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Abstract

The determination of the alcohol content is currently obtained by a
distillation and pycnometry method, which is expensive, it requires
large samples (about 200 mL of solution), and time consuming (it takes
approximately 30 minutes).

This thesis is focused on the optimization of “Alcolino”, an instrument
able to determine alcohol content in alcoholic solutions by the analysis
of their gas equilibrium phase above it, with a good accuracy and in
short time: it requires small amount of solution (0.5 mL of alcoholic
solution) and less than 5 minutes.

The optimization of Alcolino was carried out in two ways: hardware
and software, developing four configurations. The best one is based on
the analysis of pure hydroalcoholic solutions and/or commercials that
are diluted with water in ratio 1:50. Using a pump, air is blown into the
solution (for 30 s), it is enriched with ethanol (and volatile compounds
(VOC)) and it is sent to gas sensors (3 TGS-822). The presence of
ethanol (and VOC) produces a resistance variation inside the semi-
conductor sensors, which has been translated in a variation of voltage
(through a voltage divider), read, and recorded through an Arduino Uno
controller connected to a pc and interfaced through the software
MATLAB. After the insufflation phase, a recovery phase starts, in
which air is sent for 10 seconds (by a second pump) and then the system
is left at rest for other 20 s. The response of the sensors is linked to
ethanol gas phase concentration by calibration curves and then, after a
first sequence of analyses (3 solutions with a known alcoholic grade) it
is possible to determine the alcoholic grade of unknown solutions. This
improved the instrument accuracy thanks to the changes of the
following modification applied on the initial prototype. Using TGS-822
sensors and a controlled current power supply, it was possible to
improve the accuracy of the readings. Thanks to air insufflation inside

[VII]
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the alcoholic solution the mass transport phenomena were improved
and the formation of thermodynamic equilibrium (ethanol-water-air)
was accelerated. Through the modeling of this equilibrium, at first with
an ideal-real approach (Wilson model) and then with the Dubowski’s
equation, it was possible to use the ethanol concentration in gas phase
(that is in equilibrium with the liquid phase) for the construction (and
the use) of calibration curves, considering the impact of temperature.
At last the analysis of diluted solutions (ratio 1:50) has permitted to
reduce the effect of the VOC on the response of the sensors. The results
of this configuration have shown a good accuracy and precision both
on hydroalcoholic solutions and on the commercial beverages,in
according with current legislation.

This configuration of Alcolino was applied in a beer cryoconcentration
process. At first a thermodynamic model of the cryoconcentration
process (ethanol-water) was developed to describe the solid-liquid
equilibrium (SLE) that is formed after the freezing of the alcoholic
solution. The non-ideality of the systems was considered through
UNIFAC and Wilson models. The use of literature parameters of these
models, which are normally provided for vapor-liquid equilibria, did
not led to reliable results. Thus, it was necessary to optimize on the
literature experimental data, the Wilson’s parameters to properly
describe the solid-liquid equilibrium. This model has let to relate the
temperature with the maximum of ethanol concentration in liquid phase
at the equilibrium with pure water in solid phase, defining the maximum
grade of the cryoconcentration. At the same time cryoconcentration
processes of Peroni beers has been carried out and some
cryoconcentrated beers were produced and analysed both through the
semi-official method (distillation plus pycnometry) and Alcolino. The
tests performed with Alcolino were strongly influences by the presence
of the VOC, which are concentrated by the process, that changed
(increasing) the measurement of the sensors.

Possibly future developments will regard the reduction of the VOCs to
improve the accuracy of the alcohol grade both on the commercial
beverages and on the cryoconcentrated beers. It will possible to
automate some processes of Alcolino, for example the diluition, to
make it more user-friendly. Other optimizations will regard the design
to make Alcolino lighter.
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