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This study investigated the efficiency of microfiltration with ceramic membranes in the separation of
biodiesel and glycerol. Runs in a micro- and ultrafiltration module were performed in batch mode using
tangential filtration. The experiments were carried out with tubular Al,03/TiO, ceramic membranes with
average pore size of 0.2, 0.4, and 0.8 wm and filtration area of 0.005 m?. In the first part of the experi-
ment, synthetic blends (feed solution) prepared with mass composition of 80% biodiesel, 10% glycerol,
and 10% anhydrous ethanol were microfiltered at 60°C and transmembrane pressures of 1.0, 2.0, and
3.0 bar. Membrane performance was evaluated based on the capacity to retain glycerol and on the per-
meate flux values. Experimental results showed that transmembrane pressure has a strong influence
on biodiesel microfiltration. The best performance was obtained with the 0.2 wm membrane and 2.0 bar
transmembrane pressure. In these conditions and at the same temperature that was used in the previous
experiments (60 °C), the influence of the ethanol concentration on the feed solution separation was eval-
uated. The highest ethanol concentration in the feed solution used, 20%, resulted in the highest glycerol
concentration in the permeate. The lowest flux decline rate and the highest glycerol retention (99.6%),
were achieved for the feed solution with 5% ethanol.
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1. Introduction

The constant concerns about the environmental impact of vehi-
cle emissions and the prospect of oil shortage have driven the
discussion on the use of biodiesel. Biodiesel is an alternative fuel
constituted of a mixture of alkyl esters of long-chain carboxylic
acids produced from vegetable oils, animal fat, and residual fats
[1,2].

Biodiesel fuel is essentially free of sulfur and aromatic com-
pound and it has the potential to reduce the level of pollutants
and the level of potential carcinogenic compounds, in contrast to
mineral diesel. As the physico-chemical characteristics of esters are
very similar to those of petroleum diesel, biodiesel can be used in
any mixture with diesel. Additionally, it is renewable, biodegrad-
able, non-toxic, and an excellent lubricant, which extends the
useful life of diesel engines [1,3-5].

An important parameter in the quality control of biodiesel is the
amount of free glycerol, molecular glycerol dissolved in biodiesel.
Its maximum limit is 0.02%. A high free glycerol content may
result in decantation, storage, and engine fuel injection system
problems. Free glycerol is also associated with fuel tank bottom
deposits, which attract other contaminants, such as water, which
in turn increases engine corrosion and reduces the engine’s use-
ful life. Burning glycerol together with biodiesel may also result in
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hazardous emissions [3,6]. Thus, one of the critical points in the
production of biodiesel is the separation of free glycerol, mainly
when the ethyl route is used, since the formation of stable emul-
sion during ethanolysis complicates the separation and purification
of esters [7].

The most common way to produce biodiesel is by transesterifi-
cation. During this reaction, a short-chain alcohol, such as methanol
or ethanol, reacts with a triacylglycerol in the presence of a catalyst
and forms glycerol and long-chain fatty acid esters [8,9]. After reac-
tion, the final mixture is formed by alkyl esters, residual alcohol,
glycerol, and the catalyst, along with mono-, di-, and triacylglyc-
erol, which are intermediate reaction products [10]. Two phases are
then formed, a heavier phase constituted of crude glycerol impreg-
nated with excess alcohol, water and raw material impurities, and
aless dense phase constituted of a mixture of either methyl or ethyl
esters, depending on the type of alcohol used, and excess reaction
alcohol and impurities [3].

At the end of the reaction, glycerol must be eliminated. Due to its
low solubility in esters, separation is usually performed by either
decantation or centrifugation. In the separation by decantation, the
biodiesel and glycerol mixture is rested in tanks. The separation cost
islow, butitis a slow process. In the centrifugation process, the mix-
ture is fed into centrifuges for separation. Although the separation
time is greatly reduced, the investment required and the operating
costs are high [3,8].

