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The diminishing accessibility of wood fuel and the danger of desertification and deforestation call for interest in the 
use of alternative energy sources. Herein, we studied the properties of bio-briquettes produced from Onyeama coal 
in Nigeria and groundnut shell used as the desulphurizer, while cassava starch was used as binder with Snail shell. 
For effective capturing of Sox, snail shell was added. The ratios of coal to groundnut shell (w/w) in the briquette 
were 90:10, 80:20, 70:30, 60:40 and 50:50, while 1:1, 1.25:1, 1.5:1, 1.75:1 and 2:1 were used as the ratios of calcium to 
sulphur (Ca/S) in mole/mole. The briquette was then subjected to some physical characteristics and desulphuriza-
tion was carried out between 300 to 500°C at an interval of 50°C at an airflow rate of 1.2 L/min for 12 minutes. The 
results illustrated that 88.1% was the highest desulphurization efficiency with 2:1 Ca/S ratio at 500°C. The results 
showed that the durability ranged between 88.67 and 98.67, the porosity index ranged between 0.19 to 0.41, while 
the humidity resistance ranged between 95.15 and 99.15%. The best briquette in terms of durability and relative 
humidity resistance is briquette made of 90% coal with a Ca/S 1:1 desulphurizer ratio, which is preferred for house-
hold and cottage industrial applications. However, the use of a Ca/S desulphurizer in the ratio of Ca/S 2:1 at 500 
gave better desulphurization.The introduction of SO2 adsorbent also reduced the SOx emitted to the atmosphere.
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Introduction
Biomass, the principal agricultural residues, shows 
the potential to be one of the optimistic energy sources 
for developing countries (Patomsok, 2008). The major 
sources of renewable energy in Nigeria are wood in the 
form of wood fuel and charcoal, representing about 51% 
of the annual total energy consumption (Oyelaran et al., 
2015a). Natural gas (5.2%), hydroelectricity (3.1%), and 
petroleum products (41.3%) represent the other sources 
of energy (Bolaji, 2005; Oyelaran et al., 2015a). Research-
es are exploring ways out from the future’s probable 
universal energy calamity which might be as a result of 
the whole or partial ruin of conventional energy sources 
and high carbon emission which are responsible for the 
menace of global warming, decreasing availability of fuel 
wood, desertification and deforestation. These environ-
mental problems have drawn the attention of concerned 
leaders, scientists and engineers to the need to find al-
ternative sources of energy for domestic and cottage in-
dustries. For an energy source to be acceptable, it should 
be renewable and must be accessible to the low income 
class of the society (Sambo, 2001). Of all the available en-
ergy resources in Nigeria, coal and coal derivatives (for 
instance, smokeless coal briquettes, bio-coal briquettes 
and biomass briquettes) have been discovered to pos-
sess the highest potential for use as a suitable alternative 
to coal and fuel wood in industrial boilers and brick kilns 
for thermal application and domestic purposes. 

Combustion of coal is known to release the highest lev-
els of pollutants such as particulates and trace elements, 
like mercury, etc. Unless cleaner and more efficient coal 
technologies are deployed, the use of coal for energy 
generation will worsen global environmental problems 
(Oyelaran et al., 2015b). Based on this fact, to ensure that 
the issue of pollution from coal combustion and exces-
sive use of fuel wood are curtailed, it is of essence to find 
alternates for coal and fuelwood. For thermal energy ap-
plication in some domestic appliances, an industrial boil-
er and a brick kiln, bio-briquettes have shown to possess 
some properties and potential for use as a suitable sub-
stitute to coal and wood fuel. Therefore, bio-briquettes 
will serve as the most effective method of combating de-
forestation and desertification in the countries where coal 
is cheap and readily available. Bio-coal briquettes can be 

prepared by compacting pulverized coal, biomass, binder 
and a sulphur fixation agent (Lu et al., 2000). A sulphur 
fixation agent known as a desulphurizing agent is added 
in order to ensure that most of the sulphur content of the 
coal is fixed into the ash instead of being liberated into the 
atmosphere as sulphur (iv) dioxide (Somchai et al., 1988). 
Kwong et al. (2004) wrote that better combustion perfor-
mance and reduced pollutant emission are achieved by 
bio-coal briquettes during combustion. Soil treatment 
and enrichment effectiveness shown by ash of bio-coal 
briquettes is also an added advantage (Schrinding et al., 
2000). In the study on the development of fuel briquettes 
for household and industrial purposes, Raju et al. (2014) 
wrote that preserving the forest resources by substitut-
ing fuel wood with bio-briquettes, and the use of the ash 
produced from this briquette for soil treatment will com-
pensate for fossil carbon emitted by the coal component 
of the briquette. Hence, bio-coal briquettes can be con-
sidered to be a clean technology.

