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i nhibition of netal corrosion in acidic hot

hydr ocarbons and nore particularly to he inhibition of
corrosion of iron - containing netals in hot acidic

hydr ocar bons, especially when the acidity is derived
fromthe presence of naphthenic acid. The invention is
al NAPOSERIENICor AACIphuCORROSKONN INHIBIEIQN. USING NEW

CrAYNEREETIE COMRNATION i EHOSHORIS T tgblinaS

fractions has |l ed to damage to pi ping and ot her
associ at ed equi pnent due to naphthenic acid corrosion.
ThEHELBIQF détk SNVENTIKNhe equi pnent used to distill,
extract, transport and process the crudes. Cenerally
speaki ng, napht heni c acid corrosion occurs when the
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(appr.oxi matel y. 400F -750F), and al so when fluid

.veﬂ&@ﬂFP@go%?%”ﬁW@HO%r I'i qui d i npi nges on process

surfaces e.g. in transfer lines, return bends and
restricted fl ow areas. Cbrrosion probl ens in petrol eum
r eDISCUSSHPNrQF iPRIORARE at ed wi t h napht heni c aci d
constituents and sul fur conmpounds in crude oils have
been recogni zed for

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 haé a neutralization number or
total acid number (TAN), expressed as the milligrams of potassium hydrokide
required to neutralize the acids in a one gram sample, above 0.2. It is also known
that naphthenic acid-containing hydrocarbon is at a temperature between about
200°C and 400°C (approxirhately 400°F -750°F), and also when fluid velocities
are high or liquid impinges on process surfaces €.g. 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
distillation units at temperatures between 400°F apd 790°F. Other factors that

contribute to the corrosivity of crudes containing naphthenic acids include the
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contribute to the corrosivity of crudes containing

napht heni ¢ aci ds i nclude theanount of naphthenic acid
present, the concentration of sulfur conpounds, the

vel ocity and turbul ence of the flow streamin the

units, and the location in the unit (e.g.
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the refining industry for many years. This corroding
materi al consists of edomq nantly nmonocyclic or

bi cyclic carboxylic 2 YA palO®Hg range between
350 and 650F. -These "ac etfd to concentrate in the
heavi er fractions during~€rude distillation. Thus,

| ocati ons such as the furnace tubing, transfer |ines,
fractionating tower internals, feed and refl ux

sethd ABfecOlar GRIghIBS nagh@ithiccrcidedigadténd dveny 142g¢ tamgs. Aovever,
condensers are primary sites of attack for naphthenic
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lubricating oil. When hydrocarbons containing such naphthenic acid contact iron-

containing metals, especially at elevated temperatures, severe corrosion problems

arise.

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° and 650°F. These acids tend to
concentrate in the heavier fractions during crude distillation. Thus, 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 in the

control of this type of corrosion in hydrocarbon processing units due to the
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in the control of this type of corrosion in

hydr ocar bon processing units due to thepresence of

napht henic acid in crudes from|l ocations such as

China, India, Africa and Europe. Crude oils are

hydr ocar bon m xtures whi ch have a range of nol ecul ar
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napht heni ¢ acid corrosion w not occur. However,

this neasure has been unsuccessful in preventing

Co{"ﬁeoﬁ’rilip Ot ’PXNW%QQHP&{HI)‘; u?eﬁisﬂlce it is not possible to calculate the acidity
of the oil in terms of moles of acid, or any other of the usual analytical terms for

- acid content. Réﬁners 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 nof
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 publisﬁed 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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Napht heni c acid corrosion is very tenperature
dependent. The generally accepted tenperature range
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The 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 cases where tests have been run in sulfur free conditions, the
25  metal is covered with iron oxide, as there is always enough water or oxygen

present to produce a thin film on the metal coupons.

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

30  Metal coupons can be inserted into the system. As they are corroded, they lose
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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 acids i.s 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 naphthenic acids appears to t)e exceptionally serious in
the presence of sulfide compounds, such as hydrogeﬁ sulfide, mercaptans,
25  elemental sulfur, sulfides, disulfides, polysulfides and thiophenols. Corrosion due
to sulfur compounds becomes significant at temperatures as low as 450°F. The
catalytic generation of hydrogen sulfide by thermal decomposition of mercaptans

has been identified as a cause of sulfidic corrosion.
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corroding effects of sulfur and naphthenic acid,
austenitic stainless steel which contains at |east
2.5% nol ybdenum nust be utilized. The corrosive
problemis known to be aggravated by the el evated
tenperatures necessary to refine and crack the oil and
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nunbe e use of ati1 vel Yy exp nsive
Coethyvlen@nraekingtamlt other hydrocarbon processing reactions using petroleum

based feedstocks. Naphthenic acid corrosion produces a characteristic 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 satisfactory, the accepted
approach in the industry is to construct the distillation unit, or the portions
exposed to naphthenié acid/sulfur corrosion, with the resistant metals such as high
quality stainless steel or alloys containing higher amounts of chromium and
molyb)denum. The installation of corrosion — resistant alldys 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.
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associ ated equi pnent. These attenpts are generally
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of the crude oil. Alternatively, various am ne and

am de based corrosion inhibitors are commercially
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suc and 316 stalnless steels are several tines

t h3,909447 dlesarieb arrtgineedrroskdmnihéitors as wséfub againstseprrosion in
constructed there is a need to provide, inhibition

Cr ERHER Tty ArRasTabR SVgar BT OSS H py Mjer foods
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envi ronnments i ncl ude nltroggn- ased filmng corrosion
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COb%yehaBd ispdikhs.t THeSrenERe k1aud) as wellaThe® uer@ fdcs tht e inhibitor
ef Ihla’f ggsysh%wn efﬁcacy in oxygenated 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 aré
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 égainst naphthenic acid corrosion under such

conditions.
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of circunstances often does not inply the same for

anot her set of circunstances. As a result, a l|large

nunber of corrosion inhibitors have been devel oped and
are in use for application to various systens

depending on the nediumtreated, the type of surface
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T se I re.
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efficacy in a_hydrocarbon. reover, the nere fact
t raid papfecti offer lsﬂlé’épﬁé‘%abi@fi cacious at relatively
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not ori ously troubl esome and difficult to alleviate.

Thus, U. S. Pat. No. 3,909,447 contains no teaching or

: ‘ ! : _
S ot i G LR ) D DS s
hyslsedr dopdubdd d6the cracking zone of petroleum steam furnaces to inhibit

coke formation on the furnace tube walls.

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

coke formation on the furnace tube 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
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 pump around piping, or further

8



Nor is there any indication in U S. Pat. No. 3,909, 447
that the conpounds discl osed therein would be

we@pdosariose agai nst naphthenic acid corrosi on UPKEIN2008:00217
condi ti ons. At nospheric and vacuumdistillation systens
are subject to naphthenic acid corrosi on when
processing certain crude oils. Currently used
treatments are thernmally reactive at use tenperatures.
In the case of phosphorus-based inhibitors, this is
t hprogdss staps] Bhdvd foumdnthataby phiesinpahe tisiopligspbate icsters Fhtaught
filmis nore resistant tao naphtheni.c acid corrosion .
{ hiteipnavrSae Srbah S ahisa BrBTP 1 Qechgients yepyphihenic
VOl &d | dofrodifl i dilibtidRI dolummarguay dksitndl b#indNand associated
ranges. They are fed into a col'um above or bel ow the
po¢quipraéntcor r osi on dependi ng on the tenperature range

Pol ysul fi de i nhibitors deconpose into conplex m xtures
of higher and | ower pol ysul fdes and, perhaps,

el gnePhaliNes vl 18154016 Weihiaad tesibesTiHoSphdriiecotthiainig] dotrpounds
and protection offered is not predictable. The

pr asintifen e addidvey inraiprenseisakingciumages: s ipbaspharus compounds

r A i

B Y L e
No

f olehsiwhagydbgwhmoletpcemplepsdesiintmbmuee. U. S.  Pat . .
3,531,394 to Koszman descri bed the use of phosphorus

10 and/ or bi smuth conmpounds in the cracking zone of
PeyrolpatiR M%@‘,G‘O@rd?fé@@s%s E&aﬁxﬂ@t@h*%&@x‘fa%ofe%%ﬁﬁ&ﬁb &3ds and
the furnace fube walls. U'S. Pat. . 3,531,394 to
Kosstaraas beisg nsdielastavel agmsmh iphibipisosuch inhiditors dan deprepared

conpounds in t.h o . f I ol :

£ UPREAEUNE SeTHR i T APSRBTGONR LI oo DR PRsdEe Witlsethese

V\’aietrﬁhydfbtﬁiaz&%tphogﬂmn{]o 234s 84&1dr® hdhebdodeéoradsion and inhibition
S

di scl oses conpoun substantially as ‘
15  properties, they tend to break down during high temperature applications thereof

with possible emission of obnoxious and toxic substances.

It is also known that phosphorus-containing compounds impair the function of
various catalysts used to treat crude oil, e.g., in fixed-bed hydrotreaters and

20  hydrocracking units. Crude oil processors are often in a quandary since if the
phosphite stabilizer is not used, then iron can accumulate in the hydrocarbon up to
10 to 20 ppm and impair the catalyst. Although nonphosphorus-containing
inhibitors are commercially available, they are generally less effective than the
phosphorus-containing compounds.

25 '

U.S. Pat. No. 4,542,253 to Kaplan et al, described an improved method of

reducing fouling and corrosion in ethylene cracking furnaces using petroleum

feedstocks including at least 10 ppm of a water soluBle mine complexed

phosphate, phosphite; thiophosphate or thiophosphite ester compound, wherein



descri bed and cl ained herein for use as refinery
antifoulants. Wihile effective as antifoul ant

woraioen2zaBs, materials of this type have not heP@r/D¥20082000217

been used as corrosion inhibitors in the manner set

forth herein. Wiile this reference teaches the

addi tion of thiophosphate esters such as those used in
the subject invention to the incom ng feed, due to the
non-vol atile nature of the ester materials they do not

di tht idminé hie at pertition woefficenp gotates tthathd.(c Gdquansolubidity in both

pu ar ou i ping, or furtherprocess steps. | have

f amﬁﬁﬁﬂqaﬁﬂﬁﬂﬁg@éPﬁ@“?ﬁe t hi ophosphat e ‘esters as
taught herein, surprising activity is obtained in
preventing the occurrence of naphthenic acid corrosion

i NU®. Sait] Nat i408#26DlI6u m Kapponpt afdgmilbm pnninprayedl method for
assqci.at ed,equi pnent .. U. Pat. No. .4, ‘

Ve L Bg AR SS gL shlspta ot af AichBinaltnhaengiphores
andritif@um ndondstilintl | an@Sa ifimeighinhibier.CTiRE bhogphbris naeg®und is a
The phosphorus conpounds enpl oyed are nono- and

di phosphate, ppbesphiie.e tanphgsplap et dnephasplifcsieaveargpoapd. The

U A B P el
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t et rahydr ot hi azol e phosphoni ¢ acids and esters as

bei ng useful as id_corrosion jnhibitors. Such . :
R0, SO A SH: Zameth byl Aitiasen g e gcid comosion
S-ilhibwet Bihidgd £8iatdyh Br AiadllyApHobhiRhiaBhRibiftiodWithn optional
tﬁese tet#g%yd@%thﬁagglé Eh&?%ho%fc aci ds orloestersopl .
hathezglored corrosi on and inhibition properties, they

tend to break down during high tenperature

‘applications thereof with possible enission of

0bR OXRHSan? M vArR¢fens UP pheiphesis-cbhtaining heshthétanacidh@lrrosion
phosp orus-contalnlngéconpounds i mpair the function of

vainhibiferscwesrsported (s dé St Bat MNeat4, W 1A dihereir ilgis, disglosed that

fixedrbed hydrqt r ' [ '

B L
corrosion inhibiting amount of a dialkyl and/or trialkyl phosphite with an optional

thiazoline..

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
~ to enhance the ability of corros>ion 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.

Another approach to the prevention of naphthenic acid corrosion is the use of a
chemical agent to form a barrier between the crude and the equipment of the
hydrocarbon processing unit. This barrier or film prevents corrosive agents from

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

10



phosphite stabilizer is not used, then iron can
accunul ate in the hydrocarbon up to 10 to 20 ppm and

w0 ppailz298he catal yst. Al t hough nonphosphor us- cRCI/EN20081®0217

inhibitors are coomercially available, they are

-generally less effective than the
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phosphor us-cont ai ni ng conpounds. U.S. Pat. No.

