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ABSTRACT

Cost of treatment process usually increased because of the activated carbon. Thus, there
have been many researches that have been done by researchers to utilise cheaper raw
materials for the production of activated carbon. Moreover, the commercially used
activated carbon is coal which is limited and non — renewable which will be finish up.
Consequently, a wide variety of agricultural by — products and wastes have been
investigated such as coconut shell, wood, palm seed and Moringa oleifera husks.
Moringa oleifera husks have the potential to produce activated carbon by carbonisation
under nitrogen followed by steam pyrolysis. There are many advantages of using one —
step steam pyrolysis which is no chemical inputs are required, the process requires less
energy than traditional processes which involves two heating steps and local production
reduce the transportation required for the product. The husks are milled, sieved and
separated in fractions. Then, the samples are heated by an electric heater and are
subjected to pyrolysis in the presence of steam at atmospheric pressure. The steam flow
is 0.5 litre/hour and is introduced into the reactor when the temperature in the reactor is
150°C. The reactor will be heated at constant rate 25°C/min until selected temperature
which are 600°C, 700°C and 800°C is reached. Then, the samples are kept at final
temperature for one hour. The produced char are characterised. The surface area is
calculated by nitrogen adsorption and desorption isotherms which uses dynamic flowing
technique providing Brunauer, Emmett and Teller (BET) and Langmuir surface area to
test whether it is micropores, mesopores or macropores. lodine test are conducted to
measure the adsorption capacity by determined the surface area.

Key words: Moringa oleifera, activated carbon, pyrolysis, adsorption, Langmuir
surface area, lodine test
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ABSTRAK

Kos proses rawatan untuk merawat produk yang tidak diingini biasanya
meningkat kerana karbon yang diaktifkan. Oleh itu, terdapat banyak kajian yang telah
dilakukan oleh penyelidik untuk menggunakan bahan-bahan mentah yang lebih murah
untuk pengeluaran karbon diaktifkan. Selain itu , karbon diaktifkan yang digunakan
secara komersial adalah arang batu yang terhad dan tidak - boleh diperbaharui yang
akan habis . Oleh yang demikian, pelbagai produk pertanian dan bahan buangan telah
dikaji seperti tempurung kelapa, kayu, benih sawit dan sekam Moringa oleifera. Sekam
Moringa oleifera mempunyai potensi untuk menghasilkan karbon diaktifkan oleh
pengkarbonan bawah nitrogen diikuti dengan pirolisis wap. Terdapat banyak kelebihan
dalam menggunakan satu langkah pirolisis wap yang tidak memerlukan bahan kimia,
proses itu memerlukan tenaga kurang daripada proses tradisional yang melibatkan dua
langkah pemanasan dan pengeluaran tempatan mengurangkan pengangkutan yang
diperlukan untuk produk. Sekam itu digiling, disaring dan dipisahkan dalam pecahan .
Kemudian , sampel dipanaskan oleh pemanas elektrik dan tertakluk kepada pirolisis di
hadapan stim pada tekanan atmosfera. Aliran wap adalah pelbagai yang 0.5 liter / jam
dan dimasukkan ke dalam reaktor apabila suhu di dalam reaktor adalah 150 ° C. Reaktor
akan dipanaskan pada kadar yang tetap 25 ° C / min sehingga suhu yang dipilih yang
600 ° C, 700 ° C dan 800 ° C. Kemudian , sampel disimpan pada suhu akhir selama
satu jam.Arang yang dihasilkan akan diciri-cirikan . Luas permukaan dikira dengan
penjerapan nitrogen dan isoterma desorption yang menggunakan teknik yang mengalir
dinamik menyediakan Brunauer , Emmett dan Teller (BET ) dan kawasan permukaan
Langmuir untuk menguji sama ada ia adalah micropores , mesopores atau macropores .
Ujian iodin dijalankan untuk mengukur kapasiti penjerapan oleh ditentukan luas
permukaan.

Kata kunci : Moringa oleifera, carbon diaktifkan, pirolisis, penyerapan, luas permukaan
Langmuir, ujian lodine



