
EP0517376B1 Description Background of the Invention: 5   1. Field of the
Invention The present invention relates to corrosion inhibition in acidic,
aqueous media, and more particularly to inhibition of corrosion of ferrous
surfaces in refinery overhead streams and distillation towers. 10  2.
Description of the Prior Art A solution has long been sought to the common
and troublesome problem of corrosion of ferrous surfaces in oil refinery
overhead streams (in particular, of the crude distillation unit and vacuum
distillation tower) and other distillation towers. In particular, it has
been difficult to solve the problem because such streams are highly acidic,
typically having 15   a pH of from less than 1 to about 3, and are
maintained at temperatures exceeding about [err]. By contrast, conventional
corrosion inhibitors generally are employed in environments that are
characterized by far less severe con- ditions. For example, corrosion
inhibitors employed in oil field pipelines generally are not considered
satisfactory corro- sion inhibitors for refinery overhead streams and
distillation towers, first because the disparate nature of the oil field
pipeline and refinery/distillation arts results in a failure to consider
application of corrosion inhibitors from one art to 20   another art, but
also because oil field pipelines ordinarily are not strongly acidic
(rarely, if ever, having a pH below about 4) and are at generally ambient
temperatures. Thus, oil field corrosion inhibitors are not recognized as
effective in highly acidic, high temperature conditions, which conditions
themselves increase corrosion rates dramatically. Accordingly, whereas the
refinery and distillation streams include the strong acid, HCI, with which
the corrosion therein is associated, and are maintained at a temperature of
at least about [err], and more commonly as high 25   as 149C [err] or more,
oil field pipeline corrosion is associated with weak acids due to the
presence of hydrogen sulfide and carbon dioxide and typical pipeline
temperatures are under [err] Because corrosion inhibitors have not been
found to be satisfactory under the low pH, high temperature conditions of
refinery overhead streams and distillation towers, it has been common
practice to attempt to resolve at least the acidity problem by neutralizing
the stream by addition of ammonia or certain organic amines, such as
ethylene diamine, to raise 30  the pH above 4 (generally to about 6) before
addition of the corrosion inhibitor. This technique has been found to be
unsatisfactory not only because of the extra treatment step and extra
additive required, but also because the amines added to the stream tend to
form corrosive HCI salts, which tend to exacerbate the problem and to
corrode. Yet, com- mercial processes which do not incorporate ammonia or an
organic amine are virtually unknown. Thus, efforts to find suitable
corrosion inhibitors for such applications typically have not produced
entirely satisfactory results. 35      Accordingly, while U.S. patents
4,332,967 and 4,393,026, both to Thompson et al., mention that the
particular com- pounds disclosed therein might be applicable to refineries
or distillation towers, corrosion inhibitors for oil field pipelines are
not recognized to be applicable generally to refinery overhead streams,
especially without first neutralizing the HCI in such streams. Thompson et
al. also mentions (at col. 20, lines 29-33 of '967 and col. 20, lines 4-8
of '026) that the corrosion inhibitors described therein are effective in
systems of "high temperature, high pressure and high acidity, 40
particularly in deep wells, and most particularly in deep gas wells."
