Available online www.jocpr.com

Journal of Chemical and Pharmaceutical Research, 2@, 5(5):94-98

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Physicochemical characteristics of activated char@b derived from
melon seed husk

Madu P. C! and Lajide L.?

'Department of Chemistry, Nasarawa State University, Keffi, Nigeria
“Department of Chemistry, Federal University of Technology, Akure, Nigeria

ABSTRACT

This work investigated the generation of activated carbon from melon seed husk - a low value agricultural waste, its
characterization using volumetric methods and subsequent utility in the bleaching of vegetable oil. The production
of activated carbon from melon seed husk was done by a chemical activating process involving the use of 1 M
NaOH solution mixed with 20 g of the sample and steeped overnight. The steeped waste was filtered and air-dried
and then carbonized in a muffle furnace at the temperature of 500°C for a residence time of 40 minutes to give an
activated carbon. The resultant activated carbon in powder form was characterized for the particle size, pH, bulk
density, iodine adsorption number, pore volume, porosity and moisture content. The activated carbon was equally
applied for the bleaching of de-gummed sample of vegetable oil. The result of the characterization showed that the
powdered activated carbon has good properties and compared favourably with other reference activated carbons.
While the bleaching experiment result showed that the activated carbon successfully bleached the colour of the de-
gummed vegetable oil, and that the extent of oil bleaching was related to the quantity of activated carbon used. This
research work has added to proof that powder activated carbon produced from melon seed husk has great
adsorptive capacity and can be used for both liquid and gaseous phase adsor ption.

INTRODUCTION

Adsorption is one of the most important percolagipnocesses used in industry for the purificatiot separation of
solutes from a fluid stream onto a surface [1].ivated carbon also known as activated carbon avatet coal is
the best known general purpose adsorption mediudrttEnsystem using activated carbon requires Eftigce than
many competitive processes and is impervious tictwastes and produces little or no sludge or sgaon
pollution. Charcoal as produced by carbonizatiartpss is not a very active adsorption materiakeitbr liquids or
vapours because its fine structures is blockedabny tresidues. The carbonized carbon is then ctedep the
activated form through physical or chemical actosatprocesses. However, chemical activation iseoretl over
physical activation owing to the lower temperatamed shorter time needed for activating materialer@ical

activation carried out as one step process usingenate temperature results in the developmentgifihiporous
structures [2]. Activated carbon hence is a fofrnasbon that has been processed to make it exiygroeous and
having a very large surface area available for qdigm or chemical reactions. Activated carbon halatively

high degree of micro-porosity, hence merely onargod activated carbon has surface area of apprdgigna00

cnt equivalent to about 2.17 tennis courts, as detedhitypically by nitrogen gas adsorption [3]. Suiéfnt

activation for useful applications may come solietyn the high surface area, though further chemtiezsdtment
often enhances the absorbing properties of the riahtémongst the wide industrial applications afsarption

process, activated carbon presents an importamatge, which finds its major use in solution pigétions [4].

