-1: 'USE, OF - SULFI DI NG AGENTS FOR ENHANCI NG THE EFFI CACY OF PHOSPHOR(E' ™™
CONTROLLI NG HI GH TEMPERATURE CORROSI ON ATTACK The present invention rel ates
generally to the use of sulfiding agents for enhancing the-efficacy af |
phosphorus in controlling high terrper ure attack The corr03| on agent’s
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tend to concentrate in the heavier fractions during crude distillation.
Thus, | ocat ieffivacysofiphosphonisdn fontrdling Highhtem@erhtupsatack, 1 The komesion igents i onat i ng
tower internals, feed and reflux sections of colums, beat exchangers, tray

bott oms and uﬁﬁi&dﬁﬂ&@hﬁmﬂtﬁx@ikﬁﬂds)ﬁhﬁébﬁ&ﬁﬁa@bigiﬁk 6!9§ulﬁ'&9ht heni ¢ acid.
Addi tional ly, when crude stocks high in naphthenic aC|ds are processed,

severe corrosion can occur in the carbon steel or ferritic steel furnace
tubes and tower bottons. Recently interest has grown in the control ofthis
type of ﬁorrosion i n hydrocarbon processing units due to the I5 presence
of naphthenic acid in crudes fromlocations such as China, India and

Africa. - 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 di;ﬁﬁaﬁon. Thus, locations such s the furnace tubing, transfer-
10 lines, ﬁ'actibnaﬁng tower internals, feed and reflux sections of columns, heat exchangers,
tray bottoms and condensors 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 s;eel_or ferritic steel furnace tubes and tower bottoms. Recently interest has
grown in the control of this type of corrosion in hydrocarbon processing units dueto the

15 presence of naphthenic acid in crudes from locations such as China, India and Africa.

Crude oils are hydrocarbon mixtures which have a range of molecular structures
and consequent range of physical properties. The physical properties of naphthenic acids
which may be contaixfed in the hydrocarbon mixtures also vary with the changes in
molecular weight, as w;.ll as the 'source of oil containing the acid. Therefore,

20  characterization and behavior of these acids are not well understood. A well known
method used to “quantify” the acid concentration in crude oil has been a KOH titration of

the oil.. The oil is titrated with KOH, a strong base, to an end point which assures that all
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Crude oid s are hydrocarbon m xtures whi ch have a range of nol ecul ar
structures and consequent range of physical properties. The physi cal
properties of naphthenic acids which may be contained in the hydrpocarbon
m xtures also vary with the changes in nol ecular weight, as well as the
source of oil containing the acid. Therefore, 20 characterizati on and
behavi or of these acids are not well understood. A well known nethod used
to "quantify" the acid concentratior #17 crude oil has been a KOH titration
of the oil . acidia the sample have besnagutsilizied Kl unit of thistispation semgt of KOHgrampoi nt
whi ch assures that all - 2- acids in the sanple have been neutralized.

The unit of of fingplé dddiatdfaredits asthe “TotakAcidd¥armber (TANIrNemdlizationef erred to
as the "Total Acid Nunber"” (TAN) or Neutralization Nunmber. Both terns are

used int e_rCMﬂﬁQﬁbBNthit&dshﬁzx%?@iﬂt&éﬁin@&blyﬁh%&%ﬁcaﬁfm.TAN i's commonly used
since it is not possible to calculate the acidity 5 of the oil.in teas of

nol es of acid, or any other of the usual analytical ternms for acid content.

Refiners have usttle IditoPPAR ifdkithdtly B46ddRick s At poRitiioalclitid MRLAGRY) C aci d
5 of t.he oil in terms of moles of acid, or any other of th; usual analytical terms for acid
content. Refiners have used TAN as a general guideline for predicting napthenic acid
corrosion. For example, many refineries blend their crude to a TAN = 0.5 assuming that
at these concentrations naphthenic acid corrosion will not occur. However, this measure |
has been unsuccessful in preventing corrosion by naphthenic acid.

10 | Naphthenic acid corrosion is very temperature dependent. The generally accepted
temperature range for this corrosion is between 205°C and 400°C (400°F and 750°F).
Corrosion attack by these acids below 205° C has not yet been reported in the published
literature. As to the upper boundary, data suggests that corrosion rates reach a maximum
at about $00-700°F and then begin to diminish.

15 The concentration and velocity of the acidloii mixture are also important factors
which influence naphthenic acid corrosion. This is evidenced by the appearance of the
surfaces effected by naphthenic acid corrosion. The manner of corrosion can be deduced
from the patterns and cu.!or variations in the corroded surfaces. Under some conditions,
the metal surface is unifo;r.nly thinned. Thinned areas also occur when condensed acid runs

20 down the wall of a vessel. Alternatively, in the presence of naphthenic acid pitting occurs,
often in piping or at welds. Usually the metal outside the pit is covered with a heavy,

black sulfide film, while the surface of the pit is bright metal or has only a thin, grey to



corrosion For exanple, many refineries blend their crude to a TAN - 0.5

assum ng that at these concentrations naphthenic acid corrosion wll not
occur. However, this neasure has been unsuccessful in preventing corrosion
by napht henic acid. 10 Napht heni ¢ acid corrosion is very

t enper at ure dependent. The generally accepted tenperature range for this
corrosion is between 20[err]C and 40[errk[err]C (400[err]F and 750[err]F).