4,542,253 to Kaplan et al, described an inproved

nmet hod of reducing fouling and corrosion in ethyl ene

c r @uastavsgn ferizh AEACEUSomapsigre 89 aleeting, fpapaishocdd®, iApel L2 hgl 989

| east 10 m of a_wat er ubl e m ne X
O Raths. reoRBEARS ot ch B9 GBS SRR (i So e i F52:254
esdisclo&S TR WEth fiMRefoinighsxcatll siffohaed ﬁlkﬂﬂsﬁﬂshtd?&‘l phenol, and
coefficient greater than 1.0 (equal solUbility in bot h

aeféstise agrinshpaphienibasid sofresion.s) . 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 gETtHRaNLOB, 180,083 PlaRANer Péerat ief alil @NUarorROLIYd dditribes
a filmng inhibitor. The phosphaorus conmpound is a

phanogieamesthsh gfs phihidng mem pridcerpion inf sptisspihi ogprising
es; T
ISR s A HEs B0 8,ah 3y 8 byt e

et dladlosillré‘: of UseFaa Mamt 8’B$(Dl]| 3cis aﬁ:ctdﬂp(ﬁalred dsiedmn b méfelrint©rThis is
conprising a dialkyl .or trlalkyl hit

c oHisthea ExBAPIROf A carodpRiRinBIFng pil 6P Hes: gse\ff@f*a?ﬁ £3 & sgree of
2dyARGRENLs g&%momyvﬁo%mh@ Ridags fgqmtwaglnwdem&i it has

corrosion In Itors was report d in US

4, Betih do@AminEH el |whlietsulf5r damshcl aunﬁftctlmantmra}swe agent in small
corrosj.on in C u' ydr ocar baons

TS atg o ien b bgh fraseBidontof PESRIS 3 reBiop R
anount of a dial kyl and/or trialkyl phosphlte W th an

opti onal thiazoline.
Phosphorus can form an effective barrier against corrosion w1thout sulfur but the

addition of sulfiding agents to the process stream containing phosphorus yields a
film composed of both sulfides and phosphates. This results in improved
performance as well as a decreased phosphorus requirement. This invention
pertains to the deliberate addition of sulfiding agents to the process stream when
phosphrorus-basedA materials are used for corrosion control to accentuate this

interaction.

US Patent No. 5?3 14,643 to Edrhondson et at., describes a process for inhibition of
corrosion caused by naphthenic acid and sulphur compounds during the elevated
temperature processing of crude oil by use of a corrosion inhibitor consisting of a
combination of trialkylphosphate and an alkaline earth metal phosphonate-phenate
sulphide, functioning effectively as an inhibitor on the internal metallic surfaces

of the equipment used in crude oil refining operations.

11



Wiile the nmethod described in U S Pat. No. 4,941,994
provides significant inprovements over the prior art

wao e@bin2xyges, neverthel ess, there is always a dEGr/ImMsmoozn

enhance the ability of corrosion inhibitors while
reduci ng the anmount of phosphorus-contai ni ng conpounds
which may inpair the function of various catal ysts

used to treat crude oil, as well as a desire for such
inhibitors that may be produced from | ower cost or
wo@%aaicainodﬂﬂu&i@sa@abajpmﬁtbam alsS. Rabt MNer. 4992 H86H vrganic

SRR AR, 3PLNS0L O B haF oL LT Bk ph A ter

Cr @iBaiaRKibig, gosnmem 630,961 iislleOseh RYAmPRA 96 BS iflREtive in
unit. This barrier or |In1§revents corrosive agents

f rldrocashami-rieh plase geainst nephthenie acid serrpsion dh@reter.ytheir high oil

hyd | te % I

A T L o L e A L
t he. reqU|renents for a good filmng agent. U S Pat

No. 5,252,254 discloses one such filmform ng

. suPtasRbaricacad feps besmoused primeg] Bpﬁbmeou%hlaﬁsef?re@ﬁl Gignation of a
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g’g@g’gﬁl&ai%ﬂleggcgggﬂ%oﬁ&éQ)ncﬁéerl %HQES fdr %orrgﬁBn 1M9b1t1é)n30r other

tersen et on Jan.
despplicitems JQotletr Bmi:ﬁslhupdteof 8j6nRj DiS. iy Nephl, hEh915, ctad,989

d .ntrod t
© s bE T 0f BRvBootint G o dign SRy Hopggcous
Th&v%ﬁﬁ%%“(&t&ieu%)shaf 821130 NMeen SrepStedI8r i pu r{)oses of fouling

i ncor porated 'herein’'by reference. This is ano
exaitjgatonfUS. ot NosBAAS 8BGO bi ti ng sul fur species. Sulf
dation as a source of corrosion was detail ed above.
Though the process is not well understood, it has been

deTiréréiRsing Bbonithiih@ nsed foldevelap abﬂlt@ﬁaleé}ftmb ifotemitigating the
anti-corrosive agent in small quant it €es,

sugariogivititafyacilig ﬁn@éﬁ aklpryeacpgnd hisiip eﬁ@@@#@éﬂ& at times of low
c orrefigish C}Harggq% dC Lh gﬁ %Oﬁia%ﬁlty 3¢ cI)t% @ruﬁg{)f‘r&tn' s?é)ﬁrces such as

|
barrier I'ns osi on w t hout
Europe, China, or Africa, and India. The present 1nvent10n addresses this need.

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

below.

An object of present invention is to provide a chemical composition which will
provide very effective high temperature naphthenic acid corrosion inhibition as
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.

12



addition of sulfiding agents to the process stream
cont ai ni ng phosphorus yields a filmconposed of both

W@ ioBizbog9 and phosphates. This results in |rrprn(\*/B'ﬁ~12008/000217
performance as well as a decreased phosphorus
requirenment. 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. US Patent No.
5 SUMMARY OIEUNUENIHONt at., describes a process_for

bition.of corrosi on caused by napht i C aci and
U BhErS SU DS FRIr Rghe HE T Sl eumt BBt g eH cases
pr QGERRING GF rﬁéth'ldﬁlrf&bes by pléessfy @hiGOThO$vRRAtion addresses the
i nhi bitor consistin a conbi nati on of

t rteghrhyalpprgbpnapé tempqatm nﬁ@t]@;@pq hcﬁeecgrosmn. and sulphur
5 phos ohsoqr{]ﬁ%ngdl B hen e%%t ?S,'ogu orxllt er n bliltn&[e Bj 09 of f {;ES&M Re three

P& Surraces o
t h&nﬁﬁﬁhﬁbﬁﬁbm}d&@@oﬂsnax@ffwﬁae@lﬂy tieéd mhikgres separately, with one
operations. Organi c_pol ysul fi des (Babai an-Kibala, U S

PathtNi? objaingd bygmyxing cgmpPEnd ho SEHER ds op tzaerin@f gacting high

t
eS *élcr:tg\?e( | a?bgﬁyl%%g}% v%ﬂggmsﬁ%gfﬁ Eéxﬁ’%g 1‘3 presence of
be&l‘lalgﬁlalaﬁﬁﬂnt of lsalphfuf &dthi menpcmnkiyﬂrsmchrds cmalk]yb Iphpmhnae and
agai nst na hth id corrosion. t heir

C
10 o pecend mxyre ;P i B {THERG SRmgpU &‘af%mg‘?'ﬂ@ h s
St gl%ghﬁ@nﬁ(@rﬁl n—atléo‘a@cﬁy HRAPS BRGpHSe, fr{aoﬁf?ltaloﬁh)@tu&cb&amed by

en used primari’ly in agueous phase for the
f omipEing epmpbura eh‘aebhampbuMbD wohpk explfosplmnate, stheedin each of
surfac for corr SIO n
2peRC G ot e e pridedieEhe M guiahityiag effiency in
NOgase 30ﬂ-312ghgzénﬂe?rat41§@ 1AgBthamed dci@7corf¥ibh. ifHISIEBR OdridC sulphur

acid use in high tenperature non-aqueous environments
15 ( peqrrqsl@uwjnmw dihe dnyrasian e pesfuleia flbohydsesaperroggssing units,

f Ogjuc'hnclg, rgh}xerge%,t Jhgﬂla(tl(;n%ohﬁ%{s andBthe? p&tf'éch@&@ai 1ndu$tnes.

DESCRIPTION OF THE INVENTION

It has been surprisingly discovered by the inventor of the present invention, that a
20 combination of organophosphorus sulphur compound and any of other

phosphorus compounds such as, phosphates, phosphites and phosphonates, is very

efficiently functioning in controlling naphthenic acid corrosion, providing a

synergetic effect of combination of Phosphorus compounds.” The

organophosphorus sulphur compound is made from reaction of hydrocarbon R,
25  such as olefins with, phosphorus pentasulphide, in presence of sulphur powder.

Amongst the other Phosphorus compounds tributylphosphate and di — isodecyl

phenyliphosphite are the preferred ones.

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

internally or terminally. The details about such hydrocarboﬁ R, are given below:

13



There remains a continuing need to devel op additiona

options for mtigating the corrosivity of acidic
weewdes29sd | ower cost. This is especially truePE/IN2008®0217

of low refining margins and a high availability of

corrosive crudes from sources such as Europe, China,

or Africa, and India. The present invention addresses

this need. OBJECTS AND ADVANTAGES OF PRESENT | NVENTI ON

Accordi ngly, the objects and advantages of the present

i e ptavicushr meniesed] hedeine I"Mroo&mbmﬁjaatsecbhexpiremms any one

i nv nt| nis to a chem 03|t whi ch

o1 o 2807 oty Ak o Ry P PR #0UR may be
nammah%?h&hég lofl cGOlid, %'aﬁ%%@b%tﬁh@ﬁeﬁﬁ hy8foca®dn also includes
sul phur corrosion inhibition ot her object of the

| pr@gsmtgromﬁerhwt owhgrsint ghey ohAVGebaercmm@Qalb)n subhtityted nig the
Si tion, bl.e ev g
5 { aRRERat P s Vobrashth SRt Bify SRR Gl Hercon. then the
| NYBBGtuAOn | riay bePbRVdither ahe Oy ARSGON | Bdekborid BEY on the branch;
conp03|t|on havi ng very | ow aci d val ue. SUMVARY OF

ioRlyTthe sybatiatiensi oy Re jognthe dydrasarhos hagkbanegang on the
of @ﬁa}e55|ng hydr ocar bons whi ch causes corrosion in
the nmetal surfaces of processing units. The invention
addresses the technical problem of high tenperature
acid cor hur, corrosi o

. na ht heni ¢ sion and,s
10p fegady & 35 PP Gonally sthwRrd lﬁiﬁﬁgrealkwégrw T 8A¢ aspect R,
Coirsrzﬁ’lsb {bnaﬁ?esut)g{ft%dcﬂl@'ﬁéﬁﬁ QR £RMRPIsHRNR, & 8n optionally

f or med ee mxtures separately, with one mxture
obﬂb&ﬂe&dbmamvkgngpconpound A, which is obtained by
reacting high reactive polyisobutylene (HRPIB) with
phosphorous pentasul phide in presence of catalytic
anpyiierfakehh Wéferd ol KranaHel B siaishiCdhaashydrbedrbod, which can
phosphat e and

15 comprise one or more carbon-carbon double bonds. Exemplary alkenyl groups

include propylenyl, butenyl, isobutenyl, pentenyl, 2,2-methylbutenyl, 3-

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

In one aspect R; is an optionally substituted branched alkyl or alkenyl group.
20  Preferably, R, is a polyisobutenyl (PIB) group. '

Conventional PIBs and so-called "high-reactivity" PIBs (see for example EP-B-
0565285) are suitable for use in this invention. High reactivity in this context is
defined as a PIB wherein at least 50%, preferably 70% or more, of the terminal
25  olefinic double bonds are of the vinylidene type, for example the GLISSOPAL

compounds available from BASF.

In one aspect Rl, has between 10 and 1000 carbon atoms, preferably between 4

and 200 carbon atoms.

14



second m xture obtained by m xi ng conpound A with
conpound C such as phosphite |like di - isodecyl phenyl

w@hbesproose, and third m xture obtai ned by m xiPQI/IN2008/000217
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conmpound A with conpound D such as a phosphonat e,
wherei n each of these three m xtures independently
provi de high corrosion inhibition efficiency in case
of high tenperature naphthenic acid corrosion
i nhi biti on and sul phur corrosion inhibition. The
| nineoitel axpedtsRubas almalecuddr weightr afcfaorh @00 go d666G i preferably from
h@ft §@§h as, refineries, distillation colums and
H ocheni cal industries. DESCRI PTI ON OF THE
I NVENTION It has been surprisingly discovered by the
i nventor of the present invention, that a conbination

of Tl triatiopphesphase suchsad ibutyl @bmmwgh@pmy agfalleyl Hagiety of
gs b Elgg ua Olﬁtg?ngglose Zom u(g:ur}ldé ch ntEm a?q@ésq?ml ht%g %ng&eﬁisefﬁcacy

7 OB func oni n

COzEde Wllthinn then@ipélbigeiof tﬁ@l;ﬂesémr M8htidh el tdinlitghy’:lphosphate
synergetic effect of conbination of Phosphorus

comthymi@spha‘mér@f@%mﬁﬂ@fﬂqdﬂwywpmk é'aﬂrﬁ%m%vlplgosphate
ma?ﬁ EJ Eosp ac%'iﬂrﬁ&cﬁi aMﬁBﬂﬁ%gHB&KBhﬁg@eﬁnce %?J@ red the

orus pentasu
popvefeired Abmipgsidd.t he ot her Phosphorus conpounds .
tributylphosphate and di .- isodecyl phenyl phosphite
are the preferred ones. The preferred ol efi ns have

dogid 03P BSotiveNEERINe o AP LErr& ot inhibiRr&s &t used in accordance

internally or terminally. The details about such
hyditbdhe beserRiineansiogicar vahedepndiag mmethi dogsl pperating conditions

nent ned e.term"h ocarbon" us ere

an§7n 8 P&ftlcg!:l?" ‘,hya&ﬂcaré)rog 3)61nga;hrocé<3[5ﬁ j‘huﬁetg g:mpeﬁarl}u [EH other
al arackerBtiodof thehickc G RiPSsysRI & hdveedeariBp @A0he dmount of
cyclic, or an aryl group. The term ﬁédrocarbon al so

| n’@hlhﬂ‘@!; or heéurgr fupithiers (i deevnsedt 9CIHHV>e g@nthe operating
%nx%lturgs arrd’ P &t {h% Létcﬁidmncéntl;a@l%ns are higher, a proportionately higher

amount of the corrosion inhibitor will be required. It has been found that the
concentration of the corrosion inhibitors or mixture of inhibitors added to the
crude oil may range frofn about 1 ppm to 5000 ppm. It has also been found that it
is preferred to add the inhibitors at a relatively high initial dosage rate of 2000-
3000 ppm and to maintain this level for a relatively short period of time until the
presence of the inhibitor induces the build-up of a corrosion protective coating on |

the metal surfaces.

