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ABSTRACT

In this study, the thermal behaviours of two lignocellulosic biomass, (Epicarp Fruit shells of Detarium microcarpum
and Balanite eaegyptiaca) were investigated using TGA. The activated carbon produced from the precursors were
investigated using BET and DSC. On TGA Profile, Balanite aegyptiaca shell decomposed initially with a weight loss
of 12.84% at temperature range within 27.4°C to 245.9°C. The decomposition profile shows weight losses of 41.6%
for hemicellulose, 43.2% for both cellulose and lignin, which occur at temperature range of 250°C to 350°C, slightly
> 350°C and up to 890°C respectively. Detarium microcarpum decomposed initially with weight loss of 15.9% at
temperature range of 42.4°C to 386.7°C due to moisture and volatile matter. The volatilization associated with
weight loss of 75.5% within temperature range of 397°C to 536°C is due to the release of hemicellulose and
cellulose. Finally, a weight loss of 2.58% occurred within a temperature range of 540°C to 890°C, due to the
released of lignin. From the DSC analysis, the level of heat energy flow through the carbon decreases as BET
surface area increases. The BET surface area were in the order; ACDMPA > ACDMZC > CAC > ACBAPA >
ACBAZC, while that of heat energy transfer through the carbon produced were in this order; ACBAZC > ACBAPA
> CAC > ACDMZC > ACDMPA. The thermal behaviour exhibited by the precursors and activated carbon from
TGA and DSC results respectively, verified that the precursors are good biomass that produce a good characteristic
carbon.
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INTRODUCTION

In recent years, studies have been carried t@etiliomass in various systems at their utmostieffay. For this,
biomass can be characterize to study their behavdating thermal conversion. Valuable informatioucis as
reaction mechanism, kinetic parameters, thermdlilgta heat transfer, melting point, boiling poiaind phase
transformation [1].

Regarding characteristics of Lignocellulosic miaiercan be obtained from thermos-gravimetry analfEGA)
and differential scanning calorimeter (DSC). Besjdbese analyses also give useful data on speeifiperatures
where various heterogeneous reactions occur thouighe pyrolysis of biomass inside the TGA [2].

The behaviour of cellulose, hemicellulose and higrvhich constitutes the three major componentsarhass must
be well understood in order for researcher to wstdad their pyrolysis [3].

Hemicellulose is the easiest to be pyrolyzed antbeghree major fractions of a lignocellulosic imss due to its
linear polymer structure with short side chaing]1,In contrast, cellulose is constructed of seystalline arrays of
chains associated with one another, while lignim isomplicated structure of phenolic polymer thawedop the
polysaccharides of the cell walls which producesilzand durable composite materials [5, 6]. Acaogdb [1] and
[7], the most reactive compound, hemicellulose dgposes at temperature between 200 to°G50wvhereas
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cellulose decomposes from 305 to 425 lignin steadily decompose over 250 to BDOHowever, some reported
that pyrolysis of heavier volatiles such as ligagturs from temperature as low as 150 up td80fnce it is more
thermally stable in contrast to cellulose and hethitose [8].

Thermal analysis Instruments and its applicatiores \ery important for characterization of activatearbon
precursors, as well as intermediate and final pctsdu

Activation studies have been done in the TGA tedeine appropriate conditions for activation ofb@ar samples
in larger scale test facilities [1].

The aim of this study is to perform a thermogravimestudy and DSC measurement to observe the pigoly
behaviour of two lignocellulosic biomasgtarium microcarpum and Balanite eagyptiaca) widely available in
Northern - Nigeria at wide temperature range, andliserve decomposition or transformation profilksughout
the process.

MATERIALSAND METHODS

2.1. Collection of precursorsand pre-treatment.

Balanite aegyptiaca fruits andDetarium macrocarpum fruits were purchased from Dutsin-ma market indinsma
Local Government area of Katsina State. The edibles ofBalanite aegyptiaca andDetarium macrocar pum fruits
were removed leaving behind the epicarp shell clvhivere washed throughly with distilled water @move
impurities. The samples were sundried for a weedshed again with distilled water and then driedain
thermostatic Oven at 185 for 48 hours which facilitated easy crushing amihding. The dried samples were
pulverised using mortar and pestle and sieved avitiechanical shaker into particle size of 850m.flne sieved
particles were stored in a clean air tight plastintainers ready for further treatment.