Corrosion attack t hese aci,ds bel ow 205[err has, not yet been. reppried
" the publ | <Rk Al P ieat 1greBiey Hhoties pitéeh o rafirigh entHprs R s oW R
corrosion rates reach a, nmaxi num at about 600;700[err] F and then begin to
di mi ni sh. 15 hasa characteristic patter of geywgss withsharp edges \Thssurfase appears/cisan, withur e
are also inportant factors which influence naphthenic acid corrosion. This
i s evidenced by visibde hyppeaduatsc Fhe pattére of mefaboawrwsioh isdodicative of the fuid Hlom withisi d
corrosion. The manner of corrosion can be deduced fromthe patterns and

col or vari ati eissystent, héncedticrededicontact adthsurfidesiailows dorea greavetiatrioantsof colresioit al
surface is uniformy thinned. Thinned areas al so occur when condensed acid

runs 20  gowo tdk@ plitle! Thbreford @FrBbion Phit@his wbiid€informhtibnids & {he AfetitacofOf

napht heni c acid pitting occurs, often in piping or at welds. Usually the

oL o810 R SO s K BERS bii cide
complexity from uniform to pitting to erosion-corrosion, the lower is the TAN value
which triggers the behavior. .
The information provided by corrosion patterns indicates whether naphthenic acid
10  is the corroding agent, or rather if the process of corrosion occurs as a result of attack by
sulfur. Most crudes contain hydrogen sﬁiﬁde, 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. An analysis of a typical film is shown
in Figure 1. In the presence of hydrogen sulfide the film formed is inv.aﬁably iron suifide,
15  while in the few cases where tests have been run in sulfur free conditions, the metal is
covered with iron oxide, as there is always enough water or oxygen present to produce 2
" 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. Metal
20  coupons can be inserted into the system. As they are corroded, they lose material. This
weight loss is recorded in units of mg/cm®. Thereafter, the corrosion rate can be

determined from weight loss measurements. Then the ratio of corrosion rate to corrosion

product (mpy/mg/cm®) is calculated. This is a further indicator of the type of corrosion



-3-" black fil mcovering it. Mreover, another pattern of corrosion is

erosi on-corrosion, which has a characteristic pattern of gouges with shark
edges. The surface appears clean, with no visible by-products. The:pattern-
of metal- corrosion is indicative of the fluid floww thin the system since
i ncreased contact with surfaces allows for a greater anount of corrosion 5

to take place. Therefore, corrosion pat yerns provide information as to the

met hod of corﬁemésgwm a8 14k pladék 861 iR Rio i§MeSCthad pgufm& GeenF0Rdthat thére

corrosion, i.e., Inincreasing conplexity fromunitormto pitting to
€r 0Si ON- COr I Of s e Iia_gﬁ. | Se b Tﬁl\! which triggers th avi or.
The i nformat ?i%rl]:ﬂ&%rt/r{b £y y{’%’%ﬁ"ggﬁg n pa“y‘fllé’:*ﬁ%°‘%’¥?a'i°88f°e"ggw’f§%"ﬁ%’§" ﬁfgtgﬁt heni c
acid 1l O i s_t.he corr odi agent, or . rather. if the process of corrosion
occurs as a rBlgExcess g&w‘ﬁ%@“ﬂﬁ%‘f fqig is ajspgmificant ﬁ%@b‘ggrff’éﬁ"ncmmg"éﬁ‘m&
sul fide, and therefore readily formiron sulfide filns on carbon steel. In
al| cases that havE'sHBgHS EW& splfidatien attagkand t coFrpsion caused bienaphtheric anidt a
surfaces have heen covered with a filmof some sort An analysis of a
typi cal fi3 m issmpomant, sincediffppant remedies atetrequined depeodingipdmytlic coreodingiddentie t he
filmformed is invariably iron sulfide, )
Usually, retardation of corrosion caused by sulfuor compounds at elevated temperatures is
effected by increasing the amount of chromium in the alloy which is used in the
hydrocarbon treating unit. A range of alloys may be employed, from 1.25% Cr to 12%
Cr, or perhaps even higher. Unfortunately, these show little to no resistance to naphthenic
10 acid. To compensate for the corroding effects of sulfor and naphthenic acid, an austenitic
stainless steel which contains at least 2.5% molybdenum, must be utilized. See Craig,
NACE Corrosion 95 meeting, paper no. 333, 1995. To avoid the cost of the use of heavy
metal alloys throughout the hydrocarbon treating unit for the prevention of corrosion,
effective alternatives have been sought.
15 One approach involves blending low acid number oils with corrosive high acid
number oils to reduce the overall neutralization number.
An alternative approach is to utilize an effective chemical treatment to combat
naphthenic acid corrosion.. U.S. Patent No. 4,600,518 discloses choline as an effective
agent for neutralizing naphthenic acids found in certain fuel and lubricating oils.
20 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. Gustavsen et al. NACE Corrosion 89



15 while-in-the few cases where tests have been run in sulfur free
conditions, the netal is covered with iron oxide, as there is always enough
wat er or oxygen present to produce a thin filmon the nmetal coupons.” Tests -
utilized to determne the extent of corrosion may al so serve as indicators
of the type of corrosion occurring wthin a particular hydrocarbon treating
unit. Metal 20 coupons can be inserted_into the system As they are

