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Enhancing the physical propertiesof briquettes from sawdust of
Piptadenia africana through combination with Ceiba pentandra

Abstract

This study sought to determine the effect of conmigjrsawdust ofiptadenia africana with
Ceiba pentandra on the physical and mechanical properties of letiggs produced at room
temperature using low compacting pressure withdoiheer. Briquettes were produced from
a mixture of sawdust dPiptadenia africana and Ceiba pentandra. Particle size of sawdust
used for this study was 1mm or less. The two malewere combined at mixing proportions:
80 : 20, 60 : 40, 40 : 60 and 20 : Siptadenia africana : Ceiba pentandra). The results
indicated that the relaxed density of briquettesdpced from the mixed materials ranged
from 534 to 766 kg/ftwhilst that of compressive strength in cleft ranffen 12.46 to 60.28
N/mm. At compacting pressure levels between 30 Zhd/Pa, all the briquettes produced
from the mixed materials had adequate compressieagth in cleft. The impact resistance
index of briquettes from the mixed materials wascate and ranged from 128 to 500%. The
compressive strength in cleft and impact resistandex of all the briquettes produced from
the mixed species were better than those produceoh Piptadenia africana only.
Additionally, at 5% level of significance, the re& density, compressive strength in cleft
and impact resistance index of briquettes wereifgsgntly affected by the biomass raw
material and compacting pressure. Thus, the additiGcawdust o€eiba pentandra to that of
Piptadenia africana could significantly improve the physical and meulal properties of
briquettes produced from sawdustRiptadenia africana. Therefore, production of briquettes
from mixed timber species should be encouraged.

Keywords: Briquettes, Celba pentandra, Compressive strength, Impact resistance index,
Piptadenia africana, Relaxed density

1.0 Introduction
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For over a century now densification/briquetting ti@en one of the technologies used in the
conversion of sawdust into a more efficient biomfas for heating, cooking and generation
of electricity. Briquetting is very useful, in that improves the physical strength, enhances
the volumetric calorific value up to 500 - 1500 Kkg, help reducing volume by 8 - 10 times
by increasing density up to about 1000 - 1200 Rgin It helps in making fuel available for a
variety of domestic and industrial applications d&mchs biomass residues into a cash income
for farmers [1]. In order to produce a good quabtyquette, the type of raw material and it
preparation before pressing is very important. @esi different briquetting machines require
varying optimum conditions of raw materials andqass variables to ensure production of
good quality briquette [2]. Raw material charackes that have great effect on briquette
guality include moisture content, particle size,tenal mix, particle density and chemical
composition [3]. Additionally, process variablesial have effect on briquette's quality are
temperature, compacting pressure, preheating ofmategrial and cooling lines [3].

Previous studies indicated that briquettes proddiaad Piptadenia africana at room
temperature (Z&) using low compacting pressure (compacting pressu50 MPa) had
adequate relaxed density but weak compressivegstren cleft and impact resistance index
[4, 5]. Species characteristic Bfptadenia africana which predominantly contributed to the
low compressive strength in cleft and impact rasisé index was its high density (744.89
kg/m®). Species density has been found to negativelselzie with compressive strength in
cleft and impact resistance index of briquettesdpoed at room temperature using low
compacting pressure [5]. This is because when ssiwslpressed at room temperature using
low compacting pressure it is likely for particleslow density species to reach elastic and

plastic deformation and therefore leading to thenttion of stronger bonds.
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Ceiba pentandra is a low density species (409.22 kd)rwith acid-insoluble lignin
and alpha-cellulose content of 24.34% and 41.248pewively [5]. It has been established
that briquettes produced from sawdustGafba pentandra at room temperature (28) and
low compacting pressure (20 to 50 MPa) withoutrader had adequate relaxed density, high
compressive strength in cleft and high impact tasise index [5]. Other studies indicated that
the relaxed density, compressive strength in @aft impact resistance index of briquettes
produced from maize cobs were significantly enhdnadien maize cobs particles were
combined with sawdust @eba pentandra [6]. Furthermore, the durability property of wheat
straw briquette was enhanced as a result of blgrtie straw with wood waste [7, 8, 9]. The
above research outcome confirms report from otbgearchers that combination of different
biomass materials may enhance the quality charsttsrof briquettes produced [10]. In this
paper, the researcher reports the findings of dystwnducted to determine the effect of
combining sawdust dPiptadenia africana with that of Ceiba pentandra on relaxed density,
compressive strength in cleft and impact resistandex of briquettes produced at room
temperature using low compaction pressure withdahder.

