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ABSTRACT

Activated carbons were prepared from agriculturadste Canaruim schweinfurthii seed shell with zihtokde
(ZnChk) and Phosphoric acid (#0O,) as chemical activation agent. The activated casbavere prepared by
carbonization at 50U for 15minutes. Batch adsorption trials were usedassess the effectiveness of using
activated carbon as a sorbent for the removal ofdvelent chromium from solution. Based on lineagression
analysts, the data obtained from the batch studle®wved a good compliance with both the Langmuir #red
Freundlich equations. The values obtained for thetherm constants showed that the maximum adsorptio
capacity, Qwas 0.757 mg/g with activated carbon prepared Witlosphoric acid.
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INTRODUCTION

Water pollution by chromium is of considerable camg as this metal has found widespread use inrefgating,
leather tanning, metal finishing, nuclear powemnpl&extile industries, and chromate preparatidmoGium exists
in two oxidation states as Cr (lll) and Cr (VI). &hexavalent form is 500 times more toxic thantthalent [1].
Due to its high solubility, Cr (V1) is the most tedous, since it can accumulate in the food chathcause several
ailments[2,3].

In general, chromium (VI) is removed from waste avaby various methods such as chemical precipitatio
electrochemical reduction, sulfide precipitatioagmentation, ion-exchange, reverse osmosis, eléalysi$, solvent
extraction, and evaporation, etc. [4]. These methayd, however, cost intensive and are unaffordabliarge scale
treatment of wastewater that is rich in chromiunh)(Mimong all these, adsorption is the most prongisiechnique
and a feasible alternative[5]. A variety of matkriaave been tried as adsorbents for Cr (VI) andraber of studies
have been reported using adsorbents like granatasated carboii2] Soya cakg6], rubber tyres and sawdysi,
activated sludg¢9], unmodified natural clay [7]lingocellular subs#d0], fly ash[11], rice husk based activated
carbon[12], etc. Adsorption using activated carbon is anatiffe method for the treatment of industrial effite
contaminated with chromium (VI) and quite populbB,[14].

Canaruim schweinfurthiseed shell is very cheap and available in the lmitdlt region of Nigeria; studies on the
utilization of Canaruim schweinfurthiseed shell as a precursor for manufacturing aetivearbons are minimal or
none. In addition information concerning the adforpof chromium ontdCanaruim schweinfurthiseed shell has
not been reported. In view of the health problerssed by Cr (VI), the present study was perfornoeevialuate
activated carbon as adsorbents for the removalrofM) from polluted water by systematic evaluatiof the
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parameters involved such as Cr concentration. Eurtare, the Freundlich and Langmuir adsorptiorhisohs were
applied to study adsorption and to calculate isothgarameters.

MATERIALSAND METHODS

2.1 Adsorbent

In the present studyCanaruim schweinfurthiSeed Shell was used for the preparation of activaggbon. The
seeds were washed and sundried it was crushed jasingrusher into smaller particle sizes. They wiemther
pulverized into fine granular form. The sample wa&s/ed into a particle size of 850um-1.18mm. Trenglar was
carbonized at 28C for 3 hours in oven. The carbonized sample wasval to chemical activation, by the addition
of 1M ZnCh and 1 M HPQ, separately. The sample was activated in the ferfiac 15 minutes at 580. The
activated carbon produced was washed with distilater to remove the excess activating agent it oves dried

at 120C and stored in sealed air tight polythene bagsfidher experiment. All the chemicals used were of
analytical reagent grade obtained from B.D.H aridefck except were stated.

2.2 Adsorbate
Cr (VI) stock solution (5 mg/L) was prepared in 008l distilled water using 141.4 mg dried®,0, The working
solution was obtained by diluting the stock solutio distilled water.

2.3 Batch mode adsorption studies

The working solution of 0.1, 0.2, 0.4, 0.6, 0.8 a@n@l mg/L Of Cr (VI) was prepared from stock sauti Batch
mode adsorption studies were carried out with 60fthe activated carbons and 20ml of Cr (VI) santdf desired
concentration at pH of 4.02, agitated at 200rpm in a mechanical shaker @nrtemperature for 1 hour. The
adsorbate solution was separated from the adsobyergntrifugation at 3000rpm and estimated Thecentration
of free chromium (VI) ions in the solution was detned spectrophotometrically by developing a penyblet
color with 1,5-diphenyl carbazide in acidic solutias an complexing agent. The absorbance of thelepuiolet
colored solution is read at 540 nm after 20 min[15]

The amounts of adsorbates adsorbed at tiji@ed at equilibrium conditiorgewere calculated using the Equations
below

x=(CG-QV
w

qe:_(gg__cg)_v
w

Where Co and Ceare initial and equilibrium adsorbate concentratjomg/L.Ct is the adsorbate concentration at
time, mg/L.V is volume of solution, L and/ is weight of adsorbent, g.

