B P
<¢’\NE Ug(/o
.

% A

g S

% 2
* . ISSN: 0973-4945; CODEN ECJHAO
€-).Chem E-Journal of Chemistry
http://www.e-journals.net 2010, 7(3), 721-726

Adsorption of Ferricyanide Ion on
Activated Carbon and y-Alumina

J. KETCHA MBADCAM, G. F. TCHATAT WOUAHA and V. HAMBATE GOMDIJE

Physical and Theoretical Chemistry Laboratory,
Faculty of Science, University of Yaoundé 1,
P.O. Box 812, Yaoundé — Cameroon.

Jjketcha@yahoo.com
Received 10 August 2009; Revised 22 October 2009; Accepted 15 December 2009

Abstract: Iron-cyanide complexes are present in soil and ground water due to
anthropogenic inputs. We compared the adsorption of ferricyanide ion, on two
commercial activated carbons (COM3 and COM4) and y-alumina (A1G) in
aqueous solution. Isotherm parameters obtained from batch experiments of
iron-cyanide complex adsorption on these adsorbents were carried-out. The
mass of the adsorbents were varied at 40 mg, 60 mg and 100 mg and the
inorganic ion initial concentrations, C, also varied between 3.04x10™ and
2.43x10” mol/L. The equilibrium data obtained were tested by using the
Langmuir and Freundlich isotherm models. These data fit well with the
Langmuir and Freundlich isotherm models at this low inorganic ion initial
concentration.
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Introduction

Cyanide in the form of the iron-cyanide complexes i.e. ferricyanide, ([Fe(CN)6]3') and
ferrocyanide, ([Fe(CN)6]4'), are from anthropogenic sources are present in natural soil
environment or drinking water'. The potential sources of these small amounts of iron-
cyanide complexes in soil and aquifers are industrial wastes from coal gasification’, blast
furnace sludge from pig iron production’, paper de-inking sludge from paper recycling* and
road ssaélt which contains Berlin Blue, Fe [Fe(CN)g]; or Nay[Fe(CN)¢] as anti caking
agents™”.

The iron-cyanide complexes, with iron in the oxidation states +3 and +2 respectively are
very stable’. However, they are potentially hazardous because they are converted to free
cyanide ion, CN',q and hydrogen cyanide, HCN (, 4., When transported to surface water and
exposed to sunlight®. Free cyanides are defined as the form of molecular and ionic cyanide
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released into solution by the dissolution and dissociation of cyanide compounds and
complexes’. Free cyanides are extremely toxic to higher animals and humans'®. Cyanide
inactivates cytochrome oxidase, an enzyme which is essential for the fixation of oxygen.
This inactivation leads to cellular asphyxiation and cellular death and therefore to the
suspension of all vital functions and subsequent death.

The main objectives of drinking water treatment are to produce high quality water that
is safe for human consumption, has aesthetic appeal, conforms to world standards and is
economical in production'"'>. One of the ways to achieve these goals is adsorption on
activated carbon or any good adsorbents. The reason why these adsorbents are effective is
that they are porous and thus have very large surface areas available for adsorption or
chemical reaction". Adsorption is the process by which adsorbents such as activated carbon,
gamma alumina, clays, efc. remove selected substances from solution by binding to an
adsorbent surface by either chemical or physical attraction'.

The adsorption of iron-cyanide complexes ferricyanide, ([Fe(CN)e]>) and ferrocyanide,
([Fe(CN)6]4') on goethite, alpha-FeOOH, as a model adsorbent in the soil was investigated in a
batch experiments™'®. In this study, it was proposed that the adsorption mechanism between
ferrocyanide and the goethite was a combination of inner-sphere surface complexation and
surface precipitation of a Berlin Blue-like phase. As for the adsorption of ferricyanide on the
goethite, it is an outer-sphere and weak inner-sphere surface complexation adsorption
mechanism. Similar studies using batch as well as column experiments of adsorption and
desorption on other adsorbents such as soils, acid soils containing large amounts of Al and Fe
oxides, clay minerals and soils containing organic matters have been reported"'”"°. The most
important properties that control adsorption of these Fe-cyanide complexes are pH and clay
mineral and iron oxide contents. A similar study indicated that both the dissolution of Berlin
Blue and the desorption of Fe-cyanide complexes were rate-limited™. It has been shown in the
literature that both iron-cyanide complexes formed outer-sphere surface complexes®"** on y—
Al,O;. The adsorption of potassium hexacyanoferrate(IIl) on three commercial alumina
samples, studied by IR, neutron activation and visible absorption spectroscopy, reported™ that
above pH = 7, the extent of adsorption was small and the uptake of iron-cyanide complex
increased with decreased pH and reaches a plateau near pH = 5.

