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Abstract

Activated carbon chemically prepared from banana stalk (BSAC) was used as ads
arbent to remove lead (1) ion from aqueous solution. BSAC was characterized using phy
sicochemical properties; proximate analysis, pH,., Boehm titration and Fourier transfor
m infrared spectroscopy. Effect of five process parameters: initial metal concentration (5
0250 mg/L), contact time (15-240 minutes), temperature (30-50°C), adsorbent dose (0.1-
0.3 g/100ml) and pH (2-10) on adsorption of lead ion were evaluated n a batch system
using BASC. BSAC Physicochemical properties (bulk density, iodine number, pH) and pro
ximate analysis (moisture content, volatile content, fixed carbon, ash content) were (0.34
g/cm?, 820,3.78) and (2.79,12.48,79.31 and 5.12%), respectively The pHz- of BSAC wa
s found to be 4.25 and with maximum percentage removal of lead occurred at pH 8.0. T
he rate of adsorption was fast initially reaching equilibrium within the first 120min. Pse
udo second order kinetic model best described the process as compared with pseudo firs
torder and intraparticle diffusion model with R? of 0.99. The adsorption process fitsto L
angmuir isothem (R? (0.99) and R (0.0392) at 500C) with a maximum adsorption capa
city of 200mg/g. The negative values of AG indicate that the adsorption of lead onto BS
AC was spontaneous, also the positive values of AH and AS implies that the adsorption
process was endothermic. Banana stalk possesses the desirable properties for preparing
activated carbon. BSAC is efficient and effective in removing lead fons from its aqueous

solution,
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CHAPTER ONE
1.0 INTRODUCTION
1.1 Background to knowledge

Excessive release of heavy metals into the environment due to massive urbanizati
onand industrialization has posed a great problem worldwide. The industrial effluents w
hich contain different derivatives of heavy metals such as lead, cadmium, zinc, sodium,
copper, chromium, and ron are continuously being discharged to the ecosystem causing
pollution to the environment and significant toxic impact on living being. Unlike organic
pollutants, the majority of which are susceptible to biological degradation, heavy metals
ions do not degrade into harmless end products (Yu, 2005).

Lead is of heavy metals with high toxicity and hazardous when in excess. Lead is
releases from industries such as batteries manufacturing, smelting indusiries, paint man
ufacturing, fertilizer industries and petrochemical industries. In children, lead causes a de
crease in intelligent quotient (1Q) score, retardation of physical growth, hearing impairme
ntand leaming difficuly. In individuals of all ages, lead can cause anaemia, kidney malf
unction, brain diseases and impaired function of peripheral nervous system, high blood
pressure, reproduction abnormality, and in some situations, may result to death (Okoro a
nd Ejike, 2007). For environmental protection and health issues, waste solution containin
g heavy metal elements need treatment that can remove the contaminants effectively (H
arvey and Chantawong, 2001). Several methods or technologies for treating contaminat
ed effluents have been developed over the years The most important of these convectio
nal techniques includes chemical precipitation (Elsalahet af 2002), filtration, ion exch
ange, flotation, biosorption, electrolytic recovery, membrane separation, removal by ads
orption on minerals (Weirichet a/, 2002).

However, most of these conventional methods suffered from some drawbacks su
ch as high capital and operational cost, regeneration cost, and problem of residual dispo
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sal. They also produced sludge and required the use of high energy and reagent. Adsorpt
ion remains the most plausible feasible alternative for the treatment of polluted water an
ditis largely achieved with the use of activated carbon.Also, the use of activated carbon
is limited due to high preparatory cost (Rao, et a/ 2009) and irreversible nature of adsorp
tion. Thus, the need for low cost adsorbent comes here which fulfil all the properties of
synthetic activated carbon. Previous studies on the use of various agricultural residue su
ch as husks of rice and wheat (Raoet a/ 2009), groundnut shells (Malik et af 2007), pal
m oil shells (Wan Niket a/, 2006), and physic nut wastes (Pechyenset al 2007) as raw m
aterial for activated carbon production showed some cost economy.