TABLE OF CONTENTS

SUPERVISOR’S DECLARATION.......oooiiiiiieiecte e v
STUDENT’S DECLARATION.......outiiiiie et Vv
()] = I [ @ N I 1]\ P VI
ACKNOWLEDGEMENT .....ooiiii it VII
ABSTRACT ... e nreas VIl
ABSTRAK . ..o et s IX
TABLE OF CONTENTS. ... e X
LIST OF FIGURES........o oottt et s Xl
LIST OF TABLES. ...t e X1l
LIST OF ABBREVIATIONS.......cooe et e X1
1 INTRODUCTION. ...ttt e 1
1.1  Motivation and statement of problem .............cccociiniinnn. 1
1.2 ODJECLIVES. ...oviiiieiie ettt 1
1.3 Scope of this RESEArCN........ccocvviiiriiiieiire e 2
1.4 Main Contribution of this WOrK..........cccccceveviveiivcie e, 2
1.5  Organisation of thiS thesSiS...........cccovrererenieniie s 2
2 LITERATURE REVIEW. ..ot 3
S R O 1V = oV 1= S 3
2.2 INEFOTUCTION. ....eee e 3
2.3 Physical Properties of Activated Carbon.............cccccevviennee. 5
2.4 Previous Study on Moringa oleifera...........cccoceeveviviveinannnne 6
2.5 SUMMEBIY ..ttt sttt ettt be et e as snneeens 7
3 MATERIALS AND METHODS.......cccoiiiiiieierieeee e 8
3L OVEIVIBW. ..ttt e 8
3.2 INErOAUCTION. .....ove s 8
3.3 ChemiCalS.......coeieiieieeie e 8
3.4  Experimental Procedures and Test Conducted..................... 9
4 RESULTS AND DISCUSSIONS........ccoooiiiriiinene e s 13
4.1 OVEIVIBW.. .ttt st bbb s e 13
4.2 RESUIS.....oiiiiciieee e s 13
5 CONGCLUSION. ..ottt e ereas 26
5.1 CONCIUSION.....couiiiiieiiiiictiie et e e 26
5.2 FULUIE WOIK...ouo it e e 26
REFERENCES.........ooieiie sttt s 27

APPENDICES. ... .o 29



LIST OF FIGURES

Figure 2.1: Equipment for Preparation of Activated Carbon............cccccoeevvneiinnne. 4
Figure 2.2: Activated Carbon Yield As Percentage Of Original Mass................... 6
Figure 2.3: Yield And Comparative Adsorption Properties Of Activated Carbons. 7
Figure 3.1: Correction Factor for lodine AdSOrption.........ccceovvireiineniniesisieceen, 12
Figure 4.1: Activated Carbon Surface Area at Different

TEMPEIATUIES. ...ttt et sreean e an e e e 13
Figure 4.2: Activated Carbon Surface Area at Different

TEMPEIATUIES. ...ttt et e nr e ar e 14
Figure 4.3: Activated Carbon Surface Area at Different

TEMPEIATUIES. ... ettt r e nr e e 15
Figure 4.4: Langmuir Adsorption Isotherm of Manually Removed Seeds Husks
................................................................................................................................... 16
Figure 4.5: Langmuir Adsorption Isotherm of Grinded Husks (Manually Removed
SEEAS HUSKS) ...ttt b 17
Figure 4.6: Langmuir Adsorption Isotherm of Mechanically Removed Seeds

[ 11 ]SSR 18
Figure 4.7: lodine Test of Manually Removed Seeds

[ [0 ]SS 19
Figure 4.8: lodine Test of Grinded Husks (Manually Removed Seeds

L (U] TSRS 20
Figure 4.9: Mechanically Removed and Seeds HUSKS..........cccccoevviierieceecie s 20
Figure 4.10: Mass Decomposition of Manually Removed Seeds Husks................. 21
Figure 4.11: Mass Decomposition of Mechanically Removed Seeds Husks............ 22
Figure 4.12: Mass Decomposition of Grinded Husks (Manually Removed Seeds Husks)
.................................................................................................................................. 23
Appendix 1: Manually Removed Seeds HUSKS..........ccccoceeeiiiie v 29
Appendix 2: Mechanically Removed Seeds HUSKS...........cccccceveivieincie s, 30
Appendix 3: Grinded Husks (Manually Removed Seeds HUSKS)..........c.cccccccvvvennee 31
Appendix 4: Activated Carbon Produced from Manually Removed Seeds Husks... 32
Appendix 5: Activated Carbon from Mechanically Removed Seeds Husks............. 33

Appendix 6: Activated Carbon from Grinded Husks (Manually Removed Seeds Husks)

................................................................................................................................... 34

Xl



LIST OF TABLES

Table 4.1: Original Size of Pods and Seeds HUSKS...........cccccveivieiiiin e 14
Table 4.2: Grinded Pods and Seeds Husks Using Grinder............ccoccoovvvrvnnnnenenn 14
Table 4.3: Mechanically Grinded Pods and Seeds HUSKS..........c..cccevvviniiiecinnnenn, 15
Table 4.4: Yield of Production of Activated Carbon from different types of Moringa
Oleifera SEEUS HUSKS. .......coviieeie ettt et e e eneenneas 24
Table 4.5: Comparison of Produced Activated Carbon with the Activated Carbon

Available iNthe IMArKeL...........coviiii et 25

Xl



LIST OF ABBREVIATIONS

A correction factor

An cross — sectional area of nitrogen molecule in angstroms
BET Brunauer, Emmett and Teller (BET)