However, the acidity of such wells is recognized not to be below about pH
3.5, generally not below pH 4. Thus, Thompson et al. do not suggest that
the compositions described therein would be effective at lower pH's (as
found in refinery overheads), or that their use in refineries would be in a
manner other than the standard, conventional technique, which calls for
addition of ammonia or amine to increase the pH above 4 (with the problems
connected 45  therewith). And more generally, conventional corrosion
inhibitors, such as disclosed in US-A-3 819 328, have been found to be
either ineffective or susceptible to entering into undesirable side
reactions in the highly acidic conditions of refinery overheads. Moreover,
while combinations of neutralizers, filming inhibitors, and water washes
with water soluble filming inhibitors have been employed in overheads, no
satisfactory solution to internal tower corrosion has been found. Thus,
corrosion inhibitors that are effective in the low pH, high temperature
conditions of refinery overhead streams 50   without the need for
neutralizing the HCl in such streams are needed. Summary of the Invention 



In accordance with the present invention there is provided a method for
inhibiting corrosion of ferrous surfaces in 55   an acidic, aqueous medium
having a temperature of at least [err] , comprising incorporating into the
medium a corrosion inhibiting amount of a corrosion inhibitor comprising a
reaction product obtained by mixing in equimolar proportions,  20%, and
reacting together an aldehyde and a compound corresponding to the formula:
2    EP O 517 376 B1 [err] wherein [err] is a hydrocarbon group, R2 and R3
are independently selected from H and alkyl, [err] alkyl, hydroxyalkyl or
[err] wherein n is at least one, and x is 2 or 3. In accordance with the
present invention there is also provided a method for inhibiting corrosion
of ferrous surfaces 10  in an acidic, aqueous medium having a temperature
of at least 93 [err] comprising incorporating into the medium a corrosion
inhibiting amount of a corrosion inhibitor comprising a compound
corresponding to the formula: [err] H wherein [err] is a hydrocarbon group,
[err] are independently selected from H and alkyl, and x is 2 or 3. 20
Among the several advantages found to be achieved by the present invention,
therefore, may be noted the provision of a method for inhibiting corrosion
in highly acidic, aqueous media; and the provision of a method for
inhibiting corrosion in such media without the need for first introducing
neutralizing amines. Description of the Preferred Embodiments: 25 In
accordance with the present invention, it has been discovered that
introducing into a highly acidic, aqueous medium a reaction product
obtained by mixing in equimolar proportions, [err] 20%, and reacting
together of an aldehyde and a compound corresponding to the formula: [err]
35   wherein [err] is a hydrocarbon group, [err] are independently selected
from H and alkyl, [err] alky, or [err] wherein n is at least one, and x is
2 or 3, significantly inhibits corrosion of ferrous surfaces in the medium
without the need for raising the pH or lowering the temperature of the
medium. Such method is particularly suited to crude unit or vacuum tower
overheads and distillation columns of oil refinery streams. Moreover, it is
particularly advan- tageous for protection internally of the towers, where
corrosion inhibition has been particularly difficult to achieve. 40
U.S. patents 4,332,967 and 4,393,026, both to Thompson, et al., describe
the preparation of the composition iden- tified above by formula (I) and
corrosion inhibitive usefulness of such composition, particularly in oil
field pipelines and wells. Those patents also note that the compositions
disclosed therein might be applicable to refineries. It was later found
that reacting the composition defined by formula (I) (wherein [err] are
hydrogen, [err] is methyl and x is 2) with isobutyraldehyde may yield a
product of superior effectiveness in oil field pipelines, and that product
has been used 45   as a corrosion inhibitor in such settings. However it
has now been discovered that the product is surprisingly effective in the
high acid, high temperature conditions that are typically present in
refinery overhead streams and eliminates, or at least significantly
reduces, the need for addition of ammonia or organic amine to raise the pH
of the system, and the serious drawbacks related to such neutralization
techniques. This discovery is particularly surprising in view of the highly
corrosive and reactive charac- 50  teristics of such conditions and the
fact that the search for appropriate corrosion inhibitors for such
environments has been so unproductive that the industry has resorted to the
problem-laden technique of employing ammonia or organic amines as
neutralizing agents. Generally, to prepare the corrosion inhibitors of this
invention, a composition as described in the noted U.S. patents of Thompson
et al. is reacted with an aldehyde. Preferred compositions of Thompson et
al. correspond to the formula 



55  (1), above, wherein [err] is a hydrocarbon group,  [err] are
independently selected from H and alkyl, [err] alkyl, alkanol or [err]
wherein n is at least one, and x is 2 or 3. Because the reactions and
activities desired for this composition are localized away from [err] R1
may be any of a wide range of hydrocarbons. However, in order to provide
sufficient oil solubility without sacrificing the corrosion inhibitive
properties of the composition too significantly, 3    EP 0 517 376 B1 alkyl
groups of from about 6-18 carbon atoms, such as a dodecyl group, are
preferred for [err] Preferably, R4 is hydrogen. in addition it is also
preferred that R2 also be hydrogen and R3 be methyl. Most preferably, x is
2. Thus, a preferred composition may be prepared by reacting equimolar
amounts of n-dodecyl mercaptan, methyl methacrylate and dieth-
ylenetriamine. Techniques for preparation thereof-are disclosed in the
Thompson et al. patents. 5       The composition defined by formula (I) may
be reacted with any aldehyde, although a branched aldehyde is pre- ferred.
