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present invention relates to the inhibition of netal
corrosion in acidic hot hydrocarbons and nore
particularly to he inhibition of corrosion of iron -
containing netals in hot acidic hydrocarbons,
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|l ed to damage to piping and other associated equi pment

due to naphthenic acid corrosion. These are corrosive

to < [ distill, extract, transport
5angf%LB§2§gﬂgﬁiﬁéﬁﬁﬁggsﬁCEneraIIy speaki ng, napht heni c

acid corrosion occurs when the crude being processed

has a neutralization nunber or total acid nunber
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constituents and sul fur conpounds in crude oils have

been recogni zed for ' ) . .
15 It is widely known in the art that the processing of crude oil and its various

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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many years. Such corrosion is particularly severe in
at nospheric and vacuumdi stillation units at
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Q herfactors that contribute to the corrosivity of
crudes contai ni ng napht heni ¢ acids include the anount
of naphthenic acid present, the concentration of
sul fur compounds, the velocity and turbul ence of the
flow streamin the units, and the location in the unit
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maf®o™5i consists of predoni nantly monocyclic or

bi cyclic carboxylic acids with a boiling range between

350 degree. and 650 degre . The ids tend to

concentrate in the 4@ |02§O§ﬁri ng crude

distillation. Thus, |0eatiens such as the furnace

tubing, transfer lines, fractionating tower internals,

feed and reflux sections of columns, heat exchangers,

tray bottons and condensers are primary sites of
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lubricating oil. When hydrocarbons containing such naphthenic acid contact iron-

containing metals, especially at elevated temperatures, severe corrosion problems
arise. -
20
" Naphthenic acid corrosion has plagued the refining industry for many years. This
corroding material consists of predominantly monocyclic or bicyclic carboxylic
acids with a boiling range between 350.degree. and 650.degree. F. These acids
tend to concentrate in the heavier fractions during crude distillation. Thus,
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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due to thepresence of naphthenic ac in crudes from

| ocations such as China, India, Africa and Europe.

Crude oils are hydrocarbon m xtures which have a range
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physi cal properties. The physical properties of
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acid corrosion is.very tenperature dependent. The
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~corrosion I's between

and 4 400F an
of the oil in terms of moles of acid, or any other of the usual analytical terms for

acid content. Refiners have used TAN as a general guideline for predicting
naphthenic acid ‘corrosion. For example, many refineries blend their crude to a
- TAN=0.5 assuming‘ that at these concentrations naphthenic acid corrosion will not
occur. However, this measure has been unsuccessful in preventing corrosion by

naphthenic acid.

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

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

The concentration and velocity of the acid/oil mixture are also important factors
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i nfl uence naphthenic acid corrosion. This is evidenced
by the appearance of the surfaces affected by
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rosion occurs as a resu

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

25 metal is covered with iron oxide, as there is always enough water or oxygen.

present to produce a thin film on the metal coupons.

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

30  Metal coupons can be inserted into the system. As they are corroded, they lose
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‘known to be aggravated by the elevated temperatures necessary to refine and
crack the oil and by the oil’s acidity which is caused primarily by high levels of

20  naphthenic acid indigenous to the crudes.Naphthenic écids is corrosive between
the range of about 175°C to 420°C. At the higher temperatures the naphthenic
acids are in the vapor phase and at the lower temperatures the corrosion rate is not
serious. The corrosivity of 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

catalytic generation of hydrogen sulfide by thermal decomposition of mercaptans

has been identified as a-cause of sulfidic corrosion.



corroding effects of sulfur and naphthenic acid, an
austenitic stainless steel which contains at | east
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problemis known to be aggravated by the el evated
tenperatures necessary to refine and crack the oil and

by the oil's acidity which is caused primarily by high
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approaches to controlling naphthenic acid corrosion
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gener a I'sadvant ageo they require
adethylene @kackingc sk bthgr dpdrooarban preecbsih@meacabnge asing pegoleum

treatpent. of t rude ojl. Alternatively, various .
baseg?eedstocks. I?ﬂ%pﬁthemc acid corrosion produces a Xharacterls%c grooving of
the metal in contact with the corrosive stream. In contrast, coke deposits generally

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
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

naphthenic acid environments include nitrogen-based filming corrosion inhibitors.

.



am ne and am de based corrosion inhibitors are
comercially avail able, but these are generally
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napht heni ¢ acid corrosi on. Naphthenic acid corrosion
is readily distinguished fromconventional fouling
probl ens such as coki ng and pol ynmer deposition which
can occur in ethylene cracking and ot her hydrocarbon
processing reactions using petrol eum based feedstocks.
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such as 30 16 stainless steels are several tines
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efficaCé and' useful ness, of .any particul ar corrosion
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re uIE, | ar nunber of corrosion inhibitors have .

bel®at @%o&@e%%aﬁa’ 0, QXYgRNgieG aqueous systems does not suggest that it
would show efficacy in a hydrocarbon. Moreover, the mere fact that an inhibitor
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.
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.



for application to various systens dependi ng on the
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therein woul d be effective agai nst naphthenic acid
15 corrosi on under such conditions. Atnospheric and vacuum

gi ﬁt§ lIL ELNO\%” S%%tf")qs to k%si?ﬁ'g ?gstcrlggd ﬁ%gﬂ%?l%gi.p%oﬁﬁf.oﬂls and/or

Fosi 8 procesSsing certalin cr
Cupis@ith donbiscRmhds e tHenEatkin@izénet hieparmilduyn seast fuvieaced to inhibit

use tenperatures In the case of phosphorus-based
i nenksiferpragion 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

8



this is thought to lead to a netal phosphate surface
film The filmis nore resistant to naphthenic acid

W@20080%1201 t han t he base steel. These i nhi bi t OPGT/EY2008/000195
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relatively volatile and exhibit fairly narrow
distillation ranges. They are fed into a col utm above

or below the point of corrosion depending on the
tenperature range. Pol ysulfide inhibitors deconpose

into conplex m xtures of higher and | ower polysulfides
anhhreipesdrppsing etinenisalbtanddf inrpravahting rthapctcamsncemﬁmaphthenic

th olatlllty otection offered is. not .
cicsion Y cigiBiPRnEol s cauBpiapl: Haie a gesociated
Okuisth@. in refineries and the prior art solutions to
hat 'probl em have been described at length in the
Ilterature the follow ng of mhlch are representative:

U 55 B o8 o RSO BB s

Z ogxean@ifoud@it aadigives @tmﬂeufrme@sﬁmmcw mhb Ipho&phbms compounds
formati on on the furnace tube walls. Pat

3, gpplogahategnewss Ard fliwsist phosphate pad @esmtemmﬁmwvmg at
r f
oo alond hydkth EBIROLMTek Wb AR D 0 et on on

t he furnace tube walls. U S Pat. hb 4 024,049 to :

Shel | ses co ounds s t II S . . -
dedc P &\?Oar”ra‘l@ 4;93 AT BT t?fra I%éﬁww acids and
antskd oW BALS useflii Aseacf‘ff {RFsionEniiBiteR! S&fl’lbihﬁi‘ﬁttors can be prepared

materials, materials of this type have not heretofore
behsn ressting asrigior 2,6slinirothiazoles ovith ardialigl nhwﬂpérte sBthile these

th|s ef er t eac
daEaRo Gieois Mg B gt SR SRS Bt BS Coptsblom g friipiion
t hgropérbieg Ghey feviaRé besak tddwinhEuringaaph fenpedre aBpticitionk Rigereof
non-vol atile nature of the ester naterials they do not

di with ppssitle emissioncasjobneriews gnddeeie SUbSICES| umm, "t he
punparound pi pi ng, or furtherA

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
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.

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

aqueous and hydrocarbon solvents).



process steps. | have found that by injecting the

t hi ophosphate esters as taughtherein, surprising
W@edosa2mye i S obtai ned in preventing the occur rBOEN2008/000195

napht henic acid corrosion in distillation colums,

punpar ound pi ping, and associ ated equi pnment. U. S. Pat.

