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Abstract: A comparative study of the adsorbents prepared from several industrial
wastes for the removal of Pb>" has been carried out. Fertilizer industry waste viz.
carbon slurry and steel plant wastes viz. blast furnace (B.F.) slag, dust, and sludge
were investigated as low-cost adsorbents after proper treatment in the present study.
The adsorption of Pb>" on different adsorbents has been found in the order: B.F.
sludge > B.F. dust > B.F. slag > carbonaceous adsorbent. The least adsorption of
Pb>* on carbonaceous adsorbent even having high porosity and consequently greater
surface area as compared to other three adsorbents, indicates that surface area and
porosity are not important factors for Pb>" removal from aqueous solutions. The
adsorption of Pb”* has been studied as a function of contact time, concentration, and
temperature. The adsorption has been found to be exothermic, and the data conform
to the Langmuir equation. The kinetic results reveal that the present adsorption
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system follows Lagergren’s first order rate equation. Since all three waste products
from the steel industry show higher potential to remove lead from water, therefore,
it is suggested that these metallurgical wastes can be fruitfully employed as low-cost
adsorbents for effluent treatment containing toxic metal ions.

Keywords: Steel plant wastes, fertilizer industry waste, low-cost adsorbents, lead
removal, equilibrium and kinetic studies

INTRODUCTION

The rapid pace of industrialization has led to the severe problem of water
pollution. Increased awareness of toxic effects of pollutants has forced
industries and municipal authorities to treat wastewater before mixing it
with natural water bodies. Amongst several wastewater treatment technol-
ogies, adsorption is the most versatile process and widely used for the pol-
lutants removal from wastewaters (1). Activated carbon has been found to
be a very good adsorbent for effluent treatment and is commonly used for
the removal of diverse types of pollutants. However, its widespread use in
wastewater treatment is sometimes restricted due to its higher cost. As
such, for quite sometime, efforts are being made to prepare cheaper adsor-
bents (2). However, these materials have not shown promising adsorption
characteristics in comparison to activated carbon and the search is still
going on.

On the other hand, solid waste materials/by-products generated from
various industrial activities have become one of society’s most vexing
problems. In many cities of developing countries, the lack of adequate
treatment of solid wastes, including industrial wastes, remains one of the
major problems to be solved. One of the interesting and beneficial utilization
of solid wastes (wherever possible) is to convert them into “low cost adsor-
bents” for the treatment of wastewater discharged from various industries.
If the solid wastes could be used as low cost adsorbents, it will provide a
two—fold advantage to environmental pollution. Firstly, the volume of
waste materials could be partly reduced and secondly the low cost
adsorbent if developed can reduce the pollution of wastewaters at a reasonable
cost. One category of industrial wastes is “metallurgical wastes” which are
available almost free of cost and cause a major disposal problem. Different
metallurgical solid wastes (3—8) have been explored to serve as versatile
and cost-effective adsorbents for heavy metals removal, but their efficiency
in removing pollutants has been found on lower side and still the search is
going on.

Among several industries, the steel industry produces a number of wastes
in large quantities such as blast furnace slag, dust, and sludge. However, their
utility as adsorbents for the removal of toxic metal ions has not been widely
explored. Only few reports (4—8) are available dealing with the adsorption
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properties of these wastes. However, no report is available where efficiency
of all these metallurgical wastes viz. blast furnace slag, dust, and sludge
has been compared together for the removal of toxic metal ions from
wastewater.

On the other hand, carbon slurry, a fertilizer industry waste, also causes
serious disposal problems. It was reported in previous studies (9, 10), that
carbon slurry waste after proper treatment shows higher efficiency in
removing organic pollutants viz. dyes and phenols as compared to other
three adsorbents (blast furnace sludge, dust and slag). But, efficacy of
carbon slurry waste in removing toxic metal ions from wastewaters has not
been widely explored. Further, no report is available dealing with a compara-
tive study on the adsorption of toxic metal ions both on carbonaceous waste
as well as metallurgical wastes.

