Efficiency of activated carbon from maize cob as fuel
and as an adsorbent

Eman A. Ashour
Chemical Engineering Dept., Faculty of Eng., Minia University, Minia 61111, Egypt

Much research is directed recently for finding low cost adsorbents for removal of heavy
metals. Agricultural residues and activated carbon were found to be effective adsorbents.
Activated carbon from maize cob (low-cost activated carbon) was prepared by
impregnating maize cob with phosphoric acid. Thermal behaviour for maize cob and
activated maize cob was investigated using Differential Thermal Analysis (DTA) and
Thermogravimetric Analysis (TGA). The results showed that the thermal decomposition
pattern can be divided into three peaks. The first peak is endothermic while the second
and the third peaks are exothermic. The peak intensities and corresponding
temperatures were different for the maize cob and activated maize cob. Kinetic studies
were based on weight loss obtained from TG analysis. The reaction rate, activation
energy, entropy change, enthalpy change and Gibb’s free energy of the thermal stages
were calculated. The prepared carbon exhibits a high adsorption capacity for removal of
lead and cadmium. Studies of Langmuir and Freundlich parameters proved that
.activated maize cobs favorably adsorb lead and cadmium ions.
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1. Introduction

The concentration of toxic metals; such as
mercury, cadmium, lead, arsenic and copper,
increases with the growth of technology.
Anthropogenic sources of heavy metals
include wastes from the electroplating and
metal finishing industries, metallurgical in-
dustries, tannery operations, chemical manu-
facturing, mine drainage, battery manufactur-
ing and contaminated ground water from
hazardous waste sites [1].

Lead is toxic. It substitutes calcium in
bony tissue, and accumulates there, where it
may cause impairment of motor and neu-
rologic development and also kidney damage.
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Cadmium harmfulness is associated with the
readiness that it can accumulate in the body.
It alters the bone structure of the victims and
gives rise to a painful rheumatic disease [2,3].

The traditional treatment of heavy metals
is either precipitation as metal hydroxide or
jon exchange; however adsorption seems a
good alternative method [4]. Carbon adsorb-
ents have attracted special attention on
account of their well-developed porous struc-
ture, large active- surface area and good me-
chanical properties [5-7].

Activated carbon made from conventional
raw materials such as bituminus coal, peat
and lignite are expensive. So there is a need to
investigate non- conventional materials for the
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production of low-cost activated carbon. Many
reports have appeared on the preparation of
activated carbon from cheaper and readily-
available materials [8-10]. Activated carbon
from rice husk and coconut shell has been
successfully employed for the removal of heavy
metals from aqueous solutions [11-12].
Recently it was reported that maize cob and
carbon derived from maize cob removed heavy
metals [13-15]. Although the application of
maize cob in adsorption process shows
promising results, several studies show that it
could be utilized as a renewable source of
energy. It has a lower sulphur content in
comparison with other fossil fuels; therefore
clean environments are obtained [16,17].

The goal of this research is to investigate
the efficiency of maize cob and Activated Maize
Cob (AMC) for removal of cadmium and lead
and the effect of activation on the adsorption
behaviour of maize cob. This will provide basic
data and information for the combustion of
this material.

2. Experimental

Maize Cobs (MC) used in this study was
collected from El-Minia Governorate, Egypt. It
was dried for 3 hours at 110 °C. Maize cob
was not subjected to any form of pretreatment
prior to use. The dried materials was crushed
to obtain the desired particle size < 1000 pm
using sieve analysis. The dried maize cob was
subjected to chemical analysis and the results
are listed in table 1.

Dried, crushed maize cob (50 g) was mixed
with 100 ml H3PO,4 at ratio 1:2.5 solid to acid.
It was kept in an oven at 80 * 5°C for 12
hours. The dried slurry was transferred to an
electric tubular furnace. The temperature was
raised gradually (200°C/h) so as to permit
release of the volatiles and to prevent
splashing of the heated mass. Upon reaching
500 °C, the mass was soaked for one hour in a
nitrogen atmosphere, then cooled to room

temperature. The carbonised material was
washed with tap water and finally with
distilled water to remove any residual acid.
Then it was soaked with 1.0 % sodium
bicarbonate solution over night to remove any
residual acid traces. The material (AMC) was
washed with distilled water and dried at 100
°C.

Differential Thermal Analysis (DTA) and
Thermal Gravimetric Analysis (TGA) were
carried out for the samples by using Du Pont
analyzer Model 9900 with temperature
programmed at 10 °C /min, heating from
room temperature to 900 °C in an atmosphere
of air. The amount of material used was 10
mg. The reference material was aluminum
oxide.