No. 4,105,540 to Weinland descri bes phosphorus.

cont ai ni ng conmpounds as antifoul ant additives in

et hyl ene cracking furnaces. The phosphorus conpounds

enployed are nono- and di-ester phosphate and

Do ORE PRt At i bt ki of etsritis e’ RE9% method for

4, fkﬂﬁelﬁg%Ldmgceinasc@&o@l@ﬁtaaldastt B %@m a%mbaza@bﬁ of a phosphorus
phosphonlc acids and esters as elnghuseful as acid

coatmtfgtill@m ¢ampdvingd cangl. a Silming gﬁnmtqro e Phpspberysr epapagd 1
s DY ERRLTIRERE e ReP L PR L, prapoum. T

phﬁﬁmhgm}ﬁblaﬁnﬁm mnidestlme sompuendyood corrosi on and
inhibition properties, they tend to break down during
hi gh tenperature applications thereof with possible

enbggsfilﬁyﬁ R, APGRUS @R LR X1 Cdl%f&%gadqﬁgﬁﬁhéntlc 'aéxdaéc&rfbsmn
known tha

t phosphorus-containin ounds inpair th
f uinbititoncahpnsing mdsallqdbatr;eék)dphmphﬁtd 0 cdomdanation wydth ani (bp,tlonal
me.“%E in fixed-bed hydrotreaters and hydrocracking
uni{&ON®E-yde oi |l processors are often in a quandary
since'if the phosphite stabilizer is not used, then
iron can accurmul ate i.n the hydrocarbon up to 10 to 20
pm sagndﬁpzmﬁ ggdrvamqq:me@guramygqphomstqqg@ghng naphthenic acid corrosion

horus conta| g reial
v AR Re ey TR dh AR pal N0 4 2000 SHERIET . @sotfsd ha
. ph@@ﬁh EretSisi STOT it BLAL: 16U BYdYdBarbshsSs lﬂﬁbuedhky the presence of a
4,542,253 to Kaplan et al, described an inpro

15 ne@mlqrﬁmh@etmg P of disllaf and/er Frisdkyd @hf)whgﬁ wtheweoptlonal
ﬁ? | §Efurnaces usi ng petrol eum feedst ocks incl uding
ea 10 ppm of a water sol uble mne conpl exed

While the method described in U.S. Pat. No. 4,941,994 provides significant
improvements over the prior art techniques, nevertheless, there is always a desire
20 to 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



phosphat e, phosphite, thiophosphate or thiophosphite
ester conpound, wherein the amne has a partition

w@owBfizedent greater than 1.0 o eguakl: sobubi-l- t RCT/N2A0eH/ (90195

aqueous and hydrocarbon solvents). U S. Pat. No.
4,842,716 to Kaplan et al describes an inproved nethod
for reducing fouling and corrosion at |east 10 ppm of

~a conbi nati on of a phosphorus antifoul ant conpound and

a filmng inhibitor. The phosphorus conpound is a

- phidlsp Haneing precsp suifenatediatphosiphisited phendli apd odfshiive against
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esteg npou d. The filmng inhibitor is an
i RAAPSPICAS T OMSIfd. U S. Pat. No. 4,941,994 Zetneisl

et al discloses a naphthenic acid corrosion inhibitor

conprising a dlalkél or trial kyl phosphite in
cowtsi. gt U vik8R.04A ispred dnabetersmeblaf- nen Jan. s?%ni%ﬁc‘éﬁﬁ?“bes

advanc n [ C
CHPUEF IR D RS DACAAR. B8 QPR VTG Uohpriing
4, D#dd ¥ idtoethel bil i dn bﬁfecﬂivﬁcmaﬁﬂ éthan orgadé polysulfide. The
corrqsion in haot acidic liquid hy drocarbons i s

i rdisslosusriobl)- S Hat PN e s HPe0 ot is dncasporated drsim Ry B ferenge- This is
anpiiffer Qf(a g'O?F%MHOQ%{IﬁﬁbIII & aliktls QJ"&S RIS 44 &hrce of

opt1 onal azo i ne e nmet h d described In
U. &GrroRmh. w&dodetﬂl%o@%ﬂmughlttiesprcmegmsfnoct avell understood, it has

nobieh ErerBied ety Gy sh GEERTL A ompiyg apentig sml

abd,dahwesoat &@ﬁ&@x&l}ﬂﬁl h S dehir&chs W bé @ i@ AUeirasioh Agent.
anount phosphor'us-cont ai ni ng conpounds whi ch- may

|npa|r the functlon of various catalysts used to treat

ol s Tl B P FRREd R PUER DT Ry by e
Stﬂdﬁtldﬂﬂoﬂ@ﬂliﬁilh@hgentﬁﬂﬁﬂﬁ Pro@ppsieaghcdmaihing fhosptonis yslds a.
of naphthenic acid corrosion is the use of a chem ca

aglim commosenod Bethr Fafidese g ephaspates ubis afsguiisan  improved
e%@rf&%gﬁceogs W81 as a decreased phosphorus requirement. This invention

pertains to the deliberate addition of sulfiding agents to the process stream when
phosphorus-based materials are used for corrosion control to accentuate this

interaction.

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 a‘cidvcorrosion. However, their high o1l

“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

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

11



hydr ocarbon processing unit. This barrier or film
prevents corrosive agents fromreaching the netal

wewoBame3ie and i s generally a hydrophobi c mat erp@t/iN2008/000195

GQustavsen et al. NACE Corrosion 89 neeting, paper no.

449, Apr. 17-21, 1989 details the requirenents for a

good filmng agent. U S. Pat. No. 5,252,254 discl oses

one suchfilmform ng agent, sulfonated _

al kyl -substituted phenol, and effective agai nst
na@hﬁtbﬁmbmsa@eﬁomﬂ)ohhs}mlsw bBen Raportddo.fob, ABAgsEY 3of fouling
i ssued to Peters on Jan. 26, 1993 descri bes
andftteation gy ga%$P §H4g§§§%g napht heni ¢ acid corrosion

of crude oil, conprising introducing into the oil an
effective anDunt of an organic pol ysulfide. The

di Sidrosemaneh conBikaneedNo. deselog 2ddit@nalsontivns rﬁyomatg@tlng the

ence, n er .exanp
co??%?“@% fﬁﬁﬁ%??f §S§CkWﬁ?°8%egbggse§§FP]&af &ﬁqggxéﬂwow
S Ok FifMgAharg s M O gh@Tailkdi1aY lof do@bavecrudbofigh dolifces such as
process is not well understood, it has been determ ned

 t hBweropdiGhina gr Adrics and bdia T hepresent ipeensioniaddispses diiy peed.
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agent in small quantities, at sufficiently high
concentrations, it becones a corrosion agent.
PhsyibarafSaboae, therenisanneidf girbvide haconsitgaongbvide effective
corrosion MAthOUL sul] fur, but.the .addition,of

s uhigh GErrpraiyesaphthsnicgdoprosion RiPLQmas SyellAs spipfur corrosion
phﬁaﬁmry deﬁévﬂﬁo@erédnker@he ema@\%@ag% oP@E ?n%HLfahQ:%ﬁlp@ﬂﬂons.

p osphates I's results I n inproved perfornmance as
wel | as a decreased phosphorus requirenment. This

oPBICHS RS ADANT ACTES Qi LRESNE AU O

phﬁlééﬂ?@iﬁ?l%f RS 66 BB ABHI AEnAER SSME Pr@enC AIVERShDAre described
control 0 accentuate this interaction. Organl C

pob@gwlfldes (Babalan Ki bala, U.S..Pat: No.
gi)’bgeg:ﬁ)ogg NhGerld o%slgq I Vlr]g]ez g t h 1c§1l c?l}leG%mcF Alvhich will

and™p ospha osp
( B@"éﬂid@r\fd@/ Qﬁh&lveun@h teperafige nEp}ﬁB&u(Qﬁél)i come@nhiakibition as

clained to be effective in
well as sulphur corrosion inhibition.’
Another object of the present invention is to provide a corrosion inhibiting
composition, which is very stable even at high temperature.
Yet another object of the present invention is to provide a corrosion inhibiting

composition, having very low acid value.