Further need for low cost adsorbent as well as reducing environmental menace o
f agricultural residues brought about this present study. The present research explores th
euse of activated carbon produced from (Musa paradisiaca) banana stalk for the remov
al of lead ions from lead polluted water. Due to the fibrous nature of banana stalk, it has
been employed in the production of activated carbon for the treatment of dyes related po
Hlutants from agueous stream with excellent performance (Bello, et af 2012). However, th
ere is paucity of information on the application of banana stalk activated carbon (BSAC)
for the adsorption of heavy metal ions from aqueous streams. Therefore, the focus of thi
sresearch is to investigate the use of banana stalk as a precursor for the preparation of
activated carbon and to determine its adsorption capacity for adsorption of lead (Pb) ion
s from agueous solution. The effects of initial lead ion concentration, temperature, conta
ct time adsorbent dosage and solution pH on lead ion adsorption onto BSAC were investi
gated. Kinetic, isotherm and thermodynamic parameters governing the adsorption proce.
ss were also studied and reported.
12 Problem Statement

The continuous discharge of heavy metals into the ecosystem is worrisome, beca
use of ther toxicity, bio-accumulation tendency, threat to human life and environment (Ho
rshell and Spliff, 2005; Igwe and Abia, 2003). Theref ore, for environmental and human he
alth protection, there is need for safe and effective disposal of wastewater. Over the year
s, a number of conventional technologies such as chemical precipitation, ion exchange, e
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lectrochemical treatment, membrane technology and adsorption on minerals have been e
mployed for the treatment of heavy metals polluted water. However, most of these conve
ntional methods suffered from some drawbacks such as high capital and operational co
st,regeneration cost, and problem of residual disposal. They also produced sludge and re
quired the use of high energy and reagent. Adsorption remains the most plausible feasibl
e altemative for the treatment of polluted water and it is largely achieved with the use of
activated carbon.

1.3 Aim and Objectives
The aim of this research is to produce activated carbon from banana stalk (Musa
paradisiaca) and to evaluate its adsorption capacity on lead from aqueous solution
The specific objectives of the research are:

) toproduce and characterize activated carbon from banana stalks.

(i) tostudy the effect of various adsorptive process variables (pH, temperature,
contact time, adsorbent dose and initial lead ion concentration) on the rem
oval of lead ion from aqueous solution.

(i) toestimate the kinetic, isotherm and thermodynamic parameters goveming

the adsorption process.
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CHAPTER TWO
LITERATURE REVIEW

2.1 Pollution

Pollution is undesirable change n physical, chemical, and biological characteristic
s of air,land and water, it may adversely affect human life or that of other desirable elem
ents such as industrial process, iving condition and cultural assets. Pollutants are recog
nized as toxic organic and inorganic substances, pathogens, oxygen demand or consumi
ng materials, acid and base, sediment, nutrient, and heavy metal
2.1.2 Sources of water pollution

When toxic substance enter lake, stream, iver, and other water bodies, they get dis
solved or lie suspended in the water, this result in the pollution of water, whereby the quali
1ty of water deteriorate, affecting the aquatic ecosystem. Pollutant can also seep down an
daffect the ground water deposits. Water pollution has many sources; the most polluting
of them are the city sewage and industial discharged into the river. Although there are ov
er 700 defined water contaminates, both organic or inorganic, toxic heavy metals deemed
the most dangerous.
2.1.3 Heavy metal pollution

Heavy metal occur naturally in the ecosystem with large variation in concentration
and constituteloosely defined subset of elements that exhibits metallic properties which
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includes transition metals, metalloid, lanthanide, and actinide. Heavy metal are metallic e
lement with relatively high density and poisonous at low concentration Some of the heav
y metal are needed by living organism in varying amount or concentration; such heavy m
etal includes iron, cobalt, copper, manganese, molybdenum, and zinc required by human
s. But the excess consumption of these heavy metals may cause damage of cells; while s
ome of these heavy metals aretaxic to living organisms even in small amount or concent
ration and they include vanadium, tungsten, and even cadmium (Lane et a/ 2001). In mo
dem  time anthropogenic sources of heavy metal pollution have been introduced to ecos
ystem especially from waste derived fuels (Duffus, 2002).

