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Alcohol residues in biodiesel can be present even after the purification steps. It diminishes the flash point, lubricity and cetane number.

The standard technique to quantify residual alcohol in biodiesel is the FID-GC with headspace sampling. NMR, although underused

for quantitative analyses, requires no special sample preparation, and consumes low volume of solvent. In this work, methodologies
for the residual methanol and ethanol contents in soy biodiesel by 'H-NMR in a 9.4 T (400 MHz) spectrometer by standard addition

were developed and validated. Quantification limits were found equal to 0.07 and 0.08% respectively, so more than twice lower than

the maximum level acceptable, which is 0.2%. Accuracy and precision were considered suitable for the alcohol content around the

specification limit.
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INTRODUCTION

Biodiesel is a biofuel employed mainly as a partial or total
substitute to diesel in compression ignition engines. This is comprised
by a mix of fatty esters obtained from oils and fats by alcoholysis.'?
The most used feedstock in Brazil are soy oil and tallow,* but several
others fatty sources as canola, corn, cotton, sunflower, palm, or lard
can be also used.?*>¢

Compared to diesel, biodiesel presents higher cetane number,
lubricity, and flash point. Concerning to the environmental aspects,
itis biodegradable, renewable and contributes less to the greenhouse
effect, and to the acid rain. In addition, it can promote the agriculture
growth and the rural development.”

The alcoholysis of fats and oils can be carried out with methanol
or ethanol, or any other short chain alcohol. The former is the most
used one due to its lower cost, and higher reactivity. Besides, its
inferior boiling point makes its recovery easier. The latter, on the
other hand, is renewable. In addition, some advantages are assigned
to the ethyl biodiesel over the methyl one, as the higher oxidative
stability, heat of combustion, and flash point, and the lower cold filter
plugging point.”10-14

Alcohol residues in biodiesel can be present even after the
purification steps, and its presence diminishes the flash point, lubricity
and cetane number. For these reasons, ASTM D6751 stablishes an
alcohol content not higher than 0.2%.'5 The standard technique used
for the determination of the residual alcohol is gas chromatography
with flame ionization detector (GC-FID) and headspace sampling.'®

Comparing to GC and high-performance liquid chromatography
(HPLC), nuclear magnetic resonance (NMR) is still underused for
quantitative analyses, although the number of reports in the literature
has been growing, including the biodiesel characterization. Particularly
in this last subject, hydrogen nuclear magnetic resonance ('H-NMR)
has been used for the determination of several parameters as kinetic
viscosity,™!® specific mass,'”* jodine'*** and acid values,'3*! oxidative
stability,'8**% ester content,'?? and composition.”-*! Although the
spectrometer is expensive, the technique is quick, requires no special
sample preparation, and consumes low volume of the solvent.”

Doudin® has determined the concentration of methanol in a
biodiesel sample comparing the integrals of 3.45 ppm and 2.27 ppm
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peaks. The peak areas, which are attributed to the CH; of the methanol
molecule and to the a-carbonyl CH, of the fatty ester, were normalized
by dividing the areas by the number of hydrogens in the group, that
is, 3 and 2 respectively. So, the peak integrals ratio is equal to the
molar ratio of the two moieties, which can be easily converted to the
weight ratio. Indeed, the author determined not only the methanol
content, but also the fatty esters, glycerol, mono, di and triglycerides
contents. This methodology is extremely easy and quick, although, as
a quantification approach, it provides inferior accuracy and precision.

Shimamoto and Tubino® have reported two alternative methods
for the residual methanol determination in biodiesel by 'H-NMR
using standard addition as quantification strategy, and, alternatively,
t-butylmethyl ether as internal standard. In the first case, the singlet
from the methanol methyl group observed in the spectrum at 3.48 ppm
is monitored.

