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ABSTRACT

Biodiesel production in Nigeria is gaining more level of awareness but the cost of production is still
on the high side. This is largely due to the cost of raw materials, mainly vegetable oil or fat.
Fortunately, a very efficient way to reduce this cost and increase profitability is the purification of
the crude glycerol by-product of the biodiesel production process. Hence, this research was carried
out using crude glycerol from biodiesel production of Neem Seed Oil (N. S. O.) and Waste Cooking
Vegetable Oil (W.C.V.0) and it also provides a cost effective, domesticated process technology for
the purification of the crude glycerol from any biodiesel production facility.

Neutralization and phase separation was carried out using dilute phosphoric acid, followed by
separation of the glycerol rich layer, concentration and methanol recovery, glycerol extraction using
iso-propanol (IPA) and then colour removal with activated charcoal. The effect of pH during
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conformed to quality standard.

neutralization on the purification level was investigated using a pH range of 3.0 — 7.0 at steps of
0.5. The optimal pH was found to be about 6.5 for both crude glycerol sources. Also, the IPA:
glycerol ratio was varied using 1:1, 1:2, 2:1, 3:1 and extraction was found to be optimum at 2:1.
(v/v) to achieve average glycerol purity level of about 97%.

Both the refined glycerol and crude glycerol samples were analyzed using the Gas Chromatograph
Mass Spectrometer (G. C. M. S.). Other analyses were also extensively carried out and all

Keywords: Biodiesel; crude glycerine; purification; phosphoric acid; GCMS.

1. INTRODUCTION

Oil and gas exploration and production has
become a dominant sector of the world energy
and other economic sectors since the last
century. In the Nigerian perspective, since the
discovery of commercial reserves in the Delta
region in the mid-1950s, the sector has
increasingly dominated the agriculture and solid
minerals exploitation for both the source of
energy and revenue to the [1]. Within the last 20
years, about 75% of human made CO,
emissions were from burning of fossil fuels.
Nigeria is the largest emitter of these undesirable
gases from the sub-Saharan Africa, and
particularly, the second worlds’ biggest gas
flarer, contributing immensely to the global
atmospheric pollution [2]. In an attempt to
mitigate these problems, Nigerian government
have recently indicated the incorporation of
biofuels production, particularly bioethanol and
biodiesel to be a good option. The production of
these fuels could enhance fuel use in automotive
industry, electric power generation and rural
development, including agricultural
mechanization and light industrial goods
development, and in ensuring that the common
man is fully benefited from the country’s
economy [3].

Biodiesel is a proven alternative to the petroleum
diesel fuel. Biodiesel is renewable,
biodegradable, non-toxic and has
almost very close property to that of fossil-based
diesel and hence is one of the most
promising alternative fuels. Biodiesel, a mixture
of long chain fatty acid methyl or ethyl esters,
does not contribute to the increase of
the net atmospheric CO2 level and allow a
reduction of the emissions of several
pollutants such as particulate matter, carbon
monoxide, sulfur and polycyclic aromatic
hydrocarbons [4]. It can be produced form
vegetable oil as well as animal fats. Biodiesel is
commonly produced via transesterification
process and the triglycerides are converted into

esters transesterification

reaction.

(biodiesel) by the

The production of 10 kg of biodiesel by the
transesterification process yields approximately 1
kg of crude glycerol as by-product [5-7].
Currently the world's capacity for biodiesel
production is increasing dramatically and further
increase in biodiesel production rates will
significantly raise the quantity and surplus of
crude glycerol and may have environmental
effect because the glycerol obtained contains
several impurities, such as water, organic and
inorganic salts, soap and alcohol, traces of mono
and di-glycerides and vegetable colors [6].

High purity glycerol, an alcohol with three
hydroxyl groups (-OH), is a very important
industrial feedstock. Its applications are found in
foods, drugs, cosmetics, tobacco industries and
a host of others. However, crude glycerol
originating from biodiesel industry is expensive to
be purified to above 99% for use in food,
pharmaceuticals, or cosmetics industries and
isn’'t a favorable option for small and medium
scale producers so, cheaper efficient refining
methods are still required [8,9]. Therefore,
certain purification steps are necessary for the
crude glycerol recovery prior to its use as a raw
material in many industries and as a potential
feedstock for the production of bio lubricants.