RESULTSAND DISCUSSION

3.1 Characterization of Canaruim schweinfurthii 8&hell

Important physical properties @anaruim schweinfurthiseed shell used such as bulk density, moistureengn
Ash content, dry matter content and pH were detegthiusing the methods reported by Allen [16]. Témulted is
presented on Table 1

3.2 Adsorption of Chromium (VI)

3.2.1Adsorption Isotherms

An adsorption isotherm describes the relationstepwben the amounts of adsorbate which is adsorbeth®
adsorbent and the concentration of dissolved adseih the liquid at equilibrium[17]. The adsorptisotherm of
Chromium (VI) onto the prepared activated carbos ¥iteed by several well-known isotherms modelsnaly the
Langmuir and Freundlich models, to assess thelityutiThe Langmuir model is obtained under the Idea
consumption of a totally homogeneous adsorptiofasar whereas the Freundlich model is suitableafdwighly
heterogeneous surface. In this work, both modele wesed to describe the relationship between theuamof
Chromium (VI) adsorbed and its equilibrium concatitm.
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3.2.2 Langmuir Isotherms

The Langmuir adsorption isotherm is often usedafdsorption of the solute from a liquid solution.eThangmuir
adsorption isotherm is perhaps the best knownldhalisotherms describing adsorption, and it tefexpressed
as:

Q= %L_Qg
(1+K Cp

Where:

ge = Adsorption capacity at equilibrium solute concetitra Ce(mg/g)

C.= Concentration of adsorbate in solution (mg/L)

Q.= Maximum adsorption capacity corresponding to cotephteonolayer coverage (Mg/g)
K, = Langmuir constant related with affinity of the pisirof union (L/mg)

The above equation can be rearranged to creafeltbwing linear form:

ge: 1_+Q§

g Ok Q

The linear form can be used for the linearizatibexperimental data by plottinG. /gagainstC, Meanwhile, the
Langmuir constan@,andK can be evaluated from the slope and intercepnefli equation, respectively, as shown
in Fig. 1. The essential characteristics of the Langmuiradqn can be expressed in terms of dimensionless
separation factor, Rdefined as:

1
Ri= 1+K G

Where C,is the highest initial solute concentration. TRezalue implies the adsorption to be favouralfe>(Q),
linear R =1), favourable (OR <1), or irreversible R =0). The values oR were found to be 0.097 for adsorption
with Zinc chloride activated carbon and 0.7 withoBbhoric acid activated carbon and this confirnteat the
prepared activated carbon are favourable for tlseration of Chromium (VI) under conditions usedtlie present
study .

3.2.3 Freundlich Isotherms
The Freundlich isotherm is the earliest known refeghip describing the adsorption equation whichofien
expressed as:

0e = K¢ Cel/n

Where:

ge= Adsorption capacity at equilibrium solute concatibn, C.,(mg/qg)

C.= Concentration of adsorbate in solution (mg/L)

Ki= Empirical constants depending on several environahéactors

n = Empirical parameter representing the energetierbgeneity of the adsorption sites

The equation is conveniently used in the lineamfoly taking the logarithmic of both sides
as:

Logg.= LogKs+ 1/n LogG

A plot of (log ge) against (logC,) yields a straight line which indicates the camfation of the Freundlich isotherm
for adsorption. The constant can be obtained fioenstope and the intercept of the linear plot ef éxperimental
data, as shown iRig. 2. The value of indicates favourable adsorption whem&%0. Then values were found to
be 1.75 for Zinc chloride activated carbon and ©.88 Phosphoric acid activated carbon. Thereftire,present
adsorption systems appear to be favourable[18]. Tdregmuir constant®.and K. and the Freundlich constants
Krand n are given in the Table 2. Both isotherm nedetre found to fit the adsorption data of the pregd
activated carbon with correlation coefficienf, Value 0.770 and 0.824, respectively for the Zinloide activated

