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Abstract: Crude glycerol as a by-product of biodiesel production is technical of low grade with significant levels of impurities in
the form of carboxylic acids emanating from catalyst, alcohol, soap, and water. Selected parameters of the crude to treated
glycerol with 12g activated carbon after acidification (12ml) with 1.19M sulphuric acid to the pH of 7 at 60°C for 30minutes with
extra characterization (FTIR) reveal pH of 11.24 to 6.57, the relative density of 1.0504 to 1.2120, the refractive index of 2.4185 to
1.4540, the viscosity of 1026Cp to 940Cp, the water content of 9.27% to 0.23%, the ash content of 6.14% to 0.04% and the
glycerol content of 15.56% to 95.96%. One parameter adsorption isotherm (Henry’s model) was applied in the adsorption pattern
of the crude glycerol impurities on the activated carbon with viscosity as an index of performance. This model supports the
adsorption process by y=1.7833x — 1583.9 with the regression of (R?) 0.7731.
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1.0 INTRODUCTION

Approximately eighty percent of global energy supplies
come from carbon-based fuels, such as petroleum, coal, and
biomass. Liquid biofuels are energy distributors from these
collections of feedstock, to biodiesel, bioethanol, bio
methanol, or bio-oils. They are considered liquid fuels from
biomass, such as forestry and agricultural byproduct that
undergo bio and thermo-chemical processes [1].Biodiesel is
an applicable renewable energy source that can be achieved
through the Trans esterification of methanol glycerides,
consisting of methyl esters (FAME) of fatty acid. The
production of biodiesel takes the form of a triglyceride Trans
esterification with three methanol molecules around a basic
or acid catalyst at one or two-phase reaction systems, under
high-pressure and temperature to achieve biodiesel with
glycerol byproduct [2]. Considering the cheap demand for
glycerol, its purification remains a costly process,
specifically with the medium-scaled enterprises; thus
engaging, researchers in seeking various methods for
incorporation in different application crude glycerol,
optionally with a very simple purification step. There are
potentials of crude glycerol for bio-refineries under the
cheaper prices of crude glycerol that provides value-added
products. There are far more than 1500 glycerol end
products, as the supply market and price determinants are
challenging protocols [2]. The massive influx of unrefined
glycerol can make new applications with the contribution
that offset the variations in biodiesel prices to fossil diesel,
and also drop the energetic demands for production of
biodiesel. In 2012, the global crude glycerol production was
about 4 million tons with a forecast of 4200 million in 2020.

This rapid expansion was a reflectance, of a significant
decline in the costs of treated glycerol from about $3200 per
ton in the EU and $2000 per ton in the US in 1995 to less
than $500 per ton and $600 per ton in 2010[2]. Crude
glycerol prices were reduced by a triple factor as its price
was restored to about $900-965 per ton, with the associated
crude glycerol price crash on a four-fold scale [2]. Naturally,
the low prices of glycerol assist to enhance the prospects of
possible applications as they are largely dependent on
biomass for biodiesel technology. Theoretically, Glycerol
which is propane-1, 2, 3-triol by IUPAC nomenclature is an
organic multifunctional compound with both hydrophilic and
hydrophobic properties on a stable chemical structure with
three groups of hydroxyls. And with the thermal
conductivity, it demands sufficient energy that will break
bonds for the formations of other compounds [4]. The by-
product however includes contaminants like soap, methanol,
fatty acids, water, and residual catalyst [5]. Glycerol is used
in cosmetic, pharmaceutical, and petrochemical industries
with highly marketable products [5]. The Trans esterification
reaction is among the methods for producing glycerol by-
products with biodiesel at ten to twenty percent volume [6].
The application of acidic and basic agents allows the by-
product to retain the capacity to be reused through physical
and chemical treatment. The introduction of acids can
transform the soap mixture into free fatty acids with salt.
Free fatty acids in glycerol are insoluble and therefore give a
distinct layer over glycerol with salt at the base as residual
reactants like methanol and water generate a soluble glycerol
mixture. Through evaporation, approximately 85 percent
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purity of methanol can be separated from the mixture and be
the process to 99 percent [5]. Usually, a clear volume of
crude glycerol could be reacted with 85 percent phosphoric
acid solution to the pH of + 2.5 and to be allowed to stabilize
within 24 hours till the development of three phases. The top
layer will be a free fatty acid, glycerol in the middle layer,
and inorganic salt in the lower layer. The filtrate of crude
glycerol is isolated from the salt deposits after vacuum
filtration [5]. Whereas, using adsorption to obtain pure
glycerol would require an excellent adsorbent with good
absorption properties in terms of concentration, surface area,
temperature, particle size, pH and contact time as factors that
affect the method. Activated carbon selection is therefore
very rational and necessary, since it is an adsorbent that is
used in many fields, such as liquid and gas purification, as a
catalyst or co-catalyst with its active adsorption capacity [7].
This material has a well-established porosity and a great
internal substrate with a relatively high content of carbon
with few inorganic compositions [8]. The nature of pores
dimensions in activated carbons are functions of the pore
shape distributions with the surface chemistry which are
determined by the physical and chemical properties of the
raw materials, the activation method, and the activation
conditions [9]. They can be produced using both physical

