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Summary
The natftênicos acids (AN) represent a very small content in crude oils, as in derivatives, of which they
are components. The very low concentration of these acids, in arrays with wide and varied composition,
hinders your extraction. Therefore, the separation, concentration and purification of the sample, in
addition to the analysis, require time and effort. The aim of this study was to analyze how accomplished
the detection and identification of naphthenic acid in petroleum and their final applications. A descriptive
bibliographic characteristic research on the subject. The study showed that there is no validated
extraction method which makes it possible to extract the oil in sufficient quantity to structural
identification. Some techniques such as open column chromatography and high performance liquid
chromatography (HPLC) are widely used as analytical techniques for the acid fractions, nuclear magnetic
resonance spectroscopy of hydrogen and carbon (NMR-H and NMR-C), Fourier transform infrared (FTIR) 77.78 and mass spectrometry (MS). However it was concluded that the solid phase extraction in a nonaqueous, employing anions exchanger adsorbent, is a selective and relatively agile, efficient extraction
and isolation of naphthenic acids from crude oil.
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1. Introduction
In recent years much of the oil reserves discovered in Brazil, this is heavy oil of low level API (< 20th),
high viscosity and high total acidity (FORTUNY, et al, 2008).
The results of the findings indicate that crude oil sources in South America, are among the compounds
with higher acid value in the world. So this gives the oil acidity a peculiar feature that leads to an often
inappropriate use in the use of this raw material for refining and reuse of waste (JACQUES, et al, 2012).
The naphthenic acids (AN) are identified in immature oils, are biodegradable, in heavy oils and waters
with waste generated in bitumen extraction process (GRUBER et al., 2012). Is an acid that is important in
the field of geochemistry, on trade, environment and corrosion phenomena (WU et al., 2004).
According to Qian et al. (2001) chemically naphthenic acids are carboxylic acids present in petroleum,
form a fraction consisting of thousands of different compounds, being more common with
monocarboxylic acids the carboxyl linked to a chain alicíclica containing one or more twin cycloalkanes.
Thus the term means when this compound is naphthenic found through saturated cyclic compounds, that
with your use classifies all types of acids detected in petroleum, even the linear and branched saturated.
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So these types of carbo xílicos acids found in oil show up as a serious difficulty for the effectuation of the
refining and cracking, due to corrosion feature in your lines of mass transfer and heat, in the sections of
entry and reflow of columns (at atmospheric pressure and vacuum) and capacitors of the refinery
distillation units, and with this characteristic of the scholars perform often analysis as it pertains to your
structure in the sense of being tapped so as not to disturb the oil (EDGE, et al, 2008).
In order for this acid can be analyzed in the period in which occurs the extraction of oil is used a
technique that evaluates the content by titration with KOH, originating the naphthenic acid number or
index. This index is used to analyze the content of the sample, but corrosion does not interfere with the
quality of the oil and the nature of acids present (fields, 2005).
So, to characterize these acids, it is necessary to extract them and analyze them individually in order to
assess the level of corrosion. Therefore, this study aimed to analyze how detection and identification is
performed of naphthenic acid in petroleum and their final applications.
2. Naphthenic acids
Acid-related studies dating back more than a century and these are present in a variety of sources of
hydrocarbons such as crude oils and oil sands. In 1883 Markownikoff acknowledged the presence of
acids present in crude oils from Azerbaijan containing the carboxylic group associated with carboxylic
acids. Since then, the term naphthenic acids has been used to explain all the acidic species containing the
carboxylic group in crude oils (CAMPBELL, 2005).
