H GH TEMPERATURE CORROSI ON | NHI BI TOR FI ELD OF
I'NVENTI ON This invention relates generally to a
process for inhibiting corrosion in refining
operations. It is specifically directed toward the
i nhibition of corrosion caused by naphthenic acids
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operations associated with naphthenic acid
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many years. Such corrosion is particularly severe in

at nospheric and vacuumdistillation units at
Thie nipeantion rrektest genseallpeona giyotass 3B0 Anizbiting g@urrosmher refining

oReBiftoRt nithis trebinhteded fuvatfl e dutBiEn it srosign thed by

a?ﬁ@ﬁﬁ@%@idﬁ% v@ﬁuﬂa&qﬁa%m in thé BRigeQJacent ration of sul fur
onpounds, the vel'ocity and turbul ence of the flow

streamin the units, and the location in the unit
BA@K@ROWN@JOHI’DHEdNWEN'HﬂI\hce) . In the distillation
refining of crude oiIs the crude oil is passed
throu a_.furnace and one

CiEe bR e S PR v ffaphthenic acid
cORSHATEY 1 O ik haTPBbc PRGN Sor AARIHDS0T Sy bhrosion i

corrosion Is not pro t enpe res be ow
paabhaidrly3&8Ere T aghdsblosral ami vawgmdbﬁﬁa'ﬁd}nfmﬂitm avgemperatures of
corrosion__inhibitors are not effective at

belweRaAPIRL 73X Faigy 035 0 O theanictons et Kentribye e des earrosity of
ch&e% %ﬂfaﬁxﬂg% %ﬁﬁﬁh@rﬂ@'a&dé‘%éfu&o{ﬂe" L& Sblquqgﬁﬁemc acid_present,

ent o era ona

the Qion@é‘nﬁﬁﬁém Vi 8 sdlfur Sd@ﬁipbdndﬁe 0B SeNxag iﬂ@iatmblﬁlendeebfnthe flow
"napht heni ¢ aci d" includes nono- and di-basic

stgambo de wdtsaend sedachtign ie fll Unjt Gahrs lineidiveponibuface0 v
by wei ght of the total acidic

In the distillation refining of crude oils, the crude oil is passed successively through
a furnace and one or more fractionators such as an atmospheric tower and a vacuum
tower. In most operations, naphthenic acid corrosion is not a problem at
temperatures below about 350°F. Traditional nitrogen-based filming corrosion
inhibitors are not effective at temperatures above 350°F, and the other approaches
for preventing naphthenic acid corrosion such as peutralization present operational

problems or are not effective.

It should be observed that the term “naphthenic acid” includes mono- and di-basic
carboxylic acids and generally constitutes about 50% by weight of the total acidic
components in crude oil. Many of the naphthenic acids may be represented by the

following formula:



conmponents in crude oil. Many of the naphthenic acids
may be represented by the followng fornmula: 1
(Cl-1,)"--COON R where R is an al kyl or cycl oal kyl
group and n ranges generally from2 to 10. Mny
variations of this structure and nol ecul ar wei ght are
possi bl e. Sone practitioners include alkyl organic
acids within the class of naphthenic acids.

Napht heni c acids are corrosive between the range of
about 350F (180C) to abo 790F (420C). At the higher
t enper atures, the naph acids are in the vapor
phase and the rate of fdecar boxyt atdop—iquEreases. At
the | ower tenperature corrosion rate is not
serious. The corrosivi rude oils and distillates
is also affected ence of sulfide
conmpounds, such™as hydrogen sul fide, nercaptans,

el emental sul fur, sulfides, disulfides, polysulfides
and thi ophenols. Corrosion due to sul fur conpounds
becones significant at tenperatures as |ow as 450F.

Ih I f hyd b
WIERR Al ipdSRER K P8 hoi bapRaRe-Reey S o 10
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790°F (420°C). At the higher temperatures, the naphthenic acids are in the vapor
phase and the rate of decarboxylation increases. At the lower temperatures, the
corrosion rate 1s not serious. The corrosivity of crude oils and distillates is also
affected by the presence of sulfide compounds, such as hydrogen sulfide,
mercaptans, 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.