corroded, they lose ma i k. aThi i “loss is recorded i i t.s_of
e el R 505 A | L AT bl 60 a ol Bl OF .
| oss neasurenments.__Then t ratio _of corrosipn rate to corrosi,gn progduct
(npy/ mo/ ¢nf erd3gept-iW-Se Baten No. Sc2 5225 diseloses one buch Sim foremasatsnt, syliooed gk of
corrosion -4- process which has taken place, for if this ratiois less
than 10, it hsubstituted pheunlcefiertive aghinst @aphthdnic acidecomosing “cont ri buti on of
napht henic acid to'the corrosion process. However, if the ratio exceeds 10,
t hen napht heni ¢ acPibspboras-eongainifig naphtheniontidichtrbgeon inhibitdrs areodiscbssedin pr ocess.
Di stingui shing between sulfidation attack and corrosion caused by
napht heni cs acZgimeis] et al., U.S. Patent No. 4,941,994, Dialkyl or trialkyl phosphites alone or in
conjunction with a thiazoline were used to prevent corrosion on metal surfaces.
Phosphate and phosphite mono- and di-esters in small amounts are disclosed as
antifoulant additives in crude oil systems employed as feedstocks in petroleum refining in
Shell et al., U.S. Patent No. 4,024,050. Inorganic phosphorus-containing acids and salts
10 in small amounts were also found to be useful as antifoulants in crude oil systems in Shell
et al., U.S, Patent No. 4,024,051. The disclosures of U.S. Patent No. 4,024,050 and
4,024,051 are incorporated herein by reference.
U.S. Patent No. 5,182,013 issued to Petersen et al, on January 26, 1993 describes
another method of inhibiting naphthenic acid corrosion of crude oil, comprising
15  introducing into the oil an effective amount of an organic polysulfide. The disclosure of
U.S. Patent No. 5,182,013 is incorporated herein by reference. This is another example
of a corrosion-inhibiting sulfur species. Sulfidation as a source of corrosion was detailed
above. Though the process is not well understood, it has been determined that while
sulfur can be an effective anti-corrosive agent in small quantities, at sufficiently high
20  concentrations, it becomes a corrosion agent.
Phosphorus can form an effective barrier against corrosion without sulfur, but the

addition of sulfiding agents to the process stream containing phosphorus yields a film

composed of both sulfides and phosphates. This results in improved performance as well



5 "is iqwportant, since different renedies are required dependi ng upon the
corrodi ng agent. Usually, retardation of corrosion caused by sul fur
conpounds at el evated tenperatures is effected by increasing the anount .of
chromumin the alloy which is used in the hydrocarbon treating unit. A
range of alloys may be enployed, from1.25% Cr to 12% o Cr, or perhaps even
hi gher. Unfortunately, these show littlLeg to no resistance to naphthenic 10

acid. To COW&&&&&@& s Forb#feq0ikdiéht S ThS iventRh I@Hg@yfo ezggge@é@yo Ao

acid, an austenitic st ess steel which contal

mol ybdenum S e util] . [ NA rrqQsi gn_ 95. meeting,,. paper
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t hroughout the hydrocarbpon treati unit for the prevention of corrosion,
ef fective al FUFIfHA %?*M%%eggﬂgmﬂ% One approach invol ves
bl ending | ow acid nunber oils with corrosive high acid nunber oils to
reduce the overall neutralization nunber. An altérnative approach is to
utilize an effective chem cal treatnment to conbat naphthenic acid
corrosions U S. PZheinveldnn compeitesalbettiod of inlsibiting fmphihesic asid aomrediéeinta high
agent for neutralizing naphthenic acids found in certain fuel and

lubricating eingerard@ hydrocarbon Ayseént) SompHEth® addingi1e the @ stBAMRokioR-inMibiting

napht heni ¢ acid corrosion is the use of a chemcal agent to forma barrier

between the ghiglt oabhbobhaftbdteP Tl cOtrosidhGnhiith SAGUMP Bf organic polysulfide.

10 FIG. 1 is an elemental analysis of the composition of typical film found on the outside of a

pit.

The invention comprises a method of inhibiting naphthenic acid corrosion in a high |
15  temperature hydrocarbon system, comprising adding to the system a corrosion-inhibiting
amount of a phosphate ester and organic poly;sulﬁde.
A method of inhibiting naphthenic acid corrosion in a high temperature
hydrocarbon system; comprising adding simultaneously to the system
a) corrosion-inhibiting amount of a phosphate ester of the formula
20 ﬁ

R,0-P-0OR;

OR;



processing unit. This barrier or filmprevents corrosive agents from
reaching the nmetal surface, and is generally a hydrophobic material.
GQustavsen et al. NACE Corrosion 89 meeting, paper no. 449, Apr. 1
1989 details the requirements for a good filmng agent. U S. Patent
5, 252, 254 di scl oses one uch filmform ng agent, sul fonated al kyl -
substituted phenol, effective agai nst naphthenic acid corrosion.
Phosphor us- cont ai ni ng napht heni ¢ aci d=cbrrosi on i nhibitors are disclosed in
5 Zetlnmeisl et where Ryasd Rpateeach ihdependently sedeted fitinnthe\groupy cansistbgoff
phosphites alone or in conjunction with a thiazoline were used to prevent

corrosion on net ﬂhydﬁbﬁd‘n%ﬂimidﬁh@ﬁ@higtffbmlﬁﬁh%hﬁ!&?ﬁkﬂb@n BRRR; ard R ida nRSidtgr S i N
smal | amounts are disclosed as antifoulant additives in crude oil sysiens

enpl oyed as feedsﬁ&ﬁ@&éﬂoﬂ@i&tﬁﬁ\?‘é@b’bﬂ%@o‘?&“&é n Shell et al., US. Patent

No. 4,024,050. Inorganic phosphorus-contai hing acids and salts 10 in small
anmounts were al so,foun usef. a i foul ants, i r il ,systens
in Shell et al., US. gg‘%tg% 0 ":'.""&,H%Q‘H,gﬁg%}%h?g@?’%@ijﬁe%@ .’g‘.’%ﬁé\t ent

No. 4,024, 050 and_4, 024, 051 are. i ncorporated herejn reference. . |
.5 dR3 are carbon containing mo?eu%s, ey may be selectec? \r‘rom tLe group consisting

7-21,

of alkyl, arylalkyl, alkylaryl and aryl groups having from one to thirty carbon
atoms.
The ratio of said polysulfide to said phosphate ester ranges from 4:0.25 to 0.25:4,
Preferably, the ratio of the polysulfide to the phosphate ester ranges from 3:1 to

10 0.25:4. Most preferably, the ratio of polysulfide to the phosphate ester ranges
from 1:1 to 1:4. The velocity of the hydrocarbon stream treated is from about 5 to
about 250 feet per second. The phosphate group of the phosphate ester is selected
from the group consisting of phosphate, diphosphate, triphosphate, thiophos;;hate,
dithiophosphate and trithiophosphate. Typical examples of other suitable