Most preferably, the aldehyde is isobutyraldehyde. The composition of
Thompson et al. and the aldehyde are mixed in approximately equimolar
proportions (+/- about 20%) and the exothermic reaction is allowed to
proceed to completion. When [err] and the aldehyde is isobutyraldehyde, the
resulting product, therefore, contains composition of the formula: 10 [err]
20   wherein [err] is a hydrocarbon group, [err] are independently selected
from H and alkyl, and x is 2 or 3. Preferred [err] substitutes are as set
forth above with respect to the reactant and x is preferably 2. The product
also comprises unreacted composition of Thompson et al. and unreacted
aldehyde. It has been found that the additive of this invention is
particularly effective in aqueous, acidic media. It is especially
applicable to such media having a pH less than 6. Moreover, in view of the
unsatisfactory results of previous corrosion 25  inhibitors in highly
acidic media, the benefits of the additive particularly notable for media
having a pH under 5, and even more notable for media having a pH less than
4, especially less than 3, at which pH prior art compositions are
understood to be unsuitable. Likewise, the additives of this invention have
been found effective even for media having a temperature in excess of about
[err]. Thus, the inhibitor may be employed directly into a refinery
overhead or distillation tower without first raising the pH of the stream,
or at least without neutralizing the stream to the extent necessitated by
30  conventional processes. The product may be incorporated into the medium
by any. standard technique. For example, where the medium is in an overhead
refinery unit, the product may be injected with an appropriate carrier into
the water stream of the overhead of the distillation unit or by dilution of
the inhibitor in a side stream of naphtha, and injection into an overhead
vapor line at a location that is above the dew point of water. For example,
a typical formulation might comprise (by weight), 10% 35  reaction product,
and the remainder (optionally) methanol and Solvent 14 (a heavy aromatic
solvent), although any solvent which provides a stable storage formulation
would be suitable. From about 25 to about 500 ppm (preferably about 50 ppm)
by weight of the formulation (i.e., about 2.5 to about 50 ppm of active
components) based on the water phase has been found to be effective. If
desired, neutralizer may be added, although an amount far less than
required by prior art techniques would be suitable. 40      Preferably, the
product is injected to the refinery overhead hydrocarbon condensate ahead
of the formation of aque- ous condensate. It has been found that the
product is very oil soluble in neutral form, but when it becomes protonated
by contact with the acidic water, it becomes very water soluble and,
therefore, partitions to the water phase, thereby to provide corrosion
inhibition to the water phase where corrosion is a problem. The following
examples describe preferred embodiments of the invention. Other embodiments
within the scope of 45  the claims herein will be apparent to one skilled
in the art from consideration of the specification or practice of the
invention as disclosed herein. It is intended that the specification,
together with the examples, be considered exemplary 



only, with the scope and spirit of the invention being indicated by the
claims which follow the examples. In the examples all percentages are given
on a weight basis unless otherwise indicated. 50   EXAMPLE 1 In the
refinery overhead the composition of liquids in general is about 1-10%
water, typically about 5% water and 90-99% hydrocarbon, typically about 95%
hydrocarbon with varying amounts of chlorides, some sulfates and dissolved
H2S at low pH. Under these conditions, corrosion occurs in the aqueous
