https://doi.org/10.30799/jespr.165.19050202

p

J. Environ. Sci. Pollut. Res. - Volume 5 Issue 2 (2019) 338-341
ISSN: 2455-0272

JESPR =

Share Your Innovations through JACS Directory

Tournal of
Fnironmentall Scignce and
Pollution Research

Journal of Environmental Science and Pollution Research

JACS

DIRECTORY
Hosting Innovations

Visit Journal at http://www.jacsdirectory.com/jespr

‘-E JACS Directory

Influence of Physico-Chemical Parameters on Fuel Briquettes Properties Formulated with
Mixture of Biomasses

Inna Samomssal*, Yvette Jiokap Nono?, Cornelius Tsamo3+4, Mihaela Rodica Dinica’, Richard Kamgal

1Department of Applied Chemistry, National Advanced School of Agro-Industrial Sciences (ENSAI) of the University of Ngaoundere, Ngaoundere, Cameroon.
2Department of Chemical Engineering and Environment, University Institute of Technology (IUT) of the University of Ngaoundere, Ngaoundere, Cameroon
3Department of Chemistry, Higher Teachers’ Training College, University of Maroua, P.O. Box 55 Maroua, Cameroon.

“Department of Agricultural and Environmental Engineering, College of Technology, University of Bamenda, P.0.BOX 39, Bambili, Cameroon.

SDepartment of Chemistry, Physics and Environment, Dundrea de Jos” University of Galati, 111 Domneasca Street, 800201 Galati, Romania.

ARTICLEDETAILS ABSTRACT

Article history:

Received 27 March 2019
Accepted 18 April 2019
Available online 06 May 2019

The purpose of this study was to investigate influence of physico-chemical parameters on fuel briquette
properties produced from a mixture of cassava and plantain peelings, and corn cob. FTIR and XRD of
each biomass was determined and fractional factorial design used in classifying influence of physico-
chemical parameters on degradation rate and strength of briquette. The results show that the three
biomasses have similar infrared spectra. The mains functional groups present are; OH alcohol, C-H, C-O
and C-C. These could produce hydrogen bond during densification. XRD reveals presence of cellulose
and starch in the three biomasses. Cassava peelings have the highest amount of starch compared to
others. Thus, cassava peelings can play the rule of binder. Results also reveal that for degradation rate
of briquette, the average absolute error (AAE) ranged from 0.00% to 2.82% and varies between 0.00%
to 2.88% for strength. These AAE are closer to zero and can be considered negligible compared to
observed responses. This demonstrates the reliability of the models. Besides, adjusted R?, absolute
average deviation (AAD), bias factor and exactitude factor obtained are in accordance with interval
indicated for validation of model. The influence of evaluated parameters for degradation rate of
briquette in descending order of importance are: the briquetting mass, moisture content, briquetting
pressure, time before demoulding, diameter of mould, particle size and briquetting temperature. For
strength, pressure and particle size are the most influential parameters followed by briquetting time,
moisture content, diameter of mould, briquetting mass and briquetting temperature. The influence
levels of the different parameters on the strength and degradation rate of briquette simultaneously show
that particle size, moisture content, briquetting pressure and briquetting mass are the most important.
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However, they act in opposite directions for degradation rate and strength of briquette.

1. Introduction

The attention regarding biomass as an alternative to replace fossil fuels
has increased tremendously over the past few years. Thus, the problems
related to global warming caused by fossil fuel could be solved [1]. In fact,
biomass is a reliable and renewable local energy source in local industries
and can reduce reliance on overloaded electricity grids [2]. However, the
efficient use of biomass and complete replacement of fossil fuels, in
systems originally designed for them, is limited as a result of some
undesirable characteristics that biomass presents [3]. Some of these
characteristics are high heterogeneity, high moisture content, high alkali
content, low heating value, low bulk density, poor grindability, and storage
problems [4-7]. Therefore, to improve its properties for industrial
applications, biomass often needs to be pretreated [8].