SUMMARY OF INVENTION-

The present invention relates to the field of processing hydrocarbons which causes
corrosion in the metal surfaces of processing units. The invention addresses the
technical problem of high temperature naphthenic acid corrosion and sulphur
corrosion and provides a solution to inhibit these types of corrosion. The
composition formed by reacting high reactive polyisobut)"lene (HRPIB) with

phosphorous pentasulphide in presence of catalytic amount of sulphur provides

12



hydr ocar bon-rich phase agai nst napht henic acid
corrosion. However, their high oil solubility incurs

wo besnemBe of distillate side stream contam nat PONINE0S/000195
phosphorus. Phosphoric acid has been used primarily in
aqueous phase for the formation of a phosphate/iron
conplex filmon steel surfaces for corrosion
i nhibition or other applications (Coslett, British
patent 8,667, U S. Pat. Nos. 3,132,975, 3,460,989 and
1, BgR cogdjion ﬁ’tﬂubq@horafﬁmamydmme oh htghgikrmpemtiec ataphtenic acid

CRBRE G FBP BB E b PG T T N Crae upefl in al

I\bhycﬁo&aﬂ&@&%):essﬂgeﬁrﬁtsr amw z&S réﬁrﬁ:ﬂ@i | distilRGioA @83 and other
devel op addi ti onal options for n1t|gat|ng t he

c opatreshermicyl ipflugidesdi ¢ crudes at | ower cost. This is
5espec:lally true at tines of low refining margi ns and a
hi gh availability of corrosive crudes from sources

SUDESERIBMOPEOFONHEANVENARIONCa, and India. The
present invention addresses this need. In view of
s PresRR ényestign riised) tho [pHevingereacled npaiaungnior e used as

prébwo@&m%ﬁl%ﬁ%w% ifHiGfng W@%&ﬂ@&%&r@aﬂm}t@ﬁu £ci@Ebtbsion. This
corrosion Inhibition as I corrosi on
i nieadied compowdd is lobvaindd bweaammeoﬂhydrmtaetwd\lhmuag @s olwﬁns with
th r art c i.tions. ND ADV
10 PSR RWERFR TR B PRSEDLC T BB ol ek e prefered

adyigfhfafase Odoube HARES e Mhidrdld CAGULM Bond e.l,ewse&edmemauy or
bel ow. An obj ect of present invention is to provide a

c ht@rﬁlmally Cﬁmlhabgut\mmctwquarbopﬂb\grq BiveRpolowt f ect i ve .
AL BN oA e e b s CbL BekdsOthy one

ObgbiE@ﬁ alkyl tgh@mrﬁsﬂﬁényﬂ rptey, Iamnalkﬁn)tlOgrpﬁmthiﬁhagroups may be
corrosion |nh|b|t|ng conmposition, which is very stab
15 evkitpantbrancyrd ©8 epelicaton 28 arxtearouh Jihedemp by docarspn afse includes

prﬁlﬁ?entgﬂ)@ﬁ/serﬂu't O&h&%lr{ o[hp}'; OIdegeb@encocwtﬁﬁbl%n dubbiideli NG the
- hydrocarbon is.a branched structure having substituent(s) thercon, then the
substitution may be on either the hydrocarbon backbone or on the branch;
alternatively the sﬁbstitutions may be on the hydrocarbon backbone and on the

20  branch.

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.

13



conposition, having very |ow acid val ue. SUWARY OF

| NVENTI ON The present invention relates to the field
wo@bkoopnmeessi ng hydr ocar bons whi ch causes corr OBCDIN2068/000195

the netal surfaces of processing units. The invention

addresses the technical problem of high tenperature

napht heni ¢ acid corrosi on and sul phur corrosi on and

provides a solution to inhibit these types of

corrosion. The conposition forned by reacting high

reacti ve polyisobutylene (HRPIB) wth phosphorous

pent asul phi dg i.n _presen of al ytic nt of |

SO Rt Bt RadS R BB, Sesfih Bl b Er R o rlkeny erowr
| NPeagEOlPfR Nis alpolygsmatcayL(PEBgRapheni ¢ aci d corrosion

I nhi bition and sul phur corrosion inhibition. The

i nGenientiongl P1Bs angsoicalled ['hiphaeasti¥ithoRIBs (ew &y sygmple EP-B-

uni uch as i I . .di d L h Of . .
5 orbisosBNE0 e T BT Lk Al PR e i

| NIAEINEH QN aTPIB phereanit lemst S0V, prefamblyy T0% drahdreywbfithe terminal

reacted conmpound to bE used a corro%jon inqibbtgg1%§6

i npehnici dayble bnds arp et theuriay hdssr i Ter sxample dhy GdilgnOPAL

Thi RN R A obt ai ned by reaction of

hyé ro%ogl?g%%%ﬁlﬁglsuch g?SZFI' efins with P2S (Phosphorus

.pent asul phide) in presence of sul phur powder. The
preferred ol ef|{ns have ubl nds, whi erein.doubl e

10 Dot Kh b hetBFeing b iney 0B ARl S el apfigeen 4
abgidtropalathdpyssmsar bon R are given bel ow. As
previously nentioned, the tern1"ﬁg$rocarbon“ as used

helneone aspesisRahgs ameolefularrveightyaf fiere 200 tard 080k angferably from

gr n-al kynyl group, which groups may be |inear,
br%#@ﬁé§68T cyclic, or an aryl group. The term

hydr ocarbon al so i ncl udes those groups but wherein
they have been optionally substituted,

1t th
15 hyHhowampbnol gteanallydovhlsosded eletinpinghide H@tta-oﬁeﬁn&

substituent(s) thereon, then the

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



substitution may be on either the hydrocarbon backbone
or on the branch; alternatively the substitutions may

wheoosn22be hydr ocar bon backbone and on the brapcinN2008/000195

Preferably R is an optionally substituted al kyl or
al kenyl group. In one aspect R is an optionally

~Substituted al kyl group. In another aspect, R is an
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optionally substituted al kenyl group. The term
“al kenyl" refers to a branched or straight chain
hygmpeetirorof thisi ohixtorn isc oaigedi ©e22h€. dihensaetion mixture is then

carbon C oubl e bo Iar alkenyl gr oups
eéfrato%&?rc‘g eratBﬁ:t %P @ﬁ% pent enyl ,

2,2 nethylbutenyl 3- nethylbutenyl hexanyl
he¥tenyl octenyl, and pol yners thereof . I n one aspect

hesregutanhreaghon mpsssis disanicoaled do ismnseiug o41100) C,owf?en nitrogen

al I t

B e ST by o R PR R s
" hprgent daecéinyThey tesblting ;(o@emmlqderﬂ:)qﬁmpplﬁ)rm Bdplas&bAPOHYINd is
are suitable for use in this invention

r 6% |a§.a39gh Wrrm?raguredm’étﬁaf—mp acideprasign a%hHéqwt Bhigrompopnd is

at ydeRaRht éo&/‘lut&f &f S5Rbbvate QR &t sTH & xfAbnd MEIWERS Thd@komatic

ol efinic doubl e bonds are of the vinylidene type, for
exmimdne a$ ey GheSgpPAbriato spvemds achiend iabibetidr einhiB8mperature
Bﬁgaspec Ri has between 10 and 1000 carbon atons,

pr%w BIS et WP "2 and 200 carbon atons. In one
aspect, R has a nol ecul ar weight of from 200 to
10000, preferably from 200 to 1300. The exanpl e of
i nTks msqny inygnhereissbedied top afatiogd fop ithikiting eerzosiereen Hs metal

;rrg?euéfagé %é L P{F)‘)’% SSETE% &eal%f lgclll rloﬁé %%%Eﬁ)%?ﬁlogﬁ Qlischtag de oil and
| sitpfragdnt comtamigadaphiheniguaial Thy invehiadn 1s$xp&lﬂeﬂh1udetalls 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
used in different processing units such as, pumparound piping, heat exchangers

and such other processing units.

