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Abstract

The initiative of using biomass as a preference source of energy is vindicated by its availability, abundance, easy accessibility and its
eco-friendly nature. This therefore calls for the conversion of agricultural wastes to usable form. This study is aimed to investigate the
physicochemical and combustion properties of briquettes obtained from pyrolyzed biochar of groundnut shell. The groundnut shell bio-
char briquette bonded with cassava starch as binder were molded and analyzed. Proximate analysis, ultimate analyses, Scanning electron
microscopy (SEM), Calorific values, density and compressive strength, among other properties, were determined for the fabricated bri-
quettes. A high heating value of 42.50 MJ/Kg was recorded for groundnut shell biochar briquette compared to 25.20 MJ/Kg of raw
groundnut shell briquette. While the ash contents of 5.12 % and 6.40 % were recorded for raw groundnut shell briquette and groundnut
shell biochar briquette respectively. It took groundnut shell biochar briquette approximately 10 minutes to boil 1000 cm3 of water, while
raw groundnut shell briquette boiled same quantity of water in 20 minutes. The finding of this study shows that the biochar obtained
from the pyrolysis of groundnut shell is suitable for fuel briquette production.
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1. Introduction

Biomass is the third major primary energy means in the world which is considered as renewable energy source for both developed and
developing countries [1]. The key percentage of biomass energy is made from wood and wood wastes (64%), solid waste (24%), agricul-
tural waste (5%) and land fill gases [2]. Biomass has grown importance as one of the generally utilized sources of renewable energy fuel
due to increasing global energy desires by teeming world population and rapid industrialization and urbanization [3-6].
Biomass-to-energy is an encouraging alternative energy technology [7]. Current studies have revealed that biomass energy conversion is
one of the few confirmed, cost-effective and accessible technologies that can reduce CO2 emissions [8]. These findings are based on the
impacts on climate change caused mainly by the use of fossil fuels [9].

Pyrolysis product (biochar) has many applications [10]. However, factors, such as high water and ash contents, instability, heating value
restrict the utilization of biochar. Therefore, improving the biochar becomes inevitable to increase its quality [11].

Groundnut shells are common agricultural residues in Nigeria which are available in abundance most especially in Northern region of
Nigeria. These are either burnt or disposed of in a manner that could bring environmental pollution. Research paper states that the calorif-
ic value of the Gmelina arborea biochar briquette reported by Adegoke et al., [12] is 32.82 £1.125 MJ/kg.

Nurhayati et al., [13] reported the proximate and mechanical analysis of carbonized biochar briquette produced from palm karnel shell.
The volatile matter obtained is 55.95 %, ash content shows 4.83 %, fixed carbon content and moisture content show 39.22 % and 1.75 %
respectively. Compressive strength obtained is around 3.20 MPa while the density obtained is 0.94 g/cm?® and calorific value obtained is
around 29.60 MJ/kg.

Enough investigations are seen in the previous studies on groundnut shell for briquette production, and no study is seen for the groundnut
shell via pyrolysis for briquette production. Hence, this study is expected to produce and analyzed briquette from the groundnut shell
pyrolyzed biochar.

2. Material and methods

2.1. Material
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The both raw groundnut shell and biochar left over from the pyrolysis of groundnut shell of Ige et al., [14] were collected for the produc-
tion of briquette. The biochars and raw groundnut shells were sieved with 2mm wire mesh to reduce the particle size into fine particles
and were stored in air-tight containers until further use.

2.2. Briquette production

The briquettes were produced using a fabricated briquetting machine which works on 10 ton hydraulic jack that press a chamber of a
cylindrical mould confining the slurry. The length and the breadth of briquettes are 94 mm and 61 mm respectively. Cassava starch was
procured from Kuto market, Abeokuta, Ogun State and was used as binder. The dried samples of biochar from groundnut shell raw
groundnut shell were weighed, mixed in ratio 4:1 thoroughly with water to form slurry and fed into the mould to produce briquette and
the briquettes were sun dried for two weeks as shown in Figure 1.
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Fig. 1: Flow Chart of Briquettes Production.
2.3. Determination of proximate, ultimate and combustion properties

Proximate analysis (Ash, volatile matter, moisture content and fixed carbon) was conducted in accordance with the JIS-M8813. The ul-
timate analysis of the raw and biochar samples was determined by the element analyzer (CHNS analyzer ASTM D5291 method) and
Oxygen was calculated according to Sallau et al., [15] procedure.