There are many biomass conversion processes to prepare energy-
efficlent biofuels. These methods are physical, agrochemical,
thermochemical and biochemical [9]. In physical method of conversion,
biomass is densified into solid briquettes while in agrochemical route of
conversion; fuel is extracted from freshly cut plants. Thermochemical
process of conversion consists of combustion, pyrolysis, gasification and
anaerobic digestion to methane. Biochemical route of biomass conversion
to fuel consists of ethanol fermentation.

Amongst these methods physical method seems to be a suitable and
promising for most developing countries such as Cameroon. In fact, this is
a low-cost production process and easy to put in place. Besides,
briquetting is environmentally friendly and emit less than half the

*Corresponding Author:samomssa@yahoo.fr(Inna Samomssa)

https://doi.org/10.30799/jespr.165.19050202
2455-0272 / JACS Directory©2019. All Rights Reserved

designated emissions stipulated by the Environmental Protection
Agencies' 1990 Legislation [10]. When burnt, the products are considered
carbon dioxide neutral and result in low levels of ash content. Thus, they
are really an eco-alternative to other fossil fuels [10].

In briquetting process, there are three methods to pretreat biomass
before densification. These methods are drying, AFEX and carbonization
[10]. Although carbonization and AFEX offer advantages to improve
thermal properties such as heating value and smoke power, these methods
use originally energy which is not always available. In addition, during
carbonization, binder properties of biomass are destroyed. Thus,
carbonized biomass needs binders which are generally toxics. In contrast,
sun energy can be used for drying method. In this way, to avoid utilization
of toxics binders, different species of biomass can be mixed to produce fuel
briquettes. In Cameroon, cassava peelings, plantain peelings and corn cob
are the most produced agricultural waste [11]. Theses biomasses have
different properties and could be mixed to produce fuel briquettes.

Previous work on dry briquetting has evaluated influence of moisture
content [12, 13], pressure [14, 15], particle size [16-20] and briquetting
temperature [21-25] on thermal and mechanical properties of briquettes.
However, these studies have individually studied the influence of these
parameters. These studies however, did not evaluate the possible
interactions between the different factors. Similarly, the quality of the
briquette can be influenced by some physico-chemical parameters
namely; briquetting mass, diameter of mould and the time after
demoulding. The goal of this study is to investigate influence of physic-
chemical parameters on fuel briquette properties produced with mixture
of cassava peelings, plantain peelings and corn cob. The influence of these
biomasses determined physico-chemical parameters on degradation rate
and strength of produced briquette was evaluated using a fractional
factorial design.
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2. Experimental Methods

2.1 Sampling

The bio resources used in this work are corn cob, plantain peelings and
cassava peelings. Samples collected on the field were washed with tap
water followed by distilled water and dried at 50 °C until constant mass.
Powder samples were then prepared by grinding the dried constant mass
samples.

2.2 FTIR Spectroscopy and XRD Characterisation

FTIR spectra were obtained by means of iS50 RAMAN while X-ray
diffractogram was determined using Philips X'Pert PRO diffractometer.

2.3 Briquette Production and Screening

Briquettes were produced by the mixture of cassava peelings, plantain
peelings and corn cob. Preliminary tests guided the production of
briquettes with a mixture of 20%, 20% and 60% respectively for cassava
peelings, plantain peelings and corn cob. Hydraulic mechanic press was
used to produce the briquettes.

Screening was done according to the fractional factorial design. This
enables the classification of the order of influence of the parameters. The
main causes likely to influence the responses were obtained from
literature review and the preliminary tests. These parameters are; particle
size, moisture content of the raw material, diameter of the mould, mass of
mixture, pressing temperature, briquetting pressure, demoulding time
and briqueting time. The responses selected are strength and degradation
rate of briquette (DRB). The fractional factor test matrix is shown in Table
1 below.

