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Abstract. The purpose of this study is to analyse the energetic potential of the vinasse coming
from the distillation of rum. 10 to 15 | of vinasse are obtained for each unit of alcohol. This is
being used as fertilizer for the cultivation of sugar cane. Three samples are analysed for physical,
chemical and fuel properties: raw vinasse, its distillate and residue. The results demonstrated that
raw vinasse can be used as an additive to liquid fuels with a calorific value of approximately 792
kJ/kg and a boiling point above that of flammability, which flavours the non-formation of
vapours. The amount of solid waste present could be detrimental to atomization inside furnaces
or its flow through combustion chambers, so it must be pre-treated.

Introduction

The decarbonisation of the electricity production sector [1] and the energy transition [2] in the search
for achieving the millennium goals [3], have encouraged to explore new renewable energy sources and
the use of biofuels that produce less environmental impact. Among these, bioethanol from plant foods
stands out, whose use has been widely discussed [4]. One of the options for its production is from
industrial organic waste [5], among these, the vinasse from the manufacture of rum [6].

The juice or molasses of the sugar cane is used in the manufacture of rum. After fermentation and
distillation, the raw alcohol is obtained, as well as other by-products, such as vinasse. The Vinasse is
considered as a waste, and is discarded as it is not useful for the distilleries. This material contains a
large organic load that can become a contaminant if not properly treated, and is used for irrigation or
fertilization of some crops [7].

The present study shows the results of the physical, chemical and energy potential analysis of vinasse
as a by-product of rum manufacturing. The samples were taken directly from the distillation tank.

1.1. Vinasse as a by-product of rum

The vinasse is an organic residue generated in the liquor industries during the process of distillation of
the fermented must to obtain alcohol, such as brandy, rum and cachaca, among others. It is characterized
by a substance with a suspended solid content, brown or dark brown in color, honey aroma and malt
flavour. On average, 10 to 15 litters of vinasse are generated for every litter of alcohol produced,
depending on the technology in the distillery [8]. It has a higher pollution potential than wastewater,
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mainly because it has a pH between 3,5 and 5. Additionally, it has a high biochemical oxygen demand
(BOD), between 10 and 65 g/l. In addition to possessing high concentrations of potassium and sulphates.
The vinasse is used as a fertilizer, mainly in sugarcane crops, due to its high content of organic matter
and micronutrients. However, their prolonged use or in large quantities can saturate the soil and
contaminate water sources [9].

1.2. Materials and methods

A sample of about eight (8) litters of vinasse is taken once the distillation process has been completed.
In order to understand the intrinsic properties, present in the vinasse, qualitative and quantitative
measurements were made. Initially, in order to obtain information on the volatile material present,
distillations were carried out at atmospheric pressure and in a vacuum. As far as atmospheric distillation
is concerned, a distillation assembly is carried out at a temperature of 98° C, working with a volume of
vinasse of 200 ml. On the other hand, vacuum distillation is carried out at a temperature of 70°C and
working with a volume of 250 ml of vinasse, in order to obtain more volatile fractions of low molecular
weight.

For the different determinations mentioned above to the samples of vinasse, distillation residue and
distillate, the following is analysed: total quotient of dry matter dissolved in a liquid (Degrees Brix),
density, dynamic viscosity, refraction index, conductivity, solid residue, suspended solid, pH, functional
degrees (alcohols, ketones, aldehydes and phenols) and elemental analysis. For fuel analysis, properties
such as ash content, moisture content, calorific value, boiling point and flash point are analysed
according to [11] [12] [13]. The materials, reagents and laboratory equipment used are shown in Table
1.