The major sources of heavy metal pollution in urban areas of Africa are
anthropogenic, while contaminants from natural source predominate in the rural areas. T
he primary sources of pollution in coaster lagoon are input from rivers, sediments and at
mosphere, which can affect aquaculture profitability in certain areas (Krishnaniet a/ 200
4). Anthropogenic sources pollution include those associated with the fossils fuel and co
al combustion, solid waste disposal, agricultural activities(fertilizers), mining and metal
process and industrial effluents from chemical industries, pharmaceutical, paint industrie
s, electroplating, battery manufacturing,leather tanning industries Jeach ate from landfills
and contaminated ground water from hazardous waste sites( Faisal and Hasuain, 2004).
Heavy metals are also emitted from resource recovery plants in relatively high level on fly
ash particles (Neal et a}, 1990)

The continuous discharged of heavy metals to the ecosystem due to urbanization
is a great concern, because of their toxicity, bio-accumulating tendency, threat to human t
o human life and environment (Horsefall and Spiff 2005; Igwe and Abia 2003). Lead, cad
mium and mercury are examples that have been classified as priority pollutant by the US
Environment Protection Agency (US EPA) (Keith et a/ 1979)

Heavy metal is among the conservative pollutants that are not subject to bacterial
attack or break down or degradation process and is permanent addition to the marine en
vironment. As a result of this; their concentrations often exceed the level normally found i
n soll, water ways, and sediments. Hence, they found their ways up in the food pyramid.
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When accumulated in the environment and in food chains they can profoundly disrupt bi
ological processes(IgweandAbia, 2006).

Metals can be toxic to microbial population at sufficiently high concentration. Ho
wever, some metals such s silver, mercury, cadmium, and copper are markedly more toxi
ceven at low level (Forstner and Wittnam 1979). Among heavy metals, mercury, lead and
cadmium, called the big three’ are in limelight due to their major impact on the environme
nt (Volesky 1994). Arsenic, chromium, copper and zinc are also toxic, lead and cadmium
are potent neurotoxic metals (Lazarrovaet a) 2005). The toxicology and the chemistry of
some of the heavy metals are complex and interesting

2.2. Characteristics of Lead (Pb)

Lead (Pb) is a bluish coloured heavy metal (atomic number of 82 and atomic weig
htof 207). The element s pliable, inflexible and fusible. It occurred naturally in the earth
crustin small concentration but for centuries it has been mined and disseminated throug
hout the environment, from where it has gradually incorporated into structural tissue of pl
ant, animal and human. Lead s a well known highly toxic metal and a cumulative poiso
n

Apart from been toxic, lead is used for cable covering, construction, ammunition, a
nd batteries. Lead dissolves slowly in nitric acids, but is resistant to corrosion by sulfuric
and hydrochloric acids. It is normally found with valence states Pb (1) and Pb (V). Theel
ement melts at 327.4:Cand boils at 17405C. Lead compounds are useful in constructio
n, s result of high density and resistivity to corrosion it used in sail beats for ballets keel
and in scuba diving weight belt to counteract, the diver natural buoyancy and that of his e
quipment (Brandy et al, 1996). Lead compounds are toxic. In general commercial lead or
es, thelead contents is approximately 10%, but it can be low as 3%. Inhalation and absor
ption can cause serious damage. Lead poisoning can cause headache, dizziness, and in
some case insomnia, abdominal pain, kidney damage, causes miscarriage in pregnant
women and even reduces fertilty in men when highly exposed to lead (Golub and Mari 2
005).In some particular bad cases a stupor will progress to a coma and eventually death
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(Shapino and Johnston, 2008).