2.0 MATERIALS AND METHODS

Crude glycerol [13], laboratory-grade activated carbon
(Reagent Grade), distilled water, beakers, conical flask,
separating funnel, stirrer magnetic heater, analytical balance,
measuring cylinder , methanol, sodium hydroxide, sulphuric
acid, sodium meta periodate, pH meter, and molecular sieve.
2.1 MSDS of lab grade activated carbon [14]

2.2 Acidification and characterization of Crude Glycerol
200g (33.34ml) of crude glycerol from biodiesel byproduct
with used groundnut oil was characterized (pH, relative
density [15], refractive index [16], a viscosity [17], water
content [18], ash content [19], glycerol content [20] and with
FTIR spectrum), heated and stirred by using magnetic stirrer
followed by H,SO, 1.19 M addition drop wise until the pH is
7 while the heating temperature was maintained at 60°C.
Afterward, the crude glycerol mixture (74.82ml) was cooled
and left for 30 minutes.

2.3 Treatment of Crude Glycerol with Lab. Grade
Activated Carbon

20ml of the acidified crude glycerol was added into 12 g lab-
grade activated carbon and stirred for 30 minutes at room
temperature with the allowance of 24hours. Afterward, the
entire filtrate was agitated with some molecular sieve and
finally obtained with vacuum filtration [21].

2.4 Henry’s Adsorption modelling
3.0 RESULTS AND DISCUSSION

methods and chemical methods of activation. The former
method entails a two-step operation. First, under high
temperatures and inert atmosphere, the raw material is
carbonized with high temperatures and inert conditions. In
the second stage, activation was done at elevated
temperature of 800-1000°C with air, steam, or CO, and
subsequently with the addition of activating reagents such as
sulfuric acid (H,SOg4), phosphoric acid (HzPOg4), zinc
chloride (ZnCly), potassium carbonate (K,COj3) or potassium
hydroxide (KOH) [9]. At an inert atmosphere and reasonable
temperatures, the absorbing material is then subjected to
thermal decomposition [9]. But the technique of chemical
activation has some significant benefits to the technique of
physical activation as it needs to reduce temperatures for
activation and fewer periods for activation. Activated carbon
is obtained in high yields with an active surface dimension
and well-developed micro porosity only in a single step [10],
[11]. Unfortunately, because of the activating agents' use,
this method is expensive. Some impurities are created during
this process, and they require intensive washing to remove
them. Activated carbon obtained with the use of ZnCl, is the
most generally used adsorbent because it has an excellent
high surface area and high organic compound adsorption
capacity [12].