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

without substantial sacrifice of protection.

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

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



hydrocarbon is a branched structure having
substituent(s) thereon, then the substitution nay be

wo@eosil219er t he hydrocarbon backbone or on the BPCHIN08/000217
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alternatively the substitutions may be on the

hydr ocar bon backbone and on the branch. Preferably Ri
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 optionally

supdyisotuttddnal pleny phoppbonns péreatudpiide’ aplike nydlphurefpemder and

to a bra or stral chai n d b

C BB dhellsl tsn R BTaPIASHIAGS b 0 HBUBMENBYHdcEombinaton of
Ex@eR @nphls rBsteﬁﬁl@H@svér@ als %?ef@fn‘i’&%}eﬁéihg cBibeMd A alone
i sobut enyl, pentenyl, 2,2-nethyl buteny

neaddwomen@'B alm@pyﬂatelmept enyl, oct enyl and
pol ynmers thereof. In one aspect RLis an opti onal |y
substituted branched al kyl or al kenyl group.

Prefer mbéstor Foff Stha pedsihts Gvkn@iol | h&$! Bo gedwied out extensive
Conventional PIBs and so-called "high-reactivi t% Pl Bs

( se@eripenialiangp evepy Bhe ogBSHBBISTMOE WHOSIRR| € inbIbitipgein case.

t hj t ‘
de?‘atpmg ag\égllaPll %q\/\%gllrlg:g?ﬁ %%Feastx%o&ﬁ érhe egér%]gbﬁ)6 b%li%ls of
or comorind 0, thdids, tpeiyitdbatylalegflugpiosplearhs ﬁel’ﬂa‘ﬂ’ﬂx&ﬁu@d gluofulphur
the vinylidene ty (g(f:for exanpl e t&ﬁé&l SOPAL

c OPRYYER ik paMPRRRE Gr HhAl HAae 1S I' Rhosphige in the
be%%ggxgeﬂtgmgﬁdcaﬁgﬂaﬁ&{ b 1iis@ ”&mﬁlﬁﬁ@ @9{&)¥r1£@ﬁt‘§’e%re also

carbon atons. I n one aspect, has”a nol ecul ar
weprgformed b rusing2@npiound 0a@lone pndaf:@nmxmﬂ B abome 2@ compound C
The trial kyl phosphate such as tributyl phosphate

1390
wi 1P0% SHREAHYan al kyl moiety of

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

have double bonds, wherein double bond is present internally or terminally.
The example of internally double bonded olefins include beta-olefins.

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

vinyledene, and such other groups of chemicals.
The ratio of P,Ss to Olefin is preferably 0.05 to 2 mole of P,Ss to 1 mole of

Olefins. The Sulphur powder is present in catalytic quantity, that is, sulphur
powder is 0.5% to 5% of Olefin by weight.

16



C - G 2 such that those conpounds contenpl ated as
having the desired efficacy and within the disclosure

W@Ro0Bh2298y esent i nvention include trinethyl phoR@TE{2608/000217

10

15

20

25

30

triethyl phosphate, tripropyl phosphate,

tributyl phosphate and tri pentyl phosphate. Due to its
easy commercial availability, tributyl phosphate may be
consi dered the preferred conpound. The nost effective
anmount of the corrosion inhibitor to be used in

actlor astqeceirtd embedipreasefithe presemtinamtiomrs deagrybed below:

e Peiehed Hghgcar Bt BERIEh R oy Fuehn, Posphorus
t epRedsaiphi® ARA%uPSRRpoasF Aetdhigtl i DElehl €n@Cl flecked round
corrosi on systemcan have a bearing on the anount of

i nbatisim dlaslr eqairpask avid¥ nitragen inlsts stirgerpend, ghegmometer,  thereby
Geper al | ere. the operating tenperatures and / or
th@n381 %8%5%HPP%P§DHS are higher, a proportionately

hi gher amount of the corrosion inhibitor will be
required. It has been found that the concentratiog of.

t hehig geactian BHxtupmisstifred andheaisdiodpBPERIFG A HiG Guader nitrogen

ad - Lheyciude. ol y f - £
5005 Rk Al Rpficta Yol BTC, [STHPRGH teats BB Epllon o
t ohyallokenhsulphiti¢ pat gHsS)atTha tempetaiwelof thé géactipn trhiature is now
dosage.rate of 2000Q- 30QQ.ppm and .t intain,this .-

| epanta ‘aetws%_? g%‘_éﬁ_g) @ﬁéﬁtf{%épmg 8f 1M (A dpR, fhen the
Pr@aeeeeureioff e MpRLRI {OFaideddisc 830 thernRuichidtP ntkiufe is then
corrosion protective coating on the netal surfaces.
Onmeintdeedot dhie eanmpegatyrerdf28 ¢ foredshass.i shed, t he dosage
rate needed to nmaintain the protection may be reduced

to a normal operational range of about 100-1500 ppm

W TOkbul Sk Edadfidn MbssSia eenfdo6Rd @b teipetRGiei N 00 ThBwhen nitrogen
i nventor of the present invention has carried out .
exgasris pyeged iptertheesuliant geactign mass, to drive out the hydrogen sulphide

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

naphthenic acid corrosion.

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
used in different processing units such as, pump around piping, heat exchangers

and such other processing units.
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verify the effectiveness of corrosion - inhibition in
case naphthenic acid corrosion, by experinenting with

walpdoBae28d proportions of compound A, that PCT/IN2008/000217

10

15

20

25

30

i s, pol yi sobutyl ene pl us phosphorus pentasul phi de pl us
sul phur powder and conpound B, that is, tributyl
phosphate in the abovenenti oned conbi nati on of these
conmpounds. Experinments were al so preformed by using
conpound A al one and conpound B al one separately. The
I NVkest atetlofd dréps qo¢ egdaned belewt i on has al so carried out

extensive experjinentation to verify the effectiveness .
of | oOn rBSHBH 5 PHRPUAPD ol g HUEHEHEH © Roges & portion
COrr osi 9fithe Ryd@¥RBHAMENLIiNg Wi th different proportions

of conmpound A, that is, polyisobutylene plus

phos phoaliesvipe thedwidrgrtartohe vapors te tibpmu dipiolation cahunn;

compound that is,. di ~..isodecyl, phenyl phosphit.e I

Che. SbouarEmtTD AR e BT R TaPoush BT, totdh the
Exper i ngigfifatitardhahs o poedeammstillye; usi ng conpound A

al one and conpound B al one and conpound_ C al one,

separdit ddjng ththerdigtiltated feagindda Q00 apmy of %S?@Ph@éo%yompomd

pont asur b Sl th b (O AR venign

Er eg e)) r eitbwihgf thes dixalieted ooithimirpo rdmpbinatien ebmﬁphmﬂdl €A+B) or
ond is present internall r termnally. T xanpl e

of int e?‘?‘i%lP‘P?“Qi’o&‘HPBO‘H@nE%E&oFOeF?’_Hgai webiaaealty e meta

bet a- ol gff:08s of B &XAMR|A @it ’éoefdﬂmﬁlloltéétiqgQﬁﬁleorp%’ﬁkgietggface,

ol efins 1 nclude al pha-ol efins. These ol efins have
30 car boherabpewch sTifaseisohtebitetsagamst edrtasramat i vel y,
pol ynmeric ol efins such as high reactive

pol yi sobutyl ene contai ning greater than 70% of

Vi fYik edefRageub e (RANdistiABGoM 06 RN, mw,s}ﬁhu@ Yk &MESpiping and

whi ch contal nsVinyl, vi n)fll edene, an'd such ot her groups

of refeshe@upmyent to prevent naphthenic acid corrosion, when condensed vapours
from distilled hydrocarbon fluids contact metallic equipment at temperatureé
greéter than 200 °C, and preferably 400 ‘C. The combination compound (A+B) or
combination compound (A+C) as additive is generally added to the condensed
distiliate 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.

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
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The ratio of P2S5 to AOefinis preferably 0.05 to 2
nmole of P2Sto 1 nole of Aefins. The Sul phur powder

WO go0pnexsent in catalytic quantity, that is, suP@IIN2008/000217
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powder is 0.5%to 5% of Aefin by weight.The nost
preferred enbodi nent of the present invention is

descri bed bel ow. A wei ghed quantity of HRPIB (Hi gh

Reacti ve Pol yi sobutyl ene), Phosphorus pentasul phide

and sul phur powder are charged into a clean four -
neiateeidr swtiavds bbtheatistillatiok colaqui, ppes] puirpharourtd pigewg and related
inlet, stirrer and thernoneter, thereby formng a

r SR i xt ure. This reaction mixture is stirred and
heated to tenperature of 160C under nitrogen gas

purging. At this tenperature of 160 "C, the raction .
| eHusmethodvd] wingthegpolyigetusyjene phosphomie sgtphul kpgpourphefl the

t enper ature.of the.reactiqn .m xture isS now nmaintained .
petkeah M5B for AESV e, AP TaR; of figh TRl Gatiicic acid
hadsifosiohieexpliifed BeTpRIvAtHIhe help dfleRamibit Uraad s rai sed

to 220C. The reaction mxture is then naintai ned at

t HExampderp shawsine affcompoundBf or 6 hours. The resul tant

r | merature of 100 C,
me}%ﬁ"&ﬁ#???gg‘i‘ﬁs gaséfgzgﬂlgﬁl%glé%g? n?%&n?hr@ r ?tg'ul t ant
I e@cAnpde S RAGWs udefdpmpeumliC. t he hydr ogen sul phi de

present therein. The resultin ol yi sghut yl ene
PHoSIR O Shawt pifut combsting ¢ pMAafsfSa hi gh |
t eREL A puRid BRONhE @BinSirBaLS cGREERRI AR-B)UTiRI i@kent Flefition is

conpound I's used neat or diluted in appropriate
sodasidynobtsineth cammeydigiye, t ol uene, and aromatic sol vent

as_any ot her opri at e .solvent to ieve inhibition .
o1 T SHPROLE) &7 Bt i GORBBRE R B BPaHtq AL SR erepp g flon i
Pr&senbbiaiiéeobmaidrdisllyi rected to a nmethod for

inhibiting corrosion on the netal surfaces of the

processing units which process hydrocarbons such as
CrERIMbLEY

The wéighed quantities of 68.16 gm of commercially available HRPIB (High
Reactive Polyisobutylene with molecular weight 950 approximately), 30.31 gm of
Phosphorus Pentasulphide and 1.51 gm of Sulphur Powder are charged into a
clean four necked round bottom flask, equipped with N inlet, stirrer and
thermometer, thereby forming a reaction mixture. This gives 1: 1 mole ratio of

Phosphorus Pentasulphide to Olefin.