The characterization methodologies for the ethyl biodiesel are less
frequently described in the literature than those for methyl counterpart.
For ethanol residue determination, similar methods can be used, but
validation studies are necessary. Besides chromatography,** cyclic
voltammetry* was also reported, but, at the best of our knowledge,
NMR was not described for this same purpose. In this work, we
present a methodology by 'H-NMR by standard addition to the
determination of ethanol residue in ethyl biodiesel.

Simultaneously, we tried to implement Shimamoto and Tubino’s*
methodology for methanol quantification in methyl biodiesel. In
their work, a 500 MHz spectrometer was used, while in ours, a
400 MHz one. In this case, the alcohol carbinolic singlet is observed
at 3.48 ppm unresolved from the satellite shielded peak of the doublet
that results from the '*C—H coupling around the fatty ester methoxy
group chemical shift. So, in order to quantify the alcohol, we had to
develop a new methodology.

In summary, in this work we present new methodologies for the
quantification of methanol and ethanol in methyl and ethyl biodiesels
respectively by 'H-NMR. Accuracy, precision, and detection and
quantification limits were evaluated.

EXPERIMENTAL
Biodiesel syntheses

Methyl and ethyl biodiesels were obtained from a commercial soy
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oil by the transesterification double steps process (TDSP) procedures
described by Guzatto and coworkers.>* The reaction conditions,
that is, mass of the catalyst (M), volume of the alcohol (V), and
time (t) are described in the Table 1. KOH (Dinamica, Sdo Paulo,
Brazil) was used as the catalyst in the first step, and after that,
H,SO, (Vetec, Duque de Caxias, Brazil). In each step, M (g) of the
catalyst were dissolved in V (mL) of the appropriate alcohol, MeOH
(Exodo, Sumaré, Brazil), or EtOH (Exodo, Sumaré, Brazil). 200 g of
the soy oil (Soya, Gaspar, Brazil) were transferred into a 1 L glass
reactor equipped with a mechanical stirrer and a reflux condenser in
a thermostatically controlled water bath at 65 °C, followed by the
alkaline alcoholic solution. The reactional mixture was kept stirring
(1000 rpm) for t, min. After that, the acidic alcoholic solution was
poured over the reaction mixture and stirred for an aditional t, min
at the same temperature. Thereafter, the mixture was transferred to
a separatory funnel where the two phases, biodiesel, and glycerol,
were separated. The denser phase, glycerol, was disposed of, and the
biodiesel was washed with water (3 x 100 mL, 70 °C). Finally, the
volatiles were eliminated under reduced pressure distillation.

Table 1. Transesterification reaction conditions: reaction time (t), alcohol
volume (V), and KOH and H,SO, weight (M)

ROH MeOH EtOH

Step 1 2 1 2

t (min) 60 60 60 180
V ROH (mL) 95 48 274 137
M KOH (g) 1.2 - 3.0 -
M H,SO, (g) - 2.0 - 11.2

Standard solutions preparation

To five aliquots of 10.0 g of biodiesel, the suitable amount of
methanol and ethanol (spectroscopic grade, Sigma-Aldrich, St. Louis,
MO, USA) were added in order to produce spiked samples with 0.05,
0.10, 0.15, 0.20 and 0.25% alcohol content (w/w). Solutions were
homogenized by magnetic stirring for 5 min. Analytical solutions
were prepared by dissolving 100 uL of pure sample and the spiked
biodiesels in 500 uLL of CDCl; (99.5%, 0.1% TMS, Cambridge I. L.,
Andover, MA, USA). In each case, three independent experiments
were carried out.

NMR spectrum acquisition

The free induction decays were obtained in a Varian Oxford 9.4 T
(400.050 MHz for hydrogen, Varian, Palo Alto, CA, USA) with
32 scans (spectral width 6402.049 Hz, 5 s delay, 45° pulse angle) in
triplicate and were edited in the MestReNova software.**

The fatty esters content (Cyy;) determination

The fatty esters content (Cp;) of pure biodiesel was determined
from Equations 1 and 2, as described by Guzatto and coworkers,*2

2 4,

Cpu =100x x5 )
2.3
Crrase :100x% )

2.3

where: Cpuyi1s the methyl esters content in methyl biodiesel; Cyypris
the ethyl esters content in ethyl biodiesel; A, 5 is the triplet at 2.3 ppm
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integration; A, is the singlet at 3.7 ppm integration; A, , is the quartet
at 4.1 ppm integration.

