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FUEL ETHANOL QUALITY:

Nelson Ramos Stradiotto, Maria Valnice Boldrin Zanoni,
Isabel Cristina Serta Fraga and Paulo Paschoal Borges

INTRODUCTION

Biofuels constitute a viable alternative in rela-
tion to fuel derived from petrol and can be consid-
ered as important source of energy in the future.
The participation of biofuel in the energetic matrix
depends of a complex array of factors involving
many production aspects (raw material and tech-
nology) and from the sustainability (social, eco-
nomic and environmental), of this energy source.
Since the start of Proalcool program the quality of
ethanol was always connected with performance of
engine working with hydrated alcohol and playing
an important role in its sustainability economic.

Afterwards, ethanol quality was considered
a priority factor for environmental sustainability,
mainly when it compared with other vehicles work-
ing with other fuels. More recently, ethanol quality
plays a decisive role on the possibility of becoming
a commodity in the international market.

The validation of biofuels is markedly depen-
dent of three basic factors: normalized specifica-
tions; official methods of analysis, and certified
reference materials. The normalized specifications
are a set of characteristics required to secure
that the biofuel has the final destination as previ-
ously defined. The official methods are the tools
necessary to construct a correct evaluation of the
normalized specification of the fuel. The credited
reference materials are tools utilized in the valida-
tion and official method control of fuel analysis.

Taking into consideration that the ethanol
specifications are normalized by national (ANP e
ABNT) and international (ASTM e CEN) agencies,

the present work has the aim to contribute with a
critical analysis of the state-of-the-art (research
and development) using the main analytical meth-
ods and to compile norms about reference materi-
als certified for ethanol analysis.

METHODS OF ANALYSIS

The methods of analysis utilized for evaluation
of fuel ethanol quality can be classified in two main
groups: officials and alternatives methods. In both
cases, there are a preponderancy of instrumental
methods in relation to classic methods based on
gravimetric and volumetric analysis. From the
instrumental methods of ethanol analysis there is
predominance of three classes: chromatographic,
spectroscopic and electrochemical methods.

Official methods

The official methods destined to ethanol
analysis and adopted by ANP have presented small
changes since the first regulatory rules established
to certify biofuel quality. The technical regulations
emitted for CNP (n. 17/1985), DNC (23/1991),
ANP (1/2001) and ANP (36/2005) shows that there
is methodological evolution only for determined
species.

This evolution was mainly based on the trans-
ference process occurring from classical to instru-
mental methods. As instance, the sulfate determi-
nation in ethanol was initially based on gravimetric
method, afterwards was proposed a volumetric
method and more recently the main analytical
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method for sulfate determination is ionic chroma-
tography. Also, the methodological evolution for
chloride determination in fuel ethanol was from
the volumetric methods, potentiometric analysis
and finally by using ionic chromatography method.

On the other hand, some times the evolu-
tion occurred using own instrumental methods.
For example, initial determination of copper and
iron emigrated from UV-Vis spectrophotometric
methods to atomic absorption spectroscopic meth-
ods. Paradoxically, for example, determination of
hydrocarbons, esters and superior alcohols that
were usually carried out by gas chromatography
are not required in the actual specifications. In
addition, there is introduction of regulations for
new species, too. For example, it was introduced
the necessity to determine some species that in
the past was not required, such as hydrocarbons
determination in fuel ethanol destined to importa-
tion, distribution and commercialization, by using
gas chromatography.

Other official methods of analysis are pro-
posed to assess the quality of fuel ethanol by inter-
national organisms, such as, American Society for
Testing and Materials (ASTM) e Comité European
de Normalisation (CEN). In general, the analyti-
cal methods utilized by these organisms present
some differences with that adopted by the Agencia
Nacional de Petrdleo, Gas Natural and Biocom-
bustiveis in Brazil (ANP).

In most cases these differences are centralized
by the utilization of more specific method of analy-
sis. Sometimes this difference involves the change
of classical methods to instrumental methods or
the specific type of instrumental method adopted.
For example, the determination of water content
in ethanol is carried out utilizing the karl Fisher
method, but can be done by both volumetric (NBR
156531) and coulometric (EN 15489) methodology.