In the recent times, there is the dear need andttsdéar various methods of conversion of agricidtuesidues to
more useful products like activated carbon. Thévatgd carbon from the agricultural residues argssquently
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used for various industrial applications such aadsorption studies. Activated carbon with desirkdracteristics
can be obtained from solid agricultural wastesaifeully controlled processes of dehydration, caibation and
activation of the material are undertaken [5]. Sactivated charcoal is used in gas purificationdiciae, sewage
treatment, air filters in gas masks, filters in guassed air and many applications. They are algbegpin vodka of
organic impurities since the activated charcoalsdogt bind well to alcohols [6], the percentagealzbhol is not
significantly affected, while the carbon will birgthd remove many organic impurities which can affaste, colour
and ordour. The activated carbon as obtained ftmse carbonaceous material or organic precursaer ad their
hydrocarbons removed to increase its powers obratien [7]. For example, agricultural raw matesiauch as
mangrove wood, bone and wood [8], bamboo [9], peélsitrus documana [10], marine algaé/aloria bryopsis
[11], coconut shell [12] and palm kernel shell [134ve been studied for the production of activagtbon. Woody
materials like bamboo are used to obtain high -gyractivated carbon with inherent mechanical stigngigh
carbon (40 percent) and low ash content. Therdbas an increasingly high demand for activatedarafbllowing
the vast applications of activated carbon in indalsprocesses such as solvent recovery, gasoipew emission
control canisters in automobile, clean-up of cougas solutions and removal of tastes and ordouns fwater
supplies, vegetable and animal fats and oils, alolbeverages chemicals and pharmaceuticals. decalourant,
activated carbon, with its very large surface ameé pore volume, is hundreds of times more efficikan charcoal
and at least 40 times more than bone black. Theuatraf material adsorbed by activated carbon iprisingly
large, amounting frequently to from a quarter toemyual weight of such vapours as gasoline, benzsarbon
tetrachloride [14]. Activated carbon is able to @ibspractically any organic solvent at abouf@%nd release it
when heated to 12G or higher for solvent recovery [4].

Many reports have appeared on the developmenttiobted carbon from cheaper and readily availalgcultural
materials. Throughout the world, agricultural bpgucts such as wood, coal, shells etc are sontgeafaterials
used in activated carbon production [9]; [13].

In this work, the husk from melon seed are usesaasple for conversion into activated carbon. bfiparticular
interest to know why melon seed husk is the chasaterial in our proposal than others. Melon seeskhare
available abundantly at no or low costs, it therefoas a potential to provide a low cost adsorfmmntleaning our
environment. This material arising from melon seedk do not have any immediate use, are discarsl@hate in
many parts of the country or are used as land; fillaking soft surface for poultry animals, whilesome places are
burnt as source of fuel or just ordinarily burntaagorm of disposal method. The success in thisareh will no
doubt open up new product line for the melon seeskhwhich is regarded as waste and a nuisanceein th
environment.

EXPERIMENTAL SECTION

Collection and preparation of samples

Melon seed were purchased from Keffi central marKéte seeds were de-husked and the husks wereassed
samples. The melon seed husk was washed seveiitlilyistilled water in order to remove dirt's angsts. They
sample was further sun-dried for 4 days and lalended using Keenwood electric blender in ordeolttain a
powder form of the waste. The powder waste was fieved with 500 pum mesh [15]. This portion of geavder
sample was then kept in air-tight containers fothfer analysis.

Chemical activation and carbonization
Activated carbon was generated from the melon bask using chemical activation method.

Powdered melon seed husk sample (50 g) was treated. M NaOH and steeped overnight. This wasedtin
activate the waste prior to carbonization. Theptel waste was filtered to remove excess alkalgrédd and then
carbonized in a muffle furnace at the carbonizat@nperature of 54C for a residence time of 40 min. to give an
activated carbon. The activated carbon producedweastied with 0.5 M acetic acid solution, rinseddughly with
distilled water, sun-dried and sieved. The portietained on the mesh were oven dried for 1 h amedtin an air-
tight container.

Characterization of activated carbon

The formed activated carbon was characterized foistore content, ash, particle size, pH, adsorptiapacity,
iodine adsorption number (IAN), bulk density andrgpavolume. Characterization of activated carborvesy
important in order to classify activated carbondpecific uses.
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(i) Moisture Content Determination
A 1.0 g of the activated carbon sample was calbeind dried in an oven for four hours at TaQuntil the weight
of the sample became constant [19]. The moistunéeod was calculated from the relationship;

oX_Wi—W,
Wy
Where:
X, = Moisture content on wet basis
W, = Initial weight of sample, g
W, = Final weight of sample after drying( g)

(ii) Particle Size

For the particle size determination, lots of samplere weighed and placed on top of a set of si€¥esanging
from 75 to 1.4 x 1®um. The sieves were shaken manually for two majuéer which the weight percent of the
active carbon retained on the sieves and bottonwgardetermined [16].