The calorific value was determined using LECO AC 350 Bomb calorimeter following standard procedure [16]. Density was determined
according to Obi et al., [16] procedure.

Compressive strength of the briquette sample was determined using ELE tritest 50 compression machines according to Olawale et al.,
[17]. The water boiling test was examined by recording the time taken for a given mass of 1000 g of the briquette sample to first boil
1000 ml of water under similar conditions, ignition time and afterglow were determined according to Onuegbu et al., [18].

The presence of a surface functional group of biochar and raw materials was analysed using Fourier transform infrared (FTIR) (Spec-
trum100, Perkin Elmer) transmission analysis.

2.4. Scanning electron microscopy

The micro-structure of the samples was analyzed by Scanning Electron Microscopy (SEM) at the Umaru Musa Yar’adua University Ana-
lytical Laboratory Katsina State. The samples were first transferred to capsules and coated with Palladium (Pd) at 30 mA and analyzed in
a JEOLJFC-5510LV Scanning Electron Microscope.

Statistical Analysis: The average of all the parameters analyzed was computed by pair T-test using Graph Pad Prism® (Version 6.04) and
results were presented as mean + SEM.

3. Results
Table 1: Proximate Composition of the Raw and Biochar Sample Materials
Samples Moisture Ash Volatile Fixed
Content Content Matter Carbon
(%) (%) (%) (%)
RGS 9.40+0.23 4.42+0.42 75.27+£0.05 10.91+0.34
BGS 4.5040.34 5.28+0.05 10.62+0.12 79.60+0.45

Data are means of three replicates (n = 3) + SD using Graph Pad Prism. RGS:Raw Groundnut Shell, BGS:Biochar Groundnut Shell.
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Table2: Ultimate Analysis of the Raw and Biochar Sample Materials
Samples C H (0} N S
(Wt%) (Wt%) (wWt%) (Wt%) (wt%)
RGS 47.10+0.23 6.83+0.01 42.63+0.03 3.28+0.24 0.16+0.50
BGS 68.72+0.14 3.24+0.31 28.45+0.04 0.57+0.22 0.02+0.11

Data are means of three replicates (n = 3) = SD using Graph Pad Prism. RGS:Raw Groundnut Shell, BGS:Biochar Groundnut Shell.

Table 3: Proximate Composition of the Raw and Biochar Sample Briguettes

Samples Moisture Content Ash Content Volatile Matter Fixed Carbon
(%) (%) (%) (%)

RGS 6.83+0.57 5.12+0.20 71.89+0.50 16.16+0.02

BGS 5.71+0.52 6.40+0.68 12.30+0.03 75.59+0.11

Data are means of three replicates (n = 3) = SD using Graph Pad Prism. RGS:Raw Groundnut Shell, BGS:Biochar Groundnut Shell.

Table 4:Physical Characteristics of the Raw and Biochar Sample Briquettes

Compressive Calorific Value

H 3
Sailglizs Lzt i) Strength (N/mm?) (MJ/Kg)
RGS 0.62+0.24 0.94+0.50 25.20+0.34
BGS 1.45+0.23 3.66+0.04 42.50+0.10

Data are means of three replicates (n = 3) + SD using Graph Pad Prism. RGS:Raw Groundnut Shell, BGS:Biochar Groundnut Shell

Table 5: Combustion Characteristics of the Raw and Biochar Sample Briquettes

Samples Ignition Time Afterglow Combustibility Burning Rate
(cm/s) (sec) Test(mins) (Kg/hr)

RGS 0.52+0.30 44+0.12 20+0.64 0.80+0.05

BGS 1.18+0.01 63+0.18 10+0.01 1.68+0.29

Data are means of three replicates (n = 3) + SD using Graph Pad Prism. RGS:Raw Groundnut Shell, BGS:Biochar Groundnut Shell

Table 6: FT-IR Characteristics of Raw and Biochar Materials

RGS BGS  Range (cm?) Functional Group Characteristics
3275 - 3570-3200 OH Broad
2918 - 2935-2915 C-H Methylene, assy/sym stretch
1622 1562  1650-1566 c=C Cyclo Alkene stretch
1424 - 1450-1335 C-H Bending Vibration
1026 1033  1150-1000 C-H C-O stretch vibration of ester
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Fig. 2: FTIR Spectral of Raw Groundnut Shell.
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4. Discussion