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
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



powder is 0.5%to 5% of Aefin by weight. The nost
preferred enbodi nent of the present invention is

waolemsn2ded bel ow. A wei ghed quantity of HRPI B #¢i/D¥2008/000195
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Reacti ve Pol yi sobutyl ene), phosphorous pentasul phi de

and sul phur powder are charged into a clean four -

necked round bottom fl ask, equi pped with nitrogen

inlet, stirrer and thernoneter, thereby formng a
reaction m xture. This reaction mxture is stirred and
heat ed distiltaiopeurdt w éoraf piBOGvarider oni suchgerfagasvhereby such
pur gi ng. g} this tepperature of 160 C, the raction

| eads tBIREDISUPIBHEG SR FYEIC S ul phi de gas (H2S). The
tenperature of the reaction mxture is now maintained

bet ween 160C to 180C, for a period of 1 hour to 2

holiris .adVargageoe tte ipet atisiilletion cohenmi txaysr @uinparognd quping and

220C. The.reaction m xtu is then maintained at this

¢ LTS 19 Pt ent R el COpBI h HFF Gapiensl Fapours
I e@éthi BtiNES hyd®ciBER HAG REntast hREANEE. *bUipthedf al Abmferatures
when nitrogen gas is purged into the resultant

r egreatPohanad®) "G oansh preéerably 400e GhyHireo gelbyisebytyleng phosphorous
presan her ej . ' | vi .

B
t eqpdemed rdéstiliaehis hdlioived ac icontacirthe snevallic Btufides @f theTdissllation

compound i s used neat or diluted. in approprjate,
sOtOVWRR. PRGNS SRS NP t%?‘ﬂ’é‘n@}p‘%dmgr U‘g%?" Caapmeshias the

ascoﬁnﬁgx}]sgﬁ N1 BRAS BB & %Qlcﬁmn 5131 BEO RV st MR IVEERD The
of "high tenperature naphthenic acid corrosion. The
prdistdite imay eidoi tencdlisctd ae ptagtict dha cosbéionl iftobitors of the instant

inhibiting corrosion on t tal,o surfaces of the
pr‘BE%@‘ﬁ“ﬁgmG’ﬁ’i ‘P§hWF'€Wnb?ng>§g§ PR car bons such as

crude oil and its fractions containing naphthenic

acid. The invention is explained in details inits

si Implopuuertial praghies; dierndditives of thisninwentian maxbe addsd tapdistillate

cay L{I’S qo C)chj.‘)tntro cgr?osiicgn iiﬁc’ audqrg&i, 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
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
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
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to process crude oil in process units such as

distillation unit. Simlar steps can be used in
waledoBazesd processing units such as, punpar ouneCpPINZE8H00195

heat exchangers and such other processing units. These

met hod steps are explained below. a) heating the

hydr ocar bon cont ai ni ng naphthenic acid to vaporize a

portion of the hydrocarbon: b) allow ng the :

hydr ocar bon vapors to rise in a distillation columm;

c) the addigivs icngpaupbef present finventiomyrd highdemperaiag mapkthenic acid

passi ng t.hr. h the distillati.on, colum to produce a
G TPt Bt DR QiR SR BPac e, £rom 5 1o
2000 ppm of a pol yi sobutyl ene phosphorous sul phur
conpound of instant invention; e) allowng the

di Beferringt © Eabie diwhang mydaryiatie tofi tHR RIBetopiosphspesugentasulphide
su L 6o 0 ti i ..
5 ol FOTRRUA FRESHRE RV RS AL LR S d i
. pr aine;:]kiuigd e)ffélhd PRessht Smiehticn ivas drecreashd fretiy 1 upin So1 328 ppm, the
is inhibited against corrosion, It is advantagepus to
t r etostns inhihiten sHiGencmas calculpted By dpmrde v i %ample 2,
angl fglatesn 899sPIRY9 70, Pr event napht heni ¢ acid

corrosion, when condensed vapours fromdistilled
hydr ocarbon fluids contact netallic equiprent at

| te ratur reater than 200 ref erably 40 .

10 7 RBEE toobts i hBesmaan ira e P PoShisatpemacnphide
adghd i ¥esi § igsseral iyat addRdefftivE Bos@P e AR Eve compound of the
distillate and the condensed distillate is allowed to-

copresent inhentiont whs jincrsereflaiem @60 tppen dips?3Q Ipe. othe corrosion
col unm kin tr ar qund pi.pi-n kel
C o i afSleel, at SR BaicB o Bh A BB R R BAS, TRrBEf rom

codupm, el 7230 the distillation vessel. The
distillate may al so be collected as product. The
15 corrosion inhibitors of the instant

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
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invention remain in the resultant collected product.
In commercial practice, the additives of this

WO nooenti2zecn may be added to a distillate returnPdDIN2008/000195

control corrosion in a draw tray and in the colum
packi ng while a second injection nmay be added to a

spray oil return imredi ately below the draw trays to
protect the tower packing.and trays bel ow the

distillate draw tray. It is not so critical where the .
adphssivetéorodosage same; ghatiisnSG0sppa)dtbel corsodiom gnhakitipn efficiency, as

B8t PLaNGhidbRud Bt kB oL RS TAR 5508 o 100,

10

15

20

25

30

interior surfaces of the distillation colum, trays,
punp_ around piping and rel ated equi prents. The net hod
of Refsiring tohbate| X 1§ ebabgﬁmﬁiethﬁh%pqﬁigrttj/@scwwﬁdrof the present

co f e ' . [,evi :
oPBHREACR' b RAREERER coffthd M| R ATk osion of meta
c ogurfaséson costaexwltiahpdrd cdrbbostreanistwittieighaliphorf coaxamnpl es

1 to 4. The detail ed discussion given below with

respect to the results presented in Table | to.V for

ex blasi iisngesn deose thepeaglierrdissugsion ghat the addative,gaapaygd of present
e {9GHlope RS it NBrRGdh! LV anfiBRAUIM: Othd’ BAGHng  important
invention 1 n high tenperature, naphthenic aci '

c odistixgiuishingfieatnrds] asncomtpasad tphhe pro@rarosi on i nhi biti on.
Referring to Table 1 where nolar ratio of HRPIB to
phosphor ous pentasul phide was 1:1, it is observed

that, in thergd athenid®Stor afet Nefht €GhlenBoAOSAH&G Ofxtensive
addi tive conpound of the present invention was N
i ncreased f reowpetif@n@pionit oh32Suppisinglhe fewrd othiabnthe additive

inhibition efficienc s.cal cul ated by .mula giv
i n Example 2omiuPagsetPs P B GL T B s RERE A formed
Referring topyalbgtink, WNer e ReWtAe I RélyRobiityldRP! Bort ONormal

phosphor ous gentasulﬁhide_mas 1:0.25, 1t is observed
that, as thePeyisebutyleae.dndtigBhesrharpyst Podaspbhidpunia g only

the present LayeRkERIE YRBDIFR/EARREL (€ Rign) BREELE in high
750 ppm the corrosion .
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. -
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inhibition efficiency, as cal culated by fornmula given
in Exanple 2, increased from42.3 %to 97.72%

waoredoenzi2eg) to Table 111, where norral- pol yi sobetyinees/000195

was used and nol ar ration of normal polyisobutylene to
phosphor ous pent asul phide was 1:0.35, the corrosion
inhibition efficiency, as cal culated by fornula given
in Exanpl e 2, was 54.39% when effective dosage of 300
ppm of additive conpound of present invention was