A large quantity of groundnut shell, a residue from 
groundnut, which is obtainable on farms and processing 
sites, has compounded the already existing waste dis-
posal problem. For this reason, an urgent attempt must 
be made in upgrading its usefulness with the aim of 
solving some environmental problems associated with 
its disposal. Thus, they need to convert them to a more 
useful form. Greenhouse gases, which are an unpleas-
ant and major contributor towards the environmental 
pollution, are emitted if raw coal is used for heating pur-
poses (Kim and Sadakata, 2002). The problem of energy 
crisis can thus be addressed by harnessing the power of 
indigenous coal reserves through improved technology, 
blending, etc. The handling and burning of raw coal for 
domestic, light industrial and commercial applications 
have posed a challenging problem, which is mainly due 
to the coal’s high ignition temperature, varying quali-
ty, ash, particle emission, and smoke generation. The 
search by nations to produce efficient and reliable energy 
for industrial and domestic uses has rekindled interest 
in coal and how it can be used without its harmful envi-
ronmental impact and its accompanying health hazards. 
Some of the methods used to eliminate such problems 
are densification, desulphurization and blending of coal 
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with biomass. It has been proved that blending coal with 
biomass gives rise to briquettes, which have better fuel 
properties and less harmful emissions compared with 
raw coal briquettes (Kim et al., 2002). The biomass com-
ponent of briquettes which ignites at a lower tempera-
ture compared with coal, ensures that volatile matter in 
coal, which would otherwise be liberated as smoke, at a 
low combustion temperature combusts completely. The 
advantage of bio-coal briquetting is that any grade of coal 
can be used, hence, it puts a low rank coal into use. The 
ash formed from burning of bio-coal briquettes is rich in 
nutrients that can be used for both soil treatment and en-
richment (Hayami et al., 2011).

A number of studies have been carried out in the past two 
decades on how to develop the quality of coal briquettes 
using a variety of methods, which included processes 
like carbonizing the coal prior to briquetting or addition of 
lime-based adsorbent (CaO) into the coal briquettes (Ma-
hidin et al., 2011). A 40% reduction in SO2 from the flue 
gas was reported by Ren et al. (1999), when it is treated 
by mixing CaCO3 with the coal briquette in a 4 t/h trav-
eling grate furnace. Naruse et al. (1998) wrote that 75–
95% SO2 emissions are reduced during the combustion 
of bio-briquettes. Snails live in wet vegetation and are 
mostly abundant in rainy seasons and are relatively more 
active at night (Adzor et al., 2016). The snail shells have 
been used as fillers in the ceramic industry, paint, ani-
mal feed, construction and paper industry for their rich 
source of calcium. Shell powder is known to increase the 
hardness of the product, resistance to weathering and 
strength of the material. 

The use of co-fuel, especially biomass, and coal combus-
tion, also known as co-combustion, has some benefits. 
Among the benefits are the reduction of gas emissions 
of CO2, N2O and NOx (Mahidin et al., 2013). Biomass is ac-
knowledged as a neutral cycle energy source. However, 
the hazard of SOx emissions is still related with co-com-
bustion, particularly if low-rank coal is utilized as a pri-
mary fuel. It is therefore necessary to adsorb and control 
SOx emission during co-combustion. The sulphur content 
are fixed in ash rather than to the atmosphere. The aim of 
this work is to examine some characteristics of the pro-
duced briquettes as a function of their compositions (coal/
groundnut shell ratios) and Ca/S ratios using snail shell as 
an adsorbent and the special consequences of the ratio of 
Ca/S on the SO2 profile and efficiency of desulphurization.

Methods
The sub-bituminous coal used in this study was sourced 
from Onyeama mine. Groundnut shell residues were 
sourced from the processing sites at Dawanu, Kano. Cas-
sava starch was bought from Ikole-Ekiti market and snail 
shell was sourced from dump sites around Ikole-Ekiti, all 
in Nigeria.