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

maintained at this temperature for 6 to 10 hours.
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its fractions containing naphthenic acid. The

invention is explained in details in its sinplest form
wob@sa2298¢ he fol |l owi ng net hod steps are carri eRCDIN2008/000217

when it is used to process crude oil in process units

such as distillation unit. Simlar steps can be .used

in different processing units such as, punp around

pi pi ng, heat exchangers and such ot her processing

units. These nethod steps are explained below. a) -

hedhé nepultire tegationcmaisowas trenadavlatgton AYCheher ndlocdgent gas was

vaporize a portipn of the rocarhon:, b) all ow t he

o Bire Gty i ey ot e P& PO HasorreRih JHpteli The

C) reS@RAE ol yISotutAekd PABsphordshSulPMET QFRFRAE WaPQWES as a high

passi ng through the distillation colum to produce a

di smipefasure ; naghthgaigi #rad tcorrppien dhkibitpn, gsewvelf snpulphy corrosion

5000..ppm.qf. a_ conbi.nat i C Qu +B .
5 colbitgF i CuRBRRot PR SBRRBhpBiepare solygn such s
al kylehd) Golubre, dhd hidrhaicesobv@nt ai Wel@s aaybiteatappropriate solvent to

conpound, (-A+B) or. conbi nati on conpound (A+C) tq
corhive DhihiEGmof gl temperairs mephiBenic adid cqpesiopras; el as

di sk Lof punit to formprotective filmon such -
su?ﬁg%gég e?éby such surface is inhibited against

corrosion. It is advantageous to treat distillation

t v und pi pi d I d )
10 SO R S By RS B e A5 oL e o of 11,
CoNgensRcth 525 YR BB FHoSHHdrhEBerMA MR ROdnilhHifShesis was

contact netal lic equi pnent” at tenperatures greater _
t hearigboutdhy nsing poshdrpabyigobiter®, inFigad 0b Bt mdth molar ratio
cog?fﬁgg (A+B) or conbination conpound (A+C) as

addi ttve is generally added to the condensed

distillate and the condensed distillate is allowed to

contact the nmetallic surfaces of
15 EXAMPLE 2

High Temperature Naphthenic Acid Corrosion Test

In this example, various amounts of a 50 % formulatibn of the composition
prepared in accordance, with Example 1, were tested for corrosion inhibition

20 ‘efficiency on steel coupons in hot oil containing naphthenic acid. A weight loss
coupon, immersion test was used to evaluate the invention compound for its
effectiveness in inhibition of naphthenic acid corrosion at 290°C temperature.
Different dosage such as 300, 400 and 600 ppm of invention compound were
used, as 50% active solution.

25 A

A corrosion inhibition test on steel coupon was conducted without using any

additive. This test provided a blank test reading.

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

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

20



the distillation colum, packing, trays, punp around
pi pi ng and rel ated equi pnent as the condensed

wa@le@sil2198d e passes down the colum and i nto thBCT/IN2008/000217
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25

distillation vessel. The distillate nay al so be

coll ected as product. The corrosion inhibitors of the
instant invention remain in the resultant collected
product. In comrercial practice, the additives of this
invention may be added to a distillate return to

c othtrmdmeter draitorer irod. 00 a(aboaty? 58ml) iparatfire hydrbearbon oil (D —

Ieas nd_ i nj ection rm’ be. ad to a
fﬁp e@t‘f}rdﬁe ﬁﬂ%egiz J%Pk}’gHbﬂ We ot %w&&,?@wavée pfp100 ce/
prﬁﬂrﬁ&é Jnhe tHeOWGhpRAGH RehsaRfselr &Y SI 0*9@@ OWHilIe temperature was
distillate drawtray It is not so critical where the

adnilamrtamedof farhe30i nwemttéson A scempl@ldldasOﬂ owgmaée i tl iepmprising
t e

G EaivepGurlsh ond Bafehgts gkitanoffy EHRBH: buddSuas added v

meghalriedttidhi @ixtser TRE @fic@bn thivuel Shs lsligtd 66t CPMiARes at 100°C
trays, punp around piping and rel ated- equi pnents.  The

rre‘tehméra@#reuéiﬁﬁg remeying Ihe STt i dA@PeaBED 96 thes reaciigihpixture
co en f

RO bR L FRC L VEDLIAL 1% 380 2eloupon s 1010
cowith ﬁhrﬁéhsh(ﬁlselﬂﬂirﬁixnmnrbed D@ rivint waast ifemdreddp Adfer excrunpings: this

R o
ShOWR abi&afle &%BC}H% ﬁ%gH&@&@'a‘E&% @8 tﬁ@%l&f?’ﬁmﬁﬁm A sample of
co o

I'nat i on conmpoun e conpound B of
com;:i gmt\iraightcnfrrpamﬁnd nfiAtB) wos coliveteol fos dntbnnmvmn Df)mld yalue,

asj obt ner ci. aI d C of th
coMBicHaF o PuBE g dmtPrr IRl 1 e TBReBEHnyan geipgd o
eagyut holR! AlfRethie BfH_EEdhﬁk,aﬂhE Ynetal coupon was removed, excess oil was
rinsed away, and the excess corrosion product was removed from the metal
surface. Then the metal coupon was weighed and the corrosion rate was calculated

in mils per year.

Calculation of Corrosion Inhibition Efficiency.

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

coupon (without any additive).

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

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

The results of the experiments are presented in Table I and II.
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EXAMPLE 1 The wei ghed quantities of 68.16 gm of
comercially avail able HRPI B (H gh Reactive

woeiogiisorut yl ene wi t h nol ecul ar wei ght 950 PCT/IN2008/000217

10

approxi mately), 30.3 1 gm of Phosphorus Pentasul phi de
and 1.51 gm of Sul phur Powder are charged into a clean
four necked round bottom fl ask, equipped with N2
inlet, stirrer and thernoneter, thereby formng a
reaction mxture. This gives 1: 1 nole ratio of
Phohptest resul Beofiths et pehintbatstcon@haéd by ustinenoread pblyisobutylene are
m xture fqg @iirred and heated to 160C tenperature
un8eFT Ht t#VHeEr gas purging. The 'purging of N2 gas | ed
to renoval of hydrogen sul phide gas, which was
generated during the reaction. The tenperature of the
r edbe parosminaaterio MBY (malispenysae)s oelcwiatsd bygloo formylai 80C,

fo peri od of ouy,, t hours. Then the
teﬁgﬂ#5FUff?1ﬁ—ﬁ;é;A%éMq#Qﬁ%§¥§4Q%1ﬁﬁTfTTfﬁﬁﬁffﬂmkfﬁe

m xture was ([WéMRitRines/@) x (A ih afpe By 6f ttalin Bolrg) 10
hours. The resultant reaction mass was then cooled to
10BEAMEBREN} t r ogen gas was purged into it, to drive

ou e ' ‘ . .
USRS I S0 HISHE IRt ot
wasffetsioenaas & hi @mrheniady aivailebla aghvspleorue cagipdund B, such as
corrosion inhibitor, as well as, sulphur corrgsion ' .
i nHiyit @hosphﬁtesl%@wwfw&ghﬁg@a afieigorTatiom Piifese dpsages of
PR ?ﬁé%h%@l, %’lﬁﬂ\tas%CPO ad Y00 bt welPhdane the_aégé?griments. The

ar omat’l vent as wel[ as any ot her appropri

 soteselnbf samacitheseeexipatimbits amrpredented gh Takleper at ur e
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napht henic acid corrosion as well as sul phur
corrosi on. The above nentioned synthesis is carried
ouexiavipiEf 4 erent nolar ratios of 1:1, 1:0.5 and

1:0. 25 of HRPIB to Phosphorus Pentasul phide. A simlar
syFxpreimentsywere carried out by the inventor of the present invention, to test the

synergetic effectiveness of a combination of the compoﬁnds A and B, Wher¢
compound A represents high reactive polyisobutylene plus Phosphorus’
pentasulphide plus sulphur powder and compound B represents tributyl phosphate
(compound B is used as available commercially). Different total dosages of
inhibitor combination compound’s combination such as 300 ppm and 400 ppm
were used in the experimentation. Similarly, different proportions of compound A
and compound B, were used in these experiments. These different percentage
proportions of A:B were 67:33, 70:30, 75:25, and 81:19. The result of these

experiments are presented in Tables 6 to 8.

EXAMPLE 5

By using the method steps similar to that of example 2, the experiments were
carried out by the inventor of the present invention, to test the effectiveness of
another commercially available Phosphorus compound C, such as Di-isodecyl

Phenyl Phosphite, in inhibition of naphthenic acid corrosion. Different active
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carried out by using normal polyisobutyl ene instead of
HRPI B, with nolar ratio of 1:0.35. EXAMPLE 2 High

waespaeasur e Napht henic Acid Corrosion Test | nPehin008/000217

10

15

20

exanpl e, various anounts of a 50 % fornulation of the
conposi tion prepared in accordance, wth Exanple 1,

were tested for corrosion inhibition efficiency on

steel coupons in hot oil containing naphthenic acid. A
wei ght | oss coupon, imersion test was used to

evdskigds & ftibiesbdeegnPlhican] Bhosphise)duélons 75,s90eflR@ahd 1é0@ps were
in inhibition of naphthenic _acid corrosion at 290C

t B imnthg esperimene e qhhesq pwpedmen@re REEFsHnd@hle O
ppm of invention conpound were used, as 50% active
solution. A corrosion inhibition test on steel coupon
maEXAﬁﬁHhEubd wi t hout using any additive. This test

vi ded bl apk, t est readin reatlo appar.at u
using e mahehsEpt eRETF Jf Ao HkEH L Ad ISP R eH s were
f | BSte FSUH IR RESinYehtBr ¥Ehe Ere@ékﬁdﬂb%ﬁbn, tblzesp _Wr@@getﬁ: hfectiveness
t her nonet ef pocket w ththernoneter and stirrer rod,

60¢f agnm@hmauon m(:thwcympawlsm randlyielr incimhivtiompf npphitbenic acid

13 was t i n the f '

BBl REF colrblfe. o et 37 UL pTfqmurytene plus
t e;SHb@ Bph lestals &aﬂaliﬁkﬂﬁnm\tﬁtlo@ Bulpkampsvader aed vaspound
mai nt ai ned for m nutes. A conpound of exarrpl

1
c o@p‘pprgt;qqn@s ]3@)115)@;19% Lﬁhyméln%hogﬂlatqph 6%%%‘?‘{5’9 1s used as available
Pe(Q) Blmlg € [S\fffethﬂ‘?] u lt(ﬁglu r aQQQ/V:\d etfosX%§ %‘#d ‘?ﬁnBﬁ’ort h&)mbmatlon

reac e reaction mxture was stirred for
15cdm}muhes @tmblﬁ)z@ﬁntsanhnas apurzo0, 219,6150r 860 ppmgweraaised in the
stirrer, the tenp

ture of the reaction m xtu .
¢ o gEameBagaRC SIS hese; gt %é‘.vahtdosagF%sg‘Cf:‘ﬁifﬁﬁﬁlffem
Stﬁ%box‘f’ﬁﬂ?%@ agi%/elg(;rgpounds A and C. These different proportions of A:C
included 105:90, 90:120, 100:100, 140:60, 110:90, 130:120 and 180:120 the

results of these experiments are presented in Table 10.

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

Expt. | Inhibitor Dosage | Effective | Weight | Corrosi | Corrosion
No. Compound in Dosage in | Loss in | on Inhibition
ppm ppm - | mg Rate in | efficiency
v MPY in %
1 (Only blank) - - 89.5 529.89 |0
2 Composition as | 00 100 63.3 37123 |29.27
per Example 1 - :
3 Compositionas | 300 - | 150 39.6 232.24 | 55.75
per Example 1
4 Composition as | 400 200 15.2 89.114 | 83.02
per Example 1
5 Composition as | 00 300 3.8 |1231 9575
per Example 1
6 Composition as | 50 325 0.3 1.5 99.67
per Example 1
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wi th di mensions 76mm x 13mm x 1.6 nmm was i nmer sed.

After maintaining this condition for |Ihour to 1.5
whmowsa22989 1 gm of napht henic acid (comrerci al PECEHIN2008/000217

with acid value of 230 ng /KOH) was added to the

reaction m xture. A sanple of one gm wei ght of

reaction m xture was collected for determ nation of

acid value, which was found to be approximtely 11.7.