2.1 properties of naphthenic acids
Currently, the definition of the American Petroleum Institute of naphthenic acids includes structures with
cyclopentane and cyclohexane rings fused with multiple structures or simple with a carboxylic group
attached to an aliphatic side chain or ring cicloalifático (American Petroleum Institute, 2003). It became a
common practice to represent the naphthenic acids in crude oil by the following general formula:
CnH2n + ZO2

(01)

Where n is the number of carbon and Z is the deficiency of hydrogen. Z values can be 0 or a negative
integer, where the Z value reflects the loss of a hydrogen atom that occurs when a cicloalifático ring is
present in acidic structure. Thus, Z = -2 is equivalent to an acid with a ring (mono-cyclical), Z = -4 is
equivalent to an acid with two rings (bi-cyclic). More than one isomer normally exists for a given Z value
and that makes the correct species identification of naphthenic acids, however, usually the naphthenic
acids from crude oil, on average, have molecular weights between 200 and 700 Daltons (OLIVEIRA et
Al, 2004).
The naphthenic acids have different characteristics when examined, and may vary between the dark tint
and when in distillation process go on to have more color to light yellow and may go to Amber hue. They
also have a feature as the texture being classified according to your high viscosity and often to be
differentiated from other compounds is performed an analysis on refraction and density. The average
molecular weight naphthenic acids derived from diesel oil with Group-COOH connected directly to the
ring is 260, and for those with n ? 4 is 243, those with higher molecular capacity are extracted from
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fractions of oil refining with ebuliç point more high (fields, 2005; OLIVEIRA et al., 2004).
Whereupon the naphthenic acids and their salts present in significant amount in water and oil, favoring
thus the composition of colloidal solutions. But what must be assessed is the emulsion created through
water and oil lead to changes and complications in input and output systems of tabs for evaluation of
compounds. So the phenomenon that occurs is the decomposition of poorly soluble metal salts in water,
such as Ca and Mg, causing nucleation, generating an agglomeration of particles, which are responsible
for frequent operational interruptions in the processes of separation (ST JOHN et Al, 1998).
2.2 applicability of naphthenic acids
Naphthenic acids are found in Commerce in General in terms of chemical preparations and also in
technical mixtures, because these preparations are used as criteria for quality indicators and evaluation of
the presence of AN in order to characterize samples in industry and in research, because with that
assessment may be technical certifications (CAMPBELL, 2005).
Thus a mixture with naphthenic acids can be prepared through the use of crude oil or fractions since
commercial acid is found in distillates such as kerosene and diesel. There are several extraction processes
for commercial purposes, but the most common is the extraction with caustic soda, however it is possible
to quote also distillation, extraction and ion exchange extraction with solvents (OLIVEIRA et al., 2004).
In this way a commercial preparation regarding the purity of your mixture is related to the method of
refining and oil used in the source which was extracted. The commercial may have components in your
composition phenolic compounds and sulphur compounds, fatty acids and aromatic, but often in
preparations carried out through the same process and array can present significant differences (VAZ,
2005).
Before the exposed to large-scale industry uses this compound and the various mixtures which derive,
such as the metallic salts of these acids, like the naphthenates (metal salts of naphthenic acids) that are
used to ensure the manufacture of Paint driers, corrosion inhibitors, catalytic organic reactions and
lubricants (VAZ, 2005, OLIVEIRA et al., 2004).
The can also be used for copper extraction together with the predominant way naphthenates will act for
use in environmental preservation with regard to wood is also used as emulsifying agents in the
production of insecticides (GRUBER et al., 2012).
The quantification of acidity found in oils is targeting the bacteria that promote through your degradation
increased acidity and can be identified in oil reservoirs where through the biodegradation of oil can be
manipulated and identified as the carboxylic acids. Given this, and the acidity of these medium molecular
weight acids (C10-C20) which were quickly produced, Watson et al. (2002) found that the production of
this material was also present in samples of n-alkanes. Also assessed this particularity of Meredith et al
(2000) which identified the influence of carboxylic acids in the acidification process of crude oils. In this
study the authors compare values of acidity and acid fraction analysis of 33 samples of different oils and
the result showed that biodegradation is a preponderant factor for which the carboxylic acids in high
concentration in petroleum (GRUBER, et al, 2012).