Lead poisoning in children causes neurological damage leading to intelligent redu
ction, learning, disabilities, and problems with coordination, loss of short memory. It was
reported that lead affect behavioral inhibition mechanism with consequent increases in v
iolence (Master, 1998) and that it contribute to tooth decay (Gil et af 1996). Most develop
ed countries introduce lead level in children, by 1992, US shows 77% reduction (Pirkcle, 1
994) although 2millions children were still at risk (Brody et a/ 1994). Inmany developing
countries lead pollution have been rising in urban areas, with more than 90% of Africa ch
ildren in cities suffering from lead poisoning (Nriaguet a/, 1996). Recent work also found
that waste incineration contribute substantial amount of lead fall out in urban areas (Ch
ilrudet a 1999)

23 Method of Remoy

\g Pollutants from Waste Water

Methods that have been developed to remove or reduce heavy metal from water in
clude chemical preparation, membrane filtration, ion exchange, flocculation, Electrolysis,
Screening, Oxidation, Solvent extraction and adsorption (Zhao, 2004; Gode and Pehlivan,
2006; Demirbaet al, 2002). Each technique provides a different and unique approach and
perhaps provides certain advantage over other for a particular situation. Dependingon th
enature of the aqueous effluents, flow rate and metal fon concentrations, the industial a
pplication of these processes is restricted by operation cost, or by the inefficiency of thet
echnique (Curkovic, 2001). However, when large volumes of water containing toxic eleme
ntis to be treated, it would be of great advantage of the method that would provide reliabl
eresults without much cost and work effectively. Some of these treatments are listed in T
able 2.1. However studies on the treatment of effluent bearing heavy metals have reveale
daadsorption to bea highly effective and less expensive technique compared to the other
techniques for the removal of heavy metals from waste stream and activated carbon has
been widely used as an adsorbent (Chand et a/ 1994)
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Table 2.1 Treatment processes for the removal of heavy metals

Treatmentprocess  Description Economics Type of Wastes  Example
application

lon-Exchange Waste stream pass Relatively high ~ Heavy metal  Metal
plating

through resinbed  cost dueto fouling aqueous solution ~ solutio

whereionic mole  and regenertion
culeare selectively

removed
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Ultra filtration Seperation of Relatively high  Heavy metal Metal coati
ng

molecule by size  cost aqueous stream  Appli
cation
using membranes
Reverse Osmosis  Separation of Relatively high ~ Heavymetal;  Seldo
mused
dissolved materials  cost organic/inorganic  industially
from liquid through aqueous stream
a membrane
Electrolysis Separation of Dependent on Heavy metal;ions  Meta
I plating
positively charged  concentration  from aqueous
material by solution, copper
application of recovery

electric current

Precipation Chemical reaction ~ Relatively high  Lime sluries Metal
plating,
caused formation cost; require pH waste water
of solid which adjustmentand treatment
settle break down complex
Evaporation Solvent recovery by Energy intensive  Organic/inorganic  Rin

se water from

boiling off the aqueous stream  metal plating waste
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settle

Electrodialysis separation based moderately Separation/ concenSeperation
of acid
ondifferential rates  expensive &unsat  of ions from and metallic solution

of diffusion through  isfactory forremo  aqueous stream

membrane val of chelated ions

Reduction Oxidative state Inexpensive Metal, mercury in Chro
me plating

of chemical change dilute stream solution and

through chemical tanning operation
reaction

Flocculation Agent added to Relatively Aqueous solution  Refi

nery oil/water
aggregate solids inexpensive with finely divided  mixture paper
together to facilitate solids paper waste, mine

separation  water

Sources: Cheresources (2002)

2.4 Activated Carbon

Activated carbon is a porous material which is commercially used for the removal
ofliquids and gaseous pollutants as well as for the gas storage application because of it
slarge surface area. It is a carbonaceous adsorbent and has highly amorphous structure
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(Bansal and Goyal, 2005). It is defined as a wide range of amorphous carbon-based mate.
tials, prepared to exhibit a high degree of porosity and an extended inter particulate surfa
ce area. These qualities impact activated carbon with excellent adsorbent characteristic a
nditis defined more or less by its properties rather than its source; it can be produced fro
m almost any substance with high carbon content. Activated carbons can be produced fr
om many different carbonaceous precursors. Ideal precursors have a high percentage of
carbon content, are abundant and easy to recover. A high percentage of carbon content (i
e. low ash content) translates to more surface area available for adsorption. Common ca
thonaceous precursors utilized in the modem activated carbon industry include: peat, bitu

minous and lignite coal, wood, and coconut shell (Wigmans 1989)