Once the glycerol and biodiesel phase have been separated, it
is necessary a step of ester refining. Each phase has a substantial
amount of the excess alcohol that was used in the reaction, unused
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catalyst and soaps. The purity level of biodiesel has strong effects
on its fuel properties. The important parameters to determine if
the product is ready for commercial applications are the amounts
of water, alcohol, glycerol and catalyst [11].

The alcohol is removed from both the glycerol and ester stream
using an evaporator or a flash unit. The primary purpose of the
ester washing step is the removal of any soaps formed during the
transesterification. In addition, the water provides a medium for
addition of acid to neutralize the remaining catalyst and a means
to remove the product salts [5,10].

The acid is added to the esters to neutralize remaining base cat-
alyst and break the soaps formed during the reaction. Soaps react
with acid producing free fatty acids and salts that are soluble in
water. The salts are removed during the washing steps, while the
free fatty acids remain in the biodiesel [3].

Additionally, the esters washing with water provides a reduc-
tion in the total glycerol contents that is one of the most important
parameters to indicate if the final product meets the specification
for trading [11].

The phase separation between esters and water is typically very
clean and complete. However, the equilibrium solubility of water
in esters is higher than the specified water content for B100. There-
fore, after the washing step there will be more than the equilibrium
amount of water present and vacuum driers are used to dry the
biodiesel, that will be ready for storage [10].

Some studies have been carried out in an attempt to develop a
more efficient separation method. Van Gerpen et al. [12] used syn-
thetic mixtures of methyl esters and bi-distilled glycerol with and
without the addition of distilled water to investigate phase sepa-
ration after different mixture agitation times. They found that the
presence of a large amount of water produces the solubilization
of glycerol and allows its complete separation. The procedure pro-
posed by Encinar et al. [7] to separate and purify the ethyl esters
produced from used frying oil consisted of addition 25% of glycerol,
based on the weight of the oil, after complete reaction. The glyc-
erol added destabilized the emulsion and facilitated the separation
of the phases. After separation the ethyl esters were purified by
distilling the residual ethanol and removing remaining catalyst by
successive rinses with distilled water.

Membrane separation is largely used in the purification of
water, and in protein and gas separation. Many researchers have
applied membrane separation technology to vegetable oil and
oil emulsion processing with promising results for the industrial
sector.

In the biofuel area, the use of processes with membranes is not
very significant yet. Dubé et al. [13] developed a reactor for the
production of biodiesel that uses a 0.05-pm pore diameter car-
bon membrane and the methyl transesterification of canola oil. The
membrane forms a barrier that prevents the presence of triglyc-
erides and unreacted lipids in the product, which is desirable to
ensure the quality of the produced biodiesel. Cao et al. [14] used a
membrane reactor similar to that developed by Dubé et al. [13] to
study the influence of carbon membrane pore sizes 0.05, 0.2, 0.5,
and 1.4 pm. They observed that the membrane pore diameter did
not influence the conversion of triglyceride into fatty acid methyl
esters, obtaining values over 90% and no trace of triglyceride in
the permeate. He et al. [15] compared the efficacy of traditional
biodiesel purification methods and hollow polysulfone and poly-
acrylonitrile fiber membranes. The membrane process avoided the
emulsification of water and the esters, reduced refining losses when
compared to the other methods, and afforded 99% biodiesel purity.

Thus, the objective of the present work was to evaluate the
applicability of microfiltration with ceramic membranes to the sep-
aration of biodiesel and glycerol by the analysis of the permeate
flux and of the quality of the product obtained by the analysis of
free glycerol content. The influence of the mass concentration of

ethanol in the feed on the microfiltration process performance was
also evaluated.

2. Materials and methods
2.1. Raw materials and reagents

Biodiesel obtained from soybean oil supplied by Biolix, Rolan-
dia, Parana State, anhydrous ethanol from plants of the region, and
bi-distilled commercial glycerol were used in all microfiltration
assays. The chemical reagents used in the analysis of free glycerol
and to wash the membranes were purchased from Merck, Brazil.