Table 1 and 2 show the proximate, ultimate and heating value of the raw samples (groundnut shell and pyrolyzed biochar samples
groundnut shell), used for the study. The volatile matter content, moisture content and ash content for the raw samples are higher than
that of biochar samples for groundnut shell while the fixed carbon and the heating value of the biochar sample are higher than that of raw
sample for groundnut shell. This could be due to the pyrolysis process. The volatile matter obtained for the samples are lower than that of
the finding reported by Lasode et al. [19] and Prins et al. [20], where the studies reported 82.3 wt% for teak dust and 79.0 wt% for
Switchgrass dust, respectively. It was reported that a high concentration of volatiles will be released during pyrolysis at high temperature
and part of the volatiles could be trapped within the carbon matrix of biomass, forming secondary char that contributes to a high C %
[21].

The results of ultimate analysis of the raw groundnuts shell sample gave 47.10%, 6.83%, 42.63%, 3.28% and 0.16% for contents of car-
bon, hydrogen, oxygen, nitrogen and sulphur respectively while pyrolyzed groundnut shell biochar gave 68.72%, 3.24%, 28.45%, 0.57%
and 0.02 % for contents of carbon, hydrogen, oxygen, nitrogen and sulphur respectively. There is an improvement in the amount of car-
bon and less reduction in hydrogen content in the pyrolyzed materials which is very suitable as they contribute enormously to the com-
bustibility of any substance in which they are initiated. The analyses of the selected raw materials to produce briquettes before and after
pyrolysis provide some novelty. The influence and link to the briquette production process were investigated.

Table 3 shows that there is a significant difference in the moisture content of the briquette samples at P < 0.05 in which mean + SEM
values of 6.83 %, and 5.71 % were recorded for raw groundnut shell briquette and groundnut shell biochar briquette. The results of mois-
ture content obtained are compared well with that of biochar briquette produced from pyrolysis of palm kernel (1.75%) as reported by
Nurhayati et al., [13]. Moisture content value greater than 20% may have a marked effect on the stored or residual energy needed for the
complete combustions of the fuel for water evaporation at the expense of the fuels calorific value. This may have an effect on the shelf
life of the briquette [17 & 22].

High ash content is an indicator that helps to determine the dust emission rate of a briquette. Its general value may appear in a range of 5-
20%. Any values above this may result to environmental pollution [23 & 24]. The ash contents of 5.12 %, and 6.40 % were recorded for
raw groundnut shell briquette and groundnut shell biochar briquette at P < 0.05. The results of ash content obtained in this study are low-
er than the result of 16.5 % reported by Carnaje et al., [25] for charcoal briquettes from water hyacinth (Eichhornia crassipes). A low ash
content value signifies a better quality of the briquettes.

Also, the volatile matter of 71.89 %, and 12.30 % were recorded for raw groundnut shell briquette and groundnut shell biochar briquette
at P < 0.05 respectively. A significant difference of 0.0054 was observed in the recorded mean volatile matter values. The combustibility
of a briquette fuel also depends on the volatile matter content. The higher the volatile matter of a fuel briquette the higher its combustibil-
ity, provided low ash content is recorded [26].

The recorded values for the fixed carbon (Table 3) shows a significant difference of 0.0003 at P < 0.05 in which groundnut shell biochar
briquette has a higher fixed carbon content of 75.59 % compared to the other briquette sample. The lower value recorded for raw
groundnut shell briquette is an indication of prolonged cooking time with a very low rate of heat release [27]. The finding of this study in
which the higher mean calorific value as well as the fixed carbon content of groundnut shell biochar briquette corroborates the statement
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earlier reported that in order to obtain a briquette of high quality, there must be a synchrony between calorific value and fixed carbon
content [28] in which a high value of both parameters must be obtained.

Furthermore, heating value is regarded as one of the essential parameters to be considered thus determining the usage of any potential
fuel to serve its purpose. A high heating value of 42.50 MJ/Kg was recorded for groundnut shell biochar briquette compared to 25.20
MJ/Kg of raw groundnut shell briquette at P < 0.05 as shown in Table 4. From the results, groundnut shell biochar briquette recorded a
higher heating value and this could be due to pyrolysis. The values obtained are compared well to those earlier reported from previous
findings, for example; biochar palm kernel briquette [13], 11.99 MJ/kg watermelon peel briquette [21], 18.60 MJ/Kg rice husk briquette
[29] and 28.61 £0.81 Gmelina arborea biochar briquette [12]. However, this may be attributed to the high density, lower volatile matter,
and high fixed carbon.