This condition was mai ntained for four hours. After

thTfabbr e dOORROSEONet INHIBITRON WHESTenpxitd, melmeseatio  of

ko BBy to bR ah Bk enGRaias = 1 EReMIIgF -9

COHRAG NG | WRiBR&GY arDdage -’EffE@(WeonW%%‘h? @%?rosmn Corrosion

cal culated|in mls pgr year| Calculjation of Corrogion
| hNiobi t i on | Efdmmiuadcy.inThe pPokagd yslesssiim| Kateculiat|ilmgbition
Corrosion Inhibition |Efficiency is |given b AN

hi s cal cullation, cor{P5% on| W™ t[iBR ef { M) ency | Eificiency

rovi ded by additive jconmpound is cal cul ated by in %

pnparing weight |osg due to additijve with weight [l oss

191 ank coupon (w t hout any--additi|\vgg)7 Couas®sion|0

t hout addiGonmypitiongddi tive) X 100 Efficiency (wei ght
pgs for bllagk W thgut>308ddi { P¥e) Thelleal cul@i.e 75.48

t

P

c

0

(Wi ght | 03$O0nkyrblimiank (wei ght [ oss with [nhibition =
W

I

nmagni t udes | @xgmpRt ergd in the Tablgs in appropriate

colums. —The Tesurts of the experi nents are presented
in Table I and Il.The test results of the experinents
cofdblet 1 hYORROSIONT TNHIBITYONbOTESTen@gvith e npilamenratio  of

5 T Puiehbaidis e enareap Asmisob s BT L2

in nme
Experiment | Inhibitor Dbsage Effective | Weight | Corrosion | Corrosion
No. Compound | in Dosage | Loss in | Rate in.| Inhibition
ppm inppm | mg MPY efficiency
| in %
15 3 -- -- 87.7 439 0
_ (Only blank) )
Composition
8 as per 500 250 50.6 |253.3 423
Example 1
Composition
9 as per 1000 | 500 142 | 71.08 83.81
Example |
Composition v
10 as per 1500 | 750 2.0 10.1 97.72
’ Example 1 '

10
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(Density in gmcc) x (Area in in2) x (Time of test

in

hours) EXAMPLE 3 Experinents were carried out by the

w0 pwsne89 of t he present

i nventi on,

to test thRCT/IN2008/000217

effecti veness of a commercially avail abl e phosphorus

conmpound B, such as t
of naphthenic acid co
tributyl phosphate,
used in the experinmen

ributyl

rrosion.

ts.

phosphat e,

in inhibition
Di fferent dosages of

such as 75, 90 and 100 ppm were
The result of some of these

exWeblen&nCﬂRR@SlOeNséNfHBITIONa’BESTS(wiBXMMhE ratio of Normal

carried out by the inventor of the
Eg@ Bty oopposphorsEntauintydicr Jal T

e ' M@Rfb#er O 2 CONBhLAH3E ! 3Flff@étl\k:h > W ROLGER0Ho | Corrosion
B .er nd A regresent 5o0l8h £l |VERate i | Inhibition
pol yi sgbut yI ene pl us o§pho s nt a p |dﬁﬁp}us efficiency
sul phur| powder and conpound B H)p resents trjbutyl "y
pphosphate -{-conpound s—used—as—avalttable m% .
cotdrercial ly). Differenat total- dosageB87.8f ihkiditor [0
cpbi nait (kY bund'ls conbi hation shich as ?OO ppm and
400 ppnr@&n&w$MQni|asthe exp=rinenta ion. §mlarly,
d er ener hixamptet I ons conp conpoyhe, B
meiL usled in these ex @ilnen g&?Thes glffe %ﬂ?ﬁl o439
p=rcentage proportions of A:B were 6):33, 7D: 30,
76:25 land 81:19 Thel resultiof these experinents arle
presented in Tables 6 to 8. EXAWPLE 5 By using the
oo SaPR 31 CORABGN, I TRITP (Gufpish Gompouna B -

5 pr TeibatyliPhosphate),

to test the effectlveness of

anot her commrercially avail abl e Phosphorus conpound C
such as Di-isodecyl

Experiment | Inhibitor Dosage in | Weight | Corrosion | Corrosion
No. Compound ppm Loss in | Rate MPY | Inhibition
' mg efficiency |
in %
1 y -- 89.5 529.89 0
(Only blank)
Tributyl
Phosphate (as
12 commercially | 75 55.5 325.49 37.99
available)
without any
solvent
Compound as
13 per 90 21.95 128.73 75.48
Experiment
No 12
Compound as
14 per 100 14.35 84.16 83.97
Experiment
No 12
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Phenyl Phosphite, in inhibition of naphthenic acid

corrosion. Different activedosages of Di-isodecyl
wdPhesryl2ogdhosphi te, such as 75, 90, 120 and 150 qupm2ueBro80217

used in the experinents. The results of these

experinments are presented in Table 9. EXAMPLE 6 By

using the nethod steps simlar to that of exanple 5,

the experinents were carried out by the inventor of

the present invention, to test synergetic

ef Teblkeioy €{RRBROFION INHEBREKON TEST (Inbibitorpomppund =2Ad B)

C, Componhdbit #050 86 ofaPélytsebutyleaei plus Phospioors, Pewtesudphide +

coapalinid fmowpreS salphuhiPelvdeedad ipee epahples bpuhd | 58né solvent

pl Q‘Sm‘iﬁbﬁﬁﬂhBrﬂSFrﬂﬁﬁ}lthﬂsBHétSE(a@'cUﬁuﬁa?élaﬂlytalv@ﬂéiﬂ@UWith@ft any

58S povvder and conpound C represents .Di -isodecyl
thﬂ ?Pi%ﬁc? £ BEPPAHNEn o FholdifthudPerfiRipha! ©
COMer ci a D‘?ff ent ?lortlec‘ ac?t ve doesages‘J
nhi-bi-tor- conbinati fo¥al r-n)nhnnnr{' S CC%! pati-on ctuchcoarr:(—)smn Coroion
Expt. ibit el ig
No. 195 7?:)511 (Et%.o’ S5t [3(66“ ppm were used in E}sgs Rate in Inhibition
cxper | ABRE A Similarly these total actfye dos efficiency
ncl ugded different pro oftions of aghiave compounds A (%)

and 'C| These dj Eeapesnd prepapeinshs| gf A-Cl i ncl uded
105: 90, 90: 120, A100: 100, | B40: 60, 11Q: 9§, [130: 120 and
180: 120 the results of these exper]jnents are presented

15 A Tab(Riadk). Tpabl e 1: CORROSI ON | NHLBI TI ONSTEST (4% h |0

'l arlrati o n-F Poloyzi

it vl Aann A hnancecnhoric
A\ %2 pe)

TOT_COT T C yl C I\J LI A2 U ||UQp||C
16 bl abMbBi de HE 1) (EXp¥PLE - 2) e 2|9 corrdd oy | 100

L9 | I v

T2l e 2
17 NHIB[ AT TEST4gv Th noj a8 rati o pf,Pol y[5ebut Y[ gng 97.49
o Phosphorus Pent asul phjde = 1:0. 5,%2(EXAVPLE - 12)

18 Tafil e| A+ BORRCSI&N | NHI B 80 ON TEST| g4 th fbl7ar rlaifo 99.20 -

1 " Dh nh Dhnt U hht A
bf-—Pg Y+ sobut Y H—enRe- to FROSPRorUS—TentaSthrpPrt-eae—=

1:0.25) (EXAVPLE - 2)Table 4: CORRGSI ON | NHI Bl TI ON
TE?IbﬁW @bﬁRb”S”IdNiiNHIBfTMN stﬁhﬁibﬁm%mp%%ﬁde 2B

hosphor us Pent asul phi :
| NEb@ipdh@ll AESTS(Q I"/ﬁmbeolarsobmmgqndusB Phosphorus Pentasulphlde +
10  Catalytic amount of Sulphur Powder (as per example 1) and 50 % solvent
Compound B = Tributyl Phosphate (as commercially available) without any
solvent.
M.R. = Molar Ratio of Polyisobutylene to Phosphorus Pentasulphide

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

15
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Tri butyl
(I'nhi bi tor

conpound

Phosphat e) Tabl e 6: CORROSI ON | NHI Bl TI ON TEST
= A + B) Conpound A = 50 % of

wdPnbyiRoedut yl ene pl us Phosphorus Pent asul phi depca/iN2008/000217

Cat al yti c anount of Sul phur
and 50 % sol vent Conpound B =
comercially avail able) w thout any sol vent.
Rati o of Polyi sobutyl ene to Phosphorus

Mol ar

Powder

Tri butyl

(as per exanple
Phosphate (as

MR

Pent asul phi de Table 7: CORROSI ON | NHI BI TI ON TEST
(1 Whablkei8t FORRQSION INHABFTE)N THSIo(Intibitor cotpynail = A + B)

PoCyimpohud yAerespl% sofPRolysbbutylenderiia Phbsphiottes Perdifisulphide +
CaCatalitic Cardomitnéf Shiphut (PowdePeawiper eRgmpler 1)2¥adTH0e % )solvent
PrYEhdRe Tasd lcbRieyéialth QS Rildd)

le) without any sol vent.

ango

COW?
u

olihd OB & NEri

ially avail

. 1)

% Gvﬁﬁout any

E’/g “asul p(lﬁll degti(g%%(}lzgwyl%%%%b W%I#EST

27

(I nhi-hi-tor-con ound = A+ R\ (‘nnmnlmr{ A= 50 9% of i
Experi povi.- 4 dnuibijore | DespeRineRB@phor us Pent asul ghaight. | Corrosion. | Corrosion
ment Cat al ytcP@Panoynt of Sul phur Powder (as _pdrlogsxanpRatein Inhibition
No. 4nd 50 % sol verionGonppGawpB = Tpidl Resgee Prdsihat ¢ WRY) efficiency

gonmerici al |y avail abl eB w t hgut +dhy solvegnt. MR = (%)

Mol ar{Ratio—ofl Polyispbhutyl ege to-Phosphgrus
s Rentagul(®ie |Tabl e 9 CORRCSI ON | NHI BI TI TEST a9 0

(1 nhi bi &1 z onpound C| = D -i godecyt- Phenyl ‘Phosphi t%)

gs comqmerciallly avail able w tlhout any sol|vent) 10
23 19Twblje A6:B CORRGED ON | NBS Bl TI ON KEST (I rfhi bist of 9.0l 97.95

gomotnd-—A+ C)

24 1:05] A+B | 330 60 390 5.2 26.03 94.07 -
25 1:05] A+B 255 45 300 39.4 197.21 55.07
Table 9: CORROSION INHIBITION TEST (Inhibitor compound C =
Di-isodecyl Phenyl Phosphite as commerci,a'lly available without any solvent)
10
Experiment | Inhibitor Dosage | Weight | Corrosion | Corrosion
No. Compound in Loss in | Rate  in | Inhibition
ppm mg MPY efficiency
in %

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

26 Phosphite without 75 73.90 | 369.90 15.74
any solvent

27 Compound as per 90 58.5 292.81 33.30
Experiment No 26

28 Compound as per 120 21.0 105.11 76.05
Experiment No 26

29 Compound as per 150 1.60 8.01 98.18
Experiment No 26
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Compound A = 50 % of Pol yi sobutyl ene pl us Phosphorus

Pent asul phi de + Catal ytic anount of Sul phur

Powder

(as

woReés/e¥arpl e 1) and 50 % sol vent Conpound C =pCT/IN2008/000217

5 (1} Qibai conpound =

Di -i sodecyl

Phe

nyl

Phosphite as commercially avail abl e

wi t hout any solvent Table 11: CORROSI ON | NHI BI TI ON
TEST (I nhi bitor
Pol yi sobut yl ene pl us Phosphorus Pent asul phi de +
Catal yti c anmount of Sul
and able t: LOORBRGASION OSNHBLRO®R EESK (InbibitorReogpmatie- A + C)

(a€oapuunadc AaH §0 dvaof RblyeobuiyldmeupluaBhosphorentPentykRphide +
= WatahyticRambontotf Ralptius dider gae pep RhMpROY Wed 50 % solvent

Nor mal

Pe

conpound

phur

Powder

= A + B) Conpound A = 50 % of

(as per exanple 1)

upld de- Dhikald st bR [tOs coihBlclAIfNvhHETle with
Cloat o A +nymound A= c5090\/ﬁwo © without

Nor mal Pol yi sobutyl ene pI us. Phosphor us Pent asul phi de +
Cat ol Cuil mhivr  Davarlar ((ac Ay ¥a L o
L& ottt UI ow hur—Powdet as ahp :
B AP R G S8 oe R Eorstn | Coroon
- Phosph ‘E‘é‘nﬁ%“néowrerc; "v avaj etk an) Rate in Inhibition
sblvent 10 Di scuSem8n |dfompre| FetalPosagsr et ed] (IMPY) efficiency
Tabl es| The det aj fed di|seussi pfA gCven bel ow witlh (%)
respect (@myt he results presented in Tables 1 t¢ 12 for
15 the exaElr@H;rEnts descrilbed an| Exanples 1| %76 exfBlins |0
the eff eness of tlhe add ti ve inhibitor compounds
30 Of PIEBENt d@venthpl 1N hghl I Bﬁ erquurgg napnt iggi C 94 41
acid corrosion_jnhibitjion or| sul carrosion
31 iphi:bitioh+The ad8dt | veIZOnh bi tgogcon‘pourﬁﬁ of |t he3.5 99.20
n FaVYalal h 1 \ A\ WNaYNaAV] QF ot I AW Eal I
P C. 1 IV ILI | VAl CIIC\JLIVC III
32 nhf’g |d’% cf? |g|%09 enp fr re napht heni c &eid L5 99.66
33 CDPIY.PS| OMy +CONPI1 386 4 Mpgture 5, 0.4 2.0 199.54
34 | 11 | A+C 220 90 310 0.1 0.5 '99.89
35 [1:05| A+C 260 | 120 380 1.5 7.51 98.29
36 [1:05] A+C 360 | 120 480 3.4 17.02 96.12
Table 11: CORROSION INHIBITION TEST (Inhibitor compound = A +B)
Compound A = 50 % of Normal Polyisobutylene plus Phosphorus Pentasulphide
+ Catalytic amount of Sulphur Powder (as per example 1) and 50 % solvent
10 Compound B = Tributyl Phosphate (as commercially available) without any
solvent.
M.R. = Molar Ratio of Polyisobutylene to Phosphorus Pentasulphide
Expt. | M.R. Inhibitor Dosage in (ppm) Weight | Corrosion. | Corrosion
No. comp. Comp. A | Comp. B | Total Dosage | 10sS Rate in Inhibition
A+B (mg) (MPY) efficiency
(%)
Onl
15 -- (Only -- -- - 87.7 439 0
blank)
37 |1:035 [A+B 320 90 410 1.3 6.5 - 98.52
15

28




of a compound A with either of the two conpounds B and

C, wherein,

20 A = 50 % of

reacti on product of

woPobg/iaedut yl ene pl us Phosphorus Pent asul phi dect/iN2008/000217

Cat al yti c anount of Sul phur
and 50 % sol vent .
comerci ally avail abl e),
Di -i sodecyl
avai | abl e),

€a€bm

det ai

B

Phenyl

wi t hout any sol vent.
presented in the Tables 1 to 12,
effectlveness

C hptledips 6 ARRGS

e Mtlpl IDRLTERT LD

?ﬁ)uﬁﬁ'% L 97 oftNkrfhal ﬁbl?ls@)u@lége {)l{ﬁs"Ph@spho}_ﬁ%ePentasulphlde

eddi scussi on given

Phosphat e,

W t hout any sol vent.
Phosphi t e,

(as

(as comercially

ow, Shows very

25 The results
shom13eparate|y t he
ounds A

&ﬂeggmaf)"?%e

nmuch

Powder (as per exanple 1)
Tri butyl
C =

4 ¢

i n‘br@tdyituefaﬁwm wé rhadphur Pomidgh (asemre@@nml@ lhm@ﬁt Hefh solvent

d corr

(A 2“‘85’“

FLBE Ly B

h gf t he
et%

ety

t

Ry ffab% Sithout

eagity @fvehhe conpounds A, B and C separately. The very
much inproved effectiveness of the inhibiting conpound

of present

i nvention,

t hat

is of either. of m xtur

es (A

Expt.