Table 1. Materials, reactive and laboratory equipment used
Materials Reactive Equipment

—  25mL graduated — KMn0O40,5% — Handheld Refractometer Model
cylinder - 24 REF —107.
— Test tube dinitrophenylhydraz -  Analytical balance
— Capillary ine — GENESYS 10uv
— Tape — Distilled water Spectrophotometer
— Thiele Tube — Ethanol — Pycnometer
—  Glycerin (or — H2SO4Conc. — DYNAC Centrifuge
paraffin) — AgNO; 5% — Thermo Scientific Orion Versa Star
— Watch glass — NaOH 5% Pro Desktop meter
—  Cresol — NH3;2M — HANNA Instruments
— Capillary —  (NH4)2C204a 0,2M Microprocessor pH Meter
— Burner —  Ka[Fe (CN)g] — Oxygen heat pump
—  Thermometer —  NH;OH 6M — Drying oven
—  Centrifuge tube - NaHPO,0,5M — Heating blanket
—  Na,S 0,5 M

Table 2 shows the results of elemental analysis by atomic absorption for the distillate and qualitative
analysis. The distillation residue was discarded from this analysis because it has a high concentration of
organic matter and solid residues that do not make it suitable for qualitative analysis, nor for analysis by
atomic absorption.

Table 2. Chemical composition of vinasse

Sample Fe Mg Ca Zn Cu
Raw vinasse Negative Positive Positive Negative Negative
Distillate (ppm) 9 5 6 171 1

Residue of the

distillate N/A N/A N/A N/A N/A
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The vinasse was studied by qualitative analysis due to the presence of particles suspended in the solution
that do not allow analysis by atomic absorption. By analysing the presence of magnesium and calcium
in the vinasse, a precipitate is obtained, indicating the presence of both elements. It should be noted that,
as this is an analysis with limited sensitivity, it is possible that the presence of iron, zinc and copper is
not zero, but that these elements are found in a much lower proportion to calcium and magnesium and,
for this reason, have not been detected. In the case of the distillate, a moderate concentration of zinc and
traces of iron, magnesium, calcium and copper is observed. On the other hand, results from studies of
vinasse carried out by [11] indicate that in terms of metals, a higher proportion of iron (85 ppm), zinc
(9,2 ppm), manganese (7,8 ppm) and copper (7,7 pm) were present, thus showing that not all vinasse
have the same chemical composition.

Table 3 shows the results of the physical and chemical characteristics of vinasse and its derivatives. The
three (3) samples have a medium acidic pH, due to the presence of already degraded organic compounds.
According to [11], the acid pH is a common characteristic in stillages, with an average pH of 4,99. This
is a limiting factor in the strategy of using raw vinasse in an oven or other equipment. It should be noted
that this pH value defines the sample as a possible biofuel input, that is, it can be used in smaller
proportions and complement a standard liquid fuel, once treated with some pH buffer chemical that
allows its use in larger proportions. Finally, it is evident that as brix degrees increase, so does density,
which is consistent with the reported results [12].

Table 3. Physical and chemical characteristics of vinasse

Sample pH Degrees Brix (°Bx) Density (gcm?)
Raw vinasse 4 + 0,01 to 24,5°C 15+0,2 1,0126 to 23°C
Distillate 3’5%4??"’?31 o 0,9904 to 24,5°C
Residlue of the 4,0%&%1 to 235+02  1,12061t024,5°C

It is possible to obtain an estimate of the presence of minerals by measuring conductivity. Table 4 shows
the conductivity and refractive index of the analysed samples.

Table 4. Conductivity and refractive index of vinasse samples

Sample Conductivity (ms/cm) Refraction Index
Raw vinasse 8,40 + 0,01 1,3351 + 0,0001
Distillate 0,220 + 0,01 1,3313 + 0,0001
Residue of the 28,95 + 0,01 1,3912 + 0,0001
distillate

The vinasse and residue have relatively high conductivity, due to the presence of minerals. On the other
hand, the distillate has very low conductivity due to its absence. The results in Table 4 show a value
similar to the one reported in [13], where he explains that "vinasse is very conductive (28,4 mS/cm)
compared to other solutions, this is due to its high content of inorganic salts, especially potassium salts".
Likewise, analysing the refraction index, no trend is observed in relation to the density of the solutions.
There is no testable or measurable reference for the refractive index.