2.4.1 Activated Carbon Production

Animportant area of activated carbon research involves the discovery of new, more effic
ient precursors for use in full-scale production. Precursors such as bituminous and lignit
e coal are non-renewable, and therefore should not be relied on for long term usage. Ina
ddition, many parts of the world do not have these materials readily available. However,
altemative sources of carbonaceous precursors allow these regions to produce activated
carbon in an economic fashion, without the high cost of long distance shipping. Warhurs
tet al (1997) studied the potential for activating seed husks from the Moringaoleiferatre
e. Moringaoleiferais common in developing parts of the world and has many uses, theref
ore finding a use for the seed husks (a waste product) could further aid these communiti
es. Numerous other researchers have studied potential waste products for use as carbon
aceous precursors for activated carbon with varying degrees of success. Examples of pr
ecursors include: almond shels, olive stones, apricot stones, paper mill sludge, apple pul
p. rice husks, cedar nutshells, and comcobs (Khaliliet a/. 2000, Suarez-Garcia et a/ 2001,
Baklanovaet al 2003, Guoet al. 2003, EFHendawy 2003). Different methods have been e
mployed in the production of activated carbons but the two basic preparatory processes
commonly used are the physical and chemical activation methods.
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CHAPTER THREE

3.0 Materials and methods
3.1 Adsorbate

The stock solution containing 1000 mg/L of lead was prepared by dissolving 1.5
989 of Pb(NO3), in 1litre of deionized water put in a volumetic flask and making up to t
he mark with the deionized water. The stock solution was then used to prepare dilute sol
utions of different working concentrations.
3.2 Adsorbent preparation

Banana stalks (Musa paradisiaca) were washed thoroughly to remove dirt from it
s surface and then dried at 120°C overnight in an oven to remove the moisture content. T
he dried samples were cut into small pieces, grinded and sieved into desire mesh size of
(300 -425m). 100g of the dried raw banana stalk was placed in the Gollenkamp muffle
fumace (model Tactical 308) and carbonized at 600¢C for 1hr (first pyrolysis). The produ
ced char was cooled to room temperature and treated with phosphoric acid (HsP0.) at a
ratio of 1:1 by weight of char / (HsPO,). The mixture was dehydrated in an oven overnigh
tat 105:C.Then carbonized in the absence of air i the muffle fumace to 8000C for 2hou
1s. The sample was cooled o the room temperature. The sample was then filtered and re
sidue was then mixed with 0.1M HCl in a beaker and stirred for 1 hour on magnetic stirre
+. The sample was finally washed with the hot deonized water ntil the pH of the washe
d solution reaches 7.0.
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J:.: Batch Adsorption experiment =

' Thelead somtion experiments from its aqueous solution onto activated carbon pr
oduced from banana stalk (BSAC) was carried out using standard 50mg/L, 100mg/L,15
0mg/L,200mg/L and 250mg/L of Pbz+solution. The adsorption experiments were carrie
doutin 250ml conical flasks on a mechanical shaker equipped with a thermostatic wate
 bath operating at 120 pm using 250m| conical flasks with stopper. The adsorption exp
eriments were performed at room temperature (30°C) and 0.1- 0.5 g of BSAC were added
into the flasks with 100ml of synthetic lead (I)solution in the absence of competing ions
and was agitated for 24hrs at 120rpm. The pH was adjusted to 7 by adding either a few
drop of diluted hydrochloric acid or sodium hydroxide (0.1mal/). The flask was then rem
oved from shaker, the solid was separated by filtration through Whatman filter paper and
the final concentrations of Pb2+ in the solution were determined using Atomic Absorption
Spectrophotometer (AAS).The amount of lead adsorbed per unit mass of the adsorbent

was evaluated by the equation below:
qt (Adsorption capacity) = M : 1

Where gt is the amount of metallic ions up taken by the adsorbent (mg/g), Co s theinitia
1Pb (1) ions concentration put in contact with the adsorbent (mg/l), G is the final Pb (1)
concentration in (m/g) after the batch adsorption procedure at anytime t and M is the
mass of adsorbent (g) where V is the volume of the aqueous solution in liter (). Similarly,
the amount of lead adsorbed by adsorption experiment was also evaluated in term of pe
rcentage removal as expressed by the formula given below:

X a0

%Removal = 2
Where Co and Care the liquid - phase Pb(ll) concentration at initial state and equilibrium
respectively
3.4  Effect of Adsorbent Dose
The effect of adsorbent dose on lead (1) adsorption was studied by using 100ml of lead
(1) solution of initial concentration of 100mg/I prepared by serial dilution of stock soluti

on (1000mg/1). No pH adjustment was made and all the studies were carried out at their
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natural pH. The solutions were put into the conical flasks containing 0.05g, 0.1g, 0.15g,
0.209, 0.250, and 0.30g.and 0.35 of the adsorbent (BSAC). The contents of the conical
flasks were agitated for 24hrs at 120rpm at ambient temperature of 30°C.Then the conte
nt of the conical flasks were filtered through the Whatman filter paper and the filtrate we
e analyzed for residual lead (I) concentration by using atomic absorption spectrophoto
meter (AAS)
3.5 Effectof pH

The effect of solution pH on the lead adsorption process was studied by varying t
heinitial pH of the solution from 2 to 10(2,4, 6, 8 and 10). 100mI of lead () solutions of
initial concentration of 100mg/I  were prepared by serial dilution of stock solution (1000
mg/1).The pH of the solution was adjusted to the desire pH by addition of 0.1M HCL and
/0r 0.1M sodium hydroxide using pH meter for the measurement. The solutions were ad
ded to 150ml conical flasks containing optimum adsorbent dose (0.29 of BSAC) The sol
utions temperature were maintained at 30°C and were agitated at 120rpm for 24hrs. The
n the content of the conical flasks were filtered through Whatman filter paper and the filt
rates were analyzed for residual lead (1) concentration using atomic absorption spectrop
hotometer (AAS).
3.6 Effect of contact time

The effect of contact time was studied at room temperature of 30°C. Lead (1) sol
ution of initial concentration of 50mg/l was prepared by serial dilution of the stock soluti
on 100mi of the above solution was added to conical flask containing 0.29 of BSAC for
different contact time (15min, 30min, 45min, 60min, 75min, 90min, 105min, 120min, 180
min, and240min) No pH adjustment was made as all the studies were carried out at their
natural pH. After predetermined time interval the content of the flasks were filtered throu
gh Whatman filter paper and the filtrates were analyzed for residual lead (1) concentratio
n using atomic absorption spectrophotometer (AAS). Similarly 100mg/I, 150mg/1, 200m
g/I and 250mg/! lead (1) solutions were prepared. And all the above processes were repe

ated,
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3.7 Effect of temperature

To study the effect of temperature on the adsorption of lead (1) ions, lead (1) solu
tion of initial concentration of 50 mg/l was prepared by serial dilution of stock solution
(1000mg/1). 100m of the solutions were taken into the conical flasks maintained at diff
erent temperatures (30°C, 40°C and 50°C). To the above solutions 0.29 of BSAC was add
edand agitated at 120rpm for equilibrium time of 1hour. No pH adjustment was made a
nd all studies are carried out at their natural pH. The content of the flasks were filtered th
rough Whatman filter paper and the filtrates were analyze for residual lead (1) concentrat
ion using atomic absorption spectrophotometer (AAS). Similarly 100mg/1, 150mg/1, 200
mg/l and 250mg/| were also prepared by serial dilution of the stock solution (1000mg/)
and were maintained at different temperatures. To the above solution optimum dose of
0.2g BSAC were added and were agitated, filtered and analyzed for residual lead (Il conc
entration as above.
3.8 Effect of initial concentration