2.2. Membranes

The ceramic membranes used in the experiments were made of
tubular-type a-Al;03/TiO, (Shumacher GmbH-Ti 01070), 250 mm
long, 7mm in diameter, and 0.005m? filtration area, purchased
from Andritz, Pomerode, Santa Catarina State, Brazil. Membranes
with three pore sizes were used: 0.2, 0.4, and 0.8 um.

2.3. Experimental microfiltration module

The experimental equipment was constituted of a micro- and
ultrafiltration pilot unit UF NETZSCH, Pomerode, Santa Catarina
State, Brazil, model 027.06-1C1/07-0005/Al, that operates under
tangential flow conditions. A detailed scheme of the experimental
unit is given in Fig. 1.

The experimental module feed system consisted of a 5-L two-
sleeve stainless steel tank and a positive displacement pump
with a frequency inverter, which allowed its operation at vary-
ing flux rates, that is, with varying tangential filtration speed. Two
manometers and a rotameter were used to measure the feed pump
flux. The pump operating pressure was limited by a pressostate and
a device prevented void operation. The membranes used were set
on a stainless steel module fixed to the piping with flanges.

2.4. Microfiltration assays

Batches of synthetic mixtures of biodiesel, ethanol, and glycerol
were prepared for analysis. Before each assay, the module was run
with pure biodiesel without membrane to remove the remaining
water. The feed mixture was then pumped in and the pressure was
adjusted with a manual valve. The permeate was collected and the
retentate was totally recirculated to the feed tank. The tempera-
ture was controlled with a thermostatic bath. A rheological study of
glycerol demonstrated that an increase in the temperature causes
a sharp decrease in the viscosity, which becomes less accentuated
above 60°C. Thus, the temperature of 60 °C was used in all experi-
ments in order to provide a good performance of the pump which
promotes the circulation of the mixture.

For the first stage, 3.5 kg of mixtures with mass composition of
80% biodiesel, 10% ethanol, and 10% glycerol were prepared. The
mixture composition was chosen according to data published by
Vicente et al. [16], who suggested the use of 100% molar excess
ethanol in the reaction, corresponding to a mass of about 10%
ethanol in the final mixture.

Each membrane was assayed in replicate at operating pressures
of 1.0, 2.0, and 3.0bar at 60°C. All experiments were performed
at maximum pump flux rate of 600 Lh~!, which corresponds to a
tangential speed of circa 4ms~!. Some studies demonstrated that
high cross-flow velocity is more effective to reduce fouling and a
velocity around 3.0ms~! was sufficient to prevent the formation
of reversible fouling layer [17,18].

The second stage involved the identification of the membrane
that gave the best results in relation to the permeate flux and free
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Fig. 1. Diagram of the micro- and ultrafiltration experimental unit.

glycerol retention. The chosen membrane was used in new micro-
filtration assays at the same pressure and temperature as used in
the first assays by varying the initial concentration of anhydrous
ethanol in the feed mixture. According to Van Gerpen et al. [ 10], the
excess ethanol used in the reaction may vary from 60 to 100%. Thus,
mixtures with mass composition of 70% biodiesel, 10% glycerol, and
20% ethanol and 85% biodiesel, 10% glycerol, and 5% ethanol, were
prepared.

The permeate flux values were determined by the amount
of permeate measured in a semi-analytical balance (BG 4000 -
Gehaka), and the filtration time, Eq. (1):

Jperm = % (1)

where Jperm is the permeate flux (kg/hm?), m, is the mass in kg, ¢
is the filtration time in h, and A is the membrane permeation area
i1 m2
in m°.

