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ABSTRACT

A study of the adsorptive property of activated carbon prepared from used tyre, maize cob, coconut shell,
guinea corn stem and orange peels is reported. Following carbonisation, the samples were activated at
S00'C using arthophosphoric acid, zinc chloride and potassium hydroxide as activating agents. The adsorp-
tion capacily of the activated carbons was determined spectrophotometrically by contacting them separately

with standard solutions of methylene blue, methyl red and potassivum /xnnmgmau
i on isotherm using least-squares linear regress

were fitted to the Langmuir adsorpti

The adsorption data
ion analysis technique.

The monolayer coverage (X,,) and specific surface area (S) of each sample was determined from Langmuir

adsorption isotherms.

The samples of activated carbon obtained from cocomut shell and used tyre compare
mercial activated carbon in terms of adsorption capacity, percent of solute

area. However the samples obtained from maize cob,

guinea corn stem and orange peels
commercial activated carbon. The various factors that affect the adsorption capacity of

with com-
and specific surface

were

the percent solute adsorbed from solution are discussed

INTRODUCTION

Activated carbon is a product of carbonisation and
activation of carbonacesus materials, These proc-
esses result in production of surface arca, and
provide the carbon with the ability to adsorb gases
and vapours from gases or dissolved and dispersed
substances from liquids. The adsorptive property
iends the carbon to a wide range of applications [1].
The demand for activated carbon is i partly
due to its use in industries in solution purification
and solvent reclamation, and in research laboratories
as decolourising agents and Yet ac-
tivated carbon is not readily available focally and the
quantity consumed in Nigeria is largely imported
[1,2).

The need for production of activated carbon from
locally available raw materials is evident and several
research efforts are towards this[2-9]. In one
study activated carbons produced from Nigerian sub-
bituminous coal, palm kemnel and cow bone were
chamcterized by absorbance measurement of decol-
ourised potassium permanganate (KMnO,) solution
[2]. The specific surface areas of the activated car-
bons were determined by adsorption of

using both iodine and methylene blue number.
The BET surface area of the carbons were
determined Nitrogen physical ion data st
77.4K[4). In another study, Adediran and Nwosu de-
termined the Freundlich adsorption parameters of ac-
tivated carbons produced from local materials includ-
mfn?se]dtyms.zmﬂpephnninpeel.eowhn&w

Tbeg:zouofthhmdybtopmdnuw
carbon cheap and abundant local raw materials
and 1o characterize same. The waste materials in-
clude coconutl” Shell, used maize cob, ggineca
Chemical activation



—————
o

Odebunmi E. O. and Okeola O. F.

introduced into the buming chamber for char-

lowed to cool down

screened to obtain samples of

four different particic size (ie. 0.112-0,125
mm, 0.125-0.25 mm, 0.25-0.5 mm and 0.5-0.8 mm).
ﬁeuxts!epinvolvedpuﬁﬁaﬁmofmcnmphin
0.5M hydrochloric acid solution followed by rinsing
with distilled water to remove the excess nidfo.“l'be
one

then

sample was then dried in the oven at 100°C
hour [6,13].

Activation of samples was carried out in & muffle
furnace using ic acid (H;POy); potas-
sium hydroxide (KOH), and zinc chloride (ZnCly)

y as activating reagents. A carefully
weighedlS.Ogmplewnpuhubuk«eouuin-
ing 500 cm’ of 1.0 M solution of activating reagent.
The content of the beaker was thoroughly mixed and
heated until it formed a paste. The paste was then
umfctredmlauciblo.ﬂlemiblemmdin
the furnace, and the furnace was fired at 5 for

filtrate measured at the predetermined wavelength,
Aesx (630 nm, 535 nm and 605 nm for methylene
Iglue,me&ylmdmd_poqsiummmmnlw
tions respectively) using the Spectronic 20 spectro-
pluxonm.'l'hispmedmwfollowed for each
particle size of each activated carbon sample
and for each of the coloured solutions. The Langmuir
admtpﬁonisothenndammobuhedufolbws:
Different quantities (between 100 mg and 1000 mg)
of activated carbon of the same icle size range
were each contacted with 100 cm” of coloired solu-
tion (¢.g methylene bluc) containing 250 mg/dm’ in a
mppaedﬂak.'l‘lwﬂaskwilhitseonmmphced
on a mechanical shaker. for continuous vi

shaking for one hour. The mixture was then itered
as described carlier, to afford determination of the

anuaﬁmofdnﬁhﬂeahndmpdon

All relevant experimental data were collected also
for a sample of commercial activated carbon (May &
Baker) in powder form following the above proce-

two to three hours. After allowing the activated sam-  dure

plemeooldowntomnmm.ilwmhed
with distilled water and then dried in the oven at
100°C for several hours. The final product was kept

in an air-tight vial ready for usef13].
Characterization of samples
Ash content and percentage fixed carbon:

The carbon content was determined by igniting &
carefully weighed 2.0 g sample of the activated car-
bon in 8 Bunsen burner flame and cooling in a desic-
‘cator. The crucible with its content was then heated
in a muffle furnace at 900°C for three hours. It was
allowed to cool down to room temperature and
wcighed.mcycleofhutinghdwfwm.woﬁng
and wel?m was repeated several times{5,13]. The

carbon was deduced from the ash con-
tent following literature method[2,9].

wa'

. lution. This afforded the determination of the quan-

ﬁqofsolmemmedﬁunmenhﬁon{z], Ina
i 0.1 g of activated carbon was

and to - 100 cm’ of solu-

e o onies pemagitt

ene blue, or )

ina oongul!hsk‘l'henmwum

vig on a mechanical shaker for one hour. The

Mwmwlﬁhmdm

.

Treatment of data:

For each activated carbon sample the adsorption
capacity (i.e. the amount of solute adsorbed per gram
of the adsorbent) was calculated from the absorbance
data under different i

of different solute adsorbed by the acti-
vated carbon samples from the coloured solutions
were also calculated. The lincarised form of the
Langmuir isotherm equation is given by [11-13]

111

XEC X

|~

where X =amount of solute adsorbed per unit
mass of adsorbent,

Xa = limitin;lmmunofsolum(.daorbm)ld-
pwbedpetunitmmofadsorbmt(i.o monolayer, ca-
pacity)
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=X xNxa
m

where N = Avogadro *s constant (6.02 x 10* mol™),

a = the area of the adsorbate molecule (for me-
thylene blue, a = 120 A [2,7,13]).

RESULTS AND DISCUSSION
The yield of carbonised product, per-
cent ash and t fixed carbon are in

table 1 for all the activated carbon samples prepared.
Used tyre gave the highest yield of carbonised prod-
uct while orange peels gave the lowest. The results
for all the samples fall wnhm the range of published
data [4,5]. The values of percent ash and percent
fixed carbon for activated carbon prepared from co-
conut shell {(samples CSP, CSZ and CSK) agree with
those for the commercial activated carbon (CAC).
Again, samples from orange peels (OPP, OPZ and
OPK) have the lowest percent fixed carbon and the
highest ash content, A correlation has been shown to
exist between ot fixed carbon and adsorption
ca with high adsorption capacities are
fomdwhawhghpcmmngefxedw'bonm

The adsoption capacities and the percent solute
.adsorbed by the samples in methylene blue, methyl

bar charts in figures 1, 2 and 3 for adsorption from
dmm:du&ﬁmbm.memndmm
sium permanganate respectively. data show that
the factors which may influence the magnitude of the
adsorption capacity of activated carbon include

a. the raw material from which the carbon is
prepared,

b. the activating reagent used, and

‘c. the nature of the solute material being ad-
sorbed (i.e the adsorbate or dye solution).

Activated carbons from coconut shell
(CSP, CSZ and CSK) and used tyre (UTP, UTZ and
UTK) have adsorption capacities that are ble
with that of the commercial activated carbon (CAC)
in all the three dye solutions. On the other hand, acti-
vated carbons from maize cob (MCP, MCZ and
MCK), guinea corn stem (GCP, GCZ and GCK) and
orange peels (OPP, OPZ and OPK) consistently have
lower values (Table 2, Figs, 1-3). The reason for this
trend may be found in the fixed carbon con-
tent of the samples[2, 4, 14],

For all the samples studied and the three activat-
ing reagents used orthophosphoric acid appears as
the most effective in activating the samples (Tables 2
& 3, Figs. 1-3). All the samples activated with ortho-

' solutions-are given
e and 3. The o bl 2 a1 st 5 Bt 260 b bighr, aicomton cascie
TABLE I: Percent ash and percent fixed carbon of activated carbon

fow botuisl | Activeting geot Awu:: wm Trerceotags mtuuu mﬂm’-n r-u.:grm
Usod tyre HiPOs utP w7 37 8328
Used tyre ek uTz 4079 684 83.18
Used tyre xoH uTx 078 6.08 8382
Maze cob HsPe uce 050 %22 "
Mace cob 2tk MEZ 3050 2538 7484
Mags cob Kou MCK 3050 %544 7456
Cocons shel HiPOe csp 3289 1150 8840
Coconat shell Inh sz 3388 . 1140 8845
Cocanet shel KOH csK 3360 1148 8852
Genea corm stem HiPOs oee 2130 210 §7.30
Geinea com stem nth 6cz 2130 3118 8884
Geanea corm stem K04 &eX 2230 B0 5699
Druge peels WPl ore %11 4345 %55
Orange peets 2tk orz %11 4343 5657
. Deange pesls KOH 07K 2611 4348 5652
CAC 188 8831
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their solutions
l Guantity of sokste adsarhed fmg) Quarsiity of sohits adeerhad (me!
- [ Wethy| Aol Prtassim Sanghs Tt el Fataman
| Mathytme Buw soliteo A | sehai | Permmagaraie > Mathylene Elue solution ‘M) whtics | Rermanganace
(N | solution PP M= solition (PP