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With regard to polar compounds which are important quantities in oils the results with biomarkers,
saturated and aromatic fractions have been the subject of much of the geochemical studies, resulting in
analyses that identify the source and maturation of the oil. Thus, Nascimento et al. (1999) and Galimberti
et al. (2000) discussed in his studies the use of polar compounds, among them the naphthenic acids as
biomarkers, being these important substances with properties and information essential to assess
interactions of water, oil and rock in order to arrive at an analysis of the origin and preservation of these
compounds.
The AN are widely used in environmental disasters as in the case of fuel oil spill and can still have
applicability in fingerprint analysis, do support more than the non-polar alkane hydrocarbons, isoalkanes
and aquilcicloexano and this can be used in the identification of the origin of the oil that caused the crash
(GRUBER et al., 2012).
2.3 damage caused by naphthenic acids
The naphthenic acids can cause several damage from your composition primarily with regard to corrosion
and this fact was primarily described in refining equipment in the year 1920 as these indicate AN acids
are mainly responsible corrosion of materials in liquid phase at the time of refining. This type of
corrosion has not yet been studied and explained in an ideal context to such suffering the influence of
several factors. The factors influencing corrosion studied are the type of acid, corrosive compounds of
crude oils characteristics and the way your processing occurs as your temperature among other factors.
The studies show that corrosion occurs through and a mechanism of metal Chelation by carboxylate anion
with the formation of hydrogen gas (ZANIN, et al., 2002).
Corrosion caused by naphthenic acids occurs when used at temperatures ranging between 220 and 400°
C, concomitant to that on corrosion which grows with oil is also the increase in concentration of AN, but
what if evaluated in the studies was that the size and the rate of corrosion is targeting the carboxyl group
which leads the complex metallic and composite type. Thus it is important that the distribution of the ring
type and number of carbons since the corrosiveness is linked to the size and structure of AN (ZANIN, et
al., 2002).
According to Zanin et al (2002) it is difficult to analyze AN about your presence in conventional crude
oils, this is due to the fact that if has shortage of jobs that evaluate that substance in refineries and in the
environment, due to the difficulties for an analysis correct and needs of these compounds. Wong et al.
(2009) analyzed this compound by using an activated carbon unit used as a guide to assess effluent
pretreated to a refinery. The AN that these compounds were found confirmed the presence of these acids
in the final waste water of refining, but this treatment also helped in the reduction in the aquatic
environment.
The use of AN industry and its compounds represent the appearance of these compounds in the
environment, through the disposal of refinery waste water as well as in environmental disaster which has
fuel oil spills. This is due to the fact that AN own water solubility reporting as well as naphthenates, in
neutral or alkaline pH with the mobility characteristic in oil-contaminated surface waters (WONG, et al,
2009).
2.4 Oil
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Oil had your origin from the appearance of source rocks, these emerged from the formation in the
production, accumulation and preservation of a given fraction of organic matter. The first matter that
originates from oil is synthesized by living organisms, secondary to this process and that matter if
segments originating the petroleum (GALLARDO, 2009).
Oil generation occurs from the evolution of organic matter with its main stages of development of organic
matter; Diagenesis, catagenesis and metagênese, these stages are present in all types of sediment. But the
most important factor that identifies the process of generation of oil is the source of organic matter,
temperature and time. Therefore the quantity of hydrocarbons present, the composition and the depth of
oil and gas generation are the most important as they may vary (GALLARDO, 2009).
On the exposed oil in refined form, has the nomenclature of raw oil and your composition may be
influenced by several factors and mainly in his compositions as migration, biodegradações and chemical
transformations. In this way the resulting oil is a composite of various proportions resulting in composite
oils and different characteristics, such as color, viscosity, density, acidity and sulphur content
(CAMPBELL, 2005).
2.5 oil Composition
According to Campos (2005) the components of petroleum and its fractions can be classified in:
hydrocarbons and heterocompostos. Hydrocarbons are organic compounds of carbon and hydrogen, and
stand out for being the most common compound found in oil with concentrations ranging from 50 to 90%
in weight and are divided into:
Alkanes or paraffins are characterized by having a normal chain or branched, also regarded the
normal alkanes and isoalkanes.