Preparation of briquette samples

The coal and the groundnut shell sample were screened 
of impurities like metallic objects, chips of wood and 
sand preparatory to milling and labeling. The shell was 
thoroughly washed to remove impurities and sundried 
for fourteen days so as obtain stable moisture content. 
Coal and groundnut shell were then milled and sieved 
by passing through a 2-mm sieve size, while snail shell 
was grinded to powder, and samples were then sieved 
using a sieve of a 63-µm pore size to obtain a fine pow-
der. The cassava starch was prepared with hot water so 
as to form a starch gel. Thereafter, coal, groundnut shell 
and snail shell were thoroughly mixed with starch gel. 
Twelve samples each from the blend with coal at vari-
ous mixing proportions of briquettes of various ground-
nut shell proportions were made at various composi-
tion ratios of coal and groundnut shell by weight (100: 
0, 90:10, 80:20, 70:30, and 60:40). 10% of cassava starch 
gel was used as binder. The percentage of binder is 
based on the mass of the mixture. The Ca/S ratios of 
1:1, 1.25:1, 1.5:1, 1.75:1 and 2:1 (in mole) were used. The 
desulphurizing agent in the briquette reacts with the 
sulphur in coal and fixes it into ash. The Ca/S is the ratio 
of calcium to sulphur (Ca/S) in mole/mole.

After proper mixing, the sample was then put into the 
mould and pressed using machine press with a pres-
sure of 6 ton/cm2. After pressing, the briquette produced 
was removed from the mould and dried. Fig. 1 shows 
the steps of coal-groundnut shell preparation using snail 
shell as a desulphurizer.

The weighing of samples was carried out using digital 
weighing balance with an accuracy of 0.1 g and 600 g 
maximum load. Briquettes in various combinations were 
produced using a manually operated hydraulic briquet-
ting machine with a dwell time of 120 seconds. The bri-
quettes were then sundried for 14 days before study.
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Fig. 1. Steps of coal-groundnut shell preparation using snail shell 
as a desulphurizer.
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ratio of the mass of water absorbed by the samples to 
the mass of the sample before immersion.
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Where: Wa = weight before test; Wb = weight after test.

Determination of equivalent humidity content 

In the equivalent humidity content (humidity resistance) 
test, the method used by Bilgin and Koger (2015) was 
adopted in this work where briquettes are kept for 21 days 
in a room of 20°C temperature and 50% humidity. The 
weights of briquettes prior to the test and after the test 
were recorded. Humidity resistance was calculated as a 
percentage based on weight increase during the storage.

Desulphurization and desulphurization 
efficiency test

The desulphurization test was carried out by adopting the 
method used by Mahidin et al. (2011) where a horizontal 
pipe furnace with an electrical heater element attached 
was used by placing the bio-briquette in the pipe. Desul-
phurization was carried out at 300℃ and 500℃ tempera-
tures at an interval of 50℃ and ratios of Ca/S 1:1, 1.25:1, 
1.50:1, 1.75:1 and 2:1. At intervals of 1, 2, 4, 6, 8, 10 and 12 
minutes, the flue gas was analyzed using Gas Analyzer. 
The efficiency of desulphurization was calculated using 
the equation used by Naruse et al. (1998) and Lu et al. 
(1998). The desulphurization air-flow rate and time were 
1.2 L/min (200% excess of stoichiometric air-to-fuel ra-
tio) and 12 minutes, respectively.
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Where SO2(Ca/S=0) is SO2 emission without desulphurizer, 
and SO2(Ca/S=n) is SO2 emission with a desulphurizer.

