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APRESENTACAO

Estamos apresentando “Fonte de Biomassa e Potenciais de Uso”. Sao dezesseis
capitulos que abordam trabalhos, pesquisas e revisdes de forma ampla acerca deste
conhecimento. A obra reune trabalhos de diferentes regides do pais, analisando a area
da Producdo de biomassa sob diferentes abordagens. E necessario conhecer esses
temas sob diversas visbes de pesquisadores, a fim de aprimorar conhecimentos,
relagdes interespecificas e desenvolver estratégias para a utilizacdo das fontes
de biomassa. O esforco continuo de pesquisadores e instituicbes de pesquisa tem
permitido grandes avancos nessa area. Assim, apresentamos neste trabalho uma
importante compilacao de esforcos de pesquisadores, académicos, professores e
também da Atena Editora para produzir e disponibilizar conhecimento neste vasto
contexto.

Ménica Jasper
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CAPITULO 16

BIODIESEL PRODUCTION FROM WASTE COOKING
OIL WITH CHARCOAL PYROLIGNEOUS LIQUOR

Marcos Baroncini Proenca
UNINTER, Escola Superior Politécnica

Curitiba — PR
Simone Ribeiro Morrone

UFPR, Departamento de Engenharia e Tecnologia
Florestal

Curitiba — PR
Dimas Agostinho da Silva

UFPR, Departamento de Engenharia e Tecnologia
Florestal

Curitiba — PR

ABSTRACT: In this
production

biodiesel
with
charcoal pyroligneous liquor was studied with

article,
from waste cooking oll

the objective to analyze the viability of this
environmental pollutant for biofuel production. A
acid catalysis with H2S04 followed by a alkali
catalysis with KOH was performed in order to
enhance the yield of the transesterification. The
amount of liquor added varied from 20% to 40%
(in relation to the volume of acid). It was also
analyzed if the biofuel produced met the Brazilian
Fuel, Gas and Petroleum Agency Standards
(regulation values), in order to be used in Diesel
engines and ASTM 6751 The obtained results
showed that the biodiesel produced using these
residues met the Standards in relation to density,
kinematic viscosity and acidity (free fatty acids).
However, water content and flash point were not

Fontes de Biomassa e Potenciais de Uso

granted.
KEYWORDS: Biodiesel, pyroligneous liquor,
waste coking oil, transesterification.

11 INTRODUCTION

Due to abrupt retraction on the demand of
wood charcoal and the increase in production
costs, there was the need for wood charcoal
enterprises to adjust themselves to the new
scenario, mainly on harvest mechanization.
For these enterprises, labour, fertilizers and
diesel oil represent 75% of effective operational
cost (EOC) in Brazil. Therefore, any measure
that implies on reducing these costs will affect
positively the EOC (REUMERMAN et all,
20020). The incorporation of biodiesel on diesel
oil, used on harvest mechanization, is one of the
alternatives. In addition, electric generators can
operate totally with biodiesel and reduce energy
costs, turning into an income source.

The objective of this study is the
proposition of applying two environmental
pollutants: pyroligneous liquor, liquid phase,
and waste cooking oil, for biodiesel production
without any modifications either in process or
in final product. Pyroligneous liquor has in its
composition acetic acid, acetone and methanol,
which are substances that are commonly used
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for biodiesel transesterification. The produced biodiesel will be analysed in order to
meet international and national standards. ( PHAN et all, 2008) (MEHER at all, 2006).

2| METHODS AND MATERIALS

Apparatus

The apparatus consists of a glass reactor (500 mL) equipped with around
bottomed flask coupled with a reflux condenser, a digital thermometer (temperature
range -50°C to 300°C; accuracy +/- 1°C), surrounded by a heating mantle thermostatically
controlled device.

Waste cooking oil was provided by the student’s canteen of UFPR campus
Botanico and it was stored in a 50 L plastic bottle. The physicochemical properties of
the waste cooking oil are in table 1.

Table 1

Physicochemical properties of waste cooking oil

property value standard

acidity (mg KOH.g')) 0.02 ASTM Dé6d -11
water content (%) 11.301 ASTM D304 -11
denzity (kg 018.8 ARTM Dd052 -11

Pyroligneous liquor was produced from Eucalyptus saligna by slow pyrolysis
[4] (heating rate 2°C per minute, maximum temperature of 450°C, residence time of
30 minutes), yielding 33.16% vegetal charcoal, 50.4% of liquor and 16.44% of non-
condensing gases (in mass). Table 2 presents the physicochemical properties of the

liquor.
Table 2
Physicochemical properties of pyrolisneous liquour
property value standard
flash point (°C) 33 ASTM D93 -13
water content (%) 82 ASTM Da304 -11
density (20°C, kg.m'3} 10513 ASTHM D052 -11
pH 2.0 ABNT 7333
methanol (% masz) 0.03% EnI 14110-03

Figure 1 illustrates the apparatus and the liquor.
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Figure 1 — Experimental apparatus and pyroligneous liquor

« Acid transesterification:

400 ml of waste cooking oil was mixed with 400ml of liquor, stirred and heated to
115°C for 15 minutes. The mixture was cooled to 60°C, the catalyst (2.0 ml of H2SO4
Alphatec 98.08 % purity) and methanol (112 ml Farmanilquima 99.85 % purity) were
added. The temperature were held constant during the reaction time (3 hours). This
process was repeated for three different quantities of liquor (20%, 30% and 40%) and
the measurements were performed three times for each one. The excessive methanol
was not washed.

