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Abstract
Biodiesel production from the transesterification of triglycerides produces crude glycerol as a by-product with a percentage of
glycerol typically 20–80% (w/w) depending on the specific conditions of the transesterification process. This crude glycerol
requires further purification in order to achieve commercial value and to increase the profitability of biodiesel production. For this
reason, the main objective of this work was to obtain glycerol with a purity greater than 90% (w/w) starting fromwater-free crude
glycerine as obtained from the IPN-GBD-1000® transesterification process and treating it via single-step neutralization accord-
ing to green chemistry principles. For this purpose, sulphuric (H2SO4) and citric (C6H8O7) acids were evaluated as neutralizers by
adding dilute acid solutions to crude glycerine under mild conditions. The physicochemical characterization of both crude and
purified glycerol was carried out by means of infrared spectroscopy (FTIR), 1H and 13C nuclear magnetic resonance (NMR) and
thermogravimetric analysis (TGA). The results indicated that the neutralization method herein developed allowed the obtaining
of glycerol with purities of 98.5% and 84.37% (w/w) and treatment efficiencies of 98.5% and 46.7% for sulphuric and citric acid
treatments, respectively. In addition, the environmental viability of the sulphuric acid process was evaluated through the calcu-
lation of green metrics such as environmental factor, water factor and mass intensity, through which significant environmental
advantages were confirmed. The one-step neutralization process reported herein generates zero waste when sulphuric acid is
used; it also decreases the water consumption 17-fold and reduces 3-fold the use of raw materials per mass unit of purified
glycerol compared to the conventional acidification-neutralization process.
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Introduction

Glycerol, or propane-1,2,3-triol, is a trialcohol widely used
in the pharmaceutical, food, cosmetics and chemical indus-
tries (Ardi et al. 2015). Nowadays, it can be produced
through different processes and feedstocks such as chlori-
nation of propylene and saponification, hydrolysis or
transesterification of oils/fats (Anitha et al. 2016;

Bagnato et al. 2017; Hájek and Skopal 2010). Currently,
glycerol is mainly produced by oleochemical or biodiesel
industries and is used as raw material in foods, cosmetics,
drugs, tobacco and urethane foams, among other applica-
tions (Tan et al. 2013).

During recent years, the demand and production of biodie-
sel have increased remarkably, since it is one of the most
promising biofuels due to its carbon neutral balance (Ambat
et al. 2018). The global production of biodiesel reached 41.53
billion litres in 2018, with the USA being the leader in pro-
duction, followed by Brazil, Indonesia, Germany, France and
Argentina (IEA 2019). According to the data from the
International Energy Agency, global production of biodiesel
is expected to increase to reach 57.1 billion litres by 2024
(IEA 2019). At the present time, the price of biodiesel cannot
be compared with the price of fossil diesel for several reasons,
among which is the full conversion of feedstock into valuable
products in the transesterification reaction and is one of the
direct issues that must be considered.
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Crude glyce ro l i s ob ta ined as by-product o f
transesterification in a molar ratio of 1:3 with respect to bio-
diesel; this means that from every 100 m3 of biodiesel, ap-
proximately 10 m3 of crude glycerol is obtained (Chi et al.
2007). However, the purity of the crude glycerol from the
transesterification process is low due to the presence of impu-
rities such as the remaining catalyst, water, soaps, salts and
esters formed during the reaction (Tan et al. 2013). The exact
composition of crude glycerol depends on the transesterification
conditions and also on the separation procedures involved in the
biodiesel production, but typically it can contain 20–80% (w/w)
of glycerol (Kongjao et al. 2010; Manosak et al. 2011; Quispe
et al. 2013; Wan Isahak et al. 2015; Yong et al. 2001). If the
impurities in the crude glycerol can be removed, or at least sig-
nificantly reduced without the need for distillation, the cost and
quality of the glycerol as raw material for chemical industry will
be competitive. For this reason, in recent years, many studies
have focused on the recovery of glycerol and the production of
valuable products from it (Ardi et al. 2015; Tamošiūnas et al.
2017; Dos Santos Ferreira et al. 2018; Maina et al. 2019). In this
regard, several qualities of commercial glycerol or glycerine are
available (Bilck et al. 2015; Quispe et al. 2013; Kongjao et al.
2010; Ciriminna et al. 2014) as shown in Table 1.

