
2 2 SEP 1198 PROCESS USING AMINE BLENDS TO INHIBIT CHLORIDE CORROSION IN
WET HYDROCARBON CONDENSING SYSTEMS FIELD OF INVENTION This invention
relates to inhibiting corrosion in systems of condensing hydrocarbons which
contain water and chlorides. One system of particular commercial interest
is the overhead of crude oil atmospheric pipestills. BACKGROUND Crude oil
refineries include an atmospheric pressure pipestill (ASP) which
fractionates the whole crude oil into various product fractions of
different volatility, 



including gasoline, fuel oil, gas oil, and others. The lower boiling
fractions, including naphtha, from which gasoline is derived, are recovered
from the overhead fraction. The fractions with intermediate volatility are
withdrawn from the tower as sidestreams. Sidestream products include
kerosine, jet fuel, diesel fuel, and gas oil. The higher up on the column
the sidestream is withdrawn, the more volatile the product. The heaviest
components are withdrawn in the tower bottoms stream. Figure 1 is a
simplified process flow diagram of a typical crude oil atmospheric
pipe-still unit. The crude is preheated in preheat exchangers against
overhead product and then heated up to about 500[err] to 700[err] F in a
direct-fired furnace. The feed is then flashed into the atmospheric
pipestill which operates at a pressure between one 



and three atmos-pheres gauge pressure. Overhead tower temperature ranges
typically from 200[err] to 350[err]F. Figure 1 shows a two-stage overhead
condenser system; alternative systems use one condenser stage. The overhead
and sidestream products are cooled and condensed and sent to other units to
be processed into final products. The bottoms stream goes to a second
distillation tower (not shown) that operates under a vacuum and distills
more light products out of the APS bottoms. Steam is added to the bottom of
the tower to promote stripping of light products from the bottoms. Also,
water is added to the top of the column to wash away soluble salts which
often accumulate in the top trays and overhead components. The stripping
steam and wash water coming into the system are substantial; the overhead
naphtha 



gas stream coming off the top of the tower typically contains 20 to 40 mole
% water. The corrosion that is the subject of this invention occurs in the
overhead components of the atmospheric pipestill which include the top
tower trays, the piping that comes off the top of the tower and the ref lux
lines, the heat exchangers, the condensers and rundown lines, and the
distillate drums where the condensed overhead stream is separated into
liquid naphtha product and reflux. Materials commonly used in APS over-head
trays and components include carbon steel, Monel 400 and 410 stainless
steel. Corrosion damage can be very severe, including metal loss severe
enough to cause leakage to the external environment and internal heat
exchanger leaks, plugging of trays and other internals which interfere with
tower 



operation and control and impair energy efficiency. In addition, corrosion
in the APS can cause operating problems in down-stream units. Because of
the severity of the corrosion, even one day of uncontrolled corrosion can
have serious consequences Corrosion in the overhead exchangers is the major
concern.    - 2 - Corrosion in the overhead system is caused by hydrogen
chloride produced by hydrolysis of chloride salts found in crude oil. Crude
oils contain salts dissolved in 



water entrained from the production well and from saltwater picked up
during tanker shipment. Generally, the chloride salts are sodium chloride,
magnesium chloride, and calcium chloride. Depending on the source of the
saltwater, the amount of each salt in the crude can vary considerably.
Sodium chloride is stable and does not hydrolyze significantly in the
atmospheric crude tower system. HCL is released when MgCl[err] and
CaCl[err] are hydrolyzed by water present in crude oil: MgCl[err] + H[err]O
= 2HCI = MgO CaCl[err] + H[err]O = 2HCL = CaO The chloride salts begin to
hydrolyze at temperatures in the range of 350[err]F to 450[err]F, which
occur in the preheat exchangers. 



The HCI produced in the preheat system does not cause corrosion there
because there is no liquid water present. The HCI, however, goes through
the pipestill and passes into the overhead gas. Temperature decreases
moving up the tower and into the overhead system. At some point,
temperature falls below the dewpoint temperature of the process gas and
water condenses on the equipment surfaces in a thin film. This point is
called the "initial condensation point" or "ICP". Water continues to
condense as the process gas moves downstream and is further cooled. The
overhead gas is totally condensed in the overhead condensers, is
accumulated in a condensate drum, and is removed from the bottom boot of
the condensate drum. Operators usually maintain the 



temperature at the top of the tower at least 30[err] to 40[err] F above the
water dewpoint to avoid corrosion in the top trays. The trend, however, is
to reduce tower top temperature to improve recovery of naphtha, and this
drives the dewpoint down into the tower. Accordingly, the water dewpoint
usually occurs in the overhead system, but it can occur within the
distillation tower if the composition of the process streams and tower
operating conditions combine to raise the dewpoint above the top tower
temperature. Spot or "shock condensation" can occur upstream of the ICP if
there are cold spots on upstream surfaces where, for example, insulation is
worn and the tower shell is exposed to cold wet weather or at cold spots on
heat exchanger tubes in the condensers. Accordingly, the locations where
condensation initially occurs are 



uncertain and changeable as operating and ambient conditions change. The
ICP and shock condensation points are important because that is where
chloride concentration is highest and pH lowest. Initial condensates, if
untreated, exhibit pH's as low as one or even fractional pH's, and the
danger of catastrophic corrosion at these points is great. Corrosion by
acidic chloride condensates is driven by the hydrogen ion concentration
(pH) via the reaction: Fe + 2 HCI = FeCl[err] (soluble) + H2 Hydrogen
sulfide, which is formed in the pipestill from organic sulfur compounds in
crude oil, also dissolves in water condensate and accelerates acidic 