« Alkaline transesterification:

400 ml of food fried oil was mixed with 400ml of liquor, stirred and heated to
115°C for 15 minutes. The mixture was cooled to 60°C, the catalyst (6.2 g of KOH )
and methanol (70 ml Farmanilquima 99.85 % purity) were added. The temperature
were held constant during the reaction time (1 hour). This process was repeated for
three different quantities of liquor (20%, 30% and 40%) and the measurements were
performed three times for each one.

Table 3 presents the reactants and their quantities.

Table 3

Reactants

reactant guantities acid route (ml) alkaline route
fried food o1l 400 400 ml
H1504 1.0% (mass) 20 -

liquer 20/30/40 (%) 0.4/0.6/0.8 0.4/0.6/0.8 ml
methanol 112 70 tml

KOH - 6.2 g
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The reaction oil obtained by the mixed catalysis (acid and alkaline
transesterifications) (HO et all, 2014) (BUCZECK,2014) was transferred to a separated
funnel: the dense phase is glycerine and the light phase is methyl ester, which was
washed with water four times, heated to 40°C, washed with water three times and
finally, washed with salty water.

The yield was evaluated by the biodiesel volume in relation to the initial food
fried oil volume. The physical properties of the produced biodiesel were analysed at
Automotive Fuels Analysis Laboratory (LACAUT - UFPR).

3 | RESULTS AND DISCUSSION

Table 4 presents physicochemical properties and compares the values to
regulations for the samples containing 20% of liquor.

Tahle 4
Phyzicochemical properties biodiesel 2006 liguor

measurements
property 1 2 3 regulations values
density (kg.m>)? 8806 8504 83217 250-900
kinematic viscosity (40°C mm? s 1)t 42 42 42 3.0-6.0
acidity (mg of KOH. g 0.13 0.07 0.1z <035
water content (mgz kg)d 1363.8 15312 2803 =200
flazh point {*C)* 1485 985 083 =100
ester quantity (%6)° 98 99 807 >9435

2ASTM D4052-11; PASTM D445-13; “ ASTM D664-11; 1 ASTM DE304-07; = ASTM D 93-15; TEN14103-11

Table 5 presents physicochemical properties and compares the values to
regulations for the samples containing 30% of liquor.

Tahle 5
Physicochemical properties biodiesel 30% liguor

measurements
property 1 2 3 regulations values
density (kg.m”)? 2214 881.2 8211 850-900
kinematic viscosity (40°C,mm? g1)® 42 42 42 3.0-60
acidity (mg of KOH g)* 0.12 0.13 0.11 <03
water quantity (mg.kg)d - - — < 200
flazh point (*C)* 64.3 63.5 94.3 =100
ester quantity (%)° 336 61.3 40.3 =963

2 ASTM D4052-11; PASTM D443-15; © ASTM D664-11; 9 ASTM D6304-07; # ASTM D 93-15; TEN14103-11

Table 6 presents physicochemical properties and compares the values to
regulations for the samples containing 40% of liquor.
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Table 6
Physicochemical properties biodiesel 40% liguor

meazurements
property 1 2 3 regulations values
density (kg.m7)? 5217 851.9 8309 830-900
kinematic vizcosity (40°C. mm? ™)t 42 41 42 3.0-6.0
acidity (mg of KOH g 0.12 0.15 0.17 <5
water quantity (mg.kg1)d -— — — =200
flash peoint {"C)* 803 725 525 =100
ester quantity (%) 93.4 03.3 97.0 =063

AASTM D4052-11; "ASTM D445-15;  ASTM D664-11; I ASTM D6304-07; 2 ASTM D 93-15; TEN14103-11

The first three properties (density, kinematic viscosity and acidity) for all
pyroligneous amounts were within the regulations values.

Several articles recommend acidity and water content under 0.5% and 0.06%
(KATES et all, 2003), (GERPEN et all, 2004), (FREDMAN et all, 1984), (CANAKCI et
all, 1999).

The water content, for the biodiesel, was determined only for 20% of liquor and
presented extremely high values in comparison to the ones of the regulations. This
behaviour is due to lack of purification processes (drying or filtration) after washing the
biodiesel.

Only the first measurement of 20% liquor set was accordingly to the regulations.
Excess quantities of methanol, which were not removed by washing, could reduce the
flash point. This effect can be avoided by heating the biodiesel after separating the
glycerine.

In relation to the ester quantity, the samples with 30% of liquor were below the
expected due to a failure in the magnetic stirrer.

41 CONCLUSIONS

The experimental methodology developed proved to produce biodiesel from
known processes with pyroligneous liquor additions of 20%, 30% and 40% and the
final product met the standards for density, kinematic viscosity and acidity. However,
water quantity, flash point and ester quantity did not replicate the regulations values.
Further purification processes are needed in order to enhance the yield of biodiesel.
Nevertheless, the proposal could be a solution for the pollutants used as prime materials.
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