Cyclic alkanes, naphthenes, are in your composition one, two or more saturated rings being so
classified as mono, di and polycyclic musks. Its structure has five or six carbon atoms but may
present with one or more branches alquílicas in the ring.
Alkenes or olefins are characterized with structures that can be branched or cyclic, normal,
however the olefins are not present in crude oils and their derivatives.
Aromatic, have on average a benzene ring and may have alquílicas and naftênicas branches. Are
sorted from the number of rings present in the structure, which receive the name of mono, di or
polyaromatic those containing one, two or more aromatic rings.
According to Oliveira et al. (2004) hydrocarbons are a group very analyzed in geochemical and
environmental studies, especially the normal alkanes and isoalkanes, naphthenes and aromatic, and can
also be classified into molecular fossils or Biomarkers. These compounds are widely used for reporting
deep-water depositional environments and in these cases indicate the presence of contamination and your
source in water and sediment, degree of maturation of source rocks and organic matter degradation level .
According to Zanin et al (2004) the heterocompostos are the least found featuring a total of up to 15% in
weight of the crude oil in your composition is part of the carbon and hydrogen, which give rise to the
heteroatom if sorting according to your presence :
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Sulfur compounds: aliphatic, aromatic and are, one can find sulfur in elementary form.
Nitrogen compounds: present at concentrations of 0.2 to 2% and on average 90% of the crude oils
have a content of less than 0.2% by weight of nitrogen. If subdivided in neutral, basic nitrogen
compounds and acids.
Oxygenated compounds: the oxygen that are in most raw oils are low and are around 0.1 to 1.5%.
Carboxylic acids present in various compounds and among them there are the phenols, naphthenic
acids, furans and fenilcetonas.
These compounds also present themselves in the form of salts or their respective acids, such as:
Compounds containing metals: oil contains a variety of metals, gaining the vanadium, nickel and
iron.
Resins and asphaltenes: are complex that have high C/H, also comprise of sulfur, nitrogen and
oxygen. Asphaltenes are studied as the fraction of the oil that is insoluble in heptane or pentane,
remaining in colloidal form in the oil. The resins, do the opposite effect to that of asphaltenes and
are readily soluble in the same solvents. Vanadium and nickel porphyrins are part of asphaltenes.
The molecular structures of asphaltenes and resins are not well known due to the chemical
complexity.
According to Campos (2005) in the use of oil fractions, products and components are often used through
the manner in which they were obtained or by operational procedures involved. There are comparative
data between light fractions and high aromatic content that get heavier if compared on the basis of
paraffin. Given that the heavy fractions are determined, because it takes an action through enrichment of
polar compounds, such compounds can also be described as oil impurities, with molecules of aromaticity
and variable different heteroatoms and functional groups.
2.6 identification of naphthenic acid in petroleum
The components that make up the oil acids were characterized by the year 1955 and, in this work, we
identified two acids with up to ten carbon atoms, except for the fatty acids (OLIVEIRA et al., 2004).
According to Oliveira et al. (2004) other studies have shown that in several crude oil samples collected
around the world who had until 5% of naphthenic acids. These studies also determined that
concentrations and compositions of naphthenic acids are linked the origin of the oil, so the low presence
of naphthenic acid in petroleum makes it necessary to use pre-merger steps or more extractions to remove
sufficient amounts for future analysis. Currently, there is a method to identify or quantify individual
acids, and the analytical methods used deal with such acids as a group or sub-groups based on distribution
of n and Z (number of carbons and rings).
The work published by Rogers et al. (2003) reports tests from extracts of oil sands, which was composed
of a higher proportion of isomers of naphthenic acids of higher molecular weight, where three and four
ring constituents understood 38 % of the test specimen. Figure 1 presents the distribution of n and Z.