In iodine number

Mn molecular weight of nitrogen

M mass of activated carbon in g

N Avagadro’s Number, 6.025 E+23

N; normality of iodine solution

N normality of sodium thiosulphate solution

S specific surface area in m*/g

\ volume of sodium thiosulphate solution

Xm sorption vslue

X mg of iodine adsorbed by the activated carbon

Xl



1 INTRODUCTION

1.1  Motivation and statement of problem

Activated carbons are carbonaceous materials that can be distinguished from elemental
carbon by the oxidation of the carbon atoms found on the outer and inner surfaces of
carbon materials (Mattson and Mark, 1971). The characteristics of activated carbons are
large surface areas, well-developed porosity and tuneable surface-containing functional
groups (Baker et al., 1992, Zongxuan et al., 2003). Other than that, they have good Kinetic
properties and high adsorption capacities. For these reasons, activated carbons are widely
used as adsorbents for the removal of organic chemicals and metal ions of environmental or
economic concern from air, gases, potable water and wastewater (EI-Hendawy, 2003).

Nowadays, activated carbons from many sources have been used to remove dissolved
metallic salts from aqueous solutions have been reported (Goyal et al., 1999; De and De,
1994; Periasamy, 1991). Adsorption on activated carbons also can reduce COD (Das and
Patnaik, 2001; Rao and Bhole, 2002). Commercially produced activated carbons are very
expensive (Kadirvel et al., 2003). Thus, many substances have been screened as alternatives
to the conventional raw materials for the production of activated carbons (Howlader et al.,
1999). The commercially used activated carbon is coal which is a limited, non — renewable
resource, and will be depleted one day. There is an alternative way to overcome this
problem by using renewable sources such as coconut shells, rice husk and Moringa oleifera
seeds and pod husks (Martinez, M.L. et al, 2003).

Moringa oleifera is among the 14 species of trees belong to the genus Moringaceae. It is
the best native to North India (Ghebremichael K.A, 2004). Moringa oleifera is known as
multipurpose tree as its part are useful for many applications (Fuglie, 1999). This tree
grows fast and develops to a full tree within one year of its plantation. The dried pods and
husks can produce activated carbon by single — step steam pyrolysis (Pollard et al. , 1995
and Warhurst et al. ,1997).

1.2 Objectives:
The objectives are as follows :

e To investigate the possibility of producing activated carbon from Moringa oleifera
seeds and pods husks.

e To measure produced activated carbon properties.

e To compare produced activated carbon properties with standard or available
activated carbon in the markets.



1.3 Scope of study :

To investigate the possibility of producing activated carbon from Moringa oleifera seeds
and pods husk. Then, the properties of the activated carbon will be investigated. The
properties of activated carbon produced will be compared to activated carbon in the market
to show the quality of activated carbon and find out if it possible to commercialize it.

1.4 Main Contribution of this work
The following is the contribution:
e To find alternative for activated carbon from waste material.
1.5  Organisation of this thesis

The structure of the reminder of the thesis is outlined as follow:

Chapter 2 provides an overview of the Moringa oleifera and activated carbon. A
general description on the properties of Moringa oleifera and the properties of
activated carbon. This chapter also provides a brief review and statistic of previous
research done comparing to the activated carbon. A summary on activated carbon
produced from Moringa oleifera compared to the activated carbon in the market.

Chapter 3 gives a review of the procedure involved in the pyrolysis process. The
characteristics of the activated carbon will be compared by doing some tests which
are phenol adsorption isotherm and iodine adsorption.

Chapter 4 gives a clearer understanding of the activated carbon properties where
results are tabulated and graphs are drawn. Parameters differ such as temperature
and heat constant.. Nevertheless, rheological tests results will show the possibility
of Moringa oleifera producing activated carbon.

Chapter 5 draws together a summary of the thesis and outlines of the future work
which might be derived from the model developed in this work.



2 LITERATURE REVIEW

2.1 Overview

My literature study is on possibility of producing activated carbon from Moringa oleifera.
2.2 Introduction