The sorption of iron-cyanide complexes on goethite in the presence of sulphate and its
desorption in the presence of phosphate and chloride have been studied™. From the results
obtained, high sulphate concentration does not diminish the uptake of the iron-cyanide
complex. Both iron-cyanide complexes adsorbed on goethite were desorbed by phosphate
solutions adjusted to pH > 5. This competitive sorption of ferrocyanide and sulphate and of its
desorption using chloride and phosphate solutions suggested strong sorption, which may be
explained by inner-sphere surface complexation of ferrocyanide and partial precipitation as a
Berlin Blue-like phase at low pH.

Whereas, the outer-sphere surface complexation is caused by electrostatic attraction and
is relatively weak, the inner-sphere surface complexation is more stable. The adsorbent

becomes part of the surface and a covalent bond can be formed via ligand exchange®°.

The objective of this work was to investigate the adsorption of potassium ferricyanide,
(K5Fe(CN)g) at very low concentrations in aqueous solution on two commercial activated
carbons (COM3 and COM4) and on a y-alumina (A1G) in batch experiments. The extent of
adsorption was investigated by varying the mass (m) from 40, 60 to 100 mg and the
inorganic ion initial concentrations, C, also varied between 3.04x10™ and 2.43x10” mol/L.
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Experimental

COM3, COM4 and A1G were obtained from CHEMVIRON S.A., Bruxelles. The pH values
recorded for these three adsorbents in aqueous solution were pH = 3.6 for COM3, pH = 2.8
for COM4 and pH = 7.5 for A1G. The BET surface areas specified for these adsorbents
ranged between 900 and 1200 m*/g. The adsorbents were heated in an oven at 105 °C for 24
hours before use in the batch experiments.

The batch equilibrium experiments of the adsorption studies were carried out at room
temperature in a 100 mL conical flask. For each run, 40, 60 or 100 mg of the adsorbent was
introduced into the flask containing 20 mL of the potassium ferricyanide at very low initial
concentrations (C,) ranging from 3.04x10™ to 2.43x10” mol/L. The mixture was stirred
using a magnetic stirrer for 2 hours. The solution was then filtered by using a filter paper.
The residual concentration at equilibrium (C,) of the ferricyanide ion was determined with a
UV-visible spectrophotometer (model HITACHI U-2000). The quantity of ferricyanide ion
(mg/g) adsorbed at equilibrium (q.) was calculated from the equation:

g, = (Cn_Cg)V (1)
w

Where C, and C, (mg/L) are the initial and equilibrium liquid-phase concentration of
ferricyanide ion respectively; V (L) is the volume of the solution and W (g) is the mass of
the dry adsorbent used. The equilibrium data were then fitted to the Langmuir and the
Freundlich adsorption isotherm models.

Results and Discussion

Two important independent physicochemical aspects for the evaluation of the adsorption
process are the equilibrium of adsorption and the kinetics. Equilibrium studies give the
adsorption capacity of the adsorbent. The equilibrium relationships between adsorbent and
adsorbate are described by adsorption isotherms, usually the ratio between the quantity
adsorbed and the residue in solution at equilibrium at a given temperature. There are two
types of adsorption isotherms: the Langmuir and the Freundlich. Linear regression was
applied on the linear transforms of these isotherms in order to determine” the coefficients R”.
The Langmuir adsorption equation is one of the most common isotherm equations for
modelling equilibrium data in solid-gas and solid-liquid systems. The general linearised
form of the Langmuir equation is,

1_t, 1 1 @)

4. 4, 49.K. C
where q. is the quantity of ferricyanide ion adsorbed at equilibrium (mg/g), C. is the
equilibrium liquid-phase concentration of ferricyanide ion (mol/L), q, is the quantity of
ferricyanide ion adsorbed to form a monolayer (mg/g) and K is the Langmuir adsorption
constant (L/mol). The values of q, and K; are obtained from the plot of 1/q. versus 1/C. of
equation 3.