-3- chloride corrosion. Although the source of the corrosive attack is HCI,
the product of corrosion is iron sulfide, not iron chloride. Iron sulfide
is precipitated by the reaction between H2S and soluble iron chlorides from
the corrosion reaction between HCI and the steel equipment, thus liberating
additional HCI. FeCl[err] + H[err]S = FeS2 + 2HCI Note that the HCI is
regenerated by the H2S. Hydrochloric acid thus acts as a catalyst 



for formation of iron sulfide, and is not consumed. The APS streams also
contain low molecular weight carboxylic acids (acetic, propionic, butyric
acids) which increase corrosion at the ICP and subsequent condensation
zone. The water coming overhead from the tower is totally condensed in the
overhead exchangers and is accumulated in the condensate drum. The bulk
water condensate contains chlorides, sulfides, and ammonia, and is mildly
corrosive. Experience indicates that bulk water condensate should be
maintained in the pH range of about 5 to 6.5 to minimize corrosion in the
system. pH in the bulk condensate is controlled by adding a neutralizer,
such as ammonia, to the overhead system. 



In addition to being subject to severe corrosion at the ICP and points of
shock condensation, APS systems are also vulnerable to severe corrosion
upstream of the ICP where ammonium chloride precipitates as a solid out of
the gas phase onto inter- nal surfaces. Ammonium chloride is formed in the
system by the reaction between ammonia and HCI. Ammonia comes into the
pipestill in the incoming crude oil and other incoming process streams, and
is often intentionally added to neutralize HCI in the overhead bulk sour
water condensate. At equilibrium, the partial pressure of ammonium chloride
over the internal surface on which ammonium chloride has depo- sited equals
the vapor pressure of ammonium chloride at the temperature of the internal
surface. Figure 3 is a graph of vapor pressure of ammonium chloride versus 



temperature. If the partial pressure of ammonium chloride above the
internal surface exceeds the vapor/equilibrium pressure, then ammonium
chloride will precipitate on the surface and accumulate. Ammonium chloride
deposits are hygroscopic and, when exposed to wet process gas streams
flowing by, absorb moisture, forming a wet paste with a pH of about 3.5,
which is a highly corrosive environment. Ammonium chloride deposits are
only a problem if they form above the water dewpoint. If they form below
the dewpoint where water is condensing profusely along with the ammonium
chloride, then the deposits will be washed away. But, if ammonium chloride
condenses above the dewpoint and water is not condensing on these surfaces,
ammonium chloride 



deposits will not be washed away by water and the deposits will build up.
APS corrosion problems are on the increase. The increased corrosion is
attributed to several causes. Salt content of crude oils now being run in
refineries have increased, generating more chlorides. Also, crudes are
heavier, which makes them harder to desalt. Ammonia concentrations in
pipestills have risen because of refinery operating changes in other units.
Also, refiners are running lower tower top temperatures to increase yields
of profitable distillate fuels, such as jet fuel, and also    



-4- to raise energy efficiency of the operation. Reducing top temperature
often brings the water dewpoint upstream from the overhead equipment into
the tower. The first defense against overhead corrosion is crude oil
desalting. A desalter is shown in the flow plan of Figure 1. In the
desalter, crude is mixed with about 5% water, which dissolves the salt. The
salty water is separated from the crude and discarded. However, oil/water
emulsions form that are difficult to break. Chemical de-emulsifiers are
added to break the emulsion. Electrical devises which charge the water
drops to enhance separation are also used. Up to about 90% of the salt can
be removed with a single stage of water washing and separation. Salt
removal effective- 



ness depends on the nature of the crude. Heavier oils are more difficult to
desalt than light crudes. A second wash stage is commonly used to remove
additional salt. Caustic (NaOH) is commonly injected into the crude
downstream of the desalter to reduce chlorides in the pipestill overhead
system. The caustic reacts with the magnesium and calcium chloride to form
sodium chloride, which is more thermally stable and so will not hydrolyze.
However, caustic treat must be limited since caustic causes furnace coking
and induces operating problems in downstream units. New catalysts being
used in downstream units in response to environmental control demands being
imposed on refineries are poisoned by caustic. In most instances, it is
impractical to remove 



enough salt with desalters and/or caustic addition to completely eliminate
HCI corrosion. Moreover, operating upsets in the pretreat systems occur,
which periodically introduce large doses of chlorides. Accordingly,
chloride neutralizers are added to the APS system to inhibit corrosion. The
most common neutralizer is ammonia. It can be added as ammonia gas or as an
aqueous solution usually into the overhead lines between the pipestill and
the overhead condensers. Ammonia is effective for increasing the pH of the
overhead bulk water condensate to within a safe pH range, which is about
5.5 to 6.5. But, ammonia does not neutralize condensate acidity at the ICP
and shockpoint environs where corrosion is most virulent. This is because
ammonia is volatile and ammonium 



