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Batch Sorption Experiments on Recycling Building
Waste to Treat Total Iron in Landfill - Leachate

K. Vinayakamoorththy and W.K.C.N. Dayanthi

Abstract: Building waste, namely Concrete Waste (CW), Brick and Mortar Waste (BMW),
Flooring Waste (FW), and Roofing Waste (RW), was used as an adsorbent of total iron contained in
landfill-leachate. First, kinematic batch sorption experiments were conducted to optimize the contact
time, and thereafter adsorption isotherm experiments were conducted to optimize the adsorbent mass.
Next, the effects of the initial iron concentration, initial pH of the landfill-leachate and temperature on
the removal efficiency of total iron was studied. About 90% removal of total iron was possible in about
12 h, 2 h, 8 h and 8 h for CW, FW, BMW and RW, respectively, under batch test conditions. The
maximum adsorption of total iron occurred at adsorbent dosages of 8 g, 10 g, 6 g and 10 g for CW, FW,
BMW and RW with the removal efficiencies 99.6%, 97.8%, 97.9% and 95.3%, respectively. The removal
efficiency was proportional to the initial total iron concentration and decreased with increase of
temperature. The adsorption data follows the Langmuir adsorption isotherm model the best. The
adsorption capacity of total iron on CW, BMW, FW and RW were 0.43, 0.84, 0.17 and 0.43 mg/g,
respectively.
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1. Introduction the elimination of heavy metal ions from
wastewater is important to protect public health.

At present, scarcity of water is the most
significant water problem in the world [1]. The
groundwater reservoir is the largest, high
quality, usable and reliable water source on
earth [2]. It can contribute immensely to solve
the problem of water scarcity. However, the
massive urbanization continuously releases
toxic contaminants into the groundwater
reservoir by domestic, industrial and mining
actions [3], causing environmental pollution.
Many kinds of pollutants occur such as factorial
waste, inorganic and organic chemicals,
radioactive substances, nutrients and heat [4].
Especially, the priority pollutant of groundwater
is landfill leachate [5]. Furthermore, in

Therefore, the proper treatment of landfill-
leachate and groundwater contaminated by
landfill-leachate is essential. Hence, in order to
increase the treatment efficiency, new
technologies have been developed over the past
years. Many technologies are still limited by
large cost, extensive area required and
continuous addition of the toxic elements.
However, the practical application of most of
these techniques have issues due to the fact that
the packing materials such as ZVI (Zero Valant
Ion), Halogenated Aliphatic Hydrocarbons
(HAH), activated carbon, zeolite, appetite and
etc., which are high in cost and produce toxic
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Hence, it is essential to introduce low-cost and
eco-friendly innovative packing materials in the
reactive/filter media beds of these treatment
systems. At present, much research has been
carried out on such packing materials. Among
them, following materials have been used for
batch sorption experiments to find out their total
iron removal potentials: Chitosan beads [9],
Chicken litter bio char [10], Rice husk [11], Fly
ash [11] and Coconut husk [12].

Building waste consists of concrete, brick and
mortar, flooring and roofing waste. Portland
cement is a primary component in building
waste. It is produced by heating lime, iron, silica,
and alumina to extreme temperatures.
Normal Portland cement consists of
superplasticizers. Admixture, pigments, fibers
and polymers have the ability to bind with
heavy metals. Aggregate can adsorb the metals,
which are bound together with hydrated
cement. The major component of brick is clay. It
consists of some minerals, which have the ability
to remove high concentrated Pb2*. Zhao et al. [7]
stated that clay minerals have high sorption, ion
exchange and expansion properties; they are
widely used to adsorb all kinds of pollutants
from large volumes of aqueous solutions; and a
lot of studies are focused on sorption of heavy
metal ions on clay minerals. Cement mortar
consists of sodium sulphate and magnesium
phosphate. Further, it contains superplasticizers.
Flooring tiles consist of crystalized minerals,
quarts and carbonate, which have higher rates of
heavy metal removal. Roofing tiles are very
thick in hydrocarbon content, and consist of
chemically reactive catalysts.

Hence, owing to a wide range of both chemical
and mechanical properties, building waste
seems to be a potential reactive/filter packing
material in landfill-leachate treatment systems.
In selecting a suitable reactive/filter material,
following factors are the criteria the selection
should be based on: reactivity, stability,
availability and cost, and hydraulic performance
[13]. Building waste seems to satisfy above
criteria. On the other hand, building waste has
become a controversial solid waste in many
countries because of lack of suitable disposal
sites. Therefore, recycling building waste as a
reactive/filter packing material in landfill-
leachate treatment systems would be a solution
for its disposal issue.