In summary, the official methods for fuel
ethanol analysis have been the subject of several
evolution over the years , which involves classical
methods and simple instrumental methods but
sometimes still demands modern and sophisti-
cated methods, too. Thus, it is observed the dis-
appearance of some analytical methods that are
obsolete and the raising of others to attempt the
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new specificities dealing with fuel ethanol. This
dynamic involving the utilization of methods of
analysis is due mainly the concern with environ-
mental and economic factors. The environmental
concerns determine the source for new species
of importance in the environmental equilibrium;
meanwhile the economic aspects are oriented to
attempt the requirement of cost, speed and ac-
curacy of the analysis.

Alternative methods of analysis

The main characteristics of the alternative
methods for ethanol analysis are that they are
essentially instrumental analysis. This occurs be-
cause most of them present high detectability and
high selective of interest species.

Chromatographic methods

The chromatographic methods are predomi-
nant in organic species determination present
in fuel ethanol, such as alcohols, aldehyde and
acetones (Table 1). Among all these methods,
predominates gas phase chromatography (GC)
with fire ionization detection (FID). For deter-
mination of organic species are also utilized high
performance liquid chomatography (HPLC) with
spectroscopic (UV/Vis) and electrochemical detec-
tors (DC).

From several chromatographic methods found
in the literature [1] for fuel ethanol analysis we
would like show some examples, such as the work
carried out by Vilar et al. [7] that used gas chro-
matography with mass spectroscopy (GC-MS) for
determining several organic compounds in fuel
ethanol. The sample was submitted to solid phase
extraction using XAD-4 resin and fractioned sub-
sequently in a preparative liquid chromatographic
column containing activated silica gel. It was de-
tected linear saturated hydrocarbons and aromatic
hydrocarbons in the first fraction and oxygenated
compounds, such aldehydes, acetones and alcohol
in the second fraction.

Pereira et al. [3] describes a useful analytical
method for determining organic and inorganic
contaminants in fuel ethanol sample utilizing
capilar eletrophoresis technique. Chloride and
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TABLE1  Chomatographic methods proposed for ethanol fuel analysis.
Species Useful work interval
Methods Reference
Minimum Maximum
Acetaldehyde, Methanol, Propanaldehyde, Ethyl
Formiate, Ethyl Propionate, Methyl acetate,
GC Isopropyl Acetate, Dimethylcetone, Dimethyl Ether, 1ppm N/S [2]
Diethyl Ether, Superior Alcohols, Formaldehyde
Acetaldehyde, Dimethylcetone 1.3 ppm 25 ppm [3]
Ammonium 0.15 ppm N/S [4]
Calcium, Magnesium 0.17 ppm N/S [4]
Potassium 0.22 ppm N/S [4]
Sodium 0.16 ppm N/S [4]
CE 0.065 ppm 0.65 ppm [8]
Chloride 0.02 ppm 0.1 ppm [20]
0.08 ppm N/S (4]
Nitrate 0.1 ppm N/S [4]
0.25 ppm 4 ppm [8]
Sulfate
0.2 ppm 4 ppm [3]
Acetaldehyde 3.8 ppm 379 ppm [5]
2-Furfuraldehyde,
HPLC-ED 5-Hidroximethylfurfural, Buthyraldehyde, 6 bob 500 bob 6]
Dimethylcetone, PP PP
Methyl-ethylcetone

sulfate anions were analized using indirect de-
tection at UV irradiation of 210 nm. The analysis
of aldehyde was based on detection of adducts
3-metil-2-benzotiazole hydrated at 216 nm. Both
methodologies were successful applied in real
samples of fuel ethanol indicating inorganic ion
concentration level from 0.15 to 6.64 mg L' and
aldehydes from 32.0 to 91.3 mg L.

Munoz et al. [4] developed a method for de-
termination of inorganic ions in fuel ethanol using
capilar eletrophorese technique. The method was
used to Na, K,Ca, Mg e NH, cation and sulfate,
chloride and nitrate anions. The limit detections
for these ions are in a concentration interval from
0.06 to 0.18 mg L. Inferior detection limit can
be reached by increasing of injection time and/or
injection pressure.

Okumura et al. [5] describes an analytical
method for acetaldehyde determination in fuel
ethanol by using high performance liquid chro-
matography (HPLC) with UV-vis detection. The
acetaldehyde was dissolved with 2.4-dinitrophenil-
hydrazine. The calibration graphs are linear from
concentrations of 3 to 300 mg L' by injection of
20 uL sample. The limit detection was estimated
to 2.03 ug L. The method was successful applied
in analysis of acetaldehyde in fuel ethanol sample.