Efforts to minimize or prevent the naphthenic acid corrosion have included the

following approaches:

a) blending of higher naphthenic acid content oil with oil low in naphthenic
acids;

b} neutralization and removal of naphthenic acids from the oil; and

c) use of corrosion inhibitors.
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c) use of corrosion inhibitors. 2 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

napht henic acid corrosion, with the resistant netals
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and exhibit fairly narrow distillation ranges. They are fed into a column above or
below the point of corrosion depending on the temperature range. Polysulfide
inhibitors decompose into complex mixtures of higher and lower polysulfides and
perhaps, elemental sulfur and mercaptans. Thus, the volatility and protection

offered is not predictable,
DETAILED DESCRIPTION

The present invention provides a method for inhibiting the corrosion of the internal
metallic surfaces of the equipment used in processing crirde oil or the high -
temperature petroleum distillates derived therefrom. It comprises adding to the
crude oil or distillate an effective amount, sufficient to inhibit corrosion, of a tetra
functional substituied aromatic compound (I) and/or a trimellitic acid ester or

trimellitic anhydride (II).

The tetra functional substituted aromatic compounds (I) as defined above may be

represented by the general formula:



The present invention provides a nmethod for inhibiting

the corrosion of the internal netallic surfaces of

t he equi prment used in processing crude oil or the high

tenperature petroleumdistillates derived therefrom

It conprises adding to the <crude oil or distillate an

effective amount, sufficient to inhibit corrosion, of
L a tetra functional substituted aromatic compound (1)

and/or atrinellitic acid ester or trinellitic

anhydride (I1). The tetra fuypctional substituted

aromati c conpounds (lI) as defined above nay be

represented by the generglg; Sy -(Ar)-

z wherein W X., Y, and [ present and may be

the sanme or different and aré i ndi vidually sel ected

fromthe groups consisting of (OH); (COON); and COOR,
with the proviso t hat vicinal pairs of W X Y, Z can
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P
(-C-0-C ),

i.e., anhydride function. R, in the formula is an alkyl moiety having from about 1

to about 16 carbon atoms; Ar is an aromatic moiety.
The esters or anhydrides of trimellitic acid (II) are represented by the formula (II)
I1.
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wherein R and Ry are — (-C-)- or — (-C-O-)- with the proviso that when one of



1. Rg R3 OO0 0 11 Il wherein R2 and R3 are - (-C)-
or - (-CGO)- with the proviso that when one of 4 0 0

O Il 111l R or RBis -(-C)- or -(-CO)- then the
other is either -(-CG)- or O0OOOIIl Il Il -(-CGO)-
sufficient to forman anhydride group i.e., -C0-C

linking the 1 and 2 position on the aromatic noiety;
R2 and R3 nmay al so be COORS wherein each R5 is

i ndependent |y sel ggted from al kyl groupspf from about
lto abot 16 cacﬂon atons. R4 is COOR6ywherein R6 is

B R PR SRS te%‘fﬁ'h Parl: ' gallic

apid, pyronellitic acid (i.e., 24@
benzenet etracar boxylic acid); 1, 2 4 5"

L Oy Db, 1 R g

posMi@sem teYarohederiotdy; NY 4y R?ﬁﬁlychlicpb& @mnﬂﬁarem each R is
enconpassed by fornula (11) above, 1,2,4
independently selected from alkyl groups of from about 1 to about 16 carbon atoms.

R, is COOR; wherein R, is a C;-Cyg alkyl group.

Representative compounds falling within formula I above include propyl gallate,
gallic acid, pyromellitic acid (i.e., 1,2,4,5 - benzenetetracarboxylic acid); 1,2,4,5
- benezenetetracarboxylic dianhydride; octyl gallate;, and tetra octyl pyromellitate.

Pyromellitic acid is presently preferred.

With regard to compounds encompassed by formula (II) above, 1,24

benzenetricarboxylic anhydride and trioctyltrimellitate may be mentioned.