2.0 Materialsand Methods
Materials and material preparation

Sawdust ofPiptadenia africana and Ceiba pentandra were used for the study. The two
materials were sun dried at an average relativeidityrand temperature of 75% and®28
respectively for between five and seven days. &arsizes of sawdust used for the study were
1mm or less. The materials were combined at mignmagortions: 80 : 20, 60 : 40, 40 : 60 and
20 : 80 Piptadenia africana : Ceiba pentandra). The mixing proportions were adapted from

literature [11].



82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

2.1 Moisture content

The moisture content, on oven-dry basis, of thedssivwas determined in accordance with
[12]. Samples of each weighing 2 g of the pure laxkd species of sawdust materials were
weighed and placed in a laboratory oven at a teatper of 103C. The samples were dried

until the difference in mass between two successeighings separated by an interval of two

hours was 0.01g or less. The moisture contenteo§fimple were then computed as follows:

Moisture content (%) db = % x 100 (1)

Where, M; and M, were masses (g) of test samples before dryingadied oven drying

respectively.

2.2 Briquetting process

A 55.3-mm internal diameter x 52.5-cm height cytindl mould was used to produce the
briquettes. Ninety grammes of the mixed biomassern@twas weighed and filled into the
mould. The average moisture content of the bionrasserials was 12.11%. A manual
hydraulic press with a gauge and piston was us@dess the biomass raw material without a
binder to form the briquettes. A clearance of alih@itmm was provided between the piston
and the inner wall of the mould to allow for aicape. The samples were then pressed using
the following predetermined compacting pressureelev20, 30, 40 and 50 MPa. The
dwelling time for each pressing was 10 s. This esscwas repeated for all the biomass

materials.

2.3 Physical properties of briquettes
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The relaxed density, compressive strength in céeftl impact resistance index of the
briquettes were investigated using standard testiatpods.

2.3.1Relaxed density

Relaxed density of briquettes was determined 3@ a#&gr removal from the pressing mould
in accordance with [13]The mass of each briquette was determined usitgpb@ratory

electronic balance with an accuracy of 0.01g. Tiaendter and length of each briquette was
measured at three points with a digital vernieldipal. Relaxed density (RD) was then

computed as:

RD ( g ): 108000xM(g) (2)
|

cm3 d,;(mm) + d,(mm) + ds(mm)]? x [l;(mm) + l,(mm) + [3(mm)]

Where,d;, d, andd; were diameters (mm) measured at three differeintgon the briquettes.
L1, L, andLz were lengths (mm) measured at three differenttpan the briquetted] (g) is

the mass of briquette.

2.3.2Compressive strength in cleft

Compressive strength in cleft of briquettes wa®wheined in accordance with [14] using an
Instron Universal Strength testing machine (Norwddé, USA) with a load cell capacity of
100 kN. The cross-head speed was 0.305 mm/min.mpleaof briquette to be tested was
placed horizontally in the compression test fixtanel a load was applied at a constant rate of
0.305 mm/min until the briquette failed by crackifidhe compressive strength in cleft was

then computed as follows:

c e st th in cleft ( N ) _ 3 X The load at fracture point (N) (3)
ompressive strength in cleft (-—— | = T Gmm) £ L Grm) & L Gr)]
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WhereL,, L, andLzwere lengths (mm) of briquettes at points one, &wd three respectively.
2.3.3Impact resistance index

Impact resistance index of the briquettes prodweas determined in accordance with [15].
Five drops were set as the standard. Briquettes veégased from a vertical height of 2 m and
allowed to freely fall and impact on a concreteofloAfter five drops, the broken pieces of
briquettes were collected and weighed using artrel@ic balance with an accuracy of 0.01 g.
Only the number of pieces which weighed 5% or nadrthe initial weight was recorded for
the purpose of calculating the impact resistandexnimpact resistance index (IRI) was then

computed as follows:

IRI = % x 100 (4)

Where, N was the number of drops and n was the auoflpieces that weighed 5% or more

of the initial weight of briquette after N drops.

2.3.4Water resistance quality

Briquette’s water resistance quality was determungdg [16]. This was done by immersing a
briquette into a container filled with water at noademperature. The time taken for the
briquette to completely disperse in the water wagemnined using a stop watch. Each

experiment was replicated five times for each bissrmaaterial.