This is the simplest isothermal adsorption where the
percentage of surface adsorption capacity is proportional to
the partial pressure of the adsorptive gas this model defines
an acceptable adsorption fit at relatively low doses, such that
all adsorbed molecules are isolated from their closest
available neighbors [22]. The balance thus adsorbs
concentrations in the liquid with the adsorbed phases in a
linear relationship as;

f— 7 R
9e = KypC,»

Where ge is amount of the adsorbate at equilibrium (mg/g),
KHE is Henry’s adsorption constant, and Ce is equilibrium
concentration of the adsorbate on the adsorbent.

Gk, ——{3]
g = =G ]

m

2, 4,6,8,10 and 12g lab-grade activated carbons were reacted
with the 10ml of the acidified crude glycerol mixtures
respectively at each quantity of the adsorbent with stirring
for 30 minutes at room temperature. The individual filtrates
were collected using vacuum filtration and analyzed for
viscosities as an index of treatment.
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Figure 2. a'ude glycerol Figure 3.Acidified CG Figure 4. Acidified CG with AC

Figure 5. Vacuum filtration of the acidified CG from AC Figure 6. Treated CG as filtrate with 3A mol. sieve
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Figure 7. Treated and purified glycerol

Table 1. Selected physicochemical properties

Property Crude Treated Pure glycerol
glvcerol | glvcerol Value REF
Colour brown colourless | colourless [23]
pH 11.24 6.57 6.84 [23]
Relative 1.0304 1.2120 1.2613 [23]
density
Refractive 24185 1.4540 1.4720 [23]
index
Viscosity (Cp) 1026 940 954 [23]
Water content 927 0.23 0 [23]
(%a)
Ash content 6.14 0.04 0 [23]
(o)
Glycerol 15.56 9596 9990 [23]
content (%

BCG

[ = WEe]

B PG

Refractive Water Ash content
content (%) (3¢)

pH Relative
density index

Figure 8 Comparative physicochemical properties of crude (CG), treated (TG) and pore (PG) glycerol.
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Figure 8. Comparative physicochemical properties of crude (CG), treated {TG) and pure (PG) glycerol.
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Figure 10. FTIE of crude glyecerol
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Figure 11. FTIR of activated carbon treated glycerol
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Table 2. The FTIR=

Crude Frequency Assignment Class Structure
glyvcerol 1100 C—0 stretch Alechol FaCHOH
1560 C—0 stretch Carboxvlic RCO-0-
acids
3300 O—H stretch Alcohol R—OH
Treated 1100 C—0 stretch Alcohol R2CHOH
glvcerol 3300 O—H stretch Alcohol R—-0OH
3610 O-H Alcohol R-OH
stretch{free
OH™)
Pure 1000 C—0 stretch Alcohol R2,CHOH
glvcerol 1100 C—0 stretch Alcohol E2CHOH
3610 O—H stretch Alcohol R—-OH
{free OH™)
Table 3. Henry's one parameter adsorption factors
G Cp) C.[Cp) Adsorbent mass(g) | Volume (ml) Q.(Cp)
1026 985 2 10 205
1026 973 4 10 133
1026 9561 5] 10 108
1026 949 2 10 96
1026 937 10 10 g9
1026 925 12 10 84
250
200 *
150 ,..--""""’f
g 'f.-—"'f y= 1.:.;333: -1583.9
R*=0.7731
100 ] >
EERE S s
50
0
920 930 540 950 960 970 580 990