91
Pelagia Research Library



YillengM. T. et al Adv. Appl. Sci. Res., 2013, 4(3):89-94

carbon with 0.880 and 0.922 for the Phosphoric activated carbon respectively. The adsorption cigpaf the

adsorbent was obtained from the Langmuir modebup.12 mg/g for the Zinc chloride activated carlaod 0.792
mg/g for the Phosphoric acid activated carbon.s Tésult shows that the prepared activated carbdris study has
a very high adsorption capacity as compared toother works listed in Table 3. This is probably doethe

different activation methods used, which eventuadiulted in different surface characteristics [19]

3.2.4 Comparison of adsorption capacity of Canaraghweinfurthii with other adsorbents

Direct comparison ofCanariumScweinfurthiwith other adsorbent materials is difficult, owing the different
applied experimental conditions. In the presentlgtuactivated carbon fronCanaruim schweinfurthihas been
compared with other adsorbents based on their mawiedsorption capacity for Cr (VI) and shown in [EaB. It

can be observed that the activated carbon prepauetgbares well with the other adsorbents listed abld 2.
Activated rice husk carbon and modified oak sawdusi wheat bran are adsorbents that exhibited highe
adsorption capacity. This could be primarily dudtte initial carbon content, activation processvadl as the pore
development due to the basic morphology of the maaterial [20]. HenceCanaruim schweinfurthilctivated
carbon can be considered to be viable adsorbentttfer removal of Cr (VI) from aqueous solutions.

Table 1: Physicochemical properties of raw sample of Canaruim schweinfurthii and car bonized sample

Parameters Raw sample

% moisture 5.10

% Dry matter 81.0

% Ash Content 0.5
Bulk density(g/crf) 1.33

% yield carbon 18.56
pH measurement

(i) Raw 4.93

(i) Carbonized 9.0

Table 2: Langmuir and Freundlich isotherm constantsfor Chromium (VI) on the prepared activated carbons

Langmuir isotherm model Freundlich isotherm model
Qo Ki 2 Ke
Type of adsorbent R R n R
P (mglg) | (Umg) | (mg/g)(Limg}"

Activated carbon with PO, | 0.792 0.384| 0.70Q0 0.88 0.44 0.887 0.922
Activted carbon with ZnGl 0.12 9.30 0.0977 0.77 0.18 1.7%0 0.8p4

0.07 -

0.06 - X

0.05 -

0.04 - 4

1/Qe

0.03 -

0.02 - A Phosphoric acid

0.01 - X Zinc chloride

0 T T T T 1
0 10 20 30 40 50
1/Ce

Fig. 1:Langmuir adsor ption isotherm of Chromium(VI) onto activated carbon
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Fig.2: Freundlich adsor ption isotherm of Chromium (V1) onto activated
carbon

Table 3: Comparison of adsor ption capacities of Cr (VI) with other adsorbents

Adsorbents Adsorption cajac pH  Co (mg/L) Reference
dh)

Activated rice husk carbon 0.8 2 10 21]

Activated alumina 1.6 4 10 [21]

Sawdust 0.229 2 5 [22]

Pine leaves 0.277 2 5 [22]

Raw rice bran 0.07 2 5 [24]

Modified oak sawdust 1.7 3 - [25]

CETYL-amended zeolite 0.65 - - 3R

EHDDMA-amended zeolite 0.42 - - [23]

Wheat bran 0.942 3 5 [26]

Canaruim schweinfurthii ~ 0.792 4 5 Present study

CONCLUSION

The experimental data of the adsorption studie€lmrmmium (VI) using prepared activated carbon fiéemaruim
schweinfurthiiwas described well by both Langmuir and Freundigbtherm models. This indicates that the
adsorption of Chromium (VI) from aqueous solutiamild be either monolayer or multilayer. The adsorp
capacity of the adsorbent, obtained from the Larigrmodel, was up to 0.792mg/g which is the maximum
adsorption capacity of the adsorbent use. The presgady concludes that the production of the attig carbon
adsorbents, fron€anaruim schweinfurthjican provide a two-fold environmental and econob@oefit; new low-
cost adsorbents are produced for commercial useastewater treatment. The preliminary and adsangitadies
show that the activated carbon prepared fi©@amaruim schweinfurthiseed shell can be used effectively in the
treatment of tannery wastewaters. As the raw natéian agricultural waste, its application in tineatment
process is expected to be cheap and commercialbeui
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