~used. Ref 8)r Yagangshethdistingyishing/ feature \gfsthe bdditivedcampaund of

10

15

20

25

30

in the dynam.¢ {es at ed

diiupisbin _
ot ar vt o BEsebyieLiETRRR SR Fin SRRy o cblpared to the

pent asul phi dgdda@veebnpolina$ef pridriare ffbeetamite, dhs passphite esters
addi ti ve conmpound of present invention maintained at 5
ppm the cor¢loRmasary kasiverx high asidityc b ehosphete eatsesof prior art

from81. 16% . 0 h ivati.o in a
from 250 ppn%rtgoé‘godéﬁg%ﬁaviggitgﬁ(?ég}{grﬂ?i g%&tg%%%ib eC%I %f%wer
i n the dynamempeesireg3o tfbren plidsphoriv ecidgsegeh ofvel further along
addi ti ve conpound, o resent invention, .ncrease

f d
from5 ppmt el@yﬁ‘ﬁ’ﬁ?rbglleétﬁ?% pb psadi viath ohedbsfaces of

same, that | &uigtPRidh LNBackRiyl 86 URANAIN Mikb@Nio form solid
efficiency, as calculated by given fornmula given in

Exanpl e 2, iwmon ghesphafer dihe8S sdl8ds plog 1the dsoldRed eqiipments and
Table V, it js observed that .the additive conmpound of

(he. present DRGSR FINE o BRIt MR Cont ol 1 ing
hi gh t enper aTh¢ 8dd&@Vd Q@phpdun@lof RS present ifv@g®sn ddes not have this
contact with hydrocarbon streans with hi gh sul phur A

content. Thudeficiencs. seen fromthe earlier .di scussion

that the additive conpound of present invention used

for corrosion - inhibition has the foll ow ng inportant

di EXAMPLEN ng features, as conpared to the prior art.

1) _The inventor of the present inventjon, after .

ez{{lgqqg\fe@ed quantities of 68.F1)6 gm of commerc{a?ly avarlabe]e 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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experinmentation, has surprisingly found that the
addi tive conpound used by the inventor, that is,

wa@eowstizozas conpound fornmed by react +nrg-Hi-ghk \ReaRCT/IN2008/000195

15

20

25

30

Pol yi sobut yl ene or Nornmal Polyisobutylene, with
Phosphor ous Pent asul phide, in the only POLYMERI C

ADDI TIVE, which is highly effective in high

tenperature corrosion inhibition, as shown by the
experinmental results given in Tables | and V. The
prfesulting grolyisigetyleret phespbbroos sslphgesompeendfvaa used as a high

nerlc add ve In na ht.heni ¢.,aci d corfrosio
VTR TPh TG AORPOSR RO G 16 2y Sippur corrosion
Cofxﬂqﬁﬁioi? NTHi§ Bblﬁ?&ﬁlﬂnwad ii‘segeﬁéﬁtr@lj diluddd #Y ‘é}ipk’(ﬁirlate solvent such as
di stingui shing Teature of the additive conpound of

pr edent, tolneneand ardmatichsplvent ahwsllms gy othar wapropriate solvent to -

sta Lt S,. r. to the addi co g

eve i’thab tlon ;E?ahlg tgmperafuﬁee n% fltlhgmr%ﬁ natégrggloé?éjst Well ‘as
adﬁnpmyeoﬁ@gp@und of present invention. Due to its
hi gh thermal stability the additive.conpound of

present invention is very effective in high

t eﬁ@&@c{\}érrﬁerﬂ%ﬂ% Qfﬁlh&siscﬁréaﬁ»?édg%‘ht@ﬁa}?f&éng M i@t HRPIB

t enper at ure sul phur corrosi on. t anot
di &t iPhgsphstuungPérasuiphédeoh tihdlandghthesie \szasn”pxmmred oft by using

pres i nvenption i s tha it has very low acidity as
QF%B°W§°‘Néﬁﬁaaﬁﬁﬁgékgggﬁgunds of prior art, for
exanple, t he phosphate esters of prior art has very

hi gh acidity. The phosphate esters of prior art are
knBXAMBLEa2e a tendency to deconpose, even at |ower

F e redpret e Ry B 2%‘3@ omsg%i-f?sﬂd”r“e;?t th

metal surfaces of
In this example, various amounts of a 50 % formulation of the composition
prépared 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.
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.

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 temperature was raised to 100°C, which temperature was
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equi pnents such as packing of distillation colum, to

formsolid iron phosphate. These solids plug the hol es
w@Roosqei2pirent s and thereby | ead tsovheuli Dguef PCT/IN2008/000195

distillation colum. The additive conpound of the

present invention does not have this deficiency.

EXAMPLE 1 The wei ghed quantities of 68.16 gm of

commercially available HRPIB (H gh Reactive

Pol yi sobutyl ene wi th nol ecul ar wei ght 950

approwdined efor) ,3B0n8dutgm f Ehmppiwl oo Eempe ullphéaheprising

F obpisabwlinF ant bBatHoasier e Mo BiE A HE S iph i gier Wil Bded

| NMoPthe rédetibh @fix@ié! THRGEATRIOR hitkiurd (a8 StYed R MS5NGindtes at 100°C
reaction mxture. This gives 1. 1 nole rati o of

Phissiistitgas Aen remeNipgithrestirerthef temperniise of dkg regation mixture
SRR R gzé%r)fé g grea”%egrgl@& $&1 eg‘h? %@&Qa}b%g%%%bﬁsp%fx C8 1010
tOWIitﬁndlm&hsmﬁs hgahinpgetines | I3hingle Wass 1\6hnﬂiil VWBSSlmmersed After

generated during the reaction. The tenperatur B
? eRGitaRINg s, FRNdiGEn o MR el B 1 BCOT &aalst enic acid

f og‘gﬂm’?&&'apgr ?E vﬁtlhﬁ’é‘lﬂ vafie of M3 é%g?ﬂ Wak€added to thehreactlon

erature o m xture was ra to 220C and
m wiixtoe. \masanmlmbﬁlmdgrat wtighs of epgeioat mpeufecowa$ cobed@d for
The resul.tan ction t hen coo

10 TOBRSTHER T F B us SEEh S GRa i et Sproggiayd] . This

oueoﬂdl&ﬁmhwg RAGRained BYY ©6r Ho\Es PARSEMEs pO8SRES the metal coupon
Theresul ti ng pol yi sobutyl ene phosphor ous sulphur

. cowpduerdoveis axsed eib V@Shlfl@ﬂ@dtée’iﬁp’eﬁb@ @K@Sﬁa@momm product was

acid cor i nhi;bi t Le
ot SR ARG e e iy B metfa iR Mrupichpd and the
di terbdtbni rateapiy aul At®insally poityeaich as xyl ene,
toluene, and aromatic solvent as well as any other
15 appropriate solvent to

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

20  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)

25
The calculated magnitudes are entered in the Tables in appropriate columns.

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

given in Table III.
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achi eve inhibition of high tenperature naphthenic acid
corrosion as well as sul phur corrosion. The above
waoreossitzned synthesis is carried out for differeet/Nmos000195
rati os of HRPIB to Phosphorous Pentasul phide. A sinlar
synthesis was carried out by using nornal
pol yi sobut yl ene instead of HRPIB. EXAMPLE 2 Hi gh
Tenperature Naphthenic Acid Corrosion Test In this
exanpl e, various anmounts of a 50 % fornulation of the
cobosirtdsom rareaipMBY (inils pecymadan cdculated oy Erafrpmalal ,
gﬁp;ested for carnr 0 phlbutlon eff|C|ency on-.
C Ot PO i F i i C C O
W€| ght | oss gw@nga in b0eRy §'(Méatu€§{2) wlmes&degt@n hours)
eval uate the invention conpound for its effectiveness
in inhibition of naphthenic acid corrosion at 2900C
5teE§édebﬁ63 Di fferent dosage such as 300, 400 and 600

finventio used five
oA THMRAE NEPPBENRGNT K oetosidn BRI T8 cicy e
i usi ng any additjve. This test@@rOV|ded a

W
t e§€ ﬁ@%{lﬁgte“ﬂ*}gewﬁ% zSé’Er}eE}rP“édﬁ'aP%lP%l JORYAS 872y PcS‘PV‘ge‘P in the
onfé peldnire e é&fﬂfoll@@%ﬁt%gla(lé’uﬁwv@@%ﬁﬁ’féﬁf({u@%g R PRGVated steel
Hlmater condenser, N2 purger tube, thefnoneter
10 pomupbnw Ahdyrtwmmmtt @r s&ald cewponr was roodduGen vgrhopakuemg any