Ce

Figure 13. Heniy's one parameter izotherm of activated carbons treated crude glveercl
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The crude glycerol (Figure 2) was technically separated,
acidified (Figure 3), treated with activated carbons (Figure
4), vacuum filtrated (Figure 5), and dehydrated (Figure 6)
with molecular sieves in obtaining a better grade of glycerol
(Figure 7). The comparative physicochemical characteristics
of initial crude glycerol treated glycerol in the course of this
project, and pure glycerol was disclosed in table 1, figure 8,
and figure 9 accordingly. The high levels of pH, refractive
index, water content, ash content, and viscosity of the crude
glycerol were significantly controlled concerning pure
glycerol. Meanwhile, the relative density and glycerol
content was boosted with the treatment.FTIR of the crude
glycerol (Figure 10), treated glycerol (Figure 11), and the
pure glycerol (Figure 12) as evaluated in table 2. This
reveals a band around 1560cm-1 that was attributed to the
presence of impurities as carboxylic acids emanating from
the formation of soap sediments as the treated and the pure
glycerol lack absorption at this band, justifying the treatment
efficacy of activated carbons. Also, absorption at 1100cm-1,
3300cm-1, and 3610cm-1 with the treated and pure glycerol
confirm the identities of good grade glycerol. Table 3
presents the henry’s adsorption isotherm with the varying
amount of the adsorbent from 2 to 12 grams in batches with
the effect of viscosity as the singular control factor with the
treatment. The model was eventually defined as; y=1.7833x—
1583.9 with a coefficient of 0.7731.

4.0 CONCLUSION

The objective of obtaining good grade glycerol from its
crude form from biodiesel production through one parameter
adsorption process of the activated carbons has been
demonstrated as a valuable by-product.

The initial magnitudes of the selected parameters such as pH,
refractive index, water content, ash content, viscosity,
relative density, and glycerol content with the crude glycerol
were remarkably controlled to the grade that can be used
directly or further be processed into value-added chemical
products industrially. This implies that it can contribute
significantly to a sustainable environmental circular
economy turning the biodiesel industry into a profitable one.

5.0 REFERENCE

1. Demirbas, A. (2009). Biofuels from Agricultural
Biomass. Energy Sources, Part A: Recovery,
Utilization, and Environmental Effects, 31(17),
1573 1582. doi:10.1080/15567030802094011

2. Rodrigues, A.et al (2017). Upgrading the
Glycerol from Biodiesel Production as a
Source of Energy Carriers and Chemicals—A
Technological Review for Three Chemical

10.

11.

12.

13.

Pathways. Energies,
1817. d0i:10.3390/en10111817
He, Q. Sophia at al (2017). Utilization of the
residual glycerol from biodiesel production for
renewable energy generation. Renewable and
Sustainable  Energy  Reviews, 71, 63
76. doi:10.1016/j.rser.2016.12.110

How to Tell When Energy Is Released During
Chemical Bonding. ThoughtCo. (2020).
Retrieved 16  August 2020, from
https://www.thoughtco.com/when-energy-is-
released-in-chemical-bonding-603989.

Erniati Anzar et al (2018). Purification of
Crude Glycerol from Biodiesel By-product by
Adsorption using Bentonite.  Indonesian
Journal of Fundamental and Applied
Chemistry. DOI: 1024845/ijfac.v3.i3.83
Khairul Azly Zahan (2018). Biodiesel
Production from Palm Qil, Its By-Products,
and Mill Effluent: A Review. Energies 2018,
11, 2132; doi:10.3390/en11082132
www.mdpi.com/journal/energies

Menéndez, J. A.et al (2010). Microwave
heating processes involving carbon materials.
Fuel Processing Technology, 91(1), 1-
8. d0i:10.1016/j.fuproc.2009.08.021

Inagaki, M., & Kang, F. (2014). Engineering
and Applications of Carbon Materials.
Materials Science and Engineering of Carbon:
Fundamentals, 219-525. doi:10.1016/b978-0-
12-800858-4.00003-6

Yakout, S. M., & Sharaf El-Deen, G. (2016).
Characterization of activated carbon prepared
by phosphoric acid activation of olive stones.
Arabian Journal of Chemistry, 9, S1155-
S1162. doi:10.1016/j.arabjc.2011.12.002
Bedia, J.et al (2020). Review on Activated
Carbons by Chemical Activation with FeCl3. C
— Journal of Carbon Research, 6(2),
21. doi:10.3390/c6020021

Ukanwa et al. (2019). A Review of Chemicals
to Produce Activated Carbon from Agricultural

10(11),

Waste Biomass.  Sustainability, 11(22),
6204. doi:10.3390/5u11226204
Makeswari, M., & Santhi, T.