15 phosphate esters include: methyl phosphate, ethyl phosphate, n-propyl phosphate,
iso-propyl phosphate, butyl phosphate, pentyl phosphate, hexyl phosphate,
cylcohexyl phosphate, heptyl phosphate, nonyl phosphate, decyl phosphate, lauryl
phosphate, cetyl phosphate, octadecy! phosphate, heptadecy! phosphate, phenyl
phosphate, benzyi phosphate, tolyl phosphate, methyl phenyl phosphate, and amyl

20 phenyl phosphate. The specific listing of a given monoester here is intended to
include the listing of the corresponding diester as well; thus, for example methyl
phosphate is intended to include dimethyl phosphate. The amount of phosphate

ester added to the hydrocarbon stream is from 5 to 500 ppm. Preferably, the



U.S. Patent No. 5,182,013 issued to Petersen et al. on January 26, 1993
descri bes anot her nethod of inhibiting naphthenic acid corrasion of crude
oil, conprising 15 introducing into the oil an effective anount of an
organi ¢ pol ysul fide. The disclosure of U S. Patent No. 5,182,013 is

I ncorporated herein by reference. This is another exanple of a
corrosion-inhibiting sulfur species. Sulfidation as a source of corrosion
was detail ed above. Though the processgiss not well understood, it has been
det erm ned t hat \amoust afiphbsphate astehaidad teetht hpdriocazbomrsticam ds fromiSvte 20§eppm. i n
smal |l quantities, at sufficiently high 20 concentrations, it becones a
corrosi on agent. NEbppeferibly, thdindut 6F ﬁﬁbsﬁﬁat@&sﬁ&!ﬂﬂeﬁ% EHeHydAdbatboalstre@h 0Si on
wi t hout sulfur, but the addition of sulfiding agents to the process stream

cont ai ni ng phosphogys mitgljgla @ filmconposed of both sulfides and
phosphates. This results in Prr'proved performance as wel | as a decreased

phosphor us requi rgnent.. 1S khventi Iins to,the.delibera addi tion
of sul fiding ager;ﬁge&o&vs?lﬁgexﬁpg@gg‘%mﬁap%-gﬁ%mﬁeﬁ%%cﬁ{&ug{eﬁg@gtaém al s
e used gl or COr o o el ¥ o eG4 b e Byt

groups having from 6 to 30 carbon atoms and aromatic groups; and wherein x
ranges from 2 to 6. The preferred polysulfides are those in which the R and R
groups are alkyl and cycloalkyl groups. The most preferred polysulfides are those
wherein both R and R’ are the same. The sulfur content of the polysulfide ranges

10 from 10 to 60%, preferably 25 to 50%, by weight. The preferred polysulfides
include the following: olefin polysulfides and terpene polysulfides. The molecular
weight of the polysulfides useful in the method of the present invention may range
from 200 to 800, preferably, 300 to 600. The polysulfides are soluble in a variety
of oils and therefore may be introduced as an oil soluble package. Preferred -_

15 carriers are aromatic solvents such as xylenes, Generally, the polysulfide will
constitute from 20 to 70 weight percent of the package. The amount of
polysulfide added to the hydrocarbon stream is from 25 to 2000 ppm. Preferably,
the amount of polysulfide added to the hydrocarbon stream is from 50 to 200 ppm.
Most preferably, ti\e amount of polysulfide added to the hydrocarbon stream is

20 from 10 to 50 ppm.

The following examples are presented to describe preferred embodiments and
utilities of the invention and are not meant to limit the invention unless otherwise stated in

the claims appended hereto.



5. " The invention conprises a nethod of inhibiting naphthenic add
corrosion in a high tenperature hydrocarbon system conprising adding to
the system a corrosion-inhibiting amount of a phosphate ester and a
corrosion-inhibiting anount of organic polysul fide. 10 FIG | is an

el emental analysis of the conmposition of typical filmfound on the outside
of a pit. The invention conprises a nethod of inhibiting naphthenic acid
corrosion in a high 15 tenperature hydyaecarbon system conprising addi ng

to the systeg gfr osi on-i nhi biting anount of a phosphate ester and
organi c pol y’%‘ﬁﬁ?ﬂd'é‘l , A method of inhibiting naphthenic acid corrosion in a

the 'systom a) - T8 SRRHR RN e kRl WS Sl BB

corrosion-in osp er t he
formula 20

test which provides a standard method of determining corro%iv}qlw was u§ed.7 The test is

based on NACE Standard TM-01-69, “Test Method - Laboratory Corrosion Testing of

5 Metals for the Process Industries”. The conditions of testing are standardized within the
commonly known parameters for naphthenic acid corrosion.
PARAMETERS' STANDARD TEST CONDITIONS
TAN >0.5 mg KOH/g oil TAN=50
Temperature 450°F to 750°F T =500"F
Test period (laboratory suitable) 48 hours
Flow conditions quiescent
Atmosphere (to prevent oxidation) Nitrogen
Coupon surface/oil volume ratio 10 sq cm/250 ml
1 = The conditions of testing are standardized within the commonly known parameters for
napthenic acid corrosion. '
10 ~ To determine corrosion values, a hydrocarbon fluid was prepared by using viscous

oil and commercially available naphthenic acid. -
Several commercially available naphthenic acids were first tested, eachata .
nominal TAN value equal to 5 mg KOH/gram of oil, prepared by dilution with 2 neutral

mineral oil. The corrosion rates varied from a low of 13.3 mpy to a high of 53.9 mpy, as

15 can be seen in Table 1.