The density values of 0.62 g/cm?, and 1.45 g/cm?® were recorded for raw groundnut shell briquette, and groundnut shell biochar briquette
at P < 0.05 as shown in Table 4. The obtained density value was observed to be compared well to the reported value of 0.89+0.06 g/cm?®
charcoal briquettes from water hyacinth (Eichhornia crassipes) [24] and banana peel 0.60g/cm? [30]. It is also expected that groundnut
shell biochar briquette combustion rate maybe longer with the density value obtained compared to raw groundnut shell briquette sample
[17].

A compressive value of 0.94N/mm? and 3.66 N/mm? were recorded for raw groundnut shell briquette and groundnut shell biochar bri-
quette at P > 0.05 as shown in Table 4. The compressive strength depends on the density, moisture content and lignin content of the bio-
mass materials. The higher the density and decrease in moisture content was found to increase the compressive strength [31].

The results of the ignition propagation are shown in Table 5. The biomass briquettes have short ignition time and will catch fire easily.
The ignition propagation was not significant at (P>0.05) and with the trend of the results obtained for the ignition propagation, it was
observed that, the higher density as the ignition propagation is delayed which is in agreement with Davies and Abolude [32]. Similarly,
low volatile matter in briquettes is associated with difficult to ignites and burn slowly [33].

The results of the afterglow time are shown in Table 5. The afterglow values for raw groundnut shell briquette and groundnut shell bio-
char briquette are 44 Sec, and 63 Sec respectively. It is noted that, the higher value recorded for groundnut shell biochar briquette could
be attributed to the reduction in the porosity exhibited between inter and intra particles which does not enable easy infiltration of oxygen
and outflow of combustion briquettes [18]. The longer the afterglow time and slow propagation suggests that such briquettes will burn
easier with intensity for a long time than other briquettes and could be attributed to its high porosity and nature of its particle size [34].
The results of the combustibility test are presented in Table 5. This was carried out to compare the cooking efficiency of the briquettes. It
measured the time taken for each set of briquettes to boil an equal volume of water under similar condition. From the results obtained, it
was observed that, the higher calorific value recorded for groundnut shell biochar briquette actually reduced the time taken to boil the
same quantity of water and improving the residence time for the briquettes to undergo complete combustion [35].

The fuel burning rate was defined by the rate of amount of fuel burnt to the time taken to boil 100 °C as shown in Table 5; the groundnut
shell biochar briquette has the higher fuel burning rate of 1.68 Kg/hr while the raw groundnut shell briquette had the lower fuel burning
rate of 0.80 Kg/hr. The briquettes with higher burning rate are economical as smaller amount of it is required to cook a given quantity of
food [36].

The SEM micrograph of raw groundnut shell and groundnut shell biochar was shown in Figure 4 and 5. The raw groundnut shell had
porous rough surface arranged uniformly as stacked layers. Pyrolysis causes substantial transformation to the surface morphology of the
chars, this is probably caused by the increased rupture of the biomass structure due to release of more volatile matter as the heating tem-
perature was increased [37].

Pyrolysis distorted the fine collagen fiber network [38]. The finer the particle size, the easier the compaction processes during densifica-
tion and the better the quality of the briquette [39]. Fine particles give a larger surface area for bonding.

Figure 2 and 3 show the spectral for raw groundnut shell material and pyrolyzed groundnut shell biochar respectively. It is evident that
pyrolysis of groundnut shell aids in the surface chemistry modification and disruption of structural components. The reduction of peaks
at the range of 1500 cm, which represents aromatic C=C and C=0 stretching, shows that there is lignin decomposition after the pyroly-
sis. The peak reduction was greatly noticed in biochar sample. The intensity of the hydroxyl peak (O-H) which decrease for the biochar
sample indicates that the loss of hydrogen and oxygen atoms due to the breaking bond from hydroxyl group.

5. Conclusion

The study investigated and compared the effects of pyrolysis on the physicochemical and combustion properties of groundnut shell bio-
char briquette and raw groundnut shell briquette. The finding of the study for all the essential parameters showed that the groundnut shell
biochar briquette had a better performance than the raw groundnut shell briquette investigated. Albeit, the calorific value which is the
heating property revealed that the briquettes possessed a suitable properties to be used for household cooking as well as an alternative
sources of fuel in small scale industries. Conclusively, pyrolyzing a biomass prior briquette production improves its quality as well as its
combusting performance.
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