Adsorption equilibrium isotherms were
obtained by contacting a constant mass of MC
and AMC (1 g) with 0.05 dm3 of Pb or Cd
solution of different concentrations adjusted
to the desired pH. The bottles were placed on
a shaker bath at constant temperature (25+
1°C). The samples were centrifuged and their
equilibrium concentration (Ce) in the clear
supernatant liquid was determined by spectro-
photometric methods. The difference between
the initial concentration (Co) and the equilib-
rium concentration (Ce) per unit mass of
adsorbent was used to compute the amount of
Pb or Cd removed (qe) in mg/g from its
solutions by using the relationship

e = 0.05 (Co-Ce)/ M. (1)
3. Results and discussion

Elemental analysis of raw maize cob and
activated maize cob show an increase in
carbon content from 40.78 to 78.68 and a
decrease in hydrogen contented from 6.57 to
3.39 for MC and AMC, respectively. Thermal
analysis of maize cob MC and activated Maize
cob AMC are shown in figs. land 2 using TGA
and DTA techniques. The results are summa-
rized in table 2.

Table 1

Chemical analysis for maize cob
Component  Cellulose Hemicellulose Lignin Protein Ash
Percentage 52.5 28.3 13.08 29 3.22
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Table 2

TGA results for maize cob and activated maize cob
Stage of weight loss MC AMC
First

Weight loss % 2.0 12.0
Tmax i o 70 100
Trange °C 50-200 50-400
Second

Weight loss % 28.0 78.0
Tmax C 340 550
Trange “© 200-400 400-700
Third

Weight loss % 40.0

Tmax °C 455

Trange °C 400-500

Fourth

Weight loss % 10.0

Trange °C 500-900

Total 80.0 90

% residue 20 10

The TGA and DTA curves for MC (fig.1)
show four degradation stages. The first stage
(an endothermic peak) appears at about 70 °C
in DTA with slight weight loss of about 2% in
TGA curve which represents the evaporation of
adsorbed moisture. The main degradation
processes are two exothermic peaks in DTA
curve at 340°C and 455°C with the major
weight losses of 28 and 40 % respectively. The
two exothermic peaks are due to dehydration
and depolymerization of lignocellulosic compo-
nents. The last exothermic peak appears at
about 520°C is attributed to degradation of
the result products [18-22].

TGA

4 DO1A_ -7
Ttesa” 70%

(DTA), (TGA )% Weight Loss
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Temperature (OC )

Fig. 1. DTA and TGA thermogram for maize cob.

Comparing thermal analyses of activated
maize cob (fig. 2), the TGA and DTA have two
degradation stages. The first peak in DTA
curve at 100 °C with weight loss of about 12%
is related to elimination of moisture. The

second degradation stage, one exothermic
peak in DTA at 550 °C with the major weight
loss of 78% is due to degradation of more
stable organic compounds. It is clear that
depolymerization stage disappears in case of
activated carbon. This means that all cellu-
losic material is converted to carbon.
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Fig. 2. DTA and TGA thermogram for activated maize cob.

In kinetic studies based on thermogra-
vimetric analysis, a first order reaction is
assumed and it is usually expressed as:

dc
-— =kC. )

dt

Where C is concentration of reactant in
moles/dm3, t is time of reaction in minutes
and k is rate constant in min'!. If the
concentration is replaced by the observed
weight wy, then,

dwg — W) _

dt

kw . (3)

The amount of residue at the end of heating
w, and using the limit

at t=0 Wo - Wy = 0,

eq. (3) will take the form:

w

- W
log o

0 =kt . (4)

Wi — Wa

Plotting log (Wo-W,) /Wt — W, against time t
for a first order reaction gives a straight line
with a slope k at the considered temperature.
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Applying the Arrhenious principle, and
plotting log k against 1/T, the activation
energies of volatilization and carbonization
stages are calculated and given in table 3. The
activation energy of carbon prepared f{rom
maize cob is higher than raw maize cob which
adds confirmation that all cellulosic
material is converted to carbon.

Thermodynamic parameters AH, AS and
AG° were determined according to procedure
given in reference [22]. The rate constant
values in table 3, represent the average value
of the rate constant for the chosen
temperature range, the positive values of AG®
indicate the non spontaneous nature of the
reactions as the free energy of the products
are higher than those of reactants.