TABLE 1
COMMERCIAL BRAND OF NAPTHENIC ACID! CORROSION RATE (MPY)
Brand A, Lot A 13.3
Brand A. Lot B 33.7
Brand A, Lot C 23.7
Brand B 25.6
Brand C 53.9

1= EACHAT TAN =5



wher e R'[err-] and Rlerr] are each independently selected fromthe group
consi sting of hydrogen and noieties having fromone |lo thirty carbon atons,

and Rerr] is a noiety having fromone to thirty carbon atons; and b) = a .
corrosion-inhibiting anount of an organic polysulfide. Wien R err], R2 and
5 R3 are carbon containing noieties, they may be selected fromthe

group consisting of al kyl, arylal kyl, alkylaryl and aryl groups having from
one to thirty carbon atons. The ratio of said polysulfide to said phosphate
ester ranges from4:0.25 to 0.25:4. PrdPerably, the ratio of the

pol ysul fi de Efanigle 2phosphate ester ranges from3:1 to 10 0. 25: 4.
Most preferably, the ratio of polysulfide tto the phosphate ester ranges

from1l:1 to 1:4. ﬁ[m&@h%&mn@dbsmnysﬂreaeigﬁmmﬁﬁ%%wea&&%iﬁ from
about 5 to about 250 feet per second. The phosphate group of the phosphate

; | L ! |
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| f oth itahle 1 hat t i,ngl ude: t hyl
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The coupon was removed, excess oil was rinsed from it and the excess corrosion products

were rex_nbved from the coupon by scrubbing with steel wool. The coupon was then
weighed and percent inhibition and corrosion rate were calculated.

10 A commercialty a.vailable naphthenic acid was used to increase the total acid
number of terrestic oil to 12. The system was kept under positive argon pressure, An
inhibitor was introduced to the fluid under agitation at 93° C (200° F). The temperature
was then raised to 260° C (500° F) and the procedure was carried out.

The resuits of the testing are detailed in Table Il. Though either phosphate ester

15  or polysulfide alone decx_'eases MPY, signifying a decrease in the corrosion rate, the
combination of the two compounds produces a surprising result, The combination almost

. completely eliminates corrosive activity, in comparison to either compound individually

which has only an inhibitory effect.

TABLE I

Inhibitor % Inhibition MPY
None 0 73.25
1000 ppm phosphate ester 68.7 29.77
1000 ppm polysulfide 20.47 58.3
1000 ppm phosphate ester 98 2
500 ppm polysulfide
2000 ppm phosphate ester 60.12 28.7

20



phosphdte, cetyl phosphate, octadecyl phosphate, heptadecyl phosphate,
phenyl phosphate, benzyl phosphate, tolyl phosphate, nethyl phenyl

phosphat e, and anyl 20 phenyl phosphate. The specific listing of a
gi ven nonoester here is intended to include the listing of the
correspondi ng diester as well; thus, for exanple nethyl phosphate is

i ntended to include dinethyl phosphate. The anmount of phosphate ester added
to the hydrocarbon streamis fromb5 t01500 ppm Preferably, the anount
of phosphat e est @hasigtdesh bomiden ecionsps ?ef&‘% 0 ppm
Most preferably, the anount of phosphate est ra ghgato the hy #%%arbon

streamis f f t f

R-(S)[err] Rl er ﬁk WheréQse‘BE gﬁﬁfwéﬁiﬁékﬁ@wgﬁmfﬂ% conceptand ),
consi sting f al s h 6 to 3Q carbon atons, cycloalkyl
groups havi ‘§°p1° g}n(t}%'g a%‘i"tﬂﬂf)‘g “&E‘B O¥E Ut i c groups;” and wherein x
ranges from2 to 6. The preferred polysulfides are those in which the R and

Rl err] groups are al kyl and cycl oal kyl groups. The nost preferred
pol ysul fides are those



V\hér_el,r_l_b_QLJlB,and~R[—err] are the same. The sul fur content of the

poI ysul fi de ranges from10 to 60%err], preferably 25 to 50% by
gumm‘ﬂ n&‘ poI ysul fides include the fol | ow ng: olefin

pol pene pol ysul fides. The nol ecul ar wei ght of the

pol ysul fi des useful in the method of the present invention may range from

200 to 800, preferably, 300 to 600. The polysulfides are soluble in a

variety of oils and therefore nay be i-nfzeduced as an oil sol ubl e package.

Preferred 1 5 carriers are aronalgimeol vents such as xyl enes.

General ly, the polysulfide will constitute from20 to 70 wei ght percent of

t he package. ¢The he Ly streamis
from 25 to 2000 dgm lé%rd %@#?H%éé%égﬁ&ﬁgﬁéfwz Vs :i%gg%é%gﬁegd to the
hydr ocarbon streamis from50 to 200 ppm Mst preferably, the anount of
pol ysul figle addedhydeodafinitysém eontising addingsintultdfeously to the systemn 10 to 50
ppm The follow ng exanples are presented to describe preferred enbodi nents

and utilities of jhe 'gﬂﬁﬁﬁdtﬁﬁhﬁﬂﬁlg%?odﬂ%f;‘ﬁﬁ??%h&@esw%?ihetfbﬁm&li'vent'0”

unl ess ot herw se tate In the clains appe eret

4
II

Ri0-P—-OR;

6 OR;
where R; and R; are each independently selected from the group consisting of
8 - hydrogen and moieties having from one to thirty carbon atoms, and R; is a moiety
having from one to thirty carbon atoms; and
10 b)  acorrosion-inhibiting amount of an organic polysulfide
wherein the ratio of said polysulfide to said phosphate ester ranges from 4:0.25 to

12 0.25:4.
2.  The method of Claim 1 wherein the velocity of the hydrocarbon stream is from
2 about 5 to about 250 feet per second.

- 3. The method of Claim 1 wherein the phosphate group of the phosphate ester is

(38

selected from the group consisting of phosphate, diphosphate, triphosphate,

thiophosphate, dithiophosphate and trithiophosphate.

4. The method of Claim 3 wherein the polysuifide is of the formula R-(S),-R' wherein

(28

R and R are selected from the group consisting of alkyl groups having from 6 to
30 carbon atoms, cycloalkyl groups having from 6 to 30 carbon atoms and

4 aromatic groups; and wherein x ranges from 2 to 6.