Therefore, in the present communication, we have attempted to inves-
tigate the adsorption of Pb>" on several metallurgical wastes viz. blast
furnace sludge, dust, and slag from the steel industry and a carbon slurry
waste from fertilizer plant. The results have been compared with those
on standard activated charcoal in order to know the efficacy of the adsor-
bents developed. Lead, ubiquitous in the environment, is emitted into the
environment by various activities. The toxic effects of lead are very
well—documented in literature. As will be demonstrated below, metallurgi-
cal waste materials show promising results in removing Pb*" from water
and can be used fruitfully in treating industrial effluents containing toxic
metal ions.

EXPERIMENTAL
Reagents and Materials

Lead solutions were prepared with Pb(NO3), and NaNOj; by dissolving them
into double distilled water.

Preparation of Carbonaceous Adsorbent

Carbon slurry, a waste from fertilizer plant, was used for preparing the carbon-
aceous adsorbent by the procedure reported previously (9—11). The dried
carbon slurry in the form of cake was procured from National Fertilizer
Limited (NFL), Panipat (India). Initially, it was treated with hydrogen
peroxide to oxidize the adhering organic material. The further processing,
which involved activation and removal of ash content by treating it with
1M HCI and washing with distilled water, was done. The yield of the
finished product was found to be ~90%. This product has been called
“carbonaceous adsorbent”. The adsorbent was sieved to different mesh sizes
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and stored in a desiccator. The optimum activation temperature, which imparts
maximum adsorption property, was found to be 500°C (9).

Preparation of Blast Furnace Sludge, Dust, and Slag Adsorbents

These adsorbents were prepared from wastes obtained from Malvika Steels,
Jagdishpur (India) by the method reported elsewhere (10). The products
were sieved and stored in a desiccator.

Adsorption Studies

A series of batch adsorption experiments were conducted to determine adsorp-
tion of Pb®>" on the prepared adsorbents. For this, a fixed amount of the adsor-
bents (0.01 g) was added to 10 ml of lead solution of varying concentrations
taken in 50 ml stoppered glass tubes, which were placed in thermostat cum
shaking assembly. The solutions were stirred continuously at constant temp-
erature to achieve equilibrium. After equilibrium, the adsorbent was
allowed to settle and then filtered and this filtrate was analyzed by atomic
absorption spectrophotometer to determine the equilibrium concentration of
Pb>*. The amount of Pb>* adsorbed on the adsorbents was determined from
the difference between the initial and equilibrium concentrations. The adsorp-
tion was also studied as a function of time at two concentrations in order to
have kinetic information.

RESULTS AND DISCUSSION
Characterization of the Prepared Adsorbents

All the adsorbents prepared were characterized and detailed description on the
characterization of prepared adsorbents can be found in previous reports
(9, 10). Carbonaceous adsorbent having 89.8% carbon content was considered
as “organic adsorbent” in nature. On the other hand, blast furnace (B.F.)
sludge and dust having 35% and 21.7% carbon content respectively, besides
other inorganic constituents were considered as “mixed type of adsorbents”
in nature, where inorganic nature predominating organic in these adsorbents.
Blast furnace slag was considered purely as “inorganic adsorbent” in nature as
it showed high amount of inorganic constituents. These adsorbents were
characterized in terms of surface area, methylene blue numbers, and iodine
numbers and the results are shown in Table 1. The results reveal that carbon-
aceous adsorbent imparts maximum surface area (380 m” /g), larger porosity,
and higher potential to adsorb organic molecules, whereas the same character-
istics were found on the lower side in other three adsorbents viz. B.F. sludge,
dust, and slag.



09: 40 25 January 2011

Downl oaded At:

Lead Ion Removal from Aqueous Solutions 1885

Table 1. Characteristics of adsorbents used

Standard
activated
charcoal  Carbonaceous B.F. B.F. BF.
(E. Merck) adsorbent sludge  dust slag

Surface area 710 380 28 13 4
(m*g™!)