chloride unstable in the water phase at ICP and shockpoint temperatures.
These concepts can be visualized by referring to Figure 2, which is a graph
of temperature versus pH of condensate for a typical APS system. Curve I is
the pH curve for an unprotected system. The pH at the initial point of
condensation which, in this example, occurs at 230[err] F, is below 1. pH
rises to about 4 moving downstream along the curve left to right to
180[err] F where the water is totally condensed. Obviously, this situation
is unacceptable since the system internals will experience catastrophic
corrosion at the low pH's indicated. Curve II is for a system protected
with ammonia. Note that ammonia protects the system well upstream of the
zone of initial condensation, but provides no pH 



elevation at the virulent zone of initial condensation. Curve III is the pH
curve required to adequately protect the system. Note that the pH is
uniformly elevated into the corrosion safe 5 to 6 pH range across the
entire    -5- condensation zone. Current commercial practice to protect APS
units from corrosion is to inject organic amines into the APS overhead
system. The amines used are volatile, so they 



appear in the gas phase upstream of the ICP where they react with some of
the HCI in the gas stream before the HCI reaches the condensation zone.
However, there may not be sufficient time and contact in the gas phase to
neutralize all the HCI upstream of the condensation point. Accordingly,
some of the HCI must be neutralized in aqueous solution after it is
absorbed by the condensate water phase. Suitable neutralization amines
include morpholine, methoxypropylamine, ethylenediamine, monoethanolalmine,
and dimethylethanolamine. APS overhead neutralizing amines are usually
added as aqueous solutions, typically about 50% water. The most common
injection points are in the overhead lines between the pipestill and the
overhead exchangers, the sidestream inlets to the tower, and directly 



to the crude oil coming into the tower. Common practice is to control the
neutralizer addition rate to maintain the pH of bulk water condensate in
the separator drums to between 5.5 and 6.5, and preferably 5.5 to 6.0. If
the proper amines are selected, adequate pH elevation is achieved over the
entire condensation zone when the pH of the bulk condensate is maintained
over 5.5. Filming inhibitors are usually injected into the overhead system
to further reduce corrosion in the upstream sections of the overhead
system. They are proprietary formulations, usually oil soluble, which
protect equipment by forming a barrier on the steel surface. Film
inhibitors are effective in the downstream sections of the condensing zone
where chloride concentrations are moderate, but are not 



effective at ICP and shock points. A disadvantage of using amines to
control corrosion in condensing systems containing chlorides is that the
amines react with chlorides to form hydrochloride salts which deposit on
internal surfaces. The salts deposit on surfaces at temperatures above the
water dewpoint, upstream of the condensation zone, often in the top trays
of the system tower. The salt deposits are hygroscopic and absorb moisture
from the process gas to form highly corrosive viscous fluid or paste which
induce underdeposit corrosion. Amine salts are not a problem if they
deposit in the condensation zone because they are continuously washed away
by condensate. Some operators mitigate the 



problem by periodically washing the overhead system with water to remove
deposits. Instances of salt deposition above the dewpoint in pipestills are
increasing because refineries are running heavier and dirtier crudes, which
generate larger amounts of chlorides and, to protect their units, operators
are increasing neutralizer amine treat rates. Ammonium chloride deposition
above the dewpoint is also increasing because ammonia in crude is
increasing. Accordingly, there is a need in the refining industry for new
technology to inhibit corrosion in wet hydrocarbon condensing systems
containing chlorides which does not compound the problem by inducing
troublesome salt deposits above the dewpoint. The present invention is a
novel process which accomplishes this objective. 



-6- RELATED ART Corrosion control in crude distillation units is discussed
in two papers which were presented to the National Association of Corrosion
Engineers: Rue, J.R. and Naeger, D.P., "Advances in Crude Unit Corrosion
Control," Corrosion '87, Paper No. 199, National Association of Corrosion
Engineers, Houston, Texas;, and Rue, J.R., and Naeger, D.P., "Cold Tower
Aqueous Corrosion: Causes and Control," Paper No. 



211, National Association of Corrosion Engineers, Corrosion '90, Las Vegas,
Nevada. The papers discuss the amine salt deposition problem, which is the
focus of the present invention, but the authors advocate techniques which
minimize and suppress chloride hydrolysis to solve the problem. The amine
salt deposition problem is addressed in U.S. Patent No. 5,211,840, which
teaches that amine salt deposition can be avoided by using weak base
amines, those having pKa between 5 and 8. The inventors discovered that
hydrochloride salts of weak amines have less propensity to deposit on tower
internals than salts of strong amines and ammonium chloride. The patent
says the amines may be added to the distillation unit at any point in the
overhead system prior to the location where the 



condensate forms. Specifically, the patent teaches: that it is necessary to
add a sufficient amount of the neutralizing amine compound to neutralize
the acidic corrosion causing species. It is desirable that the neutralizing
amine be capable of raising the pH of the initial condensate to 4.0 or
greater. The amount of neutralizing amine compound required to achieve this
objective is an amount sufficient to maintain a concentration of between
0.1 to 1,000 ppm. based on the total overhead volume. The precise
neutralizing amount will vary depending upon the 



concentration of chlorides or other corrosive species. The patent also
teaches: blending a minor amount of highly basic amine with a low pka
amine. These blends would be advantageous to use in systems where a
sub-neutralizing quantity of highly basic amine can be used without causing
above the water dewpoint corrosion and/or fouling problems. The patent
cites 4-picoline and 3-picoline as examples of low pka amines, and
methoxypropylamine and ethanolamine as highly basic amines. The patent
defines minor amounts to be less than 20% of treatment. 