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Figure 1:
graphical representation of the distribution of the number of carbon and the rings (Z) of the naphthenic
acids sample of oil sands. Source: Rogers et al. (2003)
According to Campos (2005) and Seifert et al. (1969) the extraction with alkaline solutions, open column
chromatography, high performance liquid chromatography with silica modified ion exchange and
chromatography are techniques widely used to achieve oil and acid fractions is important the use of
separation steps and sufficient quantities of solvents in order to work and complex solutions of polar
compounds. Is also quite described in studies that the withdrawal of acid extracts by liquid-liquid using
alkaline solutions and ammonia is a widely used method. The authors Seifert and Teeter (1970), Seifert et
al. (1969), Dzidic et al. (1988) and Wang et al. (2006) record exhaustive extraction schemes and with
great volume of solvents can cause a deficiency in acids isolation due to the formation of emulsions and
co-extração acidic impurities such as phenols and carbazóis.
2.7 techniques for analysis of naphthenic acids
Santestevan et al. (2008) describes the petrochemical companies employ analyses for the acid fractions,
nuclear magnetic resonance spectroscopy of hydrogen and carbon (H-NMR and NMR-C), Fourier
transform infrared (FT-IR) and mass spectrometry (MS).
Studies of Tomczyk et al (2001) identify 40% acid compounds with the use of liquid-liquid technique, of
these only 10% had two oxygen atoms in the structure identified as typical carboxylic acids and the result
of this study it became clear the acidic components present in the oil as a result of biodegradation by
microorganisms.
The technique of mass spectrometry in accordance with Qian et al. (2001) used in masses for assessing
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acidic fraction obtained by solid-phase extraction (SPE) of crude oils has determined the presence of
acids with n varying from 15 to 55 and Z between -2 and -12 (a six anéi naphthenic) and s the presence of
aromatic acids with up to 3 rings and structures containing more than two oxygen atoms. Before it is
validated the degree of complexity of the acidic fraction of crude oils and indicate the prevalence of
phenols and other carboxylic acids.
Given that according to Gruber et al. (2009) was evidenced that the technique of gas chromatography
coupled to mass spectrometry (GC/MS) is the most appropriate method for providing as much
information to identify the structures of inorganic acids naphthenes. But the technique presents a
disadvantage, because the electronic impact ionization (EI) leads to excessive fragmentation of the
compounds, generating complex spectra that provide limited information about structure and molecular
weight of these acids.
That way St. John et al (1998) studied and developed a simple technique for derivatizar AN in esters
(tert-butildimetilsilil or t-BDMS) to analyze them by GC/MS with EI ionization mass spectra obtained
with a simpler interpretation where the t-BDMS esters are obtained by reaction of derivatizante N-methylN-(t-butildimetilsilil) trifluoracetamida, short for MTBDSTFA, with the hydrogen of AN acid.
Conclusions
In recent years the oil discovered comes presented in your composed a more acidic structure causing
difficulties for refining and so your for your characterization with regard to marketing, which throughout
the ages comes demanding ever more quality and clarity in the description of this compound. The view
that there is currently a requirement to identify the nature of acids that lead to problems in the oil and how
to best take advantage of them.
This was evidenced in the study to isolate the naphthenic acids and perform an analysis of corrosion or
your concentration in oil a technique which presented satisfactory result was the solid phase in a nonaqueous medium, using together a adsorbent anions exchanger. This technique proved to be effective,
selective and rapid for naphthenic acids of oil can be recovered in oil and concomitant to this practice the
studies also showed that this result analysis for infrared spectroscopy allows determine the number of
naphthenic acid (NAN) of oil in comparison to the number of total acidity (NAT), but without the risk of
interference from other compounds.
So it can be seen that the primary applicability of naphthenic acids in oil identification is the monitoring
of levels of acidity of same that will qualify the acid value of oil and thus determine your degree of
corrosion for the industry It is important for your oil applicability and market expansion.
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