C{(ﬂl?égef p@{&ﬁ? ftefsl}\l%rcgég 4 OC gqn%gte%gaélpgr {F éa q%ﬁsst%aﬁpp o%ocedure is

18hedOowC / n1nute and the tenperature was raised
‘OOC, whi ch tenperature wasnai ntained for 30
m nutes. A conpound of exanple 1 conprising
ene and Phosphorous Pent asul phide with

su*%ﬁﬂ??ﬁgmdgfe WHE added to the reaction mxture. The
15 1 ee@ gMNofripXitabifire hvédcabor fofld(D or 13 wanuikes iAta 3A0Gon 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 temperature 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- passwated coupon.
In this example, various amounts ‘of a 50% formulation of the composmon
prepared in accordance, with Example 1, were tested dynam1cally 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
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tenperature. After renoving the stirrer, the
tenperature of the reaction m xture was raised to
wWQ2g12083pr e - wei ghed wei ght - | oss carbon stRE&I/IN2008/000195
coupon CS 1010 with dinmensions 76mm .. tinmes 13mm..
times 1.6 nmwas i mersed. After maintaining this
condition for lhour to 1.5 hours, 3 1 gm of naphthenic
acid (comrercial grade with acid value of 230 ng / KOH)
was added to the reaction m xture. A sanple of one gm
wetghpowid foeig effentiveness i mhibaigorcel napbtheuicfagid corrosion at 290°C
de%erm’ nati.on of .a%iod .}/ial ue, which was found to be
ap ’T‘Hl

Wf%rteé? yRamig conditi on was mai ntained for

f OWhe FSlloWEng MAist equiphbst HJOEAEHEIS wekd8sedBhahe DYHARR @&SBosion
renoved, excess oil was rinsed away, the excess
col#®si on product was renoved fromthe nmetal surface.

5 Then Zt'h%ﬁ%’%{dﬁrig‘%@%ﬂe%ﬁﬁomwhed and the corrosion

rat e ‘was In mls per year. Calculation of -

Cor r @si Breweidhelividight Foks carboe yteel Tdoaponest €8 d 016 exdthi dimensions

calculating Cqorrosjon Inhibitjon Efficiency is given

bel ow. [ ¥Mfhi-¥mEs tit8RES IcOMMsi on inhibition

ef i o eRfhnPlbtAe theRbupsiflitd biRideO PQIPRErdl Selodits H e;]s{ceg!; of 3
g

by comparing weight |oss due'to additive with wei
| oss of milssekndcoupon (w t hout any additive). Corrosion

(Wej ght. 1 oss for blank (weight [oss with Inhibition =
lovmyﬁ‘i%f&mladditive) = additive) X 100 Efficiency (weight

| 0ss f. opaatfakydtbédaeat oig @it iﬁhimﬁpﬁﬂieﬁw AiEslded to provide
magni t udes are entered in the Tables in appropriate '
col urmsan Fhé newsalizeoropunbes of AprrpKimaitly 2a12d kKPHsent ed

in Tabl g..l n% | .. The t results of the experinents
: condﬁzgt ggr%’%n 3% hngthggfg%?%é%ﬁeyi sobutyl ene are given in
Table I'1l.The corrosion rate in MPY (mls per year) is

cal cul ated hy the fornmula, ) '

15 Two pre — weighed and pre- passivated 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 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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MPY = 534 x Weight loss in ne (Density in gmcc) x
(Area in in2) x (Time of test in hours) EXAMPLE 3 High

waerspar@sar e Napht heni ¢ Aci d Corrosi on Dynam cPBEE{2008/000195

15

The dynam c testing was carried out by using rotating
means provided in the tenperature - controlled

autocl ave and was carried out by using passivated

steel coupons. A dynanic test on steel coupon was
conducted wi thout using any additive. This test
prarcamhedith bollangkpdimtsef FesadlaggC. Thne sprems igeadralby contains highest
procedure I s expl ai ned bel ow. Passivation, Procedur

608G of aéﬁtaj?flfln lﬂyﬁ%‘@ar%wn%i?m( om: FHRYS t‘gk‘éar‘fuum

' ndr?tll[a%%ﬁtdnﬁn V\I@ﬁsﬁl‘th&Q%Eédstb et eftﬂéi‘er?:‘? CKES P&Hﬂ'éhm Coke.
bottom flask equi pped with water condenser, N2 purger

t UMB, is tatsor dedmed as Ptf@&ké{ydwqarbomri\élmmmfeﬂareﬁﬁmwswr @ymastic

ur For passi vati on of the stee
‘cggﬁgﬁ?Bgﬁpadﬂggﬁwgﬂﬁgg4of conpound of Exanple 1, for

exanpl e, 250, 500 and 1000 ppm (each of which

i ncluded 50 % active additive conpound), were added to
t hike ¢le@é@t@b¢pmp9@rtmneof YRasec ftthis rdymtmﬁeét ifdigated content of

Sté {%h/ 3y, %1:5}1519\% ﬁtwih@ %Fots%'mgr/fﬁ {8V was obtained
vrng e eratu e reaction
m ﬁbmrreﬁmg lcroatasied Westéifl @)@ﬁloﬂlrﬂhﬁ\ﬂmeg'hﬁﬂts\wiﬂgh tlyhamsis test are
oupon CS 1 %O with dimensions 76mm .. .tinmes 13mm
WPVW% iy Teple was i mrersed. After nalntarnrng this
condltlon for 4 hours, the steel coupon was renoved,
excess oil was rinsed away, and the coupon was dried.

T h’EahielIaSTAfIllﬁfdﬁES'lﬁiwmiilgﬁed ratihoE&P élyisnbutyléne to Phosphorous

Areeapbids S35 HERAMEE 5 or *the’ conposi 1 on

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 | »
3 Composition ‘
as per 400 200 15.2 89.114 83.02
Example 1
4 - Composition , X
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
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prepared in accordance,

with Exanple 1, were tested

dynam cally for corrosion inhibition efficiency on
wae@sl12edapons in a hot oi
A wei ght-10ss coupon i mrersi on dynam c test was used
to eval uate the inventionconpound for its
effectiveness in inhibition of naphthenic acid

corrosion at 290C tenperature in dynam c condition.
The foll owi ng test equipment and materials were used
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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
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Testing procedure, simlar to that used in Exanple 3
was adopted for evaluating corrosion inhibition

we@kdosareacy i n sul phur - rich streamlsiskes ¥aGGRET/IN2008/000195

Residue. It is known to the person skilled in the art,
that, in a refinery, bottom stream of the atnospheric
distillation tower is further distilled under vacuum
Bottom stream of the Vacuumdistillation tower is

call ed as Vacuum Residue (VR). VR is also popularly
knDabled¥: BAINNAMIES THSH. WIIWH:PASSI\&ATE}) CORRQNS (with molar
gener al | efi.ned as am W t 0| I | o] n of 565+
detlon o falvisoialshg h ERGTRI o RBuIERIED arount

of mstals inall streans com ng out ,from at nospheric &

Y IIIUIbl Hetd o —uniTt rthenr AT eatedTt :
[ExperimBrETPREN 7, EPo 8l W iy o WHANE | R [ Cmosion
No.

def ned as Heavy rhly dr 0¢ Dde@de il XLaksen Of REdes RIPY Nilghibitidn
Bi t umasti c Material.s containing mainly|C24+. The .
el efrent al  conppsition ¢oPPPR usedMBor this dynam|&fidaey

Passivati

Dose in

ppm

11

rdfcat eu C()n[ mt—of —approxi mately B 9sul phur Wt

TAN Sjg / KOH. This VR was Q)Bt ailned%¥ om 0
r of Dr}-lylba:nk A N \WASt Aarn nart A Th