Different purification processes have been
developed and reported in the literature, among
which the most common processes include those
using ion exchange resin, nano-cavitation
technology, membrane separation technology
(MST), simple distillation under reduced
pressure, and acidification, followed by
neutralization and solvent extraction, etc.
Nevertheless, the purification processes using
ion exchange resin and simple distillation are
limited because of these processes generally
produce a very low yield of pure glycerol (<15
wt.%). The use of nano-cavitation technology for
the purification of crude glycerol has been



demonstrated, but its large-scale operation is
very challenging. MST could yield ultra-high
purity glycerol provided that the crude glycerol
undergoes prior purification that reduces salts
and matter organic non glycerol (MONG, such as
methyl ester). Compared with other processes,
the processes using acidification/neutralization
demonstrated to be more promising due to
higher yields and their relatively low costs [10].

Kongjao et al. [5], reported the purification of
crude glycerol (30 wt.% glycerol content) from a
waste used-oil methyl ester plant using 1.19 M
H.SO, followed by neutralization and solvent
extraction to get glycerol of around 93 wt.%
purity. In a similar work, [11] demonstrated that
crude glycerol was upgraded from purity of 34
wt% to 52 wt% by using sulphuric acid.
However, the main issue in these processes is
the use of sulphuric acid that has corrosive
nature of sulphuric acid and the non-
biodegradability of the produced sulfate salts
[10].

In this work, purification of crude glycerol
obtained from a biodiesel plant and also from
biodiesel produced from waste cooking
vegetable oil in the lab, was carried out using
dilute phosphoric acid and investigating the effect
of pH value and extraction solvent ratio on crude
glycerol purification.

2. MATERIALS AND METHODS

Crude glycerol was collected from the biodiesel
plant at the National Research Institute for
Chemical Technology (NARICT), Zaria, Nigeria,
which uses neem seed oil and also from
biodiesel production using waste cooking
vegetable oil (W.C.V.0O), both via alkali catalyzed
transesterification.

is based on the
[12,10] with some

The refining procedure
procedure used by
modifications.

2.1 First Stage: Neutralization

About 50 g of crude glycerol from each source
was neutralized using dilute Phosphoric acid
(85% H3PO,4, Sigma Aldrich) from its initial pH of
about 9 to a pH in the range of pH 3 — 7 in steps
of 0.5, with continued stirring, and then left for 2
hours until the solution had phase separated into
two or three distinct layers, that is a top layer of
free fatty acids, the middle glycerol-rich layer
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and, the bottom inorganic salt-rich layer (which
was absent in the glycerol from waste cooking
vegetable oil). The top layer was removed by
decantation and the middle glycerol-rich layer
was separated from the bottom inorganic salt-
rich layer by filtration. The optimal pH for
neutralization was then determined using the pH
with the highest glycerol content in the extracted
glycerol rich layer.

2.2Second Stage: Glycerol Layer
Concentration and Methanol
Recovery

The glycerol rich layer obtained from stage one
was concentrated by simple distillation to remove
water and also recover the methanol present in
the mixture. This caused some of the phosphate
salt formed as a result of the catalyst reacting
with the dilute H3PO,, to crystallize out of the
solution.

2.3 Third Stage: Glycerol Extraction with
IPA

The concentrated glycerol rich layer was mixed
with Isopropyl Alcohol (99.5% IPA, Sigma
Aldrich) to extract the glycerol out of the mixture
(solvent extraction) and then allowed to stir on
the magnetic stirrer for about 30 minutes to allow
proper contact. The mixture was then allowed to
settle for about 2 hours to enable proper
separation of the two layers formed; the glycerol-
alcohol phase on the top and the crystallized salt
on the bottom. The upper layer was separated by
slow decantation to eliminate the crystallized salt
and then filtered to remove any traces of salt or
solids in it.

24 Fourth Stage: Adsorption with
Activated Carbon
Finally, the color, as well as some fatty

acids and other components, of the refined
crude glycerol was reduced by adsorption with
commercial powdered activated carbon
(PAC, 300 microns particle size, Burgoyne
Burbidges & Co.). Prior to use, the activated
carbon was dried at 105°C for 30 min to
eliminate free moisture. In the adsorption stage
about 10 g of activated carbon was mixed with
about 300 ml of the glycerol-alcohol mixture
obtained in stage 3, mixed at 200 rpm for
5 hours and then filtered to remove the activated
carbon.