Bruning et al. [2] developed a method for
identification and quantification of organic con-
taminants presents in fuel ethanol utilizing the gas
phase chromatographic technique (GC) couple to
fire ionization detector (FID). The analysis carried
out in ethanol presented relative standard devia-
tion around 10%. The main organic contaminants
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found were ethyl acetate, n-propanol, isobutyl
acetate and isoamyl acetate.

SACKZ et al. [6] describes the determination
of aldehydes and several acetones in fuel etha-
nol by high performance liquid chromatography
(HPLC) with electrochemical detection (ED).
The compounds 5-hydroximethylfurfural, 2-fur-
furaldehyde, butyraldehyde, acetone and methyl-
ethyl-acetone, were derizatized with 2.4 — dinitro-
phenilhydrazine (DNPH). The analytical curves
present linear relationship for concentration from
5.0 to 400.0 ng L1, and detection limit from 1.7 to
2.0 ng L' (20 uL). The proposed methodology is
simple, rapid (15 min/analysis) and present high
recovery (> 95%).

Spectroscopic methods

The spectroscopic methods are utilized in fuel
ethanol analysis for determining inorganic species,
mainly metallic ions, such as, copper, iron and so-
dium (Table 2). In the set there is predominance
of methods involving atomic absorption spectros-
copy with fire (Faas) and graphite oven (GFaas).
In the determination of metallic ions species are
also utilized plasma methods induced by mass
detectors (ICP-MS).

From the spectroscopic methods for ethanol
analysis found in literature [1] a relevant contribu-
tion was shown by SAINT'PIERRE et al. [10]. The
authors describe the development of a method for
metal determination in fuel ethanol utilizing ICP-
MS. A solution of 10% v/v ethanol was introduced
directly in the ultrasonic nebulizer formed with
carbon deposit in the cones. The detection limits
for each analyzed metal were: Ag: 0.08; Cd: 0.12;
Co: 0.04; Cu: 0.4; Fe: 27; Mn: 0.7; Ni: 0.4 e Pb: 0.2
ug L. The results illustrated that the proposed
method present rapidity, accuracy and enough
sensibility when compared with that obtained by
ETV-ICP-MS.

Oliveira et al. [11] developed a simultaneous
determination method of Al, As, Cu, Fe, Mn e Ni in
fuel ethanol utilizing atomic absorption spectrom-
etry with electro thermal source (ETAAS) using
permanent modifier of W-Rh and conventional
modifier of PA(NO,), + Mg(NO,),. The detection
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limit was 1.9 ug Lt Al; 2.9 ug Lt As; 0.57 ug L* Cu;
1.3 ug L' Fe; 0.40 ug L' Mn e 1.3 ug L' Ni. The
relative standard deviation between the measure-
ments was 4%; 4%; 3%; 1.5%; 1.2% e 2.2% for Al,
As, Cu, Fe, Mn e Ni respectively. The proposed
method was applied for metal determination
and ten samples of fuel ethanol showing a good
accuracy.

Roldan et al. [12] describes an analytical
method for determining Cu, Ni e Zn in fuel ethanol
utilizing the atomic absorption spectroscopy with
fire (Faas) subsequently to a pre-concentration
step containing silica gel modified with 2-amino-
tiazole (Siat). The results shown recovery around
100% for all metallic ions adsorbed in the column
containing 500 mg of Siat. The adsorption and
desorption studies of studied metallic ions con-
tributed to the development of a sensible method
of these metals at trace levels in fuel ethanol using
FAAS for its quantification.

Teixeira et al. [13] developed a spectropho-
tometric method for simultaneous determination
of copper and iron in fuel ethanol using ferroine
as derivatizing reagent. 1.10-fenantroline can be
used to detect both compounds after controlled
reaction up to limit detection of 7 and 8 ug L}
and variation coefficient between measurements
of 1.8 and 2.3% for iron and copper, respectively.
The 2.2-bipyrine reagent can also be utilized for
simultaneous determination of iron and copper
and the method reaches limit detection of 11 and
32 ug L1 and variation coefficients of 1.9 and 2.5
for iron and copper, respectively.

Santos et al. [14] also developed a spectro-
phometric method for sulfate determination in
fuel ethanol using previous reaction with dimeth-
ylsulphonazo reagent. The analytical method was
based on absorbance of the product monitored at
665 nm. The method was used for determination
of sulfate up to 10 mg L with a relative standard
deviation less than 2.56% between measurements
and limit detection of 0.27 mg L. The proposed
method was successful used in determination of
sulfate in real samples of fuel ethanol.