Based on previous information, the purification of crude
glycerol from biodiesel production can represent a technical-
economical barrier to the competitiveness of biodiesel as a
renewable substitute for fossil diesel, as well as an environ-
mental burden, due to the risk of being considered as waste
substance that can be disposed in an unsuitable manner (Yong
et al. 2001; Živković and Veljković 2018). It should also be
noted that the purification process will depend on the initial
composition of the crude glycerol but also on the desired final
composition or purity (Dhabhai et al. 2016). Thus, in general,
as purity increases, so does the cost of the treatment but also
the price in the market. Therefore, crude glycerol with low
glycerol content (< 40% w/w) should be treated by a primary
process to reach technical grade purity (≥ 80% w/w), and then
technical grade glycerol can be further purified by a secondary
process to reach purities of ≥ 99% (w/w).

Among the most relevant primary processes are saponifi-
cation, acidification, neutralization and extraction, while the
secondary processes include distillation, ion exchange,

filtration and adsorption. The primary treatment is a better
option for crude glycerol purification when technical grade
glycerol is required, since it can significantly increase the
glycerol content and is not affected by a high salt content,
enabling the recovery of crude fatty acids. One of the disad-
vantages of this chemical process is that it requires several
steps and a considerable consumption of chemicals to achieve
purities of ≥ 99%.

Regarding chemical treatments, acidification-neutralization
methods are the most widely reported in the specialized litera-
ture (Chol et al. 2018; Wan Isahak et al. 2015; Muniru et al.
2019; Xiao et al. 2013). Several processes for the treatment of
crude glycerol report the use of acid solutions of H2SO4, HCl or
H3PO4 in large quantities (pH between 1.0 and 4.0), to react
with fatty acid carboxylates (soaps) and separate them from the
glycerol. The glycerol phase (GP) should be treated subse-
quently with alkaline solution (either NaCl or KOH) to neutral-
ize the mixture (Javani et al. 2012). From this type of treatment,
glycerol of purity between 88 and 96% (w/w) is obtained. This
conventional approach generates significant environmental and
economic impact due to the use of considerable amounts of
materials and numbers of process steps, and, consequently,
the implementation of sustainable processes should be consid-
ered in order to find an alternative to produce added-value
products with lower environmental impact.

In this work, the purification of crude glycerol obtained
from the process known as IPN-GBD-1000® was carried
out through a green one-step neutralization process in order
to obtain purified glycerol of technical grade. The characteri-
zation of the crude and purified glycerol was carried out in
order to determine the nature and concentration of its compo-
nents, by means of spectroscopic techniques, such as Fourier
transform infrared spectroscopy (FTIR) and nuclear magnetic
resonance (NMR) to determine the functional groups and mo-
lecular structure of both crude and purified glycerol.
Thermogravimetric analysis (TGA) was used to quantify the
components of both crude and purified glycerol by measuring
the change in weight as a function of temperature while
heating under nitrogen atmosphere. Finally, the performance
of the developed process was evaluated through calculation of
appropriate green metrics and comparison with conventional
acidification-neutralization processes.

Table 1 Glycerol content in different grades of glycerine

Glycerol grade Glycerol content (% w/w) Applications

Crude 20–80 Waste substance, substrate for methane production

Technical grade 88–98 Raw material for chemical industry

United States Pharmacopeia (USP) ≥99.5 Used as additive in cosmetic and pharmaceutical industry

Food chemical codex ≥99.7 Additive for food industry
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Materials and methods

Glycerol

Crude glycerol (CG) was obtained from the process
known as IPN-GBD-1000® developed by the Mexican
Cleaner Production Centre of the National Polytechnic
Institute in Mexico. This process was developed for the
transesterification of waste cooking oils (WCOs) to pro-
duce biodiesel without esterification, using a basic cata-
lyst such as sodium or potassium hydroxide, which allows
reaching a volumetric yield of 1:1 WCO/biodiesel ratio,
as well as a zero water footprint and a high-energy effi-
ciency of 0.2 kWh/L of biodiesel (Hernández Altamirano
and Mena Cervantes 2018). The CG from this process
contains soaps, residual catalyst, methanol and methyl

esters as characteristic impurities, with a typical content
of 20–25% (w/w) of glycerol with no water content.

Reagents

Reagent grade glycerol (purity ≥ 99.5% w/w) was purchased
from Sigma-Aldrich and used without further treatment as
reference substance during the study. Sulphuric acid (purity
98% w/w) and citric acid (purity > 95% w/w) were purchased
from J.T. Baker and used diluted with distilled water pur-
chased from Hycel.

