&alséli) tempblfalﬁ’ﬁ& for

30n = | 2 A |
1. wher P! Saicaete i RouSobielrih oy Fef ® Bl © Fouss
ei ther diogihg teactition roassion AEAC arl pukging wekogsd gas ineeaction

as cl ai [ I
b osphoraee 48 g8 R the HIESEh BRI JAG) LieB) WakliElint caid

and headmpsE®nd reaction m xture of pol yi sobutyl ene,
phosphor ous pent asul phi de and sul phur powder, to a

t e'mfer aAlHo%eloefddW é‘;@i%dblﬁ ABfimM , WIRIER s8R 1OME BAdEktween
whi |l e rem)w]g)g)p H2S 'gas forned during the reaction,

mai nt ai H dmﬂﬁﬁé$¥6h m xture between about 160C
to about 180C 10 for a period of about 1 hour to

abo;st ZA?%U;& addjh@l fg LBAREA difitn qu S\g%éréﬁnf @af?&tdlﬁflih has a
m xture roma preferably
from ab®fl C‘iléb@e\ggt%t{a% 359 @ﬁ@(re preferably from
about 210C to about 225C and nalntalnlng said reaction

m Xteur eAWwhdwel ralidgRed LLrpemhad Uneclhiod 1abwkdreih §4d addefitt has a

24 hours. Breferabl ¥r fol UL SutiQogout 10 hours,

7. A novel additive, as claimed in claim 1, wherein the amount of said
mixture of said compound A and said compound B, which should be
added to crude oil for high temperature naphthenic acid corrosion

inhibition, is from about 1 ppm to about 5000 ppm, preferably from about
1 ppm to about 300 ppm.
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15 cooling the reaction mass to 100C and purgi ng
nitrogen gas into reaction vessel to drive out the
hydr ogen sul phi de gas, thereby resulting into said
conposi tion. 4. A novel additive as clainmed in
claim1l1l, wherein said olefin has between 2010 and 1000
carbon atons. 5. A novel additive as clained in claim
1, wherein said olefin has a nol ecul ar wei ght of from
200 to 10,000. 256, A novel additive as clained in

cl agm J noler aiditisai & elaghbd iaslamn M| whetkiar theetgdt odfsaid

R I R N S LR T SRR

of sai d:¢onpound A and sai d conpound B, which should
be 30 added to crude oil for high tenperature

napht heni ¢ _aci d..corrasi.an i,nhi i S fr

rr? to ‘%k%u?l @fgjétbveprﬁshd?)l%fieﬁnaﬁ g}nf P o%lear\ 0 ﬁ %PO%% O} said
about 308tppmf saBl compawndl Aaaldi saldecorrawundl &, n@ldcln rshould be
claim7 e raf i f S
Comoungdﬁf‘%g LRad rkﬁl f@% gt et glg‘g&&é’r%%ﬂﬁfénr‘é ‘aéld @(?rgosmn
1. Bo. ahihisipa is Rt £pars, 1 hen 9 quq%éioqorm&n»afrfﬁﬁe@bly from about
mherequ; uﬁgﬁMpgmpﬁlﬁald m xture of said conpound A
and sai d conmpound C mhlch shoul d be added to crude

oil for high tenperature napht heni.c acid corrosion
i nhi®i th cipvel @dditiye, é’bcﬁh‘tlmfdpﬁlrnc{aéfna%oﬁlﬂers]@o@‘e Ao of said

prefer %gg%oﬁﬁ@m t%bs% AR @bwefgh Mgﬁ:aﬂf%owﬂl% Mout

novel trve erein th
rati o of 1sai d conpound A to said conpound C, by

wei ght, is fromabout 1:1 to about 4: 1. 1511. A
process for naphthenic acid corrosion jnhibiti n and

or &1 PhiFocssy Tofs Mapthems Hicid SAITBFORDRADQR & {lafbsy {pbur
of any Gl didlf i {ﬂg gftf?}ﬁa{)p%talﬂgl x Iﬁ?iﬁ:@%f ULH % tl% tlﬁfd?@dafjoon

processi ng uni conpri si ng ation CO

stri ppprogessingaymitspunth asatlinstogdsging guaitd aoaipalsm@ distillation
equi pnent s, u3|ng i nhi bitor conblgatlon [fo)