In accordance with one aspect of the present invention, the treatment i.e.,
compounds I and/or II above may be fed directly to the crude charge, e.g., and
provide protection in the lower crude tower and vacuum column. Conversely, the
mhibition treatment can be fed anywhere to the process stream wherein it will be
brought into contact with the process medium, e.g., crude or distillate fraction

thereof,

The most effective amount of the corrosion irthibitor to be used in accordance.with
this invention can vary, depending on the local operating conditions and the
particular hydrocarbon being processed.  Thus, the temperature and other
. characteristics.of the acid corrosion system can have a bearing on the amount of the
inhibitor or mixture of inhibitors to be used. Generally, where the operating
temperatures and/or the acid concentrations are higher, a proportionately higher
amount of the corrosion inhibitor will be required. It has been found that the

concentration of the corrosion inhibitor added to the crude oil may range from about
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benzenetri car boxylic anhydri de and

trioctyltrinellitate may be nentioned. In accordance

wi th one aspect of the present invention, the

treatnment i.e., conpounds | and/or Il above may be

fed directly to the crude charge, e.g., and provide
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brought into contact with the process nedium e.g.,
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. .ef.fecti.ve anount. of the corrosion inhibitor.to be used
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maybe Fpduce do ot NoARRbPPYREOR 13884 9ERbote ABPISPY, pram ey igiout

Subtggﬁﬁgg?&gtﬁgen Spr&%%)enr’ atures and/or the acid

oncentrations are higher, a proportionately higher
amount of the corrosion inhibitor will be required. It
ExXaagPheen found that the concentration of the
corrosion inhibitor added to the crude oil nay range
fromabout 51 ppmto 5000 p by volune. It has also
The, dayenfipn igill Raw pe fpughasy é@rSéﬂng IR GORActiarh aviin Hiep falipwing
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i nduces the build-up of a corrosion protective coating

on the netal surfaces. The corrosion inhibitor may be
A vigiglidossi ¢ovpen peigelave tedi as bekd tOreyaluatssompeondscior waphthenic
aci@rg%o&%)gjﬁﬁi ts Ssé%ﬁ%cé%?x%ﬂﬁle&@ %le%%gcﬁgSrerw%tlg eH,e ergi? stte%l or 5Cr
corrosion coupons that were provided with a glass bead surface finish. A paraffinic
hydrocarbon oil was dosed with naphthenic acids to give a Total Acid Number of
6.0 and placed into the test autoclave. Candidate treatments, which were solids at
room temperature, were added to the autoclaves and mixed. The oil was deareated
with argon. In some experimenis, the effect of sulfide on corrosion and inhibition
was determined by the addition of a sulfur containing compound, namely n-
dodecylmethylsulfide in Example 2 and dibutylsulfide in Example 5, which resuited
in 0.5% sulfide in those experiments. The autoclaves were heated to the desired test
temperature of either 600°F or 500°F. After 20 hours exposure, the coupons were
removed, cleaned, and reweighed. Test results are shown below. In the
experiments with n-dodecylmethylsulfide, corrosion inhibition was only determined
with the mild steel coupons since corrosion rates were quite low, <10 mpy, with

the SCr coupons.



maybe reduced to a normal operational range of about
100- 1500 ppm wi t hout substantial sacrifice of
protection. EXAMPLES The invention will now be
further described in conjunction with the follow ng
exanpl es, which are provided for illustration purposes
Exaqagﬁre not intended to act as a limtation thereof.
A i'ght | oss coupon autocl ave test was used to
eval uate conmpounds for naphthenic acid corrosion.
316(eNo SpERemnRedwer e cl eaned, preweighed, mld steel or
5Cr  corrosion coupons that were provided with a gl ass
bead surface finish. A paraffinic hydrocarbon oil was
Unuessedi Caropion Ajakes h il Stesl as 1092 IDE, aCmet 453.AcVBY
Nunber of 6.0 and placed into the test autoclave.
Candi date treatnents, which were solids at room
tenperature, were added to the autoclaves and mi xed.
The oil was deareated wth argon. In sone
Inh@¥peri ments, the effect of spbidgde on gors@siienndRion
inhibition was determ ned by the addition of a sulfur
cont ai ni ng conmpound, nanely n- dodecyl net hyl sulfrde in
Exanpl e 2 and di butylsulfide in Exanple 5, M@ chSCr
resulted in 0.5%sulfide in those experinents. The
t,o¢cl aves were heated to th esired test
Gmﬁgﬁﬁg#ature of either 600F oﬁngOF. After Zézhodgg
exposure, the coupons were renoved, cleaned, and
Galliewri@ghed. Test results are sfipwn bel ow. | g% he 93
experinments wth n-dodecyl net hyl sul fi de, corrosion
inhibition was only determined with the mld stee
1.2 dotrpenzensictreearbopilioAdd rat efdlvere quite 1 W < %0
nmpy, with the 5Cr coupons. 6