Activated Carbon

Activated carbons are carbonaceous materials with highly developed internal surface area
and porosity which is sometimes called solid sponges. Large surface area results in high
capacity for absorbing chemicals. One of the largest uses of activated carbon is in water
treatment industry which will remove the compounds that affect the taste and odour of
water (Zanzi et al, 2001). Due to necessity of environmentally friendly processes and
material recovery purposes, activated carbon also used in industrial waste water and gas
treatment. The food industry used activated carbon to remove the compounds that affect the
colour, taste and odour of the food (Zanzi et al, 2001). In mineral industry, activated carbon
is used to recover gold from leached liquors (Zanzi et al, 2001). Activated carbon also used
in medical and pharmaceutical industry. Another area that used activated carbon is catalysis
where the structure and features of the activated carbon are favourable. In gas applications,
activated carbon is used in air filters in industrial applications as well as in general air
conditioning applications. Traditionally, in order to prepare the activated carbon, two steps
are used which are carbonisation of the raw material in absence of oxygen and activation
with water vapour or carbon dioxide. A three — step process for producing activated carbon
are carbonisation, oxidation and heating from low to high temperature. Nowadays, the
sample will be carbonised by pyrolysis in a flow of steam. The processes that will involve
in steam pyrolysis are thermal decomposition, multi — component steam distillation, fast
escape and stabilization of the volatiles, mild oxidation, activation of the solid residues and
formation of the activated carbon. The multi — component distillation which accompanies
the pyrolysis in a stream of water vapour will give a mild process and efficient escape of
the volatiles from the solid material. The quick removal of the volatiles and stabilization of
the radicals in the presence of the steam results in increased yields of volatiles and
formation of solid products with a highly developed active surface free from organic
compounds (Zanzi et al, 2001).

The physical properties such as bulk density, yield, burn off and hardness and the chemical
properties such as pH, conductivity and ash are analysed using standard methods. Other
than that, this sample will be analysed to evaluate the effectiveness for colour removal
efficiency. Activated carbon produced from bituminous or lignite coal is commercially
activated carbon in the markets. Due to some factors such as long — term availability of
coal, environmental impacts and potentially increasing cost have encouraged researchers to



find alternative ways in producing activated carbon. Activated carbon can be produced
from any material that has carbon as it element. Any lignocellulosic material can be
converted to an activated carbon (Khadija et al, 2008).

Preliminary tests on carbons produced at a variety of temperature showed that steam
pyrolysis activation produced high quality carbon (Warhurst et al., 1996). Then, it is
analysed by using nitrogen adsorption which allowes selection of optimum carbons based
on surface area development, microporosity and product yield (Warhust et al., 1996, 1997).

Preparation of Activated Carbon

The equipment used are cylindrical pyrolysis reactor and equipment for removal of liquid
and gas meter. The reactor tube are heated by an electric heater.. The sample will be placed
in the removable inner cylinder with a net in the bottom. The outer cylinder is connected to
a metal tube with a screw holder which will makes it easier to clean. The water will be
pumped to the steam generator by a perisltaltic pump. The steam temperature is around
105°C. The volatiles will be cooled down in a water — cooled condenser. The gas is led
through a column with cotton and phosphorus pentoxide as drying agent, a gas meter and
then collected in a bag.

Figure 2.1 : Equipment for preparation of activated carbon



2.3 Physical Properties of Activated Carbon
ADSORPTION MECHANISM

A process which a surface concentrates fluid molecules by chemical or physical
forces is known as adsorption whereas absorption is a process whereby fluid molecules are
taken up by a liquid or solid and distributed throughout that liquid or solid.

In the physical adsorption process, molecules are held by the carbon’s surface by
weak forces known as Van Der Waals Forces resulting from intermolecular attraction. The
carbon and the adsorbates are thus unchanged chemically. Maximum adsorption capacity is
determined by the degree of liquid packing that can occur in the pores. In very high vapour
pressure, multilayer adsorption can lead to capillary condensation even in mesopores. If
adsorption capacity is plotted against pressure ( for gases ) at constant temperature, the
curve produced is known as an isotherm. Adsorption increases with increased pressure and
also with increasing molecular weight, within a series of a chemical family. Thus, methane
is less easily adsorbed than propane. This is a useful fact to remember when a particular
system has a number of components. Physical adsorption in the vapour phase is affected by
certain external parameters such as temperature and pressure. The adsorption process is
more efficient at lower temperatures and higher pressures since molecular species are less
mobile under such conditions.

Surface Area

The internal surface area of a carbon is usually determined by the BET method (Brunauer,
Emmerr and Teller). This method utilizes the low — pressure range of the adsorption
isotherm of a molecule of known dimensions ( usually nitrogen ). This region of the
isotherm is generally attributed to monolayer adsorption. Thus, by assuming the species is
adsorbed only one molecule deep on the carbon’s surface, the surface area may be
calculated using the equation :

S — XmNA
M
S = specific surface in m%/g
Xm = sorption value (weight of adsorbed N, divided by weight of

carbon sample)
= Avagadro’s Number, 6.025 E+23
= cross-sectional area of nitrogen molecule in angstroms

= molecular weight of nitrogen



2.4 Previous Study on Moringa oleifera
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Figure 2.2 : Activated carbon yield as percentage of original mass

From Figure 2.2,EH700/30 is carbon derived from husk material used at Edinburgh and
heated a 700°C for 30 minutes. M denotes carbon from husk material used at Malawi, and
P is carbon from pods. The process steam pyrolysis gives reproducible yields with
duplicate runs differing by less than 1 per cent. Yield tends to reduce as the heating
temperature increases. The duration of heating ( soak time ) has little effect on yield for
longer times at 500 or 600°C but tends to give reduced yield for longer times at the higher
temperatures. The pods were turned to ash at temperatures >700°C whereas the husks ashed
above 800°C when the time was 120 minutes.
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Figure 2.3 : Yield and comparative adsorption properties of activated carbons.