phase. Because of the unfeasibility of laboratory 55  electrochemical
measurement of corrosion rates in a 5% water and 95% hydrocarbon mixture,
it was therefore decided to use 2 parts water and 1 part hydrocarbon. If
anything this composition makes the system more corrosive, thus an
inhibitor that is capable of controlling corrosion under these conditions
should prove more effective under the field con- ditions. For these
corrosion measurements, kettles filled with 600 ml of 0.1 M [err] (employed
as an inert supporting 4    EP 0 617 376 B1 electrolyte to permit
electrochemical measurements to be made in the tests) and 300 ml of
isopar-M-(a trade designation for a distilled hydrocarbon obtained from
Exxon) were used. The pH of the solution was adjusted to 3 with about 1%
HCI and then maintained at 3 using 0.1 M HCI with the help of the pH
controllers. Therefore, the chloride concentration was about 35 ppm. The
mixture was sparged with 1% HIS in argon foran hour at 71C (160F) and a
stirring rate of 5   about 400 rpm. Then carbon steel [err] electrodes were
immersed in the mixture and the corrosion rate was monitored by means of
linear polarization for about 22 hr under continuous 1% H2S sparge. In
addition to the electrochemical measurements, integrated weight loss was
determined for the duration of the test. The weight loss and
electrochemical measurements were in good agreement. A few corrosion tests
were also conducted using deionized water with no additional electrolyte
except HCI, used for pH adjustment of the solution. 10      For each of a
series of tests, the product produced from reacting 0.17 moles of
isobutyraldehyde with the equivalent of 0.2 moles of the product of a
reaction of equimolar amounts of n-dodecyl mercaptan, methyl methacrylate
and dieth- ylenetriamine, was added to kettles in an amount equivalent to
3.2 ppm based on the water phase. The product was added as a 10% mixture
also comprising 10% branched alcohol and the remainder methanol and Solvent
14. Tests were conducted at various temperatures and pH's and compared to
corrosion rates with no additives (blank). The results 15   were as
follows: With Additives: With Additive 20                       pH
Temperature [err]  Corrosion Rate mg. per year (wt. loss) 3         18 (65)
8.5 3         24 (75)                     6.4 3         29 (85)
29.0 3         35 (95)                    29.8 25                       2
18(65)                     38.5 3         18 (65)                     8.5 4
18 (65)                     8.8 5         18 (65)                    13.7
30                      Blank (No Additive): 2         18(65)
3463 3         18(65)                    544 4         18(65)
137 35                       5          18(65)                     26.3
Example 2 



The inhibitor of Example 1 was tested as an inhibitor in a sidestream
apparatus on a crude unit overhead at Midwest 40  refinery. The apparatus
condensed the hydrocarbon and water vapour from the overhead line (before
the heat exchang- ers) and sent the condensed mixture through a series of
three electrochemical cells, each cell containing about 200 ml combined
hydrocarbon and water. About 50ppm of inhibitor was injected ahead of the
cells. Neutralizer was not used. The pH of the water was about 5 linear
polarization measurements of the corrosion rate (in mg per year) yielded
the following results. 45 Elapsed Time (mins.)  Cell 1  Cell 2  Cell 3 0
110     90    120 5   110     95    100 so
15   110    160      40 (At this point 50 ppm inhibitor was added) 25     0
70 40     0      15      0 55
50     0       7      0 In view of the above, it will be seen that the
several advantages of the invention are achieved and other advantageous
results attained. 5    Claims 1. A method for inhibiting corrosion of
ferrous surfaces in an acidic, aqueous medium having a temperature of at