Alcohol quantification

For methanol quantification, from the spectrum of each standard
solution, the area of the peak at 3.84 ppm was subtracted from the
3.48 ppm one. To the ethanol quantification, the area of the peak at
3.74 ppm was measured. In each case, the integral values were plotted
versus the spiked alcohol concentration.

Validation

The recoveries (R) in each concentration level were estimated
from Equation 3:

R(%):lOOx% A3)

N

where: Cgy, is the experimental alcohol concentration; Cy is the
alcohol spiked concentration.

The detection (DL) and quantification (QL) limits were
determined from Equations 4 and 5, respectively,®

_3xS§,

DL B @)
QL:IOZSE (5)

where: S;. is the standard error obtained from the analytical curve; a
is the inclination obtained from the analytical curve.

The repeatability was estimated as the relative standard deviation
(RSD) in each level of alcohol concentration (3 FID x 3 edition,n=9).

RESULTS AND DISCUSSION

TDSP is a well stablished methodology yielding biodiesel with
high fatty esters content and levels of mono, di and triglycerides
typically lower than the maximum permitted concentrations.?26-36
Methyl and ethyl biodiesels were obtained and the ester contents
were estimated as 100 + 2 and 98.7 + 0.7%, respectively.

In the transesterification reaction, the alcohol is used in excess.
After the reaction is finished, the remaining alcohol is removed
under reduced pressure, but some residue persists, although in
low concentration. It is important to note that the residual alcohol
arises from the inefficiency of the distillation and the subsequent
purification steps as washing and drying, but does not depend on
the transesterification process. In this study, the quantification of
methanol was carried out by the standard addition approach. In
this sense, it is not necessary to have previous knowledge of the
alcohol concentration in the biodiesel sample used in the method
development.

Figure 1 shows the methyl biodiesel and its MeOH spiked one
samples (0.05 to 0.25%) spectra detail.

The singlet nearly 3.66 ppm is attributed to the fatty esters’
methoxy group. The *C—H coupling produces a doublet centered at
the same chemical shift, which can be seen at 3.84 and 3.48 ppm.
The carbinolic methyl group singlet from the methanol is observed
unresolved overlaying the laters’ peak. As the doublet is expected
to have its area split in the 1:1 proportion, the carbinolic methyl’s
singlet area can be found subtracting the 3.84 ppm integral from the
3.48 ppm one.
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Figure 1. "H-NMR spectra detail (Varian Oxford 400 MHz, CDCl;) of MeOH
unspiked and spiked methyl biodiesel (0.05 to 0.25%)

Figure 2 shows the ethyl biodiesel and its EtOH spiked one
samples (0.05 to 0.25%) spectra detail. The multiplet from 3.72 to
3.66 ppm is attributed to the CH,OH from monoglycerides.** The
EtOH methylene quartet is observed centered at 3.71 ppm, but not
well resolved. In order to quantify residual EtOH, the ideal choice
would be to integrate the whole quartet. Since it is not possible, the
signal at 3.74 ppm had its area measured. Unfortunately, it causes
the sensitivity to fall by eight times as the quartet area proportion
is 1:3:3:1.
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Figure 2. 'H-NMR spectra detail (Varian Oxford 400 MHz, CDCl;) of EtOH
unspiked and spiked ethyl biodiesel (0.05 to 0.25%)

The standard addition analytical curves for the methyl biodiesel
spiked with methanol and the ethyl biodiesel spiked with ethanol
were obtained in the range from 0.05 to 0.25%. The parameters
from the curves are presented in the Table 2, namely, inclination (a),
interception (b), correlation coefficient (r), and detection (LD) and
quantification limits (LQ) as the average of the three experiments.