Teixeira et al. [15] describes a simple method
for determination of formadehyde in fuel etha-
nol utilizing the spectrophotometric technique.
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TABLE2  Spectroscopic methods proposed for fuel ethanol analysis.
Useful work interval
Methods Species Reference
Minimum Maximum
Formaldehyde 0.063 ppm 1.9 ppm [15]
FIA-UV/Vis
Sulfate 12 ppm N/S [14]
Colorimetry Cyanide 100 ppb N/S [2]
FTIR Methanol N/S N/S [11]
3 ppb 63 ppb [16]
Arsenic, Aluminum, Iron, Manganese, Nickel
0.004 ppb N/S [16]
Aluminum 3 ppb N/S [16]
GFAAS 2.5 ppb 63 ppb [11]
Copper
0.72 ppb N/S [16]
Iron 1.6 ppb N/S [16]
Manganese, Nickel 0.5 ppb N/S [16]
Nickel 1.6 ppb N/S [16]
35 ppm 141 ppm [17]
Cadmium 28 ppm 359 ppm [18]
FAAS
0.3 ppb N/S [19]
Chromium, Copper, Iron, Nickel, Potassium, Sodium 1.3 ppb N/S [2]
Chromium 16.4 ppm 65.8 ppm [17]
14.8 ppm 185 ppm [18]
Cobalt
1.8 ppb N/S [19]
20 ppm 80 ppm [17]
16 ppm 200 ppm [18]
19 ppm 252 ppm [12]
Copper 1.8 ppb N/S [19]
2.9 ppb N/S [20]
FAAS
11 ppb N/S [21]
8.9 ppb N/S [22]
18 ppm 70 ppm [17]
14 ppm 140 ppm [18]
Iron 6.3 ppb N/S [20]
11 ppb N/S [21]
5 ppb N/S [22]

continues
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Useful work interval
Methods Species Reference
Minimum Maximum
Lead 14 ppm 176 ppm 18]
Manganese 2.5 ppb N/S [22]
18 ppm 74 ppm [17]
15 ppm 182 ppm [18]
19 ppb 253 ppb [12]
Nickel
10 ppb N/S [20]
4 ppb N/S [21]
5 ppb N/S [22]
FAAS
Sodium N/S 0.375 ppm [23]
20 ppm 205 ppm 1171
16 ppm 2.5x10° mol L [18]
13 ppb 126 ppb [12]
Zinc 1.3 ppb N/S [19]
0.1 ppb N/S [20]
2.5 ppb N/S [21]
2.5 ppb N/S [22]
Arsenic 3 ppb N/S [24]
ET-AAS Cadmium 0.06 ppb N/S [24]
Lead 1.4 ppb N/S [24]
Cadmium 0.1 ppb N/S [25]
Copper 0.12 ppb N/S [25]
Lead 0.06 ppb N/S [25]
Silver 0.03 ppb N/S [25]
Thallium 0.001 ppb N/S [25]
Cadmium 0.15 ppb N/S [10]
ETV-ICP-MS
Copper, Nickel 0.5 ppb N/S [10]
Cobalt 0.05 ppb N/S [10]
Iron 34 ppb N/S [10]
Lead 0.25 ppb N/S [10]
Manganese 0.9 ppb N/S [10]
Silver 0.10 ppb N/S [10]
Copper 40 ppb N/S [13]
UV/Vis
Iron 14 ppb N/S [13]
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The product assigned as 3.5-diacetyl-1,4-dihy-
drolutidine generated after reaction between
formaldehyde and fluoral P was kept in the solid
phase cartridge (C18) and the spectrophotometric
detection carried out at 412 nm. The proposed
method presents linear response for concentration
interval from 0.05 to 1.5 mg L. The detection limit
obtained was 30 ug L' and the relative standard
deviation was 2.2% (625 uL.). The method was suc-
cessful applied in determination of formaldehyde
in fuel ethanol samples.

Electrochemical methods

The electrochemical methods utilized for de-
termination of inorganic species in fuel ethanol,
are preponderantly metallic ions, such as copper,
lead and zinc (Table 3). From these methods are
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predominance of them based anodic stripping
voltammetric techniques (ASV) coupled to differ-
ential pulse (DP) and square wave (SW) as scan
mode. The potentiometric and conductometric
methods are also utilized for species no metallic
determination as, chloride and sulfate.