No.

M.IB)

i nhib
t ot al
show

DInhfbAtor C)
Edrapoudldf i ci
dosage of t
[ he results

st@@auf@mnnthe very hi g

N Waghito

ency,

Heomap
oﬁ ef f

CVETI

empo
bCti ve

th—TeductTo

mpotséntidosagaibig
ndssCof conp

11dsB t h

pung A,

5 {Corrosion
bRate in

for "

Corrosion
Inhibition
efficiency
()

15

three

Pol yi

TS0

ml ar T

tlo “Phos

Ht 70 0
hor us

hgh React]

Pent asul phi de

¥%.7

Suc

439
N_as

0

38

:0.35

effec

lAOk@ and 1:

iLveness of

33685,

comou
L

Tekd e 4
d-A m’?ﬁy

molar ra

ows resul

Q&.Zof

Lo of
| 001

121

lor nal
NG8d

72.41
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Pol yi sobutyl ene to Phosphorus Pentasul phide, such as
1: 0.35. Table 5 shows results of effectiveness of
c objsoussibnBoft thatreswdts presdntéd/in Pitdephat e, as
commercially avail abl e, w thout any sol vent.
The detailed discussion given below with respect to the results presented in Tables

1 to 12 for the experiments described an Examples 1 to 6 explains the
effectiveness of the additive inhibitor compounds of present invention in high

temperature naphthenic acid corrosion inhibition or sulphur corrosion inhibition.

The addit'ive inhibitor compound of the present invention , which is very effective
in inhibition of high temperature naphthenic acid corrosion, comprises a mixture
of a compound A with either of the two compounds B and C, wherein,

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

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

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

The results presented in the Tables 1 to 12, show separately the effectiveness of
each of the three compounds A, B, and C and also show separately the

effectiveness of the each of the two mixture (A + B) and (A + C). The detailed
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Tabl e 9 shows results of effectiveness of conpound C,
that is D -isodecyl Phenyl Phosphite, as commercially

war@siiztBe, without any solvent. Three tabl es BCT/iN2808/000217

10

15

- 20

25

show effectiveness of the additive conmpound conpri sing

m xture (A + B) of present invention, with two nol ar
ratios 1:1 and 1: 0.5 of two conponents of A, that is,

H gh Reactive Pol yi sobutyl ene and Phosphorus

Pent asul phi de. Table 10 shows effectiveness of the
addiis¢ussien c givpo ubkdowoshows i vegy minuchurimpoved €jfeativeness in high

SRS A Lot
Pentg@siiliniAl dez)Das %&ﬁﬁér@@ t&BfEiveREy diedéh 6f fRCIONYRNBSESA, B
of m xture (A¥B), I's, additive conpound of

praslet spmretntyl o]nhe |vnrma1pr¢hhgnpr@vqt|ecﬁfe@@‘rqn©§| @h the inhibiting

' nhl o & | Q%Fper?tflg\r/eknlng n,othot is O eﬁherffﬁlgcﬁugésg(g%%-%é Xﬁ - CO)is

3 2§:eﬂ BonYEiee/efERligh lcftodion ﬂﬂhlblﬁme effiRidn0$, ¢38n iwithi BHGJtORA in the
ef ficiency of 95.75% and 99.67%respectively. b)

Retota] dpsage 10f thezagtize pompareats i ve acti ve dosage of

conpound A (molar ratio 1:0.5) of 250 ppm was required

to achieve corrosion inhibition efficiency of 75.48%

c) Tadéel to hghdw thatebwts3of eé’feﬁémiesseofammpmandms&gethm% different

conmpound . A lar ratio 1: mand 750.., -

oD B i iE et 6 ERIvboRiG B de PBrTHRRLFasHiphice, such

ef £§ i engys gid $3} BL%a81RA4 Qow L WesLRS BEETENRbNess Qi)}’ compound A

Referring to Table 4, effective active dosage of

C owpb umdar/atiojof Nomoaln%dlylp@ltlyylsmﬁbtﬂ BhaspleorpsrBentpsulphide such as
?I%% of 300 ppm gave corrosion inhibition

ef “ency of only 54.39%

Table 5 shows results of effectiveness of compound B that is, Tributyl Phosphate,
‘as commercially available, without any solvent.

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

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

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

C) of present invention, with molar ration of 1:1 of High Reactive -

Polyisobutylene and Phosphorus Pentasulphide.
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e) Referring to Table 5, effective active dosage of
conpound B, of 100 ppm gave corrosion inhibition

wetdosarm®ecy of only 83.97% f) In contract, rePE&F/IN20¢s/000217

10

15

20

25

to Table 6 , total effective active dosage of m xture
(A+B) of 150 ppm (75 ppmof A and 75 ppmof B) and 150
ppm (90% of A and 60 ppm of B) gave corrosion

i nhibition efficiency of 97.49% and 99.20 %

respectively. This clearly shows the inventiveness of

t hpistussiot’ @but ver®)high effeeieviiess Of milktuve (AaB),vehay id)iagliditive
corrosion inhibition efficiency of about 97 % and 99%

ar ompoynsd lpresery inwntiongin paphthenis peidicoposign inhibition

dos ang?%{Hé?rir{Er 26t Pie ( AeffecBle altiRlddsSge &ﬁ&rﬂlﬂmndw (Rolar ratio

Wil | ect enmendous savi ngs due to very 1 ow dosages
of m xt k. ofDB8E Yy camdaButppwe rwerhi ghuiedd dct acherve sgorrosion

of mxture (A+Q), . that i diti onmpound .of present
Cnvent | BHDISE FABIfORCRT £5 280 an BY B GReRS: ¢ on

Ref eryyi Refelthel@PT 102, &G0t bMB cAfdshyLo @ ARINGTA (molar ratio
conpound C, of 120 ppmand 150 ppm gave corrosion

i nhi bi t 1:6r9) eff 258ippnt wasfeqraed ® gchigre @8 03@%Winkibition efficiency
contrastfyg%gg/results presented in Table 1 to 9, as
di scuss®d’"aboVe, total effective active dosages of

m Xt l¢? eRéRrringGo PobIPB Fhfdtive B8 tdogdpedSt cda{popadnA( {rOlar ratio
ppm of . A and 68@50 m ofq]a gave corrosion inhibition )
ef fi ci eh@y25dfolo® 05 ppm amd 59 s wese [reguiredstioy pghieye corrosion
when it. §s.F HSo,V nsi ve as
conpar elélihfo 6{11(%%%8%%2} &F@gﬁ}égﬁ? %’?ée%%#efc ﬁg&l t he

ear | idgr Reffemringsti Tabld hadffectiec adive tdovageadrepopousd Ao mithchormal
by two separate m xtures,. (C ou A + conmpound.B). .. ..
and ( CoRBaRORIeRe CBAoTH. G-It Olps ol BRI EHTEdvis inhibiton
used fogfﬁg%;lgﬁgf&ﬂymgg%bl tion have the follow ng

i mportant distinguishing feature, as conpared to the

pri ore) aReferring to Table 5, effective active dosage of compound B, of 100 ppm

gave corrosion inhibition efficiency of only 83.97%. |
f) In contract, referring to Table 6 , total effective active dosage of mixture
(A+B) of 150 ppm (75 ppm of A and 75 ppm of B) and 150 ppm (90% of
A and 60 ppm of B) gave corrosion inhibition efficiency of 97.49% and

99.20 % respectively.

This clearly shows the inventiveness of the mixture (A + B) of present invention,
as very high corrosion inhibition efficiency of about 97 % and 99% are achieved
with very low total effective active dosages the mixture (A + B), that is, 150 ppm.

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

Discussion about very high effectiveness of mixture (A+C), that is additive
compound of present invention, in naphthenic acid corrosion inhibition.
Referring to Table 9, effective active dosage of compound C, of 120 ppm and 150
ppm gave corrosion inhibition efficiency of 76.05 % and 98.18%.
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The inventor of the present invention, after extensive
experinmentation, has surprisingly found that the two
W@elasti22989 conbi nati on conpounds, each used by PECIBIN2008/000217

inventor, as additive that is, two combi nation

conmpounds formed by two separate m xtures, (conmpound A

+ conpound B) and (conpound A + conpound C) are both
highly effective in high tenperature corrosion

i nhibition, as shown by the experinental results given

i NInTebnteft vitho réstilts Phesefted Oih Talilé t] €03 a8 Odlschs%dh alidve, total
sug est use of mxture (A+B) or m xture (A+Q) i

oH R |a€t1‘é?c‘il(l§a%f‘c§rqfc§%1ix e (A ©) of presest movanﬁwm?f 200 ppm (140
%618 %'f% Etvxtn' cﬁ'rC avg'}erS?]Eﬁ ﬂﬁﬁlﬂﬁoﬁ g Cti)éntcg Qff ’99.5'3%. This
VI of t’h I ng

ral. etall's given In foregoin
de&adls at la‘bgb sdvitigse whea st it noted eldticompoutd W Isl vdre expensive as
apparent  to a pergon skilled in the art that the
> predepareq IROMAYAd Basi cal |y conprises the fol | owi ng
items: ITEMI| A high tenperature naphthenic acid
corrosion inhibiting conposition conprising a chem ca
mi Xhus ie isofeen dromothiearlien disoussiangthantbeadditfe gompousids formed by

Phosphor us sul hur conmpoun th cor I on

i nHY%biSERaie WB&WFS’O%O% g§nop 8?;5’?‘%8?5 @08%0( ggpound A+
seé&ﬁ;s&ﬂdf CPBft freshi GHPertidASIRH 0 @rrosPRPOURHibRion have the
conmpound C and conpound D; wherein said ol efin

10 phipdlonirgisnpontaphdistingyighingnigatare, ps compaied dthp pripeaitt i ng
said olefin with Phosphorus pentasul phide in presence
of catal ytic anount of sul phur, capably formng a
I e@hd iifventidrx birtke predent rpventionatafior ekteasivel @dpeﬁhienﬁaﬁon has

sai d Phosphor us pent asul h| de bei.ng. bet ween
1: qurprisipglx feungthyt the g addigve %%bléﬁ%r?nscgmoea S%Fg’o" ngy the

| S ReMBRSRRALRVE it s, Bvo LHELIMAOY témPdunds formed by two separate
15  mixtures, (compound A + compound B) and (compound A + compound C) are
both highly effective in high temperature corrosion inhibition, as shown by the

experimental results given in Tables 1to 11.

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

corrosion inhibition, in general.