3.0 Results and discussion

3.1 Relaxed density

Density is one of the major indices for assessimg ¢combustion, handling and ignition
characteristics of fuel briquetteéBable 1 indicates the relaxed density of briquettes preduc

from sawdust ofPiptadenia africana and Ceiba pentandra, and their combination. The
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relaxed density of briquettes produced from a mmectaf Piptadenia africana and Ceiba
pentandra ranged from 534 to 766 kgfmThis could be deemed adequate in that it is
consistent with those produced from other hydragpiiston presses. Studies by [3, 17]
suggested that briquettes produced from hydraultop press are less than 1000 k§/m
nevertheless they are usually between 300 - 608°kghe result further shows that at mixing
ratio 80 : 20 the relaxed density of all the britgie produced from a mixture d®iptadenia
africana and Celba pentandra were higher than those produced from pure sawdfist
Piptadenia africana andCeiba pentandra. Thus, mixing sawdust d?iptadenia africana with
Ceiba pentandra at a mixing ratio of 80 : 20 could result in theqguction of briquettes that

are denser than those produced from their correlpgmpure species.

Table 1 Relaxed density (kg/fof briquettes produced from africana, C. pentandra
and their combination using compacting pressurel$éesf 20 - 50 MPa

Compacting pressure

Biomass material Mixing ratio 20 MPa 30 MPa 40 MPa 50 MPa
(weight basis)
C. pentandra Pure (100%) 523 622 666 716
P. africana Pure (100% 567 637 679 741
P. africana: C. pentandra 80 : 20 578 645 701 766
P. africana: C. pentandra 60 : 40 564 626 677 732
P. africana : C. pentandra 40 : 60 560 620 672 730
P. africana: C. pentandra 20 : 80 534 614 654 719

Additionally, with the exception of briquettes prmeéd from mixing ratio of 20 : 80 at
compacting pressure levels of 30 and 40 MPa, thexed density of all the briquettes
produced from combination d?iptadenia africana and Ceiba pentandra were higher than
that of Celba pentandra only. Thus, combining sawdust &fptadenia africana and Ceiba
pentandra could enhance the relaxed density and for thateam#te heat per unit volume of

briquettes produced fro@eiba pentandra.



165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

The result further indicates that generally for #matire compacting pressure levels, the
briquettes’ relaxed density decreased with deangaamounts oPiptadenia africana in the
mixture. This result is supported by a weak sigaifit positive correlation between the
proportions ofPiptadenia africana in the mixture and relaxed density of briquettedoced
(Pearson’s r = 0.218, p-value = 0.026; N =80; lethin = 0.05). This trend may be due to the
fact thatPiptadenia africana is a high density species (744.89 ki)¥mvhilst Ceiba pentandra

is a low density species (409.22 kgymThus, decreasing the proportion Biptadenia
africana in the mixture decreased the density of the rawera, therefore, leading to
decrease in relaxed density of the briquettes medluThe result further suggests that there
exists a strong positive correlation between cormpgcpressure and relaxed density of
briquettes (Pearson’s r = 0.964, p-value = 0.006; 30; 1-tailedp = 0.05). This trend is due
to the fact that the higher the compacting pressiine closer the particles of the biomass
materials were packed together due to reductiothefvoid spaces, therefore leading to the
formation of denser briquettes [18]. Analysis ofigace [ able 2) indicates that at 5% level
of significance, the biomass materidPifftadenia africana, Celba pentandra and their
combination), compacting pressure and their intemas have significant effect on relaxed
density of the briquettes (p-value < 0.05). Thetipld coefficient of determination value IR
and root mean square error (RMSE) of the ANOVA Modere 0.9829 and 9.97
respectively.This suggests that about 98.29% of the variabilitythe relaxed density of
briquettes produced could be explained by the bgsmaw material, compacting pressure and

their interaction.
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Table 2 ANOVA of effect of biomass material and compactipggessure (CP) on relaxed
density of briquettes

Source DF ANOVA SS Mean square F-Ratio p-value
Biomass raw material 5 25476.142 5095.228 51.28 0081
CP 3 519735.625 173245.2083  1743.64 < .0001
Biomass material x CP 15 3875.425 258.3617 2.60 0026
Error 96 9538.400 99.3583