2.5 Fifth Stage: Glycerol Refining and IPA
Recovery

The decolorized glycerol-alcohol mixture was
then refined by distilling and recovering the IPA
at 85°C and the resulting refined glycerol was
also heated at about 105°C for 3 hours to reduce
the moisture content and further concentrate the

refined glycerol.
2.6 Test and Analysis

The concentration of glycerol was analyzed by
Gas Chromatography Mass Spectrometer
(GCMS). The water content was measured
following the Standard method (ISO 2097-1972)
by using the volumetric Karl Fisher titration. Ash
content was analyzed according to the Standard
method (ISO 2098-1972) by burning 1 g glycerol
in a muffle furnace at 750°C for 3 h [13]. The
MONG levels were calculated by the difference
from a hundred of the previous three
compositions (100 - (% glycerol content+%
water content+% ash content)). The pH of the
glycerol solution was measured with a pH meter.
The color of glycerol was measured by a UV/Vis
spectrophotometer at a wavelength of 457 nm.

3. RESULTS AND DISCUSSION

3.1 Characteristics of the Crude Glycerol
Samples

The crude glycerol obtained from biodiesel plant
using neem oil as feedstock was a dark brown
liquid and that obtained from the waste cooking
vegetable oil biodiesel process was also brown
coloured but lighter with both having a high pH.
As also reported by [12], the crude glycerol is a
dark brown liquid with a high pH. It contained a
low content of glycerol (just over one-third by
volume) and ash, but it had a relatively high
water and MONG (Matter Organic Non Glycerol)
content (Table 1).

Table 1. Physico-chemical properties of the
crude glycerol

Parameter Crude Crude
glycerol glycerol
(Neem) (W.C.V.0.)
pH 9.82 9.20
Glycerol content (%) 41.33 35.66
Ash (%) 4.31 4.08
Moisture (%) 15.4 12.2
Colour Dark brown Brown
MONG (%) 38.96 47.86
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The ash content was largely composed of
inorganic matter, such as sodium salts that
originated from the utilized catalyst (NaOH) in the
transesterification process, whilst the water
content might be attributed to the absorption of
moisture from its surroundings during the
production process. Another large contaminant
was MONG, which indeed was close to the
glycerol levels, was generated by the
contamination of soap, methanol and methyl
esters in the glycerol residue from the biodiesel
production process.

During the transesterification process, some of
the methyl esters get dissolved or suspended in
the glycerol solution. The free fatty acids and the
dissolved methyl esters then react with the
excess NaOH subsequently to form soap which
remained in the glycerol residue. Besides
glycerol, crude glycerol contains various
compounds, including fatty acids and their
derivatives, such as methyl oleate, methyl
palmitate, palmitic acid, methyl stearate, oleic
acid, methyl taurate, methyl myristate, methyl
palmitoleate, amongst others, which are the main
components of vegetable oil.

3.2 Neutralization Step

The addition of the dilute phosphoric acid to the
crude glycerol automatically caused the crude
glycerol to phase separate into two or three
distinct layers comprised of free fatty acid layer
on the top, a glycerol-rich layer in the middle and,
an inorganic salt layer on the bottom. For the
waste cooking vegetable oil biodiesel crude
glycerol, the organic salt layer was absent
probably because the phosphate salt produced
dissolved in the solution because of the high
water content.

The optimal pH of was determined by the GCMS
analysis of the glycerol rich phase obtained from
various pH values obtained from pH 3 — 7 and
was found to be 6.0 for the crude glycerol from
waste cooking vegetable oil biodiesel process
and 6.5 for that from the neem biodiesel process.
99.5% analar grade glycerol was used to prepare
the calibration curve.

The glycerol rich layer was obtained by first
heating up the mixture to about 60°C and then
allowed to cool. This caused the FFA layer to
solidify on cooling, which was then removed
using a spatula, and the glycerol-rich layer was
then slowly decanted and analyzed using the
GCMS. As depicted in Fig. 2, the amount
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Fig. 1. GCMS result for acidification step for used waste cooking vegetable oil crude glycerol
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Fig. 2. GCMS result for acidification step for neem oil crude glycerol

of glycerol in the glycerol-rich layer after pH of 3,
showed that though close, the optimal value
could be approximated to be between 6.0 and
6.5.

