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ABSTRACT

The production of chemically activated carbon from Carica Papaya Seed
(CPS) was experimentally investigated using laboratory scale muffle fur-
nace. The effects of process variables such astime, temperature and chemi-
cal reagents were explored. Inthisresearch work, physicochemical proper-
ties, effect of time and temperature on devolitization of Carica Papaya Seed
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(CPS) were determined using standard methods previous used for similar
determination before it was used to produce activated carbon by 2-step
method using Activating Agents (AA) ZnCl2 and 0.1M H3POA4.
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INTRODUCTION

Activated carbonisan amorphousformof carbonin
which ahigh degree of porosity was been devel oped
during manufacturing or treetment. It hasahigh leve of
porosity and associated large surface areawhich makes
it an excellent adsorbent for awidevariety of substances
from both theliquid and gaseous phasesYl. Activated
carbonhasalargeinterna surfaceand porosity whichis
theprimary reason for itsexcellent adsorption capaci-
ties, hencemost practical applicationsrequirean acti-
vated carbon withlargevolumeof finepore. In order to
obtain activated carbon with such properties, carefully
controlled processes of dehydration, carbonization and
activaion of raw materiad must beundertaken?

EXPERIMENTAL

Samplecollection
Samples of CPS were collected from Samaru,

Sabo, and Giwamarketsin KadunaState and Yalemu
market in Kano State, Nigeria

Processing of samples

CPS sampleswere washed thoroughly with dis-
tilled water and sun dried and powdered into small par-
ticlesizeswithamortar and pestle. The CPS samples
werethensevedinto different particlesizes

M ethodol ogy
Preliminary studies
The methodsused for the preliminary studiesare
those used by34,
Moistureand dry matter content determination

Clean cruciblesweredriedin desiccatorsand 2.00g
CPS sampleswereweighedinto thecruciblesand dried
in an oven at 105°C for 3hrs after which they were
cooled in adesiccatorsand then weighed
Lossinweight ondrying(g)

Initial sampleweight (g)

% M oisturecontent= x100
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Ovendryweight (g)
I nitial sampleweight (g)

100

Drymatter (%)=

Ash content deter mination

Oven dried samplesfrom moisture content deter-
mination wasused. The crucibles containing thedry
sampleswereplaced inamufflefurnaceand tempera-
ture was allowed to rise to 500°C and after 2hrsthe
crucibles were removed and alowed to cool in a
dessicator and weighed.

Ashweight (g)
Ovendriedweight (g)

% Ash=

pH determination

1% solution of theraw and carbonized sampleswas
prepared and allowed to stay for 2hrs. The pH of the
supernatant wastaken using Crisson pH meter at room
temperature.

Bulk density

Thiswas done by measuring the volume of water
di splaced when aknown wei ght of raw and carbonized
samplesisdropped into ameasuring cylinder contain-
ing known volumeof water.

M assof sampletaken

Bulk density= :
Volumeof water displaced

Deter mination of surfacearea

The surface areas of the raw and the carbonized
sampleweredetermined using the methyleneblue ad-
sorption test (MBT) method described by!®. 2.00g of
each adsorbent was dissolved in 200ml of dionized
water and 10pgm of methylene bluewasadded to the
adsorbent suspension and agitated in ashaker for 2hrs.
Thereafter it waskept for 24hrsto reach equilibrium,
after which aliquot was taken, and analyzed using
CORNING colorimeter. To determine the amount of
methylene blue adsorbed. A graph of concentration of
methylene blue added versus the amount of adsorbed
methylene bluewas used to identify the point of com-
pl ete cation replacement as shown below

MgzxAvxAMB

Specificsurfacearea= x1/Ms

319.98
wM_g =Amount of methyleneblue adsorbed at point of
complete cation replacement

CHEMICAL TECHNOLOGY

Ms= mass of adsorbent
Av =6.02 x 1023
AMB =Areacovered by one methylene (assumed to

be 130 A2)
Elemental analysis

Elementd anaysiswas doneat thereactor facility
section, centrefor energy research and training (cert).
Ahmadu Bello University, Zaria-Nigeriaby Neutron
ActivationAnalysis(NAA). Theanaysiswasdoneon
theraw and carbonized sampl es.

Effect of temperaturevariation and duration on
ash formation

Six 2.00g of CPS samples were carbonized at
300°C,450°C,500°C,600°C,700°C for 2hrs and al-
lowed to cool inadessicator. They were dl weighed
usinganaytical ba ance, whilefour 2.00g CPSsamples
wereat 500°C for different times.

Procedur efor car bonization and activation

The samples of CPS were carbonized and acti-
vated by 2- step method“. 2.00g of raw CPS samples
wasweighedinto preweighed cruciblesand placedina
carbolitefurnaceat 500°C for 3minuteto carbonizeas
shown below

500°C,
3minutes
Raw-CPS

C + CO, (CARBONIZATION)

2.00g of carbonized CPS samples were mixed
Separately with 2cmd of each Activating Agents (AA)
i.e0.1M ZnCl,,and 0.1M H_PO,.