From Figure 2.3, the yield tends to reduce as heating temperature increases. The duration of
heating has little effect in yield at 500 or 600°C but tends to give reduced yield for longer
time as at the higher temperatures. Both the methylene blue and phenol results show that
the capacity for a carbon to adsorb impurities will tend to improve as the temperature and
the heating of production are increased.

2.5

Summary

Based on the previous research, it is shown that Moringa oleifera pods and seed husks can
be commercialized into activated carbon by comparing the adsorption properties of
activated carbon produced from Moringa oleifera and the activated in the market.



3. MATERIAL AND METHODS
3.1 Overview

This paper is about to investigate the possibility of Moringa oleifera seeds and pods husks
in producing activated carbon. First of all, the parameters of temperature and heating rate
are manipulated at different range of data. It is noted that at different temperatures, the
yield of activated carbon differ. Then, Langmuir adsorption isotherms and iodine
adsorption will be carry out to determine the adsorption properties.

3.1.1 Preparation

The equipment used are cylindrical pyrolysis reactor and equipment for removal of liquid
products and gas meter. The reactor tube are heated by an electric heater.. The sample will
be placed in the removable inner cylinder with a net in the bottom. The outer cylinder is
connected to a metal tube with a screw holder which will makes it easier to clean. The
water will be pumped to the steam generator by a perisltaltic pump. The steam temperature
is around 105°C. The volatiles will be cooled down in a water — cooled condenser. The gas
is led through a column with cotton and phosphorus pentoxide as drying agent, a gas meter
and then collected in a bag.

3.1.2 Steam pyrolysis

The processes that will involved in steam pyrolysis are thermal decomposition, multi —
component steam distillation, fast escape and stabilization of the volatiles, mild oxidation,
activation of the solid residues and formation of the activated carbon. The multi —
component distillation which accompanies the pyrolysis in a stream of water vapour will
give a mild process and efficient escape of the volatiles from the solid material. The quick
removal of the volatiles and stabilization of the radicals in the presence of the steam results
in increased yields of volatiles and formation of solid products with a highly developed
active surface free from organic compounds.

3.2 INTRODUCTION

This paper presents the possibility of Moringa oleifera seeds and pods husks in producing
activated carbon.

3.3 CHEMICALS

Chemical will be obtained from the supplier which is ordered from Chemical Lab
Technical Unit, Universiti Malaysia Pahang.



3.3.1 Moringa oleifera

Moringa oleifera seeds and pods husks will be collected in Kuantan, Pahang, Malaysia
where they have been produced as a waste product. Then, the samples will be milled,
sieved and separated in fractions. The size of the samples will be varies in order to study
the influence of the particle size in the yield and properties of activated carbon produced.

3.4 EXPERIMENTAL PROCEDURE AND TEST CONDUCTED
There are 2 types of tests that will be conducted to determine the adsorption properties:

1. Langmuir Adsorption Isotherm
2. lodine Adsorption

3.4.1 Langmuir Adsorption Isotherm
Apparatus and Materials

e Reaction bottles

e Burette

e Mechanical shaker

e Filter paper

e Conical flask

e 0.5 N oxalic acid

e Distilled water

o Filter paper

e Standardized KMnQ, solution

Procedure

1. 500 mL of 0.5 N oxalic acid are prepared. Then, five reaction bottles are taken and
labelled.

2. 2 g ofactivated carbon are weighed and transferred into each of the bottles.

3. After that, by means of burette 50, 40, 30, 20 and 10 mL of 0.5 N oxalic acid are
added followed by 0, 10, 20, 30 and 40 Ml of distilled water so that the volume (50
mL) remains constant in each bottle.

4. These bottles are shaken thoroughly for an hour by mechanical shaker and they are
set aside in a trough containing water to reach equilibrium.

5. The supernatant liquid of each bottle are filtered through a small dry filter paper and
the filtrate are collected in properly labelled conical flasks.



6.

3.4.2

The initial 5 mL or 10 mL of the filtrate will be rejected. 10 mL of the filtrate are
pipette out into a clean conical flask. Then, it is titrated against standardized
KMnO, solution until a pink colour appears.

The titrations are repeated to get concordant values. From the titration values, the
concentration of oxalic acid remaining and the amount of oxalic acid adsorbed are
be calculated.