2.5. Cleaning of the experimental module and the membranes

After each filtration process, the experimental unit was imme-
diately cleaned to preserve the equipment and restore the
permeability of the used membrane. Firstly, they were washed with
water and detergent until most biodiesel was eliminated. Then, a
1% NaOH solution at 70°C was recirculated for 45 min. Next, the
module was rinsed with water and finally rinsed with deionized
water.

The membranes were sonicated in a 1% NaOH solution at 70°C
and in deionized water at the same temperature.

Before starting the experiments, the hydraulic permeability of
the membranes was evaluated to establish a cleaning parameter.
The mean permeate flux values at 60°C and 1.0bar for the 0.2-,
0.4-, and 0.8-pm membranes were 1800, 2300, and 2500 kg/h m?2,
respectively. After each cleaning cycle, the flux was measured with
deionized water, thus ensuring the experiment reproducibility.

2.6. Analysis of free glycerol content in biodiesel

The free glycerol content of the permeate was determined by
the official AOCS method for the analysis of free glycerol in oils
and fats (Ca 14-56) with modifications, as proposed by Dantas [19].
The titration method used is based on the reaction of glycerol in
aqueous medium with excess sodium periodate to form formalde-
hyde, formic acid, and iodic acid, and later the addition of potassium
iodate to react with the formed sodium periodate and the iodic acid.

The titration method with periodate presents low cost in com-
parison with gas chromatography. Besides, this methodology is
simple, quick and sufficiently reliable [6]. Sala and Bondioli [20]
evaluated the method that employs periodate as an oxidant reagent
for determining glycerol and conclude that glycerol analyses car-
ried out with this method were very successful in terms of precision
and accuracy. Similar results were obtained by Naviglio et al. [21]
in the study of determination of esterified glycerol and glycerides
in oils by means of periodate method after transesterification. They
demonstrated that the method is easily repeatable and accurate.

The feed and permeate free glycerol contents were analyzed in
triplicate in each microfiltration assay and the standard deviation
was calculated. The coefficient of retention of glycerol (%R) was
calculated with Eq. (2):

[(Car — Cper) x 100]

R @

I

In this equation, Cy; and Cper are the mass fractions of free glyc-
erol in the feed and the permeate, respectively.

2.7. Influence of the concentration of ethanol in the microfiltrate
mixture

The mixture of biodiesel, glycerol, and ethanol forms an emul-
sion, which is defined as a mixture with at least two immiscible
phases in the form of a uniform macroscopic or microscopic dis-
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Fig. 2. Permeate flux of the 0.2 um membrane as a function of the filtration time
for the biodiesel, glycerol, ethanol mixture (80:10:10% mass) at 1.0, 2.0, and 3.0 bar
and T=60°C.

persed system [22]. Depending on the emulsification process, the
diameter of the droplets of the dispersed phase in the continuous
phase may range from 0.1 pm to 0.01 mm [23]. In the mixture stud-
ied here, free glycerol, the dispersed phase, was dispersed in the
form of droplets in the biodiesel, the continuous phase.

In a two-phase ester-glycerol system, the alcohol distributes
between the two phases. For 90% ester and 10% glycerol mass con-
centrations, which are required for complete transesterification,
the mass percentage of methanol is approximately 60% in the ester-
rich phase, and 40% in the glycerol-rich phase [10].

The formation of a dispersed phase and the size of the droplets
formed depend on the interface tension between the continuous
and the dispersed phase. The reduction of the interface tension
makes the formation of smaller droplets in the dispersed phase
easier [24].

3. Results and discussion
3.1. Influence of the transmembrane pressure

The total microfiltration time, approximately 2h, was deter-
mined to enable stabilization flux in all experimental conditions.
Thus, the concentration factor, which is defined as the ratio
between the initial mixture volume and the concentrate volume,
varied from 1.07 to 1.66. Mean values of replicate experiments were
used to plot the curves and calculate the standard deviations.