2.2. Thermogravimetric analysis (TGA) of the Precur sors.

The Thermogravimetric analysis (TGA) profile of tteav material clearly gives an

approximation about the weight loss with respedetoperature due to the release of moisture aratilmatter.
TGA of the raw precursor (epicarp Bélanite aegyptiaca and Detarium macrocarpum seedshell) were carried out
by a Shimadzu, DTG — 60H thermogravimetric analy2dout 30 mg of the sample was taken in silicacitrle,
and was subjected to pyrolysis underfldw (35 cni/min) at 500°C with heating rate of 19C/minutes [9].

2.3. Production of activated carbon.
The activating agents used wergPi, and ZnC}. Standard methods were followed in the productionavbon as
described when Neem husk was used [10].

The dried product (Carbon) obtained was storeddlean air tight containers for BET surface arearabterization
and DSC analysis.

2.4. Surface ar ea characterization

Nitrogen (N) gas adsorption-desorption isotherms on prepamiated carbon at liquid nitrogen temperature (—
195.6°C) were carried out using an automatic adsorptioih, #utosorb — 1 (Quantachrome). The samples were
degassed at 20T for 5 hrs prior to analysis so as to remove atspebed moisture or other impurities bounded to
the surface of the sample, and then standard metieoel followed to determine the BET surface aredesxribed

in the analysis of carbon produced from Bael Fshéll [9].

2.5. Differential Scanning Calorimetric measur ement.

The heat flow pattern of the porous carbon obtaifnech ACBAPA, ACBAZC, ACDMPA, ACDMZC and the
commercial activated carbon (CAC) which servedtasdard were displayed on the monitor attachabedr A-60

unit of the Calorimeter as described in the arnglg$ carbon produced from Brachystegia euryconth@osopis
Africana seed hulls [11].

RESULTSAND DISCUSSION

3.1. TGA of theprecursors

The Thermo-gravimetric analysis (TGA) profile ofetihaw materials (precursors) clearly gives an appration
about the weight loss with respect to temperature @ the release of surface bounded water, velatitter,
hemicellulose, cellulose and lignin present inghecursors. It also gives an insight of the carbation temperature
range required for production of activated carbon.
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The TGA profiles forBalanite aegyptiaca and Detarium microcarpum raw samples are shown below in Figures 1
and 2 respectively.
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Figure 1: TGA of Balanite aegyptiaca shell
TGA Temp
mg C
10.00F -
\Smn 17.23C
End 386. P 4 800
3.00F Weight Loss -15.881%
-1 600
6.00r-
Start
End 4 400
4.00r Weight Loss
Start 540.50C ]
2.00F e End 890.55C 7200
Weight Loss -2.570%
]
0.00t L L L L L 1 0.00
0.00 20.00 40.00 60.00 80.00

Time [min]
Figure 2: TGA of Detarium microcarpum shell

Figure 1 shows the thermo-gravimetric analysis (TGA) of thev sample oBalanite aegyptiaca shell. On the
TGA profile, the initial step shows weight loss 1#.84% in the temperature range of 2C.4o0 245.9C, which
might have resulted from the release of moistune wlatile matter. The second step shows steeghtvéoss of
41.6 % at the temperature range from€5t 350C.
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Figure 3. Level of lignin and cellulose in the precursors

The weight loss may be associated mainly to themeosition of hemicellulose and other low moleculeight
polymer of furan derivatives. The third step inved a gradual loss in weight at temperature al3®eC, which
may be attributed to decomposition of cellulose amdtinued up to 89C due to the decomposition of lignin with
weight loss of 43.2%. On the other hand, Figurdistrate the TGA profile oDetarium microcarpum raw
precursor. At first, there was a weight loss 0f91%, which was attributed to the released of moéstiontent and
volatile matter at a temperature range of 22.tb 386.7C. The second decomposition stage of the profitevsha
weight loss of 75.5 % at a temperature range of&8@6to 536.6C,due to the decomposition of hemicellulose and
cellulose. The final stage of the profile exhibitedight loss of 2.58% at a temperature range ofG46 890C
resulted from the decomposition of lignin. The T@#ofiles of both precursors in this study resentbie one
obtained, when Bael fruit-shell was used [9]. Wistpoint, the carbonisation temperature range06f@ to 896C
was consider for this research.