Table 1 Test matrix

S. Parameters Responses
No.  Ps MC t P D BT Strength
@m0 "M i) Mpa) (em o FP
1 300 21.0 10 2.5 10.0 1.8 55 Y1 Y1
2 500 12.0 15 0.0 15.0 1.0 30 Y2 Y2
3 100 12.0 15 5.0 5.0 1.0 80 Y3 Y3
4 100 30.0 15 0.0 5.0 225 30 Y4 Y4
5 300 21.0 10 2.5 10.0 1.8 55 Y5 Y5
6 500 300 5 5.0 5.0 1.0 30 Y6 Y6
7 100 300 5 0.0 15.0 1.0 80 Y7 Y7
8 100 120 5 5.0 15.0 2.5 30 Y8 Y8
9 300 21.0 10 2.5 10.0 1.8 55 Y9 Y9
10 500 120 5 0.0 5.0 2.5 80 Y10 Y10
11 500 30.0 15 5.0 15.0 2.5 80 Y11 Y11

Ps:Particle size, MC: Moisture content, t:Time, P :Pressure, D : Diameter of mould ,
BT :Briquetting temperature; M :Briquetting mass; DRB: Degradation rate of
briquette

2.4 Analysis and Calculation Method

Degradation rates of briquette (DRB) were determined according to the
Shell Household Energy and Health Prograrn method in the WBT (water
boiling test) version 3.0 of January 2007. The briquette was graduated in
centimeters and set from above in a Bunsen burner in a hood until the fire
is extinguished. The rate of degradation of the material was determined by
the ratio of the burned distance as a function of time.

The strength was determined using the Model Brookfield LFRA Texture
Analyzer 4500 texturometer. For each experiment, a needle probe was
chosen to penetrate the briquettes with a sensitivity of 1 g; a depth of 1.5
cm and a speed of 0.5 mm/s. A digital display makes it possible to read the
maximum force of travel during the penetration (peak load). This force,
expressed in g (force of gravity), is converted to Newton (N) using the
conversion factor 1 g=0.102 N.

2.4 Validation of the Model

Adjusted R? have to be more than 95%; Absolute average deviation
(AAD) has to be nearer to zero; Exactitude Factor (Ar) and bias factor have
to be between 0.75 and 1.25; -Probability of Fischer test has to be less than
0.05. These parameters were obtained using Eqs.(1-3).

1
.‘—I[Yi.c Yc) *100 )

R2;|(l_i= 1=
/’ (2)

(3)

Ay =10"7
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3. Results and Discussion

3.1 Functional Groups and Diffractogram of Materials

Figs. 1 and 2 below respectively present the functional groups and
diffractogram of each biomass.
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Fig. 1 FTIR of materials

Fig. 1 shows that the three samples have similar infrared spectra. There
are four main groups as evident from the absorption bands. These
absorption bands are: between 3000-3500 cm, 2500 cm?, 3000 cm,
2000-1400 cm! and 1000 cmL. Absorption band range between 3000-
3500 cm'! is attributed to the elongation vibration of the bonded alcohol
group OH [26], while those between 2500-3000 cm! show the presence of
C-H [27]. Absorption bands between 2000-1400 cm! are characteristic of
C-0 elongation while those at 1000 cm! correspond to the C-C bond [28].
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Fig. 2 X-ray diffractogram of materials

This Fig. 2 shows that these biomasses have very different levels of
crystallinity. The cassava peelings (PM) has a very high crystallinity with
very fine peak at angles 26 of 15°, 17°, 22°, 24°, 25°, 27°, 30° and 38°. The
corn cob (RM) has two very wide bands at angles 26 of 12 ° and 20°. In
addition, it has a less intense band at 26 of 23°. The bands of plantain
peelings are less intense than for the other two compounds and they are
found atangles 26 of 15° and 17°. Besides, plantain peelings (PP) spectrum
shows a series of fine peaks with very low intensities at angles 26 between
24° and 38°. The literature presents the angles of type I cellulose, type II
cellulose and starch for biomass material [29].

Spectrum of cassava peelings reveals the presence of type I cellulose
with these peaks at 20 equals 15 °and 17 ° and the presence of starch with
the peaks at 28 equals at 22°, 25° and 27°. The peak at 26 equal to 22°
generally reflects the type V crystallinity, which would result from the
interactions of granular lipids in the form of monoacylglycerol with the
simple helices of amylose, whereas 26 equal to 27° would result from the
presence of starch type A [30]. The corn cob shows the presence of type II
cellulose with 26 angles equal to 12° and 20° and the presence of starch
with the 28 peak equal to 23°. The spectrum of plantain peelings reflects
the presence of type II cellulose with angles 26 equal to 15 °and 17 ° and
the presence of starch at 28 equal to 24 °.