“’ﬁiiiiﬁ*ri’iilﬁiﬂ" li‘mn



-9- Exa'rrplTl To assess the corrosion behavior of process streans derived
fron})un"mnﬂ ﬂ test which provides a standard net hod of determ ning
corr m EE @OThe test is based on NACE Standard TM 01-69, "Test
Met hod - ®Laborfat ory *Corrosi on Testing of 5 Metals for the Process

| ndustries”. The conditions of testing are standardized within the comonly
known paraneters for naphthenic acid corrosi on. PARAVETERS

STANDARD TEST CONDI TI ONS TAN >0.5 ng KeHiy ~0i 'l

TAN= 5.0 TemSer at o rddthd 6fClkind 4 Jh"e?éxﬁwe] t
500[err] F Test period (I aboratory suitab anf:un of phosphate ester added °8thﬁ

Fl ow condi ti ons qui escent At m)sphere
(to preveht oxi datiydrpparbon stream is from 5 to 500 N!mrogen Coupon surface/ oil
volunme ratio 10 sg cm250 mM 1 The conditions of

Lesting ar e §.andeynl il b § Where R B P Yy RHAATBIGS the! napt heni ¢

acid corrosion.

2 bydrocarbon stream is from 25 to 2000 ppm.

7.  Amethod of inhibiting naphthenic acid corrosion in a high temperature

2 hydrocarbon system; comprising adding simultaneously to the system
a) corrosion-inhibiting amount of a phosphate ester of the formula
4 0
I
R;O0—~P—-OR,
6 _ OR;

where R, and R; are each independently selected from the group consisting of
8 hydrogen and moieties having from one to thirty carbon atoms, and Ry is a moi;ty
having from one to thirty carbon atoms; and
10 b)  acomosion-inhibiting &nount of an organic polysulfide
wherein the ratio of said polysulfide to said phosphate ester ranges from 3:1 to

12 0.25:4.
8. The method of Claim 7 wherein the velocity of the hydrocarbon stream is from
2 about 5 to about 250 feet per second.

9. The method of Claim 7 wherein the phosphate group of the phosphate ester is

2

selected from the group consisting of phosphate, diphosphate, triphosphate,

thiophosphate, dithiophosphate and trithiophosphate.

Sheet Has Been Ri Iaced
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To—deternrre—corrosi on val ues, a hydrocarbon fluid was prepared
by usin comrerci ally avail abl e napht henic acid. Several
cormercﬂﬂ!m milmﬂﬂ phthenic acids were first tested, each at a

cvalkuese

nom nal o0 5 ng KOH gramof oil, prepared by dilution with
a neutral mneral oil. The corrosion rates varied froma low of 13.3 npy to
a high of 53.9 npy, as 1 5 can be seen in Table |I. TABLE | Brand A, Lot A
13.3 Brand A Lot B - 14 - 33.7 Brand A
Lot C 10. Tbe method of Claim 9 wherein the polysulfidéis 6f tHedBfmit R—(g),-R wherei
25.6 Brand C EA
TAN = 5 - 10 *

2 " R and R' are selected from the group consisting of alkyl groups having from 6 to 30

carbon atoms, cycloalkyl groups having from 6 to 30 carbon atoms and aromatic

4 groups; and wherein x ranges from 2 to 6.

1 1.. The method of Claim 10, wherein the amount of phosphate ester added to the
2 hydrocarbon stream is from 5 to 200 ppm.

12. A method of Claim 11 wherein the amount of polysuifide added to the
2 hydrocarbon stream is from 5 to 200 pﬁm.

13. A method of inhibiting naphthenic acid corrosion in a high temperature

2 hydrocarbon system; comprising adding simultaneously to the system
a) corrosion-inhibiting amount of a phosphate ester of the formula
4 O
I
Ri0—P—OR;
6 OR;

where R; and R; are each independently selected from the group consisting of
8 hydrogen and moieties having from one to thirty carbon atoms, and R; is a moiety
having from one to thirty carbon atoms; and
10 b) a corrosion-inhibiting amount of an organic polysulfide

wherein the ratio of said polysulfide to said phosphate ester ranges from 1:1 to 1:4.

14. The method of Claim 13 wherein the velocity of the hydrocarbon stream is from

2 about 5 to about 250 feet per second.
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Example 2 A 21+ter;—4-1ieck round bottom fl ask equi pped with a mechani cal

stirrer_a k trap connected to a condensor was used. The
tenperH! u‘mgmi‘mml ed by 5 a tenperature controller. Test coupons of
car bon ¥ snserted into the round bottom fl ask. The tenperature of
the fluid was raised to 260[err] C (500[err] F) for 6 hours. The coupon was
renoved, excess oil was rinsed fromit and the excess corrosion products

were renmoved fromthe coupon by scrubbilig-with steel wool. The coupon was

A comror ci al 155, eafbod G 1 ndRh (E AR wblb Br i pbaa Bk LB T

acid nunber of terrestic oil to 12. The system was kept under positive

argon pregsure. Anseledail frotmthe gRsupicohsistiigf (phiosphatecdiphaspbatetéiphiospiateat i on at
93[err] C (200[err] F). The tenperature was then raised to 260[err] C

(500[err] F) and tfg H&sﬁﬁﬁglghﬁi sphafe’an8 titRidphosphifte.r €Ul ts of the testing
are detailed in Tablg I'T. Though ei'ther phosphate ester 15 or polysulfide

al one decreas WY, signifyjing a decrease in the corrosion rate, the

conbi nati on ofgt hefhwmgb%#&}ml%wbme polysifiseiisofithe f%@l&i‘t&'(sl)ﬂ'g)

combi nation al nost conpletely elimnates corrosive activity, in conparison
to either jconpoundyhdicth R AN aYe Wikt HEH Y YrifupEbokiShigUftalyy gidbpShiving

from 6 to 30 carbon atoms, cycloalky! groups having from 6 to 30 carbon atoms

4 and aromatic groups; and wherein x ranges from 2 to 6.
17.  The method of Claim 16 wherein the amount of phosphate ester added to the
2 hydrocarbon stream is from 10 to 50 ppm.