Results and Discussion
Ingrading briquette quality, its durability is essential 
since it foretells the briquette performance during han-
dling, transportation and storage. The durability test re-
sult of the briquettes is shown in Fig. 2, which demon-
strates that the durability ranges between 88.67 and 
98.80%. The highest durability of 98.80% was obtained 
in a briquette with a 90:10 coal-groundnut shell ratio 
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and 1:1 Ca/S, while the lowest was obtained at 2:1 Ca/S 
and a 50:50 coal-groundnut shell ratio. Increasing the 
desulphurizer has no substantial effect on the durability 
of the briquettes; however, a close look at the results 
enthusiastically discloses that increase in groundnut 
shell has considerable consequences on durability of 
the briquettes. It can be seen from the graph that bri-
quettes with up to 40% of groundnut shell in the admix-
ture have durability above 90%. For this reason, a stable 
briquette can be made of coal and up to 40% ground-
nut shell admixtures. The result discloses that higher 
biomass content in coal briquette lowers its durability. 
This is in agreement with Kaliyan and Morey (2009), 
who wrote that durability of briquettes was strongly 
related to forces that bond coal and biomass particles 
together. The values obtained are comparatively higher 
than those reported by Wamukonya and Jenkins (1995), 
which were in the range of 46.5 and 88.4%, achieved 
for sawdust and wheat straw briquettes. Fines of up to 
5% (by weight) were suggested by Karunanithy et al. 
(2011) as the acceptable level, and greater than 5% will 
result in reducing storage capacity, and hitches in flow 
characteristics might be created. Tabil and Sokhansanj 
(1996) categorize the durability into high (> 0.8), medi-
um (0.7–0.8) and low (< 0.7) based on the values. The 
briquettes produced using both standards showed that 
all the briquettes tested had high durability.

The porosity index of the briquettes as shown in Fig. 3 
increased as the percentage of biomass increased, with 

50% groundnut shell with a 2:1 Ca/S desulphurization 
ratio having the highest value of 0.41. This is because 
the groundnut shell particles are fibrous, and not as fine 
as coal particles. Hence, as the percentage of biomass 
in the coal briquette increases, the number of air spac-
es where water molecules stick on to the briquettes 
increases thereby causing an increase in the volume of 
water the briquettes absorbed. This then results in an in-
crease in the weight of the sample immersed in water. 
The coal-groundnut shell 90:10 ratio briquette has the 
lowest porosity index value of 0.19 with a 1:1 Ca/S desul-
phurization ratio. This is due to the fact that the particles 
are tightly packed together and less volume of water was 
absorbed. Note that low porosity hampers mass transfer 
in combustion owing to lesser spaces for mass diffusion. 
The rates of infiltration of oxidant and outflow of combus-
tion and pyrolysis products during combustion increase 
with higher porosity and result in a higher burning rate 
(Onuegbu et al., 2010). The results of the water resist-
ance obtained supported the earlier results obtained in 
the durability measurement, which shows that the bri-
quette with highest coal in the coal-groundnut shell bri-
quette provided the strongest bio-briquettes. Therefore, 
the effect of Ca/S became evident; the lowest Ca/S ratio 
provided the strongest bio-briquette.

Fig. 4 shows the results of the humidity resistance of the 
produced briquettes. The highest resistance to humid-
ity of 99.40% was achieved at a 90:10 coal-groundnut 
shell ratio and a 1:1 Ca/S ratio, while the least resistance 
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of 88.71% was recorded in a 50:50 ratio briquette com-
position with a 2:1 Ca/S ratio. From the results ob-
tained, it shows that humidity resistance decreases as 
the groundnut shell content increases. This observable 
fact might be due to the result of the cellulosic nature of 
groundnut shell which was relatively higher than that of 
coal. The figure also shows that humidity resistance de-
creases with increase in the adsorbent. From the results 
acquired, coal, which is a major environmental pollutant 
when combusted, can be utilized effectively with up to 
40% biomass and a lower Ca/S desulphurization ratio as 
a solid biofuel for boilers and household usage.

Fig. 3. Result of porosity index of bio-briquettes

Fig. 4. Result of humidity resistance of bio-briquettes

Effect of temperature on the SO2 profile  
without adsorbent 
The aim of this test is to establish the consequences of 
temperature on coal-groundnut shell briquette combus-
tion without the use of adsorbent. The result obtained is 
used as a point of reference in estimating the efficiency 
of desulphurization of a bio-briquette when adsorbent 
was introduced in a bio-briquette. The SO2 profiles pro-
duced in combustion without adsorbents in bio-briquette 
are shown in Fig. 5. The highest concentration of SO2 
was recorded at a combustion temperature of 500°C. It 
is apparent from the result obtained that the amount of 
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efficiency of desulphurization of a bio-briquette when adsorbent was introduced in a bio-briquette. The SO2 3 
profiles produced in combustion without adsorbents in bio-briquette are shown in Fig. 5. The highest concentration 4 
of SO2 was recorded at a combustion temperature of 500°C. It is apparent from the result obtained that the amount 5 
of SO2 released in the flue gas is affected by the combustion temperature and this trend was observed at all 6 
temperatures studied. After 1 minute of burning, the highest concentration of 45 ppm SO2 was obtained at 500°C 7 
and the lowest of 17 ppm at 300°C. However, after burning for 12 minutes, there is a drop-in concentration of the 8 
released SO2 to 25 ppm and 9 ppm at 500°C and 300°C, respectively.  9 