The capacity of maize cob and activated
maize cob for removal of lead and cadmium
can be determined by measuring equilibrium
isotherms. The adsorption isotherms are
constructed by plotting values of g. versus ce
and as depicted in figs. 3 and 4 of lead and
cadmium onto MC and AMC, respectively
.The adsorption capacity of activated maize
cob is higher than that of MC. Analysis of
isotherms data is important in order to
develop an equation which accurately repre-
sents the results and could be used for design
purposes.

The first isotherm tested was that of
Langmuir which may be represented by the
equation :

qe= (kL Ce) / (1 + ar Co). )

This may be converted into a linear form
convenient for plotting and determining the
constant ki, and au,

Where a;, is the parameter of Langmuir -
isotherm dm?® /mg ,k, is the parameter of
Langmuir-isotherm dm3/g. Linear plots of
Ce/qe against C. of lead and cadmium onto
MC and AMC figs. 5 and 6 suggest the
applicability of Langmuir isotherm for the
present system. ‘
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Fig. 3. Adsorption isotherms for lead onto MC and AMC.
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Fig. 4. Adsorption isctherms for cadmium onto MC and
AMC.

Ce /Qe = (1/ku) + (av /ku) Ce. (6)
Table 3
Thermodynamical parameters of maize cob and activated maize cob
B . i & AH As AGe

Stage min C kJ/mole kJ/mole kJ/mole k kJ/mole
Vol.* maize cob 0.0544 340 86.918 85.69 -0.1726 190.8
Dec.** maize cob 0.2421 455 30.37 28.92 -0.2584 217.06
Dec.activated MC 0.0515 550 95.89 94.25 -0.1975 256.8

* volatilization stage
** carbonization stage
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Fig. 5. Langmuir plots for the adsorption of lead onto MC
and AMC.
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Fig. 6. Langmuir plots for the adsorption of cadmuim
onto MC and AMC.

The values of ki, and ap of lead and
cadmuim onto MC and AMC have been
calculated using least-squares methods and
are tabulated in tables 4 and 5. The values of
constant ki/a, represent the maximum
adsorption capacity.

The influence of isotherm shape for
adsorption is favorable or unfavorable has
been considered using separation factor R-as
shown in the following equation [23]:

R=1/ (1+ ay, Co) . (7)

The experimental results given in tables 4
and 5 show that MC, and AMC are favorable
for adsorption of lead and cadmium, but the
adsorption capacity of AMC is higher than
MC.

The experimental equilibrium data for the
adsportion of lead and cadmium onto MC and
AMC have also been analyzed using
Freundlich isotherm as given by eq. (8),
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Qe = keCn . (8)

Where k¢ is the parameters of Freundich-
isothern (dm3/g). Eq. (8) was used to fit the
data obtained for two types of adsorbents. The
data were plotted on a log-log scale to produce
a straight line of each adsorbnt, figs. 7 and 8.
Tables 6 and 7 includes Freundlich
Parameters, show that Freundlich constant is
higher than 1 and the capacity factor of AMC
to remove lead and cadmium is higher than

for MC.

Table 4
Langmuir isotherm parameters for adsorption of lead
Parameter MC AMC
md /g 1:191 1.553
a, dm?3 /mg 0.0462 0.0545
R 0.1779 0.155
Correl. coeff. 0.863 0.885

Table 5
Langmuir isotherm parameters for adsorption of
cadmium

Parameter MC (AMC)

md /g 1.096 3.58

a, dm?® /mg 0.042 0.044

R 0.041 0.132

Correl. coeff. 0.86 0.89

Table. 6
Freundlich isotherm parameters for adsorption
of lead
Parameter MC AMC
n 1.88 2.35
ke (dm?® /g) 2.33 3.98
Qmax (Mg /8) 19.36 22.5
Capacity factor 25.8 28.49
Correl. Coeff. 0.887 0.902

Table. 7
Freundlich isotherm parameters for adsorption of
cadmium
Parameter MC AMC
n 1.071 1.28
Kr (dm3 /g) 1.202 3.83
Qmax (Mg /8) 44.79 50.79
Capacity factor 26.09 81.38
Correl. coeff. 0.89 0.91
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Fig. 7. Freundlich plots for adsorption of lead onto MC
and AMC.
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Fig. 8. Freundlich plots for adsorption of cadmium onto
MC and AMC.

4. Conclusions

1- Maize cob as a low cost waste agricultural
by- product, can be effectively used as a raw
material for preparation of activated carbon.

2- Thermal analysis studies show the
capability of AMC to be used as a source of
energy due to its high carbon content.

3- Maize cob carbon is an effective adsorbent
for removal of lead and cadmium from
aqueous solutions. Its adsorption capacity is
higher than maize cob in raw form.
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