1,2,4,5-Benzenetetracarboxylic Acid 1000 98 99
Propyl Gallate 100 30 97
Propyl Gailate 1000 96 99
Example 2

316C, 0.5% sulfide added as n-Methyldodecylsulfide

Untreated Corrosion Rates: Mild Steel = 39.9 MPY

Inhibitor | Dosage % Corrosion Inhibition
MS
Gallic Acid 100 25



Exanple I 316C, No Sul fide Added Untreated Corrosion
Rates: MId Steel = 108.2 MPY, 5Cr = 153.9 MY
I nhi bitor Dosage % Corrosion Inhibition M 5C Gallic
Acid 100 -32 40 Gallic Acid 1000 92 93
1, 2 4 5- Benzenet et racar boxylic Acid 100 95 99
5- Benzenet et r acar boxyl i cid 1000 98 99 opy!

eSS S00 50 65 pr opyl b $000 96 99 Ex Bl 6

2 316C, 0.5% sul fide added as n- N@thyldodecylsulflde
1,2UnraizeskGedcidsk A Raldes: Mipe St eel 39.9 MPY7g

I nhi bi tor Dosage % Corrosion Inh|b|t|on M5 @llic
Acid 100 25 7 Gallic Acid 1000 78
1,2,4,5-Benzenetetracarboxylic Acid 100 78 Exanple 3
216C No sul fi de added

Example 3

216C No sulfide added

Untreated Corrosion Rates: Mild Steel = 45.5 MPY, 5Cr = 36.3 MPY

Inhibitor Dosage % Corrosion Inhibition

MS 5Cr
Gallic Acid 100 32 91
Gallic Acid 1000 98 84
Example 4

316C, No Sulfide Added

Untreated Corrosion Rate: 1010 Mild Steel = 143 MPY

Test Compound Dosage % Corrosion
ppm Inhibition

1,2,4,5-benzenetetracarboxylic acid 25 84
1,2,4,5-benzenetetracarboxylic acid 100 82
1,2.4,5-benzenetetracarboxylic acid 250 93



Untreated Corrosion Rates: MId Steel = 45.5 MPY, 5Cr
= 36.3 MPY Inhibitor Dosage % Corrosion |Inhibition

M5 5CGr Gallic Acid 100 32 91 Gallic Acid 1000 98 84
Exanple 4 316C, No Sul fi de Added Untreated Corrosion
Rate: 1010 MId Steel = 143 MPY Test Conpound Dosage %

si on m | nhibition, .
155 Do e B S BOHG ¢ aci® 25 84 31
1, 2,4,5-benzenet etracarboxylic acid 100 82
1,&,425 %e@eﬁ&&%&ﬁ%cﬁ{y%@‘ﬂ%ﬁﬁi Qx¥dd ¢ aci hp250 93 8
4,5-benzenet etracarboxyl i c di anhydride 25 31
1 2 4, 5-benzenet etracar boxyl i ¢ di anhydride 100 84
LZJQ&bgﬁmbeﬂmandkﬂwha@aﬁmp&ykic di &Mydri de 250 9393
Cctyl Gallate 25 -21 COctyl Gallate 100 -12 Ccetyl

oS bahe. 250 -15 Propyl Gallate 2527 Propyl Galhgte

Octyl Gallate 100 -12
Octyl Gallate 250 -15
Propyl! Gallate 25 27
Propyl Gallate 100 9
Propy! Gallate 250 41
Tetra-octyl pyromellitate 25 -30
Tetra-octyl pyromellitate 100 50
Tetra-octyl pyromellitate 250 60
Tri-octyl trimellitate 25 -9
Tri-octyl trimellitate 100 34
Tri-octyl trimellitate 250 23
1,2,4-benzenetricarboxylic anhydride 100 35
1,2 ,4-benzenetricarboxylic anhydride 250 58
Example 5