Neutralization

The process proposed herein is based on treating CG with
dilute acid solution under mild conditions to promote the

Fig. 2 Diagram of the one-step neutralization process using (a) sulphuric acid and (b) citric acid

Fig. 1 Neutralization reaction scheme: (a) sulphuric acid and (b) citric acid
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reaction of carboxylates (soaps) contained in CG as impurities
with the acid to obtain fatty acids (FAs) and thus enable the
separation of this FA fraction from the concentrated GP. The
main novelty of this approach is that the pH of the reacting
system is kept at a minimum of 6 in order to avoid the forma-
tion of acylglycerols which occur when the pH of the system
reaches values less than 1, as reported previously in conven-
tional acidification-neutralization treatments (Kongjao et al.
2010).

Thus, the treatment proposed herein should possess both
technical and economic benefits as well as environmental ad-
vantages. For this purpose, two acids were selected to perform
a comparative analysis: the first alternative was sulphuric acid,
as it is a commodity chemical of relatively low price and also
because its corresponding salt produced by acid-base reaction
is not expected to be soluble in the glycerol or fatty acid
phases. Citric acid was selected as second alternative as it is
obtained from renewable sources and can be less harmful than
inorganic acids. Figure 1 shows the reaction scheme for CG
purification via neutralization with sulphuric or citric acid.
Figure 2 shows the schematic diagram for CG purification
when sulphuric or citric acid is used as neutralizer.

All experiments were performed in triplicate. In both neu-
tralization process, 100 g of CG was added to a 250-mL two-
necked round flask and stirred magnetically at 700 rpm. Dilute
acid solution (20 vol%) was added to the flask at ambient
temperature and pressure (20 °C and 789 mbar) until reaching
pH of 6 as indicated by a Metrohm 827 potentiometer.

Subsequently, in the case of sulphuric acid treatment, the
crude reaction mixture was filtered in a porcelain Büchner
funnel to remove the sodium sulphate precipitate; afterwards,
the liquid fraction was allowed to settle by gravity in a sepa-
rating funnel for approximately 20 min, from which the FA
and glycerol phases were recovered. The two fractions were
weighed, and the GP evaporated at 60 and 98 °C under vac-
uum (300 mbar) in order to remove the methanol and water.

This ultimate purified glycerol from sulphuric acid neutraliza-
tion (PGS) was weighted and analysed by FTIR, NMR and
TGA.

In the case of citric acid treatment, the neutralization
product was not filtered due to the scant sodium citrate
precipitate and was therefore directly added to a separa-
tion funnel from which the FA and glycerol phases were
separated, as well as a third phase identified as a complex
mixture of sodium citrate and fatty acid carboxylates
(soap). The GP was washed with isopropanol in order to
precipitate the remaining citrate salts. The resulting mix-
ture was filtered to remove precipitates, and the GP evap-
orated at 82 °C under vacuum of 300 mbar in order to
remove the isopropanol. The evaporated solvent was re-
covered for use in subsequent reactions. The obtained
glycerol was weighed and analysed by the aforementioned
techniques (FTIR, TGA and NMR).

Consequently, the efficiency of the purification process via
one-step neutralization was calculated as shown in Eq. 1:

Process Efficiency %ð Þ

¼ Mass of purified glycerol kgð Þ
Mass of glycerol in crude glycerol kgð Þ x 100 ð1Þ
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Fig. 3 TGA thermograms for CG
and glycerol reagent grade

Table 2 TGA derived compositional analysis of CG from IPN-GBD-
1000® process, values are shown as the mean (M) and standard deviation
(SD) of triplicate experiments

Component Content (% w/w)

M (SD)

Glycerol 22.88 (0.27)

Carboxylates 60.73 (0.47)

Methyl ester 9.35 (0.24)

Methanol 3.52 (0.27)

Ash 3.52 (0.19)
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FTIR

The characterization of CG and purified glycerol was carried
out using a Perkin-Elmer spectrophotometer, Frontier model,
equipped with a diamond attenuated total reflectance (ATR)
accessory. The spectra were obtained using 32 scans in the
4000–600 cm−1 range with a resolution of 4 cm−1.

TGA

The TGA was performed using a TGA Perkin-Elmer STA
6000 thermal analyser. Approximately 10–20 mg of sample
was heated at a constant rate of 100 °C min−1 from ambient
temperature to 600 °C under a nitrogen flux of 20 mL min−1.
At 600 °C, the atmosphere was changed to air at a flux of
50 mL min−1, and the sample was heated further to 800 °C.