(iii) pH
1 g of the sample was weighed and dissolved in 8frde-ionized water. The mixture was heated aintedtfor 3
minutes to ensure proper dilution of the samples 3blution was filtered and out and its pH was mheitged using a

digital pH meter.

(iv) lodine Adsorption Number (IAN)

1 g sample was weighed into a beaker and 25 mtamfdard iodine solution (0.023 M) added. The migturas

swirled vigorously for 10 minutes and filtered byams of a funnel impregnated with clean ashlesssghaol. 20
ml of the clear filtrate was titrated with the siand (0.1095 M) thiosulphate solution to the péesisof a pale-
yellow colour. 5 ml of freshly prepared starch mator was added and titration resumed slowly untiblourless
solution appeared, the procedure was carried woitnhore times. The titrations were also repeateth &0 ml

portions of the standard iodine solution not trdatéh the sample to serve as the blank titratidre iodine number
(IAN) was calculated from the relationship

IAN = 12.69(M2 — V1) mole iodine/g sample
W

Where:

N is the normality of thiosulphate solution

V1 is the volume of the thiosulphate (ml) used fa titration of the sample —treated aliquot.
V2 is the volume of the thiosulphate (ml) used fa lttank titration,

W is the mass of the sample used (g).

(v) Determination of Porosity and Bulk Density

The sample (1 g) was dispersed in 20 ml water gnagluated cylinder with the aid of a shaker, thésiurther
centrifuged for 10 minutes. The resulting volumehef water was read a VT and recorded. The equb&tow was
used for the calculation of the porosity and bugksity as the case may be.

Porosity = V"IV,
Density =raw/(1 «) while
Raw = Ma/Vw

(vi) Pore Volume

The sample (1 g) was collected and transferred tatelp into a 10 ml measuring cylinder in ordergt the total
volume of the sample. The sample was then poutedaitbeaker containing 20 ml of deionized water lamited for
5 min. the content in the beaker was then filtesegherficially dried, and weighed. The pore volusfiche sample
was determined by dividing the increase in weidghhe sample by the density of water [8].

(vii) Bleaching Treatment

The activated carbon (0.5 g) was added into a beak&aining 50 g of degummed oil sample. The mixtwas
heated to a constant temperature of’C2Wvith stirring for 10 min. and then filtered attsame temperature using a
funnel and a vacuum pump. The filtrate was keptcfidour measurement. For the colour measurementfiltrate
was placed in the optical cell and placed in theihond equipment while moving the coloured filtéosthe right.
The red, yellow and blue filters were adjustedarrect proportion until the correct colour matchsvedtained. Two
reference columns were filled up with de-ionizedexdo the mark. The sample column was filled ufhulie oil to
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the mark and then placed in the sample compartméydtween the two reference cells. With one egea, it was
observed through the top of the machine while ditjgghe two knobs of the reference samples uatitlly one can
differentiate the colour of the two reference saamnd the sample. The reading of the lowest wahserecorded
for the sample [17]. 2.5 g and 5.0 g of the acidatarbon was repeated for the above procedure. thés same
procedure was repeated for the remaining two sample

RESULTS AND DISCUSSION
The characteristics of the powdered activated eafyroduced in this work from melon seed husk aes@mted in
Table 1 and are observed to fall within some refeee characteristics. Table 2 represents the raferen
characteristics of activated carbon results froneotuthors derived from other different agro- wasthile Table 3
is the result of bleaching of vegetable oil withieated carbon.