From the several electrochemical methods
describes in the literature [1] for fuel ethanol
analysis, there is relevant contribution from work
developed for Godinho et al. [27]. The authors de-
veloped a methodology for sulfur determination in
fuel ethanol using Raney nickel base don cathodic
stripping voltammetric coupled to differential
pulse scan. The calibration curve present linear
relationship for concentration of sulfur from 1-40
ppb and the method was successful applied in
ethanol samples containing 15 ng g* to 20 ug g.
The values of precision and accuracy obtained with

TABLE3  Electrochemical methods proposed for ethanol fuel analysis.
Useful work interval
Methods Species Reference
Minimum Maximum
0.05 ppm 5 ppm [31]
Acetaldehyde
0.05 ppm 0.5 ppm [33]
Voltammetry
2-Furfuraldehyde 115 ppm 704 ppm [34]
Solvent Orange 7 14 mglL’ 6.3 mgL’ [32]
ASV Cadmium 0.14 ppb 70 ppb [30]
5.0x10mol L' 5.0x10”mol L' [35]
DPV Nickel
7.5x10°mol L 1.0x10°mol L’ [36]
Copper, Zinc 0.08 ppb 40 ppb [30]
Copper 6 ppb 200 ppb [371
DP-ASV 2.5 ppb 312 ppb [28]
Lead
0.26 ppb 130 ppb [30]
Zinc 40 ppb 411 ppb [38]
Copper 0.15 ppb N/S [39]
SW-ASV Iron 0.42 ppm 1.4 ppm [40]
Lead 0.297 ppb N/S [39]
DP-CSV Sulfur 1 ppb 40 ppb [27]
Copper 12 ppb N/S [41]
Potentiometry
Chloride, Sulfate 1 ppm N/S [2]
Conductometry Chloride 1.1 ppm N/S [29]
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the proposed method present values comparable
with that previously described in the literature.

Takeuchi et al. [28] described a method for
determining copper in fuel ethanol utilizing paraf-
fin containing impregnated graphite powder with
the 2-aminotiazole as modifier. The technique for
detection was anodic stripping voltammetry with
differential pulse mode. The analytical curve pres-
ents linearity from 7.5 x 10® to 2.5 x 10° mol L
copper concentration and detection limit of 3.1 x
108 mol I'!. The method was successful applied in
the determination of copper in fuel ethanol sample.

Avelar et al. [29] developed a determination
method for chloride and total acidity in fuel ethanol
sample using conductometric titulation method. The
proposed methodology is simple and rapid and can
be applied with good repeatability and detectability
of total acidity and also chloride content when com-
pared with the official methods of analysis.

Oliveira et al. [30] describes the development
of a method for simultaneous determination of
zinc, copper, lead and cadmium in fuel ethanol
using a mercury film on vitreous carbon electrode
by stripping voltammetric technique (ASV). The
measurements were carried out using linear scan
(LSV), differential pulse (DPV) and square wave
(SWV) modes. The obtained detection limit for all
metals was in the interval from 10 to 10® mol L.
The proposed method was tested for quantification
of zinc, copper, lead and in commercial samples of
fuel ethanol.

Rodgher et al. [31] proposed a method for ac-
etaldehyde determination in fuel ethanol utilizing
previous mixed reaction with hydrazine by using
square wave voltammetry. The analytical curves
were linear for concentrations changing from
1.0x10° to 10x10% mol L, with a detection limit
of 2.38x10" mol L!. The method was satisfactory
applied in determination of total aldehydes in
ethanol samples without any pretreatment step.

Romanini et al. [32] describes the develop-
ment of a method for determination of solvent
orange 7 dye used as dye marker in fuel ethanol
using linear scan voltammetry (LSV) and square
wave voltammetry (SWV. The SWV technique
presents lower detection limit and linear calibra-
tion curve from 4.0x10° to 18 x10° mol L. The
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method was successful applied in direct quantifica-
tion of this marker in fuel ethanol sample without
any pretreatment step.

THE IMPORTANCE OF THE
REFERENCE MATERIAL ON QUALITY
CONTROL OF ETHANOL

The current usage of biofuels is global concern
with environmental sustainability. Therefore the
quality of Brazilian bioethanol due to its origin
from renewable sugarcane becomes even more
important [42-44]. Since well-characterized refer-
ence values are essential to the development and
validation of measurement methods, the usage of
Certified Reference Material (CRM) will contrib-
ute to the quality of the measurement around the
world, giving support to international trade.