o (X 5.10 36 ure 880 510 3.0
unz 86 455 7 urz 86.0 455 270
(11 4 a7 480 kA U 670 480 no
MCP 58 420 21 MCP 56.0 420 210,
MC2 52 4.00 16 MCZ 520 400 160
MCX 50 340 12 MCX 50.0 M0 120
csp 78 5.70 48 csP %0 570 480
cs? 50 4.50 26 o8z 80.0 450 %0
CsK 68 5.25 44 oSk 680 525 &0
Gee 51 1% 13 GeP 51.0 3630 130
G2 49 330 12 6C2 496 7nH 120
6K b 2 19 GeK 48 310 100
oPP 32 280 08 o ape e a0

02 22 220 | 04 pei i o pe

oPK 8 250 07 P 260 ?5.0 10

cAC £ - 28 CAC 70.0 552 4.0

TABLE 4: Adsorption isotherm experimental data for CSK TABLE 5: Langmuir constant X, and specific surfuce area

sample in methylene blue (MB) solution

Final
Masa of ;‘_"‘:“’. e sy “::‘“m 0 x 1
x adoorp- | sorbed x mass of m; -h
carbon | 1000l | oy tn| 10mg | ¥ N
10 | 400 n:u 2100 | 0210 |48] 025
158 | 210 | o210 | 2200 | 0150 (88| 048
2% 100 | 0100 | 2400 | 0090 || 10
35 | 080 | 0080 | 2420 | 0088 |145| 125
45 | 060 | 0060 | 2440 | 0054 |wes| 170
50 | 055 | 0055 | 2445 | 0048 [204] 180
70 | 036 | 006 | 2484 | 0036 |284) 280
100 | 025 | 0025 | 2475 | o002 |40s| 400

data for samples of activated carbon

Esssaasauﬁasaaélil

Langmuir constant, Specific surface area, §

_x (355.9)" mole g’ 'y
0.442 [E5)
0.382 786
0.438 831
0325 858
0.276 881
0244 435
0.455 323
0412 838
0.444 903
0256 518
0.251 809
0.199 a0t
017 30
0.165 ns
0,63 30
0.448 807

ride or potassium hydroxide. The trend is the same in permanganate.

all the three-dye solutions investigated, The reason
for this is not immediately obvious, but may be partly

ing

Ranssen

B2aEgasagegwrr4508528
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The data in table 4 and figure 4 are for

in agreement with the Langmuir adsorption isotherm.
The Langmuir constant (X,,) and the specific surface
arca(S) determined from the isotherms are semma-
rised in table 5 for all the samples. The data in Table
5 show that activated carbons derived from used tyre
and coconut shell compare favourably with commer-
cial activated carbon in specific surface ares. By
comparison, the activated carbons prepared from
maize cob, guinea corn stem and orange peels have
lower specific surface areas compared with the com-
mercial activated carbon, Comparison of the data in
table 5 with those in tables 2 and 3 shows that our
results confirm the expected correlation between spe-
cific surface area of adsorbent and the adsorption ca-
pacity. The larger the surface arca the larger the

1040

P ZK Pz K P2

MAIZE COB USEDTYRE  COCONUT -
SHELLS

* ples in this

quantity of solute adsorbed([1-5).

The ‘surface areas reported for our sam-
study are in the same range
reported by Mkayula and Matumbo for activated car-

from similar and related raw materials
“ Moreover, the surface areas of our samples are in
close agreement with the mean specific surface area
of 708 m’g’ of activated charcoal distributed
Fisher Scientific and the American’
Commercial samples with specific surface area of
between 600 -1000 m’g'[6].

Our results show that activated carbon produced
from coconut shell, used tyre and maize cob can
serve as uscful alternatives to the imported commer-
cial activated carbon. Orthophosphoric acid was
found to be the best activating agent in our study.
However, in view of its high cost, there is the need to
do further investigation to identify other chemical
reagents, especially wastes from chemical industry,
which can be used as activating agents. This may re-
sult in savings of scarce foreign exchange.
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SAMPLES OF ACTIVATED CARBON
Fig. 1: Adsorplion capacity of aciivaled carton based on decolourisation of mathylene bius solution.
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Fig. 10: Langmult adsorption inotherm of CSK in methylene biue solution,
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