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Abstract
Various naphthenic acids are present in

neariy all crude oils in different forms. Problems
occur in the system when the naphthenic acids come
in contact with high pH connate waters. The
problems start at the interface and can lead to
problems with organic deposition, oi1 and water
separation, and ultimately water quality.

This paper is a review of characterization,
problems caused by, and remediation of
naphthenate salt issues. Experiences and
knowledge will be reviewed from direct experience,
and literature. The paper will emphasize the issues
created by naphthenate salts in the upsheam
environment, as the downstream environment is
outside the desired scope.

Introduction
^The co-position of crude oils is a complex mixture

of 10-100K distinct compounds (1). Typically the
components are organized into the well known
SARA fractions, saturates, aromatics, resins, and
asphaltenes. Each fraction is soluble in their
respective medi4 and is held together in the
complex system that is crude oi1. The complex
system is stable at reservoir conditions until the
system is perturbed. The perturbation can change
the dynamics in the system enough to cause
complex operational issues. For example,
aspha.ltenes are stable at reservoir conditions as a
col1oida1 suspension dispersed with resins and
aromatics (2). As the pressure is depleted in the
system as the fluid moves out of the reservoir and
into the tubing, the light component's relative
volume increases and changes the solubility of
colloid. This solubility change causes the
asphaltenes to become unstable and sometimes
sticky. causing deposition issues.

The perturbation ofthe pressure in the system sets
in motion a complex situation that will likely result
in operational problems. Much in the
same way, naphthenic acids are present in most
crudes and have a wide variety ofuses in the
petroleum derived specialty aftermarket. While in
the crude, upstream problems in an unperturbed
system are nonexistent when the oil is clean and
free of water. Downstream problems are well
documented when extreme refining temperatures
are present. Even with clean oil, naphthenic acid
conosion is an issue downstream, although outside
of the scope of this paper. The perhrbation
required for the naphthenic acids to become an issue
is high pH water. Similar to the asphaltene issue
destabilization, depressurization acts as a similar
perturbation. Depressurization can cause the pH of
system water to increase, resulting in a salt with
ions from the water and the naphthenic acids. A
anionic hydroxyl is necessary to create the salt, as is
illustrated below.
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The migration ofthe anionic naphthenic acid to the
interface allows the reaction with metal ions,
yielding the troublesome naphthenato salts.

Specific issues directly resulting from naphthnate
salts include very tight emulsions, dirty interfaces
and organic deposition. Other more indirect
problems caused by naphthenate salts may also
include water treatment.



,,--Qrganic Deposition
Field A is an offshore facility which will be used in
the case history (7). The facility produced a crude
oil and water combination that when depressurized
in the first stage sepa"rator, created interfacia"l
deposits. The deposits plugged the baffles in the
separator and plugged water treatment equipment.
The plugging ofthe separator caused level control
problems thus water carried over into dehydration
stages. The plugging oftlie separator also caused
water treatment issues; carry over of oil into the
water overwhelmed the water treatment equipment.
The ovem{relmed system produced poor water
quality. To control the deposits, the pH was
adjusted in the system down to the acid range with
acetic acid upstream of the first stage separator. By
itself, the acetic acid was not completely successful
in the remediation of the deposit. Not until a
naphthenate inhibitor was included in the
remeditation effort was the organic deposition
completely controlled.

,--'.Characterization
A great deal of research has been pursued to
characterized the naphthenic acids responsible for
organic deposition. Below is an example of a
characterized standard naohthenic acid.
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This polycyclic species is a standard naphthenic
acid, although is not likely to be responsible for
organic depositions. Thousands of naphthenic
acids have been identified and with the change in
structure comes a charge in their interfacial activity.
The structure may vary by rings, saturation, or in
some cases the number of carboxylic groups. The
species have been characterized using GC-MS, two

dimensiona.l GC-MS, FT-ICR (1) and NMR.
Recently the naphthenic acid responsible for solids
deposition was identified as an archaeal C80
isoprenoid (6) also known as ARN. This acid was
identified as a tetraacid, with four carboxylic
groups. An example of this molecule is illushated
below.

These groups alTord the molecule unique reactivity.
The four carboxylic groups have a tendency to
create polymeric salt when they are coordinated
with divalent metal ions. This weaved polymeric-
like structure yields a very sticky deposit that
hardens upon contact with air. Once a deposit sets,
it can only be dissociated with hot acid in lab
conditions.

Dirty Interface
Naphthenic acids are interfacial active which
affords them unique stabilization properties, even in
a slightly acidic environment of -6.5. As the pH
goes up though, the interfacial activity goes up and
the salt issue becomes more likely. This is
illustrated in the graph below.
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For this model system, the interfacial tension went
down even between 6.5 and 7. The biggest drop
was between pH 8.5-12. At pH 12, the system
becomes one continuous phase. This is just a model
system with a model acid, depending on the
structure ofthe acid. The structure ofthe acid has a
great bearing on the interfacial tension and to what
degree it changes with the change in pH. Looking
at the data, one can begin to see how emulsions and

^naphthenate salts are related. Even in the upper
regions of interfacial tension, rag layers or
urnesolved interfaces can still cause problems.