Lastly, log (x/m) against log C. are plotted. The slopes and intercepts of the plot
will give 1/n and log k respectively.

lodine Adsorption

Apparatus and Materials

Glass stoppered flasks, pipettes, burette

Folded filters, Whatman 2V, 18 cm @

Hot — plate

Hydrochloric acid, 5% (w/w)

Sodium thiosulphate solution, 0.10 N, standardized
lodine solution, 0.10 N, standardized.

Starch solution

Procedure

1.

0.7 — 2.0 g of the dried carbon are weighed and transferred to a dry, glass stoppered
250 mL Erlenmeyer flask.

10 mL of 5% HCI are pipetted into the flask and swirled until the activated carbon
is wetted.

The flasks are placed on a hot — plate and the contents will be brought to the boil
and allowed to boil for 30 seconds.

The flask and the contents are allowed to cool to room temperature. Then, 100 mL
of 0.10 N iodine solutions are added by using pipette.

The flask are stopper immediately and shaked vigorously for 30 seconds. Then, it is
filtered by gravity through a filter paper immediately after 30 seconds shaking
period.

The initial 20 — 30 mL of titrate are discarded and the remainder are collected in a
clean beaker.

The filtrate are stirred in the beaker with a glass rod and 50 mL is pipetted into a
250 mL Erlenmeyer flask.

The 50 mL sample is titrated with 0.10 N sodium thiosulphate solution until the
yellow colour almost disappeared. About 1 mL of starch solution will be added and

10



the titration will continue until the blue indicator colour just disappears. The volume

of sodium thiosulphate solution used will be recorded.
Result

Calculate the iodine number, I, of the carbon using the equation :

In = XIM X (A)
Where
X = mg of iodine adsorbed by the activated carbon
(12.693 N;) — 270.246 N, V)
Herein
N; = normality of iodine solution
\P; = normality of sodium thiosulphate solution

= volume of sodium thiosulphate solution in mL

= mass of activated carbon in g

= correction factor, depending on the residual normality, N, of the filtrate
This factor A may be applied if N, is between 0.008 and 0.0334 N.

N, = N, (V/50)

11



CORRECTION FACTOR FOR IODINE ADSORPTION
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Copyright © 1978, the American Water Works Association

Figure 3.1: Correction Factor for lodine Adsorption
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CHAPTER 4 RESULTS AND DISCUSSIONS

4.1 Overview

The effects of temperature and heating constant are the key factors during the preparation
of this activated carbon in order to optimize the best condition in producing the activated
carbons. The highest surface area is obtained when the temperature at 600°C when
compared to 700°C and 800°C. This is because materials which have undergone deep
carbonization accompanied by removal of large amount of volatile organic compounds are
converted into solid residues with low contents of organic material and higher content of
ash. From the results obtained, the mechanically grinded seeds husks give the largest
surface area, hence it is the best choice to produce the activated carbon from this size.

4.2 Results

MANUALLY REMOVED SEEDS HUSKS

TEMPERATURE (°C) SURFACE AREA (m%/g)
600 0.0020
700 0.0012
800 0.0008

Table 4.1: Manually Removed Seeds Husks

MANUALLY REMOVED SEEDS HUSKS

0.0025

0.0020

0.0015

0.0010

Surface Area(m?/g)

0.0005

0.0000
600 700 800

Temperature (°C)

Figure 4.1: Activated Carbon Surface Area at Different Temperatures
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From the above results, it showed that the optimum temperature for the production of
activated carbon is 600°C as it give the largest surface area when compared with other
temperatures. If the temperature beyond 800°C, then the volatile matter is minimal above
this range. This is because the fixed carbon and ash content increased which may attribute

to the removal of volatile matter in the husks.

GRINDED HUSKS (MANUALLY REMOVED SEEDS HUSKS)

Table 4.2: Grinded Husks (Manually Removed Seeds Husks)

TEMPERATURE (°C) SURFACE AREA (m%/g)
600 0.0026
700 0.0014
800 0.0007

0.0030
0.0025
0.0020
0.0015
0.0010
0.0005
0.0000

Surface Area (m?/g)

GRINDED HUSKS (MANUALLY
REMOVED SEEDS HUSKS)

PN

600 700 800

Temperature (°C)

Figure 4.2: Activated Carbon Surface Area at Different Temperatures
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MECHANICALLY REMOVED SEEDS HUSKS

Table 4.3: Mechanically Removed Seeds Husks

TEMPERATURE(°C) SURFACE AREA(m?/g)

600 0.003

700 0.0013

800 0.0005

MECHANICALLY REMOVED SEEDS
HUSKS
0.0035
% 0.003
E 0.0025
§ 0.002
< 0.0015
& 0.001
3 0.0005
0
600 700 800
Temperature (°C)