The results of solid and suspended waste are reported in Table 5. As each of the species leads to dryness,
it is evident that no solids are present in the distillate compared to the high concentration present in the
residue. On the other hand, it is observed that the vinasse and the residue of the distillate present a certain
number of solid residues that could damage the atomization inside the furnaces or the flow of the same
through the combustion chambers, therefore it must be pre-treated.
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Table 5. Solid waste and suspended solids from the vinasse

Sample Solid waste (g)  Suspended solids (g of sediment/g of vinasse)
Raw vinasse 0,0149 0,0705

Distillate 0,0001 N/A

Distillate waste 0,2075 N/A

In order to identify oxygenated organic compounds, qualitative tests were performed on vinasse and its
derivatives to determine functional groups such as alcohols, carbonyl groups and phenols as shown in
Table 6. Both vinasse and distillation residue were discarded from this analysis because the sensitivity
of the test applied to this type of samples is limited.

Table 6 shows the unique presence of alcohols; however, the low pH values can be explained by the
possible presence of acids resulting from the degradation of the carbonyl groups. On the other hand, as
viscosity allows to understand the behaviour of the samples, tests were carried out with the NDJ-5S
viscometer, where the results obtained indicate that they are non-Newtonian fluids whose viscosities are
0,2467 poise (with a torque of 24,65%) in the case of stillage, and 0,2628 poise (with a torque of 26,28%)
in the case of distillate.

Table 6. Vinasse functional groups

Sample Alcohols  Aldehydes  Ketones Phenols
Raw vinasse N/A N/A N/A N/A

Distillate Positive Negative Negative Negative
Distillate waste N/A N/A N/A N/A

For the purpose of analysing combustible characteristics, Table 7 reports the results obtained from the
ash content, moisture content and calorific value of the analysed samples.

Table 7. Vinasse functional groups

Property Vﬁg‘;‘ge Distillate  Distillate waste
Ash content (%0) 0,74 N/A 47
Moisture content (x 0,001%0) N/A 0,085 N/A
Calorific value (kJ/kg) 792,086 107,337 327,511

It can be noted that the waste presents 4,70% of ashes, a value much higher than that reported by the
vinasse, which is 0,74%, which is evidenced by the high concentrations of solids and organic matter
present in the waste. The distillate was discarded from this test due to the absence of solid residues.
One advantage of vinasse ash over other fuels is that it is rich in minerals and materials that can be
collected from boiler ashes and used in other economically important industrial sub-processes. Most of
these ashes are carbon that can be burned with oxygen and provide heat in the CO2 and CO formation
reaction [11]. According to the latter, "13,2% is ash which is made up of metals and minerals, the latter
in greater proportion. The rest of the vinasse is made up of water, volatile acids, and alcohols".

On the other hand, the samples were analysed to determine the available calorific value, the results of
which are reflected in Table 8. As can be seen, the magnitude of the calorific value is relatively low for
the samples, which defines them as possible low-calorific fuels. However, vinasse has the highest
calorific value of the samples.
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Table 8. Combustion characteristics of stillage

Properties Raw vinasse  Distillate Distillate waste
Boiling point (°C) 98 102 112
Flash point (°C) 90 - 92 70-72 92-94

The difference between the different values of AH is due to the fact that the highest calorific value is
provided by the carbon from the organic matter present in the vinasse [1], although the alcohols could
also increase this calorific value. Finally, Table 8 shows that the boiling point is higher than the flash
point, which is an important issue to consider. Otherwise, there is a risk that water vapor will form inside
the pipes when the temperature rises. According to [11], "because the boiling point is higher than the
flash point, it is ensured that the volatiles will not be affected by water vapors inside the vinasse burner
pipes". On the other hand, the flash point determines the heating range to be given before entering the
furnace for combustion.

Conclusions
The physical, chemical and combustible properties of the vinasse from the rum distillate become an
important contribution to the use of this material, not only for irrigation or fertilization of sugar cane.

There are indications that vinasse can be used as a biofuel, however, there is an important variance with
other similar studies, as shown in Table 9.

Table 9. Comparison of the combustible properties of vinasse

Country Guatemala [11] Venezuela
Sample Liquid vinasse Distillate Raw vinasse  Distillate waste
Calorific value 13.920 107.337 792.086 327,511
(k/kg) ’ ’ '
Boili(r:gé ;ooint 95 98 102 112
F'aifj g)o"“ 41,33 90 - 92 70-72 9294
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