316C, 0.5% sulfide added as dibutylsulfide
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Propyl Gallate 250 41 Tetra-octyl pyronellitate 25
-30 Tetra-octyl pyronellitate 100 50 Tetra-octyl
pyronmellitate 250 60 Tri-octyl trinmellitate 25 -9
Tri-octyl trinellitate 100 34 Tri-octyl trinellitate
250 23 1, 2, 4-benzenetricarboxylic anhydride 100 35

1,2, 4-henzenetric ride 250 58 Exanple 5
Unigged ‘8‘?1‘5%1%%%2{03@3% Qgﬁﬂ%gt ylsulfide 9
Untreated Corrosion Rate: 1010 M5 = 76 MPY Test
TP BRYRhaDosage % Corrosion  ppm IhkaBi ti on ¢ Corrosion

1,2,4,5-benzenetetracarboxylic acid 100 35

1, 2,4,5-benzenet etracarboxylic acid 250 43
ppiy 2, 4, 5- bendembitetr acar boxyl i ¢ acid 1000 52

1, 2,4, 5-benzenet etracar boxyl i ¢ anhydri de 100 22

2,4, 5-benzenet acar.boxyl i c anhydride 250 34
L%ﬁﬁﬁﬁmgfﬁﬁﬂ§%ﬁ§¥%ypﬁéﬁ Fboxyl i ¢ anhy®li de 1000 57 33
Gllic acid 250 40

1,2,4,5-benzenetetracarboxylic acid 250 43
1,2,4,5-benzenetetracarboxylic acid 1000 52
1,2,4,5-benzenetetracarboxylic anhydride 100 22
1,2,4,5-benzenetetracarboxylic anhydride 250 34
1,2,4,5-benzenetetracarboxylic anhydride 1000 57
Gallic acid 250 40
Gallic acid 1000 82
Octyl Gallate 250 57
Octyl Gallate 1000 72
Propyl Gallate 250 38
Propyl Gallate 1006 34
Tetra-octyl pyromellitate 250 45
Tetra-octyl pyromellitate 1000 21
Tri-octyl trimellitate | 250 0
Tri-octyl trimellitate 1000 0
1,2,4-benezenetricarboxylic anhydride 250 14
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Gallic acid 1000 82 Cctyl Gallate 250 57 OCctyl
Gallate 1000 72 Propyl Gallate 250 38 Propyl Gallate
1000 54 Tetra-octyl pyronellitate 250 45 Tetra-octyl
pyronel litate 1000 21 Tri-octyl trinmellitate 250 O
Tri-octyl trinellitate 1000 O
.2, 4- benezenetrj.car,bgxylic anhydrl 250 14 10
L ﬁé#@gﬁgﬁg?@ﬂ§ﬁyh%gﬂgggé?|c anhydr id® 1000 58 Ef%nple
6 A high tenperature autoclave was used to evaluate a
Efppes of conparative and prospective corrosion
inhibitors in a dearated HVGO derived froma
Venezuel an crude oil. One static carbon steel coupon
Aviagh tammeeratore hgoddayrowas paet o Tvlugarbammbert @ewmmpi@mand
were.rotated at apout .2 f

O BRASEor dRBG A Coeedony 5l b et Tk Yegeruclan
crRRPEIPX ORGSRl 2RAQKEScoubBR WRIERE it Qx%%agoﬁ&b’aﬁé‘cqwo carbon

area, and exposure tine re used to calcul ate the
st@e neupbnsC aero btatedr at ebonn 2 nfpy  inotheuliquié aplede.andl.iquid phase
treated coupons. Results are shown bel ow. Test

temperp R oV s eaellghih B8r F 6% eprapinately 4R oy, o The weight loss,

surface area, and exposure time were used to calculate the general corrosion rate in

mpy for untreated and treated coupons. Results are shown below.