Figure 4.3: Activated Carbon Surface Area at Different Temperatures

From the above results, it can be showed that the best temperature is 600°C. This is because
it give the larger surface area when compare with other temperatures. This is occurred
because the percentage volatile matter decreased with an increased of temperature. If the
temperature beyond 800°C, then the volatile matter is minimal above this range. This is
because the fixed carbon and ash content increased which may attribute to the removal of

volatile matter in the husks.
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LANGMUIR ADSORPTION ISOTHERM

The Langmuir adsorption isotherm relates the coverage or adsorption of molecules on a
solid surface to concentration of a medium above the solid surface at a fixed temperature.
During the test, a sample of activated carbon is contacted for some time with a test
substance. The graph of log x/m versus log c are plotted which x is amount of impurities
absorbed at equilibrium, m is mass of the activated carbon and c is the concentration of
impurities remained in liquid. From the data that we gained from the experiments, it shown
that the three different sizes of husks have absorbance properties. The best activated carbon
with greatest absorbance properties can be gained from grinded pods and seeds husks using
grinder, as it give the best R? values when compared with others.

MANUALLY REMOVED SEEDS HUSKS

MANUALLY REMOVED SEEDS = amount of impurities
HUSKS absorbed
30 m = mass of the
25 | — 4.9499x+ 2 8075 I activated carbon
R2=10.9887 )

20 ¢ = concentrations of
g 15 : ' impurities remained in
g / liquid

10 {g ;

Figure 4.4: Langmuir Adsorption Isotherm of Manually Removed Seeds Husks

From this experiment, the amount of activated carbon, m is fixed which is 2g. Then, 50 Ml
of oxalic acid is titrated against standardized KMnO, until the pink colour appeared. The
amount of oxalic acid adsorbed, x, until the solution turned pink is recorded. After that, the
concentration of the oxalic acid is recorded. Then, graph of log (x/m) against log c is
plotted.
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GRINDED HUSKS (MANUALLY REMOVED SEEED HUSKS)

X = amount of impurities
absorbed

m = mass of the
activated carbon

¢ = concentrations of
impurities remained in
liquid

GRINDED HUSKS (MANUALLY
REMOVED SEEDS HUSKS)
30
25 y=4.1128x+3.0066
R?=
£ 20
X 15
= 10
5 J4—
0
0 1 2 3 4 5
Logc

Figure 4.5: Langmuir Adsorption Isotherm of Grinded Husks (Manually Removed Seeds
Husks)

From this experiment, the amount of activated carbon, m is fixed which is 2g. Then, 50 Ml
of oxalic acid is titrated against standardized KMnO, until the pink colour appeared. The
amount of oxalic acid adsorbed, x, until the solution turned pink is recorded. After that, the
concentration of the oxalic acid is recorded. Then, graph of log (x/m) against log c is

plotted to show that the activated carbon has adsorption properties.

17




MECHANICALLY REMOVED SEEDS HUSKS

MECHANICALLY REMOVED <= amount of impurites
SEEDS HUSKD absorbed
30 m = mass of the

y=4.1604x + 2.7163

activated carbon

¢ = concentrations of
impurities remained in
liquid

Log x/m

Logc

Figure 4.6: Langmuir Adsorption Isotherm of Mechanically Removed Seeds Husks

From this experiment, the amount of activated carbon, m is fixed which is 2g. Then, 50 Ml
of oxalic acid is titrated against standardized KMnQO, until the pink colour appeared. The
amount of oxalic acid adsorbed, x, until the solution turned pink is recorded. After that, the
concentration of the oxalic acid is recorded. Then, graph of log (x/m) against log c is
plotted to show the adsorption properties of the activated carbon.
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IODINE TEST

The iodine test is carried out to determine the iodine number which gives indication of the
internal surface area of activated carbon. It is defined as the number of milligrams of iodine
adsorbed from an aqueous solution by 1 g of activated carbon. The higher the iodine
number, the higher the surface area of the activated carbon. From the results obtained, we
can conclude that mechanically grinded pods and seeds husks have the highest iodine
number compare to the other sizes. The highest iodine number indicated that the activated
have larger surface area. Hence, the mechanically grinded pods and seeds husks are the
most recommended sizes in producing the activated carbon.