In 2007, experts and government representa-
tives from the United States of America (USA), Eu-
ropean Union (EU) and Brazil agreed that there are
different standards for biofuels which were known
to be an obstacle to the free circulation of biofuels
among the three regions. On a White Paper [45]
issued by the tripartite task force, they identified
areas where greater compatibility could be achieved
in the short to long term. Bioethanol was classified
into category B. It has specifications with significant
differences between parameters and methods.

Because of the importance of bioethanol to the
Brazilian economy [46], and considering that the
international trade in biofuels will increase signifi-
cantly [47, 48], Inmetro, the Brazilian Metrology
Institute, has focused its attention on the need for
accurate and reliable measurements in a variety
of parameters, through the work for developing
and producing CRM of bioethanol [49] in order to
establish quality and comparable measurements in
bioethanol matrix. However, the use of a CRM of
bioethanol will also contribute to Brazilian produc-
ers, to avoid possible technical barriers imposed by
bioethanol importers in the near future.

Reference Material (RM) and Certified
Reference Material (CRM)

Reference material is a material sufficiently
homogeneous and stable with reference to speci-
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fied properties, which has been established to be
fit for its intended use in measurement or in exami-
nation of nominal properties [50-54]. On the other
hand, a CRM is a reference material accompanied
by documentation issued by an authoritative body
and providing one or more specified property val-
ues with associated uncertainties and traceability,
using valid procedures. To summarize, the RMs
and CRMs, as defined above, are widely used for
the calibration of measuring apparatus, evaluation
or validation of methods of analysis or test and for
long-term quality assurance of measurements. All
kinds of RMs and CRMs are playing an increasingly
important role in national and international stan-
dardizations activities, for the trade, in proficiency
testing and in the accreditation of laboratories.
In the chemical area, to establish the trace-
ability to the measurement, the use of the so
considered primary measurement methods or
certified reference materials is needed. The Con-
sultative Committee for Amount of Substance
— Metrology in Chemistry (CCQM) has identi-
fied several methods with the potential of being
a primary method of measurement, which in the
field of chemical measurement, such a method is
defined by CCQM as “a method having the highest
metrological properties, whose operation can be
completely described and understood, for which
a complete uncertainty statement can be written
down in terms of the units of SI (International
System of Units)”. However, they are as yet very
few [65, 6], thus, the CRMs are strongly used to
guarantee the quality of chemistry measurements.
Although the importance of the use of CRMs
is known, however, the great variety of chemical
substances and diverse matrices in which the
analytes can be encountered limit the number of
the CRMs available. Thus, there are not sufficient
CRMs to all measurements. To this difficulty can be
added the high cost for acquisition and importation
of this materials, to the bureaucracy and the long
time spent in the transport and liberation of the
imported materials in the Brazilian customs [57].
Hence, Inmetro has been developing CRMs
which can be used by the laboratories in the
country from different areas such as industrial, re-
search & development and environment. The high
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metrological level of the measurements performed
by the laboratories of Inmetro is mainly due to its
participation in key comparisons with the supervi-
sion of the International Committee for Weights
and Measures (CIPM)/CCQM. On the other hand,
the CRMs prepared by Inmetro follow the requi-
sites established in the ISO Guides 30 [58], 31, 32
[69], 33 [60], 34 e 35 [64]. The ISO guides from 30
to 34 have already been translated to Portuguese
by ABNT, the Brazilian forum for standardization.

Some countries have already had an accredita-
tion system for producers of reference materials.
The accreditation is based on the ISO Guides 30,
31, 34, 35 and on the standard ISO/IEC 17025
[61], as well as the standards or guides which are
related to the area to be accredited. Thus, Inmetro
is structuring a similar system in Brazil. This sys-
tem of accreditation will contribute to increase the
production of CRMs as well as the quality of the
chemical measurements in the country.

Development of a certified reference material

In the development of a CRM, the producer
must take into account the requisites and the
recommendations stated in the ISO Guides above
mentioned.

The ISO Guide 35 can be seen as an application
of the Guide to the Expression of Uncertainty
wn Measurement (GUM) [62] specifically for the
production of CRMs. ISO Guide 35 complements
the GUM because it provides additional guidance
with respect to the inclusion of the uncertainties
due to the batch in homogeneity and instability of
the CRM in the uncertainty of the property val-
ues, and the determination of these uncertainty
contributions.