Test Compound Dosage ppm Corrosion mpy
Blank 14.2
Phenyl didecylphosphite C-1 50 13.4
Phenyl didecylphosphite C-1 100 7.2

ammonium salt of dinony! phenyl

sulfonic acid C-2 100 11.8
gallic acid 100 9.8

gallic acid 200 10.7
pyrogallol C-3 100 11.9
catechol C-4 ‘ 100 11.5
salicylic acid C-5 100 12.2

benzoic acid C-6 100 15.2
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Phenyl di decyl phosphite C-1 50 13.4 Phenyl
di decyl phosphite CG-1 100 7.2 ammonium salt of dinonyl
phenyl sulfonic acid G2 100 11.8 gallic acid 100 9.8
gallic acid 200 10.7 pyrogallol CG3 100 11.9
catechol C4 100 11.5 salicylic acid G5 100 12.2
benzoic.acid C6 100 15.2 11 phtihalic acid G7
Phthpfic 3CF7 ¢ orpound i denti fi cati or%lagbove havi ng a
letter prefix designates a conparative exanple. As
shown above in the exanples, the tetra acidic aromatic
conpounds (lI) and trinellitic acid esters and
anhydrides Il are effective in reducing corrosion of
metal lic surfaces in cort®tt "with high tenperature
crudes, particularly naphthenic acid containing
crudes. The treatnents of .the inventjon alse dqg_ n
Test oiisin GepHERUTE apoutii e toret |08 pRfy Aefighes
corx%%?a\{ﬁ'@ REAPEMAL isfowh tbol€ATE exathpRAS Shdictra GRIAE ¥dmatic
ol soning and thermal instability respectively. It is
composndn@} el trinadilitidecit resmtsandt snhgfiriddselliane efiedtion immreducing
effectjive corrosion inhibitors. in those crude oil. and
corgEiop el sTiRFearE DBRERIHN S {RIRERR I RS, FaBiSDHTLY
napBBRRENEN CoRfinfl BMeS Ul T (ERMRANNGE ufY fnBRRHCR0 S not
I's kKnown in e-art,
contain phosphorous or sulfide moieties which have proven problematic with regard

to possible catalyst poisoning and thermal instability respectively.

It is also noted that the treatments of the invention are effective corrosion inhibitors
in those crude oil and petroleum distillate containing systems in which both
naphthenic acids and sulfur compounds are present. As is known in the art,
naphthenic acid corrosion appears to be exceptionally serious in the presence of

sulfur compounds, especially hydrogen sulfide.



napht heni ¢ aci d corrosion appears to be exceptionally
serious in the presence of sulfur conpounds,
especi al ly hydrogen sulfide. 12 CLAIMS |I. A nethod
for inhibiting corrosion of the internal netallic
surfaces of equipnment used in the processing of crude
Clgi or high tenperature distillates heated to

éﬁgeratures of between about 350F and about 790F

conprising adding to the crude oil or high

. tenpemahod efopelnhifigtimcdirdtioh| af @h@ ia@imadShenllic surfaces of
i nhi biting anount of a corrosion inhibitor selected

equipmesnt used igrtbeiprocesdingapiccrae pilagrdhigh teropesajurehéipielies heated

t0 twgsﬁwneﬁf SogiSy 5&?@? 5 Rt e g RALTHE 5 e
?%P ?mﬁélﬁ etﬁﬁ&ﬁn ‘Ei‘ist ot £E6Mbsi@NHALMi®ng amount of a

ndi vi a y se ed fromthe groups consisting of
corﬁsl;oncmﬁ;ttoarsdlea@]HerWhEhgrdube (@ @nd 110) Jabd ymixgures othereof,
that vicinal pairs of and Z may be sel ected
Whﬁ‘r?lér?ﬁld(w@ps@@l)lbmf R has ﬂ%e gﬁ"&’ll%yl moi ety having from
about 1 to 16 carbon atons and Ar is an aromatic
conpound; said corrosion inRgbitor (Il) having the
formul a i