 10 
Fig. 5        SO2 profile in flue gas during the *8combustion of bio-briquettes without adsorbent 11 

 12 
 13 
Effect of Ca/S ratio and temperature on the SO2 profile with adsorbent 14 

 15 
The profile of SO2 as the function of temperature and the Ca/S ratio during burning of the bio-briquette 16 

samples are shown in Figs. 6 to 10. The figures reveal that the SO2 content in the flue gas was significantly reduced 17 
to a lower level, particularly at the higher Ca/S ratio and temperature. The lowest SO2 of 1.04 ppm was detected 18 
at 500°C and a 2:1 Ca/S ratio, and the highest of 14.95 ppm was detected at a 1:1 Ca/S ratio and 300℃. The results 19 
reveal that the SO2 concentration decreases with an increase in temperature and the Ca/S ratio. From the result 20 
obtained for better desulphurization, the 2:1 Ca/S ratio is recommended. This is in agreement with Mahidin et al. 21 
(2011) who wrote that the highest SO2 inhibition in bio-briquette combustion occurred at a 2:1 Ca/S ratio. Similar 22 
results were also obtained in coal combustion at a Ca/S ratio of 2:1 for coal combustion (Tabil and Sokhansanj, 23 
1996). The snail shell that is not calcine has a Ca content of 23.11% (wt) (Energy Group, 2016), which is 24 
considerably lower than 53% for limestone as reported by Naruse et al. (1998). Nevertheless, snail shell was found 25 
to exhibit good desulphurization abilities as a result of  CaO content and higher porosity after calcination as 26 
explained by Mahidin et al. (2011). 27 

After 12 minutes of running the experiment, the amount of SO2 released declined sharply for each Ca/S ratios 28 
as seen in Figs. 6 to 10. It can therefore be right to conclude that the adsorbent was able to shift the SO2 emissions. 29 
Furthermore, an increase in temperature has a tendency of lowering the SO2 production, though the effect was not 30 
considerable. This clarifies the reason why the calcination of the snail shell gets better at the higher temperature 31 
of 500°C, since a much higher amount of CaO is formed. The results obtained in this work support the previous 32 
observation (Lu et al., 2000; Wang et al., 2000). Furthermore, the advantage of this adsorbent is that the 33 
desulphurization/calcination temperatures were lower (< 500℃) compared with another adsorbent, for example, 34 
limestone (> 800℃) and scallop shell (> 625℃). 35 

 36 

0
5

10
15
20
25
30
35
40
45
50

0 2 4 6 8 10 12

SO
2 

(p
pm

)

Time (minutes)

300℃ 350℃ 400℃ 450℃ 500℃

Fig. 5. SO2 profile in flue gas during the *8combustion of bio-briquettes without adsorbent

SO2 released in the flue gas is affected by the combustion 
temperature and this trend was observed at all tempera-
tures studied. After 1 minute of burning, the highest con-
centration of 45 ppm SO2 was obtained at 500°C and the 

lowest of 17 ppm at 300°C. However, after burning for 12 
minutes, there is a drop-in concentration of the released 
SO2 to 25 ppm and 9 ppm at 500°C and 300°C, respec-
tively.

Effect of Ca/S ratio and temperature on the SO2 
profile with adsorbent

The profile of SO2 as the function of temperature and the 
Ca/S ratio during burning of the bio-briquette samples 
are shown in Figs. 6 to 10. The figures reveal that the 
SO2 content in the flue gas was significantly reduced to 
a lower level, particularly at the higher Ca/S ratio and 
temperature. The lowest SO2 of 1.04 ppm was detected 
at 500°C and a 2:1 Ca/S ratio, and the highest of 14.95 
ppm was detected at a 1:1 Ca/S ratio and 300℃. The re-
sults reveal that the SO2 concentration decreases with 
an increase in temperature and the Ca/S ratio. From 
the result obtained for better desulphurization, the 2:1 
Ca/S ratio is recommended. This is in agreement with 
Mahidin et al. (2011) who wrote that the highest SO2 in-
hibition in bio-briquette combustion occurred at a 2:1 
Ca/S ratio. Similar results were also obtained in coal 
combustion at a Ca/S ratio of 2:1 for coal combustion 
(Tabil and Sokhansanj, 1996). The snail shell that is not 
calcine has a Ca content of 23.11% (wt) (Energy Group, 
2016), which is considerably lower than 53% for lime-
stone as reported by Naruse et al. (1998). Nevertheless, 
snail shell was found to exhibit good desulphurization 

abilities as a result of CaO content and higher porosity 
after calcination as explained by Mahidin et al. (2011).