Hence, the present study was carried out to find
a solution for both the above issues by
investigating the potential of building waste to

be used as a reactive/filter packing material in
landfill-leachate treatment systems using batch
sorption experiments. Sorption is considered as
a very effective and economical process for
metal ion removal from wastewaters [7]. The
first objective was to optimize the contact time
and adsorbent dosage. The second objective was
to obtain the adsorption capacity for the
optimum conditions and obtain the adsorption
isotherms. The third objective was to find out the
variation of the removal efficiency with the
change of initial concentration, temperature and
initial pH.

2. Methodology

21

Four types of building waste {concrete waste
(CW), brick and mortar waste (BMW), roofing
waste (RW) and flooring waste (FW)} were
collected from several demolition sites in Galle,
Sri Lanka. CW consists of concrete and
reinforcement, BMW contains bricks and
mortar, FW consists of floor tiles and dried
cement slurry, and RW contains roof tiles
without asbestos and timber. First, these
materials were washed with tap water to remove
residues from the surfaces. After that, grinding
and sieving were done manually to get the
desired particle size (0.425 mm). The selected
portion was washed with de-ionized water
using 0.45 pm glass filter papers, and dried at
100 °C for 24 h. Figure 1 illustrates the building
waste samples used for the batch sorption
experiments.

Preparation of Adsorbents

|

Figure 1 - Building Waste Samples (a) BMW;
(b) CW; (c) FW; (d) RW
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2.2 Batch Sorption Experiments

The raw leachate collected from an inorganic
waste landfill site was used as the adsorbate. The
initial concentration of total iron, pH, Oxidation
Reduction Potential (ORP) and conductivity in
the raw leachate were 20.6 mg/l, 8.09, 236 mV and
18.9 us/cm, respectively. The raw leachate was
kept in a refrigerator after collection until the
experiments were conducted. It was added with
conc. HNO; to bring pH equal to 2 before being
refrigerated in order to prevent any loss of heavy
metals during the storing period.

The batch sorption experiments were of two
types, namely, kinematic experiments and
adsorption isotherm experiments. In the
kinematic experiments, the optimum contact
time for each adsorbent (CW, BMW, RW and
FW) was obtained. Figure 2 shows the containers
of supernatants resulted in a kinematic
experiment. Then, in the adsorption isotherm
experiments, the adsorbent dosage for each
material was optimized keeping the contact time
at the respective optimum value obtained in the
previous experiment. These experiments were
conducted in a series of 250 ml conical flasks
stirred at 400 rpm at 25 °C. The experimental
ranges of contact time and adsorbent dosages
were 1 h-12h, and 2 g -15 g, respectively. Next,
the effect of the initial iron concentration (varied
between 25 mg/l - 200 mg/l), temperature (varied
between 25°C - 60 °C) and initial pH (varied
between 2 - 8) variation on the removal
efficiency by BMW were investigated using
batch sorption experiments keeping both the
contact time and adsorbent dosage constant at
the respective optimum values. Finally,

adsorption isotherms were plotted for the
adsorption isotherm experiments conducted for
each material. The adsorption capacity was
obtained for the optimum conditions of each
adsorbent.

-«

Figre 2-The Saes of Supernatant of a
Kinematic Experiment

2.3 Total Iron Analysis

The concentrations of Total Iron were
determined by UV -VIS spectrophotometer (UV
mini - 1240) using ultra violet radiation in
accordance with the Standard Methods of the
Examination of Water and Wastewater [14]. The

final concentration of each sample was the
aaverage values of three replicates.

2.3.1 Preparation of the Stock Solution and
the Standards

The stock solution of iron was prepared by
dissolving 0.7022 g of Ferrous Ammonium
Sulphate in distilled water by adding 5 ml of
40%  sulphuric acid. 02%  Potassium
Permanganate was added drop by drop until the
color became pink. Then, the solution was
diluted with distilled water up to 1 [. The
standard solutions of desired concentration
values (0.1 mg/l - 3.0 mg/l) were prepared by
successive dilution of the corresponding
amounts of the stock solution. Figure 3 depicts
the standard solutions prepared from the stock
solution.

2.3.2  Sample Preparation

50 ml of the supernatant from each batch
experiment sample was taken into a 150 m! flask,
and 1 ml Hydroxylamine and 2 ml conc. HCl
were added. The sample was boiled until the
volume reduced to 15 ml - 20 ml. Then, the
sample was taken into a 50 m! flask and 1 ml of
1-10 phenanthroline and 10 ml ammonium
acetate buffer were added. Then, distilled water
was added up to the mark. Then, the sample was
allowed to develop the maximum color change
within 10 - 15 minutes. Figure 4 depicts the
samples of supernatant prepared for the
analysis.