The amine salt deposition problem is addressed in U.S. Patent No.
4,430,196, which teaches the use of a memebr or members selected from the
group of dimethylaminoethanol and dimethylisopropanolamine. The amine salt
deposition problem is also addressed in U.S. Patent No. 4,806,229, which
teaches:    -7- that certain amines having the following formula
corresponding to Formula 1 



below: R-O-(CH[err])nNH[err]          Formula 1 wherein n is 2 or 3 and R
is a lower alkyl radical of not more than 4 carbon atoms, when added to a
crude oil charge or a various other points in the system, effectively
eliminates and/or controls corrosion that ordinarily occurs at the point of
initial condensation of water vapors within or leaving the the distilling
unit. Illustrative of compounds falling within Formula 1 are
methoxypropylamine, ethoxypropylamine, methtoxy-ethylamine, and the like.
The most prefered compound is methoxypropylamine. 



State of the art techniques and equipment for injecting and controlling
addition of neutralizing agents to the APS system and other refinery
distillation towers are described in pending U.S. Patent Application Serial
No. 07/867,890, which is incorporated herein by reference. In one
embodiment of the disclosure, the pH of condensate removed from the tower
system is continuously measured with a standard pH electrode. The pH signal
is sent to a controller, which compares it with the pH setpoint, and the
controller throttles the pumping rate of the amine pump used to inject
neutralizer into the APS system to bring the pH of the bulk condensate
reading to the setpoint. Preferably, the condensate is bulk water
condensate taken from the overhead accumulator drum water boot, but
condensate can be removed from some 



intermediate condensation point in the tower overhead system. A corrosion
safe range for bulk water condensate pH is typically 5 to 6.5. U.S. Patent
Nos. 4,335;072 and 4,599,217 describe devices which attach to the treated
system and monitor corrosion rate and treatment. The devices are termed
"Overhead Corrosion Simulators" ("OCS"). These patents are incorporated
herein by reference. An Overhead Corrosion Simulator is a small condenser
heat exchanger cooled with flowing cooling water which is installed onto
the pipestill overhead system such that it withdraws a small overhead gas
slipstream from the pipestill overhead. The slipstream is withdrawn from a
point sufficiently upstream where the tower temperature is above the
initial point of water condensation so that 



no water condensation has yet occurred. The OCS cools the overhead stream
in small temperature increments from initial condensation through total
condensation. The condensate at each stage of cooling is continuously
collected and rate of corrosion and/or pH are continually monitored using
conventional instrumentation techniques. Using the OCS, corrosion rates and
pH, at each point in the system where water condensation is occurring, are
simulated and continually monitored and conditions at the all important
point of initial condensation continually observed even if the point shifts
upstream or downstream in the APS overhead system. GENERAL DESCRIPTION OF
THE INVENTION The present invention is a process for inhibiting corrosion
in systems in which 



wet hydrocarbons containing chlorides are condensed. The process is
particularly useful for protecting atmospheric pipestill units used to
fractionate crude oils.    -8- One aspect of this invention is addition of
a blend of amines to the condensing system at a rate sufficient to elevate
pH across the entire condensation zone, and particularly at the point of
initial condensation and points of shock condensation, to prevent corrosion
of system internals. A key element of the present invention is 



formulation of the amine blend to include a sufficient number of different
amines to avoid inducing deposition of the hydrochloride salts of any of
the amines on internal surfaces located upstream of the ICP which are at
temperatures above the system water dewpoint temperature. According to a
first aspect of the invention there is provided a process for inhibiting
corrosion in condensing systems comprising hydrocarbons, water and
chlorides, said process comprising feeding a blend of amines to the
condensing system at a rate which maintains the pH of the water condensate
at all points in the condensing zone of said condensing system above the pH
at which significant corrosion of the construction materials of the
condensing zone occurs, said blend of 



amines formulated using a sufficient number of different amines so that no
hydrochloride salt of any of the amines in said amine blend can deposit as
a liquid or a solid on any internal surfaces of the said condensing system
which is hotter than the water dewpoint temperature of said conensing
system, said blend also being formulated to contain sufficient amines with
K[err] higher than ammonia to prevent formation of deposits of solid
ammonium chloride on said internal surfaces in said condensing system which
are hotter than the water dewpoint of the condensing system. According to a
second aspect of the invention, there is provided a process for inhibiting
corrosion in condensing systems comprising hydrocarbons, water and 



chlorides, said process comprising feeding a blend of amines to the
condensing system at a rate which maintains the water condensate pH at all
points in the condensing zone of said condensing system above the pH at
which sianificant corrosion of the construction materials of the said
condensing zone occurs, said blend of amines formulated from a sufficient
number of different amines so that for each amine the partial pressure of
its hydrochloride salt does not exceed the vapour- liquid/equilibrium
pressure for that salt at the water dewpoint of the condensing system, said
blend also being formulated to contain enough moles of amines with basicity
greater than ammonia so as to reduce the partial pressure of ammonium
chloride in said condensing system so that ammonium chloride cannot
condense on 



surfaces in said condensing system which are at temperatures hotter than
the water dewpoint temperature of the system. Another aspect of this
invention is that the neutraliser amine blends are customised to the system
being treated to achieve an optimum pH profile along the condensation zone
at minimum amine treat rate while precluding deposition of amine
hydrochloride salts and ammonium chloride. Still another aspect of this
invention is to use an Overhead Corrosion Simulator installed to take off a
slipstream of overhead gas from the system upstream of the ICP to control
the rate of addition of amine blend going into the APS.  