Iodine number 635 330 24 11 3

Methylene blue 198 90 6 3 2
number

The samples of carbonaceous adsorbent, slag, dust, and sludge were
stirred with deionized water for 2h and left for 24 h to see any interaction.
It was seen that in case of BF slag, dust, and sludge, an enhancement of pH
was observed indicating alkaline hydrolysis of inorganic constituents. In
case of carbonaceous adsorbent, the pH of water was lowered, which
indicates that carbonaceous adsorbent, as per Steenberg classification (12),
comes under “L” type carbon. X-ray spectra of carbonaceous adsorbent
does not show any peak, thereby indicating its amorphous nature. The
X-ray diffraction peaks in the spectra of BF sludge and dust are due to iron
oxides while in case of BF slag indicates the presence of silicates of
calcium and aluminum and quartz. The IR spectra of the sample of carbon-
aceous adsorbent taken indicates the presence of two prominent bands lying
at 1605 and 3340cm ™ '. The first peak may be assigned to the presence of
carbonyl group and the latter one to OH group.

Effect of Contact Time and Concentration

In order to find equilibrium time for maximum adsorption and to know the
kinetics of adsorption process, the adsorption of Pb*" at fixed concentration
on all adsorbents was studied as a function of contact time and the results
are shown in Fig. 1. It is seen from this figure that rate of uptake of Pb*" is
rapid in the beginning and 50% adsorption is completed within 2 h. Figure 1
also indicates that the time required for equilibrium adsorption is 6 h. Thus
for all equilibrium adsorption studies, the equilibration period was kept 8 h.
The effect of concentration on equilibrium time was also investigated at
different concentrations. It was found that the time of equilibrium as well as
time required to achieve a definite fraction of equilibrium adsorption is inde-
pendent of initial concentration. These results indicate that the adsorption
process is first order, which is confirmed by Lagergren’s plots discussed
later under dynamic modelling.
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Figure 1. Effect of contact time on uptake of Pb>" on different adsorbents (tempera-
ture: 25°C; particle size: 200—250 mesh).

Adsorption Isotherms

In order to determine the efficacy of the prepared adsorbents, the equilibrium
adsorption studies were carried out and the adsorption isotherms are shown in
Fig. 2. It is seen from Fig. 2 that Pb>* adsorption is greater on BF sludge, dust,
and slag which have lower porosity and consequently lower surface area as
compared to carbonaceous adsorbent. The results clearly indicate that for
the adsorption of Pb>* on blast furnace sludge, dust, and slag, the surface
area and porosity are not important factors. The mechanism of Pb®" adsorp-
tion onto the surface of blast furnace wastes is a complex process which
may involve different processes such as ion exchange, surface precipitation
and/or surface complex formation. Lopez and coworkers (13) while
studying the adsorption of Pb®" on blast furnace sludge, suggested that
Pb>" fixation on the sludge surface occurs, at least partially, by replacement
of other cations such as Ca>". Dimitrova (14) studied the use of granulated
blast furnace slag (GBFS) for lead removal and stated that the apparent mech-
anisms of lead removal in GBFS column are sorption (ion exchange and
adsorption) and precipitation. However, besides the above mechanisms, it is
also possible that other mechanisms such as surface complex formation (15)
etc. may take place simultaneously depending upon the nature of adsorbent
and experimental conditions.
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Figure 2.  Adsorption isotherm of Pb>* on different adsorbents at 25°C (particle size:
200-250 mesh).

On the other hand, the adsorption of Pb®>" on carbonaceous adsorbent
appears due to physical effects as a result of large surface area and porosity
of this adsorbent. However, compared to other three adsorbents, carbonaceous
adsorbent exhibits least adsorption of Pb*™.

Further, adsorption of Pb>" on these adsorbents was compared with
standard activated charcoal and the results are shown in Fig. 2. It is clear
from the figure that even as compared to activated charcoal, the blast
furnace sludge, dust, and slag show more adsorption of Pb>", again indicating
that surface area role is not predominant. However, compared to carbonaceous
adsorbent (g,, = 40 mg/g), activated charcoal (g,, = 80 mg/g) adsorbs almost
twice.