Fig. 2 shows the curve of the permeate flux as a function of the
filtration time for the 0.2-pwm membrane and the three pressure
values used. At 0.1 bar, this membrane gave the lowest stabilized
permeate flux, 12.2 kg/h m2, which s six-fold smaller than the high-
est value obtained in this study. However, this condition resulted
in the largest retention of glycerol, 99.6%.

The 0.4 om membrane gave the highest permeate flux values
for all the used pressures when compared to the other membranes,
as shown in Fig. 3. The highest stabilized permeate flux of this
membrane was 83.6 kg/h m? at 2.0 bar for 99.3% glycerol retention.

Table 1
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Fig. 3. Permeate flux of the 0.4 um membrane as a function of the filtration time
for the biodiesel, glycerol, ethanol mixture (80:10:10% mass) at 1.0, 2.0, and 3.0 bar
and T=60°C.

900
r = | bar ® 2 bar 4 3 bar

750

600

Permeate flux (kg/h.m’)

0 25 50 75 100 125
Time (min)

Fig. 4. Permeate flux of the 0.8 wm membrane as a function of filtration time for
the biodiesel, glycerol, ethanol mixture (80:10:10% mass) at 1.0, 2.0, and 3.0 bar and
T=60°C.

Despite the initial high fluxes of the membrane with 0.8 wm pore
diameter, it presented the largest decreases in permeate flux (Fig. 4)
as well as the highest percent mass of glycerol in the permeate, 0.1%.
It is likely that the glycerol agglomerates formed were about the
same size as the membrane pores, permeating or even completely
blocking the pores and consequently reducing the flux.

Figs. 2-4 show that the curves obtained for all conditions
describe a typical membrane separation behavior, with a sharp
reduction in the permeate flux soon after the beginning of the pro-
cess caused by the concentration polarization. The continuous flux
reduction with time indicates that other “incrustation” phenom-
ena, such as pore blocking or molecule adsorption on the membrane
surface, must also occur [17,25].

The highest stabilized permeate flux of each membrane was
obtained at 2.0bar. Likewise, the stabilized flux increased with
the increase in pressure from 1.0 to 2.0 bar. At 3.0bar, the per-
meate flux was the highest. However, higher flux decrease rates
were also observed at this pressure, reaching values lower than
those obtained at 2.0 bar, that is, the increase in pressure from

Steady-state permeate flux and glycerol retention values for membranes with 0.2, 0.4, and 0.8 wm pore diameter at 1.0, 2.0, and 3.0 bar and T=60°C.

Average pore diameter (jm) Pressure (bar)

Permeate flux (kg/h m?)

Glycerol content in permeate (% mass) Glycerol retention (%)

0.2 1 12.2
0.2 2 78.4
0.2 3 56.1
0.4 1 52.2
0.4 2 83.6
0.4 3 60.0
0.8 1 36.0
0.8 2 46.3
0.8 3 41.3

0.04 £+ 0.004 99.6
0.06 + 0.009 99.4
0.06 + 0.005 99.4
0.05 + 0.003 99.5
0.07 £ 0.015 99.3
0.10 £+ 0.010 99.0
0.06 + 0.008 99.4
0.08 + 0.010 99.2

0.10 + 0.016 99.0
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2.0 to 3.0bar resulted in a reduction of the stabilized permeate
flux.

Koltuniewicz et al. [26] studied the microfiltration of oil-water
emulsions with ceramic membranes with pore diameter of 0.1 wm
at two different pressures, 0.6 and 0.8 bar. At the low pressure, the
initial permeate flux was smaller than at the high pressure. How-
ever, after approximately 150 min of operation, the two flux values
were equal. After along filtration time, the flux at 0.6 bar was higher
than at 0.8 bar. These results and the ones obtained in the present
study indicate an increased trend for the membrane to clog up at
higher pressures.

Table 1 gives the steady-state permeate flux and glycerol reten-
tion values of each assay.