Figure 4 - The Samples of Supernatant
Prepared for the Analysis

2.4 Plotting Adsorption Isotherms

The adsorption isotherm experiments results
were checked with several adsorption isotherm
models such as Langmuir, Freundlich, Temkin
and Elovich in order to obtain the theoretical
maximum adsorption capacities. All adsorption
data were better fitted with Langmuir isotherm
model than other isotherm models. The
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Langmuir isotherm model is based on two
assumptions as follows: a fixed number of
accessible sites are available on the adsorbent
surface, all of which have the same energy; and
the adsorption is reversible [15]. Equation 1
describes the Langmuir isotherm modal, where,
x/m - Mass of adsorbate adsorbed per unit
mass of adsorbent (mg/g);

a - Maximum adsorption capacity (mg/g);

b - Empirical constant related to the adsorption
energy (l/mg); and

Ce - Equilibrium concentration of the adsorbate
in the solution after adsorption (mg/l).

Ce/ (x/m)=1/ab + Cc/a (@
3. Results and Discussion
3.1 Kinematic Experiments

The adsorption data for the uptake of total iron
versus contact time for a fixed adsorbent dose of
40 g/l are shown in Figure 5. These plots indicate
that the removal efficiencies of total iron in both
CW, BMW and RW have reached its maximum
values and remained more or less constant,
while that in FW slightly decreased with contact
time. The results indicate that the maximum
removal efficiencies of total iron were 90.5%,
96.5%, 97.5% and 94.4% for CW, BMW, FW and
RW with the contact time periods of 12 h, 8 h,
2 h and 8 h, respectively. Hence, all the materials
are able to remove the total iron from the
landfill-leachate at an efficiency of more than
90%.

©CW OBMW AFW XRW

100
x® ® &
n? ¢ g ~

[<2 -]
o o

¢

Total iron removal %
N H
o o

o

0 5 10 15
Time (h)

Figure 5 - Total Iron Removal Efficiency Vs
Contact Time

3.2 Adsorption Isotherm Experiments

The effect of adsorbent dose on the removal of
total iron is shown in Figure 6. The adsorbent
dose was increased from 8 to 60 g/1 (2g, 4 g, 6 g,
8g, 10 g and 15 g) and the adsorption took place
with a notable change. The expected result was
that the removal efficiency would increase with
the increment of the mass, leading to the
increment of vacant sites to adsorb iron.
However, the decrease in the adsorption with

the high adsorbent dose could be caused by
partial aggregation of adsorbent, which
decreases the effective surface area for metal
uptake [16]. The results obtained confirmed that
the selected dose range from 8 g to 10 g is
sufficient for the optimum removal of the total
iron, and no further increment of the dose would
be essential. The maximum adsorption of total
iron occurred at an adsorbent dosage of 8 g,
10 g, 6 g and 10 g for CW, FW, BMW and RW
with the removal efficiencies 99.6%, 97.8%,
97.9% and 95.3%, respectively with the particle

size of 0.425 mm at 25°C.
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Figure 6 - Total Iron Removal Efficiency Vs
Adsorbent Dose

The variation of pH of the supernatant for the
adsorption isotherm experiments conducted for
each material is illustrated in Figure 7.
Compared to initial pH of the influent (pH = 2),
pH of the supernatants of CW, BMW and FW
after the experiments increased. This could be
due to the alkaline nature of these materials. pH
of the supernatant of each material slightly
increased with the increase of the adsorbent
dosage. pH of RW remained more or less close
to that of the influent.
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Figure 7 - Variation of pH in the Supernatants
of the Adsorption Isotherm Experiment

Figure 8 illustrates the variation of ORP
(Oxidation Reduction Potential) with the
adsorbent dosage in the supernatant of
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adsorption isotherm experiments for each
reactive material. The ORP of the supernatant of
FW and CW were lower than that of the
adsorbate, indicating that the oxidation
reactions had surpassed reducing reactions. In
BMW, at the optimum mass of 6 g, the resultant
redox reaction could be the ‘reduction” as the
ORP had increased more than that of the
adsorbate. In RW, the ORP was higher in the
supernatants than that of the adsorbate for all
the masses of adsorbent, implying reduction
reactions to have been the net effect of the redox
reactions. When the adsorbent dosage
increased, the ORP values decreased for all
materials.
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Figure 8 - Variation of ORP in the
Supernatants of the Adsorption Isotherm

Figure 9 depicts the variation of conductivity of
the supernatants during the adsorption isotherm
experiment for each adsorbent material. The
conductivity remained more or less constant
with the increase of the mass of adsorbent.
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Figure 9 - Variation of Conductivity in the
Supernatants of the Adsorption Isotherm
Experiment

3.3 Effect of the Initial Iron Concentration
The effect of initial iron concentration on the
removal efficiency of total iron on BMW was
studied  using  different  initial  iron
concentrations (25 mg/l - 200 mg/l) (Figure 10).