Field B is another offshore facility that did not
experience organic deposition, but experienced an
unresolved dirly interface that impacted the water
teatment. The overboard water produced had very
high oil and grease counts, although the sales oil
tank had very dry, clean oil. A total system survey
revealed that the interface on the ftee water
knockout was across 4 sample points. The dirty
interface carried over to the water treatment hydro
cycione and float cell. The water treatment
equipment was overwhelmed and as a result
produced dirty overboard water. Grind-out tests of
the individual wells showed that a few wells
produced a pad layer that was unable to break with
use of a standard slugging compound. The addition
of a naphthenate inhibitor into the subsequent grind-
outs cleared up the interface. Ultimateiy, a new

demulsifier was able to overcome the effects of the
naphthenate salts. After the new demulsifier was
plant tested, the interface was cleaned and was
sampled over 1 point. The canyover was reduced
to the water treatrnent equipment, and the overboard
oil and grease counts met or exceeded
specifications. In this case, the use of demulsifier
was enough to overcome the emulsifuing
characteristics of the naphthenate salts.

Tight Emulsions, Remediation, and Prediction

In field C, the system produced a very stable
emulsion that was the consistency of muddy water
from some locations, and viscous stable emulsions
ftom other locations. This stable emulsion was
unable to break with a normal demulsifier, only a
highly acidic demulsifier or combination products
were effective in the treatment of this certain
emulsion. The acid pofiions included the use of
DDBSA, acetic acid and mineral acids. With the
addition of a naphthenate inhibitor to a demulsifier,
the use of acids were minimized and the oil and
water separation was more effective

The naphthenate salts in this system and most
systems in the past twenty years have been treated
with acids of some kind. The mechanism of
inhibition is likely the increasing the interfacial
tension, thus better defining the interface. As you
decrease the pH with the addition of acid, the
dissociation ofthe naphthenic acid to the anionic
moiety is decreased. As the occurrence of the
anionic species decreases, the surface tension goes
up and the surfactancy of the naphthenic acid goes
down. This will limit the problems, but in reality,
the problems can still exist into the acidic range. It
is not realistic from both a safety and economic
perspective for some systems to control naphthenate
salts effectively. The addition of acid into a system
to treat for naphthenate salts is effective, although it
causes problems itself. The effective lowering of
pH in a system can sause corrosion issues that
would not have otherwise been there. The use of
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the low pH products may also have an impact on
HSE for a location. The srorage and handling of
acid can require a greater safety awareness.

Another method of controlling naphthenate salts is
the use of surfactalts. The illustration below
outlines that mechanism.

The mechanism of inhibition of the formation of the
salts is that of an interfacial crowding. The
surfactant is more interfacially active than the
naphthenic acid, and thus reduces the possibility of
the reaction between the two (3). If the naphthenic
acid is not allowed to go to the interface, it cannot
cause solid deposition, or emulsion problems.
Consequently, surfactant ffeatments, in the form of
demulsifiers, or naphthenate inhibitors are much
more effective at much lower dose rates than just
acid alone. The combination of the two treatments,
both acid and surfactants has also been very
effective. Due to the varying structures of
naphthenic acids, tlre ffeatments and injection points
may vary greatly. For example, the injection point
on a system with the ARN type naphthenic acids is
much more critical thal a monoacid tvoe

naphthenic acid. With the ARN type acid, the
treatment must be upstream of the formation of the
polymeric salt since the dissociation after formation
is very difficult. The converse is true with a
monoacid. After the formation of the salt, the
dissociation may be simple,, thus providing some
flexibility to a treatment plan. There are case
histories that require downhoie treatments because
ofthe difficulty of dissociation.

To this point, naphthenate salt issues are beins
remediated as a reaction. and not plamed for in the
design phase. Although it is possible to predict high
pH issues, there are no indicators of the oresence of
the naphthenic acids that would cause a problem in
the early stages. The problem can be identified in
field as the presence of an unbreakable rag layer or
by the solubility of an organic deposit. Once a
problem is identified, analytical techniques have
evolved to a point where certain naphthenic acids
can be identified. For example, the ARN acid has
been identified at 1200amu via mass specfoscopy.
The structure has been plotted out with the aide of
NMR. As we leam more about the phenomena of
naphthenate salt issue, we may be able to better
predict and thus plan for issues that we may face.

Conclusion
Naphthenic acids of varying structures exist in
nearly a1l crude oils, but remain inert in upstream
conditions without a perfubation in the system.
Certain perlurbations in the system may lead to
interfacially active naphthenate salts. The structurc
dictates the interfacia"l activity of a naphthenic acid.
The more interfacially active naphthenic acids in
slightly acidic to basic pH waters may form salts
that form tight emulsions or rag layers. Some
naphthenic acids may coordinate with divalent
metal ions to form polymeric salts which lead to
organic deposition. The naphthenate salts may
cause direct problems such as emulsions. Indirect
problems may also come as a result of the formation
of emulsions or organic deposition. Those indirect
problems may include: oil carry over into water



7.---\treatment systems, or water caryover into oil
systems.

Remediation ofthe naphthenate salt issues include:
the uses of acids and surfactants in combinations
and by themselves. Remediation to this point is
more of a reaction. as solid modeling meihods do
not exist in the early planning stages. As we
progress in the leaming of different naphthenate
species, we may be able to develop more predictive
tools.
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