MANUALLY REMOVED SEEDS HUSKS

MANUALLY REMOVED SEEDS HUSKS

1400
o 1200
S~
[-T]
£ 1000 S====
3 800
g 600 —
2
£ 400
©
o 200

0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Sodium thiosulphate solution capacity (mg/cc)

Figure 4.7: lodine Test of Manually Removed Seeds Husks
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GRINDED HUSKS (MANUALLY REMOVED SEEDS HUSKS)

lodine Number (mg/g)

1400
1200
1000
800
600
400
200

GRINDED HUSKS (MANUALLY REMOVED
SEEEDS HUSKS)

0.1 0.2 0.3 0.4 0.5 0.6

Sodium thiosulphate solution capacity (mg/cc)

0.7

Figure 4.8: lodine Test of Grinded Husks (Manually Removed Seeds Husks)

MECHANICALLY REMOVED SEEDS HUSKS

lodine Number (mg/g)
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1200

1000

800

600

400

200

MECHANICALLY REMOVED SEEDS HUSKS

0.1 0.2 0.3 0.4 0.5 0.6

Sodium thiosulphate solution capacity (mg/cc)

0.7

Figure 4.9: Mechanically Removed Seeds Husks
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MASS DECOMPOSITION OF SEEDS HUSKS USING TGA

From the results obtained, it can be shown that the mass decrease as the temperature
increase. This is because the temperature will cause the production yield to be half of the
original mass used. For example, if 10g of seeds husks are used, then after pyrolysis, we
can only gained about 5g of activated carbon. This means it loss about 50% of it mass when
it is heated.

MASS DECOMPOSITION OF MANUALLY REMOVED SEEDS HUSKS

Figure 4.10: Mass Decomposition of Manually Removed Seeds Husks
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MASS DECOMPOSITION OF MECHANICALLY REMOVED SEEDS HUSKS

Figure 4.11: Mass Decomposition of Mechanically Removed Seeds Husks
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MASS DECOMPOSITION OF GRINDED HUSKS (MANUALLY REMOVED
SEEDS HUSKS)

Figure 4.12: Mass Decomposition of Grinded Husks (Manually Removed Seeds Husks)
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YIELD OF PRODUCTION OF ACTIVATED CARBON FROM DIFFERENT TYPES OF MORINGA OLEIFERA SEEDS

HUSKS WHEN UNDERGONE PYROLYSIS

Table 4.4: Yield of Production of Activated Carbon from different types of Moringa oleifera Seeds Husks

Types Mass (g)
1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th | Average

Manually 5.20 5.11 5.18 5.23 5.15 5.09 5.27 5.13 5.29 4.98 5.163
Removed
Seeds Husks

Grinded 4.72 4.93 5.02 5.16 4.33 4.79 4.65 4.87 4.69 4.53 4.769
Husks

(Manually

Removed
Seeds Husks)
Mechanically | 5.06 5.14 5.27 4.96 5.23 5.02 4.88 5.16 5.08 511 5.091
Removed

Seeds Husks

From the data observed, it shown that the mass of Moringa oleifera seeds husks decomposed nearly 50% per reaction when undergone
pyrolysis. The mass of the initial Moringa oleifera inserted in the reactor is 10g in each cycle. Since the reactor is small in size, thus

several cycles need to carry out in order to get adequate amount of activated carbon.

24




COMPARISON OF PRODUCED ACTIVATED CARBON WITH THE

ACTIVATED CARBON AVAILABLE IN THE MARKET

Table 4.5: Comparison of Produced Activated Carbon with the Activated Carbon Available

in the Market

Activated Activated Activated Activated Activated
Carbon Carbon from Carbon from Carbon from Carbon in the

Manually Grinded Husks Mechanically Market

Removed Seeds (Manually Removed Seeds
Husks Removed Seeds Husks
Husks)

Surface Area 0.0020 0.0026 0.003 0.0013
(m’/g)
Adsorption 0.9887 0.9899 0.9891 0.9881
(Value of R?)
lodine Number 1250 1270 1260 1240

(mg/g)
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5 CONCLUSION

51 Conclusion

This undergraduate research project focus on the possibility of producing activated carbon
from Moringa oleifera seeds husk. The tests are carried out give positive results as
expected for producing activated carbon based on the parameters varied such as the
temperature and the heating constant. Hence, the best temperature for producing the
activated carbon is 600°C. The increasing of the temperature reduced the yield of the
activated carbon. Hence, if the temperature beyond 800°C then the production yield will
decrease and reduced the absorbance properties. From the results obtained, it can be
observed that the best size of husks in producing the activated carbon is the mechanically
grinded husks. As it has the properties to remove the colour of impurities, then it can be
commercialize in food industry which may help in decolourisation of the food products.

5.2 Future work

As the results of this research work are positive. Then, the future generation may use
Moringa oleifera in producing activated carbon as an alternative to replace the activated
carbon available nowadays.
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APPENDICES

Appendix 1: Manually Removed Seeds Husks
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Appendix 2: Mechanically Removed Seeds Husks
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Appendix 3: Grinded Husks (Manually Removed Seeds Husks)
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Appendix 4: Activated Carbon Produced from Manually Removed Seeds Husks
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Appendix 5: Activated Carbon from Mechanically Removed Seeds Husks
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Appendix 6: Activated Carbon from Grinded Husks (Manually Removed Seeds Husks)
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