12

o If
T O 1 VI OU CI LI Pal I I I]\.Il A, LAY 1

of hP%‘paiiH%‘Pn C tegf afe provide @ Tabl %06/{ lb| glsll‘1§
: ol ut yl

—

: SIS TEST (with noljar ratio| o yi sob ene to
Phosbramplad Pent asul philde = 1:1 >LE - _2)Table

500

13

[1:]| CoMpbitiditST (wi th nol ar_ ratf o of Pol yi sobut yl ene
to Phpsphor ous| Perlasullphi de = [1: 01-35) |(EXAWPLE |- B)-16
Tab| Bxdrhple 1STATI C TEST (Wi th noj ar ratijo of Nornal

250

14

Pol Y@l ymu,lgne to Phogphorous [Pent asuljphi de =
1:0 % [V: BONAM|C TEST \/FTHOPASSSI VAYHD COUPON®

(vv| [ Byl '%lgrl ration of Pol yi sobut yl ene fo Phospharous

I\’\ 1 =1\ \ L LU I TEAMOIEDOATL I

500

5

10

15

FCII IR VAR UC 1. 1) IdUI T V. ST TEVEFERATURE

CO?ROSI ON TEST RESULT 5 (DYNAM C) - VR SAMPLE 10
Table V: HIGH TEMPERATURE CORROSION TEST RESULT

(DYNAMIC) — VR SAMPLE

Sr. | Doses | Product Wt. loss Corr. "Efficiency
No. | (ppm) | (1% step) (mg) . Rate (%)
’ (MPY)
1 -- Blank 8.15 27.19 --
Composition ‘
2 | 20 as per 23 76 72.0
Example 1 ~
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15In view of the details given in foregoing
description of the present invention, it wll be

wappanznseto a person skilled in thesart-that-PEEIN2008/000195

10 ¢
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present invention basically conprises the foll ow ng

items: ITEM 1 A naphthenic - acid - corrosion -

i nhibiting conposition conprising ol efin phosphorous

sul phur conpound, produced by reacting said olefin

wi t h phosphor ous pentasul phide in presence of

CaIlIla‘4’lyWI of theolatails @ﬁvesnuhpfnmgoxrxgacbamgnommfmhn gpresent invention, it

on m xt r th lar ratio fsa
o1 Bt be B db GinstpRoRyBe ibdfe R R hibteSd inRlign pasically
1.&,&;}15%9&@ fa.u&mn@ﬁ@ﬁgr ably 1:1. ITEM 2 A napht heni c -
acid - corrosion - inhibiting conposition, as
described in item1, wherein said olefinis
p%k utyl ene, which is high reactive or. nornmal.

A naphthenic - acid - corrosion - inhibiting
and saphpfenic - aqd r-osoeosion i -nhibibiting goampupivient ¢amprisage olefin
described in item 2, wherein said conposition

arPhosekprays  ppher; cpmAgungh d PFRgHEGt g %a‘l'ea"tl%gacstaf‘g polefin - with
m uﬁ(ﬁg #gﬁorfi’us élﬁb rfﬁndé th ﬂr%@ e%dc%falﬁict Ling&h (gﬁsculphur capably

ntal ning sald reaction m xture betwee
161@&6)11goa11&661®m‘ orix@rewhadinofthed rhgar rate 2fhaut so,leﬁn to said

L RS EroSOe S PEEr B P dr] TOUDE! PP Z400Y ror o

preferably from2100C to 225C and maintaining said
reaction mxture with raised tenperature for 1 to 24
holl’/lBM DHref erably for 6 to 10 hours, cooling the

react i mass_to 1000C and t.0 .
r RaepBRedRstd € S0P Rt R Rylbbh R L AR om 1
gasherbinanrivlefie $dlyissbutylé, $hidh is Bighasadtivenr 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.

27



| TEM 4 A conposition according to itens 1, 2 or 3
wherein said olefin is an optionally substituted

whywsozresbon group. | TEM 5 A conposition accor dP@yIN2008/000195

any one of the preceding itens wherein said olefinis

an optionally substituted al kyl or al kenyl group. |TEM

6 A conposition according to any one of the preceding
itenms wherein said olefin is an optionally substituted
branched al kyl or al kenyl group. ITEM 7 A conposition
ackkiiMisg to any one of the preceding itens wherein

said olefi.n is a, polyisobutepyl groyp. .lITEM 8 A . .
c ohSETPOT AN AESOR TR “F0 Oty TSP e dleB e ipgaid olefin i
| SNSpritha e subshfidll Akeldralkeas hetpveen 10 and 1000

carbon atons. | TEM 9 ‘A conposition according to any

one of the preceding itens wherein said olefin has

be 4 and 100 carbon atons. | TEM 10 A conposition

ac ing to any one of the preceding itens wherein

. sahcbolpeitibn Aacordingmb asybad ofwh phiceding fiteamm WikeihGaid olefin is
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10,000, ITEM 11 A cenpositijon according to any one- of
t hen pptiopakly sipstituisdsbrapeied alkybriealkenyh 50UR- nol ecul ar

wei ght of approxi mately 250 to approxinately 1300. | TEM
ITEM 7

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

has between 10 and 1000 carbon atoms.

ITEM9 ‘
A composition according to any one of the preceding items wherein said olefin-

has between 4 and 100 carbon atoms.

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

- has a molecular weight of from 200 to 10,000.
ITEM 11

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

molecular weight of approximately 250 to approximately 1300.

28



A process for high tenperature naphthenic acid
corrosion inhibition and / or sul phur corrosion

WO poshe28©n of netallic surfaces of any of thePCI/IN2008/000195

hydr ocar bon wherein processing units of a

petrochem cal plant, with said processing units

conprising distillation columms, strippers, trays,

punpar ound. pi pi ng and rel ated equi pnents, using

or ganophosphor ous sul phur conpounds, conprising the

StEfISMoI2  a) heating the hydrocarbon containing -

napht heni c. agi.d and / or sul phut co ounds, to. ..-

vagoew% 1P ieh AP P SaREOMTostp bdikidsning / o
ﬂgﬁﬂdr%rﬁfsﬁnhmqémﬁr,la@ﬂameaaﬁ%és dragsi B9 thoingdeRarbon,

sai d hydrocarbon processing unit, to produce a

cowu@nsenm@csgng baite of @) pfamhqrrgw@lopbat,dvvdh Seid prpeessing units

bef d d d | | :
nyeroei oS TARECE bt ntrrsf Sah abr A PRl retared
f r @figmérds, 2000 epaneghosphor@lsi snlgﬂna&pimpbm sothpfising the steps

~conpound, in corrosion - inhibition - effective -

10
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andunt , capably formng a reaction m xture; d)

al | owi ng %2 ﬂa‘ﬁﬂ dﬁl@Sﬁ rBiaibid lc@hﬁgﬁﬁggﬁgﬂfh@&csgélg and / or

ol efin pho or otis su ur conpound, ontact sa
nmetallic sura‘,tdplas cofnpsands, toydpowdacoppriomobssd hgirucurbqn

to forma protective filmo d surfaces wh b
cach sur 40 eSTGETIHg BIRPBIPTAY Abe Y REPOL FaRE T A Rye throueh

al | owi ng sai ﬁlgoﬂﬁeﬁ%ﬂ'ﬁbbésklﬁ%euhﬁ rt@t l;b'i&lutcé’ gakéhdensed
hydr ocar bon processing uni't, be coll'ected as

sai d product distillate;

c) adding to said distillaté, before said condensed distillate is returned
to said hydrocarboﬁ, processing unit or collected as a product, from
1 to 2000 ppm of a olefin phosphorous sulphur compound, 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
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.

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.