The effect of initial concentration for lead ion onto BSAC, batch adsorption experi
ments were performed with optimum adsorbent dose and by varying initial concentrati
ans of lead ions 50mg/1, 100mg/1, 150mg/1,200mg/I and 250mg/. 100mi of the solution
of different initial concentrations were taken into conical flasks containing 0.2 of BSAC.
The conical flasks with their content were agitated at 120rpm till equilibrium was reache
d.No pH adjustments were made and all studies were carried out at the natural pH. All s
olution samples filtered through the Whatman filter paper and the filtrate were analyzed
for residual lead (1) using atomic absorption spectrophotometer (AAS).

3.9 Characterization of activated carbon sample
The activated carbon produced was characterized by determined the ash contents, moist
ure content, bulk density, pH, and iodine number of the produced activated carbon sampl
e

For the detemination of moisture content ASTM-D 1762(1990) was used. 1.0g of

the dried samples of the activated carbon was weighed and putinto a dried and weighed
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porcelain crucibles and were kept in an oven and maintained at 105C for ahrs, then plac
edin placed in desiceator to cool to oom temperature and reweighed.

For the determination of ash content, 1.0g of the activated carbon was placed ina
dried and weighed crucible. The sample was then placed in a muffle furnace operating a
1750°C for 6hrs The crucible with its content was then cooled in desiccator for Thr and w
eighed

To determined pH, One gram of the activated carbon was weighed and transferred
into a beaker containing 100mi of distilled water; the mixture was stirred on a magnetic s
tirrer and allows to stands for Thour. The beakers were covered with clean watch glass d
uing the period. 10cm? of the extract was decanted into clean dry beaker. The pH was m
easured using pH meter at room temperature (Okiemenet af 2004; Shresthaet al, 2012)

Bulk densities of carbons were determined according to ASTM D 2854-96(1996)

The adsorption of aqueous iodine s considered a simple and quick test for evalu
ating the surface area of the activated carbon associated with pore larger than 1nm. The
iodine number, defined as the amount of iodine adsorbed per gram of the activated carb
on at an equilibrium concentration is measured according to the procedure established b
y the America Society for Testing Materials (ASTM 2006). 0.1 of dry activated carbon w
as putin a dried 100ml conical flask. The sample was run in duplicate and 5ml of 5% H
Cl was added. The flask was swirled unti the carbon was wetted.10ml of 0.1Niodine sol
ution was added to each flask and was shaken properly for 4 minutes. 10 ml filtrate was
tirated against standard (0.1N) hypo solution using starch as an indicator.

Determination of pH of point zero of charge (pH,,.)of an adsorbent is important b
ecause t indicate the net surface charge of the carbon in solution. The point of zero char
ge (PZC) is the pH value at which the external and intemal surface of the carbon is at eq
uilibrium. The pHrzc is the point where the curve of (pHiya- pH final) versus pH nitial int
ercepts the line pHinitial = pH final. In order to determine the pH of point zero charge, 0.1
50 of the activated carbon was taken into the 100ml of conical flask containing 50ml of
0.01M NaCl. The pH was adjusted to between 2and10 by addition of 0.1MHCI or 0.1MNa
OH for the activated carbon. The conical flask was sealed and placed in a shaker for 48h
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s under atmospheric condition. The content of the flask were filtered and the final pH w
as then measure using the pH meter

The presence of surface acidic and basic groups in the activated carbon was dete
mined quantitatively by Boehm titration method. The acidic groups (sites) are detemine
d by weighing 1g of the activated carbon sample into vial containing 25ml of each of the
following; 0.1M NaOH, 0.1M NaHCO3, and 0.05M Na;CO3 The vials were then sealed, s
tirred by shaking for 24hrs.The solution was then filtered and Smi of fltrates was titrated
with 0.1M HCL. Similarly, the basic group (sites) was determined by mixing 1gram of the
activated carbon sample with 25ml of 0.1M HCI. The obtained solution was filtered and
5ml of the filtrate was titrated with 0.1M NaOH. The number of different acidic sites can
be calculated by assuming that NaOH neutralized carboxylic,lactonic, and hydroxyl (phe
nolic) groups’.Na;COsneutralizes carboxylic and lactonic groups while NaHCOsneutraliz
es only carboxylic groups. The amount of basic sites was calculated from the amount of
HCI that reacted with the basic groups of the carbon.