Quim. Nova

Both curves are presented in the supplementary material (Figures
13S and 14S).

Table 2. Standard addition curve parameters: inclination (a), intercept (b),
correlation coefficient (r), standard error (Sg), detection limit (DL), and
quantification limit (QL)

Parameters MeOH EtOH

a 1476.3 64.7

b 0.8 0.4

r 0.9973 0.9971

Sk 10.2 0.51

DL (%) 0.021 +0.002 0.024 = 0.003
QL (%) 0.069 = 0.006 0.079 = 0.009

The correlation coefficient (r) in both cases is higher than 0.99
indicating the curve’s linearity. ASTM 6751 stablishes 0.2% as the
highest alcohol concentration allowed. The quantification limit
(QL) was estimated equal to 0.069 and 0.079%, for the methanol
and ethanol content respectively, therefore 2.8, in the first case, and
2.5 times, in the second, lower than the maximum alcohol content
permitted. As expected, sensitivity, expressed by the inclination, is
by far lower for the ethanol determination than it is for methanol. As
explained before, the quartet was not integrated as a whole, but just
its most unshielded peak. In addition, in the methanol determination,
amethyl group peak was monitorated, which integral is proportional
to 3H. In the ethanol quantification, however, a methylene group was
tracked, which is proportional to 2H instead.

From the equations, the alcohol content can be estimated by
considering the response y, i.e., the integrated area, equal to zero
and as a result 0.0005 and 0.006% were found for the methyl and
ethyl biodiesels respectively, values that are below the detection
limits (DL).

The MeOH and EtOH contents in each spiked level expressed as
the average of three experiments are presented in the Table 3. When
the nominal values were plotted against the experimental ones, a
curve with the equation y = 1.0000 was obtained, indicating the high
similarity between them both. The determination coefficient (r?) was
found equal to 0.9976 for both curves.

Recoveries can be assumed as the accuracy of the method and are
presented in the Table 3. The accepted values are dependent on the
analyte concentration. For concentrations around 0.1%, recoveries
are expected to be in the 97 to 103% interval.’” The 0.05% level is
below the quantification limits and should not be considered. For
methanol at 0.1%, and EtOH at 0.1 and 0.15%, recoveries were 106%,
slightly above than the acceptable superior limit, but the complexity
of the sample should be taken into consideration. Close to the alcohol
maximum permitted level, it was found in range from 96 to 102%,
assuring the accuracy for both methods.

Table 3. Alcohol (ROH) content in the biodiesel and its spiked samples:
nominal values (Cy), recoveries (R), and the relative standard deviation (RSD)

MeOH EtOH
Cy (%)
R (%) RSD (%) R (%) RSD (%)

0.05 111 L5 87 24.8
0.10 105 53 106 13.8
0.15 99 3.6 106 3.6
0.20 101 44 102 1.6
0.25 98 0.9 96 0.3
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The precision expressed as repeatability can be evaluated by the
relative standard deviation (RSD). For the 0.1% level, precision is
expected to be equal or lower than 5.3.% In the interval from 0.15 to
0.25%, around the permitted level, it was found 4.4 or lower.

CONCLUSIONS

Residual methanol and ethanol contents were determined by
'"H-NMR in a 9.4 T (400 MHz) spectrometer. Quantification limits
were found equal to 0.07 and 0.08%, respectively, so more than
twice lower than the maximum level acceptable, which is 0.2%. The
accuracy and the precision of the method were considered suitable for
the alcohol content around the specification limit. Sample preparation,
and the NMR spectra acquisitions are simple, quick, with low volume
solvent consumption.

SUPPLEMENTARY MATERIAL

Supplementary material ("H-NMR spectra and analytical curves)
is available at http://quimicanova.sbq. org.br, as a free access PDF file.
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