least [err](200F), comprising incorporating into the medium a corrosion
inhibiting amount of a corrosion inhibitor com- 5       prising a reaction
product obtained by mixing in equimolar proportions,  20%, and reacting
together an aldehyde and a compound corresponding to the formula: [err]
wherein [err] is a hydrocarbon group, [err] are independently selected from
H and alkyl, R4 is H, alkyl, hydroxy- alkyl or [err] wherein n is at least
one, and x is 2 or 3. 15 2. A method as set forth in Claim 1, wherein the
aldehyde is a branched aldehyde. 3. A method as set forth in Claim 2,
wherein the aldehyde is isobutyraldehyde. 20   4. A method as set forth in
any preceding claim, wherein [err] is H. 5. A method as set forth in Claim
4, wherein [err] is H and [err] is methyl. 6. A method as set forth in
Claim 5, wherein n is 2. 25 7. A method for inhibiting corrosion of ferrous
surfaces in an acidic, aqueous medium having a temperature of at least
[err] comprising incorporating into the medium a corrosion inhibiting
amount of a corrosion inhibitor com- prising a compound corresponding to
the formula: [err] H wherein [err] is a hydrocarbon group, [err] are
independently selected from H and alkyl, and x is 2 or 3. 40 8. A method as
set forth in any preceding claim, wherein the medium has a pH of less than
6. 9. A method as set forth in Claim 8, wherein the medium has a pH of less
than 4. 45   10. A method as set forth in any preceding claim, wherein the
medium is in a crude unit or vacuum tower overhead refinery stream. 



11. A method as set forth in any preceding claim, wherein the medium is
located inside a distillation column. 50   12. A method as set forth in any
of Claims 1 to 10, wherein the medium is located in a refinery overhead.
Revendloations 55   1. Proc6d6 pour inhiber la corrosion de surfaces
ferreuses dans un milieu aqueux acide possedant une temperature d'au moins
93C (200F), comprenant le fait d'incorporer dans le milieu, une quantit4
inhibitrice de la corrosion d'un inhibiteur de la corrosion comprenant un
produit reactionnel obtenu en m6langeant, dans des proportions 6quimo-
laires, .20%, et en faisant reagir conjointement un aldehyde et un compos4
repondant A la formula 6    H   HO 0H                   H I~~~~~~~~~~~~""
Il'L "H~ Il 1111 R1-S-C  - C- C- N-f  CH2.+   N-R' R2   R3 dans laquelle RI
repr6sente un groupe d'hydrocarbure, R2 et R3 sont choisis ind6pendamment
parmi un atome d'hydrogene et un groupe alkyle, R4 represents H, un groupe
alkyle, un groupe hydroxyalkyle ou un groupe (alky- 10     Ine-NH),H oU n
est egal & au moins un et x est 6gal a 2 ou 3. 2. Procede selon la
revendication 1, dans lsques l'aldehyde est un ald6hyde ramifie. 3. Procede
salon la revendication 2, dans lsques l'aldehyde est l'isobutyrald6hyde. 15
4. Procede selon une revendication pr6cedente quelconque, dans loquel R4
represents H. 5. Proc6d6 selon la revendication 4, dans loquel R2
represente H et R3 represente un groups methyle. 20  6. Procd6 salon la
revendication 5, dans 1squel n est egal a 2. K>    7. Procede pour inhiber
la corrosion de surfaces ferreuses dans un milieu aqueux acide posseddant
une temperature d'au moins 93SC (200F), comprenant le fait d'incorporer
dans le milieu, une quantit6 inhibitrice de la corrosion d'un inhibiteur de
la corrosion compronant un compose repondant a la formuls: 25 H     H   0
H         . (:H-.2 I     I   II  I              ./  H     \ R1-S-C- C- C-
N-f  CH-   N    _  NH 30                                   RZ   R3\t OH3-
C- CH, H 35      dans laquelle RI repr6esento un groupe d'hydrocarbure, R2
et R3 sont choisis independamment parmi un atome d'hydrogbne ot un groupe
alkyle, et x est 6gal A 2 ou 3. 8. Procede solon une revendication
prdcedente quelconque, dans lequel le milieu possede un pH inferieur A 6.