(2013). Optimization  of  Preparation  of
Activated Carbon from Ricinus communis
Leaves by Microwave-Assisted Zinc Chloride
Chemical Activation: Competitive Adsorption
of Ni2+lons from Aqueous Solution. Journal of
Chemistry, 2013, 1-
12. doi:10.1155/2013/314790

Folaranmi, J. (2013). Production of Biodiesel
(B100) from Jatropha Oil Using Sodium

http://www.ijeais.org/ijaar

68


http://www.ijeais.org/ijaar
https://www.thoughtco.com/when-energy-is-released-in-chemical-bonding-603989
https://www.thoughtco.com/when-energy-is-released-in-chemical-bonding-603989
http://www.mdpi.com/journal/energies

International Journal of Academic and Applied Research (IJAAR)
ISSN: 2643-9603
Vol. 4, Issue 8, August — 2020, Pages: 61-69

Hydroxide as Catalyst. Journal of Petroleum
Engineering, 2013, 1-
6. doi:10.1155/2013/956479

14. Charcoal, Activated Carbon, Reagent Grade, 500 g |
Carolina.com. Carolina.com. (2020).
https://www.carolina.com/specialty-chemicals-
b-c/charcoal-activated-carbon-reagent-grade-
500-g/853740.pr

15. ASTM D4052-18a, Standard Test Method for
Density, Relative Density, and API Gravity of
Liquids by Digital Density Meter, ASTM
International, West Conshohocken, PA,
2018, www.astm.org

16. ASTM D1747-09(2019), Standard Test
Method for Refractive Index of Viscous
Materials, ASTM International, = West
Conshohocken, PA, 2019, www.astm.org

17. ASTM D1084-16, Standard Test Methods for
Viscosity of Adhesives, ASTM International,
West Conshohocken, PA, 2016, www.astm.org

18. ASTM D2216-19, Standard Test Methods for
Laboratory Determination of Water (Moisture)
Content of Soil and Rock by Mass, ASTM
International, West Conshohocken, PA,
2019, www.astm.org

19. ASTM D3174-12(2018), Standard Test
Method for Ash in the Analysis Sample of
Coal and Coke from Coal, ASTM
International, West Conshohocken, PA,
2018, www.astm.org

20. ASTM D7637-10(2015), Standard Test
Method for Determination of Glycerin Assay
by Titration (Sodium Meta Periodate), ASTM
International, West Conshohocken, PA,
2015, www.astm.org

21. Erniati Anzar et al (2018). Purification of
Crude Glycerol from Biodiesel By-product by
Adsorption using Bentonite. Indones. J.
Fundam. Appl. Chem., 3(3), 2018, 83-88

22. Ayawei, N.et al (2017). Modelling and
Interpretation of Adsorption Isotherms. Journal
of Chemistry, 2017, 1-
11. doi:10.1155/2017/3039817

23. Glycerol. Pubchem.nchi.nlm.nih.gov. (2020).
https://pubchem.ncbi.nlm.nih.gov/compound/gl
ycerol.

http://www.ijeais.org/ijaar



http://www.ijeais.org/ijaar
https://www.carolina.com/specialty-chemicals-b-c/charcoal-activated-carbon-reagent-grade-500-g/853740.pr
https://www.carolina.com/specialty-chemicals-b-c/charcoal-activated-carbon-reagent-grade-500-g/853740.pr
https://www.carolina.com/specialty-chemicals-b-c/charcoal-activated-carbon-reagent-grade-500-g/853740.pr
https://www.astm.org/
https://www.astm.org/
https://www.astm.org/
https://www.astm.org/
https://www.astm.org/
https://www.astm.org/