3.2 Screening

Table 2 reveals that degradation rate of briquette varies between 0.33
cm/min at 0.54 cm/min and strength vary between 90.52 N and 323.38 N.
Differences between the both values are 0.23 c¢cm/min and 232.8 N
respectively for degradation rate of briquette and strength. These
variations are large indicating the influence of the different parameters on
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the properties of fuel briquettes. This table also reveals that for
degradation rate of briquette, the average absolute error (AAE) is equal to
zero for eight experiments. The three other experiments, AAE are 0.42%,
2.48% and 2.82%. The same observation was made for strength with the
three other experiments with AAE ranging from 1.16% to 2.88%. These
are closer to zero and can be considered negligible compared to observed
responses. This demonstrates the reliability of the models.

Table 2 Responses matrix

S.  Parameters Responses AAE
No. Ps MC BM t P D BT DRB Strength DRB  Strength
(mm) (%) (min) (Mpa) (cm) (°C)

1 300 21.0 10 25 10.0 1.8 55 043 193.7 042 2.88
2 500 120 15 0.0 15.0 1.0 30 036 171.7 0.00 0.00
3 100 120 15 5.0 5.0 1.0 80 041 190.8 0.00 0.00
4 100 300 15 0.0 5.0 25 30 036 111.2 0.00 0.00
5 300 21.0 10 25 10.0 1.8 55 044 201.6 2.82 116
6 500 300 5 5.0 5.0 1.0 30 047 100.6 0.00 0.00
7 100 300 5 0.0 15.0 1.0 80 043 199.4 0.00 0.00
8 100 120 5 5.0 15.0 25 30 0.54 2234 0.00 0.00

©

300 21.0 10 25 10.0 1.8 55 0.42 202.5 248 1.63
10 500 120 5 0.0 5.0 2.5 80 053 90.52 0.00 0.00
11 500 30.0 15 5.0 15.0 2.5 80 033 159.1 0.00 0.00

AAE: Average absolute error

3.3 Validation of Model

Table 3 illustrates that absolute average deviation (AAD) is closer to
zero for strength and degradation rate. This is in agreement with the
interval set to validate average deviation absolute analysis [31]. Besides it,
the bias factor and exactitude factor values for both responses are equal to
1. The validation condition of the both factors is that their values should
be between 0.75 and 1.25 [31]. In addition, adjusted R? of the both is closer
to 100%. On these bases, models from strength and degradation rate of
briquette are validated.

Table 3 Condition to validate models

Responses R2Adjusted (%) AAD Biais factor Exactitude Factor
Strength 99.17 0.01 1.00 1.00
DRB 97.04 0.01 1.00 1.00

AAD: Absolute Average Deviation

Table 4 shows the P-value of each factor for degradation rate of
briquette and strength. Statistical analyses reveal that the p-value less
than 0.05 indicate parameters are significantly different from zero at the
95% confidence level. This table also reveals that for degradation rate of
briquette, moisture content and briquetting mass have P-value less than
0.05. In view of these probability values, it can be said that moisture
content and the briquetting mass significantly influence degradation rate
of briquette. On the other hand, p-value of strength shows that particle
size, moisture content, briquetting time, briquetting pressure and
diameter of mould have a significant effect on the response. Their
respective P-value is 0.004; 0.014; 0.014; 0.002 and 0.020. The R? statistic
indicates that the adjusted model accounts for 99.41% of the degradation
rate variability. The adjusted R? statistic, which is preferable for
comparing models with different numbers of explanatory variables, is
97.04%. For strength, the R? statistic indicates that the adjusted model
explains 99.17% while the R? is 99.83%. Thus obtained, difference
between R? and adjusted R? is negligible.