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

25  comprises the following items:

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

30  sulphur compound A with corrosion inhibiting amount of any organophosphorus
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| RIOP-OR 2 OR3 wherein R and R2 are each
i ndependently selected fromthe group consisting of

whyasozeesd and noi eties having fromone to thiregT/oe08100217

10

15

20

atons, and R3 is a noiety having fromone to thirty
carbon itens; and wherein said compound Cis an aryl
cont ai ni ng phosphite conpound excl udi ng nitrogen
having a structure selected fromthe group consisting
of wherein R, R2 and R3 are C6 to G 2 aryl or alkyl

angbngdouhé aslected €rdth Gieoghpup Somvistimp)df doahoand B, aompound C and
wherein said conpound D.is_a %Bosph?q&%e. | TE %dAA

cotfpsiupd &, whereigesatd plsin Hihasphopt splp éP’é‘iPH‘“'é\‘/L is produced
ot Lo Vi . : ) . . ¢ catalvi
5] sty BB B B e of ctyvc
i nardunmof saiptiug capdtdy dommisgpa deastioh imixRire,switlomedar ratio of said

sul.phur co und is arrived.at,. b tirrin n

nesibinly Sl BhoRers shniatbliegbeingbefieeh 1505 BB Suetprably
ni §diBPLN. FhSreRiNati &mpdRUE BiaPhBShtadd et @@ eHe Bfinula

m xt ur e between 160C to 180C for a period of 1 hour to

2 hours, raising tenperature of osaid reaction m xture

to from 1850C to 2500C,'preferaﬂly‘fron1190C to 2300C,
nore preferably fron12100C:ﬂB°2§5682and mai nt ai ni ng

said reaction mxture with rai seg,tenperature for 1 to

24 hours, preferably for 6 to 10 hours, cooling the

r e@ﬁé&i@fRﬁﬁ%ﬁRF Arel &R0 GndupendntlgisBcta tFoRg e ?@ﬁp icBhdisting of
reaction vessel to drive out the hydrogen sul phi de ]
gahydregesrandynaieties| having from one ko HirsoeAsew atpes, and R; is a moiety
* having from one to thirty carbon items; and wherein said compound C is an aryl
containing phosphite compound excluding nitrogen having a structure selected

from the group consisting of

Ry R;

N ’ \

wherein R, Ry and Rj3 are Cg to C; aryl or alkyl and at least one R group is an

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

ITEM 2
A composition, as described in item 1, wherein said olefin is polyisobutylene,

which is either high reactive or normal.

ITEM 3

A composition, as described in item 1 and 2, wherein said olefin Phosphorus

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



| TEM 4 A conposition according to item1, 2 or 3
wherein said olefin is an optionally substituted

whyasozasbon group. | TEM5 A conposition accorBdCTIN2AEs/000217
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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
acicon di ng 160°Ginydaynetrogent gps prgiogdinagtiitipgsaheadion mixture

sai d ol efin_has_ he en 10 and 1000 rbon atons. | TEM

5 etw iy AP Br] S0 S PP P e 2100 £ P GsergJure of
| T QP reAPESEixtSR! © PorRT18R NS 25¢ gRdteAbRNFoR0Deartbeso°C,
atoms. | TEM 9 A conposition according to any one of )

t hmoysr aefstibiyy fromeid) °Giie 285 1 srd mabitaifning spidgreaction mixture with
nol ecul ar wej ght. of .fr 200 t 000. .
copti EnafiEilhyal 1o 20ty fetB Rite Kb KR, cooling the
| t RERionAARIte 1901 and pliigingtigogen@dsafitl resictivmi @hsel @b drive out
approximately 200 to approximately 1300. LTEM 11 A

c ofp Hydrogerhsulplyde gass m?gebgarpwlfm&mﬁ WIGEOBRATHHIND A and

conmpound B of item

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

substituted hydrocarbon group.

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

an optionally substituted alkyl or alkenyl group.

ITEM 6
A composition according to any one of the preceding items wherein said olefin is

an optionally substituted branched alkyl or alkenyl group.

ITEM 7

A composition according to any one of the preceding items wherein said olefin
has between 10 and 1000 carbon atoms. |

ITEM 8

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

has between 4 and 200 carbon atoms.

ITEM 9

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

has a molecular weight of from 200 to 10,000.
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1 and 14, wherein said phosphate ester B is selected
fromgroup consisting of phosphate, diphosphate,

wao epiophzdghat e, and tributyl phosphate, preferabdTIN2008/000217
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tributyl phosphate. ITEM 12 A conposition, as
described in item1, wherein said aryl containing
phosphite conpound Cis selected fromthe group

consi sting of triphenyl phosphite di phenyl phosphite,
di phenyl isodecyl phosphite, diphenyl isooctyl

phbEpvl 12, di - isodecyl phenyl phosphite and m xtures

t her eof refera - 1so h hos hite,.

| TRITOTORTIOB SR, oMo SRR i FBerein Said olefin
V\’hl%s%' rﬂol%é\hlgr WEilgRUS HHpp RIXQBRBRL 80118 aBproRinkHEI9 I‘B'U@) chis
conmercially avallable | TEM 14 A conposition, as

described in item 14, wherein said di - isodecyl

p hosphite is of a type which is commercially
{Eyﬁ@ﬂﬁi | TEM 15 A conposition, as described in

it Aﬂiﬁm]aosﬁ;ﬂ;n Adbihpki3ingWaRry @ixture o€ caipontid Afand @bshpound B o€ item
of conpound A _and caonpound B, which shoul d be added to
crb @ed di4 whereimisaid E}&%‘&‘%tﬂ%}'\?’eBn‘é pslasted; Gomcgrqup consisting of

co o 0
COBED AP b GOSN RS, i i
pppholsplit. 16 A conp03|t|on, as described initem 15,

wherein the ratio of conpound A to conpound B, by
wei ght, is fromabout 0.1:2 to about 2:0. 1.

ITEM 12
A composition, as described in item 1, wherein said aryl containing phosphite.
compound C is selected from.the group consisting of triphenyl phosphite,
diphenyl phosphite, diphenyl isodecyl phosphite, diphenyl isooctyl phosphite, di =
‘isodecyl phenyl phosphite and mixtures thereof, preferably di — isodecyl phenyl
phosphite.

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

type which is commercially available.

ITEM 14
A composition, as described in item 14, wherein said di - isodecyl phenyl

phosphite is of a type which is commercially available.

ITEM 15

A composition, as described in items 1, 11 and 13, wherein the amount of said
mixture of compound A and compound B, which should be added to crﬁde 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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| TEM 17 A conposition, as described in itens 1, 12 and
14, wherein the anmount of said m xture of conpound A

wa@easazypound C, which shoul d be added to crudeCDIN20684000217

hi gh tenperature naphthenic acid corrosion inhibition,
is fromabout 1 ppmto about 5000 ppm preferably from
about 1 ppmto about 300 ppm |TEM 18 A conpositi on,

as described in item 17 wherein the ratio of conpound
A to conmpound C, by weight, is fromabout 0.1:2 to
abeEDﬂﬂd) 1. ITEM 19 A conposition, as described in

1, wh th t of f d A
s SSBHRRBINTE. B SRRSOl o “ASHEn B ook FaRol A ©

f %Hmcﬂlhdt}ae@p%@gwﬁ fRﬁPE’Ed"u@O'lCZ RCbducPoI0Si on
inhibition, is fromabout 1 ppmto about 5000 ppm
preferably f rom about lppmto 300 ppm |TEM 20 A

co # on, as described in item 19, wherein the

ra 0 conpound A to conmpound D, by weight, is from

abgWonipoditidn} & abetibe®iiterhs 1] TENLE 14, AVhbre@€ @&Sarh@unt of said
hi gh. tenperature napht heni c aci d corrosion inhibition

nmwtur@ro figpgRourdeandicgmposnd bhwhichshpwdibsddetfasrdepil for

of iR 8hbdiGupd @L&&ﬁ&[ O agAorflsioh BB SAERAN about 1 ppm to
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pro eSS| g uni proceSS|ng ani
c oafoiut S0000ppmh,Jirefetably ﬂnmczbbwminppmm abqup866 ppﬂnr ays,

punp around piping and rel ated equi pnents, using

i nhi bi tor conbi nati on conpound such as, any mi xture
frpfpiffgee m xtures, suchas, a mxture of ‘two

conpounds A and B of item1, 2, 11 and 13, or a

m &t comgposition, as described in item 17 wherein the ratio of compound A to

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

ITEM 19

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

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

ITEM 20

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

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

ITEM 21

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

inhibitor combination compound such as, any mixture from three mixtures, such
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two conpounds A and C of itens 1, 2, 12 and 14, and a
m xture of two conmpounds A and D of itens 1, 2, 19 and

WQ@0gosamypy i Si ng the steps of: a. heating the PCT/IN2008/000217
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hydr ocar bon cont ai ni ng naphthenic acid and / or

sul phur conpounds, to vapourize a portion of said

hydr ocar bon; b. condensing a portion of the

hydrocar bon vapours, passing through said hydrocarbon
processing unit, to produce a condensed distillate; c.
adali, agnikturs af dNCdcexnpdnlrds ¢\ ansbBwfstesnl 2, ddragdridear a mixture of

dlstlllate is retu sai.d h roc r oces;

anfito spRpSHB Actid o Raitar 2 HiroRihrduand §FRREE bt o
abgyhp@d9 ARRAD B RéHBS abl n9fah@aoad&wnshfgqm tsteps&e ppm

of sald i nhi bi tor combi nati on conpound such as,

any
mi xt ur e-f heptingnthechyidrogathonscontaiing aphtbenig agidkangd éObﬁulphur

mxture o PReCEnh e Efirhen B s nfilEoabon:©] )57

14, andb.sabflddisiur@rodn dfhe G9dfoabos vapauns pisiig thi@igh said
1, 2, 19 and 20, wherein ratio by weight of Ato Bis
£ om abouthy@rogatbon pepcstuRg i, 6o piogHer ¥ sandgnssd distillgtee.

is fr onm, a*ﬁg&%gq%lsala (%lallggio BEfofe %11& co@d%% da%lkt‘?lleﬁé’ is returned to

wei ght of rom about
d. aI | owi ragiddsideboadhod guesadsidg shit ok ad)lk:ctﬁdmsa prpdng:tsﬁwrd about

i nhi bitor conbinatio ound h .as, .any.m xtur

from threé Hﬂ‘&f%g\&l‘t QQQ@ %spregeé‘%g y fiopt ﬁl?oé‘){df’plf‘v% 360 ppm of
conpounds sﬁdQHﬁlbﬁoPEomﬁlﬁE@i&m c&mpo]dna s@étflas) 3ny Pixfudé thom three
m xture of two conpounds A a Cof itens 1, 2, 12 and

14, and sanmwuwsxsunheasosaldmxmpﬁmgompmsa anid Bradriem 1,
ié\i g h)l/gr 2@3 %1 Oodgsgl tac ur%al ?wo for%}l)cl)dn%s %ugr{cﬁé%? 1t81fns 1,2,
12 and 14, and said mlxture of two compounds A and D of items-1, 2,
19 and 20, wherein ratio by weight of A to B is from about 0.1 :2to
about 2:0.1 and ratio of A to C is from about 0.1:2 to about 2:0.1. and

ratio by weight of A to D is from about 0.1:2 to about 2:0.1;

d. allowing said condensed distillate containing said inhibitor
combination compound such as, any mixture from three mixtures, such
as, said mixture of two compounds A and B of item 1, 2, 11 and 13, or
said mixture of two compounds A and C of items 1, 2, 12 and 14, and
said mixture of two compounds A and D of items 1, 2, 19 and 20, to
contact said metallic surfaces of said hydrocari)on processing unit, to
form a protective film on said surfaces whereby each surface is
inhibited against corrosion; and |

e. allowing séid condensed distillate to return to said hydrocarbon

processing unit, or to be collected as said product.

Although the invention has been described with reference to certain preferred

embodiments, the invention is not meant to be limited to those preferred
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forma protective filmon said surfaces whereby each
surface is inhibited against corrosion; and e .

w@bdosme29gy sai d condensed distillate to return POI/BER06B/000217

hydr ocar bon processing unit, or to be collected as

said product. Although the invention has been
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described with reference to certain preferred

enbodi nents, the invention is not neant to be limted

to those preferredenbodi nents. Alterations to the

pr ehkodimdnts mrAdidiations $o dlass prefiyeadl embodivesisbhdascmbadnangt possible
de ting fromthe iri.t. of the inventjion. However

¢ n thouscdhpariiRy oy B it A S EpleBUGT L0 & IR Brocess and
I ngRstRdidn0 descrivel WbbvahicVifiteaidd/to B dhistigtiviovl, and the novel
characteristics of the invention nmay be incorporated .

i neharastaristiey o6 e t InBenRtionemay t o gndorrarrtef eins etdpe forms; pathout
! naeﬁ)%in%ﬁr(%%%@o‘ae ohh@'i%nﬁ?&p erature n_apht heni c acl d

cor rosi InhibIting composition conprising a chem ca

m xture of corrosion inhibiting anmount of an olefin
Phosphor us sul phur conpound A with corrosion

i nhi biting amount of any organophosphor us conpound

sel ected fromthe group consisting of conpound B

conmpound C and conpound D; wherein said olefin

Phosphor us sul phur conpound A, is produced by reacting
said olefin with Phosphorus pentasul phide in presence

of catalytic amount of sul phur, capably formng a
reaction mxture, with nolar ratio of said olefin to

sai d Phosphorus pentasul phi de being between 1:0.05 to
1:1.5, preferably being 1:1; wherein said conpound B

is a phosphate ester of the formula o H
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RIOP-OR 2 OR3 wherein RL and R2 are each
i ndependently selected fromthe group consisting of

whyasozeesd and noi eties having fromone to thiregT/oe08100217
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15