-9- BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a simplified process flow
diagram of a typical crude oil atmospheric pipestill unit; FIG. 2 contains
plots of condensing zone temperature versus pH of the condensed water at
that temperature. Curve I is typical of an untreated system. Curve II is
representative of a system improperly treated with ammonia only. Curve III
is for a system properly treated with amine neutralizers. 



FIG. 3 is a graph of the vapor pressure of ammonium chloride versus
temperature. DETAILED DESCRIPTION OF THE INVENTION Table 1 contains a
listing of commerically available amines which are suitable candidates for
inclusion in the neutralizer treatment blend packages of this invention,
together with the key properties that affect their performance as corrosion
inhibitors. The list contains many of the amines currently used in
commercial service, but it is not comprehensive and we do not intend to
infer that the scope of appropriate amines is limited to those included.
Several properties and characteristics must be considered when selecting an



amine for a treatment blend: The amine must be cost effective, reasonably
priced per unit weight of HCI, neutralized, and should not require
elaborate or expensive handling procedures to meet environmental and safety
concerns. The amine must be thermally stable at temperatures it will
encounter in the treated system. For APS systems, the amine must be stable
up to at least 400[err] F. The amine must be volatile enough to be in the
gas phase at conditions upstream of the condensation zone, but also
condense along with water in the condensing zone. Amines with boiling
points in the range of 200[err] F to 300[err] F usually have the requisite
volatility characteristics. Also, the amine should be more 



soluble in water than oil. Ideally, the melting point or sublimation
temperature of the hydrochloride salt of the amine should be low relative
to the temperatures in the treated system, not adhere to metal, and be
readily dispersible in hydrocarbons to minimize buildup of hydrochloride
salts on internals. The amine blend is formulated to elevate pH to
corrosion-safe levels across the entire condensation zone, from the point
of initial water condensation, where highest chloride concentrations and
lowest pH's are observed, through to the overhead condensate drums where
the overhead is totally condensed and bulk sour water is accumulated, and
at all intermediate water condensation points in the system. 



Highest treat intensity is required at the point of initial condensation.
The amine blend is custom optimized to the condensation pattern of the
treated system to minimize    amine treat rate. Different APS units will
require different blends, depending on their operating conditions and crude
being run. Chlorides in APS systems have increased. Where chloride
concentrations in APS bulk condensate were typically in the 30 to 50 ppm
range, values as high as 600 ppm are currently being observed.
Correspondingly high doses of amines must 



be administered to control corrosion. The amine treat rate cannot simply be
increased by increasing the amine pumping rate to the treated system. The
total amount of each amine in the blend must be limited so that the partial
pressures of the hydrochloride salts of the amines at points upstream of
the initial condensation point do not exceed partial pressure at which the
salt will deposit on system internals. The required increased treat rate is
achieved by increasing the number of amine species in the blend. Typically,
blends of at least three, and as many as ten, amines are required for most
applications. In accordance with the present invention, the treatment blend
is formulated to limit the amount of each amine in the blend so that the
partial pressure of the 



hydrochloride salt of each amine formed in the system by reaction with HCL
does not exceed the partial pressure at which it will deposit from the gas
phase upstream of the point of initial water condensation. Another aspect
of this current invention is that the amine neutralizer blend is formulated
to contain sufficient amines with basicity greater than ammonia (K[err] >
1.8 x 10 exp-5) to react with enough of the chlorides to bring the vapor
pressure of ammonium chloride below the level where it can precipitate on
internal surfaces upstream of the condensation zone. Amines that are more
basic than ammonia have a higher affinity for chlorine than ammonia, so
they form the amine hydrochloride in preference to ammonium chloride.
Ammonium chloride deposits are undesirable 



because they are corrosion sites and induce pluggage operating problems.
The amines selected have condensing and volatility characteristics close to
water and are soluble in water so that they condense with and dissolve in
the condensate and therefore are available to neutralize HCI absorbed by
the condensate. Depending on its temperature versus its vapor/oil/water
solubility partition characteristics, an amine will be very effective in
one sector of the condensation zone and less effective in another. The pH
versus temperature curve of Figure 2 for a system can be moved and shaped
by changing the amine formulation. Ideally, the amine mixture can be
optimally custom blended to achieve the desired pH elevation to corrosion
protect the system at a minimum amine treat rate. 



The amine blend is custom matched to the condensation pattern by selecting
at least one amine for the blend which is effective and efficient in each
sector of the condensation zone. Minimizing amine treat rate by optimizing
the amine blend formulation reduces the cost of the treatment, eliminates
operating problems due to high amine concentrations in downstream units,
and mitigates deposition of amine hydrochloride salt deposition.
Determining an appropriate amine blend formulation is part science and part
art. Experimental confirmation that the amine blend candidate works is
required.   