Table 1: Activated carbon characteristics of melorseed husk at 54%C carbonization temperature

Activated Carbon 540°C

Parameter Melon seed husk

Bulk density (g/crf) 0.54
Porosity 0.54
Pore volume (ml) 1.10
Mean Particle Size (um) 22.73
Moisture Content (%) 27.61
lodine number (mg/g) 966

PH 8.90

Table 2: Activated carbon characteristics comparisn

Parameter Activated carbon sample at 54C  Reference activated carbon at 70C

Bulk density (g/cr) 0.54 0.40-0.51 [8]; [16]; [18]
Porosity 0.56 0.12-0.21 [8]; [16]; [18]
Pore volume 1.10 0.50-1.11 [19]; [16]; [18]
Mean particle size (um) 22.73 5-50 [20]; [16]; [18]
Moisture content (%) 27.61 0.9-8.0 [21]; [16]; [18]
pH 8.90 6.0-7.10 [21]; [16]; [18]
lodine absorption number (mg/g) 966 500 — 1200 [31]

Table 3: Result of bleaching of vegetable oil usingctivated carbon

Colour Colour
Sample (Lovibond Tintometer) (Lovibond Comparator)
Degummed Oil Yellow >3
0.5g Activated Carbon Bleaching
Melon Seed Husk a.c  Yellow >3
2.5g Activated Carbon Bleaching
Melon Seed Husk a.c  Light yellow <3
5.0 g Activated Carbon Bleaching
Melon Seed Husk a.c  Bleached <1

The activated carbon produced in this work from thelon seed husk sample had acceptable properiigs a
compared favourably with reference activated cambith is an indication of quality of adsorberdttican be used
for both liquid and gaseous purification operations

lodine adsorption

The highest iodine adsorption number obtained ler sample was 966 mg/g at the carbonization teamyrer of
54CF°C. It is known that activated carbon do absorbriedrery well and hence the iodine adsorption nunban
indication of the total surface area of the actdatarbon. It is a measure of activity level, tighbr the number the
higher the degree of activation. It is also a measid the microspore content of the activated cargibto 20 A or
up to 2 nm) by adsorption of iodine from soluti®j [ The smaller the volume of iodine adsorbedliyger the
iodine number adsorption. Consequently, the bigigeisurface area and the more effective it is [21].

Particle size

The particle size value obtained in this work foe t sample was 22.73(um) at 8@(activation temperature. The
value fall within those of the reference valuese Bignificance of particle sizes is that it aidbd fast diffusion of
solvent polluted to get to the active part of thévated carbon or carbonaceous material. The fimeparticle size
of an activated carbon, the better the accessetsulface area and the faster the rate of adsprkitietics. Careful
consideration of particle size distribution canyide significant operating benefits. This may fasgelsorption of
contaminants to the surface of adsorbents.
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pH
The pH also affects the rate of activated carb@oigation. The value of pH obtained in this worlhigh at the pH
8.90. Activated carbon is more effective at low thidn high pH.

Moisture content

Activated carbon is generally priced on a moistitee basis. Some activated carbon when stored uma@id
conditions will absorb considerable amount of maistover a period of time and will still appear diyerefore air-
tight containers are most ideal for storing it. Fmany purposes, the moisture content does nottaffecadsorptive
power of activated carbon, but they obviously difuthe carbon.

Bleaching test

The bleaching performance of the activated carberived from melon seed seed husk with respect touco
reduction is shown in Table 3. It was observedtliersample that colour reduction was proportiooahe quantity
of activated carbon used. For instance, using af5ghe activated carbon on the degummed oil, teuwr was
reduced to light yellow from the original yellowloar. When the amount was increased to 5.0g theucof the

oil was completely discharged (Table 3). The obs@rncrease in colour reduction with the quantityactivated

carbon is probably due to the availability of madsorption sites until saturation point is attaingais could also
be as a result of an increase in the collisioneegy between the molecules of the colouring madtet the
activated carbon [23]. Bleaching is a complex maidm and involves more than simple adsorption dbwo
pigments. Bleaching has two factors working infasour- adsorption and colour fading by oxidatiamd awo

factors working against it —new colour formationdxidation [24].
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