The Freundlich model is represented by the equation,
qe = KFCe”n (3)
Where Kr and n are Freundlich constants, n gives an indication of how favourable the adsorption
process is and Kg is the adsorption capacity of the adsorbent which can be defined as the
adsorption or distribution coefficient and represents the quantity of ferricyanide ion adsorbed
onto the absorbent for a unit equilibrium concentration. In order to fit the experimental data, the
Freundlich model was linearised as follows by taking logs of equation (3):
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logg, =log K, +ilog C, “)
n

In Figure 1, the isotherms observed for COM3 were the L-type but for COM4 and AlG,
S-type isotherms observed. S-type isotherms are usually characterised by very weak
adsorption at low initial adsorbate concentration. However, the adherence of adsorption
isotherms does not provide evidence of the actual adsorption mechanism. The adsorption
isotherms are linear over a wide range of the equilibrium concentration, C,.; saturated
plateaus are observed at large concentrations'”.
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Figure 1. Adsorption isotherms of ferricyanide ions on COM3, AlG and COM4 for 40, 60
and 100 mg of adsorbent.

The values of the correlation coefficient, R? observed in Table 1 range from 0.845 to
0.999 for the Langmuir model and from 0.800 to 0.979 for the Freundlich model. In cases
where coefficients of determination are used to treat experimental results, it was observed that
both models yielded the best fit at low inorganic ion initial concentrations, thus confirming
other reported work in the literature”. As observed earlier, the mechanism by which the
ferricyanide ion, is adsorbed on these adsorbents depends on the nature of the adsorbate-
adsorbents. Whereas the Langmuir model refers to the homogeneous nature of the adsobate-



Adsorption of Ferricyanide Ion on Activated Carbon 725

adsobent surface with each adsorbate-adsorbent surface having equal adsorption activation
energy, the Freundlich mechanism refers to surface active sites that are energetically
heterogeneous'®. The two adsorption mechanisms associated with the adsorption of iron-
cyanide complexes in general, are the inner-sphere and the outer-sphere mechanisms. Whereas
the outer-sphere surface complexation is caused by electrostatic attraction and is relatively
weak, the inner-sphere surface complexation is more stable. The adsorbent becomes part of the
surface and a covalent bond can be formed via ligand exchange™®. The pH values recorded
for the three adsorbents used in this work were as follows: pH=3.6 for COM3, pH=2.8 for
COM4 and pH=7.5 for AIG, indicating that these adsorbents have either acidic or neutral
surfaces. At low pH values, the surfaces of the adsorbents (COM3 and COM4) become
protonated and can adsorb large anion complexes such as ferricyanide ion, through an inner-
sphere type mechanism. In the case of the neutral adsorbent, AlG, an outer-sphere surface
complexation through electrostatic attraction could be operating.

Table 1. Values of K;, q,, K¢, 1/n and R® of COM3, AIG and COM4 for 40 mg, 60 mg and
100 mg of adsorbent.

Langmuir Freundlich

Kix10° q,mg/g R* Kgx10* 1/m R’
40 mg 2,45 7,33 0,962 1,27 0,31 0,802
COM3 60 mg 2,21 7,83 0,946 1,47 0,32 0,800
100 mg 2,19 8,19 0,965 1,65 0,33 0,934
40 mg 1,59 6,44 0,900 3,61 0,50 0,928
AlG 60 mg 1,40 6,84 0,866 5,31 0,55 0913
100 mg 1,78 6,44 0,845 4,00 0,50 0,917
40 mg 0,87 5,60 0,985 3,60 0,56 0,963
COM4 60 mg 0,98 5,36 0,999 3,36 0,55 0,979
100 mg 1,35 5,56 0,988 2,39 0,47 0,951

Adsorbent Mass

Conclusion

The present work evaluated the removal of ferricyanide ion, from aqueous solution using
activated carbons (COM3 and COM4) and y-alumina as adsorbents. The equilibrium
adsorption data agrees well with both the Langmuir and Freundlich isotherms with high
correlation coefficients. The adsorption capacity of ferricyanide ion, was the highest for COM3
followed by AIG and COM4 at all initial concentrations of the adsorbate. The values of
Freundlich exponent, n are greater than one (since the values of 1/n range between 0.31 and
0.56) for all three adsorbents used, confirming the adsorption of the ferricyanide ion by
activated carbons (COM3 and COM4) and y-alumina as a significant mechanism of removal.
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