sel ect é%luméﬂ?t&'p S EBY V&R Groang opie lﬁr@n%&tgcg egUipmsnts,
compou ﬁgﬁ% Ahlﬁﬂ@or&:o%lﬂneﬁﬁ)‘ndcotrﬂﬁuﬁg PIRERE Froth 3RFk: ﬁQoﬁ{prlsmg a

claim1l onprising the steps of: a. heating t
hydr ocariktore efoatdaive cognpoapds Aemid B e idatved gongrounds A and C

sul phur unds ourize a portion of said

hydr ocgfglélrr{‘?? comﬁnsglg%gﬁﬁ:gﬁgfng a portion of the

hydr ocar bpnhWapRRUiR hPd®shient binessiig 2RgMkittnic acid and / or
hydrocarbon processing unit, to produce a condensed

di stillate; selphackommeunds, savepogrize b pprtoa ofsal dydrosaiban;
Conenset, LSk b A BB s SR o
1 ppmto abgs P0&dchadoh preebssigblvhif r am gbowie b ppmiensed
to distillate;

c. adding to said distillate, before said condensed distillate is returned
to said hydrocarbon processing unit or collected as a product, from
about 1 ppm to about 5000 ppm, preferably from about 1 ppm to
300 ppm of said inhibitor combination compound, wherein ratio by

weight of said compound A to said compound B is from about 1:1
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wherein ratio by wei ght of said conpound A to said
compound B is fromabout 1:1 to about 4:1 and ratio

of said conpound A to said conpound C is from about

1:1 to about 4:1; d. allowi ng said condensed

distillate containing said inhibitor conbination
compound, to contact said nmetallic surfaces of said

Shydr ocar bon processing unit, to forma protective
filmon sai d, $Y5ftas B an e iCYsaRBEMEHMHAE & katd compound C is
i nhi bited against corrosion; and e.” allowing said
condensed difsim bbattd: 1t abettd: by t o sai d hydrocar bon
processing unit, or tp be .coll egt as sai d.product.. . ...
055 A plodoking i shogeRed chlshfings cSalid ALt ignibito
ol efin is pebyibaabivhWospeundihtb cdontast edill ietalic Parfaces of said
reactive or .nqrmal. 13. A process clained in claim .
12, wher ei n RSSFoRaTRR RTREHS PG Wil IRHEPHOPIRSS Pt on said
conpound i s s@ffhded Qﬂleﬁéb,fy cayh sirface isighiditdd heahdt 0gr&irgd and
15 reaction _m xture_ o ol 'sobﬂt | ene, phosphogqgs

pent asul phi dSOWHEE it o0 erﬁ%%‘éﬁh #1519 feBHpEP Aris BY@poarbon
about |60C lfﬁ’&%’ésiigg i@ B2 Fo BASoIRYed1al SaiMpkddRict, €MmoVi ng

the H2S gas forned during the reaction, maintaining

said reaction m xture between about 160C to about 180C
for 12, peplRessOfs AR id chdur 1t WhRMEaid oG 8 polyddoblifiene,
tenperature of said 20 reaction mxture to from about
220C, priasheisgiher Helyraaghwaer oo t o about 230C, nore
preferably from about 210C to about 225C and

mai ntai ning said reaction mxture with raised .

t enp@r at uptecessr axbdaimed i elpivut 1224 WhetAIL, sait epddyiaeiugylene
for abguhefioh BB & arfi0d byt BErifEARd hOfling said
mass to 100C ana pur |q§~n|trogen gas i'nto reaction
vessel reastiosdmixtereo ng pdigiseidyloge nplasbherode reatasulphide and

ther eb)éuﬁ)ﬁtctxu bbi’vﬁ& i[d’]tdoteﬁl%.k}gt&g 'H?%ioh{ 980°C under nitrogen gas
purging while removing the H,S gas formed during the reaction,
maintaining said reaction mixture between about 160°C to about 180°C
for a period of about 1 hour to about 2 hours, raising temperature of said
reaction mixture to from about 220°C, preferably from about 190°C to
about 230°C, more preferably from about 210°C to about 225°C and
maintaining said reaction mixture with raised temperature for about 1 to
about 24 hours, preferably for about 6 to about 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.
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