The adsorption of total iron highly depends on
the initial iron concentration. The plot shows
that the total iron removal efficiency increased
with the increase of the initial iron
concentration.
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Figure 10 - Effect of Initial Iron Concentration
(25 °C, 400 rpm, Adsorbent Dose 6 g, Contact
Time 8 h, pH 2)

Figure 11 depicts the relationship between the
amount of total iron adsorbed with the initial
iron concentration. The adsorbed amount is
directly proportional to the initial iron
concentration.
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Figure 11 - Total Iron Removed with Initial
Iron Concentration

34 Effect of Initial pH

pH of the adsorbate is one of the important
factors which affects the adsorption of metal
ions. The effect of initial pH of the adsorbate was
studied in the range of 2 - 8. The lower range of
pH was obtained by adding HNOs; drop by
drop. As shown in Figure 12, the maximum
adsorption of total iron took place at an initial
pH of 8. At lower pH, H* ions compete with
metal cations for the available adsorption sites,
whereas adsorption site does not activate at
higher pH [4].

w

@D

ENGINEER




3.5 Effect of Temperature
The effect of temperature on the removal of total 250 y=11.712x - 28.372 -0
iron is illustrated in Figure 13. This plot depicts 200 R?=0.9452 ’
that the amount absorbed increased with the 150 ° .
increase of temperature. This indicates the )
endothermic nature of the adsorption process. < 100
(=2
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Adsorption of Total Iron (400 rpm, Adsorbent 40 ,‘
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3.6 Adsorption Isotherms
The results obtained for the removal of total iron

were analyzed by the well-known adsorption Ce

isotherm models, Langmuir, Freundlich,

Temkin and Elovich. Langmuir isotherm fitted Figure 16 - Plot of Langmuir Isotherm Model

well with the experimental data. Figures 14, 15, for BMW
16 and 17 show the plots of Langmuir isotherm .
models for CW, RW, BMW and FW, Table 1 - Langmuir Isotherm Parameters for

respectively. The maximum adsorption capacity Each Adsorbent

of building waste, termed as Langmuir complete R? a (mg/g) b (I/mg)
monolayer coverage, indicates that 1 g of FW,

CW, BMW and RW, can adsorb 0.43, 0.84, 0.17 W 097 042 1.02
and 0.43 mg, respectively. All these materials BMW 0.95 0.84 212
have adsorption capacities in terms of mg/g in

the order of magnitude equal to -1. Table 1 FW 0.99 0.17 0.59
shows the best fitted isotherm characteristics for RW 0.95 0.43 0.41
each material. Table 2 compares the adsorption
capacity of building waste for total iron with
those of a few other low-cost adsorbents.
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Figure 17 - Plot of Langmuir Isotherm Model
for FW

Table 2- Comparison of Adsorption Capacity
of Building Waste with Other Adsorbents for
Total Iron

Adsorbent a (mg/g) R?*>  Reference
Coconut 0.919
husk 0.0009 0 [12]
Chitosan 0.998
beads 64.10 6 [9]
Brick and 0.945 Current
mortar 0.84
5 study

waste

4. Conclusion

All types of building waste tested in the present
study have excellent adsorption capacities for
total iron present in landfill-leachate. The
adsorption data fit very well with Langmuir
model than Freundlich and Temkin models. The
adsorption was found to be endothermic in
nature. The maximum adsorption capacity of
building waste, termed as Langmuir complete
monolayer coverage, indicates that 1 g of FW,
CW, BMW and RW, can absorb 0.43, 0.84, 0.17
and 0.43 mg, respectively. The adsorption
capacities (mg/g) of all the materials tested in
the present study are in the order of magnitude
equal to -1, whereas the order of magnitude of
the adsorption capacity of coconut husk is -4.

There exist some relationships between sorption
properties and the structure of the adsorbate or
the surface properties and the groups of
adsorbents besides the surface area/porosity
effect [7]. The agitation speed and particle size
are also important factors to determine the
treatment efficiency. Though, both the above
factors were selected based on a few past
research, the selected values can be considered
quite arbitrary. Hence, further experiments are
recommended to understand the adsorption
characteristics between building waste and total
iron contained in landfill-leachate.

The long-term operation of these materials may
make them not suitable for absorption of heavy
metals. Therefore, it is also recommended to
conduct laboratory-scale column experiments,
bench-scale experiments, pilot and field-scale
experiments to investigate the hydraulic and
mechanical properties of these materials, which
would decide the longevity of their application.
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