20

atons, and R3 is a noiety having fromone to thirty
carbon itens; and wherein said compound Cis an aryl
cont ai ni ng phosphite conpound excl udi ng nitrogen
having a structure selected fromthe group consisting
of wherein Rl, R2 and R3 are Cto G 2 aryl or alkyl
an@LAIMSast one R group is an aryl radical; and

wherein,s ound D i hosphonat. e

corrpolsn s g‘rg(i!‘ o r%fP’i?eHali’lﬁheé’F‘glaﬁ’Id O H%‘é‘g}tﬂlgofs‘e‘f‘?%‘tlon
i s pol yisahsdiyd 80Remithl Glktine o? b&ﬁ@sﬁomirmmlﬁﬁg\%bm oqfram olefin
normal . 3. A conposition, as clainmed in claim1 and

wher ei nPlaspbionss @ﬁhphummdwswstmqgnumon onlpbmme alns)unf of any

arrived at tirring and, heat sal 0
ot ur oopnostbsiiorts (3Bt NEREIAS R dnk CBEL onsisting of
pur gi ngeoripdundaiB)i &gmsdind Ceadd | @mpouwetiuDeg mememald olefin
160C to 18Q0C for a period of 1 hour to 2 hours,

r ai si ngPhaspheua sulpBubsorapgugd P At proghead bt sReingoseid elgfin with

R S PS40 50, iy o s

reacti Odfapﬁbbytﬁjhﬁm\gl d feactiins@tktirenpek aiclarerafio rof ialtl (0162'141 to said
hour s, referably for 10 hours,

| i th )
react i ohhqsRAQrup @elitéﬂ@}éiﬂ%lgf)‘ﬂg BFW@C% tq(*:@g I P'gass p?qffrably being
reacti opvVgsskin §a‘?d S5rhySun@ Y istalPhoHACaR: &%eoliahgﬂa

gas, thereby resulting into said conposition.
conmposition according to claim h 2 or 3 V\,herel n sal d
olefin is an

Rlo—ll’-—vORz_

OR3

wherein R; and R, are each independently selected from the group
consisting of hydrogen and moieties having from one to thirfy carbon
- atoms, and R; is a moiety having from one to thirty carbon items; and
wherein said compound C is an aryl containing phosphite c&npound

excluding nitrogen having a structure selected from the group consisting of

R, R;
\

0] 0 h)

P—0O~—Rsand, \pH

Y 0
/ _
Ry _ RZ/

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

is an aryl radical; and wherein said compound D is a phosphonate. »
2. A composition, as claimed in claiml, wherein said olefin is

polyisobutylene, which is either high reactive or normal. -
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optionally substituted hydrocarbon group. 5. A
conposition according to any one of the preceding

w@b@smsstherein said olefin is an optionally PCT/IN2008/000217

10

15

20

25

30

substituted al kyl or "al kenyl group. 6. A conposition
according to any one of the preceding clains wherein

said olefin is an optionally substituted branched

al kyl or al kenyl group. 7. A conposition according to

any one of the preceding clains wherein said olefin

has BetAeeompsitord 40QMimead bivn chirons. ail8l 2A wbergosistidowlefin
accor di to any one of the precedin | aj.ns_wherein .
sai d ol BTISRROTHS WY EHmRO el 206 n B ST B ncheakne said
conposi feh@bn2&GRfud NE EAIRNY, RNE60IC thiRlePrHEEsINNYas purging,
clainms wherein said olefin has a nol ecul ar wer ght of

f r om 20@aingriniog 6@d reaqtion mig g besveeo 6 Ector IB0Rg fea perjod of

one of fhe egedi ng ¢l ai g _wh i nesaid in.

o1 ecul hAoYbrE AP aaisPERmARERG: DeSACAuEl BitldR B from
1300. 11i85°6 toOXHOOS] piefhrablg drams i190I tcs 23 AP QYinxdre peefofably from
conpound A and conpound B of claim1 and 14, wherein .
sai d phddPfat® Zster apl jmainiajning sgidi reaciigh gpcture with raised

consi st t ' tgi SRhal :

and ¢ 11 Eapg R T65RI0 A nALP IR fork 11O TRR, Gooling the
phos phateactib?. mAssconp@s Ct amdnpurgmg aliogardgadsningd edantidn vessel to
wherein,said aryl containin osphite c ound. C i.s .
sel ect ed1¥er A ¢ ﬁ‘é‘f 39’8{9&@&0?@?@?? ngasoft%f’ﬁ%gﬁé?ﬁ‘z‘ﬂmg into  said
phosphi&ﬁmxghggenyl phosphite, diphenyl isodecyl
phosphi te, di phenyl isooctyl phosphite, di - isodecyl
phen$l Ahospivsitenargording 1o skimhbr20f,3 prhefen shidyolgfin-is an

| SOdeCychtE)tr]lglli])y Lub%ﬁ&%gﬂ;d?écarbon 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 has between 10 and 1000 carbon atoms. |

8. A composition according to any one of the preceding claims wherein said
olefin has between 4 and 200 carbon atoms.

9. A composition according to any one of the preceding claims wherein said

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

10. A composition according to any one of the preceding claims wherein said
olefin has a molecular weight of approximately 200 to approximately
1300.

11. A composition, comprising said mixture of compound A and compound B
of claim 1 and 14, wherein said'phosphate ester B.is selected from group
consisting of phosphate, diphosphate, triphosphate, and tributyl phosphate,
preferably tributyl phosphate.
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13. A conposition, as clainmed in claim 12, wherein
said tributyl phosphate is of a type which is

wa@eosaeosal |y avail able. 14. A conposition, asPCI/m20ed000217
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in claim214, wherein said di - isodecyl phenyl

phosphite is of a type which is commercially

avai |l abl e. 15. A conposition, as clained i'n clains 1,

11 and 13, wherein the anount of said m xture of

conpound A and conpound B, which shoul d be added to

cr udd2oAl cdropositiagh atsenlpemait i elaimpht hvehergin asgiid) aryl containing
corrosi n |n i bition s fr

2000 potoshts Shriaele ¢ B R RO ang eRBIP. s BREEF wipheny

ppmM  16phofpRIP@iphd 1\y‘l)l'\pho§§hlfe| adipRshyl ﬂs&‘de@ylmplﬁ&phlte diphenyl
wherein the ratio o ound A to .conpound b
wei ght , ispectylr phesplbisudi 6. liecteoybp%wbphqsmltq and?ﬂlx}&lres thereof,

conposi 12 and 14,

wher ei n‘grteﬁgabé unisghégﬁgh%‘ym)ﬁ# glriléelof conmpound A and
conpadnd compokitioh, Shdaihidlie childdd, vberinistad aiibutylophosphate is
hi gh tenperat ure_napht heni ¢, acid corrosion inhibition,

i s fronefadyne whichasremmsraally a¥gdeblepm preferably from
abOUt14 dA QmGHOéét v\ﬂﬁ@dﬁﬁ@la h84, AR o Qrisod@iyltpgenyl

cl ai ne Eaim 1 erein the ratio of conpound
c 0 rrpo u rpho@hltrylswéa g;me whieh fsrcomnadyoiatly avahlablet o about

19. A t.
20, b RS BBk L Tt Tl e amounc o
conpoungi PmixiiCdt @agidudd PearPeapdundtl aviiel difould be haded to

hi gh tenperature naphthenic acid corrosion inhibition,

i's fromméoe for hightemperasganagiobmipaeid cpresien whibjtion, éhirom
about 1 R ltppm 90 aboWl' 5000 ppm, preferably from about 1 ppm to about
300 ppm.

16. A composition, as claimed in claim 15, wherein the ratio of compound A
to compoﬁnd B, by weight, is from about 0.1:2 to about 2:0.1.

17. A composition, as claimed in claims 1, 12 and 14, wherein the amount of
said mixture of compound A and compound C, which should be added to
crude oil for high temperature naphthenic acid corrosion inhibition, is from
about 1 ppm to about 5000 ppm, preferably from about 1 ppm to about
300 ppm. ' '

18. A composition, as claiméd in claim 17 wherein the ratio of compound A to
compound C; by weight, is frorIn about 0.1:2 to about 2:0.1.

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

20. A composition, as claimed in'clai_m 19, wherein the ratio of compound A

to compound D, by weight, is from about 0.1:2 to about 2:0.1.
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20. A conposition, as clainmed in claim19, wherein the
rati o of conmpound A to conpound D, by weight, is from

wa@bwati2084: 2 to about 2:0. 1.21. A process f orP¢i/g¥e008/000217

5

10

t enperature naphthenic acid corrosion inhibition and /

or high tenperature sul phur corrosion inhibition of
nmetallic surfaces of any of the hydrocarbon processing
units, with said processing units conprising

distillation colums, strippers, trays, punp around

pi pi Y. anprocess doehlighqeamnpereture naphthensy acid cdairésdon inhibition and /

conbi nati on, conpound su as, any mxiure fromthree

i xtur o8t PR (FRSTatige SLIRhyF GoBPoIFm N BB HBEA i g gees of
of clai ghyl.of2the 1dy@Bchrlch Rbcsiflk Xi#Hse wAth WA processing units
compounds A and C?,of claims 1, 2,7 12 and 14, a mxture

of two cemposingdistillaten tplofns,| sagippsrsl trags, punarguld piping and

conpri si he ste of.. a.,.heating .the hydrocarbon '
cont ai nigeh ARMBHERR. “aine drfE CaMb bRt S RioiRaes, e
t o vapowfiktafe RomQhtdeQRixQfress duch &y dmikAKOONIwE compounds A and
condensing a portion of the hydrocarbon vapours,

passi ngBt o Jeigh 1s3i bl Rydiddcer donxiyroekys agmpernds A gnd C of
produce, ixﬁsog,gé;rﬁea‘itddﬂ455'dnk Eof fvo d@ﬁﬁ@g Eéo?lgdabdof claims 1,

distillate, ore sai d condense
r et ur ned, 1PagiEl(] comgrisingtlizostesfoficessi ng unit or

coll ected as, a product, . from about ;1 ppm apout, 500
ppm pref@rabwmgrﬂm i\as%r@(ca P nfonkRinip fhepice gpig and / or

- inhi"bi tor COQQFH@IJO%OGH@W%O%EJ‘%?&TMQBY szmi;ﬁ §foBarbon;

15

20

25

30

fromthree mxtures, such as, "'sald xture of

conpounds PA esnileBsiog agioatiorsofithe hydibtarbnu vapourer passingl through

g;ét g;ﬁe g]; dt ‘é\a’gggﬁ%’r%gﬁ on Apr%r(!gssﬁr:lgOfunﬁl ationspr(}duc%’ alzcondensed
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 Ippm to
300 ppm of said inhibitor combination compdund such as, any
mixture from three mixtures, such as, said mixture 6f two
compounds A and B of claims 1, 2, 11 and 13, or said mixture of
two compounds A and C of claims 1, 2, 12 and 14, and said
mixture of two compounds A and D of claims 1, 2, 19 and 20,
wherein ratio by weight of A to B is from about 0.1 :2 to about
2:0.1 and ratio of A to C is from about 0.1:2 to about 2:0.1, and
ratio by weight of A to D is from about 0.1:2 to about 2:0.1;

d. allowing said' condensed distillate containing said inhibitor
combination compound such as, any mixture from three mixtures,
such as, said mixture of two compounds A and B of claim 1, 2, 11
and 13, or said mixture of two compounds A and C of claims 1, 2,

12 and 14, and said mixture of two compounds A and D of claims
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m xture of two conmpounds A and D of clains 1, 2, 19
and 20, wherein ratio by weight of Ato Bis from
wW@bwat2089 : 2 to about 2:0.1 and ratio of A torPCX/iN2008/000217
fromabout 0.1:2 to about 2:0.1, and ratio by wei ght
of Ato Dis fromabout 0.1:2 to about 2:0. 1; d.
al l owi ng said condensed distillate containing said
i nhi bitor conbinati on conpound such as, any m xture
fromthree m xtures, such as, said mxture of two
compounds A &n@, Bl®fandl 2Dmtd, céhtact 1saahdméBllicosudaied of said
m xture of t conpounds A.and C of clains 1, .2 2 .
and 14, and BWIFGCHPOR dreesing \)\‘B‘t’c%ﬁ%‘?}hésprﬂge&ﬂ?ﬂé Gty on said
claimsl, 2, $3fRB0wWREeb BachQEAE is $iHibitd#Big@insi Corrosion; and
surfaces of said hydrocarbon processing unit, to form
a prot ect ievealfawing oaid eorilensadt diselatofie ey éned hydrocarbon
surface is inhibited against cqrrosion:,a .
> all owing sai arog%sﬁglgnusflztdordtios eicloﬁg%t%(f?sosa}de?rﬁglﬁ&t o said
hydr goapbgphEHeizes Sicidg— &birbsio® ! inBibéng ahd edlpret -agorrosion —
sai d product. 22. A _naphthenic - acid - corrosion_- X
i nhi bi t inhipitigicernpgsition, substantiglly g herejn dgspribgdapd illustrated in
conposi &'{aggjlessubst antially as herein described and
illustrated 1 n exanples. 23. A process for high
t enpeBafurecasa bt liigh itempecatdreciaphthehioracidhénrtxistanoimhgmtebny and /
or sul phur corrosion inhjbition,,K substantiall :
10 ber oi n' e SEIPAe QoHRTIOR MBS o, SHOTFELnf Sereln Feseribed and

illustrated in examples.
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