"Statistically significant at 0.05 level of signidicce

3.2 Compressive strength in cleft

Compressive test tends to simulate the compressiges due to weight of the top briquettes
on the lower ones during storage [19]. The compresstrength in cleft of briquettes
produced from mixed species Biptadenia africana and Ceiba pentandra, as indicated in
Table 3, ranged from 12.46 to 60.28 N/mm. With the exceptbmriquettes produced from
mixing ratios 80 : 20 and 60 : 40 and pressed atpaxting pressure level of 20 MPa,
briquettes produced from the mixed species hadusdeqcompressive strength in cleft, that
is, compressive strength in cleft greater than Nrm [20]. The result further suggests that
all the briquettes produced from the mixed spehed compressive strength in cleft higher
than their corresponding values f@iptadenia africana only. Additionally, the compressive
strength in cleft of briquettes produced from thiging ratio 20 : 80 ( 30.18 to 60.28 N/mm)
were higher than those produced from both pure agsnmaterials d®iptadenia africana and
Ceiba pentandra. The implication of this result is that briquettek significantly improved
compressive strength in cleft could be producetbain temperature using low compacting

pressure if sawdust &fiptadenia africana is mixed with that oCelba pentandra.
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Table 3 Compressive strength in cleft (N/mm) of briquetbesduced fronP. africana,
C. pentandra and their combination using compacting presswel$20 to 50 MPa

Compacting pressure

Biomass material Mixing ratio 20 MPa 30 MPa 40 MPa 50 MPa
(weight basis)
C. pentandra Pure (100%) 29.23 39.26 40.40 44.58
P. Africana Pure (100%) 5.95 10.13 17.06 21.14
P. africana: C. pentandra 80 : 20 12.46 20.43 27.03 39.66
P. africana: C. pentandra 60 : 40 18.95 27.19 34.87 48.53
P. africana: C. pentandra 40 : 60 27.08 37.08 43.96 56.33
P. africana: C. pentandra 20 : 80 30.18 39.34 46.45 60.28

A strong significant negative correlation was ekstled between the proportions of
Piptadenia africana in the mixture and compressive strength in clefbofuette produced
(Pearson’s r = -0.561, p-value = 0.000; N = 8Qaifetl,a = 0.05). This suggests that larger
proportions ofCeiba pentandra sawdust in the mixture could significantly enhartbe
compressive strength in cleft of briquettes produfrem Piptadenia africana sawdust and
that the compressive strength in cleft dependshemtixing ratio. This finding is consistent
with that of [11]. Studies by [11] on productiondacharacterization of rice husk based
charcoal briquettes, found that the mixing ratiotleé biomass materials have significant
effect on the physical and mechanical propertiesbifuettes produced. In this study
briquettes were pressed using low compacting pres3ierefore, increasing the proportions
of high density speciesP(ptadenia africana) in the mixture inhibited the tendency of the
biomass material to undergo plastic deformatiore Tésult also shows a consistent increase
in compressive strength in cleft with increasingnpacting pressure for briquettes produced
from both the pure and the mixed biomass materidiss trend was confirmed by a highly,
significant and positive correlation between corspiee strength in cleft of briquettes

produced and compacting pressure (Pearson’s r380pfvalue = 0.000; N = 80; 1-tailed=

10
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0.05). Analysis of varianc€Table 4) of the effect of biomass material and compacting
pressure on the compressive strength in cleft atdgcthat at 5% level of significance the two
variables and their interactions had significarie@fon compressive strength in cleft of the

briquettes (p-value < 0.05).

Table 4 ANOVA of effect of biomass material and compactprgssure (CP) on compressive
strength in cleft of briquettes produced

Sour ce DF ANOVASS Meansquare F-Ratio p-value
Biomass raw material 5 13168.875 2633.7751 345.45 .0081
CP 3 9540.080 3180.0266 417.10 <.0001
Biomass material x CP 15 831.690 55.4460 1.27 8100
Error 96 731.924 7.6242

"Statistically significant at 0.05 level of signidiace

The multiple coefficient of determination value aRMSE of the ANOVA Model were
0.9698 and 2.7612 respectively. Therefore, the bBgsrmaterial, compacting pressure and
their interactions could explain about 96.98% d Hariance in the compressive strength in
cleft of the briquettes produced. Post hoc multigdenparison of means shows that at 5%
level of significance the compressive strengthléft ©f briquettes produced from the biomass
materials differed significantly (LSD > 1.7332) aftftht those of the mixed species were
significantly better than that &fiptadenia africana only. It is also worth noting that briquettes
produced from mixing ratios 20 : 80 and 40 : Bptadenia africana andCeiba pentandra)

had compressive strength in cleft significantlyltegthan that o€eiba pentandra only.