1H and 13C NMR

The 1H and 13C NMR spectra were obtained in a Bruker
Avance spectrometer at 750 MHz under ambient conditions
using deuterated water (D2O) as solvent.

Green metrics

A set of four metrics widely used in the field of green chem-
istry to evaluate environmental impact was chosen to compare
the results of this work (citric and sulphuric acid) with results
previously reported for a conventional acidification-
neutralization method for purifying CG.

These metrics were selected based on the fundamentals,
scope and viability of direct measurement of experimental
variables (Sheldon 1992; Curzons et al. 2001; Capello et al.
2007; Martínez et al. 2018): (i) environmental factor (E-fac-
tor), defined as the ratio between the mass of waste produced
per mass unit of final product; (ii) mass intensity (MI), defined
as the total mass of the materials required for the production of
a mass unit of desired product, which includes everything that
is used in a process or process step (i.e. reactants, reagents,
solvents, catalysts, acid, base, salt and organic solvent washes
and organic solvents used for extractions); (iii) water intensity
(WI), defined as the total mass of water used for the produc-
tion of a mass unit of product; and (iv) energy intensity (EI),
defined as the energy consumption throughout the process
used per mass unit of product.

E−Factor ¼ Mass of waste substances kgð Þ
Mass of desired product kgð Þ ð2Þ

MI ¼ Mass of raw materials kgð Þ
Mass of desired product kgð Þ ð3Þ

WI ¼ Mass of water kgð Þ
Mass of desired product kgð Þ ð4Þ

Fig. 4 Gravitational separation of
fatty acid and glycerol with (a)
sulphuric acid and (b) citric acid

Table 3 Separated components obtained from neutralization of CG by
one-step neutralization process for sulphuric and citric acids; values are
shown as the mean (M) and standard deviation (SD) of triplicate
experiments

Separated/purified component
(g)

Acid

Sulphuric Citric

Sample Mean (SD) Mean (SD)

Glycerol 22.54 (0.34) 10.69 (0.50)

Fatty acid 61.26 (0.69) 54.79 (2.54)

Salt (Na2SO4/Na3C6H5O7) 6.76 (0.16) 9.04 (0.25)

Methanol 2.66 (0.14) 3.31 (0.18)

Water 7.97 (0.15) 16.00 (0.35)

Intermediate phase (emulsion) – 6.32 (0.08)

Efficiency (%) 98.51 (0.67) 46.71 (2.18)
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EI ¼ Energy consumption kWhð Þ
Mass of desired product kgð Þ ð5Þ

Results and discussion

CG analysis by TGA

In Fig. 3, the characteristic thermogram of crude glycerol is
shown; each step in the thermogram corresponds to the
products present in the sample. A total of four components
were observed in the range between 25 and 700 °C; the
assignment of thermal decomposition intervals was veri-
fied by means of comparison with the TGA plot of reagent
grade glycerol and according to previous reports
(Almazrouei et al. 2019; Dou et al. 2009). First of all, a

weight loss of 3.52% (w/w) in the range 25–125 °C was
attributed to the volatilization of methanol, and the decom-
position of glycerol was observed within the temperature
range of 125 to 255 °C as a weight loss of 22.88% (w/w); it
is worthy of mention that under the TGA experiment con-
ditions, the sample evaporated before reaching the isother-
mal boiling point, which would be of 274 °C at atmospher-
ic pressure in Mexico City. Subsequently, at 255–349 °C,
the third loss indicated the presence of methyl ester at
9.35% (w/w); a fourth step at 349–580 °C corresponded
to the decomposition of sodium carboxylate as a loss per-
centage of 60.73% (w/w). Finally, the remaining 3.52%
(w/w) at 750 °C corresponded to ash, which is related to
sodium from the residual catalyst and soap. From the ther-
mogram information, it was possible to calculate the com-
positional analysis of CG according to Table 2.

Fig. 5 FTIR spectrum, comparison of CG, glycerol reagent grade, glycerol purified with sulphuric and citric acids

Fig. 6 13C NMR spectrum of
PGS
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Neutralization process

The results from the neutralization experiments are shown in
Table 3 as the separated quantified components for both
sulphuric and citric acid treatments. As can be observed, the
treatment with sulphuric acid enabled the recovery of a higher
mass of purified glycerol than did the treatment with citric
acid. This difference is due to the fact that separation of sodi-
um citrate by precipitation is slower and almost null under the
experimental conditions.

In the case of sulphuric acid neutralization, sodium sul-
phate (Na2SO4) was formed rapidly, precipitated and after-
wards retained in the filter, facilitating the purification of the
glycerol by this means. On another hand, sodium citrate pre-
cipitation did not occur as fast and as easily as sulphate salts,
and in consequence these salts passed through the filter.