Table 4 P-Value of each parameters

Parameters DRB Strength
Particle size (um) 0.295 0.004
Moisture content (%) 0.018 0.014
Briquetting mass (g) 0.004 0.096
Time (min) 0.134 0.014
Pressure (Mpa) 0.063 0.002
Diameter of mould (cm 0.127 0.020
Briquetting temperature (°c) 0.663 0.099
3.3 Modeling

The equations below present model of each response. These equations
show that, X1, Xz, X3, X5 and X7 negatively influence degradation rate of
briquette, while X4 and Xs influence positively. X1, Xz, X3, Xs, Xs, X6 and X7
are particle size, moisture content, briquetting mass, time after
briquetting, pressure, diameter and briquetting temperature, respectively.
For strength, X1, X2, Xs and X7 negatively influence the model while X3, X4
and Xsinfluence positively.

Degradation rate of briquette = 0.8236 — 0.000022X; — 0.003560X, —
0.009829X; + 0.00304 X, — 0.002358X; + 0.01050 X, — 0.000063X, (4)

Strength = 12.326 — 0.005103X; — 0.07821X, + 0.0365X;
+0.2058 X,, + 0.2720X5 — 0.5752 X, — 0.00718X, (5)
https://doi.org/10.30799/jespr.165.19050202

3.4 Pareto Diagrams

The influence of evaluated parameters for degradation rate of briquette
in descending order of importance are: the briquetting mass, moisture
content, briquetting pressure, time before demoulding, diameter of mould,
particle size and briquetting temperature (Fig. 3). The influence of the
briquetting mass is twice as fast as that of moisture content and about four
times that of pressure. These three factors have negative contributions on
degradation rate of briquette. The negative value of the contribution of the
briquetting mass is due to the fact that the greater the quantity of the
material, the longer the combustion time will be. It can be considered that
when the briquette contains water the combustion is done in two phases;
the evaporation of water in the first phase and combustion in the second
phase. This double step slows the degradation of briquette. The higher the
pressure, the more compact the briquette is. Under these conditions the
diffusion of the air is weak and consequently the combustion is low. A large
diameter of briquette and thus a larger surface area gives a greater contact
between the materials and the oxygen therefore the degradation is faster.

Factor Name

o] A Taille
B Teneur en eau
B c Fraction
D Temps
E Pression
E F Diamétre
G Température
F
D
A
G
0 2 4 6 8 10 12 14 16

Effet Standardise

Fig. 3 Pareto diagram of degradation rate of briquette

For strength, pressure and particle size are the most influential factors
followed by briquetting time, moisture content and diameter of mould
(Fig. 4). Mass and temperature come last. Pressure, time, fraction and
temperature have a positive contribution to the force. On the other hand,
particle size, moisture content and diameter of mould have a negative
contribution. The positive contribution of the pressure is that the higher
the pressure, the denser and compact the briquette is. Higher times before
demoulding correspond to an additional period of hardening for the
briquette. The negative influence of particle size results from the fact that
the larger the size of the particles, the smaller the contact area between
them and the lower the density of the briquette obtained. Water acts in the
briquette as a dispersant of solid materials, hence its negative contribution
to the hardness of the briquette.

The influence of these parameters taken simultaneous on strength and
degradation rate of briquettes, shows that particle size, moisture content,
briquetting pressure and briquetting mass are the most important.
However, they act in opposite directions for degradation rate of briquette
and for strength.

Factor Name

E A Taille
B Teneur en eau
c Fraction

A D Temps
E Pression

D F Diamétre
G Température

0 5 10 15 20 25
Effet Standardisé

Fig. 4 Pareto Diagram of strength

4. Conclusion

The aim of this study was to classify the influence of physico-chemical
parameters on fuel briquettes properties. The results show that functional
group present on the three biomasses could make hydrogen bond during
densification. In addition, diffractogram reveals the presence of starch in
the three biomasses and can be gelatinized during densification to
improve contact between particles. Results also reveal that for
degradation rate of briquette, the average absolute error (AAE) is ranged
from 0.00% to 2.82% and varies between 0.00% to 2.88% for strength.
These AAE are closer to zero and can be considered negligible compared
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to observed responses. This demonstrates the reliability of the models.
Besides, adjusted R, absolute average deviation, bias factor and exactitude
factor obtained value are in accordance with interval indicated for
validation. The influence levels of the different parameters on the strength
and degradation rate of briquette simultaneous show that particle size,
moisture content, briquetting pressure and briquetting mass are the most
important. However, they act in opposite directions for degradation rate
of briquette and for strength.
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