Figure 3 illustrate the amount of Lignin and calke inBalanite aegyptiaca shell to be 30.12% and 10.40%
respectively, while its content iDetarium microcarpum shell was 20.40% and 26.42% respectively. Materiath
high lignin content develops AC with high yield whas, materials with high cellulose yields AC whilgh surface
area and porosity. The results obtained is in agees, when Bael fruits was used to produce carBpn [

1000
900 857.95

200 799.43 785.35 762.93
700
600 555.73
500
400
300
200
100

0

CAC

ACDMZC ACDMPA ACBAZC

Surface area (m2/g

ActivAza(%(eB(jA Fc)grbon

Figure4: BET surface area of the carbon produced and commer cial activated carbon
ACDMPA = Activated carbon from Detarium microcarpum activated with H3PO4
ACDMZC = Activated carbon from Detarium microcar pum activated with ZnCI2
ACBAPA = Activated carbon from Balanite aegyptiaca activated with H3PO4
ACBAZC = Activated carbon from Balanite aegyptiaca activated with H3PO4
CAC = Commercial activated carbon.

112
Pelagia Research Library



Wyasu G. et al Adv. Appl. Sci. Res., 2016, 7(2):109-115

3.2. BET surfacearea

Figure 4 illustrate the BET Surface area of ACDMR&DMZC, CAC, ACBAPA and ACBAZC were 857.99fq,
799.43m/g, 785.35rM/g, 774.76rfig and 555.73ffg respectively. Most widely used commercial adtdacarbons
have specific surface areas ranging from 750- 188 [11], hence the chemically carbonized precurgoosiuced
activated carbons for this study possessed sudize that falls within the standard range of coneméicarbon.
However, the surface area of the carbon frDetarium microcarpum is greater than the ones produced from
Balanite aegyptiaca. The nature of the precursors, in which the l®féignin and cellulose are not the same may be
the reason for the differences.

3.3.DSC
Figures 5 to 9 illustrates the heat flow pattersdubon the results obtained from the carbon pratiand that of
commercial activated carbon.
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Figure5: DSC of ACDMPA
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Figure 6: DSC of ACDMZC
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Figure7: DSC of CAC
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Figure8: DSC of ACBAPA
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Figure9: DSC of ACBAZC

Presented in Figures 5 — 9 were the DSC plots wiHigdtrates the heat flow or heat transfer of taebon produced
from the precursors and that of commercial actovatarbon, which indicate poor heat transfer, whiciy be
attributed to the porosity nature of the carbordpod. From the results obtained, ACDMPA has thett value
of heat transfer of 0.2555Jrfidue to its high porosity and surface area, whi@BAZC has the highest value of
heat flow of 0.8206Jmihwhen compared to other form of carbon becaustsdbwv porosity and surface area. The
results obtained is similar to research carriedbyufl1] usingBrachystegia eurycoma andProsopis africana seed
hulls. The heat transfer pattern or heat flow tigitothe activated carbons produced for this rebeass very low
generally due to high porosity, large surface aesal discontinuity of the carbon structural framerkvor lattice,
which is in line with the research done earlier,17].

CONCLUSION

From the TGA analysis, it shows the decompositiosfile of the epicarp obetarium microcarpum and Balanite
aegyptiaca, which indicated the percentage weight loss aasediwith Hemicellulose, Cellulose and Lignin at
different temperature. Among the three componentdatilization of hemicellulose occur first, folled by
cellulose and finally lignin as temperature incesasThe carbonisation temperature range of@a6 890C was
consider for this study based on the decompositiofile from TGA. The BET surface area of the carbeere very
high enough, when compared with standard fromaitee, which proved that the adsorbent has maeg siady to
interact with adsorbate. The DSC analysis givesiseful information about the heat energy trandfeough the
carbon produced. The magnitude of heat transfdiinvihe carbon generally decreases with increaseriace area
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of the carbon due to discontinuity of the carboructtral framework, provided there is no intensefase
modifications of the carbon.
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