3.3 Extraction of Glycerol with IPA

Prior to solvent extraction, the decanted glycerol-
rich layer was heated to about 100°C for twenty
(20) minutes to recover a large part of the
dissolved methanol and also, reduce the water
level in the mixture.

Because the phosphate salt formed during the
neutralization step is dissolved in mixture with
the glycerol-water system, Isopropyl Alcohol

(IPA) was used to solvent extract the glycerol
from the mixture. This is because glycerol is very
soluble in IPA while the phosphate salt formed is
very insoluble in the IPA thus precipitating out
the salt crystals at the bottom with the glycerol-
IPA layer at the top. The Glycerol: IPA ratio of
1:1, 1:2 and 1:3 were used and it was observed
that above ratio of 1:2, there was no difference
thus the optimal ratio used was 1:2 as also
reported by [12].

3.4 Adsorption with Activated Carbon
The IPA-Glycerol layer decanted after the

extraction stage was having a golden yellow
colour and was decolourized using commercial



activated carbon. The decolorization was carried
out in two steps and each step with about 34 g/l
of powdered activated carbon to glycerol. At the
end of the process, the solution gave a clear

liquid.
3.5 Glycerol refining and IPA recovery

After the decolorization stage, the glycerol

was separated/refined by distiling off the
IPA at about 85°C and the distilled IPA collected
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purification in comparison with commercial analar
glycerol are listed in Table 2, and it can be seen
that the performance of purified crude glycerol
reached basically the quality level of commercial

glycerol.

The GCMS spectra of both the
glycerol and the glycerol standard produced
grade

using 99.9% pure analytical
shows the refined glycerol have

glycerol,
same peaks as that from the analar grade

refined

glycerol.
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Fig. 4. GCMS spectra for the glycerol standard
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Table 2. Comparison of properties of the glycerol refined in this work with commercial grade
and work done by Manosak et al. [12]

Parameters Commercial glycerol Purified glycerol from Manosak et al. [12]
this work
Neem W.C.V.0.
pH 6.97 6.30 6.42 7
Ash content (%) 0.000 2 1.30 1.10 2.08+0.06
Density at 20°C (g/cm®) 1.2671 1.240 1.234 -
Purity (%) 99.98 97.84 97.37 96.2+0.03
Colour Clear Clear Clear Clear

The heavy metal and elemental analysis,
phosphate and chloride tests were also carried
out. The results obtained according to Table 3,
shows they are all below 5.0 ppm as obtained in
commercial analar grade glycerol.

Table 3. Elemental analysis of the refined

glycerol

Element/ Concentration (ppm)

metal Neem W.C.V.0.

Zinc (Zn) 0.0463+0.0016 0.0848+0.0034
Iron (Fe) 0.0649+0.0015 0.1759+0.0022
Lead (Pb) 0.0946+0.0002 0.0541+0.0003
Cadmium(Cd) 0.0068+0.0002 0.01606+0.0004
Chromium(Cr) 0.0191+0.0001 0.0343+0.0005
Copper (Cu)  0.0139+0.0003 0.0343+0.0005
Sodium (Na)  0.1298+0.0006 0.1126+0.0004

4. CONCLUSION

High purity glycerol is a very important industrial
feedstock. Its applications are found in foods,
drugs, cosmetics, tobacco industries and a host
of others. Refining the crude glycerol by-product
of biodiesel production therefore, is of utmost
importance in adding value to the overall
biodiesel process thus increasing its profitability.

Purification of glycerol from a crude glycerol
derived from a neem oil based biodiesel
production and from waste cooking vegetable oil
was achieved using combined methods of
physical and chemical ftreatment. The
acidification conditions used in this work are as
follows: a reaction time of 120 min, a reaction
temperature of 30°C, and a pH value of 6 and
6.5 for crude glycerol from waste cooking
vegetable oil and neem biodiesel production
respectively in the presence of dilute H3;PO,.
After that, the glycerol-rich layer obtained after
neutralization was extracted with Isopropyl
Alcohol (IPA) at an IPA:Glycerol ratio of 2:1 (v/v).
Then, the samples were decolorized using
activated carbon at a dose of about 35 g/l of the
carbon to glycerol to give a clear solution. The

average purity of the refined glycerol was
analyzed using the GCMS to give approximately
97% purity.
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