In Brazil, the National Agency for Petroleum, Natural Gas, and
Biofuels (ANP) specifies biodiesel B100 based on the standards of
the Brazilian Technical Standards Association (Associa¢do Brasileira
de Normas Técnicas, ABNT), the International Organization for
Standardization (ISO), and the European Committee of Standard-
ization (Comité Européen de Normalization, CEN). The maximum
amount of free glycerol allowed in biodiesel is 0.02% mass [27]. In
the present study, the concentrations of glycerol in the permeate
ranged from 0.04 to 0.1% (mass), being close to the specification
value for commercialization and thus demonstrating the potential
for microfiltration to be used as a substitute of traditional process
of biodiesel purification.

Cetinkaya and Karaosmanoglu [11] used a refining method of
washing with hot water to purify biodiesel produced by methanol-
ysis of used cooking oil. The glycerol content of the crude ester
phase after separation of the phases by decantation was deter-
mined to be 0.338 wt%. Seven consecutive washing steps with hot
distilled water at 50 °C were necessary to meet the required limit
value. Although a minimum free glycerol content of 0.011 wt%
was obtained, this process requires a large amount of water
and produces a waste stream that needs a treatment before
discharge.

According to Table 1, an increase in the transmembrane pres-
sure leads to a reduction in the retention of free glycerol, and, as
previously mentioned, a pressure over 2.0 bar leads to a reduction
in the permeate flux. A higher pressure may force the permeation of
glycerol through the membrane pores, reducing the filtration area
because of pore blocking and thus reducing the permeate flux. The
same behavior was reported by Wang et al. [28] for the ultrafiltra-
tion of oil-water emulsions using alumina membranes with pore
diameter in the order of 0.1-0.2 wm. A flux decrease was observed
at the same time as the oil rejection rate for pressures higher
than 2.0 bar, indicating the oil permeation through the membrane.
Ribeiro et al. [29] also reported a reduction in oil retention at high
pressures in a study of recovery of solvent from oil-solvent micelle
by polymer membranes. Shu et al. [30] used ceramic membranes
in the treatment of oil-water microemulsions and observed oil in
the permeate even when the oil droplet diameter was larger than
the membrane pores, possibly because of the deformation of oil
droplets. An alternative explanation proposed for the incomplete
rejection is the coalescence of the oil droplets on the membrane
surface, which may have resulted in the formation of a continuous
oil phase and permeation through the membrane.

To determine the optimal process conditions, the permeate
flux and glycerol retention values were analyzed simultaneously.
Although the stabilized fluxes at 2.0 bar were very close for mem-
branes with pore diameters of 0.2 and 0.4 um, the higher glycerol
concentration in the permeate for the 0.4 um membrane at 3.0 bar
suggests that a smaller pore diameter must be used to obtain a
better quality permeate.

The membrane with pore diameter of 0.2 wm at 2.0 bar per-
formed the best, giving a steady-state permeate flux of 78.4 kg/h m?
and glycerol retention of 99.4%. Hua et al. [31] studied the micro-
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Fig. 5. Permeate flux of the 0.2 wm pore diameter membrane as a function of
filtration time for the biodiesel, glycerol, and ethanol mixtures and ethanol con-
centrations of 5, 10, and 20% (% mass) at 2.0 bar and T=60°C.

filtration of oil emulsions with ceramic membranes with pore
diameter of 0.5 wm. They concluded that the pressure that reduced
fouling the most was 2.0 bar.

In the present study, the permeate obtained with the 0.2-pwm
pore diameter membrane at 2.0 bar after the evaporation of the
alcohol had the best mean kinematic viscosity, 4.44 mm?/s at 40 °C,
and density of 0.8739g/cm? at room temperature. These results
agree with those found in literature. Brandao et al. [32] obtained
biodiesel with kinematic viscosity of 4.77 mm?/s at 40°C and den-
sity of 0.886 g/cm? at 25 °C by the transesterification of soybean oil
with mixtures of methanol-ethanol after the separation of glycerol
by decantation and washing with acidic water.