Also, there is still much of what goes on in the system that is not fully
understood. For example, we have observed that the hydrochloride salts of
some of the amines used in amine neutralizer blend formulations have water
of hydration atached to them. Depending on conditions in the tower, the
number of waters of hydration associated with an amine salt may vary. The
volatility of amine hydrochloride salts varies with the number of waters of
hydration. Since the water of hydration associcated with an amine at system
operating conditions is generally not known, the limiting partial pressure
to avoid salt deposition is also uncertain. Moreover, there may be
interactions between amine components that affect salt 



deposition, particularly if dibasic amines such as ethylene diamine are
used. Accordingly, candidate amine blends must be tested in a pilot
distillation unit which simulates the tower system to be treated. Likely as
not, the candidate formulation will have to be revised and tested several
times to determine the best formula. Moreover, if subsequently the system
operating conditions or the crude oil composition change, it is likely that
the amine blend formula must be changed to maintain optimal corrosion
control. Developing a candidate amine blend begins with obtaining and
analyzing those overhead system operating parameters which control the
treatment. Operating pressure, condensing temperature, overhead gas rate,
composition, and concentration 



of chlorides, water, ammonia and non-condensible gases in the overhead, are
all required data. These parameters can be obtained by direct measurement
or from simple material balances around the oevrhead system by conventional
procedures. Most of the chlorine and ammonia formed in the system appear in
the condensed water phase collected in the overhead condensate collection
drums. Accordingly, chloride rate can be calculated by simple material
balance, knowing the condensate rate and its chloride and ammonia
concentration. Non-condensible gases are discharged usually from a vent
line off the top of the condensate accumulator drums and are directly
measured. The water condensation rate and pH/chloride/corrosion rate vs
temperature 



profiles in the tower must be obtained. These data can most conveniently be
obtained using an Overhead Corrosion Simulator installed on the tower to
remove and cool a slipstream from the tower to be protected, taken at a
convenient point upstream of where water condensation begins. The minimum
theoretical or stoichiometric rate of amine addition is the number of mole
equivalents of amine per minute required to stoichiometrically neutralize
the HCI flowing through the tower. The actual amine addition rate to be
used is 1.05 to 1.20 x the stoichiometric rate, the excess added to insure
complete neutralization. The base equivalents of amine required are
distributed among a number of suitable amines such that none of the amine
hydrochloride salts formed exhibit a partial 



pressure high enough for the salt to deposit on system internals upstream
of the condensation zone. For purposes of this calculation, to be
conservative it is assumed that all the amines form their hydrochloride
salts quantitatively. Moreover, to provide a further margin of safety, it
is good practice to blend the amines so that there will be no salt
deposition even if temperatures in the overhead fall 50 F below actual
operating temperatures. The ideal gas law can be used to make the required
calculations.    



- 12- In addition, the amine blend is formulated so that sufficient amounts
of amines with basicity (Kb's) greater than ammonia are fed to the treated
system to preclude deposition of ammonium chloride upstream of the point of
initial water condensation. The molar ratio feed rate of high Kb amines to
ammonia should at least 1.1. Both the amine salt and ammonium chloride
deposition computations have an inherent degree of uncertainty.
Accordingly, it is good practice to test the candidate amine blend
formulation in a lab unit which simulates the treated system to confirm
that the candidate amine blend adequately elevates the pH vs temperature
curve to corrosion-safe levels across the condensation 



range, that the amine blend is optimally efficient for the system being
treated, and that no deposits of amine salt or ammonia form upstream of the
condensation zone. The lab unit used to simulate APS systems is a small
continuous distillation tower with 20 trays, a reboiler, an overhead
condenser, and a condensate collection vessel. The unit simulates the upper
trays and overhead system of the treated system. The lab unit is operated
at one atmosphere total pressure, whereas the APS operates at several
atmospheres. However, the partial pressures of the components in the
overhead system, naphtha, HCI, amines, nitrogen (to simulate
non-condensible gases), and ammonia, are all maintained at the same ratios
as in the APS so the simulation is valid. A naphtha is selected which
matches the composition of the 



naphtha in the overhead stream in the treated system. For most APS units,
full range naphtha is an appropriate test feed to match the gas in the
overhead. Feed rates of HCI, water, ammonia, and nitrogen (to simulate
non-condensible gases) to the lab unit are fixed to duplicate the partial
pressures of these components in the APS system. The lab unit is made of a
transparent material such as glass or plexiglas so that salt deposition in
the tower can be visually observed. A corrosion probe and thermocouple
which can be moved through the unit is provided to obtain the corrosion vs
temperature curve upstream of the dewpoint. A pH probe is used to measure
pH of the condensate below the dewpoint. The candidate neutralizer amine
blend is injected into the lab column at a 



convenient point upstream of the condensation zone, typically about five
trays from the top of the column. A typically run lasts several hours,
during which the pH/corrosion rate vs tower temperature profile is
continually monitored across the observed water condensation zone in the
tower. The amine feed rate is increased to bring the pH at the point of
initial condensation in the corrosion-safe 5.0 to 6.0 pH range. The unit is
checked visually for deposition of ammonium chloride and/or amine
hydrochloride salts. In APS units, the conventional method of controlling
the rate of injection of amine blend into the APS is to throttle the feed
rate to maintain the pH of the bulk condensate which accumulates in the
water boot of the overhead condensate drum 



within a corrosion-safe range, typically 5 to 6. The amine pumping rate can
be controlled manually or by closed-loop automation.    - 13- An alternate
and preferred method of controlling the rate of addition of the neutralizer
amine blend involves use of an Overhead Corrosion Simulator. Control can be
accomplished manually by an operator who periodically looks at the OCS pH
and/or corrosion rate profile and increases or decreases amine blend flow
rate by adjusting 



the setpoint on the amine feed pump rate controller to maintain a
corrosion-safe pH profile. The operator will pay particular attention to
the point of initial water condensation where the pH is lowest and
corrosion risk highest. The system can sound an alarm if pH falls or
corrosion rate rises at any point if the OCS falls out of control
specification. Alternatively, the control can be automated with
commercially available instruments. A scanner peak picker instrument can be
provided which periodically scans the pH profile in the OCS and picks out
the lowest pH. The low pH signal is sent to the amine feed rate controller
on the feed pump, which compares it with the setpoint. The controller
adjusts amine pump feed rate to maintain the point of lowest pH at the
setpoint. 