Fourier transform infrared (FTIR) spectroscopic analysis was performed on the ra

w and activated carbon produced using (FTIR - 2000, Perkin Elmer). The FTIR spectra g
aveinformation about characteristic functional groups of the samples. The spectra was
measured from 4000 to 400 cm!

CHAPTER FOUR
40 RESULTS AND DISCUSSION




image1.png
REMOVAL OF LEAD FROM AQUEOUS SOLUTION USING
BANANA (MUSA PARADISIACA) STALK-BASED ACTIVATED CARBON

PRESENTED BY:

KARATU NAFEESAT OBA
HND/23/SLT/FT/1010

A PROJECT SUBMITTED TO
THE DEPARTMENT OF SCIENCE LABORATORY TECHNOLOGY
(SLT), INSTITUTE OF APPLIED SCIENCE (IAS), KWARA STATE
POLYTECHNIC ILORIN

IN PARTIAL FULFILMENT OF THE REQUIREMENTS FORT

HE AWARD OF HIGHER NATIONAL DIPLOMA (HND) IN SC

IENCE LABORATORY TECHNOLOGY (SLT) CHEMISTRY U
NIT

JULY, 2025




image2.png
CERTIFICATION
I certify that this project work was prepared by SoliuTaofeeq with matric no H
ND/23/SLT/FT/0399 in the department of science laboratory technology, instit
ute of applied science kwara state polytechnic, llorin and has been approved a
s meeting the requirement of the award of Higher National Diploma (HND) in's

cience laboratory technology (SLT) Chemistry.

MR. ADIO OSENI Date
Project Supervisor

DR. JAMIU WASIU Date
Head of Unit (CHEMISTRY)

DR. USMAN ABDULKAREEM Date
Head of Department




image3.png
| [

DEDICATION
This project write up is dedicated to God almighty Allah for his unmeasurable
protection over my life and who has been with me since when | was born and
uptill date.

ACKNOWLEDGEMENT First and foremost, | return all glory and honor to the

] B




image4.png
| [

Almighty God for His unfailing love, grace, provision, and strength throughout
the course of this project. Truly, without Him, none of this would have been p
ossible. He has been my constant help from the beginning to the very end.

With deep gratitude, | acknowledge my parents— words are not enough to ex
press how much they mean to me. 1 also wish to express my sincere apprec
iation to my project supervisor for his guidance, patience, and kind gestures.
His constructive feedback, support, and encouragement played a crucial role
in the successful completion of this work. To everyone who contributed to th

is journey in one way or another, | say a heartfelt thank you.

ACKNOWLEDGEMENT
First and foremost | hold gratute to God almighty Allah for always be by my sid
e
My gratitude goes to my parent and my sister, Adenike, for her financial suppo
t, and advice that she have been given me, may God almighty Allah continue

to uphold you and bless you aboundantly.

My appreciation also goes to my supervisor

Mr Adio Oseni for his kindness Gesture love and support to my success.

My acknowledgement goes to my one and only, Abdulrasheed Afolayan for hi
s cooperation and support n tis of need and to all my friends, | pray almighty
Allah's

] B




image5.png
|

CERTIFICATION
DEDICATION
ACKNOWLEDGEMENTS.
TABLE OF CONTENTS
ABSTRACT

CHAPTER ONE

1.0 INTRODUCTION
CHAPTER TWO

TABLE OF CONTENTS

2.0LITERATURE REVIEW.
CHAPTER THREE

3.0 MATERIAL AND METHOD
CHAPTER FOUR

4.0 . RESULT AND DISCUSSION
CHAPTER§

5.0. CONCLUSION

5.1. REFERENCE