3.2. Influence of the ethanol concentration on the microfiltered
mixture

After determining the best condition for the separation of
biodiesel and glycerol, that is, the smallest pore diameter mem-
brane and pressure of 2.0 bar, the influence of the concentration
of ethanol on the feed mixture during microfiltration was inves-
tigated. Fig. 5 shows the permeate flux curves against the
microfiltration time of the mixtures with initial ethanol percent
masses of 5, 10, and 20%.

The highest ethanol concentration in the initial mixture afforded
high initial fluxes; however, its flux decrease rate was the greatest.
It was observed that the concentration of ethanol affected the glyc-
erol droplet size distribution, since for the same operating pressure,
the glycerol content in the permeate for a higher ethanol concen-
tration was over four-fold that for a lower alcohol concentration,
as shown in Table 2.

The analysis of fouling in oil emulsions is complex, as an emul-
sion has a droplet size range and distribution variations as a result
of distortions or coalescence [33]. It is known from the litera-
ture that the creation of the dispersed phase and the size of the
dispersed phase droplets are highly dependent on the interfacial
tension between the continuous phase and the dispersed phase
The ethanol acts as a surfactant in the system, reducing the surface
tension between biodiesel and glycerol, maximizing their superfi-

Table 2
Permeate flux and free glycerol retention for different ethanol concentrations in the
feed mixture.

Ethanol in feed (%  Permeate flux Glycerol in Glycerol
mass) (kg/h m?) permeate (% retention (%)
mass)
5 63.1 0.04 + 0.004 99.6
10 78.4 0.06 + 0.009 99.4
20 59.5 0.19 £+ 0.013 98.1
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cial contact area and causing the formation of small droplets of the
disperse phase. Decrease in the interfacial tension makes it easier
to break down the glycerol droplets into smaller ones [22,24]. This
is due to the fact that ethanol has both a polar group and an apolar
group. The apolar group will absorb the biodiesel phase while the
polar group will absorb the glycerol phase, causing an increasing in
the solubility between the phases [34].

Higher ethanol concentrations resulted in smaller droplet diam-
eters of glycerol dispersed in biodiesel, led to the permeation of the
glycerol through the membrane, according to Table 2. As a result,
when the initial mixture had a large concentration of ethanol, 20%,
the glycerol droplet permeation through the membrane was larger.

The feed mixture with 5% ethanol submitted to microfiltration
afforded a low permeate flux reduction ratio over time, which
reached a stationary value of 63.1 kg/h mZ2. Furthermore, this con-
dition resulted in the largest retention of glycerol, 99.6%.

The membrane cleaning method used was efficient, and after
each washing cycle, the initial membrane flux for deionized water
was restored.

4. Conclusions

A new separation route using membranes to obtain biodiesel
with minimum free glycerol content was proposed. Ceramic mem-
branes with pore diameters of 0.2, 0.4, and 0.8 wm separated
biodiesel and glycerol efficiently. The preliminary results demon-
strated the potential of this technology to improve the process
of separation of biodiesel. The applied transmembrane pressure
proved to be an extremely important variable in the microfiltration
of biodiesel. Values over 2.0 bar reduced the retention of glycerol.
For the three investigated membranes, the highest stable permeate
flux was obtained at 2.0 bar.

The best performance was that of the membrane with pore
diameter of 0.2 wm at 2.0 bar, which gave a stable permeate flux
of 78.4kg/h m? and glycerol retention of 99.4%.

The concentration of ethanol in the feed mixture submitted
to microfiltration affected the behavior of the emulsion so that a
higher concentration of ethanol led to a lower retention of glycerol.
The glycerol content in the permeate for 20% ethanol was four-fold
that for the lowest ethanol concentration.

In conclusion, a 5% ethanol percent mass in the feed submitted
to microfiltration with a 0.2-pwm pore diameter membrane gave
the best results, with a stable permeate flux of 63.1kg/h m? and
glycerol retention of 99.6%.
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