Thesampleswereheatedin afurnaceat 750°C for
5minutes after they were cooled with ice cold water
and allowed to dry at room temperature. They were
stored in sealed air tight polythene bag

AA, 750°C,

) 5minutes
Carbonized-CPS

AC + CO, (ACTIVATION)
A
The abovewasrepeated until substantial amount
of activated CPSwas obtained. It wasallowed to cool
in H,O and allowed to dry at room temperature and
stored in polythene bags.
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RESULTSAND DISCUSSION

TABLE 1: Physicochemical propertiesof raw and car bonized
CPSsamples

Parameter
% Moisture 14
% Dry matter 86
% Ash Content 293
% yield carbon 21.83
pH measur ement
() Raw 6.90
(i) Carbonized 7.54
Bulk density (g/cm?)
() Raw 0.66
(i) Carbonized 0.72
Surface area(m?g™)
() Raw 183
(i) Carbonized 268

% Moistureand dry matter

Theyieldsand qudity of activated carbon produced
can be improved by the removal of moisture’®. The
lower the % moisture the better theyield and qudity of
the product. The % moisture of the CPS was 14%.
Theva ueobtained for CPSishigher than for coconut
and groundnut shell samples”™ Cassavaped §9. How-
ever, % dry matter for CPSwas 86 % andthisgivesa
substantial amount of organic matter needed for con-
version to carbon by carbonization process.

% Ash content

Thisis ameasure of the mineral content of the
samples’®¥ and the amount of ash depends on the car-
bon source?. Theash content wasfound to be 2.93%.
Thisisfavourable becausethe ash serves asinterfer-
ence during the adsorption process. Thelower theash
content, the better thematerial®

pH

The pH of AC dependson the nature of the activa
tion processand AA used. The pH can be modified by
washing¥ and that the pH of carboninwater suspen-
sion canvary between4 and 12. Alkaine surfacesare
characteristic of carbonshaving vegetable originand
thisaffectsadsorption of dyes, colour and unsaturated
organic compounds'?, It isseen that for CPS sources
thechangesfrom acidicto akaineasit goesfromraw

—= Full Paper

to carbonize. Thisisfavourablefor adsorption process
whereit can be used to removetoxic materials.

Per centageyield carbon

Theyieldisdefined astheratio of final weight of
the obtai ned activated carbon after washing and drying
totheweight of dried CPSinitialy used. Asshownin
TABLE 1 above, the %yield carbon from CSP is
21.83%. Thisisin agreement with reportsthat accept-
ableaverage of 70% weight of raw samplesislost as
volatilesduring the carboni zation process*¥.

TABLE 2: Elemental analysisof raw-CPSand Car bonized-
CPSsamples

Element(mg/l) Raw-CPS Carbonized-CPS

K 257+4.00 420+1.60

Na 4+0.06 3+0.03

Mg 12+4.00 28+11.0

Fe 0.1+0.00 0.3+0.01

Ca 26+6.00 102+12.00

Cr BDL BDL

As BDL BDL

Al 101+5.00 157+0.60

P 5+0.03 11+0.01

BDL = Below Detection Limit

Theresult from TABLE 2 showsthat theelementa
quantitiesinthecarbonized samplesweregenerdly much
higher than the amount found in the raw samples. It
may bethat the carbonization process madethe ele-
ments more susceptibl e to detection by getting rid of
interfering masking agents such as organic substance
like protein. Samples showed comparatively high el -
ementd quantitiesfor Potassium (K), Aluminum (Al),
calcium (Ca) whileArsenic (As) and Chromium (Cr)
arebelow thedetectionlimit.

TABLE 3: Effect of temper aturevariation on devolatilization
and ash formation

Temperature (°C) Devolatilization (g)
300 133
450 1.56
500 1.61
600 1.62%*
700 1.63**

**ash formation sets in

Fromtheabove TABLE 3, itisevident that at tem-
perature 600°C and 700°C, therewas ash formation.
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Hence, the optimum temperaturefor carboni zationwas
experimentally determined to be 500°C.

TABLE 4: Effect of duration on devolatilization

Time (hrs) Devolatilization(g)
2 161
2% 1.66
3 1.73**
31/2 1.87%*

**ash formation setsin

FromTABLE 4, itisalso evident that at about a
period of 3hrs, ash formation setsin.

TABLE 5: Band assignment for raw and carbonized CPS
samples

Position Assignment References
3300-3500cm™  N-H stretching [12,13]
2900- 2950cm™  C-H Stretching [12-14]
1720-1745cm™  C=0 stretching fromester ~ [12,15]
1630-1649cm™  Water [12-15]
1500- 1600cm™ aromatic ring vibration [12,15]

FITR technique was used to identify those func-
tional groups of the adsorbent produced. Theinfra
red spectrum of the raw and carbonized samplewas
recorded in the 4000-400cmregion using KBr as
solvent. An FTIR spectrum was a so obtai ned to un-
derstand the surface structural chemistry of both the
raw and the carbonized samples. Bandsassignment is
predicted in TABLE 4. The IR band consisted of four
region: the broad N-H band (3300-3500cm’t), C-H
stretching region (2900-2950cm®),C=0 stretching re-
gion (1720-1745cm™), water (1630-1649cm?), aro-
matic ring vibration(1500-1600cm*) and fingerprint
band (bel ow 1500). The most remarkable difference
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between the two spectraistheintensity of the N-H
stretching band for the raw and carbonized sampl es.
Theintensity of thisband was much greater for raw
than for the carbonized sampl es. Thismay be associ-
ated with differencesin concentration of respective
functiona groups.

CONCLUSION

From the obtai ned resultsand discussions, it can
be concluded that the various parameters determined
arefavourable and the 2-step methodswasfeasible
for the production of activated carbon from carica

papaya seed
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