18. A method of Claim 17 wherein the amount of polysulfide added to the

2 hydrocarbon stream is from 10 to 50 ppm.
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TABLE |1 | nhi bi t or % | nhi bi tion " MPY None

0 . 73.25 1000 ppm phosphate ester 68. 7

. 29+F7 1000 ppm pol ysul fide 20. 47 58. 3
1000 ppm phosphate ester 98 ¢ 2 500 ppm
pol ysul fi de 2000 ppm phosphat e ester 60. 12

28.7 20 Changes can be nmade in tﬁél conposition. operation and
arrangenent of the nethod of the present invention described hereinn

wi t hout departing fromthe concept and scope of the invention as defined in
the follow ng clains:

NEAR MULE ROUND DEPUS

SPECTRUN LADEL SPITRM FLLE AN
- WEAL MLE TS SEPRC - 2

CR

[ 23y 1Y

FIGURE 1 Eleméntal Analysis of Film Outside of Pit

Fig. 1
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1. A nmet had of inhibiting naphthenic acid corrosion occurring on the
metal surfaces of a hi gh tenperature hydrocarbon systemin contact with a
crude oil containing naphthenic acid conprising addi ng sinmultaneously to
the crude oil: a) corrosion-inhibiting anount-of a phosphate ester of the
formula wherein Rlerr] and Rlerr] are each independently selected fromthe

group consi sting of hydrogen and ietie hai/i ng,.fromone to thirty carbon
atons, and R3 is a noiety havi ngﬁgﬁm%-&!ﬁh% carbon atons; and b) a
corrosion inhibiting amount of an organic polysulfide of the for rrul a
Rlerr]-(S) -R esH ofmsUtrDRe AGeRTS F@aak gﬁ%ﬁrﬁg BEREIA
consi Sting OPHASPHORWS UPSNTROLONG 'IGH Tom rm mﬁdx@al kyl
groups having from6 to 30 carbon atonms and x ranges from2 to 6,

The invention comprises a method of inhibiting naphthenic acid corrosion in a high

temperature hydrocarbon system, comprising adding to the system a corrosion-inhibiting

amount of a phosphate ester and a corrosion-inhibiting amount of organic polysulfide.

This Sheet Has Been Re
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wherern the ratio of such polysulfide to said phosphate ester ranges from
4:0:25 to 0.25:4. 2. The method of claim1 wherein the velocity of the
crude oil is fromabout 5 to about 250 feet per 13 second. 3. The

met hod of claim 1 wherein the phosphate ester is selected fromthe group
consi sting of phosphate, diphosphate, triphospSabstitutdishpebsBhAugust 1996
di t hi ophosphate and trithi ophosphate. 4. The nethod of claim3, wherein the

amount of ester added to the crude oil i;g;fromabout 5 to about 500 parts
per mllion. 5. The rrgthod of claim 3, erein the anount of
Q
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pol ysul fide added to the crude oil is fromabout 25 to about 2000 ppm 6.
A nmet hod of inhibiting naphthenic acid corrosion occurring on the netal
surfaces of a high tenperature hydrocarbon systemin contact with a crude
oi | contai ni ng naphthenic acid conprising addi ng sinultaneously to the
crude oil: a) corrosion-inhibiting anount of a phosphate ester of the
formula: 0% wherein R err] and R2 are each i ndependently selected fromthe

groups consi sting of hydrogen ﬁtﬁ&&ﬂlﬁﬁ!ﬁﬁﬁﬁ@ fromone to thirty carbon
atons, and R3 is a noiety having fromone to thirty carbon atons; and b) a

corrosion i nh| bi ti n ampunt of an orggnl c pol ysul fi de of t he f
Rlerr]-(9S) LE"\IHBF i MOENTE ﬁs%ﬂﬁ M !group
: Q;es U§ HNG HIGH TEMPERATURE CORROS AC

consi stin
The inveation comprises a methad of inhibiting naphthenic acid corrosion in a high
temperature hydrocarbon system, comprising adding to the system 2 corrosion-inhibiting

amount of a phosphate ester and a carrosion-inhibiting amount of organic polysulfide.
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fromlﬂlmgumuﬁuu and cycl oal kyl groups havi ng * C TeRET Ny
t - 15 April 1999 14 from 6 to 30 carbon atons and Xx

ranges from?2 to é and wherein the ratio of such pol ysul fide to said

phosphate ester ranges from3:1 to 0.25:4. 7. The met hod of claim®6

wherel-pthe.nelocity of fthe crude oil is fromabout 5 to about 250 feet per
se¢ond REBLACENENTHSHEBIS of S8 ai h 6 wher ei n Sukstiiyts pheete- edBeAptib198Bect ed
f r i Pescrjptiorp: pagedi.sttonpaged .phdsphat e, di phosphate, triphosphate,

t hij offhClsihia) e, : pigetii. eploopagedt.®, Jand trit hi ophosphat e.

O Drawing(s) : paged ..... to paged .....
0 Abstract  :paged....to paged ...
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CLAIMS
1. A method of inhibiting naphthenic acid
corrosion occurring on the metal surfaces of a high
temperature hydrocarbon system in contact with a crude
oilﬁgqntaining naphthenic acid comprising adding
sim#itaneously to the crude oil:

a) corrosion-inhibiting amount of a

phosphate ester of the:formula |

O

R,0—-P—OR,

R
wherein R, and R, are each independently selected
from the group consisting of hydrogen and moieties
having from one to thirty carbon atoms, and R, is a
moiety having from one to thirty carbon atoms; and

b} a corrosion inhibiting améunt of an organic
polysulfide of the formula R,-(S),-Rs wherein R, and R; are
selected from the group consisting of alkyl groups having
from 6 to 30 carbon atoms, and cycloalkyl groups having
from 6 to 30 carbon atoms and x ranges from 2 to 6, and
wherein the ratio of such polysulfide to said phosphate
ester ranges from 4:0.25 to 0.25:4.