X —(Ar)— Y
|
Z
wherein W, X, Y, and Z are all present and are the same or different and are

individually selected from the groups consisting of OH; COOH; and COOR,, with

the

O O

.
proviso that vicinal pairs of W, X, Y, and Z may be selected from —(-C- O-C-)-; R,

is an alkyl moiety having from about I to 16 carbon atoms and Ar is an aromatic

compound;

said corrosion inhibitor (IT) having the formula

13



13RR R3 ORd 00 Il Il wherein R2 and R3 are
COORS, -(-C)-; or -(-CO)- with the proviso 0 Ol
Il that when one of R2 or RBis - (-CG)- or -(-CGO)-
then the other is either OO0 11 11 - (-C)- or -
(-CGO)- sufficient to forman anhydride group Iinking
the R2 and R3 functions, each R5 is individually

sel ected from al kyl groups having ffom about 1 to
about 16 carbon atons; R4 is COORG whegein R6 is an

al kyl group having from about to about 16 carbon
atons. 2. The nethod as recited iny¢laiml wherein Ar
is substituted benzene. 3. The od as recited in
claim2 wherein said corrosio ilbitor (1) is
selected fromthe group consisting/of gallic acid,
pyronellitic acid, propyl galla octyl gallate,
tetra octyl pyronellitate, and
1, 2,4, 5-benzenet etracar boxylic

di anhydri de.

O O
| I
wherein Rz and Ry are COOR;, -(~C-)~; or ~(-C-O-)- with the proviso
0 O
I !
that when one of Rz or Rz is — (-C-)- or ~(~C-O-)- then the other is either
O O
} I
— (-C)- or - (-C-0-)- sufficient to form an anbydride group linking the Ra and Rs
functions, each Rs is individually selected from alkyl groups having from about 1 to
about 16 carbon atoms; Rs is COOR wherein Rs is an alkyl group having from

about 1 to about 16 carbon atoms.
2. The method as recited in claim. 1 wherein Ar is substituted benzene.

3. The method as recited in claim 2 wherein said corrosion inhibitor (I) is
selected from the group consisting of gallic acid, pyromellitic acid, propyl gallate,
octyl gallate, tetra octyl pyromellitate, and 1,2,4,5-benzenetetracarboxylic

dianhydride.

4, The method as recited in claim 3 wherein said corrosion inhibitor (I) is

pyromellitic acid.

14



4. The method as recited in claim3 wherein said
corrosion inhibitor (1) is pyronellitic acid. 14 5.
The nethod as recited in claim2 wherein the corrosion
inhibitor (I1) is selected from
1, 2, 4-benzenetri carboxylic anhydri de and
trioctyltrinellitate. 6. The method as recited.j
5. ol Ahi B i5Ual & clies orRerer et et hibilor 4D is
ot o . ‘ ¢ L i L
seteflsflighi 2% BTN SR BARE AFRLRISR g R e
corrosion. 7. The nmethod as recited in claim®6 wherein
6. SsaiTte cmeithed oid revitepeir dhieurd wdiesdinl daak ernfder vihepr petroleum
~ conprises a sul fur contai ning conpound, .8. The thod .
distillgfercomiprises PAPRSNEiGrAGIO AR rsaIdnC AR BB S B8RP EERmacid
'di qgibitor (I') and/or (1l) added to the crude oil or
INCUGFETTIYAts is an anmount sufficient to generate a
concentration of from about 1-5,000 ppm by vol une. 9.
7. Theheehbdedags rested & ¢lmine|aivheBeinhaid®ictudehsil or petroleum
concentration is fromabout 100 to about 1500 ppm
distillgte frteermomoisens swlégicopi@ining eprPAd- wher ei n sai d
corrosion inhibitor is 1,2,4,5- benzenetetracarboxylic

8. di %varqéthgf as %escited in claim 1 wherein the amount of corrog*,ion inhibitor
(1) and/or (II) added to the crude oil or distiilate is an amount sufficient to generate a

concentration of from about 1-5,000 ppm by volume.

9. The method as recited in claim 8 wherein the concentration is from about

100 to about 1500 ppm.

10. The method as recited in claim 3 wherein said corrosion inhibitor is 1,2,4,3-

benzenetetracarboxylic dianhydride.
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