The amine blend can be injected into the overhead system or into any
convenient downstream point below the decomposition temperature of the
amines. Preferably, the amine blend should be added as far upstream as
possible away from the condensation zone to allow maximum time for the
vapor phase reaction between the amines and HCI to occur. A suitable
addition point for an APS unit is to the kerosine stripper return line. The
amine neutralizer blend is usually administered as an aqueous solution,
typically about 50% water. EXAMPLE 1 Ammonium chloride deposition was
induced in lab distillation unit simulating APS overhead. 



Stream components                  Mol %           Rate Naphtha (IBP-321 F;
EP-352 F)      66.26           70 ml/min Water
33.70           3.62 ml/min Non-condensibles                   0.004
5.35 cc/min Ammonium hydroxide                 0.0012          0.028 g/min
HCI                                0.0012          0.025 g/min Salt
deposition in the top five trays started immediately after initiation of
flow of ammonium hydroxide and HCI. Fouling quickly worked its way into the
overhead condensers. The run had to be terminated after 75 minutes because
the top trays were severely fouled and the column was flooding. Corrosion
rates in excess of 400 



mpy were recorded at locations above the water dewpoint temperature.
Corrosion rates above 5 mpy are excessive. EXAMPLE 2 The same as Example 1
except that the following amines were added five trays from the top of the
column: Amine                 Rate, moles/min MOPA
0.031 MEA                       0.021   



-14 - No solid salt deposition was observed either in the column or
overhead condenser. The run was terminated after 4 hours, but could have
gone on indefinitely. However, corrosion rates in excess of 400 mpy were
again recorded above the water dewpoint temperature. EXAMPLE 3 Same as
Example 1, but only for 15 minutes, to form coating of ammonium chloride on
the top column trays and in the condenser. Then the customized multi- amine
blend was introduced. Not only did fouling stop, but the salt deposits in
the 



top trays and the overhead condenser vanished over a period of about one
hour. Most significantly, corrosion rate above the water dewpoint dropped
to only two mpy after the salt deposits vanished. EXAMPLE 4 This example
shows one calculation procedure indicating how an amine blend for corrosion
treating as APS can be formulated using the present invention: APS stream
Component                     Moles per Hour Naphtha to overhead
5124 Water overhead                               361 Chlorides overhead
0.023 



Ammonia overhead                             0.020 Non-condensible gases
overhead               2.8 Total overhead stream
5,488.69 Operating Conditions Total pressure
2311 mm Hg Tower top temperature                        370 F Water
dewpoint temperature                   230[err] F Total condensation
temperature               1 10 F The initial estimate of equivalents of
amines required to control corrosion is 10% more than the theoretical
amount required to neutralize the chlorides, 1.1 x 0.023 chloride 



moles per hour rate = 0.025 moles per hour of amines. The candidate amine
blend will include MOPA, MEA and morpholine. Calculate maximum moles per
hour of each amine that can be fed to the system so that partial pressure
of each hydrochloride salt does not exceed its dewpoint/sublimation
pressure at 210[err] F, which is a 20[err] F safety margin below the water
dewpoint temperature. (The ideal gas law is applicable for these
calculations.) The maximum amine rate is the total overhead flow rate
5488.69 moles per hour x vapor pressure of the amine hydrochloride at
210[err] F in mm Hg divided by total system pressure, 2311 mm Hg. Amine
Salt     VP at 210 F     Max. amine rate    Act. Amine rate MOPA-HCI
0.008 mm Hg   0.019 Moles/hr    0.012 Moles/hr 



MEA-HCI        0.008           0.019             0.012 Morph-HCI      0.002
0.005             0.002 Total                          0.043 Moles/hr
0.026 This computation indicates that if the required 0.025 moles per hour
amine feed rate    -15 - were satisfied with a blend of 0.012 moles/hr of
MOPA, 0.012 moles per hour of MEA and 0.002 moles per hour of morpholine,
there would be no deposits of the 



hydrochloride salt of an amine at temperatures above the water dewpoint --
assuming that no anomalous effects due to association of waters of
hydration with amine salts or salt interactions occurred which effect the
vapor pressure of the salts. Within the constraints of maintaining the
total amine flow rate at the rate required to neutralize the chlorides and
not exceeding the precipitation partial pressures of the amine salts, the
ratios of the amine components can be varied; and this is often done to
optimize and shape the pH profile across the condensation zone. MOPA and
MEA have Kb's higher than ammonia and, since for this case the total amine
0.024 moles per hour feed rate exceeds the molar rate of chlorides coming
overhead in the system, there is no risk that ammonium chloride will
deposit 