Effect of Temperature
To determine the effect of temperature on the adsorption of Pb>*, experiments

were also conducted at 45°C and results are shown in Fig. 3. A comparison of
adsorption isotherms at 25° and 45°C shows that adsorption decreases with
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Figure 3.  Adsorption isotherm of Pb>* on different adsorbents at 45°C (particle size:
200-250 mesh).

increase in temperature indicating that the adsorption of Pb>" is exothermic.
The adsorption data was further analyzed and found to conform best to
following Langmuir equation

1 1 1

+
qe  qm  qubCe

where ‘g,’ is the amount adsorbed at equilibrium concentration ‘C,’, ‘g,,” the
Langmuir constant representing maximum monolayer capacity and ‘b’ the
Langmuir constant related to energy of adsorption. The plots between 1/q,
and 1/C, for the adsorption of Pb®" on carbonaceous adsorbent are drawn in
Fig. 4. Similar plots were also obtained for other adsorbents. The values of
monolayer capacity (g,,) and Langmuir constant (b) have been evaluated
from the intercept and slope of these plots and given in Table 2. A perusal of
Table 2 shows that monolayer capacity (g,,) of the adsorbent for Pb*" is
comparable to the maximum adsorption obtained from adsorption isotherms
(Figs. 2 and 3). As ‘b’ values reflect equilibrium constant for the adsorption
process, it shows the affinity of the adsorbent for Pb>*. Thus, ‘b’ values
indicate that B.F. sludge has maximum affinity for Pb>" and carbonaceous
adsorbent has minimum affinity for Pb". This is consistent with our experimen-
tal results obtained that amount adsorbed of Pb>" on different adsorbents is in
the order: B.F. sludge > B.F. dust > B.F. slag > carbonaceous adsorbent.
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Figure 4. Langmuir adsorption isotherms of Pb?* on carbonaceous adsorbent at
different temperatures.

Dynamic Modelling

Kinetics of sorption is one of the important characteristics in defining the effi-
ciency of sorption. Various kinetic models have been proposed by various
workers where the adsorption has been treated as first order (16, 17),
pseudo first order (18, 19), and pseudo second order process (20). Different

Table 2. Langmuir adsorption parameters of Pb>"

different adsorbents

adsorption on

Temp. qm b
Adsorbent °O) (mgg D) (Lmol ™
B.F. sludge 25 227 247 x 10*
45 161 1.03 x 10*
B.F. dust 25 142 1.75 x 10*
45 111 0.64 x 10*
B.F. slag 25 125 1.56 x 10*
45 91 0.57 x 10*
Carbonaceous adsorbent 25 55 0.33 x 10*

45 45 0.28 x 10*
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Figure 5. Lagergren’s plots for Pb>" on different adsorbents.

systems conform to different models. The Lagergren’s rate equation (21) is the
one most widely used (16, 17, 22) for the sorption of a solute from a liquid
solution. Thus this first order equation:

kads

2.303t

log(ge — q) = log g, —

where ‘g,” and ‘g’ are amount of Pb*" adsorbed at equilibrium and at time 7,
in mg/g respectively, and kg, the first order rate constant, was applied to
the present studies of Pb>" adsorption. As such, the values of log (g.—q)
were calculated from the kinetic data of Fig. 1 and plotted against time in
Fig. 5. The plots were found to be linear indicating that Lagergren’s
equation is applicable to the present Pb>™ adsorption studies on prepared
adsorbents and the adsorption is a first order process.

Environmentally-safe Disposal of Metal-laden Adsorbents

The experiments for the ultimate disposal of Pb®'-laden adsorbents by
cement-fixation were performed. The preliminary results indicate that the
solidified cement blocks did not show any significant leaching of fixed
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metal ion (Pb2+) over extended period of time under different environ-
mental conditions.

CONCLUSION

In this work, we have tackled the problem of pollution with two-fold
objectives:

1. First, utilized various industrial wastes of fertilizer industry and steel
industry by converting them into low-cost adsorbents after proper
treatment; and

2. Secondly, used these low-cost adsorbents for the removal of toxic metal
ions (Pb”" in this study) from wastewater through adsorption process.

A comparative study between wastes of fertilizer plant and steel industry
clearly shows that metallurgical waste products from steel plant can be fruit-
fully employed for the removal of divalent metal ions from wastewater at a
reasonable cost. Thus, the proposed technology offers a two-fold objective
of solid waste management and wastewater treatment.
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