Homogeneity and stability are two important
characteristics of any CRM. Hence care must be
taken during preparation to produce materials as
homogeneous and stable as possible. However,
careful preparation by itself is not enough. Dem-
onstration of homogeneity and stability is required
by taking into account the uncertainty calcula-
tion [63]. According to the GUM, the uncertainty of
a CRM should consider all the uncertainty sources
relevant to the user. This not only includes the un-
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certainty of the batch characterization (u , ), but
also all uncertainties relating the possible between-
bottle variation (u,,), instability upon long-term
storage (u,,) and instability during transport to
the customer (u, ). The combined standard un-
certainty for a CRM can thus be expressed as in
Equation 1 [64].

— 2 2 2 2 1/2
U’CRM = (uchar + uhh + U, +U +)

Its sts

eY)

It is important to highlight the difference
between characterization and certification. Char-
acterization of a reference material is a process
of determining the property values of a reference
material, as part of the certification process. The
characterization process provides the values for
the properties to be quantified. In batch certifica-
tion, the characterization refers to the property
values of the batch. Certification is the whole
process of obtaining the property values and their
uncertainty, which includes homogeneity testing,
stability testing, and characterization [65].

Homogeneity study

A homogeneity study is necessary in batch
certification to demonstrate that the batch of
bottles (units) is sufficiently homogeneous. It also
finds application in the preparation and checking
of proficiency testing material [66]. Even when a
material is expected to be homogeneous, as in the
case of solutions, an assessment of the between-
bottle inhomogeneity is required. When dealing
with solid-state reference materials, a within-bottle
homogeneity study should be foreseen to deter-
mine the minimum sample intake.

The results of a between-bottle homogeneity
test should be evaluated in accordance with the
design of the study. In most cases, however, an
approach based on a fully-nested analysis of vari-
ance, as described in ISO Guide 35 and in [66, 67]
can be used for the purpose.

Stability testing

Stability testing aims to determine the remain-
ing degree of instability of the reference material
after preparation, or to confirm the stability of the
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material. A distinction is made between the stabil-
ity under specified storage conditions (long-term
stability) and transport conditions (short-term
stability).

The long-term stability concerns the remain-
ing instability of property values of the CRM. A
reference temperature should be chosen so that
it is practically certain that the material is stable
at that temperature.

The short-term stability study is typically car-
ried out at different temperatures, to study the
effect of different temperatures on the proper-
ties of the material. A short-term stability study
takes typically 1 to 2 months. On the other hand,
a long-term stability studies last between 24 and
36 months [68, 69].

A flow diagram for evaluation of measurement
uncertainty in a complete process for certifying a
reference material [65] can be seen in Figure 1.
The measurements of the homogeneity, stability
and the characterization studies of the material
should be combined in order to obtain a proper
estimate for the property value and its standard
uncertainty.

Choice of measurement methods

For the characterization of the reference ma-
terial, especially in the case of matrix reference
materials, it is often highly desirable to use mul-
tiple methods, and often also multiple laboratories.
Both the methods and the performance of the
laboratories should represent “state-of-art”, and
they should be able to make their measurements
traceable to the references specified in the design
of the project to develop a CRM. This approach is
known as a collaborative study. This underpins the
joint effort of the coordinator and participants to
characterize the reference material.

The method used in a certification project
should be properly validated, and it should be
demonstrable that any result obtained with the
measurement method meets the specifications
established during the validation of the method.

The property values of a CRM need to be trace-
able to appropriate units and/or references due to
its role as a measurement standard. Ensuring the



Fuel Ethanol Quality

823

Within-bottle test

Homogeneity

testing
Between-bottle
test
Short-term test
Stability
testing

Long-term test

Property values +

Minimun
sample intake

Yes!
Homogeneity OK? = u(bb)

No!
¢ u(lts)

Shelf life

Characterisation A
uncertainties

U(CRM)

FIGURE 1

traceability of all measurements in a certification of
a reference material is an important requirement
[63, 70, 71].

The CRM of bioethanol

The necessity of developing CRM of bioethanol
has been claimed by the producers of this kind of
product for a long time in order to guarantee its
quality and to increase the exportation of their
products, since the specific parameters for bio-
ethanol could be measured with traceability and
reliability and accepted by the international trade.

The development of reference materials and
commercial barriers are two of the most sensitive
areas needing proper Chemical Metrology sup-
port. Therefore, the first step, as stated above,
would be to define the traceability chain for the
measurement of these parameters. A side bonus
derived from this effort would be the proposal
of which parameters should be considered in
the specifications of bioethanol as a fuel. This is

Flow diagram of a complete process for certification of a reference material.

something that would naturally come from the
scientific background that will be associated with
the proposed metrological work.