After filtration, liquid phases were allowed to settle by
gravity in a separation funnel. Sulphuric acid treatment pro-
duced a liquid mixture that rapidly (~ 20 min) underwent
gravity separation with the FA phase at the top of the funnel
and the GP at the bottom, as shown in Fig. 4a.

In contrast, citric acid treatment produced a liquid that did
not exhibit any noticeable precipitated salts; and for this rea-
son, the crude neutralization was put directly into a separation
funnel and allowed to settle. This behaviour is attributed to the
organic nature of sodium citrate formed through neutraliza-
tion, which dissolved in the liquid phase due to hydrogen
bonding between this organic salt and the glycerol present in
the liquid phase.

In consequence, phases from citric acid neutralization sep-
arated slowly (120 min) into three phases: FA, soap interphase
and glycerol, as shown in Fig. 4b. This latter fact lowered the
amount of purified glycerol obtained from the citric acid treat-
ment (10.69 g) to less than a third of that obtained from the
sulphuric acid treatment (22.54 g).

The process efficiency can be calculated as a percentage by
dividing the mass of purified glycerol obtained by the initial
amount of glycerol in the CG. In the case of sulphuric acid
neutralization, the process efficiency was 98.51%, whereas in
the case of citric acid, the process efficiency was 46.71%.

Composition of purified glycerol

Figure 5 shows the FTIR spectra of glycerol purified with
sulphuric (PGS) and citric acids (PGC) as well as those cor-
responding to CG and reagent grade glycerol (RGG). The
spectrum of CG presented characteristic signals at 3657 and
3316 cm−1 corresponding to the stretching of hydroxyl group
of methanol and glycerol, respectively; the signal at
1744 cm−1 corresponded to the carbonyl bond stretch of meth-
yl ester (FAME); finally, the presence of soap can be detected
through the signal at 1544.49 cm−1 corresponding to carbonyl
stretch of carboxylate.

Both PGS and PGC FTIR spectra did not present the afore-
mentioned signals attributed to the presence of methanol,
methyl esters (FAME) and carboxylates (soap). A small bond
at 1650 cm−1 in the PGS spectrum indicated the presence of

Fig. 7 1H NMR spectrum of PGS

Table 4 Composition analysis of purified glycerol by TGA

Content PGS
(% w/w)

PGC
(% w/w)

Glycerol 98.55 84.37

Sodium citrate – 8.92

Methyl ester – –

Methanol – –

Residual carbon 1.23 1.57

Water 0.010 4.25

Ash 0.21 0.89

Total 100 100
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water. In a similar way, the PGC spectrum presented a signal
at 1550 cm−1 indicating the presence of sodium citrate that
remained in this phase despite the washing of the neutraliza-
tion products. Overall, FTIR analysis showed that the pro-
posed treatment was successful in eliminating impurities such
as soaps, methyl esters and methanol from CG. Final qualita-
tive confirmation can be observed from the FTIR spectrum of
RGG.

In Fig. 6, the 13C NMR spectrum of the glycerol puri-
fied with sulphuric acid is shown. The signals at 65.008
and 74.577 ppm indicate the presence of the aliphatic
carbon of the primary and secondary alcohols of the glyc-
erol molecule, respectively. It is possible to establish that
the protons in the purified glycerol are very similar to
those of commercial glycerol according to reported stud-
ies (San Kong et al. 2016).

Figure 7 shows the 1H NMR spectrum of glycerol, where
characteristic signals present in the range 3.541–3.615 ppm
correspond to methyl groups (CH3) of the glycerol molecule,
whereas the signal at 3.75 ppm corresponds to methylene
groups (CH2). The signal of deuterated water used as solvent
appeared at 4.80 ppm. According to studies reported in the

literature (Contreras Andrade et al. 2015), it is possible to
establish that the purified glycerol obtained presented signals
characteristic of technical grade glycerol.

Table 4 and Fig. 8 show the comparison of the results
obtained from the TGA of PGS and PGC, from which it
was possible to confirm the qualitative results from FTIR
analysis and permitted determination of the quantitative
composition of the purified glycerols. PGS presented a
glycerol content or purity of 98.55% (w/w), ash, water
and residual carbon being the remaining components at
0.21%, 0.010% and 1.23% (w/w), respectively. On the
other hand, PGC presented a glycerol content or purity
of 84.37% (w/w), having sodium citrate as the major im-
purity due to the difficulties in the separation of the
phases resulting from chemical treatment.