3.3 Impact resistance index

11
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Briquettes impact resistance index is used to siteuhe forces encountered during emptying
of the products from trucks onto the ground. Theant resistance index of briquettes made
from mixed species oPiptadenia africana and Ceiba pentandra as indicated inT able 5,
ranged from 128 to 500%. All the briquettes produicad adequate impact resistance index in
line with the Italian standard for briquettes/ptl€CTI-R04/5 which considers briquettes’
durability greater than or equal to 97.7% as adeq(igalian standard for briquettes/pallets

CTI-R04/5 as cited in [21]).

Table 5 Impact resistance indé€%o) of briquettes produced frobh africana, C. pentandra
and their combination using compacting pressurel$e20 to 50 MPa

Compacting pressure

Biomass material Mixing ratio 20 MPa 30 MPa 40 MPa 50 MPa
(weight basis)
C. pentandra Pure (100%) 200 283 316 350
P. africana Pure (100%) 72 137 184 217
P. africana: C. pentandra 80 : 20 128 150 217 250
P. africana: C. pentandra 60 : 40 142 167 250 300
P. africana: C. pentandra 40 : 60 175 200 250 400
P. africana: C. pentandra 20 : 80 200 283 350 500

The result further indicates that for all corresgiogy compacting pressure levels, the impact
resistance index of briquette made from a combonatf Piptadenia africana and Ceiba
pentandra were greater than that made frdPiptadenia africana only. This suggests that
addition ofCeiba pentandra sawdust to that d®iptadenia africana could enhance the impact
resistance index of briquettes made fr@iptadenia africana. Briquettes made from the
mixing ratio 20 : 80 had impact resistance indethezi equal to or more than their
corresponding values f@eiba pentandra. This, also suggests that impact resistance index of
briquettes produced fronCeiba pentandra could be enhanced by introducing 20% of

Piptadenia africana into Ceiba pentandra. Most of the briquettes produced from mixing ratio

12
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80 : 20, 60 : 40, and 40 : 60 had IRI lower thaairttcorresponding values fdCeiba
pentandra.

Correlation analysis between proportionsRiptadenia africana in the mixture and impact
resistance index of briquette produced indicatest there exists a moderate significant
negative correlation between the two parameterargea’s r = -0.466, p-value = 0.000; N =
80; 1-tailed,o = 0.05). This may be due to the relatively hige@es density oPiptadenia
africana. Additionally, in view of the fact that briquettegere formed using low compacting
pressure and room temperature °@8it was easier to press low density species &tlre
plastic deformation thereby enhancing bonding thegh density speciesCompacting
pressure was also found to be significantly andtipel/ correlated with impact resistance
index (Pearson’s r = 0.655, p-value = 0.000; N = B@ailed, o = 0.05). This finding is
consistent with other research outcomes. Previtugies on densification behaviours of oak
sawdust, oak mulch, oak bark, oak chips, pine satydiotton wood sawdust, and cotton
wood mulch in the pressure range of 34 to 138 Mflabéished that increasing compacting
pressure resulted in increased abrasive resistangeact resistance and compressive
resistance of briquettes [22]. [23] also found ihateasing compacting pressure from 5 to 44
MPa increased the wafer (150-mm diameter) durghiditing (based on an impact resistance
test) of grass hay (mixed with 20% alfalfa) fronio591%. The increase in impact resistance
index resulting from increased compacting presdevel could result from the fact that
increase in compacting pressure enhances the formet different binding mechanisms in
densification. For instance, under high pressune, ratural binding components such as
starch, protein, lignin, and pectin in the feedbodmass materials are squeezed out of the

particles, which contribute to formation of soliddge bonds [24, 25]. Additionally,

13
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increased compacting pressure could enhance botldioggh Van der Waal’s electrostatic
force as well as the formation of stronger inteakiog bonds of the sawdust particles. Two-
way ANOVA (Table 6) indicates that at 5% level of significance therbass material and

compacting pressure had significant effect on tmpaict resistance index on briquettes
produced (p-value < 0.05). Nevertheless, the intena between the biomass material and
compacting pressure at 5% level of significanceraitihave significant effect on the impact

resistance index of briquettes produced (p > 0.05).