Since 2003, Inmetro has been studying dif-
ferent parameters which are established in the
specifications of the National Agency of Petroleum,
Natural Gas and Biofuels (ANP). This agency is re-
sponsible for the control of quality of biofuels in Bra-
zil. It regulates the limits for several parameters in
biofuels [72], according to the Brazilian Standards.

The parameters that are being studied for
certification and the reasons of their relevance are
given below. They are common for both anhydrous
bioethanol and hydrated bioethanol.

Alcoholic content and density: for the stabil-
ity and quality of the product, since the original
alcoholic content as well as evaporation may affect
calorific power and motor performance.

Acidity: for avoiding corrosion in the fuel
chain, since it contributes to the corrosion of the
metallic parts present in the production process,
transport and motors.
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Electrolytic conductivity: conductivity values
above 500 uSxm™! contribute to corrosion.

Water content: high water content may in-
crease the conductivity and therefore corrosion,
as well as decreases the calorific power.

pH: range from 6.0-8.0 for hydrated bioethanol
to avoid corrosion in the fuel chain, as well as it
contributes to the corrosion of metallic parts in the
production process, transport and use (motors).

Copper and iron content: these metals in
contact with gasoline may cause polymerization
(probably gum formation) in automotive motors.
ASTM Standard [73] recommends copper content
values below 0.1 mgxkg—.

Chloride and sulphate: the presence of chlo-
rides by external contamination and sulphates
which cause deposits in the electronic injection
systems can also contribute for increasing the
corrosion.

Since 2008, the USA and Brazil have estab-
lished a partnership attending to American and
Brazilian government throughout of their Na-
tional Metrology Institutes, National Institute of
Standards and Technology (NIST) and Inmetro,
respectively. In this partnership, the development
of CRM for bioethanol was proposed because of
the great visibility which the bioethanol has today,
mainly in the environmental issues. Besides, both
countries are the major biofuel producers in the
world. Nowadays the studies of this CRM are in
progress.

European Union has been focusing on working
with Brazil also in the relevant task of comparing
and searching for the harmonization of the analyti-
cal methods for the biofuel. The main objective of
this partnership is to coordinate a proficiency test-
ing (PT) in order to measure different parameters
of bioethanol. In this PT the participation of vari-
ous countries which has interest in providing the
quality management in the trade of their products
will be possible.

At Inmetro, the studies of these several pa-
rameters in anhydrous and hydrated bioethanol
from Brazilian producers have become possible
because this work has the support of different
laboratories from Mechanical and Chemical Divi-
sion from Inmetro in this challenge. Each of them
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carries out the measurements which are needed in
the homogeneity, characterization and short-term
and long-term stability studies. All the studies
relating to the CRM production and development
have been done according to ISO Guide 35.

The studies of homogeneity of each parameter
were carried out with random measurements. If
the results present homogeneity, the character-
ization study is carried out with the best method
available for each parameter.

The short-term and long-term stability studies
were done in two different temperatures simulat-
ing transport and storage conditions. Both tem-
peratures were at 50 °C and 20 °C, respectively.

The total time of the stability study for CRM
for anhydrous and hydrated bioethanol was done
during one year and all parameters showed stable,
then the shelf-life (validity) of this CRM was es-
tablished by one year.

It is very important to highlight that the pe-
riod of validity of the CRM for bioethanol can be
increased if the stability is maintained during the
stability studies which will continue for all the
certified parameters.

FUTURE PERSPECTIVES

Nowadays, despite the high evolution that can
be seen in the used methods for analyzing the fuel
ethanol, there is a constant need for new specifica-
tions that require analytical methods even more
precise and accurate for determination of great
numbers of species. Therefore, the development
of new methods of analysis might find great chal-
lenges in order to guarantee the quality of this
biofuel.

From this perspective, one can designate
them as: i) development of analytical methods
with very low detection limits for diverse species
responsible for the quality of the fuel ethanol; ii)
development of analytical methods with very great
selectivity to guarantee the quality of the fuel
ethanol from different matrices; iii) development
of analytical methods for determination of new
important species for the environmental sustain-
ability; iv) development of analytical methods for
on line monitoring of the quality of the biofuel; v)
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development of low cost analytical methods joined
with operational simplicity to guarantee the quality
of the fuel ethanol.

From the perspective of the research and de-
velopment of CRM for bioethanol, it has showed
great importance to Brazil, since there was an
extreme urgency to produce it. The Brazilian pro-
ducers, in order to prove accuracy of the measured
parameters for the trade, needed a reference mate-
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