2. The method of claim 1 wherein the velocity of

the crude oil is from about 5 to about 250 feet per



9. The nethod of claim8 wherein the amount of phosphate ester added to
t he crug T to 200 ppm 10. The nethod of claim9 wherein the
anount a'mumn“maﬁmw to the crude oil is fromb5 to 200 ppm 11. A
met hod of* i rehi Ioi S t henic acid corrosion occurring on the neta
surfaces of a high tenperature hydrocarbon systemin contact with a crude
oi1 containi ng naphthenic acid conprising addbwestiute sheatoud|S/Apsl 1989
crude oil: a) a corrosion-inhibiting anount of a phosphate ester of the
formula where Rlerr] and Rlerr] are each HEPependently selected fromthe
a

group consi sting of hydrogen and noieties ving fromone to thirty carbon
atons, and R e&#8g9ond. a noi ety having fromone to thirty carbon atons; and

3. The method of claim 1 wherein the phosphate
ester is-selected from the group consisting of phosphate,
diphosphate, triphosphate, thiophosphate dithiophosphate
and trithiophosphate.

4. Tﬁe method of claim"3, wherein the amount of
ester added to the crude oil is from about 5 to about 500
parts per million.

'EL The method of claim 3, wherein the amount of
pgl&éulfide added to the crude oil is from about 25 to
about 2000 ppm.

6. A method of inhibiting naphthenic acid
corrosion occurring on the metal surfaces of a high
temperature hydrocarbon system in contact with a crude
oil containing naphthenic acid comprising adding
simultaneocusly to the crude oil:

a) corrosion-inhibiting amount of a phosphate
ester of the formula: |
o
R.IO—‘l—ORz

OR,

wherein R, and R, are each indepéndently selected from the
groups consisting of hydrogen and moieties having from
one to thirty carbon atoms, and R; is a moiety having from-
one to thirty carbon atoms; and |

b} a corrosion inhibiting amount of an organic
polysulfide of the formula R,- (S).-R; wherein R, and R; are
selected from the group consisting of alkyl groups having

from 6 to 30 carbon atoms, and cycloalkyl groups having



15 b) a corrosion-inhibiting amount of an organic polysulfide of the :
formul a err] err]-Rlerr] wherein R4 and Rlerr] are selected fromthe
group clﬂ I l":ﬂl]ﬁhlﬂlll%l groups having from6 to 30 carbon atons, and

cycl oal NUgE from6 to 30 c?;bgn at ons gnd X rﬁnges from2 to
6, and ereinm the fatio of said pol ysul fi de sai sphat e ester_ranges
from1:1 to 1:4. 12. The nethod of claim 11 \ﬁﬁ’&s&FWet‘ﬁl?ﬂie'l ot PtAPIH 1994
crude oil is fromabout 5 to about 250 feet per second. 13. The method of
claim 11 wherein the phosphate ester isjgelected fromthe group consisting
of phosphat e, di phosphate, triphosphate, thiophosphate, dithiophosphate and
trithi ophosphd&xem 6 to 30 carbon atoms and x ranges from 2 to 6, and

wherein the ratio of such polysulfide to said phosphate

ester ranges from 3:1 to 0.25:4.

7. The method of claim 6 wherein the velocity of
the crude oil is from about 5 to about 250 feet per
second.

8. The method of claim 6 wherein the phosphate

ester is selected from the group consisting of phosphate,
dxphosphate, triphosphate, thiophosphate,
d;thiophosphate, and trithiophosphate.

g. The methcd of claim 8 wherein the amount of
phosphate ester added to the crude oil is from 5 to 200
ppm.

10. The method of claim 9 wherein the amount of
polysulfide added to the crude oil is from S to 200 ppm.

11. A method of inhibiting naphthenic acid
corrosion occurring on the metal surfaces of a high
temperature hydrocarbon system in contact with a crude
oil contalnzng naphthenlc acid comprising adding
simultaneously to the crude oil:

a) a corrosion-inhibiting amount of a

i

R,0—P—OR,

phosphate ester of the formula

OR,

where R; and R, are each independently selected from the
group consisting of hydrogen and moieties having from one
to thirty carbon atoms, and R, is a moiety having from one

to thirty carbon atoms; and



14 The jsiwﬂﬂ V\,herei n the anount of phosphate ester added to
the crud gf"g MO 50 ppm 15. A nethod of claim 14 wherein the
anmpunt of polysblfh es d to the crude oil is from 10 to 50 ppm

Substitute sheet - 15 April 1999
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b) a corrosion-inhibiting amount of an organic
polysulflde of the formula R,-(S),-Rs; wherein R, and R; are
selected -from the group consisting of alkyl groups having
from 6 to 30 carbon atoms, and cycloalkyl groups having
from 6 to 30 carbon atoms and x ranges from 2 to 6, and
wherein the ratio of said polysulfide to said phosphate
estexr ranges from 1:1 to 1l:4.

12, The method of claim 11 wherein the velocity of
the crude oil is from about 5 to about 250 feet per
second

-13. The method of claim 11 wherein the phosphate
ester is selected from the group consistiﬁg of phosphate,
diphosphate, triphosphate, thiophosphate, dithiophosphate
and trithiophosphate.

14. The method of claim 13 wherein the amount of
phosphate ester added to the crude oil is from 10 to 50
ppm.

15. A method of claim 14 wherein the amount of

polysulfide added to the crude oil is from 10 to 50 ppm.