Table 6 ANOVA of effect of biomass material and compactprgssure (CP) on impact
resistance index of briquettes produced from satwafUB. africana, C. pentandra and their
mixture

Source DF ANOVA SS Meansquare F-Ratio p-value
Biomass raw material 5 449210.942  89842.1883 14.76 < .0001
CP 3 557825.958 185941.9861 30.54 <.0001
Biomass material x CP 15 85703.092 5713.5394 0.94 5288
Error 96 584477.600 6088.3080

"Statistically significant at 0.05 level of signidiace; Not statistically significant at 0.05 level
of significancelegend: DF = Degree of freedom

The multiple coefficient of determination YRand the RMSE of the ANOVA Model were
0.6515 and 78.0276 respectively. The implicatioiRdf/alue of 0.6515 is that about 65.15%
of the variance in the impact resistance indexefliriquettes produced could be explained by
the biomass raw material and compacting pressas.idc multiple comparison of means of
impact resistance index of briquettes produced filoenbiomass materials indicates that even
though the impact resistance index for mixing ra2d : 80 was the best, it did not

significantly differ from that ofCeiba pentandra only (LSD < 48.978). However, the impact

14
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resistance index of briquettes produced from mixiatp 20 : 80 was significantly higher
than that produced frorfAiptadenia africana only and mixing ratios 40 : 60, 60 : 40 and 80 :
20 (LSD > 48.978). Lastly, at 5% level of signifi® the impact resistance index of
briquettes produced frorRiptadenia africana only did not significantly differ from that of

mixing ratio of 80 : 20 (LSD < 48.978).

3.4 Water resistance quality

The water resistance quality of briquettes producesh the biomass materials ranged from
1.01 to 6.63 minutesT@ble 7). With the exception of briquettes produced fronxing ratio

20 : 80 and compacting pressure 50 MPa, all therdihquettes produced had very low water
resistance quality. According to [15] briquettes Wdhich when dropped into water falls into
pieces sooner than 5 minutes are considered asghavvery low water resistance quality.
When the briquette falls into pieces before 15 n@auit is of a medium water resistance
quality, and up to 20 minutes it is of a good watesistance quality. The medium water
resistance quality of briquettes produced from coiatiipn of Piptadenia africana andCeiba
pentandra at a mixing ratio of 20 : 80 and low compactingeleof 50 MPa provides a
breakthrough in the production of briquettes atnmotemperature using low compacting

pressure.

Table 7. Water resistance quality (minutex)briquettes produced frof africana, C.
pentandra and their combination using compacting pressuwrelsefrom 20 to 50 MPa

Compacting pressure

Biomass material Mixing ratio 20 MPa 30 MPa 40 MPa 50 MPa
(weight basis)

C. pentandra Pure (100%) 2.76 3.19 3.82 4.81

P. africana Pure (100%) 0.62 0.69 0.69 0.70

P. africana: C. pentandra 80 : 20 1.01 1.29 1.31 1.40

P. africana: C. pentandra 60 : 40 1.17 1.53 1.59 1.76

15
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P. africana: C. pentandra 40 : 60 1.51 2.06 2.28 3.20
P. africana: C. pentandra 20 : 80 2.92 3.38 4.68 6.63

A two-way analysis of variance indicates that at el of significance the biomass
material, compacting pressure and their interastibad significant effect on the water
resistance quality of the briquettes produced (peva 0.05). The multiple coefficient of
determination value and the RMSE of the ANOVA Modeére 0.9849 and 0.2088

respectively.

4.0 Conclusions

The results from the study indicate that combirsagidust oPiptadenia africana with Ceiba
pentandra could significantly improve the compressive stitdng cleft and impact resistance
index of briquettes produced frofiptadenia africana at room temperature using low
compacting pressure without a binder. The qualithbraquettes was significantly influenced
by the type and mixing proportion of biomass malassed. Briquettes produced from mixing
proportions: 80 : 20, 60 : 40, 40 : 60 and 20 :(Biptadenia africana : Ceiba pentandra)
using compacting pressure of 30 MPa or more coalt ladequate compressive strength in
cleft. Finally, increase in proportion Bfptadenia africana in the mixture of biomass material
could result in decreased compressive strengtHeit and impact resistance of briquettes.
Generally, the water resistance quality of bricgetiroduced from the biomass material used
at room temperature using low compacting pressul@w and they need to be protected from

moisture.
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