29



| TEM 13 A process, as described in item 12, wherein
said olefin of step ( ¢c) and (d) of item 12, conprises

w@ologiizbat yl ene, which is high reactdsuey 96 vor PCT/IN2008/000195

10

15

normal . Al t hough the invention has been described with
reference to certain preferred enbodi nents, the

invention is not meant to be limted to those

preferred enbodi nents. Alterations to the preferred

enbodi nents descri bed are possible wthout departing

f r Although thei inventioin hdsebéenvdasciibrd. witbvis{esencet theceptaiie pepderred

d i.tion.described above js_intend
T ERPRRRG. g% R Frnath B In R IRURA LT (B, prefered

t h@nbswimehis OA 11RYioRE td MEO pRIErI EmbodittcRBr ddsoribgl are possible
wi t hout departing fromthe scope of the

i nwitheytodepertimeniom, ths spiphehdhs énvenden. gHowevsry g Brpeess and

i nhibiti C at - | 8l | &f | ospho
s BT b8l SORREARUTY ) L EuRRAGREA e nove
W ¢Harguiia BB fof ke pianéraimnl pli diee iimcopparstedcia other forms without
catal yti c._ ampunt of | phur, capably formng a

r e@RPRItHIS fﬁ‘?@%tﬂéﬁ%??l"?\ﬁéﬁ%%i“h‘fentl% nmol ar ratio of said

olefin to said phosphorous pentasul phide, is between
1:0.05 to 1: 1.5, preferably 1:1. 2. A naphthenic -

acid - corrosion - inhibiting conposition, as clained
inclaiml, wherein said olefin is polyisobutyl ene,

which is high reactive or normal. 3. A naphthenic -

acid - corrosion - inhibiting and sul phur - corrosion

- inhibiting conposition, as clainmed in claim 2,

wherein said conposition is arrived at, by stirring

and heating said reaction mxture of claim2 to 160C
under nitrogen gas purging, naintaining said reaction

m xture between 1600C to 180C for a period of 1 hour

to 2 hours, raising

20 .

25

30
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tenperature of said reaction mxture to from 185C to
250C, preferably from 1900C to 2300C, nore preferably

WO e@ai2200OC t o 225C and mai nt ai RiVgr $Ai &y ¥ @act PONIN2008/000195

10

20
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m xture with raised tenperature for 1 to 24 hours,
preferably for 6 to 10 hours, cooling the reaction

mass to 1000C and purging nitrogen gas into reaction
vessel to drive out the hydrogen sul phide gas, thereby"
resulting into said conposition. 4. A conposition
ac€bAdMy to claim1l, 2 or 3 wherein said olefinis an’
optlonally substi tuted hydrocarbon group. 5. A

conpdsi Aimphthenio -ticid)— terresion -Oinkibitingt dmpmsmoeduongarising olefin
cl ai ns mhereln said olefin |s an

n
subst i t DRSBRGIORS ISulphuL FRBRAGHNdy P Ce%%yNeééHﬁ’oé?‘@ Qfin with
accor di QI?QI Rordlly ﬁ@ﬂl@SlﬁBthQQn Hr&ERA BY cGlaBiidBadNa: & Msulphur,

said ol I's an optionally substituted branched
al kyl ocapablydiaythingraogpction. mixtwemplas¢ini bn rageoratip vg said olefin

2 2o W R SARGEAR RS0 B

any onejqf the preceding clains wherein said olefin
has between 10 and 1000 carbon atons. 9. A conpositjon
accordi Agnapbthanyc oneidof comesigr edé@bﬁ@lgcqommltwne peflgimed in

said ol %GIalm gtsal eﬁn %{‘ golﬁ%%b\&@ eﬁg Nwitich Oteallive or

conposi tion accor prece
cl ai rs wérataki N sai d olefln has a nDIecuIar meight of
from200 to 10,000. 11. A conposjtion accordj 0 an

one G Aneapbthsaisd REidet SPFESIM e BRIPiIdEAR S\ﬁlﬁgura corrodion -

1o el s AP 100, AR psbton s
aci d coartivsd an bylsiibrirgi aml hewling said reaction mixture of claim 2, 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 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 compositioﬁ. '
4, A composition according to claim 1, 2 or 3 wherein said olefin is an
optionally substituted hydrocarbon group. |
5. A composition according to any one of the preceding claims wherein said
olefin is an optionally substituted alkyl or alkenyl group.
6. A composition according to any one of the preceding claims wherein said
olefin is an optionally substituted branched alkyl or alkenyl group.
7. A composition according to any one of the preceding claims wherein said

olefin is a polyisobutenyl group.
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or sul phur corrosion inhibition of nmetallic surfaces
of any of the hydrocarbon wherein processing units of

w@2@etz@dhem cal plant, with sai-d processi ng uPGCT/EN2008/000195

conprising distillation colums, strippers, trays,
punpar ound pi ping and rel ated equi pnents,  using

or ganophosphor ous  sul phur conpounds, conprising the
steps of: a) heating the hydrocarbon containing
napht heni ¢ acid and / or sul phur conpounds, to

- vapo8r i Aeompositibh @ancarfling 4o dnypoe of thetpreceding daingewmssreig said

Sald nyOraRkp BB LEER R0 ABR Uyl oaace o

10
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conden Sﬁdzoﬂip‘éﬁﬂtlbh ak&rdiny 18 dﬁ* B8 bﬂth‘é%récedir@t dlaibhtveherein said
before sai d condensed distillate is returned to said

hydr oc a@lpmhps brtweer handi20Q cashoncipnact ed as a product,
fr om& nia%o%o%QitiBR rycggrdl%g% %H' En? be ﬁr%fb%%?ﬁ;&séﬂimt{{,herein said

conpou corrosi on

amount , oleApakd ¥ motyctiah §efzht 6AGOMPOOND X0 00€, d)
a||OMAn said condensed distillate contalnl ng said ° '
ol ef ilh- PhessprrRsHs 2 OrdingiIno campiinal theo PessrdiAg elaimys gwherein

et al | '&l ﬁHrlIaQCae%&éc | :%]e %ij'b?% g&%gg@g@ﬁ't&g}gymxﬁmately

to forma protectlve n sai d” sur ere
each sur30éce is inhibited against corrosion; ande)

al  owi,ng said condensed distill t t i.d
Pyl QCaRBERESS? GauEh g Rseptore 13pREnsaeiehfFisBicuniiton and /
sai d pr&dléﬁ%huﬂ-?borrﬁsiféhoﬁﬁﬁﬁtloﬁsofcln%taﬂﬁéj duifaCéRion 4 of the
wherein said olefin of step ( ¢) and (d) of claim 12,

conpr i sksirpeilyins wibetej prosessing whitsiof aHeiechesaicali plantowith said

nor mal .
. processing units comprising distillation columns, strippers, trays,

pumparound piping and related equipments, using organophosphorous
| sulphur compounds, comprising the steps of: |

a) heating the hydr'ocarbon‘ containing naphthenic acid and / or
sulphur compounds, to vapourize a portion of said hydrocarbbn;

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

c) adding to said distillate, before said condensed distillate is returned
to said hydrocarbon processing unit or collected as a product, from
1 to 2000 ppm of a olefin phosphorous ‘sulphur compound, in
corrosion — inhibition — effective — amount, capably forming a
reaction mixture;

d) allowing said condensed distillate | containing said olefin
phosphorous sulphur compound, to contact said metallic surfaces
of said hydrocarbon processing unit, to form a protective film on
said surfaces whereby each surface is inhibited against corrosion;

and
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14. A naphthenic - acid - corrosion - inhibiting and

sul phur - corrosion - inhibiting conposition,
weninstizansé al |y as herein described-and.iklust rBCEIN2008/000195

exanpl es. 15. A process for high tenperature

napht henic acid corrosion inhibition and / or sul phur

corrasion inhibition, substantially as herein

described and illustrated i n exanpl es.

e¢) allowing said condensed distillate to return to said hydrocarbon
processing unit, or to be collected as said product.
13. A process, as claimed in claim 12, wherein said olefin of step ( c) and (d)
of claim 12, comprises polyisobutylene, which is high reactive or normal. ‘
5 14. A naphthenic — acid — corrosion — inhibiting and sulphur — corrosion —
inhibiting composition, substantially as herein described and illustrated in
examples.
15. A process for high temperature naphthenic acid corrosion inhibition and /
or sulphur corrosion inhibition, substantially as herein described and

10 illustrated in examples.
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