above the water dewpoint. In the general situation, it would be assumed
that amines with Kb's higher than ammonia would react quantitatively with
chloride and the remaining chloride would form ammonium chloride with the
residual chloride. Then the partial pressure of ammonium chloride would be
computed and, using Figure 3, it would be verified that ammonium chloride
would not precipitate at temperatures above the water dewpoint. The
candidate blend of MOPA, MEA and morpholine is tested in a lab APS
simulation test. The pH profile across the water condensation zone is
observed. The amine blend feed rate is increased until the pH profile is
entirely in the corrosion safe range, above pH 5.0. The amine feed rate is
compared with the theoretical 



stoichiometric rate required to neutralize the chlorides to determine that
the excess amine ratio required is reasonable. The lab column is checked
visually to verify that no amine salt deposits form. Also, corrosion probe
is checked to insure that the corrosion rate is below 5 mpy. Finally, the
ratio of amines in the blend is varied without exceeding the maximum amine
limit of any component to determine the optimum amine blend ratio for the
three component mixture which provides the required pH curve elevation at
minimum total amine feed rate. If amine salt deposits are observed upstream
of the water dewpoint line using the MOPA, MEA, morpholine candidate blend,
even if calculations made using vapor pressures of the hydrochloride salts
indicate no deposition should occur, then it is 



probable that one or more of the amine hydrochlorides has less water of
hydration associated with it at conditions in the system, and the less
hydrated salt has significantly lower vapor pressure than the more
unhydrated salt. The candidate amine mixture is reformulated with
additional amine components and the new mixture tested in the APS
simulation lab unit. This process is repeated until a satisfactory amine
blend for the APS system to be treated is developed.    TABLE 



AMINES FOR CORROSION CONTROL AMINE         k[err] x 10[err]    Boiling
NEUTRALIZATION        SOLUBILITY    MELT PT. Pt. [err]F    EFFICIENCY
(EQUIV.  RATIO            OF HCI WT.)                  WATER/OIL   SALT.
[err]F AMMONIA           1.8        -              17               >98%
644 (sublimes) MOPA              13        243             89
>98%          206 32       338                              >98%
170 EDA            51.5/.037    242             30               >98%
530 (sublimes) 



nPA               51        118             59               >98%
320 MORPHOLINE       0.21       262              89               >98%
350 DMA               54        45              45               >98%
333 DMEA              1.6       282             89               >98%
135 DEAE              5.2       322             117              >98%
270 DAMP            93/0.832    327             51               >98%
176    THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:- 



1.   A process for inhibiting corrosion in condensing systems comprising
hydrocarbons, water and chlorides, said process comprising feeding a blend
of amines to the condensing system at a rate which maintains the pH of the
water condensate at all points in the condensing zone of said condensing
system above the pH at which significant corrosion of the construction
materials of the condensing zone occurs, said blend of amines formulated
using a sufficient number of different amines so that no hydrochloride salt
of any of the amines in said amine blend can deposit as a liquid or a solid
on any internal surfaces of the condensing system which is hotter than the
water dewpoint temperature of said condensing system, said blend also being
formulated to contain sufficient amines with Kb 



higher than ammonia to prevent formation of deposits of solid ammonium
chloride on said internal surfaces in said condensing system which are
hotter than the water dewpoint of the condensing system. 2.   A process for
inhibiting corrosion in condensing systems comprising hydrocarbons, water
and chlorides, said process comprising feeding a blend of amines to the
condensing system at a rate which maintains the water condensate pH at all
points in the condensing zone of said condensing system above the pH at
which significant corrosion of the construction materials of the condensing
zone occurs, said blend of amines formulated from a sufficient number of
different amines so that for each amine the partial pressure of its
hydrochloride salt does 



not exceed the vapour-liquid/equilibrium pressure for that salt at the
water dewpoint of the condensing system, said blend also being formulated
to contain enough moles of amines with K[err] higher than ammonia so as to
reduce the partial pressure of ammonium chloride in said condensing system
so that ammonium chloride cannot condense on surfaces in said condensing
system which are at temperatures hotter than the water dewpoint temperature
of the system. 3.   The process of claims 1 or 2, in which the blend of
amines is custom formulated to the condensing system so that the pH profile
throughout the condensing zone of said condensing system is above the pH at
which significant  



corrosion of the construction materials of the condensing system occurs and
the amine feed rate is minimum. 4.   The process of any one of claims 1 to
3, in which the feed rate of said blend of amines is controlled using an
Overhead Corrosion Simulator to monitor the pH versus temperature profile
in the condensing zone of said condensing system. 5.   The process of any
one of claims 1 to 4, in which the condensing system is an atmospheric
pipestill used to distil crude oil into product fractions. 6.   The process
of any one of claims 1 to 5, in which the amine blend is 



determined by testing a candidate blend of amines in a lab unit which
simulates the condensing system, increasing said amine feed rate to elevate
the pH profile in the water condensing zone above the corrosion safe pH,
observing if said hydro- chloride salt deposits of one or more components
form above the water dewpoint temperature, and, if said deposits do form,
increasing the number of components in said amine blend while reducing the
feed rate of each component until the safe pH elevation is achieved without
said amine salt deposition above the water dewpoint. 7.   A process for
inhibiting corrosion in condensing systems comprising hydrocarbons, water
and chlorides as claimed in claim 1 or 2, which process is 



substantially as herein described with reference to any one of the Examples
and/or Figures but excluding any comparative Examples and/or Figures. 8.
The product whenever prepared by the process of any one of claims 1 to 7.