After 12 minutes of running the experiment, the amount 
of SO2 released declined sharply for each Ca/S ratios as 
seen in Figs. 6 to 10. It can therefore be right to conclude 
that the adsorbent was able to shift the SO2 emissions. 
Furthermore, an increase in temperature has a tenden-
cy of lowering the SO2 production, though the effect was 
not considerable. This clarifies the reason why the cal-
cination of the snail shell gets better at the higher tem-
perature of 500°C, since a much higher amount of CaO 
is formed. The results obtained in this work support the 
previous observation (Lu et al., 2000; Wang et al., 2000). 
Furthermore, the advantage of this adsorbent is that the 
desulphurization/calcination temperatures were lower 
(< 500℃) compared with another adsorbent, for exam-
ple, limestone (> 800℃) and scallop shell (> 625℃).

Fig. 11 clearly demonstrates that the efficiency of des-
ulphurization increases by increasing the temperature 
of combustion and the Ca/S ratio. As shown, the conse-
quence of temperature was more apparent than that of 
the Ca/S ratio. The maximum efficiency attained is 89.3%, 
at 500°C and a 2:1 Ca/S ratio. The efficiency obtained is 
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Fig. 7 SO2 profile in flue gas at 350during the combustion of bio-briquettes

Fig. 8 SO2 profile in flue gas at 400℃ during the combustion of bio-briquettes
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Fig. 10 SO2 profile in flue gas at 500℃ during the combustion of bio-briquettes
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Fig. 9 SO2 p0rofile in flue gas at 450℃ during the combustion of bio-briquettes
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significantly higher than that reported by Lu et al. (2000), 
which was 67%, and relatively higher compared with 
80% by Naruse et al. (1998) and by Mahidin et al. (2011). 
The result is comparable with that reported by Wang et 
al. (2000) who obtained 75–95% when slaked lime was 
used in the combustion of bio-briquettes. 

In their studies, Naruse et al. (1998) and Lu et al. (1998) 
used a temperature range (700–900°C) which is higher in 
addition to Ca/S ratios up to 5 with only 80% as the high-
est efficiency. These studies claimed that scallop shell had 
a calcination temperature of about 627°C. Nevertheless, 
it is likely that the calcination temperature of scallop shells 
is actually lower than 600°C because the desulphurization 
efficiency obtained in this study is greater than any report-
ed in the past. As stated earlier, this research was carried 
out at temperatures ≤ 500°C. All the results obtained in 
this study concerning desulphurization efficiency are in 
agreement with proofs witnessed in the past (Naruse et 
al., 1998; Lu et al., 2000), to be precise those showing that 
the desulphurization efficiency tends to increase with the 
Ca/S ratio. With the temperature and the Ca/S ratio signif-
icantly influencing some data but at higher temperatures, 
the effect of the Ca/S ratio is not strong enough.

Conclusions
The SO2 emissions from bio-briquettes was effectively 
inhibited by introducing adsorbent into bio-briquettes 
during combustion. Snail shell adsorbent was sub-
stantiated to have self-desulphurization abilities in 
bio-briquette combustion. Desulphurization primarily 
occurred during the devolatilization and char combus-
tion stages as the SO2 was also captured at lower tem-
perature (300°C). It was observed in this study that the 
bio-briquettes with 90% coal and the 1:1 Ca/S ratio pos-
sess the best quality that can be used for household and 
cottage industries as shown in the results. The bio-bri-
quettes with 90% of coal have better water resistance; 
hence, they will not be easily affected by their exposure 
to moist air and water when stored or transported. The 
results obtained also reveal that bio-briquettes with 
higher Ca/S are easily devastated and dissolved since 
their structures are weak. The result also shows that 
snail shell can be used as a desulphurizer in coal-bio-
mass briquetting where the sulphur content is fixed in 
ash rather than to the atmosphere.
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