Figure 8 shows the comparison of the PGS, PGC and re-
agent grade glycerol, from which it can be observed that PGS
was a better match with RGG than was PGC. This latter
showed an additional pyrolysis step between 290 and
500 °C attributed to remaining sodium citrate, as the weight
loss interval was consistent with previous reports (Gao et al.
2015).
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Table 5 Green chemistry metrics used in the glycerol purification process

Green metric Process

One-step neutralization Acidification-neutralization

Sulphuric acid Citric acid Kongjao and Damronglerd

E-factor (kg waste/kg product) 0 0.62 1.66

MI (kg raw materials/kg product) 1.10 1.30 3.43

WI (kg H2O/kg product) 0.08 0.07 1.38

EI (kWh/kg product) 143.11 616.56 –
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Green metrics

In Table 5, the green chemistry metrics used to evaluate the
environmental performance of the one-step neutralization pro-
cess are shown. From these results, it is possible to observe
that the sulphuric acid one-step neutralization process pro-
duced zero waste compared to the citric acid alternative,
which produced 0.6 kg of waste per kg of purified glycerol.
This difference is due to the fact that when sulphuric acid is
used as a neutralizer, sodium sulphate and FAs are obtained as
by-products with high purity, whereas in the citric acid case,
sodium citrate is not completely separated from GP. Sodium
sulphate can be used as an additive in the detergent, paper and
plastic industries among others, and FAs have applications as
raw materials in the chemical industry.

On the other hand, the conventional acidification-
neutralization treatment, according to the reference case, pro-
duced 1.66 kg of waste per kg of purified glycerol; these
values correspond to a percentage reduction of 100% and
63.85% for one-step sulphuric and citric acid neutralizations,
respectively, compared to conventional treatment.

In addition, by comparing the results with the literature
(Sheldon 2017), the E-factor values obtained in this work
are well below the range of the chemical products industry,
which means that the developed process has significant envi-
ronmental advantages regarding waste generation. The result
for the E-factor is related to the fact that no waste was pro-
duced in the process, because both the FAs and either sodium
sulphate or sodium citrate can be valorised.

The MI calculation indicated no significant differences be-
tween neutralization with sulphuric and with citric acid.
Nevertheless, the process proposed herein presented a reduc-
tion of 62% in raw materials consumption compared to a
typical acidification-neutralization process as reported in the
reference case.

Regarding WI, similar impacts were calculated for
sulphuric and citric acid neutralization, as 0.08 and 0.075 kg
of water, respectively, were consumed per 1 kg of glycerol
purified in the process. However, when comparing one-step
neutralization with conventional acidification-neutralization,
the process developed herein showed water consumption 17-
fold lower than the conventional process. The main reason for
this decrease in WI is that the only source of added water was
the acid solution at 20% (v/v).

Finally, the EI metric showed that sulphuric acid neutrali-
zation consumed fourfold less energy that did citric acid neu-
tralization. However, process efficiency should have been tak-
en into account in order to compare the effective values of EI,
due to the fact that the sulphuric acid process allowed recovery
of three times more purified glycerol, with higher purity level.
In this particular case, it was not possible to compare the
results obtained against those of the reference case due to
the unavailability of data.

Conclusions

Using the IPN-GBD-1000® green technology to obtain bio-
diesel from waste edible oil, it is possible to obtain water-free
glycerol, which facilitates the purification process of crude
glycerol. The process developed herein based on one-step
neutralization allowed the recovery of purified glycerol with
overall efficiencies of 98.5% and 46.7% when sulphuric and
citric acid, respectively, were used as neutralisers.

The purified glycerol was obtained with purities of 98.55%
and 84.37% (w/w) for sulphuric and citric acid treatments,
respectively, as indicated by TGA characterization.
Spectroscopic characterization of both crude and purified
glycerol by FTIR and NMR confirmed the TGA results.

The one-step neutralization approach proposed herein
demonstrated significant reductions in environmental impacts
compared to the conventional acidification-neutralization pro-
cess, as indicated by the green metrics E-factor, MI, WI and
EI. The one-step neutralization process reduced to zero
amount of waste; it also diminishes the water consumption
17-fold and decreased 3-fold the use of rawmaterials per mass
unit of purified glycerol.

The process proposed herein allowed the production of
glycerol that can be commercialized in various segments of
industry, thus enabling an increase in environmental viability
and economic profitability of the whole biodiesel production
process.
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