40* 9. Proc6de salon la revendication 8, dans loquel le milieu possede un
pH inferiour a 4. 10. Proc6d6 solon une revendication precedente
quelconque, dans Isquel le milieu est dispos6 dans le courant de fraction
de tete de raffinage d'un dispositif de distillation du p6trole brut ou
d'une tour de distillation sous vide. 45  11. Proc6d6 salon I'une
quelconque des revendications pr6c6dentes, dans lequel le milieu est situ4
& l'interieur d'une colonne de distillation. 12. Proced6selon
l'unequelconquedoes revendications 1 al0, danslequel lemilieu estsituedans
unetdte de raffinage. 50 Patentanspruche 1. Verfahren zum Hammon der
Korrosion von eisenhaltigen Oberflachen in einem sauren, wal3rigen Medium
mit einer Temperatur von mindestens 93C (2000F), das den Einbau in das
Medium einer korrosionshommenden Menge 



5s      eines Korrosionshemmers umfal3t, der ein Reaktionsprodukt aufweist,
das durch Mischen in aquimolaren Anteilen 20% und gemeinsames Reagieren
sines Aldehyds und einer Verbindung erhalten wird, die der folgenden Formel
entspricht: 7    H   H O  H                   H                  L I |
~~~~~~~11111                                                I R1-S-C - C-
C- N-+ CH2h. N-R4 5                                          i     1 R2
R3 worin R1 eine Kohlenwasserstoffgruppe ist, R2 und R3 unabh&ngig unter H
und Alkyl ausgewahlt sind, R4 H, Alkyl, Hydroxyalkyl oder (Alkylen-NH)nH
ist, worin n mindestens 1 ist, und x 2 oder 3 ist. 10 2. Verfahren nach
Anspruch 1, be! dem der Aldehyd ein verzweigter Aldehyd ist. 3. Verfahren
nach Anspruch 2, bei dem der Aldehyd Isobutyraldehyd ist. 15   4. Verfahren
nach einem der vorangehenden Anspr~che, be! dem R4 H ist. 6. Verfahren nach
Anspruch 4, be! dem R2 H und R3 Methyl ist. 6. Verfahren nach Anspruch 5,
be! dem n 2 ist. 20 7. VerFahren zum Hemmen der Korrosion von eisenhaltigen
Oberflachen in einem sauren, waBrigen Medium mit einer Temperatur von
mindestens 93DC (2001F), das den Einbau in das Medium einer
korrosionshemmenden Menge eines Korrosionshemmers umfalt, der eine
Verbindung aufweist, die der folgenden Formel entspricht: 25 H   H O  H
CH   CH2 .I     I   1H   I           .   1. I R'-S-C  -  C- C- N-- CHa-)-
N    I   NH 30~~~~~~~~~~~1 so                                   R2    R'
CH3- Cl- Cl! H 35       worin R1 eine Kohlenwasserstoffgruppe ist, R2 und
R3 unabh&ngig unter H und Alkyl ausgew&hlt sind und x 2 oder 3 ist. 8.
Verfahren nach einem der vorangehenden AnsprOche, bei dem das Medium einen
pH von weniger als 6 hat. 40   9. Verfahren nach Anspruch 8, bei dem das
Medium einen pH von weniger als 4 hat. 10. Verfahren nach einem der
vorangehenden AnsprOche, bei dem das Medium in einem
Raffineriekopfproduktstrom einer Roholdestillationsanlage odor
Vakuumdestillationskolonne ist. 45   11. Verfahren nach einem der
vorangehenden AnsprOche, bei dem sich das Medium im Inneren einer
Destillationsko- lonne befindet. 12. Verfahren nach einem der Anspruche 1
bis 10, bei dem sich das Medium in einem Raffineriekopfprodukt befindet. 50
55 8    


